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Abstract

Background The targeted application of cutting-edge high-throughput molecular data technologies provides

an enormous opportunity to address key health, economic and environmental issues in the tropics within the One
Health framework. The Earth’s tropical regions are projected to contain >50% of the world’s population by 2050 cou-
pled with 80% of its biodiversity however these regions are relatively less developed economically, with agricultural
productivity substantially lower than temperate zones, a large percentage of its population having limited health care
options and much of its biodiversity understudied and undescribed. The generation of high-throughput molecular
data and bespoke bioinformatics capability to address these unique challenges offers an enormous opportunity

for people living in the tropics.

Main In this review we discuss in depth solutions to challenges to populations living in tropical zones across three
critical One Health areas: human health, biodiversity and food production. This review will examine how some

of the challenges in the tropics can be addressed through the targeted application of advanced omics and bioinfor-
matics and will discuss how local populations can embrace these technologies through strategic outreach and edu-
cation ensuring the benefits of the One Health approach is fully realised through local engagement.

Conclusion Within the context of the One Health framework, we will demonstrate how genomic technologies can
be utilised to improve the overall quality of life for half the world's population.
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Background
The tropics occupy all land mass between the Tropic of
Cancer and the Tropic of Capricorn and contain over
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Fig. 1 Tropical regions of the world. Within each region , countries that lie entirely within the tropics are coloured a darker shade while those
lying partially within the tropics are coloured a lighter shade. A minimum of 15% of a country’s landmass lying within the tropical zone was set
as a requirement for it to be considered tropical. The tropics are estimated to contain 43% of the world's population , 80% of the worlds biodiversity

and 85% of the poorest people [1].

significantly over-represented in tropical regions. For
example, over 97% of ~400,000 malaria cases and ~95%
of the annual ~ 1.4 million tuberculosis deaths occurred
in the tropics [2] as well as the vast majority of the one
billion+ cases of neglected tropical diseases (NTDs), a
family which includes dengue, leishmania and schisto-
somiasis amongst others. While NTDs are not generally
fatal, they represent a huge burden of disease resulting in
wide-spread disability accounting for 22 million disabil-
ity-adjusted life years (DALY) globally [3].

Globalization has significantly affected the impact of
genomic technologies regarding biodiversity, food pro-
duction and health in both positive and negative ways.
Considering biodiversity, it is thought that by most
measures, globalization has had a negative impact over-
all [4]. Through the transfer of technology to regions
of the globe formerly outside the reach of major global
powers, natural resource exploitation in tropical regions
has increased in efficiency, often at the expense of local
environments. While biodiversity has suffered as a con-
sequence of the global reach of many modern technolo-
gies, innovations that seek to mitigate some of these
damages are also being transferred across borders using
the same globalised political and economic rails as those
more extractive technologies. For example, using tech-
nology developed largely in Europe and North America,

a network of more than 100 African scientists launched
the Africa BioGenome Project (AfricaBP), a project
which aims to sequence over 100,000 indigenous species
in the interest of safeguarding their genetic biodiversity
[5]. One of AfricaBP’s stated aims is to “Improve shar-
ing of data and benefits” which will involve adapting and
streamlining the Nagoya Protocol on Access and Benefits
Sharing to accommodate the specific cultural sensitivi-
ties of the diverse peoples across the African continent.
Regarding food production, globalization has had an
enormous impact in many areas including expansion of
food availability, altered food practices, food security and
environmental impact [6]. While globalization can offer
greater food security during times of scarcity for under-
developed nations due to access to new markets (coupled
with improved intensive agricultural practices and stor-
age techniques), this also creates new vulnerabilities in
terms of global price fluctuations. In some cases, local
food sources are being replaced with higher yielding
commercial crops like cocoa and coffee [7] which further
compounds the risk however the potential to develop
genetic breeding programs for under-developed orphan
crops (e.g. sorghum, finger millet and cassava) repre-
sents a potential path forward for improving local food
production, particularly if the program is able to incor-
porate local farming knowledge [8]. Lastly, human health
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has come to the fore with the clear disparities observed
during the COVID-19 pandemic leading to the proposed
Pandemic Accord. The pandemic made clear the urgent
need for countries to develop robust synchronized strate-
gies regarding genomic surveillance, pathogen detection
and outbreak response. In addition to pandemic prepar-
edness, the development of community based genetics
programs to systematically address genetic diseases at the
population level is critical in order to ultimately provide
customized genetics services including diagnosis and
counselling [9]. Regardless of outcomes of the Pandemic
Accord, it is clear globalization will continue to influence
the widespread uptake and usage of these technologies. It
should be noted that while this review focuses collectively
across all regions within the tropics, we acknowledge
how historic global inequities and current globalization
have been a driving force in creating unique challenges
specific to individual countries and regions located in the
tropics. As such, we attempt to highlight such disparities
throughout.

Despite the clear opportunities molecular technologies
offer in human health, biodiversity and food production,
numerous challenges specific regions of the tropics are
currently limiting wide-scale rollout of such applications.
For example, the supporting infrastructure to extract,
store and sequence samples is not always readily available
which requires either local development of such infra-
structure or embracing portable solutions such as those
offered by Oxford Nanopore Technologies. Another issue
is the lack of existing sequence information available, for
both the native flora / fauna and the diverse human pop-
ulations living in the tropics. With the majority of plants
and animals lacking a reference genome, many projects
must first construct a reference as a costly first step or
may be forced to work with the genome of a close relative
if available. For the people living in the tropics, an addi-
tional challenge is their underrepresentation in the rich
genetic variant databases required for applications like
precision medicine [10]. The ability to discern population
level variation from pathogenic disease-causing variants
is critical to any successful precision medicine program
and without this ability the potential of such programs
in the tropics cannot be fully realised. Lastly, critical to
the success of any such programs is the engagement with
populations to ensure local uptake of these technologies.
Uptake requires harnessing local networks to demon-
strate the utility of specific applications via a combination
of outreach and education.

