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® < i & (Abstract)

The bacterial spot diseases on tomato (Lycopersicon spp.) and pepper (Capsicum spp.)
causing by Xanthomonas campestris pv. vesicatoria (Xcv) are very destructive in Taiwan.
The mechanism that Xcv causing this disease depends on type III secretion system (T3SS)
and T3SS effectors. The recent study showed that strains of Xcv isolated in Taiwan were
heterogeneous and could be divided into two genetically distinct groups (group A and
group B). In this study, we proved that using the AFLP technique to discriminate Xcv
group A from group B is feasible, and consequently, a XopE2 homologue was identified in
all fourteen Xcv strains and it also could be used as an index for classification. Phylogenic
analysis of XopE2 amino acid sequences indicated that XopE2 of Xcv Xvt122 (group A)
has a closer genetic distance to XopE2 of Xcv 85-10 than to that of Xcv Xvt45 (group B).
A single copy deletion of XOpE2 within the genome caused a substantial reduction in
virulence, but no effect of XopE2 mutation on virulence of Xvt122 were observed.
Furthermore, our results revealed that XopE2 of Xcv Xvt122 or Xcv Xvt45 was able to
suppress HR in a T3SS-dependent manner and the heterologously expressed XopE2 was
sufficient to modulate the virulence on susceptible tomato plants. And those biological
functions are not dependent on the consensus catalytic triad (159™ cysteine) and
thiol-protease His residue (47" histidine) of XopE2.

Recent genome sequencing projects have identified Vir/Tra and Icm/Dot T4SSs in X.
campestris pv. vesicatoria 85-10, but their precise function awaits further investigation. In
this study, we identified the VirB/D4 T4SSs from X. campestris pv. vesicatoria group A
(Xvt122) and group B (Xvt45). Based on sequence analysis and gene composition, the
virB/D4 cluster of Xcv Xvt122 shows the highest similarity with that of X. campestris pv.
campestris ATCC33913 ; but the virB/D4 cluster of Xcv Xvt45 seems more homologous

with that of X. campestris pv. campestris B100 and X. axonopodis pv. citrus 306 (Xac 306).
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Moreover, the G+C content of the virB/D4 cluster of Xcv Xvt122 or Xcv Xvt45 is lower
than that of the neighborhood genes, and the presence of IS4 family and ISxac4
transposase in those loci suggests that the virB/D4 cluster may be a result of horizontal
gene transfer from other bacteria. Because VirB4, VirB11 and VirD4, are the most
conserved components of the T4SS, and they serve as an energy-consuming process for
their assembly or function. We also generated the virB4 and virB11 knocked out mutants to
assess the virulence of the genes on the host plant tomato. The inoculation assay revealed
that the virB4 or virB11 deletion in Xcv Xvt45 retained its ability to develop disease
symptoms and the bacterial growth on tomato Bony Best L305. In contrast, the virB4 or
virBllmutation in Xcv Xvt122 reduced bacterial growth on its host tomato and pepper, but

there were no effect on disease symptoms development.

Keywords: amplified restriction fragment length polymorphism, bacterial spot, type III

secretion system, XopE2 effector, VirB/D4 system, type IV secretion system, horizontal

gene transfer,
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Xcv Xanthomonas campestris pv. vesicatoria
Xac Xanthomonas axonopodis pv. Citri

Xce Xanthomonas campestris pv. campestris
Xam Xanthomonas axonopodis pv. manihotis
Psy Pseudomonas syringae pv. syringae

AFLP Amplified restriction fragment length polymorphism
RFLP Restriction fragment length polymorphism
RAPD Random amplified polymorphic DNA
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Dot/Icm defect in organelle trafficking/intracellular multiplication
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hrc Hypersensitive response and conserved
hrp Hypersensitive response and pathogenicity
HR Hypersensitive response
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Hop Hrp-dependent outer protein

Xop Xanthomonas outer protein

PAMP Pathogen-associated molecular patterns
MAMP Microbes-associated molecular patterns
PTI PAMP-triggered immunity

ETI Effector-triggered immunity

LPS lipopolysaccharide

PRR Pattern recognition receptor

ROS Reactive oxygen species

NLS Nuclear localization signal

AAD Acidic transcriptional activation domain
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ODeoo Optical density at 600 nm

ORF Open reading frame

PAGE Polyacrylamide gel electrophoresis

SDS Sodium dodecyl sulfate
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1.1 Xanthomonas campestris pv. vesicatoria %t £ 4 5§

Xanthomonas campestris pv. vesicatoria (Doidge) Dye (Xcv) &> E fF < A w

Y

o oA ER@ e kmee o 20 5 1527x06-1.6 um > Eied 8L > 7 R 4F
¥ B &5 (capsule) » ** Berkey’s manud 2% 5 £ % % "a32 % &L (PDA)} 25 = [l ~
T AR R R RO M RAZOR F R s Aedhivf e Fjttsa gl (bacterial spot)

R RIFIFA0E Btk (2 T RIREGR) A Sv@“im;ﬁgi'ow[ﬁa}%'mg cd EFF

N

Ay

AT R h bt B ERER B AR BT AR fRLEN

\"ﬁ\r

M2 EF A IR ET L EFETEROKREFE B L 7 H4EGF X, 1998)-

R

WA RE Xov 2 B2 pFg 8- Heonffst > A2 F SRR LS
MV EXev A 5 AF (Agroup)2 B # (B group) (Beaulieu et al., 1991; Bouzar et
al., 1994; Stall et al., 1994; Jones and Stall, 1998) o ] #* & 2Lz 4 78 4 b 3 pE > R
FRKR? LR KfE2 S A fRER > 8 B HRKE L FE (Beaulieu, et al,
1991) » 12 SDS-PAGE % A #tin® Fo6 F 13 £ 4045 T2 3ov WY > A HE
®e ¢ NI jpiF2 32~35 kDa #-9 15 (a #E# ) @3 B EHEFKAE G 25~27 kDa
F-d iEF BIEF) M BEAREF A - BRREC Y EF O FIL T AL FAMLS
Atk - £ & ixJ5 (Bouzar et al., 1994) - 1984 # d Schwartz - Cantor 2 = 7 Ji *
% =% 7 (pulse-field gel electrophoresis, PFGE) & 5t » Xcv k14 o Hjiss 472 5% %
w1 Xbal 2 Spel *UFIpE & 7 &1 - FPEHFAKRE AP 8B > 7 %7 BER
R R K 5 2 Spel *» 2] FF > & * cluster analysis f?ﬁ;}%ﬂ% Bl > A7 P ¥ F TR FIEEAE
(genetic distance) ¢ 3T > @ % B EHFARRKRE Vv A2 BEFHREWAFM L 2 £
BAF 5 A F (Stall et al, 1994) - Louws % 4 (1995) 2 € 4F e 4k 7] B 71| (repetitive
extragenic sequences, REP, ERIC 2 BOX) & 31+ » i&{7 PCR & Ji5 » #7182 L Fldg ¥

315% (fingerprint pattern) %71 A FHFHRE G F 12 @ BEFHKR S 7 12 - &iT



Vauterin 3% 4 &35 DNA-DNA 32 & 2 g4 Al * 24 7 %% » ¥ Xanthomonas f 2. ‘m
FlEAT 2 gg > B Y 5 B Xov 2 BRI A 5 3 8 Tra g k2 A HEREF B>
X. axonopodis - i 5 R Al & & & X. axonopodis pv. vesicatoria » @ B ¥ FjtAR] 2 37
% #7448 X. vesicatoria (Vauterin et al., 1995) - Jones & * >+ 2000 & 124 { #%fm 3| f #o2_
fo ik F13) & sg e #- Xov 22 Ftkx £ 374 48 5 v ¥ 1 X. euvesicatoria (=X. axonopodis
pv. vesicatoria) ~ X. vesicatoria - X. perforans = X. gardneri (Jones et al., 2000; 2004) -
Xev v i H Az 4§ %if'{f[fﬁ 4@ %A & Z B EF (group):l. FAicFE Xev
T group) > © 3t §ivt 3 R4 5 2. PR FFH XevPgroup) © affalt 3 &Xpd S
3. #th-F v (Xev PT group) > v @i 2 §3ct 359% &4 o Fi*t Xev P group &
Xcv PT group 2. Fth* ¥ ik H *+ 2 o & #ii & % Early Calwonder (ECW)~ECW-10R (2
Bsl) ~ ECW-20R (% Bs2) - ECW-30R (# Bs3) ~ PI1235047 (% Bs4) #72} % s ps 4
£ 45 11 BR¥eE | 48 (race PO-P10) © 3 Xev T group 2 Fth » &~ 7§ -
BhHICATT A 2 (503 P f iv &k Hawaii7998 {r Hawaii7981 # 3 3% = v

%= 24 32 | 4 (race T1-T3) (Jones et al., 1998) -

12 g W4 ¥ B 5 3114 7 (Amplified restriction fragment length
polymorphism, AFLP)

AFLP B jsE 3 1995 £4d & 'fﬁ Vos % 4 % & RFLP (restriction fragment length
polympophism) f= RAPD (random amplified polymorphism DNA) H =73k 11 » 7 ez
f1% RFLP $iiF3 « £ c1% 4 48 DNA fri 2.2 £ 45> 11 2 RAPD 3 #if & 315
24 (Vos etal., 1995; Lin et al., 1996) o st $itssk & 2 % 2 5 (1)'L4]fF# > DNA
o B2 4p e U fr st & F (adapters) & 7 4% £ T8 % > (2)iF % [+ 3 v & J& (Selective
amplification) 51+ 2 K3+ 2 UFIFeid £ F 2 B 7 2 PH L T4t 13 BRHRK
3)ie 7%+ T A&7 (Vosetal., 1995) o

P EONEREZ AR B R R FTeF L 0ip 3 M B {3 225 ¢ DNA

SAMEPET S0 & 0 AFLP A 47chZ & &5 R UFIs >y el =8 B 7| ch % R



- PR DR %‘Ij-*u e B S A g ch4 I o 5 #p Xanthomonas axonopodis pv.
manihotis (Xam)i & £_is* RFLP $iiefe & 30p 2 Fl(pthB) 5 47 4+ % (74 5 » {1 *
AFLP $ R { § s ehgme I sk & e R 4] (Restrepo et al., 1999) - Noél &
(2001)R] 4] * cDNA-AFLP 1= ;%> d Xcv 45 91 30 % £ hrpG 3% #(hgi)fc 5 B4 hrpG
Fral(hgr)shk ] > DNA B 74 4787 » o A FIE 5 b it 5 %2 b 39 s ~ ekt
$r+ XopJ 4 XopB 12 2 YopJ ~ AviPphD [F ik d-v & > #-H P BB hgi:E 7RV
"% 5 R Fead 4 o Fafr LR ET A e HEfed 4 p R R FfeT D

effector 39 (Noél et al., 2002)

1.3 5 & & * (Pathogenicity island, PAI)

TR oG pge AT 1990 £ 4 B % Hacker and Kaper I L Eom R E
enterobacteriaceae (especially pathogenic E. coli) 2k F] ke & W o Rderie diane v
L3 T A (D)W § # t(virulence) > (2)7 % &NV R FY O Q) frgE R E ST
s 44 A8 (core genome) APVt e 0 & 3 A e GHC 7 £ fr codon usage 0 (4)i ¥ F F
# B+ 1+ (mobility) ]+ - 4 integrases ~ transposases { insertion sequence (IS) > (5)
} direct repeats (DR) A 71 i¥i % » (6) & § tRNA & F]» (7)* £ 2% & » ¥ 454 DR &
IS kT ;% @ :i% (horizontal gene transfer) e I R Fredhy et i R AEY ¢
P S ﬁrs&v 7 /6 e Escherichia - Yersinia ~ Salmonella - Vibrio - Helicobacter % - 1
% {8 ¥ 5 & )% £5 Erwinia ~ Pseudomonas ~ Xanthomonas -~ Ralstonia {= Agrobacterium
% (Hacker and Kaper, 2000) = i {4 5 & ‘pf]",/f Agrobacteria t > # & B i R g
wgy @ g ohrelhrp ATl o R G ET Y KT R B N @ 2R
AFRER- 2 T R § %2R 7| (Groisman and Ochman, 1996) - & e & 0 7 » I R 5 g

2

e RTAS R ERE X I R § %22 5 multiple horizontal acquisitions mﬁﬁq‘,{%

3

= »

4] 7% (Hensel etal., 1999) » F]yt # 4] # i R Bapt cnfl ¥l 2 2 PR S| and B o

F 5 FfA sgfoiw v~ 45 ik g2 - (Sawada et al., 1999; Gophna et al., 2003) -



1.4 % = A & & % % (Type I secretion system, T3SS)

EramRpep Bh7 5045 RMFRNT R 3G R E
Ko F BN SR RANENhEAFi oD A#NEF LM, FEE
20 29 % = a4 ks (Type 11T secretion system, T3SS) £ & ff < 1£ 14 ] & 3% fs 2

AT R e B oo 54 s R F TR <0 hrp & Flie (hypersensitive response
and pathogenicity, hrp) % 1986 & % P. syringae » 4.3 ¢ i+ % (Lindgren et al., 1986) >
¥ =2 Al A kP B (core region) © R B R T AT AN
Pseudomonas ~ Xanthomonas ~ Ralstonia 2 Erwinia % F/® > & =¥ (cluster)
WRE A AT LY L BhPATEFREETH L FEE AN E P
% & ] Yersinia ~ Shigella {= Salmonella % g § ¢ - F]@ :e4L 5 hrc (hypersensitive
response and conserved) £ *] (Bogdanove et al., 1996) - ¢t hrp/hrc £ %] & & 3= 341 I R
Flied A5 @ &2 3ot (pathogenicity) » & & et E 7 ¢ chlm e B 1A 2 R
a0 pbE A e K it end A d (incompatible plant) ® A E EACILE &
(hypersensitive response, HR) (Alfano and Collmer, 1997) - igac it F A - fat-iE ~ &
BB B AR F o d 54 e 2 3 2R Aol s R AR T AR 5 3
fo 47 w2 #2550 1452 = (programmed cell death, PCD) # # ¢ % (He et al., 1993;
Greenberg et al., 1994) -

hrp/hrc A Flle 2 5 & G FHEF R A 5 28 (DR 50 Q)= 2 v e
® (3)~eF sed-v  (effector) o effector 3-v ¥ A % = #f ¢ — #F 5 (% 30 4gdr cnlme
B I4m 7 i~ %2 > 4o harpin 39 » ¥ — 5§ effector 39 R|iT% 245 d wmie ) > 4o Avr
(avirulence) 4= Hop (Hrp-dependent out protein) = Xop (Xanthomonas out protein) zk F]
e 3-v  (Alfano and Collmer, 1997) o iz it effector 3~ # iv & F £ b 7l 5L
® >3 > bl4e E. amylovora £ P. syringae ¥ 3 4p 4~ & kb e1 DspE fv AviE #-v Y.
enterocolitica ¥ 4 ;& P. syringae =7 AvrB 4= AvrPto #-v - X. campestris pv. vesicatoria
¥ % i Y. enterocolitica 57 YopE #v (Collmer et al., 2000)° & T £ & & j* Fx T 8 1F

ARV AL e AT E B A & 805 0t N sh R LA EL A 71 (signal peptide)



g 5’# RNA % 7| (Anderson and Schneewind, 1997 ; Lloyd et al., 2002) » Avr F-v =
P g BEMES N o FEHF AP R (resistance) A FIFF 0 i € 5

d & - BaPRLIEY o A FE S AL G E o R A ET o T AFIHAT

m\i-x**

(gene-for-gene) % » Z14Edr ch— Al 4] 5 Flt avr AF e A2 E > T
BRACES ) R 2 2 F A PR (Keen et al, 1990) o P a0 & 4 33F
effector F-v ¥ Fr4 |8 B8 F 2 5 anfr &5 & (Grant et al., 2006) » 4 P. syringae
AviE ¥ HopM F-¢ ¥ #r | K1 phif % chift @ iR sach3) = (DebRoy et al.,
2004) - HopPtoN 3-¢ % cysteine protease i# 14 > ¥ 7|5 & ff] & MAvL 2 2L {oidie
I EH ¢ R F A, (Lopez-Solanilla et al., 2004) » X. campestris 77 XopX
Fov BEY ABREHE A U R P RWEP L R0 TS T3SS @i I oA rdlE S
7 EF o #-XopX R FFREAANF L m{rdiv 7 ¥ p REFTLE (Metz
etal., 2005) - P. syringae 7 HopPsyA 3-v R F A H{E 5 et L3> @ H30 i E 2 9
Pk e i enime o= A ¥ 4% AvrPphE & 3¢ #tdr4] (Jamir et al., 2004) -
& X. campestris §F >+ avrBs3/pthA =% s apll, avrXa7, avrXalO & 51- ¢ #r4|4& 7 7
pHIRI11 3 P. fluorescens #7351 4= i a7t & & > & |+ P dr4] RbohB~ PAL 2 PR1 % 7

i F 2k Flendk 3 (Fujikawa et al., 2006) -

1.5 % v 4] 42 % 3 (Type IV secretion system, T4SS)

WEFTEER PR CREET b TR AL B RBE AP ML Ry T
Fofk Fl# 50 7 -0 08 5 ALk A 5 2~ 4 type [-VI (Fronzes et al.,2009) > % w 3] 4 ;2 %
s (Type IV secretion system, T4SS) & #@i% < & 3 chk ja 4] » @i A+ F £ 39
Booofvy &R AP f0 B4 & 88 (Christie, 2001; Economou, et al., 2006) - 3%
A Ak sLenE g T oA Z 4 1 (1)#: £ 7% (Conjugation) » (2)F »xd-v @ :ix (Effector
translocators) > (3)DNA w4z 22 ##2x (DNA uptake and rekease)(Cascales and Christie,
2003 ; Backert and Meyer, 2006 ) © ‘m Fjsrdg & (8% 5 A% jﬁﬁﬁ?iﬁpﬁf I iz eeny oz A

LAl o d - ¥ 3 e 73] mating pair formation (Mpf) % 1533 45 > Mpf 2



2

7 23X WP (recipient cell) #f¥ ik & 8 L (conjugal pilus) frix & i3 (Mating
channel) % f § DNA e o A% kA& 5 chm 45 01 0 3% 5 o R Fjehaid b e
Mpf 7 it 3 B > 4 Agrobacterium tumefaciens 41 #* pt #41] % ¥ T-DNA v effector »

+ 3 et mfe a2 MR (crown-gall tumors) > Helicobacter pylori = 5142 % 5 fr

E “J}’L&-Eﬂffiﬁf\? 7 ¥ @i 145 kDa ¢ CagA Fv I F 4 imfe p o @ 5142 P v en
Bordetella pertussis 82787 ¢ 2 #5238 » F 3 P b o R E € 1% o A4k AL
pertussis toxin (PT) X fw% % F]{L & » Pz o

FowAle g kAR AF e AR A L 28 (D) type IVA: A Flinie & 22 e p &
A. tumefaciens VirB/D4 x st4p 0 > VirB/D4 4 %t a2 & d L - B 39 ¥7 & =
(VirB1-VirB11, VitD4) » 1335 4 4= F M frin¥e & 384 372 (subcellular fractionation) #
ot AFREH N AL F - ¥ P e (VirB6-VirB10) 0 ¥ = #
ER T B (nucleoside triphosphatases VirB4, VirB11, VirD4) > % = #F{rik £ & 2 4p
W(WBLW&&WQQ’Bﬁ%é&}éﬁ@@ﬁ%ﬁ%&@ﬁ@%%%ﬁﬁ&
¢ 5 % F PUF » chp f# (Cascales and Christie, 2003 ; Backert and Meyer, 2006 ; Li et al.,
2006 ; Fronzes et al., 2009) - (2) type IVB % L. pneumophila Dot/Icm (defect in organelle
trafficking /intracellular multiplication) % %t » & & ;&7 = L 7 B A F] > & W &% A2 7]
end BB H B G0 E - BT A tumefaciens VirB/D4 i suo g2 2R3 i A Fe
VirB/D4 i 523 I R4 > 4o IcmE/DotG ~ DotB f- VirB10 ~ VirB1l 3 FiR{t > @
IemQ/DotL~IcmB/DotO B|{= VirD4-VirB4 3 it e iv5 3% % 39 {- A. tumefaciens
7 VirB/D4 i Siehfe S Fov I @ 4p 0 0 3 oa GG 4R 5 ¥TEE (Segal et al., 2005 ;
Vincent et al., 2006) > (3) H = : 7 Ep: 6% type IVA & type IVB > 1 H A T4 $g ¢ 4 12
FBw & & (Christie et al. 2005) » 4= H. pylori s Cag & 3t o 385 M % v A 42
A ELAET Y 0 & § 3R 4 R 2 AL tumefaciens VirB/D4 i kige type IVA chdx & 8%
4o 5 48 F (IncF) ~ RP4 (IncP) ~ R388 (IncW){r pKM101 (IncN)(Baron et al., 2002; Lawley

et al., 2003; Christie, 2004) o 1T & Kb 37 € < §f w type IVA 697 22 3-v B4

#] ~ type IVB #414r5 M £ fF B Fads & (5% 4] (Christie et al., 2005) -



BIPA 0 A tumefaciens hE e 3] 40 kSR OB R 2
oS HN AL Er R RES A A0 MR o He ¥4 E R H
Xanthomonas campestris pv. campestris 8004 virD4 = virB 19 i# 2 ] 2 3% 7| i & 2. R
FREAF LS HEF FRIZPFEAHEF IS HRp 4 (Heetal, 2007) -
Burkholderia cenocepacia strain K56-2 # 7 7% £ % w 3|42 % 5L¢ > 30 B4 o
PtwT4SS % VirB/D4 4v F-specific ¥ i mq“ﬁ% & i ¥u > ptwD4(VirD4-like) sk % 1k € #r
HE ‘@“EL%‘« RE A -‘Iﬁaﬁr}iﬁﬁé_i v AL M eng o A A 8k SR 22 VirB/D4 4p i o
REIRT 7 ¢ B FpMcn% R (Engledow etal, 2004)° b # fodr o5 | F#7d) hd e
Ak e i B F A p I B RSN FE o - g kB 2 A
oA s L SR P FRRATE R4 ¢ (Marques et al., 2001; Brunings and Gabriel,

2003)

16#Ef B k5%

T R F L 2 B enBl T BT AP IR R 1 o m R F)E ~ 24 [ Fi(apoplast)
SR APl BEEEFAGH R BRADT PEFRLE > FtE i B
BT 2 Bt Fimiedg X B i B - FRIK D A s TR 0
# @ # £ & pathogen-associated molecular patterns (PAMPs) » = A4 . 3
microbes-associated molecular patterns (MAMPs) » it & F 3¢ © AAFF R L5 2t
Mt e o e fEwmE 4 g i 2 *g 5 pE&E (lipopolysaccharide, LPS) ~ ‘m ) erdil £ v
(flagellin) 12 % 4 4% %]+ (elongation factor Tu, EF-Tu) o § &4 % & 0 ¥ (pattern
recognition receptor, PRR) 7% 3% ¥| 3 PAMPS/MAMPs 11 3R = & » ¥ %
PAMP-triggered immunity (PTI) ¢f 5 i o PTIP 5 kin s 454 & $ » B2 $
B RASehA B 7 R > — LAk (5 0 w2 MAP kinasedg & i @ e fF 2 4 @ik
Ryt N 32 ()F E4p k2. 79 (pathogenesis related proteins, PR) =4 4 »(2)
#12% (reactive oxygen species, ROS) £i§% i & $ehd 2 > Q) § § B (callose)

