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Summary

Plants resist pathogen s attack by activating a wide variety of defense
mechanisms, including the hypersensitive response (HR), the induction of genes
encoding pathogenesis-related (PR) and defense-related proteins, the production
of antimicrobial compounds termed phytoalexins, the generation of reactive
oxvgen species (ROS) and the reinforcement of cell walls. The signal
transduction network for the defense mechanism is complicated and one of the
research targets understanding the mechanism is to study the transcription
factors involved in regulation of genes or cascades related to the defense
response against diseases.

Plant diseases caused by virus infection covers 20% of diseases occurring in
plants. There are not many ways to defend the virus infection to plants.
Once the soil is infected, not much people can do. However, there are two
ways to develop the resistant plants against the virus infection. One is to find
the genectic source that has a resistant characteristic from cultivars, lines, and
wild tvpes. The other one is to develop a resistant plant by inserting a
resistant gene which one should do find. The latter is much easier to work
with because the breeding duration is shorter and the defense related genes are
present. This method, eventually producing transgenic plants, will be popular
once the functional genomics reveal more information about the gene function.

Pepper is one of the most important vegetable crops in Korea and the market
sales is highest. Breeding program of the pepper in Korea is excellent and
competitive worldwide. If the elite varieties that are disease resistant were
developed by genetic engincering, the GM marketing share in world would be
promising.

We have set out a series of research program to develop a plant that holds a
broad spectrum of defense response against disease or pathogen attack.  The
major direction is to isolate and use transcription factors that could control the
expression of genes related to defense mechanism. Therefore, we have tried to
isolate transcriptional factors that are in response to TMV (PMMV) pathogen
infection.

In this study, we report the characteristics of transcription factors that were
isolated from the TMV induced pepper plants. Some genes were transformed in
tobacco and tomato to test the defense function against pathogen treatment, but
so far we have not found any transgenic plant that showed resistance. The
pepper was also transformed by a pepper transcription factor successfully and

this could be regarded as a scientific achievement.
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2otk B, A% AFAS] ok LF FAA A HEsA 2]
o initiative® = Aol @A FulolA BEH7] AT YPFHS vlo) Ao
2 Agste T AFsih AA, 2FE FU FEI 2451 e FH
o ALt £F %ol AANH 2Fol7] WRel WAFY nF7} sho]
%3 :

o ol Sae FEL ALY & Ave Aol Utk =
—

=
‘Mzi EdE A °'7l Hﬂ—roil TEHozre & e BY

= — =
g olsistnA st Aotk wWAHIAA BAIE HARBRFAAE HEA
ERste] TMV ek opuet cheke Aol st Asde AAstel ST NE4
ZEe Jhstaat sl

A2 A AT O 2 8

1. vlolg) 2~ A& #e Fo Sz W HaApzEAHNA B

~522 TMV #384 inbred lineo) TMV 23 A7t Aol ulgl SSH w435}
of EST ##da w2 % d7]&4

2. Ak BE SAz D WAz AR EQRA

~EST FolA f&Fd2 dukstel full clone #X38t1 northern blots 5314

@‘j%l_\j ,!E.ZJ

=2

-Red fruit induced EST clone 2063 &2 (no redundancy)

EST FollAl F&/3HA 4wsto] full clone X 31 northern blotg 53l A

HHEA A

4. pLexA DNA binding fusion library 7%

-pLexA DNA-BD::cDNA library® &1 3} E.colidll transformation 3k &F

400070 HE 9] colonyE & 538e] pLexA cloned pool® %,

‘Yeasl one-hybrid system& ©] &3 54 cis-eclementol Z %3t DNA-binding

protein % 2] Hg] &R

5. AEwWo] B AAA&FARe] nFdRe] B 2 FHHE
%

& §-ulo] 9] A8 T3 inbred lineE

3. A Eo] A 9w AALZ Ao Ba 9w EAJEA

~AAbzAE o 2be) Syl EnlEd] £ ¥ A& A
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A2 & ZUe 7isHY o3

g =) 3t

S Bugk o BAT o] Al HSAMEEH ¥ HIGE targetoZ FF A
th. 23]# Jddd, ABA, JA, SA 22 phytohormone® signal pathwav$l ¢
stress¢be] BAE FA Ao FHA 2ol WA AZFEJT (O'Donnell et
al, 1996, Lund et al., 1998, Penninckx et al, 1998). % B-13-glucanases,
defensins, PR proteins 5°] YT HAFANAME wbgo] dojdozA ol FHAA
59 promoter* g A1EA FHAcrE & Eo] o€ @ responsive elementgl
GCC box?’} promotergtell Zaldt™ o] boxel binding st HAAZREAA7E

N

EREBPz}= 7o) #3 Zt} (Ohme-Takagi and Shinshi, 1995). EREBP 9 A} of &
alof ojsfA @ o]l %3 defense responscoll ¥olE o g A W HEgAd T A}

<l zpe} dgro] thFESTH o]} u)s=dk WO 7 stress, phytohormone, 7 A}
ZHolxete]l #A= drought stressoll A of#] A7 EE2F Ak Drought stress
of Wr&slE FAAFo CBF1 oy DREB1 #2 #HAxEH<Ax+= DRE/CRT box
2t cis elementol] binding3dtH A overexpression 2 7-$- water stressoll A &3}k
A w Atk (Kirsten et al, 1998; Kasuga et al.,, 1999).

