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i OE: [FF)] WA A RELBDATHOEDAERFRSEDO BN ER
BAraR. [869) RBG R LAl h a8 e AN TR, IRAIRR T 2R E 09 4 22 A s A
ot 3o T L, BRRIIMT BE kB 06 R4 T 3k 138 o B ket s . (%1 2 A
7 &5 Fo RAILE . Biolog Gen IIAKSLA N T A= 16S rRNA A B /& 7)) ) 7 3T s AT %2, AR @ d
Iy iR AT A ARG A Fe A ZOR AT A 2K R 48K R 2 48R AT B R B 4813 &
[4 2] H#kE pH 8.0-12.0 & NaCl 0%-9%%4) LB 32 /R A ¥ ¥ TA Kk, HE pH 8.5-9.5 3 HRIRE
b AR E T A R 13%VA B, EARBRIR AR A8 H B B AR AR 54 A8 R SFAT 7 4h 20 F kAR
PR XA RHR . FAR YS-AT2 B F AT B AT i & (Citrobacter), 12 3k a3 T sF AR 4% 6942 4 2
FERZFR: (1) AT A pH 9.5 B4 NaHCO; 89 3 IR PR iy B A R T A K, Q) &
50-200 mmol/L NaCl 2 50-200 mmol/L NaHCO; # a8 TR K 4% T84 ; (3) 4 pH 8.2. Lg%
& (electricity conductivity, EC)# 450 us/cm 135 F K25 . & F. FEFARKT AR 19.84%.
18.75%. 10.31%#F= 32.58%. *t @Atk RAAR 2B ELI, Bk YS-AT2 BF A58 4
For B E AR KGR B, AT H At 2 BAE T A R A L B & ae et AR 6iE . T AR T
85535 Ao P R ARG IRE M R . [48 ) KRR EMN T w4 & Citrobacter
YS-AT2 Afdidgdide K a9 A R, A24B L 8o X AR B, AU - L BA o 2E AT A 2 fE 49
A YA RB B ARBE A B AT TR, LAR—F BT E L mmE e 0 TAEEE T Eib ke,
KR ATEBATH,; Wik R4, ARER
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A saline-alkali tolerant strain of Citrobacter: application in
promoting plant growth and mining of saline-alkali tolerance
genes

YU Jiang', WANG Xinzhen?, WANG Chun', CAO Yingxue®, YU Zhenhua™
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Academy of Sciences, Harbin 150081, Heilongjiang, China

Abstract: [Background] Saline-alkali tolerant and plant growth-promoting bacteria are praised
for the effects on improving the growth and enhancing the saline-alkali tolerance of crops under
saline-alkali stress. [Objective] To acquire the microbial resources that possess both
saline-alkali tolerance and growth-promoting effects and decipher the mechanism underlying
saline-alkali tolerance, we aimed to isolate a bacterial strain from the saline soil in Yinchuan
City, Ningxia Hui Autonomous Region, China. [Methods] The strain was identified by
morphological and microscopic observation, Biolog Gen III test, and 16S rRNA gene sequencing.
The culture method was used to examine the saline-alkali tolerance and growth-promoting effect of
the strain. The genome information of the strain was analyzed by functional gene annotation.
[Results] Strain YS-AT2 could grow in the LB media with pH 8.0-12.0 and 0%—-9% (W/V) NaCl,
and showed the alkali reduction rate reaching 13% and above in the media at pH 8.5-9.5. Strain
YS-AT2 could use 54 carbon sources and was sensitive to 20 chemical sensitivity test substances.
According to 16S rRNA gene sequencing results, YS-AT2 belonged to the genus Citrobacter.
strain YS-AT2 could promote the seed growth of Arabidopsis thaliana in a saline environment
with NaHCO; (pH 9.5) and the germination of soybean seeds under 50-200 mmol/L NaCl or
50-200 mmol/L NaHCOs stress. Furthermore, it increased soybean plant height, fresh weight,
dry weight, and root length by 19.84%, 18.75%, 10.31%, and 32.58%, respectively, in the soil
with pH 8.2 and EC 450 ps/cm. Strain YS-AT2 carried multiple genes associated with
saline-alkali tolerance. The saline-alkali tolerance of this strain was probably realized through the
transport of saline-alkali substances, the transport and regulation of sodium and potassium ions,
and the synthesis of high-concentration cell solutes. [Conclusion] We analyzed the
growth-promoting effect of the saline-alkali tolerant strain Citrobacter YS-AT2 on A. thaliana
and soybean and mined the genes associated with its saline-alkali tolerance. The findings not only
provided a theoretical basis and strain resources for the development of biofertilizers with
saline-alkali growth promoting function but also laid a theoretical foundation for deciphering the
mechanism underlying the saline-alkali tolerance.

