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Development of DNA-Chip and resistant breeding line
by functional genomics in cucumber
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SUMMARY

1. Functional genomics in cucumber

In cucumber (Cucumis sativus L.), virus disease is one of the major causes to
decrease in production and fruit quality. Thus, we concentrated on the interaction
between cucumber plant and cucurbit-infectious viruses. To understand and
analyze genome of cucumber related to virus infection, we constructed cDNA
library induced by virus infection and ESTs by 5" forward sequencing inserts of
the c¢DNA library. Especially, recently newly named virus, ZGMMYV (Zucchini
green mottle mosaic virus), one of the major cucurbit-infecious virus, was first
reported in Korea. This virus was used for construction of our cucumber cDNA
library and ESTs. In analysis of ESTs, various kinds of cucumber gene were
newly found and these data may give great help to study cucumber genome
research. Constructed cDNA libraries and analyzed cucumber ESTs were used for
spotting clones of cDNA chip. Our cucumber ESTs data were transformed and

uploaded to Web-DB (http://www.cgrc.wo.to), and these will be accessed freely

and used to study cucumber genome by researcher.

Arabidopsis ¢cDNA-chips (Incyte), microarrayed by eight-thousand genes, were
used as model plant to study cucumber plant - virus interactions by microarray
profiling with CMV-infected ecotypes of Col-0 and C24. Col-0 ecotype is
susceptible, but C24 is resistant to CMV-fny infection. C24 especially shows local
rigion of HR (hyper response) against CMV-fny inoculation. When Arabidopsis
cDNA microarrays were hybridization with Cy5-labeled cDNA of CMV-fny
infected Arabdiopsis, specific genes related HR or programmed cell death (PCD)
were induced comparing to those of Col-0. Virus such as tobamovirus, in plants
parental virion can uncoat and reassemble within 35 min. and produce progeny
virus particle within 45 min. We focused on two time points of 1 and 3 hours
after inoculation (HAI) and subtracted wounding response by mock inoculation
treatment at each time point.

PAL1 and PALZ2, upregulated stress response gene and R2R3 MYB transcription
factors were induced high level at 1 HAI in both of Col-0 and C24. In case of
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highly induced genes (more than 2 fold), in groups of defense and transcription
related genes, some genes were matched in both ecotypes, but other groups of
metabolism, cellular organization and energy related genes were not matched each
other regardless time points. This different gene induction can be conferred that
Col-0 and C24 have different response pathway in CMV infection.

HR by pathogens in plants occurs at the site of pathogen entry and involves
PCD in and around the infection site. It is also accompanied by the induction of
plant defence responses that serve to confine the pathogen and protect plant.
CMV-infected C24 expressed specific genes, but not in common, at 3 HAI (Table
1). Most of these significantly induced genes were corresponded with known
HR-related genes. It is considered that TMV N-gene like (R-gene like), cystein
protease (caspase-like), HSR201-like(found in common HR), germin-like(HR in
pepper), AOX (regulate ROX production), bZIP domain transcription factor (NPR1
interaction), RPP5-like, HR-like lesion inducing, and dirigent-like protein are
directly related pathogen resistance and HR. Listed genes in Table 1 may be
comprised in receptor signals, ROS production and regulation, conserved HR
mediators, ion (Ca')and pH condition, sugar partitioning, energy balance (ATP,
NADPH), nuclear DNA cleavage, and activation of caspase, which were
commonly found in PCD signal pathway.

Based on the result of Arabidopsis microarray, trials for functional gene
exploring of cucumber were accomplished by cucumber microarray. For the
successful microarray hybridization, all the procedure was optimized step by step
including clone preparation, construction of cDNA-chip, hybridization condition, and
washing condition. Finally, we produced 1.2k cucumber cDNA-chip for microarray.
Using this, we profiled transcripts from virus infected cucumber plants, in which
ZGMMYV -infected and CMYV -infected cotyledons were harvested at the time points
of 6, 12, 24, 48, and 72 hours after those viruses. As a result, there were newly
discovered interactions profiling between cucumber and ZGMMYV or CMV. In
addition, clustering analysis according to time-points and kinds of virus
experiments gave us profound profiling results. This micorarray results were also

registered to our Web-DB and dynamically linked to ESTs DB with close

_15_



relationships. Researcher and users can easily find interesting cDNAs and their
linked microarray data.

Our Web-DB was based by Oracle 10g and applied by JAVAZ language for JSP
application. This is the first Web applied DB for cucumber genome research
including ESTs and microarray and expected to an important place for exploring

genes In cucumber.

2. Development of cDNA-chip for cucurbit-infectious viruses detection and
regulation of gene expression in cucumber

Conventional detection methods for virus infection in plants are summaried as 1)
detection using test plants, 2) using virus specific antisera, 3) using RT-PCR
application, and 4) using real-time PCR for quantitative analysis. These methods
were somewhat accurate, but they could not be used for unknown or detecting
many viruses at the same tube. To overcome the present obstacles we developed
cDNA-chip for virus detection, in which cDNAs of many viruses were densely
arrayed. It was possible that many viruses were detected by one experiment at
the same time. Previously reported cucurbit-infectious viruses such as ZGMMYV,
CGMMV, KGMMYV, and CFMMV were clearly detected by the developted
cDNA-chip. This result was published in Journal of Virological Methods (Lee et
al., 2003).

Full genome of a few cucurbit-infectious viruses were cloned to pUCI8 plasmids
for developing infectious clones in vitro. These clones were transcribed in cell free
system and inoculated to plant leaves, where they developed typical symptoms as
the same as those of their intact virions. Moreover, those mutated IVTs (in vitro
transcripts) were obtained by exchages of their functional domain between
tobamoviruses or using Tu-mutation system and they showed variable different
symptoms in cucumber, respectively. These systems were used for studying
plant-virus interactions.

Recently, many researchers have used viral vector system to express interesting
cDNA clones or full length clones in plants. However, most of them have

limitation for applying major crops. Few viral vector system can be useful to
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cucurbit plants. Thus, we developed viral vector system using ZGMMYV carrying
GFP (green fluorescent protein). This new ZGMMYV vector system will give great
help for testing function of interesting genes and expressing target proteins in

cucurbit plants.

3. Selection of cucumber specific genes and plant molecular breeding

For the development of virus-resistant plants, we focused on developing
ZGMMYV -resistant cucumber. Coat protein gene was isolated and cloned to
pGreenll vector system. This construct was transformed to Agrobacterium
LBA4404 for transformation to cucumber plant. During the transformation of
cucumber, we optimized the protocol for cucumber transformation procedure in
organogenesis or embryogenesis by various applications such as exchanging
gelling agent, sucrose concentration, preparation of explants, and so on. Finally,
ZGMMYV -resistant T1 cucumber plants were obtained. We cloned virus induced
specific clones in cucumber. These clones were included in arrayed genes on
cDNA-chip for micorarray and also used for VIGS (virus induced gene silencing)
in planta assay.

Transgenic cucumber production was difficult because its transforamtion
efficiency was low and long time was required. Subsequently, it was hardly to
test specific cDNA expression in trangenic cucumber. We have to choose
alternative method such as VIGS system for test the function of cloned cucumber
cDNAs. Using TRV vector system, cucumber cDNAs were silenced in plants and
infected by TMV-GFP. Among tested cDNAs, silencing of phloem protein has
great effect on TMV infectivity in plants. In case of phloem filament protein
silencing, the movement of TMV were delayed. Although we could not test the
function of cucumber cDNAs, application of this VIGS system enables us to test

and screen the function of cucumber cDNAs efficiently in short period.
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A3 dddsd s & 2

A1A Qo] 7leAd FAA AT

1.1.1. 29| ESTse 75

1.1.1.1. 2.°] ¢DNA libraray #| 2z} 718

Hholg] 2~ el Al wdlsks Qo] FHzke] ARE A, 2ol ALE e &
AAstE of7letH, =ul FREA A wkdAsta Q= whdnlold] A~ F Zucchini
Green Mottle Mosaic Virus (ZGMMV)ZS & =& RNA°| dlgt cDNA
o] libraryZ A #Fataz}b 3

Hlolg] A~ o] thdh 252 cDNA libraryS HA s o, AEATE= A Q0]
E e E 24 2vf7]el ZGMMVE HEd 5, 2477 Fo AEAE 53 A
ity SolE e R IF F 6dAe Agel HITI T HFT FAE

UmA A 29 Aom s FAA AR S vhe 3y 2ok

of N
2
to
o
=2
>
Ho
b

1.1.1.2. PCRE& 7] 2 3 ¢DNA library A%}

7h A EAR

et

424

AEANFEE JGAT 20| (Syngenta Korea Co.)E peat/vermiculite (1:1, v/v)2] plug
potoll 3 5 wlb/uk (28C/24C)S 16hr/8hro] A1 %= Aol Auistdct. HF
A =8 @l (Nicotiana bethamiana)l 4l -#18 ZGMMV (Zucchini Green Mottle
Mosaic Virus)E 0.01M PBS buffer (pH 7.0)Z 1/1000(w/v)e] F=7F H =5 3 & A2

lo

ol it 2L ol gdte] 2 mbastATh A FA 24745 FAG F, B
s 2vi719] ‘A 2] (Syngenta Korea Co.)] Slell carborandum 7}7#& &ubAl 5
T latex Z*ZJ% 283k 100ulE HE3H9

HE F1,3,8, 24,48, 2AZE0 2 ro] HERS FASAL, 73 FA AR
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AR deal AFE A7FA] -85C9] deep freezerol|l Al E#sERATE o5 24A17hA o &)
H 4E& S 2 cDNA libraryE A 25k

t}. Total RNAY F&

cDNA library A|2H& $18 Total RNAS] FEWH2 7]274
(Invitrogen)2] WHES A &3 th A EA 0.1g & ImL2] Trizol &S o] &35t} o]
]l A=A grstE g 23 tAEE S A AE 9Eke] 2% PVP

7 &
ST AAAEE A FAAL FUH FRS AsSHEOH, 4F 2

i
91_5
o
>,
Ny

S BAlol Trizol N3 4lo]%=5 I Th Homogenizing® £ HS W4l
of ¥ &, o] ZF e o 1/25% 7] chloroform®& %7t - 2
1043 BESA] 713 15,000g0 A1 1523 YA RS9 Asdes A FEZ &1 %

S99 12 H39 high salt (sodium citrate, sodium acetate)2} SA] 12 F-3] 9]
isopropanol S % 7}8Fa 1023F A-2o A vESAIFHTE HESo] £ 15,000g0A4] 15
=7 949 s8ka, DEPC7F ¥l 75% EtOH 89S = washing sttt w02 &
A= RNA HAES FeolA oF 1027 A=A 7] & theFo] DEPC HEl¥ FH/F
B A 71 Al Dol A 24 e RESAI AT whgo] iy &9 thA] 1/10
3] 9] sodium acetate (pH 5.2)¢} 2.58] F-3] o] EtOHZE -20Cel A WAl HdAI AT} o
&9 oA AR E RNAE 353 &, A7 "iESFE RNAE &alAzom, o
7]ell RNase Inhibitor& 7 7}stal o] & A& A7bA] -85T oA H A3}

F%Fo] ¥4 RNAE 94 denature gelodl A 7|9 53te] iAol k3 28S
ribosoaml RNA<S} 18S ribosomal RNA<Q] W& Z integrityS 18ttt A&
SpectrophotometerE ©] 83} A2609] FF=oA 1.00DE 7|22 319 40ng/ule] 3+
AR S o] &3l tl EE3F A230/A2603 A260/A2809] W& S5 F2lES)

b >

jis

t}. mRNAY 23

mRNA+ 9A] 53 total RNAZF-H 833 +=0l, QiagenAt2] oligotex column<
o]-g3st= Wgel Fato] o] &ttt ¢4 Img] total RNAE FH|dHL o] & 65Tl
A 337 RES A1 $ 5%3F vortexdhie S 33] WEESEo] FaE3] denature Al F T

DenatureA] 71 RNA 500ulE poly(A)et 233 = A+ resin®] ZFE & 500ul<t 4
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2 5 Aol A 1023 WS AIF T o] RESES 15,000g00 4 247 Al skar A
SA9L A ASAE. 7|9l column binding solutionS H7Feta YA EE]E columns
g3t YA A AT resin®} 233 RNAE washing solution®. 2 23] Aojdll &
%% © & RNase-free water®= mRNAZE 2|3} t}h Ribosomal RNAS] &5 FH gt
A Ast7] 9kl Aol WS 23] WHESte] mRNAS FU &g et

223 mRNAE A& 47bA RNase-inhibitor7} H7}d fH oz 80Co| A H B3
=3

o o
[

B

2}. ¢DNA library®] A%}

(i
(1t
ot
2

Genomic DNA®] & a1, FHugh full-length®] ¢cDNAE 7] 913t
A= PCRE ©]83F cDNA library Al 2HHS 2 8519

1) First-strand cDNA &4

0.5ug (1-3ul)©] mRNA, lul SMART oligonucleotide, 1ul CDSIII/3' primerE =3} &7
sulF HEE gk 3 72ToA 283 wHSA 71 doAol A A8kt DenatureA] 71
mRNAS} primer]l 2.0ul 5X RT buffer, 1.0ul DTT(20mM), 1.0ul dNTP mix (10mM), L
2] 3 1.0ul reverse transcriptase (200U/ul)E F7Fste] 10ul7} H =S gk & 42T A |1
A ZEEQE AR ZI T whgo] By Aol A whEE FZA AL, lul NaOHE
H7FF 68Tl A 3047 WAl A Holdl= RNAE alkali-lysis A 71T},

2) primer extensions ©]-83%F ds cDNA®S] 34

11ule] &A1 H 1st-strand cDNA9] 10ul 10X PCR buffer, 2ul 50X dNTP mix, 2ul 5'
primer, 2ul 3' primer, 2ul hot start PCR polymerase, 7lul waterE % 7}sle] & 100ul”’}
H 23 o] &S PCR machine®l Al 72T 104, 95C 1%, 8]l1 3 cycle?] 95T
15%, 68C 8% 2= primer extensione A|ZITh o] % WFSEF Sul A=E H7|9 53

°] DNA®|] A5 &l
3) Protease K digestion

50ul (2-3ug)®] 34 E DNA©| 2ul protease K (20ug/ul)E 7Fst & 45T Al 2083+
HE-S-A1 7)1, o} 7)ol 50ul9] waterE 3 7Fgt). o] & 100ul®] phenolE W] 3F ThA
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100ul®] chloroform &2 Wo}9li= phenols AolF=1, 5ol 10ule] 3M NaOAc,

o
1.3ul glycogen (20ug/ul)$} 260ul®] 95% EtOHZ Z7Fe 5, ZA] 14,000g00 4 203+
QAR sl cDNAE 343t} 70% EtOH=E washingdt %, 79ul®] waterol]l Al 2 =<1

kd

4) Sfi digestion

) Aol ¢DNA 79ulell 10ul 10X Sfi buffer, 10ul Sfi enzyme, lul 100X BSA
A 7Fsta 50CA A 2413 dEgAIZIT) o] 719 2ul9] 1% xylene cyanol dyeE 3 7}s)
e F 39 chromatography s 78§ sk},

il

=

5) ¢cDNA size fractionation (CHROMA SPIN-400)

