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SUMMARY

Breeding and cultivation of crop -cultivars which are durably resistant to the
destructive plant diseases is one of the most environment—sound measures for the
control of chronic crop diseases in nature. Together with the conventional breeding
system, development of strategies for generation of the transgenic crops genetically
modified using new broad—spectrum defense—related genes are urgently necessary to
practically cultivate stable disease resistant crop cultivars. In particular, the acceptible
production levels of rice(Oryza sativa L.), a major cereal crop in Korea, as well as
pepper(Capsicum annuum 1.), an economically important vegetable, will be achieved by
the genetically engineered measure, such as the use of resistant crop cultivars, for the
effective control of blast(Magnporthe grisea) and bacterial blight( Xanthomonas oryzae
pv. oryzae) diseases of rice and Phytophthora blight(P. capsici) and bacterial spot(.X.
campestris pv. vesicatoria) of pepper. In 2005, the global market value of genetically
modified(GM) or transgenic crops, estimated by Cropnosis, was $ 5.25 billion
representing 15% of the $ 34.02 billion global crop protection market in 2005 and 18% of
the $30 billion 2005 global commercial seed market (James 2005).

Failure of the rapid and accurate diagnosis of plant diseases in Korea has brought a
variety of difficulties in creating the control strategies effective against the chronic crop
diseases in the field. The use of existing conventional techniques dose not accurately
identify the pathogens with diverse morphological characteristics, or the plant diseases
similar to one another in the early symptoms. Thus, such a current status of diagnosis
of plant diseases in Korea requires the immediate development of newly jmproved
molecular diagnostic systems. Diagnosis kits of major crop diseases developed using
DNA genetic markers are available for the reliable, rapid identification and molecular
monitoring of plant pathogens. For commercial purposes, the DNA diagnostic methods
are practically being used not only in the field by farmers, but also for plant
quarantines.

The objectives of the research project are 1) to isolate and characterize the



defense—related genes from the vegetable crop, pepper, and the cereal crop, rice, 2) to
develop the strategies for creating genetically modified (GM) or transgenic
disease—resistant crops, often called biotech crops, using the defense—related genes, and
3) to develop the diagnosis DNA kits using species—specific primers of pathogens
causing chronic crop diseases. The results obtained in this study are follows.

Pepper resistance(defense)—related genes CACYPI! (cyclophilin), CACBPI
(chitin—binding protein), CAOSMI (osmotin—like protein), CADCI1.2 (DC1.2 protein),
CAZFPI (Cys2/His2 zinc—finger transcription factor), and CaPIMPI (pathogen—induced
membrane protein) were isolated and functionally characterized from pepper leaves
inoculated with an avirulent strain Bvb—4a of Xanthomonas campestris pv. vesicatoria
using a macro cDNA array method. These pepper defense—related genes were strongly
induced in the incompatible interaction of pepper with X. campestris pv. vesicatoria and
Phytophthora capsici and their transcripts were localized to the phloem cells of the
vascular bundle in the pepper tissues. We also isolated and functionally characterized the
promoter regions of the CABPRI, CAZFPI1, CaPIMPl and CADCI1,2 genes in tobacco
leaves to identify the cis—acting regulatory sequences that are involved in the defense
gene expression. Constructs harboring the 5'—serially deleted promoter regions, which
was fused to the GUS gene, were evaluated for their promoter activity in the tobacco
leaves. These promoters were differentially activated by either pathogen infection or
treatment with signal molecules, such as ethylene, salicylic acid, jasmonic acid, etc. The
CAZFP1 protein is a nuclear targeting protein, which functions as a transcriptional
regulator. Overexpression of the CAZFPI and CABPRI genes in the transgenic
Arabidopsis plants conferred enhanced resistance against infection by Pseudomonas
syringae pv. tomato. A number of pepper defense genes functionally characterized in
this study have been provided to use for the generation of disease—resistant transgenic
plants of rice, tomato, tobacco and Arabidopsis in our other research teams.

To wuse for creating transgenic rice plants resistant against infection by
Xanthomonas oryzae pv. oryzae and Magnaporthe grisea, we have cloned rice disease

defense (resistance) genes from the infected rice leaves, following microarray analysis



and vyeast two—hybrid screening. Among these 1isolated defense genes, the
OsDRP(disease resistance protein), OsLZIP(leucine zipper protein), OsNDR/HIN, and
OsMyb genes were strongly induced by pathogen infection, as confirmed by Northern
blot and RT—PCR analyses. Expression of the OsDRP gene in rice was preferentially
pronounced during the incompatible interaction with Magnaporthe grisea, as well as
upon treatment with the signal chemicals such as BTH, ethephon and SA.
Yeast—two—hybrid analysis revealed that OsDRP physically interacted with
CYP1(cyclophilin) protein known as a virulence determinant of Magnaporthe grisea.
LRR domain of OsDRP interacted with BD—CYP1l. To define the promoter region
essential for regulating OsDRP gene expression, four promoter fragments 2471, 1381, 981
and 525 bp upstream of the OsDRP gene were cloned and introduced into the pBI101
binary vector to link to the GUS gene. The agroinfiltration and transient assay showed
that the induction of GUS activity in tobacco leaves was drived by the activation of
the promoter fragment 1,381 bp following the infection by Pseudomonas syringae pv.
tabaci. To clarify the function of these defense genes, plant overexpression and
RNAi vectors were constructed and introduced into rice plants and tobacco plants by
Agrobacterium. The data of pathogenicity test for Phytophthora nicotianae infection in
transgenic tobacco plant indicated that overexpression of the OsMyb and OsLZIP genes
confers increased disease resistance.

To determine the role of ascorbate peroxidase, an antioxidant enzyme, in the cellular
responses to pathogens, transgenic tobacco plants were generated, using the pepper
ascorbate peroxidase—like 1 gene (CAPOAI). High levels of CAPOAI gene expression
were observed in the transgenic tobacco plants, with a 2—fold increase in total
peroxidase activity. The CAPOAI—overexpressing plants exhibited increased tolerance
to methyl viologen—mediated oxidative stress, as well as enhanced resistance to the
oomycete pathogen, Phytophthora nicotianae. However, the transgenic plants were found
to be susceptible to the bacterial pathogen, Pseudomonas syringae pv. tabaci, but were
weakly resistant to ZRalstonia solanacearum. QOverexpression of CABPRI in tobacco
plants enhanced tolerance not only to heavy metal stresses, but also to the oomycete

pathogen Phytophthora nicotianae and the bacterial pathogens Ralstonia solanacearum



and Pseudomonas syringae pv. tabaci. RT—PCR analysis revealed that the CABPRI
transgene increased the expression of PR—¢ and glutathione S—transferase genes, but
decreased the expression of PR—I1a and thaumatin genes. and abiotic stresses.

Lipid transfer protein is known to play a role in the intercellular trafficking of lipid
molecules (phospholipids, fatty acid, acyl—=CoA and waxes) from the endoplasmic
reticulum to the other cellular components. This transportation, however, is known to
reinforce the cell wall or cuticle and is regarded a defense response to a diverse array
of phytopathogens. In the present study, the overexpression of pepper lipid transfer
protein 1 (CALTPI) and 2 (CALTP2) in tobacco plants strengthened the cuticle region
and enhanced tolerance to an oomycete pathogen Phytophthora nicotianae and two
bacterial pathogens Pseudomonas syringae pv. tabaci and Ralstonia solanacearum. The
defense mechanisms of CALTPl and CALTPZ were different each other. CALTPI
regulated the salicylic acid (SA)-—mediated defense pathway to activate
pathogenesis—related genes. CALTPZ2 overexpression accumulated high concentration of
H.0,, which may trigger tolerance responses to biotic stresses, leading to resistance to
the diverse array of pathogens. Enhanced growth of Xanthomonas campestris pv.
vesicatoria in CALTPI and CALTPZ-silenced pepper plants suggested that CAL7PI
and CALTPZ2 play an important role in defense signaling. Grafting analysis showed that
lipid transfer protein may be involved in the long distance systemic signaling.

The potential role of two pathogen—induced pepper genes, encoding basic
pathogenesis—related protein 1 (CABPRI) and ascorbate peroxidase—like 1 (CAPOAI), in
tolerance against phytopathogens was examined in transgenic tomato (Lycopersicum
esculentum cv. House Momotaro) plants. PCR and RT—PCR analyses using
gene—specific primers revealed that the pepper CABPRI and CAPOAI1 genes were
integrated into the tomato genome. The constitutive expression of CABPRI and
CAPOAI in the tomato did not exhibit any morphological abnormalities. However, these
transgenic tomato plants showed enhanced tolerance to the oomycete pathogen
Phytophthora capsici, but very weak resistance to the bacterial pathogen Pseudomonas

syringae pv. tomato. These results suggest that overexpression of CABPRI and



CAPOAI in tomato plants conferred their resistance responses to pathogenic attack.

Species—specific primers for rapid and accurate identification and detection of
Phytophthora capsici, causing severe blight disease in pepper, Korea, were developed
to create the kits for reliable diagnosis of this disease. P. capsici specific—primers were
designed wusing the sequences of 2 capsici—specific region of ITS and of P2
capsici—specific band obtained by RFLP and RAPD analysis. In the tests for
identification and detection of P. capsici. P. capsici—specific primer pair CSP23A/CSP23B
produced PCR product of 693bp only in genomic DNA of P2 capsici, but not in that of
Phytophthora species. Specificity of this primer pair was highly sensitive, detecting as
little as 1 spore of P. capsici in 1g of soil. A modified DNA extraction method for PCR
detection was available. The detection kit based on modified method and specific primer
developed in this study enabled us the rapid detection and accurate identification of 2.
capsicr in soil and crops.

For rapid and accurate identification and detection of Alternaria panax and A. gaisen,
species—specific primers also were designed using the sequences of A. panax —specific
band obtained by URP—PCR analysis and those of A. gaisen—specific band obtained by
AFLP analysis. In the tests for identification and detection of A. panax and A. gaisen.
A. panax—specific primer pair PanaxF/PanaxR produced PCR product of 1200 bp only in
genomic DNA of A. panax but not in that of other fungi. The sensitivity of A.
panax—specific primer was 5 pg of A. panax total genomic DNA used. A.
panax—specific primer pair PanaxF/PanaxR detected A. panax when using DNA from
rapid extraction procedure. A. panax DNA was detected in inoculated ginseng leaves by
PCR using the specific primers. A. garsen—specific primer pair AG—F/AG—R produced
PCR product of 266 bp and the primer sensitivity was 50 pg from pure template of A.
gaisen total genomic DNA. A. gaisen—specific primer pair AG—F/AG—R could detect A.
gaisen from the mixture of other species of Alternaria when using DNA from rapid
extraction procedure. PCR amplification of DNA from infected ginseng leaves using the
detection kits led to the rapid detection and identification of A. panax and A. gaisen

The advent of genomics and bioinformatics has greatly facilitated genomic analyses



of microorganisms, provides enhanced capability to characterize and classify strains, and
facilitates research to assess the genetic diversity of populations. The diversity of large
populations can be assessed in a more efficient manner using URP(Universal Rice
Primer) —PCR—based genomic fingerprinting methods, especially when combined with
computer—assisted pattern analysis. DNA profiles of economically important plant
pathogens can provide a framework to better understand their taxonomy, population
structure, and dynamics. Gene mining technology for species— or pathovar—specific genes
provides a high resolution framework to devise sensitive, specific, and rapid methods for
pathogen detection, plant disease diagnosis, as well as management of disease risk.
Specific primers developed using unique gene mining technology have been adopted to
enhance both the detection and identification of phytobacteria including Xanthomonas
campestris pv. campestris, Xanthomonas axonopodis pv. citri, Xanthomonas oryzae pv.
oryzae, Xanthomonas axonopodis pv. glycines, Xanthomonas campestris pv. vesicatoria
and Pectobacterium atrosepticum. PCR—based protocols, combined with computer—based
analysis and genomics, have provided novel fundamental knowledge of the ecology and
population dynamics of bacterial pathogens for basic and applied studies in plant

pathology.
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FAd#A FAe RAPD ¥ PCR 7[HES &8st A5 53 Fo Arh(Kang et al
2000; Kim 2000; Kim et al. 1997, 1998). B WHEA <A (repeat sequence) ZH-E 20mer<]
URP(Universal Rice Primer)& 7l&3sle] #EW ] F3F Ul WHolF9 5Hol4d HEe A
&, Aest JEx FHEo] 19999l SRILS UniPrimer Kit AEH oz AH¢lstd dok
(Kang et al. 1998, 2000). DNAWHEH]H probeE ©]-&3 RFLPWEAS ©]&3te] MGR
probeo] 93t FUlEA 7] FHPEEE A (Han 1996)3H 3L A FA 4], WHo A,
Fusarium&v+2] 2571 34 (Chung et al. 1997; Kim 2000; Kim 1997). | EZ = glo}
DNA®] RFLP #4S& EdiZ fEvteket Al o2 AgelA Zegh 15 g7 74

19131 (Hwang et al. 1991), H =GR #o]2~2] WHol (Ko et al. 19
15 AgARNFEHE e Wo] (Hwang et al. 1995; Chung et al. 1997)% <& RFLP ¥

2 AA9H FAdAE Rkl

ol

2 WMol g B4

Fusarium® t°] &7E $1% & probes ZHdste] 1 o]& 7hsAdS AT BF 3l
I (Kim et al. 1994), Mo fFaHoY FAAAE FA 83 2™ (Kim et al. 1996) B
I I P - R S R
71H& oln sfE o] k. A9 DNA profile®] database 7% % o]&oA rDNAY
16S S o] &3 A< Ribotyping®l databased] 9]&] mAE<] Xk A|xelo] 7juty]
of A&3t¥ i dir FUelX = Erwinia spp. ¢ 16S rDNAS] 4ol AAlH v} glont
(Kwon &, 1997), 5#t4<Ql database T-F-2 <& vl §lth. 2] DNA profile?]
database 7% 2 o] &Aool AAH SR DNAS ITS 971D e] GenBank el D/B

Fo] Aoz s 9o} FuoAi= RAPD, rDNA ¥ RFLPE o] &3 2& WY
79 F9 BA A7t AyEa S W databaseol] 23 FAQ Wk AlAE] sfuto] o
v gk ARFelAE EREE BAl o] 27|74 Wte] e Ao RE ol
A ZEA EAAAESA 7HS &8stal Jdud wkeEl e 53] AlstE oy &
ofel] i AR S A7t o]FolA A o] MYRG FAAT P &go] akErk(
W 2002: Kang et al, 2003; Lee, 2005). °o]& A7+ 5 €& 2 d 7bsdo] vis =

Ak o] fofF dErbe Sagel =g AAo]

2



TAE A= e AE Aee 54 H4
&3] B3 doprt ol &3 ¥ A Kite] /= AlEE A,

A evetels GRS BAFY A=l NE % F7h Aol &
ARG AFS A AL = A= Ve el AlEE Aol

= = =
NEe @%azz PAH §%S 8] dside mdE AE3e

A E3E 7S &&star e dhel] guldlA s 3] AstE AEH el disiAT =
250 ATIh o]Fo1A T glo] WA Fwk Aer)EAT @ Fgo] Araty,

A 24 =9 7ENd

A=W AgAd FEHS A A AAAH R U7y ARAEe] AT AelA] &
AP ot AEY A FAHE =S S48 %’4311 HAeAo=z FAsta A+
714 2= Dupont, Mogen International, Calgene, Dow Chemical, Rohm & Hass,

Novatis, Monsanto, Drop Genetics, DNA Plant Technology, Ecofer, Mycoger, Tinger,
Ecoscience, Neogen 5°] 9432 =< Max—Planck 21 & &% AF2A, 9= John Innes A+
o i Unt Y FHAE Edcte] MEE FES 7= EAS A=ANE 7
AW sde wEds 242 T8 Ve 4% ok 198610l Dr. Beachy7} ¥
Z2H(coat protein)< o]& g Fulel A el s uioly oA th
FHAAE o]&ste] oln W2 Az AEAbElZE dFEH UL, 19959 AsGrow
Company®ll Al 12| coat protein 325 =A% vlolel = AJA 2=S Aldatr] Al 4st
st A=He WAt = Al=7F e, o

T4, ZIGA A s FE . gt Ul€ @ = Mogen InternationalAboll Aol A&
Hell Aol X9 EvtEe Jjde] B, A&

ZHA W7 Zbel #AEE wwmEe]  §-x% (ribosomal inactivating protein, small

GTP-binding protein, thionin )& & Edste] nvlole] X, A, ZFo] I L= A

f

fo o

©

o b
Ho

chitinaseE ©|83}9] Fusarium

Aol S chAololel QS FAAE AA D o ol
AgA A% el W AT Aurh ma B v glom, mel AgelE
S lineS 3} A A lineSol tEom, AAFAN T FHL ol s 1



AIAdS Hole W /g2 Ba H AHo] gl

1993 o] % 103 T A& FolA]l 4070 o2 HWASAFAA7F cloning o] 9.3
om o5 R gene= 6709 class® 2% 7 &3 AL NBS-LRR #F3d45oleh
3 BEo] 9t} (Martin et al., 2003). 19961 ¥ 3 Av}EH R gene Xa210] HIFYL
(Wang et al., 1996), 2004 \do+= ¥ 3 vlE4H R gene 2 LRR receptor—like kinase Xa26

ro

S cloning®}A Tt (Sun et al., 2004). o] AR HAAIAAI} Xanthomonas oryzae pv.
oryzae®| AZAAS HAYh 257 o]de] =EH #™ R geneo] AAVIA HI oW olE

% NBS—LRR class®l £38= Pb S31x7F Raustt (Wang et al., 1999). 20064
broad—spectrum =9W A4 FHAA2 POE map—based cloningdll o™ o] FHAE
NBS—LRR &g ¢sstets Aoz Wit (Liu et al, 2002). H A=e] v

9]¢ Krishnan Kalpana®t 19 852 22 AAAHS 717 Q%3 H
ADT38, ASD16, IR50, “12] 3L Pusa Basmatil (PB1)& ®<] tlp fxxte} g7 FAx3hs}
of SIRFFHmEFEA AFAGe]l A3 FFES NTEHL A=Y Tlp
pathogenesis—related (PR) ©¥ &S W&t =d], o] @hild 2 I} HHENS w 2E A

B woFo FEASE Wy 2¥A @2 AeEd vud W o R solanel A A

Ho

N
r
X
o
™
:Oé
fol
B

I
3
ol
>
Y

= 1= FAAR chills}h 7 B =Y A
Atk Tlp &2 chill FEASFTAELS AFFHAvEE fJoll= WAHAN S (Sarocladium

oryzae)l = A4S HFTH (Krishnan et al.,, 2006).

1993  Alexander %< PR—-1a 9u dAAINEA’}Y Peronospora tabacinaSt
Phytophthora parasistica var. nicotianae 2% Wit5 (oomycete) HUH #AA 1 HE
o] IA 7AHEL Felsty ar, 19939 Sela—Buurlage 5 9714 ¢ PR wilzl o] ARA ¢
PR el o} ek ghego]l AdS 7L A& &Qletlth. Z12]al Neuhaus (1999)+
A=l o], Btelglol Bl nfolg o] FA tiato] FetAl wdo] SUbE = PR @A
o] dF<I chitinase (PR-Q)E w4, A3t 2003 ol el 719l Carstens &2 A&
(Saccharomyces cerevisiae) %€ chitinaseE F&3to] &8 2AAZA ] Az, ¥ A3
A oB AFS AAste] FFo| el Botrytis cinerea® T 73 AIqAL F
A8tk ol A7 o] F Fro| FAME S THA= FAAE o] BaM e AE WATAE Aol
o] o]Fo]x 1 9t} 20000 Way & AL peroxidase’} L dF9= Adglo] 4
=

wol7) 2] BldaL, o FAAES Fh BN BAARAL GIF ARH Ex W)

O

[U

Jn
o
o
do

o



AESH ~EF 2] da ZE qAde /M-S sk 1997 2521 Molinag}

Garcia—Olmedow HE|ZHH AA £ il 2 (LTPHE FE31] Fulo] 2 2134
o

AL o, Bt o}l Pseudomonas syringae pv. tabaci®] SASZHE] AAF AEA KT}
A3 WS s w3 vk 9lar, 2002 v Salk 149] Maldonado 5 4] &o] 1
o] FAE wow, 1 F9of 13- o2 FH-AA(local) HIE HAF dojutar, o]t

Az A e 2a R FARE F-9] o9 A g AaE A duFs

’d (SAR, systemic acquired resistance)< 7FA A =™ o]2{gk SAR whgol A& FF o
Mol FostA A&t e FEEATh 2005 =9 Tang 5 15 W T
Yalol s 7S s A 2HJA] CaPFL (Yi 5. 2004)& o]&8fo] Ly
(Virginia pine) BARJXAES Az aL o] o]&ste] AT 23}, CaPrle Ihed
st FEAS AT A% SuE5S vES WelF (Bacilus  thuringiensisSt
Staphylococcus epidermidis)oll Wal 73 Wde I5%S glsain

o] ERlEwA FEy 25 A

Zjl
CBAAES e #e A% wAY 8

gl

ot o

I
7

o EAH Ave sl Wyem: THay] mdd oa Az

£
2 S Jlm A

(Cylindrocarpon, Monilinia, Phytophthora, Fusarium, Alternaria =) ™3] Xt} Eo]
ojal WZE HdrIMoemx {F&38A AF&Eol Aal 9tk (Fulton and Brown 1997 ;
Brown et al, 1998 ; Niessen ef al, 1998 ; Howard and Paul, 2000 ; Roberts et al,
2000). Genomic DNAZ®Q] hybridization®l] 2]sle] & Eo0]4 <2 DNA fA7|A<ES &1ssitt
(Zeze et al., 1996; Plyler et al, 1999). rDNAY] ITSY Ao} IGS GHo & Eo|F<l ¢
71 EE o] &3 T 5ol2Ql primer®] o] &t o] Foj x| At} (Forster et al,
2000). RAPD H+& microsatellite® HE 42 F 5o8¢l M=o 9A7|NdS nfgom
SCARs (sequence characterized amplified regions) primerZ o]-&3F t}oF3t A& HALF
(Epichloe, Trichoderma, Phytophthora %) 74 % HAES 7153HA 3tsltl (Groppe et
al., 1997; Chen et al, 1999; Winton and Hansen, 2001). AFLP+= & 5o|4<Ql WHi=& 4
A S & 5 AJL e BAddBd ofdel 259 $4 3 HAEE 98 o5 W=
7] AEE vE o= 3 SCARs primer’} /W= (Behura et al, 1999; Vandemark

et al, 2000; Hermosa et al, 2001). ©]2{3 PCR 7|H<2 UE o tsiAE 4850



(Maria and Rafael, 2003) Vandermark & (2000)& F.  oxysporum f.sp. ciceris®t
Aphanomyces eufeiches® 7o Ztz} 283k vl 9o Forster®t Adaskaveg (2000)%
Monillinia 39l 5°1%4Q1 primers 7W&ste] FdFo 2719 A8 W= sidlth. =
sk 2 AGA] &85 T 5ol SCAR "HAE Jids] EFE el ois F84
Trichoderma <& ¢ &S AE3FYtHHermosa et al, 2001). ¥ut oz} Alde] &
A HEZolA X PCR7IHel <713 Wijo] Wgsts wut; E4 o w2 vizksiths
U A th( He'lias et al, 1998; Chiterra et al., 2002). o] & A7 &=t A= PCR 7]
g&ate] EG = 2¢Ho e WHAddEs A HAEAH d ¢ e Tes B

ok ] RS BEs AH st A= g primerol] ol =4 &
Z

O
otk
Sk
(] r -0

do o o
to © 9

ol
-

u
o

= % A9AE 244 g 285 AL, FAF 1] FAMAE Sk 1 elehA
5745 WA glvh & Sol4 genetic markeroll os] B B HAxHORFH 54
HAdnks Sold, A¥gHew 3

ARl AwnE Alwets 71Ed ol2A HAT olRA W #AH AT AP ghgel=
Bebal gabal @Azt mdbow TS HEH E F e T 5ol4 primer Kits 4
THor ALPHE BiuE A ¢l Aol ddeltt



Alo3E ALY WE 2 2

A1 A AAHPo]FdAe] i 9 functional genomics

Z, 9ull, Arabidopsis 21 &9 A&

313 (Capsicum annuum cv Hanbyul) $AE oA AAM E(YAdEE YIS
of WFaAaL, 26 £ 2 °C, 16 Az FRANA ALt 4 F7]e uF AES
10x5x15 cm®] Mol o] 24849151, ¢cDNA library A2t 2 313 A Eo Ao F7x Tdd
S Y8 wWHE 9 2EHx Ao AMESIAY. 9@l (Nicotiana tabacum  cv.
Xanthi—nc)9| $AE EF (o &R R :xF)ol dFakglar, 26 £ 2 °C, 16 AJ7F =
Ao BE3AT}y. Arabidopsis thaliana®l °FAE Col—09 A2 L E v£31
FZF 24 °C, oFzF 19 °Coll 12 At #FF712 A5ttt 32 A3 Arabidopsis 2 & A
g Adstr] flete FAE 70 % olEEelAM 2 Z3F AHI 2 % NaOCIE 6 23t
g sto] A ata, o]E oAl SR 5-6 3] AASY T (Hong and Hwang, 2005).
2% Arabidopsis A= 100 pg/ml kanamycin, 1 % sucrose’} FH7FEl MS Hix] ol
}F 35} T (Murashige and Skoog, 1962). T&3 ZAE2 4 °ColA] o] E7F Aalste] o

dgk FA @olE FESISTh olE Fol TAE AE AFAOZE HFAA 10 I3 A
A7l & EEO] o]AE )
U el AE, 3 2Ed 2 HE 9 vAAEAQ] elicitor A g

]

a3 3 EFFo| diste AT PAFHWYT  Xanthomonas campestris pv.

vesicatoria® WY T Dsl¥ v LA 5 Bvb—4as YN A vjA|o] HZFsto

28 °CollA a7 & vjeFataL, a2 ol HF5H] HO}Oﬁ AgdeN s Alzsko] 10°

clumlz FE5 23k bdd] AAE 6 9719 153 A= 49 AW vacuum®
)

2 A+ & infiltrationd}az, FAA 35 Tt g5t t; (Lee and Hwang,

_l% }-rl

= l
1996). 315 & AW A Colletotrichum coccodes 2—25 #FE oat meal agar B X ol A
5x10° TE& vHEo] 4 47]9%h 8 9719 1P AEe] Hddd
3ttt (Hong and Hwang, 1998). 13 <w] ©@AHA
Colletotrichum gloeosporioides®] CHC2 w+Z potato dextrose agar B ol A4 83}

%
==
T

O

ofN o

o
sTgolz BY HE



of A dAgde FHg & a3 FE At H2 gl "8kt (Kong et al.,
2001). Phytophthora capsici®l B4 5 S1973% vy g 5 CBS178.269] {2
= AAANA 6 971 13 AE] 2715 AFeA (Kim and Hwang, 1994). & 5
AR A BE AQF skl A el dela ARSE w7k —70 °Cell Baagi.

NaCl Ag& 98 6 719 153 AEs XEEZFH 42917 FHekel 200 mM
NaCl €Nof] @2kt =2 AHEE &A= 1, 10, 100, 200 mM2] NaCl &Ho] 7}
18 ARbEt Aty AxAg= 15 4
A= 15 AES 4 °Co A2 Fol A
== A5l (Hong et al., 2004).

Bl E A Q) elicitorsS 5 mM salicylic acid, 100 uM methyl jasmonate, 10 ul/l
ethylened == 6 7] 113 o A3t} Abscisic acid (ABA)E A3l ¢8|

6 9719 a5 AES EZEA AZHA WS ol 100 uM ABA &l =3kt
(Hong et al., 2004)..

t}. cDNA library9 43

Aol wdas A58ty f& Aldd AFHEE Al Xanthomonas
campestris pv. vesicatoria®] Y| U strain Bvo—4aE A
do iy HFEF 1, 2, 6, 12, 18 AZko] A3k § F RNAS F=E3k3lHh °o]5 RNA
5 0.5 mge ¥ RNAZYE mRNAE FE383 5 pge mRNA go 2 cDNA
libraryE AIZF8EoAth 919] ¢DNA libraryE Al&et7] 918 A& 918 Poly(A) Quik
mRNA Isolation Kit, ZAP—cDNA Synthesis kit % ZAP—cDNA Gigapack III gold
Cloning Kit (Stratagene)& A}&3} v+ (Jung and Hwang, 2000).

il
4)4

2}, Differential hybridization

cDNA library24%-E o] TR GA2E9 plasmidES £ 8ti, oS o] &35t 96
well dot—blot kitE ©]&3}le] 7 2] DNA panelS A3t Ade A&7 A&
HES-S Holx= 7HAE A EoA A Z3 cDNA°| digoxigeninl Z &3 probeE 9|
£ 1% cDNA library®] differential hybridizationS F3stF Tt (Jung and Hwang,
2000). AAE A=elM= Eo] gAY mneA Rt AA WS Uehdl= A EolA

B S Ho|E plasmid cloneES APsle] 5'—ddo] 7] LS EA431%

¢

-

s

= = =
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v}, Nucleotide sequence &2

Differential hybridization WHS F3le] Adst 15 FHAF clone€e A7IAE #
& &7] 993t T3 primerE AFE3Fo] sequencing W2 PCRE 33ttt (BigDye
Terminator Cycle Sequencing V2.0 Ready Reaction, ABI PRISM, PE Biosystem). §37]
A9dE 7FA a1 ™ational Center for Biotechnology Informatio(NCBI), <A}o]E 9]
BlastN#} BlastX X 2188 o] &3l A7|AdS 433t

2 Northern blot hybridization

AT AE 224 1 gs AqA AAaR AYste] 55 dEAl § wppabgel A Zar
guanidine isothiocyanate 5% buffer (Chomczynski and Sacchi, 1987) 10 mL< #H7}s}
of zZ AojF $ 50 mL polypropylene tubedl &ZTth oJ7]e]l 2 M sodium acetate

(pH4.0), water—saturated acidic phenol, chloroform—isoamylalcohol (49:1)& Z+ZF 1, 10,

2 mL A A3t MA S5 T ool 2ol 308 Agste 45N} phenol o]
g =5 SFQlth 12000 g, 4T oA 15737F YAt NS Al tubeZ AT
o] @P%—@Hﬂr Y H3)9 jce—cold isopropanolS ¥l —20 CollA 1 AJ7F o] Ak 2] &k
o}, YAIEE = RNA pelletS 4 mLe TNE buffer® A &Est2 4 M LiClIE 4 mL
FolFo] HF 2 M9 s57F HEF gl d4E8 $ RNA pellets 80 % ethanol

2 A HE A pelletS AX3sta HZE DEPC—treated ¥ 500 ulol] =% th RNA gel blot
EAS 93] 20 ugd total RNAZE formaldehyde’} H7Fd 1.5 % denaturing agarose
gelol /1 A7fA|7]3L nylon membraneo] %71 3 #e]AE FA}ste] RNAE membrane
of mxzp AAFTE 0.25 M sodium phosphate, pH 7.2, 7 % sodium dodecyl sulfate
(SDS) (w/v), 1 mM EDTA, and 5 % dextran sulfate®] 42| hybridization &
membraned Wil 4  A|ZHs<¢t  prehybridizationd ¥ F P-dCTPE
random—labelingd}e] #9138 probeE ¥Wil WA 65 Coll A hybridization 3}t F32
RNA loadingS #<lsl7] 93] gelS ethidium bromideo] <323&}e] ribosomal RNAS
S ASS

A} In situ hybridization

AFAH, B4 S o] Mol AHE A=Y doju dnjE dAT A=
At3te] PBS(pH 7.0)° embedding3t$it}. ©]5 embedding® sample< microtome 2 &
Akl & digoxigenin (DIG)—labeled DNA probeZE ©] 83} /n situ hybridizationg <



P33lth (Lee et al., 2000; Hong and Hwang, 2002). DIG—labeled probei= DIG—High
Prime kitE o]&3te] A3}l Hybridization signale  anti—DIG—alkaline
phosphatase conjugate® detection® 1 o™, o]= NBT% BCIPY &3 NE o] &3+ dk-M
WO R YEwal, HEFAHoR A S o&ste] #Eedlt

o, AEHWolfAxe] Trry g 3 4

d 2d 7)2S AAE] dFEr] S8 Z2RE 7% EAlo] d4H ol {AA)
ZREH ZTRREY S s 125 AEAEZHE genomic DNAE F=3dln 13F
genomic DNAS] Z} aliquotS Z+7} blunt—endE XA 71 Dral, EcoRV, Pyull, Stul
29 o8 71H Astair2 ZAeFArk. Genome Walker Kit (clontech)oll A #|&% =
adapter& AlgtaAz ZHF DNAS & Toho ligased ©o|-&3le Eola, o]F F3Po
2 3t ZaREE F#57] 918 PCRY nested PCRE 3833tk PCRell AME-¥+=
Zglo]lmE adaptorell A= A7) A Gl AT kit A A3E Zeto]lm (AP, AP2)
of ZEREE Festaat o= WrolddEfARte SolAl ArIA4E
& F MY reverse ZpolmzE  FAHSCH olmRE FFEHE PCR AHES
pCR2.1—TOPO vector(Invitrogen)oll Z233ste] A7 dS vhd Hulo]AHFdALe =
2REE F535k2tt (Hong et al., 2005; Jung et al., 2005).

olg WolddfHAe] T2RHE Ade A= et 7} deletion £74E TR
E17} gl GUS reporter 8 A7F 1= binary vector® GUS “d$lel Adshe] deletion

constructsE A F s, o|ES  Agrobacterium tumefaciens® E=Q3RT. ZHzHo]

deletion constructE 7FA 1L Q¥ Agrobacterums Z¥l ol infiltrationdt 3, W
Aoy 37 ~EF s, Ho] - elicitore] 9F-A< Al o ) oA 7}

Az 22 RE 4S5 54399 (Yang et al., 2000).

N
N
b~
.
%
2
Ho
2
N
il
o
ofo

1 3l Arabidopsis 21 &9 32 A3k
HWHlo] -4 2= pBIN35S binary vectoroll =43F7] €3] pBluescript SK(—) vector
o AdEel e o] FAAE ATELE BamHF Kpnle2 Agsle] EE 3 F

pBIN35S vectorol ligation 3} T ©] vector constructE Agrobacerium tumefaciens

O

EHA105 strain®l electroporatione ©]-&3te] =43t & rifampicin®} kanamycin®] ¥
® YEB HiA|olA #2 Ay EHAL05 strainsS AHslich
E

o] Agrobacterium< Hj
k3l & Floral dipping W< %39 ArabidopsisE® &2 @339t (Clough and



Bent, 1998). T1 &A& 483} kanamycin®] ZTHE MS #jx|d] ==t FA A

=
qEAE Ausenh gy A¥e T, B Ty $48 0 595,

2}, HAAE Arabidopsis A1 EA S HWANAY L 7 A2EHA WY AA

Pseudomonas syringae pv. tomato DC3000 #+E King's B vix|ol| A wjFsl =
FAs 10! cfu/mlz Al NS Fuagith vso] gl 1 ml Ae FAE o
S35lo] ofAE T A3 Arabidopsis A EA S Ao | A HAE NS infiltration
ahelal, AEs F4 doA ASste] ¥ JdS #EEGl A S FHshe] 10
mM MgClLZ 7+ = serial dilutiondt &-& KB wjA|oll =Zafe] 2= o 22 oA
9] M+9] A*S monitoringd} v} (Hong and Hwang, 2005).

Arabidopsis A& 250 mM NaCl, 600 mM mannitol, 100 uM methyl viologen$
EFE MS iAol shFete] mjd oS FA5 B HAAS flote] dFd7
AS-% Arabidopsis 52 NaCl, methyl viologen M0 2 &7 2 &9 AEHYA AL
E #3990, NaCl®} methyl viologeno] & W= AE#AE E&l9E chlorophylld
e S4ske] JEll Y (Lichtenthaler, 1987).

H

2. dNgrdy A3 uF

bt

7F Aaw ol B R A xe] differential screening¥ G714 G &4
c¢DNA Library9] clonesE< o2 E coli SOLR straind] A A3 A7l & o]
E2Z5E plasmidE #4353t cDNA Library® €& plasmidE nylon membrane®]
cross—linkingAl 713, ©o]¢} FYU3 membranes ¢ F ¥ A 3T} Differential
hybridization® 93+ probeE AZRst7] Y3 AR} 13F AEI Xanthomonas
Tt aFAF] A HYH
RNAE F%3}9ith o] RNAS F3 O F reverse—transcriptase AMVE AFg3lo] o=
AM(reverse transcription)S 3P o] A Fo AAHEHE wdrlet DNAY
digoxigenin(DIG)©] labeling® == w+-&-A] 7t}
=3 plasmid7} loading® F Xc}-‘l] membrane®] thall YolA %3+ DIG labeling
F DNAE AF&3te] 8% 2 %ot 65 ColA hybridizationg 4238} ). Hybridization
Ay AAT 153 QloM= Ao BIHA Fou MEARTFHEA] AAE Ay 2
b gfo] Z7kek 200 0i7H2| clone Adksle] REA R AUIAES o (Fig.

=o
==
1-1), Table 1-1°+ AFHAFHA A E Aol 7ol tisl] 1 ZdA o] FRSA 571t

campestris pv. vesicatoria®l VYA strain Bvo—4aE A

¢
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Fig. 1—1. Differential hybridization of a ¢cDNA library from pepper leaves infected
with avirulent strain Bvb—4a of Xanthomonas campestris pv. vesicatoria. Randomly
selected ¢cDNAs on the nylone membrane were hybridized with DIG—labeled ¢cDNA
probes that were synthesized from total RNA of healthy and bacteria—infected leaves
with AMV reverse transcriptase. Clones hybridyzing strongly or preferentially with
cDNA probes from infected leaves are indicated by arrows.

Table 1—1. Differential expressed genes from pepper leaves infected by avirulent
strain of Xanthomonas campestris pv. vesicatoria used in this study

Gene Putative identification Accession no.
CACYPI Cyclophilin AF291180
CACBP1 Chitin—binding protein AF112867
CAOSM]I Osmotin—like protein AY262059
CAZFPI1 Cys2/His2 zinc—finger transcription factor AF539746
CADC1.2 DC1.2 homologue

CaPIMP1 Integral membrane protein

CABPR1 Basic pathogenesis—related protein AF053343




t. Cyclophiling #W3h= 315 CACYPI fFHAe] 54 &4

D) 71X dEA

CACYPI FAA+= 3° 49 untranslated region® 33 bpE X }04 695 bp® -
AEo] 9t} (Fig. 1—2). Open reading frame+ 498 bp=E o] 514 9o, 653 bp YA
of AATAAGY polyadenylation signale] &3t th. DNA Q7|4 <Es SA=
CACYPI HA7F @4 dido opmit AMdEdS F4353laL, ] A=
GenBankoll 5% 0] Sli= e A=AlA FaA T cyclophiling el ofv]=it A A3} H]
W A3 EvlE (76.6%), ZA (76%), F(72%), Arabidopsis (67.8%)°lA &l st

cyclophlinE¥ FxHoZ & FAMES B 4 At (Fig. 1-3). Cyclophilin <&

il

immunophilin®] 2} %9+ immunosuppressant binding @A ZA 7|5S = A

EAsh auER G Aok A4RANA cyclophilin® &, AL, AF, W, 4A, s
491 elicitor, BAF A9l 3] FEHo] LeiA Utk Cyclophilin® ZEedz 24

A AE AGAA, G folding?} assemblyel] 83t 93S st AE.
A AlEo| A cyclophiling chaperon—like EAEA AEH A Fo] walzlo] Hejx Art
aggregation® = 215 ¥35t7] gk AY & Atk (Marivet et al.,, 1994). Z2EH & W
2 2 EA A, B2 &9 cyclophilin®] ]2 folding GAE 7143844 7]7] 98}

—

i)

ls
HE A7) Y8te] X campestris pv. vesicatoria® WY wF Dsld nH YA o
T Bvb—4adll HITE 315 QoA Ajgte] wE Aol HHEFA2ke] mRNAS]
< Northern blot 4] &3l A E (Fig. 1-4).
Aol A CACYPI mRNAZ} °FF frew et 2sh# 1 whg-o A,
WA 75 Ds1S HEIA 12 A7kl CACYPI mRNAZY 493 =% u7 24 A
b ol Tl A 1 wde] #AFHAY. EREAC] koA E A whgo] el
= AF F 18 Alztel CACYPI mRNAC =7} G4 F7teksith. 4% &
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CACYPI #7379l 73t wdx H#& CACYPL cyclophilin®
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Pseudomonas syringae pv. tomato DC3000(avrRpt2)ol s EH]%¥ AvrRpt2 effector T
Hdo] GAstH o] 2H3 Il il G (protease)d] TS T F glom, o]t
AvrRpt2 whilA o] Gz B § A~ A 0 F Arabidopsis 2l E9] RIN4 wlzlo] Eg)r})
el s= Aol AT (Coaker et al.,, 2005). o] 113 2159 CACYPL cyclophilin
ol WA g Fo Vedds ArtelE Ales FAT g A el aF
X. campestris pv. vesicatoria®] B U T Bvb—4aE old] Ao HE3st HE3HA
e Sl QoA Aoz e s CACYPI mRNAS] TS ZARSHQIT (Fig. 1-5).
Aol oal JEEA 2 ey 10 mM MgSO.& A2lek ot olx= CACYPI
mRNAS] oFzke] BES & 5= ATk v A dF Bvb—das HES ofel dolA A
3 22 CACYPI mRNAC] o] Yebgtt). ﬁ%‘— T 20 AR Fell= FEEHA &
& 2 Yol =& FFOE CACYPI mRNA 7} AEE AT g AE8HAGA 712
Zo]] AASEA8A (systemic acquired resistance, SAR)©] At} o] SARE dx}#]<l
3 of

date] fFEE ABWALHo] Fel Reloh Wojd ThE HelolA el of

|

m{

S 3 A7IE @4s Zett (Ryals et al., 1996).
o] My ol vkl mapAlo]l yehton, e 74
& SARE WiolAGAAte] waF W Aol vk CACYPI FRAe] AAH
W elA] Bul oyl dAIFCl FE X THA V)

-1 =1 1

o

AAARL CACYPI mRNA AL HFE =749 HF Jo=Fy u5e F2 4
o} H& u )

Aol M C. gloeosporioides Aol 2dt CACYPI mRNAS] o3& 37
Atk (Fig. 1-6). Aol HTHA &2 vl A CACYPI mRNAE A
e okt 2 dujolA] AE £ 24 A7l transcripte] =F o] AE] =4 o}
Bhgtom, 1 o] HAm FhAasigith. ool whal, HA¥ F2 AuilA e CACYPI
mRNAE= HF F 24 AJZrel] 2 H24 o] Al yepston O o] oo FEow X
S5 AT
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Hog g —% o, A2 HWHolwess s %A = RAowm  dyFTh
CACYPI mRNA®|
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t}. Salicylic acid®} methyl jasmonate® H# 2 ZF o= CACYPI transcript®
G AsHA FE=FH AT o] WHE] ethylened] A= AT SR &2 1F oA vt
2> T o= A F7hskAT

4) CACYPI AR 24384 in situ @&

C. gloeosporioides®] el weh Yelus 139 F2 dulel F2 dujoA]9]
CACYPI mRNA®S] o&S in situ hybridizations
(Fig.1—-8). 7}38la A3+ hybridization signale] WU AE 3 24 A|7to] F2 duj9

A AEAA YEFST 3 T 48 AZFE} 72 AJZFl CACYPI mRNAE F2 &

o

A HAAF i w2 dujelds FE F 12 ARl AFe® CACYPI
mRNAZ} L& SATE o] 9] FAL 24 Agbell F718kglom 48 AJZEal 72 Albel] whe
FEor FAHAY B TR Wwoldd fHAEe] WAdd 9 IR FHE
ZAol Fdsl B2 el FAHe] BRuHArt (Breda et al., 19965 Lee et al., 2000).
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goacgaggaaatttotagagagaaaaaagaga ATG GCA AAT CCA AAG GTT TTC TTT 56
4

GAC CTC ACC ATC GGC GGC CAA CCG GCC GGA CGC GTC GTG ATG GAG ATG 104

D L T I L&} G Q P A G R WV v o] E L

TTC GCC ARC GAT GTT CCT AAG ACG GCG GAR ARC TTC CGT GCA CTIC TGC 152

BCC GGC GRG ARG GGC GTC GGA AGG ATG GGT AAG CCT TTG CAC TAC AAR 200

GGC TCC ACC TTC CAC CGT GTG ATG CCA GGG TTC ATG TGT CAA GGA GGT 248

GAT TTC ACC GCC GGA ARC GGT ACT GGA GGA GRA TCG ATT TAC GGC GCT 296

o
=
=
=
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@
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=
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k-d

AAG TTT GCT GAT GAA TCT TTC AGA GGA AAG CAC ACC GGA CCT GGG GTT 344

CTA TCC ATG GCT ATT GCT CCT GGR ACC AAC GGT TCAR CAA TTC TTC ATC 392

L s M A N A G P G T &} G 5 Q F F

ATC TGC ACT GCT GAG ACT GAA TTG CTT GAT CGA AAA GCC GTT GTT TTT 440
c T A E T E L L D E K AV W E

GGT CAG GTT GTT GAA GGA TTT GAT GTG ATT TCT AGT GTT ATT ATC AGT 488

G Q v v E G F oo I S 5 Vv I I s

CCT AAT ATT TGA gtacgccogttttaggoctttgtttttaattttaattctatgtttact 547

gtttggttgogttgggtegggttgaagggtctagggtttttgotgtaattggtattggtitgy 610
cttgtaccagtttatgttttaatcttaagactactacaattaaataagataatagatttccat 673

ctzaaazaaszaaaaaaazzaaa 635

Fig. 1-2. DNA and deduced amino acid sequences of pepper CACYPI
cDNA that codes for pepper cyclophilin. The deduced amino acid sequences
are given below the nucleotide sequences. Putative polyadenylation
sequences are underlined. The transcriptional start sites are shown in bold
type and the termination codon of the coding sequence is marked by an
asterisk (*). Nucleotide sequence of CACYPI cDNA has been submitted to

Genebank database under accession number (AF291180).
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Fig. 1—3. Amino acid sequence alignment of CACYPI c¢cDNA encoding a

putative pepper cyclophilin with several cyclophilins from tomato (accession
number: P21568: Gasser et al., 1990), potato (accession number: AAD22975:
Godoy et al., 2000), bean (accession number: BAA25755: Kinoshita et al., 1999)

and Arabidopsis (accession number: Saito et al., 1995). The numbers of amino

acids are shown in the ends of sequences. Amino acids colored black indicate

sequence identity.
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Fig. 1—4. Temporal accumulation of CACYPI mRNA in leaves of pepper
plants in the compatible and incompatible interactions after inoculation with
virulent strain Dsl or avirulent strain Bvb—4a of X campestris pv.
vesicatoria, respectively. (a) Northern blot analysis of CACYPI mRNA in
the compatible and incompatible interaction at various times after
inoculation. (b) Densitometric comparison of CACYPI mRNA levels between
compatible () and incompatible (o) interactions. Total RNA (20 ug) was
loaded in each lane of 1.2% formaldehyde agarose gels. The putative pepper
CACYPI cDNA insert in pBluescript SK (—) was labelled and used as a
probe. The equivalence of RNA loading among lanes of agarose gel was
demonstrated by ethidium bromide staining of RNA on the gel. H: healthy
leaves, h: hours after inoculation. equivalence of RNA loading among lanes
of agarose gel was demonstrated by ethidium bromide staining of RNA on

the gel.
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Fig. 1—5. Northern blot analysis of CACYPI mRNA systemic expression in
lower first (local) infected leaves and upper (systemic) uninfected leaves
after inoculation with avirulent strain Bvs—4a (10° cfu/ml) of X. campestris
pv. vesicatoria on the lower first leaves of pepper plants at the six—leaf
stage. The lower first leaves were mock—inoculated with 10 mM MgSOs.
Total RNA (20 ug) was loaded in each lane of 1.2% formaldehyde agarose
gel. The putative pepper CACYPI cDNA insert in pBluescript SK (=) was
labelled and used as a probe. The equivalence of RNA loading among lanes
of agarose gel was demonstrated by ethidium bromide staining of RNA on

the gel.
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Fig. 1—6. Temporal accumulation of CACYPI mRNA in pepper green
(unripe) and red (ripe) fruits inoculated with C. gloeosporioides. (a)
Northern blot analysis of CACYPI mRNAs at various times after
inoculation. (b) Densitometric comparison of CACYPI mRNA levels
between pepper green (o) and red (o) fruits. Total RNA (20 pg) was
loaded in each lane of 1.2% formaldehyde agarose gel. The putative pepper
CACYPI cDNA insert in pBluescript SK (=) was labelled and used as a
probe. The equivalence of RNA loading among lanes of agarose gel was
demonstrated by ethidium bromide staining of RNA on the gel. H: healthy

green or red fruits, h: hours after inoculation.
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Fig. 1—7. Northern blot analysis of CACYPI mRNA expression in pepper
leaves in response to abiotic elicitors. Total RNA was isolated from pepper
leaves 24 h after treatment with each of SA (5 mM), ethylene (100 ul/L)
and MeJA (100 pM). Total RNA (20 ug) was loaded in each lane of 1.2%
formaldehyde agarose gel. The putative pepper CACYP1 c¢DNA insert in
pBluescript SK (=) was labelled and used as a probe. The equivalence of
RNA loading among lanes of agarose gel was demonstrated by ethidium

bromide staining of RNA on the gel.



Fig. 1-8. In situ localization of CACYPI mRNA in green (unripe) and red (ripe)
fruit tissues of pepper plants after infection by C. gloeosporioides. (a)—(d) green
fruits and (e)—(h) red fruits. (a and e) Cross—sections of uninoculated fruit
tissues. (b and f) Cross—sections of fruit tissues at 24 h after infection. In the
green fruit, the labelling is very strong and dense in all phloem cells of the
vascular bundles. In red fruit tissues, CACYPI transcripts started to accumulate
somewhat strongly in phloem cells. (¢ and g) Cross—sections of fruit tissues at 48
h after infection. In green fruits, CACYPI mRNAs were abundant in phloem cells
of the vascular bundles. In red fruit tissues, transcripts are seen in phloem cells.
(d and h) Cross sections of fruit tissues at 72 h after infection. In the green fruit,
the accumulation of CACYPI mRNA declined, compared to the labelling level in
green fruits at 24 h after infection. In red fruit tissues, the labelling is maintained
at the level similar to that at 48 h after infection. Abbreviations used in all Figs:
P: phloem ; X : xylem. Bar size represents 30 um in all Figs.



U}, CACBPI +A#e] B4 £

1) @714 &4

CACBPI $7AzAte] BA& PCGENE Zza#l& E3| o]Fo] At} Open reading
frameS 212 7§9] ojuj=Ato & A E o] 9l 01 N—terminal®] 22709 o}wn] =AFS %13
AEol BH A5 AGS o]F3 gt 212 9] olujnate] ol&] Ak 22,265 Da¥} pl
7.999] 4AE HAE g do] ks A oz AZEQr). ol it AEE thE A
Eo A fF# ek chitin binding protein £9 o4l A3 HwEHY (Fig. 1-9).
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X. campestris pv. vesicatoria®l 7ol o8| iF 2Eo] 9o ZFAAM CACBPI
mRNAS] 33 F717F Yebstl (Fig. 1-10). CACBPI mRNA2] 9k WA et 4
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A&}
A FAS 7FA 2L = chitin—binding ©§WMAE0o] T E A EoA B, BiY o]
9lt} (Nielson et al., 1997). 1239 CACBP1 ©@rido] 3} 24 9 3 A Ao Id+=
A o= g% A Hojof & Folt},

3) 3}eh4 elicitor *2] 9% CACBPI w42 24

CACBPI mRNA®| a2 n3 A=o QoA yebA] ekt 12y ethephont
methyl jasmonate 59| H]AEZ <l elicitor®] 8|2 CACBPI Ao vkg ko] =7}
H A}t 53] methyl jasmonate®] Ao &JEA wlg- W@ FEAAME CACBPI 7
Zke] o] FBsk Al Fbsklth a1 o AAE FUES W B FFEoE o A
= F7reke (Fig. 1-11).

4) CACBPI +AAe] 23434 in situ &4

C. coccodes®] ol wel vebuE 4 §37]9k 8%1719 a1 A=A el CACBPI
mRNA®S] ¥dE /n sifu hybridizations E3] A|HA, F3HFH o=z ZAEAY (Fig.
1-12). #3}al 3k hybridization signal®] BT HE $ 24 A7k 4997] A& A =
2ol AH-(phloem) A3EoA A Fo® vepgth 8 Q7] A &A= 7 48 AF o] %
CACBPI mRNAE o Ao A A& A=t
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CACRPI MAK=--~-TTALLLSIVLET ~TARVANAJQCORORGGRAVCSGSLCCSQYGWCGSTPEYCSPSQGCOSQT-(GSVPT
TOMATO  ——————————— LALVLCISLTSYVTNAQOCGRORGGRLCGGNLCCSQFGHCGSTPEYCSPSQGCOSQCRYGETET
BPOTATOL1 MVKL-SCGPILLALVLCI SLTSVANAQCCCRORGGALCONNLCCSQFPGWCGSTPEYCSPSQGCOSQCTH~3GPD
POTATOZ MVELISNSTILLSLELF-STAATANAQO CEGROKGGALCSGNLCCSQFGWCGSTPEFCEFSQGCOSQCTITGGST
TOBRCCOT MGKL-5T— LLFALVLYV“IAAGANAQQ CORORGGALCSGNTLCCSQFGWCGETRPREYCSPSQGLQSQCSHGEEEE
TOBACCOZ MGKL-3T-~LLLVLILYF-TARGANAQD CCRORGGALCSCNLCCSQFGWCGS TPEYC SPSQGCESQCSFGGEGE
Consensus  M-K-—-t—1L1sLvLfi-iaavaNAQQCCROrGGa-Cig-LCCSQ-CWCGSTPEYCSTEQGC0S0C-Gg—pt

CACBEI PTRPGGGEASAONVRATY HLYNPONVGWDLNAV SAYCSTWOANK PLAWRS KYCLTARFCCPVGPRORDECGKCLRY
TOMATO PTPGGG-A—Q-VRATYHLYNPONVCWDLNAVSAYCSTWDANKPY SWRSKYCWTAFCGPVGPRERDSCCKCLEY
POTATOL PG-QGG—SAONVEATYRLYNPONVGWDLNAVSAYCSTWOANKE Y AWRSKY GW TAPCGPVGPRGRDSCGRCLEY
POTATOZ PTP-SG—SAQNVRATYHI YNFONVGWDLNAYSAYCSTWDANKPLSWRKKY GWTAFCGPVEPRERDSCGKCLRY

TOBACCOL GGGGAGGGGEADNVRATYHI YNPONVGWDLYAVSAY CSTWOGHKP LAWRRKY G TAFCGPVGPRGROSCGKCLEY
TOBACCOZ G-GGEGEG-AONVREATY HLYNPONYVGWDLY AVSAYC S TWDGHE PLAWRRK Y G TAFCGPVGPRGROSCGRCLEY
Consenses ptpggGGasAQNVEATYHLYNPONVGWOLYAVSAYCSTWDGHKEP1aWRsKYG-TAFC - PVGPRGRDSCGRULEY

CACBFI TSANTRTGAQTIVRIVDOCGCENGGLDLOVNY PRQIDTDGVENQRGHLIVNY QFVDCGONLNVS L-—-VLYG
TOMATS T—NTRTGAQTTVRIVDOCSCENGELDLDINVEFRGIDT DEVENQQGHLIVNYQFVNCGONVNVPLLEVVDRE
POTATOL T—=NTRTGAQTTVRIVDOCSCENGCLDLDINVEFQQIDTDEVENQOGHLIVN Y QFYDCGDNYNYPLLEVVDRE

POTATOZ T——NTRTGAQTTVRIVDQCSCENGGLDLDVNVERQ I DTDGVGNHOGHLEVNYQFWVDCG—— ==~ —————
TOBACCO1 T—NTGTGAOTTVRIVDOCSCONGGLDLDVNYEFRQLDT DORGNORCGHLIVNYE FVNCGDNMNY - LTS PVEKE
TOBACCOZ T——NTGTGAQTTVRIVDOCSCONCCLDLDVNYEROLDT DGRGNQRGHLIVN Y EEVNCGDNMNYV-LLEPVDER
Consensus T—NTRTCAQTTVRIVDQUSCGNGCLDLLANVERQLDTDGVGH qrGHLIVNY qEVACGEN-NY-L——-V-——

145
135
145
146
l4e
144

212
203
213
200
213
211

Fig. 1—9. Comparison of amino acid sequences of pepper CACBPI (GenBank

accession no. AF112867) with other chitin binding proteins (CBP) from other

organisms. The deduced amino acid sequences of CACBPI from pepper

are

aligned with the sequences of CBP from tomato (LEUPR4, GenBank accession
no. U89764, Harris et al. 1997), potatol (Win2, GenBank accession no. P09762,
Stanford et al. 1989), potato2 (Winl, GenBank accession no. P09761, Stanford et
al. 1989), tobaccol (cbp20—52, GenBank accession no. S72425, Ponstein et al.
1994) and tobacco2 (cbp20—44, GenBank accession no. S72424, Ponstein et al.

1994). Amino acids marked in black boxes indicate sequence identity. Gaps

introduced for alignment of homologous regions are indicated by dashes.
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Fig. 1—10. Time courses of accumulation of transcripts of CACBPI ¢DNA gene

in pepper tissues during the compatible and incompatible interaction of pepper
with Xanthomonas campestris pv. vesicatoria or Phytophthora capsicl. A,
Northern blot analysis of CACBPI mRNA in pepper leaves at various times
after inoculation with virulent strain Dsl and avirulent strain Bvb—4a of X
campestris pv. vesicatoria. B, Northern blot analysis of CACBPI mRNA in
pepper stems at various times after inoculation with virulent isolate S197 and
avirulent isolate CBS178.26 of P. capsici. Total RNA (30 ung) from the samples
at various time intervals after inoculation was loaded in each lane. The
EcoR1/Xhol fragment of putative pepper CACBPI cDNA insert in pBluescript
SK(—) was labeled and used as a probe. A duplicate gel was stained with
ethidium bromide as a control for RNA loading. d : days after inoculation, H :

healthy, h : hours after inoculation.
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Fig. 1—11. Northern blot analyses of CACBPI mRNA expression in the pepper
leaves in response to various abiotic elicitors. Total RNA (30 g) from each
sample was loaded in each lane. The EcoR1/Xhol fragment of putative pepper
CACBP1 c¢DNA insert in pBluescript SK(—) was labeled and used as a probe.
A duplicate gel was stained with ethidium bromide as a control for RNA
loading. A, CACBPI mRNA expression in leaf tissues at 24 h after treatment
with each of ethephon(10 mM), salicylic acid(5 mM), methyl jasmonate(100 M),
DL—B—amino—n—butyric acid(19.4 mM) and benzothiadiazole CGA245704(95.2 M).
B, CACBPI mRNA expression in leaf tissues at different time intervals after
treatment with ethephon, hydrochloric acid or phosphoric acid. C: control, h:
hours after treatment. C, CACBFPI mRNA expression in leaf tissues at 12 h
after treatment with methyl jasmonate at various concentrations, and at various
times after treatment with 100 M methyl jasmonate. C : control. D, CACBPI

mRNA expression in leaf tissues at different time intervals after wounding.



Fig . 1—-12. /n situ localization of CACBPI mRNAs in midribs of pepper leaves
infected by Colletotrichum coccodesat 4—leaf and 8—leaf stages. Leaves were
sampled from pepper plants at the indicated time intervals. (A) Cross—sections
of pepper leaf tissues at 48 h after inoculation. (B) Negative control of in situ
hybirdization. C and F: uninoculated leaf tissues, D and G : 24 h, E and H : 48
h after inoculation. Thin sections were hybridized with digoxigenin—labelled
pepper CACBPI c¢DNA (purple). Co, collenchyma cell; LE, lower epidermis; P,
phloem; PM, phallisade mesophyll; SM, sponge mesophyll; UE, upper epidermis;
X, xylem; Vs, vascular bundle. Scale bar = 25 m. (B) to (E), leaf tissues at

4—leaf stage, and (F) to (H), leaf tissues at 8—leaf stage.
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A REgell A E HE F 6 AN GERFARE ojn] 1 g o] sk whg-of A
Ho}h gds S7HE AdEHd =gt ofrt EXsH wkgo A ] CAOSMI Ao
e 6 ARE ojdel YEfs Aoz AZtEAT HE F 12 Algte] HW 1 i ol
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aF A AW Colletotrichum coccodes 7XFel wel 4 3719 8 4719 a3 2
QA ZAAAN CAOSMI FAe] dd o] et 4 §37]9 35 o ZZHA A
= & 12 A7) ekskA wEE CAOSMI FARE 36—72 A7k Xqi} I drgeko

7FE) ek 8 4719 aF 9 FHHAAME 12 AZt A2 CAOSMI1 Ak
AL A=, 2 TESS 4 Gl R Bkt 24 A7 o] Fo] FAA TE gL

aF 9y 7 Oéoﬂ wel CAOSMI FrAA7Y 15 Z7]oA A=At 1153 &7
Mol CAOSMI e 2de HE § 12 ’\]7J°ﬂ F8pA wkgol A o] wEA e
om, 24 ARF ol FE= F3pA w3 EX5HA wkg Atole] FHA wde AA Aol
7} St (Fig. 1-14c).

CAOSMI FAAe] @i AbEo] ofwr] WAy 7]zfe] #ofet=#] 7]54<l
S 9l5le] o] FHAE overexpressionA 7] A HSA EA O Tk 5A EA o] o]

Fo] xlo} & Ao|t} (Liu et al., 1994; Fagoago et al., 2001).

3) 3}st4 elicitor A gloll 28 CAOSMI F7#ke] wd
Aol FAAEY] HAe v HAddd vAEA 2Ed 2o oA
FEHEY, o] #A) salicylic acid, jasmonic acid, ethylene, nitric oxide®} 72 WHk
o] NEAY AL Ayl glgo] BaHa U}t (Bolwell, 1998; Dong, 1998).
frd 2= ethylene A2 § 2A17bel] dAE $ 18 Akl 7H ZaiAl 2w
i 24A7ke] HW 1 wdo] ot st A4S HYvh (Fig. 1-15). Methyl
jasmonate®l] 93X CAOSMI FAA= 2A17bo 23 & gAI7F
A S e AT Abscisic acidell oeiA CASOMI wAA7E of Aol A= TE = A
At 27 M= 1A F5E AetA EEEo] 18 A7H7hA] A aL 244 ko] oF

2
F T Osmotic stressoll €3t osmotin—like FHdA=5<¢] W3 o] ABA signaling
N =
g2

(HRE 244130744 23 g
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HZE B3l o]FoAtt= By 9o} (Grillo et al., 1995), 313 Al Zo|x9] 9 =
7ol 2pE Ao R YElU= CAOSMI +7AA2] 2l ot =4 7|22 ¢ AFsof
g Aot}

4) 37 2~EY 2z 23 CAOSMI A xe] 2d
NaCl. & 5=, &5, 3, 112 3| So] A& osmotic stressE ¥27]

Aato]l A=A Wol= Aoz sduidcs B2 WHgEo] dojdn. 5
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Az, AL, A g ZAedt (Fig. 1-16). 200 mM NaCle] A&t g $ 12
kS kS

o] CAOSM19] F&L 100—-200 mMe] 3522 NaCl A zjell 4wt Yetskth. CAOSMI
of e a5 A= o ARG E7] 2N wg A dAE AT A
B

1A S AE SR ol g8 S
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W A 33 HAEY F7] 2HAAME o] FHAIE S E A=,
ol & MYWORLE CAOSMI &S 918k T3 osmotic stress’7t B & F AU
t}. Freezing tolerances<te] ok & ol A} Solanum commersoniil A osmotin—like

A7 &S =71 5A (Zhu et al., 1993, 1995), tt& &7F9] o8 72+ Solanum

dulcamara®l A 23 cryoprotective @& o] osmotin—like M A2 FTAEH7] = A
t} (Newton and Duman, 2000). o|#3t A= 15 CAOSMI 3 Ao W&o 13
| 2]

AZe] i 2 sl d-dEo] AdeS RoFE Aotk 1-200 mM<e] NaCl
A

2 Qe AR el fEEH[AY. a5 A we 74 B2 AR e AF A

14
2

7ol YeEY=dH olE AlFoR 4 A FF CAOSMI

=
2o AT ellM = Az 4 vbel ofF HES
1

ngon 27 AL 9= 92 1-32 Bt g ZH BAL Jepot 49M
HolAl ofzt o1 fraAe] Wde] ZolEdTh 4°CY AL nF AES FUL 1
Q3 Z71904 CASOMI AR FHBHUT. ol Ae] A wao] 18 Azbel] 2
NA o= et 247l Zolmk wRl, 7oAk o] fuAe] W A 1 A
Zrol vhehit ekl E7kskel 24 A4 4w

& 23S YehiAT. CAOSMI A=
o] mRNAZF Aol ofsiq i Qlo] HH=9lom ol e dAE w2 A 19HY
FAE JA &2 A 2o AskA YErsE

5) CAOSMI €A Are] %A8A i situ T3
CAOSM1 7 A= Northern blot A3 A3 A& 7|3l A
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o= FHel A= mRNAE HEHA @4t (Fig. 1-17). #es} 52 dvjolld= A4
ZAo A CAOSMI1 +RAA7F &4 Hdstal 9034 Northern blotS 53k & = U
U in situ hybridizations Fote] A et F Aujel S mRNA HFol
vascular bundles THOE 3to] F2 #HFHAT. A o ZH A= HEY
o IFEAYE(Colletotrichum coccodes)2] A 2siA ZstAl HAEH A= in
situ hybridization= &3 A3} CAOSMI F+AA] mRNAZF 2 W 7 dsiv:=

[e]
-
ol ZZ 9] vascular bundleo] F&E& & 4 U}

N
52
g:g



v .
CAOSM1  MGHLTTCLVFFLLAFVTYTYASGVFEVHNNCPYTVWAAATPVGGGKLLER 50
PA35 MSHLTTCLVFFLLAEVTYTNASGVFEVHNNCPYTVWAAATPIGGGRRLER 50
PR-5d MSHLTTFLVFFLLAFVTYTYASGVFEVHNNCPYTVWAAATPVGGGRRLER 50
NP24 MGYLTSSFVLFFLLCVTYTYAA-TIEVRNNCPYTVWAASTPIGGGRRLNR 49
AP24 MGNLRSSFVFFLLALVTYTYAA-TIEVRNNCPYTVWAASTPIGGGRRLDR 49

-
CAOSMI  GOSWWFWAPPGTKMARTWGRTNCNFDGAGRGWCOTGDEGGVLECKGWGKP 100
PA35 GOSWWFWAPPGTKMARTWGRTNCNFDGAGRGWCOTGDCGGVLECKGWGKP 100
PR-5d GOSWWEWAPPGTEMARIWGRTNCNFDGAGRGWCOTGDCGGVLECKGWGKP 100
NP24 GOTWVINAPRGTKMARIWGRTGCNFNAAGRGTCOTGDCGGVLQCTGWGKP 99
AP24 GQTWVINAPRGTKMARVWGRTNCNFNAAGRGTCQTGDCGGVLQCTGWGKP 99

CAOSMI  PNTLAEYALNOFSNLDFWDTSVIDGRENTPMSFGPTKPGPGKEHPTOCVAN 150
PA35 PNTLAEYALNOFSNLDFWDISVIDGFNTIPMSFGPTNPGPGKCHPIQCVAN 150
PR-5d PNTLAEYALNOFSNLDFWDISVIDGENTPMSFGPTKPGPGKCHGTIQCTAN 150
NP24 PNTLAEYALDOFSNLDFEWDISLVDGENIPMTFAPTKPSGGKCHATHCTAN 149
AP24 PNTLAEYALDQFSGLDFWDISLVDGFNIPMTFAPTNPSGGKCHATHCTAN 149

CAOSM1  INGECPGSLRVPGGENNPOTTFGGOOYECTOGPCGPTDLSRFFKOREPDA 200
PA35 INGECPGSLRVPGGCNNPCTTFGGOOYCCTOGPCGPTDLSRFFKORCPDA 200
PR-5d  INGECPGSLRVPGGCNNPCTTFGGOOYCCTOGPCGPTELSRWFKQRCPDA 200
NP24 INGECPRALKVPGGCNNPCTTFGGOOYCCTOGPCGPTELSKFFKKRCPDA 199
APZ4 INGECPRELRVPGGCNNPCTTFGGQQYCCTQGPCGPTFFSKFFKQRCPDA 199

CAOSMI1 ‘(SYPQDDPTSTFTEOSWTTDYK‘JHF&FYGSTHNETSSFPLELPTSTHE\’A* 250

PA35 YSYPODDPTSTETCQSWTTDYKVMECPYGSTHNETTNFPLEMPTSTLEVA- 250  (96. 0%)
PR-5d YSYPOGDDPTSTETCTSWTTDYKVMFCPYGSAHNETTNFPLEMPTSTHEVAK 251  (95. 2%)
NP24 YSYPODDPTSTETCPGGSTNYRVVECPNGVAD-—-PNFPLEMPASTDEVAK 247  (77.2%)
AP24 YSYPQDDPTSTETCPGGSTNYRVIFCPNGQAH---PNFPLEMPGS-DEVAK 246  (77.2%)

Fig. 1-13. Amino acid sequence alignments of CAOSMI cDNA encoding a
putative pepper osmotin—like protein (GenBank accession no. AY262059)
with other osmotin—like proteins, PA35 from wild potato (Solanum
commersonii, accession no. S56708, Zhu et al. 1995), PR—5D from tobacco
(Nicotiana tabacum, accession no. P25871), NP24 from tomato (Lycopersicon
esculentum, accession no. P12670, King et al.,1988), and AP24 from tobacco
(Nicotiana tabacum, accession no. X65700, Melchers et al., 1993). Gaps
indicated by dashes (—) are introduced for optimal alignment. The residues
identical to CAOSMI1 sequence are shaded in grey. The predicted
N-—terminal signal sequence cleavage site is indicated by an arrow.
Carboxyl—terminal signal sequences are marked with an upper line. The

dots represent the conserved cysteine residues of osmotin—like proteins.
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Fig. 1—14. Time courses of the expression of CAOSMI mRNA in pepper plants
during compatible and incompatible interactions with pathogens. (a) Temporal
CAOSM1 mRNA induction in leaves of pepper plants inoculated with virulent
(Dsl) and avirulent (Bvb—4a) strains of Xanthomonas campestris pv. vesicatoria
at the six—leaf stage. (b) Temporal CAOSM1 mRNA accumulation in leaves of
pepper plants inoculated with Colletotrichum coccodes isolate 2—25 at the four—
(compathible interaction) and eight—leaf (incompatible interaction) stages. (c)
Temporal CAOSM1 mRNA induction in stems inoculated with virulent (S197)
and avirulent (CBS178.26) isolates of Phytophthora capsici at the six—leaf stage.
Each lane was loaded with 20 mg of total RNA from the healthy or infected
tissues at various time intervals. Ribosomal RNA was stained with ethidium
bromide to ensure equal loading of the RNA samples. Results presented are
from representative experiments, which were repeated four times with similar

results. H, uninoculated healthy pepper tissues; h, hours after inoculation.
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Fig. 1—15. Time courses of the CAOSMI mRNA expression in leaf and stem
tissues of pepper plants treated with (a) 5 ml 1K1 ethylene, (b) 50 mMmethyl
jasmonate, and (¢) 100 mM abscisic acid. Each lane was loaded with 20 mg of
total RNA from treated tissues at various time Intervals. Ribosomal RNA was
stained with ethidium bromide to ensure equal loading of the RNA samples.
Results presented are from representative experiments, which were repeated
four times with similar results. C, untreated pepper plants; M, mock,

water—treated pepper plants; h, hours after treatment.