Today an increasing number of research institutes
located both outside and within the tropics are studying
how best to apply high-throughput molecular techniques
to address its specific challenges. For example, the Insti-
tut Pasteur was founded in 1887 and today is a global
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network of 33 foreign institutes devoted to solving medi-
cal problems in foreign countries with a large focus on
the tropics. Similarly, the London School of Health and
Hygiene was founded in 1899 and is the constituent col-
lege of the University of London that specialises in tropi-
cal medicine. Both institutes run comprehensive research
programs which try to incorporate new technologies to
address issues in tropical regions. Encouragingly, newer
institutes and initiatives are increasingly located within
the tropics and operating at either a national or even
continental level. For example, the Centre for Tropical
Bioinformatics and Molecular Biology (CTBMB) oper-
ates within tropical Australia, whereas numerous ambi-
tious continent-wide level initiatives include the Institute
for Pathogen Genomics (Africa), the African BioGenome
Project and the Latin American Genomics Consortium.

In this review we describe and categorise the use of
targeted high-throughput molecular data to address
challenges within the One Health framework aiming
to improve outcomes for populations living in tropical
regions. Examples are broadly grouped in health, agricul-
tural and biodiversity applications with relevant domain
experts within the author team performing exhaustive
literature searches across their respective areas. Appli-
cations in these three areas are highly relevant to people
living in the tropics with molecular data and bioinfor-
matics already improving outcomes both locally and in
the broader global context. These techniques have revo-
lutionised research and clinical practices however they
remain under-utilised in many under-developed envi-
ronments. Lastly, we discuss how to engage with local
populations through education, outreach and training.
Leveraging genomic technologies within the One Health
framework will generate solutions to improve the quality
of life for almost half the world’s population.

Main text

Human health in the tropics

Tropical and infectious diseases represent a sig-
nificant health burden to people living in the trop-
ics. However, increasingly affordable and portable
high-throughput molecular technologies are already
being trialled to address issues in tropical and infectious
disease. For example, an increasing number of clinical
metagenomics programs are being trialled for patho-
gen identification both in hospitals and in the field. Such
programs typically yield whole genome sequences which
offer improvements over existing assay-based methods
in that they are unbiased and can detect novel pathogens
as well as identify AMR genes and be used in phylody-
namic studies. Vaccine development programs are also
increasingly incorporating high-throughput data to bet-
ter understand the underlying genetic mechanisms which
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is important in the tropics with only 8 of the 20 WHO
defined tropical diseases offering commercially licensed
vaccines [11]. Molecular epidemiology is another grow-
ing application with advances in portable and rapid long-
read sequencing in particular changing how we detect
and track infectious diseases. The potential to develop
near real-time diagnostics using these technologies rep-
resents a huge opportunity to development in-house
capabilities in infectious disease detection and treatment.

In an ever-increasing number of applications, high-
throughput sequencing data is being used to alleviate this
burden, largely in the areas of pathogen identification/
characterisation, molecular epidemiology, vaccine devel-
opment, host-pathogen interactions and precision medi-
cine programs (Table 1).

i) Pathogen identification and characterisation

The ability to detect causative pathogens driving
human disease is an essential precursor to diagnosis
and effective treatment. Pathogens causing disease are
more common in the tropics and challenging to detect,
especially in regional and remote health care settings.
Current pathogen identification techniques can be time
consuming and imprecise, and critically are unable to
detect novel pathogens, rendering them unsuitable for
emerging pathogen surveillance that is required in any
outbreak scenario. These limitations mean patients are
often treated prior to diagnosis with long-duration and
broad-spectrum antimicrobials, which contributes to the
spread of drug-resistant microbes. Metagenomic next-
generation sequencing (mNGS) offers an emerging solu-
tion to this problem as it has been successfully used in a
research environment to diagnose complex clinical cases
where traditional diagnostic tests have failed using both
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short-read [12] and long-read sequencing [28]. An advan-
tage of this approach is ability to completely reconstruct
the genome with high-resolution sequence data enabling
strain identification [29], virulence gene detection [19]
and phylodynamic studies [17]. While unlikely to replace
isolate sequencing (due to host and commensal bacteria
contamination), mNGS offers an exciting opportunity
to simultaneously detect viruses, bacteria, parasites and
fungi in a single test in situations where isolates can-
not be obtained, or where health care infrastructure is
limited.

Pathogen discovery is also an important tool in predict-
ing future outbreaks and pandemics with the majority
of viruses still unknown. The number of known viruses
has grown by orders of magnitude since the advent of
metagenomic-based high-throughput sequencing. These
discoveries are occurring across the tree of life with a
recent study identifying 1445 new RNA viruses in inver-
tebrates, including some that are sufficiently divergent to
comprise new families [30]. These studies are not limited
to understudied organisms however with 140,000 viruses
just characterised across ~28,000 human microbiome
samples, over half of which have never been seen before
[31]. Knowledge of the wider viral landscape is critical for
monitoring potential outbreak scenarios, with COVID-
19 demonstrating how devastating such events can be.
The problem is especially acute in the tropics where the
virome of most tropical species is largely uncharacterised
[13].

ii) molecular epidemiology

New sequencing technologies, especially portable and
rapid long-read sequencing is driving important improve-
ments to the way molecular epidemiology is applied

Table 1 Applications of Omics Technologies to address Health in the tropics

Category Omics Technologies

Examples (references)

Pathogen identification and characterisation
@ Genomics
@ Proteomics

Molecular epidemiology @ Metagenomics
@ Genomics

@ Transcriptomics

@ Genomics
@ Transcriptomics
@ Epigenomics

Vaccine development

@ Genomics
@ Transcriptomics

Host-pathogen interaction

@ Genomics
@ Exomes
@ Transcriptomics

Precision medicine

@ Metagenomics (16 S and shotgun)

@ Neuroleptospirosis discovery [12]

@ Aedes aegypti virome [13]