CHROMA SPIN-400 (BD Science) columns <=H|3}al, washingslo] fr&ro] 40-60%3
1A HoA s FA g oju] g We-& °oF 25ul7F Hojofgkth ol 7]el 700ul®]
column bufferE loadingdtil ¢HA38] WA == ghrh. oF 15208 435, 4)¢ 100ul v
S =< loadingstal, o WA 7] & 7|tbd 2 o] 7] 600ul®] column buffers 3 7}3}il
1-16"1 2] single-drop fractionS 1.5mL tubedl] =Tl 7} tubeE 3-47] = 3 Fof
Tul AE® F5AAA Eg

6) Ligation of cDNA

5)9] ds ¢cDNAZE 0.5ul, 1.0ul, 1.5ul & A}F8-3}¢] ATriplEX2 vectorel ligation A]Z!1t},
16CoAA WAf HbS-A| 7] a1, dkgo] Eupd Zhzbe] WhS-E S k-phage packagingol WHS-
A 71tk o)Wl primary titers 24 >1-2X10°] ¥ ojof &=d], o] w]l host Bacterial cell-S
XL1-blueE ©] &3ttt

7) Titering the unamplified library

Titer (pfu/ul)E A 317 913+9] unamplified lambda lysateE 1:5914] 1:209] 3] %3}
< "= 1ul®] EA ¥ phage®t 200ul®] XLl-blues 412 = 37ColAl 10-15%7F
phage’} HZE =2 3 Fo] 2mLe LB/MgSO4 top agars H7}sth g]a o] AL
LB/MgSO04 plateol] T datA GojA & Al F=vh 10237 2305, 6-18A17F vl 5
titers 7Al4Fetth th3E lacZo-complementationS ©]-8-3}] recombinant clone®] H] &S
A gt
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8) Library amplification

AW o 2 ATriplEx2E ©]-83 2%, 15cm plated] A primary titer7} <F 6-7 x 10* 3
=7 HE2 9F 20709 plated ©]-8-3HH amplification®] 7} 3kl Amplifications tE
cDNA library Al Z=Al2} vlZ7FA] & A-phage extractsE o] &3%tth AF Ao
amplification®] ©]Fo] AW ¢k 10 pfu/mlS A4S & olth.

9) Mass conversion (lambda-TriplEx®l| 4] pTriplEx =)

BM25.8 cellS ©]&3}o] plasmid DNAZ WA Z 4= ity W3 whHe dubzo]
library conversion®d™ S o] 83ttt W3 E plasmidE-2 mini-prep -l ESTse] ERE 9
St insert?] %3} sequencingS $3Fo] 5° primer(5-TCCGAGATCTGGACGAGC- ')9]- 3
primer (5-TAATACGACTCACTATAGGG-3)E o] &3},

1.1.1.3. -ZAPIIE ©]-& & cDNA library A%}
7t A EAE

ZGMMV % CMVel tist ZdAdo] =2 ‘M ETithr]’ 9 o](Syngenta Co.)E o
2 AFAMNII GFF 6ol AP LdFE npoly 2w HFost HFHA ¥

A5 304, 1, 3, 6, 12, 24, 48, 12X P2 pFo] FEeigith 7h whel o) ul
21 E A 9] transcriptsE W= cDNA libraryE A 2Hsl7] 98k b =38 A7t 2
total RNAE F%3l3, mRNAE TFEdstdtt (39 279k 5¢). T Sugd
mRNAZ 7} AIZbE 83 HES vius TFEE 539 mRNAE poolingdl 3] th.
Zy7F 9] virusoll tigk o] 2% e] cDNA librarys A 238l7] 915k k-Zaplls AF-&-3)
+ packagedti= c¢DNA library Kit (Stratagene)E ©] 83}

ru3

. ¢DNA library®] A=

Sk ] PCR-based library AlZ=¢F= ©E] Xho | sites 233l oligo(dT) linker-primer
£ AFE3Sl3l 5-methyl ANTPE X EA|A FHAAIZIY o]u] ThEo]X] = [st-strand
cDNA®] 5-methylation<> ©] 9] restriction enzyme®] ¢cDNAE A=X] 3L = 3HA #
T} ds cDNAI EcoR 1 adaptor®} T4 DNA ligaseS ©] &3ttt ds cDNA7ZF Al H W
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Xho 1 digestion ¥, Sepharose CL-2B gel filtrationS ©]-§3le] A7|¥ +8& 3353
ot HH3s 23E cDNAS EolA plasmid vector®l pBluscriptol ligation A] % T},
Ligation®] £4YH ZA¥=S Gigapacklll gold packaging extractE ©]-83}o] phage°l
packagingdt$1th. Primary titers= ¢F 0.5 x 10° pfu/ug ©]21 32, 15cmoll 4] blue colony:
107] m]Rke 2 EFYET) Primary libraryQl UNI-ZAP XR libraryE amplification A] 7 A]

HFA oz 2 x 10" pfuml 9 titerS 2H= cDNA libraryS A1 2He 4= Il th,
1.1.1.4. Cloning of cDNA inserts by PCR

Insert®] Q1S 913ke] 3070¢] colonyEs F2¢1= Adste] PCRS a3t o™, A
2+t library:= -80Coll A W34 th Library®] mass conversions b4 2] &3 &<
Al =3 +=l, pBluescript 11 SK- plasmids”} ExAssist (Stratagene) phage. S ©] -85}
o] lambda ZAP clonesol 4] %€l in vivo excision® & &S ©]-&30th. pBluescriptllol

cloning® cDNA inserti= th22] protocol S ©|-&3}o] ZZ313 ).
7}. ¢DNA insert®] PCR

0.5 % chloroform®] &% 200 ul of SM buffer (100mM NaCl, 8mM MgSO., 7H,0,
50 mM Tris-HCI pH 7, 0.04% gelatin)o] <3} cDNA library2 58 2179
recombinant cDNAS F2H9] 2 A utatgit). 4°Col A #H 423k 12475t v dsto] agar
plugol A1 phage particle®] elution® =5 3}%1 1, ©]F 5ul®] phage suspensione PCR]
o] &3t th. PCR &4 Ao FEFE=Z 10%°]42] PCR master mixS +H| 5% o
o, 2L 50ul (45 pl master mix + 5 pl template DNA)W3-S 7|50 2 &}Qit} 45
ul master mixoll = 38.05 ul sterile water, 5ul 10X PCR buffer, 0.75 ul 150 uM dNTPs,
223 0.5 pl 0.1 uM primers®2 743} Th. Universal sequencing primer 2 T3¢} T7
primerE ©]-83}$th. 5 ul phage suspensions Z} master mix tubeol] 3 B Q3 H§-
3iF-8-9] light mineral oil (Sigma)S 3 7}&FS) o).

PCR2 Taq polymerase %7} 7ol initial denaturation step 2= phagel} bacteria®l A]
DNAZ} WA US & JEZE 95°Col A 10 minE7F ¥+ A Zth o] % 02 pl Tag DNA
polymerase (5 U/ul)E #7Fstil ¥E PCRES I3 AZ T} Thermal cycling parameterst™
30 cycles? A3t E=Hl, denaturation step 2 95°Coll A 90% 7} annealing step o =
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60°Coll 4] 90%, 123l extension stepo®  72°Coll A 210%7F 331 o™, final
extensions 913Fo] 72°Col A 1587 WES-AJ A t}E oW Control> DNAZ} ¥§H& A ¢

< tubeR sho] whEolse] ES ARSI wkge] € AleEd -20°COlA
sequencing 74 H @3t ZF PCR AHEE2 1.0-1.5% agarose gels= 1315 o
o, 2 600bp ©]AFe] AEEWHS sequencing g 07 F=H]E I AL A26000 4

B3l

1.1.1.5. ¢cDNA library®] sequencing

7}. SequencingS 93k DNA template <= H]

A sequencing ZFF ol A H7FA] thE DNA template +H] 2 A4S S35 Th o
9] sequencing E.coliZ transformation*] 7] pBluscriptsE commercial kit (DNA
mini-prep  kit, Qiagen)E ©]-&3to] |G ASt]  sequencingdtlil, UF= phage
suspension®] E=#]|3}:= DNA templateS 2% PCR3}3L primer, primer-dimer, dNTPE ©]

F3E A FEE columno E A A F ) sequencingd} A

1. Sequencing WF-$-

Sequencing= Applied Biosystems PRISM Ready Reaction Dye Primer Cycle Sequencing
kitsS ©]-83}o] Perkin-Elmer 9600 thermocyclerE ©]-83}%1 3L, primer= T7%} T3 primer
£ o] &3t HFgAHES 3M sodium acetate &2 glycogens carrierZ ©]-83}9] 95%
EtOHol| HAA 713 70% ethanolZ 3 washing3t & vacuumS 2 ZHAZA|ZT AZxH
HEEE 2 20°C bAel Rt

t}. Automated DNA sequencing

Sequencing ¥H-5-E-2 AB373S DNA 22 Genotyper 310 sequencers (Perkin Elmer

¢ 1

Applied Biosystems) & ©]-83}1 3, version 1.2 data collection®} analysis softwareE ©]
gttt 2 A Fag RxE FHAY dEolBnE gy AVIMYE 24
Zh Fd2ke] 52 end £< T3 primers ©] &3t =], & 50 ko] 30 Ao X1
= F9 22 dmEs d5dste d7IAEe]l o A Qo] putative

identification®l] +9 &3
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2}. Sequence analysis

1) Sequence editing@} quality analysis

gd A7IHE EA7]E ABI 377 X+ Genotyper 3102 |83l o™, ABI
Sequence Analysis®} 22 X210 =2 datas capturedt AT 9714 2D 2] handling, #
Z, 242 Apple Macintosh BW G3 workstaionS- ©]-8 3} U},

2) Sequence trimming
ABI3773} Genotyper 310 tlo]E £ Tz aule A= oF 600712 g7 ¢jojd

T ooy AR REES peak’t AA= & HAED & QJOEE, automatic

sequencer? WA EE EE P7]A Y tlo]E = Sequencher 3.0 52 TEIIHWOZ peak
shapeol] gt &lztgo] o] Fojxith F-A 3t 3' end sequence= ZZ1H Afilters ©]
&3t trimming 2Fgel FAEHANL, FHAHE S3ste] thAl 1S sk Cloning
vector?] polylinker sequence 5l w3 A|AE Sequencher TZ 13 o] &3 =4,
vector, polylinker, adaptor, poly(A/T)e] H71E5S A4 AP =E AAT + AN

.

3) Sequence accuracy

o
T T

°F 98% o] ¢ o= vhobE it

4) Sequence contamination
Aoy arel @ AEAds Aed wgo] 2o A

AEA 2 Q9o HE nonrelevant sequence’t WERE = QT 1 Ao A= wet

A E.coli, yeast, =+ bacteriophage lambda®} A7|X<Eo] 100% LAst= ZyE Hof
FAE dHelHe BT eddoew dAdsta AAG=H, A7IAYE 2 AF Tl

o5 d-Rko] e 2l
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1.1.2. ¥lo] & = A8 cDNA-chipd 7§

1.1.22. AEAE, Holg &, &4

Ao Abg® nBlol#] =9 CGMMV(Cucumber Green Mottle Mosaic Virus),
KGMMV (Kyuri Green Mottle Mosaic Virus), 12|31 ZGMMYV (Zucchini Green Mottle
Mosaic Virus)i= Plant Virus GenBank (www.virusbank.org)oll A < ¥EQkth CFMMVE

o]z~e} Aol Armit B}A} (Department of Virology, Volcani Center, Dagan, Israel)Z5-E &

Gk

ZGMMV, CGMMV, ¥ KGMMV?e| A= 7w A= A&7 o WAugS o] &3}
AArE T CEMMV e &A= 9A] Amit HFAbol] AlA B FukQltl  (Antignus et al.,
2001)

1.1.2.2. A E1}o] 2 & cDNA cloned} target probed 5=

cDNA microarray 2] oAl 97}2] 2] ¢DNA cloneE 97F#]¢] A& t}E njo]#{ 29
2]k A (coat protein, CPs)S codingdlil = RNA sequenceE HIH O Z A ZE S
o B AFo A AREH 971X 9] Hlolg = 6714 2] tobamoviruses (Tobacco mosaic
virus, TMV; Zucchini green mottle mosaic virus, ZGMMV; Kyuri green mottle mosaic virus,
KGMMYV; Cucumber green mottle mosaic virus, CGMMYV; Cucumber fruit mottle mosaic virus,
CFMMV; Pepper mild mottle virus, PMMoV) potexvirus (Potato virus X, PVX), cucumovirus
(Cucumber mosaic virus, CMV) ZL2] 1L potyvirus$ Zucchini yellow mosaic virus (ZYMV)Z T
= 2w B cDNA chip®] AJ4kel] AFE-5] 21T (Ryu et al., 2002).

T3t control clone .= 4] Arabidopsis®] alpha-tubulin®] internal control= A}-8-%] $1 31, A}k
] tumor protein$] p35-binding protein 2 i % 2} 7} negative control 2 A}-8-%] T},

Adte S 2 A] ZF wlo]g 2~ 9] 41 H CP 7 A= pGEM-T Easy vector (Promega)oll <&
A 8FaL 1] universal primer] T72} SP6 primerE 7} 7] forward<} reverse® A}-8-3} ¢ PCRZ
%38kt

Tubed 100ul2] HH-&-F O 2 &} a1, plasmid template<> reactiond 10ng= AF-8-3}F 1t} o 7]
o] 0.25mM<2] dNTPs, 0.2 uM each primer, 1 X rTaq buffer (Takara Shuzo, Kyoto, Japan) ~12] 3L
1.25 units©] rTaq DNA polymerase (Takara Shuzo)E 3 7}38l 91tk PCR2 Uh2-2] RS0 2
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P ATt =, 94CoN A 35 7] denature A 3L, F 35 cycle® 95CO| A] 13, 52C0l A

18] 3 72Co0 A 315 3355 AL, vFA] 9O 2 final extensionS 72Col A 1283t 433
3l k. PCR productE Qiagen A}2] Qiaprep Miniprep Kit& o] &3t g sl
membrane chip®l| printing® = =5 3t PCR HF-$-& 2 EtOHE o] &3] A AAIZ 5,
30 ul®] 10 X SSC (1 X SSC: 0.15M NaCl¥} 15mM sodium citrate)ol] ThA] 23 A| Z T} PCR 4k
&2 0.8% agarose geloll A 7] 9} integrity S <15} T} (Sambrook et al., 1989).

