A )2 AR (S0 2025, 34(1); 86-95
JOURNAL OF BIOSAFETY http; // www.jbscn.net

DOI: 10.3969/j.issn.2095-1787.20230115

B FERR WP A 2 FE 1R S HE % b 4 e a3 1

V= S (177 E UL 2 S (T = S N1 = &= =37
R R K FHMARP FR A BN 350002; 2= TR LA FH R, FEE = 365051 ;
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SE [ E 0] 500 RS RN RIS | S5 P BR VA VB 5 27 LA 5 A B sl 3 0 7T ,
FLARHLA SRR U RO A DA B R I, [ 7ok i R B R MR T
T = BJCR B S R AR b 43 B 0 BRAn v, 3 3 T YR E S RRE L 16S rDNA PCR-RFLP Xt P ik 17
G2 s TR B0 3 T O 40T 10 2% WA A 2 o 0 30 5 2 LA AP 52 L 168 DA 32 [K A -
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The diversity of phyllospheric bacteria of Pinus massoniana and
its nematicidal activity against Bursaphelenchus xylophilus

ZHAN Menglin"? | HE Jiaoping' , ZENG Ligiong’, HE Xueyou®, LIN Kejing', CAI Xueqing'*
"College of Plant Protection, Fujian Agriculture and Forestry University, Fuzhou, Fujian 350002, China;
*Sanming Academy of Agricultural Sciences, Sanming , Fujian 365051, China;

? Fujian Academy of Forestry, Fuzhou, Fujian 350012, China

Abstract; [ Aim] The main goal was to explore the strain resources of phyllospheric bacteria of Pinus massoniana and analyze its
population diversity. Moreover, we aimed to screen strains with Bursaphelenchus xylophilus killing activity and clarify their classifica-
tion status, as well as to provide strain resources for biological control of pine wilt disease. [ Method] Using plate separation culture
method, the phyllospheric bacteria of P. massoniana was isolated and cultivated from Gutian and Xiapu counties of Ningde and
Youxi county of Sanming. Bacterial strains were classified based on colony morphological characteristics and 16S rDNA PCR-RFLP
analysis. The killing activity of the phyllospheric bacteria against B. xylophilus was determined using a centrifuge tube culture. The
classification status of the antagonistic strains was determined through physiological and biochemical characterization and 16S rDNA
and gyrB gene sequence analysis. [ Result] The 141 phyllospheric bacterial strains of P. massoniana were isolated from plants from
Gutian and Xiapu counties of Ningde and Youxi county of Sanming. The 141 strains of phyllospheric bacteria of P. massoniana were
classified into nine types based on colony morphology. The 16S rDNA obtained by amplification was digested with Haelll and Mspl,
and there were nine and 11 map types, respectively. At 100% similar level, the 141 strains of phyllospheric bacteria had 19 map
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types after combining the two map types. Using NB medium or sterile water as the control and the 48 h corrected mortality rate of B.
xylophilus as the indicator, 120 strains with varying degrees of nematicidal effects were screened, accounting for 85.11% of the total
screened strains. Using NB medium as the control, 11 strains with a corrected mortality rate greater than 50% of B. xylophilus, ac-
counted for 7.80% of the total screened strains. Among them, the strain with the best nematicidal effect was strain GT10, with a
48 h nematode killing rate of 92.56%. The strain was gram-positive (G") with rod-shaped, peritrichous flagella. The strain was able
to utilize mannitol and citrate and showed positive results in the nitrate reduction reaction and V-P determination. Phylogenetic tree
analysis showed that the 16S rDNA sequence and gyrB gene sequence of the strain clustered with those of the B. cereus model strain
ATCC14579. Therefore, the strain GT10 was identified as B. cereus. [ Conclusion] There was rich diversity of phyllospheric bacteria
of P. massoniana. The B. cereus strain GT10 had a high nematicidal effect against B. xylophilus and could potentially be used for the

biological control of pine wilt disease.

