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Analysis of fine-scale phylogeny
of Burkholderia pseudomallei

in relation to regional geography
and drug susceptibility in Thailand
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Melioidosis caused by Burkholderia pseudomallei (Bp) is a public health threat. Genomic-epidemiology
research on this deadly disease is scarce. We investigated whole-genome sequences of Bp isolates in
relation to environmental source and drug susceptibility. In total, 563 Bp isolates were collected from
11 Northeast Thai provinces during the period 2004-2021. Patients (n=530 isolates), infected animals
(n=8), and environmental sources (n=25) provided samples. Phylogenetic analysis revealed genetic
diversity among the Bp isolates, including numerous well-supported clusters of varying sizes. Through
in-depth analysis of 38 monophyletic clades (MCs), we found eleven associated with province of origin
(p-value <0.001). Closely related clusters (CRCs) within MCs resembled MLST-identified “sequence
types” (STs). We found 102 known and 52 novel STs. ST-70 was the most prevalent in this area (n=78;
13.85%). Sample type (human/environmental) and sampling time intervals were not correlated with
genetic distance among clonal Bp isolates. Some members of 12 CRCs had acquired resistance to
co-trimoxazole and one against amoxicillin-clavulanic acid. Within Northeast Thailand, there is an
association between Bp genotype and geographical origin.

Keywords Next-generation sequencing, Whole-genome sequencing, Burkholderia pseudomallei, Genetic
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Melioidosis is a significant public health concern, particularly in the northeastern region of Thailand where it
is endemic% Infection with Burkholderia pseudomallei (Bp) causes this disease. In Thailand, approximately
4000-5000 patients are diagnosed annually with melioidosis’. According to a 2016 report by the Thai Bureau
of Epidemiology, melioidosis has the highest mortality rate (up to 40%) of all infectious diseases in Thailand,
including dengue, malaria, and leptospirosis>*. Burkholderia pseudomallei is a saprophytic bacterium that resides
in the environment"??, particularly on the surface of soil, or at depths of up to 10 cm, as well as in water?.
Infection can be acquired via the respiratory system, the epidermis, and the digestive system and may involve any
organ, including the skin, liver, lungs and even the bloodstream. Patients may have a fever and acute pulmonary
symptoms. The United States Centers for Disease Control and Prevention (CDC) regards this pathogen as a
potential biological weapon?. Despite its severity and the fact that the disease is preventable, melioidosis has
been neglected by health policy makers®’. As a consequence, epidemiological and drug-resistance data for Bp
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are limited, affecting control and treatment efforts. Approximately 6.7-8.3 million USD per year is consumed
for melioidosis treatment and management in Thailand alone*.

Humans most at risk of infection with Bp are those whose occupations expose them to soil and water® and
notably agricultural workers, especially farmers®. Northeast Thailand is a predominantly agricultural region.
Nonetheless, there is little information regarding the prevalence and distribution of Bp in this region. Moreover,
Bp has intrinsic resistance to many kinds of antibiotics including penicillin, ampicillin, and first- and second-
generation cephalosporins, macrolides, rifamycin, colistin, and aminoglycoside. The drugs suitable for patient
treatment in Thailand are few but include ceftazidime (CAZ) which is the first-line drug, meropenem (MEM),
imipenem (IPM), trimethoprim-sulfamethoxazole or co-trimoxazole (SXT), and amoxicillin-clavulanic acid
(AMC)3’9’10.

Whole-genome sequencing (WGS) is a high-resolution tool that can generate comprehensive genomic
data with application to numerous research questions. WGS analysis has been used to trace the origin of Bp
infection from patient samples and environmental sources'!, document genetic diversity'?, and investigate the
mechanisms of drug resistance’. WGS data, that might throw light on the relationship between the bacterium
and its geography, patterns of drug resistance and site of infection, are few in Thailand'*'*. This study aims to
investigate the genomic diversity and relationships among Bp isolates from human, animal, and environmental
samples collected in Northeast Thailand. The association between each sample and its source (human/animal/
environmental), province of origin, and drug-resistance status were investigated using WGS. A phylogenetic
tree was constructed and used as the basis for further analyses. We examined the relationship between drug
susceptibility of an isolate and its clustering position in the tree.