ST A s TR A ehlm e BRA R R ehE o ok~ B2 it pend KR



<

(Nurnberger et al., 2004) - @ A% i % & 2. X % {|4cArabidopsis thaliana® = FLS2% %
F FEIRLELSL Fev Yoen- BOd 2218 & AL e aniEsiik (flg22) 0 FA. thaliana ik £
FLS2 257 » #3545 R ¥ i R FE < 2% 8 (Gomez-Gomez and Boller,
2000) o tefad= f1* PTIHR-» ZEjcd a2 2 3 % EHEw > B R L eanf g4 o pyt
oo gm R e ﬁ%ﬁd ¥ = Al Ak siyiiFeffector v &~ F 4 dwre > T JEPTIZ 3 4
BE RS 2 £ T4 (Staskawicz et al., 2001) » &]4cP. syringaesieffectors F-
v @ & AvrPto ~ AvrRpt2 22 AvrRpml1 it 43 #7414 PAMP#734 % enf i 5 J& (Hauck et al.,
2003; Kim et al., 2005) ; X. campestrisz. AvrBs3*:Cz4 £ 3 nuclear localization signal
(NLS) 12 % acidic transcriptional activation domain (AAD) & = H it 43 s % F 1 e &
% @ atE M AR 2 A Flehd i (Zhuetal, 1998) o @ F A 57 - HF HR
B PR iAo FENY - K ehr E R o 5 effector-triggered immunity
(ETI) » ETIeah 3 a3t 4i 4 & § fulb v 0 &5 R Forikis deffector v 217 2 28

R eyt > — ®effectordv B4l v FELE 2 0 @ ;5'1}531%' Fr &2 AL AN

e
2
3

PECE R IR % o T S AR mie o= o od G sk R K R AT A ,Th—&!\
S RUETLEN A RN N B> EMHF & (Collmer et al., 2002) - 28 I}ia/%'m*pf]
AR sl % = Al Ak kLA i aneffectord#r 1 ETIen# 4 > &) 4o AvrPtoB % P.
syringae sieffector =0 > ¢ $3 AR £ fhd det Frdld ETI#r 3] A2 chiBac a7 i
(Abramovitch et al., 2003) » et &2 R |2 B eh 3 ie% > £ - B B0 7 B Ay

e

L7175 B eh

4 X. campestris pv. vesicatoria #7314 ivfL fw f%]"'ttﬁ?_,é%vﬁi L oBEHr Ficd i
WLEERpT o AR AREIEFTEMFEL L LTk & Stall ¥ 4 (1994)% Bouzar
B4 (1994) et T g @ 0 F 35k p S B Xov bk @ R0 L K
BT AF > wFE L (1990)R1 25 58 B Xov Fth? 0 9 F 20% 5 4K fRE

BF ek o (1998)0 Sk B e e 152 B Xov ko RIEE 2 BER



SIS MR KT 713 BERT EERBOKEE A R AEFRK)

A 39 B ERRIE F ot (B HEHR) - MR EET Ak 2 Bt 2 £ 02 4 47 DNA B F
o Bor o2 Xev BT 5 SHREGEHE  RTFER LA CFHE A FHS X
axonopodis pv. vesicatoria (=X. euvesicatoria) - @ B ¥ Ftk B % X. vesicatoria - % F B4
WRRFLAEERERRATF LRI MG AL RTERET (F oS5
DNA % 4|14 47 34 AFLP %2 45 5 08 F dcft o B sa Bk F2 % B 12 o 2B
AFLP eha 47 B3 i I & Al £ B2 25 D EBRFEOLT M7 A
Fla bf FRE enZ Bt 02 L F 7 %5 s g2 dpih o o b BB 4478 AT
chd i o A E AFRERIT L ERFEZM G-

TAED AT efRR R B E > S F RF § Xanthomonas & £ 7 VirB/D4

>
~

w A4 s 5 Buihzk B e X, campestris pv. vesicatoria % = 34k S G Rop it 7
Bk e e o HH OB 1L FORIE A LR BEPTE AL G R e Fl a0
BT R A ¢ e b o AT R Z REREH S B A Xev Xvtl22 (A EFR)
fr Xev Xvitd5 (B # F ) » RBE HA Aihend ¢ WA TR S F 4 N2 S w445 %
SAPBE D VIrB/D4 A Fle o S AR AT L 2 FEOS e A A0 ko s AT

P A EE G AR KR HRpREL P



Lk

2%l AFLP A5 el ie Al s H % R 1

2 ¥£31 XopE2 3 »x3-v &R }]33 el M

2.1 %3

e p BF 50 2% CEFEMRHG OB TR RED L LR IR R F
o F 2R mRwEY R FEF LR RSRF AP o b
i R AT P gk A s ] (basal defense) s = ¥ s i 2o R 4E e dnte g
i (Nurberner, et al. 2004; Schechter et al. 2006) - Xanthomonas spp.4rfe ¥ % & f7 X [&
]vi;;ﬁ}g,m*,;f] P RRAEPFALET A S Z A4 I mA4 4 -9 (virulence
factors) | 3 fmre p > e mie P F nA 14 L RE > AFrd|F L EE] 0 @2
i R Fif & F 28 B2 (Galan and Wolf-Watz, 2006) « % = 3] 4 i i SLE 5 5502
# Kk % #  (Cornelis, 2006) - 1 & & =X ¥| hrp (hypersensitive response and
pathogenicity)/hrc (hrp conserved) z& Flie & 1 23 432 % #cip St dev #rle = o v AL 5l
EARABEREAY SR RETH 0 JRT AR Fo b e B 0 ¢
pilus & harpin 3-v > & #-effector v (4v Xop & Avr)iZ » g4 ‘ww? b (Grant et al.,
2006; Glrlebeck et al., 2006; Kay and Bonas 2009) ° % Avr 3~v i& » 54~ fmPe p > 248
PRAPE SO R AFIF L B - Boprliv® » AP EY A2 BT F o 2 TAT
$HRFIR & o BACF g TS ﬂm%@m*u% LFF LSRR D
WGV F Joig FHLP 2o R FER RS R e AR e 2 e R e
Femic 2 %72 (Klement, 1982; Staskawicz et al., 2001; Mudgett, 2005; Grant et al.,
2006)  § %= A4 A FIEE 0 §IEGp R F AR RN LR R A
Apfe A EA RAFAP AUy I FERME i d o T ek 2 e
& kv effector 3-v 11:;’;5};—( mEfrE he I T P FRE & d ¢ (Kay and
Bonus, 2009) -

¥ - 5 & 3] <0 Xanthomonas spp. 3 > # & 2 15 & { % dheffector F~d > 2 7§

10



Heeheffector v .30 R vhd 4 Fl3 8 4 R PP ERF 4 &4 (Thieme et al., 2005;
Giirlebeck et al., 2006; Kay and Bonas, 2009) = &4 31 4= 304 b 712 SRR TR S R F 7 X
campestris pv. vesicatoria > H 4 % e AvrBs2 F-v &“&:ffiﬁz{xﬁ@? B~ T B FED~ B A
ErHp Ry By ‘?}*k sz % (Glrlebeck et al., 2006) - XopX F-v it Frd|{e 4~ &
Aenfr 4] m 4o A2RF 3 48 $ 4o Nicotiana benthamiana _+ S BN 3 £ g fﬁsﬁ' 7
thd £ (Metz et al,, 2005) - @ X. campestris 7 >+ avrBs3/pthA &3 s apll ~ avrXa7
% avrXalO £ 7] » ¢ #4135+ 3 pHIRIL e P. fluorescens #r3l 4 e ac bk & > &
4] RbohB ~ PAL 2 PR1 %7 @5 g 2 F]eh4 3 (Fujikawa et al., 2006) - ¢ X.
campestris pv. vesicatoria 85-10 =4k 12 B & % & 5t XopEl fv XopE2 7 #T4tfa iy
Z A&k kb effector -9 0 i&=5 B v B>t Pseudomonas syringae = HopX *%3%f
(Thieme et al., 2007) - XopEl = XopE2 3#-¢ N ##7i% 5 ¢ N-myristoylation motif » £
F 8 F A e SRRens i 0§ 0 motif % = BRApLd glycine % # % alaine > B 3
B OF gy A T e BT P o gt IR 42 N-myristoylation motif ¥t XopEl @ % » % i = N.
benthamiana {g 4~ km#e > = & & & 4g - @ XopE2 514 Solanum pseudocapsicum 12 4
S A MR 0 B et SRR 4 AL M <0 (Thieme et al., 2007) ©

doftdm F s b A0 o R ] X, campestris pv. vesicatoria (Xcv) #7314 (Jones
and Stall, 1998) » ¥4 = + & cps 7 % BET o RIIRB KRR R YA [RIEM DT &
(Beaulieu et al., 1991) » 2 % F=v F &2 DNA ch 3 AP o478 SR 2 32 ~ L § ~ 4 52
&+ F1E (Bouzar et al., 1994; Stall et al., 1994; Vauterin et al., 1995; Jones and Stall,
1998) » ¥ #-Xcev " 4 = A~B A ¥ A Eﬁ%ﬁﬁ >t X, axonopodis - 1B T A H
X. axonopodis pv. vesicatoria » @ B ¥ Ftk P12 37 5 748 X. vesicatoria (Vauterin et al.,
1995; 2000) - Jones & * ** 2000 & 4245 { :3-sm ] i #F 2 fo ik FI 3] A 85 Hk 0 % Xev
2 FBR* £ATA S S w ¥ 0 X euvesicatoria (=X. axonopodis pv. vesicatoria)
vesicatoria - X. perforans f= X. gardneri (Jones et al., 2000; 2004 ; Shall et al.,2009) -

)

£ » X. campestris pv. vesicatoria (X. euvesicatoria) strain 85-10 © 44 5 €47 7 % = 7]

ws ks gt A effector 3¢ doie 54 5 R PR FjiR (Thieme et al., 2007; Kay

11



and Bonas, 2009) - # 1 p % » X. campestris pv. vesicatoria 85-10 f=H iT % F#k » ¢ 3#
3 17 8% = 44 s Sieneffector -9 73 & (Glirlebeck et al., 2006; Thieme et al.,
2007) -

Wobg L4 P R pe § oAl 4~ 47 HF (Amplified restriction fragment length
polymorphism, AFLP) &3 B ¢ =5 g * *M a4 ~ WA ~ Z Fies At (Vosetal,
1995; Folkerstma et al., 1996; Lin et al., 1996; O’Neill et al., 1997)- &]4 X. axonopodis pv.
manihotis (Xam) 3 5! 42 4 & 9t 5 T p R B iFPiisiFd@Rs2 L8
Gonzalez % * (2002):% # ECORI+T/Msel+A = ECORI+T/Msel+T 51+ #3> 12 AFLP Hjiv
¥ oL oen g ek N Xam i R Efo2bm RE ORISR R L S RIS 2o R
B sl fed 4 a0 & 513§ M % o Noél % 4 (2001)R]§]* cDNA-AFLP ¢ j%
oA # e i frd 4 4p Bl Fl4e ¥ 5L e effector 3¢ 0 ¢ 35 XopA ~ XopB ~ XopC
% Xop) e te i mmWJuM%U%fﬁ%%ﬂﬁﬂwa-Rw@g,vaﬂgsﬁ%
BRens F oo 3 & 4 X campestris pv. vesicatoria A # (=X. euvesicatoria = X.
axonopodis pv. vesicatoria) f= X. campestris pv. vesicatoria B # (=X. vesicatori) #73!
A o AFT Y HRHE* AFLP 4~ 45 o % e X, campestris pv. vesicatoria (Xcv) A ~ B # Ftk
2 ZR RFERLL S M AATIXOPE2 T A7 H A il o a2 R EF R T
XOopE2 % Xanthomonas spp.® = B & %9 e8] > vt # i3t XopE2 & ] % & 17 DNA
B2 I xopE2 A eni= ¥ 0 E A RIAF A | gvE A F F A d X campestris pv.
vesicatoria A # 81 B # B # ¢ XopE2 (XopE2p) % # 1k § ' 1 m Fen3 £ frps e
= > 2 A ¥ XopE2 (XopE2,) R FHRAPIL F S Frd | 5 2 o Kf B2tk A EFE D
XopE2 F-v ¥ it 5d % = A4k ki pldr4] P.osyringae pv. syringae 1 HopPsyA 3~

G o0rsl A SuBACILE fy o
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22 48
221 B EK T FHE LR

AP TR AR TR 2 B kR w5t & 2-1 - Escherichia coli 1
Luria-Bertani (LB) medium 33 % ** 37 °C - Xanthomonas {#k ™ Luria-Bertani (LB) ¢ 523
medium (sucrose 10 g/l, casein hydrolysate 8 g/l, yeast extract 4 g/l, K;HPO4 2 g/l,
MgS047H,0 0.3 g/1) ¥ % *+ 28 “C » Agrobacterium 12 Luria-Bertani (LB) medium #& %
W30 CeomAdRrE 7 ] % > HER A %4 T ampicillin (Amp) > 100 pg/ml ;
Chloramphenicol (Cm) > 12.5 pg/ml ; gentamycin (Gm) > 10pug/ml ; kanamycin (Km) > 50

pg/ml ; tetracyclin (Tc) » 20 pg/ml o

2.2.2 £ ‘2 DNA v

FoREART TR * LB A PR 35 0 4 d R F R DNA 2 4 P~ (chromosome
or plasmid DNA extraction) » *2#/|f% % e11i¢ * (restriction enzyme digestion) » "% 48 7 &
4 (agarose gel electrophoresis) * DNA i ¥ % > DNA 5 £ w4z (gel filtration kit,
QIAGEN Chatsworth, CA) » CaCl, i* § = = 2. F# 425 1F* (transformation) ¥ % %%
Sambrook ¥ 4 #7if2 = ;* (Sambrook et al., 1989) > ¥ % 321343 Bio-Rad ! fie
GenePulser i * & p 3 i¥- K & ¥ % @ 4/ £ J& (Polymerase Chain Reaction, PCR) 7%
REE20u 2 F BT £ 7 0.1-0.5 pg Hi-4F DNA-0.5 uM 31 3+ % (primers): 0.2 mM
dNTP (MDBio, Inc) > 1X Taq reaction buffer (Protech) > 12 % 4 unit 7 KlenTaq DNA
polymerase (Protech)/0.5 unit Pfu DNA olymerase (8:1) e PCR =5 Ji 1% 2 5 194 “CA= 4o
RSB BRFEAFRETAER 94TCTF R A8553 65°C (k43! $2
Tm @34) F a1 A8 72°CF b 1~2 2855 PP R hrrii tp 2. ¥ B E B
# kb F 60 F)) Sk E% 32 BT A (s T2°CH 10 #4175 BB 2 HgF ke

R AT sl 3 R st & 220
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2.2.3 4 ¢ %% DNA (Genomic DNA)z_ %] &

(DAFLP & {7 {c ¢ A FIR ST 232

IR F PR S ml LB i M K 1R s K 16 0 01 3,000 g A e B FRLT S
Fi o v 1ml enpett IV % 7z (1 M NaCl, 10 mM Tris-HCI (pH 8.0) ) & /¥ 1k -
£ Ao At o ¥ I ml 59 STE % % (0.1 M NaCl, 10 mM Tris-HCI, 1 mM
EDTA, pH 8.0) % /¥ B8 - # = 4o fc & 815 » 2 0.5 ml STE % e R 35 j 4 » 42

Fde » 50 ul 10% SDS & 45 3 65 C-kik 2k 0.5~1 - p» & Fie d 3§ 5 5 5 15

X

ek

IR AT D Ser 150 ul 10 M 9 NH4O0Ac» 323 R4g#c=t & 1 27 14> 1 12,000
g3t 30 A 4B f b bk 0 4o~ 5 il RNAase (10 mg/ml)»s 37 ‘Cokip 1 17 % 1.5~2
| BF o & F 4r ~ 48 I R84 ¢ phenol:chloroform (1:1, pH 8.0):& {7 3-v F 2 X B~ o j& 3
o F 3 AR E AR 0 4°CT 012,000 g g 15 A48 A A K ok o
FI* 3 X ERB R Y - s F 0 b~ F R4 chisopropanol - 1/10 £ 4%
13 MNaOAc » # B 30-20°C 1 /] P b ik pe > #F>4°CT 12,000 g &g

60 ~ 48 fc f DNA I F & o 3 % b iR £ 0 70 %iFp v i § B F R ehP e 3 b 52
5 % DNA i3 %t 50 ehpl n TE % =% (10 mM Tris-HCI [pH 8.0], 1 mM EDTA) ¢

#2434 R DNA B> 4 Crkfaims o

(2 s> EHEREF BIx¥ 233

B PR S ml LB R M KR R K 10 123,000 g 4 fc B g
i o1 1.5ml e STE ¥ % (0.1 M NaCl, 10 mM Tris-HCl, 1 mM EDTA, pH 8.0) #
FAME A KA B LSml R g F 0 £ g fo b AT 2 iR 2 075 ml
STE 4 (b B 5% B4Y » 3% 4c » 75 ul 10% SDS %48 T 65 Cokig %k 1 | p5 > &
Bt d SER S B3 R4 Ar > £ 4~ 50 pl proteinase K (20 pg/ml)*+ 56 C
RIEH IER 20 B F&F 4o ~ 4P e 884 <7 phenol:chloroform (1:1, pH 8.0)i& {7 F~v §F
2B e I WA BRI RER - 4TCT 12,000 g e 10 A 48

WA WEERE 1 2 XL FESB L RIS o T8 e 10
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RNAase (10 mg/ml)*+ 37 C-kig # i¥* 1] B> L 12 4p I+ #8 4% cophenol:chloroform (1:1)
Fody Fo i F BAE AR OId F2ENM > L4 r ik Hf
chloroform/isoamylalcohol (24:1) T ® d=4#i8 & © 12 12,000 g .o &~ H-K & {8 > 4 » &
%8 ## e isopropanol I ¥ *+-20 C1 -] PF v F ik ¥r e o & F > 4°CT 12,000 g #rw
20 »48%-DNA e 2§ & - 2 v%_r Rl 70 Y%oiFpE ot kg BEE R R E b
215 0 % DNA 7 * 100~200 ul ¢ TE % @7 (10 mM Tris-HCI [pH 8.0], 1 mM EDTA)

oo ¢ W DNA B4 Crkiaing o

2.2.4 AFLP % #7

AFLP %~ 47 > 2 ik 5 B 8 “7#& & cni¢ * £ 0 (AFLP Expression Analysis Kit,
LI-COR Biosciences) 4 i¥ o + 3z = jx 4o #7if 1 250 ng 4 ¢ %% DNA 12 Taql/Msel #
PR i BRI EE R & 5 (adapters)i2 (TR £ 1T F 0 P25 1l 10 B AR R £
F ik 1T 4 3F 3 v & J& (Pre-amplification) s fic &7 DNA » 51 + ¥ 5 B #& & 9
Msel-N/Tagl-N » PCR & i 2% .5 94 Ci¥* 304 > 56 °C % 1 »~48 > 72 Ci*
Yl AdE R #H 3 20 =X 6o TN AT BFRFEHEMEHEF B (Selective
amplification) » 12 10 & #f# ¢ pre-amp DNA & 4 > 515 $f 5 Msel+NN primer
/IRDye™ 700-labeled TaqI+NN primer > NN % & &, é0% HH o RRE TR EST 64
F51+ e & -PCR & Jii% %k %5 “touchdown”#%3% » 12 94 °C i¥* 30 #)(denature) °
65 C it * 30 #j(anneal) » 72 °C i * 1 4 &b (amplification) » € Fy* = H I 12 =0 » v =
- A% ¥ annealing (R & % 0.7 C 5 BFRF RIEE L 94 °C 30 5056 C 30
F)o12C1 A% £ R = ﬁ% 23 = > Bfs HAEA4C o F ¥ AF P * LI-COR
2. DNA %A % > ™1 6.5 % polyacrylamide denaturing gel (KB™™™)ig 7 74 & 45 » 12
0.8 X TBE 7 % tfm » T B&415 1500 V~ B A 5 45C > &g i oS ps i pl 2

A e o

225w B T/ AFLP ¥ &
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TRt 2 WP I iR 2t IR R (LI-COR Odyssey™) # g > 117 5 27 B~
Fowofer D B DNA B E 0 Bew i B s~ 20 pl sh TE 3 e 0 il € R o
kiR 2 4°CT o 02 15,000 g At 20 A 48 0 ¥ <2 DNA i3 3 TE ¥ i o
Pt T DNA A #0498 0 4o ~ pre-amp 151 3 $ o sB FHEE B0 F BIEE S 94°C
3050 56°C 1 A48 72°C 1 A4k £ R4 = 4320 % o 43 15 A 3 A5 pGEM-T
easy vector (Promega) » $*:E #cip € 2 F 48 » 1 ABI 3700 p & * PR TR & (¢ &=

B AR R ) A PRA AT

2.2.6 £ 7 22 ¥ B XOpE2 A ¥

S E7 A Xov Fjtk2 XOPE2 4 %] » 1945 NCBI + 1 ¢ Xac306 avrXacE3 (7
{ ¢ 5 XOpE2) A F1 A 7| %k &3]3 ¥ pavrXacE3-F/pavrXacE3-R , ™1 7 F & & &9
Xcv 4 ¢ 4 DNA % #4527 PCR> F i % 94°Cie® 5 A48, 94°C i 1 A4 -
65Cie* 1 24> 72°CIF* 1 245 2~4 ?ﬁﬂ?é‘ 35 5 s T2C 17 10 & 45 -
-3 tg A 4 1 35 pGEM-T easy vector (Promega) » & i & $4:1E 3 B & w48 > 1
ABI3700 p# PR E AR (P B3P PFEFEY CO)REFPEAE ST 1

BLASTN 4= BLASTP (http://www.ncbi.nlm.nih.gov/)** 38 B 18 7 T 480F 2000 $ 4o

JLFE A DL w Hk Xov XOPE2 £ F 0 A 6] & % 5 pNCHU1068~pNCHU1084 (% 2-1) -

227 % ¢ WA FIR 2 24

(1)% ¢ %4 DNA 12 EcoRI g2t g # +» (partial digestion)

#-30pg h4 d B DNA B B MM 5 1mléh] & ECORIB ™ > REES -
i 1~7 5k 7 4 1.5 ml dts g o P 60 pl A 0 DNA B 3055 1 dhire 25 30 Wl
I DNA B >t 550 2~7 chde g o @ & > P 1l (S unit/pl) 5 ECORI 3] 4 5E 1 g
SE P 3R EEE30 Wl R SR TIMEL2 B B P R o Aot BT MEL6

shdges B 18 0 R 30 pl R £ 0 $BL T chde g RITF S 3 3 ECORI eyl ie o -
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TR ERESITCY EH 30 4481502 %4 > 1ul 905 MEDTA ¥ 1k & e
B3l enF ik 11 0.8 Y%eniE & % 4 4 DNACDNA i3 & 15~20kb T 5 #7& 7 DNA

S T R B R R AR o 2 Y WRE A A B
£ 10-25 kb e DNA * £ > & 12 Elutrap Electro-Separation System (Schleicher & Schuell)

¥ Jz DNA o

(2)41#* CopyControl™ BAC Cloning Kit (EPICENTRE)# .5 ¢ # & F1&
Belt™ 2 RPRFREL B Y P AR FhoT S0 0 B 100ng ® {5 DNA
22 B 78 4% %1 CopyControl pCC1BAC Cloning-Ready vector :& {74 & % » % 3% 16 C

PR F s v 65 CRIE 15 A4 FF RoBLF RPSHES BIEr (5 BEF R

Sl

R 7 3% % ~ TransforMax EPI300 E. coli. » # 4c » 1 ml SOC medium ** 37°C 2
% 1] B> & 5B~ 50 ul % 4 ** 2 chloamphenicol » X-gal and IPTG LB B8 & £ >

EN3TCRARRE 3289 4 FiEddkp NFR A7 MATEZ 2 AT R F -

228 3 > #F & F & (Southern hybridization)

(DIF&2 WHE

TS Ui 27 LA A 47 0 wiedF 22 DNA ® R 2zt 2 DIG
(disodium?2-chloro-5-(4-methoxyspiro {1,2-dioxetane-3,2’- (5’-chloro) tricycle [3.3.1.1°7]
decan}-4-yl)-1-phenyl phosphate)th28 15 5 454+ > 22 > Z SRR PR E2Z TP EF
(DIG Labeling Kit, Roche) - #- 3% DNA Z_& ** 10 ng~3 pg 2 & > ™ 100 ‘C+4c# 10
B WE AR 504 0 8 DNA 45 H 2 Sk ik o &4 B4 » 2 ul INTP
labeling mixture (1 mM dATP, 1 mM dCTP, I mM dGTP, 0.65 mM dTTP, 0.35 mM
DIG-dUTP) ~ 2 ul hexanucleotide mixture (random primer)% 1 pl Klenow enzyme (2
unit/pl) > 4K T B S 20pl o R EBF 3T CT IR 16 £ 2 2ul02M
EDTA (pH 8.0).% 1t £ 2 F J& o 4c » 2 ul4 M LIiCl 2 60 pl 95% Fpd 1 % ++-70 'C ™ =

b BE TR DNA 0 12 4°C ~ 12,000 g & 20 4 48 & 12 100 pl 70 %iEp L4 B
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AR s (12000905 A 40 47C) 4 % b i 5 % DNA £ 5 52 % £330 50l

TE % e ¥ % %5 3020°C % 0 R PR S £ ie T o

(2)#:# DNA 2 Hybond-N g *

45 ug ECORI #%7 2 > enid & 8 DNA » 12 1 %3 % T 74 A 44 » %% DNA ¢
R R 025NHCL AR Y 84 20 ~ 48 > 113 33 R iRts » Lixie g g R
(0.5N NaOH, 1.5 M NaCl)¥ 3% 30 » 45 > £ 113 g3 Kok > B FZie e o
% (1 M Tris-HCI[pH 8.0] > 1.5 M NaCl)* #£# 30 4 455 % % # & - Hybond-N
(Amersham)ifg %1 2 X SSC & iR B IR » #dZ4F 0T A% 5§ *% Hybond-N jg %
4+ o 2 X SSC #itbeie G #d 3% > f1* E 244 £ (Vacuum blotter model 785,
Bio-Rad) ™ E % & 5 in Hg # % 40 A 48 B~ 113k % J5 %2 2 X SSC 3 e B 14
B E NI MM gt ok vk F g B (UV stratalinker 1800, Stratagene) & 7 B

A (cross-linking) » & DNA F Z_fig % -

()= & F B (pre-hybridization)#2 32 & ¥ & (hybridization)

Mg F R AR YRR E F Y o 4o~ 10ml F2 £030% (0.25 M NaHPO4[pH 7.2, 7 %
SDS) *+ 65 CiEfim s F B3 JBE D R e xR dR 2 FFEEE (37100 CAr g 10

AEBIEFE TR SAE) W OSTCRFAREF BI2 L .

