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Strains and plasmids tested in this experiment

£ Names

$AE Relevant characteristics

IR Sources

HEZFHRITE B. subtilis

BS5 T2 % B A= TR A B B Bk Bio-control wild type strain
BS303 IR A2 B Hk Low temperature mutant strain
BS168 trpC2

FB5 BS5:: pHT304 beglp Ery™ g/p

FB303 BS303::pHT304-begfp Ery " gfp

JRHL Plasmid

pHT304

AR = AR AF This lab
ARWF5E This study
3 T 1 R A Ml 758 1 A 4 g
United States Department of Agriculture
Culture Preservation Center
A5 This study
A5 This study

K FF - 2 LT T 2 42 414 : AmpT, Exry™; 6.6 kb 1o
E. coli-B. subtilis shuttle vector; Amp*,Ery"; 6.6 kb

R S BORZFIAT B UWSS JH 3 T M g fpmue3a FEH
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Amp",Ery"; 11 kb Shuttle vector with B. cereus UW85

A5 This study
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R AT T A B 2 AT T R AR T g f pmut 3a FEP

pAD44-12
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with g fpmut3a gene; Amp; Cm"; 10 kb

x2

#id514

Table 2 Primers used in this experiment
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AAAGGGCAGATTGTGTGGAC
AAGCGTTCAACTAGCAGACC
TCACCAGGTCCAGACACAATG
AATCACTCCACCAACTAAGAACG
Nsl GTAGTCATATGCTTGTCTC
Ns8 TCCGCAGGTTCACCTACGGA

Gip forward
Gfp reverse
Fusa forward

Fusa reverse
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Growth curve of the mutant and wild type strain at different temperatures
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Fig.2 Biological control activity of cell-free suspension
ininhibition of the five phytopathogens
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Fig.3 Antagonistic of BS5 and BS303 to the five pathogens assayed by plate confrontation

3R E A AR IR A5 . X IR 28 B RS P sk
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25 °C Nk 3 W LLE B AR 5 1Y Rk BS303 £
Y A R TR bR BS5 W IR AE B RE ) B A 1Y 5R 25
Pk BS303 4b 35 . V5 KA1 & 9 2R (19 Y0) 3 B A
T T A Ak B %) 295 2R (22 YO W AT R [ . 45 B 1 18
ORI AR 2 A T R X A 2 0 1 7 6 48 AL
BS303 i£% 0.701,BS5 4 0.667,

f BS5 Al BS303 7E4 KR (20 “C) F By 4= By

ROR AT (R 3),20 °CF H M5 42 Bk BS303 1974 )R
KRN 24 Y0, R EF AE T IR B 3396, 1 BS303
TEARIRE T R B IE 88 (0. 767) 0 B FH & T
BS5(0.557) , X i B 5 A8 AR AR IR T Lo B AR B BLA T
4 B A W BT IR AR

ASCEZ A VG TR 25995 9 L 17 1) A BR 4, 20 °C B
Fb 25 °C R AR BRI & s el — e BRI L 3K % 02
)35 it O AT Uk P A R AR AR e 2 AR
fiE 7 32 B i Y

1:4%Fh BS5 BS5 inoculation; 2: 3 BS303 BS303 inoculation; 3:BS5 Hl P4 JIUKS 22 9% 9% i B A% FF Both BS5 and phytopathogen in-
oculation; 4:BS303 Fl Pt JIUAK 25 9 95 J5L 18 XU Al Both BS303 and phytopathogen inoculation; 5 3% P KA 22 55 % Jil I Phytopathogen

inoculation; 6:%5 [ X} Control.

B4 BBREANERFBER

Fig.4 Incidence of Citrullus lanatus in green house experiment
F3 HERANMFTHREMZTEENMEZTMETHEDRERR
Table 3 Effects of the wild type strain and mutant strain in autumn under normal temperature and in winter under low temperature
Ab 3 KIH/ % Incidence i 5 80/ % Index of disease W 18 B ¥ 48 %X Disease control index
Treatment k2 Autumn £ 2 Winter 2 Autumn £ 2 Winter #Z Autumn & 7 Winter

BS5 4.0 3.0 2.67 1.67
BS303 3.0 2.0 1.80 1.33
BS5 9o 97 B T

S5+ T IS 25 7 I 22.0 33.0 8.67 11.22 0.667 0.557
BS5 and phytopathogen
BS303 + P /A 22505 75 ¢ 1 19.0 24.0 7.78 5.89 0.701 0.767
BS303 and phytopathogen
P JRA 2 i SR 84.0 76.0 26.00 25.33
Phytopathogen
CK 11.0 9.0 3.44 4.20
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AT I 4 o 381 4 8 v T O N PR B L U A R A E A T
REA . B aE S A B I R ECH R G AL RIS
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336 v I A e AR BT TR ) A7 BE
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Log(cfu)

45 6 7 8 0 1071310726748

KiF#F[E)/d Incubating time

TR AR MY . F [ . Character “f” represents phyto-
pathogen, the same as follows.

