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Abstract: [Background] It remains a challenge to prevent and control Zanthoxylum bungeanum root
rot in production, and the screening of biocontrol bacteria for the development of microbial agents
seems to be a promising solution. [Objective] To analyze the genetic information of the antagonistic
strain T-1, explore the root rot-antagonizing gene clusters, and reveal the antagonistic mechanism.
[Methods] The methods of plate confrontation, morphological observation, physiological and
biochemical index determination, and molecular biology were used to isolate and identify the
antagonistic bacteria. The whole genome of the strain was sequenced, followed by sequence analysis and
comparative genomics analysis. [Results] The strain was identified as Bacillus velezensis and numbered
T-1. It inhibited 72% of the Fusarium solani, the pathogen of Z. bungeanum root rot, and hindered the
growth of the front end of the mycelia. The results of in vitro antagonism experiments showed that T-1
had a wide range of antibacterial activities and had certain antagonistic effect on Z. bungeanum root
pieces in vitro. Its whole-genome sequence data were submitted to SRA of NCBI to yield the accession
number of SRX11086663. The genome was 3 886 726 bp, with GC content of 46.42% and 4 015 coding
genes (89.74% of the genome). Comparative genomics analysis suggested that it had a high homology
with the model strain B. velezensis FZB42, and the antagonistic gene cluster prediction indicated
12 gene clusters encoding the secondary metabolites in T-1 genome. Eight of them had functions known
(butirosin A/butirosin B, macrolactin H, backland, fengycin, difficidin, bacillibactin, bacilysin, and
surfactant), and the rest four had functions unknown. [Conclusion] This paper dissects the whole
genome of B. velezensis T-1 and clarifies the gene clusters related to antagonism, which can serve as a

reference for further research on the molecular antibacterial mechanism of this strain.

Keywords: Bacillus velezensis; whole genome sequence; antagonist genes; secondary metabolites

AEMU(Zanthoxylum bungeanum Maxim.)2&H
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A, A H TR SCTE BRI s £ W By v O THT Y 4
WD, SEREYH R K IREDEE
(Paecilomyces lilacinus)%F LR 53975 81 163 Rz i )
B (Fusarium solan)) G TEHER, 22kiT &0y
5 A SRR ZE AT TR AR ABURR JE e T A R 5
MRS PR, FH RUNG S5 VR 53 % B 4t 5 R
MR HE I 11 1Y HL A C BL S % T B i 7 v
FIHI ] =ik 88%, BRILZ AN JCAH SCHA .

A TE AR A b oA )iz HAR 5 00 15
B3R, HAT WP TG PR AR SR AP aE U
D13 28 #0478 (Bacillus  velezensis) & 2 1 FT
TR JE 1 — B A AR A T DL S 2 A
W AETE, IS, R D G
AR, [ N AN G DS 2R F AP A A AR 22
WY LA P AE SR AR LEPE T . R s i
W HUER . IRBACE T H 43 85 . B
] 356 R 2 (4 45 9 K 43 - F He AL 2 U,
{H DUSE 30t ZF A B 7E AR AURL R 93 Bl 1 Hh A A 5
FE FHAR DR G .

AL LA | AR AR 3 5 3 114 32 2 B0 .
TR B2 S 0 TR BT, AR R AE AR B - 38 o
Sy BT EAEBUR , [RAIE T s B AR AL
R, UESE T HBUREIEE, N T2 A AR
R & RN FE, MR T-1 #5177 T 425
PRIZEIN e, (] B B A 15 2 A T 7
T-1 WA AT R FE A, LU Jo B2 9% A
PRAEAE AU 995 P S BepL 3 it 52

WEERE

L1 ##
111 Ek

k42X T T ABURR T o 1) s Dl TS 1 Sk 7 TR
(Fusarium solani) H1 FIAEHUHL S PIR T-1
5397 DA FEAE AEABUR JB 5 (%) 46 BUAR 3508 60 4t B 46 B
FRESAR AR LI vh o B ARAT T IS T e Y 1

TR0 I TR R VL PG U K 2= A SR i e, K
BRI, KR 0 R DR AE T 4 °C UKAH
=
1.1.2 ExE

PDA }5 55 5 (g/L) : TH434£200.0, #i%5 k% 20.0,
Bill§ 15.0-20.0,103.4 kPa K 21 min J5 {84 .

