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Abstract A total of 12 Bt strains with antifungal activity against Sclerotinia sclerotiorum were obtained from 170
strains of Bt strains by the plate confrontation test. Disease resistance-related genes of 4 strains with higher activity
were analyzed and all these strains contained chit gene. Chitinase activity of 4AP1 strain cell culture was 672.4 U/mL.
The 4AP1 strain could withstand high temperature of 55C and pH 12, and its antifungal activity was not signifi-
cantly different from the control. Moreover, the antimicrobial spectrum of 4AP1 strain was broad, except for
S. sclerotiorum , which had antifungal activity against the other 9 fungal diseases such as Fusarium graminearum ,
etc. In this study, 4AP1 strains with strong antifungal activity against S. sclerotiorum , and heat and alkali resist-
ance were obtained, and this provides strain resources for construction of engineering Bt with insecticidal activity
and disease-resistance.
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W Fh B88-82 kAN sotto WAP RG1-6 W Hk AT LA S:
Tt RGP Gl G SR AR B B i Ty 4R
EPUR T, Bt B AR AT LA — RBP4 G
PEV BT ARELT IR A5 I 80 B Bt BBk 7 12 3 W bk Bt
Ak QBS1 Al HD7. 3% 2 SRR B A m LT
JREGE 1) s ARSI S 19 Bk Br pE R, o
LT R EER NE R BRI Fusarium graminea-
rum Schwabe GIIETETE" . VF 24018 i 55 #06E
W= JL T Bl (chinitase, EC 3. 2. 1. 14) . #4=¥Ypr
PHERJLT BT 5 HARR IS LT BTG — A2 A
YULT Bl AN LT e, 1 4e R 2808497 4=
RNV T 5 il BB S S PRk LT Bih iy -1,
A-WEE K AR S N-2 - D-28 5 4 7 4l (N-acetyl-D-
glucosamine, NAG"®! | A=y JL T o Bl 115 1 ) s
pH — A 3~10 Z [8], T A 4 400 TR0 176 14 1) e 3 ik 2
ZAE 50~60C,m T 60 CHEAZ RIE .

I i 38 e 3 25 RO T L 3t A 25 IO 7T LA S
bR 2 AT TR 45 R AT By 9 SR R A
TG F Bt (48 32 24 b JOR s Ry T
AHTFE N B AR TR AR 20 15 AR A A B A A
TG VR AAPL BB I LA RS 40 5 1
ARG M S LT R RIS P TR Y . B AR R
P A% 5 B B B AR B AR - DAYk B B
B Ta SR L R AR BT IR

1 MRS

L1 ##

9 JF LB - 10 R A3 [ L 1T A% 85 1 Sclero-
tinia sclerotiorum \ /N 7% 7% % 38 W Fusarium gra-
minearum | 5 J\ 7% JH 95 # Colletotrichum orbicu-
lare SERFEBURE Botryosphaeria berengeriana {.
sp. piricola. IK TG R IE W W Magna porthe grisea .
WA ZR B Fusarium oxysporum |55 N2 B K
Cladosporium cucumerinum . K F 2 ki 5
Thanatephorus cucumeris KA B 2295 18 Verticilli-
um dahliae ERJEREFH Cytospora mandshurica
i R BURHA A Al HE A

Bt Bk AR 170 #&, Horb 165 Mok A
OB Be Y IR AP 5 B RO AR HE Bt R 7
4b 5 ¥k Bt185,G03, HD73, HD73~ 1 HBF-18
FEAO AR Be A ) PR AP B B e R AR W B R PR 2

TRAF

PR H 5B 3% Brassica napus (L.) . i
FiCh B & SR M ER LA =210k
REEFIE] 14 h(7 000 1x) , FRIEHE] 10 h, FjAE ] 2
30 d s FiAE A 5 Ay v RO B A B i 0 O B F 5

BEFRAL LB WARE SR AL AR IR 10,0 g/ L ek
PEHA 5. 0 g/1.,NaCl 10. 0 g/1.,121 CKH 20 min), LB
[ A 75 5 (LB AR SR 3L m3iig 15 g/1) 5%
WA LT R PDA [ AR 2358, 1 B b st vkas A= 9y
BHEA AT,

51970 Sangon Biotech Jt 5t & B A B M 7
H H E RO B2 BE AR VR PR U 5 R R ol B L K
HRB TR L 50 2 58 1L A Ak e o F AR 2
Rl N vREs L T
1.2 X#ZEEEFHEALE Bt B IFiE

