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Abstract: Potato common scab (CS) caused by pathogenic Streptomycetes has occurred widely in
China and led to increasing damage to the quality and commercial value of potato. Since the pathogen is
soil-borne and seed-borne, antagonistic microorganisms are regarded as an important method for the
prevention and control of this disease. [Objective] We aim to screen out the antagonistic bacterial
strains from the soil in the field with serious CS, reveal the mechanism of antagonism against
Streptomyces scabies, and evaluate the environmental adaptability of the targeted strains. This study
can provide a theoretical basis for developing applicable microbial agents. [Methods] The strains with
antagonistic effects were screened out via the plate confrontation method and pot experiment and then
identified based on morphological, physiological, biochemical, and molecular characteristics. Their
metabolites with antifungal functions were detected via high performance liquid chromatography
coupled with mass spectrometry. [Results] Three Gram-positive strains with antagonistic effects were
identified as Bacillus amyloliquefaciens and designated HZ11-4, HS-12, and HZ13-1, which showed the
inhibition zone diameters of 34, 29 and 30 mm to S. scabies and the control effects of 68.57%, 57.15%,
and 65.96%, respectively. The genes coding for synthetases of surfactin, iturin, and fengycin were
amplified from these strains, and existence of the lipopeptide antibiotics was detected by high
performance liquid chromatography. S. scabies could be inhibited only by surfactin which was not the
main active compound of the strains. The three strains exerted inhibitory effects on a variety of
pathogens such as Alternaria solani, Fusarium oxysporum, Rhizoctonia solani, and Verticillium
dahliae. They could live in a wide pH range of 5-9, tolerate 1%—7% NaCl and high temperature of
100 °C, promote potato growth, and were insensitive to fluopicolide + propamocarb, flusilazole,
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pyraclostrobin, kasugamycin, zhongshengmycin and thiophanate-methyl. [Conclusion] Owing to the

good environmental adaptability and broad-spectrum resistance, B. amyloliquefaciens HZ11-4, HS-12,

and HZ13-1 can be used to develop compound microbial agents against potato soil-borne diseases. This

study verifies for the first time that surfactin, iturin A, and fengycin are not the main active substances

to inhibit S. scabies.

Keywords: Streptomyces scabies; potato common scab; Bacillus amyloliquefaciens; lipopeptide antibiotics
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1.1 #$
111 REERERTIESES

FEMBETE R S. scabies BRI E hEFLF
Bt f 2E W A 52 BT TR R R B Gy, R G S
& CGMCC 4.1765 (T3S h 4.1765); fitik
AR SCR B AR BN T AR B SR
ZMH(pH M 5.9, KBk 1.54 g/kg, &% 1.70 g/kg,
49 19.82 g/kg, A ML 33.73 g/kg)-
1.1.2  RFIRIE
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1.1.3 LBiEHE

EAR10g, BEEHEHM S g, NaCl 10 g,
FRZEKEZE 1000 mL, pH H#E&ZE 7.0-7.2,
1.1.4 PDA EHE

VEEL LA B H 22 200 g, W7k 20 min, 2
AT UERRE , A EHE 20 g, BEAE 15 g, M
ZEIBKEZE 1000 mL, 8 pH £ 7.0-7.2, 121 °C
o K
1.1.5 Landy 5% &

HWizEhE 20 g, L- AR 5 g, MgSO, 7TH,0
0.5g, KC10.5g, KH,PO, 1 g, Fey(SO4);-6H,0
0.15 mg, MnSO4-H,0 5 mg, CuSO,-5H,0 0.16 mg,
ZE187K 1000 mL, pH {EIHZE 7.0-7.6,

1.1.6 King [CIEFHFE

EAM 20 g, KHPO, 1.725 g, A =
15 mL, MgSO,7H,0 1.5 g, %2 0.1 g,
K ERZ 1000mL, 18 pH & 7.2,

