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wf 3h A A ARRE M AT, BAR CKLI M “F & 1 5" THAAY GA KL R HFRAMEA,
T RERIRRBR S ERE W, ABAETH, T AL EM, B CKLI ARAAKS
14 281 280 bp, &5 GO ¥ e 4k 3% A tbxt 24 3] 3303 N a8 A ; IR E 0% A8 5 ig Ik K 44 &-4) iturin.
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Avena sativa growth-promoting activity of Bacillus atrophaeus
CKL1 under salt stress and the functional genes

CHEN Lan', XIE Yongli*, WU Xiaohui', YANG Xue', WANG Tian', WU Lingling'

1 State Key Laboratory of Plateau Ecology and Agriculture, Qinghai University, Xining 810016, Qinghai, China
2 Key Laboratory of Superior Forage Germplasm in the Qinghai-Tibetan Plateau, Xining 810016, Qinghai, China

Abstract: [Background] The unique eco-environment in Qinghai province allows the growth of
special microbial resources. [Objective] To explore Bacillus resources that can tolerate the plateau
environment. [Methods] Antagonistic activity and indole-3-acetic acid (IAA) production of Bacillus
atrophaeus CKL1 were determined by plate confrontation and chromogenic method, respectively.
Moreover, the low-temperature tolerance and salt resistance of CKL1, as well as the influence of CKL1
on seed germination, seedling growth and the content of chlorophyll, proline, and malondialdehyde of
Avena sativa ‘Qingyan 1’ under salt stress were detected. Then, the whole genome of CKLI1 was
analyzed by next-generation sequencing and the functional genes were dissected. [Results] CKL1
significantly antagonized Fusarium graminearum and F. acuminatum (inhibition zone diameter >15 mm).
The reaction solution of CKL1 and Salkowski reagent turned red and the strain grew in LB medium with
13% NacCl and at 4 °C, indicating that it could produce IAA and was tolerant to salt and low temperature.
CKL1 significantly promoted seed germination and seedling growth of ‘Qingyan 1’ under salt stress,
significantly increased the content of chlorophyll and proline, decreased the content of malondialdehyde,
and enhanced the salt resistance of ‘Qingyan 1°. The genome of CKL1 was 14 281 280 bp, and
3 303 functional genes were annotated against GO. The genome encodes genes related to the synthesis
of lipopeptides iturin and surfactin, and the synthesis of IAA, gene clusters related to the synthesis of
osmoregulation substances such as proline and betaine, and the Na'/H" antiporter in stress response, as
well as the key genes encoding transcriptional regulators involved in response to high salt and low
temperature. [Conclusion] The study lays a theoretical basis for using Bacillus to promote the growth of

A. sativa under salt stress.

Keywords: Bacillus atrophaeus; salt stress; Avena sativa growth-promoting activity; stress resistance;
functional gene analysis

MWz (Avena sativa) F R AP} HEF @ FE A
Wy, R EORE AR Y, HA I
i 57 T R AR R, T T e D e FEFR A
HLA TR B A A S s 1 g B, HZE b ian &2
L& P BRI, s R E]
VE R R B RIDY, S48 X B A 7 RE T K
Tt AR B ol & 7 Y 3 B A

T v g DR AR L IR L R SR MR B AR i PR
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TR E BT, R, R R O
PRBEIZ AR, B s AR Gbh 55 2075 1 A b
R S I R A A R R R A S it

ZF MO TR AE O — 28 5 A0 A ) AR B e A
W, AR RS HCPTER G . T KR . SEAER
SN RIS ZEM, & — 2l I B RN FH )
AR ANEE™ . BFST B, ZEMAT I T SR
FRHE, 7 KRR AFRCR Y, Hfe g
A AT B e ) A K B S A BT
M, R A KD e E S &
BLX} E 15 (Medicago sativa) FIMI A #2 (Panicum
virgatum)# W RV G R C3 A1 C8, AIHIE
fEm A YR WS A, R A
WAL AR A QBI1. QBI12, QBI13 45 11 RE2EHY
¥ 78 X Il = TR AZ B (Sclerotinia  sclerotiorum) B A5
WEE ARG, HEW S TR T AT A
IR Sz SR A 6. BHtk, AR
A R AR | SRR Y . GE
A SRR 18 R R e th i

