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i E: (5] ARG RAMB L — K THDRGITF A E R ARAERGA 2H,

AW AR B T 20 AMAE. [ B 69 1 T3S 5 FRAR RO AR T A 0 H 2EAT
4 B 0 i o i A AEAT BOL AR, PRt x ik A A KATSAR B 3R A B 69 8 AF BEAT IR AR 4 AT
BAAr S B AR A WA 7 M 5 AAXER . [ %) A AR R 5 ik hxd & A AR IR £
B RAAEE. ERANEA AT B AT B Th ik, B ILARPRIEAT IR & B AR 1 A AT K A 6
AR NP RBRAER R AR EGME , HATHATRE A . 7 5|k TR (indole-3-acetic acid, [AA)
Fo 1- B IR A I-1- B (1-aminocyclopropane-1-carboxylate, ACC)BLEBE 48 /M E . FIA B ARH L
YLE . 16S rRNA A B 7 7 oo A7 A A B 40 /7 51 89 P 39 A% H B — BOR LT SAT AP 5 2. e AR
A A R b BN A L0 F AT T I A AR T AR LA A E A B AU AR X L B BtAT R AT . [ 4
RYMESHIARR LR F £ 5452 3MMEA BB E . 2 RIEANBEmEA Fo 2 IR 4r .,
fRAP L0 LWK2 2 i A4 5% A W 0 A KARAE AR A RF. LAY T TAA A= ACC BLABE.

25 F AR LWK2 A ekei Al 2 & R 1i& KB (Burkholderia pyrrocinia). LWK2 2K F 416,36 2 4 &
RFm 1 ATk, KAl 3713209, 3026 422 F= 880 277 bp, GC 2& 4514 66.50%. 66.37%
F165.69%. HAEL Q4 IAA. KB, AEE FER, A ACC FLASFIEHAN X ILE .
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LRI AAL LR LRI 13 AR AEBRMLERERAFLBRAE, RERBITASA G
TAA & RIERAT L BAEE R AR K BEFT I A E L F 0 S A, ®oh, LWK2 ARAEAH
KB4, -F-afEELBIRMAR, €45 ME LR ERR LAY CuSOs. ZnSO,. CdCl,
A2 CoCL ¥ B A tt, X AR ELBLEVR G ZIRESFH 4. 10, 34 1 mmol/L., [££]
2B B EAAAR IR A B E RAEKE LWK2 24 2 AR A 450, R Rt AR a4
HeyE K, A TR ESMKAED A TR ER T2 AMNEL. LWK2 2K R 45 7] 690
T, FF T BAAKTR S G A L E RIERB AR AHKIEE, LARAF7 FHEY
AR ELBIEAAXEE G, MH#t—FRABRTZARGEADIRAENS, FTRAELEZAE
AR TAMRABF TR AR E2EL
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Isolation, identification, and whole-genome sequence analysis
of a plant growth-promoting bacterium LWK2 from
Cercidiphyllum japonicum rhizosphere
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Abstract: [Background] Plant growth-promoting rhizobacteria are beneficial bacteria inhabiting
the rhizosphere of plants, with a promising prospect of application in the development of
microbial fertilizers. [Objective] We isolated the plant growth-promoting rhizobacteria from the
rhizosphere of the endangered plant Cercidiphyllum japonicum and evaluated their effects on
C. japonicum seedlings. We then chose the strain with the greatest growth-promoting effect on
C. japonicum seedlings, characterized its plant growth-promoting properties, and carried out
strain identification, whole genome sequencing and plant growth-promoting related gene
analysis. [Methods] The plant growth-promoting rhizobacteria capable of solubilizing
organophosphate, inorganic phosphorus, and potassium were isolated with the corresponding
selective media. The inoculation assay was employed and the strain with the greatest
growth-promoting effect on C. japonicum seedlings was selected to verify the abilities for
potassium solubilization, IAA and ACC deaminase production. The strain was identified based
on cell morphology observation, 16S rRNA gene sequence analysis and the average nucleotide
identity of the whole genome sequence. Furthermore, the genes conferring plant growth
promotion and heavy metal resistance in the genome of this strain were identified by genome
functional annotation and comparative genomics analysis. [Results] Three, two, and two strains
capable of solubilizing organophosphate, inorganic phosphate, and potassium, respectively,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



gt —MROIE T FRME A A LWK2 [R50 55 % 5 S AL R4 51 40 1919

were isolated from the rhizosphere soil of C. japonicum. Among them, the potassium-solubilizing
bacterial strain LWK2 had the best performance of promoting the growth of C. japonicum
seedlings. Strain LWK2 can produce IAA and ACC deaminase and was identified as a strain of
Burkholderia pyrrocinia. The whole genome of LWK2 consisted of two chromosomes and a
plasmid, with the lengths of 3 713 209, 3 026 422, and 880 277 bp and the GC proportions of
66.50%, 66.37%, and 65.69%, respectively. The genes associated with IAA, siderophore,
pyrrolnitrin biosynthesis, ACC deaminase production, and phosphorus solubilization were
identified in the LWK2 genome. These genes are ubiquitous in the other 13 strains of
Burkholderia spp. with plant growth-promoting activities, while the IAA synthesis pathways
and the enzymes catalyzing the reactions vary between different strains. In addition, the LWK2
genome carried the genes involved in the resistance to heavy metals, including copper,
cobalt-zinc-cadmium, and arsenic. Heavy metal resistance experiments showed that LWK2 was
resistant to CuSQOy4, ZnSO4, CdCl,, and CoCl,, with the maximum tolerance concentrations of 4,
10, 3, and 1 mmol/L for these four heavy metal salts, respectively. [Conclusion] B. pyrrocinia
LWK2 isolated from C. japonicum rhizosphere has plant growth-promoting properties. It can
significantly promote the growth of C. japonicum seedlings, demonstrating the potential of
application in the development of microbial fertilizers for the endangered plant C. japonicum.
The whole genome sequencing of LWK2 enriches the genome data of plant growth-promoting
B. pyrrocinia. The identification of the genes associated with plant growth promotion and heavy
metal resistance in the LWK2 genome is critical for further elucidating the plant
growth-promoting mechanism of LWK2 and expanding its application in the development of
plant growth-promoting agents used in the environment with heavy metal stress.

Keywords: plant growth-promoting rhizobacteria; Cercidiphyllum japonicum; Burkholderia
pyrrocinia; whole genome analysis; plant growth-promoting properties; heavy metal resistance
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B ECE R,

TERE YR PR A AE — SR g Al P AR Br ke A=
41 (plant growth-promoting rhizobacteria, PGPR)
B i 2R, EATAT DU A 52 = Al s A
Yo W PR AR ORI e D L T A
KA E kb e e A4 KB PGPR X
YA AV FEAFE LTI I : (1) #&
re A A R o R R, e MR Y 1
L2 K v LA ) - SR T ) e A
PR gl g L AEERCRIE L, AT Ak
NERHRE ™ ) P ERPIEER AN TAA) B
PR AR ) BEERT; @) FMIFASE
B - IR J5E-1-2 182 (1-aminocyclopropane-
1-carboxylate, ACC)JJit 2 il %t £ Js (4 /i AR 49 Jox
ACC FEATREME, DT fi e i 25 1 1 7 A
() 2RI AN R (5) ik gk
1A 55 0 it R S P 2 ICPR B R A BR A9 kot
R, AP A KA AR O BR T R Y [ I
TR B A RKD (6) TR R
P S B AR KU (7)1 RO AL
H S b, b, & BiF£L PGPR
1 4w i B i BT b RT DUE o AR A B
e T 4 J T AL AR BRI A0 ORI B 42 R
PN, kb B 4 @ Bt PGPR BRE K
TEH BB R IR S, REWS B iR
F R R RN S AT LR S A e S
Rl F PGPR i 28 28 Rk S L8
RAFE, T SR P JE AR 40 sl B AT i B 0
MAHHE

N T AEORFR R AR AN PR B B B2
FEVIRIE T A A B RE Ty, RATIINAEK
TE PG 7 Ll 28 B AR PR X et i 1 7
PEAR PR L3R UEFT PGPR M43 ES, Pk X i &
SR B A AR A P B O (3 Y T R AT
IER 7/ T2 S S C o VSN i N o S 2R D5 2

FOSRERE 2 70 A, A Shy 830 16 A 0 32 A A T
APPSR T K St R B e i A, [R) IS S
PE— /R EFR PGPR ({2 HLHHR (L HL S
{[KE/

AR

1.1 E#k
Burkholderia pyrrocinia LWK2 435 H 11174

I3 R e E AR X GE B RAR PR 3, B
PRl T o [ ML R RS SR Wy DR bl ORIEUGR 5
CCTCC M2016007,

1.2 EFEEMEE R, L

LB 57 5(g/L): WA 10.0, EEEHR
5.0, NaCl10.0,

54 R FE R RS 3R B (/L) . HERE 10.00),
(NH,),S0;4 0.50, MgSO,-7H,0 0.30, NaCl 0.30,
FeSO,-7H,0 0.03, KCl 0.30, MnSO44H,0
0.03, CaCOs 5.00,

S IRORBENR B IR . 52 A R SL A a5 3
F 121 °CKH 20 min J5 & T 50 °CAKBH P
L, BTEESEAE 75% PR IR 24 h, REWEE
BEFE 0.85%4: FHEL K SR FUR A )5 il £ Al
BRETYL, 1 100 mL KR 5 Y52 4 WA % 77 2
HOIA 5 mL B R R A 52 4 RN il A s o 3

JCHLBEA T 73 25 (NBRIP) 15 I B (/L) . HiI %)
W% 10.00, MgSO4-7H,0 0.25, MgCl,-6H,0 5.00,
KC10.20, (NH,),S040.10, Cas(POy), 5.00.