Keywords: Citrobacter sp.; saline-alkali tolerance; plant growth-promoting effect; gene annotation
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ARGt — b - R B R A L, FR
] B 1 BLGA ] 9.9x107 hm®, 24 5 & + 6 1A
UG 10%M, R R 2 FUR i £ 1 SR sk
O3 BUE IO T, DI LR SR
TR, IEGS A BEYERE A, TR
SHER ALY, IELAEY X SR
RSB, St CEER, B2 mlUih
RAEY =, PERBER LMD (AR,
Xof T b b 1) 0 R AR IR PN B <5, R
E bbb 294 1/3 AT AR, wf
FIE MG i K — TR 1Y 5 2 Bk U, B s 2 AR TR
Pl b S B AT 55/ B TR, b2 80Kk e i dh
B AR Ml A 25 78 FH - B b A7t %) [ 2 5 - b 1
i, TSI L M GRS R B A AL

VLAESR, AT SR meli st i F & R R BT
ZR, BRYCRAIEY F RSN, RIREYE
BT eE LR . PR AR AR B R )
—H R ESD, LR IRAEE KR
AR, RIS A3 Bl BE LA W S A R LA
AAF AR Bian, R EE KR
[ 2 . 77|k 2R (Indole acetic acid, IAA)
W SEPLANE AR Y, B SR
AR, EIEEYAERK, KA SRS
IV AG IR . WFFEERIT, it FH s 6 i A= T xof
O AR BB AR TR VR P AR A B S A e A2
fE 7394 B S o0

i BRI A WA B F e, BIEMAEY
TR A MBEEA A h BA EL A, HAid
AR SR R A . A BT R B T R 5
{28 T A ZE 0 F @ (Bacillus)!™ | [ A 2 T &
(Azospirillum) . 5B Jif1 5 J& (Pseudomonas)!'?! |
PRI B 4 R EC 1 )& (Nesterenkonia)' ! | 4 14 )&
(Enterobacter) . 707K K F & (Serratia)'! . %5
FG 11 J& (Kocuria)! VA1 £ % itg 7 J& (Hal omonas)™ !
o AR R B A= TR ER AL R o A Ak

A RLIE i 2 S SR R, R A AR e
JE . BAE PP AL PLE . BRBE AT
Yol iMoo HE . il - IR - 1R
% (1-aminocyclopropane-1-carboxylate, ACC)fii
2N R R A LS Y B o TR S
HL P A A R

AHIFFER T B3R T A N T = Bl A iR
DR 1 i 6 ikl 1 58 o o3 2 i R B0 A= T
B, B TEIZ L TP A e A AR P B
I ARFE AL TR R I o B e ALl o AT )
WEFE 45 RAT B2 g ER ot 232 5 ) P S AL fol A oy e
JR BT IR BE SRy, W TR v £ m SR
R, AR DR AT K R BAT R

AR

1.1 B R R R M

A R A T 3 R B IR DI
AR, KRR R 5 mm i, IRGH
SR E 4, BT KGN Bk E, ff
FEAE 4 °CUKAHTFH . BIRIIT(Arabidopsis thaliana)
Bf7E R Col-0 FiFFIK (4R 2E 9, Dongsheng 9)
it hy S5 B AR AT o
1.2 FEFILF

Wizard®J& K 2] DNA 4lifkik 5] £, Promega
oAy rTag B4 0, TaKaRa /A ; Salkowski
IR A EL ] 2 IR Tsavkelova 1200 Hifth 3 KAk
2RI R pr i, TBS-380 %664, Turner
BioSystems /A ¥ ; Biolog Gen IIi# LAz , BIOLOG
Nl
1.3 EHRE

LB 153 32 BOSCHR[16]BCH -

F AR LB AR IR B (g/L): LB} 4k
& IR 100.0,

MS B3R B H 5 5 i RS Tl bl T 1 A
PIBeARATBR A 7 7 b 45 HB8469), $#% IR
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i BH A5 A 7 L o
14 BEHRT B

HUS g (sl - A2 AT 45 mL TR /K HE
TR, R ANACK R 5 2R, 28 °C. 180 r/min
PERIR Y 30 min 5 TR RS R BEE 10°°,
TEH 100 pL ¥ B2 46 B TR A IR A1 T 9% NaCl
1) LB (ARG SR 5 o it SR A 0 . KeF A A3
BEHA 28 °CIEIR B FRAH 15 5% 48-72 h, 1EHK
PTETEAS . B . AR B AR/ INAS [ 1 B R
PRI — TR VR R 5%, o ak Al R 4-5 1R
AFPARIE . —80 °CHIMRAE
1.5 EPKMEL B8 D4

P 1% R R 55 3% 24 h ARl T CRE
TESH 0. 1%, 2%, 3%. 4%. 5%. 6%. 7%.
8% 9% NaCl 1) LB K55 5L+, 28 °C 180 r/min
BERIRZG R FE 48 h, @& W I{E (ODgoo), LA
AR R A AN ] NaCl i 5 555 35 5 Jg 0 IR 4
2l AR R R IT HIWT R R NaCl A RVE ], i 8
B MR A AR K NaClk B, 26 H X NaCl ¥R B it
Zfe 1 E N TR T I 22
1.6 BEHRT AR ME AN

