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Abstract: [Background] In recent years, the damage of potato scab disease has gradually increased,
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and it has occurred in all major producing areas across the country. At present, the lack of effective
prevention and control methods has caused serious economic losses. Biological control is an effective
way to prevent and control soil-borne diseases, and has gradually become a research hotspot.
[Objective] Screening strains with high antagonistic effect on Streptomyces scabies will provide strain
resources for the development of biocontrol agents and lay a theoretical foundation for the prevention
and control of potato scab. [Methods] The isolated strains were preliminarily screened and
re-screened by the plate confrontation growth method and the Oxford cup test method, and the strains
were identified by morphological characteristics, physiological and biochemical characteristics, and
16S rRNA and gyrB sequence analysis results. The antifungal spectrum of the strain was determined
by the plate confrontation method. [Results] A strain BKS104 with obvious antagonistic effect was
obtained, with a antifungal diameter of 43 mm and a control effect of 85%. The colony is round, milky
white, opaque, shiny surface, neat edges, rod-shaped bacteria, Gram-positive bacteria. Combined with
the sequencing results of 16S rRNA and gyrB, it was identified as Bacillus velezensis, and it has
inhibitory effect on 8 kinds of plant pathogenic fungi. [Conclusion] The strain BKS104 is B.
velezensis, which can effectively inhibit the growth of Streptomyces scabies, with high safety and
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good biocontrol potential.

Keywords: potato scab, antagonistic bacteria, identification
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PCR WA Z : 2xTag PCR Master Mix 12.5 uL, |,
TS 191(10 pmol/L)4% 1.0 uL, DNA #i#z 0.5 uL,
ddH,0 10.0 uL; PCR W 451F: 95 °C 5 min; 94 °C
1 min, 55-58 °C 1 min, 72 °C 90's, 30 PMEH;
72 °C 10 min.

gurB FEHY 1S RH5|Y gvrB-F (5-GAAGTC
ATCATGACCGTTCTGCAY GCNGGNGGNAARTT
YGA-3")Fl gyrB-R (5-AGCAGGGTACGGATGTGC

GAGCCRTCNACRTCNGCRTCNGTCAT-3") k17 %
P14 PCR R A% : 2xTag PCR Master Mix
12.5 uL, E. TUHE5147(10 umol/L)£% 0.5 uL, DNA
FiAR 1.0 pL, ddH,0 10.5 pL. PCR J2 )i 5f4:: 94 °C
5 min; 94 °C 30's, 55-58 °C 30's, 72 °C 1 min,
35 MEFR; 72 °C 10 min,
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Bl 1 Btk BKS104 X505 S = AN EI 3 R

Figure 1 The inhibitory effect of strain BKS104 on Streptomyces scab

M A: PIFEXTIE; B: WIRRERCR; C. EMXTE; D: EisiR

Note: A: Primary screening control; B: Primary screening effect; C: Re-screening control; D: Re-screening effect

2 E#k BKS104 BYEEH S RERESS
Figure 2 Colony morphology and cell morphology of
strain BKS104

T A WKRIES; B: WIKES
Note: A: Colony morphology; B: Cell morphology
ZRE CREED IR IR, I AR R AR A S
RENE R TER AT JiE 5 V=P 3856 FIDRS 20 R RUK fift it
BRI AN HRRIA RS . W . AR IR I
B N T IRERAE . MR RIS . IR ARG 5 B
TER 1%—10% NaCl ) LB i3k FX T E# 4K
(FE 1)o B AAEMRBEE LR, S5 E¥
SFE, AR (IAZSANE SE T ) P e 1
WRIBZFAT R, S CROTE- 55 25 0T
B AP ) PO bRt , DK T bR A 4 S Ty L3
W 2EAOAT IR -
2.4 HE# BKS104 D TEMFLEE

Fitk BKS104 4 16S rRNA KN FFEHIKE R
1 417 bp. K53 NCBI J53k15 GenBank %55
5 MW577624,%4 BLASTn H XA BH, Hitk BKS104
ff) 16S rRNA J[H 541 5 ff 3 b 2E 44T 18 (Bacillus
amyloliquefaciens) . VISEHiZEHIAT R (B. velezensis)
B ZEMFF R (B, siamensis )5 R SE R 741 (A AH

APEIEE] 99% LI b, REERFRER TR, BKS104
5 B. siamensis . B. amyloliquefaciens )¢ B. velezensis
Oy SR, (RS ARE, MELUX Z) BKS104 (1
R 3).