JC AL B 40 B 07 5 (NBRI-BPB) 85 55 5t . 1
NBRIP %Ll F A 0.025 g/L pH #5787 R B s

A A0 T O e B R B (g/L) . ERE 5.000),
MgS0,-7H,0 0.500, FeCl; 0.005, +3EH" ¥
2.000, Na,HPO,2.000; +XE# 4. 14r+L45m
10 4y 6 mol/L /) HC1, & 0.5 h, FZEIMKMk
VERTCAE T R M IE .

King B £i# 3 (g/L, HIMHALN mL/L):

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TS —ARIERWARPRE A0 LWK2 17> B

58 N H A FE R 20 2 40 0 Bt 1921

M 20.0, MgSO4-7H,0 1.5, K,HPO, 1.5,
Hl 100, £ 44 555 35 LI A9k i
20.0 g/L IR

Salkowski LA R2: FRHL 4.5 g FeCl; %
T 300 mL B Fokd, ZHEANA 587 mL WA
e, WHIEEAZ 1L,

B URTHRAY, CHRIST Aw]; FAfH
B, H B EORA W BFRY, BioTek AR
7N

1.3 PGPR 7 Bifik
1.3.1 FRBEHBIE T BEE NS S FiE

- SRR R B E EL 107° 107 R BRI 4
SR AT T 5¢ 4 IR IR W IR AR KR 3R 56, 30 °CHE
Fr 47 d, PREUEEE R RO B T Ak S R
SR SE G IRAT AL B ] 4 5 5 R 06 U i A AL B
TG RAT

TR R RSB 1071077 FBRR 4>
BT AT NBRIP [ A3 550k, 30 °CHiFR4-7 d,
P I s Bl A R W TR 9 R AT 2liqb s, o L
%44 20 mL NBRI-BPB #5355/ 150 mL =)
B, i RIERE Y NBRI-BPB 5555 564E 2
FIXFIE, 30°C, 180 r/min R 1597 3 d, B3R
¥ 12 000 t/min 5.0 10 min, & E¥E ODgooo
ODsoo /NTF—1 HAT B 1)U TCHLBERE J1 . ODsoo
T -1 #-0.5 HA thEEM LIk RE
1.3.2 FRERAER S B i

- B R RS B 107107 PR BRI 4
SR AT T LA A 354 4 Ay M — B0 58 1% Mg B 240 1 O
WERARE SR AL I, 30 °CHEF% 4-7 d, BRHUAEK
BREERCIR . DA VR T AN A TR 5 A0 4R T R
2 A O [ AR B 2R 0 EA T AliAb JS DR AE -
1.4 fESRYHE AR B8 B9 E

TEEA 50 mL FREH AN TR i E RS 77540 300 mL
=P RERD 0.5 mL 7E LB i g 28 °C,
180 r/min RS2 MR FR A PR BRI, R AEFI Y

e B A A O e B SR AR s BT X R L 30 °C,
180 r/min 3% H5 5% 5 dJi, ¥ =AM rpT A B
FWERE BRI, KRS E 10 mL
Ao AR 6% H0,, 4S5,
W AN, SO AL T A A R B T
R g BRI IR IR R RS 2 50 mL 45 &
R EL o RIS R I B 5 i
1.5 E&EWMITHEEHEM

PR PGPR HLIE V5 #2270 T 50 mL LB i A& 55
Fitdh, 28 °C. 180 r/min JE¥%5 15 48 h 5 T
6 000 r/min &.0 5 min. WARULTE I JCTH 4= 7
EoKVEW 3 Wa, AW A MEEKEY =
10° CFU/mL. ¥ bR B & —4F 4 %
B S A 1 GRS TG T ALK A B AR R R
B PDAR R, H2fhE Ry 5 mL/k, XFRg4m
G WA K, A AMEE 10 NME
B, EEMELANETRED, HHARE
B, SERFEK . RS 30 d IS0 A T R B
FHLA%
1.6  TEMREFF IR
1.6.1 IAA &

1 LWK2 B PR B V5 2P 2 LB AR IS 5 2
Hr, T 28 °C., 120 r/min 53 16 h, {3 FITCHE KM
5 ODgoo 2 0.05, HL 0.1 mL R E 54 100 mg/L
R King B AR SR 5(50 mLyHr, ffi]f]
SEARTRIC KRN Y King B WA 85 35 AR Ry 2
FIXTRE . FIRBIE T 28 °C. 120 t/min 3557 7d
JAHL 2 mL B 12 000 r/min &.0> 5 min, HX
1 mL %5 2 mL Salkowski H (i R2 IR4E,
WEOEFRE 30 min 5 E ODsyoo 1 TIAA 3 ifE
BHZE T3 B R 8 P TAA W
1.6.2 ACC B sl

ACC It Z 6 1 A 2 BE SRR [1 7] %
B3 A 1 pmol o- T BRI R Y 5 SO0 1 ATl
TG IR, PR PR LB R A A R ACC
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I 22 B LE 3% 7 (U/mg).
1.7 BEMEE
1.7.1 HEBENE

Bt 3 mL 7F LB 557239 28 °C . 180 r/min 1%
IR 14 TR OE B3, AT A 1 B0
ZAF42 8 000 r/min #.0> 3 min. 0.2 mol/L pH
7.2 BIWEMR S PR BE R AR 3 UK. INA 1 mL 4%
TR TR TR R (8 FH 0.1 mol/L T 192 2% w8 i FF ) 2.
BEK, FREELSEE, BO05EE, HX
FH 0.1 mol/L pH 7.2 MR 2% M e & 3 IR R
WH 30%. 50%. 70%. 90%F1 100% . i i
K, ERRMEKAL RS E] R 15 min, FRHEKE 2
FEO3 K 2 O, WKL BRI B0 25 B . A
TREGRIRTER 2 K, BK 15 min, fIIA 1 mL
AT BEESERIIIE, & T-80 °CIR¥K 4 h
G, B RE TG TR R T, TR
J5 AR St R AR S SR v Sty |, W Ah B
G R EEEEr 2R RUIE 29717 5] 27 N
1.7.2  16S rRNA EE# 1%

16S rRNA EEH 7414 14514 . PCR S i 14
B RS 75 3R [18].
1.8 2EFERFTINER TR

LWK2 45 R 24 7 41 I 2 B BN IR AR 26 )
BARABRA A 5E WM ] A4 JE 48 K fL (Oxford
nanopore technologies, ONT) =AU F &, Xt
$e3k o T AN F B reads (<2 000 bp)itk
fridils, i CanuV1.5 SOFP-Fr41s, 41
2E L2 RaconV3.4.3 #K{FBFIESS, A Circlator
VL5.5 BT e AR G AL R R, s
LWK2 N4 P51 58 A . LWK2 4[R2
5l i NCBI fil IMG/M (Integrated Microbial
Genomes & Microbiomes, https://img.jgi.doe.
gov/) 73wl AT I REFN T BE T
1.9 HRERBH

LWK2 55 H At 7 Mk 4 FE DR 45 91 1 P 35 4%
1 B2 77 41 — B (average nucleotide identity,

ANDf# FHTEZRE T.H. ANI calculator (http://enve-
omics.ce.gatech.edu/ani/index) #F 17 115 . F| F
MEGA 6.0 HJH#IETF 6 B R ILH (recd . gyrB.
rpod . rpoB. rpoC Fl rpoD)FTT R HB Iy 41 1Y
REREW,
1.10 EMREREEEMHEHEXER S

TAA £ BGE P& B HAH DG MetaCyc
Pathway Fll KEGG Pathway #EA7 T/ #1. £k
AR PATI MEL 6 TR 2R B PR 7% ] antiSMASH
AT T o AR Py 01 A 5L DR AN 4 SR B PR A
I HE A i 2k B DR 0 Ph e T B A Rk T 40 M o
L11 EEEHMMERE