@ Klebsiella pneumoniae outbreak [14]

@ Necator americanus[15]

@ Scabies [16]

@ Bacterial phylodynamics [17]

@ Drug resistant Klebsiella pneumoniae clonal grouping [18,
19]

@ Drug resistance Aedes albopictus[20]

@ Antibody discovery for diagnosing schistosomiasis[21]
@ Host response [22]

@ T-cell Receptor (TCR) sequencing [23]
@ Host response malaria [24, 25]

@ Detect pathogenic variants [26]
@ Allele frequencies for underrepresented populations [27]
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in the tropics. Recent outbreaks of Ebola and COVID-
19 have demonstrated how near real-time sequencing
of pathogens is critical to help better understand both
the evolution and transmission of viruses [32]. Recent
work by Faust et al. [33] describes their experience uti-
lising long-read sequencing to perform molecular field
research on schistosomiasis, trypanosomiasis and rabies
for the benefit of the local communities in Uganda. With
long reads we can improve diagnostics, better understand
disease transmission dynamics and ideally provide feed-
back to endemic communities regarding clear action-
able timelines. Whole-genome sequencing (WGS) is
also being used to inform about antimicrobial resistance
in near real-time. A recent program in the Philippines
incorporated WGS within the established Antimicrobial
Resistance Surveillance Program to better understand
resistance mechanisms and local transmission patterns
[18]. Their work linking resistance phenotypes to WGS
data revealed the mixing of genetic strains and subse-
quent AMR mechanisms which identified the AMR vehi-
cles responsible for driving the expansion of increasing
carbapenem resistance rates within the country.

iii) vaccine development

The development of effective vaccines to combat the
wide range of tropical and infectious diseases is increas-
ingly relying on sequence information to inform design
strategies. With only 8 of 41 NTDs offering commer-
cially licensed vaccines, work is needed to incorporate
sequence information to enable rational systems-level
vaccine design [34]. A perfect vaccine offers ongoing
protection from a pathogen by eliciting both innate and
adaptive immunity, however we typically have little
understanding of how the host and pathogen interact at
a systems level. High-throughput sequencing data offer
us insight into how both pathogen and host respond to
vaccination and infection [35]. These datasets provide
insight into the underlying mechanisms driving immu-
nological memory, protection offered by the vaccine and
the efficiency of both antigens and adjuvants. Numerous
programs are successfully employing this approach for
diseases such as tuberculosis [36, 37], malaria [38] and
dengue fever [39].

iv) host-pathogen interactions

The interaction between host and pathogen is recog-
nised as critical to how both populations and individu-
als respond to infectious disease. Genome sequencing
of host and pathogen offers insight into the genomic
determinants of adaptive processes driving parasite vir-
ulence and host resistance (e.g. malaria [40]). Using this
approach, typically genetic variants are identified across
both host and pathogen (within populations or even
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individuals) and the association of these variants with the
observed phenotype used to reduce the genomic search
space by identifying the driving genetic determinants
[41]. Another important application of host-pathogen
interactions is detecting proof of horizontal gene transfer,
a process whereby an organism acquires genetic mate-
rial from distantly related species in order to gain new
functional capabilities [42]. While common in prokary-
otes [43], there are examples of eukaryotes acquiring new
functionality from parasites [44]. While much remains
to be discovered regarding host-pathogen interactions in
the tropics, detailed genomic sequence data offer unprec-
edented insight into this process.

xxii) Precision medicine

Precision medicine programs are increasingly being
rolled out worldwide using a combination of targeted-,
exome- and whole-genome sequencing to identify clini-
cally actionable variants in patients [45, 46]. While chal-
lenges exist [47], such programs have led to increasingly
accurate diagnosis and management of genetic disease.
Critical to successful precision medicine programs is
the ability to incorporate patient genetic information
to develop custom treatment options. There are several
challenges that need to be addressed to roll out such pro-
grams in tropical regions, largely the need for supporting
sequencing infrastructure / analysis capability and the
lack of detailed population-specific variant information.
The lack of infrastructure requires investments in both
lab and analytical capability within health care settings,
with most precision medicine programs currently using
lab-intensive short-read sequencing capabilities.

Long-read sequencing shows great promise in this
space as it requires less infrastructure and can be used
in remote locations. Long-read sequencing has now
been used to identify disease causing variants [48] and
recently researchers at Stanford were able to successfully
diagnose a patient in a matter of hours in a critical care
setting [49]. Thus, the future of long-read sequencing for
disease diagnosis is promising. Another challenge for the
tropical population is the lack of ethnically matched allele
frequencies within the variant repositories for screening,
with this information being critical in prioritising can-
didate disease causing variants [50]. Without using eth-
nic matching, uncatalogued population-specific genetic
variants may be incorrectly characterized as novel largely
due to under-representation of the patient’s ethnic group
within the repositories. Despite efforts to increase the
representation of peoples from tropical regions, more
work is needed to incorporate genetic information
from all groups including Indigenous populations [27].
Sequencing efforts such as the Centre for Indigenous
Genomics in Australia will begin to address this disparity.
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Biodiversity

The biodiversity of the tropics is unparalleled in terms of
biomass and numbers of species; however, this diversity
is likely underestimated as many tropical species remain
undescribed. Not only do we need to know and under-
stand our tropical biodiversity in order to protect it for
its own intrinsic value but cataloguing and ultimately
preserving tropical biodiversity is critical to maintain-
ing clean water, air and soil and to regulate the climate,
recycle nutrients and provide food. Tropical forests cur-
rently absorb 15% of the anthropogenic carbon emissions
and are critically important for mitigating the effects of
climate change [51]. Maintaining biodiversity also rep-
resents a huge opportunity with a large ecological res-
ervoir of natural products including antibiotics, many of
which have been used as traditional medicines for mil-
lennia. Despite traditional usage however, in most cases
the active product remains unknown, and more work is
needed to identify the active molecules and their mode
of action. Antibiotics are of particular interest to address
the global challenge of antimicrobial resistance (AMR),
which is projected to kill 10 million people annually by
2050 [52, 53].

