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B OE: (¥F)] FRIRBRAERDEFTARAERGHAED TR, (B KAFRDR4F%
AZGFRAFAS N ENRAERE., [FEI A B AT R EBRERBEAEMNE 2 L6
Hr(Tamarix ramosissima)tk B & 4k WLI11 4 BF 2t £ #47 16S rRNA LB & gyrB A B %% ; i
HARREA M, A WLl B BORE A 1x107 CFU/mL)A 4 °CA&AHF T 49+ Z(Triticum aestlvum)
sefteE & T T HATERLE, WA DEZHGRAES T, KA ZAKNAFF S Illumina
HiSeqx10 *F @ #& WLO11 # 472K F N 5. i 2B AR X A A B 4. [4 K] B4k WLl
J 58 A U BT 3F 74T B (Bacillus velezensis), =T W% 4 °CAKiE; B4k WLl Af“F A 7 5 484K
BH R EMRAERE, 26°CH b AHE . REPEETSAIIRE 12.22%. 50.12%F 70.99%; 4 °C4
HTFTINEANERSZEEN, THESERS 19.72%, H,0,. & =F(malondialdehyd, MDA)#) 42
REns THE 23.50%. 40.68%, A AL 3 AL B (superoxide dismutase, SOD). it A b4y Be
(peroxidase, POD)A=it Bt £ B4 (catalase, CAT)E M2 3385 45.82%. 17.35%A 14.18%; WLI11
AHELA KA 3915549bp, G+C B4 EH 46.47%; %495 2% gene ontology (GO)EHF| 49 A&
B bR G 75.74%, QIERAMAS LR gInB. ylQ A= fetB ¥, TA LA mA KM E. &
RAEER?Z; A/ mnhA. mnhE. pheT. pheS#e= proV % %482 F A5 Na shHeAus] . % A0 &
BR A By AL S M RRL; WAL AR & & CspC. CspB A= CspD 69 k42 3L F cspA. [444]
B. velezensis WLO11 (A3 5 4 OP874802)2 —#F £ i 4 A& 4 Re kLA &t #k .
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Bacillus WL911: wheat growth-promoting effects under low
temperature and functional genes

GAO Ying', XIE Yongli""*?, CHEN Lan', YANG Xue"?, CHEN Jungqi', WANG Tian',
WU Lingling', LI Junxi'

1 College of Agriculture and Animal Husbandry, Qinghai University, Xining 810016, Qinghai, China
2 State Key Laboratory of Plateau Ecology and Agriculture, Qinghai University, Xining 810016, Qinghai, China
3 Key Laboratory of Use of Forage Germplasm Resources on Qinghai-Xizang Plateau of Qinghai Province,

Xining 810016, Qinghai, China
Abstract: [Background] The special habitat of the Qinghai-Xizang Plateau harbors the
microbial resources with strong tolerance to stress. [Objective] To explore the wheat (Triticum
aestivum) growth-promoting effect of Bacillus in the special habitats of Qinghai-Xizang
Plateau. [Methods] The 16S rRNA gene and gyrB of the strain WL911 isolated from the
rhizosphere of Tamarix ramosissima in Haixi Mongolian and Tibetan autonomous prefecture,
Qinghai province were identified. The tolerance of the strain to low temperature was examined.
The growth-promoting effect of the WL911 suspension (concentration of 1x10” CFU/mL) on the
seedlings of the wheat cultivar ‘Qingmai 7’ at 4 °C was determined. Illumina HiSeqx10 was
used for the whole genome sequencing of the strain, which was followed by functional gene
annotation and analysis. [Results] The strain WL911 was identified as Bacillus velezensis and
could tolerate the low temperature of 4 °C. It had a significant growth-promoting effect on the
growth of ‘Qingmai 7’ seedlings. At 26 °C, the strain increased the plant height, root length, and
fresh weight of the seedlings by 12.22%, 50.12%, and 70.99%, respectively. At 4 °C, the strain
increased the chlorophyll content by 19.72% and decreased the accumulation of H,O, and
malondialdehyde by 23.50% and 40.68%, respectively, while increasing the biomass of the
seedlings. At the same time, it increased the activities of superoxide dismutase, peroxidase, and
catalase by 45.82%, 17.35%, and 14.18%, respectively. The genome size of WL911 was
3 915 549 bp, with the G+C content of 46.47%. The functional genes annotated by gene ontology
accounted for 75.74% of the total genes. Specifically, the strain carried growth-promoting genes
such as gInB, yclQ, and fetB, which participated in the synthesis of growth hormone and nutrients;
it carried mnhA, mnhE, pheT, pheSand proV involved in Na" efflux, proline synthesis, and phenolic
compound; and it carried a key gene CSPA encoding the cold shock proteins CspC, CspB, and
CspD. [Conclusion] B. velezensis WL911 (GenBank accession number: OP874802) serves as a
strain for the research and development of high-quality biological fertilizers.
Keywords: Bacillus velezensis; low temperature; growth-promoting effect; functional genes

