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— WK T 8 B 20 B b ¢ 52 BB 1R EC Bl (Kl ebsiella
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SEN, BER, B, Fw, BOAN, TEAN

BT N—R B R2E BBl R B BRI JE IR AW 5 R R 59 e IR AL ) B A S0 =,
HIpyT KR 163319
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B OE: [FF) &5k, KARMRR EELBAFAA 4 T0R, TERMEDEK. AL+ H
T 04 ot 2k ARAR A H T R B IR TR g i, LB 49 MOKASARER 138 PRI AT 4T 2 k49
A B FRVAR G KA IR e ute, RBKBEK., [FE] AH KR EIZTIREHER
ot d, AR A ERIE AR AN E AL A GE A 8L 16S rRNA A B 53| oo dr S B Ak, 44
A RAF S ATEH AR B 015 8. [ R Y 2132 A4k NP36, 57 28 R A X % & 18K H (Klebsiella
pneumoniae), £ 7& pH 3.0-11.0 & %47 £ 80—200 mmol/L #) LB 3& s~k P 3T A K. ##k NP36 £
A 7= %% LB (indole-3-acetic acid, IAA)AE 77, "T3i5(87.27+0.11) mg/L; EHIELABEEE 1, RKA
MBI F #(93.2241.94) mg/L. AR T LA KZFLIE, 1.0x10" CFU/mL & & &z AT 2 F it K
FGIEAR A MAR G A K, BT AR F AN 5 o LI, BArk NP36 A A& A HUBR FiZ #r B BR 26 49 K
B . o, EER NP36 A B A T8 XL IR A A K2 0948 K LB, »47H A4k NP36 @it
20 0L BACE R B An Y 58 SR R AR i . (458 AR IIE T B Ak NP36 3K AG 6942 &
B8 71, A E LK T 547 H Ak NP36 B An it 8 a6 Hub], A F- & at 2h AT A B A 4 e AR A T
32 AR Ao H AT TR
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Isolation, identification, and whole-genome analysis of a bacterium
Klebsiella pneumoniae NP36 with saline-alkali tolerance

JIN Jiayue, FAN Zhongling, GUO Lili, LI Kun, BI Shaojie’, WANG Yanjie"

Heilongjiang Key Laboratory of Environmental Microbiology and Agricultural Waste Resource Utilization in Cold
Area, College of Life Science and Biotechnology, Heilongjiang Bayi Agricultural University, Daqing 163319,
Heilongjiang, China

Abstract: [Background] In recent years, the soil salinization in Daqing has become increasingly
serious, which threatens crop growth. The presence of plant growth-promoting bacteria with
saline-alkali tolerance can alleviate the saline-alkali stress on crops. [Objective] To obtain the
strain resources with soda saline-alkali tolerance from rice rhizosphere soil for improving rice
tolerance to saline-alkali environments and promote rice growth. [Methods] The modified
medium was used for screening of saline-alkali-tolerant bacteria, the ability of which to promote
plant growth was determined in a functional medium. The isolate was identified by 16S rRNA
gene sequencing and the genomic information of the strain was analyzed based on the whole
genome sequence. [Results] The strain NP36 was screened out and identified as Klebsiella
pneumoniae, which was capable of growing in the LB medium at pH 3.0—11.0 and soda salts of
80—200 mmol/L. Strain NP36 had the ability to produce indole-3-acetic acid, the concentration
of which reached up to (87.27+0.11) mg/L. In addition, it had the ability to solubilize inorganic
phosphorus, with a maximum available phosphorus increment of (93.22+1.94) mg/L. Compared
with the treatment of seed soaking with sterile water, the seed soaking with 1.0x10” CFU/mL
bacterial suspension significantly promoted the growth of radicle and lateral roots of rice. The
whole genome sequence analysis showed that strain NP36 carried the genes for the synthesis of
organic acids and the transport of phosphates. In addition, the genes related to amino acid
synthesis and K" transport were also identified in the genome of strain NP36. The results
indicated that strain NP36 could respond to saline-alkali stress by redox reaction and
maintenance of osmotic pressure. [Conclusion] We verified the rice growth-promoting ability
of strain NP36 and analyzed the mechanism of phosphorus dissolution and saline-alkali
tolerance of strain NP36 at the genome level. The findings provide a theoretical basis and strain
resources for the development of biofertilizer based on the bacteria with saline-alkali tolerance
and plant growth-promoting effects.

