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Virulence profiling of Burkholderia aenigmatica: a predominant
member of the Burkholderia cepacia complex in industrial
contamination

ZHANG Shuyao', WEN Xia', SU Aiting', HUANG Di', TAO Hongbing’?, ZHANG Guifang', XU Yankun?,
XIE Xiaobao'"

1 Guangdong Provincial Key Laboratory of Microbial Culture Collection and Application, State Key Laboratory of
Applied Microbiology Southern China, Guangdong Detection Center of Microbiology, Institute of Microbiology,
Guangdong Academy of Sciences, Guangzhou, Guangdong, China

2 Guangdong Demay Biological Technology Co., Ltd., Guangzhou, Guangdong, China

Abstract: [Objective] To identify the species and investigate the diversity of 120 Burkholderia
cepacia complex (Bcc) strains isolated from industrial products and their production environments
between 2022 and 2023. Additionally, the whole genome of a novel sequence type (ST) strain,
Burkholderia aenigmatica ST2120, was analyzed to assess its virulence and pathogenicity.
[Methods] Multilocus sequence typing (MLST) was employed to assign sequence types (STs) of
Bcec strains. Multilocus sequence analysis (MLSA) was conducted for phylogenetic analysis and
species identification of novel ST Bcc strains. Whole genome sequencing of ST2120 was
performed on the Nanopore platform, followed by genome assembly, gene prediction, functional
annotation, and prediction of biosynthetic gene clusters (BGCs) for secondary metabolites.
[Results] Among the 120 Bcc strains, seven species (B. aenigmatica, B. cenocepacia, B. cepacia,
B. contaminans, B. vietnamiensis, B. stabilis, and B. multivorans) and 38 STs were identified.
Twenty-two novel alleles and 20 new STs were discovered. The novel ST strains were
predominantly identified as B. aenigmatica and B. vietnamiensis. B. aenigmatica accounted for
55% of Bcc strains associated with industrial contamination, representing the most prevalent
species within the industrial contamination-related Bec. The genome (8 909 914 bp, G+C content:
65.73%) of B. aenigmatica ST2120 comprised 8 192 protein-coding genes, and the genome data
were deposited in NCBI under the accession number CP184468 — CP184476. Genomic analysis
predicted siderophore-related BGCs for secondary metabolites (e.g., ornibactin C8 and
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chromobactin), five efflux pump-associated antibiotic resistance genes, and virulence genes linked
to secretion systems, host adhesion/invasion, immune modulation, and quorum sensing.
[Conclusion] B. aenigmatica has emerged as a predominant Bcc species in industrial
contamination. The genome of B. aenigmatica ST2120 contains comprehensive virulence genes,

indicating significant pathogenicity.

Keywords: Burkholderia cepacia complex;

multilocus sequence analysis; Burkholderia

aenigmatica; industrial microbial contamination; genome analysis

TR0 vi 82 K 8 QW 2 5 1 (Burkholderia
cepacia complex, Bee) &—2H i 20 "B %A
Oy i 2L I ) A TR R L 3k S A A R R )2 T A
AL, (B AR RN BT A B E R
Bee AP 14328 F R T HILNRHE, 4 16S
RNA JE[H | recAd JEH | hisd JEH, DLCRHIZ
7 #5 FF % 43 ¥ (multilocus sequence analysis,
MLSA) 7%, 16S rRNA J:K 23078 FH T#) 45
B, RMTH TR AR, o PEs
PRI, MLSA i it a4 2 A5 8 7 515 Bk T
32, BEMSHRALTE m R i S
W7 A B EL AR TP 38 22, 38 5 AR U 5
PRI 2 2 88 ] B B s AP 1 o B

Bee 21 1] 5] i 28 P 2F 4 {k (cystic fibrosis,
CF) B FH PP S 5H Y Rl fe49
B ARSI T A= W6 52 A s ) V4 i R A5
M, RIEHE S O T8 T R s 3. T
| R S K AN A NE 2B Vs A D PN 2T
EATH H# AR BB ARG . Bee 15 AU
AT, XTI Tl ™= i Hh A5 0 O 1
Bee 5| & MR 1S PRI G R 75 200 . 2025 4F,
CLP I T — B EE WA B TP R vl R R
15 e ) B R A, RS S TS G R IR
KO 2020 4, PEFBRL THEZAM
TG YA C T R AR e /R TE N R
ARG 2018 4F 3 A, REE S5 E
FHRE BN TR 60 1913 200 va g2 R PR 2 AR
(Bee)BRYL 7 K i Ay, ke BB GL S5
TR A A7 B S b PRI AR A OG0
fi T BT LAY £ 1 R R BB R, TR

Tolki5 4 Bee B 22060 . B0 520 by 3
BEVERBURYEA A B Tl Tk ik, i fie
KBS Bee X NS {g AL B i b