The tropics are also home to the world’s most diverse
marine (coral reefs) and terrestrial (rainforest) ecosys-
tems. In addition to the relational and cultural values that
are associated with biodiversity [54], reefs and rainforests
help sustain both tropical and non-tropical human popu-
lations through the provision of direct ecological services
such as food, freshwater and erosion mitigation, and
through global-scale effects such as carbon sequestra-
tion, climate modulation and as habitat for long-ranging
migratory species [55]. Biodiversity is directly linked to

Table 2 Tropical Biodiversity Techniques and applications
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ecosystem health and robustness which in turn are the
major determinants of an ecosystem’s capacity to support
human populations [56, 57]. Current threats to tropical
biodiversity include land clearing, over exploitation, cli-
mate change, ocean acidification, habitat fragmentation
and invasive species [58—60], however modern sequenc-
ing technologies provide us with new tools to document,
monitor, analyse and advise upon the best strategies to
mitigate the worst effects of these threats (Table 2).

i) Biodiversity Discovery

With much of tropical biodiversity understudied and
under described, large scale efforts to describe as many
species as efficiently as possible are key. Metagenomics
and DNA metabarcoding are two technologies that can
find unique genomes and unique species from environ-
mental samples. These techniques are particularly useful
because traditional taxonomy is unable to detect cryptic
species, which are particularly common in the tropics.
The International Barcode of Life Consortium (iBOL)
has renewed its efforts to describe all of Earth’s biodiver-
sity, with the 7-year BIOSCAN project (2019-2026) [61]
promising to analyse more than 10 million specimens.

ii) Conservation genomics

The advent and refinement of low cost long-read
sequencing technologies has emboldened researchers to
adopt increasingly ambitious goals regarding the applica-
tion of bioinformatic technologies to the fields of biodi-
versity research and conservation. The past decade has
seen a proliferation of large consortia that aim to provide
high-quality genome assemblies for selected cohorts of
species with the goal of providing critical resources for

Category

Omics Technologies

Examples (references)

Biodiversity discovery

@ Metagenomics

@ BIOSCAN project [61]

@ Metabarcoding

Conservation Genomics @ Genomics @ Etarth BioGenome Project [62,
63]
@ Africa BioGenome Project [5]
@ Plant Genomes [64]
Threatened species management @ SNP genotyping @ Dingo [65, 66]
@ Target capture sequencing @ Sea Turtle [67]
® gPCR @ Dugong [68]
@ Kuranda Treefrog [69]
@ Armoured Mistfrog [70]
Invasive species management @ RADseq @ Cane Toad [71]
@ eDNA @ Golden Mussel [72]

@ Yellow Crazy Ant [73]

Drug discovery

@ Genome mining
@ Metagenomics
@ Metabolomics
@ Proteomics

@ Streptomyces [74]
@ Clostridium [75]
@ Dipylidium caninum(76)
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species’ conservation and management. Most major ini-
tiatives currently underway can be categorised as either
region specific (e.g. 1,000 Chilean Genomes, Darwin
Tree of Life [77], European Reference Genome Atlas [78])
or taxon specific (e.g. 10,000 Plant Genomes [64], Global
Invertebrate Genomics Alliance [79], Genome 10 K [80]).

At a higher level, in 2018 the Earth BioGenome Project
(EBP) was proposed with the explicit aim of sequencing
all eukaryotic life on earth [62, 63]. This well-resourced
initiative adopted an umbrella-style organisational model
through which they aim to facilitate sequencing projects
undertaken by member organisations. At the time of
writing, over forty consortia are listed as partner mem-
bers to the EBP, however only four regional initiatives
(Africa BioGenome Project [5], AusARG, Oz Mammals
Genomics Initiative [81], Taiwan BioGenome Project)
cover tropical areas. While most of the taxon-specific
initiatives include tropical representatives, in practice
tropical species remain underrepresented in the rapidly
growing list of sequenced genomes. The current enthusi-
asm for large-scale genome sequencing projects coupled
with the relative lack of sequenced tropical species repre-
sents a huge opportunity for future tropical biodiversity-
focused sequencing efforts.

iii) threatened species management

The value of genome sequencing to conservation efforts
ranges from the assessment of the genetic health of spe-
cies and the planning of breeding programs to the estab-
lishment of naturally occurring variant databases for the
implementation of genetic rescue plans of fragmented
populations [78, 82, 83]. Recent conservation efforts
focusing on the Tasmanian Devil [84] and the kakapo
[85] highlight the value of leveraging a high quality refer-
ence genome for planning, implementing and managing
conservation strategies.

For species as yet without genomic resources, the use
of SNP sequencing and eDNA has been able to advance
conservation measures for many tropical species. For
example, SNP sequencing has been used to understand
the effective population size and genetic connectiv-
ity between breeding sites for the critically-endangered
Kuranda Treefrog [69] and thereby inform management
priorities for this species. Environmental DNA (eDNA)
is being used to investigate the true range of threatened
species such as the critically-endangered Armoured Mis-
tfrog in north-east Australia [70] and the endangered
big-headed turtle Platysternon megacephalum in Hong
Kong [86]. With current projections of tropical habitat
fragmentation and species loss set to continue in tropical
regions [87—-89], genome-centric management strategies
will likely garner increasing adoption over the coming
century.
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iv) invasive species management

Invasive species also pose severe risks to tropical bio-
diversity. In 1991 the Golden Mussel (Limnoperna fortu-
nei (Dunker, 1857)), native to East Asia, was introduced
to the Rio Del Plata in Argentina through the expulsion
of ship ballast water [90]. This invasive freshwater bivalve
mollusc, which was first sequenced in 2018 [91], spread
rapidly throughout Argentina, Uruguay, Paraguay and
Brazil from where it now risks entering the Amazon river
basin [92]. Traditional methods of monitoring of the
golden mussel across such an expansive territory would
be prohibitively resource intensive, however a recent
effort to utilise eDNA to detect traces of Limnoperna
DNA from water samples has proven to be an effective
and cost-efficient means of monitoring [72].

