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Ft 1 E 1157 & (Pestalotiopsis trachicarpicola)iE i
BN EfEE
ZRF RRE

P R EpReEBE DU AR 611130

B E: [F %] A4 285 B (Pestalotiopsis trachicarpicola);2 3| Z it A¥ Z stm 69 %1 5a /R, BT H R
MAGRAMN L FARRAERGIRE, [B 6] Atb i Eet b 5B ik b3t P. trachicarpicola
DZHBB- 1#*#ﬁ,;‘i%a%&ﬂﬁiw%z@ﬁm(Baczzzus sp.), #1A 16S rRNA AR & 6%Fa RmALERE,
FIAZ AR Pk AT [k ] RAMHE S B EMERAAT T h Lo B Ak, @8- radi
FIeAek Kk R #ATIR L, BEA 16S rRNA. gyrd. gyrB AR F o ME R AR F MM, &6H
BFAHFIER AR ANAFRETBAFAR, SRR LA ZmegasoRk. [ER1 E£0
BATE] 62 MRFFAATH, ik 14 Mad R R A BT A RGO E R, 064 RIEP HAR J1 402k
REIFEALE, 4 EAF) 66.67%, 16S rRNA. gyrd. gyrB AR F 5 A %X B Mo RELHR
T, BAR I KRR 3 04T B (Bacillus amyloliquefaciens). &AL R I T, ZHEH A G4
BB IR R A, Bris s RIgRE 57%. (48 ZAMEA 6 P. trachicarpicola 5| A48 X 4449 J&
EW AL H T, 16SRNA. gyrd. gyrB AR IRSEZ FI0ATE . 7T A bk f# i 5 T F ToAT i AL
UG AT RAEAE BT ik

KR M FIR, P EKEA, 16SRNA, gyrd, gyrB, %57

Isolation and identification of antagonistic bacterial strain against

Pestalotiopsis trachicarpicola
LI Shu-Ying ZHU Tian-Hui'
College of Forestry, Sichuan Agricultural University, Chengdu, Sichuan 611130, China

Abstract: [Background] Pestalotiopsis trachicarpicola is a new pathogen causing black spot disease of
Eucommia ulmoides. There is no report that biocontrol bacteria had antagonistic activity on it.
[Objective] The best Bacillus sp. antagonistic activity against P. trachicarpicola DZHBB-1 was isolated
and selected from healthy leaves of E. ulmoides, the rapid and accurate identification of this strain was
achieved by using the 16S rRNA gene binding protein-encoding gene. [Methods] The strains were
isolated from healthy E. ulmoides leaves by dilution separation method, screened by sputum experiments
and growth rate methods, combined with 16S rRNA, gyr4 and gyrB gene sequences to construct
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phylogenetic tree analysis. The target strains were identified by its morphological characteristics,
physiological and biochemical properties. The pot experiment was carried out to verify its control effect
on black spot of E. ulmoides. [Results] A total of 62 strains of Bacillus were isolated and 14 strains with
good biocontrol effect on pathogens were screened out. The results of rescreening showed that the strain
J1 had the best antagonistic activity and was stable, the inhibition rate reached 66.67%. Phylogenetic
tree analysis of 16S rRNA, gyrd and gyrB gene sequences showed that strain JI was
B. amyloliquefaciens. In the pot experiment, the strain could effectively prevent the occurrence of black
spot disease of E. ulmoides and the control effect exceeded 57%. [Conclusion] This strain has the
potential to prevent and cure the related plant diseases caused by P. trachicarpicola. 16S rRNA, gyrA
and gyrB genes are combined to identify Bacillus sp., which can provide a reference method for the
rapid and accurate identification of Bacillus sp. and its related species.

Keywords: Bacillus amyloliquefaciens, Pestalotiopsis trachicarpicola, 16S tTRNA, gyr4, gyrB, Identification

135 2 1l (Pestalotiopsis) & UL A Y9 J5
W, AT LEZ R E, e . W . 3R
EFRE | ORI . ARG | B | SRS T,
W52, P. trachicarpicola T 5|2 AzAE e |
FEAREBEGE | BRI RO, AR T AR
SRR ARG R R S, i
AR T A 97 40 55 %) I 5 AN R A
I3 3 A B IR U B T L R 4 A B T
FKEZ, H PRI o T BA ) 1S B A
SRAYPTRE ST , I HAERE A R e It B AR K AR
A, H RO A B RSN HRG L e
0 ZEFFE (B, amyloliquefaciens)E. ] 12 v FH T4
YR E ALY BTG, i 2 U o e 2 I X
TR A X 5 50 2 T I TR HAT B RV E F e
Xt 8 Fhp I FL S HAT IR RE S 5 YRR EPUA
A DA AR A0 TR A B R TE R S T WS, SR
TR B2 TR A O BUBUR: i SR 22908 S Al g 5t 5 1T 1)
Bij iy HA WEAE N N B, SRTE Ay 136 R DX
P. trachicarpicola 7 A= F5HUAE A B 7 1 i 38 o