(a) NaCl () Drought

Hours after Concentration
treatment (mM) i | I Leaf . Stem |
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Fig . 1-16. Time courses of the CAOSMI mRNA expression in leaf and stem
tissues of pepper plants treated with (a) sodium chloride, (b) drought, (c) low
temperature and (d) wounding. Leaf or stem tissue was harvested at different
time intervals after treatment. Ribosomal RNA was stained with ethidium
bromide to ensure equal loading of the RNA samples. Results presented are
from representative experiments, which were repeated four times with similar
results. C, untreated pepper plants; d, days after wilting; h, hours after

inoculation.



Fig. 1-17. In situ localization of CAOSMI mRNA in various organs of healthy

pepper plants and Colletotrichum coccodes—infected leaf tissue of pepper plants.
Cross—sections of (a) healthy and (b) infected leaf tissues at 24 h after
inoculation of C. coccodes. Cross—sections of (¢) stem, and (d) green fruit, (e) red
fruit tissue and (f) root. Longitudinal section of (g) flower tissue. Each thin
section was hybridized with digoxigenin—labeled pepper osmotin cDNA. The
transcript signals are in colored purple. BarsZ100 mm. Co, cortical layer; E,
epidermis; En, endodermis; LE, lower epidermis; O, ovary; Ov, ovule; Pe, petal;
Ph, phloem; Pi, pith; Pl, placenta; UE, upper epidermis; Vs, vascular bundle; Xy,

xylem.



vh. CAZFPI f7ke] 5744 #4

D 97144 24

CAZFPI +7d7= pl 8.39, MW 28kDa®] Wi AJstelel Aztety. CAZFP1
S A2 geket P29 54S 7 ok FHe] Cys2/His2& 7FA zinc—finger
type? transcription factor motif7} 38709 ofn=AtS Ag 2 Fi A3 o] 3
MEE =4 DNA A3 &Add Fas F9ga ¢2f# At (Desjarlais and Berg,
1992; Kubo et al., 1998). T3l @zl o] all o 2 9] o]%F5o] #olslE A% peptide”’} EA
s, G g -kl A5G dolstel et AZtE = L-box® DLN—box7} ¥zet}
71Eo BRaFo] e TE F79 zinc—finger proteinEd} H|3H 38—-77%9 FAHA
= 7ML glow SlolA dgEdk dulde] bgekdt 5SS UHlle obv A ¥4
A8l BEHO UAS5S o 4 Uk (Fig. 1-18).

#H 43 Myb, ethylene—responsive—element binding factors (ERF), basic—domain

i

leucine—zipper (bZIP), WRKY, homeodomain @& 5 Al ¥ F o] A& transcription
factorgo] Wwro] whg-o] zAo]| FHojdttu LA Utk (Rushton and Somssich,
1998). Xanthomonas campestris pv. campestris®] VWA d50] 3] Fdo| =5
= Arabidopsis Myb A= Arabidopsis lesion mimic S WHo| Ao A2 Al AMEH
(programmed cell death)®} A #o] AN} (Kranz et al., 1998; Daniel et al., 1999). &
ntE e} el ERF FAAEL Pseudomonas syringae (Zhou et al., 1997), TMV
(Horvath et al., 1998), Clasdosporium fulvum (Durrant et al., 2000) ZFgd] 93] =
o}, thaksl 59 Cys2/His2 typed] zinc—finger transcription factor7} 2 &0 A H
AEAT}. o] FolA HFolA E#¥H SCOF—1<& abscisic acid responsive element
(ABRE)C] 98] Wi+ AL ~2Ed 2~ #d 9o] F742+9] positive regulator= & &+
= otH, @A -—wld Ao AgS Sote] WdAEe M7 98-S v (Kim

et al., 2001).

2) CAZFPI transcription factor®] AJXEZU] 9]

Wt el digh 2 Ee] ol wh3e A Al dge] A v w2, vt
ol AEES HTHeR AEY I toem HdEuo WA FHAESY  #AA}
(transcription) & &4 38} A7t} (Yang et al.,, 1997). WwWolf
Aeshi= transcription factor®] 2A4Je] Wale] ofs| wiZjE vt ¥ EE transcription

factore] A|EZA MO 29 translocations T 2A 9] post—translational controlel A



¢ =23k gA ot} (Laskey and Dingwall, 1993). th5+9] transcription factor T
=
[e)

AEL Ao 7o oL FE3lE nuclear localization signal (NLS)ES 2E59] ofu|Ak

>

A Foll ZHAAL lofA dEAQl G o] o]gs o]Fo] Witt (Raikhel, 1992).
f Mato] Bl N—geh 590

A f1AEE NLSE 7HAL a5 & 5 A od F7

9] transcription factors< A|EZAAA Aoz o]=3dtr] 95+ elicitore] A7 59 E
Aok oAl AT s Q37| % 1} (Lee et al, 2001). 221} CAZFP1 transcription
factor®] 7Z-¢-, olefgk e]F-#<l A% glo] AHA|#Ql NLS rto.= o weo] o]Fo] Fit

8] o] FolA L d&a & UMY (Fig. 1-19).

CAZFP1 transcription factor FdAF2] olm|=At LS B4

arginine®} lysine©] =453}

H~l

3) BN CAZFPI Aol 24

W AAF AR CAZFPIO) HE Ee ARt W el diste] shH, X154
WS-ol A xpEA oz Uebgth (Fig. 1-20). o fxate] wEe oA oAF3h
CABPRI ARV w9 w27 fl5o] HF 5 30 ol eyt 53] 313}
A Rkgoael wrdo] HF F 30 BollA 30 AM7FA S WA E w)§- HA
Efvbe= W CAZFPI 78] S w=a ZretAl vehg 7)o Mol dE R
A W FF FRE AolE vt ¥ Al o8 dEte o ¥ A wE
WF&- A S transcription factor® ZYsE FHA o=
WRke Z7lel dEve ol #fHAEe] 2
signal transduction)ol A 3d}¢]o EAsleE THHE Ze FAAEY HHS =517 9

ok 712to 2 A E QT

4) 3484 elicitor 22| o1& CAZFPI 7] 24
CAZFPI s+3A2= A8 7HA] elicitorel ¢Jste] ZFolgh wd A3gs et (Fig.
1-21). Ethylenedl| oJ3iA Az 1Ak Z8hA @A = th7b 21 & ofzF hadbar 1243
HE Al Z7Fs3lth Methyl jasmonatedl] )8 2A13bol] ZahAl @A E a1 6A ke oF
bag 5 o wrEo] dA3] Fo]E5Uth. Abscisic acid gl o8 1A17HEE oFs)
o

A2
A HAp Frkeke] 12—24 Algbe]| o]28 1 Wdo] F7Fsksitt. salicylic acid,

L
N

X,

|
benzothiadiazole, DL—amino—n—butyric acid, hydrogen peroxides2 g = =8 &
SN ZF A A CAZFPI AR 2@l = 7] A 2Fsloi ).

.



5) 87 2E# 2o 9% CAZFPI F3A<] @d

CAZFPI A2 %E 3AAQ 2Eg 2 o] we Algke] T@alvh Aol o3
4 30Tl sk A 6AHA] AH Fo] 12 AlRbo] el 1
oAt (Fig. 1-22). A2A g osir = e ddo] VeEfbA] ool A
A CABPRI +37ke] ez o] 18417 AF ko] YelRth 200 =
NaClel €3k o35 =z o) qa} CAZEPI AA7F 308 @& = 1Akl oF7t 2o

|
E (
=
i

T F 12 ARE ool Ede] dojubx] ehgkeh. ol Wrell CABPRI RS 2
%o NaCl Aol 98] 18-24 Algte] 2dl EM CAZFPI +7d7ke] rdoe] dnb#ql
oA f ARG v wEA ekl BAEE o 4 Ak

6) CAZEPI S-A7te] 2484

CAZFP1 A9 mRNA 23 E jn situ hybridizationE 38ttt (Fig. 1-23).
AAgk 71 A 2 ¥e] 9] vascular bundled] mRNAZF FAEQlom 2 A A=
wjoh Einkel A F2 R wQUch. CAZFPI mRNAZE 117g Q] FA oA LdEA
ot mEelAH HZFo|u}, ethylene, abscisic acide] AHzleo] 98] A< vascular
bundleol| /] & A} (Fig. 1-24).

A situ L

7) CAZFPI SAx}e] T2 e B 2 24
Transcription factor ARl CAZFPI §AAe] ZT2REHZ Raste] A5
(Fig. 1-25). CAZFPI f-732te] A2 51E ATGO upstream© & 999 7Ho] 4714 L&
SEsto] g56tqln. o] A7IM LS (-999), (—=685), (—485) 12]aL (—250) 7] Ao]9
7} 2 deletiondlil ©]& pBI101 vector®] GUS reporter 72} &F el 9]A]3H%

u PN

vector® A ZelG . 2 constreutE AVES}Y]  Pseudomonas syringae pv. tabaci
F3 3} methyl jasmonate®] = &]ol 9]?3} CAZFPI °ﬁx}9] TEHE AL o) o
oA &elattl. Transcription factor F4 A W& AFsl7] el 3 A} 184 %F
TrRH A4S FAste] WA < tgﬂgﬂ%zjx}q TrRE 4% A3t 53

g L2 2 i

8) oﬂ/‘ﬂ 7+, methyl jasmonate®} ethylenedl] 93+ CAZFPI T2 EE 9 A3}
AE T 3 Azt gujEEl ol Qe 4 el CAZFPI R RE constructs’} &4
ste vk (Fig. 1-26). 53] (-999) gl wis & 43t 42 & + U2
™, 1 o] % HAQl (=685) o= o] &Ado] FAGA Aol (—999)lA (-685) Al



ol¢] oA wHjEEH] RFEshE A elementEol EATTIAL AT HE
F 18 Algtoll= 3 AlgtAlA o= v thE S #HE T 5 AT Al el o3l
i o] % O} 3 Agboll A o] w2 &Ade] 1/2
, (—=685), (—485), (—250) constructs®ll A= 3 A|ZHA X
o} 1 #Ao] ZrtEQ e, E3] (—685) constructol]l A A& 3 A gk MK 5 uj
o4 71kl th. Methyl jasmonateol 9l3te] CAZFPI Z2REEQ o] #zaHT
(Fig. 1—-27). o] =3+ 3 A7k} 18 A 7Fo| A construction B & 2Fo] S YEFY AT MeJA
o oA (-999)2 (—685) construct”t &4 35 Atk MeJA A ¥ 3 A3kl &4 3}
(—=999) constructi= 18 Al7Fo] Ak Fol| = X|&E Q1o (—685) construct?] 42
A3 ZAth. (-485) constructi= 3 AlZFoll & WHE3EA] ok o} 18 Alboll & oFzke
S Holth

o
rBLr

23

Arabidopsis®] A Z

A A4 Aol A aFol A F2l® 1A CAZFPIO] MR 2 87 ~E# 0
L 2 td s dEelon, AT 713 B o] fHAe] LR RE

S welstel BA3 A, B %W 87 2Edzd o9k CABPRI frdAte]

dojub= ZERECY 45tE 7S AESSTh

AA7E o2 A EQjEe] AbgE BAA AsEAe] ans HAs)

[e]
o

el +HHdor el AEQl Arabidopsisol] =Ysle] HASHAH 2 34 A~E#H A A
A

CAZFPI 2= pBIN35S binary vectore]l =93t7] 93] pBluescript SK(—)
vectoro] A=l A& o] FHAE Agas BamHIZ Kpnlo® Awste] &g g &
pBIN35S vectorel|l ligationdt3it. ©] vector constructE Agrobacerium tumefaciens
EHA105 strain®| electroporatione ©]-&3ste] =3 & rifampicin® kanamycin®] X3t
¥ YEB wixo| Al @A z%¥ EHA105 strainss AWallth o] Agrobacteriums Wi
&gt & Floral dipping WS 3l ArabidopsisE 4 A#3sAT}t (Fig. 1-28). T1
TAHE F&38ke] kanamycino] ¥3E MS iAol sFete] AL HeAE st
o] 31F CAZFPI A7} 7143 Arabidopsis A&l 23 ES &lskitt.
9 T2 T+ T3 A5 7 AN CAZFPI A= &
Arabidopsis A E A= wild type A ERT 27] F5 Ao =2 ol olyg} HEFH o

25 AA AEANA A3t T (dwarfism)S YERNRITE Transcription factor FAAHS
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XS AR AE FHARET 2 Eol overexpression HUS A, A= diF 4
S =H3lE FAREC] HIHJT. AP2 typed transcription factor FAAE
Arabidopsisell overexpression AZ< A9, AWEH AFAHo] JAEH A& <fst
e Y Avrt ol g FAARA =AY 45 dF 2Ed 2z vt 4
Zke] wgo] kA yetwoem, A AR FHAES dElid (Magome et al,
2004). o}v}= transcription factorx ¥ o2 F-xxte &3

o
d2s o] WS W oohue ThFd 4% AYHQ Wi BEdty 9 o 9

10) CAZFPI-3 A% Arabidopsis®] 8434

A AEAe Aol dg AFdS AAS] 918 Arabidopsis Col—0
ecotypeo] WYUAMS  Pseudomonas syringae pv. tomato DC3000S wild typed}
CAZFPI-RAAGAEA N AFadtt AT F 1, 3, 549 AEE A= o =4 U
el Alte] JHATE SAEAT. HE T W] ol wet wild typeel Bls @
AAZAZA Ao WA Aol /MAF+= 10 v A= FAE BHAY. HE 54 &
wild type 2}= Aol e AP A Q1 ®gke] WAl on, PAH
A EA= AT A oS FAsaL AT (Fig. 1-29).

2 2, PR=5 #2 Wojddfdase] o] salicylic
acid—dependent 3}A ©]Fo] X a1, PDF1.2 A9 23S jasmonic acid—dependent 3}
Al o] FoJZt} (Penninckx et al., 1998). A& Wl A< ¢19& 1 transcription factor
9] overexpression®] down—stream®] =3t FHAAEY WS A3 A7t (Kim
et al., 2001; Qin et al.,, 2004; Wang et al.,, 2004). Arabidopsis 2 EAoAe F
CABPRI #737F¢] & o] Arabidopsis el Sl Wolvd a9 2dol F3F
S W A=A gotr ] Y& RT-PCR 415 Fastainh Ul 7k« 9] S3s F2 a3k

o

K2
2
v
rtl
ol
o

linedll X AtPRI, AtPR2, AtPR5, AtPDF1.2 & 2d&
Awe AR A=A FEEA ges wEsslnh ol A4

Arabidopsis NHL A9 overexpression®] 7-5-

o APAFE FoAsARE wojayl fAzte wddd= st 1 groktl (Varet et al.,
2003). CAZFP1 3 Ak2] overexpression AHA| 2 WA TAE Fojdlr|o] FES g
st o, ul 7AWl de FAR ArPRI, AtPR2, AtPR5, AtPDF1.2 €] t&
bl A f AR S0 o] F JbeAS wAE = gk



11) CAZFPI-38 473 Arabidopsis® A% ~2E#H 2~ WA

o] FAM3 Arabidopsis AEAE U2 Ax ~EdH~ y4d A4S

(Fig. 1-29). Wild type?} @& =0l drstA] B2 H2 H=s @2 23, 5
FH AAA =N dx 2EH2 dAdo] vebdS dEeklv. CAZFPL fF32kek frAL
3 F 79| petunia zinc—finger protein®l ZPT2—-29} ZPT2—3% petunia®l overexpression
AFE v Az 2EH 2 g3t A S SHAF o] BT (van der Krol et al.,

1999; Sugano et al., 2003). CAZFPI A= w3 WA A% ~EG A YA $=2

B positive regulator® Z£3S <& 4 9T}



CAZFP1l MALEALNSPTG-TPTPPP- - -FOFESDGQQLRYIEN-WRKGKRSK] 40
Petunia hybrida MALEALNSPTTTTPPS----- FOFENNG- - LKYLES -WTKGKRSK] 38
Drocturango MALEALNSPTTATPV—- - --- FHY-DDPSLNYYLEP-WTKRKRSK] 37

oybean MALEALNSPTTTAPS------ FPF-DDP----TI-P-WAKRKRSK] 33
AlTfalfa MAMEALNSPTTATPFT-P---FEEPN- - - - LSYLETPWTKGKRSK] 37
Arabidopsis MALEALTSPRLASPIP-P---L-FE-DSSVFHGVEH-WTKGKRSK] 38
Tobacco MTLEALKSPTAATPTL-P---PRYEDD-DEIHNLDS - WAKGKRSK)] 39
Turnip MALETLNSPTSATASARPLLRYREEMEPENL- - -EQ-WAKRKRTEK] 41

NLS
CAZFP1 ISMEHQOP - - IEEEYLALCLIMIARSGGSVNHQR - -SLPP---P 78

Petunia hybrida BMERQC- - TEEEYLALCLIMIARSDGSVNNSR - -SLPPPPLP 79

Droot urango - LDSPH--TJEEEYLAFCLIMIYAR - GRVASANR - -RDSO- - - - 73

Soybean [RSRDHP - - - - - JEEEYLALCLIMYARGGTTTVNNRHVSPPP- - - - 69

Alfalfa IRSEMDQSSC- -JEEEYLALCLIMIARSGNN -NDKEK- -SD3V- - - - 73

Arabidopsis SDFHHQNLTNEEEYLAFCLMLIARD - - - -NRQF- -FPPPPAV- - 75

Tobacco - IDAPP - -JEEEYLALCLIMUYARSGTGTRTGL- TDATTSQQP 80

Turnip RORFDNQETAPYEEEYLALCLLMI{AR—-GSAV-0S- -FLPP---- 77

L BOX
CARZFP1 -APVMKLHAPSSSSAAEEEKEKMVYKCSVCGKGFGSYORLGGHKA 122
Petunia hybrida PSVPVTSQINAT--- -LLE-QKNLYKCSVCGKGFGSYOALGGHKA 118
Droct urango = = ------- SSIQIQPEATTSATKVSYKCSVCDKAFSSYORLGGHKA 111
Soybean LOP---0PQPT-QIQPPDPSTKLSYKCSVCDKSFPSYOALGGHKA 100
Alfalfa ATP---LTTV-=--------—- KLSHECSVCNKAFSSYOALGGHKA 104
Arabidopsis 00l c------ooooooooooo_o EKLSYKCSVCDKTFSSYORLGGHKA 100
Tobacco ADKKTAELPPVHKKEVATEQAEQSYKCSVCDKAFSSYOALGGHKA 125
Turnip = SSDHRGYKCTVCGKSFSSYQALGGHKT 106
ZINC FINGER
CAZFP1 LVP-GGDDOSTTSTTTNATGTTTSVNGNGNRSGRTH 161
Petunia hybrida K --LVSMGGDEOSTTSTTTNVTGTS - SANVNGN - -GRTH 156
Durangc root --LA--GGEDOSTSFATTNSATVITTTA- SGGG-GRSH 147
Soybean K --LAG-AAEDQPP---TTSSAAA-TSSA-SG—KA--H 135
Alfalfa AVM-SATTAEDQITTTSSAVTT - SSASNGKNKT——H 140
Arabidopsis KNLSQ-TLSGGGDDHSTSSATTTSAVITGSGES - - - - - - - - 136
Tobacco KTTTT- ATAASDDNNPSTSTSTGA—V-NISAL- NPTffGRSH 164
Turnip KPASNVNVPINQE-QSNNSHSNSNGGSVAINGNGVSQSGKIH 150
CAZFP1 EFSICHKCFPTGOALGGHKRCHNDGGIG-NGNA - - -NSGVS -ASV 201
Petunia hybrida ELSICHKCFPTGOALGGHKRCHYDGG - - -NGNG - - -NGSVS- -SV 193
Durangoe root ELSICHKSFPTGOALGGHKRCHYEGSIGGNSIHHHNNTTNS - GSH 191
Soybean EPSICHKSFPTGOALGGHKRCHNEG - - - -NGNGNNNNSN - - - -SV 172
Alfalfa ELSICHKSFPTGOALGGHKRCHYEGSVGAGAGA - - - -~ - - -~ GSH 176
Arabidopsis TICNKSFPSGOALGGHKRCHFEG-- - -NNN- --INTS-S-VSHN 172
Tobacco SICHKAFPTGOALGGHKREHNEGKLGGNSRDLGGGGGGGHGSV 209
Turnip TRSICFKSFSSGOALGGHKRCHYDAGINGNGNGSSSNSVEV - - -V 192
ZINC FINGER J
CAZFP1 GVTS-SEG-VGS------ TVS--H-RT) IPALPEFWLGFG-S 234
Petunia hybrida GVTS-SEG-VGS------TIS—HHRI IPALPEFWPGFG-S5 228
Durangc root GGMS-MTSEVGS - - - -THTVSHSH-RI) IPALPEFRSNFFIS 230
Soybean -VTVASEG-VGS - - - -THTVSHGHHRI) IPAFPDFSTEVG- - 208
Alfalfa AVTA-SEG-VGL-------- PAFPDFSKKFF - - 209
Arabidopsis IPPIPEF-SMV--N 204
Tobacco PASPELQLGLSID 242
Turnip PADQVAVVISKR 243
DLN BOX

CAZFP1l G- - EDEVESPHPA-KKSRLCLPPKYELFOH 261
Petunia hybrida GA--- -EDEVESPHP—-KKSRLSLPPKLELFKGL 256
Durangc root G---- -DDEVESPHPALKKPRI-L-MK 250
soybean 000 0----- --LEDEVESPHPVMKKPRLEFVIPKIEIPQFQ 237
Alfalfa 0 0----- --VDDEVFSPLPAAKKPCLFKLEIPSHY 235
Arabidopsis =0 0G--------- DDEVMSPMPA-KKPRFDFPVELQL 228
Tobacco CGRKSQLLPMVQEVESPMPA KKPRLLFSLG 272

Fig. 1—-18. Comparison of the deduced amino acid sequence of the pepper
(Capsicum annuum L.) zinc—finger protein CAZFP1 with zinc finger proteins
from petunia hybrida (Accession no. D26086, Takatsuji et al., 1994), durango
root (Datisca glomerata, Accession no. AAD26942, Okubara and Berry, 1999),
soybean (Glycine max, Accession no. T09602, Kim et al., 2001), alfalfa
(Medicago sativa, Accession no. CAB77055, Frugier et al., 2000), Arabidopsis
thaliana (Accession no. AAF24959), tobacco (Nicotiana tabacum, Accession no.
T01985) and turnip (Brassica rapa, Accession no. T14409). The two zinc finger
motifs, the putative nuclear localization signal (NLS), L—Box and DLN—Box are
boxed—in. Bold characters accentuate the Cys(C) and His(H) residues in the
zinc finger motif. The gaps introduced to maximize alignment are indicated by
dashes (—). Shade shows the same amino acid residues in eight zinc finger
proteins.

— 83 —
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Fig. 1—19. Nuclear localization of CAZFP1 protein. Arabidopsis protoplasts
expressing smGFP (A) and (B). or smGFP::CAZFP1 (C) and (D). Cells
expressing the smGFP or a smGFP:CAZFP1 fusion proteins were analyzed
36 h after transformation under a Bio—Rad MRC—-1024 confocal laser

scanning microscope (Bio—Rad, CA).



(A) Xanthomonas campestris pv. vesicatoria
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Fig. 1-20. RNA gel blot analyses of CAZFPI and CABPRI gene
expressions in pepper leaves infected with (A) Xanthomonas campestris pv.
vesicatoria and (B) Colletotrichum coccodes. The lower primary leaves
were mock—inoculated with 10 mM MgSO,. Twenty micrograms of total
RNA was loaded in each lane. The blots were hybridized with probes of
pepper full length ¢cDNA clones of the zinc—finger protein (CAZFPI) and
basic PR—1 protein (CABPRI) genes. Ethidium bromide—stained rRNA is

shown as a control for loading.



A) Mock Ethylene (B) Mock Methyl jasmonate
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Fig. 1-21. RNA gel blot analyses of CAZFPI and CABPRI gene
expressions in pepper leaves at various time intervals after treatment with:
(A) ethylene, (B) methyl jasmonate, (C) abscisic acid, (D) salicylic acid, (E)
benzothiadiazole, (F) DL—b—amino—n—butyric acid and (G) hydrogen
peroxide. Twenty micrograms of total RNA was loaded in each lane. The
blots were hybridized with probes of pepper full length ¢cDNA clones of the
zinc—finger protein (CAZFPI) and basic PR—1 protein (CABPRI) genes.

Ethidium bromide—stained rRNA is shown as a control for loading.
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Fig. 1—22. RNA gel blot analyses of CAZFPI and CABPRI gene

expressions in pepper leaves at various time intervals after treatment with:
(A) wounding, (B) NaCl and (C) low temperature. Twenty micrograms of
total RNA was loaded in each lane. The blots were hybridized with probes
of pepper full length ¢cDNA clones of the zinc—finger protein (CAZFPI) and
basic PR—1 protein (CABPRI) genes. Ethidium bromide—stained rRNA is

shown as a control for loading.



Fig. 1—23. In situ localization of the CAZFPI mRNAs in different pepper organs.
Cross sections of pepper organs were hybridized with CAZFPI antisense, (A),
(C), (E), (G) and (D)., or sense, (B), (D), (F), (H) and (J). digoxigenin—labeled
RNA probes, and photographed under bright—field conditions. The transcript signal
is purple. (A) and (B). leaf midrib. (C) and (D). stem. (E) and (F). root. (G) and
(H) green fruit. (I) and (J) flower. C: cortical cell, Co: collenchyma cell, E:
endodermis, LE: lower epidermis, Lo: locule, O: ovary, Ov: ovule, P: phloem, PI:
placenta, UE: upper epidermis, X: xylem and Vs: vascular bundle. Scale bar = 100

wm.



Fig. 1—24. [n situ localization of CAZFPI mRNAs in pepper leaf midrib infected

by Colletotrichum coccodes at the 4-—leaf stage or treated with ethylene and
abscisic acid (ABA). Cross sections of leaf midribs were hybridized with
CAZFPI antisense, (A), (C) and (E) or sense, (B), (D) and (F)
digoxigenin—labeled RNA probes, and photographed under bright—field conditions.
The transcript signal is purple. (A) and (B). Leaf midrib tissue 24 h after
inoculation with C. coccodes. (C) and (D). Leaf midrib tissue 18 h after treatment
with ethylene. (E) and (F). Leaf midrib tissue 18 h after treatment with ABA. P:
phloem, X: xylem. Scale bar = 30 um.
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Fig. 1—25. Schematic maps of the chimeric 5'—CAZFPI promoter deletion —GUS
constructs for assaying the reporter gene expression in tobacco leaves.
CAZFPI promoter were fused to the GUS (B—glucuronidase) reporter gene in
the pBI101 vector. pBI101, a negative vector control; pBI121, a positive vector
control containing CaMV 35S promoter fused to GUS (B—glucuronidase) reporter

gene.
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Fig. 1—26. Induction of the GUS activity of the CAZFPI promoter—GUS
chimeric constructs by Pseudomonas syringae pv. tabaci (A) 3h and (B)

18h after inoculation.
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Fig. 1—27. Induction of the GUS activity of the CAZFPI promoter—GUS
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Fig. 1—28. (A) Diagram of the 35S promoter— CAZFPI gene construct used
for transformation of Arabidopsis. RB, right border; LB, left border;
NOS—pro, nopaline synthase promoter; NOS-—ter, nonpaline synthase
terminator; NPT—II, neomycin phosphotrasnferase; 35S—pro, CaMV 35S
promoter. (B) Northern blot analysis of expression of the CAZFP1
transgene in wild type and the CAZFP1 transgenic T1 lines. Ten
micrograms of total RNA from one of the transgenic lines was loaded in
each lane and the gel blot was hybridized with the CAZFP1 probe.
Ethidium bromide—stained rRNA is shown as a control for loading. (C) Root
growth of 2—weekold seedlings of wild type and the CAZFP1 transgenic T2
lines. (D). Morphology of 6—week—old seedlings of wild type and the
CAZFP1 transgenic Arabidopsis T2 lines.
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Fig. 1—29. Reactions of the CAZFPI transgenic Arabidopsis plants to bacterial
infection and dehydration conditions. (A). RT—PCR amplification of Arabidopsis
PR genes in wild type (WT) and the CAZFPI transgenic T2 lines.
Amplification of the ubiquitin is shown for the equal loading of RNA. (B).
Growth of Pseudomoas syringae pv. tomato DC3000 in the wild type (WT) and
transgenic plants. Numbers of bacterial cells in the leaf tissues were measured
at different time points after infiltration with bacterial suspension (1 - 104
cfu/ml). Data are the means =% standard deviations from three independent
experiments. Disease symptoms developed on the leaves of wild type (WT) and
transgenic lines 5 day after inoculation. (C). Enhanced resistance of adult plants
of the CAZFP1 transgenic Arabidopsis lines to drought stress. Comparison of
the morphology of wild type and CAZFP1 transgenic lines without watering for
12 days. (D). Chlorophyll content in the leaf tissues of wild type plants and
CAZFP1 transgenic lines after drought treatment for 12 days. Data are the

means * standard deviations from three independent experiments.



vl CADC1.2 4] B4 1A

SICERE IR

CADCI.2 s #b= 834 7He] 947] AeolE 7FAal §li= cDNAlen, 5°~UTR:= 54
N, 3'=UTRE 17470¢] 9471 MEd& 7HxaL 98l ol9] 7] Md& AR 43 =
P 42 200 M ofviibE A THFig. 1-30). o] Tl o] o s = EAEE
21.39 kDa, pl+= 6.51% FAE AT} o] @uldof= 156719 o}n|=4to] 2 B EH pectin
methyl esterase inhibitor (PMEI) Z=w]¢1& A3 AT} (Fig. 1-31). 4709 cystein
7= olgst AFe] P dAE S BAHEATY. CADCL.2E Nicotiana tabacum®)
DC1.2 ©@9 2 (accession number BAA95794)¢} 80% AEAE 7VH oW, Arabidopsis
thaliana® ripening—related @& (accession number BAA97200)9+= 50%, Pinus
radiata®) pectinesterase homolgue (accession number T08112)¢}+= 36%, Arabidopsis
thaliana invertase homolgue (accession number NP_201267)9+= 24% 9 F5AES 7145

ok ©@ule] DC1.2 homologue “FAeol dislte] Z7]o] WSS AR LA

(Hara et al, 2000). e} 379S MEd 2Ed2 wgaA o olde ofF a4
of B4 Aje] o FoiAA g = eIt

Ao A CADCI.2 A =}e] 2

At edol] 98] SEEE CADCLZ2 FAAS] mRNA &AHL 7h7 1384, 313
A Hkgol A AEH o2 Vel (Fig. 1-32). CADCL.212] FAA= virulent w5}
avirulent 759 HFEo=2 30% W w4 BHAEJTE DA wESoA HF: 2 AIZE

Az wdo] HE F 18 AZMAA A EHH L,

A=}
= =
HLe o)1t W24 JephtE %27] WE 42} (early responsive gene) o] 8Fa] A,

ol AEHW RS A& HAEA| A W CADC1.2 +AA7} CABPRIT} 7€ UnkA



Al el o8l fFEss CADCL.29) o] HE F-98Ent oyt F99 v HF
FooNME #ZEAY (Fig. 1-33). A% ¥ 3, 18, 30 Ao FAVE Xanthomonas
cempestris pv. vesicatora®te] Z3tA whe-3} B34 HbSolA HEF B9 Wk ofy
g JAFEA G A9 deAME A FAdd ARl CADCI.2 AT} %"‘?ﬂﬂi’iq.
Aol ¢l Pseudomonas fluoresces 2 E. colis ool infiltration HE =
HES-oll A eb e CADC1.2
AR A HES dE & U CADCL.2 wAAE L3 A &AM HdAlH
3] o)

al
E 234 (systemic acquired resistance)ol] A#EHo] &S & + AN

_7_’:
9 X, campestris pv. vesicatoria® 938+ Z3}A B 3}A

d

3) 38H4 elicitor 2] o CADCIL.2 w7k wal

salicylic acid, ethylene, methyl jasmonateZS A& P& Wl CADCI1.22] L&o] =5
At (Fig. 1-34). Al 7FA FF2 B AEAQ] elicitore] Aol 2sir 1Ak ol
CADC1.2 %@o] s om, o]o a2 6-18 Al 7H& Z38h3laL, 24 Al7to] =]
HooptE o= AEs WERIT.

4) CADCI1.2 SAAe] 2A8A i sity W3

Bt g dgd Aol g CADCLZ2 A wAs
&t7] #1380 in situ hybridization& =3 8k3lth (Fig. 1-35). 1343k ol 2ol M= w3l
transcripts® A= WA H=R vt 1BV Colletotrichum coccodes 73+ 2 o€
Aol Aol oste] CADCL2 FAAE o 249 phloem Al¥e] F2 L3dES B3
ot &7] A= owd J4F W AgE sHA Fe Mg dEeA CADCI.2
72 A2] @& o] phloem AlEoA 2= ST},

o] 2das = w Brdolfdxte] HHd mRNA =4
bundleo] vi-¢- T a7 F-AdS o 5 Udeon B Wo] A ¢ IHE ATE H9
o] F-eJellA vEh= ol

5) CADCLZ §A7e] ZTgwe Ha 2 54

CADC1.2 §AAe] TR RE H Yol transcription factor’} 233 & & v}k
elementE°] 958 79 A7) M W HAHAT (Fig. 1-36). W—box (TTGAC)&

o

salicylic acidoll 9|38 %%+ transcription factor®l WRKY transcription factor’} 2
el H-9 o], MYB core (CNGTTR)2 Arabidopsis® ATMYB13 ATMYB2¢] 2
et YA ot ATMYB2+ water stessoll HEg-3lo] A ¥ = FHA=2 deA ).



MYBST1  (GGATA)E  #Ake]  MYB  homologue?] Z3g  9Xolw, MYB
plant(MACCWAMC)+=  phenylpropanoid A3&4d /AR A ]
element(CAACA)= Arabidopsis®] DNA ZAgH whilzlo] RAV1S A= AztEc],



GCACGAGGARAGAATTCATTTTTTTTARAAGAAAGGCTCAGCGARAATTARGARGATGGAR 60

M E 2
GGTGGCAATTTTCTCRCAGTTTGTCTTATTTTAGTTGCCTTGACTACTTCTAATTATTTG 120
G GNFL TV CUL I L VAL TTT S N Y L 22
ARATCAGTTTCAGCGGCAAGGCCAGCTGTGGGGGAARACRAATACGGAGTTTATARGRACA 180
K § v s A A R P AV GG E TNTEF I R T 42
TCTTGTAAGTCAACAACTTATCCTAARCTTATGTTTCAGCTCATTATCAAGCCGTGCRAGT 240
S ¢C K s TTJYPNULTCT FS S L S S R A S 62
GCTATTGGAGCTTCCCCACAACTTCTAGCACATGAATCCCTCACCGTTAGCCTCGARACA 300
A I G A S P QL L AHESLTUV S L E T 82
GCTCAATCAACATCCTCTATGATGTTGAAGTTGGCACACGGTCARGGCATGACGCCGAGA 360
A Q §S T s s MM L KL A HGQ G M T P R 102
GAGATCGGCGCCATGCATGACTGTGTGGAGGAACTAAGTGACACAGTCGTTGGACTGAGG 420
E I G AR M HDCUV EEUL S DTV V G L R 122
AAGTCTTTGGGGGAAATGAAGCAACTAAGGGGCAAAGATTTTGATTTGAARATGAATGAT 480
K s LG EM K QL R G KD F DL KMN D 142
ATTCAAACATGGGTAAGTGCTGCCTTGACGGACGAGGATACATGCACTGAGGGGTTTGAT 540
I ¢ T wVv s AAULTUDEUDTT CTE G F D 162
GGAAAAGTGATGAACGGGARAGTCAAGACAGTTGT TAGGGGAAAGATTCTTGAAGTTGCA 600
G K vV M NG KV KTV V R G K I L E V A 182
CATTTGACGAGCAATGCTTTGGCTTTGATCAACCGTCTGGCTGCCCTTCACGGCTAAAGT 660
H L T 8§ N A L A L I N R L A A L H G * 200

ACTCAARAGGACAATTAGTTGTATACTGTTTGGTGTGTTAATCTTCTTTTAGARARAGTG 720
TACTTAARTTCATGCTTAGTTGATTGCTGTAATAGATATAATACCTTTTGTGATGAATTTC 780
TTGAATGARAATGTTCCATATGCATTTGTTAACARAAARAANAARAAARADANR 834

Fig. 1—30. Nucleotide and deduced amino acid sequences of pepper CADCI.2
cDNA. The deduced amino acid sequence is given below the nucleotide
sequence. The translation start site is shown in bold type and termination

codon is marked by an asterisk (*).



CADC1.2 MEG------- GNFLTVCLILVALTTSNYLKSVSARRPAVGHTNTE 38
BARS5794 MEGTCN--NRSHFQTIFLILVVFTSSSFTESVSARRPVAGHTNTE 43
BAZAOS7200 MGESFRLFNHHHFLTTFLIIIAMLE-—-LVHTTTTTTTTTYTNTE 42
TO8112 MDSR-----——-- PATVLVIIVSAIMASATAKDVNPQHSGTSIAR 36
NP201267 MASSL--------—-- IFLLLVTLTFSA-————- STLISAKYNTTT 23
* * Pectin methylesterase inhibitor domain
CADC1.2 FIRTSCKSTTYPNLCFSSLSSRASATGASPQLLAHESLTVSLETA 83
BARS5794 FIRTSCKSTTYPNLCFSSLSSRATAIGVSPQLLAHESLTVSLETA 88
BAZAOS7200 FVKSSCTFTTYPRLCFSSLSTHASLIQTSPKLMAHAALNI TLASA 87
TO8112 FIKSSCTFTTYPRLCVSSLSPYAGSLEPT LCDLVKAAMNYS LVNA 81
NP201267 IIESTCKTTNYYKFCVSALKSDPRSPTADTKGLASTMVGVGMTNA 74
*
CADC1.2 QSTSSMMI-KL-AHGQGMTPRET GAMHDCVEELS DTVVGLRES LG 126
BARS5794 QSTSVIMV-EL-AHGQGMTPREI GAMHDCVEELS DTVVGLRES LG 131
BAZAOS7200 KVTSAMMYV-RL-SNSR-LKPKEVSAMRDCVEELS DAVVELRKS LG 129
TO8112 RTVSVWAA-GLKGRSAEMSERERAALNDCIQNFDDTVDEI QKSLK 125
NP201267 TSTANYIAGNLSATVEDTVLKEY--LODCSEKYALAADSIRITIO 117
*
CADC1.2 EMKQLRGKDFDLEMNDI QTWYVSAALTDEDT CTEGF DG - KVMNGKY 170
BARS5794 EMKQLRGKDFDLEMS DI QTWYVSAALTDEDT CTEGFAG- KVMNGKY 175
BAZAOS7200 EMCQLSGSNYEVYISDIQTWYSAALTOVNTCT DGFEG-EDMDGKY 173
TO8112 ELEQLORSNENPQMNDMQTFMSAALTDQGSCLNGFEDVEAAAGKT 170
NP201267 DLDD---FEAYD--YASMH--VILAAQDYPNVCRNIFRRVKGLA--Y 153
CADC1.2 KTVVRGKILEVAHLT SHALALINRLA-——-———————- ALHG 200
BARS5794 KTVVRGRI LOVAHMT SNALALINSLA-————-—----- AFHG 205
BAROTZ200 KVLVRGRILVIAHLT SHALALINHFA--—-———————- STHG 203
TO8112 SAMVEVRVONESELT SNALALLNALATNAFANTGVDDGIHA 211
NP201267 PVEIRRREASLRRICGVVSHT LORLV----—-—-———————- E 180

Fig. 1—31. Sequence alignment of pepper CADCI1.2 with Nicotiana tabacum
DC1.2 protein (accession no. BAA95794), Arabidopsis thaliana ripening—related
protein (accession no. BAA97200), Pinus radiatapectinesterase homologue
(accession no. T08112) and Arabidopsis thaliana invertase homologue (accession
no. NP_201267). Amino acid sequence in boxes represents the pectin
methylesterase inhibitor (PMEI) domain. Conserved cysteine residues are
marked by asterisk (*). Shaded regions are the conserved amino acid residues

among DC1.2 proteins.



Xanthomonas campestris pv. vesicatoria
Compatible Incompatible

M0O51 2 6121824 051 2 6 1218 24h

CADC12  wwen "D ol ..
CABPR1 - aman R

rRNA 28 2 B R R R LR R R OERGE

Fig. 1—32. Induction of the CADCI.2 gene in leaf tissues infected with
Xanthomonas campestris pv. vesicatoria at the 6—leaf stage of pepper
plants during the compatible and incompatible interactions. The rRNA in
agarose gels was stained with ethidium bromide to show equal loading of
RNA.
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Xanthomonas campestris pv. vesicatoria

Compatible Incompatible
1 1
local systemic  local systemic

CADC1.2 - - .--'”

P. fluorescens E. coli
I 11 1
local systemic local systemic
M 3 1830 318 30 3 18 30 3 18 30h

= W -

. B B B =B B B B B B =B B B

Fig. 1—33. Northern blot analyses of systemic expression of CADCI.2 gene

CADC1.2

in infected lower leaves (local) and uninfected upper leaves (systemic) at
various time intervals after inoculation with virulent strain Dsl and
avirulent strain Bvb—4a of Xanthomonas campestris pv. vesicatoria (A),
Pseudomonas fluorescens ATCC13525 and Escherichia coli IM109 (B) on
the lower leaves of pepper plants at 6—leaf stage. For the mock—inoculation,
lower leaves were infiltrated with 10 mM MgSO4. The membranes were
hybridized with probes of 3'UTR region of pepper cDNA clones of
CADCI1.2 and of full—length ¢cDNA clones of CABPRI. Equal loading (20
ng) was verified by visualizing RNA on a gel stained with ethidium

bromide.
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Ethylene
Hours after treatment

M 1 2 6 12 18 24

cabct.2 R R
CABPR1 w— --’

Methyl jasmonate

Hours after treatment
M 1 2 6 12 18 24

CADC1.2 s LS
CABPR1 -—l

Salicylic acid
Hours after treatment
M 1 2 6 12 18 24
CADC1.2 - - 5

CABPR1

e

Fig. 1—34. Northern blot analyses of expression of CADCI.2 and CABPRI

genes in pepper leaves at various time intervals after treatment with (A)
ethylene (5 wl/L), (B) methyl jasmonate (100 uM) and (C) salicylic acid (5
mM). The membranes were hybridized with probes of 3' UTR region of
pepper cDNA clones of CADCI.2 and of full-length cDNA clones of
CABPRI. Equal loading (20 pg) was verified by visualizing RNA on a gel

stained with ethidium bromide. M : 24 h after mock—inoculation.

- 102 —



Fig. 1—35. In situ localization of CADCI.2 mRNAs in pepper leaf and stem

tissues. Cross sections of pepper organs were hybridized with CADCI.2
antisense (A, B, C and D) or sense (E, F, G and H) digoxigenin—labeled RNA
probes, and photographed under bright—field conditions. The transcript signal is
purple. (A and E) Leaf midrib tissues. (B and F) Stem tissues. (C and G) Leaf
midrib tissues at 18 h after treatment with ethylene. (D and H) Leaf midrib
tissues at 24 h after inoculation with C. coccodes. C: collenchyma cell, LE:
lower epidermis, P: phloem, UE: upper epidermis, V: vascular bundle and X:

xylem. Bars = 100m.
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-958 ARAR
-954 TCTATCAAAATCACCCAACTTAACCAATTTACCTACAAAGATTATCAAAGACTTTTGGAG

-894 ATACTTTTTTCTTAGACTTTGTTGGTTGCATAAAARAGTCGCRAAGAATGGATGAATTAAGA

Myb core RAV1
-834 TTCCGTTGTCTCATGAGGAGATTTTGAGGAARGAAGAAARRRRTTGAAGTFTGCCTTCAATT
W-box
-774 TTGACGTTCTTTATCGATGAAAGTAGAAAGARATGAGTAATGTGGTAGTTAGATATTTAA
— " Ravl Myb stl
-714 CTCCAGTEGTTGGTTGAAATTAATAGGATATTTTTGTAAAAATAAAAAAGAGATCATTTA
—_— —_—
Myb core Myb stl

-654  TAATRATAAATAAAGTTGARRTAATTTGGAATAGGATATTTACAAARAATAATTTGRAATT

-594 GCATTTGAGATTCGCATGACCAAACACCCTAATTTTTATTARAATARAATAATTTTTTTA
Myb plant

-534  TARARTAAARATAGTTTTTATAACCAAACGATCTTTAAGTACTAGGCCTGGTTGAGTCCC
—en

-474 AACTTTATGARARATTTATAGCGCTTACATCTCGCTCGTGCTACATARRRCARCGCCTCAT

-414 CTCACGTTTTTGTCTTTTAAARACTAACTTTAAGCTGAATCTAAAAGTTTARATAGTTTT

-354 TTTTTTTTTTTTTTTTTAAATGAATTTCCGTTTGGATTTGGATTTGCTCAAATTATGCCC

Myb stl
-294 ACCCTACATGCGACCCCACTGGTTCAAAGTGCAAACAAGTGGATAGGTCCTTCTCAGCAC

—_—
-234 SCCAGAGGCACATACACGAACTARAGGCGAARACACGACACGGAATARGATATTACCTAAT
-174 TATTTAATTTGAACTGTATTACARATCCACCCCGTAGCCCTCATATATATCACCTTGAGA
TATA box RAV1
-114 CGTTTTCCTATAAATTCAGAATCCTACACCCCCARATTCAACATCACCCAACTAATTARC
- e

-54 ATATTCAGARAGAATTCATTTTTTTTAAAAGARAGGCTCAGCGARATTAAGAAGATGGAA
2 M B

Fig. 1—36. Nucleotide sequence and putative cis—acting elements of the pepper

CADCI1.2 gene promoter. The putative cis—acting elements are underlined and the

names are given above or under the elements.
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Ab AR 1A G A S FYEkE CaPIMPI AR 544 24
D 97144 #4
CaPIMPI A A= v 7+ &) 7skA 23 o] differential hybridizationg %
shof Ate fFdAtoltt (Fig. 1-37). ZL2fy GenBank HAZA 3 o] FHdAe}E AR ¢
2]

7IMg EE oprndt MEE A= HhE

FHAA = SR Arabidopsisol| A wF HE
A AdAT. ol FAA 3 ZYste dwAe] VsS4 F e A=Eoluth

CaPIMPI $+ A 166 7)) obmaito®, o sl HAbgko] o 18 kDa J=9] @7

N o o

d  polypeptides T AZAEHJL. 53 ot Ade]  EAlEE
transmembrane domain< ©] @l o] M xule] Exsl= 9 WA S IS S
o F=oAT

e T AE ARz dudoe] defA vt 53] 959 dF 2Edz o
3 A& A Fo o] 3AA (cellular ion homeostasis)E FA8t7] 93t transport T
Ao AgE sto] 2EH 2 AS e AFetes 3ow dEA Stk 7 F o] A
B A2l ol xS xHatal, 53] 54 olo] AxAe {fuo] AE AV|HE 2HEs)
= AL AA s}, AL ol Na+/H+ antiporter®t H+—pyrophosphatase pumpS 2] &

overexpression Al7|W 9F 2 AZX AEH X WAL =742 4 AdY (Gaxiola et
al., 2001; Zhang and Blumwald, 2001). ¥ 2] heterottrimeric G protein Al & A A
M AlZE Fa3 wkgo]l doju= 91Xtk Ga, GB, Gve Al 74 FE G
proteinE©] heterotrimerE A 3le] EaAol dej2 A|ExTo] &A43} (Kato et al.,
2004). Heterotrimeric G protein= 58 A ¥Eo] &43}= NADPH oxidase®Z2] A5
G oA o] WA ) AR AE APE gkgo Aol dth (Suharsono et
al., 2002). BEvtE Cr—9% 328 Cladosporium fulvum 3+%°] ¥ALA A= F212
o] FZ°| transmembrane domaing ZFA3l  Jom, HAZ  heteromultimeric
membrane—associated F Aol EAgct (Rivas et al.,, 2000). A|2Eqol] Ex)ste] et A
Zt¥ = 315 CaPIMP1 whiizo] wWrto] whgof ojugt 9as sh=A| 1t ste 2
T Tastua e

2) CaPIMPL @i o] Azl 91

CaPIMP1 xztell olaf sdE= @do] MEuow o]gsh=A| dotrr] fst
o], CaPIMP1 FAdAe] 7Y 99 dote] =3Pz (Green fluorescent protein,

GFP)& m:YstE f4AE $IAA vectorS A X3P T 2831 o] constructE o]-&
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slo] Fute] 33 M3 bombardmentE ©]§3te] YAAL FHA wHE
o} GFP %H& vl Ao HdAA7|E AEAS vFEF ZE AEo
B2 w9l ov, CaPIMP1-GFP &% ©@de Al E a2t x
1-38).

—_
=
=)
(]
et
4 =
X0,
32
i)
=
0

3) BEANA CaPIMPI FA7ke] d
UA] Zl= CaPIMPI 727 At AFHE el oa waa 7
A A AT} (Fig. 1-39). CaPIMPI A=A wak A F714] g8z 13 #wto]aa
&

A WA 2814 wkgo A B BHEA w-golA w2 s wdd

AR T 18 AZHA L dE o] frAETH 24 A
kS0l CaPIMPI A #4<]
of W&ol F7t sk3lom,

2o
|
o 4
Fi

o= 18 AFtETE 1 ko] oRF o, sHA whgelA ] R Rk s
Ebytt}. o] CaPIMP1 A xpe] 1 ul
HAFAAQl CABPRI®] mRNA 2
5 CABPR1 s3] W& Bty CaPIMPI F+AFe] wHdo] 4-5 A A= %‘H% 7l
S stk ol WAl gk ol ¥hge A5 HIAA

17
7F CABPRI #73AFE T A9lol A #d @ 7ol l&a AAbehs Aot

4) 3t3t4 elicitor A2l ©|3 CaPIMPI A #pe] 23l

CaPIMP1 7= A&wolo] doldvta defxd 34842l elicitore] Aol 9
& = HEEHAT (Fig. 1-40). Ethylene®] A gell wk-g-3te] 2 A|7kol| fslAl &, 6
|7t Wdo] Frtelurl 1 olFdE AAaATES KT Methyl jasmonate$}
abscisic acidell 93X = TR 6 A|FHE AFsle] okslAl WA E AT, B—aminobutyric
acid®] Ag = g 1 ARkl Tado] &G ow, 2-6 At AA 1 Tylo] Tt
t} 12 AJZF o] &2 W o] FojEo] 18 A7t o] %= o] #F HA gk}

S~

5) 37 ~E# 2o 9% CaPIMPI F7Abe] 2
CaPIMP1 §-A=pe] wa S Ax9} =20 tha] =A}s)

o
A
E T F 30 & Sroll kel o] yEbstal 1417 & 1 B ¥ o] ot ol § 24
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A 7EA oFet o] mRNA 545 YeER AT (Fig. 1-40). ofell wsj 4 °Ce] A2
Aol oaiA= CaPIMPIo] o]l Al o A FEEY v A dEhd
24 Aol RFEAY. A Fo whE ukg I} s o] F ik

6) S-Hzte] TERE Ry 9@ BA

1% genomic DNARFE CaPIMP1 AR AlZ = ATGEEE upstream -
A= 1193 9715 SE3to] 538130 (Fig. 1-41A). PLACE website & 53} o] &
o ~2Eg s vhg, 28 wbg 2 AWkAQl metabolismol] #ofdtrial ezl FEe
cis—acting elements7} EAFaL A& 1k (Higo et al., 1999). CaPIMP1 > =
RE F99] 5 BES g = deletion 3+¢] o] DNA 2755 pCAMBIA 1381 vector
of Adste] GUS reporter fr##ke] ol Xt s aFqlth. o] F A Al=Fek (-1193),
(=1017), (=793), (=593), (=417)<] 5 7] ZZXE constructss 7FA 3L Tl oA <]
T2 RE A4S SAS A

bt

mlo

7) AT 79 H s elicitorell o§ CaPMIPI EERE ] 2793}

CaPMIP] Z2ZRY = SWMlEER A Pseudomonas syringae pv. tabaci®l 735l
o3 A3 E Ut (Fig. 1-41B). (—1193) T2 RE = ¢F 3.14 o] &Ao] Z7latgom,
o dast Z2RE 2749 (-1017)90A4 (-417) Z2EE ] A$-= P syringae pv.
tabaci®]l A&l tial 43t A ettt (—1193)3 (—1017)F-H el HujEEH ol vh&-
sk FHAghe] &3t gHo] EAsks A 2k

CaPIMP] Z2REE WY#el 7 ¥ wk oly 2} abscisic acid, nitric oxide,
ethylene, methyl jasmonate 5% 2 &WoAl & &2 (plant defense signal molecules)]

o F-A <l Aol oM = wkgste] &5t S At (Fig. 1-41C).

8) CaPIMPI §AAE o] &3 A3 Arabidopsis® A=
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Pepper CaPIMP1
Arabidopsis (BAD93967)
Arabidopsis (NP_181485)
Arabidopsis (T00563)

Pepper CaPIMP1
Arabidopsis (BAD93967)
Arabidopsis (NP_181485)
Arabidopsis (T00563)

Pepper CaPIMP1
Arabidopsis (BAD93967)
Arabidopsis (NP_181485)
Arabidopsis (T00563)

Pepper CaPIMP1
Arabidopsis (BAD93967)
Arabidopsis (NP_181485)
Arabidopsis (T00563)

Pepper CaPIMP1
Arabidopsis (BAD93967)
Arabidopsis (NP_181485)
Arabidopsis (T00563)

ﬁT-TTTV-YﬁslIVRIlTEIclLISlIVEATNNQTVS
HSLKVLLLERVTGV LVEALIILSTN
: TR TV LML RVTAAELL TVVLISTN
MPA— ~BEcfitir Ty L@ AR VBT ARALLETV VLIS TN

LIATVIREMAHTLIMIA

LEARVIRE] VAV TOTLF
LEAAVIRE] VRV VELE

BT LEISS Te IBL EI I e L S AV IRE LV v VELE

B ril TGRRAS

1-fEY LVATGSARG
-V I @R TGSRAG
- F@RKYYL——

FGMTODLEQLEGSDNY--8--——— KFLNTSHNAAASLCLIG
FGVTEDLKDTFLALVALDETDPVDEFFSEGYASASLLLEA
FGVSKDLEDTYIALTIEFDETDPVDEFFSKGYASASLLLEA

FFF-AVASSTFSSYNLPKRT -——— 166

FICLAVL-SVFSSFAMAKRN-——- 174 (38.04%)
FVSLAVL-SVFSSLALSKRPVEVS 178 (36.96%)
———————————————————————— 113 (22.83%)

40
38
38
38

75
78
78

114
115
115
113

147
155
155
113

Fig. 1—37. Sequence alignment of pepper CaPIMP1 with hypothetical proteins

from Arabidopsis thaliana..

residues among hypothetical proteins.
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A Exon (bp): 170 133 195

Intron (bp): 698 859
3'-UTR (bp): 464
CaPIMP1 gene [ g ) {
CaPIMP1 protein - - {166 aa
B Kyte-Doolittle hydropathy plot
4 [ T T T T T T T ]
3 [ -
o
g8 2r A 1q1.8
P \V
z
£l W ]
Q.
o -1r .
3L i
4 L i

20 40 60 80 100 120 140
Window size

smGFP

CaPIMP1::smGFP

Visible light UV light

Fig. 1—38. (A) schematic representation of the genmic and deduced amino acid
structures of CaPIMPI1 gene from pepper (Capsicum annuum). (B) Hydropathy
plot of the CaPIMP1 protein. Hydropathy analysis was performed using a
window of nineteen amino acids. (C) Subcellular localization of CaPIMP1-GFP
in onion epidermal cell. CaMV35S::smGFP and CaMV35S::CaPIMPI—smGFP
fusion constructs were independently introduced in onion epidermal cells with a
Biolistic PDS—1000/He particle delivery system (Bio—Rad, Hercules, CA, USA).
Expression of GFP proteins was monitored by laser scanning confocal
microscopy under bright (a and ¢) and dark field (b and d).
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Xanthomonas campestris pv. vesicatoria

Mock Compatible Incompatible
[ 11T 11 |
H1 61224051 2 6 12182405 1 2 6 12 18 24h
CaPIMP1 - - e

rRNA

F\ig. 1-39. Time course of CaPIMPI transcript accumulation in pepper
plants by bacterial and fungal pathogen infections. Induction of the
CaPIMPI1 gene in leaf tissues infected with Xanthomonas campestris pv.
vesicatoria at the 6—leaf stage of pepper plants during the compatible and
incompatible interactions. The rRNA in agarose gels was stained with

ethidium bromide to show equal loading of RNA.
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Ethylene B-Amino-n-butyric acid
| |
Cb.51 2 6121824|h C051 2 61218 24h

CaPIMP1 g8 = e | CaPIMP1 o —
e B B R B 0 0

Methyl jasmonate Wounding
CI0.51 2 6121824|h CIO.51 2 6121824|h
CaPIMP1 s & © | CaPIMP1| W
FRNA rRNA
—Abscisic acid | —Low temperature _
C051 2 61218 24h C1 2 6 12 18 24h
CaPIMP1 - . CaPIMP1 -

Fig. 1—40. Northern blot analyses of expression of CaP/MPI gene in pepper

leaves at various time intervals after treatment with ethylene (5 ul/L),

methyl jasmonate (100 uM), abscisic acid (100 uM), B—amino—n—butyric acid,

wounding and low temperature. The membranes were hybridized with

probes of 3'" UTR region of pepper cDNA clones of CaP/MPI. Equal

loading (20 ug) was verified by visualizing RNA on a gel stained with

ethidium bromide. M : 24 h after mock—inoculation.
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Fig. 1—41. GUS activity dirven by CaPIMPI promoter constructs for
assaying GUS (B—glucuronidase) reporter gene expression in tobbaco leaves.
The serially 5'—deleted prmoter constructs of the CaP/MPI gene were
fused to the GUS reporter gene in pCAMBIA1381 vector. (b) CaPIMPI
promoter activation in response to ZPseudomonas sSyringae pv. tabaci
infection 1in tobacco leaf tissues transiently transformed with the
5'=CaPIMPI promoter deletion—GUS chimeric constructs. Tobacco leaves
were infiltrated with either bacterial suspension of P. syringae pv. tabaci (2
x 10® cfu/ml 10 mM MgCl) or with 10 mM MgCl, as a mock inoculation.
The number at the right side of the bar indicates the fold increases in
induction of GUS activity after chemical treatment versus mock treatment.
(c) CaPIMP1 promoter activation in response to abscisic acid (ABA),
sodium nitroprusside (SNP), ethylene, and mehtyl jasmonate (MeJA) treated
to the tobacco leaf tissues transiently transformed with 5'—CaPIMPI1
promoter deletions—GUS chimeric constructs. The numbers over the bars
indicate the fold increases in induction of GUS activity after chemical
treatment versus mock treatment. The GUS activity, which was analyzed
fluorometrically, is expressed as pmoles 4—methylumbelliferone (MU)/mg
protein/min. Data are means * standard deviations from independent assays

of extracts from tobacco leaf tissues.
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! 1
PIMP1P(-1193) =

PIMP1P(-1017)
PIMP1P(-793)
PIMP1P(-593)
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(_
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o}. CABPRI $-3#te] B4 ¥A

PR—1 G4z} == guizde] §5 wado AW, G, 7Y 7dd tiste] ohakst
To] A A A ZolA T E o] $kth (Hoegen et al., 2002). PR-19 2d 2

Ape)d AR e B 2E 2 YIME =2 FEoR fFEgHo] #z HIT
(Yalpani et al., 1994). o]#]3 AHEZF w|PyE7 ~

e A=A Ve obAbA ] e A A ekt

1) CABPR1 £-Ax9 Zz=RE B

113 genomic DNAZHFE CABPR1 5429 A% 3= ATGEHE upstream ¢
& 2562 9715 SF35to] g 563lth (Fig. 1-42). PLACE website & &3to] o] F-9]9
2Edf s kg, 28 9k 3 AwbHQl metabolismo] e dttia 43 32
cis—acting elements7} ZA8kaL A& 3T (Higo et al., 1999). CABPR1 =
B F9e] 5 BES g2 deletion 39 o] DNA 753 pBI101 vectordll AF¢lahe]
GUS reporter 3248 kol et =5 st ol EA A= (-2162), (-1670),
(—1157), (—603), (—369)°] 5 7N ZZRE constructsS 7FA L Tul] oo A o] X & R E]
S SAsAT (Fig. 1-43).

i

3r
o

HU G
i

rf

2) WA el ogt CABPRI Z=RE o &3}

CABPRI Z2RY & WWEEWA Pseudomonas syringae pv. tabaci®l 73l
o8 243t AH(Fig. 1—-44). (—2162)Z 25 E]E= oF 1.7 vl A o] Frtatdon, o
Horel T2 RE 27k9) (—1670)9 A= 038|8 1 Ao 5.8 M7t Z7etglTh o]

© (—2162)% (-1670)Z 2R Alo]e] F-9fol o] o] fFxxte] &5 A ek negative
regulatore} F3% &= J9o] A= Ao=w AZEo AW, o] HIE AL
(—1670)5F-99] AHgo g O 342 TRREH QES ols F JS Aoz A7ty
Atk (1157744 o Zehdl 44 T2wE 42 1.5 HH A= gasiglon, O o
Sol ¢ e TERY 72 P syringae pv. tabaci®]l FEo| tis] st A] Sk
ok (=1157)3F (=603)F-Holl FulE a1l W&t FHAshe &3t o] EAste
A 2ok P w2 ZERE 248 BAY (-1670) ZERE| tiste] o] CABPRI

Aoz a4gstegs sttt CABPRI S7AA)
e aF A FoA MAFAAAFHE AT (X campestris pv. vesicatoria)$+e] =31 8H4]

o]H o g HAAZEA3EA (systemic acquired resistance, SAR)Y sl 2+

(¢

Ax LEREs} FRE w44
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AL AT o] (-1670) Z2ZRE F7F gulje} EE¥ o 1 A4 Qkgo A dild o
HES-3k 71 07 BHol SARC] #ojuE= BB w3k (-2162)¢ (—1670)AF0]o] &S A

©
3
= A~
d 13 I g}]\q.

