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4 AP BRI B IR S RO X RIDFFE B Bt b vt 28OR) [ K B s =, bt 100081
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i E:IHFFI L PFRALPHEEZLHEIRRTRLEXER, od T LEEMERF KB
REBAR, A EnARAERK. [B 6] mikd LA &~ %% LB (indole-3-acetic acid,
TAA)RE N B B AR, FTHRALE I REMH, FRE A A B AR, &4 LR EDNF 54 [AA RifHRZ,
[5:5) RELLTFRA LA ELZ Lo ZARFLE, BEHBERAA-FREREHR, TR
IAA ZMFeE o475 K3T R E) pH #= NaClRE F oI iEA KFM; 6B E5F . A AR 16S
rRNA X B 5 2 oAt Ar Bt A7 5 2, @i 2 -F £ 5F R A 2 HRRI I e AT 4 2R, %%’J
EEAN AT RE R, E TR, A TFALRRANF M E IAA SR ARSHE%, [4£] 7

ik —#R TAA = F3iX 3] 58.9 mg/L 49 £45 5 7047 H (Bacillus badius) 363, & 5 i€ & K &4 4 pH 6.0.
NaCl REH 1%; FFFTHALAXHREEY, A 363 ekt AN THLTRALK, FK
Fotk kAR & 72.9%A 161.8%, FELRZRMT P EAHAKGAK, e, LA ERREATE
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#R 363 B L Aerr £ 2 L EAENEFESARE 10.8% A7 8.25%. AR, KRR R 363 F 2 &
7 IAA Rt sk, (48] 28 F 0 H 363 4 AR A @ EHRIF OB, KRAESHRE
AR R . AIeFreg LT EA T 262 f A= .

FBIE: RABFIOATE,; LK IRTE; MK & REANH

A high indole-3-acetic acid-producing bacterial strain with plant
growth-promoting effect: screening, identification, culture condition
optimization, application, and genome-wide analysis

XIANG Kaiwen"?, LI Dandan'?, GUO Zichun"?, REN Zongling', TIAN Shenzhong®, GAO Lei?,
PENG Xinhua®**, CAI Yanfei'!

1 College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642,
Guangdong, China

2 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of
Sciences, Nanjing 211135, Jiangsu, China

3 State Key Laboratory of Nutrient Use and Management, Institute of Agricultural Resources and Environment,
Shandong Academy of Agricultural Sciences, Jinan 250100, Shandong, China

4 State Key Laboratory of Efficient Utilization of Arable Land, Institute of Agricultural Resources and Regional
Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China

Abstract: [Background]| The fluvo-aquic soil and Shajiang black soil in the north China Plain
are critical to national food security. However, structural barriers in the soil and long-term
improper utilization have negatively impacted the germination and growth of winter wheat.
[Objective] To screen out the bacterial strains with high indole-3-acetic acid (IAA) production,
optimize their growth conditions, examine their application performance by laboratory and field
experiments, and analyze the IAA biosynthetic pathways by genome-wide analysis. [Methods]
fluvo-aquic and Shajiang black soil samples were collected from wheat rhizosphere. The strains
were screened by the dilution plate method, and their [AA production was analyzed qualitatively
and quantitatively. The optimal growth conditions were determined under varying pH and NaCl
concentrations. The strain was identified based on morphological, physiological, and
biochemical characteristics and 16S rRNA gene sequencing results. Seed germination and pot
experiments were conducted to assess the growth-promoting effects of the strain screened out on
the plants. A bacterial inoculant was prepared and applied in field trials to evaluate its effect on
wheat yield. Genome-wide analysis was performed to analyze the IAA biosynthetic pathways.
[Results] A strain 363 which produced IAA at a concentration of 58.9 mg/L was identified as
Bacillus badius. The optimal growth conditions were pH 6.0 and 1% NaCl. Seed germination
and pot experiments showed that strain 363 significantly promoted wheat seed germination and
increased the bud length and root length by 72.9% and 161.8%, respectively. Moreover, strain
363 promoted wheat plant growth, increasing the plant height, shoot biomass, and root dry
weight by 35.7% and 22.6%, 17.4% and 33.3%, and 33.3% and 36.4% in fluvo-aquic soil and
Shajiang black soil, respectively. In field trials, strain 363 increased wheat yields by 10.8% and
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8.25% in fluvo-aquic soil and Shajiang black soil, respectively. Genome-wide analysis revealed
that strain 363 had two IAA biosynthetic pathways. [Conclusion] B. badius 363 has great
potential to promote the growth of winter wheat and demonstrates broad application prospects in
the development of efficient plant growth-promoting rhizobacterial inoculants and biofertilizers.
Keywords: Bacillus badius; winter wheat; indole-3-acetic acid (IAA); condition optimization;

