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Fidlimpi 2 & Q5] o 247 7 #F § FZB42 $:40p B Jo 7] S. scabies PSO7 i 1] »
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Abstract

Plant pathogens are the main threat to Taiwan’s agricultural production. In recent years, because
of the increase of public’s environmental awareness, biological control has become more and more
important. The purpose of this study is to figure out the gene order of Bacillus velezensis FZB42 that
affects the antagonism to plant pathogenic microorganisms. In this study, the plant pathogenic
microorganism subject is the pathogenic bacteria of potato common scab (Streptomyces scabies

PS07).

In this study, transposon TnYLB-1 was randomly inserted into the genome of FZB42 to destroy
the expression ability of the gene. Analyzing the inhibition zone’s radius of plant pathogens by dual
culture experiments, and observe the changes in its antagonism. Subsequently, in order to determine
the antagonistic mechanism of its antagonism to plant pathogenic microorganisms, I used inverse

PCR (iPCR) to confirm the gene order destroyed by the transposon.

In my research, five FZB42 mutant strains have been selected. And in the dual culture
experiments, it was found that all of them have lower antagonistic effect than that of the wild type
strain of S. scabies PS07. Therefore, it is speculated that the gene damaged by transposon insertion
in its genome should be related to its antagonistic effect to S. scabies PS07. After confirming order
of the gene by iPCR and compared it with the database, it was concluded that the gene is most likely
to be a "gene that can produce protein LoaP to promote the production of antibacterial substances
from the difficidin gene cluster" or " gene that using optogenetics to control bacterial growth". Since
the purpose of this research is to decipher the antagonistic mechanism of FZB42’s antagonism to the
pathogenic bacteria S. scabies PS07, it can be proved that there is some relationship between the
"gene that can produce protein LoaP to promote the production of antibacterial substances from the

difficidin gene cluster" and the mechanism of FZB42’s antagonism to Streptomyces scabies PSO7.

It is hoped that the understanding of this antagonistic mechanism can be used to control the threat
of Streptomyces scabies PS07 to crops, and provide an important reference for biological control in

the future.
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2. 73z 1% [f) FZB42 (Bacillus velezensis FZB42)f§ /i

53 4% BB Bacillus) B> & FABE > 285 e kopE L5 B2 8L 5 13
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TR BN AR EE FOFRT T AL PN A eI i RPGR B TR (IR

#E3E2014)-

PR AN RIS A R TR T & hson A T

\
+

R
AE ot BhoF? 3 2E5F AR F P FPHF R LARS LB F AT L
gFANHB A F o

37 1% f?] FZB42 @ »% 1998 & A # 7 3° 2007 # % = > A TR A 7|f2 5 - & F] 2018 & >
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2} i
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1. #7)i®* (transformation)

) P~ R T2 B ARG BN

BHEE T S 4E ~ FZB42 A FlHEz R % 4]

£ i€ BEEE+ TnYLB-1 it "E1846 ~ 7 32 4% E]FZB42 A TR 5 p A ik~ FZB42
2 AN 0 @ B pMarA G KRS E o~ H AR 2454 o T Bl 5 B pMarA 2 o7
X B ﬁéﬁ WA 5 B+ TnYLB-1> + 3 Ka an® (FiFi2 % Kanamycin) A 7] saptiE+
o~ A FIRE S o KanR'E2 48 » > 7 i i EA A Tl 4 A L ErmR(Fdd % erythromycin )

AT B pMarA b2 - £ fe Rt BEES TnYLB-1 1o & §SEF R eplg A

1. 4% pMarA 77 % B (® % %k : Yoann, 2006 )

