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The fungus genus Sclerotinia contains a number of important plant pathogens. Vegetable growers in our
country are probably most familiar with Sclerotinia sclerotiorum, the causes of sclerotinia rot on crisphead
lettuce. S. sclerotiorum has a wide host range which can include lettuce as well as crops such as broccoli,
cabbage, carrots, celery, beans, peppers, potatoes, stocks, and tomato. Some fungicides, including benomyl,
are effective in some crops, but not all. So, we isolated a antagonistic bacteria that are active on sclerotinia rot
caused by S. sclerotiorum and that can be used to control it. About 702 strains had been isolated from soil
around plant roots in the field. Ten strains showed strong antifungal activity against S. sclerotiorum. In pot
test for antagonistic activity, A-7 strain showed high control value against the pathogen when compared with
others. The strain was, therefore, selected as a biocontrol candidate against sclerotinia rot and its biochemical
properties and 16S rDNA sequence was analyzed. The A-7 strain was highly related to Bacillus subtilis and
B. amyloliquefaciens. To confirm precise identification, we had performed gyr A gene sequences analysis. Its
sequence had 96% similarity with B. amyloliquefaciens. Consequently, the isolate was identified as B.
amyloliquefaciens A-7.
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DNAZE promega genomic DNA purification kit (Promega.,
USA)E AM43l genomic DNAE ZH]stgth. 168
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GTT TGA TCM)$} 1492R(5-GGY TAC CTT GTT ACG
ACT T-3)& AHE-sl o™, gyrase A A4 TE& 93
p-gyrA-f(5-CAG TCA GGA AAT GCG TAC GTC CTT-
3¢} p-gyrA-r(5-CAA GGT AAT GCT CCA GGC ATT
GCT-3)E A3t} PCR W32 My Genie32 Thermal
Block(Bioneer, Korea)E ©]&3lo] FZ A} vh-exA
< predenaturation(95°C, 3%-)A]71 ¥, denaturation(94°C,
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AE 303 ¥HE5I9 T 5% H PCR productE QIAquick
PCR purification kit (QIAGEN Inc., Germany)Z ©]-§-3}]
A A s ¥, pGEM-T vector (Promega, U.S.A.)°) cloning3}
%1t}. DNA sequence= ABI 310 automated DNA sequencer
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Table 1. Inhibitory effect of 10 antagonistic bacteria selected
among 702 bacteria from health crisphead lettuce against mycelial
growth of Sclerotinia sclerotiorum YR-1 on PDA medium

Antagonistic bacteria Inhibition zone (mm)®
A-2 9.6
A-7 9.8
RH-1 7.1
RH-2 72
RH-3 74
RH-4 9.6
R-13 7.2
R-26 8.5
R-39 82
S-8 7.2

*Growth inhibition was determined after 7 days of incubation at 25°C.
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Fig. 1. Growth inhibition of Sclerotinia sclerotiorum YR-1 by 10
antagonistic bacteria on PDA medium. A, A-2; B, A-7; C, RH-1;
D, RH-2; E, RH-3; F, RH-4; G, S-8; H, R-13; I, R-26; J, R-39.
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Table 2. Suppressive effects of 10 antagonistic bacteria on disease
incidence of sclerotinia rot caused by Sclerotinia sclerotiorum
YR-1 on crisphead lettuce at pots in growth chamber

6 days after
Treatment® Disease incidence Control value

(%) (%)
A2  +Pa 27.0 73.0b°
A7 +Pa 15.0 85.0 ab
RH-1 +Pa 50.0 50.0 de
RH-2 +Pa 40.0 60.0 cde
RH-3 +Pa 30.0 70.0 be
RH-4 +Pa 20.0 80.0 ab
R-13 +Pa 55.0 45.0¢
R-26 +Pa 30.0 70.0 bc
R-39 +Pa 40.0 60.0 cde
S-8 +Pa 30.0 70.0 bed
Pa alone 100.0 00f

“Crisphead lettuce plants were treated with both antagonistic bacteria
and S. sclerotiorum YR-1 (Pa). Plants inoculated with S. sclerotiorum
YR-1 (Pa alone) served as a check.

"Means with the same letter are not significantly different according
to the Duncan's multiple test (p=0.05).

Ml =

Fig. 2. Transmission electron micrograph of antagonistic bacterium,
A-7 strain isolated from roots and rhizospere of crisphead lettuce
against Sclerotinia sclerotiorum YR-1 (x30,000 Magnification).

3k 54455 Bergey's Manual of Systematic Bacteriology
9] Bacillus 5737151 <13 578%¥ A2} B. amyloliquefaciens
o 7HE =2 FAEE BEUTHTable 3).
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Table 3. Cultural, physiological and biochemical characteristics
of antagonistic bacterium, A-7 strain, against S. sclerotiorum YR-1
compared with Bacillus subtilis and B. amyloliquefaciens

B. B.

subtilis  amyloliquefaciens

Gram stain + +

Endospore

Cell diameter > 1.0 um

Motility

Voges-Proskauer test

Catalase test

Acid from D-glucose
L-Arabinose
D-Xylose
D-Mannitol

Gas from glucose

(d
~

Characteristics

+ 4+ + + o+ o+ 4
+ + + + + + + o+

(=%
|

Hydrolysis of Casein
Gelatin
Starch
Utilization of citrate
Nitrate reduced of nitrite
Growth at pH 6.8 NB
57
Growth at NaCl 2%
5%
7%
10%
Growth at 5°C
10°C
30°C
40°C
50°C
*Symbol: +, 90% or more positive;
positive; ND, no data available.

+ F +F + + F F o+ + + o+
+ + + + + F o+ o+ 4+ 4+

- I T S S R S S T
o+ o+
+ o+ +

—, 10% or less positive; d, 11-89%
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99.7%, B. amyloliquefaciensS}= 99.4%2] FAHIS HA
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Gene hank No. Species

A-7
“Eﬂ ABG17591 Bacilius sp.
-AB017588 Bacillus sp.

€4

-AB021198 Bacillus vallismortis
AB021191 Bacillus mojavensis
2 AF 489591 Bacillus amyloliquefaciens
8 AF287011 Bacillus subtilis
100 ——_{: AB021181 Bacillus atrophaeus
78 | AF492486 Bacillus licheniformis
AY373361 Bacillus cereus
-AJ563373 Bacilius coagulans
60613 Barcillus circulans
AY373360 Bacillus megaterium
AJ310083 Bacillus fusiformis

Fig. 3. Phylogenetic tree for various strains of Bacillus species on
the basis of 16S rDNA sequence similarity. Maximum parsimony
phylogenetic tree generated by using PAUP program. Numbers
indicate parsimony bootstrap scores for the branch.

Gene bank No. Species

AJH86402 Bacillus licheniformis

AT586403 Bacillus licheniformis

AF272025 Bacillus vallismortis

100 AJ212986 Bacillus majavensis

AY5999914 Bacillus mojavensis

AY212873 Bacillius amyloliquefaciens
AY212974 Bacillius amyloliquefaciens

-7

-AJ586395

Bacillus subdilis

AJSB6408 Bacilius subtihs

Fig, 4. Phylogenetic tree for various strains of Bacillus species on
the basis of gyrA sequence similarity. Maximum parsimony
phylogenetic tree generated by using PAUP program. Numbers
indicate parsimony bootstrap scores for the branch.
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3 A3E GeneBankolA] BLASTE ©|4-3td Mg 4
3}, B. amyloliquefaciensSt 96%2] +AH=E EITHFig. 4).
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