Walifb 5 1) Bt BRI HEFAE LB AR K 77
FH,30C, 220 r/min {54k 12 h, %5 B 76 B K
PDA Pl S AR AR I R AT LA OB AR
i 7 mm [ RTE HYHE E T 90 mm PDA [ {1} 5
FEV AR H A B SRS TE ARG R B B TR
20 mm AbJHCE 4 S EARN 6 mm {9 [BE TG U8 4R
R BN UEAR TN 5 L RN TR B S T A
T 28 CHe 55 748 h 3 7% LA A Jo il I Jel 7 A=
AR 3 AT,
1.3 BEHRAPIEEREMGT

PRI bR 1 L AL, 7 vk 2 B 7 S B 4
Y, FIH Raddadi 25 8 195149 (& D1
AR 5 AN - B ff P A0 BE LT B JL T o il
FERFULT FAMIEERE T ZwA P Z LR FE TN
TIRTAG A B IR AL AR R ZwA PR
T2 TR i DR R AR BN, 2R 0 1Y) I 5 1 22 R N T
LA . PCR Y S A ZR (20 pl) : 22X Tag Mix 10
pls BUTRURGI45 0.4 pla ¥R EE Ry 10 pmol/ L, BBE 4
DNA 1 pL, #84li7K 8. 2 uL. PCR ¥ 3 5 i 45 1F»
94 CHIASME 10 min; 94 CAZPE 1 min, & 1& 1R R
2k 1 min, 72 C FEf— 7 A ] (1 kb (4754 7™ 4 42 A
)4 1 min) , 30 MEFR; 72 CHEf 10 min, PCR 4~
B R 1 Y0 B IEHEE I L 140V ELEKAS I L 77 3%
M. F P 3R A5 B A% R P 51 s B A% NCBI £ dls
JE4T BlastN X34,
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Table 1 Nucleotide sequences and annealing temperatures of PCR primers
FEF £ 5 B HATFSG — 3D BRI/ C
Genes name Primer name and sequence (5" — 3") Annealing temperature
JUT R ChitF: ATTCACACTGCTATTACTATC “~
Chit ChitR: TGACGGCATTTAAAAGTTCGGC
WAL T A Chi36F: GATGTTAAACAGGTTCAA %
Chit36 Chi36R: TTATTTTTGCAAGGAAAG
T R B R G A BRI A F: ATTGTATTTATGTTTCCTGGCGTA -
MAT (orf2) R: TTTGTTCTCTCTCTTTAATCTGTT
ZwA HopE A0678: ATGTGCACTTGTATGGGCAG -
zmaR A0677: TAAAGCTCGTCCCTCTTCAG
Tl 5 2 S PN T T L R AIF: TAAATGTAAAGGTGGATACATAATGACAGT “~
aitA AIR: AGCTCATGACTTTTTGCACTATATATA

1.4 JUT REEEHBNE

DA S Y0 A LT BRI B 1. 5 mL 4lifb 5
AR FRCT 10 mL A BLOE LA 0.5 mL 7
126 B0 AL T 51 0. 1 mol/ L B fRh 2% vh
W (pH=7.0),37C/K¥ 1 h ). A 2 mL 3,5 —fi
Bk (DNS) VL 24 1E 07 100 Cfif#4 10 min,
DA 3 M LT A o % B 5 OD . 2 4
NAG £ 1 A-EE 7 5 A (U Lk 37 C 4%
FRRW 1 h AR 1 pg NAG,

1.5 7[E pH Z R KBEXT 4AP1 BRI E AE
gp=A!

W HAREERNTE 5 mL LB AR 32 5L, 30 CHE
DitigE 12 ho R 43 B 300 pL BT 10 4
L5 mL g0, Hodr 4 B A& &1 pH 43
SR 10,1112 F 13 A5z o, BUEITE ), 55 i S
30 min, 5 &HE TR N 55.60.65.70 1 80T
(o E IR AR R PR 30 min, B4y 1 & RMUT ] ib
B, A S el SR VR 3 VAR R IR e 6 A 0
X A% L TR (A B B R 7 - D0 A B P AR L A
M 3ANEL,

1.6 HEILEHIEN

TR P SK A 45 TR 490 1 B T S5 1) B R » 3 o P AR
X IRF A U X 10 oo Jir B0 BT 1 40 R i ) B
WbV 3 A TE L D B AR B SRR Y
S 28°C,