RYGRE ok — 1 il e DNA 88 11 5T
BIAAG I — AL 56 R B0, ARYE
PN A B AR SR 58 7 TR 7 2 i ] AL A
SEMAEYIRRER IR, SAEGERIN AT, B
AR W27 R 1 g AT LA R A v 6 DO %) o 8 12
FIRBUE . 16S rRNA DRI P38 5 FHVERS I &2 2%
TR PR TE 0 FEE  (HOF N BB IX 23 SR R
AT A TE BRI ELA B A Al S A 2 R R

BRI ) A ) i 5 B o T bk e 48 SR A e 22 0L
SEUER],  HE 1 BT e i LR e B S A A
] FH T DA SRR A 43200 2 5 0221 5 e
PR 16S tRNA K5 gyrB F:[H R NG
(gyrase)) B FEAEL R P A KA 2 hE ff 45 2 TR bR
YSSNI-005 25 FE ZF A 3 (B. cereus); Wi & i
LRI 16 rRNA JERIZ5 4 4 F5 DNA 212G A
EAWERE grda f1 grB ¥4 E B A B2
(Dendrobium sp.)M 7 1A= Bl ZEAAFT T R31 PR 4
SE MM ZEHAT B (B. subtilis). I, ¥4 16S rRNA
HE IR 5 8 1 o e i B DR 4 G e R A 7 P e T
PIERGE | R b 25 A TR RN 2, BT LA 2 A

YR NG F2- 2 3 w1 LY S i s o~ 2 DT A o
trachicarpicola TEHVE B AT I ZEFIATF IR T, A4
HRE T SRR S A A A Re DI 20 2, IFH
16S TRNA | gyrd 1 gyrB FEH &5 Ak 17751 He
Xf, WERGEAER, HEIXEKRNFZE, DUHF
& P. trachicarpicola WABi BRI, IR iE—2ETF
KT AEIRISARAE o
1 EShk
11 #

YIRS . AP (Eucommia ulmoides Oliver)
FEACRAEE T DU A8 AR T K 2 B A BR B 2 s
X,

BTtk AP IRBENT R Pestalotiopsis
trachicarpicola DZHBB-1, P01y K2z FRAR IR
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PRI B S 00 % 40 5 S A ORAT o

PR RE IR AR B AN ) o B B R R A RE
EEABNA BRI (g/L). FRE 3.0, EAK
10.0, NaCl5.0, Fif§ 20.0, pH A%K; NA Wiks;
IR (g/Ly: FAFE 3.0, HAM 10.0, NaCl 5.0,
pH B8R I ST A 55 5% BT 6T IRE S 3 140 R FH
A MBI (PDA)R IR 5 (g/L): 4 200.0,
%GR 20.0, BUlE 20.0, pH AR, HEFELETYY
Z: BESCHR[24 508 o =

TS . AR SE R 4] DNA &,
RIAEAFHE ALE) A RA s PCR §7345149)
2xTSINGKE Master Mix, JS#SZRHEEL A= ) AR
ABRAFE . RN TS, e R &
AR v PCR X, Bio-Rad A+,
1.2 APEMS B

KRR B 43 8 1 A BREAL it R | 2 B BT vk -
BUAd R AR AT B, O K BRI ER H R, A 1
TC WK e IS 35 5 B Bk S VB P RS A e A K
BT 12 000 t/min B0 2 min, B 1 mL _FiE
W 85 °C fHIR/KI 15 min J& , IIAKA 9 mL LH
KR PRI AT, Hl 1071, 107,107, 1077,
107 F B . ARJEER 100 pL B, 554 T
NA B3R 5L, A0 3 &R, F'ET 30 °C
PEIRRG FRAE TP RE SR 48 h, BRBURVE L5 22 5 W S
PP TE AR AT
1.3 Pestalotiopsis trachicarpicola £ B & B T i