genome-wide analysis

bl O eI R N S A Y OB A =
LA R O 2N 5 E TR R Wl
D22 8 AR R - A (H N 4 B 5T
A3 H K IR G IRA AT, 3PS 1 i A
TEAPU & AR, S50 Pk g™ B S5 ) @, W]
RESSRE M Ah & 2F Je gl A KU1, b, s
Jit AR NE 25 5 O A 1 v st A 4 5 At AR ) 22 )
P AP, S BOER 08 PR R 3 1 2 e 52
P, HE R R Fh G R 2R AR AR KD

4 ) B2 PR (rhizosphere) & 1 3 32 # & 5%
Wi 5 O 2 OO, & IRy, TR AR
MBI FE SRR IR Al W AR R A2 A= 1A (plant
growth promoting rhizobacteria, PGPR )i 12 it
YIRS . SR DIE . & YR
Ut R EE SRR BRSSO (R A )
AR, ©8 2 TV 7 ARk pe 0 v
Hasm o) WESE R, FEYIAR BRI A P 1 A PR
BT AR . IR WO e A KR
M), FCrpaE L A AR YR S AR YA B
PGPR &R0 A= FH 0 GBI ) =2 — U101 g
Z.TR (indole-3-acetic acid, IAAE A—F) 1247
TETHDENAERKER, MULHEHEYIRRE
K, BESRAVEPIXT K A3 FIFR o i, S RETE Y
FE P TR 1, 14 o 200 i v A 1k
B =/ DO Ra ety R E e ct7/) I SIS NI UE TN A =|
1979 4FRb22 5K & 30 B UG [ U85 14 (Azospiril lum
brasilense)iE 5 i IAA J , BOR B RIBTTE A 3L,
T3P R A R AT TAA RE
SR, PGPR VEN—RE 2 A D REIA,
I FHAACR PR B 58 A o 288 B9 AN [ 7 5 o

HHT, CAZH A mgor s Ra e 4
Tiee, FFEERAK. A3, EFESEAEY B

RORA BEZFU SR, AMIE AR AR X K
gy . IR ARG R R, R
T b R 2 B R VR Y ) R T A X 2 - R R
N FRCRAE AR BAR, BRI T /NEAK 5776
KA o AW AL b 22 5 A A+ 19/
ZPRoRE M, TR TN E A KR
(£ O 5 ) = 1 B S L W A Bu R Bt
FH [0 0 — 25 B E LA A 5CR AR IF & 3
FARIC - 51 5 5OMR B AR A= 00 R0 A A E e}
HEOL 5T R Fh 5T I

1 HBP5FE

1.1 #M&

AR SR F IR A MEMN T RE AR
MG Wi B iy, TR 510
W AR R R A ZERFAIEHE T /ANE AR
B0 R AP AR PR 458 . A RAEMR R AR i 1
PR, SERBR EIERZ IR TEY KA P s,
P RAES 1248 10-20 cm 401 135, #¢
IR B ACRFRAS S ISR R, fF 4 °CH
Mo H/NEZRIh 5522 227, WG T-InT[a] i i 25
P8 A R
1.2 BEFE. TERFIFNEE