TE 2020 4ELLHT, B. aenigmatica ¥4 #5425 %)
B. contaminans F55 ) AH 5 2 /R 15 [ (B. lata)
. Depoorter 2N Bee BTG~ T B.
aenigmatica W H /2 . HAT, KT B
aenigmatica (1) it 5% A A5 B3 7E 43 28 R 25 1% 5
T, R AR R A O B T A
T AW T 2 4F N Tl ™ b M A =
B e B Y 120 Bk Bee 19 0 A1 £l & B
B. aenigmatica CJH FZ 15 YE Beeo A
9% B. aenigmatica WIVETESG F B Al BEVE, £
B2 I0 258 43 Y ST2120 B ARIEAT 43 K 41 )
¥, M 254 . IR AR R LA S g g 3t A
S5 N HY S FE B PR A T AT AT, B e
A2 Tl 7 it 2B 77 TR I N 536 Bee 75 44 7 1)
AL, DAL Fek 2>t TV RIS B. aenigmatica
IR

1 AR

1.1 EZERFIFER

K L% £ F B IE (soy casein agar, TSA), |
RAIEY R A RS F ;. AmPure Microbial
DNA Kit, J7JHSEE AW R A RN A5 2x
Rapid Tag Master Mix, B4 5% MERE A= W B2 ik
MAERAT,

TR IR, kT 2 S A PR 7 5
PCR 1%, Bio-Rad /A A ; Nanopore Jll #-F £,
Oxford Nanopore Technologies 23 Al
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1.2 BEMRiR, EZFRURIRE

AW FE T Y Bee WRFE R 2022-2023 AR
il Hcs A H AR S A B R AR, DT AR
A AR A B A TN AL & Tl A
IS AR b A3 B TS Y Beeo

4 Bee R TSA AR E T 30 °CHE 748
iR, 24-48 h e Ty s alifh, #alifb iy
P IE BT ICE T 20% HlE T, & F-80 °C
UKFEORAT
1.3 EREREERIRE

{#i F AmPure Microbial DNA Kit ‘s $2 B 4l
WA B SR RN 4L, LLaE 51 Y 27F
(5'-AGAGTTTGATCCTGGCTCA-3" ) Fil 1492R
(5'-GGTTACCTTGTTACGACTT-3" ) #k 17 16S
rRNA FH By PCR P 4. PCR SUAWAARZR(50 pL):
2x Rapid Tag Master Mix 25 uL, . FUE51Y)
(10 umol/L) 4% 2 uL, DNA #A4R% 2 pL, ddH,O
19 Lo PCR JZ I 454 : 95 °C T2 £ 2 min;
94 °C &1 30s, 55°C iRk 30s, 72 °C ZEf#
60 s, 335 MEFR; 72 °C KEAE{H 5 min, FP
Bl Wy 3% 2 A0 R A R R A BR A w1

J¥, ¥ BLAST A5 Burkholderia sp. BT
PRIEAT MLST %82
1.4 MLST HRILE

LAE XI5 W5 K T Bee
PubMLST [ 3} (https://pubmlst.org/organisms/
burkholderia-cepacia-complex) -1 BARS | ¥
IR 1, BRIEH M PCR Y 1S 5542 Mk Il
A BEIY . BRI 7 AN R T A
(atpD . gltB. gyrB. recA. lepA. phaC F trpB)
% % Bee PubMLST I 3k 3 AR Bij 45 o7 it DA
5, JFULHECE] ST 4344,

1.5 MLSA £ B9 5%

W8 0 B TR AR B 7 A R Rl i &R
Groi Y] EXN K JE . apD 443 bp. gltB 400 bp .
gvrB 454 bp. recA 393 bp. lepA 397 bp.
phaC 385 bp Hl trpB 301 bp, HBE 7 N F
, PR MEE BB 7 A K A N Bee
PubMLST W3 F #, # /] MEGA 11 X fil f&
KRURIEMERGERFW, BAEWEIT %S
ek e S5 U A O

x1 ENERERNSIIRIRRE

Table 1 Primers and annealing temperatures for seven housekeeping genes

Gene Primer sequences (5'—3') Annealing temperature (°C)  Allele size (bp)

atpD F: ATGAGTACTRCTGCTTTGGTAGAAGG 56 756
R: CGTGAAACGGTAGATGTTGTCG

gltB F: CTGCATCATGATGCGCAAGTG 58 652
R: CTTGCCGCGGAARTCGTTGG

gyrB F: ACCGGTCTGCAYCACCTCGT 60 738
R: YTCGTTGWARCTGTCGTTCCACTGC

recA F: AGGACGATTCATGGAAGAWAGC 55 975
R: GACGCACYGAYGMRTAGAACTT

lepA F: CTSATCATCGAYTCSTGGTTCG 58 525
R: CGRTATTCCTTGAACTCGTARTCC

phaC F: GCACSAGYATYTGCCAGCG 58 704
R: CCATSTCSGTRCCRATGTAGCC

trpB F: CGCGYTTCGGVATGGARTG 58 787

R: ACSGTRTGCATGTCCTTGTCG
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1.6 Z=ERFEDH

