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ABSTRACT 22 

Distinct Burkholderia strains were isolated from soil samples collected in tropical northern 23 

Australia (Northern Territory and the Torres Strait Islands, Queensland). Phylogenetic analysis 24 

of 16S rRNA and whole genome sequences revealed these strains were distinct from previously 25 

described Burkholderia species and assigned them to two novel clades within the B. 26 

pseudomallei complex (Bpc). Because average nucleotide identity and digital DNA-DNA 27 

hybridization calculations are consistent with these clades representing distinct species, we 28 

propose the names Burkholderia mayonis sp. nov. and Burkholderia savannae sp. nov. Strains 29 

assigned to B. mayonis sp. nov. include type strain BDU6T (=TSD-80; LMG 29941; 30 

ASM152374v2) and BDU8. Strains assigned to B. savannae sp. nov. include type strain 31 

MSMB266T (=TSD-82; LMG 29940; ASM152444v2), MSMB852, BDU18, and BDU19. 32 

Comparative genomics revealed unique coding regions for both putative species, including 33 

clusters of orthologous genes associated with phage. Type strains of both B. mayonis sp. nov. 34 

and B. savannae sp. nov. yielded biochemical profiles distinct from each other and other species 35 

in the Bpc, and profiles also varied among strains within B. mayonis sp. nov. and B. savannae sp. 36 

nov. Matrix-assisted laser desorption ionization–time of flight analysis revealed a B. savannae 37 

sp. nov. cluster separate from other species, whereas B. mayonis sp. nov. strains did not form a 38 

distinct cluster. Neither B. mayonis sp. nov. nor B. savannae sp. nov. caused mortality in mice 39 

when delivered via the subcutaneous route. The addition of B. mayonis sp. nov. and B. savannae 40 

sp. nov. results in eight species currently in the Bpc.  41 
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IMPORTANCE 42 

Burkholderia species can be important sources of novel natural products and new species are of 43 

interest to diverse scientific disciplines. Although many Burkholderia species are saprophytic, 44 

Burkholderia pseudomallei is the causative agent of the disease melioidosis. Understanding the 45 

genomics and virulence of the closest relatives to B. pseudomallei (i.e., the other species within 46 

the Bpc) is important for identifying robust diagnostic targets specific to B. pseudomallei and 47 

understanding evolution of virulence in B. pseudomallei. Two proposed novel species, B. 48 

mayonis sp. nov. and B. savannae sp. nov., were isolated from soil samples collected from 49 

multiple locations in northern Australia. The two proposed species belong to the Bpc but are 50 

phylogenetically distinct from all other members of this complex. The addition of B. mayonis sp. 51 

nov. and B. savannae sp. nov. results in a total of eight species within this significant complex of 52 

bacteria that are available for future studies.   53 
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INTRODUCTION 54 

The genus Burkholderia was recently divided into Burkholderia sensu stricto, Paraburkholderia, 55 

Caballeronia, Robbsia, and Pararobbsia. Together, these taxonomic groups comprise over 100 56 

described species (http://www.bacterio.net/) that can have pathogenic, mutualistic, and/or 57 

commensal relationships with plants, animals, and/or humans (1-3). This division resulted in 58 

Burkholderia sensu stricto containing most of the opportunistic pathogens belonging to one of 59 

two groups of species: the Burkholderia pseudomallei complex (Bpc) and the Burkholderia 60 

cepacia complex (Bcc). New species are regularly described in Burkholderia sensu stricto (4-9), 61 

and the majority of species within it are naturally found in the environment, primarily in soil and 62 

water (10). 63 

Diverse niche adaptation is exhibited by members of the Bpc. B. pseudomallei has adapted to 64 

opportunistic pathogenicity, B. mallei to obligate pathogenicity, and B. thailandensis (11), B. 65 

oklahomensis (12), B. humptydooensis (13), and B. singularis (6) to environmental saprophytism 66 

with (except B. humptydooensis) occasional pathogenicity. B. pseudomallei is the causative agent 67 

of the serious human disease melioidosis and is commonly isolated from soil and water in 68 

endemic areas (14). B. mallei is a clone within B. pseudomallei that has undergone host adapted 69 

reductive niche specialization toward obligate pathogenicity in the form of the disease glanders 70 

(15). Given these niche differences, the ongoing study of the Bpc can provide insights into 71 

evolutionary mechanisms driving bacterial virulence and niche adaptation. Moreover, the 72 

classification of pathogenic members of the Bpc (B. pseudomallei and B. mallei) as U.S. Tier 1 73 

Select Agents due to their potential to be aerosolized and used as biowarfare agents (14, 16), and 74 

the suggestion that global melioidosis cases may be severely underestimated (17), means that 75 

closely related species are of great interest due to their potential for cross-reactivity in 76 
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diagnostic/detection technologies used across defense, health, and environmental applications. In 77 

addition, novel Burkholderia species are of significant interest to multiple scientific fields 78 

because previously described members of this genus, including members of the Bpc, have been 79 

shown to be important sources of new natural products (18, 19). 80 

In this study we propose the addition of two additional members of the Bpc: B. mayonis sp. 81 

nov. and B. savannae sp. nov. We used a polyphasic approach, including bioinformatic and 82 

biochemical analyses, to confirm that they are distinct species and to investigate their unique 83 

coding region sequences, as well as those shared with other members of the Bpc, to better 84 

understand diversification and evolution within this group. 85 

 86 

MATERIALS AND METHODS 87 

Strain isolation 88 

The two B. mayonis sp. nov. strains (BDU6T, BDU8) and the four B. savannae sp. nov. strains 89 

(MSMB266T, MSMB852, BDU18, BDU19) were all isolated from soil collected in tropical 90 

northern Australia (Table 1; Fig. S1). A subset of the strains (BDU6T, BDU8, BDU18, BDU19) 91 

was collected by James Cook University from a single soil sample collected from approximately 92 

30 cm depth on Badu Island, in the Torres Strait Islands, Queensland, Australia in late October 93 

2011, near the end of the dry season. The soil sample was moist, sandy, and collected less than a 94 

meter from stagnant water within an exposed root system of trees. Strains MSMB266T and 95 

MSMB852 were collected by investigators from the Menzies School of Health Research from 96 

two different locations in the tropical “Top End” of the Northern Territory, Australia in 2006 and 97 

