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Thesis abstract

The giant black tiger shrimp (Penaeus monodon) is native to the Indo-Pacific and is the second
most farmed penaeid shrimp species globally and is one of the major contributors to global
food security. Despite the commercial importance of P. monodon, the population structure and
genetic connectivity within and among Indo-Pacific populations remains unclear (i.e.,
inconsistencies across previous studies) while information about local adaptation among Indo-
Pacific populations remains limited (i.e., few informative studies to date). Consequently,
comprehensive population genomics information will help to improve the sustainable
development of commercial aquaculture practices (e.g., selective breeding) and wild fishery
management strategies (e.g., persistence of healthy wild populations). To address important
knowledge gaps, I undertook three interdependent investigations (Chapters 2 — 4) that
collectively aimed to advance the current understanding about Australian (fine-scale) and Indo-
Pacific (broad-scale) P. monodon population structure, genetic connectivity, local adaptation,
and evolutionary relationships. To address current commercial needs, I undertook a fourth
interdependent investigation (Chapter 5) that aimed to identify accurate and cost-effective

population genomics analysis tools for diversity, provenance, and pedigree determination.

The first investigation (Chapter 2) addressed the knowledge gap about Australian P.
monodon population genomics by generating a high-quality genome-wide single nucleotide
polymorphism (SNP) dataset (n = 10,624 total) for individuals (n = 278 total) collected from
geographically disparate populations (n = 7). Then, for the first time using a high-quality
genome-wide SNP dataset, I determined the fine-scale population structure, genetic diversity,
and putative local adaptation within and among Australian P. monodon populations. This
approach revealed significant population structure and differentiation among all Australian
populations (mean Fsr = 0.001 — 0.107; p < 0.05). Clear population structure with similar
spatial patterns were observed in both neutral and outlier marker datasets with three genetically
distinct groups identified (Eastern Australia, Northern Australia, and Western Australia).
Eighty-nine putative outlier SNPs were identified as being potentially associated with
environmental variables using both population differentiation (BayeScan and PCAdapt) and
environmental association (redundancy analysis and latent factor mixed model) analysis
approaches. Redundancy, partial redundancy, and multiple regression on distance matrices

analyses using these 89 outlier SNPs revealed that both geographical distance and
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environmental factors interact to generate the structure observed across Australian P. monodon
populations. Interestingly, only 11 outlier SNPs matched P. monodon transcriptome contigs
(Huerlimann et al., 2018) with subsequent protein translation of eight outlier SNPs
demonstrating more non-synonymous changes than synonymous changes across all six reading
frames. This study provides the most comprehensive and first SNP-based analysis of fine-scale
Australian P. monodon population genomics to date, which can help aquaculture practices and
fishery management strategies through improved stock identification, genetic diversity

estimations, local adaptation determination, and selective breeding programs.

The second investigation (Chapter 3) addressed the knowledge gap about Indo-Pacific P.
monodon population genomics by generating a high-quality genome-wide SNP dataset (n =
10,593 total) for each individual (n = 532 total) collected from geographically discrete
populations (n = 16). Then, for the first time using a high-quality genome-wide SNP dataset, |
determined the broad-scale population structure, genetic connectivity, genetic diversity, and
local adaptation signatures within and among Indo-Pacific P. monodon populations. This
approach revealed that genetic diversity levels were highest for Southeast Asian (SEA)
populations and lowest for Western Indian Ocean (WIO) populations. Both neutral (z = 9,930)
and outlier (n = 663) loci datasets revealed a pattern of strong genetic structure among Indo-
Pacific P. monodon populations that corresponded with broad geographical regions and clear
genetic breaks among samples within regions. Neutral loci revealed seven genetic clusters and
the separation of Fiji (FJ) and WIO clusters from all other clusters, whereas outlier loci revealed
six genetic clusters and high genetic differentiation among populations. The neutral loci dataset
estimated five migration events that indicated migration to SEA from WIO with partial
connectivity to populations in both oceans. I also identified 26 putatively adaptive SNPs from
the outlier dataset that exhibited significant Pearson correlation (p < 0.05) between minor allele
frequency and maximum or minimum sea surface temperature. Matched transcriptome contig
annotations suggest that these putatively adaptive SNPs could be located within genes that are
involvement in cellular and metabolic processes, pigmentation, immune response, and
currently unknown functions. This study provides the most comprehensive and first SNP-based
analysis of broad-scale Indo-Pacific P. monodon population genomics to date, which can help
aquaculture practices and fishery management strategies through improved stock
identification, genetic connectivity establishment, genetic diversity estimation, local adaptation

determination, and selective breeding programs.



The third investigation (Chapter 4) addressed the knowledge gap about Indo-Pacific P.
monodon phylogeography and phylogenomic relationships with sister taxa by identifying
genome-wide SNP and presence-absence variant (PAV) marker subsets (n = 4,496 and n =
7,054), respectively. Then, using genome-wide SNP and PAV subsets in P. monodon,
phylogenomic reconstructions were generated using neighbour-joining, maximum-likelihood,
and Bayesian inference approaches, which all indicated a monophyletic structure for Indo-
Pacific P. monodon and confirmed the evolutionary relationships between Indo-Pacific P.
monodon and six sister taxa that were previously reported by non-SNP studies. More
specifically, phylogeographic structures revealed that Indo-Pacific P. monodon appears to be
divided into two lineages: 1) Indo-Polynesian (containing Sri Lanka, SEA, Australia, and FJ)
and 2) WIO (containing Kenya and South Africa). The phylogenomic reconstructions
collectively support the broad-scale population genetic structure (Chapter 3) conclusion that
the WIO lineage is ancestral to the Indo-Polynesian lineage and that Sri Lanka (SLK) serves
as a transition zone between these geographically distinct regions. This study provides
comprehensive SNP- and PAV-based phylogenomic analyses of Indo-Pacific P. monodon and
sister taxa, which can help aquaculture practices and fishery management strategies through

improved stock identification, species determination, and genetic connectivity monitoring.

The fourth and final investigation (Chapter 5) addressed the commercial need for
accurate and cost-effective population genomics analysis tools by identifying five low-density
SNP panels from the broad-scale Indo-Pacific SNP dataset: 1) global diversity SNP panel (n =
2,155), 2) global provenance SNP panel (7 = 1,200), 3) Pacific Ocean (PO) pedigree SNP panel
(n=217), 4) SLK pedigree SNP panel (n = 226), and 5) WIO pedigree SNP panel (rn = 220).
Multiple genetic diversity analyses demonstrated that the diversity SNP panel was able to
estimate the genetic diversity within and among all Indo-Pacific P. monodon populations as
accurately as the entire broad-scale SNP dataset (n = 10,593). Both DAPC and NetView
analyses demonstrated that the provenance SNP panel was able to trace P. monodon collected
from the same region back to their original basin and genetic cluster while Monte-Carlo tests
demonstrated that individuals could be accurately assigned back to their original basin, region,
and basin-specific sampling location. /n silico analyses demonstrated that the PO, SLK, and
WIO pedigree SNP panels were able to accurately assign theoretical progenies back to their
parent-pair with 100% accuracy using 30 - 40 SNP markers. This study provides a globally
effective and accurate low-density SNP panels for the Indo-Pacific P. monodon industry, which

can help aquaculture practices and fishery management strategies through improved diversity,



provenance, and pedigree determination as well as facilitation of global data consistency,

global database development, and global analysis standards establishment.

Using high-quality genome-wide SNP data, these four studies provide the most
comprehensive evaluation of Australian (fine-scale) and Indo-Pacific (broad-scale) P.
monodon population genomics to date as well as identify a suite of accurate and cost-effective
genetic tools for global industry use. Taken together, these four interdependent studies provide
new population genomics insights and resources that contribute towards closing the current
knowledge gaps about key aspects of P. monodon aquaculture and fishery management

practices.
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Chapter 1. General introduction

1.1 Food security and aquaculture

The global population is expected to increase from 7.7 billion in 2019 to 9.7 billion in 2050
and 10.9 billion in 2100 (DESA, 2019). According to FAO et al. (2021), in 2019 around 750
million people worldwide (i.e., approximate one in ten) were exposed to severe levels of food
insecurity. The aquaculture sector is among the most significant and fastest-growing sectors of
the global agrifood system and is considered as a primary protein source to feed the global
population (Sheikha & Xu, 2017). There are currently approximate 400 species farmed using
aquaculture methods (Naylor et al., 2021), which collectively produced 82.1 million tonnes in
2018 that accounted for 52% of human fish consumption (FAO, 2020). Due to the decrease in
wild harvesting, aquaculture production must rapidly expand to meet the growing demand. The
current limitations in aquaculture production could be due to the lack of genetically improved
stocks, inconsistent seed stock quality, and/or disease outbreaks (Gjedrem & Robinson, 2014;
Yue & Wang, 2017). Thus, sustainable aquaculture development and fisheries management
require in-depth understanding about the biology (e.g., population genomics) of key species

(e.g., crustaceans).

Crustaceans have important roles in many ecosystems and represent an important
aquatic food source for humankind. Between 2010 and 2018, crustacean aquaculture
production increased from 5.5 to 9.4 million tonnes (FAO, 2020). Among edible crustaceans
in aquaculture, two penaeid shrimp species, whiteleg shrimp (Litopenaeus vannamei) and giant
black tiger shrimp (Penaeus monodon), are predominately cultured (Thornber et al., 2020) and
have an annual production exceeding 3.2 million tonnes since 2010. Of this, P. monodon farm
production increased from 562,900 to 750,000 tonnes; however, its overall proportion of global
crustacean aquaculture has decreased over this time period from 10% to 8% (FAO, 2020).
Compared to P. monodon, the production of L. vannamei increased more than double from
2,648,500 tonnes in 2010 to 4,966,200 tonnes in 2018 (FAO, 2020). The rapid growth of the
global L. vannamei industry has been attributed, in large part, to the success achieved in the
domestication, selective breeding, and translocation (e.g., introduced to Asia) of this species
(Briggs, 2005; Moss et al., 2012). In contrast, the limited production of P. monodon could be

due to the lack of industry-ready genetically improved stocks, inconsistent seedstock quality,
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and/or numerous devastating disease outbreaks (Guppy et al., 2020; Nguyen et al., 2020).
Accordingly, there are ongoing genetic improvement programs for P. monodon in Australia,
Thailand, Hawaii, Madagascar, and Vietnam (Foote et al., 2019; Nguyen et al., 2020; Norman-
Loépez et al.,, 2016). However, these projects still have limitations due to a number of
challenges, including low survival during the grow-out phase and a rapid decline in the
reproduction capacity of broodstock in captivity (Arnold et al., 2013; Nguyen et al., 2020).
Consequently, research priorities within the P. monodon industry are now focusing on the
development of breeding programs to address these issues and increase productions. Access to
effective genetic marker suites is an integral resource for breeding programs and fishery
management since they allow the: 1) assessment of wild and farmed population genetic
diversity, 2) determination of the origin population for individuals (i.e., provenance), and 3)

accurate parentage assignment (i.e., pedigree) throughout the hatchery and production systems.

1.2 Gene flow and local adaptation in marine species

The evolutionary forces of gene flow, genetic drift, mutation, and natural selection, which are
all influenced by organism-specific life history, collectively shape the genetic structure of wild
populations (Hemmer-Hansen et al., 2007; Matolweni et al., 2000). Population genomics
research provides valuable estimates regarding genetic diversity, population structure, genetic
connectivity, and local adaptation, which are equally important factors for the adaptive capacity
of key species under climate change scenarios (Grant et al., 2017; Lal et al., 2017; Oleksiak,
2019). Population genomics research also enhances the facilitation of appropriate aquaculture
and fisheries management practices by providing novel insights into broodstock selection for
breeding programs and discernment of hatchery stocks from wild populations (Bernatchez et
al.,2017; Gjedrem, 2012; Lorenzen et al., 2012; Williams & Hoffman, 2009). In order to make
accurate recommendations regarding aquaculture programs (e.g., seletive breeding) or fishery
management plans for commercially important species (e.g., P. monodon), it is important to
comprehensively understand the fine- and broad-scale genetic structure, genetic diversity, and
local adaptation within and among populations (Lal et al., 2017; Woodings et al., 2018;
Silliman, 2019).



1.2.1 Gene flow in marine species

Crustaceans are a major constituent of global aquatic ecosystems with over 66,000 known
species (LeBlanc, 2007). The life history of many marine crustacean species comprises a
planktonic larval phase that lasts for weeks-to-months-to-years depending on the species
(Montgomery et al., 2006; Ptacek et al., 2001). For example, the larval development of P.
monodon consists of four stages that span a total of approximate 20 — 26 days (Motoh, 1985)
while the planktonic larval duration of the spiny lobsters Panulirus ornatus and P. cygnus are
4 — 8 months and 7 — 14 months, respectively (Phillips et al., 2013; Pitcher et al., 2005).
Additionally, environmental factors such as oceanic currents and wind drift have the potential
to disperse crustacean larvae over vast geographical distances (Hanfling et al., 2011; Teske et
al., 2008). The interactions between physical and biophysical processes that predominantly
influence the larval dispersal of crustaceans have been reviewed by Cowen and Sponaugle
(2009). In summary, the physical dispersal process (e.g., waves, currents, tidal, and sediment
movement) can mix larvae between populations or expand spatial distribution while larval
behaviours (e.g., fecundities, mobility, and mortality) also influence dispersal patterns.
Moreover, duration of the planktonic larval phase has been shown to be the dominant dispersal
characteristic that determines genetic structuring and gene flow within and among localities

(Pascual et al., 2017; Selkoe & Toonen, 2011).

Gene flow describes the exchange of genetic information between populations through
migration whereas dispersal is defined as the movement of individuals from one genetic
population to another (Allendorf & Luikart, 2007; Cowen et al., 2006). The particular type of
connectivity varies depending on the species-specific duration of the pelagic larval phase, the
velocity and spatiotemporal variability in ocean currents, and spatial configuration of localities
(Treml et al., 2008). Many different approaches have been developed to estimate the
connectivity between distal populations including geographic patterns, biophysical models,
geochemical models, and genetic markers (reviewed by Cowen and Sponaugle (2009), Kool et
al. (2013), and (Sexton et al., 2014)). For example, Vogler et al. (2012) presented the following
three hypotheses as potential explanations for the observed differences in the genetic structure
of crown-of-thorns starfish Acanthaster planci populations throughout the Indian Ocean, which
are believed to have diverged during the late-Pliocene to early-Pleistocene (1.86 —2.89 million
years ago): 1) landmass distribution differences, 2) geographical barriers (e.g., lack of coral

reefs between regions), and 3) ocean surface currents. Within the Indo-Pacific region, blacktip



shark (Carcharhinus limbatus) from the Western Indian Ocean (WIO) was genetically related
to Australia and Indo-Pacific populations (Merwe et al., 2019) and deep-water snapper
(Pristipomoides filamentosus) was genetically related between Guam, Australia (Ashmore
Reef), New Caledonia, and Tongan populations (Gaither et al., 2011). Genetic structure of wild
populations also appears to be strongly influenced by gene flow as a result of effective
migration and/or dispersal (Hartl et al., 1997; Vogler et al., 2012). Interestingly, gene flow can
constrain adaptation of populations inhabiting different ecological environments by
homogenizing allele frequencies, which limits the effects of local selection pressures by
reducing the number of interactions between genes and environmental variables (Hendry &

Taylor, 2004).

1.2.2 Local adaptation in marine species

Local adaptation can occur when geographically discrete environmental conditions impose
selection pressure on resident populations of widespread species. Within heterogeneous
populations, local adaptation can arise when strong environmental selection pressure
outweighs the influence of genetic drift and gene flow towards homogeneity (Gandon &
Michalakis, 2002). The marine environment provides sufficient opportunities for
homogenizing gene flow through passive dispersal of eggs and larvae with ocean currents and
adult mobility (Waples, 1998). Resident populations of discrete marine environments can
initially differ genetically at a few sites in their genomes (e.g., allele frequency differences;
(Beaumont & Balding, 2004)) or rapidly adapt to new environments due to the presence of
intense selection pressure(s) (Gandon & Michalakis, 2002; Morin et al., 2004). Thus,
understanding how environmental features shape the genetic structure of populations (i.e.,
extent and scale of local adaptation) is crucial because it helps determine how populations
evolve (Hecht et al., 2015; Jump et al., 2006; Rellstab et al., 2015). Recently, local adaptation
of marine organisms to environmental conditions has been investigated in commercially
important marine invertebrates, including greenlip abalone (Haliotis laevigata) (Sandoval-
Castillo et al., 2018), eastern oyster (Crassostrea virginica) (Bernatchez et al., 2019), American
lobster (Homarus americanus) (Benestan et al., 2016), and New Zealand scallop (Pecten

novaezelandiae) (Silva & Gardner, 2015).



1.3 Application of genetic markers and techniques to aquaculture and fishery

management

Molecular genetic (i.e., DNA) markers are powerful tools for the accurate determination of
genetic uniqueness or divergence within and among individuals, populations, and species
(Askari et al., 2013; Z. Liu & Cordes, 2004; Park & Moran, 1995). There are a number of well-
established DNA markers used to assess genetic diversity and population structure, including
allozymes, mitochondrial DNA (mtDNA), Restriction Fragment Length Polymorphism
(RFLP), Randomly Amplified Polymorphic DNA (RAPD), Amplified Fragment Length
Polymorphisms (AFLP), microsatellites, and Single-Nucleotide Polymorphisms (SNPs)
(Benzie, 2000; Liu & Cordes, 2004; Liu, 2011; Guppy et al., 2020). The application of these
DNA markers in aquaculture and fishery management has been reviewed by Liu and Cordes
(2004), Askari et al. (2013), Tanya and Kumar (2010), and Robledo et al. (2018). Of these
DNA markers, three (mtDNA, microsatellites, and SNPs) have been demonstrated to be the
most useful for ecology, conservation, population genomics, and local adaptation studies

(Hauser & Seeb, 2008; Schoville et al., 2012; Guppy et al., 2020).

Despite being highly variable in natural populations, effectively haploid, and only
inherited maternally mtDNA is easy to isolate and manipulate (e.g., amplify and sequence),
which makes it a particularly useful DNA marker for tracking divergence among lineages,
variance, and population size fluctuations (Galtier et al., 2009; McCusker & Bentzen, 2010).
Datasets based on mtDNA markers have been recently reported for many shrimp species (Alam
et al., 2016; Benzie et al., 2002; Tsoi et al., 2007; Zitari-Chatti et al., 2009); however, the non-
Mendelian inheritance of mtDNA may undermine its application as a robust indicator of
gender-biased migration, species relationships, or demographic history given that it does not
provide insights regarding the Mendelian inherited nuclear genome (Ballard & Whitlock,
2004). Microsatellites are co-dominant, simple nucleotide sequence repeat DNA markers that
are abundant, distributed throughout the genome, exhibit high levels of allele polymorphism,
and occur in both coding and noncoding DNA regions (Abdul-Muneer, 2014; Chistiakov et al.,
2006). Microsatellites have been used to assess population genetic structure, genetic
differentiation, and gene flow in various marine invertebrates, including: 1) zhikong scallop,
Chlamys farreri (Zhan et al., 2009), 2) western rock lobster, Panulirus cygnus (Kennington et
al., 2013), 3) swamp ghost crab, Ucides Cordatus (Oliveira-Neto et al., 2014), and 4) ornate

spiny lobster, Panulirus ornatus (Dao et al., 2015). Microsatellites have also been used for



pedigree determination in a variety of aquaculture species (Jerry et al., 2006; Liu & Cordes,
2004; Vandeputte & Haffray, 2014; Vela-Avitaa et al., 2013). However, microsatellites do
have some disadvantages such as risk of homoplasy for allele size, the presence of null alleles
(Putman & Carbone, 2014), and the requirement for large sample sizes to generate accurate

allele frequency and diversity estimates (Hale et al., 2012).

SNP markers are rapidly replacing mtDNA and microsatellite markers in seascape
genomics, population genomics, phylogenomic, genetic diversity, provenance, and pedigree
studies given their demonstrated advantages, which include: 1) genome-wide coverage, 2)
reliable population structure inferences, 3) potential for genome-wide trait association studies,
and 4) improved genomic breeding value estimates (Arbon et al., 2021; Bruneaux et al., 2013;
Nguyen et al., 2014). SNPs have been shown to be the most prevalent type of polymorphism
within investigated genomes (Morin et al., 2004) as well as useful in the assessment of local
adaptation within and among populations through the identification of putatively adaptive loci
(Excoffier & Lischer, 2010; Foll & Gaggiotti, 2008; Frichot & Francois, 2015; Luu et al., 2017;
Oksanen et al., 2015; Whitlock & Lotterhos, 2015). More specifically, SNP-based
identification of putatively adaptive loci has been divided into two main approaches: 1)
population differentiation (PD) and 2) environmental association (EA). The PD approach
addresses traditional population differentiation by estimating the inherent variance in pairwise
genetic differentiation values (F'st) of each locus across the entire genome without assuming
the effect of environmental variables on outlier SNP generation (Jensen et al., 2016; Luu et al.,
2017). Alternatively, the EA approach addresses the environmental influence on outlier SNP
generation by identifying candidate adaptive loci that covary with environmental factors based
on allele frequency (Dalongeville et al., 2018; De Mita et al., 2013). Given the advantages and
disadvantages of each approach, unique combinations of PD and EA may help to reduce the
number of false negatives and promote uncovering potential genomic footprints of selection
(Dalongeville et al., 2018). Recent studies have demonstrated that outlier loci provide unique
and useful insights into the genetic structure and management units of aquatic species that
neutral loci often do not show (Anderson et al., 2019; Nowland et al., 2019; Woodings et al.,
2018). For example, analysis of neutral genetic loci has been utilized for population structure
determination (Batista et al., 2016; Segovia et al., 2017; Woodings et al., 2018) while
alternative analysis methods permit the separation of putatively adaptive (i.e., outlier) and

neutral loci into two discrete datasets (Excoffier & Lischer, 2010; Luu et al., 2017).



Phylogenomics play an important role in describing evolutionary processes and
identifying historical events such as geographic and ecological drivers that shaped the current
population genetic structure within species (Avise, 2000; Bowen et al., 2016; Van Cise et al.,
2019). Wagqairatu et al. (2012) and You et al. (2008) generated phylogeographic trees for Indo-
Pacific P. monodon based on mtDNA and microsatellites datasets, which revealed the existence
of two divergent lineages (Pacific and Indian Oceans); however, these studies did not include
a comprehensive sampling of sites throughout the Indian Ocean so some phylogenomic
resolution may have been lost (i.e., existence of additional lineages). Additionally, mtDNA
datasets exhibit non-Mendelian inheritance and thus provide only a single (maternal)
perspective, which may not reliably reflect species relationships or demographic history
(Ballard & Whitlock, 2004) whereas microsatellite datasets tend to lack critical components
necessary for robust phylogenomic analyses (Edwards et al., 2015); therefore, mtDNA and
microsatellite datasets have limited power to resolve genetic structure and phylogeographic
patterns (Jeffries et al., 2016; Zarraonaindia et al., 2012). In light of these limitations, SNPs are
becoming the marker of choice in phylogeographic and phylogenomic studies (Hodel et al.,
2017; Jeffries et al., 2016; Morin et al., 2004) because this approach provides more (i.e., cost-
effective) data for resolving phylogenetic relationships at deep evolutionary timescales and
alleviates concerns regarding intragenic recombination (Harvey et al., 2016; Leaché & Oaks,

2017).

The application of population genomics to fisheries and aquaculture management has
been throughly reviewed by Benestan (2019); Valenzuela-Quifionez (2016); Casey et al.
(2016); Dudgeon et al. (2012); and Ovenden et al. (2015). These studies presented that genetic
techniques have developed rapidly with the increasing affordability of new analyses, which
bring a new paradigm for fisheries and aquaculture management, including 1) genomic stock
identification, 2) traceability of fisheries resources, 3) population demography, 4) genetic
diversity, population abundance and resilience, 5) and detection of pathogens and invasive
species. The information of population genomics helps stakeholders anticipate the potential
effects on the resilience of fisheries stocks and improve management of marine organisms.
Additionally, the detection of adaptive loci (outlier loci) provides unprecedented opportunity
to understand bio-complexity of the stock and potential to understand the genetic basis of
micro-evolutionary effects of fisheries-induced evolution and climate change (Ovenden et al.,
2015; Valenzuela-Quifionez, 2016). For example, outlier loci revealed additional barriers to

gene flow in Atlantic cod Gadus morhua populations throughout the North Atlantic, which



were not apparent at neutral loci (Bradbury et al., 2013). Thus, fisheries management requires

an accurate spatial determination of local adapted populations (Valenzuela-Quifionez, 2016).

1.4 Population genetics and knowledge gaps of Black tiger shrimp aquaculture and

fishery management

The giant black tiger shrimp P. monodon is native to and considered one of the most important
aquaculture species throughout the Indo-Pacific region. The life history of P. monodon
comprises an offshore planktonic larval phase (approximate 20 days) before migrating to
nursery areas, such as in-shore areas and mangrove estuaries (Motoh, 1985; Queiroga &
Blanton, 2004). Larvae and post-larvae can display daily vertical migration behaviours in
synchrony with tidal current (Queiroga & Blanton, 2004; Rothlisberg, 1982). Tagged juveniles
and adult P. monodon from Trinity Inlet in north Queensland, Australia moved north between
5 and 100 km over a span of 10 to 111 days (Gribble ef al., 2003). High gene flow has also
been reported among P. monodon samples collected in Madagascar, Mozambique, and South
Africa despite geographic distances up to 2,000 km (Forbes et al., 1999). Therefore, the
capacity for moderate to high levels of gene flow (i.e., genetic connectivity) exists among
geographically disparate P. monodon populations despite the existence of geographic barriers
between the Indian and Pacific Oceans (e.g., Sunda and Sahul shelves) and between the East

and West Indian Ocean (Wagqairatu et al., 2012; You et al., 2008).

To date, most studies that assessed population genetic structure and connectivity
patterns of P. monodon throughout the Indo-Pacific region have used mtDNA, microsatellites,
or allozyme markers (Benzie et al., 2002; Wagqairatu et al., 2012; You et al., 2008). These
markers can often have limited resolution power to detect fine-scale genetic structure and
signatures of adaptation within and among populations (Allendorf et al., 2010; Nielsen et al.,
2009). Previous research on the fine-scale population structure of Australian P. monodon that
used mtDNA, microsatellite, and allozyme markers suggested that there was no genetic
differentiation between Northern and Eastern populations, but that P. monodon from Western
Australia was a separate genetic stock with reduced allelic variation due to colonisation by east
coast P. monodon individuals (Benzie et al., 2002; Benzie et al., 1993; Benzie et al., 1992;
Brooker et al., 2000). Another microsatellite-based study on Indo-Pacific P. monodon reported
that P. monodon from Northern Australia separated into a discrete cluster while P. monodon

from Queensland and Western Australia grouped with Thailand, Palau, PNG, Taiwan,



Philippines, and Vietnam (Bac Lieu and Can Tho) into one cluster (Wagqairatu et al., 2012).
More broadly, previous studies using mtDNA and/or microsatellites demonstrated low-level
population differentiation throughout the Indo-Pacific region as well as lower genetic diversity
within Indian Ocean (IO) than Pacific Ocean (PO) P. monodon populations; however, levels
of predicted gene flow were not determined nor were patterns of genetic connectivity among
populations consistent across these studies (Wagqairatu et al., 2012; You et al., 2008). Despite
limited resolution provided by mtDNA and microsatellite markers, the population structure and
genetic connectivity of P. monodon within and among Indo-Pacific populations remains
unclear (i.e., inconsistencies across previous studies) while information about local adaptation
among Indo-Pacific populations remains limited (i.e., few informative studies to date).
Attainment of such population genomics information (e.g., using SNPs) could help improve
the sustainable development of commercial aquaculture practices (e.g., selective breeding) and

wild fishery management strategies (e.g., persistence of healthy wild populations).

Various next-generation sequencing technologies have been used for P. monodon SNP
genotyping, including Illumina iSelect genotyping array (Baranski et al., 2014)) and target
capture genotype by sequencing (DArTcap; (Guppy et al., 2020)). However, the subsequently
identified SNP marker subsets (i.e., panels) for application-specific genotyping have not been
broadly implemented to date because SNP genotyping with high-density (n > 10,000) panels
can be cost-prohibitive for routine and/or high-volume applications (Gebrehiwot et al., 2021;
Herry et al., 2018; Song & Hu, 2021). For example, Duarte et al. (2013) reported that the cost
of genotyping pigs with a high-density commercial SNP panel (n = 60,000 SNPs) was more
than twice that of genotyping the same individuals with a low-density commercial SNP panel
(n = 9,000 SNPs). Cost-effective low-density SNP panels (n < 10,000) have been developed
for routine breeding applications in threespine stickleback (Gasterosteus aculeatus; (Ferchaud
et al., 2014)), Atlantic salmon (Salmo salar L.; (Holman et al., 2017)), brown trout (Salmo
trutta; (Saint-Pé et al., 2019)), red tilapia (Oreochromis spp.; (Sukhavachana et al., 2021)), and
Australian P. monodon (Guppy, et al., 2020); however, to date, no cost-effective low-density
SNP panels have been identified that permit the accurate determination of genetic diversity,
provenance, and pedigree within and among all Indo-Pacific P. monodon populations. Once
identified, such low-density SNP panels could potentially advance the Indo-Pacific P.
monodon aquaculture industry through 1) improved consistency in SNP genotype data across
studies (e.g., direct comparison across common SNP panels), 2) development of a global

genotype reference database that encompasses both wild and farmed populations, and 3)



establishment of robust and globally accepted analysis standards for genetic diversity,

provenance, and pedigree determination.

1.5 Thesis overview

The overarching goal of this thesis was to provide new population genomics insights about and
resources for Indo-Pacific P. monodon that help advance aquaculture (e.g., selective breeding
programs) and fishery management (e.g., stock identification) practices. This goal was

achieved through four interdependent studies (i.e., Chapters), which aimed to:

e Utilize both neutral and outlier SNP datasets to determine the fine-scale population
structure, connectivity, and putative local adaptation of Australian P. monodon

populations (Chapter 2).

e Utilize both neutral and outlier SNP datasets to determine the broad-scale population
structure, connectivity, and local adaptation of Indo-Pacific P. monodon populations

(Chapter 3).

e Evaluate the phylogenomic and phylogeographic relationships among Indo—Pacific P.
monodon populations and sister taxa using genome-wide SNP and presence-absence

variant (PAV) loci datasets (Chapter 4).

e Identify low-density SNP panels that permit cost-effective and accurate diversity,
provenance, and pedigree determination for all Indo-Pacific P. monodon populations

(Chapter 5).

1.6 Publication arising from this thesis

Peer reviewed scientific journal articles produced over the PhD candidate which are either

published (Appendix 6.1) or in preparation at the time of writing are as follows:

e Vu, N. T. T., Zenger, K. R., Guppy, J. L., Sellars, M. J., Silva, C. N. S., Kjeldsen, S.

R., & Jerry, D. R. (2020). Fine-scale population structure and evidence for local
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adaptation in Australian giant black tiger shrimp (Penaeus monodon) using SNP

analysis. BMC genomics, 21(1), 669. doi:10.1186/512864-020-07084-x.

Vu, N. T. T., Zenger, K. R., Silva, C. N. S., Guppy, J. L., & Jerry, D. R. (2021).
Population structure, genetic connectivity, and signatures of local adaptation of the
giant black tiger shrimp (Penaeus monodon) throughout the Indo—Pacific Region.
Genome biology and evolution. doi:10.1093/gbe/evab214.

Vu, N. T. T., Zenger, K. R., Jones, B. J., Edmunds, R. C., & Jerry, D. R. (in final prep).
Identification of suitable SNP markers for rapid and accurate diversity, provenance, and
pedigree analyses of Indo-Pacific giant black tiger shrimp (Penaeus monodon). In

preparation for Aquaculture.
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Chapter 2. Fine-scale population structure and evidence for local adaptation

in Australia giant black tiger shrimp (Penaeus monodon) using SNP analysis

2.1 Introduction

Local adaptation can occur when geographically discrete environmental conditions impose
selection pressure on resident populations of widespread species. Within heterogeneous
populations, local adaptation can arise when strong environmental selection pressure
outweighs the influence of genetic drift and gene flow towards homogeneity (Gandon &
Michalakis, 2002). The marine environment provides sufficient opportunities for
homogenizing gene flow through passive dispersal of eggs and larvae with ocean currents and
adult mobility (Waples, 1998). Resident populations of discrete marine environments can
initially differ genetically at a few sites in their genomes (e.g., allele frequency differences;
(Beaumont & Balding, 2004), or can change rapidly to adapt to a new environment due to
intense selection pressure (Gandon & Michalakis, 2002; Morin et al., 2004). Thus,
understanding how environmental features shape the genetic structure of populations is crucial
because it helps to determine how populations evolve, along with the extent and scale of local
adaptation (Hecht et al., 2015; Jump et al., 2006; Rellstab et al., 2015). Recently, local
adaptation of marine organisms to environmental conditions has been investigated in
commercially important marine invertebrates, including greenlip abalone (Haliotis laevigata)
(Sandoval-Castillo et al., 2018), eastern oyster (Crassostrea virginica) (Bernatchez et al.,
2019), American lobster (Homarus americanus) (Benestan et al., 2016), and New Zealand
scallop (Pecten novaezelandiae) (Silva & Gardner, 2015). However, to date, the influence of
marine environmental conditions on the wild-type genetic diversity and structure of Australian

giant black tiger shrimp (Penaeus monodon, Fabricius, 1798), is unknown.

Single nucleotide polymorphisms (SNP) have been demonstrated to be the most
prevalent type of polymorphism within investigated genomes (Morin et al., 2004). Moreover,
SNP are becoming the marker of choice in genetic diversity, population genetics, and seascape
genomics studies (Nadeem et al., 2018). Additionally, genetic techniques offer a variety of
methods using SNP datasets to detect putatively adaptive loci and assess how environmental
parameters influence the extent of genetic variation within and among populations (Excoffier

& Lischer, 2010; Foll & Gaggiotti, 2008; Frichot & Francois, 2015; Luu et al., 2017; Oksanen
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et al., 2015; Whitlock & Lotterhos, 2015). The application of these analyses has been divided
into two main approaches: population differentiation (PD) and environmental association (EA).
More specifically, the PD approach addresses traditional population differentiation by
estimating the inherent variance in pairwise genetic differentiation values (F'sr) of each locus
across the genome without assuming the effect of environmental variables on outlier SNP
generation (Jensen et al., 2016; Luu et al., 2017). Alternatively, the EA approach addresses
environmental influence on outlier SNP generation by identifying candidate adaptive loci that
covary with environmental factors based on allele frequency (Dalongeville et al., 2018; De
Mita et al., 2013). EA applications are especially promising to detect loci under putative
selection, because they do not require phenotypic nor experimental data, can define the
contribution of environmental variables to adaptive genetic variation, and detect weak
multilocus responses to environmental conditions (Dalongeville et al., 2018; De Mita et al.,
2013; Hendricks et al., 2018; Xuereb et al., 2018). Given the unique advantages and
disadvantages of each approach, unique combinations of PD and EA may help to reduce the
number of false negatives and promote uncovering potential genomic footprints of selection
(Dalongeville et al., 2018). For example, both PD and EA methods have been employed for
the successful detection of putatively adaptive loci and assessment of environmental parameter
influence on genetic variation within and among populations (Andrew et al., 2018; Benestan

et al., 2016; Dalongeville et al., 2018; Rellstab et al., 2015).

Penaeus monodon is widely distributed throughout the Indo-Pacific and is found along
the Western, Northern, and Eastern coasts of Australia (Brooker et al., 2000; Gribble et al.,
2003; Motoh, 1985). The life history of P. monodon comprises an offshore planktonic larval
phase, estuarine juvenile and adolescent phases, and an inshore adult phase (Motoh, 1985).
Larvae and post-larvae can display daily vertical migration behaviours in synchrony with tidal
current (Queiroga & Blanton, 2004; Rothlisberg, 1982). A tagging study by Gribble et al.
(2003) revealed that shrimp in the Trinity Inlet closure in Eastern Australia moved an average
distance of 31 km north (5 - 100 km) over an average of 74 days (10 - 111 days). Forbes et al.
(1999) found evidence for high gene flow among P. monodon samples collected in
Madagascar, Mozambique, and South Africa, despite geographic separations of up to 2,000
km. Thus, P. monodon exhibits the capacity for moderate to high-level gene flow (i.e., genetic
connectivity) across large geographic distances. In Australia, previous genetic work on P.
monodon determined the existence of population structure using microsatellites, allozymes and

mitochondrial DNA (mtDNA) markers (Benzie et al., 2002; Benzie et al., 1993; Benzie et al.,
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1992; Brooker et al., 2000). These studies suggested that there was no genetic differentiation
between Northern and Eastern populations, but that P. monodon from Western Australia was a
separate genetic stock with reduced a number of allelic due to colonisation by east coast P.
monodon individuals. Additionally, another previous study of Indo-Pacific P. monodon
presented that P. monodon from Northern Australia separated into a discrete cluster while
Queensland and Western Australia grouped with Thailand, Palau, PNG, Taiwan, Philippines,
and Vietnam (Bac Lieu and Can Tho) in one cluster (Waqairatu et al., 2012).

The main objective of this study was to resolve the population genetic structure of P.
monodon in Australia using a high-resolution genome-wide SNP approach and identify any
genomic signatures of local adaptation among geographically and environmentally discrete
populations. More specifically, this study aimed to 1) assess the levels of gene flow, genetic
diversity, and population structure among geographically discrete populations of Australian P.
monodon for evidence of local adaptation, and 2) predict which environmental factors are most
likely to influence Australian P. monodon population structure (i.e., drive local adaption). The
implications of P. monodon genetic structure and local adaptation for management and

conservation of Australian populations are discussed.

2.2 Methods

2.2.1 Sample collection and DNA extraction

Individual P. monodon (n=283) were collected from seven locations around Australia between
2015 and 2017 (Figure 2.1, Table 2.1). More specifically, wild adult P. monodon were obtained
by trawling from Bramston Beach (n = 60, BB), Etty Bay (n = 50, EB), Townsville (n = 22,
TSV), Joseph Bonaparte Gulf (n = 34, JBG), Tiwi Island (rn = 56, TIW), Gulf of Carpentaria
(n=135, GC), and Nickol Bay (n =26, NKB) (Table 2.1). Pleopod tissue samples were collected
from each adult individual using pre-sterilised scissors followed by preservation in 80%

ethanol and -20°C storage until DNA extraction.

14



.TlW

1595 - JﬁG’ = e o
.EB
20°5 - AL =V
NT
QLD
& WA
30°5- SA
NSW
L vic

40°s-

10°E 120°E 130°E 140°E 150°E 160°E 170°E

Figure 2.1 Map showing the seven localities where 283 wild Australian Penaeus monodon
samples were collected (BB: Bramston Beach, EB: Etty Bay, Townsville: TSV, Gulf of
Carpentaria: GC, Joseph Bonaparte Gulf: JBG, Tiwi Island: TIW, and Nickol Bay: NKB).

Table 2.1 Sampling codes and site locations with number of individuals (N).

Regions Sampling locations Code N Latitude Longitude
Eastern Australia Bramston Beach BB 60 -17.353 146.0527
Eastern Australia Etty Bay EB 50 -17.5617 146.109
Eastern Australia Townsville TSV 22 -19.0821 146.8175
Northern Australia Gulf of Carpentaria GC 35 -14.9977 138.7808
Northern Australia Joseph Bonaparte Gulf JBG 34 -14.6818 128.3714
Northern Australia Tiwi Island TIW 56 -11.8668 131.8315
Western Australia Nickol Bay NKB 26 -20.697 116.8632

Genomic DNA (gDNA) was extracted from each pleopod tissue sample following a
modified cetyl trimethyl ammonium bromide (CTAB) protocol (Adamkewicz & Harasewych,
1996; Lal et al., 2018). Briefly, 100 mg preserved tissue was digested in a CTAB buffer with
20 mg/mL proteinase K for > 6 hr at 55 °C under gentle agitation followed by one phenol—
chloroform—isoamyl alcohol phase separation, two chloroform — isoamyl alcohol phase

separations, overnight isopropanol precipitation (4°C), two 70% ethanol washes, and elution in
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Tris-EDTA buffer (Gomes et al., 2007). All gDNA extractions were subsequently cleaned
using Sephadex™ G-50 (GE, 2007). Extracted gDNA samples were assessed for quantity and
quality using Nanodrop 1000 Spectrophotometer (260:230 nm and 260:280 nm ratios;
ThermoFisher Scientific Pty Ltd, Australia) and 0.8% agarose gel containing GelGreen
(ThermoFisher Scientific Pty Ltd, Australia). All gDNA samples were then diluted with Tris-
EDTA buffer to a normalized final concentration of 50 ng/ul before shipping to Diversity
Arrays Technology Sequencing (DArTseq™; Canberra Australia) for library preparation and

DArTseq™ sequencing.

2.2.2 Genotyping and quality control

SNP discovery and genotyping were performed by Diversity Arrays Technology using
DArTseq™ hybridization-based sequencing technology on next-generation sequencing (NGS)
platforms as per (Adamkewicz & Harasewych, 1996; Kilian et al., 2012; Sansaloni et al., 2010).
DArTSeq™ sequences were further filtered using custom dartQC python scripts (available at

https://github.com/esteinig/dartqc). More specifically, SNP sequences matching the following

criteria were removed from the dataset (Figure 2.2): (1) average read depth < 7, (2) average
repeatability < 90%, (3) call rate < 80%, (4) similar sequence clusters < 0.95, and (5) minor

allele frequency (MAF) < 0.02.

All individuals and remaining loci were subsequently tested for missing data and
linkage disequilibrium (LD) using PLINK 1.9 (Purcell et al., 2007). All individuals with high
rate of missing data (> 40%) were excluded from the dataset. From the pairs of loci determined
to be in LD (with a Pearson coefficient of determination (r?) threshold of 0.2), SNPs with the
lowest call rate value were removed. Lastly, remaining SNP dataset for each population was
then assessed for deviation from Hardy—Weinberg equilibrium (HWE) using R package dartR
(Gruber et al., 2017) and all SNPs that significantly deviated from HWE (p < 0.0001) were

removed.
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DArTSeq raw SNP dataset
(126,511 SNPs across 283 individuals)

SNP quality control: dartQC, LD, HWE

10,624 SNPs across 278 individuals

/\

Genetic diversity, population Detection of loci under
differentiation and structure selection
(1) Genetic diversity: The R package diversity, (1) Environmental data collection: the
inbreedR, HP-RARE, and NeEstimator. Bio-ORACLE database
(2) Population differentiation: the R package (2) Population differentiation: BayeScan
StAMPP, AMOVA, and ARLEQUIN., and PCAdapt.
(3) Population genetic structure: the R (3) Environmental association: the R
package adegenet (DAPC) and NetView package vegan (RDA) and LEA (LFMM)

Neutral loci: 10,535 SNPs Outlier loci: 89 SNPs

[ — ]

(l) Adaptive and neutral patterns of
Ivariation: the R package adegenet (PCA)
land StAMPP

;(2) Environmental factors association
{with genetic variation: the R package
vegan (RDA and pRDA).

1) Comparing a simple
IBD relationship and a
genetic-environment
association controlling for
geographic distances: the
R Package marmap and
ecodist (MRM)

(2) Gene ontology

Figure 2.2 SNP data analysis workflow from raw (n = 125,511) to final neutral (n = 10,535)
and outlier (n = 89) loci datasets.

2.2.3 Genetic diversity, population differentiation and structure

Several measures were used to estimate population genetic variation and differentiation (Figure
2.2). Observed heterozygosity (Ho), expected heterozygosity (Hg), and inbreeding coefficient
(Fis) were calculated using the divBasic function of R package diveRsity version 1.9.90
(Keenan et al., 2013). Fis values were determined using 95 % confidence intervals and 1000
bootstrap replicates. HP-RARE version 1.1 (Kalinowski, 2005) was used to calculate allelic
richness (Ar), private allelic richness (Ara), and percentage of polymorphic loci (PPL) using

rarefaction to avoid sampling size bias. Multilocus heterozygosity (MLH) was then calculated
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for all individuals from each population using R package inbreedR version 0.3.2 (Stoffel et al.,
2016)). Effective population size (Nep) was also estimated for each population using

NeEstimator version 2.1 based on LD and random mating model (Do et al., 2014).

Genetic differences among populations and individuals were calculated using R
package StAMPP version 1.5.1 (Pembleton et al., 2013). Pairwise genetic differentiation values
(F's7), along with confidence intervals and probability (p) values between populations, were
calculated according to Wright (Wright, 1949) and updated by Weir and Cockerham (Weir &
Cockerham, 1984). Nei (Nei, 1978) standard genetic distances (Ds) were calculated across loci
in a pairwise comparison between populations and individuals. To evaluate hierarchical
population genetic differentiation, an analysis of molecular variance (AMOVA) was
implemented using ARLEQUIN version 3.5.2.2 (Excoffier & Lischer, 2010). Statistical
significance of each variance component was assessed using 1000 permutations for each of the
following hierarchical comparisons: 1) among groups (Eastern Australia, Northern Australia,
and Western Australia), 2) among populations within groups, and 3) within populations (Table
2.1). To determine isolation by distance (IBD), a Mantel test was conducted for the full SNP
dataset (10,624) using the mantel.randtest function in R package ade4 (Chessel et al., 2004)
with 999 permutations. Contemporary least-cost oceanographic distances between each pair of

sampling sites were estimated using R package marmap (Pante & Simon-Bouhet, 2013).

To determine the number of genetic groups a Discriminant Analysis of Principal
Components (DAPC) was used on individual genotypes in R package adegenet version 2.1.1,
with number of possible clusters (cluster values (K) of 1 — 20) determined by running 60
iterations of ‘find.clusters’ function (Jombart et al., 2018). Bayesian information criterion
(BIC) values, which allow choosing the optimal K value, were averaged across all 60 iterations
and standard deviation estimated for each K value. Additionally, genotypic relationships
between individuals with no prior population assumptions were assessed using R package
NetView (Neuditschko et al., 2012; Steinig et al., 2016). NetView was run through multiple K-
nearest neighbour (kNN) values between 1 and 60 to assess both broad and fine scale

population structure.

2.2.4 Environmental data collection and processing

Environmental factors considered ecologically relevant to P. monodon (Gribble et al., 2003;

Motoh, 1985) were selected from the Bio-ORACLE database (http://www.bio-
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oracle.org/downloads-to-email.php) (Assis et al., 2018; Tyberghein et al., 2012). QGIS version
2.18.11 (https://www.qgis.org/) was used to extract values of 23 marine environmental
variables (Appendix 2.1) based on latitude and longitude of all seven sampling locations around
Northern Australia (Figure 2.1; Table 2.1). Marine data layers were then produced using
monthly averages of climate data from 2000 — 2014 for all seven sampling locations (Figure
2.1). Correlation estimates generated for marine data layers and filtered SNP datasets for each
population using Pearson Test (R software cor and cor.test functions) identified seven marine
environmental variables with Pearson coefficient of correlation (r) between -0.75 and 0.75.
Marine environmental variables retained for further analysis were: 1) surface salinity mean
(Env_1), 2) surface temperature maximum (Env_2), 3) surface temperature minimum (Env_3),
4) surface current velocity mean (Env_4), 5) surface phytoplankton mean (Env_5), 6) benthic

temperature mean (Env_6), and 7) benthic current velocity mean (Env_7) (Appendix 2.1).

2.2.5 Detection of loci under selection

The possible effects of divergent selection on the overall pattern of genetic differentiation were
assessed by combining the results of population differentiation (PD) and environmental
association (EA) approaches (Figure 2.2). First, BayeScan version 2.1 (Foll, 2012; Foll &
Gaggiotti, 2008) and R package PCAdapt (Luu et al., 2017) were used to identify loci under
selection (i.e., two independent PD approaches). Second, to identify environmental variables
associated with genetic variation, redundancy analysis (RDA) in the R package vegan version
2.5-2 (Oksanen et al., 2018; Oksanen et al., 2013) and latent factor mixed models (LFMM) in
the R package LEA version 2.0.0 (Frichot & Francois, 2015) were explored (i.e., two
independent EA approaches). All four approaches were run on the same SNP dataset using
strict parameters (see below). Only candidate outlier SNP identified by all four approaches

were retained for subsequent analyses (see below).

BayeScan version 2.1 (Foll, 2012; Foll & Gaggiotti, 2008) was run with 20 pilot runs
of 5000 iterations followed by 100,000 iterations and an additional burn-in of 50,000 iterations.
Alpha levels and Fsr values were ordered from largest to smallest and candidate loci were
determined using false discovery rate (FDR) control levels of 0.001, 0.005, 0.01, 0.05, and 0.1
using Bayescan 2.01 function plot R.r (Benjamini & Hochberg, 1995). The R package
PCAdapt (Luu et al., 2017) with K =2 and min.maf = 0.05 was used to detect outlier loci based

on principal component analysis (PCA) by assuming that markers excessively related with
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population structure are candidates for local adaptation. The candidate loci were determined

using FDR control levels ranging from 0.01 to 0.1.

The linear model redundancy analysis (RDA) was run in R package vegan version 2.5.2
(Oksanen et al., 2013). The vegan function ordistep, which applies a stepwise per mutational
ordination method, was used to perform the ‘optimal’ model that corresponded to the highest
adjusted coefficient of determination (adj R?). To test the significance of the final RDA model,
the vegan function anova.cca was run with 999 permutations then outlier SNPs were identified
on each of the first two constrained axes (p = 0.001) using the function outliers. Finally, LFMM
models were run using R package LEA version 2.0.0 (Frichot & Frangois, 2015) for each
environmental variable with a total number of 10,000 iterations and a burn-in of 5,000
iterations. The specified result (K = 3) corresponded with the number of population clusters
identified in DAPC from five repetitions. Z-scores for each locus were combined across five
replicates and FDR were evaluated using FDR-adjusted p values. Candidate loci were
determined for each marine environmental variable (n = 7; see above) and all candidate loci

with FDR-adjusted p < 0.05 were retained for subsequent analyses (see below).

2.2.6 Environmental factors associated with genetic variation

To examine adaptive and neutral patterns of variation within SNPs obtained across all seven
collection locations (Figure 2.1), PCA was performed on the retained environmental outlier (»
= 89) and neutral (n = 10,535) loci using R package adegenet version 2.1.1 (Jombart et al.,
2018). Retained outlier and neutral loci were then used to calculate genetic differences among

populations and individuals using R package StAMPP version 1.5.1 (Pembleton et al., 2013).

To examine the relative contribution of geographical distances and environmental
variables and select which environmental factors best explain Australian P. monodon genetic
structure, redundancy (RDA) and partial redundancy (pRDA) analyses were conducted for both
retained outlier and neutral locus allele frequencies using R package vegan. Analyses of
variance (ANOVA) with 999 permutations were used to assess the significance of each
environmental parameter within the RDA for all RDA and partial pRDA tests. The vegan
function ordistep with 999 permutations was used to evaluate each environmental variable and
perform the ‘optimal” model (i.e., model that best explained genetic structure of each discrete

population).
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To determine whether isolation by distance (IBD) could explain geographic patterns of
differentiation in retained outlier loci (see above), multiple regression on distance matrices
(MRM) (Lichstein, 2007) was conducted in R package ecodist (Goslee & Urban, 2007) with
1,000 permutations. Pairwise population Fsr values calculated in StAMPP and least-cost
geographic distances calculated in marmap were used as response values and explanatory
variables, respectively, and then MRM models were generated using the marine environmental
variables that significantly correlated with genetic variation of retained outlier loci. Note that
MRM models focused on the relationship between geographic distance and environmental
variables to determine the significance of environment factors on gene flow among populations

(Jeffery et al., 2018).

2.2.7 Gene ontology

Each outlier SNP was assessed against an assembled P. monodon transcriptome (Huerlimann
et al., 2018) using Geneious Prime version 2019.1.3 (Kearse et al., 2012). Contigs within
assembled P. monodon transcriptome that exhibited strong pairwise similarity with any outlier
SNP (E-value < 1e—5) were compiled and reported along with contig annotations provided by
Huerlimann et al. (2018). All SNP that exhibited transcriptome matches were translated into
protein sequence using all six reading frames (three and three in 5> — 3” and 3° — 5°,

respectively) to assess if mutation caused synonymous or non-synonymous change.

2.3 Results

2.3.1 Genotyping and SNP quality control

A total of 126,511 unique SNPs were obtained for each P. monodon individual (n = 283) by
DArTseq™ sequencing (Figure 2.2). Initial quality control assessment of DArTseq'™ data
using dartQC removed 115,811 SNPs or 91.5% of loci (Table 2.2). The remaining 10,700 loci
were then tested for LD and HWE, which removed 76 and 0 SNPs, respectively. Following
genotype filtering, five individuals (two and three individuals from Gulf of Carpentaria and
Nickol Bay populations, respectively) were removed due to high rates of missing data (> 40%).
A final set of 10,624 SNPs for each retained P. monodon individual (n = 278) were subjected
to further analyses (Figure 2.2 and Table 2.2).
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Table 2.2 Filtering steps and SNPs counts retained after each step

Steps Retained SNP count

Initial potential SNPs 126,511
Average read depth of > 7 126,511
Replication average > 0.9 122,037
Call rate of > 80% 23,845

Similar sequence clusters of > 0.95 19,328

Minor allele frequency (MAF) of > 0.02 10,700
LD filters with a correlation coefficient (r*) threshold of 0.2 10,624

HWE filters (p > 0.0001) 10,624
Retained SNPs for further analysis 10,624

Linkage disequilibrium (LD) and Hardy—Weinberg equilibrium (HWE)

2.3.2 Population genetic diversity

For the retained 10,624 SNPs, mean allelic richness values (Ar) ranged from 1.61 + 0.48 for
Nickol Bay (Western Australia) population to 1.75 + 0.34 for Tiwi Island population (Northern
Australia) (Table 2.3). A similar pattern was observed for percentage of polymorphic loci
(PPL), which ranged from 62% to 87% for Nickol Bay and Tiwi Island populations,
respectively. Contrastingly, mean private allelic richness (Ara) and mean MAF of polymorphic
loci were slightly higher for Western Australia (0.03 + 0.14 and 0.18) than for both Eastern
Australia (Bramston Beach, Etty Bay, and Townville; 0.004 + 0.04 and 0.13) and Northern
Australia (Gulf of Carpentaria, Joseph Bonaparte Gulf, and Tiwi Island ; 0.03 +0.13 and 0.15)

populations, respectively.

Mean observed heterozygosity (Ho) across all seven populations ranged from 0.13 +
0.15 to 0.16 = 0.2 and mean expected heterozygosity (Hg) ranged from 0.15 + 0.16 to 0.17 +
0.17 while average multi-locus heterozygosity (Av. MLH) within populations ranged from 0.13
+0.01 to 0.16 = 0.04 (Table 2.3). Among populations, Western Australia displayed the highest
Ho and Av. MLH values (0.16 + 0.2 and 0.16 + 0.04, respectively) whereas Eastern Australia
showed the lowest levels (0.13 + 0.15 and 0.13 £ 0.01, respectively). Moreover, mean Ho

values were lower compared to mean Hg values in all Eastern Australia and Northern Australia
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populations with the exception of Western Australia where mean Ho and Hg values were
similar (Table 2.3). Mean Fis values for both Eastern Australia and Northern Australia sites
were positive and ranged from 0.10 to 0.14, while mean Fjs value for Western Australia
population was negative, but close to zero (-0.04). Estimated Nerp varied across populations
and ranged from 165.4 in Western Australia (95% CI = 159.9 — 171.2) to 24,121 in Bramston
Beach (95% CI = 11,024 - «), with Western Australia and Etty Bay populations having the

lowest NeLp across all seven populations (Table 2.3).

2.3.3 Population differentiation and genetic structure

DAPC and NETVIEW analyses suggested regional structure among Australian P. monodon
populations, with evidence for three clusters: Eastern Australia group (Bramston Beach, Etty
Bay, and Townville), Northern Australia group (Gulf of Carpentaria, Joseph Bonaparte Gulf,
and Tiwi Island), and Western Australia (Nickol Bay) (Figure 2.3). The individual density
distribution of the first retained discriminant function indicated separation of Eastern Australia
shrimp from those in the Northern Australia and Western Australia groups (Figure 1B). Fine-
scale population network analysis using NetView R provided greater resolution at the individual
level between populations and demonstrated the same three genetic clusters at kNN = 60

(Figure 2.3C and 2.3D).
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Table 2.3 Genetic diversity indices for the Penaeus monodon populations sampled.

. PPL (Av. Av.MLH (+ Fis (p < .

Population N Ax@SD)  Am@SD) yp Ho(:SD)  Hg(+SD) SD) 0.05) Nep[95% C.L]
?é%‘;’smn Beach 60 1.66+039 0.004+0.04 0.79(0.13) 0.13£0.15 0.15£0.16 0.13£0.01  0.12  24,121.6 [11,024.4- o]
Etty Bay (EB) 50 1.66+0.40 0.01£0.05 0.77(0.14) 0.13£0.15 0.15+0.16 0.13£0.02  0.14 147.5 [146 — 149]
Townsville (TSV) 22 1.68+045 0.03£0.13  0.69(0.15) 0.13+0.16 0.15+0.17 0.13£0.004  0.10 2’50446 1[71 ;75]9 7.9-
Gulf of Carpentaria 1,427.4 [1,263.1 —
(GO) 33 1.74+039  0.01£0.07 0.80(0.15) 0.15£0.15 0.17+0.17 0.15+0.02  0.13 1 640.5]
Joseph Bonaparte 7,065.4 [4,454.1 —
Gult JBG) 34 1.74+038  0.01+0.06 081 (0.14) 0.15+0.16 0.17+£0.17 0.15+£0.004  0.11 15.832]
Tiwi Island (TIW) 56 1.75+0.34 0.01£0.06 0.87(0.13) 0.15+0.15 0.17+0.16 0.15+0.004  0.12 8’12?322[65 fg]?’ 9=
Nickol Bay (NKB) 23  1.61+0.48 0.03+0.14 0.62(0.18) 0.16£020 0.16+0.18 0.16+0.04 -0.04 1654 [159.9—171.2]

The parameters calculated number of samples (N), mean allelic richness values (Ar), private allelic richness (Ara), percentage of polymorphic loci (PPL, mean MAF of

polymorphic loci), mean observed heterozygosity (Ho), mean expected heterozygosity (Hg), average multi-locus heterozygosity (Av. MLH), inbreeding coefficient (Fis), and

effective population size (Nerp).
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Figure 2.3 Population structure of 278 individuals of Penaeus monodon samples using
10,624 SNPs. (A) Discriminant Analysis of Principal Components (DAPC) scatterplot and
(B) an individual density plot on the first discriminant function created through the R
package ‘adegenet ‘; and (C) and (D) population networks constructed using the NetView P
v.1.0 pipeline at KNN = 30 and 60. Dots represent individuals. Population names are defined
in Figure 2.1.

Across all P. monodon populations pairwise Fsr values based on unbiased distances
(Weir & Cockerham, 1984) ranged from 0.001 to 0.107, while pairwise standard genetic
distances (Nei, 1978) similarly ranged from 0.002 to 0.028 (Table 2.4). All pairwise Fsr
comparisons were significant (p < 0.05) except for pairwise comparison between Townsville
and Etty Bay populations in Eastern Australia. Not surprisingly, the most geographically
separated sites (Nickol Bay in Western Australia and three Eastern Australia populations at
approximate 3,091 to 3,137 km apart) exhibited the largest significant pairwise Fsr (0.107) and
standard genetic distance (0.028) values (Table 2.5). Subsequent regression-based analysis also
demonstrated a significant linear relationship between pairwise geographic distance and

pairwise genetic distance among all sampled populations (r* = 0.86, p = 0.006; Figure 2.4).
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Table 2.4 Population differentiation estimates for Penaeus monodon populations sampled.

Populations BB EB TSV GC JBG TIW NKB
Bramston Beach (BB) 0.002 0.003 0.010  0.009  0.008  0.026
Etty Bay (EB) 0.001 0.004 0.011  0.010  0.008  0.026
Townsville (TSV) 0.001  0.001 0.012  0.011  0.009  0.028
Gulf of Carpentaria (GC) 0.039  0.039 0.037 0.004  0.004  0.020
Joseph Bonaparte Gulf JBG) 0.034  0.034 0.033 0.002 0.003 0.020
Tiwi Island (TIW) 0.028  0.028 0.026 0.003  0.001 0.019
Nickol Bay (NKB) 0.107  0.107 0.107 0.071  0.069  0.069

Population pairwise Fsr (Weir & Cockerham, 1984) and Nei's genetic distance (Nei, 1972) estimates computed
by using the R package StAMPP v.1.5.1 (Pembleton et al., 2013). Pairwise Fsr values are shown below the
diagonal, Nei's genetic distance are reported above. All Fsr values were significant at p < 0.05 following 1000
bootstraps performed across loci to generate confidence intervals. The only non-significant Fsr value (p > 0.05)

is in bold type.
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Figure 2.4 Plots of isolation by distance (IBD) with Mantel correlograms for the relationship
between genetic distance (Fsr) and geographic distance (km) among Penaeus monodon
populations (n = 7) using 10,624 SNPs.

AMOVA analysis also grouped populations by geographical region: Eastern
Australia(Bramston Beach, Etty Bay, and Townsville), Northern Australia (Gulf of
Carpentaria, Joseph Bonaparte Gulf, and Tiwi Island), and Western Australia (Nickol Bay).

Hierarchical population genetic analyses indicated majority of variation (95.6%) being
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explained among individuals within populations (p < 0.01; Table 2.5). Differences among
geographically discrete populations accounted for only 4.2% of the total variance (p < 0.01),
while 0.2% of the total variance (p < 0.01) was explained by variation among populations

within each group.

Table 2.5 Analysis of molecular variance (AMOVA) of Penaeus monodon from seven
Australian locations (groups were assigned from DAPC analysis (see Figure 1).

Sum of Variance % of Fixation
Variance partition d.f. squares component variation indices p-value
Among groups 2 6,974 18.84 4.2 FCT: 0.042 <0.01
Among populations
within groups 4 1,999.1 0.9 0.2 FSC: 0.002 <0.01
Within populations 549 234,808 427.7 95.6 FST: 0.042 <0.01
Total 555 243,780.7 447.4

Degrees of freedom (d.f.)

2.3.4 Detection of outlier loci

Initial Bayescan v.2.1 and PCAdapt analyses (FDR = 0.01 for both; see Methods) detected 582
and 514 outlier SNPs, respectively, among the 10,624 SNPs retained for each individual
(Figure 2.2). LFMM analysis (K = 3 and FDR = 0.05; see Methods) identified 1,449 outlier
SNPs that were significantly associated with at least one of seven environmental parameters
tested. Full RDA model supported the role of environmental variables in shaping the
distribution of SNP genotypes (p < 0.01; R* = 0.048; adjusted R? = 0.031) with 43.5% and
30.2% of inherent genetic variation explained by the first and second RDA axes, respectively.
Based on these two significantly constrained axes the RDA model collectively yielded 963
candidate outlier SNPs. Lastly, the rigorous evaluation of both PD and two EA analyses (see
Methods) identified 425 and 161 outlier SNPs respectively, of which 89 (21% and 55%)
overlapped (Figure 2.5), leaving 10,535 SNPs as neutral. Both outlier and neutral SNPs were
subjected to further analyses (Figure 2.2).
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Figure 2.5 Venn diagram showing the total number of putative SNPs significantly associated
with at least one environmental variable. The total number of SNPs is reported in each panel.
The 89 outlier SNPs on the intersections (shaded area) were retained for further analysis.

2.3.5 Genetic structure based on outlier and neutral markers

PCA analysis of all individuals for both neutral and outlier SNP separated Australian
populations into the same three clusters as DAPC and NetView analyses (Western Australia
separate from Eastern Australia and Northern Australia populations; see above). Considering
the 10,535 neutral SNPs, PC1 and PC2 explained 24.8% and 14.7% of the total genetic
variance, respectively (Figure 2.6A). Considering the 89 outlier SNPs, PC1 and PC2 explained
5.8% and 1.0% of the total genetic variance, respectively (Figure 2.6B).
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Figure 2.6 Principal components analysis based allele frequencies for (A) 10,535 neutral
SNPs loci and (B) 89 outlier SNPs loci. Population names are defined in Figure 2.1
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Pairwise Fsr estimates between populations differed depending on assessment of neutral
or outlier loci (Table 2.6). Genetic differentiation was significant (p <0.05) for all pairwise
comparisons when 10,535 neutral SNPs were assessed. Pairwise Fsr values ranged from 0.001
(Bramston Beach vs. Etty Bay and Joseph Bonaparte Gulf vs. Tiwi Island) to 0.1 (Eastern
Australia populations vs. Western Australia population). In a similar way, using 89 outlier loci,
Fsr values between Eastern Australia populations and Western Australia (Fsr = 0.60 - 0.64)
were in all cases higher than those between Northern Australia populations and Western
Australia (Fsr=0.19 - 0.22; p <0.01). Fsr values differed significantly between all populations
within the Northern Australia (p <0. 04); however, no Fsr values differed significantly between

populations within Eastern Australia (p > 0.4).

Table 2.6 Population differentiation estimates for Penaeus monodon populations sampled
using neutral (n = 963) and outlier loci (n = 89).

BB EB TSV GC JBG TIW NKB
Bramston Beach (BB) 0 0.00  0.001 0.03 0.03 0022  0.10
Etty Bay (EB) -0.001 0 0.001 0.03 0.03 002  0.10
Townsville (TSV) 0.002  -0.005 0 0.03 002 002  0.10
Gulf of Carpentaria (GC) 049  0.47 0.43 0 0.002  0.002  0.07
g}’;eé’)h Bonaparte Gulf ) ;¢ 0.44 0.40 0.01 0 0.001  0.07
Tiwi Island (TIW) 038 036 0.33 0.03 0.02 0 0.07
Nickol Bay (NKB) 0.64  0.63 0.60 0.22 021  0.19 0

Population pairwise Fsr (Weir & Cockerham, 1984) estimates computed by using the R package StAMPP
(Pembleton et al., 2013). Fsr values of 89 outlier loci are shown below the diagonal and Fs7 values of 963 neutral
loci are reported above. All Fr values were significant at p < 0.05 following 1000 bootstraps performed across
loci to generate confidence intervals. The only non-significant Fsr value (p > 0.05) is in bold type.

2.3.6 Environmental factors associated with genetic variation

ANOVA for RDA analyses demonstrated that five (Env_1, Env_2, Env_3, Env_5, and Env_7)
and four (Env 2, Env 3, Env 5, Env_7) environmental factors (see Methods) were
significantly associated with genetic variation in identified neutral and outlier SNP datasets (p
= 0.001 and 0.001, adjusted R* = 0.03 and 0.2), respectively (Figure 2.7). When partitioning
the relative importance of geographic proximity among sampled sites using partial RDA, the

most important environmental predictors for neutral SNP were ranked as: Env 2 (F=1.7, p =
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0.001)>Env_1(F=1.5,p=0.001)>Env_3 (F=1.2, p=0.001). For outlier SNP, Env_2 and
Env_3 were both significant for putative adaptive genetic variation (p = 0.001); however,
Env_2 explained 13% of inherent genetic variation while Env_3 explained 2.8%. When both
neutral and outlier SNP datasets were combined, surface temperature max and min (Env_2 and
Env_3 respectively) were the highest ranked predictors contributing to the genetic variation of
Australian P. monodon. Variance partitioning based on neutral and outlier loci RDA models
revealed that environmental effects explained 4.3% and 20.2% of genetic structure variation,
while geographic location explained 12.9% and 2.8%, respectively. The remaining genetic
structure variance was explained by the combination of environmental effect and geographic

location.
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Figure 2.7 Redundancy analysis on (A) 10,535 neutral loci and (B) 89 outlier SNPs allele
frequencies in seven populations of Penaeus monodon in Australia. Explanatory variables
(arrows) were RDA axes retained as important variable selection accounting for genetic
variation (Env_2: surface temperature maximum, Env_3: surface temperature minimum,
Env_5: surface phytoplankton mean, Env_7: benthic current velocity mean, and Env_1:

surface salinity mean).

MRM correlation analysis conducted on geographic distance and pairwise population Fsr
values was significant (1> = 0.9, p = 0.008). MRM models including surface temperature
maximum (Env_2) and surface temperature minimum (Env_3) exhibited significant
relationships with pairwise Fsr values (p = 0.001 and 0.008, adjusted R? = 0.95 and 0.90),
respectively (Table 2.7). Moreover, MRM models explained a large and significant proportion
of genetic variability (> 90%), indicating that these environmental variables and geographic

distance are significantly correlated and thus potentially constrain gene flow synergistically.
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Table 2.7 Results of multiple regression of distance matrices (MRM) tests of geographic
distance, genetic differentiation (Fs7) of 89 outlier loci, and significant environmental variables
between Penaeus monodon populations in Australia.