(4)i% e 1 7]

L F RS B3 Z IS 23 L% 3 g Wash solution I (2 X SSC, 0.1 %
SDS)* § /£ T k= = » & = 10 4 48 ; £ 12 Wash solution IT (0.1 X SSC, 0.1% SDS)
OS5 C T i o E 15 A e K g " Buffer (0.1 M Tris-HCI, 0.15 M NaCl,
0.3 % Tween 20, pH 8.0) *>* % B Zie - > & =X 5 & 45 4e » if £ eh Buffer 11 (Z 0.5%
blocking regent 2. Buffer I) ** % /T ¥ % 30 & 4& o 54 Buffer Il » 4v » 12 Buffer II

#1% 10,000 % 2 10 ml = =& #7483 /% anti-digoxigenin-alkaline phosphatase conjugate
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(Roche) » ** 2 BT & Ji 30 & 48 5] = X $=484 7% {5 2 Buffer I 3% 3 8 % e g "
I B ANS 2 hs 2 18 KR g Y 2R T & ¢ Buffer 1T (0.1 M Tris-base, 50 mM
MgCly, 0.1 M NaCl, pH 9.5) 5 4 48 » £ #-4&F Ja %% 4% K¢ o % CDP-Star' " 12

Buffer IIT ##f 100 % > @& 0.5 ml/100 cm® 2 " G 4c » ] 5 fhif Jpucersg B K e - @ 2
g pEEF R 0 F R 10 242 (83 “ﬁ% CDP-Star ;3 ;% » ™ X-ray & % i& {7 R

Pl0ABETTIRARY ZEDS 2P

2.2.9 A% & F B (Colony hybridization)
#-'n F8 % 7 chloamphenicol 2 % 9 LB FM# & & > 30 37 TH £ 5 12~16
Fig2is+ 24l lmm 2 F) B3 4 C2b 30 4 BFF 0
Hybond-N ji %%t 5 i ¢h LB BB & A1 1 A4 & v 4158 i ioenth 5 3 1
23R EFBZ A e it o RS Bl b B AR BT 2 3 R E R (0.5
N NaOH, 1.5 M NaCl) 03 MM A} 15 2 4 s » Hghc iz a3 MM } 01
Agarad S AR EER L BRIt ey 3 ¢ frg R (1 M Tris-HCI[pH
8.0]° 1.5MNaCl) sh3 MM A+ 15 24578 > £ E 3502 eh3 MM K e 3 § 4pend
Fr@ B B S Bptc ez 3 2X SSCen3 MM A F 510 4 48> £ § 5 93 MM
A b wd 54 SSC kot ¥ ¢t L H T E (UV stratalinker 1800, Stratagene) & {7
73 4 (cross-linking) » & DNA %] 7_fig ¥ o P~ 1 ml Proteinase K (2 mg/ml)3=23 & Aim
W ARG RS B 3T CI S 1 L RN RS B (5 X SSC, 0.1
% SDS, 1 mM EDTA) ¥ » & §4 & 2 Sy b FA SR 2 3% 2 £
S0k BHRREE2XSSCP RE ]l A& (TRERREZREF R FiERD

Ba dREFR -

2.2.10 #- 8 XOpE2 4& 1+ R % Ak
v % 113 25 Rho-independent transcription terminator £ nptll z5 %12~ % xopE2

#& F] (Beck et al., 1982; Alfano et al., 1996) - & 3K 3+ 7 Xbal/HindIIl *» iz e751 3+ %
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pXvt122-8K-7-Xbal-F/pXvt122-8K-7-HindIII-R » 2 {48 pNCHU1227 % fitx » 3 15 &)
1 kb Xbal-HindIII 2 x0pE2 fk ¥]+ 75 5 £ » &3 78 % pCPP2988 48 » (7 3] € w F 4
pNCHU1229 - 3% 3+ 7 Xhol/Kpnl *# 131 + 4 pXvt122-8K-7-XholI-F/

pXvt122-8K-7-Kpnl-R» 2 5 48 pNCHU1227 % #5453 75 21 0.9 kb XholI-Kpnl ¢ xopE2
AT T AR B 3 AT pBBRIMCS-5 448 - 9 5 € % {748 pNCHU1230 £ = j&f
%8 pNCHU1229 £ 7 2.5 kb Xhal-Xhol % £ 4% & *+ 548 pNCHU1300 » ¥ 3| & ‘2 5748
pNCHU1301 9 % Xcv Xvt122 XOpE2 A Fl44 4 2. € w F 4o 1 4p e vk ﬁ%@ Xev Xvt45
XopE2 A Fl 4+ 4 2 £ & A > F oA X ¢ XbalUHindlll *» = ¢ 3] + #
pXvt45857-Xbal-F/pXvt45857-HindIII-R - 2 48 pNCHUI1276 3 #i4x » #5201 kb
Xbal-HindIIl 7 xopE2 A& F]+ 25 5 B » 3 E 53t pCPP2988 48 - 71| € = {4

pNCHU1361 » 3% 3+ 7 Xhol/Kpnl *» =351 3 % pXvt45852-Xhol-F/pXvt45852-KpnI-R >

\;
|2t

v 5 a8 pNCHUI275 5 #-47 » 3 15 21 1 kb XhoI-Kpnl &1 xopE2 & ¥ # 5 £ » ¥ 3%
 pBBRIMCS-5 {48 » @ | & & f 4 pNCHU1360 - £ =t /< % pNCHU1360 ¥ %
2.5 kb Xhal-Xhol % £ 4 & »* 5 48 pNCHU1361 - ¥ 3| £ = & 48 pNCHU1362 ¥ & Xcv
XvtdS XopE2 A Flax % 2 £ W A - A F L e T T 5342 E 0 Xev T2
PO SEREHY F KmirGm 1523 B £ A 0 B0 28 TR A 923 % 5 B
PH - A% iEi7Ric ¥ #2 (marker-exchanged mutagenesis) o #-¥ — 7% # & ** Km
LB AERY 328 CTRIHARET X > NEFERSFAE 7 Km 51523
WAL W 28CRAT A4 E - FiEs HETAYEY S Km 2 B Kn fr
Gmz B 44 > 53028 TR A2 X HFE N Km 7 #45 $# Gm it 1
PAOFR o Aot T FR AN THORREATIBRIN S FRE I M 2 REK
(Xvt122AX0PE2, XVt45AXOPE2) » £ 11 & = 32 & F JeAgink %tk L3 4oF 40 a3

(Huang et al., 1988) -

2211 H gL R R 2 R (Site-directed mutagenesis)

1 * crossover PCR * %k *]f#ﬁ H gL % % $& XOpE2::H4T7A - xopE2::C159A 4r
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XOpE2::H47AC159A - 345 XOpE2 L FIK 3+ 6 i%31F » b 6 i%31F ¥ fp Prag * *% Xev
Xvt122 fr Xev Xvtd5 2 # 0 4 B i pXvtd5-E3-F-Xhol (& 7 start codon)
pXvt45-E3-R-Xbal (¢ 7 stop codon) ; prH47A-1 fv prH47A-3 &2 B 7)i:E % 47 B
A fe Y L3 AR5 0 e BER-% 47 B R AL r histidine % { 5 alaine 5 prC159A-1 »
prC159A-3 2 B 3| BliE E % 159 BIofAf® % 340 A7) 0 s 159 et
cysteine { #x & alaine > 313 R 7[7[* 4 2-2 - 7 L F 4 pNCHU1068 & it >
pXvt45-E3-F-Xhol {r pXvt45-E3-R-Xbal % 5!+ %> f1* PCR 3 t§ 1) 5 1.1 kb <7 DNA
B f?g;z*‘ pDrive i 7 §* 4 ( GIAGEN PCR Cloning Kit) » ¥ ] pNCHU1913 £ &

B R (Xvt122 XOpE2) » F £ 2 4 pNCHUI068 5 #4% » & 17 A 3l 5 $f
pXvt45-E3-F-Xhol ~ prH47A-1 fv B 31+ % prH47A-3 ~ pXvt45-E3-R-Xbal » # 15 )
£ 150 bp fv 950 bp s DNA £ > F ig it 5 94°C 54~ 45> 94 °C 504 > 55°C 50
F5068°C 754 > 2~4 ‘H},ﬁ‘é‘ 25t - #% A~B®2PCR A 111 ERRE{S » (5
% = =x PCR erficdc » 313 # R 5 pXvt45-E3-F-Xhol v pXvt45-E3-R-Xbal - & J& if i
2 94°C 2 A4 94°C 20 £) > 40°C 20 £ > 68°C 90 £ 0 2~4 H A E K 10 = - F %
LFEiEiE 5 94°C1A248>94°C 607 >40°C 60 F) > 68 °C 90 #; ’2~4+5.92F;'af{“§,25
Fo B fs 68T 5 mgmeo Al b2 27 H g 1.1kb 7 DNA # £ l’f#%@"‘ pDrive
7% 42 (GIAGEN PCR Cloning Kit) » # ¥| pNCHUI914 ¥ = 48 (Xvtl22
XOPE2::HATA) » #4t & ' i a1 ABI 3730 f ¢ i Pt 24 th (¥ % 8 4 p pl gy
BY o) EPEEIAS T TS 47 B 5L alaine ¥ H s AL
Folkiz > JI* Clesl+ # pXvtd5-E3-F-Xhol ~ prC159A-1 v D .31+ % prC159A-3 -

pXvt45-E3-R-Xbal > ¥ ¥ ] pNCHUI1915 £ %=

B 48 (Xvt122 xopE2::C159A) - if 78
XOpE2::H47AC159A % %tk » P E 12 pNCHU1914 % PCR #4= > C~D 25 31 F $:8
= PCR ¥ & » ¥ ¥ 3] pNCHUI1916 £ = F 48 - # pNCHUI1913, pNCHU1914,
pNCHU1915, pNCHU1916 £ = 5 %8> £ v Xhol/Xbal # *» ¥ g 78+ F B3R F 4 i‘ L1
pBBRIMCS-5 » ¥ 3| pNCHU1921 ~ pNCHU1922 ~ pNCHU1923 2 pNCHU1924 - f?%@

Xev Xvt45 H B8R %k 0 B F 8 pNCHU1070 % #5541 * FitAp e 513 $#foF &
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iE i+ ¥ A w{F B pNCHU1917 (Xvt45 xopE2) ~ pNCHU1918 (Xvt45 xopE2::HA4T7A) ~
pNCHU1919 (Xvt45 xopE2::C159A) ~ pNCHU1920 (Xvt45 xopE2::H47A C159A) » £ 12
Xhol/Xbal # *» & i 7 g+ & &3t R % L §*48 pBBRIMCS-5 > # ©# ¥ pNCHU1925 -

pNCHU1926 ~ pNCHU1927 2 pNCHU1928 -

2212 Al &

RRITBRANFLGIE S P 2L BRARRB AN R TR F 0 523
ALY HZ T 2 10mMMgCL #-FMBELAFLER T 10* & 10° cfw/ml -
BREINERQR5C ) k16 )X E 5 8 Eef icjetk (Bonny Best L305) » 12 4+
FLs e MMERBRENEY L AR RABE NS 0363 RERFBE Y
B o HBEOZEAFIERD S emmaERE > U2 BERE L - £4F
LBz BEAF 0 4o~ 200 pl 10 mM MgCly £ 41 * £ Br s -8 Beps> 02 10 mM MgCl,
PR > B3 RIRR DERRERT UL O R AL P EET -

R R R A S R AR A HEAR 9 5x 107 cfwml - Xk
4v 0.025 % (v/v) B F&| Silwet L-77 c B~ 32308 % (25°C > k8 16 /| FF) {5tk =+ |
HAE 5 Ef itk (Bonny Best L305) » #-F ke Fir e 2018 0 2R3 X
PUBFRIRR o BB AR B R AT B $ 12 380 &g pipdk ¥k
pH2 =R 1395 Horsfall & 4 7= ;% (Horsfall and Barratt’s, 1945)> ™ T 7| & & % &
0 - il | oo ff B AE S 6 1-3 %5 2 B-psan ff B RAE P 5 A 3-6
%3 Be-fh Bl ff (B E P 6 fF 6-12% 5 4 Bemnia i B E P 6 12:25% 5 5 e
;ga;rm HOERE S G 25-50 % 5 6 BT ff ERE S G 50-75 % 5 T B n s
FOERE R G A 75-88 % 5 8 B-hma i ff B LE Y G A 88-94 % 5 9 B d kAL

Y AE 94-97 % 5 10 Be-smmed i i E P B fF 97-100 % 1 11 - sed 4 100 % o

2.2.13 ¥r|iEar e~ B2 Bl Z_ (Hypersensitive response-suppressed assay)

RAE AR F A {9 pBBRIMCS-5 che e 54 » 12 CaCly i § 2 2 2 A7)
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£ 5% e F 4 pHIRIL fag2 E. coli MC4100 P « Hid ks %303 T fe
Gm#it 2 en LB R % A > 37T CIERE 415> 1 3,000g 2 E4s 10 A& s
B 2 10mM MgCl, #-BHRB 15 & Sl » B2 AT 28 4R o w2 Fl
10 mM MgCL 5 2 BH ER 9% 5x 10°cfu/ml « B~£5 32308 % (25°C > %4 16
| PE) fEtR K] A AR 6-7 £ X 45tk (Nicotiana tabacum L. cv. Van-Hicks) » £ #
FEEREES U FHFEOSFRBRFMBFR AL 2 £ ¢ (Baker et al,

1987) » LE X 3BT E ¥ A 4 BAHF i)

2214 R A 44 TEY A F1 4 R (Agrobacterium-mediated transient
assay)

#- xopE2 fh FlH A >t pBII21 48 - ,’fggi B & 7] (Agrobacterium tumefaciens
LBA4404)i% » {5 4 fmz p 2874 03k F1 4 R o Xev Xvt122 4 B 88 pNCHU1068 %
#4% > pavrXacE3-F-Xbal /pavrXacE3-R-Smal z 31+ #3511 5 1.1 kb 9 DNA * £
2 Xbal/Smal # *7 {5 f?%"‘ pBI121 i\ % > ¥ 3£ 274 pNCHUI1201 - & Xcv Xvt45
Al 4 4 %8 DNA & 5% > pavrXacE3-F-Ndel/pavrXacE3-R-ECORI % 31+ F > 3 tg )

% 1.1 kb &7 DNA % E > 12 Ndel/EcoRI # *~ {3 T#%‘lﬁ" pT7-7 ;‘W @I E e F
pNCHU1100 - pNCHU1100 4 Xbal/Smal # *» {4 £ # 3 pBI121 $:48 » @5 & & f
i pNCHU1200 - 8 7| e ¢ ‘% 5 %8 pNCHU1200 4= pNCHU1201 12§ 5 34 3% » B4 5 »
FLA R EE TR TRER . B H o £ e TR ETRE Y 30 CH R
{6 » 12 5 mM MES (pH 5.6) e e 7% — =% > & R iF3T SmMMES # > 3 B Rk
B % ODgp=0.4 » £ 4c » ¥k A& %5 200 uM ¢ acetosyringone #4332 % 2 | s 7 &

f& (Kangetal., 2004) » 4&48 72 2 F Prd| BRI F BR T4afdiz -

23



2.3 %%

2.3.1 §]* AFLP 4 45 Xanthomonas campestris pv. vesicatoria #k

AR E R A o A R e w $R X, campestris pv. vesicatoria Ftk ¥ 5 AFLP
AT AR B G HavieRite ﬁﬁ’?fi‘q"‘v?ﬂ F fhraces (% 2-3) Xvtl12 >~ Xvt28 ~
Xvt48 ~ Xvt122 ~ Xvt185 ~ Xvpl69 ~ Xvpl182 ~ Xvpl86 ~ Xvpl194 ~ Xvpl97 >+ A # >
LELTIPn (n 5 1~2~3~7% 8)5 & » Bk~ fEac 4 » Xvtd5 ~ Xvtd6 ~ Xvtl47 ~
Xvtl48 > B # o % 5 T2P0 & & 0 7 B ks & fEaw 4 (37X, 1998) - >+t » % AFLP
PFEAFER L & L B- H AR Rk FIINIEEF &Y 0 2 ECORI/Msel # +»
{85718 e AFLP 5 £075 3t Tagl/Msel # *7 cnig % > #700 &F %4 * Taql-GA IR700
o Msel-NN (NN # % AC~AG~CA~CT~GA~GT~TC 2 TG) %5 EH P FF
el + 2 & > TaE = 5k AFLP chlgl3# - B 2-1 5 f1* Taql-GA IR700 and Msel-GA
Sl @ et P 2 - SRR SR8 kg AFEDHKRTEF BADE AL
m B HARMERG - R J BEORGIGE NV RpE S AR TR S S A iE
F o R EOXVEI2-1 fd ERRR A BT B BB Xved8-3 4 A A Bk
B Xvt122-4 4o Xvtl197-10 & 3 NI A B FF 0 PR Xvtl48-6 H A B ¥ P K
Xvt186-8 J13 4 1 B frkix A # > §1* LI-COR Odyssey ™ # gy i » # Jc DNA
WAEAE TR o v r> i DNA ¥ B> &d NCBIBLASTX v ¥t 3 % 530 4 2-4 -
HY 3 =i DNA P E A FIE? F 2 D4p 0204 F] > Xvtd8-3 & type I site-specific
deoxyribonuclease 3 98 % iRl: 5 Xvt197-10 & ## f5 Tn5044/Tn3926 ; ¢ Xcv
Xvtl122 FtRE~E 0 s o) & 271bp (7 Xvt122-4)g2 X, axonopodis pv. citri 306 <
AvrXacE3 (accession no. AAM39257) "= fk & 71 i 85 %4p i1 > 22 X. campestris pv.
vesicatoria 85-10 77 XopE2 (accession no. AAM39257)F 92 %«i4p 2|+ - XopE2 & ATk
FERuend = A4 08k fLeffector 3-v > ¥ i = Solanum pseudocapsicum {8 4~ sim e 7+

= (Thieme et al., 2007) » {& 8§ #4531 Xvt122-4 (XopE2) .7 #¥ F ik L £ -
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2.3.2 xopE2 A& F] & X. campestris pv. vesicatoria FjF & B & % F 1

d AFLP A 45eni % Bgor 0 % £ Xvtl122-4 (xopE2)* 7 114 B % > % 1 B f%
XOpE2 7= Xanthomonas spp.# e *# & 2 £ £ » 5 L1345 Xac306 avrXacE3 14 713K
-5l 3 o Ea D Xev Xvtl22 XopE2 = Bk Fl o 1 (FIE A E T e 2R E R
o iR ﬁf%"$4 r & Xev Ffkeh 0 ¥ ¢h§ w $x Xanthomonas spp.¥t R EF Tk 0 X.
campestris pv. campestris 70 (Xcc 70)% 2 2 4 & » X. campestris pv. diffenbachiae A49
(Xcd A49)%F 4 % L 3§ > X. campestris pv. oryzae 84 (Xco 84)% 2 & #&F > X. axonopodis
pv. citri XW19 (Xac XWI19)# 1 5 X i5d A M (& 2-3) ° Bl 2-2A 5 #77 FjtR
ECORI #*7 {2 Tk s » mp M Pieiras > 3285 b (B 2-2B) > 2% &= 1wk
Xev Ftkfr Xco 84 ~ Xac XW19 % F X0pE2 & F]e7F > @ Xce 70 ~ Xed A49 B 7 £

4 XOPE2 4 F] o + 0> 1 A ¥ Xcv Fj#hfr Xco 84 £ § — i copy #1X0pE2 £ 7] »

34

A #F ¥ 3 Xvpl6e9 ~ Xvpl82 2 Xvpl97 o775 0 B # F#AR]§ =  copy 2 xopE2 A&
F] o

133% da Silva & 4 (2002)72 L];Jei;] 4t %k p X, axonopodis pv. citri 306 7 xopE2
(XACbO011 » 2% ¢ & % avrXacE3)i=*t 64 kb e 48 F > % 1 /22 X0pE2 4% 7 it
GRS AL ML r k Xev Fthfr Xac XWI19 chfT R DNA (7% 5 326 F Ji
Bl 2-2C S % &1 » BEFRBRI-A#F#? 51 Xvpl69 ~ Xvpl82 2 Xvpl97 5 — i copy
XOpE2 AL FIE_ =3t H R b o & 44 B Atk Xac XW19 eixopE2 £ %l DT - o

X. axonopodis pv. citri 306 #7it 4p ¢ (da Silva et al. 2002) -

2.3.3 A ¥ XopE2 (XopE2a)# X. campestris pv. vesicatoria 85-10 XopE2 &z Fie3
(genetic distance) #2. B #¥ XopE2 (XopE2g) 7 iT
F15 XOpE2 5 a3t A BT Xov FHRY 0 53T RS HERRF xopE2
A 73 B2 %R kizsE AFLP 0% % » 3K 3+ - % pavrXacE3-F/pavrXacE3-R 31+ #t>
F1#* PCR #--+ w tkx Xcv 57 X0pE2 :& 735 78 & > d Clustal W program +* ¥ ¢25% % &g