B FE B E (nutrient agar, NA)K; FH(g/L):
A RE 3.0, FE A 10.0, NaCl 5.0, g 20.0,
pH 7.0-7.2. LB #i&REFH(g/L): EHM 10.0,
M B I0RY 5.0, NaCl 10.0, pH 7.0-7.2, LB [#l{A&
FRFRHE AE LB WAARER SR IER_E VS 20.0 g/L
Billg. MMk IR (g/L): CeHsNa307-2H20
5.0, XsHPO, 1.0, NH4H,PO, 1.0, NaCl 5.0,
MgS04-7H20 0.2, Fifg 15.0, 1% & B ik
(PAEVAWE) 10.0, pH 7.0-7.2, TEMEUAGE: IRk
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(@L): 4 HWE 50, aJEMEEN 50, Bl
15.0-18.0, pH 7.0-7.2,

Salkowski LA, 50 mL 35% HCIO, Fl
1 mL 0.5 mol/L /1) FeCls {45 H 321305, 10 mg
FHILLT5F 30 mL 95%JC/K ZBEH, FHIINA 20 mL
UK TAA FrdiEdh, U RSEEREARA
Al L-ERAREAES, LR R A R
/N8

LKA, LR SR A TR
IN) s B IR Ak, Nikon 2 Al iFR{Y , BioTek
Oyl R RZEIRK R R, R R A BRA A
N TAMRREFRAE, LB BT de A PR A Al .
1.3 7= IAA FHEFEN S Btk
1.3.1 EHHNSE

FREL 10.0 g 4K S IMA T 90 mL TG 7K
MBEIEERAY 250 mL #EEHH, 30 °C. 180 r/min
PR 30 min J5 EE 30 s, B2 mL 3T 90 °C
KA EL 10 min 5 F G B K 204706 5 76
(107-107%), HL 100 pL #REWIISIHA T NA
BeR gk, 37 °CHEFE 10-12 h 4r B BATA V% .
1.3.2 EMATE

PRBCA T 5 4R T 4 mL % 100 mg/L (4.4
FRIY LB 53 5dr, 30°C. 180 r/min ¥R %1555
24 h, HL 200 pL B 5% & Salkowski bb A
RA, BETREEFET B0 30 min J5 W€
Ak LLE 100 mg/L B2 R 1 LB #5373 kA
PEXTRE, DL TAA ARAEVSIRCON FHM: X B, TR 2L
BRI RR B 77 TAA BYRE T, BB 3 A 4
WAL ERR
1.33 E=2E0H

Bl 0. 0.5, 1, 5, 10, 15, 20, 25 mg/L
(1) TAA FRUEFI, 40 H 2 mL AW TAA i
WM& Salkowski H B IRIES, REZN-RTA
8 30 min J5 H BTN E IR AW ODsso
B, DL ODsso {ELFIVE B0 BE A ik A A BR 24 il A
HEHZL .

TEALTF I MR LA T LB AR 373
37 °C. 180 r/min }%5% 24 h., B 2 mL B4

G-I %2 H: ODeoo {5 4 °C . 180 r/min 5.0
5 min, W HIHR S &R VARIES, BIERE
24 30 min J5 I E H: ODsso {HL, % FLbRHERZE,
T EARTE ODsgoo=1.0 B 7725 il TAA &5 /0171
1.4 EHRBOESHEE. £I1B4 4R
NFENFELEE

& Fr E AR B A fb 5 M S % Sk
[18-19], ¥ifiik b R ARG LSS 7E LB [EIAR:
IR L3RR 24 h, MEAEMBERFERIEE . Bl
o JEI R R GRRIE, SR T L Ry 0]
FZEA YL @Y eI BT T SR R PR 24 Qe A
REFFIGL A J 25 .

