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AR PR AT TR A AT R AR B E AR A EER;, AW EAHIE. A A IEFR 16S
RNA KB 52 ot Lt e, dd kA RLE K. 0T~ A RHRITHKE ST K BER
A EN, FIAAIERKRENTZARLBEROG RO, [£R] Fad —tt Re5%7
BEARBHAERGEER 21-1, WA EH 59.5%. RETEFIE. A2 A 4 HEF 16S IRNA
LB FF 54, FiZzEmET A% =545 H (Sreptomyces flavotricini). H 4k 21-1 X Bk 495 47
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Streptomyces strain 21-1: isolation, identification, and activity
against Fusarium graminearum

ZHANG Qiang ', ZHANG Yanru’, SHI Hongli', HUO Yunfeng'

1 School of Resources and Environment, Henan Institute of Science and Technology, Xinxiang 453003,

Henan, China
2 School of Biotechnology, Xinxiang Institute of Engineering, Xinxiang 453700, Henan, China
Abstract: [Background] Fusarium head blight (FHB) caused by Fusarium graminearum has
caused serious economic losses to the wheat industry in China. [Objective] To isolate and
screen out the Streptomyces strains with inhibitory activity on F. graminearum and provide a
theoretical basis for the development and application of biocontrol strains. [Methods] A plate
confrontation experiment was conducted to screen out the strain with antagonistic effects on F.
graminearum. The strain was identified based on morphological, physiological, and biochemical
characteristics and sequence analysis of the 16S rRNA gene. The antagonistic activity of the
fermentation broth was evaluated based on the mycelial growth, conidiation, and germination of
F. graminearum. The biocontrol effect of the fermentation broth was evaluated by an artificial
inoculation experiment. [Results] A Streptomyces strain 21-1 showed antagonistic effect on
F. graminearum, with the inhibition rate of 59.5%, and it was identified as Streptomyces
flavotricini. The fermentation broth of the strain inhibited the mycelial growth, conidiation, and
germination of F. graminearum. Moreover, it decreased the content of soluble protein and
increased the content of malondialdehyde in the mycelia of F. graminearum. Strain 21-1 had the
ability to produce protease and cellulase. The control effect of the 10-fold diluted fermentation
broth of the strain on FHB was 70.1%. In addition, the fermentation broth showed antagonistic
activity against eight plant pathogens. [Conclusion] Strain 21-1 has a promising prospect in the
biocontrol of F. graminearum.
Keywords: Fusarium graminearum; Streptomyces flavotricini; identification; antifungal activity

/N FZ T #5 JE HOR A ik JJ T (Fusarium
graminearum) <5 4 JJ T J& i J5t e A G 5 1Y B
R, R E IR E R R, WERAS
ANFE PR B BT BRI, DN 2R 2
PHED BRAL, kL I 2 A i AU T R )
RGO E M SE 2 M ERGE R, NEEMG
Gy R st B, A7 R TR e
{1 FH 22 DA R TG e R U T T 55 247 700 % /N2 R
BRI AR A R, KR E
2 24 350 2 A1 {955 D BT P B 24 1 B S i o

it FHAE W 516 T BO N SR8 il A T 48 , ZE AR
B /N R e A pe v B EmEAE AT
TE/NETRBE R LE D BB o b, B e 4R
13 Z2 Tt R A ik 0 7B A B VE TG G A= W v
PR, AL 2 J AT 1A (Bacillus spp.) . ik 5 i A
(Pseudomonas spp.). #%% # (Streptomyces spp.)
S50, R A MREAE p 3 B FRAS I ) 2E A
#F 1% (Bacillus amyloliquefaciens) hzq1601 5 £
R PRV T /N 22 R g A — i U8l 24 1 44
Y . B Hb 4% 75 14 (Sreptomyces pratensis) S10 &
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AMEE AL T 44T (Achromobacter  xyl osoxidans)
D09 HREFSINHI AR A R A, IF H AT AR
I/ INZZ 75 B 95 1) R0 28 DR FA v ot 40 5 g 4 0
P AR R U BB A (Sreptomyces
stelliscabiei) 21-6 BN I R A4k T IR 224
KN 8 At B, FFREII il Xt /N2 R 2 B 1)
el