W B IR 1L A TR 43 ) A 2 pHAE R
8.0, 8.5. 9.0, 9.5, 10.0, 10.5, 11.0, 11.5,
12.0, 12.5. 13.0, 13.5 1 14.0 () LB WA R; 5%
1 (10% NaOH HF pH A7), BABER
3 YR 4,28 °C . 180 r/min #E %3455 48 h, ODgoo
D2 B AR RO B, NIRRT pH 15
FRI AT B, Al K LR KB R pH
ARKFEE, i E RIS A K pH.
1.7 EHRBERREE SN E

WG ORAF TR RRTE AL T LA 1 %32 Fl i 43 591 42 Fil
ZE pHfEH 85, 9.0, 9.5, 10.0. 10.5, 11.0 F
11.5 /9 LB WA R 5= 4, 28 °C. 180 r/min #§
P iR 48 h JE WS TR AR AR B DL I e & e e
WK pH, WRRERCEITE T

n (%)=(pH w—pH )/pHux100
Krb: n R PRRETRAE 775 pHuoh B R K& BE RT3
FRELM pH; pH - 0 BRIAR & B IS 15 97 3L 1% pH®,
1.8 EHSFENELE

FH Wizard® 55K 40 DNA 4fi 13877 2 45 Bt
AN AN DNA, FA@E @AY 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")#1 1492R
(5-GGCTACCTTGTTACGACTT-3" )%t Ftk 16S
rRNA JERPEFT PCR §7#50Y. PCR S i 5
(10 uL): 27F . 1492R 5|#(50 pmoL/uL)% 0.1 pL,
it DNA 0.3 pL, dNTPs (2.5 mmol/L)1 pL,
10xExTaq Buffer 1 pL, rTaq B4 (5 U/ul)
0.3 pL,ddH,0 #h 2 10 pL . PCR S ¥ 451 : 94 °C
3min; 94 °C 1 min, 55°C 1 min, 72 °C 1 min,
28 MIEFR; 72 °C 5 min. 7= H L IRYIAE K
SRR A A B w700 o K I A5 30 Y
YIFE https://www.ezbiocloud.net/ ¥ v i 17 7 471]
Fext, %M MEGA 7.0 RS R T
1.9 EHRIRIRSFIE S A

F|F Biolog Gen TIIf L A X i £h il 4
YS-AT2 #EATRRIEA M, 4T 94 FhA[H
fc IR AN AL 2= W it , e G dE 71 Rl s A ]
WA 23 F Al Bt . LA e B G
HE OBl
1.10  E#KFE IAA BETINE

KM Salkowski Ho 0k TFAN B AR I TAA
(A BE S22, B o KRR B AR 7E 28 °C 180 r/min
TSR 3 do BRUE, BEESR AT R TR R R
THOERNY LB WK SR, Bk
113 WEE . [, BAMERR LB B85
YERXTHRZH, 28 °C. 180 r/min ¥53% 3 d. }Ei¥k
SRR E K TE B LA 10 000 r/min A4 B0
5 min B F3H W, B BIS S Salkowski Ho K
F R 12 RFRHIR A S5 M ABEAR A kot
i E RN 30 min, Fefi, WIE ODago WOGAE, If
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FIHZAEATIAA HeEE=(0D49e—0.068 3)/0.010 5]
TR TR PR 3 M6 1 TAA VR
1.11  EHRIR ER R B 8 T #0057+ 4 K Be
M ZE

fit il NaHCO; &y 2 mmol/L (pH 9.5)/ 1/2 MS
B34 . ¥ Rg JT (Arabidopsis thaliana)#f
H B Col-0 Fh 7 F 75% 05k 2% 10 5 35 5 S b T
1/2 MS B R B3R — M F—4 H 4k b, A
10 K7, 4 CCOKAFBENCHE 72 h, BRI —ME:
il 10 pL T2 (ODgo0=1.0), LLIEFP &R I K
RRRE, B TR SRR R SR (RN 30 °C, Ot
FEERIE 12 000 1x, YEHE 16 h, HHE 8 h), H-Ab
P3IWER, W3R 7d e MERIREIFAERKER,
1.12 FEHRAKEMFERBMERGT
A ZFEe INE

KREFFEMEREKERELA L, B
T5%PREIH R 5 min J5 FHICREZK YL 5 . =il
T, BRI T RS (ODgo=D) it &, LATC
[ S NIRRT R TR LAY =y
BT IR FAE T 28 °CIEIRSS IR, e mimA
15 mL NaCl (50, 100 #1200 mmol/L)Fl 15 mL
NaHCO; (50, 100 £l 200 mmol/L)iF#, 5dJ5
WEZER S R4 A= KB
1.13 E#MREBMERXRHETERKEY
BEKAR

KGN TR B (ODgoo=1) 211t 77, LA
TCHEARIF AR XTI, 26 2 KM KRS R4k
FPTE pH 8.2, +3EH 5% (electricity conductivity,
EC) A 450 pus/cm AUBME 3R, 3 IRER, 764
BRI 14 K, mIRFMAEI R4 AR K
Uit 40 mL K (ODgoo=1), THIHIAEKE 24 X
@ T NI 1 e E 77 1 O == 1 1L 7 =
fif S AT, JE RIS L, MR R
{Y (Epson scanner)f i FRH , 3+ H WinRHIZO