4 #-FZB42 &2 & 5 B4 pMarA (+ 5 BB+ TnYLB-1) = % % f7 Escherichia coli
BiEEBA RS FAL KLY (conjugation)”™ ! » i@ % TnYLB-1 FEd pMarA i »
FZB42 2. P - {8 #-FZB42 (FAREPN § pMarA) B > FGRIRBR £ > & BB+ 15
o~ FZB2 AP EHIRFEREE A R TH L p A4 £ 4§ Kanamycin
it F2 4Rk #73 L Kan® A %2 ks~ o #E N L TnYLB-1 46 » #3) 2 Fk o

e P SN 1 2 FZBA2 Jlok o A -
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2. Inverse PCR (iPCR):E #%. 2 i 72
B S TnYLB-1 54846 » FZB42 A FIRE Y {5 > L)% P ps -2 L FIE g 48>
4= DNA # - L @ H p 23L& (6 18 TnYLB-1 2 B 7 fe 2 513 4 2 5 TnYLB-

7~

12 ?EfF » PCRGPCR)» THAFH > v 5d p o bz » 2 PCRY o p4F ]
23 wApE o x FIE B DNA B St 2a o A 2 2 AP R R - 0 7 AR
Ttk PCR Afr % AA B » ML ERA | A R2Z AP ABREFRFZ TR -4

FZB42 2. > A 7|57 » § 7 BT+ r m SBFA L B a2 A7) -

IR A e

$ds % 5

iPCR FEi3mk 3k 2. 2L 71 5 7 % > LERE

FEanfTEL 2. A F1 5 TnYLB-1 3 » #73 )

Wl 2. F7 f in AR 2 M



- ~ #4] i * (transformation)

(-) B mEHE TS A H (28°C~30°C~37°C~50°C M F 38 RIFEE )~ Ho s

WeBEwd %A PCRERE - ~kxh (RIEFRODE) ¥k

(5) ¥R : 73548 B FZB42 ~ + %1% 5% i3 %% (E.coli S17-1 > F#P # 2 B8+ TnYLB-
1 cpMarA % %8 )~ % #1242 % PMB (polymycin B)+mls (lincomycin & erythromycin)z. LB

Fli 3 & A& ~ 7 Kan (Kanamycin)#i2 % LB 3 %% ~ & ]k (ddH20)

LB 73 % 3 (PMB+mls)

Tryptone 4¢g
Yeast extract 2¢g
NaCl 4g
Agar 6g
Polymyxin B (10mg/mL) 400 pL
Lincomycin (25mg/mL) 400 uL
Erythromycin (1mg/mL) 400 pL
dH20O 400 mL

LB H 32 % £ (Kan)

Tryptone 4g
Yeast extract 2¢g
NaCl 4g
Agar 6g
Kanamycin (5mg/mL) 400 pL
dH.0 400 mL




ER. Fr + FZB42 % %A (mutant) 8] &

1. Conjugation (Donor: E.coli S17-1, Recipient: FZB42)
MEEEER L 10D B4 F% Emie( ) § & B TnYLB-1 hpMarA 48 )
2 FZBA2 3 2 th2 G (M IBB AR ARK) > ¥ R EFR - LBALEB B AT

2% 200F (BiF 10uL) Gf 4v o

E.coliS17-1 & FZB42
(kRY 5 10D)
# & Bk 10uL

B3 %1 LB HE# % A4 » 3mLdH0 £ ™ FiE R o 4w 181 ddH0 w73 o

#w

«m
\

FiREEN A2 A2 PMB 2 mls 2 LB HE 44 2 30°CH %547 #1
1~2 % c 322 2 PMB * »t B> B £ pFR % 2 % B 45 F > ~ F 4 pMarA + £ F ¥ fLmls

Z_ ikr‘]}f}.;l ’ ﬂl#’ii% mlSE 5—,':14 ?ﬁ"gﬁ7 ]FZB42 -‘E—:]""]‘%\"

Colony PCR
PEZFAEPMBE mls2 AR 2 - FiEon 7 R BB FEE ~ PCRF
Jeg 0 4v o~ 313 $#(JC1512 ~ JCI513) ~ F iR & £ (Master mix) ~ ddH»O i {7 PCR & Ji &