3) AEWojAaEdo] o3 CABPRI ZEEE 9 &43)
CABPRI Z2RE+= WYy e 7 ¥ 7t ofyzgl A Ewo]al & & A (plant defense
signal molecules)®] 9521 Ao oA w= vkgate] &3t AT (Fig. 1-45).
CABPRI ZZREE7} ogdl Al s wkgsts AS 24 AlZte] #z3qln. ol
o] Aelol ole) CABPRI (—2162) TERE:= 78t/ &435tso] of 3.7 wje] $718 1
Atk 5'—deletionell & (—1670)ZZRE H9)= o] tigh wsAo] Fo]5Ut)

(-1157) ZRREE A"d Ao o) 2e BHe] dANE BRE el
(~603)3+ (~369) JEUEMWL ThA ol Edl Aol 8% H 9Tk, ANk 0% ol
dAGAAe] A wgsle] WA AL oF fAAe] Zuwy Folol EAlsHs

GCC—box o &Ale| 7|18t Aoz L&At (Hao et al., 2002). CABPRI =25 H
o= 7718 GCC—box7h WAL A5 (-369) ZRRE Y EAgH= g 719 GCC—box
2 Qg gy whgo] yERd Zo=m HRlth (-603) ZEEHIE oJd3s] g 7]
GCC—box7} =AstA Rt o &ldlo] o3k o] F7le Zow Kol T v oddl vk
& & F T cis—acting elementstt 7]E9] (—=369) Z2EH| YA GCC—boxe]
das A3t A g e e dos AAE B g dn 7 WA GCC—boxo] =3
® CABPRI Z2EHO oddl weAdE s =t o= GCC—boxe A4 i
Az, dubA o g7 GCC—boxollE 9 3} transcription factor¢l
ERFEo] ZAgstA =, ojwd T/ ERFE Z2WE F9o ZAgste] odile|
g fFHate] wdS ATV SHARE B O F79 ERFe olddle wkg-at
of FHAe] M-S A= A e® Bkl gtk (Fujimoto et al., 20005 Ohta et al.,
2000; Onate—Sanchez and Singh, 2002). o}vlX= CABPRI X2 XEE<e GCC—box &
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2o gk A Ee] o whge] Fao A5 dg Ed2 &Rt (Delledone et al., 1998;
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CABPRI r7:zte] o] 315 AEoA agdfF 2 AL o3 fFEEoom,
A2 CABPRI® ZT=RE H¢o LTRE (low—temperature responsive element)2}
CRT/DRE (drought responsive element) 5 A%, 9&F, A= WS-3+= FdAe] T2
RHA F8o A%s v d#HA de  cis—acting elementE°] THAEAT
(Shinozaki et al., 2003). W 2 WoAANSTHAGEAL] Aol 95te] 7} 7zsHA
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Aol A=A adE AAs] 8] 2 2 E<Q Arabidopsisol =9 3Fe] H A A

- 116 —



S,
o

7 ~Ed s WS AASATH(Fig. 1-47). A FAHS AEA=HE 53
genomic DNAE W} o2 PCRS F335te] CABPRI F73A7} Arabidopsis®] genome
o AdAor AYHA=A AFE AT B3 Arabidopsis A=Al a1
CABPRI 77k o] Arabidopsis Well &= Wwol#dd Fdx59] dddd 93
= A=A dotrr] 918 northern blot A4S S8ttt vl 7FA o] HHE &

A lineo X AtPR4, AtPR5, AtPDF1.2 52 2do] 2EHAE FX4 & A
AAZFAEAANA TAES FEUTE. CABPRI FHAE obvte o FHAe] 23

A oR JFL AT Y AL

)
X,
ot FZ‘L

¢

2

6) CABPRI—3 A3 Arabidopsise H A 34

FAAZ A=A Aol uigk AIFAHS HAS7] &) Arabidopsis Col—0
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9) CABPRI-3 A3 Arabidopsis® abscisic acidell w3l ¥+

ARFA 0 2 e osmotic stressoll tgh WA BFES A EAC] s E2F] dFQd
abscisic acid (ABA)®] &3 HH3 #AZF ol A5 vk (Finkelstein et al.,
2002). 319F 2 Azl diste] velwd CABPRI-B A A EA o] Wola A Fte]
WA ol ABASE ofW #AIZF A dotr ] fla] ABA =41 kel A wild typedt F4
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A2 EA) o] wolgS =As A tHFig. 1-51). ABAY &5F-#el gl & Qs Ao
ol A7} H+=dl CABPRI-ZA A2 EA9] Exe= F-AQ ABAS Ao =%
A7 A Wkggo]l YElTh o]& & uw NaCl¥ mannitol 2 &< YEPHE A%
St Z o] ~EdH A WAL NaCl¥l mannitol A 2l5et FH = 2Es T28Q)
ABA®] tiate] wkgAdo] vt Aol ofjz} ABA FHA o ALVl AU I e 77|
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5 dolX el CABPRI -] wdo] 2tst#el A~E g2~
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wA43s] S7Ferlt. dwrH o
species, ROS)o] A& - AE2golA dojy= AHsH <l 2Eg 2 dEo] 9
o= 117t 9ol (Do et al., 2003; Krause and Durner, 2004). MV & g]o] tste] 113
ascorbate peroxidase AR} CAPOAIF} peroxidase AR CAPO1S] ¥ ES &7
zARsllTE ol5e wdel CABPRIS] E@I A9l HId ARt frElou
CABPRI®] X2 CAPOAI, CAPOI Fxzxte] Lddtt wig ARSI o=
CABPRI 37 o] n32Eo] stz AEH 2] viAde #o] & 7Feids
AAstolE At wekA CABPRI w3 A7F 715402 AbstA ~Ed 2 Al
Toldtar PR dolr ] ste] CABPRI +AA7E =¥ @43+ Arabidopsis 2
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wopsty] AlAskglom, 5474 30-95%8 =0l o] & Frw FAZ Tolge] FHE u
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Fig. 1—42. Nucleotide sequence of the 5'—flanking region containing the
promoter and putative cis—acting elements of the CABPRI gene. HDE,
homeodomain binding element; RAV1, RAV transcription factor binding site;
LTRE, low temperature responsive element; ERE, ethylene—responsive
element; W-—box, WRKY transcription factor binding site; as—1, TGA
transcription factor binding site; CRT/DRE, C—repeat drought responsive
element; P—box—like, prolamin—box—like element; bsl, element for vascular
bundle—specific expression; ACGT—T—box, bZip transcription factor binding
site; GCC—box, ERF transcription factor binding site; ACGT—A—box, bZip

transcription factor binding site ¥ : Start point of 5'—deleted derivatives.
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-2E562
-24822
-2402
-2322
-2242
-2162
-2082
-2002
-1922
-1842
-1762
-1l682
-1602
-1552
-1442
-1362
-12822
-1202
-1122

-1042

-882
-802
-722

-642

0.3 kb

EcoRV Lcal EcoEV  +1 E
[ : : H —
3" -UTR
¥ -204G2
atccgtacaaaaacttgaaattgcaaatattgcttctaatcaatgattgtt gggtttatggaatagagaaatgtacttgy
HDE

aattgcctgagatgctgtaatgcacgttctaaagtggttttgagtaat&%gagtgatttaaagctttttaacaatggtgg
aaagtgtgtttgagaagataggaaacaaatggggtaacaatggatgoaatggacaagettatgatgtttgtggactgatt
tgeatctaatogoocgaadaataacaccggaaaagtggocggaatcggagot ttttggagggaaaaataaccaccttetat
ttttagct;ttgaat Ctttttgttaaatatttttggaaaacctagatatttttgtatatataatggtggatgatgaagt

9168 ERE
gggt aagtgcattattagaaacttgtgggtgaatttattgagttgaaagtattgggtgaaagtgaattattataaaagt

W-box

tgggtctgaaattgttaagtggaaaagbitgatggtgaggtggaattatgtgagtatttgaccaatgttttaaaactttta
ggggtcgtttggtatag;gﬁa&;gaataaaacaacﬁfatgcattaattaatgtgtattgttaataccttgcttggtatct
tttttagectatgtataactaatacttgeattatttatacactetattalgiatigaggtgtgtattagtggtgegeace
attttcaatgtatiagtaataccaagetgteoctctoaaaacatectatecttattactgtectotcatttttecagaaat

tc caataacaatgaatccaattctttcttagctaatgtttagcttgtacaattcgacgattgcagtgaa

as-1 -1670
cctgagagttggtttcgattgaggagttgatctcaaccaaatagaattacaaagctaagacaaaatttatgtttatttca
tctgeocctcoctgtattttttbtacacagecagettccaatgacagagaaaagagggaattgtgagaaaaagagagtgattgaa

CRIDR%
dgtgaaatagagggataacagatttcacaaccaaaagagttttgagectttoctgatgaattctecaccaagaaatgeogacce
P-box-like
atcctgtgaagcaacctccatcaaaaaatgcaaaa!tagcaaccaaaaatctctctaattccaaccaaaccctacctcga
W-box
—_—
aactccaataaaattgacccgattatgoogotecatttocteact ctcaccggagotccatcaaageaatgace
= = b, E Qégﬁggg g9ag = =
acaacccagacactccgattctgattgaaccattgotagaaattcgaccaaaacacctittaattcttgtagaaaaaatc
-1157
atggaaatagtgagtatataaaagatgcagggagggcaagggcattttggtaaataagtatctttttattaaaattataa
aaatatagattagctttaatacatccaaccaaacqttgtataaaaatagtgtgcataactaatactagtattactaatgc
=I-box
ttgoattaatgatacgaqtattactggtacaecttatteageattattttggligggetetateaaacgaceecttaggta
tttgacaaaatagtttgaaasaagagttgttttggeatacttgoccaactcaccaagaaaaccatataaatecttattat
aagaaaaaaaaaaagagatttgtttaaagggtcaatgtagtactccccatcatcccaaatcttagtggttcaccaggtat
W-box P-box-like
tgctattattattaaatggoggettttacgtitetigtggagaggaaaagaaaaaggtagttgcaaaatcactitatggag
GCC-box
gotgegettagoctacagatttgtgitttaacaaaatcaaaatttaaaaggggtagaatctttcagaaatttactatgaag
b
agtgtctt actagctatatctataatattatgtgcaag!:gtttcaattctcatgatagaaataaatt cattaattatcc
gttttatatcaactaatatgtggagtaactttcaacﬁtagtaataaaaataaaatataaatatacactgatcattgatca
atattaaatcttcttaaaattattttabtcttatttattttgtaagagaataagaaatctcatttocctectaaatttatgte
tattttacgttaagtaaagcagcatgaagtaag{tctEcattctacttccacaaaaaatagagaagaagtcgatgatatc
caatcatcaatagcagatagaaatagtaatgatttacacataaaaaaaatggtgttcaaacaatcatatcaataatgact
cgtagtagtggoggotgriaregtttaaatgaatagtttcatgacatgtecattctttgactaatttcacaacctaatatc
GCC-box

atacgiacatgtttttocaaataatcctgtagagtctgoctaacaagecaacccattcattcaagatcaactetttaatttct
ACGT-A-box

tcgataaaaagggcagactattcaactctteottecttatttaaacccatccatatcatcocttaattctecaccaaaccea

TATA-box
aa
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pBI101::PR1P(-2162)
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bZIP (basic leucine zipper protein) binding site 0 P-box-like alement

Fig. 1—43. Schematic maps of the chimeric 5'—CABPRI promoter deletion —GUS
constructs for assaying the reporter gene expression in tobacco leaves. The
serially deleted promoter constructs, designated PR/P of the pepper basic PR—1
gene, CABPRI, were fused to the GUS (B—glucuronidase) reporter gene in the
pBI101 vector. pBI101, a negative vector control; pBI121, a positive vector
control containing CaMV 35S promoter fused to GUS (B—glucuronidase) reporter

gene.
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Fig. 1—44. GUS activity driven by the CABPRI promoters in the tobacco
leaf tissues in response to a Pseudomonas syringae pv. tabaci infection.
The GUS activity, which was analyzed fluorometrically, is expressed as
4—methylumelliferone (MU) pmole mg ' protein min . The averages of the
GUS activity and the standard deviations of the experimental data are from
independent assays of the extracts from tobacco leaf tissues. (A) Induction
of GUS activity by the five 5'—CABPRI1 promoter deletion—GUS chimeric
constructs. The tobacco leaves were infiltrated with either a bacterial
suspension of 2. syringae pv. tabaci (2x10° cfu/mL in 10 mM MgCl,) or 10
mM MgCl, as mocks. The numbers under the bars indicate the fold
induction of GUS activity after apathogen infection versus a mock
inoculation. N: negative control, P: positive control. (B) Time courses of (a)
local and (b) systemic activation of the CABPRI (—1670) promoter by P.
syringae pv. tabaci infection.
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Construct |-21682 -1670 -1157 -603 -369 pBI101 pBl121
CABPR1 deletion promoter’fGUS M P

Fig. 1—45. Induction of GUS activity of the five 5'—CABPRI promoter
deletions—GUS chimeric constructs by a treatment with ethylene, salicylic
acid (SA) and nitric oxide (SNP). The GUS activity that was analyzed
flourometically is expressed in 4—methylumelliferone (MU) pmole mg—1
protein min—1. N, negative control; P, positive control. The averages of the
GUS activity and the standard deviations of the experimental data are from
independent assays of the extracts from tobacco leaf tissues. (A) GUS
activity in the leaves treated with 20 ul/l ethylene gas for 24 h. (B) GUS
activity in the leaves sprayed with distilled water as a mock and with 1
mM salicylic acid (SA) for 48 h. (C) GUS activity in the leaves sprayed
with distilled water as a mock and with 100 M sodium nitroprusside (SNP)
for 24 h.
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Fig. 1—46. Induction of the GUS activity of the CABPRI (—1670)
promoter—GUS chimeric constructs by various environmental stresses in
tobacco plants. The GUS activity in the leaf tissues of tobacco plants
treated with 400 mM NaCl, 300 mM mannitol, cold at 4 °C, 1 mM CuCl;
and the mechanical wounding for 24 h is expressed as 4—methylumelliferone
(MU) pmole mg ' protein min~'. The numbers above the bars indicate the
fold induction of GUS activity after pathogen infection versus mock

inoculation.
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BamHI Kpnl

RB | | LB
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Fig. 1—47. Generation of thetransgenic Arabidopsis plants overexpressing the
CABPR1 gene. (A) Diagram of the expression cassette of the CABPRI gene
in the plant transformation vector, pBIN35S. RB, right border; LB, left border;
NOS—pro, nopaline synthase promoter; NOS—ter, nopaline synthase terminater;
NPTII, neomycin phosphotransferase; 35S—pro, CaMV 35S promoter. (B)
Integration of the CABPRI transgene in the transgenic T2 lines. PCR
amplification of the CABPRI transgene and the NPTII, kanamycin resistance
gene, from healthy Arabidopsis plants. The arrows indicate the size of the
PCR products. (C) RNA gel blot analysis of the expression of the CABPRI
transgene and Arabidopsis PR genes in Arabidopsis transgenic plants. Ten ug
of the total RNA was loaded in each lane and the gel blots were hybridized
with CABPRI or the different Arabidopsis PR gene (AtPR4, AtPR5 and
AtPDFI1.2) probes. Equal RNA loading was verified with ethidium bromide

staining of ribosomal RNA.
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Fig. 1—48. Enhanced resistance to bacterial infection of transgenic

Arabidopsis T2 lines (#2, #4, #10 and #19) overexpressing CABPRI. (A)

Growth of Pseudomonas syringae pv. tomato strain DC3000 in wild—type
and transgenic Arabidopsis plants. The data points are the mean bacterial
cell numbers [logio(cfu/g fresh weight)] =standard deviations. (B)
Differential disease responses to Pseudomonas syringae pv. tomato strain
DC3000 infection of the wild—type and transgenic Arabidopsis plants. The
photograph was taken 5 days after inoculation. WT, Col—0 wild—type plants
pBIN, Col—0 plants transformed with pBIN35S vector only.
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Fig. 1—49. Enhanced salt tolerance of the transgenic Arabidopsis T2 lines (#2,
#4, #10 and #19) overexpressing CABPRI. (A) Induction of the CABPRI gene
in the pepper leaf tissues treated with 400 mM NaCl. The rRNA in the agarose
gels was stained with ethidium bromide to show an equal loading of RNA. (B)
Percentage of seed germination in the wild—type (WT) and Arabidopsis lines on
MS agar medium containing 250 mM NaCl. Germination was scored when the
radicle tip had fully emerged from the seed coats. Data are the means =+
standard deviations of three independent experiments. (C) Relative chlorophyll
content of the wild—type (WT) or transgenic lines grown in the presence or
absence of 150 mM NaCl. Data are the means* standard deviations of three
independent experiments. The seedlings grown without NaCl are given a value
of 100%.
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Fig. 1—50. Enhanced tolerance to drought of the transgenic Arabidopsis T2
lines (#2, #4, #10 and #19) overexpressing CABPRI. (A) Induction of the
CABPRI1 gene in pepper leaf tissues treated with 400 mM mannitol. Mock:
pepper plants in the 1MS solution without mannitol. The rRNA in agarose
gels was stained with ethidium bromide to show an equal RNA loading.
(B) Percentage of seed germination of the wild—type (WT) and Arabidopsis
lines on the MS agar medium containing 600 mM mannitol. Germination
was scored when the radicle tip had fully emerged from the seed coat.

Data are the means *standard deviations of three independent experiments.
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Fig. 1-51. Enhanced sensitivity to abscisic acid (ABA) of the transgenic
Arabidopsis T2lines (#2, #4, #10 and #19) overexpressing CABPRI. The
inhibition of germination of the wild—type and the CABPR1—transgenic lines on
the MS agar medium containing 1 and 2 M ABA. Germination was scored
when the radicle tip had fully emerged from the seed coat. Data are the means

+ standard deviations of three independent experiments.
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Fig. 1—52. Enhancedtolerance to methyl viologen (MV) of the transgenic
Arabidopsis T2 lines (#2, #4, #10 and #19) overexpressing CABPRI. (A)
Induction of the CABPRI, CAPOAI, and CAPOI genes in the pepper leaf
tissues treated with methyl viologen (MV). The rRNA in agarose gels was
stained with ethidium bromide to show an equal RNA loading. (B) Percentage
of seed germination of the wild—type (WT) and transgenic Arabidopsis lines on
1x MS agar medium containing 100 uM MV. Germination was scored when the
radicle tip had fully emerged from the seed coat. Data are the means =+
standard deviations of three independent experiments. (C) Enhanced tolerance to
methyl viologen of the transgenic plants at the early seedling stage.
Representative seedlings 14 days after MV treatment are shown. Relative fresh
weight and relative chlorophyll content of the wild—type or transgenic lines
grown i1in the absence or presence of MV. Data are the means =standard
deviations of three independent experiments. The seedlings grown without MV
are given a value of 100%. (D) Enhanced tolerance to methyl viologen of the
adult transgenic plants. Representative rosette leaves from the wild—type(WT)
and transgenic plants 5 days after the MV treatment are shown. The
chlorophyll concentration of the leaf tissues of the wild type or transgenic lines
were measured in the presence or absence of different MV concentrations. Data
are the means £ standard deviations of three independent experiments.
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A 2 A A AE wWofFdAe] Y % functional
genomics (A1¥F53A])

LA+ 7 =3 U 5 g
7} Holl A ®HAdA W cDNA library A2

Hel dvtEdel AdAES dede Fd45 BA87] Qo] 3F §F 25do]
At AW (Oryza sativa L. cv. Dongjin)oll Xanthomonas oryzae pv. oryvzae 10331
(K1)& Aglste] 3~6A1F %9 1B oA total RNAE #2l3te] PolyATract mRNA
isolation system (Promega)d ©¢]&3}ed mRNAE #3998 E2¥ mRNAE
ZAP—cDNA Synthesis Kit (Stratagene)E ©o|-g&3led ¢cDNAES A3 ). Librarye=
Uni—ZAP XR vector (stratgene)E ©]83}9] constructiondtil, Gigapack III Gold
Packaging Extract (Stratagene)® packagingd}$t} (Guthrie and Fink, 1991).

. Northern 2 RT—PCRZ ®o]f-H =} Mt
MeFAd BWHS Fig. 2—19 YeER G-

Seedling in rice
¥
Treated with Arriicwiana grisea &
Xanthomonas onzaapy. onzae

'

Isolaion of total RNA

! |
Electrophoresis and blotting AT-PCR
! !
MNorthem hybridization Electrophoresis and analysis

Fig. 2—1. Overview of RNA gel blot analysis and RT—PCR.
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1) A&, At B A oF

JHlZ 28C growth chamberolA W x5 2~3Y &QF LofAlZl & 4
BEO gFste] 2HoA 2577 A ofHelS ARESIGlTE Aol AREEE
W3l oluE i (Xoo K13 K3, PSA media; peptone 10 g, Na—glutamate 1 g, sucrose
20 g/L, 30ColA 2 ~ 34 u]¢k & 10%ml = 38|43} WEAWF Magnaporthe grisea
KJ—3013} KJ—101 (A 20 g, sucrose 20 g, agar 24 g /L, 30Co|A 3 ~ 4 7t =j<F
% 5 x 10° spore/ml2.Z 0.01% Triton X—1009] 341)< spray methodol] <3 =& sk
t}. A8 & Dew chamber (25T, dark)ol A 24A]%F incubation & 222 &7 wjekstd
A AP E 2 sampling3FAtF (Agawal et al., 2001).

Salicilic acid (SA), ethephone¥ cantharadin (CN) Sigma (St. Louis, USA)A} A
F& Fulste] 283819 21 benzothiazole (BTH)E Hayashi Pure Chemical Ind. #l3%
S AFEEISITE BE AR analytical gradeE AFE3llal A 8§92 ol By

2 =459t (Agawal et al., 2002a, 2002b).

—

s

2) Total RNA ¥

AN A2E o] 83l samples wA F +
TRI-reagent (MRC, USA)E o] sampled}
Stal & A4S % 12,000 g2 4CoA 1083
o]7]e] 500 ul isopropanols ¥Wil Z 412
S Y11 washingdt & 7] Fo|A LHT}, T pelletS RNase—free waterol] =<2 &

SRS 5450 2Ese —70Ce] mypud Bas s

2 ml E—tubeel] 100 mg ¥z, 800 ul
=313t 200 ul chloroforms 7}
2 F AedS Al tubed AT

=
23t pelletel] 75% ethanol 1 ml

do o M
o>,

o
>
M

1)

ﬂll

3) Formaldehyde RNA gel A7]%53} capillary blotting

20 g9 total RNA sample°] EtBr& i3 loading dyeE ¥ 65CoA 15% &
ot denaturationA]#] 1% denaturing formaldehyde gelollA] 70 Volt= 3 A7t &<t 7]
4E stk o] AL FTFHFel 20 ¥ F< shakingd}¥WA] washingdtal 10 X SSC
buffer® &7 saturationA]Z] & hybond—N" membrane (Amersham, USA)S. 2 Ho|3}
At} Aol¥l membraned 2 X SSCE washingd &= 65CoA 1087 ©dH & UV
crosslinker 2 autocrosslinking3d} %3t} (Sambrook et al., 1989).

4) Random hexamer labelling®] 2|3} probe A=
Probe ¥ *#]+= random primer (Amersham, USA) 5 nl ¢} probe DNA (25 ng ©]H)E
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Zgste] 95CollA 523F &l § Ao A5t Labelling mixture (10 X labelling
buffer, dNTP mixture 2.5 ul, labelled dCTP 5 ul, Klenow fragment 1 ul)& ¥il 3
7CollA 30 ®3F ¥ESAIZL & 5 M EDTA 1 plE Yol whgs FAAHY. weEdE
S tolA FheE 2 RUE S radioactivity® #<15ke] probei AHgakgITh

1

5) Northern hybridization

Hybridization buffer (0.5 M NaHPO4, 1% crystalline BSA, 1 mM EDTA, 7%
SDS/1L)el  total RNA7Z} transfer® membranes Yol 65CeoA  15% o]/
pre—hybridization 3t & probeE 3E37F #EQ F AFA ¥ 65CoA 12’\]7J o] 4+
shakingdl %tk 2 X SSC/0.1% SDS &Ho 2 65Co|A 1027+ washingd F 7}o]A
FFEH 2 EYESY] signale] AetH & ¥ %S stringencyd £ (1 X SSC/0.1%
SDS E& 0.1 X SSC/0.1% SDS)e= 65Col|A washingdr § BAS cassette
(Fujifilm) ol A 12413+ o]/ =& A%t (Sambrook et al., 1989).

6) RT—-PCR

RT—PCR %71 Total RNA; 1pug, oligodT; 100 pmol, ddH:0; 10 pl& &3} 7
0CelA 1023 7 & A&l A 28 31—-5X first strand buffer; 4 nl—0.1 M DTT;
1 pl—=dNTP (2.5mM); 2 nlES 4131 42 Coﬂf\ﬂ 28-7F WkS-A| 7] 31 Superscript [IE 1 ul (5
unit) F7F F 37CoA 1A7F HHEAIZL F 70Col A 1083 408 B3 A7)0 o
71l RNaseHE 1 ul #7}sbar 37 Col A 2083 W& $ thA] 70CellA] 1087 284
3 A7 O E M First strand ¥4 L 31931, Target gened T3-S First strand RH2oH;
10 ul, gene specicific primer (F); 20 pmol, gene specicific primer (R); 20 pmol, Taq
polymerase; 0.5 ul, 10x PCR buffer; 2 ul, ddH»O; up to 20 ulE =3l 95C 2&
predenaturing, 94°C 30%, 50C 30%, 72TC 18< 25cycle?] PCR 3] & agarose geldl
A719E st FAekdt

t}. Nucleotide sequence &4

v‘f‘ﬂ% plasmid DNA®} @3 ¢cDNAE Big Dye Terminator V.3.03 ©]-83}9]
PCR3F & ABI 3100 automatic DNA sequencerS ©| 83t 7|4 B3l o] A7|A
4 NCBI Database®} ©& networkE JolAl s 2ASEY 78 W Wofdxg
A d1l database T3 3F T}
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2}. MicroarrayE 913k ¢DNA chip A%t

cDNA libraryoll A A% plasmid DNA (20 ug ©]4)E template® T7 primer$t T3
primer& AR§-38lo] 2 & 3o spectrophotometerst H7]QE HIL &4 9
3 A3 = HAL 3 L Pin & Ring WA 9l slide glassel DAN fragment
spotting 3+ & Membrane filter spottingS 3+t QC (Quality Check; NHQC, SHQC,
PHQC, SFQC)E AAskH DNA chip products €HAo] Fi DNA chip 3iA&
Scan—428 Array Scanner (Affymetrix)E ©]83] Flying Objective Microscope,
Confocal laser microarray scanning system2 = s} th (Fig. 2—2) (Hdge et al., 2000).

Oligo primer A2z}

(Universal Primer of Specific Primer)

4

BEEEETE

| $34 &1 SZ (PCR WHg) |

=

DNA fragment spotting
417 Arrayer (Affymetrix) @ Pin & Ring "2
¥
QC (Quality Check)
NHQC, SHQC, SFQC
¥
| DNA chip procedure €4 |

.4
| DNA chip 3}4] |

Fig. 2—2. Overview for construction of DNA chip.

=

WA elsh st AHEshA &2 X, A A=A {FHUAE overexpression
A

(R=
A7 HAASA 94 knock outr]Z]l B9 RNAES ©]83] microarray 418 2AA|&te] 21)
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o]+ up—regulated® A down-—regulation® = FHAES A3 ¥ RT-PCRS E3
gl g F olE59 Vs Ashed ol&stua AVIMES WAste 259 dEAd
[
=

NCBI database ol A ZA}S}A T}

up, ol kel 7

D) Wl daE o] &3 Wl FH s

O A& 43 vector 7% %Y Agrobacterium &2 d$
ANE1E vectord] TFEFE GATEWAY system (Invitrogen)2 ©]83fe] %311
Agrobacterium tumefaciens LBA4404 or EHA 105 #FZ o] €39t} (Karimi et al.,
2002; Joubes et al., 2004; Karimi et al., 20005).

O W g2 Hg
)y =E A AE HE 70% EtOH 25ml @i 587 253 & 1/28~ 25m YL

a
I 26mE 3EH 63] Ak ths oF 2AIF VM Ax: AFY AE2A WE 2N6H| A

& L& 27Co A 3~4F7 oufek 3+ th embryogenicdt callusE AE 3ol 2N6
g e 27CoA 49 ~157F obujF 3l Agrobacterium® BlU3le] cell
T AAMMfAl A Eekste] OD#tE & (0D 1.5~2.0 at 600nm)
Acetosylingone (100nM)& H7}slgth. Callus® Agrobacterium©] &3 AAM—ASH]
Aol EFFste] 203 FAAIZ Foll WX E A AL ghAE] mpE7]Hol 2N6—ASH| A
of ¥ Ex 25CoA 3U7F et callusE cefotaximeS H7F3F Aol dol A
32 BE5o]F WA washingdl=dl SQFO 2 Agrbacterium®] Hol#| &S w 71X
T 2N6—cpii Aol A 27C, 3F7F hujsiqlet. AW EA] &gar dolbdd calluss
2N6—cpul Rl 27C 25:7F sty A3 S W callusE MSR media®l *]2gk
o} 27CoA 1€7r Hufdsttt. Shooting © 7HAS MSO media®] 74 27~29TC
Nlight Z7el A wiefete] )7k elar 15de] Ay potell Aof 2HolA wjatal
o} (Hiei et al., 1994).

=
D
=2

down

o

e

O = g4 s

WA FEHAAHE gk w@ul (Nicotiana tabacum cv. Xanthi) S teF 5 x

5 mm A7|2 ZEA 200ul 9] otz 2yl 2] = (Agrobacterium)©] ESHE MSO < A vl %]
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=

(MS9 4.3g, sucrose 30 g/l, pH 5.6~5.8)0 E3itir} etxAoA 2~3Y =<t vjoks}
A, wiFE o RS 500 pg/ule] AIEZEA (cefotaxime)o] Eehd SHFE 2~33] A

- E (callus—shoot) Fr=u]#] (MSO®}A] ] 100xg NAA, 1mg BA, 500
pg MEZEA 1 mg 29 =EgA (phospinothricin), 0.7% Y E 33 (phyto agar), pH
5.6) 02 &7|aL, 27 wieh A2 WA E A FATh FEE Wol= 1.5~2cm AE A
g FE-IYA oA (MSOuiA ol 250pg AIEEA, 10mg X239 =E24], 0.7% &
g, pH 5.6)% A Tk Y] FHAS o= FHAHS 9] Als DNAE +
=3t = (Edwards et al., 1991; Gelvin et al., 1991) bar F+H&} (A ZA] A& FH=H)

So malo]nE ol gale] PCR WHow ek,

I
LY
N
A% F AY -

e

N

FAASE Gl AZA ol st FAATE A AR5 gQlskrlflE] PCR WHE
o] &3l9th WA HAAZ Gl genomic DNAS 28]3to] bar gene specific primer
(bar—F; CCGTACCGAGCGCAGGAACC, bar—R; GGCAGCCCGATGACAGCGACCAC)
& ol&sto]l xg7t A %= ddk= A7) (279 bp)e] DNA ©hdo] AEd F44&
Sl E st 222 pBIN35S—S (CAAGGCTTGCTTCTAAACC)®F gene specific
primerE o] 8&3to] Ydte FAR AJdodHE gol D northern blotlE LE oAHE

shela}ol ).

Ab BAEY 2] promoter w3, 4]

1) Promoter 2|

HAGA 422 promoter S 27] 918 rice genome sequencing database$}
ClontechA}9] universal genomewalker kitE A3t} o] kitol| A AFEH WHES $A4
Bl A genomic DNAZ #gslal E2 ¥ genomic DNAZS o8 AJarz AE &
adaptorE =9 A adaptor siteo] SRt sense primer®t RD22 FHAX v o
anti—sense primerE A Z&te] primary PCRE 3t 7 AHES ThA] I Y HE
nested primerE Z+z}t A #3le] secondary PCRE 3¢l promoter”} A% E= F

= Aot

2) Promoter 2]
OsDRP promoter?t GUS genel 2 =38l Agro—infiltration ®H 22 tobacco

(Nicotiana tabacum cv. Xanthi) Qo HAESL HE 24X 3 Psedomonas syringae
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pv. tabaci KACC10388% U©A] infiltrationd}til, SA (5 uM) spray st Mock testE
A8l =5 spraystel Y oA wiFSElTh stress AE 2441 & HAjels
sampling &3, @l d == A 71%] —70Cd R #3T}, Fluorometric GUS assay S < 3l
4l GUS extraction buffer (10 mM EDTA, 0.1% Sodium lauryl sarcisine, 0.1%
TritonX—100, 10 mM 2—mercaptoethanol and 50 mM NaH.PO., pH7.0)ol A 241 A5
NS o] 83 GUS assays AAsFeT 7|22 4—methyl umbelliferyl glucuronide
(MUG)E o] &3lar, 37ColA wjdt & stop buffer (200 mM Na:CO3)E H7}ske] Hb
$< FAAZA Fluorescent A4HE<l 4—methyl umbelliferone (4—MU)E 365 nm9
excitation?} 455 nm<e] emission “FlA fluorometerE ©]&3] A& 10 mM
MgCl:Z mock testE 93] AF&3F3 pBI1212S positive control® pBI101S negative
control® AF&3}At} (Jefferson, 1987; Henning et al.,, 1993; Yang et al., 2000).

o}, Yeast—two—hybrid system< o] &3 HHo] ZH{FAA A4

1) Yeast—two—hybrid cDNA library A2}

ATE =dd, ddvtEd T HeY Fe Bl dE AdAES Hole 3
¢} ArabidopsisE °l-&3te] WARFA FHAet FoAEete FHAE 3] fldl yeast
two hybrid (Fields & Song, 1989; Bartel et al., 1993; Luban et al., 1995) FHA} 23
= AAskdt.

SRS ZHA W AulE FE 353 Auietar gQlntE s A Este] 3~6
A7 & AR A 822 AFHSFY] total RNAS #8832 mRNA wF HAdslo] A x=3]AF
(Stratagene)2] W] wel cDNAE A% & libraryE A 23kt A2k library ol A
AAFARE tUAdS vlwsty] 95kl randome® EFEE AWsle] primer® PCR
5 A71E &I (Fig. 2-3).

2) Bait & A%

Bait vector constructione WA A FHAAR FAYE OsDRP FHAE bait® Ab
23171 Y& pBD—GAL4 vectorol constructiondtil Construction® Bait vectors
AH109 strain® vyeastel transformation 3t SD trp w/oulA|ol A selectiond}o]

o

colonyES Y1, o]E5L OsDRP 229 sense primer®} antisense primers AR-8-3}o]

colony PCR 5 47|15 &4 Bait vector7} 455 2183t}
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Construct DNA/bait Construct AD/target Construct or Obtain

AD/Library
Test of Autonomous Activation Titer and Amplify Library

~ g

Transform in Yeast

v

Select Transformants

v

Verify Protein Interactions

Fig. 2—3. Overview of performing a yeast two—hybrid screen.

3) Yeast cotransformation

OsDRP A AE baitZ 3t AYdrlEHAAES A s B cDNAE preyZ AME-3}
o] interactiondls =S Auhalal, Yeast two—hybrid system&232303Y in yivo AbEj o
A e g Ao Ags geld g
BeAY 75 Wele ol W T stuE dHA AT OsDRP FAAket %
AAES B35yl Yste] bait vector?l OsDRP #+AAe} pAD-GAL4
libraryE Yeast cotransformation 3+¢ SD Trp, Leu, His w/02] selection®] %ol A =l ¥

31l AoJA colonyE F bait FAAS OsDRP 74 22te] interactions &2l3}7]

-
Ko
=

g Yo Bo| olgEm glov] W

il

fu)
|
U

14
ofo
ﬂ
rir
Ho

2

=4

f

-

ol
-

3t X—galA @ 2|3t screening= G-33}¢] galactosidase &3S X2 clone
th.  plasmid DNAE #23te] 27| <ES #2438 T blast searcholl 23] 4+

ZAbstaL, E7E olg T W " AR FAEE clones] #AA dAS B7]

il
&

=
3

tlo

northern hybridizations A 83T},

4) OsDRP fr37et daspgste & A%

Yeast cotransformation®.® Hojxl 8L XA DNAE #8ste] o]& thA| 4
Aol FAASRSE T FAAE markerZ 3] AT FHAIA S AW
recombinant A= Q7| LS A5t Blast search® S FAMSIe] f2#k

g9 758 FASAG?
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5) Yeast two—hybrid screening

Clontech®] Yeast Two—hybrid system= ©]|-&3te] HA FXW OsDRP FAAZ=
bait® Magnaporthe griseaZS-¥ cyclophilinl A} pray® 3} Yeast Two—hybrid
E 4333 baite} prayE vHFo] AMintaraction oFEE ZAFEIY T I Ex8 9
OsDRP +7d#2] LRR domain H8% cloningdt Magnaporthe grisea®l cyclophilinl
A2} baite} pray® BFFO] 7FA A interaction 9I5-Z FAFSFA 1L, OsDRP A A2
LRR domain®] ZAojH FEE o| &3 Magnaporthe grisea®l cyclophilinl A =}2} bait
¢} pray® HHo] 7FA interaction o5 AFEFGITE =AW Wido] HlulA ofgk
Zo] FEWoA DRP FHAE cloning3dt™] Magnaporthe grisea®l cyclophilinl A}
¢} baite} pray® w}4e] 7FH A interaction 9H-= ZAFSHI T

2 FAAg A=A HAdd AA

A Gulo Pseudomonas syringae pv. tabaci KACC 10388% 50 mg/l9]
rifampicin®] &% nutrient brothol] overnight Bl %3t & ODgoo=0.5%A 72 TEE
243t infiltrationst A th. Infiltration ¥ AIZFEZ 5 o] Jd dAg @ &
sampling 3F%d 10 mM MgCl, buffero|A w3t & x4 314 3] 50 mg/l19]
rifampicin®] &% nutrient agar W]A] ol spreading dte] HUE I WA F bacteriaE

counting®}t}+ (Rathjen et al., 1999).

AW 2l Phytophthora nicotianae KA 409062 V8 72~ vlA] (200 ml V8 juice, 15
g Bacto agar, 3 g CaCO3 in 1 1 dH:0)E o] &3] 26C el vidslAct. 5 — 6
9 Y=L infectiono] o] &3FT) vlY T 4d9 AW A FAMA plugE 7 o EH
o] =3l 249 AL filter paperE %t Petri disholl Al 16417+ 48 =31 25Co
3

- 59 F 49 Ao Ww dols S
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2. AT AW Y Az

)
=
X

!
o W
o
o
-
(@)

7h W ol A g AlS R 3 2 cDNA chip #4]

FAO ZAbel oJshl 4802 o] gshiz #&9] 4= 7,0009 55 &3ttt olF 4
FAES W, d, S5FF AT AEC] IF A% giEs ISt dvk g
A3k 2 AAAAZE FHeksty a1 @Y ZHE (monoculture) & A 3-Hol whg}, dldH T 4]
Bl FEAFL T fE 2] =AY AEW @Al UIF FuEa

3
3 . ¥+ high throughputo. 2 F#Ax}F 7]
< wA3t7] 9lgk T— DNA tagging line 75 (An et al, 2005), Ac/DS line 75 ( Kim
et al, 2004 )&o] o]FolA FABETHoke] A ARE de] AFEEIL lo] AA 4
TE % synergy 345 &9 F Avh ¥ AQdutEHAE Al How
2 Aste How vt A4E He ooy H 75wt
Aol ¥ FUtE L lom FHRAG7EA] gojE i dvk W ESIntE
, ofddl 715 e oA ol AlZhgE o opHoelA AFA FHA Xa2ls

23ttt (Song er al, 1995). 1ev} S-Elubetol A s = WA drtEY o KX085%

N

mE

Xa2l A9 FA4F A WME FAL 5 Qo] Folseh ok ve] APy FaAs
FelgA 1090 Aot oby MUY Fa4 aviXa2le Relsy] 98] dolick
42 Ay

(Shen et al, 2001). WA FJAEFFAF A= vt 5538 5
7 KX085¢] WAl w3 54& A8ty fste] |7IALS @8] 4 &t
(Lee et al, 2005). F-Evtete] W EQntE el oa] fesl= vo] WAL Fda
2 e fFARE EEetr] 9ste] WMAYRER TS Al Bl libraryE 753t
Atk Weol mRNAZS #2]3te] cDNA libraryE #1238k on m3k 528 9 Bé%if‘%*é
FARE FAEE FAAe daAgets FAAE 2] 913 yeast two—hybrid f3
A e Azl ACntEH A WE o]&3 total RNAE w83t mRNA
Tk AMWste] A Z3)AH(Stratagene) 2] W ol wEl cDNAE A4S & libraryE Al 2Hsh
At A ZFE cDNA library®l titerE® XA 23 6.1 x 10° pfu/mlg)-S &<latgith A
ZHb libraryoll Al Ad-FdxE9 thA S B wslr] ¢85t randome® FES AWE

o] primer® PCR%E FA7|E uv|w3d A3} 0.5 ~ 2kbe WY £33 thksl 379

ol

o
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le o] d8S g<lskdrt (Fig. 2—4). #4842 &3S full length ¢cDNA
=

AA=o] £33
libraryi= o} A|F 2KB AX9] fragment’} AJEHAS wl A2 Z27)17F 22 45

4Kb -
2Kb -
1.5Kb=

0.5Kb=

Fig. 2—4. Determination of insert size from rice ¢cDNA library. Twenty plaques
are randomly picked and insert DNA are PCR amplified with T7 and T3
primer. PCR products were electrophoresed on a 1% TAE agarose gel. Lane M:

1kb plus DNA ladder (Gibco BRL), lane 1 — 20 : PCR products.

v v Halol#e $-42k9] screeningy 97 AdEA
H cDNA libraryollAl ESTY 7|4 <ES F43e] NCBI databasedolA A54S
ZAet] WA EAd T Aol = FHAES Table 2—19 YeERY AT

AE 2 wHdde dolxel Faglol AR wES dods s WHaAlFATA

Al s Aol z A A A4k (SA)F AF2=E2F (JA)So] &8 A ) Aaldrte 2 &9
H| 7+ X2 2ol PR ©w A (pathogenesis related protein)e LS HFEsle] FFZ o=
% Z

2 d5 P JEl (wounding) & FHbeh= 35l tiste] A&

o] AFAL ZEE Z85F+= A HEA A (signal transducer)©]t}. SARS F=2# <l
d d 2 PR S A5 vl AAEZAke] 9= defensin, thionine F33HF &

o

=
Wase] Aol polah Jom gelA Uk
o

W35S A2d oA wdo] ZEH §71A5 NDRI/HIN1-like protein,

e
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putative elicitor response protein, disease resistance protein, Pib, NBS—LRR type
resistance gene, response regulator, Receptor like kinase, MAP kinase, putative
Regulatory protein NPR1, ¥ upstream©l A receptor @ Als Ao #HAH FHARE O]

B3 )t T3 modification protein &2 &2 14-3-3 protein®]t} R—gened}

interaction 3= Aoz of7|FA oA L&A SgtHHxrE w3o] F=EHQIvh w3
sesquiterpene cyclase, phenylalanine ammonia—lyase®} Z-2 phytoalexin A& ##H
H fAREo] we FE5H 3 lipid transfer protein LPT 11, peroxidase® Z-& PR ¢4

HAEo] dgo] ZFriEdon HWHALd HYA AAEFE+= ROSE A A3J=  superoxide

dismutase, putative glutathione S—transferase OsGSTZ1%5 9] wWdo] Z=ZH it}
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Table 2—1. Putative identification of rice ESTs related to defense

Acessi H 1
Clone No. Putative identification Source of comparison cession omology Score
No. (%)
cystati cystei tei
74 |orYZacystatin (cysteine proteinasel ) AAB24011 84 167
inhibitor )
22E 4 lipid transfer protein LPT II Oryza sativa AAB70539.1 64 147
bscisi id— and
22110 abseisic aad and Oryza sativa | AAB9668L.L| 40 100
stress—inducible protein
10E 2 calcium dependent protein kinase Oryza sativa AAC05270.1 94 301
BMOO004E03 glutathione S—transferase II Oryza sativa AAC64007.1 91 381
13F6 ethylene—mdL.lmblfa CTR1-like Lycopersicon AAD10056.1 58 49
protein kinase esculentum
16H1 Sgtl Oryza sativa AAF18438.1 88 267
putative glutathione .
16H6 O\ t AAG32474.1 81 288
S—transferase OsGSTZ1 yza sauva
BMOO004F06 protein kinase REK Oryza sativa AAG60195.1 97 356
7F9 putative disease resistance Oryza sativa AAK27809 67 198
protein
tative 14—3-3 tein, brai .
18D1 putative 257070 protei, bram Oryza sativa | AAK38492.1| 97 137
specific protein
10G1 protein kinase—like protein Arabidopsis thaliana | AAK43886.1 41 33
17H2 RSH-like protein Capsicum annuum | AAK82651.1 86 269
7D6 protein kinase — like protein Arabidopsis thaliana | AAK96815.1 96 305
9H1 Putative wall—associated kinase 2 Oryza sativa AAK98689.1 55 132
21H11 containing a von Willebrand Oryza sativa | AAK98695.1| 66 192
factor type
P i 11— i i
BMO02001C01 |+ "TAHYE W k.assomated Protein| e sativa | AAL25177.1| 51 95
inase
BMO02004G06| abscisic acid response protein Cucumis melo AAL27560.1 45 59
BMO02004F03 sesquiterpene cyclase Zea mays AAL59230.1 67 62
BMOO02A10 pathogen—related protein Oryza sativa AAL74406.1 95 156
12D12 Putative wall—associated kinase 1 Oryza sativa AAL76192.1 57 125
23A11 anti—disease protein 1 Oryza sativa AAL77198.1 78 201
BMO002002D02 dlsease—re31.stant—rellated protein, Oryza sativa AAL78367 1 96 954
histone H3
9H5 putative MAP3K epsilon protein | -, riva | AAL8T195.1| 86 159
kinase
BMO004D07 receptor protein kinase—like Oryza sativa AAMO00988.1 70 238
22E 7 putative disease resistance Arabidopsis thaliana | AAM45000.1 76 93
BMOO004A01 antigen receptor, putative Arabidopsis thaliana | AAM65756.1 76 127
18B9 GSK-like kinase, putative | /0 estivum | AAM77397.1| 85 141
shaggy kinase alpha
- ; h - -
2206 putative serine/threonine protein| ) oo |AAMs8622.1| 80 261

kinase
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Table 2—1. continued
17A4 putative PKCq—interacting protein Oryza sativa AAM93692.1 99 336
16B7 Putative abscisic ‘ac1d—1nduced Orvza sativa AAN05334.1 62 26
protein
18D4 Putative response regulator 10 Oryza sativa AAN52739.1| 100 358
7F3 phenylalanine ammonia—lyase Oryza sativa AAQ72666.1 85 296
i 1
151 |cell death suppressor protein Lls Oryza sativa AAP21411.1| 83 | 139
homolog
7G12 protein serine/threonine kinase Lophopyrum elongatum |AF131222_1 60 113
BMO004B05 Sgt Oryza sativa AF192467_1 96 192
receptor—like kinase .
22B5 O, t AF272860_1 96 164
Xa21—binding protein 3 1yza sativa -
BMOO004E12 MAP kinase phosphatase Oryza sativa AF312746_1 76 195
BMO02Go7 | Putative leucine—rich repeat Oryza sativa AF364178_1| 100 | 359
protein
15C8 disease—resistent—related protein Oryza sativa AF467728_1 89 193
23G1 ferredoxin Oryza sativa BAA06436.1 73 158
16A10 OsPK4 Oryza sativa BAA83688.1 87 97
14H4 kinase—like protein Arabidopsis thaliana |BAB02494.1 64 46
7H9 putative wall—associated kinase 2 Oryza sativa BAB40021.1 67 121
22D8 kinase—like protein Oryza sativa BAB41205.1 90 263
18F3 putative protein kinase Oryza sativa BAB56022.1 75 117
BMOO01C03 | putative receptor—protein kinase Oryza sativa BAB56062.1 91 270
putative protein kinase X
25E 11 O, t BAB61937.1 39 32
APK1AArabidopsis thaliana 1yza satva
16C1 putative peroxidase Oryza sativa BAB63623.1 92 290
BMO002001H0 |PUtative serine/threonine —specific Oryza sativa BAB63697.1| 92 | 281
protein kinase
putative MRP protein .
18C11 O, t BAB68067.1 56 58
(ATP/GTP—binding protein) 1A sativa
putative RIC1I_ORYSA
BMO02001HO1| RAS—RELATED PROTEIN RIC1, Oryza sativa BAB85387.1 98 182
small GTP—binding protein
23H6 MAP kinase—like protein Oryza sativa BAB89473.1 92 314
13F7 putative protein kinase Oryza sativa BAB89924.1 97 82
22D4 putative receptor—like protein Oryza sativa BABO1716.1| 90 | 144
kinase
16D11 putative chitinase III Oryza sativa BAC06930.1 71 42
17B4 putative elicitor response protein Oryza sativa BAC07321.1 97 296
23B12 calmodulin Oryza sativa BAC10352.1 100 258
13E 5 putative Regulatory protein NPR1 Oryza sativa BAC10768.11 94 137
tati tein ki Xa2l
1588 butative protemn funase 2a Oryza sativa BAC10827.11| 63 69

receptor type precursor

— 146 —




Table 2—1. continued

18D9 Calcium—dependent protein kinase Oryza sativa BAC20693.1 96 360
23D9 14—3—3—like protein Oryza sativa CAB77673.1 76 97
21A5 NDR1/HIN1~like protein Arabidopsis thaliana CAC34513.1 65 118
11H1 putative cold—induced protein Oryza sativa CAC81268.1 42 38
Similar to gene for Pib,
17F5 . Hordeum vulgare CAD45030.1 61 130
NBS—LRR type resistance gene
putative mitogen—activated protein )
15B9 . . Oryza sativa CAD45180.1 83
kinase kinase
10A3 putative MAP kinase Oryza sativa CADb54742.1 83 246
BMO02003A03 heat shock protein Ureaplasma urealyticum [NP_078243.1 67 59
14H5 PRLI-interacting factor L Arabidopsis thaliana NP_173025.1 76 71
BMO02004H03 putative MAP kinase Arabidopsis thaliana NP_173271.1 60 67
16E 9 Putative protein kinase Arabidopsis thaliana NP_173302.1 62 129
receptor—like protein kinase, . . .
BMO02003H04 K . . . Arabidopsis thaliana NP_179108.1 63 98
putative disease resistance protein
BMO004B08 | putative WD—40 repeat protein Arabidopsis thaliana NP_179533.2 70 163
17E 12 protein kinase — like protein Arabidopsis thaliana NP_190276.1 77 92
receptor—like serine/threonine . i .
22A2 . Arabidopsis thaliana NP_564003.1 64 90
kinase
putative protein kinase, putative
BMO002003C04| serine/threonine—specific protein Arabridopsis thaliana |NP_565408.1 78 220
kinase
22C10 protein kinase like protein Arabidopsis thaliana NP_568041.1 90 259
12D3 oryzacystatin Oryza sativa P09229 100 191
15G3 anti—disease protein 1 Oryza sativa P11051 100 63
BMO02004G03|anti—disease protein 1, ferredoxin Oryza sativa P11051 79 174
BMO0O02003C12 superoxide dismutase Oryza sativa P28756 94 142
11H12 isoflavone reductase—like protein white lupine P52581 82 180
BMO002004G05|ferredoxin—thioredoxin—reductase Zea mays P80680 93 132
nonspecific lipid—transfer protein 2 .
24D11 Oryza sativa Q42978 84 167
precursor (LTP 2)
23A4 phenylalanine ammonia—lyase Oryza sativa S06475 92 282
8H4 phenylalanine ammonia—lyase Petroselinum crispum S48726 52 32
reductase (ferredoxin) (EC 1.8.7.1)
BMO02004F06 . Zea mays T01695 95 281
sir precursor
7C10 lipid transfer protein LPT II Oryza sativa T02042 100 108
abscisic acid— and stress—induced i _
24D3 . Oryza sativa T02663 39 95
protein
24B8 protein kinase homolog Oryza sativa T03444 94 97
pathogen—inducible L
BMOO004A03 . Nicotiana tabacum T03631 93 55
alpha—dioxygenase
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Table 2—1. continued.

putative protein kinase .
25E 11 @) L BAB61937.1 39 32
APK1AArabidopsis thaliana 1ea sativa

16C1 putative peroxidase Oryza sativa BAB63623.1 92 290

tati ine/threonine—specifi
BM002001Hog|PUraHiVe serine/threonine=specific Oryza sativa BAB63697.1| 92 | 281
protein kinase

putative MRP protein .
18C11 @) L BAB68067.1 56 58
(ATP/GTP—binding protein) 1y sativa

putative RICI_ORYSA

BMO02001H01| RAS—RELATED PROTEIN RIC1, Oryza sativa BAB85387.1| 98 182
small GTP—binding protein
23H6 MAP kinase—like protein Oryza sativa BAB89473.1 92 314
13F7 putative protein kinase Oryza sativa BAB89924.1 97 82
22D4 putative receptor—like protein Oryza sativa BAB91716.1| 90 | 144
kinase
16D11 putative chitinase III Oryza sativa BAC06930.1 71 42
17B4 putative elicitor response protein Oryza sativa BAC07321.1 97 296
23B12 calmodulin Oryza sativa BAC10352.1| 100 258
13E 5 putative Regulatory protein NPR1 Oryza sativa BAC10768.11 94 137
1588 putative protein kinase Xazl Orvza sativa BAC10827.11| 63 | 69
receptor type precursor
18D9 Calcium—dependent protein kinase Oryza sativa BAC20693.1 96 360
23D9 14—3—3—like protein Oryza sativa CAB77673.1 76 97
21A5 NDR1/HIN1-like protein Arabidopsis thaliana |CAC34513.1 65 118
11H1 putative cold—induced protein Oryza sativa CACR81268.1 42 38
17F5 NBSS—HLn}l;;r t;(; egerzesisfznibéene Hordeum vulgare  |CAD45030.1| 61 | 130
15B9 putative mit.ogen—a.ctivated protein Oryza sativa CAD45180.1 83
kinase kinase
10A3 putative MAP kinase Oryza sativa CADbH4742.1 83 246
BMO02003A03 heat shock protein Ureaplasma urealyticum [NP_078243.1 67 59
14H5 PRLI—interacting factor L Arabidopsis thaliana |NP_173025.1 76 71
BMO02004H03 putative MAP kinase Arabidopsis thaliana |NP_173271.1 60 67
16E 9 Putative protein kinase Arabidopsis thaliana |NP_173302.1 62 129
BMO02003H04| TCCePtorTlike protein knase, | G e thatiana |NP_170108.1| 63 | 98

putative disease resistance protein

BMOO004B08 | putative WD—40 repeat protein Arabidopsis thaliana |NP_179533.2 70 163

17E 12 protein kinase — like protein Arabidopsis thaliana |NP_190276.1 77 92
tor—lik ine/th i
22A2 receptor 1; serinefthreonine |\ dopsis thaliana |NP_564003.1] 64 | 90
inase

putative protein kinase, putative
BMO002003C04 | serine/threonine —specific protein Arabidopsis thaliana |NP_565408.1] 78 220
kinase

22C10 protein kinase like protein Arabidopsis thaliana |NP_568041.1 90 259
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Table 2—1. continued.

12D3 oryzacystatin Oryza sativa P09229 100 191
15G3 anti—disease protein 1 Oryza sativa P11051 100 63
BMO02004G03|anti—disease protein 1, ferredoxin Oryza sativa P11051 79 174
BM0O02003C12 superoxide dismutase Oryza sativa P28756 94 142
11H12 isoflavone reductase—like protein white lupine P52581 82 180
BMO0O02004G05|ferredoxin—thioredoxin—reductase Zea mays P80680 93 132
24D11 nonspecific lipid—transfer protein 2 Oryza sativa Q42978 a4 167
precursor (LTP 2)
23A4 phenylalanine ammonia—lyase Oryza sativa S06475 92 282
8H4 phenylalanine ammonia—lyase | Petroselinum crispum| S48726 52 32
BMO02004F06 reductase (f(.erredoxm) (EC 1.8.7.1) Zea mays T01695 95 231
sir precursor
7C10 lipid transfer protein LPT II Oryza sativa T02042 100 108
94D3 abscisic acid— and .stress—mduced Oryza sativa T02663 39 95
protein
24B8 protein kinase homolog Oryza sativa T03444 94 97
BMOO004A03 pathogen—inducible Nicotiana tabacum | T03631 93 55
alpha—dioxygenase
8D10 cathepsin B—.hke cysteine Triticum aestivum T06466 75 175
proteinase
BMO02004G04| pitrilysin, probable proteinase Pisum sativum T06521 78 289
10E 9  [levcine~rich repeat transmembrane| i shatiana | T08575 67 147
protein kinase
7D1 similar to autoimmune regulator Mus musculus XP_228067.1 51 35

DNA chip AZS &l EA4=FE 2000 o 709 clone =9 A transcription factor$}
protein kinase®} homologyE H ¢l 100 o 719 cloneS AWslHth (Table 2—2). ¥WHr
ANEZAGH 2 AHAFE FAHAAE B2 st2A} protein kinase®t AAIQNASo| AR
FAAES 28k oF 5659 HAFJIALS} 34F9] kinaseEo] HAHS g2l k3t
AAQIRF Fol = npr1d A5 A3 TGA type AACIAIES] AU o™ AP2 domain
3 A+ EREBP type AAIAEE AN (Kim et al., 2000). Cheong et al,
(2003)& ¥ EREBP1 & x+= BWMK1 ¢l map kinase protein®] 93 phosphorylation
%31 EREBP /%A= PR protein 59 promotere] U= GCC box element

(AGCCGCC)ol| Agtste] PR v o] we S 2HES W37 %= a3tk AAd 2 29

2

o
N
A

A 33 715434 (broad spectrum resistance)< systemic acquired resistance©l] 2@l
YUEbdt). Systemic acquired resistancet nprl A xe] weo] ols] yEly of 7%
ol A nprl F4AE=PR @A E o] &S ZHE 3= basic leucine zipper type?l TGA
AAFNA A} S A RS 5= o7 delA] Ar). Fitzgerald et al., (2005)2 nprl1et A5

2geke Weol TGA A5 rTGA2.1s RNAIZ blockingAl# S #l PR Fdxbe]

— 149 -



dol TE&HI W BAdviEHel deiME AFAHS dErdlen A7AE2 rTGA2.1
7} negative regulator] S AA| LG T oFA W o A subtractive hybridization®l homolog
Bask GAA= A fungal elicitor®t wounding®ll &34 W3 o] 3ujolA} =Z 4 15670
F2L RBygste AEAL Hlnl d3 categorizationd A3} cell rescue, defense,
virulence, transcription, cellular transportol] T&HFE Ao =w Yewtt (Kim et al.,

2005).

Table 2—2. EST clones related to transcription factors and protein kinases

Serial No. Clone No. Characreristic Acession No.
OsTF 1 BMO02003H03 putative homeodomain transcription factor AAK00972.1
OsTF 2 24E 6 transcription factor VIP2 protein AAK70903.1
OsTF 3 15H8 putative WD—repeat protein AAK71552.1
OsTF 4 BMO02001F09 leucine zipper—containing protein AALL13304.1
OsTF 5 14H7 Putative RING—H2 finger protein RHBla AAL25175.1
OsTF 6 24C12 putative zinc finger DNA—binding protein AAL84292.1
OsTF 7 16H8 putative EREBP—type transcription factor AAMO00285.1
OsTF 8 BMO02001F12 F—box protein family AAM65437.1
OsTF 9 15F10 zinc finger protein AAM65531.1
OsTF 10 27C2 putative WD containing protein AAN05533.1
OsTF 11 14F9 PNIL34, bZip containing protein AA089566.1
OsTF 12 OsNAC6 NAC protein family (NAC6) AB028125

OsTF 13 OsNAC5H NAC protein family (NAC5) AB028184

OsTF 14 BMO02004B01 bZIP transcription factor BAA36492.1
OsTF 15 12A10 homeobox gene BAA77821.2
OsTF 16 7C7 MADS box—like protein BAA81886.1
OsTF 17 BMO02002A09 putative CREB—binding protein BAB40067.1
OsTF 18 17G7 putative zinc finger protein BAB64114.1
OsTF 19 24B7 transcription factor regulator BAB67981.1
OsTF 20 OsTGA2 bZIP transcription factor (TGA2 type) BAB72061

OsTF 21 21G12 putative Myb—related transcroption factor BAB78640.1
OsTF 22 22F7 Rab7 family BAB78669.1
OsTF 23 15E 12 putative zinc finger protein BAB86142.1
OsTF 24 27B8 GRAS family transcription factor BAB86447.1
OsTF 25 BMO004G06 bZIP transcription factor BAB90561.1
OsTF 26 10D11 putative transcription factor TEIL BAC10338.1
OsTF 27 8D12 similar to ring—H2 zinc finger protein BAC16026.1
OsTF 28 24F2 P—type R2R3 Myb protein BAC16186.1
OsTF 29 BMO02004C01 yeast dcpl transcription factor BAC20813.1
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Table 2—2. continued
OsTF 31 17H7 RNA binding protein BAC56813.1
OsTF 32 10D2 zinc finger protein NP_173915.1
OsTF 33 16H10 RNA—binding protein NP_174556.1
OsTF 34 BMO02001G02 transciption factor hapbb NP_176013.1
OsTF 35 12C3 putative RING zinc finger protein NP_178156.1
OsTF 36 BMO002002G06 putative WD—repeat protein NP_178164.1
OsTF 37 BMO02003H05 putative RING zinc finger protein NP_179155.1
OsTF 38 BMO0O02002D06 putative MYB family transciption factor NP_180597.1
OsTF 39 7E 4 DNA binding protein NP_181718.1
OsTF 40 9D4 putative ankyrin repeat protein NP_187566.1
OsTF 41 18B4 bHLH protein NP_188620.1
OsTF 42 BMO02004H05 zinc finger—like protein NP_190193.1
OsTF 43 BMO2001D12 leucine zipper—containing protein NP_191253.1
OsTF 44 17F2 CONSTANS B—box zinc finger family protein NP_195607.2
OSTF 45 99E 9 transcription initiatior.l factor I‘ID—associated NP_197897.1
factor—like protein

OsTF 46 18H9 KH domain protein NP_199431.1
OsTF 47 10E 1 putative bHLH transcription factor NP_200279.1
OsTF 48 15G9 similar to RRM—containing RNA—binding protein | NP_683478.1
OsTF 49 BM002003B09 DNA BINDING PROTEIN S1FA P42553
OsTF 50 8AS RING—finger protein 549446
OsTF 51 22F9 RNA binding protein T05727
OsTF 52 24C4 probable zinc finger protein SCOF—1 T09602
OsTF 53 25A6 COG1813, Predicted transcription factor T10078
OsTF 54 BMO02003E05 zinc finger protein T48868
OsTF 55 0OsTGA3 bZIP transcription factor (TGA3 type)

OsTF 56 OsTGA5 bZIP transcription factor (TGA5 type)

OsTF 57 7D6 protein kinase — like protein AAK96815.1
OsTF 58 BMO02G07 putative leucine—rich repeat protein AF364178_1
OsTF 59 10A3 putative MAP kinase CAD54742.1
OsTF 60 10E 9 leucine—rich repeat transmembrane protein kinase T08575
OsTF 61 BMO01C03 putative receptor—protein kinase BAB56062.1
OsTF 62 BMO004D07 receptor protein kinase—like AAMO00988.1
OsTF 63 BMO01C03 putative receptor—protein kinase BAB56062.1
OsTF 64 7D6 protein kinase — like protein AAK96815.1
OsTF 65 7H9 putative wall—associated kinase 2 BAB40021.1
OsTF 66 9H5 putative MAP3K epsilon protein kinase AAL87195.1
OsTF 67 10A3 putative MAP kinase CAD54742.1
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Table

2—2. continued

OsTF 68 10E 9 leucine—rich repeat transmembrane protein kinase TO08575

OsTF 69 10G1 protein kinase—like protein AAK43886.1
OsTF 70 12D12 Putative wall—associated kinase 1 AAL76192.1
OsTF 71 13F7 putative protein kinase BAB89924.1
OsTF 72 14H4 kinase—like protein BAB02494.1
OsTF 73 15B9 putative mitogen—activated protein kinase kinase CAD45180.1
OsTF 74 16E 9 Putative protein kinase NP_173302.1
OsTF 75 17A4 putative PKCq—interacting protein AAM93692.1
OsTF 76 17E 12 protein kinase — like protein NP_190276.1
OsTF 77 18B9 GSK—like kinase, putative shaggy kinase alpha AAM77397.1
OsTF 78 18D9 Calcium—dependent protein kinase BAC20693.1
OsTF 79 18F3 putative protein kinase BAB56022.1
OsTF 80 18H11 putative receptor—protein kinase BAB56062.1
OsTF 81 22A2 receptor—like serine/threonine kinase NP_564003.1
OsTF 82 22C6 putative serine/threonine protein kinase AAMSB8622.1
OsTF 83 22C10 protein kinase like protein NP_568041.1
OsTF 84 22D4 putative receptor—like protein kinase BAB91716.1
OsTF 85 22D8 kinase—like protein BAB41205.1
OsTF 86 22D9 MAP kinase—like protein BAB89473.1
OsTF 87 23H6 MAP kinase—like protein BAB89473.1
OsTF 88 24B8 protein kinase homolog T03444

OsTF 89 25FE 11 putative protein kinase APK1A Arabidopsis thaliana BAB61937.1
OsTF 90 | BMO002003C04 et o s NP_565408.1
OsTF 91 BMO02003H04 receptor—like protein kin;rs(?t,e?éltative disease resistance NP_179108.1
OsTF 92 BMO02001H09 putative serine/threonine—specific protein kinase BAB63697.1
OsTF 93 BMO02001C01 Putative wall—associated protein kinase AAL25177.1
OsTF 94 BMO02004H03 putative MAP kinase NP_173271.1
OsTF 95 BMOO004F06 protein kinase REK AAG60195.1
OsTF 96 7G12 protein serine/threonine kinase AF131222_1
OsTF 97 9H1 Putative wall—associated kinase 2 AAK98689.1
OsTF 98 10E 2 calcium dependent protein kinase AAC05270.1
OsTF 99 1588 putative protein ilr“eajfm)é?ﬂ BAC10827.1]
OsTF 100 16A10 OsPK4 BAAB3688.1

t}. Microarray #41 23
Aglient Rice Oligo Microarray KitE ©o]&3ste] FZXWol Magnaporthe grisea

KJ=301(02—-013 strain)< A 2s 1A 242417 9] EZH A RNAE &8k

=] [e]
A4S

Microarray 2 A8 A3 up—regulated¥ host—pathogen interaction, response to

o

external stimulus, response to stress, cell death, receptor @& $AXEL screeningdt
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T A} (Fig. 2-5).

S2, S3, S4, S5, S6<> wxIMl =W A2 § 1AZH(S2), sl =dH A ¥
24X17H(S3), W] 3 AE RNAIZ knock down AlZ] {]Hﬂ strain 1(S4), ¥wo]
HAAFE RNAIZ knock down A1 S2H strain 2(S5), HHeo] f-A xS RNAIZ knock
down A171 H21H strain 3(S6)9 ¥4 A= Yeha drk 27 23
QA ol &A] wg FIF Ao AmE 1A & IAS &
gene E°] 24A13ke] o] Zrjo] WA 2443t HHE = {FHAAES A ST
Host pathogen interaction o] #HE FAAES TAXCE FIAHS YEA ZAIE
HH 12F9] x4 wdo] Wy, 15 53 Hdd A T 1A By 24
Akl Wkslo] =78k & AF (Host pathogen interaction): PR protein PR—4b
(AK063234), PR protein class 1 (AK107926), PR10 (AK61606), PR protein RirlA
(AK062449), putative PR protein (AK059893)E0]1%1om 24A13F 10T} 1A12F He] $,
= %7] W3 o] =718 A A= putative pathogenesis related protein®! AK109409 ¢}
AK106037°] 91212 ™ putative Mlo(pathogen resistance) protein®l AK0722727} AT}
Q] B2} (Response to external stimulus)ol o]8l W& o] =Zx]= ypstream? receptor
g & Aoz dE&HE FHA FoAE putative disease resistance protein
(AK065165), putative osmotic stress activated protein kinasse (AK067395), Isolate
29050 disease resistance—like protein (AK065760), putative Mlo (pathogen resistance)
protein (AK072272) frdztge] 2710l @] SHE A

Stress ¥F2ol| T ®E F74 2 (Response to stress) ol AE putative osmotic stress
activated protein kinasse (AK067395) 7} Z%7]o] &% i1l water stress inducible
protein (KCDL917) 91 AK0698632 24417+ & o] Z7h¥ it

Cell deatho] #HFH FAA (cell death) FolA+= cell death related protein
(AK105835) 7} ®HA AHg & 1A 7te] @& =718} 3L receptore receptor like
protein kinase% AK100394 AK111680, AK106635, AK111546°] HU+ A7 3 1A 7k
dhglo] FE ¥ 3 AK111612, AK100376, AK111748-% 24413t A2 S u] L3 Fo]
btk 1# v AK065488 1A17E A2l 9} 24417k Aglol A A9 B3 wd ZvF Ay
= Btk
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1. Host—pathogen interaction

Nomalized
4_1_P158 (II6I230 Sample Genbank Description
Nurnber 1 hr after 24 hr after
T (52) (S3)
A_T1_PHIGA28 (N07E25)
A7 P125299 2.72603 7.462234 AKDB3234 Puthogenesis-relied prowin
4 (PA-4b
AT PIE0S2BI0ne) AZILPIDAZE | 2434897 BREIOIE AKIOZD6 | Rice pathogemeshs-rokmed
prowain clacs |1
A_T1 1051 (105137 ATLPI01G? 163776 5.94521 AKI 5409 Putative pathogeneais reked
protein
4 21 PII6SE3 HTAIE0S) A71_P101051 11,5046 8.931514 AKI 06037 Putative pathogenesis rokbted
o A0 1 P 120003 ANDIT protein
b R A71_PIZE6BI | 0.770975 2.097989 AKDG1606 | RSO=PRID mANA for root
5 A_T1_P1 23451 (HTE4Y) specific pathogaeoess - roksed
. protein 10
A_T1_P100RS2 (TS5 AT1PIZIA5) 0.792915 5.093873 AKDGE2449 Euﬂau@m rolated protoein
Wi irla
A1 PH105M ST A71_P100662 0.427991 47302 ARDSS093 :-;'r:::ﬂ pathogenasis related
A_71_P110694 1.048787 0934659 AKDSBE37 Pathogenesis-rekied
A_71_P1105H8 U10033M thaumatin-like protein
A_71_P110598 0. 789841 0.839026 AK| 03337 U2 amall MM_RM-
PN TN MR
i AT_PIZAITE 3.019747 119928 AXNT2272 Putative Mio (pathogen
resistonce) protein
A_T1_PHE0GET (MITIED -
A_71_P100661 1.371156 1.300454 AKO72762 Pitative pathoganesis raled
protein
A_T1_PIO24S KI10780 A71_PICMS 0.568216 0.514772 AKI 10784 Cytokines lating proto
- like
2. Response to external stimulus
= Nosralized
E Sample Genbank Description
= Number 1 hr after 24 hr after
= (52) (83
A1 P12Z3A29 10253942 1.3046733 AKD73424 Putative diseace rosktance
= protein RPRI
- AL PIDIS2 1.204784 1.48261 98 AKDRRIOS Putative stripe nust reskstance
|- protain
n AZ1_P124181 11858103 1.9681494 AKO73088 Putative CF2/CIS disierses
il g * o protein t f
3 1\ ATIPHEZ3AT 1.765518 2.2892861 AK1 1170 Putative nest resstancs Kinesa
§‘ I Lrin
H E A71.P117495 L0127 1.6622133 AKIDIR23 Similar 10 NBS-LAR type
= \'= ramcistncy g
= A1 PI23112 | 5497686 A.6E5642 AKOBGIES | Putative discase maktance
# prabain
] ATIL_PUEING 4.130907 2027846 AKOB72895 Putative osmotic stress-
aclvatad protein kindess:
] AT PIZGAZ6 2.020603 1.231901 AKDES 760 Inolaty 29050 diseana
= rencsbance - liloe protein
* A7 _PYZI76 3.0197465 1.1992011 AROT2272 Putative Mio (pathogen
= remsistance) protein
h A_T1_P1IOS06G 1720607 2202576 AKX DG062 Putative disense mektanca e
— aporaa prowin-related/ dirge
[} nt protein-reksted
= AT _PI02862 1.056797 1.1565308 AKOGDA1 2 Putitive nust resistance
protein
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3. Response to stress

@
o
=
=
=
w
a
-

S§2 §S3 S84 S5 S6

4. Cell death

cell death

82 §3 S4 S5 S6

Normalized
Sample Genbank Description
Number 1 hr after | 24 hr after
(82) (33)
A71_PI21575 | 0.7625729 1.7550023 AKDB9787 MRANA, partial homologous to
heat shock protein 70 gene
A1 PNTS03 | 0.8714738 1.2332449 AKDEB486 aii (stress inducible grotein)-
like protein
A71_P109544 | 0.7141307 1.1245981 AKDE3618 Heat shock protein 26
A71_P11S680 | 1.4007387 1.5518425 AKOS9160 Ozone-responsive stress-
retated protein-like
A71_P1IBAIA | 1.2443115 1,23438 AKI5010 Isolate 20622 stress-related
protein-like protel
A_71_P115537 | 1.0249034 1.8047537 AKDES863 Water stress Inducible
protein (KCOL91 7
AZI_PII7SDN 1.9584363 A.613477 AKI01286 Sti (stress inducible protein)-
like protein
A71_PI06106 | 3.138987 2.027846 AKOE7395 Putative osmotic sress-
activated protein kinass
A71_P128616 | 1.1015443 1.3374667 AKI02274 Hsp90 mRNA for heat shock
protein 90
A_71_P119289 | 1.2998159 1.8161700 AKDE3952 Putative heat shock
transcription factor HSFS
A_71_P114698 Normalized
AK108696 Sam Genbank Description
e |1 hr after | 24 hr after s
Number
A_T1_P114696 (82) (83)
s A7IPIIA6S | 1379721 | 12308663 | AKIOBE36 | Cell death associated protein
A_T1_P126348 A_71_P114696 1.676177 0.62875193 AKD72435 | Cell death associated protein
AK105835
A71_PI26348 | 2.00229% 18145969 AKIOSE3S | Cell death-related protein
A_F1_P117948 SPLN (su”)
AKOB00S2
A1 P117948 | 0.73304593 0.54300207 AKDBD082 | Putative cell death associated
g pratein
A_T1_P117942
AK110810 A71_P117942 | 0.18926619 0.06614874 AKII0BI0 | Putative cell death associated
protein
A_T1_P117941
AK106266 A71_P117941 | 03101518 | 0.26076362 AKID6Z66 | Putative cell death associated
protein
A_71_P112896 =
AK058330 A_71_P113696 1.0386564 1.2120212 AKDSBII0 | Cell death-related protein (A2)
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5. Receptor

= Normalized
= Sample Genbank Description
“F Number | 1 hrafter | 24 hr after
[
'I_l A71_PIIT76 1.2000299 1.5405865 AKD72075 S-locus receptor-like kinase
lE ALK11 (ALK11)
A71_P1592 8.089914 13551465 AKI 612 Putative receptor-fike protain
E kinase
—
: A7 _PIZ2936 3.0260441 3.208245 AKNES 488 Putative receplor kinase
= A_71_P10B0A2 14,996725 4,449702 AKI 00394 Putative receptor-fike protein
= kinase
-g = A71_P102799 1.520264 2.046984 AK099945 Putative S-receptor kinase
oy —
o E A71PI077083 | 1514368 3.5086944 AKDBGI62 | Putative receptor-like kinase
_—
= A71_PIC2632 | 1.278978 1.9921300 AKIOT0D1 | Putative receptor kinase
E A71._P104585 2.854042 1.1144191 AKI T 630 Clone Osinlk7 putative
leucine-rich repeat receptor-
like kinase
A1 PI0IES3 2.1568253 0.9735201 AKID66E3S Putative receptor protein
kinase
A_71_P104583 1.1949956 2.4869193 AKIDOI76 Clone Osinlk4 putative
leucine-rich repeat receptor-
like kinase mANA
A7 P1IZ2858 0.96697464 2.1 768646 AKI 11748 Putative ethylene receptor
(ETR2)
A7I_PI07206 | 237932056 1.2821214 AKI 11546 Clone Osinlk3 putative
leucine-rich repeal receptor-
likex kinaeas

S2 S3 S4 S5 S6
Fig. 2—5. Microarray analysis of

grisea infection.

genes up regulated genes by Magnaporthe

o WARY BHAe TPk W OsDRP FAAL] B A

B4 A3} ol

il
we Y B{o] fFHAE°] microarray

& A oy TR FAEN 2Eys
A

Northern 4]&

compatible straing ] 3}%& wjol] H]3] Incompatible strain

o EEFo] FFHH = FAAe B

A& 3lsk= 2,691 bp 719 full length cDNAZ o] Fo{#] ¢)om (Fig. 2—6), NB—ARC

domain®} LRR domaing 7}#]+= A A
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GCTIGAGCCAAGCCACCCCCAAGARCACGAGGEAGAGGEATACAAACAATTICAAAGAGATICAGTIGATCTCATCATCCAAGATT CAAGA
31 AGACGAGACAGGCAAAGAAGAGGAAGAARTICTIGIICAATIGCAATIGATTICATCATICCAAGATCCARGAAGACGAGGCAGAGAATAGARA
%g% EE%E%%E;E%EEGRTTGC&RITGRTTTCRTERTEECRQERTECRRGH&GHRGHRGRGGCRGGGﬁhRGRRTTGTGTTGGRTTGRTTTTGRR
vz IGGAG! IGTICGAGGAGCIGGL A GGT GGAGCIGCTGCGGGLGE IGAGGGEGACGTICTICTGCAGEICGACGGEE

n E RL F EELAGEA AUV NXETLTLURMAWVRTGTT FT FTLCRZET A
382 GAGCGGCIGCGCCGGAACGI GEAGCCGCIGCIGCCGCIGGIGCAGCCGCAGGCGECGCAGGEEEGAGGAGEGTEEEEGCACGEECEGAGE
31 E R L R R N UV EUVFPILILUPFPLWVDQZPFRQ A AR GEGLELGLG WG HIE R S
452 GCCGGECGAGCIGECGGAGCT GECGECGCAGCIGAGGEA GCIGGAGCTGECGCEECGLGCCECEICGECGCCGCEETREAACGTIGIAL
Bl A G E L A EL A A Q@ LREM ATLETLMAIZRURAATE-AUFRUUWMNWUV Y
S4Z CGCACCGCCCAGCTIGECCCGCCEGATGEAGECCECCGACACCGCCATCGEGCGCTGGE TCTCCCGCCACGCCCCCGCCCACGTGETAGAL
a1 R T A Q L A RRDMNMEMOSAADTaATI ARWULT SURHAPAMHWLD
B3z GGCGICCGCCGCCICCGCGACGAGGCCGACGCCCGCATCGGCCGCCTCGAGCGCCGEG TCGAGGAGGICGCCGCCGCGCAGCAGCAGCAR
121 G YV R R L R D E A D AR I LG RTILEURTZ RUVETEUVAAABAGADRDRD~RBDQ
722 CABGCCGCEECCACCGCCLT TCCACCCCCCGCCATCTCCCICCCCT ICGCTCICCCCCCACCACCTCCGCCGCCCAAGGCCATEEEEATE
151 @ A A ATALUPUPP A1 S L P F ALUPUPUPFPFVPFPF PF F XK aAa N AN
81z ATGGCCATGGATACGCCACC GACCAAGGGCATIGECEGEIGEEGATGEAGEIGGAGCICCCGTITICCCGGACGACGAGGAGGACGAGAGCATE
181 n A M DT PF F T X G N AV G N E V EL P F F DD EEDE SN
a0z GICGGCGGCGGECGIGAGGETI GEGECARAGAGAAGGIGAAGGAGATIGGIGATGAGCEGECGEGCGECGEEGEET CGICGGAATCIGC
Z11 vV G G G vV R VYV GG X E X Vv X ENM VN S 666 GGG GGG U E AV G I C
93z GGCATGGGCGECAGCEGECAAGACCCACGCICGCCATGGARATCTICARGGATCACAARATCCGAGATCIGTICACAARAGACAGTIIGTIAT
Z41 BE M BEGE S 6 KT HAURMHTGNLUGSGSG@NUPFRTGSEUVHNKRDRTEL Y

108z TIIGATCCITIGCIGGTIITCICTIGGAAAGGCTACT ICAGCGATAGAGTICTICTIIGAGACGATCICGCAGTCCGCARATCIGGACACTATC
Z71 L I L C W F L W X G Y F S PRV FF E T I S Q@ S A NL DT I
117z AAGATGAAGCTATGGGAGCAGATCAGIGGAAACCITGIGCICGGIGCGTACAACCAGATCCCAGAATGGCAACTCAAGT IGGGGCCAAGE
K n K L W E Q@ I &8 B N L VL EAYNDDRGRTIUPEWUDQTLUEKTLTGUPFHR
1282 GACAAAGGACCIGITCITGITAICCITIGATGATGICIGEGICICICICACAGCTAGAGGAGCTCATCIICAAGTICCCTGGGIGCAAGACA
331 DX G F VL VvV I L DDV WU SL §8 QL EETLTIVF NXTF PG TCNK T
1352 CITGIAGIATCAAGGTICAAGTICCCCTCGT IGGICACCCGGACT TACGAAATGGAGIIGCTICGATGAGGAGGCGGCTICITICIGICTIC
381 L vV v S R F XK F F S L VT RT VYU ENTETELTEDTETEnAOAGETSUDLVF

1442 IGICGIGCIGCCTITGATCAGGAGTICCGI TCCTCGEACCGCIGACARGAARACTGET TCGECAGGT IGCIGCAGAGTGCAGAGGACTICCT
331 C R A A F P Q E S V FRTOADINKWNKXLV RV AATETLCRTSGTLU®P

153z CTAGCACIGAAGGITAICGGIGCGICGTIGCGGGATCAGCCTICCTAAGATATGGTI GAGTGCGAAGAACCGGTIGICGLGAGGAGAGACT
421 L AL KV I GAZ STULRERDGPFVPF K I ULTZSMAIN KM SN RILTSERTGET

182Z ATATCIGACTCICATGAGACCAAACICCIGGAGAGGATEGCCGCAAGCATCGAGTGCTIIGICAGGGARGETI TAGAGAATGTITCCTIGAT
451 I £ P 8 H ET KL ULEWJRMNMAAMGBESETTIETCLTSTGNKUVRTETCTFTLD

1712 CIGGGITGCTITCCGGAGGATAAGAAGATICCCACIGGATGIGIIGATCAATATATGGATGGAGATICATGATCIIGATGAGCCGGATGED

481 LG C F F E D KK I FPL D VL I NTIUUNMNMETIMHU DL DTETFPFUDNA
18DZ TICGCCAICTIGGI TGAGCTATCAAACAAGAATCITCTICACCCTAGT TAATGATGC ACAGAACARAGCCEGECGATTIIGTACAGCAGCTAC
511 F A I L ¥V EL S N XK NILILTIULWUNDA AIDLMHNUNKA AT GDT LY S S Y
183z CATGACTICTICGGITACACAACATIGAIGIATIGAGGEATCTAGCGCTICACAIGAG IGEGTICGIGATGCICIGAACAACCGGAGACGECTG
S4l H D F S ¥V I @ HD VLR RUDIULMATLMHDNDZETGIRUDMOATLMNM®NZRUER RTERL
1382 GIGATIGCCAAGARGAGAAGAATCACTACCGAAGGATIGECAGAGGAATAAGGACAC TCCGTICGAAGCTCAGATAGTITICCATICATACA
571 v m F R R EESL P KD U@ RNKDTUVPFFEATIQ@TIWUVESTITWHT
Z07Z GETGAGATIGARAGAATCTGACTGGTICCAGATIGAGCT TCCCCAAGGCCGAAGTIGET TATCCTCAARCTICGCGTCARGTGTATACTATCTIC
BD1 G E M X E S D U F @ n § F FP X A EV L I LN F A S S UV Y Y L
Z15Z CCACCATICATIGCARCCATIGCAGAACTIGAAAGCCCIGGIGCIGATCAACTATGE CACCATCAGTIGCARCCCITGATAACCTATICCGCD
B3l F F F I A T M @ N L XK ALV L I NYGEG TITTI S ATITILDNIELS A
2252 TICACCACGCICAGTGACCTIGAGGAGCCI TIGGCITEAGAAGATCACACTICCACC GETACCAARAACCACAATCCCACIGAAGAACCTE
BBL F T T L §8 P L R S L W L E X I T L FPF F L F X I I I P L XK HNL
Z34Z CGCAAGATATCCCITGICCICIGIGAGCIGACCAACAGTICIGAGAGGATCAAAGGT GGATCTCICGATGACATICCCGCGCCTATCCAAD
B3l R X I §S L vV L C ELTMNZSILWRTG G S KWV DL S N TIVFFPFRIL N

Z43Z CICACCATIGACCACTGCATAGACCIGAAGGAGCTACCATCTAGCATATGIGAAART CAGTICCCTIGGAGAGCATCTCCATCICAAACTIGE
7zZ1 L T I D HCTIDULNXETLU®P S S I CE I S8 S L ES S I S I 8 NOGEC

2522 CATGACCICACAGAGCITCCATATGAGCIGEGCAAGCIGCATIGCCIGAGCATCCT AAGGGTATACGCCTGCCCGECTCIGIGGEGGET
751 H DL TETULUP Y ELTGNKTU LM HTECTLT STIU LWRU Y aACUWPFaATLUURIL
1812 CCGCCITCGRIATGCAGCCTIGAAGAGGCIGAAARTACCTICGACATTIICGCAGTIGIGTI CARCCTGACGGACCICCCIGAGGAGCTICGGICAL
7L P P S VC S L X RL X Y L DI S @ C V N L T DULUFPFPFETETLTGH
Z7DZ CIGACAAGCCIGGAGAAGATCGACATGCGAGAATGCTICGCGACTGAGGAGCCTICCCGAGGICGICCICATCGCICAAGICCCTICGGGCAL
811 L T S L E XK I PN R ETCT S RLURT ESETLUPMRT SETZS TGS S L K S L GH

ragdr4 GICGIGTIGCGACGAGGAGACGECGTIGCIGIGEAGEEAAGCTIGAGCAGGTCATCCCAGACCTCCGGGT ICAGGATGGAGGAARCAARTCCAL
41 v v CDETETA ALTLWUUREMSAMEDQRWUVIFDLZRDUQDGEGE T I H

zaaz ICTIGCAATITIGACATGT TCAGIGTICAIGCAACIGACTCICCAGCAGCAGCCARAGCTIIGCIGAGARAATAGAACCATAG
arl S A I L T C SV F M RLTLMQEQI@PF x L AENKXTIEF @

Fig. 2—6. Translation of the rice OsDRKP gene. Purple color indicated
NB—ARC domain and blue color indicated LRR domain.
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Fig. 2—7. Gene structure of the rice OsDRP gene.