MRM models Adj-R? p-value
Distances ~ Fsr + surface temperature max 0.95 0.001
Distances ~ Fsr + surface temperature min 0.9 0.008

Distances ~ Fsr + surface temperature max + surface

. 0.95 0.002
temperature min

2.3.7 Gene ontology

Among the 89 SNPs that were found associated with environmental variables, 11 (12.4%)
yielded matches to 173 total contigs in the P. monodon transcriptome with E value < le-5
(Appendix 2.2). Three of these 11 outlier SNPs exhibited BLAST hits in only one allele (ID:
PM 10591, PM2065, and PM10621; Appendix 2.2) and were thus excluded from translated
protein comparison. Protein translation of the remaining eight outlier SNPs demonstrated the
following: 1) five contained synonymous and non-synonymous mutations in two and four
reading frames, 2) two contained synonymous and non-synonymous mutations in one and five
reading frames, and 3) one contained synonymous and non-synonymous mutations in zero and
six reading frames, respectively (Appendix 2.3). However, only two of these eight outlier SNPs
exhibited 100% pairwise identity with > 90% query cover to contigs within the P.
monodon transcriptome (PM1958 and PM4714). More specifically, SNP PM1958 matched
“calcium-activated chloride channel regulator”, “calcium-activated chloride channel regulator
2-like”, and “epithelial chloride channel-like” contigs while SNP PM4714 matched
“uncharacterized protein APZ42 034504” or “Predicted: wuncharacterized protein
LOC108744461 isoform X4” contigs (Table 2.8). The remaining majority of outlier SNP (n =
78 or 87.6%) did not exhibit sufficiently strong matches to any contigs within the P. monodon

transcriptome and were thus concluded to reside in non-coding (i.e., absent) genomic regions.
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Table 2.8 Characterization of high-quality BLAST matches obtained in comparison with the

transcriptome Penaeus monodon database

PM1958 PM4714
Functional  Calcium-activated chloride channel PREDICTED: uncharacterized protein
Annotation  regulator LOC108744461 isoform X4
Calcium-activated chloride channel Uncharacterized protein
regulator 2-like APZ42 034504
Epithelial chloride channel -like
E-value 2.01E-29 3.36E-27
% lIdentity 100 94.2
Bit-Score 128.5 121.2
Translation = CRRVRRLPVPLPPRLQPRGAAPI CST*GTASWTGTRGRTCSTRSRD
Frame 1 CRRVRRLPIPLPPRLQPRGAAPI CSTSGTASWTGTRGRTCSTRSRD
Translation @ADAYAAYPYPYHPGYSHEELPP AVHKAQRAGRALAAALVAHEAE
Frame 2 ADAYAAYPYPYHPGYSHEELPP AVHQAQRAGRALAAALVAHEAE
Translation QTRTPPTRTPTTQATATRSCPH QYIRHSELDGHSRPHL*HTKPR
Frame 3

QTRTPPTHTPTTQATATRSCPH QYIRHSELDGHSRPHL*HTKPR

Red characters indicate SNP location within translated protein sequences. Asterisks (*) indicate stop codons.

2.4 Discussion

The giant black tiger shrimp (P. monodon) is an important aquaculture species in Australia;
however, to date only limited information is available regarding the influence of environmental
pressures on the genetic structure of geographically discrete populations. Based on results from
this study, three distinct genetic groups (i.e., stocks) were revealed across the geographic
distribution range of Australian P. monodon: Eastern Australia (Bramston Beach, Etty Bay,
and Townville), Northern Australia (Gulf of Carpentaria, Joseph Bonaparte Gulf, and Tiwi
Island), and Western Australia (Nickol Bay). Of note is that the Western Australia population
exhibited the lowest level of genetic variation of all assessed populations, which could be due
to restricted gene flow between Western Australia and Northern Australia populations. Using
multivariate analyses that considered both geographic distance and environmental factors it
was determined that the majority of SNPs are neutral (n = 10,535), while a small subset of
outliers are putatively adaptive (n = 89). Surface temperature maximum and minimum provided

the strongest correlative explanation for the presence of these outliers (see below).
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2.4.1 Population genetic diversity

Genetic diversity and stock assessments of Australian P. monodon were undertaken using all
10,624 SNP (i.e., neutral and outliers combined). Relative reduced genetic diversity (Ho, He,
and Av.MLH) was observed for Australian P. monodon compared to other recently assessed
crustacean species. More specifically, European green crab (Carcinus maenas) exhibited mean
Ho and Hg of 0.254 and 0.256 (Jeffery et al., 2017) while European lobster (Homarus
gammarus) had Ho and Hg that ranged between 0.049 — 0.63 and 0.179 - 0.504 (Jenkins et al.,
2018), respectively and scalloped spiny lobster (Panulirus homarus) had Ho, Hg, and Av.MLH
that ranged between 0.166 — 0.184, 0.226 — 0.233, and 0.168 — 0.186, respectively (Al-Breiki
et al., 2018). The small reduction in genetic diversity observed for Australian P. monodon could
be due to technical artefacts of the RADseq-based genotyping (i.e., null alleles) (Andrews &
Luikart, 2014; Lal et al., 2016), sampling bias (i.e., Wahlund effect) (De Meets, 2017; Lal et
al., 2018), and/or biological significance (i.e., colonization, bottleneck, or genetic drift) (Benzie
et al., 2002; Benzie et al., 1992). Ho deficiency has also been observed in Bangladesh P.
monodon using 10 microsatellite markers and 14 SNP loci (Alam & Palsson, 2016), so the
exact cause is yet to be fully resolved and both technical and biological could contribute to the

small reduction in genetic diversity observed for Australian P. monodon.

In the Western Australia (Nickol Bay) population, heterozygosity (i.e., Ho and Hg) were
equal or higher than other populations despite Ar and PPL being slightly lower (0.01 — 0.02)
(see Results). This slight reduction in Ar and PPL is most likely due to the smaller sample size
in my study for the Western Australia population (Kalinowski, 2004). SNP genotyping of this
Western Australia population revealed equal or higher heterozygosity, despite previous
allozyme and microsatellite-based demonstrations of reduced heterozygosity and number of
alleles in P. monodon from the same Western Australia region (Benzie, 2000; Benzie et al.,
1992). These previous P. monodon population genetics studies concluded that observed
reductions in heterozygosity and number of alleles were most likely driven by founder effects
or bottleneck events. As such, based on the entire Western Australia SNP dataset encompassing
10,624 genome-wide SNPs, Western Australia P. monodon appears from my dataset to not
have undergone a bottleneck (i.e., heterozygosity not reduced), but rather has retained similar
heterozygosity to Northern Australia and Eastern Australia populations. Differences between

my dataset and those using microsatellites, allozymes and mtDNA may simply be due to the
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level of genetic resolution of these markers when comparing allelic diversity, where my high-
resolution sampling captured more of the true genetic diversity within the P. monodon genome.
Likewise, Lemopoulos et al. (2019) demonstrated that SNPs were more informative than
microsatellites for applications that required individual-level genotype information (i.e.,
estimating relatedness and genetic diversity with low sample sizes from small populations).
Although Eastern Australia and Northern Australia P. monodon populations exhibited Fis
values > 10%, the large Neip estimates were determined for all Australian P. monodon
populations. Consequently, the possible effect of inbreeding could be reduced (Frankham et
al., 2002). Slightly positive F;s values observed here are most likely a result of DArTSeq
genotyping technical artifacts (i.e., null alleles) rather than of biological origin. It is also
noteworthy, that F;s values in this study are lower than observed in wild Pacific Ocean L.
vannamei collected from Panama to Mexico (F;s=0.53) (Valles-Jimenez et al., 2004) and along

the Mexican coast (F;s= 0.36) (Vela-Avitua et al., 2013).

2.4.2 Population differentiation and genetic structure

Pairwise Fsr analysis for Eastern and Northern Australia P. monodon populations revealed
relatively weak genetic structuring (0 — 0.039), except for Western Australia (0.069 — 0.107),
which had the highest levels detected (Table 3). Additionally, genetic differentiation increased
proportionally with geographic distance and followed the IBD pattern across the entire sampled
range, which is in agreement with previous observations based on mtDNA and microsatellite
sequences (Benzie et al., 2002; Benzie et al., 1992; Brooker et al., 2000). However, this finding
contrasts the Fsr values observed between Western Australia and Northern Australia (0.116)
and Eastern Australia (0.032) (Waqairatu et al., 2012). As such, the significantly different
genetic composition between Western Australia and all other populations may reflect the
effects of restricted gene flow and genetic drift, which is not surprising for P. monodon given
the relatively short offshore planktonic larval phase (approximately 20 days), during which
larvae and post-larvae disperse and migrate to nursery areas (e.g., in-shore areas and mangrove
estuaries) (Motoh, 1985). Moreover, the evidence for adaptive divergence among Australian
P. monodon populations presented here (see below) suggests that divergent selection may be
contributing to genetic divergence despite genetic drift (Funk et al., 2016). Regardless of the
exact cause, these results suggest that there is a restriction in gene flow between geographically

disparate Australian P. monodon populations.
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Assessment of population structure using Fsr, DAPC and NetView analyses revealed
regional structure in Australian P. monodon with three major population groupings: Eastern
Australia (Bramston Beach, Etty Bay, and Townsville), Northern Australia (Gulf of
Carpentaria, Joseph Bonaparte Gulf, and Tiwi Island), and Western Australia (Nickol Bay)
(Figure 1). One possible explanation for this genetic structure is the presence of biogeographic
barriers between Eastern, Northern, and Western Australia that caused restricted gene flow
between P. monodon populations. Upwelling of deep cold water along the North-Western
Australian coastline, which has existed since the Late Miocene period, is one biogeographical
barrier known to prevent gene flow between Western Australia and other Australian regions
(Williams & Benzie, 1998). Moreover, repeated declines in sea surface levels of 100 — 140 m
during the Pleistocene caused biogeographic isolation between Northern and Eastern Australia
due to repeated emergence of land bridges between Northern Australia, Torres Strait, and New
Guinea (Chivas et al., 2001; Galloway, 1981; Sloss et al., 2018; Voris, 2000). Similar patterns
in genetic structure between Australian populations have been observed for other marine
species such as Australian Spanish mackerel (Scomberomorus commerson; Buckworth et al.
(1998)), mud crab (Scylla serrata; Gopurenko and Hughes (2002)), brown tiger prawn
(Penaeus esculentus; Ward et al. (2006)), and barramundi (Lates calcarifer; Chenoweth et al.
(1998); Loughnan et al. (2019)). Previous P. monodon genetic differentiation investigations
based on allozyme, mitochondrial DNA and microsatellite markers also revealed significant
genetic partitioning among Australian and Southeast Asian P. monodon populations indicating
significant bio-geographic barriers to dispersal (Benzie et al., 2002; Benzie et al., 1992;
Brooker et al., 2000; Wagqairatu et al., 2012). Accordingly, the current observed genetic
differentiation among Australian P. monodon populations appears to be driven by the presence
of biogeographic barriers between Eastern, Northern, and Western Australia that effectively

limited or prevented gene flow over evolutionary timescales.

2.4.3 Evidence for local adaptation

PD and EA analyses collectively identified 89 overlapping outlier SNPs, which accounted for
21% and 55% of total outlier SNPs detected, respectively (Figure 2.5). This observation is in
agreement with previous studies that also found EA approaches to perform better than PD
approaches for detection of loci under putative divergent selection (Benestan et al., 2016;

Dalongeville et al., 2018). Moreover, the observed levels of genetic structure based on these
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89 outlier SNPs agreed with the genetic structure observed when all 10,535 neutral SNPs were

considered.

Analysis of population structure based on 89 outlier SNPs using PCA presented a similar
spatial pattern as to PCA based on 10,535 neutral SNPs in the form of three groups: Eastern
Australia, Northern Australia, and Western Australia (Nickol Bay). Several causes may
contribute to the same population structure being determined when either neutral or outlier loci
were used (e.g., life history, natural selection, and environmental heterogeneity (Forester et al.,
2016; Moore et al., 2014; Sexton et al., 2014)); however, determination of the exact cause
requires further investigation. My findings agree with previous SNP-based studies conducted
on other species with a planktonic larval phase (e.g., Eulachon (Thaleichthys pacificus),
European green crab (Carcinus maenas), and Atlantic salmon (Salmo salar)) that were
determined to have low level gene flow and genome-wide divergence (Candy et al., 2015;
Jeffery et al., 2017; Moore et al., 2014), respectively. These outlier-based analyses suggest that
key environmental factors (see Results) and geographic distance, synergistically or
independently, contributed to the generation of the 89 outlier SNPs observed among Australian
P. monodon populations (i.e., adaptive divergence drivers). This conclusion is supported by
other studies that also demonstrated that association between environmental variables and
outlier SNPs could be indicative of local adaptation (Benestan et al., 2016; Bernatchez et al.,

2018; Jeffery et al., 2018; Wyngaarden et al., 2018; Xuereb et al., 2018).

2.4.4 Environmental variables contributing to genetic structure

RAD and pRAD analyses demonstrated a strong relationship between geographic distance,
environmental distance, and genetic differentiation in both neutral (n = 10,535) and outlier (n
= 89) SNPs inherent to wild Australian P. monodon. This significant positive correlation
suggests that: 1) gene flow between sampled sites may be impacted by natural selection or 2)
geographically discrete Australian P. monodon populations have adapted to region-specific
environmental variables (e.g., temperature). Geographic isolation due to biogeographic barriers
(see above) could have caused initial level of genetic differentiation between P. monodon
populations with subsequent divergent selection imposed by environmental factors leading to
increased differentiation across evolutionary time. This interpretation is supported by RDA

analysis, which indicated that the effects of surface temperature maximum and minimum
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(Env_2 and Env_3, respectively) were more pronounced than geographic distance for both

neutral and outlier SNP.

RAD and partial RAD analyses conducted on outlier SNP demonstrated that surface
temperature maximum (Env_2) explained five and six times more genetic variation than was
explained by surface temperature minimum (Env_3). Therefore, it is plausible that surface
temperature maximum (Env_2) could be the predominant driver of local adaption among
Australian P. monodon populations. In a review of local adaptation among populations of
marine invertebrates, Sanford & Kelly (2011) found that approximately 44% of surveyed
studies provided evidence of local adaptation to temperature. Moreover, several studies
targeting marine invertebrates demonstrated the role of sea surface temperature in shaping
genetic differences among populations (e.g., American lobster (H. americanus), European
green crab (C. maenas), eastern oyster (C. virginica), sea scallop (Placopecten magellanicus),
and giant California sea cucumber (Parastichopus californicus),Benestan et al. (2016), Jeffery
et al. (2018), Bernatchez et al. (2018), Wyngaarden et al. (2018), and Xuereb et al. (2018),
respectively). Winter sea surface temperature was also demonstrated to be the most likely
driver of local adaptation and limiter of gene flow among North American populations of C.
maenas (Jeffery et al., 2018). In Australia, sea surface temperatures have become significantly
warmer between 1950 - 2007 along North-Eastern and North-Western tropical coasts by 0.12°C
and 0.11°C per decade, respectively (Lough, 2008), while sea surface temperature in south-
western Australia has risen by 0.026 to 0.034°C per year between 1985-2004 (Pearce & Feng,
2007). Moreover, surface temperature maximum and minimums occur during summer and
winter, respectively, which is when P. monodon broodstock emigrate out of estuaries into
foreshores for spawning and, thus, extreme swings could influence individual fitness (i.e.,
breeding success). Further studies are needed to elucidate the existence and extent of
population-specific thermal adaptation among Australia P. monodon populations and the

potential functional genomics implications of the identified 89 outlier SNPs.

2.4.5 Highlights from Gene Ontology

The combination of PD and EA approaches identified 89 outlier SNPs that are potential targets
for local adaptation within the Australian P. monodon genome. Only 11 of these 89 outlier
SNPs matched P. monodon transcriptome contigs (Huerlimann et al., 2018) with subsequent

protein translation of eight outlier SNPs demonstrating more non-synonymous changes than
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synonymous changes across all six reading frames. Despite the greater likelihood that non-
synonymous mutations will have functional implications (Lawrie et al., 2013; Parmley et al.,
2005), all 11 of these outlier SNPs with P. monodon transcriptome matches should be
considered as candidates for future research into divergent selection driven local adaptation

among these geographically discrete populations (Lebeuf-Taylor et al., 2019).

Of these 11 outlier SNPs, one matched a contig annotated as “calcium-activated chloride
channel regulator” (CLCA) (Table 2.8). CLCA is involved in cellular physiology functions such
as neuronal and cardiac action, muscle contraction, and epithelial secretion (Dingyuan Hu et
al., 2018; Nystrom et al., 2018; Zhang et al., 2014). In Pacific white shrimp L. vannamei, a
similar calcium-activated chloride channel gene was shown to be expressed in gill cells and
exhibit potential involvement in osmoregulation because of observed response to salinity
challenge (Dongxu Hu et al., 2015). As such, future P. monodon gene-by-environment studies
should consider investigating the potential role of this gene in local adaptation to population-

specific environmental conditions.

The remaining 78 outlier SNPs are presumed to be located in non-coding regions absent
from the transcriptome, or in genes with low-level expression that were not captured within
initial transcriptome assembly (Harrisson et al., 2017; Harrisson et al., 2014; Tigano et al.,

2017).

2.4.6 Implications for aquaculture management and future research directions

The black tiger shrimp is an important aquaculture and fishery species in Australia. Therefore,
the identification of genetic stock units among wild populations is crucial for fishery and
aquaculture broodstock management. Neutral and adaptive population structure findings
suggested that Australian P. monodon should be managed as three separate stocks: Eastern
Australia, Northern Australia, and Western Australia. The levels of genetic diversity revealed
in the present study using both neutral and outlier SNP are useful for aquaculture purposes such
as selective breeding programs, maintaining stock diversity, and distinguishing hatchery stocks
from wild populations. Moreover, in addition to reduced gene flow, thermal adaptation is also
likely to contribute to a greater divergence in the Western Australia population. Regardless,
the strong genetic structure and presence of rare alleles in all seven P. monodon populations
suggests that these populations should be managed accordingly to maintain genetic integrity.

Environmental factors can influence genetic diversity and population structure in marine

38



species and an accurate understanding of this influence can both improve fisheries management
and help predict responses to environmental change (Wyngaarden et al., 2018). This study
suggests that both geographical distance and environmental factors interact to influence the
genetic structure of Australian P. monodon; however, the magnitude of influence for each of
these factors is hard to determine conclusively. This study also provides evidence for
environmentally driven selection pressure on geographically discrete populations, which can
be utilized to help ensure sustainable management of Australian P. monodon (e.g., guidance
for future re-establishment of populations inhabiting similar thermal gradients). Practically, a
population that is potentially under local adaptive pressures may be an important source of
private or rare alleles that can enhance population resistance to future environmental change
(e.g., naturally or via selective breeding programs) or assist natural migration (Golbuu et al.,

2016; Ofori et al., 2017).

2.5 Conclusion

I utilized a SNP dataset containing 10,624 loci to determine genetic population structure and
local adaptation across seven populations of Australian black tiger prawn P. monodon (n =278
individuals). This study provides novel insights that assist the development and implementation
of P. monodon aquaculture and fishery management practices within Australia. Analysis of
population structure using both neutral (z = 10,535) and outlier (n = 89) SNPs suggest that
Australian P. monodon should be managed as three separate stocks (Eastern Australia,
Northern Australia, and Western Australia) and that geographically discrete P. monodon
populations have likely undergone local adaptation to region-specific thermal regimes. Future
studies should investigate the role that outlier SNPs potentially play in local adaptation in order

to advance wild stock structure preservation and help facilitate selective breeding programs.
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Chapter 3. Population structure, genetic connectivity, and signatures of local
adaptation of the giant black tiger shrimp (Penaeus monodon) throughout

the Indo—Pacific region

3.1 Introduction

The evolutionary forces of gene flow, genetic drift, mutation, and natural selection, which are
all influenced by organism-specific life history, collectively shape the genetic structure of wild
populations (Hemmer-Hansen et al., 2007; Matolweni et al., 2000). Population genetics
research provides valuable estimates regarding genetic diversity and local adaptation, which
are equally important factors for the adaptive capacity of key species under climate change
scenarios (Grant et al., 2017; Oleksiak, 2019). Population genetics research also enhances the
facilitation of appropriate fisheries management and aquaculture practices by providing novel
insights into broodstock selection for breeding programs and discernment of hatchery stocks
from wild populations (Bernatchez et al., 2017; Gjedrem, 2012; Lorenzen et al., 2012; Williams
& Hoffman, 2009). In order to make accurate recommendations regarding aquaculture
programs or fishery management plans for commercially important species, it is of particular
importance to comprehensively understand the genetic connectivity among Indo-Pacific
populations as it relates to their evolutionary and life history (e.g., demographics and

connectivity).

The giant black tiger shrimp (P. monodon) is native to and considered one of the most
important aquaculture species throughout the Indo-Pacific region. The life history of P.
monodon comprises an offshore planktonic larval phase (approximately 20 days) before
migration to nursery areas, such as in-shore areas and mangrove estuaries (Motoh, 1985;
Queiroga & Blanton, 2004). For example, tagged juveniles and adult P. monodon from Trinity
Inlet in north Queensland, Australia moved north between 5 and 100 km over a span of 10 to
111 days (Gribble et al., 2003). High gene flow has also been reported among P. monodon
samples collected in Madagascar, Mozambique, and South Africa, despite geographic
distances up to 2,000 km (Forbes et al., 1999). Therefore, the capacity for moderate to high
levels of gene flow (i.e., genetic connectivity) exists among geographically disparate P.

monodon populations.
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To date, most studies that assessed population genetic structure and connectivity patterns
of P. monodon throughout the Indo-Pacific region have used microsatellites, allozymes, and
mitochondrial DNA (mtDNA) markers (Benzie et al., 2002; Wagqairatu et al., 2012; You et al.,
2008). These genetic markers can often have limited resolution power to detect fine-scale
genetic structure and signatures of adaptation within and among populations (Allendorf et al.,
2010; Nielsen et al., 2009). Despite limited resolution these previous studies demonstrated low-
level of population differentiation throughout the Indo-Pacific Ocean, as well as lower genetic
diversity in Indian Ocean than Pacific Ocean P. monodon populations; however, levels of
predicted gene flow were not determined, nor were patterns of genetic connectivity among

populations consistent across these studies (Waqairatu et al., 2012; You et al., 2008).

The recent development of high-throughput sequencing techniques permits
determination of both genome-wide neutral and adaptive genetic variation for non-model
species, which can provide unique insight into population structure and local adaptation. For
example, analysis of neutral genetic loci has been utilized for population structure
determination (Batista et al., 2016; Segovia et al., 2017; Woodings et al., 2018), while outlier
detection methods permit the separation of putatively adaptive (i.e., outlier) and neutral loci
into two discrete datasets. Recent studies have demonstrated that outlier loci provide unique
and useful insights into the genetic structure and management units of aquatic species that
neutral loci often do not show (Anderson et al., 2019; Gagnaire et al., 2015; Nowland et al.,

2019; Woodings et al., 2018).

Collectively, the high-resolution power of genome-wide single nucleotide
polymorphisms (SNPs) genotyping offers the potential for heightened understanding of P.
monodon population genetic structure, connectivity, and local adaptation that could translate
into advancements in aquaculture and fishery practices. Accordingly, the main objective of this
study was to utilize both neutral and outlier SNP datasets to determine the population structure,
connectivity, and local adaptation of P. monodon populations from throughout the Indo-Pacific
region. More specifically, this study aimed to 1) evaluate genetic diversity and determine the
spatial population structure among P. monodon populations using a combined (i.e., neutral and
outlier loci) dataset, i1) determine the genetic connectivity and evolutionary relationship among

populations, and iii) identify putatively adaptive outlier SNP (i.e., candidate genes).
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3.2 Material and Methods

3.2.1 Sample collection and DNA extraction

The giant black tiger shrimp P. monodon is widely distributed throughout the Indo-Pacific
region, spanning from Fiji in the central Pacific, throughout Australia, Southeast Asia and
India, to the southwestern coast of the African continent. In order to study the genetic
relationships across the entire Indo-Pacific range I collected wild adult P. monodon (n = 532
total) from 16 discrete Indo-Pacific locations between 2015 and 2019 (Figure 3.1; Table 3.1).
Pleopod tissue samples were excised from each wild adult P. monodon sample with scissors,

preserved in ethanol, and stored at -20 °C until DNA extraction.
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Figure 3.1 Sampling sites and the known distribution of Penaeus monodon (modified from
(Kongkeo, 2005-2020)) sourced in this study. Orange areas denote the know distribution of
P. monodon. See Schott et al. (2009) for detailed Indo-Pacific summer and winter monsoon
currents maps. FJ: Fiji; Eastern Australia (EA; BB: Bramston Beach, EB: Etty Bay; TSV:
Townsville); Northern Australia (NT; GC: Gulf of Carpentaria, JBG: Joseph Bonaparte Gulf,
TIW: Tiwi Island); Western Australia (WA); Vietnam (CMVN: Ca Mau, NTVN: Nha
Trang); PHI: Philippines; INDO: Indonesia; THL: Thailand; SLK: Sri Lanka; KE: Kenya;
SA: South Africa. Map generated using R version 4.0.3.
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Genomic DNA (gDNA) was extracted from each pleopod sample following a modified
cetyl-trimethyl ammonium bromide (CTAB) protocol (Adamkewicz & Harasewych, 1996;
Chapter 2). All gDNA extractions were subsequently cleaned using Sephadex™ G-50 (GE,
2007) and gDNA integrity was confirmed using 0.8% agarose gel containing GelGreen
(ThermoFisher Scientific Pty Ltd, Australia). All gDNA samples were normalised to 50 ng/ul
(20 pL final volume) before submission to Diversity Arrays Technology (DArTseq™,;

Canberra Australia) for library preparation and DArTseq™ sequencing.

Table 3.1 Fishing area, sampling location, population ID, code, number of individuals (), and
coordinates for each population of Penaeus monodon sampled.

Fishing Regions Samp.llng Code N Latitude Longitude
Area locations
Bramston Beach BB 51 -17.561792 146.108953
Eastern
Australia Etty Bay EB 31 -17.353008  146.052726
EA
(EA) Townsville TSV 22 -19.082107 146.817537
Gulf of GC 30 -14.997655  138.780787
Carpentaria
o ) Northern
ceania - Aystralia Joseph
(NA) Bonaparte Gulf JBG 34 -14.681809  128.371358
Tiwi Island TIW 50 -11.866834 131.83147
Western .
Australia (WA) Nickol Bay WA 23 -20.697014 116.863229
Fiji Fiji FJ 49 -17.957068  178.608177
Philippines Philippines PHI 13 10.546042 122.447387
Ca Mau CMVN 39 8.5676 105.0526
Vietnam
Southeast Nha Trang NTVN 30 12.2608 109.2383
Asia Indonesia Java INDO 38 -7.702932  108.706541
11.693318 97.657631
Thailand Thailand THL 46
11.937713 101.465872
Northwest Sri
Indian Ocean Lanka Sri Lanka SLK 20 6.434407 79.974896
(NWIO)
Western Kenya Kenya KE 25 -3.583314 40.0142664
Indian Ocean South
(WIO) Africa South Africa SA 31 -28.978398 31.836385
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3.2.2 SNP genotyping and quality control

All shrimp samples were sequenced and genotyped using DArTseq™ technology, as
previously described (Anderson et al., 2019; Kilian et al., 2012; Chapter 2). Briefly,
DArTSeq™ technology relies on a complexity reduction method in order to obtain genome
sequences using next-generation sequencing technology. DArTSeq was optimized for P.
monodon by selecting the most appropriate complexity reduction method, which used a
combination of Pst/ and Sphl methylation-sensitive restriction enzymes. Only “mixed
fragments” (PstI-Sphl) were effectively amplified in 30 rounds of PCR using the following
reaction conditions: 94 °C for 1 min, then 30 cycles of 94 °C for 20 s, 58 °C for 30 s, 72 °C for
45 s and 72 °C for 7 min. After PCR amplification, equimolar amplicons from each sample
were pooled and subjected to c-Bot (Illumina) bridge PCR before 77 cycles of single read

sequencing on [llumina Hiseq2500.

Raw SNP sequence data was obtained from DATrT after initial SNP calling but without
filtering by proprietary analysis pipelines (DArTsoft). SNP data was then initially filtered using

custom dartQC python scripts (available at https://github.com/esteinig/dartqc). More

specifically, SNPs matching the following stringent criteria were excluded from the dataset: 1)
low read depth (--read counts < 7), 2) average repeatability < 90%, 3) call rate < 80%, 4)
duplicated SNPs base on similar sequence clusters (-- cluster > 0.95), and 5) minor allele
frequency (MAF) < 0.02. Furthermore, all remaining loci and individuals were tested for
linkage disequilibrium (LD; 1> > 0.2) using PLINK 1.9 (Purcell et al., 2007). For SNP pairs in
LD, the SNP with the lowest call rate value was removed. Each SNP was also assessed for
deviation from Hardy—Weinberg equilibrium (HWE) at a population level using Arlequin
version 3.5 (Excoffier et al., 2005) to run an exact test with 10,000 steps in the Markov Chain
and 100,000 dememorizations. If a SNP significantly deviated from HWE (p < 0.0009) in all
populations, it was removed from further analyses. This filtering pipeline left n = 10,593 high-

quality SNPs remaining for population genetic analyses.

3.2.3 Population genetic diversity

Population genetic diversity statistics were calculated on all available SNPs (n = 10,593).
Observed heterozygosity (Ho), expected heterozygosity (Hg), and inbreeding coefficient (F7s)

were computed using the divBasic function of R package diveRsity version 1.9.90 (Keenan et
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al., 2013), with 1,000 bootstrap replicates. HP-RARE version 1.1 (Kalinowski, 2005) was used
to calculate allelic richness (ARr), private allelic richness (Ara), and percentage of polymorphic
loci (PPL) using rarefaction to avoid sampling size bias. Average multi-locus heterozygosity
(Av. MLH) and standardized multilocus heterozygosity (sMLH) were calculated for all
individuals using R package inbreedR version 0.3.2 (Stoffel et al., 2016) while internal
relatedness (IR) was calculated for each population using the R package Rhh version 1.0.1

(Alho et al., 2010).

3.2.4 Determination of outlier loci

Loci under putative selection were identified using two independent population differentiation
(PD) approaches: BayeScan version 2.1 (Foll, 2012; Foll & Gaggiotti, 2008) and R package
PCAdapt (Luu et al., 2017). The two approaches were based on underlying hypotheses that
take into account different genome-wide signatures of local adaptation as both showed promise
for accurately identifying outliers under a variety of complex demographic scenarios (Lotterhos
& Whitlock, 2015; Luu et al., 2017). BayeScan outlier detection was based on a logistic
regression model that decomposed locus-population Fsr coefficients into population-specific
and locus-specific components. More specifically, BayeScan analysis was conducted with 20
pilot runs of 5,000 iterations each followed by 100,000 iterations and 50,000 additional burn-
in iterations followed by outlier identification using Bayescan 2.01 function plot R.r
(Benjamini & Hochberg, 1995). To decrease false positives due to multiple testing, I applied
the false discovery rate (FDR) correction of g-values at 0.01. Outlier detection using R package
PCAdapt was based on principal components analysis (PCA) and identified loci that
excessively related to population structure as being under putative selection. More specifically,
PCAdapt was run using two principal components (K = 2) as they explained genetic structure
of populations and a min.maf = 0.05; candidate loci then were determined at FDR of 0.01using

R package gvalue (Dabney et al., 2010).

3.2.5 Population genetic structure: neutral vs. outlier divergence

Population differentiation and genetic structure were calculated separately for neutral (n =

9,930) and outlier (n = 663) SNP datasets.
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Genetic differences among populations and individuals were estimated using R package
StAMPP version 1.5.1 (Pembleton et al., 2013). Pairwise genetic differentiation values (Fisr)
and their significance between populations, were calculated according to Wright (1949) and

Weir and Cockerham (1984).

Population genetic structure was determined using two approaches: 1) Discriminant
Analysis of Principal Components (DAPC) implemented in the R package adegenet version
2.1.1 (Jombart, 2008), and 2) ADMIXTURE version 1.3.0 (Alexander et al., 2009). First,
DAPC was used on individual genotypes in a multivariate analysis to determine the best
number of genetic clusters (K) by running 10 iterations of the ‘find.clusters’ function and the
visualize Bayesian Information Criterion (BIC) values for all 10 iterations along with estimated
standard deviation for each K value (K values of 1 — 15) before subsequently identification the
optimal number of retained principal components (PC) using the optim.a.score function.
Second, ADMIXTURE estimated the ancestry and genetic structure of each individual based
on maximum likelihood using K values that ranged from one to 15 (as ancestral modes) to
determine the most appropriate number of distinct genetic clusters. A substructure analysis for
both neutral and outlier loci datasets to determine the admixture between five populations

(CMVN, NTVN, INDO, THL, and SLK) was investigated using ADMIXTURE.

Analysis of molecular variance (AMOVA) was used to test genetic diversity structure
between populations and geographic regions. AMOVA was run with ARLEQUIN version
3.5.2.2 (Excoffier & Lischer, 2010) and statistical significance of each variance component
was assessed using 10,000 permutations for each of the following hierarchical comparisons: 1)
among groups, 2) among populations within groups, 3) among individuals within populations,
and 4) within populations. Two independent AMOVA analyses were carried out based on
oceans and regions. Firstly, in order to better understand the genetic structure of P. monodon
between the Indian and Pacific Oceans, one hierarchical AMOVA was conducted for neutral
loci based on two groups: 1) the Indian Ocean (SLK, KE, and SA) and 2) the Pacific Ocean
(BB, EB, TSV, JBG, GC, TIW, WA, FJ, PHI, NTVN, CMVN, INDO, and THL). Secondly, I
conducted independent analysis for both neutral and outlier loci datasets, all P. monodon
individuals (n = 520) were pooled into seven groups based on clustering of individuals by
ADMIXTURE and DAPC analysis: 1) BB, EB, TSV; 2) GC, JBG, TIW, PHI; 3) WA; 4) FJ;
5) CMVN, NTVN, INDO, THL; 6) SLK; and 7) KE, SA.

Isolation by distance (IBD) was determined by discrete Mantel tests for each dataset

(neutral, and outlier) using the mantel.randtest function with 999 permutations in R package
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ade4 (Dray & Dufour, 2007). Four IBD analyses were estimated separately using both neutral
and outlier loci for all 16 sampled sites and seven sampled groups as described in AMOVA
analysis. Contemporary least-cost oceanographic distances between each pair of sampling sites

were estimated using R package marmap (Pante & Simon-Bouhet, 2013).

3.2.6 TreeMix analysis

To quantify historical connectivity across the Indo-Pacific region, a maximum likelihood (ML)
tree of the entire neutral dataset (n = 9,930 SNPs) was constructed using TreeMix version 1.12
(Pickrell & Pritchard, 2012). An ML tree without migration (m = 0) was initially constructed
and then migration events (i.e., edges) were added (m = 1 - 10) to improve model fit. Turn off
sample size correction (-noss), bootstrap replicates (-bootstrap), and -root flag (Fiji) were
added to evaluate the confidence in the ML tree and the weight of migration events. The most
likely number of migration events was selected based on the log-likelihood of the event and
the plotted residuals, with each migration event analysis repeated 10 times to evaluate
consistency. Of note is that two root populations were assessed (Fiji and South Africa) with
log-likelihood being more consistent when rooted to Fiji than South Africa. All trees and

migration events were plotted in R using plotting funcs.R script within TreeMix version 1.12.

Lastly, to confirm the admixture of P. monodon among all populations, the f3-statistics
were calculated using the three-pop approach (Reich et al., 2009) within TreeMix version 1.12.
This approach calculated f3-statistics for all three possible populations in the form of (X; A, B)
following a bifurcating tree. A significantly negative f3-statistic value means that X is the

product of admixture between A and B (Reich et al., 2009).

3.2.7 Identification of putatively adaptive SNPs

Each outlier SNP under putative selection was assessed against the assembled P. monodon
transcriptome (Huerlimann et al., 2018) using Geneious Prime version 2019.1.3 (Kearse et al.,
2012) with a maximum E-value of 10°. Contigs within the assembled P. monodon
transcriptome that exhibited 100% pairwise identity with each queried SNP sequence (69 bp
or each allele) were compiled and reported along with contig annotations provided by

Huerlimann et al. (2018).
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To ensure comprehensiveness I undertook two discrete analytical approaches to identify
putatively adaptive SNPs present within all 16 Indo-Pacific P. monodon populations: 1)
transcriptome BLAST of entire outlier dataset and 2) combined environmental association
(EA) and population differentiation (PD) analyses as per Chapter 2. Putatively adaptive SNPs
identified by both approaches were then independently assessed for correlation between MAF
and location-specific sea surface temperature maximum (SST max) and minimum (SST_min)

using a linear regression (Pearson correlation method) following Dalongeville et al. (2018).

For the transcriptome BLAST approach each outlier SNP was assessed against the
assembled P. monodon transcriptome (Huerlimann et al., 2018) using Geneious Prime version
2019.1.3 (Kearse et al., 2012) with a maximum E-value of 10~°. Contigs within the assembled
P. monodon transcriptome that exhibited 100% pairwise identity with each queried SNP
sequence (69 bp or each allele) were compiled and reported along with contig annotations
provided by Huerlimann et al. (2018). Each identified putatively adaptive SNP was then
assessed for correlation between MAF and location-specific sea surface temperature maximum

(SST _max) and minimum (SST min) using R package ggpubr (Kassambara, 2018).

For Chapter 2 approach the whole 10,593 SNPs dataset was subjected to two discrete
environmental association (EA) analyses to identify putatively adaptive loci associated with
SST max or SST min: 1) redundancy analysis (RDA) in the R package vegan (Jari Oksanen
et al., 2018; Jari Oksanen et al., 2013) and 2) latent factor mixed models (LFMM) in the R
package LEA (Frichot & Frangois, 2015). LFMM analysis used seven latent factors because
this matched the number of population clusters identified in DAPC and ADMIXTURE (Figure
3.2). Each identified putatively adaptive SNP was then: 1) assessed against the assembled P.
monodon transcriptome (Huerlimann et al., 2018b) using Geneious Prime version 2019.1.3
(Kearse et al., 2012) with 100% pairwise identity and E-value < 10~ cut-offs and 2) assessed
for correlation between MAF and SST max and SST min using R package ggpubr
(Kassambara, 2018).

SST max and SST min data (Appendix 3.1) for each Indo-Pacific sampling location
was obtained from the Bio-ORACLE database (http://www.bio-oracle.org/downloads-to-
email.php) (Assis et al., 2018; Tyberghein et al., 2012) as described in Chapter 2.
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3.3 Results

3.3.1 Genotyping and SNP quality control

A total of 131,929 unique SNPs were obtained for each of 532 P. monodon individuals (Figure
3.1, Table 3.2) using DArTseq™. Initial quality control assessment of DArTseq™ data using
dartQC removed 119,514 SNPs, or 90.6% of loci (Table 3.2). The remaining 12,415 loci were
then tested for linkage disequilibrium (LD) and Hardy—Weinberg equilibrium (HWE), which
further removed 1,822 SNPs, or 1.4% of loci. Following genotype filtering, 12 individuals
(nine from Kenya, one from Philippines, one from Sri Lanka, and one from Western Australia)
were removed due to high rates of missing data (> 26%). A final dataset comprised of 10,593
SNPs (with missing data per SNP < 21% and per individual <26%) for each retained P.

monodon individual (n = 520) was subjected to further analyses.

Table 3.2 Filtering steps and SNPs counts retained after each step

Steps Retained SNP count

Initial potential SNPs 131,929
Average read depth of > 7 131,929
. 129,416

Replication average > 0.9 [2513 of 131929 (1.9%)]
25,716

0, b
Call rate of 2 80% [103700 of 129416 (80.1%)]

. 17,772

Similar sequence clusters of > (0.95 [7944 of 25716 (30.9%)]
12,415

Minor allele frequency (MAF) of > 0.02 [5357 of 17772 (30.1%)]

LD filters with a correlation coefficient (1) 10,593
threshold of 0.2 1,822 of 12,415]
10,593
HWE filters (p > 0.0001) [0 of 10.593]
Retained SNPs for further analysis 10,593

Linkage disequilibrium (LD) and Hardy—Weinberg equilibrium (HWE)
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3.3.2 Population genetic diversity

The dataset of 10,593 SNPs for each P. monodon individual (n = 520) exhibited a mean allelic
richness (Ar) per location that ranged from 1.10 in SA to 1.62 in INDO (Table 3.3). The mean
private allelic richness (Ara) per population ranged from 0.002 in BB to 0.014 in SLK. The
percentage of polymorphic loci ranged from 18% to 76% for KE and TIW populations,
respectively. Mean observed heterozygosity (Ho) across populations ranged from 0.02 to 0.15
while mean expected heterozygosity (Hg) ranged from 0.10 to 0.17. Of note is that Ho and Hg
values across 14 of 16 populations were almost the same (0.01 difference), while two Western
Indian Ocean (WIO) populations (KE and SA) exhibited a five-fold difference between their
Ho and Hg values (0.02 and 0.10), respectively (Table 3.3). Samples from SA and KE
populations exhibited the lowest values for Hg (0.10), average multi-locus heterozygosity (Av.
MLH = 0.023), and standardized multilocus heterozygosity (SMLH = 0.20), whereas their mean
internal relatedness (IR) was much higher than within other populations. Inbreeding coefficient
(Fis) values among sampling locations varied from -0.06 in WA to 0.80 in KE and 0.78 in SA.
Among populations, the four Southeast Asia populations (NTVN, CMVN, INDO, and THL)
displayed higher values for observed Hg (0.16 - 0.17), average multi-locus heterozygosity (Av.
MLH: 0.15), and standardized multi-locus heterozygosity (sMLH: 1.19 - 1.25) than other
populations (Table 3.3).

3.3.2 Determination of outlier loci

Outlier loci were determined from the dataset of 10,593 SNPs for each P. monodon individual
(n = 520) using two independent approaches: BAYESCAN and PCAdapt (see Material and
Methods). BAYESCAN and PCAdapt analyses (FDR =0.01 for both) identified 965 SNPs and
1,252 SNPs as being under putative selection (associated with positive alpha values),
respectively. Of these SNPs 663 were overlapping and, thus, deemed the outlier loci dataset

while the remaining SNPs (n = 9,930) were deemed the neutral loci dataset.

50



Table 3.3 Genetic diversity indices among 16 population of Penaeus monodon assessed using all 10,593 high quality filtered SNP loci.

Population N  Ar(SD) Ara (SD) Pl;};l‘%v‘ H,SD) Hpsp) AV zg“)H & SMLH (SD) H;é* F(‘]S.ég’;
Fiji (FJ) 49 139+045 0.008+0.074 048  0.11+£0.16 0.12+0.17 0.109+0.005 0.88+0.04 004002  0.06
Bramston Beach (BB) 51 1494043 0.002+0019  0.64  012+0.15 0.13+0.16 0.117£0.005 0.95+0.04 0.003+0.03 0.07
Etty Bay (EB) 31 1484045 0.002+0.027 058  0.12+0.16 0.13+0.16 0.118£0.003 0.95+0.03 -0.003+0.02 0.06
Townsville (TSV) 22 149+045 0.005+£0.049 056  0.12+0.16 0.13£0.16 0.117£0.003 0.95+0.03 0.004=0.02 0.07
Gulf of Carpentaria (GC) 30 154044  0.003£0.031  0.65  0.13+£0.16 0.14+0.16 0.131£0.008 1.06£0.07 -0.03£0.04 0.07

Joseph Bonaparte Gulf (JBG) 34 1.54+0.43 0.003+0.030 0.66 0.13+0.16 0.14+0.16 0.132+0.004 1.07+0.03 -0.04+0.02 0.07

Tiwi Island (TIW) 50 1.55+0.42 0.003 +£0.024 0.71 0.13+0.15 0.14+0.16 0.131+0.004 1.06+0.03 -0.03+0.02 0.08
Western Australia (WA) 22 1.46+0.47  0.006 +0.060 0.5 0.14+0.19 0.13+0.17 0.138+0.03 1.13+£0.26 -0.03+0.06 -0.06
Philippines (PHI) 12 1.49+0.50  0.005+0.059 0.49 0.14+0.19 0.14+0.17 0.138+0.004 1.12+0.03 -0.06+0.01  0.01

Nha Trang Vietnam (NTVN) 30 1.58+0.44 0.007 +0.065 0.68 0.15+0.17 0.16+0.17 0.148+0.004 1.20+0.03 -0.11+0.02  0.08

Ca Mau Vietnam (CMVN) 39 1.61+0.40 0.004 +0.031 0.76 0.15+0.16 0.16+0.17 0.146+0.005 1.19+0.04 -0.10+0.02 0.10
Java Indonesia (INDO) 38 1.62+0.40 0.004 +0.035 0.76 0.15+0.16 0.17+0.17 0.150+0.013 1.22+0.11 -0.10+£0.03  0.09
Thailand (THL) 46 1.54+0.46 0.010+0.078 0.60 0.15+0.18 0.16+0.17 0.154+0.005 1.25+0.04 -0.13+£0.02 0.03
Sri Lanka (SLK) 19 1.49+0.47 0.014+0.090 0.53 0.11+0.16 0.12+0.16 0.113+0.020 0.92+0.16 0.01 +£0.07 0.09
Kenya (KE) 16 1.11+0.30 0.010+0.076 0.18 0.02+0.08 0.10£0.28 0.023+0.002 0.20+0.02 0.65+0.03 0.80
South Africa (SA) 31 1.10+£0.28  0.005=+0.055 0.19 0.02+0.08 0.10£0.27 0.024+0.001 0.20+0.01 0.65+0.02 0.78

Number of samples (N), mean allelic richness (Ar), private allelic richness (Ara), percentage of polymorphic loci (PPL, mean minor allele frequency (MAF) of polymorphic
loci), mean observed heterozygosity (Ho), mean expected heterozygosity (Hg), average multi-locus heterozygosity (Av. MLH), standardised multi-locus heterozygosity
(sMLH), internal relatedness (IR), and significant (p < 0.05) inbreeding coefficient (F;s). SD: standard deviation.
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3.3.3 Genetic population structure

Cross-validation by ADMIXTURE inferred the lowest cross-validation errors (ADMIXTURE
approach) ranged from K = 6 to K = 8 for the genetic structure of neutral and outlier loci
(Appendix 3.2). I visualized clustering patterns for K values 6 through 8 to identify hierarchal

clustering patterns as K increases (Figure 3.2 A and B).

At K = 6, for both neutral and outlier datasets, P. monodon from FJ and WIO clusters
were separated from the rest of the sampled populations (Figure 3.2A and B). Also, at K = 6,
based on the neutral loci, all seven Australian and Southeast Asia populations (PHI, CMVN,
NTVN, and INDO) exhibited a high degree of admixture, while the THL population divided
into three distinct groups (includes two single clusters). At K = 7, for neutral loci, the main
signals derived from ADMIXTURE approach was: 1) separation of FJ and WIO clusters from
the rest of the sampled populations, 2) clustering of Northern Australia and PHI populations
(NAP cluster; GC, JBG, TIW, and PHI), and 3) overlapping genetic clusters for five
populations (CMVN, NTVN, INDO, THL, and SLK) (Figure 3.2A and 3.4A). AtK =7 and K
= 8 for outlier loci, shrimp from five populations (CMVN, NTVN, INDO, PHI and SLK)
exhibited some degree of admixture with six genetic clusters (Figure 3.2B). The admixture
between five populations (CMVN, NTVN, INDO, THL, and SLK) was further investigated in
a substructure analysis for both neutral and outlier loci datasets (Figure 3.2C and D, see
Materials and Methods), which revealed THL to be an admixture between two clusters: the

SLK population and Southeast Asia group (CMVN, NTVN, and INDO).

The patterns identified by ADMIXTURE analysis were supported by the Discriminant
Analysis of Principal Components (DAPC) analysis (Figure 3.2E and F). The Bayesian
Information Criterion (BIC) statistic generated by DAPC indicated that the optimal number of
clusters for neutral and outlier loci was K= 7 and K =6, respectively (Appendix 3.2). As with
the ADMIXTURE results for neutral loci, DAPC confirmed the presence of seven clusters: 1)
Fiji (FJ); 2) Eastern Australia cluster (EA; BB, EB, and TSV); 3) NAP cluster (GC, JBG, TIW,
and PHI); 4) Western Australia (WA); 5) Southeast Asia cluster (CMVN, NTVN, INDO, and
THL); 6) Sri Lanka (SLK); and 7) WIO cluster (KE and SA). The results of DAPC based on
the outlier dataset revealed the following six clusters: 1) FJ; 2) EA; 3) NAP and WA cluster
(GC, JBG, TIW, PHI, and WA); 4) Southeast Asia; 5) SLK; and 6) WIO (Figure 3.2).
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Figure 3.2 Population structure results for Penaeus monodon populations (n = 16) using
neutral loci (A, C, E) and outlier loci (B, D, F). Plots of individual admixture determined
using ADMIXTURE with cross-validation error using three unique K values (K =6, K =7,
and K = 8) for both neutral (A) and outlier (B) loci. Assignment of Southeast Asia group and
SLK to cluster at K = 2 and K = 3 as inferred ADMIXTURE analysis using neutral loci (C)
and outlier loci (D). DAPC analysis plots with BIC recommended K value of K = 7 for
neutral loci (E) and K = 6 for outlier loci (F). Individuals of the same color belong to the
same cluster. Population names are defined in Figure 3.1.

The majority of population-pairwise Fsr values differed significantly from one another
(p < 0.01) for both neutral and outlier loci datasets with the following three exceptions: 1) KE
and SA populations in both neutral and outlier loci datasets, 2) JBG and TIW populations in
neutral loci dataset, and 3) EA group (BB, EB, and TSV) in outlier loci dataset (Table 3.4).
The highest pairwise Fsr values occurred between the WIO (KE and SA) and all the Pacific
Ocean populations, with Fsr values ranging from 0.33 to 0.56 and 0.51 to 0.96 for neutral and
outlier loci datasets, respectively (p < 0.01). In both neutral and outlier datasets, pairwise Fsr
values between WIO and Fiji, as well as between WIO and Australian populations were higher
than Fsr values observed among WIO and Southeast Asian populations (CMVN, NTVN,
INDO, and THL). I also observed that geographically proximal populations exhibited the
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lowest Fsr values (e.g., between KE and SA and among EA populations; Table 3.4). Overall,
mean Fsr was higher for outlier loci (Fsr = 0.40 £ 0.29) than neutral loci (Fsr = 0.16 = 0.16)

(Table 3.4).

A series of Mantel tests were conducted for both neutral and outlier datasets in different

subsets of sampling sites to assess the correlation between geographic and genetic distance.

Significant isolation by distance (IBD) was found when all 16 locations were considered for

both neutral and outlier datasets (r> = 0.865 and r*> = 0.902, p < .001, respectively; Figure 3.3).

Similarly, IBD relationships among the seven clusters were significant and slightly decreased

for both neutral and outlier datasets (r* = 0.793 and r* = 0.824, p < .001, respectively; Figure

3.3).
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Figure 3.3 Plots of isolation by distance (IBD) with Mantel correlograms for the relationship

between genetic (Fsr) and geographic (km) distances among Penaeus monodon populations
(n =16; A, C) and among clusters (n = 7; B, D) using 9,930 neutral SNPs (A, B) and 663

outlier SNPs (C, D).
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Table 3.4 Population differentiation estimates for Penaeus monodon populations sampled using both neutral (n = 9,930) and outlier (n = 663) loci.
The only non-significant Fs7 value (p > 0.05) is in bold type.

FJ BB EB TSV ~ GC JBG TIW PHI WA NTVN CMVN INDO THL SLK KE SA

Fiji (FJ) 0.08 0.08 008 010 009 009 0.11 0.15 0.12 0.11 0.11 0.16 028 046 0.50
Bramston Beach (BB) 0.11 0.002 0.001 003 0.03 0.02 005 0.09 0.06 0.05 0.06 0.10 023 042 046
Etty Bay (EB) 0.11 0.000 0.002 0.03 0.03 0.03 005 0.10 0.06 0.05 0.06 0.10 023 044 0.50
Townsville (TSV) 0.11 0.002 0.004 0.03 0.002 0.02 005 0.10 0.06 0.05 0.06 0.10 023 046 0.52
Gulf of Carpentaria (GC) 023 0.18 0.16 0.15 0.002 0.002 0.04 0.07 0.05 0.04 0.04 0.08 0.19 041 046
Joseph Bonaparte Gulf JBG) 020 0.14 0.12 0.12  0.01 0.001 0.04 0.06 0.05 0.04 0.04 0.08 0.19 040 045
Tiwi Island (TTW) 0.16 0.11 0.10 0.10 0.01 0.01 0.04  0.06 0.04 0.03 0.04 0.08 0.19 038 042
Philippines (PHI) 036 031 027 026 011 0.12 0.10 0.11 0.05 0.04 0.04 0.09 021 049 0.56
Western Australia (WA) 036 031 029 027 0.12 0.10 0.10 0.18 0.10 0.09 0.09 0.13 024 048 0.54
NhaTrang Vietnam (NTVN) 042 041 036 034 025 027 028 0.14 0.25 0.02 0.02 0.05 0.12 036 041
CaMau Vietnam (CMVN) 038 037 032 030 022 024 025 0.11 0.23 0.02 0.00 0.04 0.10 034 038
Java Indonesia (INDO) 043 043 038 035 027 029 031 0.16 0.28 0.02 0.01 0.04 009 033 038
Thailand (THL) 0.54 053 049 046 039 041 043 028 0.38 0.10 0.08 0.05 0.10 034 0.38
SriLanka (SLK) 086 08 083 082 0.75 076 0.76 0.65 0.74 0.38 0.36 0.30  0.26 0.39 045
Kenya (KE) 095 093 094 095 084 085 0.83 082 0.88 0.51 0.48 045 045 0.61 0.002
SouthAfrica (SA) 095 094 095 09 087 088 0.86 0.87 091 0.58 0.55 0.52 051 0.69 0.005

Population pairwise Fsr (Weir & Cockerham, 1984) estimates computed by using the R package StAMPP v.1.5.1 (Pembleton et al., 2013). Pairwise Fsr values of 663 outlier
loci are shown below the diagonal, and pairwise Fsr values of 9,930 neutral loci are reported above. All Fsr values were significant at p < 0.01 following 1000 bootstraps

performed across loci to generate confidence intervals.
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AMOVA analyses for the two oceans (Indian and Pacific) using neutral loci showed a
weak, but significant population structure (Table 3.5A; FSC = 0.075, p < 0.01). More
specifically, 22.8% of molecular variation occurred between the Indian and Pacific Oceans,
whereas 5.8% of molecular variation occurred among populations within groups (n = 7).
AMOVA analysis of both neutral and outlier datasets, which was based on seven clustering
populations (see Materials and Methods), revealed a significant genetic divergence within and
among all sampled populations (p < 0.01; Table 3.5B). For neutral loci, the majority of genetic
variability (83.0%) was explained within populations and 13.9% among groups; however, for
outlier loci, the genetic variability explained within populations (51.9%) was only slightly
higher than the genetic variability explained among groups (46.7%). The patterns observed for
both neutral and outlier datasets were supported by pairwise Fsr comparisons, which were
significant at the group level (Table 3.5). AMOVA analysis also yielded significant FSC values
for both neutral and outlier datasets (FSC = 0.01711 and 0.04685), respectively, indicating

significant genetic division among these seven groups (p < 0.01).

Table 3.5 Analysis of molecular variance (AMOV A) among Penaeus monodon populations (n
= 16), among regional groups of populations identified by ADMIXTURE and DAPC analyses,
and among individuals within populations using neutral and outlier SNP datasets.

Degrees of Sum of Variance Variation Fixation

Variance partition freedom squares component (%) indexes p-value
A) Between the Indian and Pacific Oceans

Among groups 1 17,168.99 69.54 22.75 FCT: 0.22748 <0.01
Neutral Amglg populations 19,378.48 17.78 5.82 FSC: 0.07529  <0.01
dataset within groups
(9,930 Among individuals
SNPs) o thingpopula . 504 112,215.79 427 1.4

Within individuals 520 111,340.50 214.12 70.04 FST: 0.29960 <0.01
B) Among seven regional groups

Among groups 6 32,347.27 35.74 13.86 FCT: 0.13857 <0.01
Neutral Am;’fg populations 9 4,200.20 3.80 1.47 FSC: 0.01711  <0.01
dataset within groups
(9,930 Among indivi

g individuals

SNPs) within populations 504 112,215.79 4.27 1.65

Within populations 520 111,340.50 214.12 83.01 FST: 0.16986 <0.01

Among groups 6 15,306.66 17.93 46.68 FCT: 0.46681 <0.01
Outlier A laf
dataset mong populations o 727.41 0.96 2.50 FSC: 0.04685  <0.01

within groups
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(663

Among individuals
SNPs)

s . 504 9,691.87 -0.29 -0.76
within populations

Within individuals 520 10,304.5 19.82 51.58 FST: 0.48416 <0.01

3.3.4 TreeMix analysis

The generated maximum likelihood (ML) phylogenetic tree, which considered the entire neutral
loci dataset (n = 9,930 SNPs), was rooted to Fiji (FJ) given the consistent log-likelihood and
geographic separation of this population from all other sampled populations. Five migration
events (m = 5) provided the best explanation of sample covariance (Figure 3.4B) out of all
migration events tested (m = 0 — 10; Appendix 3.3). After adding five migration events (log-
likelihood = 1,001.24), the likelihood was not further increased by increasing the number of
migration events up to 10 (Appendix 3.4). Consistent with DAPC and ADMIXTURE analyses
(with or without migration events included), TreeMix analysis indicated migration to Southeast
Asia from the WIO sites and a major phylogeographic split between WIO and Pacific Ocean
populations (Figure 3.4B, see Appendix 3.3).

There were three additional migration events included in the ML tree from the WIO to
Southeast Asia with strong migration weights (> 0.35; Figure 3.4B). Within these regions, THL
shared a branch with Indian Ocean populations (SLK, KE and SA), which demonstrated the
significant relationship between these populations and provided evidence for gene flow from
the WIO to SLK and from THL to each of the Southeast Asia populations (NTVN, CMVN, and
INDO). The fourth migration event suggested a slightly weighted migration from THL to the
North-Western Australian populations (TIW, JBG, GC, and WA). The last migration event
estimated a strongly weighted migration of NTVN and CMVN to THL (Figure 3.4B). These
results indicated either migration to THL from both the Indian Ocean (SA, KE and SLK) and
the Southeast Asia (CMVN and NTVN) populations or bidirectional gene flow within the THL

population.

To confirm gene flow among P. monodon populations f3-statistics were also calculated,
which resulted in 212 significant f3-scores with Z-scores ranging from -32.35 to -0.07
(Appendix 3.5). These significant f3-statistics provided further support for the five migration
events demonstrated by TreeMix analysis in that eight populations (BB, GC, JBG, TIW,
CMVN, NTVN, INDO, and THL) each received gene flow from two other populations
(Appendix 3.5). Sixteen f3-statistics were significantly positive (Z-score < -20) when CMVN
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and INDO were admixed by SLK, PHI, and seven Oceania populations (GC, JBG, TIW, BB,
EB, TSV, and FJ). Interestingly, all 16 significantly positive f3-statistics included SLK as one

of the two source populations.
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Figure 3.4 (A) Map of biogeographic breaks and the proportion of each of the 16 Penaeus
monodon populations assigned to seven clusters identified in the program ADMIXTURE
using 9,963 neutral loci. The proportion of individuals assigned to each cluster per site
depicted in colored pie charts. (B) Population relationships and migration edges of Penaeus
monodon inferred by TreeMix for neutral SNP dataset at five migration events (m = 5). Fiji
(FJ) was use as outgroup to root the tree. The migration events are colored according to their
weight. (C) and (D) show the minor allele frequency distribution of seven and 20 temperature
correlated putatively adaptive SNPs for each Indo-Pacific population, respectively.

Population names are the same as defined in Figure 3.1.

3.3.5 Identification of putatively adaptive SNPs

The transcriptome BLAST approach (see Methods) revealed that 20.5% of outlier loci (n = 136)
matched coding contigs (n = 1,408 total) with an E-value < 10 (Appendix 3.6). Of these only
19.5% (n = 27) exhibited 100% pairwise identity to 62 transcriptome contigs (Appendix 3.7).
Putative functional annotations were classified into 17 functional groups with eight (12.9%)

annotated as “Predicted: uncharacterized protein”, 13 (20.9%) annotated as “N/A”, and 41
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(66.2%) annotated as cellular and metabolic processes, pigmentation, and immune response
genes (Appendix 3.7). Three of these putatively adaptive SNPs were missing from WIO
populations and thus removed from subsequent correlation analysis. Pearson correlations
revealed that the minor allele frequency (MAF) for four and three of these 24 putatively
adaptive SNPs was significantly correlated (p < 0.05) with sea surface temperature maximum
(SST_max) and minimum (SST_min), respectively (Table 3.6A, Appendix 3.8). Of these SNP
2019PM 4058 (C > G) and SNP 2019PM 6523 (T > G) matched transcriptome contigs
annotated as “AChain Apocrustacyanin C1 Crystals” and “C-type lectin”, respectively
(Appendix 3.7), while the other five temperature correlated putatively adaptive SNPs matched

contigs that were annotated as “Predicted: uncharacterized protein™, “nucleic acid binding”, or

“N/A” (Appendix 3.7).

The combined environmental association (EA) and population differentiation (PD)
approaches revealed full RDA model support for the role of sea surface temperature in P.
monodon SNP genotype distribution (p < 0.001; R?> = 0.058; adjusted R?> = 0.055). Based on
these two significantly constrained axes the RDA model identified 1,256 putatively adaptive
SNPs. LFMM analysis (FDR = 0.05) identified 424 putatively adaptive SNPs that were
significantly associated with SST max or SST min of which 66 overlapped with RDA
identified putatively adaptive SNPs. Of these, 35 overlapped with the PD determined outlier
SNP dataset (Figure 3.5). Three of these were missing from WIO populations and thus removed
from subsequent correlation analysis. Pearson correlations revealed that the MAF for 11 and 9
of these 35 putatively adaptive SNPs was significantly correlated (p < 0.05) with SST max and
SST min, respectively (Table 3.6B, Appendix 3.9). Of these only 2019PM_5152 exhibited
100% pairwise identity with two transcriptome contigs annotated as “transcriptional

regulatory—like” and “N/A” (Appendix 3.7).

MAF distribution for the seven temperatures correlated putatively adaptive SNPs
identified by the transcriptome BLAST approach varied between 0.02 and 0.5 for all Southeast
Asia populations (CMVN, NTVN, INDO, and THL) and between 0.2 and 1 for all other Indo-
Pacific populations except for South Africa (SA), Kenya (KE) and Fiji (FJ), which all exhibited
a MAF of 1 (Figure 3.4C). Similarly, MAF distribution for the 20 temperatures correlated
putatively adaptive SNPs identified by the combined EA and PD approach varied between 0.02
and 0.5 for Southeast Asia (CMVN, NTVN, INDO, and THL) and Sri Lanka (SLK) populations
and between 0.2 and 1 for all other Indo-Pacific populations except for South Africa (SA),
which exhibited a MAF of 1 (Figure 3.4D).
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Figure 3.5 Venn diagram showing the overlapped putative adaptive SNPs identified by both
environmental association and population differentiation approaches.

Table 3.6 Pearson correlations for putatively adaptive SNPs that exhibited a significant
relationship between minor allele frequency and maximum or minimum sea surface

temperature.
SNP ID SST max SST min
R p-value R p-value
A) Candidate SNPs identified by the first analysis
2019PM_4058 -0.666 0.005 0.005 0.986
2019PM_4727 -0.667 0.005 -0.162 0.550
2019PM_6523 -0.629 0.009 -0.248 0.354
2019PM_7307 -0.541 0.030 -0.325 0.220
2019PM 3144 -0.209 0.437 -0.504 0.047
2019PM_5152%* -0.305 0.252 -0.650 0.006
2019PM_6229 -0.249 0.352 -0.763 0.001
B) Candidate SNPs identified by the second analysis
2019PM_665 -0.580 0.020 -0.080 0.770
2019PM_4130 -0.600 0.010 -0.060 0.840
2019PM_1552 -0.639 0.008 -0.237 0.378
2019PM_2811 -0.655 0.006 -0.251 0.349
2019PM_3848 -0.670 0.005 -0.222 0.409
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2019PM_6807 -0.596 0.015 -0.296 0.266

2019PM_7282 -0.588 0.017 -0.177 0.513
2019PM_10077 -0.633 0.008 -0.098 0.719
2019PM_10517 -0.564 0.023 -0.143 0.596
2019PM_1233 -0.313 0.238 -0.708 0.002
2019PM_1287 -0.244 0.362 -0.760 0.001
2019PM_2814 -0.220 0.413 -0.561 0.024
2019PM_3748 -0.471 0.065 -0.635 0.008
2019PM_5152* -0.304 0.252 -0.650 0.006
2019PM_6872 -0.209 0.437 -0.685 0.003
2019PM_6979 -0.208 0.440 -0.686 0.003
2019PM_8233 -0.263 0.324 -0.500 0.048
2019PM_9353 -0.289 0.278 -0.653 0.006
2019PM_9861 -0.254 0.343 0.540 0.031
2019PM_10081 -0.315 0.234 -0.632 0.009

Sea surface temperature maximum: SST max; sea surface temperature minimum: SST min. Significant values (p
< 0.05) are bolded. *Overlapping SNP across both utilized approaches for putatively adaptive SNPs identification.

3.4 Discussion

The giant black tiger shrimp is an important aquaculture and fishery species in Indo-Pacific
countries and comprehensive understanding of population genetic structure, genetic
connectivity, and local adaptation is of value to assist with identifying 1) source broodstocks,
2) wild stocks with different genetic backgrounds, and 3) appropriate fishery management
strategies. Using whole genome SNP sequencing, I provide the most comprehensive analysis
of P. monodon population genetic structure within the Indo-Pacific region to date, as well as
new insights regarding gene flow from the Indian Ocean to the Pacific Ocean. The results from
this study revealed a strong pattern of genetic structure within and among P. monodon Indo-
Pacific populations that corresponded with broad geographical regions and clear genetic breaks
among samples within regions, which in several cases is associated with geographical barriers,
ocean surface currents, and environmental variables. Analyses based on neutral SNPs (n =
9,930) revealed: 1) five migration events that indicated gene flow to Southeast Asia from the
WIO sites, 2) gene flow among P. monodon populations in the Pacific region, and 3) partial
connectivity among populations native to both oceans. Identification of 26 putatively adaptive
SNPs revealed that sea surface temperature may be important factors driving local adaption of

P. monodon across the Indo-Pacific. This study highlights the importance of conducting
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analyses on both neutral and outlier loci given the different requirements for P. monodon

aquaculture and fishery management.

3.4.1 Population genetic structure and gene flow

3.4.1.1 Major genetic break within the Indo-Pacific

Using both neutral and outlier loci, the results from this study revealed a pattern of strong
genetic structure for Indo-Pacific P. monodon that corresponded with broad geographical
regions and clear genetic breaks among samples within geographically discrete regions. Neutral
loci, which exhibited seven discernable genetic clusters, indicated a weak genetic structure
across Southeast Asia and the Northwest Indian Ocean, as well as the separation of Fiji and
WIO clusters from all other Indo-Pacific populations. Outlier loci, which exhibited six
discernable genetic clusters, indicated a stronger genetic structure among Indo-Pacific
populations as well as revealed a high degree of admixture (i.e., shared ancestry) among

populations within each genetic cluster.

Genetic differentiation among Indo-Pacific P. monodon populations included in the
study exhibited notable variation (Table 3.4). Outlier loci revealed an increase in genetic
divergence across sample sites, which could be due to 1) less variation within populations at
outlier loci thereby leaving more to be partitioned between populations and ii) directional
selection because an outlier locus is one that is not shared among all populations thus increasing
differentiation among locations. In addition to genetic differences, Mantel tests based on both
neutral and outlier loci also showed a significant positive correlation between genetic and
geographic distances, which indicates that geographic distance plays an important role in
limiting gene flow among P. monodon populations. AMOVA results indicated a weak, but
significant (p < 0.01), population structure between the Indian and Pacific Oceans, as well as
among the seven identified genetic clusters, which suggests that substantial gene flow may

occur between the Indian and Pacific Oceans (Table 3.5).

My results indicated significant genetic differences among P. monodon populations.
This finding is supported by similar previous observations for P. monodon (Benzie et al., 2002;
Wagairatu et al., 2012; You et al., 2008), giant red shrimp Aristaeomorpha foliacea (Fernandez
et al., 2013), skunk clownfish Amphiprion akallopisos (Huyghe & Kochzius, 2018), and
holothurian Stichopus chloronotus (Pirog et al., 2019). Particularly, the three previous P.
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monodon studies demonstrated that the greatest genetic differentiation among populations
existed between Southeast Asia and Australia and between Southeast Asia and southeast Indian
Ocean (Benzie et al., 2002; You et al., 2008), or between Indian and Pacific Ocean populations

(Wagqairatu et al., 2012).

There are many factors that contribute to the genetic differentiation of Indo-Pacific P.
monodon, including environmental and ecological factors, biogeographic barriers between the
Indian and Pacific Oceans, and life-history traits (Amaral et al., 2017; Hui et al., 2016; Huyghe
& Kochzius, 2017; Vogler et al., 2012). It is possible that biogeographic barriers between the
Indian and Pacific Oceans could restrict gene flow and obstruct the physical movement of many
tropical marine species between these ocean basins. One such biogeographic barrier is the
Indonesian Sunda Shelf, which has been considered to play a role in (if not entirely responsible
for) the genetic differences observed among Indo-Pacific P. monodon (Benzie et al., 2002;
Wagqairatu et al., 2012; You et al., 2008), as well as other Indo-Pacific marine species (Gaither
et al., 2010; Horne et al., 2008; Simmonds et al., 2018; Wainwright et al., 2018). Of note is that
the influence of this biogeographic barrier on gene flow remains during times of sea level rise

following last glacial maximum (Crandall et al., 2019; Randall, 1998; Rocha et al., 2007).

