Y323 Journal of Plant Protection, 2020, 47(2): 324-331 DOI: 10.13802/j.cnki.zwbhxb.2020.2019115

NEETZFFE NSZ-YBGJ001 F £ 7E
RELEY=45H

MAK BEE KA & @ 2 B FRET

(1. PEL R YR 27 b, AEET 100193 2. T it a-dmuh, Lot 100029;
3. bR BB P A IR S50, LR 1022205 4. WA LT, 570204 )

WE: AWHS B B HHE =TT BAKELE T EHHRNSZ-YBGIO01 49 5% Hodsfo £ 4 ?##
ﬂ FA T AR | A B2 A ALH P E 168 TRNA Fe gyrB 3 B A5 Fo it & £ et 5 A7 3T 2
RUR MR SR A KW & 2T B AR R Bl pH NaClR A% 2 T 89 ik%‘;ﬁz&w@m ,
ﬁﬁr;\ta‘m@io R AV S A MNSZ-YBGI001 697 A4 4E | £ 32 & AL v & 16S rRNA Fe
grB 3B 5] o0, iz A AR A WE BT 3 I AT H Bacillus velezensis, ##& NSZ-YBGI001 4 %k
Bk, TR, MG Ah PSS 2 K, 1624 h A8 A KB, 24 hib B iR R &5, 1A 3
1.89x10° CFU/mL, X 5 3t N %R B, — A 3| 44 h B iR R E 4+ 12 1.79<10° CFUmL £ 4, ZH 1£
pH 5~9.29%~10% NaCl #2 20~45°C &4 FH T E®F £ K EpHAK T 4R35 T 10 NaCli E & T
15% 2 JEABAE 50°C 69 44 T AR NSZ-YBGIO001 4 K & 2| = & 405 , B ik ok E R A& K - Mss AL
7 B H AR % pH AR 13, NaCl R A i 20% 0 H 4L,
KR MEHF IR ; AP A Fak; Rk

Identification and biological characteristics of Bacillus velezensis NSZ-YBGJ001
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Abstract: In order to clarify the taxonomic status and biological characteristics of strain NSZ-YBGJ001
isolated from the soil of Lingshui County, Sanya City, Hainan Province, the colony characteristics, mor-
phological characteristics, physiological and biochemical characteristics, 16S rRNA and gyrB gene se-
quences and phylogenetics were analyzed. The growth curve of strain NSZ-YBGJ001 was determined
and drawn, and the growth and reproduction of strain NSZ-YBGJ001 were studied under different pH
values, NaCl concentrations and temperatures to evaluate its stress resistance. The results showed that
the strain NSZ-YBGJ001 was identified as Bacillus velezensis according to its morphological character-
istics, physiological and biochemical characteristics, 16S rRNA and gyrB gene sequence analysis. The
strain NSZ-YBGJ001 grew rapidly and had a high reproductive capacity. It entered the logarithmic phase
at 4 h after inoculation and the stable phase at 16-24 h; the highest concentration (1.89x10° CFU/mL)
was observed at 24 h, followed by the decline phase, lasting until 44 hours when the concentration of
bacterial solution maintained at about 1.79x10* CFU/mL. Under the conditions of pH 5-9, 2%—10% Na-
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Cl and 20-45°C, the strain could grow normally; under the conditions of pH lower than 4 or higher than

10, NaCl concentration higher than 15%, and temperature higher than 50°C, the growth of the strain was

severely inhibited, and the concentration of bacterial solution significantly decreased under the extreme

growth conditions; when pH exceeded 13 and the concentration of NaCl exceeded 20%, the strain died.
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90 T 1 A AOl = i R — ELR A AR
77 T I 1) 2 R R, B AR s 35 A B s 22
Tl e 25 BRIt F Ak e R 257 R A BE 1
ge PUARAE A AR b T A A R AR T )
R, IR A AR TR AR SR AR 2 AT
FBHAHT (B BRI GE, 2006 711745 ,2012) .
BTG X HE A IREE A A B N B e 4, 7R
HER A T A B EH RIS, 2012) , Hor
FEPURE Y KA = W R A A T R A —
K OBEH,2010) . ZEMIFFE Bacillus spp. BA K
P 33 Bt I E SRR TE H AR 2 A,
4 R 2 N E TLH EASTS s, 2R
A BT Y 2R R 2 — (R[5 55 ,2012)