R 20 73T Nanopore I 765 #47.
fdi ] Canu v1.5 AT U85 Y reads #4742,
SR J5 i FH Circulator v1.5.5 X 2H %% 3[R 41 #E 47 34
Ao gt 3 R R A Prodigal v2.6.3 52 . 1K
HAC W A W A At 7% (biosynthesis gene
clusters, BGC) 1Y i | 5% /] antiSMASH 7.0!'%
SEMo

A TR %) B DR 80 935 55 DR D RE X
J# #t 47 BLAST v2.2.29 H %f: Nr (NCBI non-
redundant protein sequences; ftp://ftp.ncbi.nlm.nih.
gov/blast/db/FASTA/); KEGG (Kyoto encyclopedia
of genes and genomes; https://www. genome.jp/
kegg/); eggNOG (evolutionary genealogy of genes:
non-supervised orthologous groups; http://eggnog45.
embl.de/);
database; https://www.uniprot.org/help/downloads);

Swiss-Prot (curated protein sequence

TrEMBL (unreviewed protein sequence database;
https://www.uniprot. org/help/downloads) 3k 15 F&
IR RELE R . HET N Bl et a5 258,
BAF Blast2GO v2.5 #4T GO Kl e 1y DI i B
(http://geneontology.org/docs/download-ontology/),
I T A 3] 9 5 PR Y 2R U 91 S Bt A R bk
3 A B P8 2 CARD (comprehensive antibiotic
resistance database, http://geneontology.org/docs/
download-ontology/). #F Ji Al - VFDB (¥ J&
(virulence factor database, https://www. mgc. ac. cn/
VFs/search VFs.htm) %5 3] B £ 45 J2E #£ 17 BLAST
FEXF, AREAH N AT RS

N AT R T R B I 5 Ao b, K
4 50 B A% B Type (B8 FR) 3 K 41 IR 55 2%
(TYGS, https://tygs.dsmz.de/)!'), F| Fj FastME
2.1.6.1 B E T RGP AR, IFH AR
AR VERE B R 4 & & I B (genome blast distance
phylogeny, GBDP)i# izf 1B & B 55 # i% Jim b 2
Hor SCARBESC

2 BREQMN

2.1 MLST REFhEEL
2.1.1 MLSA £ 8& 2 HF

AR BRI 14 A& Tolki5 Je b i W Bee
Fh PR UERARSE S, XT 20 MRARH 3 BU T
554 Bee AT RGER T 4 A E (K] 1),
5 MLSA RGEEBEWIHFATRE ST, A5
() &R 53 43 BU AR R 2K T B. aenigmatica
B. vietnamiensis. ., Hr BB B BC35.
BC66. BC118, BC120, BC27 il BC0O5 KT
B. aenigmatica, oo B R PR BC79. BC54,
BC74. BC76. BC06 #il BC71 ® 2% F B.
vietnamiensis, BC12. BC119. BC100 2 21
BCl16, BC69 % 2 T B
cenocepacia, BC80 2K T B. contaminans,
BC103 X T B. multivorans, BC88 KT B.
stabilis .
2.1.2 FHEMNMEREEH MLST 758

X} Bee WA BRRY 7 A8 5B B 3 0
B IGILAE MLST R4 L UCIC A LA 55 A% =
pubMLST Burkholderia cepacia complex & 4t ,
2N A O e PN R D S SR |
SRARG, N3 2 frn, A 22 AN AR
B, 435 2 4 apD GERYS . 726, 727), 44>
gltB (FEHS . 967, 976, 998, 999), 7/~ gyrB
GERS . 1420 . 1421 | 1422 | 1439 | 1468 .
1469 . 1486), 14> recd (W5 . 799), 2 4
lepA (FEHS . 915, 948), 2 4> phaC (RN 5 .
700, 718), 4 4~ tpB (FEH 5 . 882, 883,
903, 904).

BB Y K ARG E B ST 43 B Ay 7™
e, 3R 2 U BE BC35 1Y atpD-726, gltB-967,
gyrB-1 421 Fl trpB-882 ¥ M i S5 FE K, BC35
BN E NI4T ST2208, #RifN, FEARRTA Y
SHTTES S A SR AL, BC8S 1 7 MER
SRR AL, (HAE RS ok DT )
AR A, R BC8S LA E Fr i 431,

B. cepacia;
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99, BC35 ST-2208
Jl:’lBC66 ST-2426
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89— BC80 ST-2431

BC116 ST-2235
ﬁ"—_ BC69 ST-2427
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99 Burkholderia aenigmatica BCC 1321 ST-339

74 Burkholderia lata ATCC 17760 ST-101 ~
Burkholderia contaminans LMG 23361 ST102
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Burkholderia cepacia ATCC 25416 ST-10
9 BC12 ST-2231
B. cepacia