2 BRESW

2.1 AR Bt FHRAIIHIE

TR IRFABRAI 170 Bk B BRRSAZ R
WARIREST 25 R TR BARMERTFR 1Y 12 Bk B itk
4AP1.4R1, 4BR1,4BS1, 4AA1,4]5, 4K5,4L1, 4D12,

4D16.4G7 I AB3 X 4% 45k oA I R G 1 LA 7. 1%,
Hr 4AP1,4BR1,4BS1,4AA1 15 #E 40 15 68 7 508
(1), i 55 5 % % M & R Bl8s, Go3, HD73,
HD73" Fil HBF-18 4% 4% 485 18 JC I B 15 1

1 Bt BRI ERE DR

Fig. 1 Analysis of antifungal activity of Bt strains

2.2 BtEHKPINEAXERCNEILT FHEEEN
B E

PEHL AAP1 . 4BR1.,4BS1,4AAT BRI FL R 4,
XF A4 A FLRE HE PR SCIE A LT g AR LT
JRANOT L DA | Y R ST T A T Tt R I DR R
ZwA SRR L DA K 1 A0 B 5 A DG A
Ptk g 22 2 R PN P i 6 DR B AT PCR Mg . e 45
RTIR A AR B RGN 3 LT 5 i DA R gt
22 R RN RIS (3R 2) s 4APL bR & A 4 L
TR CTEIA A5 LT REEHE DY Y R S LA A
FETESEBERE Y] Zw A ST s PR I 6 v 22 R PN T
FESEDH (18 2) o XF 4APL BRI JL T J50 gL R A7
PCR ¥4 3] 57 , NCBI BlastN %5 5 i 78 4AP1
FRPJLT BB (1 873 bp) 55 BtHD201 JL T i
HF K (GenBank & 55 . AY452506. 1) ¥ 12 I %) #H
PR 99% . BEJGXT AAPL H bk & BRI L T BT
W AT 85 R LR 10 672, 4 U/mlL,
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2 4AP1.4BR1.4BS1.4AAl1 BRIIFHEAEREEE R
Table 2 Identification of disease resistance-related genes of
4AP1, 4BR1, 4BS1 and 4AAl strains

FH Gene 4AP1 4BR1 4BS1 4AA1l
JUT RS Chit + + + +
JLT JRAMIIEERE R Chit36 — + + +
N R TSE4H G A T I S Ik [ X . _ _
MAT (orf2)
ZwA PriEIE A zmaR = — — —
Bt A 1o 22 SR N R SE N aiiA + I I I
D) IR A IR = RN R S B A
“—+” represents identified gene; “—"represents unidentified gene.
M 1 2 3 4 5 6

bp
2000

1000
750

M: DL2000 DNA Marker; 1: JL T JEE§IER; 2: JL T BRAMIIES LA,
30 I PREABLAIRGAREBEAERGIE R, 4: T ) 22 AR 1) TR ik [
50 ZwWAGUHEER; 6: PR IR

M: DL2000 DNA Marker; 1: Chitinases gene; 2: Exochitinase gene; 3:
Malonyl-CoA ACP transacylase gene; 4: AHL-lactonase gene; 5:
Zwittermicin A gene; 6: Negative control

E 2 4AP1 EHIUREXEREESER
Fig. 2 Identification of disease resistance-related

genes of 4AP1 strains

2.3 pH RREX 4AP1 EHRINE BE B9 M

VEEEI E RE 7 FL ORI AAPL B RE, 00T pH K&
X Bt AR M RE H ., ERAMGT. &
pH 435124 10,11.12 (IR thi AL B 30 min J5 . 4AP1
PRARAN A TG 5 0] BETC (B 3 25 5% PV P8l ELAR 7E 30, 3
~32.8 mm Z i), i pH 2 13 2 sh ik b B 5
LA BR I 1 S 2 BRI M R B EAR R (25, 00, 9)
mm ([ 3a) , WL 7E pH 10~12 ZZupi H 4AP1
PRAE LR FFREE W B0 PR 16 1

ANTRI R A B A AP TR A T P 52 0 g 2 SR
FB . 22 55 CAF 30 min J5§ 4AP1 R R A &
(A0 B T 1 IR BB AR A (29, 240, 8) mm; Bl b
P T v LA B T 1 2 B S RRAIG L 80 C i TR AL HE

Je HAMRE TR 58 4 2k (8 3b) o RHT 4APT BRI
i 55 C Ak B .
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B3 pH R&BREX 4AP1 EHkINERE NI
Fig. 3 Effects of pH and temperature on antagonistic
ability of 4AP1 strains