Keywords: Klebsiella pneumoniae; soda saline-alkali soil; whole genome sequencing; saline-alkali
tolerance genes

AR B R TR KA S oK
AR T K LT R e LR )RR, Ko
ERIEH D BRT LM, RZIV SR
Fe EER G B HARZY 142 hm?, R BCE 5
(R B AL L 300 5 hm?, AABBCT IR

E H AR POl L X, XX =R IR T ER it
FOORBRME | i AR AR B R o A
HARKENE, MEZWAAEY A K,

FE ) AR B A7 78 — 28 HL A 1 A= T RE Y Tl A
Yy, FRNFEPI R BRE A T (plant growth promoting
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rhizobacteria, PGPR), iffl 1 B % 5l (8] 34 A= 59 5
AL YER, QR - S PV T o R
S A N T B ORI SRy, B AR R
AW K AR YA B R G TR AR SR
e 4 PGPR T ZE Rl T & 5 3L
(eSS

HAif PGPR #1221 TEh i At A= 1y T 1)
W5, JC IR It SR s 02 A= TR AT 4 22
UMD EE MG ST e ARAS 14 BRIS A= AN, RELE
ANTA R BE NaCl R A4 o Rl R 450 AT 5 i AE 4
RN E AR B L0 R Y 3 BRI BETR JC8.ICT
LIPS, YIREHE R MGG, S A SR 38 XS
SRE ARG, HIKAT L, PGPR REEA XL
2 frk R U A8 AH S 23 O ik SR R B vh TR — 1Y
ERORIIA L A T D R B ) I AT R A
&l NaCl, Na,COs, NaHCO; #l NapSO4 #4218
1:1:9:9 GURACT ABIFEIET I 464, TERIR
7 R DX Y AR AR B 32 v i it 5 AR
REJJ AU Sho bk, ARG L TR, Wil
LD ZH N Py 3 B R 2R LT Eh AL L LA Ay it
AR L AR R S RO R R A AR TR AN BT UA

1 #HRE5rZE

1.1 il A R R K EER T

b3t 4 HER AR T R OIB VT4 KT A g 2
HH(125°14'E, 47°14'N) /K FEAR Br 358, HA
TEAS T 4 CiIZELRERM . HIERES pH
8.54, tIEAIEGEN 1.16 gke, WA . A
Rl AR 1Y 5 5 o3 Bl 250.540 75.60 F
212.70 mg/kg, AP T EH 3.89%. LXK
AR RE 187, M BRIBTT N B2 Ay
BRER AR BEAO A F AR TR = et
1.2 FERF, NEREAFRE

TCHETE A R LG 2l DR 40 . B
i ) RN R — 5 5 R R A i

pH i1, ZR5ET7 Qi il & A FRA A Bk
AEREE AN, RIS AR A IRA A
LHN-AT WA, R AR AR A TR
o]y e WA, JRRERE LR AR A

LB R S I A 5 5 S Iy il T R
JE R, % NaCl:Na,CO3:NaHCO;3:Na,SO4 K
1:1:9:9, ffilEFRILHERUREE A 80 mmol/L, i H
1 mol/L &8 AL A R 15 B 3R B i) pH (L &
8.5; Ashby JLE I F7 IS BN 0 bL e i 5
5 4 W AT MILAE %5 % 25 R 52 4 0 G ML % o 2
(Pikovskaya medium, PKO)Z: i 7 il 5% 25 10 )y
RECH ;R R R I S R A SR T
il s R K K% 3R %L (chrome azurol sulphonate
detection medium, CAS)Z: [l 4= 4 2212 5 v fic
il LFHERBERI B FERZ ] Jabborova 2511
Jyme; 2 IR SR B2 I Senthilkumar
SN T i
1.3 T E R R #R Y TF it

T 55 el P R A4 07 < B 10 @ AKFEAR B - A
A 90 mL Jow/KBIHEIE I, 30 °C. 160 r/min
FERIR Y 30 min JEKIKFREE R 107, B 107,
107, 107 BREEAY HIEEGR 100 pL 43504 T
MRS LB RS, AR E 3 IKE
ARE, F 30 °CHHES IR A P EI B IR 24 d
J& , EBCR T T AR 0 B bR T 4 B alifk
PAFHEVE G T 4 °CCIRAF 25 AU,

Tirf T PRI R P S 07« X AR A R R A T 5
T g HE T I o 5 TR AR A HR 1% 3 i 20l
PRV TS 0.1-1.7 mol/L NaCl (Ja]f& 0.1 mol/L).
&4 100, 150, 200, 250, 300 mmol/L #fTEh
M pH 3.0-11.0 ([E]F& 0.5) LB Witk Fislrh,
T 37 °C. 160 r/min 55/ MR Z 4555 24 h J5 HUH
52 FEWe B (ODeoo), BEHE 3 K.
1.4 it ERAR1R & B A ik