T (B 2-3) &% A HN B¥E > AEFMEADN G XOpE2 » HIeA @A 7] 5T &
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99~100 %- i (S HFtkT 12 Breffiend B) @ A# (40 Xvt122 XopE2) 4r B
#F (4r Xvt45 XopE2)RF + 5 93 %— 3ft o gt b v gt L R Xev ARy &5 BT
N-myristoylation motif (G2) fr= ~ it ¥ i fs (catalytic triad) > iZ& & d 7 3 f3b
HopX #9¢ % *% P (B 2-4A; Nimchuk et al, 2007) - ] * NCBI BLAST
(http://www.ncbi.nlm.nih.gov) ~ vector NTI (Informax) = SDSC Biology Workbench
(http://workbench.sdsc.edu) i& {7 Fr ik F-v P fL fa vt o Bk » 47 (B 2-4A -~
2-4B) » Xcv 85-10 XopE2 {fr Xac 306 XopE2 ~ Xcv Xvt122 XopE2 * Xcv Xvt45 XopE2
FLRBE 2R R 3T RAFE IS W TF 98 %~ 97 %E 92 % k4L (identity) 5 @
Xcv 85-10 XopE2 ~ Xcev Xvt122 XopE2 3 Xcv Xvt45 XopE2 B &2 = & HopX2 %% e
HopPmaB (P. syringae pv. maculicola)fF Jad g - & 9 5 79 % ~ 78 %% 77 %ih- &
5@ Xev Xvtl122 XopE2 ~Xcev Xvt45 XopE2 2 Xcv 85-10 XopEl - &4+ 5 62 %
% 61 % o 1395 XopE2 ALimaik ~ 47.5% % 81 > A ¥ Xvt122 & Xcv 85-10 ik FIFEHE

iz B ¥ Xvtd5 51T

2.3.4 12 XopE2 & BRI FIR 7| ¥ ® & 21 X. campestris pv. vesicatoria A ¥4 B ##
g A7 dp 80 > HopX1 %30 avrPphE 73 &3t #7397 P. syringae pv.

phaseolicola 55 ¢ » 2 DNA A7« B a ERARFYFLEF LI sy d 2

(virulence):c % (Stevens et al. 1998)° % # % XOpE2 (HopX2 *%2# )% 7|2 £ B £ 7 € &

F Mt > 11 B fE XOpE2 A jZ 3t Xev Xvtl22 fe Xev Xvtd5 A 748 2. £ 8
AF B4 7 X campestris pv. vesicatoria A # ("4 Xev Xvtl22 & % & & k) fr B #
(M Xev Xvtd5 32 R & F 4)md d A TR (CopyControlTM BAC Cloning Kit,
EPICENTRE) - 1 * ﬁ%‘]’% e &% > 1 XOpE2 A #F 4 Xev Xvtl22 A FIE ¢ &iE DN 3R
BB 5 8Kb 4 o] R E B AL (pNCHUI227) o e i & Xcv XvidS A FIE ¥ 64F & ) 35
FE G 30kb < o] hE EH M (PNCHU1226) > 2 ECORI #*7 ¥ % 4~ 41 13kb~7kb~5
kb~35kbz 1.5kb $7 ¥ » 10 = 222 4 RA 7 XOpE2 ¥+t 13 kb e s @

gt 13 kb % Bt ECORI/ECORV feJZis » =t 78 T pBluescript 11 SK %48 » & 5|
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pNCHU1275 4= pNCHU1276° #pNCHU1227~pNCHU1275 f- pNCHU1276 2 ABI 3700
A (PP PRER Y )

F1* NCBI BLAST ~ vector NTI §= SDSC Biology Workbench & {7 & 7] +* $f 4 47 »
5% & om oY) 2-5A & & 2-5 > pNCHU1227 (accession no. HM125707)¢ 7 = i = &
f& 422 (open reading frame, ORF) » = # % = &g =2 > & K 5 Hypothetical
protein XCV2276 (incomplete)  Putative secreted protein XCV2277 ~ Pectate lyase
precursor XCV2278 ~ Cointegrate resolution protein T (fragment) XCV2279 ~ Avirulence
protein XCV2280 (XopE2) ~ Hypothetical protein XACb0012 - Hypothetical protein
XCV2282 ~ Hypothetical protein XCV2283 (incomplete) ° “ﬁ% 7 XACb0012 B~ % 73
XCV2281 ¢ » A Flegp itz v &5 K &2 Xev 85-10 A - g 4p e ci(Thieme et al.,
2005) » @ Xcv Xvt45 XopE2 & ] F B 514 Xev Xvtl22 PP &8 7 > 4o B 2-5B ~ 4
2-6 #75t » pNCHU1275 4= pNCHU1276 (accession no. HM125708)+ ¢ 7 -+ = i = & eh
EE - B R R B Y - BESHER T p ATIRE Y L TApinah
iR T w B 5 ATIE R PRI o pL b o A FIRAIXOPE2 A TP Y T R R AR
AR T M A 3 B P (plant-inducible promoter box, PIP box)
5’-TTCG-N16-TTCG-3’ (Fenselau and Bonas 1995)> ¢ & FtR & 7| b BF e HFIRE 5 7
1+ ¢ Cointegrate resolution protein T §= Phage-related integrase % 2k ] > 4& | XopE2 ¥

i €2 Xanthomonas spp.. 5k T 25 F]#& 4 > ;¢ (horizontal gene transfer)® % o

2.35 B # XopE2 (XopE2g) X #tx € % M#F A fis §ivenIpitis A ¥ XopE2
(XopE2x) R #1:7 & HFiE*
#] Xcv 85-10 XopE2 # i =t Solanum pseudocapsicum f& 4= ci%m#2 5+ = (Thieme et
al., 2007) » 5 3 Xev Xvt122 ~ Xev Xvid5 & f ki1 XopE2 &2 30 (Eenf > 5 2
et R ¥ 2 £ 254 pNCHUI301 (8] 2-5A)F- pNCHU1362 (] 2-5B) » ¥ 1§ 5 34 7%
M-t F T REEE ~ Xev Xvtl22 fr Xov Xvtd5 Ftkis > e Ffkie B R % 1 2

FEHENREH A DOXOPE2 A FRR T e S R L2 R A T L D REPRE R

i
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% B¢ (B 2-6) » Xcv Xvt122 2.4 ¢ %8 DNA 2 ECORI g2 {s » 12 XOpE2 £ %] 5 45
$hpF > Xov Xvtl22 IR Tkb sz &gl 5 onptll A F) 2 R4 pF > R E IR Y
7.4 kb sz & 25 £ ot nptll £ %12 B~ % 7 XopE2 A& Flo e Xcv Xvtd5 2_ % ¢ 48 DNA
14 ECORI /g2 t5 > I 14 XOpE2 28 %] & 47 4P » Xev Xvt45 *+ 13 kb v+ 3% 13 kb e d
M- EREMEL RIS 13Kkb rer IR ML £ 57 = B copy £ xopE2
¢ ;’d"% 17— 1B copy ’ F 2 onptll A )5 FE AP o Xev Xvtd5 3t 13 kb Ao e £ B -
F o5 nptll A F1B~ % 7 xopE2 A F] o Xev Xvtl22 @ = & iE 1) xopE2 4 % Ftk
(Xvt122AxopE2) » & Xcv Xvtd5 ¥ & iF | H ¢ - B copy # X hH R K
(Xvt45AxopE2) » F#0 it 2 5 % (B 2-2C)4a3# 7 — T copy 3t Fa > v FIH b T
PEORINA RN A MY 2 BAEREZ B TP ERT - B copy REHREE A
fo 2 FHfEF % o
#-Xcev Xvt122~-Xcev Xvtd5 7 4 $k 2 xOpE2 4+ % tx (Xvt122AxopE2~Xvt45Ax0pE2)
F a3 o g Ao sk (Bonny Best L305) » BLEH RS chd K fopdcenit B o d B
2-7TA %3 5% Bt > Xvt122AxopE2 H }P‘a/f‘ﬁcm’? ARF e Xev Xvtl22 T 5 B F £ %) >
M ’é_ﬁﬁ@:ﬁ?i % 2 5 0 Xev Xvtl122 fr Xvt122AxopE2 ﬁiﬁ\loz EAF = R R
210 #E%4 % 5 10~10" 3 Fthiz§ £ & (B 2-7B)-4p & ¥ > 3248 Xvtd5AxopE2
WR B E P Y B B (R 2-7C0) > - R W TT RET
Xvt45Ax0pE2 jg 4 10 %~20 Y%ocrrpm5a o 4 REFFIR 2P - BBHEZLEL &
A RERFR, B A CRETEEL L 0 & Xvt45AXopE2 FE B A vt
Xov Xvtd5 % 4 10 2 (B 2-7D) > pdrdloe s #5852 54 3 { 5% > F:2 100 2 2

£ JE o

2.3.6 * £ % ;. (overexpress) XopE2 3-v § #r#]X. campestris pv. vesicatoria %t % i {&
P hiveng 4 |4
AT R HAKRY F £ AR XopE2 3-v EF € g F A nd 4o LR Xev

Xvt122 4 Xev XvidS i1 x0pE2 f F14 H[ A>3 % 1§48 pBBRIMCS-5 » ¥ 3| th g
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74 pNCHU1921 (2 XopE24 % 7 ) fepNCHU1925 (2 XopE2p % 77 ) A %] I Xcv
Xvt122 fe Xev Xvt45 25 4 gap > £ 7 F3]w g & F & 3 XopE2 chp e » 4 % & Xev
Xvt122/XopE24 ~ Xcv Xvt122/XopE2p ~ Xcv Xvtd5/XopE2a 2 Xcv Xvt45/XopE2g © :}fa‘:
< }I?e 3F 4 4p ) HopX 72% ¢ effector 3¢ £ g 42 = ~ @it e jlft (consensus
catalytic triad) » Jg vt 18 b i F M0 AL 3t XopE2 % 159 %L it cysteine fo %
211 1 %% 5 p& aspartic acid (Nimchuk et al., 2007) o g ¢t > 4] * PSORT II
(http://psort.ims.u-tokyo.ac.jp) #23%Fgip] > XopE2 % 47 %A fk histidine # &t % His
Frfig d-v peieil L (thiol-protease His residue) o 5 By fZ:i& 5 B "L fa 4 XopE2 e’
FoRAHBRFL LT Y alaine B ¥ 159 B cysteine fr % 47 B ek
A histidine » ¥ # F| T i € = F 4 pNCHUI1922 (XopE2x-H47A) ~ pNCHU1923
(XopE24-C159A) ~ pNCHU 1924 (XopE24-H47A/C159A) ~ pNCHU1926 (XopE25-H47A)
« pNCHU1927 (XopE2s- C159A)%2 pNCHU1928 (XopE2s-H47A/ C159A) » I # criiz
i F A T Xov Xvtl122 o Xev Xvtd5 T2 fRp iSie FRBF % BEFHEZ 4
EnEn g Rpd oo B 28A B F M A - 4 £ 4 M Xvil122/XopE2s
Xvt122/XopE24-H47A ~ Xvt122/XopE2A4-C159A ~ Xvt122/XopE24-H47A/C159A > & 3
A58 %22 > HFREAEP R Xov Xvt122 2 k%K 10 B o 2R
Xvt122/XopE2p ~ Xvt122/XopE2g-H47A ~ Xvt122/XopE2-C159A ~ Xvt122/XopE2p-

H4TA/C159A 7 ¥ gLz Bl 4p I eh4 £ ABH1 (] 2-8B) - A @ > B & % I Xvtd5/XopE2, ~
Xvt45/XopE25-H47A ~ Xvtd5/XopE2,-C159A ~ Xvt45/XopE2,-H47A/CI59A » # A&
AERAEDREEFEAY S XA DIR(E 2-8C) 0 L £ R Xvt45/XopE2s

Xvt45/XopE25-H47A ~ Xvt45/XopE25-C159A ~ Xvt45/XopE2s-H47A/C159A » #&7};@_‘%

p\a

;%@%ﬂmi%&@ﬁm%ﬁﬂmmoﬁﬁﬁﬁﬁaw@&%§,@
Xvt122/XopE24 & Xvt122/XopE2p ehiE # § i 42 & P B 1% 4 $k Xev Xvtl22 3 (B
2-8B) o #-t it % (F- fEih o R A IR XopE2 v ¥ Mim A Ajid p 2 4 K o
FpAhBE o 2 % 47 R RS histidine & % 159 B2 L cysteine SR # 17

¢ % XopE2 F-v 2 2tk o
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2.3.7 XOpE2 3¢ ¢ £& % = &4 R ;e L F BE 2

% 7§ XopE2 & 3 #r4| P. syringae pv. syringae 61 (Psy61) f2t-% 1 iE47 2 #7351
Az AT i I B FE AR K A R XopE2 RiE{FE & o f A Xev
Xvtl122 4v Xcv Xvtd45 7 xopE2 2 F)~ "LJH]&?}?L*“% Iﬁ,i\% pBII21 » (B3| € = & 4
pNCHU1201 (XopE24) v pNCHU1200 (XopE2g) » #-§ 4 pBI121 {r & & 4 #; 3
A. tumefaciens LBA4404 » j& 7 o tR 7 & At-pBI121 ~ At-XopE2, = At-XopE2g ©
FI* BRAFLE L2 2 VE REPIEREF Baodrd A, o & B At-pBII21 -
At-XopE2x f= At-XopE2g #4812 £ ¥ ¥ # N. tabacum (8] 2-9A)F= N. benthamiana (%]
2-9B) » 24 -] FE {4 & 2 Psy61(5 x 10° cfu/ml)* e — £ 5 B8 (£ % - /> 6 % (47
BLP| D] At-XopE2, fr At-XopE2p ¢ 4 #& Psy6l #7351 A2 e ATk Ji o gt Frf|oc %k ¥ 3%
F 1224 ) & o

pHIRI1 #+ - £ d Psy6l #7iE 7 112 30 kb ¥ & > 7 7 < % hrp/hrc A Fle 2
hopPsyA:» # & 4= ¥ & %% = 4] 4 i % %% 7 effector v HopPsyA o & pHIRI11 ¥ &
hopPsyA A F1 & 4 ¢ T % @ 514 AacitF & » # pHIRII i » E. coli MC4100 ##x
Jo ¥ AT Y 3 A0 F i (Huang et al, 1988; Alfano et al., 1997) » & % F
XopE2 -+ £ 3 #r4] effector F-v HopPsyA #7ildeeniaciir i » ¥R % BN oL
pBBRIMCS-5 ~ pNCHU1921 (XopE2,)4r pNCHU1925 (XopE2g) ¥ » ¢ # $ pHIRII
1 E. coli MC4100 Ftk® - #-p* = Ftk E. coli MC4100(pHIR 11+pBBR1MCS-5)~E. coli
MC4100(pHIR 11+Xo0pE2,)~E. coli MC4100(pHIR 11+XopE2g) 2 5 x 10% cfu/ml 446 %
I E R N tabacum o #4482 * £ > E. coli MC4100(pHIR 11+ pBBRIMCS-5)7 1 344
A chiac F s 0 e 4 E. coli MC4100(pHIR11+XopE2,) & E. coli MC4100
(pHIR11+XopE2g) A] & ¢t & J& (B 2-9C) o ¢ ¢+ » GBI (2= ~ it sl e {v His
Frf b feiRiAp AT ¢ Pl AT E b 4 o TR A R R E B T
» E. coli MC4100(pHIRI1)? » & ie3 i S BLirl 2 © B 2-9D &7 - #fhe % 1

MC4100(pHIR 1 1/XopE2a-H,7A) ~ MC4100(pHIR11/X0pE24-Cys0A) ~ MC4100(pHIR 11/
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XopE24-H47A/Ci50A)Fr MC4100(pHIR 11+X0pE2A) 5 Jisdp fe > = € #r4]d pHIRIL 7
I anpaTEF B oo Eﬁ?p\‘—;—% Har gam A AP BESDXopE2 39 ¥ g FHiEY =
A e s S Pl B AT R it o o@m P e ank e 47" histidine & 159™

cysteine #_s& fif £ o
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24 3t

AR E L AR R R R LR BT A AR E I ET P
#4454 2 & Fd Xanthomonas campestris pv. vesicatoria #7314= o 345 th =<
(1998)cha 3 » o+ R IR R il s K iR 2 %R o fridttang & 0 v iFH L X
campestris pv. vesicatoria A ¥ (= X. axonopodis pv. vesicatoria) f= X. campestris pv.
vesicatoria B #(=X. vesicatoria) - ## 3 §1* AFLP #j¥ > fe & Taql-GA IR700 -
Msel-NN (NN # % AC~AG~CA-CT-GA-GT-TC %2 TG) % % i¥ # 13 5 & Ji(selective
amplification)s51 + 2 & » k3®f& -+ w $& X. campestris pv. vesicatoria k£ £ o j&_
i = 45 e~ 5 AFLP Bl (8] 2-1 % 1% Tagl-GA IR700 = Msel-GA 51+ #7187 3|l
o GERH) MO AFERBRRL SN BEFHKR L - R EaE Y g iF
3 AR B, S5t #1182 X, campestris pv. vesicatoria 85-10 77 xopE2 & F]E_4p 1o
Bt % = Al &k Sueneffector 3¢ (Thieme et al., 2007) ° >t A& 5 ¥ > FIR KA A~
B # AR 0 XopE2 F-9 & F T et > (DAORAR A 7]fom ] % 8 Flle
FRCABHEEF A ZEM  (2)X0pE2 R % ¢ F25 Xev B H it § ivihd |4
B)*x & 43 A ¥ B ¥ XopE2 v ¥ i "% f_»&,%mﬁﬁv%f_ﬁ_ﬁﬁﬁﬁxﬁv&éw_ ' (4) A
¥ & B# e XopE2 #-v ¥ it #r41] P. syirngae pv, syringae &% ¥+ 514 cniaci F ke

Fo e F e Bhs 7 B T el TR s sg )t - B AL 3k eh (Jones et al,
2000)- Stall (1994)4r Vauterin (1990) % + iz H 4 32~ it 5 35 55 & #5443 X, campestris
pv. vesicatoria (Xcv)4 = A#F 2% B#H > i - A¥FRIREATH & & X axonopodis pv.
vesicatoria» @ B # FR R 2 37 & AT4E X. vesicatoria (Vauterin et al., 1995) - Jones & 4
2000 #4295 { #Fw ) fi Fw Ao A FIA 2 s Ho > 3 R X, axonopodis pv. vesicatoria
FABRF LR 27 R0 A¥rCHE  CHEHLMG i+ X. axonopodis - 1 5
B 314 X. perforans (Jones et al., 2000) = A7 3 P AFLP » 72 % 8T o HF* ch A

HEBRFRASZFLFABLBE T 0TS § C HEROA FLEFR

- HIFA R AL -
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AT Arig * Xev @ i XopE2 F-v %l fe B 7 fos B % 38 ok Flle —F—]
ko Xev Xvtl22 (A #)fr Xev Xvtd5 (B ##)F £ £ £ 1> #7120 433% xopE2 A F]a @] eh
B 7Kg & enil 3 %> 1% PCR enfjisk sp&ﬁixmﬁa{m BERgo B mam
XopE2 & Fl¥fiT ¥ 4 I Cointegrate resolution protein T, XCV 2279 (] 2-5A)s
Phage-related integrase (B] 2-5B) % 7 %51 XOpE2 £ FljE& H s m *pf];J\l 2L F A
;% (horizontal gene transfer)m % » }t I % T ey i o I "’é‘ KEE G Ry
e11%, %& (Hacker and Kaper, 2000) o &40 > X i & 3 4 2 57 G-k A 7 H > 50 q’;l IS
ME AT FIS S AT G Ao G B R ohd b B 2 R R
S g 4d (Alfano and Collmer, 2004; Rohmer et al., 2004) > 12 B # Ftkdm 3 -
XOPE2 A FlenR % € 3 FMagrek > 2V v RS HE (B 2-7C-D) -

% A Pseudomonas - Ralstonia = Xanthomonas % 7 AviPphE (® R £ #7é & %
HopX) ~ XopEl ~ XopE2 fr# # ¢ ik 3-6 2> HopX % dv > L }%e 77 B =X
72% HopX1 4~ HopX2 (Rohmer et al. 2004; Lindeberg et al. 2005; Nimchuk et al., 2007,
Thieme et al., 2007) - Xcv 85-10 (=Xcv groupA= X. axonopodis pv. vesicatoria): XopE1
v XopE2 H ik i 5 69 %:- Ri% 0 >t HopX2 =& 7#2%(Thieme et al., 2007), #*
Fr¢ oo 975 BEFAR (=X vesicatoria)s xopE2 A F]7 F o A A M o G A
AR (B 2-2C) 0 i AFFRRY "$ T gk Xvpl69 ~ Xvpl82 v Xvpl97 #F » & 3R
NIRRT G R A S M- AT o @ {35 s 2 A8 K b 0 14 XOPEL A Fl 4R
& BEor XopEL A Fin -l 3 A A ERkD 2 3 & B HEFFRK - B JEF2L & xopEl
AT RS E MR TR AT KT XopE2 A FIE R G 3P Bt 2 B e it E oA A
I £ N R

AP A EEIR(Xev Xvtl22) 5 X0pE2 £ F] (XOPE2a) R # 18 » 1 7 F2 5 R
bR f & Aos-fi(Bony Best L305) * FE 2 £ frgpsa A S o & Thieme ¥ A #77 ¢
(2007)+ 5 Mt Xev 85-10 1 X0PE2 fk F1 R % A BALR 7 5 S-fA(ECW)$ 5 4 &
B F»c % > i X, campestris pv. campestris Ftk ¥ > £ HopX2 e /& 5 avrXcCEL 2 F]7*

H
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7 40 ke 5% % (Castafieda et al., 2005; Thieme et al., 2007) > T ** XopE2, fr# # & ke
FlhF 4 —’Fﬁ ‘4 :’!‘E}?& v B2 F]H 2 A A e en effector 39 i FE G 34T
(functional redundancy) (Alfano and Collmer, 2004, Kay and Bonas, 2009) B ## 7tk (Xcv
Xvt45)e XopE2 75 FI(XOpE2g) % % fs » BER 7 5 — & XOpE2 548+ » v iv ¢ ' M A

R I hoave fniisa s 4 0 L3 F BERBRMEF 2 b 0% = A 4 i deffector 39

(4rdk 2 XOpEl ZAF])» & 3t F 4 P e xopE2 A FA Y+ 2w I =34 ¢ M
XOPE2 A FIA 2 7 ic o gt b > 5 & £ I ¥ XopE2 3¢ 325 ' Mo ] g I}ia%(‘

a4 E

(s

£ 10 2 £ B i p0ena) & (] 2-8)0 04 % fo 2l 9 39 AviPphE
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Table 2-1. Bacterial strains and plasmids used in this study

Designation Relevant characteristics Source or reference
Strains
E. coli
DHI10B endAl hsdR17 recAl rel A A (argF-lacZYA)U169®80d lacZAM15  Life Sciences
Technologies
(Gaithersburg, MD)
EPI300™ E. coli carrying inducible trfA gene for amplification of high copy ~ CopyControl™ BAC
number. Used for genomic DNA library. Cloning Kit
(Epicentre)
MC4100 FaraD139 A (argF-lacZYA)U169 relA rpsL150 flb-5301 ptsF25 Casadaban (1976)
deoC1 thi, Sm"
A. tumefaciens LBA4404 Wild type Life Technologies
X. c. pv. vesicatora
Xvtl2, Xvt28, Xvt48,  Wild types isolated from tomato, classified into group A, no Hsu (1998)
Xvt122, Xvt185, amylolytic activity
Xvpl69, Xvpl82, Wild types isolated from pepper, classified into group A, no Hsu (1998)
Xvpl86, Xvpl194, amylolytic activity
Xvpl197
Xvtd5, Xvt46, Xvtl47, Wild types isolated from tomato, classified into group B, Hsu (1998)
Xvt148 amylolytic activity
Plasmids
pBluescript IT SK* ColE1 mcs-lacz, Ap" Stratagene
pBBRIMCS-5 A broad host range vector containing lac promoter, compatible to Kovach et al. (1995)
IncP, IncQ, or IncW group plasmids, Gm"
pCCIBAC™ Used for construction of genomic DNA library, Cm' Epicentre
pGEM-T easy T/A cloning vector, Ap’ Promega Inc.
pDrive T/A cloning vector carrying T7 & SP6 RNA polymerase, Km', Ap" Qiagen
pCPP2988 pBluescriptll SK™ carrying 1.5 kb HindIII-Sall terminator-lacking ~ Aflano et al. (1996)
nptll gene fragment from pRZ102
pHIR11 P.s. pv. sringae 61 hrp/hrc/hrmA cluster in pLAFR3, Tc' Huang et al. (1988)
pNCHU1068 1.3 kb pavrXacE3-F/pavrXacE3-R-generated fragment containing  This study
XOpE2 from Xcv Xvt122 cloned in pGEM-T easy
pNCHU1070 1,1 kb pavrXacE3-F/pavrXacE3-R -generated fragment containing This study
XOpE2 from Xcv Xvt45 cloned in pGEM-T easy
pNCHU1071 1,1 kb pavrXacE3-F/pavrXacE3-R -generated fragment This study
~pNCHU1073 containing XOpE2 from Xcv Xvt46, Xvt147, Xvt148 cloned in
pGEM-T easy
pNCHU1075 1,3 kb pavrXacE3-F/pavrXacE3-R-generated fragment This study
~pNCHU1084 containing XOpE2 from Xcv Xvt12, Xvt28, Xvt48, Xvt185,

Xvpl69, Xvpl82, Xvpl86, Xvpl194, Xvpl197 cloned in pGEM-T

easy
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pNCHU1200

pNCHU1201

pNCHU1226

pNCHU1227

pNCHU1275

pNCHU1276

pNCHU1229

pNCHU1300

pNCHU1301

pNCHU1360

pNCHU1361

pNCHU1362

pNCHU1921
(PNCHU1925)

pNCHU1922
(PNCHU1926)

pNCHU1923
(PNCHU1927)

pNCHU1924
(PNCHU1928)

1.1 kb pavrXacE3-F-Xbal/pavrXacE3-R-Smal-generated fragment
containing XOpE2 from Xcv Xvt45 cloned in pBI121

1.3kb pavrXacE3-F-Xbal/pavrXacE3-R-Smal-generated fragment
containing XOpE2 from Xcv Xvt122 cloned in pBI121

30 kb EcoRI fragment containing XOpE2 from Xcv Xvt45 cloned in
pCC1BAC™

7 kb EcoRI fragment containing XOpE2 from Xcv Xvt122 cloned in
pCCIBAC™

7.8 kb EcoRI-EcoRV fragment from pNCHU1226 subcloned in
pBluescript IT SK

5.8 kb ECORI-ECORV fragment from pNCHU1226 subcloned in
pBluescript I SK

1 kb pXvt122-8K-7-Xbal-F/pXvt122-8K-7-HindIII-R-generated
Xbal-HindIII fragment containing upstream region of XOpE2 from
Xvt122 cloned in pCPP2988

0.9 kb pXvt122-8K-7-XhoI-F/pXvt122-8K-7-KpnI-R-generated
XhoI-Kpnl fragment containing downstream region of XOpE2 from
Xvt122 cloned in pPBBRIMCS-5

2.5 kb Xbal-Xhol fragment from pNCHU1229 cloned in
pNCHU1300, creating Xvt122 X0pE2 non-polar mutant.