LWK?2 PR VR HEFN 2 LB ARG 37 3E 30 °C
180 r/min 5 FFIIK o W H ODgoo FiBEZE 0.5 )5
Fie 5% PR oy 4 2 S A ARV R T )R
AR LB WA IR, K HES B
M4y B K. CuSOy: 2. 4 F1 5 mmol/L;
ZnSO4: 4. 8. 10 #1 12 mmol/L; CdCl,: 2. 3
A1 4 mmol/L; CoCl,: 1 #1 2 mmol/L., #%HL
600 pL FIRFRIMA 48 fLE TR, 48 fLE;
FER AR FL AN S IS I R, AU A5
IR LB AR TR, #% 48 fLIBFRIRCE T
MEAR AL 30 °CHR HE %, iRl
o MEMUIRAR IR 7 XM IE S, R
Wi%h 365 o/min, FEIIEK 600 nm, % 15 min
IR

2 BRS04

2.1 EERIRER PGPR B9 Bk K H ¥t
E BB KA BRI

A TR R RR AL i iE /M A K PGPR,
AT T A KA WL PG Iy 1l B R KA SRR X
B O ) A AR, R PR 158, M
W R AT A B T G AL R i A0 AN B Y 43
2o WEEMINEEIE R P E] 19 HRAE
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B SE W P Rk, e alifb R S TR e 3 Rk
1 VB 45 K 1 % A5 ML B 40 T (TR Bk LOP4S |
LOP15 #1 LOP51); 7F NBRIP [lf&zE5:5: |4t
E19PRET, K H o 5360 2 NBRI-BPB K5 57
F, 15 BRIEE IR LI B ODgoo BT -1, M
Hii e 2 Bk ODgoo 357 JC LB 41 T TR A
(Ftk LIP62 Fll LIPS4)H T )5 Al Ak 1 56
TIE ;A A0 200 TR O 22 T (AR 3R 3 AR 3 2 Ak
BRAN R (kR LWK4 F1 LWK2), R T 5l 7 i )
fR3X 7 #k PGPR J: 15X i & i H A AR KA kAR
F L R LBE R o B A 2 — A A 1 A S AR
PR, \EREFE 1A, WeEEFmsL A
FIET R AR . WEE 1 R, BREGFR LIPS4 Al
LOP45 Z 4, HiAth 5 #f PR H2Fh 5 2 & i S0 A
f B e R M A A B M T 4.88%-15.95% Fil
9.94%-23.29%. H:H LB bk LWK2 % 4 A b 5
AR ER RO B2 . Fitdkik LWK2
A T IR 22 AR A R S S A Y 5143 HT
2.2 LWK2 EHREVEESFIES

H T SRR LWK2 ek
W, XTEMR LWK2 f##RE S . 7= TAA BE
71, ACC W2 BERE J1 43 3T Tl . 458 8

%1 PGPR EMMEEMITETRIREMER
Table 1 Effect of PGPR inoculation on the growth
of Cercidiphy!llum japonicum seedlings

Treatment  Seedling height (cm) Ground diameter (mm)
LOP45 60.28+7.87bc 3.61+0.58bc

LOPI5 62.42+10.63abc 3.54+0.52bcd

LOPS51 62.32+5.83abc 3.65+0.40abc

LIP62 64.92+7.62ab 3.78+0.40ab

LIP54 55.64+6.45¢ 3.30+0.38cd

LWK4 63.44+8.25abc 3.55+0.45bcd

LWK2 68.90+14.64a 3.97+0.59a

Control 59.42+8.78bc 3.2240.50d

ANTF NG AR B 22 5(P<0.05)
The different lowercase letters represent significant differences
(P<0.05).

N, SR TR O 1 IR B R R bR LWK2 JR
iR 5 d Ja, IR AT A B
40.56 mg/L, ZXTREAIR 2.1 £5(E 1) £ King
B IR SR 7 d A, W EIEP IAA K
FER 11.41 mg/L, LWK2 B {42 i v 46 0 31 1)
ACC fii & B BETE =ik 0.92 U/mg., 440 R 4%
A, LWK2 2 —HRAREMH . 7™ IAA Fil™ ACC
Jii 2 W 1) PGPR.
2.3 LWK2 BHRIEE

PR LWK2 S —FR A 22 FC PRI . B A
BEFIR, K/NZ1(0.4-0.6) pmx(0.9-1.9) pm
(K 2), FHP 8433 H LWK2 16S rRNA H: N F
5| FA% % EzTaxon-e U4 E Hh k47 P41 L X,
Fikk LWK2 ) 16S rRNA K F 41 511 508 /R
TEIREE 11 MR TE R 16S rRNA B 7
FIAMEEYI R T 99.5%. RILHE Fk LWK2
J& FAA v B /R TS R BH Burkholderiaceae) {1 i 2=
IR FG 1 J& (Burkholderia) .
24 LWK2 Btk EFEF ST

YT RPE LWK2 () Z R0 e A= Rk S x4
W SAER AR, BT #—2 STk

50
40}

30F

Soluble K (mg/L)

LWK2 CK
1 LWK2 EHkE#eEN  AF/NEFEAR
B FE P2 57 (P<0.05)
Figure 1 Potassium dissolving ability of strain

LWK2. Different lowercase
significant differences (P<0.05).

letters represent
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2 LWK2 EHR A EEN R
Figure 2 Scanning electron microscopic observation
of strain LWK2.

R R RR LWK2 iR EALH, X T T
SSLNA P, DAFZ R o 22 p 4 A A G
P, LWK2 2R 2 Ay ek ek 1
ek 2)F 1A BORL(E 3). ik 1. Qe
A 2 FBTRL RN 5 3 713 209, 3 026 422
1880277 bp; GC &5k 66.50% . 66.37%

H165.69%. LWK2 @FLRAILEH 6 743 NE
St FE . 18 1~ rRNA, 70 4~ tRNA Fl 127 M
FEH . LWK2 RN /FHE £ % NCBI, %
ik 1. ek 2 F TR 1S 4 B
CP091307. CP091308 Fl CP091309,
2.5 LWK2 B#RFAE R LR ERE B S
Wit 168 tRNA FEFEFHIHXT, P15
LWK2 J& FIAZE/REREE . b TiE—2
ER R LWK2 #9028y, FRATK: EzTaxon-e
Bdm R 5 LWK2 16S rRNA JE [F 5 5 A1 A 2
HEAE R 21 40455 X0 B ke 119 4 ik DR 401 7 3] (il
NCBI ¥ EA ML) AT, 5
LWK2 F35lliF47 T AT R — Sk texd . X
T R A AT A A AE B BB AR, AT
i FH] NCBI 48 15 b 5 1% 3 #k R A i 2 2% 56
AT S LWK2 5 I AF v 72 R i G
(B. pyrrocinia)fE = HFE DSM 10685 43[R 4] 2~
[ ANT Ef R, N 95.26%. ZHXHES T
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Figure 3 Circular genome map of strain LWK2. Each circle from outside to inside represents: Circle 1:
Genome size; Circle 2 and 3: Genes distribution of positive and negative chains respectively; Circle 4:
Repetitive sequence; Circle 5: tRNA (blue) and rRNA (purple); Circle 6: GC content; Circle 7: GC-skew.
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PRI Z [E] 1 ANT EIET 95%. 5
PUIEE, FRATTHE LWK2 F1 E3k 21 #REH 6 &
K I (recA . gyrB . rpod . rpoB . rpoC Fi
rpoD) I TR E T R L EWIE 4). 5 ANI
HexF 25 —20, LWK2 5 B. pyrrocinia DSM
10685 RAER—4332 . 454G ANI HUXFEERL, H
TE LWK2 S L AH S 2 R P EG TR
2.6 MARAREREBRE LWK2 84X
ERE D

F T AR R R TR LWK2 XTHE)
FOfEAEMLEE, X LWK2 23R4 55 e A=
AHRIEH AT T 08 [FIBHERCT 540 13 k2

ST A 5 DR A 90 e LA AR A sl A B VR R
o B SR FC T (Burkholderia) TR AR 3547 A AR AR
FER 8T, I HS LWK2 W7 T Hed .
PGPR i i A (L RN HTA AT TAA 95
o AR TAA G SRR P AR, HRTEdn
W E R BL 5 R LG AR T RTA R TAA 5 Ak
12 W|WE-3-N il i (indole-3-pyruvate, IPyA)i&
15 . 3-W|BE Z % (indole-3-acetamide, IAM)i&
1% . W5WE-3-Z i (indole-3-acetonitrile, TAN)&
12, (ol (tryptamine, TAM)RFR A0 52 FR 4% A
{k. B (tryptophan side chain oxidase, TSO)i&42),
i PV R e T R T A3 AT, FE LWK2