3.4.1.2 Regional population structure within the Pacific Ocean

Significant population genetic structure was evident within Pacific Ocean P. monodon, neutral
loci indicated five distinct genetic clusters are present, while outlier SNPs found evidence for
four clusters (Figure 3.2). The main difference in genetic structure was that the Western
Australian (WA) population was a discrete cluster (neutral SNPs) versus part of the Northern
Australia and Philippines (NAP) cluster (outlier SNPs). Recently, Chapter 2 demonstrated that
P. monodon from a Western Australian population was genetically divergent from multiple
Eastern and Northern Australia populations (i.e., discrete cluster) based on outlier loci
determined using environmental association analyses (n = 89 SNPs). I believe that the
difference between the present study and Chapter 2 is most likely due to outlier determination
being based on population differentiation verses environmental association analyses (n = 663
verses 89), respectively. Other non-SNP studies also reported P. monodon from Western
Australia as being genetically distinct from other Australian P. monodon populations (Benzie
et al., 2002; Brooker et al., 2000). Taken together, I suggest that the Western Australia P.

monodon population should be managed as a unique genetic stock.

63



Within the Pacific Ocean, the Southeast Asian populations displayed a mixed pattern of
differentiation and gene flow with those from Northern Australia (Figure 3.2). For example,
ADMIXTURE analysis of both neutral and outlier loci revealed that populations in the
Southeast Asia group shared ancestry with other clusters in the Pacific Ocean; Philippines was
grouped with the Northern Australian group. TreeMix analysis also revealed low-level gene
flow from Thailand to Northern-Western Australian populations (GC, JBG, TIW, and WA).
Additionally, many Southeast Asian countries have long histories of trading in live P. monodon
broodstock for aquaculture which could lead to the high admixture between this region and hard

to determine genetic relationships of the shrimp examined from this region.

Based on a whole SNP dataset (n = 10,593) all Pacific Ocean populations, except Fiji,
exhibited a high level of within-population genetic diversity while Southeast Asia populations
(e.g., Indonesia, Vietnam, and Thailand) exhibited the highest among-population genetic
diversity (Table 3.3). This elevated genetic diversity among Southeast Asia populations could
be driven by the migration of genetically divergent Indian Ocean shrimp into Southeast Asia
(Figure 3.4 A and B) and/or environmental variables within Southeast Asia that promote genetic
diversification through local adaptation to niche habitats. For example, the expansive
mangroves found in Southeast Asia account for almost half of the total global above-ground
biomass (Hutchison et al., 2014), which could lead to P. monodon genetic diversification
through population expansion given that mangroves are known to provide ideal nursery habitat
for P. monodon larvae (i.e., food and protection; (Lee, 2004; Sheaves et al., 2012)). In addition,
genetic diversification being driven by migration events and/or potential local adaptation,
Benzie et al. (2002) demonstrated the maintenance of large P. monodon populations within
Southeast Asia as well as the evolution of genetic variants in peripheral populations, which
were concluded to be the main factors driving the high level of observed genetic diversity. The
observed heterogeneity and reduced genetic diversity within Fiji are most likely driven by
geographic isolation, which is consistent with the significant differentiation of Fiji compared to
all other Pacific Ocean populations. Waqairatu et al. (2012) demonstrated that Fijian P.
monodon are genetically distinct from other Pacific Ocean populations and that this population
was derived from a relatively small founder population that has remained isolated due to its
geographic remoteness. The reduction in genetic diversity observed by Wagqairatu et al. (2012)
and this study could also be due to the introduction of P. monodon from the Philippines (Choy,
1982) and Eastern Australian (Wagqairatu & Pickering, 2010) for aquaculture purposes because

this could have led to the release or escape of less diverse aquaculture progeny into the wild

64



and interbreeding with the small and diversity-limited founder population. However, my SNP
dataset is unable to conclusively determine whether this lack of genetic diversity is due to 1) a
recent population bottleneck, 2) genetic drift from a small number of founder individuals, 3)
influence of escaped or released aquaculture individuals, or 4) the various combinations of
population bottleneck, genetic drift, and/or aquaculture influence. Future studies aimed at
improving Fiji-based P. monodon aquaculture should focus on determining demographic
processes and introgression patterns to further understand the root cause(s) and identify the

most effective means of counteracting this low genetic diversity.

34.1.3 Regional population structure within the Indian Ocean

At a regional scale, P. monodon collected at three locations in the Northwest and West Indian
Ocean were clustered into two distinct groups, with Sri Lanka forming one cluster and WIO
(Kenya and South Africa) comprising the other cluster (pairwise Fisr > 0.39). Vogler et al.
(2012) presented the following three hypotheses as potential explanations for the observed
differences in genetic structure of crown-of-thorns starfish A. planci populations collected
throughout the Indian Ocean that were believed to have diverged during the late-Pliocene to
early-Pleistocene (1.86 — 2.89 million years ago): 1) landmass distribution differences, 2)
geographical barriers (lack of coral reefs between these regions), and 3) ocean surface currents.
Genetic divergence of Sri Lanka from other WIO populations has also been documented among
marine populations of other species and explained by life history characteristics, environmental
transitions, large geographical distances, geographical barriers, and/or ocean surface currents
(Amaral et al., 2017; Hui et al., 2016; Huyghe & Kochzius, 2017; Vogler et al., 2012). In the
present study, TreeMix analysis revealed that there was a very low level of gene flow between
WIO populations and Sri Lanka (Figure 3.4B), as well as the lack of any significant negative
f3-statistics for three-population tests for Sri Lanka, South Africa and Kenya (Appendix 3.5).
Genetic divergence of P. monodon in the east, north, and west Indian ocean could have been
driven by the loss of habitat and geographic fragmentation experienced during the last glacial
maximum when the sea level dropped by approximate 120 m given the reported re-colonisation
(by shelf areas or populations further north/east) of lost habitat following sea level rise
following last glacial maximum (Benzie et al., 2002; Forbes et al., 1999; Silva et al., 2010).
Moreover, the Indian Ocean has a complex current system with the South Equatorial Current
flowing westward across the Indian Ocean and splitting into the Southeast and Northeast

Madagascar Current, which can facilitate long-distance larval dispersal as well as generate
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migration barriers (Huyghe & Kochzius, 2018; Otwoma & Kochzius, 2016; Schott et al., 2009).
Considering the offshore planktonic larval phase (approximately 20 days) of P. monodon
(Motoh, 1985), a stepping-stone model could explain larval dispersal throughout the entire
Indian Ocean over several generations because the period of seasonal monsoons (northeast
winds in December/January and southwest winds in July/August) corresponds with the peak P.
monodon spawning seasons in the Indian Ocean (Kaka et al., 2019; Sk et al., 2015). Although
I do not know the exact divergence time between the ancestral (WIO populations) and the Indo-
Polynesian lineage (Sri Lanka, Southeast Asia, Australia, and Fiji), it could have occurred
during the late Pleistocene given the lineage divergence timing of other species in this region
(Farhadi et al., 2017; Hui et al., 2016; Huyghe & Kochzius, 2017; Vogler et al., 2012). Future
studies should further elucidate the degree of and potential reasons for genetic divergence
among populations within the Indian Ocean by undertaking extensive sampling within this

region of P. monodon’s distribution.

At a local scale, genetic population structure analysis using both outlier and neutral loci
also failed to determine the presence of genetic structure among WIO P. monodon populations.
Strong gene flow between Kenya and South Africa could be due to the southward Mozambique
Current, which is a branch that splits off from the Northeast Madagascar Current at the northern
tip of Madagascar and creates a number of eddies on its way through the Mozambique Channel
to the southward Western Indian Ocean (Huyghe & Kochzius, 2018; Schott et al., 2009).
Population genetic structure and gene flow analyses (DAPC, ADMIXTURE, and TreeMix)
revealed that the WIO cluster was genetically divergent from all Indo-Polynesian populations
(Sri Lanka, Southeast Asia, Australia, and Fiji). More specifically, significantly elevated and
positive Fis values were observed in WIO populations (Fzs= 0.80 and 0.78 for Kenya and South
Africa, respectively), which suggests heterozygosity deficiency (Table 3.3). The significantly
elevated Fis values and reduced heterozygosity observed for these WIO populations could,
therefore, be due to a genuine reduction in genome-wide heterozygosity (e.g., Wahlund effect;
De Meets (2017)) and/or the presence of null alleles (i.e., technical artifacts of the RAD-seq
genotyping approaches; (Davey et al., 2013)) because selection pressure is not likely the driving
factor (i.e., neutral loci exhibited elevated Fis values in the neutral loci dataset; Appendix 3.10).
A reanalysis of data that reduced the entire SNP dataset from 10,593 to 2,155 loci for all
individuals (n = 520) by retaining only the most common SNPs across all 16 populations
(missing data per SNP < 2%) reduced the Fis values of Kenya and South Africa populations to
0.03 and 0.02 (from 0.80 and 0.78; Table 3.3), respectively, while Ho and Hg only differed by
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0.01 —0.02 across all 16 populations (Table 3.7). Interestingly, this subset of SNPs had no effect
on the diversity metrics of any other populations (e.g., significant Pearson correlations across
all 16 populations were identified between Hg, Ho, and Ar based on the whole 10,593 SNPs
dataset as well as the 2,155 SNPs subset; R = 0.9 — 1, p < 0.00001; data not shown), which
confirms that, the observed elevation in Fs values were was specific to WIO populations. Taken
together, it is unclear whether the elevated F;s values observed in WIO populations are the result
of null alleles (i.e., artifacts) or/and the Wahlund effect (i.e., real); however, given that elevated
Fis values were exclusively observed for WIO populations, null alleles are more likely the
driving factor than the Wahlund effect (Waples, 2018). Regardless, both factors have been
suggested as the two most common causes for the elevated Fis values observed in Pacific
whiteleg shrimp Litopenaeus vannamei (Valles-Jimenez et al., 2004), and kuruma shrimp

Penaeus japonicus (Tsoi et al., 2007).

Table 3.7 Genetic diversity indices among 16 populations of Penaeus monodon assessed using
2,155 SNP loci (> 99% concurrence in technical replicates with missing data per SNP < 2%)

Population ARr (£ SD) H, (+ SD) Hg (= SD) Fis
Fiji 1.34 £0.43 0.09 +£0.16 0.10+0.16 0.01
Bramston Beach (BB) 1.43 £0.42 0.10£0.15 0.10£0.14 0.01
Etty Bay (EB) 1.43 £0.43 0.10+0.15 0.10+0.15 -0.01
Townsville (TSV) 1.43+£0.44 0.10+0.15 0.11+0.15 0.01
Gulf of Carpentaria (GC) 1.47 +0.43 0.11+0.15 0.11+0.15 0.03
Joseph Bonaparte Gulf (JBG) 1.47 £ 0.43 0.11+0.15 0.10+0.15 0.01
Tiwi Island (TIW) 1.48 +0.41 0.11+0.15 0.12+0.15 0.03
Nickol Bay (NKB) 1.39+£0.45 0.11+0.18 0.11+0.16 -0.08
Philippines (PHI) 1.44 +£0.50 0.12+0.18 0.11+0.15 -0.04
NhaTrang Vietnam (NTVN) 1.50£0.44 0.13+£0.17 0.13+£0.16 0.01
CaMau Vietnam (CMVN) 1.55+0.40 0.13+0.16 0.13+0.15 0.02
Java Indonesia (INDO) 1.55+0.41 0.13+£0.16 0.13+£0.16 0.03
Thailand (THL) 1.47 +£0.46 0.14+0.18 0.13+0.16 -0.03
SriLanka (SLK) 1.44 +0.46 0.10+0.16 0.10+0.15 0.02
Kenya (KE) 1.12+0.32 0.03 +£0.09 0.03 +0.09 0.03

67



SouthAfrica (SA) 1.11+£0.30 0.03 £0.09 0.03 £0.09 0.02

3.4.2 Signatures of local adaptation

In chapter 2, I recently demonstrated the potential role of environmental factors (sea surface
temperature) in shaping the genetic structure and local adaptation of Australian P. monodon
populations. Based on the results of Chapter 2, [ hypothesized that P. monodon may also exhibit
signatures of local adaption to sea surface temperature on a larger scale (e.g., across entire Indo-
Pacific region). Using two discrete analytical approaches I identified 26 temperature correlated
putatively adaptive SNPs that exhibited a significant correlation with SST max or SST min,
which suggests that sea surface temperature could be contributing to genetic variation and/or
local adaptation within and among Indo-Pacific P. monodon populations. Of note is that more
or different putatively adaptive SNPs might have been identified by the transcriptome BLAST
approach if different criteria were used to determine the outlier loci dataset; however, the use
of both transcriptome BLAST (outlier SNPs only) and combined EA and PD (all SNPs)
approaches ensures that all putatively adaptive SNPs associated with temperature were
identified. My findings are consistent with the observed role of sea surface temperature on
hierarchical genetic structure and genetic differences within and among populations of
American lobster (Homarus americanus), giant California sea cucumber (Parastichopus
californicus), sea scallop (Placopecten magellanicus), and European green crab (C. maenas)

(Benestan et al., 2016; Jeffery et al., 2018; Wyngaarden et al., 2018; Xuereb et al., 2018).

One of the identified temperatures correlated putatively adaptive SNPs was
2019PM_4058, which matched transcriptome contigs annotated as “AChain Apocrustacyanin
C1 Crystals” (Table 3.6; Appendix 3.7). In P. monodon crustacyanin protein is known to be
involved in temperature sensitive hypodermis pigmentation (Budd et al., 2017; Fan et al., 2021;
Wade et al., 2015; Wade et al., 2014) and substrate color adaptation (Wade et al., 2012), which
have important implications for P. monodon, P. japonicus, and L. vannamei aquaculture
(Rodriguez et al., 2017). Another identified temperature correlated putatively adaptive SNP was
2019PM_6523, which matched transcriptome contigs annotated as “C-type lectin” (Table 3.6;
Appendix 3.8; and Appendix 3.7). C-type lectins are known to be involved in the immune
response to pathogen infection via the hemocyte prophenoloxidase system and might also
enhance immune system recognition of certain bacteria and viruses in L. vannamei (Wei et al.,

2012). The putatively adaptive SNPs that did not exhibit a significant correlation with sea
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surface temperature might still be useful candidate genes that correlate with other untested
environmental factors (Milano et al.,, 2014). For example, 2019PM_ 3043 matched one
transcriptome contig annotated as one of the P. monodon chitinase genes (PmChi5). PmChi5
may be involved in molting, larval metamorphosis, immune defense against pathogen
infections, and ammonia nitrate stress response in P. monodon (Zhou et al., 2018) as well as
regulation of both humoral and cellular immune responses in L. vannamei (Niu et al., 2018).
While these putatively adaptive SNP annotations suggest potential roles in P. monodon local
adaptation no firm conclusions be made given the likelihood that all identified putatively

adaptive SNPs are involved in a diversity of functions and/or pathways (Pavlidis et al., 2012).

3.4.3 Implications for aquaculture and fishery management

Within the Indo-Pacific P. monodon is considered to be one of the most important aquaculture
species (Wagqairatu et al., 2012). Genome-wide SNP genotyping (divided into neutral and
outlier loci datasets) provides an essential tool for clarifying genetic population structure, which
is of paramount importance for effective aquaculture and fishery management practices
(Benestan, 2019). The results of the present genome-wide SNP study may help inform P.
monodon Indo-Pacific aquaculture and fishery management in several ways. Firstly, the
presence of seven genetically distinct P. monodon stocks (Fiji, Eastern Australia, Northern
Australia and Philippines, Western Australia, Southeast Asia, Sri Lanka, and the West Indian
Ocean) could be considered as a single management unit at the regional level. However, more
refined management of P. monodon wild stocks should be considered in Southeast Asia and Sri
Lanka because these populations exhibited high admixture in both neutral and outlier loci
analyses. In the case of Southeast Asia, where wild stocks encompass ocean territories of
several countries, a multi-jurisdictional approach to management of these wild stocks is
recommended as opposed to independent management by each country, because local
aquaculture farmers from many locations source wild individuals as broodstock (Coman et al.,
2006; Marsden et al., 2013; Wong et al., 2016) which can result in over-exploitation of natural
P. monodon populations. The sustainability of P. monodon fisheries in this area can be
problematic if wild-sourced broodstock is from degraded (e.g., introducing disease into the
farm) and overfished populations. Additionally, P. monodon aquaculture development in terms
of selective breeding programs and characterisation of commercially important traits remains
largely under-developed (Guppy et al., 2020; Norman-Lopez et al., 2015). Thus, a better

understanding of the distribution of genetic diversity and genetic differentiation within and
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among Indo-Pacific populations presented in this study can advance the efficiency and success
of selective breeding programs through improved selection of genetically diverse broodstock.
Lastly, future research should aim to elucidate which outlier SNPs (or regions of the genome)
are directly linked to phenotype(s) of interest for selective breeding programs (e.g., thermal
adaptation, enhanced growth rate, altered pigmentation, improved disease resistance, etc)

(Lebeuf-Taylor et al., 2019).

3.5 Conclusion

We utilized a SNP dataset containing 10,593 genome-wide SNPs to determine the population
structure, connectivity, and local adaptation of P. monodon from throughout the Indo-Pacific
region. Levels of genetic diversity were highest for Southeast Asian populations and were
lowest for Western Indian Ocean (WI1O) populations. Both neutral (n = 9,930) and outlier (n =
663) loci datasets revealed a pattern of strong genetic structure of P. monodon corresponding
with broad geographical regions and clear genetic breaks among samples within regions.
Neutral loci revealed seven genetic clusters and the separation of Fiji and WIO clusters from
all other clusters, whereas outlier loci revealed six genetic clusters and high genetic
differentiation among populations. The neutral loci dataset estimated five migration events that
indicated migration to Southeast Asia from the WIO, with partial connectivity to populations
in both oceans. I also identified 26 putatively adaptive SNPs that exhibited significant Pearson
correlation between minor allele frequency and sea surface temperature maximum and
minimum. Matched transcriptome contig annotations suggest putatively adaptive SNPs
involvement in cellular and metabolic processes, pigmentation, immune response, and currently
unknown functions. This study provides novel genome-level insights that have direct

implications for P. monodon aquaculture and fishery management practices.
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Chapter 4. Genome-wide SNP markers reveal biogeographic impacts and
confirm the sister taxa relationships in giant black tiger shrimp (Penaeus

monodon) across the Indo—Pacific region

4.1 Introduction

Members of the family Penaeidae represent over 200 shrimp species, several of which are
commercially farmed and fished (Chan, 1998; Dall et al., 1990; Grave & Fransen, 2011,
Hurzaid et al., 2020). The life cycle of penaeid shrimp is characterized by a pelagic larval phase
that permits oceanic dispersal and migration between offshore and inshore waters, which,
collectively, expose larvae to a variety of environmental factors. Due to the wide geographical
distribution and economic importance of some species (e.g., particularly species from the genus
Penaeus) the phylogenetic relationships among species in this family are relatively well
understood through the use of traditional genetic markers, including amplified fragment length
polymorphism (AFLP), cytochrome oxidase subunit I (COI), and mitochondrial DNA marker
(mtDNA) datasets (Calo-Mata et al., 2009; Chan et al., 2008; Hualkasin et al., 2003; Hurzaid
et al., 2020; Lavery et al., 2004; Quan et al., 2004; Voloch et al., 2005, 2009; Wang et al., 2004).
Chan et al. (2008) consolidated species into a three-tribe scheme within the Penaeidae
represented by eight genera, however, more recently three studies (Hurzaid et al., 2020; Lavery
et al., 2004; Ma et al., 2011) indicated that the Penaeidae appears to be comprised of six genera
divided into two clades (i: the Melicertus and Marsupenaeus and ii: the Fenneropenaeus,

Farfantepenaeus, Litopenaeus and Penaeus).

Within the genus Penaeus, the giant black tiger shrimp (P. monodon) is native to and
considered to be one of the most important aquaculture species throughout the Indo-Pacific
region. The life history of P. monodon, which includes a pelagic marine larval phase, highlights
potential for dispersal between geographically discrete populations (Chapter 3). Indeed, studies
which have focused on genetic diversity and population structure of P.monodon using different
genetic markers show significant population structure across the Indo-Pacific region and
collectively suggest the existence of a deep-seated genetic division between Indian and Pacific
Ocean populations (Benzie et al., 2002; Chapter 2; Chapter 3; Wagqairatu et al., 2012; You et
al., 2008). More broadly, the main barriers between the Indian and Pacific Oceans (including

Sunda and Sahul shelves) and between the East and West Indian Ocean have effectively
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restricted gene flow between these oceans and thus, strongly influenced the evolutionary
history of not only P. monodon, but many other Indo-Pacific marine species (Ahti et al., 2016;

Liu et al., 2014; Ludt & Rocha, 2015; Wainwright et al., 2018; Wagqairatu et al., 2012).

Genomic phylogeography plays an important role in describing evolutionary processes
and to identify historical events including geographic and ecological drivers that have shaped
the current population genetic structure within species (Avise, 2000; Bowen et al., 2016; Van
Cise et al., 2019). Relevant to P. monodon, Waqairatu et al. (2012) and You et al. (2008)
generated phylogeographic trees based on mitochondrial haplotype and microsatellite
sequences for the Indo-Pacific P. monodon, which revealed that P. monodon separated into
two divergent lineages (Pacific and Indian Oceans lineages); however, P. monodon samples in
these studies did not cover the large sample sites of the Indian Ocean. Additionally, mtDNA
exhibits a non-Mendelian mode of inheritance and provides a single perspective which may
not be a reliable indicator of species relationships or demographic history (Ballard & Whitlock,
2004), while microsatellites fail to capture critical components of the original spirit of
phylogeography (Edwards et al., 2015). Thus, these two markers have limited resolution power
to genetic structure and phylogeographic patterns (Jeffries et al., 2016; Zarraonaindia et al.,
2012). Recently, single nucleotide polymorphisms (SNP) have been demonstrated to be the
most prevalent type of polymorphism within investigated genomes d becoming the marker of
choice in phylogeographic, phylogenetic, and population genetics studies (Hodel et al., 2017,
Jeffries et al., 2016; Morin et al., 2004). Furthermore, phylogeographic studies using SNP loci
have demonstrated that this approach provides more (cost-effective) data for resolving
phylogenetic relationships at deep evolutionary timescales as well as alleviates concerns

regarding intragenic recombination (Harvey et al., 2016; Leaché & Oaks, 2017).

The utility of high-density genome-wide markers, SNP and presence-absence variants
(PAV) loci as molecular markers for population genetic and phylogenetic reconstruction
research have been demonstrated in previous studies (Kjeldsen et al., 2019; Lal et al., 2018;
Morse et al., 2018). These two markers were generated independently by DArTseq™
genotyping technology. While SNPs were used for both population and phylogenetic analyses,
whereas PAVs were only used in phylogenetic reconstructions (Kjeldsen et al., 2019; Morse
et al., 2018). In the present study, I obtained wild P. monodon from 16 sites throughout their
natural Indo-Pacific distribution to infer phylogeographic relationships using both SNPs and
PAYV markers.
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To clarify the phylogenetic position of P. monodon and the relationships among penaeid
shrimp, six other penaeid species occurring in the Indo-Pacific were also included. The
enhanced phylogenetic resolution provided by these SNP- and PAV-based phylogeographic
trees will help to identify Evolutionary Significant Units (ESUs) and improve the effectiveness
of P. monodon aquaculture and fisheries management strategies (i.e., identifying areas of high

genetic diversity).

4.2 Methods

4.2.1 Sample collection and DNA extraction

Wild adult P. monodon were sampled from 16 sites throughout their natural Indo-Pacific
distribution, which spans from coastal waters of Fiji in the central Pacific, throughout Australia
and Southeast Asia, to the Eastern Indian Ocean and south-western coast of Africa (Figure 4.1;
Table 4.1). Specific sampling locations for P. monodon were the same as described in Chapter
3. Briefly, twenty P. monodon were sampled from each Indo-Pacific population, except for the
Philippines (PmonoPHI), Sri Lanka (PmonoSLK), and Kenya (PmonoKE) populations (n = 12,
19, and 16), respectively (Figure 4.1).

To validate the phylogenetic relationships among sister taxa of P. monodon using
genome-wide SNP markers, six other Penaeidae species were used (Figure 4.1; Table 4.1).
These six penaeids were included in analyses because they were either closely related relatives
within the genus Penaeus, or more distantly related (Hurzaid et al., 2020; Voloch et al., 2005,
2009; Wang et al., 2004). Whiteleg shrimp (Litopenaeus vannamei, n = 8) samples were
obtained from an aquaculture farm in Indonesia, while wild adult samples for banana shrimp
(Fenneropenaeus merguiensis; n = 13), brown tiger shrimp (Penaeus esculentus, n = 4), green
tiger shrimp (Penaeus semisulcatus, n = 4), western king shrimp (Penaeus latisulcatus, n = 3)
and red-spotted shrimp (Penaeus longistylus, n = 1), were obtained from commercial sources

harvested off the Northern Australian coast.
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Figure 4.1 Sampling locations for seven Penaeidae species (n = 340 individuals) used in this
study. Penaeus monodon samples: Eastern Australia (PmoBB, Bramston Beach; PmoEB,
Etty Bay; PmoTSV, Townsville); Northern Australia (PmoGC, Gulf of Carpentaria;
PmoJBG, Joseph Bonaparte Gulf; PmoTIW, Tiwi Island); Western Australia (PmoWA);
Vietham (PmoCMVN, Ca Mau; PmoNTVN, Nha Trang); Fiji (PmoFJ); Indonesia
(PmoINDO); Thailand (PmoTHL); Philippines (PmoPHI); Sri Lanka (PmoSLK); Kenya
(PmoKE); South Africa (PmoSA). Non- P. monodon samples: Fenneropenaeus merguiensis:
Fmerg; Litopenaeus vannamei: Lvan; Penaeus esculentus: Pescu; Penaeus semisulcatus:
Psemi; Penaeus longistylus: Plong; and Penaeus latisulcatus: Plati. Map generated using R
version 4.0.3.

Pleopod tissue was excised from shrimp individuals with DNA-free scissors, preserved
in 80% ethanol, and stored at -20°C until DNA extraction. Genomic DNA (gDNA) was
extracted from each pleopod tissue sample following a modified cetyl-trimethyl ammonium
bromide (CTAB) protocol (Adamkewicz & Harasewych, 1996; Chapter 2, Chapter 3). All
gDNA extractions were subsequently cleaned using Sephadex™ G-50 (GE, 2007).
Concentration and purity of extracted gDNA (260:230 nm and 260:280 nm ratios), respectively,
were measured using a Nanodrop 1000 Spectrophotometer (ThermoFisher Scientific Pty Ltd,
Australia) with gDNA integrity confirmed by 0.8% agarose gel containing GelGreen
(ThermoFisher Scientific Pty Ltd, Australia). All gDNA samples were normalised to 50 ng/pl
(20 uL final volume) before submission to Diversity Arrays Technology (DArTseq™; Canberra

Australia) for library preparation and DArTseq™ sequencing.
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Table 4.1 Species code, species, sampling location, and total number of individuals (N7)
obtained for each of the seven shrimp species included in this study. Number of individuals (N2
and N3) used for a) phylogeny of non-Penaeus monodon species and b) phylogeography of P.

monodon analyses, respectively.

Code Species Sampling location N1 N2 N3
Fmerg Bal.lana Fennelfop enacus Queensland, Australia (wild) 13 13 0
shrimp merguiensis
Pescu Brown Penaeus esculentus quthern Territory, Australia 4 4 4
tiger prawn (wild)
Psemi Green tiger Pengeus quthern Territory, Australia 4 4 4
prawn semisulcatus (wild)
. Western Penaeus Northern Territory, Australia
Plati . . . 3 3 0
king prawn latisulcatus (wild)
Red- . .
Plong spotted Penaeus longistylus ?\I};ﬁl)em Territory, Australia 1 1 0
prawn
Lvan Whlteleg thopena?us Global Gen farm, Indonesia 3 3 0
shrimp vannamei (farm)
PmoBB Brgmton Beach, Australia 20 1 6
(wild)
PmoEB Etty Bay, Australia (wild) 20 0 0
PmoTSV Townsville, Australia (wild) 20 1 6
Gulf of Carpentaria,
PmoGC Australia (wild) 20 0 6
Joseph Bonaparte Gulf,
PmoJBG Australia (wild) 20 16
PmoTIW Tiwi Island, Australia (wild) 10 0 0
PmoWA Giant black Western Australia (wild) 20 1 6
PmoF]J tiger Penaeus monodon  Fiji (wild) 20 1 6
——— shrimp — -
PmoPHI Philippines (wild) 12 1 6
;mOCMV Ca Mau, Vietnam (wild) 20 1 6
PmoNTVN Nha Trang, Vietnam (wild) 20 1 6
PmoINDO Indonesia (wild) 20 1 6
PmoTHL Thailand (wild) 20 1 6
PmoSLK Sri Lanka (wild) 19 3 6
PmoKE Kenya (wild) 16 2 6
PmoSA South Africa (wild) 20 3 6
Total 340 51 92
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4.2.2  Sequence quality control and marker filtering

All samples were sequenced and genotyped using DArTseq™ technology at Diversity Arrays
Technology, Canberra, Australia as previously described (Chapter 2 and Chapter 3).
DArTseq™ generated two independent marker types based on restriction-site-associated
(RAD) fragments: single nucleotide polymorphisms (SNP) and presence-absence variants
(PAV).

Genomic DNA extracted from non-P. monodon samples was amplified during
DArTseq™ protocol using primers designed for P. monodon, which notably increased the total
number of raw SNP sequences from 131,929 SNPs (obtained for P. monodon sample only;
Chapter 3) to 166,946 SNPs (obtained for both P. monodon and the other six Penaeidae
samples) (Table 4.2). This aspect of the utilized DArTseq™ protocol resulted in a high rate of
missing SNP and PAV data for all non-P. monodon samples. Accordingly, all raw SNP
sequences missing from any non-P. monodon samples after initial SNP calling were removed
from each P. monodon sample and then the remaining (i.e., normalized) SNP datasets for each
of the Penaeidae species were filtered using custom dartQC python scripts (Chapter 2 and
Chapter 3) with removal of all SNPs that matched any of the following stringent criteria: 1) low
read depth (--read counts < 7), 2) average repeatability < 90%, 3) call rate < 50%, and 4)
duplicated SNPs based on similar sequence clusters (-- cluster > 95%). The resulting high-

quality SNP datasets (n = 4,496 each) were included in subsequent phylogenetic analyses.

For PAV filtering, due to the missing data of non-P. monodon samples (n = 33
individuals), I first identified PAV markers missing of all these samples from the raw PAV
dataset (n = 75,359). These missing PAV markers (with a score of zero) then were removed
from the dataset. After that, PAV markers were filtered manually as a common dataset to retain
the most informative marker set across all P. monodon and non-P. monodon species (Lal et al.,
2018; Kjeldsen et al., 2019). Accordingly, the remaining PAV markers were filtered based on
call rate, minor allele frequency (MAF), and technical reproducibility. Only PAV markers with
a call rate > 82%, MAF > 0.02 across the dataset, and technical reproducibility > 95% were
retained. The resulting high-quality PAV datasets (n = 7,054) were included in subsequent

phylogenetic analyses.

76



4.2.3 Phylogenetic analysis

Phylogenetic relationships were inferred based on both SNP and PAV datasets by using three
independent approaches: 1) maximum-likelihood (ML), 2) Bayesian inference (BI), and 3)
neighbour-joining (NJ).

For phylogenetic inference the species relationships among all seven penaeid species
were determined for F. merguiensis, L. vannamei, and five Penaeus species (P. monodon, P.
semisulcatus, P. esculentus, P. latisulcatus, and P. longistylus). For computationally viability,
the number of included P. monodon samples in analyses was reduced from 307 (column N/,
Table 4.1) to 18 by choosing 18 samples at random across all Indo—Pacific sampling locations
(column N2, Table 4.1). Phylogenetic relationships included individuals for all seven species
(n = 51 total; Table 4.1 column N3) and were based on both SNP and PAV datasets using
independent NJ, ML, and BI analyses. P. longistylus was chosen as the outgroup by following
the phylogenetic results of Hurzaid et al. (2020) to root the inferred trees.

For phylogeographic analyses of Indo—Pacific P. monodon, given the large number of P.
monodon samples (n = 307; column N/, Table 4.1) and computational intensity of phylogenetic
analyses, the number of samples utilized was reduced. Maximum-likelihood trees were
constructed to trim the P. monodon dataset (n = 307; column NI, Table 4.1) down to six
individual samples each from 14 discrete sampling locations from across the Indo—Pacific
region (n = 84; column N3, Table 4.1) using IQ-TREE v2.1.0 (Minh et al., 2020) with best-fit
substitution model (K3Pu+F+R6) calculated by ModelFinder (Kalyaanamoorthy et al., 2017)
under the Bayesian information criterion (Appendix 4.1). The P. monodon samples that were
retained in the trimmed dataset (n = 84; column N3, Table 4.1) were chosen based on their
genetic distance to ensure that overall genetic distance across all sampling locations was
retained. Given the closest known relatives and the least genetic distance between P. monodon,
P. esculentus, and P. semisulcatus (Hurzaid et al., 2020; Voloch et al., 2005, 2009), all P.
esculentus (n = 4) and P. semisulcatus (n = 4) individuals were included in phylogeographic
relationship analyses as the outgroup for each independent analysis. Phylogeographic
relationships among Indo—Pacific P. monodon samples within the trimmed dataset (column N2,
Table 4.1) were determined based on both SNP and PAV loci using three independent
approaches (NJ, ML, and BI).

ML trees were constructed based on both SNP and PAV markers in IQ-TREE v2.1.0

(Minh et al., 2020) using best-fit substitution models, which were identified using Bayesian
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information criterion (BIC), as determined by ModelFinder (Kalyaanamoorthy et al., 2017).
Branch support was assessed by running 10,000 ultrafast bootstrap replicates (UFBoot; Hoang
et al. (2018)) and 10,000 bootstrap replicates of the SH-like approximate likelihood-ratio test
(SH-aLRT; Guindon et al. (2010)). The BI of phylogenetic relationships was determined based
on the PAV dataset using MrBayes v3.2.7 (Ronquist et al., 2012). MrBayes analyses consisted
of two independent runs with the following parameters: 1) six chains, 2) 10 million generations,
3) temperature = 0.1, and 4) sample frequency = 1000 (first 15% considered burn-in and
discarded). To monitor for parameter convergence during Bayesian analyses Tracer v1.7.1
(Rambaut et al., 2018) was used to calculate log-likelihood scores, which permitted accurate
determination of additional run requirements and stationary phase obtainment. A NJ tree based
on Nei’s (1972) genetic distances was constructed based on the SNP dataset in MEGA-X
(Kumar et al., 2018) with 1000 bootstrap replicates. All consensus phylogenetic trees were

visualized and edited using Fig-Tree v1.4.4 (Rambaut, 2018).

4.3 Results

4.3.1 Genotyping and SNP/PAYV filtering

The raw dataset contained 166,946 SNPs genotyped across all samples for all shrimp species
(n = 340; Table 4.1 column N/). The first filtering step (Section 4.2.2) removed 105,393 SNP
loci missing from all 33 non-P. monodon, or 63.1% (n = 61,553 loci remaining). The second
filtering step (Section 4.2.2) in dartQC removed a further 57,057 SNP loci, or 34.2% (Table
4.2). The remaining 4,496 SNP loci for all samples (n = 340) were used for further analyses.

Of note is that no individuals were lost due to poor call rates.

The raw PAV dataset contained 75,359 variant scores across all samples for all shrimp
species (n = 340; Table 4.1 column NT). The first filtering step (Section 4.2.2) removed 33,686
PAYV loci with a score of zero across all 33 non-P. monodon, or 44.7% of loci (n = 41,673 loci
remaining). Following filtering, a total of 26,632 PAV loci, or 63.9% of PAVs were removed
due to a call rate < 82%, MAF < 0.02 across the dataset, and technical reproducibility < 95%.
The remaining 7,054 PAV loci were used for further analyses. Of note is that no duplicate

genomic SNP loci are represented in the PAV dataset.
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Table 4.2 Filtering steps and SNPs counts retained after each step

Steps Retained SNP count
Initial potential SNPs 166,946
SNP missing in all 33 individuals of non- P. 61,553
monodon samples [105,393 of 166,946 (63.1%)]
Average read depth of > 7 61,553
o 61,553
Replication average > 0.9 [340 of 61,553 (0.6%)]
6,281
0 ]
Call rate of 2 50% [54,932 of 61,213 (89.7%)]
4,496

Similar sequence clusters of > 0.95 [1785 of 6.281 (28.4%)]

Retained SNPs for further analysis 4,496

4.3.2 Phylogenetic relationships among seven Penaeidae species

ModelFinder identified the HKY+F and GTR2+FO+R2 as the best-fitting substitution models
for SNP-based and PAV-based ML trees, respectively (Figure 4.2A and 4.3B). ML, BI, and NJ
phylogenetic trees showed nearly identical topologies, although node supports and relationships
among divergent species differed (Figure 4.2 and 4.3). SNP-based ML and NJ trees contained
similar branching pattern and reflected some, but not all, of the branching patterns present in
PAV-based ML and NIJ trees; however, both SNP- and PAV-based ML and NIJ trees were

monophyletic for each of the seven Penaeidae species.

4.3.2.1 SNP-based ML and NJ trees

SNP-based ML and NJ reconstructions (Figure 4.2) both contained seven well supported clades
(Bootstrap Support, BS > 89); however, node support for the division between P. esculentus,
P. semisulcatus and P. monodon was low in the SNP-based ML tree (BS = 42). Both ML and
NIJ reconstructions separated four species (F. merguiensis, P. esculentus, P. semisulcatus, and
P. monodon) into one large species-level clade (BS > 89; Figure 4.2). Both ML and NJ
reconstructions recovered L. vannamei as a sister taxon to F. merguiensis, P. esculentus, P.
semisulcatus, and P. monodon (BS = 100). Within the L. vannamei lineage, both ML and NJ

trees recovered P. esculentus and P. semisulcatus as sister taxon (BS = 100), respectively.
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Moreover, the SNP-based NJ reconstruction placed P. esculentus, P. semisulcatus, P. monodon,
and F. merguiensis into one clade (i.e., sister taxa; BS = 100), wherein P. monodon appeared
to be more closely related to F. merguiensis than to P. esculentus or P. semisulcatus. The SNP-
based ML reconstruction placed P. esculentus, P. semisulcatus, and P. monodon into one clade
(BS = 42) wherein F. merguiensis was a sister species (BS = 89). Interestingly, the
monophyletic P. monodon in the SNP-based ML reconstruction revealed a deep split between
individuals from the Pacific Ocean and the Sri Lankan clade and individuals from the WIO
clade (BS = 100). At the base of the tree, P. longistylus and P. latisulcatus were recovered as

sister species to all other species (BS > 94).
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Figure 4.2 Phylogenetic relationships of seven species from the Family Penaeidae using
4,496 SNP loci (A) and 7,054 PAV loci (B). (A) The maximum likelihood reconstruction
was conducted using IQ-TREE v2.1.0 under HKY+F model with 10,000 bootstrap replicates
and log likelihood scores of In L = -20,273.726. (B) neighbour-joining (NJ) based on Nei’s
(1972) genetic distances in MEGA-X with 1000 bootstrap replicates. Penaeus longistylus
was used as the outgroup taxon. Numbers at nodes represent bootstrap values in percentage.
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4.3.2.2 PAV-based ML and BI trees

PAV-based ML and BI phylogenetic reconstructions showed similar phylogeny with F.
merguiensis was monophyletic in BI tree and paraphyletic in ML tree (Figure 4.3). A total of
18,002 trees were sampled from both runs for the BI tree, and following discard of the burn-in
set, 5,953 credible trees remained for calculation of posterior probabilities (Figure 4.3A). The
final average standard deviation of split frequencies achieved was 0.015120, with an average
potential scale reduction factor (PSRF) for parameter values of 1.00. PAV-based ML analysis
produced trees with log likelihood scores of In L = -52,413.995 (Figure 4.3B). The main
difference between SNP-based and PAV-based analyses was the clade topology for F.
merguiensis and L. vannamei in the PAV-based reconstructions, which was less resolved than

the SNP-based reconstructions.
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Figure 4.3 Phylogenetic relationships of seven Penaeidae species using 7,054 PAV loci. (A)
Bayesian reconstruction generated in MrBayes v3.2.7 from 5,953 of the most credible set of
trees. (B) The maximum likelihood reconstruction was conducted using IQ-TREE v2.1.0
under the GTR2+FO+R2 model with 10,000 bootstrap replicates. Penaeus longistylus was
used as the outgroup. Numbers at nodes represent posterior probabilities and bootstrap values
in percentage.

As a monophyletic taxa, all P. monodon individuals grouped into one clade (Posterior
Probability, PP and BS = 100) with F. merguiensis being the closest related sister taxa (Figure
4.3). The clade containing these two species resolved to be genetically proximal to the P.
semisulcatus clade (PP and BS = 100; Figure 4.3). One after another, the P. monodon, F.
merguiensis, and P. semisulcatus clade resolved as the sister group to both P. esculentus and L.
vannamei (PP = 100 and BS > 97), respectively. Similar to SNP-based phylogenetic
reconstructions, at the root of the tree P. longistylus and P. latisulcatus were recovered as sister
taxa to the five remaining species (P. monodon, F. merguiensis, P. semisulcatus, P. esculentus,

and L. vannamei; PP and BS = 100; Figure 4.3).

4.3.3 Phylogeographic relationships among Indo—Pacific P. monodon samples

To evaluate the relationships among individual Indo-Pacific P. monodon samples,
phylogeographic analyses based on both SNP and PAV loci datasets (n = 4,496 and 7,054
respectively) were performed, with all P. esculentus and P. semisulcatus samples used as
outgroup (Figure 4.4 and 4.5). ML analyses produced trees with log likelihood scores of In L =
-14,761.999 and In L = -82,706.424 for SNP and PAV loci datasets, respectively. Moreover,
ModelFinder identified KY+F+R2 and GTR2+FO+R4 as the best-fitting substitution models
for the SNP and PAV loci dataset ML trees, respectively (Figure 4.4A and 4.5A). A total of
17,002 trees were sampled from both runs for the BI tree and, following discard of the burn-in
set, 11,971 credible trees remained for calculation of posterior probabilities. The final average
standard deviation of split frequencies achieved was 0.093129, with an average PSRF for
parameter values of 1.004. Branch lengths were generally shorter among Australian and Fijian

populations in all ML trees based on SNP and PAV loci datasets.
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Figure 4.4 Phylogeographic analyses of Penaeus monodon using SNP and PAV loci datasets.
Tree topology corresponds to the best ML tree. (A) ML tree generated in IQ-TREE v2.1.0
using 4,496 SNP loci under KY+F+R2 model. (B) BI tree generated in MrBayes using 7,054
PAV loci from 11,971 of the most credible set of trees. Numbers at nodes represent posterior
probabilities and bootstrap values in percentage. Out-group Pescu: Penaeus esculentus; and
Psemi: Penaeus semisulcatus. Legend for locality codes is the same as defined in Figure 4.1.
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The phylogenetic trees constructed by all three independent analysis approaches (ML, BI,
NJ) displayed similar topologies and showed geographic structure with strong support between
the West Indian Ocean populations (WIO; containing SA and KE populations) and the Indo-
Polynesian populations (containing the Pacific Ocean, Western Australia, and Sri Lanka
populations) (Figure 4.4 and 4.5). All WIO P. monodon populations nested together in a WIO
lineage, while all Pacific Ocean P. monodon populations clustered together with Sri Lankan
individuals, which was located in the Northwest Indian Ocean in a single overarching Indo-
Polynesian lineage (Figure 4.4 and 4.5). In PAV-based trees, although WIO populations did not
form a separate clade, they still grouped together with moderate support (ML: BS =25 - 100;
BI: PP=51-100). All ML, BI, and NIJ trees also identified Sri Lanka as a transition site between

the West Indian and Pacific Oceans.

As the largest clade, the Indo-Polynesian lineage was clearly divided between Sri Lanka
and Southeast Asia to Australia and Fiji (Figure 4.4 and 4.5). A high degree of population
mixing was observed across all SNP-based trees. More specifically, Sri Lanka nested with
Southeast Asia and some Southeast Asian samples clustered with Australia and Fiji samples.
The PAV-based trees revealed that most individuals from proximal localities tended to group
together, except some individuals assigned to one location clustered with another locality (e.g.,
neighboring population). At a finer scale, relationships within the geographically disjunct Indo-
Polynesian lineage (Sri Lanka, Southeast Asia, Australia, and Fiji) varied from low to high

resolution.

Taken together, phylogeographic analyses of Indo-Pacific P. monodon samples based on
SNP and PAYV loci datasets strongly supports the existence of pronounced genetic divergence
between WIO and the Indo-Polynesian (Sri Lanka, Southeast Asia, Australia, and Fiji)

populations.
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Figure 4.5 Phylogeographic analyses of P. monodon using SNP and PAV loci datasets. (A)
NI tree generated in MEGA-X using 4,496 SNP loci based on Nei’s (1972) genetic distances.
(B) ML tree generated in IQ-TREE v2.1.0 using 7,054 PAV loci under GTR2+FO+R4
model. Numbers at nodes represent posterior probabilities and bootstrap values in

percentage. Both P. esculentus (Pescu) and P. semisulcatus (Psemi) were used as outgroup.

All abbreviations are the same as defined in Figure 4.1.
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4.4 Discussion

In this study, novel insights regarding the phylogenetic relationships among Indo—Pacific P.
monodon and its sister taxa using two independent genome-wide marker datasets (SNP and
PAV loci) were reported. Both SNP- and PAV-based phylogeographic structures for Indo-
Pacific P. monodon demonstrated a clear pattern of regional connectivity among all Indo-
Pacific P. monodon populations with two divergent lineages: 1) the Indo-Polynesian
(containing Sri Lanka, Southeast Asia, Australia, and Fiji) and 2) the WIO (containing Kenya
and South Africa). Among all seven Penaeidae species sampled, my SNP- and PAV-based
phylogenetic analyses supported the monophyletic positioning of P. monodon, as well as the

position of six sister taxa to P. monodon.

4.4.1 Phylogeny of seven Penaeidae species

Both SNP- and PAV-based phylogenetic analyses of seven Penacidae species (Table 4.1)
provided clear, consistent, and well-supported relationship patterns (Figure 4.2 and 4.3). More
specifically, these seven species divided into three distinct and well-supported clades (BS and
PP = 100), with the first clade containing F. merguiensis, P. monodon, P. semisulcatus, P.
esculentus, and L. vannamei, while the second clade contained P. latisulcatus and the third
clade contained P. longistylus. The presence of a close evolutionary genetic relationship
between the Fenneropenaeus, Penaeus, and Litopenaeus genera within Penaeidae was similar
to the results reported in other non-SNP genetic marker studies (Hurzaid et al., 2020; Lavery et
al., 2004; Ma et al., 2009; Voloch et al., 2009), which grouped Fenneropenaeus, Penaeus, and

Litopenaeus into one clade.

In the present study, the most notable difference between the SNP-based and PAV-
based phylogenetic reconstructions was the specific placement of F. merguiensis. PAV-based
reconstruction nested F. merguiensis between P. monodon and P. esculentus and P.
semisulcatus (PP = 74 and BS = 69), while SNP-based reconstruction included F. merguiensis
along with all three Peneus species in one clade. These differing patterns may have been due
to the reduced species-level discriminatory power of PAV-based analyses compared to SNP-
based analyses, which resulted in these more distal relationships being less resolved (Lal et al.,
2018; Morse et al., 2018). This difference in the species-level discrimination power of PAV-

versus SNP-based analyses might also explain the similar branch tip lengths observed for F.
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merguiensis and L. vannamei. Moreover, as a genome-wide “dominant” marker, the PAV
classification of “0” or “1” (i.e., absence or presence), respectively, can lead to a loss in total
number of informative sites throughout the genome (Lischer et al., 2014; Morse et al., 2018).
Additionally, Voloch et al. (2005) reported the nesting of five Fenneropenaeus species
between the two Penaeus lineages (P. monodon, P. esculentus, and P. semisulcatus) with low
support (NJ BS = N/A; ML BS = 44; BI PP = N/A) and suggested that future studies should
aim to verify this result. Taken together, the reduced species-level discrimination power of
PAV-based analyses appears to be the primary driver of the observed F. merguiensis position

within Penaeidae clade presented herein.

Lavery et al. (2004), Voloch et al. (2005), and Voloch et al. (2009) reported that species
within the genera Melicertus were paraphyletic which aligns with my SNP- and PAV-based
phylogenetic analyses in that the two former species assigned to the genus Melicertus (P.
latisulcatus and P. longistylus) were consistently placed together in separate clades with
relatively strong support (BS and PP > 90). A recent study of Hurzaid et al. (2020) using four
gene datasets (mitochondrial cytochrome oxidase I, mitochondrial 16S ribosomal RNA, Nak,
and PEPCK) also presented that genera Melicertus (including P. latisulcatus and P.
longistylus) appear to be non-monophyletic. Thus, the present study confirmed the non-

monophyly of the genera Melicertus.

4.4.2 Phylogeographic relationships of Indo—Pacific P. monodon samples

In order to construct the phylogeographic relationships among Indo—Pacific P. monodon
two independent and high-density genome-wide marker sets (SNP and PAV loci) were utilized
for a representative sub-set of Indo-Pacific P. monodon samples (n = 84; Table 4.1; Figure 4.4
and 4.5). Both SNP- and PAV-based phylogenetic analyses revealed that two divergent lineages
of P. monodon exist within the Indo-Pacific (BS = 100, PP = 51 — 100). Rather than directly
conforming to ocean basins, the two lineages were the Indo-Polynesian (containing Sri Lanka,
Southeast Asia, Australia, and Fiji) and the WIO (containing Kenya and South Africa). Similar
phylogeographic patterns have recently been reported for other Indo-Pacific marine species,
including: 1) bottlenose dolphin Tursiops aduncus and humpback whale Sousa spp. using
mtDNA markers (Amaral et al., 2017), 2) spiny lobster Panulirus homarus using mitochondrial
control region and microsatellite markers (Farhadi et al., 2017), and 3) dugong Dugong dugon

using mtDNA markers (Plon et al., 2019). Additionally, the deep genetic division between P.
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monodon from WIO and Indo-Polynesian lineages were indicated in Benzie et al. (2002) and
Chapter 3 using mtDNA sequences and whole genome SNP sequencing, respectively. Several
factors have been proposed as explanations of the genetic divergence of the WIO P. monodon
populations, including life history characteristics, environmental transitions, large geographical
distances, geographical barriers, and/or ocean surface currents (Amaral et al., 2017; Benzie et

al., 2002; Huyghe & Kochzius, 2017; Vogler et al., 2012; Chpater 3).

In this study all ML, BI, NJ trees identified the WIO P. monodon as ancestral to the
Indo-Polynesian P. monodon, with the Sri Lankan population being a transition zone between
these ocean basins. In the Indo-Polynesian lineage, as a transition between the West Indian and
Pacific Oceans, P. monodon from Sri Lanka is genetically similar to Southeast Asia and
grouped together with medium to high moderate support. This result is consistent with the
recent findings of Chapter 3, which reported three migration events from the WIO to Southeast
Asia (Thailand, Vietnam, and Indonesia) via Sri Lanka with strong migration weights, as well
as Sri Lanka forming a single cluster. However, two previous studies reported a divergent NJ
reconstruction based on mtDNA haplotypes sequences (You et al., 2008) and microsatellites
(Wagqairatu et al., 2012) for Indo-Pacific P. monodon. While You et al. (2008) grouped Kenya
and Madagascar in the WIO lineage and India in a separate lineage, Waqairatu et al. (2012)
grouped P. monodon from Madagascar, India, and Sri Lanka into one lineage. Differences
between the genome-wide SNP dataset herein and the findings reported by these previous
studies may simply be due to the level of genetic resolution provided by genome-wide SNPs.
Lemopoulos et al. (2019) recently demonstrated that SNP-based analyses were more
informative than microsatellite-based analyses for applications that require individual-level
genotype information, such as estimating genetic diversity and relatedness for small
populations with low sample sizes. Future studies should further elucidate the degree of genetic
divergence among P. monodon populations within the Indian Ocean by undertaking extensive

sampling within this particular region of their Indo-Pacific distribution.

Within the Indo-Polynesian lineage SNP-based phylogenies revealed that P. monodon
from Western Australia (located in the Eastern Indian Ocean) nested within other Australian
and Fijian P. monodon populations (located in the western Pacific Ocean). This is despite both
Benzie et al. (2002) and Waqairatu et al. (2012) reporting that Western Australia P. monodon
was genetically distinct from all other Australian P. monodon populations based on
mitochondrial and microsatellite datasets. Chapter 2 demonstrated that Western Australia P.

monodon are genetically distinct from all other Australian P. monodon populations, but that
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Western Australia P. monodon do share an evolutionary ancestry with Northern Australia P.
monodon. Additionally, a high degree of population mixing was also observed across SNP-
based trees, which supports the presence of an admixture zone in the Java Sea and the Strait of
Malacca within the Pacific Ocean. This finding is consistent with the ADMIXTURE and

TreeMix analysis reported in chapter 3.

4.5 Conclusion

In this study, both genome-wide single nucleotide polymorphism (SNP) and presence-absence
variant (PAV) loci datasets were used to determine the evolutionary relationships of Indo—
Pacific P. monodon and validate sister taxa relationships of species within the Penaeidae. SNP-
and PAV-based NJ, ML, and BI phylogenetic analyses in the present study confirm the
monophyletic structure of P. monodon, as well as the position of six sister taxa to P. monodon.
Both SNP- and PAV-based phylogeographic structures of Indo-Pacific P. monodon revealed
that Indo-Pacific P. monodon appear to be divided into two lineages: 1) Indo-Polynesian
(containing Sri Lanka, Southeast Asia, Australia, and Fiji) and 2) Western Indian Ocean
(containing Kenya and South Africa). All ML, BI, NJ trees identified the WIO P. monodon
populations as ancestral to the Indo-Polynesian P. monodon, with Sri Lankan P. monodon
being a transition zone between these geographic regions. Future studies should consider
undertaking a comprehensive sampling of wild P. monodon within the Indian Ocean in order
to increase the resolution of the phylogeographic structures reported here and elucidate the
degree of and potential reasons for genetic divergence among populations within the Indian

Ocean.
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Chapter 5. Development of a global SNP resource for diversity,
provenance, and parentage analyses in the Indo-Pacific giant black

tiger shrimp (Penaeus monodon)

5.1 Introduction

The giant black tiger shrimp (Penaeus monodon) is an important aquaculture and fishery
species and is the second most farmed Penaeid shrimp species globally. Between 2010 and 2018
P. monodon farm production increased from 562,900 to 750,000 tonnes; however, its overall
proportion of global crustacean aquaculture has decreased over this time period from 10% to
8% (FAOQ, 2020). This observed trend is mostly attributed to the comparatively large increase
in farm production of whiteleg shrimp (Litopenaeus vannamei), which more than doubled from
2,648,500 tonnes in 2010 to 4,966,200 tonnes in 2018 (FAO, 2020). The rapid growth of the
global L. vannamei industry has been attributed, in large part, to the success achieved in the
domestication, selective breeding, and translocation (i.e., introduced to Asia) of this species
(Briggs, 2005; Moss et al., 2012). In contrast, the increase in P. monodon is limited by the lack
of genetically improved stocks, inconsistent seedstock quality, and/or numerous devastating
disease outbreaks (Guppy et al., 2020; Nguyen et al., 2020). Consequently, research priorities
within the P. monodon industry are now focusing on the development of breeding programs to
address these issues and increase overall production. Access to informative genetic marker
suites is an integral resource for breeding programs as well as fisheries since they permit: 1)
accurate assessment of genetic diversity in wild and farmed populations, 2) accurate tracing of
broodstock/individuals back to their source population, 3) accurate parentage assignment

throughout the hatchery and production systems

The giant black tiger shrimp (Penaeus monodon) is widely distributed throughout the
Indo-Pacific from the Eastern coast of Africa, the Arabian Peninsula, Southeast Asia, the North
Pacific Ocean, South Pacific islands, and Australia (Alfaro-Montoya et al., 2015; Brooker et
al., 2000; Wagqairatu et al., 2012). As an important aquaculture species, P. monodon has been
introduced to establish new aquaculture products in many countries outside their natural
distribution, including Americas (e.g., USA, Ecuador, Costa Rica, Colombia, Brazil; (Funge-

Smith & Briggs, 2003; Wakida-Kusunoki et al., 2016)) and West Africa (Zink et al., 2018). The
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introduction or importation of wild P. monodon broodstock is also commonly practised among
the major producing countries in Southeast Asia because local supplies are insufficient and
domestication technology has not yet been commercially developed (FAO, 2005-2021). The
escape of P. monodon individuals from aquaculture farms has been reported in several countries
(Xu et al., 2001; Aguirre-Pabon et al., 2015; Alfaro-Montoya et al., 2015; de Souza Junior et
al., 2015; Sandoval et al., 2014), which led to detectable genetic changes in wild populations
(Xu et al., 2001; de Souza Junior et al., 2015; Sandoval et al., 2014; Zink et al., 2018). Taken
together, new genetic tools are needed for monitoring genetic diversity, population traceability
(i.e., provenance), and parentage assignment (i.e., pedigree) within and among global Indo-

Pacific P. monodon populations.

Over the past few decades, there have been major advances in the genetic tools available
for aquaculture and fishery management that have led to significant improvements in efficiency
(Robledo et al., 2018). Single nucleotide polymorphisms (SNPs) have recently become the
predominant molecular markers utilized in aquaculture research (e.g., genotyping) because they
are the most prevalent type of polymorphism throughout the genome, exhibit co-dominant
inheritance, and permit low-cost genotyping per locus (Flanagan & Jones, 2019; Wenne, 2018;
Zenger et al., 2019). Following genome-wide SNP genotyping (e.g., Chapter 3), informative
marker subsets (i.e., panels) can be identified for rapid, robust, and cost-effective use in
diversity, provenance, and/or pedigree determination (Dierens et al., 2014; Guppy et al., 2020;
Henshall et al., 2014; Sellars et al., 2014). For example, Duarte et al. (2013) reported that the
cost of genotyping pigs with a high-density commercial SNP panel (» = 60,000) was more than
twice that of genotyping the same individuals with a low-density commercial SNP panel (n =
9,000). One way to reduce SNP genotyping costs is to utilize low-density SNP panels (n <
10,000) instead that have the same analytical power in associated genetic analyses (Kriaridou
et al., 2020; Saint-P¢ et al., 2019; Sukhavachana et al., 2021). For example, Kriaridou et al.
(2020) showed that similar results of genetic selection were obtained when a low-density SNP
panel (n = 1,000 — 2,000) was compared to a high-density SNP panel (ranging from 12,000 —
27,000 SNPs) across four aquaculture species (S. salar, Cyprinus carpio, Sparus aurata, and

Crassostrea gigas).

Determination of diversity, provenance, and pedigree are the three most commonly
implemented analyses within aquaculture systems (Holman et al., 2017; Robledo et al., 2018;
Symonds et al., 2019). Genetic diversity evaluations of wild populations are of key importance

when developing sustainable breed improvement strategies because high genetic diversity
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within founder/base populations is essential (D’ambrosio et al., 2019; Lind et al., 2019;
Mastrochirico-Filho et al., 2019). The fine-scale and broad-scale genetic diversity of Australian
and Indo-Pacific populations have been examined using more than ten thousand high-quality
SNP markers (Chapter 3 and 4), respectively; however, use of this entire dataset as a high-
density SNP panel (n = 10,593; Chapter 4) would not be cost-effective for commercial
applications as it contains more than the minimum number of markers required for accurate
genetic diversity determination. Provenance determination is necessary for monitoring the
source of aquaculture stocks, assessing impacts of farm escapees on wild stocks, and allow
testing of marketed origin labels on products for food quality and safety purposes (Leal et al.,
2015; Ogden, 2011). For example, low-density SNP panels (n = 58 and 94) have recently been
demonstrated to provide cost-effective and reliable provenance determination in, for example,
Florida bass Micropterus floridanus (Zhao et al., 2018) and Atlantic salmon S. salar (Holman
et al., 2017), respectively. Pedigree determination minimizes inbreeding and improves breeding
value estimates, which collectively allow for better decisions in selective breeding programs
(Nazari & Pourkazmi, 2021; Xu et al., 2017). Accurate pedigree determination also allows
fishery managers to track broodstock sources, minimize broodstock inbreeding, and estimate
insightful genetic parameters (Liu et al., 2016), which are all especially important when
broodstocks are sourced from the wild. In a review of 58 publications that used SNP-based
parentage analyses, Flanagan and Jones (2019) concluded that a relatively small number of SNP
markers (e.g., 100 —500) could completely resolve pedigree in most situations. For P. monodon,
two low-density SNP panels (n =112, (Sellars et al., 2014); and n = 4,194, (Guppy et al., 2020))
have been developed for pedigree analysis; however, these panels were designed for utilization
within the Australian industry only. To date, no low-density SNP panels have been identified
that permit diversity, provenance, and/or pedigree determination in all Indo-Pacific P. monodon
populations despite the industry desire for advanced selective breeding programs, ability to

accurately trace the source of commercial products, and robust analysis standards.

Using the previously described Indo-Pacific P. monodon DArTseq™ SNP dataset
(Chapter 4) this chapter identified low-density SNP panels that permit accurate diversity,
provenance, and pedigree determination within and among all Indo-Pacific P. monodon
populations. Low-density SNP panels were targeted to minimize costs associated with
sequencing (e.g., fewer reactions; (Gebrehiwot et al., 2021; Herry et al., 2018; Song & Hu,
2021) and computation (e.g., quality assurance (QA), quality control (QC), and analyses;

(Dominik et al., 2021) as well as potentially provide the following long-term advancements to
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the Indo-Pacific P. monodon aquaculture industry: 1) improved consistency in SNP genotype
data across global studies (e.g., direct comparison across common SNP panels as opposed to
indirect comparison between uncommon SNP panels or between SNP and microsatellite
panels), 2) development of a global reference database of genotypes collected from wild and
farmed populations without the need for additional and expensive genome-wide sequencing,
and 3) establishment of robust global genetic diversity, provenance, and pedigree analysis
standards. This study identified discrete low-density SNP panels for provenance and pedigree
determination because provenance determination benefits from using SNP markers with high
population differentiation while pedigree determination benefits from using SNP markers with
high minor allele frequencies (Anderson, 2010; Heaton et al., 2014; Holman et al., 2017; May
et al., 2020). The identified low-density SNP panels for diversity (n» = 1) and provenance (n =
1) determination were tested for accuracy using the previously described high-quality Indo-
Pacific P. monodon SNP dataset (n =10,593; Vu, et al., 2021) while the low-density SNP panels
for region-specific pedigree determination (n = 3) were tested in silico using the larger raw

Indo-Pacific P. monodon SNP dataset (n = 133,929; Vu, et al., 2021).

5.2 Methods

5.2.1 Tissue sample collection and genomic DNA extraction

The giant black tiger shrimp P. monodon is widely distributed throughout the Indo-Pacific
region, spanning from Fiji in the central Pacific, throughout Australia, Southeast Asia, and India
to the Southwestern coast of the African continent (Figure 5.1). This study obtained a low
coverage ddRAD genotype by sequencing (DArTseq™; n = 131,929) for each of 520 P.
monodon individuals from 16 discrete Indo-Pacific Ocean locations (Figure 5.1, Table 3.1) as
described in Chapter 3. The information of sampling locations, numbers of individuals, and
coordinates for each sampled Indo-Pacific Penaeus monodon population were described in
Chapter 3. These samples did not cover the entire global distribution of P. monodon, however,
because I was unable to get P. monodon samples from the North Pacific Ocean (e.g., China,

Taiwan, and Japan).

93



o
v

Latitude

0 50 100 150
Longitude

Figure 5.1 Sampling sites and the known distribution of Indo-Pacific Penaeus monodon
(modified from Kongkeo (2005-2020)) sourced in this study. FJ: Fiji; Eastern Australia (EA;
BB: Bramston Beach, EB: Etty Bay; TSV: Townsville); Northern Australia (NA; GC: Gulf
of Carpentaria, JBG: Joseph Bonaparte Gulf, TIW: Tiwi Island); Western Australia (WA);
Vietnam (VN; CMVN: Ca Mau, NTVN: Nha Trang); PHI: Philippines; INDO: Indonesia;
THL: Thailand; SLK: Sri Lanka; KE: Kenya; SA: South Africa. Map generated using R
version 4.0.3.

5.2.2 SNP genotyping and quality control

Raw SNP sequence data (n = 131,929) was obtained from DArT after initial SNP calling but
without filtering by proprietary analysis pipelines (DArTsoft). Due to the five discrete SNP
panels needed for genetic diversity (n = 1), provenance (n = 1), and parentage assignment (n =
3) the raw SNP dataset was subjected to two independent filtering approaches, each of which

used custom dartQC python scripts (available at https://github.com/esteinig/dartqc; Figure 5.2).

Full details regarding how the high-quality SNP dataset (» = 10,593) was obtained for each
Indo-Pacific P. monodon (n = 520) from the raw DarTseq™ dataset can be found in Chapter 3

and below (Sections 2.3. -2.5).
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Figure 5.2 SNP filtering workflow from raw (n = 131,929) to SNP panels for determining
genetic diversity, provenance, and pedigree analyses of Penaeus monodon. MAF: minor
allele frequency, Ar: mean allelic richness, Ho: mean observed heterozygosity, Hg: mean
expected heterozygosity, Fisr: pairwise population difference value.

5.2.3 Diversity SNP panel

Diversity SNP panel for Indo-Pacific P. monodon was based on targeting SNPs with the most
informative and repeatable loci for allele frequency determination (i.e., lowest missing data;
(Fu et al., 2014)). Furthermore, unbiased SNP allele frequencies were required to reflect the
original high-density SNP dataset (Chapter 4) allele frequency spectrums in each population.
To identify a robust and broadly applicable diversity SNP panel the high-quality SNP dataset
for Indo-Pacific P. monodon (n = 10,593; Chapter 4) was mined. In brief, the raw DArTseq™
dataset (n = 131,929 SNPs) obtained for each Indo-Pacific P. monodon individual collected

from 16 discrete Indo-Pacific sampling sites (n = 532 total) was initially filtered using custom
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dartQC python scripts (read counts < 7, average repeatability < 90%, call rate < 80%, retention
of one SNP from sequence similarity clustering at > 0.95, and MAF < 0.02). The remaining
SNPs (n = 12,415) and individuals (n = 520) were tested for linkage disequilibrium (LD; r* >
0.2) and deviation from Hardy—Weinberg equilibrium (HWE), which yielded a high-quality
SNP dataset consisting of 10,593 SNPs for each retained P. monodon individual (n = 520; 12
individuals removed due to high missing data). Given missing data introducing a large bias in
the estimation of allelic richness (Fu et al., 2014), the high-quality SNP dataset (n = 10,593)
was then filtered for the most informative and repeatable loci by removing all those with
missing data < 2% per SNP to identify the final diversity SNP panel (n = 2,155 SNPs; Figure
5.2).

To confirm the minimum number of SNP markers necessary for accurate and consistent
genetic diversity determination three smaller subsets (» = 1,500, n = 1,000, and n = 500) were
populated with randomly selected loci from the full diversity SNP panel (Figure 5.2). All four
subsets were then used to estimate minor allele frequency (MAF) distribution and genetic
diversity factors for all Indo-Pacific P. monodon individuals and populations (n = 520, n = 16
respectively) to compare: 1) MAF distribution metrics, 2) genetic diversity metrics, and 3)

population genetic differentiation metrics.

For consistency, this study used the same genetic diversity metric estimation
methodology described in Chapter 3 to estimate genetic diversity factors. In brief, the R package
adegenet (Jombart, 2008) was used to calculate MAF for each of the full diversity SNP panel
and its three subsets while key diversity estimates (Ho, Hg, and F;s) were computed for each of
the four panel/subsets using the divBasic function of R package diveRsity version 1.9.90
(Keenan et al., 2013) with 1,000 bootstrap replicates. HP-RARE version 1.1 (Kalinowski, 2005)
was used to calculate allelic richness (Ar) for each of the four panel/subsets using rarefaction
to avoid sampling size bias while pairwise genetic differentiation values (Fs7) and their
significance between populations were calculated for each of the four panel/subsets according
to Wright (1949) and Weir and Cockerham (1984) using the R package StAMPP version 1.5.1
(Pembleton et al., 2013).

The full diversity SNP panel and its three subsets were then assessed against the entire
high-quality SNP dataset (n = 10,593; Chapter 3) using discrete Pearson correlations, which
were each calculated using the R package ggpubr (Kassambara, 2018) to ensure that key
diversity estimates were not skewed. Heterogeneity was also assessed between each of the full

diversity SNP panel and its three subsets, and the entire high-quality SNP dataset (n = 10,593)
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based on p-values from discrete Cochran's Q-tests (Cochran, 1954) determined using the R

package nonpar (Sweet, 2020).

5.2.4 Provenance SNP panel

Provenance determination for Indo-Pacific P. monodon was based on targeting SNP markers
with high population differentiation capability (Anderson, 2010; May et al., 2020). Similar to
the diversity SNP panel, the provenance SNP panel was also identified from the high-quality
SNP dataset (n = 10,593; Chapter 4). Following initial filtering, pairwise genetic differentiation
values (F'st) were calculated for each SNP in the entire high-quality dataset (» = 10,593) using
basic.stats in the R package hierfstat version 0.5.7 (Goudet, 2005). Three subsets were then
identified: 1) outlier SNPs using two independent population differentiation (PD) approaches:
BayeScan version 2.1 (Foll, 2012; Foll & Gaggiotti, 2008) and R package PCAdapt (Luu et al.,
2017) as described in Chapter 3; 2) SNPs that captured population structure in Principal
Component Analysis (PCA) using Discriminant Analysis of Principal Components (DAPC) in
the R package adegenet version 2.1.1 (Jombart, 2008); and 3) private alleles using HP-RARE
version 1.1 (Kalinowski, 2005). The final provenance SNP panel was determined by merging
all three subsets together, removing all duplicate loci, and removing all SNPs with pairwise Fsr

value <0.1.