2010, respectively. The BDU strains were recovered using a two-stage culture technique (20), 98 

and the MSMB strains were cultured from soil using standard Burkholderia culturing techniques 99 
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(21); all strains were presumptively identified as Burkholderia based upon colony morphology 100 

but confirmed to not be B. pseudomallei via PCR (22). The proposed novel species, B. mayonis 101 

sp. nov. and B. savannae sp. nov., were previously reported as putative species 2 and putative 102 

species 3, respectively, by Sahl et al (4) based upon a whole genome analysis.  103 

Bacterial growth and characteristics 104 

All strains were cultivated at temperatures of 25°C, 37°C, and 42°C for 24, 48, 72, and 96 hours 105 

on Ashdown’s selective agar, Columbia blood agar, MacConkey agar, and Luria-Bertani agar. 106 

Biochemical data were obtained for the two strains of B. mayonis sp. nov. (BDU6T and BDU8) 107 

and the four strains of B. savannae sp. nov. (MSMB266T, MSMB852, BDU18, BDU19) using 108 

the API 20NE and API Zym (bioMérieux) systems according to the manufacturer’s instructions. 109 

These data were compared to data generated for B. thailandensis strain E264T and B. 110 

oklahomensis strain C6786, as well as previous data generated for B. pseudomallei strain 111 

K96243 (23). MALDI-TOF MS analysis also was performed for all B. mayonis sp. nov. and B. 112 

savannae sp. nov. strains listed above (see text in the supplemental material for a detailed 113 

description of the methods). 114 

Antimicrobial susceptibility screening 115 

The minimum inhibitory concentration (MIC) was determined using the broth microdilution 116 

method in biological duplicate using 96-well microtiter custom Micronaut-S plates (Merlin, 117 

Bornheim-Hersel, Germany) following manufacturer instructions. In total, 20 antimicrobials 118 

were tested with a 2-fold serial dilution at the following concentrations: amoxicillin/clavulanic 119 

acid (4/2-128/64 mg/L), azithromycin (4-64 mg/L), carbenicillin (4-512 mg/L), ceftazidime (4–120 

128 mg/L), ceftazidime/avibactam (0.5/4-256/4 mg/L), chloramphenicol (4-128 mg/L), 121 

ciprofloxacin (0.5-16 mg/L), doripenem (0.5-16 mg/L), doxycycline (1-32 mg/L), gentamicin (2-122 
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64 mg/L), imipenem (1-32 mg/L), kanamycin (8-256 mg/L), meropenem (1-64 mg/L), 123 

piperacillin (8-256 mg/L), piperacillin/tazobactam (8-256/4 mg/L), polymyxin B (1-2048 mg/L), 124 

sulfamethoxazole (1-512 mg/L), tigecycline (0.25-32 mg/L), trimethoprim (1-32 mg/L), and 125 

trimethoprim/sulfamethoxazole (1/19-16/304 mg/L). Two broth and growth controls containing 126 

no antimicrobials were included on each plate and each strain was screened twice using 127 

biological duplicates on separate days. Briefly, for each strain individual colonies were mixed in 128 

3 mL of sterile saline solution (0.85% NaCl) to achieve a 0.5 McFarland Standard. The 129 

suspension (0.2 mL) was added to 20 mL of cation-adjusted Mueller-Hinton II broth (catalog 130 

number B12322; Fisher Scientific). Then 100 µL was added into each well for a particular strain, 131 

excluding the growth control wells. Plates were incubated at 37°C for 20 hours and then 132 

measured using an accuSkan FC plate spectrophotometer (Fisher Scientific) at a wavelength of 133 

620 nm. 134 

Virulence gene screening 135 

Peptide sequences for genes associated with bimA (BPSS1492), the type III secretion system 136 

(BPSS1390-BPSS1410), and the type VI secretion system 5 (BPSS0091-BPSS0117) were 137 

screened against all B. mayonis sp. nov. and B. savannae sp. nov. genomes (Table 1) with LS-138 

BSR v1.2.3 (24) in conjunction with tblastn v2.9.0 (25). The blast score ratio (BSR) (26) was 139 

calculated for each gene across each genome assembly. 140 

Virulence testing in mouse models 141 

The pathogenic potential of B. mayonis sp. nov. and B. savannae sp. nov. was investigated in 142 

silico by looking for the presence of three key virulence factors in B. pseudomallei: the type 5 143 

secretion system autotransporter (BimA), the type 3 secretion system (Bsa), and the type 6 144 

secretion system 5 (Hcp-1). B. mayonis sp. nov. strain BDU6T and B. savannae sp. nov. strain 145 
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  8 

MSMB266T were investigated in a BALB/c mouse model using methods previously reported 146 

(13); B. thailandensis strain E264T also was included as a comparison. Briefly, live culture was 147 

cultivated to logarithmic phase (OD620 ~ 1.0) in Luria-Bertani (LB) broth as previously described 148 

(27). Sterile 1xPBS was used to wash cells twice before making dilutions for injecting mice. 149 

Viability counts of the final inocula were made on LB agar plates. BALB/c mice 6–8-week-old 150 

in treatment groups of 5 mice per cage were utilized; food and water were provided ad libitum. 151 

All mice in a single cage received the same infectious dose (B. mayonis sp. nov.: 3.82x 104, 105, 152 

or 106 CFU; B. savannae sp. nov.: 0.92x 104, 105, or 106 CFU; B. thailandensis: 3.4x 104, 105, or 153 

106 CFU) via a single subcutaneous injection in the scruff of the neck. Mice were monitored 154 

daily for health status. All mice were euthanized on day 21 post-injection. This work was 155 

conducted under approved protocols from the Northern Arizona University’s Institutional 156 

Animal Care and Use Committee (Protocol 14-011) and the US Department of Defense’s Animal 157 

Care and Use Review Office (HDTRA1-12-C-0066_Wagner). 158 

16S rRNA gene analysis 159 

16S rRNA genes were extracted from genome assemblies for the two B. mayonis sp. nov. strains 160 

(BDU6T, BDU8) and the four B. savannae sp. nov. strains (MSMB266T, MSMB852, BDU18, 161 

BDU19) as previously described (11). We investigated the number of 16S rRNA operons present 162 

in the B. mayonis sp. nov. and B. savannae sp. nov. genomes using the publicly available rapid 163 

ribosomal RNA prediction tool barrnap v0.9 (https://github.com/tseemann/barrnap). A maximum 164 

likelihood phylogeny was inferred with IQ-TREE v2.0.3 (28) and the HKY+F+I substitution 165 

model (29) using 16S rRNA sequences, and was rooted with B. ubonensis. The number of 166 

pairwise SNPs between unique 16S rRNA gene copies was calculated with snp-dists v0.7.0 167 