ZEMOFT IR E O 2 58 A AT 225 4 (X% 4%
2016) , H AP FEAE Y 3 BTG s N A A A R 2
WK T B. subtilis (Li et al., 2012) J&/NZE HEFT I B.
pumilus(Huang et al.,2012) f#3€ 8 25 AT B. am-
yloliquefaciens (Alvindia & Natsuaki, 2008 ) | It 25
MIATFER B. cereus (W IHEMESE,2019) (HbA ZF AL AT I B.
licheniformis(Lee et al.,2006) %5 /ECFR , K &8
()2 BT R A A 2 A A AR R R =5 Ta] DL 3iett
ZEREFT TR B. velezensis RIS (BRACFRE AR 58 &
B 5HE MR AETE 225, IO Hodn 44 ifar
Y7 (Ruiz-Garcia et al., 2005 28 =5 7245 ,2018)
DUSEH 2EMOAT BT B TS, XA 7R Magnaporthe
oryzae . JK R BUNT IR B Rhizoctonia solani FRHR JH
YW Colletotrichum coccodes FIT& i JKEEIR I Botrytis
cinerea %5 F8 W) 955 Jit L TR H4) B A 10 2 A H5 B
(Lim et al.,2017) , X B A3 Aili 2 Hl/ N A AR R i S AR
Yo 5 A5 B B 3K (Nam et al., 2009 ; Palazzinia et
al.,2016) , Pl itk DUSiedtr 27 B A i A 2 e S ik A= 4
P2 T RE

ARG 2 Fir )23 2 2 1 BRI PR NSZ-YBGJ001,
XIRF3E F a0 e P DA MR AT A AEAG 220 TR Verticilli-
um dahliae T3 W KR W Sclerotinia sclerotiorum A
WEAE & 95 T8 Monilinia fructicola % 20 2 #4195 )5
L A B WA AR o A B 9 400 B R Ak
NSZ-YBGJO01 fHE 25 R HE WL | AR P AR AR 1

E . 16S rRNA Fll gyrB 3 K7 41 ) 7 BH A 5328 Hb
7 5 33 M AR A A R e, X IR (B 3k S I
(TR 52 28— 25 W0 12 T R 170 Bl 55 5 R A
WPk, AN B RE NSZ-YBGI001 (1 T {1k & AL
AR FH P AR

1 R 5T X

1.1 ##

MR RE : B NSZ-YBGJI001 2255 [ M4 =
VT B 7Kk B T ] 44, Rl £k e Ah T LB AR AR L,
BT 30°CH AR G 5 R BRI R I T
LB 3235, T 30°C . 180 r/min 5514 T 4R 7 1%
F% 24 h A% BB, K DA Bl 5 A T A AR BIR A
FHAFE T, -80°CIATER .

¥ 97 5 . LB (Luria-Bertani ) Ji {55 77 3% « B A1
B 10 g BEE 410 g NaCl 5 g, 8K EA R 1 L;
LB [ (A 5% 95 - e B4R U 10 g R AR 1 10 g
NaCl 5 g Jiig#y 15 g, 28K EAR 2 1 Lo

TR KA 2% « 4H T HE [H 20 DNA 42 BGR 57 &
2xTag PCR Master Mix, KR4 LR (b 50) A B
oy ) HA R 4 o 2 A B 4l T100 PCRAY .
Gel Doc XR+#E I AZ AL, AA i A= A B 27 7= i (1
T ) A7 B F] 5 5424R AR 25 0L , 755 Eppendorf 2y
A DYY-GC HL KA, s — s T s GXZ A g
FEREEEFRAE , TR TL R ANAR ) s WFZ UV-2100 5 45
AR LA SR EE T, TR e (i ) A RS A BRA 7D
VHX-200 0% & 3 8%, SR+ (h DA FRA A 5
Zeiss EVO25 14 HoF i fldis , 2 [ R /R 48 m) A Fl
1.2 Ak
1.2.1  BHX BT SR AN