Results

Characteristics of the samples

Of the 563 Bp isolates included in this study, 530 (94.14%) were from human cases, 8 (1.42%) from animals, 3
(0.53%) from water and 22 (3.91%) from soil samples. These samples were collected between 2004 and 2021,
covering eleven of the twenty provinces in Northeast Thailand (Fig. 1). Khon Kaen Province yielded the most
samples (n=295, 52.77%), followed by Nong Khai (n=>58, 10.38%) and Nakhon Ratchasima (n=48, 8.55%).
Among the 563 isolates, a total of 102 known sequence types (STs) were found (Supplementary Table 1) as well
as 52 novel STs (Supplementary Table 2). The most prevalent ST was ST-70 (n =78 isolates), followed by ST-10
(n=31) and ST-34 (n=23).
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Fig. 1. Geographical location of the study region in Northeast Thailand and collection sites of Burkholderia
pseudomallei isolates (n=563) used. (A) Location of Northeast Thailand, indicating provinces from which
samples were obtained and (B) expanded view of the study region with number of samples from each province
indicated by level of color shading. Numbers in the figure represent the name of each province; 1 Nong Khai,

2 Nakhon Phanom, 3 Mukdahan, 4 Amnat Charoen, 5 Ubon Ratchathani, 6 Sisaket, 7 Buri Ram, 8 Nakhon
Ratchasima, 9 Chaiyaphum, 10 Khon Kaen, and 11 Maha Sarakham.
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Types of samples (human/environmental) and sampling time intervals were not associated
with genetic distances among Bp isolates within individual patients or soil collection sites

The SNP-distance analysis was done using the isolates of Bp taken serially from individual patients or soil sites
as same-clone controls. There were 35 control sets (94 isolates) of which 31 (83 isolates) were from patients and
4 (11 isolates) were from soil samples. The number of isolates in each series ranged from two to nine. Pairwise
difference among members of a same-clone set never exceeded six SNPs (of the 122,010 SNPs used in the
phylogenetic analysis) (Supplementary Tables 3-4). We therefore set six as the maximum allowed number of
differences in assigning isolates (other than the control sets) to closely related clusters (CRCs). There was no
significant difference in SNP variation within each control set when sampling interval and genetic distance were
evaluated (p-value=0.7224), and type (human subdivided into anatomical/pathological source of sample, soil)
of sample (p-value=0.5673) (Fig. 2A,B).

Geographical association of Bp clusters
The phylogenetic tree is shown in Fig. 3 and illustrates the substantial diversity among genomes of the sampled
isolates.

Approximately one-third of the Bp isolates (n=198/563, 35.17%) fell into 38 monophyletic clades (MCs)
based on members differing by a maximum of 76 SNPs (the SNP cutoff that was significantly different relative
to the total dataset; p-value <0.001). In addition, all MCs were supported by bootstrap values of 100%, with the
exception of one, which had 95% support. Each MC contained from 2 to 18 members. Most MCs contained
isolates of a single sequence type. Three MCs (indicated by orange arrows in Fig. 4A) were only found in blood
samples (p-value=0.0001). We have also identified 11 MCs associated with particular provinces (Fig. 4, panels
B-L) (p-value <0.001).

Excluding the 94 serial same-clone control isolates there was a total of 68 closely related clusters (CRCs)
(containing 175/469 isolates, 47.78%) nested within 22 of the 38 MCs (based on a maximum of six SNPs
difference among isolates). Thus, it is possible that many of these CRCs represent a single clone sampled several
times and at time intervals ranging from 6 days to 17 years. Each CRC included from 2 to 10 isolates (Fig. 5)
and all isolates within a CRC shared the same sequence type (ST). Two sets of serial controls formed a single
CRC (CRC55, purple). Nearly half of the CRCs (32/68 CRCs, 72/469 isolates) showed a significant geographical
association, members of each all originating from the same province (p-value=0.0001).
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Fig. 2. Analysis of types (sources) of samples plotted against sampling time intervals within individual patients,
soil collection sites and closely related clusters (CRCs) of Burkholderia pseudomallei. (A-B) Box plots represent
genetic distance, sampling time intervals, and types of samples (animal, human subdivided into anatomical/
pathological source of sample, soil, water). Analysis of the same type (A) or different type of samples (B) of