(https://github.com/tseemann/snp-dists). 168 
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Genome assembly and core genome phylogeny 169 

Genomes for the two B. mayonis sp. nov. (BDU6T, BDU8) and four B. savannae sp. nov. 170 

(MSMB266T, MSMB852, BDU18, BDU19) strains were previously sequenced on the PacBio 171 

platform (4, 13). To construct the core genome phylogeny, assemblies were aligned against the 172 

genome of B. pseudomallei strain K96243 (GCA_000011545.1) (30) using NUCmer (31). The 173 

reference K96243 genome also was aligned against itself with NUCmer to identify duplicated 174 

regions, which were masked from subsequent analyses; these methods were wrapped by NASP 175 

v1.1.2  (32). A maximum-likelihood phylogeny was inferred from an alignment of 434,216 SNPs 176 

with IQ-TREE v1.6.10, using the TVM+F+ASC+R3 substitution model and 1,000 bootstrap 177 

replicates.  178 

Multi-locus sequence typing (MLST) 179 

Genes for the seven MSLT loci in the B. pseudomallei pubMLST typing scheme (15) were 180 

extracted in silico from the genomes of the two B. mayonis sp. nov. strains (BDU6T, BDU8) and 181 

the four B. savannae sp. nov. strains (MSMB266T, MSMB852, BDU18, BDU19) 182 

using blastn v2.5.0 (25). The seven genes in this MLST typing scheme are ace, gltB, gmhD, 183 

lepA, lipA, narK, and ndh. As of 21 June 2021, a total of 1,934 sequence types (STs) had been 184 

identified in B. pseudomallei and closely related species by MLST (http://pubmlst.org).  185 

Average nucleotide identity values and digital DNA-DNA hybridization 186 

Average nucleotide identity (ANI) and digital DNA-DNA hybridization (dDDH) were calculated 187 

using complete genome assemblies for B. mayonis sp. nov. strains BDU6T and BDU8 and B. 188 

savannae sp. nov strains MSMB266T and MSMB852, and genome assemblies with four contigs 189 

for B. savannae sp. nov. strains BDU18 and BDU19 (NCBI accession numbers listed in Table 190 

1). These assemblies were compared to genome assemblies (using complete genome assemblies 191 
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  10 

when available) of the following Bpc strains: B. humptydooensis MSMB43T, B. mallei ATCC 192 

23344T, B. oklahomensis C6786T, B. pseudomallei K96243, B. singularis MSMB175, and B. 193 

thailandensis E264T (NCBI accession numbers listed in Table 1).  194 

For ANI, all assemblies were uploaded to JSpecies WS and analyzed using the ANIb algorithm 195 

(33); the authors of JSpecies suggested that ANI values <95% suggest separate species. The 196 

digital DNA-DNA hybridization (dDDH) values were produced by the genome-to-genome 197 

distance calculator (GGDC), which correlates with values obtained by conventional DDH and 198 

also provides a confidence-interval estimation (34). Briefly, with this approach two strains are 199 

considered as belonging to different species if DNA-DNA relatedness between them is less than 200 

70%. The dDDH values were calculated using formula 2 in the GGDC, which summed the 201 

identities found in high-scoring segment pairs (HSP) and then divided the sums by the overall 202 

HSP length (34).  203 

Comparative genomics 204 

To better understand the composition of the genomes of the putative new species, annotated 205 

locus tags were obtained from GenBank for each genome. For both putative species, combined 206 

locus tags were de-replicated with cd-hit v4.8.1 (35) at an ID of 0.8 and the pan genome for each 207 

species was defined by the total number of cluster representatives. Unique locus tags were 208 

screened with LS-BSR v1.2.2 (24) against a set of 3,273 Burkholderia genome assemblies 209 

downloaded with the ncbi-genome-download tool (https://github.com/kblin/ncbi-genome-210 

download). Any locus with a blast score ratio (BSR) value (26) of <0.4 in all non-target genomes 211 

was identified to be unique to that species. The functional profile of each unique region was 212 

identified with eggnog mapper v2.0.1 (36) and regions suspected to contain phage sequence were 213 
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further classified using PHAST (37). The core genome for each putative species was 214 

distinguished by identifying coding regions with a BSR value of ≥0.8 across all target genomes. 215 

To understand the overlap of the B. pseudomallei core genome with other species in the Bpc, 216 

including B. mayonis sp. nov. and B. savannae sp. nov., a set of 1,744 B. pseudomallei genomes 217 

were annotated with Prokka v1.14.6 (38) and the pan-genome was calculated with Panaroo 218 

v1.2.3 (39). The amount of overlap was determined for a coding region if it had a BSR value 219 

≥0.8 in any genome from another species in the Bpc. 220 

RESULTS AND DISCUSSION 221 

Bacterial growth and characteristics 222 

Growth of both type strains, BDU6T (B. mayonis sp. nov.) and MSMB266T (B. savannae sp. 223 

nov.), was observed on all media types tested in plate format (Ashdown’s, Columbia Blood, 224 

MacConkey, and Luria-Bertani) after 24 hours when incubated at 25°C and 37°C, with the 225 

optimal growth for both strains observed at 37°C on all media types after at least 48 hours of 226 

incubation. Incubation at 25°C for at least 48 hours resulted in the optimal growth only on 227 

Columbia blood agar and for all other media types after at least 72 hours of incubation. Limited 228 

to no growth was observed at 42°C for all strains on the four media types. Colony morphology 229 

varied depending on media type (Fig. S2 and Fig. S3). Unless otherwise noted, Luria-Bertani 230 

agar was the medium used during various analyses and strains were stored long term in cryovials 231 

containing Luria-Bertani broth with 20% glycerol at -80°C.  232 

Biochemical differentiation of the type strain of B. mayonis sp. nov. (BDU6T) from its closest 233 

genetic near neighbor, B. oklahomensis (Figure 1), was observed in the inability of B. mayonis 234 

sp. nov. to hydrolyze esculin and assimilate arabinose. Biochemical differentiation of the type 235 

strain of B. savannae sp. nov. (MSMB266T) from B. oklahomensis was observed in the inability 236 
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  12 

of B. savannae sp. nov. to hydrolyze esculin and assimilate both arabinose and maltose. Type 237 

strains of all three of these species were positive for arginine, adipate, caprate, citrate, gelatin, 238 

gluconate, glucose, malate, mannitol, mannose, nitrate, N-acetylglucosamine, and phenylacetate. 239 