100 BC100 ST-2413

} B. stabilis

Burkholderia arboris LMG 14939 ST-109
Burkholderia ambifaria ATCC 53266 ST-74

53 Burkholderia diffusa LMG 24267 ST-231
Burkholderia territorii MSMB 117 ST-792

100

BC79 ST-2430
I BC54 ST-2410
100\ BC74 ST-2411

55| BC76 ST-2429

WBCOG ST-2307
55V BC71 ST-2428

Burkholderia multivorans ATCC 17616 ST-21

100L—BC103 ST-2412

—

0.02

100 Burkholderia vietnamiensis LMG 10929 ST-379

B. vietnamiensis

Burkholderia pseudomallei K96243 ST-733

:| B. multivorans

E1l KRESEBccHIMLSARG A B . 1948 FAIEUE Mbootstrap 52 :7% (1 000K ), (B /R>50%M)

{Eo ARRFIR BB H R
Figure 1

MLSA phylogenetic tree of novel ST Bcc strains. Node values represent bootstrap support (based on

1 000 replicates), only values=50% are shown. The scale bar represents nucleotide substitutions per site.

Oy IS0 21300 ARBEFEH 120 #k Bee L4 3]
20 T ST 73R, 70 B BRI RR 1) S (1 B I |
ST 7 BUFIYAME BANER 2 s, 20 BB/ B
¥R A 6 MR U E N B. aenigmatica. 6 ¥&N B.
vietnamiensis. 3 ¥k N B. cepacia. 2 ¥ N B.
cenocepacia, 1 ¥&°N B. contaminans. 1 t£°4 B.
stabilis 1 1 #£°~ B. multivorans . ) 557 3 A
FIHT ST BUE5 1 Bee /2R E0 %, fm 1AM
Bece (73 2B FIERR R
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2.1.3 TAl5H Bee HF S 1M

ABFFTHEIL 2022-2023 4E43 85 A HALR= &
HALIERE, HAGERE | UoRHRIIR R IS5 120 B
Bee, RHI MLST Jy ik %8 HA A, Tolkis e
Bee ¥ ZHEENS LU T« B. aenigmatica, n=
66; B.vietnamiensis, n=18; B. cenocepacia, n=
17; B. contaminans, n=9; B. cepacia, n=8; B.
stabilis, n=1; B. multivorans, n=1 [ﬁ?ﬁﬁﬁ%‘fi
FE Z U YR 5 o0 (http:/nmde.cen), gi5
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Table 2 Alleles and species information of novel ST Bcc isolates

Number Strain designation atpD  gltB  gyrB recA  lepA  phaC trpB ST Species

1 BC35 726 967" 1421° 146 214 162 882" 2208 B. aenigmatica
2 BCO05 184 666 1420° 574 59 467 615 2209 B. aenigmatica
3 BC88 25 140 159 293 219 10 62 2130 B. stabilis

4 BC06 191 20 15 23 35 56 17 2307 B. vietnamiensis
5 BCI119 733 976  1439* 1 38 1 21 2300 B. cepacia

6 BCI12 727 95 1422? 799*  915*  700* 883" 2231 B. cepacia

7 BCl116 16 134 1399 15 214 8 144 2235 B. cenocepacia
8 BC27 184 666 1420 574 657 467 615 2409 B. aenigmatica
9 BC54 27 231 173 23 49 56 17 2410 B. vietnamiensis
10 BC74 191 19 202 22 12 56 17 2411 B. vietnamiensis
11 BC102 13 141 160 133 386 42 638 2412 B. multivorans
12 BC100 1 386 1486° 53 3 718 638 2413 B. cepacia

13 BC66 726 390 1421 146 214 162 882 2426 B. aenigmatica
14 BC69 136 135 1470 49 948" 8 14 2427 B. cenocepacia
15 BC71 27 20 15 23 36 56 17 2428 B. vietnamiensis
16 BC76 27 103 15 23 36 11 17 2429 B. vietnamiensis
17 BC79 28 103 173 23 214 11 81 2430 B. vietnamiensis
18 BC80 64 135 76 89 948 8 14 2431 B. contaminans
19 BC118 180 998  1468" 146 214 528 903" 2436 B. aenigmatica
20 BCI120 180 999*  1469° 778 213 713 904* 2437 B. aenigmatica

* indicates the new alleles.

& NMDCX0002141].  Bee f43- BRI R I H 24
P, 3L 38 b, A ST-339, ST-2209. ST-2208
DA ST-2129 3% 4 Flip AL 2 . BR T ST-
2129 $ % 5E N B. viemamiensis 5, Hifth 3 453
WY HE Y52 N B. aenigmatica. THV754% Bee )
IAEOLULE 2, B. aenigmatica F£ 1)V {5 4% Bee
TR EE Rl 55%, Wi B. vietnamiensis (15%)
F B. cenocepacia (14%), B. contaminans. B.
cepacia. B. stabilis 1 B. multivorans W) 5 FLIAN
T 10%. 45 3L 0] B. aenigmatica J& T35 4k
Bee Hix FERYYIF AL,
2.2 ST2120 FORSZSHHEM ST B