M A AL S5 ) LB A 5% 35 5L b Pk G
HERAA, EPEANTE 16S rRNA LK 1514 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")F1 1492R
(5'-GGTTACCTTGTTACGACTT-3") i 47 F# 5) ¥
. PCR WA : 5xFastPfu Buffer 10 pL,
dNTPs (2.5 mmol/L) 2 uL, 1E . JZ[5]4#)(5 umol/L)
4% 1 uL, FastPfuPolymerase (2.5 umol/L) 0.5 uL,
A DNA 2 uL, ddH,O #Me 50 uL. PCR S
242 95 °C 5 min; 95 °C 30's, 55 °C 30's, 45 °C
72's, 27 DE; 72 °C 10 min; 10 °CZ 1k,
B =ik B F g BRI RN A BRA | 58 )
MFE, Frfg 16S rRNA K [H % 4 gk A T4 GE
MPrE)E, K45 FA%ZE NCBI-BLAST JEH
Fo T4 #r . fdiFH MEGA 11 % 4w il 4K 33
(neighbor-joining, NJ)JEF%EE 16S rRNA JE[H R
Y =l L
1.5 REHRHSEEKREN
1.5.1 EKxEKHRE pH

BEEVIG pH 4.0, 6.0, 7.0, 8.0, 10.0, 12.0
B LB AR IR 5L, LA 1% 3R 5 4% ODsoo
J9 0.4 BT AR pH B9 LB K58, 37 °C,
180 r/min 557 24 h, WEFHKRAAERKAE,
I E 3 IREE, IE ODsoofH -

152 EXREKHRERE

Beiil & 1%, 3%. 5%. 7%. 9%. 11% NaCl

M) LB ARG SR, HApRfER] 1.5,
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1.6 FHHRBVIRE RN E
1.6.1 PNEMFERLFARE

Wt T2 227 /NEFIFFH 75% L TESE 6 2 min,
KRS 2 Ik, UL 3% IR AR FE 1 min,
KRS 2 Ik, T, ZERESRI_EA— )2 0w g
4%, WX TR I/NER PSSR, A
FRM. 30 F/NZFh 7 #4598 5 mL 10° CFU/mL
P EE B T/ N2 - 3R AT, X BEAh 2 e it %
wIHEK, B3 AER, BT 22°CAL
SRR, MR 65%-80%, K %I
ERNEMICE K, 7 dJEIE /N FhF & 2%
FHRK KK,
1.6.2 NEZFAE

7= TAA ZEFAT BT /NE AR K I 5 ) Ak it
6 7E Hh R 2 B R AT b R g PRI = kAT
HE /N SRP R T A 227, ZRARFTEFH 4N
AR A

VEENAE 12.5 cm & 16.5 cm AU BEITEAE 7
R LR N 1.8 kg, ¥/ EM TR 2%
BV RR NS 30 min, FH B SEAKMET GG
FEFHAZEBKIETE 3 K. MERRESRI, B3R mp
CE R UEAC, BN Fh 4 B A BREEY 5)
HTF, AR IR KBB4 |, 7E 25 °C
F I R 2F 48 ho BB KK 363 #EAPE] 20 mL
B LB B3k, 37 °C. 180 r/min 3R
(10—12 h)J5 Hil R, WeH 500 pL #2275 5]
50 mL 1) LB ¥5323EH, [ 45 454 F 55 5% 22 ODeoo
4 1.0-1.2, 8 000 t/min &.[» 7 min ZBx FIER,
TR K B, E X ARG A,
AKREBE 4 55, B 10 R 2R — /N E RN,
Xof HRZH B T 7K, 56 4 vt A R,
R VR BCS REL 10° CFU/Kg, P& KN
FH ] 457K 52 74 60%
1.7 BEHBIEAIEHRLE

TR I b A AL T I AR N T I B &
KA 373 8 ) T L2 08 B3R 17 e e Ak 3 (P
L8B4, KB/NXANK 12m, 9 6 m, BEHEI

TR 7R A it hn g 7R 2 A A B R ] Ak 3 2 T
BEHE 2 m R T, FOKRIOR G 7E R FF & m
Wit TR R, TSR A 10 kg/hm?, $EFE D
WHLBEAE 7 2CaR H o e B b %) /N 22 ok > 157
BRI AR /N LA, B /MK 3 6 4 1 m?
FEWCRR, BRI ™ o /NAZ 77 & (kg/hm?)=FF
7 /NFE R (kg/m?)x666.7 m>+15 hm?,
1.8 EHMEEREEMNFR TAA K
®E

W RS iR AR A B /58 A%
W, a8t AP R e R PR 363 14 Jk
LA 7 TAE s Z LR 751 5 KEGG fil CAZy
B e AEAT HE X, BRI R 4 A ik S B4 1 vp
FIERE S, T FITEeSE 42 88 H br ) ag
FH
1.9 HIEAE

TR 56 B0 % ] Excel £ IBM SPSS Statistics
26 4TG0 M, R Duncan 5 5% (P<0.05)
AT W E T .

