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Screening and inhibitory effect of antagonistic endophytic bacteria
associated with soybean root nodules against Magnaporthe grisea

ZHAO Long-Fei’ XU Ya-Jun PENG Ding-Hua ZHAO Rui-Ying
CHEN Le-Le LIU Bei-Bei

(Henan Province Key Laboratory of Plant-Microbe Interactions, Technology Team of Endophytic Microbial Resources
Research, College of Life Sciences, Shanggiu Normal University, Shanggiu, Henan 476000, China)

Abstract: [Objective] Strains were screened from endophytic resources of soybean root nodules in
Henan province against Magnaporthe grisea, and researched its inhibitory effect in order to provide
the species resources for further study inhibitory mechanism. [Methods] Taking Magnaporthe grisea
as tested pathogens, the endophytic bacteria were characterized by antagonistic tests with confront
method, the phytopathogen hyphae were analyzed by microscopic observations, the obvious features
of antagonistic strains were determinated by cell morphological observation, physical and
biochemistry characteristics, 16S rRNA gene sequencing, phylogenic analysis and biological control
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effect tests. [Results] A total of 17 strains have obvious antagonitic effect by secondary screening,
the highest inhibition rate reach 62.16%. Results of microscopic analysis on pathogen hyphae
showed that hyphae appear bend knot, fracture, protoplasm concentration, deformity and so on.
Interestingly, endophytes rapidly grew to form biofilms on plate during antagonitic screening, and
embed hyphae and make it break. Combined with the colony characteristics, physical and
biochemistry characteristics and phylogenetic analysis, antagonistic strains were distributed in seven
genera and nine species, so antagonistic endophytic bacteria against rice blast possessed species
diversity. Control effect tests suggested that rice seedlings incidence and disease index of treatment
group with endophytes are significantly lower, biological control efficiency reach up to 74.19%.
[Conclusion] Diverse strains were screened from endophytic resources of soybean root nodules
against Magnaporthe grisea, rice seedlings incidence and disease index of treatment group with
endophytes are significantly lower, biological control efficiency reach significant, it provided species
resources for further study inhibitory mechanism.

Keywords: Soybean, Magnaporthe grisea, Endophytic bacteria, Antagonistic effect, Biological
control
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1.2 AEEVTE P, 10 pmol/L 1 pL Pg 10 pmol/L
PDA 1 L DNA 2 uL  ddH,0 21 pL
28 °C 3-5d 94 °C 5min 94 °C 1 min 55 °C 1 min 72 °C
( 5 mm) 2 min 36 72 °C 10 min PCR
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1.6 16S rRNA £ [F 18 & i F 1) 6 d 36%
50 pL B3] 2xTaq Master Mix 30 1 16 45%
(0.1 U/uL Tag DNA polymerase 3 mmol/L MgCl, DD160 DD266 DD299
0.4 mmol/L dNTPs 2x PCR )25 L 58.82%
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E1 REEKMNEERBREERER
Figure 1 Inhibitory effect of endophytic bacteria against Magnaporthe griseaas
A B DDI160 C DD266 D DDI192
Note: A: Colony of comparison; B: Inhibitory effects of DD160; C: Inhibitory effects of DD266; D: Inhibitory effects of DD192.

F 1 EMRHRE NG 1R BRI L5 R

Table 1 Primary screening results of the inhibitory effects of endophytic bacteria on Magnaporthe grisea

1 2 3
Strains Inhibitory ratio' (%) Inhibitory ratio® (%) Inhibitory ratio® (%)
CK - - -
DDI160 38.09+0.01C 50.00+0.03A 58.82+0.01A
DD266 38.09+0.03C 50.00+0.02A 58.82+0.01A
DD299 33.33+0.01D 46.15+0.01B 58.82+0.01A
DD159 33.33+0.02D 46.15+0.01B 55.80+0.01B
DD222 38.88+0.01B 50.00+0.03A 52.00+£0.01C
DDI192 33.33£0.01D 45.45+0.01D 52.00+£0.02C
DD232 33.33+0.01D 45.45+0.01D 52.00+0.01C
DD290 0.00::0.00L 40.74+0.01F 48.48+£0.01D
DD260 23.80+0.011 40.74+0.03F 48.48+£0.01D
DD303 19.04+0.01J 37.03+0.01G 48.48+£0.01D
DD272 23.80+0.011 37.03£0.01G 48.48+0.02D
DD291 0.000.00L 40.74+0.01F 48.48+0.01D
DD201 33.33+0.01D 45.45+0.01D 48.00+0.01E
DD72 53.84+0.01A 45.83+0.01C 46.77+0.01F
DD235 28.57+0.01E 33.33+0.011 45.45£0.01G
DD281 19.04+0.01J 33.33+0.021 45.45+£0.01G
DD324 0.000.00L 42.42+0.01E 44.44+0.01H
DD234 0.00:0.00L 0.00+£0.00N 44.00+0.011
DD261 27.77+0.01G 36.36:0.01H 44.00-+0.031
DD298 19.04+0.01J 37.03+0.01G 42.42+0.01]
DD252 19.04+0.01J 29.62+0.01K 42.42+0.017
DD270 9.52+0.01K 29.62+0.02K 42.42+0.017
DD300 9.52+0.01K 33.33+0.011 42.42+0.017
DD319 25.64+0.01H 33.33+0.011 41.93£0.01K
DDI161 25.64+0.01H 31.25+0.017 40.32+0.01L
DD198 27.77+0.01G 36.36+0.01H 40.00+0.01M
DD307 9.52+0.01K 29.62+0.01K 39.39+0.01N
DD268 0.00::0.00L 33.33+0.011 39.39+0.01N
DD304 28.20£0.01F 27.08+0.01L 38.70£0.010
DD210 0.00:0.00L 24.00+0.03N 36.66=0.01P
! 72h 2 96 h } 120 h - . +