Y FECREY - . B WS- RAnE, S B0 MUY A K &
ik, MEEmW TR AN RE; KEEZm  F20" S iRERES B0 Ak,
E AR ELEAEYRRZ —, wgliEmy  om ™ 4 H A s A b ww = &
JERE L Ak . A BEEE PR G . 4BREAE E X (malondialdehyd, MDA), B¢IRFE YA WSS ;
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[F) B, AP 23 375 5 3% 1 %A (reactive  oxygen
species, ROS)HUFH R, IR AU Z5 4 A1 RE Y 5¢
B HEMR ST, 8 A Y B Ak B
(superoxide dismutase, SOD) . it %A 1k ¥ [
(peroxidase, POD)Fid 48 1k A it} (catalase, CAT)
P ARG YE SR, TS BRAA N AR B
MAME, W ROS XTI, dEeEy)
(I A T S X R A, R
Wi, (HGE IR E Y, B B
P BT IR R A T2

FE 7 MR Br A2 4E T (plant  growth-promoting
rhizobacteria, PGPR) A i i Be s AE My po i . [
TR E . G RE IR RS A A AL (e A ) A
KU, 2 HAF I (Bacillus sp.) & —2EE AR
MR PR A TR, 2 — il 4 A 0 B 06 700 1 2 TR
PR, AT YR EDTES. T EPE &
B2 #9414 (Bacillus subtilis) HG-15 & —Fiit
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ZHE, WA e A K . Chen S HzHE 2F
FFFTE A28 7EAIGIR T ] B 3 L U £ K (Zea mays)
AR, AR, Rl oK 54
22% MGAh, ZEFLFT R AT 3E I A W Y B
RS E SOD, CAT Ml POD B 11, FEAKIE
PEA(ROS)HI MDA 185 B IR B 73, M
MR IEAE Y ERW AR AT #armal,
FZB42 JEZFAF A MmNz —, HaikN
MM P HIREFIZE REH], AH 10%HHH
PR T A R PA ), sz iz 2k
RIZAE , HaxX Sk AR P38 R AN R R L Y
ME . RS A K Rt H i,
FI AR B 20T T A 2 v I R AR A K L B
VBRI E A Py 20 0T G R A A A R S
XoF e i Al e Je HAR 20
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FEEREY, s, IR ERME

gl < 7 Bl HUE RPN . PUEIR
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SRR e NN AR g N
PUACIR ME R, 16 R R et 7 a2
IV PR RAR I 38 B i A =il A, it
“EETERE s 24N ROS fH/NEAEZ 5, B
TR/NZE AR Z X SR T A ORI . BRI,
R ZE AT o R SR 38 R A HE /N2 1
AR, XHERT . P EAEEE L
ALY B i e A AR Ve P S R
H 1AM 1 2% B2 Hil(Tamarix ramosissima)H il (1
YT WLIL1 MFsExt 4. it 16S rRNA H[H
S gyrB R 471 S TR, 00 A A A
DLZEAIFT I WL B ARG FXF 4 75
LT A TVEAR AL B, 25 LSRR Je A= BRER bR i) AR
LRI IR WLOT1 7EAIGIR T XN 4 AR K
SEM; XF PR WLOL (A 7SNy . Theedd:
FE S OCEEIE R 430, IRGE PR WLO11 AHOC ) RE
SR LR G BT B RRAH DG T BE, LU R 3 R
TEWAER Y, DR i s Sl & J

1 MRETE
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ZEAUFFE WLOTL 4 s i ik !™ F T 45 1 7l
5 W 5 A IR N 2 22 B 210 M) (Tamarix
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1.2 E#k WLl BHFEE
1.2.1 16S rRNA EEFFIMEE

S IR LN DNA $RBGRF G [ R
AR (b 50 A BR 2 W) 148 1 0 B 2 B R Y
DNA., KM IE 514 27F (5'-AGAGTTTGATCM
TGGCTCAG-3")F S In 5% 1492R (5'-GGYTAC
CTTGTTACGACTT-3")i#47 PCR #"3, PCR X
MAKZR . 51#(10 umol/L)4% 4 pL, itk 2 uL,
2xTaq PCR Master Mix 25 pL,ddH,0 15 pL.PCR
S 55442 95 °C 4 min; 94 °C 1 min, 50 °C 1 min,
72 °C 2 min, 34 PMEF; 72 °C 10 min, #% 16S
rRNA SR 34 Py alifb 5 v, iy 25 38 1
NCBI %04 /64T BLAST Fex), it MEGA
7.0 BAFHIVE R G R B R,
1.2.2 ogyB ERAFIIMEE

