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TLBERE ~ PRZHE ~ ZEEENR - BEEASH - 2021  HARHTSF AR ES
FZBA2Z dfn BEEIRFEAE TS 8 2B M B 2 A (L BRaT - TR
64(1): 25-34 -

BRERER FIUKREREY . — BN &SRB
FRE > FEYRE S EE MR E (Streptomyces scabies)
WRCER R AL (R EERSERE - AEhE
T Fe S B ALK S FARE S (Bacillus amyloliquefaciens) Ba0l
REA M i B A N R o BRI TTRERS 2R Y
BRIV 7R o R Y O B AR B R A U B A
SEAIFEE (Bacillus velezensis) FZBA2FEHCFEI4%2S 88 240 1T
B FLAZE BRI B AR MR B TR IR B 2 BE 7R 52 HEWI
KA P)difficidin (dfn) FER s HINHIEIREIRETT - K
SEE LN AEEBEDIdMENE (gene cluster) J AN
JEBIE (dfn] domain) METT HATELRIZESE « SEFR A AN 7 Bildfn]
domainZ€ SRR ELET 4= R B. velezensis FZBA2LLEE » EANEHIHE i
94 B8 AE ) By B TR - i dfn] domain & # B HIl B 18 {DLEF £ Bk
HIEERE S » DA E4E S BURB. velezensis FZB42 dfnFERTE Eldfn]
domainA I & §2 B8 im B G HE A E -

BASEEE WSRO - SR BTN - FAII S AR
difficidin

w 8
B85 (Solanum tuberosum L.) BfiJEN—F L E ALY
v RER EREENREEYZ—  WWE/NE - FORRIEK
WREIU KK B EY) - MRS BIRE R4S, (Food and Agriculture
Organization of the United Nations » FAO) HYE#5 » 201945t 5% |

R BERLIR370,436,581 A1 » (EEERREGFHESEY
F552,000230 > FE{E ORI A -

BRESEZHEMES  FRERBRECEMER
(late blight) ~ J& ¥ (common scab) ~ BE1k¥F (bacterial wilt) ~ ¥k
JE5H (soft rot) RIREERE « B s BIE i tH =fE DL F 4R
E (Actinomycetales) YR 51 E S EEE (Streptomyces
spp.) JRIRIERY > Bl & Streptomyces scabies ~ S. acidiscabies ~ S.
turgidiscabies S 25 FHYiEIE » Ht X LAS. scabies Fyfg ¥ EHHR]E
U SR R B Ry SRR > 4R S0 T S BT BRI R 2
I T-45% > MR B BT o B E5EE i ik 5 o] #4
FHIEG AR AT R 1388 ~ TERRISHS R B IAC - RSB AIRAL
BNz HEERIABH O 5 (5 10 A NG R TR o SRR R R B
FAIGEHA TP RS AR LI - F B R AT S R
FEATEI » LI R P (BB AR« B 8% BB i S 14
JE H AMAE Y # Zthaxtomins ~ concanamycins ~ borrelidin 5z FD-891
k™Y Hifr Bl thaxtomin AR - Hgr (R E Y4 A EE
AR Ry S 22 BB R A R M) 4R A BE SR ~ 4HREAE
K EHISBANAEEESE Rt - TGP A 2 S E T -

B 8% EE A G R RS 8 BB (FHE _ERYBE L - A E
A& B AR TERT 7774 R BRI A - R - sk - 224
5T EERELE ARV A E R B 2 ZIE AR A AUR - E =AY
LY EEDUE 2 IR IR R Streptomyces ~ Pseudomonas#il
Bacillus% « FRIZE 5 2= A1 A - #BRALEG AR5 (B.
amyloliquefaciens) BaOl7F 73k 55 K sk Badl BA HIH 5 8%
ZIENENER ST B AR A Z (surfactin) 473 I i
TR 2 A E > (HHRBa0l BIEFILEM - RERERUTR
NEHETT - T B LS R ST AR it 2 Bk H AR S AR &
(B. velezensis) FZB42 » G5 LR SR AR - A2t
e > BRI SRR B 2 2 ([ B B E R AR B R
(Bacillus subtilis group) N2 fAE > HILE A2 RN BS i Friyf
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AEEIE - KERINET 82 EIE M B B A B AR
Rt AT EEH AR AREES N TR REERERE
i o