1 Bk BKS104 RUEIRE (45
Table 1 Physiological and biochemical characteristics of
strain BKS104
RIS Test index 25 Results
2 R YL@ Gram staining +
1 L S Catalase +
A fL M Oxidase 4
TER K Starch hydrolysis +
filf &4 )i Nitric acid reduction
i3] Indole =
FriEmREL Citrate
fifb & Hydrogen sulfide
THA PR RAUKf# Arginine double hydrolysis
WEWE Sucrose
N FRER Malonate =
HIZHE Glucose
WX Urease
PH AL Gelatin liquefaction
MR test
V-P test
1% NaCl
2% NaCl
3% NaCl
4% NaCl
5% NaCl
6% NaCl
7% NaCl
8% NaCl
9% NaCl
10% NaCl
W o+ PHME - BN

Note: +: Positive; —: Negative

+ o+

e

R T T T e S
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Rk BKS104 1Y gyrB FEIFFHIEE N 1132 bp, 7%, BKS104 5 B. velezensis [flJ&—/~43y 3%, 1fi H.
¥ 5 $2 2¢ NCBI i 3543 GenBank & 35 CHRREGE(E 4).
MWS579412, £ BLASTn FLXFAREL, Hitk BKS104 AR . AFAE RE &2 16S rRNA F
1 gyrB FE 415 DI SEWT 2EHUAFT TR (B, velezensis) gyrB WL P A Hr s L, F bk BKS104 %556 N
SER RS AR f s, 53 99.91%, RGEKTW  DISEHT AT .

BKS104 (MW577624)
Bacillus velezensis 2630 (MT611652)
64\ Bacillus amyloliquefaciens SML M74 (MG937619)
Bacillus amyloliquefaciens SML M70 (MG937644)
Bacillus velezensis 2628 (MT611650)
Bacillus methylotrophicus Y-2 (KT902018)
100 63 Bacillus methylotrophicus F7 (KT902017)
Bacillus siamensis ASDI6LEAF2 (MW301642)
Bacillus subtilis RN40 (KC990823)
957 Paenibacillus polymyxa NCIM2726 (KR185865)
74| Paenibacillus polymyxa NCIM2540 (KR185852)
Bacillus subtilis PanD37 (KP635214)
— Bacillus thuringiensis CMBL-BT4 (AM778997)
100— Bacillus thuringiensis CMBL-BT3 (AM778996)
 Jeotgalibacillus marinus ATCC 29841 (NR112057)
100! Jeotgalibacillus marinus 581 (NR025351)

99

A
0.005

3 ET 16S rRNA EEF 52 M E TR BKS104 B RF L B H
Figure 3 Phylogenetic tree of strain BKS104 constructed based on 16S rRNA gene sequence

T 55 EAE GenBank Bt 55 /SRR AJEE; AR 0.005 AR Bk

Note: Numbers in parentheses are GenBank accession numbers; The bootstrap values are shown at the node and the scale bar indicates 0.005
substitutions per nucleotide position

Bacillus amyloliquefaciens BCRC 11266 (DQ309307)

Bacillus amyloliquefaciens BCRC 17038 (DQ309305)
| Bacillus siamensis ZHX-10 (MN848528)
10011001 Bacillus siamensis KCTC 13613 (KC608573)
Bacillus velezensis SDTB038 (MT271686)
08 W{ BKS104 (MW579412)

Bacillus velezensis K2 (MN365038)

r Bacillus subtilis BCRC 10058 (DQ309306)
100\_{ Bacillus subtilis DY3 (KY315728)

96! Bacillus subtilis DY2a (KY315727)

i Bacillus licheniformis BCRC 15413 (DQ309325)

100 Bacillus licheniformis FP1 (KC311722)

; Bacillus thuringiensis (AF090331)
1001 Bacillus thuringiensis 185056 (EF690292)

100 Bacillus amyloliquefaciens ATCC 21770 (DQ309311)

39

0.050

B4 ET gyrB ZERFFIHZRE K BKS104 IR GE R EH

Figure 4 Phylogenetic tree of strain BKS104 constructed based on gyrB gene sequence

TE: 55 HEUEN GenBank S35 JrSUAMRTEA ARME; FrR 0.050 AR RE AR

Note: Numbers in parentheses are GenBank accession numbers; The bootstrap values are shown at the node and the scale bar indicates 0.050
substitutions per nucleotide position
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LB B R CE S d IR, B B
A%, UL bR BKS104 X TR B 224 R
S5 R EEY A (E 5),
2.6 E#k BKS104 B9 E LN E

FERE BKS104 X% 8 FiE 49 I L 445 IH 2 1Y)
IR 2, F6). Hilk BKS104 X D442 s
SR (A. solani) QL17-1 B4RV, 5%
T 56.4%, B T HAWRE R (P<0.05). 734h, W
Bk BKS104 i /K Fei i PR BKEHG 1 (Bi. oryzae) STR18-1 .
] H 2% AR A (S. sclerotiorum) HP19-2 K& hh K
FEIAN I (Bo. cinerea) HM18-1 RUHNHIZCR 4355 ]
T 53.4%. 53.1%. 52.3%, {HHXF R ML