25 MLST %7€, Wbk ST2120 A #FMIA 7o 7E
JRIEEC T (B. aenigmatica), JE/ARSCHZE 2021 4F
T ERR I PRI — Mo 4378 Bee, SKIBEREAE
B R o A R R 2515 B, KRR 7 A

BRI 4 DA AR . AT 120 £
Bee (NMDCX s 14004 ‘5 - NMDCX0002141)
H1) BC86 )@ T 2120 432,

B. cepacia B. slt(z;bilis B. multivorans
9 ? 1%
B. contaminans 7% o 0

7% \
B. cenocepacia

14%

B. vietna
15%

B. aenigmatica
55%

E2 T F=@mfIFE A BectIFh o
Figure 2 Distribution of Bcc species isolated from

industrial products and their production environments.
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PR ST2120 1Y A T3 2 A AR =2 [ 4L 4,1 ]
3 ffin, ST2120 hHGAFEHNIEEE, H%
ST, ABhIGFRAWE AR MEAaR, Hh
B MR
2.3 Bk ST2120 B9 & E F¢H E AR 4FE
MEFBFEG KR

PPk ST2120 FREERIZE PS4 KR 8909 914 b,
4 GH+C ER 65.73%, SRR A 8 1924,
B St I K E A 7 697 844 bp,  ZmiIX B K
B RSB 86.39%. AN, ARZWES RNA
175 18 1> TRNA #1170 /4~ tRNA, Pk ST2120 A
3R AR, KNSR 3.6, 1.2 Fil 3.4 Mb
(F 4), 6 &R/ 2.0-161.0 kb AN,
FLNA PP E 1238 & GenBank £ %E, &5
J7 CP184468—-CP184476.

FIH GBDP M BEAN E 11 5T 4 4 I s 7 &R
S HE R B B oR T Ak ST2120 AHXT T He it
MARFZKBMEE S . REWER, ST2120
5 Burkholderia aenigmatica LMG 130417 1% Jy %
VT, HPEEE RS MLSA KB W45 R—2,
2.4 HREAINEETRHF
241 GO HIBEFRER

FTF GO s FEXT I bR ST2120 K 21 19 G

E3 ST2120M0ENE MBI SHHE. A: ST2120
WETERS: B WHUE FULSEST21204 4 [R L (5L
RIEB10x, PBE100x ()]

Figure 3  The colony and strain morphological
of ST2120. A: ST2120

morphology; B: Microscopic observation of ST2120

characteristics colony

Gram staining under eyepiece 10x and objective 100x

(oil immersion).
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LR AT D Re RS, HRTE 5 647 NI AYR
D RE R A 15 B (] 6) ¥5 S 4 g 41 43 (cellular
component, CC), 47 ¥ JJ E (molecular function,
MF) fil 4= 9 2% 13 #2 (biological process, BP) it Fk
H3 5 6 018, 6 864 18 999 A~ TEAEY =ik
e, FEIEe4E b T U (metabolic
process, 2 554 ~HE ) FHLAE LR i 72 (single-
organism process, 2 015 FER); srFUiag 2
P M AR TS PE (catalytic activity, 3 064 ~FEK)FI
¥ $% (binding , 2 313 K [A); JE (membrane,
1 726 FEA) . F2H Bl (membrane part, 1535 4>
SEIR) L B 20 A (cell, 437 /N3 R & 4 i 4 43+
W FE e
24.2 KEGG HEETRER

BT KEGG U4 2 1 B Bk ST2120 DIRETE
BEapras e 7 s, 31084 KB
B2 DU R I aE 2 . #r MR AR 18 (metabolism) |
i 1% {5 B, Ak #f (genetic information processing) .
W 5 {5 B 4b P (environmental information
processing) A1 Zil it i F2 (cellular processes), H:
H, BT BRI AR OCHE IR G i, HRIRAR R
MRz, A B A OC R R B iE & b TE
Z 5 BRACH IE R R BB E R A &
% (biosynthesis of amino acids) [ 3& [H % fx £
(155 M), Hk 2L (carbon metabolism,
153 B J5 /AL & W 1Y % f# (degradation
of aromatic compounds, 97 >3 [K) 1R R £h
R R AL I (glyoxylate and dicarboxylate
metabolism, 79 /M3EH)
2.4.3 CARD HBFEIRLER

CARD & ik yiAd 5= LR NE L,
PWRPUERPUMIE . MR PR
MLRISENEY, I TPiE R PUrE R R 1 4326 .
PR ST2120 {EBER] S b RZ3EEH, 4051
amrB. amrA. ceoA. ceoB F adeF, I F|Pi
HERIMERIER . KA, amrB. amrd W] LLAME
TIHMEH ISP R, ceod. ceoB 5 F IR
RMZINE T RPUERNIME, adeF SMEMT IR
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G: Carbohydrate transport and metabolism (294)
H: Coenzyme transport and metabolism (135)
I: Lipid transport and metabolism (244)

S T Translation, ribosomal structure and biogenesis (187)
* K: Transcription (652)
« L: Replication, recombination and repair (260)