All three type strains were negative for glucose (acidification), tryptophan, urea, and PNPG 240 

(Table 2). 241 

Matrix-assisted laser-desorption/ionization time-of-flight mass spectrometry (MALDI-TOF 242 

MS) of the two B. mayonis sp. nov. and four B. savannae sp. nov. strains revealed that they 243 

cluster with other members of the Bpc and B. ubonensis. Within the MALDI-TOF MS cluster 244 

containing the species in the Bpc and B. ubonensis, the four Burkholderia savannae sp. nov. 245 

strains form a cluster separate from other species, whereas Burkholderia mayonis sp. nov. strains 246 

did not form a distinct cluster (Fig. S4). 247 

Antimicrobial susceptibility screening 248 

All six B. mayonis sp. nov. and B. savannae sp. nov. strains were susceptible in vitro to 249 

amoxicillin/clavulanate, ceftazidime, doxycycline, imipenem, and 250 

trimethoprim/sulfamethoxazole based on CLSI breakpoints for B. pseudomallei (M45) (40). All 251 

of these strains were susceptible in vitro to meropenem, and were susceptible or intermediate to 252 

chloramphenicol with the exception of BDU6T, which displayed resistance based on the CLSI 253 

breakpoints for B. cepacia complex (M100) (41). All minimal inhibitory concentrations (MICs) 254 

are reported in Table 3, including for other antimicrobials for which no breakpoints are 255 

established. 256 

Virulence screening 257 

Although none of the examined B. pseudomallei virulence genes were conserved in any of the B. 258 

mayonis sp. nov. or B. savannae sp. nov. genomes there was a homolog to the type VI secretion 259 
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system in the B. savannae sp. nov. genomes (Table S1). B. mayonis sp. nov. strain BDU6T, B. 260 

savannae sp. nov. strain MSMB266T, and B. thailandensis strain E264T did not cause mortality 261 

in any mice at any of the doses when delivered via the subcutaneous route, nor did any mice 262 

show outward signs of illness. In comparison, subcutaneous infections of fully virulent B. 263 

pseudomallei results in 50% mortality within 10 days at a dose of 103 CFU (42). It remains 264 

unknown if delivery via the inhalation route might increase the pathogenicity of these species; B. 265 

thailandensis E264T can cause high mortality in mice at doses of 104 - 106 CFU when delivered 266 

as an aerosol (27, 43, 44). The lack of mortality in mice suggests that B. mayonis sp. nov. and B. 267 

savannae sp. nov. are likely environmental saprophytes, similar to most other members of the 268 

Bpc. 269 

Genetic and genomic comparative analysis 270 

The 16S rRNA phylogeny revealed two novel clades for B. mayonis sp. nov. and B. savannae sp. 271 

nov. that were distinct from each other and from the other closely related Burkholderia species in 272 

the Bpc (Fig. S5). Similar to B. pseudomallei, B. thailandensis, B. humptydooensis, B. 273 

oklahomensis, and B. singularis (6), four rRNA operons are present in all examined B. mayonis 274 

sp. nov. and B. savannae sp. nov. strains with the exception of B. savannae sp. nov. strain 275 

BDU19, which has six rRNA operons. B. mayonis sp. nov. strains BDU6T and BDU8 and B. 276 

savannae sp. nov. MSMB266T each had two unique versions among the four copies of 16S 277 

rRNA, whereas the four copies within B. savannae sp. nov. strains MSMB852 and BDU18 and 278 

the six copies within BDU19 were all identical (Fig. S5). A pairwise similarity matrix shows the 279 

percent identity and number of SNPs between each of the unique16 rRNA sequences (Table S2). 280 

Briefly, within B. mayonis sp. nov. and B. savannae sp. nov. percent identity of the 16S rRNA 281 

sequences ranged from 99.1-99.9% (1-13 SNPs) and 99.7-100% (0-4 SNPs), respectively (Table 282 

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/a

em
 o

n 
10

 N
ov

em
be

r 
20

21
 b

y 
13

.2
10

.6
2.

19
3.



  14 

S2). The most closely related species to B. mayonis sp. nov. in the 16S rRNA phylogeny (Fig. 283 

S5) was B. thailandensis (strain E264), with a percent identity ranging from 99.1-99.9% (12-14 284 

SNPs; Table S2), depending on the B. mayonis sp. nov. strain. The most closely related species 285 

to B. savannae sp. nov. in the 16S rRNA phylogeny was B. mayonis sp. nov., with a percent 286 

identity ranging from 98.6-99.0% (16-21 SNPs; Table S2), depending on the strain (Fig. S5).  287 

Each strain in this study was assigned a distinct sequence type (ST) using the B. 288 

pseudomallei complex MLST system (Table 1), demonstrating the significant genetic diversity 289 

found within both species. This is especially the case considering that four of the strains (B. 290 

mayonis sp. nov., BDU6T and BDU8; B. savannae sp. nov., BDU18 and BDU19) were collected 291 

from the same single soil sample. Although BDU18 and BDU19 appear closely related on the 292 

core genome phylogeny (Figure 1), there are 4,962 SNPs separating these two isolates.  293 

Finished assemblies were completed for both B. mayonis sp. nov. strains (BDU6T and 294 

BDU8) and two of the four B. savannae sp. nov. strains (MSMB266T and MSMB852) using 295 

PacBio sequencing. The assemblies for B. mayonis sp. nov. strains BDU6T and BDU8 consist of 296 

two contigs, corresponding to the two chromosomes typical of Burkholderia spp.; the 297 

chromosomes 1 and 2 of BDU6T are 3,838,800 bp and 2,752,114 bp, respectively, whereas 298 

chromosomes 1 and 2 of BDU8 are 4,439,942 bp and 2,917,588 bp, respectively. The assemblies 299 

for B. savannae sp. nov. strains MSMB266T and MSMB852 consist of three contigs each, 300 

corresponding to two chromosomes and one plasmid each; chromosome 1, chromosome 2, and 301 

the plasmid of MSMB266T (pMSMB0266) are 4,228,278 bp, 2,824,254 bp, and 375,023 bp, 302 

respectively, whereas chromosome 1, chromosome 2, and the plasmid of MSMB852 303 

(pMSMB0852) are 4077888 bp, 2934072 bp, and 69213 bp, respectively. The PacBio assemblies 304 

for the other two B. savannae sp. nov. strains, BDU18 and BDU19, consist of four contigs each 305 
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consisting of contig sizes of 4,097,543 bp, 249,544 bp, 66,284 bp, and 2,746,170 bp for BDU18 306 

and 2,833,644 bp, and 2,161,131 bp, 1,648,896 bp, and 215,161 bp for BDU 19 (Table 1). The 307 

