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Abstract: [ Objective | Crown gall caused by Agrobacterium tumefaciens is an emerging threat to the com-
mercial production of blueberry Biological control plays an important role in mitigating the disease incidence.
With an isolated native endophytic strain from the roots of a healthy blueberry plant, this study aims to identify
its species, evaluate its field control effect on blueberry root cancer, and explore preliminarily its possible active
substances, thus laying a theoretical foundation for the biological control of blueberry root cancer and the devel-
opment of fungicides in Yunnan.[ Method ] Based on morphological characteristics, physiological-biochemical
determination, and PCR amplification of 16s rDNA and gyrB genes, the isolated strain was identified as Bacillus
amyloliquefaciens JK10.The plate confrontation method and model plant (sunflower, tomato)were used to investi-
gate JK10 antagonistic effects on blueberry root cancer pathogens and its effect on tumorigenesis ; the field con-
trol effect of strain JK10 on blueberry root cancer was further verified by root irrigation.Synthetic genes of related
substances in JK10 genome were detected by using polyketide and lipopeptide gene specific primers. [ Result ]
In—vitro assay, the isolated strain JK10 showed a strong antagonistic effect against A. tumefaciens and inhibition
zone diameter was recorded 22+1.2 mm.In the greenhouse, assays JK10 significantly suppressed the incidence
of gall formation in sunflower and tomato model plants with control effects of 94.28% and 87.09%, respectively.
In the field experiments, JK10 reduced the gall formation with a control effect of more than 50% increased the
fruit setting rate and fresh weight of 100 fruits by about 15.50% and 22.01%,respectively,compared with control.
PCR amplification of polyketides and lipopeptides biosynthesis genes revealed that the genome of JK10 contains
genes related to polyketides and lipopeptides and can produce antimicrobial substances. [ Conclusion ] This
study highlights the potential of B. amyloliquefaciens JK10 to mitigate the crown gall disease of blueberry.The re-
sults suggest that B. amyloliquefaciens JK10 is a novel biocontrol agent for sustainable agriculture and a suitable
candidate for the production of biopesticides.
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Tab.l Grading standards for blueberry crown gall

Y31 ik RAHH
Disease grade Describe Representative value
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Ve MR 2 B T s Mo e/ i B iy AR R, A A 3
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Fig.1  JK10 colony morphology (A )and microscopic observation(B)

Az AR ARRFIE AN 3R 2 IR, JK L0 GBI FHVE B I Z00E 22 208 R A5 IR B AR R IR K A i 2
7K o SN A B . 228 C LA TR R G0 % TWE) T LR B JK 10 LR RIE 5 2R AT iR E ) & o
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B. amyloliquefaciens GKT04 (KY328743.1) K Z , 4 99.23%. & 2A JK10 ¥ 16S t1DNA RG & F W W.7w ,
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Bacillus amyloliquefaciens JK10,
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Tab.2 Physiological and biochemical characteristics of JK10

FE4T Index LR Characteristic &4 Index “S1E Characteristic
H 22 YD Gram stain + F AL Oxidase -
ZEFLYL G Spore staining + HHBE 7K A Gelatin hydrolysis +
A 0, + FEMI KA Starch hydrolysis +
1B EE Motility + Ti% 53 R /K % Tyrosine hydrolysis -
5| Indole - FrEEIRER Citrate +
TEBE Sucrose + D—H &5 D-mannitol +
HEHE Glucose + HNE PR Phenylalanine -
7% ZF Bl Maltose + AR ER A JF Nitrate reduction +
M Fructose + V.P.SE Voges—proskauer +
B[ REAF1BE Arabinose + A= Anaerobic growth -
B Raffinose - HAHE IR D—glucose acid yield +
L FLBE D-galactose - Wit iRk 5 Hydrogen sulfide test -
AHiE Xylose + GUBEAS R Lecithin solubilization +
BEfME Catalase + Tween 80 [%f# Tweet 80 degradation -
F BL4T 3056; Methyl red test - 50 g/ NaCl +
3 °CAEK Growth 3 °C - 70 g/L. NaCl -
HEHAE Spore location i 3% pH Optimum pH 7.2
+: [APEERREE A s — BT ERBERI A .
+ Means positive or usable; — Means negative or unusable.
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100l (AY461778.1) B,
(EU014689.1) Escherichia coli KCTC 2441 (EUO14649.1) johia coli KCTC 2441
—
0.10 0.050

5 NI F RS T H G RS .
The combination of letters and numbers in brackets is the retrieval number.
K2 16S rDNA(A)15 gyrB (B)JE [ R GE%
Fig.2 165 rDNA(A)and gyrB(B)gene phylogenetic tree
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FURTE TR 80N 10.0+1.44, H R0 B L-11 09 %) BRI 1% 48 80K 77.5+5.56, B R R 87.09% ; 17 % 1 A4 4%
AR I TE A < Rk TK10 B84 SAMH L-11 5 R A 17 H 5% e B , B3 R H R s 8 T~ —
A A

- R
AN TK10% L= 11 AGFEHURCR B O JK10 % L- 115 R AY 1) H 25 5eb 808 RS20 5 C 0y TK1OX L= 115 & H 3t el R 52 il
A is the antagonistic effect of JK10 on L—11;B is the effect of JK10 on sunflower crown gall tumors caused by L-11;