SRR DNA $RBORH &R AR 4
AR (A 5T A BR 2 w18 U8 B £ B R
DNA. K514 UP2r (5-AGCAGGGTACGGAT

GTGCGAGCCRTCNACRTCNGCRTCNGT-CAT-
3YFIEL A 514 UP1 (5-GAAGTCATCATGACCG

TTCTGCAYGCNGGNGGNAARTTYGA-3")#k 47
PCR #73., PCR RVAZR: 514)(10 pmol/L)4%
4 uL, #iR 2 uL, 2xTag PCR Master Mix 25 pL,
ddH,0 15 pL, PCR JZ i 2544 : 95 °C 4 min; 98 °C
10's, 62 °C 1 min, 72 °C 2 min, 30 ME#; 72 °C
8 min. K gyrB ELK 4 g M atifb S0y, My
45 RiE T NCBI Bfs E#E17 BLAST Foxt, Jfil
1T MEGA 7.0 #PFHilVE R 48 & B2,
1.3  E# WL {KiRIiE 4 RN E

FH 10 pL #EFDIOR PR WLO11 425 T 5 mL
LB #3254, LA 37 °C. 120 r/min £54E
9% 14 h; BL0.01 mL IR (M 4 1x10” CFU/mL)
WA T LB ARSI, IHEA0lET 4. 8. 12
18 cCHEATHEFE, L3 WA FELE, B
B R KA L

14 {BRTEkk WL /N4 < masNE

PRI R 5 . PR WLO11 B V& 2 5|
35 mL LB iffRE 3, L 37 °C. 200 r/min /1Y
FMHRZHIFE 12 hy BRI 30 mL & T
45 mL B0, L 4 °C .8 000 r/min 250> 10 min,
Fr FIEW, 1 ddHL0 R e TR 2355 il B PR 2
MMMk % % 10" CFU/mL (ODgoo=1.0)%,

JINGE A W A R < PR R T RN —
W FE 7 5FF, FH 20% I SR AN Y 7
20 min, JCE/KMEZIR; BA5 AR LT E
F 1:2 JRAF 120 °CK A 20 min, 4335 F + 255
7 1000 mL AEZEH s & 20 B9 —A AW
FEM, LIRELE, EANTEFERR(BMK
JRPE 27 °C20 °C, JGHR 16 h, RKE 8h, HIXHE
£ 65%). FRNHIKEL 8 em, 40 4 NbFE:
CK (26 °C, JCH/KH#EM) . CK+B (26 °C, WA
HERY) . L(4°C, HI/KHEMR), L+B (4°C, W&
WRHEAR); FFBE 3 d L 45 mL 19 WLO11 12 e
MR —U, SEHEAR 3 W, A3l 3 AR A
Xof BEZH DA TR FRIC RDK AR 5 HEARZS R4k 2L hE 55
3dJE, BALFRBENLE 20 FRANT . LAJCHIK ik
HEFR SN GR R 5T, U A0S A W T AR Rk
4y, PEATRRR . A A E i Y
1.5 KET WLI11 3/ Z 54 3B 22 i H93 E
151 MEZES=E

S (P A S 1 ) B i -4
R, FREL 0.2 g Bt /N R, AT R T
WA, IIA 2 mL EBUR (96% %), 7
S WFEE BUSTHOIR AL BV 115 R u8 AR R s IR
BURTEYG, AR 25 mL BRI, #5;
A7 B 5 ODggs » ODgao A1 ODy7 fH F- 4% BR AT
BN R R R i
152 SEKYE=E

P (MDA) & 5t (10 225 FE ) A B2
SRR T ) P, FREL 1 g Bt/ N R, A
i 10% A CRAA S Tk, BHEES
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3% . L 4000 r/min 2.0 10 min, WEL 2 mL i
WA 2 mL 0.6%MifC L L Z B2V i, o B
ZEMK 2 mL, RA1E Tk LR 15 min,
WA HE PR L, BUEIEWIE ODss,. ODgoo
1 ODyso f , T/ INZ LA 41 MDA H & it

i AL R (H0,) & 12 I E S5 (H A28
SIS ) B FRE 0.5 g /NEAE I R AF
PR, A 5 mL 0.1%09 =5 £ & (trichloroacetic
acid, TCAYRIE A1 ; LA 4 °C. 10 000 r/min &5
0 10 min, B2 mL FEERIIA 5 mL $ER1 04
19 10 mmol/L WEFREHZE i A1 1 mL 1 mmol/L A9
KI % ; 3 000 r/min &0 10 min, 325 FIERJA
FHPS AR 2-5 ¥ FEAIA 2 mmol/L A& 5 mL,
FUTESE IR E ODsoo 1, H4 I AR
INZAEA LI H0,
153 SLBgEME

SOD & ME S (R B S2 04 5 ),
FREBUNZ N B 2.5 ¢, A/ pH 7.8 HIBEIRZE v
W, WA, #BE 25 mL 8, AR
—ZMPREZS; 7E 4 °C, 10 000 t/min .0 15 min
RSB EHAREGR ; B S mL $8IAS 4 22 R
WES, 2 SOAXTIRE), AR IR AT ;
75 1 SR I TGN R, A AT TR
T4 000 Ix HYGET RO, IREEA 35 °C; 30 min
JEIAE ODseo fH, ##HRA T SOD itk