1.1.7 tE&&

# 20 mL 0.025 mmol/L i FeCls ZZZZ M A
30 mL WeARIR H, HIBEESERIFES S
1.1.8 B5 EFK

KNO; 50 g, MgSO,4-7H,0 5 g, NaH,PO,-H,0
3 g, CaCl,-2H,0 3 g, (NH,),S04 2.7 g, FeSO,- 7H,0
5.56 g,EDTA-Na, 7.46 g,H;053 g,MnSO,-4H,0
10 g, ZnSO4-7H,0O 2 g, NaMoO4-2H,0 0.25 g,
CuS0,-5H,0 0.025 g, CoCly,-6H,0 0.025 g, KI
0.75 g, 757K 1000 mL,

1.2 7
121 HBMEMS S

Bl g BHEFEAE T 50 mL B0, i
A 10 mL 7K 58734 o W 100 pL bR B F )
S URATT LB BARKE 523 [ 28 °C K535 24 h;
Pt g R pEVE U TR e dlif, IR TR BRI RR
FEAP T WA LB 53R 5,37 °C IR G 1 #2 # Ho
1.2.2 HEIERTHIE

WZHC 100 pL s i 25 1 18 - = i W S TR

A1 T PDA [AREFRIHE b, WL E R 40 35 572 )
6 uL i 2 ik PDA [B{AKE IR b, 28 °C #55%
7 d e D0 A R R LA

123 BEHESWE

RN GRS A1 Uk A T LB ARG SR 5 |
37 °C 337 24 h E W WRIERS, R H L%
Yk B T BT SUS010 WK IR 1A 2 1
TEA, R AU WS o bk = IR 5 1Y
1.2.4 FEHREBRE LSS

FI A A5 I 4 R A B T, A1
M AEERD 2 AN ERSE pH, ASE] NaCl e 1Y)
WK LB B3 5krR, 37 °C, 200 r/min $E ¥ 55 %
12 h J5 5E H ODgoo (51,

# 1 mL ZBEEH 8 000 r/min 50> 10 min,
B, MERABBEER 3 %, 1 mL XE
KETE, 40E T 37, 60, 80, 100 °C /KK
AR 30 min, WZHL 6 pL iH 2IRA S. scabies 1Y
PDA [ {35323 I, 5557 36 h il A & B4z
KA 0L GETHE AL
1.2.5 16S rRNA 0 gyrB ERH FFI 4517

K HME 16S rRNA [ F B 514
(27F:5'-AGAGTTTGATCCTGGCTCAG-3', 1492R ;
5'-C TACGGCTACCTTGTTACGA-3")ll gyrB %
51 ¥ (5'-GCCTTGTCGACCACTCTTGA-3',
5'-AATGGCAGTCAGCCCTTCTC-3") 43 | #k 47
W FE | Fr s 45 76 NCBI | HoX, 5% Fl MEGA 7.0
WU ERREEEW .

1.2.6 BERREMERESHREHEXERSH

Z M8 Joshi SR IA MG KIS R A
Mt AH SCHE A Be iy 51 ik AT PCR (51907
I 1), RWFMEHR: 94 °C 2 min; 94 °C
10s, 55°C20s, 72°C90s, 35 MfE¥H; 72 °C
B K S min, JCWAKZR 20 uL. KBRS IL
HL UK A3 i FWLEE H bk v B
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Fz1 PCRyESIFT

Table 1 The primers for PCR amplification

Gene Primer Sequence (5'—3') Product/bp Reference

srfA SrfAF ACACAGATATCAGGCAAGC 867 Joshi et al.I"*]
SrfAR GTCCCATCGTTCCTTCACA

ituA ItuAF CCGCTATCAATGAATGTTTG 769 Joshi et al.'*!
ItuAR TTAAGAAATAAGCGATTCGG

fend FenAF GTCTTGATGGTGCAGTCAGA 693 Joshi et al.l'*]
FenAR CTGGACCTGTTTGTCTTTGT

127 BBREREZENIBENEE

e s AR AT LB MR SRS,
37 °C. 200 r/min #E 5 12 h VE R4S
FHs BU1%Fh T3 A 200 mL Landy 5595 55,
37 °C.200 r/min £ 3% 48 h. } 35 % T 8 000 r/min
B0 10 min, FULE. FHRHEERBLRS
BRALBE, 7040 f5 w B A B, 2R e
FEAYAM, ez kTR, 1 mL R
fiff 5 H o