A BT 5> B B R AR 0% B
(Peganum L)MPRIYZELE ZF AT R CKL1 A9+
Brig . Femg|WE 2 2 (indole-3-acetic acid, IAA)
DR SN 3 A 20 %% o W DAl S5 1 BU R LU DA
CKL1 XJERE T H A e ahfhei e 1 57
i EAEYE . R EGE . AR S RN
S R, BR5Y CKL1 X3l (R4 HEAE A
FERF A PR AR X B bR CKL1 ) 5 5 41 1
AR B o, RIS Rk B BT . f2 A 0
R B 8 S AR DG T BB AL IR R AT A H, DA
BN PR CKL1 Xt b T ez i fe A= AL 372
HEFLS LA

1 #RE5xF*

1.1 #H
TEMAF R . DA B 40 B ME 8 10 R T

KR EL I 3% BE 2 (Peganum L) FE| 1Y) 25 46 2 it
PR CKL1 Mg x4,

SRIRELE . ROIHEEEF. graminearum) . i Til
0 18 (Fusarium acuminatum){f: 47 T 7 6 K
2 v D H M O R AR AR L T =

B3 iR . LB 3L, PDA ki3
SO TR 1C 1573609, Salkowski @i,

AP, HESZ (A sativa) i P eHHE 1 SR
T A8 T e D 0 R A A o B 5 R e
1.2 FHiE
1.2.1 E# CKL1 EHmEREEFR AN E

A3 AT HBUOR A HRI60 08 . 550 TOUSSRe 760 11 P R
FiiE] PDA -l b e, 5] 8 F 28 °C fH R A H 1S
I B VR HAA AR EARR 172, 76 13 f
J 2.5 cm A0 1Y 4 DXEFR LA CE — AN BAR 4 mm
FIPEAC/NE Hs Fikk CKL1 F LB AR 55
H, 37 °C. 200 r/min #E 3% 5555 14 h, WHL 5 pL
CKL1 B IR AC/NG J, b Ab 2 i 4k 22
B8 PR 2-3d, — P 0H 3 KE
I VR ESTRE S 111 A
1.2.2  BE# CKL1 F=1| bk ZBR &8 71 E

CG Y CKL1 % 5 Salkowski o (B
FARE 2.1 IREZEOGEEENRT, BLHE
30 min, —PAbHE 3 ANES, DL LB AR
FXFHE, AR AAJEAR LA, FoR CKLI BERS )
WG| 2T o CKL1 B 4 °C. 10 000 r/min
B0 10 min, BCEEW T 5 mL &.08 H,
AR TR, G H#E 30 min J5 W ODsso
1B, MR 4k b 7 Hh Ze 3T ST/ Pk CKIL1 43 1Ml &
i 11 2 1,

1.2.3 &%k CKLI1 it i 14 E

fif ER MM E . kR CKL1 $F3] LB Wik
B 37 °C, 200 r/min R 555 14 h; )
B 50 pL TR A T3 NaCl ¥ 40 310 3% .
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5%. 7% 9%. 11%. 13%F1 15%FY LB [& {455
R L, BIET 37 CHHIRBE A PRFE 5 d,
— AP 3 ANEE, RRWEIF LSRR A
KAFHI,

TG L R < K5 R CKILT 42 R0 3] 1C Wik
RegiBerh, 37°C. 200 r/min #E3% 1555 14 h, B
10 pL RS E] 1C AR R b, RHE 4. 10,
14, 18 °C 4 MREMERF 5 d, — b
3REL, BRSO ARG,

1.2.4 E#k CKL1 €& B T # & By & KW
7

CKL1 Xt £k W8 T e Fh 85 B R0V . 4
20%IK A PRGN W BE AL FE 20 min J5 AY7HERZ BE
FP7E CKL1 B2 (A0 JE 1107 CFU/mL)H
B2 hJE, BABA RIS, BT
JEHREEIRAA TP G IR (28 °C, /WS 16 h/8 hy,
3 d J5 11 30 mL i 200 mmol/L NaCl i #47 £k
AL B 2 RME R R ZFE 12.d i
EMEEFI PR . R, — A4 3 A,
TCE K AL FRAE XS B o 4> A 0 20 K Rh kAT
5 A s,