POD {1 E S5 R FRF St 5 )
FREUNZ R 1 g TORER T, I ABERRZZ vhifk
5] LL 4 000 r/min F.0 5 min,  F I R FABER
ZoPRERT 100 mL 25 P AERRR ;. B3 32
R, 13MA 3 mL RS (PBS+E A A m)
1 mL SR ZE thilifE I XF B8, 2 A 3 mL iIRA
TR 1 mL B, 7 BISTE, AR 3 s 52— 1K ODugo
{8, #MAITE POD ik,

CAT 15 VENE S5 M A S0 g0 ts 5 >
FREUNAZ /0.5 g, S pH 7.0 HIBERRZZ itk

W A1, ERZE 25 mL #5Ei; 75 4°C,
10 000 r/min 5.0 15 min, b 359 B Ay ¥ il 32 B
o BU10 mL 3REE 3 322 SORMER, 1 SOMXE
), MMABHE; 25 CHRVEZEE A 0.3 mmol/L
) Hy0,, FEIMSE—8 L RIAS, JEGdE A L
AR, ME ODyyofl, E:FH 1 min E—k, It
W 4 min, FEAKITTE CAT Wik,
1.6 EHk WLO11 By R F BN 5
HRRIE AL S 4k KB aifb itk WLl
HRF LB WK 3L, LA 37 °C. 120 r/min 4%
IR 5597 2 ODgoo 290 1.0, B E 50 mL
fiE w5 B 0 LA 4 °CL 8 000 r/min #.0> 10 min U
LT, TS B A [R] B0 R AR A R 1Y)
JIGAR R L h, INTrkEAfE, %% LigELEAYE
P BRA Rl JEA T 4 L L T o
FEZHAE S5 . Ak WLIL Al e 13471
I 234 Unicycler #4791 402E, 4
et 2 H 5 B Pilonjin XA TP AIRLIE, e
158 e Y aik)F 5. A Glimmer .
GeneMarkS #1 Prodigal #{4%F & K 2H H ) g i
JEHNHEAT RO 5 A1 gafid 3L R A tRNA Fl TRNA 43
S F tRNAscan-SEv2.0 Fl1 Barrnap #0447 il
M, R Infernal FRAFIET Rfam Fdis 4 %) 3 ik
LA T BEAFAERY sSRNA HEF 7700 v 4 s 1
TN 45 2 ) FE K 41 5 gene ontology (GO)%#E
JEDEA T BLAST FoXF, T3R5 A3 N D R R
5T GO ThREMA T4 Hr,

2 BER54

2.1 B WL M TFEEER

PRk WLO11 Y 16S rRNA J:[A 41 Al
gyrB LR PAITE NCBI R ¥ 5150 12 1 1 7
BLAST [RIJE4: 751 Fo X Il R gt & B R 16S
rRNA JLH XTS5 R o . Bifk WLOL1 5 013§
W 2F 0T (Bacillus velezensis) FZB42 (GenBank
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55754 NRO75005)HA5 100%MARBITE(E 1A);
oyrB EEP AR BoR, Witk WL911 5 Bacillus
velezenss JK-XZ8(GenBank 3¢5 : MK192100)

TREFEMES, 25 LB E WLOL1 7£ 18, 12,
8 Fll 4 °CIRIR &M IEH A 4K, (HARRRET
Bk KR BN L 18 CCA4 1 R 1532 2 d RIATE

B RV 5 12 °CHl 8 °CIIRIR T, 159% 3 d J5 4y
TE B BT ; 4 °CfIRE T AR K g, (AfE
B3R 5 d el K wEvE (B 2). el i,
Pk WLOTT HA—E RIS APk, BERETE 4 °C
RIS th A K B

HA 98%rAITE(E 1B), KRtk WLI11
(GenBank %554 OP874802)%: 5 A DL SEMT 2541
FF A (Bacillus velezensis) .
2.2 EFk WL RYIRIR&EE 14

W HAT WLOTL 118 [l A s 5 ik T A W] it 2

Bacillus velezensis PBW5 (OK189718)
Bacillus velezensis US1 (CP076291)
Bacillus velezensis KKLW (CP054714)
Bacillus velezensis FZB42 (NR075005)
Strain WL911 (OP874802)

100

Bacillus velezensis NJ26 (CP126105)
Bacillus velezensis 1B7 (CP119394)
Bacillus velezensis Q1 (CP076290)
Bacillus velezensis AD8 (CP072310)

Bacillus velezensis UB2017 (CP049741)

—
0.000 2

Bacillus velezensis CF57 (CP054467)
99 ’ Bacillus velezensis CLA178 (CP061087)
Bacillus velezensis B31 (OP717077)
’ Bacillus amyloliquefaciens X15 (CP071970)