Key words: Pinus massoniana; phyllospheric bacteria; PCR-RFLP ; Bursaphelenchus xylophilus ; Bacillus cereus

FARHER U5 SUPRFAR ARG ZE 0 (Pine wilt disease,
PWD), J& 1 #5 ¥ £k HU Bursaphelenchus xylophilus
( Steiner and Buhrer) Nickle 5|z ff—Fh 4Bk PR AR
o, TS BN AR AR 1 LA AL AR BT
DIRerans (isAsY 4 ,2021) , dE G R ZE S JE
T, WA B UCR B U LUK, & RiHE0t
PARIE 5 A2 Pk, 300 B H MR 3 2 B L 2K e ik
EAACTEOELT,2019)  AABFER R Y B R 5
CLFEAEY) KL PEAR BRIA 5 A BA B A= B
1B AEPIBE AR A (-, 2019) , fH
22 BIR TE B IR A B 4R B Je Wi 85 K4 Monochamus
alternatus Hope BY[RIRY | 1] 58 & 16 3 HAb A 549,
MAESHEMARZ A —ERE, LYWL HE
A A B LR g S A ) e R e M AR L
WO FH AR 997 0 A 0 0 WA B £ O R AT B 3R E
FIRIT AT FE A (IR BER 25 ,2019) o

PR 4H B ( phyllospheric bacteria ) J2& 8 7£ A5 4
W 28 PRI SIS M b 2H 21 %) 2% T Bl PN R E B
ML B, He %% B e iF 3 n] 35 10° CFU -+ g7 ( Le-
manceau et al., 2017; Lindow & Brandl,2003), I}
PrAN B AT DR A A AR U M | e
WA K 2 5 8 R G BN RSF 005 (E DTRR
45 2023, Bulgarelli et al.,2013) , \AE P FR 5 5
A 7 AR TR T B A A A 2 4 A B BT DR
WEEREZ—, LB Pinus massoniana Lamb.
EMME M FEF EZ — W E A Ak
WPz —, BA R A S A A Z 550 (B (T
F555,2020) o PRI, T B R A B 4 7 22 AR PE AT
GESCH AN E HUE PRI 5E | AT S AR 2 dUiY A )
B S R AR TR, o 5 AN BT B 4t i 1Y
VEH SR IR R

WEFER T, PR B 1 it s 20 B B A B e | £
A B2 A R W 2R A S T RE, A T 3 A
(2018) 7E B R FAZE TR 7 B ARAT Y 2 BRI/ ZF HAT
W Bacillus pumilus BEA RN AIAS L 0 H A FRUE
WALFERABE LR L 24 h J5 R HUBE TS A] 3k 89% LA
s BRI (2022) M Th A 1038 SR AT — WA
RBAMI B Pseudomonas aeruginosa NZM13-11, HE
FEIBIRAE ST R R B35 9% 12 h J5  ipF 2y
FIEFE TS R GK 92.2% {1 ik R 15 85%; Bk {1 5
(2018) fEAE HE = B = JCIX WG 32 EHS Pinus elliottii
Engelm. Bk P 43 &5 3K 15 09 W 22 2F 75 12 5 M &
Stenotrophomonas maltophilia Smal-007 , H P56 %0 5
A35 90.9% LA |5 Padda et al. (2021) MFAR-FA P.
contorta var. latifolia "15rB33RAT 14 BRI Z A, H
H 3 ki B TR T R A P AR 4 R RSN T 1.6
5, RSN T 4 4% ; Papen et al. (2002) KM =
12 Picea asperata Mast. "B B Ak F 5% 48 & AT I i
B SHRAAMWN, HAUERY, SRR
PRANTE A 5 2R i 5t = 5 (2021) il it
9 L O UL 2] SRR A BT S T E AR K
TR, R I A SRR W] A R i AN T
& Cyanobacteria FFEM MR R Beijerinckia VL )
WY S B BA N 1 & Sphingomonas ; FHRFIE %5 (2021 )
1 AR B BE R LYK ( DGGE ) B eyl 12 £ AT
FER I RN A A 3L 442 J& | 245 T A0 A
J& W AT B Methylobacterium | B 5. i ¥ &
Pseudomonas %,