the same-clone control isolates (35 sets comprising 94 isolates). There was no significant association between
the SNP differences and sample type or time interval between serial isolates. (C) Box plots represent genetic
distance and sampling time intervals within CRCs: again, no significant association between these was found.
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Fig. 3. Phylogenetic analysis of Burkholderia pseudomallei isolates. Phylogenetic tree of 563 samples showing
province of origin, source (human/animal/environmental), type/source of specimens (animal, human
subdivided into anatomical/pathological source of sample, soil, water) and results of drug-resistance tests (where
applicable) for each isolate. Burkholderia thailandensis was used as an outgroup (SRR1609233). All branch
lengths are proportional to the corresponding SNP distances.

There were 18/68 CRCs (39/469 isolates, 8.32%) in which all members were exclusively found from a single
type of sample (type of sample includes source and/or infection site). Ten of these CRCs (n=10/18; 55.56%)
contained only isolates from blood samples. These ten CRCs (23 isolates) were significantly different in terms of
SNP distances from isolates from blood elsewhere on the tree (n=88) (p-value=0.0011). A further eight CRCs
contained only isolates from a single type of sample, including pus (n=>5/18, 27.79%), sputum (n=1/18, 5.55%),
body fluid (n=1/18, 5.55%) and animal (n=1/18, 5.55%).

We also analyzed the genetic distance and time interval of samples among CRCs. Regardless of sampling
intervals between isolates within a CRC (up to 17 years, but mostly within a single year), pairwise differences
never exceeded 6 SNPs (p-value =0.2995) (Fig. 2C and Supplementary table 6).

Phenotypic drug resistance and genetic diversity of Bp strains

Out of the 563 isolates, at least one DST result was available for 218 isolates (38.72%). In four MCs, all members
were resistant to a specific drug. Three of these MCs (n =6 isolates) were associated with SXT resistance (MC2,
MC10 and MC32) (Fig. 4, panels A-L). However, no significant association (p-value=0.2881) was observed
overall between MCs and DST patterns.

Among the 17 CRCs with SXT-resistant members, all tested members of four (n=10 isolates from CRC37,
CRC53, CRC54 and CRC69) were resistant to SXT. Additionally, two CRCs (two isolates each from CRC3 and
CRC44) showed resistance to CAZ (Fig. 5). However, no significant association (p-value=0.2267) was observed
overall between CRCs and DST patterns. DST analysis of CRCs revealed 12 CRCs with acquired resistance; 11
CRC:s for SXT and one CRC for AMC (Supplementary table 6).

Analysis of STs in relation to DSTs revealed that all members (n =56 isolates) representing 31 STs were
resistant to trimethoprim-sulfamethoxazole (SXT) (Supplementary table 7). One ST, ST-177 (n=2 isolates),
consisted of Bp strains resistant to ceftazidime (CAZ) but to no other drug. Because of the rather limited number
of STs in which drug resistance was found, we were unable to reach strong conclusions about any association
between ST and resistance (Table 1 and Supplementary table 7).
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Fig. 4. Distribution of monophyletic clades (MCs) in the phylogenetic tree. (A) Thirty-eight monophyletic
clades (numbered MC1-MC38) in the phylogenetic tree identified by colored radial bars, (B-L) Geographical
distribution (by province) of 38 MCs divided among 11 phylomaps. Orange arrows indicate MCs isolated
only from blood samples. Green arrows indicate MCs associated with SXT resistance. All branch lengths are
proportional to the corresponding SNP distances.

Among the 11 provinces sampled, AMC resistance was mostly found in Buri Ram (n =5 isolates; 100% of
isolates found to have resistance to any drug in that province), CAZ resistance in Ubon Ratchathani (n=4; 100%),
SXT resistance in Nong Khai (n=58; 49.15%). No isolates resistant to IPM were found. For seven provinces,
there were significant correlations between geographical location (province) and drug resistance (p-value <0.001)
(Supplementary table 5).