The first provenance test involved two independent analyses to determine the
effectiveness of the identified provenance SNP panel for tracing individuals back to their
original population with and without a priori assumptions. First, each P. monodon individual
was assigned to one of the seven previously determined Indo-Pacific genetic clusters (i.e., with
a priori population assumptions; Chapter 4) using DAPC analysis based on the entire
provenance SNP panel (Figure 5.2) in the R package adegenet version 2.1.3 (Jombart, 2008).
The seven Indo-Pacific genetic clusters identified in Chapter 3 were: 1) Fiji (FJ); 2) Eastern
Australia (EA; containing BB: Bramston Beach, EB: Etty Bay, and TSV: Townsville); 3)
Northern Australia (NA; containing GC: Gulf of Carpentaria, JBG: Joseph Bonaparte Gulf,
TIW: Tiwi Island); 4) Western Australia (WA); 5) Southeast Asia (SEA; containing CMVN:
Ca Mau, NTVN: Nha Trang, PHI: Philippines, INDO: Indonesia, and THL: Thailand ); 6) Sri
Lanka (SLK); and 7) West Indian Ocean (WIO; containing KE: Kenya, SA: South Africa).
Second, each individual was assigned to one of the 16 sampling locations (Figure 5.1) based on

individual genomic relationships (i.e., without a priori population assumptions) using the R
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package NetView pipeline (Neuditschko et al., 2012; Steinig et al., 2016) with multiple K-
nearest neighbor (kNN) values between 10 and 100.

The second provenance test utilized a Monte Carlo analysis to determine the
effectiveness of the identified provenance SNP panel for tracing individuals back to their
original basin (either Pacific Ocean: PO or Indian Ocean: 10), original region (one of seven
genetic clusters; Chapter 4), and original sampling location (one of eight PO genetic units or
one of three IO genetic units) using the R package assignPOP v1.2.2 (Chen et al., 2018). The
PO basin contained 13 populations (FJ, BB, EB, TSV, GC, JBG, TIW, WA, PHI, CMVN,
NTVN, INDO, THL; n =459 total; Table 3.1) from five genetic clusters (FJ, EA, NA, WA, and
SEA; Chapter 4), which were divided into eight genetic units for population traceability
analyses: 1) FJ, 2) EA (containing BB, EB, and TSV), 3) NA (containing GC, JBG, TIW), 4)
WA, 5) PHI, 6) VN (containing CMVN and NTVN), 7) INDO, and 8) THL. The IO basin
contained three populations (SLK, KE, and SA; n = 66 total) from two genetic clusters (SLK
and WIO; Chapter 4), which were divided into three genetic units for provenance analyses: 1)
SLK, 2) KE, and 3) SA. To assess ocean basin traceability, 5 - 10 individuals from each of the
PO populations were randomly selected (n = 99 total) and 15 individuals from each of the 10
populations were randomly selected (n = 45 total). To assess region traceability, 30 individuals
were randomly selected from the FJ, EA, NA, SEA, and WIO clusters while 19 and 22
individuals were selected from the SLK and WA clusters due to their lower sample size,
respectively. To assess sampling location traceability, 30 individuals were randomly selected
from each PO unit except WA and PHI, which included all individuals (» = 22 and 12),

respectively (n = 214 total) while all individuals were selected from each 10 unit (n = 66 total).

The Monte Carlo analysis in the R package assignPOP v1.2.2 (Chen et al., 2018) was
based on Monte Carlo cross-validations (the function assign. MC) followed by PCA to evaluate
assignment accuracy and membership probabilities. To determine the minimum number of SNP
markers necessary for accurate and consistent provenance analysis, I tested for three
proportions of individuals in the training group (50%, 70%, and 90%) and fourth different
proportions of loci ranked in decreasing Fsr values (25%, 50%, 75%, and 100%) for three levels
of population assignment in this study. Each traceability test was replicated 30 times with the

support vector machine (SVM) model used to build predictive models.
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5.2.5 Pedigree SNP panels

Pedigree determination for Indo-Pacific P. monodon was based on targeting SNP markers with
high probability of exclusion (PE) (Liu et al., 2017) and MAF (Heaton et al., 2014; Holman et
al., 2017; May et al., 2020) values (i.e., across and within all populations) thus assignment
accuracy increases when both values increase. Unlike the diversity and provenance SNP panels,
the pedigree SNP panels were identified from the raw DArTseq dataset (n = 131,929 SNPs) for
each Indo-Pacific P. monodon individual except those from the PHI population (n = 12
individuals removed). Retained Indo-Pacific P. monodon individuals (n = 508 total) were
separated into three genetic groups (PO, SLK, and WIO) based on the genetic divergence
reported in Chapter 3. The PO group contained 12 populations (FJ, BB, EB, TSV, GC, JBG,
TIW, WA, CMVN, NTVN, INDO, THL; n =447 total; Table 3.1), which were divided into the
following seven genetic units for pedigree analyses: 1) FJ, 2) EA (containing BB, EB, and
TSV), 3) NA (containing GC, JBG, TIW), 4) WA, 5) VN (containing CMVN and NTVN), 6)
INDO, and 7) THL (Table 5.2). The SLK group contained only one population (SLK, » = 19;
Table 3.1), which was considered its own genetic unit (SLK) for pedigree analyses (Table 5.2).
The WIO group contained two populations (KE and SA, n = 47 total; Table 3.1), which were
grouped into one genetic unit (WIO) for pedigree analyses (Table 5.2).

Initial filtering was run independently for the PO, SLK, and WIO groups using custom
dartQC python scripts (available at https://github.com/esteinig/dartqc). First, genotype

silencing was conducted where a genotype call made with < 7 read counts was silenced to
minimise potential genotyping errors followed by removal of all SNPs with an average
repeatability < 90% and call rate < 98%. SNPs with minor allele frequency (MAF) < 0.1 were
then removed from PO group individuals while SNPs with MAF < 0.28 were removed from
SLK and WIO group individuals (Table 5.2). All retained SNPs were then subjected to a quality
control filter to ensure linkage disequilibrium (LD; r*> > 0.2) and Hardy-Weinberg equilibrium
(HWE). Finally, CD-HIT was utilised to cluster the allele sequences of all retained SNPs with
95% sequence identity, of which only the SNP with the highest MAF was retained. This
filtering pipeline retained 4,731 SNPs, 7,110 SNPs, and 7,893 SNPs for the PO, SLK, and WIO
groups, respectively (Figure 5.2; Table 5.2).

Following these initial filtration steps, metrics including MAF, expected heterozygosity
(HE), observed heterozygosity (Ho), and missing data per SNP were calculated for each genetic

unit (n = 10; Table 5.2) using the R package adegenet (Jombart, 2008). All monomorphic loci,
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SNPs with call rate < 0.95, and SNPs with MAF < 0.1 (PO group) or MAF < 0.28 (SLK and
WIO groups) were then removed from each genetic unit. Of note is that the MAF threshold
used for the PO group was lower than that used for SLK and WIO groups because this resulted
in each genetic group having a similar number of SNP markers in their pedigree SNP panel.
Given that the PO and WIO groups contained multiple genetic units (n =7 and 2), respectively,
the retained SNPs from each genetic unit were merged to create one pedigree SNP panel for
each group. This identified 218, 433, and 233 SNP markers for the PO, SLK, and WIO genetic
groups, respectively (Table 5.2). These SNP markers were then tested for LD (r*> > 0.2) using
PLINK 1.9 (Purcell et al., 2007) and population-level deviation from HWE using Arlequin
version 3.5 (Excoffier et al., 2005) before running an exact test with 10,000 steps in the Markov
Chain and 100,000 dememorizations (Figure 5.1). For SNP pairs in LD, the SNP with the lower
call rate value was removed. Likewise, if a SNP significantly deviated from HWE in all
populations (p < 0.0001) it was removed from further analyses. This identified the final
pedigree SNP panel for the PO, SLK, and WIO groups (n = 217, 226, and 220), respectively
(Figure 5.2).

Indo-Pacific P. monodon individuals from across the PO, SLK, and WIO groups (n =
508) were then used as the theoretical broodstock (FO) for in silico validations. Given the close
genetic relatedness between KE and SA (Chapter 4) these two populations were merged
together into one WIO unit for in silico validations. In order to determine the number of SNP
markers required to confidently determine pedigree for individuals within a theoretical P.
monodon breeding program, 508 individuals were divided into nine genetic units (seven PO,
one SLK, and one WIO) and progeny genotypes were simulated in silico independently for each
genetic unit. A total of 18 individuals (least common denominator) were then randomly selected
from each of the nine genetic units and set as candidate parents (FO) used to simulate F1
generation genotypes. These 18 individuals were randomly assigned as nine sires and nine dams
and randomly paired at a 1:1 ratio to create 18 unrelated full-sib families containing 100 F1
progenies each. Progeny genotypes were simulated in silico based on parental genotypes

(Massault et al., 2021) or using custom R scripts (Appendix 5.1).

To confirm the accurate determination of parent-offspring pairs over multiple
generations, the EA genetic unit was used to simulate 10 generations (F1 to F10) using only 30,
35, 40, and 50 randomly selected SNPs from the PO pedigree SNP panel (n = 217; Figure 5.2).
To simulate progeny genotypes across 10 generations, a pool of 50 progenies were randomly

selected from the previous generation (starting with F1 progenies from the initial simulation),
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randomly assigned as sires or dams (n = 25 each), and randomly paired at a 1:1 ratio, and then
simulated out to generation F10. Each single-pair family produced 100 progenies for the
subsequent generation and pedigree records were retained. The simulation of progeny
genotypes over these 10 generations were replicated 10 times with all computations undertaken

using custom R scripts (Appendix 5.1).

In silico simulated datasets were then assessed for pedigree determination accuracy
using exclusion- and likelihood-based approaches in CERVUS version 3.0.7.7 (Kalinowski et
al., 2007). To assign parent-pairs to progenies, CERVUS uses multi-locus parental exclusion
probabilities and pairwise likelithood, which consists of three continuous modules: (1) allele
frequency analysis, (2) simulation of pedigree analysis, and (3) pedigree analysis. For the
exclusion-based approach, CERVUS was used to determine the ability of polymorphic SNP
markers to distinguish first-degree relatives based on probability of exclusion (PE) calculations.
These PE calculations were performed in the first CERVUS module using multiple (n = 14)
incremental SNP marker subsets (n =5, 10, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, and 100),
which were each generated ten times (i.e., 10 replicates), to test three independent scenarios for
each of the three pedigree SNP panels (Figure 5.2). Scenario 1 (PE1) calculated PE for each
incremental SNP marker subset derived from the PO, SLK, and WIO pedigree SNP panels (n
=217, 226, and 220), respectively, following manual high-to-low MAF-ranking. Scenario 2
(PE2) calculated PE for each incremental SNP marker subset derived from the PO, SLK, and
WIO pedigree SNP panels (n = 217, 226, and 220), respectively, following random MAF-
ranking by R package dplyr version 1.0.7 (Wickham et al., 2021). Scenario 3 (PE3) calculated
PE for each incremental SNP marker subset derived from the filtered polymorphic datasets
(MAF <0.01 and missing data per SNP > 5%) for each of the nine genetic units (FJ, n = 1,129;
EA, n=1,472; NA, n = 1,732; WA, n = 1,026; VN, n = 1,955; INDO, n = 1,933; THL, n =
1,585; SLK, n = 2,668; and WIO, n = 1,287; Table 5.2) following random MAF-ranking by R
package dplyr version 1.0.7 (Wickham et al., 2021).

The likelihood-based approach was also undertaken in CERVUS version 3.0.7.7
(Kalinowski et al., 2007) using multiple (n = 14) incremental SNP marker subsets (n =5, 10,
15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, and 100) of PO, SLK, and WIO pedigree SNP panels,
which were each generated five times (i.e., five replicates) by R package dplyr version 1.0.7
(Wickham et al., 2021). More specifically, CERVUS calculates the pairwise parentage
likelihood of each progeny with each possible dam, sire and parent-pair trio at each SNP to

determine the threshold log-likelihood (LOD) scores for the true parental pair by simulating the
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parents and progeny. Candidate sires and dams were set to25 each and the proportion of
candidate parents were set to 100% with the proportion of loci typed derived from allele
frequency analysis. A total of 10,000 offspring simulations were run for each tested population
with a default genotyping error rate of 0.01 and default confidence levels set to 95% and 80%
for strict and relaxed confidence, respectively. Lastly, the pedigree analysis module assigned
the most likely candidate parent-pair to each offspring tested with a pre-determined population

wide assignment confidence set to 95% for strict confidence.

5.2.6 Genomic distribution of SNP panels

All five SNP marker panels (Figure 5.2) were assessed individually and together (n = 3,433
common SNP markers) for their location within the chromosome-scale genome assembly of P.
monodon (Uengwetwanit et al., 2021) using Geneious Prime version 2021.2.2 (Kearse et al.,
2012) with a maximum E-value of 10~. Contigs within the P. monodon reference genome that
exhibited > 93% pairwise identity and grade > 80% with each queried SNP sequence (69 base

pairs) were compiled and reported (including chromosomal distribution).

5.3 Results

5.3.1 Diversity SNP panel

Filtering of the previously reported high-quality SNP dataset (n = 10,593) for Indo-Pacific P.
monodon (Chapter 4) removed 8,438 SNPs (79.7%) due to missing data per SNP > 2%. This
yielded a diversity SNP marker panel that consisted of 2,155 SNPs with call rate per SNP >
98% and per individual > 88.9% for each retained P. monodon individual (n = 520; Figure 5.2).

Cochran's Q-test demonstrated that MAF distribution across all 11 frequency categories
(MAF < 0.05 to MAF = 1) did not differ significantly (p-value = 1) between the entire SNP
dataset (n = 10,593) and the full diversity SNP panel (n = 2,155) or any of the three smaller
diversity subsets (1,500 SNPs, 1,000 SNPs, and 500 SNPs; Figure 5.3A). This consistency
between the entire SNP dataset (n = 10,593; Chapter 4), full diversity SNP panel (n = 2,155),
and all three smaller diversity subsets (1,500, 1,000, and 500 SNPs) was further supported by
significant pairwise Pearson correlations (R = 1, p < 0.00001; Figure 5.3B-E).
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Figure 5.3. (A) Comparison of MAF fraction between the entire dataset (n = 10,593 SNPs),
the full diversity SNP panel (n = 2,155), and the three smaller genetic diversity subsets (n =
1,500, 1,000, and 500) across sampled Indo-Pacific Penaeus monodon individuals (n = 520).
(B-E) Pearson correlations between the MAF of fraction determined for each Indo-Pacific

population using entire SNP dataset (n = 10,593; Chapter 4) and the full diversity SNP panel
(B), 1,500 SNP marker subset (C), 1,000 SNP marker subset (D), and 500 SNP marker subset

(E).
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Mean Ar per population estimated with the entire dataset (n = 10,593; Chapter 4) was
significant correlated with the mean Ar per population estimated with the full diversity SNP
panel (n =2,155; R =1; p < 0.00001; Figure 5.4A) and the smallest diversity SNP panel (n =
500; R =0.99; p < 0.0001; Figure 5.4B). Mean Ho per population estimated with the entire
dataset (n = 10,593; Chapter 4) was significant correlated with the mean Ar per population
estimated with the full diversity SNP panel (n = 2,155; R = 1; p < 0.00001; Figure 5.4C) and
the smallest diversity SNP subset (n = 500; R = 0.99; p < 0.0001; Figure 5.4D). Mean Hg per
population estimated with the entire dataset (n = 10,593; Chapter 4) was significant correlated
with the mean Ar per population estimated with the full diversity SNP panel (n = 2,155; R =
0.9; p < 0.00001; Figure 5.4E) and the smallest diversity SNP subset (n = 500; R =0.9; p <
0.0001; Figure 5.4F). Of note is that mean Hg values of the WIO populations (containing KE
and SA) dropped from 0.1 when estimated based on the entire SNP dataset to 0.03 when
estimated based on the four diversity SNP subsets (Table 5.1). The lowest accuracy of diversity
determination (i.e., highest standard error) was observed for the smallest diversity SNP subset
(n=1500; Table 5.1).

Mean Fis values were 0.06, 0.07, 0.06, 0.07, 0.07, 0.07, 0.08, -0.06, 0.01, 0.08, 0.10,
0.09, 0.03, and 0.09 for the FJ, BB, EB, TSV, GC, IBG, TIW, WA, PHI, NTVN, CMVN,
INDO, THL, and SLK populations when estimated based on the entire dataset (n = 10,593;
Chapter 4) and 0.01, 0.01, 0.01, 0.03, -0.04, 0.02, 0.03, and 0.02 when estimated based on the
full diversity SNP panel (n = 2,155) whereas both WIO populations (KE and SA) exhibited
substantial reductions in mean Fjs values when based on the entire dataset (0.8 and 0.78)
compared to the full diversity SNP panel (0.03 and 0.02), respectively (Table 5.1). Fis values
estimated based on the three small diversity SNP subsets (n = 1,500, 1,000, and 500) were
variable within locations depending on the panel in a comparison with agreeable with the full
diversity SNP panel (n = 2,155). Lastly, Mantel correlograms revealed strong correlations
between pairwise Fsr estimates based on the entire SNP dataset (n = 10,593) and pairwise Fisr
estimates based on the full diversity SNP panel (r* = 0.9996, p < 0.001; Figure 5.5A) as well
as all three smaller diversity subsets consisting of 1,500 SNPs (r*> = 0.9995, p < 0.001; Figure
5.5B), 1,000 SNPs (r* = 0.9991, p < 0.001; Figure 5.5C), and 500 SNPs (r* = 0.9985, p < 0.001;
Figure 5.5D).
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Figure 5.4 Pearson correlations between the entire SNP dataset (n = 10,593; Vu, et al., 2021)
and the full diversity SNP panel (n = 2,155) and the 500 SNP marker subset for mean allelic
richness (Ar;panels A and B), mean observed heterozygosity (Ho; panels C and D), and mean

expected heterozygosity (Hg; panels E and F), respectively.
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Table 5.1 Genetic diversity indices (mean + SE) for the sixteen Indo-Pacific Penaeus monodon populations used assessed all five SNP marker
panels/subsets. Fiji (FJ), Eastern Australia (BB, EB, and TSV), Northern Australia (GC, JBG, and TIW), Western Australia (WA), (5) Vietnam
(CMVN and NTVN), Indonesia (INDO), Thailand (THL), Sri Lanka (SLK), Kenya (KE), and South Africa (SA).

djijl:)e ¢ FJ BB EB TSV GC JBG TIW WA PHI NTVN CMVN INDO THL SLK KE SA
Allele richness (Ar)

10593 139+ 149+ 148+ 149+ 154+ 154+ 155+ 146+ 149+ 158+ 1.61+ 1.62+ 154+ 149+ 111+ 110+
0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.005 0.004 0.004 0004 0.004 0.004 0.005 0.003 0.003

2155 134+ 143+ 143+ 143+ 147+ 147+ 148+ 139+ 144+ 150+ 155+ 155+ 147+ 144+ 112+ 1.11=
0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.011 0.009 0.009 0.009 0.010 0.010 0.007  0.006

1500 133+ 142+ 142+ 141+ 146+ 145+ 146+ 137+ 143+ 150+ 1.54+ 155+ 147+ 144+ 113+ 112+
0.011 o0.011 0.011 0.011 o0.011 0.011 0.011 0012 0.013 0.011 0.010  0.010 0.012 0.012  0.008  0.008

1000 133+ 142+ 143+ 142+ 146+ 146+ 147+ 138+ 143+ 150+ 1.54+ 155+ 147+ 143+ 111+ 110+
0.014 0.013 0.014 0.014 0.014 0.013 0.013 0.014 0.0l6 0014 0.013 0.013 0.015 0014 0.010 0.009

500 131+ 141+ 142+ 141+ 146+ 146+ 147+ 140+ 140+ 150+ 153+ 154+ 147+ 144+ 111+ 110«
0.019 0.018 0.019 0.020 0.019 0.019 0.018 0.020 0.022 0.020 0.018 0.018 0.020 0.020 0.014 0.013
Observed heterozygosity (Ho)

10593 011+ 0.12« 0.12« 0.12+ 0.13+ 0.13+ 0.13+ 0.14+ 0.14+ 0.15« 0.15+ 0.15+ 0.15+ O0.11+ 0.02+ 0.02+
0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.001 0.001

2155 0.10+ 0.10+ 0.10= 0.10= O0.11« O0.11+ 0.12« 0.11+ 011« 0.13+ 0.13+ 0.13+ 0.13+ 0.10= 0.03+ 0.03«+
0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.002 0.002

1500 0.09+ 0.10+ 0.10= 0.10= O0.11« 0.11« 0.11« 0.10 0.11« 0.13+ 0.13+ 0.13+ 0.13+ 0.10= 0.03+ 0.03=+
0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.002 0.002

1000 0.10+ 0.10 0.10= 0.10= O0.11« O0.11« 0.11« 0.10 0.11« 0.13x 0.13+ 0.13+ 0.13+ 0.10= 0.03+ 0.03=+

0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.003 0.003
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500 0.09+ 009+ 009+ 009+ 0.11+ 0.11+ 0.11+ 0.10£ 0.11+ 0.12+ 0.13+ 0.13+ 0.13+ 0.10 0.03+ 0.02«+
0.007  0.007  0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.004  0.004
Expected heterozygosity (Hg)
10593 0.12+ 0.13+ 0.13+ 0.13+ 0.14+ 0.14+ 0.14+ 0.13+ 0.14+ 0.16+ 0.16x 0.17+ 0.16+ 0.12+ 0.10£ 0.10+
0.002  0.002 0.002 0.002  0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002  0.002  0.002 0.003 0.003
2155 0.10+ 0.10 0.10 0.10+ 0.11+ O0.11« 0.12+ O0.11+ 0.11+ 0.13+ 0.13+ 0.13+ 0.13+ 0.10 003+ 0.03+
0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.004  0.003 0.002 0.002
1500 009+ 0.10+ 0.10+ 0.10+ 0.11+ 0.11« 0.11+ 0.10x 0.11+ 0.13+ 0.13+ 0.13+ 0.13+£ 0.10 003+ 0.03+
0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004  0.004 0.002 0.002
1000 0.10+ 0.10 0.10 0.10+ 0.11+ 0.11+ 0.11+ 0.10x 0.11+ 0.13+ 0.13+ 0.13+ 0.13+ 0.10 003+ 0.03+
0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005  0.005 0.003 0.003
500 009+ 009+ 009+ 0.09+ 0.11+ 0.11+ 0.11+ 0.10x 0.11+ 0.12+ 0.13+ 0.13+ 0.13+ 0.10 003+ 0.02+
0.007  0.006 0.006 0.006  0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007  0.007  0.007 0.004 0.004
Inbreeding coefficient (Fis)
10593 0.06 0.07 0.06 0.07 0.07 0.07 0.08 -0.06 0.01 0.08 0.10 0.09 0.03 0.09 0.80 0.78
2155 0.015 0.009 -0.007 0.007 0.031 0.010 0.028 -0.081 -0.043 0.006 0.024 0.030 -0.032 0.016 0.028 0.018
1500 0.010 0.008 -0.010 0.003 0.031 0.015 0.024 -0.088 -0.026 0.011 0.020 0.034 -0.032 0.009 -0.010 -0.013
1000 0.012 0.013 -0.001 0.020 0.043 0.014 0.030 -0.083 -0.051 -0.003 0.035 0.029 -0.016 0.008 -0.012 -0.020
500 0.0003 0.023 0.001 0.028 0.053 0.018 0.030 -0.064 -0.010 -0.014 0.025 0.041 -0.040 0.011 0.080 0.010
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Figure 5.5. Mantel correlograms demonstrating the relationship between pairwise genetic
differentiation (Fs7) based on the entire dataset dataset (n = 10,593; Chapter 3) and the full
diversity SNP panel (n = 2,155; panel A) as well as the three smaller genetic diversity
subsets consisting of 1,500 SNPs (panel B), 1,000 SNPs (panel C), and 500 SNPs (panel

D).

5.3.2 Provenance SNP panel

From the entire dataset (n = 10,593; Chapter 3), three separate processes were used for
identifying a provenance SNP panel (Figure 5.2). Firstly, 663 outlier SNPs with pairwise Fisr
per SNP > 0.1 were identified using two independent population differentiation approaches
(BayeScan and PCAdapt), as described in Chapter 3. Secondly, 1,628 unique SNPs were
identified by combining the first four Principal Components (PC1 to PC4; that explained 96.6%
variation of the observed population structure) in DAPC analysis, which was further reduced
to 1,006 unique SNPs following subsequent filtering that removed all SNPs with pairwise Fsr
values < 0.1. Thirdly, 1,016 SNPs private allelic richness (Ara) with pairwise Fsr values > 0.1

were identified using HP-RARE. Combining the three processes together, a final provenance

SNP panel was identified (» = 1,200; Figure 5.2).
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Based on the provenance SNP panel both DAPC and NetView analyses demonstrated
that P. monodon collected from the same region could be traced back to the same genetic cluster
(Figure 5.6). More specifically, DAPC analysis (with a priori population assumptions)
demonstrated that all Indo-Pacific P. monodon individuals could be successfully traced back to
their original cluster (Figure 5.6A-B). Particularly, DAPC analysis based on the provenance
SNP panel (n = 1,200) correctly traced all P. monodon individuals from 14 of 16 Indo-Pacific
populations back to their original region (i.e., genetic cluster). All P. monodon individuals
collected from WA were incorrectly traced back to the NA region whereas 35.3% of P.
monodon individuals collected from THL were correctly traced back to the SEA region while
the remaining 64.7% were traced back to a new region (i.e., not one of the seven clusters
identified in Chapter 3. Likewise, NetView analysis (without a priori population assumptions)
using low, medium, or high kNN values (15, 30, or 50), respectively, demonstrated that P.
monodon collected from the same location clustered tightly to their predefined populations and
P. monodon collected from proximal locations could be successfully traced back to their
original region (i.e., one of seven clusters) regardless of whether low, medium, or high kNN

values (15, 30, or 50) were used (Figure 5.6C, D, and E), respectively.
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Figure 5.6 Genomic clustering of Indo-Pacific Penaeus monodon sample (n = 520) based
on the provenance SNP panel (» = 1,200). Discriminant Analysis of Principal Components
(DAPC) scatterplots showing PC1 and PC2 (A) as well as PC2 and PC3 (B). Percentage of
variance explained by each PC is indicated in parenthesis on each axis. Population networks
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constructed using NetView at KNN =15 (C), kNN =30 (D), and kNN = 50 (E). Dots represent
individuals and colours correspond to sampling origin. FJ: Fiji; Eastern Australia (EA; BB:
Bramston Beach, EB: Etty Bay; TSV: Townsville); Northern Australia (NA; GC: Gulf of
Carpentaria, JBG: Joseph Bonaparte Gulf, TIW: Tiwi Island); Western Australia (WA);
Vietnam (VN; CMVN: Ca Mau, NTVN: Nha Trang); PHI: Philippines; INDO: Indonesia;
THL: Thailand; SLK: Sri Lanka; KE: Kenya; SA: South Africa.

All Monte-Carlo tests based on the provenance SNP panel (» = 1,200) indicated a high
yet variable accuracy level depending on the proportion of individuals and Fsr ranked SNPs
used (Figure 5.7). For basin traceability, Indo-Pacific P. monodon samples could be traced back
to their original basin (PO or I0) with 100% accuracy regardless of whether 50%, 70%, or 90%
of individuals were tested or if the top 25%, top 50%, top 75%, or 100% of Fsr ranked SNP
markers were utilized (Figure 5.7A). For region traceability, individuals from FJ, EA, NA, and
WIO could be traced back to their original region with 100% accuracy regardless of whether
50%, 70%, or 90% of individuals were tested or if the top 25%, top 50%, top 75%, or 100% of
Fsrranked SNP markers were utilized whereas individuals from WA, SEA, and SLK could be
traced back to their original region with 96 — 98%, 97 — 100%, and 93 — 96% accuracy,
respectively (Figure 5.7B). For sampling location traceability, individuals from three PO
genetic units (FJ, EA, and NA) could be traced back to their original sampling location with
100% accuracy regardless of whether 50%, 70%, or 90% of individuals were tested or if the top
25%, top 50%, top 75%, or 100% of Fsr ranked SNP markers were utilized while individuals
from the other five PO genetic units (WA, PHI, VN, INDO, and THL) could be traced back to
their original sampling location with 95 — 98%, 97 — 100%, 69 — 78%, 78 — 87%, and 97 —
100% accuracy, respectively (Figure 5.7C). Individuals from one IO genetic unit (SLK) could
be traced back to their original sampling location with 100% accuracy regardless of whether
50%, 70%, or 90% of individuals were tested or if the top 25%, top 50%, top 75%, or 100% of
Fsr ranked SNP markers were utilized while individuals from the other two IO genetic units
(KE and SA) could be traced back to their original sampling location with 81 — 92% and 90 —
94% accuracy, respectively (Figure 5.7D).
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Figure 5.7 Monte Carlo tests based on the provenance SNP panel (n = 1,200) demonstrating
the accuracy of tracing Indo-Pacific Penaeus monodon individuals (n = 520) back to their
original basin (A), original region (B), original sampling location within Pacific Ocean (C),
and original sampling location within Indian Ocean (D). Three proportions of individuals
(50%, 70% and 90%) and Fsr ranked SNPs (top 25%, top 50%, top 75%, and 100%) were
considered for all tests. FJ: Fiji; Eastern Australia (EA; BB: Bramston Beach, EB: Etty Bay;
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TSV: Townsville); Northern Australia (NA; GC: Gulf of Carpentaria, JBG: Joseph Bonaparte
Gulf, TIW: Tiwi Island); Western Australia (WA); Vietnam (VN; CMVN: Ca Mau, NTVN:
Nha Trang); PHI: Philippines; INDO: Indonesia; THL: Thailand; SLK: Sri Lanka; KE:
Kenya; SA: South Africa; SEA: Southeast Asia.

5.3.3 Pedigree SNP panels

Initial dartQC quality control filtering of the raw DArTseq™ dataset (n = 131,929; Chapter 3)
for each Indo-Pacific P. monodon individual (n = 508) removed 127,306 (96.5%), 119,456
(92.3%), and 124,036 (94.0%) SNPs for each individual from the PO, SLK, and WIO genetic
groups (n=4,713 SNPs, 7,110 SNPs, and 7,893 SNPs retained), respectively (Figure 5.2; Table
5.2). Subsequent quality control filtering retained 218, 433, and 233 high-quality SNPs for the
PO, SLK, and WIO genetic groups, respectively (Table 5.2). LD and HWE tests removed an
additional one SNP from the PO genetic group and three from the WIO genetic group (Table
5.2). The final pedigree SNP panels for the PO, SLK, and WIO groups contained 217, 226, and
220 SNPs, respectively (Figure 5.2; Table 5.2). There was minimal overlap between the SNP
content of the three pedigree panels with 25, 3, and 10 of these common between the PO and
SLK groups, PO and WIO groups, and SLK and WIO groups, respectively, while one SNP

marker was common across all panels.

The PO pedigree SNP panel exhibited a mean MAF that ranged from 0.30 + 0.11 in the
FJ genetic unit to 0.34 £ 0.11 in the EA genetic unit, a mean Ho that ranged from 0.40 + 0.12
in the INDO genetic unit to 0.46 = 0.16 in the WA genetic unit, and a mean Hg that ranged from
0.40 £ 0.10 in the WA genetic unit to 0.43 + 0.07 in the NA genetic unit (Table 5.3). The SLK
pedigree SNP panel exhibited a mean MAF, Ho, and HE 0of 0.39 + 0.07, 0.47 £ 0.17, and 0.47 +
0.03, respectively (Table 5.3). The WIO pedigree SNP panel exhibited a mean MAF, Ho, and
Hg of 0.40 £ 0.06, 0.47 £ 0.03, and 0.49 £ 0.15 (Table 5.3).
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Table 5.2 The number of SNPs retained for pedigree analysis after sequential filtering applications. The proportion of SNPs retained at each

threshold are indicated in parenthesis.

Filtering Steps Retained SNP count

Raw SNPs 131,929 (100%)

Average read depth > 7 and replication

0
average > 0.9 129,416 (98.1%)

PO SLK WIO
Call rate > 98%
6,188 (4.7%) 9,960 (7.6%) 10,638 (8.1%)
Similar sequence clusters > 0.95 4,713 (3.6%) 7,110 (5.4%) 7,893 (6%)
Polymorphic SNPs

Genetic groups PO SLK WIO
Genetic units FJ EA NA WA VN INDO THL SLK WIO
Polymorphic SNPs * 1,129 1,472 1,732 1,026 1,955 1,933 1,585 2,668 1,287
Polymorphic SNPs for each genetic unit** 614 601 686 506 852 883 911 433 223
Common polymorphic SNPs 218 433 223
LD filter (r* > 0.2)

217 226 220
and HWE filter (p > 0.0001)
Final pedigree SNP panels 217 (0.16%) 226 (0.17%) 220 (0.17%)

*Polymorphic SNPs used to calculate exclusion probability (PE) values in PE3 scenario. **Polymorphic SNPs for the Pacific Ocean (PO), Sri Lanka (SLK), and West Indian
Ocean (WIO) genetic units with MAF > 0.1, MAF > 0.28, and MAF > 0.28, respectively. Fiji (FJ), Eastern Australia (EA), Northern Australia (NA), Western Australia (WA),

Vietnam (VN), Indonesia (INDO), and Thailand (THL).
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Table 5.3 Summary statistics (mean + SD) for the Pacific Ocean (PO), Sri Lanka (SLK), and

West Indian Ocean (WIO) pedigree SNP panels.

Genetic groups Genetic units N MAF Ho Hg
EA 104 0.34+0.11 0.42+£0.10 0.42 +£0.08
NA 114 0.34+£0.10 0.42 £0.09 0.43 £0.07
WA 22 0.31+0.12 0.46 £0.16 0.40£0.10
PO FJ 49 0.30£0.11 0.41+0.11 0.41 +£0.08
VN 69 0.33£0.11 0.41+0.12 0.42 +£0.09
INDO 38 0.33£0.10 0.40+0.12 0.42 +£0.08
THL 46 0.31=£0.11 0.42+0.15 0.40 £0.09
SLK SLK 19 0.39+0.07 0.47+0.17 0.47£0.03
WIO WIO 47 0.40 £0.06 0.47 +£0.03 0.49+0.15

Number of P. monodon samples (N); observed heterozygosity (Ho); expected heterozygosity (Hg); minor allele
frequency (MAF); Fiji (FJ); Eastern Australia (EA), Northern Australia (NA), Western Australia (WA), Vietnam
(VN), Indonesia (INDO), and Thailand (THL).

Probability of exclusion (PE) estimates confirmed the accuracy of the PO, SLK, and
WIO pedigree SNP panels across the PE1, PE2, and PE3 test scenarios (Figure 5.8). In all
cases, as the number of pedigree SNP markers increased the PE estimates also increased until
they reached a plateau (Figure 5.8). For scenarios PE1 and PE2, the minimum number of
pedigree SNP markers required to achieve a PE estimate of 99% was 20 for all PO genetic units
and 15 for all SLK and WIO genetic units (Figure 5.8). For scenario PE3, the minimum number
of polymorphic SNP markers required to achieve a PE estimate of 99% was 35 for all PO, SLK,
and WIO genetic units (Figure 5.8).
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Figure 5.8 Relationship between the number of pedigree SNP markers and exclusion
probability (PE) estimates for correctly assigning parent-pair to an individual within each of
the nine genetic units (Table 5.3). PE calculations were performed in CERVUS using
multiple SNP subsets (n = 14) that consisted of various SNP marker quantities (n =5 — 100)
across 10 replicates for three discrete test scenarios (PE1, PE2, and PE3). PE1: incremental
SNP marker subsets were selected high to low MAF-ranking from the PO, SLK, and WIO
pedigree SNP panels; PE2: incremental SNP marker subsets were selected randomly from
the PO, SLK, and WIO pedigree SNP panels; PE3: incremental SNP marker subsets were
selected randomly from the filtered polymorphic datasets (MAF < 0.01 and missing data per
SNP > 5%).

Simulations indicated that when parent-pair was known, 35 pedigree SNP markers were
required to obtain 100% assignment accuracy (95% confidence) for progenies from all PO
genetic units except for WA, which required 40 pedigree SNP markers to obtain 100% accuracy
(Figure 5.9). For SLK and WIO genetic units, 30 pedigree SNP markers were required to obtain
100% parent assignment accuracy (95% confidence) when the parent-pair was known (Figure

5.9).
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Figure 5.9 Predicted accuracy of Pacific Ocean (PO), Sri Lanka (SLK), and West Indian
Ocean (WIO) pedigree SNP panels to correctly assign progeny to parents with 95%
confidence using different sized marker subsets. Subsets were randomly selected from the
corresponding PO, SLK, or WIO pedigree SNP panels (Table 5.3).

The EA genetic unit was used to evaluate the accuracy of the PO pedigree SNP panel
(n=217) across 10 generations using four subsets (z = 30, 35, 40, and 50 SNP markers; Table
5.4). When 30 SNPs markers were used 78.6%, 75.4%, 63.2%, 53.0%, and 41.2% of F1, F3,
FS5, F8, and F10 generation progenies could be accurately (i.e., 95% confidence) assigned back
to their parent-pairs, respectively (Table 5.4). When 35 SNP markers were used all F1, F3, and
F5 generation progenies could be accurately assigned back to their parent-pairs while 99.6%
and 94.0% of F8 and F10 generation progenies could be accurately assigned back to their
parent-pairs, respectively. When 40 SNP markers were used all 100% F1, F3, F5, and F8
generation progenies could be accurately assigned back to their parent-pairs while 99.2% F10
generation progenies could be accurately assigned back to their parent-pairs. When 50 SNP
markers were used all F1, F3, F5, F§, and F10 generation progenies could be accurately

assigned back to their parent-pairs (Table 5.4).
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Table 5.4 Pedigree determination accuracy (95% confidence) across 10 simulated generations
of Eastern Australia progenies using four SNP marker subsets (n = 30, 35, 40, and 50) that
were randomly selected from the Pacific Ocean (PO) pedigree SNP panel (n =217).

SNP marker Simulated generations
subsets
F1 F3 F5 F8 F10
30 78.6 £14.7 75.4+19.4 63.2 +£23.8 53.0+25.1 41.2+£16.0
35 100 100 100 99.6 £ 0.5 94.0+7.7
40 100 100 100 100 99.2+1.8
50 100 100 100 100 100

5.3.4 Genomic distribution of SNP panels

The genetic diversity and provenance SNP panels exhibited the chromosome-scale genome
assembly of P. monodon (Uengwetwanit et al., 2021) matches for 84.5% and 79.3% (n = 1,820
and 952, respectively) while only 32.8% and 37.8% (n = 706 and 454, respectively) passed
further stringency testing and exhibited contig matches distributed across 43 and 43 of 44
chromosomes, respectively (Table 5.5). The PO, SLK, and WIO pedigree SNP panels exhibited
genome accessions matches for 82.0%, 82.7%, and 87.3% (n =178, 187, and 192, respectively)
while only 27.7%, 47.4%, and 47.3% (n = 60, 107, and 104, respectively) passed further
stringency and exhibited contig matches distributed across 41, 40, and 41 of 44 chromosomes,
respectively. When assessed together, the common SNP markers exhibited genome accessions
matches for 83.1% (n = 2,853) while only 36.7% (n = 1,261) passed further stringency and
exhibited contig matches (n = 181) distributed across 43 of 44 chromosomes (Appendix 5.2).

Table 5.5 Number of SNPs of the five SNP panels were associated with the chromosome-scale

genome assembly of Penaeus monodon.

Total SNP Accession Stringency Chromosome
Identified SNP panels markers matched passed* distribution
Diversity SNP panel 2,155 (100%) 1,820 (84.5%) 706 (32.8%) 43/44
Provenance SNP panel 1,200 (100%) 952 (79.3%) 454 (37.8%) 43/44
PO pedigree SNP panel 217 (100%) 178 (82.0%) 60 (27.7%) 41/44
SLK pedigree SNP panel 226 (100%) 187 (82.7%) 107 (47.4%) 40/44
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WIO pedigree SNP panel 220 (100%) 192 (87.3%) 104 (47.3%) 41/44

Common SNPs across panels 3,433 (100%) 2,853 (83.1%) 1,261 (36.7%) 43/44

*SNP marker stringency set to pairwise identity > 93% and grade > 80%. Pacific Ocean (PO); Sri Lanka (SLK);
West Indian Ocean (WIO).

5.4 Discussion

Using both raw (n = 131,929) and high-quality (n = 10,593) genome-wide SNP datasets for
Indo-Pacific P. monodon (Chapter 3) this study identified the following low-density SNP
panels for global commercial applications: 1) a single diversity SNP panel (n = 2,155), 2) a
single provenance SNP panel (n = 1,200), and 3) three pedigree SNP panels (n =217, 226, and
220 for PO, SLK, and WIO genetic groups), respectively (Figure 5.2). These low-density SNP
panels keep genotyping and analytical costs to a minimum while also providing improvement
in SNP genotype data consistency across global studies, assisting with development of a global
reference genotypes database, and progressing towards robust global analysis standards

establishment.

The identified diversity SNP panel was able to determine the genetic diversity inherent
within Indo-Pacific P. monodon population to a degree of accuracy that was indistinguishable
from genetic diversity analyses based on the entire high-quality SNP dataset (Figures 3 - 5).
The small differences in accuracy observed appear to be in agreement with previous studies by
Gebrehiwot et al. (2021) and Tsairidou et al. (2020), which reported a similarly small trade-off
between increased genotyping cost (i.e., low- versus high-density SNP panels) and decreased
accuracy in genetic diversity determination. More specifically, the slightly reduced correlation
coefficient for He (R = 0.90) could be due to the presence of null alleles within the WIO group,
as previously reported in Chapter 3. Overall, the diversity SNP panel exhibited high accuracy
as evidenced by the low SE values observed for Ar, Ho, and Hg (Table 5.1). All three smaller
diversity subsets (n = 1,500 SNPs, 1,000 SNPs, and 500 SNPs) exhibited strong correlation
coefficients across all tests (R > 0.89; Figure 5.4); however, as expected, SE values were
slightly elevated compared to genetic diversity metrics determined using the entire high-quality
dataset (n = 10,593). Compared to the entire high-quality SNP dataset, the diversity SNP panel
reduced the Fis values observed for the KE and SA populations from 0.80 and 0.78 to 0.03 and
0.02, respectively (Table 5.1), which is consistent with the reduction in Fjs values observed for

KE and SA populations during similar SNP subset comparisons (Chapter 4). The significantly
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elevated Fis values observed for these WIO populations could be due to technical artifacts of
the RAD-seq genotyping approaches (i.e., the presence of null alleles; Chapter 4). Based on
these comparisons, I showed that the 500 SNP panel is effective for determination of general
genetic diversity indices within and among Indo-Pacific P. monodon populations when
compared to other tested SNP panels (i.e., 1,000; 1,500; 2,155 and 10,953). However, it should
be noted that the variance of the diversity estimates increases (albeit very small here) with the
smaller SNP panels (Table 5.1) and this should be considered when choosing optimum SNP

panel numbers.

The identified provenance SNP panel (n = 1,200; Figure 5.2) was able to accurately
trace individuals back to their original basin (PO or 10), genetic cluster (FJ, EA, NA, WA,
SEA, SLK and WIO; Chapter 4), and sampling location within PO and 10 basins using three
independent analyses (Figures 5.6 and 5.7). DAPC analysis (i.e., with a priori population
assumptions) accurately traced all individuals back to their original region (i.e., genetic cluster)
except for individuals from WA and THL populations, which were not entirely assigned back
to the WA and SEA clusters, respectively. WA individuals were most likely traced back to the
NA cluster given that the provenance SNP panel contained a mix of outlier, structure, and
private allele SNPs (section 2.4 and 3.2) as this clustering was observed for the WA population
when broad scale analysis was conducted using outlier SNPs (Chapter 4). Tracing the majority
of THL individuals back to a novel cluster was unexpected but most likely due to the unique
mix of SNPs present within the provenance SNP panel. NetView analysis (i.e., without a priori
population assumptions) accurately grouped all individuals with those collected from the same
or nearby sampling locations (Figure 5.6C-E). Monte Carlo tests also demonstrated the ability
of the provenance SNP panel to accurately assign individuals back to their original basin,
region, and sampling location within PO and IO basins (Figure 5.7). Across all levels there was
no observed difference in traceability accuracy between the top 25% (n = 300), top 50% (n =
600), top 75% (n = 900), or 100% (n = 1,200) of Fsr ranked markers; however, inclusion of 70
—90% of individuals tended to result in better traceability at the region and sampling location
levels. This observation was not surprising considering the high admixture and low genetic
difference between populations within genetic clusters (e.g., SEA cluster contains VN, INDO,
and THL while WIO cluster contains KE and SA). Pickrell and Pritchard (2012) and Drinan et
al. (2018) reported the success of provenance tests depends on the level of genetic
differentiation between putative source populations. The lack of power for accurate provenance

determination has also been observed in other species, including American lobster (Homarus
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americanus) (Benestan et al., 2015), European lobster (Homarus gammarus) (Jenkins et al.,
2019), and Chilean blue mussels (Mytilus chilensis) (Araneda et al., 2016). Taken together,
genotyping Indo-Pacific P. monodon individuals using the full provenance SNP panel (n =
1,200; Figure 5.2) can accurately trace individuals back to their original basin, region, and
sampling location; however, genotyping only 50 - 90% of individuals with the top 25% of Fisr
ranked markers (n = 300) can be sufficient for accurate provenance determination depending

on the required level of resolution (e.g., basin, region, or sampling location).

The identified PO, SLK, and WIO pedigree SNP panels (n =217, 226, and 220; Figure
5.2), respectively, were able to accurately assign theoretical progenies back to their parent-pair
(i.e., both parents known) in silico (Figures 8 and 9). Simulations revealed that progenies from
PO units required 35 or 40 markers from the PO pedigree SNP panel to reach 100% assignment
accuracy when the parent-pair was known, whereas progenies from SLK and WIO units
required 30 markers from the SLK and WIO pedigree SNP panels to reach 100% assignment
accuracy when only one parent or the parent-pair was known, respectively (Figure 5.9). The
higher number of pedigree SNP markers required for progenies from PO units compared to
progenies from SLK and WIO units is likely due to the higher genetic divergence amongst PO
populations compared to SLK and WIO populations (Chapter 4). The observed ability to
accurately assign Indo-Pacific P. monodon progenies using 30 — 40 markers from the larger
pedigree SNP panel aligns with the lower end of previously reported SNP marker requirements
for high accuracy in pedigree determination (e.g., » = 50 — 200; (Holman et al., 2017; Nguyen
et al., 2014; Perez-Enriquez & Max-Aguilar, 2016; Sellars et al., 2014; Thongda et al., 2018;
Zhao et al., 2018)). For example, Holman et al. (2017) achieved 100% accuracy for assigning
Atlantic salmon (Salmo salar L.) progenies back to their parent-pairs using a low-density SNP
panel (n = 94) that was identified from a genome-wide Restriction Site Associated DNA

Sequencing (RAD-seq) dataset.

Moreover, the power of pedigree determination is known to be affected by fundamental
factors including the MAF and PE of individual markers (Liu et al., 2016; Liu et al., 2017;
Premachandra et al.,, 2019). MAF in populations has been shown to be one of the most
important criteria for guiding selection of informative pedigree SNP markers in that assignment
accuracy increases when MAF increases (Anderson and Garza, 2006; Liu et al., 2016). In this
study, mean MAF was > 0.30 for the PO pedigree SNP panel and 0.39 and 0.4 for the SLK and
WIO pedigree SNP panels, respectively, which was consistent with MAF values reported for
pedigree SNP panels identified in three other species (MAF > 0.3): 1) rainbow trout
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(Oncorhynchus mykiss) (S. Liu et al., 2016), 2) Florida bass (Micropterus floridanus) (Zhao et
al., 2018), and 3) diverse breeds of sheep (Heaton et al., 2014). Pedigree determination
accuracy also depends on the assignment power of the SNP markers used, which is determined
by their PE (Liu et al., 2017). PE was calculated from allele frequencies based on the theory
that a parents and progenies must share an allele at every locus (Chakraborty et al., 1988). In
silico pedigree determination simulation using known parent-pairs revealed that scenarios PE1
and PE2 (high-to-low and random MAF ranking of pedigree SNP panels) achieved 99%
accuracy with 20 SNP markers for the PO pedigree SNP panel and 15 SNP markers for the
SLK and WIO pedigree SNP panels whereas the number of SNP markers required to achieve
100% assignment accuracy increased to 35 under scenario PE3 (random MAF ranking of larger
PO, SLK, and WIO polymorphic datasets), respectively. Also, in silico testing of the PO
pedigree SNP panel (EA unit only) demonstrated that 35, 40, or 50 randomly selected SNP
markers were sufficient to achieve 100% assignment accuracy for simulated F1 - F5, F1 — F8,
and F1 — F10 generation progenies, respectively (Table 5.4). The relatively low number of SNP
markers required to achieve high pedigree determination accuracy across all in silico
simulations could be due to the relatively low number of candidate parents used (n = 18) and
simulated population size (n = 100) given that breeding programs typically used more candidate
parents and generate more progenies and, thus, require more SNP markers to achieve high
pedigree determination accuracy (Arbon et al., 2021; May et al., 2020). More specifically, 50
and 75 SNP markers were required to achieve > 95% parent-pair assignment accuracy in
Sockeye salmon (Oncorynchus nerka) when population sizes were 100 and 500, respectively
(May et al., 2020). Additionally, to assess the effect of candidate parents on assignment success
in Australian greenlip abalone (Haliotis laevigata), Arbon et al. (2021) indicated that 26, 37,
and 41 SNPs were required to assign progeny correctly (i.e., 95% confidence) for 16 candidate
parents, 2 — 100 candidate parents, and 3 — 200 candidate parents, respectively. Taken together,
the identified PO, SLK, and WIO pedigree SNP panels (Figure 5.2) accurately determined
pedigree for individuals from the Indo-Pacific P. monodon populations within the PO, SLK,
and WIO genetic groups, respectively, and, in so doing, effectively provide new cost-effective
and robust genetic tools for future selective breeding programs that aim to increase P. monodon

aquaculture production.

Lastly, the common SNP markers across all five panels (n = 3,433) were associated
with 181 contigs from the P. monodon genome assembly (Uengwetwanit et al., 2021) that

exhibited distribution across 43 of 44 chromosomes (Table 5.5, Appendix 5.2) while individual
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SNP panels covered 40 to 43 of 44 chromosomes (Table 5.5). Such broad genome coverage is
ideal for designing low density SNP panels as suggested in (Holman et al., 2017), (Reverter et
al., 2020), and (Wang et al., 2021). Moreover, the identified common SNP markers provide a
low-density panel for cost-effective genotyping of genome-wide SNPs should information
about diversity, provenance, and/or pedigree be of interest to future research or commercial
applications. While genetic distance between SNP markers was not tested in this study my
results regarding overall SNP panel performance supports the recent finding that genetic
distance or regions of high recombination have little-to-no impact on SNP panel performance

(Tsairidou et al., 2020).

5.5 Conclusion

The five SNP panels identified in this study (Figure 5.2) provide a suite of novel genetic tools
for the accurate determination of diversity, provenance, and pedigree within and among all
Indo-Pacific P. monodon populations. Given the native distribution of P. monodon throughout
the Indo-Pacific region and the global development of P. monodon aquaculture, identification
of these five low-density SNP panels permits cost-effective determination of diversity,
provenance, and pedigree, which, in turn, advances P. monodon aquaculture and fishery
management. The diversity and provenance SNP panels (n = 2,155 and 1,200), respectively,
provided accurate results that were consistent with the results generated from the entire high-
quality SNP dataset for Indo-Pacific P. monodon (n = 10,593; Chapter 3). Likewise, in silico
simulations confirmed that the PO, SLK, and WIO pedigree SNP panels (n = 217, 226, and
220), respectively, can assign P. monodon individuals from PO, SLK, and WIO unit
populations back to one parent or parent-pairs with 100% accuracy using < 40 markers. The
common SNP markers across all five panels (n = 3,433) collectively provide a useful low-
density and cost-effective tool for genome-wide genotyping of Indo-Pacific P. monodon, which

has a diversity of aquaculture and fishery management applications.
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Chapter 6. General Discussion

6.1 Significance of research and contribution to the field

The giant black tiger shrimp Penaeus monodon is native to and considered one of the most
important aquaculture species throughout the Indo-Pacific region. Despite the commercial
importance of P. monodon, information on levels of predicted gene flow and patterns of genetic
connectivity within and among Indo-Pacific populations were not consistently reported across
previous studies, as outlined in Chapters 2 and 3. Prior to the research outlined in this thesis,
both fine- and broad-scale population genetic structure and connectivity patterns as well as
phylogenetic relationships within and among Indo-Pacific P. monodon were based on limited
resolution DNA markers such as mitochondrial DNA (mtDNA), microsatellites, and/or
allozymes (Benzie et al., 2002; Benzie et al., 1992; Brooker et al., 2000; Wagqairatu et al., 2012;
You et al., 2008). Additionally, only limited information was available regarding the influence
of environmental pressures (e.g., temperature) on the genetic structure of geographically
discrete populations at both fine- and broad-scales as well as only limited development of
commercial resources for genetic diversity, provenance, and pedigree determination. In light
of these knowledge gaps the four interdependent studies that constitute this thesis utilized a
multi-level approach to generate new population genomics insights about and resources for
Indo-Pacific P. monodon that aimed to help advance sustainable aquaculture and fishery
management practices. More specifically, I: 1) utilized both neutral and outlier SNP datasets
to determine the fine-scale population structure, connectivity, and putative local adaptation of
Australian P. monodon populations (Chapter 2), 2) utilized both neutral and outlier SNP
datasets to determine the broad-scale population structure, connectivity, and local adaptation
of Indo-Pacific P. monodon populations (Chapter 3), 3) evaluated the phylogenomic and
phylogeographic relationships among Indo—Pacific P. monodon populations and sister taxa
using genome-wide SNP and presence-absence variant (PAV) loci datasets (Chapter 4), and 4)
identified five low-density SNP panels that permit cost-effective and accurate diversity,
provenance, and pedigree determination for all Indo-Pacific P. monodon populations (Chapter

5).

Chapter 2 addressed the knowledge gap about Australian P. monodon population
genomics by generating a high-quality genome-wide single nucleotide polymorphism (SNP)
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dataset (n = 10,624 total) for each individual (n = 278 total) collected from geographically
disparate populations (n = 7). This study confirmed that both geographical distance and
environmental factors interact to shape population structure in this species and revealed the
existence of three separate stocks (Eastern Australia, Northern Australia, and Western
Australia) across the geographical distribution of Australian P. monodon. Based on this dataset,
Western Australia P. monodon appears to not have undergone a bottleneck (i.e., heterozygosity
not reduced) as previously implied in other studies (Benzie, 2000; Benzie et al., 1992), but
rather has retained similar heterozygosity to Northern Australia and Eastern Australia
populations. The combination of population differentiation and environmental association
approaches identified 89 putatively adaptive SNPs that revealed geographically discrete
Australian P. monodon populations have adapted to region-specific environmental variables
(e.g., sea surface temperature). Of these putatively adaptive SNPs, only 11 outlier SNPs
matched P. monodon transcriptome contigs (Huerlimann et al., 2018) with subsequent protein
translation of eight outlier SNPs demonstrating more non-synonymous changes than
synonymous changes across all six reading frames. This study provides the most
comprehensive and first SNP-based analysis of fine-scale Australian P. monodon population
genomics to date, which can help aquaculture practices and fishery management strategies
through improved stock identification, genetic diversity estimations, local adaptation

determination, and selective breeding programs.

Chapter 3 addressed the knowledge gap about Indo-Pacific P. monodon population
genomics by generating a high-quality genome-wide SNP dataset (n = 10,593 total) for each
individual (n = 532 total) collected from geographically discrete populations (n = 16). This
study revealed the existence of seven distinct genetic clusters and indicated migration to
Southeast Asia (SEA) from the Western Indian Ocean (WIO). The scope of Indo-Pacific Ocean
sampling covered most of the known P. monodon distribution and included 16 sampled sites
across 10 countries (n = 532 individuals total). Both neutral (» = 9,930) and outlier (n = 663)
loci datasets revealed a pattern of strong genetic structure of Indo-Pacific P. monodon
corresponding with broad geographical regions and clear genetic breaks among samples within
regions. Neutral loci revealed seven genetically distinct P. monodon stocks (Fiji: FJ, Eastern
Australia: EA, Northern Australia: NA, Western Australia: WA, Southeast Asia: SEA, Sri
Lanka: SLK, and WIO) and the separation of FJ and WIO clusters from all other clusters. There
are many factors that contribute to the genetic differentiation of Indo-Pacific P. monodon,

including environmental and ecological factors, biogeographic barriers between the Indian and
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Pacific Oceans, and life-history traits (Amaral et al., 2017; Hui et al., 2016; Huyghe &
Kochzius, 2017; Vogler et al., 2012). Analyses based on neutral SNPs (rn = 9,930) revealed: 1)
five migration events that indicated gene flow to SEA from WIO sites, 2) gene flow among P.
monodon populations in the Pacific region, and 3) partial connectivity among populations
native to both oceans. Moreover, the combined environmental association (EA) and population
differentiation (PD) approaches used for broad-scale analyses revealed full redundancy
analysis (RDA) model support for the role of sea surface temperature in P. monodon SNP
genotype distribution (p < 0.001; R? = 0.058; adjusted R? = 0.055; Chapter 3). Greater levels
of genetic diversity were observed in SEA, EA, and NA P. monodon populations (Chapter 3);
however, this observation does not preclude populations situated outside these regions from
being potentially valuable as broodstock sources for genetic improvement programs. These
genetic diversity insights can be utilized to improve the establishment of new base populations
for P. monodon selective breeding programs by providing guidance regarding which wild
populations to utilize as broodstock sources (i.e., highly genetically diverse) to ensure that
broad genetic variation is captured. These findings were further supported by the identification
of 26 putatively adaptive SNPs that exhibited significant Pearson correlation (p < 0.05)
between minor allele frequency and maximum or minimum sea surface temperature (Chapter
3). A population that is potentially under local adaptive pressures may be an important source
of private or rare alleles that can enhance population resistance to future environmental change
(e.g., naturally or via selective breeding programs), or assist natural migration (Golbuu et al.,
2016; Ofori et al., 2017). Selective breeding programs aiming to improve growth rate,
pigmentation, pathogen resistance, or other characteristic(s) of P. monodon should consider
further candidate gene discovery research into the specific functions and phenotype(s)
associated with the identified putatively adaptive loci. Overall, this study provides the most
comprehensive and first SNP-based analysis of broad-scale Indo-Pacific P. monodon
population genomics to date, which can help aquaculture practices and fishery management
strategies through improved stock identification, genetic connectivity establishment, genetic

diversity estimation, local adaptation determination, and selective breeding programs.

Chapter 4 addressed the knowledge gap about Indo-Pacific P. monodon
phylogeography and phylogenomic relationships with sister taxa by identifying genome-wide
SNP and presence-absence variant (PAV) marker subsets (n = 4,496 and n = 7,054),
respectively. More specifically, the seven tested Penaeidae species divided into the following

three distinct and well-supported clades (BS and PP = 100): 1) F. merguiensis, P. monodon, P.
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semisulcatus, P. esculentus, and L. vannamei, 2) P. latisulcatus, and 3) P. longistylus. These
results confirmed the monophyletic structure of P. monodon, as well as the position of six sister
taxa compared to non-SNP genetic marker studies (Hurzaid et al., 2020; Lavery et al., 2004;
Ma et al., 2011). More specifically, phylogeographic structures revealed that Indo-Pacific P.
monodon appears to be divided into two lineages: 1) Indo-Polynesian (containing SLK, SEA,
Australia, and FJ) and 2) WIO (containing Kenya and South Africa). The phylogenomic
reconstructions collectively support the broad-scale population genetic structure conclusion
that the WIO lineage is ancestral to the Indo-Polynesian lineage and that SLK serves as a
transition zone between these geographically distinct regions (Chapter 3). This study provides
the first SNP- and PAV-based phylogenomic analysis of Indo-Pacific P. monodon and sister
taxa to date, which can help aquaculture practices and fishery management strategies through

improved stock identification, species determination, and genetic connectivity monitoring.

Chapter 5 addressed the commercial need for accurate and cost-effective population
genomics analysis tools by identifying five low-density SNP panels from the broad-scale Indo-
Pacific SNP dataset: 1) global diversity SNP panel (n =2,155), 2) global provenance SNP panel
(n=1,200), 3) Pacific Ocean (PO) pedigree SNP panel (n =217), 4) SLK pedigree SNP panel
(n =226), and 5) WIO pedigree SNP panel (n = 220). Low-density SNP panels were targeted
to minimize costs associated with sequencing (Gebrehiwot et al., 2021; Herry et al., 2018; Song
& Hu, 2021) and computation (Dominik et al., 2021) as well as potentially provide the
following long-term advancements to the Indo-Pacific P. monodon aquaculture industry: 1)
improved consistency in SNP genotype data across global studies (e.g., direct comparison
across common SNP panels), 2) development of a global reference database of wild and farmed
population genotypes without the need for additional and expensive genome-wide
sequencing/genotyping, and 3) establishment of robust and a globally accepted standard for
genetic diversity, provenance, and pedigree analyses. The identified global diversity SNP panel
(n=2,155) and its three smaller subsets (z = 1,500, 1,000, and 500 SNPs) were able to estimate
the genetic diversity within and among all Indo-Pacific P. monodon populations as accurately
as the entire broad-scale SNP dataset (n = 10,593; Chapter 3). Similarly, mean Ar, Ho, and Hg
estimated with the full diversity SNP panel (n = 2,155) and three smaller subsets (7 = 500 —
1,500 SNPs) were significantly correlated (R > 0.89; p <0.00001) with the mean Ar, Ho, and
He per population estimated with the entire high-quality SNP dataset (n = 10,593; Chapter 3).
The full diversity SNP panel and all three smaller subsets also reduced the Fis values observed

for the KE and SA populations from 0.80 and 0.78 to 0.03 and 0.02, respectively, which closely
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reflected the reduction in Fis values observed during high-quality Indo-Pacific P. monodon
SNP dataset analysis (Chapter 3). Based on these comparisons, the full diversity SNP panel (n
= 2,155; Figure 2) provides accurate and cost-effective determination of genetic diversity
within and among Indo-Pacific P. monodon populations while the smaller subsets (n = 500 —
1,500 SNPs) could provide more cost-effective data for specialized purposes depending on
required sensitivity. The global provenance SNP panel (n = 1,200 SNPs) was identified from
the entire high-quality Indo-Pacific P. monodon dataset (n = 10,593; Chapter 3) using three
discrete approaches that were then merged (Chapter 5). Both DAPC and NetView analyses
demonstrated that P. monodon collected from the same region could be traced back to their
original basin (IO or PO) and genetic cluster (FJ, EA, NA, WA, SEA, SLK and WIO) using
the provenance SNP panel while Monte-Carlo tests demonstrated the ability of the provenance
SNP panel to accurately assign individuals back to their original basin, region, and sampling
location within IO and PO basins; however, genotyping only 50 - 90% of individuals within
the top 25% of Fsr ranked markers (n = 300) can be sufficient for accurate provenance
determination depending on the required level of resolution (Chapter 5). The identified region-
specific (PO, SLK, and WIO) pedigree SNP panels (n =217, 226, and 220), respectively, were
able to accurately assign theoretical progenies back to their parent-pair (i.e., both parents
known) in silico (Chapter 5). In silico simulations revealed that progenies from PO units
required 35 or 40 SNP markers from the PO pedigree panel to reach 100% assignment accuracy
when the parent-pair was known, whereas progenies from SLK and WIO units required 30
SNP markers from the SLK and WIO pedigree panels to reach 100% assignment accuracy
when only one parent or the parent-pair was known, respectively. The relatively low number
of SNP markers required to achieve high parentage assignment accuracy across all in silico
simulations could be due to the relatively low number of candidate parents used (n = 18) and
simulated population size (n = 100). Given that prawn aquaculture selective breeding programs
typically use more candidate parents (i.e., broodstock) and generate more progenies than were
tested in silico (Chapter 5), more SNP markers from the PO, SLK, or WIO pedigree SNP panel
could be required to achieve high parentage assignment accuracy for individuals from PO,
SLK, or WIO region populations, respectively (Arbon et al., 2021; May et al., 2020). This study
provides the first global cost-effective and accurate low-density SNP panels for the Indo-
Pacific P. monodon industry, which can help aquaculture practices and fishery management
strategies through improved diversity, provenance, and pedigree determination as well as
facilitation of global data consistency, global database development, and global analysis

standards establishment.
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Using high-quality genome-wide SNP data, Chapters 2 — 5 provide the most
comprehensive evaluation of Australian (fine-scale) and Indo-Pacific (broad-scale) P.
monodon population genomics to date as well as identify a suite of accurate and cost-effective
genetic tools for global industry use. Taken together, these four interdependent studies provide
new population genomic insights and resources that contribute towards closing the current
knowledge gaps about key aspects of P. monodon aquaculture and fishery management

practices.

6.2 Future research

6.2.1 Improved origin and demographic history reconstruction for Indo-Pacific black

tiger shrimp P. monodon

The demographic structure of populations is affected by life history strategies and how these
interact with exploitation, climate change, and biotic interaction (Ohlberger et al., 2018). Thus,
inference of demographic history can help to understand responses to past environmental
changes, making them relevant for management strategies (Barth et al., 2017). For P. monodon,
the demographic and evolutionary history within and among Indo-Pacific populations and
genetic clusters remains unresolved, particularly as it relates to divergence and dispersal events
in response to migration since the late Pleistocene. Fine- and broad-scale analyses were
performed on Australian and Indo-Pacific P. monodon populations (Chapters 2 and 3),
respectively, which provided novel and significant advances in understanding the distribution
of genetic diversity, population structure, and environmental factors influencing population
structure (e.g., existence of seven genetic clusters across all sampled Indo-Pacific P. monodon
populations); however, the sampled Indo-Pacific populations (n = 16) and individuals (n = 532)
did not include individuals from North Pacific Ocean (NPO) populations (e.g., China, Taiwan,
and Japan) or additional 10 populations (e.g., Bangladesh, India, and Madagascar).
Additionally, the exact divergence time between the ancestral (WIO populations) and Indo-
Polynesian lineage (SLK, SEA, Australia, and FJ) was not able to be conclusively determined
using phylogenomic analyses (Chapter 4); however, based on the reported lineage divergence
timing of other species endemic to and spanning the Indo-Pacific region, the exact divergence
time might have occurred during the late Pleistocene (Farhadi et al., 2017; Hui et al., 2016;
Huyghe & Kochzius, 2017; Vogler et al., 2012). Some of these limitations have recently been
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overcome by the publication of a chromosome-scale genome assembly for P. monodon
(Uengwetwanit et al., 2021) but this resource was not available while this phylogenomics study
was undertaken. In light of these limitations, future studies should aim to incorporate genome-
wide SNP sequences for NPO and additional IO populations to more completely reconstruct

the origin and demographic history of Indo-Pacific P. monodon populations.

6.2.2 Advancement of P. monodon selective breeding programs

The giant black tiger shrimp is the second most farmed Penaeid shrimp species globally (FAO,
2020). The limited production of P. monodon may be due to the lack of genetically improved
stocks, inconsistent seedstock quality, and numerous devastating disease outbreaks (Guppy et
al., 2020; S. V. Nguyen et al., 2020). Additionally, P. monodon aquaculture development in
terms of selective breeding programs and characterisation of commercially important traits
remains largely under-developed (Guppy et al., 2020; Norman-Lépez et al., 2015). Chapter 3
provides the global P. monodon industry with a better understanding of the distribution of
genetic diversity and genetic differentiation within and among Indo-Pacific populations, which
can advance the efficiency and success of selective breeding programs through improved
selection of genetically diverse broodstocks; however, the high-quality SNP dataset (n =
10,593; Chapter 3) and SNP panels (n = 210 — 2,155; Chapter 5) that can be used for guided
broodstock selection have not been linked to specific phenotypic traits of commercial interest.
Thus, future research should aim to elucidate which of the high-quality SNPs (or regions of the
genome) are directly linked to phenotype(s) of interest for selective breeding programs (e.g.,
increased fecundity, enhanced growth rate, altered pigmentation, improved disease resistance,

specific meat qualities, etc).

At both fine- and broad-scales P. monodon population structure exhibited signatures of
local adaption to maximum or minimum sea surface temperature (Chapters 2 and 3). Surface
temperature maximum and minimum occur during summer and winter, respectively, which is
when P. monodon broodstock emigrate out of estuaries into foreshores for spawning and, thus,
extreme temperature swings could influence individual fitness (e.g., breeding success) given
the known effects of temperature on P. monodon (Chen & Chen, 1999; Jackson & Wang, 1998;
Kurmaly et al., 1989; Vuthiphandchai et al., 2005). Thus, future studies should aim to elucidate

if P. monodon thermal tolerance can be improved by using the temperature-correlated outlier
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SNP markers (i.e., identify a thermal tolerance SNP panel) to select potentially tolerant

broodstock from different regions for selective breeding trials.

Additionally, SNP markers that were found to match transcriptome contig annotations
suggest putatively adaptive involvement in cellular and metabolic processes, pigmentation,
immune response, neuronal and cardiac function, and currently unknown functions (Chapters
2 and 3). As such, future P. monodon gene-by-environment studies should consider
investigating the potential role of these associated genes in local adaptation to population-
specific environmental conditions in order to potentially develop trait-specific selective

breeding programs (e.g., broodstock selection or genetic editing).