CKL1 XJ#hhia T M2 L B KSR
RESEAHE 2:1 (RBH)IREELL 120 °C K
W HER S MR R TR AT, BT
JEIREEIRAR TP R IR (25 °C, JL/WE I 16 h/8 h).
#E 3 M. CKLI+200 mmol/L NaCl.
ddH,0+200 mmol/L NaCl. ddH,O+0 mmol/L
NaCl, MR EIESR] 3 cm B, DITGHE/KEF
CKL1 A, il B 4 1x107 CFU/mL f) CKL1
PR, B 50 mL XA AR A TVEAR AL HE, XF
M FH R AR FROIC TR K b 8 5 RIEMR—IK,
I 2 WHEM; VEMRZER S d 5, A 30 mL 1Y
200 mmol/L NaCl JF /R A THERS AL B, BIh &6 i
M, FEMAZEER 5 d JFBURMEEE Y, AW
AR gk T, I R s RS, T

22 BV 2R H K 4 I I i R A DN A A Ak
FRpEN20
1.2.5 E#k CKL1 (&8 T & By i 4 18
M E

HpE TSRS EMNE: 2% (EY
A ARSI 4 ) B, e 2t R 0.2 g BY R 20
SR RS , LA 3 mL 4 80% PN i 4k £ T 5
K, #HE S min, ST 6% EEHEE
25 mL FREAEEY; U 96%LBENZEH, T
665, 649, 470 nm b4 HIE MR, AR
E AN

e T ER S ENE . 3% (HY
A PRSI R G )P #EFE M A 0.2 g, JIIA S mL
F) 8%fidhi He K A FRIA TR, /KN 10 min, &4
FEE, IMAVK R A RSN 40 min,
AR 2, T 520 nm ZbINEWOGRE,
AR AR At

EHpE TN ES EMNE: 2% (EY
AR SR )P e A 0.5 g, A S mL
10% TCA Je/b i A Jeib i ATt , 4 000 r/min
250 10 min; BRI 2 mL (3 RE N 2 mL 25618
JK), A 2 mL 4 0.6% TBA ¥k, Kian
15 min, MEEA, FRE.C; T 5320 600,
450 nm Ab43 0 E IS WO EE, HA KT
BN R
1.2.6 E#k CKL1 £ERFANF

ZEMIFT R CKL1 4270 T LB WA R A
Lk 37 °C. 200 r/min ¥ 535 14 h, 10 000 r/min
B0 10 min SRR, WEAEGRE, BTRKA
Tk RIRF P2 2 g SE A EL RS
BN B R4 T 4 3 DR 200 o

2 BEREAW

2.1 FHIAFE CKL1 BB REREE Y
YU A R R, Wik CKL1 X AR4T
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FOLTRT B0 TSR AR T 2 ] ) A B P TR e,
HTR R CKL1 5408 0 f6 s 41 i el o724 BLAR
18 mm, HAEWEMFEHOEE, ARECRFEE
b 00 9 D B TR A A o 100 BH ZE AT B T R
WAEY Z B Se g E B E BUR R 2
AR E 1.

1 FHANE CKL1 HFEREREE A
FEPURAMRAMLIE s B F5P0BE R 16 14

Figure 1 Antagonistic activity of Bacillus CKL1
to pathogens. A: Antagonistic activity to Fusarium

graminearum; B: Antagonistic activity to Fusarium
acuminatum.

2.2 FHAFE CKL1 BF=B| M Z B 6

) Salkowski W (A5 TAA Frif il Zext
SEMUAT A CKL1 #1777 IAA BE I ENE . B8
WIAE . B R% R F: 1 CKL1 FE W 5 Salkowski
Eb % L BR & A, #E 30 min J5IF
WAELL, FMZEMATI CKL1 HAT P Mk 2R
MIRETT s 21l TAA PR, 15 30h5 i FE R
»=0.018 9x+0.127 1, MFHFEHk CKL1 7E 530 nm
AR R 0.279, B ERE CKL1 7E5
100 mg/L 820 R (1) 4 IR 3 FR F vh TAA 16 iR
7 8.037 pg/mL (A 2),
2.3 ZFREATE CKL1 M
2.3.1 mEERE