LB }iff 5k (g/L): R FIR 10.0, FEREERHL
P 5.0, NaCl10.0, FEEh%5 4% H 2R, H
5.0 mol/L NaOH #l pH i & 7.0, £BEF/KER
£ 1L, 103.4 kPa K[ 21 min,
1.1.3  FERFIFLEE

HAGHE . IR . BRI R . TR I R
A, EZGER AR A R AE gl
FE A $EBGA G , RARAE AR () A BR A
Al AUREERIR, WM A A PR A
SR NI ZEIR K AR, IR R AR .
1.2 FiE
1.2.1 HiIEHKRE S B ik

FRECAE R 3+ 4% 10.0 g, LA 100 mL G
FK =i, 28°C. 180 r/min 1537 30 min,
- 30 min 5, HBCEVEW 1 mL, BEERBEN
107'-107°, & 107 A1 107 ¥ JFF 100 pL 345 T
LB 3 s, 37 °C H & 55% 24 h Ji, PREUR
W IR AT SR, BRI ME R R T 4 °C
KFEER, B S WSS T-1,
1.2.2 HRE T-1 KEEEEREBENNE

B ML SRR 2 7% SCHk[16-17].
3 Vi 3 1 4 0 TR PR T R A S O CRCR A
B 1500 T, WEREPIE T-1 WKIEAS.
123 HME T-1 # FEVZLEERRAFLE
I

Btk T-1 8 F LB WiikE 53k,
30 °C. 180 r/min 355 3EBUHE M T-1 LR 4H
DNA, FIH4HH @MY 27F (5'-AGAGTTTG
ATCMTGGCTCAG-3")l 1492R (5-TSACGGYT

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



3208 (YIS Gk

Microbiol. China

ACCTTGTTACGACT-3")"*13E4T 16S rRNA FE A
RBP4 . PCR W AR ZR (30 uL): Super Mix
(1.1x) 15 pL, Primer F (10 umol/L) 1 pL, Primer
R (10 pmol/L) 1 uL, #&#R(ng/uL) 1 uL, ddH,O
12 uL, PCR JZ i %544 : 96 °C 5 min; 96 °C 20 s,
62°C20s,72°C30s,30 MEFF; 72 °C 10 min,
FH 1.0%) 3R REAEE S HL Dk A PCR 7241, WL
ZEH SRR . W f b Rt S G AR IR B
FABRA Ve, #0745 R 584 2 NCBI
A EL 1Y P 41 3E 4T Nucleotide BLAST [R] 1
%t, izl MEGA 7.0 # neighbor-joining 154 4
1.2.4 AR E

DA A FSURR FE s v I 11 8 B ik 0 o1 Sy 45 7R
., FITILE(ER N 6 mm)K$5 7 B 1@
DHEZFE PDA ¥R FE iy b o B BT 4 IR
T AE AR AR R o 5 et TR Y R, AR A
FEBSRE G 2 em, B3R 5 d RSEiHEYUA
T-1 %8 Ji G810 38 3, 40 ] 38 =OnT BEUIR 5t T
[ A% A 320 5 i TR L AR )/ 6T B 2 R TR L
#x100%.
1.2.5 HEiIE T-1 X EHURIE R % IR = B &
2h BN B W 52

W 1.2.4 PGP AR CE T A B R
ORRAEECHN 1500, WEEFEHUE T-1 XL
R T 9 B AT T it T 22 2 K B0 )
1.2.6 HEMBEERENEILHKEI

SR FH AP A X IRE 7 1A T35 e T L R O R i Y
G, K 9 I L B 4T B 6 mm A 1 B B2 Rl ZE PDA
FEFR B th e, KSR R R R TR AR
BTN S R, S A R e O
2 om, BAERERE 3ANEL, BHES dE
THEAEBUIE T-1 X5 it 17 0 100 1 238 L 410 1] 3=
HEL 75 JRL AT 119 LA — Ak B2 5 D P AR )T HE 2 9
SRR EAE % 100%.

