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1 MRERE

1.1 KR KAk A i R TR == AE RN A BR 2 7] S0 22 77l el XA S0 22 “ TR 157
i N A TR R R WBTS 4 B A B SO0 22 R 1S R bR . B I B IR IE TR (C
gloeosporioides); #it5 4 Bic JH I (Colletotrichum tropicicola); & W G AL 258k )1 1 (Fusarium delphinoides);
J& K AT (Fusarium solani); B8R 5ER B # (Paraconiothyrium thysanolaenae); 23708k J1 W (Fusarium
oxysporum); [ J8 B35 J 5 (Curvularia eragrostidis); 7= R BEH (Guignardia mangiferae); 5B H T
(Muyocopron alcornii), 3 S8 [ HL B TR AR Y 43 B A S0 22 B AR AR, JTORAF T8 p KB R EAOR
AETFI A S0 BT AT R AR A SR A A SRR A Y 3 B S R I FOE R IRA R AR 1
LB 35555, FLR 5 Bk A B SRR ol bl Vg A B AR BN R 4R 77 1) PDA #5574
1.2 BRXOZRERERIIER PRI G EFTLE (AR 5 mm)$H% 5w (215 1k)
FTLBA DR, FHICHR 2 24 H PR B Hrrbots, # INATR TE WBTS fUETERRE B A b0 2920 3 em 4014 1Y
Jeil, 0 B TR, AL BRI BRE T 28 °C BEFRAA SR, fexd BRI SRR - P R B 45 RS2 e, I3t
SEAMTEZE, TR ER R B 5 AR VR 2 22 o 0 RR B 78 BRI E 3 L

REERITIVE: ¥4 2 ~ 3 JUNAE TR WBT5 TIFIUA 200 mL LB WSS, £ 1 S E 28 <C
180 r'min”' FEPR_EH IR 7 d, KR BERE 10 000 r-min' B> 5 min, A 5 J2 K LA 132 U8 B0 )5 9
R 3 Ko 1 U85 1R BRI —38 4 0.22 pm TR CAL UE R DR ARAS TC I R B 05— 53 s e 2K
PR 121 °C K 30 min, 753 & AR 04 & TR R R R o A3 A S e (T T & TRV B e 1l
WA ) 5 PDA BEFR AR MR AR (RFR L R 1 2 5), B 2 i3 A ek 35 92 5553 i AR, X5 BRACR PDA £5

Ik SRS 3 U, BT A DB IR RS TR o, R X R ZE g D B~ A, 00 S 362 A
Xof B BRI ) LA, THEAM R

1.3 REEBURMEIE 30k N AR BoRTE: BN A W AR T L, FEATALAR (AR 5 mm) T
PAGE; WU S — B S0 22 TR A5 400, R e ol | DE KRR dtrh, A 3 4% A0 BRA A 7ERG 3% 7d HE
TSP RGP A 1SN DE, X B GOIC Y PDA B0 5 AN, FHE H S D S s
TR R B 450, JEIR /SR =14 b/10 h, J6iR 40 pmol-m 257!, JRIEZ 25 °C . AHXHEE L 75%. i
SEH PR . RS W AR AR, DR A B AR, 10 SR A BUREEIE Y (R E R R A
PRI UE AR SO0 AR L A BOR T o SR FH R 22 AR R A BR A R R ALY 8 4 S0 22 AR, IR
FH 75% RS FIIC 7K I BEIE VR B, BT 5 78 R 16 18R — U TC B BT SR BT RO, B4 45 10 itk 4T
BORAE R I 5 AR/ NF PR AL, 1 it BANEE 6 ~ 8 Ab 1T, Z S5 B ORI F45 1 2 b, KRR
P TC TR IR AR TR B it e B ORI, X RREERAH R R/ NI TC I PDA BDF, (BRI 3 DR . ITA S0
2HHIRTE 28 °C, FIXHREEZY 60% HYZRIE T 1R, MEIFC T R = A0 -

1.4 REREFRINE EMHANE RAXTIREE: LN, 5305 5 RIEE C.iropicicola, JEWE R4k
JI F.delphinoides ., Ji& 2 901 F. solani, Fa#URGER EH P. thysanolaenae . J505 J1 T F. oxysporum .,
W F B HIE Ceragrostidis, T-SERFE R G. mangiferae, FLFEFERIE I M. alcornii 35 12 #55% R B 1 ¥
XTI I, AN R 3 K, ik 1.2 A8,