TS 6 i 2 A BB PR 00 - 30 ek W6 BT AR AE

BB
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Ashby JCRIEFREIE A BT B MRA TC A Al
J1s TEZEWA PSR . PKO ToHLBE RS %
SN B0 85 57 5 1 L5 375 B B 14 DR 7 R 1) s
FIFRERRE T 5 78 CAS Kl B 75 5L WS4
PR B0 12 H W T AR A 0 sk Ak RE T 5 A
it Salkowski VAWML R b 1F W2 75 748 64
TH AR TGy 5| W 2 12 (indole-3-acetic acid, IAA)
IRE T o

T ER 082 A= TR AR 8 B2 7« X T < 1 ke
PRA e Sy AT FE A BT o SR AR BRI L (a3
RE VS B A RO RO SR Salkowski
2 B RR = TAA U7,
1.5 MEBIREEEE

I 1 2 I B WL SR T B A AR TR Y B VR
B, MRS S0Bk[18- 191 AR T4 B A=Ak
7€ o #EH 16S rRNA LK@ 5[4 27F (5'-AGT
TTGATCCTGGCTCAG-3")F1 1492R (5'-GCTTA
CCTTGTTACGACTT-3") A4 4 . PCR S i {A
Z(25 pL): 2xTaqg Master Mix 12.5 pL, F. F
5 19(10 pmol/L)4& 1 puL, DNA Btz 1 pL,
ddH,0 %k & 25 uL. PCR W 45142 95 °C 5 min;
94°C30s, 55°C30s, 72°C90s, 35 MEHF;
72 °C 10 min, PCR W) ZH4E4E TAY TR (L
) AR A BRA Al #E4T 168 rRNA JEPH P41 43
Br, B 25 R F A% &= GenBank 354577 B 18 Kk
BoRSh PQ436664, FHiE it EzBioCloud (¥
JESEAT HLXF, S BURH B d5 = B B AR R 81,
Fi MEGA 11.0 {417 R Gk B WA
1.6 THEREERE BRI EREBNF 774

FIF FastQC. Trimmomatic 584X i
Bm AT B g . SR Canu S8 BUE K2 Y
2l %%, FF0H Pilon 2447 P 515 iE, I PGAP .
RepeatModeler S5 #C{4% 3 [R 0 AT FI0 , A5
R NP36 MINZE R, 2% KEGG £da /& 1
WA S, B E bR NP36 EHA T 2Y

iR Tl R TS £ AR [ 9 R OGS IR, 43 AT T R NP36
FIA) i T 308 S5 R Y S Bl B . A PR 2 e A
AR T AR TR (i) e A RS W 58 il o
1.7 Tt EBRAR £ E X K S FEE A R
A

PR TR B A% PREBUE AR S AR i Eh el Al 2E
IR B Y& R T LB WA S5 35 3L T 37 °C,
160 t/min #5355 24 h, 5000 r/min BS.[> 15 min,
FRe LIEW, IMATCRE KRG, ER 3K, il
TR A

IKFERDF B AL IR . (o) e bR in A TS R K =
HKFEFIF 30 min, EERZHAL, FHH 75%10 2
A EE 5 min, 1% NaClO 721 5 min, JoR/K
THE 35 YUEBEARM, 2rnlmATEK, K
R RESIRRN 3 FICA R EE(T1: 1.0x10° CFU/mL;
T2: 1.0x10" CFU/mL; T3: 1.0x10°* CFU/mL)¥
PR B A 7= b 2

AN TR e B TR N K AE R & 2F B RE I -
FEREA A W2 TC R IR AR B AR P OiCE: 30 R
KFERNFo RE S MG, CK1: JLHEKIRFN;
CK2: KWW AEBEF; T1: 1.0x10° CFU/mL
B ERIR 5 T2: 1.0x107 CFU/mL T 2 W2 Fh;
T3: 1.0x10° CFU/mL WA=, HAER 31X,
TR ) v S oAl A SETC TR K o R TR
28 CHEIRIEFRAR 53R 7 d WE K22, JF
SRR . IR B AR 5