BT AR B R R I S MR - T AR R ~ E M
5 0 AR RCERE F530-40°C 0 A3 EDH 5-100VEEE o fiiE
HIAWESE » R o BRSO B n O A a B K AR
VIRERISE 2 JER - R—(RMERE Y R 2 AREAIE (plant-growth-
promoting-rhizobacteria, PGPR)®” « BIN4MNE A #F 2% H AT 27
SEINEE YR B IITIE - EREIHIZE RO IR R R =

N

SFHIRRE (Bacillus) Beor bt PuEE ~ BEREN ~ 4b
N H RS EY) 24 EPUR (induced systemic resistance, ISR)
[T RED 2020 gy e i AT R H 2 BB, amyloliqueaciens
Ba01 4k £ R A& s 0 (1 S5 AR o LA BB
AR B A ARS8 240 2 B e pMarA - PEEZE S U PRB.
velezensis FZBA2 » TEETHEMS S S Ik S BT AL A BB IR B 2 B
JIER - HESE B R EE D UR R B A AT
EEEE R A B B SRRy -

AH5E BEEELR By B. velezensis FZB42 2 dfnFER % » [hFAE
PRE BB (polyketide) — A difficidin® » HAEHNHI
JRE & E ARG (EEASIE ARSI AR A o HRIZ SR
% - difficidingN A4 EFZBAANHILH B 7 FAIREE A G 5 1t
ZRAHEYE RS B EFZB42Re IR 2 TR YR AR 0 2
B AR A ] 82 ZE R B~ i -

MEHERTTA

SREAE MR E R B

REEHZ AR FHAEE (Bacillus velezensis
FZB42) ~ B4 ZIEMINE (Streptomyces scabies PS0T) ~ KEGHE
B (Escherichia coli S17-1) f/EREFIHR R — « AWFEARAIZ5]
THIERNFR -

5B 85 B 0 B B E Y Yeast Malt Extract (YME) [ A&
BrEAE28C - HHEAEEMANK100 uL 0% R BB 7®
Magnesium Potassium Yeast Starch Casein (MPYSC)[E feEs &AL
CHIE AR » A OKE OS5 - DUREIEEIEEL% PBS
(phosphate buffered saline) + 0.1% Tween 205 T-&I T >
MIAB AR RIE2S %2 Hl - B -80CKFE R BIRTF - B.
velezensis FZBA2HE. coli S17-13%% 1 Lysogeny Broth (LB)j%#E
sE R AR3TC -

AESRPT 2 B e AN U7 R BESn AT ¢ YMERRERS B A
(0.4% vyeast extract, 1% malt extract, 0.4% dextrose, 2% agar) ~
MPYSC [ERERFERL (0.1% MeSO, « TH,0, 0.05% K,HPO,, 0.1%
yeast extract, 1% soluble starch, 0.1% casein, 0.2% agar) ~ LB/

F— ~ AUICE 2 Eik R E R
TABLE 1. Strains and plasmids used in this study

Strains/Plasmids Description IS{Z?QE;(ZZ

Strains

Bacillus velezensis

F7ZB42 Purchased from Food Industry 0
Research and Development Institute

CTY1 FZB42 with dfn gene cluster deletion This study

CTY2 FZB42 with dfn gene cluster deletion This study

CTY3 FZB42 with dfn] domain deletion This study

CTY4 dfn] domain complementary strain This study

from CTY3, carrying Erm® cassette

Escherichia coli

DH5 a supE44 A lacU169(80lacZA M15)  Bethesda Research
recAl endAl hsdR17(K-mK+) thil Laboratories
gyrA relAl F- A (lazZYA-argF)