Burkholderia contaminans LMG 233617 (MCAU00000000)
Burkholderia aenigmatica LMG 13014" (CABVQC000000000)
Burkholderia puraquae CAMPA 10407 (NBY X00000000)
Burkholderia metallica FL-6-5-30-S1-D7 (GCA 001718555.1)
Burkholderia cepacia ATCC 25416" (GCA 006094315.1)
Burkholderia paludis MSh1T (JPGL0O0000000)
Burkholderia arboris AU14372 (JAIZSP000000000)
Burkholderia seminalis FL-5-4-10-81-D7 (GCA 001718535.1)
77 Burkholderia cenocepacia MSMB384WGS (GCA 001718895.1)

94 Burkholderia stabilis ATCC BAA-67" (GCA 001742165.1)

100 Burkholderia pyrrocinia LWK2 (GCA 024732225.1)

83 1—m|:8urkho[deria pyrrocinia DSM 106857 (GCA 001028665.1)
Burkholderia anthina LMG 20980 (CABVLY000000000)
Burkholderia ambifaria AMMDT (GCA 000959545.1)

:‘)i{ Burkholderia lata 383" (GCA 000012945.1)

76

89

100 | 76

99 Burkholderia diffusa RF2-non-BP9 (GCA 001718315.1)
Burkholderia territorii LMG 28158" (CADFEJ000000000)
Burkholderia vietnamiensis LMG 10929T (GCA 000959445.1)
W} Burkholderia latens BCC1625 (CADFCV000000000)

Burkholderia ubonensis MSMB2035 (GCA 001718655.1)
100 Burkholderia stagnalis LMG 28156™ (CADESW000000000)

Burkholderia multivorans ATCC BAA-247" (GCA 000939525.1)

0.005

4 EREFARKELAERM 0 LT ER bootstrap {H(1 000 IKEK); A HANLEZITTR
A 0.005 MU HES RS IURE AR 2 N 419 GenBank % 53¢ 5
Figure 4 Phylogenetic tree based on house-keeping genes. The number on each node represents the

bootstrap value (1 000 replications); Bar: 0.005 substitutions per nucleotide position; The GenBank accession
number of the whole genome of each strain was shown in each bracket.
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SINHAP LT 3 2 IAA S GEE, 435N
IAM #&1% . 1AN &2 TAM B3 2). 1AM
WS PAAIL RN, TAA 7E6GEER-2-FN
AL T IE R IAM, TAM 38 1 TAM 7K fift i
Bl Tt e i 0 TR ) TAALS201 ) 78 LWK2 4
FEAF, BATRHT 1 NOEFR-2-5 0 A
YA IER (L2Y90 27150V 4 ATk e k2 i 32 1R
(L2Y90 07025, L2Y90 24775, L2Y90 25285 H
L2Y90_33480), L2Y90 33480 (4= 5
PGPR Variovorax boronicumulans CGMCC 4969
W EL AT RE RO BERL B TamA (ATAS6605)! 1
FERR A —BE N 53.8%, 1 L2Y90 07025,
L2Y90 24775 Fl L2Y90 25285 HI4mhdr=#) 5
TamA 2R P9 — Bl 25.8%-27.8%.
ok, FRATHEM ;G E LWK2 A o] 6 ) H
L2Y90 33480 #utdh ) ME i By ks 1AM ¥ 46 H
TAA. L2Y90 27150 #hth () 2k -2- B Jin 42 T
FIL2Y90 33480 Haht () Wk R #4) i T LWK2
SEEER TAM 42, X IAN iB4e, FAMUAE
LWK2 FEH 4 & BT I K i 0 2 65 5

x2 HEYREMEEEMMEHEIER

(L2Y90_04840), Z%HEE TAN & 48 H () & fa i
TR, PIEE TAN IR AR B TAA . SR TMREfL (B
MR W AR TE B TAN 19 AH O i g A 5k 5] 5 R 78
LWK2 5L H A LB, TAM 4t 3 25 i
A S AR G, B TR o AR it AL 8 2R T L
TAM, FE A LBEfEAL TAM 77 A 05| g -3- 2
(indole-3-acetaldehyde, 1AAld), TAAld 24 &
Jii S AL R A TE L TAA ., LWK2 3K 41
A RMR MRS LN, ThH 2 MR
Ak Tt 2 B L (R (L2Y90 23345 F1 L2Y90 23395)
6 A T W 2 05 3 DX (L2Y90_12600 |
L2Y90 16465 . L2Y90 20730 . L2Y90 24525
L2Y90 33705 F1 L2Y90 34375), HIt, LWK2
LR 4H P o A SRR TAM 3R FIR 525 18 TAN
K TAM 4% .

Xt 13 BREA A s A B VE - Y Burkholderia
FEEAH IAA G HGERHATHITER 3). Ty
MR & 2 4580 2 5L 1 TAA & RGaE I A o€
B TAA 5 G B AR AR 5040 . FEPRTA
A 1AA A BGREFSE KA 4 SO A5

Table 2 List of genes related to plant growth-promotion and heavy metal resistance

LWK2 ORF ID (L2Y90 ) Gene Function

27150 Tryptophan 2-monooxygenase (EC: 1.13.12.3)
33480 Amidase (EC: 3.5.1.4)

04840 Nitrilase (EC: 3.5.5.1)

23345, 23395
12600, 16465, 20730, 24525, 33705, 34375

23995

24000

30880

20010 pqqE
20015 pqqD
20020 pqqC
20025 pqqB
20030 pqqA
00145 orbL

Monoamine oxidase (EC: 1.4.3.4)

Aldehyde dehydrogenase (EC: 1.2.1.3)
1-aminocyclopropane-1-carboxylate deaminase (EC: 3.5.99.7)
AcdR, Lrp/AsnC family transcriptional regulator

Glucose dehydrogenase

Pyrroloquinolinequinone biosynthesis protein PqqE
Pyrroloquinolinequinone biosynthesis peptide chaperone PqqD
Pyrroloquinolinequinone synthase PqqC
Pyrroloquinolinequinone biosynthesis protein PqqB
Pyrroloquinolinequinone precursor peptide PqqA

Acetyltransferase
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(8% 2)
LWK2 ORF ID (L2Y90 ) Gene Function
00150 pvdF N’-hydroxyornithine transformylase PvdF
00155 orbA TonB-dependent ferric-ornibactin receptor
00160 pvdA L-ornithine N’-oxygenase
00165 orbK Acetyltransferase
00170 orbJ Non-ribosomal peptide synthase
00175 orbl Non-ribosomal peptide synthase
00180 orbE ATP-binding cassette transporter
00185 orbB Iron-siderophore ABC transporter substrate-binding protein
00190 orbF Siderophore-iron reductase
00195 orbD Fe**-hydroxamate ABC transporter permease
00200 orbC Iron-chelate-transporting ATPase
00205 orbG TauD/TfdA family dioxygenase
00210 orbH MbtH family NRPS accessory protein
00215 orbS RNA polymerase factor sigma-70
31085 prnD Aminopyrrolnitrin oxygenase
31090 prnC Monodechloroaminopyrrolnitrin halogenase
31095 prnB Monodechloroaminopyrrolnitrin synthase
31100 prnAd Tryptophan 7-halogenase (EC: 1.14.19.9)
24305 TolC family outer membrane protein
24310 cusB Efflux RND transporter periplasmic adaptor
24315 cusA Efflux RND transporter permease subunit
24320 cusF Copper-binding proteinCusF
24385 copS Two-component system heavy metal sensor histidine kinase CopS
24390 copR Two-component system heavy metal response regulator CopR
24405 TolC family outer membraneprotein
24410 Copper oxidase
24415 Copper-binding protein CusF
24420 copC Copper homeostasis periplasmic binding protein
24425 CopD family protein
13855 cueR Cu(I)-responsive transcriptional regulator
22005 Cu(I)-exporting P-type ATPase
09585 Copper chaperone
25665 czcC Cobalt-zinc-cadmium efflux system outer membrane protein
25670 czcB Cobalt-zinc-cadmium efflux system membrane fusion protein
25675 czcA Cobalt-zinc-cadmium efflux RND transporter
25680 czcR Two-component system heavy metal response regulator CzcR
25685 czeS Two-component system heavy metal sensor histidine kinaseCzcS
23235 CDF family Co(II)/Ni(II) efflux transporter
23675 arsR ArsR family transcriptional regulator
23680 arsC Arsenate reductase ArsC
23685 arsB ACR3 family arsenite efflux transporter
23690 arsH Arsenical resistance protein ArsH
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%< 3 Burkholderia pyrrocinia LWK2 5 13 iR R AR EREREFNEMRERER LK
Table 3 Comparison of plant growth-promoting genes between Burkholderia pyrrocinia LWK2 and 13 plant

beneficial Burkholderia strains

Strain Source TIAA synthesis

pathways

ACC P solubilization  Siderophores Pyrrolnitrin
deaminase genes gene cluster
gene acdS prnABCD