66

Bacillus velezensis YYC (CP075055)
Bacillus velezensis BR-01 (CP090150)
100 | Bacillus amyloliquefaciens GKT04 (CP072120)
| Bacillus velezensis TB918 (CP069430)
Bacillus velezensis KKLW (CP054714)
Bacillus amyloliguefaciens CC178 (CP006845)
Bacillus amyloliquefaciens GL18 (CP096033)
Bacillus amyloliquefaciens FZB42 (CP000560)
Bacillus velezensis HNU24 (CP092412)
98 Strain WL911 (OP874802)
H Bacillus velezensis JK-XZ8 (MK 192100)

100

0.001

1 ETF16S rRNAERF (A K gy BERFINBMEMNRFELZEN 155 TS5 FRERA KA
A GenBank &35 4337 FRIECT R bootstrap {E(H 4ME); AR /R F I 2 0] 25 5 80T R

Figure 1 Phylogenetic tree constructed based on 16S rRNA gene (A) and gyrB gene sequences (B). The
serial number in brackets indicates the GenBank accession number of the strain-related gene; The number
showed in branches are bootstrap percentages; The scale represents the digital scale of the difference between

sequences.
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2 HE¥E WL BEE &4

Figure 2 Low temperature adapting of strain WL911. A: Growth at 18 °C. B: Growth at 12 °C. C: Growth at

8 °C. D: Growth at 4 °C.

2.3 KB TEF WL 3/ EA KA

M F A R A7 A BRI B 9 3 g
(ERR (i SR e =5 & I 1] a1
246 R B AT UL WA 0 A e BT o T A
PR PR TE TE sl AR T A2k /N A K R Ty, R
IINZE Ay P AT A B PR B AR AL, 4 S A
4 AR PR P BEALER 20 MRAEARBETTVEAR, TE
YRR AL, SR ARE TR K ERL(L)
TR IR, 5 XTI (CKOM K # %
INE 3), FERLALFE(CKAB)JG /INZZE 4 i B bk v
M Fi g T4 Wik 3] 24.68 cm. 18.82 cm Fil
0.52 g, SXTIEA(CKM L, 437l 12.22%.
50.12%F1 70.99% ; 5% Ik JC B K #E AR (L) AH
o, WEARALEL(L+B)E/NE L bR . K
FE T4 PR 38.60% . 65.04%F1 83.55%
(# 4); FHAE B WL ZE(RIE A T XN
S A AR S e R R B R AR
TR R AL S T AT R fft /N 22 W i e 4k
TR
24 KETEHE WL M/ NEMHEES
=R:b-A !

IR0 2 E IR E A WL ) 45 4 G
P, SRR IREE I E PR TR R | MR E A
AL, M mEA RS, M /N 4
PR RS, ARRM, SXTRAML, Wil
E AR AL (CKAB) Ji /INZZ 4l e 2 38 1% it S 401 )

WMl 12.26 mg/g, #xtERAIERE 14.73%; 1KIR
AR IR(LAB)fF 4R S ik F] 9.82 me/g,

BARIRTC R K AR 5 19.72% (K 5). AT,
TR VRV R A P AT 2 1 /N2 A B AR Y SR R R
., M bR R — 2 LA ER, Wk
WLO11 XM A T /N2 it R & B
FERTE R S (e

L+B L CK+B CK

3 E#k WL XHMEEIB T/ hEFHEKE
M CK: 26°C, JCH/KHEM; CK+B: 26 °C,
MR L. 4°C, JTCW/KHEM; L+B: 4°C,
Rk VR T AR

Figure 3  The effects of WL911 on Triticum
aestivum seedlings under low temperature stress. CK:
26 °C, sterile water irrigation root; CK+B: 26 °C,
bacterial suspension irrigation root; L: 4 °C, sterile

water irrigation root; L+B: 4 °C, bacterial suspension
irrigation root.
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YIRS, C: TRk WLO11 X&)y i fif 5 1) 52 1
Figure 4 Effect of strain WL911 on biomass of Triticum aestivum seedlings. A: Effects of strain WL911 on

plant height of seedlings. B: Effects of strain WL911 on root length of seedlings. C: Effects of strain WL911 on
fresh weight of seedlings. ***: P<0.001; ****: P<0.000 1.

