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Screening and identification of a marine bacterium strain SH-27
against Phytophthora capsici causing pepper phytophthora blight

YANG Ding-Xiang'® LIN Qiao-Ling'** LU Nai-Hui' HE Hong'~ HUANG Yin-Yan'
HUANG Qin-Zhi' CAO Yong-Jun'

(1. College of Agriculture, Guangdong Ocean University, Zhanjiang, Guangdong 524088, China)

(2. Guangdong Agricultural Research and Development Center for Horticulture Technology,
Zhanjiang, Guangdong 524088, China)

Abstract: [Background] Pepper Phytophthora blight, caused by Phytophthora capsici, is one of the
most devastating diseases of pepper growing areas worldwide. Biological control has drawn more and
more attention in recent years for its safety to environment, human and animal. [Objective] To screen
and identify a marine bacterium strain SH-27 against Phytophthora capsici and study its effects on
disease control and growth promotion on pepper. [Methods] Antagonistic marine bacteria were
isolated by serial dilution and dual culture. The effects of controlling disease and growth promotion on
pepper seedlings were studied by using the fermentation broth of strain SH-27. Strain SH-27 was
identified by morphological characteristics, physiological and biochemical tests and 16S rRNA and
gyrd gene sequence analysis. [Results] A total of 142 bacterial isolates were obtained. Among them,
11 strains displayed the antagonistic activity to Phytophthora capsici. Especially strain SH-27 isolated
from corals displayed high antagonistic activity and broad antimicrobial spectrum. Pot tests showed
that the root length, plant height, stem diameter, fresh weight and dry weight of pepper plant treated
with SH-27 fermentation broth were promoted significantly when compared to the control treatment.
The control efficacy of strain SH-27 to pepper phytophthora blight were 70.81%, 66.55% and
48.20% when the pathogens were inoculated after 4, 6 and 9 days respectively. Based on
characteristics in morphology, physiology, biochemistry, 16S rRNA and gyrd gene sequence
analysis, strain SH-27 was identified as Bacillus amyloliquefaciens. [Conclusion] Due to its effects
of disease control and growth promotion on pepper, strain SH-27 is possible to be further developed
as an excellent strain for microbial fertilizer and fungicide.

Keywords: Phytophthora capsici, Marine bacteria, Disease control and growth promotion, Screen,
Identification
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1 MRSk
11 i
(Diploria strigosa)
(Sargassum hemiphyllum)
(20°85'N—20°95'N  110°54'E—110°65'E)

(Aegiceras corniculatum)

(21°20'N—-21°25'N  109°50'E—109°53'E)
(Phytophthora capsici)

1.2 HikiEHE

NA (g/L) 5.0
10.0 200 pH7.5
(g/L) 50.0
20.0 pH
PDA (g/L)
200.0 20.0 20.0 pH
BPY (g/L) 5.0
10.0 10.0 5.0 5.0
pH 7.5
10% V8 (g/L)
V8 100.0 CaCO;1.0 pH
1x10° Pa 30 min

1.3 FEEGIFNER

V8 (
Campbelli) 50%
PCR
TaKaRa

PCR Bio-Rad
1.4 HEERAEMEMME . SEREMEEFE
HE D E

[12]

100 g
90 mL
28 °C 140 r/min 30 min
NA 37 °C
3-5d
1.5 fEIEHKIFL
[12]
1.6 {EIMEHKIEIENE
PDA
6.0 mm
1.5ecm 27°C 5-7d
3

1.7 SH-27 EHRX = R BERHE L (E R RVE

(@=20 cm)
( 6 ) 6
30 mL SH-27 (BPY
28 °C 180 r/min 18-24 h
1.0x10® CFU/mL)
30 mL BPY
5 3 20d [11]
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16S rRNA  gyrd
2/3 GenBank
BLAST ClustalX MEGA 5.0
1.8 SH-27 E#Hk*T=E A ZRKFREE R ARSI E
(®=20 cm) 1.10 HIFEAIE
( 6 ) 6 Excel 2003 SPSS
SH-27 30 mL ( ) 17.0
24 h 20 mL | 2 %%55}%
(10% V8 28 °C 100 r/min 21 EEEE AR
96 h) ( )
30 mL BPY 24 h
30 mL
50% 1 000
24h 142 62
28 °C 40
5 3 4 6 9d NA 4 °C
[13]
[14] 2.2 EMEKIFIE
1.9 SH-27 BH#REE 142
1.9.1 BHAEA. $HEVERAEIBE LIRFRNE 32
13l 2 15
1.9.2 ¥k 16S rRNA EEF gyrd EEFFI5H7 15 32
ctaB ! DNA  27F 11
(5-AGAGTTTGATCCTGGCTCAG-3')  1504R (5" 5.51 mm—11.83 mm
AAGGAGGTGATCCAGCCGCA-3') (1 SH-27
16S rRNA ayrd 11.83 mm
gyrA-F (5-CAGTCAGGAAATGCGTACGTCCTT-3)) 2.3 FEdEMEI LN E
gyrd-R (5'-CAAGGTAATGCTCCAGGCATTGC 1
T-3) PCR (25 L) DNA ( (2
50.0 mg/mL) 1.0 pL (10 pmol/L) HS-13 HS-14 HS-22 HZ-14 7