Rtk CKLL AR S T4 T NaCl
WPEH 3%, 5%. 7%. 9%. 11%. 13%F1 15%
1) LB AR FERE, BT 37 °C KM TR, 45
R, Pk CKL1 7E4% NaCl ¥ JE N 3%. 5%,
7% 9%. 11%F1 13%H) LB #3507 1E 5 A=
K, 765 NaCl # R 15%/9 LB B53: 3% EARE
IEFAER, R —E MR 1),
232 KiRE&EM

ZEMIATE CKL1 7E 14 °C #1 18 °C &4 F,
Bigg 1 d G EE; 10 °C RIS, Hk
KA R, 5555 2 d 5 BP0 S Y BT 2

CKLI1

2 ZFRIMTE CKL1 =B 2R 6 R M

Figure 2 Colorimetric reaction of Bacillus CKLI.
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F 1 ZFHAFE CKL1 MR KREE S
Tablel Salt-resistance ability and low temperature adapting activities of CKL1
Strain Salt-resistance characteristic (%) Low-temperature adaptability (°C)
3 5 7 9 11 13 15 18 14 10
CKL1 +++ 4+ 4+ 4+ +++ ++ - +++ 4+ e +

e s ARRA; 0 IERER; v GEER; - SREER

Note: +++: Growth well; ++: Growth normal; +: Growth slowly; —: Nonviable.

4 °C RIS, ATBAK, X3 d)ath
MR E, R RO MESE A, B,
Bk CKL1 X JRUIG i 20 5% HLoA o 4 19 i =2 1
(F D).
2.4 EHk CKL1 &8 T 3 B9 4 KU
2.4.1 CKL1 12 &8 T # & M T 85 &
2% CKL1 PEWIRF e Fh45F 2 d
JEHEZFRET CK 4, W HAEZA MW h
R VR IR I Pl & 28 28 K e 2R AR B i vy
T CK 41, Hrh, % 12 RERRMIHE T
KR 100%, CK K ZEHRN 80% (F 3). Ml
EREBIRM S CK 4B k2 Fh 710 2
KR, ARG 2K AR 0 5okl
391N 5.25 cm 13,75 cm, B#FH KT CK 4,
ZEMIAF B CKL1 X 2R FIAR K (A1 A 550 R 43931
K 79.83%7F1 87.33% (I 3).

A

[ eCKLI oCK
L 2

[y
=]
T
rY
*

wn
T

&

*

=]
T

wh
T

Germination number of Avena sativa

(=]

H

4 6 8 10 12
t(d)
3 BT CKL1 {RmEMFREAREIK

A:

2.4.2 CKLI1 @E#HMBE THENEEKYN

FH CKL1 B (MR A 1x107 CFU/mL) %7t
FZ AT AR, FELA 30 mL % 200 mmol/L
NaCl #F17 b Ab 3 , &35 ddH,0+200 mmol/L
NaCl 41AH b A A 0T o I 5 HE 2 2y 1 vk s
MR S i O, Ehia T 2R bk CKL1 #EARXT
ML AERKARIEEM . CKL1+200 mmol/L
NaCl ZH H il 75 46 2 AF R i Ry . ARG S B o A
KAEAT AN 24.5 cm, 12.2 cm il 0.449 g, 5
ddH,0+200 mmol/L NaCl 4AH L Hkk e . MK
R AT MBI T 44.54% ., 66.98%F1 45.42%,
5 ddH,0+0 mmol/L NaCl ZHAH H Hitkm . MK
KR E T 40.61%. 59.52%F1 130.81%
(Kl 4, 3% 2), FTREIREN, FMATHE CKLI
IR ZEN ) SERS P T 2 o0 A1 I (T8 1 e
K, REEYR.

o]

[ Germinal length [ Root length

+

length (cm)
] (5] 4 W

—
T

Germination of Avena sativa

CKL1 CK

Treatment

ML T RAFHG B MEER T K RE

Figure 3 The strain CKL1 promotes the germination of Avena sativa under salt stress. A: Germination
number of Avena sativa; B: Germination ability of Avena sativa.
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CKL1+200 mmol/L

ddH,0+200 mmol/L
NaCl NaCl

ddH,0+0 mmol/L.  CKL1+200 mmol/L. ddH,0+200 mmol/L ddH,0+0 mmol/L
NaCl NaCl NaCl NaCl

4 ERMET CKL1 MimELHEEY =R

Figure 4 Effects of strain CKL1 on boimass of Avena sativa under salt stress.