1 kb pXvt45852-Xhol-F/Xvt45857-Kpnl-R-generated Xhol-Kpnl
fragment containing downstream region of XOpE2 from Xvt45
cloned in pBBR1MCS-5

1 kb pXvt45857-Xbal-F/pXvt45857-HindIII-R-generated
Xbal-HindIII fragment containing upstream region of XOpE2 from
Xvt45 cloned in pCPP2988

2.5 kb Xbal-Xhol fragment from pNCHU1361 cloned in
pNCHU1360, creating Xvt45 XopE2 non-polar mutant.

1.1 kb pXvt45E3-F-Xhol/pXvt45E3-R-Xhal-generated fragment
containing X0pE2 from pNCHU1068 (pNCHU1070) and cloned in
pBBRIMCS-5

1.1 kb pXvt45E3-F-Xhol/prH47A-1 and
prH47A-3/pXvt45E3-R-Xhal-generated XopE2(H47A) fragment
from pNCHU1068 (pNCHU107) and cloned in pPBBRIMCS-5

1.1 kb pXvt45E3-F-Xhol/prC159A-1 and
prC159A-3/pXvt45E3-R-Xhal-generated XopE2(C159A) fragment
from pNCHU1068 (pNCHU107) and cloned in pPBBRIMCS-5

1.1 kb pXvt45E3-F-Xhol/prC159A-1 and
prC159A-3/pXvt45E3-R-Xhal-generated XopE2(H47AC159A)
fragment from pNCHU1914 (pNCHU1918) and cloned in
pBBRIMCS-5

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study
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Table 2-2. Primers used in this study

Primer Sequence Restriction
enzyme
pavrXacE3-F 5’-GTGAGGCGAAGCGAAGCGGA-3’
pavrXacE3-R 5’-TCACCAACTCAAGGGGGGGC-3’
pavrXacE3-F-Xbal 5’-AGCCTCTAGAACCATGGGGCGGAGCGAA-3’ Xbal
pavrXacE3-R-Smal 5’-ATTCACCCCGGGTTTCACCAACTCAAGGG-3’ Smal
pXvt122-8K-7-Xbal-F 5’-ATCGCCTCTAGACATGCGATGGAGAACC-3’ Xbal
pXvt122-8K-7-HindIII-R 5’-GCGATGAAGCTTTCGAGTTCGCCAACGG-3’ HindIII
pXvt122-8K-7-XhoI-F 5’-TGACGCTCGAGCAAGCCGGATGAGCG-3’ Xhol
pXvt122-8K-7-Kpnl-R 5’-GGCCGGTACCGCCTGGACGAACTCG-3’ Kpnl
pXvt45857-Xbal-F 5’-GCGGTCTAGACCGTTTGCCCGAGCTG-3’ Xbal
pXvt45857-HindIII-R 5’-CCGAAAGCTTGGCTGGGATGGCGAAG-3’ HindIII
pXvt45852-Xhol-F 5’-GACGCTCGAGTAAACCGGATGAGCG-3’ Xhol
pXvt45857- Kpnl-R 5’-TGGCGGTACCGATCAACGCAACCTTG-3’ Kpnl
pXvt45-E3-F-Xhol 5’-CGCCACTCGAGCCTCTACAGTCACTG-3’ Xbol
pXvt45-E3-R-Xbal 5’-GGTTTTCTAGAGCGTCACCAACTCAAG-3’ Xhal

prH47A-1
prH47A-3
prCI159A-1
prC159A-3

5’-CACCAAGCCAGCCAGGCTGGGTG-3’
5’-CACCCAGCCTGGCTGGCTTGGTG-3’
5’-TGTGGTCAGCGTTGCCTGCC-3’
5’-GGCAGGCAACGCTGACCACA-3’
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Table 2-3. List of Xanthomonas spp. used in this study

Strains Host Region

Race

Xanthomonas campestris pv. vestrictoria (Xcv) Group A: non-amylolytic

Xvt-12 Tomato5138 Taichung
Xvt-28 Tomato Furan Co
Xvt-48 Tomato Nantou
Xvt-122 Tomato Pingtung
Xvt-185 Tomato(ASVEG 5) Hsinchu
Xvp-169 Queen Star Nantou
Xvp-182 Pepper Hualien
Xvp-186 Pepper Hualien
Xvp-194 H. Pepper Tainan
Xvp-197 H. Pepper Tainan
Xanthomonas campestris pv. vestrictoria (Xcv) Group B: amylolytic
Xvt-45 Tomato Nantou
Xvt-46 Tomato Nantou
Xvt-147 Tomato Nantou
Xvt-148 Tomato Nantou
Xanthomonas campestris pv. campestris (Xcc)
Xcc 70 cabbage Changhuwa
Xanthomonas campestris pv. diffenbachiae (Xcd)
Xcd A49 Anthrium Tainan

Xanthomonas campestris pv. oryzae (Xco)

Xco 84 rice Nantou
Xanthomonas axonopodis pv. citri (Xac)

Xac XW19 Valencia orange Taiwan

T1 P8
T1 P1
T1 P2
T1 P3
T1 P7
T1 P3
T1 P8
T1 P1
T1 P7
T1 P2

T2 PO
T2 PO
T2 PO
T2 PO
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Table 2-4. Similarities at the protein level between AFLP fragment sequences and the

sequences in genebank.

AFLP Size Matching sequence from the  Origin of matching sequence and % Similarity
fragments (bp) database accession no. (BLASTX Evalue)
Xvtl2-1 262 none
Xvt48-3 186 type I site-specific Xanthomonas campestris pv. 98 % (6e-24)
deoxyribonuclease vesicatoria str. 85-10,
(modification subunit) YP 362244
Xvtl22-4 271 avirulence protein Xanthomonas axonopodis pv. 85 % (2e-15)
AvrXacE3 citri str. 306, AAM39657
XopE2 Xanthomonas campestris pv. 92 %
vesicatoria str. 85-10, CAJ23957
Xvt148-6 190 none
Xvp186-8 244 none
Xvpl97-10 232 putative transposase for Stenotrophomonas maltophilia 100 % (5e-23)

transposon Tn5044/Tn3926

K279a, YP 001972246
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Table 2-5. The gene products encoded by the insert of pPNCHU1227 cloned from Xcv
Xvt122 showing the highest similarity with the matching sequences in genbank.

Gene products encoded by the Size (a.a)  Origin of matching sequence and % Similarity
insert in pNCHU1227 accession no. (BLASTX E value)
Hypothetical protein XCV2276 52/122 Xanthomonas campestris pv. 98% (7e-19)
(incomplete) vesicatoria str. 85-10, YP_364007,
CAJ23953
Putative secreted protein 192 Xanthomonas campestris pv. 100% (6€-97)
XCV2277 vesicatoria str. 85-10, YP_364008,
CAJ23954
Pectate lyase precursor 440 Xanthomonas campestris pv. 100% (0)
XCV2278 vesicatoria str. 85-10, YP_364009,
CAJ23955
Cointegrate resolution protein T~ 206 Xanthomonas campestris pv. 100% (1e-78)
(fragment) XCV2279 vesicatoria str. 85-10, YP_364010,
CAJ23956
Avirulence protein XCV2280 358 Xanthomonas campestris pv. 98% (7e-173)
(XopE2) vesicatoria str. 85-10, YP_364011,
CAJ23957
Hypothetical protein XACb0012 59 Xanthomonas axonopodis pv. citri,  88% (3e-22)
YP 364012, AAM39258
Hypothetical protein XCV2282 308 Xanthomonas campestris pv. 100% (1e-175)
vesicatoria str. 85-10, YP_364014,
CAJ23959
Hypothetical protein XCV2283 228/708 Xanthomonas campestris pv. 100% (5e-108)
(incomplete) vesicatoria str. 85-10, YP_ 364014,
CAJ23960
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Table 2-6. The gene products encoded by the insert of pPNCHU1275 and pNCHU1276
cloned from Xcv Xvt45 showing the highest similarity with the matching sequences in
genbank.

Gene products encoded by the Size (a.a)  Origin of matching sequence and % Similarity
insert in pNCHU1275 and accession no. (BLASTX E value)
pNCHU1276
DNA-methyltransferase 88/283 Vibrio alginolyticus 12GO01, 60% (1e-18)
(incomplete) ZP 01262465, EAS74231
Phage-related integrase 292/337 Stenotrophomonas sp. SKA 14, 70% (1e-128)
ZP 05136433, EED40494
Conserved hypothetical protein 74/76 Stenotrophomonas sp. SKA14, 60% (7e-17)
YP_ 002708994, EED37125
XevXvtd5-1
Hypothetical protein 99/96 Xanthomonas albilineans, 55% (6e-18)
XALc 0184 YP 003374716, CBA14730
XevXvtd5-2
Avirulence protein XCV2280 358/358 Xanthomonas campestris pv. 91% (2e-172)
(XopE2) vesicatoria str. 85-10, YP_364011,
CAJ23957
Hypothetical protein XACb0012  57/58 Xanthomonas axonopodis pv. Citri ~ 63% (3e-06)
str. 306, NP_644740
Cointegrate resolution protein T~ 33/206 Xanthomonas campestris pv. 75% (9e-05)
(fragment) vesicatoria str. 85-10, YP_364010
Hypothetical protein 53/52 Stenotrophomonas sp. SKA14, 52% (2e-11)
SSKA14 4431 YP 002028903, ACF52220
Hypothetical protein XF2127 175/339 Xylella fastidiosa 9a5c, 40% (2e-20)
NP 299406, AAF84926
Hypothetical protein XF2126 70/81 Xylella fastidiosa 9aSc, 59% (4e-12)
NP 299405, AAF84925
XcevXvtd5-3
XcevXvtd5-4
Hypothetical protein 142/175 Xanthomonas albilineans, 60% (3e-45)
XALc 0195 YP 003374727, CBA14740
Putative primase 803/804 Stenotrophomonas phage S1, 76% (0)
YP 002321451, ACJ24725
Hypothetical protein StPS1_gp2  92/116 Stenotrophomonas phage S1, 40% (0.004)
YP 002321452, ACJ24726
Putative terminase small subunit ~ 195/214 Stenotrophomonas phage S1, 53% (3e-39)

YP 002321453, CAJ24727
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12-1. Xanthomonas campestris pv. vesicatoria gtk 2. AFLP 4 45 B ¥

Fig. 2-1. AFLP fingerprints of the Xanthomonas campestris pv. vesicatoria strains. The
genomic DNA isolated from each of the bacteria was digested with EcoRI/Msel and then
subjected to PCR using primers IR700/Msel-GA and IR700/Mse-GT. Lanes 1: DNA
marker; 2 to15: Xvt12, Xvt28, Xvt48, Xvt122, Xvt185, Xvt45, Xvt46, Xvtl47, Xvtl48,
Xvpl69, Xvpl82, Xvpl86, Xv194, and Xvt197. The six polymorphic bands isolated for

sequence determination are marked with rectangles.
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fe & & 45 0 (B) (C)#F - % Dig-labeled XopE2

Fig. 2-2. Southern blot analysis of the Xanthomonas campestris pv. vesicatoria strains.
The genomic DNA was isolated, subjected to EcoRI digestion, separated on 1% agarose
gel, and the gel stained with ethidium bromide (A) or subjected to Southern blot
hybridization with the Dig-labeled XopE2 (B). Lane 1, XacXW19 (X. axonopodis pv.
citri XW19); Lane 2, 1-Kb ladder; Lanes 3-19, XcvXvt45, Xvt46, Xvt147, Xvt148,
Xvtl2, Xvt28, Xvt48, Xvt122, Xvt185, Xvpl69, Xvpl82, Xvpl86, Xvpl94, Xvpl97,
Xcc70 (X. c. pv. campestris 70), XcdA49 (X. c. pv. diffenbachiae 49), and Xco84 (X. c.
pv. oryzae 84) respectively. (C) The plasmid DNA was isolated, separated on 0.7 %
agarose gel, and hybridized with the Dig-labeled XopE2. Lanes 1-10, XcvXvt12, Xvit28,
Xvt48, Xvt122, Xvt185, Xvpl69, Xvpl82, Xvpl86, Xvpl94, and Xvpl97; 11,

A /HindI1l DNA marker; Lanes 12-16, Xvt45, Xvt46, Xvt147, Xvt148, and XacXW109.
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Xvpl69-2 s v L P M----H D s D- 100
Xvt28-7 s v L p M----H D 8 D- 100
Xvt122-1  MG--§ L. P M----H D 8 D- 100
Xvpl94-1  MG—-S L P M----H D s D- 100
Xvpl82-1  MG--S v L P M----H D s D- 100
Xvt48-18  MG--S L P M----H D s D- 100
Xvpl86-2  MG--S L P M----H D s D- 100
Xvt12-1  MG--S L P M----H D s D- 100
Xvpl97-2  MG--S L P M----H D s D- 100
Xvt185-4  MG--S v L P M-——-H D s D- 100
Xvt1ds-1  MG—-T S L I-——H G N N- 100
Xvtd6-1  MG--T s L I--—-H G N N- 100
Xvtd5-1  MG--T s L I----H G N N- 100
Xvt1d47-1  MG--T v s L I----H G N N- 100
Consensus MGLCSSKPSVVGSPVAGSPEHYLTHTTEQTTPSTPSSPEAPMSPSLHGLVALGSSGTRPDRFRQPTLQPHEVQQARYQLGMRLSGRP IEDASDRQRLADA 100
%
Xvpl69-2 D c R N HF 200
Xvt28-7 D c R N H 200
Xvt122-1 D c R N H 200
Xvp194-1 D c R N H 200
Xvp182-1 D c R N HF 200
Xvt48-18 D c R N H 200
Xvpl86-2 G c R N HF 200
Xvt12-1 D c R N H 200
Xvpl97-2 D ¢ R N H 200
Xvt185-4 D c R N HF 200
Xvt148-1 D C R T H 200
Xvtd6-1 D c R T H 200
Xvtd5-1 D c R T H 200
Xvt147-1 D c 0 T HL 200
Consensus TETVHETRLALHRGRGNVDSDLRLSNGRSATYSSLSYCLGENDENLLAGSALAAGAGNCDHNARINARRHAVRMEDGGOMMNVRDYEQTHLYALYQPPSS 200
*

va159—2 P——D R R E. D-B--—-D--T A A-E-—-5 300
Xvt28-7 P---D R R E D~H----D--T A----A-E---S 300
Xvt122-1 p---D R M-T----E D-H----D—-T A----A-E---S 300
Xvpl94-1 p---D R M-T----E D-H----D--T A----A-E---S 300
Xvp182-1 P---D R M-T----E D-H----D--T A----A-E---S 300
Xvt48-18 P-—-D R M-T----E D-H----D--T A----A-E---S 300
Xvp186-2 P-—-D R R-T----E D-H----G—T A-——-A-E-—-S 300
Xvt12-1 p---D R R-T----E D-H----D—-T A----A-E---S 300
Xvpl97-2 p---D R R-T----E D-H----D--T A----A-E---S 300
Xvt185-4 p-—-D R R-T----E D-H----D--T A----A-E---5 300
Xvt148-1 T---D P R-N----G E-Y----D--R S--—-N-D--—-N 300
Xvtd6-1 T---D P R-N----G E-Y----D--R §----N-D---N 300
Xvtd5-1 T---D P R-N----G E-Y----D--R §----N-D---N 300
Xvt147-1 T---D P R-N----G E-Y----D--R §----N-D---N 300
Consensus AFAEESPVVLDSWGDGPAVLLRDSHWAETYGTSTNVIERFDKRDAIDALARTTAFRAEIEDPQTDLHANARDLETAFLANPAPGDIFSANPVIAPELAQS 300
Xvpl69-2  =---L--Y 0 H N Q-=-R----G 358

Xvt28-7  —---Q--Y 0 H N Q---R----G------ 358

Xvt122-1  ———-L--Y 0 i N Q-——R-—--G 358

Xvpl94-1  ———-L--Y 0 ! N Q---R----G 358

Xvpl82-1  ----L--Y 0 H N Q---R----G 358

Xvtd8-18  ----L--Y 0 H N Q---R----G 358

Xvpl86-2  =---L--Y 0 H N Q-==R===-G 358

Xvtl2=1  ====L--Y 0 H N Q-==R====G====== 358

Xvpl97-2  ==m-L--Y 0 H N Q---R----G 358

Xvt185-4  ———-L--Y 0 H N Q---R----G 358

Xvt1d8-1  -———L--H E 0 H E-—H-———D 358

Xvtdé-1 ====L--H E v H- E H D 358

Xvtd5-1  -———-L--H E 0 ! E-—-H----D 358

Xvt147-1  ==—-I--H E 0 B E-—-H----D 358

Consensus TRQRLQEYSPRTRQALAADAARHAYGLDNAQPISPRTTAAILEDAERLDALGRPPLSH 358

B]2-3. - = $xXanthomonas campestris pv. vesicatoria gtk # XopE2#%i 7k fis - 71| v* ¢

Fig. 2-3. Multiple alignment of the amino acid sequence of XopE2 from 14 Xcv strains.
The complete consensus sequence were shown in “- “ . This alignment was made by using

CLUSTAL W program. Symbol asterisk indicated N-myristoylation motif (G2), consensus

catalytic triad, C159, D211 (Nimchuk et al., 2007) and Thiol_Protease His residue (H47)

based on PSORT Il prediction.
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B12-4. Xcv Xvt122 XopE2fe Xev Xvid5 XopE2:2 H I ik 36 2 gk ik & 5] $1(A) 2
BHk FLIR B 2 A 47 (B)

Fig. 2-4. Sequence comparison between XopE2 and its homologues. (A) Amino acid
sequence alignment of XopE2 and its homologues according to CLUSTAL W. The
conserved residues are highlighted and the GenBank accession numbers for the following
proteins are CAJ23957 (Xcv XopE2, X. campestris pv. vesicatoria 85-10), AAM39257
(Xac AvrXacE3, X. axonopodis pv. citri 306), AAL84240 (Pma HopPmaB, P. syringae
pv. maculicola), AAM40923 (Xcc AvrXccEl, X. c. pv. campestrisSATCC33913),
CAJ21925 (Xcv XopEL, X. c. pv. vesicatoria 85-10), AAM35178 (Xac AvrXacEl, X.
axonopodis pv. citri 306). The asterisk indicates the N-myristoylation motif (G2), the
consensus catalytic triad, C159, D211 (Nimchuk et al., 2007) and the Thiol-Protease His
residue (H47) based on PSORT 11 prediction. (B) Phylogenetic analysis using vector NTI
(Informax). Each of the horizontal branched distance is proportional to the estimated

numbers of amino acid substitutions.
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B12-5. ivf fo ) R | Xanthomonas campestris pv. vesicatoria (A)Xvt122
(B)Xvt45 xopE2 7L F12 Ap 4% 5 B2 Fh Flle =

Fig. 2-5. Organization of xopE2 gene and its neighboring genes. (A) The insert from Xcv
Xvt122 cloned into pNCHU1227 contains the xopE2 and its flanking genes including an
incomplete XCV2276 (Hypothetical protein), XCV2277 (Putative secreted protein),
XCV2278 (Pectate lyase precursor), XCV2279 (Cointegrate resolution protein T),
XCV2280 (XopE2), XACb0012 (Hypothetical protein), XCV2282 (Hypothetical protein),
and incomplete XCV2283 (Hypothetical protein). (B) The xopE2 and the flanking genes
of Xcv Xvt45 encoded on pNCHU1275 and pNCHU1276 are shown. The ORFs are: 1,
DNA-methyltransferase (Vibrio alginolyticus 12G01); 2, Phage-related integrase
(Stenotrophomonas sp. SKA14); 3, Conserved hypothetical protein (Stenotrophomonas
sp. SKA14); 4, Hypothetical protein Xvt45-1 (Xcv Xvt45); 5, Hypothetical protein
XALc0184 (X. albillineans); 6, Hypothetical protein Xvt45-2 (Xcv Xvt45); 7, XopE2
(Xcv 85-10); 8, Hypothetical protein SSKA14 4431(Stenotrophomonas sp. SKA14); 9,
Hypothetical protein XF2127 (Xylella fastidiosa 9a5c); 10, Hypothetical protein XF2126
(X. fastidiosa 9a5c); 11, Hypothetical protein Xvt45-3 (Xcv Xvt45); 12, Hypothetical
protein Xvt45-4 (Xcv Xvt45); 13, Hypothetical protein XALc0195 (X. albillineans); 14,
Putative primase (Stenotrophomonas phage S1); 15, Putative terminase small subunit
(Stenotrophomonas phage S1). The arrows show the direction of transcription of the ORF.
The construction maps for nonpolar mutations of the xopE2 genes of Xvt122 and Xvt45

are also shown below the gene organization maps.
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B12-6.% = e & % FrznXev Xvil22 xopE2{-Xcv Xvtd5 xopE2 & Fl4+ % & (Xcv
Xvt122 AXopE2 f=Xcv Xvtd5 AXopE2)

Fig. 2-6. Southern hybridization analysis. EcoRI-digested genomic DNAs of Xcv Xvt122,
Xcv Xvt122 xopE2 mutant, Xcv Xvt45, Xcv Xvt45 xopE2 mutant were separated on 1%
agarose gel, and hybridized with Dig-labeled porbe (A) xopE2 (B) nptll. Lane 1, 1-Kb
ladder; Lanes 2, XcvXvt45, Lanes 3-8, Xcv Xvt45 xopE2 mutant, Lanes 9, XcvXv122,
Lanes 10-11, Xcv Xvt122 xopE2 mutant, respectively.