BAF PR
1.14 EixERFE D

Fie I Wizard "3 N 41 DNA 4lifb i 57 £ idd B
BRI YS-AT2 BYFENA] DNA J5, 4ifbr)
JL[H 4] DNA SR TBS-380 2O f e fit. &
JFi ) DNA (ODg080=1.8-2.0, DNA L E>5 g,
W60 ng/uL)FH TEFEN)F, HAKRD 7 ZHEiR
AR EE DR ey A R ) 8 1o DU 58 iU R
FHl NCBI Jsi % 2 41 A 3073 B 45 1 (prokaryotic
genomes automatic annotation pipeline)iff4 1 JE A
TR, DLSCHR AR E (1 v R R Bl AL ) 25 1)
AH G 5L R R SR A TG 2R, TE SR 4K P
AR AT BB S 5 it S s FE A S
1.15 BRI K 4

iz il SPSS 16.0 23k (H A7 J7 22 93

2 HZRE5OM

21 EMOBEREMBMHELEE

WL A 9% NaCl i) LB K537 HL A0 0 ik
AT B IR B 6 DR T AR e g Ay e 2
PRI RO TR, H APk YS-AT2 X%F NaCl ¥
A pH T 32 35 BBl i K [NaCl: 0%-9% (Jf fE AR FR
57%0); pH 8.0-12.0] (K 1), EHBOXEMIELT S
SLRK . B MRAE LB AR FRIE I 28 °C K%
2d, WIERRIE, G5, REDLH, Bk,
BB, R, IREE, ESTHET WEX
TR AR (B 2) o IZ R PR T IR 22 v ] g A 85
FEPRFR L, PRI 45 CCTCC M2021238.
KB e 1 25 R R R BREEANR]) pH 4544 F
MO BE I fEAE 22 5, 76 pH 8.5, 9.0 F1 9.5 ¥ k%
HRERRRE TR, FEICR 30 R 14.5%. 13.2%
F113.9%.
2.2 EH YS-AT2 M FEYNFLEELER

g i — W E W YS-AT2 4= Y124 7,
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P I I N\ ™~

| 3 1 1 1 1 1 1 1 1 1 L 1 L 1 1 4 1 L 1
L 0 1 2 3 4 5 6 7 8 9 e 8.0 85 9.0 9510.010.511.011.512.012.513.013.514.0

Concentration of NaCl (%)

pH

1 E#R YS-AT2 Z£A[E] NaCl iR E(A)FAE pH ZEHETB)HIE K

Figure 1

Growth curves of strain YS-AT2 under different NaCl concentrations (A) and pH conditions (B).

2 B YS-AT2 FEZSE A:YS-AT2 7 LB B5353 EAYRTE A K MR K. B 7835 5 HL BE (transmission

electron microscope, TEM) T ML 2| A9 B FRIE 25

Figure 2 Morphological map of strain YS-AT2. A: The colony growth of YS-AT2 on LB medium. B:
Morphology observed under transmission electron microscopy (TEM).

HHE 16S rRNA FEHFFHN AT, T
Fr 45 A EzBioCloud 3k 5 B & 3 i) JIL R 12
WEATARIPE HEXT, TR#E YS-AT2 4 Citrobacter
freundii DSM 30039 AHRITER 99.37%, RH
neighbor-joining 744 & 11 B bk R 48 & B W & 0
%tk 5 Citrobacter freundii DSM 30039 J¥:%1]
AR R E A 2 5. BRI, W IR T RO
HE T ERATWEE N —AF, IRl Eaa s
Citrobacter YS-AT2 (& 3).
2.3 HEHE YS-AT2 REGNEFER

H 4% Biolog Gen AL AR & {417 o AT LAk
— L LRI AR YS-AT2 XA [l 5 %) 1)

REJ. G5REW, KBRIAMERHMEXT I, 72
ARAFMAY 94 FhFRAMI A, 71 AR 1M
B ORA D-EZ RS 320, BB ENA p-&£
VMRS 22 b, AT DL YS-AT2 ] F AR IR LA
54 Ff, 5 76.06%, AFIFIFHBRIEA D-FA b
17 PP, & 23.94%. 23 Fifb A SR It
(F OEAWNE B aKA 138, 858 ara 758,
hi 86.96%, AWAMA 3F, 5 13.04%,
2.4 EFK YS-AT2 577k TAA 8 /1 F0{E ER AR
BB TR T E K

h % E AR YS-AT2 43 TAA fIRE S1 &R
B T XA P e AR OR SR A B B vk D
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Citrobacter youngae CCUG 30791T (RPOI01000045)
Citrobacter europaeus 97/99" (FLYB01000015)

Conr it o e e tr e ek v ooy
51 LLLGHZ} L2" (LGHZ01000054)
99— Kluyvera intermedia NBRC 102594T (BCYS01000084)

| ' Yokenella regensburger A1CC 49455" (JMPSU10UUU45)
Bacillus subtilis NCIB 3610T (ABQL01000001)

0.020

3 ETEH YS-AT2 87 16S rRNA EEFFIMERNRGELZEN @it 1 000 KU & H bootstrap
B, KT 50%EIAR ERIR; 0.020 RPN EALIEE s 455 N7 54 GenBank % 5t
Figure 3 Phylogenetic tree of strain YS-AT2 based on 16S rRNA gene sequence. Bootstrap percentages

(base on 1 000 replicates)>50% are shown at branch points. Bar, 0.020 substitutions per nucleotide position;
The serial number in parentheses in the GenBank accession number.