S17-1 E. coli for conjugation 9

Streptomyces scabies

PSO7 Isolated from Houli, Taichung, un
Taiwan

Plasmids

pMarA Carrying TnYLB-1 transposon with %

the mariner transposable element

Himarl, ErmR, Kan®

pMiniMad2 E. coli-Bacillus shuttle vector, Erm® @

pPK2 Vector, Kan® )

pTY1 pMiniMad? carrying 5" and 3' NCR  This study
of the dfin gene cluster

pTY2 pPK2 carrying 5" and 3' NCR of the  This study
dfn] domain

pTY3 pPK2 carrying SNCR, dfn] domain,  This study

Erm® cassette and 3' NCR

fEREE AL (0.5% yeast extract, 1% tryptone, 1% NaCl)/[&ERE (agar
1.5%) - BEBAERBAEEKNERT A ZHEZRER - 77
BRI A ZA T 1 ug/mL 402 (erythromycin, BioBasic,
Canada; BN L) » 5 ug/mLFE49#Z (kanamycin, BioShop,
Canada; AA%7K) » 10 ug/mL 2452 (polymyxin B, BioShop,
Canada; JEF4IK) -

pMarA B BEE RS 1F SRV A B. velezensis FZB42
pMarA'E g4 & —(E % F (transposon) TnYLB-1 » HA[Z
B Himarl EERLUEZIPREIEN - S0 aA —(E4LEZE ik
LN (Erm®) fERERE RS K —ERAVBE R ER (Kan®) 267
TnYLB-1.Zt > pMarABERGIRIFINE. coli S17-1 & HpMarA
BESIE. coli S17-1R& ALBREEIRILRANT ng/mL4L 2
%+ B. velezensis FZBA2ETENLBEEEIRIEN © HFE. coli S17-1
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TABLE 2. Primers used in this study

Primer Use Sequence (5'—3")

JC1310 IPCR-F

JC1311 IPCR-R

JC1312 IPCR sequencing
JC1512 Erm" cassette-F

JC1513 Erm" cassette-R

JC2068 dfn 5'-F (Sall)

GCTTGTAAATTCTATCATAATTG
AGGGAATCATTTGAAGGTTGG
GCATTTAATACTAGCGACGCC
TAGGCACACGAAAAACAAGTTAAGG
AACCGTGTGCTCTACGACC
2aaGTCGACGATGCCCCAATCAACGCT
JC2074 dfn 5'-R (fusion) ~ ATCTCACCATGCACAGTTTTATCTTCCGCTTCGGT
JC2075 dfn 3'-F (fusion)  AGCGGAAGATAAAACTGTGCATGGTGAGATGCTGAA
JC2071 dfn 3'-R (BamHI) 2aaGGATCCAAAAAGTGGGAAAGCGCGAT
JC2072 dfn gene cluster-F AGAGGGGAGTCAGGCATTATT
JC2073 dfn gene cluster-R  CGCTTTCAATGTTTCAGCCA
JC2272 dfn] 5'-F (Sall) 2aaGTCGACGCCTAACCTGGTCGTGGATA
IC2273 dfn] 5'R (fusion) GCGCAAGTAGCGGCGAATCATTAAATTG
JC2274 dfn] 3-F (fusion) TCGCCGCTAGTTGCGCTTCCATCAGTCT
JC2275 dfn] 3R (BamHI) 2aaGGATCCAGCAGTTCGGATATGCTGCT
JC2276 dfn] domain-F ACTTTACAGGGCCGTCAATG
JC2277 dfn] domain-R GCCGAAAGCAGAAACAGAAC
JC2199 dfn] ORF-R TGTGCCTAAGGCGCAGATTCACTGTTTT
(fusion)
JC2200 dfn] 3'-F
(for complement)
JC2201 Erm" cassette-F
(for complement)
JC2202 Erm® cassette-R

(for complement)

ACACGGTTAGTTGCGCTTCCATCAGTCT

CTGCGCCTTAGGCACACGAAAAACAAGTTAAGG

GCGCAACTAACCGTGTGCTCTACGACC

" bold letters represent restriction sites used for cloning
“underline letters represent overlapping PCR sequences

KeB. velezensis FZB42E RFH%EE 21 ODgyy (492 x 10" CFU/mL) »
Z M ERE LA IR BIDE & FFRFE & 5RO £ LBIE AR5
BT CHIE AR MR M AR AETTHESEH (conjugation) © £3F
ES A RE o DUEFE/KIEFZB4281S17- DR S B S Nl &
NEH IR A MR LB EE » BEMN30T 2-3K -
AR FR il 3 B A Rt Z JLALBIZE P > Blcolony PCR
(polymerase chain reaction)¥&HC5 | F¥#IC1512/IC1513841E - M5t
HEm® fZ5E471.1 kb » DAHESEpMar A BEFERLA -