OsDRP #dAe] #AdAe FAAdAZS At A3 Arabidopsis  thaliana®
CC—NBS-LRR A4e] WAIAH FHAER Aol Bv= s & 5 AT (Fig.
2-8).

0.05

OsDRP
100
NP_195056
100 Too — NP 196092
100 NP 199539
AAM28916
AAD23074
BAC75839
100 CADA5029

Fig. 2—8. Phylogenetic tree of rice disease resistant protein gene OsDRP.
NP_195056; disease resistance protein (CC—NBS—LRR class) of Arabidopsis thaliana,
NP_196092; disease resistance protein (CC—NBS—LRR class) of Arabidopsis thaliana,
NP_199539; disease resistance protein (NBS—LRR class) of Arabidopsis thaliana,
AAMZ28916; disease resistance TIR—NBS—LRR proteins of Prinus taeda, AAO23074;
R 10 protein of Glycine max, CAD45029; NBS—LRR disease resistance protein
homologue of Hordeum vulgare, BAC75839; utative NBS—LRR resistance protein
RGH1 of Oryza sativa.

Northern hybridizations ©|-&3%t W& WA A3} Magnaporthe grisea, Xanthomonas

oryzae pv. oryzae, BTH, ethephon, JA, SA, ABA, cold, wounding 5 T3l stressol

&l wd-S xASLYE Y (Fig. 2—-9). €3] Magnaporthe grisea®] 2] Aol= compatible
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strain E.U} incompatible strain X @ A] W sFo] =7}3)
oryzae, BTH, ethylene, SAcl] oJ&l o] ZZxFH+= AS &
2 LTP FHdxe] 2d7F vlustl S Aaidoz ddsFo] ARt Bt OsDRP

]

-1 =
A AEYoR Solsl wAS TEs e wysucks A 72 B

al Xanthomonas oryzae pv.
3}

eI AA Kl

R

2

sl

Magnaporthe grisea

KJ-301 KJ=101
(Incompatible) I (Compatible)
I
c 1 6 1224 48 72 1 6 12 24 48 72
— ? - e— — —— — —— -—-l- —a
OsDRP
osLTr | ————

& & &
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¢ oV 4 FTe F v Fia ‘&
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Fig. 2—9. Northern blot analysis of expression of rice OsDRP gene in rice leaves

treated with pathogens or abiotic stresses. C; untreated, 1;1 hr, 3; 3 hrs, 6; 6 hrs,
12; 12 hrs, 24; 24 hrs, 48; 48 hrs, 72; 72 hrs after Magnaporthe grisea KJ—301,
respectively. Used probes were OsDRP gene and PR5 gene. RNA from leaf treated
with 100 uM Benzothiadiazole (BTH), 100 uM Cantharadin (CN), 1 mM Ethephon,
100 uM  Jasmonic acid (JA), 100 uM Salicylic acid (SA) and 100 uM Abscibic acid
(ABA). C; untreated, H,0O; treated with water, Xoo 10331; inoculation with
Xanthomonas oryzae pv. oryzae 10331, Xoo KX085; inoculation with Xanthomonas
oryzae pv. oryzae KX085, Cold; treated with cold at 4C, Wounding; mechanical
wounding. Rice leaves were sampled 6 h after treatment under dew chamber at 2

5C.

R F7FA 982 R proteinsS IA 5ZHE YE F AU} Class [& EVLES] Pto=

=
N—Zt¢tel] serin/threonine kinase catalytic region® myristylation motifZ 7} t}. Class
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2+ leucine rich repeats (LRRs)% ¥} nucleotide binding site (NBS) 1g]1 N—d¢t
leucine—zipper (LZ) ®+ coiled—coil (CC) A¥ES 7}Zt}. Class 32 class22] CC thal
o] N—2tho] Toll and Interleukin 1 receptor (IL—1R)¢! TIR regions 7}dt}. o]% 3
class= B transmembrane (TM)o] ZAof= o] 9lo] intracellularel]l #1318t 54& 7}
Ak Class 4°l= EntEe]l Cf wde] Xghsn] NBS7F Zosolda TM
extracellular LRR<S 7}Zt}. Class 50+ Xa2l protein®] ¥3+% ™ extracellular LRR3}

Rl

TM Z12]3 cytoplasmic serine/threonine kinase regions 7}X|& Aol EAo|t}, 3l
o]E 5709 classol] E&EA] & barley stem rustol]l #3AS Ho]: Rpgl ©wz
(Brueggeman et al, 2002)& 270¢] tandem protein kinase domain¥} ¢F3F TM domain
S A3 Yt} o]#3F R—gene & 1 pathway AolA downstreamol] o8] 7}X
signaling components& & 7-3}3L Qlt} (Martin et al., 2003).

AR ZeE OsDRP w3d7x= 2 % 7P 2 $7¢ NBS—-LRR 7%
R—genelZ (Mevyers ef al. 2003) class 20 T HE Ao 7 FAHTH )73y, &
el EnlE e AuoAELS  NH2—terminiolA TIR motifE 7R3 Y=
TIR-NB-LRR subclass7} 7F& vk <eid ok tidl welA=  ARC
(apotopsis—resistance—conserved) domainS 7FAa2 Atk & 600709 AR}
NB—ARCS FAFsE Aoz wrazon th& o2 extracellular LRR geneso] Qtta =
13l AT} (Goff et al., 2002; Yu et al., 2002). Ramalingam et al. (2003)-& v, 2]}
ST 2R - G ARG doldts HARE wd fFAdAE AR NBS-LRR
%9 R geneE< marker® o] &3+ QTL maps #4
ol T-DNAZ} A} mutants ©]&3 WEAWe] HpAdo]l S7hE Rtk Rak Stk
(Kim et al., 2005). webA 2|7} B2]§ OsDRP FA27F MAZdel adrt A& A
o= Fuo] o]Fo] AYPS FHst3rh

b
ol
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S|
ax

i

v}, Leucine zipperE I Y3t W OsLJIP G4 Ao EA

Leucine zipper—containing proteine ¢35 3}sl= OsLZIP H- A A= 408 o}n| w=AkS
FYsF= 1,227 bpel full length ¢cDNAE o]Fo]x] 9 o™ C—terminal Z°l| leucine
zippergs 7HA Al Qv FHOoZ ZAMEJT (Fig. 2-10). =3 o2 A EAE9 leucine

zipper - @M AET} 78.85% = S AEAHLS HAY (Fig. 2—11).

™ Sacl malt)

e
SEEE o 23 % 2 & £
T i3y y B Ef A g
W MM L% &y = P 3
' 1 Ll A 1 B 1
OsLZIP | e — —h
LZIP 1227
100k
190k,
Fig. 2—10. Gene structure of the rice OsLZIP gene.
0sLZIP —MAS SAMEL SLINPARMBGL SARKP BV SSERTUYRFE VAS SAAAPP ARKPGT P FFRGFTEIQETLL TPREYT
ZP 00107241 ———-MUDSLFEFPGFEETRPGL KA'PAFETLL TPEEFYT
NP 191253 ———MAREMALVEPTSEES SPELSNPSEFLS GRRESTUTRMSA SSSPPP PTT AT SESEILT KEETQE SLL TPREYT
AAR19120 —-MSSATT SOAAREEGSERST KL IKETLL TPEFYT
AADE 9565
AAL13304 ———MAREMALVEPTT ——— -PEFINPMRTES SSSEESTIFMSATS) SNT TTT ATEP SEFLNEFE TNETLL TPREYT
ARDE 9566
AAL14M12 MATMLNKBYT GAF DAL TESABVARYEPSE SSUTR—— VAT TRAPOE YEGEFEU- RIGL KA SDETLL TPREFET
0sLZIP TDEDEME BLF HRE THEQLNQEE FORALLO EFETIY HOT HEVENP EFFARADEMEGP LR TFVEFL ERS CTREF SGFL LYFELGRRL FET HPINAE TF S LMS BDERRHAGE LHE
ZF_ 00107241 TDFDEMARMDISVYNEDELQAILE-——--EFRTI HEHHFVEDAEFE O SWIHL DGE TRKLFVEFL ERS CTREE S GFL LYKELGERRL FEX SPYLAE CFNLMS FDE ARHAGE LMK

NP 191253  TIFEEME(QLFNTETNENLNEAEFEALL)EFKTINHOT HEVENEEFKEARDEL OGP L) TFVEFL ERS CTAEF SGFL LYKELGERL KFRT NPYVAETF S LMS BDE ARHAGE LN
AAE19120 TDFDEME MLF NTE THENLNNSELRY - LO EFKEDY MOT HEFVBNEEFKEVADEL OGP LEE TFVEFL ERS CTAEF SGFL LYFELGEBRL EET NMTUAE TF S LS BIE ARHACE LHE
ARDE 9565 ———-I )T HFVENEEFKERRDEMOGALEE TFVEFL ERS CTRAEF SGFL LYKELGERL EET NPYVAE TF 5 LMS RDE AEHAGF LNE
AAL13304 TOFDEME TLF NTE TMEELNQ SEFEALL) EFETIV MOT HEVBNEEFKEAR DEMOGT LE) TFVEFL ERS CTAEF SGFL LYKELGERL KET HPTNAETF 5 LMS BIE ARHACE LK
AADE 9566 TDFEEME PLF NTE THENLNORE FERLLO EFETIY MOT HEVBNEEFKEARDEMOGA LEE TFVEFL ERS CTAEF SGFL LYKELGERL ENQ 55— VAETF S LMS BIE ARHACE LHE
AAL14712 TDFDEME ELF SLE LNKNMDMEE FERMLN EFKLIY MR HF VBNE TFEEAREEKT OGP TEETFI EFL ERS CTRAEF SGFL LYEELGEEL ERT NPV VAE TFT LMS BDE ARHAF LNE

e - - LR E e

0=sLZTP GLSDENL ALDLGF LTKARKTTE FEP FFI FYATYL SEFKTGY VY ITT FRHLKANPE YOV YPT FEY FENVCODENEHEDEF SAL L KAQP) FLNIREAKL WSEFEC LS VT YL
ZP_ 00107241 RALSDFNL SLDLGF LTESENYTE FEP KFIFYATYL SEKTGY VY ITT Y EHLEAHPE DEVYPT FEF FENVUCODENEHG DFF DRL SVEFRTMYL
NP 191253  GLSDFNLALDLGFLTERRKYTF FEP KFI FYATYL SEKTGY VN TTT YEHLKENPE FOUYIT FEY FENVCODENBHE DFF SAL ST YL
RAE19120 GLSDFNL ALDLGE LTKARKYTF FEPEFT FYATYL SEK TG VY TTT YRHLERANPE FOCYPT FEY FENVICO DENEHLIFF SAL ST ITHYL
ARDE 9565 GLSDENL ALDLGF LTKARKYTF FEP EFT FYATYL SEKTGY VY TTT YRHLEANPE FOCYPT FEY FENVICO DENEHGIFF SAL: ST VTHYL
AAL13304 GLSDENY ALDLGE LTEARK Y TE FFPFFIFYATYL SEF TG WY TTT T RHLEENPE YU Y PLFEY FENVICQ) DENEHLDIEF SAL. SITVTMYL
AANE 9566 GYERI STWPLDLGE LTEARKYTE FEPEFT FYATYL SEXTCY VY TTT Y RHLEANPE FOCYPT FEY FENVICO DENEHLIFF SAL SUYUTMYL
AAL14712 mmmmnmmmmmmmmmmmmmmmw ST TTHYL
i * i B T )
0=sLZTP NDCOBITFYEGIGLUT KEF IMHUTT ETHETT ABT FPA VLD VENPEF ERKLIEMVE THEETT ATGESD TP LVENLERTE HURAALY SET TRRYLMWPPT E SGC SUDFARE FEPOLY

ZP_ 00107241 NDIQBED FYATLGLDAREY ITHYTQKTNENAGEVFPL MLD VENPEF YORLDT CT S NNE KLGRATANSNTPEFLOLFQ KLP LYY SHGUOL LEL YLMEPT DTV SR GRVE-— ————
NP 151253  NDOCQRTNFYEGIGLNT KEF IMHVTT ETNETT AET FPA VLD VENPEF FEKLDEMAF SYEFLL ATGETD IAS FIKTLE TP LUT SLA SET LARYT.MPPVE SC SUDFAE FEPNLY
AAR19120 NDCOBTAFYEGIGLUT KEF IMHUTT ETHNETT ABT FPA VLD VENPEF ERKLIEMYE THO ELL AVGETD DTP LVENLEBRTE LYAALY SET LARYLMWEPYE SG SUDLAE FEPOLCY
ARDS 9565 NIRDBTAFYEGIGLNT KEF DMHUTT ETNETT AET FPA VLD VENPEF ERKLIEMUE TNO KTL AVWETD DIP LYEKNFERTE LTARLA SEL LARYLMEPT E S SYDFARE FEPOLY
AAL13304 NDCOBRTAFYEGIGLIT KEF DHHVTT ETNETTART FPA VLD VENPEF KEKLDEMWTN) FLO AV ETE DN S VWENLEPYP LTAALY SET LARYLMPPT ESC SVDFAEFEPELUY
AADE 9566 NDCOBTAFYEGIGLNT KEF IMHUTT ETHETT ABT FPA VP VENPEF ERELIEMYE THE KLY MG ETHDLP LVE SLERTP LAA ALY SET LARYLMIPT E SG SUYDFAE FEP ————
AAL14712 Nmnnmmrsmmmmmmmmmmrmmmmmmmsmmmmmmﬂmmmmmw

= omw ww e

Fig. 2—11. Alignment of the predicted amino acid sequence of leucine zipper
containing protein OsLZIP (21A6) with those from other organisms. Identical and
similar amino acids in equivalent positions are indicated by asterisks and dots,
respectively. AAO89565: TAT103 protein of Nicotiana tabacum, AAO89566: basic
leucine zipper transcription factor CAT103 of Cucumis sativus, NP_191253: leucine
zipper—containing protein AT10 of Arabidopsis thaliana.
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Northern blots o83 Wd EX Ao Magnaporthe grisea incompatible
isolate (KJ—301: 02—013) ¥} compatible isolate (KJ—201: 02—002), Xanthomonas oryzae
pv. oryzae, BTH, ethephon, JA, SA, ABA, cold, wounding 5 T3}l stressoll s 2
95 g (Fig. 2-12).

2]

Magnapovthe grisea
KJ-301 K.J-101
{(Incompatible) {(Compatible)

16 12244872 1 6122448 72

OsLZIP

Fig. 2—12. Northern blot analysis of expression of rice OsLZIP gene. Total RNA
was extracted from pathogen—treated Dongjin rice. CON; untreated, 1;1 hr, 3; 3 hrs,
6; 6 hrs, 12; 12 hrs, 24; 24 hrs, 48; 48 hrs, 72; 72 hrs after Magnaporthe grisea
KJ—=301 and KJ—101, Xanthomonas oryzae pv. oryzae 10331 and K3 treament,
respectively. 100 uM benzothiadiazole (BTH), 100 uM cantharadin (CN), 1 mM
ethephon, 100 uM jasmonic acid (JA), 100 uM salicylic acid (SA) and 100 uM
abscibic acid (ABA). H-0; treated with water, Xoo 10331; inoculation with
Xanthomonas oryzae pv. oryzae 10331, Xoo KX085; inoculation with Xanthomonas
oryzae pv. oryzae KX085. Rice leaves were sampled 6 h after treatment under dew

chamber at 25C.

Singh et al. (2002) X119 & transcription factorEXd OsLZIP FAA=
leucine zipper domaing 7FA| 3l 131 &5 stressol]l & wE A 7to] Wdlo] FUlE =
ZAOo 2 Hol transcription factorZ Azt biotic ¥YF o}Y 2} abioticoll = ¥t A
Sow AZtET webA o] FHAAE o] &% FHHAS AEANA EA S Sl A

ER R EE R PR TS
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v}, NDR/HINS 7938} B OsNDR/HIN §Azpe] EAJEA
OsNDR/HIN 7= 220719] ofv|=4bs a5 3lsli= 663 bpz o] Foj# gl%lom

Hinl domains 7FA]al A}t (Fig. 2—13).

BamHI XiweaII1 Serdl
1 1 |
OsNDR/HIN | 1 i
1 Hin'1 663
S0bp:
e

Fig. 2—13. Gene structure of the rice OsNDR/HIN gene.

of frAdzte] FdH FAWA AP AI= Fig. 2—-1400 Bolal gt

0.05
| I—

InHIM

AtNDEHIT

27 AMNDR/HINZ

TtHTN

——StHIIT

94 —

CeHIN

100

THIT S

OsINDR/HIN

100 OsHT

Fig. 2—14. Phylogenic tree of OsNDR/HIN gene. InHIN (BAE94408), harpin—induced
family protein from /pomoea nil;, AtNDR/HIN (CAC34513), NDR/HIN—like protein from
Arabidopsis  thaliana;, AtNDR/HIN2 (BAB08955), NDR/HIN-like protein from
Arabidopsis thaliana; MtHIN (ABD32713), harpin—induced 1 from Medicago truncatula;
StHIN (AAU21296), HIN—like protein from Solanum tuberosum; CcHIN (BAD11071),
hinl like protein from Capsicum chinense; NtHIN (BAD22533), harpin inducing protein
1-like 9 from Nicotiana tabacum; OsHIN (BAD27922), harpin—induced protein—like

from Oryza sativa.
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o

Northern hybridization 235 Fig. 2—159] Y&} o] A= vy H )
SARt Aol o o] FrtEvkE s ATk o]H o] Hale] wEw of
717Hel ANDRI 7d#ke] =dwolol A Al 7he] WA fdAk]l RPS2 (Bent et
al., 1994; Mindrinos et al., 1994), RPMI (Grant et al., 1995) ¢} RPS5 (Warren et al.,
1998)9] WA WHeS Ao OsNDRIE HEd A7 FAAZA A o]
grgstoll A2l PBZ19] BE S HXA 3T Bk itk (Lee et al., 2005). whehA
-7k 22g o] FAAY FAME OsNDR/HIN 37ke] 715S 4357998 g2
A E A =aelch

i:l

x B

Magnaporthe grisea
Ki-=301 KJ=101
Xoo K3 XooKl (Incompatible) (Compatible)

I I | | | |
C136122448 , 3 512244f}n 1 612244872 1 6 1224 4872h

OSNDR/HIN 5 88 - ——

Fig. 2—15. Northern blot analysis of expression of rice OsNDR/HIN gene.. Total
RNA was extracted from pathogen—treated Dongjin rice. C; untreated, 1: 1 hr, 3: 3
hrs, 6: 6 hrs, 12: 12 hrs, 24: 24 hrs, 48: 48 hrs, 72: 72 hrs after inoculation with
Magnaporthe grisea KJ—301 and KJ—101, Xanthomonas oryzae pv. oryzae 10331 and
Ka3.

A Myb like @9 A& 3938 W OsMyb A 54 4
OsMyb A= 348709 ofn|=AkS ¢t5 3}l 1047 bpE o] Fojx] glon

Myb—DNA—binding domain< 7}A]3l = Aoz BAHY} (Fig. 2—16).
Xhol Sacl Sacll HindIIl

OsMyb ﬁ

Myb_DNA-binding domain 1047
IOObp

el

Fig. 2—16. Structure of the OsMyb gene.
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E21% total RNA ZF 1 pgS template® 3Fe] RNA PCR kit (Takara, Ver.2.1)E 9]
|3k k. WA first strand cDNAZS A3dta 23 Actinfrd A2k OsMyb—like DNA
binding protein 5¢] primerE ©]83le] FH3 & 1% agarose geloll 7|95 & 8l

3}t (Fig. 2—17).

Magnaporthe grisea Xanthormonas onzae pv. onzae
K1
KJ-301 KJ-101 (nompaible) K3 .
(incompatible)  (Compatible) ¥ (Compolitle)

[ [ ] I

I
C 1 6122448 1 6 12 2448h

OsMyb
Actin

Fig. 2—17. Expression analysis of rice OsMyb gene by RT—PCR. Total RNA was
extracted from Dongjin rice treated with pathogens. Inoculation with Magnaporthe
grisea and Xanthomonas oryzae pv. oryzae. Rice leaves were sampled at 1, 6, 12, 24,

48 hrs after pathogen inoculation.

MYB proteine R2R3—MYB, R1R2R3—MYB and heterogeneous group® 37§
subfamily® Yol X 1 F 3}}<l R2R3 type Myb transcription factors= 52 &
of FRestA EAstH 71 2 reguratory protein family®2 <A 3tk (Ogata et
al., 1994). o7]1 & oAl AtMybl027} osmotic stress$} ABA Ao ¢Js] FE==rts
H%E o (Denekamp and Smeekens, 2003), R2R3MYB transcription factorE ¢35
slst= BOS1 F3A7}F el 714 tioll A boitic¥} abiotic stress ¥H§-oll L7-HoE Hix
9t} (Mengiste et al., 2003). Bl A ©]E MYB transcription factorel] thsjr = Fx}ut
=7} gluterin A7g2 Aol itk Bl (Suzuki et al., 1997; 1998)7F Atk H3 JA
inducible®t rice myb©] fungal infection®} host cell deatholl A¥o] rf= BHux gt}
(Lee et al.,2001). EE3F o 7] ol A 198702 MYB superfamilyS #4]3le] ¥ o] MYB
famly e} vl L3t g o, 126709 R2R3 type, 5709 R1R2R3 type, 64702] MYB related}
3709 v F AR FHAAR EFSk] Basklth (Yanhui et al., 2006). WeEbA OsDRP
= bait® yeast two—hybridE E3] 8% OsMYBe HAZAHATAH A+ I3 T

MEE A0R AZHY A5EAe sud JAARANE AL
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A1
A

o}, WRKY—DNA binding proteing IZHY3= ¥ OsWRKY F74dAe] EARE

OsWRKY 3= 674719] ofv|x=4kS F%3lsl= 2025 bpe |72 FA AL
A=At (Fig. 2—18)

™ 270¢] WRKY domaing 7FA1 9l Aoz &

NeolEcoRI  Clal Psi  Ball EcoRV Ball  Kpnl
1 1 | | | | |
OsSWRKY | =) — |
1 WRKY WRKY 2025
200bp

Fig. 2—18. Structure of the rice OsMyb gene.

44 FABA ZAVAIAE Triticum  aestivum™  Brachypodium  sylvaticum®

WRKY—DNA binding protein®} 7}4 U3t Aoz ATt (Fig. 2—19).

0.05
| I |

100 ﬁtWRKY‘I
100 NOWREY

23 L T eWREKY

ATWREY2

MMtWREY

94
HvWEREY

CaWREYa

=28 I
StWEHREY

OsWREY

TaWwREKY

100 ,_|99
BsWREY

100
OsWHREYS0

Fig. 2—19. Phylogenetic tree of rice OsWRKY (GIIb) gene. NtWRKY (BAA86031),
NtWRKY (BAB61056),

transcription factor NtWRKY4 from Nicotiana tabacum,
LeWRKY (CAC36402),

WRKY DNA-binding protein from Nicotiana tabacum;
hypothetical protein from Lycopersicon esculentum; AtWRKY2 (NP_200438), WRKY2

transcription factor from Arabidopsis thaliana, MtRKY ( ABE89809), DNA—binding
WRKY from Medicago truncatula; HVWRKY (AAQ63880), SUSIBA2 from Hordeum
vulgare; CaWRKYa (AAR26657), WRKY transcription factor—a from Capsicum
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annuum;, StWRKY (BAE46417), double WRKY type transfactor from Solanum
tuberosum, TaWRKY (CAJ19358), WRKY DNA binding protein from 7riticum
aestivum;, BsWRKY (CAJ26376), putative WRKY DNA-binding protein from
Brachypodium sylvaticum;, OsWRKY80 (GIIla, DAA05638), WRKY transcription

factor from Oryzae sativa (japonica cultivar—group).

OsWRKY® northern 4 A3 “dH i} 3AntEr A Ao wao] 1A7F o]F
BE Z7tele Aom 2AEJTH (Fig. 2—20).

Magnaporihe grisea
KJ=301 KJ=-101
(Incompatible) (Compatible)
[ 1 ]
C I 6 12 24 48 I 6 12 24 48h
- i

Xanifromonas oyzae py. onzae

K1 K3
(Inompatible) {Compatible)
| | I |
C 1 3 6 12 24 48 1 3 6 12 24 48h
T ——— —

p— - H —_—

Fig. 2—20. Northern blot analysis of expression of rice OsWRKY gene. Total RNA
was extracted from pathogen—treated Dongjin rice. C; untreated, 1: 1 hr, 3: 3 hrs, 6:
6 hrs, 12: 12 hrs, 24: 24 hrs, 48: 48 hrs after inoculation with Magnaporthe grisea
KJ—301 and KJ—101, Xanthomonas oryzae pv. oryzae 10331 and K3.

Transcription factor & A=A 7t EAslE Aoz <2 WRKY transcription
factor= A WA 102707} A= ALz 4z o™ (Wu et al.,, 2005) 4709
groupo 2 EFHT. & wWAEA w3 #AHF Wel WRKY gene superfamilyd] 2
A5k Zlo] Bl low H“é Aol sl wado] thgdhs EO%"ZF%J\‘:]' 4578 ¢)
A 2 A7 15707 LT incompatible %

1270 2nEH Zzloéoﬂ o] =dWAdHE e
et al, 2006). & AFA -7t £ OsWRKY+= 270°] WRKY domains Ztil

pata s s
lo mlo
= r-{u: s
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o group IIbol &3l Ao=w FAHECL =
2 Hol yuojo] gyl & AoE FAHHY 1 7]TS 45}

=30t

2}k, Yeast—two—hybridE ©]&3 x4 75 &4

1) Yeast—two—hybrid rice cDNA library A%+

2 AFE =dy, ddntE 5 B Fao Wedite] gE] AIdAES Hole s3H
o]-gato] WA FHAAet FEAEsh= FAE 7] 98l yeast two hybrid -
2 EFE At FIHE A B Al A Eo] 353 Aueta dAdntE
= Aglste] 3~6A7F 5 AGHE- ’\]E% AH 3t total RNAE —‘?—ﬂé}ﬂ mRNA
A¥ste] A 23| AL (Stratagene) o WHol| wel ¢cDNAE A3t & libraryS A F
At A A libraryoll A A= }%9] ‘ﬂr"o“éi Hlwek7] §1ste] randomo = S8
Adkste] primer® PCRE A7]E HlaLdk A3 0.5 ~ 2kbo] WHol| &op= vhdet
a71e] fFHAEe] £ AS5S FeAT (Fig. 2—-4).

o O 2 ook L

2) Bait ®E]A| 2}

W A3 FHAAE ke AaFegS 22487 98] yeast two—hybrid system%
o] &3} t}. Bait vector constructione WAIAE FAAZR FAHEE OsDRP FAAE
bait® AF&3}7] 998l pGBKT7 vectorell constructiond}it}h (Fig. 2—5). Construction®
Bait vector= AH109 strain® vyeasto] transformation 3¢ SD trp w/ou] =] A
selectiond}t®] colonyES ¥R, o5 OsDRP F+AAY] sense primer?} antisense
primerE AF&3}o] colony PCR ¥ @7IXEE #4381 OsDRP 7 AF2] bait vector
7F S EH NS Gl (Fig. 2—-21).

AD>
= ¥ ]

o

UAS

: lacZ Report Gene |

QA
- ==
BD
UAS

lacZ Report Gene ]

: Bait protein, ¥: Target protein
: DNA-binding domain : Transcriptional activation domain

= O TR YT P
R e )OEITT . D[ e | e [ s R

Fig. 2—21. Construction of rice OsDRP—BD/bait and ¢cDNA library — AD/prey fusion

for yeast two — hybrid interaction.
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3) Yeast cotransformation
OsDRP F+A A& bait= 3sle] BrEYddS AHeEst ¥ cDNAE prey= A&}
13512 t}h. Yeast two hybrid system= /n vivo AEjol A ©

_I_z

o] interactiondti= FES AY

= py
WA g 45A48e AT 5 A PO gol olgun glor vuy 35
§ ARE welt gEAL W Fol shum QA Atk OsDRP FAAS A5

oot

ol

e FRAXES 2887 998te]  bait vector?l OsDRP 73} pAD—GAL4
libraryE yeast cotransformation 3t¢] SD Trp, Leu, His w/02] selection®]®|ol| A vl %
3 A9 o9 colonyE 33?1’3}911:}. Aozl colonyE = bait FAAS OsDRP H4
Z2Fe] interactions  FA3F7] 9Ete]  X—galA @l 23 screeningS 33}
galactosidase &S H <l cloned AEsldtt (Fig. 2—22). Plasmid DNAZS &g 3&}of
Agrg iz Adste] insertE EA3A Y (Fig. 2—23).

Fig. 2—22. Screening of positive clones by B—galactosidase activity.

A : pGAD7—RecT+pGBKT7-53 (positive control), B : putative positive colonies.

M positive colonies 1 M

Fig. 2—23. Restriction analysis of positive colonies carring plasmids with rice ¢cDNA

inserts of AD/fusion library. M: 1 Kb DNA ladder (BRL)
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4) OsDRP AR} A5 2gst= 22 Au

Yeast cotransformation®® FojX FEL FRoJA DNAS Esle] o] thA] o

o

Hotoll FAAss & FAAAEZ markerE o] AWEEIT FAASA SOl AW
recombinant FAAES AV LS EA519] Blast search® As5AS FAS F-4 %)
59 Ve g FAHsAY (Table 2—3). OsDRP ¢ A5 2835t #2442+ GTP binding

protein, cysteine protease, metallothionin protein, Myo inositol phosphate synthase,
immunophillin  &°] UAT. Coaker et al,(2005)= Immunophillin ¢ 3l
cyclophillin ©] @& @92 interactionol A HA A FHxe} BHo] HE HEY

o,

Table 2—3. Putative identification of positive clones interacted with rice OsDRP

BD/bait using yeast—two—hybrid screening.

Sequence homology Accession number
Fructose- hisphosphate aldolase S65073
Metallothionein-like protein type 2 P93433
F1-ATPase AAPS0663
cysteine synthase CAC09469
Ribosomal protein L7Ae family NP_850856
hypothetical protein BAC20675
Glyceraldehyde-3-phesphate dehydrogenase CAD79700
Prolamin precursor BAA36699
Kinesin-like protein AAKT0904
Myo-inositol phosphate synthase AAP85531
UDP- galactose-4- epimerase-like protein BACS3786
Metallothionein- like protein AAP8U616
enolase AAP94211
Adenosylhomocysteinase-like protein AAOT2664
immunophilin AAMG5589
expressed protein BAA9O797
G'TP-binding protein NP_196119

5) OsDRP®} Magnaporthe grisea®] CYP13}2] Yeast Two—hybrid

Clontech® yeast two—hybrid system= ©]83F] baite} preyES FF35te] AHS
F33dTt. WA WY OsDRP F7HAE baitE  Magnaporthe griseaZ %€
cyclophilinl (Viaud et al. 2002) A XS prayE 3t yeast two—hybridE 335 <
™ baite} preyE HFo]A interaction AH-E FASISITE HEk SXW O] OsDRP 77
ZFe] LRR domain H#% cloningdted Magnaporthe grisea® cyclophilinl A=<}
bait®} pray® BFFo] 7FHA interaction 9IF-E FAFEIA oW, OsDRP 7449 LRR
domaine] AoH W8S o| &) Magnaporthe grisead cyclophilinl A2} baitet
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pray® HFo] 7FAA interaction oF-E ARSIATE =AW ujAdo] ®luH oFgt FF
ol d=EWoA OsDRP +AAZE cloningdt®] Magnaporthe grisea®l cyclophilinl -
29} baite}t prey®E wlFo] 7FH A interaction oS FASF A interactiondS I
o A (Fig. 2—24).

rE = o

=
O OsDRP gene®] A
Psli I BgIII Pff. INeol feel Heo RV ; \
1
[ [ NB-ARC [ [IRE | |
ATG ThG

200bp
[

Sae 1T Hindldl

MERLFEELAGEAVKELL RAVRGTHFCRSTAERLRRNVEPLLPLVQPQAAQGG GGWGHGRSAGELAEL AAGQLREAL F1 ARRAA
SAPRWNVYRTAQLARRMEAADTAIARWLSRHAPAHVLD GVRRLRDEADARIGRLERRVEEVAAAQQQQQAAATAL PPPAISLP
FAL PPPPPPPKAMAMMAMDTPPTKGMAVGMEVELPFPDDEEDESMVGGGVRVGKEKVKEMWS GGGGGWEA

EIHDLDEPDAFAILVEL SNKNLL TLVNDAQNKAGDLYSSYHDFSYTQHDVLRDLAL HMSGRDAL NNRRRLYMPRREESLPK
DWQRNKDTPFEAQIVSIHTGEMKES DWFOMSFPKAEVLILNFASSWYYLPPFIATMQMNLEKAL VLINYGTISATLDNLSAFTTLSDL

RSLWLEKITLPPLPKTTIPLKNLRKISLWVLCEH TNSLRGSKVDLSMTFPRLSNLTIDHCIDLKELPSSICEISSLESISISMCHD
MRECSRLRSLPRSSSSLKSLGHWY

CDEETALL WREAEQVIPDLRVQD GGTIHSAILTCSVFMQLTLQQQPKLAEKIEP

O Cypl gene encoding Cyclophilin of Magnaporthe grisea

METTLLRPLVPRONIFSSSIPRTSFVEKPNFVATPESPINNTTRVEFYSSTMSKPNVEFFDIS
FNGVTERVEFEKLYDDVVPEKTADNFRRELCVGEPGVGGYKDSGFHRITIPDFMLOQGGDET
RGNGTGGEKSVYGEKFADENF QIKHTRPGLLSMANAGPNTNGSQFFITTVEKTSWLDGE

HVVFGEVVSGFEDVIKPIEALGSSSGTPKTEVTIVNAGTY

Al e

c_:\\" o\ | D

E| F

G‘__ ‘ _ H

AD BD Interaction

— A —SmaRC —TTRE— Dorecyel +
B {aecvel —mmARE —{TRR— 4+
Dongjin| C EER] {nrecvel ++
OsDRP| D {nrgovelr ERR] +
E —{ WEARE _—— {oagover _
L F Threevel ——wEmRe —— -
llpoom[~ G ——FEARC  +—{TRR}— Torgvnl _
OsDRPL. H {oagcvrr —{ O RRARE e TRE b —

Fig. 2—24. Interaction of OsDRP and LRR domain with MgCYP1 by vyeast

two—hybrid system.
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6) Yeast—two—hybrid Arabidopsis cDNA library AZt

Arabidopsis ¢cDNA libraryol A OsDRPﬂ- A A e FAAE g H o
WA e FAxE FAHEE OsDRP A A5 283 425 Arabidopsiso] A
zb7] Q)& yeast two—hybrid §HA} &S A 2Hs}S ol

Arabidopsis whole plantsZ ©]83l total RNAS #2831 mRNA Tk AE3dle] A%
3| A} (Stratagene) o] HWH o] wEl DNAEZE A3 F libraryE Azt #Az=
cDNA library?] titer® A 23} 8.0 x 10° pfu/mlYS 15t th. A &3t libraryol
A AR dAbEe S Blasty] 918k randomo w2 FES AWkl primer®
PCRS =A7]E Hlg 23 0.5 ~ 2 kbo] Mol &Hob= tgdd A7 FHAEe] 2
o] dees FAsH (Fig. 2—-25).

M 1 2 3 4 5 6 7 8 9 10 11 12 13141516 17 1819 20 M

L & 4

5 _ W
‘w0 “ﬁiﬁﬁm@mﬁ - defnt SRURL ..

Fig. 2—25. Determination of insert sizes. Twenty plaques were randomly picked and
insert DNA were PCR—amplified with T7 and T3 primers. PCR products were
electrophoresed on a 1% TAE agarose gel. Lane M: 1kb plus DNA ladder (Elpis
Biotech), lane 1 — 20 : PCR products.

OsDRPS} §a% WHom Aaasss 4445 AEF A3 thiel positive

clones At (Fig. 2—26).

positive clones

Fig. 2—26. Screening of positive clones by [3—galactosidase activity.

+ : pGAD7—RecT+pGBKT7—-53 (positive control), B : putative positive colonies.
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o]& positive cloneE9] DNAE 2|8t 7ML S #4519 eSS 2=AESH
(Table 2—4). 1 A3} CIPK6, WRKY54 transcription factor, AP1, DNA binding

transcription factor 5 WA AT} Td = FAAES A & = AJY.

Table 2—4. Putative identification of positive clones interacted with OsDRP—BD/bait

using yeast—two—hybrid screening

Clone No, |Putative identficafion [Source of companzon | Accession Mo, [Homology|Score [E-value
DRP1-&5  ferredoxin-dependent glutamate synthase Arabidopsis thaliana YO96ET 1 a5 a7 JE-O7F
DRPE-&5  cyclic nuclectide and calmodulinTregulated ior  &rabidopsis thaliana AZ005170,3 71 Ta. 6 2E-13
DRP3- &% CIPKE Arabidopsiz thalians MKk _119244, 2 100 276 BE-73
DRPA- A% WRK ¥ 54: transcription factor Arabidopsiz halians Mk 129637, 2 100 163 7E-39
DRPS-&5 (4P Arabidopsiz thalians MNkd_1055871, a5 239 9E-BZ2
DRPE- A3  OMA binding / transcription factor Arabidopsiz thaliana Hk_114556, 2 L 119 1E-E5
DRPT-A5  unknown protein Arabidopsiz thalians NK_113704, 3 35 114 GE-Z24
DRPE-3 protein binding Arabidopsiz thalians MNk_120504, ! 94 177 5E-43
DRP3-&5  ATP binding / kinase! phosphorbulokinasesu Arabidopsis thalians Nk_102940, 3 100 110 8E-Z23
DRP10-4%  hypothetical protein Arabidopsiz thalians A2 20957, 1 75 g2 ZE-14
DRP11-A% OFR3;12-0xmphytodiencate reductaze Arabidopsis thaliana MM_201702,1 g9 192 1E-47
DRP12-5 ORFZ bases 1807-2550; first statt codon at 2 Trypanozoma brucei k14520, 1 27 34,3 4.9
DRP13-A5  putative FsH protease Aabidopsiz halians _Ay04595 ag 102 2E-20
DRP14-2A3 ATP binding / protein binding Arabidopsiz thalians Nk_122537 2 100 454 0,003
DFR15-A5  At2gral30iTsl7.3 Arabidopsiz thalians ETOO0E135 1 ELE 204 3E-51
DPR16-2A3 Ephosphofructakinaze Arabidopsiz thalians Nk_1190E66, 2 55 56,6 9E-07
DPR17-5  Rho GOF <dissoeciation inhibiter Arabidopsiz thalians Mkd_104925 1 94 201 2E-50
DPR1§-A% GOH2 Arabidopsizs thalians NK_120526, 2 100 g7 GE-16
DPR19-A5 ATIgl40MAGE_18 Arabidopsiz thalians Ar1130661 100 141 3E-31
DPRZ0-A5 WHA-4 Arabidopsiz thaliana Wk _00103628 95 149 ZE-34
DFRZ21-5  rbulose-bizphosphate carboxylaza Arabidopsziz thaliana NM_123202, 2 100 267 SE-TO
DFRZ2Z-AS unknown protein Arabidopsiz thalians NbdA 2413 2 99 251 EZE-B5

2b v WHko] fAAE o] &3 Wl el FAHS
1) Overexpression vector A2}

Gateway system (Invitrogen)< ©]83%F overexpression® vector A& 93]

OsDRP—attB1 primer (5" —AAAAAGCAGGCTTCATGGTGCTAA-3 "' )¢}
OsDRP—attB2 primer (5 "' —AGAAAGCTGGGTATCACCTGTATG-3"')E o] &35} 1x}
PCRE& T3 slar, attB1 adapter primer (5"

—GGGGACAAGTTTGTACAAAAAAGCAGGCT—-3 "' )9} attB2 adapter primer (5'
~GGGGACCACTTTGTACAAGAAAGCTGGGT -3 ' )& ©]&3te9] 23 PCRE 33
t}. PCR AFEE cloningdle] G714 E& BA13to] 3He18la BP reaction® LR reaction
S FEsto] A EA A overexpressiong 93T vectorE A FEAT. ©HE FAAE

olat WS o] &8ttt (Fig. 2—27).

ofr
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2) RNAiE ©]8&3F Knockout mutant A%}

Knockout mutant= wE 7] Skl OsDRP—attB1 primer (5"
—AAAAGCAGGCTCTCATCGCTCAAGT -3 ' )¢} OsDRP—attB2 primer (5"
—AGAAAGCTGGGTCTCAGTCTACAAG-3 ' )& o83t A ®MA PCRE Fd3hL,
attBl adapter primer (5' —GGGGACAAGT TTGTACAAAAAAGCAGGCT-3"')¢}
attB2 adapter primer (5 ' —GGGGACCACTTTGTACAAGAAAGCTGGGT-3"')E o] &
ste]l 22 PCRS F33k3ith. PCR 4HES cloningste] QA7IAES E48te] Elstar
BP reaction®} LR reactionS 4°33}% knockout mutantE 9%+ RNAi vectorE A2t

stk O AR T S ol g3kl (Fig. 2—27).
attkl anB2z
e E e
pBTWG2ZD
— re  p2ss ] Gene | intron “ intron ] Gane | 1358 - -—
-‘.“Ltl attR2 -nLru at La PB7GWIWG2(2)

J1

Tobacco & rice
transformation

Fig. 2—27. Construction of plant overexpression and RNAIi vector.

3) A AEA A

=
AZE vectorES Agrobacterium 1LBA4404¢] FAASstF on, E=du9 H=
1A o] o
PR —

UsHolx FAMIS AAFHT. AEA HAAINS Y] AFE vectorES
Agrobacterium 1LBA4404°] FAAZ glow, F3H callusE f7]ste] FAHE A
(transgenic rice)®t Nicotiana tabacum cv. XanthiZ o] &3] A A3 w] (transgenic

tobacco) & WHEUT (Fig. 2—-28).

- 174 —



Transgenic
rice

Transgenic
tobacco

Fig. 2—28. Generation of transgenic rice and tobacco overexpressing OsDRP plants

4) FAAS AEA £

AZE vectorE o]-&3te] WHEOZ OsDRP 3T HAAL Wl dufo] FAAS
2 har specific primer$} gene specific primerE ©] &3} genomic PCR Wi < o] &
ako] gelat Az 9/MAS] Wk 24 AL w7 FRAARAYL

2-29) @A 2AAAM Al Fol QUvk. EI OsWRKY i wul A AA 24,
OsNDR/HIN ##d gl FAASA 9F, OsMyb 33 FAHSA 12F, OsLZIP
I T FEASA 105 do] =4 Ay} Folvk. WRKY #3d #HE = W] &
A A3Fo] 2™ knock out mutant = T2l T—DNA line(An et al., 2005)9¢] °]
gHEo TAE 27 A8 HA=AE Fdss Tolth

£
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OsDRP
V Wt 1 2 3 4 5 6 7 8 9

OsDRP
YV wt 1 2 3 45 6 7 8 510111213 1415 16 1718 19 20 21 22 2324
- i LA R f Lk - - Transgenic rice
bar gene
OsWRKY
(279bp) ¥ Wwt1 2 3 4 5 6 7 &

9 10 11 121314151617 1818 20 21 22 23 24

12345656738 9101112131415

EXESN TR OsN\DH/HIN
1 2 34 56 78 910111213
EELEEET T T OsMyb

Transgenic tobacco

OsWRKY

MV W1 2 3 45 6 7 & 910 11

12 13 14 15 16 1718 19 20 21 22 23 24
gene specific primer

Transgenic tobacco

Fig. 2—29. Genomic PCR analysis of transgenic rice and tobacco plants using

bar specific primer and gene specific primer.

- 176 —



15S AA37] Y8l wild type B4, vector? 7}

o
2
ot
o,

N

o
=
A FAAs A o} HAASEulo| Phaytophthora nicotianaeS 73F 3 44Xk, 68417k, 72

AlZkol At & WAS wEI Ay WA W AR dASH HAidss dEAE
I

olN
1>

=
59 #9 @ 5 Adglon (Fig 2-30, 2-31), F7F HAPY A4 A A

Zol At TSt Pseudomonas syringe pv. tabaci ATl AT HAGAS A A
MAE F2 Foll Ut} ol FAASA A RT-PCR 55 T3 #HAIAH dd FA
5] I A A3l desteet Az

pB7

Lesion diameter (mm)
Gene name
Mock P. nicotianae
pB7 (vector) - 30.6
OsDRP - 7
OsWRKY - -

Fig. 2—30. Results of pathogenicity test of transgenic tobacco plants overexpressing
rice OsDRP or OsWRKY genes. Photos were taken 3 days after infection by

Phytophthora nicotianae.

- 177 —



OsMyb

Xanthi ~ pBIWG2D 304  3-2-2 11-2-1 11-2-2

OslZIP
Z2-1-1 2-1-2 2-1-3

Lesion diameter (mm)
Gene name
Mock P. nicotianae

Xanthi - 15
pB7WG2D (vector) - 23
OsMyb 3—2 - 5
OsMyb 11-2 - 4
OsLZIP - 3

Fig. 2—31. Results of pathogenicity test of transgenic tobacco plants overexpressing
rice OsMyb or OsLZIP genes. Photos were taken 3 days after infection by

Phytophthora nicotianae.

Luo et al. (2005)E rice homeodomain gene OsBIHDIS #43d A)71 o) &&=

SA| o) A ®Wlo] ¥ PR-1 Aol Wdo] Z7}¥ 3l tomato mosaic virus, tobacco
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mosaic virus®} Phytophthora parasitica var. nicotianae®| Wal]l WA dAdo] Zug
™ salt?} oxidative stressol] Wi WA o] SE ATt Bt weba] oA
oA whEoiR FAHEA 5o Mol Uit Ay} vpeFst Pdatol digh A4

o FAE Wad dow puach

El. OsDRP 222 promoter &4

1) Promoter 3]

OsDRP A2} promoterE 2t7] €39 genome walker®} B genome sequence’d<]
databaseZE ©]83to] primerE #4381l genomic DNAE o] &3&te] PCRE S33gc)
I A3} OsDRP= 2.8 kb, 1.4 kb, 0.9 kb®} 0.5 kb A7]E AHs}e] T—vectordl
cloningdle] Q7| EL EA3le] &<2lstar pBI101 vectorol cloningstddth (Fig. 2—32).

OO e o = ) GUS | Nos-t |
"H_""_m_‘ GUS H Nos-t |'

00— GUS | Nos-t |-

pBI101 GUS Nos-t

Bl21 [ GUS Nos-¢
P CaMV 355 promoter ' H |-

W RAV binding site @ WRKY BOX ¢ WBOX A MYB @ ACGTC box

Fig. 2—32. Constructs for the analysis of rice OsDRP promoter regions.
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2) Promoter assay

OsDRP promoter?t GUS genel 2 =38} Agro—infiltration ®H 22 tobacco
(Nicotiana tabacum cv. Xanthi) o &Rt Agrobacterium LBA4404 & 244
1 & Pseudomonas syringae pv. tabaci KACC10388< infiltrationdt3d 2, SA (5 uM)
= spray SFATE Mock testE 8l E5 sprayste] Y oA vlYsldtt. stress
A2 24A17F F gl 8l& sampling sF o H, @A 35 A7FA] —70Cel Haastgich
Fluorometric GUS assayES $3l4 GUS extraction buffer (10 mM EDTA, 0.1%
Sodium lauryl sarcisine, 0.1% TritonX—100, 10 mM 2-—mercaptoethanol and 50 mM
NaH.PO,, pH7.0)oA Zxm ASHE o]fs GUS assays AAEGTh 7|2 =2=
4—methyl umbelliferyl glucuronide (MUG)E o] &3} 1L, 37ColA vIU3E & stop
buffer (200 mM Na,CO3)& H7kstel W= FAAZH Fluorescent A=<l
4—methyl umbelliferone (4—MU)ZE 365 nm9| excitation®} 455 nm2] emission 2ol A
fluorometerE o]&3] AZFsArt 10 mM MgCI2E mock testE Y3l AM&st9
pBI121& positive control® pBI101S negative control® AFE3F3th. ¢F 2.5 kb9
promoter (—2471)% Wt o) Hd 3552 ¥} 1,381 bp promoters WYl
os) o] FFHEE AL 1,0005-8 1,500bp H-#loll &A= WRKY box, W

box, MYB box %17} AJd © Fro}lz promoter (9813 525)+= HAo] &l 2dd
o] THHXA &go OsDRP®] promoter + 1,381 bp7} ol o3 Lao] &%

n=
e 2dRHE SdEAT (Fig. 2-33).

0 B Mock
@Pst

GUS activity
(nmol 4-MU/mg protein/min)
BRa& B33

= =

pBI1O1  pBl121 OsDRP- OsDRP— OsDRP— OsDRP-
P2F P3aF P4F PsE

Fig. 2—33. The promoter region—GUS constructs and GUS activity of the rice

OsDRP gene promoter.
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A3 A Aol gdAE ol &3 dEAS WA A=

-

7h B AR AA 2R A a2t

Pk Hag AE WHAHE AES 9% 15 HARAY FHAE CASLPI,
CABPR1, CALTP3, CALTPI, CALTP2, CAPOAl, CALRR 77}A =4 A=W Al
Xanthomonas campestris pv. vesicatoria 7Fel] tisia] 113 A ZZ oA Z}slA 2a
He FHAAE|Y. o]FoA  CABPRI (basic pathogenesis—related protein 1),
CALTPI (lipid transfer protein 1), CALTPZ2 (lipid transfer protein 2), CAPOAI
(ascorbate peroxidase—like 1) FdA7F = E e} o7& =2 EvleE JA 73

qE sHe=2 545 EAss0

v WA AR aE WE A2

6 Mo FHRAE FolA CASLPI, CABPRI, CALTPI, CAPOA1, CALRR 57N 4
2} WolE= BamH13 Kpnl A@3917F §17]) wEol, olv] clone¥ o] & pBluescript SK~
9 3 deto] Apnl# 5 B BamH1ES o] &3to] vectorEH-E 600~800 bp =79
A F9E ddsta, AE DA E e pMBP1E 22 Agai=z ddste] %t
£ ligationd}t} (Fig. 3—1). AR CALTP39] %ol 1A 39 ol BamH1
site7b 7] wEel AFdFEAE o] &t Adete] cloningsh= Zeo] E7bsstglal, wet

X PCRE o] &3le] FE3&to] ligationatitt (Fig. 3—2).

t}. CASLPI, CABPRI, CALTPI, CAPOAI, CALRR® vector construction

1) insert®} vector?] =H]

=98t FA4AA7E EojAdE vectorE plasmid AEHE ATl Insert7F E)UE
plasmidE ¥} expression vector® AFEE pMBP1E £ coli DH5a cello] 32 A 3ls}he]
t}A] plasmidE FE38}o] AFE3EFATE. Competent cell& CsClLE o] &3le] wHEoH,
plasmid¥ heat shockS E3Fe] =4It £ coli cell2 HH plasmid 5% plasmid

DNA miniprep kitE ©o]-&3}$ Tt}
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2) insert ¥ pMBP1 digestion®} purification

=9 FHAA7F E3HE pBluescript SK ¢ pMBP1S 2% Kpnl® BamH1Co =2 A
w3le] sticky endsE zZHAl WHEUTE. dwE DNA fragmentE2 7|5 o=z 313}
At} (Fig. 3—3). Insert™ plasmidel @z} 500~800 bp A7 FzZto=zA AojA
elutiond}$d 22, pMBP1 vector: 13 kbAEZX4 10 bp AE"F Z&U7F7] W&ol ethanol
Z1d o &2 purificationd}t3 oF. Insert?] elutionol] &= kit9} electroelution®HS W 3P 3sFo] A}
L3t AAS Fol= A7 5oz E2ld T ligationo] AF&3FSIT).

3) ligation®} E. coli transformation

45223 insert®t vectors 25TCo|A 2 AlZF, 4T A overnightoE ligationd}]
heat shock®o 2 E. coli celll] transformationd}$ith. pMBP12] selective maker+
kanamycin®] 22 LB/kan HjA]olA] cell& 7] $°| colonyE< colony PCRE =4
FAA7E de=xE AdEE Y. AEE cloneE YA plasmidE FE351] Adars
) dte] Feldt Fo| Agrobacterium FAASISIAC. 1 A3 CASLPI, CALTPI,
CALRR $-AX}E cloningdl A3t}

gt WA Fdx B WY E Agrobacteriumd =9

1) Agrobacterium competent cell A=

Agrobacterium tumefaciens strain EHA105E YEP/rif A 9]X] ¢l streakingsto] 7]
¢ % single colonyZ NA Ao HF&to] seed cultureE &t thA] A A uj =4
ODgooll A 0.5~1.00] & w712 7] & F NaCl 4oz Hxes WA A CaClol =
of A —70Ce] BEagrh e A dFolA Fdste cello] Al F5HE S T%

.
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i L
P - 35S promoter
s
ampicillin f/,‘/ lacZ!
P
."i r‘l r\‘ S(Splll Nos Terminator
i - MBP-1
& pBIueSSErligi SK - BamHI 11)3000bps :
e . HindIIl
L 4 P lac 35S Promoter
E-.:.Sacl
‘Kpnl
| Kpnl/BamHI Kpnl/BamHI
Ligation

PMBPI-Gene Nos Tefminator

KmR 13600 bp

‘HindIII
35S Promgier

Fig. 3—1. Scheme for construction of pMBP1 expression vector using

CASLP1, CABPR1, CALTP1, CAPOA1, CALRR clones.
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. - RB
o g "HJ‘ﬂ_ - ori -,
A T 35S promoter
Afrie”
A
ampicillin (/
A Kpnl
& Nos Terminator
[ pBluescript SK- pMBP
S -
9 3.0kb P HindIII
< -.'T Sacl 35S Promoter
\ NosTerminatoggft:.
S e i Kpnl
\\‘_H‘“~——f "/ "Sacl
ki
pUC ori-
K?nl l PCR chl
Sacl/Kpnl Ligation Sacl/Kpnl

Fig. 3—2. Scheme for construction of pMBP1 expression vector using

CALTPS.

2) Cloning?dl vectorE Agrobacterium®| transformation
Competent cell®} plasmidE AoJA Lo WX AT 1827F AA A Lol A
5 37CeA 5 &3t heat socks F°] =98k, YEP AAufA|A 4 AIRF Ak
shaking incubations 3l X127 =dFJ ot WZE = Agrobacteriume
YEP/rif/kan7} Skl A ufA ol M2 ~3U3E vlFd & FAE colonyE selectiond}i
s}

t}, MEE o)A colonyE 7FA 2L PCR¥} digestion® 2 &H2ls}3i T},

ob ], EvbE, of7)E ) dAd S

=u  (Nicotiana tabacum cv. Samsun or Xanthi) @A AZtol+= Agrobacterium
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tumefaciens EHA1055 o]&3alqltt. 2AdA 9 F &< AFd FEY A& 20%
sodium hypochloride® 10 ~20 &7} E43sF% T,

AiER AFHE F 0.5 em® 27]9) 270w At leaf diskE MS AAuA| 5
mg/1$}  Agrobacterium 200 ulE 7ol 412 &dox 28T 3 U3+ < dE|AA
cocultivations} A th. 2] ¥ leaf diskE- carbenicillin 250 mg/lo] ¥3t¥ MS A 8%
2 AlFsta gA] ddeR A Agrobacteriums R3] A AT HitE leaf
diskE<2 carbenicillin 250 mg/l, kanamycin 100 mg/l, BA 2 mg/l, NAA 0.1 mg/l°] X
stel MS azA|w Aol Al shootings %38+ TF kanamycino] 3Z3HE wjx|olA FAJH

Al

% ?ﬂ ot
shootE< leaf diskZ2FE E#slo] A3k vix2 oA &AL, oF 1~2 F & g

’

fot

2ol & rooting media (250 mg/l carbenicillin® 100 mg/l kanamycing X33k
MS ZAADZ FRh Add FRARAES EFer &3k (Fig. 3—4).
FAdgE H=A=HE genomic DNAE FE38t9] PCRE #Fd4 =9 oFE &
1&kelth.  Primers=  nptll  specificdt 5 ~GAGGCTATTCGGCCTATGACTG—3'%}
—ATCGGGAGCGGCG ATACCGTA-3"& AH&stalth PCR 71> denature 95C 53¢
30 cycle® annealing 94C 20%, 68C 20%, extension 72C 40%= 3s}}t} (Fig
5. M 7329 =42 54 primerst 54 xistellA gelsiglon Ax 51 uz
ol ZpAlsHAl A g sttt
Agrobacterium tumefaciens @ LBA4404E o]&3slo] EvnfgE A

&
%
3—
1=}
B

3}

F_>.i

mlo

] s
WA A, tumefacienss 50 mg/l rifampicin®} 50 mg/l kanamycin®] % YEP ®j X
A ZE 38kl mid—log phase (ODgoo = 0.8)°] & wj7}x] 28 CollA & wjgst3itt. v g
o}= 1500 xgoll A 587 AR dte] o] Z t}A] shoot regeneration B A<
=] ODgoo  #ke] 0.8°] A =4stdtt. A 5 dHAAE 200 mg/l kanamycin}
200 mg/l cefotaximeS sl AulA] (MS salts and vitamins, 2 mg/l BA, 0.01
mg/l IBA, 30 g/l sucrose)olA wlslitt. A3t MAE doste] 22 wjA|dA A
A Al on, Al Zole 200 mg/l kanamycing &3 rooting medium (MS salts
and vitamins, 0.1 mg/l IBA, 30 g/l sucrose) ¥R A 7] W) o7&t FAATLS o
HEA o0 2 AFR-E = floral dipping WH S o] 83T,
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Fig. 3—3. Restriction digestion of inserts and expression vectors. Numbers

1~2 and 4~6 indicate CASLPI, CABPR1, CALTPI, CAPOAI, and CALRR,

respectively.

vt Genomic DNA, RNA 53, PCR % Northern &4

Genomic DNAT Edwards & (1991)9] WS wWdsle FE3}
microcentrifuge HH. 9] 5 o] &3] & punchdtedA ZFZES FHI Lo 400
ml9 genomic DNA extraction buffer (200 mM Tris—HCI, pH7.5; 250 mM NaCl; 25
mM EDTA; 0.5% SDS) ol A pellet pestles o] 83te] F&38+9tt. PCR &

& 95T 3% F, 303]9] 95T 20%, 58°C 30%, 72C 189 cycle F333 ). PC
ZAELS 1% agarose geloll A &elstsdc).

Total RNAE TRIzol Reagent (Gibco—BRL, USA)E ©]&3te FZ3}3th. Northern
#29& Southern—Star'" detection kit (Tropix, USA)E ©]-&38}$t}h. 10 ug RNAE 1%
denaturing agarose gel (1X MOPS buffer, 15% formaldehyde, 1% agarose)ol| A A 7]
=3 Zo] Tropilon—plus'™ membrane (Tropix, USA)9l alkaline transfer method®
transferstal UVE & o] A crosslinkAl At} 68C 16A] 752t probe® hybridizationd}<d
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bt

3]

A X—film2.Z detection

o
o

w3}

39t} Root

of =¢

—_—
T
!

oy

ol

o] g3}

O
=

Agrobacterium

—_
o

el

Alell 1 mg/l

o
oF

Egow &7 719t} (Fig. 3-6).

floral dipping W& o]&3}% ).

<
T

ki3

regeneratione %

How A8

1
JE
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Fig. 3—4. Regeneration of transgenic tobacco plants. (A) Leaf disk
inoculation; tobacco leaves were cut and inoculated with Agrobacterium
containing pGAbGH1 or pGAbGH15. (B) Initial cultivation on the shooting
media. (C) Callus formation (two weeks after transformation). (D) Shoot
formation (three weeks after transformation). (E) Initial cultivation on the
rooting media (seven weeks after transformation). (F) Root formation (nine
weeks after transformation). (I) and (J) Young seedling transferred to soil.

(K) Flower formation. (L) Seed formation.

— 188 —



(1)

()

740 bp

Fig. 3—5. Genomic PCR analysis of regenerated plants using apfdl gene
specific primers. The kanamycin—resistant putative transgenic plants were
screened by PCR analysis. Genomic DNA samples isolated from individual
transgenic plants were used as template for amplifying the npfll gene. The
arrow indicates 740 bp of DNA fragments in size. Lane (1) 1, the wild type
plant as a negative control; Lane (1) 2, pGAbGHI1 as a positive control;
Lane (1) 3~32, pGAbGHI1-—transformed tobacco plants; Lane (1) 33,
pGAbGH15 as a positive control; Lane (1) 34~(2) 34, pGAbGH15—transformed

tobacco plants.
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Fig. 3—6. Regeneration of transgenic tobacco plant. (A) Leaf disc
inoculation 3 days after culture. (B) Callus formation in the cut and of leaf
disc 15 days after culture. (C) Shoot regeneration from leaf disc culture
after 25 days of culture. (D) Shoot multiplication after 25 days of culture.
(E) Elongation of multiple shoots. (F) Adventitious root formation in MS
free hormone medium after 15 days after culture. (G) Adventitious root
formation in MS with 1 mg/l 1BA 20days after culture. (H) Establishment

of micro—shoot in soil after 10 days.
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o} 3 &
1) Peroxidase &4 4

Peroxidase®] 242 Do & (2003)9] Wom #4383ltt 1 g9 o =4S A2
Ao A wpEtn F (10 mM sodium phosphate; 1% sodium metabisulphite, pH
6.0)= AT 1000l st & F7heto] At wpafetadvt. 4CellA 13,000 xg=
307 dAEEst AT ds - F —70Ceo] AAsIATt. F peroxidase &
470 nmell A FF7IZ 5430, guaiacol S TART AR ALESIATE RESEF NS
2.9 ml phosphate buffer (10 mM, pH 6.0, 25C), 1.25% (v/v) guaiacol®} 0.1 M H,0,%
TAAEAJT. aANg2 100 14 BAE FUheke] AlEedaL 538 =S 26TColA 5%
ZFoES 2T 0104 0.2 FFEHE S FEN  peroxidase T
tetraguaiacol® molar extinction coefficient (26.6 x 10 mol/cm) 2 A2t} 3, AA o

WZ mg % nano katal2A] FEA 8T}

081

AAaAe 54 A%

:u:. r[}m:

2) Atsbd 2Eg s U A E4
Abs}A AEY A HWAAAEE F243517] 2] &} methyl viologen

(superoxide—generating 3} =) 2 E Ao x5ttt Tween 20°] methyl viologen
(MV)E 0.1% &7k G =014, Z} Agvitt 50 5L 100 uM =5 A3l aL, Al
el ZYAl S Fdste] 48T A= ol A3 F growth chamber (F
271, 28C)ollA A& 718tk 2 Ald B 9 AN 2 97 o 22 & Al A
|adtk. A 9 AIRE Foll E5A FES SASAH. £=F FAE 50 ml/l kanamycin
FAA 7 L3Ol = MS iAo A WolE Al7|aL (A TA= FAA A9, 10¢
ol 50 uM MVo] X3t wjAel vl Rt 443 A7 frE= YAl MS basal Wi
Al FAA 35S AZIEA WS I 557 FES 8-10F9 AEAE A3
< 3Tt olE A EAeE 20 mle] MV (50 uM)E &8 F3ar, 49 Fo] &3St

3) {3 AHF 2EHE A
d 2~EYA AFAY] 9ol 250 mM NaClS H7Fe MS HjA|ol| A FAputo} A
JS aaL, AHF AEHA AFAHL FAE 500 mM mannitol S 3 MS iAo A

ol 4L ik,

ot

by w4

Phytophthora nicotianae= Black Shank WS %3l oomycete HATF =24 V8
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juice agar A (200 ml V8 juice, 15 g Bactoagar, 3 g CaCOs in 1 L dH,0)el] H=3}
I 26C F AEloll A wjtstslh. Adk 9l A S M= 5-659 Z HE S o

&3tk 59 A=k (74 0.5 mm) oomycete plugs o] EWH Fxhol XA A
T3 S F53 YTl F S 7 #HED HAd Fa 25ToA 1647 F A

st FAh HE 59 Fol #aE A FE SAAL. =7 A9E HeA=
=7 AAS dud 29R 0.5~1 cm®E WAWIL, FAA plugE A5l A3k
t AEE AEAE 55 100%9 16417 Fx, 25T wigada 15 % 304 &
o &3t

vhe|glo} WU P syringae pv. tomato DC3000S King's B vi#| oA 28ColA 7]
9tk grg ol dekl (10 ofu ml™ )& FAMISo] $1E hypodermic syringe® ©]-83}
o] 918 mesophyll & o0& HNFAA HEsATh HE 54 Fol o H A9 v g
of AY ALE Fstr] flste] x2S HitgolA kg $o King's B agar wj=]
etk W ol H ek rifampicin AE wlA] flo] GAEH= o] FRA 245
t}.