—_—
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*
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— X RRATAT G, TRVRIE AR AL B (CKRAB) R Ho0,
- 1N 26.80 umol/g-FW,  #%F BR L P4 26.17%;

IR T HEAR AL B (L+BY/NZ 4l HL0, il
4720 pmol/g-FW , #AIK IR 41 TG 1 7K B AR [
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FAE, 4 WL WEREMR S ERIA N Hy0,
(AR B A2 2] S A 5 DT A B sl 4
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Figure 5 Effect of strain WL911 on chlorophyll - . n ; G o
content of Triticum aestivum seedlings. *: P<0.05; **: BERUER L ROS HE AN b AN TR RS 7 92 e fe

P<0.01. M, MDA, MDA FrimitliE, WS S0

=291 ez o AeEL 4k .
=R S = e ME/NE ) B MDA , R EIN,
25 KIETEHK WL M/NEEREISH oL, ZH 7

A SRR L, TR EAR AL P (CK+B) MDA &
251 H,0,882 HRFRAT 39.71%; (RIR T HEAR AL (L+B)/ N &)

2 Wiam BB B A 20 )aw; H MDA fTEN 0.22 pmol/g-FW, Rk G
SOD Bk, 4= H,O Al Oy, #Efeslyi/l O %) W/KHEMRFEAL 40.68% (&l 6B). AIHI, WLI11
AN AL, AESAR R N 22 B Ho0, FRIRLS TR 5 R TRE R X P 1 A AR SR B I A Al A
Yy, WA, Itk e s o L TR AR R Ak, DA T AR A i
SEANFRIET NE AT Ho0, & i, S5 R, PR
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2.6 {KETEF WL 3 NESLEEEIERY
AN
2.6.1 SOD &

SR HEA I 1 AR R 5L HE) B BRI A
TEPUEALDLE, BEE ROS TR RS AT HIEHY)
&P ROS HYBHAE#12, 58 /NEE 41 i) SOD
e, S5ERM, WWEMR(CKB) G /NZ 4
N SOD % 1ik% 86.61 U/g-FW, #XHEZH CK
PR 45.88%; AR T HEMAL I (L+B)/ N 4 i
SOD i 7 2H ] S 064 104.02 U/g-FW, 34K IR
HIHKFEARILE T 45.82% (& 7A). AJH1, 4
WL B HER v $2 = Ak Y SOD 1, 7
— R R DA TE A AR R T A R A

A
80 * sksk
E [ | [ |
5 60 '
°©
g
b ]
SN N
CK CK+B L L+B
Treatment

6 Bk WL /N EHETEUS(A)FAE_E

AN ROS P-4 .
2.6.2 POD &%

W E AR AL T /N2 41 v i POD i 1, 45
REWY . FIRHEM(CK+B)E/NE4IH N POD
T MA 89.20 U/g-FW, 5 CK A HL3 il 40.29%;
fIRIR T AR A PR (L+B)/NE 4T POD &N
135.04 U/g-FW, H% T Jo i K ¥R QL) &
17.35% (& 7B). % WLI11 HR RN Al 7E—E
FREE b REARARIR A T /N2 4l R 1ok 4 Ak
R PR RS, IWIMPRIERERR IE R AR AT -
2.6.3 CAT &%

H I 7C WAL S RRHEM(CK+B)fE/NE )
B CAT W1k 116.47 U/g-FW, 1T JC 1R /K HE

kk sk sk
0.4 l | | |
=
e
o0 0.3
E
3
Z 02 - T

= L]
" CK CK+B L L+B
Treatment
2 EB)HIF

Figure 6 Effect of strain WL911 on H,0, (A) and MDA content (B) of Triticum aestivum seedlings. *: P<0.05;

**: P<0.01; ***: P<0.001.

A B kk Kk C
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CK CK+B L L+B
Treatment
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B 7 WL M/NEGEFUEFERIZNIE A BEAYEALEENE. B: A YREENE. C: %A

PSS

Figure 7 Effect of WL911 on oxidase activity of Triticum aestivum seedlings. A: SOD activity. B: POD

activity. C: CAT activity. ns: P>0.05; **: P<0.01.
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HR(CK)/NELHT ) CAT 3PN 49.28 U/g-FW;
TEMRIR T, FREMRS (L+B)AIH ) CAT 15 M4k
L 425 14.18% (I8 7C). AIHI, 4 WLII1 %
TRV AR AT A — o AR R e IR E T /N2 RN
) CAT 361, MiE BRI 1 Ho0,, X/NZAE
AR ER 5T 1 5 A LA B i
2.7 B# WL EF BT RER 4
K AR FEE- 4 Tlumina HiSeqx10 X B
Pk WL (4 JE A b AT e, ki s 225 SR ik
Freasss , /A5 T Ak WL RS2 B RN 20 e 41
KR 3915 549 bp, G+C & HEN 46.47%, s
ih 3727 ANEH, SEREH 86 4~ tRNA FE[H, 27 4~
rRNA FE[H, 86 4~ sRNA FE[H
271 GO EFAIEE TR
PRtk WOl RIER)PS1S GO B
X, GO B2 Y T Ak 3L B A B Y