BkEE ¥ TnYLB-1FEHEHE AFABA2 238

T A pMarABE BEAVB. velezensis FZBA2ETETN & H 4L 2
ZLBRFEIRF - 28°CHATR - s A E RS 2 Phe T TnYLB- 1 B+
AB. velezensis FZB42G (0 8G « 158 IHEZ 1% » HEIR &AM
P ar RSB S » BHERS50°C 0 2-3K o B E]
HA R R R fipMarA B AR Y B TR - BEUH &7 Kan st A
HIBkEE T A R E BRI I A R E A LA »
MR EREEI AR © 2% F|FHcolony PCRIEHECS[F¥IC1816 %
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JCIS12/ICIS13 s R b - FllEr B IR E R S A PR T A
ElpMar AB #e 2 AT B 1P DA (R B B A -

F|Binverse-PCRAMEIE FIEAMLE

TEBkbE T FE R 2e T g b - HUS FIFZB42RE i s A g2
PROCUT AR BRI ZE PR WE B Y3 mLE A S ng/mLR4HEE
FILBEF R T » 3T CRER L HUEFRDNA « K5 ug DNALIKR
HE§Tag o IHFYI3047 ##1% LLGel/PCR DNA isolation system kit
(Viogene, Taiwan) #EFT4E4L © 100 ng4li{E{£MYDNALIT4 DNA
ligase (NEB #M0202S, BioLabs, USA) FEHII6/NES » {E{EH HTT
BHIREN & (self-ligation) © B &K EGIREI & IYDNARS L5 |+ ¥
JC1310/JC1311#7TRZ [EPCR (inverse-PCR) » i FI 3 i H BE i
TFHEAR ERAVRUR - R EIPCRIIE A H Bt 2 e (A
FRAEMPHCAIRAE » 68) RAETTERE (National Center
of Biotechnology Information, USA, https://blast.ncbi.nlm.nih.gov/
Blast.cgi ) ¥ » DUSAIBkERE T TnYLB- 148 AFZB42E: R ASHINL
=,

FIFH R4 A% (Southern Blot) 18 Bl FE 2R 8 1%

AT BB ZE ZERDNA > FiES ug DNALAR HilE§HindIIT
(NEB #R3104, Ipswich, MA, USA) Bt - Wil THEESE X - @
% » KB IBRG Bk 2 R ER0.25 N HCUAR 1557
## ~ denaturing buffer (0.5 N NaOH, 1.5 M NaCl in 1L) 257§ -
neutralization buffer (0.5 M Tris-HCI, 1.5 M NaCl in 1L) 30574 -
5E pitdenaturing PR HYEERE » FI RO W/ PRS2 G E 2L s
WK Z2 PVDFEREf (GE Healthcare, UK) » I DABEEE T TnYLB-1
Fs i DNA 2 B8 Amershame™ GE AlkPhos labeling system (GE
Healthcare, UK) #LF5HEST KAl hybridization buffer (0.5 M NaCl,
4% blocking reagent) SERFEEER o Z1% o RAEEIIE - DA
1" wash buffer (2 M Urea, 3.5 mM SDS, 50 mM phosphate buffer,
150 mM NaCl, 1 mM MgCl,, 0.2% blocking reagents in 1L)jA55C
FAYE109 8% » FELL2™ wash buffer (1 M Tris Base, 2 M NaCl in 1L,
pH=10) B TS 8# - 5% 00 A Amershame™ CDP-Star
Detection Reagent BETTHRHIBLX Y f 2 2 -

REZe B R B S B R MR R 2 IR B AN B
BPEMEB. velezensis FZBA2SLH PEfZe 82 1k DURAR A 558
HEREHS. scabies PSOTHVFEHIAEST - B EMRETEINLBEI R
1R - EBR LR DUAREKEDS » IR ERMREZE ] ODgy ©
$100 ULHYS. scabies PSOTTIT- (107 spores/mL) i A YMERE &
B b FEEEZTR » TR A E{C6-mmAYIEARH (ADVENTEC®,
Japan) WEAREEA F > WEES ul 1 ODgyHIZEE R 4
BE o Bi% 0 JEARH AR, YMERSE EEE N 28°C » 2-3 K%M
B HANRIRE AN RIS s - EE BT =R EAE - I
BRIk AMHIESMNE ER-EE A NER)2 = MIHIE K
/N (mm) > PAPrism 5.0%88 (GraphPad Software, San Diego, USA)
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LT test ZiET -