1.1.2.3. A EZF 9 A RNAY ==

7714 &% (zucchini squash cv. Black Beauty)«] ol Z} vlo]El 229l (ZGMMV, KGMMV,
CGMMV e} CEMMV)S %3811 149 Fo] 22 %2 ©] RNAS} Hho] 2~ RNAS FA] o]
FEote WS A8k o]9l 9 & utolgl s
benthamiana )°| HE3 T 5 U3 HH o2 RNAS FE313 T o 7 oA total RNA 2]
< TRIsol (Invitrogen, CA, USA) reagent= ©]-8-stof 2]t Sl=tl, 1heks] @ ofshi, vt
o] o] 7t o] gl 7} A& XA 1gs et AA AR v g b 109 9] F
9] 91 10mL ] TRIsol reagentE F 7}8}o] 5531 % T ChloroformS ©]-&-3Fo] RNA7} 3234
=S B3sta HFH ethanol® HAAIZ1 the, 20ul®] DEPC-treated waterol] =
denature gelol| A1 RNA 9] integrityS <13} 2™, A2600°l 4] spectrometers ©]-&3Fo] A &
EIs

rlo

@l (Nicotiana tabacum =2 N.

>

2 v
it

o]

al

-

1.1.2.4. ¥ 3% probe?] 1|

%i—ﬂ 3} total RNAE Cy3-dUTP %= Cy5-dUTP (NEN)S 3 7}aho] o AAF Al AT wkg-&
Z 30ulZ 3} 21, 10ug?] total RNA, 4 ug®] pd(N)s primer, 10 mM DTT, 500 uM 2] dNTP,
200 uM dTT, 100 uM Cy3-dUTP (virusE 7 A1 %1 A= 9] labeling) %=+= Cy5-dUTP (714 g
2] & ] RNA labeling), ~22] 31 400 unit®] SuperScript II reverse transcriptase (Invitrogen, CA)
£ 1 X first-strand buffer (50 mM Tris-HCI, pH 8.3, 75 mM KCIl, 3 mM MgCl,, and 20 mM DTT)
S HES A AT 42C A 241 7HEQF HES- A1 7] % Cy3- 52 Cy5-dUTPE labeling A 71 §F-&-
=2 ¢ tube FHT =2 15l 0.1 M NaOHQ‘r 1.5 ul®] 20 mM EDTAE # 7}shaL
70COl Al 1045 9F Fol3l+= RNAE lysis A Z . ©] %, 15 ul®] 1 M Tris-HCI (pH 7.5)% 5 3}
3} %}, Unincorporated dyes2] #| A& ¢13lo] 2 HF-$-& &2 QIAquick PCR Purification Kit
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(Qiagen, Germany) 2. 2 ==+ 2] 5} 9}

1.1.2.5. ¢cDNA chip¥] & H] ¢} microarray hybridization

H] gk PCR HF-§-E -5 manual microarrayer (VP478A, V&P Scientific, San Diego, CA)E ©] &
3191 microporous polymer-coated glass slide (FAST Slide, Schleicher & Schuell, Dassel,
Germany)©ll printing3} %1 ©F. Hybridization®} ®©]E]¢] #2412 FAST Slides (Schleicher &
Schuell, Dassel, Germany) protocol (http:/www.s-and-s.com/arrays)< 7]32 & 2 3231931,
AL ok ATt 1Fe3] 2 °FsHH, Manual arrayer®] tip<> 384-well microtiter
plateZ -] sk o oF 6 nl9] PCR 2H&(500 ng/ul)S load & 4= 9131, ©] tip©] microporous
polymer-coated glass slideoll 2 & 73 -9, slide®] spot=> ¢F 3nl7} ® T}, o] ulf sopte] A& oF
500um g = o]t} 7} sopt2] FA-2 oF 500um F=o]l™ 1eme] (HA S 2 49HE O 2 array &
=5 3Fith. Array7h €H4 8] £, array o] 9= DNAE S ovenol A 80C & 3027t
ATt oA THE R EEfol == AR A7RAl A X bAoA B 3EES) t Hybridization
21 & Al prehybridization HF= 2] A of| array ] ] 91 DNAE denatureA] 717] $13te] &= &
o A 23t A etk o] @Al A 2] §F slideE hybridization chamberdl] % 31, chamber gasket
< 719] ¥ At} Prehybridization solution (0.5 X Denhardt's solution, 0.5 X SSC, 0.1% SDS and
5% formamide)2- slide®} chamber Alo]oll 9] X3} = = pippet . & WL 1A 7F 5 42T ol A
prehybridization A 7 th. Hybridization & 9 ¢ &} 0. & 42°Col| A 12A] -5 <t 3 5t 3l ot
HE-8-o] £ slidei= 2 X SSC, 0.1% SDSOlA] 1584 3¥ washing 39132, 1 X SSCE 5% &<t
3k o] washing 3} %1 T} (Sambrook et al., 1989).

7} spote] HFFE=el FAHL focuse| TYo] FHo] 7153 GenePix4000B (Axon

Instruments, CA)S ©]-83}% 1, channel dual-channel (635nm, 532 nm)= ©]-&3}

Image?] #4912 GenePix Pro Ver.3.0.6 software (Axon Instruments)E ©] 83} t}. ZF spot<]
g7y 2488 247hel Faduhdel A background®] A E wjFRlaL, ZH7be] A=
median #t o= A3t HHAFTFe 247 normalization 2= AA| €] house-keeping
gene?) alpha-tubulin -1 A& 7] =2 2 1)

1.2.2.6. Western blot &2

47} =] o] A2 Tt} tobamoviruseE 2] €] 3 & A S 12 % SDS-polyacrylamide geloll A 2]
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SFA I, ol AS nitrocellulose (NC) membrane® 2 transfer electroblot unit (Bio-Rad
Laboratories, CA)S ©] 83} electro-blotting™ ™ 2.2 & % T}, Membrane> TBS-T buffer (20
mM Tris (pH 7.5), 150 mM NaCl, and 0.1 % Tween20)E ©] 83} 33| washing3} 13 5 %
nonfat milk7} E3tE SLF GHoA 25°CE 4AZHE<Qt washingst it W1zl
membrane®] CGMMV, CFMMV, KGMMV ¢} ZGMMV 7z} Z+of| o) $ 34 & (1:1,500 dilutions;
immunoglobulin G (IgG) fraction; 1 mg/ml)<- probing 3} 1 T}, TBS-T buffer= membraneS Al
M $=A]gk % alkaline phosphatase (AP)-conjugated secondary antibody (1:7,500 dilution;
Promega Corp., Madison, WI)2} ¥F-&-A] Z T}, HF-8-©] £ membrane2 TBS-T buffer2 A ¥
A3l 31 AP-substrate buffer (0.1 M Tris (pH 9.5), 100 mM NacCl, 50 mM MgCl)Z thA] o+ i
WS Al Z T & A Eo]& el d S Ho] 9]3}9] membraneS AP-substrate solution (Western

Blue Stabilized Substrate Solution; Promega Corp.)$} BF-8-A] 71 t}.

1.1.3. 503 2¢&d {fHA &4 (Arabidopsis MicroarrayE ©| £)
1.13.1 A EAE 2 vlo]lg 29 HE

Arabidopsis ecotype?] Col-09} C249] FTAE 1% RoxolA] 10#37F A & Hd S
53] =434 tE 1.5ml tubeoll A 0.1% agar solution®]l FEAIZI & 4T 5UTF A
AgstArt. At e FAE AR ol A MS medium (1% sucrose)oll lem 7+

o5 FFsth E F 597l Lotk AE=AES vE FHE Sunshine Mix
No 1. FEZF ALY 32F plug trayol SAFAL, =31S ¢3sle] F 3 plastic dome
S HYFArh A=Y A EAL 22-24Tol A 14hr/10hr (SH/HHe] A2 A& Ao
A Ajekl o, Hogk JHA S wWsl Ak st

vlol g 2~ 9] FH|e FZAAZXAIZ CMV-fayE Nicotiana benthamiana®| &3 F
of 25 %o TE3 BAS Ueus W JFAoRE AREth

Arabidopsis®] 957 8vl HEFHSES W, CMV-fayE HETsA=d T HvlE
HAE Holal e "@lY ds FEste] A i f
1/1000 (w/v)el E %= 0.01M PBS buffer (pH 7.0)2 A vt dct. d594He 4
T3 WES wlolya HET Y FE3] HA F carborandumS °F7F B A E A9

Aol 73] 2A=HA HEsAh HFol B AEA = A plastic domes 294

rlo
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T FE7F FAHES o, AEAY ~EH~E HAg sk vl s
HEA H2TE 4387 9189 0.01M PBS buffer= 7 HE3 mock A TE #H|
a3

nfel el 25 HE T AEAE AN 244 A FEE G A e A5
Aol d& AL ZrtE AR ov RNAS FF W74 80CE FA skt
1.1.3.2. RNA £H] % Cy-dye labeling

Total RNA®] &8+ 20| 75 o] Trizol reagent (Invitrogen)E ©]-83}%aL

|
mRNAS] =482 9A] 53 Qiagentt2] oligotex columns ©]-83F4] poly(A+)
RNAE #3th. #2]3F mRNAT spectrophotometerE ©]-8-3Fo] A 23} %1 31, MOPS
gelS ©] 8319 integrityE H<lsFSTh.

Microarray & 9%k Cy-dye®] labeling mRNA®| Cy5-dUTP % Cy3-dUTP (NEN)&
o] &3} direct labeling WHS X831t R3] 2.9FstH 7 2 ug mRNAS! 12.9ul
(RNA #1)¢}  12.9ul (RNA #2)E ZI7 Oligo dT (2 ug/ul) 2.5ul9} 410} FF37}F
154 w7k M=% vk o] F ZF FHEHE 70CoNA 1083 vEAIZ §, d5delA
A8 T, First single strand ¢DNAS] W} &L 3HA Superscript 11 buffer, DTT
(0.1 M), dNTPs dTTP, Superscript I (200 UuL)E ©]&3}a, o]7]o] Cy3- &2 Cys
dUTPE 7}ttt o], 42Co A 2A17F vES-F, AAkell A A3l 500 uL TE (pH
74)5 93 unincorparted dye’} AAE W 7}A] microcon filterE ©]-&3te] A& AT
Atk thA] Cy3- ¢ Cy5-labeled cDNAE S 412 %, 553tk o7]o 1 ul polyA
DNA T RNAE H7bate] nj5e]4 &
A7rskel & B97F 12-15 ul 7F HEE 3

o_>|:
o
il
oF
N
ol
o
£l
by
ol
(98]
o
o
[\
(]
>
w2
2]
@)
il

1.1.3.3. Hybridization, Washing, Scanning

= ATl A 22?0 Arabidopsis ¢cDNA chip<> IncyteA}©] Arabidopsis ¢cDNA chip o =
% 816071 (control gene Z3F)°] ¢cDNAE array$t %l ©| U Th Prehybridization buffer (5X
SSC, 0.1% SDS, 1% BSA)E ©]&3}] 42ColA 3A1ZF hybridizationdr $-9l|, slide racke®ll
718 A= waterdll 53] washing, ethanol]* 13] washing §, 1,000rpmol Al 1&3F 4
wglste] slides @l th Hybridization Cy-dye®] labeling®] £ ¢cDNAE 10X SSC,
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0.2% SDS, 50% formamide®]| 41> %, slide®l hydrophobic cover-slip (Sigma)< ©]-83}
o] hybridization ¥ =5 3}%2H, ¥-S chamber= ComingAle] HH & &7]E o] &3}
At WES2E=E 42CE 32, water batholl A 14-18A17F =383} 94t} Hybridization
¥ microarray= 2X SSC, 0.2% SDSoA] 1583k, 2X SSColl 4] 154, 0.2X SSCelA] 10
ik stirers ©]83te]  washingS TSIl TE. Washinge] £ slide glassE2
,000rpmell A 1330327 A4l 2lste] 715 Al A th. Washingo] £ slide glass

, 212 GenePix 4000B (Axon) ScannerZ ©]-8-3}4,
Cy3¢ Cy5° emission signall ™g Z}7+9] laser channels ©]-&3to 243t
(Shalon et al., 1996).

[

e 4o gadA wustgon

=

1.1.4. 2.0]9] cDNA-chip A%

1.1.4.1. PCRE ©] &3 ¢cDNAS £Z 9 AH

7h &7 E 23 32000 AR

HF 20] cDNA chipe A% o] cDNA chipe] A Aste] AFEE 54 probe
o Aae AE 54 320702 sk3lvh ZF cDNA frdake] S5 H 2ol <
of wolel=E HET F, 24A A FEE QoJolA dojxl ¢DNA library<!
pTriplEx2 % SSH 59 Wwyeoez Eo|F£S FH3I 4<% T-A cloning vectorS!
pGEM-Toll th 3k vectorE2] 2] universal primer siteZ ©] &3} T},

pTriplEx22] 79 up-triplEx (5-CTCGGGAAGCGCGCCATTGTGTTGGT-3)% down-T7
(5-TAATACGACTCACTATAGGGC-3)= ©]-&3t3 3L, pGEM-T+= T73 SP6 primers ©|
&3

96-well plate®] 7} bacterial cellS 200ul®] RHA 71 Th, cellS 2ul¥ FH3lo] F
50ul®] PCR< 33 ¥, 2ule A7|gsste] SFHAdEe] A7|s ds FAsd. &
?1%# PCR productE- 3M sodium acetate (1/10 volume)<} 2.5¥) F-3]2] EtOHZ -20Cel
A overnight %A A]7]3L, 70% EtOH= 2% washing ahth AE3st shell A 2k 8]
7124171 DNAE HF %7} 50-250ng/ul7} = =% 50% DMSOZ 30ul7} S =5 =

TH AT =1 E cloneE 2 THA| 384-well plate® 7] aminosilane glass slide®l| array
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T AEE FHSA T Well converter programs ©]-8-3Fo] 384-well plate % array

}. 1.2K 2.°] ¢DNA chip

2Rl 32070 ¢DNA fr32F €] ZGMMVE HETtr] @olo] HJE3 F <o
7l ¢cDNA libraryoll 4] °F 1,2007H¢] ESTsE AN 2", o 7] A ¢cDNA microarrays <
g gAls W, 1,224708 FAAE Fhleh AR AF oA e mizA R
universal primerE ©]-&3%t FE31H=H, F714<2 ESTs & pBluscript SK-°l| inster
So] EA437] wliol, TF& 93le] T3 (forwoard)®} T7 (reverse) promoter sequence=
o] &3lAth. Spottings 9% TEAl HF EXHFEE 200ngul 2 AL, F 30ul 9]
A4S Rt dAe Fdd whHo R AR cDNAEL Telechem AFY] 2X
spotting bufferol] &3)|A]Z 2™, spotting A 7}A] 20C A X3}

t}. Slide substrate ¥ spotting

Slide substratei= Z} 213 &3] TelechemA}l 2] Superamine substrateE ©]-8-3}Ath. 4]
3k PCR HFS-EE52 384 well plate platform© 2 <H|3 3 = BioRoboticsAl2]
MicroGrid 11& 0]%3}01 array SFATE  Array™  4-pin type HAS o] &3,
ClonetrackerS ©] &3} TR =AME WEE] AT Array’t 1 slideES 3
A 24730 A xAI