The use of eDNA for indirect detection of terrestrial
tropical species is now well-established [93] and is cur-
rently being implemented for monitoring the expansion
of invasive species such as the cane toad Rhinella marina
in Australia [94, 95] and the detection of Yellow Crazy
Ants (Anoplolepis gracilipes) invading the tropical rain-
forests and streams of north-east Australia [73] through
sampling freshwater streams.

xxii) Drug discovery

Tropical marine and rainforest species are exception-
ally rich sources of bioactive compounds. Historically,
most new drug discoveries came through the target-
ing of natural compounds present in traditional medici-
nal plant species [96]. This ‘ethnobotanical’ approach to
drug discovery remains a leading source of new bioactive
compounds with up to 50% of all natural product-derived
drugs having plant-based origins [96].

Bioprospecting for new drug candidates has long
involved the targeting of plant, fungi and microbe spe-
cies but starting in the 1950s, attention turned to marine
invertebrates following the discovery of spongothymi-
dine and spongouridine from the tropical marine sponge
Tethya crypta. Modern derivatives of these compounds
are now powerful antiviral and anticancer drugs [97, 98].
Today sponges and cnidarians account for up to 80% of
all invertebrate-based drug discoveries with the remain-
ing 20% coming from a wide range of other phyla [99].
This ‘ecological’ approach to drug discovery, in combi-
nation with the previously described ‘ethnobotanical’
approach, constitute the two main components of the
‘biorational’ drug discovery strategy [34].

Although these candidate-based approaches are
undoubtedly effective, many of the steps involved in
traditional drug discovery and validation pipelines are
laborious and costly. While laboratory-based valida-
tion of potential drug candidates cannot be replaced, in
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silico modelling and data mining offer the potential of
substantial efficiency gains by narrowing the focus of
wet-lab assays and experiments [100, 101]. Following the
isolation of a candidate compound, 3D molecular mod-
elling, determination of target affinity, prediction of off-
target effects and reverse engineering of biosynthetic
pathways are all steps that today benefit from the imple-
mentation of bioinformatic pipelines to supplement lab-
based experiments and assays. By coupling indigenous
knowledge and domain-specific ecological knowledge
with modern high-throughput biotechnological and
computational approaches, the resulting efficiency gains
are beginning to have a positive impact on the enor-
mous costs associated with bringing drugs to market
[102-104].

Food production

The tropical climate is ideal for agriculture (crops, live-
stock, aquaculture) with its high temperature all year
round, high rainfall and sun exposure [97]. Unfortunately,
these benefits are often counter balanced in many tropical
areas due to poor soil fertility, inadequate water supply
for irrigation, lack of mechanization and the high preva-
lence of diseases [7]. Historically, food production in the
tropics has been characterised by lower yields and higher
variability than in temperate regions despite favourable
growing conditions [105]. There are many historical rea-
sons for this disparity, however a major contributing fac-
tor is the underdevelopment of breeding programs for
tropical cultivars and animal species relative to their tem-
perate equivalents. Advanced genomic breeding tech-
niques specific to tropical species would improve this as
they offer the potential to achieve rapid gains in perfor-
mance through targeted selective practices. The develop-
ment of rapid and cost-effective genotyping techniques

Table 3 Tropical Food Production Techniques and applications
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for tropical species would enable powerful techniques
for stock improvement such as genomic selection or
parentage assignment in circumstances where it would
otherwise have been impossible such as mixed spawning
aquaculture. Moreover, climate change will require ongo-
ing selective breeding informed by genomic technolo-
gies to ensure that production species adapt as the world
becomes hotter and less predictable. For example, within
the context of meeting the UN sustainable development
goals, there is a desire to develop tropical agricultural
practices that preserve biodiversity while maintaining
high productivity and reliability. Such sustainable farm-
ing practices will be reliant on genomic technologies in
order to both identify genetic variation driving growth
and to understand and monitor their respective micro-
biomes, which are increasingly being implicated in over-
all health [106]. Finally, the cultural diversity of tropical
peoples and relatively low intensity of food production
in these regions means that the range of target species
is very large. Technologies for rapid and cost-effective
development of genomic resources such as reference
genomes, and genotyping arrays will therefore be espe-
cially important to the region.

Overcoming these challenges is a huge task on the road
to increase food production to feed people living in the
tropics. One way to boost productivity in the tropics is to
adopt a range of novel molecular technologies to improve
breeding of important crops, livestock and aquaculture
species as well as providing tools for pathogen detection,
food safety, food quality and verification (Table 3).

i) genome editing

Genome editing began in 1985 with the discovery of
the Zinc Finger Nucleases (ZFNs), which were able to
recognize target and remove sequences using a cutting

Category Omics Technologies Examples (references)
Genome editing @® ZFN @ Banana [107]
@ TALEN @ Cattle [108]
@ CRISPR
Selective breeding programs @ GWAS @ Maize [109]
@ Genomics @ Cattle [110]
@ Cocoa[111]
@ Asian sea bass [112, 113]
@ Nile tilapia [114]
Pathogen identification and characterisation ® gPCR @ Prawn pathogens [115]

@ Metagenomics (16 S and shotgun)
@ Genomics

Food omics (i.e. Food safety, food tracking, foodborne disease)

@ Transcriptomics

@ Coffee bean [116]