R ER=CR R FRUAE R T B850 % 100%
1.8 i Eh B AR A B X Eh AR B A8 TS 7K 73
FhFER A& B 220

1E RIS U IS PR B 7E pH 9.0,
30 mmol/L HIERFHAAF T AT /KRG F & 251k
%, W 4 0. CKI1: KHE/KEE+ LK
BAh; T4: B RREICEKER; T5: #
B TRV T + 5 TR B R T s T6 2 Eh A W =
JI6+1.0x10" CFU/mL &R B4 EL 31K,
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TR 3 R P B B 1 SR R 43 0 b i R R
TCHK . BUETE 28 °CIRIEREFRAI 53R 7 d
TE R R IO R IR SR B AR B R 55
1.9 BIES

K H Excel #AFXTE RS TR A ST,
K SPSS 19.0 #¢f4:(Duncan #:)%F A [ kb 2 ]
() 22 S AT M T

2 ERS594

2.1 THEBIREEHENTFIESER

i A5 3] 1 AR ER B 2B T, i 44 S NP36.
ZME, RAR NP36 7 NaCl # % =T 1.4 mol/L
Hb A K A2 20 = A, 24 NaCl B T 1.5 mol/L
AR LA RBAE R (B 1) MR fTE M B & T
100 mmol/L B} A K Z B, MRk E & T
200 mmol/L B, PRAR AR K 32 BI)™ 5 P i 5 A B

20

a p
H =

i €
N =
-,

A K (F 2). Btk NP36 1E pH 4.0—11.0 By 4
K, HAKEE pH EM 7.5, 4 pH<4.0 B,

R TCEAE K (B 3). Wtk NP36 JoifE Ashby
TRBEFRFE AR, RNRBAESE & A LB G %
SRR RE SR AL b AR i BT, 7E CAS Kl ks
FRIE PRI kR, NILEK NP36 A
BAGWA WAL e B8k se ) .

FEIBE NP36 1] 7E PKO JCHLBf ks 35 AR R H.
B A 4A), RIEHETT AL, s
HERIZE )5 1M y=0.031 14x+0.002 48, R*=0.992 7,
KR E RAE(0.992 T 1, R H
MG R BV SRR B, R T, A S
Pk NP36 $5 KA BB HE 14 (93.22+1.94) mg/L;

AL, Btk NP36 HA ™ IAA figJ1(El 4B),
LITFEN y=0.011 8x+0.011 9, RP=0.994 5, 15
ik NP36 PN TAA 7= & K (87.27£0.11) mg/L.

il BB EEENENEESEESESNEESEESNENEN~N BN
0.0

01 02 03 04 05 06 07 08

09 10 11 12 13 14 15 16 1.7

Concentration of NaCl (mol/L)

1 D EE NP36 M SLMAEE HHINE
Figure 1

ARG “FREA SR AL R R 22 57 12 35 (P<0.05).

Determination of NaCl tolerance ability of isolated strain NP36. Different lowercase letters

represent significant differences between treatments (P<0.05).
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[ a
03F
g
8 02F
b
0.1F
C
d
0.0 . it} €

100 150 200 250 300
Concentration of soda salt (mmol/L)

B 2 SBEEH NP36 MZAHITHEEINNE
ANl /NG R R AL 3R] 25 57 18 25 (P<0.05).

Figure 2 Determination of soda salt tolerance
ability of isolated strain NP36. Different lowercase

letters represent significant differences between
treatments (P<0.05).

22 S EEVKNPI6 L ELER

2.2.1 BE#RNP36 WESFLEELER
AR NP36 wyk LA, BE, %k

gy, EEN, REDEEIREE SA),

2.0

d
(]
g
1.5 jhll
cm il
-~ N

PRI AR O 8 22 E IR A B, TR AR TR S 2 0 PR
(K 5B).
2.2.2 HH NP36 EBEHLETEER
SYEHEE NP36 HEMMEHALS | Fr g i i A
FIREE 2 B PR Ry, B 7= 2R T g
FALEHAL . B EIRE . V-P IREE . SRR SR
W . PR AR R B R N, AN
BT R T RE
2.2.3 FH% NP36 B 16S rRNA £ EFF 5 #7
B ZE 1 16S rRNA £ ¥ 517 EzBioCloud
AR T 0, TR NP36 5l 4 i Ee
{ACH (Klebsiella pneumoniae) & T Id—4337,
GUARLEE IR E 99.19%, R A4 5 43 2 T ik
NP36 2 fifi 4 v 75 1 FC BT, 45 Hoii 44 Ry i 4% ol By
1A X (Kl ebsiella pneumoniae) NP36 (& 6).
2.3 EFk NP36 Hy & ERE RN FLER
AWFFEF]H Ilumina NovaSeq M 7 & X
Pk NP36 #EAT 4 3L NP, mAFIFTE
PR NP36 (5L A HESL K] . NP36 JEPHZH I 7

a
b bbccd
f
Ii

ENES N R N RN NNENNNNRNENRN)
0.0

30 35 40 45 50 55 60 6.5

3 S EBE NP36 MR EEHME

70 7.5 80 85 90 95 10.0 105 11.0
pH

ARIING F AR F AL PR A 2% 5 B 3 (P<0.05).