Clone spot®] integrity™= @AWV 7d S AM&3to] array’} €% spotsS 3 AY, Scanner
2 AH slideE 913l 532nmol A 2] oA & ) gol=vkE et
of ARg3EAT

34

1o
ol
o
o
i

)

1.1.5. 2.°] ¢DNA-chipg o] &3 FAALEH FA

1.151. JEAE 2 vo]lz 2y

7h &7 E 23 32000 AR
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Blast searchE &4 cloneS o] 3k 2] cDNA chipS A|F A F, wlolgi =~ HF
A=A 2 mock HE (buffer=7F HF) A=A A dAFES vaste] H okt
AEAEE YEHT7]” Qo] (Syngenta)E ARESER oM, HiolE =S ZGMMV,
CGMMV$ CFMMVE stitt. 3t5 5 7o) Qo] zpffo] A7]¢] 37F4] npole =
= 77 307hAA HEstsl e, HE 5?— 3N 24N A HEE APE FFs)

Atk FEE JEAS FA L WHoE AFSA T, otal RNAZ FZ59Th

}. 1.2K 2.°] ¢DNA chip

Htapvtole] 9] Qo] FHAtete] Ho 8-S "@Asty] ko] ‘wlETHY] Qo &
o2 ZGMMVeE CMV-fnyE mock controls XE3F3te] F 25670A HE3t <o
Z}7] 6, 12, 24, 48, T2A1 Ao HEQS TSI total RNAE TH| S

HES AFINE HAS] Aol 2 mpolelz FEHBA AN L F85A

1.1.5.2. RNA 4] % Hybridization
7}. Total RNA FH] ¥ indirect hybridization

Total RNAS] £HlE= Ao @iy &Y ‘&tﬂ 20]9] cDNA-chip 2
labeling W25 A Fslal (Cy5¢ Cy39] @377} direct labelingAl 2174 337
5 HolX] 2), Genisphere 2] indirect labeling 211 Array900 systems ©]-83}%d
oo W2 IeE /\‘“*«] total RNA 10ugs 2% reverse transcription(RT)3HA = &
o], olw] < 6001 7] ¢] Cy5 =& Cy3 dye’t &9+ dendrimer’} ¥ & S+ 2714
9] oligo(dT)-adator sequences AF-&3tAl H Tk welx, RT HHEo] o] Fojxl &S W
Al hybridization (14A13F) Al 7131, 22} hybridization (3-4A13F) Alel & dye dendrimerZ &
o] 49l hybridization®] ©]F A== d}i= WHoltE o] 23 indrect labeling WAl A&

™

Zo] RNAVITC 2% scanner/} A4 ¢ & Fw3 JAAEE dA & F Qo
H.

o
rlo
a
-
(¢]
o
-

Al Cys9t Cy39] HlAAA F34% S48 dis 55T 5 de A=Es
microarray 573 7| olgtal & 4 9lt}h. Hybridization= 7]E2] W24l e] cover slips ©

2]
a1, chamberol] ¥ ©]A] hybridization A 7] WAoo, o] WHe AA &eol=7}
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W d3tAl  hybridizationo] ©]Fo]x]#] &&= @S Kol wEA Northern blot¥ roller
bottle®l| 4] &2 &2 hybridization A]7]= A ¥ air-blowE ©] 8319 solutionsS 7%

w2 o] Al 3= Maui system (BioMicro Systems)S ©] 83}
). Washing, Scanning, ¥ Data ¥

Hybridization®] £ slideE2 55T <] 2X SSC, 0.2% SDS&9ol A 154, 1X SSC,
0.1% SDS-&<Mo A 158, 0.1X SSC &N A 1579 =22 washing 33, E&fol=
A7 dx=AZHY. Az 23 S8o]=52 scanning A7FA & Aol
A B skl

Scanning< GenePix Pro verd.l (Axon Instrument) ZZ13]& ©] &3} Cy5 (635nm)
¢} Cy3(532nm)e] F@ubdow sttt a9 £42 WA fFAdA el g
ID9 Names E3st= FAAe HXE 7|53 *gal LS A4 SHL spoto] %2k
AAAZ F, HAe] FFAER AdE d9dnh Aol AdE EWE global
normalizations T3 3}% 2., o]o] tdt scatter plot, image map 2 interesting featureE
Z9otdih. AH A *gpriE YEbUA Hw ZF A3E Acuity (ver. 4.0) ZE 1
A ¢jol 5o clustering B TAEA S FASATE Acuity ZRIIHANA = Ho] A
Skuk3l normalization 7] ¢] Lowiess normalization WS A ¥3dltal Qom, o] 714
clustering WH-S A Y3t} Clustering hierachical, K-means, K-medians, 2-D self
organizing map (SOM), geneshaving clustering 'FH-S A& 4 9lom, Pearson
centered X Euclidean Squared 2] o] FA7|"HS A& & Aoy, & AA A= 72t
o] FAA EF7IMS ol&ste] nlolelx HEFF AIAAE FHAte] LA wsiel &

FE Fd8A

1.1.6. 2.°] ESTs®} microarray®] DBT3
1.1.6.1. 2°] ESTsS] ¥4 2 microarray 2 3}

2o]2] c¢DNA libraryoll 7]%3F ESTs®] Blast searcht= GenBank®] BlastX 2.0 %
EMBL2] WU-BlastXZ ©]&3to] 719 databaseo} Wu 3t Ax=s =39t zH7h9
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sequence searcht™ sequencing AZ}E trimmingdt W8S =2 searchd} 31, A= search
Al E-scoredl] W& Aol 7FE =L scoreE HQl BlastX AFE Yo 23 oH
gene annotation< BlastX Z ¥} we} He At EE AF= Web-DBol A F /3171
skl 247 A deka

DNA-chip& 93}o] BioDiscoveryAt2] CloneTrackerS zr#1th. o] A array= design
3t =¥ tlolUZ} DNA sample +% & 93t databaseE Ztal Qlt}. o] & o] &3l
DNA-chipS designdlal A 23k chip?loll spotting® DNA sampleE 2] databaseS 5 &
o]t}

o] ¢Jo| %= DNA-chip 2% A3 4 % S AZE 913t GenePix Pro (ver. 4.1)
2 Acuity (ver. 4.0)05 FRFP = o] ZRIYES o] 83510 29| cDNA chipg ©]
/_\_'

rlo

’

—_—

43} expression analysis, data mining, & A%4], ¥ cluster +4& & 5 T}
Cluster %] K-means, hierarchical, 2-D self-organizing map 52| 48] 7}%&3}t}.
Microarray®] 23+ &2 A39] excel file (raw data), image map (Z} A<} link),
interesting features (Cy5 % Cy3 = WdH|&o] & T£O=2 7179 gpot ©| W A%}
A A 2l), virtual image (ZHFolP AR HAAY REs desidhE FHsa, =3
A9 time-course HPEL Acuitys ©]8 3 clustering 2 3}E image file (jpeg)= DB
oA o] &

o]l = =]
JE= O]' p3S

1.1.6.2. Web-DBY] 73

Qo] fFAAe] Ve S E4A Htd Ao, B A 2 AT HHe
5 938t www.cgrcwo.to ¢ FAE Web-DBE 53t} 313

DB %S 9% 7179] data = ESTs data®} microarray datas excel®] e Z1tj
% DBol|l wupload & F SU%=%F o] AEA<Q data®] upgradeE: EA SR AL,
microarray®] Z 3¢} ESTs DBE #7]4 o8 dZdste] Ao AFWE vhoto] &4
S5 AASA s th Microarray A ¥ = A A imaged] ol = ZHdoln A E HAFHZ
g stol A Hlwd = e E Stof, AP 9o A sl ¢ FAt] g T
ARE 44 g F =S AASAY. o]E 913k server= windows 2003
(standard edition)S *FAAZ AL-E3tH, servere] 2742 JSP/Servlet Container(HTTP
Server)S A 13} Apache Tomcat/5.0.272. 2 47 3}%t}. Database Serveri= Oracle 10g
o], dloJ= Java2 ( SDK 1.4.2 Version)= 7§23}t

)
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(91 €3 l) 2 &5 DNA-Chip AL 2 443
1.1.7. A8 2@ A7
1.1.7.1. 12 %, 2} = 3} DNA-Chin/] Au 7)1& &9

% o] ¢DNA-chip¥} Hlol#]~ &8 DNA-chip2 A1 %3l7] 938le] <= BioRobotics
AFe] MicroGrid 1IE =913k Th ©] 717+ pin-type 82 2= glass slidett membrane
slideE AFE3 = Qt} B AFol A= glass slideEs T2 A& ¢ 7]7]12 3 H
o 10072 DNA-chipS #12tg 4= 93t gk slide?l ol 30,0007 ©]’d2] DNA sample=
spotting® 4= 2lth. DNA spotting & %=+= 1%0] 64702 spot2 & 4= 2t} DNA
sample source™= 96, 384, = 1536 well platedl] 2 o] AF83F 3§ WHoll 247012] source

r& 2

plateZ ©] 7]7]o] ¥S 4 A3 bar codeE £ plateS Felst 5= <l

Source plated] DNA sample®] 71Z2E 7] 93} plateE coolingdtal F724S T Q
AlRE g2 o g2 JRHSHA Heol At 7171 AA7E box<tell £o] Slo] WA F o=
< o3 spotting area®] 9 S AT 4 Ath MicroGrid 1= solid pinZ}
split ping AF&3 4 & 9 100 micron 7] Z-& spotS HS 4 Ytk H o
o 4= o] 7]7]E A}&3}] DNA spottinge 3+ w]je] o2 parameters, = pin ¥°],
slide 9] ], pre-spotting 31 5= A3

DNA-chip 2% 5 A3 £42 35t7] 9Aeto] slide $12 d35 HAstolof s
o] 5 $I3te] PackardAle] ScanArray 50005 AF-8-3FSATh ©] 7]7]+= confocal laser 42
o] scannerZA] spot FYZHEE Qo= WS ATHEEE backgroundE =Y & UE F
Mol oth ©] 7171 0.1 fluors/mm®®] sensitivity®t 5mm®] resolutionS Z¥il 9111, 474
lasers AME3tEE 4709 A& b & P4 5485 o8& d3S & F Uoh 2FE F
©] image+= ScanArray®] QuantArray} BioDiscoveryAl] Imagene®] 2} softwareE Al-&
sted spote] FF A7l =4, cy39 cy59 ratio, normalization & G5t 1 A=
scatter plot, histogram, pie diagram 522 3 A] g},

MicroGrid 115 AF-8 3¢ DNA spotting 'S 3 thFol ol® F79] glass slide
S AFEE A E A43sH7] 9151e] amine i aldehyde® F B slideo] T3t bufferol

%59 DNAZ spottingdt - slideol] binding® DNA H| &S =743}l binding efficiency=
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1.1.7.2 vto] & 2~ Z & DNA-chip #| &
7F. Q0] Hto]#H 2 G oligo-chip A Z}

Aol A A ZFgk probeE ©]-83l oligonuclotide DNA chip< A 23} 3L array W] ol A
spot Atele] AEAES K7 213l probeE 27t duplicate® & ¢t} Probe= 50uMe] &
=2 50% DMSO° =91 ¥ MicroGrid II(MicroGrid TAS, BioRobotics, UK)S ©]-& 3} ]
2nl JE==2 Aldehyde slide(CEL Associates, USA.)°ll spotting & XAGAHT. 34 H
slideE 0.2% SDSE 5%k 23] AlH, SHFE 23] AlFHstaL 95C SHFol 21t &
<+ ¥, blocking solution(1.0g NaBHi, 300ml PBS, 100ml ethanol) 2.2 20+ %t blockingA
Z1t}. Blocking3t ¥ 0.2% SDS®= 537t 23] AlH, SRHF=2 23] AHEAL 95C S7TF
of 523k "t §, Aol AXAIA ARE A7EA WAZE Q1= chamberol A XS}

o]
AA

Y. RT-PCRYHS

ke

npolg] 2o FAE 0] AoA FZEF viral RNAH2 AlF-2HA] Fa 7] el A Al
W) E Abg3le] RT WS & whEolx ¢DNA® PCRS 33kttt RT wHSA] 7}
Tobamovirus 5l specificst PCR reverse primer2} adaptor tailS RT primer= A}-83}o]
multiplex® =33} T 20ul reaction mixture®] RT multiplex primer set %%+
CGMMV-R, CFMMV-R, adaptor tail luM/each, ZG/KGMMV-R<Z 2uM=Z 3} T} 23
of A}&3k 7} componenti= viral RNA sample 2ug, control RNA 400ngS AF-8-3H%1 L,
dNTP mixE= 1.25mM/each, RNase Inhibitor 1U, MMLV-RTase 5U, 1X RT bufferE A}-&
sto] 38Coll Al 2417k, 95T ellA 51 ¥F§ F iceoll Al cooling A1ZITh. 1 T IN
NaOH 7ul& #H7tste] 70Cell A 10 ¥H&3to] hydrolysisAl %1 %, 1M Tris-HCI(pH 8.0)
10ul©. 2 neutralization A|Z1Th RT ®kgo] &4 F w50 Qo] nHiolel2 ¢DNAE
probe®] signalS detection & 4 UA © 2 labeling® dCTP (Cy5-dCTP)E ©] &3}
o] PCRS 33} th. PCR W& 42 50ul reaction mixture®] cDNA template 5ul,
I1X PCR buffer, dATP9} dCPT7} Z+Z 100uM, dCTP 10uM, dTTP 16uM, dUTP 4uM,
Cy5-dCTP 2uM, Taq polymerase 0.05U, primer mix(multiplex primer ; CGMMV-F,
CGMMV-R, CFMMV-F, CGMMV-R, ZG/KGMMV-F, ZG/KGMMV-R, Poty-F, Poty-R,

ks
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spike 400-F, s400-R, Z}Z} 0.4uM)©]aL, HH&-2 95T oAl 583 tf2, 95T 30%, 55T
30%, 72T 13%& 30 cycledt ths, 72Tl Al 1023t incubationd} i th.