Phytophthora capsici= ERFE S bucket rot HS &3 HAHoZA 26C I=x
A 3tel A V8 juice agar vlA] (200 ml V8 juice, 3 g CaCOs3, 800 ml DW, 15 g agar,
pH 6.4)°14 71t & HF AAS fehA 5-65 At &A1 ¢id oS o] &313l
t} 595 oomycete plug (B4 0.4 mm)E & FH Foto XA FH L 25T 100% &

!

% she] 4714 Wit 2R 9 WS FF 29 Fol 54349

|

5) EntE 3 gl Aits)

CABPRIZ} CAPOA1 + 7HA A5 dAdske ol &atqlvt. Agrobacterium
tumefaciens ¥ LBA44045 o] &3 EvlE A A2 Park 5 (2003)9] WS W
sto] AFR3IRA Y. A. tumefaciensEs 50 mg/l rifampicin®} 50 mg/l kanamycin®] H.Z%
YEP #jA]oll A 28°Coll A mid—log @A (ODgsoo = 0.8)7FA] 7]1-9-11, 1,500 xgol| A 5837 ¥
AR g)ste] vreglo} s R 3 Zo| shoot regeneration HjA| &M oz HZEXET7F ODgoo
o= 0.8°] HAHE vl AEAIZAT

PAAZ &, s FAE shoot regenerations ¢ A EH]=] [(MS salts, vitamins, 2.0
mg/l BA, 0.01 mg/l IBA, 30 g/l sucrose) + (200 mg/l kanamycin, 200 mg/l
cefotaxime) ]l A 719tk AEsE  shoot (T ZHepA 7]9-9HA Adseich

Kanamycin 34 shootE< rooting ¥lA] [(MS salts, vitamins, 0.1 mg/l IBA, 30 g/l
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N
o
v
4=
Ac)
i3
Ho
o
oo
ox
rot
1>
il
Y
il
2=
Mk
)

sucrose) + (200 mg/l kanamycin)]ol] TFA]
A sk A Ao Aol Alg 71

2. A7 N 8 A9 4 uF
7. CAPOAI 5AA =9 whu] 2438 gy 2 urg
1) PCRE &% Fdx =419 &9

FAEYAARE 3Helsty] Y genomic DNA PCRE AA&itt. PCRol&

oY
o|\

CAPOA1 F A=} gene specific primer¢!

—GGGGGATCCGCACGAGGTCGGTTCTCTCTC-3'%} 5'-GGG
GGATCCGCACGAGGTCGGTTCTCTCTC-3'%  AR&3sk3dth. PCR %72  DNA
denaturations 913l 95C 5 & o]F, 95TeA] 15 %, 55CoA] 20 %, 72TellA] 1&3F2
2 % 35 cycled AAEAT PCR A%, 560 bpo] 5% DNA ME=ES A2 5 g9
aL, CAPOAI wAA7F vl 2 Aedoz =9dHAas Flsaith

2) ARG =AY AL B FAA T gl

%7] genomic PCR=E 21 871 FAHSA FollA 4708 AlEolA 3k 562
bp ME7F FQ1HAL (Fig. 3—-7B), E9d = FAASA NN & FFo82 A
&0 wdHS Northern #4202 Felstqlt} (Fig. 3—-7C). A7fFE o2 T, T4E
AANAA Frsto] v Ao o] &3t
. CAPOAI #A7 =91 FA-A 9] 54 4 23

D A 543 &5 e

113 9] ascorbate peroxidase—like 1 (CAPOAI) +AA7}F A4S HYS uf A}
5ol FFE vA F A=AE FAdsty] fstel FES Heldolst JistA 7] 7A€
A=) A7 vty 5 S35 A AE vlEA 47ie] FAASR AT BT

40% o) Belo] o)z} Alew 35.53% 717F ZaL, 15.42% B B2 w57t B2
Atk (Fig. 3—8).

53] JAAE AlF #2% peroxidase Aol 7P L AlEo| =], o
EAe] Aoje}t wir] Ftnt opye} Hele] oyt A&l vf At ol¥d A= uF
ascorbate peroxidase—like 1 FAXE s Al7]H A d& A& F

Yok FE7e A 2d vl Ta3 dES o= S AAE Fh
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2) CAPOAI19]l Hhd L2 peroxidase A4S S7F

A3 AAE ol A& o] 83t peroxidased F S FASSTE Vs
AAH, FHAHAE AF peroxidase B A A& vt oF 2ujrtE Eokth
(Fig. 3—9). ol FHd&A 9 F714 peroxidase T CAPOAI®] o} T ] o] A
AdE Aoz FlEd

rﬂ

a9

ok olell wet MV AeE AE
Fe SASAY. G52 vEE A AEA 2 FEA@A N MV 50 uMol
44.93%, MV 100 uMell 4] 81.84% 9 %59}4 (Fig. 3—10A). 50 uMe] MVE A& g §
Aol A FHE A WEddel debdon, AR HAM B5HY] el 523
o Al el FRAAZ AG CAPOAI-1, —2, —#i= BF R3] g3} S48 Yehd9l
o A FA gkor, & FRAME vhR7EA o)t (Fig. 3—10B, ). 345 i
Aol &AE Foll= Al AT AEAL] o 45-48%7F dopdsitt.

558 A=Alel A= v bH] Aol RAH AT A *‘Exﬂ% FAAEA
of visiA MV Abshs mEe o] ve- wigbeigith. A3 AeAls A2 F 242403 ]

F_>.i

2

el A o] vepskon, 3 Fol= e JfAEe] mtEa ¥ B AARo] FA4H
Aot Wkl P AE=A= 53] A Aol LA ntE s FAto] BEy
2 %t (Fig. 3—10B, 7). =g x5 AEA ] FfdA= 43 AAe 33t 15

o] ol #AF oY, FAAZANE F3] AA #ZHAY (Fig. 3—10B, of).

4) Mol e AZA

CAPOAIS I ddAF o 2H oomycete WHAQl P nicotianaed A4S zH
xHe] T3] HE:Seh HAE

FE=XE Fdest7] 98l oomycete plugE AwtkE 2l
5

= A
E HEE RE YoM Mol nEse] YIHO

=
FEAGANAE HF 7 ol “H—Or 22 A S waloy, AR AEAls o



AL o] A& AAE whde] FAASAE 28 A G

HE 30Y Foll G EA] A A4 6.3 cmol Eakloy A ASA = v
9 Z& At o] BAE A (Fig. 3—-11B). T3 A4 4 Z A= hollow—shank Z4o
WA AT SHARE, A #5+= Fghe] o] BAEUAR, AT #1, #2, #47 AF A
Black Shank F4& ®olx &gkt (Fig. 3—11A). 299 AHY 7] T4 w3 A4
HAEA= SAZOE Fogt 59 A4E &9 & 4 A (Fig. 3—11C). peroxidase
47 mRNA &) vl =3kd AlE #13 #2+% Black Shank Bl =53] A& o3
=3

H]

—_—

S

s A&
X CAPOAIS #chdrd Al7]"H Black Shank ®BHUel P nicotianaed) A4S zt:=
th= AE AAE £ AR olE FAASRAES vrEH gol Wl disiA e AE
AL Holx o¥gktt. FAAMZA NN R solanacearum® d7o]l <k AA|F o} P

syringae 3789 A HolX| &gt}
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5) CAPOA19] subcellular localization

CAPOA19] subcellular localizations H13}7] 93t C—de 4579l GFPE &
A3 Ay} FIAEE o] &3} transient assay= AA| AT (Fig. 3—12). f-ARZ0
2 AEst¥S W, GFP d#& A npZoA TS0, CAPOALLS apoplastic

ascorbate peroxidase—like ¥ A olg}E= AS <¢l&}9 ).

. CAPOAI 23 Aol gk azk

Compatible % incompatible 2| & -+ A5 =8| A peroxidase &Ao] Z7HE =
t], o]+ peroxidase’} H|E0]% o] ukgo Ao it AL A H3ta 9oy, u
A QB 9 B ~Eg 2 dat AFHS FAE (Way 5, 2000).

2 AFo XM= X, campestris pv. vesicatoria®] H|WH YA F5 BV 5—-4as A3 15
A Bes CAPOAI SAAES Tohard A7l a7 Astz ~Eg~ok #HAdFo] o
A ouE 7l FAE HAFEAT. A FAAS A=A AR CAPOALI AA
9} peroxidase AA &2 SR, AA A A o vlEfA] DDA Y peroxidase F
B2 of 2u7bF %Y. Kazan 5 (1998)2 HHj9} canolal A pathogenesis—related
peroxidase 32k (Shpx 6a)& ©l&ato] M@ AakE W aLshlt). peroxidase= A =
At Az AR To B A HAelA Fad s Frhar ojv] Bad uf gt

it

olo
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(A) (B)

ki CAPOAT transgenic T1 line

L e T #4 45
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...ﬂmpmf
LA 2 B B

g

Fig. 3—7. Generation of the CAPOAI transgenic tobacco plants. (A)
Diagram of the constructed plant expression pMBP1—CAPOAI vector. RB,
right border; LB, left border; NP7II, neomycin phosphotransferase; 35S,
cauliflower mosaic virus 35S promoter; NOS, nopaline synthase terminator.
(B) Amplification of CAPOAI from the genomic DNAs of four different
transgenic plants. M, marker; C, control plants (pMBP1—transformed plants);
transgenic lines, #1, #2, #4, and #5. (C) Northern blot analysis. C, control
plants (pMBP1—transformed plants); transgenic lines, #1, #2, #4, and #5.
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Fig. 3—8. Phenotype of the CAPOAI transgenic tobacco plants. (A) (Upper
panel) Root growth on MS medium supplemented with 50 mg/l kanamycin.
a, control; b and c, CAPOAI line #1 and #2, respectively. (Lower panel)
Plant growth at the flowering stage. d, control; e and f, CAPOAI line #1
and #2, respectively. (B) Root growth in MS + Kanamycin 50 mg/l medium.
Data are expressed as the means * standard errors from three independent
experiments. (C) Plant height and node number at the flowering stage. Data

are expressed as the means * standard errors of 10~12 independent plants.
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Peroxidase activity (nkat/ mg protein)

1.6
1.2
0.
C #1 #2 #4 #5

CAPOAL transgenic line

Fig. 3—9. Total peroxidase activity in the control and CAPOAI—transgenic
tobacco plants. Data are expressed as the means standard errors from

three independent experiments.
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Fig. 3—10. Enhanced tolerance of the CAPOAI transgenic tobacco plants to
methyl viologen (MV). (A) Total chlorophyll content in leaf tissues. Black
bar, without treatment; gray bar, treatment with 50 uM MYV; white bar,
treatment with 100 uM MV. Data are expressed as the means * standard
errors from three independent experiments. (B) Oxidative stress tolerance of
transgenic plants. (Upper panel) /n vitro oxidative stress tolerance of
transgenic plants. Ten day—old seedlings were transferred to the MS
medium supplemented with 50 uM MV. a, control; b and c, transgenic lines
#1 and #2, respectively. (Middle panel) Effect of 50 uM MV on young
(5—week—old) plants. d, control; e and f, transgenic lines #1 and #2,
respectively. (Lower panel) Effect of 50 uM MV on mature (8 to
10—weeks—old) plants. g, control; h and i, transgenic lines #1 and #2,

respectively.
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Fig. 3—11. Disecase development in the CAPOAI transgenic tobacco plants
inoculated with Phytophthora nicotianae KACC40906 at the wounded stems
of both control and transgenic lines. (A) Disease symptoms on the whole
plant and inoculated stems. (B) Disease areas (cm in diameter) in the
inoculated stems, 30 days after inoculation. (C) Measurement of stem
diameters at the infected point after 30 days of infection. Data are
expressed as the means =+ standard errors from three independent

experiments.
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2 Ao E FEAASA = FEE e o] o] TAHA fkon, FHH2
AEe 717F 4oz Avs Aol 1Edu. ¥ A¥+= Pignocchi &
apoplastic ascorbate oxidaseZE FHojdtd A7l JAAS Hajo A S B 2
o} FU3FA T Kato 5 (2000)% ascorbate oxidaseS Iprpatd Al71 whu] 982 A<
BFS Bagk vk dvk oY ARnEd A B ATARE FE ®Boks o,
ascorbate oxidase =< peroxidase: HH] 21 &A1 A T&o] F93 IS 3}
= 771 Bkt

W3 CAPOAIS Hopdd A7l A E A= superoxide (0 )E AAsE FgE<

VE A g éto] ‘FFE}\] 0 AbshA 2Bz tiais AdAge] SRS BT o
ZZke] MV (50 52 100 uM)E Agsidls o, A4 A=A A58 FFe Fo4e
2 AaEdoy gAAS AEAs 7o fdastA AU ofd HAskA kv At
AGAA FFA E=FoAREH U2 AAES 954 e doFes & %9
cbaeh A whEgtt (Foyer &, 1994). LEiA] A& AlEA < AbshA] ~Ef A2 7Y
22825 Hos] 9ste] dakst wo] WAYUSES EA43A71aL vk ascorbate
peroxidaseE Id Al7)= AL ofule kst AE BERE WHEA7|E W] 7|FS T}
SAZIA B oY 7HA 2EHE 3ol vE &AbstAl (4], catalase) 9t H]she
APX7F B ®e] 7t A2 Ata 2A4FS FYstele dEs dve S one
t} (Asada, 1992).

Aol FEdS Huloll M CAPOALR] stebddg o= ol =7h, 1, A
A EST MVel oJeiA s AbstA E4e] ik AR ST S BT
t}. H o Badawi 5 (2004)& cytosolic ascorbate peroxidase® Iohdd AR S of,
o] 549 APX &Ado] 3.8¥) Frbetar, kst BAES FFAAI7IM, paraquat
¥} sodium sulphite"ﬂ ok G4 AT ta Aol FrhEvE As Bardk bk 9l
Tt} Fe— && Cu/Zn—superoxide dismutase®} 7S ol 71x & 3iksl A=t 3
e AbstA 2EY L ARES S7HA0IHE ik vk (Gupta &
Camp &, 1996; Kwon &, 2002).

Y =iol A peroxidaseZt 54 wgo] WMol AFAS Uit Bae}t npzirbA
2, B AFA CAPOAI HAANS duls P onicotianaed =& ATPYAL HJT, E

o

3], mRNA HAAL7}F B3l peroxidase EAlo] =& Al Zo] oomycete WY ] &2 A

ﬂl

rlo
>
[
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f13lth. ascorbate peroxidase®] E&H3h A3 V1AL 4 = glANE AAF-Sle] B
T AFE A7l 2 s

A FA37] $18Fe]  subcellular localization® $3l3F5 3L, CAPOA1L A 3E9]
extracellular F-9lol] | X|gro] &=L, Wl A 28T Aew FAHEA

7.

(A) ATG STOP
CaMV35S-pro > sm-GFP —  NOS-ter
ATG ATG STOP
CaMV35S—Dr0> CAPOAI-ORF ] Sm-GFP —  NOS-ter

(B)

am-GFP CAPOAT am-GFP

Fig. 3—12. Subcellular localization of CAPOA1 in onion epidermal cells. (A)
Diagram of the vector constructs used. (Upper) only GFP as a control;
(Lower) GFP fused to the C—terminus of the coding region of CAPOAIL.
(B) Subcellular localization of smGFP and CAPOAI::smGFP. (Upper) bright
field image of onion epidermal cells; (Lower) UV—blue light excitation image

of GFP and GFP—fused with CAPOAI under fluorescence microscopy.
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2}, CABPRI A =9) 9ol 38484 39 9 24 A
1) PCRE &3 38 =449 &
PCRol = CABPR1 A=} gene specific primer?¢!

5'-CCGGGATCCGTCATGGGACACTCTAATATTGCC-3"3
—CAAGAGCTCGTAACGTACTCCACAGAAC—-3'E A}&3F9ltt. PCR =72 DNA

E
ol\

[‘3

denaturations 913l 95C 5% o]F, 95Tl 15%, 55CelA 20%, 72Cel A 1&-7e=
% 35 cycle® A3 (Fig. 3—13). PCR A3}, T3 DNA =58 #23 4 19
3L, CABPRI +73A7F gof W2 A o2 E9EAeS gelsal

2) FAASAEA ] A 2 FHAA HLE Gl

HAdI FFE AFAS Holx: 1FY CABPRIS <3S do} HIYH
CABPR1 ¢DNA%E 35S promoter 31 slollA] #Aohdd & 4 JAH HEE 5319,
el A S AT (Fig. 3—14A). Ml 7IH e Aok 3 FAARA = gene
specific primerE A}-&3F PCRoIA W33k 645 bp WAE7} &5 Q1 (Fig. 3—14B), 1
2]3l Northern 415 F3| Ul 7] /A BEFoA =48 CABPRI F3AA7 A &4
e FAE  AAG (Fig. 3—-14C). 8HAIW CABPRI—6A$2 A5 d538k=H A
6}04 o= Al e RAES AZEEES T Teo FAE FEI Fol v dds

S A Pssint.
vl CABPR1 #7317 &9 88 A o] 54 ¥4 Ax 2 a7

1) CABPRI transgenic 2&< ©]§3 1 itk 23

ol black shank ol 5t CABPRI A A3EA el Wt

=& Edsr] HsEl, P
nicotianaes J%5 349 T} 5Y o 1 HFS #EIT. 4
A

o
ZF A A ok N
EAE HEd Ay g

X‘ﬁfﬁiﬂﬂ A=Al vl ol @A AdES A 5 Ao e g

A o
d RS GRS (Fig. 3—15A, 91). ¥So] FAMZA ANA AASA A A== o]k
ol CABPRIS ZAXNHE Wl P nicotianaed] W3] A3AAE A= AL

iind

N
rr
afl

FA ol M =F= e Ao R solanacearum® P. syringae pv. tabaci<

HSANAA BFslv. A Aot dadeAdl A AAA A= Ao 5
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HE Al 7fe] HYAAE A2 Hu E43 Ze olydels EE HAAIA P
nicotianae, R. solanacearum™ P. syringae pv. taba=F talA A3]

Ho]Fa1 9l

Fig. 3—13. PCR amplification of a target 750 bp with CABPRI gene specific
primers. Genomic PCR analysis of regenerated plants using CaBPRI gene
specific primers. The kanamycinresistant putative transgenic plants were
screened by PCR analysis. Genomic DNA samples isolated from individual
transgenic plants were used as template for amplifying the CABPRI gene.
Lane 1, Marker; lane 2, distilled water as a negative control; Lane 3,
pMBP1 as a positive control; Lane 4, the wild type plant as a negative
control; Lane 5~9, CABPRI—transformed tobacco plants.
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(A) (B) CABFRI transgenic line
kb C il #3 #5  #b

10.0

645 bp

(©

CABPKT

rRNA

Fig. 3—14. Vector construction and generation of the CABPRI transgenic
tobacco plants. (A) Diagram of the constructed plant expression vector
pMBP1—-CABPRI. RB, right border; LB, left border; NP7//, neomycin
phosphotransferase; 35S, Cauliflower mosaic virus 35S promoter; NOS,
nopaline synthase terminator. (B) Expected 645 bp bands were amplified
from the genomes of four different transgenic plants, while control plant did
not show the band. M, marker; C, control plant; lines #1, #3, #5, and #6,
four individual transgenic lines. (C) Northern blot analysis for detection of
CABPRI1 transcripts. C, control lines #1, #3, #5, and #6, four individual

transgenic lines.
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2) CABPR1 &¥] JAHAZA ] TH&el g U =
T AT CABPR1I FAA3A L} ZA2EA
uM CdCl,@} 50, 100 uM HgClo] ¥3t= o] gl )
CABPRI BAANAESL F=F3} 20|
Tus A o) Toprt AaES &
AE=AlE 7heal s okl wolrh Ha
i Ao w ezt g2 ddEa 9]
T AR e e A APgPs e
Ao e Rt 10~40% o4 o & Agta dS EO#%E}.
}.

E3], 100 uM HgClal A= FAASA 7 AAAEAS vudS o Badgoe] ¢ 2y

f n

o] ATt wiA|o A ol A
Fol 2EHA 7o R vtEolE $ AL 29, Bl FH &7 55 B AEAY
Hla g ®HokS wiie PJAHS AEA7 Asd dANA Tasel taf WS 7H

=
4 231 E} ol AT CABPRI $AAE Fp wd $rA o= HaAe F25d 3
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Fig. 3—15. Disease evaluation of the CABPRI—transgenic tobacco plants. (A)
Inhibition of disease development (mm) on the transgenic plants infected by
Phytophthora nicotianae KACC40906. Photos were taken 5 days after infection
(upper panel) and data were recorded 3 (white bar) and 5 (black bar) days after
infection of tobacco leaves (lower panel), and represented as the mean % standard
errors of three replications, each replication comprising three sub—replications. (B)
Inhibition of Ralstonia solanacearum growth in transgenic tobacco leaves. Data
were taken 0 (white bar) and 5 (black bar) days after infiltration of the bacterial
pathogen, and represented as the mean =+ standard errors of three replications,
each replication comprising three sub—replications. (C) Inhibition of Pseudomonas
syringae pv. tabaci growth in transgenic tobacco leaves. Data were taken 0 (white
bar) and 5 (black bar) days after infiltration of the bacterial pathogen, and
represented as the mean * standard errors of three replications, each replication

comprising three sub—replications.
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Fig. 3—16. Heavy metal tolerance in CABPRI transgenic tobacco plants. (A)
Effect of heavy metals on seed germination. (1) Seed germination after 7 days
on MS basal media without stress; (a) control, (b & c¢) transgenic lines
CABPRI—1 and CABPRI-3, respectively. (2) Seedling growth after 15 days on
MS basal media without stress; (d) control, (e) CABPRI—1, (f) CABPRI-S3. (3)
Seed germination after 7 days on 250 puM cadmium chloride containing MS
media; (g) control, (h & i) transgenic lines CABPRI—1 and CABPRI-3,
respectively. (4) Seedling growth after 15 days on 250 pM cadmium chloride; (j)
control, (k) CABPRI—1, (1) CABPRI-35 (5) Seed germination after 7 days on
100 uM mercuric chloride containing MS basal medium; (m) control, (n)
CABPRI—1 (o) CABPRI-3 (6) Seedling growth after 23 days on 50 uM
mercuric chloride; (p) control, (q) CABPRI—1, (r) CABPRI—3. (B) Percentage
of root growth inhibition in various concentrations of cadmium chloride. Data

represented as the mean * standard errors of three independent replications.
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3) FAAZ AEA WHdAe PR FHdAE, Tv& 2EHE #d 54 4

ascorbate peroxidase A AF2] &3 U4} 3HQ]

CABPRI®] #tpdo] PR FHAES Wddd ¢S FEAE golrr] s,
RT-PCR 7| < ol&ate] 1 2d F&& Sdssivh: PR—1a (Payne 5, 1988), PR—=2
(Ward 5, 1991), PR—Q (Payne &, 1990), PR—4 (Wang &, 2000) osmotin (Singh %,
1989) 18 1L thaumatin (Cornelissen &, 1986) (Table 3—1).

I A3, CABPRI IFuEd A EANA PR-Q FAAS S7te} PR—I1a 2
thaumatin A7+ ZFad TS &<ls
ANA osmotin AR 5 L3 ‘?-l?iﬂg‘ﬂ, A AEAE ¥ S A=A U
AN PR-29 PR—4 87 st & as Eedith olegk A=
CABPRI®] Ithddeo] PR &

FAA 2d ZAA T W 248
3 CABPRI +4Ae] Htpgddlo] ~Eg 2~ #@E F44<] glutathione S—transferase
(GST) (Takahashi®} Nagata, 1992), ascorbate peroxidase (APX), metallothionein—like
(MLP2), catalase (CAT) (Takahashi . 1997), == defensin (Li®} Gray 1999) &=}

So) W e FEAS He oH ket
.

T

HAAZ AEAWANAE ST FAA7F ZaHA
SHaL, APXf-dARe] e Rz 7.%&'8}“3, 123 CAT, defensin® MLP29) W3
| A= AEU CABPRI F3Ae] 3t} g

m{n
¢

e
rlo

et
rlo

4) CABPR1 3 A A %A

k=]
@
=
o
s
[N
)
»
@
o
2
e
B>

3 =23 A3 ~E# AL (Shigeka 5, 2002)0l] o3t
IS st A AEAY FAAE AEA WA peroxidase

A4k Ay} Table 2014 ®%, 3719 PAHZ A EA Hol| A2l peroxidase &
/\

T
=
2
N
N,
ofo
=l
2
~
Yk
=2
2
N

vl CALTPI®Y CALTP2 w73 =) &) 2 o7 gd FAd3A g5 2@ 0y 7

==
[¢}

1) PCR& &3 4 =19 29l

CALTPI -AAF] gene specific primer?] 5'—CGGATCCGGCACGACTTCTTCTCTCAA-3'
7} 5'-TTAGAGCTCGACTCGGACTACGACTCG—3'E PCRel AF&3tth. PCR =71&
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DNA denaturations 93l 95C 5% o]% 95Co|A] 15%, 55CoA 20%, 72CoA 1&
Fo & F 35 cycleS AA &AL PCR 23, 554 bpét 363 bpel 5% DNA
A 4 q9la, CALTPL FAA7F g 2 Aoz E9=HAeS sl

(Fig. 3—18).

Table 3—1. Sequences of gene—specific primers used for RT—PCR in the study.

Name Accession no. Primer sequence
5’-CTTGTCTCTACACTTCTC-3’
PR-1 X12737
5’-GTATGGACTTTCGCCTCT-3’
5’-GCAACATATTCAGGGATC-3’
PR-2 M60460
5’-ATTGAAATTGAGTTGATA-3’
5’-CCAGAGTGACAGATATTA-3’
PR-Q M29868
5’-GCCCTGGCCGAAGTTCCT-3’
5’-CACGAGAAACCCTGGAAG-3’
PR-4 AF154635
5’-GTCGAATAGCTTCAATGC-3’
. 5’-CGAGGTCCGAAACAACTG-3’
Osmotin M29279

5’-GGTCTTTGTGTGCAACAA-3’

5’-GTCAACCAATGCACCTAC-3’

5’-GGTGGATCATCCTGTGGA-3’
5’-GATCTGTCTGGGGAAATGGC-3’

Thaumatin X03913

Defensin X99403
5’-GCTTCTCCAATCCCTTAACCC-3’
5’-GGCGATCAAAGTCCATGGTAG-3’
GST D10524
5’-GCTTCTCCAATCCCTTAACCC-3’
5’-GGATCCATACAAGTACCGTCC-3’
Catalasel U93244
5’-CAAGGACCCTCCAATTCTCCTG-3’
5’-GAAGTCGTGGCTGTGGATCTG-3’
MLP2 AJ299253
5’-CAGCCCAAATCAGCTTCCTTTC-3’
5’-GCATGGCACTCTGCTGGTACC-3’
APX AF443182

5’-GGGGATTGGTAGTCCAAGGTC-3’
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Fig. 3—17. Expression analyses of thirteen genes in the CABPRI
transgenic tobacco plants by RT—-PCR. (A) Expression profiles of
pathogenesis—related genes (PR—1, PR—2, PR—Q, PR—4, osmotin and
thaumatin) in transgenic plants; (B) Expression profiles of metal stress

genes (GS7T, CAT, MLP2 defensin) and ascorbate peroxidase gene in

transgenic plants.
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Table 3—2. Inhibition of peroxidase activities in the CABPRI transgenic tobacco

plants

Total peroxidase

Source Activity Inhibition
(nkat/mg protein) (%)
Control 0.683 0.033 -
CABPRI-1 0.093 0.010 86
CABPRI-3 0.086 0.007 87
CABPRI-5 0.077 0.003 88

2) YA E Wl fFHx Tl &2l

CALTPI®Y CALTP2 w+7d#ke] GG EA 5 WA = A7} %}‘dﬂi A
£ g<let7] #18ke Northern blot #41& AAISHATH (Fig. 3—18). A 2 &4

S252E F5%9 10 ug9 total RNASS nitrocellulose membrane®] %71 %, biotin©]

¥A =] A= DNA probeE ©]-83}e] hybridizations AT AdA Q1 whl

Al

%)

A M= signalol BQIEA] GFkd whdo] Z4Zbe]l FAAY AHEASdM= EF
A

signal&2 Q18 5 AUAAT weEb CALTPISY CALTPZ fF3A7F @Ax% | A&
AE el Aoz B Y& 9D 5 AT

AV CALTPISY CALTP2 BAAZA e 54 ¥4 Az 9 u3
1) FHAASA Ts AT 2dF
CALTPIZ} CALTP? F+AAE A&H o2 HAAZHS o 22 Fejo} &0
g 2ol Hol=AE &lsty] flste] TAE kanamycino] EE MS
H

o FEZ 3o AN 24 A AL X
=

S BEEAT (Fig. 3—19A). A%, CALTP2—49} CALTP2-5% <Fzke] A
T 7 UAAAR AREA = I vlg- vszsksliyh (Fig. 3—-19B). FAAEAE
o] AEFTE A vlelA ekt SbeY. ek A=A Av1E AASAIHA =
gatadek. A vkl CALTPI-5% Yt 1.24W, CALTP2 A& % 1.064] 7]
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e R

o
S

ol &ttt (Fig. 3— 19C).

2) TEM Hzdv| 4 &

LTP= #¥¥ &2 EAAES 78 T4 F4a2 2Rksle] FE
7= Aes A7 EY. CALTPIZY CALTP2e] ¥rp#de] 7l FFE =5
A5 Qdﬁ}ﬂ 9letel TEMO® A% o o (53] H4T ZIHAE F9HS &

o]

ol g7 AxM e 1A

T Aﬂf{tﬁ,% FA S’,l‘}'iﬂ‘r (Fig. 3-20). ¥ Od??éﬂr% Az} e Fe] AeE =
AL

ofl
o
=Y
it
2
mln

grolslgdtl. 500 mM mannitol
FLoNM CALTPI F AEe FA= ZH7F 45%, 63%2] WolsS B CALTP? 5
Al'Ee] wol&2 7z}

8 =l
ofbgo] ¢k 20% AEolUrt (Fig. 3—21A, =7} Fig. 3—21B). 250 mM NaCle] A& <
H —=

—

3%, T1%0)1Q =t AA Ex= olgst ~EF A 275} A 1

SE 2] A A 22%7F dobd whiel] AL ATESS T0%2] FAIE Hot
sttt A %—XM opgol 22% I AAN obd AEAES BF Ao et

el #] st AEsHA] sk Stk (Fig. 3—21A, oFdl; Fig. 3—210).

EG g &9 IS Na' ol 22 HRALY JYolLs BYL BF1 mebA
ol Y BFIL ATk GuE AR 9P VAL B FE4ES
et Aol o# RS Suidch AAS} CALTPI-5 ‘%iﬂﬂ ol 3

+

4 Ao dig NaCle] &35 AFst7] flste], A& A4 59 Na %5

9131 (Table 3—3A), < intercellular washing fluid (IWF)¢] Na*, K™, Caz+ ol FTLEE
73 th (Table 3-3B). Table 3—3AdlA Hi= ZAH, GAAA A A=
CALTPI-5% A2 EA S Na® FE& A9 B8 FFolglen, 150 mM NaCl&
AZE A2k Fol= FAAGA A nlste] LA NN = F7H7F S48 Table
3-3BollA] Biz upe} o], IWFQ] K' o] &9 Fit A Foli= AAAlA 238 7+
2300 KT o9 frat sk Na® o]l 9sA K' o] Fx4 Jwrt =7

o
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FFS BHethe AL gudtt, ofo Hlste] Ayl Fof FAMSA A= KT s=rt oF
L5 S7hakoieh. o83 Avte FAASA NN E Na© 5L 727 KT o]
tHfz Na+9] 237} dolive AL gAE F=oh 150 mM NaCl A Fol, Ca*" =3
2 A7y A el wske] 4.5 =oktt.

i)
rN
r\°*'

5) FAAS Arabidopsiso| Aol A3 AF2E 2 dd FHAREL W oA
Arabidopsis BAXASA S o] &dte] CALTPI Irhitdo] 3 A% ~EgA #A#H
FARNE (RD29A, RD22, SOSI, SOS2, S0OS3, ABIl, ABI2, ABAI, NCED)¢] %& o
QS v A=A 38R (Fig. 3—22). Arabidopsisd| X CALTPI A A}e] zjcpat

i(==

A2 2Ef 2 3 FHAAES fFEshA kth AW RT-PCRE| Z¥t= RD29A%
RD22 7} 7% A=At FAARA N A A Aol AA Frlets AS BT ol
T S0SI wEe Wl QlE Aow HYow S0S529 SOS3E E
o] AW Ut} ABAIL, ABI1, ABI2$} NCED= A% ~E#2d w28 FAAS
AA ekt STk = Aol ERAHAT. & AT A= CALTPIS] IohdE

5
5
o FAAS AFANA 2EdS #A FAAES ARHOR FEss AL FA5Ah

[o
2
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(A)

(B)
CALTPI CALTF2
554 bp 363 bp
©

CALTPI - - ! o ! CATTED
pMEP1:CALTR! & 2 -
Krp? 22

mm&y B . - - e
H C # #5 #2 #4 #5

LE

CALTPI CALTP2
Transgenic T, line

Fig. 3—18. Vector construction and generation of the CAL7PI and
CALTP2 transgenic tobacco plants. (A) Diagram of the constructed plant
expression vector pMBP1—CAL7TPI and pMBP1—CALTP2. RB, right border;
LB, left border; NPTII, neomycin phosphotransferase; 35S, Cauliflower
mosaic virus 35S promoter; NOS, nopaline synthase terminator. (B)
Expected 554 and 363 bp bands were amplified from the genomes of five
different transgenic plants (C) Northern blot analysis of different transgenic
plants for detection of CAL7PI and CALTPFPZ transcripts. C, control lines
#4, #5 represents two lines of CALTPI and #2, #4, #5 represents three
individual transgenic lines of CALTPZ.
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Fig. 3—19. Phenotype of the CALTPI and CALTPZ transgenic tobacco
plants. (A) (Upper panel) Increased growth rate in the early stage of
development. (Lower panel) Plant height at the flowering stage. (B) Fresh
weight of plant in the early stage. Data are expressed as the means £
standard errors from three independent experiments. (C) Plant height at the
flowering stage. Data are expressed as the means * standard errors of 10

independent plants.
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Control

Transgenic T, line

Fig. 3—20. Transmission electron microscopy of the leaf epidermis of
transgenic tobacco. Thirty—day—old leaves of control and transgenic plants
were cross—sectioned for imaging of epidermis cell walls. Control plants
showing thin walls (left). Transgenic CALTPI—5 showing thicker wall
(middle) and CALTPI—2 showed markedly thicker cell wall (right). cu,

cuticle; cw, cell wall; ct, cytoplasm; v, vacuole. Bar, 1 um.
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Fig. 3—21. Enhanced tolerance of the CALTPI and CALTPZ2 transgenic
tobacco plants to salt and osmotic stress. (A) Seed germination of control
(wild type) and transgenic tobacco plants on MSO (upper panel), on 500
mM mannitol (middle panel) and on 250 mM NaCl (lower panel). (B)
Percentage of seed germination on 500 mM mannitol. (C) Percentage of
seed germination on 250 mM NaCl. Data are expressed as the means =+

standard errors from three independent experiments.
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Table 3-3. Determination of Na*, K" and Ca*" in wild type

CAL TPI—transformed Arabidopsis plants. (A) Determination of Na® ion in whole

and

leaves. (B) Determination of Na®, K™ and Ca*" in intracellular washing fluids

A)
Ion name Col-0 Col-0 Fold change CALTPI-5 CALTPI-5 Fold
0 o WaCl 150 M 193] ) 0 HaCl 150 mbd Mgl change
)
Na" (WM/gFW) | 1.83+ 0.016 | 5.99+0.057 | +3.275 1.85+0.00 | 713+ 0.054 | +3.85
(B)
Na" (UM/gFW) | 0798+ 0.17 | 1.13£ 0.016 | +1.422 | 149+£0.041| 1.72+0.031 | +1.159
K* (UM/g F'W) 0.57+£0.002 | 0.35£ 0.001 -0.599 0.58£0.00 | 0.83£0.00 | +1.429
Ca®* (UWM/gFW) | 0392+ 0.21 | 049+ 0.018 | +1.254 | 0.15£0.014 | 0.653+ 0.02 | +4.401
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Fig. 3—22. Expression analyses of nine stress—related genes in wild type

and CALTPI transgenic Arabidopsis plants by RT—PCR.
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6) 9 ANAEAEY XA A Arabidopsis®] 2—DE A4

150 mM NaCl# 300 mM mannitol ZeiollA A3 & fFH= A A EZ A0l
HlE A A2 A o] Asiet A& A 53 22 HEgs 2EY A FAE Y
Bt dA @A ES FZ3e] pH 3-109 IPG stripS AFE3o] 2—dimensional
electrophoresis (2—DE)Z 335} th. SDS—PAGE geloll Al 7007 o]4+¢] ©red spots
of WAt (Fig. 3-23). AAA ek FA A o] Apol= 18] @A et 13719
@A spotsol FoHolWA AAYE F=A dF EAH= WH3E B3Y (Fig. 3-23
A-F). o]% 137 spot oA spot 137 2+= AAAS FAAZ}A BEFoA A3 AHFE
2Ed 2 st diF A ov, Ad £ delMs A F4HA Fdrh
Spot 33 9= @ ZEd 2ol AGAA ozt FAo] HAW AR AEH XM= S
A w] A oF Sk,

AN FAASTANA o5 dHMAEe] FH2 AdA G o5y v R e
Spot 4 Ao A= down—regulation® o} AFEAEG 2o Jgko] i) HAA
Ao A spot 4= BE A e =A TAHAT. AGA A spot 59 62
A 2E# oA down-regulation® o} 4HF AEFH 2O A= 2EA] T wrH
olE spotEe FEASA M= BE AP 2doAA =4 FAHES AT F A

g

2]
Spot 73 82 F 7HA Z:Eﬂﬂ—/:"ﬂ Hastlen F45= A=

oM E5F U Spot 10> @ FolA AN ApEd HAouy AF 2E
o= 23 st shARE FAdgA M= o] Aol 28] W= e
ST} Spot 112 A7 iJ]OHH o= Bo] AT FFLE 2= dFS A

&4t Spot 129 132 FAATA NN A o = AAHA &t (Fig. 3-23
A-F).

ol5 13709 ¥ AR 2E#= wkg Tl spotES LC-MS/MSE #4183t
Mass H|°]E]&= MascotE ARE3le] E243139 ) Spot 13 2+ malate dehydrogenase©]
3L, spot 77 82 rubisco small subunit 3B°]It}. Spot 49} 9+ LAt W H o]
Ao, spot 129} 132 WX wwiAo|dt}. Spot 32 RNA binding protein—like,
spot 5+ protein kinase—like protein, spot 62 putative kinesin heavy chain, spot 102
nucleoside diphosphate kinase 3, “12] 1 spot 112 putative protein phosphatase—2C=
1=t (Table 3—4).
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7) A AA S vt glolel oomyceteol] hE A Ao F7}
CALTPIZ} CALTPZ A2 X &# 9l

7] 918k] CALTPIs} CALTP2 $AA%E A%

nicotianaes FAA71 3¥3} 59 r

AgA et 43 w@el BFolA 744l 3d olule] AT & Ak A4

of W2 AAA ] Hste] FAAGANA FoH o AAHATY. A 5d Foll= I
1

AAgA ) A BT AAT AR FEA =Y ol W #a Ao A
Nz FFEASS BolFt) (Fig. 3—24A, 9). 59 282 FAdASA A &A3HA
A AF A} (Fig. 3— 24A, o}&l). 27]o= AAA|ol ¥t CALTPI-5= 7T7%2] 74
=

YARAE Yl L, CALTPZ= Bt 58% HAass UrEhH‘;’*E}. 7a 5¢ %Q
FAE AAF7E A48 S71ete]l 9 lamina®] £
CALTPI=5% 56%, CALTP2 A< 49% Had ¥ 458 Wil o5 + 7FA #4
2ol thel Blals] WkS w CALTPIS CALTP2l wviste] o A3AS BTk o]y
g A T, AldlelA e s Ao

R. solanacearum® P. syringae pv. tabacis BW| Yol HFTAS wl, AdH<l n}
& Aol #FEAT 79 59 Fol " glotE: I HAIA Bty FAABA = A
Aol vlate] 3]&5E vhe gole] b oA o' At Fig. 3—24 (B&F C)ellA B
vkep o], FAAS AlEe] v gol AGE FAA] HlEte] fFejHow okt
AAA CALTP2 A% w|ste]l CALTPI-5% P. syringae pv. tabaciol tdte] €%
3 AFAAS BT AT CALTP2-29¢ CALTP2—-5= CALTPI—59 CALTP2—49
H3lo] R solanacearum®l ©stel O AEAFL Aoz GRIEHJT. # AFAAE
CALTPIZ} CALTPZ HohHd e A& wro] b8 A|&8HA 8f

ol

rr

A% waEn,

rr

ofr
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Fig. 3—23. Representative 2—DE maps of total proteins in MSO medium (A
& B), in 150 mM NaCl medium (C & D) and 300 mM mannitol (E & F).
A, C, E represents control and B, D, F represents CAL7PI—transformed
Arabidopsis plants. Ten—day—old seedlings were cultured to 150 mM NaCl
and 300 mM mannitol containing medium for 5 days. Five days after
treatment seedlings were moved to MSO medium for recovery. Total protein
was isolated form the stress recovered plants and 150 wg proteins were
loaded onto pH 3—10 IPG strips (24 cm, linear). SDS—PAGE was performed
with 12% gels. The spots were visualized by silver staining. Differentially

accumulated 13 protein spots are indicated by circle.
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Table 3—4. Salt and osmotic stress regulated protein identification by LC—MS/MS

Spot Protein identification Plant line Fesponses in stresses Accession LIV
no Hao (kD4
normal salt osmotic

1 Malate dehydrogenase ColD 2 T T 0753004 3737
CALTPI-5 T T T

2 Iialate dehydrogenase ColO - T T 14334992 37 46
CALTPI-S T T T

3 RN binding protein-like ColC s T . 9293981 32.13
CALTPI-5 T - T

4 At2g3TT1 Col D T 1 . 30102816 11.43
CALTPI-5 T T T

3 Protein kinase like Col O T 1 - 9753201 87 87
CALTPI-S T T T

& Putative kinesin heavy chain ColD T 1 & 4567263 66 45
CALTPI-5 T T T

7 Rubisco small subunit 3B Col D T 1 + £3060 2059
CALTPI-5 T 1 +

g Rubisco small subunit 3B ColO T 1 + 62060 2059
CALTPI-S T 1 +

9 FIF22.15 Col O T T . 6691191 21 44
CALTPI-5 T 2 T

10 Nucleotide diphosphate kinase ColD T T + 17065632 2583
CALTPI-5 T 1 T

11 Putative protein phosphatase 2C ColO T T T 6728037 5418
CALTPI-S 2 T T

12 Unknown protein ColO T T T 13194796 005
CALTFI-5 T T T

13 Unknown protein ColD T T T 1232004 4508
CALTPI-5 . T T

— = no expression; = up expression, and = down expression
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Fig. 3—24. Disease evaluation of the CALTPI and CALTPZ-transgenic
tobacco plants. (A) Inhibition of disease development (mm) on the
transgenic plants infected by ZFPhytophthora nicotianae KACC40906. Photos
were taken 5 days after infection (upper panel) and data were recorded 3
(white bar) and 5 (black bar) days after infection of tobacco leaves (lower
panel), and represented as the mean * standard errors of three replications,
each replication comprising three sub—replications. (B) Inhibition of Ralstonia
solanacearumgrowth in transgenic tobacco leaves. Data were taken 5 days
after infiltration of the bacterial pathogen, and represented as the mean =+
standard errors of three replications, each replication comprising three
sub—replications. (C) Inhibition of Pseudomonas syringae pv. tabaci growth
in transgenic tobacco leaves. Data were taken 5 days after infiltration of the
bacterial pathogen, and represented as the mean % standard errors of three

replications, each replication comprising three sub—replications.
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8) FAAZA N PR FAAES] A Fd

CALTPI3} CALTP2 vpdrdl Alsse ARFAY S7F 244 2AE AAs] 9
3te] PR—1a (Payne %, 1988), PR—3 (Payne &, 1990), PR—4 (Wang %, 2000) 18|11
PR—5, thaumatin (Cornelissen %, 1986) 52 PR Fdx52 @& 45 AT
(Fig. 3—25). Northern ¥4 Ay}l X PR—1a, PR-3, PR—4, Thaumatin® CALTPI ¥}
third FAABLA A up—regulation® AtF. SHRIRE CALTP2 A€oNANE PR-4%
up—regulation® AT, PR—1a, PR—3, thaumatin® 1EA &gkl 71dsldd A4,
BAAEA A ol FAAEC] Ae TAHA FUnt. Wk o PR-I3} PR-5
ol gdste SA FAd ojEdval dEA vk 2 AFAIE CALTPIY] =9
& SA°l oA ARt wl A A" FAAES AAE 2dse 3s A9

At

N

9) FAASA 2 SAS H,0.2] Z7}
HaaAe Aol vist felnkgoz PAA<Ql Salicylic acid (SA)9] F
. SAS] HHol ZrhW AE ol B FAAES WAL FEahe A
gt (Verberne &, 2000). ¥ A= 3
CALTPI BARAEA = ANAY CALTP? FAASA vlste] 4v] o S WY
t} (Fig. 3—-26A). ZLe\A  CALPTI §AA7 PR fFARAES AALS A 3A 7= 5
He CALTPI BAABA We] SA Ao wEq wAsE Aol AR WY &
% c=

10) VIGS A &4 o]&3 24 HE A3
Agroinoculation®] ¢ infiltration ¥ N. benthamianaS VIGSZE silencing? 7] &
o adHom AR B AFdA aFe] WAA CALTPIZY CALTP2 FRAAE

silenceA| 7] 7] ¢8te] o] HWIHS o] 83T 6~8YU Z o] gene—silencing & &o] #zy
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Ao FEE 90~95%°l EIrt. Silenced A=A = ow st v LA THFS Kol
O} mosaic Tl YEES &Qlste] viral ME7F AH o R EdHASS
sloldl 4= AUt wEtA CALTPIZ CALTP?2 S#2A9] silencing®| Xanthomonas
campestris pv. vesicatoria 81—23 HZE Fo| CALTP3Y} CABPR1S] wdlo] 43S n

g glssith. RT-PCR Az CALTPI?} CALTPZY F-* 22 suppression
HASS HoFATh CALTPI silenced AEANAME CALTP2% CALTP3 Ldl=
FEFol AL CALTPZ silence® AEA = 1 RHAITH SRR AL o] F 714

silence® 21 EA oA CABPRI®] up-—regulation®# &4t} (Fig. 3—-27B). WA

X
rir
&
55

Xanthomonas campestris pv. vesicatoria 81—23< mock control 219} silenced 2
EAlo AE39tt. F 1A silence® 4} E A= mock control 2 E Ao Hsle] A A S
Holx] gFgrom, Hreglo} G0 ] e3sle =okth B A¥el Ay LTP7F wWo7| %

of Tast AE&de AT 5 AT

cacter, 2. N W) - g
PR-5
Thaumatin
PR-4 - e -
PR-3[
PR-1a —
W1 e

C #5 #2 #4 #5
CALTPI  CALTFP?

Fig. 3—25. Expression analyses of pathogenesis—related (PR—1, PR-3,
PR—4, PR—5) genes in the CALTPI and CALTPZ2 transgenic tobacco plants

by northern blot analysis.
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Fig. 3—26. Determination of endogenous salicylic acid (SA) and hydrogen
peroxide (H:05). (A) level of salicylic acid in the leaves of control,
CALTPI—5 and CALTPZ lines #2, #4, and #5, (B) endogenous level of HsOs
in the leaves of control CALTPI—5 and CALTPFPZ lines #2, #4, and #5. Each
experiment was performed at least three times and data represented as the

mean £ standard errors of three independent experiments.
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Fig. 3—27. Generation of CALTPI— and CALTPZ2-silenced pepper plants.
(A) Diagram of the virus induced gene silence vector (pTRV2::CALTPI,
pTRV2::CALTP2). RB, right border; LB, left border; 35S, Cauliflower
mosaic virus 35S promoter CP, Coat protein Rz, self—cleaving ribozyme;
NOSt, nopaline synthase terminator. (B) Expression analysis of CALTPI,
CALTP2 CALTP3, CABPRI genes in silenced pepper plants in the local
leaf after Xanthomonas campestris pv. vesicatoria 81 —23 inoculation and (C)
Determination of growth of Xanthomonas campestris pv. vesicatoria 81—23
in silenced pepper plants. Data were taken 3 days after infiltration, and
represented as the mean =+ standard errors of three replications, each

replication comprising three sub—replications.
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11) long distance systemic signaling®l] T

CALTPI B3A-A8A = WA SAS FH4& F7HA7]AL ol& AHEAESE PR-1a,
PR=3, PR—4, PR-5 (thaumatin)® 2dS
CALTPIo] ¥AE systemic signalingd] #oJsli=A]E B2lsl7] 9sle] Heol7] A
= Fdsqlth. Fig. 3-28AA HoF= ZAAYH AFS HAAsId. diRo=Zs
CALTP1—4, CALTP1—5 18]al 32 EAE 22t AFE31SI T Negative controlZA]
AAMNA A AANAE HEN S M, positive controlZA CALTPI—=59 CALTPI—-5% #
A ol &ttt AEolal W 159 Fo A& @l 9O RHE total RNAS F
Std Al PR—1a%t PR—4% ©]&3Fo] Northern T41S AAISHAY. PR—1av= A7 /WA
P A5d dolMes AXAHA ko), PR—4= ot S #Ed 4 o (Fig.
3-28B). o] A¥= WE AEA A AEE ANETF A2 A E FHEt] HE AEA
7HA olddElvE S Hoedy. wEkd BE Jbed =3} (WT/WT,
CALTPI—=5/CALTPI—-5, CALTP2-2/CALTP2-2, WT/CALTPI—4, WT/CALTPI-5,
WT/CALTP2-2, WT/CALTP2—-Ho 2 EF A& BSY. I¥ Y Phytophthora

it

M o

N

nicotianaeS}y Pseudomonas syringae pv. tabaci®] oomycet plugE A& 2o HIFs
A3 A FL e} B o} AGS FESATE 7IHskR ™ M ™, negative controll]
H3}od positive control (CALTPI/CALTPI, CALTPZ/CALTP2)NA A 5-919} g
alo} AAo] GojH o Pasts pAAT. FAASA = 9o A 2ol HA 7|
AsolMes AT vtegol Aol ot HAsdles dESE & AU (Fig.
3-28C, D). olgg w2 LTP7} A&-%4d
signaling®l] #ogtth= 218 A3 F

=T
o
.
fol
%
ofo
off
o
2
4

A8 systemic

2-D !

CALTPI—-5 ARA3L ArabidopsisE 35 7| %o Hre|g]o} dAErolS infiltratingAl
71 WMoz JEAZT Mock A2 10 mM MgCls AHE3Hth A 1Y Fo
AA G AS systemic QoA FE3F oM, 100 pge @ AS pH3-109] IPG strip
& o]&3te] 2-DE AAlsklth. Fig. 3—-2991% 7709 A 23 H = spotES Ffate]
wojEn olF 7/1e] @A spotES AAVNAISH FEAGA EFAA B HE F
wol] FH %= ZEoth olFolA spot 1, 2, 3, 45 ¥ AHFE A ZUS W FA%
Ao M= FA o] AR A AEAAAE HepUA] e Zlolth ol 779 duA
spot LC—-MS/MSZ AZ3stel3, 1 A3 Table 3—59 ®HolFt},

=
i

12) dA X3S Arabidopsisdl P. syringae pv. tomatos 719 %
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Fig. 3—28. PR gene expression in grafted tobacco plants. (A) Diagrammatic
Fig. of graft. (B) Expression of PR genes by northern blot analysis. (C)
Relative inhibition of disease development on the scion leaves infected by
Phytophthora nicotianae KACC40906. Photos and data were taken 2 days
after infection and represented as the mean £ standard errors of three
replications. (D) Inhibition of Pseudomonas syringae pv. tabaci growth in
scion leaves. Data were taken 1 (black bar) and 3 (white bar) days after
infiltration of the bacterial pathogen, and represented as the mean =*
standard errors of three replications, each replication comprising three

sub—replications.
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Mr PI3 p/3
kDa .:‘ .‘ .
. . ‘.
16.5 ' O1 | . ‘(% } .
O3 N O7 4‘.
o4
Os i
Ppa—_ Iie
. .
16.5 .8) ‘ ‘ @1 . i
" Py Q.4
2"‘06 . O6 _] 3
. b Q @3 'g S
@4 g @® 7
L _in
OS @5 .
MgCl, 10 mM P. syringae pv. tomato

1 day after infiltration

Fig. 3—-29.

Magnified view of representative 2—DE maps of total proteins.

Total protein from systemic leaves were extracted and separated by 2—DE.

In IEF, 100 pg proteins were loaded onto pH 3—10 IPG strips (24 cm,

linear).

SDS—PAGE was performed with 12%

gels. The spots were

visualized by silver staining. Differentially upregulated 7 protein spots are

indicated by circle.
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Table 3—5. Pathogen induced protein identification by LC—MS/MS

0
Spot . . Accessio YoAA Score . MW
Identified protein cover | (spectru Species PI
no. n number . (Da)
age m mill)
1 | 60S acidic ribosomal protein P3 15236020 | 15 130 |abidops | 16400 | 4an
is thaliana
2 | Lipid- associated family protein 15236014 11 2519 " 201359 | 4.97
DNA-damage repair protein "
3 DRT112precursor 15217918 14 15.26 16984.4 | 5.06
4 | Not identified - - - - - -
5 F-box family protein 10178235 1 15.18 " 57503.8 | 5.95
¢ |Ribulosel,>-bisphosphate | 7525041 | 11 57.7 g 520553 | 5.88
carboxylase/oxygenase large chain
7 Thioredoxin H-type 3 15239136 11 16.03 " 13109.4 | 5.06
ob. CABPRIZ} CAPOAI wAA =9 EvtE FAAIA 3y L 28 45

CABPRI¥} CAPOAIS Wdsts BEvlE FAAZRAES wHE7] flste] ol& #Fxx
59] ¢cDNA AA| A71HLS CaM V35S promoter®} nos terminator /‘}O] o Yol HEE
A Ze AT (Fig. 3—30A). CABPRIZ} CAPOAIS YA o2 =13 & 240709 ik

S sk Aol 87 71903 76 7] shooto] AE-
5t MFAZRE tEE @YU shooto] Ugor}t oW Aol F ol 2 A )
9] shooto] Yo+ A= Ut}

PCR¥ RT-PCR& ©]&3dto] o5 FHAEC] ErE genomic DNAC] A% o
EYHEA AEH R = AL gRlsirt (Fig. 3—-30B, C). CABPRI 4 A's
CAPOAI 3 A%S HAFTH oz Adstglar 7IuelA F2AA AT (Flg 3=31). 71ul wi
¥ microshootE2 rooting WiA|ol A 7] ¥alS dE-A]FH o, kS-o] <A sk

=3
2AES 2ol &AM AL 2SS AAEIH

AE 200 mg/l kanamycin

On"—\:—‘HU

1>

2. CABPRIS} CAPOAI Aol B 24 Az @
CABPRIZ} CAPOAIS E%‘ 39S w, P capsicdll 9dlA of|EE ERE

x = 7] ete], 659 EviE (AT dEA

gl agar plug EJHS% ol g3t AT A AEAe FAA] EnfE 7He
B TS FY93% Aol AF 2 5H #HFHJY (Fig. 3-32A). HF 2¢ 5
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kT
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o
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fm
oft
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AyaEAe Qo Azte

& Nl Se 2 AAF7E AT e RE g4
© WS g5l A #aH =
50%, CAPOAIL 43%°] A AF-9 s vebligla Zas-e sl vekst a4
o] #&H ATt (Fig. 3—-32B).

CABPRI® CAPOAI HAAZAL A 34 Z=7}+= bacterial speck B 79 A7 6
¥ AEANAME AZAEHAJY. P syringae pv. tomato DC3000C.2 ZFAA7 A E

alE Qo= AE A<l bacterial speck F4o] TAEATE HE 59 Fof Hhg go} A
FES =AY =, CABPRI 2 A% (#1, #5)& ok 7489 o, CAPOAI-I7
CAPOA1—-62 A2 AEA9 vlaste] AA 7Fastt (Fig. 3—-32C). A RE o] # 3k

A& FT7Hs CABPRIY CAPOAI1 %@ 47} *Jf&__ﬁﬂ% itk B Addes @l
ol PRla, PR1b, APXI BAAZANA 2 v =L dast A3} (Alexander
, 1993; Sarowar 5, 2005a; Sarowar %, 2005b; Kazan %5, 1998; Way %, 2000). ©] &
AIEL CABPRIFZ}; CAPOAIE H¥ly EviEo] Zuphdtd A& u] oomycete H
2 P nicotianaeSt P. capsiciFl tdt Aol Sidv= AS vy, EntE
Al olE FAAE FAohdd ATl A2 AE
Hol#d FHAES TN 7= FoRE Bl

(e off
(o]

o

ME homeostasisE: ZHA|7]I O EH

S

- 237 —



(A)
’—'thé; >— 3ss H wprr HnosH{ 3ss H caseri {nos|< fBj—‘

pMBP1::CABPRI and pMBP1:CAPOAL

(B)

CABPRI CAPOAI

645 bp 862 hp
C #l # #5 #8 #2 O#3  #6
CABPRI CAPOAL
Transgenic line

(C)

CAPOAI — -

CABPRI Dot == G s

ACTIN b b s S5 S Su S 5

C #1 # O #5  #8  #2 O #3 #6
CABPRI CAPOAL

Transgenic line

Fig. 3—30. Vector construction and generation of the CABPRI and
CAPOA1 transgenic tomato plants. (A) Diagram of the constructed plant
expression vector pMBP1—CABPRI and pMBP1—-CAPOAI. RB, right border;
LB, left border; NPT7II, neomycin phosphotransferase; 35S, Cauliflower
mosaic virus 35S promoter; NOS, nopaline synthase terminator. (B)
Genomic DNA PCR analysis of regenerated plants. The kanamycin—resistant
putative transgenic plants were screened by PCR analysis by using
CABPRI and CAPOAI gene—specific primers. (C) RT—PCR analysis of
different transgenic plants for detection of CABPRI and CAPOAI
transcripts. ¢, control lines #1, #4, #5, #8 represents four lines of CABPRI1
and #2, #3, #6 represents three individual transgenic lines of CAPOAI.
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Fig. 3—31. Procedure of Agrobacterium—mediated gene transformation of

tomato. (A) Initiation of callus formation at the cut end of cotyledon
explants 7 days after cocultivation with Agrobacterium. (B) Callus
formation and shoot regeneration. (C & D) Shoot multiplication and

elongation.(E) Root formation in the rooting medium.
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Fig. 3—32. Disease evaluation in CABPRI and CAPOAI—transgenic tomato
plants. (A & B) Inhibition of disease development (mm) on transgenic
plants infected by Phytophthora capsici. (upper panel) healthy leaves with
agar plug inoculation and (lower panel) disease development in the tested
leaves. Photos and data recorded 2 days after infection and represented as
the mean * standard errors of three replications, each replication comprising
three sub—replications. Bar indicates 0.8 cm. (C) Inhibition of Pseudomonas
syringae pv. tomato DC3000 growth in transgenic tomato leaves. Data were
taken 5 days after infiltration of the bacterial pathogen, and represented as
the mean * standard errors of three replications, each replication comprising

three sub—replications.
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Table 4—1. Phytophthora capsici isolates obtained from diseased
pepper plants used in this study

Isolate Mating type Collection site
20CG0001 Al Gongju, Chungnam
20CG0002 Al Gongju, Chungnam
20CC0005 Al Cheongyang, Chungnam
20CC0007 A2 Cheongyang, Chungnam
95CG3413 Al Gongju, Chungnam
95CG3418 Al Gongju, Chungnam
95CG3407 Al Gongju, Chungnam
95CD3208 Al Danyang, Chungbuk
95CP2102 A2 Pyoungtaek, Gyonggi
95CY1102 A2 Youngwol, Gangwon
95CD7102 Al Damyang, Jeonnam
95CH5101 A2 Hwasun, Jeonnam
95CS6105 A2 Sunchang, Jeonbuk
95CC7203 Al Changryong, Gyongnam
95CY8101 A2 Yuisung, Gyongbuk
95CAR8310 A2 Andong, Gyongbuk
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Table 4—2. Phytophthora species and other fungi used in this study

Isolate Species Host
2000—67-3 Phytophthora parasitica Lycium chinense
20B12 P. infestans Lycopersicon esculentum
PCAC P. cactorum Malus pumila
9813CITRI P. citricola Zizyphus jujuba
SP70 P. cinnamomi Larix leptolepis
PCRY P. crytogea Gerbera jamesonii
PMAG P. megasperma L. esculentum
PBOEH P. boehmeriae Ailanthus alitissima
PERY P. erythrpseptica L. esculentum
SP12 P. citrophthora M. pumila
KACC40159 P. cambivora M. pumila
KACC40167 P. palmivora Ficus carica
PY-1 Pythium sp. Capsicum annuum
IS—-11 Fusarium sp. C. annuum
COL-1 Colletotrichum sp. C. annuum
ASO-1 Alternaria solani C. annuum
AAL-1 A. alternata C. annuum
PEN-1 Penicillium sp. M. pumila
STE-1 Stemphylium lycopersici C. annuum
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42 Newhook 5(1978)2] el wet F2de] Ful, &5 ofF,

=
= [*) ’ -
FFEY] BH KT, FULA AP, BER G4 Y)Y FRYR B AFO
=

Az wjekst = 24U Abete]l FAE FFAES 7 A " AZRE ARt o]
4CoA 2A17F Bt F-5F4= 352413 3L, haemacytometerES ©]&3e] 10" zoospore/ml 2|

o
gom 2Astal, HFAeR ARSI
B HE2 15 (0), BErtE(A), A (d) 5 o] 754 =] AA el f54F

=]
ol 1A e BFstel ANsgom FHS ASS FYT AATAM] B {F
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< 7
= ZXE cork borerE AF&3le] 274 6mn 2 YBL 3~43%7F wo]
ol 20% V8 brotholl &g 5, HFee] 25T &27|HellA 547F A< ket
FZ JAAE daE 279 JlolAlRE ZAe effendorf FEHO Y —70C
T FAAXE AT A EE dAAl= Murray(1980)¢] WRlS w5 W E st
DNA®ZE T3t s4710x2d dAAE vhafst b 400ul9] extraction buffer
[200mM Tris—HCI (pH 8.0), 200mM NaCl, 30mM EDTA, 0.5% SDS]¢} proteinase K
(501g)E FH7F, 37CoA 1A A8kt o]oA] 400ule] 2XCTAB solution [2%
CTAB (w/v), 100mM Tris—HCI (pH8.0), 20mM EDTA (pH 8.0), 1.4M NaCl, 1% PVP
(Polyvinylpyrrolidone) 1< A 7tsko z 4o AT ol & 600l 2]
chloroform:isoamylalcohol (24:1)% FZ38}3 12,000rpmoll A 108 EoF AR st A
5SS 1.5m tubed] 2t}

AN s 0.7 w9 isopropanols FH7Fsta oA 10%3F WA &
12,000rpmol A 104 &<t A2 stlth 74E DNAE 70%  ethanolS o83 2
v o 2 A A3 P FH W ethanolS A7, 7AZFA|Z1 & DNAZ 100ul9 TE buffer
of =9l t}2 2ul(10mg/ml)2] RNaseES #7}ste] RNAS A A 3 3 agarose geld] #7]
@&stel DNAS &<l 3 BFsialnt.
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2) FHellAe] DNA #¢]

FAE A, dEARE 471 1 10° 10 E1 10°7}%] =4 38}e] oFale] 831
% DNA 85 AT Zh2e] xxpel et G o R R E DNA e $41%
2 A)7]A] 29ton] beadD Yol EAle AEHE REaA7=d Hu} £oldHA 3 =
DNA #e& AASER 3% F= A7he G522 5 Atk DNA #2= IntronAt
°] DNA extraction kit& ©]-&3}3it}

3) E%}Oﬂ/ﬂ-ﬂ DNA 23
FAY 552 GEAS 247 10°7E 10°, 10'5F-6 10744 SAste] 747] A doe] o

2 EY 1gf+ =3+gk & DNA w85 AAI8Hith

EGS By, MEY wEJoR Fiste] £3sle D% mijE frlEe] 7P A4S 2
Y] B, AESS 5 AE AL o dEHE o EY, HESS 57 AiE L 9l
= 2o EFS st A o] g3l

zZkzkel kel e EYs $AXAXAIZ $ beadE WL 500 ule] 2xCTAB

solution [2% CTAB (w/v), 100 mM Tris—HCI (pH 8.0), 20 mM EDTA (pH 8.0), 1.4
M NaCl, 1% PVP (Polyvinylpyrrolidone), 20 mM mercaptoethaonol]& 3 7}ste] ZsHA
153 vortexing 3kttt 65Tl 3023 A 2l8t3itt. o]0 SDS 10%& 500 ul& A 2|
ThA] 65Tl 3083 Agfste] & AoFrk 2 F e S 600 ul FHskaL, s el
600 nl¢] chloroform : isoamylalcohol (24:1)& FZ3}31 12,000 rpmol A 108 E<¢F 94
FElate] Aeds 2 ml tubed] WAt FHA s 0.79% 9 isopropanols FH7Fst
3 Ao 10%3F WX & F 12,000rpmell A 1085 9423tk 178 DNAE
70% ethanols ©]&3l] #& WPo=z A=A FHUE ethanols AA, AxAIZ]
< DNAZ 100ul¢ DDWeoll =9 t}2 DNA AHAAZ 3l IntronAte] DNA extraction
kits ©]-&3le] DNAE AA 3Tt

o

4) P capsici®] W2 7]#e] DNA TrEFxAl
7}) 5 DNA 3%

DFAYA #FE 10% V8 juice agar B A Goll A 25Ce A 743t vjgst & 2
U FHALE dto] FFAdS AAvh 2 Foll 4T 1AM R s gste] {52l
A SFEA UEEE AL #AF2E S A, 25 ulo sieved o] g3t §FAS 4

O

Z &
At A8 FFAE 107/m2 54 Fol bead® ¥i vhEoz Rl
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DNA £ = IntronAte] DNA extraction kitS o]&38ted F3lstd o 1.5% agarose
geloll 100 pg, 200 pg, 400 pg, 500 pg, 1 ng, 2 ngd HEE=E markerd} Zo| 7] E3s}o]
T742] DNA =& XA

) GEA DNA e

AR OgE ES A udsted 10% VS8 juice agar BI A Aol A 25TC=E 10937
HjeFet 3 Tzt JA RS #AFST. Y dxEAE waE o] &35t WA}
JAHEH HE wjxE gkA A2 T homogenizerE o] &3] wlE ATt o]

Novozym234E A glste] dAFS AASG L o]o] 100 ul, 50 ul, 25 nl=27]9 sieve:
o] &3] FEANS FAFAY. AR FEA A FFERIE 2 HHoR DNA 5%

O
ofN
Jm
o
2
)
.
=)
o
2
o
it
)
o
ofo

2)
D) 3598 T50°14 primer A
Z£E 0|4 probe DNA A

Probe DNAE ZA|8}7] 98t FA|F=% P. capsici CY31192] genomic DNAE
Vieira®} Messing(1982)3 Sambrook £(1989)2] W] wle} cloningS A A8kt |
Z genomic DNAZ HindllZ AE Z HipdllZ AE pUC3223 ligation Al FH T ©
E. coli strain DH 5a°l] @ A3-E A7 5 alkali lysis®Hell 93l plasmid DNAE &
sttt At plasmidE Hindll= 223k § A7]95S A28k insert DNAS] 7]
g Fstgion, o5 zole & wAH CY3119 79| genomic DNAE probe® °]&
3} hybridizations A A8+ T Hybridization 2A] & 3 W= JVelhdls dH@H S £
b= cloness AEste] labellingstal & 5ol4 3 FA#RA EA40 &3 probe®
el o] &7ksd oFE ARSI

Probe DNAS] 343} labelling 223l hybridization ¥ dig—dUTP2] st H&E
& =9 Boehringer MannheimAF2] non radioactive dig—kitS ©]-&3Fo] A Z3ALe] #H

3

gl met AAsH T

L 9

) F5°14 DNA @3 (PC22)9] 47144
P. capsicioll 50174 @HA PC22(53} 4, 2002)2] DNA 7|4 S 18] o] ©+
HE AstaAs HindllE& A2 pBR322¢\ ligationA| A Escherichia colid]l A AS A
7131 50ml LB brotholl 24A1%F A& wjkste] ti®F gAY 1 & £ colielA
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pBR3220] A3} primer sited ©]&3te] F7|AMLS AT

al
7GRN ()l o2 she] ST,

t}) Primer A2 7A

P capsici®l & Eo]x wWH(PC22)9 97N EARE vlE SR primer design
program (Gene Runner, Hastings software Inc.)2 o] &3l 7289 primerE<S A A S
Ak, 749 primers E5F primer W9l hairpin loopsE HAEHA ¥OoWHA primers
Atolel A dimerYt internal loopZF WA & A skl ew ZF2b primer®] annealing <
L& H=oHA 87l 918l GC content ¥ 7] 7F AE Hlget=E AT &
3t P infestans (Judelson and Tooley 2000), P. nicotianae (Kong et al., 2003) FE9]
A primer® (F) A =gl o] F st AT

2) Southern &4
7}) Alkali lysisel ¢ gk plasmid & &

Plasmid ¥2] = bioneerd plasmid extraction kitZ ©] &3}t Clone pPC22E
3= Escherichia colis 1~5ml¢] LB brothol] &8 3 12 000rpmel A 3&3F 4
AR gl AEdNE HAZTF T 250ulY resuspension buffer(R)E H7psk &=
vortexingdled =3 At 1 & 250ul9 lysis buffer® H7bstn R4 £33}
Fom Ao thek 558 HAE T2t} 350ul neutralization bufferE 718l F=+
A Aol &, 4CeA 527 Agagint. 218)al 12,000rpm o= 83 A UAT &
45 NS binding column tubedl] %713l 12,000rpmell 1% YAEEE 33l olw A
21 o]l Mg a 80% ethanol 700plE 7bske] 12,000rpme® 18-3F 94134
binding column tubeE A H Pt 23 13,000rpmeZ 18 A sto] o L
AAA 72 wpA o 2 50u 9] elution bufferE #H7Fslal 13,000rpm e & 18-7F A&

2] 3}e] binding column tubed] Z&H o] A= plasmidE F=3} ).

b

1}) Agarose gelZ2 4% E DNA F=
Clone pPC22 Wol] Arelel TS =387 98l QIAEX I agarose gel kit o] &
ol WA H71gEstal gelel A band7t e F-iEe ZAEE AE v 1.5m tubedl
gtk AE gel FAY 3uie] Buffer QX I3 10ul9 QIAEX OIE Yl vortex o
Atk 50T 2] water bathell 102 &<t A2]gh - 4T 12,000rpme= 53 Y42l o
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At} Pelletol] buffer QX IS 500ul Y1 vortex 3te] 4CeolA 12,000rpmlE 58 &
AA4le] shalth Pellet 500ul PE bufferg ¥o] Al#3ska 4C, 12,000rpm & 53
A shalth A ds MY Al pellets el #d F Hyd 23 SRS 200 E
vortex 3t Th A2oA 5~10% T %<2 g, 4T 12,000rpme 2 583+

A

k!
welsted, AeA& Al tubedl &713L, E2l¥ DNA @& ©]838ke] probed |23}

29

)

j(_:),
o>

32

t}) Probe DNAY9 labelling
A719F5H  gel2HEH F=3 DNA 10ulet TE 90plE =&y, o

phenol:chloroform:isoamylalcohol (25:24:1) 100plS ¥ 4T, 12,000rpme. &2 15% F<F
AAEY F F A5AS A 2ul9 5M NaCl# ethanol 200plE HE748Hich o1 &
—70Col A 30% F<t AT 4T, 12,000rpm o2 1587 9482 34t} Pellet2 10
nle] TE buffer® *xo]ar, 95Co| A 1087} denaturationA] A, A1&38] —70Ceol| 3087 F
Y}, 1 ¥ Boehringer MannheimAFe] dig—kitS ©]83}9] hexanucleotide, dNTPs,
klenow enzymeS F7}8tal 37ColA 16A1F T w5 AAE 918t 0.2ul9 0.2M
EDTA (pH8.0), 2ul9] 4M LiCl, ¥7}¥ 60ul 9] ethanols 3 7Fsted —70TCel] 30%3+ A
2] -, 4C 12,000rpm o2 15 A4 22 8k3i . Pelletol TE buffer 50ulE ¥ o] =<l
t}e 95C, 1087t denaturation-ol 2143 —70Co] X3} labellingS w3 o).