Rl Erm® 2k %] » FE3h FZB42 F# Y chpMarA JTaE (Fese@id Bk 2 054 ) o

#-p 7 pMarA FH8 e FZB42 32 %>t 3mL 7 Kan 2 LB % 2 (& :E AN &7 Kan® &
AT FRAT w0 B28CT RFMR R A 0 REES TnYLB-1 S84 » 4

g



%R CRR S RiRS10%-10°2 10°%) - %% ¢ Kan 2 LB
Bl R A & 50°C T % 48 ) FF o @ pMarA FHIZ £ p AAFE 0 274 42 FZB42 17
PR B R @ 3446~ FZBA2 A FI4E2 TnYLB-1 B v sedbif 80 & 7 2 Pl e

Z_ P e

# =i {7 colony PCR » 14513 JC1512 ~ JCI513 fp] erm® A7) (¥ 35 &8 F#lim 7 &
BB o @ A P RRTIZ ALY LA PR ) 0 1515 4 JCI8I6 il

BeEEF TnYLB-1 (JsA 2 2B A4 SBES £ 746~ A 7R o

RS T At R ErmR A T2 TnYLB-1 ¥ £ - H9 2% 5 T84 TnYLB-1 #&a 7 &

Erm® g Fl | 7 % 300 5 et K Rk 4
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(=) &3 1F* 2 &2 4841

Conjugation

¥ FZB42 £ % 5 F %8 pMarA

E.coli S17-1
TAUPOSON (1§ S TnYLB-1)#h=
O % 1% 7] Escherichia coli S17-1
%/ /%_.i > X s 7 - * ’:I- > N
plasmid B 4,‘}»‘:,3\ n%ﬁ}ﬂé_,%r
pMarA  £%* (conjugation)™! > it & #-

RME — TnYLB-1 #+¢ pMarA i# »
FZB42 2 F# N o

FZB42 L
genome FrliEATER 1A B
GEFEE SR S

CECR SRR

A
EoF 2R BP FHIHER
Fooo B ITR B ]G 1 H A
transposon
FZB42 TnYLB-1 | ErmR 4%
genome Kan® L 7]
plasmid
pMarA
f AR TR (28°C) R T S &
i BB M3~ FZB42 A 7]
EmR A 7] &
transposon Kan® £ 7] «
TnYLB-1

ERERBM@AOREE > RFHM2 L p AHFH TBENZ
Kanamycin #24 2 2. LB# % 4 » @ 7 £ Kan® A ¥z g~ - &
i# I E TnYLB-1 2 "E:']ﬁi v e EFEAN N 1S 2. FZB42 B ",ﬁ% i %f”i% o

@—

ErmR 2 7] X
KanR £ 7] ¢
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oo~ bk as GRS P HACT %)
(C)BL ERAFETL o onAR KT T MESE RN Y Ak
B~ 3k s 5k

(=) #F  FZB42 2% 2 4% ~ FZB42 R %tk ~ 5 # % B Fops F(Streptomyces scabies PS07)3z +

B YME R 5 % & « £ 5k (ddH20)

YME F 3% &

Yeast extract l.6g

Malt extract 4¢g

Agar 8g

20% glucose 0.8 mL

dH.0 400 mL
(=) #H2:

1. #-FZB42 %7 2 R 2 & R B R R Y 15 A& > B L R £ 2ml dH0 %33 -
2. BRERI0BHFHLE s L LRFRELODE > AFLFREALI 10D
3. kR 10° spores/mL 2 S. scabies 3 F R i57% 100uL % %> YME F i 4 4 o

4. KRR MR FdET A BF ~ 3B % S scabies 22 YME 3 & A b X IR o g R &

BEAie BRI AELEE (FHL225 ).
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5. rpcReod B 3L 454 FZB42 2 ik (& ddH20) jF4etjhid & 1+ o 5 42 5 s

* oA EE S ddHO ($R ) 2 gl i (R e ) -

FZB42
(wildtype/

ddH,0 mutant)
3uLL

R $h g 4

B R A 5 R
Streptomyces scabies
10° spore/mL, 100uL

6. 228°CTRAE3I S - FmAFLE  TRIPrHIBZ 2L (RIZFR=RAT
Bl ) BRI 2 k2 Bl BT S AT e

Zﬂ'(
A
oKy

/\_

£ 3P Bl k2 &R -FRILE

CF o RE PR I (iPCR)