$ENIB. velezensis FZB42 dfnE X $5E3dfn] domainZ2itk
E A F[E (cassette)

B. velezensis FZB42 2 dfnFEN%ELIT0 kb > HE&A~0
domain » 1fi E fYdfn] domain4y9 kbl #5 A B i & B F A
(polyketide synthase, PKS) 5 %% (8 % il & i (F F (& —) « (e
ILB. velezensis FZB42 dfnFE R 28 SRR R R [H AV E 5 (7
e LAFZB42 2L B HEDNA R > 43 BILAS [F-$11C2068/1C2074
(dfn 5'-NCR) F2JC2075/1C2071 (dfn 3'-NCR) #E{TIEIEdMmELNZE
5'5%3" noncoding region (NCR) J7 Bx4J1 kb » #£EFPCREY) LA
Gel/PCR DNA Isolation kit (Viogen, Taiwan) 4fi{k1% » #45'-NCR
Je3'-NCRF B R & R fEARCH B 5 [ F-$11C2068/7C2075# Tfusion
PCREUSE I Z (Rt A DL BiftkitErT40L -

EELdfn] domainZE€EREENRENEEHI (D > L
FZB424 1 BGDNA B A5AR - 73 Bl PAS [ ¥41C2272/1C2273 (dfn]
5-NCR) KJC2274/1C2275 (dfn] 3-NCR) #:{TPCREERIYIE - 15
Fdfn] 5'-NCRK3'-NCRF B #%49900 bp » #£ZHPCREYHETT
“fifbf% > DLS-NCRK3'-NCR R ELR & RS R A5 [T $1C2272/
JC22753#E T fusion PCR » i DAV HUS BE 2R LN 2 5'-NCR+3'-
NCR PCREVJH#ETEAL -

EiEdfnE X 55 Kdfn] domainZE &5 H S

FEITdfn KR 55 22 8k B S D pMiniMad2 B d B> 2 >
pMiniMad281_F ¥t g2 1% 195 -NCR+3'-NCR 5 B 73 5 LR # 5
Sall (NEB #R3138, Ipswich, MA, USA) KBamHI (NEB #R0136,
Ipswich, MA, USA) #TTEGV)EALIAL - 52 Rl HET TR - 155
pTYVERE (R—) « MR IETER 2 pTY VA8 2 8 ChengS A
(EZEFL R BRI BE. coli S17-1B T4 R ©

HEITdfn] domainZE Sk 2 S DIpPK2 Byl ig " L S
Bl F ol BEREL A dfn] 5'-NCR+3'-NCRF %43 5l AR HIEf Sall K

acpK

A B|D E F G H 1 J L MNO
— — —_— — —_— —
JC2068/JC2074 JC2272/3C2273 JC2274/1C2275 JC2075/3C2071

FZB42 dfnn gene cluster : 69548 bp

Bl — ~ HAHTFfIAR R FZBA2 2 dfn s R 5 =&
HAST S AR B FZBA2 Z dfn B 7% K /N £569,548 bp » BEE L)
HiH FydfnA domain > N EEEAEEL G (transacylase) BN » Hak
IREEOFTE A TEENEES (polyketide synthase, PKS)HH « FER
acpKE BRI HE S B 5 (acyl carrier protein, ACP)EEA - [HhfE 2
% ChenS AWFZC V4G5 -

Fig. 1. Diagram of dfn gene cluster in B. velezensis FZB42
The size of dfn gene cluster in Bacillus velezensis FZB42 is 69,548
bp. The dfn A domain including transacylase gene is indicated by
black filled arrow, while other domains including polyketide synthase
(PKS) genes are indicated by gray filled arrows. Acyl carrier protein

(ACP) is indicated as acpK. This figure was modified from Chen et al.
©)

BamHUE:{ TG V) B4t (1% 01 TR0 - S5 pTY2ER () F
DA ZEFLEERYME AE. coli S17-1H{77F »

