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Screening and identification of antagonistic bacteria against
soft rot of Pinellia ternata in Guizhou Province

ZHU Xue-Hai LI Yu-Quan TAO Xiao-Mai REN Jian-Guo ZHOU Jing LIU Hong-Mei*

(Department of Medical Biotechnology, School of Biology and Engineering, Guizhou Medical University,
Guiyang, Guizhou 550004, China)

Abstract: [Objective] To screen and identify antagonistic bacteria against the soft rot of Pinellia
ternata from it’s rhizosphere soil. [Methods] Antagonistic bacteria were isolated by serial dilution
and dual culture, and then identified by respective morphological and biochemical characteristics and
16S rRNA gene sequences. [Results] Total 228 strains of bacteria were isolated from the
rhizosphere soil of Pinellia ternata, and three strains named as GZDF2, GZDF3 and GZDF4 among
them showed the strong antagonistic activities to pathogens of Pectobacterium carotovorum subsp.
carotovorum and Fusarim oxysporum and Fusarium solani with diameters of inhibition zone on
23 mm and had a broad spectrum antibacterial activity GZDF2, GZDF3 and GZDF4 were identified
as Brevibacillus brevis according to its” morphological, physiological and biochemical characteristics
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and 16S rRNA gene sequences. Phylogenetic analysis based on gyrB and rpoB sequence showed
that GZDF3 was geneticly different from other two strains. [Conclusion] Three strains (GZDF2,
GZDF3 and GZDF4) isolated from rhizosphere soil of Pinellia ternata showed potential to develope
for biocontrol agents.

Keywords: Pinellia ternata, Soft rot, Antagonistic bacteria, 16S rRNA gene, gyrB, Biocontrol agents
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97
131
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(Pectobacterium carotovorum subsp.
carotovorum 7Y9) (Fusarium

oxysporum Z11J) (Fusarium solani H1)

1 3 BB E X RE I E R
Figure 1 The inhibitory effects of three strains antagonistic
bacteria
A 3
.B 3

Note: A: The inhibitory effects on fungal pathogen (Fusarium
oxysporum) of three strains antagonistic bacteria; The positive
control is Ethylicin. B: The inhibitory effects on bacterial pathogen
of three strains antagonistic bacteria; The positive control is
Streptomycin sulfate.
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*1 EREMNEBEER

Table 1 The inhibition ring diameter of inhibitory

test (mm)
(2 2
Strain . . Pathogenic fungus g g A
Pathogenic bacteria ZY9 22 HEMEMEE
number Z] H1
GZDF2 3] 3] 7 221 FESYHE: GZDF2 GZDF3 GZDF4
GZDF3 23 22 18
GZDF4 22 22 18
- (3
Note: The data in the table are averages of three repeats. (4

R2 3HRENRY 8 MEREREMINEBER

Table 2 The inhibitory effects of three strains against eight pathogenic fungus

Strain Pathogens Inhibition zone (mm)
number GZDF2 GZDEF3 GZDF4 Control
LIKW (Capsicum Fusarium) 12.50 12.00 11.75 =
TZSLF (Fusarium sp. heterophylla) 11.25 11.50 12.00 =
SDWK (Rhizoctonia solani) 11.50 8.75 7.50 -
MLSWY [Phytophthora infestans de Bary] 8.50 8.25 9.75 =
YMYB [Curvularia lunata (Walker) Boedijn] 10.50 11.50 10.50 -
HN52-g-5 (Ustilaginoidea virens) 9.00 9.00 7.00 =
GX-10 (Ustilaginoidea virens) 10.00 8.00 8.00 =
1B (Fusarium oxysporum) 14.00 13.00 13.00 =

Note: —: No inhibitory effect.

MY MY GX-10

B2 3HEKIEFRRLEXN 8 MREEEMNIIERR
Figure 2 The inhibitory effects of culture filters of three strains against 8 pathogenic fungus
CK .
Note: CK: The blank control.
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3 EMEEERSHIE
Figure 3 The colony morphology of the antagonistic bacteria on NA plate

GZDF2 GZDF3 GZDF4

B4 HEREEZRER100%)

Figure 4 The Gram stain of the antagonistic bacteria (100x)

222 HIBHELHHM: 3 *3 3MEREEFELEEWFMN
3 Table 3 Main biochemical characteristics for three
strains antagonistic bacteria
2.2.3 16S rRNA EREFF|5#:
3 16S TRNA Number Hems GZDF2 GZDF3 GZDF4
1 500 bp PCR 1 = = =
NCBI (http://www. 2 = = =
ncbi.nlm.nih.gov/) GenBank 3 - + -
GZDF2 GZDF3 GZDF4 4 + + +
Brevibacillus brevis 7ZJY-1 16S rRNA 5 _ _ _
99% 16S rRNA 6 VP _ _ _
Pectobacterium carotovorum subsp. 7 _ _ _
carotovorum MEGA 5.1 ] o o o
Neighbor-Joining 9 _ _ _
GZDF2 GZDF3 GZDF4 10 2% NaCl N N .
(Brevibacillus brevis) GZDF3 0 el B B _
( 5) GZDF2

12 7% NaCl - - -
GZDF3 GZDF4 16StRNA

GZDF2 GZDF4

13 10% NaCl - - -

14 pHS5.5 + + +
GZDF2 GZDF4 GZDF3 2
15 pH 6.8 + + +
GZDF2 GZDF3 GZDF4 16S rRNA
16 pH 9.0 + + +
GenBank -
KP137561 KPI137562 KP137563 Note: +: Positive reaction; —: Negative reaction.
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59