@ Proteomics @ Chlorella[117]
@ Metabolomics @ Bivalve identification
@ Metabarcoding [118]
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enzyme [119]. Later, transcription activator-like effec-
tor nucleases (TALENs) were favoured over ZFN as
they could bind to a single nucleotide [120]. Following
this, the CRISPR/CAS9 technology was developed in
2014 [121] as a genome editing tool. CRISPR (clustered
regularly interspaced short palindromic repeats) is used
by the CRISPR-associated protein 9 (CAS9), an enzyme
that can cleave DNA, as a guide that binds to the targeted
sequence. This technology has become an essential tool
for many applications in tropical agriculture such as dis-
ease resistance (banana (Musa spp) [107]), parasite resist-
ance and heat tolerance in livestock (cattle [108]). While
promising, CRISPR/CAS9 requires significant infrastruc-
ture and expertise to implement. In addition, issues with
public acceptance remain a challenge [122]. Despite this,
the benefits of gene editing technology could be immense
for tropical agriculture by reducing loss due to disease
and by increasing production rates.

ii) selective breeding

Molecular data approaches such as genome-wide asso-
ciation studies (GWAS) and genomic selection (GS) are
being used in selective breeding programs to improve
important production traits. Typically, thousands of bio-
markers (generally single-nucleotide polymorphisms,
SNPs) are probed and markers are identified that asso-
ciate with a trait that confers desirable characteristics.
The use of GWAS for tropical species can further help
to pinpoint specific SNPs associated with traits of eco-
nomic importance. GWAS analyses are also very useful
for understanding the genetic basis of complex traits that
are specific to the tropical climate such as heat tolerance
or tolerance of poor-quality soil. For example, Ertiro et al.
[109] performed GWAS on tropical maize growing in a
nitrogen deficient environment to identify a number of
markers associated with genes that, if selected for, could
enhance production in such nitrogen depleted areas.
Similarly with livestock, Otto et al. [110] used GWAS to
identify 6 SNPs associated with heat tolerance in Gir X
Holstein cattle breeds in the tropics.

Traditional selection methods for genetic improvement
of crops and livestock rely solely on identifying desired
phenotypes (mass selection) or else using information
from established pedigrees to account for theoretical
known relationships (Best Linear Unbiased Prediction
selection) in order to generate breeding values to drive
informed breeding decisions. However, the accuracy of
such selection methods can be hindered by the lack of
information on relationships among selection candidates
as demonstrated by Nayfa et al. [123] for the Nile tilapia
(Oreochromis niloticus), where a manually recorded pedi-
gree was often incorrect. Increasingly, GS experiments
are incorporating larger numbers of SNPs to improve the
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accuracy of breeding values, as well as allowing selection
at an earlier stage for difficult to measure traits [124]. GS
is of particular interest for tropical perennial crop species
with a long breeding cycle with high expected genetic
gain and has been applied to a number of tropical crops
including for disease resistance in cocoa [111] and for
fruit quality in citrus [125] (see review [126]). In tropi-
cal aquaculture, GS also shows promise for target species
with a sufficient level of domestication and for which the
required genomic resources are available. Tropical aqua-
culture species for which GS has already been applied
include the prawns Litopenaeus vannamei and Penaeus
monodon, the pearl oyster Pinctada maxima [127] the
barramundi Lates calcarifer [112, 113] and Nile tilapia
Oreochomis notilus [114].

iii) Pathogen detection

Tropical agriculture systems are exposed to a large
number of pathogens that can affect the production
of crops or decimate entire aquaculture brood stock
(e.g. Juvenile Pearl Oyster Mortality Syndrome [128]).
Timely identification of pathogens can be undertaken
using genomics in combination with quantitative PCR
(qPCR): for example Arbon et al. [115] detected 6 known
pathogens in wild tropical shrimp P. monodon. Pathogen
detection was also used to identify various strains of ticks
known to affect humans and livestock in the sub-Saharan
region [129]. Metagenomics is a more general technique
used to identify all microorganisms in a sample and can
be useful in the detection of novel pathogens that affect
brood stock and crops, where the actual causative agent
is not determined or poorly understood.

iv) Food omics

Food safety is an active area of research that encom-
passes food verification and tracking as well as the detec-
tion and tracking of food-borne disease. Increasingly,
consumers want to know the origin and composition of
the product that they eat [130], as well as the certainty
that the product is safe. Globalization has made this
increasingly challenging, however the use of genomics
can provide detailed information about products.

Many omics technologies are being actively employed
in food safety including transcriptomics, proteom-
ics, metabolomics and metagenomics. Transcriptom-
ics can be very useful in tropical agriculture to elucidate
response mechanisms to various conditions. For exam-
ple, Liu et al. [131] used transcriptomics to discover the
molecular pathways of Stylo, a tropical plant, involved
with the impact of soil salinity. Understanding such com-
plex mechanisms can be tremendously useful for tropi-
cal agriculture in addressing challenges such as poor soil
quality and low yield. Proteomics is another approach
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that studies the collection of proteins produced and
modified by an organism at any time. The set of proteins
produced at a time is variable and can change as a result
of specific circumstances such as stress or infection. For
example, coffee beans dried using a different method
exhibited a decrease in abundance of proteins linked
to heat stress and sugar absorption which significantly
impacted the quality of the product [116]. Metabolomics
measures metabolites in a cell which informs about the
biochemical activities within a cell. These measurements
can help understand the reaction of organisms to stress-
ors. For example, metabolomics was used to measure the
change of lipid production of tropical Chlorella in nitro-
gen depleted environments [117]. Finally, metabarcod-
ing is an approach where molecular barcoding is used to
identify all the species present in a sample. Metabarcod-
ing has many applications including the identification of
the origin of a product. For example, Gense et al. [118]
developed a metabarcoding technique to identify bivalve
species suitable for human consumption.

Overall, the application of molecular techniques is, and
will continue to be beneficial for tropical agriculture by
accelerating genetic improvement through genome edit-
ing and genomic selection, by limiting losses through
pathogen detection and by increasing food safety.