AT ALE B AR AR I AT, JF gt A4
ZRAEYIEEYI BT, XY 75%% A §E
g FTRL, BERR TR AL . TE PR R E
05 T RIS 32 512 Sl AR g LA — it
FE 21-1 WS, W 75 e i TRl
AT T IR R A i ) T A B TS Ve, AT
e B AE Y B iR PR AL RS LA

1 HE5x=

11wy
.11 E#k

HEI G JE B I R R . B A% 1 TR (Alternaria
alternata) . i % JE B (Botryosphaeria
dothidea) . M 4 s JH & (Colletorichum
gloeosporioides) . T K K I 5 4 (Exserohilum
turcicum) . HTA% ] )8 72 F (Diaporthe eres), A4+
Bt 71 B (Fusarium graminearum) . 2 1 8 JJ #
(Fusarium oxysporum) . J= i % JJ 1 (Fusarium
proliferatum) il & K % %t JJ & (Fusarium
pseudograminearum) ) X Y& F i 5 B 4 24 B BE
U555 5 2 BE A Y B2 S A

Bl LRl W RS R
(Sreptomyces flavotricini) 21-1 TV E§44 %7 & T
CET X g% S R L e A 2515 31
1.1.2 EFRE

RS R AL . A B IR (PDA)
FEFRHSZE ORI 610 s RIS IR HS 2 SR 17]
Bo il s 32 ELLT4E R (CMO) B 9 3t | BRI Ry

JYR i 26 4 (Y EPD) S5 52 2 228 SCHR (181 il 5 25 1
ARG ) 35 7R B 22 SCHR[191RC ] 5 21 4 2R W AG
BE SRS SCHR[20] B
1.1.3  EFERFIFANERE

4R 2 DNA 42 U5 £ F1 2xTaq PCR
Mix, REAMRHHEALE)ABRAF; PCR 14
519, A& TAEY TR BRGAERAR; N
[ (malondialdehyde, MDA) & i AG A &, b
MR EPHA R A A R R 0, Tk
R A (R R ARAE . e B,
22 ve Bl SO AR AT FRA A sl B 0oL, 2B
BRI A R A I 28K,
R BRIT A AN WA, |
M RH A BR A F]
1.2 A&
121 HRMREENSBSFIE

2021 4F 2 H T4 8 2 B X s K
R4 438, FEH 10 g H3ERESL, FEIA 90 mL
JCHEZK, 28°C., 180 r/min £51F R4 1 h, SREH
TR K BBRERR I 1072107 A1 107 MR A B I
R RE TR 0.1 mL ¥4 T34 50 pg/mL &
BETRAR I R — 5 A, 28 °CHER 7d, BRBCR
W% T Ja 25

DAR A Bl J) A AR, SR S AROGT IRE 1 7
2, FITCEA 2 2 Pk BRI 4 25 T T AR X B b 78
BE PDA Mol 2.5 cm &b, 25 °Cligs 2d,
FTFHr A EAR 0.5 om IR T I H DE
YRS BESE 3 d HITE IR R,

M2 (%) = (M FEF AR EE H
12)/(Oh BB 7% HA2-0.5)x 100,
1.2.2 EFk21-1 I ELETE

1) JEZ R A B A AL AR 2 8

KRR A bR 21-1 SR T e — 5 5%
FRI, 28 °CHEFF 7 d e X VAL S A TSR, 78
PRIPE 21-1 V&M A TR 3585 A, 10 d 50
SR F T 22 S AT 2R A RHIE . S (L
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LR S RGN ) PN, N
PR 21-1 X BT rops SR I8 i F R 1, IFEJT R
SRR KA. AP S