1.2.7 #HIE T-1 M MR A EAE R

o Do TR A8 1 R 0 T A e 0 TR A A AR
PDA }i3R % b 28 °C 15 5% 3-5 d, I AGE & G
ALK P B A B IR A ) 96 I A T U
il i 1.0x10° A~/mL & B 9687

FEYLTE PR A 25« B 3% 7 0 0 TR UK B
Fi BN 1.0x10° CFU/mL.

TEHURR Fr i B RS P . O e AR B 32
M2 75% R w5, IS BRI I 7 U1K
3—5 mm BT FT, FEJCRK 3L 3-5 Ik, &R
a IR THCE T PR AT A JC R AR Yy B SR L,
A 8 mL I TE R K RFFIR S , 70 Bl AEAR Frp e
A 100 pL FFSPUR B . SRR R A 100 uL
IR BT, 28 °C fHIRET SR 3-7d )5, Al
Wb 3 AT, WEHSPUR T-1 X FEARARIE i
s S T B RS HLAVE T
1.3 B T-1 &2 FENFRDH

TR T-1 380 T LB WIS 37 2 rh 30 °C
180 r/min K53%14 %, 4 °C. 12 000 r/min Z5.0>
10 min J5 3¢ 13, $&BOEN 4 DNA, X kAT
RIENH N, J52E s Wy 246 B ifErER
BHEABR AR . NP4 RN S COG.
NR. SWISS-PROT, PFAM. KEGG #l1 GO 7~
KB PE AT O X J5 AR5 A B R RS S, F
M Z g B T RGBT R, Eal
BLAST+ X 14 (ftp://ftp.ncbi.nlm.nih.gov/blast/
executables/blast+/2.3.0/) 5 #k 7K tk. & Hy U6 P il
BHEZE(CAZy, http://www. cazy.org/)FLE, 3REL
ASEIER 51415 18, il antiSMASH (https:/dl.
secondarymetabolites.org/releases/4.0.2/) Bk {4 %] #:
A PR BACE 7 )6 B R R 7 30, 3R 75
AR ™y T 25
14 HRERBZESH

M NCBI F 3G E K B. velezensis FZB42
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(NC_009725.2) 4L R4 ¥4, 5 B. velezensis
T-1 W LR 20 7 9 A T LU R DR 28 2 43 1

D-H#I% B . L-FiIRifrms . D-HEb, S2m
R, WRTRIURNE . KRR . T K

B, AR . BIMERE . V-P RN A
PR 1 Nt s o7 et AR AR S 1oy 34 2 PR (R 1)
22 i T-1 BHEMRBHEOEBERARK
PR ENE N Tl Ne k2 e o 3 b= o

P22 NI S5 SRR, FEPUE T-1 Xk
PR S5 LA ARG il VR, 3595 5 d S ikt
W5 I T T 7% ELAR AT 36 80.0 mm (& 2A), A

2 BREM

21 HRE T-1 MEEESREEELNE
RO OB T BRI T-1 B S8 R R,

PR VR R RE, S AR, RiiAF-5 HA

AL, RGO BT 8 1),
ARSI R, RAR T-1 BE A

El1 #HiE T1HEERS A B9 T1 F%; B, C: #PIW T-1 UERIEA. AL B KR 3 d
JRR RIS CTERUL R IS T R RSB 150
Figure 1 Colony morphology of antagonistic strain T-1. A: Colony of antagonistic bacteria T-1; B, C: Single

colony morphology of antagonistic strain T-1. A and B show the colony morphology after 3 days of culture;
C: Magnification under stereomicroscope is 150x.