P<0.01

Note : ': Inhibition rate after inoculation for 72 hours;z: Inhibition rate after inoculation for 96 hours; 3. Inhibition rate after inoculation for
120 hours. Data are X =S in table, different letters behind data in the same column show significant difference at P<0.01 level.
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22 RNERREKETF 2
30 ( 2A)
28 °C 120 h DD160
2 17 46% ( 2B a)
DDI60 DD266 DD299 DD266
62.16% ( 2C b ¢) DD299
23 EYMFEREERLMEHMUES ( 2D d
¢) DDI92

x2 EHNBERENFERAERSER

Table 2 Secondary screening results of the inhibitory effects of endophytic bacteria on Magnaporthe grisea

1 2 3 . 1 2 3
Strain Inhibitory ratio'  Inhibitory ratio®  Inhibitory ratio® Strain Inhiblitory Inhibitory ratio®  Inhibitory ratio®
(%0) (o) (%0) : ratio” (%) (%) (%)
DD160  36.47£0.01A 42.424+0.01B 62.16+0.01A : DD201 22.01+0.03H 31.31+0.011 52.77+0.01F
DD266  27.77+0.01C 41.24+0.01C 62.16£0.01A | DD272 20.13+0.011 29.03+0.01M 50.72+0.01G
DD299  25.69+0.01D 36.02+0.01E 62.16+0.01A | DD72 20.75+0.02K 25.25+0.01P 50.12+0.01H
DD159  29.16+0.01B 43.50+0.01A 60.22+0.01C DD235 23.61+0.01F 31.72+0.01G 50.09+0.01H
DD192  18.05+0.0IN 37.09+0.01D 60.34+0.01B : DD281 21.52+0.011 32.25+0.01F 50.03+0.01T
DD232  20.83+0.01J 32.2540.01F 59.45+0.01D ' DD324 19.44+0.01M 26.55+0.0IN 47.2240.01J
DD290  22.22+0.01G 30.10+0.01K 5335£0.01E | DD234 14.58+0.010 29.56+0.01L 47.2240.01J
DD260  21.52+0.011 31.63+0.01H 53.33+0.01E DD261 13.19+0.01P 30.64+0.01J 46.26+0.01K
DD303  24.30+0.01E 25.92+0.010 53.33+0.01E : CK - - =
! 72h 37em ? 96 h 48cm ° 120 h
6.2 cm + P<0.01

Note : ': Inhibition rate after inoculation for 72 hours, control colony diameter is 3.7 cm; % Inhibition rate after inoculation for 96 hours,
control colony diameter is 4.8 cm; 3. Inhibition rate after inoculation for 120 hours, control colony diameter is 6.2 cm. Data are X =S in table,
different letters behind data in the same column show significant difference at P<0.01 level.