2) 16S rRNA 3 [K F¢ 51 5 #r

2 BE A0 KL N 2 DNA $2BUR 7 A3 VE Ui
PEHUFRR 21-1 BYEEN 4] DNA, 16S rRNA [
J¥ 4 W) PCR ¥ ¥4 51 ¥ 4 W A 27F
(5-AGAGTTTGATCCTGGCTCAG-3")Fll 1492R
(5'-GGTTACCTTGTTACGACTT-3")**, PCR %
MK Z (50 pl): 2xTaq PCR Mix 25 uL, 27F
(10 umol/L) 2 pL., 1492R (10 pmol/L) 2 uL., DNA
FiHR (100 ng/uL) 1 uL, ddH,O 20 pL., PCR JZ )i
2442 94 °C 3 min; 94°C30s, 57°C 505, 72 °C
1 min, 30 MEFR; 72 °C 5 min, § =8 h 4
TAY) TR )R A FRAA w4l Ay, 4
JPAS 3 16S rRNA FEH 75178 NCBI £5d %
HEAT R EXT, A MEGA 7.0 3R 104845
EHERG LB
1.2.3 HFk 21-1 EBENRARIERLEK
gp=A)

1) kBRI

B2 cm K/NAYTERK 21-1 BHFE T 100 mL
KR FEET, 28 °C. 180 r/min #R IS 5 d.
RIGH R RAE IR T 12 000 r/min #.0
20 min, FEWTFF 0.22 pm AL g o i 22 45
FA, DI SR 21-1 Wik LR,
TR SN RS M

2) X TR A 5

W TAMR 21-1 (9 R IR 4 B 5% AR R LG 5
fbJE ) PDA KiFR3iR A, FrEsR 5B A 5 A
HEN 0.5 cm ARSI ARG, LIINASE &
TG K PDA AR TR, 25 °CHE 3R 3 d Rl
VR AR IETH RS

3) X LZIEAMRE . PRIOR A ST 0B
fif [ 224270 T YEPD 3557 5k, # MR 5% 1A

FEAINATARE 21-1 BRBER , DAUMA S S ICHEK
JyXtHR, 25 °C. 150 r/min JR3% 555 48 h 5 A
B E  22 B2

1.2.4 Bk 21-1 ABBRMRSRIERF~E
REA& RN

1) %7 f B 52 e

7E 30 mL iy CMC }5FR2rh, 705l R 1%
5%H1 10% AT LI A B #E 21-1 BB, FF%
A1 em RANORBIRITEEDE, LA & B
FIALFE M XTBE, 25 °C, 180 r/min JR¥% 5 5% 5 d,
I Bk - ForR o g6 R T S

2) R A R

g CMC 5553 HRAS R AR i ] 961~
FH YEPD KiFR3EMC il 7B I8 (1x10° 4~/mL),
SRR TARR 21-1 B9 RER ST AFE IR 1%, 5%
10% AT H 5 R A i T iR 8 T B2 R A, U
AR BER AL A XTRE, 25 °CL 150 r/min #iz
¥R 120, ARSI R LS O

B 2R (%o)=(FiF 8 & B/ F 50> 100,
1.2.5 Bk 21-1 ABEXNARSEIEIBREE
HREA_ZEES S/

1) % AT M AR BT 1 A ]

K O G-250 BEXF AR TT T# Y
AR R R S R I P PREBOR A Sk U
FUBTEE A 22T YEPD Kigebkrh, M8 1%. 5%
1 10% MR LA I A AR 21-1 LR, LA
AR BER AL A XTI, 25 °CL 150 r/min #iz
Pt R 48 ho WAE AR Ab B S 1) R A8 i 0 T TR 22
0.1 g, illA 2 mL f#) Tri-HCI (0.025 mol/L, pH 6.8)
BEATHTEE L 12 000 r/min B0 15 min, T EL 0.2 mL
FIWEWMA 5 mL % 52 G-250, 1R AT
B 5 min, 7F 595 nm KT IEWIERE . M
RGH Sy s R T Sl S i e

2) X R B R

275 R WO AT 2 1 5 R B2 e
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(5 TR AN TRV RS RS T I 22 0.1 g,
i TN R R 5t B I A B O
N R AT
1.2.6 E#k 21-1 F=RESMEGHE N

FEDAPR 21-1 HERh S8 BRI B R 5 |
28 °CHrFR 5d, MELEATE A L2 L& B R
JIBT AR B R BE ST o TR AR 21-1 R
YRR TR |, 28 °CRi3R 5 dJm, H
0.5%e B2 MR GL 1 h, #H 1 mol/L
() NaCl 7 Mo BRI (i, WS TRV Jol L
B I, R B 2Tk R BE
1.2.7 &k 21-1 MM EFREBHREIBGIENE