Discussion

The SNP-based phylogenetic tree of all isolates demonstrated a high genetic diversity, with a total of 154 STs in
our studied population. We used highly stringent analysis to obtain 122,010 high-confidence SNPs from the 563
Thai Bp strains, compared with 320,000 SNPs from 1654 strains, or 469 strains collected among countries in
other studies'>'¢. The lower number of SNPs in our study was supported by the internal controls of serial isolates
from the same patient. The higher number of SNPs found by previous studies might be explained by the greater
number of Bp strains used or by application of lower stringency in identifying SNPs.

We analyzed Bp control strains derived from the same clone isolated serially from the same patient or the same
soil site (50-m radius). The type of sample and the sampling interval (up to 16 days following the first sampling)
were not associated with the number of SNPs differing among serial samples. This indicates that the genome
within a clone of Bp is stable for at least a few weeks within a single patient or a small area of soil surface. The SNP
cutoff values (< 6) obtained from the same-clone controls therefore give us confidence that our CRCs represent
clonal lineages. Apart from serial control samples, we also analyzed the collection time intervals of isolates in the
same CRC, ranging from 6 days to 17 years. The number of SNP differences was not associated with the sampling
time interval in the CRCs. Although most isolates within a CRC were collected within the same year, some had
members that were isolated more than 3 years apart. This might be explained by CRC members originating as
independent human infections from the same environmental clone at different times. Clones persisting in the
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Fig. 5. Distribution of closely related clusters (CRCs). (A) A total of 103 CRCs are identified by colored radial
bars, (B-K) Geographical distribution of each CRC. In our study, 31 same-clone serial control sets (the same
clone sampled from patients at different time points) comprising 83 samples were used; alternating (for visual
contrast) dark- and light-blue bars indicate clusters exclusively containing serial same-clone controls, similarly,
dark- and light-purple bars indicate serial same-clone controls along with other Bp isolates, the pink bar
indicates a mixture of serial same-clone controls and a CRC (CRC55), red and light-red bars indicate sample
CRCs, and the gray bar indicates a CRC (CRC54 in G) sampled in more than one province. All branch lengths
are proportional to the corresponding SNP distances.

Scientific Reports |  (2024) 14:19961 | https://doi.org/10.1038/s41598-024-70558-5 nature portfolio



www.nature.com/scientificreports/

Factors AMC CAZ IPM SXT
. 214 218 139 214
Available DST data (8=209, R=5)* | (S=214,R=4) (All susceptible) | (S=96, R=118)
ST512 (n=15) | ST70 (n=23) ST70 (n=17) ST34 (n=7)
ST10 (n=13) ST512 (n=15) ST512 (n=15) ST492 (n=4)
Top 5 STs found only in susceptible isolates ST54 (n=8) ST306 (n=14) ST306 (n=10) ST298 (n=3)
ST34 (n=7) ST10 (n=13) ST54 (n=7) ST498 (n=2)
ST167 (n=7) | ST54 (n=8) ST34 (n=7) ST500 (n=2)
ST167 (n=7)
ST93 (n=5)
Top 5 STs found only in resistant isolates No STs found Only ST177 (n=2) | No STs found ST520 (n=3)
ST203 (n=3)
ST511 (n=3)

Table 1. Drug-susceptibility test results and sequence type (ST) of relevant isolates. *S sensitive and Rresistant.

environment are likely to accumulate mutations slowly because of the lack of strong selection pressure in their
typical environment, coupled with low replication rates. This view is supported by a previous study reporting
that two environmental isolates collected 17 years apart had only 2 SNP differences'?. Another study reported
identical Bp strains collected 8 years apart!’.

Our analysis using many SNPs yielded far better phylogenetic resolution than would a tree constructed only
using ST data. Nevertheless, each CRC in our study represented a single ST, but a particular ST could be shared
with other CRCs. ST analysis is the most common approach used to determine and describe strains of Bp'®', so
we will focus on STs for comparison with other studies. ST-70 was the most common ST in Northeast Thailand
(n=78 isolates), followed by ST-10 (n=31) and ST-34 (n=23). This result is consistent with high levels of diversity
reported in previous studies, with 35 different STs among 135 northern Australian isolates'® and 43 STs among
84 clinical isolates in Sri Lanka®. The most prevalent STs reported from Australia and Sri Lanka were ST-36 and
ST-1137, respectively, whereas in our study, ST-70 predominated. This finding indicates that genetic variants of
Bp can be associated with the geographical location. There are 2,066 STs listed in the MLST database for Bp*!,
and we found an additional 52 novel STs in this study, indicating the high genetic diversity of Bp in our region.

