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WE. AT A EEMBIS F T0H A (Bacillus amyloliquefaciens)GM -1 A XA R T HHHU LT F 5
AERANXZ, #—FHEFRRAAN, BIBEFUR AR ANLKER 16S 1DNA F= gyrB K A 5
Pl oM AR F AR CM =1 -2 45 Wt AT 5 #7524 8 AP L4 R B A ALK, R A P AR AT ok Aw 2
Ak A MR EFE AR GM -1 -2 B R Bk o 3 B AE R RO AR A L i sk M R H AR AW
WEMFHETIT oM, EREI, EFEAMRGC -1 -2 HAEBAE RE HARKIE B4 E %
GM -1 A2 R £ 57 123 & 20 4 fL4F 1 (16S rDNA #0 gyrB 55 5 f 2 # 3F o471 69 B R 5 3
L5REAMAME, TFAMRCM -1 -2 ZHA L BRTDERBAA ML EERE D EKRER
W XLBABRE DNESHRARE HERERE RLE TR TRAEERBAN T LERYAR
A HVER, B ERAES TREAMRGCGM -1, A PRAKG AT EAERST 0.2 ~
9.0 mm, R A B RWGITHERET 1.1% ~153.7% . EF ARG A DR 5 4L THRELER
R O MRIENMEFERAABHWEER, ALEREW TFEHRGCM -1 -2 8B ETHIES,
EEENWADRE REARAEE LT, BA BEGTAMNE,
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Abstract: To make sure of the relationship between the mutation and antibacterial effect of Bacillus
amyloliquefaciens GM-1 spontaneous mutants and further obtain excellent strains, such methods as
morphology observation of colony, physiological and biochemical reactions,16S rDNA gene and gyrB gene
sequences analysis,were applied for the properties analysis of GM-1-2 mutant. Cylinder-plate method and
flat-stand method were used to evaluate the antagonistic effects on 8 plant pathogens of GM-1-2 mutant

and its fermentation liquid, respectively. The antagonistic substances of GM-1-2 mutant were preliminarily
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studied by ammonium sulfate precipitation method. The results showed that there were obvious differences
between the mutant and the original strain in the colony morphology, color and cell size. However, no
obvious differences were found in the physiological and biochemical reactions and genes (16S rDNA and
gyrB) sequences. The mutants showed high inhibitory effects on Bipolaris sorokiniana , Verticillium dahliae
Kleb, Fusarium graminearum , Sclerotinia sclerotiorum , Fusarium nivale ( Fr) Ces, Fusarium oxysporum f.
sp. Conglutinans , Alternaria alternate , Fusartum oxysporum f. sp. Cucumerinum. Antibacterial activities of
the mutant and its fermentation broth were higher than the original strain and its fermentation broth,
respectively. The inhibition zone diameter of the mutant increased by 0.2—9.0 mm and the inhibition
rate of the fermentation liquid increased by 1.1% —153.7% . The antibacterial substances of the mutant
mainly appeared in the ammonium sulfate precipitation, and the supernatant after precipitation had no
obvious inhibitory effects. In a word, the spontaneous mutant GM-1-2 produced different antibacterial
substances from the original strain GM-1 and showed higher antibacterial activity, which had potential
development value.