t}. Target DNA £H] % hybridizationZ} washing

Labeled¥! PCR procuct= double strand® ¥ o]l ZAolx <F 1kb HE7} &7 W&
o oligonucleotide chip] probe®} hybridization sh=H FFES v ATt 1A probe2}2
W3S EA &7 98l labeled® PCR productol]l % exonucleaseS *]2] 3] phosphate
7} Eold= strandE A A3, Uracil DNA Glycosylase (UNG)E *Jg]ste] dUTP7}
incorporate®l F-itS e} target HolE AA REJTE WS 23E labeled¥l PCR
product 43ulell % exonuclease (10U/ul) lul, 10X A exonuclease buffer 5ulE #7}3F %
37CAAl 304, 75ClA] 158 incubationd}©] single strand DNAZ THE U, Uracil
DNA Glycosylase (UNG, 1U/l) 1ulE ¥ il 37ColAl 60, 95ColA 10%3F incubation
3l single DNAS A w3}$)

DNA chip$?]©] oligonucleotide probe®} target DNAE hybridizationA] 7] 7] 9] 3}
oligonucleotide”} = F9ol Coverwell perfusion chamber(SIGMA)E Y3 of7]9
fragmentation¥! labeled¥l PCR product(target DNA) 40ul®} 2X hybridization buffer(50%
formamide, 10X SSC, 0.45% SDS, 180uM dNTP mix) 40ulE ¥ °] % 80ul volumel &
41Coll A 307F 9HE st WS § Coverwell perfusion chamber(SIGMA)E A A s}
312X SSC, 0.2% SDSoll Al 587k 43], 02X SSCollA] 57k 23], 0.1X SSCollA] 57t
13] washing ¥ slideE centrifugationd}o] 3 th. Washing 2 dry= A-2olA F3a35+3

o,

2}. Microarray scanning ¥ analysis
DNA microarray 23 F A3}E FA43517] 9@l confocal laser 22| scanner$l

ScanArray 5000 (Packard BioScience, USA)S ©]83}%] imageE AT Spot signal-
Cy5 d%S Yeh= = 670nme] 7ol 4 scand}t S
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=

1.2. A7 & 2 A7

A

1.2.1. 2.°0] ESTsY +=

0] ESTs®] %< long-distance PCR WS 7|2 3t cDNA library?} 7]E9]

lambda ZAPIIE ©]&3 cDNA 1ibrary-§— o] gstAtt HrIAEe AALS FY B
cDNAS] AHE = Ao=Z HIl 9] forward primers ©]-§3}o] @fgko 2

A= s 3T 800bp7hA o] VI DS AarAt skl
L Aol A cDNA librarys= T59 FAES A 5407 agste] A zstt
7h F2YE e FAAES Y s Zh= %7] poly(A)r RNA Fwh& g3t
L5 g
. 7 ¢cDNAS] &g o] A 5= = unidirectional cloning®] %5 gt}

U} cDNA insert5< H gk Z 7| cloning® =% o)A full lengthS A& = A==

Eia=y
2}. genimic, mitochondrial, £+ ribosomal RNA insert’} #wjs+ A A L= =5 st
t}.
vk, A1 E = ¢DNA insert £°] Hdlg #-2 poly(A)+ tailS ZEEH St}
1.2.1.1. PCRE 7]Z 273 ¢DNA library ¥ ESTs A3t
2 ATE A R E A4 vtolg 29 Qo] HEA], AEAA wdEsE A

A} & (transcript)2] & A (identification)®} W3S AHH uA A Qo] U9 cDNA
libraryS Al 23} 9 o}

HE F, FEAVIE 308, 3, 6, 12, 18, 24, 48, 2Ato 2 F A, 12AMHAE
% 7|9k (early response), 1] 3L, 48A]{Fo] ¥ late response= it obe] HRol# 2 7Hd
of W HEA ¥ st Azt skl w3, 2 FEa vl gk o
Z 724 mock inoculation (buffer2R7F &) A2 FE F°] wounding®l o3 A&
= TEstaa ekl

228 total RNAE 25S (3.7kb), 23S (2.9kb), 188 (1.9kb), 16S (1.5kb) ribosomal RNA
7b A etAl o] RNAS integrity7 A ¥ AL &S & o AU (Fig 1.1).

24X A A S mRNAE ©]83F] Ist strand cDNAE ¥/J3}3l, Chroma Spin 30

rII.
oo
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column (BD science)S ©]-83}¢ size fractionation 3+ F (Fig 1.2), 500kb ©]7d<]
fractione .o} double strand®] cDNAE 1A s Z3}+= Fig 133 ok

Fig. 1.1. Total RNA Fig. 1.2. Size distribution Fig. 1.3. dsDNA synthesis
Isolation Result of Ist strand cDNA result

Z+7} ] ds ¢cDNAT adapter sequences X33t primer®2 S 3HA|AH A5 o, o]
& phagemid?] TriplEx2= ligation A7l ¥, phage extracts ©|-83}o] packagingd} S Th.
Semi-solid agaroll A plaqueZ &A1 titerS FA3 A3 F 2.5 x 10° pfumlo] &
1, amplification§ primer sites ©]-83t] PCRE Z ¥}, insert7} $1& null clone ©F
1% A=2 vf$ =2 ligation &85 HSITh

o] A% thA] amplification Al AA HEZ o0& ok 41 x 10° pfu/ml®] cDNA libraryS
21 3519 21, mass excision protocolS WE} E. coli BD cell2 auto conversion A] T},
Coversion A7 cellS carbenicilin 50ug/mle] 3 7Fe LB w]*] ol A] single colonyE 3
A A 715, 242e] platel A pickingdle] 150ule] A LB plate (96 well plate)oll Al 184
7 718 ¥, o]% 2ulE 20ul volume2] PCRZ insert®] <o 7|5 23t}

Aoz FH3 30719 cloned W3t insert <1 A}, 1 colony: insert”} §lloH,
28707} 500bpold o & WEFS oW, o] F 47 1.5kbol e FEHARE VER AT

St2 ¥l cDNA librarys ©]83t] ESTs& THISFA T pTriplEx2  vectorZ}
transformation’¥l E. coliZ SmL LB brothol| A 14A]7F 7] &, Qiaspin prep kitE ©]-&
sle] T Ao 2 40ulol elution 3R S™, uld 500ng o] o] HEFH FH|F F o5
sequencing 3} 91T}, Plasmid2] sequencing<> BigDye Terminator (AB)E ©]-83}] WF3-A|
7131, ABI 377 automatic seugencerE ©]-83}o], ESTs &HE |3t 5 Weoz o)

o]

>
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¥ sequencingS 3 3} S T

71X E ZAAHo] £t cloneE linker sequenceE A28}, FASTA text file= #| 7
3}l NCBI (www.ncbi.nih.gov/Blast/) 2 EBI (www.ebi.org/blast)ol /1 BLASTNZ}
WU-BlastX® search® 43319t} BlastX html2] Z¥}i= DBO 71 252 4339
3, E-value < 1079 23S Aol gt dAukatitt. W2l read lengths oF
521bpol A t}.

ESTs¢] functional assignmenti™= BlastX algorithmS ©]-83%F GenBank2| non-redundant
protein database2} B]Wd AIFE WlEFO R &3, MIPS (Munich Information Center
for Protein Sequences, http://mips.gsf.de) role categorizations =3} 2% annotationd}
e BT

AANA A71EE 92 clone °F 60001 7)o] M, o] F oF 400o4 Mel ESTsE 4
glekelal, s dA s FAAE AT oF 30001709 cDNAES H skl
2% ¢cDNAE-2 NCBI (National Center for Biotechnology Information)ﬂ GenBank dbEST
o &% Folth o] FAgelA Fr3 ESTs T Lo]7} upele] o] HAHNS W Sol
A PN Hols FHAE 23Us7] 9189 cDNA microarray-8 202 o] &
stk Edh, T2 02 Qo] ¢cDNA-chip® A& 15t M & cDNA libraryE Wh
E3 & Y v populationd) 2 FH ESTsE A7) fste] wlold =~ HE
74327k RNAE poolingdte] oF 1,2007] o)< ESTsE ALzl 3}

Jﬁ‘l

o

1.2.1.2. A-ZAPIIE ©] £ 3 cDNA library @ ESTs A%}

ok F5e] ¢DNA libraryis AHE3HE vectorsh cello] #ehdsto], AAl2 4] 17

Z 9 cell line®] FA7F vl ofel¢ BHS 23 AAT, T3 ZGMMVE] 7]

AW APEE FEste] wHE gle] ohyy] we] ¥ 7524 £1) population
8

ol qlgleh Ea, wpele st HEE HREAo] ohe, AMF 4

Lo
o|\

o

e o
BN
D)
=
2

FEEE AE RNAS duxt & F5F9] cDNA libararyS Al 2H5}S)
L-ZAPII (vector name: Uni-ZAP XR, Stratagene)E ©]-83+ c¢DNA library2] #|2}2 <9

thr}7]” @ o](Syngenta)] Aol wiole] 2~ HFA o] dddE o] &t 135 FEA

skl of 7o wpolgl2E HEFT F, A AMEE HFoHA] ¥ umA FeE T

53}
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ool meh, FEF AE AL £IHT 9 £9W + Y& wholds RNA L PF
Ao 0Ae AT FY F Ao, w2 A WE 4B ABAY B
54 D vholesstel BEatgel BAF AA4E FY G&HoR Fopd & 9

S Aow 7Y

w5017 cDNA library: primary A phage library7} A-ZAP F&°] 32 x 10' pfu
(500ul SM buffer)e] $1 3L, amplified phage library®] 7% complexityS 6.4 x 10° ZAP
pfu (100ul®] primary library)® AF&3}0] lambda ZAP &< 6.5 x 10° pfu® A4S ¢
ATk 3 non-recombinant (dark blue)= 0.1% == LFERRETE

Mass excisiond 71 % phagemid 58S 42 x 10° cfu/ml ©]QaL, & 40mlo] EA) 8t
phagemid®] &S 3.12 x 10° pfu o]t A2 o2 amplificationS plaque & 1.08 x
10 pfu ® YEFT}E Non-recombinant (dark blue):= 1% W] %ol i, T3 T7 primers
o] &gk PCR Z ¥} 20719 ZEoA dlF-& 500bp o149 insertE &l 4 A

1.2.1.3. ¢DNA library SequencingS &3 ESTs®] 274 % &7

t&& redundantdt cloneS A ¢ 38til, WU-BlastX % GenBank® BlastXES £3}¢]
function®] annotation@} o]l thdt BF UL HAHuE&S Qs Holuh

AR R&WFQ 2] cDNA sequencings Esto] wiolg]~ HF F Qo] #A¢] =
oA FEEHE tdg ESTsE 45 F e, & dFdA= &
s BFE FYAL, B3 ol FHAel dE A=A e i @S

1
A
gttt 7ls e vloly ek WA el #HHE FEd FHES Fo] l)virus

754

L
2
- qo
!
2L
1o,
A

ali

infection related, 2)stress related, 3)cellular communication related, 4)structural and basic
cellular function related, 5) unclassified 522 2 °F & /3t
A=A el Aol 7sEwel 23E = 54 A ARkl g dAA e A
TAN}E HFH R gofsto], & AFAEY] E4E o8] ThedER dlan,
wpol 2] 2ol elate] HEHE A AAAN $BE FuA 3
olE A AFel gk AFA S ESTs sequence X BlastX A3= & IA|o A &A] A=+
b 2=

sk Qo] 7 DB FE3A 3, 1 &S www.egrewoto oA &1 5 9]
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oA AR vpolgls A APAor #Ho] e Ao®E HIH 38719
A7 LA E AT (Table 1.1).
B Ao Axz ulolga 7y AAAow Fyo] Y= Aoz WuHE 3879

N

FAA7E A E A

Uracil phosphoribosyltransferase (UMP pyrophosphorylase, UPRTase)= E-value’} ©l-$-
S Aoy, Al ojM = mpele s APA BEv|Fom @ol BHHE 4
Z}2 gene theraphyoll ®o] $-8&o] ¥ 9] ov}(Katahira®} Ashihara, 2002; Porosnicu ‘s,
2003; Sunamura 5, 2002), A E A o] glojA= e AT}t o] Fojx] UA &

RNA helicasei= RNA virusoll JojA] u]$- T 23 93tS 3t} Turnip yellow mosaic
virus(TyMV)ell sl A= Az Alol nlole] 27 A HAS o A4 Gujde] mwQlof
Sl proteinase®} polymerase®] & 2F-8-S RNA helicase complex”’} Z4A3}7]% 3hH
(Jakubiec 5, 2004), S|4 FE]¥ DEAD box RNA helicase protein> 2] & | A
+ glycine-rich RNA-binding protein MA16%} & 2185 3}7]% 3t (Gendra &, 2004).
Tk g el Moy M FAo #ofste Aoz 4wl A TH(Hutchins 5, 2004).

21 &5 9] virus %2 viroidi= double-stranded RNA-stimulated protein kinase(PKR)<2] 4

I -G AAE = AEe e W HAEPPKR)Y Q14EskH(phosphorylation) & AF=
gt} Langland 5(1995)< ‘jrookﬁi Astelal o WAstd WS ARgste] o] 4
= SWEe]l Efe e PKR¥ Hietths s WSt pPKRE A} 25
& Fol  Axol glomw, X FEEo PKRI  FAFSEAL, exogenous histones]

hvA
phosphorylation 522 7}# 3L 213 th(Langland 5, 1995).
Glycine cleavage system protein & &4 et wlZk7FA] 2 virus-plant interaction®l] F
gt Jas sl Ao deA] ltk(Stenbak 5, 2004). 3+ ABC-ATPase T-Z5d
o 74 8% 24F% F /19 ABC-domain®] & zHg<dd], o] F Z=wd glycine

cleavage system protein®] 3ol we} =A% 7| %= FHth(Szentpetery ‘5, 2004).

fo

Macrophage migration inhibitory factor family protein(MIF family)> <1 Aol QoA Hf
olgfx HYA EFWo|L} PAR-13} PAR-2E %3 FXa protein®} 7] 3 534
ol ] AFS TAAA macrophage?] ©]F5S ol ﬁx}i/ﬂ(Shimizu 5, 2004),
A8 A AME FAFGAASTEZANA SHAE v} ¢ Ijr(Foote 5, 2004). TSk MIF -
Az w2 1zkel ¥R Aol A ultraviolet Aol ofs]  FrI1E= AAAES
metalloproteinase-1°] &= A 7| = F-tH(Watanabe 5, 2004).