2.4 4AP1 EHRINEERINE

FIFHEAOF IR B % 4 APT B Bk B30 1333 64T
M, 45 R B8 4AP]1 BERXT T S. sclerotio-
rum NERERE F. graminearum . 8 JIN R JENE B
C. orbiculare 3 R4 BB B. berengeriana f. sp.
piricola JKFERGIEIN B M. grisea .35 )AL 25 4 F.
oxysporum I N BN H C. cucumerinum F) )
TR FIE 7 555 » S0 AT Bl AR 34> 30 mm s X 7K SUA
W T. cucumeris ML B ZH A V. dahliae BTN H
BRI 5, 303 Bl B AR T 20~30 mm 2 [] 5 X 57
WIE PG C. mandshurica WP SR8, PO
Pl A2 <720 mm, HATE RIS (3 3) .

3 itig

KA s AT T B fybit 5% 248 h T 5
AMIEMER O 2 A B ST RGE B wl Ll
IR A AR . T B B ST ST R B BES19-1 X/
ZNEIRE F. graminearum % 8 PG R E W A A
Ivi] (8 k20 5 ) RE 2 AR 59T & B Bt TS290
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PRATI] 6 Fif T 4% 25 S0 A0 1 1 2B KT, AR
FEM 165 BRARfE B BRI 5 PR 52 50 2 0 T bk b
O RS 4 AT A% 28 TR R I R R 1Y) B TR AR R B
Hor iy 4APT GRS HoA 9 B [t B T 44 A [A] 72
JEE AR RO 8 7 Y K R R s T ML
grisea VW R/NE REIRE F. graminearum % B AT
BRI HIROR . A, PCR %@ 45 1 B 4 Bk
TG PR 1Y B R R AR S A LT BB AR HL
AAPY TR & WA B LT BT g 7, Rt
I 2 G RR AP0 TR 35 1 T e S S A LT BT A
%, 8 H 5 Bt FRR S 0 RSB AE AR5,
o Lot — 2 R Bk

R 3 4AP1 HHRIDEAE SR
Table 3 Antagonistic ability assay of 4AP1 strains

i JE L 4AP1 AN RE )
Pathogen fungus Antagonistic ability of 4AP1

G A s
Sclerotinia sclerotiorum

PO
Bresiiul] +++
Fu«\‘arzum graminearum
EY) SR
Colletotrichum orbiculare T
SERAELURTE
Botryosphaeria berengeriana {. sp. +++
piricola
IR AE ARG 1A ' L
Magnaporthe grisea
HH: S .
Fusarium oxysporum
i3 B
Am‘$ﬁ® ' N
Cladosporium cucumerinum

mé‘ 3]

IKAESCAE A G
Thanatephorus cucumeris
HATE 25
Verticillium dahliae Tt

Cytospora mandshurica

D “+"FoRIMEE 5420 mm,“++"F/R 20 mm<PHEEH
<30 mm, “+ 4+ F RN A E BHA% =30 mm,
—+ represents diameter of inhibition zonesC20 mm; + -+ repre-
sents 20 mm<C diameter of inhibition zones<Z30 mm; -+ + +
represents diameter of inhibition zone==30 mm.

C AR RV RUEY LT Bl fE pH 3~10
Z A KT 60 CHYZME T o] ISR RRRE MR LT B9 G
PEL BAR SRS B B B ZE AT B 2-3-2 43 iib
JUT Bl i fpc i i B 40°C L fiid pH Sl 7. 04 3R B
BT 50 C M bl 25 F PTG RS R RE . BN
SEWEIE &L BeWBT 20 i JL T SR TS R 7E pH 4. 5
~6. 5 X FEE . M AE pH > 8 i B AR e 2k 3% . H.

55 CALEE 30 min J7 . MEAYIEPEBCA K A28 = T
PR W s PR . AR WR R B 4AP]
B 55 CAEFE 30 min J5 PTG .25 22 A6 - B TR A9
T T PEREAR . 80 C AL BiUS TG MR 58 42 2% s &8 pH
10~13 ZZ i A FH 30 min 5454 52w AN G 1
B A R T A IR 6 1 2 LT B A REAY
TET RN 5 25 Zeali Ao B Bk — 20 1 FEX s
PR AF R 52 BE

AT K B B T bR 0 R R A% £
S5 i LA B B RE D e A APT R AR R
W 5B A T A A T R o Ay T 5 A B T ) B
FRME TR S D A A O P Be TR R S E
TEER 4T Be i 580 69 T 3 0 B A
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