X

() BE o 1SmL e F B ~ RAH CPCRF R~ RN Rist %ok

L=

!
-w

RBEL= 45
(=) HE  FZB42 (% %15) #i% ~ 40 B DNA 2 H#2 + '24]f% Taqal ~ DNA % * #1# « iPCR
AL~ BBRE R A 2 ¥ 9 (agarose gel) ~ & 7Kk (ddH20)

“~

(2) Ha3:
1. Pdafusch ip#ot FZB42 B4 4k B § B ¥ 7 '8 (P-value<0.05) 2 R 4k (Trdri| B L

%)’I#@E‘—,ﬁ DNA ™ ry E—F,\s&&g \El—‘r_‘]}:};';] °

~t J-J’
Jg_qlwp 19)35%“—3‘ LE T

13



2.

2 7148 +» 3] (Digestion)

* 1.5mL 3w ? ¢y - B~ en FZB42 2. DNA 5ug > 4v ~ cut smart 3 %
5uL 2 ddH>O (X 50uL ) > 2 *4]f% Taqol 1pl & 7 FZB42 2. # F§8*» 2] » ¥ 305

BRE Y 0 2 65°C T F 30 448 e
DNA % it (clean up)
DNA p # 4t £ (self-ligation)

P~ 100ng DNA> 4 » 10X T4 ligase buffer 2uL~T4 ligase 1uL 2 ddH>O( & 20uL )

e 16°C TIREREF I ©
IRk fs » w95°C 7 15 & 4802 & ok 3k & (inactivate) °

513 % JC1310 ~ JC1311 (& 2.5uL) 27 iPCR ¥ J& » ¥ “t4c » DNA & & fis Ex Taq

0.25uL ~ ¥ % Taqbuffer SuL ~ ANTP 5uL ~ ddH2O 15uL % wv i 2. @ g A4 & 2. DNA

\®]
(=]
=
—
\\\?{r
<l
b
‘_\_\_‘t
(\x
H
=

DM

b & 8 & (annealing temperature) » {é * i 5 =X ¥

e p%ﬁrfg » B BE L 46°C T L AR 2 3L B R -
PRET A N4 B iPCR Ad 2 FE K] o

= DNA T_F {6 » favpe i+ TnYLB-1 46 ~ (S 5732 R F) 5 7] » v aif ¥ 5 294

PR QAP M 2 LA TR 5] > i85 0 RE R 20 48] o
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(2 ) iPCR 2 A 3 54|

transposon _____ — Fe%llgﬁlze
TnYLB-1 &
F# *4]f# Taqal
l ‘ K464 2] & DNA ¥ £

L <+ TnYLB-1 7 Z g+ TnYLB-1

O O O O

g pEEF TnYLB-1 2 B 71 3 4p e $h2

513 % JC1310 ~ JC1311 & {7 ¥ » PCR
# Ep#ES TnYLB-1» &3l 5 $
JC1310 ~ JC1311 & ;% e $t4k &

d R g o 22 PCR Y e pgfllz 2 wipk o
tefiz. % T F % PCR (Inverse PCR) ;> f§ # % iPCR

d %/\E-F;»DNA}%J’ Z K:i’&ﬁk7’3—‘ m o ‘;-‘C—‘"—F)»"'Té_i 4 }‘Z)r_*’”
LR - o T BMTAA AR A LA

/\/

RRET AR PCR A4 < ] A g > TR LY (RAER AT
) 2 A4 a Bl (7R 5|2 TR lf“ﬁFZB42 2AFRZ 0 T E

frﬂ_ﬁ—
FHE A XKL AL AT TV KL S RFUR R e 2R
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z ~ 2 = % ZLZ (Southern blot)