W15 % F PDA M ffiii A= K o FH B A2 5 mm
MREATILRITIRE 213 5 d KR TE
DZHBB-1 Jit &7E PDA ~F-Ai—Ml, 7EBE 29 5
3 om &b 55— K B AT AP B R R4k
FRALER 3 REE AL 5 55 VAR A= b7 B i S 42 g
FZS I, BT 25 oC R A PR 7 d,
WIS A TCA BT ™ A, I SRR (A TR
&L BRI A 2230 ) i B, 1R AR RO B
A A B AR T Al e e A TR

A2 0 R R A A TR o B — BRI 0 HE R 1 A B
BT 100 mL NA WA FR3L, BT

30 °C. 170 r/min $& K FHEIRETFE 12 h §il 45 BUFDF
W PRI LA 2% R8T Y 100 mL NA
PRREFRHET, 30 °C. 170 r/min $2 RIS FE 24 h
JE B, 8 000 r/min 8.0 10 min, I 0.22 pm
LB MR 8 T B TC T AR BRI, B 10 mL fimA
90 mL PDA }iFRILRA G BIASESRILA, LI
B K A ZS FIXT IR, AEACEE 3 R IR . RRRERILA AN
BeE, FHEAR S mm B RESTILARFTHER SR 5 d
)9 s R DZHBB-1 W, #ef e A g, 25 °C
fEIRYESE 7d 5, A58 0ENREE 5, 1T
S 23 TR 2 (Yo )= (0T UM i I T V% LA — A 3
3 JirL DT DRI % LA )T B i TR TRV LA < 100, o
A P& A% (mm) A R A B AR T B 3
1.4 HPEEKRIEE
141 BEHRESNEREEELFENE

5 52 07 R A 0 Az 5 850 B A %) TR AR B2 B 7R
NA [ FEE E, BT 30 °C HiR =40 b 77
48 h, MELREVE MIEARHE, WIEEEE. Figsif
A BURSHA . B S s IE S
AAREEDN E S B R LA RGN E T ) )
AT, AL YL | 2R YL | SR b SO
ST R F B | P RO AL S0 . R R AR 140 5 i
N BRAL S (HLS) R . AriE iR b . vk K A
I OB A R I A A
142 EHRSFENELETE

MR 20 T R T 2H DNA 3257 & 45 BOA: 197 1
DNA. RAEEFEIY 27F (5'-AGAGTTTGAT
CCTGGCTCAG-3")F1 1492R (5'-GGTTACCTTGTT
ACGACTT-3)¥" 1 16S rRNA H:HF411% PCR
W 454 95 °C 4 min; 94 °C 1 min, 50 °C 1 min,
72 °C 2 min, 3t 34 AMEHR; 72 °C 10 min. KA
S5 gyrd-F (5'-CAGTCAGGAAATGCGTACG
TCCTT-3")fl gyrd-R (5-CAAGGTAATGCTCCAG
GCATTGCT-3)" 3 gyrd JEHFHP, PCR )
A 95°C 5min; 94°C40s, 50°C40s, 68°C
1 min, 330 MEIH; 68 °C 10 min, gyrB FEH "
W59 UPIf (5-GAAGTCATCATGACCGTTCT
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GCAYGCNGGNGGNAARTTYGA-3")#1 UP2r (5'-A

GCAGGGTACGGATGTGCGAGCCRTCNACRTCN
GCRTCNGTCAT-3)*1 | PCR & )% 41k : 95 °C

4 min; 98°C 10s, 62°C 1 min, 72 °C 2 min, 3t
30 MEFR ;72 °C 8 min, LA I PCR WA Z (50 pL)
Y924 : 2xTuq PCR Master Mix 25 L, 5[4(10 pmol/L)
£ 2 uL, DNA #i#7(100 mg/L) 1 pL, ddH,0 20 pL.

ff PCR W& WA, B 6 uL M™%, H
1%BUIE REE I LKA I PCR 255, IF4% PCR 7=
PIREREIN T o K BT A5 1 25 A S5 R 4100 5 25 SR AE
NCBI (https://www.ncbi.nlm.nih.gov/) ¥ #i& /& 4k
17 BLAST FbXFor#r)a, $#258%] GenBank, T Z4H
KL AR = T 51, Fl MEGA 6.0 3R 4%
4R 4% (neighbour-joining) 543 7| #4 4 16S rRNA |
gyrd . gyrB FEHFI ) R G & B, Hrh Bootstrap
Ko i B E N 1000 YR, B E % AR 97 B PR
RS KB FHLAL
1.5 ZFRIAW