2 ERS594

2.1 FIAA FEAENDESTFRESR

B 5 1L 53 25 Ak /N R B - AR AR
RS T2 120 RREFAEFTFR . Sl PP ik,
Peik s 15 BREA T 1AA RE I ZEHIMF . 16
TE PR 0 i A 0 B B, e 2kt —
77 IAA RE BN B MTRR(E 1) X EHRTE R
FEEE SR 24 h 519 TAA = &5 3] 58.9 mg/L, ¥
Hi 5K 363,
2.2 HHBES. £BEU R FEY
FETFHER

TR ZEIR R, Tk 363 MR 75 2% A
T HOEH, IR, HihSgiEmwEss, A
HAREARIMLIE 2A), #22 R (& 2B)
FZER (B 20) 5, W HRENE T 2456,
FEH O [CPHME B, I HA 7 2R BE
R EFEREG (A 2). AHARIBEE R TR,
PRIRE 363 5 UE Ky K il S W 21 s o Hp 2 B
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M AEATE IR AR A 7™ A W 5 e O e v Ak 553K
g BB ROV (R 1), i3 16S TRNA FE[H
AN AE , FAE NCBI $ds & rh kA7 [a) A He
X, RILEMR 363 5 ZEAMAF B8 Hh SEAE ZE AT
i (Bacillus badius)f#HLE R 99.2%, KUIGEEHE
363 5554 ZE AT [ (Bacillus badius)sE % K &
BT, M MEGA 11.0 84 il NJ a4 T
3F 16S rRNA R RFE L FW(E 3). 454
WPk 363 TERG R BN ERALE | BIEFRHE I
AR AR, FRAHE T RR 363 IR 2T
FFEE
2.3 EHK 363 BUmIEEKEH

R 4A BN, B 363 7ER) UG pH 4.0 I}

1 BB B EE HRYE MM E
L
Figure 1

JTeiEAERK, TAE pH 6.0 i, HAKE KR A
. R pH AT 7.0-12.0 B R EEA BELES:
AR, HAERKBCRI RS, WK 4B R,
NaCl WEEh 1%, Tk 363 AERKEEK; 4
NaCl ¥R 3%H1 5%}, BERIKIRBEML A= K,
AHEARKBERETR; 4 NaCl WwEAE
%1%}, EREeEIEERK . 28 F Rk,
Pk 363 BRiG A K pH R 6.0, NaCl ¥R 1%,
2.4 Bk 363 FIBER
24.1 Bk 363 M N EMFERL TR
gk 2 P, HEM R 363 b3 E LT
T/NERF I ZER AR, A0 BRI & T
72.9%H1 161.8% /INAZ B ZEHNTC i 3 25 5% .

»
’
-

Strain 363

CK—: FAPEXTHE, LB BigR3k; CK+: FHYEXTHE, TAA FrifE

Qualitative determination of the ability of bacterial strains to produce indole-3-acetic acid. CK—:

Negative control, LB medium; CK+: Positive control, IAA standard solution.

~

\-' ,*r
/ -
/7 YA

c'r"_

P s e
.