2.0 uL  10xPCR buffer 2.5 uL  dNTPs (2.5 mmol)

2.0 uL Tag (5U/uL) 0.2 uL ddH,O

25 uL 95°C5min 94°C1min 53°C

Imin 72°C1min40s 30 72 °C 10 min
1% 16S

rRNA  gyrd PCR

SH-27

22 mm
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Table 1
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Inhibitory activity against Phytophthora capsici
by marine bacteria

Inhibition zones

Strains Resource (i)
HS-6 Aegiceras corniculatum 5.54+0.26
HS-13 Aegiceras corniculatum 5.86+0.09
HS-14 Aegiceras corniculatum 6.62+0.12
HS-22 Aegiceras corniculatum 5.51+0.15
HS-30 Aegiceras corniculatum 6.07£0.16
HS-38 Aegiceras corniculatum 6.80+£0.21
HS-42 Aegiceras corniculatum 8.15+0.22
HZ-6 Sargassum hemiphyllum 5.52+0.23
HZ-14 Sargassum hemiphyllum -
HZ-30 Sargassum hemiphyllum 6.18+0.12
SH-27 Diploria strigosa 11.83+0.11

Note: —: No inhibitory effect.

=2

BinEwR R ENEERNESR

Table 2 Antagonisms against plant pathogenic fungi

SH-27

2.4 SH-27 EHITERNZRFRMIREER AN
ELE
( 3) SH-27

3090cm 24.60cm  4.03 mm

995g/ 1.03g BPY
31.71% 32.05% 17.15% 49.85% 51.47%

48.99% 40.97% 34.33% 72.15%
56.06%

Inhibition zones (mm)

gl Phytophthora  Phytophthora Phytophthora Phytophthora Fusarium. Fusarium. Aspergillus  Calletotrichum
. . . . oxysporum f. sp.  oxysporum f. sp. .
sojae infestans colocasiae  nicotianae . niger musae
niveum cubense

HS-6 24.11+0.15 26.28+0.22  21.95+0.16 21.61+0.21 20.03+0.12 23.01£0.26 21.19£0.25 24.79+0.19
HS-13  26.62+0.17 17.22+0.23  10.26+0.06 21.12+0.23 21.59+0.25 20.31+0.09 - 24.10+0.22
HS-14  24.41+0.13 24.01+0.21  22.98+0.22 = - 20.68+0.12 - 16.94+0.09
HS-22  22.2940.12 20.54+0.15  22.26+0.26 = 21.67+0.19 21.38+0.15 = 12.24+0.06
HS-30  24.06+0.16 23.3240.12  20.65+0.23 21.34+0.12 22.12+0.21 21.54+0.16 21.06+0.19 24.38+0.25
HS-38  24.41+0.15 22.34+0.10  18.65+0.09 20.95+0.22 21.34+0.26 22.65+0.21 20.51+0.26 24.16+0.15
HS-42  23.25+0.25 20.13+£0.19  24.33+0.15 20.32+0.21 20.56+0.22 22.98+0.22 20.00+0.10 24.65+0.26
HZ-6 24.40+0.23 19.1240.06  19.92+0.11 21.06+0.25 16.68+0.10 22.02+0.23 20.64+0.23 22.35+0.11
HZ-14  19.67+0.11 19.88+0.11  25.54+0.19 20.38+0.10 17.42+0.09 22.34+0.15 - 21.36+0.16
HZ-30 23.23+0.14 26.36+0.25  18.77+0.06 22.85+0.15 22.62+0.11 22.45+0.12 21.62+0.15 25.03+0.19
SH-27  27.17+0.15 28.26+0.22  27.98+0.25 23.64+0.26 23.25+0.23 23.36+0.11 22.31+0.21 25.64+0.17
CK - - - - - - - -

Note: —: No inhibitory effect.
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Table 3 Effects of SH-27 fermentation broth on the growth of pepper seedlings

Treatment Root length (cm) Stem length (cm) Stem diameter (mm)  Fresh weight (g)  Dry weight (g)
SH-27 fermentation broth 30.90+0.47¢ 24.60+0.10c 4.03+0.01c 9.95+0.27¢ 1.03+0.05¢
BPY (CK1) 23.46+0.14b 18.63£0.13b 3.44+0.05b 6.64+0.85b 0.68+0.04a
Water (CK2) 20.74+0.33a 17.45+0.05a 3.00+0.01a 5.78+0.58a 0.66+0.06a
P<0.05

Note: Lowercase letters are significantly at 0.05 probability level of the different treatments.