LlIn-frame deletion£17 B. velezensis FZB42 dfn X5 K&
dfn] domainZ28 ik

B APTY 1S pTY2ERE 2V E. coli S17-194F7ZB42 B4 fR I
FISENE AL EE 2 LBIRE SRR - S Baiilip & A
BUJTEMME. coli S17-13:55 855 A Mg E R HE AFZBA2 -
Rk S & B AR 2 LBIR G & - 28 CHREER
RizFy IR S AL EELBE S B L WHER
37°C » AR E—Rcrossoverds 4k (Ef&S'-NCR=3'-NCR&
FAFZBOA @RS - | RIBHRELE 2 B%E B RS R LBIR A
B DA2STCHEMEEE 12/ N LSS 28 — Kerossover# 4=
A RFE R FZB424IAE I HIRR » £ 1% APCRIGHL S [ #TC1512/
JC1513 (Erm"® cassette) ~ JC2068/1C2071 (5'+3' NCR) KJC2072/
JC2073 (dfn gene cluster) 1T MG » FTHERIE S M B TLdfntE A
WEZRERE (CTY1EECTY?2) s SLIPCRIZNCS [F-#11C2272/1C2275
(5'+3"' NCR) F2JC2276/1C2277 (dfn] domain) > =] HEEZIESdfn]
domainZE &k (CTY3) «

dfn] domain & f#ifkZ &3

DAFZB424+ B DNA B B4 > 43 BILAS[ T ¥11C2272/
JC2199 ~ JC2200/1C2275# {FPCRIG I dfn] 5'-NCR+ORF Kdfn]
3-NCRF E% » FELLIC2201/TC2202 4 Mg AL = Hi AL (Erm®
cassette) © DNAZI{E14 55 BAErm® cassette Fzdfn] 3'-NCRF %R
& BIEM > RIS F¥1C2201/1C2275# 7 fusion PCR » 551
Erm*+dfn] 3-NCRF E% : FLAdfn] 5'-NCR+ORFJ5 E% K Erm*+3'-
NCRH BBttt » FIIFIPCRIZHCS |- T-¥#11C2272/1C2275541E - 15
Fldfn] 5'-NCR+ORF+Erm*+3'-NCRF B  #EHpPK2 B kL
AREERE > WRRTY3 (F—) » 2R LA IERKpTYIERS
BEEEFLEAE AE.coli S17-1 » T BEE1ERBpTY A 3
ACTY3ZE8 1k » Mi1% Lhin-frame deletiond¥ 755 & dfm] domain
O R-FE#ETcrossoverf&{8dfn] domain » DLE4PCREE
e 5| F#£1C2276/1C2277 (dfn] domain) ~ JC2201/1C2202 (Erm®
cassette) 2 JC2276/1C2202 (dfnJ+Erm®) #EF7HIES - M &S dm]
domain & #ikk (CTY4) -

BRFREERERNNBREEMNRE 2BRFE
BT
DUIE 4K 7 #h Bat Bl 5 BF 2B PR~ dfn B IRFE 22 8

(CTY1 ~ CTY2) ~ dfn] domainZ€&Etk (CTY3)Mdfn] domain &
k (CTY4) ¥S. scabies PSOTHYFEHIAE JJEAL - 200 LAUEARA
EEGRER 7% > W E3 ul 1 ODg MIEFAERR ~ 2EB RS A
PR o B E ISR AN R RS S o I E BT =R E
o &gt 7 L -



o R
BERUTF R RPE R g8k ES
BEFR I Himar 1B FEESA pMar A'E SR ERE. coli S17-1 »
FHiEEEAER (conjugation) fRF IS BRHIRY A A H AT S FO AR B
FZB42 » & fs iy kB TnYLB- 1 B0 B Heddi AFZB428T 2L (2
B o 0BRSS N B R MR R AR - RIS PCRIEHCS | T
$1IC1512/1C1513 KIC18163E( THIER - & TnYLB-1.2 Hik %
HEPCR¥YS [ F-EICIS 16341 » #5274 pMarA'S B HI v 355 |+
$ICI512/JCIS 1330S » RIILZAE I BE B R Bk BE & A TC18165
IR ELR BATCIS12/ICIS 13 iR R BRAY S iR - AR BER T
BEttE AFZB42 088 » HERSHHAHREAIR: - (FEEEE T
FI B4 PCRMIG 1 2B B B MR Tnl-Tnl2 (B ) @ (EEH T E
H T BB R RR Tl ~ TnS ~ Tn7 ~ TnO K Tnl 1Z5FHTC18 165 i M
9% i RFRIAICIS12/15135R59% » HerE kR AR E A =
B PRIEE BT DU U 1 B R R DR T B AT B o FLaRE
TR BRI TR B E AR > IR -