#F 1 EFk YS-AT2 Biolog Gen 1IN 45 R
Table 1 Biolog Gen III test of strain YS-AT2

i H 45 it H 45 it H 45
Item Result Item Result Item Result
IS4 %of - D- ] HHIEE R + p-FEE-HK TR -
Negative control D-glucuronic acid p-hydroxy-phenylacetic acid
Wik w TR I Tt M + PR PR P +
Dextrin Glucuronamide Methyl pyruvate
-2 2 H + FR; FHRIR + D-FL IR I iR -
D-maltose Mucic acid D-lactic acid methyl lester
D22 w TR - LR +
D-trehalose Quinic acid L-lactic acid
D-£7 4 M w R + PR +
D-cellobiose D-saccharic acid Citric acid
JeHE w -] -6- R + a-fii-% R w
Gentiobiose D-glucose-6-POy a-keto-glutaric acid
REBE + D- N -6- R + D-E SRR w
Sucrose D-fructose-6-POy D-malic acid
D-FA Mk - D-RE AR w L3RR w
D-turanose D-aspartic acid L-malic acid

GEa)
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i H P S i H 4R i H g5

Item Result Item Result Item Result

KT - D-22 3 IR + BA - %) B +

Stachyose D-serine Positive control

iIIER + a-D-Fij I w pH 6.0* +

Inosine a-D-glucose

D- 111 R4 i + p-H & + pH 5.0* W

D-sorbitol D-mannose

D-H & w D- Ak + 1% NaCl* +

D-mannitol D-fructose

DRE A - D-2f 7L pE + 4% NaCl* +

D-arabitol D-galactose

JULAE + 3- H it H - 8% NaCl* w

myo-inositol 3-methyl glucose

LR + D- M - 1%L i * +

Glycerol D-fucose 1% sodium lactate

W, TR - L-SR b + 2 B 0 R * +

D-raffinose L-fucose Fusidic acid

a-D-FL + L- 2 + D-22 R * w

a-D-lactose L-rhamnose D-serine

o - ntif 40 - Tt E R +

D-melibiose Tween 40 Vancomycin

B- F 15 -D- A B 1Y A y-2AAE TR - D0 e 2 +

B-Methyl-D-glucoside y-amino-butyric acid Tetrazolium violet

p-/K ¥ - o-FREE TR A IO e +

D-Salicin o-hydroxy-butyric acid Tetrazolium blue

N- 2, 8-~ 4 iz + B-#2%k-p,L T 1R w BT Bk R * w

N-acetyl-D-glucosamine B-hydroxy-D,L-butyric acid Troleandomycin

N- 2 15t-B-- H & il iz + IR + MRER SV* +

N-acetyl-B-D-mannosamine Formic acid Rifamycin SV

N-Z t-D-2F FLAH + W] - TR R -

N-acetyl-D-galactosamine Gelatin Minocycline

N-Z Bt 22 5 B2 + B T -L- i =R w % I i PR * -

N-acetyl neuraminic acid Glycyl-L-proline Nalidixic acid

B3 - L-IN w Evit +

Pectin L-alanine Lithium chloride

- FURHHE IR + L-H5 24 R - YT R 1+ -

D-galacturonic acid L-arginine Potassium tellurite

L- FLERE R 4 1k + L- K& R R + MEER, HHERT +

L -galactonic acid lactone L-aspartic acid Lincomycin

- R - L AR W AL +

D-gluconic acid L-glutamic acid Guanidine HC1

a-f-T R w L-4 % w B DU 2% ik * +

a-keto-butyric acid L-histidine Niaproof 4

N L-FER R - 2 i * w

Acetoacetic acid L-pyroglutamic acid Aztreonam

MR L-22 1% + TR w

Propionic acid L-serine Sodium butyrate

Z % A T 2R W TRER B * W

Acetic acid

Bromo-succinic acid

Sodium bromate

— R+ WREE; W sB 6, f bl

—: No color is displayed; +: Obvious color development; W: Weak color development; *: Chemical sensitivity test.

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



872 A

4

FIER

Microbiol. China

R TAA 2 RE ST, LRI B AR, wIEE
HITR AR YS-AT2 H.45 TAA 730 MARE ). 7E pH 9.5
1) 172 MS 85385 b 4Rl YS-AT2 TR
FET7dJE, WRITAERKERE 4 Fros, KR
PR YS-AT2 AT B A stk 4578 T IR T A
2.5 EFE YS-AT2 {R#EWMEBRHETK
SMTiEL

ik — SE R VR YS-AT2 7EER T I08 4%
PE X RAE A K By, BB K S R
i R AE B T ST . ZME, iInA 50, 100 F1
200 mmol/L NaCl £h¥ W 5 35 5% W pH 1E. 73 5110
5.75 (Kl 5A). 5.82 (& 5B)Al 5.78 (Kl 5C), A
50, 100 #1200 mmol/L NaHCO; 5 555+ pH {E 43
WITHE 2 8.53 (&l 5D).8.65 (&l SE)#18.91 (& 5F),
& 5 Al 0L, BkE YS-AT2 76 A ] v B h b
TR MRS R G TR