Key words: marine Bacillus amyloliquefaciens ; mutant strain; 16S rDNA; gyrB gene; antibacterial activ-
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i V€ My 2F FAT B ( Bacillus amyloliquefaciens ) J&
ZEAFT RS i — B, FE 1980 4R Z i i A 4 E
1987 4F Priest %' & B 37 T i V) 28 00 FF 14765
AR ATCC23350, 2007 48 A 1 fiff UE B 2F fLAT
I FZBA2 [ 2 N A P51 JE N 2K 3 918 kb, i
£ 3 693 MR VRS IF " . — e H LR
Wy Ko A 35 dh Ay B B % 2 4R JT B ( Fusarium semitec-
tum) 77K B ( Ralstonia solanacearum) | N2 45 J&
% B ( Cylindrocarpon destructans) | N2 B389 7 (Al-
ternaria brassicicola) .7 i - & 75 i (Alternaria sola-
ni) 7 8 7% I8 9% 1 ( Colletotrichum gloeosporioides ) .
74 B 55 T 55 9 1 ( Peronophythora litchii) 55 2 FFE YY)
37 I TR A e AU R P A U 2R AT T 5
Taegro > &) B WF & H 74 i A A9 f 5 8 25 F8 4T T
FZB42 B, 32 %[ T By ik A& VR ¥ 59 Ak 2 0 AR
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PIEFR ML T 5 R VR TE SN W 1w 7%, 40 e 4l
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PR AR P R T4 AT B 5T, B O B AR T S
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LT @Ak MEVPE4iE GM - 1 il T o7 B di s
A Wy S AR = W W58 5 0 i S0 o i
W A5 AR GM — 1 -2 &tk GM -~ 1
H &SRS 3) A s It T o/ 22 MR O T
( Bipolaris sorokiniana ) . i #¢ & 25 5 & ( Verticillium
dahliae Kleb) /N7 75 %5 % W ( Fusarium graminea-
rum) K 5 0% W ( Sclerotinia sclerotiorum ) /N7
E 56 B [ Fusarium nivale (Fr) Ces | . H %A ZE 0 H
( Fusarium oxysporum f. sp. Conglutinans) | B £ 7% nf-
Wi 7 (Alternaria alternate) | 3% JIN A 2% 9% W ( Fusarium
oxysporum f. sp. Cucumerinum ) , i1 H [# &\ Bl 2% B
R AR AP B 52 BT A5 0 3 S g 3 4R 43

112 &R HBEGM -1 .GM -1 -2 1§k
B HL PDA Kigi k. WMk GM -1 .GM -1 -2 fif ¢
I T B 97 4 - BEME 10 ¢/L B AT 16 o/ L BB
773 g/L FeS0,0.4 g/L 7K 1 000 mL,pH {f 7.0,
11,3 K 4 5L 20 DNA $2 HUalsn & A b
MR YR AR/ ;2K DNA Marker .2 x Easy
Taq SuperMix Iy A Jb 50 2 & AW AR A R A F
10 x Loading Buffer 25y TaKaRa 2\ &) F= & .