IEAER  AABHE P B A TR A A DG Y 24T
Xof HFHE 2R DL RS TR (HOC TR 3R T
P BRANTE A A e SR AR SCHROE 30 TERAS IR
SEnl ST I A LA K T A 2 TR 5 T AT 7E JR)
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B 5 56 P bh 2 He it B ) 8 3 Rr Sl n i, 321 B 4
R RS AR, AL 0% 20 B B 7 U
FHXFIE =2 BT N 03 2075 345 5 22 1) Az B 240 11 o
GEUR LA X BB LR O 1 B iR . AR 6 DA A
TR AR = ORI CR AR D AR AA AL, X
AR SR BRAH B HEA T 43 B O gk, R RO R R 2
DI H] 16S tDNA PCR-RFLP 7 A o 2 - ok 48 T
AT RGEAZE By Hast 48 2 e 0 I i B 4 7
() AN E 2 LT 1, R AR A A 2 L 1 1 19 T
PR, IF BRI A3 2 i 7, Sl BB 4R I AR W B IR 4
PETE R BT TR BRI S AR
1 MRS5FE
1.1 R4
LIl RS REHR RAMETHEN TS
MRS BJDE (4 M FESY) T EEE W (4 I FE
i ) fERHE Y T FE A FA A s DA LA AR B 43 B 44k 1y
Ih A I B A0 A B R A AT 43 A GT Y X AN
XP IR,

Wi B ZEMIAT B B. subtilis BS168 H1 AR A bRk
YT S FE R AT

VAP LR RN 2 BT Pestalotia sp. AR A
ML B 2= 5 B ARAT
1.1.2 #5149 16S rDNA F[H 5§ B 5| 9y
27F/1492R ( Lane, 1991) : 5'-AGAGTTTGATCCTG-
GCTCAG-3'/5'-TACGGTTACCTTGTTACGACTT-3';
gyrB R AP 15[ 4) UP-1/UP-2 ( Yamamoto &
Harayama, 1995 ) : 5-GAAGTCATCATGACCGTTCTG-
CAYGCNGGNGGNAARTTYGA-3'/5"-AGCAGGGTACG-
GATGTGCGAGCCRTCNACRTCNGCRTCNGTCAT-3',
1.2 RBH*E
121 DREMRAE LB E4L SRPRE
25 (2019) W75 REM T REAMH A KoK sk +
HE T AR BANE I 0.3 ¢ 8T 0.5 ¢, H
75% B RE T 1 min, CHEKER G, BT J0H I
YCE T FRRAE D A 20T /N A 2 mLL AP
B IMAGE 5 A 9eib 2 RO ES AR AT 1 mL JCRRK
fof Y v e 2L U R (U S 51 (60 Hz, 4 min) ;
# 8 15~20 min, B 100 pL HFE BB A T NA F
Mt 3R3k |28 CHiFF 48 h (FHik,1998) , I
Y 0 R VR TE S FRE AT IR S difh , A7 H .
1.2.2 *#Fr48 % 16S rDNA PCR-RFLP 247 &M
Lane (1991) iY77, R AT PCR J7 i 0 it Br 2