B

A

.‘rr’ﬂ.f}f*. 'i(' {&T\Mi

E

ssrepeer reIpYe

van

pH 8.53

5 K YS-AT2 EEBMERH T REXSEHFIELUR

F MR YS-AT2 ¥ (ODgoo=1)i5 Fl kb 4

Ty M E Tgy H

pH 8.65

4 EEIRLEME YS-AT2 (it EhGE B IR E
THETEK A =AW B: 5P YS-AT2
PR B

Figure 4 Saline-alkali growth promoting bacterium
YS-AT2 promotes the growth of Arabidopsis

thaliana under saline-alkali stress. A: Control. B:
YS-AT?2 inoculated.

MM IS

].‘

WOHNIrE  AHYoaay

A2

pH 8.91

TSRS T 20 AR AL

Figure 5 The strain YS-AT2 promoted the germination of soybean seeds under saline-alkali stress. The left
side is treated without bacteria, and the right side is treated with bacteria YS-AT2 (ODggo=1).
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2.6 K YS-AT2 (RS EWMBRHET K
SYEEK

ABFSE i — B T kR YS-AT2 7E#:
B R 30 S K S A A K B RE R, TR Y S-AT2
X pH 8.2, EC 2N 450 ps/cm K 5240 A= K B4
HEVEFRANE 6 BN o HE DAL PR K G bk iy B
TE AR 51 LT REEE = 19.84% . 18.75%.
10.31%7#1 32.58%, Hxf KRG ik . fif F AR
K5 82 (3 2).

Control

6 ER YS-AT2 X REAEKMEME 03 %
N YS-AT2 1K (ODeoo=1)EFIAL R, A7l 3 42
AR AP, R L pH 8.2

Figure 6 Effects of strain YS-AT2 on the growth
of soybean. The three pots on the left are treated

with bacteria YS-AT2 (ODggp=1), and the three pots
on the right are control. The pH of soil is 8.2.

R2 ER YS-AT2 X AEHEEKEEEN
Table 2 Growth promoting effect of strain YS-AT2
to soybean seedlings

Item YS-AT2 AFE B IR
No bacterial
control

e 28.38%* 23.68

Height (cm)

ficf H 3.42% 2.88

Fresh weight (g/plant)

TH#E 775.83 703.33

Dry weight (mg/plant)

LESS 32.72% 24.68

Length (cm)

*: P<0.05.

2.7 EHR YS-AT2 EEEFBRSH

PR YS-AT2 275 12 28 IL A AT BE 5 18 £
WE TR DG, vl Sy T s R/ Rl SR R Gs AR
(glycine/betaine transporter) ., ¥ M5 W R 4L
(trehalose synthesis) , £1%%i2 14 (sodium symporter) .
¥ R BR 2 % $2 i (glutamate ammonia ligase) . 74
JEH R 5 1 81 /ML 2 45 (glutathione-regulated
potassium-efflux system) ., Trk R4 %12 & (Trk
system potassium transporter), 4%z ATP [
(potassium-transporting ATPase) Al H: A &l ¥ iz
ﬁi(other potassium transporter)#1 FOF1 ATP A
fii(FOF1 ATP synthase)% (3% 3). iR FE[HFKHH
%R PR B SR RL ] AT RE R Ak B B A X
TR BT B as b . AN L S 0 B s AR Y
DA K5 1S v 5 240 B 40 Jo i <5 B A
3 W

ER TSR A R L B DA O [ R R
A FITRAL R PR . R R IR h S A
Z RIS, SRR R iR A
Bl R 22 B0 W 1 A 52 SIS ) 2 g ]
FRES A A K R E, W2 T BRI Az
SOl TS N 10 e SN N ) 1
T, it A A TR AT 3 Ao R AR A ) A PN B R A
. BFIERTAMRGE . A B &Y
I3 UL A 22 WE RN B 1 S Oy Ok G2 i R
W, PR R, PR AR
K 15:26-271 g Kuklinsky-sobral =8I R B,
24 80% [ [ L i )& (Azotobacter) . ¢ 6 B ifd i
(Pseudomans fluorescens)., 20%M1 4 f1 T  J&
(Bacillus)7e £ B B8 T AT DL i) 430 TAA fig i
AR, 2y TAA A] LI 2 5 kW) o i
H'-ATP F-& BUE R it 7, JEme st
FIBTIEAE 11120, M5 2 A FF I (Bacillus subtilis)
TEERGK P8 T AT LU i proB A1 proA L [H %
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#*3 EH YS-AT2 it Eh B E G it
Table 3  Saline-alkali tolerance genes of strain YS-AT2