K FH v RO AR €6 3 (HPLC) 43 5 4l 4k F
WP TR BT, @iEHE LS 0 ZORBAX
Eclipse XDB-C5 (Agilent, 9.4x250 mm, 5 pm),
WEhHH A N 650 pL =3 2R . 20 mL ZJiE
980 mL A /KIEAW, BN 500 uL = L
% . 800 mL ZJiEF1 200 mL B4l KRG .
DR R 215 nm, B 1 mL/min. 6 B PR
IR 50 min WIRBIAH A B 100%2! 0%, 57 B
AR HPLC 453 F 4 °C TRAF45 H o

Thermo Q Exactive HFX Jii i {8 7€ ¥ {4
Xcalibur, Thermo ¥l FiHEfT—%% . it
BHaRAE, B4R WA 30 Arb,
WS 25 Arb, BRI 350 °C, Full
MS 4385 60 000, MS/MS 2384 7 500,
MifERERE . 10/30/60 (NCE mode), ME4HLIE
3.6 kV (positive),
1.2.8 #Z#HRXE

S D E RO B RS AE AR 17 em

<l actamicro@im.ac.cn, & 010-64807516

MIAEZE PR iE A, Bl 2 L BS R, FHEs
7% 30 d W EPAFH B AR AL AL 4 3 1K,
BTHRFEREERSE, 10 d )5 ARG AR R
10 mL 1x10" CFU/mL ) S. scabies ¥ F 217,
[E]F% 10 d JEREMEE PR BRI (30 mL/ZE, 1x
10° CFU/mL), LAAS 32 i AT fi] B Bk (4 &b 31 K
CK1, VIR S. scabies BIALFRL Ky CK2.,
AP 3R, BRAGEIK 1R, BIRBE2 L,
AU 18] 43 550 I 5 P 4 3R AR X% 3 (SPAD-502
-2 2200 52 1, DL SPAD F2/m A% 2 ) . Mk .
AR, WORJE A A R A, R TE SR
BIEIE  BARMEG T R A TR, 1t
BRI

WaE ST RIRAE: 0 P, AR, TORNBE;
1 %%, PZmBEmAA 0-1/6; 2 9%, HRBEHAH
H1/6-1/3; 3 9%, JRBEHIA 1/3-1/2; 4 4,
JRBEHI N 172 DL b

R (Yo)= & 9 B ZE B0/ AR S B ZE % <
100%:;

i B 18 B=3 (5 R B ZE RO BB 3R
{EL)/ (VR A A S R < e i3 9 20 850) < 100 5

AEX B 3850 (Yo )y=CxF BB ZHL 975 15 48 £ Ak B 4
15 4850/ %5 BEZH 5 15 45 503 100%
1.2.9 FEHIREKEFES T

WZHL 100 pL WA T King [OIBIARE %
Ferdr ) 37°C. 200 r/min 5535 48 h, BRI E
O, WedE bW, JFH SalKowski HbfaikiE Tk
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I B W P ) A2 4K 2 (indole acetic acid, TAA).
2 BRSO I B TAA VR
1.2.10 R4

K FH Excel 1 Origin 2019b #4034 | iz
MEGA 7.0 ARk R G K W .