F2 EMBET CKL1 MEELHEREENR

Table 2  Effect of Bacillus strains on seedlings growth under salt stress

Isolates Aboveground part Underground part Fresh weight  Weight
Average plant  Growth promoting  Average root Growth promoting of seedling (g) increased
height (cm) effect (%) length (cm)  effect (%) effect (%)

CKL14200 mmol/L NaCl 22.245+2.783  44.54* 8.040£1.846 66.98* 0.397+0.074  45.42%*

ddH,0+200 mmol/L NaCl 15.390+1.371  0.00 4.815+1.358 0.00 0.273£0.064  0.00

CKL1+200 mmol/L NaCl 22.245+2.783 40.61* 8.040+1.846 59.52%* 0.397+0.074  130.81**

ddH20+Ommol/LNaCl 15.820£1.976  0.00 5.040+0.880 0.00 0.17240.045  0.00
o BEZE, *o M S%KV RERBE, 0 7R %K EESEE

Note: +: Standard deviation, *: Significant difference at the 0.05 level, **: Significant difference at the 0.01 level.

2.5 @k CKL1 {ZRME THEERHTE M ST R CKLL X Mn T 2 i -2 2K R

vl A WIHRIVER, T AR AR AE SR 38 T 4
251 EHpBTHRZMMEER FERE T IE % 0 SRR

D E S L?M%F‘W*Wﬁ R o 252 HPBTHRENHERSE
CKLI @%ﬁ%*ﬂﬁuﬂiﬁ,ﬂa@%ﬂfﬁqﬂB’\Jﬂféi? HE R & m i br 2, 3 20hRiE )y
TN 27.002 mg/g-FW, 5 ddH,0+0 mmol/L  F&k y=0.037 7x—0.009 7, #4154 4b FH2H i i 22

NaCl AR S B AR, HAWHE;
AT ddH,0+200 mmol/L NaCl 41, CKL1 4b
L R i 2 B B AR (] 5) . HED

R i, FEERMA T, DA CKL1 FERAC RS Y
FHEAZ A PRI 2 R & &4 20.300 ug/g-FW, M#T
ddH,0+200 mmol/L NaCl 145/ T 25.25% (& 6).
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Figure 5 Effect of CKL1 on chlorophyll content of
Avena sativa in salt stress.
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CKL1+ ddH,O0+ ddH,O+
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Ble6 HAET CKLI M#EZBEHRS ST
Figure 6 Effects of CKL1 on proline content of
Avena sativa in salt stress.

WA 2 MOAT IR CKLT Al {3 52 5 W ia e e v iy

F MR & P, Gl 1 A B i A e R
10 XT3 B
253 EBPETHREMNA_ESE

L) AE 30T 558 Wl 38T 2 Ok A B o AR AR AR
, HTEHIN TR S ] LU ek )l 2

B E R R L CKL T 2 Ak 1 )5 e
PN S E N 6160 umol/g-FW ,
ddH,0+200 mmol/L NaCl Z41 5 ddH,0+0 mmol/L
NaCl H YN —BES 510 5.447 pmol/g-FW
1 7.527 umol/g-FW (K&l 7). CKLI1 B AL B
Jo, MEZZTEER MR R N RS REAL, UREZE
MIAFR CKL1 BEZE M e A MR AEER B8 T B9 20
FRL S A Aok STV T, Vs At 52 30 45 3
2.6 Bk CKL1 EEAFH SR
2.6.1 EHEEREKRIFE