A1 16S tDNA R P HIFEATY 1S | 19% B fe b 5
FLYK , L DL2000 A Marker #E4704T

Z: 184 % e (2013 ) A1 4R EI8 (2010) B9 5 2,
XF 16S rDNA JP I3 7241 43 5 1] Hae I A1 Msp |
BRI N DI EREATEED) (37 °C, 4 h) 2% B iR Wk
JEE HL UK , LA 100 bp DNA Ladder & Marker #4743 47 .
SyHT B R0 R UK B B AN ) TR AR U e H A A
) S B30 S5ty R/ INE Ry TRl — Ptk FH = BB ALATR
MR, BEHLARIE N ACB.C D-eeeee Mlab.c.d
------ o KT 2 FRREGIZE S0 FL Pk A5 ST 01 K g R
BEFTGEIT 43T, LUK Sty LR 40 B 4 ( Quantity
One ) B HEHLIK AP I i A Excel A% P9 A2 B BE
AR RS AAAERNC 1 R EAERTE
HJ40™  FIH NTSYS-pe 3R PFF R MR, B —
AT BRI E S — A>3 25 2% HLA37 (operational taxo-
nomic unit, OTU) , FHEALIPE K F 90% 1 & &
YEAH RIS IR 1 4 B AR
1.2.3 WM& RBEKE SHEMA MR
(1992) 75 , 2R FH B KRR ES I JLBE SR A 2
ERG T A ZR H) F KRR AE TR B SR L I
B RS 6~8 h JHIJCH K bk M SEIE g5 A £k
B (3000 1 - minT',2 min) £ FIEE, Bl
WHRARZ 2 mL, A 8 mL 0.2% 5 Bkt 55 2 5 R
SR 15 min J5 B0 & B, JTORKIEDE 3 Ik,
BD 2 1 R IMAGE TG R K TR 2115 B P A 26
i, &
1.2.4 @AW EFRNES WHHEET NA T
KiFRIE LG 9% 24 ~ 48 h 5 BRI T NB K55
F (JrHik, 1998) , BT8R R e TR AR % 8 R

(180 r - min™',28 °C) 48 h J7, & .
1.2.5 PR R M & b im e

Z NI (2018) T R T OB R R
2, LA NB B5 3R BRI TC B K AE A 2s (ot B8 (CHedr ) LA
TCTR 7K A %f B T S b 2k e SR BB T 3%, LU
NB 3577 5 %5f B8R T HEBR 5 5 5L 1 R b 4R 0%
PE) ,BANE I E S 3 IR, 40 TE 0,24 F148 h J5 B
TSI TR AR 215 IR 20 ~ 50 L Ff-3 in
S 2% NaCl RO T BRI 26 HUS R 2T 30
25),5 min JEEGAE BB T AR AT H I,
HE AR L 16 R A s B

MIE BT /% = [ (Ah HLAE T- R X B FE 1
R/ (1-XFTHRFET ) ] %100
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1.2.6 AWML aEKE YT (1)ESEERE, Eid NCBI f) BLAST ¥R R Gt 17 7 5 [6] A 43

g i DR R B TR R WL ¢« IR TR AR R T NA P AR
FFEHE |28 CHEFE 48 h, WESIHVE L BARIE .
JE B I A AR - I B AR Bl T NA S 37 3k
1,28 CHEFF 12~ 16 h 2R 2% B IR 01 ek T 7E
75 LT 5% Hitachi HT7800 T WA A4 1 B 14
FIHEE L SR I IR

(2) AEBRAE AR A o DI B 25 T B s v TR AR
BS168 S MGk , =2 Qe (8 S 3z 3l PR A |
BRI i S N TR Eh M S A R 3k A T 5 |k
FAL AT E  VER /K R DU 2 | A BRI | R
ZLR 0 A IR g 2 By Hh ik (1998) 77k, V-P
T2 IR T5 BROMER AP (2001 ) B 7 V5, BRI 2E )
SR %€ 2 BB Huang et al. (2012) B 5,
1.2.7 16S tDNA F %40 gyrB 3£ )7 7| 04 S
Lane (1991) i 5547 16S tDNA JEH % s 5 ]
Yamamoto & Harayama (1995) B9 5 % #4T gyrB %
BT DAL T R0 38 DNA Sfsisz |, 435 16S
tDNA ({30 5 ¥ A1 gyrB R 09 45 SEVE S R 47
PCR §1 , 23 g W68 I P VKRS DU, K 2%l K/
IEHHY PCR P44 TR TR (1) I A
FROS R E AT 0 5, 38 3 DNAMAN B PR BF 42 15 51