1.2 Fi&

12,1 ZFRARYESHEILR WEREKCM -
1 =2 MR R GM — 1 23 il 3 T PDA B 95 6
Br b ,28 CIE IR 78 24 h, W80 5 W & B & L3
O, FEAT A 2 R 2Rt W g 5 DL S
Jetr, lLAS SR B GM — 1 -2 FEUIA B AR GM — 1
JEEM R S . WA PD K FR WL K B 9% 24 h Y
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GM — 1 =2 BRI A TE fk I 1 /K, i A 107 efu/
mlL [T B, 4% 10% 3 Fh i 2 A 234560 mL PD
¥ IR 250 mL =i ,28 °C (180 r/mind% K ¥R
DG AR 24 h MR B R WA 5T
1.2.2 ZHEhAERALRE AHELARKS
A1 K A I 2 40 0 2 T )RR 5 Bk 4
CHOLANT RS T g k, EEI e
M. R8P i Al U | B Al Al a6 A
T I > T4 BB 2 o a0 | P e Wk A 55 A=
AR bR, I 5 UG AR 2R T LA
1.2.3 T FHEAR 16S tDNA 20 541 R F 4018 4k
PHZH DNA $2 B0 5) & 32 BUR R DNA . 16S tDNA 3k
PCR ¥ 1454k 27F (5" — AGAGTTTGATCCTGGCT-
CAG -3") #1 1492R (5’ - GGTTACCTTGTTACGACTT -
3") YRR ZR (25 ) MR (2SR bR GM -1 -2
MR BE GM — 1 B9 & DNA) 1.5 pL, b S|
Y44 0.5 wL,2 x Easy Tag SuperMix 12.5 pL,ddH,0
10 pL, PCR #3441k 4 : 94 °C 148 £S5 min;94 C
A5 M 30 5,55 CiE & 30 5,72 C ZEfi1 min,35 MG
372 CHEAR 10 min, ff PCR 734 7= ik b4 T
AW TR R 55 24 w1, Fr 91 4 52 NCBI %45
JE N BLAST F2 77 5 8040 P vh & A 19 40 1 16S
rDNA 750 47 AL FO S, >R ) MEGA 5 #5449 LA
48 4229% ( Neighbour — Joining , bootstrap 500 ) 47 J¥ 371]
IR APE 20 B, OF M i R Gk B R LB R Bk
GM -1 -2 FIJFE A GM -1 /) 16S rDNA J¥ 51,
1.2.4 ZFHEM gyrB 573 44 gyrB FH PCR 5]
YH UP - 1(5 - GAAGTCATCATGACCGTTCTGCAY-
GGNGGNAARTTYGA -3") 1 UP -2 (5’ - AGCAGGC-
TACGGATGTGCGAGCCRTCNACRTCNGCKTCNGTCAT -
3 PIER R (25 pL) AR (B E K GM -1 -2
AR BE GM — 1 B9 & DNA) 1.0 pL, b 5]
$450.5 pL,2 x Easy Taq SuperMix 12.5 pL,ddH,0
10.5 wL, PCR §"Hy % /F . PCR ¥ I )5 )5 4] [ 5
PEAT BT HE AR AL 45 Ty kR 1. 2.3
1.2.5 T WA a4 s R S H 69 4 A A Rl 2
R FEAROGTIRF 3% o 7 PDA 85 3% 567 i v e 322 A
B 8 mm [ A ) B T A TE B A R BE R
B MLl %% 1.5 em fb R 28 45 M 45 410 B vk, B2
3, T 28 CHEIEMEMRRTIR 4 ~5 d, I 5E 410 = 47 58
JE BRIk GM -1 -2 5 UGk GM -1 /)
MBEAE .
1.2.6 T F WA A B i 3T A4 9m R S H &9 F7 ) 4F
F ) 2

1.2.6.1 FhFRSI0HE ARG & SRR

BRI . BEIEALRY OM — 1 -2 Bk 2w P i
TCHKTE T, Hl K 107 cfu/mL ) B B W, $% 10% 45
Pl 4 A%EA 60 mL B35 32 W 1Y 250 mL = )
H1,28 °C 180 r/min ¥2 K IE T 15 35 24 h, B K Fp T
W % 10% W3R, B Fh IR HE R B A 50 mL
KR IR W R 250 mL = )i, T 28 °C 180
r/mindE PRIR % 535 60 h, 5 & B, 10 000 r/min
B0 15 ming, | W 2 R0FLUE R (0. 22 pm ) 3 815
B JC TE A B
1.2.6.2 MW@EAEHNE RS ERE, R
e g BN 8 T AN [ A IS B AR 0 e D L TR TR
(EAE 8 mm) , 79 Ji 7 JE IR B9 °F A3l % 10 mm
Qb 45 RS T A AR, OTC TR B 200 L fim AR T
28 CHEIRIGE IR 4 ~5 do LAWK A X, &
Pl R 1 A4 A E S 3 k. R
TR RN VR B TR R L AR S TR B
5 5 R TR AR i T ) A B AR H o

PRR = (M REEER - OB EEER)/
(XTRETRVE HAR - W& BHAR) x100%
1.2.7 ZTREHRABERIEAH AT 21 1K
W AAE T 43 AE 200 mL 1728 SR Bk GM -1 -2 Al
SRR AR GM — 1 J I I A8 R B By A, 1 4
Bk 80% ,PiEHE 2 h, MR e & IE R E LA 4 C
UKEE LR o 4 °C .12 000 r/min Z.0> 10 min, I
THW S TUTE, 1 10 mL PBS M ILVE M ITE S ik
BTG, 4 BRI L T8 YRR U 1) 0 BRI 1 vk D
1.2.6,
1.3 it