2.5 SH-27 Bk EAZHEMBEFNRE 2.6 SH27 BHRHEE

MR 2.6.1 TE7SHFE
SH-27 ( 1) SH-27 NA
( 4
BPY
4 6 9d
70.81% 66.55%  48.20% 2.6.2 EIEHE{4FME
50% 1 000 (95 SH-27
BPY
H,S

15-45°C  pH 5.7
8.0% NaCl
[15]

(Bacillus amyloliquefaciens)

R4 SH-27 Btk & BERX AR ERE R R BA MR
Table 4 The control efficacy of SH-27 fermentation broth to the Phytophthora blight of pepper seedlings

4d 6d 9d
Treatments
Disease index Control efficacy (%) Disease index Control efficacy (%) Disease index Control efficacy (%)
SH-27 fermentation broth 9.00 70.81 19.40 66.55 52.10 48.20
Dimethomorph 50% WP 5.30 93.39 12.96 87.04 14.64 73.42
BPY (CK1) 27.24 - 56.55 - 97.55 -
Water (CK2) 27.55 = 57.23 = 100.00 =

Note: —: No inhibitory effect.
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SH-27 (
JN999865) 99.9%
SH-27 gyrd 935 bp
(GenBank KX826083) BLAST
GenBank
. T SH-27 (
1 SH-27 BEBEA)UREZREEE®B)
Figure 1 Colony (A) and gram staining (B) of strain KC462185) 99.9%
SH-27 MEGA 5.0 Neighbor-Joining
2.63 &k 165 rRNA 7 gyrd BEEFFINS B% 23 23 SH-27
frizia sl Bacillus amyloliquefacien
SH-27 16S rRNA
1422 bp (GenBank KF984321) BLAST 16STRNA  gyrd SH-27
GenBank (B. amyloliquefaciens)
%5 SH27 EHERE LR R
Table 5 Physiological and biochemical characteristics of strain SH-27
Index Characteristics | Index Characteristics
Nitrate reduction - pH 5.7 Growth in pH 5.7 +
Malonic acid = Citrate utilization =
H,S = Glucose +
Benzpyrole - Sucrose 3
Methyl red = Laevulose 3
V-P A Maltose 3
Starch hydrolysis + D- D-galactose -
Lignocellulose hydrolyzed = D- D-mannose F
Esculin F D- D-xylose -
Gelatin liquefaction ok L- L-sorbose 1=
Catalase 4 L- L-arabinose =
Oxidase = Raffinose
Tryptophan deaminase = Inositol
Phenylalanine deaminase - Creatin -
Glucose produces gas = Sorbic acid -
Glucose produces acid ok Starch +
Anaerobic growth e Glycerinum 3
NaCl (%) 2 + NH,Cl1 =
5 + (NH4)2SO4 +
8 + (NH4),HPO4 +
10 - : NH;NO; +
Growth 10 - ! NaNOs3 4
temperature (°C) 40 + Carbamide +
50 - DL- DL-tianan aspartic acid A
+ _

Note: +: Positive; —: Negative.
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SH-27 (KF984321)

Bacillus amyloliquefaciens A14-3 (AB244428.1)
Bacillus amyloliquefaciens FHIX]15 (KF527203.1)
Bacillus amyloliquefaciens NBRC 15535 (AB325583.1)
Bacillus subtilis TAM 12118T (AB042061.1)
Bacillus licheniformis NCDO 1772 (X60623.1)
Bacillus pumilus DSMZ27 (AY456263.1)
Bacillus cereus 1771 (NCDO) (X55060.1)
63 | Bacillus flexus IFO15715 (AB021185.1)

100 L Buciltus megaterium DSM 32 (X60629.1)

Brevibacillus agri NRRL NRS-1219 (D78454.1)

94
80

93

100

o
0.01

2 ET 16S rRNA EFFFIHER SH-27 B RG L B R
Figure 2 Phylogentic tree based on 16S rRNA gene sequences of strain SH-27
GenBank 0.01 .
Note: The GenBank accession numbers of aligned sequences are shown in the brackets. The bootstrap values are shown at the node. Bar
0.01 means the nucleotide substitution rate of 0.01.

SH-27 (KX826083)
Bacillus amyloliquefaciens NAU B55 (FN652788.1)
Bacillus amyloliquefaciens CWBI1577 (KC462185.1)
100 Bacillus velezensis NRRL B-4257 (EU138594.1)

2 Bacillus sp. NRRL B-23980 (AY663705.1)
Bacillus mojavensis B 0031 (AY599914.1)

— Bacillus subtilis subsp. subtilis KCTC 3239 (AF272023.1)
1001 Bacillus subtilis 126-43 (IX977129.1)
Bacillus licheniformis KCTC 2215 (AF272018.1)

100
94

0.01

3 BT gyra EEFIVIERN SH2T B ARG L EW
Figure 3 Phylogenetic tree based on gyr4 gene sequences of strain SH-27
GenBank 0.01 .
Note: The GenBank accession numbers of aligned sequences are shown in the brackets. The bootstrap values are shown at the node. Bar
0.01 means the nucleotide substitution rate of 0.01.

3 WES® gyrd DNA A
gyrd
16S
rRNA [17] 16STRNA  gyrd
SH-27 16STRNA  gyrd
(B. subtilis) (B. SH-27 (
amyloliquefaciens) IN999865) 16S rRNA
99.9% ( KC462185)
16S rRNA gvrd 99.9%
16S SH-27
rRNA 6] (B. Amyloliquefaciens)
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