: Cell wall/membrane/envelope biogenesis (366)

» N: Cell motility (69)
» O: Posttranslational modification, protein turnover, chaperones (179)
° P: Inorganic ion transport and metabolism (346)

Q: Secondary metabolites biosynthesis, transport and catabolism (155)

“ R: General function prediction only (608)
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"X @ / ’ i S: Function unknown (1 209)'
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$87 i / HINMIIH I T Not Cog annotated (1 918)

El4 BEHRST212009 & FH B [E . Je DI B K5 A (i sh = ) Ah36, JEDI 2 ROBEAR R (2 B 5
fii: 5kb); EB2/3%K, IEFEEGALEE R i (COGIIREN FEbR); SB43h, HEFIIEN; H5H, (RNA
() S5rRNA CE )RS 630, GrCHEMmESEE . TR XK. & TN 4 (s 46 7 Dl B L) 5
WA (KT EERALE; NIF: GC-skew/i T, WKE: G>CIXHL; ZL: C>GIXL,

Figure 4 Loop diagram of strain ST2120. Structural annotation of the genomic circle diagram (outer to inner):
Outermost ring, Genomic scale bar (tick interval: 5 kb); Second/third rings, Protein-coding genes on positive/
negative strands (color-coded by COG functional categories); Fourth ring, Repeat sequence annotation; Fifth ring,
tRNA (blue) and rRNA (lavender) annotations; Sixth ring, G+C content deviation. Light yellow regions: Higher

than genomic mean (peak height indicates deviation magnitude); Blue regions: Lower than genomic mean;

Innermost ring: GC-skew analysis. Charcoal gray: G>C regions; Red: C>G regions.

EaViIE Nl 37 e asiNa ch-

Bee A5t i R = AT AT I 251, B.
cenocepacia X} 20l K& T E R 2, Bee
Sy BRI B N 256 A, o LT 56 v T I 2
RIEWET I B- NI iAo AR AR i
Wk R SCERIH, BPE ST2120 X 24 Fobf 2
oA AP E i 24512
244 REKEE=SH

J R AL A3 A AN A A 1 R L T R PR
ST2120 it f& & i T RAE, IR EY
YR A A A Y RE DT R HE T LA
Pbk ST2120 FEH A PR A= YA 8 MM EY)

P4 actamicro@im.ac.cn, 7% 010-64807516

& WKL H % (biosynthesis gene clusters, BGC), fi,
5 % 45 (terpene) . A A2 HE A4 K - 4 )& 284K (NRP-
metallophore, NRPS)., B-/N[iH(betalactone), Bz
£ (phosphonate) 1 75 3 5 Jdi (arylpolyene) J& [K &
(% 3), H:rfr, ornibactin C8. chromobactin FlI N-
acyloxyacyl glutamine [t X 43 0 3 & (>50%).
Pacifibactin, APE Vf dehydrofosmidomycin, Pf-5
pyoverdine F1 reveromycin A F& K 7% 5 B ML &
Pyt AR R PR PR AL, R bk ST2120 H
AE BB H BA M I Re L 9008 1 -
245 FBHETOH

Burkholderia sp. W I T2 HE 2%, W
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Burkholderia contaminans LMG 23361
" Burkholderia lata 383

" Burkholderia puraquae CAMPA 1040

" Burkholderia cepacia ATCC 25416

- Burkholderia reimsis BES1

" Burkholderia metallica LMG 24068

Burkholderia paludis MSh1T

Burkholderia orbicola TAt1-371

~ Burkholderia cenocepacia J2315

~~ Burkholderia arboris LMG 24066

"~ Burkholderia pyrrocinia DSM 10685

= Burkholderia catarinensis 89

= Burkholderia anthina LMG 20980

= Burkholderia territorii CCUG 65687

" Burkholderia vietnamiensis LMG 10929

~ Burkholderia multivorans ATCC BAA-247
[ Burkholderia mallei ATCC 23344

100L— B, kholderia pseudomallei ATCC 23343

@ Delta statistics (® Genome size (Mb) ® Protein count
[] Min. (0.14) . Min. (5.84) . Min. (5 025)
l Max. (0.24) Max. (9.15) Max. (8 336)

EENENO
HEEE®

100

AO0OO0000O0BEEO0OOO e
CECCONEEC WO e
EEEEEEEEEEEEEEEEEEC
R G

® Percent G+C (%)
] Min. (65.73)
Bl Max. (68.49)

D Species cluster
@ Subspecies cluster

El5 ST212009EFEBLEEW. 703 T HAECTIEAR A 100152 H I GBDPI S| T STRFE . YRR Fh ik
AN B 60 e W R e e M PR TR RR 1 28 S s BRI GO B A T°65.7%—68.5% 2 8] 3 BEPRI 4 R/INE Fil A
5.8-9.2 Mb; A5 HEIN 2t Y 3 SRR 7S 025-8 336712 [H]

Figure 5 The phylogenetic tree based on whole proteogenomes of ST2120. The numbers under branches are
GBDP pseudo-bootstrap support values from 100 replications. The different colors of the species and subspecies
clusters indicate that the strains in the phylogenetic tree were different. Genomic G+C content ranges between
65.7% and 68.5%; genome size ranges from 5.8 to 9.2 Mb; and the number of proteins coded by each genome
ranges between 5 025 and 8 336.