PacBio whole-genome sequence NCBI accession numbers for BDU6T are CP013386.1 for 308 

chromosome 1 and CP013387.1 for chromosome 2; and for MSMB266T are CP013417.1 for 309 

chromosome 1, CP013418.1 for chromosome 2, and CP013419.1 for pMSMB0266. The PacBio 310 

whole-genome assembly NCBI accession numbers for all strains are listed in Table 1. 311 

The core genome phylogeny revealed the phylogenetic positions of B. mayonis sp. nov. and 312 

B. savannae sp. nov. in relation to each other and to other species in the Bpc (Fig. 1). B. 313 

savannae sp. nov. forms a distinct clade that is separate from all other species in the Bpc. 314 

Although B. mayonis sp. nov. is most closely related to B. oklahomensis, it also forms a distinct 315 

and separate clade with >35,000 core genome SNPs separating it from B. oklahomensis.  316 

The ANI and dDDH values calculated among the B. mayonis sp. nov. and B. savannae sp. 317 

nov. strains, and between them and strains from other species in the Bpc, supports our proposal 318 

that the B. mayonis sp. nov. and B. savannae sp. nov. strains belong to their corresponding 319 

species and that B. mayonis sp. nov. and B. savannae sp. nov. are distinct from all other Bpc 320 

species. Although the two B. mayonis sp. nov. strains have a dDDH value of 68.5 ± 2.9, which is 321 

slightly below the similarity threshold defining members of the same species, the ANI value 322 

(95.63%) supports these two strains belonging to the same species. The amount of genetic 323 

diversity observed between these two B. mayonis sp. nov. strains is quite intriguing, especially 324 

given that both strains were collected from not only the same location but also the same soil 325 

sample. Isolating additional B. mayonis sp. nov. strains from soil collected in other locations will 326 

shed important new insights on overall levels of genetic diversity within this novel species. The 327 

ANI and dDDH values for the four B. savannae sp. nov. strains (ANI: 98.98% to 99.31%, 328 
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dDDH: 92.6 ± 1.8 to 93.5 ± 1.7; Table 4) clearly support that these strains are members of the 329 

same species. Collectively, ANI values above 95% and/or dDDH values above 70 indicate that 330 

each set of strains belongs to its corresponding single species, including the proposed B. mayonis 331 

sp. nov. type strains BDU6T and the proposed B. savannae sp. nov. type strain MSMB266T. As 332 

expected, ANI values between B. pseudomallei and its host-adapted clone, B. mallei, were 333 

>95%, as previously shown (4, 13, 15). However, the remaining ANI values <95% and dDDH 334 

values <70% indicate separate species for B. mayonis sp. nov., B. savannae sp. nov., and the 335 

other Bpc species, with ANI values ranging from 83.73% to 94.67% and dDDH values ranging 336 

from 29.3 ± 2.4 to 59.8 ± 2.8 (Table 4). This confirms that the B. mayonis sp. nov. strains 337 

comprise a distinct species from B. oklahomensis and the other species in the Bpc, as do the B. 338 

savannae sp. nov. strains. 339 

The sizes of the pan-genomes in B. mayonis sp. nov. and B. savannae sp. nov. were 7,460 340 

and 7,804 coding DNA sequences (CDSs), respectively, with core-genome sizes of 4,448 and 341 

5,435 CDSs, respectively. There were 223 CDSs within B. mayonis sp. nov. and 159 CDSs 342 

within B. savannae sp. nov. that share no close homolog to those within all other examined 343 

public Burkholderia genome assemblies (n=3,269). An analysis based on clusters of orthologous 344 

genes (COGs) identified the broad functional categories of some of these unique genes (Figure 345 

2), although the majority of CDSs could not be classified or the function was unknown. Many 346 

unique CDSs in both B. mayonis sp. nov. and B. savannae sp. nov. were identified in clusters. 347 

For example, a number of unique coding regions in a contiguous cluster were associated with 348 

phage (B. mayonis sp. nov., in strain BDU8 WS71_RS21930 to WS71_RS22315; B. savannae 349 

sp. nov., in strain BDU18 WS72_RS13230 to WS72_RS13570), suggesting these regions are 350 

mobile genetic elements associated with phage integration into the chromosome. Although other 351 
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phages have been associated with virulence in Burkholderia (45), the function of these particular 352 

phages is not known and could be the focus of future study. 353 

The ability to distinguish between B. mayonis sp. nov. or B. savannae sp. nov. and other 354 

commonly isolated species of the Bpc, such as B. pseudomallei and B. thailandensis, in 355 

environmental and, less likely, clinical samples is important. Obviously, this could be achieved 356 

via whole genome sequencing of isolates, but this often is not possible, particularly in developing 357 

areas of the world. Different colony morphologies on Ashdown’s agar should provide a clear 358 

distinction between these two novel species and B. pseudomallei and B. thailandensis but there 359 

could be morphological differences within species based on differences among strains, across 360 

geographic locations, and among different laboratories. Fortunately, distinguishing B. mayonis 361 

sp. nov. or B. savannae sp. nov. from other Burkholderia spp. can be achieved with biochemical 362 

tests. B. mayonis sp. nov. and B. savannae sp. nov. can be distinguished from B. pseudomallei 363 

with tryptophan and from B. thailandensis with arginine. Of course, the most definitive way to 364 

distinguish among any of the Bpc species would be to use whole genome sequencing (4) or 365 

species-specific PCR assays, if available. 366 

There are several reasons why members of the Bpc, including B. mayonis sp. nov. and B. 367 

savannae sp. nov., are of interest to the wider scientific community. The Bpc includes the U.S. 368 

Tier 1 Select Agents B. pseudomallei and B. mallei. Previously, we demonstrated the importance 369 

of including near-neighbor genomes when designing sensitive and specific diagnostics for B. 370 

pseudomallei (4, 46). B. mayonis sp. nov. and B. savannae sp. nov. share seven and 23 CDSs, 371 

respectively, with the B. pseudomallei core genome that are not shared by other species in the 372 

Bpc (Figure 3). Thus, the addition of genomes from these novel species further constrains CDSs 373 

in the B. pseudomallei core genome that can be used as diagnostic targets for that species and, as 374 
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such, the B. mayonis sp. nov. and B. savannae sp. nov. whole genome sequences provided here 375 

should be utilized when designing DNA-based assays specific for B. pseudomallei. Members of 376 

the Bpc, and Burkholderia species in general, also can be sources of novel natural products (18, 377 