Figure 3 Determination of alkali tolerance ability of isolated strain NP36. Different lowercase letters in the

figure represent significant differences (P<0.05).
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4 S EBEEV NP36 RERENNE

A: ERHLBERETT; B: ) IAA fiE

Figure 4 Determination of the growth-promoting ability of the isolated strain NP36. A: Ability to dissolve

inorganic phosphorus; B: IAA production capacity.

A

% e
L4 -
‘- - v
a s
‘Q‘D
[
(] -
-
LA
10 pm
® -

5 SBEEK NP6 NERESAQMAZEMRETE=ZREEE®)
Figure 5 Colony morphology (A) of isolated strain NP36 and Gram staining under optical microscopy (B).

Bar: 10 pm.

B St 1446 066 900 bp, JL I reads SEL
H 9 640 446 1>, 1HUEJE ARG 9 635 410 1~
Ji i reads, G+C &M 56.50%. FHHk NP36
SE R W o P e iUs R ERAE 32 A
scaffold, fe/NFHI K A 520 bp, i KIF 5l
£ A 1434 838 bp, N50 4 440 044 bp (3£ 1),

FE OSSR R, FRbE NP36 SEH 4]
I 4 813 NEAMMEILHE, BIEEEFHIKE
4524350 bp, HEANFEFEFEEKE 940 bp, Fih

J¥#%1(coding sequence, CDS) - & 956 bp,
HME] 10 4~ rRNA . 79 4~ t(RNA F1 1 4> ncRNA
(% 2).

ik NCBI AR IC A% 3 H ¥ 51 K48 %
(non-redundant protein sequences database, NR){F
BRI RN e 2, o5 PO DR BB 99.96%
%12 5 43 2% % (transporter classification
database, TCDB)JE R AL A e b, o Tl 5k
KB 20.96% (£ 3).
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Bl 6 &tk NP36 T 16S rRNA EFFFIMEMNRELERM  Bootstrap IR K AL E 1 000 K; 4
IS ERBUTE N BRME(%); 55 TS R X KR 16S rRNA JEH ¥ 51 GenBank & 5555 AR

TR 0.01 RIRIE .

Figure 6 Phylogenetic tree constructed by isolated strain NP36 based on 16S rRNA gene sequence. The
number of bootstrap tests is set to 1 000; Bootstrap values are shown in branching points (%); GenBank
accession numbers of 16S rRNA gene sequences are given in parentheses; The bar represents 0.01

substitutions per site.

£1 HEEK NP6 WERANFSHEHE

Table 1 Genome sequencing and assembly of

isolated strain NP36

2 EM NP6 (EFBETNER
Table 2 Genome prediction results of isolated
strain NP36

245l Category 48 Quantity
Bl L A 5L Total number of base (bp) 1 446 066 900
J5 46 reads LK 9 640 446
Total number of raw reads

15 J i reads X 9 635 410
Number of high-quality reads

G+C & G+C content (%) 56.50
Scaffold K i Bt it 32
Scaffold large fragment count

/NP 520
Minimum sequence length (bp)

YNGR S 1434 838
Maximum sequence length (bp)

N50 (bp) 440 044

el Kokt
Category Quantity
EAEETITE TSk e 4813
Number of protein-coding genes

EIEH PO 4524350
Total gene sequence length (bp)

BEIR P2 KR 940
Gene average length (bp)

CDS K i 956
CDS average length (bp)

rRNA 10
tRNA 79
ncRNA 1
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2.3.1 KEGG IhgeFH

SHEENL ZF | —RRIT Eh B4 B T 4 5 E A B (Kl ebsiella pneumoniae) NP36 1143 55 % 5 f 43 ..
it KEGG pathway {18202 Htk NP36