Frs B FED $ii ik BIGFFH ZALFA IER(+)/
No. Class Description Start End S I (-)
sequence  sequence  Positive (+)/
Reverse (-)
1 HA RS0 18 1R Glycine betaine/L-proline ABC transporter 1042505 1043500 —
S| Glycine betaine/L-proline ABC transporter 1043568 1044632 -
Glycine/Betaine Glycine betaine/L-proline ABC transporter 1044 625 1045827 -
transporter D-serine/D-alanine/glycine transporter 4657266 4658 675
Glycine betaine/L-proline transporter ProP 4754974 4756476
2 A RS Trehalose-phosphatase 1964909 1965712 +
Trehalose synthesis ~ Alpha-trehalose-phosphate synthase 1965687 1967108 +
3 LB R Sodium/Glutamate symporter 86 078 87283 +
Sodium symporter Sodium/Pantothenate symporter 447 708 449 159 -
Sodium/Proline symporter PutP 3241414 3242922 -
4 1R R G e Bifunctional (glutamate-ammonia 691 081 693 921 +
Glutamate ammonia  ligase)-adenylyl-L-tyrosine
ligase phosphorylase/(glutamate-ammonia-ligase) adenylyl
transferase
Glutamate-ammonia ligase 5041 644 5043 053
5 AP H KIS A 7L Glutathione-regulated potassium-efflux system 389 573 390 124 +
WmES ancillary protein KefG
Glutathione-regulated ~Glutathione-regulated potassium-efflux system 390 124 391929 +
potassium-efflux protein KefB
system Glutathione-regulated potassium-efflux system 4368961 4370823 -
protein KefC
Glutathione-regulated potassium-efflux system 4370816 4371346 -
oxidoreductase KefF
6 Trk REM LB IK Trk system potassium transporter TrkA 417 930 419 306 -
Trk system potassium  Trk system potassium transporter TrkH 5063373 5064824 -
transporter
7 FiELiE ATP Potassium-transporting ATPase subunit KdpA 3607301 3608980 +
Potassium-transporting Potassium-transporting ATPase subunit KdpB 3609001 3611049 +
ATPase Potassium-transporting ATPase subunit KdpC 3611058 3611624 +
Two-component system sensor histidine kinase KdpD 3 611 635 3614319 +
Two-component system response regulator KdpE 3614316 3614993 +
8 HAb B 54 Low affinity potassium transporter Kup 5164015 5165883 —
Other potassium
transporter
9 FOF1 ATP A i i Flagellum-specific ATP synthase Flil 1911763 1913133
FOF1 ATP synthase FOF1 ATP synthase subunit I 5174900 5175280 +
FOF1 ATP synthase subunit A 5175288 5176103 +
FOF1 ATP synthase subunit C 5176 150 5176389 +
FOF1 ATP synthase subunit B 5176449 5176919 +
(F52%)
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(B 3)
Fro e LA H 3k BIGFS]  ZALFS Em ()
No. Class Description Start End S\ (=)
sequence  sequence  Positive (+)/
Reverse (-)
FOF1 ATP synthase subunit delta 5176934 5177467 +
FOF1 ATP synthase subunit alpha 5177480 5179 021
FOF1 ATP synthase subunit gamma 5179072 5179935 +
FOF1 ATP synthase subunit beta 5179962 5181344 +
10 C4-DUR% —FRIRIE M & C4-dicarboxylate transporter DctC 214 288 215 574 +
4¢ C4-dicarboxylate  Anaerobic C4-dicarboxylate transporter DcuC 481 410 482 777 -
transport C4-dicarboxylate transporter DcuC 529 353 530 819
C4-dicarboxylate transporter DcuC 988 341 989 708 +
Dicarboxylate transporter/tellurite-resistance protein 2 483 115 2484 116
TehA
Anaerobic C4-dicarboxylate transporter DcuC 3670543 3671928 +
C4-dicarboxylate transporter DcuC 4032470 4033831
Anaerobic C4-dicarboxylate transporter DCUA 4720430 4721731 +
Anaerobic C4-dicarboxylate transporter DcuB 4737938 4739278 +
11 i 4532 Antiporter  Hexose-6-phosphate: phosphate antiporter 36 830 38 221 +
Putative basic amino acid antiporter YfcC 1536742 1538262
Na'/H" antiporter NhaB 2157820 2159364 -
Sodium-potassium/proton antiporter ChaA 2250540 2251640 -
Citrate/succinate antiporter CitT 3680019 3681482 +
Na'/H" antiporter NhaC 4068883 4070334 +
L-carnitine/gamma-butyrobetaine antiporter 4377093 4378610 +
Na'/H" antiporter NhaA 4403042 4404208 -
Arginine/agmatine antiporter 4749856 4751193 +
12 O if Ji il Anaerobic nitric oxide reductase flavorubredoxin 1015024 1016472 -
Nitric oxide reductase Nitric oxide reductase transcriptional regulator NorR 1016 661 1018181 +
RS E AN A B AR AE T, AR T ARSI A s, i N IREER A,
BERTYN—F, HBRBETLUANSEEE IERF iR I, AR TR T