1.5 HNERREKRNTELEE

151 BEER s AEREER LB AR, # A 50 mL LB A IR 6, 7E8% K (28°C 150 r'min ')
R 24 h, BUD R R RS SR T R S IR A, WIS SR 3 ~ 4 d R AT SR AL B . N AR TR TR R TE
LB Pt EHEFR 3 ~ 4 d J5 MESHRITVE LS SRR IR

152 ABALER  NARRERA AL E HCF LR R G4 T iy ik,

153 A FAHFER AR DNA SEGLR G I L R HRIEEA 4 DNA, 7350 407 16S rDNA
G gyrd" i gyrB FER 514 (F 14T PCR Y1 . PCR & 3™ W28 1% BB eI Ha kA
538 HAE R IR FRA BN, P25 142 GenBank £ 2, LIRFSFHIE S, IS #5117 NCBI
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Tab. 1 Primer sequence
EIRZEAN TRE 71
Primer Bases sequence
16Si 514 27F(5'-AGAGTTTGATCCTGGCTCAG-3"), 1492R (5-GGTTACCTTGTTACGACTT-3")
gyrA p-gyrA-f (5'-CAGTCAGGAAATGCGTACGTCCTT-3'). p-gyrA-r (5'-CAAGGTAATGCTCCAGGCATTGCT-3')
gyrB UP1S: (5'-GAAGTCATCATGACCGTTCTGCA -3'), UP2rS: (5-AGCAGGGTACGGATGTGCGAGCC-3")

19 BLAST BEATAHBIME ST, 248 % & W (Bootstrap 1000) 1 MEGA7.0 #) # ( Neighbor-Joining %5 ) .
1.6 BIBGIt ot BRI £ 535K Excel 2019 1 Origin 9.1 F /A0 FE

2 #ER5ERH

2.1 FEHERIER B SIS RIN A ERE WBT5, LLSCU 22 BRI N8 78 7, AT TR0 IR 512 56 1)
TIE 2R A (58.79+0.46) % (& 1-A), FFXF Bk WBT5 ) & B BEAT 40 T I 5, A2 e T D S0 ) 31 41 2R Ay
(77.69+3.79) %, 12 Tk 2 EWE (R AM I 28 B 22 (41.26+4.08) %, IR N RIS, Uil & iR Btk WB75
J TR PP AR TR M = A B . S50 IR 2R HL, S 2L S 0 S T T 22 4 B T B g
MG (] 1-C. B), B BB & £ 5 IR TEEY, P T i 224K .

K1 TRk WBTS Xof i f A B 1A 4 i £
A: WBT5 55 5 R AP BT IRV s C: WBTS BRSO A ; E: WBTS il Ji K BEHAIEN; B, D, F: 25 XTI
Fig. 1 Inhibition effect of the endophyte strain WB75 on Colletotrichum gloeosporioides

A: The flatbed confrontation between WB75 and pathogenic fungi; C: Fungal inhibition of WB75 fermentation broth;
E: Fungal inhibition in WB75 fermentation broth after high temperature; B, D, F: Blank control.

22 AEBEEHRBETBURDNE Hosi a8 mMmtk WB75 HATEURTENRE, 7 d J5 WA B, Al itk
Foft 55 % HE2H H TC T PDA TEDF 9 005 0 B T0 g 57 AE o FH T B 36 4= DE B3R 3k, 7R 4 85 P AR 1 57
2AH MR I BURAE LR o 45 RV, Btk WBT5 M AEY JCEOR T o

2.3 WEEMEAEENE  FHik WBT5 AR R SR BAIE 2 s . @ik WBT5 X AF

K2 Bk WBT75 XA R I A S i

A: JE BRI F. solani (WB11); B: & B2 9T F. solani (WB23); C: & FZ ST # F. solani (WG1); D: J& Fz SR T H F.

solani (W47); E: JEWE GAEZEH T F. delphinoides (WB6); F: 230 JI T F. oxysporum (W38); G: 2R7EH JI T F. oxysporum

(WB1); H: 2R BRIEH G. mangiferae (WB35); 1. BRfARTRI B P. thysanolaenae (WG2); . [l JE IS C. eragrostidis

(WG3); K: #li A BT C. tropicicola (WB19); L: ELEFERNEE M. alcornii (WG4). /112 WBTS5 59 J5T B (19 X URF 151, A7
TSRS BRLE s I A

Fig. 2 Antagonism of the endophyte strain WB75 to different pathogenic fungi
The left side shows the confrontation between WB75 and pathogenic fungi, while the right side shows the control group.
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9o D TR A T 3 (52 2) 43 BT 4 SR 3R B, WBT5 X 43 2 E¥E WBT5 X EFREEAHNH =
BOARALMG 8 Bl RV AR RIS . S S AL 3R ] Tab. 2 Inhibition rates of the endophyte strain WB75 against
. s e e e . different pathogens