Local education / technology access
i) Bioinformatics education and infrastructure

The previous sections have highlighted the importance
of bioinformatics tool and method development focusing
on their application in the unique context of the tropics.
While many applications have progressed to the proof-
of-principle stage, significant challenges in wide-spread
delivery exist. Overcoming these challenges requires
concerted, cross-disciplinary efforts that are both timely
and targeted. While delivery is challenging in any con-
text, bioinformatics literacy and digital infrastructure are
poorly developed in vast areas of the tropics exacerbating
the issues. The latter had been the focus of the 2021 State
of the Tropics Report [1], which highlights the “digital
divide” that implies disadvantages for low- and middle-
income countries of the tropics.

ii) education and research

There is an unmet need for more bioinformatics train-
ing in many universities of low- and middle-income
countries, including numerous tropical nations [132].
Likewise, bioinformaticians are underrepresented in
many tropical research institutions, which leads to
backlogs in high-throughput data analysis. In other
cases, large-scale genome projects are not attempted,
or put on hold due to the lack of bioinformatics
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expertise [15]. However, an increasing number of initia-
tives are attempting to increase bioinformatics capacity
in the tropics. One promising example is the National
Institute of Health (NIH)-funded Human Heredity and
Health in Africa (H3Africa) Bioinformatics Network
(H3ABioNet), which was founded to conduct research
into genetic and environmental factors involved in
the pathology of human diseases [133, 134]. One of
H3ABioNet’s goals is to provide bioinformatics training
in 16 African countries. H3ABioNet developed a free-
of-charge “Introduction to Bioinformatics” course tak-
ing into account the particular logistical challenges in
Africa [135, 136].

An equivalent to the H3ABioNet initiative is the Asia
Pacific Bioinformatics Network (APBioNET), which set
out 25 years ago (founded in 1998) to foster the growth
of bioinformatics in the Asia-Pacific region (www.
apbionet.org) [137]. APBioNET promotes bioinformat-
ics awareness, training, infrastructure, and research
among member countries. APBioNet has members from
industry, academia, research, government, and inter-
national organizations [137]. Another similar initiative
is the CABANA project (www.cabana.online.), which
aims to build bioinformatics capacity in Latin America.
CABANA is supported by the EMBL-EBI and involves
nine partners in the higher education and research sec-
tors. CABANA is supported by the Global Challenges
Research Fund (GCRF) and focuses on three chal-
lenges affecting the tropics: (i) communicable disease,
(ii) sustainable food production, and (iii) protection of
biodiversity.

Developing and expanding bioinformatics capac-
ity in the tropics will require structured efforts both in
educational and research institutions. Aron et al. devel-
oped a ten rule-guideline outlining how to develop bio-
informatics capacity at an academic institution [132]. A
framework for the development of bioinformatics core
competencies at higher education or research institutions
was designed by The Curriculum Task Force of the Inter-
national Society of Computational Biology (ISCB) Educa-
tion Committee [138].

iii) infrastructure

The lack of suitable computational infrastructure in
many universities of the tropics could be one of the rea-
sons for the underrepresentation of tropical bioinformat-
ics research labs. One increasingly popular solution for
institutions lacking compute infrastructure, is to use the
services of centralised data centres, high-performance
computing clusters, or cloud-based services, such as the
Galaxy bioinformatics infrastructure project. The Galaxy
cloud-computing platform for bioinformatics analyses
has nodes and support groups serving tropical countries
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in Africa, Australia, and Asia [139, 140] and covers an
increasing number of applications [141, 142].

To address challenges with diseases of the tropics,
countries are establishing large consortia such as H3Af-
rica, a consortium that facilitates research, resources, and
training to study diseases in the African continent [134].
H3Africa supports population-based studies on genomic
and environmental risk factors for cardiometabolic dis-
ease risk (AWI-GEN) [143], type 2 diabetes (T2D) [144],
kidney disease (H3AKDRN) [145], stroke (SIREN) [146],
and more. Broader, population-based genome sequenc-
ing efforts are underway in India with the GenomeINDIA
project, an initiative involving 20 partner institutions in
an effort to sequence 10k Indian genomes and identify
genetic variants explaining some of India’s high-burden
genetic disorders (www.genomeindia.org). GenomelIN-
DIA, along with other national genome projects, feeds
into the GenomeAsia 100k (GA100K) project, an effort to
counter the underrepresentation of non-European indi-
viduals in human genetic studies [147]. Similar national
genome sequencing initiatives in the tropics include the
Saudi Human Genome Program (SHGP) [148], Genom-
ics Thailand (genomicsthailand.com), ChileGenomico
(chilegenomico.med.uchile.cl), and Australian Genomics
(australiangenomics.org.au). Most of these projects aim
to develop infrastructure and personnel for data manage-
ment and data analysis [15].

Globalization processes have played a significant role in
the development and distribution of sequencing technol-
ogies. With the advent of high throughput 2nd generation
sequencing-by-synthesis technologies like Illumina it was
apparent that purchasing and running such a technol-
ogy locally represented huge challenges for many tropical
countries. With initial price tags near one million USD,
expensive proprietary reagents and kits coupled with the
need for laboratories capable of DNA/RNA extraction
and reliable cold storage many tropical countries lacked
the infrastructure and resources to work with these tech-
nologies. In lieu of local infrastructure most samples to
be sequenced were subsequently shipped overseas at con-
siderable expense; to illustrate only 11 of the 385 African
animals sequenced to date were performed locally [5].
While the initial market was dominated by Illumina, glo-
balization contributed to increased competition that has
reduced costs with newer companies like BGI Genomics
recently setting up the first clinical sequencing facility
in Africa. While encouraging, challenges persist in roll-
ing out 2nd generation technologies in under-developed
locations with limited supply chains, few regional sales
representatives plus insufficient on-site staff with dedi-
cated expertise representing significant hurdles [149].
The emergence of single molecule sequencing tech-
nologies such as Oxford Nanopore (3rd generation)

Page 11 of 16

represents an exciting opportunity for countries in the
tropics with their reduced costs, increased portability,
real time processing and reduced technical and com-
putation requirements [150]. Further, with no costly
machine purchase required up front and simplified sam-
ple prep such technologies are already making significant
inroads in under-developed locations with applications
in disease monitoring, animal/human population genet-
ics and agriculture. While encouraging, challenges with
Nanopore persist including power outages, data trans-
fer, reagent cost, transport and storage as well as insuf-
ficient local training [150]. Possible solutions to facilitate
wider uptake include further simplification of the DNA/
RNA extraction and customized training aimed at under-
developed environments [151]. Additionally, while Nano-
pore currently dominates the portable sequencing space,
increased competition will likely improve the options and
feasibility over time to enable widespread uptake in the
tropics.