AL P45 R R, CKL1 REEH
2 i—> DNA JF51) )9 4 281 280 bp f%e (o A2l
A, GC &l 43.0%, L4t 4 078 M
FEREEN 4 305, A 16 4~ tRNA, 69 /1~ tRNA;
CKL1 5 2245 ZF MUAT s A AHIPE S 89.723%, fx
P By L AR DL 3% 91.812 3%, 2 MIEHEEZ
[ B — B R B 91%; CKL1 3 [F 4 )3 51 78
NCBI [ 5355 NZ_PVWA00000000.1

2.6.2 EREEINGEFRE
BEE R CKL1 BB P51 GO %dis 2 F
ATEeXE, dRERE 3 303 MIhRERA, HERE

9
8
) {
°
Ee6 ER
= -
= 5
a
24
(=]
= 3
Lz
g 2
Q
1
CKLI1+ ddH,O+ ddH,O+
200 mmol/L 200 mmol/L 0 mmol/L
NaCl NaCl NaCl

7 BT CKLI ¥ERER B S/
Figure 7 Effects of CKL1 on malondialdehyde
content of Avena sativa under salt stress.
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SR 76.72%, Xl 7yt Y3 FE (biological
process, BP). #iiJfi4H 43 (cellular component,

CC)FI4rF- I e (molecular function, MF) =2,
Hrh 54 Y BRI A 907 4>, F%
Bk YE . DNA Bt . B3 e 5 fitis i % )
G, W2 5K G100 . DNA B8R 4%

GO classification
BP

@ Cell

8 GO LIEERENHT

Figure 8 Gene distribution based on GO classification.

@ Cytosol
@ Cytosolic large ribosomal subunit

sy ST RERINA 1 069 1>, F
BLSEA RSy . AT . R OG; S50
TINREAHCILAT 1642 4, T35 ATP 454 .
DNA Z5 K, MW 58 BE 744, %
SEEFIEM: . RS RTE S . IR IR
PSS S (8 A 9).

® Regulation of transcription, DNA-templated
@ Translation

@ Sporulation resulting in formation of a cellular
@ Transmembrane transport

@ Phosphorelay signal transduction system

@ Carbohydrate metabolic process

@ DNA repair

@ Cell division

® Methylation

@ DNA recombination

® Integral component of membrane

@ Cytoplasm

® Plasma membrane

@ Ribosome

® Membrane

@ Integral component of plasma membrane

® ATP-binding cassette (ABC) transporter complex

® ATP binding

© DNA binding

® Metal ion binding

@ Transcription factor activity, sequence-specific DNA binding
® Hydrolase activity

@ Transmembrane transporter activity

® ATPase activity

@ Oxidoreductase activity

@ Structural constituent of ribosome
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9 COG ERFEBENST

Bar chart of COG

Figure 9 Gene distribution based on COG classification.

2.6.3 HE ¥k CKL1 RItEXThRERE 2 4F

(1) FEBUTE A L 434

Pk CKL1 AT H5H0 5 F I8 AR A PR AT
BEIHRAL R, AT 2 AT TR A A P v S T
P B REBUG RN IS B A RAA G, HE
HIFH M . CKL1 EA G TEr g
FRAES Y RN, A dE b ie AR AL 5
iturin & SN itud . ituB BN ituC, Ywhd
surfactin & WA CEEIL R srfATE | srfAC. srfAB
N srfdd, FUHEE CKL1 Al @8 IR A BGAR
26 IR BRZE BT 1A ) 5T B+ 5 B &R (iturin) F5R
TG PE R (surfactin), FEHURIEE R, H0HIHA
K& 3). Mhb, CKL1 Witk EAT g (2=
P450, HIILHEERLHE . ACP & RN PKS ZIKEH

He[H pksS. pksR Fl pksF, 3% 3 MRS 54000
HIPURAE AEVEH

(2) fRAEFHOC I RE AL K 43 B

Fk CKL1 Al P24 TAA M EAE 9 A K
(3R 3)o LM P ATk, CKL1 B4 rh
£ 7 G B 5 AR KBRS U 6 1Y % B Ak A
trpC. trpB Ml trpA®?, B 50 G RIKHT) TIAA
AR, B Y A K e Ah, KB CKL1
FETE— AR AL B AT BR A RE 7, W S Al
PIHARNER R & &, B URTE, B
Y ERP,