AR AR I A U1 Al 2 B AR X5 8
PRI AT o Wi e 2R TR 11 $6F T NA
WARREFRIL, BT 30 °C FEIKH 180 t/min JR¥AH KT FF
48 h, il BRI A H s FHICHEDK phik PDA Pl
Hig® 15 d WAL RBENS RIS P. trachicarpicola
DZHBB-1, #i Bl il i 1x10° CFU/mL 1943 4= 1
BRI, VRS 6070 em Ae A fa B B AL il — 4
AL, R AR AERE AR b R AR A
H G585 P. trachicarpicola 530 F 217,
FPE S mL, 7 d 5 7EJEAE Wi AR GE R 2R T
PR, BRI . 50 f5 . 100 F5IE . 200 5K
500 f5¥ . 1000 fi 6 MAbHE, Fbk SmL, DI
BAKME 2 (X R, BEA0FE 10 ¥k, 34 EK ., 15d
JE WS K TE DL, THEE AR | I 5 EO A B TR
b kA B BE S KX BT VA RR . B BER RHE )y i
S, RESRIRUER T %, REEUE 0, TOHH
sH LT T, REREME 1, 25%LL T
e s TR, AN 2, 25%—50% [ jsk
s IV, RERUE 3, 51%—T75%MM H g V

G, IRFEMH 4, 76%HIMH I .

R R (Yo)=(E IR MREL BRI R E0) < 100

o 1 5 =12 O AR B AR B (B R <
R BRI RELE)]%100;

B ¥ R (Yo)=[ (OXoF HEIG 175 4 £5—4b B35 15 45
H0)/x8 B 46 800> 100,

2 FR545M
21 HHERMSE

AR LAt 2 2 b B3R5 5] 62 R ZFA
AT EY, iy J1-062, H KR A PRI
WIVATE NA [SRSEFR 5L F RIS, sifb e A
NA BRRHAE R FR I, 30 °C B55% 48 h 1454lifk
Wk, T 4°C ukKFER-AE -
2.2 X} Pestalotiopsis trachicarpicola F=4% &4t
1 I B9 4 A T PR 7 1k
22.1 %

s Rn 62 BRZFFA 2 5 50 I e
P. trachicarpicola DZHBB-1 1 7% T IRFSE 5,
et 14 B R A — & T BUVE TR 2R 4T
B, B ST 0.93-1.28 em (£ 1), SXFH#
FHLG, 05 T 22 A K 2 B W i, S8 2T
I — B 22 A KM, R S s, 2
Ay e, RUAALER, HAnkk I,
JI13. J14, J33. 139, J41. J62 Xy [ B H AT sk
PUORCR, WHk 1 A R 905 1.28 em (B 1),
222 Eif

fit I JC B A RO W) TR AR AR 1 14 AR ZFFUAT
W TE T, 2REY], EER IR RCR R,
JWEIE P. trachicarpicola DZHBB-1 7% A4 fx
/N, R 237 em, MR R, BE] 66.67% (K 2).
X HEAH LG, I R R L R R 2 AN KA, D B
B, W22 A RN, S22 HIVE R R (E 2).
SEA WIS AER, TRIME J1 XD B R A TSR
PrACR, FRIRE, HWR&ETHM 13 Nk,
PR, TER T1 BBl H bR 2R AT o AT )5 2
SR
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* 1 VIEERKXT P. trachicarpicola DZHBB-1 By
ER

Table 1 Antagonistic effect of primary screening strains
on P. trachicarpicola DZHBB-1

HtkG > P 9L
Strains No. Inhibition zone (cm)
I 1.28+0.11a
J3 1.06+0.08ab
J5 1.04+0.08ab
J13 1.24+0.06a
J14 1.23+0.32a
J25 1.11+0.01ab
129 1.11+0.01ab
J30 0.93+0.04b
J33 1.23+£0.04a
J39 1.25+0.08a
J41 1.26+0.21a
J42 1.19+0.01ab
J43 1.12+0.04ab
J62 1.27+0.16a

TE: SRR 3 EE NP EpREZE". RS A
[Rl/NFREFROR G i/ NE 35 25 7k LSD (L)KER, 7E P<0.05 /K
FREFRE. .

Note: Data are “meantSD” of three replication. Different
lowercase letters in the same column show the significantly

different at P<0.05 level by LSD (L) test, respectively. The same
below.

1 TR E KK LR

Figure 1 Plate confrontation growth test results

W A 2SEAXR; B: Hikk 11 XF P. trachicarpicola WIFSH/EF.
Note: A: Control check; B: Strain J1 had antagonistic activity
against P. trachicarpicola.