Discussion
This review summarises the current impact high-
throughput molecular techniques are having for people
living in tropical regions across health, biodiversity and
food production. Encouragingly, the number of mean-
ingful examples achieving impact is growing in all these
areas however challenges remain regarding sequencing
cost, required infrastructure and data sharing agree-
ments. Costs will continue to decrease with ongoing
improvements in per base sequencing costs while infra-
structure requirements are decreasing with the increased
availability and maturity of relatively easy to use port-
able sequencing systems. Data sharing remains a chal-
lenge however significant movement is occurring in
this space around developing a Pandemic Accord. The
recent debates around developing such an accord con-
tinue to highlight concerns around sharing of genomic
material and information between countries, especially
by the High-income countries (often referred to as the
Global North) with low and middle income countries
(Often referred to as the Global South). Such an accord
is a global legally binding instruments to protect and pro-
mote people’s health, created by Member States to fos-
ter and secure collaboration in areas that impact on the
health and well-being of people at local, national and
global levels. These international instruments represent
a commitment by countries of the world to address the
health needs of their citizens to advance their health sta-
tus and strengthen the socio-economic status of their
communities at large.

The final instrument, treaty, accord, agreement or
convention (the final name and contents are still under
negotiation by the Member states of the World Health
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Assembly) will aim to establish an equitable and com-
prehensive system of access and benefit-sharing of effec-
tive products to be used in pandemic responses — such as
diagnostic tools, medicines and vaccines — often products
developed and/or produced through genomic technolo-
gies. However the sharing of “pathogens with pandemic
potential” and “the genomic sequence of such pathogens”
remains one of the contentious issues that has forced
the delay of finalisation of the Treaty at the 77th World
Health Assembly, in May 2024. Global South countries
remain concerned that when they do share genomic data
(e.g. South Africa and Omicron [152]), they were imme-
diately faced with sanctions against their country (trade
and travel) as well as delays in receiving adequate vac-
cines developed derived from this information to manage
the pandemic in their own country. The Global North is
often concerned about recuperating the costs of research
and development for these products as well as ensuring
stockpiles of their own citizens. Although conventions
such as the United Nations (UN) 1992 Convention on
Biological Diversity (CBD) which “reaffirmed that States
have sovereign rights over their genetic resources, and
the authority to determine the rules about accessing
these resources” and the Nagoya Protocol on Access to
Genetic Resources and the Fair and Equitable Sharing
of Benefits Arising from their Utilization (2010) which
extended further the need for global multilateral benefit-
sharing mechanism for transboundary situations such as
pandemics and the WHO’s Pandemic Influenza Prepar-
edness Framework provides mechanisms to ensure sov-
ereignty but also equitable access and benefit sharing,
however these mechanism have not been fully tested and
the present debates highlight that they remain conten-
tious [153].

Concerns have also been raised about the reality
of the well-intentioned inclusion of the One Health
Approach into the “Pandemic Treaty” related discus-
sions as a means to equitable access integrated human,
animal environmental and other ecosystem system such
as surveillance data (including genomic data) [154].
Firstly it needs political commitment to implement
coordinated transdisciplinary approaches into practice
as well as finances, capacity building, and improved
exchanges of data and information, which is not com-
prehensively present in all nation states, and has not
been proven scalable at global levels as of yet. Secondly
based on a review of the Quadripartite surveillance
capacities especially in the wildlife and environment
sectors concern has been raised about whether “an
expanded Global Early Warning System (GLEWS+)
could include all four organisations” [155]. However
the authors express optimism that this can occur not-
ing that “Strong and clear jurisdictional legislative
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and regulatory frameworks are needed” although they
make take time to be developed but should not impede
implementation of some aspects whilst waiting. Further
countries of the Global South, like China has expressed
concerns about the need for “concrete mechanisms to
build developing countries’ capacities such as tech-
nology transfer and financing” to ensure the equity
of access and comprehensive implementation of the
underlying objective of pandemic preparedness [156].
The Global South in this and similar debates has often
felt sidelined by Global North. It reflects, according to
Huang et al., “a common wariness among these devel-
oping countries about the treaty’s potential for political
exploitation and stigmatization. In effect, these shared
perspectives are rooted in historical challenges, socio-
economic disparities, and a desire for more equitable
participation in global health governance” (page 5)
[156]. Although this has happened in predominantly
the human health realm, such issues may similarly arise
in the animal or plant health realm for transboundary
biosecurity risks.

Conclusion

Advances in technologies such as DNA sequencing,
mass spectrometry and other high-throughput analyti-
cal methods continue to increase data generation rates
for all omics fields including genomics, transcriptomics,
proteomics, metagenomics, and metabolomics. These
improvements output higher quality data at lower per-
unit cost and offer an unprecedented opportunity to
generate large volumes of high-quality molecular data.
While massively parallel short-read technologies largely
drove the early advances, new developments in tech-
nologies including long-read and single-cell sequencing
represent a new opportunity to generate increasingly
high-resolution data able to answer a whole new class of
questions. The analysis of such complex, inter-connected
data and their practical application to real-world prob-
lems however requires both bioinformatics expertise
and domain-specific knowledge of the complex systems.
By embracing the One Health approach, we can identify
targeted applications to address some of the biggest chal-
lenges in the tropics across health, food production and
biodiversity and improve the lives of populations living in
tropical regions.
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