R1 EtkT-1 9% B b4

Table I Physiological and biochemical characteristics of strain T-1

Item Result Item Result
D-#j %4 ## D-glucose + iﬂﬂ,@% Inositol -
L-BTH7{AH¥% L-arabinose + iﬁ(?ﬁ@ Urease -
D-H ##% D-mannose + ilﬁﬂt’if"ﬁg Hydrogen sulfide production -

D-BHi{A 4 D-arabinose -
JKf# B ¢ Hydrolyzed gelatin

VALK 4E Oxidase test paper -
|TA W& EE Malonate _

JKf#ER Hydrolyzed starch

JK f# % 25 1 Hydrolyzed casein
2l )2 % Contact enzyme reaction
M3| W& 5 Indole test

V-P )W V-P reaction

Ej/ﬁﬁﬁﬁfﬁ?ﬁ Ornithine decarboxylase
?ﬁﬁﬁﬁiﬂ}ﬁf:ﬁﬁ@ Lysine decarboxylase

4: KB Semi-solid agar
ﬁﬁ@ﬁ%ﬁﬁﬁ}iﬂj Nitrate reduction reaction
iﬁ’ﬁ%%%ﬁ@ Peroxidase reaction

e o+ BHME; - BN

Note: +: Positive; —: Negative.
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THAEPUA T-1 B9 LR B AR 22.5 mm (] 2B),
R ATIE 72%; AL e g8 1 45 bi A
PR T-1 X s J5t T i o 1 22 A A s < 0 Ui
i A ) AT 22 11 i O 22 SR O IR . D223 R L W
w, AR RORLAN S (] 2C); miHERD TH5PTE T-1
PR D T PR 22 T R 25 1 A AR, TR 22
FLAETE BT (K 2D). XUl S P T-1 4
WA TR AR 7 0 o AL ABURR T o i Jir T 5 5 e
TIE HA R 3 /E

2 B T-1 WIEMREHREREBREER
EXmREAmELZERKEEmW A EHAE
TR I T VR 5 B AR T-1 X0 I G A 4 ] 5
C: WA 2ZIEA; D: Bk T-1 3R UG
IS B2

Figure 2 The antagonistic effect of strain T-1 on
the pathogen of Zanthoxylum bungeanum root rot
and its influence on the growth of the frontal
hyphae of the pathogen. A: The colony of the
pathogen of Zanthoxylum bungeanum root rot; B:
Inhibition of the pathogen by the strain T-1; C:
Morphology of pathogens precursor hyphae; D: The
influence of the strain T-1 on the pathogens
precursor hyphae.

23 HiE T-1 I1EERE NS R

PRI ZE R B, P T-1 Xt
22 s it L TR 2R BT I AR T R, A I Y
6 i it L TR B X AR A 4 0 TR TR RO B 22 51
XFHAL 5 Tl Lt TR TR RCR ERAR G, IR Y
AR E] 70% LA F(E 3), RBHEEPUR T-1 J5 AT
V5 B 36 A ABURR TS 9 26 P B 500 P U R TR
24 FHERE T-1 MR A B SEERIRE
5