23 HEPEMKIIERE
2.3.1 FISYFME

PR J1 RIZAEFNTE NA AR |, T 30 °C
THIREEFRAA PSR 48 h, WVEILIRE, BAA6,
AR, TRk, ANEM, REARES, O, hs
AF(E 3), WiAFERE A L O AR A, R

M RPHMERI(G), HAFPR, B, (0.3-0.7)x
(1.6-3.5) um, A, RIEDE(E 4).
2.3.2 AN

PRPR J1 AE A AR A S R B . IR ARk
R EE AT, REAS K Ve Ry FBH B, 42 ok
SN 55 R R AR A S5 B N 1) SR B | RE A8 R AT A IR
IR Z R, 2 R S A fE A(HaS)
I A B (R 3).

%2 EFEI P. trachicarpicola DZHBB-1 BY#5 471
1EF

Table 2 Antagonistic effect of rescreening strains on
P. trachicarpicola DZHBB-1

Btk > V& HAZ i
Strains No. Diameter of colony (cm)  Inhibition rate (%)
1 2.37+1.34f 66.67a

3 4.68+0.87bc 34.18cde
I5 5.41+1.27b 2391e
J13 3.2540.73def 54.29ab
J14 3.46+0.27de 51.34abc
125 4.67+1.05bc 34.32cde
129 4.82+1.25bc 32.21de
130 5.74+0.60b 19.27e
133 3.49+1.09de 50.91abc
139 3.25+0.83def 54.29ab
J41 2.53+0.54ef 64.42a
Ja2 3.58+0.41d 49.65abced
J43 3.984+0.79¢cd 44.02bcd
J62 3.03+0.92def 57.38ab
CK 7.11£0.20a -

Note: —: No data.

B2 EFKEER

Figure 2 Rescreening experiment results

e A SEXTEE; B Rk J1XT P. trachicarpicola FFEHUTER.
Note: A: Control check; B: Strain J1 had antagonistic activity
against P. trachicarpicola.
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B3 HE#HJ17E NA EFRELHES
Figure 3 Morphology of strain J1 on NA culture medium

4 EHk I MEMESE KM
Figure 4 Micromorphology of strain J1 (mycelium and
spores)

*3 BRI AEEE LY
Table 3 Physiological and biochemical characteristics of
strain J1
P Characteristics 25 IR Results
H 22 FRYL S, Gram staining G
P Anaerobic growth =
VER K fi# Starch hydrolysis 4
B /K /% Gelatin hydrolysis +
i} Catalase +

i

I

THERERIA IO MR LR Nitrate reduced to nitrite
R R EL Utilization of citrate

2T H RIS Voges-Proskauer =
7= A B AE & (H,S) Production of hydrogen sulfide
7R Acid production from

Hi%E M Glucose

AR Xylose

HERE Sucrose

SBE Fructose

H & F¥ Mannito

W+ PAPERON; —: BAYERN.

Note: +: Positive reaction; —: Negative reaction.

+ o+ o+ o+ o+

2.3.3 16S rRNA EEFFIHTERELE M
¥3E

MR T1 (341 DNA H47 3 16S rRNA
FEHEFEH), 558 —14 1 401 bp B PCR /=¥
(GenBank % 55 MK737747), ¥ J5 76 NCBI %{
P B b A AR LU, TR A AR B 5E R T
ZW kRN M5 R F RN B
amyloliquefaciens) . 2 ZF AT TR (B. subtilis) . 1&
B IEHAT B (B, siamensis) . U1 3 ZF AT B (B.
velezensis). FET-45 2T (B. vallismortis), ¥
5 B AT 1 (B. mojavensis) . 2545 27 {0 T & (B.
atrophaeus) . 4 ¥ {0, % 3K W (Staphylococcus
warneri) = FEARRIME(100%) (3R 4). RELBW
SR S)RBT, kR 11 58088 2 s
(B. amyloliquefaciens) . Ul 3 B ZF 1 #F % (B.
velezensis) RIE—i, HIEANRETE X5, ¥IHHK
BRE 1 50 AT R R
234 gyrA BERFINTERRZLEMEIEE

WM P45 R, P30 grd BERFII2K
966 bp, fE NCBI i /4 it AT AHRIE Fuxt,
SIARRIERE R, Ttk J1 (k'S MK789290)
5 @3k ZE A (B. amyloliquefaciens) (&35
KF601552.1), W SEH 2FFFTF I (B. velezensis) (& 5%
5 CP029473.2) . W' JE & FF B2 AT (B,
methylotrophicus) (& 5% 5 LN999829.1), HiH 21
M (B. subtilis) (&5%%5 CP009684.1)HAH{LIEE 15
IBE] 99%LA E . KT 1 53K H GenBank 9 8 #k
EMFF R — BT grd BRINFINRE LT
RE(E 6), AREIR, Wtk J1 SIER AN
(B. amyloliquefaciens)istf& HF & BT, WA % E W
¥R T1 R FRIER 2T B (B. amyloliquefaciens).
235 gyrB ZBRFIDITERFZLEMBIEE