@} ) Southern hybridization

P. capsici®] £Eo0]& g2 PCR ZE3}1L 2.0% agarose gelol 100VE 30& F¢t
0.5XTBE buffer (45mM Tris, ImM EDTA)E A}&3}e] A7] &35}, Sambrook =
(1989)9] W o7 Schleicher & Schunell*A}¢] nylon membrane®] DNAZ transfer 3}
t}. Hybridization< hybridization solution (5XSSC, 0.02% SDS, 0.1% sarcosine, 0.5%
blocking reagent) & & denature¥® probe DNAZ Zoj4 65ColA 16A17F Bt 2A8HS
31, Dig—dUTP9 immunological detection2 Boehringer MannheimAF2] dig—kit& ©]-&
ato] A x3|ALe] Al wrel ekl

3) CSP23A/CSP23B primer &
7}) Hot start PCRS ©]-&3%F genomic DNAS] 53
P. capsici®] FE°1H DNA T%H& Awst CSP23A/CSP23B, 22R1P/22HI1P,
22R5/22H5 3%9] primerE o] &3Fe] A AIsF T PCR wHE2 HAl PCR 7|W <l Hot start
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PCR methodZ A}g-3FYE o HE-S mixtures total volumeS 50ulE 3} template DNA
10ng, 2+t primer set 20pmole, 250uM dNTPs, 10X PCR buffer 5ul, 2mM MgCl,,
FastStart Tag DNA Polymerase 2unit (Promega Co.)S A7}l oem, 1 9 PCR %4
2 Table 4—4%} 3t}

ITS 999 %2 Hamelin 5(1996)°] E&el 7 sto] (F)Ameol] o] #sto] A
ek ITS 17 ITS 45 ©] 4313 th(Table 4-3). PCR #H& mixturei= genomic DNA2
F5°l% DNA FFA9F sdshAl AxslArt. o]ofA MJ ResearchAhe] PTC—1005 ©]
43} PCR T%& 3l3lor SZ% PCR 4AHE 2% agarose geld] A 50Vel 1A]7F &

2 Ao AF8-3 Hot start PCR 7]<&ol] o] AF838tal 9l Cold start PCRI}&
AFE 38l polymerase©l] z}o]7F 9t} Hot start PCRY polymerases wax =ol 2o 9)
o] %7} 60C7HA &87FoF wax7t =oF H| 24 polymerase”’} &8-S A zFsi), oz}
A ke oMo mismatchingg WA = o] 7|EQ] WY HT sensitivity 7} %
FoFAIH specificity®= & Fo} 2% WHAXAY] 8 HE wg 73 V=0l

.
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Table 4—3. PCR primers used against Phytophthora capsici, P. infestans

and P. parasitica

Target pathogen  Primer Sequence ( 5= 3")

P. capsici CSP21A GCT CCA TCG AAA CTC AGA AC

CSP22A GTC CCA TCT TCA TCC CGT TG

CSP23A TCA TTC AAC ACA CGT CCT G

CSP23B CCT ATC CCG TCC TTT ATC G

CSP1 GAC TGT ACC AAA GCC CTG A

CSP2 TTC ATT CAG GAC TTA CCC G

22R1P  AAC AAC CAC GGG TTC TTG G

22H1P  CGG TAC ATA TCA GCC GCG

22R5 TTG ACG AAT CTG CCA TCC

22H5 ACG AGA TTA GTG CTG AAG GA

P. parasitica PN1 CCA CCA CGC AGC AAA CTG CGG C

PN2 TTG AGT ACC AGG CCG CTC GTA G

P. infestans PNIF CTC GCT ACA ATA GGA GGG TC

ITSS GGA AGT AAA AGT CGT AAC AAG G
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Table 4—4. PCR conditions of primer sets used for PCR

Step cycle
. Initial Final
Primer set denaturation extension
Denaturation Annealing Extension Cycle

CSP1/CSP2  95C/5min  95C/1min  60C/Imin  72C/2min 38 72°C/7min
CSP1/CSP21A 95C/5min = 95C/Imin  56C/Ilmin  72C/2min 38 72°C/7min
CSP1/CSP23B  95C/smin = 95C/Imin  56C/Imin  72C/2min =~ 38 72°C/7min
CSP2/CSP23A  95C/5min  95C/1min  56C/Imin  72°C/2min 38 72°C/7min
CSP21A/CSP2  95C/5min  95C/Imin  56C/Imin  72°C/2min 38 72°C/7min
CSp2 1}A3/CSP23 95C/Amin  95C/Imin ~ 56C/Imin  72C/2min 38 72°C/7min
CSP22A/CSP2  95C/5min = 95C/Imin = 56C/Imin  72°C/2min 38 72°C/7min
CSPZZ%/CSPZB 95C/Amin 95C/Imin ~ 60C/Imin  72C/2min 38 72°C/7min
22RIP/22H1P  95C/4min  95C/1min  61C/Imin  72C/2min 38 72°C/7min
22R5/22H5  95C/4min  95C/Imin  60C/1min  72°C/2min 38 72C/7min
ITSI/ITS4  95C/4min 95C/35sec  55C/Imin  72C/2min 35 72C/8min
) ) ) 72°C/10mi

PN1/PN2 96C/2min  94C/30s 65C/45s 72/1min 35

n

) ) . ) 72°C/10mi

PNIF/ITS5 96C/2min  96C/Imin  55C/Ilmin 72C/2min 35

n
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}) Genomic DNA =¥ Z*

P. capsici 20CG0001+v+5 2] genomic DNAE 10ng, 5ng, lng, 500pg, 100pg, 50pg,
10pg, 5pg, 1pg, 500fg, 100fg, 50fg, 10fg, 5fg, 1fge] 15¥AIZ ZA3 & PCR ZEZ&
213}t PCR &8 £E0o|4 primer setl 2 XEE primer CSP13 CSP2E o] &
39ttt PCR HHE mixtures genomic DNAS ZEo]Z dH ZZ A9} Z=dsHA Ax
sFaL, 9A] Hot start PCR 7R & AbE-dto] 533k 3it

) A DNA SN =RY P capsicil &

P. capsici®t FE|H o2 FASFe] Phytophthora EFAAY 22 1T groupol 3]
= P parasitica, P. palmivora, P. boehmeriae$t $-#|vpebiiat olyzt AAH o= H
et J&iE Fu Jde XS T P infestanssS P. capsici®] DNAS & H| &2 &=
g3l & CSP23A/CSP23B primer setg 7}A i PCR £Z2 A A3t}

PCR ¥F$ mixture®} Z74A L genomic DNAY FEo|4 d¥ Z=Z3 FA3}A st}

-

|

L

2}) P capsici®t 115 DNA Zgdlo|Ao T FZ

P. capsici®] DNA®} 115 DNAS HLE & Addez A= Iy s PCRE& —’Feg’ff}
o 7]FAe] DNAZF g oz o] &S W= P capsici/} A&7 A AF-
2Abahleh,

Primer= &5°]4 primer® Ad¥ CSP23A/CSP23B primer setS AR 2T
PCR WH3-A] template DNAR P, capsici®l DNAE 0.1ng® = 31743}l 115 (Capsicum
annuum)®] genomic DNA X+ 0.1ng, 1ng, 10ng, 100ng, 1pgl 2 =7} PCRE 3}
Stk PCR £71¢ o)A £50]4 vl %3} 5AelA ahaivh

uh) NaOH FEH S o] 83 o|HAEAZY Y ¥t H=
- Aol 7 132 AYste] Wang 5(1993)9] e wel
4 AESArh olgE 3] AR o 1omgd FBFE Wi dep AALLE 35
WAAZ - whAEgleh ool A 1.5ml tubeell 0.5N NaOH 20ul ¢} 74 deof 2 e
o YARE IS o] &3t 17,000xgd 5minF YA EE S & 5ul9 A5 NS 3

E)

Al 45u19] 100mM Tris(pH 8.0)E YW ltl 283l 7|4 YAl FE3 2ul9 &
PCRS 93 template DNAZ AF-&3Fo] CSP23A/CSP23B primer set2 PCRol o] &3}

2
3@ o N

.L

ol oz AEAd A DNAE wste] PCRE AW 7|E9 WY

T
i)
>
)
=
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4) G 2 EFozRE HAA
7}) Genomic DNA®] ©3dF PCR

P. capsiciZ Eo|FH o7 ZZ3}E primer SETS A2dtaz PCRE 43835t t). vk

_?4

e

<50°l4 primere] €&

=l
oy mx
i\
o

e

< mixture= total volumeS 50 ul®Z 3}1 template DNA 10 ng, ZF primer set 10
pmole, 250 uM dNTPs, 10X PCR buffer 5 ul, 2 mM MgCl,, Tag DNA Polymerase 2
unit(Solgent Co.)& F7Fsto] PCR& wdstglom 1 9] PCR %712 Table 4—49} 2
t}.

PCR ¥F% mixture: genomic DNAS] £Eo0]% DNA ©# ZZujo} FU3 A Ax
stttk ©o]oJA MJ ResearchAte] PTC—100% o]&3te PCR $%& stlon S+
PCR 2F=2 1.5% agarose geloll Al 100Vel] 3083 ©7]d %534 ethidium bromide® ¢

a3 F RS

) Genomic DNA L %
NatE primer] WALEE GolH I} P capsici @52 genomic DNAE 10 ng, 2
L 100 fg, 10 fg, 1 fg, 0.1 fgo] 109412 A& F PCR

1p
=4S AAEETE. PCR %—"—'.—E% ZEo|4 primer seto® A2E primer CSP23A%}

CSP23BE o]&3le] 433tk PCR WH8 mixture: genomic DNAS FEo|% wH
STEA9} FAA A3
o) Ao zHE WHAA HE

WS genomic DNAS] PCR FZWy gl gla %9
A3 P capsici ¥RF ol Ul FAAu Rl At H S| E F= P infestans, P.

ol
nicotianae® AL ¢ oF A3 WpH o7 PCR ZES A A 519t

2
>
2
H
™
my)
=,
o
b
8
b
o

7}) kit 43
A9l Aol o3l ztoldl 4 primer CSP 23A/23Bet 37 AR&E AlAIE Xt kit
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= (F) sun geneticsoll 9 # 38 A|ZslH o Glass bead 5g, =t 2571, solution A

15ml, solution B¢+ C Z+Z} 7ml, buffer W 5ml, Spin—column 25columns, Collection
tube 25tubes, 2XTaq premix 400ul, 100bp DNA ladder 50nl, A= 4 5ot}

) AAE A kite] £ AA
A el Ay EFo A B Hejxz A A AAE A kit o] &
3l DNAS &3 ¥ PCRe

B. Alternaria &

7 . FATT
o] ALg3 #FE5S Table 4-53 4—6014%F 2l FA =5
T 20%9 glycerol XA A E-M o A

e

dextrose agar (PDA, Difco) AFHuBjAeA 4T
~70CeIA mkalEA Aol et
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Table 4—5. Isolates used for PCR amplification and specificity test of A. panax

Species Isolate Host Geographic origin
Alternaria CNU—-APG4 Panax ginseng Kumsan, Chungnam
panax CNU—-APG5 Panax ginseng Kumsan, Chungnam

CNU-APG9 Panax ginseng Kumsan, Chungnam
CNU-3405 Panax ginseng Kumsan, Chungnam
CNU—-3578 Panax ginseng Kumsan, Chungnam
CNU-3546 Panax ginseng Kumsan, Chungnam
CNU-3161 Aralia elata KT&G, Daejeon
CNU-3012 Aralia continentalis Buyeo, Chungnam
CNU-3213 Aralia continentalis Buyeo, Chungnam
CNU-3231 Aralia continentalis KT&G, Daejeon
CNU-3253 Echinopanax horrium  Pyeongtaek, Kangwon
CNU-3382 Echinopanax horrium  Ullungdo, Kyeongbuk
CNU-3010 Kalopanax pictus Buyeo, Chungnam
CNU—-AP0401 Panax ginseng Kumsan, Chungnam
CNU—-AP0402  Panax ginseng Kumsan, Chungnam
CNU—-APO0403  Panax ginseng Kumsan, Chungnam
CNU—-AP0404  Panax ginseng Kumsan, Chungnam
CNU—-AP0405  Panax ginseng Kumsan, Chungnam
CNU—-AP0406  Panax ginseng Kumsan, Chungnam
CNU—-AP0407  Panax ginseng Kumsan, Chungnam
CNU—-AP0408 Panax ginseng Kumsan, Chungnam
CNU—-AP0409  Panax ginseng Kumsan, Chungnam
CNU—-AP0410  Panax ginseng Kumsan, Chungnam
CNU—-APO0411 Panax ginseng Kumsan, Chungnam
CNU—-APO0412  Panax ginseng Kumsan, Chungnam
A. tenurssima IMI—-79630 — Unknown

— 256 —



Table 4—5. Continued

Species Isolate Host Geographic origin

A. tenurssima IBT—8398 - Unknown
CNU—-A005 Panax ginseng Kumsan, Chungnam

A. alternata CNU-SS703 Panax ginseng Kumsan, Chungnam
IMI—-89343 - Unknown
CNU-NI701 — Chonnam

Rhizotonia solani - Panax ginseng Daejeon

Botrytis cinerea - Panax ginseng Daejeon

Phytophthora cactorum - - Daejeon

Pythium sp. - Panax ginseng Daejeon

Colletotrichum - Panax ginseng Kumsan, Chungnam

gloeosporioide

Ginseng DNA - - —

Table 4—6. Isolates used for PCR amplification and specificity test of A. gaisen

Species Isolate Host Geographic origin

A. gaisen AK—42 Pear Daejeon, Korea
AK-21 Pear Daejeon, Korea
K-3 Pear Daejeon, Korea
No.15A Pear Tottori, Japan
AK-11 Pear Tottori, Japan
K-1 Pear Tottori, Japan
K-2 Pear Tottori, Japan
K—4 Pear Tottori, Japan
K-5 Pear Tottori, Japan
0-274 Pear Tottori, Japan
0—-275 Pear Tottori, Japan
CNU-SS704 Pear Chonnam, Korea
CNU-SS706 Pear Chonnam, Korea

A. mali IFO—8984 Apple Unknown
M-72 Apple Chungnam, Korea
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Table 4—6. Continued

Species Isolate Host Geographic origin

A. mali M-89 Apple Chungnam, Korea
AM—-22 Apple Chunganm, Korea
AM—-17 Apple Tottori, Japan
AM-28 Apple Tottori, Japan
M—-69 Apple Tottori, Japan
M-70 Apple Tottori, Japan
M-71 Apple Tottori, Japan
M-—88 Apple Tottori, Japan
0—-153 Apple Tottori, Japan
O0-T—-M1 Apple Daejeon, Korea

A. tenuissima IBT—8398 - Unknown
IBT—8400 - Unknown
IMI-79630 - Unknown
CNU-013 - Unknown
CNU—-AO005 - Chonnam, Korea
CNU—-AO006 - Chonnam, Korea
CNU—-A007 - Chonnam, Korea
CNU—-A014 - Gyeongbuk, Korea
CNU—-AO015 - Gyeongbuk, Korea
CNU—-AO017 - Gyeongbuk, Korea
CNU—-A020 - Gyeongbuk, Korea
CNU—-A067 - Chonnam, Korea
STR N-1 - Unknown
O0-T-L - Unknown

A. alternata EGS 35—-193 - Unknown
IMI—147909 - Unknown
IMI—-89343 - Unknown
CNU—-HR701 - Kangwon, Korea
CNU—-A079 - Chonnam, Korea
CNU-NI701 - Chonnam, Korea
CNU—-NI716 - Chonnam, Korea
CNU—-HW703 - Chonnam, Korea
CNU-HW704 - Chonnam, Korea
CNU—-HW712 - Chonnam, Korea
CNU-SS701 - Chonnam, Korea

— 258 —



Table 4—6. Continued

Species Isolate Host Geographic origin

A. alternata CNU-SS5702 - Chonnam, Korea
CNU-SS03 - Chonnam, Korea
CNU-SS705 - Kyounggi, Korea
CNU—-HR702 — Kyounggi, Korea
CNU—-HR703 - Kyounggi, Korea
CNU—-HR704 - Kyounggi, Korea

A. longipes AT—-204 Tobacco Daejeon, Korea
AT-246 Tobacco Daejeon, Korea
AT—-2a—-1 Tobacco Daejeon, Korea
AT—-2b—-1 Tobacco Daejeon, Korea
AT-34b Tobacco Daejeon, Korea
AT-3b—1 Tobacco Daejeon, Korea
0—-205 Tobacco Tottori, Japan

L FEfA, w54 A

Alternaria @52 WPl FAd® FAEZAL} FAAE S e A
3 V-8 juice agar "Xl <1-Ful s}k
=

o]
Abetlom eI (PDA)CN M ] #&2o S35 a3l

t}. DNA extraction
AT = PDA AbHAB] A o] HF o] 25T A 343 wjfed & o
potato dextrose broth(PDB)el 4%, 125rpme & 25Co A 2¥ 3t
A S st dAAE AT, dAMAE T2 E F1.5ml eppendorf tube
of Wi mpfstF. FHol 400ul9] extraction buffer [200mM Tris—HCI(pH 8.0),
200mM NaCl, 30mM EDTA, 0.5% SDS]el @& 3}al proteinase K 50u8S 37}, 37Col
A 1A FeF HESAIFTE o 7]o] 400ule] 2x< CTAB solution [2% CTAB(w/v),
100mM Tris—HCI(pH 8.0), 20mM EDTA(pH 8.0), 1.4M NaCl, 1% PVP(polyVinylpyrrolidone)]%
A7Fste] Aol F chloroform : isoamylalcohol(24:1) % FZEslal, A EE 3.

>~
el
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gl AL A=do] 0.7volume?] isopropanols FH7FStoEH DNAY F&HS =
ok olEHA AL pelletS 70% ehtanold ©]&3te] A3 T AZsta TE
(10mM Tris—HCI (pH8.0)), ImM EDTA (pH8.0)) buffer® thA] At} Z3z}2] A Zo
RNaseE #H7F8lo] RNAE A|Ag & 37ColA gk A3t &< incubationdtt}. DNAZ]
a71¢F %& TBE bufferoﬂ 0.7% agarose gelS T3] HA7|¥9FS 3}l ethidium
bromide® M3 F UV lightZ #Ho] =A39ct 18] DNAE Ag3sH7] #A71A] 4T

o A H ¥ ¢},
2. & 5°]4 primere Az}

1) A. panax® 54 %2 A=7|& NP
X

=
Hoge

BAEAe] HEH E 15eka gete Hdate] 43 271 dde] =7t
T ER Alternaria® 5S PCRE ol &ste] wh2a st H&E3st7] fl8) ohdet

molecular markerE ©|&, & 59|49l clones B33t

7}) URP—PCR amplification

oA Hvk A3e] PCR O SiAEAE ZA4 o= MY Sk A (SRILS) 9] SRILS
UniPrimer ™ kit& AH&-3t%Ith 1259 primerE AF&8}ith(Table 4-7). PCR %-&
15ng®] genomic DNA, primer 100ng, dNTP's 200uM, 7ag DNA polymerase 2.5unit,
10mM Tris—HCI, 50mM KCl, 1.5mM MgClyoll H.0E #H7}ste] #HF volumes 20ul =
ZA3t9tt. DNA ZZ W22 initial denaturation® 94TCol|A 437+ AA|&a,
denaturation 1%(94°C), annealing 1% (55C), extension 2%(72C) &2 35 cycles A
3 H 72CAA 7E%F extension 3FTF. PCR wH$ o]Z 15ul9 AAHES 1.2%
agarose gelol Al 60V, 5A17F o A7) 9 %5}30 ethidium bromide® % A3l #2319
t}.

- 260 —



Table 4—7. Oligonucleotide sequences of 12 URP primers

Primer Sequence (5'—3") GC content(%) Tm
URP-01 ATC CAA GGT CCG AGA CAA CC 50 65
URP-02 GTG TGC GAT CAG TTG CTG GG 50 67
URP-03 CCC AGC AAC TGA TCG CAC AC 50 65
URP—-04 AGG ACT CGA TAA CAG GCT CC 50 66
URP-05 GGC AAG CTG GTG GGA GGT AC 50 65
URP—-06 ATG TGT GCG ATC AGT TGC TG 50 67
URP—-07 TAC ATC GCA AGT GAC ACA GG 50 68
URP-08 AAT GTG GGC AAG CTG GTG GT 50 74
URP-09 GAT GTG TTC TTG GAG CCT GT 50 65
URP-10 GGA CAA GAA GAG GAT GTG GA 50 65
URP-11 TAC ACG TVT CGA TCT ACA GG 50 65
URP—-12 AAG AGG CAT TCT ACC ACC AC 50 65

1}) URP—PCR ©¥He] E&]9} cloning 23] 3L sequencing
URP—PCR &2 2% low melting agarose geloll #7]9g %3l = Eo|A <l  band
& A, 1.5ml tubeo] ¥ar 70CoA €ds] &3t 5 Wizard® PCR preps DNA
Purification SystemS Ab-&3}o] A A3} ).
AAE F EolFel Wizt pGEM®-T Easy Vector Systems (Promega, Madison,
WI, US.A)E AM&3te] &858} 3L Escherichia coli JM 109 competent cellg ©] 83}

F24% st

ol

HZAASE cellE2 mlF 1004g9] ampicillin®} ml®d 5—bromo—4—chloro— 3—indolyl—
B—D—galactosede (X—gal)< 80uxg 3233l Luria—Bertani (LB) plates®ll spread s}ith.
FAAZ gl AU colonys Hit¥ 100ul®] TH57F £+ eppendorf tube
2 7)1 voltex 3% 1 = 5ulE dANTP's 200uM, 10mM Tris—HCI (pH 9.0), 50mM
KCI, 1.5mM MgCl,, 2+ 8 pmol/ul primer (T;—promotor, primer and Sps promotor
primer (Promega)), 7ag DNA polymerase 2.5 unit®} H20Z H7}sle] HZF Hb$
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volume 50ul & 3t¢] PCR W& F3&}qith.

PCR 4F-g-& initial denaturationg 95ColA] 10%3F A A|3}al, denaturation 403 (9
5C), annealing 40%(55C), extension 1%(72C) 2 & 30cycle= AA|&}al vpx|gto 2 7
2Co A 15%7F incubationd}$t}. PCR AHE2 0.5X TBE bufferol A 1.2% agarose gel
o A #2313l ethidium bromide® A § UV light stellA] #Z3H3ivk. PCR A
B2 Wizard® PCR Prep DNA Purification System< ©]-&3}¢] A #]3}t}.

t}) Primer®] #1232} PCR %¥H&-

Z Eo]A 9l primers primer 3_www.cgi v 0.22 AF83te] URP Z#H 9 sequence
AR E o] &3l AAE Il Bioneer Inc. (Korea)oll 2#3ste] 4133t PCR 32 a
/—cycler (BIO—RAD, USA) & o] 10 pmol ¢ 77} primers, 250 M dNTP, 10 mM
Tris—HCl (pH 9.0), 40 mM KCIl, 1.5 mM MgCl;,, 2 U ¢ T7ag—DNA polymerase
(Bioneer, Korea), and 100 ng ¢ template DNA & #H7}3t9] = volumeS 50ul= %
A3ttt DNA 532 initial denaturation & 95°C oAl 1047t A AISFaL denaturation
40% (95°C), annealing 40% (55°C), extension 13%(72°C )©. & 30 cycleS A A3 5
final extension 72°C oAl 15 &3+ AA| gt}

2) A. gaisen®l 74 2 A&7+ MNE
7}) AFLP #4]

AFLP #42 Vossol 9a ozt 4% HE ARSIt HAdAE
genomic DNA 1pgs Z+7F At A (EcoRl, Msel) 5Sunit H7}ste] 37 ColA 12417 A
&S gk F 2509 oEES HIbste] 20ColA 124135t A e +, 13,000rpm°ﬂ/\1
203 TS dAREste] ddkagivh. A DNAE 3x SRl ¢ § Sunit®] T4
DNA ligase®} Z+7+9] adapter(50pMole] EcoR 1 adapter, 5pMol & Mse 1 adapter)=
A71et 3 16Co A 12417t ligationA F t}. Ligation DNAY pre—amplificatione 3}7]
23t A5 E ALL3TE Pre—amplificationS adapterol] AEA 2 71 44dS 712 14l
ol ZZte] primer (EZcoR 1-0/Mse I1-0), ligaton® DNA(1.5pl), 5ul of Zag
10xbuffer(with Mg2+), 5ul of 2.5mM each of dNTP, 0.4ul of ZagDNA
polymerase(5Unl—1)& 7}l a /—cycler (BIO—RAD, USA)oll 4 pre—heatingS 94C
5%3taL, 94C 30%, 56C 1%, 72C 183 3 F7]= 203] wkgstar 72°CeA 783F

=

final extensiong AAISIHT SZFH AELS 111002 34 &te] 23 PCRYH-5-S 433}
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7] 918k A2 ARgsEsith 22k PCR WH&-9 =712 3141% DNA 1lule] 5ul of 250 M
dNTP, 10 mM Tris—HCI (pH 9.0), 40 mM KCI, 1.5 mM MgCl,, 2 U ¢ Tag—DNA
polymerase (Bioneer, Korea), 229 primer?] 23S A
313194 Cell A 30%, 67CellA 30%, 72ColA 187 W47 F annealing &%=5 0.7C
A 2N 7IEA 1157]15 53 |, npx g o2 94Col A 30%, 57 ColA 20%, 72°Col
A 187 233] WbESkal 72Tl Al 787t final extensionS A A TE 2 Ao A}
2% adapter®} primer+= ¥ 4—83 Zt} whE 5 long ranger gelel]l 1800V 80Wol A 3

A7t loadingdt T}& silver staining®® ZAF}E A3t}

Table 4—8. AFLP adapters and primers used in this study

Adapter Msel 5'=GAC GAT GAG TCC TGA G-=3'
3'-TAC TCA GGA CTC AT-5'
EcoR 1 5'=CTC GTA GAC TGC GTA CC-3'
3'=CAT CTG ACG CAT GGT TAA-Y
Primer MO0 5'-GAT GAG TCC TGA GTA A-3'
MO1 5'-=GAT GAG TCT GAG TAA A-3
M13 5'=GAT GAG TCC TGA GTA AAG-3'
M132 5'-=GAT GAG TCC TGA GTA AAG C-3'
M134 5'-=GAT GAG TCC TGA GTA AAG T-3'
E00 5'=GAC TGC GTA CCA ATT C-=3'
E01 5'-GAC TGC GTA CCA ATT CA-3
E03 5'-GAC TGC GTA CCA ATT CG—3'
E13 5'—=GAC TGC GTA CCA ATT CAG—-3'

) AFLP fragments ¥2] 9} sequencing
Polyacrylamide gelS =3 #<2ldl Eo]He] Wl== Hawd 2S5 o] &35lo] nE gel
258 Zeg TE buffer (pH 8.0) 20 ulE ¥o] 37°C oA 12 A|Zt incubation ¥t} 4]
S 3 = S 0.1 volume® 3 M sodium acetate ¢ 2 volume ¢ A7F& 95%
ethanol & A 7}3le] DNAE &QItl. TE buffero] DNAZ = 4 ulE AFLPolA A&
3 Y primer® PCRE A AJsle] PCR AHES Attt PCRAMELS Wizard PCR prep

- 263 —



kit (Promega, Madison, WI, USA) 2. 2 A8}, sequencing WS- oo A ¢} H U3}

A%k primer® AFLP WFSo] A}£3F %28 primerE AF23}9Th

t}) Design of primer and PCR amplification

%= Eo]A<Ql primerd2 3_www.cgi v 0.2 (Rozen and Skaletaky, 2000)2} Bioneer
Inc. (Korea)®] &S AFE3gH URP fragment®] Q714 E HHE o] &3t Al&= AT
o] % 5o°]A<l primerE 7}7} 25pmol primer, 250uM dNTP, 10mM Tris—HCl (pH
9.0), 40mM KCl, 1.5mM MgCly, 28]31 2.5U°] 7aqg DNA polymeraseE F7}38le] =
Hhg- AbEo] 50uQl A. gaisen®] genomic DN ZZ317] 98 AF&E k. PCR 4HS
2 initial denaturation= 95Co A 5&7F A A8}al, denaturation 15(95C), annealing 1
(58C), extension 1:(72C)2= 30cycles AAISIAL mpA|Rto 2 72T oA 152%T
extensiond} 31 th.

wl. & 50|34 primere DNA F%
1) Primer?] EolA 2 wzky
7V) A. panax

A. panax 5°]% primerE ©|&3to] A. panaxol Ul PCRe 5014 9 WAEE

A3}, A panaxSt FeNH o2 §AYS A alternata, A. tenuissima, R 7)EF 21 EH

ui

=

Rhizoctonia solani, Botrytis cinerea, Phytophthora cactorum, Pythium sp.
Colletotrichum gloeosporioide 2 22t Ao ZXHE DNAES L1 A panax E9]
primer®< o]&3] 99 U3} WHoR PCR $FHE A3 ©]5 primere] ¥
=5 ZAH%7] $ste] Alternaria panax®] A% DNA %S il 40ngell A 500fg7tA] =
4g e 99t HUd R o R PCR FES A8t

2w

p

W) A. gaisen
A. gaisen E°]% primerE ©]&3}d A. gaiseno] ™3 PCRE EolAdY W=
AW, A, gaisentt FEjH oz FAVSE A mail, A. tenussima, A. alternaria, A.
longipes 5B DNAZS 911 A gaisen E°]3 primer®S o] &3] 9o U3 Wy
2 PCR Z=Z& 2A39t). ol5  primerd WHAEE =AE 7] Y8t Alternaria
panaXQ Al DNA & Hil 10ngol A 500fg7hA] =43gh thg 919t 543 PPo=
PCR
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2) A&7 FEUWUE o83 DNAS PCR

S F3 DNAES 7] S8 Bu ed WRio]l A+ Atk Migheli
and Cavallarin 1994). ¢F 5mge] #AFE PDA WiX] 7ol Hdst A2 tjxazm $JoA
A F2Yo A ERE 4 F 15009 Tris—EDTA(TE buffer)E 713t 1.5nl
Eppendorf tubedl] AT Wd o|FANE 01%31] buffer Woll A T#AES vt 2
% tube® A H e 433 Ak 52 $F 22TCol|A] Fole HAFS U | wHEsL
65C water batholl 1587t 3ol th o] 13,000rpmol A 1087 YA E2 & 5 FZ 9
S M =& Eppendorf tubeo] %713 532 Chloroform/Isoamyl alcohol(24:1)S #H7}3t
S 7 A kA 50 stk 13,000rpmell A 1057F THA] A4l e & & A EE
Eppendorf tubedl] 45 24ulE AT ol7]9 isopropanol 16ul& 2o DNAE $3
A7) 587 AR ). tubeoll A isopropanold A A3tal 70% ethanol 60ulS 2o
pelletS A3 5 587F AEZ T}t Laminar flow hood oFgjoll A pelletS AZFA]7]
31 20ul9] TE buffer® &38| AIZth PCRAIA = o] & 108] 3]A&)A] ALE-glTh

3) QAo A Wl HE 7=

A. panax 5°14 primerg ©o|&3dto] o|WxZHOCRRE A panaxe| T4 R HES
AT -4 ol Qlo] disk(A]E 8.5mm) 3~471E 0.1% Tween solution®] 13t
Aol & 1% sodium hypochloriteE 5%3F A 2ldtal HdFE o]&3f 3E3F Aot
70% ethanololl 1% &<t & o XWAESIL laminar flow chamberol| Al AT A
t}. Eppendorf tubeol] ©]& ¥ & 3~4A|7F FoF —70CoA FAAFHL. &9 =&
diske Hat¥ grinderet 2] beads ol&sf vhfdt ¥ 2XCTAB(2% CTAB(w/v),
100mM Tris—HCI(pHS8.0), 20mM EDTA(pHS8.0), 1.4M NaCl, 1% PVP) 400ul ¢} phenol
chloroform isoprophyl alcohol(25:24:1) 400pl& YAt} 1587 A4 EE 3 To] A 22
Eppendorf tubeo] AZ=dE 2F v} Isoamyl alcoholS 2] genomic DNAZS S FA]7]
310870 9AEFIT 70% ethanoldl] pellteS A& 5 7% A7) TE bufferE o]
&3l &Pt PCRS f18] 10~100M2 A, dxy2e AT Qi o=y
E] 5% DNAE o|&3rh.

Sun Genetics Co.) & o] &35lo] oW ZAORHXE A panaxd 53

A A E Ak Kits o]
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&3t Als DNAE 88t A, gaisen 5°1% primerd<s o]&3l] 99 543 Wy

C. 3}% T A+ £ A DNA profile? database 7% % Z7]

7}. Bacterial strain®} vjF =4

[e}
A WA Elwtl| A AYEE Erwinia carotovora subsp. atrosepticas ET3H 7]E} W]

A& TAAE FEATY A2 7} 2] Korean Agricultural Culture
Collection(KACC) % ®7]o]9] the Belgian Co—ordinated Collections of
Micro—organisms (BCCMTM) oA & otom ol&9 &3 dste] Zk el WA

3}t Erwinia, Pectobacterium 2 Pseudomonas T %3 vl 4] (nutrient agar:
NA, DifcoTM), Xanthomonas w5+ YGCHIA](D—(+)—glucose 2.0%, CaCO3 2.0%,
Yeast extract 1.0% :1L), Fusarium spp.< potato dextrose agar(PDA, DifcoTM),
Escherichia coli= LB3 8] 2] (Sambrook®} Maniatis 1989)ll A ulj &3} AT}

L}, Total DNAQ] =
g #59 F DNAE CTAB Wiom FZsglon, b mAEe F DNA
+ Qiagen(Hilden, Germany)/\}«] Al DNA 5% 7] E(Genomic—tips)& ©]& 6}04
shal .

Ay
oy

. 5ol 97144 AR EAS 93 blastn ZEIIH o

ofo
M
>

X
Xanthomonas &  Pectobacterium %9 2z} & Tx HAHS AZ387] 93 Eo

primer set® A|ZHS 98] National Center for Biotechnology Information (NCBI)<]
GenBank(www.ncbi.nlm.nih.gov/)°o]l =% FHA AKX F blastn TEZ1AS =3 ¢t

Fd= FAsal primers A2l

2t PCR 5% Whg
PCR &% w-g2 PTC—-200TM thermocycler(MJ Research, Watertown, Mass)Z
Ag3lel AAlElon, 7b ukg-e Tris—HCl 10mM, KCl 50mM, MgCl2 1.5mM, At
0.01%, dANTP= ZZF 0.2mM, primer= ZZF 10pM, 2unit® Taq ST¥&2(Taq

polymerase,(Promega, Madison, Wis.)S $F73}= PCR €& o2 F50ule 4oz
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Fig. 4—1. Photographs showing various morphological

characteristics of Phytophthora capsici. A; Sporangia of

isolate, B; Oospore (—) and sporangia, C; One or two

Mating zone formed

D;

papilla on sporangia (—).

oospores, E; Sporangium originated from oospore.
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genomic DNA #2|W Rl wel FAx25-E DNAE #8d & @A {5219 DNA
H

FEE FAAS A 2.2-25 pgo R UERSTHTable 4-9). ¥ Aol A st 15 o
59o]4 primer? PCR 5% YIZAEE 100 fgo]B2 2 FASaLAL ks A Zo MUt
2 e AEZE stves SR Hdde] EAE Ield F dS sow wdd

.

Mycelial growth of 2. cgpsici on V8
agar media.
* |ncubation in the dark for 7 days.

* Induction of sporangia under light
condition for one day.

* Release of zoospores from sporangia
at 8°C for 1 hour.
 Mixing with water or sail.

» DNA extraction by NaOH, CTAB

Zoospores released from method.
sporangia

Fig. 4—2. Single zoospores of Phytophthora capsici.

2) &9 Gz DNA 5% A
Novozym234%} T3t A7]9] sieveE o|&38}o] 43 W¥x 22 =333 b (Fig.
F29] DNA £ W3 w7k 2 DNAS 2ed & dd Jdxa DNA
et A3t FgH oz 45-5.5 pgel FEE UeERITH(Fig. 4—4, Table 4-9).
B899k mpRMA R GER} g A Ak AlE
l

W F50149l primer® FEHTHY LFe] WAL ST 5 9

GEAE AERel FHY EgelA 537 BBl st 1 olEale 14 A

3l7] wio Aol AA ZRE WdEAe] AEARE w9 =93}

i

 FAshegy AUuAE ol §% ASutE PEel HA 2ol 1 EARE shebs
7] oS- olgth webd] A =g MATRe] EAIRE X
Aol yo] W e S owgl oy,

il
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* Induction of oospores by mating
between A1 and A2 isolates.

: : T * Incubation of oospores in the dark for
< ol 2 months.
50 60@ + Treatment of Novozym 234 after

homogenizing agar blocks containing
oospores.

» Collection of oospores through sieve
100, 50, 25 um successively.

* Mixing with water or soil.

* DNA extraction by NaOH, CTAB
method.

il (T

W o

Oospores of P. capsici

Fig. 4—3. Isolation of single oospores of Phytophthora capsicl.

Fig. 4—4. The DNA content of zoospore and oospore cell of
Phytophthora capsici. Lambda DNA marker (1): 100 pg, (2):
200 pg, (3): 400 pg, (4): 500 pg, (5): 1 ng, (6): 2 ng.
Genomic DNA of P. capsici; (7): 10® zoospore /ml, (8): 10°

oospore/ml.
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Table 4—9. DNA content (Picogram, unit) per one cell of reproductive organs

Reproductive organism DNA concentration
Zoospore 1.7 — 2.3
Oospore 4.0 — 5.0

o AEHdd 548 T50°14 DNA marker 7§
S HEA QL FEo]A probe DNA A4k
7h BAASE cloneW o= AYE Z4 dHE] 54
Probe DNAE ZAst7] H3ste] FA|d T Phytophthora capsici CY31199]
genomic DNAZE Vieira®t Messing (1982)3 Sambrook 5 (1989)¢] o] ulz}
cloninge AAEGITh AW plasmidE HindllZ A#d F A7|95S AA 5

i

insert DNAS] Z7]E& QI35 o, o5 Holgk & xXH CY3119 2 genomic
DNAZE probe® ©]E3} hybridizations 2 A3FS . HybridizationS 2 A] & 73 dl=
& Yehdl= 9ilS 233 clonesS Awste] labellingstil & 5ol 4o &
gk probe =M 9] o] &7HsA ol B-E ZAFSHGITH
Hindll= A2l¥ P capsici 95CY3119 #59] genomic DNA THES 717 9
2 FAA3L A 7% checking bufferE *2]3}o] agarose gel AolA A7) 5SS AA%H
Ay}, poksl g7)9 APduH e F3EE cloneES AUl Checking bufferd] |z &
tEF 1,20070 Al FRUYUE tis] 2043F Weoll 23 o5 25 g0d = 9%
t}(data not shown). 3k AU % genomic DNA ©@HS X LAk
Aubel 25070¢] plasmid DNAECl s HindlIE A= & #A7|dss HAAE A3
oloj® AFl® theksl A7]9] genomic DNAC] ©@H o] YElytH(Fig. 4—5).
A= cloned A9d 7 @¥He EXAS FAe7] Y8l Hindll= A2 % plasmid
DNA%E nytran membrane®] Ho]ath 1 F labelling®l 95CY3119 w59 HindlI=
2] 9 genomic DNAE probe® 3} hybridizations A3k Az} thokslk ¢ x]o A HR
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Iy

ojft
=2

go] Yettth(Fig. 4-6). o5 < A3 W=7k YEwd clone pPCY, pPC15, pPC22
3% DNA ©HES P capsici genomic DNA Aol A 39 Fx 7 EAJHE A 0|
%= repetitive copy @7IAE S Zte= dHow #usto] RFLP 48 probe® A
o] o] & 7bs AAFE ZAIEY] 918 AdstAd
T3 AE] = Probe DNAS Sold S =o]7] fa] HAXEU genomic DNA
of WkEAlY 200 copy TE e Aoz ¥ Z ribosomal DNAE probe® 3}
hybridizations AAI8t o™, o]53 Wg& sHA &+ cloness ATsigith & A+
A FHEAE prober AT Aom oA pPCYSH pPC228tE WHE8HA &%k
(data not shown). W&}A ©]& probe DNATE rDNA S7IMES 28314 &S &

AT

o

et

o
e

e

£ e
)

&

123456789 101112131415161/18

A — e e I - - a——- -

0.2 -

0.8 -

Fig. 4—5. Agarose gel electrophoresis of Hindll—digested
clones from genomic DNA of Phytophthora capsici isolate
CY3119. Lanes presented 1; pPC21, 2; pPC3, 3; pPC6, 4;
pPC9, 5; pPC10, 6; pPC15, 7; pPC17, 8; pPC19, 9; pPC20, 10;
pPC22, 11; pPC24, 12; pPC25, 13; pPC27, 14; pPC29, 15;
pPC30, 16; pPC33, 17; pPC45, 18; pPC48.
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1 2 3 45 6 7 8 910111213 14151617 1819202

o

Fig. 4—6. Hybridization of genomic clones (pPC) obtained

from AHindlI—digested genomic DNAs of Phytophthora capsici
isolate 95CY3119 with AHindll—digested genomic DNAs of P.
capsici isolate 95CY3119. DNA fragments inserted into
individual clones, which are strongly hybridized with HindIl
digests of P capsici, were selected for using probe. Lanes
presented 1; pPC52, 2; pPC49, 3; pPC48, 4; pPC45, 5; pPC33,
6; pPC30, 7; pPC29, 8; pPC27, 9; pPC25, 10; pPC24, 11; pPC22,
12; pPC21, 13; pPC20, 14; pPC19, 15; pPC15, 16; pPC10, 17;
pPC9, 18; pPC17, 19 pPC3, 20; pPC21, 21; pPC16.

W) P. capsici &5 °14 probe DNA2] A

Hybridizationo| A 95CY3119 w52 genomic DNA probeel] 2]38] %%+ wi=7} 1}
el ZF clonelld] AT H S agarose gelZH-E F3319] labelling 3t & £Eo] %
probe®E A 9] o] &7} oiE FAeI Y. AWE clones 5 pPC9L di2F 0.7kb =7]
9] DNA ©@#H o2 PC9S probe® Hindll A e¥ P parasitica, P. infestans “12]3l P,
capsici®] genomic DNA®} hybridizations AAIS * Yepd WMES vluskglct
(Fig. 4=7). P. capsicit 715991 3 @EAQ 5S4l FAY P parasiticast P.
infestans| A= 1-2709] gk wi=xt GAso] thgo] =7} el P capsici®]
T M=Fge] zolE dEbllth 3 e AdowRE " s AL

FAWTE P capsici TS thke MEdHS HAAA o] HAAL FH FAF

_l
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o2 u&kst wolrt EA%t e AS UEIY(Fig. 4-8). ¢H, #HF A2E probe
pPC22E& o]&sle] 337 xHo=w HH 94709 HFES genomic DNASH
hybridization& AAIg A3}, P capsici FE53= 30-40719 WE=E AT wbd, P,
capsici®t FH|H o2 fAlet 7|FHE §AVYSE P oinfestans, P. nicotianaes¥ =y
o\ WAS= P crytptogea, P. palmivora, P. citricola, P. megasperma, P.
boehmeriae, P. cinnamomi, P. citrophthora, P. erthroseptica, P. cambivora 5 1159
Phytophthora spp. ol Al A3 W58 YeERNA] &dth(Fig. 4-9).

Phytophthora %9 F543 A=A A BMdre]l A HE=LS 98l cloning¥
DNA probes A &Aoo 2 sdE o]z ¢t} Goodwin 5(1990a, 1990b)2 P parasitica
o] A 7IFxHddA e Wl HE UolA genomic DNAZFH Aolx cloned
DNA probeZE o]-&3lt}, T3 Goodwin 5(1990b)& probeE o] &3te] 7H9 ¥ A &EA %

o 2XE P citrophthoras A= 29, Judelson & Messenger—Routh(1996)+= P~
P

cinnamomiZ Avocado Ul ZH-E HAEWth 1 Hro| = Lee 5(1993)2 P capsici,

tlo

cinnamomi, P. megakarya, P. palmivora s°| W3l ribosomal ITS <99 ©H

probe ol-&3te] o]EE 77 FHoIFom AuAsHYth webA] HuE ppCazel EF

—_—

e 54 & o el 5 S FuA 543 Welrtk A’ Pocapsici®]
gahal A& g Bl AEAe] ¥R Wi A& HE v
&t Zgo] 7Hed Ao At
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12383456789 10111213

Fig. 4—7. Hybridization of pPCY9 to Hindll
—digested genomic DNAs of Phytophthora spp.
Isolates from left 1-3: P capsici, 4—8: P.

parasitica, 9—13: P. infetans.

123456789 10111213141516171819
[+ T

44 -

Fig. 4—8. Hybridization of pPC9 to Hindll—-digested
genomic DNAs of Phytophthora capsici from various
origins. The lanes contained DNA from  isolates as
follow: 1; 95CA8203, 2; 95CY8101, 3; 95CC7301, 4;
95CC7111, 5; 95CY6229, 6; 95CD5107, 7, 95CH5108, 8;
95CY4203, 9; 95CC4201, 10; 95CC4107, 11; 95CD3207, 12;
95CG3113, 13; 95CC3501, 14; 95CC3402, 15; 95CC3318, 16;
EGG, 17; 95CP2101, 18; 95CY2131, 19; 95CY1102.
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123456789 1011121314

Fig. 4—9. Hybridization patterns of AmndIl—digested genomic
DNAs of Phytophthora capsici from pepper and the other
Phytophthora species or isolated from the different hosts,
hybridized with species—specific probe pPC22. The lanes
contained DNA from as follow: 1-3; P capsici, 4; P
infestans, 5; P. parasitica, 6, P. cryptogea, 7; P. palmivora, 8,
P. citricola, 9, P. megasperma, 10, P boehmeriae, 11; P
cinnamomi, 12; P. citrophthora, 13, P. erthroseptica, 14, P.
cambivora.

2) P. capsici ‘53-8 E°] primer A%+
7h) F5e14 @H(PC22)9] 47I1AE A4
P. capsici®] FEo]% DNA ©@#H<l PC225 *3slal 9+ pBR322S i Z4)3k
e plasmid% F=ota 12 FE insert DNAE sequencing 3}t vector® AREH
Z} Algta s 1A o sequencing primer7} a1<tE o] Q7] wjE-o
goletA F7IAEEAS & F AT AVIAEEA LS (F)A =Yl oF o] st
om F uhSA] °F1,000~1,400bp ¥ GV LS Atz F owlo] AA whe
AABERAIL A HAlE pPC229] nPZZF AT E g W whgS 3 F aiAd 1Y
vieto 2 o] primer setE ThA] A Fslal oFE 74| sequencings dlo] FHEAH o

2,401bpe] FAARE AS & AJTH(Fig. 4—10).
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41
81
121
161
201
241
281
321
361
401
441
481
521
561
601
641
681
721
761
801
841
881
921
961
1001
1041
1081
1121
1161

AAGCTTTCTG
CCCTTTAGGA
GGTTCTGGTG
AACACAAGTG
TTCGAACTTG
CGCTAACGGC
TCTTCAGTCG
ACTTGAGCGT
ACTTCTCGTG
CTCGTCAGCG
AACGTCTTTG
CCCGTTTCAC
TTTCAGAGAT
GGTTGATTGC
CAATGCGTGA
CACGCCTCAG
ATACTAGAAT
CTTGAGCTTC
TATACATCCA
GCTCCATCGA
CCAACATCTC
CCCCTTGGCC
TGTTCTCTGG
GTCCATCTTC
CCAGTGAGAT
TCCGCAGAAC
AGCGGGTATA
AGCCCTGAAA
TCCTTCTCGG
ACACACGTCC

GCTCGGGGAC
ATTTGATGAG
CGCTTTGATC
GTCCCATAGG
CGCACGAGTC
AATGGGGCAC
TGTGAATCCT
CGGGCTCTTC
GATCTTGGAC
TCCTCGACTT
ACGTGAGGTA
ATGCACCAGC
TCAAACTCCG
AGTTAATTAT
GTCTCCAACA
GGCTATCTTC
CGTTGACCGT
AAGGACGTTT
CAACTTCCGA
AACTCAGAAC
CACGCTAATC
GGAATCAAAT
GGGTGATGCC
ATCCCGTTGG
AACATCAGCC
TCGAGGTCAA
CACAATGATC
TTTTCCAGGA
CGATGTGATA
TGTGAAACGG

GTGGTAGATC
ATCCGCTAAC
CACCTCCATC

ATCTCCGGGG
ACAGCTATTA
ACGCTGCTGC

GGGAACCATG
AGAGACATGG
ACCAGACGTA
GCCTCGATTT
ATCTGCTGCC
CGCAGAATCC
CCAAACGTCG
GCCCTGGGCC

ACCACGGGTT
AGCCCGTTCA
GACATCAGTC
CTTCCGGGAA
GGCGTGTTGA
ACATCCACTG
GGTGCCGGAG
TCTCAGAGAC
GGCTCCCAGT

ACCCTGAGGA
CCCATTTGAC
TAGCCACTTC
ACTGGGCTCG

CTCTAAGAAT
TCGTAGCTCG
ACCGGATGGA

(continue)
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TCCCACATCA
ACTGGGTCTT
GTTCCGCTGG
AGTTCCTCAT
GCACCTTGGC
AGGGCTCGGT
ATTCTTTGAG
GGCTTCATCA
AGTGAGTATA
ACCCATAACC
TGGTTGTATT
GGAATTTGTC
TTGCAAGTAC
TGTTGAATGG
CTTGGGATCC
CCAGTCCGCA
AAGGCGAAAC
GTTCCCAGAG
TATCTTTGGG
TAGTCAGCCT
GTTTAACACG
TTCATCGAGA
ATAGCGGGGA
TTTCCAAATT
GAATCTGCCA
AAGGCTGAAT
ACTGTACCAA
CGCGACAACC
GAATCATTCA
TTACTCCATC



1201
1241
1281
1321
1361
1401
1441
1481
1521
1561
1601
1641
1681
1721
1761
1801
1841
1881
1921
1961
2001
2041
2081
2121
2161
2201
2241
2281
2321
2361
2401

GTATTCCTGG
TGTGGAATAA
TGAGAAGTGG
GAAGGCTTCC

ATCTGTTTAT
CGGGTAAGTC

CCCCATGAAG

GGCAATTCTT
TCAATCCTTC

CGAAAGTTTT
ATATTCCAAT
CTTCACAGAG
GTCGTCAATG
AAGGACGGGA
GTTTGGTGAG
CTCAGAAAGC

ATCTTCAGGA
CCTCTTCAGG

TTTCGAGCGA
GATATACGGC
ATATGTACCG
TTCATCCTTC
AAGTGCTACC
CACTCAGTCC

CTAAGTTCTG
TGAGAGACCT
CGGTTCAAGG
GCCCGAAGTG

CCAAGACACC

AGCTCTGCAC

C

CCTAGGACCG

TGACAAACGG
AGTCGACACG
TTGGCACGGG
CTGTCAACTC
CTGAATGAAC
CTGTGTACGC
GGACTCCTTT
AGCACTAATC
CCAAATTCAC
ATCGCAACCT
CTGGTCCCAA

TAGGAACTTC
TAGGGATGTT
TGCAGTTGAT
GCGAGGGGAT
AATCCAATAC
TGACAGCCGT
ACGGTCGCGG

TTCGGGAGAA
GTTCTGTGGT
GCCTGTTTGT
CAAGACTGTG
AACCACCGGA

GCGGAAAGTC
CGTCCCGTTA

ATCCTAACCA
CCCAAGTGTC

CCTGAGGACG

CCGGAATCAT

CTGCAGCCCA
CCTCGCACGA
ATCTTGAGTT
TCAAGTCCCT
GTACAGCGTA
TTATTGTAGT
CCTTGAGTGT
GGCAACCTTC
TCGTGCGACA
TCTTAGGCAA
GAAAAGTAGC
GTTGGAGCAC
GACCTAACAC
TCTCTGAAAG
CCTGACCTTG
TCTCAGACCC
GTCAGAATCG
GTGAGATTGC
CTCTCTATAT
AGGGGGCTGG
GTAATATTTC
AAAGGGGTCC
CACAAGTCTG
CTTTCCCCGA
TCTCAGATTG
CACCCATGTG
AGACCCACAA
ATATGCCGTA
TTGTGTGCAT
CGTCTCAAGT

CGGGTTTGCG
TCTGGATGTC
TCAGAATCTC
CCCGGCTCGG

GCGGCGATCA
AATTCAGACT
CGACGGGAAT
GGAGTGGCCC

AGTACGGGAT
ACTCACAGAA
GCGTTCAGAT
CATGCGCGAT
CGGCCCGATA

ACAGTCATCT
AGACGTCATT
TTGAGGCGTC
ACATCTGCTT
TATTTCCGGT
GTGTGTGTGG
GACGCGGCTG

GCTTTATGGA
AACGGGTTGG
GGCATACTAG
CGACGAGTGC
AATGTATCTC
CGACGATTGA
GACCCAAGAG
CGTCGCCTAC

TGAGCATTGA
CAGGATCAAG

Fig. 4—10. Sequencing data of species—specific DNA fragment(PC22). Bold letter

indicates each primer site designed in this study.
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P PCR %2 9%t FE5°]4 primer set?] A7

Primer A7 X =713 (Gene Runner, Hastings software Inc.)& ©]&3}¢] primer
AHA] hairpin loopE A 5HA] 2o WA primerEs AlelolA dimerY} internal loop”} &4
w2 A FFTh I Z1Zbe] primerE9] annealing 2%=2 H|SE2EHA 37 Y8 GC
TS oF 50% Hg Mokl dto] ST

WA 12802 Al 49 PCR primer (A: 22R1P, B: 22R5, C: CSP1, D: CSP2, E :
22H5, Fi 22H1P)7F $5014 @ o] 7|MAA RS vfg o= AA WA o]& primer
setgs ©|&3dte] F5olH dHE FIetal Si= clone pPC22E PCR 533 A3
product sizex= Z+ZF A—F : 1434bp, B—E : 559bp, C—D : 350bp=E YE} 7|4 Ld B4
Aykel mlaste] e A7 FEAEES AT F AT T P capsici®
genomic DNA% PCR S%3 A3} pPC220o 4} H3b2 17|19 ed S35k AL
2 Hol & primerge] tHAH o A genomic DNACAE FEHH1 FZFo] 7}
ot As & o AATH(Fig. 4-11).

224 o &2 8242 AA% prime setE ©]83}o] P capsiciEs X3$FSE P cactorum,
P. sojae, Colletotrichum sp.9} Alternaria alterna. 52 55 Awsle] PCRS 3
A tH(Fig. 4—12). 1 A3} CSP23A, CSP23B9] %2 W) &3 57 primer %2 PCR

SHo| A aFgl o] ek g Ar]e] SolAQl FHAE ] YEETE wekA ol&
Az A

E
o
|

5.

o o‘)y
OFN

ol

primer2A4 3% $HZ 403G},

o
Rl

i

Fig. 4—11. PCR amplification of genomic DNA obtained from £ capsici and clone
pPC22 with each primer set. Lane 1, 3, 5: genomic DNA of Phytophthora capsici,
lane 2, 4, 6: clone pPC22 DNA. Lane 1, 2 (A): CSP23A/CSP23B, lane 3, 4 (B):
22R5/22H5 lane 5 ,6 (C): 22R1P/22H1P.
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Fig. 4—12. Selection of species—specific primer set. Group A: CSP1/CSP23B, B;
CSP2/CSP23A, C; CSP21A/CSP23B, D: CSP21A/CSP2, E: CSP22A/CSP2, F:
CSP22A/CSP23B, G: CSP23A/CSP23B, H: CSP1/CSP2A. Ecah first lane is
Phytophthora capsici genomic DNA. and follow P sojae, P, cactorum,

Colletotrichum sp. and Alternaria alternata.

g}, Ad FEo|A primerd] AW 54 2 &
1) &5°]4 primer set CSP23A/CSP23B¢] PCR % 54
7}) CSP23A/CSP23B2] P. capsici DNAO| 3t Eo]% =
Primerg9 5|4 DNA T3 EAS 287 Ad| P capsici 219 °]2} FAF
FE59 Phytophthora spp. L83l 1FE 7]F 2 st oy ZFo #HARA
o] &3tk Al&3 EE DNAE ITS 13 ITS 4 primer® %<& wg] AAske] oA
Howm FEo| ¥ HFEN AMESY] AP A5 HAsslth(Fig. 4-13).
Primer set 22R1P¢} 22H1PE o] &3t ZHr] &4
start PCRES T3 3

4—14). ol= F5
e

-z
?Jj
o

u

A

TFE59 genomic DNAE Hot
S P capsicido X o] HFolA Mi=E skolst = 919l th(Fig.
A

kel
o4 @rIMAe X o WerE s PCoze @GS0 B

TEo|Ho| A= Yo R P capsiclit HolHom FE37] AT o] g9 A
X33 primer siteE 28 " Q7 Q). I3 PCR F¢o] wA] ¢rolx non—specificst
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T% 7] w9l annealing %5 1CH o7ty AgS 3 AT o
£ lane® =9} A P capsici lane? M=% A AlgbA zkth. o] A& o] primer
site7} P capsiciol b EolA o w ALElA] o] wjFEoltt, wElA E primers P
capsicPll 514l A& 4S5 913 primer seto 2 A §5HA Ut

o]o] A primer set 22R59} 22H5Z o] &3}o] PCRE a3 Ay % nx7A = 19
laneQl P. capsici % o8] #FoA M=E geld 4= ATt webAd E primer®
Al fo] Eo]lA el primer® AFEE F A TH(Fig. 4—15).

Primer set CSP23A%} CSP23B® PCRS 33t A3} =] theksh 313 Al
ZogRE Mubsl uFEAWA P capsici®] genomic DNAOIAE 350bpe] ZZEAIES
AR

FPeou, e T sAdFEds SFAES FAdsHA L (Fig. 4-16). ©

—

o] primer set®| P. capsicidl EolH oz 283 Aijo|w], P capsici®] genomic DNA
of Eojxog ¥3H o] i JIEolgte AL weFrh. CSP23A9 CSP23BR %

H AEo] P capsici®] genomic DNAC| EU3 A EA3=AS dolr 7] €38 nylon
membrane®| transfer dtal P capsici®] genomic DNA ©¥H <l PC22E Dig—kit%
labellingdte] probeZE A %3+ 3 southern hybridizatione A AIgF A3}t P capsiciol A=k
TEHAEI AR Al METE G o= PCRE &3 <% 350bp 2719
WA o] primer setol] 2] H|EH DNA wWHolg:= AL SHWHAA T A=A P

=
capsici®l 5ol w43 HEF 9 ol & 7heAdS IAT F AT
w3 A Ao A FHEA L FHHoRE st Pocapsicr®]l genomic DNAEZ

E23le] FE0o]4 primer® A1%3F primer set CSP23A/CSP23BE 7}A]al PCRS <=3Y
St Ay} 350bpe] U3 productE AT ¢ AT wEA FAE BE P ocapsiciZt
¥ primer site®] 504 @7]4d& T 9lo] PCRE B3l IAHow SFHo| €

U= As g8 4 AT (Fig. 4—17).
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M1 2345678 910111213141516

T Tia |
S G G Y e G B e e e B W0 e el 69

Fig. 4—13. The PCR products of ITS (Internal transcribed spacer) region of
isolates with primer ITS 1 and ITS 4. (M): marker (100bp ladder), (1)
Phytophthora capsici, (2) P. parasitica, (3) P. infestans, (4) P. cactorum, (5) P.
citricola, (6) P. cinnamomi, (7) P. citrophthora, (8) P. cambivora, (9) P
palmivora, (10) Pythium sp., (11) Fusarium sp., (12) Colletotrichum sp., (13)
Alternaria solani, (14) A. alternata, (15) Penicillium sp., (16) Stemphylium

lycopersici.
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M 1 2 3 4 5 B ¥ 8 9 10 11 12 13 14 15 16

1434-

Fig. 4—14. PCR amplification of various isolates including 2. capsici using 22R1P and
22H1P as a primer set. (M): marker (100bp ladder), (1) P. capsici, (2) P. parasitica,
(3) P infestans, (4) P cactorum, (5) P citricola, (6) P cinnamomi, (7) P,
citrophthora, (8) P. cambivora, (9) P. palmivora, (10) Pythium sp., (11) Fusarium sp.,
(12) Colletotrichum sp., (13) Alternaria solani, (14) A. alternata, (15) Penicillium sp.,
(16) Stemphylium lycopersici.

M1 2 3456 7 8 910111213141516
bp

559

Fig. 4—15. PCR amplification of various isolates including 2 capsici using 22R5 and
22H5 as a primer set. (M): marker (100bp ladder), (1) P. capsici, (2) P. parasitica,
(3) P infestans, (4) P cactorum, (5) P citricola, (6) P cinnamomi, (7) P,
citrophthora, (8) P. cambivora, (9) P. palmivora, (10) Pythium sp., (11) Fusarium sp.,
(12) Colletotrichum sp., (13) Alternaria solani, (14) A. alternata, (15) Penicillium sp.,
(16) Stemphylium lycopersici.
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M12345678910111213141516

Fig. 4—16. Upper: PCR amplification of Phytophthora spp. and other fungi using
CSP23A/CSP23B as a primer set. Below: Southern hybridization by probe PC22 to
PCR product of various pathogen isolates used. (M): marker (100bp ladder), (1) 2.
capsici, (2) P. parasitica, (3) P. infestans (4) P. cactorum, (5) P. citricola, (6) P.
cinnamomi, (7) P. citrophthora, (8) P. cambivora, (9) P. palmivora, (10) Pythium
sp., (11) Fusarium sp., (12) Colletotrichum sp., (13) Alternaria solani, (14) A.
alternata, (15) Penicillium sp., (16) Stemphylium lycopersici.

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Fig. 4—17. Band pattern of electrophoresis of PCR amplification product
obtained from various isolates of P. capsici using the species—specific primer
set, CSP23A /CSP23B. (M): marker (100bp ladder), (1) 20CG0001, (2) 20CG0002,
(3) 20CC0005, (4) 20CC0007, (5) 95CG3413, (6) 95CG3418, (7) 95CG3407, (8)
95CD3208, (9) 95CP2102, (10) 95CY1102, (11) 95CD7102, (12) 95CH5100, (13)
95CS6105, (14) 95CC7203, (15) 95CY8100, (16) 95CA8310.
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}) Genomic DNA s%¥ F% 754

20CG0001 ¥F5¢] genomic DNAZE spectrophotometer(U—2001, Hitachi Co.)® &
S 5743t 10ng, 5ng, 1ng, 500pg, 100pg, 50pg, 10pg, 5pg, lpg, 500fg, 100fg, 50fg,
10fg, 5fg, 1fg?] 15¥tAIZ ZA3F & CSP23A% CSP23B primer set2 ©]-&3te] Hot

start PCR 535 AA83th. PCRoIA A7l AHE2 genomic DNA 5% e} whzlr)

$

A2 A717F 350bpH e Fx=ol wel band9 intensity’} ©#] YERS O™, 500fg7}A|
W=7 YERSoH(Fig. 4—18).
Genomic DNAE 3] 3te] ZFZ 3 PCR A& tha] PC22E probed}

o] hybridizations AAIS A% w72 XM =E band9 intensityoll ZFo]7F A%
o E3 FE7F =2 %2 band7F #A A YER oW, FXE7F Wold = band®=
ARtk 53] o] W= 50fg7hA] FHEo] 7Fsalith o]9F & A LS Hot start

PCRE Ealo] wl$ & ¥Eol DNARE Aol A5#e IANA Fo

tlo
offt
:’og
>
fz
Av)
e
rlo
off
ki
-
>
ki
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b=
il
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i\
]
w
¥o,
kW)
rlr
>
i1t

southern hybridization

e} O~
= <4 AT

Adnbr oz ezl 1719 cytoplasmol £l DNAC| 2 fwjr} 25F tf2w
Phytophthora <42 73% P. infestanss= 0.95pg, P. palmivora~= 0.15 ~ 0.17pg, P.
drechsleri= 0.45pg®]tH(Erwin and Ribeiro, 1996). 3+, E Ao A P capsici®] A}
Aol QoAM= FFAret dEA G xA RFoAA HA 2pg o] DNA s
Shats Zog XAlgE ZAo = mFol Paytophthora spp. =S FHAE 1719
cytoplasmell 0.2 ~ 0.5pg ©]’2] DNAZF Eofdthar 7FA s 4= 1S Aoju. ufeha] 7|
e FEolA primer7F WHEE 4 9l 500fg2] DNA & &% 92 Hot start PCRE
T A MRS 1Y AL s AFe HAE 7bed Fel™ Southern

okolt}, upeba] o] A& m| ATk ke

=
DNAE #H&E & & Jorz oHx% 52 o|HEoA ol o wrg 28 p
capsici} = E0] 7Vsd Ao R aEn)
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M1 2345 6 78 9101112131415

bp

350-

Fig. 4—18. Sensitivity of the primer set, CSP23A/CSP23B, on Phytophthora capsici.
Upper: PCR amplification, Below: Southern hybridization. (M) marker (100bp ladder),
(1) 10ng, (2) 5ng, (3) 1ng, (4) 500pg, (5) 100pg, (6) 50pg, (7) 10pg, (8) 5Spg, (9) lpg,
(10) 500fg, (11) 100fg, (12) 50fg, (13) 10fg, (14) 5fg, (15) 1fg.

A}Z DNA 3t o 2 XE] P capsicid] Eo]lF A=

r Sl
A HA Hafoll A AEE primer set CSP 23A9F CSP 23BE o] &3] P capsici
q

o T 4 B AZ:e AT F A=A AFE ISk Phytophthora spp. e ¥
A o2 wi-g FAR B ookdet Poocapsici WelM = A 5] w9 vhgstal &
Ao 2r Wol7t W] wied FEAQl SRR FRE 7 wg AEAA A
A& a7t EE 1 AIgke] Y Fo] Aot webA e primer sets ©]-&31
W2 AZE QFe] s aF S 4 2 HAEE 7 de e AEHseY
HHAl SHolA g Fastthal shalnt. ol& 98] i AW FEH o ® FAbe
o] Phytophthora EFAAN & I group®l &8l Q= P parasitica, P. palmivora,

P. boehmeriae, P. citrophthora®} S-@lute} ¥xk olye}l MAIH o2 vt ﬂéﬂ—% T
3 QE AW PooinfestansE P capsici®] DNASF & w]j&=2 &3sl & CSP
23A¢} CSP 23B primer set2 7}A|al PCR %<& AASAT. =1 A3 P capsici/7t &
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o9+ laned| A RE E5 350bpe] PCR Ab&Eo] AAH = AE S &+ glglon =9
RA e lanedl A= e M=E PAeHA L hth(Fig. 4-19).

uhebA] P ocapsicidl DNAWEH =3t EA8tAY T8 #5929 DNAS £33
A= P capsiciel DNAZF vlggt b I primerE 7FAal PCRS 43 &0 24
Aetsta weA AE 9 F40] Zhsetivh. ARl Pocapsics BEISHASQ SR
AT feiM e B2 ARte] astARE oA B =itell A g

FATE FEAS 43 W2A T 5 AL Aol

M1 23456789 10N

Fig. 4—19. PCR amplification of Z2. capsici and other Phtophthora spp. DNA
mixtures using CSP23A/CSP23B as the species specific primer set. Upper: hot start
PCR amplification, Below: Southern analysis of these products with probe PC22. (M)
marker (100bp ladder), (1) P. capsici, (2) P. capsici + P. parasitica, (3) P. parasitica,
(4) P. capsici + P. infestans, (5) P. infestans, (6) P. capsici + P. boehmeriae, (7) P.
boehmeriae, (8) P. capsici + P. palmivora, (9) P. palmivora, (10) P. capsici + P.
citrophthora, (11) P. citrophthora.
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2}) P. capsici®t 115 DNA E3tdloAe] s HE
aFAyo]l AR x4 W= AFEEE P ocapsicil HE Thede dotr7]
a9 DNAE P capsici®]l DNAC] el o4 <l =& 3 & PCR %5

Tty P ocapsic/t AEE v vEE AT

mt\,

P. capsici®l DNAE 0.lngo 2 AL 3 (Capsicum annuum)®] genomic
DNA9] Fsxele] &3H|= 1:0, 1:1, 1:10, 1:100, 1:1000, 1:10000, 0:12 =37} PCRE
ANE AT} Pocapsici®t 115 DNAC H[&o] 1 : 10,0000 % HAFS #AES & 2

21 oH(Fig. 4—20).

