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Identification of an endophytic actinomyce OsiRt-1 isolated from
rice and its effect against rice blast disease

WANG Zhen-Zhen' XU Ting' YUAN Shan-Shan' LIAO Hong-Dong' YANG Yuan-Zhu®
ZENG Xia-Dong' LIYan' HU Xiao-Chun® LIU Qian' ZENG Jia-Rui'
ZHU Yong-Hua'" LIU Xuan-Ming'"

(1. Hunan Province Key Laboratory of Plant Functional Genomics and Developmental Regulation, College of Biology,
Hunan University, Changsha, Hunan 410082, China)
(2. Yahua Seeds Science Research Institute, Changsha, Hunan 410119, China)

Abstract: [Objective] To isolate, screen and identify rice endophytic actinomyces with antagonistic
activity against rice blast pathogen, to evaluate the disease control effect of the selected antagonist
and to study its potential antagonistic mechanism. [Methods] We used 4 isolation media to isolate
endophytic actinomycetes from surface sterilized rice. Using dual culture assay, we screened the
strain with antagonistic activity and identified it by morphological, physiological and biochemical
characteristics and 16S rRNA gene sequence analysis. We observed the effect of the antagonist on
the hyphae of pathogen under scanning electron microscopy and tested the in vitro antagonistic
activity of fermentation broth by growth rate method. In field condition, we evaluated the disease
control efficiency after spraying the antagonist spore solution on rice. Meanwhile, we analyzed
enzymes and secondary metabolites production of the antagonist, and amplified its polyketide
synthases (PKS II) and nonribosomal peptide synthetases (NRPS) genes. [Results] From 1 800 rice
samples, a total of 117 endophytic actinomycetes were isolated, among which, OsiRt-1 exhibited
remarkable antagonistic activity. OsiRt-1 was identified as Streptomyces misionensis. The pathogen
Magnaporthe oryzae treated by OsiRt-1 revealed significant morphological alterations in hyphe and
its mycelial growth was inhibited by culture filtrates of OsiRt-1 with a percent of 28.06%. In field
condition, OsiRt-1 spore solution could reduce seedling blast severity by 7.76%, panicle blast disease
severity by 25.65% and lose rate by 17.46%. The separation rate of OsiRt-1 from above-ground
portion of rice treated with OsiRt-1 is higher than the not treated ones. Besides, OsiRt-1 is positive
for PKSII and NRPS genes and can produce cellulase, protease, siderophore, IAA and ACC
deaminase. [Conclusion] Endophytic Streptomyces misionensis OsiRt-1 has the application potential
in agriculture as a biocontrol agent against rice blast disease.
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Figure 1 Antagonism of OsiRt-1 against M. oryzae

A PDA RB3  OsiRt-1
RB3 10d B RB3
OsiRt-1 RB3 C OsiRt-1
3 RB3 Guyll 62

Note: A: M. oryzae RB3 grown on PDA was not exposed or
exposed to OsiRt-1; B: The corresponding hyphae structure
observed by scanning electron microscopy; C: Inhibition
percentage of three different physiological races of M. oryzae (RB3,
Guyl1 and 62) by OsiRt-1. Error bars indicate standard error.
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Figure 2 Growth condition of OsiRt-1 at different
incubation time and its antifungal activity
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Figure 3 The control efficiency of OsiRt-1 on seedling blast in field

10 20 OsiRt-1
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Note: A: Disease index of seedling blast at 30 d after sowing; B: The rate of OsiRt-1 in actinomycetes isolated from root and above-ground
portion of 30 d rice. Control: Rice was not treated with OsiRt-1; Treatment: OsiRt-1 spore suspensions were sprayed on the leaf of rice at

10 and 20 d. The error bars are the standard errors.

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



OsiRt-1 1015

A B
90 (76.22+11.51 mm Discase index 4( == Root
80 = Lose rate 35 28:é ﬁtgo(\;g-ground SEEESLT
70f 57.67+8.14 SR i
S Uk 461466 g 2sf
< s0f I pO-J29.92  C 18.5241.48
30} § 15
20} g 10
10t 5t
0 0 0.00
Control Treatment Control Treatment
4 OsiRt-1 X/KFERREFIBEAIEHR
Figure 4 The control efficiency of OsiRt-1 on panicle blast in field
A 110 d OsiRt-1 B OsiRt-1
. Control Treatment 10 20 50 80d OsiRt-1

Note: A: Disease index of panicle blast and lose rate at 110 d after sowing; B: The rate of OsiRt-1 in actinomycetes isolated from root and
above-ground portion of 110 d rice. Control: Rice was not treated with OsiRt-1; Treatment: OsiRt-1 spore suspensions were sprayed on the
leaf of rice at 10, 20, 50 and 80 d. The error bars are the standard errors.

g -
s Sl v
Bl 5 OsiRt-1 Ei%. SERELZREFHEMESHE
Figure 5 Morphology of colony, aerial mycelium and spore chains of OsiRt-1
PDA 14d OsiRt-1. A B C .
Note: OsiRt-1 grown on PDA plate for 14 days. A: Colony; B: Aerial mycelium; C: Spore chains.
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Table 1 Cultural characteristics of OsiRt-1 and
Streptomyces misionensis $1-SC151!
; OsiRt-1
Culture medium OsiRt-1 Streptomyces . .
" misionensis S1-SC15 45°C 25-40°C
ISP2 , 0.5% NaCl OsiRt-1 5%
Aerial mycelium Black brown Grey brown
Substrate mycelium Brownish yellow  Brownish yellow NaCl ( 2
Soluble pi t N N .
spy - Demen one one OsiRt-1 16S rRNA
Aerial mycelium Black brown Terra brown 1 493 ( KU321340) GenBank
Substrate mycelium Black brown Olive brown
Soluble pigment None None BLAST
ISP4
97%
Aerial mycelium Yellow-orange Red brown °
Substrate mycelium Lvory white Grayish yellow (Streptomyces misionensis)
Soluble pigment None None
PDA 99%
Aerial mycelium Black brown Grey brown 6
Substrate mycelium Yellow Grey yellow )
Soluble pigment None None OsiRt-1
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89 |Streptomyces misionensis NRRL B-3230 (EF178678.1)
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96 Streptomyces misionensis PESB 25 (JN869290.1)
| Streptomyces misionensis OsiRt-1 (KU321340)
100 L— Streptomyces misionensis S1-SC15 (AB819392.1)
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91 Streptomyces castaneoglobisporus NBRC 136 (AB184452.2)
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0.002
Bl 6 #J32 OsiRt-1 Y 16S rRNA EFE R4 B
Figure 6 Phylogenetic tree of OsiRt-1 16S rRNA gene sequences
1 000 GenBank 0.002

0.2% 16S rRNA

Note: The bootstrap values (%) presented at the branches were calculated from 1 000 replications; Numbers in parentheses are GenBank
accession numbers; The scale bar 0.002 represents 2 nucleotide substitutions per 1 000 nucleotides.
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Cellulase +
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Note: +: Positive; —: Negative. OsiRt-1
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[28] OsiRt-1
OsiRt-1
OsiRt-1
132]
25.65% 17.46%
331 PKS  NRPS
(28] 263
[29] 5] OsiRt-1 ~ PKSII NRPS
OsiRt-1
53.79%"" OsiRt-1
Streptomyces
misionensis
OsiRt-1 OsiRt-1
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