Fuel Az oldl A7k olded el TMV HES SalA £ SAE treatd)
A @ s = EST f x5S 228 4 9-7F Atk (Kang et al, 1998). 181
tell = EREBP/AP2 binding motifE 2F1 9l Tsilolghs ZHAFZRAQIRE T
A Eelste]l gl overexpression A AES A9 ®Hol A ¥ ool osmotic
stressell = A &gk B a8t th (Park et al, 2001).

olg A HMAFFEAERIAE o]l &eto] WAL z2ES MEsazste A #9717t
Tl BEE ZYAdAMr 7z dAEACE. 58] broad spectrumS A= 2§
A HeEs AEstaz o Fd4 24 @9ets master AARRERIAE

O
i

overcxpression A 7]+ AG-7F 2 2.3}

AP o} A Wby A o 7= explant ZHFu selection Hl A Z 710l ufj k37 of A

Atkgk ztol= 1Yt (Lee et al., 1993; Kim et al, 2001: Cai et al., 2002; Kim et

al., 1997, Shin et al, 2002-a; Shin et al, 2002-b). L3 A M3 FAHS 4

S ASE AAgel WA gloke ook wmakx g7 =yi Wi Eo] whEA
A)

o Aol Y1 AAH FAMIPHe| BAT FFoluk.
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5 AAEA kol initiativeE 2t1 Uel7) wiEoltk o FAAEAA FH
& T FZo| AB YT FALEG 9ste] WA AT U AHol”
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A3 gangdrd Us 2 24

A 12 veld s Ay BA Fo fA4 2 Aszd
A7 £

1. 33 TMV A3A inbred line PI257284¢} TMV (PMMV)E& #HF
IF TMV A3 inbred line PI257284¢] TMV (PMMV)E FHE3 & 724 7k
HR ®Fgo] vepdcot oju A8 21331 control groupd 43 H] SSH 4

[e]
We skl

-

|

}_\

£
Ol
ju

rl

A vpepper plant introgressed with L3 gene from C. chinense PI257284. L3
gene-mediated HR was induced at 3 days post-inoculation.
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2. PMMV induced ¥ A&/ #A EST clone 983 #x

C. chinense P1257284 (L/L7)-PMMV (P12 pathotype)
Driver: O DAI (HR-) Pester: 3 DA (HR-

v
mRNA isolation

v
1st and 2nd cDNA synthesis
\4
1st and 2nd hybridization
\
PCR-select subtraction (1%t and 2™ PCR)

v .
Cloning into pGEM-T easy vector: 1420 clones

A
Sequencing (213 <lowes)

A R T . AN I B WM 4 v ector

insert

Average of insert size: ~450 bp

A PCR-tested cDNA subtraction method for ohtaining pepper defense-related
genes. © M-S A redundancy7t f1E A F 98HE BRI H7]EY
sheich
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Gene Clone # Gene Product (Homology) Accessio

Pathogenesis-related proteins

6 PR STH-2 M29041
8 PR-4b AF244122
10 PR-2 (beta-1,3-glucanase) AF067863
20 SARS.2 AF112868
21 PR-1 AJ250136
25 NtPRp27 AB024600
33 Osmotin-like protein AF199508
35 PR-3 (Class | basic endochitinase) U48687
44 PR P23 X70787
63 PR-10 AF244121
146 Gamma -thionin 1 AF112869
156 PR-5 (Thaumatin homolog NP24) M21346
173 Proline-rich protein AJ006984
Oxidative stress
40 Catalase JEO0126
74 Glutathione peroxidase U94495
113 Anionic peroxidase 2 X16854
233 Glutathione S-transferase X56265
Amino acid signalling and metabolism
5 Amino acid permease 1 U64823
58 Asparagine synthetase AF263432
100 Phosphoribosylanthranilate transferase AC008263
238 Acetolactate synthase X07644
Fatty acid signalling and metabolism
29 Delta12 oleate desaturase X92847
45 Lipoxygenase X96405
Sugar signalling and metabolism
178 UDP-galactose 4-epimerase AJ005081
209 Beta-glucosidase-like protein AL353994
212 Putative fructose-bisphosphate aldolase AC006200
Signal, regulatory function, others
4 Phosphate-induced gene AB018441
1 Unknown protein AC018722
17 Aluminum-induced gene AB013447
56 Cytochrome P450 X71657
61 NADPH quinone oxidoreductase ABQ30704
72 NifU-like metallocluster assembly factor AL161493
87 Subtilisin-like protein AJ006480
92 ATP-citrate-lyase AC003970
103 Putative protein AL163491
106 Late -embryogenesis protein leas AF053076
114 Heat shock cognate 70 kDa protein 1 X54029
116 Aminopenptidase-like protein 299708
129 Tumor-related protein NF34 U66263
161 Unknown protein ACO004401
195 ACC oxidase 1 L21976
201 Proteinase inhibitor D17332

PMMYV inducible pepper defense-related genes. 987 % 484 o] ¢l #r}
U # &= EST clone ¢ unknowne]® ©] tableo M= &5 A 2t
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A2 A AP BA FAR L AARAARY YR

EST FolA data baseE £3dlo] *
clone® libraryE o] &3t #8831 ZF cloneES Southern, northern blot& 3l
A BEEA 9 O EYE TS