From the phylogenetic analysis, 38 MCs were found. Thirteen MCs were significantly associated with single
provinces, and one was associated only with soil isolates. Previous studies have reported that the same strains of
Bp (based on WGS and ST analysis) can be found within a radius of 50 km, especially in flood-prone areas'>'s.
The fact that we found 13 MCs that were significantly associated with single provinces could in part be due to
the low occurrence of flooding in our region®.

Cluster analysis of bacterial isolates in this study identified 103 distinct CRCs comprising 269 isolates. Almost
half of these CRCs contained isolates from the same province, predominantly originating from human infections
(Fig. 5). This suggests a connection between clusters of human infections and local environmental strains,
as human-to-human transmission has not been confirmed. However, transmission from sources other than
the environment cannot be ruled out. Intriguingly, 36 CRCs included isolates from more than one province,
potentially explained by the dispersal of Bp clones through mechanical means (e.g. dispersal along water courses,
transportation of plants and soil for agricultural purposes or on birds’ feet), leading to infections by the same
clone in patients from different provinces. Furthermore, workers carrying the disease may migrate between
provinces. Migration is common in Northeast Thailand, where agricultural workers grow rice during the wet
season (an activity that can lead to infection) and then work in other provinces for the rest of the year. Previous
studies!>?>? have reported geographically specific alleles and STs associated with specific regions, consistent
with our findings. While clonal infection by Bp among animals in the same zoo has been documented®*, no such
clonal infection has been reported among humans in the same area. This analysis emphasizes the clustering of
Bp infection among humans across the provinces of Northeast Thailand.

Ten CRCs (23 isolates) were obtained only from blood samples via blood culture from sepsis-diagnosed
patients. This was highly significant (p-value=0.0011) when compared with the non-clustered (non-CRC) blood
isolates, suggesting a possible association between certain specimen types and certain Bp clusters. However,
Bp infection typically disseminates throughout the body>*, so there is no a priori reason to expect such an
association. Clearly, further studies are required. Other confounding factors, such as underlying comorbidities
and treatment complications, may also have contributed to the severity of the patients’ illness and thus we should
interpret our results with caution.

Burkholderia pseudomallei is naturally resistant to numerous antibiotics, resulting in few options for
effective medication®. We examined DST results for Bp isolates in relation to ST, MC, and CRC. ST is the
strain-identification method usually used for outbreak tracking or transmission tracking!”?. There are studies
correlating ST with drug resistance in other bacterial species, for instance in Streptococcus suis®®, Klebsiella
pneumoniae®, and Escherichia coli*®, but such analyses have not been performed with Bp. Here, we found all
isolates representing some STs of Bp were resistant to co-trimoxazole and ceftazidime. Some STs (Supplementary
Table 7) showed significant association. Furthermore, we found geographical association of Bp with drug
resistance in seven out of eleven provinces. On one hand, this result might indicate the emergence of drug
resistance associated with a particular province which may be related to clinical or agricultural factors. An
example of this has been seen in Mycobacterium tuberculosis, with transmission of drug-resistant strains
associated with specific geographic regions***°. On the other hand, the apparent association may be due to
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sampling bias because we gave preference to drug-resistant isolates when selecting samples. The relationships
among geography, ST and drug resistance remain unclear and require further study.

We identified only four MCs associated with drug-resistant isolates: three associated with SXT resistance and
one with AMC resistance. Among these MCs, only four CRCs were associated with SXT resistance and two CRCs
with resistance to CAZ. Different members of some CRCs had different drug resistance-associated mutations. This
indicates parallel, independent acquisition of drug resistance by different isolates (termed acquired resistance).
This was seen in eleven CRCs, which exhibited a range of phenotypic drug susceptibility for SXT; CRC5, CRCS,
CRCI18, CRC25, CRC43, CRC68, CRC82, CRC83, CRC85, CRC89, and CRC103 and only CRC54 for AMC
(Supplementary Table 6). Thus, isolates derived from a single clone can differ in drug susceptibility. This might
arise as a consequence of the use of antibiotics in agriculture®. Alternatively, acquired resistance might occur
due to long-term antibiotic treatment in a melioidosis patient®. The scenario of acquired drug resistance needs
to be further elucidated for the better control and surveillance of emerging drug-resistant Bp.