T e R 2 e AR DX FH A 736, 76/
Z(AAR 30T AW, 7 R s S R 1
Pk 21-1 TR 10 REFRRR . SO fisFaBRBCRN 100 5
Wi BRI 5T 55 T/ N REER, JFERMAE 1 d.
SRIGHE/NZ R EB 1A/ N EA 10 pL R
BT T B IF (1} 10°4~/mL) , 4kLL AR
2do PATCHIZKNZS FIXTRR, B b FREERR 10 4
ZHE, R ES 3R, A 14 d JEIRA/NER
FRAIRIRTEOL, THRRTETRECIBIERCR . R
T BRI BB ERE GB/T 15769—2011 #4724,
HAKSy: 09, Jois; 19, Wia/NERES A
M) 14 LT 2 %, /RS G /R
1/4-1/2; 3 9%, /N 5 430 /N Y 1/2-3/4;
4 5, R/ INEEEL G AR/ INER I 3/4 DL b

I 15 48 B = Y (85 ™ F X IO e AR <
5 77 B 8 45 R AEL)/ (VR 2 A%l <4) < 1005

B IR RIR (%) = OF B 17 48 B Ab J 15 45
HO/X A 540100,
1.2.8  &E#k 21-1 3 A EwF R & H & 1E R B E

WERAR 21-1 MR BRI S%r RS
PDA ¥EFIEHAG, R HE AR . &
VRIS . ST TR . FORRBERT R . FHAE ]
JESETE | TSR TR | J2 H TR AR A iR )

B, VUISIN& B i PDA S T iR, 25 oChs
7% 35 d Ja i B R

2 EREQM

2.1 E21-1 HARASBRIDBANFERIER

A - SR v A3 B O 4 B TR AR 21-1 BB
R ARSI EREEBENAERK, MEER
59.5%+0.9% (& 1A, 1B)., F|FEF 5T
Tl ] T S T AR 21-1 — 0 () T 78 3h 2 A T
WS, R0y 336 %, IF HAS 0w 22 15
FET=, T RE AL 22 A K I H HLE S 10 i (B
1C. 1D),

1 E# 21-1 HRARDEOMEBR A
ARAHRIT XTI B Bk 21-1 X ARSI IR 945
PUER. C: ROH R H KNSR L NIER L.
D: ARAHII AR 21-1 65 W EZIES
Figure 1 The inhibitory effect of strain 21-1 against
Fusarium graminearum. A: The control of F.
graminearum. B: The antagonistic effect of strain
21-1 against F. graminearum. C: The normal
morphology of hyphae on the edge of colonies of F.

graminearum. D: Mycelial morphology of F.
graminearum with strain 21-1.
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22 BFHR22-1 D RLETELER
221 MAEREBEENIFE

FAR 211 fER IR — SR FAERK 7d )5,
PRTE R T, [UEWZETHE, SNRHZIR
WA, BIMOWE LRI, 21-1 H Ik, 1
2R (K 2) A AR EE R R, T
Pk 21-1 ] LURI BT HARRE S 6 Rl ; Ae2 A
LT R IFFKARVENT 5 ASBEAH 25 W% 356 11 Fn B e
fb; A REZMmAEGEE 1),

2 B2 MEERSREMIFE A: &
R—SHEFREE BESR TdMREBIES. B: AW L
Koty 223035

Figure 2 The colony morphology and microscopic
characteristics of strain 21-1. A: Colony morphology

on Gao’s No.l medium for 7 days. B: Aerial
mycelium and spore-producing chains.

xR 1 FHK21-1 BERE L4HE
Table 1 Physiological —and
characteristics of strain 21-1

M0 H Ttem 255 Result
BT {F1 4 Arabinose +

SLHE Fructose

% ¥ Glucose

‘H &% Mannitol

F ZEHE Maltose

HERE Sucrose

24 ZFIH Cellulose utilization
TEN K% Hydrolysis of starch
A48 [ Coagulation of milk

B i 1k, Gelatin liquefaction -
77 HA6, K Melanin formation -
FEERAL S H,S production -

biochemical

o+ o+ o+ o+ o+

+: B - BAE

+: Positive; —: Negative.