20 -

Percent of unigene

Bar chart of GO

75.74%, Hr, 54910 F2 (biological process, BP)
FCHEDAT 1 488 4>, FEL5HEEAYE . DNA M
M. WP KA WA AN B R 15 A5 ask
FEAROC, [RIBTZ SRR AEY & T RE, 2
MRt ia SE Rl fE, Whaamany . A IR e S A
KHUEALTEVERE S AL R TS PRGN s 540
L 20 1% (cellular component, CC)A#HCIhEEIE A
13774, H5SMEEMA RIS . B A FI%
WA YIS ; 5T DIRE(molecular function, MF)
FOCHERG 2 296 4>, F#5 ATP 454 . DNA
4. BIBETEE . KRS S R s
FIEPESFADC(E 8). Horhr, Skl A At
FRAFAIC ISR ZE TR AE WL FER 4 H ek He
B, It HAELACE R 2 2 5 | fokik
G SRR B A C ™ A k

FUIRE A, X SHPRE A I AR R AR Ao
m Biological process
m Cellular component | 700
® Molecular function
600
(5]
500 g}
=1
1400 =
o
300 2
£
=
200 ~
100
40

Biological process
8 E#k WLII By ERFEAE GO IR
Figure 8 GO annotation results of strain WL911.
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272 {REMHEXIgEERA
AR WLOT1 5 R 2] HPA7AE G B 5| g £ FR A

TR R FM AL S Y EY A A EEN trpA.| trpB
FtrpClY, S YR G MR, DT

P WLO11 AJ 38 1 5 5l 5| W £ BR I IR 35 R HAZAE
WA A K LT AF7E 5 IR IE Il 20k 55 44 1

(peptidylprolyl cis-trans isomerase, PPlase) 75 i AH
KM REILP acuA. acuB Fl acuCl!, #J LI HA
— € {0 FI A RE , AL X P4 R Bt

PPlase i AJ {75 %% 5 K A TG 2 , 4 Al vt Ik

£ 1 H¥ WL BIHEThREEE

a2 . AN, B R BLERE WLI11
HAEAE 22 Tl G L) 25 R TR B 42 A A VR T AR OC 1Y
DReHE N, ingmts SHEY A & B s B 5Ron R
A WSS DI RESEH gInB. trkH Al trkA™?,
HEM R PR WLO11 Rl ) [ %0 . Rl ko
TEEREE, IR A, HAA i 58k
TR BB ds AR DG D REZE N yelQ Al fetBR
Al A POT RIS AR NPT R S T
PR WL BE P 24 Hh i e A= AH G A (3R 1) AT e
Hea ml e R A

Table 1 Related function genes of strain WL911

Gene name Location Length (bp) Function

trpA Chromosome 798 Tryptophan synthase subunit alpha

trpB Chromosome 1203 Tryptophan synthase subunit beta

trpC Chromosome 753 Indole-3-glycerol phosphate synthase TrpC

acuA Chromosome 633 GNAT family N-acetyltransferase

acuB Chromosome 645 Acetoin utilization AcuB family protein

acuC Chromosome 1167 Acetoin utilization protein AcuC

glnB Chromosome 351 P-II family nitrogen regulator

trkH Chromosome 1353 TrkH family potassium uptake protein

trkA Chromosome 666 Ktr system potassium transporter KtrC

yclQ Chromosome 945 Siderophore ABC transporter substrate-binding protein
fetB Chromosome 762 Iron export ABC transporter permease subunit FetB
IytE Chromosome 825 C40 family peptidase

ykfC Chromosome 900 C40 family peptidase

cwlO Chromosome 1413 ABA biosynthesis, induced stress resistance

pheT Chromosome 2 415 Phenylalanine-tRNA ligase subunit beta

pheS Chromosome 1035 Phenylalanine-tRNA ligase subunit alpha

mnhA Chromosome 2403 Na*/H" antiporter subunit A

mnhB Chromosome 432 Na(+)/H(+) antiporter subunit B

mnhC Chromosome 342 Na(+)/H(+) antiporter subunit C

mnhD Chromosome 1491 Monovalent cation/H" antiporter subunit D

mnhE Chromosome 477 Na'/H" antiporter subunit E

mnhF Chromosome 285 Na(+)/H(+) antiporter subunit F1

mnhG Chromosome 375 Monovalent cation/H(+) antiporter subunit G

proV Chromosome 1257 Glycine/proline betaine ABC transporter ATP-binding protein OpuAA
prow Chromosome 849 Glycine/proline betaine ABC transporter permease subunit OpuAB
OpuA Chromosome 1140 Osmoprotectant ABC transporter ATP-binding protein OpuCA
CSpA Chromosome 204 Cold shock protein CspC

CSpA Chromosome 201 Cold shock-like protein CspB

CSpA Chromosome 201 Cold-shock protein CspD
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2.7.3 X DIREER