PO,
AEARBRIRBE A (2L T AT ) T AL T

TERIX YR, (e rt 7ok . 4E
SRR RS e, BE IS R AR )
AT, Horh, B R B BUR AR K

%%ﬁ*%%ﬁ%ﬂﬁ%ﬁ%ﬁ%lﬁ&, EANE=Rick7/)
SR EED, BomERRA LM 1S
EHIE, lﬁﬁ%ﬁ?xﬁkﬁj\ﬁ’ﬂﬂﬂﬁz, T T

e EN N S U Y A (SRR G R N 872

BZ SRR o A0 S PO SR M % AR B
o B — R LA R R RE 7 Y 5 el EG AN R

(Kushneria indalinina) JP-JH, &M% )5
TLL%mW?%Mﬂ@E“ e ST/

F =K ., Habib ZEPYF 5 UE S 43 HIAE 75 mmol/L
1100 mmol/L 58 F, Eﬁ%@ﬂ%@acillus
megaterium) UPMR2 F1 7 #F [ (Enterobacter sp.)
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UPMRI18 7] DL 215 5 6 M EUn PR a1, 42
RS R ER T, R ERKEE R k. A
S E T B R A 6 DR )1 T S e b - 3% v
AT B SR B B Citrobacter YS-AT2, £ iESEw]
PITE pH 9.5 H. &5 NaHCO; (1) Eh 5ot PR 88 rp 2 ik
KREGF T8 & LRI IR PR, B,
it h 58 # Citrobacter YS-AT2 & a] LA FH Tk
il b 245 A A0 VR TE A ) R R R U

HHT, DAKE DRI 4H 27 o 52 i B 12k P e 2R AL
e 7 —een HUT ) HR ST RS,
KT A5 A Py it R AL 1 %) T2 0 2 2 B 5 AR R
BD o A i S ROL A X A 2,
L DR A B PR T e R v AT DATE SR R 4K P
TR B IIRE, WRA S D ) B A AR A
SR EFER, PR AT LS B R S R M T g
KRMFNWT . BEFERI, T SR i a] DL ik
— ZR B WA N FR IR, 4N - i Y Na®
23 40 A ) X oA 7S 5% 00 R A R AR N )
i, & AR 0 A, S EUEY
PSR AR RS T A A 2 B
SRTAE ) A N K W BB 8 A 800 AEL ) 1A
CHEMEOE SN, HERE A S50 T AR E R
i, 5 DAL A AR R A 8 AR i B
U, T A A A B — A TR LA B SR ) SO
Na'/H ¥ m§%i2 5 AR K'/Na 532 5 (A JE  if
WEFBE RGeS, JEm ] LIS R IR
H SR A PR Y A 3 R A 2 K RO AT 3
TRk Citrobacter YS-AT2 1yt 3h B A4
ML, 2885 2 LN Af5 B, AR5 o 3
RV B & B, i Ak Citrobacter YS-AT2 3[4
A H R R S0 1 B AN i AR A
KB, AWPsEcE, Ham/m=em . e
B8 T I A TIEER A B, ] DIVE A4
ZENEVS ORI RS 8 Y, Ak,
Pk Citrobacter YS-AT2 J:H 4 H iR %A Trk 248

BB B IS ATP BEANIH [ 55 12 (R0 s
Fh s R G0, HAT LG ok g i 5 R A AR 4 4i il
B2 RHAL G WA R, JE T ORERER E 1)
BBV, kol s Al 2 B 0 B AR .
WHFTIE S2 ik Citrobacter YS-AT2 1E b5 FF 4%
FREGSE T A N AR H B 4 X
BB s ey, X KL Na Bz fiE ey,
HETTGEFFAR Y M2 32 1 R R 1 53 e R B
WEE, RUE A B A aIE SRS Z 52
{E18 X EM 2, Citrobacter J@1E N A
R —F, B OB AR T R K.
BYEREE T, AR T Citrobacter J& 41 4
P R Z T TEBUR AP AE R AR TR
e T AR A KRB A
Ty fig i 38 A A D o AR O 5 3R A Y T bR
Citrobacter YS-AT2 & H £hmdHh 118 , e AL
F ER oA, AR & T TR PR R
PERA AR, T H A BIES Citrobacter J& Y4
AR TR BT I . (HADE S AR T
R RAE LR T AR SR K b R B A e
Sk 4 TR VEAR 12 TR 9% I & i A 0 o A 1o FH 81 66
BRI 7, 3 T 40 R R LA i AR A
RORBESE, Aok n] FIH 2 A HoR F R AL %=
PR AR W SEY EAEM S 50 L3R
SR FRAEGY , HE s i ER AL A R E P oT
FFI AR O B TR Z BT AL

4 Zik

AHIF 5T N T B RN A 6 DR )1 T e £
ey B ARG — KR R & Citrobacter YS-AT2,
HATLE pH 8.0—12.0 & NaCl & 0%—9%5 14 F
AR, FFRTRI I Z R cIE o3 i TAA, XT3
ISR N2 P2 S NI NI |y R
AERKWERA T BENRAERY, FF T AN
Citrobacter J& i & ZHEERTAET, [RIEE, %R
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Citrobacter YS-AT2 AJ &g /&1 A 5 4 My % &k
PR R A A2 B A O KL Nat (532 A
PEMAERFR NSNS B IR AN pH Fads, fifi
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