2 X504

21 HBHESSEEEMEMNSESFIE

MR A SR B EH AR5 3 AR
it S. scabies HA B H5H0AE 40
W, 549y HZ11-4, HS-12, HZ13-1, ¥
F% 72 h J5 & TR B B B 2 51 h 34 mm (B
1A), 29 mm (& 1B), 30 mm (&l 1C), Hrp
HZ11-4 B0 P8 325 IH B e =
22 HMEESEUNE

Wi 2 Fron , @Ak HZ11-4 ,HS-12 F1 HZ13-1
IR RIADE, fe, RiETE, %%,
FL R R IR, ARAR, W e
Hrh Rk HZ13-1 MEEZ5M R Kik, HZ11-4
Wz, HS-12 LHiE.
23 HEESEEE NS

Ftk HZ11-4, HS-12, HZ13-1 0] F| Fil #j
AWE . HEemE . INAYEE . R S E— R
CIRINAE R 378 AN Waal 7/ I ¥ s e &
{HORRE 0 il A R AV EE 05 mT 40900 B T Tl

E 1 BRERNEmESE IR
Figure 1

©

W WiAk . Bk HZ11-4 F1 HS-12 Y74 R R £
RIS L LB, R FH v AN IR £ A i
YWE R OBEF LR ; HZ11-4 199 2RI %
BRI, 2 B HC AT 5 i % S TR o 482 T e i 15 2 R
HZ13-1 ()0 B8 -2 UM RS 28R 9 i 1k
B BAPE, REAH AT L™ A B-2FZL0E 1 i FiAs
RRRUK B (R 2)
2.4 E-TF 16S rRNA # gyrB EEFFIHI 5
TEMFETE
P fk HZ11-4, HS-12 fil HZ13-1 f 16S
rRNA JE K FEHI7E NCBI HE T HON, KL =%
VISR R ROAT IR L A U8R ZF R AT R Y W] I
iKE] 99.9%LA b5 i — LY G TR gyrB KR
A B, IEil S MEGA 7.0 lIFHE R E A B W,
KI5 NR041455, CP014700 #l CPO17953
SRR F AR RER (B 3.
4), BRICRZFINELEE A AR, B
SER P HZ11-4 . HS-12 F1 HZ13-1 ¥ R iR TEH#
AR A
25 RERAEIMAE RS MEEHECERE R BT 18
BT BN, srfd M itud FEH Fr s i

() B 7 B 2 T TG P 3R RN B 2 i o A
HOEEE B IRE, fend W LITEILIZ R A N
il 5L A R 5 7-9 2 IR, o 4l 2 R Y 4
13, ZHWYPHAT LR Rmem",

40

35
3 g 30
- < 25
g. 20
g 15
A 10

HZ11-4 HS-12  HZ13-1

The inhibitory effect of the target strains on Streptomyces scabies. A: inhibition zone of HZ11-4;

B: inhibition zone of HS-12; C: inhibition zone of HZ13-1.
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A2 B2 2

5.00 um

Lo bl
SU8010 5.0 kV 4.5 mm =8.00 k SE(UL) 8/ D21 14:5¢ SU8010 5.0 kV 4.5 mm =8.00 k SE(UL) 8/9/202

B2 BERESHIE

Figure 2 Morphological characteristics of HZ11-4, HS-12 and HZ13-1. Al: HZ11-4 colonies; A2: HZ11-4
Gram staining; A3: HZ11-4 scanning electron microscopy (SEM); B1: HS-12 colonies; B2: HS-12 Gram
staining; B3: HS-12 SEM; C1: HZ13-1 colonies; C2: HZ13-1 Gram staining; C3: HZ13-1 SEM.