19). Indeed, Burkholderia species have been demonstrated to be useful for bioremediation (47, 378 

48), biocontrol (49), and as potential sources of novel antibiotics (50). The detailed genomic data 379 

generated in this study, and the deposition of the type strains in public strain collections, will 380 

hopefully facilitate detailed bioprospecting studies of B. mayonis sp. nov. and B. savannae sp. 381 

nov. 382 

Description of Burkholderia mayonis sp. nov. 383 

Burkholderia mayonis sp. nov. (ma.yo’nis. N.L. gen. n. mayonis, pertaining to Mark Mayo, an 384 

experienced and highly respected Burkholderia scientist in Australia whose family is linked 385 

culturally to Badu Island, an island located in the Torres Strait archipelago of Queensland, 386 

Australia where the first group of members of this species was isolated). Mark Mayo was present 387 

on Badu Island when the strain was collected, and he serves as a mentor for local indigenous and 388 

non-indigenous scientists in northern Australia and elsewhere.  389 

The organism is Gram-negative, rod-shaped, and non-spore forming. Growth is observed at 390 

25°C and 37°C within 24 hours on Ashdown’s selective agar, Columbia blood agar, MacConkey 391 

agar, and Luria-Bertani agar. Optimal growth at 37°C for 48-72 hours and at 25°C for 72-96 392 

hours aerobically. No hemolysis on Columbia blood agar.  393 

Assimilation (API 20NE) was found for arginine, adipate, caprate, citrate, gluconate, 394 

glucose, malate, mannitol, mannose, nitrate, N-acetylglucosamine, and phenylacetate, whereas it 395 

is negative for arabinose, glucose (acidification), urea, 4-nitrophenyl-β D-galactopyranoside 396 
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(PNPG), and tryptophan. Gelatin is hydrolyzed. Assimilation of maltose and esculin hydrolysis 397 

is strain-dependent (Table 2).  398 

Positive (API ZYM) for acidic phosphatase, alkaline phosphatase, esterase, esterase lipase, 399 

lipase, leucine arylamidase, and naphthol-AS-BI-phosphohydrolase. Enzymes absent on API 400 

ZYM are trypsin, α-chymotrypsin, α- and β-galactosidase, β-glucuronidase, α- and β-401 

glucosidase, α-mannosidase, and α-frucosidase with inconsistent results for cystin arylamidase, 402 

N-acetyl-β-glucosaminidase, and valine arylamidase. This species is aerobic, oxidase positive, 403 

and catalase negative with no immediate bubbling. 404 

B. mayonis sp. nov. strains are resistant to gentamicin and polymyxin B, have resistance or 405 

immediate resistance to chloramphenicol, but are susceptible to amoxicillin/clavulanic acid, 406 

ceftazidime, doxycycline, imipenem, meropenem, and trimethoprim/sulfamethoxazole. 407 

The type strain is BDU6T, which has been deposited to the American Type Culture 408 

Collection as TSD-80 and the Belgian Co-ordinated Collections of Microorganisms as LMG 409 

29941. 410 

Description of Burkholderia savannae sp. nov. 411 

Burkholderia savannae sp. nov. (sa.van’nae. N.L. gen. n. savannae, of a savanna pertaining to 412 

grassy plains with scattered trees in tropical regions with distinct wet and dry seasons where the 413 

first group of members of this species was isolated).  414 

The organism is Gram-negative, rod-shaped, and non-spore forming. Growth is observed at 415 

25°C and 37°C within 24 hours on Ashdown’s selective agar, Columbia blood agar, MacConkey 416 

agar, and Luria-Bertani agar. Optimal growth at 37°C for 48-72 hours aerobically. No hemolysis 417 

on Columbia blood agar. Colony morphology varied between strains.  418 
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Assimilation (API 20NE) was found for arginine, adipate, caprate, citrate, gluconate, 419 

glucose, malate, mannitol, mannose, N-acetylglucosamine, and phenylacetate, whereas it is 420 

negative for glucose (acidification), urea, 4-nitrophenyl-β D-galactopyranoside (PNPG), and 421 

tryptophan. Hydrolysis of gelatin and esculin and the assimilation of arabinose, maltose, and 422 

nitrate are strain-dependent (Table 2).  423 

Positive (API ZYM) for acidic phosphatase, alkaline phosphatase, cystin arylamidase, 424 

esterase, esterase lipase, lipase, leucine arylamidase, naphthol-AS-BI-phosphohydrolase, and 425 

valine arylamidase. Enzymes absent on API ZYM are trypsin, α-chymotrypsin, α- and β-426 

galactosidase, β-glucuronidase, α- and β-glucosidase, α-mannosidase, and α-frucosidase, with 427 

inconsistent results for N-acetyl-β-glucosaminidase. This species is aerobic, oxidase positive, 428 

and catalase negative with no immediate bubbling. 429 

B. savannae sp. nov. strains are resistant to gentamicin and polymyxin B, but are susceptible 430 

to amoxicillin/clavulanic acid, ceftazidime, doxycycline, imipenem, meropenem, and 431 

trimethoprim/sulfamethoxazole; immediate resistance or susceptibility to chloramphenicol is 432 

strain dependent. 433 

The type strain is MSMB266T, which was deposited to the American Type Culture 434 

Collection as TSD-82 and the Belgian Co-ordinated Collections of Microorganisms as LMG 435 

29940. 436 
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Table 1. Whole-genome sequence, sequence type (ST), and epidemiology data for B. pseudomallei complex species, including B. 589 

mayonis sp. nov. and B. savannae sp. nov. Two chromosomes are present for all genomes and some also include a single plasmid. All 590 

B. mayonis sp. nov. and B. savannae sp. nov. strains originated from Australia, and all were isolated from soil. 591 

Species and 
strain 

GC 
content 
(%) 

Genome 
size 
(Mb) 

No. of 
CDSd 

NCBI assembly 
accession 
number STf 

Region of 
isolation or 
country Year Originating lab 

B. mayonis sp. 
nov. BDU6T                         

66.25 6.6a 5,672 ASM152374v2 e 1003 Badu Island 
QLD 2011 James Cook 

University 
B. mayonis sp. 
nov. BDU8           

66.47 7.4a 6,368 ASM152263v2 e 962 Badu Island 
QLD 2011 James Cook 

University 
B. savannae sp. 
nov. 
MSMB266T                        

67.05 7.4a,c 6,408 ASM152444v2 e 646 Acacia Hills NT 2006 Menzies School of 
Health and Research 