Thioredoxin F-type(TRX-F)> CMV$} A5 2H8-3h= ol " 24, dithiololl A disulfide
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Table 1.1. Putative function related virus infection of ESTs obtained from
ZGMMV-infected cucumber.
Query_ . Score  Score
Subject_Gene Source
Name Row  EValue

MO1AO01 Uracil phosphoribosyltransferase (UMP pyrophosphorylase) 93 0.011  Nicotiana tabacum
MO1A04 putative RNA helicase 194  3.00E-14 Arabidopsis thaliana
MO1A11 glycine cleavage system protein H precursor (clone HFC1) 660 5.00E-68 Flaveria cronquistii
MO01B03 macrophage migration inhibitory factor family protein / MIF family 525 2.00E-52 Arabidopsis thaliana
MOCO1 Thioredoxin F-type, chloroplast precursor (TRX-F) 516 3.00E-51 Pisum sativum
MO1F08 26 kDa phloem protein 732 2.00E-76 Cucumis sativus
MO1HO1 apaG protein, putative 279 1.00E-23 Brucella suis
MO02A09 putative potyviral helper component protease—interacting protein 2 178 4.00E-19 Oryza sativa
MO2A11 OTU-like cysteine protease family protein 645 3.00E-66 Arabidopsis thaliana
M02C06 aminotransferase 2 1144 1.00E-124 Cucumis melo
MO2E12 U-box domain-containing protein 229 2.00E-18 Arabidopsis thaliana
M02G08 ATP-dependent RNA helicase, putative 885 4.00E-94 Arabidopsis thaliana
M02G10 annexin-like protein 722 5.00E-75 Medicago sativa
M02H08 DEAD box RNA helicase (DRH1) 80 0.007  Arabidopsis thaliana
MO3EOQ3 RNA recognition motif (RRM)-containing protein 361 3.00E-33 Arabidopsis thaliana
MO3HO09 pectinacetylesterase, putative 864 1.00E-91 Arabidopsis thaliana
MO6CT11 poly(A)-binding protein 1118 1.00E-120 Cucumis sativus
M06D08 putative major latex protein 444 6.00E-43 Momordica charantia
MO6F03 homeodomain protein Hfi22 213  4.00E-24 Nicotiana tabacum
M07C03 polygalacturonase 478 1.00E-46 Pisum sativum
MO7C10 pectinesterase family protein 435 3.00E-42 Arabidopsis thaliana
MO7H12 restriction alleviation 339 1.00E-30 Bacteriophage lambaa
MO9AO05 latex—abundant family protein (AMC1) / caspase family protein 514  6.00E-51 Arabidopsis thaliana
M09C08 subtilase family protein 932 2.00E-99 Arabidopsis thaliana
MO9HO7 oxygen-evolving enhancer protein, chloroplast, putative / 33 kDa 211 2.00E-16 Arabidopsis thaliana
M10D04 26S protease regulatory subunit 68 homolog 365 7.00E-34 Solanum tuberosum
M11A12 Bet v | allergen family protein 249 2.00E-20 Arabidopsis thaliana
M11C06 ATP-dependent protease La (LON) domain—-containing protein 873 2.00E-92 Arabidopsis thaliana
M11C08 ss—galactosidase 438 1.00E-42 Lycopersicon esculentum
M12G05 cathepsin B-like cysteine protease, putative 913 3.00E-97 Arabidopsis thaliana
M13B07 arabinogalactan—protein (AGP14) 132  6.00E-07 Arabidopsis thaliana
M13F02 pathogen-responsive alpha-dioxygenase, putative 576 5.00E-58 Arabidopsis thaliana
M13F08 DNAJ heat shock protein, putative 974 1.00E-104 Arabidopsis thaliana
M13F12 squalene synthase 744 2.00E-77 Solanum tuberosum
M13G05 peptidoglycan—binding domain—containing protein 317 1.00E-28 Arabidopsis thaliana
M13G07 seven transmembrane MLO family protein / MLO-like protein 1 812 2.00E-85 Arabidopsis thaliana
2H11 ATP-dependent protease proteolytic subunit ClpP-like protein 550 1.2e-52 Arabidopsis

583 10 kDa chaperonin (Protein CPN10) (Protein groES) 224 1.3e-16 Brassica napus
883 Hypothetical protein (Geminivirus replication protein—interacting) 123  1.1e-05 Arabidopsis

15G4 26 kDa phloem protein. 292  1.6e-24 Cucumis sativus
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2 THEO A= active centerdl A 7t Al ke E Flo] Y redox FEol #oIs)
I 9o, F forme FTAZX b Alo]FoA BHE 4E5ES FAIA I = Ho=

&% 9 th(Lepiniec 5, 1992).

Tk Qo] #2]l¥ 26 kDa phloem protein(phloem protein PP2)> RNA binding
protein®. = A]  wjolef o] o]  Folst gt F4 HTHGomez?t Pallas, Genbank
assession No. AF527536). =3k, Bet v I allergen family protein> < oJoA] 7

pathogenesis-related proteinol t}(Suyama 5, 1999).

—

Poly(A)-binding protein == Wang 5 (2000)°] 2|3l zucchini yellow mosaic potyvirusol] A =
2% 7 A & RNA-dependent RNA polymerase 2} host poly-(A) binding proteinZ} 2] 7] 4
o A 913 A t}. Homeodomain protein Hfi22 2 ®}©] 2] 2~ 2] movement protein¥} 7% 28-S
3= ) A o] th(Desvoyes 5, 2002)

SET domain®] 2]3}F histone®] site-specific lysine methylation> A& FAx =
AL -] FQ23 98-S 3l Manzur 5(2003)2 Paramecium bursaria chlorella virus
9] gene silencingS &3t SET domain®] histone H3%e| 1= Lys2 FAAE
di-methylate & < Itk K 1&H3]

ol ##HxEE FAAR FHEE apaG proteine 54 &9 WATI FA A Ao] 4
A ¥ th(Paulsen 5, 2002). H

Ao A Wl Al FEEFAH TAES encodingdtt eR  gene®| ™ (Taler &,
=]

A A AR E3E = aminotransferase 2+ 2

2]
2004)., Petroselinum crispum|~] 71 ¥ U-box domain-containing protein< 3 °] A}
z719 =5+ CMPGl A9} f-AFSFH(Genbank assession No. NM_129152).
ATP-dependent RNA helicase™= DEAD box familyol] &3} %24l §42A], Linder &
(1989)°ll 9]l #] & R.i1¥ o] &2 Escherichia coliol] 4] ¢17tol| o] 2 7] 712 T} 381 A] #3325
of vt B auE f-H Aol gl F-& 2] DEAD box family © putative ATP-dependent RNA
helicase2] &/J o]t} RNAQ] o|zh4 =& 3214 39 W7o = x4do] Hr}t DEAD box
family+= translation initiation, RNA splicing, ribosome biogenesis, ~L2] 32 RNA decay <} 22 A}
5384 7158 7FA 3L th(de la Cruz 5, 1999). 2] &l A= Hll, Arabidopsis, &, 12| 3L
S By vl gl o, It} 2 DEAD box 74 A2 RNA helicase2] &4 o] Hujjof] A
B ¥l gl th(Nakamura 5, 2004). o W83l YEb= F7 %21 HVDI (Hordeum
vulgare DEAD box protein) & A] DEAD box protein & 24 ¥, &, A<, Z12] 3 abscisic acid
(ABA) A 2] 59 2Ed 2o Wttt 49wk o) wjelo] I o] it delA =
hepatitis C virus (HCV)E Ftoll X A<l W& {33F= Hlo] 2 20|t} Mamiya®} Worman
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(1999)%= <17F ZHHIE 2] ¢cDNA libraryoll HCV core proteins HF-3-A]7 DEAD box protein
DBXE #2]et3l=tl, DBX S @i A do] 9] PL10 =, ATP-dependent RNA helicase <}
] §- AL Aoz FASAT /552 A EA HCV core protein?} DBXE= A =2 2
&3k endoplasmic reticulumol] 91A18kA ¥ ™, 72 A3}t Z HCV core protein®] 7] 5 A] X ¢}
mRNA translations 2H&= 21 0= 74 = ¢lo}.

Pathogen-responsive alpha-dioxygenasei= ol M-S 7FAAI A S wf veld o4 o]
(Hamberg 5, 2003), squalene synthasei= 7+ X3 7 oll Phytophthora infestans. & 7
& 5] 91 tH(Yoshioka 5, 1999). Aarabinogalactan-protein (AGP14) & A 33-0]of] 7+ ¥ 1S
o vEb B = F - 2Rl v Gilson -, 2001).

Tobacco mosaic virus (TMV), brome mosaic virus (BMV), 12| 3L luciferase2] mRNA
AALE Meld o7 A& shi= lysine-rich “L¥] 1 arginine-rich histones®] & ¥}7} A5
I H(Cheema &, 1997). L ZAI}E HW, lysine-rich histone= TMV mRNA2| ZHALE
35-57%, arginine-rich histone<> 13-31% A astA k. F 71¢] histone 57 luciferase]
mRNAE T} TMVE BMV Hlo] & 2=9] HALE A3 s}

il o] acetylation A Eo Aol A DNA-templated 7ol SlojA] 53,
d g el g o] e a8Ss st ddd wWg T 83k Geminivirus®] movement
protein?] NSP-2 viral DNA7} &3} M do] ztelE 7] 98] ol sshe do 244
1l 840tk McGarry 5(2003)2> NSP9} 4% 28-S hi= Arabidopsis TH9] 21 AtNSI
5 5743ttt Arabidopsis 9] AINSI= T st AEESAdAE Uehe= @ o] Qi)
NSPe] Ho28S Aststa o=z A3 A, ANSIE histoness acethylation A 7]t
NSPo| A= acetylation®] doJupx]  Fgkom,
acetylation A|ZTth AINSIE= & @l do]r|&= 3}
acetyltransferases@™ <& %l transcriptional coactivator= 4] &= 28314 X3l Th AINSI9
overexpression<> Cabbage leaf curl virusol 93t A 35 SUAFHL o] Ay o
WA o] acetylation®] viral DNA genome©] W2 E01ZkS wl viral DNAS] H-A]o] wj

¢ FoW 4B Ak AL AANY

il
N
M)

o2
>

o)

ftlo

o Mu

~

kv

ol

£73], AtNSIE  viral coat proteins
A

Tk 7JU A gl A eukaryotic histone

hul

3 Geminivirus®] AL1 ©@¥ 2L viral DNAS| EA|Z Az, 24 2SS =
dstal, Aa T2 dAMSE FHAAIATH ALLC] 7|5 @A g5 A8k 3l
S Z oldlsty] 915ke] Kong¥ Hanley-Bowdoin(2002)<> yeast two-hybrid library

screening 'WH = ol &ttt 152 ALLY oA Eets A @ids g4s5] 4
a|

N

3lo] baculovirus protein interaction systeme <73k TH 1 Ao A Ser/Thr kinase,
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kinesin, L2 2L histone H37} AL1%] S EYRE FAHF At} Kinaser: 222 % QA3 H

W g2 Ukl kinaseE A FAA % JAUJY.  Nicotiana  benthamianaSt

Arabidopsise 7FA 3L A@s Ay, A =o] WA geminivirus FFE Al kinase T
WA o] =3} subeellular location©] ZAEJATE ApA oz ALIL 7|54 E vk A3}
2AFo] ME By dde AdFo] JEE3tH, geminivirus’t HEE AEES A
A3 Aol #ofdtes Ao R BoXna AA st

215 A 9] histone binding protein®l] T3+ ATFE o] Folx ir}. e HBP-1+ 6719
ACGTCA 971} 435 %83} sequence-specific DNA-binding protein®] ™, histone H3
A9} cis-actingS 3= 242 FA EHH(Mikami 5, 1989). Cauliflower mosaic virus
(CaMV)-Q] 35S RNA®} nopaline synthase (NOS) A AE o] 931 & wba A7l A}

£ B9, HBP-17} th&g A el A o] 670 @7t Agtstel s
t}. Wojl A 3=Z3F HBP-la(histone binding protein)< histone % #Fe] Wd & ZHe =
transcription factor= }.¢] X T} Nakayama '5(1997)<> HBP-1a9] 7|5 %<l domains A
W37l fste] o] ~E<| transcriptional activator?] GAL2] DNA-binding X <19l
HBP-1a2] tt3t F-&2 Faste]l AEolAae wdd g3 dulds Amo] wEATh

GAL4-binding sequence®} H3 core promoter beta-glucuronidase (GUS) reporter geneol|

o
X

B & wule] 9PAURE o] fHAE JFEHAIANA GUS HHS BT 1
ZA 3 HBP-1a®| P regiono] €743} 7|55 2= o/ REE FAH doH, P
region& FASALE WHATIE HBP-1ag] V5ol e GFL MAE Aoz ey
=3

& Ql(nucleolus)> ol Adel m=Hclol E{FHOZ rRNAS HAF dojy=
Fol7|% st #MRle dEAom IS AAstE Hold, M 75 e Fio
A

Ze]st7] = %t} Umbravirus-encoded ORF3 Tl @& RNASl #AA# o] &3 #d
t}7]°5 RNA-binding @@ e]31, RNaseZFE viral RNAE H3E317|%= st} Atr)
viral RNA7} 850 = MAEZEZEU S ribonucleoprotein®l] 4], umbraviral ORF3 protein
< o] FA ] & aj' Hog ExstE HAakS wkEo] it ORF3 protein domains<

gudel A4 e palo] gom, of wade se BAsy] flelel Eeduol
AE ATs Ay, vlolg 2~ TAAl AHFEE F 8 viral RNAS] FAE o2 o]
9}]\‘:]'}1: 7)‘1% c‘):-l' ‘}l: )«}\N\E]'(Klm ‘g, 2004)
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Table 1.2. Putative function related stress in plants of ESTs obtained from
ZGMMV-infected cucumber.