' »

-

(f
»

& .. B 10
k uml h?., o P b ] _' Hnl

B2 E 363 MEFLSERERE A PR EWEFEES; B: H2REE; C: FMR6,

Figure 2 Colony morphology and microscopic examination image of strain 363. A: Colony morphology on

plate; B: Gram staining; C: Spore staining.
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R1 E 363 FEIRELHHE

Table 1 Physiological and biochemical characteristics
of strain 363

5 H 4k
Item Result
JEM K f# Starch hydrolysis —

FH 321 2 W Methyl red reaction
FrEE®R £ A Citrate utilization
7 Produce biofilm

BH i 4k Gelatin liquefaction

2 G4 Gram staining

i2 1 (i 0% )

Motility (Swimming and peristalsis)
+r PR - BAMES

+: Positive; —: Negative.

+ o+ o+ o+ o+

3 HEkk363 T 16S rRNA EEFEIHMENRESE L B

2.42 EHE 363 XN EEKAFNY

TEW) A FAb2E B4 2 Fh RIS TR /N EE
ARG LW, M ERE 363 HIFE, /INER
AKIEVRTE 30 d JEA AT GR 3). 7R+
W, TR K 363 AMFRAL/NERR S . b AR R
MR T E A3 A = T 35.7% . 17.4%F1
33.3%; fERPEB A, XEIEAR S RS T
22.6%. 33.3%F1 36.4%.,
2.5 E¥k 363 FIHEIRIELE R

FH 1036 5 SR s, it Jin TR ik 363 il ) ]
DI R /N (K] 5) o AT X BRA, it
w363 G, 4 A 22 B 4 3 X Y

5 AR 5 45 A5 TR RRAT DG TR Y

GenBank 3¢5 5 432 s EHEUE A bootstrap {H(H MH); bR FRFIZ 022 557 RE .,

Figure 3 Phylogenetic tree of strain 363 constructed based on the 16S rRNA gene sequence. The serial
number in parentheses indicates the GenBank accession number of the strain’s related genes; The values on
the branching points are the bootstrap values (percentile), and the scales indicate the numerical scales of the

differences between the sequences.
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4 Bk 363 F£[E pH (A)FMA[E] NaCl iR E (B) FHYE KLk
Figure 4 Growth curves of strain 363 at different pH (A) and different NaCl concentrations (B).

®2 B 363 X NEMFERLFHIFN
Table 2 Effect of strain 363 on root development
and germination of wheat seeds

AbFH Treatment CK Strain 363
REFR 70.0+3.00a 74.3+8.08a
Germination rate (%)

24K Buds grow (cm) 4.99+1.50b 8.63+2.53a
#4 Root length (cm) 1.44+0.59b 3.77+1.60a

RIRUNG 78 595 5 B £ (P<0.05). FIil.
Different lowercase letters indicate significant difference
(P<0.05). The same below.

INZE PR R T4 10.8%F1 8.25% , 34 775K
RpE,
2.6 FHE363 2EFE BN K IAA K5

RS
2.6.1 E=EFEMRFSH

Bk 363 3L 44K 4 687 059 bp, G+C
T 41.1%, AR A W 2 ge i L K] 4 940 14,
i KL K KN 3999 801 bp, 4 i KL (K -1y
KB 809 bp; A 98 4~ tRNA, 10 /4~ 5S rRNA,
1 4 16S rRNA, 1 23S rRNA (& 6).

2.6.2 EHEINEETRE

W O 5L R EE R A 4 i S KEGG il
CAZy S50 E AT X (B 7), 45 R s, 3
H 2 488 MEHERF KEGG $diEd, 116 4

FEHERAY CAZy BIEPEMG . 7E 4 940 4
e A, KEGG B D seiE B i 4 o e
$50.4% (& TA), FE KRR, SRS
AL AL BANEE | AN I HLAR S .
Horp, BRI B B A 2 10 R R AR
361 MR, oK LA P89 A .
T M ge A Z 198 A BEAh,
CAZy B FEMIERAEREZ A A 7B), 4 91 4
ST 6 oKk G WiE g, oAb
IKAREG 15 A, WL 19 4, PERIR G A
344, ZPEZMREE 14, AALRJERE 74, R
KA WA BB 15 4~
2.6.3 IAA SRR EIBERTHT