P —-80 C A7 I H vk NSZ-YBGJI001 fift 7 i , Kl
LR T LB AR 61k, BRECEA Y PR
7% T LB AR 7R3, T 30°C 1180 r/min 5518 T i
Dk SR 24 WA WA, T I JCRK 34T 10 A5 06 B2
TR, W B 107V 26 B AR B 100 pL T° LB A4
S IAA, BT 30 CREFHAE T RIS A TR FR 48 h,
I s 0 T WS TR R NSZ-YBGJI001 Y T8 75 12
Ao MG EARWEWAEZRIR T LA 12 000 r/min 2
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02 min, 7 E I A RATTRE, 0.5 ¢ T 414
ML i MR 2B A
1.2.2 ARX AR A £ 28 A AL 2

Z: A7 TR A P 4 5 00 (55 8 W) ) (A 3k
FE AT, 1984) FCH WAN P R G % FM) (R F
BRANZE LI, 2001 ) K Z 3R X0 1 Pk NSZ-YBGI001 11
103 T A= B A Al R PR E A 700 2, f 6 5 22 QY|
B-EFUMEHBERSE ARG S | V-P iR KSR
UK e B 2 sl A B SRAL BilEA AN
W HE NaCl AR pH T4 K 4. S AMAIE T 1
Pk NSZ-YBGJO001 X} FI#E 7 2 . — DU PR 2% ARA]
TR TR R TP R P MR S R RS
1.2.3  BHX A #R69 16S rRNA Feo gyrB 2 B 5 5] o #7

P U Bk NSZ-YBGJ001 H 1§ 7% T LB i 4 15
FEHd, F30°C . 180 r/min 554 F IR % 1537 16 h 3k
o A BRI, P FH 40 7 25 (R 2 DNA $R BGA & F it
R R R 2 P 4 DNA, 25U 22 BB 532817, L
FEHLH) DNAVE N PCR Y IR . AHIF I T P 3
S A T A TRE () B FR A R A

K 3 H 514 27F (5'-AGAGTTTGATCMTG-
GCTCAG-3') #11492R (5-GGTTACCTTGTTACGA-
CTT-3") XFHHAE MR 16S rRNA HE[H ¥ 4137847 PCR
P, 50 uL AR :2x Tag PCR Master Mix 25 pL,
DNA #4722 pL. 10 pmol/L b F##51 ¥4 1 uL.
ddH,0 21 pL. SR 2544 : 94 °CHUAETE 5 min; 94°C7E
730 s, 55°C 1B k30 s, 72°C ZE{H 90 s, 35 FFE
T2CHHIE S min, PCRY /™=y £ TAY) T72
(i) oA A7 BR A w470 5, U ) e 45 )% 91 28
NCBI ) BLAST £ & & 48 i 47 [ 5% 43 B, 56 X
GenBank H AL VE 52 55 09 28 B AT B i 780, A1) A
MEGA 6.0 31 {438 1 &BHZ 1L 647 1 000 UAH BLEE 8
BRI R TR EW

* W51 ¥ gyrB-F (5'-TTGRCGGHRGYGGHT-
ATAAAGT-3") Fll gyrB-R (5-CCDCCSTCAGARTC-
WCCCTC-3") (Sharga & Lyon, 1998 ) % it 28 14 #4% i1
gyrB 3L P HI AT PCRY 1Y . 50 uL AR R - 2%
Tag PCR Master Mix 25 pL . DNA 2 pL 10 umol/L I
TS I#4 1 uL ddH,0 21 pL. S 444 : 95°C 1
A5 3 min; 94°CAE P 30 s, 55°CIE k45 s, 72°C 4Ef
1 min, 35 MEH ; 72°C FAEfH 10 min, PCR Y 3™
Yy A T AR TR (i) B0 A RS WA T
I 7 BT A5 41 22 NCBI ) BLAST ¥ R & G k171
PR ST, B GenBank H AR AR 4 20 9 28 AT B
JE AR, A MEGA 6.0 8 25517 1 000 7K