BHE F8FA% RHS WA MR full

o

1. PPI1 transcription factor9 54 &4

* 20 *
PPI1 : »ASSSGTS-SGSSFLONSGSEEDL-QLIMDQORKR 59
AF127797 : : 59
AJ292744 : 2ASVONQN--———-- QVSSGSDGDLRYATFDEKKR 55
AF053940 : »ESSSSGT-TSSTIQTSSGSEE----SLMEQRKR 56
AF053939 ‘ASSSSTYRSSSSSDGGINNPSDS -VVIVDERKR 60
X62745 SSSSLSP----TAGRTSGSDGDS - -~AADTHRRE 55
AJ292745 ASSGGNSSGSTQKLONSGSEGD - -~ —~LMDQRKR. 57
AF176641 . ASSGSDGOR-YATNDERKR 52
AB032478 ASSGSDGQR~YATNDDRKR 52
Y13675 TSPGIDD----~—— DERKR 46
Y13676 PNSGSNSN----- IDERKR 48
* 80 * 100
PPIL ! VSTLRKENDQILTSMNVTTQHYLNVEAE:SI! R:QLS R 119
AF127797 : 3 : E 116
AJ292744 Y : 113
AF053940 : Q : 115
AF053939 : QL EIVDLVQSNGAGFG : 121
X62745 : R : 113
AJ292745 QuL#DILHYINTTTTAAA : 118
AF176641 D : 110
AB032478 : : D : 110
Y13675 : ESQMQEDNKKLRDTINGATQLYLNFASDHNV:R: H : 104
Y13676 : ESQIQEENKKLQOKIIDDSKQLYLNFASEN NV RiLMSVLEIASEVSG-~- : 106
* 140 * 160 * 180
PPI1 : -SCSNGLA----- MDHNEPY SFNFAQSDTVVDGENMTNSWNYFCSNQPIMT-AHVIQY--- : 170
AF127797 : -SCSNGLA---—- MDHNEPY SFNFAQSDTVVDGFNMTNSWNYFCSNQPIMT -AHVIQY -—- : 167
AJ292744 : —-—mm—mmmm e LAMDIPQVP-—-DTLMEPWQLPCPAQPITT-SANMFKF-- : 147
AF053940 : -NNNNNMG----- MCSNP--LVGLECDDFFVNQMNMS -~ - —— YIMNQPLMASSDAIMY--- : 160
AF053939 : VDQIDGCG----- FDDRTVGIDGY YDDMNMMSNVNHWGG--SVYTNQPIMA-NDINMY-—— : 171
X62745 e VAMDIQEEMPADDPLLRPWQLPY PAAAMPMGAPHMLHY -- : 151
AJ292745 : AATAAATTGIDGVFEMDNLFGLDDHQSSYMNNNNNNNNSWNMMY PNQPIMA--DMEMY--- @ 174
AF176641 @ -~——--mmmmemm e LAVDIPEIP~--DTLLEPWQLPCPIQPITA-SADMFQF~~ : 144
AB032478 : —--——m—mmmmmmm e LAVDIPEIP---DTLLEPWQLPCPIQPITA-SADMFQF -~ : 144
Y13675 D e LVLDIPDIP---DALLEPWQLPCPIQ----—— ADIFQC-~- : 133
Y13676 B it e e e MAFDIPAIP---DALLEPWLLPCPIQPIAA-SADMFRH-~ : 140

Comparison of amino acid sequences of PPI1 and other bZIP transcription factor.
PPI1Z pathogen specificdt 7l ¥F&dle AALZAFHAAR 4.
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Mock PMMV
0 6 12 24 48 72 120 0 6 12 24 48 72 120 (h)

w2 | ppy

PR-4b

rRNA

P. syringae pv. syringae 61

0 Ve 1 3 6 9 12 15 24 (h)

X. campestris pv. vesicatoria race 3 (avrBs2)

0 4 8 12 24 36 0 4 8 12 24 36 (h)

R : PPII

PR-4b

rRNA

- ECW-20R (Bs2/Bs2) ECW (bs2/bs2)

PPI12| northern 4. 1313 98 PMMVYt Pseudomonas syringae pv. syringae
617 AEsd Y. w3 Xanthomonas campestris pu. vesicatoria race 3
(aurBs2)oll A &st= ECW-20 Al 5ol wdo] ®oRA PPIlo] pathogen

inducible transcription factorgbs= Ag S sH3oh
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S mM SA

A
5 mM Ethephon
0 Y2 1 3 6 9 24 (h)
B 5mM H,0,
0 v 1 3 6 9 24 (h)
| . l pPII

GST

rRNA

100 pM ABA

0 Vs 1 3 6 9 24 (h)
PPII

| Dehydrin

rRNA

PPI1E phytohormoneell 2}3dte] wélo] = ¢r=rh Y¥b phytohormonet <
signal pathway7} t& o2 ALz g
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PPI1¢] #1A & dotstr] 918iA GFPE AZ3te] doAEo] gene gung o] &
FAHGect PP ©eid e dioko] 9)x

smGFP PPI1::smGFP

UV light

Visible light

Southern blot of PPIl. 1% genome 3t copyel PPIIE 7FA i )t}

DEHX

(kb)
23.1—

9.4~
6.6 —

4.4 —

23—~
20—
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ZW PP EHRA. doA e 2de] eIl open flowerst F AR AR
gt & %) ]:]_
= L .

Gus Test for Transcriptional Activation of PPIl gene. cDNA Wi Z ol A
3" end region®| transcriptional activations zZr=Tt)

REPCRTER

T T E7LEE

EFFECTORS
plexi

70

60
50
40
30
20
10
0 b e e wma .
1 2 3 4 5 6 7 8

AER o2 PPl bZIP transcription factorZA] F & pathogen attackell A whg

..... -

st CFE abiotic stressoll¥ ®¥Fgo] Qltl. o A3 7T uhs] xopl A

HEe] W AEgdde] AV & Aer AtnETh
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2. PPI2: putative AALZA {-AA.

Nucleotide sequence of the putative C2H2 Zinc finger transcription factor (PPI2)
gene from pepper

atgggtggaggcaatggtcagaaggcaaagatggctcgtgagaagaacatggaaaagatyg
M G G G N G Q K A KM AIREI KW NMME KM
aaagcccaaaagggaagtcagcttgaggctaacaagaaggetatgagtatecagtgcaag
K A Q K G 8§ Q L E A NI KI KM AMS S TIQ _ K
gtgtgcatgcagacattcatttgecaccacttctgaagttaagtgtagagaacatgetgag
v . M Q T F I C T T S E V K CURE _ A E

gcgaaacatcccaaatctgatgtgtatgocatgttteccteatctcaagaaatga
A K . P K 8 DV Y A CUFPHTIL K K -

Amino Acid Sequence Analysis of Pepper 7 7" and Other Unknown Proteins

PPI2 MGGGNGQKAKMAREKNMEKMK ~-AQKGSQLEANKKAMSIQCKVCMQTFICTTSEVKCREHA 59

Can40-1 MGGGNGOKAKMARERNLEKOKNAGKG SQLE TNKKAMS IQCKVCMQTFICTTSEVKCREHA 60

AtUnknown MGGGNAQKSAMARAKNLEKAKAAGKGSQLEANKKAMSIQCKVCMQTFICTTSEVKCREHA 60
HKKRE KK kkk ke kKk Kk ok kK kKKE - RARRRAE KRR kRN AR Rk Rk ko k ko k¥

PPI2 EAKHPKSDVYACFPHLKK 77
Cand40-1 EAKHPKSDVLVCFPHLNK 78

AtUnknown EAKHPKADVVACFPHLKK 78
KkkkhKk Kk kkkkE K

PPI2+ Protein kinase CK2 (casein kinase II)2] phosphorylation site® 7}#] 3L
011;]_
A .