Pk 363 1Y TAA P7 ik F] 58.9 mg/L, K
HHEA SR TAA G RACHHE . TAA )74
e s i A BB A G . RIS EI A TAA
Y& B KEGG 4387, 28 2 Fh 5 TAA B8
AHOC B Tl (] 8) . B 26 A I i & i (aldehyde
dehydrogenase, EC: 1.2.1.3), 1% i ££ 15| W £ 8%
MR RN RS — SR RER, HERs
WAL TAA; HUOE S A AL B (monoamine
oxidase, EC: 1.4.3.4), % RES €2 A Ak hy 15[ e
LW, F—HZ25H1AA A
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®"3 EHK 363 X NEEKIFI
Table 3  Effect of strain 363 on wheat growth

AR g # + Fluvo-aquic soil ¥ B+ Shajiang black soil
Growth index CK Strain 363 CK Strain 363
¥k Plant height (mm) 11.240.26b 15.240.24a 32.3+0.54b 39.6+0.76a
o A=W Aboveground biomass (g) 0.23+0.01b 0.27+0.01a 0.63+0.03b 0.84+0.02a
H & T & Root dry weight (g) 0.12+0.01b 0.16+0.01a 0.11£0.01b 0.15+0.01a

RIAVING i 5 2% 5 18 (P<0.05).

Different lowercase letters indicate significant difference (P<0.05).

5 HEEHTEK% 363 X/NEFEHT
Figure 5 Effect of strain 363 on wheat yield under
filed conditions. *: P<0.05.

3 Wik
3.1 EHR33HTE. EERHEEKE
HHLk

A5 AR LA Ji 80 g ) - A 2 TR+
/INFZ R - 48 i 1 LA B TAA 7R R Y TR
Pk 363, H IAA Zp Wit ik 58.9 mg/L, i T
SR GBS IR A A5 IRAT 0 iR 2E AT A
(Bacillus flexus) MY07 ) TAA =&, il #fL
3P B 16S tRNA JEPRI T, TRtk 363 B
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1951 4E7E 38 [ HN AR JE WA 1% B bk 1743 1 4%
Fe IR ILFAERS Gopinath 252 RF 5% 3k — 45
R TRy, o2 A A
YIFEAR UE 25 FOAR 0 15 & 5 T AR AE AT, BoR
B HAE R PR AE A= 403k Y B A 5 R

REERE I BRI A K B CE

B, DR HOA R AR A AR K B AR T I S
FRET, AW FRM, HRE 363 MRS A K pH
{4 6.0, i 55 5 15 S 28 D 22 P - v i i 31 1)
[ UM B ) B i A K A AR AR, {H S Anandham
SOV A=FE 4y B B PR VR AE pH 7.0 544 N R
BN S RA AR, XFp 2R 5 mERe
JRURAT B EEA &, HRE 363 7E pH 6.0 Fil 7.0
MR R AR, RPHER
S e iR 5 i AE pH 8.0—12.0 B, RUEA K
HORA P TRE, HEkaEER, SRt —g
B oRE . PRI, TRRR 363 TEAS R R B ME 1 g
A N V. AR T T, B
Pk 363 1E 1% NaCl Wk B T A KB, If
HAE 3%-5% NaCl W& FRedEFeA 1<, H#
i 7% NaCl BFER R A, RBZ R A
WA ER RE T o
3.2 K 363 X/ ERIMEE RIEKIR
JRUAE B 2R FATE TR A SR S T BERR M © A5 3
— TR AN, AR PR bR AR A Ty T A A
5%, JUHIE R0 ul (a6 i vy A4 Ry b
D, o 25 A e S L0 0 25 1 SR AR ZE AT I YC5064
N FERFA SR, RBUH R4 A 8508
WA U010 B 1) BEAR ZE AT 1R QT3 7E B 2% [l B:
JEoR TR . 22, Mg E IR . SR,
S ZF AT TR AE /N 22 42 2B D TH A W SE AR X A
B AR NERF R ZF MR RN, W
Pk 363 W EMUE T AR AR, A 2
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Non-coding RNA categories