IR WLI11 JEPR 20 i A e 2 5 5 155 A W)
PUHEA DGR R (R 1), Hr, BHAZ 5%
i ABA W& AIAHOC DI RERE A IVtE, ykfC Al
cwlOP el il B b, ABA AT SAEY)
Purk, S5 AEA Y0 S A PR AR
W H A g Al ) 1k N B B 2R AL B Yk i T
ALY pheT, pheS*™, FEAH N % a1
BRI SFER, WIS 53R REmME Y i
A A BRARNG 3, SR A AR Y BT A A BT
R, fEmEY BB AU, R, EE
WLO11 EA 4t 2 5 0 & AR A Y iaE 15 %
WY BT RE S, b, HA Y5 Na'
AMHERILIR AR BT 1) BOFR % 38 B A4 i 3
BLA A O B SE AR, 12 SE R R mnhA |
mnhB. mnhC, mnhD. mnhE. mnhF 1 mnhG3Y,
AR pH. i TRRA, RIE4HMITE
AT AR WA G R . AR
E A AL proV. prow FI opuAP®!, Al
PIRSRe 373 ST TN N 7o X =¥ ol SOk I =R 3
77, [FIEE proV A AT 4 v 40 TR A Y 12 28
FHMTRE ST BEAN, HEk WL 8 HA gt ik
Wi 1 CspC. CspB Fl CspD F k& i 5 [H
cspARY, S SRR N 2 SN, AE RN I A 1 A
KARHE, om0 p X IR B H T RE 7 o

3 WwEE®

FE W) AR B A2 A T (plant growth promoting
rhizobacteria, PGPR)J& — 284 1 7E 1 338 o ml [}
BRI RE Y, nT R i A K R BT
sEsE AR IR R 2 A e R R bR
i) PGPR F] B A2 SERAEM A KK T, 22
fift A A Wy 1 30 % = I O BV E M B 4 . FZB42
VE R 55 2% [ BHPEAR FE 2 24 T PGPR B AR
LR A AR 1Y ) 2 0 T 2 & Tr A/

PR BRI E RR 2R R
EBURMICIR S AN FIIREE T A0 , 76 B SR B b oA
]z, IHBT-705 J&—Fkifit 1% 55 ) PGPR bk,
‘BRETE 4-50 °CIYI BEVE R N AE A AN EA , 10
JK & (Oryza sativa) 2 11 3 S AR BBt (i b
PR RSP FEARIE T DA R WLOT1 MEAR B 2%
RN TR IR EE T, (A
S, HA N T ROE R, DI AE
IR N T et = X (7 D = M 2o~ S e
WP K RESEH M, KRIZE A trpC,
ginB. yclQ. fetB. pheT Hl mnhG £ 5 5L
M X SR ] fES 5 WL A KR A
B FRCR PR il 2R ik 4, i rT BE
[z el EAR VR A K SRR Y
IR cspAlPP I T BEAE VA M8 T AR
X 5P E WL iR S A /N 22 A K 45
XS R

A3 DU S Wy ZF 48 4T T (B, velezensis)
WLOI1 AR TR /AR Ay, dfl
425 . POD, CAT Fl1 SOD A4 75 14
=, NI ALV BRAE IR N 242 ROS, T {48
Pk MDA 1 H,O0, % i FEAIL, 3B A B id 1k
W5, SOD A AL i idii /i . POD W] 4k
R IR N TEPEEC . CAT Al ROS X2
PR30, AT 2% A1 A= 4 ol ot A 400 s B P
FEF7, BEFSREYIE R R R R o PediaE Al 2
H1FF 5 (Bacillus subtilis) QM3 A & =5 L g 1%
TR AER A T 2, B Ak B )
M 9= 4 A # (Bacillus thuringiensis)
IAGS 199 Ali@i#25 POD, CAT I SOD HJii
PEWD HyO, Al MDA [ BT AP oI
TR WL BB IRHEAR J5 X /INE (R -4
F SN IE RN, AT T e SRR A 1 A 1
s AR R e AR TR T AR, YA 2 3
WA A B AR A N 2 R R 2 S AR
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N R Ak, (20 AR o8 2 i B IR , i
K IEMYZFI G MACT; WE Ak WLOL1 7]
FEAR/NZ RN B HO0, 1 MDA LR, i/
22 41 v A AR 1 AL, DA T CRAP A M BB 2 )
SEACE . ARTEPNE T LA WL B i A Ak
B, N R BT R EE M R RN, 255
NS 250, T DAHEWTZ B R AT 5 S /N IR Y
PR BEIE P AR AL, ZEAIR WA 2500 R ] 2%
U/ ROS 3 B0 , DI 2 150 /N2 e it 36 4

DI ZE AT 18 (B. velezensis) WL911 HAF
RRTRAE AP, 2 — R ELA T 3 1 1) 2 B TR A o DA
WL B BRI I8 T 7Nz 4 v A T AR
WEPRSE , FEARIRIT S22 & 5 in . SOD, POD
1 CAT 1E 425 . MDA . H,0, i 5/,
W5 T /N A BRI 7 0, dE R T HAERR
e N 1O 1 - 2 S [ e S S A= U D A e 2 N
KT AR AE R A OGS, BRI T Ak
WLOLL JERAIEE SCRF; s & AR Ve %t
T )3 1 R AR AR ST BRI T B S Atk 2L AR
S LT BT
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