*3 SEE NPI6 EEANESTLCE
Table 3 Summary of genome function analysis of
AR GL, kB s HA 1734 A EEIA,
HARTE 29 ZACHE R (A 7). W R RO

isolated strain NP36
FER B
N
BZRIEER EEALIT 5 & KL EY

B g ZE 7
Database type Gene number
NR 4721
oo 3798 (R S AT 22.55% 00 L0 5 B bl 2 LA
o o 2116% LI 3 FILRR B FAT 15.63% 1)
CDD 2334 FEIR s BB R T RN 4k A= K AT E Bk B A
KEGG 1734 11.07%R9 5 A 5 fE A B HAT 10.50%09 3
GO 2608 R, Horp, BRI BTk NP36 SR AH ¢

—
(9]
E
= 100
Z
e g 2 & v & £ & £ & w v v »n g & s =
s 22 555§ 555§ 5855558385 :582558E55 5
o::nL:QGGQCC'L:-::L:-:-:::EoE’-:-'-r:é}:,*-*-'2“*-~H
- F 5§ ¢ £ 2 & ¥ &/ ¥ T & T T T 8 FE @ F ¢ p AL 28y g g2
5 . . — o~ = =~ Y N - | iy 2 =
£ §§“§§§§ § EE P FEE S S S 3 A 2 EF S 2
__2‘0 "ao@-iﬂc.o_: O‘EEE..‘QQE)“O%,S = m § W
3 C 23 £ 5 g 8 &£H g £ 5§ 353 ] §
-5 =
S 2 s 2 £ g 8 5 § s §F g
& = < 5 & E 5.2 & g &5
2 5 © & S35 3 & =
5 S 5 £ o o ]
3 5 s §8 ¢ g
S -2
I} o =
ks 2 8 gg,g m
' 2 3 & .S
7] =] =
s O s S 2
[ = ol S
| & 2 <]
| -9 z 5
e‘ & 0l
ISR T ~

7 Ttk NP36 EE4H KEGG HIEEFEXR BB T

Figure 7 KEGG database major metabolic pathway analysis of isolated strain NP36 genome.
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RN 124, FES SRR . Kb Ew
AN 5 S5 AU 8 2% 5 5 T R A DG 5L P
1A, FESHEERA . G LA a
FER A B
2.3.2 ¥k NP36 BRSME X EE 24

A Y AL AT DG L = A L R
BILIR V4 e - 38 vh i MR Wl 1R R O3 o o B 4
JE BB AL A V)5 12 28 1 58 U P00 50 Y I
WO, % B R (gluconic acid, GA)Z WA )i
AL P ) EEA YRz —BY, AT A
B S (glucose  dehydrogenase, GDH) M Hof
i N 2 1 WK [ (pyr-roloquinoline  quinone, PQQ)
Py 6] A R A5 22 A A BE R B (glucose
dehydrogenase, GDH)J A 152 PQQ i 1Y
B S R R (ged) i 45 ) ik KEGG %L
YRR A B, s> BBk NP36 HAT 4 i
GDH 1) ged, DL RESNSEHM PQQ &
JC, 445 pagB. paaC. paaD. paqE A,
) ) SRR AR T paoE DR B Y il

/

A \
Pi scarcity q é

AT o Y I A R PR L A Ak T
Wl , W F Y pstA. pstB. pstC. pstS%ifid
1) ABC TUBERER 1 85 11 50 LT I Ml (12 S A
W], 43S TR R NP36 HA 58 #E ABC RIREIR
IFHE R IR, IF B B R R OR 1y R T
(phoB, phoU). 4 -3 g 20wl & =t A R I, m)
i phoB #1 ABC BUBR R is a1, MM
S ATV BRI G A = A A
i phoU 17 phoB Ay =R L, BHLLIE T w1k
W Z 8 AP E 8).,
2.3.3  E¥k NP36 fit Zh it X & E 53 4
TR P T A AR 2 TR T AR B 361
AR . KRS ARSE, L&A R
A R T A& A R A 5 B i (aspartate
aminotransferase, AST) 4= i, L-#3 2 FR(L-glutamate),
P2 27 BRI S ME(proA) . 45 2 B i (proB)
T 1 Bk -5 -3 92 340 57 Bl (proC) & W Il 2 g, LA
fiiJ5 224 Ul AR, i KEGG BdaiE ikt
JG R, Ay B TE AR NP36 HLAT 5288 AST K%,

{
&>
{

Insoluble P

&

8 TETk NP36 R 5 K% i% &

Available P

Figure 8 Pathway diagram of phosphate-solubilizing gene of isolated strain NP36.
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{1l agtA, astB, adtC. adD. astE, LAKICHIA
PRI T 5L proA Fil proB (I 9).
2.4 Bk NP36 3K FEMFHE & B9S2