FE— R E R T-1 XU G 1 5
USSR, ASSCHEAT T Bk, ige g L3k
B, BeRh T RRKPIAR R 7 d IS AR I
B, M AARBTERR L8, o™ 4E, R
F R L TGS R (] 4A); #5801 1ER
o i DR AR T B ARG 5% 3 d S AR R IR A
gk %, A EIE AW RIR AR, 7d
BN AR R AR R M 5K B 58 4 0 B
[ A e B, 33X 55 K HH v B8 A AR S P 4B BUAR
TRHLE I SR AR R (] 4B); IEEFP T 45 PR
T-1 TR R i TR VR AR i R iR R4
o [ B AR AU A E i, AR R B eadssik
7 d AR ARG, R R AR Rk
A SEA B (K 4C), 45 RULHH, FEPTE T-1 78
BRI TS X AE U B 5 R 30 i R 47 45 e sl
R, X5 2.2 s s R —E.
2.5 FEIE T-1 9 FEMFEFET16S rRNA
EEARG A BME

K@ FS 14 27F 1 1492R X5 BT B P4 T
16S rRNA J: (K PCR 4734, 7E 1 000-2 000 bp
Z B TR AR, & A0 A RO
BEWIR/N A 1 444 bp. 1520745 R %
BLAST X}, EBCERMER 13 Ak 5 Rk
T-1 #T R G LB WA, (1T MEGA X,
K I KSR 5 Tamura-Nei F8, & 5 fir
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3 FERE T1XBREE EMEBR Al EHURIE R R B R A2: F5P0W T-1 %)
FERURR B a3 I RO BERICR 5 BT R8BI IR s B2 FEPUR T-1 X oms 258 s I ol (9 35 90
HOR; Cl: MRHE; C2: f5PUR T-1 XM E M TECR; D1 RAEWIIR; D2: 5PiE T-1 MRS
PROTRE IFEPIRCR s EL: W)W E2: FSPUR T-1 MHRedR T = HEPIECR s F1: BRORER;
F2: $EPUA T-1 X O AR & R IECR

Figure 3 The broad-spectrum antibacterial effect of antagonistic strain T-1 on pathogenic fungi. Al:
Zanthoxylum bungeanum root rot pathogens Fusarium solani; A2: The antagonistic effect of antagonistic
strain T-1 on the pathogen of Zanthoxylum bungeanum root rot; B1: The pathogen bacteria of garlic stem rot;
B2: The antagonistic effect of antagonistic strain T-1 on the pathogen of garlic stem rot; C1: Aspergillus niger;
C2: The antagonistic effect of antagonistic strain T-1 on Aspergillus niger; D1: Fusarium graminearum; D2:
Antagonistic effect of antagonistic strain T-1 against Fusarium graminearum; E1: Fusarium syphilis; E2:
Antagonistic effect of antagonistic strain T-1 against Fusarium syphilis; F1: Gibberella fujikura; F2:
Antagonistic effect of antagonistic strain T-1 against Gibberella fujikura.

B4 HHE T1MEHRAFOEER A ALEKRA; B: HAWEERA; C: AT
BR T-1 X5 HR A A 3 1

Figure 4 Antagonistic effect of antagonistic strain T-1 on Zanthoxylum bungeanum root slices. A:
Connecting sterile water root tablets; B: Inoculating pathogenic mycorrhizal tablets; C: Inhibition of root
pieces by inoculation antagonistic strain T-1.

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



3212 WAEY

FIER

Microbiol. China

71

27

g9 | Bacillus velezensis T-1 (SRX11086663)
80 _L

Bacillus velezensis FZB42 (NC_009725.2)
Bacillus nematocidal B-16 (NR_115325.1)
Bacillus vallismortis DSM 11031 (CP026362.1)

47 621 Bacillus vallismortis NBRC 101236 (NR_113994.1)
Bacillus nakamurai NRRL B-41091 (NR_151897.1)

23 Bacillus mojavensis IFO15718 (NR_024693.1)
Bacillus halotolerans DSM 8802 (NR_115063.1)

Bacillus tequilensis 10b (NR_104919.1)

“— Bacillus atrophaeus NBRC 15539 (NR_112723.1)

Bacillus swezeyi NRRL B-41294 (NR_157608.1)

Bacillus haynesii NRRL B-41327 (NR_157609.1)