B. savannae sp. 
nov. MSMB852     

67.32 7.1a,c 6,024 ASM152462v2 e 1773 Robin Falls NT 2010 Menzies School of 
Health and Research 

B. savannae sp. 
nov. BDU18 

67.25 7.2b 6,056 ASM154691v1 963 Badu Island 
QLD 2011 James Cook 

University 
B. savannae sp. 
nov. BDU19 

67.49 6.9b 5,785 ASM154695v1 964 Badu Island 
QLD 2011 James Cook 

University 

B. singularis 
MSMB175          

64.80 5.7 4,715 ASM171887v1e n/a Australia 2004 Menzies School of 
Health and Research 

B. 
humptydooensis 
MSMB43 

67.14 7.3c 6,324 ASM151374v1e 318 Australia 1995 Menzies School of 
Health and Research 

B. thailandensis  
E264 

67.60 6.7 5,652 ASM1236v1e 80 Thailand 1994 n/a external genome 

B. oklahomensis 
C6786 

66.90 7.1 6,097 ASM17037v1 81 United States 1973 n/a external genome 

B. pseudomallei 
K96243 

68.05 7.2 5,948 ASM1154v1e 10 Thailand 1998 n/a external genome 
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B. mallei  
ATCC 23344 

68.50 5.8 5,006 ASM1170v1 40 Burma 1944 n/a external genome 

a PacBio sequencing from this study resulting in a complete genome. 592 

b PacBio sequencing from this study resulting in four contigs. 593 

c One plasmid present. 594 

d CDS = coding DNA sequences 595 

e Complete genome assembly available from NCBI. 596 

f Based on the B. pseudomallei MLST (https://pubmlst.org).  597 
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Table 2. Differential phenotypic characteristics of strains of B. mayonis sp. nov., B. savannae sp. nov., as well as representative 598 

strains from closely related species within the B. pseudomallei complex. Species: Bp, Burkholderia pseudomallei; Bt, B. thailandensis; 599 

Bo, B. oklahomensis; Bm, B. mayonis sp. nov.; Bs, B. savannae sp. nov.. +, positive reaction; -, negative reaction. All strains were 600 

positive for the assimilation of adipate, caprate, citrate, gluconate, glucose, malate, mannitol, mannose, N-acetylglucosamine, and 601 

phenylacetate; and all strains were negative for glucose (acidification), urea, and PNPG (these data not shown). 602 

 Characteristic (compound present in medium or assimilated by strain) 

Biochemical reaction 

Bp* 

K96243 

Bt 

E264 

Bo 

C6786 

Bm 

BDU6T 

Bm 

BDU8 

Bs 

MSMB266T 

Bs 

MSMB852 

Bs 

BDU18 

Bs 

BDU19 

Nitrate + + + + + + + - + 

Tryptophan + - - - - - - - - 

Arginine + - + + + + + + + 

Esculin - + + - + - - - + 

Gelatin + + + + + + - + + 

Arabinose assimilation - + + - - - + - - 

Maltose assimilation - + + + - - + - - 

* Data obtained from a previous study (23).      

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/a

em
 o

n 
10

 N
ov

em
be

r 
20

21
 b

y 
13

.2
10

.6
2.

19
3.



  28 

Table 3. Summary of minimal inhibitory concentrations (MICs) of antimicrobials determined in duplicate by the microdilution 603 

method for B. mayonis sp. nov. (Bm) and B. savannae sp. nov. (Bs).  604 

   MIC (mg/liter)         

Antimicrobial substance 

Resistance 

breakpoint 

(mg/liter) if 

available 

Bm 

BDU6T 

Bm 

BDU8 

Bs 

MSMB266T 

Bs 

MSMB852 

Bs 

BDU18 

Bs 

BDU19 

Amoxicillin/clavulanic acid1 ≥32/16 (40) 8/4 ≤4/2 8/4 8/4 8/4 8/4 

Azithromycin  >64 >64 >64 >64 >64 >64 

Carbenicillin  128 64 64 32 64 64 

Ceftazidime ≥32 (40) ≤4 ≤4 ≤4 ≤4 ≤4 ≤4 

Ceftazidime/avibactam2   4/4 1/4 ≤0.5/4 ≤0.5/4 ≤0.5/4 ≤0.5/4 

Chloramphenicol ≥32 (41) 32 16 8 16 8 16 

Ciprofloxacin  2 ≤0.5 ≤0.5 ≤0.5 1 1 

Doripenem  ≤0.5 ≤0.5 ≤0.5 ≤0.5 ≤0.5 ≤0.5 

Doxycycline ≥16 (40) ≤1 ≤1 ≤1 ≤1 ≤1 ≤1 

Gentamicin  32 >64 32 32 64 64 

Imipenem ≥16 (40) ≤1 ≤1 ≤1 ≤1 ≤1 ≤1 
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Kanamycin  16 32 16 16 16 32 

Meropenem ≥16 (41) ≤1 ≤1 ≤1 ≤1 ≤1 ≤1 

Piperacillin  ≤8 ≤8 ≤8 ≤8 ≤8 ≤8 

Piperacillin/tazobactam  ≤8/4 ≤8/4 ≤8/4 ≤8/4 ≤8/4 ≤8/4 

Polymyxin B  512 >2048 512 >2048 >2048 >2048 

Sulfamethoxazole  >512 256 >512 >512 >512 >512 

Tigecycline  1 0.5 2 1 1 1 

Trimethoprim  4 4 2 ≤1 4 2 

Trimethoprim/sulfamethoxazole ≥4/76 (40) 2/38 ≤1/19 ≤1/19 ≤1/19 ≤1/19 ≤1/19 

 605 

1
 For amoxicillin/clavulanic acid, clavulanic acid was maintained at 4 µg/ml in all wells. 606 

2
 For ceftazidime/avibactam, avibactam was maintained at 4 µg/ml in all wells.  607 
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Table 4. ANI and dDDH values for whole-genome sequences similarities. Assemblies used for analyses are listed in Table 1. Species: 608 

Bma, B. mallei; Bp, Burkholderia pseudomallei; Bt, B. thailandensis; Bo, B. oklahomensis; Bh, B. humptydooensis; Bm, B. mayonis 609 

sp. nov.; Bs, B. savannae sp. nov.; Bsi, B. singularis. 610 

  ANIb or dDDH value for comparison with genome ofa:           