6.2.3 Insitu validation of identified low-density SNP panels

Genomic resources available in giant black tiger shrimp research are growing rapidly. Over the
past two decades several studies have investigated the genetic architecture of P. monodon,
including fosmid library end sequencing (Huang et al., 2011), linkage map construction
(Baranski et al., 2014), transcriptome (Huerlimann et al., 2018; Pootakham et al., 2020;
Uengwetwanit et al., 2018), whole-genome assembly (Van Quyen et al., 2020), and
chromosome-scale genome assembly (Uengwetwanit et al., 2021). DArTseq™ was utilized to
generate a high-quality genome-wide SNP genotype database (n = 10,539) for each P. monodon
individual (n = 532 total) collected from 16 discrete Indo-Pacific Ocean locations (Chapter 3).
However, considering the larger number of animals that would require SNP genotyping for
commercial applications (i.e., selective breeding programs), the use of high-density SNP panels
(n>10,000 loci) may not be as cost-effective as low-density SNP panels (» < 10,000 loci). For
example, Duarte et al. (2013) reported that the cost of genotyping pigs with a high-density
commercial SNP panel (n = 60,000) was more than twice that of genotyping the same
individuals with a low-density commercial SNP panel (n = 9,000). As such, there is a
commercial need to identify low-density SNP panels for rapid, robust, and cost-effective use
in global diversity, provenance, and/or pedigree determination (Dierens et al., 2014; Guppy et
al., 2020; Henshall et al., 2014; Sellars et al., 2014). To address this commercial need for
accurate and cost-effective population genomics tools, five low-density SNP panels were
identified from the broad-scale Indo-Pacific SNP dataset; however, the identified low-density
SNP panels were only validated in silico (Chapter 5). Therefore, future studies should aim to

validate these five low-density SNP panels in situ using the workflows developed for Atlantic

130



salmon (Sal/mo salar (Holman et al., 2017)) and Florida bass (Micropterus floridanus; (Zhao
et al., 2018)) as references. These two studies indicated the utility of simple and low-cost
genotyping-by-sequencing techniques for SNP discovery and the relatively small number of
variable SNPs by using Fluidigm SNPtype SNP genotyping assays (Holman et al., 2017) and
Agena MassARRAY technology (Zhao et al., 2018) to develop parentage SNP panels for
Atlantic salmon (S. salar L.) and Florida bass (M. floridanus), respectively.
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Appendices

Chapter 2.

Appendix 2.1 Marine environmental variables (23) based on latitude and longitude of seven
sampled sites.

State Northern Territory North Queensland Western
Australia
Sampling Region Gulf of Joseph Tiwi Etty Bay Bramston Townsville Nickol
Carpentaria Bonaparte Gulf Island Beach Bay
Code GC IBG TIW EB BB TSV NKB
Time period and grain 2000 - 2000 - 2014 2000 - 2000 - 2000 - 2000 - 2014 2000 -
2014 2014 2014 2014 2014
Latitude -14.997655 -14.681809 -11.86683  -17.561792  -17.353008 -19.082107  -20.69701
Longitude 138.780787 128.371358 131.83147  146.10895 146.05272 146.817537 116.8632
Surface Salinity Min (Env_1) 33.05 30.01 29.96 34.05 34.05 33.73 32.94
Surface Temperature Max 30.94 31.29 30.92 29.54 29.54 29.32 31.48
(Env_2)
Surface Temperature Min 23.44 21.82 24.02 22.54 22.54 21.92 21.25
(Env_3)
Surface Current velocity 0.14 0.03 0.05 0.05 0.05 0.16 0.31
Mean (Env_4)
Surface Phytoplankton 1.28 1.45 1.52 1.44 1.44 1.67 1.39
Mean (Env_5)
Benthic Temperature Mean 0.14 0.02 0.02 0.05 0.05 0.04 0.05
(Env_6)
Benthic Current velocity 0.03 0.03 0.03 0.03 0.03 0.02 0.05
Mean (Env_7)
Surface Salinity Max 35.89 35.55 35.54 35.50 35.50 35.80 35.62
Surface Salinity Mean 34.66 33.79 33.13 35.05 35.05 35.19 34.55
Surface Dissolved 227.83 220.27 217.21 227.29 227.29 236.35 227.83
molecular oxygen Max
Surface Dissolved 187.51 189.57 190.44 193.65 193.65 196.70 193.00
molecular oxygen Min
Surface Current velocity Max 0.06 0.18 0.22 0.40 0.40 0.22 0.15
Surface Current velocity Min 0.04 0.16 0.17 0.37 0.37 0.35 0.04
Surface Phytoplankton Min 1.01 1.10 1.24 1.44 1.44 1.20 1.11
Benthic Salinity Max 35.78 36.09 34.76 35.36 35.36 35.44 35.27
Benthic Salinity Mean 34.41 35.34 34.39 35.02 35.02 35.08 34.92
Benthic Salinity Min 33.03 34.54 33.79 34.48 34.48 34.50 34.42
Benthic Temperature Max 0.51 0.11 0.13 0.33 0.33 0.22 0.13
Benthic Dissolved 211.28 219.13 218.71 219.39 219.39 233.37 224.18
molecular oxygen Max
Benthic Dissolved 201.67 201.81 201.89 207.09 207.09 210.38 207.47
molecular oxygen Mean
Benthic Current velocity Max 0.21 0.11 0.14 0.32 0.32 0.23 0.13
Benthic Phytoplankton Mean 0.98 1.12 1.13 1.21 1.21 1.28 1.31
Benthic Phytoplankton Min 0.72 0.90 0.91 0.94 0.94 0.97 1.04

156



Appendix 2.2 Characterization of high-quality BLAST matches obtained in comparison with P. monodon sequencing SNP against P. monodon

transcriptome
Contig % Pairwise Query
SNP (#) matched Identity Bit-Score Contig Description E Value Hit end Hit start coverage (%)

contigl11442.1 100 128.5 calcium-activated chloride channel regulator 2-like 2.01E-29 2,039 1,971 100
PM1958_ A contig9994.1 100 128.5 Calcium-activated chloride channel regulator 2.01E-29 688 756 100
contig3578.1 100 128.5 epithelial chloride channel -like 2.01E-29 3,761 3,693 100
contig3237.1 100 128.5 epithelial chloride channel -like 2.01E-29 3,970 3,902 100
contigl11442.1 98.6 123.0 calcium-activated chloride channel regulator 2-like 9.33E-28 2,039 1,971 100
PM1958 B contig9994.1 98.6 123.0 Calcium-activated chloride channel regulator 9.33E-28 688 756 100
- contig3578.1 98.6 123.0 epithelial chloride channel -like 9.33E-28 3,761 3,693 100
contig3237.1 98.6 123.0 epithelial chloride channel -like 9.33E-28 3,970 3,902 100

contig196702.1 97.1 58.4 ---NA--- 2.67E-08 283 316 49.28

contig]184051.1 97 56.5 ---NA--- 9.60E-08 160 192 47.83

contig169503.1 100 62.1 ---NA--- 2.06E-09 293 261 47.83

contig160248.1 100 62.1 ---NA--- 2.06E-09 112 144 47.83

contig146699.1 97.1 58.4 ---NA--- 2.67E-08 259 292 49.28

contig144611.1 97 56.5 ---NA--- 9.60E-08 402 370 47.83

contig141018.1 97.1 58.4 ---NA--- 2.67E-08 118 85 49.28

PM6488_A  ontig121911.1 97 56.5 —NA--- 9.60E-08 160 192 47.83
contig110726.1 97.1 58.4 ---NA--- 2.67E-08 7 40 49.28

contig102320.1 97 56.5 ---NA--- 9.60E-08 203 235 47.83

contig100878.1 97 56.5 ---NA--- 9.60E-08 451 483 47.83

contig89079.1 100 60.2 ---NA--- 7.42E-09 510 479 46.38

contig88989.1 97.1 58.4 ---NA--- 2.67E-08 152 119 49.28

contig83954.1 97 56.5 ---NA--- 9.60E-08 479 511 47.83

contig63011.1 97 56.5 ---NA--- 9.60E-08 535 503 47.83
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Appendix 2.2 (cont.)

Contig % Pairwise Query

SNP (#) matched Identity Bit-Score Contig Description E Value Hit end Hit start coverage (%)
contig54766.1 100 60.2 ---NA--- 7.42E-09 813 782 46.38
contig47238.2 97 56.5 ---NA--- 9.60E-08 419 451 47.83
contig47238.1 97 56.5 ---NA--- 9.60E-08 419 451 47.83
contig45025.1 100 54.7 ---NA--- 3.45E-07 484 456 42.03
contig43670.1 100 60.2 ---NA--- 7.42E-09 495 464 46.38
PM648S_A contig37913.1 100 60.2 ---NA--- 7.42E-09 183 152 46.38
contig33852.1 100 60.2 ---NA--- 7.42E-09 783 752 46.38
contig32241.1 100 54.7 ---NA--- 3.45E-07 484 456 42.03
contig21545.1 97 56.5 ---NA--- 9.60E-08 1,731 1,763 47.83
contig3381.1 97 56.5 AF445312 lunknown 9.60E-08 698 730 47.83
contig1214.2 97 56.5 RNA-directed DNA polymerase from mobile element jockey-like 9.60E-08 159 191 47.83
contigl214.1 97 56.5 RNA-directed DNA polymerase from mobile element jockey-like 9.60E-08 159 191 47.83
contig221983.1 96.9 54.7 ---NA--- 3.45E-07 15 46 46.38
contig215803.1 97 56.5 ---NA--- 9.60E-08 100 68 47.83
contig211217.1 100 63.9 ---NA--- 5.74E-10 208 175 49.28
contig209362.1 100 60.2 ---NA--- 7.42E-09 228 197 46.38
contigl196252.1 97 56.5 ---NA--- 9.60E-08 94 62 47.83
PM6438_B contigl191456.1 100 60.2 ---NA--- 7.42E-09 158 189 46.38
contig190456.1 97.1 584 ---NA--- 2.67E-08 215 248 49.28
contig183806.1 97 56.5 ---NA--- 9.60E-08 258 290 47.83
contig182250.1 100 52.8 ---NA--- 1.24E-06 183 156 40.58
contigl74356.1 97 56.5 ---NA--- 9.60E-08 327 295 47.83
contigl73878.1 97 56.5 ---NA--- 9.60E-08 247 215 47.83
contig170096.1 100 58.4 ---NA--- 2.67E-08 71 47 44.93
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Appendix 2.2 (cont.)

Contig % Pairwise Query
SNP (#) matched Identity Bit-Score Contig Description E Value Hit end Hit start coverage (%)

contig]168958.1 100 63.9 ---NA--- 5.74E-10 146 179 49.28
contig165232.1 97 56.5 ---NA--- 9.60E-08 311 279 47.83
contig160882.1 97.1 584 ---NA--- 2.67E-08 251 218 49.28
contig160442.1 96.8 52.8 ---NA--- 1.24E-06 84 114 44.93
contig]55157.1 96.9 54.7 ---NA--- 3.45E-07 183 214 46.38
contigl53702.1 100 54.7 ---NA--- 3.45E-07 154 182 42.03
contigl51497.1 100 60.2 ---NA--- 7.42E-09 144 113 46.38
contigl50717.1 100 54.7 ---NA--- 3.45E-07 161 133 42.03
contig146738.1 100 60.2 ---NA--- 7.42E-09 43 12 46.38
contig145055.1 96.8 52.8 ---NA--- 1.24E-06 233 203 44.93
contig144894.1 100 54.7 ---NA--- 3.45E-07 291 263 42.03
PM6488 B contigl44413.1 100 60.2 ---NA--- 7.42E-09 165 196 46.38
contig142507.1 96.9 54.7 ---NA--- 3.45E-07 94 125 46.38
contig141960.1 97 56.5 ---NA--- 9.60E-08 333 365 47.83
contig141460.1 100 60.2 ---NA--- 7.42E-09 252 283 46.38
contig137288.1 100 62.1 ---NA--- 2.06E-09 272 304 47.83
contig136468.1 97 56.5 ---NA--- 9.60E-08 395 427 47.83
contig134383.1 97 56.5 ---NA--- 9.60E-08 306 274 47.83
contig133091.1 96.8 52.8 ---NA--- 1.24E-06 163 193 44.93
contigl131883.1 100 56.5 ---NA--- 9.60E-08 278 249 43.48
contigl31661.1 97 56.5 ---NA--- 9.60E-08 370 338 47.83
contig130490.1 100 584 ---NA--- 2.67E-08 356 386 44.93
contig129639.1 100 584 ---NA--- 2.67E-08 373 343 44.93
contigl27989.1 100 54.7 ---NA--- 3.45E-07 218 190 42.03
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Appendix 2.2 (cont.)

Contig % Pairwise Query
SNP (#) matched Identity Bit-Score Contig Description E Value Hit end Hit start  coverage (%)

contig126961.1 100 63.9 ---NA--- 5.74E-10 153 186 49.28
contig123773.1 100 60.2 ---NA--- 7.42E-09 222 253 46.38
contig120030.1 97 56.5 ---NA--- 9.60E-08 335 303 47.83
contig119207.1 100 60.2 ---NA--- 7.42E-09 285 316 46.38
contig114246.1 100 62.1 ---NA--- 2.06E-09 233 265 47.83
contig]110605.1 100 60.2 ---NA--- 7.42E-09 152 121 46.38
contigl 10569.1 100 62.1 ---NA--- 2.06E-09 368 400 47.83
contig108609.1 97 56.5 ---NA--- 9.60E-08 459 427 47.83
contigl108525.2 100 60.2 ---NA--- 7.42E-09 266 297 46.38
contig108525.1 100 60.2 ---NA--- 7.42E-09 267 298 46.38
contig108273.1 97 56.5 ---NA--- 9.60E-08 60 28 47.83
PM6488 B contigl106547.1 97 56.5 ---NA--- 9.60E-08 285 317 47.83
contig106521.1 100 54.7 ---NA--- 3.45E-07 239 211 42.03
contig102310.1 100 60.2 ---NA--- 7.42E-09 526 495 46.38
contig102032.1 96.9 54.7 ---NA--- 3.45E-07 159 128 46.38
contig98550.1 100 56.5 ---NA--- 9.60E-08 324 295 43.48
contig95902.1 97 56.5 ---NA--- 9.60E-08 117 85 47.83
contig91117.1 100 60.2 ---NA--- 7.42E-09 307 276 46.38
contig90378.1 100 54.7 ---NA--- 3.45E-07 46 74 42.03
contig88653.1 100 60.2 ---NA--- 7.42E-09 489 520 46.38
contig88268.1 100 60.2 ---NA--- 7.42E-09 64 33 46.38
contig85300.1 96.9 54.7 ---NA--- 3.45E-07 331 300 46.38
contig85217.1 100 584 ---NA--- 2.67E-08 378 408 44.93
contig84904.1 100 60.2 ---NA--- 7.42E-09 335 304 46.38
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Appendix 2.2 (cont.)

Contig % Pairwise Query
SNP (#) matched Identity Bit-Score Contig Description E Value Hit end Hit start coverage (%)

contig84045.1 100 60.2 ---NA--- 7.42E-09 275 306 46.38
contig83472.1 97 56.5 ---NA--- 9.60E-08 211 179 47.83
contig79424.1 96.9 54.7 ---NA--- 3.45E-07 392 423 46.38
contig79102.1 100 60.2 ---NA--- 7.42E-09 282 313 46.38
contig75907.1 100 56.5 ---NA--- 9.60E-08 657 686 43.48
contig75105.1 100 52.8 ---NA--- 1.24E-06 698 725 40.58
contig75049.1 97 56.5 ---NA--- 9.60E-08 131 99 47.83
contig74027.1 97.1 584 ---NA--- 2.67E-08 433 466 49.28
contig70385.1 96.9 54.7 ---NA--- 3.45E-07 537 506 46.38
contig69377.1 97 56.5 ---NA--- 9.60E-08 693 725 47.83
contig69263.1 100 54.7 ---NA--- 3.45E-07 491 463 42.03
PM6488 B contig67491.1 96.9 54.7 ---NA--- 3.45E-07 51 82 46.38
contig65678.1 100 54.7 ---NA--- 3.45E-07 665 637 42.03
contig63233.1 100 62.1 ---NA--- 2.06E-09 744 712 47.83
contigb60751.1 100 60.2 ---NA--- 7.42E-09 167 136 46.38
contig59941.1 100 60.2 ---NA--- 7.42E-09 84 53 46.38
contig58971.1 97.1 584 ---NA--- 2.67E-08 124 91 49.28
contig56349.1 100 60.2 ---NA--- 7.42E-09 765 734 46.38
contig55153.1 97 56.5 ---NA--- 9.60E-08 263 231 47.83
contig54969.1 97 56.5 ---NA--- 9.60E-08 726 758 47.83
contig54325.1 100 54.7 ---NA--- 3.45E-07 674 646 42.03
contig51877.1 100 52.8 ---NA--- 1.24E-06 396 369 40.58
contig49724.1 100 60.2 ---NA--- 7.42E-09 468 437 46.38
contig47238.2 97 56.5 ---NA--- 9.60E-08 713 745 47.83
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Appendix 2.2 (cont.)

Contig % Pairwise Query
SNP (#) matched Identity Bit-Score Contig Description E Value Hit end Hit start  coverage (%)
contig47238.1 97 56.5 ---NA--- 9.60E-08 852 884 47.83
contig39463.2 100 54.7 ---NA--- 3.45E-07 747 719 42.03
contig34890.1 100 54.7 ---NA--- 3.45E-07 161 133 42.03
contig33357.1 100 62.1 ---NA--- 2.06E-09 1,360 1,392 47.83
contig29020.1 100 54.7 ---NA--- 3.45E-07 1,314 1,342 42.03
contig23832.1 96.8 52.8 ---NA--- 1.24E-06 1,479 1,509 44.93
PM6488_B contig21081.1 96.9 54.7 ---NA--- 3.45E-07 837 806 46.38
contig19487.1 100 56.5 ---NA--- 9.60E-08 1,328 1,299 43.48
contig]5653.1 100 56.5 ---NA--- 9.60E-08 88 59 43.48
contig14585.1 100 54.7 ---NA--- 3.45E-07 1,202 1,174 42.03
contig13069.1 100 54.7 ---NA--- 3.45E-07 684 656 42.03
contigl 1529.1 100 60.2 ---NA--- 7.42E-09 428 459 46.38
contig9666.1 96.9 54.7 calcium-activated potassium channel slowpoke isoform X7 3.45E-07 3 34 46.38
contig8956.1 100 54.7 ---NA--- 3.45E-07 370 342 42.03
contig169701.1 95.9 78.7 RNA-directed DNA polymerase from mobile element jockey 2.05E-14 69 21 69.57
contigl1 62921.1 94.1 76.8 ---NA--- 7.37E-14 51 1 72.46
contigl55224.1 97.1 584 ---NA--- 2.67E-08 103 69 49.28
contigl23561.1 100 54.7 ---NA--- 3.45E-07 32 4 42.03
PMI771 A contig72709.1 96.1 82.4 RNA-directed DNA polymerase from mobile element jockey 1.58E-15 249 299 72.46
- contig4d1955.1 96.1 82.4 RNA-directed DNA polymerase from mobile element jockey-like 1.58E-15 463 513 72.46
contig32221.1 87.8 80.5 RNA-directed DNA polymerase from mobile element jockey 5.70E-15 1,490 1,417 95.65
contig29186.1 96.1 82.4 RNA-directed DNA polymerase from mobile element jockey-like 1.58E-15 1,066 1,116 72.46
contig22935.1 100 54.7 rna-directed dna polymerase from mobile element 3.45E-07 906 878 42.03
contig17548.1 96.1 82.4 RNA-directed DNA polymerase from mobile element jockey-like 1.58E-15 1,314 1,364 72.46
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Appendix 2.2 (cont.)

Contig % Pairwise Query

SNP (#) matched Identity Bit-Score Contig Description E Value Hit end Hit start  coverage (%)
contig8125.3 94.1 76.8 RNA-directed DNA polymerase from mobile element jockey-like 7.37E-14 355 405 72.46
contig8125.2 96.1 82.4 RNA-directed DNA polymerase from mobile element jockey 1.58E-15 1,722 1,772 72.46
PMI771 A contig8125.1 96.1 82.4 rna-directed dna polymerase from mobile element jockey 1.58E-15 2,316 2,366 72.46
- contig8082.1 94.1 76.8 lian-aal retrotransposon 7.37E-14 2,428 2,478 72.46
contig4273.1 87.1 73.1 RNA-directed DNA polymerase from mobile element jockey-like 9.53E-13 2,488 2,419 89.86
contig3120.1 96.1 82.4 rna-directed dna polymerase from mobile element jockey 1.58E-15 1,491 1,441 72.46
contigl169701.1 95.9 78.7 RNA-directed DNA polymerase from mobile element jockey 2.05E-14 69 21 69.57
contig]162921.1 94.1 76.8 ---NA--- 7.37E-14 51 1 72.46
contigl55224.1 97.1 58.4 ---NA--- 2.67E-08 103 69 49.28
contig123561.1 100 54.7 ---NA--- 3.45E-07 32 4 42.03
contig72709.1 96.1 82.4 RNA-directed DNA polymerase from mobile element jockey 1.58E-15 249 299 72.46
contig41955.1 96.1 82.4 RNA-directed DNA polymerase from mobile element jockey-like 1.58E-15 463 513 72.46
contig32221.1 95.9 78.7 RNA-directed DNA polymerase from mobile element jockey 2.05E-14 1,490 1,442 69.57
PM1771 B contig29186.1 96.1 82.4 RNA-directed DNA polymerase from mobile element jockey-like 1.58E-15 1,066 1,116 72.46
- contig22935.1 100 54.7 rna-directed dna polymerase from mobile element 3.45E-07 906 878 42.03
contigl7548.1 96.1 82.4 RNA-directed DNA polymerase from mobile element jockey-like 1.58E-15 1,314 1,364 72.46
contig8125.3 94.1 76.8 RNA-directed DNA polymerase from mobile element jockey-like 7.37E-14 355 405 72.46
contig8125.2 96.1 82.4 RNA-directed DNA polymerase from mobile element jockey 1.58E-15 1,722 1,772 72.46
contig8125.1 96.1 82.4 rna-directed dna polymerase from mobile element jockey 1.58E-15 2,316 2,366 72.46
contig8082.1 86.8 78.7 lian-aal retrotransposon 2.05E-14 2,428 2,503 98.55
contig4273.1 95.6 71.3 RNA-directed DNA polymerase from mobile element jockey-like 3.43E-12 2,488 2,444 63.77
contig3120.1 96.1 82.4 rna-directed dna polymerase from mobile element jockey 1.58E-15 1,491 1,441 72.46
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Appendix 2.2 (cont.)

Contig % Pairwise Query
SNP (#) matched Identity Bit-Score Contig Description E Value Hit end Hit start  coverage (%)

contig5062.3 100 121.2 PREDICTED: uncharacterized protein LOC108744461 isoform X4 3.36E-27 348 412 94.2
PM4714_A contig5062.2 100 121.2 Uncharacterized protein APZ42 034504 3.36E-27 335 399 942
contig5062.1 100 121.2 Uncharacterized protein APZ42 034504 3.36E-27 1,169 1,233 94.2
contig5062.3 98.5 115.6 PREDICTED: uncharacterized protein LOC108744461 isoform X4 1.56E-25 348 412 94.2
PM4714_A contig5062.2 98.5 115.6 Uncharacterized protein APZ42 034504 1.56E-25 335 399 94.2
contig5062.1 98.5 115.6 Uncharacterized protein APZ42 034504 1.56E-25 1,169 1,233 94.2
PM3856 A contig9977.1 100 54.7 kinase pkn|GO:0008484 GO:0008152 3.45E-07 857 885 42.03
contig2078.1 100 54.7 kinase pkn|GO:0008484 GO:0008152 3.45E-07 1,459 1,487 42.03
PM3856_B contig14798.1 100 54.7 kinase pkn|GO:0008484 GO:0008152 3.45B-07 2,223 2,195 42.03

PM10591_A NO HIT 0
PM10591 B, 1i0113267.1 100 62.1 —NA--- 2.06E-09 156 188 47.83
PM6057T_A  ontig170249.1 91.5 824 endonuclease-reverse transcriptase]GO:0003964 GO:0006278 1.58E-15 124 66 85.51
contig212013.1 91.4 80.5 endonuclease-reverse transcriptase|GO:0003964 GO:0006278 5.70E-15 59 2 84.06
contig210575.1 88.1 71.3 endonuclease-reverse transcriptase|GO:0003964 GO:0006278 3.43E-12 87 29 85.51
contig195976.1 89.8 76.8 endonuclease-reverse transcriptase|G0O:0003964 GO:0006278 7.37E-14 78 20 85.51
contig191278.1 94.9 62.1 endonuclease-reverse transcriptase|GO:0003964 GO:0006278 2.06E-09 338 300 56.52

RNA-directed DNA polymerase from mobile element jockey|
contig151251.1 91.1 76.8 G0:0003964 GO:0006278 7.37E-14 389 334 81.16
PM6057_B

contig108767.1 89.8 76.8 endonuclease-reverse transcriptase|G0O:0003964 GO:0006278 7.37E-14 177 119 85.51
contig100612.1 91.4 80.5 endonuclease-reverse transcriptase|G0O:0003964 GO:0006278 5.70E-15 354 297 84.06
contig99594.1 91.1 76.8 endonuclease-reverse transcriptase|GO:0003964 GO:0006278 7.37E-14 352 407 81.16
contig20642.1 89.7 75.0 endonuclease-reverse transcriptase 2.65E-13 766 709 84.06
contig15540.1 92.9 82.4 endonuclease-reverse transcriptase 1.58E-15 1,723 1,778 81.16
contig2742.1 90.9 58.4 endonuclease-reverse transcriptase|GO:0003964 GO:0006278 2.67E-08 2,057 2,015 63.77
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Appendix 2.2 (cont.)

Contig % Pairwise Query
SNP (#) matched Identity Bit-Score Contig Description E Value Hit end Hit start  coverage (%)
PM2065_A  ontig160882.1 93.5 67.6 —NA--- 4.44E-11 156 112 66.67
PM2065_B NO HIT 0
PM5846_A contig69233.1 91.9 87.9 —NA--- 3.40E-17 774 713 89.86
PM5846_B contig69233.1 90.3 82.4 —NA--- 1.58E-15 774 713 89.86
PM10621_A NO HIT 0
RNA-directed DNA polymerase from mobile element|
contig83159.1 95.2 67.6 G0:0003824 GO:0005488 GO:0044260 GO:0090304 4.44E-11 1 42 60.87
contig53029.1 95.9 80.5 RNA-directed DNA polymerase from mobile element 5.70E-15 1,011 963 71.01
PM10621_B
RNA-directed DNA polymerase from mobile element jockey-like|
contig27951.1 93.9 75.0 G0:0003824 GO:0005488 GO:0044260 GO:0090304 2.65E-13 558 510 71.01
contig17322.1 93.9 75.0 RNA-directed DNA polymerase from mobile element 2.65E-13 235 283 71.01
contig46386.1 97.3 63.9 venom protease-like|GO:0008233 5.74E-10 287 251 53.62
contigd0687.1 97.3 63.9 venom protease-like|GO:0008233 5.74E-10 270 234 53.62
PM1296_A contig21273.1 97.3 63.9 venom protease-like|GO:0008233 5.74E-10 275 239 53.62
contig17797.1 97.3 63.9 venom protease-like|GO:0008233 5.74E-10 326 290 53.62
prophenoloxidase activating factor 1|
contig6796.1 97.3 63.9 G0:0004252 GO:0006508 5.74E-10 3,195 3,231 53.62
PM1296_B contig38125.1 973 63.9 venom protease-like|GO:0008233 5.74E-10 359 323 53.62

Two alleles generated by outlier SNP denoted as "_A" and "_B"; Shading denotes outlier SNP with only one allele that matched P. monodon transcriptome.
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Appendix 2.3 Translation of eight outlier SNP with transcriptome matches to protein sequences using all three reading frames.

SNP ID Sequence (5' - 3") Translation Frame 1 (5'-3") Translation Frame 2 (5'-3")
PM1958 A TGCAGACGCGTACGCCGCCTACCCGTACCCCTACCACCCAGGCTACAGCCACGAGGAGCTGCCCCCATA CRRVRRLPVPLPPRLQPRGAAPI ADAYAAYPYPYHPGYSHEELPP
PM1958 B TGCAGACGCGTACGCCGCCTACCCATACCCCTACCACCCAGGCTACAGCCACGAGGAGCTGCCCCCATA CRRVRRLPIPLPPRLQPRGAAPI ADAYAAYPYPYHPGYSHEELPP
PM6488_A TGCAGGTACCAGTCACCCCAGGATGCTGTGCATGATCCGAGATCGGAAGAGCGGTTCAGCAGGAATGCC CRYQSPQDAVHDPRSEERFSRNA AGTSHPRMLCMIRDRKSGSAGM
PM6488_B TGCAGGTACCAGTCGCCCCAGGATGCTGTGCATGATCCGAGATCGGAAGAGCGGTTCAGCAGGAATGCC CRYQSPQDAVHDPRSEERFSRNA AGTSRPRMLCMIRDRKSGSAGM
PM1771_A TGCAGCACACGACCGAGTGGGGGGACTTCAATGCACACCACCCCATCCTGGCTCCCTACAGGGCACCGA CSTRPSGGTSMHTTPSWLPTGHR AAHDRVGGLQCTPPHPGSLQGT
PM1771_B TGCAGCACACGACTGAGTGGGGGGACTTCAATGCACACCACCCCATCCTGGCTCCCTACAGGGCACCGA CSTRLSGGTSMHTTPSWLPTGHR AAHD*VGGLQCTPPHPGSLQGT
PM4714_A TGCAGTACATAAGGCACAGCGAGCTGGACGGGCACTCGCGGCCGCACTTGTAGCACACGAAGCCGAGAT CST*GTASWTGTRGRTCSTRSRD AVHKAQRAGRALAAALVAHEAE
PM4714_B TGCAGTACATCAGGCACAGCGAGCTGGACGGGCACTCGCGGCCGCACTTGTAGCACACGAAGCCGAGAT CSTSGTASWTGTRGRTCSTRSRD AVHQAQRAGRALAAALVAHEAE
PM3856_A TGCAGCTGGGAATCCTGCTGTGTCTGCCGAGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGATC CSWESCCVCRDRKSGSAGMPRPI AAGNPAVSAEIGRAVQQECRDR
PM3856_B TGCAGCTGTGAATCCTGCTGTGTCTGCCGAGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGATC CSCESCCVCRDRKSGSAGMPRPI AAVNPAVSAEIGRAVQQECRDR
PM6057_A TGCAGCAACTACTGTGACATTACACTGCTCAGTATACCAGACAAGATTTTCACCCACATCCGTGATAAC CSNYCDITLLSIPDKIFTHIRDN AATTVTLHCSVYQTRFSPTSVI
PM6057_B TGCAGCAACTACTGTGGCATTACACTGCTCAGTATACCAGACAAGATTTTCACCCACATCCGTGATAAC CSNYCGITLLSIPDKIFTHIRDN AATTVALHCSVYQTRFSPTSVI
PM5846_A TGCAGCTTCAGTCCAGGCCACAAATTTCTGTTGCTTTGTCCAATGAGATTAATTACAGCGTTCGGCATG CSFSPGHKFLLLCPMRLITAFGM AASVQATNFCCFVQ*D*LQRSA
PM5846_B TGCAGATTCAGTCCAGGCCACAAATTTCTGTTGCTTTGTCCAATGAGATTAATTACAGCGTTCGGCATG CRFSPGHKFLLLCPMRLITAFGM ADSVQATNFCCFVQ*D*LQRSA
PM10621_A  TGCAGGATATCAAGCAAGGGACGGCGCCCCCGAGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCG  CRISSKGRRPRDRKSGSAGMPRP AGYQARDGAPEIGRAVQQECRD
PM10621_B TGCAGGATATCAAGCAAGGGACGGCGCTCCCGAGATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCG  CRISSKGRRSRDRKSGSAGMPRP AGYQARDGAPEIGRAVQQECRD
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Appendix 2.3 (cont.)

SNP ID Translation Frame 3 (5'-3") Translation Frame 1 (3'-5") Translation Frame 2 (3'-5") Translation Frame 3 (3'-5")
PMI1958_A QTRTPPTRTPTTQATATRSCPH YGGSSSWL*PGW*GYG*AAYASA MGAAPRGCSLGGRGTGRRRTRL WGQLLVAVAWVVGVRVGGVRVC
PM1958_B QTRTPPTHTPTTQATATRSCPH YGGSSSWL*PGW*GYG*AAYASA MGAAPRGCSLGGRGMGRRRTRL WGQLLVAVAWVVGVWVGGVRVC
PM6488_A QVPVTPGCCA*SEIGRAVQQEC GIPAEPLFRSRIMHSILG*LVPA AFLLNRSSDLGSCTASWGDWYL HSC*TALPISDHAQHPGVTGTC
PM6488_B QVPVAPGCCA*SEIGRAVQQEC GIPAEPLFRSRIMHSILGRLVPA AFLLNRSSDLGSCTASWGDWYL HSC*TALPISDHAQHPGATGTC
PM1771_A QHTTEWGDFNAHHPILAPYRAP SVPCREPGWGGVH*SPPTRSCAA RCPVGSQDGVVCIEVPPLGRVL GAL*GARMGWCALKSPHSVVCC
PM1771_B QHTTEWGDFNAHHPILAPYRAP SVPCREPGWGGVH*SPPTQSCAA RCPVGSQDGVVCIEVPPLSRVL GAL*GARMGWCALKSPHSVVCC
PM4714_A QYIRHSELDGHSRPHL*HTKPR ISASCATSAAASARPARCALCTA SRLRVLQVRPRVPVQLAVPYVL LGFVCYKCGRECPSSSLCLMYC
PM4714_B QYIRHSELDGHSRPHL*HTKPR ISASCATSAAASARPARCA*CTA SRLRVLQVRPRVPVQLAVPDVL LGFVCYKCGRECPSSSLCLMYC
PM3856_A QLGILLCLPRSEERFSRNAETD DRSRHSC*TALPISADTAGFPAA IGLGIPAEPLFRSRQTQQDSQL SVSAFLLNRSSDLGRHSRIPSC
PM3856_B QL*ILLCLPRSEERFSRNAETD DRSRHSC*TALPISADTAGFTAA IGLGIPAEPLFRSRQTQQDSQL SVSAFLLNRSSDLGRHSRIHSC
PM6057_A QQLL*HYTAQYTRQDFHPHP** VITDVGENLVWYTEQCNVTVVAA LSRMWVKILSGILSSVMSQ*LL YHGCG*KSCLVY*AV*CHSSCC
PM6057_B QQLLWHYTAQYTRQDFHPHP** VITDVGENLVWYTEQCNATVVAA LSRMWVKILSGILSSVMPQ*LL YHGCG*KSCLVY*AV*CHSSCC
PM5846_A QLQSRPQISVALSNEINYSVRH HAERCN*SHWTKQQKFVAWTEAA MPNAVINLIGQSNRNLWPGLKL CRTL*LISLDKATEICGLD*SC
PM5846_B QIQSRPQISVALSNEINYSVRH HAERCN*SHWTKQQKFVAWTESA MPNAVINLIGQSNRNLWPGLNL CRTL*LISLDKATEICGLD*IC
PM10621_A QDIKQGTAPPRSEERFSRNAET RSRHSC*TALPISGAPSLA*YPA GLGIPAEPLFRSRGRRPLLDIL VSAFLLNRSSDLGGAVPCLISC
PM10621_B QDIKQGTALPRSEERFSRNAET RSRHSC*TALPISGAPSLA*YPA GLGIPAEPLFRSRERRPLLDIL VSAFLLNRSSDLGSAVPCLISC

Two alleles generated by each outlier SNP denoted as "A" and " B"; Red characters indicate SNP locations within each nucleotide or translated protein
sequence; Protein translation frames in which SNP caused synonymous mutations are bolded; Asterisks (*) denote stop codons.
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Chapter 3.

Appendix 3.1 Sea surface temperature maximum (SST max) and minimum (SST_ min)
relating to each population sample site were selected from the Bio-ORACLE database using

monthly averages of climate data from 2000 — 2014.

Populations Latitude Longitude SST_max SST_min
BB -17.56179 146.108953 29.57 22.18
EB -17.35300 146.052726 29.59 22.04
TSV -19.08210 146.817537 29.58 21.06
GC -14.99765 138.780787 30.94 23.56
Oceania
JIBG -14.68180 128.371358 31.39 21.61
TIW -11.86683 131.83147 30.79 24.04
WA -20.69701 116.863229 31.48 21.25
FJ -17.95706 178.608177 29.47 24.78
PHI 10.546042 122.447387 30.46 26.39
CMVN 8.5676 105.0526 31.10 25.36
Southeast Asia NTVN 12.2608 109.2383 29.95 23.20
(SEA) INDO -7.702932 108.706541 29.92 24.60
11.693318 97.657631
THL 31.02 26.95
11.937713 101.465872
Northwest
Indian Ocean SLK 6.434407 79.974896 30.20 26.96
(NWIO)
Western KE -3.583314 40.0142664 29.43 25.10
Indian Ocean
(WIO SA -28.97839 31.836385 26.36 20.29
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Appendix 3.2 Graph of the number of clusters formed by DAPC and ADMIXTURE. The top
plot shows the cross-validation error across multiple runs picking K values of 7 and 6 as the
optimum number of clusters for neutral (A) and outlier loci (C) datasets. Inference of the
number of clusters in the DAPC performed on neutral (B) and outlier loci (D) datasets; K values
of 7 and 6 (the lowest BIC value) represented the best summary of neutral and outlier loci,
respectively.
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Appendix 3.3 Population relationship for tree models with ten migration events (m = 0 — 10)
inferred by Treemix for neutral SNP dataset. The drift parameter represents the degree to which
genetic drift has occurred between each population. BB: Bramston Beach; EB: Etty Bay; TSV:
Townsville; GC: Gulf of Carpentaria, JBG: Joseph Bonaparte Gulf, TIW: Tiwi Island, WA:
Western Australia; CMVN: Ca Mau, Vietnam; NTVN: Nha Trang, Vietnam; INDO: Indonesia;
THL: Thailand; PHI: Philippines; SLK: Sri Lanka; KE: Kenya; SA: South Africa.
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Appendix 3.4 The fractions of variance in relatedness between populations explained by
phylogenetic models with 0 to 10 migration events.
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Appendix 3.5 List of all population triples (X; A, B) with negative values of f3 (Z; A, B) in
three-way admixture test among 16 P. monodon populations. BB: Bramston Beach; EB: Etty
Bay; TSV: Townsville; GC: Gulf of Carpentaria; JBG: Joseph Bonaparte Gulf; TIW: Tiwi
Island; NKB: Nickol Bay; CMVN: Ca Mau, Vietnam; NTVN: Nha Trang, Vietnam; FJ: Fiji;
INDO: Java, Indonesia; THL: Thailand; PHI: Philippines; SLK: Sri Lanka; KE: Kenya; SA:

South Africa.
Source 1 Source 2 Target The f3-statistics The::::lflard The Z-score
BB SLK CMVN -0.00627252 0.000238837 -26.2628
EB SLK CMVN -0.00637368 0.000247282 -25.7749
FJ SLK CMVN -0.00616953 0.000290652 -21.2265
GC SLK CMVN -0.00493383 0.000195865 -25.1899
JBG SLK CMVN -0.00499505 0.00019597 -25.4888
PHI SLK CMVN -0.00497183 0.000220372 -22.561
Sixteen f3- SLK TIW CMVN -0.00499591 0.000179561 -27.8229
statistics were SLK TSV CMVN -0.00635146 0.0002497 -25.4363
significantly
positive (Z- BB SLK INDO -0.00706338 0.00023785 -29.6967
score < -20) EB SLK INDO -0.00713797 0.000243458 -29.3191
FJ SLK INDO -0.00709535 0.000283549 -25.0234
GC SLK INDO -0.00592796 0.000196708 -30.1358
JBG SLK INDO -0.00605581 0.000192236 -31.502
PHI SLK INDO -0.00573417 0.000222006 -25.8289
SLK TIW INDO -0.00596621 0.000184414 -32.3523
SLK TSV INDO -0.00715243 0.000248002 -28.8402
EB NKB BB -8.50E-05 9.03E-05 -0.941279
EB SLK BB -2.71E-05 0.000137665 -0.196756
EB JBG BB -8.55E-06 5.60E-05 -0.152851
KE TSV BB -0.000124222 0.000214318 -0.579617
NKB TSV BB -9.11E-06 0.000102147 -0.0891749
SA TSV BB -8.46E-05 0.000214548 -0.394153
SLK TSV BB -1.78E-05 0.000155131 -0.114651
f3'svtv"etrizﬁcs BB SA CMVN -0.00619892 0.000343701 -18.0358
significantly BB KE CMVN -0.00616245 0.000345254 -17.849
positive (Z- BB THL CMVN -0.00104389 0.0001283 -8.13631
score < ()
BB INDO CMVN -0.00026855 8.22E-05 -3.26803
EB SA CMVN -0.0062005 0.000359592 -17.2432
EB KE CMVN -0.00620207 0.000362096 -17.1283
EB THL CMVN -0.00111778 0.000134065 -8.3376
EB INDO CMVN -0.000295118 8.46E-05 -3.48807
FJ SA CMVN -0.00591394 0.000457134 -12.937
FJ KE CMVN -0.00592354 0.000458042 -12.9323
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Appendix 3.5 (cont.)

Source 1 Source 2 Target The f3-statistics Thees:::;lard The Z-score
FJ THL CMVN -0.00104896 0.00016757 -6.25986
FJ INDO CMVN -0.00013359 0.000105612 -1.26491
FJ INDO CMVN -0.00013359 0.000105612 -1.26491
GC KE CMVN -0.00490591 0.000298093 -16.4576
GC SA CMVN -0.00487082 0.000296389 -16.4339
GC THL CMVN -0.00066567 0.000111541 -5.96796
GC INDO CMVN -6.53E-05 7.14E-05 -0.91395
INDO PHI CMVN -0.000297063 8.10E-05 -3.66553
INDO TSV CMVN -0.000258441 8.62E-05 -2.99782
INDO TIW CMVN -8.91E-05 6.71E-05 -1.3284
JBG SA CMVN -0.00484985 0.000301851 -16.0671
JBG KE CMVN -0.00486272 0.000303709 -16.0111
JBG THL CMVN -0.000678441 0.000113735 -5.96511
KE TSV CMVN -0.00634783 0.00036265 -17.504
KE TIW CMVN -0.00481594 0.000285106 -16.8917
KE PHI CMVN -0.00434812 0.000345528 -12.584
KE NKB CMVN -0.00357229 0.000441941 -8.08317
B'Svt;trizﬁcs NKB SLK CMVN -0.00401155 0.000280349 -14.3092
significantly NKB SA CMVN -0.00358314 0.000439911 -8.14514
positive (Z-
score < 0) NKB THL CMVN -0.000630178 0.000160751 3.9202
PHI SA CMVN -0.00435761 0.00034389 12,6715
PHI THL CMVN -0.0009371 0.000130194 719772
SA TSV CMVN -0.00634464 0.000360768 -17.5865
SA TIW CMVN -0.00480472 0.000283203 -16.9656
THL TSV CMVN -0.00101474 0.00013409 -7.56759
THL TIW CMVN -0.000706386 0.000105493 -6.69604
BB SLK GC -0.000237717 0.000278298 -0.854181
BB SA GC -0.000227122 0.000339745 -0.668508
BB KE GC -0.00015556 0.000341149 -0.45599
EB SLK GC -0.000277948 0.00029147 -0.953608
EB SA GC -0.00016777 0.000360571 -0.46529
EB KE GC -0.000134249 0.000362263 -0.370583
KE TSV GC -0.000451954 0.000357761 -1.26329
SA TSV GC -0.000483859 0.0003563 -1.35801
SLK TSV GC -0.000427674 0.000288347 -1.48319
BB SA INDO -0.00683809 0.000363417 -18.8161
BB KE INDO -0.00677549 0.000365343 -18.5456
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Appendix 3.5 (cont.)

Source 1 Source 2 Target The f3-statistics Thees::gfard The Z-score
BB THL INDO -0.000784002 0.000132553 -5.91464
CMVN SLK INDO -0.00105941 0.000110817 -9.55999
CMVN SA INDO -0.000907726 0.000188901 -4.80529
CMVN KE INDO -0.000881598 0.000190387 -4.63056
CMVN THL INDO -8.67E-06 6.81E-05 -0.127209
EB SA INDO -0.0068131 0.000378869 -17.9827
EB KE INDO -0.00678855 0.000381449 -17.7968
EB THL INDO -0.000831328 0.000137698 -6.03731
FJ SA INDO -0.00668807 0.000464713 -14.3918
FJ KE INDO -0.00667155 0.000466026 -14.3158
FJ THL INDO -0.000924038 0.000168985 -5.46815
GC SA INDO -0.00571327 0.000314016 -18.1942
GC KE INDO -0.00572224 0.000315873 -18.1156
GC THL INDO -0.00060906 0.0001124 -5.41867
JBG SA INDO -0.00575893 0.000314662 -18.3019
JBG KE INDO -0.00574567 0.000316687 -18.143
Bostatistics JBG THL INDO -0.000688458 0.000113732 -6.05331
were KE TIW INDO -0.00560843 0.000305048 -18.3854
significantly
positive (Z- KE TSV INDO -0.00697098 0.000382182 -18.2399
score <0) KE PHI INDO -0.00493266 0.000361505 -13.6448
KE NKB INDO -0.00445811 0.000443012 -10.0632
KE NTVN INDO -0.000950451 0.000252416 -3.76542
NKB SLK INDO -0.00507519 0.000268676 -18.8896
NKB SA INDO -0.00449509 0.00044088 -10.1957
NKB THL INDO -0.000643072 0.000156092 -4.11982
NTVN SLK INDO -0.00109549 0.000147415 743135
NTVN SA INDO -0.00102373 0.000250778 -4.08223
PHI SA INDO -0.00496827 0.000358948 -13.8412
PHI THL INDO -0.000648703 0.000132628 489115
SA TIW INDO -0.00562333 0.000303244 -18.5439
SA TSV INDO -0.00699392 0.000380522 -18.3798
THL TIW INDO -0.000625944 0.000109014 -5.74185
THL TSV INDO -0.000764961 0.000136328 56112
BB SLK JBG -0.000451332 0.000261173 -1.72809
BB SA JBG -0.000522928 0.000318266 -1.64305
BB KE JBG -0.000473595 0.000319432 -1.48262
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Appendix 3.5 (cont.)

Source 1 Source 2 Target The f3-statistics Thees::gfard The Z-score

BB GC JBG -7.55E-05 8.17E-05 -0.92452

EB SLK JBG -0.000469865 0.000276395 -1.69997

EB SA JBG -0.000441878 0.000340195 -1.29889

EB KE JBG -0.000430585 0.000342135 -1.25852

EB GC JBG -5.38E-05 8.38E-05 -0.642513

FI GC JBG -0.000114828 0.00010745 -1.06867

KE TSV JBG -0.000685327 0.000347261 -1.97352

SA TSV JBG -0.000695003 0.000345991 -2.00873

SLK TSV JBG -0.000556627 0.000280221 -1.98639

BB SLK NTVN -0.00452098 0.000253016 -17.8684

BB KE NTVN -0.00437814 0.000377672 -11.5925

BB SA NTVN -0.00436746 0.000377236 -11.5775

EB SLK NTVN -0.00455818 0.000261926 -17.4026

EB KE NTVN -0.00435379 0.000393452 -11.0656

EB SA NTVN -0.00430507 0.000392461 -10.9694

FI SLK NTVN -0.00437791 0.00031528 -13.8858

staistics FI KE NTVN -0.00409916 0.000492594 -8.32157

were FI SA NTVN -0.0040424 0.000492278 -8.21162
significantly

positive (Z- GC SLK NTVN -0.00314799 0.000218016 -14.4393

score <0) GC KE NTVN -0.00308731 0.000335519 -9.20157

GC SA NTVN -0.00300506 0.000334457 -8.98488

JBG SLK NTVN -0.00321716 0.000219023 -14.6887

JBG KE NTVN -0.00305205 0.000339957 -8.97775

JBG SA NTVN -0.00299203 0.000338999 -8.82609

KE TSV NTVN -0.00457973 0.00039389 -11.6269

KE TIW NTVN -0.00296203 0.000323834 -9.14673

KE PHI NTVN -0.00226193 0.000383793 -5.89363

KE NKB NTVN -0.00158131 0.000486791 -3.24843

NKB SLK NTVN -0.00205334 0.00030976 -6.62883

NKB SA NTVN -0.00154501 0.000486133 3.17815

PHI SLK NTVN -0.00291841 0.000244208 -11.9505

PHI SA NTVN -0.00222426 0.000382946 -5.80829

SA TSV NTVN -0.00452939 0.000393488 -11.5109

SA TIW NTVN -0.00290365 0.000323308 -8.98107

SLK TSV NTVN -0.00461614 0.000262794 -17.5656

SLK TIW NTVN -0.00317477 0.000203604 -15.5929
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Appendix 3.5 (cont.)

Source 1 Source 2 Target The f3-statistics Thees::gfard The Z-score
BB SLK THL -0.00272177 0.00026495 -10.2728
BB SA THL -0.00226456 0.000444688 -5.09248
BB KE THL -0.00221158 0.000446876 -4.94896
EB SLK THL -0.00274904 0.000271865 -10.1118
EB SA THL -0.00219225 0.000460835 -4.75713
EB KE THL -0.0021773 0.00046313 -4.70128
FJ SLK THL -0.0026137 0.000314456 -8.31184
FJ SA THL -0.00197451 0.000545738 -3.61805
FJ KE THL -0.0019676 0.000547186 -3.59585
GC SLK THL -0.0017613 0.000228247 771662
GC KE THL -0.00133326 0.00041056 324742
GC SA THL -0.00131469 0.000408076 322168
JBG SLK THL -0.00180975 0.000224975 -8.04424
JBG SA THL -0.00128095 0.000407828 -3.14091
IBG KE THL -0.00127729 0.000410781 -3.10943
KE TSV THL -0.00242611 0.000465061 5.21675
KE TIW THL -0.00120257 0.000397136 -3.02809
B'Svt;trizﬁcs KE PHI THL -0.000504036 0.000455685 -1.10611
significantly KE NKB THL 3.51E-05 0.000511083 -0.068724
positive (Z-
score < 0) NKB SLK THL -0.000874515 0.000292192 2.99295
NKB SA THL -6.25E-05 0.000507621 0.123114
PHI SLK THL -0.00152786 0.000258096 -5.91975
PHI SA THL -0.00053004 0.00045407 -1.16731
SA TSV THL -0.00243944 0.000463242 -5.26601
SA TIW THL -0.00120787 0.000394489 3.06184
SLK TSV THL -0.00282986 0.000275041 -10.2889
SLK TIW THL -0.00178266 0.000216292 -8.24191
BB SLK TIW -0.00103188 0.000231678 445394
BB GC TIW -0.000348069 8.10E-05 429751
BB SA TIW -0.00114947 0.000284513 ~4.04014
BB KE TIW -0.00110178 0.000285632 3.85735
BB JBG TIW -0.000172703 6.49E-05 2.66305
BB NKB TIW -0.000205635 0.000151572 ~1.35668
BB THL TIW ~9.28E-05 0.000165673 -0.559971
CMVN JBG TIW -0.000181384 6.11E-05 2.96779
CMVN GC TIW _8.78E-05 7.01E-05 -1.25345
EB SLK TIW -0.00108103 0.0002458 4398
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Source 1 Source 2 Target The f3-statistics Thees:::fard The Z-score
EB GC TIW 20000356989 8.53E-05 418558
EB SA TIW -0.00109904 0.000308808 -3.55897
EB KE TIW -0.00108939 0.000310304 351072
EB JBG TIW -0.00020332 6.92E-05 -2.93996
EB NKB TIW -0.000312739 0.00015998 1195486
EB THL TIW -0.000114653 0.000172768 -0.663624
FJ GC TIW 20000457474 0.000103467 442145
FJ IBG TIW -0.000242806 8.86E-05 1273957
FJ SLK TIW 20000561342 0.000356227 415758
FJ SA TIW -0.000496943 0.0004736 -1.04929
FJ KE TIW -0.000495333 0.000473867 -1.0453
GC TSV TIW -0.000328841 8 40E-05 -3.91665
GC PHI TIW -0.000125957 9.11E-05 4138293
GC KE TIW -0.000177819 0.000192778 -0.922403
GC INDO TIW -6.40E-05 7.20E-05 -0.888838
Statisics GC SA TIW -0.000153946 0.000192242 -0.80079
were GC NTVN TIW -5.25E-05 7.95E-05 -0.660566
significantly
positive (Z- GC THL TIW -4.71E-05 8.79E-05 -0.536274
score <0) GC SLK TIW -2.58E-05 0.000136453 -0.188775
INDO IBG TIW -9.09E-05 6.39E-05 -1.42347
INDO TSV TIW -1.64E-05 0.000153045 -0.107094
JBG TSV TIW -0.000238136 6.74E-05 1353323
JBG NTVN TIW -0.000138139 6.96E-05 -1.98588
JBG THL TIW 20000153439 8.29E-05 -1.85013
JBG SLK TIW -0.000180525 0.000127464 -1.41628
JBG KE TIW 20000228166 0.000180783 -1.2621
JBG SA TIW 20000226521 0.000180401 4125566
JBG PHI TIW -7.99E-05 7.88E-05 -1.01425
KE TSV TIW -0.00137895 0.000308396 447135
NKB TSV TIW 20000367688 0.000160708 2228792
NKB PHI TIW -5.40E-05 0.00018225 -0.296437
SA TSV TIW -0.00138698 0.000307349 451272
SLK TSV TIW 2000120261 0.000246175 -4.88517
THL TSV TIW 20000155407 0.00017182 -0.904475
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Appendix 3.6 Characterization of high-quality BLAST matches of 663 outlier SNPs to Penaeus monodon transcriptome contigs

Contig Query (%) | % Pairwise
SNP_ID matched Description E Value coverage Identity
2019PM_354 contig9198.1 Serine threonine- kinase D3|G0:0016020 GO:0000166 GO:0004674 GO:0043167 GO:0016310 2.01E-29 100 | 100.00%
2019PM_354 contig9272.1 serine threonine- kinase D3 isoform X1|G0:0016020 GO:0000166 GO:0004674 GO:0043167 GO:0016310 2.01E-29 100 | 100.00%
2019PM_7022 contig200831.1 ---NA--- 2.01E-29 100 | 100.00%
2019PM_4058 contig92766.1 AChain Apocrustacyanin C1 Crystals|G0:0005615 GO:0031409 GO:0036094 GO:0006810 2.01E-29 100 | 100.00%
2019PM_4058 contig97472.1 AChain Apocrustacyanin C1 Crystals|G0:0005615 GO:0031409 GO:0036094 GO:0006810 2.01E-29 100 | 100.00%
2019PM_4058 contig86923.1 AChain Apocrustacyanin C1 Crystals|G0:0005615 GO:0031409 GO:0036094 GO:0006810 2.01E-29 100 | 100.00%
2019PM_4058 contig94787.1 AChain Apocrustacyanin C1 Crystals|G0:0005615 GO:0031409 GO:0036094 GO:0006810 2.01E-29 100 | 100.00%
2019PM_4058 contig147401.1 AChain Apocrustacyanin C1 Crystals|G0:0005615 GO:0031409 G0:0036094 GO:0006810 2.01E-29 100 | 100.00%
2019PM_10536 | contig2616.1 Neuropilin and tolloid 2.01E-29 100 | 100.00%
2019PM_6523 contig42167.1 C-type lectin 2.01E-29 100 | 100.00%
2019PM_6523 contig48544.1 ---NA--- 2.01E-29 100 | 100.00%
2019PM_6523 contig50319.1 ---NA--- 2.01E-29 100 | 100.00%
2019PM_7307 contig29609.1 xylose isomerase-like | GO:0005737 GO:0016020 GO:0044238 GO:0071704 2.01E-29 100 | 100.00%
2019PM_7307 contig8599.1 xylose isomerase-like | GO:0005737 GO:0016020 GO:0044238 GO:0071704 2.01E-29 100 | 100.00%
2019PM_1019 contig54930.1 rna-directed dna polymerase from mobile element jockey 2.01E-29 100 | 100.00%
2019PM_1019 contig64187.1 rna-directed dna polymerase from mobile element 2.01E-29 100 | 100.00%
2019PM_7468 contig1470.1 pleckstrin homology domain-containing family G member 3 isoform X3 |G0:0005089 G0O:0035023 G0O:0043547 2.01E-29 100 | 100.00%
2019PM_7468 contig1470.2 pleckstrin homology domain-containing family G member 3 isoform X3 |G0:0005089 G0O:0035023 G0O:0043547 2.01E-29 100 | 100.00%
2019PM_7468 contigl1729.1 pleckstrin homology domain-containing family G member 3 isoform X3 |G0:0005089 G0O:0035023 G0O:0043547 2.01E-29 100 | 100.00%
2019PM_7468 contig1729.2 pleckstrin homology domain-containing family G member 3 isoform X3|G0:0005089 GO:0035023 GO:0043547 2.01E-29 100 | 100.00%
2019PM_7468 contig2018.1 pleckstrin homology domain-containing family G member 3 isoform X3|G0:0005089 GO:0035023 GO:0043547 2.01E-29 100 | 100.00%
2019PM_7468 contig2018.2 pleckstrin homology domain-containing family G member 3 isoform X3|G0:0005089 GO:0035023 GO:0043547 2.01E-29 100 | 100.00%
2019PM_7468 contig2269.1 pleckstrin homology domain-containing family G member 3 isoform X3|G0:0005089 GO:0035023 GO:0043547 2.01E-29 100 | 100.00%
2019PM_7067 contig9015.1 ---NA--- 2.01E-29 100 | 100.00%
2019PM_7067 contig13398.1 PREDICTED: uncharacterized protein LOC108669519 isoform X1 2.01E-29 100 | 100.00%
2019PM_7067 contig13398.2 ---NA--- 2.01E-29 100 | 100.00%
2019PM_7067 contig32911.1 PREDICTED: uncharacterized protein LOC108669519 isoform X2 2.01E-29 100 | 100.00%
2019PM_9268 contig33948.1 ---NA--- 2.01E-29 100 | 100.00%
2019PM_4727 contigl117214.1 zinc C2H2|G0:0003676 GO:0046872 2.01E-29 100 | 100.00%
2019PM_941 contig26548.2 ligand of Numb X 2-like| GO:0008270 2.01E-29 100 | 100.00%
2019PM_941 contig26548.3 ligand of Numb X 2-like 2.01E-29 100 | 100.00%
2019PM_941 contig28846.1 ligand of Numb X 2-like 2.01E-29 100 | 100.00%
2019PM_941 contig49350.1 ligand of Numb X 2-like 2.01E-29 100 | 100.00%
2019PM_469 contig5079.1 PREDICTED: uncharacterized protein LOC108679759 2.01E-29 100 | 100.00%
2019PM_7837 contig170033.1 ---NA--- 2.01E-29 100 | 100.00%
2019PM_9964 contig3323.1 extracellular sulfatase SULF-1 homolog isoform X1|G0:0008449 GO:0008152 2.01E-29 100 | 100.00%
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Appendix 3.6 (cont.)