FEGRS . =R s b A AE AR 2 A I
AFEIF 2 Burkholderia sp. E A AR 55 11
+, (HAEAE— 2L 3L W Y52 I UL, i LPS.
T3SS M T6SS. X LERE ST RN, fif Bee
RERS7E 16 AR ST IR I 5| LRt R
I TR 75 ) A TR 1 48 2 °F 5 ——VFanalyzer X
ST2120 18 JJ B+ #4737 VFanalyzer i i
Fa) I L R 40 5 VEDB T4 #1525 J5 [R 41 1]
B AR IR HELE A7 25O 3kE 55 A [A] U5 B R v g
RO BE BT, RS T U SRR b
FEFERE I

BBk ST2120 #7417 160 Fh i Jy K, $2
IRERT 20 R b B AH OGP (32 Bl . 40 R GE A
FFEH Q21 Ay, HEASCEEFE G ). HEEAM
KFEH 1 By R B EAHSCIERE (10 ) . B
P HURH G L K (23 M) . B A g A DG R R (6 1)
DL MR RN (3 M % . UHEET
Burkholderia W 19 8 J1 N7 R 1, 53 B B bR
ST2120 b K Zhlh . BNifEik R4 . iBdh A
1215 F . PV BEIAR RN DL R 3R T O 4
M 8E 1 ¥, HAKDLER 4. Type IV # E (pili)
A Bl T 40 1A 1 5 B A EE 1Y Bsa T3SS Al
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Figure 6 GO functional classification of strain ST2120 genome.

T6SS-1 43 % J& F 11 B A1 VI K433k & 45 (type
III & type VI secretion system) ;™= 4= (i) 5 JJ K+,
T3SS AEMEKE 500 8K 11 BBk B 1 E i,
TP A 340 Y IE T RE . S SN SO R
75 FC B (B. pseudomallei) F] Ff] T3SS k¥ 15 3 %
PE RN I SE A R A A0 B Y B A7 o T6SS H
T4 B B) A 5w A A, AT R BE HL At 4 B o
T4 e A0 . BimA 78 41 0 40 M A — 55
WLl 2 23R A DA SF 40 58 7 1 32 40 6 P A pe
T Z Bz 8, B i E (flagella) J2& 40 7
iz ) A E W A A AR T T . 3R A AR

P4 actamicro@im.ac.cn, & 010-64807516

(capsule 1)J& JCHE Y 75 ) g A 7, Him 2k ]
T BB T AE B s AR R i BE ) 0
5319, CdpA A Z A A 40 B M B iz ) 16 E
FEAZ YL 0y R B L M . TE B. cenocepacia T IIA
LA BER RV & 45 (Quorum-sensing, QS), X4
ARG TEYN B 0 B S ECE R mEEAE RN
HER N RGEAE Bee 5l A 70, Al MEZ
FhOCHETE I RA, BEERSW . EAB/IE
D5 5 B BRE AR A L RIS B AR IR
TE B2
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Figure 7 KEGG metabolic pathway classification of strain ST2120 genome.

R"3 EHRST212000R R R EIENE REE RS
Table 3 The secondary metabolite biosynthesis gene clusters in strain ST2120

Type Span (nt) Most similar known cluster Similarity (%)
Betalactone 918 695-950 507 Pacifibactin 10
NRP-metallophore, NRPS 1822 741-1 887 827 Ornibactin C8 100
NRP-metallophore, NRPS 1998 460-1 887 827 Chromobactin 70
Arylpolyene 3169421-3210 632 APE Vf 10

Terpene 1371 499-1392 563 N-acyloxyacyl glutamine 50
Phosphonate 1555320-1588 217 Dehydrofosmidomycin 15
Ranthipeptide 2246 149-2 267 579 P£-5 pyoverdine

Betalactone 562 437-588 232 Reveromycin A
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Fz4 BEPEST2120095 1 EF UM
Table 4 The virulence factor of strain ST2120
Virulence ~ Vfname Species name VT function
factor id
VF0427 BimA B. pseudomallei  Inducing polymerization of actin at one pole of the bacterial cell to promote bacterial
movement within and between host cells
VF0428 Bsa T3SS  B. pseudomallei  Delivering effector proteins into host cells to manipulate host cell functions
VF0429 T6SS-1 B. pseudomallei  Essential for virulence and plays an important role in the intracellular lifestyle of B.
pseudomallei; In B. mallei, the T6SS cluster homologous to B. pseudomallei T6SS-1,
is important for actin-based motility, multinucleated giant cell formation,
intracellular growth in murine macrophages, and virulence in hamsters
VF0430 Flagella B. pseudomallei  Polar flagella required for motility and macrophage invasion
VF0431 Type IV pili B. pseudomallei  Plays a role in adherence
VF0432 CdpA B. pseudomallei A major c-di-GMP-specific phosphodiesterase in regulating intracellular levels of c-
di-GMP, affecting diverse phenotypes such as flagellum synthesis, bacterial motility,
the production of exopolysaccharides, cell-to-cell aggregation, biofilm formation,
cytotoxicity, and invasion of human cells
VF0433 Quorum- B. pseudomallei -
sensing
VF0436 Capsule I  B. pseudomallei A key virulence determinant and that loss of capsule production results in severe