1000 pm 1000 pm

\

X /

== 7

NN 4
=N

1000 pm 1000 pm

Br o BB B e 1) 3 1 B R G 0 85 =X Tk
5, il MEGA 7.0 47 Hoxt 20 #r, 2R HT 48 4% ik
( neighbor-joining, NJ) # % 16S 1DNA R FZ K T
AL B, SR H &% K AL AR ¥ ( maximum-likelihood ,
ML) 8 gyrB SER 0 R G & B HELRT

2 HER55H
21 MEARNSBEER

T T EEI A = B GRS 348 T AR
B 4 B AR R B 117 17 K7 dk . IR H TR
(R (6, S5 Ml S T SR 5 A5 1 T s 200 7
9 2K HETE A B BRI EEUR BRI, A
98 tk, 5 ALY 69.50% ; T T B I8 GOSN |
AT 26 K, & RERY 18.44% ; YR C H R
B B FHE A 7 bR TR D IREA BDE E S
ISR v < B DI = G il 1 Y N S -
A 2Bk RV FIRE O B TR, A 1K
VR G B AN R ARG, 1 bR T
% H B A DG BRIE, A 1R R T
RE A 2B GBI, 1 RR(E ),

1000 pm

1 DM PR e B & S AE

Fig.1 Colony morphological characteristics of phyllospheric bacteria of P. massoniana

2.2 MBRZAE 16S rDNA ¥ 12 7= 4 IR il M Bg 1 45
REERSW

XT3 B ARAS 1 5 R A it PR A TR 21T 16S rDNA
PCR ¥ 34, HIFR 14 N VI Hae I FD Msp 1 X} PCR
PG o3 AT REYT, 43 00 9 R 11 B RS

RUCEE 2) B 2 PR il 1 P ) il %) il 1) ] i 2 78 s
TG A 19 Fhal A EIERAL (R 1), H
VR A B G TR R R I 2 (44 BR) , 5 D) o
BERE) 31.21% ;s Ho N 56 T 220 4 1 14 B ik
(36 ¥k) , diBgY1 53 AT BB 25.53% ;55 T VI XI
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XIT, XHE, XVE, XV, XVIURT XIX 2 250 4 b ik 42 A 1
Bo o 23RS A TR R 117 BRI B A AR
14 FEERACT TV VOV X, XX
XI, XHn, XX, XVIFTXIX 262 ) 5 73 B H 7 R I Y
17 BRI BRAA G A2 7 AR AL (I IV VL X
XV XVIANXVIZERY ) 73 H = WA 7 #RIFFR
AT VIZEH

I3 3 NTSYS-pe A R I -F 2 3% 8107 X
(UPGMA ) BEATSRZE 0T, F A SRZE PR P (4246

M1234567 8 9101112131415
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Fig.2 Restriction map of 16S rDNA of some tested strains
M: 100 bp DNA ladder; 1~ 15 iR 41 B B bk
M. 100 bp DNA ladder; 1~15; The test bacterial strains.

GO

ER4> i B Rk 16S rDNA IR &I B E it

S OSID 2, & AR EMIKA) , E 100% F LK F
141 BRIMBRANTR B A T 19 AN2EHE, S5EGDIE
T A A 2K — B TE A RS AT 15

LA 125 5T 0 DA AN [) b DX ) R A
4 B Y n] B 3R i PR Y 16S vDNA-RFLP
FIREAFAE 2557, Ty RIS T A 2 B A I o 400
) 16S tDNA EEH P B B A FE & ZHMN
RFLP gt fL SR,