285 FUALS K FER O R MR &
b RN K FEFP T8 R WA R, MIET CKI
AbFR, CK2 Ab B H I 1) B A VRO K R ol 7 1)
wy & HERKTCH I . AT CK1 43, T1. T2
T3 AbFRY G254 K RSN R ZE L VAR A
AR K, o T2 AbBRRCR AT, A5 m T
18.52%. 14.90%7F1 19.87%, ML, T2 4t
XA RE -8 A B AR E I GR 4)
2.5 Bk NP36 EhiEAE T XK Fa#F
HA & B 52

2% 4 PSR KFERDF O R RO . AH
BF CKI1 ALFR, T4 KbFE e g3 o0 2 3 i

Arginine @ N2-succinyl- @ N2-succinyl- @
biosynthesis _ L-arginine — L-ornithine —
Proline @ L-pyrroline-5- L-glutamate @

L —— 0 carboxylate Dol 5-semialdehyde Ram——01 5-phosphate | m—

9 Tk NP36 ifif £h g B [ # % &

IKFERD PR %, B TS A R0 f RN RE
SRR A0 XK AR TR fE T, 1 Te Ab3W]
KRR B E ST T4 108, 5T
67.21%, HAARFMRBARHE—SERK LT
d Al L, T6 ALFRAE pH 9.0, 30 mmol/L (K35
Z0F T AT SR AR XK RS R T EE (55 5).
3 ik

Tt R A AR A P S R 0T LAAE £ B b 42 AR P
Ak, SR EEY R RE P, H Ry
N O BRIV Z 1A TR BAE 11 PGPR,
sk /NE LGP 1 #RPT7ELL NaCl, NaHCOs;
5 NaCl+NaHCOs Jy £k 73 1) Eh il 34 55 rp 4ie 1
PURE IF F1 K A K 1 6 BRI S (Hal omonas sp.)
Bachu 26; Fifi 550 BLAY 4 2 Tk DQSAL

N-succinyl-L-
glutamate
S-semialdehyde

0B
L-glutamyl

N-succinyl-
L-glutamate

1o

L-glutamate

Figure 9 Pathway diagram of saline-alkali tolerance gene of isolated strain NP36.

R4 SEE NP36 BERIRX/KEMFIELHSI

Table 4 Effect of isolated strain NP36 suspension on rice seed germination

45 KR I SN AR AR £

Group Germination rate (%) Bud length (cm) Root length (cm) Number of lateral roots
CKl1 96.67+1.93a 9.34+0.07¢ 4.16+0.03b 7.60+0.08¢

CK2 96.67+0.01a 9.63+0.03¢ 4.18+0.05b 7.65+0.12¢

T1 96.67+0.01a 10.16+0.05b 4.39+0.01b 7.94+0.01c¢

T2 97.78+1.11a 11.07+0.22a 4.78+0.10a 9.11+0.03a

T3 98.89+1.11a 10.44+0.13b 4.41+0.15b 8.44+0.27b

CKl: THi/K; CK2: KIEFEW ; T1: 1.0x108 CFU/mL W EW ; T2: 1.0x107 CFU/mL HE# ; T3: 1.0x108 CFU/mL

P A [Al/ING TR A PR M) 22 5 2. 35 (P<0.05).

CK1: Sterile water; CK2: Inactivation bacterial suspension; T1: 1.0x10° CFU/mL suspension; T2: 1.0x107 CFU/mL suspension; T3:
1.0x10% CFU/mL suspension. Different lowercase letters in the figure represent significant differences (P<0.05).
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Table 5 Effect of isolated strain NP36 suspension on seed germination in rice under saline-alkali conditions

45 R A 2 NN AR £

Group Germination rate (%) Bud length (cm) Root length (cm) Number of lateral roots
CK1 96.67+1.93a 9.34+0.07a 4.16+0.03a 7.60+0.08a

T4 86.67+£1.93b 2.44+0.01c 0.72+0.05¢ 1.97+0.06¢

T5 86.67+1.93b 2.46+0.01c 0.83+0.01c¢ 2.26+0.07¢c

T6 91.11+1.11ab 4.08+£0.07b 4.08+0.03b 6.63+0.10b

CK1: TWKRIE+TLEAKEM; T4: HBIAEREE+TLRAKRR; TS: R RRE+ KGR ERER; T6: R
IR +1.0x107 CFU/mL FHEBIR Rl ASR/ING 7 BEAC R A0 PHF] 22 57 . 2% (P<0.05)
CK1: Sterile water infiltration+sterile water immersion; T4: Saline-alkali solution infiltration+sterile water immersion; T5:

Saline-alkali solution infiltration+inactivation bacterial suspension soaking; T6: Saline-alkali solution infiltration+1.0x10” CFU/mL

bacterial suspension soaking. Different lowercase letters in the figure represent significant differences (P<0.05).