—_
0.0020

100 Bacillus licheniformis DSM 13 (NR_118996.1)
-
58 Bacillus sonorensis NBRC 101234 (NR_113993.1)

B 5 £T 16S rRNA EFEMEMTENE T-1 RRELEHN

Bootstrap YRECEE R 1 0005 £ EAIRR

FIR 0.2% M PN HEIL 25 515 4 3 B IEUFE IR bootstrap (1952 F5 % 55 N #F /R GenBank #3%¢5
Figure 5 An antagonistic T-1 phylogenetic tree constructed based on 16S rRNA gene sequence. Bootstrap
times are set to 1 000; Ruler represents 0.2% of sequence evolutionary differences; The numbers on the
branch points indicate the support rate for bootstrap; The parentheses represent the GenBank accession No..

N, BPE T-1 5 FZB42 [EG R R, R
T DU 2R AT 1
26 HHT-1 2EFHEAFISPHER
MFEE R A%, B. velezensis T-1 FE[KH ¥ 41|
42K 3886 726 bp, N 50 (bp)AIHEE Ny 2 061 294,
N 90 (bp) K J&FH 264 523, GC &1t l 46.42%,
fI3% 82 > tRNA . 9 /> rRNA Fil 4 015 > fith K&
R, 5 LR 1 89.74%, Hirh 4 iR 5 2 1
MIFEE & 704 AL, LA E LA 6.
COG FERZRE/R, RAMGH] 2 984 -3
HERR(E 7), HEIEET 74.32%, TIRERHAIE
P 178 3R] o 35 R T S ) 25.3%, 34y 20 28
FEPRERES A, o & e 2 SR A
N ¥% iz (amino acid transport and metabolism)
287 4>, HTERRIEM 9.6%; #5232 4, 5
FERIEEM 7.8%; WKL G Wi AR

2224, MTERRILING 7.4%; ILANEA 755 4
NREARAPIEN, HERRILHEM 253%, HHE
RS IR IR R L INRE . GO R BR, GO I
REdLsr =25, Al AYEBER A 13574
FE, MM EA 1 339 N, DUy
TIREF A 2 267 3L . KEGG R4S R
WORILEA 2 220 AIEE, 2 R SRR
55.3%, FLitA 41 SACHHE

AKAE BRI R BN, B. velezensis
T-1 RIS CAZy BEZEIER KIEA 126 4,
FHE T-1 A SR IR Z BRI , 4o
St B-HH 2 BETY i (BC 3.2.1.21) . PN V)4 S M il
(EC 3.2.1.4). B-FFAMEFEF(EC 3.2.1.23)5 3
B, BE ML K B IR AR R F A T-1 1Y
A B AL o [RIEE, I AR 8 7 A — L8 5 RSk
JE TR 20 B A O Tl , AN AR TG . B- 1,4~ SR
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F#(EC 3.2.1.74). JLT FiF#(EC 3.2.1.14), [A]H}
BRI 50 DERALRBIRT A TER A GHIS,
GH19, GH23. GH24. GH25 I GH73 ZKJk#
AAhEE L, RO LT s R A B . %A
W RE 7 A 5 TR AR 01 2 DR 5 1 s [ g i
(EC 3.2.1.28), @M (trehalose) 2 I MR 7E %4
W i) —F Rt DL oy B g R,
R T-1 g 3d Aok 7 A 7K Atk it I S BN 5 it 7 4
JRLBE B RS, O L0 W ) A5 7 A I AR i
W1, X5 B. velezensis L-1, C2,
RB.DS29"***2 15 3 Bk B fE )™ A= PR 12640
T I ) 0 A 4l R 2R