MGGGNGQKAK MAREKNMEKM KAQKGS NKKAMS IQCK
1 1 2t 31

VCMQTFEIC VKCREHAFE, AKHPKSDVYA CFPHLKK-

41 51 81 71

PPI2+ N-myristoylation site® Ff3t1i d v},

M KAK MAREKNMEKM KAQKGSQLEA NKKAMSIQCK
1 11 21 31

VCMQTFICTT SEVKCREHAE AKHPKSDVYA CFPHLKK-
41 51 61 71

_23_



Expression pattern of PPI2 during pepper-PMMYV interaction

Mock PMMV
0 6 12 24 48 72 120 0 6 12 24 48 72 120

PPI2

PR-4b

S AR P e e
S e g *

5 rRNA

Southern blot of PPI2. %t copyyt &1

D EH X
(kb) -
23.0 —
9.4 -
6.6 —

4.4 —

23 —
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3. PHZF #AA
Antibiotic #8 $# A Z A phenozine compund Folztm <&l AL

the hydroxylation of phenazine-1-carboxylic acidE

2-hydroxy-phenazine-1-carboxylic acid® %=t} ©] Phenazine compound+s

ol O

&2 bacteria and fungusel 3|4 broad-spectrum of antibiotic activity £

zr=th

ACOD4044

HH_100203 :

CcPIG32

ACDO4044

HH_100203 -

CoPIG3E

ACID4044
HH_100203
CcPIGH

42004044

mo100203 ¢

CePIG32

AC004044
NM100203
CcPIG32

Amino acid sequence alignment of PHZF

>k
[
=
>+
o+
N
—

40

* 100 * 120 * 140 * 160

SR VAR RO TRERE DT SELIDGEVELGTEL TTCOVRLSRVSS8MT

5 Sy £ TR 8T R T8 1 1 D- - - DDGEE 5 5---- PIYEVEYTRDDLSLE g
TR 0TI BRI L R B L E K ALN S QDDROKDY S QVVETEFHEYE--AT SRS

hATLAsAH LFs GLV SdtVEF 3rSGILtAKreé t 1 dge IELIEPVY £ evN Dv 3 13KalNGA3G

180 * 200

* * * 240 *
: EDAEARATYNI SR8 PERDALYRECD AAGST / ! HRRSIE ;249
. BORKARKKD- LI RN ERRCE \ASD) C ; i 1BRIIN
: §CRVERLMCDH SR naC: OREON 1 ER R RGO A PHIE L pENCrE

fdbkal L66LpS EaV 1qPréD I kCBe GhAATaaas G3 SOFySRSFaP4fGE1EDPYCGSAHCALANYWS 4

Ex oM Ecl ;
6nKcDF AyqASsRyGE G4AHLDKEKQRVILRGKAVEVMEG 6LV

similar to PHZF [Arabidopsis thaliana) align 58%
unknown protein [Arabidopsis thaliana] align 59%
PMMV-induced gene from Pepper

_25_
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34: HAd5e] 44 % ANzPAR) 23 2

=)
A&

Jm X

I‘.&

Capsicum annuum cv. SIROE 1% #A e 534S 71 AlEo|tt oflAE
of7lell  ®Woll A3tAdo]l QoA FHAde] EAE FHAE FRIGIA FAUTE B
3l red W 2= FHA EYES YA SIRO-red®t SIRO red-green 2
& o] 83}o] subtraction® AT F red ol Agr ¥ 3= EST clone 206
A &H (no redundancy) 3ttt Tableo] Bolx| ¢+ EST cloned unknowno]

EST FolAM #F&fFda Aeste] full clone 131 northern blotg 314

HENES stk

(L)

34 Eo] EST clone

p—

Red #}4d Eo] §Hxk

Gene Clone # Gene Product (Homology) Accession
1 Covalently-linked cell wall protein 6)

10 Alternative oxidase ABOO4813
19 Osmotin-lilkke protein X67121

20 Miraculin homologue ABO23648
22 Pyrophosphate-fruct 6-phosphate-1-phosphotr ferase-lilee protein ABO16B86
24 Unknown protein ACO04005
25 Class I heat shock protein (HSP 17.4) P19036

26 NSLTP A P10973

27 Thioredoxin-like protein ACO012562
31 Catalase P49317

33 Xylosidase ABO23034
41 Protein kinase-like protein AL137189
42 Osmwtin-like protein AJ298305
43 Capsanthin/capsorubin synthase X77289

a4 Unknown protein ACO22455
47 Poly{A)-binding protein AF190656
48 Heat shock protein 21 XO07187

so Putative protein AL162973
51 Unknown protein ACO25814
55 Hsp20.1 AJ225046
58 Thionin-like protein AF112943
59 Superoxide dismutase (Cu-Zn) AFO09734
61 Putative fructose-bisphosphate aldolase AF325014
62 Aquaporin 1 AFO024511
63 Fibrillarin 1 AF233443
65 MADS-box protein AFO68722
68 Capsanthin/capsorubin synthase X77289

77 Outer membrane lipoprotein-like protein ABO24029
78 Ribosomal protein L27 ABOA397S
80 Cryoprotective osmotin-like protein AYOQ7309
81 Putative protein AL161577
84 Metallothionein-like protein Z68B185