attenuation in animal models of disease

- indicates no description is available on the VFDB website.
N A} N
3 Wik5E®

SR 16S rRNA A P91 504 H T8 03 2
RERRI AP S, (A AR e 2 R AR B 4 2
OYBERA L, JEHAMELLIX S Bee 5P, MLST
FEIL 2 20 A — BRI T AT 43 B 4 e
() &R ifER 2, FeTF 7 ME R L T3 Hr
MLST 75 ¥ 48 [X 43 Bee B4R K - F1 i bk K
o AWFEE R MLST Jrik %@ T 120 & Tl
154 Bee, L9338 FAR[E] ST 43 Y i 1 bk o
RS E TP R T 22 AN E S L R R 20 A4S
B ST 431, 3l MLSA & BRERISLE T 20 Bk
B TR BR Bl . BT AEA BE N FEE T Bee
FERIEE I, e B AR 05 S A] 42 5 J 2 Sk
5 N 7 S AR 43 SRR AR 3

2020 AERAHT, Tolkis g Bee H i HhASR 1Y

>4 actamicro@im.ac.cn, 7 010-64807516

Y # J& B. lata. B.
vietnamiensis>>* ;2020 4FE B. aenigmatica o
SEONGETHY Bee IR IS, ARSI E A IE T XS
B. aenigmatica Wy % 4y & UM KO Ay
B. aenigmatica WHTHIHEIRSIEN B. lata, T
JUAEH G & BL, B. aenigmatica ¥ TI{5 %% Bee
Ry b R, EEM T B. lata BYLE], B
S B Bee )RR AN, 5 2 R HGE 1Y
30 ¥k H AL~ & Bee MM, ARBFSEEE T 05
A HAE™ . BARIERE . HABRREE . BRI
RS 120 R Tk V5 4% Bee, WBRAEA L
K, FEGORIEE ATz . AFRER TR,
B. aenigmatica T£ TV U4 Bee W LE
50%, TN T AEY 5 g Bee () 24
FAL, MR TR IR E Y, RAETEAR ST

ERMIEEP W B, K9 B. aenigmatica Xt

cenocepacia M1 B.
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VU PR R RSN T RP R 2y, Xl AR
BRIAS FH IR A0 25 DL BT 8 )t A iR A TS 52
LA (R it 245 AL ] R A5 5 1Y) A 1% R T (45 B.
aenigmatica i Z HPAE TOV A5 4 Bee Ho

HAIX) B. aenigmatica WIWFFY £ 24 1E 4
et 5P J7H, HE R Tolki5 4% Bee B9 3
BN, PR 2 AT R AR AT
UL DR 2R AE | A % LA S i TR A 3 PSS
AT H T Nanopore I F~F 5 X7 —#kk A H 1k
FE Y B. aenigmatica TR ST2120 i#E17 42 3L A
ALY, 255 BRI R ST2120 AYHERI417 51 4>
K 8909914 bp, &4 3 ARG IR 6 5%
JiokL, P G+C &N 65.73%. LA K
B &P ST2120 5 B. aenigmatica LMG 130417
BONME . DIREERE TR, Wbk ST2120 A
Z 5B R RN ECRE B GO ERE.
ARACEIAR I i = (2 554 1Y), KEGG i
63 BT E— DR ST R A AR OC AR ] 32 5 T g
O3 AE (TR S 1Y 35.2%). X FPOBUEE 12
TEREAY — SO % B bk B e R0E R o
W 5 Re s AR Y o A, AT REAY T2
35 N P R E B LA o AR ST2120 1R 5 Ff
PRI, amrB Ml amrd %% AmrAB-OprM
Z 2PN G IR RS R FDE AL, AmrAB-
OprM Z 2551 A AR 5 22 [RBAVE TR 2 2 T 24
1 EZHLE], ceod Fl ceoB 25 CeoAB-OpecM
ANMER BRI, AmrAB-OprM £l CeoAB-OpcM
¥ J@ T 24 - 55 97 - 53 5 205 S HE 2R (resistance-
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T I PRIGIT Bee I IR e,
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C NI I o i VO e Sl O ) VAR S | A
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i S S RN W B R 3R A T IX 43P Nk 4 3 1
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IARAE OGS R AN B ) JE D 46 5 THT o 45 6T 2454
B A1 CARD 209 e i B4 R A B, TRk
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ornibactin C8 Fll ornibactin & = T B AR 75 557k 21
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