HEEELSITEIERRE R EW .
1.2.4  BHXBA B LK b XA

PREL LB ~F L (1) B & NSZ-YBGJ001 5115 7%
T LB AR =5, T-30°C 1180 t/min 5514 F 4R
K92 24 hJE A5 PR, AR H 1220 (1 42 FP T
LB IR SR, F LR & TR G R % WEEFD
JF2.4.8.12.16.20.24 .28 .32.36.40 .44 h 455U 1 X
FEJEEURE 120k BRI IORE i FH A3 OB BT
OD 0 oo 1L, BRI 72 B4 3 U, T80 T VR MR 3 -2 i
ARk
1.2.5 R EpR09E TR T

B 1.2.4 3775 10 1 Bk NSZ-YBGJI001 2 , %
RFRLE 1:20 A f 43 42 R B AN [/l pH (2.3 .4.5..6.
7.8.9.10,11.12 F113) . NaCl ¥ i (2% .5% . 7% .
10% . 15% ,20%) A & (20,25.30.35.40,45.50,
55°C) 1Y LB AR RE F2 B b, 78 30°C (Rl 32 b # 2
A1) (180 t/min F& 14 35 55 5% 24 h, K i 55371
3 P JC R K AT 10 A5 45 BE AR RS, IR 107 F 107
U BB B Y BV 100 pL 94 A5 T LB [EACE AR 1
30°C 1 i R B 8% 55 24 h, 3@ ad A R XA T VR
PTG, B A 3K, LA TH] pH  NaCl i
JEE R X R NSZ-YBGIO001 25 K A5, PP %
BRI PTIE:
1.3 I\

FKH SPSS 18.0 R TR 2= 220
I /N 25 2280 (LSD ) kb7 22 57 i B MEAG 16

2 BEREHM

2.1 EH#RNSZ-YBGJ001 BT 74HE

HRENSZ-YBGJ001 7£ LB P-4 [ 30°CH; 3748 h
JaWVE TN, FLA OB, T, g ST,
FTI JOOGHE A4n , B E R FRI RI SN, T
P AR R ke (0, 4 F T B B SR TR AR A i 2
FEFFIR, K/ A 0.5~0.7 pmx2.0~3.0 pm , 2 i H AR 5%
T AE TCAEML SR o A5G 2FIOFT TR 240 B 1 — i
FEARRIE(E 1),
2.2 EHRNSZ-YBGJO01 B4 T8 A1k 451

PR NSZ-YBGJ001 40 A S ATIK , TR 27
FOBEAIG K, H 22 QYL A AL 422 fil it AT V-P
TR 52 BHA: 5 B UM T T S 20 LK e it AR g P
AR 5 B 5 R I AL 5 70 Ff AR R
KBRS R o-D-H 28 | FEME R MRS \D-1H
FEHE D-SFHE H A 28 Fh, HoAy 42 FOR AT R
22 Ak 2 UG 56 P TR AR NSZ-YBGIO001 X o g



24 P R A5 - DUSEERT 2 AT 14 NSZ-YBGI001 1% S H AR M~ 327

ji59)

5 MEPTAbEE R UMREE MR R FIRRE RS 11
RS I AN RS, X 190 LR BN 3R BRI | 7 A R 41

MIpH 5.6 54 FHREAK (1), BB B4R
ZERNAE A ACREE 0BT, BRE NSZ-YBGJ001 # i —

25 6 AR H FEURR, FER A 1% 4% 8% 1)) NaCl

A U R 2 AT R A

~_”

A: WKL B: HRVEIZAS (50%); C: WIARHEAS (30 000%); D: HAREAIEZ (35 000%). A: Colony morphology; B:

single colony morphology (50%); C: morphology of bacterial flora (30 000%); D: morphology of a single bacterium (35 000x).