Ak DR I (Zobel lella) i — A8 f, I HE SR
WA T A R AERCR . (HERTE AR
it SR B A AP 2R, I ELX T AN [R] ) 3 5
WS RE ) 22 AR RGH LB ¥
SR HENTF R PRER B b DX 1 7K A AR s - 18 B4 7 A4t 7R
S3 BT 45 3 1R AT T I8 4T Eh 580 7 Pk NP36,
2 AR AR IS A4y FAE YA S R, TR RR
NP36 Jyliiti 5 ve 75 11 PR TR o il % v 7 1 PR i % £h
B 57 T2 8 1) 22 S 4K, Biswas S8 P2 K A5
T ) e RS i N [ = SV ]
(Klebsiella pneumoniae, #5551 ON259697)
AJTE 52 10%H) NaCl, J5 35D e 15 2 1) 1 4k
T R S B EL TR 10 i R 5 7R 1A IR T (Kl ebsiella
pneumoniae) MSZS12 Al Tif 5z pH 5.0-9.0 & 3%
) NaCl, ALk A5 R NP36 A LAY 32
0.1-1.5 mol/L NaCl. pH 4.0-11.0, J& 71t £h i i
PRSP, SR IGIEE#E NP36 it sz 4T+ B )1,
A0 3 B 2 S IR S TR Ak NP36 FI7E pH 9.0,
30 mmol/L F5FT %k i Eh Bl R 35 A 5% fi LR sl 30
X - & RS
P A e Vet R HHT AR BRbr 38 B HL I 2 —

PR AT DUF B B B9 02 A2 B8 01 208 PR AT
P IRHE SR, RIFEY AR . X PR
PR T kB A A= TR bR 7E Sh R B T AT i R

R MR T E IR A S
2 A CTIE R BB A v W RE ) 1 B AR X N 2
KA EBRW W . AR R B 5 8 T bR
NP36 H A ¥ TCHLBERE S FI™ TAA BTy, H¥E
B35 3 (93.22+1.94) mg/L, IAA 77 & ik 5|
(87.27+0.11) mg/L, 7E EL kIR 58 AL T IC R 7K
JZRIAEFR, 1.0x107 CFU/mL T2 2 Fh kb FRE
Rt ER A A0 XK FE AN T fE 3, KAR I
F14) PR 000 R 0 R0 41 2 TR A i A T A 31 AR K

WPk NP36 HA RAFHIMFRERE ST . I ey
A TR o B v iR ER i se %, (R
B BRI S 7E I R A K3 2R i % 78 TR A 1R
P BEBE I (AL, Rajkumari SEHRBFIE (UL
AW 48 v & 1A IS B (Klebsiella  pneumoniae)
AWDS HA G GA B pgq A . i o 43k A
AT, TERFR NP36 JE[H2H v & B Al 45
T GA GUNEE ged. paq, FF5 SR BEIR
AR 32 B 11 G0 Rl TR R W WA 47 TR -4 i 5
R (R0 B, DT e T MR IR AR 1 A T
T S A 078 AR B 38 T X AR 4 B9 41 A VR
HAEHRIE, [HF A 5 R0 aE 1 L
W . HETHFIE A DRI T 24 i £
JLH, 40 kdp. pro. ast, trk &4 AW IE
T TEREP K EHR TR AR NP36 YT h B
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DR 343 BT P Ak EL A T b B R 9 S IR, R IR
Bk NP36 AMUELA SEEE 0 & A SRR W I, i
HHAA S K s n Kdp K%, Ao £,
R PR KA TR A T A ZE S B b aE T 4518 i
FERTA, TR ORI 0 1 R 510, i
W25 B R NP36 Z2ff Eh il i) i 22—

4 Zik

ASBIFFEAE R PR T £k i DX A K et AR B 1 43¢
HRRTEERRAS 1 Ak ER AL 2 T NP36, 2Rt
UEFCRTE IR T #h ks , I AE IR T iR
P KR AP TP Bk E I RETT o ASBIFSEAE
LK B8R T B bk NP36 (g miedLi]
Ao AT WL TR R W P WA TR £ 5 1 S A 0 el
FLARWMOR A 2w, i i 3 2 40 e
AR 1 iz i s RS SR B BTL A 2 e A N
PR A SE A I8 D S IO AT AR 6 R 3
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