K Excel AT HCHR AR HE, F ¢ K0 AT 22 57 Wb
FEST

2 HEREpAT

2.1 TREH GM -1 -2 HEHHE

TE PDA P AR 555 24 h, GG H Bk GM - 1 4
HEFALEA,MASEE GM -1 -2 Wi A HE;
SR GM - 1 -2 R TR A R, F IR
PR GM - 1 B ¥ 3= 10 {2 L 1. PD K% 3% W K 9%
24 h, A% S TR BR 5 UG TR AR 19 15 95 WO A TR K
25 B WE GM -1 -2 $5 R G20, T 46
R GM -1 Br Rl 2 s

SR GM -1 -2 5 EK GM - 1 FAK
TS MR, G+, oA HEF, oA 5 AR
HED A 2R 4 b AR B B 35 R 16 h B R TR
Bk GM -1 -2 RS LA AR GM — 1 41 g K /N 535l Sk
(1.73 £0.22) pm x (0.64 £0.07) pwm FI1(2.00 =
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0.22) pm x (0.65 £0.05) um, 25 Sk GM -1 -2
0 /N T GA T GM — 1, 360 A8 R bk 5
B R AR B TE T AS B(E LA R AT K /N B T A BT
2.2 TREKHRGM-1-2 £BAYRBER

AR SRR GM — 1 -2 ml A ] 4 45 o R R
Wl % e S5 W I R AT R T, AN e R D B2 L BT
B0 200 LB U LD BLEE; V. P K
SR UK it A 1 1K 3 0 TR o P T A 9 1K S B
MM RS RN R IR IR A A S VG 52 I
MR Fh 56 2 9T P s 7E 7% NaCl 0 Tl A K,
HA B 5 Ry F il B, Tween 80 [ fif i 55 |
A S VR R TR o K Kk 8 a6 X B
WS E R GM -1 -2 5 R E bk CM - 1 (94 B4
R 56 25 R AR ]
2.3 TREEHK GM -1 -2 16S rDNA FE 5 454

PAZE St bk GM -1 -2 fYE 41 DNA B Al
FIHI 168 rDNA JEP 54347 PCR §7H7 755 1 452 bp
3479, 5 R A6 W bk GM - 1 AR TR, )3 51 7E
GenBank iff47 LX), 28 B Ak CM — 1 -2 5 g
13 2 FAT T (KC692163. 1) A AL BE 35 B 98% , & B
GenBank rH AL B2 458 g 10455 2 1 R e 971 LA B Dt i
B GM -1 16S rDNA JF 51 , % F] MEGA 5 {2 ¥4 4

RYEREW ,EFREK GM -1 -2 5 GM -1 168 rD-
NA I LEE 3K 2 99% , & 5 f TE M5 2F 4T 1 B 78
[l —4 3 (1) o BEBHAS SR AR 1 16S rDNA JE K]
P8 A St B A

100 | Bacillus vallismortis(KC441761.1)
49 " Bacillus vallismortis (JF912890.1)

13 Bacillus methylotrophicus (KR853692.1)
Acinetobacter Iwoffii (KF818633.1)
Bacillus amyloliquefaciens(KC692163.1)
r GM-1-2
34 991 GM-1
Bacillus tequilensis (JN700126.1)
Bacillus subtilis(KF863785.1)
25 65 Bacillus subtilis(JQ308571.1)
—

0.5
1 EFT16SrDNA EFFIHREZLBEH

2.4 TREKGM-1-2gyrB F5I45H#

DAZE S PR GM -1 -2 3L 241 DNA S AEAR ,
FIH gyrB JEH 519 it 47 PCR 4714 #3511 229 bp
M8 =y, T 8 5 R IR TR GM - 1 gyrB SE [
JEAIAHALEE 35 5] 99% . BLAST 45 5 K01, A8 5 B Bk
GM -1 -2 gyrB 5N ¥ % 5 fif U ¥y 2F 1 FF
(IN859131. 1) fy#1 {LL B ik 5 98% . K il MEGA 5
B R G L EW, /T LI S H bk GM -1 -
2 JF AR TR MR GM — 1 FUfRE V€ M 28 JR AT 18 47 T 7] — 43
K E(E2), UL R BT gyrB 3 H T3k &k
A R