(3) Tt 3B AH OC Dy g B R 43 B

P IE , FEY) 2B 8 8 3 PR T ) B
K. Na', Ca® ML B F FEEEmk . Al
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3 Bk CKL1 4A3HHE X INREE B 247
Table 3 Related function gene analysis of CKL1

Gene names Location Length Function

ituAd 28 596—40 541 11 946 Iturin synthase gene, with inhibition of fungal activity

ituB 40 592-56 683 16 092 Iturin synthase gene, with inhibition activity

ituC 56 958—64 571 7614 Iturin synthase gene, with inhibition activity

srfATE 224 866—224 132 735 Surfactin biosynthesis thioesterase gene

srfAC 228 724-224 894 3831 Surfactin synthetase gene, with inhibition activity

srfAB 239 512228 743 10 770 Surfactin synthetase gene, with inhibition activity

srfAA 250 307-239 535 10 773 Surfactin synthetase gene, with inhibition activity

pksS 281 931-283 172 1242 Cytochrome P450, with antimicrobial activity

pksR 291 002—-283 278 7725 Methyltransferase gene, involved in growth-promoting gene expression

pksF 353 688—-352 441 1248 ACP synthase gene, regulated cell membrane fluidity

trpC 735 425-736 177 753 Involved in the tryptophan-dependent IAA synthesis pathway, associated
with defense responses

trpB 736 819-738 021 1203 Beta gene

trpA 738 014-738 817 804 Tryptophan synthase subunit alpha gene

- 186 664—185 711 954 Siderophore ABC transporter substrate-binding protein gene

mnhA 71 395-73 815 2421 Na'/H" antiporter subunit A, maintained normal growth under high salt
stress

mnhB 73 793-74 224 432 Na'/H" antiporter subunit B, maintained normal growth under high salt
stress

mnhC 74 224-74 565 342 Na'/H" antiporter subunit C, maintained normal growth under high salt
stress

mnhD 74 549—-76 039 1491 Mrp gene, enhanced resistance to adversity and synergetic transport of
serine

mnhE 76 045-76 521 477 Na'/H" antiporter subunit E, maintained normal growth under high salt
stress

mnhF 76 521-76 805 285 Na'/H" antiporter subunit F, maintained normal growth under high salt
stress

mnhG 76 789—77 163 375 Na'/H" antiporter subunit G, maintained normal growth under high salt
stress

proS 420 054-418 360 1 695 Proline-tRNA ligase gene, increased tolerance to osmotic stress

proC 789 642—788 803 840 Involved in proline synthesis, alleviated cell apoptosis

opuA 298 729297 584 1 146 Betaine/proline/choline family ABC transporter ATP-binding protein
gene

opuBD 300 262-299 588 675 Glycine betaine/carnitine/choline/choline sulfate ABC transporter
permease gene

opuC 301 203—300 286 918 Osmotic transporter gene

desR 895 474-894 875 600 Response regulator transcription factor, involved in fatty acid synthesis

desK 896 607—895 471 1137 Sensor histidine kinase gene, involved in low temperature response

yesM 111 473-113 203 1731 Response regulator transcription factor, involved in metabolism and
stress response

yesN 113 203—-114 330 1128 Response regulator transcription factor, involved in stress response

T — RAEER

Note: —: Unknown gene.
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M2 . ALEPERESE /N A ALY . BEDZH I A3
MrakWl, CKL1 BLNAH A2 DM HiiidE e &
BB EANEFEZE, HA %S Na/H
) s A T SRR, IR AL mnhA
mnhB. mnhC. mnhD. mnhE. mnhF 1l mnhG;
W HA IS 2IR . FH 0S8 % E A )
FeRE, Hd, JEH proS. proC Z S5HHERG
B, RTIEX B IE A AT, OPU ZK R
opud. opuBD Fl opuC HiSBEHizENSY
BEWTT, ATRRAMMEIE T ILAh, B SEE
K F B IL [ desR . desK . yesM Fll yesN 1] 2
Sk o R A N EPY, Bibk CKLI {2k
Jip 38 T M AR P I 2R & e ] AR, A
2R S5 E T Y R LA S A bt fe
A LR (R 3),