MR Wi
W 55 RNA TR
7 168 rRNA Bt \M‘O
I 23S rRNA COG functional categories
RNA processing and modification M Cell motility
Chromatin structure and dynamics M Postiranslational modification, protein turnover, chaperones
Energy production and conversion M [norganic ion transport and metabolism
M Cell cycle control, cell division, chromosome partitioning [l Secondary metabolites biosynthesis, transport and catabolism
Il Amino acid transport and metabolism General function prediction only
Nucleotide transport and metabolism M Function unknown
Carbohydrate transport and metabolism Signal transduction mechanisms
Coenzyme transport and metabolism Intracellular trafficking, secretion, and vesicular transport
Lipid transport and metabolism M Defense mechanisms
M Translation, ribosomal structure and biogenesis Extracellular structures
M Transcription B Nuclear structure
Replication, recombination and repair M Cytoskeleton
Cell wall/membrane/envelope biogenesis Il No assigned COG

6 k363 2EFEEEE I8 KR EIMNE — BSR4 /NRIARI ;5 2 AN 3 BN IERE . 1A
B FA4mT5 ¥ 5 (coding sequence, CDS), ANIEJAJEIEF/x CDS AN[A] A EE 5 B & 6] TR (clusters of
orthologous groups of proteins, COG)HIHIREST 25 5 4 B2 rRNA 1 tRNA; %6 5 By G+C &, M4k
AILL R FR % X G+C & B TRk N4 G+C & &, AV @R 2R iZ XK G+C & i
KT 2L GHC ot FN—RBl G+C skew fH, KGN G-C/G+C.

Figure 6 Circular genome map of strain 363. The outermost ring of the genome map indicates genome size;
The second and third rings represent the CDS on positive and negative strands, with different colors
indicating different COG functional classification of CDS; The fourth ring shows rRNA and tRNA; The fifth
ring displays the G+C content, where the outward red sections indicate regions with a G+C content higher
than the average genome G+C content, and the inward blue sections indicate regions with a G+C content

lower than the average G+C content; The innermost ring represents the G+C skew value, calculated as
G-C/G+C.
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Environmental adaptation | 4
Cellular community-prokaryotes 83
Cell motility = 82
Cell growth and death || 14
Signal transduction [T 124
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Cellular processes I

Membrane transport :l 128 Environmental information processing ”
Translation 84
Transcription i ; ;
Replication and repair [l 69 Genetic information processing
Folding, sorting and degradation

Xenobiotics biodegradation and metabolism
Nucleotide metabolism
Metabolism of terpenoids and polyketides
Metabolism of other amino acids
Metabolism of cofactors and vitamins 198

Lipid metabolism 80
Glycan biosynthesis and metabolism
Global and overview maps
Energy metabolism
Carbohydrate metabolism
Biosynthesis of other secondary metabolites
Amino acid metabolism
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"
I

7 EEH KEGG BIEEAF CAZy BIEEBERLER  AA: FALib)il; CBM: #Kiba®
ZiatidL; CE. WEEHRRAY; GH: Wi /KMEN; GT. WHEFZN; PL. WG,
Figure 7 Annotation result of genome using KEGG database (A) and CAZy database (B). AA: Auxiliary

activities; CBM: Carbohydrate-binding modules; CE: Carbohydrate esterases; GH: Glycoside hydrolases; GT:
Glycosyl transterases; PL: Polysaccharide lyases.

AIFLBRRE RNEh b, AR L IRAS BRG] 2R, ABFSEAE AR I I AR A2 Bod 22
WY R RAERD R B L XA S R i L, R TORERSE . ZUR BN MENERR 363
SRR ARG B TR R SR, HnE < MR e TR E, Rk
PEFIE K, TS /N A A A R FR I d BRI 5350R 10.8%F 8.25% . AHELZ

Nk DRI R 363 EH RN T, FEAARSEPIERD Bl 4 b IR/ R AL
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Figure 8 IAA anabolic pathway in strain 363.
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143 HFER S5 EKIER S IPyA AN
S (EC: 1.2.1.3), iF—A1am HAL A A/EH .

4 Z
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