GM-1

GM-1-2

Bacillus amyloliquefaciens (JN859131.1)
99 Bacillus subtilis (CP009749.1)

59

49

99

72

31[“ Bacillus methylotrophicus (CP009679.1)

36 | Bacillus velezensis (DQY03176.1)

Bacillus mojavensis (DQ309303.1)

Bacillus atrophaeus (DQ309302.1)
Bacillus licheniformis (DQ309325.1)
Bacillus sonorensis (DQ309304.1)

Bacillus siamensis (KC608573.1)

95

Bacillus anthracis (AB190227.1)

481 Bacillus weihenstephanensis (EF210280.1)
Bacillus weihenstephanensis (EF210262.1)

0.1

99 Bacillus mycoides (EF210252.1)

14 Bacillus cereus (EF210251.1)

61
23 Bacillus thuringiensis (EF210277.1)

Bacillus thuringiensis (EU761193.1)

2 EFgrB BERFINARGZREN

2.5 TEEMEGM -1 -2/l EYMFEEEN
M€ A
MEIATUEFER,ZSHEHK GM -1 -2 X 8 Ff

AR 0 0 DL T Y T 22 AR B HL A AR A A ) A
R AW 58 O 14,0 ~37. 7 mm, B B AR 32 5
0.2 ~9.0 mm, 5 JUiR B BRA EC, /N 22 5506
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A B IR TOAT B GM — | 5 1 A 4 BT z

TR H A A 22 0 T R A T B TR 2 0 Y
A A 3 AR AR S R I 22. 2% ~
47.9% 553 5, HNE /1N F AR B o T 11K 52 1 A% o R )
0 P P

F1 TREKRGM-1-23t8 #iEYMRERENINEGREE

mm
RS
HA A GM -1 GM-1-2
FR A B ZE 32.320.77 32.50.41
JINFE AR 995 T 34.3£0.47 37.7+0.47 "
INZE R R 24.5+0.41 26.3+0.47
NG LA 11.2+0.62 14.0+0.82"
NG T T 14.0+0.08 20.7+0.34
e 16.7 £0.47 20.4+0.45"
BE 1 o 19.3£0.47 28.3£0.47
B RG22 95 1 16.5+0.41 22.7+0.47 "
E: s RREFBE(P<0.05), #+ FREFMEE(P<0.01),

TH,

2.6 TREH/HRGM -1-2 XEREXILMENRKE
EHEMIFER

MNE2 A LIEH, R EE GM -1 -2 KR
Xt 8 o AL 2 99 i TR ) B 24 2 K 38 L e Y
TR, R rb ot /0N 22 A T s TR A 410 o D e 5 410
FIRF 61.19% % w8 JI AR 22995 B 1) 300 okl V) 9 55
%R 20.03% . HHE GM -1 -2 KR 8 Ff
400 95 DA L T I A0 ) 4 s R R R
RELE T 1. 1% ~153.7% , Ho bk BR 5 2395 i T8
SN T FhRE P R B R I HIVE S GM - 1 AR EL Y
RE TR 2 R

®2 TRE/RGM-1-2 THEXEERX 8 FEY

975 [ T Y 40 o 2R %
RS
95 T
GM -1 GM-1-2
7N AR 9 o 52.79 £0. 14 61.19 £0.16 ™
M AE 2 m 42.82 £0.05 56.21 £0.18
INEE SRR T 29.25+0.18 53.33 £0.40
N R T 34.35+0.18 59.71 0. 14
KE R 33.77 +0.05 45.45 +0.20 "
BE 7 I T 34.43 £0.31 34.80 £0.07
HE AL 2 e 18.55 +0.39 47.07 £0.65*
BN TES T 10.44 £0.04 20.03 £0.25 "