A ol oA DNAES EE3tH 7|25 DNA £ P capsici®] genomic DNA
7F Ao AT 71521529 DNAo v|s] Wde] DNA+= 53] A7) wiol AFo] 4
=] ot}

AW AR vpe} o] P ocapsici®t 7152 E DNAC H[E9o] 1 : 100000 4=

A#e A 42T 5 AV W] A LA Aol vz EAlstelw o
Wie dudon A%Y 5 AL Aow AL

M 1 2 3 4 5 6 F M1 2 3 4 5 6 7
-
s8sa

Fig. 4—20. PCR amplification of 2. capsici and pepper plant DNA mixtures using
the species specific primer set, PC22E3 and PC22HS3. A. Hot start PCR

350-

amplification, B. Southern analysis of these PCR products with probe PC22. (M)
marker (100bp ladder), (1) Pathogen—host DNA ratio 1:0, (2) ratio 1:1, (3) ratio 1:10,
(4) ratio 1:100, (5) ratio 1:1000, (6) ratio 1:10000, (7) ratio 0:1.
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vh) 31 AR\ P ocapsici®] A&, AssE A&
DFAHA (P capsic)) S A AAF R 1137} AujEE Aol orjEA] A
H g vE Fe Hddolth a2 AujelAe AT BAEY, =4 AujedM =
7~84 HwpHo| 53] wAo] Aty AA EF Foll Hdto

o= el & vEhdA @vst A9Al A EAe] Fol A7) A

zgo] e #gdHo] Ay FAES B AlElrl Zeol k. webd x7)d WS
Reate] A Alo] WAst= Aol o} F a5t

AP AA A 13 &g g ThsAdS Ay 9l EGel
A ag atel ofebAl A et AMFE AFste] AAFo] dFE FE DNA
5 TEekA @i HAY NaOH F=HO = P capsici 5°1% primerg AR&3te] PCR
&= AT PCRE AR Av} ool vt J a7 350bpe] 5% b= &

15k
o1sk 4= A (Fig. 4—21).
Wl AAF=29 DNAE PCR F%35l9] southern hybridizationS 2 A] gk
A o|WFAA T Aol WEg FAste] & dvbel A LS primer seto] A

AR o|iEE ] AFFoRA FF wFue zdvel F83
M1 23 4567 MI 23456 7

350-

Fig. 4—21. PCR detection of 2. capsici in naturally infected pepper collected from the
field. Left: Hot start PCR amplification, right: Southern hybridizition. (M) marker (100bp
ladder), (1)—(4) infected pepper, (5) and (6) healthy pepper, (7) pure P. capsici DNA.
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2) FE0°]4 primer CSP23A/CSP23B2] P. Capsicz'oﬂ gt PCR 5% &4

7}) CSP23A/CSP23B9] P. capsiciol sk Eo]4 PCR F*
ol FEo]A primer® o|AE o] AutE primer set 57 X3 4xFol| tish
PCR &= EAXS AA8] A XA} Phytophthora spp. 91+ ©]9e] o 21&8HYX

7 Pythium sp., Fusarium sp., Colletotrichum sp., Alternaria solani, A. alternata,

Penicillium sp. 55 F7}3e] PCRE G383t o]E%5 CSP23A/CSP23B %2 Al

Qe UYm A ZIELS P capsici®] genomic DNA o] tlE FEALES FHAA AT
(Fig. 4—22, Fig. 4—23, Fig. 4—24, Fig. 4—25). A AL ZZNES JA 1 LSS o

ATt wheba] CSP23A/CSP23B primer sets E50] 4?1 primer® AWsle] 35 1
ol &8stz AN 548 ZARIGITE Aa Aol A FHE o fH A
&St P ocapsici #FES] genomic DNAE EEgh ZEo|A primer® A
CSP23A%}t CSP23BE o] &3] PCRS S3dsk A3 & #FEZ5F 1,000 bpe] 5%
A= 7 AT wEbA AN BE PocapsicZt /W primer®] 5o]% ¢17]A4]
E3Fetar 9lo] Al PCR F%o] o]Fofxitt= A& ald + AAH(Fig.
4-26).
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M 1 2 3 45 6 7 8 9101112131415161718192021222324

bp

700

Fig. 4—22. Specificity of A: CSP23A/CSP23B against Phytophthora capsici (1 to
10), P. parasitica (11), P. infestans (12), P. cactorum (13), P. citricola (14), P.
cinnamomi (15), P. citrophthora (16), P. cambivora (17), P. palmivora (18), Pythium

sp. (19), Fusarium sp. (20), Colletotricum sp. (21), Alternaria solani (22), A
alternata (23), Penicillum sp. (24). M: 100 bp ladder.
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M 1 2 3 45 6 7 8 9101112131415161718192021222324

Fig. 4—23. Specificity of CSP23A/CSP23B against P~. capsici (1 to 10), P.
parasitica (11), P. infestans (12), P. cactorum (13), P. citricola (14), P.
cinnamomi (15), P. citrophthora (16), P. cambivora (17), P. palmivora (18),

Pythium sp. (19), Fusarium sp. (20), Colletotrichum sp. (21), Alternaria solani
(22), A. alternata (23), Penicillium sp. (24). M: 100 bp ladder.

M1 23456 7 8 9101112131415161718192021222324

Fig. 4—24. Specificity of CSP23A/CSP23B against P capsici (1 to 10), P.
parasitica (11), P infestans (12), P. cactorum (13), P. citricola (14), P.
cinnamomi (15), P. citrophthora (16), P. cambivora (17), P. palmivora (18),

Pythium sp. (19), Fusarium sp. (20), Colletotrichum sp. (21), Alternaria solan/
(22), A. alternata (23), Penicillium sp. (24). M: 100 bp ladder.
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M1 23456789101112131415161718192021222324

Fig. 4—25. Specificity of CSP23A/CSP23B against Phytophthora capsici (1 to
10), P. parasitica (11), P. infestans (12), P. cactorum (13), P. citricola (14), P.
cinnamomi (15), P. citrophthora (16), P. cambivora (17), P. palmivora (18),

Pythium sp. (19), Fusarium sp. (20), Colletotrichum sp. (21), Alternaria solani
(22), A. alternata (23), Penicillium sp. (24). M: 100 bp ladder.

M 1 2 3 4 5 6 7 8 9 10

Fig. 4—26. Band pattern of electrophoresis of PCR amplification product
obtained from various isolates of P. capsici using the species—specific primer
set, CSP23A/CSP23B. (M): marker (100 bp ladder), (1) 20CG0001, (2) 20CG0002,
(3) 20CC0005, (4) 20CC0007, (5) 95CG3413, (6) 95CG3418, (7) 95CG3407, (8)
95CD3208, (9) 95CP2102, (10) 95CY1102.
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1}) ZE0]3 primere PCR WHE Wi7t:

20CG0002 2] genomic DNA 10 ng, 2 ng, 1 ng, 100 pg, 10 pg, 1 pg, 100 fg,
10 fg, 1 fg, 0.1 fgo] 109AZ =43 F CSP23A%} CSP23B primer sets ©] 83}
PCR %< AAle3th PCR Whgom dojxl FEAELS genomic DNA F%A ¢ v}
?}}7}21* 37]17F 1,000 bpl o, template DNAQ] X0 ulg} FEAE o] YE}E Wl
zo] A mrE g et om, 100 fg7hA ME=rF ek th(Fig. 4—27). o]= dRbA o
= o] AFRH = ITS 992 F 5ol4 primerg°] 1 pg W99 whs WS B

ofFE Aol Hlg] wj$- W7 S YEhE Aow FF 15 gugo] do] uj

Fig. 4—27. PCR sensitivity of CSP23A/CSP23B, for P. capsici
genomic DNA diluted serially. (M): Marker (100 bp ladder), (1):
2ng, (2): 1 ng, (3): 500 pg, (4): 100 pg, (5): 50 pg, (6): 1 pg, (7):500
fg, (8): 100 fg, (9); 50 fg, (10): 10 fg., 11): 1 fg.
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t}) kMool P capsici TAE
HZ AT vdeke2 sTtllA e dels ol st A=S Auistar 3l
FFAs ol &3 A=A gHEAER TS FAAEH AT oS
2 OGAE o] Y1 2 vlel =F w9 A depdr e 5
o] 4 primerE ©o]-&3F FHeA o Al&sta Fg W HES W

Feljell 1% AW FFAE 22 107/mFE 10/m74A HEG Fol DNAE 2313
on olojx F 5olZ primerE ©]€3] PCRS Fas Ay FF2 &g AHgs=rt F
A 10%/mel Al F7hx Hede] AEo] e Ak (Fig. 4-28). hi-&9] YA EL §54

o] 7k AA 10Y/nl FEAREE FHHor it meld Iy HA t
EFFE7F 107/m¢l B Aol /e FE5o14 primers W M F71491 A

=
drhd mvbgelw N&F W YA WAL FHSE BE 2ge F 5 AS Aok

Fig. 4—28. Detection sensitivity of CSP23A/CSP23B against diluted zoospore
of Phytophthora capsici mixed with nutrient solution. (M): marker (100 bp
ladder), (1): Positive control, (2): 10* zoospore/ml, (3): 10% zoospore/ml, (4):

10% zoospore/ml, (5): 10" zoospore/ml, (6): 10° zoospore/ml.
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M1 2 3 456 7 8 910

1L

Fig. 4—29. Sensitivity of CSP23A/CSP23B against zoospores of Phytophthora
capsici mixed with sand. (M): marker (100 bp ladder), (1): 2 ng of P. capsici
genomic DNA, (2): 10° zoospore/ml, (3): 10" zoospore/ml, (4): 10° zoospore/ml,
(5): 10% zoospore/ml, (6): 10 zoospore/ml, (7): 10° zoospore/ml, (8): 10° zoospore/
ml, (9), (10) 0 zoospore/ml.

M 1 2 3 4 5 6 7 8 9101112 M

Fig. 4—30. Sensitivity of CSP23A/CSP23B against zoospore of Phytophthora capsici
mixed with mountain soil. (M): marker (100 bp ladder), (1), (2): 10" zoospore/ml, (3),
(4): 10" zoospore/lml, (5), (6): 10* zoospore/ml, (7), (8): 10® zoospore/ml, (9), (10): 10*
zoospore/ml, (11), (12): 10° zoospore/ml.

- 296 —



M 1 2 3 4 5 6 7 8 910 11 12 M

1 kb -

Fig. 4—31. Sensitivity of CSP23A/CSP23B against zoospore of Phytophthora
capsici mixed with  soil. (M): marker (100 bp ladder), (1), (2): 10°
zoospore/ml, (3), (4): 10' zoospore/lml, (5), (6): 10* zoospore/ml, (7), (8):
10% zoospore/ml, (9), (10): 10* zoospore/ml, (11), (12): 10° zoospore/ml.

1 2 3 4 5 6 7 8 9 10 M

Fig. 4—32. Sensitivity of CSP23A and CSP23B against oospores of
Phytophthora capsici mixed with sand. (M): marker (100 bp ladder), (1), (2),
(3): 10%o0spore/ml, (4), (5), (6): 10'0ospore/ml, (7): 10* oospore/ml, (8): 10°

oospore/ml, (9) : 10" oospore/ml, (10): positive control.
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3) P. infestans®} P. nicotianae £E5°]4 primere A 2 &

G A e A A 7E v F AOR = P oinfestans(Judelson and
Tooley 2000) P. nicotianae(Kong et al, 2003)59l tjsfA ojn] &2 FEo|4 primer
PINF/ITS5¢ PN1/PN2& ©ol&3ste] A Welseol tieh PCR AE= Al=skalh. <&
AA HAE= A% sp7dlel A o] 59 PCR WS AR A3} P infestans
o] 7%+ 200fg® PCR WH%EE KO, P nicotianae®l 745 2pgl & LERRT
(Fig. 4=33). olAA FAUell P infestans, P. nicotianae “L2|3l P. capsici®] EAE
=gk & 2429 primers ©]&@ PCR HAEo AANTHZEAH} 779 F50]4 primers
& P infestans®} P. nicotianacs 50|40 2 HEd|WH(Fig. 4—34, 4—35).

upebx vhke 2= GeAuiAl Z1FH7F Wi W Phytophthora & A=
S dgor 2 AP AHEE F 5el49 primers S WA Adel F&ITHY

0§88 Aoz s

M12345678910 M1 2345678

Fig. 4—33. PCR sensitivity of each specific primer for genomic DNA
of Phytophthora parasitica (left) and P. infestans (right).
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M123456M123456M123456

Fig. 4—34. Specificity of primers (Left; CSP23A and CSP23B (2. capsich),
Middle; ITS5 and PINF (P. parasitica), Right; PN1 and PN2 (P. infestans))
against Phytophthora spp. mixed with nutrient solution. Left; (M): marker (100
bp ladder), (1), (2): P. capsici, (3), (4): P.infestans, (5), (6): P. parasitica,
Middle; (M): marker, (1), (2): P. infestans, (3), (4): P. capsici, (5), (6): P.
parasitica, Right; (M): marker, (1), (2): P. parasitica, (3), (4): P. capsici, (5),

(6): P infestans.
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693 bp -

C: P. capsici, 1pg;

1-4: Alternaria spp.(A020),1ng;
5: Collectotrichum sp., 1ng each;
6:Penicillium sp., 1ng;

71 Pythium sp., 1ng;

8: 14 species of Phytophthora DNA mixture,
1ng each

40 cycles

94eC 94C
Tommim ZUSECT 72C F2C

Elin e palliiiig

57C

Fig. 4—35. Specificity of primers(CSP23A/CSP23B) and PCR condition.
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23 3o columns AXE Aol 7 a4l oz YELSTH(Fig. 4—-36).

B AR A AAE AW kits B3 A o] AU e Eokal e
[©) 2

o] HL-o] 7teeS AU (Fig. 4—37, 4—38, 4—39).
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;i

949C

94°C

10miny

20se

23A-23B

40 cycles

56°C

20sec

FaoC
30 sec

F2oC

10min.

Soil DNA preparation

| 100 ulSoution A |

Mix

72+C / 20 min.

400 ul Solution A
100 ul Solution B

Mix

72°C / 30 min.

| 500 ul Chioroform |

Extraction

#2, #4

‘ 500 ul isopropanol ‘

#1, #3 /

&

‘ Column Purify ‘ Hea
#1, #3, #2, #4

#1, #2 #3, #4
Solution A CTAB 6M Gu.HCI
Solution B 10% SDS 10% Tween20

+Gu.HCl - Guanidine hydrochloride

Fig. 4—36. Isolation step of DNA extraction and PCR condition.

Kit9 L&
o 24 22
Glass bead 5g 1 tube
0= 25 1 pack
Solution A 15 ml 1 botlle
Solution B 7l 1 bottle
Solution G 7ml 1 bottle
Buffer W 5l 1 bottle
Spin-column 2o columns 1 pack
Collection tube 25 tubeg 1 pack
2% Tag pramix 400ul 1 tube
100 bp DNA ladder 50 ul 1 tube
1
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Manual

=2 25 samples
Fig. 4—37. A structure of prototype diagnosis Kkit.




root, stem and leaf)

Fungal DMNA Isolation kit{ from soil,

Kit?] 2-H
Heg 2= ==
Glass bead 50 1 tube
Ot sHE 25 1 pack
Solution & 15 ml T bottle
Solution B 7 ml T bottle
Solution C 7 ml T bottle
Buffer W & ml T bottle
Spin—column 25 colurmns 1 pack
Collaction tubs 25 tubes 1 pack
2¥ Tag premix 400 ul 1 tube
100 bp DMA ladder 50 ul 1 tube

M anual 1
2 Balfer Wi AFESOf 76miS Ehancl{(CS% 0SS A N ol clif <
TR EHIARE
AAw

M icrocentrifuge, Wortex miser, Waterbath, Thermal grclar

Ao

w PEmEar Ethanollf95‘360|“fl Chlorcf am
Phenol/Chiarofomn & & 2, Iscpropanc, TElfDH a.0

Aet
wZE ol EEE 1.5 ml microtube

A=2] FHI

o 1.5m
Oiﬁ’-"r'm ;EHEEJ

LI UHH (D MA Isolation)

1. Al 23 S0 2= 1.5m micotubel| ~0.102 Glass bead & = 0.

2. Bolution AR 200ul B2 =, STE ol ML Vortes mixerE &
ol =t

3. B C-75°C2 Waterbatholl 4 304 2H 2HS Al ZICH

4. O EE ol Ectel e~3&82 & Otdlistol =0t Ofsi ol 2= ¥
22 wTmE ol 2 Ao F2 4 Obaistch

5. Solution AR 200ul, Sdulion BE 200ul 33} F vortex mixerm 0| 2
gl z~3ETH & Hol=EC0h.

6. G5 C—-7 5202 Waterbabhll 4 308 24 2t S A ZICH

7. Chiorcform E = Pheno¥ChlonformZ £ 2 S 500w 3 3} 2 F vortss
mierm O/ E5lH 2~382 & HolF0, Micocentrifuge® 0l 5t &
204 5E AL BEECH

4. PipetE 0l E51H 4 ZWE 5000 HSHH MEE 1.5ml micratub e
wH ¥

9. opropanol S00dE 3 215t Vortex miser2 1ET HolE F, Y
i BEZH HEICH Microcentrifugs 2 4204 5ET AL EE|E
HEWE HIA O Ohal 10E=T 2 EEE F pipetE 0l E06H0 =0
2= EYE HIA SO

10. PelletE WS 200u® 225101 S0t ol 2 0l Solution CE
200 ol 22 s F & 4 of =Ch

11. Colection fubed| Spin—colurm= 7 £ 1 Spin—column| T 2|
pollelf Solrtin C = &S wr}

12. Microcentrifuge® 1822 2 & 2 ¥ Collection ubeliz| Z2HS H
At CtA Spin-columnE 7] F 3, Spin—columnd| 500ul:| Buiferw
= <018 2y e s

13, Spin—columnE MZE 1.5ml microtubed| 712 = 200y AEE
Folt THpHA0IEYS @0 42 T 65aCH A 182 2y sict

14, TEZH 2 HEE F, 1.5 ml micolubed|| 2ol 2 D EYHE HEE
2—ECE

SUMN GENETICY

Fig. 4—38. An operating manual of prototype diagnosis Kit.

C2 S1 52 S3 RI

R2 R3 n.c.

40 cycles
94°C | 949C
10minj Z0se 7a:C 7a:C
579 30 se 10min.
20sef.

Spore + soil,

0.25g soil, 0.25g

n.c.: nagative control
C1, C2: control soil mix with spore.
$1,52,53: soil samples from 3 diseased areas.

R1,R2,R3: root samples from 3 diseased plants.

Infested Diseased

root, O.1g

B B

Fungal DNA Isolation kit

- B =

200 ul H20 each

In 20 ul PCR reactions,

1ul DNA solution is used.

Fig. 4—-39. Test of prototype diagnosis kit in infested field.
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3L, beak7b A& A AH o] FolAW AVle EAS} vlzEAY Ak 23k EAA
A HiE &3 1 MERZ Hof glen H7]= 3~5 X 3~5 mo] Ak 7FS 30 X 2~4 um
7HAL Alg it Al A = G54 e XI5 gl IS P &
TAMER FURGS st vk 7L wigside A4

t}.(Fig. 4—42)
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x17g 60~65 mm XJI: /\g P‘LL

2}). Alternaria panax Whetzel
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Fig. 4—40. Alternaria  gaisen:

conidia and conidiophores from host
(A) and culture (B). Sporulation
habit: conidia (opaque) and
conidiophores (clear). Bar=50sm.
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Fig. 4—42. Alternaria mali: conidia
and conidiophores from host (A) and
culture (B). Sporulation habit: conidia
(opaque) and conidiophores (clear).
Bar=50um.
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Fig. 4-41.

Alternarra
conidia and conidiophores from host

longipes:

(A) and culture (B). Sporulation
habit: conidia (opaque) and
conidiophores (clear). Bar=50um.

Fig. 4—43. Alternaria panax. conidia
and conidiophores from host (Panax
ginseng). Sporulation habit: conidia
(opaque) and conidiophores (clear).
Bar=50um.
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of Capsicum annuum (A) and seed

50m.

vulgare
Sporulation

Alternaria

Hordeum

4—45,
hexastichon(B).
conidiophores(clear). Bar

conidia(opaque)

of

Fig.

— 308 —

alternata:
from
Sporulation
and

50 m,

conidiophores

Allium monanthum(A) and seed of

Alternarra
Capsicum annuum (B).

conidia(opaque)

4—44,
and
conidiophores(clear). Bar

Fig.
conidia
habit:



2) gy 573

Table 4—10. Cultural characteristics of Alternaria spp. on PDA media for 7 days at 25C

. conidiophor No. of Bo@y Body Pseudorostrate
species Substrate e septa® width length () length (um)
length (gm) P (gm) sth L g K
Alternaria
alternata nature >80 3~5 8~16 15~35
culture 8~14 13~35(~43) 2~4
gaisen host >150 3~7 10~15 20~55
culture 10~18 20~50 3~6
longipes host >100 2~7 8~17 15~55
culture 8~20 20~80
mali host 20~90 3~8 5~12 18~55 3~5
culture 8~20 15~65
tenuissima host 20~110 4~10 10~18 25~58 3~10
culture 8~16 22~55

*Number of transverst septa. lSimmons, E. G. 1999. *Simmons, E. G. 1994.

3) WUA 724
AERF S 229 1T UE BA S FAHY L

4) Alternaria®l & 5ol% W= HAS 9% URP-PCR

Hlulo] A8 1229 URP primers A28 IAS A= Alternaria a5 3l
W % bandE Ao, URP—073 URP—12 primers= % wt=7ol A w9~ w]okgt
F2Z2u+-3S YeliAY.  Alternaria 7= 10%F9] URP primer & ZZ3 band9 F
Z}olE B¢ =), URP—06 primerol Al 56702 74 29ki URP—0904 23712 714 A
ot E-E9 primero A= 30~407) AEQ band’} X HUE. FZAAHE Tl 7
SolAog EAstE 2 7He] bandEo]l WEEO o]E5E agarose gelZHH 3]gat]
pGEM T—Vector (Promega)l cloningS 43 o 2 vh(Fig. 4—46).
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Fig. 4—46. PCR fingerprinting patterns of small—spored Alternaria species amplified
by primers URP—01 (A), URP—-02 (B), URP—-04 (C), URP—05 (D), URP—06 (E), and
URP—11 (F): lanes 1~13, A. gaisen; 14~25, A. mali; 26~32, A. longipes. Molecular
weight marker are 1 kb DNA ladder.

Y. Alternaria panax®| &5 °]%d

SRILS UniPrimerTM Kit 12%2] primer % URP—05 primer® URP—PCRS A A%+
A T2 ZoE= FEHXR Y A panax dTENA W FEFE= oigF 1260 bpe W
=5 d3Y (Fig. 4-47). ol5 W=e] A7 4= A3t (Fig. 4-48).
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Fig. 4—47. PCR fingerprinting pattern generated from total genomic DNA of Alternaria
spp. with URP-5. Ap : A. panax isolates CNU—APG5, CNU—-APGY9, CNU-3405,
CNU-3161, CNU—-3231, CNU—-3356, CNU—-3253, CNU—3382, CNU—-3010; Aa : A. alternata
isolates CNU—-SS703, IMI—89343, CNU—NI701; At : A. tenuissima isolates IMI—79630,
IBT—8398, CNU—AO005; Rs : Rhizoctonia solani, B¢ . Botrytis cinerea, Pc . Phytopthora
capsict, P Pythium sp., G : Ginseng DNA, Cg : Colletotrichum gloeosporioide; M:

1—kb DNA ladder; The arrows point to unique fragments present only in A. panax.
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57 —>37
1 CTCGCATGCTCCCGGCCGCCATGGCGGCCGCGGGAATTCGATTGGCAAGCTGGTGGGAGG
61 TACGAGC4CCACTACTCCAACAACCAGTAkGGTATCAAGGCGCTGATGTTCAGCGACGAC
121 GCAGATACGACGGCATACJIAGGCGTCCAATCCGCCCTAGAAGTCCTCCGCACCCTTCACG
181 AAAACAACATCCAAACCTACTGTCCGCTTGCGCTGATAAACTGGACAAACGAAGAGGGCG
241 CGCGTTTCCCCGGCGC TGATGGCGTCTGGTGTGTGGAGCACAdATAGCAGCACAGGTC
301 CATGCCATTC CTCCGTGACACCGACGGTATGTCCATGGAATCAGCTTTACAGG
361 AAACGGGATACCTAGETCCATCGCCCTGCGATTACCGGGAGAACAGTCTATCAGCGCATT
421 TTGAACTCCACATCHAGCAAGGCCCTATTCTAGAAAAGGAAGGAAAGAGTGTGGGTATCG
481 TGACGAGCGTACAG[GCATGAAATGGTATGCCATCCGCGTTACAGGACGAGAAGGACATT
541 CTGGTACGACGCCYATGGTCGGTCGAGCAGATGCGCTAGTCACAGCTI Pgnax F / Panax R
601 CTGCTGTGCGCGATACGGCGCTTCATAGTGGCCTGGGCGTTGCTAC GGGTGTTATCA
661 GCAGTGATACGAGTTCCCAAGCTACTATACCCGCTGGTGTAGC TGTCGTGGATGTCA
721 GATGCGAGACCEACGACCTCGTITACTCAGCTTTCGGAAAAGACACTACACGCGTTTGACC
781 AGATTATCAGUGAGGAAGACAATGGGACGACGTATCGCGTGGAGCGCACGTGGGGCTTAC
841 CAGAGTCAAALTTTCATCCTGATTGTATTGGCGCTGTGAGGAAGGCAGCAGTGGGACTGG
901 TGCCCTGAAGAGCAAGTCATGGACATGAAGAGTAGAGCGGGACACGACAGTGCGTGGACGA
CGACGAGTATGATCTTCGTACCTAGTAGAGGGGGAATAAGCCATAATC
1021 CGGAGGAATATACGA CAGAGCATTGTGCACTCGGGGCGCAGGTTTTACTCGATACGG
1081 TACTAGAGTATGATGAGAGA GGAGCGGAGAGATTGGAGCCTAGGGTCCTGCATATG
1141 ACAAGGATATCGAGCGAGTTTATTTC dCAACATGAAGACTCGATGAAtAACTATTTAC
1201 AAAGAAGTACCTCCCACCAGCTTGCCAATCACTAGTGAATTCGCGGCCGCCTGCAGGTCG
1261 ACCATATGGGAGAGCTCCCAACGCGTTGGATGCAT

Fig. 4—48. The nucleotide sequence of A. panax—specific URP marker identified in

this study. Bold letter indicates each primer site designed in this study.

1) 3405F/3405R primer®] 5oy} wite

o5 A7IMEE 71Z& 3405F/3405R primerE A1 23t th(Table. 4-11). °]& 5o]
A primers ol&ste] ol B WIS AT ol Ao wNE g 1171
o] A. panax wToNA ¢F 1.2kb ME7}L SEHEHAY. A, panax®t FE|H o2 FAS A.
alternata, A. tenuissima, 2 7€} 2AEWLHHd Rhizoctonia solani, Botrytis cinerea,
Phytophthora cactorum, Pythium sp. R Colletotrichum gloeosporioide 2 <S1AF 2l of A
= 554 A} (Fig. 4—49). 174 A F o4 := genomic DNA %7} 200 pgoll A7}

A 1.2kbe] W& T2 ES AS 5 AT (Fig. 4-50)
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Table 4—11. Sequence of specific primer for detecting 4. panax

Target Specific

Applicon
Sequence (5'—3") Length Tm %GC
species  primer size (bp)
3405F CCACTACTCCAACAACCAGT 20 55.05 50.00
A. panax 1200

3405R  TTCATCGAGTCTTCATGTTG 20 54.61 40.00

Ap Rs Bc Pc P G Cg

- == -
=r

Fig. 4—49. PCR amplification of A. panax and other fungi using A. panax—specific
primer (3405F/3405R). Ap : A. panax isolates CNU—-APG4, CNU—-APGS5,
CNU—-APGY9, CNU—-3405, CNU—-3253, CNU—-3578, CNU—-3356, CNU—-3012, CNU—-3161,
CNU—-3213, CNU—-3231; Aa : A. alternata isolates CNU-SS703, IMI089343,
CNU—-NI701; At : A. tenuissimaisolates IMI—=79630, IBT—8398, CNU—A005; Rs : R.

solans, Bc @ B. cinerea, Pc : P. cactorum, P . Pythium sp. G : Ginseng DNA, Cg
. C. gloeosporioide; M: 1—kb DNA ladder.

t 20mg 10ng 5ng 2.5ng 1lng 500pg 200pg 100pg

 —
=

Fig. 4—50. Sensitivity of PCR amplification using A. panax—specific primer
(3405F/3405R). PCR amplification of serial amounts of genomic DNA (100pg to
20ng) from A. panax isolate 3405; M: 1—kb DNA ladder.
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EWHE o]&3 DNAC PCR

__'i__
N&3 79 DNAS 7] 93k dxl= PCR detections £3 7}s3ith. PCR %

Al
S-S B3 A& A3 DNA=  olg sk WS o]&3tH a5 <tol A8 4 Ut o]
W o 7 2% genomic DNAS AFE3EY] A, panax primer$! 3405F/3405R primer®

5l A
g 1200—bpe) DNA fragment?d F5Z& 4H¥3HA F =38 th.(Fig. 4—-51) o]& s A}
= 5mg~2.5mg o A. panax A ZHE FZF¥ DNA templated AF&3I3Su] A

panax®| WE HES 7St (Fig. 4-52).

Fig. 4—51. PCR amplification of A. panax DNA extracted the rapid DNA extraction
procedure using A. panax—specific primer (3405F/3405R). Lane 1: DNA extracted by
CTAB procedure (pure A. panax DNA). Lanes 2 to 6: DNA extracted by the rapid
extraction procedure; M: 1—kb DNA ladder.

M 20ng 50ng 100ng 200ng 1
— — -

50mg 25mg 10mg 50mg 25mg 10mg

h‘—-_ — ——

Fig. 4—52. PCR amplification of DNA from A. panax using the rapid DNA
extraction procedure. Lane 1: DNA extracted by CTAB procedure (CNU—-3405); Lanes
2 to 7: DNA extracted by the rapid extraction procedure(CNU—AP0405,
CNU—-AP0407); M: 1—kb DNA ladder.
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W) Al panax®t 2 Fole] DNA 8ol Sol4 b A

HEAHE A panax Y} TFE fungus =& QA4 oA e 59 EFC DNAE &
$+3lo] PCR template® AF&3F PCR whgo 2 $38189 0t 22 A, panax ¢ Eo]Z ¢l
m=wto] A ZE 3405F/3405R primer’d= AF£3F DNA mixturedl A AEF A}, (Fig.
—53.)

i~

Fig. 4—53. PCR amplified products using A. panax—specific primers (3405F/3405R).
Lane 1: A. panax (CNU—=3356), 2: A. panax (CNU—-3356)+A. alternata (CNU—-SS703), 3:
A. panax (CNU—=3356)+ A. tenuissima (CNU—A005), 4: A. panax (CNU—=3356)+R. solani,
5: A. panax (CNU—-3356)+5. cinerea, 6: A. panax (CNU—3356)+P. cactorum, 7: A.
panax (CNU—3356) + Pythium sp., 8: A. panax (CNU—-3356)+Ginseng leaf DNA, 9: A.
panax (CNU-3356)+C. gloeosporioides, 10: A. panax + B. cinerea + C.
gloeosporioides, M: 1—kb DNA ladder.

2) PanaxF/PanaxR primer® Eo|A 3 FI7 %=

o]E A7 4dE 7|22 PanaxF/PanaxR primerE A|2}8}3th(Table. 4—12). ol &
o4 primerg ©o]&3te] HolAd B RIAHS AT oY sFolA FEe A
panax 1475 EFo A 470bpe] M=} SZH AT .(Fig. 4—54) Alternaria panax 7}

U AEANAT 470bpe] PCR AMEo] &% = S &Q0d = A 2 99 A
alternata, A. tenuissima, Rhizoctonia solani, Botrytis cinerea, Colletotrichum
gloeosporioide, Phytophthora cactorum, Pythium sp. 59 U2 ¢4 AEHAdT 9
Aatel M= S+ DNA =S AES flUth.(Fig. 4-55) DNA A=l w& PCR
o 23t PanaxF ¢} PanaxR primer’#e &3 W AEE SAs7] 98l A panax
9] A DNA %8 H i 40ngol A 500fg7hA] A3 t}e, o 7)o PanaxF ¢ PanaxR
primer’3& &2 02 w3 AA gelsiel o 1 A= v (Fig. 4-56)° YRl AT
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A}, 7] primerdS o] &3S W 11#17HA WEEA THFAEC] YEY AS

b
B g %A, olE MR HAA HE FEL Spgoldles & AUl

Table 4—12. Sequence of PanaxF/PanaxR for detecting A. panax.

Target Specific ' ar o Applicon
species primer Sequence (5"-3") Length Tm %GC size (bp)
Panax F ATAGCAGCACAGGTCAATCT 20 55 45

A. panax 476

Panax R CITTTCCGAAAGCTGAGTAA 20 55 40

M12 3 456 78 910121314 15M

=t
=
—
—_

VR LTI

Fig. 4—54. PCR amplification of A. panax using A. panax—specific primer
(PanaxF/PanaxR). A. panax isolates 1; CNU—APG4, 2; CNU—-APG5, 3; CNU—-APG9, 4;
CNU—-3405, 5; CNU—3253, 6; CNU—-3578, 7; CNU—-3356, 8 CNU—3012, 9; CNU—-3161,
10; CNU—=3213, 11; CNU—3231, 12; CNU AP0401, 13; CNU AP0405, 14; CNU AP0409,

M; 1—kb DNA ladder.
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Fig. 4—55. PCR amplification of A. panax and other fungi using A. panax—specific
primer (PanaxF/PanaxR). 1; A. panax isolates CNU 3405, 2—4; A. alternata isolates
CNU-SS703, IMI089343, CNU—NI701; 5—=7; A. tenuissima isolates IMI—79630,

IBT—8398, CNU—AO005; 8; R. solani, 9; B. cinerea, 10; P. cactorum, 11; Pythium sp.
12; Ginseng DNA, M; 1—kb DNA ladder.

470 -_— - e e e -

Fig. 4-56. Sensitivity of PCR amplification using A. panax—specific primer
(PanaxF/PanaxR). PCR amplification of serial amounts of genomic DNA (40pg to

500fg) from A. panax isolate 3405; M: 1—kb DNA ladder.

7V) A. panax$t TFE F330]¢] DNA &3 do| A Eo]% pandd A=
Alternaria panax®t HE|H o2 FAFSE A. alternata, A. tenuissima, 2 7]E} A EH

=

A+ Rhizoctonia solani, Botrytis cinerea, Phytophthora cactorum, Pythium sp. 2
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Colletotrichum gloeosporioide 2 <14t <o @ XHE DNAE i1, o|EL Alternaria

panax®] DNA®} & H| &= £33 & PanaxF ¢} PanaxR primerE o] &3] 9 5

3 W o g PCR £Z& AANSIY. 2 A3 Alternaria panax 7} S0l AZA
] 7

qk 470bpe] PCR AM&o S st = Qo). (Fig. 4-57)

_l

=
=
—_—
t— |
—
r—
p—

4700p

Fig. 4—57. PCR amplified products using A. panax—specific primers (PanaxF/PanaxR).
Lane 1: A. panax (CNU—3356), 2: A. panax (CNU—3356)+A. alternata (CNU—SS703),
3. A. panax (CNU—3356)+A. tenuissima (CNU—A005), 4: A. panax (CNU—3356)+R.
solani, 5: A. panax (CNU—=3356)+ B. cinerea, 6: A. panax (CNU—=3356)+P. cactorum, 7:
A. panax (CNU—3356)+ Pythium sp., 8 A. panax (CNU—3356)+Ginseng leaf DNA, 9:
A. panax (CNU-=-3356)+C. gloeosporioides, 10: A. panax + B. cinerea + C.
gloeosporioides; M: 1—kb DNA ladder.

W) #aE daeleA HE
A

AT oW xZ, @AW ol A A IFE Hp o 7=
HhH o 2 DNAE #4738} PanaxF ¢} PanaxR primerZE AFg38te] 9o 7]<3 A0
2 PCR +% & AT PCRES AAIgh A3 &AW o)y A3 HddF9e] 24
T ANTE GEhA] kAR QIR oY A M= F &Sl 470bpe] T
des A E 5 AT (Fig. 4-58).
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Fig. 4—58. PCR amplification of DNA from infected ginseng leaves using detection
Kit. A. panax in ginseng leaves inoculated with A. panax. Lane 1—7; ginseng leaf
infected with A. panax, Lanes 8; ginseng leaf infected with Botrytis cinerea, Lanes

9; healthy ginseng leaf, M: 1—kb ladder.

3) Mt Kite] 34744

A. panax® wWE T 2 HES AAEY] 98to] Sun Genetics Co.oll & & &) 2
o Kit (Sun Genetics Co.)2 A28 AL o] 59 F+A4LS % 133 2t} (Fig. 4-59). A4+
AFYw oW 24, &AW oW AW} dHxA dFE Zg} T Kits o] &3t
DNAE #elst A% g3 w27 Ax DNAS #sla thded Alx DNA 45 o
S 4 AAJT} (Fig. 4—60). PanaxF ¢ PanaxR primerE AR&3dle] o] 7)<t 271102
PCR T3%5 AAISATE PCRE AAIE 23t &4 ol A3 AdR9Y 24 3
Z A7 A FRA T JIAAFHE oW Ao A= F&stAl 470bpe] FF AL
58 49 F AATH(Fig. 4-61).

1N
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Fig. 4—59. Detection kit of Alternaria panax.

- 320 —



Table 4—13. Composition of detection kit

= 2 =t
Glass bead 59 1 tube
Ohf= 25 1 pack
Solution A 15 ml 1 bottle
Solution B 7l 1 bottle
Solution C 7 ml 1 bottle
Buffer W 5 ml 1 bottle
Spin-column 25 columns 1 pack
Collection tube 25 tubes 1 pack
24 Tag premix 400 ul 1 tube
100 bp DMA ladder 50 ul 1 tube
Manual 1

20ng 50ng 100ng 1 2 3 4 b 6 7 8 9

Fig. 4—60. DNA quantity extected from infected ginseng leaves using detection Kit.
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Fig. 4—61. PCR amplification of DNA from infected ginseng leaves using detection
Kit. A. panax in ginseng leaves inoculated with A. panax. Lane 1—7; ginseng leaf
infected with A. panax, Lanes 8; ginseng leaf infected with Botrytis cinerea, Lanes

9; healthy ginseng leaf, M: 1—kb ladder.

. A. gaisens S 913+ DNA markers

1) AFLP markers® SCAR=Z %%

7709 MZ thE primer pair®] 23S ©]83+ AFLPE &3l A. gaisen, A. mali, A.
tenuissima, A. alternata, A. longipes® w55 LAt th& T FHA oY
S fFEske olEld primere o5 FEFWEEY] AAPES As] S 2z A
H AT

M132/E01 Primer paire AFLPoA A. gaisen®] BT oA <F 370bpe] single
bandE THIAN thE FollA = FFRE0] YEREA] &t (Fig. 4-62). ]2 PCR
products= A. gaisen®] wF=2HE HJa olE WMES] AVIME B4 A3
t}.(Fig. 4—63). 97149 AHEE SCAR AG—F/AG—R primer pairE #|Zsl=0] o] &5
ATH Table 4—14).

I~

2) A. gaisen®] EolAd3 W=

primer pairE ©o]&3% F Eo]x =ZS 93 HAo PCR ZHL annealing
temperature 7} 58°C dujoljt} RE Ht2 2 HA F HA ubE Py o Ayl= AUX

L=
5 F9 Alternaria®HE L2 total genomic DNAo] w3t Eo]al HAAo|A, A.

gaisen & E0°] 4 primer pairse °F 266bpYband’} =ZHA}. B2 Alternaria E9|
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ol 4 primers HAYS W FTHFNEE dojuA] @kom, & Fo HRAAE uAt
Hk-g-olu =714 fragment7} #2E A EShth(Fig. 4—64)

PCR AAS =3 seld 4 9= HAo genomic DNAS %S
PCR WH&S 50pg~20nge] W olA genomic DNAYS WEA7|HA 433} o)

AG—F/AG—R primer pair & ©]&3t4] No.15A 7+ genomic DNAZFE ZZF
Zol

PCR product® Fig. 4—199] YelY v}, A. garsen®] genomic DNA &
o] Heto g 3¢] 7153k PCR productE A&Esh=d &3 °k°]‘:}(F1g 4—65).

50pg °%

- 323 —



1 2 3 45 6 7 8 9 10 11 12 13 14 15 16

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Fig. 4—62. AFLP patterns of A. gaisen and other Alternaria species. Lanes 1 to 4: A.
gaisen (AK—42, AK—21, K—3, No. 15A); Lanes 5 to 8: A. mali (IFO—8984, M—72, M—89,
Am—22); Lanes 9 to 12: A. tenuissima (IBT—8398, IBT—8400, IMI—-79630, CNU—A013);
Lanes 13 to 16: A. alternata (EGS 35—193, IMI—147909, IMI—89343, CNU—HR701);
produced by primer set (M132/E01). The arrows point to unique fragments present only

in A. gaisen.
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1 GATCCAGTAGCCCGCGGTCGATGCATACCAGAGCTGCCAAGGCGCAGACAGTCTTGGTA

61 GAGGACCAGATACACGTTACAGTGTCTTTCTCCCACGAGCGAGTTCGAGCTTCATCTGCG
121 TAACCGCCCCAGATGTCGACGACGTCTTTGCCATCGACGTTGACGCAGACAGAGGCGCCG
181 AGCTCTTCTCCAGAGTCGAGATAGGACTGGAAGAGGTCTTTGACCTTGGCAAAGCGGGGT
241 TCGCAGGTTCCTTGGACGTTGGCCATGGTGATGGAAGTTCCTGCTAAAGTTTCGGATACC
301 TTCGGATGATTTTGTGTTGTACCTGTGTTGTATTCGTGATGGTCGGAAATCTGGAGCACC

361 AGGTTTTATATG

Fig. 4—63. The nucleotide sequences of A. garsen—specific AFLP marker identified in
this study. Bold letter indicates forward and reverse species—specific primer sites

designed to sequence.

Table 4—14. Sequences of specific primers for detecting A. gaisen

Target Specific Applicon
Sequence Length Tm %GC
species primer size (bp)
5'AGATACACGTTACAGTGTCTTTC
AG-F 25 5596 40
A . TC-3' 966
- garsen 5'—ATACAACACAGGTACAACACAAA
AG—-R 25 56.75 32
AT-3
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Fig. 4—64. PCR amplification of A. gaisen and other Alternaria species using A.
gaisen—specific primer (AG—F/AG—R). Ag: A. gaisen isolates(AK—42, AK—21, K—3, No.15A,
AK-11, K—-1, K-2, K—4, K5, 0—274, 0—275, CNU—-SS704, CNU—-SS706); Am; A. mali isolates
(IFO—8984, M—72, M—89, Am—22, AM—17, Am—28, M—69, M—70, M—71, M—88, 0—153, O—T—ML);
At A. tenuissima isolates (IBT—8398, IBT—8400, IMI—-79630, CNU—-013, CNU—A005, CNU—-A006,
CNU—-A007, CNU—A014, CNU—-A017, CNU—-A020, CNU—A067, STR N—1, O—T-L); Aa; A.
alternata isolates (EGS 35-193, IMI—-147909, IMI—-89343, CNU-HR701, CNU—A079, CNU—-NI701,
CNU-NI716, CNU-HW703, CNU-HW704, CNU-HW712, CNU-SS701, CNU—-SS702 CNU—-SS703,
CNU-SS705, CNU-HR702); Al: A. longipes isolates (AT—204, AT—246, AT—2a—1, AT—2b—1,
AT—34b, AT—3b—1, 0—205); M: 1kb DNA ladder.

- i - — p— 9
‘M* 20ng TOong 5ng 2.5ng Ing  500pg 200pgl00pg 50pg 10pg lpg  500fg

Fig. 4—65. Sensitivity of PCR amplification using A. gaisen—specific primer (AG—F/AG—R).
Polymerase chain reaction amplification of serial amounts of genomic DNA (10pg to 20ng)

from A. gaisen isolate No.15A; M: 1—kb DNA ladder.
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3) A. gaisen® T2 Alternaria spp.2] DNAo|A Eo] bande A=

A& A gaisentt TFE Alternaria sp.o =4 EH¢9 DNAE £3%3te] PCR
template® A}&3+ PCR wreo 2 FAHQT. A, gaisenty ©+2 Alternaria sp.2] DNA
mixture®] 5] AG—F/AG—R primer pairE ©]-&3F PCR testoll = 2.2 A. gaisen 9ol
AEH A (Fig. 4-66).

Fig. 4—66. PCR amplified products using A. gaisen—specific primer (AG—F/AG—R).
DNA mixtures using species—specific primer set (AG—F/AG—R). Lane 1: A. gaisen
(AK—-42); Lane 2: A. gaisen + A. mali (IFO—8984); Lane 3: A. gaisen + A.
tenuissima (IBT—8398); Lane 4: A. gaisen + A. alternata (EGS 35—193); Lane 5: A.
gaisen + A. longipes (AT—204); Lane 6: A. gaisen + A. mali + A. tenuissima + A.
alternata + A. longipes, Lane 7: A. mali + A. tenuissima + A. alternata + A.
Jongipes; M: 1—kb DNA ladder.

4) A& F=2WEE 0|83 DNAS PCR

A14:3] 79 DNAE 7] 918 HAA= PCR detection &3] 7Hsdtth. PCR 5%
P A A3 DNAE oy g WS ol &std ofF <t &5 & AUnt. o]

JH o7 FZ3) genomic DNAE o] 8319, A. gaisen® AG—F/AG—R primer pair

& o]&ste] °F 266bp DNA fragment®] FT3HW&S F28 4 Uvh(Fig. 4-67.). o= g

HFH O S5mg~2.5mg 9 A. panax dAMAIZHE FZ3% DNA templatesZS A}£315 S ol

A. panax®] WZ 7A&L 714 g (Fig. 4—68).
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Fig. 4—67. PCR amplification of A. gaisen DNA extracted the rapid DNA
extraction procedure using A. gaisen—specific primer (AG—F/AG—R). Lanes 1:
DNA extracted by CTAB procedure; Lanes 2 to 5: DNA extracted by rapid
extraction procedure; M: 1—kb DNA ladder.

M 20ng 50pg IOOngWHg 2 B 4 5

- 50mg 25mg 10mg 50mg

Fig. 4—68. PCR amplification of DNA from A. gaisen using the rapid DNA
extraction procedure. Lane 1: DNA extracted by CTAB procedure (No.15A);
Lanes 2 to 7: DNA extracted by the rapid extraction procedure(AG0402,
AGO0405); M: 1—kb DNA ladder.
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=4 2D 29 4432 thdAd (Genetic diversity) 2AME 98te] F& & Aoz A}
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Fig. 4—69. PCR fingerprint of Phytophthora spp. amplified by primer URP2F.

o2 98t mlg A FsEeE=L PCR profileS ©] programo] Y&Edle] B4 FHo
D/B 7%& stolsE=r) ou ¢gEyE MEES fAMeEE R Auix = e 45
ko] FABA7Y dendrogram o2 ZAJETE olFHA FFE D/BE o|&ste] v sAE

= At As W PCR WI=S D/Bel 94F eAAN=ES AeA7I HY g o
= DNA "o ofste] & g0l ¢hunsw Jlojth Wi=e] fAlk

o7 W= W=7tol A el 9ste] computerol s AFo®E AAHEC Fig. 4—-702 o
F7F group typeS GelCompar II programel] 48 D/B #+53F o& Ho F1 Qlth
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Fig. 4—70. Database of URP—PCR product constructed by GelcomparII.
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Fig. 4—71. PCR fingerprint of 7richoderma spp. amplified by primer URP2R.

M: 1kb ladder (Promega). Plate A: Lanes 1-3, 5, 7, and 9—11, isolates of 7.
aureoviride (T116, T115, T113, T119, T2, T14, T60, and T99). Lanes 4, 12, 14, and
15, isolates of 7. harzianum (CBS436.95, T4, CBS101525, and CBS450.95). Lanes 6 and
8, isolates of 7. inhamatum (CBS164.90 and CBS273.78). Lane 13, isolate of 7.
agressivum f.europacum (CBS689.94). Lanes 16—19, isolates of 7. virens(T162, T50,
CBS609.95, and T1). Lane 20, isolate of 7. koningii (T141). Plate B: Lanes 21—25,
isolates of 7. longibrachiatum (T153, T5, T152, T9, and CBS821.91). Lane 26, isolate
of 7. ressei (KACC40517). Lane 27, isolate of 7. citrinoviride (T7). Lane 28, isolate
of 7. sp. (T10). Lane 29, isolate of 7. polysporum(CBS898.72). Lanes 30, 32—36, and
39—41, isolates of 7. atroviride(T73, T150, KACC40556, KACC40551, CBS693.94, T125,
KACC40552, T123, and T184). Lane 31, isolate of 7. harzianum(CBS432.95). Lane 37,
isolate of 7. viride (CBS289.79). Lane 38, isolate of 7. koningii (CBS979.70).

3) Pseudomonas spp.2] URP—PCR profile 2t4 % database 7%
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Pseudomonas < UWol= 87/ typee PCRYEAMo] HAEHASW Pseudomonas
syringae pv. syringae © 7% & & WHo]| ojA thA EdAHE fHE HPoH
Pseudomonas syringae pv. helianthi ¢+ Pseudomonas syringae pv. tagetis & =<
pathovar?l Aoz &<l HAtt wabA F pathovar & 2573 A AAEZ Q3 A
glojth, i AFA%=E URP-PCR H®¥S ©|&38t Pseudomonas spp.©] & &4 2 4

of F4 vdd (Genetic diversity) A A= 2H5- Fo] A4l oA #+8& & vt

Table 4—15. Isolates of Pseudomonas spp. used in this study

Strains Collection No.

1 Pseudomonas syringae pv. oryzae KACC 10133, LMG 10912
2 Pseudomonas syringae pv. Syringae KACC 10134, LMG 1247
3 Pseudomonas syringae pv. syringae LMG 5082
4 Pseudomonas syringae pv. syringae LMG 5083
5 Pseudomonas syringae pv. syringae LMG 5084
6 Pseudomonas syringae pv. syringae LMG 5085
7 Pseudomonas syringae pv. syringae LMG 5086
8 Pseudomonas syringae pv. syringae LMG 5087
9 Pseudomonas syringae pv. syringae LMG 5088
10 Pseudomonas syringae pv. syringae LMG 5141
11 Pseudomonas syringae pv. syringae LMG 5190
12 Pseudomonas syringae pv. syringae LMG 5191
13 Pseudomonas syringae pv. syringae LMG 5494
14 Pseudomonas syringae pv. Syringae LMG 6104
15 Pseudomonas syringae pv. aptata LMG 5059
16 Pseudomonas syringae pv. atrofeciens LMG 5095
17 Pseudomonas syringae pv. atrofeciens LMG 5000
18 Pseudomonas syringae pv. japonica LMG 5068
19 Pseudomonas syringae pv. tomato KACC 10135, LMG 5093
20 Pseudomonas syringae pv. tabaci KACC 10388, LMG 5393
21 Pseudomonas syringae pv. tagetis KACC 10389, LMG 5090
22 Pseudomonas syringae pv. tagetis LMG 5091
23 Pseudomonas syringae pv. tagetis LMG 5684
24 Pseudomonas syringae pv. tagetis LMG 5685
25 Pseudomonas syringae pv. tagetis LMG 5686
26 Pseudomonas syringae pv. helianthr LMG 2198
27 Pseudomonas syringae pv. helianthi LMG 5067
28 Pseudomonas syringae pv. helianthi LMG 5556
29 Pseudomonas syringae pv. helianthi LMG 5557
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30 Pseudomonas syringae pv. helianthi LMG 5558
31 Pseudomonas syringae pv. mori KACC 10390, LMG 5074
32 Pseudomonas syringae pv. antirrhini KACC 10392, LMG 5057
33 Pseudomonas syringae pv. glycinea KACC 10393, LMG 5066
34 Pseudomonas syringae pv. delphinii KACC 10394, LMG 5381
35 Pseudomonas syringae pv. eriobotryae LMG 2184
36 Pseudomonas syringae pv. lachrymans KACC 10396, LMG 5070
37 Pseudomonas syringae pv. morsprunorum | KACC 10397, LMG 5075
38 Pseudomonas syringae pv. morsprunorum LMG 2222
39 Pseudomonas syringae pv. garcae KACC 10398, LMG 5064
40 Pseudomonas syringae pv. delphinii KACC 10479, LMG 2177
41 Pseudomonas syringae pv. pisI KACC 10497

42 Pseudomonas syringae pv. pisI LMG 5383
43 Pseudomonas syringae pv. pIisi LMG 5384
44 Pseudomonas syringae pv. sesami KACC 10649, LMG 2289
45 Pseudomonas azotoformans KACC 10302

46 Pseudomonas fuscovaginae KACC 10676, LMG 2158
47 Pseudomonas coronafaciens KACC 10678, LMG 5060
48 Pseudomonas citronellolis KACC 10776, LMG 18378
49 Pseudomonas oryzihabitans KACC 10797,

50 Pseudomonas mucidolens KACC 10800, ATCC 4685
51 Pseudomonas graminis KACC 10803, DSM 11363
52 Pseudomonas jessenir KACC 10808, CIP 105274
53 Pseudomonas libanensis KACC 10809, CIP 105460
54 Pseudomonas lundensis KACC 10832, LMG 13517
55 Pseudomonas taetrolens KACC 10836, LMG 2336

?1al A
T HFH ZRIFE o] AHT sHAAEE N, HEeks A 54& Fa 9l
o] GelCompar II programe ©]-&3to] o &4 AILHE 755 A=A o5 38
of w2l AFstedFE PCR profiled ©] programel skl 54 <] D/B 7+5& ©f
et oln YYrs MESS FAMIEERE A w2 74 ke fAd
7} dendrogram©.2 A ). o7 5% D/BE ol&stq v 4 #& $AsAL
A& o PCRUIE £ D/Bell 949 QA LS AeA71/ =1 Ae o= DNA &
of eJste] F Aol grEHE otk MES fAREE V|EHAE VEo R WEe) Wl

=3ke] Ao 215te] computeroll A AE o2 AAECHFig. 4—73).
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Fig. 4—72 PCR fingerprint of Pseudomonas spp. amplified by primer URP3.
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- Pscudomonas  syringas syrinage LMG 5082 - =
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- Pscudomonas  syringas syrincige LMG S085 P
e Posudomonas  syringae Syrinage LMmG sose - -
s Pscudomonas  syringas syrinage LMG 5087 - =
10 Peoudomonas  syringae Syrinage LMG soss S
£ Pscudomonas  syringas syrinage LMG 5141 - =
12 Poeudomonms  syringae syrinage LMG 5130 - »
13 Pseudomoras  Syringas syrinage LMG 5191 S
14 Pseudomonss  syringae syrinage LG 5454 S
15 Pooudomonas  syringae Syrinsige LMG 5104 - -
18 Pscudomonas  syringas aptata LMG 5059 -
17 Freudomonas  syringae strofeciens LMG 5035 - -
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24 Poeudomonas  syringae tagetis LMG SE54 - . e
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Fig. 4—73. Database of Pseudomonas spp. DNA profiles of URP—PCR product
generated by GelcomparlIl S/W.
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Pseudomonas syringae syrinage LMG 5088
Pseudomonas syringae syrinage LMG 5494
Pseudomonas syringae syrinage LMG 5085
Pseudomonas syringae syrinage LMG 5082
Pseudomonas syringae syrinage LMG 5190
Pseudomonas syringae syrinage LMG 6104
Pseudomonas syringae aptata LMG 5059
Pseudomonas syringae syrinage LMG 5087
Pseudomonas syringae atrofeciens LMG 5095
Pseudomonas syringae syrinage LMG 1247
Pseudomonas syringae pisi LMG 5384
Pseudomonas syringae japonica LMG 5068
Pseudomonas syringae atrofeciens LMG 5000
Pseudomonas syringae syrinage LMG 5084
Pseudomonas syringae syrinage LMG 5141
Pseudomonas mucidolens ATCC 4685
Pseudomonas azotoformans KACC 10302
Pseudomonas graminis DSM 11363
Pseudomonas syringae oryzae LMG 10912
Pseudomonas syringae syrinage LMG 5086
Pseudomonas syringae garcae LMG 5064
Pseudomonas coronafacien LMG 5060
M7 Pseudomonas taetrolens LMG 2336
Pseudomonas syringae helianthi LMG 2198
Pseudomonas syringae helianthi LMG 5556
Pseudomonas syringae helianthi LMG 5558
Pseudomonas syringae helianthi LMG 5067
Pseudomonas syringae tagetis LMG 5684
Pseudomonas syringae helianthi LMG 5557
Pseudomonas syringae tagetis LMG 5090
Pseudomonas syringae tagetis LMG 5686
Pseudomonas syringae tagetis LMG 5685
Pseudomonas syringae morsprunor. LMG 2222
Pseudomonas syringae pisi LMG 5383
" Pseudomonas citronelloli LMG 18378
Pseudomonas syringae pisi KACC 10497
Pseudomonas lundensis LMG 13517
Pseudomonas jessenii CIP 105274
Pseudomonas syringae syrinage LMG 5191
Pseudomonas fuscovaginae LMG 2158
Pseudomonas syringae sesami LMG 2289
Pseudomonas libanensis CIP 105460
Pseudomonas syringae eriobotryae LMG 2184
Pseudomonas syringae glycinea LMG 5066
Pseudomonas syringae tabaci LMG 5393
Pseudomonas syringae mori LMG 5074
i Pseudomonas syringae delphinii LMG 5381
] Pseudomonas syringae delphinii LMG 2177
'l Pseudomonas syringae morsprunor. LMG 5075
1 Pseudomonas oryzihabitan KACC 10797
Pseudomonas syringae syrinage LMG 5083
Pseudomonas syringae tomato LMG 5093
Pseudomonas syringae lachrymans LMG 5070
1 i3 Pseudomonas syringae tagetis LMG 5091
i i Pseudomonas syringae antirrhini LMG 5057

Fig. 4—74. WARD dendrogram derived from PCR (polymerase chain reaction)
profiles of genetic DNA in 55 isolates of Pseudomonas species. Detailed

information about the isolates is listed in Table 4—15.
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KACCAD9S [ Phytaphifors dreohsien
Tucker. Res, Bull. Mo, Ceoll. Agric. 153 188 1931
HF (9. Rhizome rot) 2 ED B HI248E0 i::JI 13:433, 1937, ; 28t (NL, Fruit and vine rot) 280
B 1997.; 20j (S Phytophihora root rot) ZHIH B ; H-L20 44 5 2t 1p4% 1997 ; 29
Ul & LS MEET X015 1997; EOIE (2224, Phylophthora root rot) IR B | 312
124791996 ; ZHO| S : fi2 MM AE 2 15751097,

Prirnar URPZF
Frimar Sequence brlanlutelyln
Conditlon e -Imin 5% -1min, 72  Foycles

Gel Image

2 Help, || P Dataliet|

Fig. 4—75. Web—based Database construction of DNA profiles with URP primers generated.

. T A gl X wkA Rt

1) PCR primerE ©|-83%F Pectobacterium carotovorum subsp. carotovorum S°173%

pECC2F2] DNA #d¥e] 7| 4d%E #1243 EXPCCF/EXPCCR  primer set®
Table 4-169] 4-56 A+ #5° HES A Ayelry. EXPCCF/EXPCCR  primer

setx= Pcc®}Pectobacterium carotovorum subsp. wasabiae (Pcw)dollA 0.559] Eo]x<l
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M= (Fig. 4—76a)2 ZSZ39 o\ P carotovorium subsp. atroseptica, P. carotovorium
subsp.  betavasculorum, P. carotovorium subsp. odorifelum®  Pectobacterium
carotovorum subspeciesZ B|FE3} Pectobacterium species®t Erwinia spp. 2 TFE Aol A=
o=t HEEA Utk Pec #F9 Pew #F3He] DNATHE S ZAF87] 9381
0.55kb®] PCRAHES Rsa [o2 Adsle] #523F DNA patterne ZAFSH 23} Pecoll A
= 571X 9] DNAYEA typeo] #AHAI Pewoll A= Peec #FolA HAFR e =
E£3 DNAUYEA patterns Ho] FUAH(Fig. 4-76b). wehA, EXPCCF/EXPCCR
primer®] °]¥ PCR T%3} Rsa IS ©]-&% PCR-RFLPEA 2 Pcco] 5ol HzEo]
7bs & Aew ALREY

Pec M350 whZ EXPCCF/EXPCCR  primer®] & WIS Adsly] flste] thdsi
gma AEE A3 PCRO o833t Fig. 4-77¢l Hof F5= 21%¢] 14} PCRE AAIE 4

S 10°70e) AEAX AESG o, 23+ PCRY Nested PCRE 0.4kbe] PCRMIE=E AE3HAA
2.570] AEFONA 7HA] S WIAER AE S 5 Sl webA, w22 destelAe] A
Z7Fs S AAL stolFro] ARG 27XeE 918t o] & = F IS o' AR
e} Aol Pectobacterium carotovorum= AZE37] 9%k WHow Eo]dA] pel (pectate
lyase) FAARE o] &ate] ghrh. ey, Pecdl SolfEe d59 A om Qlsto] aAmA|
&1 AT} subspecies oA Pectobacterium carotovorums DNAZAEHWH O 2= A A4
O 7 P carotovorium subsp. atrosepticaS WO 2 H 17} Eo] 9lom Pecoll #dlel= B
ol A &tk -yl A= Pecrb ti3EA Al P Ao m=A 7P wol el gle
™ EXPCCF/EXPCCR  primer®l] €& PCRAAS Peco] 21454 % 27|30de] #8314 ol &

4 5 9 Aot
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MABCDEF

Fig. 4—76. Restriction enzyme digested profiles of PCR products of 7. carotovorum
subsp. carotovorum (P.c.c.) and P. carotovorum subsp. wasabiae (P.c.w.) strains
amplified by primer pair EXPCCF/EXPCCR. The amplified products (Panel a) of
P.c.c.and P.c.w. strains were digested with Rsa I and separated on 4% agarose gel
(Panel b). The fragments were visualized by staining with ethidium bromide. Lanes M:
1 kb ladder (GiBCO, BRL); lanes A,B,C,D, and E: P.c.c. strains KACC 10458, ATCC
15173, LMG 2405, LMG 6686 and LMG2405; lane F: P.c.w. strain ATCC 43316.
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Table 4—16. Bacterial strains used in this study

Bacterial strains

Rsal— qigested
1les

Country/Hosts prof
Pectobacterium carotovorium
subsp._carotovorium
*ATCC 15173 Denmark/Potato B
ATCC 12312 Unknown/Tobacco E
KACC 10458 Korea/chinese cabbage A
KACC 10401 Korea/Potato B
KACC 10422 Korea/Potato E
KACC 10406 Korea/Potato C
KACC 10421 Korea/Radish D
KACC 10346 Korea/chicory ) B
KACC 10347 Korea/Japanése horseradish B
KACC 10343 Korea/Japanese horseradish B
KACC 10348 Japan/Tomato B
Eccl? Korea/ chinese cabbage E
Cl Korea/ Unknown B
**LMG 2458 U%gyda/Tobacco
LMG 2412 U.X/Hyacinthus orientalis
LMG 2453 Bel 1um/%yclamen spp- B
LMG 2433 Netherland/Potato B
LMG 2405 Israel/Persea _americana B
LMG 6686 Switzerland/Potato E
P. carotovorium_subsp. wasabiae . E
ATCC 43316 Japan/Horseradish C
ATCC 43316 "
ATCC 43316 "
P.carotovorium_subsp. atroseptica F
ATCC 33260 U.K/Potato F
G 6678 Germany/Potato F
LMG 2375 U.K/Potato
LMG 6685 Switzerland/potato No PCR product
LMG 6672 Unknown/Potato "

czarotovorium subsp. betavasculorum ATCC

P. chrysanthemi ATCC 11663
cypripedii ATCC 29267
herbicola ATCC 33243
mallotivora ATCC 29573
milletiae ATCC 33261

nigrifluence ATCC 13028
persicinus ATCC 35998
psidii ATCC 49406
quercina ATCC 29281
rhapontici ATCC 29281

rubrifaciens ATCC 2929
. stewartii "

. tracheiphila ATCC 33245

. uredovora ATCC 19321

Xhanthomonas oryzae pv.oryzae KACC 10314
X.campestris pv.campestri

iy e

Pseudomonas” syringae pv.syringae KACC10134
e oo pasinan Ji(AéC 10469

P.marginalis pv.pastinacae

P. syringae pv. tabaci KACC 10388

Ralstonia solanacearum KACC 10149

Agrobacterium tumle{fac'iens KACC 10305
scherichia coli D54

carotovorium subsp. odorifelum LMG 13009

USA/sugar beet "

"
"

France/Apiumgraveolens
U.S.A./C%rysanthemum "

U.S.A./Lady-slipper "
Canada/Unknown "
Ja an/J%onicus mallotus "

A./Witeria floribunda "
U.S.A./Walnut "
Japan/Tomato "
Brazil/Psidium guajaya "
U.S.A./Oak acorn "
England/Rheum rhaponticum "
U.S.A./Walnut "
U.S.A./Sweetcorn "
U.S.A./Melon "
U.S.A/Cereal rusts "
Korea/Rice "
Korea/Chinese cabbage "
K/Syringa vularis "
.S.A7Pastinaca sativa
Hun% /Tobacco "
U.S.A./Tomato "
Japan /unknown "
comercial source "

cc

n

Serratia marcescens KACC 10002 Korea/soil
Bacillus subtilis KACC 10372 Korea/soil
Enterobacter sp. KACC 105263 Korea/soil
*ATCC, American Type Culture Collection; #**KACC, Korea Agricultural Culture
Collection (National Institute of Agricultural Science & Technology,, Suwon

Korea);***LMG, Belgian Co—ordinated Collections of Microorganisms, Laboratory of

Microbiology, University of Ghent.
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Standard PCR Nested PCR
M12 345678 1 2345678

Fig. 4—77. PCR detection limit of 2. carotovoium subsp. carotovoium with specific
primer pairs. Respective primer sets EXPCCF/EXPCCR and INPCCF/INPCCR were
used for standard PCR (a) and nested PCR (b). Aliquots of 15 pl from each amplified
PCR mixture were separated by electrophoresis on 1.5 % agarose gel. Lane M: 1 kb
DNA ladder (Gibco BRL). Number of cfus /ml: lane 1, 1 X 104; lane 2, 1 X 103; lane
3, 1X 102; lane 4, 5 X 101; lane 5, 2.5 X 101, lane 6, 4 cells; lane 7, 2.5 cells; Lane 8,

water.

i

2) PCR primerE ©]-&3¢ Xanthomonas campestris pv. campestris £°]7
2 Huls= ARl S8 A (Xanthomonas campestris pv. campestris)®] E-9]
DNA ©H& A& AEsA A& 4 A+ PCR primero] #3F Aoz 2 primere

polymerase chain reaction (PCR)¥H-& 01%5‘}01 o] #utS AZH U= Aot} o] A

B Ak Al B o] FlAE FujF, nEIe P BYIeHel A3
MY AT AGAREE WE ARAC PHHel EgLdA 4EH At i o
W EAE B Adel Bk @A o] Fol SolHel AEAlE gla @Al W

olgh= Al FAE 23 ot Fx QC(Quality ControDols & =88 54 ¥3ta

Ao BoujeF Al o AFEEE g FYd vl B ARto] A8 QY. VE
o] A= & FE7HA DNA F3AE o] &3t Aoy & AT s F34 5
A& ol&sto] Azt Zlolmw WA Bd7HA H=ald Utt. 7B primer Al
M3l XA ( Xanthomonas campestris pv. campesms)ﬁ] A HF 540bpe] ©+d Wi
=5 948 ve Xanthomonas®:: W A & 3 & HMAA AlEde ME=EE A=
b2l AL 6417 AW WEE HET 5 do] DNA oA 4lE, Bes] S73Hd
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w(Xanthomonas campestris pv. campestris)®] 7+ 219 3= A 3 4 g

Fig. 4—78 & Xanthomonas strain® HrpF A2}t M. loti® nolX +AA}e] o}
At A7 Ee] HluEAES yepd Aol o A} X a pv. cur, X o. pv.
oryzae, X. c¢. pv. vesicatoria®d Q71ME-E X. c. pv. campestris®] Q7MW E 3} FAFSS
oF 4= St

nolX FrAEe WS apF ARG w2 AsAdel AeS FRlEsth X oo pv.
oryzae, X. a. pv. citri, X. ¢. pv. vesicatoriax= o} :=AF A7 g o] N-Haiio] Ay
5 AYstaes AAHoR - & 5o AsAdo]l HAHRUY. X e pv. campestris
= X 0. pv. oryzaedl 63%, X. a. pv. citril 63.1%, X. c. pv. vesicatoria®| 64.5%%
ALzttt E3] X o, pv. orvzaeSt X. c. pv. vesicatoriay 1 Aol 92 5% =
w9 A e tH(Fig. 4—79a). obv| it VI AR A gl V)&% Fd4 #d
WAE ol&ste] arpF FAACE nolX wAAY FHA AEEE s H(Fig.
4—=79b). A4 AEEE AHE AF X o pv. oryzae?t X. c. pv. vesicatoria?} "%
Aol e FQlekdit o] 33 o]l FHAke] AErE Ay A

O
o
hrpF A2} nolX §7HA = 3.5~48.7H 99 o G437 FAAo] 9

o m
o
ek

o

101_({

\

X. c. pv. campestrisE 7AZ37] Y3k E0°] primers ArpF FAAS] ofw| Ak N—
o BB A A Zs M Fig. 4—80). HFFSF HFRprimer® Xanthomonas campestris pv.
campestris®] W3 Eo|AE& FQE 7 98 Xanthomonas T+ 7|EF HE H|AYELS
o= PCRUHSS AAS ZI X ¢ pv. campestris?t FEHE I 7]EF UE
Xanthomonas % P8 ES PCRAME] A &Uth(Fig. 4-81). HFF$ HFR
primerS 7} WA &AM FE3 50nge] DNA F=9 A4 Z7A(MgCl2 1.5mM, dNTP
2+7} 0.2mM, 2+ primer 10pM, 7ag polymerase 2unit, 10X PCR buffer 5ul & &3+
PCR reaction 50ul)3dlel A Z3tste] PCRYFSS A FSW X ¢ pv. campestris®4-E]
535bp4dole]l FxA "ol FEH HS AT & vk TSk Perkin Elmer 9600
thermal cyclers(Perkin Elmer International, Rotkreuz)< A}&3lo] PCRWHSS 2 A 3
A3 9ot Fd3 AaE dE5 AT o] ¥l 7B tE AP A (Promega, Takara,
Toyobo)ol Al BujdlE Tag polimerase A4S AFg3lo] PCREEZ S A dlodx e
Ads &5 A}y

Xanthomonas campestris pv. campestriss A3+ 7€} 2 Xanthomonas w52
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HrpF §732 £Ao35-5 DNA dot bloti-Alel]l o]&] &g 4 9 Slrh. DNA dot bloti
Ao o8 Yebd ABRE ApFiAARE Xanthomonast 5 e 1 Aol vl

S, e B Agel AgE oE WARdE A 2AG A4 selE FAol
PSS 3eld = YA (Fig. 4—82). o] AANE Xanthomonas dF5 7+e HrpF 7
A= g & FARe] A AT 4 Az, =3 HFF9 HFRprimere
Xanthomonas campestris pv. campestrisitS So|H o2 A&E3=dY vl #8583 A=

B oogwrte] o A|ZE HFF$ HFRprimer9
campestris pv. campestris)°l| 3k EOV* S g3}y

sejotr e 2 A2 e

f o
:?L_',

o

R

2

b
2
o

N

2

@-‘4

o

h=] = [e}
F AL A 9712 dAdsta CTAB WS o] 8319 total genomic DNAES 7}z
FZ3A ). gulF ZZ oA FEF3H genomic DNA 50ngS F 3] HFF$ HFRS A&
sto] AAJof1o] A AF3E I 5USA PCRSEHNSS AAS T

=
Fig. 4-83014 uehd A3} o] 2 Heydyre] A SulF = oArt dix
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=
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o
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T(Xanthomonas campestris pv. campestris)
A = QdAd. fek 2 AR duFE FAAN W¥YAS Xanthomonas

campestris pv. campestris 9= A F AU}
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Fercent ldentity

Fig. 4—79. Genetic relative analysis in ArpF of Xanthomonas and nolX gene of
Mesorhizobium loti. a, Genetic relative analysis modify by percentage. ; b,
Genetic relative analysis chart. 1: X. campestris pv. campestris(arpF), 2 : X.
axonopodis pv. citri hirpF), 3 : X. campestris pv. vesicatoria(hrpF), 4 @ X.

oryzae pv. oryzae(hrpF), 5 : M. loti(nolX).
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1z0

- -CCATTGCGATIG

hrpF_Xac.SEQ
hrpF Xoo.SEQ

hrpF_Xac.SEQ
hrpF_Xoo.SEQ
hrpF Xcc. 3EQ
nol¥ M1.SEQ

hrpF_Xac.SEQ
hrpF_Xoo.SEQ
hrpF Xcc.SEQ
nolx M1.SEQ

Fig. 4—80. HFF and HFR primer design from ArpF gene of Xanthomonas

campestris pv. campestris. left

(nuleotides 605 to 624).