(-) BE MBS F PCRF Jth~ Riddh ~ s ~ €4 4~ 0 k2 FAYMRE

b
ma
’
Sy
ks
R
i
’
¥
R
b

(=) ¥4 :FZB42 % % k2. DNA~TnYLB-1 DNA ~DNA Ladder~ ¥ 2 HindIIl-NEB buffer2.1~
R T A 2 X 3 %) (agarose gel)~depurination solution(0.25N HCI)~denaturing buffer(0.5N
NaOH - 1.5M NaCl) ~ neutralization buffer(0.5M Tris-HCI ~ 1.5M NaCl) ~ =+ A ~ Bl & A ~
# 4 - (membrane) ~2X SSC buffer~ #5 4+ % # * 2_;% /% (Cross-linker solution ~ reaction buffer ~
labeling reagent) ~ hybridization buffer ~ wash buffer(1%t /2°) ~ & 8 * 2_ ;3 /& (CDP-Star

Detection Reagent ~ 8 #27% ~ T %)~ A ¥ ~ & F’k(ddH20)

(=) H

1. DNA *r zj(digestion) : B~ 10-20pug DNA » 4r » £ % HindIII 1.8uL ~ NEB buffer2.1 2.5uL
(B2 25uL ) IR o F Jede B 2o 27 3] (7 & A2 AR FIME 977 Bl 2 B4R e ) o 18 10 9%
R AR 2820 DNA # &+ R a & 4gens # (smear) o (£ 12 70V 7 BRiE 7

10 ~ 48 > E #ci2 50V 7 /R:E(7 1.5~2 ) )

2. DNA ¥+ (denaturing) : & DNA 2. g%~ B o
(1) #7388 2 A {8 2. %% > % Y depurination solution # #- % 15 & 45 (% 60~70 rpm ) °
(2)™ & % >* denaturing buffer ¥ 3% & 25 4~ 45 -

(3)™ & % ** neutralization buffer ¥ # % 30 4 45 -

16



3. # % (blotting)

(D)1 * £ I % & FE %+ 2 DNA #& 4 1 #& 4 "% (membrane) > % % 40T o

XXXXXXXXX)— £+

11
QA 4
F 0 dE E Y —— A (Ek)
¢ 2. DNA #
#| membrane .
N (4 K)
RCE
] membrane
EE
B4
[

(& BRA )
(2)41* 2X SSC buffer ;¥ % membrane & = » % =X 2 4 48 o
(3):# membrane % ** 60~70°C 2_ &4 45 7 A 48 o

(4)Cross-link : #-membrane ¥ ** % ¢t £ T » % 5 & P43 248 0 ¢ DNA ¥ membrane 5 &

(R -

4. B % 47 &+ (probe)

(1)B~ 4uL Cross-linker solution » 4r » 16uL H2O #¥ (working solution) e

(2)% 10uL TnYLB-1 DNA(100ng) » % ** 95°C10 A 4 ¢ H 4 (S %A B ) £ B30kt 2

VASRIPAY  RE-R- SN
(3)#- DNA Ladder ﬁv‘f§ 100 & o

(4):2 & 100ng DNA ~ 1uL ﬁﬁ% 2. DNA Ladder ~ 10pL reaction buffer ~ 1uL labeling reagent %

10pL cross link working solution **— PCR & & ¢ ¢

G)#32F e d B 37°C T2 4 30 A 4k e
17



5. & & (hybridization)

(1) membrane ¥ » 32 & ¥ ¢ (DNA “Th - & §f - LS FEREE)

(2)* e & g ¢ 4o~ 15SmL = ¢ # 55°C 2 hybridization buffer -

3)Pre-hybridization : 3§ & #- membrane ¥ hybridization buffer % ** 55°C 2. & fa 7 2 % 1 /|
y y
(% 15rpm) o

(4)*t32. & F ¢ 4o~ 5 £-(probe) 5 1E R F Jis »

7% membrane

(1)f1* = 3F# 55°C 2 1st wash buffer i# % membrane & = » & =x 10 4 4

(2)11* 2nd wash buffer /5% membrane % = » * = 5 4 4

7. % ¥ (detection)