2.7 EREKRERBEREZBRAIEDRNNS
E i

LR B ULTE ENT S B9 JEUR R AR M — 1 B
T R R o /I 22 AR s T 1 B A I I B A T
PECIE 3) IR 24350 Ry 58.91% 41.36% ;7% 5 &

RGM —1 -2 YT yE M4 e 15 M s B & (&1 4) 4 i
RIKF) 66. 10% , 1M L 15T B M EEM. 98
PRI AR SRR Bk GM - 1 -2 5 AR bk GM - 1
JIT 7 A A A BRI A TR TR

B3 JRIAEK GM -1 KB RME%IRIERIE
(a) EEFER (b)) WM/NERBHFEHNMEAIER

4 TREKRGM-1-2 ABEHRBEILERTLE
(a) ELFER (D) M/NEREHFHNMNEAIER

3 53t

AL R FRY] B SR GM -1 -2 fEH %
JEA (PD 55 IR WS04 55 J5 T 5 )R 06 AR GM - 1 4%
100 35 22 5 (H AR AR AR 30 45 R (16S fDNA
GVFN gyrB B PK T 51 5 i b AR AR — B0, R kAR W
U AR R GM - 1 -2 JH R MR 8 A
Wy D VAT 410 BRI R v T R A AR GM - 1, [R] AR
SRR GM -1 =2 7= A= W 40 18 9 i AT LA B 80% 1L
HUEE I B R B2 DOVE , 5 4 TR AR W R R T) 150 1] 722 S
TR T 7 A 1 00 T B AR R A AL A A T
fEVER AT R — R EE WA W, EAE KSR
HRT DL A — R IR R, IR A B -
1,3 - B RpERG " O RO R AT SR S
£ KM R A A REIR R GM - 1 AR
SRR GM — 1 =2 7= A5 (WL o8 4 Jo 1 ol 24 0 1 o
DL R v ) o ) Sl A S 5 AR IEAE AT

P B2 420 S B 0 7 (o R AL E AT T 24 1Y
WL G R, A Y - AR WD R AR E, %
FE SR RSN A SRR S, AR R TR B
GM -1 -2 7 PDA 35553 5 PD 55 W L3555 24 h
FEA R EI ORI, PDA B FEEEA G
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o, PD R 3R b 3R AL €0, 4 I TT BE 5 8 R
FAA K, X — A Rt — 5.

$ 1m0 T B I R B R ) TR, T A O e AR
ST R S B R S, ZEAAT R B R A SR 58
AR R PR AR 2 AR I B A/ Ll AT H R R AR T
B U 35 % 700 TR R 17 AR 23 258/, DR T 3K A5 2 A% B B 11
AR . SIS SR N A B
15 ZEFFF B BOOG6 11 28 45 #k B841 [ B73, H. 3 If 1 1%
7 LB AE T AR BO06 430l Tt iR 15.9% (14.8%
P bR R 2 20 0 YRR BT O B A A T A FT
JRTERE G - 41, K15 RS Btk 15Gy — 54, H 7= Bl 1%
B I LR IR TR R G - 41 #2955 T 2.65 fi5.
Tk A A 2R D 4 TR PR T RE B A AE R AR AR,
A K A K 578 TR RE B 0B AR R BIE O i R L 4
TR S SR T AR B R R R T 6 bk A5
A ZE A0 AT T T bk Snea253 78 5B A B0 7 TH 1Y
A2 A R RAETE R, 0 6 B2 A8 bR Y R4
ORGP 38 B AR T DR LA B AR . A BT 9T R R R B R
GM —1 -2 X 8 Fofrfw 0 55 Ji va1 17 41 14 46 F B 88 o8
JEUA TR GM — 1, 25 S5 T 16 K 30 181 T bk 10 0 o
RN HAT — & M0 E
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