(l\?;fnne/ Subject_Gene S;;)Jve ES\;:;ILZ Source
MO1A02 putative DnaJ protein 117 3.00E-12  Malus x domestica
MO1A12 Glyceraldehyde 3—-phosphate dehydrogenase, cytosolic 720 6.00E-75  Antirrhinum majus
MO1B11 putative 60S ribosomal protein 496  6.00E-49 Oryza sativa
MO1C09 P0446G04.25 389  2.00E-36 Oryza sativa
MO1E08 small ras-related protein 456 9.00E-45 Arabidopsis thaliana
MO1E12 P0456F08.26 458  2.00E-44 Oryza sativa
MO1F06 Glycerate dehydrogenase (NADH-dependent hydroxypyruvate 1070 1.00E-115 Cucumis sativus

reductase)
MO1F12 anthocyanin 5-O-glucosyltransferase 120 2.00E-05 Petunia x hybrida
MO1GO1 chaperone protein dnaJ-related 422 2.00E-40 Arabidopsis thaliana
MO1GO6 photosystem Il reaction center 217 9.00E-17  Retama raetam
MO1HO7 putative 60S RIBOSOMAL PROTEIN L36 449 1.00E-43 Oryza sativa
MO1H11 SANT/MYB domain protein 1 270  5.00E-23 Lycopersicon esculentum
M02B06 WOUND-INDUCED BASIC PROTEIN 199  6.00E-15 Phaseolus vulgaris
MO02C02 type | proteinase inhibitor-like protein 124 3.00E-06 Citrus x paradisi
M02CO03 Photosystem Il 22 kDa protein, chloroplast precursor (CP22) 804  1.00E-84 Solanum sogarandinum
MO02C06 aminotransferase 2 1144 1.00E-124 Cucumis melo
M02C08 OSJINBa0013K16.4 136 4.00E-07 Oryza sativa
MO02C10 putative inorganic pyrophosphatase 401 2.00E-38 Oryza sativa
MO02DO05 serine palmitoyltransferase 915 1.00E-97  Solanum tuberosum
MO2E06 lipocalin, putative 684  9.00E-71 Arabidopsis thaliana
MO2EQ07 putative ADP-ribosylation factor 808  4.00E-85 Oryza sativa
M02F03 coenzyme Q biosynthesis Cog4 family protein / ubiquinone 367  3.00E-34 Arabidopsis thaliana
M02G04 metallothionein 1b 202  6.00E-15  Populus balsamifera
MO02G10 annexin-like protein 722 5.00E-75 Medicago sativa
M02G12 RING-H2 finger protein 94 0.021 Glycine max
MO02H02 ubiquitin-conjugating enzyme 8 777 2.00E-81  Capsicum annuum
MO3C11 putative protein kinase AFC1 513 7.00E-64 Oryza sativa
MO3DO01 human Rev interacting-like family protein / hRIP family protein 511 8.00E-51 Arabidopsis thaliana
MO3DO05 oxygen evolving enhancer protein 3 475  8.00E-47  Bruguiera gymnorrhiza
MO3F04 60S ribosomal protein L22-2 (RPL228B) 431 1.00E-41  Arabidopsis thaliana
MO3F08 halotolerance protein (HAL3A) 247 2.00E-20 Arabidopsis thaliana
MO3F10 CONSTANS-like protein CO1 277  5.00E-24 Populus deltoides
M03G12 Ubiquitin-conjugating enzyme E2-17 kDa (Ubiquitin-protein 565  4.00E-57 Lycopersicon

ligase) esculentum
MO3HO03 auxin-responsive protein, putative 279 7.00E-24 Arabidopsis thaliana
M04A03 60S ribosomal protein L34 (RPL34A) 401 2.00E-38 Arabidopsis thaliana
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Table 1.2.a. Putative function related stress in plants of ESTs obtained from
ZGMMV-infected cucumber (continued).

(l\?;fnne/ Subject_Gene S;;)Jve ES\;:;ILZ Source
MO4AQ7 ubiquitin conjugating protein 612 7.00E-63 Avicennia marina
M04B06 60S ribosomal protein L38 (RPL38BA) 342 2.00E-31 Arabidopsis thaliana
M04CO01 protein serine/threonine kinase-like protein 343  2.00E-31 Arabidopsis thaliana
MO04CO06 beta-glucosidase 429 1.00E-41  Oryza sativa
MO04CO07 oxidoreductase family protein 722 4.00E-75 Arabidopsis thaliana
MO04D01 cystein proteinase inhibitor 308  2.00E-27 Cucumis sativus
MO04D09 ubiquitin extension protein 408  4.00E-39 Cucumis sativus
MO04D12 glutamate 1-semialdehyde aminotransferase enzyme 874  8.00E-93 Brassica napus
MO04E03 60S ribosomal protein L18 (RPL18C) 852  3.00E-90 Arabidopsis thaliana
MO04F01 Csf-3 620  1.00E-63 Cucumis sativus
MO04G12 putative G10 protein 104 6.00E-04 Oryza sativa
MO05A06 F-box family protein (FBL6) 138 7.00E-08 Arabidopsis thaliana
M05B12 lipoxygenase (EC 1.13.11.12) 832  1.00E-87 Cucumis sativus
M05CO02 pentatricopeptide (PPR) repeat-containing protein 374 1.00E-34 Arabidopsis thaliana
MO05C04 ubiquitin—conjugating enzyme, putative 789  7.00E-83 Arabidopsis thaliana
MO5D04 putative arm repeat containing protein 698  2.00E-72 Oryza sativa
MO5E05 P0407B812.26 394  5.00E-37 Oryza sativa
MO5EQ7 ubiquitin family protein 743 5.00E-82 Arabidopsis thaliana
MO5F10 serine-rich protein-related 441 2.00E-42  Arabidopsis thaliana
MO5F11 quinone reductase family protein 452 1.00E-65 Arabidopsis thaliana
M05G08 Superoxide dismutase [Cu-Zn], chloroplast precursor 730 5.00E-76 Vitis vinifera
MO05G09 acyl-CoA binding protein 2 229  3.00E-18 Arabidopsis thaliana
M05G12 ubiquitin-conjugating enzyme 10 (UBC10) 777 2.00E-81 Arabidopsis thaliana
MO5H11 OSJNBb0O11N17.8 288  3.00E-25 Oryza sativa
MOB6F11 60S ribosomal protein L13 (RPL13B) / breast basic conserved 836  2.00E-88 Arabidopsis thaliana

protein
MO6GO01 P0435B05.31 190  2.00E-15 Oryza sativa
MO06G04 putative dihydroxy-acid dehydratase 318 1.00E-28 Oryza sativa
MOB6GO05 bZIP DNA-binding protein HBF-1 429  3.00E-41 Glycine max
MO7B12 FIN21.17 377 3.00E-35 Arabidopsis thaliana
M07D08 L-ascorbate peroxidase (EC 1.11.1.11), cytosolic 1111 1.00E-120 Cucumis sativus
MO7D10 RSH2 661 4.00E-68 Nicotiana tabacum
MO7F06 P0671811.14 320  2.00E-28 Oryza sativa
M07G02 oxygen evolving enhancer 3 (PsbQ) family protein 615  1.00E-62 Arabidopsis thaliana
MO7G10 enoyl-CoA-hydratase 885  4.00E-94 Avicennia marina
MO7H04 Chain A, The X-Ray Crystallographic Structure Of Beta Carbonic 938  1.00E-100 Pisum sativum
MO8A05 NADH-ubiquinone oxidoreductase subunit PSST 812  2.00E-85 Lupinus luteus
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Table 1.2.b. Putative function related stress in plants of ESTs obtained from
ZGMMV-infected cucumber (continued).

(l\?;fnne/ Subject_Gene S;;)Jve ES\;:;ILZ Source
MO8AOQ6 dehydration-responsive protein-related 415  5.00E-40 Arabidopsis thaliana
MO8A10 DIP-1 1065 1.00E-114 Citrullus lanatus
MO8CO08 ferredoxin—dependent glutamate synthase 571 2.00E-57  Arabidopsis thaliana
MO8D10 geranylgeranyl hydrogenase 1398 1.00E-153 Glycine max
MO08D12 phloem lectin 386  2.00E-36 Cucurbita argyrosperma

subsp. sororia
MO8EQO2 heavy-metal-associated domain—containing protein 113 2.00E-08 Arabidopsis thaliana
MO8EOS5 BRI1-KD interacting protein 130 166 9.00E-11  Oryza sativa
M08GO1 probable DnaJ protein [imported] 789  8.00E-83 Arabidopsis thaliana
MO8H04 putative beta—-glycosidase 166 4.00E-11  Oryza sativa
MO8HO7 ubiquitin 965 1.00E-103 Arabidopsis thaliana
MO8H11 beta-cyanoalanine synthase 495  3.00E-49 Solanum tuberosum
MOSAO3 putative adrenal gland protein AD-004 672  2.00E-69 Oryza sativa
MO09BO7 thioredoxin peroxidase 702 6.00E-73 Nicotiana tabacum
MO9CO1 Nuclear inhibitor of PP1-like 383  9.00E-36 Oryza sativa
MO09D04 beta-carbonic anhydrase 339  3.00E-31 MNicotiana tabacum
MO9DO07 glutathione-dependent formaldehyde dehydrogenase 950  1.00E-101 Arabidopsis thaliana
MO9EOQS ferredoxin-NADP+ reductase homolog F10M6.10 156 6.00E-10 Arabidopsis thaliana
MO9F06 tocopherol cyclase 197 1.00E-14  Ewcalyptus gunnii
MO9FO08 putative initiation factor 3g 603  2.00E-61 Oryza sativa
MO9HO0?2 putative p23 co-chaperone 11 2.00E-04 Oryza sativa
MO9HO05 putative ribose-5-phosphate isomerase 449  8.00E-44 Oryza sativa
M10A04 metallothionein-like protein type 2 212 3.00E-16 Persea americana
M10B11 aldose 1-epimerase family protein 265  2.00E-22 Arabidopsis thaliana
M10C02 60S ribosomal protein L21 810  2.00E-85 Oryza sativa
M10C11 glycine decarboxylase complex H-protein 583  4.00E-59 Populus tremuloides
M10FO1 putative ribosomal protein 529 321 5.00E-29 Oryza sativa
M10GO1 lectin 2, phloem-specific 536  2.00E-53 Cucurbita argyrosperma
M10GO05 cytokinin-repressed protein CR9 716 2.00E-74 Cucumis sativus
M11A03 WD-repeat cell cycle regulatory protein 1274 1.00E-139 Glycine max
M11B01 xyloglucan endotransglucosylase-hydrolase XTH7 469  5.00E-88 Lycopersicon esculentum
M11D09 ubiquitin activating enzyme E1 553  1.00E-55 Cicer arietinum
M11F02 EC protein homolog (Zinc-metallothionein class 1) 88 0.044  Zea mays
M11F10 ABC transporter family protein 888  2.00E-94 Arabidopsis thaliana
M11GO7 ribosomal protein L28-like 557 7.00E-56 Oryza sativa
M11G12 P0698H10.19 112 2.00E-04 Oryza sativa
M11H04 NADH-ubiquinone oxidoreductase-related 380  1.00E-35 Arabidopsis thaliana
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Table 1.2.c Putative function related stress in plants of ESTs obtained from
ZGMMV-infected cucumber (continued).

(l\?;fnne/ Subject_Gene S;;)Jve ES\;:;ILZ Source
M11H08 OSJNBa0074L08.19 162  2.00E-10 Oryza sativa
M11H11 alcohol dehydrogenase (EC 1.1.1.1) class Il 256  1.00E-21 Arabidopsis thaliana
M12A05 peroxidase (EC 1.11.1.7) 1102 1.00E-119 Cucumis sativus
M12B04 ACC oxidase 191 5.00E-14  Cucumis sativus
M12B09 monodehydroascorbate reductase, putative 915  2.00E-97 Arabidopsis thaliana
M12002 OSJNBa0088A01.20 100 0.005  Oryza sativa
M12F08 zinc finger (B-box type) family protein / salt-tolerance protein 662  4.00E-68 Arabidopsis thaliana
M12G01 small heat shock protein 268 1.00E-22 Lycopersicon esculentum
M12G02 similar to dJ522J7.2 (Z98885) 246  6.00E-20 Oryza sativa
M12G03 Ras-related GTP-binding protein, putative 253  5.00E-21 Arabidopsis thaliana
M12H04 polyubiquitin (UBQ10) (SEN3) 1089 1.00E-118 Arabidopsis thaliana
M13A04 P0518C01.25 104 6.00E-04 Oryza sativa
M13A05 Glycine cleavage system H protein, mitochondrial precursor 730 6.00E-76 Pisum sativum
M13A06 digalactosyldiacylglycerol synthase 2 1031 1.00E-111 Glycine max
M13A10 probable thioredoxin reductase At2g41680 [imported] 1180 1.00E-128 Arabidopsis thaliana
M13C05 dehydroascorbate reductase 821  2.00E-86 MNicotiana tabacum
M13CO09 putative HSP70 1442 1.00E-158 Oryza sativa
M13D01 HEAT SHOCK 70 KD PROTEIN, MITOCHONDRIAL PRECURSOR 470  6.00E-46 Phaseolus vulgaris
M13D04 putative clathrin-associated protein 1192 1.00E-129 Oryza sativa
M13E01 P0514G12.26 101 0.003 Oryza sativa
M13E05 ribosomal protein L15 987  1.00E-105 Oryza sativa
M13E12 putative plastidic glutamine synthetase 1409 1.00E-154 Crataegus crus-galli
M13F06 protein induced upon tuberization 293  3.00E-25 Solanum demissum
M13F10 putative callose synthase 1 catalytic subunit 514 5.00E-51 Oryza sativa
M13G09 pyruvate dehydrogenase E1 component beta subunit, chloroplast 659  8.00E-68 Arabidopsis thaliana
M13HO08 ferredoxin-NADP reductase (EC 1.18.1.2) 609  7.00E-62 Pisum sativum
1A6 beta 1,3-gulcanase like protein (olive alegen, Ole 9) 118 1e-25  Olive
1811 Similar to germinal histone H4 gene (Fragment). 427 8.0e-39  Egg plant
1G4 probable heat shock protein 110 or HSP fragment 68 3e-10  Arabidopsis
TH11 Cucurbita maxima phloem filament protein protein 78 4e-13  Cucurbita maxima

Cucumis sativus cystein proteinase inhibitor protein Cucumber
2A4 Retinitis pigmentosa GTPase regulator (fragment) Mus musculus

KED (wounding tobacco) 350 1.3e-30 M. tabacum
2E1 Ras-related protein Rab11C (GTPase like) 190 4.3e-13  Arabidopsis
3A9 Hypothetical protein (Serine/threonine protein kinase) 164 3.4e-10  Arabidopsis