Contig Query (%) | % Pairwise

SNP_ID matched Description E Value coverage Identity
2019PM_6229 contig75648.1 ---NA--- 2.01E-29 100 | 100.00%
2019PM_6229 contig82925.1 ---NA--- 2.01E-29 100 | 100.00%
2019PM_9056 contig7456.1 cell adhesion molecule 3 2.01E-29 100 | 100.00%
2019PM_9056 contig16669.1 cell adhesion molecule 3 2.01E-29 100 | 100.00%
2019PM_9056 contig15435.1 cell adhesion molecule 3 2.01E-29 100 | 100.00%
2019PM_9056 contig17054.1 tyrosine- kinase receptor TYRO3-like isoform X3 2.01E-29 100 | 100.00%
2019PM_9056 contig21634.1 cell adhesion molecule 3 2.01E-29 100 | 100.00%
2019PM_9056 contig39363.1 cell adhesion molecule 3 2.01E-29 100 | 100.00%
2019PM_6944 contig51401.1 PREDICTED: uncharacterized protein LOC108680202 2.01E-29 100 | 100.00%
2019PM_6944 contig59928.1 PREDICTED: uncharacterized protein LOC108680202 2.01E-29 100 | 100.00%
2019PM_6944 contig83041.1 PREDICTED: uncharacterized protein LOC108680202 2.01E-29 100 | 100.00%
2019PM_10398 | contig134349.1 | ---NA--- 2.01E-29 100 | 100.00%
2019PM_3043 contig29545.1 chitinase 1]G0:0005576 GO:0004568 GO:0008061 GO:0006032 2.01E-29 100 | 100.00%
2019PM_3144 contig3945.1 PREDICTED: uncharacterized protein LOC108669467 2.01E-29 100 | 100.00%
2019PM_3144 contig3945.2 PREDICTED: uncharacterized protein LOC108669467 2.01E-29 100 | 100.00%
2019PM_1623 contig93906.1 ---NA--- 2.01E-29 100 | 100.00%
2019PM_3050 contig2672.1 isoforms A C F G H-like isoform X7 2.01E-29 100 | 100.00%
2019PM_574 contig188.1 bark beetle isoform X1 2.01E-29 100 | 100.00%
2019PM_574 contig188.2 bark beetle isoform X1 2.01E-29 100 | 100.00%
2019PM_574 contigd754.1 bark beetle isoform X1 2.01E-29 100 | 100.00%
2019PM_4073 contig50488.1 ---NA--- 2.01E-29 100 | 100.00%
2019PM_3913 contig15321.1 UDP-glucuronosyltransferase 2B14-like 2.01E-29 100 | 100.00%
2019PM_3913 contig15708.1 UDP-glucuronosyltransferase 2B14-like 2.01E-29 100 | 100.00%
2019PM_3913 contig15708.2 UDP-glucuronosyltransferase 2B14-like 2.01E-29 100 | 100.00%
2019PM_5152 contig34473.1 transcriptional regulatory -like 2.01E-29 100 | 100.00%
2019PM_5152 contig41161.1 ---NA--- 2.01E-29 100 | 100.00%
2019PM_354 contig9198.1 Serine threonine- kinase D3|G0:0016020 GO:0000166 GO:0004674 GO:0043167 GO:0016310 9.33E-28 100 | 98.60%
2019PM_354 contig9272.1 serine threonine- kinase D3 isoform X1]|G0:0016020 GO:0000166 GO:0004674 GO:0043167 GO:0016310 9.33E-28 100 | 98.60%
2019PM_7022 contig200831.1 ---NA--- 9.33E-28 100 | 98.60%
2019PM_4058 contig86923.1 9.33E-28 100 | 98.60%
2019PM_4058 contig94787.1 9.33E-28 100 | 98.60%
2019PM_4058 contig147401.1 9.33E-28 100 | 98.60%
2019PM_4058 contig92766.1 AChain Apocrustacyanin C1 Crystals Grown In Space And Earth Using Vapour Diffusion Geometry|G0:0005615 9.33E-28 100 | 98.60%
2019PM_4058 contig97472.1 G0:0031409 GO:0036094 GO:0006810 9.33E-28 100 | 98.60%
2019PM_10536 | contig2616.1 Neuropilin and tolloid 9.33E-28 100 | 98.60%
2019PM_6523 contig42167.1 C-type lectin 9.33E-28 100 | 98.60%
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Contig Query (%) | % Pairwise
SNP_ID matched Description E Value coverage Identity
2019PM_10536 | contig2616.1 Neuropilin and tolloid 9.33E-28 100 | 98.60%
2019PM_6523 contig42167.1 C-type lectin 9.33E-28 100 | 98.60%
2019PM_6523 contig48544.1 ---NA--- 9.33E-28 100 | 98.60%
2019PM_6523 contig50319.1 ---NA--- 9.33E-28 100 | 98.60%
2019PM_7307 contig8599.1 xylose isomerase-like | GO:0005737 GO:0016020 GO:0044238 GO:0071704 9.33E-28 100 | 98.60%
2019PM_7307 contig29609.1 xylose isomerase-like | GO:0005737 GO:0016020 GO:0044238 GO:0071704 9.33E-28 100 | 98.60%
2019PM_1019 contig54930.1 rna-directed dna polymerase from mobile element jockey 9.33E-28 100 | 98.60%
2019PM_1019 contig64187.1 rna-directed dna polymerase from mobile element 9.33E-28 100 | 98.60%
2019PM_7468 contig1470.1 pleckstrin homology domain-containing family G member 3 isoform X3 |G0:0005089 G0O:0035023 G0O:0043547 9.33E-28 100 | 98.60%
2019PM_7468 contig1470.2 pleckstrin homology domain-containing family G member 3 isoform X3 |G0:0005089 G0O:0035023 G0O:0043547 9.33E-28 100 | 98.60%
2019PM_7468 contigl1729.1 pleckstrin homology domain-containing family G member 3 isoform X3 |G0:0005089 G0O:0035023 G0O:0043547 9.33E-28 100 | 98.60%
2019PM_7468 contig1729.2 pleckstrin homology domain-containing family G member 3 isoform X3 |G0:0005089 G0O:0035023 G0O:0043547 9.33E-28 100 | 98.60%
2019PM_7468 contig2018.1 pleckstrin homology domain-containing family G member 3 isoform X3 |G0:0005089 GO:0035023 G0O:0043547 9.33E-28 100 | 98.60%
2019PM_7468 contig2018.2 pleckstrin homology domain-containing family G member 3 isoform X3 |G0:0005089 G0O:0035023 G0O:0043547 9.33E-28 100 | 98.60%
2019PM_7468 contig2269.1 pleckstrin homology domain-containing family G member 3 isoform X3 |G0:0005089 G0O:0035023 G0O:0043547 9.33E-28 100 | 98.60%
2019PM_9268 contig33948.1 ---NA--- 9.33E-28 100 | 98.60%
2019PM_4727 contig117214.1 | zinc C2H2|G0:0003676 GO:0046872 9.33E-28 100 | 98.60%
2019PM_941 contig26548.2 ligand of Numb X 2-like| GO:0008270 9.33E-28 100 | 98.60%
2019PM_941 contig26548.3 ligand of Numb X 2-like 9.33E-28 100 | 98.60%
2019PM_941 contig28846.1 ligand of Numb X 2-like 9.33E-28 100 | 98.60%
2019PM_941 contig49350.1 ligand of Numb X 2-like 9.33E-28 100 | 98.60%
2019PM_469 contig5079.1 PREDICTED: uncharacterized protein LOC108679759 9.33E-28 100 | 98.60%
2019PM_7837 contig170033.1 | ---NA--- 9.33E-28 100 | 98.60%
2019PM_9964 contig3323.1 extracellular sulfatase SULF-1 homolog isoform X1|G0:0008449 GO:0008152 9.33E-28 100 | 98.60%
2019PM_6229 contig75648.1 ---NA--- 9.33E-28 100 | 98.60%
2019PM_6229 contig82925.1 ---NA--- 9.33E-28 100 | 98.60%
2019PM_9056 contig15435.1 cell adhesion molecule 3 9.33E-28 100 | 98.60%
2019PM_9056 contig17054.1 tyrosine- kinase receptor TYRO3-like isoform X3 9.33E-28 100 | 98.60%
2019PM_9056 contig21634.1 cell adhesion molecule 3 9.33E-28 100 | 98.60%
2019PM_9056 contig39363.1 cell adhesion molecule 3 9.33E-28 100 | 98.60%
2019PM_9056 contig7456.1 cell adhesion molecule 3 9.33E-28 100 | 98.60%
2019PM_9056 contig16669.1 cell adhesion molecule 3 9.33E-28 100 | 98.60%
2019PM_8238 contig33915.1 diacyglycerol O-acyltransferase MT1809|G0:0005886 GO:0004144 GO:0047196 GO:0019432 9.33E-28 100 | 98.60%
2019PM_6944 contig51401.1 PREDICTED: uncharacterized protein LOC108680202 9.33E-28 100 | 98.60%
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Contig Query (%) | % Pairwise
SNP_ID matched Description E Value coverage Identity
2019PM_6944 contig59928.1 PREDICTED: uncharacterized protein LOC108680202 9.33E-28 100 | 98.60%
2019PM_6944 contig83041.1 PREDICTED: uncharacterized protein LOC108680202 9.33E-28 100 | 98.60%
2019PM_3043 contig29545.1 chitinase 1|/G0:0005576 GO:0004568 GO:0008061 GO:0006032 9.33E-28 100 | 98.60%
2019PM_3144 contig3945.1 PREDICTED: uncharacterized protein LOC108669467 9.33E-28 100 | 98.60%
2019PM_3144 contig3945.2 PREDICTED: uncharacterized protein LOC108669467 9.33E-28 100 | 98.60%
2019PM_1623 contig93906.1 ---NA--- 9.33E-28 100 | 98.60%
2019PM_3050 contig2672.1 isoforms A C F G H-like isoform X7 9.33E-28 100 | 98.60%
2019PM_574 contig188.1 bark beetle isoform X1 9.33E-28 100 | 98.60%
2019PM_574 contig188.2 bark beetle isoform X1 9.33E-28 100 | 98.60%
2019PM_574 contigd754.1 bark beetle isoform X1 9.33E-28 100 | 98.60%
2019PM_4073 contig50488.1 ---NA--- 9.33E-28 100 | 98.60%
2019PM_3913 contig15321.1 UDP-glucuronosyltransferase 2B14-like 9.33E-28 100 | 98.60%
2019PM_3913 contig15708.1 UDP-glucuronosyltransferase 2B14-like 9.33E-28 100 | 98.60%
2019PM_3913 contig15708.2 UDP-glucuronosyltransferase 2B14-like 9.33E-28 100 | 98.60%
2019PM_5152 contig34473.1 transcriptional regulatory -like 9.33E-28 100 | 98.60%
2019PM_5152 contigd1161.1 ---NA--- 9.33E-28 100 | 98.60%
AChain Apocrustacyanin C1 Crystals Grown In Space And Earth Using Vapour Diffusion Geometry|G0:0005615

2019PM_4058 contig75561.1 G0:0031409 GO:0036094 GO:0006810 4.34E-26 100 | 97.10%
2019PM_7307 contig10918.1 xylose isomerase-like | GO:0044238 GO:0071704 4.34E-26 100 | 97.10%
2019PM_7307 contig16991.1 xylose isomerase-like | GO:0005737 GO:0016020 GO:0044238 GO:0071704 4.34E-26 100 | 97.10%
2019PM_7307 contig18179.1 xylose isomerase-like | GO:0005737 GO:0016020 GO:0044238 GO:0071704 4.34E-26 100 | 97.10%
2019PM_7307 contig18179.2 xylose isomerase-like | GO:0044238 GO:0071704 4.34E-26 100 | 97.10%
2019PM_7307 contig29609.2 xylose isomerase-like | GO:0005737 GO:0016020 GO:0044238 GO:0071704 4.34E-26 100 | 97.10%
2019PM_10398 | contig134349.1 | ---NA--- 4.34E-26 100 | 97.10%
2019PM_5570 contig15817.1 esterase FE4 2.59E-28 97.1 | 100.00%
2019PM_7307 contig10918.1 xylose isomerase-like | GO:0044238 GO:0071704 2.02E-24 100 | 95.70%
2019PM_7307 contig16991.1 xylose isomerase-like| GO:0005737 GO:0016020 GO:0044238 GO:0071704 2.02E-24 100 | 95.70%
2019PM_7307 contig18179.1 xylose isomerase-like| GO:0005737 GO:0016020 GO:0044238 GO:0071704 2.02E-24 100 | 95.70%
2019PM_7307 contig18179.2 xylose isomerase-like | GO:0044238 GO:0071704 2.02E-24 100 | 95.70%
2019PM_7307 contig29609.2 xylose isomerase-like| GO:0005737 GO:0016020 GO:0044238 GO:0071704 2.02E-24 100 | 95.70%
2019PM_10046 | contig17009.1 endonuclease-reverse transcriptase 2.02E-24 100 | 95.70%
2019PM_10046 | contigl17325.1 endonuclease-reverse transcriptase 2.02E-24 100 | 95.70%
2019PM_10046 | contigl7737.1 endonuclease-reverse transcriptase 2.02E-24 100 | 95.70%
2019PM_10046 | contig19250.1 endonuclease-reverse transcriptase 2.02E-24 100 | 95.70%
2019PM_10046 | contig33987.1 endonuclease-reverse transcriptase | G0:0003824 GO:0090304 2.02E-24 100 | 95.70%
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2019PM_10046 | contig59618.1 endonuclease-reverse transcriptase | G0:0003824 GO:0090304 2.02E-24 100 | 95.70%
2019PM_10046 | contig62730.1 endonuclease-reverse transcriptase 2.02E-24 100 | 95.70%
2019PM_10046 | contig66320.1 endonuclease-reverse transcriptase 2.02E-24 100 | 95.70%
AChain Apocrustacyanin C1 Crystals Grown In Space And Earth Using Vapour Diffusion Geometry|G0:0005615

2019PM_4058 contig75561.1 G0:0031409 G0:0036094 GO:0006810 2.02E-24 100 | 95.70%
2019PM_7067 contig9015.1 ---NA--- 2.02E-24 100 | 95.70%
2019PM_7067 contig13398.1 PREDICTED: uncharacterized protein LOC108669519 isoform X1 2.02E-24 100 | 95.70%
2019PM_7067 contig13398.2 ---NA--- 2.02E-24 100 | 95.70%
2019PM_7067 contig32911.1 PREDICTED: uncharacterized protein LOC108669519 isoform X2 2.02E-24 100 | 95.70%
2019PM_3780 contig154245.1 | ---NA--- 2.02E-24 100 | 95.70%
2019PM_9059 contig20496.1 hypothetical protein g.43282 9.33E-28 95.65 | 100.00%
2019PM_2406 contig32222.1 quiver-like 1.21E-26 97.1 | 98.50%
2019PM_8183 contig69798.1 Zinc finger MYND domain-containing 19| G0O:0046872 9.33E-28 95.65 | 100.00%
2019PM_2716 contig22424.2 ---NA--- 3.36E-27 94.2 | 100.00%
2019PM_2716 contig22424.1 ---NA--- 3.36E-27 94.2 | 100.00%
2019PM_2716 contig58256.1 ---NA--- 3.36E-27 94.2 | 100.00%
2019PM_9059 contig20496.1 hypothetical protein g.43282 4.34E-26 95.65 | 98.50%
2019PM_8238 contig33915.1 diacyglycerol O-acyltransferase MT1809|G0:0005886 GO:0004144 GO:0047196 GO:0019432 3.36E-27 94.2 | 100.00%
2019PM_2406 contig32222.1 quiver-like 5.62E-25 97.1 | 97.00%
2019PM_5570 contig15817.1 esterase FE4 5.62E-25 97.1 | 97.00%
2019PM_8183 contig69798.1 Zinc finger MYND domain-containing 19|G0:0046872 4.34E-26 95.65 | 98.50%
2019PM_3780 contigl54245.1 | ---NA--- 9.40E-23 100 | 94.20%
2019PM_10046 | contig8184.1 endonuclease-reverse transcriptase 9.40E-23 100 | 94.30%
2019PM_10046 | contig59564.1 endonuclease-reverse transcriptase 9.40E-23 100 | 94.30%
2019PM_10046 | contig17009.1 endonuclease-reverse transcriptase 9.40E-23 100 | 94.30%
2019PM_10046 | contigl7325.1 endonuclease-reverse transcriptase 9.40E-23 100 | 94.30%
2019PM_10046 | contigl7737.1 endonuclease-reverse transcriptase 9.40E-23 100 | 94.30%
2019PM_10046 | contig19250.1 endonuclease-reverse transcriptase 9.40E-23 100 | 94.30%
2019PM_10046 | contig33987.1 endonuclease-reverse transcriptase |G0:0003824 GO:0090304 9.40E-23 100 | 94.30%
2019PM_10046 | contig59618.1 endonuclease-reverse transcriptase |G0:0003824 GO:0090304 9.40E-23 100 | 94.30%
2019PM_10046 | contig62730.1 endonuclease-reverse transcriptase 9.40E-23 100 | 94.30%
2019PM_10046 | contig66320.1 endonuclease-reverse transcriptase 9.40E-23 100 | 94.30%
2019PM_2434 contig33002.1 zinc finger 423-like| GO:0005488 1.21E-26 92.75 | 100.00%
2019PM_2716 contig22424.1 ---NA--- 1.56E-25 94.2 | 98.50%
2019PM_2716 contig58256.1 ---NA--- 1.56E-25 94.2 | 98.50%
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2019PM_2716 contig22424.2 ---NA--- 1.56E-25 94.2 | 98.50%
2019PM_3453 contig1494.1 protocadherin-like wing polarity stan isoform X1 5.62E-25 94.2 | 98.50%
2019PM_3453 contig3495.1 protocadherin-like wing polarity stan isoform X1|G0:0016020 GO:0004871 GO:0007165 5.62E-25 94.2 | 98.50%
2019PM_9768 contig8082.1 lian-aal retrotransposon 3.38E-22 100 | 94.20%
2019PM_9768 contig73604.1 rna-directed dna polymerase from mobile element jockey 3.38E-22 100 | 94.20%
2019PM_6570 contig2127.1 RNA-directed DNA polymerase from mobile element jockey-like 2.61E-23 97.1 | 95.50%
2019PM_3313 contig46639.1 PREDICTED: uncharacterized protein LOC108667351 4.34E-26 91.3 | 100.00%
2019PM_3313 contig74145.1 PREDICTED: uncharacterized protein LOC108667351 4.34E-26 91.3 | 100.00%
2019PM_3530 contig9752.1 endonuclease-reverse transcriptase 5.62E-25 92.75 | 98.40%
2019PM_3530 contig55304.1 endonuclease-reverse transcriptase|G0:0003964 GO:0004519 G0O:0006278 GO:0090305 5.62E-25 92.75 | 98.40%
2019PM_2434 contig33002.1 zinc finger 423-like| GO:0005488 5.62E-25 92.75 | 98.40%
2019PM_3453 contig1494.1 protocadherin-like wing polarity stan isoform X1 2.61E-23 94.2 | 96.90%
2019PM_3453 contig3495.1 protocadherin-like wing polarity stan isoform X1|G0:0016020 GO:0004871 GO:0007165 2.61E-23 94.2 | 96.90%
2019PM_3313 contig46639.1 PREDICTED: uncharacterized protein LOC108667351 2.02E-24 91.3 | 98.40%
2019PM_3313 contig74145.1 PREDICTED: uncharacterized protein LOC108667351 2.02E-24 91.3 | 98.40%
2019PM_6519 contigb427.1 PR domain zinc finger 1 isoform X1|G0:0003676 GO:0046872 2.02E-24 91.3 | 98.40%
2019PM_6519 contigb427.2 PR domain zinc finger 1 isoform X1|G0:0003676 GO:0046872 2.02E-24 91.3 | 98.40%
2019PM_3530 contig9752.1 endonuclease-reverse transcriptase 2.61E-23 92.75 | 96.90%
2019PM_3530 contig55304.1 endonuclease-reverse transcriptase|G0:0003964 GO:0004519 GO:0006278 GO:0090305 2.61E-23 92.75 | 96.90%
2019PM_2960 contig84151.1 ---NA--- 5.62E-25 88.41 | 100.00%
2019PM_2960 contig31454.1 Carboxyl-ester lipase 5.62E-25 88.41 | 100.00%
2019PM_9913 contig3257.1 Tissue factor pathway inhibitor|G0:0004867 GO:0010951 5.62E-25 88.41 | 100.00%
2019PM_9913 contig3257.3 Tissue factor pathway inhibitor|GO:0004867 GO:0010951 5.62E-25 88.41 | 100.00%
2019PM_9913 contig3260.2 Tissue factor pathway inhibitor|G0:0004867 GO:0010951 5.62E-25 88.41 | 100.00%
2019PM_9913 contig4639.1 Tissue factor pathway inhibitor|G0:0004867 GO:0010951 5.62E-25 88.41 | 100.00%
2019PM_9913 contig7219.1 pacifastin light chain-like serine ase inhibitor|G0:0004867 GO:0010951 5.62E-25 88.41 | 100.00%
2019PM_9913 contig7219.3 serine protease inhibitor i ii|GO:0004867 GO:0010951 5.62E-25 88.41 | 100.00%
2019PM_9913 contig9774.1 serine protease inhibitor i ii|GO:0004867 GO:0010951 5.62E-25 88.41 | 100.00%
2019PM_9913 contig9774.2 pacifastin light chain-like serine ase inhibitor|G0:0004867 GO:0010951 5.62E-25 88.41 | 100.00%
2019PM_3494 contig52331.1 ---NA--- 5.62E-25 88.41 | 100.00%
2019PM_3494 contig85168.1 ---NA--- 5.62E-25 88.41 | 100.00%
2019PM_3494 contig96126.1 ---NA--- 5.62E-25 88.41 | 100.00%
2019PM_5207 contig40533.1 macrophage mannose receptor 1-like 5.62E-25 88.41 | 100.00%
2019PM_5207 contig58541.1 macrophage mannose receptor 1-like 5.62E-25 88.41 | 100.00%
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2019PM_3530 contig66188.1 endonuclease-reverse transcriptase 5.62E-25 88.41 | 100.00%
2019PM_1947 contig138606.1 | Zinc finger 5.62E-25 88.41 | 100.00%
2019PM_8186 contig184950.1 ---NA--- 7.27E-24 89.86 | 98.40%
2019PM_10046 | contigd2824.1 endonuclease-reverse transcriptase 3.38E-22 94.2 | 95.50%
2019PM_6519 contig6427.1 PR domain zinc finger 1 isoform X1|G0:0003676 GO:0046872 9.40E-23 91.3 | 96.80%
2019PM_6519 contig6427.2 PR domain zinc finger 1 isoform X1|G0:0003676 GO:0046872 9.40E-23 91.3 | 96.80%
2019PM_9913 contig3260.1 Tissue factor pathway inhibitor|G0:0004867 GO:0010951 2.02E-24 86.96 | 100.00%
2019PM_4096 contig23637.1 spatzle 6 precursor 2.02E-24 86.96 | 100.00%
2019PM_2960 contig31454.1 Carboxyl-ester lipase 2.61E-23 88.41 | 98.40%
2019PM_2960 contig84151.1 ---NA--- 2.61E-23 88.41 | 98.40%
2019PM_9913 contig3257.1 Tissue factor pathway inhibitor|G0:0004867 GO:0010951 2.61E-23 88.41 | 98.40%
2019PM_9913 contig3257.2 Tissue factor pathway inhibitor|G0:0004867 GO:0010951 2.61E-23 88.41 | 98.40%
2019PM_9913 contig3257.3 Tissue factor pathway inhibitor|G0:0004867 GO:0010951 2.61E-23 88.41 | 98.40%
2019PM_9913 contig3260.2 Tissue factor pathway inhibitor|G0:0004867 GO:0010951 2.61E-23 88.41 | 98.40%
2019PM_9913 contig4639.1 Tissue factor pathway inhibitor|G0:0004867 GO:0010951 2.61E-23 88.41 | 98.40%
2019PM_9913 contig7219.1 pacifastin light chain-like serine ase inhibitor|G0:0004867 GO:0010951 2.61E-23 88.41 | 98.40%
2019PM_9913 contig7219.2 pacifastin light chain-like serine ase inhibitor|G0:0004867 GO:0010951 2.61E-23 88.41 | 98.40%
2019PM_9913 contig7219.3 serine protease inhibitor i ii| G0:0004867 GO:0010951 2.61E-23 88.41 | 98.40%
2019PM_9913 contig9774.1 serine protease inhibitor i ii| G0:0004867 GO:0010951 2.61E-23 88.41 | 98.40%
2019PM_9913 contig9774.2 pacifastin light chain-like serine ase inhibitor|G0:0004867 GO:0010951 2.61E-23 88.41 | 98.40%
2019PM_3494 contig12013.2 ---NA--- 2.61E-23 88.41 | 98.40%
2019PM_3494 contig166844.1 | ---NA--- 2.61E-23 88.41 | 98.40%
2019PM_3494 contig212688.1 | ---NA--- 2.61E-23 88.41 | 98.40%
2019PM_3494 contig52331.1 ---NA--- 2.61E-23 88.41 | 98.40%
2019PM_3494 contig85168.1 ---NA--- 2.61E-23 88.41 | 98.40%
2019PM_3494 contig96126.1 ---NA--- 2.61E-23 88.41 | 98.40%
2019PM_3530 contig66188.1 endonuclease-reverse transcriptase 2.61E-23 88.41 | 98.40%
2019PM_1947 contig138606.1 Zinc finger 2.61E-23 88.41 | 98.40%
2019PM_7022 contig50860.1 ---NA--- 1.22E-21 97.1 | 94.00%
2019PM_7022 contig52616.1 ---NA--- 1.22E-21 97.1 | 94.00%
2019PM_7022 contig55134.1 ---NA--- 1.22E-21 97.1 | 94.00%
2019PM_7022 contig127406.1 ---NA--- 1.22E-21 97.1 | 94.00%
AChain Apocrustacyanin C1 Crystals Grown In Space And Earth Using Vapour Diffusion Geometry|G0O:0005615
2019PM_4058 contig96167.1 G0:0031409 GO:0036094 GO:0006810 1.22E-21 97.1 | 94.00%
AChain Apocrustacyanin C1 Crystals Grown In Space And Earth Using Vapour Diffusion Geometry|G0:0005615
2019PM_4058 contig97213.1 G0:0031409 GO:0036094 GO:0006810 1.22E-21 97.1 | 94.00%

184




Appendix 3.6 (cont.)

Contig Query (%) | % Pairwise

SNP_ID matched Description E Value coverage Identity
2019PM_5354 contig51325.1 ---NA--- 1.22E-21 97.1 | 94.00%
2019PM_5354 contig89221.1 ---NA--- 1.22E-21 97.1 | 94.00%
2019PM_5354 contig102878.1 ---NA--- 1.22E-21 97.1 | 94.00%
2019PM_6488 contig41915.1 ---NA--- 3.38E-22 89.86 | 96.80%
2019PM_6488 contig46619.1 serine ase inhibitor 3.38E-22 89.86 | 96.80%
2019PM_6488 contig56254.1 ---NA--- 3.38E-22 89.86 | 96.80%
2019PM_6488 contig159278.1 ---NA--- 3.38E-22 89.86 | 96.80%
2019PM_6570 contig12110.1 ---NA--- 1.22E-21 97.1 | 94.00%
2019PM_6570 contig57522.1 ---NA--- 1.22E-21 97.1 | 94.00%
2019PM_8186 contig184950.1 | ---NA--- 3.38E-22 89.86 | 96.80%
2019PM_9913 contig3260.1 Tissue factor pathway inhibitor|G0:0004867 GO:0010951 9.40E-23 86.96 | 98.30%
2019PM_4096 contig23637.1 spatzle 6 precursor 9.40E-23 86.96 | 98.30%
2019PM_5203 contig58636.1 ---NA--- 2.61E-23 84.06 | 100.00%
2019PM_9945 contig25935.1 ---NA--- 2.61E-23 84.06 | 100.00%
2019PM_9945 contig14415.1 ---NA--- 2.61E-23 84.06 | 100.00%
2019PM_9945 contig38870.1 ---NA--- 2.61E-23 84.06 | 100.00%
2019PM_10160 | contigl179887.1 | ---NA--- 9.40E-23 82.61 | 100.00%
2019PM_5372 contig136133.1 | ---NA--- 1.22E-21 92.75 | 95.30%
2019PM_5372 contig162684.1 | ---NA--- 1.22E-21 92.75 | 95.30%
2019PM_5372 contig164859.1 | ---NA--- 1.22E-21 92.75 | 95.30%
2019PM_9694 contig82930.1 ---NA--- 3.38E-22 81.16 | 100.00%
2019PM_9694 contig82930.1 ---NA--- 3.38E-22 81.16 | 100.00%
2019PM_7891 contig5907.1 DNA-directed RNA polymerase | subunit RPA2|G0:0016740 3.38E-22 81.16 | 100.00%
2019PM_9913 contig3257.2 Tissue factor pathway inhibitor|G0:0004867 GO:0010951 1.22E-21 88.41 | 96.70%
2019PM_9913 contig7219.2 pacifastin light chain-like serine ase inhibitor|G0:0004867 GO:0010951 1.22E-21 88.41 | 96.70%
2019PM_3494 contig2208.1 TANC2 isoform X2 1.22E-21 88.41 | 96.70%
2019PM_3494 contig12013.1 craniofacial development 2-like 1.22E-21 88.41 | 96.70%
2019PM_3494 contig64855.1 ---NA--- 1.22E-21 88.41 | 96.70%
2019PM_3494 contig68760.1 ---NA--- 1.22E-21 88.41 | 96.70%
2019PM_3494 contig128553.1 ---NA--- 1.22E-21 88.41 | 96.70%
2019PM_3494 contig163029.1 ---NA--- 1.22E-21 88.41 | 96.70%
2019PM_3494 contig12013.2 ---NA--- 1.22E-21 88.41 | 96.70%
2019PM_3494 contig166844.1 ---NA--- 1.22E-21 88.41 | 96.70%
2019PM_3494 contig212688.1 ---NA--- 1.22E-21 88.41 | 96.70%
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2019PM_5207 contig40533.1 macrophage mannose receptor 1-like 1.22E-21 88.41 | 96.70%
2019PM_5207 contig58541.1 macrophage mannose receptor 1-like 1.22E-21 88.41 | 96.70%
2019PM_5203 contig58636.1 ---NA--- 1.22E-21 84.06 | 98.30%
2019PM_9945 contig26284.1 ---NA--- 1.22E-21 84.06 | 98.30%
2019PM_9945 contig26284.1 ---NA--- 1.22E-21 84.06 | 98.30%
2019PM_10046 | contig56083.1 endonuclease-reverse transcriptase 4.37E-21 100 | 92.90%
2019PM_10046 | contig8184.1 endonuclease-reverse transcriptase 4.37E-21 100 | 92.90%
2019PM_10046 | contig59564.1 endonuclease-reverse transcriptase 4.37E-21 100 | 92.90%
AChain Apocrustacyanin C1 Crystals Grown In Space And Earth Using Vapour Diffusion Geometry|G0:0005615
2019PM_4058 contig132001.1 | GO:0031409 GO:0036094 GO:0006810 4.37E-21 100 | 92.80%
2019PM_10046 | contig30213.1 endonuclease-reverse transcriptase 4.37E-21 95.65 | 94.00%
AChain Apocrustacyanin C1 Crystals Grown In Space And Earth Using Vapour Diffusion Geometry|G0:0005615
2019PM_4058 contig124618.1 | G0O:0031409 GO:0036094 GO:0006810 4.37E-21 91.3 | 95.20%
2019PM_6488 contigd9772.1 ---NA--- 4.37E-21 86.96 | 96.70%
2019PM_6638 contig8010.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig8588.1 craniofacial development 2-like| GO:0003824 GO:0090304 4.37E-21 86.96 | 96.70%
2019PM_6638 contig9352.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig10338.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig11118.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contigl1122.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig11294.1 mitochondrial inner membrane protease ATP23 homolog|G0:0003964 GO:0004222 G0O:0006278 GO:0006508 4.37E-21 86.96 | 96.70%
2019PM_6638 contig11294.2 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig12697.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig13130.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig13790.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig13854.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contigl4754.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig19357.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig19357.2 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig21122.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig30774.1 endonuclease-reverse transcriptase|G0:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig36317.1 endonuclease-reverse transcriptase|G0:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig36423.1 endonuclease-reverse transcriptase|G0:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig39402.1 endonuclease-reverse transcriptase|G0:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig43349.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig82623.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
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2019PM_6638 contig83288.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig91868.1 endonuclease-reverse transcriptase | GO:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_6638 contig168627.1 LINE-1 reverse transcriptase|G0:0003964 GO:0006278 4.37E-21 86.96 | 96.70%
2019PM_10160 contig179887.1 ---NA--- 4.37E-21 82.61 | 98.20%
2019PM_3494 contig9387.1 Craniofacial development 2|G0:0003964 GO:0006278 4.37E-21 78.26 | 100.00%
2019PM_3494 contig48217.1 ---NA--- 4.37E-21 78.26 | 100.00%
2019PM_3494 contig48217.2 ---NA--- 4.37E-21 78.26 | 100.00%
glutamate receptor NMDA 2B-|G0:0016021 GO:0030054 GO:0045211 GO:0004970 GO:0005234 GO:0034220
2019PM_3492 contigd7106.1 G0:0035235 4.37E-21 78.26 | 100.00%
ionotropic glutamate receptor NMDA 2|G0:0016021 G0:0030054 G0:0045211 G0:0004970 GO:0005234

2019PM_3492 contig47236.1 G0:0034220 GO:0035235 4.37E-21 78.26 | 100.00%
2019PM_9922 contig21299.1 ---NA--- 4.37E-21 78.26 | 100.00%
2019PM_9768 contig2758.1 rna-directed dna polymerase from mobile element 1.57E-20 100 | 92.80%
2019PM_9768 contig4605.1 1.57E-20 100 | 92.80%
2019PM_9768 contig4911.1 transcription elongation factor SPT4|G0:0005634 GO:0003746 GO0:0008270 GO:0006351 GO:0006414 1.57E-20 100 | 92.80%
2019PM_9768 contig4911.2 G0:0032786 1.57E-20 100 | 92.80%
2019PM_9768 contig4911.3 1.57E-20 100 | 92.80%
2019PM_9768 contig9497.1 RNA-directed DNA polymerase from mobile element jockey-like 1.57E-20 100 | 92.80%
2019PM_9768 contig18302.1 RNA-directed DNA polymerase from mobile element jockey- 1.57E-20 100 | 92.80%
2019PM_9768 contig23768.1 RNA-directed DNA polymerase from mobile element jockey-like 1.57E-20 100 | 92.80%
2019PM_9768 contig32468.1 RNA-directed DNA polymerase from mobile element jockey- 1.57E-20 100 | 92.80%
2019PM_9768 contig56529.1 RNA-directed DNA polymerase from mobile element jockey-like 1.57E-20 100 | 92.80%
2019PM_9768 contig56529.2 RNA-directed DNA polymerase from mobile element jockey-like 1.57E-20 100 | 92.80%
2019PM_9768 contig56963.1 RNA-directed DNA polymerase from mobile element jockey-like 1.57E-20 100 | 92.80%
2019PM_9768 contig90807.1 PREDICTED: uncharacterized protein LOC108681254 1.57E-20 100 | 92.80%
2019PM_9768 contig95778.1 ---NA--- 1.57E-20 100 | 92.80%
2019PM_9768 contig98017.1 RNA-directed DNA polymerase from mobile element jockey-like 1.57E-20 100 | 92.80%
2019PM_9768 contig121761.1 ---NA--- 1.57E-20 100 | 92.80%
2019PM_9768 contig196289.1 | RNA-directed DNA polymerase from mobile element jockey-like 1.57E-20 100 | 92.80%
2019PM_6677 contig123960.1 ---NA--- 5.66E-20 100 | 91.50%
2019PM_6730 contig1983.1 rna-directed dna polymerase from mobile element jockey 5.66E-20 100 | 91.70%
2019PM_6730 contig2399.1 rna-directed dna polymerase from mobile element jockey 5.66E-20 100 | 91.70%
2019PM_6730 contig3954.1 rna-directed dna polymerase from mobile element jockey 5.66E-20 100 | 91.70%
2019PM_6730 contig11695.1 RNA-directed DNA polymerase from mobile element jockey- 5.66E-20 100 | 91.70%
2019PM_6730 contig13732.1 RNA-directed DNA polymerase from mobile element jockey-like 5.66E-20 100 | 91.70%
2019PM_6730 contig13732.2 RNA-directed DNA polymerase from mobile element jockey-like 5.66E-20 100 | 91.70%
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2019PM_6730 contig21017.1 ---NA--- 5.66E-20 100 | 91.70%
2019PM_6730 contig31924.1 RNA-directed DNA polymerase from mobile element jockey-like 5.66E-20 100 | 91.70%
2019PM_6730 contig58135.1 ---NA--- 5.66E-20 100 | 91.70%
2019PM_4058 contig132001.1 | AcChain Apocrustacyanin C1 Crystals Grown In Space And Earth Using Vapour Diffusion Geometry | GO:0005615 2.03E-19 100 | 91.30%
2019PM_4058 contig140097.1 | GO:0031409 GO:0036094 GO:0006810 2.03E-19 100 | 91.30%
2019PM_10046 | contigl127944.1 endonuclease-reverse transcriptase 1.57E-20 98.55 | 92.80%
2019PM_10046 | contig56083.1 endonuclease-reverse transcriptase 2.03E-19 100 | 91.40%
2019PM_7022 contig21017.1 ---NA--- 1.57E-20 98.55 | 92.60%
2019PM_7022 contig51877.1 ---NA--- 1.57E-20 98.55 | 92.60%
2019PM_6730 contig1983.1 rna-directed dna polymerase from mobile element jockey 2.63E-18 100 | 90.30%
2019PM_6730 contig2399.1 rna-directed dna polymerase from mobile element jockey 2.63E-18 100 | 90.30%
2019PM_6730 contig3954.1 rna-directed dna polymerase from mobile element jockey 2.63E-18 100 | 90.30%
2019PM_6730 contig11695.1 RNA-directed DNA polymerase from mobile element jockey- 2.63E-18 100 | 90.30%
2019PM_6730 contig13732.1 RNA-directed DNA polymerase from mobile element jockey-like 2.63E-18 100 | 90.30%
2019PM_6730 contig13732.2 RNA-directed DNA polymerase from mobile element jockey-like 2.63E-18 100 | 90.30%
2019PM_6730 contig21017.1 ---NA--- 2.63E-18 100 | 90.30%
2019PM_6730 contig31924.1 RNA-directed DNA polymerase from mobile element jockey-like 2.63E-18 100 | 90.30%
2019PM_6730 contig58135.1 ---NA--- 2.63E-18 100 | 90.30%
2019PM_10046 | contigl29537.1 endonuclease-reverse transcriptase |G0:0003824 GO:0090304 1.22E-16 100 | 90.00%
2019PM_7022 contig64309.1 ---NA--- 7.32E-19 98.55 | 91.20%
2019PM_7022 contig192310.1 | ---NA--- 7.32E-19 98.55 | 91.20%
AChain Apocrustacyanin C1 Crystals Grown In Space And Earth Using Vapour Diffusion Geometry| GO:0005615
2019PM_4058 contig140097.1 | G0O:0031409 GO:0036094 GO:0006810 9.47E-18 100 | 89.90%
2019PM_3848 contigl76756.1 | ---NA--- 9.47E-18 100 | 89.90%
2019PM_3845 contig22490.1 reverse transcriptase 7.32E-19 98.55 | 91.20%
2019PM_3845 contig24482.1 reverse transcriptase 7.32E-19 98.55 | 91.20%
2019PM_3845 contig42030.1 reverse transcriptase 7.32E-19 98.55 | 91.20%
2019PM_3845 contig48529.1 reverse transcriptase 7.32E-19 98.55 | 91.20%
2019PM_10046 | contigl27944.1 endonuclease-reverse transcriptase 7.32E-19 98.55 | 91.30%
2019PM_9768 contig8125.1 rna-directed dna polymerase from mobile element jockey 3.40E-17 100 | 89.90%
2019PM_9768 contig74646.1 reverse transcriptase 3.40E-17 100 | 89.90%
2019PM_7022 contig66334.1 ---NA--- 5.66E-20 97.1 | 92.50%
2019PM_7022 contig93902.1 ---NA--- 5.66E-20 97.1 | 92.50%
2019PM_7022 contig106521.1 ---NA--- 2.03E-19 97.1 | 92.50%
2019PM_7022 contig144050.1 ---NA--- 2.03E-19 97.1 | 92.50%
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2019PM_7022 contig153702.1 | ---NA--- 2.03E-19 97.1 | 92.50%
2019PM_4058 contig96167.1 5.66E-20 97.1 | 92.50%
2019PM_4058 contig97213.1 AChain Apocrustacyanin C1 Crystals Grown In Space And Earth Using Vapour Diffusion Geometry|G0:0005615 5.66E-20 97.1 | 92.50%
2019PM_4058 contig62445.1 G0:0031409 GO:0036094 GO:0006810 5.66E-20 97.1 | 92.50%
2019PM_4058 contig82201.1 5.66E-20 97.1 | 92.50%
2019PM_6677 contig123960.1 | ---NA--- 1.22E-16 100 | 88.70%
2019PM_10046 | contig132769.1 endonuclease-reverse transcriptase 4.40E-16 100 | 88.60%
2019PM_10046 | contig129537.1 endonuclease-reverse transcriptase | G0:0003824 GO:0090304 5.70E-15 100 | 88.60%
2019PM_3801 contig12885.2 ---NA--- 4.40E-16 100 | 88.40%
2019PM_3801 contigl75635.1 | ---NA--- 4.40E-16 100 | 88.40%
2019PM_3848 contigd474.1 reverse transcriptase 4.40E-16 100 | 88.40%
2019PM_3848 contig4884.1 cytochrome P450 9e2-like isoform X2|G0:0016020 GO:0043227 4.40E-16 100 | 88.40%
2019PM_3848 contig4884.3 reverse transcriptase 4.40E-16 100 | 88.40%
2019PM_3848 contig44358.1 PREDICTED: uncharacterized protein LOC105566822 4.40E-16 100 | 88.40%
2019PM_3848 contigb6537.1 PREDICTED: uncharacterized protein LOC106467757 4.40E-16 100 | 88.40%
2019PM_7022 contig164168.1 | ---NA--- 2.63E-18 97.1 | 91.20%
2019PM_7022 contig11529.1 ---NA--- 1.22E-16 98.55 | 89.70%
2019PM_4058 contig62445.1 AChain Apocrustacyanin C1 Crystals Grown In Space And Earth Using Vapour Diffusion Geometry|G0:0005615 2.63E-18 97.1 | 91.00%
2019PM_4058 contig82201.1 G0:0031409 GO:0036094 GO:0006810 2.63E-18 97.1 | 91.00%
2019PM_6651 contig7298.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 2.63E-18 97.1 | 91.00%
2019PM_6651 contig9352.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 2.63E-18 97.1 | 91.00%
2019PM_6651 contig51447.1 craniofacial development 2-like| GO:0003964 GO:0006278 2.63E-18 97.1 | 91.00%
2019PM_6651 contig51447.2 reverse transcriptase, partial | GO:0003964 GO:0006278 2.63E-18 97.1 | 91.00%
2019PM_3845 contigd474.1 reverse transcriptase 3.40E-17 98.55 | 89.70%
2019PM_3845 contig5811.1 reverse transcriptase 3.40E-17 98.55 | 89.70%
2019PM_3845 contig5811.2 reverse transcriptase 3.40E-17 98.55 | 89.70%
2019PM_3845 contig15586.1 reverse transcriptase 3.40E-17 98.55 | 89.70%
2019PM_3845 contigl17521.1 reverse transcriptase 3.40E-17 98.55 | 89.70%
2019PM_3845 contig30116.1 reverse transcriptase 3.40E-17 98.55 | 89.70%
2019PM_3845 contig30315.1 reverse transcriptase 3.40E-17 98.55 | 89.70%
2019PM_3845 contig56458.1 reverse transcriptase 3.40E-17 98.55 | 89.70%
2019PM_3845 contig22490.1 reverse transcriptase 3.40E-17 98.55 | 89.70%
2019PM_3845 contig24482.1 reverse transcriptase 3.40E-17 98.55 | 89.70%
2019PM_3845 contig42030.1 reverse transcriptase 3.40E-17 98.55 | 89.70%
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2019PM_3845 contig48529.1 reverse transcriptase 3.40E-17 98.55 | 89.70%
2019PM_10046 | contig42824.1 endonuclease-reverse transcriptase 1.57E-20 94.2 | 93.90%
2019PM_10046 | contig30213.1 endonuclease-reverse transcriptase 2.03E-19 95.65 | 92.50%
2019PM_7022 contig76341.1 ---NA--- 1.57E-20 94.2 | 93.80%
2019PM_7022 contig76341.2 ---NA--- 1.57E-20 94.2 | 93.80%
2019PM_3754 contig155085.1 | Nucleic-acid-binding from mobile element 2.03E-19 95.65 | 92.40%
2019PM_5354 contig51325.1 ---NA--- 1.57E-20 94.2 | 93.80%
2019PM_5354 contig89221.1 ---NA--- 1.57E-20 94.2 | 93.80%
2019PM_5354 contig102878.1 | ---NA--- 1.57E-20 94.2 | 93.80%
2019PM_3845 contigd474.1 reverse transcriptase 1.58E-15 98.55 | 88.20%
2019PM_3845 contig5811.1 reverse transcriptase 1.58E-15 98.55 | 88.20%
2019PM_3845 contig5811.2 reverse transcriptase 1.58E-15 98.55 | 88.20%
2019PM_3845 contig15586.1 reverse transcriptase 1.58E-15 98.55 | 88.20%
2019PM_3845 contigl7521.1 reverse transcriptase 1.58E-15 98.55 | 88.20%
2019PM_3845 contig30116.1 reverse transcriptase 1.58E-15 98.55 | 88.20%
2019PM_3845 contig30315.1 reverse transcriptase 1.58E-15 98.55 | 88.20%
2019PM_3845 contig56458.1 reverse transcriptase 1.58E-15 98.55 | 88.20%
2019PM_7022 contig2399.1 rna-directed dna polymerase from mobile element jockey 7.32E-19 94.2 | 92.30%
2019PM_7022 contig75105.1 ---NA--- 7.32E-19 94.2 | 92.30%
AChain Apocrustacyanin C1 Crystals Grown In Space And Earth Using Vapour Diffusion Geometry|G0O:0005615
2019PM_4058 contig110278.1 | G0O:0031409 GO:0036094 GO:0006810 1.22E-16 97.1 | 89.60%
AChain Apocrustacyanin C1 Crystals Grown In Space And Earth Using Vapour Diffusion Geometry|G0:0005615
2019PM_4058 contig208405.1 | G0O:0031409 GO:0036094 GO:0006810 1.22E-16 97.1 | 89.60%
2019PM_5354 contig86597.1 ---NA--- 1.22E-16 97.1 | 89.60%
2019PM_5354 contig168619.1 | ---NA--- 1.22E-16 97.1 | 89.60%
2019PM_3845 contig29835.1 reverse transcriptase 7.32E-19 94.2 | 92.30%
2019PM_6863 contig164538.1 | ---NA--- 5.66E-20 92.75 | 93.80%
2019PM_6677 contig81436.1 ---NA--- 2.65E-13 100 | 85.90%
2019PM_3848 contig7255.1 cytochrome P450 9e2-like isoform X2|G0:0016020 GO:0043227 7.37E-14 98.55 | 86.80%
2019PM_3848 contig7378.1 reverse transcriptase 7.37E-14 98.55 | 86.80%
2019PM_3848 contig23221.1 reverse transcriptase 7.37E-14 98.55 | 86.80%
2019PM_3848 contig24482.1 reverse transcriptase 7.37E-14 98.55 | 86.80%
2019PM_3848 contig26094.1 reverse transcriptase 7.37E-14 98.55 | 86.80%
2019PM_3848 contig29835.1 reverse transcriptase 7.37E-14 98.55 | 86.80%
2019PM_3848 contig30116.1 reverse transcriptase 7.37E-14 98.55 | 86.80%
2019PM_3848 contig33033.1 reverse transcriptase 7.37E-14 98.55 | 86.80%
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2019PM_3848 contig41249.1 hypothetical protein ALC56_06634, partial 7.37E-14 98.55 | 86.80%
2019PM_1635 contig155224.1 ---NA--- 7.37E-14 98.55 | 86.80%
2019PM_1635 contig169701.1 | RNA-directed DNA polymerase from mobile element jockey 7.37E-14 98.55 | 86.80%
2019PM 1038 contigi 12782 AChain Apocrustacyanin C1 Crystals Grown In Space And Earth Using Vapour Diffusion Geometry|G0O:0005615 270815 97.1 | 88.10%
2019PM_4058 | contig208405.1 60:00314%9 60:00‘;6094 GO:g006810 P gvap v 5.70E-15 97.1 | 88.10%
2019PM_4058 contig124618.1 2.03E-19 91.3 | 93.70%
2019PM_3754 contig155085.1 | Nucleic-acid-binding from mobile element 4.40E-16 95.65 | 89.40%
2019PM_6488 contigd6712.1 craniofacial development 2-like| GO:0003824 GO:0090304 1.57E-20 89.86 | 95.20%
2019PM_6488 contig116311.1 | ---NA--- 1.57E-20 89.86 | 95.20%
2019PM_6488 contig41915.1 ---NA--- 1.57E-20 89.86 | 95.20%
2019PM_6488 contig46619.1 serine ase inhibitor 1.57E-20 89.86 | 95.20%
2019PM_6488 contig56254.1 ---NA--- 1.57E-20 89.86 | 95.20%
2019PM_6488 contig159278.1 | ---NA--- 1.57E-20 89.86 | 95.20%
2019PM_7837 contig199395.1 endonuclease-reverse transcriptase 2.63E-18 92.75 | 92.30%
2019PM_3845 contig24304.1 reverse transcriptase 2.03E-19 91.3 | 93.70%
2019PM_3845 contig27826.1 Lactosylceramide 4-alpha-galactosyltransferase 2.03E-19 91.3 | 93.70%
2019PM_3845 contig57678.1 reverse transcriptase 2.03E-19 91.3 | 93.70%
2019PM_3845 contig21126.1 reverse transcriptase 3.40E-17 94.2 | 90.80%
2019PM_3845 contig32590.1 reverse transcriptase 3.40E-17 94.2 | 90.80%
2019PM_3845 contig34650.1 reverse transcriptase 3.40E-17 94.2 | 90.80%
2019PM_3845 contig35587.1 reverse transcriptase 3.40E-17 94.2 | 90.80%
2019PM_3845 contig35587.2 reverse transcriptase 3.40E-17 94.2 | 90.80%
2019PM_3845 contig52218.1 reverse transcriptase 3.40E-17 94.2 | 90.80%
2019PM_3845 contig52218.2 reverse transcriptase 3.40E-17 94.2 | 90.80%
2019PM_3845 contig52797.1 reverse transcriptase 3.40E-17 94.2 | 90.80%
2019PM_3845 contig29835.1 reverse transcriptase 3.40E-17 94.2 | 90.80%
2019PM_5879 contig11529.1 ---NA--- 1.23E-11 100 | 84.60%
2019PM_6730 contig2758.1 rna-directed dna polymerase from mobile element 1.23E-11 100 | 84.60%
2019PM_6730 contig4605.1 1.23E-11 100 | 84.60%
2019PM_6730 contig4911.1 transcription elongation factor SPT4|G0:0005634 GO0:0003746 GO0:0008270 GO:0006351 GO:0006414 1.23E-11 100 | 84.60%
2019PM_6730 contigd911.2 G0:0032786 1.23E-11 100 | 84.60%
2019PM_6730 contigd911.3 1.23E-11 100 | 84.60%
2019PM_6730 contig9497.1 RNA-directed DNA polymerase from mobile element jockey-like 1.23E-11 100 | 84.60%
2019PM_6730 contig18302.1 RNA-directed DNA polymerase from mobile element jockey- 1.23E-11 100 | 84.60%
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2019PM_6730 contig32468.1 RNA-directed DNA polymerase from mobile element jockey- 1.23E-11 100 | 84.60%
2019PM_6730 contig90807.1 PREDICTED: uncharacterized protein LOC108681254 1.23E-11 100 | 84.60%
2019PM_1635 contig155224.1 ---NA--- 3.43E-12 98.55 | 85.30%
2019PM_1635 contig169701.1 | RNA-directed DNA polymerase from mobile element jockey 3.43E-12 98.55 | 85.30%
2019PM_9618 contig30925.1 ---NA--- 5.66E-20 88.41 | 95.20%
2019PM_9618 contig101329.1 ---NA--- 5.66E-20 88.41 | 95.20%
2019PM_3494 contig33517.1 ---NA--- 5.66E-20 88.41 | 95.20%
2019PM_3494 contig74435.1 ---NA--- 5.66E-20 88.41 | 95.20%
2019PM_6488 contig181435.1 | ---NA--- 2.63E-18 91.3 | 92.30%
2019PM_7837 contig190762.1 reverse transcriptase, partial|GO:0003964 GO:0006278 1.22E-16 92.75 | 90.80%
2019PM_9893 contig42570.1 craniofacial development 2-like 1.22E-16 92.75 | 90.60%
2019PM_9893 contig58908.1 craniofacial development 2-like 1.22E-16 92.75 | 90.60%
2019PM_5354 contig86597.1 ---NA--- 1.58E-15 94.2 | 89.20%
2019PM_5354 contig168619.1 | ---NA--- 1.58E-15 94.2 | 89.20%
2019PM_3494 contigd673.1 craniofacial development 2-like 5.66E-20 88.41 | 95.10%
2019PM_3494 contig8588.1 craniofacial development 2-like| GO:0003824 GO:0090304 5.66E-20 88.41 | 95.10%
2019PM_3494 contig22038.1 craniofacial development 2-like 5.66E-20 88.41 | 95.10%
2019PM_3494 contig108523.1 | ---NA--- 5.66E-20 88.41 | 95.10%
2019PM_3494 contig12013.1 craniofacial development 2-like 5.66E-20 88.41 | 95.10%
2019PM_3494 contig64855.1 ---NA--- 5.66E-20 88.41 | 95.10%
2019PM_3494 contig68760.1 ---NA--- 5.66E-20 88.41 | 95.10%
2019PM_3494 contig108523.1 | ---NA--- 5.66E-20 88.41 | 95.10%
2019PM_3494 contig128553.1 | ---NA--- 5.66E-20 88.41 | 95.10%
2019PM_6488 contig46712.1 craniofacial development 2-like| GO:0003824 GO:0090304 7.32E-19 89.86 | 93.50%
2019PM_6488 contig116311.1 | ---NA--- 7.32E-19 89.86 | 93.50%
2019PM_3845 contig53726.1 reverse transcriptase 1.58E-15 94.2 | 89.20%
2019PM_3845 contig24304.1 reverse transcriptase 9.47E-18 91.3 | 92.10%
2019PM_3845 contig27826.1 Lactosylceramide 4-alpha-galactosyltransferase 9.47E-18 91.3 | 92.10%
2019PM_3845 contig57678.1 reverse transcriptase 9.47E-18 91.3 | 92.10%
2019PM_3845 contig21126.1 reverse transcriptase 1.58E-15 94.2 | 89.20%
2019PM_3845 contig32590.1 reverse transcriptase 1.58E-15 94.2 | 89.20%
2019PM_3845 contig34650.1 reverse transcriptase 1.58E-15 94.2 | 89.20%
2019PM_3845 contig35587.1 reverse transcriptase 1.58E-15 94.2 | 89.20%
2019PM_3845 contig35587.2 reverse transcriptase 1.58E-15 94.2 | 89.20%
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2019PM_3845 contig52218.1 reverse transcriptase 1.58E-15 94.2 | 89.20%
2019PM_3845 contig52218.2 reverse transcriptase 1.58E-15 94.2 | 89.20%
2019PM_3845 contig52797.1 reverse transcriptase 1.58E-15 94.2 | 89.20%
2019PM_9768 contig35556.1 RNA-directed DNA polymerase from mobile element jockey- 5.70E-15 94.2 | 89.20%
2019PM_9768 contig38733.1 RNA-directed DNA polymerase from mobile element jockey- 5.70E-15 94.2 | 89.20%
2019PM_9618 contig43933.1 ---NA--- 7.32E-19 88.41 | 93.70%
2019PM_9618 contig43933.2 ---NA--- 2.63E-18 88.41 | 93.50%
2019PM_9618 contig49299.1 ---NA--- 7.32E-19 88.41 | 93.70%
2019PM_9618 contig91827.1 ---NA--- 2.63E-18 88.41 | 93.50%
2019PM_3494 contig33517.1 ---NA--- 2.63E-18 88.41 | 93.50%
2019PM_3494 contig74435.1 ---NA--- 2.63E-18 88.41 | 93.50%
2019PM_6488 contigd9772.1 ---NA--- 2.03E-19 86.96 | 95.00%
2019PM_6488 contig181435.1 | ---NA--- 1.22E-16 91.3 | 90.80%
2019PM_10046 | contigl12216.1 endonuclease-reverse transcriptase | G0:0003824 GO:0090304 3.40E-17 89.86 | 92.10%
2019PM_7022 contig32241.1 ---NA--- 1.22E-16 89.86 | 91.90%
2019PM_7022 contig45025.1 ---NA--- 1.22E-16 89.86 | 91.90%
AChain Apocrustacyanin C1 Crystals Grown In Space And Earth Using Vapour Diffusion Geometry|G0:0005615
2019PM_4058 contig41993.1 G0:0031409 GO:0036094 GO:0006810 7.37E-14 94.2 | 87.70%
2019PM_9618 contig44056.1 ---NA--- 2.63E-18 88.41 | 93.40%
2019PM_9893 contig215323.1 | ---NA--- 5.70E-15 92.75 | 89.10%
2019PM_8143 contig21955.1 histone-lysine n-methyltransferase setmar 2.63E-18 88.41 | 93.40%
2019PM_3494 contig4673.1 craniofacial development 2-like 2.63E-18 88.41 | 93.40%
2019PM_3494 contig8588.1 craniofacial development 2-like| GO:0003824 GO:0090304 2.63E-18 88.41 | 93.40%
2019PM_3494 contig22038.1 craniofacial development 2-like 2.63E-18 88.41 | 93.40%
2019PM_6488 contig185065.1 | ---NA--- 3.40E-17 89.86 | 91.90%
2019PM_6488 contig191186.1 ---NA--- 3.40E-17 89.86 | 91.90%
2019PM_6488 contig214317.1 ---NA--- 3.40E-17 89.86 | 91.90%
2019PM_6488 contig185065.1 ---NA--- 3.40E-17 89.86 | 91.90%
2019PM_6488 contig191186.1 ---NA--- 3.40E-17 89.86 | 91.90%
2019PM_6488 contig214317.1 ---NA--- 3.40E-17 89.86 | 91.90%
2019PM_3845 contig53726.1 reverse transcriptase 7.37E-14 94.2 | 87.70%
2019PM_9618 contig275.1 aminopeptidase N 5.66E-20 84.06 | 96.60%
2019PM_9618 contig925.1 aminopeptidase N 5.66E-20 84.06 | 96.60%
2019PM_9618 contigl774.1 aminopeptidase N-like 5.66E-20 84.06 | 96.60%
2019PM_9618 contig42740.1 ---NA--- 5.66E-20 84.06 | 96.60%
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2019PM_9618 contig56295.1 ---NA--- 5.66E-20 84.06 | 96.60%
2019PM_9618 contig79071.1 ---NA--- 5.66E-20 84.06 | 96.60%
2019PM_9618 contig82569.1 ---NA--- 5.66E-20 84.06 | 96.60%
2019PM_9618 contigl00662.1 | ---NA--- 5.66E-20 84.06 | 96.60%
2019PM_9618 contig36599.1 ---NA--- 2.63E-18 86.96 | 93.50%
2019PM_8143 contig77398.1 ---NA--- 5.66E-20 84.06 | 96.60%
AChain Apocrustacyanin C1 Crystals Grown In Space And Earth Using Vapour Diffusion Geometry|G0:0005615
2019PM_4058 contig41993.1 G0:0031409 G0:0036094 GO:0006810 3.43E-12 94.2 | 86.20%
2019PM_9618 contig31839.1 ---NA--- 3.40E-17 88.41 | 92.10%
2019PM_9618 contig53200.1 ---NA--- 3.40E-17 88.41 | 92.10%
2019PM_8143 contig21377.1 RNA-directed DNA polymerase from 7.32E-19 85.51 | 94.90%
2019PM_8143 contig31354.1 ---NA--- 7.32E-19 85.51 | 94.90%
2019PM_3494 contig139262.1 | ---NA--- 2.63E-18 85.51 | 94.90%
2019PM_10046 | contigl12216.1 endonuclease-reverse transcriptase | G0:0003824 GO:0090304 1.58E-15 89.86 | 90.50%
2019PM_7022 contig85217.1 ---NA--- 4.40E-16 88.41 | 91.80%
2019PM_9618 contig210762.1 | ---NA--- 1.22E-16 88.41 | 91.80%
2019PM_9748 contig99594.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.47E-18 86.96 | 93.30%
2019PM_7891 contig5907.1 DNA-directed RNA polymerase | subunit RPA2|G0:0016740 1.57E-20 81.16 | 98.20%
2019PM_9748 contig135699.1 reverse transcriptase, partial 2.03E-19 82.61 | 96.50%
2019PM_9748 contig192441.1 | Retrovirus-related Pol poly LINE-|GO:0003964 GO:0006278 2.03E-19 82.61 | 96.50%
2019PM_10046 | contig39732.1 endonuclease-reverse transcriptase 2.63E-18 84.06 | 94.90%
2019PM_10046 | contig57241.1 endonuclease-reverse transcriptase 2.63E-18 84.06 | 94.90%
2019PM_9618 contig46946.1 ---NA--- 2.63E-18 84.06 | 94.80%
2019PM_9618 contig59376.1 ---NA--- 2.63E-18 84.06 | 94.80%
2019PM_9618 contig138308.1 | ---NA--- 2.63E-18 84.06 | 94.80%
2019PM_8143 contig118524.1 ---NA--- 2.63E-18 84.06 | 94.80%
2019PM_8143 contig118524.1 ---NA--- 2.63E-18 84.06 | 94.80%
2019PM_8143 contig21377.1 RNA-directed DNA polymerase from 3.40E-17 85.51 | 93.20%
2019PM_8143 contig31354.1 ---NA--- 3.40E-17 85.51 | 93.20%
2019PM_3494 contig139262.1 ---NA--- 1.22E-16 85.51 | 93.20%
2019PM_6775 contig12501.1 RNA-directed DNA polymerase from mobile element jockey-like 5.70E-15 88.41 | 90.20%
2019PM_3494 contig89713.1 ---NA--- 1.58E-15 86.96 | 91.70%
2019PM_6488 contig110202.1 ---NA--- 2.65E-13 89.86 | 88.70%
2019PM_9748 contig9172.1 endonuclease-reverse transcriptase|G0:0003964 GO:0006278 5.66E-20 79.71 | 98.20%
2019PM_9748 contig9172.2 craniofacial development 2-like| GO:0003964 GO:0006278 5.66E-20 79.71 | 98.20%
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2019PM_9748 contig21690.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.47E-18 82.61 | 94.70%
2019PM_9748 contig12130.1 endonuclease-reverse transcriptase | GO:0003964 GO:0006278 9.47E-18 82.61 | 94.70%
2019PM_9748 contig65233.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.47E-18 82.61 | 94.70%
2019PM_7022 contig54969.1 ---NA--- 4.40E-16 84.06 | 93.10%
2019PM_9618 contig219477.1 ---NA--- 1.22E-16 84.06 | 93.10%
2019PM_3406 contig25740.1 RNA-directed DNA polymerase from 1.22E-16 84.06 | 93.20%
2019PM_3406 contig35636.1 RNA-directed DNA polymerase from 1.22E-16 84.06 | 93.20%
2019PM_10046 | contig39732.1 endonuclease-reverse transcriptase 1.22E-16 84.06 | 93.20%
2019PM_10046 | contigh7241.1 endonuclease-reverse transcriptase 1.22E-16 84.06 | 93.20%
2019PM_6775 contig12501.1 RNA-directed DNA polymerase from mobile element jockey-like 2.65E-13 88.41 | 88.50%
2019PM_7022 contig65981.1 ---NA--- 1.58E-15 85.51 | 91.50%
2019PM_9893 contig172528.1 | ---NA--- 2.65E-13 88.41 | 88.50%
2019PM_10348 | contig60958.1 reverse transcriptase, partial 5.70E-15 85.51 | 91.50%
2019PM_6449 contig170249.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 1.58E-15 85.51 | 91.50%
2019PM_6488 contig110202.1 | ---NA--- 1.23E-11 89.86 | 87.10%
2019PM_3494 contig108635.1 | ---NA--- 1.57E-20 76.81 | 100.00%
2019PM_3494 contig9387.1 Craniofacial development 2|G0:0003964 GO:0006278 2.03E-19 78.26 | 98.10%
2019PM_3494 contigd8217.1 ---NA--- 2.03E-19 78.26 | 98.10%
2019PM_3494 contigd8217.2 ---NA--- 2.03E-19 78.26 | 98.10%
glutamate receptor NMDA 2B-|G0:0016021 GO:0030054 GO:0045211 GO:0004970 GO:0005234 GO:0034220
2019PM_3492 contigd7106.1 G0:0035235 2.03E-19 78.26 | 98.10%
ionotropic glutamate receptor NMDA 2|G0:0016021 G0:0030054 GO:0045211 G0:0004970 G0:0005234

2019PM_3492 contigd7236.1 G0:0034220 GO:0035235 2.03E-19 78.26 | 98.10%
2019PM_9922 contig21299.1 ---NA--- 2.03E-19 78.26 | 98.10%
2019PM_9748 contig21119.1 craniofacial development 2-like| GO:0003964 GO:0006278 2.63E-18 79.71 | 96.40%
2019PM_9748 contig50200.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 2.63E-18 79.71 | 96.40%
2019PM_9748 contig65560.1 endonuclease-reverse transcriptase | G0:0003824 GO:0090304 2.63E-18 79.71 | 96.40%
2019PM_3406 contig15718.1 rna-directed dna polymerase from mobile element jockey 3.40E-17 81.16 | 94.60%
2019PM_3406 contig25740.1 RNA-directed DNA polymerase from 5.70E-15 84.06 | 91.50%
2019PM_3406 contig35636.1 RNA-directed DNA polymerase from 5.70E-15 84.06 | 91.50%
2019PM_10046 | contigl132769.1 endonuclease-reverse transcriptase 5.70E-15 84.06 | 91.50%
2019PM_6211 contig2934.2 ---NA--- 5.70E-15 84.06 | 91.50%
2019PM_6211 contig25827.1 ---NA--- 5.70E-15 84.06 | 91.50%
2019PM_6211 contig25827.2 ---NA--- 5.70E-15 84.06 | 91.50%
2019PM_6211 contig38385.1 ---NA--- 5.70E-15 84.06 | 91.50%
2019PM_6211 contig201777.1 ---NA--- 5.70E-15 84.06 | 91.50%
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2019PM_6211 contig204275.1 ---NA--- 5.70E-15 84.06 | 91.50%
2019PM_6211 contig43642.1 ---NA--- 7.37E-14 85.51 | 90.00%
2019PM_6211 contig50432.1 reverse transcriptase, partial | GO:0003964 GO:0006278 7.37E-14 85.51 | 90.00%
2019PM_6211 contig54086.2 ---NA--- 7.37E-14 85.51 | 90.00%
2019PM_6211 contig54086.3 ---NA--- 7.37E-14 85.51 | 90.00%
2019PM_6211 contig64067.1 ---NA--- 7.37E-14 85.51 | 90.00%
2019PM_6211 contig127920.1 ---NA--- 7.37E-14 85.51 | 90.00%
2019PM_6449 contig100612.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 5.70E-15 84.06 | 91.40%
2019PM_6449 contig212013.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 5.70E-15 84.06 | 91.40%
2019PM_6449 contig108767.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 7.37E-14 85.51 | 89.80%
2019PM_6449 contig195976.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 7.37E-14 85.51 | 89.80%
2019PM_8284 contig26478.1 ---NA--- 5.66E-20 75.36 | 100.00%
2019PM_3494 contig108635.1 | ---NA--- 7.32E-19 76.81 | 98.10%
2019PM_9618 contig163670.1 | ---NA--- 1.22E-16 79.71 | 94.60%
2019PM_3406 contig15718.1 rna-directed dna polymerase from mobile element jockey 1.58E-15 81.16 | 92.90%
2019PM_6449 contig15540.1 endonuclease-reverse transcriptase 1.58E-15 81.16 | 92.90%
2019PM_4372 contig554.1 Transposon Ty3-l Gag-Pol poly|G0:0005488 G0O:0043170 GO:0044238 2.03E-19 73.91 | 100.00%
2019PM_4372 contig554.2 Transposon Ty3-l Gag-Pol poly|G0:0005488 G0O:0043170 GO:0044238 2.03E-19 73.91 | 100.00%
2019PM_4372 contig2797.1 Transposon Ty3-l Gag-Pol poly|G0:0005488 G0O:0043170 GO:0044238 2.03E-19 73.91 | 100.00%
2019PM_4372 contig3075.1 39S ribosomal mitochondrial 2.03E-19 73.91 | 100.00%
2019PM_4372 contig4683.1 Retroviral-like aspartic protease 2.03E-19 73.91 | 100.00%
2019PM_4372 contig4683.2 Retroviral-like aspartic protease 2.03E-19 73.91 | 100.00%
2019PM_4372 contig6869.1 Retrovirus-related Pol poly from transposon|G0:0005488 2.03E-19 73.91 | 100.00%
2019PM_4372 contig6869.2 Retrovirus-related Pol poly from transposon 2.03E-19 73.91 | 100.00%
2019PM_4372 contig6869.3 Retrovirus-related Pol poly from transposon 2.03E-19 73.91 | 100.00%
2019PM_4372 contig6869.5 retroviral aspartyl protease family 2.03E-19 73.91 | 100.00%
2019PM_4372 contig10330.1 Retrovirus-related Pol poly from transposon 2.03E-19 73.91 | 100.00%
2019PM_4372 contig10330.2 Retrovirus-related Pol poly from transposon 2.03E-19 73.91 | 100.00%
2019PM_4372 contig10330.4 Retrovirus-related Pol poly from transposon 2.03E-19 73.91 | 100.00%
2019PM_4372 contig10330.5 Retrovirus-related Pol poly from transposon 2.03E-19 73.91 | 100.00%
2019PM_4372 contig11262.1 Retrovirus-related Pol poly from transposon 2.03E-19 73.91 | 100.00%
2019PM_4372 contig11262.2 Retrovirus-related Pol poly from transposon 2.03E-19 73.91 | 100.00%
2019PM_4372 contig20767.1 Retrovirus-related Pol poly from transposon|G0:0005488 2.03E-19 73.91 | 100.00%
2019PM_4372 contig20767.2 Retrovirus-related Pol poly from transposon 2.03E-19 73.91 | 100.00%
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2019PM_4372 contig22767.1 Retrovirus-related Pol poly from transposon|G0:0005488 GO:0043170 GO:0044238 2.03E-19 73.91 | 100.00%
2019PM_4372 contig22767.2 Retrovirus-related Pol poly from transposon|G0:0005488 2.03E-19 73.91 | 100.00%
2019PM_4372 contig37226.1 Retrovirus-related Pol poly from transposon 2.03E-19 73.91 | 100.00%
2019PM_4372 contig126763.1 ---NA--- 2.03E-19 73.91 | 100.00%
2019PM_4372 contig161608.1 ---NA--- 2.03E-19 73.91 | 100.00%
2019PM_125 contig7158.1 transcription factor SPT20 homolog isoform X1 2.03E-19 73.91 | 100.00%
2019PM_125 contig26093.1 abrupt-like isoform X1 2.03E-19 73.91 | 100.00%
2019PM_6449 contig20642.1 endonuclease-reverse transcriptase 2.65E-13 84.06 | 89.70%
2019PM_6488 contig216821.1 | ---NA--- 2.65E-13 84.06 | 89.70%
2019PM_6488 contig216821.1 | ---NA--- 2.65E-13 84.06 | 89.70%
2019PM_6211 contig54086.1 ---NA--- 3.43E-12 85.51 | 88.30%
2019PM_6449 contig210575.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 3.43E-12 85.51 | 88.10%
2019PM_8284 contig26478.1 ---NA--- 2.63E-18 75.36 | 98.10%
2019PM_9748 contig55518.1 endonuclease-reverse transcriptase 3.40E-17 76.81 | 96.20%
2019PM_3494 contig8335.1 ---NA--- 3.40E-17 76.81 | 96.20%
2019PM_3406 contig9721.1 RNA-directed DNA polymerase from mobile element jockey- 4.40E-16 78.26 | 94.40%
2019PM_3406 contig15527.1 ---NA--- 4.40E-16 78.26 | 94.40%
2019PM_3406 contig97121.1 ---NA--- 4.40E-16 78.26 | 94.40%
2019PM_3406 contig131255.1 | ---NA--- 4.40E-16 78.26 | 94.40%
2019PM_3406 contig218656.1 pol-like protein, partial 4.40E-16 78.26 | 94.40%
2019PM_10046 | contig67431.1 endonuclease-reverse transcriptase 5.70E-15 79.71 | 92.90%
2019PM_10046 | contig67431.1 endonuclease-reverse transcriptase 5.70E-15 79.71 | 92.90%
2019PM_4464 contig9844.1 Chorion peroxidase|G0:0016491 GO:0050896 7.32E-19 72.46 | 100.00%
2019PM_4372 contig93663.1 Retrovirus-related Pol poly from transposon 7.32E-19 72.46 | 100.00%
2019PM_3214 contig15527.1 ---NA--- 7.32E-19 72.46 | 100.00%
2019PM_9912 contig43354.1 Retinol dehydrogenase 14 7.32E-19 72.46 | 100.00%
2019PM_7472 contig11419.1 ---NA--- 7.32E-19 72.46 | 100.00%
2019PM_7472 contig11419.2 ---NA--- 7.32E-19 72.46 | 100.00%
2019PM_7472 contig12692.1 phosphomethylethanolamine N-methyltransferase-like| GO:0016740 7.32E-19 72.46 | 100.00%
2019PM_7472 contig15151.1 phosphomethylethanolamine N-methyltransferase-like 7.32E-19 72.46 | 100.00%
2019PM_7472 contig17082.1 ---NA--- 7.32E-19 72.46 | 100.00%
2019PM_7472 contig22476.1 phosphomethylethanolamine N-methyltransferase-like 7.32E-19 72.46 | 100.00%
2019PM_7472 contig22476.2 phosphomethylethanolamine N-methyltransferase-like 7.32E-19 72.46 | 100.00%
2019PM_7472 contig39135.1 phosphomethylethanolamine N-methyltransferase-like| GO:0008757 GO:0008152 7.32E-19 72.46 | 100.00%
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2019PM_7472 contig85494.1 ---NA--- 7.32E-19 72.46 | 100.00%
2019PM_6449 contig99594.1 endonuclease-reverse transcriptase | GO:0003964 GO:0006278 7.37E-14 81.16 | 91.10%
2019PM_6449 contig151251.1 RNA-directed DNA polymerase from mobile element jockey | GO:0003964 GO:0006278 7.37E-14 81.16 | 91.10%
2019PM_10551 | contig1316.1 RNA-directed DNA polymerase from 7.37E-14 81.16 | 91.10%
2019PM_10551 | contig2758.1 rna-directed dna polymerase from mobile element 7.37E-14 81.16 | 91.10%
2019PM_10551 | contig3177.1 RNA-directed DNA polymerase from mobile element jockey-like 7.37E-14 81.16 | 91.10%
2019PM_10551 | contig3177.2 RNA-directed DNA polymerase from mobile element jockey-like 7.37E-14 81.16 | 91.10%
2019PM_10551 | contig9949.1 RNA-directed DNA polymerase from transposon 7.37E-14 81.16 | 91.10%
2019PM_10551 | contig28122.1 Gag-Pol poly 7.37E-14 81.16 | 91.10%
2019PM_10551 | contig33912.1 Gag-Pol poly 7.37E-14 81.16 | 91.10%
2019PM_10551 | contig38733.1 RNA-directed DNA polymerase from mobile element jockey- 7.37E-14 81.16 | 91.10%
2019PM_10551 | contig95310.1 ---NA--- 7.37E-14 81.16 | 91.10%
2019PM_10551 | contig117383.1 | ---NA--- 7.37E-14 81.16 | 91.10%
2019PM_4372 contig126764.1 | ---NA--- 9.47E-18 73.91 | 98.00%
2019PM_125 contig7158.1 transcription factor SPT20 homolog isoform X1 9.47E-18 73.91 | 98.00%
2019PM_125 contig26093.1 abrupt-like isoform X1 9.47E-18 73.91 | 98.00%
2019PM_7344 contig29059.1 endonuclease-reverse transcriptase 1.22E-16 75.36 | 96.20%
2019PM_7344 contig29059.2 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 1.22E-16 75.36 | 96.20%
2019PM_7344 contig34716.1 endonuclease-reverse transcriptase |G0:0003824 GO:0090304 1.22E-16 75.36 | 96.20%
2019PM_7344 contig39733.1 endonuclease-reverse transcriptase |GO:0003824 GO:0090304 1.22E-16 75.36 | 96.20%
2019PM_7344 contig56169.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 1.22E-16 75.36 | 96.20%
2019PM_7344 contigl05287.1 | Craniofacial development|G0:0003964 GO:0006278 1.22E-16 75.36 | 96.20%
2019PM_9618 contig196241.1 | ---NA--- 1.22E-16 75.36 | 96.20%
2019PM_9748 contig39990.1 reverse transcriptase, partial | GO:0003964 GO:0006278 1.58E-15 76.81 | 94.30%
2019PM_9748 contig120288.1 | outcast ele5 orfl -h 1e-40 -j| GO:0003964 GO:0006278 1.58E-15 76.81 | 94.30%
2019PM_3494 contig8335.1 ---NA--- 1.58E-15 76.81 | 94.30%
2019PM_3043 contig5811.1 reverse transcriptase 1.58E-15 76.81 | 94.30%
2019PM_3043 contig5811.2 reverse transcriptase 1.58E-15 76.81 | 94.30%
2019PM_8143 contig44143.2 pol-like protein, partial 2.63E-18 71.01 | 100.00%
2019PM_8143 contig111297.1 ---NA--- 2.63E-18 71.01 | 100.00%
2019PM_404 contig31966.1 Kv channel-interacting 2-like|G0O:0016021 GO:0005509 2.63E-18 71.01 | 100.00%
2019PM_404 contig122781.1 | Kv channel-interacting 2-like isoform X2|G0:0016020 GO:0005509 2.63E-18 71.01 | 100.00%
2019PM_6211 contig2934.1 RNA-directed DNA polymerase from mobile element jockey-like 2.05E-14 78.26 | 92.70%
2019PM_6211 contig15192.1 blastopia poly 2.05E-14 78.26 | 92.70%
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2019PM_6211 contig16465.1 adenylate cyclase type 3 2.05E-14 78.26 | 92.70%
2019PM_6211 contig30266.1 PREDICTED: uncharacterized protein LOC109418678 2.05E-14 78.26 | 92.70%
2019PM_6211 contig64412.1 ---NA--- 2.05E-14 78.26 | 92.70%
2019PM_6211 contig175000.1 ---NA--- 2.05E-14 78.26 | 92.70%
2019PM_3648 contig191543.1 endonuclease-reverse transcriptase 7.37E-14 79.71 | 91.20%
2019PM_3648 contig9387.1 Craniofacial development 2|G0:0003964 GO:0006278 9.53E-13 81.16 | 89.80%
2019PM_3648 contig14204.1 peroxisomal trans-2-enoyl- reductase-like | GO:0005777 G0O:0019166 GO:0033306 GO:0055114 9.53E-13 81.16 | 89.80%
2019PM_3406 contig9721.1 RNA-directed DNA polymerase from mobile element jockey- 2.05E-14 78.26 | 92.60%
2019PM_3406 contig15527.1 ---NA--- 2.05E-14 78.26 | 92.60%
2019PM_3406 contig97121.1 ---NA--- 2.05E-14 78.26 | 92.60%
2019PM_3406 contigl31255.1 | ---NA--- 2.05E-14 78.26 | 92.60%
2019PM_3406 contig218656.1 pol-like protein, partial 2.05E-14 78.26 | 92.60%
2019PM_1316 contig23768.1 RNA-directed DNA polymerase from mobile element jockey-like 3.40E-17 72.46 | 98.00%
2019PM_1316 contig56529.1 RNA-directed DNA polymerase from mobile element jockey-like 3.40E-17 72.46 | 98.00%
2019PM_1316 contig56529.2 RNA-directed DNA polymerase from mobile element jockey-like 3.40E-17 72.46 | 98.00%
2019PM_1316 contig56963.1 RNA-directed DNA polymerase from mobile element jockey-like 3.40E-17 72.46 | 98.00%
2019PM_1316 contig196289.1 RNA-directed DNA polymerase from mobile element jockey-like 3.40E-17 72.46 | 98.00%
2019PM_3214 contig15527.1 ---NA--- 3.40E-17 72.46 | 98.00%
transcription elongation factor SPT4|G0:0005634 GO0:0003746 GO0:0008270 GO:0006351 GO:0006414
2019PM_3214 contig8771.1 G0:0032786 3.40E-17 72.46 | 98.00%
2019PM_3214 contig8771.2 non-ltr retrotransposon rlbmks orf2 3.40E-17 72.46 | 98.00%
2019PM_3214 contig9721.1 RNA-directed DNA polymerase from mobile element jockey- 3.40E-17 72.46 | 98.00%
2019PM_3214 contig9949.1 RNA-directed DNA polymerase from transposon 3.40E-17 72.46 | 98.00%
2019PM_3214 contig11495.1 ---NA--- 3.40E-17 72.46 | 98.00%
2019PM_3214 contig15805.1 RNA-directed DNA polymerase from mobile element 3.40E-17 72.46 | 98.00%
2019PM_3214 contig16953.1 RNA-directed DNA polymerase from mobile element jockey 3.40E-17 72.46 | 98.00%
2019PM_3214 contigl7467.1 RNA-directed DNA polymerase from mobile element jockey-like 3.40E-17 72.46 | 98.00%
2019PM_3214 contig21522.1 non-ltr retrotransposon rlbmks orf2 3.40E-17 72.46 | 98.00%
2019PM_3214 contig31530.1 RNA-directed DNA polymerase from mobile element jockey-like 3.40E-17 72.46 | 98.00%
2019PM_3214 contig31961.1 RNA-directed DNA polymerase from mobile element jockey 3.40E-17 72.46 | 98.00%
2019PM_3214 contig47006.1 rna-directed dna polymerase from mobile element 3.40E-17 72.46 | 98.00%
2019PM_3214 contig50960.1 RNA-directed DNA polymerase from transposon X- 3.40E-17 72.46 | 98.00%
2019PM_3214 contig108961.1 ---NA--- 3.40E-17 72.46 | 98.00%
2019PM_3214 contig120051.1 reverse transcriptase 3.40E-17 72.46 | 98.00%
2019PM_7472 contig11419.1 ---NA--- 3.40E-17 72.46 | 98.00%
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2019PM_7472 contig11419.2 ---NA--- 3.40E-17 72.46 | 98.00%
2019PM_7472 contig12692.1 phosphomethylethanolamine N-methyltransferase-like| GO:0016740 3.40E-17 72.46 | 98.00%
2019PM_7472 contig15151.1 phosphomethylethanolamine N-methyltransferase-like 3.40E-17 72.46 | 98.00%
2019PM_7472 contig17082.1 ---NA--- 3.40E-17 72.46 | 98.00%
2019PM_7472 contig22476.1 phosphomethylethanolamine N-methyltransferase-like 3.40E-17 72.46 | 98.00%
2019PM_7472 contig22476.2 phosphomethylethanolamine N-methyltransferase-like 3.40E-17 72.46 | 98.00%
2019PM_7472 contig39135.1 phosphomethylethanolamine N-methyltransferase-like| GO:0008757 GO:0008152 3.40E-17 72.46 | 98.00%
2019PM_7472 contig85494.1 ---NA--- 3.40E-17 72.46 | 98.00%
2019PM_7344 contig29059.1 endonuclease-reverse transcriptase 4.40E-16 73.91 | 96.10%
2019PM_7344 contig29059.2 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 4.40E-16 73.91 | 96.10%
2019PM_7344 contig34716.1 endonuclease-reverse transcriptase |G0:0003824 GO:0090304 4.40E-16 73.91 | 96.10%
2019PM_7344 contig39733.1 endonuclease-reverse transcriptase | G0:0003824 GO:0090304 4.40E-16 73.91 | 96.10%
2019PM_7344 contig56169.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 4.40E-16 73.91 | 96.10%
2019PM_7344 contig105287.1 Craniofacial development|G0:0003964 GO:0006278 4.40E-16 73.91 | 96.10%
2019PM_7344 contig206.1 aminopeptidase N 5.70E-15 75.36 | 94.20%
2019PM_7344 contig283.1 aminopeptidase N 5.70E-15 75.36 | 94.20%
2019PM_7344 contig9530.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 5.70E-15 75.36 | 94.20%
2019PM_7344 contig15911.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 5.70E-15 75.36 | 94.20%
2019PM_7344 contig21122.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 5.70E-15 75.36 | 94.20%
2019PM_7344 contig36423.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 5.70E-15 75.36 | 94.20%
2019PM_7344 contig77924.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 5.70E-15 75.36 | 94.20%
2019PM_7344 contig86870.1 endonuclease-reverse transcriptase |GO:0003824 GO:0090304 5.70E-15 75.36 | 94.20%
2019PM_7344 contig87111.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 5.70E-15 75.36 | 94.20%
2019PM_7344 contig118789.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 5.70E-15 75.36 | 94.20%
2019PM_8143 contig104448.1 | ---NA--- 9.47E-18 69.57 | 100.00%
2019PM_5354 contig77779.1 ---NA--- 5.70E-15 75.36 | 94.20%
2019PM_5354 contig202419.1 | ---NA--- 5.70E-15 75.36 | 94.20%
2019PM_5354 contig77779.1 ---NA--- 5.70E-15 75.36 | 94.20%
2019PM_5354 contig202419.1 | ---NA--- 5.70E-15 75.36 | 94.20%
2019PM_6651 contig151006.1 reverse transcriptase, partial|GO:0003964 GO:0006278 2.05E-14 75.36 | 94.20%
2019PM_404 contig17872.1 Kv channel-interacting 2-like isoform X2]G0:0016021 GO:0005509 9.47E-18 69.57 | 100.00%
2019PM_404 contig51495.1 Kv channel-interacting 2-like| G0:0016021 GO:0005509 9.47E-18 69.57 | 100.00%
2019PM_404 contig65508.1 Kv channel-interacting 2-like| G0:0016021 GO:0005509 9.47E-18 69.57 | 100.00%
2019PM_3214 contig14286.1 rna-directed dna polymerase from mobile element 9.47E-18 69.57 | 100.00%
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2019PM_6211 contig63842.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 7.37E-14 76.81 | 92.60%
2019PM_3043 contig5811.1 reverse transcriptase 7.37E-14 76.81 | 92.50%
2019PM_3043 contig5811.2 reverse transcriptase 7.37E-14 76.81 | 92.50%
2019PM_8143 contig44143.2 pol-like protein, partial 1.22E-16 71.01 | 98.00%
2019PM_8143 contig111297.1 ---NA--- 1.22E-16 71.01 | 98.00%
2019PM_3406 contig11723.1 RNA-directed DNA polymerase from mobile element jockey 9.53E-13 78.26 | 90.70%
2019PM_3406 contig134915.1 ---NA--- 9.53E-13 78.26 | 90.70%
2019PM_5354 contig40314.1 ---NA--- 1.22E-16 71.01 | 98.00%
2019PM_9748 contig72167.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 1.22E-16 71.01 | 98.00%
2019PM_4418 contig204635.1 | ---NA--- 4.44E-11 79.71 | 89.10%
2019PM_1316 contig23768.1 RNA-directed DNA polymerase from mobile element jockey-like 1.58E-15 72.46 | 96.00%
2019PM_1316 contig56529.1 RNA-directed DNA polymerase from mobile element jockey-like 1.58E-15 72.46 | 96.00%
2019PM_1316 contig56529.2 RNA-directed DNA polymerase from mobile element jockey-like 1.58E-15 72.46 | 96.00%
2019PM_1316 contig56963.1 RNA-directed DNA polymerase from mobile element jockey-like 1.58E-15 72.46 | 96.00%
2019PM_1316 contig196289.1 RNA-directed DNA polymerase from mobile element jockey-like 1.58E-15 72.46 | 96.00%
2019PM_7344 contig99459.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 1.58E-15 72.46 | 96.00%
2019PM_7344 contig99459.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 1.58E-15 72.46 | 96.00%
2019PM_4464 contig9844.1 Chorion peroxidase|G0:0016491 GO:0050896 1.58E-15 72.46 | 96.00%
2019PM_3043 contig26094.1 reverse transcriptase 1.58E-15 72.46 | 96.00%
2019PM_3214 contigl11723.1 RNA-directed DNA polymerase from mobile element jockey 1.58E-15 72.46 | 96.00%
2019PM_3214 contig45666.1 RNA-directed DNA polymerase from mobile element jockey-like 1.58E-15 72.46 | 96.00%
2019PM_3214 contig87523.1 PREDICTED: uncharacterized protein LOC109401447 1.58E-15 72.46 | 96.00%
2019PM_3214 contig154710.1 ---NA--- 1.58E-15 72.46 | 96.00%
2019PM_354 contig137397.1 | ---NA--- 3.40E-17 68.12 | 100.00%
2019PM_8143 contig44143.1 pol-like protein, partial 3.40E-17 68.12 | 100.00%
2019PM_3494 contig78121.1 craniofacial development 2-like 3.40E-17 68.12 | 100.00%
2019PM_9986 contig120903.1 | Retrovirus-related Pol poly from type-2 retrotransposable element R2DM 3.40E-17 68.12 | 100.00%
2019PM_964 contig28979.1 ---NA--- 3.40E-17 68.12 | 100.00%
2019PM_7344 contig206.1 aminopeptidase N 2.05E-14 73.91 | 94.10%
2019PM_7344 contig283.1 aminopeptidase N 2.05E-14 73.91 | 94.10%
2019PM_7344 contig9530.1 endonuclease-reverse transcriptase|G0:0003964 GO:0006278 2.05E-14 73.91 | 94.10%
2019PM_7344 contig15911.1 endonuclease-reverse transcriptase|G0:0003964 GO:0006278 2.05E-14 73.91 | 94.10%
2019PM_7344 contig21122.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 2.05E-14 73.91 | 94.10%
2019PM_7344 contig36423.1 endonuclease-reverse transcriptase|G0:0003964 GO:0006278 2.05E-14 73.91 | 94.10%
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2019PM_7344 contig77924.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 2.05E-14 73.91 | 94.10%
2019PM_7344 contig86870.1 endonuclease-reverse transcriptase | G0:0003824 GO:0090304 2.05E-14 73.91 | 94.10%
2019PM_7344 contig87111.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 2.05E-14 73.91 | 94.10%
2019PM_7344 contig118789.1 endonuclease-reverse transcriptase | GO:0003964 GO:0006278 2.05E-14 73.91 | 94.10%
2019PM_9893 contig98916.1 ---NA--- 2.05E-14 73.91 | 94.10%
2019PM_7344 contig51447.2 reverse transcriptase, partial | GO:0003964 GO:0006278 2.65E-13 75.36 | 92.30%
2019PM_7344 contig56598.1 craniofacial development 2-like| GO:0003964 GO:0006278 2.65E-13 75.36 | 92.30%
2019PM_7344 contig102769.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 2.65E-13 75.36 | 92.30%
2019PM_7344 contig120288.1 | outcast ele5 orfl -h 1e-40 -j| GO:0003964 GO:0006278 2.65E-13 75.36 | 92.30%
2019PM_7344 contig92457.1 reverse transcriptase, partial 4.40E-16 69.57 | 97.90%
2019PM_8143 contig104448.1 | ---NA--- 4.40E-16 69.57 | 97.90%
2019PM_3406 contig42028.1 ---NA--- 4.44E-11 78.26 | 89.10%
2019PM_3648 contig21122.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 4.40E-16 69.57 | 97.90%
2019PM_3648 contig205111.1 craniofacial development 2-like 4.40E-16 69.57 | 97.90%
2019PM_3214 contig14286.1 rna-directed dna polymerase from mobile element 4.40E-16 69.57 | 97.90%
2019PM_3406 contig11723.1 RNA-directed DNA polymerase from mobile element jockey 4.44E-11 78.26 | 88.90%
2019PM_3406 contig134915.1 | ---NA--- 4.44E-11 78.26 | 88.90%
2019PM_8143 contig126600.1 | ---NA--- 5.70E-15 71.01 | 95.90%
2019PM_8143 contig199562.1 | ---NA--- 5.70E-15 71.01 | 95.90%
2019PM_4418 contig204635.1 | ---NA--- 2.06E-09 79.71 | 87.30%
2019PM_9748 contig36241.1 reverse transcriptase, partial | GO:0003964 GO:0006278 5.70E-15 71.01 | 95.90%
2019PM_1316 contig4882.1 rna-directed dna polymerase from mobile element jockey 1.22E-16 66.67 | 100.00%
transcription elongation factor SPT4|G0:0005634 GO:0003746 GO0:0008270 GO:0006351 GO0:0006414