2.2.2 16S rRNA ERHFFIHHER

STERE 21-1 () 16S tRNA LK 8 dEF T
PCR " BGFIIE , 4% 3845 19 3 1 48 22 &
GenBank $(#f %, 555 OP102590. R
GRBWEEREY], Wik 21-1 58 = RKEEH
(Sreptomyces flavotricini) NRRL B-5419, NBRC
12770 BAE—EE 3). Hitk, d558 kA HAg
FUHRIE, RO T RR 21-1 S i = BT

21-1(OP102590)

70 Streptomyces flavotricini NRRL B-5419 (AY999915)
100 H

Streptomyces flavotricini NBRC 12770 (AB184132)

96

—

0.005 0

B3 E#k21-1 £F 16S rRNA £EFFIMENRZE A B

5NN GenBank %55 ;5 AR RACK AL £

Streptomyces stelliscabiei NRRL B-24447(T) (MN688244)
[ Streptomyces scabiei NBRC 13768 (AB301480)
100 — Streptomyces europaceiscabiei KACC 20186 (NR042790)

Kitasatospora setae NBRC 14216 (AB184576)

o AEE R bootstrap BYSZRRER; $E

Figure 3 Phylogenetic tree of strain 21-1 based on 16S rRNA gene sequences. Numbers at branch point
represents the support rate of bootstrap; GenBank accession numbers are shown in parentheses; Bar represents

evolutionary distances.
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2.3 EFE 21-1 ZEBRXT R A5k 7] & AHD
ER
231 MNEEERKEEZLESHIFMN
SXFRAMLEL, AR 21-1 KBRS, K
A5 T BR O R A AR K B I 2 B AT T R
A 2K, ISR 98.0%+0.9%, 1
W STT, SLEbk 21-1 RBERA)E, &
A TR AT A3 T 22 BT R AT T (] 4).
232 MWEFFERIFRE NG
F 1%IARFREC IO R 21-1 K BERALFRS , R
A58 T TR A A0 5 R AR HL R AT 60%,
832.5x10° ~/mL; FEARFIELA S%A1 10%0H 2514

4 HH 21-1 RERNARRNERLEKY
U A REGRITEX . B: Bikk 21-1 KER
XFARAITH B, C: AR TR 22 9 1E
JEAS. D RAHRITHE YRR 21-1 A B0 5 Y
#2235

Figure 4 Effect of strain 21-1 fermentation broth on
mycelial growth of Fusarium graminearum. A: The

control of F. graminearum. B: Effect of strain 21-1
fermentation broth against F. graminearum. C: The

normal morphology of hyphae of F. graminearum. D:

Mycelial morphology of F. graminearum with strain
21-1 fermentation broth.

T, FefgcE B ERAL, A0EA 1.1x10° 4~/mL
0.4x10° A~/mL . 7E R A9 ) TR A7 & 1
1% R R L B & AR BRI , A 0 & R A 3
42.5%; KRBT N 10%E, T AIH %
RN 2.4% (£ 2). WL, Htk 21-1 KEEHR
X AR A e T B 6L A R el R YA P A
EA
233 MARMERREA_BEEHRN
5% REAHEL, 1%L B RR 21-1 KB
Qb3 R AR A ik 0 TR A 2 v AT sk R B o
AN, IHERA 53%; HEEEARRLR
PR, VMRS T I RN RFR LR
B 10%HF, Al AR & R RS 1.2 mg/g,
kR A 74.4% (K 5A). BAN, RAEGRITER
22N RS R AR 21-1 R EER IR L
PEM L, KB 10%E, 7§ &k
# 12.8 nmol/g, EXFMEZHAY 10.9 f5(& 5B).
UEUERH, BERE 21-1 M RBERCA BB HI RS
e 1 TR B TR A G, T LT AR v 4 A
AR