Rz 2 EF HZ11-4. HS-12 F1 HZ13-1 B9 T4 (L4514

Table 2 Physiological and biochemical properties of HZ11-4, HS-12 and HZ13-1

Test items Results Test items Results
HZ11-4 HS-12 HZ13-1 HZ11-4 HS-12 HZ13-1

2-Nitrophenyl - - + Rhamnose - - -
galactopyranoside

Arginine - - + Sucrose + + +
Lysine - - - Melibiose - - -
Ornithine + - - Amygdalin + + +
Sodium citrate + + + Glucose + + +
Pyruvate + + - Mannitol + + +

Kohn gelatin + + + Sorbitol + + +

P4 actamicro@im.ac.cn, & 010-64807516
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NR 043922.1 Gracilibacillus lacisalsi DSM 19029

NR 152694.1 Alteribacillus alkaliphilus JC229
NR 036860.1 Bacillus hortis K13
NR 028620.1 Bacillus akibai 1139
NR 041241.1 Bacillus oshimensiss K11

NR 041455.1 Bacillus amyloliquefaciens NBRC 15535
ﬁHZ 13-1 '

HS-12

HZ11-4

NR 108638.1 Bacillus luteolus YIM 93174

NR 163641.1 Bacillus fermentis Bf-1

NR 025591.1 Bacillus soli R-16300

NR 028709.1 Bacillus siralis 171544

NR 164882.1 Bacillus zanthoxyli 1433

NR 025409.1 Psychrobacillus psychrodurans 68E3

NR 025573.1 Paenisporosarcina macmurdoensis CMS 21w

—
0.0100

3 ET 16S rRNA EEFIIMEMAKLEN
Figure 3 Phylogenetic tree constructed based on the 16S rRNA gene sequences.

MT119762.1:100-699 Bacillus velezensis NN§
MT119756.1:100-699 Bacillus velezensis NNO2
MW350103.1:55-654 Bacillus velezensis ZZBV-3
CP025341.1:5438-6037 Bacillus velezensis CMT-6

Z13-1
CP074391.1:55775-56374 Bacillus amyloliquefaciens L-17
CP014700.1:5252-5851 Bacillus amyloliquefaciens S499
HZ11-4
HS-12
KF194278.1:7-606 Bacillus amyloliquefaciens 4-2
CP004065.1:3923012-3923611 Bacillus amyloliguefaciens 1T-45
CP018152.1:1325371-1325970 Bacillus amyloliguefaciens LM2303
CP064845.1:3723895-3724494 Bacillus velezensis BZR277
CP064846.1:2585130-2585729 Bacillus velezensis BZR86

0.10

B4 ETgrBERFIWEMAZLEN

Figure 4 Phylogenetic tree constructed based on the gyrB gene sequences.

[tuAF A1 ItuAR § 34152 f9 B 1) F B3 5 1 vk
JK6 F11 IBFCBF (KR149330.1, MG800639.1)

T HE—L T 3 R TE R 28 F AT B A SRS BT AL
U, OB DU Y ROy, FATT o ) DL PR

HZ11-4, HS-12 Fl HZ13-1 3£ [N 41 DNA J#itR
#EAT PCR 9731, BEMCHLIKZS RAE 5 Fow,

HAsHBER/ANFSTIH. # PCR F=4y 45
JAE NCBI W u Fe Xt & B, 514 StfAF 5 SrfAR
AR 20 )7 5135 5 Rk ATCC 55079 F1 PG12
(KC454625.1, KT896547.1)%% i iif I 2 4 Jii i
FEB srfd Je AR ARRIEE IR B] 99%L) F s 514

H AL B 2 A B irud TR 0 A AL EE ik
F] 99%L) | ; 514 FenAF F1 FenAR ¥ 31y H
Fr A B 5 HE #k SYBCH47 (KYO051731.1)F (1)
Z RGN fend FEH P HARLUE X 3] 99%
PLEo AL, 3 BRI AT AR RSP AE &R
RIEIEVER 252 T 2R 1 G LA OC
FH,
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(A) Marker srfd fenA ituA

W 770 Jo0

(B) Marker srfA4 fend itud

-
870 770 709

(C) Marker srfA fend itud

870 769 go3

5 &tk HZ11-4 (A). HS-12 (B). HZ13-1 (C)$ %1% PCR # 84 R
Figure 5 Specific PCR amplification results of HZ11-4 (A), HS-12 (B) and HZ13-1 (C).