B5 TERRNMEREHAEHE
Fig.5 The number of active antagonistic bacteria in soil
2) B RSN AP0 E | PCR 452, B %G
X PG JIAR 22 55 995 J5L TR £ 1T 18S rRNA JF 41 4341,
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i PCR R 531519,
Vb B2 1) A 38 7 TR 4] AT 9 O E i PCR 4%

Br &5 258 (I 6) 5 i B O A - M 5 % ik T B 2R —
9Ot = PCR 45 R Won A B W e 7 - 5 b e
B, ER 6~48 K, FB303 fE L B = T
FB5 A REC, A58 s I G i & H 7ERT 3 d AR FFEE
1o KT B 42 RS B 40 TR IS s i T R T B b L 2R
7 K A3 v PG TR, 22 0 i B R iR A B B ik, 7 d
J5 o 99 5 A T AR E AT e D T S AR B R TE
S rp Ik B AHXE P . X b R 2 Bl A 7 A A AL B 4
Folr A= B B I 0 D B 7 5 26 ~ 4.8 KB BT bR s /b . v

A 22 995 9 it T 1 TR BB AIR 2 2~ 3 B 2, v W
B ZE MOFT B FBS A FB303 % 75 IR 25 955 96 5 B8
HIHIVE . HmA FB303 4 4b #40 r, 75 AL 28
9 s I BT P B A FBS B A PR A AR L 15 B FB303
H I PE g J1 58 T FB5,

8.

=

= B35+ A
T 4f TFB303+f R
% -f
= -~FB3
2 =FB303
--FB5+f
<FB303+[
0 1 23456 7 8 910131926438
Be 23 [E]/d Incubating time

B 6 FIA%EESR PCR N TEHEFAER FTHK

BMEFERESRERLER FBS 1 FB303
K EH Fusarium oxysporum ¥E/ Tk
Fig.6 Determination of the changes in number of FB5,
FB303 and phytopathogen in soils treated with wild type
and mutant strain alone and together
with phytopathogen by RT-PCR

3 i i

A= W) B IR 2 B 6 R W e T A 0 B TR T
AE P B 1) 2 [ A ke 1) O 38 A 5% B DR 4 2 B AR
AOE EARIE . AWFSE R AL AT B2 F Rl L
HF A A, L 2F AT B BSS O i TR R O B 1 B
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5 ol AR ) g D TR AT AT A I 3 Y TR SOR L L B
A7 BSS LRI N A A RIS M. AR S T F R
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SR TP R A AF BB T L J5 SR AR 1 T B € BS303
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Pk BSS BYKE BT 8 o, i — A0 B A 5 728 TR AR BS303 B
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Breeding and characterization of a low temperature
biological control strain BS303

WU Yong HUANG Qiaoyun CHEN Wenli

State Key Laboratory of Agricultural Microbiology s Huazhong Agricultural University ,
Wuhan 430070, China

Abstract  In the previous study,a biological control strain Bacillus subtilis BS5 with a strong an-
tagonism effect against several phytopathogens was isolated. A low temperature biocontrol strain named
BS303 was obtained by inducing strain BS5 with UV. The activity of biological control of BS303 was in-
vestigated with plate confrontation essay and greenhouse plant pot. Results showed that the antagonism
activity of BS303 against four pathogenic fungi at 20 ‘C was stronger than that of BS5. The protect index
of BS303 and BS5 against Fusarium oxysporum {. sp. melonis at 28 °C was 0.701,and 0.667, with no
significant difference between them. However,the protect index of BS303 (0.767) against Fusarium ox-
ysporum f. sp. melonis at 20 ‘C was higher than that of BS5 (0.557).Spread plate and RT-PCR were
used to determine the colonization dynamics of biological control bacteria and phytopathogen fungi in
soil. The results showed that both biological control strains fitted and established well in soil. The colo-
nization dynamics of BS303 strain was better than that of BS5 (wild type). Number of the phytopatho-
gen fungi was significantly decreased when the biological control bacteria were applied.

Keywords low temperature; biological control; Bacillus subtilis; UV breeding by induced muta-

tion; colonization dynamics
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