3 & #

W R AL R, BT E
T AR DA R WAL SRR A, S (4. sativa)
VER DU, 2 R 5 T8 e FE X HE T 1%
B, R FMEIEROR AT S R,
DRI, 4 e HE 22 70 06 45 PRI v A ™ B L o o
EYERF T IR & PO RS Kk R A A B e i E
B, el , fETR . R, RS
PeiE 20T, A AR BRI AR TR RE % ol 1 )Y
W) A6 BGREE , R SR A DGR 538
PR B A, TR AR ER TR . T
KT TR AR B B A PO Rk, FE
e i A 458 v R A 6 TR SIS fel e 2 R B R
SEHEHE R PO W] RS2 K T A i R AR A R AT
) AR

ST RVE N — RS AR AT, Gl
PUEM . e ER . i St fe A E S =C
XA AR B B 02 AR VR R T e SCHE S5
R, R UE R ZF BT B (B, amyloliquefaciens)

B9601-Y2 T& Pk RE i 411 il K i B 5 7 25 5L )5
WA, RV R A I o ASHIFSY Hh 2245 28 AT
W CKL1 5HURBRZ Y AR A IAEY K A 1)
RV (F. graminearum)F5 | 2 B85 115
I BB AR O] (F. acuminatum), 18 BH 28 AT B
CKL1 REARUBT 1E00  F R AR K A #, $2m
PR, R EY K R
Pk CKL1 A7~ 1AA [WEES, @l {4
AR ML EAE R Y A SRk R
R LI, iY iturin & H Y ituD FERZ S44
PR RRA B P L R AR B o B R 1 S A R
T, WFE CKL1 &XEEAM)yH£M, CKL1
DRI 20 AR A7 7 2 B 10 R 5 2 14 i R Ak B 9 7 Al
W & (iturin) F1 2 18 36 P &K (surfactin) [ 3
itud . ituB ., ituC J srfATE . srfAC . srfAB . srfAA,
HAABUR G, Al 2 Y 4 K CKLI
FERA P WA S 5 O AR IAA & BGE
FE T AT B BETR trpC e St €60 52 R 4 il 1 32k [
trpB. trpA, W EHEEIRY AL

Xy S POV T R a8 T it K B R IR /N
3 R R o R A A L o I T
FAIE R /INAZ o ARG 4 CKL1 Wik 2 Fh
Ji 1) 46 Z2 B - 7E £k B a8 A B S i kR T ik
100%, 1 H A& ZF 3 BE R, LA T-XF B
28 CKL1 B T HE AR AL B IS 114 356 22 41 1 76 26 oy
TR R, SRR ER . M
25 CKL1 [ B AL 39US 443 T 06 52 A bk 70 26 o
TR AXERBOCEER, WK =
B AT IR IF H Ak de 1M e Ehihaa T i
2R A i, 8 3 AR R R KT i R 1
PEATIE VR T3 R 22 P Eh 1k 5 kb,
MEFTEER A TN RS B EFR%, X
ZEMOAT I CKL A Ak 2 AT 07 il 3He 22 240 e i ik
AAb, BN S A= e AR, £
AR R e . RGN, ZEAE M
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FE CKL1 HA —E Rk, i B xR ha
A AR K B B e AR SRR TR B CKLL
FE PR 2H 3 By 3 B A AE S B 92 325 01 4 Jo ) S 1A
B, Hep, 25 Na'/H 38 i HE & A A 5
K4L3E mnhA . mnhB Fl mnhC %5, S 5ER
EHRE I S A L SE 7 & proS. proC S OPU
K, S H5EF RN REERAT desk .
desK . yesM Fll yesN

YA ZE M CKL1 AT (R I8 A= P R i
ERPE YRR AL, TR BT R A PO L
Formmle ZPREYRE S, AEAR S PR vh BAY B4
FIE e, NS AR YU . AR SRR A
K, TEERTRH SF 2R T AR IR A P B —
ST . AR LG R R CKLL AR
TG PE S BE N 7 9 40 B 87 T 35 J8E T CKL1
X MEE PR, JEBL T Itk CKL1 RAFHY
WG IE A e RpUw e A RE T, R A AR TR
e e 22 R Rt 1 D05 7 ik A S AR AR
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