26 BEREMEZHSE. dUFALE
3RS IRE T, HZ11-4 F HZ13-1 IR
% WX S. scabies 5 — & Ml R (Kl 6A),
Hr HZ11-4 R R . FRATFIH 2R g
APOE RS HZ11-4 (R RS hi A K RLIE Y,

(B)

6 HZ11-4 KFTEEEERXT S. scabies BIIE IR

M 2o e RO T AT A o s, R Bl

0 BT R o (B 7) 53 000 T IR S. scabies 1§
IR PDA AR [, 48 h WL AL
g3 1R e B A B RS PUACR | an ¥l 6B
i

©

Figure 6 The antagonistic effect of HZ11-4 and surfactin on S. scabies. A: HZ11-4 fermentation supernatant;
B: HPLC fractionation components; C: different concentrations of surfactant.

WK 8 Frs, FI TR SO AR 35 B
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Figure 8 Mass spectrum analysis prefile of antagonist produsts.
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Table 3  Statistics of potato scab
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Sickness i
Treatment Number of Occurrence rate/% Plsease Relative control effects/%
grains 0 1 2 3 4 index
CK1 10 10 0 0 0 0 0 0 -
CK2 11 1 0 2 1 7 90.91 79.55 -
HZ11-4 15 7 4 2 1 1 53.33 25.00 68.57
HS-12 11 4 3 1 2 1 63.64 34.09 57.15
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Figure 9 Results of pot culture experiment.
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Figure 10 The growth curve of HZ11-4, HS-12 and HZ13-1. The growth curves are shown on the left and

the pH monitoring values on the right.
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*4 REFIE HZ11-4. HS-12 1 HZ13-1 B
Table 4 Effect of fungicides on HZ11-4, HS-12 and HZ13-1

Resistance
ici : ... Agrobacterium -
Fungicide Producer Concentration fgfihéf;}l"a tu%n efaciens jf\l/[nolmléales HZ114 HS.12  HZ13-1
GV3101 B

H,0 + + + + + +

Difenoconazole Hebei Zhongbao Green  0.10% + - - - - -
Crop Technology Co., Ltd.

Fluorobacteria-propamo Bayer Crop Science 0.10% + + - + + +

carb (China) Co., Ltd.

Flusilazole Jiangsu Jiannong Plant ~ 0.01% - + - + + +
Protection Co., Ltd.

Pyrazole ether fungus  Jinan Zhongke Green 0.05% + + - + + +

ester Biological Engineering
Co., Ltd.

Kasugamycin Shaanxi McColo 0.10% - + + + + +
Biological Co., Ltd.

Zhongshengmycin Fujian Kaili Biological ~ 0.10% - - + + + +
Products Co., Ltd.

Azoxystrobin Xianzhengda Nantong ~ 0.10% + - - - — -
Crop Protection Co., Ltd.

Mancozeb Sichuan Runer 0.10% - - - - — -
Technology Co., Ltd.

Thiophanate-methyl Jinan Taihe Chemical 0.10% + + - + + +
Co., Ltd.

+: fungicides do not affect antagonist growth; —: fungicides inhibit antagonist growth.

12 H#k HZ11-4, HS-12. HZ13-1 BT iElE

Figure 12 Broad-spectrum resistance of HZ11-4, HS-12 and HZ13-1. A, B, C, D: HZ11-4, HS-12 and HZ13-1
antagonize Alternaria solani; E, F, G, H: HZ11-4, HS-12 and HZ13-1 antagonize Fusarium oxysporum; 1, J, K, L:
HZ11-4, HS-12 and HZ13-1 antagonize Rhizoctonia solani; M, N, O, P: HZ11-4, HS-12 and HZ13-1 antagonize
Verticillium dahlia.
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Figure 13  Antagonistic bacterial growth promotion assay. A—D: basic condition; E: water treatment, F—H:
the order of pouring HZ11-4, HS-12 and HZ13-1 bacterial culture.
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