antiSMASH #2452 B, B. velezensis
T-1 JEHE ] 12 AR FACH )5 LN T,
HrpAaRE RN 8 A, 2%l butirosin
A/butirosin B, macrolactin H, backland, jZ#:
% (fengycin) . difficidin ., bacillibactin, ¥ FT
% (bacilysin) A1 5 [ 15 74 2 (surfactant), X 2Efk
S AN R TS 2R HTMEAL B W 2 B IR AEABUR FE s
R E LY LA, bRk T-1 by
butirosin &K FEAHRIEAH 7%, ZEEH A AT
R AR R Y B, ATRRADISE . W
AR P AETE 4 DRA BV &
WL (cluster 2, 3. 7. 8), Xultist I Ak
T-1 ] BEAFTE BT A5 ST BOAR SC i B DR %2 L TE I
SR M A= 7 v BAT AR T T
27 HERERAFSMER

LM b B. velezensis T-1 LR
B. velezensis FZB42 WPRTH 134 FE K AR A
B, SR ER, 2 DRI EE FK K (core
gene family) 3 280 >, 7 B K ZKIER 99.4%,
UL AR AR UBE AR &, X5 2.4 IR &R
58 KB AR TR AE ] — SR S5 R AH — 3
Hrp, FZB42 ¥ BRI ZKIE 74>, TEHEHA

A 19 ANEER MR T-1 R SRR 505
N1 A(E 8), FERER A LT 27 MR (R 2),
B 28 353 bp, Hirp 6 AN FERE B IR KK
ByFED, 235108 gene0235 Fil gene3168 Ay LA
HRIE norG , S Hihs—JS W IR Ik % 1 (pyridoxal
phosphate, PLP){iH: 5% ML, 2R
il 52 5 A 18 5 5 gene 1103 Fl gene1207 B3R 44
FRIE yobL, JEAZWERLIRNEE YeeF R 1150 M K
51 gene3275 Fl gene3274 WIEHZFRIE dndB
(DNA FEf#EEEIN B, Je 2 i A A/ KAl 14 5
K% dnd, XDFIEFFEFEMAE 4 15 DNA &
Wi TR, 53002 dndd. dndB. dndC #
dndD. HHRPE T-1 RN A PRI R A 2L )
RETHN 55 DNA &4 . B&fif . 45 G RRHAn &
ISR TN -4 = N TN (VYN 2 B F P
() S 3 A7 7 — SE R M T RE 1Y FE ], 5 2 0 IR
AW5E . it Gene Family Z3#745 R BN,
B. velezensis T-1 55 B. velezensis FZB42 G55
%] Gene Family H i 5L K550 701 3 540 Al
3570 4, REEIERILEECE 448 FI
160 1~ 9).

B. velezensis T-1  B. velezensis FZB42

11 3280 7

B8 RIREREREKIKSHE
Figure 8 Gene family analysis diagram of
homologous genes.
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%R 2 B.velezensis T-1 (IS HEERA

Table 2 The unique genes of B. velezensis T-1

The number of gene ID of the unique gene

family
0G0000032 gene0340, genel103, genel207,
gene3278, gene3562, gene3 759
0G0000249 gene0413, gene2260, gene2261
0G0003289 gene0235, gene3168
0G0003290 gene0389, gene0391
0G0003291 genel662, gene0427
0G0003292 genel660, gene0428
0G0003293 genel667, gene0939
0G0003294 genel082, genel081
0G0003295 gene2475, gene2474
0G0003296 gene2690, gene2689
0G0003297 gene3275, gene3274

B. velezensis T-1 5 B. velezensis FZB42
PR R A ™ P A A 7R 1 L5 2R 2
TN, B A PR OC Y B B R B 4y ) 2
12 A1 13 4>, Herp 8 MR GARIH 7% (butirosin
A/butirosin B backland .
fengycin, difficidin, bacillibactin, bacilysin HI

macrolactin H .