R 2 B 21-1 ABGRMRSRIERTFER

A & RN I A
Table 2 Inhibitory effect of strain 21-1

fermentation broth on conidiation and germination of
Fusarium graminearum

Qb7 il FH i

Treatment Conidial quantity Germination rate
(1x10*/mL) (%)

PUB 2075.0£96.7a 96.2+3.3a

CK

1%IEFH L 832.5+53.8b 42.5+1.3b

1% volume ratio

5%ABLL 1.10.4¢ 5.5+0.7c

5% volume ratio

10% AT 0.4+0.2¢ 2.4+0.4c

10% volume ratio
ANEVNFEEER 0.05 K FERTBE. T

Different lowercase letters mean significant difference at 0.05

level. The same below.
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CK 1 5 10
Volume ration (%)

E5 ®Eik21-1 RBRMRSRIEANIEERRAEKAZ

o A T I O

1 5 10
Volume ration (%)

ZE(B)RIFM

Figure 5 Effect of strain 21-1 fermentation broth on soluble protein (A) and MDA content (B) of Fusarium

graminearum.
2.4 B 21-1 FRESMEBRE I R

FRIFR 21-1 768 B RIAT 4 R B A G 772 2 b
Az H BV A PRI 3404 T S )35 A L R B 6),
AT AR 21-1 BT DAL= 28 (A B AT 4 2R
2.5 E 21-1 MPEFRBHFAFGIAENR

INFEFER LR AR AR R T AT, /N7 AR
G FEECH 55.8 o FEFERI st AT FH TR AR 21-1
PRIV P A [ VA B R A 7 A B, R T LRI N
FRFR AL, HA 10 (5B 0 BiiaSCR
AP, H 70.1%; BB PR EEREAL, BiiRcR
WL TR, 100 F5F BRI T B30T 121 49.3%
(F 3)o HULBEI, BPE 21-1 MRS B IR Y

6 Bk 21-1 FERESMEGAG
R = N S PR P N Rl B
Figure 6 Extracellular enzyme detection of strain

21-1. A: Protease detection medium. B: Cellulose
detection medium.

Vg2 il

INFERER R A B —E W RIVE ]
2.6 Bk 21-1 XA EEYR IR E 890§
ER

PERE 21-1 Ao bRy 8 i 1 I i
(A TR V& A K3 R A B g, S v ko i 2 )
i DA | TSR (R A 5 TR AR S L o L AT P 410 R A8 R
U, MERSTE 96%A Iy HR BRI ,
TR A 86.9% 5 X o A BRI 1 A1 == 11 8 T TR
AIANER RTE T0% A4 5 X A f6 e JT T AR AR
A0 00 AT 0 T A PRI G A (EL AT TR SR A (4
1E 60%/c 4 (B 7, 35 4).

R3 EK 211 BRI NEFREBAIBIANR

Table 3 Control effect of strain 21-1 cell
fermentation broth against Fusarium head blight
JGBL VNGRS BIPEEIES
Treatment Disease index  Control effect (%)
pogils 55.8+1.4a

CK

10 A5 B 16.7+1.4d 70.1+3.3a

10-fold dilution

50 fE FE 23.343.8¢ 58.2+7.2b

50-fold dilution

100 15 B 28.3+1.4b 49.3+1.3¢
100-fold dilution

- TR

—: No data.
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7 EFk 21-1 KEERAT 8 FhiER R E A E
1E8 A-B: #EHIE. C-D: #i29REBH. E-F:
ARSI TR . G-H: FRIEEFERR. -] FRKEE
WTH. K—L: AU /1. M—N: J2 8 T 6. O-P.
AR, A, C. E, G, 1. K, M1 O: 4

RN S5 TR B 5
Figure 7 The inhibitory effect of strain 21-1

fermentation broth against eight plant pathogens. A—B:

Alternaria alternata. C—D: Botryosphaeria dothidea.
E—F: Calletorichum gloeosporioides. G—H: Diaporthe
eres, I-J. Exserohilum turcicum. K-L: Fusarium
oxysporum. M-N: F. proliferatum. O-P: F.
pseudograminearum. A, C, E, G, I, K, M and O: The
control of pathogens. B, D, F, H, J, L, N and P: Effect
of strain 21-1 fermentation broth against pathogens.