(1)#- membrane ¥ **— ¥ 7+

» JF 4v ImL CDP-Star Detection Reagent & #f $-5g % > £ 14
TP RFA S FEE S0

o

(2w % ¢ - KH %> membrane F o [FREFRZH LA EE o

B & B BB Y % Fokdik

okt 7
1 2 DNA Ladder 2_ &g 22 %& % o

R o R

¢ ¥ TnYLB-

e
G
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(= )2 colony PCR & i & if % %1k
1. Conjugation

sl 3 4 JC1512~JC1513 7?; A@l”‘{'t ?ﬁ’?ﬁ pMarA bz ErmRéﬂ B & 5= FZB42

B E R B A S 0 FH Sk~ FZBA2 FHY -

dORRT AR ET L RELC2 CO Cll 2 iEH A A7 FHASEIFHUA - &
C3~C5~CI077 Rw ¢ i » R RARD 4o it = ¥ » 7 fplie » FR2 FilEgpns

FAr A AP R R WG o LHER P C2-C3-C5-C6~C10 ~CI1 ~ %] & 28°C

(b@é o
2> <&
O ¢
O 5
D N Y S S S W U SRR\ CIEN SRR %

3kb —

1.1 kb —

Bl4.72 ErmR A 712 PCR 242 MHWT AL $78%
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2. E MR (28°C)8 & i B+ ST IE ~ A TR 802 3 R (50°0) 5] "$ ’Ff”?g s BT TE 4}3 B
B+ TnYLB-1 # & (23 Kan %) @ 2 & F# 2 P g% 5 2 EmR A7 2 £ -
d B¢ ¥ L Tnl~Tn5>Tn7 > H9TM1H¢FﬁHm$I”&@%mmEmlé

SEENRGREEE £ F Y S SR

B 5.7 TnYLB-1 # % ErmR £ 512 PCR A $ 2 R T A s 552 %

L3 WY =% - # 5 DNALadder (4 F+ & 138 )» 175 DNA ¥ & [ 2 vt $fo
d %> TnYLB-1 % £ = -] % 1300~1400bp > @ Erm® £ ] 4% f£ -] % 1100bp » #& Erm®
AFIZ AP 5 Ape AN o EdAcEE (RIF L2 ) g - WY 5 - BRLERG

RE.Tnl 2 Tnl2> 253 ER A 742 2 Kan2 3 H AT 2 [tk & - AL

WA 2 plE TnYLB-1 ¥ g2 A4 » 45 ErmR A 7|2 4 4 -

(2) MimA R FHac - %% FZB42 % % tA % Streptomyces scabies PS07 2_ 3=

%“%d JHprdl Bl L5 o B - BILABRLZ AR R G E > a2 iy
ABRPARL G EF LT A $x2 £ B 4o = 530 B § IR FZB42 % %34 Tnl ~Tn5~Tn7-
Tn9 ~ Tnll ¥* FZB42 5 4 tkeriz =t 1939 S 27 ip| £ 2 Frd| B 2 2+ -] o 11 T.test szt
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B 12. FZB42 % % tx(Tnll)¥ S. scabies PS07 2_ 4% % (2t F#w/+ 1 2 o )

() 2K+ R & v 48 5 e (iPCR) 7& % TnYLB-1 46 » FZB42 # FI8 ¢ 18 S enfk 75 )
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dTRT L L EREE S I A4 ) F R R A AdehAh Tt > T el

e
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0 E R FE R P A ok % A TR B PR > A RATHE oS B IR H|Ee 4
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Bl 13. FZB42 % % k2. DNA & £ F148 7 &](digestion) 718 & = 2. "B RE T A A 473 % 776

X6 BT 2% - 2% DNALadder (A F BB %) (T4 DNA $ % 2 L %o
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= IR ﬁ-k7‘3;'JE$FE'|&25
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2. Inverse PCR (iPCR)

#rri w2 DNAEFp AZRE (S > B+ fedt2 51+ # JC1310 ~ JC1311 &7
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d 3t shah ok AL FIH 2 B G

TWF LGP ARE B2 N2 DNAPEY 2R

FHRHIEA P2 FETALRIEFIRBA 2 REE > FRI BT AR R L)