B. pyrrocinia LWK2 C. japonicum
rhizosphere

B. pyrrocinia DSM 10685 Soil
B. pyrrocinia mHSRS

beet plants

B. pyrrocinia Hargis Mixed forest near IAN, IAM
oak tree
B. pyrrocinia Lyc2 Tobacco rhizosphere IAN, IAM

B. pyrrocinia CH-67 Forest soil

B. pyrrocinia JK-SH007 Poplar endophyte

B. seminalis 869T2 Vetiver grass IAN, IAM
endophyte

B. contaminans NZ Corchorus olitorius  1AN, IAM
seed

B. ambifaria AMMD Pea rhizosphere IAN, IAM

B. cenocepacia CR318  Roots of starch corn
Burkholderia sp.
Nafp2/4-1b
Burkholderia sp. BE17

Burkholderia sp. BE24

Rhizosphere of

pristine grassland
IAN, IAM
TAM, IAM

Maize rhizosphere

Maize rhizosphere

TAM, IAN, IAM +

TAM, IAN, IAM +
Rhizosphere of sugar TAM, IAN, IAM +

TAM, 1AM, IPyA +
TAM, IAN, IAM +

TAM, IAN, IAM +
TAM, IAN, IAM +

gdh, pgqgABCDE Ornibactin ~ +

gdh, pqqC Ornibactin +

gdh, pqqgABCDE Ornibactin =~ —

+ gdh, pqqABCDE Ornibactin ~ +
+ gdh, pgqgABCDE Ornibactin ~ +
gdh, pqqC / +
gdh, pgqgABCDE Ornibactin ~ +
+ gdh, pgqgABCDE Ornibactin ~ +
+ gdh, pgqqABCDE /| +
+ gdh, pgqgABCDE Ornibactin ~ +
gdh, pgqgABCDE Ornibactin = —
gdh, pgqgABCDE Ornibactin = —
+ gdh, pqqABCDE /

+ gdh, pqqABCDE Ornibactin ~ +

+o FEINZL P A AR B 5

= BN PSS AHNI LN 5 /2 BEIR 20 O 55 0L e #r

+: The genome contains detected genes; —: The genome doesn’t contain detected genes; /: Synthesis gene clusters cannot be

analyzed due to draft genomes.

g RN AE AR . HF U B. pyrrocinia
JK-SHO07 #7475 LWK2 KA TAA & ik
o FrARKRESA IAMBREMEEEN, 25
A 11, 7H 1 DREEA IAN, TAM Fl IPyA
WA RER . Hik, TAM, IANfl TAM i&1%
TEMYIA 25 Burkholderia ) T1AA & &R 5
T FHAL, SR TR 13 Bk Burkholderia 7%
A TAA GRHKRIERA, (BAU 5 #RE &4 528
1 1IAA & lasfz, HH, 1 ¥RE(B. pyrrocinia
JK-SHO07) [ I &5 A 52 B2 1) IAM Fl TAM i %2,

4 ¥R (B. pyrrocinia Hargis . B. pyrrocinia Lyc2 .

B. seminalis 869T2. Burkholderia sp. BE17){{ %

A — R0 TAA A RGER B TAM i%2
W B H PR R, FATHE LWK2 B[
Hrp BT ACC B W G A% K acdS
(L2Y90_23995) S HLIFE R acdR (L2Y90_24000)
(£ 2). LWK2 HtkH AcdS Fil AcdR 5 HHY
ACC it 2 it 2 % 52k TR S LR AL A 98 5 1
51 Pseudomonas sp. UWA4AP'22 a3t i 2 [
(PputUW4 04154 . PputUW4_04155) i) & Jk iR
FEH—Z ST R 84.0%FH1 65.9%, TEHZERYF
Ah 13 ¥RAEPIE A Burkholderia WL 4 H 15
A acdS Fl acdR FER (5 3), il EIERR 74 H
X}, Btk LWK2 H AcdS 53X 13 ¥k Burkholderia
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W AcdS AHER T —BHEN T 92.0%-99.7%,
AcdR ZEER PO —F PN T 91.7%-99.4%.
DL gt Ui B Y e At Burkholderia 53 H
A" ACC Bz Bre J1, HEEzJg ™ ACC e
it 54 JE 1R )7 9] =5 BE O ~F o Nascimento ¢ X
AcdS [P AT IR AT 5 K A 5 24 SRR Tk
A 45 (Lys51 . Ser78 . Tyr294 . Glu295 i
Leu322, DA Pseudomonas sp. UW4 H1 AcdS & &
MR T 9IVE NS HFRUE)X T ACC B fiE 2
KeFmHEP I H R Glu295 Fl Leu322, Higeds
SHBEFEACC AR 1R PY, LWK2
Pk 2 13 MRAE I A= 1 Burkholderia W i) AcdS
BIGAX 5 DR MR . R FRAT T4
X 13 #f Burkholderia Y577 VL= HA 1E M
ACC JBi 2 1 .

PGPR = %538 10 43 WA A HLER A 1 18 v xf
PEWE S AL A W AT R R R, DT 4 = A
WX G 2R IR o H R A R U B AR
et EE AR Z — P VFZ RN Al
A5 i 2 W I S, 2 I Sl e S
Nk i s Bk (pyrroloquinolinequinone, PQQ)H £ 5
TR AR AL AR, 7 LWK2 L
A, FATRBL 7w B0 g I gdh
(L2Y90_30880)}% PQQ & S H % pgqABCDE
(L2Y90 20030, L2Y90 20025, L2Y90 20020,
L2Y90 20015 F1 L2Y90 20010) (3 2, K 5).
FAN 13 ¥RAEHEME Burkholderia FERI4H I ¥4
WA gdh LR, Hdo 1 BRERERASH
PqqABCDE JEHTE, 2 BRR(B. pyrrocinia DSM
10685 Fil B. pyrrocinia CH-6 T+ 4 pgqC FEH
(% 3).

Burkholderia F¥77H 2 FhISHI ) Bk 4k
&, %3514 ornibactin Fl malleobactin®®*”, F|
antiSMASH 737, FAT7E LWK2 BLR2H F 4k 3
T — 588 ornibactin ZSER B ARG L R4

(3% 2, K&l 5). Ornibactin ZH L-& 2R -D-FEHt
KA TR -L-22 % TR -L- 55 R TR A Ry A G540 &
ZHE) JS 1 0 K AU R 2k K, Ornibactin &
FE(L2Y90 00145—-L2Y90 00215)(i T LWK2 4t
ik 1 b, 4K 30392 bp, H 15 R

(1) 1 DMEFEFEER orbS (L2Y90 00215); (2)
2 MR AR A TSRS EER orbl (L2Y90_00175)
F1 orbJ (L2Y90 _00170); (3) 6 4~ ornibactin & i,
MKILH (orbH . orbG. orbK. pvdA. pvdF Fl
orbL), W, orbK (L2Y90 00165)F1 orbL
(L2Y90_00145)4mt% L WAL /E, 57 N ¥ -5
KR N’ NLE WAL, pvdA (L2Y90_00160)F1
orbG (L2Y90_00205)FI 4wt =93 A g, 43
BT N i L- S0 N B L-RAE IR B ik
JEF R R IAL, pvdF (L2Y90 00150)4F% N°-¥2
5 R W BRI, 15T C i L- SR N &
B RAL, orbH (L2Y90 00210)4#H% MbtH %
AR BAR G T BIER 15 (4) 6 1 ornibactin #%
i K FHEH (orbC, orbD . orbF. orbB. orbE
Fl orbA), orbE (L2Y90 00180)4ith iy ATP 454
BB 1579 ornibactin MM P BS 5 2
HNJEBEL)E , ornibactin 5 Fe* 45 & 5 ¥k orb4
(L2Y90_00155) %t iR S0k 52 AR50, i 1
orbBDC (L2Y90_00185. L2Y90 00195 FI
L2Y90 _00200)4mt5 1y ATP 4546 %548 5 His ik
ZE MM JG, ornibactin-Fe*" & WH iy Fe* ¥k
orbF (L2Y90_00190)% i i if J5 i i I i Fe®”
WA FRHSk(E 6. Ftk LWK2 &5
B. ambifaria AMMD ' ornibactin & E K 70"
HA A oe e —8H —8im, 15 DNEEE RS
7=y ) RIS 7 51— B R 35 88.4%-97.5%

RIS 13 ¥R e A=Y Burkholderia (f45
B. ambifaria AMMD)"', B 3 #KE(B. pyrrocinia
CH-67. B. contaminans NZ F1 Burkholderia sp.
BE17) PR 5k (R 28 #5181 1 TG 1 4% 31 58 28 (0 2R 2k 1R
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$ N
& {
orbL ' orbA pvdAd o orbJ orbl orbE
Ornibactin (KK
synthesis L2Y90 00145150 155 160 165 170 175 180 185190 195 r\q'?ré’lr\??ﬁ}"b

gene cluster
L2Y90_00145: Acetyltransferase; 150: N’-hydroxyornithine transformylase PvdF; 155: TonB-dependent
ferric-ornibactin receptor; 160: L-ornithine N’-oxygenase; 165: Acetyltransferase; 170, 175: Non-ribosomal
peptide synthase; 180: ATP-binding cassette transporter; 185: Iron-siderophore ABC transporter substrate-
binding protein; 190: Siderophore-iron reductase; 195: Fe**-hydroxamate ABC transporter permease; 200:
Iron-chelate-transporting ATPase; 205: TauD/TfdA family dioxygenase; 210: MbtH family NRPS accessory
protein; 215: RNA polymerase factor sigma-70 -