51



(A)

Disease index

(©

Disease index

6

8

2

b

N

B) 7
mm XVvi122 | [m—Xvt122 3
=3 Xvt122 AXopE2 67[=xvt122 AXopE2 _
T =
.
N
T E 47
2 o
5 3
(@]
S 2]
X
; . o : : : :
1 2 -3 0 3 6 9
Weeks postinoculation Days postinoculation
(D) 1g
—\t45
= XvtdB AXopE2 | (=245 Axope2
l (\IE —
5 _
356 -
(&]
g
2-AI H
T T T 0' T T T T
1 2 3 0 3 6 9
Weeks postinoculation Days postinoculation

F12-7. Xcv Xvtl224eXev Xvitd5 2 H xopE2 4 Fl4s 4 4 (Xcv Xvt122AX0pE2 eXcv
XVUSAXOPER) ¥ % i i 4 § seenpies B e R 2 £ 2 B

Fig. 2-7. Symptom development and the bacterial growth on tomato leaves. (A)(C) Leaves
of tomato cultivar Bony Best L305 were dipped into 108 cfu/ml of bacteria culture and the
disease symptom formation was scored following the rule described in the Materials and
Methods. The disease index was the mean of the analysis of four independent plants.
(B)(D) The tomato leaves were infiltrated with 10* cfu/ml of bacteria suspension, and the
growth was quantified at 0, 3, 6, 9 days after inoculation. The bacterial growth was
determined as the mean of the bacterial number obtained from three independent plants.

The experiments were repeated three times with similar results.

52



X \vt122
7_|| ==xvt122/XopE2,
7| | EEEXVt122/X0pE2,(HATA)
CSNIXvt122/X0pE2,(C159A)
6 | E=EXvt122/X0pE2,(H47AIC159A)
—
(V)
£ . o N
o 5 T I
= 4
o 4
N
U) -
s} 3
o
11
0 ] B -
0 3 6
Days pOStII’]OCU|atI0n
©) 10 | — 45
=1 Xvt45/X0opE2,
B X\145/X0pE2,(HA47A)
|| 553 Xvt45/X0pE2,(C159A)
' 8 XVt45/X0pE2,(H47AIC159A) o
E - ]
8 | @I
S 6
[V
&)
N
o 4]
o
of
0 | |
0 3

(E)

10mM MgCl,

(B)

(o]
I

_—\t122

E=IXvt122/XopE2g
EEEX\t122/X0pE2g(HA7A)
CSNXvt122/X0pE2,(C159A)
EZZXV122/X0pE25(HA7AIC159A)

log (cfu/cm?)
£

N

0 3

6

Days postinoculation

log (cfu/cm?)

har

T Xvt45/XopE2;(H47A/C159A)

I Xvt45

=3 Xvt45/XopE2g

B Xvt45/XopE25(H47A)
LZZ Xvt45/XopE2,(C159A)

53

Xvt122/XopE2,

3

6

Xvt122/XopE2,



M2-8. « £ # XOPE23-5 &t #rl itk o 1 jd § 40 FEL 4K

Fig. 2-8. The overexpression of XopE2 suppressed the formation of symptom and bacterial
growth on tomato leaves. The expression plasmids carrying XopE2, (pNCHU1921) or the
XopE2A with site-directed mutation XopE2,-H47A (pNCHU1922), XopE2,-C159A
(PNCHU1923), or XopE2,-H47A/C159A (pPNCHU1924) were used to transform Xcv
Xvt122 (group A) or Xcv Xvt45 (group B). The XopE2g expressing plasmids including
pPNCHU1925, pNCHU1926 (XopE25-H47A), pNCHU1927 (X0opE25-C159A ), and
PNCHU1928 (XopE25-H47A/C159A) were also transformed into Xcv Xvt122 (group A)
and Xcv Xvt45 (group B) individually. Bacterial growth was determined at 0, 3, 6 days
after tomato leaves were inoculated with 10° cfu/ml Xvt122 or the derivative strains
(A)(B), or with 5 x 10* cfu/ml of Xvt45 and the derivative strains (C)(D). The leaves were
photographed 3 weeks after inoculation (E). The experiments were carried out twice and

similar results were obtained.
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cv. Van-Hicks
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XopE2,C159A)

MC4100 (pHIR11+ (PHIR11+ ' (PHIR11+
pBBR1MCS-5) X0pE2,H47A) X0pE2,H47A/C159A)
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®12-9. Xcv Xvtl122 XopE2 (XopE2,) f=Xcv Xvt45 XopE2 (XopE2g) #r+]HopPsyA#734
WeanBAaTEF B

Fig. 2-9. Suppression of the HR by the XopE2 of Xcv Xvt122 or Xcv Xvit45. The
Agrobacterium tumefaciens LBA4404 carrying pBI1121 or xopE2 expressing plasmids was
injected into the leaf of Nicotiana tabacum L. cv. Van-Hicks (A) or N. benthamiana (B)
and the infiltrated areas were encircled with black dashed line. The leaves was challenged
with 5 x 108 cfu/ml of P. syringae pv. syringae 61 (Psy61) 24 h after the infiltration. The
second infiltrated sites were encircled with red dashed lines and photographs were taken
six days after the challenge inoculation. (C) The tobacco leaves were infiltrated with 5 x
108 cfu/ml of E. coli MC4100(pHIR11/pBBR1MCS-5), MC4100(pHIR11/ XopE2,), and
MC4100(pHIR11/ XopE2) respectively and photographs were taken 48 h after the
inoculation. (D) The tobacco leaves were infiltrated with 5 x 108 cfu/ml of E. coli
MC4100(pHIR11/pBBRIMCS-5), MC4100(pHIR11/ X0pE2,);
MC4100(pHIR11/X0pE2,-H47A), MC4100(pHIR11/ XopE2,-C159A), and
MC4100(pHIR11/XopE2,-H47A/C159A) individually, and photographs were taken four

days after the inoculation. The experiments were repeated three times with similar results.
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2 #531 VirB4 & VirBI1 39 213 4 cbf 14

EFABEREAES R R AT A A s e R A 3D F D e
Sl pop g 2 el s+ ¥ A9 Fon g LRIEAPE b0 [endg £ (Hueck,
1998; Christie, 2001; Biittner and Bonas, 2002; Economou, et al., 2006) - 2 # % = 4] »
w5k kv (Type III secretion system, T3SS) @ #3EF B L5 a3 F F & NI d i
% B E P 0 4o Yersinia ~ Shigella ~ Salmonella - enteropathogenic - Escherichia coli
Chlamydia - Pseudomonas ~ Erwinia - Xanthomonas - Ralstonia # Rhizobium % #/§ ¥
MW&J%&oﬂﬁﬁﬁﬁiﬁﬁﬁﬁﬁﬁﬂiﬁ%&%?ﬁ’ 2% A B chid
# (Plano, etal,, 2001) » 2 7 % 5% § 5 A pcdL. %6 4 5 A o 7] Y. enterocolitica ¥ 2
FHE Ao e © 0 g k4F £ 48 (Needle complex) (Cornelis, 2006) o % v 3] 4 & i 5
(Type IV secretion system, T4SS) H = 2 5 5y RIP B 7 30 % = A 408 5 5L k5 iy

VRS AL ks i i (DEEMES e A4 & 5 (Conjugative T4SS,

cT4SS) » £ 4 kT 3 A F A chrt it > 4o i 48 F (IncF), RP4 (IncP), R388(IncW)4r
pKMI01 (IncN) : (2)7 R 42 % = 3] & i i st (Pathogenic T4SS, pT4SS) » Jfd § »c 3~
v #:i% (Effector translocators) & DNA w4z 22 ##c (DNA uptake and rekease) > % i%¥ &
4 F]F @ R4 E %% A fmre (Cascales and Christie, 2003 ; Backert and Meyer, 2006 ) °
&4 Bordetella pertussis (Covacci and Rappuoli, 1993) ~ Helicobacter pylori (Stein et al.,
2000) ~ Legionella pneumophila (Vogel and Isberg, 1999) -

I 5w 3 a0 ko seig o d e o R "$ 7 Agrobacterium. tumefaciens 4
* VirB/D4 i Kud-rd o AL Fi¥ i d m e @ id S % (crown-gall tumors) A B A
P+ o kg0 G MY H B4R 4 s R R T4SS 087 3 4R £ (Zhu et al. 2000)°A. tumefaciens

A VIrB/D4 i ki & d - - B 39 #rle s (VirB1-VirBll, VirD4) > 1335 4 $ F it frim
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¥ > IR #ri: (subcellular fractionation)z@ P! » izt A FlRE# a7~ 5 287 (1) F
w4 (VirB6-VirB10) : . % 34545+ > d VirB7 - VirB8 ~ VirB9 2 VirB10 % =
¢ & F 0E i (transmembrane channel) # 3 & % ﬁéiﬁé > VirB8~VirB9 %2 VirB10
Bt € 3 Ap % &2 VB8 iy e i ¢ VirB9 {r VirB10 145 & (Das and Xie, 2000;
Kumar et al., 2000) > @ VirB9-VirB10 .3 & $+% B id 48 » s g i 2% e (Cascales
and Christie, 2004a, b) ° VirB7 7 ¥ VirB9 ehi® * 5 & 38 28 % (Spudich et al., 1996;
Baron et al., 1997) » VirB10 %A it & cniE 3T 5 & (7. %ﬁrﬁ? % #2227 VirB7-VirB9
e4g & $ % & (Cascales and Christie, 2004b) - (2)% = (pilus).i = 4p i = > (VirB2,
VirB3, VirBS) : VirB2 § A it 3 #h o) & 4 e fpid 0 A A BS e $ 5 0 VirBS
Rl4e VIrB2 3 4p 15 % 3afp & VirB2 & & > 38R 7 it 5 B Bfcm@ X B (receptor) 4%
ff e + o (3)ic & #& E(nucleoside triphosphatases VirB4, VirB11, VirD4) : VirD4 % -
#® & v (coupling protein; T4CP) » ",f THEAREFREG BN B PNE A
2 VirB Z}_\W“rﬁé» kb ki & (Llosaetal., 2004) » % XE g ;ﬁ d VirD4 # # T 4%
PPN IR G e mfe [0 VIIBLL ) & F A 3 0N 2 VirB6 v VirB8 0 @
VirB4 82 i 72 ¢ 2 X fig & > RESEBH BB FAL R N~ F &8 VIrB6 fr
VirB8 ¢ 2 4 #-xX B 3% 1 =20 % R I (periplasmic) o ¢t Hoehk-v VirB2 - VirB9
@ i i I *¢ *b (Cascales and Christie, 2004a) °

T/ Ed AT A 2 E > & Xylella fastidiosa (Simpson et al., 2000) ~
Xanthomonas spp. (da Silva et al., 2002; Qian et al.,2005; Thieme et al., 2005) ~ Erwinia
carotovora (Bell et al., 2004) ~ Pseudomonas syringae pv. phaseolicola (Joardar et al., 2005)
- Ralstonia solanacearum (Salanoubat et al., 2002) ¥ {4~ J5 & AEFFERTF 52 A4
i i suendp B Ak F15% & o da Silva % 4 35 ) > X axonopodis pv. citri (Xac) 306 & § @ %
AVIrB/D4 % v A &4 b — B34S R > ¥ - 2R3 pXAC64 %‘r%ﬁ I
S B E a0 VirBS fo virB7 B B A F] 0 A FT AR I BFL 445 virD4 A F] (da Silva et al,,
2002) - @ X. campestris pv. campestris (Xcc) ATCC33913 R| X #% — £ VirB/D4 % % »

HAF#cp LR7DEEPE =3 Xac306 2 ¢ W F chdp e 0 i virB6 B A i'ff.‘ﬁ;%t“
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VirB/D4 cluster (da Silva et al., 2002) - X. campestris pv. vesicatoria 85-10 2 pXCV38
WH 5 - 2 Vi/Tra sh% w 4] 408 % 5o 0 7 0% it 7 it {o conjugation 7 B © %
pXCVI183 F48+ R+ 5 ¥ - % Icm/Dot Bow AL kM 8 % - P IRE Iem/Dot

EN R DA S o i R 7 4287 i - Xanthomonas 3k LEAy % B (Thieme et al.,
2005)

FRmE R RAY ST gFBN AR R RE NS E D F

Ao aBmAaFigptatd &réﬂv":}?ﬁ Ja 17 Bordetella pertussis #7 4 & e P
*% % % (pertussis toxin, PT) » ;R & & * 7 type [[ v type [V & fE 4 i ks> - kit
edk & ‘1‘5'3 g 12 I Fit g 2 (Pizza et al., 1990; Weiss et al., 1993) - X. campestris pv.
vesicatoria 1% = 314 0%k BL 5 o[ 3V Ak e s B E RF R 3o
o~ 2B e w e A Ak By G0 $F Xanthomonas 3 op AT GO BT L
- R o AT Y S HE4F e Xev Xvt]22 e Xev Xvtd5s AFEY Fm i se
A&k SeAp B enf Flle > H ¥ Xev Xvtl22 ervirB/D4 L Fllie T 2E i B o A k0
virB5 4 virB6 » H "L & B 7] {- X. campestris pv. campestris ATCC33913 (Xcc
ATCC33913) i 5 4p 0> @ Xev Xvt45 ervirB/D4 2 Flle s 7 = >4 o> VirB7 §e virD4»
Hovf fe B 514e X. campestris pv. campestris B100 (Xcc B100)%x % 4p i » Xcv Xvtd5 eh
virB4 £ virB11 A F1 R 1k o el B e F R Fend £ £ B 2 Xev Xvtl22
virB4 & VirBIL A F1R A0 B R pip il HF AR > B ER R Fd £ 40

’ﬁ fPﬁ;IJ T/E‘ * o
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32 Hite =
320 BREK FH - AN ERE

A AR RS TR 2 3 KR A w73t 4 3-1 - Escherichia coli 12
Luria-Bertani (LB) medium 33 % ** 37 °C - Xanthomonas {#k ™ Luria-Bertani (LB) ¢ 523
medium (sucrose 10g/l, casein hydrolysate 8g/l, yeast extract 4g/l, K;HPO4 2g/l,
MgSO47H,0O 0.3g/1) 2 &3 28 C - BB & A&7 Z R % 5 HER A 4T
ampicillin (Amp) > 100 pg/ml ; Chloramphenicol (Cm) » 12.5 pg/ml ; gentamycin (Gm) >

10 pg/ml ; kanamycin (km) » 50 pg/ml ; tetracyclin (Tc) » 20 pg/ml °

3.2.2 £ = DNA HjiF

FRREATY AR nE IR A P 35 0 A4 BT DNA 2 3 B~ (chromosome
or plasmid DNA extraction) » *T4|f% % 1731 * (restriction enzyme digestion) > "4 8 7 A
% (agarose gel electrophoresis) » DNA 41 % > DNA % E w4z (gel filtration kit,
QIAGEN Chatsworth, CA) » CaCl, i* & = ;2 2. F#8#2iv* (transformation)® % %
Sambrook # 4 #7if 2. > j* (Sambrook et al., 1989) > & 7 7'/ {345 Bio-Rad I i
GenePulser & * £ P Hf (¥ & ¥ % 2 40 & & (Polymerase Chain Reaction, PCR)#7 %

513 R 7 & 32

323 % MAFR 224

FHERY - FHEES 222278

324 HE £ F & (Colony hybridization)

FHERE - RHEE S 22 2208

3253 > #&F & F & (Southern hybridization)
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3.2.6 - 2RI R 2k Xvt122AvirB4 {- Xvtd5AvirB4 2 € = F#f

W% 51473 E 5 Rho-independent transcription terminator 7 nptll & F]1B~ % virB4
# %] (Beck et al., 1982; Alfano et al.,, 1996) - 5 L3k 3+ 7 Xbal/ECORI *7 i ¢35 3+ #F
pXvt122-VirB4-Xbal-F/pXvt122-VirB4-ECOoRI-R - 2 5 %8 pNCHU1287 % #-4x » 3 i
1.2 kb Xbal-EcoRI =virB4 z #] 1+ 755 £ » ¥ iE 783 pCPP2988 § 48 - ¥ 1 € ' T #
pNCHU1699 - % 3+ %z Xhol/Kpnl *7 i+ &5 1 % 4 pXvt122-VirB4-XhoI-F
/pXvt122-VirB4-Kpnl-R > 12 F 4 pNCHU1287 % 4% > 3 75 ) 1.2 kb Xhol-KpnI £ virB4
)T E N B 1 5 pBBRIMCS-5 §4 48 - 7 | € e {748 pNCHU1700 £ = & 57
%8 pNCHU1699 i 7 2.7 Kb Sacl-Sall £ 3% £ 54 pNCHU1700 » ¥ 3| & ‘= 48
pNCHU1701 ¥ 5 Xcv Xvt122 virB4 A Flax 4 2. R 2 [T~ 1449 o % HE 5 Xev Xvtd5
VirB4 A T4k 4 2 R ¥ Atk (XVt45AvirB4) > g A3k 3t 7 Xbal/ECORI *7 i3]+ 4
pXvt45-VirB4-Xbal-F/pXvt45-VirB4-ECORI-R » 4 %8 pNCHU1271 % it > 8 g ) 1.2
kb Xbal-EcoRI & virB4 z ¥+ 255 f > ¥ E 5w >> pCPP2988 4 » ¥ 3| € = [ #d
pNCHU1705 - % 3+ 2 Xhol/Kpnl *7 i+ 751 3 4 pXvt45-VirB4-Xhol-F
/pXvt45-VirB4-Kpnl-R » 2 548 pNCHU1363 & #i-4+ - 3 & 11 1.2 kb XhoI-Kpnl £ virB4
B F)T A5V B0 2 iE 7 pBBRIMCS-S 448 0 #7 3] & 2 {48 pNCHU1706 = £ = & fF
%8 pNCHU1705 £ 7 2.7 Kb Xhal-Xhol # £ 3% &t F 48 pNCHU1706 » ¥ 5| £ ‘2 548
pNCHU1708 ¥ 5 Xcv Xvt45 virB4 L Flax 2 2 R F 4 - 513 B 7171304 320 5
¥end mEF A 5342 (Bio-Rad 1 Fi 7 GenePulser) ¥ » Xcv ¥ 2 Ftk > %[
F® 7 Kmfe Gm ¢0523 BRI 23 0 B0 28C8 %923 2 > L8 - 7
Firrihe Bk o HE - FEAN I Kmeh LB ERY 0328 TTafuits
AT X NBRFERKRKFE T Km 523 AR A4 W 28CRr A1 42 - 7%
o BEEANENZKn 2 FFZ KmfrGm 2 AR 2 A E028CH A

80 & E ET Km 3 fuftd 3 Gm iz § b ch ik s 4ot 7 @R A N THOR
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FATIED IS IR W 2 FR (XVt122AVirB4 ~ Xvtd5AvirB4) o £ s 2 sk
EFEIRR BRAE AoFp P AL (Huang et al., 1988) °
3.2.7 ##.Iﬁt e R %R Xvt122AvirB11 {- Xvt45AvirB1l 2_ € e ?”fﬁ

W Xev Xvtl22 hvirB11 2 Flak % 2 R % Fix (Xvt122AvirB1l) » 7 43K 3 3

Xbal/HindIII *7 i+ 51 + %t pXvt122-VirB4-Xbal-F /pXvt122-VirB4-HindIII-R > 12 5 %8
pNCHUI1286 % #i4 - % g 11 1.2 kb Xbal-HindIIl s virB11 £ F] F 75 % £ > T 3F 78 3¢
pCPP2988 {48 - ¥ 3| £ = {48 pNCHUI506 » % 3+ 3 Xhol/Kpnl *» i= 3l 3 $f
pXvt122-VirB11-Xhol-F/pXvt122-VirB11-KpnI-R » 2 & %8 pNCHU1286 = ficts » H# 15 I

1.2 kb XhoI-Kpnl £ VirB1L fk #]F % & B » & 3% 7% pBBRIMCS-5 448 » 7 3] € &
%8 pNCHU1507 » £ =t j< & 48 pNCHUI1506 £ 7 2.7 Kb Xhal-Xhol 7 3% & 548
pNCHU1507- {7 3| £ = F % pNCHUI1508 ¥ % Xcv Xvt122 «virB11 & Fléx £ 2 R %
o - A Xev XvtdS hvirB1L A& Flak % 2 R % FjtA (Xvt45AvirB11) » § £ 4] * 2
#|f+ Sacl/EcORI » € B %8 pNCHU1394 # B~} 1.2 kb Sacl-EcoRI 1 virB11 z F] | 7 7
B0 3 3E 7 3t pCPP2988 i\‘ 1 # 3£ e 1 pNCHUI1502 - %3+ 7 Sall/Xhol *7» iz &
313 % pXvidS5-VirB11-Sall-F/pXvt45-VirB4-Xhol-R » 1 % 4 pNCHU1271 3 447 » 5
gt 1.2 kb Xhol-Kpnl e virB11 A F] 7 5 & g » 1 ¥ 78 % pBBRIMCS-5 {48 - {7 7

€ ‘o 78 pNCHU1503 » £ = j€ 8% pNCHU1502 :F 78 2.7 Kb Sacl-Sall & £4% £ 3§

i pNCHU1503 » # | £ % j7 % pNCHU1504 ¥ % Xcv Xvtd5 VirB11 fh 4k % 2 % &
FR e 315 B 4 320 RE A R T e S T3 ok R 8

ZE IR AR (XVt122AvirB11 ~ Xvt4SAvirB1l) > £ 11 B je £ 2 i R AT

o9 B AR AL o

328 Fifm R 2

FERE - RHRE 2222124
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33 %%

331 EA el lm ﬁ'f'i.ﬁ;f_,%é-:)ﬁs 7 Xev Xvtl122 fo XevXvtdS 5w 3] 4 ik Sup B AL F)

50 iE7 Xev Xvtl22 o XvtdS Fw 31408k Sudp b ek Flle s 145 e B 4 o
Xac306 v Xcc ATCC33913 1 virBl 7 #] (da Silva et al., 2002) > k- 2313 %
pVirB1-F-Ndel/pVirB1-R-ECORI » 12 Xcv Xvt122 fe Xvtd5S e ¢ 48 DNA 5 #fF i (7
PCR F J& > &3 tg 2 1.1 kb eravirBL A F1 5 £ 0 & é’?ﬁ*“pGEMT?W W IE B
£ pNCHU1103 4= pNCHU1186 ° 2 Dig &Rt e virBL L 7] # £0§ (T35 4 1L v R &
B oA FXevikiTa 2 e B P Xvtl2 - Xvi28~ Xvt48~ Xvt122 ~ Xvt185
Xvpl69 ~ Xvpl82 ~ Xvpl86 ~ Xvpl94 2 Xvpl97 % Fr B>t A # (X euvesicatoria=X.
axonopodis pv. vesicatoria) » £ Bk & fEie * 0 @ Xvt45 ~ Xvtd6 ~ Xvtl47 2 Xvtl148
2 ARG B ¥ (X vesicatoria) » # ks A fEis 4 (& 3-1) o 4oB] 3-1A #T o
1Xvt122 VirBl A F 5 R4 G R AF SRR 25 9 kb At R virBL A7)
VLB @ BEGOFKR S NI T E 2k - Y B S P EE S F VirBLA
FIRE o £ Xvt45VirBL A F] 5 R 487 S j2 8 A 470 4o 3-1B #for 0 7 ko