W JE R R PR AT R R | TR TR

. ESENELY S
W JE SR TR R . B RS RL A ) 12 fR All strains BEES/em IR %
SCU LR A EE R, Horb Xt Fosolani 892 B popy L] Colony Inhibition
. . Antagonistic diameter rate
JRIEE (WG 1 WB23)) Wil il 80%, X WG1 ~ Pathogen endophyte
00 VE ] e i, H0 ) 283K B T 91.53%; H gk Xf WBT75 3.76£0.16  54.72+1.94
WB23 111 il 5t 1k 3] 82.79%, Xt 7 Ak B H B W38 - <3040 .
.30+
(W38, WB1, WB11, WB19, WB35, WB6 #l1 WG2)
AR AT 50%. X W47, WG3 Fll WG4 (i) WB75 4.2720.13 - 44.83+1.63
. w47
R 2 — 2 CK 7.7340.53 0
FILFH 7 28 S g R s D oA LA, 25
WB75 3.98+0.30  52.58+3.64

AR (18 3) o & BLE Bk WBT5 Xt F. solani g,
(WG1) Fil F. solani( WB23) [ 3 il 15 FH #£ 48 ~ CK 8.40+0 0
72 h B FEAE, X C. tropicicola( WB19) 13 il 1

HATE 72 ~ 96 h IK 2N IEA(H, X} F. oxysporum( WB1),  WBI1
F. solani(WB11) | F. oxysporum(W38) B4 il /F F

TE 96 ~ 120 h ik EIEAH, X} G. mangiferae (WB35) | WB75 3.23£0.05  57.08+0.69
P. thysanolaenae( WG2) . F. delphinoides(WB6) fi1 ~ WBI?

WB75 3.67+£0.08  53.29+£1.02

CK 7.85+0.13 0

CK 7.5320.84 0
F. solani(t W47) 3N I VE FI7E 120 ~ 144 h ik 3114
{5, 9 B AN AR G, T B AT T RRAE K X WED3 WBT75 1422013 82.79+1.53
C. eragrostidis(WG3) [ 3l i /£ FI7E 144 ~ 168 h ik CK 8.2340.03 0
BUIKAEL, WX M. alcornit (WGA) SO AR X! WB75 243£0.64  52.29+12.61
B2, 1 144 h R G TR, (HARRS TXHIRA, M. \wess
alcorniil WG4) TEF Kk WB75 B, G — & CK 5.10£0.75 0
A AR o T 45 R U B A [ 1) — S B ik L WB7S 3944014 53.6941.97
A7 — BB 5 WB6
24 MAEEEKOS KSR K 6.98:0.06 ‘
241 AAHEMRBIFEZEALKE K WB75 0.67£0.04  91.53+9.06
LB ARSI B, Witk WB7S RLere, Rmiaa O - emosr o
8, T T HURE FLd s B S (] 4-A) o BB
WBTS S [CHIREAN G, AUISRPIR, A WP ZIOSAT T4
FXT, W Zy BRI (] 4-B), TRIFE WB75 B #% CK 4.88+0.89 0
FCHet, 2RGS0 55 WoR 2R B AR IE (] 4-C) o &5 WETS 085010 45774333
G E R AP ARRIE (R 3), ZICE WAE wes
ARG E T, FIRE LR R Ve A AT B CK 3.6720.19 0
242 Ak E E A WBTS5 ¢ 16S rDNA. gyrA. WB75 5.05£0.05  38.42+0.61
gyrB A B A7\ o4 Xtk WB75 B9 16S tDNA WG4

CK 8.17+0.29 0

PEFF PCR 784, 15 58] K 1 422 bp /) PCR ¥ 1 7=
Y. %4335 NCBI B9 GenBank £4i & L, HF 9 5 f# 0K 25 /0T 18 Bacillus amyloliquefaciens (NZCPO5
3376.1) F1 U1 33 25 04T 5 Bacillus velezensis(NZCP011937.1) MM = (8] 5-A) . Hikk WB75 1 16S
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- /J—F'l * - - T
6 5 e B - B .
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4t At S T - A e
L L L o L P
Sy e A S
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t/h

AN R ZE bR WBTS R0 T iy AE K %

Fig. 3 Growth rates of different pathogens under antagonism of the endophyte strain WB75
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Fig. 4 Morphological identification of the endophyte strain WB75
A: The front side of endophyte strain WB75; B: Gram staining; C: Staining diagram of spore.