C is the effect of JK10 on tomato crown gall tumors caused by L-11.
B3 JK10 X 3 A AR b AT B B H0 /T LA B 4 o R R
Fig.3  The antagonistic effect of JK10 on blueberry Agrobacterium tumefaciens and its tumor—inhibiting effect
2.3 JK10 X EE & AR HY H [ 78 80 R
X BN L AR LG, AR AR i DX R A P TK 10 BRBOZE SR HEAR 3 U, BN 1 S R A R 1Y
JRE SRR ORI, Y S AR T R v RTR 00 L BRI A 1R K (e 3) o JEZEHEAR 3 U EIA W Ay T ]
B3 V6 R AN VR T, v T WA A ) T RN BT
&3 JKI0 X EERERN X B =28 #500m
Tab.3 The effect of JK10 on blueberry crown gall prevention and yield in the field

sl A SRR % kLR /g R B 1% FiETRE AXTBIRU%
Treatment Fruition rate  Hundred grainweight New tumor increase rate  Disease index  Control effect
80% L2 1 00015 84.23a 210.4b 34.44b 28.89+3.42" 33.33
JK10 86.77a 245.6a 22.22b 18.89+2.89° 56.40
CK 75.12b 201.3b 72.22a 43.33+5.78" —

IS AN [ 7 BE R 22 53 8 4 (P<0.05 )
In the same column, significant difference between treatment is shown by the different small letters on the error bar according

to t—test at P<0.05.
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FH &1 4 AT AT, DL A 4H TR JK10 56 K 41 DNA S AR AR , AT A4 34 2] BacillomycinD | Fengycin , Iturin , Sur-
factin , Bacilysin . Bacillaene , Difficidin , Bacillibactin X} v ft) & R ], 26 B B AR JK 10 B2 4 DNA &4 I
R 8 PR IR AR IR AL G W& R . BER] TK10 A B b ] BE &5 AR OCH BT, X 2e ¥y o ml g 5 H A
B8O A 5K

3 iS4
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SEPME I 168 55 gyrB HE K G @R PR MER) 408 T — AR VSR ZFAUAT I . o A d SR A LR AR AR
16S tDNA 5 gyrB FE S RE T —ARIEFEZEMEAF B . 16S rDNA FEPH 3410 35 36 1oy FH T 40 B 26 591 ol 44 2 400 7
RO HAC, LYRAME G4 1 %08 1Y Ja BRPE B2 B 3 16S rDNA J7 1 18] 3 5 B9 AHBLE | b 5 2 4 LA
DI 2R % 6 R AT YR STAERT TR R B gyrA FE A gyrB B P AT BRAD 16S rDNA K PRk i) ke i 1 938
HAE L 168 rDNA Hl gyrB 1R P 511 & %2 15 02— FhRL27 B B b ok mT i — Rl 35 20 g o i 45
7R

i e 75 B0 20 TR S AR I AR W B 1A ) — A SRS 2R B SR e 45 2 BRI A T2 TR Pantoea deleyi



55 4 3] T 5 P U o 2 LT B JK 10 B S B O S AR 19 B i A0 R - 897 -
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FEAT RS R ) H S R . 2 8 AR 15 5

[ 2 7= B B8 Alcaligenes faecalis X AR Ji6 +IEFT R A K

S BUVE R, ELsR ZUM AR i 1m) H 28 /R . 9K 300
98 oSOV R A B 1 B T 2% AT 18 Bacillus velezen- 1300
sis TR R X PR A6 AR I8 B 0GR B T 50% 5 AW 5% fil 1322
JK10 & B % 2300 W 8 MR o AL AR i 0 AR 3 kU

W 7R AR T o AR R R A R R 1 4 B K &

i F 0 B AT 3 R AL, ELBRGA B 56% , 0F BLxtig 2
RERE AR ) A R AT R A —E . XS 100
SRR EELEN AT T AR B R 45% AL 3 T 11N

3R IXATRE T JK10 2K [ g Re ih AR AR 2 2L A T

T FUA A 7 1 o A 5 . ISR 5 B AL DL 3 Q00 M 4 b oA

H 7 oz N 28 = \"“'l_]j:[—”‘%)ﬁ‘ ﬁﬁz“’ M:DL 5 000 Maker; 1-8:bmyA ,fenA ,ituC , srfAA ,bacA , beaS ,
G W) R R TE R SR AT R AR R WAT TR . i T :
dfnA and dhbA of the strain JK10.

i ZF FRUFT BT 32a Rl R 5 % B 2 FU AT 147 39 BR fiE ™ P4 IR SR EAR A LD PCR Kl
i%?@*}:%%%&l\ , EF?EHE%;E?EB%% , E_Xd‘m% Fig.4 The PCR detection of lipopeptide and

polyketide compounds synthesis gene

- T TR 51 R B T ot ek 8L R B A ROR R
Chakraborty SE™ 38 19 i JE K3 2FF0AT B8 0] 77 A Z2 R SRR ot , %5 RIS SR B Vibrio parahaemolyticus 8]
135K V. parahaemolyticus 4 B I BN HIZR . Chen S5 4R E 14 DL SEHT 2 J0 4T 18 B. velezensis CLA178 7=
A B R IR B 25 B0 42 2 macrolactin X AR R 8T TR C58 A7 B Uf (A FP il 16 14 o AS A 5 38 £ X B A% JK 10
FE R AR DGR R A 4 38, Uk B LA vh AT R AR AE 2 Bl i RIS RN SR R 2y o, HLAA IR A 2 S ol
WA AR AR T I AT R A ) A RS

RS LEGIE A IEE AR HEAE AL I 2 1o 45 08 B0 — PR A 5 TR JK 10 R Ff DE A 2R F0AT I . % NS
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