—— GZDF4 (KP137563)
Brevibacillus brevis strain ZJY-1 (AY897210.2)
75 GZDF2 (KP137561)

100 Brevibacillus brevis strain FM4B (HQ585418.1)
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Brevibacillus brevis strain YJ009 (DQ444284.1)
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99_: Bacillus subtilis strain ATCC 6051 (JF749278.1)

88 Bacillus subtilis subsp. spizizenii strain ATCC 6633 (NR 112049.1)

— Bacillus pumilus strain ATCC 7061 (AY876289.1)

90— Bacillus pumilus SAFR-032 (AY167879.1)

Bacillus cereus ATCC 14579 (NR 074540.1)

Bacillus cereus strain CCM 2010 (NR 115714.1)
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Bacillus thuringiensis strain IN110 (KF150394.1)

Bacillus thuringiensis strain GL88 (HF545324.1)

— Bacillus megaterium strain ATCC 14581 (NR 117473.1)

87— Bacillus megaterium strain DSM 32 (NR 118962.1)

Pectobacterium carotovorum subsp. carotovorum strain ATCC 15713 (U80197.1)

5 3 BRFERZEE 16S rRNA £ E F5 i (i
Figure 5 Phylogenetic tree of three strains antagonistic bacterial based on sequences of 16S rRNA gene

16S rRNA GenBank

500

Note: The numbers in parentheses represent the accession numbers in the GenBank for the 16S rRNA gene sequences of these strains; The
numbers in the branching points are bootstrap values (expressed as percentages of 500 replications).
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GZDF4 100599
7
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grB  rpoB GZDF2
GZDF3 GZDF4 (Brevibacillus
brevis)
3R
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GB03 MB1600 QST713
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85 Bacillus thuringiensis strain ATCC 10792 (FR850503.1)
100 Bacillus thuringiensis strain UTM113 (KF952581.1)
100 Bacillus thuringiensis strain TARI-AR26 (KJ474965.1)
99 Bacillus cereus strain BGSC 6A17 (EF210251.1)
99| 1 Bucillus cereus strain ATCC 14579 (AB190226.1)

100 Bacillus megaterium strain ACCC 10245 (EU711066.1)
66 4@ Bacillus megaterium strain ATCC 14581 (JN575335.1)
Bacillus megaterium strain 899 (JN575334.1)
100 Bacillus pumilus strain ATCC 14884 (KC895462.1)
4@ Bacillus pumilus strain ATCC 7061* (KF194263.1)
99 Bacillus pumilus strain ATCC 7061 (JN575338.1)
—— Bacillus amyloliquefaciens strain ATCC 21770 (DQ309311.1)
99 Bacillus amyloliquefaciens strain ATCC 15841 (DQ309310.1)
95 L Bacillus amyloliquefaciens strain ATCC 21556 (DQ309308.1)
Bacillus subtilis subsp. spizizenii strain BCRC10447 (DQ309301.1)
100 Bacillus subtilis subsp. subtilis strain 15514 (KF224960.1)
99 Bacillus subtilis strain 5719 st (KF194265.1)
97 Bacillus subtilis strain BCRC 17443 (DQ309322.1)
Bacillus subtilis strain ATCC 21332 (HQ844067.1)
Brevibacillus brevis strain x23 (NZ_AKYF01000001)
100 Brevibacillus brevis strain GLX (JK200029)
76 Brevibacillus brevis strain 100599 (AP008955)
7 GZDF3 (KP137562)
87 GZDF4 (KP137563)

GZDF2 (KP137561)
Burkholderia cepacia strain LMG1222 (AY996867.1)

6 3 HREEFHRTE gyrB EEFYIE LR
Figure 6 Phylogenetic tree of three strains Brevibacillus brevis based on sequences of gyrB
gyrB GenBank 500 .

Note: The numbers in parentheses represent the accession numbers in the GenBank for the gyrB gene sequences of these strains; The
numbers in the branching points are bootstrap values (expressed as percentages of 500 replications).

g7 ——— GZDF3 (KP137562)
GZDF2 (KP137561)
%0 L GZDF4 (KP137563)
99 g Brevibacillus brevis NBRC 100599 (AP008955.1)
—:Baciﬂus thuringiensis strain IMSNU 12092 (AY169539.1)
26 Bacillus thuringiensis strain KCTC 1509 (AY169531.1)
—: Bacillus amyloliquefaciens strain 3EC6B3 (EF015371.1)
99 Bacillus amyloliquefaciens strain SV 2-7 (EU137649.1)
63 Bacillus subtilis isolate NAF4 (AF458687.1)
455|:Bacillus subtilis subsp. subtilis (EU057603.1)
Bacillus subtilis subsp. subtilis strain 1A-2 (EF015382.1)

Pseudomonas fluorescens strain PS60 (GQ351555.1)

7 3 HRIEFESFRATE rpoB Y LAY
Figure 7 Phylogenetic tree of three strains Brevibacillus brevis based on sequences of rpoB
rpoB GenBank 500 .

Note: The numbers in parentheses represent the accession numbers in the GenBank for the rpoB gene sequences of these strains; The
numbers in the branching points are bootstrap values (expressed as percentages of 500 replications).

(EPA) GBO03 RB14 NB22 Rhizoctonia solani
MB1600 Fusarium oxysporum Pseudomonas solancearum
FZB24
QST713
Asaka 124 Bacillus subtilis Bacillus subtilis B916
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