HORRY &5 3 kb edt IR VIrBL A Flemu gl o d 1 P B % F Ao Xev Xvtl22 e
Xvtd5 e & WA F 5 2 % e A4 0 5 Suip b ehvirBl AL %) 12 virBl A F) G R4
TSR ROFREAS DA B AHE A% T ed FikovirB/DA A Fle b

etz E 3 AR BHETE LG = virB/D4 A Fliefodp b A FlEE 7R

Fv

PR B EAR M AT kR -

FI#* EAE I HVIrBL AT 5 3F4E 0 WFRFESE F RS *}?ﬁﬁ+vatl22(A )
A TR ¥ & E VirB/D4 cluster » {8 I4E » F % 0] %) 18 kb #iE 7tk pNCHU1286 - 2
TOER P~ B B EcORI e HindII &7 18 > #1783 1.5kb~2kb~25kb~6kb ~
1.5kb 2 44kb &= F & (d 2333 L 38)=x:E 7 2 pBluescript II SK #“ 48 » 4 w17 7

pNCHU1294 ~ pNCHU1293 ~ pNCHU1292 - pNCHU 1287~ pNCHU1295 2 pNCHU1291 »
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# ¢ # pNCHUI287 (4 6 kb 48 » ¥ )2 HindlIl 4r Pstl #* 15 » @ ] 2.2 kb~1.3 kb
2 21kb % = % £ 2 %% % @ 5 pNCHUI1288~pNCHU1289 2 pNCHU1290 (% 3-1+
B 3-2) > bt B ABI3700 2 (7 2R (P A E A B HHFEY )

iz * E 5 anvirBL AT 5 e L EERE F B f?%i%&mXVMS(B
) FIRE ¢ & iF virB/D4 clusters 17 ¥| insert 7 £+ ¢]- %) 30 kb =% 78 $x pNCHU 1224
72 ECORI #*7 % » #7183 13.2kb~6kb~7kb~2.6kb~22kb~5kb~12kb %2 2.8kb
EARER (4 233 4 #8)=xE % 3 pBluescript II SK #4 %8 » 4 %] {¥ ] pNCHU1271 -
pNCHU1363 ~ pNCHU1364 ~ pNCHU1269 ~ pNCHU1268 ~ pNCHU1272 ~ pNCHU1267
2 pNCHUI270; # # # pNCHUI1363 (5 6 kb 4% » % £2)12 ECORI fe HindIIl £ *» % -
@313 kb~17kb % 3 kb % 3 % £ > £ =x:E7 173 pNCHUI389 - pNCHU1388 %
pNCHU1387; # pNCHU1364 (3 7 kb 45 » % f2)12 ECORI 4+ BamHI # > 1 » 7 ] 3 kb
fe7kb % = # E > £ =xiE 72 7 7] pNCHU1390 v pNCHU1391 (# 3-1~ §] 3-3) > -+

W A ABI3700 2 F 2R (P B FA S PHFREY ©)o TESEHT

\N

pNCHU1224 £ 78 th I A jd E #75 5 VirB/D4 cluster > £ =t j€ ZA FIRE ¢ &F:E D:E 7 4k
pNCHUI1394 > =t £ 78 11 4.7kb e HIndIIl * £ > ¢ 7 7 virBl { } #5eh% 3 (% 3-1 -~

B 3-3) -

3.3.2 304t b I B Xov Xvt122 $ 2 302 50 3 Spp B ek Flie
P HEEFEDNAAFRS[EE S 0 JI* vector NTI (Informax) ~ NCBI i ¢

(http://www.ncbi.nlm.nih.gov) % SDSC Biology Workbench KR 1 S

(http://workbench.sdsc.edu/) #23:%iE 74 47 o ~ 7% % &+  pNCHUI1286 # 7 - = B

= B enfg $42 2 (open reading frame, ORF)> = # 7 % & engg =28 > ik & 5 VirD4 (7

%= %)~ VirB7 -~ VirB8 ~ VirB9 ~ VirB10 ~ Vir B11 ~ VirB1 ~ VirB2 ~ VirB3 ~ VirB4 ~ Hypothetical
protein XCV2804 ~ Alpha-glucosidase ~ Hypothetical protein XCV2802 ~ TonB-dependent
outer membrane receptor ~ Putative alpha-glucosidase (7 = %) (% 3-3 ~ B 3-2) o B = ji_

Xev Xvt122 zK FIRE 55 3k ehvirB/D4 zh Flle 1 2o o 4% 0 virB5 2 virB6 & F]
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m VirD £ 5 C =% 154 Brejipk > 2 %ffk A 74 X. campestris pv. campestris
ATCC33913 (Xcc ATCC33913)di 5 4p (# 3-3) o #-Xcv Xvtl122 hvirB/D4 4 #) e fr
H s o g £ 2. Xanthomonas spp. T+ #i (% 3-5) > 2 % & 51 4+ Xanthomonas spp.k
LG virB/DA A Flle s e 38A R & Xev Xvtl22 £ VirB/D4 MR e A 7 {r i i
Xanthomonas spp.2- & 37~100 %e«4p i & - 2 ¢ 4o X albilineans 4p i & g2 2 i< > e i
% 50~80 AF At edp iR o Fs 4 aE > Xev Xvtl22 & 4e Xev 85-10 B A
FRR O RABAEI]Y E G 2040 BF At codp il R o Xev 85-10 0 virB/D4 A Flle
H > 38 kb 7 F 48 + (Thieme et al.,2005) » 4F # > A F148 & 7% 3> & Xcv 85-10
R ¢ MG < B virB/DA ApBE A F] > &~ %) & virD4 ~ virB8 ~ virB9 2 4 % virB6 - %
7VirB6 o H & L Flete lfg B S| B He Xev Xvt122 i 99~100 %eridp i R o

TP om e g TR R 0 Xev Xvtl22 ¢ virB A& FlEicfrt 2% B e Xee
ATCC33913 4p I+ (da Silva et al., 2002; Zhao et al., 2005) - da Silva & 4 (2002)4p 1 Xcc
ATCC33913 1 VirB/D4 2 F] &4 > virB5 fe virB7 & B £ %] > @ VvirB6 -3t virD4 ¢
Mo eI 7 ?f?‘ﬁ%t“ VirB/D4 3 Fle > 3 5 Xev Xvtl122 2 virB5 £.F 5 % > @ virB6 4_
T tvirD4 F 5 W ZiE- HETEF o 1Y Xev Xvtl22 20 virB A FIEE AR B P % >
% Fe 3t Xev 85-10 548> B 8 B & VirB2 - VirB4- Site-specific recombinase ~ Hypothetical
protein ~ Hypothetical protein ~ Tn5045 transposase ~ Hypothetical protein ~ VirB5 ~
Hypothetical protein ~ VirB6 ~ VirB8 ~ VirB9 ~ VirB10 ~ Vir B11 ~ VirBl % L %] » e &
3% 78 7| VirB3 v virB7 £ 7] -

Xev Xvtl22 % 7 7%= VirB4 2k 7)1 Hypothetical protein XCV2804 ~ Alpha-glucosidase
Hypothetical protein XCV2802 - TonB-dependent outer membrane receptor * Putative
alpha-glucosidase 7 B #-v i F]» H & ol fh A 7| P fv Xcev 85-10 i 99~100 %<
Fpi R et Xov 85-10 Ftk v ipdt A FE #3044 W VIrB9 F 5 R E 0 2 VIrB9 A
FIF & 7 = 1 IS1477 transposase cnf 7| » e izt A F) 25 IR A Xev 85-10 F 4

1 VirB/D4 # 2 % 5
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3.3.3 o4t o I8 B Xev Xvid5 8w 314 56 % sidp M chlh 7 o
H_Xvta5(B #)A FIE ¢ & 1158 F VirB/ID4 cluster #1€ o 48 pNCHU1394 4

pNCHU1224 > ' f2 K &2 v #4152 % &g o7 ¢

S

¢ 5= Lo BRSNS (open reading

frame, ORF)> - # % % B e F4=2 > & & 5 VirB8 (7 = #)~VirB9~VirB10-~ VirB11 ~
VirB1 ~ VirB2 ~ VirB3 ~ VirB4 ~ Hypothetical protein xccb100 1686 (VirBS) ~ VirB6-like
membrane protein ~ Hypothetical protein XAC2611 ~ VirB6-like membrane protein ~

Hypothetical protein xccb100 1688 ~ Hypothetical protein XAC2610 ~ ISxac4
transposase * Alpha-glucosidase - TonB-dependent outer membrane receptor - Putative
alpha-glucosidase * Hypothetical protein XAC2598 ~ Transport protein ~ Cyclomaltodextrin
glucanotransferase precursor ~ Maltose transport gene repressor » Threonyl-tRNA synthetase
(% 3-4~B 3-3) B w & Xev Xvtd5 AL FIREE 78 I Kk envirB/D4 L Flie 7 2Lz B> e
W AEAT] VirB7 ~ VirD4 - @ VIrB8 £ 5 C =3 175 Bk » B =i mik A 74 X
campestris pv. campestris B100 (Xcc B100) & & 4p 2 » A -7 90~100 %<=i4p 02 & (% 3-4) -
#-Xcv Xvt45 ervirB/D4 8 Fle 4r Xev Xvt122 2 H s & 4F 4 2. Xanthomonas spp. i+t
(4 3-6) > Hoi i B 5|7 F iE 80~90 S| & v e i & > o X. albilineans 4p iz
R BEFLK > (L 5 iEG 50~80 B E At g iR 0 B Rd o e Xev 85-10 FAE L i
Fe B 7 5 5 20~40 B At edp i R o @ 82 Xev 85-10 4 ¢ %2+ VirB8~VirB9 2 VirB6
A Bl G 66 % ~ 88 Y%fr 39 Yosrigp i B o

vop e g e E AT 0 Xev Xvt4S i virB A Fllicfedt 7 B fe Xcee B100 -

Xac306 %4piT (da Silva et al., 2002; Zhao et al., 2005) » & Xcv Xvt45 f= Xcc B100 -
W B VIFBT > § 5 Xov Xvtd5 22 VIFB7 7 i fest =2t VirB8 o A F ik - HEF o
Tz RAREF R AR L% 5 0 XeeB100 ® 5 — 1 copy s VirB6 > & Xac306 7 =

i# copy 2 virB6 > = B virB6 P 4& » 7 4F B B A F] > @ Xev Xvtd5 B2 X2 5 = B copy
eVirB6- e = i virB6 ¥ ¥ #& » 7 — B Hypothetical protein XAC2611- ¢+ ¢+ » Xcc B100
fr Xac306 7 ¢ pFE 3 Xcv Xvtd5 ?f?%%VirB6 H @ 2L VirB/D4 & Flie ik 7> H A

FLE 20 R fo Xov XvidS 47 iz 215 G VirB6 & LApFE = (Xee B100)# ~ (Xac306)
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B2 Fig 0 B e B 7B o Xac 306 B 5 48 11 (% 3-4) o

3.3.4virB4 fr virB1l A F1# & 2L ARG KRB A

BN e S R ﬁttﬁz%ﬁrs 7] VirB4 o virB11 7 F] & $ &7 5% )J% 2 R T T
A VirB4 e VIrBLL A T4 4 2 RRAKRIE- KA e Kk E 7 L
Rho-independent transcription terminator =3 nptll & F]B~ % virB4 4 virB11 L %] (Beck et
al., 1982; Alfano et al., 1996) » 4r@l= ~ = #777 - AW THORZAFE D 72 Fix
% d M2 FIR (XVt122AvirB4 ~ Xvt122AvirB11 ~ Xvt45AvirB4 2 Xvt45AvirB1l) » 12
B REZARRER IR TR ARERF ARG AL 2 R
4 o

BOARDE 4 AR(Xev Xvtl22 ~ Xev XvtdS) e virB4 o virB1l A Fl4k 4
(Xvt122AvirB4 ~ Xvt122AvirB11 ~ Xvt45AvirB4 ~ Xvt45AvirB11) # # @iz & 5x107 > #-
B k3o (Bonny Best L305) ¥ ¥ izt i ¥ 20 £5 15 0 B TE BB pMOE B
BE AT Xov Xvt122 &€ % - & B :}]%:fﬁﬁi:/? W23 FE I v &P }]ia;}ﬁ&
Z 5~6 @ Xvt122AvirB4 » Xvt122AvirB11 # Iﬁaﬁ:m"} g% e Xev Xvt122 T2 3
BMELG I 5e 2 AE P poay © iE 40 %60 % (B 3-4A) o PR HR & 73
4 A Xev Xvtd5 ~ Xvt45AvirB4 ~ Xvt45AvirB1l eivigsk ¢ » i eae & ¢ > g2
? e FtR et tR 0 B pdp B 2~3 R D 560 AR AP L B (R 3-4B) ¢

- HAHERETFLGIES N ARG 10° cfu/ml 2_ ik & /3 6% 3 4
GE P & Xov Xvt122 ShE F 0 FE 2&;103i#¥e7fé§?3 %o fed 3 10107 A &
8 Xvt122AvirB4 » XvtI22AvirBIL shE & » B 8 2 2 & i 100 gz 973 4% 1
NAS5B 2RI 57 2 ZHRIEFHRIBARRLG S HRADFHEL L > By T FRR
Fiaond LR NI A R (B 3-5A) 0 H - HET RBHRE £ £ D]

g ﬁ’j‘h‘ﬁ (ECW30R) it 7l thordifliidsh > 8 % 87 o #fd Xev Xvt122 g & 0 7

g
F,t
—
S

(98]
A\-\
\ 0"

@ sl 5 10°> @ #fd XvtI22AvirB4 hE ¥ FE 5 107 P A

010 B 0 @ FE4E XvtI22AVirB1L chE Y > B R 2 4 i 1005 gz 9% 4 k5% X
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100 & » BLED %2 X 0 3246 Xov Xvt122 chiE ¥ FEB © 3£ 107 @ Xvtl122AvirB4

AT 2 EbnbrgE R oo 2 I 4 R ATE 11 30 B 0 XvtI22AVirBlL FEFH A L o

TR thG 30 B2 4 (B 3-5B)e L HEA L P M ARG HF A A Xev
Xvtd5 ~ XvtdSAvirB4 ~ XvidSAVIrBIL sigs @ - &% = % > Xov Xvid5 FE 24 £ ¢
107 2 5 10°~107 > % = % 2 10" @ Xvtd5AvirB4 ~ Xvt4SAvirBll £ 4 & 4%

Fe Xev XvtdS & - ke (B 3-5C) -
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3454
RycmFp It TR & ®% N F R TR FIES P o U S B R

M wmEpag Bl HE % L R4 5 5w 3452k 54 Pseudomonas syringae
s pPT23A 7% 4 (pPT23A family plasmid, PFPs) » F1& § i & § #2ehdd & AR
Lt PHRFRELR LS > 27 PFPs e/ 7> MG 7 A AAFE L oy
2 A & 3k 5o pPSRI (P. syringae pv. syringae) ~ pPh1448A (P. syringae pv.
phaseolicola) - pPMA4328A (P. syringae pv. maculicola)=n% v 4] 4 4 & 3L/ TVA
4> &2 A. tumefaciens virB/D4 A Fl 4p ¢ - @ pDC3000A 4= pDC3000B (P. syringae pv.
tomato DC3000) 7] &>+ IVB A]-tra & 3t (Zhao et al., 2005) = 3T S & d 3> K Fl e f2 F ep
Peid 2B 0 p I & Erwinia ~ Xanthomonas fe Xylella # 5.4~ 5 & Fei 48 7 %

3 % ow A Ak kiendp B A F] o @ X, campestris pv. vesicatoria 85-10 > “,!rt S
pXCV38 48} 5 — & VirB/Tra 4 5L e d #8- FRF NP VIB A FF > & 2 -
H. pylori ~ L. pneumophila 1% w 2] & 3 % SR E o G304 & 48 > f % 2L 17 &
#% 4 ¢ % DNA 7~ % 23t X, campestris pv. vesicatoria 85-10 » Xcv 85-10 = pXCV183
R v mF 5 - 2 L pneumophila &0 icm/dot & #]1% (Thieme et al., 2005; Sundin,
2007) -

X. axonopodis pv. Citri 306 £ F & £ % w A 4k kLo ¥ 3T VirB/D4 i s -
PRy o ¥ - 2R pXAC64 FAE - @ X, campestris pv. campestris
ATCC33913 RIF #F - 2 % w A48 ks> 73t VirB/D4 k%t (da Silva et al,
2002) - &% 7 4 B X. campestris pv. vesicatoria Xvt122 (X. euvesicatoria=X.
axonopodis pv. vesicatoria) f= X. campestris pv. vesicatoria Xvt45 (X. vesicatoria) =%
¢ B30 B VIrB/D4 ¥ m A4 ik B Xev Xvt122 VirB/D4 f 7 e s i it B 71 e
A F1# 7 B e Xee ATCC33913 # 4p i (8] 3-2) > @ Xev Xvtd5 B4 Xee B100 -
Xac 306 $ix 5 49317 (B 3-3) o = Xev Xvtl22 VirB4 7 P5en i 71 > g2 3] 2 en

Hypothetical protein XCV 2804 > it ¢ pF» b ¥+ 3] X. oryzae pv. oryzae {= Ralstonia sp.
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F it % B 1 transpoase ' % IS4 family » e §_B 4% % (truncated)shd-v > @ Xcv
Xvtl122 VirB/D4 £ F1%2 G+C 32 & % 504 % » H A7 A FenG+C 2 £ R 5 62 % o &
17 Xev Xvtd5 VirB/D4 L Fle ™ 253/ 71 > 7 £ 5 ISxac4 transposase * # G+C 7 £ &
56 % 0 » B HE AT A FHGHC F £ 62.5 %5 K o ¥ A Xev Xvtl22 4 Xev Xvtd5
1 VirB/D4 A Flle £.d H s A5 kT AT A % (Hacker and Kaper, 1999) ©
B2 Aleng e A 408k 5L i A tumefaciens T-DNA i % & 5t > A, tumefaciens {1

* VirB/D4 i ¥uk-rd g AL Fi¥ 848 7 dm e @ g = 8% (crown-gall tumors) (Zhu et al.
2000) » VirB/D4 % = 4| & iz & 3@ > VirB4 ~ VirB11 v VirD4 £_F§ 128 B chle = §-
8 > £ 3 NTP-binding domains » %8 ¢ % stk & 2 it £ 3% & (Lietal 2005) » # Xcv
Xvt122 fe Xev Xvtd5 chvirB/D4 £ Flie e 2 H s @ 3 £ 2 Xanthomonas spp. T+t f& (%
3-5~ % 3-6) > /¥ VIR VirD4 ~ VirB4 ~ VirB11 & 5% F 25 B > 32 90 B p vt
4P i 42 o Qian & 4 (2005)4 45 X. campestris pv. campestris 8004 £k F] i F AL 17 Fr
Xcc 8004 1 VirD4 2 VirB4 3-v > 4 W& 3 TraG/TraD §- ATPase 77 domains ° & H.
pylori §= A. tumefaciens # - iz % B F-v & % NTPase 1% it 3§ ¥ % & F]+ (coupling
factors)end ¢ o iy FT et mEE2 F o 5 i~ o sidsg (Israel et al, 2001; Cascales and
Christie, 2003) - #- Xcc 8004 virD4 {=virB 2 Fle % 9 B A F] 23R 5 “,% fs 2. R F iz
B RS R S RE D BPRHE L B Rp - (Heotal,2007)s 257§
7 E E - Xev Xvtl22 fr Xev Xvtd5 chvirB4 2 VirBIL A F:E 7 R ¥ - =R HEHF A
HavtEd o4 2 R S % B 0 Xev Xvtd5 hvirB4 {o virB11 & F1R #4k 0 Hp
[{{m@féf?}?ﬁ}ﬁ' Fled i p et £33 B (B 3-4B ~ B] 3-5C) - & Xev Xvtl22

virB4 v virB11 A F1R %k B fﬁ’aipﬂz/ MEARL (B 3-4A) LHER

Hehd £AER #4105 (B 3-5A) > B drdioe® A% 2 A ECW30R ¢ { 5 ag
(F13-5B)  Xvt122 % I & 4 F Juve 7 b 2.3 FIT4SS £ 8 asffat (7% » 5 @45

3t © #]4r > Mesorhizobium loti R7A #74 i s B % Lotus corniculatus 5.4~ ¢ 2 # &
A 1 12k op R F B~ #F Liucaena leucocephala # i § Frd4ede b K 5@ §Tes

% o # M. loti R7TA % 2 § % (symbiosis island)_* # virB/D4 £ F|i % %15 » ¥ L.
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corniculatus 184~ ¢ u£ B35 (¥ * > w4 L. leucocephala Rlic § xed 4 435 (5%
(Marie et al., 2001; Hubber et al., 2004) -

L. pneumophila #7& § ¢ Dot/lem % w 4| & i % 5t I B0 E 3 & fo B 3% chet i
(Nagai and Roy, 2003) > @ H. pylori fp Fres @ R epd e 3|48 kA RFEE 7 bk
¢ s Cag A it i S f F 40t CagA I 7 w2 > @ Com i LR * ket DNA » 124
i# A Fle e gk §Te4 e 33 % (Dhar et al.,2003; Ding et al., 2003) - Bartonella 7
& Trw v VirB/VitD4 & & % » 4] &8 kbl pFiE® > o i 20 # cniz » 2w 3§
(Schuein and Dehio, 2002; Seubert et al., 2003) - Burkholderia cenocepacia strain K56-2
% B4« PtwT4SS & VirB/D4 fr F-specific ¥ = m«%‘,i & & %o ptwD4(VirD4-like) £
R G IR L R ER B ANA 2 B A S e A4 L R
VirB/D4 4p i1 R 4 E 3 § B4 R (Engledow et al., 2004) - X. campestris pv.
vesicatoria 85-10 (7 pXCV38 H 48+ 7 — & Vir/Tra < T4SS » /% chrs 50 ¥ e frdz &
% 5 M > & pXCVI83 FH#EF A+ 5 ¥ - £ Iem/Dot T4SS > =& % - tRF M E
Icm/Dot T4SS 8 T R 7 * 42#] 7 & f- Xanthomonas 3% i %% B (Thieme et al,,
2005) o =3+ Xev Xvt122 4r Xev Xvtd5 ¥ 60 VirB/D4 % w 4] 4 ik s> HOoRfl B 7))
e Xcv 85-10 ¢ Vir/Tra & 528 5 20~30 %c:otp v & » 3 3 VirB/D4 A Flie i Xev
Xvtl122 foXev Xvtd5 ¥ #rgriend & > B f FREEY X FBESRPEEG S ﬁ
Foaw o BEEE- B o Xev Xvtl22 fr Xev XvtdS & F » fr Xcv85-10 - # > £ 5 ¥

- ¥ Dot/lem /& %¢ > v VirB4/D4 i 5355 T 3 fp R FRp 4 o § ER HREP o
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Table 3-1. Bacterial strains and plasmids used in this study