2019PM_1316 contig4911.1 G0:0032786 1.22E-16 66.67 | 100.00%
2019PM_1316 contig8125.2 RNA-directed DNA polymerase from mobile element jockey 1.22E-16 66.67 | 100.00%
2019PM_1316 contig13732.2 RNA-directed DNA polymerase from mobile element jockey-like 1.22E-16 66.67 | 100.00%
2019PM_1316 contig31924.1 RNA-directed DNA polymerase from mobile element jockey-like 1.22E-16 66.67 | 100.00%
2019PM_4573 contig64050.1 ---NA--- 1.22E-16 66.67 | 100.00%
2019PM_4573 contig68161.1 ---NA--- 1.22E-16 66.67 | 100.00%
2019PM_4573 contigl127735.1 ---NA--- 1.22E-16 66.67 | 100.00%
2019PM_9249 contig1189.1 Transposon Ty3-1 Gag-Pol poly 1.22E-16 66.67 | 100.00%
2019PM_9249 contig1189.2 Retrovirus-related Pol poly from transposon|G0:0003824 GO:0090304 1.22E-16 66.67 | 100.00%
2019PM_9270 contig57715.1 ---NA--- 1.22E-16 66.67 | 100.00%
2019PM_9270 contig57715.2 ---NA--- 1.22E-16 66.67 | 100.00%
2019PM_4109 contig10762.1 Zinc finger and BTB domain-containing 1.22E-16 66.67 | 100.00%
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2019PM_1316 contig116189.1 ---NA--- 7.37E-14 72.46 | 94.00%
2019PM_1316 contig143617.1 115 kDa in type-1 retrotransposable element R1DM 7.37E-14 72.46 | 94.00%
2019PM_7344 contig8588.1 craniofacial development 2-like| GO:0003824 GO:0090304 7.37E-14 72.46 | 94.00%
2019PM_7344 contig8588.1 craniofacial development 2-like| GO:0003824 GO:0090304 7.37E-14 72.46 | 94.00%
2019PM_9748 contig80242.1 endonuclease-reverse transcriptase | GO:0003964 GO:0006278 7.37E-14 72.46 | 94.00%
2019PM_9748 contig190762.1 reverse transcriptase, partial|GO:0003964 GO:0006278 7.37E-14 72.46 | 94.00%
2019PM_3043 contig26094.1 reverse transcriptase 7.37E-14 72.46 | 94.00%
2019PM_3530 contig62355.1 endonuclease-reverse transcriptase|G0:0003964 GO:0004519 GO:0006278 GO:0090305 2.65E-13 72.46 | 94.00%
2019PM_3530 contig63059.1 endonuclease-reverse transcriptase | G0:0003824 GO:0090304 2.65E-13 72.46 | 94.00%
2019PM_3214 contig11723.1 RNA-directed DNA polymerase from mobile element jockey 7.37E-14 72.46 | 94.00%
2019PM_3214 contig45666.1 RNA-directed DNA polymerase from mobile element jockey-like 7.37E-14 72.46 | 94.00%
2019PM_3214 contig87523.1 PREDICTED: uncharacterized protein LOC109401447 7.37E-14 72.46 | 94.00%
2019PM_3214 contig154710.1 | ---NA--- 7.37E-14 72.46 | 94.00%
2019PM_6638 contig62820.1 endonuclease-reverse transcriptase 7.37E-14 72.46 | 94.00%
2019PM_7344 contig92457.1 reverse transcriptase, partial 1.58E-15 68.12 | 97.90%
2019PM_7344 contig51447.2 reverse transcriptase, partial|GO:0003964 GO:0006278 9.53E-13 73.91 | 92.20%
2019PM_7344 contig56598.1 craniofacial development 2-like| GO:0003964 GO:0006278 9.53E-13 73.91 | 92.20%
2019PM_7344 contig102769.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.53E-13 73.91 | 92.20%
2019PM_7344 contig120288.1 | outcast ele5 orfl -h 1e-40 -j| GO:0003964 GO:0006278 9.53E-13 73.91 | 92.20%
2019PM_8143 contig153787.1 ---NA--- 1.58E-15 68.12 | 97.90%
2019PM_8143 contig44143.1 pol-like protein, partial 1.58E-15 68.12 | 97.90%
2019PM_5354 contig40314.1 ---NA--- 1.58E-15 68.12 | 97.90%
2019PM_9986 contig120903.1 | Retrovirus-related Pol poly from type-2 retrotransposable element R2DM 1.58E-15 68.12 | 97.90%
2019PM_9986 contig44692.1 Retrovirus-related Pol poly from type-2 retrotransposable element R2DM 1.58E-15 68.12 | 97.90%
2019PM_964 contig28979.1 ---NA--- 1.58E-15 68.12 | 97.90%
2019PM_3406 contig42028.1 ---NA--- 2.06E-09 78.26 | 87.30%
2019PM_3648 contig9411.1 C-type lectin| GO:0030246 2.05E-14 69.57 | 95.80%
2019PM_3648 contig9414.1 craniofacial development 2-like| GO:0030246 2.05E-14 69.57 | 95.80%
2019PM_3648 contig16404.1 craniofacial development 2-like 2.05E-14 69.57 | 95.80%
2019PM_3648 contig16528.1 craniofacial development 2-like| GO:0003964 GO:0006278 2.05E-14 69.57 | 95.80%
2019PM_3648 contig23900.1 craniofacial development 2-like| GO:0030246 2.05E-14 69.57 | 95.80%
2019PM_3648 contig45528.1 craniofacial development 2-like 2.05E-14 69.57 | 95.80%
2019PM_3648 contig61111.1 ---NA--- 2.05E-14 69.57 | 95.80%
2019PM_3648 contig134694.1 | craniofacial development 2-like 2.05E-14 69.57 | 95.80%
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2019PM_10348 | contig210.2 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 4.40E-16 65.22 | 100.00%
2019PM_10348 | contig2385.1 endonuclease-reverse transcriptase | GO:0003964 GO:0006278 4.40E-16 65.22 | 100.00%
2019PM_10348 | contig8010.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 4.40E-16 65.22 | 100.00%
2019PM_10348 | contigl2264.1 endonuclease-reverse transcriptase | GO:0003964 GO:0006278 4.40E-16 65.22 | 100.00%
2019PM_10348 | contigl2264.2 endonuclease-reverse transcriptase | GO:0003964 GO:0006278 4.40E-16 65.22 | 100.00%
2019PM_10348 | contig13854.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 4.40E-16 65.22 | 100.00%
2019PM_10348 | contigl4754.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 4.40E-16 65.22 | 100.00%
2019PM_10348 | contig20383.1 reverse transcriptase, partial 4.40E-16 65.22 | 100.00%
2019PM_10348 | contig30774.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 4.40E-16 65.22 | 100.00%
2019PM_10348 | contig37527.1 endonuclease-reverse transcriptase |G0:0003824 GO:0090304 4.40E-16 65.22 | 100.00%
2019PM_10348 | contig38937.1 craniofacial development 2-like| GO:0003964 GO:0006278 4.40E-16 65.22 | 100.00%
2019PM_10348 | contigd9245.1 endonuclease-reverse transcriptase 4.40E-16 65.22 | 100.00%
2019PM_10348 | contig82623.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 4.40E-16 65.22 | 100.00%
2019PM_10348 | contig91465.1 reverse transcriptase, partial|GO:0003964 GO:0006278 4.40E-16 65.22 | 100.00%
2019PM_1233 contig50442.1 serine-rich adhesin for platelets 4.40E-16 65.22 | 100.00%
2019PM_7344 contig154046.1 Craniofacial development|G0:0003964 GO:0006278 2.65E-13 71.01 | 93.90%
2019PM_6677 contig126611.1 | ---NA--- 2.65E-13 71.01 | 93.90%
2019PM_1316 contig8082.1 lian-aal retrotransposon 5.70E-15 66.67 | 97.80%
2019PM_1316 contig11695.1 RNA-directed DNA polymerase from mobile element jockey- 5.70E-15 66.67 | 97.80%
2019PM_1316 contig13732.1 RNA-directed DNA polymerase from mobile element jockey-like 5.70E-15 66.67 | 97.80%
2019PM_1316 contig32468.1 RNA-directed DNA polymerase from mobile element jockey- 5.70E-15 66.67 | 97.80%
2019PM_1316 contig90807.1 PREDICTED: uncharacterized protein LOC108681254 5.70E-15 66.67 | 97.80%
2019PM_1316 contig4882.1 rna-directed dna polymerase from mobile element jockey 5.70E-15 66.67 | 97.80%
transcription elongation factor SPT4|G0:0005634 GO:0003746 GO0:0008270 GO:0006351 GO0:0006414

2019PM_1316 contig4911.1 G0:0032786 5.70E-15 66.67 | 97.80%
2019PM_1316 contig8125.2 RNA-directed DNA polymerase from mobile element jockey 5.70E-15 66.67 | 97.80%
2019PM_1316 contig13732.2 RNA-directed DNA polymerase from mobile element jockey-like 5.70E-15 66.67 | 97.80%
2019PM_1316 contig31924.1 RNA-directed DNA polymerase from mobile element jockey-like 5.70E-15 66.67 | 97.80%
2019PM_1316 contig87201.1 PREDICTED: uncharacterized protein LOC106685760 5.70E-15 66.67 | 97.80%
2019PM_1316 contig87202.1 RNA-directed DNA polymerase from mobile element jockey- 5.70E-15 66.67 | 97.80%
2019PM_1316 contig116189.1 ---NA--- 3.43E-12 72.46 | 92.00%
2019PM_1316 contig143617.1 | 115 kDa in type-1 retrotransposable element RIDM 3.43E-12 72.46 | 92.00%
2019PM_8143 contigl15724.1 Gag-Pol poly| GO:0003824 GO:0044260 GO:0090304 5.70E-15 66.67 | 97.80%
2019PM_8143 contig33912.1 Gag-Pol poly 5.70E-15 66.67 | 97.80%
2019PM_8143 contig35845.1 reverse transcriptase| GO:0003964 GO:0006278 5.70E-15 66.67 | 97.80%
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2019PM_8143 contig38405.1 RNA-directed DNA polymerase from mobile element 5.70E-15 66.67 | 97.80%
2019PM_8143 contig55830.1 ---NA--- 5.70E-15 66.67 | 97.80%
2019PM_8143 contig72052.1 ---NA--- 5.70E-15 66.67 | 97.80%
2019PM_4573 contig64050.1 ---NA--- 5.70E-15 66.67 | 97.80%
2019PM_4573 contig68161.1 ---NA--- 5.70E-15 66.67 | 97.80%
2019PM_4573 contig127735.1 | ---NA--- 5.70E-15 66.67 | 97.80%
2019PM_10348 | contig10338.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 5.70E-15 66.67 | 97.80%
2019PM_10348 | contig11118.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 5.70E-15 66.67 | 97.80%
2019PM_10348 | contig11122.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 5.70E-15 66.67 | 97.80%
2019PM_10348 | contigl2697.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 5.70E-15 66.67 | 97.80%
2019PM_10348 | contig13130.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 5.70E-15 66.67 | 97.80%
2019PM_10348 | contig13790.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 5.70E-15 66.67 | 97.80%
2019PM_10348 | contig38675.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 5.70E-15 66.67 | 97.80%
2019PM_10348 | contig38675.2 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 5.70E-15 66.67 | 97.80%
2019PM_9249 contig1189.1 Transposon Ty3-l Gag-Pol poly 5.70E-15 66.67 | 97.80%
2019PM_9249 contig1189.2 Retrovirus-related Pol poly from transposon|G0:0003824 GO:0090304 5.70E-15 66.67 | 97.80%
2019PM_9270 contig57715.1 ---NA--- 5.70E-15 66.67 | 97.80%
2019PM_9270 contig57715.2 ---NA--- 5.70E-15 66.67 | 97.80%
2019PM_9729 contig180018.1 | ---NA--- 3.43E-12 72.46 | 92.00%
2019PM_3214 contig95778.1 ---NA--- 3.43E-12 72.46 | 92.00%
2019PM_3214 contig98017.1 RNA-directed DNA polymerase from mobile element jockey-like 3.43E-12 72.46 | 92.00%
2019PM_3214 contig121761.1 | ---NA--- 3.43E-12 72.46 | 92.00%
2019PM_3214 contig196289.1 | RNA-directed DNA polymerase from mobile element jockey-like 3.43E-12 72.46 | 92.00%
2019PM_3406 contig6357.1 Gag-Pol poly 4.44E-11 73.91 | 90.20%
2019PM_7344 contig8551.1 endonuclease-reverse transcriptase |GO:0003824 GO:0090304 7.37E-14 68.12 | 95.70%
2019PM_7344 contig8551.1 endonuclease-reverse transcriptase |G0:0003824 GO:0090304 7.37E-14 68.12 | 95.70%
2019PM_4418 contigl07538.1 | ---NA--- 2.65E-13 68.12 | 95.70%
2019PM_7673 contig52099.1 ---NA--- 1.58E-15 63.77 | 100.00%
2019PM_5602 contig151783.1 | ---NA--- 1.58E-15 63.77 | 100.00%
2019PM_6223 contig1026.1 PREDICTED: uncharacterized protein CG43867-like 1.58E-15 63.77 | 100.00%
2019PM_9986 contig44692.1 Retrovirus-related Pol poly from type-2 retrotransposable element R2DM 7.37E-14 68.12 | 95.70%
2019PM_3530 contig115129.1 endonuclease-reverse transcriptase|G0:0003964 GO:0004519 G0O:0006278 GO:0090305 7.37E-14 68.12 | 95.70%
2019PM_7344 contig154046.1 | Craniofacial development|G0:0003964 GO:0006278 9.53E-13 69.57 | 93.80%
2019PM_10046 | contig123905.1 endonuclease-reverse transcriptase 9.53E-13 69.57 | 93.90%
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2019PM_10046 | contig123905.1 endonuclease-reverse transcriptase 9.53E-13 69.57 | 93.90%
2019PM_3648 contig6494.1 endonuclease-reverse transcriptase | GO:0003964 GO:0006278 9.53E-13 69.57 | 93.80%
2019PM_3648 contig12013.1 craniofacial development 2-like 9.53E-13 69.57 | 93.80%
2019PM_3648 contig22038.1 craniofacial development 2-like 9.53E-13 69.57 | 93.80%
2019PM_3648 contig42607.1 craniofacial development 2-like 9.53E-13 69.57 | 93.80%
2019PM_3648 contig44233.1 craniofacial development 2-like 9.53E-13 69.57 | 93.80%
2019PM_3648 contig58064.1 craniofacial development 2-like 9.53E-13 69.57 | 93.80%
2019PM_3648 contig62552.1 craniofacial development 2-like 9.53E-13 69.57 | 93.80%
2019PM_3648 contig63934.1 craniofacial development 2-like 9.53E-13 69.57 | 93.80%
2019PM_3648 contig88568.1 craniofacial development 2-like 9.53E-13 69.57 | 93.80%
2019PM_3648 contig92199.1 craniofacial development 2-like 9.53E-13 69.57 | 93.80%
2019PM_3648 contig95950.1 craniofacial development 2-like 9.53E-13 69.57 | 93.80%
2019PM_3648 contig107290.1 craniofacial development 2-like 9.53E-13 69.57 | 93.80%
2019PM_8143 contigl5724.1 Gag-Pol poly | G0O:0003824 GO:0044260 GO:0090304 2.05E-14 65.22 | 97.80%
2019PM_8143 contig33912.1 Gag-Pol poly 2.05E-14 65.22 | 97.80%
2019PM_8143 contig35845.1 reverse transcriptase|G0:0003964 GO:0006278 2.05E-14 65.22 | 97.80%
2019PM_8143 contig38405.1 RNA-directed DNA polymerase from mobile element 2.05E-14 65.22 | 97.80%
2019PM_8143 contig55830.1 ---NA--- 2.05E-14 65.22 | 97.80%
2019PM_8143 contig72052.1 ---NA--- 2.05E-14 65.22 | 97.80%
2019PM_8143 contig126600.1 | ---NA--- 2.05E-14 65.22 | 97.80%
2019PM_8143 contig199562.1 | ---NA--- 2.05E-14 65.22 | 97.80%
2019PM_10348 | contig210.2 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 2.05E-14 65.22 | 97.80%
2019PM_10348 | contig2385.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 2.05E-14 65.22 | 97.80%
2019PM_10348 | contig8010.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 2.05E-14 65.22 | 97.80%
2019PM_10348 | contigl12264.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 2.05E-14 65.22 | 97.80%
2019PM_10348 | contigl2264.2 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 2.05E-14 65.22 | 97.80%
2019PM_10348 | contig13854.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 2.05E-14 65.22 | 97.80%
2019PM_10348 | contigl4754.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 2.05E-14 65.22 | 97.80%
2019PM_10348 | contig20383.1 reverse transcriptase, partial 2.05E-14 65.22 | 97.80%
2019PM_10348 | contig30774.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 2.05E-14 65.22 | 97.80%
2019PM_10348 | contig37527.1 endonuclease-reverse transcriptase | G0:0003824 GO:0090304 2.05E-14 65.22 | 97.80%
2019PM_10348 | contig38937.1 craniofacial development 2-like| GO:0003964 GO:0006278 2.05E-14 65.22 | 97.80%
2019PM_10348 | contigd9245.1 endonuclease-reverse transcriptase 2.05E-14 65.22 | 97.80%
2019PM_10348 | contig82623.1 endonuclease-reverse transcriptase|G0:0003964 GO:0006278 2.05E-14 65.22 | 97.80%
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2019PM_10348 | contig91465.1 reverse transcriptase, partial| G0:0003964 GO:0006278 2.05E-14 65.22 | 97.80%
2019PM_10348 | contig43349.1 endonuclease-reverse transcriptase | GO:0003964 GO:0006278 2.05E-14 65.22 | 97.80%
2019PM_10348 | contigh5171.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 2.05E-14 65.22 | 97.80%
2019PM_10348 | contig86870.1 endonuclease-reverse transcriptase | GO:0003824 GO:0090304 2.05E-14 65.22 | 97.80%
2019PM_1233 contig50442.1 serine-rich adhesin for platelets 2.05E-14 65.22 | 97.80%
2019PM_7333 contig14656.1 cytochrome P450 2L1-like| GO:0005783 G0O:0016020 GO:0044422 GO:0004497 GO:0016705 GO:0046872 5.70E-15 62.32 | 100.00%
2019PM_7333 contig15205.1 cytochrome P450 2L1-like| GO:0005783 G0O:0016020 GO:0044422 GO:0004497 GO:0016705 GO:0046872 5.70E-15 62.32 | 100.00%
2019PM_1316 contig87201.1 PREDICTED: uncharacterized protein LOC106685760 2.65E-13 66.67 | 95.70%
2019PM_1316 contig87202.1 RNA-directed DNA polymerase from mobile element jockey- 2.65E-13 66.67 | 95.70%
2019PM_1316 contig8082.1 lian-aal retrotransposon 2.65E-13 66.67 | 95.70%
2019PM_1316 contig11695.1 RNA-directed DNA polymerase from mobile element jockey- 2.65E-13 66.67 | 95.70%
2019PM_1316 contig13732.1 RNA-directed DNA polymerase from mobile element jockey-like 2.65E-13 66.67 | 95.70%
2019PM_1316 contig32468.1 RNA-directed DNA polymerase from mobile element jockey- 2.65E-13 66.67 | 95.70%
2019PM_1316 contig90807.1 PREDICTED: uncharacterized protein LOC108681254 2.65E-13 66.67 | 95.70%
2019PM_8143 contig64062.1 reverse transcriptase 5.70E-15 62.32 | 100.00%
2019PM_8143 contig64062.1 reverse transcriptase 5.70E-15 62.32 | 100.00%
2019PM_3406 contig6614.1 Gag-Pol poly 1.60E-10 72.46 | 90.00%
2019PM_3406 contig6721.1 Gag-Pol poly 1.60E-10 72.46 | 90.00%
2019PM_3406 contig6721.2 Gag-Pol poly 1.60E-10 72.46 | 90.00%
2019PM_10348 | contig10338.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 2.65E-13 66.67 | 95.70%
2019PM_10348 | contig11118.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 2.65E-13 66.67 | 95.70%
2019PM_10348 | contigl11122.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 2.65E-13 66.67 | 95.70%
2019PM_10348 | contigl12697.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 2.65E-13 66.67 | 95.70%
2019PM_10348 | contig13130.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 2.65E-13 66.67 | 95.70%
2019PM_10348 | contig13790.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 2.65E-13 66.67 | 95.70%
2019PM_10348 | contig38675.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 2.65E-13 66.67 | 95.70%
2019PM_10348 | contig38675.2 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 2.65E-13 66.67 | 95.70%
2019PM_2915 contig195280.1 | ---NA--- 5.70E-15 62.32 | 100.00%
2019PM_7837 contig55171.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 2.65E-13 66.67 | 95.70%
2019PM_4158 contig75326.1 ---NA--- 9.53E-13 66.67 | 95.70%
2019PM_3214 contig2758.1 rna-directed dna polymerase from mobile element 1.60E-10 72.46 | 90.00%
2019PM_3214 contig4605.1 - . 1.60E-10 72.46 | 90.00%
2019PM _3214 contiga911.1 (talgzrz)s(;:srlzp;g%n elongation factor SPT4]|G0:0005634 GO:0003746 GO0:0008270 GO:0006351 GO:0006414 160E-10 72.46 | 90.00%
2019PM_3214 contig4911.2 1.60E-10 72.46 | 90.00%
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transcription elongation factor SPT4|G0:0005634 GO:0003746 GO0:0008270 GO:0006351 GO0:0006414
2019PM_3214 contigd911.3 G0:0032786 1.60E-10 72.46 | 90.00%
2019PM_3214 contig9497.1 RNA-directed DNA polymerase from mobile element jockey-like 1.60E-10 72.46 | 90.00%
2019PM_3214 contig18302.1 RNA-directed DNA polymerase from mobile element jockey- 1.60E-10 72.46 | 90.00%
2019PM_3214 contig23768.1 RNA-directed DNA polymerase from mobile element jockey-like 1.60E-10 72.46 | 90.00%
2019PM_3214 contig32468.1 RNA-directed DNA polymerase from mobile element jockey- 1.60E-10 72.46 | 90.00%
2019PM_3214 contig56529.1 RNA-directed DNA polymerase from mobile element jockey-like 1.60E-10 72.46 | 90.00%
2019PM_3214 contig56529.2 RNA-directed DNA polymerase from mobile element jockey-like 1.60E-10 72.46 | 90.00%
2019PM_3214 contig56963.1 RNA-directed DNA polymerase from mobile element jockey-like 1.60E-10 72.46 | 90.00%
2019PM_3214 contig90807.1 PREDICTED: uncharacterized protein LOC108681254 1.60E-10 72.46 | 90.00%
2019PM_3214 contig95778.1 ---NA--- 1.60E-10 72.46 | 90.00%
2019PM_3214 contig98017.1 RNA-directed DNA polymerase from mobile element jockey-like 1.60E-10 72.46 | 90.00%
2019PM_3214 contig121761.1 | ---NA--- 1.60E-10 72.46 | 90.00%
2019PM_3214 contig196289.1 RNA-directed DNA polymerase from mobile element jockey-like 1.60E-10 72.46 | 90.00%
2019PM_3406 contig6357.1 Gag-Pol poly 2.06E-09 73.91 | 88.20%
2019PM_4418 contigl07538.1 | ---NA--- 2.65E-13 63.77 | 97.70%
2019PM_6677 contig98880.1 ---NA--- 7.37E-14 63.77 | 97.70%
2019PM_6223 contig1026.1 PREDICTED: uncharacterized protein CG43867-like 7.37E-14 63.77 | 97.70%
2019PM_10471 | contigl1118.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contigl11122.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contigl11294.1 mitochondrial inner membrane protease ATP23 homolog|G0:0003964 GO:0004222 G0O:0006278 GO:0006508 9.53E-13 65.22 | 95.60%
2019PM_10471 | contigl11294.2 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contigl12697.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig13130.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig13790.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig13854.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contigl4754.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contigl19357.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contigl19357.2 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig21122.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig26512.1 endonuclease-reverse transcriptase 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig30774.1 endonuclease-reverse transcriptase|G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig36317.1 endonuclease-reverse transcriptase|G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig36423.1 endonuclease-reverse transcriptase|G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig39402.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
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2019PM_10471 | contig43349.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig77924.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig80033.1 outcast ele5 orfl -h 1e-40 -j| GO:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig82623.1 endonuclease-reverse transcriptase | GO:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig83288.1 endonuclease-reverse transcriptase | GO:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig91308.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig91465.1 reverse transcriptase, partial | GO:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig118789.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig11118.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contigl1122.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contigl11294.1 mitochondrial inner membrane protease ATP23 homolog|G0:0003964 GO:0004222 G0:0006278 GO:0006508 9.53E-13 65.22 | 95.60%
2019PM_10471 | contigl1294.2 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contigl2697.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig13130.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig13790.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contigl3854.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contigl4754.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig19357.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contigl9357.2 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig21122.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig26512.1 endonuclease-reverse transcriptase 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig30774.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig36317.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig36423.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig39402.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig43349.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig77924.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig80033.1 outcast ele5 orfl -h 1e-40 -j| GO:0003964 G0O:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig82623.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig83288.1 endonuclease-reverse transcriptase |G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig91308.1 endonuclease-reverse transcriptase|G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig91465.1 reverse transcriptase, partial|G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10471 | contig118789.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_10348 | contig43349.1 endonuclease-reverse transcriptase|G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
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2019PM_10348 | contigh5171.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.53E-13 65.22 | 95.60%
2019PM_6677 contig153857.1 ---NA--- 5.74E-10 71.01 | 89.80%
2019PM_3406 contig6614.1 Gag-Pol poly 7.42E-09 72.46 | 88.00%
2019PM_3406 contig6721.1 Gag-Pol poly 7.42E-09 72.46 | 88.00%
2019PM_3406 contig6721.2 Gag-Pol poly 7.42E-09 72.46 | 88.00%
2019PM_4158 contig75326.1 ---NA--- 4.44E-11 66.67 | 93.50%
2019PM_7333 contig14656.2 cytochrome P450 2L1-like| GO:0005783 G0O:0016020 GO:0044422 GO:0004497 GO:0016705 GO:0046872 2.65E-13 62.32 | 97.70%
2019PM_2915 contig195280.1 ---NA--- 2.65E-13 62.32 | 97.70%
2019PM_6919 contig103275.1 | ---NA--- 7.37E-14 59.42 | 100.00%
2019PM_4656 contig195082.1 | ---NA--- 7.37E-14 59.42 | 100.00%
2019PM_8986 contig37734.1 crustacean female sex 7.37E-14 59.42 | 100.00%
2019PM_9986 contig114623.1 Retrovirus-related Pol poly from type-2 retrotransposable element R2DM 3.43E-12 63.77 | 95.50%
2019PM_4418 contig40478.1 ---NA--- 3.43E-12 60.87 | 97.60%
2019PM_4418 contig62653.1 ---NA--- 3.43E-12 60.87 | 97.60%
2019PM_4418 contig168629.1 | ---NA--- 3.43E-12 60.87 | 97.60%
2019PM_4418 contig40478.1 ---NA--- 3.43E-12 60.87 | 97.60%
2019PM_4418 contig62653.1 ---NA--- 3.43E-12 60.87 | 97.60%
2019PM_4418 contig168629.1 | ---NA--- 3.43E-12 60.87 | 97.60%
2019PM_8676 contigl66363.1 reverse transcriptase, partial|GO:0003964 GO:0006278 9.53E-13 60.87 | 97.60%
2019PM_6872 contig3739.1 RNA-directed DNA polymerase from mobile element jockey-like 9.53E-13 60.87 | 97.60%
2019PM_6872 contig11041.1 RNA-directed DNA polymerase from mobile element 9.53E-13 60.87 | 97.60%
2019PM_6872 contig16138.1 RNA-directed DNA polymerase from mobile element 9.53E-13 60.87 | 97.60%
2019PM_6872 contig16908.1 RNA-directed DNA polymerase from mobile element 9.53E-13 60.87 | 97.60%
2019PM_6872 contigl7322.1 RNA-directed DNA polymerase from mobile element 9.53E-13 60.87 | 97.60%
2019PM_6872 contig27267.1 RNA-directed DNA polymerase from mobile element jockey-like 9.53E-13 60.87 | 97.60%
2019PM_6872 contig36930.1 RNA-directed DNA polymerase from mobile element 9.53E-13 60.87 | 97.60%
2019PM_6872 contig46671.1 RNA-directed DNA polymerase from mobile element|G0:0003824 GO:0005488 GO:0044260 GO:0090304 9.53E-13 60.87 | 97.60%
2019PM_6872 contig50315.1 RNA-directed DNA polymerase from mobile element jockey-like 9.53E-13 60.87 | 97.60%
2019PM_6872 contig53029.1 RNA-directed DNA polymerase from mobile element 9.53E-13 60.87 | 97.60%
2019PM_6872 contig63961.1 RNA-directed DNA polymerase from mobile element jockey-like 9.53E-13 60.87 | 97.60%
2019PM_6872 contig70581.1 RNA-directed DNA polymerase from mobile element 9.53E-13 60.87 | 97.60%
2019PM_6872 contig76559.1 RNA-directed DNA polymerase from mobile element jockey-like 9.53E-13 60.87 | 97.60%
2019PM_6872 contig98509.1 RNA-directed DNA polymerase from mobile element jockey-like 9.53E-13 60.87 | 97.60%
2019PM_6872 contig108301.1 | RNA-directed DNA polymerase from mobile element jockey-like 9.53E-13 60.87 | 97.60%
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2019PM_6872 contig117821.1 | RNA-directed DNA polymerase from mobile element jockey-like 9.53E-13 60.87 | 97.60%
2019PM_6872 contig133003.1 | RNA-directed DNA polymerase from transposon X- 9.53E-13 60.87 | 97.60%
2019PM_7333 contig1573.1 cytochrome P450 2L1-like | GO:0005783 GO:0016020 GO:0044422 G0:0004497 GO:0016705 GO:0046872 2.65E-13 57.97 | 100.00%
2019PM_7333 contig4558.1 cytochrome P450 2L1-like | GO:0005783 GO:0016020 GO:0044422 GO:0004497 GO:0016705 GO:0046872 2.65E-13 57.97 | 100.00%
2019PM_7333 contig10680.1 cytochrome P450 2L1-like | GO:0005783 GO:0016020 GO:0044422 GO:0004497 GO:0016705 GO:0046872 2.65E-13 57.97 | 100.00%
2019PM_7333 contig11381.1 cytochrome P450 2L1-like | GO:0005783 GO:0016020 GO:0044422 GO:0004497 GO:0016705 GO:0046872 2.65E-13 57.97 | 100.00%
2019PM_7333 contig13827.1 cytochrome P450 2L1-like| GO:0016020 GO:0043231 GO:0005488 GO:0016491 2.65E-13 57.97 | 100.00%
2019PM_7333 contig13915.1 cytochrome P450 2L1-like | GO:0005783 GO:0016020 GO:0044422 G0:0004497 GO:0016705 GO:0046872 2.65E-13 57.97 | 100.00%
2019PM_7333 contig14188.1 cytochrome P450 2L1-like | GO:0005783 GO:0016020 GO:0044422 GO:0004497 GO:0016705 GO:0046872 2.65E-13 57.97 | 100.00%
2019PM_7333 contig14188.2 cytochrome P450 2L1-like | GO:0005783 GO:0016020 GO:0044422 GO:0004497 GO:0016705 GO:0046872 2.65E-13 57.97 | 100.00%
2019PM_7333 contig16088.1 cytochrome P450 2L1-like | GO:0005783 GO:0016020 GO:0044422 GO:0004497 GO:0016705 GO:0046872 2.65E-13 57.97 | 100.00%
2019PM_7333 contig18688.1 cytochrome P450 2L1-like | GO:0005783 GO:0016020 GO:0044422 GO:0004497 GO:0016705 GO:0046872 2.65E-13 57.97 | 100.00%
CP2L1_PANAR ame: Full=Cytochrome P450 2L1 ame: Full=CYPIIL1|GO:0005783 G0:0016020 GO:0044422

2019PM_7333 contig21644.1 G0:0004497 GO:0016705 GO:0046872 2.65E-13 57.97 | 100.00%
2019PM_7333 contig26020.1 cytochrome P450 2L1-like | GO:0005783 GO:0016020 GO:0044422 GO:0004497 GO:0016705 GO:0046872 2.65E-13 57.97 | 100.00%
2019PM_7333 contig27233.1 cytochrome P450 2L1-like | GO:0005783 GO:0016020 GO:0044422 GO:0004497 GO:0016705 GO:0046872 2.65E-13 57.97 | 100.00%
2019PM_7333 contig28431.1 cytochrome P450 2L1-like | GO:0005783 GO:0016020 GO:0044422 GO:0004497 GO:0016705 GO:0046872 2.65E-13 57.97 | 100.00%
2019PM_7333 contig31222.1 cytochrome P450 2L1-like | GO:0005783 GO:0016020 GO:0044422 GO:0004497 GO:0016705 GO:0046872 2.65E-13 57.97 | 100.00%
2019PM_7333 contig31561.1 cytochrome P450 2L1-like | GO:0005783 GO:0016020 GO:0044422 GO:0004497 GO:0016705 GO:0046872 2.65E-13 57.97 | 100.00%
2019PM_7333 contig63605.1 cytochrome P450 2L1-like | GO:0005783 GO:0016020 GO:0044422 GO:0004497 GO:0016705 GO:0046872 2.65E-13 57.97 | 100.00%
2019PM_6211 contig42801.1 ---NA--- 5.74E-10 66.67 | 91.30%
2019PM_6211 contig126492.1 | ---NA--- 5.74E-10 66.67 | 91.30%
2019PM_2465 contig1232.1 partitioning defective 3 homolog isoform X3 2.65E-13 57.97 | 100.00%
2019PM_2465 contig1232.2 pdz domain-containing 2.65E-13 57.97 | 100.00%
2019PM_2465 contig1249.1 Partitioning defective 3 2.65E-13 57.97 | 100.00%
2019PM_2465 contigl1794.1 partitioning defective 3 homolog isoform X5 2.65E-13 57.97 | 100.00%
2019PM_2465 contig2364.1 Partitioning defective 3 2.65E-13 57.97 | 100.00%
2019PM_2465 contig2556.1 partitioning defective 3 homolog isoform X5 2.65E-13 57.97 | 100.00%
2019PM_2465 contig3132.1 Partitioning defective 3 2.65E-13 57.97 | 100.00%
2019PM_2465 contig5397.1 partitioning defective 3 homolog isoform X1 2.65E-13 57.97 | 100.00%
2019PM_2465 contig5408.1 partitioning defective 3 homolog isoform X5 2.65E-13 57.97 | 100.00%
2019PM_2465 contig5484.1 partitioning defective 3 homolog isoform X5 2.65E-13 57.97 | 100.00%
2019PM_2465 contigb077.1 Partitioning defective 3 2.65E-13 57.97 | 100.00%
2019PM_2465 contig18354.1 partitioning defective 3 homolog B isoform X2 2.65E-13 57.97 | 100.00%
2019PM_2465 contig3496.1 partitioning defective 3 homolog isoform X2 2.65E-13 57.97 | 100.00%
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2019PM_6211 contig79842.1 PREDICTED: uncharacterized protein LOC103506659 7.42E-09 68.12 | 89.40%
2019PM_4656 contig195082.1 | --NA--- 3.43E-12 59.42 | 97.60%
2019PM_3214 contig33912.1 Gag-Pol poly 1.60E-10 63.77 | 93.20%
2019PM_8676 contigl97698.1 | ---NA--- 9.53E-13 56.52 | 100.00%
2019PM_8676 contig31079.1 endonuclease-reverse transcriptase | G0:0003824 G0:0043170 GO:0044238 4.44E-11 60.87 | 95.20%
2019PM_8676 contig36423.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 4.44E-11 60.87 | 95.20%
2019PM_8676 contig91308.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 4.44E-11 60.87 | 95.20%
2019PM_8676 contig103281.1 reverse transcriptase, partial|GO:0003964 GO:0006278 4.44E-11 60.87 | 95.20%
2019PM_5879 contig23832.1 ---NA--- 4.44E-11 60.87 | 95.20%
2019PM_5879 contig133091.1 | ---NA--- 4.44E-11 60.87 | 95.20%
2019PM_6872 contig11251.1 RNA-directed DNA polymerase from mobile element jockey-like 4.44E-11 60.87 | 95.20%
2019PM_6872 contig11460.1 RNA-directed DNA polymerase from mobile element jockey-like 4.44E-11 60.87 | 95.20%
2019PM_6872 contig12501.1 RNA-directed DNA polymerase from mobile element jockey-like 4.44E-11 60.87 | 95.20%
2019PM_4418 contigl87381.1 | ---NA--- 2.06E-09 62.32 | 93.00%
2019PM_4418 contig187381.1 | ---NA--- 2.06E-09 62.32 | 93.00%
2019PM_1266 contig111647.1 | ---NA--- 3.43E-12 55.07 | 100.00%
2019PM_3480 contig26801.1 sulfotransferase 1C4-like 3.43E-12 55.07 | 100.00%
2019PM_3480 contig35357.1 sulfotransferase 1C4-like 3.43E-12 55.07 | 100.00%
2019PM_8483 contig82348.1 ---NA--- 3.43E-12 55.07 | 100.00%
2019PM_5685 contig28515.1 coproporphyrinigen I11]GO:0003824 3.43E-12 55.07 | 100.00%
2019PM_6730 contigd911.1 o I ion f s 60:0005634 GO:0003746 GO:0008270 GO:0006351 GO:0006 3.43E-12 55.07 | 100.00%
2019PM 6730 | contigd911.2 ég:g;'zp;g‘ elongation factor SPT4|G0:0005634 GO:0003746 GO 70 6O >1 GO:0006414 3.43E-12 5507 | 100.00%
2019PM_6730 contigd911.3 3.43E-12 55.07 | 100.00%
2019PM_6730 contig8125.1 rna-directed dna polymerase from mobile element jockey 3.43E-12 55.07 | 100.00%
2019PM_6730 contig8125.2 RNA-directed DNA polymerase from mobile element jockey 3.43E-12 55.07 | 100.00%
2019PM_6730 contig9497.1 RNA-directed DNA polymerase from mobile element jockey-like 3.43E-12 55.07 | 100.00%
2019PM_6730 contigl11723.1 RNA-directed DNA polymerase from mobile element jockey 3.43E-12 55.07 | 100.00%
2019PM_6730 contig18302.1 RNA-directed DNA polymerase from mobile element jockey- 3.43E-12 55.07 | 100.00%
2019PM_6730 contig20167.1 rna-directed dna polymerase from mobile element 3.43E-12 55.07 | 100.00%
2019PM_6730 contig32468.1 RNA-directed DNA polymerase from mobile element jockey- 3.43E-12 55.07 | 100.00%
2019PM_6730 contig35556.1 RNA-directed DNA polymerase from mobile element jockey- 3.43E-12 55.07 | 100.00%
2019PM_6730 contig38733.1 RNA-directed DNA polymerase from mobile element jockey- 3.43E-12 55.07 | 100.00%
2019PM_6730 contig45666.1 RNA-directed DNA polymerase from mobile element jockey-like 3.43E-12 55.07 | 100.00%
2019PM_6730 contig73604.1 rna-directed dna polymerase from mobile element jockey 3.43E-12 55.07 | 100.00%
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2019PM_6730 contig74646.1 reverse transcriptase 3.43E-12 55.07 | 100.00%
2019PM_6730 contig90807.1 PREDICTED: uncharacterized protein LOC108681254 3.43E-12 55.07 | 100.00%
2019PM_2197 contig103332.1 ---NA--- 4.44E-11 59.42 | 95.30%
2019PM_6449 contig2742.1 endonuclease-reverse transcriptase |GO:0003964 GO:0006278 2.67E-08 63.77 | 90.90%
2019PM_7837 contig221839.1 reverse transcriptase, partial | GO:0003964 GO:0006278 1.60E-10 59.42 | 95.10%
2019PM_3530 contig144358.1 endonuclease-reverse transcriptase 1.60E-10 59.42 | 95.10%
2019PM_4418 contig88394.1 ---NA--- 1.60E-10 56.52 | 97.40%
2019PM_4418 contig88394.1 ---NA--- 1.60E-10 56.52 | 97.40%
2019PM_8676 contig166363.1 reverse transcriptase, partial|GO:0003964 GO:0006278 4.44E-11 56.52 | 97.40%
2019PM_8676 contig197698.1 | ---NA--- 4.44E-11 56.52 | 97.40%
2019PM_3043 contig25186.1 chitinase 1]G0:0005576 GO:0016021 GO:0004568 GO:0008061 GO:0005975 GO:0006032 1.23E-11 53.62 | 100.00%
2019PM_3043 contig25186.1 chitinase 1]G0:0005576 GO:0016021 GO:0004568 GO:0008061 GO:0005975 GO:0006032 1.23E-11 53.62 | 100.00%
2019PM_3480 contig26801.1 sulfotransferase 1C4-like 1.60E-10 55.07 | 97.40%
2019PM_3480 contig35357.1 sulfotransferase 1C4-like 1.60E-10 55.07 | 97.40%
2019PM_2197 contig103332.1 | ---NA--- 2.06E-09 59.42 | 93.00%
2019PM_5685 contig23161.1 coproporphyrinigen 111]|G0:0016491 1.60E-10 55.07 | 97.40%
2019PM_5685 contig23161.2 radical S-adenosyl methionine domain-containing mitochondrial- 1.60E-10 55.07 | 97.40%
2019PM_5685 contig29267.1 coproporphyrinigen Il 1.60E-10 55.07 | 97.40%
2019PM_5685 contig30260.1 coproporphyrinigen 111|G0:0003824 1.60E-10 55.07 | 97.40%
2019PM_5685 contig39629.1 radical S-adenosyl methionine domain-containing mitochondrial-| GO:0003824 1.60E-10 55.07 | 97.40%
2019PM_6730 contigl11723.1 RNA-directed DNA polymerase from mobile element jockey 1.60E-10 55.07 | 97.40%
2019PM_6730 contig20167.1 rna-directed dna polymerase from mobile element 1.60E-10 55.07 | 97.40%
2019PM_6730 contig35556.1 RNA-directed DNA polymerase from mobile element jockey- 1.60E-10 55.07 | 97.40%
2019PM_6730 contig38733.1 RNA-directed DNA polymerase from mobile element jockey- 1.60E-10 55.07 | 97.40%
2019PM_6730 contig45666.1 RNA-directed DNA polymerase from mobile element jockey-like 1.60E-10 55.07 | 97.40%
2019PM_6730 contig73604.1 rna-directed dna polymerase from mobile element jockey 1.60E-10 55.07 | 97.40%
2019PM_6730 contig74646.1 reverse transcriptase 1.60E-10 55.07 | 97.40%
2019PM_3043 contig15586.1 reverse transcriptase 2.67E-08 59.42 | 92.70%
2019PM_3043 contig56983.1 ---NA--- 2.67E-08 59.42 | 92.70%
2019PM_3043 contig76683.1 hypothetical protein, partial 2.67E-08 59.42 | 92.70%
2019PM_3043 contig103428.1 ---NA--- 2.67E-08 59.42 | 92.70%
2019PM_6449 contig191278.1 endonuclease-reverse transcriptase|G0:0003964 GO:0006278 2.06E-09 56.52 | 94.90%
2019PM_6365 contig146529.1 ---NA--- 2.06E-09 56.52 | 94.90%
2019PM_7837 contig211386.1 reverse transcriptase, partial|G0:0003964 GO:0006278 5.74E-10 53.62 | 97.30%
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2019PM_1316 contig1983.1 rna-directed dna polymerase from mobile element jockey 1.60E-10 50.72 | 100.00%
2019PM_1316 contig2399.1 rna-directed dna polymerase from mobile element jockey 1.60E-10 50.72 | 100.00%
2019PM_1316 contig3954.1 rna-directed dna polymerase from mobile element jockey 1.60E-10 50.72 | 100.00%
2019PM_1316 contig21017.1 ---NA--- 1.60E-10 50.72 | 100.00%
2019PM_1316 contig58135.1 ---NA--- 1.60E-10 50.72 | 100.00%
2019PM_1316 contig95778.1 ---NA--- 1.60E-10 50.72 | 100.00%
2019PM_1316 contig121761.1 ---NA--- 1.60E-10 50.72 | 100.00%
2019PM_6872 contig2136.1 RNA-directed DNA polymerase from mobile element|G0:0003824 GO:0044260 GO:0090304 1.60E-10 50.72 | 100.00%
rna-directed dna polymerase from mobile element|G0:0016020 G0:0003824 GO0:0005488 GO0:0044260
2019PM_6872 contig2761.2 G0:0090304 1.60E-10 50.72 | 100.00%
RNA-directed DNA polymerase from mobile element jockey-like|G0:0003824 G0:0005488 G0:0044260

2019PM_6872 contig6738.1 G0:0090304 1.60E-10 50.72 | 100.00%
2019PM_6872 contig15673.1 RNA-directed DNA polymerase from mobile element jockey-like 1.60E-10 50.72 | 100.00%
2019PM_6872 contig39038.1 RNA-directed DNA polymerase from mobile element 1.60E-10 50.72 | 100.00%
2019PM_9893 contig133670.1 | ---NA--- 7.42E-09 55.07 | 94.70%
2019PM_3043 contig143785.1 | ---NA--- 1.24E-06 59.42 | 90.20%
2019PM_1518 contig17794.1 PDF receptor isoform X1|G0:0016020 GO:0004888 GO:0007186 5.74E-10 49.28 | 100.00%
2019PM_4011 contig149691.1 | ---NA--- 5.74E-10 49.28 | 100.00%
2019PM_3043 contig56983.2 ---NA--- 3.45E-07 56.52 | 92.30%
2019PM_3092 contig5699.1 ---NA--- 2.67E-08 53.62 | 94.60%
2019PM_3092 contig5699.1 ---NA--- 2.67E-08 53.62 | 94.60%
2019PM_1316 contig121761.1 ---NA--- 7.42E-09 50.72 | 97.10%
2019PM_1316 contig2399.1 rna-directed dna polymerase from mobile element jockey 7.42E-09 50.72 | 97.10%
2019PM_1316 contig3954.1 rna-directed dna polymerase from mobile element jockey 7.42E-09 50.72 | 97.10%
2019PM_1316 contig21017.1 ---NA--- 7.42E-09 50.72 | 97.10%
2019PM_1316 contig58135.1 ---NA--- 7.42E-09 50.72 | 97.10%
2019PM_6001 contigl62797.1 ---NA--- 9.60E-08 55.07 | 92.50%
2019PM_3043 contig178925.1 ---NA--- 1.24E-06 55.07 | 92.10%
2019PM_1476 | contig69267.1 Gag-Pol poly 9.60E-08 52.17 | 94.40%
2019PM_1476 contig74902.1 RNA-directed DNA polymerase from mobile element 9.60E-08 52.17 | 94.40%
2019PM_1476 contig69267.1 Gag-Pol poly 9.60E-08 52.17 | 94.40%
2019PM_1476 contig74902.1 RNA-directed DNA polymerase from mobile element 9.60E-08 52.17 | 94.40%
2019PM_3092 contig50860.1 ---NA--- 9.60E-08 52.17 | 94.40%
2019PM_3092 contig52616.1 ---NA--- 9.60E-08 52.17 | 94.40%
2019PM_3092 contig55134.1 ---NA--- 9.60E-08 52.17 | 94.40%
2019PM_3092 contig82868.1 ---NA--- 9.60E-08 52.17 | 94.40%
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2019PM_3092 contig85958.1 ---NA--- 9.60E-08 52.17 | 94.40%
2019PM_3092 contig50860.1 ---NA--- 9.60E-08 52.17 | 94.40%
2019PM_3092 contig52616.1 ---NA--- 9.60E-08 52.17 | 94.40%
2019PM_3092 contig55134.1 ---NA--- 9.60E-08 52.17 | 94.40%
2019PM_3092 contig82868.1 ---NA--- 9.60E-08 52.17 | 94.40%
2019PM_3092 contig85958.1 ---NA--- 9.60E-08 52.17 | 94.40%
2019PM_4209 contig194757.1 reverse transcriptase, partial 7.42E-09 46.38 | 100.00%
2019PM_2673 contig32503.1 PREDICTED: uncharacterized protein LOC108669347 7.42E-09 46.38 | 100.00%
2019PM_2673 contig34695.1 PREDICTED: uncharacterized protein LOC108669347 7.42E-09 46.38 | 100.00%
2019PM_2673 contig35263.1 PREDICTED: uncharacterized protein LOC108669347 7.42E-09 46.38 | 100.00%
2019PM_2673 contig35729.1 PREDICTED: uncharacterized protein LOC108669347 7.42E-09 46.38 | 100.00%
2019PM_1552 contig40493.1 ---NA--- 7.42E-09 46.38 | 100.00%
2019PM_5879 contig170342.1 | ---NA--- 2.67E-08 49.28 | 97.10%
2019PM_3043 contig15586.1 reverse transcriptase 7.42E-09 46.38 | 100.00%
2019PM_3043 contig56983.1 ---NA--- 7.42E-09 46.38 | 100.00%
2019PM_3043 contig76683.1 hypothetical protein, partial 7.42E-09 46.38 | 100.00%
2019PM_425 contig12597.1 PREDICTED: neurotrypsin-like 7.42E-09 46.38 | 100.00%
2019PM_425 contigl2597.2 PREDICTED: neurotrypsin-like 7.42E-09 46.38 | 100.00%
2019PM_6001 contig23877.1 ---NA--- 3.45E-07 53.62 | 92.30%
2019PM_6001 contig30481.1 ---NA--- 3.45E-07 53.62 | 92.30%
2019PM_6001 contig34835.1 ---NA--- 3.45E-07 53.62 | 92.30%
2019PM_3848 contig142188.1 | ---NA--- 3.45E-07 50.72 | 94.30%
2019PM_9859 contig89248.1 ---NA--- 2.67E-08 44.93 | 100.00%
2019PM_992 contig17419.1 trypsin-1-like| GO:0016787 2.67E-08 44.93 | 100.00%
2019PM_992 contig17419.2 trypsin-1-like| GO:0016787 2.67E-08 44.93 | 100.00%
2019PM_3214 contig58135.1 ---NA--- 2.67E-08 44.93 | 100.00%
2019PM_3043 contig14368.1 ---NA--- 9.60E-08 47.83 | 97.00%
2019PM_3043 contig95106.1 cuticle 19-like 9.60E-08 47.83 | 97.00%
2019PM_3043 contig104011.1 | ---NA--- 9.60E-08 47.83 | 97.00%
2019PM_3043 contig113197.1 | cuticle 19-like 9.60E-08 47.83 | 97.00%
2019PM_3043 contig120750.1 | ---NA--- 9.60E-08 47.83 | 97.00%
2019PM_3043 contig132422.1 | ---NA--- 9.60E-08 47.83 | 97.00%
2019PM_3043 contig150981.1 | AF445324_lhypothetical cob intron 4| G0:0016021 9.60E-08 47.83 | 97.00%
2019PM_3043 contigl62672.1 | ---NA--- 9.60E-08 47.83 | 97.00%

215




Appendix 3.6 (cont.)