1 kb

pagE  pqgD pgqC  pgqB  pgqd
PQQ synthesis e—
gene cluster  L2Y90 20010 015 020 025 030
L2Y90 20010: PQQ biosynthesis protein PqqE; 015: PQQ biosynthesis peptide chaperone PqqD; 020:
PQQ synthase PqqC; 025: PQQ biosynthesis protein PqqB; 030: PQQ precursor peptide PqgA
prnD prnC prnB ) prud
Pyrrolnitrin C eeee—— — 7
synthesis L2Y90 31085 090 095 100
gene cluster . . . -
L2Y90 31085: Aminopyrrolnitrin oxygenase; 090: Monodechloroaminopyrrolnitrin halogenase; 095:
Monodechloroaminopyrrolnitrin synthase; 100: Tryptophan7-halogenase
cusB cusA cusk
Copper | DI e ————————
resistance  L2Y90_24305 310 315 320
gene cluster copS copR . copC
(Y _ DI 9] I e—
L2Y90 24385 390 395 400 405 410 415 420 425
L2Y90 24305: TolC family outer membrane protein; 310: Efflux RND transporter periplasmic adaptor;
315: Efflux RND transporter permease subunit; 320: Copper-binding protein CusF. L2Y90 24385, 390:
Two-component system heavy metal sensor histidine kinase Cop$, response regulator CopR; 405: TolC
family outer membrane protein; 410: Copper oxidase; 415: Copper-binding protein CusF; 420: Copper
homeostasis periplasmic binding protein; 425: CopD family protein
czeC czcB czcA czcR czceS
Cobalt-zinc- [ D >
cadmium L2Y90 25665 670 675 680 685
remsta;lcet L2Y90 25665, 670, 675: Cobalt-zinc-cadmium efflux system outer membrane protein, membrane fusion
gene cluster protein, RND transporter; 680, 685: Two-component system heavy metal response regulator CzcR, sensor
histidine kinase CzcS
arsR arsC arsB arsH
Arsenic
resistance  L2Y90 23675 680 685 690
gene cluster L2Y90 23675: ArsR family transcriptional regulator; 680: Arsenate reductase ArsC; 685: ACR3 family
arsenite efflux transporter; 690: Arsenical resistance protein ArsH
1 kb

5 LWK2 ZERAHEYREMEEBEHMEEXERRE

Figure 5 Gene clusters related to plant growth-promotion and heavy metal resistance in the LWK2 genome.
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A RGEEESN, 50 10 ¥k Burkholderia Y4717
A ornibactin FEEREAR G IR (K 3). X UL
ornibactin ZSER R AARTER DI = Burkholderia 7
B — 5 1) 3530 1

Burkholderia W )V 22 B REHR AT LA 7™ A= i
MK TR, B — PRSP 2 Pl P s Jil B
BRI A IH s AR AR =40, I antiSMASH 43
Mr, 76 LWK2 FERZ AL T A i R A
KL% prnABCD (L2Y90 31100, L2Y90 31095 .
L2Y90 31090 F L2Y90 31085) (F 2, K 5),
prnd (L2Y90_31100)4mt /R 7-<fbR, 1
DT A AT R P A, A 7-E A
o 7-F - BRURYE prnB (L2Y90_31095)F
pruC (L2Y90_31090) % i ) p i 58 22 L il nbk v
A BB b AL A AL, b ] i B S A
BF LRSS T TR B RIS L . prnD (L2Y90_31085)
0 T P4 2, 56 MOE 8 0 4 B e 226 0 2 56 1 L s e
B RIS R (K 6). 134N 13 RRAE A1
Burkholderia 3£RZH I, B B. pyrrocinia mHSRS |
Burkholderia sp. Nafp2/4-1b Fll B. cenocepacia
CR318 Z4b, F4x 10 £k Burkholderia ARSI T
A prnABCD KRG 3), HE—L UL THIYA
% B Burkholderia 7= A5 A M I P 28 11435 3k 14 o
27 WMEREAZTEREBRE LWK2EEEN
4 EEH 5

£ LWK2 FEHEAF AR TIFLEL B
HHSEFEN, R . Bh-FE-AR AT SEA . 4
USRI 2 A e 2 R R (R 2, B S).
91 DENBEAE 4 DR (L2Y90 24305,
L2Y90 24310, L2Y90 24315 FI L2Y90 24320),
L2Y90 24310, L2Y90 24315 F1L2Y90 2432011
Sty 7 ) 43 )5 R P AT R v £ R 5 s T 4k 2R
[1 CusB (b0574). BiEME T CusA (b0575)F1JH
JEEAR CusF (b0573)PH IR, 250 7 51— bk
439070 30.1% . 60.8%F1 20.3%. L2Y90 24305 {3

F cusB (L2Y90 24310)3:N g, mtsr=4h
TolC ZWAMEE T, ZE N 5 KRG E )8 T
OMF ZE M AMNEE I CusC (b0572)HI & LR T
G| —FPEFARRUPE 533 18.2%F1 31.4%, FAT]
HEWZ A A AT Re S KIGFFEH CusC &R
AR 56 2 DIREEE S A 7 AMEPitE R
(L2Y90 24385, L2Y90 24390, L2Y90 24405,
L2Y90 24410, L2Y90 24415, L2Y90 24420
L2Y90 24425), Hvh, L2Y90 24390/L2Y90 24385
AL AL 43 2285 CopR/CopS; L2Y90 24405 ¥
i—> TolC KiGAMEEH, S5 KBITFEH CusC
(b0572)Z LRI H—3ME R 21.4%; L2Y90 24410
Yt r= W AL, 5 Cupriavidus metallidurans
CH34 ' CopA (Rmet_5671)% 155 — 8N
22.5%; L2Y90 24415 %mtBH4s&5EH, 5K
WFFE T CusF (b0573)F 5 —3ME N 24.2%;
L2Y90 24420 F1 L2Y90 24425 WI4mt =1y 5]
5 C. metallidurans CH34 # CopC (Rmet_5669)
Ml CopD (Rmet_5668)2E PR IR, 2 KM 741
— 43R 37.3%F1 23.9%.

B ik 2 ANFEHEFESN, A LWK2 S 4
b H A B E BT 3 AR T M A O 3
(L2Y90 13855, L2Y90 22005 F1 L2Y90 09585)
(#22), L2Y90_13855 4wt ;=1 5 KM kT B v el i
I F CueR (b0487)[E1H, S ILWE ¥4 —
WK 40.7%. L2Y90 22005 Fwtthy= 1y ki i
iz PRI ATP B, 1032 PRI . %
M 193-1 032 (igkIe 5 RImt wi rhiif% iz ATP
fitt CopA (b0484, 834 AN Ik RFE ILH HPH]
1-834 i S FEIRFR LA —EUE A 40.1%. FEKIAFT
HH, Copd 5532 CueR R, ZILHE 3T
X—35——10 X fit)—B% 27 bp F¥) DNA J& CueR 14
PRI B, 7EL2Y90 22005 KN ST IX
R T —B G FIRGEG R 4 X S B AR 7
G, RUHFRATHEN , L2Y90 13855 4mfi%i) CueR 2
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PEFE TRt L2Y90 22005 FEPIAAVEEAER .
L2Y90_09585 Hwth—AHtHBER, ZEAEA
— AT ) N i — M 25 145 5 257 MXCXXC,
HAREMRKFI 5 HEE HRIER Enterococcus
hirae FHFEIBE 1 CopZ (EHR_09080)°7*)f J3*
G — B P AR BLRE 43901 K 26.4%F1 43.1%. SR T
L2Y90_09585 F£AMG H Tl & R A5 2 2R
copZ —FE, 1 MiFEE ATP il 5L % BiAE R
— AN RYF BRSO R & B A
W% ie ATP BN, Rk L2Y90 09585 4t
AR AT RE IR A R iff— P Bk