1 E#kNSZ-YBGJ001 7 LB HE5r 5 FHETEME KRS
Fig. 1 Colonies on the LB medium and morphology of NSZ-YBGJ001

1 EHRNSZ-YBGJ001 i 4 T8 4 {1 4318

Table 1 Physiological and biochemical characteristics of NSZ-YBGJO001 strain

I H SR IR H G K H 45 IR H 4
Tested item Result Tested item Result Tested item Result Tested item Result
IS FRIR | L-a el - | - EETR - | i 40 -
Cell morphology Bacillar | L-fucose y-aminobutyric acid Tween 40
IR | - | wrTR® - | Dokt +
Gram staining L-rhamnose a-hydroxybutyrate D-salicin
TR L | + | DaEmm - |t +
Spore forming Dextrin D-malate Glycerin
Lk SN D-Z Zf Mk = | L-Sp2RIR | ZRERR -
Cyst enlargement N D-maltose L-Malate Nalidixic acid
B-FFUR Al JRERE + | o TR - | Mg -
p-galactosidase N Sucrose o-ketobutyrate Tetrazolium violet
AL . |[Dwmm + | ek - 1% 3L +
Oxidase D-sorbitol a-ketoglutarate 1% sodium lactate
e fh i . |D-HERE + | LB - | BT R -
Catalase D-mannitol Acetoacetic acid Troleandomycin
V-P IR 5: + | D-FiE - | AR = | PHmEEE -
V-P test D-arabinol Propionic acid Methyl thiazolyl
tetrazolium
FE R BUK A Tl - e + | Zm - | Ak +
Arginine dihydrolase Inositol Acetic acid Lithium chloride
ng| ey A - AR - | W + | LR +
Acetyl methanol Stachyose Formic acid Potassium tellurite
i + | D-HRTHE - | KR - | MRATER -
Gelatin D-raffinose Sticky acid Lincomycin
PP + R - | ETR - | EhmRAK +
Citric acid Pectin Quinic acid Guanidine
hydrochloride
D-£7 4 — 4k + | D-MgEbE + | BEBUR - | TR +
D-cellobiose D-trehalose Glucaric acid Sodium butyrate
a-D-FLBk - |D-EHE - | D-itER + | FlAEE R SV -
a-D-lactose D-melibiose D-gluconic acid Rifamycin SV
A - | B-WIE-D-HIHE + | N-ZEMEER = | SR -
Turanose p-methyl-D-glucoside N-acetylneuraminic acid Dimethylaminotetra-
cycline
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i3 1 Continued
B H 45 I H EEE ER I H 45 IR H 4R
Tested item Result Tested item Result Tested item Result Tested item Result
HIPEREIE I + L-NZER + | p-REER R - | TIUkEsRRR -
Glucoaldehyde amide L-alanine p-hydroxyphenylacetic acid Sodium tetradecane
sulfate
3-HEE-D-A w4 - L-K &R - | D-HHE-6-BR - | &l +
3-methyl-D-glucose L-arginine D-glucose-6-phosphate Aztreonam
N-ZTt-D-FHE + L-RA AR + | D-RE-6- R + | TR -
N-acetyl-D-glucosamine L-aspartic acid D-gructose-6-phosphate Sodium bromate
N-Z.1-B-D-H & Wi it - L- AR O RAT oR - | AEER -
N-acetyl-f-D-mannosamine L-glutamate Bromosuccinic acid Vancomycin
N-ZJk-D-F- ZUHi e - L-ZH %R - |p-EE-D,L- TR + | RIGHIR -
N-acetyl-D-galactosamine L-histidine f-hydroxy-D, L-butyric acid Fusidic acid
o-D-Hi % b + | LERER - | D-fFLpERERR + | 1% NaCl +
a-D-glucose L-pyroglutamate D-galacturonic acid
D-H & H + L-22 5% - | D-HA MR = | 4% NaCl +
D-mannose L-serine D-glucuronic acid
D- 5 + | Lam + | LR B + | 8% NaCl +
D-fructose L-lactic acid L-galactose lactone
D-E:3L b - D-2 R = | AR PR - | pHS50 +
D-galactose D-serine Methyl pyruvate
T8 x5k + D- KA HR - | D-FLRR PR - | pH60 +
Gentiobiose D-aspartic acid D-methyl lactate
D- bl - HER-L-WaEmR - | -
D-fucose Glycine-L-proline Inosine