Contig Query (%) | % Pairwise

SNP_ID matched Description E Value coverage Identity
2019PM_3043 contig169245.1 | AF445324_lhypothetical cob intron 4 9.60E-08 47.83 | 97.00%
2019PM_3043 contigl71974.1 ---NA--- 9.60E-08 47.83 | 97.00%
2019PM_4209 contig138721.1 endonuclease-reverse transcriptase | G0:0003964 GO:0006278 9.60E-08 43.48 | 100.00%
2019PM_1476 contig151736.1 RNA-directed DNA polymerase from transposon BS 3.45E-07 46.38 | 97.00%
2019PM_1476 contig151736.1 RNA-directed DNA polymerase from transposon BS 3.45E-07 46.38 | 97.00%

Serine threonine- kinase PAK|G0:0005737 GO:0004702 GO:0005524 GO:0000278 GO:0006468 GO:0007409
2019PM_3528 contig22241.1 G0:0030036 9.60E-08 43.48 | 100.00%
2019PM_3043 contigl05236.1 | ---NA--- 9.60E-08 43.48 | 100.00%
2019PM_3043 contig119426.1 ---NA--- 9.60E-08 43.48 | 100.00%
2019PM_3043 contig133508.1 | ---NA--- 9.60E-08 43.48 | 100.00%
2019PM_3043 contig147437.1 | ---NA--- 9.60E-08 43.48 | 100.00%
2019PM_3043 contig185302.1 | ---NA--- 9.60E-08 43.48 | 100.00%
2019PM_3043 contig192064.1 | ---NA--- 9.60E-08 43.48 | 100.00%
2019PM_3406 contig11495.1 ---NA--- 3.45E-07 46.38 | 96.90%
2019PM_3406 contig11495.1 ---NA--- 3.45E-07 46.38 | 96.90%
2019PM_8143 contig38946.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_8143 contig44602.1 ---NA--- 3.45E-07 42.03 | 100.00%

transcription elongation factor SPT4|G0:0005634 GO0:0003746 GO0:0008270 GO:0006351 GO:0006414
2019PM_3406 contig8771.1 G0:0032786 3.45E-07 42.03 | 100.00%
2019PM_3406 contig8771.2 non-Itr retrotransposon rlbmks orf2 3.45E-07 42.03 | 100.00%
2019PM_3406 contig15362.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_3406 contigl5724.1 Gag-Pol poly|G0O:0003824 GO:0044260 GO:0090304 3.45E-07 42.03 | 100.00%
2019PM_3406 contig49839.1 pol-like protein, partial 3.45E-07 42.03 | 100.00%
2019PM_3406 contig56246.1 ---NA--- 3.45E-07 42.03 | 100.00%

transcription elongation factor SPT4|G0:0005634 GO:0003746 GO0:0008270 GO:0006351 GO0:0006414
2019PM_3406 contig8771.1 G0:0032786 3.45E-07 42.03 | 100.00%
2019PM_3406 contig8771.2 non-ltr retrotransposon rlbmks orf2 3.45E-07 42.03 | 100.00%
2019PM_3406 contig15362.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_3406 contigl5724.1 Gag-Pol poly| GO:0003824 GO:0044260 GO:0090304 3.45E-07 42.03 | 100.00%
2019PM_3406 contig49839.1 pol-like protein, partial 3.45E-07 42.03 | 100.00%
2019PM_3406 contig56246.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_1639 contig116796.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_1476 contig2758.1 rna-directed dna polymerase from mobile element 3.45E-07 42.03 | 100.00%
2019PM_1476 contig3120.1 rna-directed dna polymerase from mobile element jockey 3.45E-07 42.03 | 100.00%
2019PM_1476 contig6357.1 Gag-Pol poly 3.45E-07 42.03 | 100.00%
2019PM_1476 contig6478.1 rna-directed dna polymerase from mobile element jockey 3.45E-07 42.03 | 100.00%
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2019PM_1476 contig6614.1 Gag-Pol poly 3.45E-07 42.03 | 100.00%
2019PM_1476 contig6721.1 Gag-Pol poly 3.45E-07 42.03 | 100.00%
2019PM_1476 contig6721.2 Gag-Pol poly 3.45E-07 42.03 | 100.00%
2019PM_1476 contig9497.1 RNA-directed DNA polymerase from mobile element jockey-like 3.45E-07 42.03 | 100.00%
2019PM_1476 contig11857.1 adenylate cyclase type 3 3.45E-07 42.03 | 100.00%
2019PM_1476 contig13459.1 histone-lysine N-methyltransferase SETMAR-like 3.45E-07 42.03 | 100.00%
2019PM_1476 contig16012.1 histone-lysine N-methyltransferase SETMAR-like 3.45E-07 42.03 | 100.00%
2019PM_1476 contig43327.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_1476 contig45058.1 pol-like protein, partial 3.45E-07 42.03 | 100.00%
2019PM_1476 contig47066.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_1476 contig55643.1 RNA-directed DNA polymerase from mobile element jockey 3.45E-07 42.03 | 100.00%
2019PM_1476 contig61824.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_1476 contig68662.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_1476 contigl27633.1 | ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_1476 contig2758.1 rna-directed dna polymerase from mobile element 3.45E-07 42.03 | 100.00%
2019PM_1476 contig3120.1 rna-directed dna polymerase from mobile element jockey 3.45E-07 42.03 | 100.00%
2019PM_1476 contig6357.1 Gag-Pol poly 3.45E-07 42.03 | 100.00%
2019PM_1476 contigb478.1 rna-directed dna polymerase from mobile element jockey 3.45E-07 42.03 | 100.00%
2019PM_1476 contig6614.1 Gag-Pol poly 3.45E-07 42.03 | 100.00%
2019PM_1476 contig6721.1 Gag-Pol poly 3.45E-07 42.03 | 100.00%
2019PM_1476 contig6721.2 Gag-Pol poly 3.45E-07 42.03 | 100.00%
2019PM_1476 contig9497.1 RNA-directed DNA polymerase from mobile element jockey-like 3.45E-07 42.03 | 100.00%
2019PM_1476 contig11857.1 adenylate cyclase type 3 3.45E-07 42.03 | 100.00%
2019PM_1476 contig13459.1 histone-lysine N-methyltransferase SETMAR-like 3.45E-07 42.03 | 100.00%
2019PM_1476 contig16012.1 histone-lysine N-methyltransferase SETMAR-like 3.45E-07 42.03 | 100.00%
2019PM_1476 contig43327.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_1476 contig45058.1 pol-like protein, partial 3.45E-07 42.03 | 100.00%
2019PM_1476 contig47066.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_1476 contig55643.1 RNA-directed DNA polymerase from mobile element jockey 3.45E-07 42.03 | 100.00%
2019PM_1476 contig61824.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_1476 contig68662.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_1476 contig127633.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_6488 contig80930.1 Sorting nexin-17|G0O:0035091 3.45E-07 42.03 | 100.00%
2019PM_6488 contig80930.1 Sorting nexin-17 | GO:0035091 3.45E-07 42.03 | 100.00%
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2019PM_9859 contig30652.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_9859 contig30798.1 mediator of RNA polymerase Il transcription subunit 13-like 3.45E-07 42.03 | 100.00%
2019PM_9859 contig54777.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_9859 contig54777.2 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_9859 contig80157.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_9859 contig83920.1 hypothetical protein ALC62_14810 3.45E-07 42.03 | 100.00%
2019PM_9859 contig90199.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_2281 contig202000.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_5879 contig14298.1 lectin B isoform 3.45E-07 42.03 | 100.00%
2019PM_5879 contig32241.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_5879 contig45025.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_5879 contig64057.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_5879 contig147041.1 | ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_5879 contig14298.1 lectin B isoform 3.45E-07 42.03 | 100.00%
2019PM_5879 contig32241.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_5879 contig45025.1 ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_5879 contig147041.1 | ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_665 contigd772.1 serine-rich adhesin for platelets-like 3.45E-07 42.03 | 100.00%
2019PM_665 contig7360.1 serine-rich adhesin for platelets-like 3.45E-07 42.03 | 100.00%
2019PM_3043 contig213519.1 | ---NA--- 3.45E-07 42.03 | 100.00%
2019PM_7492 contig70238.1 lysozyme |GO:0003796 GO:0008152 3.45E-07 42.03 | 100.00%
2019PM_7492 contig107318.1 | lysozyme|G0:0003796 GO:0008152 3.45E-07 42.03 | 100.00%
2019PM_3043 contigl50981.1 | AF445324 1hypothetical cob intron 4| G0:0016021 1.24E-06 44.93 | 96.80%
2019PM_3043 contigl62672.1 | ---NA--- 1.24E-06 44.93 | 96.80%
2019PM_3043 contig169245.1 | AF445324_lhypothetical cob intron 4 1.24E-06 44.93 | 96.80%
2019PM_3043 contigl71974.1 ---NA--- 1.24E-06 44.93 | 96.80%
2019PM_3043 contig174071.1 ---NA--- 1.24E-06 44.93 | 96.80%
2019PM_9618 contig196269.1 ---NA--- 1.24E-06 40.58 | 100.00%
2019PM_4354 contig1189.1 Transposon Ty3-1 Gag-Pol poly 1.24E-06 40.58 | 100.00%
2019PM_5879 contig38430.1 ---NA--- 1.24E-06 40.58 | 100.00%
2019PM_5879 contig107437.1 ---NA--- 1.24E-06 40.58 | 100.00%
2019PM_5879 contig113814.1 ---NA--- 1.24E-06 40.58 | 100.00%
2019PM_5879 contig127989.1 ---NA--- 1.24E-06 40.58 | 100.00%
2019PM_5879 contig194195.1 ---NA--- 1.24E-06 40.58 | 100.00%
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2019PM_5879 contig38430.1 ---NA--- 1.24E-06 40.58 | 100.00%
2019PM_5879 contig107437.1 ---NA--- 1.24E-06 40.58 | 100.00%
2019PM_5879 contig113814.1 ---NA--- 1.24E-06 40.58 | 100.00%
2019PM_5879 contig127989.1 ---NA--- 1.24E-06 40.58 | 100.00%
2019PM_5879 contig194195.1 ---NA--- 1.24E-06 40.58 | 100.00%
2019PM_3043 contig133508.1 | ---NA--- 1.24E-06 40.58 | 100.00%
2019PM_3043 contig141082.1 ---NA--- 1.24E-06 40.58 | 100.00%
2019PM_3043 contig147437.1 ---NA--- 1.24E-06 40.58 | 100.00%
2019PM_3043 contig170482.1 | ---NA--- 1.24E-06 40.58 | 100.00%
2019PM_3043 contig185302.1 | ---NA--- 1.24E-06 40.58 | 100.00%
2019PM_3043 contig186285.1 | ---NA--- 1.24E-06 40.58 | 100.00%
2019PM_3043 contig192064.1 | ---NA--- 1.24E-06 40.58 | 100.00%
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SNP_ID lfaotlclflieg d Description E_value ch:)f,g;;/;) %Ig::gg,se

contig9198.1 Serine threonine- kinase D3|G0:0016020 GO:0000166 GO:0004674 GO:0043167 GO:0016310 2.01E-29 100 100
2019PM. 334 contig9272.1 serine threonine- kinase D3 isoform X1|G0:0016020 GO:0000166 GO:0004674 GO:0043167 GO:0016310 2.01E-29 100 100
2019PM_7022  contig200831.1  ---NA--- 2.01E-29 100 100
contig92766.1  AChain Apocrustacyanin C1 Crystals|GO:0005615 GO:0031409 GO:0036094 GO:0006810 2.01E-29 100 100
contig97472.1 AChain Apocrustacyanin C1 Crystals|GO:0005615 GO:0031409 GO:0036094 GO:0006810 2.01E-29 100 100
2019PM_4058  contig86923.1  AChain Apocrustacyanin C1 Crystals|GO:0005615 GO:0031409 GO:0036094 GO:0006810 2.01E-29 100 100
contig94787.1 AChain Apocrustacyanin C1 Crystals|GO:0005615 GO:0031409 GO:0036094 GO:0006810 2.01E-29 100 100
contigl47401.1  AChain Apocrustacyanin C1 Crystals|GO:0005615 GO:0031409 GO:0036094 GO:0006810 2.01E-29 100 100
2019PM_10536  contig2616.1 Neuropilin and tolloid 2.01E-29 100 100
contig42167.1 C-type lectin 2.01E-29 100 100
2019PM_6523  contigd8544.1  ---NA--- 2.01E-29 100 100
contig50319.1  ---NA--- 2.01E-29 100 100
contig54930.1  rna-directed dna polymerase from mobile element jockey 2.01E-29 100 100

2019PM_1019
contigh4187.1  rna-directed dna polymerase from mobile element 2.01E-29 100 100
contig1470.1 pleckstrin homology domain-containing family G member 3 isoform X3|GO:0005089 GO:0035023 GO:0043547  2.01E-29 100 100
contig1470.2 pleckstrin homology domain-containing family G member 3 isoform X3|GO:0005089 GO:0035023 GO:0043547  2.01E-29 100 100
contigl729.1 pleckstrin homology domain-containing family G member 3 isoform X3|GO:0005089 GO:0035023 GO:0043547  2.01E-29 100 100
2019PM_7468 contigl1729.2 pleckstrin homology domain-containing family G member 3 isoform X3|G0O:0005089 GO:0035023 GO:0043547  2.01E-29 100 100
contig2018.1 pleckstrin homology domain-containing family G member 3 isoform X3|GO:0005089 GO:0035023 GO:0043547  2.01E-29 100 100
contig2018.2 pleckstrin homology domain-containing family G member 3 isoform X3|GO:0005089 GO:0035023 GO:0043547  2.01E-29 100 100
contig2269.1 pleckstrin homology domain-containing family G member 3 isoform X3|GO:0005089 GO:0035023 GO:0043547  2.01E-29 100 100
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contig29609.1 xylose isomerase-like|GO:0005737 GO:0016020 GO:0044238 GO:0071704 2.01E-29 100 100%
2019PM7307 contig8599.1 xylose isomerase-like|GO:0005737 GO:0016020 GO:0044238 GO:0071704 2.01E-29 100 100%
contig9015.1 ---NA--- 2.01E-29 100 100%
contig13398.1 PREDICTED: uncharacterized protein LOC108669519 isoform X1 2.01E-29 100 100%
2019PM_7067
contigl3398.2  ---NA--- 2.01E-29 100 100%
contig32911.1 PREDICTED: uncharacterized protein LOC108669519 isoform X2 2.01E-29 100 100%
2019PM_9268  contig33948.1 ---NA--- 2.01E-29 100 100%
2019PM_4727  contigl17214.1  zinc C2H2|GO:0003676 GO:0046872 2.01E-29 100 100%
contig26548.2  ligand of Numb X 2-like|GO:0008270 2.01E-29 100 100%
contig26548.3 ligand of Numb X 2-like 2.01E-29 100 100%
2019PM_9%41
contig28846.1 ligand of Numb X 2-like 2.01E-29 100 100%
contig49350.1 ligand of Numb X 2-like 2.01E-29 100 100%
2019PM_469 contig5079.1 PREDICTED: uncharacterized protein LOC108679759 2.01E-29 100 100%
2019PM_7837  contigl70033.1  ---NA--- 2.01E-29 100 100%
2019PM_9964 contig3323.1 extracellular sulfatase SULF-1 homolog isoform X1/G0O:0008449 GO:0008152 2.01E-29 100 100%
contig7456.1 cell adhesion molecule 3 2.01E-29 100 100%
contig1 6669.1 cell adhesion molecule 3 2.01E-29 100 100%
contigl15435.1 cell adhesion molecule 3 2.01E-29 100 100%
2019PM_9056
contig1 7054.1 tyrosine- kinase receptor TYRO3-like isoform X3 2.01E-29 100 100%
contig21634.1 cell adhesion molecule 3 2.01E-29 100 100%
contig39363.1 cell adhesion molecule 3 2.01E-29 100 100%

221



Appendix 3.7 (cont.)

Contig .. Query (%) % Pairwise
SNP_ID matched Description E_value coverage Identity

contig75648.1  ---NA--- 2.01E-29 100 100%

2019PM_6229
contig82925.1  ---NA--- 2.01E-29 100 100%
contig51401.1 ~ PREDICTED: uncharacterized protein LOC108680202 2.01E-29 100 100%
2019PM_6944 contig59928.1  PREDICTED: uncharacterized protein LOC108680202 2.01E-29 100 100%
contig83041.1  PREDICTED: uncharacterized protein LOC108680202 2.01E-29 100 100%
2019PM_10398  contigl34349.1  ---NA--- 2.01E-29 100 100%
2019PM_3043 contig29545.1  chitinase 1/GO:0005576 GO:0004568 GO:0008061 GO:0006032 2.01E-29 100 100%
contig3945.1 PREDICTED: uncharacterized protein LOC108669467 2.01E-29 100 100%

2019PM 3144
contig3945.2 PREDICTED: uncharacterized protein LOC108669467 2.01E-29 100 100%
2019PM_1623 contigd3906.1  ---NA--- 2.01E-29 100 100%
2019PM_3050 contig2672.1 isoforms A C F G H-like isoform X7 2.01E-29 100 100%
contigl88.1 bark beetle isoform X1 2.01E-29 100 100%
2019PM_574 contigl88.2 bark beetle isoform X1 2.01E-29 100 100%
contigd754.1 bark beetle isoform X1 2.01E-29 100 100%
2019PM_4073 contig50488.1  ---NA--- 2.01E-29 100 100%
contig15321.1 UDP-glucuronosyltransferase 2B14-like 2.01E-29 100 100%
2019PM_3913 contig15708.1 UDP-glucuronosyltransferase 2B14-like 2.01E-29 100 100%
contigl5708.2  UDP-glucuronosyltransferase 2B14-like 2.01E-29 100 100%
contig34473.1 transcriptional regulatory -like 2.01E-29 100 100%

2019PM_5152 *
contigdl161.1  ---NA--- 2.01E-29 100 100%

* overlaping SNP across both putative adaptive loci identification approaches
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Appendix 3.8 Correlation between minor allele frequency (Y axis) and sea surface
temprature maximum (SST max) and minumum (SST min) for each of the seven
transcriptome BLAST identified outlier SNPs. Each plot includes loess smoothing function
and 95% confidence intervals (grey area).
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Appendix 3.9 Pearson correlations between minor allele frequency and sea surface
temperature (maximum and minimum) for the 20 temperatures correlated putatively adaptive
SNPs identified by combined EA and PD approach. Each plot includes loess smoothing
function and 95% confidence intervals (grey area).
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Appendix 3.10 Genetic diversity indices among 16 populations of Penaeus monodon assessed using 9,930 neutral loci

Population N Ar(=SD) Ars (& SD) PII:{L;?)V‘ H,@SD) He@sp) AV zg”)H ®  \MLH@SD) IR@SD F(‘)s;ésp;
Bramston Beach (BB) 51  1.50£043 0002£0.02 065  0.12+0.15 0.13£0.16 012001  1.02£0.04 -003£003  0.07
Etty Bay (EB) 31 1502045 00024003  0.66 012016 0.13+0.16  0.12+£0.003  1.03+0.03 -003£0.02  0.06
Townsville (TSV) 22 150£045 0006005 057  0.12+0.16 013016  0.12+£0.00  1.02+003 -0.02+0.02  0.07
:}G“g)"f Carpentaria 30 1.54+044 0003+0.03  0.65  0.13+0.16 0.14+0.16  0.13+0.01 1.10+0.07 -0.05+0.04  0.07
‘g;];eé’;‘ Bonaparte Gulf 3, 54,043 0003£003 059  0.13£0.16 014016  0.13+000 111003 -0.05£003  0.07
Tiwi Island (TIW) S0 1554042 0003+0.03 070 013015 0.14+0.16  0.13£000  1.10£0.03 -0.05£0.02  0.08
Nickol Bay (NKB) 22 146+047 0007+006 051  0.14£020 013017  0.14+003  1.18£027 -0.06£0.05  -0.06
g\ﬁ‘;‘&*‘)“g Vietnam 30 156044 0008+007  0.66  0.13+0.16 0.14+0.16  0.13+0.004  1.10£0.03 -0.08£0.02  0.08
fg%@;)"iet“am 39 1.59+£041 0.004+0.03 074  0.13+£0.15 0.15+0.16  0.13+£0.004  1.09+£0.03 -0.07+0.02  0.10
Fiji 49 141£045 0009£008 049 0112016 012017  0.11£0.005 095:0.04  000+£0.02  0.06
Java Indonesia (INDO) 38  1.60£040 0004004 074  0.13£0.15 0.15£0.16 0132001  1LI1£0.10 -007£004  0.10
Thailand (THL) 46 1514046 0011+£008 058  0.13£0.17 014016 0140004  1.13£0.03 -0.10£0.02  0.05
Philippines (PHI) 12 147£050 0.005£0.06 047  0.13£0.19 0.13£0.17  0.13£000 1124003 -0.07£0.02  0.003
SriLanka (SLK) 19 146047 0015£0.09 051  0.10£0.15 0.11£0.16 0102001  087£0.11  0.03£0.06  0.10
Kenya (KE) 16 1.11£030 0.010£0.08 018  0.02£008 0.10£027  0.02+£0.002  021£002  0.64£0.03  0.79
SouthAfrica (SA) 31 110029 0005:006 018 002008 009026  0.02+0002  021£0.01 064002 077

Number of samples (n), mean allelic richness (Ar), private allelic richness (Ara), percentage of polymorphic loci (PPL, mean MAF of polymorphic loci), mean observed
heterozygosity (Ho), mean expected heterozygosity (Hg), average multi-locus heterozygosity (Av. MLH), standardised multi-locus heterozygosity (sMLH), internal relatedness

(IR), and significant (p < 0.05) inbreeding coefficient (F;s). SD: standard deviation.
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Appendix 3.11 Genetic diversity indices among 16 populations of Penaeus monodon assessed
using 2,155 SNP loci (> 99% concurrence in technical replicates with missing data per SNP <

2%).
Population AR (= SD) H, (= SD) Hg (= SD) Fis
Fiji 1.34+0.43 0.09+0.16 0.10+0.16 0.01
Bramston Beach (BB) 1.43£0.42 0.10£0.15 0.10£0.14 0.01
Etty Bay (EB) 1.43 +£0.43 0.10+0.15 0.10+0.15 -0.01
Townsville (TSV) 1.43+0.44 0.10+0.15 0.11+0.15 0.01
Gulf of Carpentaria (GC) 1.47+0.43 0.11£0.15 0.11£0.15 0.03
Joseph Bonaparte Gulf (JBG) 1.47 £0.43 0.11+0.15 0.10+0.15 0.01
Tiwi Island (TIW) 1.48 +£0.41 0.11+0.15 0.12+0.15 0.03
Nickol Bay (NKB) 1.39+£0.45 0.11+0.18 0.11+0.16 -0.08
Philippines (PHI) 1.44+£0.50 0.12+0.18 0.11+0.15 -0.04
NhaTrang Vietnam (NTVN) 1.50 £0.44 0.13£0.17 0.13£0.16 0.01
CaMau Vietnam (CMVN) 1.55+0.40 0.13+0.16 0.13+£0.15 0.02
Java Indonesia (INDO) 1.55+£0.41 0.13+0.16 0.13£0.16 0.03
Thailand (THL) 1.47 +£0.46 0.14+0.18 0.13+0.16 -0.03
SriLanka (SLK) 1.44 +£0.46 0.10+0.16 0.10+£0.15 0.02
Kenya (KE) 1.12+0.32 0.03 £0.09 0.03 £0.09 0.03
SouthAfrica (SA) 1.11+£0.30 0.03 +£0.09 0.03 +0.09 0.02
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Chapter 4.

o

Appendix 4.1 Phylogeographic analyses of 317 Penaeus monodon individuals using SNP loci
(n = 4,496) datasets. Tree topology corresponds to the best ML tree. ML tree generated in 1Q-
TREE v2.1.0 using 4,496 SNP loci under K3Pu+F+R6 model. Legend for locality codes is the
same as defined in Figure 4.1.
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Chapter 5.

Appendix 5.1 Custom R scripts to simulate progeny genotypes in R

## Simulation of progeny genotypes in R
## Set working directory

setwd(choose.dir())
# read the genotype file

SNP_2rows_genotypes <- read.csv("Please read DArT input file (SNP_2row.csv)",
header=FALSE, stringsAsFactor=FALSE, colClasses="character")

# remove population line
SNP_genotypes <- SNP_2rows_genotypes[-1,]

# file containing all the sample ids from the possible parents and the offspring (1st column)
and their sex 1 for male or 2 for female (2nd column). The sex of offspring does not matter

samples_|ID <- read.table("Sample_ID.txt",header=FALSE,stringsAsFactor=FALSE)
# The list of SNPs in the panel. File containing all SNP id using for the simulation
SNPsID <- read.table("MySNP_ID.txt",header=TRUE,stringsAsFactor=FALSE)
# we used loop to repeat the progeny genotypes simulation
for(nrep in 1:5)
{
HiHHHHHE selecting the SNPs from the panel
q <- match(SNP_genotypes$V1,SNPsID$V1)
q1] <1
newdataset <- SNP_genotypes [-which(is.na(q)),]
## removing all the information columns in the DArT input file but keep the first 2 clumns

(AlleleID and ClonelD)

## newdataset <- newdataset[,-length(newdataset)]
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newdataset <- newdataset[,-seq(2,18)]
# transposing the matrix so that samples are in row and SNPs in column
newdataset2 <- t(hewdataset)
# Count the number of SNPs
nsnps <- (ncol(newdataset?) - 1)/2
# rename the SNPs LocXa and LocXb for CERVUS
n <-¢(0)

for(i in 1:nsnps)

if(i == 1) n <- ¢("Loc1a","Loc1b")
else {

n <- c(n,paste("Loc",i,"a",sep=""),paste("Loc",i,"b",sep=""))

n <- c("SamplelD",n)

# add the new SNPs names to the dataset

colnames(newdataset2) <- n

# remove the first 2 lines (AllelelD and ClonelD) and keep new ID as Loci 1a, 1b
newdataset2 <- newdataset2[-1,2]

#itHH# Transforming DART format into CERVUS format

newdataset3 <- matrix(NA,ncol=ncol(newdataset2),nrow=nrow(newdataset2))
for(i in 1:nrow(newdataset2))

{ couSLKer <- 2
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for(j in 1:floor(nsnps))
{
if(newdataset2[i,couSLKer] == "1" & newdataset2[i,couSLKer+1] == "0")
{
newdataset3[i,couSLKer] <- "1"
newdataset3[i,couSLKer+1] <- "1"

}

if(newdataset2[i,couSLKer] == "1" & newdataset2[i,couSLKer+1] == "1")
{

newdataset3[i,couSLKer] <- "1"

newdataset3[i,couSLKer+1] <- "2"

}

if(newdataset2[i,couSLKer] =="0" & newdataset2[i,couSLKer+1] =="1")
{

newdataset3[i,couSLKer] <- "2"

newdataset3[i,couSLKer+1] <- "2"

}

if(newdataset2[i,couSLKer] =="-" & newdataset2[i,couSLKer+1] == "-")
{

newdataset3[i,couSLKer] <- "0"

newdataset3[i,couSLKer+1] <- "0"

}

if(newdataset2[i,couSLKer] =="-" & newdataset2[i,couSLKer+1] !="-")

{
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newdataset3[i,couSLKer] <- "0"
newdataset3[i,couSLKer+1] <- "0"

}

if(newdataset2[i,couSLKer] !="-" & newdataset2[i,couSLKer+1] == "-")
{

newdataset3[i,couSLKer] <- "0"

newdataset3[i,couSLKer+1] <- "0"

}

couSLKer <- couSLKer + 2

# Add column and row names to the converted dataset
colnames(newdataset3) <- n
newdataset3[,1] <- newdataset2[,1]
## chek
newdataset3[1:5,1:5]

# Simulation of 18 full-sib families of 100 offspring each

# The ids of the parents should be in the sample id file
allindiv <- read.table("Sample_ID.txt",stringsAsFactor=FALSE)
dads <- allindiv[which(allindiv$V2 == 1),1]  ## dad code = 1
dads <- merge(dads,newdataset3[,1],1,1)
mums <- allindiviwhich(allindiv§V2 == 2),1]  ## mum code = 2
mums <- merge(mums,newdataset3[,1],1,1)
dads$x <- as.character(dads$x)
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mums$x <- as.character(mums$x)
HHHHHHAHHAHHAHHAA 18 Families
selecteddads <- sample(dads$x,18,replace=TRUE)
selectedmums<- sample(mums$x,18,replace=TRUE)
HHHAHAHHHHHHAA A Creat DadMums
p1 <- as.vector(newdataset3[which(newdataset3[,1] == selecteddads[1]),]) # Sire family 1
p2 <- as.vector(newdataset3[which(newdataset3[,1] == selectedmums[1]),]) # Dam family 1
p3 <- as.vector(newdataset3[which(newdataset3[,1] == selecteddads[2]),]) # Sire family 2
p4 <- as.vector(newdataset3[which(newdataset3[,1] == selectedmums[2]),]) # Dam family 2
p5 <- as.vector(newdataset3[which(newdataset3[,1] == selecteddads[3]),]) # Sire family 3
p6 <- as.vector(newdataset3[which(newdataset3[,1] == selectedmums[3]),]) # Dam family 3
p7 <- as.vector(newdataset3[which(newdataset3[,1] == selecteddads[4]),]) # Sire family 4
p8 <- as.vector(newdataset3[which(newdataset3[,1] == selectedmums[4]),]) # Dam family 4
p9 <- as.vector(newdataset3[which(newdataset3[,1] == selecteddads[5]),]) # Sire family 5
p10 <-as.vector(newdataset3[which(newdataset3[,1] == selectedmums[5]),]) # Dam family 5
p11 <- as.vector(newdataset3[which(newdataset3[,1] == selecteddads[6]),]) # Sire family 6
p12 <-as.vector(newdataset3[which(newdataset3[,1] == selectedmums[6]),]) # Dam family 6
p13 <- as.vector(newdataset3[which(newdataset3[,1] == selecteddads[7]),]) # Sire family 7
p14 <-as.vector(newdataset3[which(newdataset3[,1] == selectedmums[7]),]) # Dam family 7
p15 <- as.vector(newdataset3[which(newdataset3[,1] == selecteddads[8]),]) # Sire family 8
p16 <-as.vector(newdataset3[which(newdataset3[,1] == selectedmums[8]),]) # Dam family 8
p17 <- as.vector(newdataset3[which(newdataset3[,1] == selecteddads[9]),]) # Sire family 9
p18 <-as.vector(newdataset3[which(newdataset3[,1] == selectedmums[9]),]) # Dam family 9

p19 <- as.vector(newdataset3[which(newdataset3[,1] == selecteddads[10]),]) # Sire family 10
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p20 <-as.vector(newdataset3[which(newdataset3[,1] == selectedmums[10]),]) # Dam family 10
p21 <- as.vector(newdataset3[which(newdataset3[,1] == selecteddads[11]),]) # Sire family 11
p22 <-as.vector(newdataset3[which(newdataset3[,1] == selectedmums[11]),]) # Dam family 11
p23 <- as.vector(newdataset3[which(newdataset3[,1] == selecteddads[12]),]) # Sire family 12
p24 <-as.vector(newdataset3[which(newdataset3[,1] == selectedmums[12]),]) # Dam family 12
p25 <- as.vector(newdataset3[which(newdataset3[,1] == selecteddads[13]),]) # Sire family 13
p26 <-as.vector(newdataset3[which(newdataset3[,1] == selectedmums[13]),]) # Dam family 13
p27 <- as.vector(newdataset3[which(newdataset3[,1] == selecteddads[14]),]) # Sire family 14
p28 <-as.vector(newdataset3[which(newdataset3[,1] == selectedmums[14]),]) # Dam family 14
p29 <- as.vector(newdataset3[which(newdataset3[,1] == selecteddads[15]),]) # Sire family 15
p30 <-as.vector(newdataset3[which(newdataset3[,1] == selectedmums[15]),]) # Dam family 15
p31 <- as.vector(newdataset3[which(newdataset3[,1] == selecteddads[16]),]) # Sire family 16
p32 <-as.vector(newdataset3[which(newdataset3[,1] == selectedmums[16]),]) # Dam family 16
p33 <- as.vector(newdataset3[which(newdataset3[,1] == selecteddads[17]),]) # Sire family 17
p34 <-as.vector(newdataset3[which(newdataset3[,1] == selectedmums[17]),]) # Dam family 17
p35 <- as.vector(newdataset3[which(newdataset3[,1] == selecteddads[18]),]) # Sire family 18
p36 <-as.vector(newdataset3[which(newdataset3[,1] == selectedmums[18]),]) # Dam family 18

sire <- list(p1,p3,p5,p7,p9,p11,p13,p15,p17,p19,p21,p23,p25,p27,p29,p31,p33,p35)

dam <- list(p2,p4,p6,p8,p10,p12,p14,p16,p18,p20,p22,p24,p26,p28,p30,p32,p34,p36)

offspring <- matrix(c(0),nrow=1800,ncol=ncol(newdataset3))

siresim <- ¢(0)

damsim <- c(0)

idoffspring <- c(0)

HHHHHHHHHRHHER A creating offspring

233



g <-1
for(iin 1:18)
{

for(u in 1:100)

off <- rep(0,nsnps*2)
couSLKer <- 2
for(j in 1:nsnps)
{
s <- sire[[i]]
d <- dam([[i]]
g <- sample(c(couSLKer,couSLKer+1),1,replace=FALSE)
off[couSLKer] <- s[q]
g <- sample(c(couSLKer,couSLKer+1),1,replace=FALSE)
off[couSLKer+1] <- d[q]

if(is.na(off[couSLKer]) | is.na(off[couSLKer + 1]) )

offfcouSLKer] <-"0"

offfcouSLKer+1] <- "0"

}

couSLKer <- couSLKer+2

}

# add id

off[1] <- paste("OFFSIMU",g,sep="")
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Appendix 5.2 Genomic distribution of five SNP panels exhibited the chromosome-scale genome assembly of P. monodon (Uengwetwanit et al., 2021)

Contig % Pairwise Query

SNP_ID name Identity coverage Grade E Value  Description

2021PMGT 0015  NC 051397.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0021 NC 051406.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0026  NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0027  NC 051398.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0028 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0029  NC 051424.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0030  NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0031 NC 051404.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0032  NC 051414.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 29, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0033 NC 051417.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0034 NC 051394.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0037  NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0038 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0039  NC 051414.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 29, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0043 NC 051411.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0044 NC 051401.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0045 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0047 NC 051400.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0050  NC 051425.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0051 NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0052  NC 051419.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 34, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0053 NC 051397.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0054 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0055 NC 051416.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0057 NC 051407.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0058 NC 051425.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0060 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0061 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0062  NC 051425.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0064 NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0067  NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0068  NC 051426.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0070  NC 051418.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0071 NC 051396.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0073  NC 051423.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0074  NC 051395.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0075  NC 051400.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0076  NC 051410.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon 1, whole genome shotgun sequence
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Appendix 5.2 (cont.)

Contig % Pairwise Query

SNP _ID name Identity coverage Grade E Value Description

2021PMGT 0077 NC 051408.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0079 NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0080 NC 051401.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0081 NC 051394.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0082 NC 051395.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0083 NC 051391.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0084 NC 051388.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0085 NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0086 NC 051417.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0094 NC 051401.1 98 91 95 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0095 NC 051391.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0096 NC 051412.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0099  NC 051418.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0102  NC 051421.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0109  NC 051404.1 99 94 96 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0116  NC 051390.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0117  NC 051392.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0119 NC 051393.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0131  NC 051393.1 98 86 83 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0146 NC 051398.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0148 NC 051407.1 97 100 99 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0152  NC 051424.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0154 NC 051417.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0170 NC 051408.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0183 NC 051390.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0190 NC 051408.1 98 88 91 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0192 NC 051417.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0204 NC 051421.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0205 NC 051412.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0211  NC 051423.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0231  NC 051389.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0232  NC 051410.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0234 NC 051405.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0235 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0236 NC 051410.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0237  NC 051403.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0238 NC 051413.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0239 NC 051426.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon_1, whole genome shotgun sequence
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2021PMGT 0240 NC 051424.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0241 NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0242 NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0243 NC 051428.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 43, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0244 NC 051412.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0246 NC 051399.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0247 NC 051417.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0248 NC 051398.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0251 NC 051392.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0254 NC 051424.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0255 NC 051420.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 35, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0256 NC 051415.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0257 NC 051406.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0258 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0260 NC 051426.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0261  NC 051404.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0262 NC 051406.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0263  NC 051425.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0264 NC 051424.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0265 NC 051397.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0266 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0267 NC 051417.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0269 NC 051405.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0270 NC 051409.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 24, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0271 NC 051388.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0273  NC 051398.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0278 NC 051407.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0284 NC 051411.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0285 NC 051410.1 98 86 83 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0294 NC 051410.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0297 NC 051408.1 98 86 83 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0298 NC 051408.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0300 NC 051426.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0305 NC 051402.1 97 93 92 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0326 NC 051402.1 98 91 95 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0332 NC 051404.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0333 NC 051407.1 98 87 90 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0341 NC 051400.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon_1, whole genome shotgun sequence
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2021PMGT 0342 NC 051414.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 29, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0343 NC 051421.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0344 NC 051407.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0345 NC 051395.1 97 100 99 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0355 NC 051398.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0358 NC 051412.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0365 NC 051394.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0379 NC 051403.1 98 88 93 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0380 NC 051387.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0392 NC 051397.1 94 100 88 3.51E-21 Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0393  NC 051396.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0394 NC 051413.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0395 NC 051414.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 29, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0399 NC 051414.1 98 87 84 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 29, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0402 NC 051389.1 98 88 93 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0403 NC 051411.1 99 94 96 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0404 NC 051398.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0405 NC 051398.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0407 NC 051421.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0409 NC 051425.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0410 NC 051410.1 98 90 94 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0411 NC 051417.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0412 NC 051394.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0422 NC 051404.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0424 NC 051391.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0425 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0426 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0427 NC 051413.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0428 NC 051402.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0429 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0430 NC 051404.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0431 NC 051397.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0432 NC 051398.1 99 99 99 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0433 NC 051410.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0434 NC 051404.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0436  NC 051399.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0438 NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0439 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
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2021PMGT 0440 NC 051419.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 34, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0441 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0442 NC 051401.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0443 NC 051400.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0444 NC 051394.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0445 NC 051387.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0446 NC 051403.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0447 NC 051423.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0448 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0449 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0450 NC 051407.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0452 NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0453 NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0455 NC 051387.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0456 NC 051410.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0457 NC 051399.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0458 NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0459 NC 051421.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0461 NC 051391.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0463 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0465 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0466 NC 051399.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0467 NC 051395.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0468 NC 051422.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0469 NC 051407.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0470 NC 051405.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0471 NC 051398.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0472 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0473 NC 051390.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0475 NC 051405.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0478 NC 051400.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0480 NC 051399.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0481 NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0482 NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0483 NC 051399.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0484 NC 051403.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0485 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0487 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
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2021PMGT 0488 NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0489 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_ 1, whole genome shotgun sequence
2021PMGT 0490 NC 051410.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0491 NC 051386.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0492 NC 051396.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0493 NC 051422.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0494 NC 051404.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0496 NC 051397.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0497 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0498 NC 051426.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0499 NC 051407.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0500 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0501 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0502 NC 051410.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0504 NC 051412.1 99 100 99 348E-26  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0505 NC 051414.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 29, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0506 NC 051387.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0507 NC 051405.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0508 NC 051394.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0510 NC 051411.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0511 NC 051405.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0512 NC 051419.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 34, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0513 NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0515 NC 051403.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0516 NC 051409.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 24, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0517 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0518 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0519 NC 05139%4.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0520 NC 051416.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0521 NC 051407.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0522 NC 051410.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0523 NC 051416.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0524 NC 051405.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0525 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0526 NC 051412.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0527 NC 051399.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0529 NC 051404.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0530 NC 051402.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
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2021PMGT 0531 NC 051415.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0532 NC 051413.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0533 NC 051412.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0534 NC 051412.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0535 NC 051412.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0536 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0537 NC 051386.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0538 NC 051387.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0539 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0540 NC 051393.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0541 NC 051422.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0542 NC 051403.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0543 NC _051406.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0544 NC _051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0545 NC 051424.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0546 NC 051416.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0547 NC 051403.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0549 NC 051391.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0550 NC 051408.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0552 NC 051397.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0553 NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0554 NC 051403.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0555 NC 051402.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0556 NC 051401.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0557 NC 051422.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0558 NC 051407.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0559 NC 051401.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0560 NC 051403.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0561 NC 051399.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0562 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0563 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0564 NC 051411.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0565 NC 051412.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0566 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0567 NC 05139%4.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0569 NC 051419.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 34, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0570 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0571 NC 051427.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 42, NSTDA Pmon_1, whole genome shotgun sequence
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2021PMGT 0572  NC 051408.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0573  NC 051393.1 100 94 97 348E-26  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0574  NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0575  NC 051400.1 99 96 97 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0576  NC 051417.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0577 NC 051418.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0578  NC 051404.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0580 NC 051387.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0581  NC 051401.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0582  NC 051400.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0583  NC 051408.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0584  NC 051420.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 35, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0585  NC 051410.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0586  NC 051404.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0587  NC 051397.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0588  NC 051408.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0589  NC 051397.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0590  NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0591 NC 051399.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0594  NC 051424.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0595  NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0596  NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0597  NC 051392.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0598  NC 051426.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0599  NC 051387.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0601 NC 051419.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 34, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0602  NC 051425.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0603  NC 051425.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0604 NC 051423.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0605  NC 051423.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0606 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0607  NC 051419.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 34, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0608  NC 051399.1 99 97 98 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0609  NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0610 NC 051416.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0611  NC 051414.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 29, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0612  NC 051399.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0614 NC 051410.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon 1, whole genome shotgun sequence
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2021PMGT 0616 NC 051410.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0618 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0619 NC 051407.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0620 NC 051415.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0621 NC 051392.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0622 NC 051421.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0623 NC 051424.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0624 NC 051406.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0625 NC 051399.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0626 NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0627 NC _051400.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0629 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0630 NC 051412.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0631 NC _051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0632 NC 051392.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0633 NC 051422.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0646 NC 051415.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0651 NC 051390.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0655 NC 051398.1 96 99 95 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0668 NC 051397.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0673 NC 051404.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0686 NC 051415.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0697 NC 051387.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0698 NC 051397.1 98 87 90 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0700 NC 051425.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0705 NC 051418.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0724 NC 051406.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0728 NC 051405.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0733 NC 051417.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0758 NC 051423.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0770 NC 051390.1 98 91 95 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0778 NC 051416.1 98 88 93 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0783 NC 051415.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0798 NC 051387.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0801 NC 051390.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0807 NC 051395.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0826 NC 051397.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0827 NC 051393.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon_1, whole genome shotgun sequence
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2021PMGT 0834 NC 051386.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0854 NC 051425.1 98 87 90 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0864 NC 051402.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0865 NC 051392.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0867 NC 051413.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0883 NC 051425.1 98 87 90 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0893 NC 051389.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0899 NC 051397.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0907 NC 051413.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0924 NC 051393.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0927 NC 051421.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0929 NC 051399.1 100 81 82 3.51E-21 Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0930 NC _051406.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0934 NC 051415.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0943 NC 051421.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0946 NC 051406.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0950 NC 051400.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0951 NC 051411.1 98 91 95 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0953 NC 051392.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0958 NC 051411.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0959 NC 051388.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0966 NC 051405.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0973 NC 051389.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0976 NC 051388.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 0996 NC 051395.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 0997 NC 051398.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1004 NC 051396.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1005 NC 051400.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1008 NC 051400.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1009 NC 051386.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1016 NC 051405.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1030 NC 051427.1 98 86 83 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 42, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1038 NC 051386.1 98 87 84 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1039 NC 051423.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1041 NC 051414.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 29, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1042 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1043 NC 051401.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1044 NC 051416.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon 1, whole genome shotgun sequence
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2021PMGT 1045 NC 051386.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1046 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1048 NC 051416.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1049 NC 051421.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1050 NC 051412.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1051 NC 051410.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1052 NC 051422.1 97 100 99 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1053 NC 051424.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1054 NC 051408.1 100 94 97 348E-26  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1055 NC 051399.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1056  NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1057 NC 051405.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1058 NC 051420.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 35, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1060 NC 051395.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1061 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1063  NC 051423.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1064 NC 051390.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1065 NC 051387.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1066 NC 051395.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1067 NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1068 NC 051386.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1069 NC 051401.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1070 NC 051391.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1072  NC 051407.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1073  NC 051400.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1074 NC 051413.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1075 NC 051407.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1076  NC 051416.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1077 NC 051387.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1078 NC 051398.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1079 NC 051390.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1080 NC 051408.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1082 NC 051410.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1083  NC 051407.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1084 NC 051428.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 43, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1086  NC 051411.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1088 NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1090 NC 051423.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon_1, whole genome shotgun sequence
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2021PMGT 1091 NC 051408.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1092 NC 051399.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1093 NC 051404.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1094 NC 051410.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1095 NC 051407.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1097 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1098 NC 051419.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 34, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1099 NC 051410.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1103 NC 051420.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 35, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1104 NC 051394.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1105 NC 051402.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1106  NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1107 NC 051422.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1108 NC 051401.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1109 NC 051398.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1111  NC 051410.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1112  NC 051390.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1113  NC 051391.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1114 NC 051404.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1115 NC 051399.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1116 NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1118 NC 051399.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1119 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1120 NC 051412.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1121  NC 051408.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1122 NC 051404.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1123 NC 051405.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1125 NC 051428.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 43, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1126 NC 051418.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1128 NC 051423.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1129 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1130 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1132 NC 051422.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1133  NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1134 NC 051390.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1135 NC 051418.1 97 97 97 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1136 NC 051411.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1141 NC 051411.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon 1, whole genome shotgun sequence
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2021PMGT 1146 NC 051393.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1147 NC 051392.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1156 NC 051398.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1167 NC 051395.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1170 NC 051403.1 98 90 93 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1195 NC 051395.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1200 NC 051426.1 96 96 93 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1208 NC 051398.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1210 NC 051422.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1214 NC 051417.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1216  NC 051425.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1222  NC 051408.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1224 NC 051415.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1232  NC 051401.1 97 91 85 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1255 NC 051395.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1266  NC 051419.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 34, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1291 NC 051387.1 98 87 84 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1300 NC 051411.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1302  NC 051428.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 43, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1309 NC 051417.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1310 NC 051400.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1312  NC 051410.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1316  NC 051404.1 98 88 91 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1326 NC 051397.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1327 NC 051424.1 97 100 99 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1328 NC 051397.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1329 NC 051410.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1330 NC 051409.1 99 97 98 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 24, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1333 NC 051413.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1334 NC 051409.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 24, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1335 NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1336  NC 051399.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1337 NC 051387.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1338 NC 051390.1 97 100 99 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1339 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1340 NC 051402.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1341 NC 051422.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1342 NC 051396.1 100 94 97 348E-26  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon_1, whole genome shotgun sequence
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2021PMGT 1343 NC 051410.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1345 NC 051409.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 24, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1346 NC 051389.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1347 NC 051418.1 97 94 95 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1348 NC 051405.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1349 NC 051400.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1356 NC 051402.1 96 97 96 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1362 NC 051410.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1366 NC 051426.1 98 87 84 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1369  NC 051397.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1416 NC 051427.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 42, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1417  NC 051424.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1420 NC 051391.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1421  NC 051417.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1422  NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1432  NC 051421.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1440 NC 051411.1 98 87 84 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1446  NC 051401.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1447 NC 051413.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1448 NC 051421.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1451 NC 051403.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1452  NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1453  NC 051406.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1454 NC 051424.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1456  NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1457 NC 051409.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 24, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1458 NC 051414.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 29, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1459 NC 051400.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1460 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1461 NC 051402.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1462 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1463 NC 051416.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1464 NC 051410.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1465 NC 051398.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1466 NC 051417.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1467 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1468 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1469 NC 051394.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon_1, whole genome shotgun sequence
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2021PMGT 1470 NC 051408.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1471 NC 051413.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1474 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1475 NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1476 NC 051403.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1477 NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1478 NC 051417.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1479 NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1483 NC 051413.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1484 NC 051386.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1485 NC _051400.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1486  NC 051398.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1487 NC 051407.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1488 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1490 NC 051417.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1491 NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1492 NC 051421.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1493 NC 051398.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1494 NC 051424.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1495 NC 051408.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1498 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1499 NC 051412.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1500 NC 051422.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1501 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1503 NC 051402.1 99 94 96 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1525 NC 051408.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1527 NC 051424.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1538 NC 051400.1 99 96 97 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1541 NC 051393.1 98 88 91 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1550 NC 051403.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1554 NC 051392.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1565 NC 051412.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1570 NC 051389.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1576  NC 051389.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1579 NC 051397.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1590 NC 051399.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1605 NC 051427.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 42, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1607 NC 051410.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
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2021PMGT 1615 NC 051392.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_ 1, whole genome shotgun sequence
2021PMGT 1616 NC 051428.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 43, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1623  NC 051402.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1629 NC 051421.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1633 NC 051398.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1634 NC 051399.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1635 NC 051402.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1636  NC 051405.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1637 NC 051407.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1638  NC 051399.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1639  NC 051423.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1640  NC 051404.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1641 NC _051407.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1642  NC 051402.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1644 NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1645 NC 051412.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1646  NC 051404.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1648 NC 051425.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1649 NC 051394.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1650 NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1651  NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1652  NC 051387.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1653  NC 051417.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1654 NC 051413.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1655 NC 051425.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1656  NC 051406.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1657 NC 051387.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1658 NC 051411.1 97 99 98 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1659 NC 051422.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1660 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1661  NC 051424.1 98 90 94 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1662  NC 051402.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1663  NC 051413.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1664 NC 051398.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1665 NC 051407.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1666  NC 051421.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1667 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1668 NC 051428.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 43, NSTDA Pmon 1, whole genome shotgun sequence
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2021PMGT 1669 NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1671 NC 051409.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 24, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1672 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1673 NC 051421.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1674 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1675 NC 051401.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1676 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1678 NC 051394.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1679 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1680 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1681 NC 051415.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1683  NC 051408.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1686 NC 051386.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1687 NC 051426.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1688 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1690 NC 051401.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1691  NC 051400.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1692 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1693  NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1694 NC 051401.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1695 NC 051416.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1696 NC 051397.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1697 NC 051399.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1698 NC 051408.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1699 NC 051399.1 97 97 97 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1700 NC 051422.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1701  NC 051398.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1702  NC 051423.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1703  NC 051405.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1704 NC 051392.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1705 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1706  NC 051393.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1714 NC 051424.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1717  NC 051408.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1721  NC 051409.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 24, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1728 NC 051405.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1737 NC 051389.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1743 NC 051399.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon_1, whole genome shotgun sequence
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2021PMGT 1759 NC 051406.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1772 NC 051398.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1780 NC 051409.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 24, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1788 NC 051422.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1801 NC 051412.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1812 NC 051412.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1813 NC 051416.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1829 NC 051395.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1845 NC 051396.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1859 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1860 NC 051408.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1861 NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1862 NC _051406.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1863 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1864 NC 051387.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1865 NC 051412.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1867 NC 051395.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1868 NC 051388.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1869 NC 051426.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1870 NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1871 NC 051404.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1872 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1874 NC 051427.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 42, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1875 NC 051398.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1876 NC 051419.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 34, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1878 NC 051425.1 98 90 94 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1879 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1880 NC 051399.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1881 NC 051411.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1882 NC 051403.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1883 NC 051397.1 97 97 97 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1884 NC 051416.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1885 NC 051426.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1886 NC 051426.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1887 NC 051395.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1888 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1889 NC 051402.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1890 NC 051426.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon 1, whole genome shotgun sequence
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2021PMGT 1891 NC 051410.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1892 NC 051416.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1893 NC 051391.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1894 NC 051399.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1895 NC 051400.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1896 NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1897 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1898 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1899 NC 051411.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1900 NC 051416.1 97 96 96 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1902 NC 051421.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1903  NC 051401.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1904 NC 051419.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 34, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1906  NC 051400.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1907 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1908 NC 051398.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1909 NC 051409.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 24, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1910 NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1911 NC 051390.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1912 NC 051406.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1913  NC 051396.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1914 NC 051427.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 42, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1915 NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1916 NC 051412.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1917 NC 051420.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 35, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1918 NC 051402.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1919 NC 051414.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 29, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1920 NC 051412.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1921 NC 051408.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1924 NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1925 NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1927 NC 051407.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1928 NC 051393.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1931 NC 051408.1 97 90 85 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1935 NC 051410.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1944 NC 051410.1 98 87 90 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1949 NC 051392.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1958 NC 051421.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon_1, whole genome shotgun sequence
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2021PMGT 1971 NC 051424.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1980 NC 051405.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1990 NC 051403.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1991 NC 051386.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 1993 NC 051390.1 98 87 90 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1996 NC 051427.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 42, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 1998 NC 051391.1 97 90 85 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2008 NC 051404.1 97 97 97 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2010 NC 051387.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2012 NC 051410.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2016 NC 051401.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2049 NC 051421.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2053 NC 051391.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2059 NC 051403.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2060 NC 051420.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 35, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2061 NC 051389.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2063 NC 051416.1 98 90 94 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2064 NC 051403.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2065 NC 051390.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2066 NC 051399.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2068 NC 051417.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2069 NC 051427.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 42, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2071 NC 051394.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2073 NC 051387.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2074 NC 051405.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2077 NC 051414.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 29, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2078 NC 051393.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2079 NC 051419.1 97 100 99 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 34, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2081 NC 051414.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 29, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2082 NC 051394.1 97 100 99 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2084 NC 051415.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2085 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2086 NC 051409.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 24, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2088 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2089 NC 051401.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2090 NC 051397.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2091 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2092 NC 051415.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon 1, whole genome shotgun sequence
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2021PMGT 2093 NC 051399.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2094 NC 051415.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2096 NC 051417.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2097 NC 051411.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2098 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2099 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2101  NC 051387.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2102 NC 051414.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 29, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2124 NC 051415.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2129 NC 051399.1 100 81 82 3.51E-21 Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2130 NC 051405.1 99 96 97 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2131 NC 051414.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 29, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2132 NC 051391.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2139 NC 051419.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 34, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2143 NC 051389.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2149 NC 051399.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2151 NC 051402.1 98 91 95 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2152 NC 051404.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2154 NC 051398.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2156 NC 051423.1 98 88 93 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2161 NC 051390.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2173 NC 051404.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2178 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2179 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2180 NC 051389.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2181 NC 051387.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2182 NC 051401.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2184 NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2185 NC 051393.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2186 NC 051422.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2187 NC 051428.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 43, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2188 NC 05139%4.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2190 NC 051422.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2191 NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2192 NC 051428.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 43, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2193 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2194 NC 051388.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2195 NC 051421.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon 1, whole genome shotgun sequence
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2021PMGT 2196 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2197 NC 051398.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2198 NC 051412.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2199 NC 051392.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2200 NC 051398.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2201  NC 051425.1 100 94 97 348E-26  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2202  NC 051407.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2210  NC 051393.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2220 NC 051410.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2221 NC 051397.1 97 94 96 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2224  NC 051390.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2235  NC 051392.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2237  NC 051394.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2238  NC 051386.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2241 NC 051387.1 100 81 82 3.51E-21 Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2247  NC 051396.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2248  NC 051393.1 98 87 90 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2249  NC 051391.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2251 NC 051400.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2254  NC 051411.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2258 NC 051407.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2259  NC 051395.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2260 NC 051427.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 42, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2261 NC 051428.1 98 93 96 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 43, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2262  NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2268  NC 051404.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2269  NC 051404.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2274  NC 051400.1 98 86 83 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2282  NC 051405.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2284 NC 051415.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2285 NC 051426.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2286  NC 051415.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2293  NC 051413.1 98 90 93 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2294  NC 051386.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2295  NC 051428.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 43, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2297  NC 051414.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 29, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2298 NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2299  NC 051398.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
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2021PMGT 2304 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2305 NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2307 NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2308 NC 051428.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 43, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2316 NC 051421.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2323 NC 051397.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2324 NC 051386.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2325 NC 051423.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2326 NC 051423.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2327 NC 051404.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2328 NC 051425.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2329 NC 051413.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2331 NC 051402.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2334 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2336  NC 051401.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2337 NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2353 NC 051395.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2364 NC 051418.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2366 NC 051393.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2367 NC 051411.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2370 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2371 NC 051427.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 42, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2374 NC 051398.1 99 96 97 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2375 NC 051399.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2376 NC 051406.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2377 NC 051423.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2391 NC 051421.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2392 NC 051423.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2397 NC 051405.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2398 NC 051418.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2399 NC 051413.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2400 NC 051398.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2401 NC 051410.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2402 NC 051405.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2403 NC 051395.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2404 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2405 NC 051405.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2406 NC 051417.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
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2021PMGT 2407 NC 051409.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 24, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2408 NC 051387.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2409 NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2410 NC 051406.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2411 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2412 NC 051400.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2418 NC 051416.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2425 NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2426 NC 051400.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2427 NC 051397.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2428 NC 051390.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2429 NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2430 NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2431 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2434 NC 051415.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2436 NC 051417.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2438 NC 051400.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2440 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2441 NC 051408.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2442 NC 051396.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2443 NC 051421.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2444 NC 051418.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2445 NC 051413.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2446 NC 051397.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2447 NC 051401.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2448 NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2449 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2450 NC 051424.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2454 NC 051395.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2457 NC 051402.1 98 90 93 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2460 NC 051421.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2463 NC 051413.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2464 NC 051410.1 99 99 99 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2474 NC 051389.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2475 NC 051426.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2476 NC 051412.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2477 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2478 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
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2021PMGT 2479 NC 051409.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 24, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2488 NC 051401.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2490 NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2491 NC 051397.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2495 NC 051418.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2496 NC 051413.1 100 94 97 348E-26  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2498 NC 051405.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2499 NC 051387.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2500 NC 051415.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2501 NC 051405.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2502 NC 051387.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2507 NC 051408.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2508 NC 051399.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2512 NC 051399.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2513 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2519 NC 051422.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2524 NC 051398.1 98 91 95 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2529 NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2530 NC 051422.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2531 NC 051399.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2532 NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2533 NC 051400.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2534 NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2541 NC 051387.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2546 NC 051417.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2548 NC 051402.1 99 99 99 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2555 NC 051402.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2557 NC 051409.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 24, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2559 NC 051407.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2560 NC 051420.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 35, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2561 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2562 NC 051401.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2563 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2564 NC 051392.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2565 NC 051421.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2566 NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2567 NC 051417.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2568 NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
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2021PMGT 2583 NC 051393.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2595 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2596  NC 051425.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2598 NC 051421.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2604 NC 051428.1 98 90 94 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 43, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2607 NC 051397.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2608 NC 051422.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2616 NC 051388.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2620 NC 051389.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2625 NC 051395.1 93 100 88 3.51E-21 Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2627 NC 051427.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 42, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2629 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2630 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2631 NC 051422.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2632  NC 051392.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2634 NC 051421.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2635 NC 051404.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2636  NC 051398.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2637 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2638 NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2639 NC 051400.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2640 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2641 NC 051403.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2642 NC 051408.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2648 NC 051418.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2655 NC 051428.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 43, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2657 NC 051401.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2658 NC 051418.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2659 NC 051428.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 43, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2660 NC 051399.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2661 NC 051387.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2662 NC 051405.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2663 NC 051412.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2664 NC 051419.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 34, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2667 NC 051390.1 94 99 88 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2669 NC 051421.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2670 NC 051409.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 24, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2673 NC 051423.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon_1, whole genome shotgun sequence
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2021PMGT 2674 NC 051410.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2676 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2677 NC 051421.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2678 NC 051388.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_ 1, whole genome shotgun sequence
2021PMGT 2679 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2680 NC 051425.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2682 NC 051392.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2691  NC 051393.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2692 NC 051408.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2693  NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2697 NC 051399.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2698 NC 051391.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2699 NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2700 NC 051427.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 42, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2701 NC 051387.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2702  NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2704 NC 051426.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2705 NC 051388.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2706 NC 051391.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2707  NC 051405.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2715 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2716 NC 051401.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2717 NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2719  NC 051407.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2720 NC 051405.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2721  NC 051417.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2729 NC 051398.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2746  NC 051387.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2782 NC 051387.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2784 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2785 NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2786  NC 051391.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2788 NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2790 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2791  NC 051387.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2792  NC 051412.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2794 NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
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2021PMGT 2795 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2796 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2802 NC 051417.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2806 NC 051386.1 98 88 91 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2815 NC 051409.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 24, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2827 NC 051407.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2829 NC 051413.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2865 NC 051418.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2884 NC 051428.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 43, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2892 NC 051418.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2897 NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2898 NC 051422.1 100 94 97 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2899 NC 051396.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2900 NC 051400.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2901 NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2902 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2903 NC 051398.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2904 NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2905 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2906 NC 051409.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 24, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2907 NC 051398.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2908 NC 051401.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2909 NC 051417.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2910 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2912 NC 051418.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2913 NC 051392.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2914 NC 051406.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2915 NC 051414.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 29, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2916 NC 051397.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2917 NC 051391.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2918 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2919 NC 051423.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2920 NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 2921 NC 051425.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 40, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2940 NC 051410.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2951 NC 051406.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2973 NC 051426.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 2979 NC 051411.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 26, NSTDA Pmon 1, whole genome shotgun sequence
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2021PMGT 2999 NC 051398.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3001 NC 051406.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3003 NC 051417.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3005 NC 051424.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3006 NC 051401.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3007 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_ 1, whole genome shotgun sequence
2021PMGT 3009 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3010 NC 051415.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3011 NC 051403.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3013 NC 051426.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3016 NC 051428.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 43, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3017 NC 051414.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 29, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3018 NC 051398.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3020 NC 051418.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3021 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3022 NC 051415.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3030 NC 051400.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3031 NC 051386.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3038 NC 051386.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3062 NC 051424.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 39, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3068 NC 051418.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3080 NC 051417.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3090 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3092 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3093 NC 051392.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3094 NC 051421.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 36, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3095 NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3096 NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3097 NC 051392.1 100 99 99 7.49E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3099 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3100 NC 051412.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3102 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3103 NC 051413.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3104 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3105 NC 051403.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3106 NC 051390.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3107 NC 051396.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3108 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon_1, whole genome shotgun sequence
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2021PMGT 3118 NC 051386.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3123 NC 051387.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3136  NC 051396.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3139 NC 051403.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3146 NC 051393.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3154 NC 051394.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3155 NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3156 NC 051410.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 25, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3157 NC 051387.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3158 NC 051418.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3159 NC 051403.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3160 NC 051420.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 35, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3162 NC 051391.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3163  NC 051413.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 28, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3175 NC 051401.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3180 NC 051388.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3186 NC 051390.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3191 NC 051387.1 98 87 84 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3199 NC 051417.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3200 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3201 NC 051395.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 10, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3203 NC 051387.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3204 NC 051405.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3206 NC 051418.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 33, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3207 NC 051389.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 4, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3208 NC 051391.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3210 NC 051403.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 18, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3211 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3212 NC 051423.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3215 NC 051388.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3219 NC 051426.1 98 93 96 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 41, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3220 NC 051407.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3221 NC 051393.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3229 NC 051415.1 98 90 94 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 30, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3230 NC 051416.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3232 NC 051423.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3233 NC 051407.1 98 93 96 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3235 NC 051407.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon_1, whole genome shotgun sequence
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2021PMGT 3236 NC 051407.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3237 NC 051394.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3239 NC 051398.1 99 99 99 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3245 NC 051422.1 100 84 91 2.71E-22  Penaeus monodon isolate SGIC 2016 chromosome 37, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3250 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3251 NC 051390.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 5, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3252 NC 051419.1 100 97 99 2.69E-27  Penaeus monodon isolate SGIC 2016 chromosome 34, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3253 NC 051400.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 15, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3254 NC 051423.1 99 100 99 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 38, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3258 NC 051416.1 100 88 94 5.83E-24  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3259 NC 051397.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 12, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3264 NC 051392.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 7, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3265 NC 051406.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3267 NC 051406.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 21, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3273  NC 051396.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 11, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3278 NC 051405.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3284 NC 051391.1 100 87 93 2.10E-23  Penaeus monodon isolate SGIC 2016 chromosome 6, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3303 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3347 NC 051399.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3349 NC 051407.1 100 93 96 1.25E-25  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3366  NC 051405.1 100 90 95 1.62E-24  Penaeus monodon isolate SGIC 2016 chromosome 20, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3367 NC 051417.1 100 81 82 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 32, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3381 NC 051404.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 19, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3393 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3395 NC 051394.1 100 83 89 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 9, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3398 NC 051386.1 98 88 91 9.75E-22  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3401 NC 051427.1 99 96 97 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 42, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3403 NC 051386.1 100 86 93 7.54E-23  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3404 NC 051408.1 100 91 96 4.51E-25  Penaeus monodon isolate SGIC 2016 chromosome 23, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3405 NC 051398.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 13, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3411 NC 051402.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 17, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3412 NC 051386.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 1, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3413 NC 051428.1 100 99 99 749E-28  Penaeus monodon isolate SGIC 2016 chromosome 43, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3414 NC 051399.1 100 96 98 9.68E-27  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon_1, whole genome shotgun sequence
2021PMGT 3424 NC 051407.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 22, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3427 NC 051401.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 16, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3430 NC 051416.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 31, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3432 NC 051412.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 27, NSTDA Pmon 1, whole genome shotgun sequence
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2021PMGT 3433 NC 051388.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 3, NSTDA Pmon_1, whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA Pmon_1 PmonScaffold 11128, whole
2021PMGT 0022 NW 023639857.1 100 100 100 2.08E-28  genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_ Pmon_1 PmonScaffold 10789, whole
2021PMGT 0048 NW 023639480.1 100 100 100 2.08E-28  genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA Pmon_1 PmonScaffold 4812, whole
2021PMGT 0063 NW 023659678.1 100 100 100 2.08E-28  genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA Pmon_1 PmonScaffold 8807, whole
2021PMGT 0230 NW 023664112.1 100 81 82 3.51E-21  genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA Pmon_1 PmonScaffold 5951, whole
2021PMGT 0360 NW 023660942.1 100 81 82 3.51E-21 genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 5482, whole
2021PMGT 0451 NW _023660421.1 100 100 100 2.08E-28  genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 23115, whole
2021PMGT 0579 NW 023653161.1 100 100 100  2.08E-28  genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 15211, whole
2021PMGT 0592 NW 023644389.1 100 100 100 2.08E-28  genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 121, whole
2021PMGT 0593 NW 023640934.1 100 100 100  2.08E-28  genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 15463, whole
2021PMGT 1085 NW 023644668.1 99 97 98 1.25E-25 genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 19707, whole
2021PMGT 1344 NW 023649379.1 100 99 99 7.49E-28  genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 1001, whole
2021PMGT 1355 NW 023638616.1 100 88 94 5.83E-24  genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 8312, whole
2021PMGT 1473 NW 023663563.1 100 100 100  2.08E-28  genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 339, whole
2021PMGT 1496 NW 023658109.1 96 100 97 2.71E-22  genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 1449, whole
2021PMGT 1497 NW 023643587.1 100 100 100 2.08E-28 genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 2232, whole
2021PMGT 1643 NW 023652278.1 100 100 100 2.08E-28  genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 6080, whole
2021PMGT 1677 NW 023661085.1 100 100 100  2.08E-28 genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 3903, whole
2021PMGT 1763 NW 023658674.1 100 86 93 7.54E-23  genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 9670, whole
2021PMGT 1873 NW 023665070.1 100 100 100 2.08E-28  genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 12508, whole
2021PMGT 1905 NW 023641388.1 100 100 100 2.08E-28  genome shotgun sequence

Penaeus monodon isolate SGIC 2016 unplaced genomic scaffold, NSTDA Pmon_1 PmonScaffold 13989, whole
2021PMGT 2080 NW 023643031.1 100 100 100 2.08E-28 genome shotgun sequence
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Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA Pmon_1 PmonScaffold 19942,
2021PMGT 1940 NW 023649640.1 100 84 91 2.71E-22  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA Pmon_1 PmonScaffold 10291,
2021PMGT 1923 NW 023638928.1 100 100 100 2.08E-28  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA Pmon_1 PmonScaffold 4211,
2021PMGT 2022 NW 023659013.1 100 86 93 7.54E-23  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA Pmon_1 PmonScaffold 8098,
2021PMGT 2067 NW 023663324.1 100 100 100 2.08E-28  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA Pmon_1 PmonScaffold 210,
2021PMGT 2100 NW 023650812.1 98 93 96 5.83E-24  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 14822,
2021PMGT 2373 NW 023643957.1 100 100 100 2.08E-28  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 14219,
2021PMGT 2349 NW 023643287.1 100 87 93 2.10E-23  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 21221,
2021PMGT 2368 NW 023651059.1 100 100 100 2.08E-28  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 3186,
2021PMGT 2451 NW 023657885.1 100 100 100 2.08E-28  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 556,
2021PMGT 2521 NW 023660507.1 100 83 89 9.75E-22  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 1456,
2021PMGT 2510 NW 023643665.1 100 83 89 9.75E-22  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 7500,
2021PMGT 2535 NW 023662662.1 100 81 82 3.51E-21  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 9639,
2021PMGT 2601 NW 023665035.1 100 87 93 2.10E-23  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 14647,
2021PMGT 2683 NW 023643762.1 100 100 100 2.08E-28  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 19018,
2021PMGT 2684 NW 023648614.1 94 100 88 3.51E-21  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_ Pmon_1 PmonScaffold 3898,
2021PMGT 3406 NW 023658668.1 100 81 82 3.51E-21  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_ Pmon_1 PmonScaffold 189,
2021PMGT 2780 NW 023648482.1 100 81 82 3.51E-21  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_ Pmon_1 PmonScaffold 1252,
2021PMGT 2718 NW 023641401.1 100 100 100 2.08E-28  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 3107,
2021PMGT 2789 NW 023657798.1 100 100 100 2.08E-28  whole genome shotgun sequence

Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 4936,
2021PMGT 3202 NW 023659815.1 100 100 100 2.08E-28  whole genome shotgun sequence

Penaeus monodon isolate SGIC 2016 unplaced genomic scaffold, NSTDA Pmon_1 PmonScaffold 1957,
2021PMGT 3015 NW 023649226.1 99 100 99 9.68E-27  whole genome shotgun sequence
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Appendix 5.2 (cont.)

Contig % Pairwise Query
SNP _ID name Identity coverage Grade E Value Description
2021PMGT 3045  NW 023660034.1 100 36 93 7 54E-23 Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA Pmon_1 PmonScaffold 5133, whole
genome shotgun sequence
Penaeus monodon isolate SGIC 2016 unplaced genomic scaffold, NSTDA Pmon_1 PmonScaffold 490, whole
2021PMGT 3225 NW 023659775.1 100 84 91 2.71E-22  genome shotgun sequence
Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA Pmon_1 PmonScaffold 22880, whole
2021PMGT 3145 NW 023652900.1 100 88 94 5.83E-24  genome shotgun sequence
Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_ Pmon_1 PmonScaffold 10922, whole
2021PMGT 3205 NW 023639629.1 99 100 99 3.48E-26 genome shotgun sequence
Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA Pmon_1 PmonScaffold 251, whole
NW 023655363.1 100 100 100 2.08E-28  genome shotgun sequence
Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 25328, whole
2021PMGT 3198 NW 023655617.1 100 100 100 2.08E-28  genome shotgun sequence
Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 246, whole
NW 023654808.1 100 88 94 5.83E-24  genome shotgun sequence
Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 3479, whole
2021PMGT 1450 NW 023658207.1 100 90 95 1.62E-24  genome shotgun sequence
Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 3443, whole
NW 023658168.1 100 100 100 2.08E-28  genome shotgun sequence
Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 5379, whole
2021PMGT 3008 NW 023660306.1 100 100 100 2.08E-28  genome shotgun sequence
Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 18293, whole
NW 023647809.1 100 100 100 2.08E-28  genome shotgun sequence
Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 5384, whole
2021PMGT 3012 NW 023660312.1 100 100 100 2.08E-28  genome shotgun sequence
Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 5019, whole
NW 023659907.1 100 100 100 2.08E-28  genome shotgun sequence
Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 6687, whole
2021PMGT 3098 NW 023661758.1 100 100 100 2.08E-28  genome shotgun sequence
NC 051414.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 29, NSTDA Pmon 1, whole genome shotgun sequence
Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 556, whole
2021PMGT 0020 NW 023660507.1 100 100 100 2.08E-28  genome shotgun sequence
NC 051387.1 99 99 99 3.48E-26  Penaeus monodon isolate SGIC 2016 chromosome 2, NSTDA Pmon 1, whole genome shotgun sequence
Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 19942, whole
2021PMGT 2072 NW 023649640.1 99 99 99 3.48E-26  genome shotgun sequence
NC 051399.1 97 90 85 3.51E-21  Penaeus monodon isolate SGIC 2016 chromosome 14, NSTDA Pmon 1, whole genome shotgun sequence
2021PMGT 3014 NW 023659095.1 98 90 94 7.54E-23  Penaeus monodon isolate SGIC 2016 unplaced genomic scaffold, NSTDA Pmon 1 PmonScaffold 4286,
NC 051393.1 100 100 100 2.08E-28  Penaeus monodon isolate SGIC 2016 chromosome 8, NSTDA Pmon 1, whole genome shotgun sequence
Penaeus monodon isolate SGIC_2016 unplaced genomic scaffold, NSTDA_Pmon_1 PmonScaffold 12089, whole
2021PMGT 3276 NW 023640922.1 99 100 99 9.68E-27  genome shotgun sequence
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Appendix 6.1 Published journal article reprints

Reprints of all published scientific journal articles produced within the PhD candidate:

e Vu, N.T. T, Zenger, K. R., Guppy, J. L., Sellars, M. J., Silva, C. N. S., Kjeldsen, S. R.,
& Jerry, D. R. (2020). Fine-scale population structure and evidence for local adaptation
in Australian giant black tiger shrimp (Penaeus monodon) using SNP analysis. BMC

genomics, 21(1), 669. doi:10.1186/s12864-020-07084-x.

e Vu, N. T. T, Zenger, K. R, Silva, C. N. S., Guppy, J. L., & Jerry, D. R. (2021).
Population structure, genetic connectivity, and signatures of local adaptation of the giant
black tiger shrimp (Penaeus monodon) throughout the Indo—Pacific Region. Genome

biology and evolution. doi:10.1093/gbe/evab214.
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