KR T1 gyrB JERN RGN 1152 bp, 7
NCBI i b it 4 AU e, e AP 5
W] bR 114 09 gyrB SR (5 45 MK789291)
SRTER T E (B. amyloliquefaciens) (&35
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# 4 BE#EJ116S rRNA ERFE 555 GenBank B &} 5 4 & = SRR 14 L5

Table 4 Identity comparisons of 16S rRNA gene sequence between strain J1 and some bacteria in GenBank

A Species Bikk Strains B35 Accession No. %) Total score AU Identities (%)
fRTER) ZFHFTF I B. amyloliquefaciens YCl16 MK713569.1 2 588 100
i ZEMIFT I B. subtilis RQ6 MK696398.1 2 588 100
BZ F T B. siamensis K14 MK696264.1 2 588 100
D SEM 2EA0AT 1 B. velezensis M-r12 MK660024.1 2 588 100
BELS F AT B. vallismortis BV23 MG793227.1 2 588 100
ST B. mojavensis RHPR20 MH211387.1 2588 100
M EMUFTE B. atrophaeus WYZ MG584985.1 2588 100
4 ORI ABRIE Staphylococcus warneri  HBUMO06952  MF662224.1 2 588 100

Bacillus mojavensis (MH211387.1)
Bacillus atrophaeus (MG584985.1)
Bacillus vallismortis (MG793227.1)
Bacillus siamensis (MH889123.1)
95| Bacillus siamensis (MK696264.1)
(| Bacitius amyloliquefaciens (MK713569.1)
Bacillus amyloliquefaciens (CP031424.1)
93 || Bacillus velezensis (CP033967.1)
Bacillus velezensis (CP036527.1)
Staphylococcus warneri (MF662224.1)

{Bacillus siralis (NR028709.1)
85 Bacillus psychrosaccharolyticus (NR040793.1)
‘ Bacillus mycoides (NR036880.1)
Bacillus mobilis (HM222672.1)

| Bacillus amyloliquefaciens (CP030097.1)

100 |J1 (MK737747)

_ 65 ' Bacillus velezensis (CP024706.1)
0.2

26

5 B J1LET 16S rRNA BREFFEIMARFLERM

Figure 5 Phylogenetic tree of strain J1 based on 16S rRNA gene sequence

TE: 55 NEUE A RTE GenBank "PHYE S5 730 ERECTIOR AR SCRHE; brRIOR ML ROLA R ERE. T 1A
Note: Numbers in parentheses are GenBank accession numbers; Values above the branches are parsimony bootstrap; The value on the
scale represents each nucleotide sites replacement value. The same below.

40 LBaci/lus methylotrophicus (LN999829.1)
79} Bacillus amyloliquefaciens (HE774679.1)
64) Bacillus amyloliquefaciens (CP031424.1)

10051 (MK789290)

Bacillus amyloliquefaciens (KF601552.1)
Bacillus velezensis (CP029473.2)
Bacillus sp. (CP027061.1)

Bacillus subtilis (CP009684.1)

24
— 26|~ Bacillus velezensis (CP036518.1)
0.5

6 kI ET gyrd BEEFIEIMRFRE N

Figure 6 Phylogenetic tree of strain J1 based on gyrA4 gene sequence

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



476 (DGR ESTE(

Microbiol. China

CP013727.1), VUSRI 2R AT 18 (B. velezensis) (&35
CP037417.1) . H 3k & 7% # ZF #1 ¥F B (B.
methylotrophicus) (5% % LN999829.1), HliH ZE1
FFTE (B. subtilis) (%535 CP009684.1)H ) gyrB K&
SRR R 99% LA | o RGE L B W (& 78R,
AR T1 5308 ZF f0FF I (B. amyloliquefaciens)
LR R, 454 16S tRNA ., gyrd Fl gyrB
R0, RILEMR J1 5 M iE R AT
(B. amyloliquefaciens)AH )% 3 K 19 37 51 AH AL 15 2]
9%LA I, HRGKBEWEFR—53., B,
LLETUAFHE . AAERRHE K 16S IRNA ., gyrd
1 gyrB FERFA X A5 8, 2B Rk 11 556 N
R VENT 2T 1 (B. amyloliquefaciens) .