+: FAPESN 5 —: BIMESO . +: Positive; —: negative.

2.3 EWRNSZ-YBGJ001£916S rRNAFAgyrBFFIN

HIHENSZ-YBGJ001 [ 16S rRNA It [H J5: 51 | JiF
41421 bp, GenBank % 55 4 MT225590, BLAST
A JEE HE T & B0, B Ak NSZ-YBGJI001 1 16S rRNA
B F 80 5 LS 28 B AT B 7R bk SRCM101368 14
16S rRNA KK 551 (CP031694. 1) MM B 155 , ik %)
100%. %% B MW 5w, Wk NSZ-YBGJ001 5 I
ST 25 MUAT B Bk CR-502"(AY603658.1) S AE—4
Iy (E2-A).

Pk NSZ-YBGJI001 # gyrB 3 [H F¢ 51| K Hy
1 109 bp, GenBank #3554 MT300194, BLAST [#]
TR LR R IR, R NSZ-YBGJI001 Y gyrB FE K 41
55 01 38 25 M AT 11 78 Mk SRCM101368 1 gyrB A
FE31(CP031694. 1) AT i , A% 100% ., RGEA
BRI, B NSZ-YBGJI001 5 D13t 2 AT i i
PEY2(LC191187.1) RAE—14r L (E2-B).

AT A RHE A AR R L) S 168 TRNA
0 gyrB HE P 7 91 43 45 R o Ak NSZ-YBGI001
Y5 Ry VLS 2F MUAT TR -
2.4 HEHENSZ-YBGJ001 B4 K B £k

FE R FE NSZ-YBGJO001 Ji7 0~4 h g 4= KR 2%
W4 h2Z e K P T AR K 5 $E R

J& 16~24 h WG EE AR NS, HEARRE I, 24 h IR
VR FE IR B 55 157, PRIV ODggg o AR T2 355114 1.90 1
1.89x10° CFU/mL; 22 J& R R BT 46 T 1, iE A5
IR 5 P T 28~44 h BRI R R 8 Tk B B AT, BT
OD g0 FTERIA 4153514 1.04 F113.09x10° CFU/mL,
FEFh 44 Wi BEROR EE AR 1.79%10° CFU/mL (&1 3) .
2.5 BI#kNSZ-YBGJ001 HHiiie

B Bk NSZ-YBGJ001 7E pH 5~9 i [l P A K R
U, RO B S 2h 1.47x10°CFU/mL, K% pH 1Y
T e Bl AR UK P VR W B 2 R AT L pHL 2~4 B, TRV IR
JE 4R AEAR AR K SF AU 126 CFU/mL; pH 10~13
B, B R BB I 52 58 K5 ), pH i 52 e K, pH
13RI BRAE T (K14-A) ¢

NaCl ¥ i 7F 2%~10% 2+ T , i #k NSZ-YB-
GJOO1 ¥4 ] TE 8 A= B0, TRIR B -4 AT 3k 4.02%
10" CFU/mL. NaCl#JETE 15%~20% 5:A'F T , w4
AT AT 958 , NaClLR 3 8 38 20% IR R SET- (K1 4-B) o

TR R 20~45°C R, B AR NSZ-YBGJ001 4 1] A=
K, Feid A KR S 30~40°C, 30 C I A= KR FI A
P ODggo M 215, TR R FE R 2.01%10° CFU/mL.
L SOCAFIFRbRA K, mRIE B2 TR, B
T o S K (1 4-C)
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lg B

lg colony no./(CFU/mL)