PR AEEEERAE S TF R L BHE S S =8 2 DNA A A -
4e@l? ¥ R o Tnl ~Tn5~Tn7~Tn9 ~ Tnll 2 5% % 5 — 597 FEE2 EF 0 ¥ & FAk

A2 EFE - AP

25



3kb —

1 kb —

Bl 14. FZB42 % %1tk2 DNA 5 iPCR #7118 & $ 2 W48 T i & 45 22 % ™7

X7 RY 2% - 25 DNALadder (&~ + £ 8% )> (T 5 DNA P E & | 2 1L ¥ o

SRl % = 4> &K 5 Tnl ~Tn5 ~ Tn7 ~ Tn9 ~ Tnll

d 4 {PCR Az BT Arir? » & ﬂ,‘%ﬁﬁ’b MR IR - -,‘?’—aﬁ—i,’.;’g%“ W |7

HAFY 27 -prHEIH 2N 225 HEEMIPCRZAFERIAFHLT
5

AR EZEF L RR 2 FHFFTAY & (NCBI)2 DNA £ 5| GenBank

PR EAN o S L FRTE LR AR N TR R A B AT

PRAEEGIAE > B AR F iE 98.47% o

4o > 2 WP #7975 — Bacillus amyloliquefaciens AR ° F R AT > B A F v

FUHGEZAMY AL A T ATFIADLIR > B0 ERZFHME & e F2
Pk o @+ W¥TT 0 5 - Bacillus subtilis FIREY B2 AT AFES LA @ F
SH A2 LB NE BRI AL 4 EFR
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FBENETE SR LRIYTR L ATIE S b RS L2 AT H Bk G R
o T RREHIUR R mFZ A S F RIFTT L AT A2 LEHA L e
PRZAFREAR MY TR A P R RN e s E Streptomyces scabies
PSO7 3 B #t AFIFFUp R iwFL 4] > 2 AP T2 B end & o TR F (Rl

FAF) 5 08 AP S P EAT

Cloning vector pJG030, complete sequence Integration vector Integration module 12 sequence
GenBank: KX499660.1 GenBank: MK995034.1

FASTA  Graphics EASTA  Graphics

Go to: [¥] Go to:[¥]

Locus KX499660 5607 bp DNA circular SYN 18-JAN-2017 LOCus MK995@34 8403 bp DhA circular SYN 29-]UL-2019
DEFINITION Cloning vector pJG@3@, complete sequence. DEFINITION Integration vector Integration module 12 sequence.

ACCESSION KX499660 ACCESSION  MK995034

VERSION KX499660.1 VERSION MK995034.1

KEYWORDS . KEYWORDS

SOURCE Cloning vector plGE3@ SOURCE Integration vector

ORGANISM Cloning vector plGe3e
other sequences; artificial sequences; vectors.

ORGANISM Integration vector
other seguences; artificial sequences; vectors.

REFERENCE 1 (bases 1 to 5607) REFERENCE 1 (bases 1 to 8403)
AUTHORS ~ Goodson,J., Klupt,S., Zhang,C., Straight,P. and Winkler,l. AUTHORS ~ Castillo-Hair,S., Baerman,E., Fujita,M., Tgoshin,0. and Tabor,].
TITLE 7 Broadly Conserved Antiterminator Protein Controls a Regulon of TITLE Optogenetic control of Bacillus subtilis gene expression
Bacillus amyloliguefaciens Antibiotic Gene Clusters JOURNAL  Nat Commun 16 (1), 3099 (2019)
JOURNAL  Unpublished PUBMED 31308373
REFERENCE 2 (bases 1 to 5607) REMARK  Publication Status: Online-Only
AUTHORS ~ Goodson, 1.R. REFERENCE 2 (bases 1 to 8403)
TITLE Direct Submission AUTHORS  Castillo-Hair,S.M.
JOURNAL  Submitted (81-JUL-2016) Cell Biology and Molecular Genetics, TITLE Direct Submission
University of Maryland, 3112 Bioscience Research Building, College JOURNAL  Submitted (29-MAY-2619) Bioengineering, Rice University, 610@ Main
Park, MD 20742, USA St., Houston, TX 77805, USA
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