89 Putative splicing factor PRPS AFO092565

._26_



|

S

Red =

o] Fdzt

il
i

Gene Clone #

Gene Product (Homology)

Accession(Related)

90

94
110
116
120
121
123
125
127
128
133
138
139
140
142
143
144
145
146
150
181
158
159
160
161
163
164
167
169
170
171
172
173

Putative phenylalanyl-tRNA synthetase heta-subunit
Chloraphyll a/b-binding protein type 1
dnaK-type molecular chaperone hsc70

Futasivs ¥ 3X s A

Heat shock protein 83

Hsc70

Legumin-like protein
Senescence-related protein
Chitinase

Putative gamma TIP

Putative serine carboxypeptidase
Heat shock pratein 70
Cryoprotective osmotin-like protein
Heat shock protein 70

Alternative oxidase 2
Ethylene-inducible protein
Osmotin-like protein
Ethylene-responsive proteinase inhibitor 1
Putative oxidoreductase
Thiosulfate sulfurtransferase
Hsc70

Galactokinase

Alanine:glyoxylate aminaotransferase
Chitinase, class V

Heat shock protein

Ubiquitin-like protein
Wound-induced protein

Chitinase

Hypothetical protein

Similar to daaJ proteins

ABA and environmental stress inducible protein TAS14

Putative cytochrome P450
Isomerase-like protein

Beta-galactosidase

ACO010926
516294
L41253
EYEST.E)
M99431
L41253
AC007171
ABO14457
Z15139
AF290619
AC004401
X06932
AY007309
uU9281s
Q40578
MB88254
X67121
P20076
ACO16661
AF109156
L41253
X99851
AF063901
X77111
AC009322
ABO023032
U89764
X78325
AJ012688
AC009322
X51904
ACO006193
AB022217
AJ012798
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2. WRKY #AAtx=4dA#

Sequences of WRKY. WRKYtT 4 &E5o] ¥ A

a7

143

191

239

It d

BBS

1 O5%

1103
11953
1199

0.

GOTAATAAATTCACTACTCTCT TAATTCCCCT T T TCTTGCTTITAT
CTCTACCTEGATTAATEAAATGCAAACCTACAANGACGATARAANTTGCAN
L] E s v K >4 h o K o 4
GATCATCCAATGTATTACCTTGATAATAATTETCCAGTCACTAAT AGC
D 131 P [ ] kg A 4 T D N N = A v ™ N b=
CATTCATTTACACCGCC TAATCTCAGATTAT TATSEGTEGTTEAAGGTAGS
3] = R T G T. I = D Y v (=4 v = (4 R
AATATTATEAATACATCE TCTTCTTISCCETTCATGSAGTTATTESSGT
N T o~ N o b= s s X. (=3 B » } =4 X. X. (<4
TTTCAAGATTTCATESTETTCATCATCAGCTTCATTCTTTGAGTTACCA
h 4 «Q e 1. ™ [og = = = 23 5 » F 124 ) »
AAAGAAGAAAACTCOTGTCCTGCASTT TG TGTATCTGAAGAAGTEAAL
K B ® N = < 7 2% v < v S B B v K
CCAACTECAGETGAAAGCCAAAATAAGCTTATAAGTACTETAGCAGCA
4 T A (¢4 24 = Q n K I. T = T v a A
GOTAACETAT TCAATACGCCATCTACCCCAAACTETTCCTCTATITCA
43 N v 2 N T o4 = T P N < = = x =
TCCSAGACAAATGAGGEBCCACACTAATACCACTCATEABGATGCAGAG
= = T N E G H T N T T 123 = D A =
GOCGEGEAAGTACTABATCATCAGSACCAACAACACACTAACACEAAN
A [e] = v T > 123 (e s (] (e p= 4 T N T X
CAACAGTIGAAAGCHAAGAAAACAGT TAGTCAGAAGAAGCAGAGAGAG
Q@ @ L. K A K K T v s O K _K_G_ R =®
COGAGATTITCCATTCATEACAAAGACTGAGGTTGATTTTCTGGAAGAT
P R g A 2 (2] T ® = o4 v n w T. ®
GOTTACAGATGGAGAAMATATEGTCAAAARGCTGTCAAAAACAGCC

TTECCCACSAACTAT T ATCOCCTCCACAACCEBCAACTTGCAATCTAMAAG

AAGAGAGTAGAGCGATSCTTICAGTBACCCAAGCATAGTGG T TACTACC

TACCAACGAAAACAT ACCCATCTAACTCCOCATEAATACGATCATECCC
T. b= =g ~ N T T » o4
CECCCTACCTECTATCCAAT TACTCCAGT ACCCECT TCACCTEGTGOC
R 34 s < Y = T T P v P A o > fc A
TTCCCTTTECCEGATECAGT TCAATATTAATCACTCCT TCAACAACTTGE
L 24 E. » M Q ¥ N T N (o) s ¥ N N T.
ACAAGTTCTTTAGCCATSAAT AATCAGCTTGATCATECTECTTITETT
ey = s I. A ~ N N Q . » ¥ A 2% R v
GCTCAAGCGAAGGUGCYT I TTIGCACTTOCEAAATGCTEEGACACGAGGEGSE
EN Q@ (= R rR F ol < T = ) 4 L2 . (4 D k54 (=]
ST TCTTCAGEBATCTTATGECCCTCCACCTTGATTAAAGARAATTACAGA
I. I. (v} D . M » = T Y. X K B N 4 R
TEATGTATATTTTAATGATGCAGTCITTAATGTATAGAGHATAATCAGT
=
TAARTAATTAGCATCTAGTACTATATECETTATAGTACTTTCTTTAAT
TATTAAAAAAAAAAAAAAAAAAANAANANARADLADAADARPADABRALAALD
ARPARAAARA

Dashed underline: putative nuelear localization site
Black Circle : zine-finger motif
Gray box: WRKY DNA-binding domain
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138
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Phylogenic
Ebytoh.