M1234567 8 9101112131415

£ 1 DEMMERMAEE# 16S rDNA-RFLP Eif 27
Table 1 16S rDNA-RFLP map types of phyllospheric bacteria strains of P. massoniana

16S rDNA Jiff b [l 1 2 7 TRREL 16S rDNA [ b) E A TREL
Haell  Msp 1 A . Haelll Msp 1 Lo .
Type of enzyme digestion map Quantity Type of enzyme digestion map Quantity
A a I (Aa) 2 D e XI (De) 1
A c I (Ae) 36 D g XI (Dg) 1
A f I (Af) 1 D i XII (Di) 1
B b IV (Bb) 2 E d XV (Ed) 3
C c V (Ce) 44 F j XV (Fj) 2
C d VI (Cd) 23 G g XVI (Gg) 1
C e VI (Ce) 3 H c XVI (He) 1
C i VIl (Ci) 1 H h XVII ( Hh) 1
D c IX (Dc) 3 I k XIX (Ik) 1
D d X (Dd) 14

2.3 MERARFRAMEREFENNELSL R

PITCRR7ZKEL NB 3555 500 6 1 IR 141 B
RANHBRANE TP A 120 BRXF A M 6 oA R[] 72
FERY AL BUE M, PR S 85.11% ;58 4
TCAPMEZE HUIE PR TR MR A 21 bR, o D0 7 Ak 2
) 14.89% , H:r LI NB J5 525 M %F R, 48 h J5 &
PARFER PR R T 50% R BRA 11 B, i 07 28 6
B 7.80% (£ 2), 4l o GT10, GT29, GT30,
GT13, GT19, GT22, GT16, GT1, GT32, GT38 Fi
GT34, Hid Rk GT10 1938 £k HUis M fc b, Ab 7
J5 48 h WYRIAM L TG R 92.56% , 421 T R Ak
P ISR RS BT (K 3)

2.4 FHHGTI0 HEE

241 AFaEER W GTI0 R =R 6
S, AR AR, H AR, BAA 2, sefl
FHA R BTHLEORE WL BB H R I el 23
Wi EFE OB VY R SRR RSB e R
W ATORPRE I i I A R A 1) R D Y TR 3 i
TEM K fifE | V-P 50 A A b S A R Ak
it | FH 2T 6 A0 g W 1 7 A 2 Sk BT M T R 0
7% ; SRS EMUAT I BS168 B RRAH L, B T #ikr b
TR Pt ) AR RIS OO0 D B Tt R 10% A4 25 57 4%
AT M 25 R 3 5 H— 3, HeH #i bk GT10 9)
AU TE N AT R (R 3 B 4)
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Table 2 Nematicidal activity of phyllospheric bacteria against B. xylophilus

Hkk 24 h 48 h

Strains H,0 NB H,0 NB

GT10 66.58+11.81a 65.55+12.17a 95.03+5.18a 92.56+7.77a
GT29 26.35+0.60b 24.07+0.61bc 83.75+2.51ab 75.64+3.76ab
GT30 13.47£23.43b 10.79+24.15¢ 77.97+4.81bc 66.97+7.21bc
GT13 31.96+4.38b 29.85+4.51bc 77.95£4.03bc 66.94+6.03bc
GT19 19.64+3.92b 17.15+4.04bc 77.21£3.91bc 65.84+5.86bc
GT22 22.01+16.82b 19.60+17.34be 73.14+6.09bc 59.73+9.13be
GT16 21.47+4.25b 19.04+4.38bc 72.66+12.10bc 59.02+18.14bc
GT1 51.92+2.55a 38.77+3.25b 65.31+£5.93¢ 55.77+7.56¢
GT32 19.98+11.31b 17.51+11.66bhc 70.42+5.57¢ 55.65+8.36¢
GT38 19.27+6.61b 16.77+6.81bc 69.37+11.55¢ 54.08+17.32¢
GT34 15.17£9.69b 12.55+9.99¢ 68.24+6.70c 52.40+10.05¢

[F) 5 AR ] F-BE R R AE P<0.05 /K F R R EZES

The same letter in the same column indicates that there is no significant difference at the level of 0.05.