Bkp2FTnYLB-1BEH4E A B. velezensis FZB42: 0 R8N B
Paxiil

JEAG AL BB ZR B R 1% - 43 BRI Finverse-PCR K B /7 s B4
BB T TnYLB- 1 BEA%$E AFZBA2 B B8 B B H - 5
SEZERL 2S8R (Tnl ~ TnS ~ Tn7 ~ Tn9 K Tnll) ZDNA - 3fi#E
fTinverse-PCR R B 77 BB A B g « TEinverse-PCRESg+ - #40C
SIF#IC1310/IC131 1) (M iE H AS ER TP R UDNA 7 B » [
SEIIE AR - B R BGEE T4 AFZB42A B BGDNARYL B -
PETE P oy i e NCBIERHEEEE #4418 » 15 A1 ZE 8 R Tnl ~ TnS ~

Tnl Tn2 Tn3 Tnd TnS  Tn6 Tn7  Tn8
T E TE TETETETE TETETETETETE

— 1.3kb
— L.l1kb

B =~ HAS R R e B E B (S B (IR
BERE B E RIS I 1 2(A B I > PLBIRERE R A 37 CHiRs
BIRK % - HIEPRDNANG A 5[ #1C1512/1C1513 &% IC1816
PCRIER » 158 FLBEI% 22k Tnl ~ Tn5 ~ Tn7 ~ Tn9 & Tnll -
HAPHEF1.3 kbeR5E (ane T) i fFZEESEm" cassette 1.1 kb (lane
E) &% -

Fig. 2. Candidate strains of random insertion mutants from B. velezensis
FZB42
Twelve candidate strains from random insertional mutation were
cultured in LB medium at 37°C overnight. The DNA was then
extracted and checked by PCR with primer JC1512/JC1513 and
JC1816. Five random insertion mutants Tnl, Tn5, Tn7, Tn9, and Tnll
were obtained and exhibited 1.3 kb transposon band (lane T), while
without 1.1 kb Erm® cassette band (lane E).
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Tn7 K Tnll B LE B ERE S AR E Bacillus subtilisfJoptogenetic
control & - HEEw L IUZE SRR T RE AR H N B — 3% » BEER W]
HEEMRAER  ITnORIELEEIB. velezensis 2 dfn AFER - [HhFEE
KBy B. velezensis — AR Pdifficidin (dfn) ZEENBEATREIT »
HELB. velezensistIiMEFE MR - RILREE B LA AMER
75y B EEHETTIHST - MR AR 7 SRR A (U T RE fR 2R S ik 2
BAMEAZR  (FHGEREHSER S ZRE R > TS
IERIR B AR (8=) 1300 FAE R Hesm AR Ze S Ik
Ry BB RE A A