O = N WHAE U X0
— T T T T T T

Bacillus velezensis CR-502" (AY603658.1)
NSE-YBGJ001 (MT225590)

Bacillus licheniformis BFR-5 (LT599743.1)

95% Bacillus subtilis TAM12118 (NR112116.2)
Bacillus amyloliquefaciens BCRC11601 (EF433406.1)
Bacillus vallismortis DSM11031 (NR024696.1)
Bacillus atrophaeus JCM9070 (NR024689.1)

Bacillus pumilus X-6-19 (AB212862.2)

Bacillus cereus ATCC14579 (NR074540.1)

B 99, Bacillus velezensis Y2 (LC191187.1)
9911 NSZ-YBGJ001 (MT300194)
4"“)& Bacillus velezensis BCRC17467" (DQ903176.1)
88 Bacillus amyloliquefaciens BCRC11601 (DQ309294.1)

0.05 97 4100: Bacillus vallismortis BCRC17183 (DQ309298.1)
— Bacillus subtilis DY2a (KY315727.1)
Bacillus atrophaeus BCRC17530 (DQ309302.1)

Bacillus pumilus HM-6 (MF579610.1)
Paenibacillus polymyxa 1AM13419 (AB464839.1)

0.005

2 ETF 16S rRNA(A)F1 gyrB(B) E E F 51 4B A E F ¥R NSZ-YBGJ001 TN EEHXHHRN RELZ R

Fig. 2 Phylogenetic tree of strain NSZ-YBGJ001 and other related strains based on 16S rRNA (A)
and gyrB (B) gene sequences by using neighbor-joining method
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Fig. 3 Growth curve of NSZ-YBGJ001 strain

9_B

8LAB A AR

7

6

5

4

3

2

1

0 5.
2345678910111213 2 5 7 10 15 20 20 25 30 35 40 45 50 55

pH NaCl ¥ E NaCl concentration/% 5. # Temperature/°C

B4 REpH(A) NaClifk fE (B) FAiRE (C) X B #k NSZ-YBGJ001 & < I 82

Fig. 4 Effects of different pH values (A), NaCl concentrations (B) and temperatures (C) on the growth of NSZ-YBGJO001 strain

B R bR e 25, AR RVR NG TR B 0K 45 LSD B K 86 7E P<0.01 A1 P<0.05 /K 2% 7 il 2 . Data are

mean+SD. Different uppercase or lowercase letters indicate significant difference at £<0.01 or P<0.05 level by LSD test.

3 it

R HER B R BR e kR
AR L A RE AR A AR DL A2 16S rRNA FE [H]

MR EA 7 R IETIDEAAE S iy i, M PR £ %2 ORI 2254

SRR AAEI BOT TAWFRIESE =R (i, 2016) (555 1532 55 7 AR — 26
PRI OB SR TBUA S SEIE Oy 03805 50 IR EEATIX b W™ Wi sk %5 (2017) bR 7 10 25
Kok ZTUSFE RN AL RS SR T OB IEEARS M 70 45 2 UFF B 16S rRNA JE[H
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JPA , BRI A AR AR AL I A, X L S e B o, i
I P AR 0 2 R, A 3 PR A 8 AL 43 B
EH) 2 N, ST D 2 A O i R S YA R —
SR A 2F AT TR 2 S 2 Y B b (X [ 21
85,2008 ; XI55, 2016) o ARWFFTH T L SRHE R
PR A= ALARAE L) K 16S rRNA H1 gyrB JE PR T 51 X
PRI NSZ-YBGJI001 457 4y DS s 2 B AT 14