24 BHABLLER

AR LSRN 5. K 8 Fim . A HAEAT
fif VEA ZE AT IR J1 R R AL P LT 2
BEG R A, RIRHREIL 96.67%, L J1 HiE ik
B LA 9 1 DA 204G R il T Ad B 1
il g 2 W R BARR, S0 BEAR L, 0D T 80%
(e E KA, IRTETRECR % 74.17, BRIARCRIEE]
hr, M 83.78%. M/ iy J1 B Rt v] AR AT
MPRRBER I & A, (HREE TR E 3G, &R
AT B W T, MR TASCRBEZ BT, o
50-500 {5 B iR SR BT, Y9Ik E] 67%VA .
LRA T RATE PR ER R, ¥ 200-500 %
W T B A A A SR B 55 R L

97| Bacillus amyloliquefaciens (CP003332.1)
96! Bacillus amyloliquefaciens (HE774679.1)
201 Bacillus velezensis (CP024203.1)

N Bacillus velezensis (CP037417.1)

N Bacillus methylotrophicus (LN999829.1)
YT Bacillus amyloliquefaciens (CP013727.1)

Bacillus amyloliquefaciens (CP006952.1)
Bacillus amyloliquefaciens (JQ734540.1)
| J1 (MK789291)

—
0.5

7 BERINETF grB EEAFIEINAZLZERN

100 | Bacillus amyloliquefaciens (CP018152.1)

23 | Bacillus subtilis (CP009684.1)
22 ' Bacillus amyloliquefaciens (JX513925.1)

Figure 7 Phylogenetic tree of strain J1 based on gyrB gene sequence

x5 FREMTFRAE J1 i ERR 2B

Table S Control efficiency of Bacillus amyloliquefaciens J1 against black spot of Eucommia ulmoides in pot

JOBL

Treatment

TR

Incidence (%)

VAR RS

Disease index

Control effect (%)

Stock solution
50-fold dilution
100-fold dilution
200-fold dilution
500-fold dilution

1 000-fold dilution
CK

16.67+15.28d
23.33+11.55¢cd
26.67+5.77cd
30.00£10.00cd
46.67+20.82bc
60.00+17.32b
96.67+5.77a

15.00+13.23¢
20.00£10.00¢
20.00=+0.00¢
23.33+5.77bc
28.89+10.18bc
38.33+8.78b
89.17+5.77a

83.78+14.30a
77.94+10.16a
77.51£1.51a
73.90+5.64ab
67.02+13.90ab
57.25+7.74b

Note: —: No data.

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



AL M AP R RKEIR [ (Pestalotiopsis trachicarpicola) S HT 4l )43 55 F%E € 477

8 FRIEMTFIEME J1 AP B HR R 2 KB
Figure 8 Control efficiency of Bacillus amyloliquefaciens
J1 against black spot of Eucommia ulmoides in pot

TE: A RBEERIE; B: CK; C: 1000 f5#; D: 500 %
W; E: 200 f5%; F: 100 f5; G: 50f%5W; H: UK.

Note: A: No spraying of pathogens; B: CK; C: 1 000-fold dilution;
D: 500-fold dilution; E: 200-fold dilution; F: 100-fold dilution; G:

50-fold dilution; H: Stock solution.

3 W54

HRT, ZEAFF A A ) R R I &
s, TR ARk Ol . ol S 2GR
W R COP . YEIGE T B i R E A SR AT
PR L, HER W RAFE TG P.
trachicarpicola 5IEFYIHR FERAFZESY ) KT
R VEN ZEHAT IR (B. amyloliquefaciens) = Bii HLii 4
5 R B, AT LA Z A iy o, 38 5 i 8
AR AR DAL & W BRI M B Y o, el AR A0
G G A, AL FE DA T R (iturin) FIVZ R
(fengycin), AJ 42410 ] 2 Floma s D A4 () A= 4 K
g%, FmiE & (surfactin) A fEAEY) A= K,
HENIZEE DB 2 TR ARG R, 400 05 Lk
I AEYIBIE R, LA TE Z R 0 R St
PERSO, B, SRS ZERUT IR (B. amyloliquefaciens)
B AR AEBOR A ALY, bk FZB42