R4 EHk21-1 KBRS 8 MIEMIRREREIIER

Table 4 The inhibitory rate of strain 21-1
fermentation broth against eight plant pathogens

He 0y D AT EITES

Plant pathogens Inhibitory rate (%)
BEAMSHUTR Alternaria alternata 86.9+1.3b
Hi%4 BE P 4 Botryosphaeria dothidea  97.5+1.0a

A ARIE I Colletorichum gloeosporioides 96.7+1.4a

T E] )42 52 B Diaporthe eres 97.8+0.9a
FKRKIEHHE Exserohilumturcicum  69.0+0.8c
048 71 B Fusarium oxysporum 62.2+1.3d
JZ 8 JT T Fusarium proliferatum 70.3+ 1.0c
AR AT A 59.0+0.5d

Fusarium pseudograminearum

3 WwE5&E#

R TREANE R BB A WS, TEAR e
(B 36 7 T HA M, A 5T 43 B 0 vk
B — M RS IR HA BRI PURE ) ik s
B 21-1, B TEAERAE . AR GERIERT 168
rRNA B[R FHN50HT, Mz AR i =R e
R0 SKRFIPHAEC VR I, = REER I 15-6 K
T T JE £ 7% 9 7 (Colletorichum  gloeosporioides)
HAEEE, IR R EA BRI E .
JiAh, I ER B TN K AR AR TR (Verticillium
dahlia)*" . #1979 1# (Pseudomonas syringae
pv. myricae) > FI4 57 B (Pyricularia setariae)™”!
S50 L AT — RS PUE R . R s I
HAL, B = KRBT X101 XK P F55 v iy B
s S 4 GBI T (Aeromonas veronii ) L AT Hit 14
T PER

AT RN, BEkE 21-1 BERSEUE R A5 ]
R R 20 B 22 VS i BT, I HL R VA RE RS 10 ]
ARATHi ] TR A F6L 7 A R R R o TR A R
FE WL T MY R FE 2P T i, 2R
ZE 1 F1 B (Paenibacillus polymyxa) JE53BUA1
B T (Streptomyces alboniger) T22BHgE (g
AL YR . A SRR RN LT BB A K A,
I 5 TRT 200 e e DA T S B B SR & 7 i
BRI, 21-1 RERE AR BRI R,
[ RIIR A 7SRyt PN =137 W a8 ]
PRI 2 RE () SE P, AT SIS . T
JEAN AR T A A B R L) A S e T
200 AT A R R YT W UK % % T (Streptomyces
hygroscopicus) JY-22 Fl# Jik 5% 5% 14 (Sreptomyces
corchorusii) AUH-1 #RAEMEHE =58 I T [ TN %
S, DT U6 BH B AT T LR M D PR ) 440 e S
¥, A AR MR AR BTt A ALK BT, AR EOR
22 B R Z EIPH B, 5L, AR ST A
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FFJE%THE 21-1 REEWEA AN S, RAHRIIFE M
P S i S B AR E R B T et
i, H& 21-1 BYTE P BT R 52 e AR A4 Bl )0 TR
PINE i AR, IR S b . Ah,
PRIPE 21-1 B R REREA 0] LS BORS ST ]

VAR T R, A BE A R e Ji R R
F5 B AE ) A

B R AN RES ™ A R TS K R, 38 AT DA
PR Z R IRIEE ), IRIR N RS | IRER
K RS 2Rk A0 MRS i
PCR ¥k B, H 22 %84 % 14 (Sreptomyces
rectiviolaceus) YC2-3 H. 45 4k #% Wi 1A £ ik & Bl
(nrps) T8R4 i (pks-1) . T84 2R 45 i (pks-17)
1 3-¥25E-3-F L —MEA S A i8R (hmga) 55
4 PP M OCHESE . Khalil EPRBIH =&
FERE U AT LA A g R, AT X A
(Magnaporthe oryzae)te I HI I 1EFH . FFLL, HEkk
21-1 ﬂﬁ%ﬂﬁfﬁiﬁﬁﬁ@%ﬁﬁ@w‘ﬁ xF T
T 53 B S e A R il — SRR
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