B3 E#k GTI0 BREHKR
Fig.3 Nematoidal effect of the strain GT10

x3 HXEKRGTIO MEREUNELER
Table 3 Determination of physiological and biochemical indexes of strain GT10
fg:tﬁftjﬁe\‘n?s GT10 BS168 fgfi)ﬁe\‘i GT10 BS168
HEECYL(A " Gram staining + + B Motility
HEEAAL Y Flagellum type JaE JaE WEREFIH BTHARE Arabinose
Periflagella Periflagella Utilization of  F{Z=4# Tsodulcite - -
FHPRISJE * Nitrate reduction + + sugar alcohol i Dulcitol - -
YEM K St Starch hydrolase + + 1AL Sorbitol + +
i A AL S Catalase + + HEE®* Mannitol + +
FALHE Oxidase - - =8 Glycerol + +
I ILLTIAEE Methyl red test - - FEEE Geraniol - +
V-P i3 * V-P determination + + Hi%IE Glucose + +
FAERRMBIAI ] Citrate utilization + + TEM Sucrose - -
5[ 7= 4 Indole production - - VB Trehalose +
Tk Salt tolerance 2% + + 2B Maltose +
5% " + + HFFBE Raffinose - +
7% + + 214k Cellobiose + +
10% - +

+ o BRSO ;= FORBIPE RN ; o B,

+ Positive reaction; —: Negative reaction; * . Critical test.
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2.4.2 165 tDNA J¥ 7| #0 gyrB ZE 0 J7 5 047 ki
AR 16S rDNA FEKALH LT 91 2 1447 bp,
gyrB LI AT IR P 5 B &y 1181 bp,, i i NCBI
B AR X L5 B4 SR s, B AR GT10 1)
16S rDNA JEE I gyrB FE AL AT IR P 5115 W FE 25
FFE B. cereus 1 [RIETE R 99% , ¥E -5 1 B4 R AH
LI TR AR B AH AR % , T MEGA 7 K443 Bl
i 16S tDNA Fl gyrB F:H J7 41, 43 1] 1l neighbor-

B4 Bk GTI0 BEE joining % Al maximum likelihood ¥4 ## R 4t & & #,
Fig.d Flagellum of strain GT10 5 Bon, T bR 5 5 AR 28 I AT B R X T R

ATCC14579 M —3 (K 5.6),

5.0 um

93| GT10
99 || Bacillus cereus ATCC14579T (NR 074540.1)

Bacillus thuringiensis ATCC10792T (NR 114581.1)
Bacillus firmus IJAM 12464 (NR 025842.1)
Bacillus licheniformis DSM13T (LR594217.1)

Bacillus amyloliquefaciens DSM7T (NR 118950.1)
99| Bacillus subtilis 168T (MH283878.1)

70

Bacillus velezensis NRRL B41580T (KY694464.1)

Bacillus altitudinis 41KF2bT (NR 042337.1)
Bacillus stratosphericus 41KF2aT (NR 042336.1)

65
7| | Bacillus pumilus ATCC7061T (NR 043242.1)

901 Bacillus safensis FO36b (NR 041794.1)

Escherichia coli ATCC11775T (X80725.1)

0.050

B 5 k& 16S rDNA F BN E K GTI0 WRER BN

Fig.5 The phylogenetic tree of biocontrol bacteria strain on 16S rDNA sequences

99 | GT10
100 Bacillus cereus ATCC14579T (AB014101.1)

Bacillus thuringiensis ATCC10792T (FR850503.1)
og [ Bacillus altitudinis 41KF2bT (KJ809604.1)

98 Bacillus stratosphericus LAMAS85 (NZAPAS01000012.1)
100
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