DUSRERT 2R IOAT PR AR iy 44 11 ZE IR BT
(Ruiz-Garcia et al., 2005) , [ PN ZMJF 5T 3 % H 432
Mo 7 AT AEFE 40 . Ruiz-Garcia et al. (2005) [ P4 BE
KA LN — 2544 MY UL SRERT (4 Inl 3 433 3 o >
I BH P 40 5 CR-502" Al CR-14b, — 3 7 i JE 15~
45°CHIpH 5~10 5F T BAT LAAE K, H 16S rRNA K
DKL 17 9] 5 ik U A9 28 AT T80 9 AR RL I 35 99% , i3F— 20
BT R HrEEF A B 22 5 )L DNA-
DNA 2432 {H, B3 2 4K PR R 268 78 A 28 AT 141 i 1
Tl A 44 0 DU SERT 28 SO AT 8 . Wang et al. (2008) 4K
i gyrB KK P AR BLE AT DNA-DNA =38 #H K1
$2 AR HE R B BCRC 17467 (CR-5027) S22 it TE ) 25
JEAT R 8 5 W R 9 5 24 Fh . Dunlap et al. (2016) fff
5% R IR DTSR 2 IUFT T TR bk NRRL B-41580" Flfi i€
) 25 M AT o A8 90 LT B #h B. amyloliquefaciens
subsp. plantarum K FZBA2" [P FE R 2 27 25 S50 /)N
R 1 2 70 0 56 R U 14 — B, B S K B. amylolique-
faciens subsp. plantarum T #5325 R B. velezensis 1)
SA4FP . Fan et al.(2017) i85 LR M7 0E 4 28 B
FFEA 5 AR FZB42"  H B35 3R B ZE KT T4 B. methy-
lotrophicus F1 DS 25 MU B 46 [ Fob G R 7 DUAZ
% PR R — S P 2 SR — 31 F DNA-
DNA 2588 I (/) 22 5%, UF B B bk FZB4A2" AN 2 fift U
3 ZEMAT B 105325 R DL S 27 MO AT 1A -

DUSEIT 28 BT BRAE FLAR AL 2 000 AR 5
SN TRFR AR ERE A Msh® e,
PiREROEIS v Wit I T I Ay 7/ E S 1] i E
Pravi e (Ye et al., 2018) , ZE4 ML A= ¥ 7 37 4045k (1)
RNFHFTRTVZ . ] (2019)FF5E 25 5 R DS 24
AT B B bk TCS001 £E 27°C | 145 r/min 1B 15 #5 IR 15
FEHAF T AE 0~8 h oL A K M1, 10 h i E AR
AT, 38~52 h R PAaAE K ], #8451 (2019) &3
UL 3¢ 38y 28 ML AT B 7E pH 5.0.2% NaCl, 37~40°C 3 5%
Hr ] LA K, T 7E pH 3.0~4.0.8% NaCl,45~50°C
WA K . ARG 45 AR, DL ST 2 M fT
P B PR NSZ-YBGJO001 A= KPR, 77 LB i A K 9% 3 o
FEFP 4 5 B EE A BUE K, RO B L e A

KA B A A 1.89x10° CFU/mL , 3/ 24 h )5 ik
AR, 28~44 h B 135 B o A7, R
S YEFETE 3.09%10° CFU/mL; B 47t M 4f , pH 5~
9.2%~10% NaCl,30~40°C £ 4 F ] 4= &, 24 pH
T 48m T 10, WA K2, pH M 13 HRSE
T2 24 NaClU B 750 T 15% BB iR AE K B AR S, ik
JE B L 20% B RBRAE T 5 253 B M 3k 50 °C PR AR
K2 2= a0 AT AT AR I Rk LAt
e, AT BB A B A VR A A OC b X b LA
15 3K AR S AR T IR BRSO R 9 T2 A
R P (RHERE

AR K I b NSZ-YBGJI001 1555 414w 2.
A B R H T M RT3 B R AR
XF 20 Z2 TR 4 T B0 TR 28 B HH AN ()R 1 0 o 4
AR LR , BA TR R RUEDAR 25 0 H KW
J1, JUHAE A A% R G F " B e
Jr TN T ER . 5 PR B Bk NSZ-YBGJI001
IFNTR) B T 4 IR A AL 5 8 LA
TR BER KB R B 451, IISC B T e &
P , SR R AR A= 77 1 550 B4 il
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