K SQRY RE| T ZMIE . WAL, YIRS
FE FH 0 UE K 2F AT R (B, amyloliquefaciens)
FZB42 fig/" A Z RN RIR FACEY) . eIl
9o DA A K B TR, ELAG O P A K Y 2
I3, HAE R YRR A Y b7 v6 e Al v
Iz, R X SRR B (Microcystis aeruginosa)
AR RANEIVER, AT A E BRI AR,
DL KXot 5 B0 T & (Xanthomona spp.) B A W 47 il
T, BUE T 1R A 7K A8 4 TR s 3 18 A D B 7 711
AV 15 BRILZ AN, ZEIER G . BN ARAE
A R e T 1 AR ) A A R B TR A 28 A
BT v W ZE AT B (B, amyloliquefaciens)
SQRY & —M g dEta YA K AR PR i, AR
P EETE Y, HASBUE R H B T HAA B
A PSR R A P W 0 7 A, TR B
B P R Ak T R (Fusarium oxysporum)iA K, il
A OGRS B AR s RS RIR AR, A
BREENINE S D0l % PN e SRR ]
AYIBRIE T, BB A e e A
Py A= 7 36 350 OB HLLE PR A B 2 AT R
B s AP 148, H SR bR e
TEABEFE Y, FRATE ONAE At R 2325 A E #
SEHUFFE (B. amyloliquefaciens) J1, SEI % 1
P. trachicarpicola DZHBB-1 H.A5 R4 45 HilE
FH, ZE R g0k B 32 DA AT A 0 R AP A R B 1)
KA, I A D BE B 1 AR B T . AR
it V€ By 2 AT B (B. amyloliquefaciens) %}
P. trachicarpicola HAEHU/EH B E KHRIE , 71K
2B & B I6 A SRS A 2B W ) B A P e
WA, R B A AR 24 W S (R TR DAL
TEBARAIB 432, 16S rRNA FEH ¥ 51 530 H7
WM RNERGE LT RRNHET 2, B
A3 55 1 1R BE DR IXBRT DA T o SR 4 6 R
R IX 43 J b 22 1) AT A8 s g o 207 fE,
168 rRNA Z ] Fp S FE L e A P 1928 S AT BR , %ot
TG B ZE AT B (B, subtilis) I HAH G 43 S REAR M
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X2, WFFTER ZEAIFTFIR (B. amyloliquefaciens)
55 MG ZEFRAT 1R (B. subtilis) st BAT IR = W SR 201k
ML T, — S B B s 5848 242 1Y) 2 11 o G A ik
K, U rpoB. rpoD. gyrd. gyrB EE I FX
SRR 16S rRNA DR 381 Jovk %7 1) 4326
PO AR BE S i 16S rRNA SN 81 4047 % B
PAAAREE 16S IRNA BT A A RRARLIX 43t H
FREARE, NCBI AU LX) & BUALAT 8 FhZE A AT A
5 HPREAR AU IR E] 100%, RGEK T W
IR H AR TR R TR 23 S B/ A R Ik B
65, IANREMEIERG X 73, HEEE PR H AR R %
EFZFHRAF )R . MR B, R grd T
G 53 BT AT S R ZF AT TR T1 SRR 2 FE AT
W (B. amyloliquefaciens), HIRTA 4 FhZEFAT A
RIS BV EARE AR YE B RS L B R
#EoR H bW bS5 M IE R F BT E G
amyloliquefaciens) W E 4 KR W, gyrB B4
Gy AL — 2P R S5 T MR UE R 2F AT T (B
amyloliquefaciens) &5 2FIFFE J1 SRS R
PR, 25 G TR ASRRIE R o0 A PR A AR R, W] 5k
PIXTZERIAT I J1 A T PR AR 4 .

25 TR AR B OO AL bt b gy
A5 B X FE P S8 BE 5 8 IR R (P, trachicarpicola)
DZHBB-1 A7 HF F FH A) A 5 T e 0 2 S AT
(B. amyloliquefaciens) J1, I [6 B #) F 16S
RNA., gyrd Fl gyrB FER A48, HIE
ARPIE S A BRA AR, Dol v 1 45 0 1R TR AR
J1 R fRIER 2ZFHOFF IR (B. amyloliquefaciens), WK
A7 G KL A SR B R L AT RE Y A B T, IR
TR V0 b 53 288 S 2R AUAT IR A DG X Rl B L1 25 .
FES AL g Wi — 2 X R R T R ARG
b, e HAE U, 863 iY ) B s A= W il
AT H TR , 7553 HIR Bt AL A R S AH DG
) AR 2 557 5 ] o 3802 TR ARt A 7 e A
A, LHARCHUR Y ISR, DI E
OEINES IR
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