=] o)
TL‘&!E‘

S8l WRKY® o & 3

= 3}‘

il
rir

=
i

AWWRKY17
ARKY 11
AMRICYSE

HIWRICTT

AARICY
AMRICYA
AIWRKY 44

\__‘__.%_ AWVRKY4S
SMRKY

{

|

BHRKYGOK[gE

A &4 domaine ®H.Fo| z

e

CaWRRKY1 : Capsicrm groeaem feuit clone # 114
ASWRKY ¢ ctvema suriva WRKY protein
AWRKY Arahidopyis thaliuna WRKY protein

NEWRKYWIYZZTVVZZ  Nicofiuns tabacam WRKY protein

Os\WRKY : Oryia sarive WRKY protein
PeWRKY 2 Petrosclisnnn crispium WRKY protein
SOWRKY : Soluwim tuberosum WRKY protein

_29_
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WRKY®] transcription activation #4. 3 end region®l transcriptional
activationo] &gt}

ptexA

B-galactosidase units
8

-LEU + X-gal

Southern analysis of WRKY. WRKY $ 4= genomediol 3 copy® &) 3o}

MN LD
& L1

(kb)
23.1—

9.4

6.6 — iﬂ %

44 —

23 —
2.0 —
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Expression of CaWRKY by Pathogen Induction

Mocek PMMVY
0 6 12 24 48 120 0 6 12 24 48 120 (h)

< PR-4b
« rRNA

Tissuc Specific Expression of CaWRKY

LF ST FP OF PE RF PL SD RT
- |«

€ rRNA

Expression during Fruit Development of Ca WRKY

oSt
DY

<

< Capsanthin
Capsorubin synthase

< rRNA
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Expression of CalWWRKY after SA Treatment

5 mM SA

9 24 (h)
. Bl

Expression of CalVRRY after H,O, Treatment

5 mM H,0, (hr) SIRO
0o % 1 3 6 9 24 RF

<4 rRNA

o % 1 3 6 9 24(h)
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Expression of Ca WRKY after Ethephon Treatment

5 mM Ethephon (hr) SIRO
0 % 1 3 6 9 24 RF

Expression of Ca WRKY after MeJA Treatment

100 uM Med4 (hr) SIRGC
0 2 1 3 6 9 24 RF
-

Hog pZEo|A] WRKY transcription factor® H2389itl. CaWRKY et
A= red fruite] A7 W& o] HofA] o] &o| fruit maturation®l
kil AlmEtt CaWRKY A A H202, SA, WD, pathogen
(PMMV)ol| 4] 28 =2 o MeJA T etqepuonﬂl o] okglc), 2 HAyg

WRKY transcription factor7} #]& ¢ & fruit maturation®} plant defense

Y

od

o [
Ol

O

B

ic)
2
Ol
-
N

responseo] @@ ol ik ¥l
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3. PLCI: %9 E0] 2tg §A

T

T

PLCIZ lipocalin®] &

At 7lse te 2o

.

T} B_],J Z)

3

=

Lipocalin

Common molecular-recognition properties:

* ligand binding
* receptor binding
* macromolecular complexation

Functions:

« extracellular transport proteins
+ pheromone activity

+ olfactory & gustatory proteins
* coloration

prostaglandin D synthesis

+ immune modulation

* cell regulation

-

49

97

145

193

241

289

337

385

433

481

529

673

GGCACGAGGCTCCAAAATCTTGAAAACCCTCATTTGTTARARATCTTC
ARARAGRAATATACAAAAATATTCCAAACCTCATTTTCTCCAAARTCT
TGARACCCCATTTGTTAARAGATCTCCAAAAAAATATATATATATAT
ACAATGGCATCGAAAGTGATGGAGGTGCTAAAGAATCTTGATTTGAAG

waskvwevyvxa[LoLx]
AAGTACAITGETAGATGETATGAAATAGCTTCAT TTCCATCARGATTT
[x * 1T 6 R Ww Y EIJ]AaSFPSREF
CAACCARAAGATGOTGCAGACACAAGAGCTACATACACATIGAACCAA
QP XKDeADTRATVYTLUYNOQ
GATGGAACTATACATGTCTTGAATGAGACATCGTGT AR TGEGAAANGE
D6 TIHVLNETRCHNGE KR
GATTATATTGAAGGGACTGCTTATAAGECTGATCCAAAAAGTGATGAG
D YT EGTAYKADPIXSDE
GCARAATTGAAAGTGAAGTTTTATGTICCACCAT TCT TGCCTGTTATT

& codingdteEd A EA =

31

47

63

79

ax Lt k[ xrvyvrPpP P LPV |9

CCTGTTGITEGTGATTATTGGGTTTIGTATATIBATGAGCATTATCAG
{p v vepvywvyyioplesya
TATGCTTTGATTGGTCAGCCTAGTAGSAGSTATCTATEGATATTATGT
YyALIGQPSRRYLWILEC
AGACGACCACATCTTGATGACGAGATTTATAACCABCTTOTTGAGAAG
RRPHLDBDDEIYHNQLYVEEK
GOTAAAGCAGAAGCCTACCATOTGACTAAGCTTCGCAAGACACCACAA
G KAEGYDVSXKLREKTEPHOQ
TCCGATTCCCCGCCAAGTEAAGATOECCOCAAGGACGACARAGGRATA
DSPPSEDGPEKDDIKEGTI
TGGTCOATCAAATCAATCCTTGEAAMT AGECAAAGAAAGTAC
WHIKSTILGEK:

[] transmembrane region

[ Lipocalin signature

111

127

143

158

175

185

;1(’—3)-

e A A

Amino acid and DNA sequences of PLCI full cDNA

_84_
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Comparison of amino acid sequences of PLCI