Limitations of our study should be noted. We analyzed the association between each Bp strain and its source,
province of origin, and drug-resistance status. Our Bp strains covered only eleven provinces out of twenty
provinces in Northeast Thailand. We focused on Bp isolates with known resistance from human patients,
resulting in a higher proportion of drug-resistant isolates, particularly for co-trimoxazole, compared to some
other studies®***. This may have impacted our interpretations. The limited number of animal samples relative
to clinical and soil samples hindered association analysis. A more comprehensive approach, incorporating
additional samples from animal Bp strains, environmental sources, and clinical cases across all provinces in
Northeast Thailand, would offer a more comprehensive understanding of Bp epidemiology in the region. The
absence of detailed, documented epidemiological links among patients is a significant limitation in elucidating
socio-economic associations with Bp genetic clusters. To overcome this limitation and facilitate disease control
and patient management, a fully controlled study design is recommended for a clearer interpretation.

In conclusion, we have reported phylogenomic relationships among Bp isolates from human and
environmental samples in Northeast Thailand based on SNPs and STs. We identified MCs associated with
particular provinces. Fifty-two novel STs were found in the region. We also reported that members of some
CRC:s exhibited acquired resistance to co-trimoxazole and amoxicillin-clavulanic acid. No association was found
between the time interval separating collection of isolates and genetic distance among isolates.

Materials and methods

Bacterial populations, phenotypic identification, and drug-susceptibility testing

Bacteria were isolated from human (n=>530), animal (n=8), water (n=3) and soil (n=22) samples. Of the human
samples, 111 were from patients at Srinagarind Hospital, Khon Kaen, Thailand collected during 2020 and 2021.
A further 419 human samples were stock cultures collected during regional surveillance from 11 provinces in
Northeast Thailand in years spanning 2004-2021, with numbers from each province proportional to reported
incidence of melioidosis there. We gave preference to isolates exhibiting resistance to any drug.

Sequential sampling from the same sources yielded a total of 94 isolates (from 31 individual humans and four
soil sites). Note that these isolates were included in the grand total of 563 isolates. Genomic differences within
a single clone over time were estimated using data from these 35 datasets and these are termed the “same-clone
controls”. Sequential soil samples were taken from the same rice field within a 50-m radius.

Unprocessed soil samples were plated on Ashdown’s agar and grown in Luria-Bertani (LB) broth. Phenotypic
identification of Bp was confirmed by positive latex-agglutination results. Drug-susceptibility testing employed
broth microdilution following protocols in CLSI m45 3rd edition®. Briefly, fresh colonies were taken after
24 h of incubation at 37 °C on blood agar with 5% sheep blood (Clinag Co., Limited, Thailand), resuspended
in normal saline, and adjusted to 0.5 McFarland. This suspension was then added to 10 pL of cation-adjusted
Mueller-Hinton broth (Clinag Co., Limited, Thailand) and mixed thoroughly. An automated inoculation
machine (Sensititre AIM, Thermo Scientific, USA) dispensed 50 pL of the mixture into a 96-well plate (THAN1E,
SensititreTM, Thermo Fisher Scientific, USA). This was then incubated at 37 °C for 24 h using an incubator
(Sensititre ARIS 2X, Thermo Scientific, USA), which also automatically read the plates and interpreted the drug
susceptibility test.

This study used leftover specimens without any information that could lead to the identification of any
participants; no informed consent was required. All the above processes were conducted at the biosafety level
2 enhanced laboratory (BSL-2 enhanced) and were carried out under the Pathogens and Animal Toxin Act,
Section 18, 2018, Ministry of Public Health, Thailand. Based on the Declaration of Helsinki and the ICH Good
Clinical Practice Guidelines, the Khon Kaen University Ethics Committee for Human Research approved the
study’s protocol, including the waiver of informed consent (approval no. HE641201).