B2 XEREAEENEEFRENERER
Figure 2 Antagonistic effects of endophytic bacteria from soybean nodules against Magnaporthe grisea
A B DDI160 C DD266 D DD299 E
DD192 F DDI159

Note: A: Normal hyphae; B: Hyphae showed nodules shape after inoculated with DD160; C: Hyphae were buried with biofilm formed by
DD266; D: Hyphae become fractures under treatment with DD299; E: Hyphae become deformity, bending and knot under treatment with
DD192; F: Hyphal tips become sphere due to protoplasm concentration and fractures under treatment with DD159.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1003

( 2E f) DDI59 V-P DD290 L-
( 2F g h i j) DD290 DD303 DD266 D-
24 NEEMEKRMESRERES IFE DD160 DD201
52% 10 DD232 DD290 DD299
3 DD201  DD290
D- DD290 DD303

®3 THEERRIE LT

Table 3 Physiological and biochemical characteristics of antagonistic strains

Physiological and DD160 DD201 DD232 DD290 DD299 DD303 DDI192 DDI159 DD266 DD260
biochemical characteristics

+ + + + + + + + + +
Catalase test
V-P
+ + + = + + + + + +
V-P test
D-
3 4 4 3 4 4 4 3 4 4
D-glucose acid yield
L-
— — — + — + - — + —
L-arab sugar acid yield
D-
- + + + + + + + + +
D-mannitol
= 4 4 3 4 = = = = =
Xylose
+ + + + + + + + + +
Broth (pH 5.0)
+ — + - + + + + + +
Amylase
= = = 3 = 4 4 = = =
Phenylalanine deaminase
+ — — — + + + + - —
Lecithinase
) + — - + + + - + + +
Nitrate reductase
+ + - + + + - + + -
Casein decomposition
+ — — — + + - + + +
Citrate utilization
+ — - - + + + + + +
Tyrosine hydrolysate
Morphology Rod Rod Rod rod Rod Rod Rod Shortrod Rod  Short rod
1x(3-4) (1.0-1.2)x (0.5-1.0)x (1.0-1.2)x (1.0-1.2)x (0.5-1.0)x 1x (0.6-1.1)x 1x  (0.3-1.0)x
Strain size (um) 3-5) (1.5-4.0) (2.5-5.0) (2.6-6.5) (1-3) 4-6) (1.2-1.5) (3-4) (0.6-1.2)
. G G G G G G G G G G
Gram stain
+ - - - + - + - - -

Spore forming
Note: +: Positive; —: Negative.
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DD192 DD160 DD299 (
DD30 DDI192 DDI159 3) ( 4 3
DD201 DD232 DDI92 7 9 DD201
DD232 DDI192 DD232 DD290 I
DD260 (Pseudomonas)
DD201 DD232 P. monteilii CIP
DDI159  DD260 (0.3-1.1) pm x 1048337 99.5%
(0.6-1.5) um DD290  P. migulae CIP 105470"
(0.5-1.2) umx(1.0-6.5) pum 99.2%
DD160 DD299 DDI192 DD232 DD201 (P.
monteilii) DD290 (P. migulae)
2.5 WAEFREHERA 16S rRNA £[E PCR 4 1# DD266 11
RAGRE DN (Enterobacter) (E.
529 16S :RNA  cloacae) ATCC 10347
PCR 1 500 bp 99.0% DD266
'&'

99, DD232 (KR822275)
931DD201 (KF843717)

591 Pseudomonas oryzihabitans AM1568" (D84004
99t Pseudomonas putidabiovar ADSM291" (27666
Pseudomonas monteilii CIP104833" (AF064458) Branch [
Pseudomonas taiwanensis CMS' (EU103629) Pseud
Pseudomonas agarici LMG2112" (276652) seudonionds
DD290 (KR822273)

Pseudomonas migulae CIP105470" (AF074383)

98 - Pseudomonas arsenicoxydans VC-1" (FN645213)
TTL Pseudomonas veronii CIP104663T (AF064460)
100 DD266 (KR822277) -
100 Enterobacter cloacae ATCC10347" (AJ251469) Branch 11
81|— Enterobacter nimipressuralis LMG10245" (296077)
61t Enterobacter cancerogenus LMG2693" (296078) Enterobacter
Enterobacteraerogenes NCTC10006" (AJ251468)
100 %61)112(360(;[)2'04%31%59 )maltophilia D299 (KJ499779) } Branch II1
95,Ochrobactrum lupini LMG227226 (AY457038) Stenotrophomonas
i B‘I){chrozactrum cytisi Ili)sgl{/; l(%\élly?%fl;\j[))l 14402) } Branch [V
chrobactrum tritici .-
100 DD303 (KR822274) Ochrobactrumlupini
100, Agrobacterium tumefaciens LM6-1 (KM884893) Branch V
DD260 (KR822276 j
L0g 200 Bl megat)erium JBS-4 (KM675966) Agrobacterium
100, Bacillus cereus DD28 (K1596324) Bacill
100 DD159 (KR822270) . actitus
1007 Brevibacillus reuszeri DSM9887" (AB112715)
DD160 (KR822271) . Branch VII
89% Brevibacillus choshinensis DSM9887" (AB112713) o
55| Brevibacillus brevis DSM30T (AB101593) Brevibacillus