Species and 
strain 

Bma 
ATCC 
23344T 

Bp 

K96243 
Bt 

E264 
Bo 

C6786 
Bh 

MSMB 
43T 

Bm 
BDU8 

Bm 
BDU6T 

Bs 
MSMB 

266T 

Bs 
MSMB 

852 

Bs 
BDU18 

Bs 
BDU19 

Bsi 
MSMB 

175 

Bma ATCC 
23344T   92.7 ± 

1.8 
48 ± 
2.6 

42.6 ± 
2.6 

50.2 ± 
2.7 

40.9 
± 2.5 

41 ± 
2.5 

42.6 ± 
2.5 

42.6 ± 
2.6 

42.6 ± 
2.5 

42.6 ± 
2.5 

30.4 ± 
2.5 

Bp  
K96243 98.09   47.2 

± 2.6 
40.1 ± 

2.5 
48.6 ± 

2.6 
38.8 
± 2.5 

39.5 ± 
2.5 

40.1 ± 
2.5 

40.4 ± 
2.5 

40.3 ± 
2.5 

40.5 ± 
2.5 

29.3 ± 
2.4 

Bt  
E264T 91.54 92.17   42.9 ± 

2.6 
52.9 ± 

2.7 
41.9 
± 2.6 

41.8 ± 
2.5 

43.6 ± 
2.5 

43.6 ± 
2.6 

43.5 ± 
2.6 

43.6 ± 
2.6 

30.4 ± 
2.5 

Bo C6786T 89.42 89.61 89.78   43.5 ± 
2.6 

59.8 
± 2.8 

59.1 ± 
2.8 

42.8 ± 
2.6 

43.1 ± 
2.6 

42.9 ± 
2.6 

43.1 ± 
2.6 

30.1 ± 
2.5 

Bh 
MSMB43T 91.44 91.92 92.22 90.53   42.3 

± 2.6 
42.4 ± 

2.6 
44.2 ± 

2.5 
44.5 ± 

2.6 
44.7 ± 

2.6 
44.4 ± 

2.6 
29.8 ± 

2.5 
Bm  
BDU8 89.04 89.23 89.47 94.67 90.17   68.5 ± 

2.9 
41.8 ± 

2.6 
41.7 ± 

2.5 
41.5 ± 

2.5 
41.6 ± 

2.6 
29.5 ± 

2.5 
Bm  
BDU6T 89.15 89.47 89.77 94.50 90.32 95.63   41.9 ± 

2.6 
41.9 ± 

2.5 
41.7 ± 

2.5 
41.9 ± 

2.6 
29.4 ± 

2.5 
Bs 
MSMB266T 89.82 89.97 90.31 90.88 90.86 90.64 90.45   92.6 ± 

1.8 
92.8 ± 

1.8 
93 ± 
1.75 

29.5 ± 
2.5 

Bs 
MSMB852 89.94 90.20 90.66 91.18 91.06 90.75 90.65 99.06   92.8 ± 

1.8 
92.7 ± 

1.8 
29.6 ± 

2.5 
Bs  
BDU18 89.81 90.00 90.36 91.05 91.03 90.63 90.46 99.02 98.98   93.5 ± 

1.7 
29.6 ± 

2.5 
Bs  
BDU19 89.98 90.25 90.73 91.25 91.19 90.83 90.67 99.25 99.31 99.31   29.6 ± 

2.5 
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Bsi 
MSMB175 83.73 83.84 84.13 84.32 84.64 84.25 84.34 84.13 84.23 84.22 84.22   

 611 

a Average nucleotide identity (ANIb) are shown in the bottom left half of the matrix (below the line of identity, i.e., the line formed by blank cells 612 

for comparison of strains with themselves); digital DNA-DNA hybridization (dDDH) (with confidence intervals) are shown in the top right half of 613 

the matrix. Values in shaded boxes represent values above the similarity threshold that defines members of the same species. 614 

 615 
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Figure 1. Core genome phylogeny of 66 strains (Table S3) in the B. pseudomallei complex, 616 

including two B. mayonis sp. nov. strains and four B. savannae sp. nov. strains. This maximum-617 

likelihood phylogeny was created using core genome SNPs shared by all strains and rooted on B. 618 

ubonensis strain MSMB22 as an outgroup. Bold numbers at nodes indicate bootstrap support 619 

values and non-bolded numbers indicate the number of core SNPs defining that node. Collapsed 620 

nodes are shown in gray. The type strains are reflected with a T superscript in the strain name.  621 

 622 

Figure 2. Cluster of orthologous genes (COG) classifications (n=18) of unique coding DNA 623 

sequences (CDSs) in B. savannae sp. nov. strains (n=97 unique CDSs) and B. mayonis sp. nov. 624 

strains (n=149 unique CDSs), including some unique CDSs that have no homolog, 31 in B. 625 

savannae sp. nov. and 42 in B. mayonis sp. nov., which are assigned to the “unknown” category. 626 

The COG categories are as follows with the number of unique CDSs for B. savannae sp. nov. 627 

and B. mayonis sp. nov. listed respectively after each COG category: C) energy production and 628 

conversion (5; 0), D) cell cycle control and mitosis (1; 3), E) amino acid metabolism and 629 

transport (6; 2), F) nucleotide metabolisms and transport (1; 1), G) carbohydrate metabolism and 630 

transport (4; 9), H) coenzyme metabolism (2; 0), I) lipid metabolism (1; 5), J) translation (1; 1), 631 

K) transcription (11; 7), L) replication, recombination and repair (6; 12), M) cell 632 

wall/membrane/envelop biogenesis (2; 11), P) inorganic ion transport and metabolism (2; 3), Q) 633 

secondary structure (4; 13), S) function unknown (16; 34), T) signal transduction (0; 1), U) 634 

intracellular trafficking and secretion (2; 2), V) defense mechanisms (2; 3). All classifications 635 

were performed with the eggnog-mapper.  636 

 637 

Figure 3. Overlap of the B. pseudomallei core genome (n=4,452 CDSs) with pan-genomes from 638 

other species in the B. pseudomallei complex (Bpc). Included B. pseudomallei CDSs have a blast 639 
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score ratio (BSR) value >0.8 in at least one genome from the near-neighbor species. Gray 640 

regions for each bar represent CDSs that are uniquely covered by at least one genome from that 641 

species; the number at the end of the bar corresponds to these CDSs. Black bars represent B. 642 

pseudomallei core CDSs found in the indicated species and other species in the Bpc.  643 
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