Designation Relevant characteristics Source or reference
Strains
E. coli
DHI10B endAl hsdR17 recAl rel 4 A (argF-lacZYA)U169®80d lacZAM15  Life Sciences
Technologies
(Gaithersburg, MD)
EPI300™ E. coli carrying inducible trfA gene for amplification of high copy ~ CopyControl™ BAC
number. Used for genomic DNA library. Cloning Kit
(Epicentre)
X. c. pv. vesicatora
Xvtl2, Xvt28, Xvt48, Wild types isolated from tomato, classified into group A, no Hsu (1998)
Xvt122, Xvt18S5, amylolytic activity
Xvpl69, Xvpl82, Wild types isolated from pepper, classified into group A, no Hsu (1998)
Xvpl186, Xvp194, amylolytic activity
Xvpl97
Xvtd5, Xvt46, Xvt147,Wild types isolated from tomato, classified into group B, Hsu (1998)
Xvt148 amylolytic activity
Plasmids
pBluescript I SK*  ColE1 mes-lacZ, Ap" Stratagene
pBBRIMCS-5 A broad host range vector containing lac promoter, compatible to Kovach et al. (1995)
IncP, IncQ, or IncW group plasmids, Gm"
pCCIBAC™ Used for construction of genomic DNA library, Cm' Epicentre
pGEM-T easy T/A cloning vector, Ap" Promega Inc.
pDrive T/A cloning vector carrying T7 & SP6 RNA polymerase, Km', Ap’  Qiagen
pCPP2988 pBluescriptll SK™ carrying 1.5 kb HindIII-Sall terminator-lacking  Aflano et al. (1996)
nptll gene fragment from pRZ102
pNCHU1103 1.1 kb pVirB1-F-Ndel/pVirB1-R-EcoRI-generated fragment This study
containing virB1 from Xcv Xvt122 cloned in pGEM-T easy
pNCHU1186 1.1 kb pVirB1-F-Ndel/pVirB1-R-EcORI -generated fragment This study
containing VirB1 from Xcv Xvt45 cloned in pGEM-T easy
pNCHU1224 30 kb EcoRI fragment containing virB1 from Xcv Xvt45 cloned in ~ This study
pCCIBAC™
pNCHU1267 1.2 kb EcoRI fragment from pNCHU1224 subcloned into This study
pBluescriptIl SK
pNCHU1268 2.2 kb EcoRI fragment from pNCHU1224 subcloned into This study
pBluescriptll SK
pNCHU1269 2.6 kb EcoRI fragment from pNCHU1224 subcloned into This study
pBluescriptll SK
pNCHU1270 2.8 kb EcoRI fragment from pNCHU1224 subcloned into This study

pBluescriptIl SK
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pNCHU1271

pNCHU1272

pNCHU1286

pNCHU1287

pNCHU1288

pNCHU1289

pNCHU1290

pNCHU1291

pNCHU1292

pNCHU1293

pNCHU1294

pNCHU1295

pNCHU1393

pNCHU1363

pNCHU1364

pNCHU1387

pNCHU1388

pNCHU1389

pNCHU1390

pNCHU1391

pNCHU1394
pNCHU1502

3.2 kb EcoRI fragment from pNCHU1224 subcloned into
pBluescriptll SK

5.0 kb EcoRI fragment from pNCHU1224 subcloned into
pBluescriptll SK

18 kb EcoRI fragment containing virB1 from Xcv Xvt122 cloned
in pCCIBAC™

6 kb HindllI fragment from pNCHU1286 subcloned into
pBluescriptll SK

2.2 kb PstI-HindIII fragment from pNCHU1286 subcloned into
pBluescriptll SK

1.3 kb Pstl fragment from pNCHU1286 subcloned into
pBluescriptll SK

2.1 kb Pstl fragment from pNCHU1286 subcloned into
pBluescriptll SK

4kb EcoRI fragment from pNCHU1286 subcloned into
pBluescriptll SK

2 kb EcoRI-HindIII fragment from pNCHU1286 subcloned into
pBluescriptll SK

1.2 kb EcoRI-HindIII fragment from pNCHU1286 subcloned into
pBluescriptll SK”

1.5 kb EcoRI-HindIII fragment from pNCHU1286 subcloned into
pBluescriptll SK

1.3 kb EcoRI-HindIII fragment from pNCHU1286 subcloned into
pBluescriptll SK

17 kb EcoRI fragment containing VirB1 from Xcv Xvt45 cloned in
pCC1BAC™

6kb EcoRI fragment from pNCHU1224 subcloned into
pBluescriptll SK

7kb EcoRI fragment from pNCHU1224 subcloned into
pCCIBAC™

3 kb EcoRI-HindIII fragment from pNCHU1363 subcloned into
pBluescriptll SK

1.7 kb HindIlI fragment from pNCHU1363 subcloned into
pBluescriptll SK

1.3 kb EcoRI-HindIII fragment from pNCHU1363 subcloned into
pBluescriptll SK

3 kb EcoRI-BamHI fragment from pNCHU1364 subcloned into
pBluescriptll SK

4 kb EcoRI- BamHI fragment from pNCHU1364 subcloned into
pBluescriptll SK

4.7 kb HindllI fragment from pNCHU1393 subcloned in pSK

1.2 kb SaclI-EcoRI fragment from pNCHU1394 containing
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This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study
This study



pNCHU1503

pNCHU1504

pNCHU1506

pNCHU1507

pNCHU1508

pNCHU1699

pNCHU1700

pNCHU1701

pNCHU1705

pNCHU1706

pNCHU1708

upstream region of VirB11 from Xvt45 cloned in pCPP2988

1.2 kb pXvt45-VirB11-Sall-F2/PXvt45-VirB11-XhoI-R-generated
Sall-Xhol fragment containing downstream region of virB11 from
Xvt45 cloned in pBBR1IMCS-5

2.7 kb Sacl-Sall fragment from pNCHU1502 cloned in
pNCHU1503, creating Xvt45 virB11 non-polar mutant.

1.2 kb pXvt122-VirB11-Xbal-F/pXvt122-VirB11-HindIII-R
-generated Xbal- HindlIII fragment containing downstream region
of virB11 from Xvt122 cloned in pCPP2988

1.2 kb pXvt122- VirB11-Xhol-F/pXvt122-VirB11-KpnI-R
-generated XboI-Kpnl fragment containing upstream region of
virB11 from Xvt122 cloned in pBBRIMCS-5

2.7 kb Xbal-Xhol fragment from pNCHU1506 cloned in
pNCHU1507, creating Xvt122 virB11 non-polar mutant.

1.2 kb pXvt122-VirB4-Xbal-F/pXvt122-VirB4-EcoRI-R-generated
Xbal- EcoRI fragment containing upstream region of virB4 from
Xvt122 cloned in pCPP2988

1.2 kb pXvt122-VirB4-Xhol-F/pXvt122-VirB4-KpnI-R-generated
XhoI-Kpnl fragment containing downstream region of vVirB4 from
Xvt122 cloned in pPBBRIMCS-5

2.7 kb Sacl-Sall fragment from pNCHU1699 cloned in
pNCHU1700 creating Xvt122 virB4 non-polar mutant.

1.2 kb pXvt45-VirB4-Xbal-F/pXvt45-VirB4-EcoRI-R-generated
Xbal-EcoRI fragment containing downstream region of virB4 from
Xvt45 cloned in pCPP2988

1.2 kb pXvt45-VirB4-Xhol-F/pXvt45-VirB4-Kpnl-R-generated
XboI-KpnlI fragment containing upstream region of virB4 from
Xvt45 cloned in pBBR1IMCS-5

2.7 kb Xbal-Xhol fragment from pNCHU1507 cloned in
pNCHU1706, creating Xvt45 virB4 non-polar mutant.

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study
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Table 3-2. Primers used in this study

Primer Sequence Restriction
enzyme
pVirB1-F-Ndel 5’-GACTCATATGCTGCCTGGCATGGAG-3’ Ndel
pVirB1-R-EcoRT" 5’-GCCTGAATTCYTAAAAAACRAATGCKSTRTC-3’ EcoRI
pXvt122-VirB11-Xbal-F 5’-TGGTTCTAGACGGCGATAATGTTGTCG-3’ Xbal
pXvt122-VirB11-HindIlI-R  5’-GCACTAAGCTTGGCAGCACCGCTGAG-3’ HindIII
pXvt122- VirB11-XhoI-F 5’-TGATCTCGAGCTGGCCTGGAGGAGAG-3’ Xhol
pXvt122- VirB11-KpnI-R 5’-CACAGGTACCGTCACTACAGCAACAG-3’ Kpnl
pXvt45-VirB11-Sall-F2 5’-AGAGGTCGACTCTTTAGTTGGGGCTG-3’ Sall
PXvt45- VirB11-XhoI-R 5’-ATGCGCTCGAGTGCAAAGGCGATCTG-3’ Xhol
pXvt122-VirB4-Xbal-F 5’-TATGCGTCTAGACGAGAGTCAGTTGG-3’ Xbal
pXvt122-VirB4-EcoRI-R 5’-CGGGAGGAATTCTACGATATTCGTTAGG-3’ EcoRI
pXvt122-VirB4-XhoI-F 5’-CTTTCTCGAGGCAGTCAGTAGCGTG-3’ Xbol
p Xvt122-VirB4-KpnI-R 5’-AGATGGTACCCACACCCAGCCCAGC-3’ Kpnl
pXvt45-VirB4-Xbal-F 5’-GTCGTCTAGAGGATCTTTCCGGGAC-3’ Xbal
pXvt45-VirB4-EcoRI-R 5’-ATCGGAATTCACCAACCCCGCGCCG-3° EcoRI
pXvt45-VirB4-XhoI-F 5’-GGACCTCGAGGTCGAAGATGCATAG-3’ Xbol
pXvt45-VirB4-Kpnl-R 5’-ATGCGGTACCCCTGGAAGATGACC-3’ Kpnl

* Y CT
K:G/T
S C/G
R A/G
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Table 3-3. The gene products encoded by the insert of pPNCHU 1286 cloned from Xcv

Xvt122 showing the highest similarity with the matching sequences in genbank.

Gene products Size (a.a)  Origin of matching sequence and % Similarity
encoded by the insert in accession no. (BLASTX E value)
pNCHU1286
Type IV secretion system protein ~ 154/557 Xanthomonas campestris pv. 100% (1e-80)
VirD4 (incomplete) vesicatoria str. 85-10, YP_364541
VirB7 139 Xanthomonas axonopodis pv. citri,  99% (1e-61)
YP_642935
VirB§ 338 Xanthomonas campestris pv. 86% (3e-137)
campestris str. ATCC33913,
NP_637829
VirB9 255 Xanthomonas campestris pv. 88% (2e-130)
campestris str. ATCC33913,
NP_637830
VirB10 protein 358 Xanthomonas campestris pv. 81% (2e-152)
campestris str. ATCC33913,
NP_637831
VirB11 protein 346 Xanthomonas campestris pv. 97% (0)
campestris str. ATCC33913,
NP_637832
VirB1 protein 275 Xanthomonas campestris pv. 76% (6e-112)
campestris str. ATCC33913,
NP_637829
VirB2 protein 135 Xanthomonas campestris pv. 70% (2e-23)
campestris str. ATCC33913,
NP_637828
VirB3 protein 103 Xanthomonas campestris pv. 90% (4e-35)
campestris str. ATCC33913,
NP_637827
VirB4 protein 817 Xanthomonas campestris pv. 95% (0)
campestris str. ATCC33913,
NP_637826
Hypothetical protein XCV2804 113 Xanthomonas campestris pv. 99% (6e-49)
vesicatoria str. 85-10, YP_364535
Alpha-glucosidase 538 Xanthomonas campestris pv. 99% (0)
vesicatoria str. 85-10, YP_364534
Hypothetical protein XCV2802 96 Xanthomonas campestris pv. 100% (1e-47)

vesicatoria str. 85-10, YP_364533
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TonB-dependent outer 924 Xanthomonas campestris pv. 100% (0)

membrane receptor vesicatoria str. 85-10, YP_ 364532
Putative alpha-glucosidase 489 Xanthomonas campestris pv. 99% (0)
(incomplete) vesicatoria str. 85-10, YP_364531
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Table 3-4. The gene products encoded by the insert of pPNCHU1394 and pNCHU1224

cloned from Xcv Xvt45 showing the highest similarity with the matching sequences in

genbank.
Gene products Size (a.a)  Origin of matching sequence and % Similarity
encoded by the insert in accession no. (BLASTX E value)
pNCHU1394 and pNCHU1224
VirB8-like type [Vsecretion 177/335 Xanthomonas campestris pv. 95% (8e-67)
system protein PtIE (incomplete) campestris str. B100,
YP_001903084
VirB9-like type [Vsecretion 255 Xanthomonas campestris pv. 98% (6e-135)
system protein PtIF campestris str. B100,
YP_001903085
Type IV secretion system 389 Xanthomonas campestris pv. 95% (6e-167)
putative channel component campestris str. B100,
VirB10 YP_001903086
Type IV secretion system 346 Xanthomonas campestris pv. 100% (0)
energizing component VirB11 campestris str. B100,
YP_001903087
Type IV secretion system lytic 278 Xanthomonas campestris pv. 93% (4e-138)
murein transglycosylase campestris str. B100,
component VirB1 YP_001903088
Hypothetical protein 137 Xanthomonas campestris pv. 89% (2e-36)
xceb100 1683 (VirB2) campestris str. B100,
YP_001903089
VirB3 protein 103 Xanthomonas campestris pv. 96% (5e-48)
campestris str. B100,
YP_001903090
Type IV secretion system 817 Xanthomonas campestris pv. 97% (0)
energizing component VirB4 campestris str. B100,
YP_001903091
Hypothetical protein 277 Xanthomonas campestris pv. 84 (1e-115)
xceb100_1686 (VirB5) campestris str. B100,
YP_001903092
VirB6-like membrane protein 359 Xanthomonas campestris pv. 90 (5e-151)
campestris str. B100,
YP_001903093
Hypothetical protein XAC2611 164 Xanthomonas axonopodis pv. citri, 68 (6e-53)
str. 306, NP_642924
VirB6-like membrane protein 359 Xanthomonas campestris pv. 90 (5e-151)
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Hypothetical protein
xccb100_1688

Hypothetical protein XAC2610
ISxac4 transposase
Alpha-glucosidase
TonB-dependent outer
membrane receptor

Putative alpha-glucosidase
Hypothetical protein XAC2598
Transport protein
Cyclomaltodextrin
glucanotransferase

Maltose transport gene repressor

Threonyl-tRNA synthetase

162

267

274

538

924

693

728

492

557

373

634

campestris str. B100,
YP_001903093
Xanthomonas campestris pv.
campestris str. B100,
YP_001903094

Xanthomonas axonopodis pv.

str. 306, NP_642923

Xanthomonas axonopodis pv.

str. 306, NP_643811

Xanthomonas axonopodis pv.

str. 306, NP_642914

Xanthomonas axonopodis pv.

str. 306, NP_642913

Xanthomonas axonopodis pv.

str. 306, NP_642912

Xanthomonas axonopodis pv.

str. 306, NP_642911

Xanthomonas axonopodis pv.

str. 306, NP_642910

Xanthomonas axonopodis pv.

str. 306, NP_642909

Xanthomonas axonopodis pv.

str. 306, NP_642908

Xanthomonas axonopodis pv.

str. 306, NP_642907

citri,

citri,

citri,

citri,

citri,

citri,

citri,

citri,

citri,

citri,

88 (1e-70)

83% (8e-126)

93% (2e-134)

94% (0)

94% (0)

90% (0)

86% (0)

91% (0)

85% (0)

94% (0)

98% (0)
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Table 3-5. Comparison of virB/D4 genes from Xanthomonas campestris pv. vesicatoria (Xvt122) with homologs of other Xanthomonas spp.

Pathovars VirD VirB7 VirB8 VirB9 VirB10 VirB11 VirB1 VirB2 VirB3 VirB4
(557)° (139) (338) (255) (394) (346) (275) (136) (103) (817)
Xev Xvtd5 (338/7) (255) (389) (346) (278) (137) (103) (817)
66/73 88/93 80/86 93/98 71/82 68/78 90/94 93/96
X. campestris pv. (557/404-557)°  na (224) (260) (406) (340) (303) (125) na (877)
vesicatoria 85-10 98/100° 23/37 26/43 24/38 34/53 43/50 27/43 25/42
X. axonopodis pv. citric (557/404-557)  XAC2622 (348/1-250) (255) (389) (346) (280) (136) (103) (817)
306 98/100 (139) 86/92 87/92 80/86 93/98 72/80 69/80 91/96 93/97
99/100
X. campestris pv. (557/404-556)  (80/1-80) (347/1-250) (255) (393) (352) (277) (134) (103) (817)
campestris ATCC 33913 96/97 95/97 86/92 88/92 81/89 97/98 76/84 70/77 90/96 95/98
(8004)
X. campestris pv. (557/404-557)  na VirB8-like PtIE ~ VirB9-like PtIF  (389) (352) (279) (136) (101) (817)
campestris B100 96/99 (347/1-250) (255)87/91 79/85 93/98 70/79 72/81 89/94 94/97
86/92
X. campestris pv. (557/404-557)  na (347/1-250) (255) (389) (349) (291) na (101) na
vasculorum NCPPB702  96/99 86/91 86/91 80/87 93/98 71/79 90/94
X. campestris pv. (557/404-462)  XcampmN_02  (347/1-250) na (389) (346) (280) (136) (101) na
musacearum 98/100 144 (139) 86/92 80/87 93/98 7179 71/80 91/95
NCPPB4381 97/98
X. albilineans na na na na (391) (346) (295) (134) (103) (817)
58/72 87/93 50/63 54/69 75/89 84/93

a. Total amino acid of protein

b. Total amino acid of protein/the position of the aligned amino acid

c. Percentage of amino acids in identity/positives

d. No. sequence available
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Table 3-6. Comparison of virB/D4 genes from Xanthomonas campestris pv. vesicatoria (Xvt45) with homologs of other Xanthomonas spp.

Pathovars VirB8 VirB9 VirB10 VirB11 VirB1 VirB2 VirB3 VirB4 VirB5 VirB6
(338)* (255) (389) (346) (278) (137) (103) (817) 277)
Xev Xvt122 (338/162-338)" (255) (389) (346) (275) (136) (103) (817) na na
66/73° 88/93 80/86 93/98 71/82 68/78 90/94 93/96
X. campestris pv. (338/161-338) (260) (406) (340) (303) (125) na (877) (190) (288)
vesicatoria 85-10 62/69 23/41 25/38 34/52 41/25 33/45 25/41 28/40 20/37
X. axonopodis pv. citric (348/164-348) (255) (389) (346) (280) (136) (103) (817) XAC2613 (275) (350)
306 70/75 96/97 89/94 99/100 84/89 84/91 97/98 95/97 60/76 73/86
X. campestris pv. (347/166-347) (255) (393) (352) (277) (134) (103) (817) na (373)
campestris ATCC 33913 60/68 90/94 81/88 94/97 74/82 67/77 92/94 94/97 40/58
(8004)
X. campestris pv. VirB8-like PtIE (255) (389) (346) (279) (136) (103) (817) (276) 90/94
campestris B100 (335/159-335) 98/98 95/97 100/100 93/94 89/94 96/97 97/98 84/89
95/97
X. campestris pv. (344/164-344) na (389) (346) 291) XcampvN 19715  (103) na XcampvN_19740 na
vasculorum NCPPB702 71/77 90/94 99/100 82/88 (136/16-107) 96/96 (252)
91/95 88/92
X. campestris pv. (343/159-343) (255) (389) (346) (280) (136) (103) na XcampmN 02094  na
musacearum NCPPB4381 76/82 96/97 89/94 99/100 82/88 83/89 97/97 (274)
60/76
X. albilineans na’ na na (346) (296) na (103) (817) na na
86/94 52/63 87/86 82/92

a. Total amino acid of protein

b. Total amino acid of protein/the position of the aligned amino acid

c. Percentage of amino acids in identity/positives

d. No. sequence available
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Fig. 3-1. Southern blot analysis of the Xanthomonas campestris pv. vesicatoria strains.
The genomic DNA was isolated, subjected to EcoRI digestion, separated on 1% agarose
gel, and the gel was subjected to Southern blot hybridization with the Dig-labeled virB1
of Xcv Xvt122 (A) and Dig-labeled virB1 of Xcv Xvt45. Lane 1, A /Hindlll DNA
marker; Lane 2, Lanes 2-15, XcvXvt45, Xvt46, Xvtl47, Xvt148, Xvtl2, Xvt28, Xvt48,
Xvtl122, Xvt185, Xvpl69, Xvpl82, Xvpl86, Xvpl94, Xvpl97,respectively.
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Fig. 2. Organization of virB4/D4 cluster from Xcv Xvt122 and its neighboring genes.
The virB4/D4 cluster and the flanking genes of Xcv Xvt122 encoded on pNCHU1286
are shown. The ORFs are: 1, incomplete VirD4; 2, VirB7; 3, VirB8; 4, VirB9; 5,
VirB10; 6, Vir B11; 7, VirB1,; 8, VirB2; 9,VirB3; 10, VirB4; 11, Hypothetical protein
XCV2804; 12, Alpha-glucosidase; 13, Hypothetical protein XCV2802; 14, TonB-
dependent outer membrane receptor; 15, incomplete Putative alpha-glucosidase . The
arrows show the direction of transcription of the ORF. The construction maps for
nonpolar mutations of the virB4 and virB11genes are also shown upper or below the

gene organization maps.
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Fig. 3-3. Organization of virB4/D4 cluster from Xcv Xvt45 and its neighboring

The virB4/D4 cluster and the flanking genes of Xcv Xvt45 encoded on pNCHU1394
and pNCHU1224 are shown. The ORFs are: 1, incomplete VirB8; 2, VirB9; 3,
VirB10; 4, VirB11; 5, VirB1; 6, VirB2; 7, VirB3; 8, VirB4; 9, Hypothetical protein
xcch100_1686 (VirB5); 10, VirB6-like membrane protein; 11, Hypothetical protein
XAC2611; 12, VirB6-like membrane protein; 13, Hypothetical protein
xcch100_1688; 14, Hypothetical protein XAC2610; 15, 1Sxac4 transposase. 16,
Alpha-glucosidase; 17, TonB-dependent outer membrane receptor; 18, Putative
alpha-glucosidase; 19, Hypothetical protein XAC2598; 20, Transport protein; 21,
Cyclomaltodextrin glucanotransferase precursor; 22, Maltose transport gene
repressor; 23, Threonyl-tRNA synthetase. The arrows show the direction of
transcription of the ORF. The construction maps for nonpolar mutations of the virB4
and virB11 genes of Xvt45 are also shown upper or below the gene organization

maps, respectively.
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Fig. 3-4. Symptom development on tomato leaves. Leaves of tomato cultivar Bony
Best L305 were dipped into 5 x 107 cfu/ml of indicated strains including (A).Xcv
Xvtl122, virB4 delected mutant of Xcv Xvt122, virB11 delected mutant of Xcv
Xvt122 (B).Xcv Xvi45, virB4 delected mutant of Xcv Xvt45, virB11 delected mutant
of Xcv Xvt45. The disease index was quantified at 1, 2, 3, 4 weeks after inoculation
and was scored following the rule described in the Materials and Methods. The
disease index was the mean of the analysis of six independent plants. The

experiments were repeated two times with similar results.
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Fig. 3-5. The bacterial growth on tomato and pepper leaves. (A) The tomato leaves
(BBL305) and (B) pepper leaves (ECW30R) were infiltrated with 10° cfu/ml of
indicated strains including Xcv Xvt122, virB4 delected mutant of Xcv Xvt122 and
virB11 delected mutant of Xcv Xvt122. (C) The tomato leaves were infiltrated with 5 x
10* cfu/ml of indicated strains including Xcv Xvt45, virB4 delected mutant of Xcv
Xvt45 and virB11 delected mutant of Xcv Xvt45. The bacterial growth was quantified
at 0, 3, 6, days after inoculation and was determined as the mean of the bacterial
number obtained from three independent plants. The experiments were repeated three

times with similar results.
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