4000
3500F
3000F
2500F

2000

Gene number

1500

1000

5001

B. velezensis
FZB42

9 REIREERESR

Figure 9 Cluster analysis of homologous genes.

surfactant) 7& W £k 18 = FE AR SF, B. velezensis
FZB42 & AR A = ¥ #% /& plantazolicin,
ZHEFFER/NG 10 kb, iy 12 -3 4 5%
Mgk g P P B B velezensis
QC-T J7*LE I I AR 7 ) 7% (xenematide) /& 1%
PR Y o X U AS [m] A Y5 A8 D133 25 A
7 A IR A ) oA 25 Sk

3 WwEER

SR R B 2 1) DL SR 25 6 AT TR LE AT )
FHGA T R EE W ILE B MER, HESLPR
A rE LA, A A2 B 2R PR DR 2 R ) T
BEAR T AEBTROCR , BRI, 328 15 1 R A Bl S 2R
BRI R T R IG R e 24 A= gk i 2 220 AR
A AR AR 88 Y S AL ep A3 B s DL SR S 2 AR AT T
Pm9 Fl Mr12, 3X 2 PREE XT3 R 58 800 8 2 A K
SRAGFEPUVE R . U S CTNAE AR R B4
i 06 21 DL 3307 2E AT BP-1, Hixh A6 AR W B s
A SR, WA EEP IR

Type

[ Multiple-copy orthologs
[ Single-copy orthologs
7 Unclustered genes

[ Unique-paralogs

B. velezensis
T-1
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DU 2R AT B E69 A T B A i v O T HLAA AR
G AP BIIABOR o A SCNAEUR R T3 73
EEPFEPIE T-1 2500 0 DS 2R /AT e,
IF B /W], Tk T-1 AR S
i TR 2R R AP PIRICR , HAM AR AT 8 72%,
]I K 220 . R . RAWRIIE .
=2 YANPN: ROwiN A A N RS S S A
DR, UESE TR T-1 2 MhuE s
PR, HENNZ TR AR B AR T 7 -

MRS 7 LR 25 Z R IR Y,
R 5 B (PKs) . BB S 0ORT B3% J5 18 i ik
(RiPPs) K AAZHH ARG A (NRPS) 45 o 45 A ST
SEMIE, A S 1Y) DS 2 AT TR A Y
YA BA UL R BCETETE , HAWTERK
v B, BATC A B ) Tz ] 5 A
R REHEMIEZHEZ surfactin, fengycin Fil
iturin 2, surfactin 1 fengycin R FE7E
FRE T-1 HAEAE, T iturin ZEREFE T-1 ZE 4 p
AP, IR /KF-RERBEUESE B. velezensis T-1
TR AR AEABURR JE o A ARG R B VA v T o

Pafe i, 6 NRHAH P (fengycin |
bacilaene, surfactin, bacillibactin, bacilysin FI
terpene)fE 52 PRZFHFT A IAAAE, BERT S5
I AH O B 6 PR TE T TP AR AR IR SF . A SO B
i) B. velezensis T-1 W1 [AIFEAETE LA LR HACHE™
YRR, XULBIRIbE T-1 A G IR,
HERE 458 — 3

TE RN o e R b R B, Wbk T-1 5
PR FZB42 HYFEN AL 914 6 B i — 2ok,
T RYIER 3 280 4>, BETERE B. Velezensis
FZB42 AR LAl 4 405 Jert 240 71 R L 78T 19 A=
£, mHE R RN, BReTEEY)
i Sk RGP, Btk FZBA2 Bi/E A=)
B 6 770 0 Bl A i R B iE— 2B 0 T R bR
T-1 Ja AR N AV 7, LA B85 5R 4 5 R 15 18

B. velezensis T-1 =[5 77 F1 /& BLH U400 1 ) ot
PR T LA

F AW A5 B A BOR 70 B 4 A 4 Ak R ZH
PRI o FHLE R B T 1, el
AT AL RS . R AITDEE A T
FAHSC T REFE A B 285 D34 b i) ik PR i
S, e AR B TR Y A AL O SOt Kk
F A AL 1R 2P
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