DNA extraction

From LB broth, the samples were cultured on Ashdown’s agar. Two or three loopfuls of each colony were then
collected into a 16 x 150 mm tube with a few drops of Tris—-EDTA (TE) buffer and 6-8 sterile 5 mm glass beads.
The cultivation and colony collection were conducted at BSL-2 enhanced. The extraction was performed using the
cetyl-trimethyl-ammonium bromide-sodium chloride method*. The DNA pellet was dried at room temperature
overnight, then dissolved in 50 uL of TE buffer. DNA concentration was measured using a Nanodrop instrument
(Thermo Scientific™ NanoDrop™) and DNA stored at — 20 to — 80 °C until sequencing was done.

Whole-genome sequencing and data processing
DNA from each isolate was submitted to a sequencing-service company (OMICS DRIVE NGS Laboratory,
Singapore) to generate 150-bp paired-end reads using the Illumina HiSeq platform. The quality of the WGS
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data was assessed using FastQC version 0.11.9% and any low-quality regions were trimmed using Trimmomatic
version 0.38%. The remaining high-quality sequences were then mapped to the Bp K96243 reference genome
(chromosome 1: NC_006350.1 and chromosome 2: NC_006351.1)* using BWA-MEM version 0.7.12*° and
converted to BAM format and sorted using SAMtools version 1.15.1%°. Realignment of reads was performed
using GATK version 3.6.0*' and variants were called using both GATK version 3.6.0 and BCFtools version 1.2%,
focusing on single-nucleotide polymorphisms (SNPs) and insertions/deletions (indels). Variants were called
with a minimum mapping quality of 50 and a base alignment quality (Q score) of 20. The called variants were
then filtered based on a minimum depth of coverage of 10 and a Q score of 20. The overlapping variants from
SAMtools and GATK were subjected to further analysis. Mpile-up files were generated using SAMtools and
coverage files were created from these. The SAMtools mpile-up files and variant-calling files (VCF) were used
to create a combined nucleotide-frequencies file to include all isolates. Then, the variant present at each SNP
position was analyzed. Whole genome sequencing data (fastq files) have been deposit in the GenBank BioProject
PRJNA1051349.

Phylogenetic analysis

The analysis included a total of 122,010 SNP variants from 563 isolates, along with one outgroup isolate
(Burkholderia thailandensis MSMB121 SRA: SRP048783). The variant set was filtered based on criteria of a
minimum of fivefold coverage and a minimum frequency of read proportion at 0.75. maximum-likelihood
phylogenetic trees were inferred using IQ-TREE multicore version 1.6.9%, with 1000 bootstrap replicates and the
GTR+ G + ASC (General Time-Reversible with Discrete Gamma and ascertainment bias correction) model*4*°.
The final circular depiction of the phylogenetic tree based on the entire dataset was prepared using iTOL*.
Monophyletic clades (MCs) were defined as consisting of isolates differing from one another by no more than
76 SNPs. Nested within most MCs, closely related clusters (CRCs) were defined based on a maximum of 6 SNPs
differing between members, identified using snp-dists version 0.8.2*”. Some CRCs were not associated with an
MC. The visualization of both MCs and CRCs was performed using R studio with the phytools library.

Multilocus sequence-typing analysis (MLST)

All 563 isolates were assigned an MLST genotype through in silico analysis using the Bacterial Isolates Genome
Sequence database (BIGSdb) tool, which can be accessed online on the MLST website (http://pubmlst.org/
bpseudomallei/)*. The MLST tool was used to scan contig files against traditional PubMLST typing schemes®.
StringMLST software was additionally used for cross validation of MLST analysis®. To identify the sequence
type (ST) of each isolate, the fastq files were submitted to StringMLST and BIGdb via (http://pubmlst.org/bpseu
domallei/) online tools for ST identification.

Data and statistical analysis

Non-parametric data were analyzed using Fisher’s exact tests for statistical determination in data relating to drug
resistance, province of origin and relationship of STs with particular CRCs or MCs. For the same-clone control
sets and within-CRC sets, comparisons were done using one-way ANOVA followed by Dunnett’s multiple-
comparisons test using GraphPad Prism (version 9.5.0 for Mac, GraphPad Software, San Diego, California USA).

Data availability
Whole genome sequencing data ( fastq files) have been deposit in the GenBank BioProject PRJNA1051349.
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