1 LWK2 SEH 4 2 Sk b, #ara
— AN - B - PUE A O SE R B czcCBARS
(L2Y90 25665. L2Y90 25670, L2Y90 25675,
L2Y90 25680 1 L2Y90 25685) (F 2, K 5),
L2Y90 25665, L2Y90 25670 F1L2Y90 25675%)
S Gmtt S EE 11 B2 )4 Sk AR T R RS AR
o 3 N LRIM R T 45 - B8N 2 R 50
(&1 6), L2Y90 25680 F1L2Y90 25685 FL[m] 4wt 1
WHLGr RYE CzeR/S, ARG H Cd™. Zn™ '8k
Co™ %, MIMVETE czeCBA WyFeik, LWK2
CzcCBARS 5 HE 4P E K C. metallidurans
CH34“ 36k 13 75 11 (Rmet_5982, Rmet 5981 .
Rmet 5980, Rmet 5978, Rmet 5977)AJ% IR T
H—FENT 31.2%69.8%. 1 C. metallidurans
CH34 1¥) cze AR, czed FEH N IEEAFAE—T
CDF FjGrE AL czeD, CzeD Xf czeCBA
LRI Fe ik HoA PRIAE Y. 7 LWK2 B bk
B cze FERFEHRIHFREM czeD FEH, (HIELE
czcCBARS %) 524 kb &b &P T —~ CDF %K
T 1 R L R (L2Y90 23235), %45 H 4 iy 7
Y15 C. metallidurans CH34 CzcD (Rmet_5979)F
J7 51— A 23 51008 21.1%F0 33.1%.
A G YR RIS CzeD AHLAY P42
YRR it — 2 BIE

1 LWK2 RHER4H 2 Sk Bk kBT
— N EASC LN arsRCBH (L2Y90 23675
L2Y90 23680 . L2Y90 23685 HI L2Y90 23690)
(G 2, B 5)o IEFFEM G W aFETAT ars
BRI T SRR RTE T ArsR (L2Y90_23675),
AL B TR R B Ak Ay S 1R £ 11 A R R A T il
ArsC (L2Y90 23680), ACR3 FKkmmREh oM
EHE ArsB (L2Y90 23685), LA KBtk 1
ArsH (L2Y90 23690)*, ArsH J&— NI HLAHE L
B, TR OLE = e S E e ™, i
Hh, ArsH X5 | i 40 i A AL i 8 B —
SE MR E T,
2.8 MERAZTERERE LWK2EEEN
% F B I8 E

FE L IE Aoy Mr A BT 4 L B - - A A
PUPERE N P SEAS b, M T LWK2 BERRZEAS
A AR B B4 )R £h(CuSO, . ZnSO,. CdCl, Al
CoClL) LB a3ty Kihdk, DIk
IE LWK2 X} Bk 4 g s it 3z Jr . anigl 7 fr
N, M LB HFEHEF A 2 mmol/L
CuSO4. 4 mmol/L ZnSO4. 2 mmol/L CdCl, 5§
1 mmol/L CoCL i}, TRtk LWK2 WA KZ3] T
—EMH, LWK2 REBS AR KAt 4Rk
JE 352 CuSO4 4 mmol/L ., ZnSO,4 10 mmol/L .
CdCl, 3 mmol/L 1 CoCl, 1 mmol/L. AH#LM
&, LWK2 Xt ZnSO, [T 52 68 Ji ek, 2555
Fed A 4 mmol/L ZnSO, B, LWK2 4K
AT B —E R B S, RIS A S ik
10 mmol/L ZnSO4 My FRFEEA, LWK2 KSR 7]
DL4E R . SR LWK2 XF CoCl, HyHitE#
%, ZEHEMRALAETE A 1 mmol/L CoCl, (K 57
Herp A K, 24 CoCl W 271 & 2 mmol/L
BF, LWK2 AR Se gl DL 25 Ui B
Pk LWK2 #5060 . B FAATX 4 FhE 48
HA M.
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A —=— (0 mmol/L

[+ 2mmolL
4— 4 mmol/L —

Fov o Smmol/L e

0'00 4 8 12 16 20 24
Time (h)
C 16 —=— () mmol/L
PTe 2 mmol/L
4— 3 mmol/L
12+ v 4 mmol/L

0 4 8 12 16 20 24
Time (h)

7 LWK2 EHM A RIEERE IR

= () mmol/L
B 16k 4 mmol/L
44— & mmol/L
v— 10 mmol/L ]
121 < 12mmol/L ¢ "
Q‘é
3 0.8
04
0‘0 1 1 1 1 1 1
0 4 8 12 16 20 24
Time (h)
D

1.6 F —=— 0 mmol/L
* 1 mmol/L
4 2 mmol/L

4 8 12 16 20 24
Time (h)

Figure 7 Validation of LWK2 strain resistance to various heavy metals. A: CuSOy4. B: ZnSO,. C: CdCl,. D:

CoCl,.

3 W54 #®

Burkholderia J&T B-ZAEHEW], HgN
[EEE D A e S I O & 2 PN VA B = W =i
(3G N PENY . R4 Burkholderia W4y b1 %E
N S s A SO, (RS HRGE &R
W% & i A A S — &R e 5L R TR YA 45 T
XK, MUBIEHHEYER, BT DR EEY R
o, LWK2 TR AT B A AR 4 3 75 AR
B 38 rh 43 2945 B 1 — PR e 0 2 P i A AR
KAIR A AN, Sk TR b 48 0 ) 20 W 1% i ik
i B. pyrrocinia. BHIIA 15 ¥k B. pyrrocinia
76 NCBI Bl A T2 A 78], Hh
H 5 k% (B. pyrrocinia DSM 10685, mHSRS5 .

Hargis. Lyc2 fil CH-67)J& THYIA W2, 1EiX
5 MR IR A FFI YA 25 B. pyrrocinia
th, AX B. pyrrocinia JK-SH007 A5 %5 2 SCak xf H
P A R A B LR R T T AE 0 AR SCHE
SR E T LWK2 FIf#B . 7 IAA R ACC
o 2 il S A A 0 A R R S b, X RS
H P AN AT 700 E R AT, RS R S
P A= AH G By L R RN BE R AT T e, KRBT
KEHIAA G, 77 ACC BLaf . k. ¥k
PTG I TR 2R & BURH O P SR LRI IR . 1
Sh, LWK2 PRI b A R | Bl -
i AEE S R PSRN (R 2, B 5), I HX
W LOBEL SRR BAAPUME, JUHOEX BB
oM. XU LWK2 AT F6UE Y e
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BHIE R BT, X T A K A 45 i 15 G - oh
S5 R ) R P B R BE ) 4 e B AR TR
BN A E . B. pyrrocinia LWK2 4 3L 4y
FIHIN E 5T H AT BN 2 B HE Y4 A
B. pyrrocinia FERABIEE, WEENE, X
FORE WA A DT 4 AH DG IR A TR A2 #T
XF T4 J5 TR BT 2 T PR 0 A ) A1 2B RN 4
JRPLA AR AL T ) e SR

IAA A8 540 J& PGPR HE AU {E A= ek =2
—o IAARAT DA M KORE , MERME
SO T HAEY A VI AR B, XA
H S VE 24 B Sl R 45 IR VR
Ui DO R B SRS U VA o N ¢ 2
SIATHY 13 BRATHEYI A %5 9 Burkholderia DL
LWK2 JEHZHh, S50 A0A TAA & 0 A G
FEH, UL TAA B TEAYI A %5 Burkholderia
HRE L. LWK2 BERIZH iR 5 Y 3 2% TAA
A GE AU 1 45(TAM i848) R 5231 TAA
G RGEEE(E 6), WA 13 WAV A &=
Burkholderia "W ANA 5 PRI A 0T
IAA GRS, XULBIIFE A AEY A 4
Burkholderia ¥ 7] DL Bz UL 02 08 R A iR & B%
IAA. 2018 4, Sun SFRIEFH T T —HRARE
FIA R A R TAA B R P AR B 42 A= 4 1
Variovorax boronicumulans CGMCC 4969, %
AT AT TAN VESBRTAG R TAA, JFH
TAN 78 InmT DU R i K i g s =, 4
P TAA G EZH TAM . TAM, TAN Al
IPy A #J& FAEY 1 PR EAL A T, BAT
W4 PGPR #E ARG YA N 5 AT LA FIAE 9 v i)
X SE N PRI AL S AR S RIS L TAA L
IAA REJIA AT RES I TR SR B R 26 10 Y™
o PGPR ilid IAA G HUGEAR I AL
s T H S Z A AR SERR .