DNA ¥ 7 g J¥ 51 © #2 5¢ GenBank, % % 5 &
MW238381. HI Btk WB75 gyrd & 5] 9l &
grA R R F 5], 3575 943 bp AU R IH A B, 78
NCBI _F FEX 34 LU , 2 SH: 5 B0 2 JAT 1
Bacillus amyloliquefaciens( NZCP053376.1) B #£
gyrd FER ) — Bk 5] 99% LA 1 (& 5-B) . R4
KBEWER (K 5-B) R, Btk WBT5 S 5ER 2F
KPR (Bacillus amyloliquefaciens ) (NZCP053376.1)
I3 G, SCRPREE . TR WBTS 1 gyrB Jik
RASE|F 5 1145 bp WFEH A B, 5 B. amylo-
liquefaciens(CP017953.1) Flfif JE #3 2F F KT B ( Bac-
illus amyloliquefaciens) (MH428832.1) Lk 67% [ 3¢
FRR R —43 32 (Bl 5-C), 256 3 AR5
Ll X 25 S 43 B, U B TR bR WBTS SR i UE B 2 9
FrE

=3 HEkk WBT5 RO TR L4

Tab. 3 Physio-biochemical characteristics of

endophyte strain WB75
A PHE AL FEHR Biolog 255 Result
FE i Catalase test 4
V-P i35 Voges-Proskauertest +
A e 1L Hydrolysis of gelatin +
FA LT 3055 Methyl red test -
2% [CUef, Gram stain i
ABHEE xylitol _
fBfREL 4 )5 Nitrate reduction 4
JREEHEEE Erythritol sugar alcohol —
10,58 52 1% & i} Tryptophan eaminase —
£F4E R /3 Cellulose decomposition -
FrETRERFIH Citrate utilization +
TENI 7K Starch hydrolysis +

TE: 7R =0 3R B PERIBATE .

Note: “+” and “~" mean positive and negative.
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Bacillus amyloli iens strain WF02 (NZ CP053376.1)

A ﬁ Bacillus velezensis strain CBMB205(NZ CP011937.1)
60 A wb75-16s

28 { Bacillus nakamurai strain NRRL B-41091 (NZ LSAZ01000028.1)
Bacillus mojavensis strain UCMB5075 (NZ CP051464.1)

98 i Bacill 1 tis strain Bac111 (NZ CP033052.1)
4‘_: Bacilus subtilis subsp. subtilis str. 168 (NC 000964.3)
30 32 59 Bacillus tequilensis strain EA-CB0015 (NZ CP048852.1)
Bacillus s sis strain Marseille-P3463(NZLT745768.1)

Bacillus paralichenifrmis strain Bac84 (NZ CP023665.1)
Bacillus haynesii strain NRRL B-41327 (NZ MRBL01000076.1)
Bacillus glycinifer (NZLT603683.1)

— Glycomyces dulcitolivorans strain SJ-25 (NZ QFRW01000020.1)

100 L Bacillus altitudinis strain W3 (NZ CP011150.1)

Bacillus ll(hemformm DSM 13 (NC 0062703)

Bacillus si is KCTC 13613 (NZ AJVF01000043.1)

Bactlluv inalis strain BST (NZ KN049967.1)
\—‘_‘; lerans strain ZB201702 (NZ CP029364.1)
Bacillus cabrialesii strain TE3 NODE 29 (NZ RJVS010000321)

Bacillus velezensis strain CBMB205 (NZ CP011937.1)
B Bacillus siamensis KCTC 13613 (NZ AJVF01000039.1)
Bacillus nakamurai strain NRRL B-41091ANZ LSAZ01000005.1)
84 Bacillus halotolerans strain ZB201702 (NZ CP029364.1)
Bacillus cabrialesii strain TE3 NODE 3 (NZ RJVS01000021.1)

©
©°

58

IO()|

Bacillus sonorensis strain Marseille-P3463 (NZ LT745775.1)
W: Bacillus haynesii strain NRRL B-41327 (NZ MRBL01000012.1)
Bacillus amyloliquefaciens strain WF02 (NZ CP053376.1)
4100[ A wb75-gyrd
0.05 100 Bacillus paralicheniformis strain Bac84 (NZ CP023665.1)
— 100 |: Bacillus licheniformis DSM 13 (NC 006270.3)

Bacillus methylotrophicus strain B25 (LN999829.1)
Bacillus subtilis strain 151B1 (MT711973.1)

Bacillus amyloliquefaciens strain WF02 (CP053376.1)
Bacillus velezensis strain ENO1 (CP053377.1)

Bacillus velezensis strain B268 (CP053764.1)

65 | Bacillus amyloliquefaciens strain LM2303 (CPO18152.1)
Bacillus velezensis strain OSY-GA1 (CP031880.1)
Bacillus velezensis strain FIAT-45028 (CP047157.1)