LZT\/ERYI-IGRWYEIASFESRFQPI\N i
ILDLKKYIGRWYEIASFPSRFQPED 35
JEKYLGRWYEIEKIPASFEKG- 53
YLGRWYEIEKIFVSFEKG- 5%
YLGRWYEIEKIFTTFENG~- 53

MVTMLMFLATLAGLETTAKGQON. FH LG
MATMLLLLATLAGLFTTTEGQSFHLSG,
MVMLLLLLSALAGLFGAAEGQAFHLGK

1
7
93
-NL,I‘ANYCLIIENG NI“‘VLNE\EL E DGTHMHGVKGEAKQS ~-NVSEPAKLEVQFFEFLMEPR 11
11
11

5

~HMCIQANYSLMENG-NIKVLNKELRP-DGTLHGVEGEAKQS -1IMSEPAKLEVQFFSLMPP 5
~RCIQANYSLHMENG-EIKVLNQELEA-DGTYVHCIEGEATEV -HLTEPAKLEVKFSWEMPS 5
REGFEVH 187

TREGFDVE 187

/A 157

153

SRRYLWILCRRPHLODETVHQLVER! 152

ILATDYEH CTTEEWLF] EVWILGRMPYLPFETITYLKDILTSNGIDIE 175
TLATODYESTAL CTTFFWFFHYDYVWILGRNPYLRPFETITYLEYILTSHDIDIA 175
AFYWILATDYEN DEAWILARNPHLEFETYVDSLKIILTSHHNIDVK 175

KLI
KiT
KLHKTFQSDFF
KLHKTEQELTEP

Comparison of amino acid sequence identities between PLCL and

proteins.

other lipocalin

OMLP_ At
apoD_Ta
BLC Cf

BLC_Ec

apoD_Hs
apoD_Mm
apoD_Rn

100 75 70 33 29 23 25
100 74 29 29 21 24

100 26 29 23 23

100 88 27 28

100 27 31

100 71

100

25
23
23
29

71
88
100

OMLP_At : Arabidopsis thaliana lipocalin
apoD_Ta:wheat TaTIL - - 777 ¢

BLC_ Cf : Citrobacter freundii lipocalin
BLC_ Ec : Escherichia coli lipocalin
apoD_Hs: Homo sapiens lipocalin
apoD_Mn : Mus musculus lipocalin
apoD_Rn : Rattus norvegicus lipocalin
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Phylogenic analysis of PLCI1

BLGE<Ef

0.1

apoD Hs
Rty apeD_Mn
| apo W

WA apeD_Rn

T scrich

OMEFME
APED_Ta

Southern blot analysis of PLCIL.
pepper genome.

A single copy of PLCI

1 2 3 4 5 6 7 8
kb
120 — , - -
i - -
P -
5.0 o
W
20 = ﬂ
1.65 -
1. EcoR | 5. EcoRV
2. Xbal 6. Hind Il
3. Dral 7. Sac |
4. BamH | 8. Xho i
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Expression pattern of PLCI during development. PLCIH A&

o A g}

34 o]

rRNA

non separable
calyx

rRNA

A

oL
Hr

)

Tissue specific expression of PLCI. PLCIS Hb= Al 3oyl 12]31 A48

w b gk

LF:
ST:
FP:
FP:
PE:
PL:

leaves SD: mature green fruit seeds
stems RT: roots
flower primordia RF: red ripe fruits

open flowers RPE: red ripe fruit pericarps
mature green fruit pericarps RPL: red ripe fruit placenta
mature green fruit placenta RSD: red ripe fruit seeds

Induction profile of PLC!

rRNA
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Expression of PLCI after heat and cold treatment

Subcellular localization of PLCI

UV light

Visible light

—100um

Z]

o

rhu

d

& PLCI& pepperol 4 3+ copyt £A3A A lipocalin o] gt oWz &
toh o "A PLCIY 715 RE2A Y ripening fruitell A Z1g| a1 Al 3E2hol) A uk

]
1 AEHdEAE QA ke Tl do] o}

ol

o
[

WL of
oX,
Ol
2
o

dAdozA e oA =g
AbEd o] F3Ae] promoter® ofg-sto] el WHE Fleshs S8
Zdol vhg- 7iep ok

__38__



Al 4 A: pLexA DNA binding fusion library ¥

Transcriptional activation activity® z& AAFZR A A9 cloningste W 9
A% pLexA DNA-BD:cDNA libraryE &2.35t9 E.coliol transformation
SR oF 40007 JE= 9] colonyE E3FY pLexA clones poolZ F538F%ich

Reporter

LacZ/Leu

LexAop-LacZ/Leu
LexAop

A ZEJAAE dFS R cloningdhi= W 4. Yeast one-hybrid system< ©]
|3 54 cis-clemento] Z&3lE= DNA-binding protein 2 2t& 2] 813 1%}

Stk A3 binding protein Fd#E Falstr e BA7A DA A

Transform EGY48 with pLexAop-lacZ to create EGY48[pLexAop-lacZ] '
A\

Transform EGY48[pLexAop-lacZ| with
A 4
Plate culture on SD/-His/~Ura to select for all cotransformants
v
First selection of the putative transcription factors

on SD/-His/-Ura+ X-Gal + BU salts
v
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A 5 A: AEWo] #AA AAZAFAAY AFA2 =
A R FAASRA HA

pCSn
(kb) -
234— | .
PPII ’ S S o 94— |
66— |18
PCR
4.4 —
PCVn PCSn PCSN
— — 23—
pPII > 20—
0.5—
Northern
Southern
AzA o2 TO gl oF 07MHS rste] ZzdA Tl JEAE grg g oF 1400 Tl
FAg Eslo]l AFPAE 2ARIACE  oF 7007l PMMV (POE HFSHAL E Cf
2 700578 P tabasi® HESE HE A 28 T1 A7 O ol® =k o A4
o 339 PPl HAA7F Bulel A WA weE AdzddAddde 2 F8EA B

W

107 AMEECH

P
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a : selection medium

b : elongation medium
¢ : rooting medium
d : acclimation

e : 8 weeks old after acclimation

Eco R1

Probe: PPIT

15kb o

1,2,8,9,10 : transformed N : non-transformed

Eutge) PPII FAREA T1 Ale) FellA of 5009155 J3, TMV, FrtEHoz
Z testall ot Ao oo vhebwttl webd] 1239 PPIL transcription factors vl
ANAY EnfEAE HAHEY AE AsAdgAgAdd e 2 FEEHA g JeE Alad

£
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3. 3% inbred line® A3 §&
FFuel 28 48 I3 inbred lineE9] AE8H&S screening 3 TH

&0] F& PII5E H]Esto] P409, P410 &

7+ A3}

[e]

=

o) &5l A

PR

Shoot formation rates of pepper inbred lines.