HFF (nucleotides 90 to 109), right:

HFR

123456 7 891011121314151617181932021222324°252627 282930

Fig. 4—81. Species—specific detection of Xanthomonas campestris pv. campestris

which used HFF¢} HFR primer. 1, ladder marker (1Kb DNA ladder); 2, X. c.

pv. campestris KACC10913;
campestris LMG 582;
campestris LMG 8110;

5 X ¢ pv.
7, X. ¢ pv.

carotae;

Xanthomonas campestris (Pammel 1895) Dowson;

13, X. ¢. pv. vesicatoria; 14, X. c. pv. aurantifolii,

Pseudomonas aeruginosa, 18,

Stutzeri; 20, Pseudomonas
carotovorum;

Escherichia coli (0157:H7);

carotovorum subsp.

fluorescens;
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8, X ¢ pv. glycines’

3, X ¢ pv. campestris LMG 568; 4, X. c. pv.

campestris LMG 584, 6, X. ¢ pv.

9

10 to 12, X. o. pv. oryzaes

15 to 16, X. a. pv. citri;

21

30, Mesorhizobium loti.

Pseudomonas putidas

to

19,
25,

26 to 28, Fusarium oxysporum,

17,

Pseudomonas

Pectobacterium

29,




Fig. 4—82. Detection of ArpF gene of another microorganism by DNA dot—blot
and similarity with X. campestris pv. campestris. 1, X. ¢ pv. campestris
KACCI10913, 2, X. c¢. pv. campestris LMG 568; 3, X. ¢. pv. campestris LMG
582; 4, X. c¢. pv. campestris LMG 584; 5, X. ¢. pv. campestris LMG 8110; 6,
X. c¢. pv. carotae; 7, X. c. pv. glycines; 8 Xanthomonas campestris (Pammel
1895) Dowson; 9 to 11, X. o. pv. oryzae, 12, X. c. pv. vesicatoria;, 13, X. c.
pv. aurantifolii, 14 to 15, X. a. pv. citri; 16, Pseudomonas aeruginosa; 17,
Pseudomonas putida; 18, Pseudomonas stutzeri; 19, Pseudomonas
fluorescens;, 20 to 24, Pectobacterium carotovorum subsp. carotovorum, 25 to
27, Fusarium oxysporum, 28, Escherichia coli (O157:H7); 29, Mesorhizobium
loti.
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0.5b—»

Fig. 4—83. Detection of X. campestris pv. campestris from infected cabbage. 1,
ladder marker (1Kb DNA ladder); 2, X. ¢. pv. campestris KACC10913; 3, X. ¢ pv.
campestris LMG 568; 4, X. ¢. pv. campestris LMG 582; 5, X. ¢. pv. campestris LMG
584; 6, X. ¢. pv. campestris LMG 8110; 7 to 9, control from cabbage leaf; 10 to 13,

cabbage leaf infected by X. campestris pv. campestris.
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Table 4—17. List of bacterial and fungal strains used in this study

Bacterial and fungal isolate Sourcea Geographical

origin

Xanthomonas campestris pv. campestris KACC10913 (ATCC 33913 )* United Kingdom

Xanthomonas campestris pv. campestris LMG 568 United Kingdom

Xanthomonas campestris pv. campestris LMG 582 Belgium

Xanthomonas campestris pv. campestris LMG 584 Belgium

Xanthomonas campestris pv. campestris LMG 8110 Tonga

Xanthomonas campestris pv. carotae KACC10164 (ATCC10547)" USA

Xanthomonas campestris pv. glycines KACC10445 (LMG7403)" Zambia

Xanthomonas campestris KACC10490

Xanthomonas oryzae pv. oryzae (Xo0090) KACC10312 Korea

Xanthomonas oryzae pv. oryzae (Xo0085) KACC10331 Korea

Xanthomonas oryzae pv. oryzae KACC10884 Philippines

(PX099)

Xanthomonas campestris pv. vesicatoria LMG 10429

Xanthomonas campestris pv. aurantifolii KACC10161

Xanthomonas axonopodis pv. citri KACC10443 Korea

Xanthomonas axonopodis pv. citri KACC10444 Korea

KACC10259 (ATCC 10145)"
KACC10266 (ATCC 12633)"
KACC10290 (ATCC 17588)"
KACC10327 (LMG 1794)" United Kingdom

Pseudomonas aeruginosa
Pseudomonas putida
Pseudomonas stutzerr
Pseudomonas fluorescens

Pectobacterium carotovorum subsp. KACC10436 (LMG 2435)° Ttaly
carotovorum

Pectobacterium carotovorum subsp. KACC10440 (LMG 2433)" The Netherlands
carotovorum

Pectobacterium carotovorum subsp. KACC10441 (LMG 2412)° United Kingdom
carotovorum

Pectobacterium carotovorum subsp. KACC10455 (LMG 2453)° Belgium
carotovorum

Pectobacterium carotovorum subsp. KACC10442 (LMG 2458)° Uganda
carotovorum

Fusarium oxysporum f. sp. dianthi KACC40529 (ATCC11939)"

Fusarium oxysporum KACC40053 Korea
Fusarium oxysporum f. sp. cucumerinum KACC40525 (ATCC16016) b Germany

Escherichia coli (O157:H7) KACC10765 (bATCC 35150)

Mesorhizobium loti KACC 10644 b(LMG 10644) New Zealand

a: KACC, Korean Agricultural Culture Collection, Korea (http://mgd.niast.go.kr);
ATCC, American Type Culture Collection, USA ; LMG, The Belgian Co—ordinated
Collections of Micro—organisms (BCCMTM), Belgium. b: Other Collection No.
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3) PCR primerE ©|-83¢ Xanthomonas axonopodis pv. citri E°l7d%&
2 gvle =279 A9y WA (Xanthomonas axonopodis pv. citri)©] E°] DNA
S A&, AZsA #BEE 4 = PCR primer(primer) setol] #3k Zojt}, 2
primeri= polymerase chain reaction (PCR)H& o]|&3lo] ZaF AYE HAT
Z3lUl= 3lolth
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hrpW 542 AAHOZ 35~48.7% He F214 FAMES yehd whd, e

b

(Xanthomonas)®l 3a|@sles 459 X a pv. citri, X o. pv. oryzae, X. c. pv.
vesicatoria® hrpW o}R| =AM LS X ¢ pv. campestris®] hrpW ofu] =AM A3 60%
ol wig =2 FAM(EEA)ESE BTsrs &  dn FAFHCEE, AYH ¥

(X, ¢ pv. axonopodis)2 X. o. pv. oryzaed 63%, X. a. pv. citriel 63.1%, X. c. pv.

~

vesicatoria®l 64.5% 9 FAMAES HAT. E3F X o. pv. oryzae®t X. c. pv. vesicatoria
I Aol 92.5% % vl A UElR T ey, Ao 2 E N-Eukiie &)
st A7IAME(1~2F 650bp, whebA] Gde] A9 1~ 217bpell dF = HE) A

AR AEel v fAbg ol el gle,

hul

rr

X. caxonopodis pv. citri 7Z3t7] 913+ Eo°] primers X. caxonopodis pv. citri®]

hrpW Fr7d2Fe] N—2ehi-9e] 90W~109W H7|A 83} 543 AEe 7FA= XACF
primer®}, 605 ~624H F7IME2] AEMES 7[A+= XACR primer setE A28t
(Fig. 4—85).
W8-S 2AS A X, axonopodis pv. citri Bt %% 1 7|eF W& Xanthomonas
ok M= PCR tbzol SH5A & 3vh(Fig. 4-86). XACFSF XACR primers 7}
F%3 50ng9] DNA s%=¢F 474 =71 (MgCly 1.5mM, dNTP Z}7} 0.2mM,
Z} primer 10pM, 7ag polymerase 2unit, 10X PCR buffer 5nlS -3 PCR reaction
50ul) stellA] Z3ste] PCR BH&S ARAS W X axonopodis pv. citriz -8 535bp 4
ole] A o]l FTFEE UL 4 %Y. EF Perkin Elmer 9600 thermal
cyclers(Perkin Elmer International, Rotkreuz)& A}&3}e] PCR ¥F3& AA|3 A} 9
oF FdI AAE dE F AT o] vl 7B vE A xYA(Promega, Takara,

Toyobo)oll Al Fml8l+= Tag polymerase 45 Ag38le] PCR £Z& 2AAdlodx e
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DNAS Zt7t F&83ln. afi 24404 =&
AF

axonopodis pv. citrn)® FL3A PCR %3

4-87). 9o #2 Ax=
citrid S Feld 4= o). webd, dA&3dh

- .
— primer set

de g 5 AU (Fig.

T2 Xanthomonas axonopodis pv.

1 2 |3 4 5

17.2

Divergence
S, BN I L T

hrpi_xac
hrpi Ko
hrpi™_Er_ary
Hrph_Psto
hrph_Ps_sy

Fig. 4—84. Genetic relative analysis in ArpW of Xanthomonas and hArpW gene of

Pseudomonas syringae. 1. X. axonopodis pv. citri, 2 : X. campestris pv. campestris, 3

Erwinia amylovora(thrpW), 4 : Pseudomonas syringae pv.

syringae pv. syringae.
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Fig. 4—85. XACF and XACR primer design from Arp gene of Xanthomonas axonopodis
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M1 23456 7 891011121314151617181920212223242526M

-

Fig. 4—86. Specific PCR amplification of partial ArpW gene from X. axonopodis
pv. citri  with hrp—specific primers XACF and XACR. Lane M, Size marker
(1Kb DNA ladder; Gibco BRL ™; lanes 1—26 listed in Table 4—18.

Fig. 4—87. DNA dot—blot analysis of ArplW with PCR amplified

fragment (561 bp) from X. axonopodis pv. citrii Lanes 1, X. a. pv.
citri KACC10443 lane 2, X. a. pv. citri KACC 10444 lane from 3 to
26(corresponding to the number in Table 4—18), other reference

microbes.
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M1 23 456 78M

—

Fig. 4—88. 1: Xanthomonas axonopodis pv. citri (KACC10443), 2: Xanthomonas
axonopodis pv. citri (KACC10444), 3: orange (infection), 4: summer mandarin

(infection), 5: lemon (infection), 6: mandarin orange (infection), 7: mandarin

orange (infection), 8: mandarin orange (control), M : 1lkb ladder marker
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Table 4—18. List of bacterial and fungal strains used in this study

Bacterial and fungal 1solate Source Geographical ongim
IXemthomonas ceeonopodss pv. cityi KACC10445 Korea
2Xemthomonas axonopodis fv. cityl KACC10444 Korea

3 Xemthomongs ovpzae pu. orpeae (X0085) EACCI0331 (K1 race) Korea
4Xemthomonas ovpzae pv. orpzae (PXO994) KACCI0833 Philippines
SXamthomonas o¥pzae pv. orpIae MMAFF311018® Japan

S Xepthomonas cavipestris pv. copipestyis KACCI0913 (ATCC 339130 United Kingdormn
TXemthomonas sesci KACC10645 Belgium
SXeothomonas tramslucans voutarin KACCI0674 Belgium
DXemthornonas codicel vauterin KACC10809 Tonga

10X amthomonas carpestris pv. carolae KACC10164 (ATCCL054T)® Usa

I Xepthowonas capnpestris pv. glycings KACC10445 (LMGT403)° Zarnhia

12 Xemthomonas carapestris pv. glpeines KACC10446 Zitrhabwe

13 Xeothomonas carpestris (Parnmel 1895 Dowson KACC10430

T Xemthoronas cavpestvis pv. aurantifbli KACCI0161

13Xemthomonas axonopodis pv. aronopodis KACC10935 Colutnbia

16 Xemthoronas fragarice KACCIL5 (DEMZI5ET)E USA
I7Xemthomonas cempestris ov. malvacearum KACCIZADENELL20) Germany

I8 Xemthomonas carpestris pv. pelargonii EACCI25DENMESIEST Cermany

19 Xemthoronas cavpestris pv. juglandis DEMEZL049 United Kingdormn
20Pseudormonas flliorescens KACCL10327 (LMG 1794} United Kingdotm
21 Pseudomonas stutzeri KACCI0290 (ATCC 17588

22 Pactobacterium capotovorum subsp. caroiovorum KACC10436 (LMG 2433 [taly

23 Pectobactariura copotovorum subsp carotovorur KACC10440 (LIMG 2433, The Netherlands
24 Puscrivm oxysporurn §sp dicvnhi KACCA0520 (ATCC11939)

25FUsapiymm oxpsporur Fap cucumerinum KACC40525 (ATCCLA016) Germany
28Escherichia coli (Q15THN KACC10765 (ATCC 35150

a: KACC, Korean Agricultural Culture Collection, Korea (http://mgd.rda.go.kr);
ATCC, American Type Culture Collection, USA ;
Co—ordinated Collections of Micro—organisms (BCCMTM), Belgium. b: Other

Collection No.
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4) PCR primerE ©]-&3¢ Erwinia carotovora subsp. atroseptica E°)7%

A HA "He 5 2 AT A SO YA (Erwinia carotovora subsp. atroseptica)
9] Eo] DNA ©9H AZEEL 93t PCR primer seto] @3k Aoz HU} AASAE 74}
St o] DNA @S A& + A= 20mer=E AZE g89] primers ©]-&
sto] 7HA} AR ] AHARE AlE, g A 9 5 e oFF(subspecies) &
o]& 2l PCR primer setol] T3k Aot} B Ao AFRE Erwinia carotovora subsp.
atrosepticas X33 Vg vAEL FIdAAETSATYE FAALde]  Korean
Agricultural Culture Collection(KACC) % ®#7]oe] the Belgian Co—ordinated
Collections of Micro—organisms (BCCM™) oA EoFutgltom o]5e] &0 tfate]
¥ 4-19 AYSG Y. Erwinia, Pectobacterium 2 Pseudomonas v+ %3 u)x
(nutrient agar: NA, Difco™), Xanthomonas 5% YGCH]IA (D—(+)—glucose 2.0%,
CaCOs 2.0%, Yeast extract 1.0% :1L), Fusarium spp.< potato dextrose agar(PDA,
Difco™), Escherichia coli= 1B 1] =] (Sambrook®} Maniatis 1989)0l| A wljeF&}43 o).

W e Erwinia o+F Y Pectobacterium w2 % DNATE CTAB WHo = F&
3o trE v ABES F DNATE Qiagen(Hilden, Germany)/\}«] A= DNA FZ 7]
E (Genomic—tips)< 0]%6‘}04 F=35 )

Erwinia carotovora subsp. atrosepticas A=3t7] $1%F 59| primer set9] A2
2 &l National Center for Biotechnology Information (NCBI) ¢
GenBank(www.ncbi.nlm.nih.gov/)oll 5E% (5EWH3 : BX950851) Erwinia carotovora
subsp. atroseptica +AA BAH T rhs FAA AEAH(GL: 5012234)F blastn T2 1
e Tl S skl primers A &SI

Erwinia carotovora subsp. atroseptica®l rhs f7AAFel A 904bp A7]9] ©HES T2
3= PEAF primer(A € 2)¢F PEAR primer(A € 3) setE A ZFsFA T}, primere] A4
a3 2

e PEAF primer : 5'-CCGGTACTTCAAGCTAATCC —3' 20mer (A& 2)
e PEAR primer : 5'=CCTTACCTATCGCTTCTCCT —3' 20mer (M<E 3)

Mo

PCR ZZ uk22 PTC-200™ thermocycler(MJ research, Watertown, mass) 2 A}-&
sto] At o, 7b wkge Tris—HCl 10mM, KCl 50mM, MgCly 1.5mM, Aztdl
0.01%, dNTP= Z+ZF 0.2mM, primers= 22 10pM, 2unite 8 =3 &4(Tag
polymerase,(Promega, Madison, Wis.)= 33} PCR £ o= &50nu9 oz &
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gatdnt. PCR E§elel H7ke 28 m =9 Al DNA &2 oF 50nge] it
HHS-& 94 Coll A 587F MAlEtar 94C 60%, 62C 30%, 72C 60%=2 253] WHEAZ

F 72CoA TR WSAAL. FEAS F 8ule] POR FENEL 19559 oz
Aol A/EE F olEds  Harlelme  HMAA  AgM AUV

d

transilluminator)oll A 2213}
A Ad Fig. 4-899 4 Bz npe}l o], 22t Sz Aol ARt 904bp 7] 9] 3

&
o] Selder S5E As AU Atk wEkA, PEAF primer = PEAR
5

4 Al ong 7 Yt
ol AdS 998 PCR primer® o]&o] 7MsatttsE AS 4 5 Ak = Adds
19] Eo] DNA "d#HoZRE AZH primer sets= At A SZAHYAHAS Eojdo=r

M12 3456 78 9101112 1314151617181920212223242526272829303132333435360M

c Bwessobr Bowl

904 bp

Fig. 4—89. PCR amplification of partial RAs family gene from Pectobacterium
atrosepticum with species—specific primer—set PEAF and PEAR. Lane M, Size
marker (1Kb plus DNA ladder; Gibco BRL ™; lanes 1—36 listed in 4—Table 19.

oW ZZX o Z2XHY Erwinia carotovora subsp. atroseptica A=< A 7R} Sz ol
7w Ao w oAE = A} A HOREE Erwinia carotovora subsp. atrosepticas A&
S 4 JE=XE Folstuat AAEG T AlZtE PEAF primer®t PEAR primer?] Z-ZFH
T (Erwinia carotovora subsp. atroseptica)®ll gl EolAS &lst7] Y& 27 20cm pot
o A2 3% F A% 2 7o) FAHE FF Fo| 7] L HA 10/mEER

A

AES A e Ao HENY HETE FANYES sl 2-39 B3} F WP =

o
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HowyE 1 I AES AHF F Aw DNAE CTAB 24

Thompson, 1980)% %3l #2 8 & PEAF$} PEAR primer setE ©]&3}o PCRS 4
Alstar, 1 A3E Fig. 4—909] YeERH AT Fig. 4—2914 M2 DNA A7|54 vA (1kb
DNA plus ladder, Gibco BRL™)o|31, 1W< Pectobacterium atrosepticum LMG23869]
a1, 2~6H-2 S A 7 8 x4 (artificially infected white potato tubers)
ol 7THE WA AAFA & 3 72 ¥ 7 (control white potato tuber)©]t}.
1 A3} Fig.4—9194 & 4 JE= uviel o], PEAFS PEAR primer setE o] &3}

s

N

Erwinia carotovora subsp. atrosepticas E°|4 o2 &3St}
—5‘01 frdzkel gk DNA dot blotit-Al> 742 S e 2 o] n A= AEE4,
Ho g FAMdol A= Ao R JANHE 2 E(Erwinia % Pectobacterium)
SQlstazl AAIsHaitE =, DNA =

BEE Bo| AQ F4 Ro] ¥ wgdA AEH 0E vABE EAEAS 3

o:
Jol'

(m w2
v
(i
o
£
v
=
032
é
>
S
30
=
N
Y
R
£
Jr
il

ol&l7] 98 F3EJT). Erwinia = Pectobacterium strain® = d@tgo) A}L% 7]E}
nAEZRE =325 20ng A% DNAZS dlo]E=—-N" Y E9(Amersham pharmacia
biotech, UK)oll Z}z} ®F3 3 UV AZA-HAZ ALgse] nAANALY. S4EAF
(Erwinia carotovora subsp. atroseptica) CEZYX-E FZ ¥ Fxx dHS F-dx g3l
2tz ALga7] 98l @AYl Ze}9)(random prime) WHol wel 2heivk(Ladderman™) 2
e 7)E(Takara, Japan)< o]&3te] WAL B9 AA[PPldCTPR FA&ATh WA
FAYARE FTAH gHAAY stolEE-NT YR u4gH 7k wAYE As DNAS
o] EAst= 65T oA 184 Et =43}k ¢k (NaCl 0.75M, 794 Y EH 75mM,
0.5% SDS, 0.1% BSA, 0.1% &, 0.1% =¥ I3 Ee]=3 "% Ao]FADNA 5018
/)& ARgste] AAEIT =435 Holxl YdE9S 0.1%° SDS(sodium dodecyl
sulfate) 7} E£3¥ 2x SSC gFNoz ALor F H A (Z 108%)3taL, 0.1%<]
SDSE XEF3F 0.1x SSC=E 65CollA vl F (2 1584) AHsdt. 434y o
AHAY & Y298 X—ray DE(AGFA, Belgium)ol] —70CelA dF5o =EA0
T #@Asta, oL AE Fig. 4-919] YepHIAYh 2 A ¥} Fig. 4-91¢lA K= wpe} 2ol
HASAHAE ] T DNAoARE Bo]x oz PCR ZrH7F At o] FHA
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Fig. 4—90. DNA dot—blot analysis of ARAs family gene with PCR amplified fragment
(904 bp) from Pectobacterium atrosepticum. Lane 1—12, Pectobacterium

atrosepticum lane from 13 to 36(corresponding to the isolates numbered in Table
4-19).

5) PCR primerE ©|83+ Xanthomonas campestris pv. vesicatoria 5°|H&

AR He S 2 dATe ATAAETFEY A (Xanthomonas  campestris  pv.
vesicatoria)®] 5©°] DNA = A& s A& & d= B 9E (Pathovar) 59]
PCR primer seto] 3 Aol HT} AAMEAE, E 29 primer setE
PCR(polymerase chain reaction)®< ©]&3te] AMAAAFHHAANS HEH+=
20mer®  AZE 189  primer setEA, A7) primer setE AlTAAAFHUH AT
(Xanthomonas campestris pv. vesicatoria)o|AWF 517 bpe] ©@d WME=E Aty &
Xanthomonas% W A & 2 02 #HUAd AlSdd= MEE A& gon, 641 Ul
of DNA oA A&, Aokl M FHAWH Y H (Xanthomonas campestris pv.
vesicatoria)®] 7+ A9 AFE BEHT F Qo] FA A o E Auj EFolA e
A o Ze axrb ot

BoAFo AMeE AFA AT A A (Xanthomonas campestris pv. vesicatoria)<
xggk 71E MAES sPAHE AT Y FARAHRY g An A=A AlE
(KACC, Korean Agricultural Culture Collection) & 7] 2] the Belgian Co—ordinated
Collections of Micro—organisms (BCCM™)ol| A 2oFurglt} (Table 4—19). Xanthomonas

e
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T YGC ®IA(D—(+)—glucose 2.0%, CaCOs; 2.0%, Yeast extract 1.0% :1L),
Fusarium spp.< potato dextrose agar(PDA, Difco), ZEscherichia coli® LB
agar(Sambrook®} Maniatis 1989) 4], T} & AN|#E2 nutrient agar(NA, Difco)ol A Hj
&ttt

YGC wjA el A wi¥e Xanthomonas v+ CTAB WM O total DNAE F%3H31
© ™ (Lazo, G.R., Gabriel, D.W., 1987. Phytopathology. 77, 448-453), T} & n| A& Z - F
o]  total DNA+¥ Qiagen(Hilden, Germany)AF2] genomic DNA  extraction

kit(Genomic—tips) & ©| &3} FE3}A T

Table 4—19. List of bacterial and fungal strains used in this study

Mo Bacterial annd Fungal Isolates Source Geographical origin
1 Tearfloanaras campasiris pv. Vesicaforia HACC 11153 Republic of Forea
2 Ernthomorns coamprestris pv. vestooforia EACC 11154 Fepublic of Korea
3 Tt leoenords comprestris PV, Vesicaforia HACC 11157 Republic of Forea
L Xanfhomoras campesiris pv. vesicaforia EACC 11152 Fepublic of Forea
5 Tearafloanornas cRmpasiris pv. vasicaforia ILIIG 205 -

&a Eothomorns camprestris pv. vestooforia LG 668 Zook island

7 TR oris axonapociis V. vesicaioria LI 204 -

= Xomfhomorns axoropodl s v vesicalforia LIvIF 6a%F -

o Teanrafloanoras axorapodis e vesicaforia HACC 103563 Hungarsr

0 Ernthomorns orFIzne pv. oryFsos EACCIOE31 Korea

11 Zanfhomoras campesiris pv. campesris ATCC 359135 TTnited Fingdom
12 Xonfhomoras campesiris pv. carofas ATCC 10547 T3

1= Tenathoamoras campasiris pv. ghreines I FAO035 Famhia

14 Erthomorns comprestris pv. pal or gord D3ELAZ SO085T Crermarny

15 Eanfhomoras campestris pv jugiandg s DENAZ 1049 TTnited Fingdom
1a Xonfhomoras campesiris pv. malvacearum D3ni=Z 1220 Cermany

17T Teanaflommoras axorapodiis e crird FLACCIO445 Korea

18 Erpthomorns aronopodis pv. digffenbachiae LI &25 Bra=il

12 Eaanfhomoras axornopodls v vasculoriem LW 201 TuTuritius

20 Xonfhomoras axornopodis v, begoriae LIvics 551 United Fingdom
21 Tenathioanaoras axoropoddis v plinsenii LI FA55 Belzium

22 Zrpthomonns arnonopodis v, plyellardbe LI 2244 Shadan

25 Eanfhomoras fransiucens v, cerealis I a3 TS5

24 Xomthomoras fransiucens v, horder LIV 282 Canada

25 Tenathoamoras arboricola pv . poinseffaicola LG 54073 Mew Zealand

2 Xamthomornas cassavae LW a?s Il alawi

27 Feanfhomaoras cuiciar B fos LMW BEE6E2 Mew Zealand

2= Nesorhizobivgn Tofi I 5125 Mew Zealand

209 Facfobacferiiom afrosspafican LG 2386 TTriite d Flhingdom
=0 Fseudomorns sypringne pv. fomaic LI 5003 TTnited Fingdom
31 Fscherickna coli ATCC 55150 -

32 Fusarizam oxysporwm F.osp. di by ATCC 11939 -

KACC, Korean Agricultural Culture Collection, Republic of Korea
(http://kacc.rda.go.kr);

ATCC, American Type Culture Collection, USA;

LMG, The Belgian Co—ordinated Collections of Microorganisms (BCCM™), Belgium
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M A FE Y E A (Xanthomonas campestris pv. vesicatoria)< 7A&38t7] Y3+ Eo
primer set® A|ZS 93 National Center for Biotechnology Information(NCBI)<]
GenBank(www.ncbi.nlm.nih.gov/)ell 55 ¥ (T5HE : AM039952, GI : 78048271) Alit
AAFEYE AT (Xanthomonas campestris pv. vesicatoria str.) 85—10 FdA AR =
rhs FHAF AR E blastn TRIPS F3 I SolHS QA

PCR &% HF$2 PTC—200TM thermocycler(MJ research, Watertown, mass)=S A}
g3te] AAson, 7} wkgS Tris—HCl 10mM, KCl 50mM, MgCl; 1.5mM, &gl
0.01%, dNTP= ZZ+ 0.2mM, primer= ZZF 10pM % 7ag polymerase 2
unit(Promega™™, Madison, Wis.)E 3-438l= PCR &Aooz E 50u9 %oz Fa3}
Tt PCR Zhell H7hek vid=s5ol 24749 7l DNA 2 oF 50ngol v}, w2

ol o]
94 Col A 5%37F WAala 94C 60%, 58C 30%, 72C 60% = 253] WHEA7] % 7
S

o

TolA

7R3 gt SENE F 8ule] PCR AMHES 1% 5=9] agarose geldl A7) &g
% EtBr(ethidium bromide)ol] Z2A]#A UV transilluminatorol A #2133 tH(Fig. 4—1).
Fig. 4-91 <& Eolprimer set(XCVE/XCVR)E ©o]&3} AAAAEFHHE AL

(Xanthomonas campestris pv. vesicatoria) E°] DNA ©He A&ARE A3 23

tAlE 49 (517bp: 756 ~ 1272bp)ellA FZEE Gk

pul

Fig. 4—91. Specific PCR amplification of the RhAs family gene from X. campestris pv.
vesicatoria with specific primers XCVF and XCVR. Lane M, Size marker (1Kb
DNA plus ladder; Gibco BRL TM); lanes 132 listed in Table 4—19.

oWl Ao 2XE MNAATFHAY A A (Xanthomonas campestris pv. vesicatoria)<
AZshe AFES 93 A4z 1F FFo AFAAPATFHEATS FEFs

(Sahin, F., Miller, S.A., 1998. Plant Disease. 82, 794—799). &3t H54 o]y XA o7
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FES total Al DNA 2= Murrary®] Wel we} AAjste] A8tk (Murray,
M.G., Thompson, W.F., 1980. Rapid isolation of high molecular—weight plant DNA.
Nucl. Acid Res. 8, 4321.). 2 A3} 3 Fd 115 ¢ 4 (lane 2—-6) A%t So] DNA &
Hol FZ ¢ T8 thZxT(control) &2 ALEH lane 7oA E A3 AZHA &kt
(Fig. 4—92).

M1 2 3 4 S5 6 7

Fig. 4—92. PCR detection of artificially infected red pepper leaves. M, size marker
(1kb DNA plus ladder; Gibco BRL™ 1, X. campestris pv. vesicatoria KACC11153;
lane 2—6 , inoculated Capsicum annuum cultivars; lane 7, healthy Capsicum annuum

cultivar.

DNA =E E38F #2412 5o] Ad FA Hito] o] AFoA ALLH th& A& :
EAQ=A S selstr] Y8 FE AU, Xanthomonas strain®} B A3 o] AR 7)€
nAEZREE FE59H 20ng? A% DNAE Hybond—N+ nylon membrane(Amersham
pharmacia biotech, UK)ell 2z} 53k & UV A2 (cross—link) S AF&3Fo] 14 A]
At Ad A A FYE A (Xanthomonas campestris pv. vesicatoria) CZ25E ZZFH £
A gdHS FdA gxeAE AFREH7] 98] random prime WOl wEl Ladderman
Labeling kit(Takara ", Japan)& &3] WAL E A& [PPlACTPR EA&Holc). W

A Y 9AE 3245 83129 Hybond—N+ nylon membraneo] A E zZ} nAYE
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Al DNA®e] &A1 3}+= 65T A 18475 ¢t hybridization buffer(NaCl 0.75M, sodium
citrate 75mM, 0.5% SDS, 0.1% BSA, 0.1% Ficoll, 0.1% polyvinylpyrrolidone % WAl ¥
salmon sperm DNA 50pg/m) = AAJstgitt. &4t A& “H(nylon membrane)
0.1%2] SDS(sodium dodecyl sulfate)”} X 3&t%l 2xSSC buffer® 2204 F H A2 (Z
1082)3}ar, 0.1%2] SDS(sodium dodecyl sulfate)ES X33 0.1xSSCZE 65TCol A t}hA
T oA 1584) AFsAT. E45 A 2 AF AY T UdE e X-ray ZE
(AGFA, Belgium)ol —70Col|A 8tF5et =EA7 5 @48t (Fig. 4-92) 1 A}
Al A A EH ¥ A o (Xanthomonas campestris pv. vesicatoria)®] total Al DNASF =}
A TE&F PCR ZZEH (probe)d] &A%} Ao A= A ¥H-5(positive reaction) ] L
ko, ovre]l & oA 9] total Alw DNASH Al W F-HH Aol S54
PCR X2 H (probe)® ZAstellA= A3 &4 (hybridization)e] & vefubA] oo}
primer® AZg PCR AbEo] Al difF-Hdynte] 2t= 5o DNA w0l
As AT 5 AT (Fig. 4-93)

o

LR
rr

Fig. 4—93. DNA dot—blot analysis of the RAs family gene with PCR amplified
fragment (517 bp) from X campestris pv. vesicatoria KACC11153. Lane 1, X
campestris pv. vesicatoria KACC11153 lane 2, X. campestris pv. vesicatoria KACC
11154 lane 3, X. campestris pv. vesicatoria KACC 11157 lane 4, X. campestris pv.
vesicatoria KACC 11158 lane 5, X. campestris pv. vesicatoria KACC 11161 lane 6, X.
campestris pv. vesicatoria LMG 668 lanes from 7 to 32(corresponding to the number

in Table 4—19), other reference microbes.
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6) PCR primerE ©]-&3F Xanthomonas axonopodis pv. glycines E°|H&
A WA Hel S B2 AFEe FEREW A (Xanthomonas axonopodis pv. glycines) 2
5ol DNA @3S e AEAZREH A% AostA FdAoA55 19 5 A= PCR
primer 3 ©ol& °|&% FEuEHAe] AWl w3 Ao wA JWLE primers
PCRHE o] &3to] o] #5he HAET 4 A& 22mer 9F 19mer2 o] Fo)z FEnIEH Y
7 Eo°] primerelt. & primer setT® FEUEH Y (Xanthomonas axonopodis pv.
glycines)| ATt 461bpe] @Y WME=E FASH YE Xanthomonass: W A & 2 ¢
& HY¥ (pathovar)ell= ME=S A=A FaL 6A1ZF Uo]l DNA oA Ald, 23]
FEu 2w A (Xanthomonas axonopodis pv. glycines)d 7+ A oARE AHI &
omw T A ofF 2 A EFelA e TA o e a3t

oA AL gd FEwEHATF(Xanthomonas axonopodis pv. glycines)S L3 7]ef
HAEL FAAETEATY ALY s AEAYAIE (Korean  Agricultural
Culture Collection, KACC) % 7|09l The Belgian Co—ordinated Collections of
Micro—organisms (BCCM™) oA Bekulgton ¥ 4-209] Az|Ho AT} Xanthomonas T+
= YGCHIA(D—(+) —glucose 2.0%, CaCOs3 2.0%, Yeast extract 1.0% :1L), Fusarium spp.
2 potato dextrose agar(PDA, Difco™), Escherichia coli= LB3F1]%](Sambrook<}
Maniatis 1989)9)A], T2 AH#E2 JFstd A (nutrient agar: NA, Difco ™) oA w)jekstait).

Total DNAS] &2 YGCulAoNA vt Xanthomonas #++Z5E CTAB Wyo=z
A DNAE F=31¥o1 & nAEZ5EHe A DNAE Qiagen(Hilden, Germany)AH] Al

7

% DNA F% 7]E(Genomic—tips)E o] &3} F&3}9 )

facs

=
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Table

4—20. List of bacterial and fungal strains used in this study

= Mo Bacterial and Fungal Isolatess? Sources’ Ceagraphicel ongin:

1+ Fenthomonss axonopodis py. glecines < DSMZ 7403+ Zamhbiar

2+ | Zanthomonas gronopodis py. glraings DSME Ta04+ Zimbabwes

3¢ | Eanthomeonas arenepedis py. glraness KACC 11145+ Koreas

4+ Fanthomopas orisas py. orezae KACC 10331+ Koreas

3+ Eonthomonas cryses pv. oryzicola + BLS 3404 Philippitnies+

6+ | FTanfhomonas campesiris pv. campesfris ATOC 33913+ Unated Kingdom +'
T Eonthomonas campestris v, cargfeeas ATCC 10547+ USaA

&« | Fanmthomonas campesiyis oy Pelorgonic DSMZ 50857+ —a

S | Fanfhomonas campesizis pv. juglandi- DSMZ 1048+ United Kingdoms
10+ Eemfhomonas campesiris oy meliacearums’ DESMZ 1220+ -+

11+ Famthaomonas gropopodis gy gifri+ KaAaCC10443+« Horsas

12+ Egnthomonas arenepoedis pv. disffenbaclkias LM G 585+ Brazil+

13+ | Fanfhemenas aremmpRedis BY. Faicuierm LMG S01+ Mlugitiags

14+ Fanthomones aronopnodis py. hegoniaes LMG 551+ Urited Kingdom +
15+ Eanthomonas aronopodis py. phaseolis LM G 7455« Vulgaris+

16+ Fgnthomonas aremopodis py phplladh LG 844+ Sudans!

17+ Fonfhomonas aronopodis oy auraifolis KACC 10161+ Brazils

18+ femthomonas gronopodis oy vesicatorias LMG 905+ Sudan«

19+ Eemfhomonas fransducens py. phldprafensizc LMG 843+ UsaA+
20+ Fanfhomenas fransiucens py- cerealiz: LM G 678 USA -«
21+ | Fonthomonas franslucens py- hordags LMG 882+ Canada+
22+ Tehomonas grhoricola we. poinsefiiicolas LM G 5403« Wew Zealand-
I3+ Ignthomonas cassaraes’ LM G 673+ W adavris
244 Fawthamonas cucurbitas LG B663+ Hew Zealands
25+ Femthomonas thelcola+ LM G 8624+ Japan«
26+ Fanthomonas pisis LG 847+ Japan«
27+ Pseudomonas syringze px fomafo « LM G 5093« Uruted Kingdoms'
28+ Escherichia coli (0157 HT)+ ATCOC 35150+
20+ Fusgrium cxpsporwm © sp. Dignths ATCC 11938+ -
30 Ferieillium jfalictan « KACC 40826+ Horeas
31+ Trighoderma harzminame KACC 40543+« Koreas

KACC, Korean Agricultural Culture Collection, Republic of Korea

(http://kacc.rda.go.kr);
ATCC, American Type Culture Collection, USA;

LMG, The Belgian Co—ordinated Collections of Microorganisms (BCCMTM), Belgium;
NCPPB; National Collections of Plant Pathogenic Bacteria, UK;

DSMZ, German Collection of Microorganisms and Cell Cultures, Germany;

BLS, International Rice Research Institute, Philippines
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ol

Ev S A (Xanthomonas axonopodis pv. glycines)S 7Z317]9138F o] primer
o] A2HS 93] NCBI(National Center for Biotechnology Information)® GenBankel| &
=3 (5=W 3 AY52084) hypothetical protein(protein_id="AAS91338.1) FHAH(H L5
1,075bp) 2] upstream region®] A EGHE blastn Z21AS T3 &AsFST)

FEu 2 A9 hypothetical protein +AAZRE 461 bp A7])e FAA GdHE =
23 Zo 7 AAEE XGF (5'-TGTGCGGCCAGTAGATAGTGAGC—3")(ME &5 2: 23mer)
9} XGR (5'—CCGAGGGCCAGCAAAGAAG—3")(MEHE= 3. 19mer) primert GenBanks 3
2 (5HE: AY520840) slo] ZH El A 9 2 (hypothetical protein,

protein_id="AAS91338.1)2] upstream region® A LA R E blastn T2 1S F3] Eo

g3kl AAsiglon, 7} wgE Tris—HCl 10mM, KCl 50mM, MgCl; 1.5mM, gelatin
0.01%, dNTP: Z+z} 0.2mM, primer= Z+zF 10pM, 7aqg polymerase 2unit(Promega ™,
Madison, Wis.)& sl PCR £ Aoz F50ue Foz 4333tk PCR 39
of H7bet 2 W AE9] genomic DNA 2 ¢F 50ngo| At ¥H-&2 94Ceoll A 107t
WA skar 94°C 60%, 62C 30%, 72C 6022 253] WHEAZL F 72°CelA] 10487t WH&-3F
o SERES & 8ule] PCR AHES 1%5 %9 agarose gelolA] #7]d& 3 & ethidium
bromide®] ZAA]# UV transilluminatoroll A 22135} T},

Fig. 4—940 4] veld vt} o] XGFe XGR primer S ©o]83te] F 4—200 71 A

4]
H 31¢F S ZEnEH A Xanthomonas axonopodis pv. glycines®]| tale] &
o] DNAYHAS A=ET 4 AUt 1, 2, 3 laned Xanthomonas axonopodis pv. glycines
o] FErEFH AT NARE FolA o8 FAjsh= PCRYEAC] HEE AT

o]

ZA o 2 XE FEwEH A (Xanthomonas axonopodis pv. glycines) A% 7V
5 #Rletr] flal FEmEHC A Aow oiHE F o 229 genomic
DNAE F%3}9] XGRS} XGF primer® Xanthomonas axonopodis pv. glycinesE PCR
of ol H=stdvh. 21 A3 Fig. 4-95014 9} o] FEmFHE A sew o4
© F BAY F o =H(ane 6, 7, 8)3 FEviEH Ao 2 AoE HFH Y £
#(lane 5, 6)CZREH Fel® 17139 MEZo)A AF DNAES CTAB #29¥ (Murray
M.G., Thompson W.F. 1980. Rapid isolation of high molecular—weight plant DNA.
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Nucleic Acids Res 8:432)& %3] £2 3 & XGR® XGF primers o]-&3te] FEn}
EHY 3+, Xanthomonas axonopodis pv. glyciness Eo|& o2 &3}

DNA dot blot #4123 5ol Ad F4 Fito] o] Aol AMEH t& PAEd =
EAQE=RA S Zeldtr]) Y8 FaHEUJTY. Xanthomonas strain® B A F o] ALgH 7)€
MAE=ZHE FF% 20ng® Al DNAE Hybond—N+ nylon membrane(Amersham
pharmacia biotech, UK)dl 22 EF3 & UV cross—linkE A3t TZAA A
Xanthomonas axonopodis pv. glycines®%¥ FZH FHAA dHS F4x2 SXAA=E
AF23817] 93 random prime W o] Wl Ladderman Labeling kit(Takara™, Japan)<
o]-g3te] WAMH FAAL[PPIACTPR EA AT WA S9d4E BAE BHAA
¢} Hybond—N+ nylon membraned] A ® Z} 1] B E A% DNASIe] &4 3= 65Tl A
18A]7F &<t hybridization buffer(NaCl 0.75M, sodium citrate 75mM, 0.5% SDS, 0.1%
BSA, 0.1% Ficoll, 0.1% polyvinylpyrrolidone® ¥ A% salmon sperm DNA 50ug/ml)=
2N 8T £443F Fo]Z nylon membrane: 0.1%¢] SDS(sodium dodecyl sulfate)”}
23 2xSSC buffer2 A4 F W AF(Z 1024)38kaL, 0.1%% SDS(sodium
dodecyl sulfate)& Z &3 0.1xSSCRE 65Tl A thAl F W (7} 1584) A5} &4
2] W A 2] & nylon membranes X-—ray E(AGFA, Belgium)el] —70°C el A

zl

37 B ]t mEAIY

Fig. 4—96 ol %% DNA 9HS& Z28 2 dlo] F EBnEyd 2 g2 nAEd
gisted  xZ(Dot) EZH(blot) A4S Fdskqlvt. 1 A¥ Xanthomonas®: Mt =
hypothetical protein F&elA Asdol A= WUTNA FAd (positive) W0l A5
AT = AL 19 YA At D FFold A= 574 (negative) WHEo] dolds
kel 3 4= Ak wEbA & primer7t 4EE SoldS 2 9leS e 4 AT
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M 1 234 5678 91011 12 13 14 131617 18 19202122 23 24252627 28 2930 31 M

Fig. 4—94. Specific PCR amplification of a partial hypothetical protein from
Xanthomonas campestris pv. glycines with pathovar specific primers XAGF and
XAGR. Lane M, Size marker (1Kb DNA plus ladder; Gibco BRL ™; lanes 1-31
listed in Table 4—20.

M123456789M

Fig. 4—95. PCR detection of naturally and artificially infected soybean leaves.
M, size marker (1 kb DNA plus ladder; Gibco BRL ™ Jane 1, X. axonopodis
pv. glycines DSMZ 7403; lane 2, X. axonopodis pv. glycines DSMZ 7404 lane 3,
X. axonopodis pv. glycines KACC 11145 lane 4, artificially inoculated leaf from
Glycine max lane 5, artificially inoculated leaf from Glycine max lane 6,
symptomless leaf from Glycine sojae lane 7, symptomless leaf from Glycine
sojae lane 8, symptomless leaf from Glycine sojae lane 9, control leaf from

Glycine max.
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Fig. 4—96. DNA dot—blot analysis of a hypothetical gene with PCR amplified
fragment (461 bp) from Xanthomonas axonopodis pv. glycines DSMZ 7403. Lanes 1,
Xanthomonas axonopodis pv. citri DSMZ 7403 lane 2, Xanthomonas axonopodis pv.
glycines DSMZ 7404 lane 3, Xanthomonas axonopodis pv. glycines KACC 11145; lane

from 4 to 31 (corresponding to the number in Table 4—20), other reference microbes.

=

7) PCR primerE ©|&3¢ Xanthomonas oryzae pv. oryzae E°|7AZ&
A A Hek 2 Age B QeS8 Aw (Xanthomonas oryzae pv. oryzae)®] 5o°l

5
DNA ©g 79d ABARRE A% g3l dedoing Aae & gl PCR primer 3

W S Qlm}EW A (Xanthomonas oryzae pv. oryzae)® WHA7E= 79%~F87]og F
B 79 4e~849 T gt @Az o el ET"V—*:"] dtAlE glar T2 QC(Quality
Zro] 9 k. ol#dt S AW B SAYulEHdre] HES SEiA AEuiAE o] &3}
Aut Hdate] e, st 54 RS Fdske WY

WHES WA e B oujdel] FARte] AQ i BEARre w%

(103CFU olh)ollMwt xko] 7hsstm, fakeh g4 540w dléto] FU3 Xanthomonass:
Y= 5F(Xanthomonas oryzae) el 2] WA (pathovar) olE53e] #AlNA B35

$40] WS o] WEe] AEA BHAAT BN e BAde] Ak P, FANE
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S o]83 ELISA(Enzyme—Linked ImmunoSorbent Assay) JYHE A% 71e7) & A4
B slal AapF Bdstal k] BAu|go] QgEw, Algte] Wol AQ v s
= EAdo] . dAlE nAE g3 og PCRYol Mak o] AMgwar gty 23y

Ee] A% WHE DNA BAAE olgdle] ¥ S22 %ol iseka 8% (pathovar)

=< .
gy, 2 Aol A iR primer= PCRYME o838t o] #iks A 4 U=

Z+7} 20mer® o] F o7 W3 AwS W AF 50| primer set®|th. ©] primer setE B39}
v S W A (Xanthomonas oryzae pv. oryzae)o|lA % 605 bpe] @ M=Z A3 o}

e Xant]zomonasé? W A = 2 s HAA AEdE w=E AEEH g 6417
o] DNA oA A% A sks] v 3 nlEW QA+ (Xanthomonas oryzae pv. oryzae)2)

4 ZJ-‘H 2 HET 5 o] T4 A o5 2 A R A o el
o

Toll AbgE W3 Avt S A (Xanthomonas oryzae pv. oryzae)S X3 7]
g mAdEe sdAETedTd fAAdRY s du A E AL A E (Korean
Agricultural Culture Collection, KACC) % ®7]oe] The Belgian Co—ordinated
Collections of Micro—organisms (BCCMTM) oAl &&FRbgkom 3 4-219] A2l o]
AT}, Xanthomonas 5+ YGCHI A (D—(+)—glucose 2.0%, CaCO3 2.0%, Yeast extract
1.0% :1L), Fusarium spp.< potato dextrose agar(PDA, DifcoTM), Escherichia coli=
LBgHd 1] %] (Sambrook®}t Maniatis 1989)¢4, ©& AFE2 & ulA] (nutrient
agar: NA, DifcoTM)ell A wlij Fatich.

Total DNA®] F&2 YGCHlA A wie Xanthomonas 7=25E CTAB Wi o
2 A DNAE FEF3igler v vAEZHES Al DNAT Qiagen(Hilden,
Germany)AFe] Al DNA 3= 7] E(Genomic—tips)E ©]&3slo F=3519 ).
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Table 4—21. List of bacterial and fungal strains used in this study

Ma. Bacterial and Fungal Isolates Source Geographical origin
1 Eanfhomoras orpzae py. orpzae (FZL0E5) EACC 10331 Forea
2 Ianfhomorss orpzac pv. oryzac EACC 10383 Eorea
3 Zawnfthomoras orpzae pv. orpzas (FXO09M) EACC 10883 Philippines
4 Tapfhomorys orpzae pv. oryzicola BLs 349 Philippines
5 Eownfthomoras campesfris pv. campesiris ATCC 33913 United Eingdom
6 Tenfhomores campesfris pv. carofas ATCC 10547 U5a
T Eowthomoras campesfris pv. glpeimes LG 7403 Zambia
2 Tanthomores campesfris pv. pelargov DEME 50857 Germaty
o Zawthomoras campesfris pv. juglandis DaEMIZ 1040 United Eingdom
10 Eanthomoras campesfris pv. malvacearum DEMZ 1220 Germaty
11 Zanthomonas aroropodis pv. cifrl EaCC10443 Eorea
12 Xanthomonas arcvopodis py. digffenbackiae LMG 695 Brazil
13 Xanthomoras axoropodis py. vasculorum LG 201 Mutitine
14 Xanthomovas arcvopodis py. begoviae LG 251 United Kingdom
15 Xanthomoras axonopodis pv. phaseoli LG 7455 EBelgium
16 Xanthomowas arcvopodis pv. phy b LMG 344 Sudan
17 Eanthomoras axoropodis pv, auraafifoli EAaCC 10161
12 Xanthomonas arovopodis pv. vesicaforia LG 905 Tonga
12 Xanthomores franshueens pv. phlaproafensis LG 243 JREEFN
20 Eamthomonas fransleens py. cerealls LMG 679 U5a
21 Eanthomores fransiueens pv. horde LG 882 Canada
22 Xamthomonas arboricola . potiseifiicola LG 2403 Mew Zealand
23 Xanthomowas cassavag LIIG 673 Ml alawri
24 Xawthomonas cucurbitae LG 28662 Mew Zealand
25 Kanthomoras fheicola LG 2624 Tapan
26 Xanthomoras pist LG 247 Tapat
27 Fseudomonas springae pv fomato LG 5093 United Eingdom
28 Escherichia coli (0157 :HT) ATCC 35150
29 Fusarium oxpsporim £ oep. dicathi ATCC 11939
KACC, Korean Agricultural Culture Collection, Republic of

(http://kacc.rda.go.kr); ATCC, American Type Culture Collection, USA;
LMG, The Belgian Co—ordinated Collections of Microorganisms (BCCMTM), Belgium;

DSMZ, German Collection of Microorganisms and Cell Cultures;

BLS, International Rice Research Institute, Philippines

- 373 —

Korea



Xanthomonas oryzae pv. oryvzaeS FH=3F7]19%t 59| primer setd AZES 93
National Center for Biotechnology Information (NCBI) ¢
GenBank(www.ncbi.nlm.nih.gov/)oll &9 (SEWH3 : AE013598; gi 58581203)
Xanthomonas oryzae pv. oryzae -FAA AR F RhsD FFAF AEAR(AIEEE 1!
1,509 bp)E blastn T2 E3) YA S 238t primerE A ZFseith.

primer A|Z2 PCR TF% wkgE 6050p A719] ©@HE FTEHsE XOOF
(5" —=ATACTCGGCTGGTAATGGCT-3") o} XOOR
(5'=TGGTGTTGGATATGCGCTTC—3")primert GenBanks =¥ (55WE : AE013598; gi
58581203) RhsDQ MAAHE blastn TR LS F3] EolHS &2 & AU
PCR ZZ wkS2 PTC-200™ thermocycler(MJ research, Watertown, mass)S A}-83}
of AAsF o ZF w28 Tris—HCI 10mM, KCl 50mM, MgCls 1.5mM, gelatin 0.01%,
ANTPE=  Z+zF 0.2mM, primer= Z+ZF 10pM, 7ag polymerase 2unit(Promega'™,
Madison, Wis.)S -3l PCR &£3dor Z50pue $o=z 43353t PCR &3+
of H7bet 29 W A& genomic DNA %2 °F 50nge| Atk WHg& 94Co A 5&7F W
A5k 94C 60%, 58T 30x%, 72C 60x= 253 WHEAIZl & 72T A 787+ ¥H-§-3tt},
SEE - 8ule] PCR A= 1%5 %29 ol7k2 2 A(agarose geD oA H7]953 £

ethidium bromide= 2 A]A UV transilluminatorel] A €213}l o).

Fig. 4—97014 velt ve} o] XOOF9F XOOR primer & o] &3te] % 1
2075 Fo\| XN Xanthomonas oryzae pv. oryzae tWate] Eo] DNAUHE A=3 &

AATE 1, 2, 3 lane2] W ZAvfEH A ARt SolHow EA5 = PCREHAC] A&

)

ZH (Murray M.G., Thompson W.F. 1980 Rapid isolation of high molecular—weight
plant DNA, Nucleic Acids Res 8:432)& 3] &7 3 v A7 we PCR &
AASAT 1 A3t Fig. 4-9990 Wehd nie} go] wmAcvtadds H33 B X
oA 5ol DNA @3Sl 605bp 719 A7 g5 2heEs sl
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M1 2345067 8% 1011 12 13 14 151617 1819 20 21 2223 24 25 26 27 28 29 M

Fig. 4—97. Specific PCR amplification of a partial rAsD protein from Xanthomonas
oryzae pv. oryzae with pathovar specific primers XOOF and XOOR. Lane M, Size
marker (1Kb DNA plus ladder; Gibco BRL ™; lanes 1—29 listed in Table 4—21.

DNA dot bloti= 5o A& 4 F-Zo] o dAolA A the vA=zolx= A3}
SAE Zalsly] ¢l Sl EHAY. Xanthomonas train ¥ 23 o] ALEH 7]} A&
2Z2HEH F=%F 20ng® genomic DNAE Hybond—N+ nylon membrane(Amersham
pharmacia biotech, UK)el| Z+Z} B3 & UV cross—linkE AF&3Fe] A A AT
Xanthomonas oryzae pv. oryzaeZ2%H ZFZFH FAx dHE FH4x SHQIxE AL
3}7] $18] random prime ol Wl Ladderman Labeling kit(Takara™, Japan)<g ©]
&35tel WA FALA[PPIACTPR %4 aholvh AR E994w Bad @A e
Hybond—N+ nylon membrane®] A ® 2+ v AE genomic DNASS] EAI3l= 65T
A 18A17F5-¢t hybridization buffer(NaCl 0.75M, sodium citrate 75mM, 0.5% SDS, 0.1%
BSA, 0.1% Ficoll, 0.1% polyvinylpyrrolidone® WA ¥ salmon sperm DNA 50pg/ml)=
2N 8T A3 o2 nylon membrane™= 0.1%¢] SDS(sodium dodecyl sulfate)”}
F3ke 2xSSC bufferz A2elld F & AFH(Z 1024)8 kL, 0.1%°] SDS(sodium
dodecyl sulfate) & E3F 0.1xSSCE 65CellA thA] F W (7} 1584) AZ s, &4
2] W A 2] & nylon membranes X-—ray E(AGFA, Belgium)el] —70°C el A
e <k =E:AIZ @Skl

21 A3} Fig. 4-98914 ¢} o] W Eleln} Eo]Z o7 hybridE HAs
U Xatnomonas% Wl BFEAMIE A EF 54 WS YERRi 1819 A
o= b ¥ WhEol Ugtoy ol x SXoA ZrHE AREE PCR AHE] 5

e o

=
alll
ok
o
Y
=2
2
rEI
m
2

o
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gdo A oF 100bp 719 AEAo] EAs= AR olyd Ayl Yy HAow HA
HAg 2t YRl oF 500bpd A2 v 5ol JHE XY 9l
KR

DNA ©H 2 & HAdg dolMs EAsHA &

1 18 19 20 21 22 23 24

25 26 27 28 29

Fig. 4—98. DNA dot—blot analysis of a partial rAsD protein with PCR amplified
fragment (605 bp) from Xanthomonas oryzae pv. oryzae. Lanes 1—29 listed in Table

4-=21.

A B

| | |
MC1234567891012345678910M

=

Fig. 4—99. PCR detection of artificially infected rice leaves. A) non—infected rice
cultivars; B) infected rice cultivars. M, size marker (1kb DNA plus ladder; Gibco
BRL ™M C, X. oryzaev. oryzae KACC10331, lane 1, Milyang—42; lane 2, Cungchung;
lane 3, Milyang —23; lane 4, Samkang; lane 5, Daechung; lane 6, Dongjin; lane 7,

Seokwangother; lane 8, Hwayoung; lane 9, Hangangchal; lane 10, China—45.
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) e Wl s 91e 98 DNA % Kit /M

HoATE wgk O #AE 19 24 9 EY FOoEFE DNAE il 1hdstA e o]
£3la4} M4 DNA kitE /NEsiich /2 DNA % kits Edol EAlshs w3o] ¥4}
5B DNAS F%o| 7Feab, 1 dafel Wl Sl vl¢- Hsitbe 54 7FAaL
ATk 1 AJFRE] AL “AGROmicrobial—gDNA kit“Z & tH(Fig. 4—100). ¥ A|2HE&
Ag Yol EAatE olws deje] DNATE He & & AL /Lot 22 4

ml, el =71, By B BEgAA Aled A B IS

DNAZ ¥ & 4 glon, Egld DNAE o|F9 F4uks 53] PCRol 23
template® AR&E 5 vk HAAAF L plastic pestled o] &3 Fhgh e, T
AARAG F column 2 FFFU elution bufferE o]&3F AA|oHAZ o] Fojx] Ut}
PCRel Ba3 AFARY Fo=2E EGO 45 0.1~0.25 g, g, +7]:=0.05~0.2g,
o drl= 0.05~0.2 g7} 8794, JldkE DNA £38 Kit 8 #4884+ U3 29
(Fig. 4—100).

HE

Table 4—22. Key components of DNA exracttion kits

Component Volume Quantity

Glass bead 10 g 1 tube

Plastic Pestles 50 1 pack

Solution A 25 ml 1 bottle

Solution B 12 ml 1 bottle

Solution C 20 ml 1 bottle

Buffer W 50 ml 1 bottle
Spin—column 50 columns 1 pack
Collection tube 50 tubes 1 pack

Manual
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Arom soll, ruat, &ei and eal

Use Iaboratory only.
Stors st room tempénar.

Collection tube

50 woon

Plant pathogemn andc
disease detection kit

AGROMIicrobial-gDNA kit

PCR screening & detection primer -

Fig. 4—100. Wide—used genomic DNA extraction kits developed (Kit name:
AGROmicrobial —gDNA kit)

2) 78 F= e Aol es 93 DNAZ S Kit 7ie

gl Al 2deA A i AxE Edz A4 e Ad 2 A A4
d-gstazt olg T 5% Al Bdwel vste] AFES At 2 g i o
2 E AL e v (Fig. 4-101). &2 ZES 52 AWl g Sol2 7]

=
AAe 1~2A70Me) FAET 5 A= THHAT. AAF P Aske] w-gA ool

=

=

R 3 premix FEIE PCR Alofe] AlTH B2 A5 AR&A2HE pipetting error §1
2bA3HA primer$} template®] 23S €= AVORLE T WATe] EAAFE #

ek = glom O A2 53 Zri(Table 4—23).
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Table 4—23. Key components of diagnosis Kkits

Component Concentration Volume

XAc forward/reverse primer mixture 10pmol/ul 60 ul
2X PCR premixture 600 ul

Control DNA size standards 300 ul
Manual 1 copy

" ELLETT
()

Use aboratory ony, Siore at ~201:,

Fig. 4—101. Five DNA diagnosis kits

}g ,sz }E W

Uso laboratory only. Stero al ~20|

- 379 —

developed.




T A 1 AFRFAAAAE ‘SHaEE]FHEANE L functional genomics” o

of MEATAN F83 B} (A FAA
A

8 3te] 1 EAS WU EAEAT 23 Eoll A WA AN 3ol A yho]
st FAES 5387 f8 15 M AFEgdd Y 15 JorRy &
5k mRNAE AF&3}e] ¢cDNA libraryE A28+ 01, o] ¢cDNA libraryE A B2 A}L3)

O

el = A5
ybridization WS AF&3le] ks Wl #d FAAES 6
o [e=]
=

i h
BF HEERE FAS O 9 B R AAEY] 5 TE
o

Fgol F&stttal WrbEE #§8A% CACYPIL (cyclophilin #+37}), CACBPI
(chitin—binding protein -F&2}), CAOSMI (osmotin—like protein F+AA}), CADCI.2
(DC1.2 SAFFAA), CAZFPI (Cys2/His2 zinc—finger transcription factor +4XA}),
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AdH 0 vpzb glvh. @ X PR—1a Aop2d A EA 7V Phytophthora parasitica var. nicotianae
9} Peronospora tabacina®l i AEH ] A3AAHLE FEs= A4 (Alexander =,
1993)¥ Ewle PR-1 @ Ao| Phyrophthora infestans BHA2] F52ke] dofe} o] gt
vt el e o xWe] WAAS ANt Bastal 9ltd (Niderman s
1995).

H AEZAHNA Y Abst 2EG 2 digh kst 28-S abe FAAE vhdE o] A
= 9 SAEEY 2 gk AdE AL i vt Foyer
s (1994)3} Gillham & (1987)2 A EA7}F a2 = A2FeollA e ul& dry 7ha,
7] 2 B AL I e A A Z=AQ] g} E (paraquat) ol =EFHW AEW DA

t 5

(o, 224F8b= [0z ], #rbsbar 4 [HoO:], s#2b7] [OH | 5) $&Fo] gobA] o] AAZE A=A
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of 2E#H 2R A&FS el oy g 2E# 2l s AES FAEA 715 S st

A5 -3t Wol 712 skal Al (Murgia 5. 2004), o]l g @
Zo| A 19973 Jespersen 52 APX (ascorbate peroxidase)@ts il zl o] F3kAl 14 of A
kst a ] sl 528S flste] A%k ARl ascorbates 2 =
AEZARRY 54020 st LE AAS e ofF T83% a4 5 shyeba RSkt
2] wel Azl Al AxE E4E 9
g =83ttt 48 A vt (Kvaratskhelia 5, 1977). Camp 5 (1996)& superoxide
dismutase FHAHE o] €& A FAHSATE A 2Ed 2ol Aol vk B
1E 393, Aono = (1995)C glutathione reductase FAAE o} dHA| 7 &4
7 oRAE A Eol HlE AL A o3k 2Ed 2 e WS Hlvhal B sl
o}, 18]3l Kazan 5 (1998)3 Way & (2000)2 pathogenesis ¥ & FH =} peroxidase
(Shpx2%y Shpx6a)E Iebdrdl A7 AEA7F Yo7 Bl dsl Adds 7o 1
RIA S

rlr
o,
i)
ot
ol
[
il
rlo
1>
il
2
o
oX,
tlo
e
ot
ol
rlr

o

A2 2 A+SE A (lipid transfer protein) & A EA Yol Aol 1 7]%50] 34 oA
2wk 2002 ol o] Edgvist®}t Farbosol 98] ==} %OP%OJO]‘/} =3o] FA 93|
T o] wE A Frkechar Wglar, B3 Park SOl o8] alF 2] Eo] W) EApol= n}

=
olgiz~ (TMV)oll =& wx 1 @do] FsiA 7t 8. ot d3E52 X
A a5 dido] el AR, AE wHoAe] ok FYAETE ot 9 A ~E
dze] dEsidE Fad 7|e e e WM E AlFsta ddk 19979 Molina%t

ol off 7| Aol %A W 2 (LTP2)E o 2d A S o,

Al BUAS Pseudomonas syringae pv. tabaci®t P. syringae pv. tomato®| W3l 73k

Garcia—Olmedo+

-1>
of
2

¢

AgAE 1S gelskglar, 2002 Maldonado 52 o714l A &2 A A =% g dz
FAFSE 7] MES 7FAAL = DIRI (defective in induced resistancel) %A} 7]%©]
BAE HEAE ol&dte] APs w3 Ay, o A=A oF BT A g =
4 AFE FASAN iAo w 5o = A (SAR)H} ve PR #dAE9
o] FAEE AS sl ol AE o5 Wdtel] gk o] 7= 3 el A
AR Q] dajAl= e dg EdE5o] wF-2Ql Woli oyt dAgE 1 JsE A
2etr] flald H dads ouletar, o274 AF % duldo]l dAY A% A (long
distance signaling)& 18 Za3S B Q.
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=
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Ak el B Wedat A F9o = FA AlE APEAY Tl AE sEo] Fa6)

o5t dsttta &elA td (KunkelZF Brooks, 2002). dl& £9f, o€ el st %

o] ol thal A &A Aol (Knoester 5, 1998, 1999), 2] A%l (salicylic acid)& H A+

o thal AAE5 A3 (SAR; systemic acquired resistance) F7geol| &3ttt I A
2l

sEZ (g, dejdat, Aasah) Add R 22

X0
o
Ay
e
iy
i
il
rlo
1>
i
fol

GAAZE FEAG Hes o] &F AP T G HA. dE 501, 19921 Bent &

Aol #o3ti= Ein2 (Ethylene insensitive 2) %A} 7]

To] AAE ZdHo|A S o] &3te], dEd AT AGAAV Y FEd HYA7e ¥4
o el Aol 7FAETS F2lslP L, Lund 5 (1998)F O'Donnel 5 (2001)& Z+z}t o€
A A A Aol He EntE A& 54 A5 o]gsle], o] AETER YA
2ol Ao Xanthomonas campestris pv vesicatoria (Xcv) WHA e HWAo] 7tA2ES
151, o= AE T2 FE o3 Wor|2te WA A & HANAA = Fass

sto] =t} F o, McDowell®} Dangl (2000)L o) 714 2

2 4%
B R AALE 4E POl 1% HARAN 42 A Y2AE A 1S A48 VA

¢
pt

2285 Fal Wol 71FS Belda delal glen, o=

o wet & Fx AS5S FRlsith (O'Donnell 5. 2003).
F+oll PCRol| o3¢k Welqte] A4 )

S7lES A, o7 5 USE Hdeldde F
ke

1990, White 990, Williams & 1990). 54 #Fdxe] d7MEdE wEoz & &+
(species) E9°]4 primerd 7N&3 tJEo] genomic DNAQ] hybridizationol] &Jste] & Eo
Z1el DNA 9714 <9 % RAPD, microsatellite®} AFLPZ 333l DNA fingerprinting® 5
H A2 F Sol4l W=o] 7ML v o2 SCARs primer®] 7R Th4E A& 1
Ao A4 2 AES 7FedtA &3tk (Groppe er al, 1997; Chen et al, 1999; Plyler et
al, 1999, Forster et al, 2000; Vandermark et al, 2001; Winton ef al, 2001; Chitarra
et al, 2002; Maria et al, 2003). o|5 & 5°]|42 primerE ©| &3 #&E2] F+8 W WAE
Ag G primere] JHTo] W o] 2] o] Fojxal i AE3t wol de o] &
%

HolAa gtk AT TS HER AQATANE B vpas FAE A7) g g}

b
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Sl S & ¢ Jom 53] primer/dd FHE T ATE stal ok 1A s
2 primer 7o Real—time PCR¥ SCAR marker 7|HES &&3sle] Wt} gypdow =4

e

S gAlstar 9t} (De Merlier ef al, 2005; Schena et al, 2004; Silvar et al, 2005). &
2 At FARSE W8o] v FFAH(USDA)S] AFA Y HAZ AAEHI e &9
HEFEEE Ag Kite 7fto]iti(Hartman, G. in University of Illinois. 2006. personal

communication). $HH A AAAHLRE FQ3 A AR vx I RALNIH) 4

N

3} NCBI(National Center for Biotechnology Information ) GenBank(www.niab.go.kr)ol <
g 7HA YHo ARZ FFHo Qrh olE2 ¥ A AHXH<Q  nrDB(non—redundant
database)E o]&&le] AE Eo|Ad AR utFss dugE 9 X2 IHS sjuksl]
Hd ARE DBE FHstal low, ofs FAA ARE SA spHd 543 A5 W

o

olo] A= FAHA poold v FEHT 4 A olF FI FHAI AF5HA &

A (specific marker) 7} 7| 283k
npAE ZS 4 9lon gt A ARE WEels 73 E wEY] 5 5 2 vAES
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