BERATF AR E Z Tn9fBHE SRR IE I BB B MR E Z
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Fig. 3. Five random insertion mutants analyzed by Southern blot
To analyze mutation site and number, five random insertion mutants
(Tnl, Tn5, Tn7, Tn9, and Tnll) were cultured in LB medium at
37°C overnight. The DNA was then extracted and transferred to
PVDF membrane. The target DNA was marked with TnYLB-1 probe
by Southern blot, then signals were developed on X-ray film. The
signals show only one band in each mutant, indicating single insertion
harbored.
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Fig. 4. Disc diffusion assays of five random insertion mutants against S.
scabies PSO7
(A) disc diffusion assay. (B) statistics diagram of (A). S. scabies
PS07 spores were spread on YME agar plate and discs containing 3
uL wild type or mutant culture (ODgy=1). The plates were incubated
at 28°C for 2 days. Inhibition zone (mm)=(outer diameter of inhibition
zone-inner diameter of inhibition zone)/2. The statistical analysis
was performed by Prism 5.0. P values were calculated by r test,
**represented p < 0.01. ****represented p < 0.0001.
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Fig. 5. Electrophoresis analysis of B. velezensis dfn gene cluster mutants
CTY! and CTY2
We extract DNAs of the wild type and mutants (CTY1 and CTY2),
and perform PCR amplification with the following primers. Lane
Erm® represented signal on pMiniMad2 amplified by primer JC1512/
JC1513. Lane 5'+3" represented signal (~2.5 kb) from 5'NCR to 3'NCR
amplified by primer JC2068/JC2071. Lane dfn represented signal (~4.5
kb) of dfn gene cluster fragment amplified by primer JC2072/JC2073.
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3'-NCRZ #H55(1932 bp) 5 [B(B) A #iECTY4Z Bk 5347  Lane
dfn]FRE 5T #1C2276/1C227748Edfn] domain | EEERFE (880
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t 2 ErmRERSE (1100 bp) 5 Lane dfnl+Erm*#R 57 $1C2276/
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Electrophoresis analysis of B. velezensis dfn] domain mutant CTY3
and complementary strain CTY4

We extract DNAs of the wild type, CTY3 mutant and complementary
strain CTY4, and perform PCR amplification with the following
primers. (A) Electrophoresis analysis of CTY3 mutant. Lane ORF
represented signal (880 bp) of dfn] domian amplified by primer
JC2276/1C2277. Lane 5'+3' represented signal (1900 bp) from 5'NCR
to 3'NCR amplified by primers JC2272/JC2275. (B) Electrophoresis
analysis of CTY4 mutant. Lane dfn] represented signal (880 bp)
of dfnJ domain amplified by primer JC2276/JC2277. Lane Erm®
represented signal (1100 bp) of Erm® cassette amplified by primer
JC2201/JC2202. Lane dfn]+Erm® represented signal (~5.2 kb) from
dfnJ to ErmR cassette amplified by primer JC2276/JC2202.
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Fig. 7. Inhibition ability test of B. velezensis mutants CTY1, CTY2, CTY3,
and complementary strain CTY4 compared with wild type against S.
scabies PS07 by disc diffusion assays
(A) disc diffusion assay. (B) statistics diagram of (A). S. scabies PS07
spores were spread on YME agar plate and discs containing 3 uL. wild
type or mutant culture (ODgy=1). The plates were incubated at 28°C
for 2 days. P values were calculated by ¢ test, **represented p < 0.01.
***represented p < 0.001.
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ABSTRACT
Ting-Yao Chiang, Chih-Jung Lin, Chia-Hsin Tsai and Ying-Lien
Chen’". 2021. Roles of dfn gene cluster of Bacillus velezensis FZB42
in combating Streptomyces scabies. J. Plant Med. 64(1): 25-34.
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Potato is one of four major food crops in the world. Potato
common scab mainly caused by Streptomyces scabies widely occurs
in planting fields. It causes cork symptoms on the surface of potato
tubers and decreases the quality of potato tuber. Previous study in
our laboratory found that Bacillus amyloliquefaciens Ba0l can
inhibit the growth ability of S. scabies and decrease the disease
severity of potato common scab. To further investigate antibacterial
mechanism of Bacillus spp., we conduct random insertion mutation
by TnYLB-1 transposon system in Bacillus velezensis FZB42.
Mutants were obtained and tested whether these mutants affect the
inhibition ability against S. scabies. According to the experiments
above, we speculated that difficidin gene (dfnn) encoding a secondary
metabolite of B. velezensis FZB42, affects the inhibition ability
against S. scabies. To test whether dfn plays important role in anti-S.
scabies activity, we knock out dfn gene cluster and dfn] domain in B.
velezensis FZB42. We found that dfn gene cluster and dfn] domain
mutants have significantly reduced inhibition zones compared to the
wild type, while complementary strain of dfin] domain behaved wild
type inhibition level against S. scabies. Based on above results, we
suggest that dfn gene cluster and dfn] domain play important roles in

combating S. scabies.

Keywords: potato common scab, Streptomyces scabies, Bacillus

velezensis, difficidin