Line
PI15s
P409
S1622
P410
P1744
P101
S841
P2377
P49
P784
Ph240
P318
P20123
P319
P2403

C
95
85
85

81
80
80

H

70
45

C
60
S8
55
54
50
40
40
38
32
27
20
12
10
10
10

H
30
16
30
0
20
20
28
18
14
19
10

o o o @
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4. PPI1 transctription factor®] 5 A A A &4

aEg Az AFHEL shootd selection dH=H]
callusell A v} shoot2

2ol direct shootS &1
< screeningdlobgttlE Aoltl, olE Agoz X ALR
ZFA 7} W =k

A: callus induction B: on root elongation media C: one month-old stage
after acclimation

j—':)[: -(:)] ZE] '\:]_ :,3]'

skA| o] PCR #4]

NI N2

PP
683 bp

57

3,
35S promoter PPI'1
M : Marker 1- 5 : Transtormed
N1-2 : Non-transtormed P1-2:

Bacterial cells harboring PPI [
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Southern blot analysis of PPII

Xba |
1 5 21 NI N2

3.0kb —|

23 AME protocol

< 3.0kb
< 4.0kb

Line P915 or P409 Duration
e Germination condition under light or night did not influence the
Germination . . P N c0 o - 10 days
transformation ( I/2MS + sucrose 1.3% + agar 0.8%, pH3.8)
. Sample source from either cotyledon or hypocotyl did not make
Explant - - 4

a big difference for inducing transformation.

Pre-culture

-basic media (MS + sucrose 3.0% + agar 0.8%, pH 3.72)
-zeatin 2.0 + NAA 0.05 mg/l or
zeatin 2.0 + 1AA 0.1 g/

2 - 36 hours

¢DNA insert

PPI or TMV-CP

Agobacterium

EHA105 or LBA4404

[noculation

-basic media
-addition of acetosyringone or not did not matter.
-OD (600): 0.3 - 0.5

10 - 20 min

Co-culture

-basic media
-zeatin 2.0 + NAA 0.05 ing/l

-washing butfer {122MS + sucrose 1.53%. pH3.8 with cefotaxime

300 - 800my/1 + lilacilline 300 - 800mgl)

38 - 96 hours in dark

-basic media

-caltus formation: 4 - 5 weeks

Selection -kanamyein 80 - 100 mgd + cefolaxime 300 mg/t with zeatin allus development: 2 - 3 weeks
<o . ) -¢ Ve 1 2- 3 weeks
2.0 + NAA 0.05 mg/ or zeatin 2.0 + [AA 0.1 mgl : P
. . -basic media . . 5
Shooting RPN } ST I . -shoot formation: | - 2 weeks
-kanamycin 60 - 100 mg/1 + cefotaxime 300 mg/ with zeatin hoot development: 6 - 8 weeks
] i -l elopment: 6 - 8 weeks
2.0+ NAA 0.0l mg/l or zeatin 2.0 + TAA 0.01 myg P
-basic media . . _
. . ; N -root formation: 4 - 5 weeks
Rooting ~kanamyein 20 - 30 mg/l + ceforaxime 200 mg N

without hormone

~10 cm height: 2 - 3 weeks
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-d g ALz 3 ~PPII clone $AEA 23}
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AAZEJ 22| W 74 AApzHexE 3
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Molecular cloning and characterization of 2001 14
pepper mild mottle virus (PMMV)-inducible (Pt}]a%t E_G;nﬁr;—e) 1‘%50}9‘321

genes from pepper =
Characterization of peper ¢cDNA clones ASPB 20014

differentiallyy expressed during induction of
HR by pepper mild mottle virus (PMMV)

(M ZFotddx)

74 214

Characterization of a Novel bZIP A4 = 5 3 20001‘13
DNA-Binding Factor from Pepper (M5 Fshs ) 9¢ 14¢
Characterization of a WRKY c¢DNA Clone &L= Al T 2] © 200243
Differentially Expressed During Fruit = (_'7‘1{'; J_‘f'_ 1 990320_3
Development © =
PPI1: A Novel Pathogen-~Inducible bZIP Keystone 2000 7Y
Transcription Factor from Pepper (u]= CA) U
Characterization of a WRKY -type o
Transcription Factor Differentially Expressed & A A £ 5t 3] ZQOQLH
During Pepper Fruit Development (M &g 533w 10¢ 18%

Development of Transgenic Peppers with
TMYV coat protein (CP) gene

2] *‘EES‘%’ﬂﬁl
( =h ol &Fa)

20021 114 19

Characterization of PLC77 ¢cDNA, Encoding a
Novel Lipocalin Protein, Isolated from Pepper

Plant Winter

Conference
(g

2003+
14 20-21<4

Characterization of a novel WRKY —-type
transcription factor associated with fruit
maturation and plant defense against
pathogens

o A A & A
A &5} 3
(A 21} =53]

'

2003

649 23-28%

Characterization of PLCI encoding a novel
lipocalin protein of pepper

g]}'L A]UA(H‘:‘GI—]

ASPB (1] =53}9}o])

20031 749 26

o

10 4
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