(F. oxysporum) JB16-5 MINHIRCREZE, (iEE]
20.4%. SR, Wik BKS104 HA RN 1%
it , 7e2E B8 B 8RR T .
2.7 E#k BKS104 IR BHGRIE

25 FIXTHR AN LB AbBEX R T4 S L i, K
TR IR F] 100%, 25 % IR I e Bom ik 72.5,
LB B IR B R S TR B AR F s v R, R
RIS, WIETEECH 58.7, BE & THHT
# BKS104 ZbFH ., BKS104 AbFE TH4A B L9555 il 4
B, RIFEN 36.1%, HNiETE%L 10.8, 734k BKS104
SRR B ROE RN T 85%, 25/ T HAt 2 4%t
HEALF(P<0.05), #E— U0 T Itk BKS104 X5
B HAT B MIBE AR (R 3, B 7).

5 HE ¥k BKS104 M EHR L 2N E

Figure 5 Determination of the safety of strain BKS104 to potato pieces

Note: A: CK; B: LB; C: BKS104

F£ 2 EHE BKS104 B9 E LN E

Table 2 Determination of antifungal spectrum of strain BKS104

G I L PRI R A PR A
Phytopathogenic fungi Average antifungal zone (mm) Average inhibition rate (%)
A. solani QL17-1 14.1x1.1a 56.4+1.3a

Bi. oryzae SJR18-1 13.4+1.4ab 53.4+1.4ab

S. sclerotiorum HP19-2 13.3+1.3ab 53.1£1.1ab

Bo. cinerea HM18-1 13.1+1.1ab 52.3+1.3ab

E. turcicum TQRB17-1 12.140.9bc 48.5+1.7bc

F. solani BL19-1 10.9+0.2cd 43.440.9¢cd

Bi. zeicola DPQ19-1 9.8+0.5d 39.2+1.1d

F. oxysporum JB16-5 5.1£0.3¢ 20.4+1.3e

TE: RAPV/NG TR 0.05 KRR REN, MFETEZORE K FIO R E 2=

Note: The lowercase letters in the same column of data in the table represent the significance of the 0.05 level difference, and the same letter

means no significant difference at the same level
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E 6 &tk BKS104 HIE LM E

Figure 6 Determination of antifungal spectrum of strain BKS104
Note: A: 4. solani QL17-1; B: S. sclerotiorum HP19-2; C: Bo. cinerea HM18-1; D: Bi. oryzae SIR18-1; E: Bi. zeicola DPQ19-1; F: F. solani

BL19-1; G: E. turcicum TQRB17-1; H: F. oxysporum JB16-5

%3 HEHk BKS104 BYZ B0 E

Table 3 Determination of potted control effect of strain BKS104

[ Preventive effect (%)

HbFH Treatments KR Occurrence rate (%) fRTE 64X Disease index

CK 100.0+£0a 72.5+2.8a -

LB 100.0+0a 58.7+£2.3b 19.0£2.2b
BKS104 36.1+2.4b 10.8+1.4¢ 85.0+2.5a

T RAP/NG TR 0.05 KCF2ERRENE, M TFEEFIRFE—KF FIC R E 22

Note: The lowercase letters in the same column of data in the table represent the significance of the 0.05 level difference, and the same letter

means no significant difference at the same level

7 Btk BKS104 Y73 BN E

Figure 7 Determination of potted control effect of strain BKS104

Note: A: CK; B: LB; C: BKS104

3 WS4

H A X h S S e TR A BUVE T Y
EARA F TR ZE AR (B. amyloliquefaciens) . 75z
4 R (B, thuringiensis) . i 5 ZF {0 FF 5 (B.
subtilisy . K B MO WO OE (B

methylotrophicus)"' 7 3 BeHEHT BRI GE DS B

AN AR 21.4-29.56 mm. AHF5E MARPR 4 h
SESE] 181 RN bR, L ik s —ikxbg
PisE B o A S HOR M R BKS104, %55E A D1
SEHNZEAUAT A, LTI HARA R T 43 mm, BHAL
K5 85%, R T AT AHGE TSP . #kk
BKS104 AT B A WAL T H kBP0 15 21
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DUSEH 2EAIFT I BU396, B4h, #£ GenBank F#
BU396 HYFESI5 5 BKS104 HEITHLRT AR ER, 2 AR
WIPFIRIEAEE 225, "Reld TARRER.

50 (R A0 TR 43 28 %8 7 1 Ll 1 A
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