Brevibacillus formosus DSM8552" (AB112712)
3 ETF 16S rRNA £2FFIIMENARZ R B LH
Figure 3 The phylogenetic tree based on 16S rRNA gene sequence by Neighbor-Joining method
16S rRNA GenBank ( 1 000
) 100 1

Note: The numbers in parentheses represent the accession numbers in the GenBank for the 16S rRNA gene sequences of those reference
strains and screened strains. The numbers in the branching points are bootstrap values (expressed as percentages of 1 000 replications; only
values above 50% are shown). The scale bar indicates 0.01 substitutions one percent nucleotide position with their 16S rRNA gene
sequences.
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x4 MFERRIELRIES 7

Table 4 Homology analysis of the tested strains

Strain Genus affiliation GenBank accession number The most closest match Similarity (%)
DD160 KR822271 99.0
Brevibacillus B. brevisDSM 30" (AB101593)
DD201 KF843717 99.5
Pseudomonas P. monteilii CIP104833" (AF064458)
DD232 KR822275 99.5
Pseudomonas P. monteilii CIP104833" (AF064458)
DD290 KR822273 99.2
Pseudomonas P. migulae CIP105470" (AF074383)
DD299 KJ499779 100
Stenotrophomonas S. maltophilia (KJ499779)
DD303 KR822274 98.2
Ochrobactrum 0. tritici DSM13340" (AM114402)
DD192 KR822272 100
Bacillus B. megaterium JBS-4 (KM675966)
DD159 KR822270 99.9
Bacillus B. cereus DD28 (KJ596324)
DD266 KR822277 99.0
Enterobacter E. cloacae ATCC10347" (AJ251469)
DD260 KR822276 100
Agrobacterium A. tumefaciens LM6-1 (KM884893)
(E. cloacae) DD299 DD192 (B.
11 megaterium) DD159 B. cereus
(Stenotrophomonas) DD28 99.9%
S. maltophilia D299 DD159
100% DD299 (B. cereus) DDI160
(S. maltophilia) VI (Brevibacillus)
DD303 I\ B. brevis DSM30" 99%
(Ochrobactrum) O. tritici DD160
DSM13340" 98.2% (B. brevis)
DD303 2.6 HERRFEIER E E KA R R R
(O. tritici) DD260 \Y 10d
(Agrobacterium)
(A. tumefaciens LM6-1) 72.24%
100%
DD260 (A. 5 DD160
tumefaciens) DD192 DDI159 DD266 DD299
VI (Bacillus) DD192 30%
B. megaterium JBS-4 20% 66% 14d
100% DD160
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*5 FEMALEEERE DWEBRRIMGEER (Iturin Ay)
Table S The cor}trol e.fﬁc1ency of antagonl.stlc endophyic Kanjanamaneesathian [18]
bacteria against Magnaporthe grisea
Bacillus megaterium
Strains Incidence rate (%) Disease index Control efficacy (%)
CK 72.24+0.01A 51.30+0.02A -
DD160 21.23+0.03B 13.24+£0.01B 74.19+0.01A 9]
DD266 23.01+0.01C 15.23+0.01C 70.31+£0.03B
DD299  28.15+0.01D 17.36:0.01D 66.16+£0.02C (Bacillus subtilis)
DDI59 30.14+0.01E  20.61+0.01E  59.82+0.01D 1.4-B- 3.
DD192 32.68+0.01F 21.55+0.01F 57.99+0.01E ’
DD232 35.33+0.01G 22.25+0.01G 56.63+0.01F
DD290  36.27+0.01H 23.38+0.01H 54.4240.01G (Bacillus cereus)
DD260 38.11+0.011 24.42+0.011 52.40+0.02H [20]
DD303  40.92+0.01J 25.10£0.01J 51.07+0.011 d Ix [21]
DD201  41.36£0.01K  2523+0.01K  50.82+0.01] Lodewyc
N [22]
P<0.01 .
Note: The data are mean X =+S. Different letters behind data in the . . .
same column show significant difference at P<0.01 level. (B. |ICheI’lIfOI’mIS) ( )
(23] DD201 DD232 DD290
Pseudomonas
P<0.01 ( )
(Pyoluteoin)
. y
3 g (2,4-Diacetylphloroglucinol)
3.1 FEMEMMERERRR N N
EA105 90%
18 21% 76%
6.6% 4 30% HCN 33%
7 9
Jha @I Pseudomonas pseudoalcaligenes
DD160 (Brevibacillus brevis)
[15]
Leelasuphakul [16]
DD299

(S. maltophilia) Jha 2

DD192 DDI59
(Bacillus) [17]
(Bacillus megaterium)
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