BBy —Fh kSR, RS

Burkholderia " &K #W/ERWA rAE ., f£R
A A A B E ) Burkholderia W, %R
AR AT DL SE A e 25 IR L B0 5 vp AT BIR A K S
T, DN B e SR A i A Y
JEUE JE R BE 5| A 2 14 21 4k {k (cystic fibrosis,
CF)Ji NP s YL 1Y) Burkholderia T 5 , #REAK
A5 AN 3 A R T B AT TAE CF g A liER i 5 5E
AR, Esmaeel %554 Xt 48 MR HA 3L N4
i) Burkholderia =4 FYREARE RIS T T 5047,
RIANA 6 Bk Burkholderia ASBET™ BBk A ;
TE 42 ¥R AT 7= A R 2R Y Burkholderia H, {135
33 BRWEIRTEA 9 PREEWIAET; Kb, S
ornibactin 1 malleobactin %454 Burkholderia
MIRCE 4350 10 F1 23, ALY Burkholderia
MECE 5 7 2R AT AT SR &
B ornibactin JEERE MG L I FEAER W (2 2E
Y Burkholderia W) VZAF E. L, FRATHEDN
KA YIAE 25 1) Burkholderia 3 %774 ornibactin
AR, MR E Burkholderia F %4 i
malleobactin ZEER A

B Tl AL AWTIR A, IR
E BT PR AR . ARG R B A
FEY) B A KA B rh R R AR AT, B
JE R 2 n | R A M B, R MR Y I
WK WAL, £ PGPR AT LLEE A &
1) B 4 R O B ke T B A 4 4 R A
PE. PiE 4R PGPR #:Fhab #I7E 4 )& hia 1
e A K A R T R R e R e
I, HAHESEREH PGPR 7EE &8 154
PRI Ak Wy 0 i A P MR 4 s 5 A 2 Y
L& o BEPRUZH 40 20 B R Tk LWK2 4
WA Z M SR PO A G L AL R, A 45
W R -BE-ER BRI AN, Cus SRBTMERE
BRG] DI IE AR B T, N AR SR B
Y SR, AT G S0 5 UE T
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LWK2 B S0 4 . BE . FAIAT X 4 FhlE 4 s A
AHE. L, FPR LWK2 765 4 )8 Wil 3555
AR B AR ST e it ELAG TR AR 1
MHrE

T 8 260 A4 2 22 L BV 20 TR A e 2 B
F ARG Cue. Cus. Pco Ml Cop V= RGP, 1E
LWK2 JEH AT, FATLI T Cue. CusFl Cop
ARG MIAH I . Cue J& RIAHT TG 4 f
Ik FEBWPTHE RS RS, ZR%H 3 DR
BRI, 439k CueR. CopA HI CueO**!,
CopA J& T & & & 1 iz ATP Ml K%,
BT — W4 B DA 5 ) SR B A (R e s, TE
ULt B RS ATP KDY CueO &—A
ATl o =S 1] B Z2 40 S AL, nT DUORE— 17 15
TEA K MRS, copa Fl cueO FERY
24 B 1 CueR MYRFE . SRTMIFE LWK2 B
K, AL EIT Cue HIERFE TN
CueR Fl CopA it HEH . LWK2 H' Cus REEH)
B I3 SR E A, B A R U
FEAMER G N EM CusA, JH Bias a4k
1 CusB, JFFEAE CusF FMISMKE . HIRH
Pk LWK2 Cus RGEH MK F1(L2Y90_24305)
MRIGHE Cus REGEHHMEE T CusC HYZ AL
R )7 51— B8R, (H L2Y90 24305 Rl cusBAF
HAER DM EREHEE L, 5 cusB B4B, Hi
FRATTHEIN L2Y90 24305 4wty (¥ SN L EE 11 K #5219
e 5 KR CusC Kl. Cop RGiH
i TENG R E P. syringae pathovar tomato'®*
C. metallidurans CH34Ph7g FFikiE . X 2 PR
t Cop RGN TRk b, HIELKHEH copSRABCD
6 MEKEM ., LWK2 SEAS Cop REG
(L2Y90 24385. L2Y90 24390, L2Y90 24405 .
L2Y90 24410, L2Y90 24415, L2Y90 24420 i
L2Y90_24425)0i T 2 ‘S fafk I, HIERHEA 2R
LT C. metallidurans CH34 1 Cop A% Hrr,

L2Y90 24385 . L2Y90 24390 . L2Y90 24410 .

L2Y90 24420 F1 L2Y90 24425 1 4m b4 43 5
Y5 C. metallidurans CH34 " CopS. CopR .

CopA. CopC #1 CopD [AJ&, {H L2Y90 24415
S 1Y CopB —BME4efk, wije5 A ik
{8 CusF [AJ§. AN, TE copd (L2Y90 24410)
S B, AT —Y Cus RGEH LN
TolC FKIEAMEE (g3 . Pk, FRATHEN
TE LWK2 W, Cus 5 Cop R% 22 8] b 247 1E 5
FREXZR o 7F LWK2 SERA B ik 3 AMH i
PRGN X, AR R T — 418 40
TIEE L2Y90 09585, %K FIH-AHAR B HE R U5
FR—FE GHEEE ATP B RESE, HpE
TREE 11 32 B0 DK M N — P 4 2 e 8 45 i
iE ATP P, L2Y90 09585 HIGiid = a4
5 Cue 25 h %12 ATP il & A A0 H AR B
R RE . RS Bk LWK2 J H 4] H 4
PUE AR G 3 DR T s w0, R HE B Rk
LWK2 R GT AL by . 24 N B ik
JE 7, CueR (L2Y90 13855)H1 i e 2 ity 40
& IR E ATP i 3 R (L2Y90_22005) 1) %%
S, L2Y90 22005 Ywh ATP Bt M i B i —
Wil B 5 BRI s Al 55— 0w, W
F 4t CopR/CopS H 1 il 1% Jek #5 41 24 1R % 1
CopS (L2Y90_24385) 3% 1 1y ¥ B2 1) ] 25 7 )5 #s
SR 4 ST CopR (L2Y90 24390),

CopR i Cop RGEH HAMKL(L2Y90 24405,

L2Y90 24410, L2Y90 24415, L2Y90 24420 F
L2Y90 24425 /%555, BAG W 14565 Rk iy
CopC (L2Y90 24420)2% & J& i 5s 6] Fh ot 42 i) —
W 25 -5 HFE 2 45 CopA (L2Y90_24410),

CopA & FE 4 S Ak BV PR — 4 B8 7 S 4k
AN M T B—a—miE Fid
A LA Cus 24t CusA. CusB FIAMEE
(L2Y90_24305)#4 i i S HE 25, 7 J8 ot £ 15
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CusF MVEF N MUJE o =5 [l % s B M oh . R
Bk LWK2 [ Cue RG> CueO I, {H
HIBEHI AT LABE Cop RGEH 14 A LEE CopA
(L2Y90_24410) T AR(E 6). 3 DHERG R
HEKR, Cue FRGLHTOR LN 2L 19— M4 25
Tz 2 R Basa], 8BS A — i 2 —
TR Cop RGEHH A A LAk, 71— 7T
Wk Cus REB iz Z AN, MNIMSZEL T A
MR EEM . HET, Burkholderia
rh EL R AR T M BIL T A% i 1B AE X8> . Higgins
St FH &G B I 2 X5 B. cenocepacia H111 H4
Prrk BT T A e, H s Cue R
g ATP B LR A Cop R FEN %, HIFR K
M Cue RGN cueR WFE I FI Cus RGEHEN
#11 HAh, Higgins 2 &P B. cenocepacia H111
FR— A~ 2 R I Sk A TR (135_RS15965)F11
— AN WU R R i 12 A I K] tatd (135_RS01625)
WS 5k HI11 B4 78 LWK2 ik
it 48 2 7 3% 2 A3 (L2Y90_08850 Fi
L2Y90 06160)., R, Burkholderia ")V 454
ZANENS 5 TEPEd B, ROk E
— L SN Burkholderia W W R ST ERL I
HATRAS#T

Ben Fekih 25 oo 3L R 4H 4304 K B arsRBC
1’EjﬂEEFTJL VEAZ ORI, 7 A% A W v 3 A
W R R LWK2 AR P 3L R % arsRCBH
HIREAE 1AM arsH FEH, 255 H ga i
A=A DL AL G P S8 AR R T A A B A
PR ars H 3 R B 77AE (8 R AR LWK2 X 5 4
JE AP N TCHLAS A 2= T APLE, BT
T LWK2 Bz BTt

RS 2 W] LWK2 % 3% B h A 1 2 A B
WRREHEER, SR W E T LWK2 B
f#B . 7" TAA . ACC i 22 M 55 2 M 12 2B
PE, @At R T 5 2R e A gy

PEAOC R FE R AL R 7K . LWK2 XTAE Y B4 2
VRN Y 02 Z A A= e PR R AE A5 2 .
P8 30K B 7 A HEVE 9 23 LI DA R ok 2 i A= R

TE TR 1Y AR AR E o 7 v (%) DTk i A o i
— B RAT . IAN, LWK2 JEDRIZH P4 . 4440
FSEERE SRR LI, R T LWK2 f1
ARG B B A L E A B by PGPRI)
— M, REMSE DR TE EE 4 JE A PR T AR
Ko UHYIATEE SR a R, EaE
PO A AR P i A R 22 T 2 G o] AH B 9
AT A 58 BRI AR 49 A A B AR A i th A5 1Rk —
AESE o AT XS4 FIIE A S 4 JR B PR AR O

LR BVE SR, X T4 IR 2 4R A M
R DL B 2 B 4 R B 1 50 F AL, 3565

A5 i A= L -5 A i A 1 e R 2 TR] K AR B
ST BB
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