99 | || Bacillus amyloliquefaciens strain Y 14(CP0 17953.1)

Bacillus amyloliquefaciens strain T23(MH428832.1)
A WB75-gvrB

Bacillus subtilis strain B-1 (CP009684.1)

Bacillus subtilis strain J-5 (CP018295.1)

Bacillus subtilis strain Bs-9 16 (CP009611.1)

971 Bacillus subtilis strain YBC (MT711974.1)

35 Bacillus subtilis strain ATCC (CP009749.1)

Bacillus siamensis strain SCSIO (CP025001.1)
99 Bacillus subtilis strain ATCC 13952 (CP009748.1)
Bacillus si sis strain AP2 (KR092185.1)

0.05

5 WAERERR 16s. gyrd., gyrB FEHFH 4341
A. 168 FEH IR R GER T B. gyrd JERFIIR RGL B C. gyrB FEHFIIRGER TR .
Fig. 5 Sequence analysis of 16S, gyr4 and gyrB genes of the endophyte strain WB75

A. Phylogenetic tree division based on 16S gene sequence; B. Phylogenetic tree division based on gyrd gene sequence;
C. Phylogenetic tree division based on gyrB gene sequence.

3 1 i

PR WBT5 X A0 B g i T B 8 55 13 MRIR IR B R 38.42% ~ 91.53% I HIVE A, X F. solani
(WG ) JB5 Bz 0 A R ] ok, I 28R 3 91.53%, Ml TS MEL A BA: (LA L R 4 A W
Bt BtK WBTS5 85 58 8 M UE A ZE AT 1R

JZ R TTB 5 R 22 AR M B Y, SR F iR 160 1R 5 | S 85 2% Cymbidium sinense 25855 F i >% Cymbidium
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ensifolium 25 J& i ", 5| & W] W > Phalaenopsis aphrodite 25 J& 95 *, Fi¢ 48 fc JH 16 2 2% % . KL # %
Cymbidium hybrid F1Ek A 8t Dendrobium officinale I IR AR R AP, A5 LI E L WB75 XL I
i ) TR & AN I TR A B AT A A URSCR o JEPF- 22 S50 BFSY I ZEAOAT TR BB BT =2 AL IR iR
B o VST AE BF9E % BRN A AL BT 1R FIAT-9 986 RER IR AME = nh LB 1R . & 7050 R oY & IRt
VE RS ZEAOAT TR TS DU A A TR . S A6l R RN B R fbL T 3 b == 4B I LT . AR5, bk WB75 &
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Identification of biocontrol potential microorganism and
assessment of its antimicrobial activity against

Oncidium hybridum Anthracnose

WANG Yuling, SONG Xiqiang, GUO Xiangyang, WANG Hongxing, GUO Lijin
(Ministry of Education Key Laboratory of Genetics and Germplasm Enhancement of Tropical Forest Flowers/
College of Forestry, Hainan University, Haikou, Hainan 570228, China)

Abstract: Endophytes were isolated from healthy Oncidium hybridum leaves. An endophyte strain WB75 was
identified as a potential biocontrol agent via plate confrontation analysis by using Colletotrichum
gloeosporioides as reference pathogen which causes O. hybridum anthracnose. The plate confrontation showed
the endophyte strain WB75 had an inhibition rate of 58.79% against C. gloeosporioides, and that its
fermentation broth and autoclaved fermentation broth had inhibition rates of 77.69% and 41.26% against C.
gloeosporioides, respectively. It was speculated that the endophyte strain WB75 had poor thermal stability. The
antagonism of the endophyte strain WB75 against other pathogens were detected by using the plant
confrontation, and these pathogens included 12 strains of 8 species of pathogens, Colletotrichum tropicicola,
Fusarium delphinoides, Fusarium solani, Paraconiothyrium thysanolaenae, Fusarium oxysporum, Curvularia
aeragrostidis, Guignardia mangiferae, Muyocopron alcornii, which were isolated from different parts of O.
hybridum. The plate confrontation showed that the inhibition rates of the endophyte strain WB75 against the 12
strains of pathogens ranged from 38.42 to 91.53%. The endophyte strain WB75 was identified as Bacillus
amyloliquefaciens through its physiological-biochemical characteristics and the sequence analysis of its 16s
rDNA, and gyrA and gyrB genes. It is concluded that B. amyloliquefaciens is a species of bacteria with potential
biocontrol activity against Oncidium hybridum anthracnose.

Keywords: Oncidium hybridum; anthracnose; bacillus amyloliquefaciens; biological control
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