(CBL-interacting protein kinase 14).
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Table 1.2.d Putative function related stress in plants of ESTs obtained from
ZGMMV-infected cucumber (continued).
Query . Score  Score
Name Subject_Gene Row Evalue Source
3C3 Aldose reductase-like protein 906 1.4e-89  Arabidopsis
3E1 Nthsp18p 913 2.5e-90 M. tabacum
3G11 glutathione S—transferase 1219 9.4e-123 Cucurbita maxima
4B5 Silverleaf whitefly—induced protein 3, or Beta—glucosidase 158 2.5e-10  Cucurbita pepo
4G3 Ultraviolet-B-repressible protein (Fragment).or Unknown protein 288 4.3e-24  Pisum sativum
4G5 Cyclophilin (EC 5.2.1.8) (Peptidyl-prolyl cis-trans isomerase) 75 0.39 Arabidopsis
(PPlase) (Rotamase).
4H10 Monomeric lectin SNAIm precursor 434 1.4e-39  Sambucus nigra.
Ribosome inactivating protein precursor (EC 3.2.2.22) (rRNA
N-glycosidase).
8A11 MLP-like protein 34. 89 0.0064  Arabidopsis
8D4 Metallothionein-like protein type 3 (MT-3) 440 3.3e-40 Musa acuminata
221 5.4e-17
8010 Glycine-rich RNA-binding protein, putative. 335 4.4e-29  Arabidopsis
Similar to cold inducible RNA binding protein 324 6.5e-24  Brachydanio rerio
283 1.4e-23
259 5.0e-21
8E3 Stem secoisolariciresinol dehydrogenase (Fragment). 411 3.9e-37  Forsythia intermedia
CPRD12 protein 379 9.7e-34  Vigna unguiculata
Alcohol dehydrogenase Phaseolus lunatus
Sex determination protein tasselseed 2 Zea mays
8E9 Heat-shock protein. 245 1.5e-19  Arabidopsis
DnaJ-like protein. Nicotiana tabacum
8F11 Acyl CoA synthetase (EC 6.2.1.3). 182 7.2e-13  Brassica napus
909 Trypsin inhibitor | precursor (TTII).-BELONGS TO THE SQUASH 183 3.9e-12  Trichosanthes Kirilowii
FAMILY OF SERINE PROTEASE INHIBITORS
9D11 Acid phosphatase (EC 3.1.3.2) 716 1.9e-69  Lupinus luteus
9012 Metallothionein-like protein type 3 (MT-3). 215 2.3e-16  Musa acuminata
9E8 Putative hydroxymethylglutaryl-CoA lyase (Putative 146 4.8e-09  Arabidopsis
hydroxymethylglutaryl-CoA lyase protein).
9F2 17 kDa phloem lectin. Similarity to disease resistance protein. 182 2.6e-22  Cucumis sativus
9F 11 Glycolate oxidase (EC 1.1.3.1). 742 3.3e-72  Cucurbita
9G2 Kinesin heavy chain, putative. 302 9.9e-25  Arabidopsis
9G4 Selenium-binding protein-like (Putative selenium binding 694 1.3e-70  Arabidopsis
protein).
9H11 CONSTANS-like protein. (Zinc finger protein) 338 4.2e-41  Malus domestica
10A11  Plant metallothionein-like protein. 608 1.8e-57  Hordeum vulgare
10C10  Csf-2 protein. 406 1.2e-52  Cucumis sativus

_68_



Table 1.2.e Putative function related stress in plants of ESTs obtained from
ZGMMV-infected cucumber (continued).
Query . Score  Score
Name Subject_Gene Row Evalue Source
10F8 Heat shock protein 70 517 2.3e-48  Cucumis sativus
10F12  Putative cinnamoyl-CoA reductase 253 2.2e=20  Arabidopsis
10G9 Ras-related protein Rab-27A (Rab-27) (GTP-binding protein Ram). 606 6.3e-57  Human
10H4 Cellulose synthase catalytic subunit 569 7.1e=54  Gossypium hirsutum
10H5 Putative cinnamoyl-CoA reductase Arabidopsis
1106 Ultraviolet-B-repressible protein (Fragment). 185 6.4e-22  Pisum sativum
11E8 Beta-mannosidase (Beta-mannosidase enzyme). 652 5.5e-73  Lycopersicon
Beta—glucosidase esculentum
Prunasin hydrolase isoform PH A (EC 3.2.1.118)
T1H1  Auxin-repressed protein. 263 1.9e-21  Robinia pseudoacacia
Dormancy-associated protein (At1g28330/F3H9_1). Arabidopsis
13C12  Putative metallothionein-like protein 336 3.5e-29  Vitis vinifera
13H1 Isoflavone reductase homolog (EC 1.3.1.-). 258 6.4e-21  Lupinus albus
Pinoresinol-lariciresinol reductase, putative (Putative
pinoresinol- lariciresinol reductase).
1483 Putative caffeoyl-CoA O-methyltransferase At1g67980 836 3.6e-82  Arabidopsis
(Trans-caffeoyl-CoA 3-O-methyltransferase)
15A5 Trypsin inhibitor | precursor (TTII).; BELONGS TO THE SQUASH 213 3.8e-16  Trichosanthes Kirilowii
FAMILY OF SERINE PROTEASE INHIBITORS
15A9 Putative acyl-CoA synthetase 724 5.4e-75  Capsicum annuum
15810  Heat shock protein 81-2 (HSP81-2). Hsp90 family 286 7.1e=51  Arabidopsis
587 Putative anthocyanidine rhamnosyl-transferase. 69 0.62 Capsicum annuum
503 Plastidic aldolase. 284 1.1e-23  Nicotiana paniculata.
5010 Heat-shock protein 80 (Fragment). 1.5e-35  Euphorbia esula
5G12 Gb|AAF26101.1 (AT3g17020/K14A17_14).Usp (universal stress 647 3.9e-67  Arabidopsis
protein) domain. Early nodulin ENOD18
B6A4 Metallothionein-like protein type 3 (MT-3). 215 2.3e-16  Musa acuminata
6G2 Aqguaporin. 666 1.1e-63  Vernicia fordii
7D11 Peptidylprolyl isomerase (Cyclophilin) (PPlase) (Rotamase). 360 1.1e-31 Betula verrucosa
7F1 Seed maturation protein, LEA protein in group 5-like (Putative 88 0.088 Arabidopsis
LEA protein).
12011 Short chain alcohol dehydrogenase. 435 1.1e-39  Nicotiana tabacum
13D9 60S ribosomal protein L18a. (RPL18A) (induced by wound) 225 1.2e-16  Castanea sativa
2F8 Putative protein—tyrosine sulfotransferase (EC 2.8.2.20) 554 2.8e=52  Caenorhabditis elegans.
(Tyrosylprotein sulfotransferase) (TPST).
Glycoprotein gp2 (Fragment).
2G1 60S ribosomal protein L30 (RPL30) 262 4.4e-21  Lupinus luteus
2G3 CONSTANS-like protein. (Zinc binding box) 271 2.7e=22  Pharbitis nil
3G12 Putative NAM-like protein.(37% homology) 388 1.8e-35  Oryza sativa
3H2 At2906520 protein (Unknown protein). Arabidopsis
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Table 1.3. Putative function related cellular communication in plants of

from ZGMMV-infected cucumber.

ESTs obtained

Query Subject_Gene Score  Score Source

Name Row  EValue
MO1B10 Phosphoglycerate kinase, chloroplast precursor 486 1.00E-66 MNicotiana tabacum
M01D07 Oxygen—-evolving enhancer protein 3, chloroplast precursor (OEE3) 178  8.00E-23 Spinacia oleracea
MO1D08 putative receptor—kinase isolog 828 2.00E-87 Arabidopsis thaliana
MO1EO1 chlorophyll a/b-binding protein precursor 311 6.00E-28 Oryza sativa
MO1FO1  Phosphoribulokinase, chloroplast precursor (Phosphopentokinase) 941 1.00E-100 Mesembryanthemum

crystallinum

MO1F02 protein kinase family protein 109  2.00E-04 Arabidopsis thaliana
MO1F05  chlorophyll a/b-binding protein 22L precursor - petunia 217  8.00E-25 Petunia sp.
M01G02 WRKY family transcription factor 470  6.00E-46 Arabidopsis thaliana
MO1G10 glycine-tRNA ligase (EC 6.1.1.14), chloroplast [imported] - 632  7.00E-65 Arabidopsis thaliana
MO1G11 chlorophyll a/b-binding protein type | 789  1.00E-93 WNicotiana tabacum
MO1HO04 transmembrane transport protein-like protein 522  5.00E-52 Arabidopsis thaliana
MO1HO08 nuclear movement family protein 495  4.00E-75 Arabidopsis thaliana
M02A04  60S ribosomal protein L35 404 2.00E-38 Euphorbia esula
MO02A05  chlorophyll a/b binding protein of LHCII type | precursor 690 1.00E-71 Panax ginseng
MO02A06 ATP-binding-cassette transporter (ABC1) 1038 1.00E-112 Arabidopsis thaliana
MO2A08 Thiazole biosynthetic enzyme, chloroplast precursor 677 6.00E-70 Citrus sinensis
M02C05 chlorophyll a/b-binding protein type | precursor 939 1.00E-100 Lycopersicon esculentum
M02D12 NAD-dependent malate dehydrogenase 610 4.00E-62 Prunus persica
MO2F10 putative serine carboxypeptidase precursor 906  2.00E-96 Gossypium hirsutum
M02H03 gibberellin-responsive protein, putative 328 1.00E-29 Arabidopsis thaliana
MO02H09 Magnesium-chelatase subunit chll, chloroplast precursor 773  4.00E-81 Glycine max
MO2H12 calmodulin mutant (2F770) 117 4.00E-05 Caenorhabditis elegans
MO3A08 cyclic nucleotide-regulated ion channel / cyclic nucleotide-gated ~ 700  1.00E-72 Arabidopsis thaliana
MO03B03 far-red impaired responsive protein, putative 932 1.00E-99 Arabidopsis thaliana
M03B04 putative calmodulin 117 3.00E-05 Arabidopsis thaliana
MO03B05  signal recognition particle 54 kDa subunit precursor 761 1.00E-79 Arabidopsis thaliana
MO03B08 Pharbitis nil PnC401 mRNA for leaf protein 189  3.00E-13 /pomoea nil
M03B09 Eukaryotic translation initiation factor 5A-2 (elF-5A) (elF-4D) 143 2.00E-08 Nicotiana plumbaginifolia
MO03C02 alanine aminotransferase 517  4.00E-60 Oryza sativa
M03C05 PLASTIDIC ATP/ADP-TRANSPORTER 216 1.00E-16 Solanum tuberosum
MO3C10 translation initiation factor elF-4A.14 692 1.00E-71 Nicotiana tabacum
MO3D10 calmodulin 4 757  4.00E-79 ODaucus carota
MO3D11 phosphate transport protein G7, mitochondrial — soybean 481 2.00E-47 Glycine max
MO3EO6 Photosystem | reaction center subunit IV B, chloroplast precursor 336 1.00E-30 Nicotiana sylvestris
MO3EO7 Csf-2 616 6.00E-63 Cucumis sativus
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Table 1.3.a Putative function related cellular communication in plants of

from ZGMMV-infected cucumber (continuned).

ESTs obtained

Query Subject_Gene Score  Score Source

Name Row  EValue
MO3EO8 SERINE HYDROXYMETHYLTRANSFERASE, MITOCHONDRIAL 943 1.00E-111 Pisum sativum

PRECURSOR

MO3F03 extensin-like protein 380 1.00E-35 Cucumis sativus
MO3F05 putative H+-transporting ATP synthase 542  4.00E-55 Arabidopsis thaliana
MO3F09 adenylate kinase family protein 546  8.00E-55 Arabidopsis thaliana
MO3F12 LcoB 88 0.07  Lactococcus lactis
M03G07 ATP synthase B' chain, chloroplast precursor (Subunit 1) 518 1.00E-51 Spinacia oleracea
MO3H11 chlorophyll a/b binding protein precursor - upland cotton 229  2.00E-18 Gossypium hirsutum
MO4AO1  ribosomal protein L7 106 3.00E-04 Solanum tuberosum
MO04A04  zinc-binding family protein 620 4.00E-69 Arabidopsis thaliana
MO4A12 Rieske [2Fe-2S] domain-containing protein 359  5.00E-33 Arabidopsis thaliana
MO04B02 histidine kinase (AHK4) (WOL) 778 8.00E-82 Arabidopsis thaliana
M04B04 FtsH protease, putative 386 1.00E-36 Arabidopsis thaliana
MO04B07 plastid ribosomal protein L19 precursor 337 2.00E-30 Spinacia oleracea
M04C04 putative translation factor 546  9.00E-55 Pinus pinaster
M04C08 Oxygen-evolving enhancer protein 1, chloroplast precursor (OEE1) 912 2.00E-97 Nicotiana tabacum
M04D05 S-adenosylmethionine decarboxylase 264 2.00E-34 Oryza sativa
M04D08 porphobilinogen synthase, putative / delta-aminolevulinic acid 928 5.00E-99 Arabidopsis thaliana
M04D11 Photosystem | reaction center subunit I, chloroplast precursor 149 4.00E-09 Cucumis sativus
MO4E02 DEAD/DEAH box helicase, putative 786  2.00E-82 Arabidopsis thaliana
MO4E05 Photosystem | reaction centre subunit I, chloroplast precursor 487  2.00E-70 Flaveria trinervia
MO4E12 oxygen-evolving enhancer protein 3 precursor 329 5.00E-30 Pisum sativum
MO04F09 cell-cell signaling protein csgA homolog F21C20.110 293  3.00E-25 Arabidopsis thaliana
MO4G10 excretory/secretory protein Juv—p120 precursor 189  3.00E-13 Litomosoides sigmodontis
MO4HO1 ABC transporter (TAP1) 905 2.00E-96 Arabidopsis thaliana
M04H05  dolichyl-di-phosphooligosaccharide—protein glycotransferase 571  7.00E-58 Arabidopsis thaliana
MO5A03  50S ribosomal protein L3, chloroplast precursor 850 8.00E-90 Micotiana tabacum
MO5A05 senescence-associated family protein 667 1.00E-68 Arabidopsis thaliana
MO5A10  chlorophyll a/b-binding protein CP24 precursor 154 1.00E-09 Vigna radiata
MO5A12  amino acid transporter AAP4 803 2.00E-84 Arabidopsis thaliana
MO05B09 protein disulfide isomerase 1063 1.00E-114 Quercus suber
MO05D03 At5g58240 651  6.00E-67 Arabidopsis thaliana
MO5F07  cycloartenol synthase 1068 1.00E-115 Luffa cylindrica
MO5F09  Myristoyl-acyl carrier protein thioesterase, chloroplast precursor 212 4.00E-16 Gossypium hirsutum
M05G03  calmodulin-binding family protein 456  3.00E-44 Arabidopsis thaliana
M05G04 mechanosensitive ion channel domain-containing protein / MS ion 1087 1.00E-117 Arabidopsis thaliana
MO05G05 aminoalcoholphosphotransferase 309 2.00E-27 Pimpinella brachycarpa
MO05G11  glutamine synthetase precursor 1395 1.00E-153 Juglans nigra

_71_



Table 1.3.b Putative function related cellular communication in plants of ESTs obtained

from ZGMMV-infected cucumber (continuned).

Query Subject_Gene Score  Score Source

Name Row  EValue
MO05H02 probable transportin [imported] 147 3.00E-08 Arabidopsis thaliana
MO5H12 TUBULIN ALPHA-1 CHAIN 449  2.00E-43 Pisum sativum
MOBA04  Ribulose—phosphate 3-epimerase, chloroplast precursor 278  7.00E-24 Solanum tuberosum
MOBA05 S-adenosyl-L-methionine synthetase 1044 1.00E-122 Elaeagnus umbellata
MOBAO8  cysteine proteinase (EC 3.4.22.-) 3 precursor - kidney bean 368 3.00E-34 Phaseolus vulgaris
M06B01 leucine-rich repeat protein kinase, putative 514 5.00E-51 Arabidopsis thaliana
MO06C06 mitochondrial transcription termination factor family protein / 485  2.00E-47 Arabidopsis thaliana
MOBC10 protease inhibitor/seed storage/lipid transfer protein (LTP) family 202  4.00E-15 Arabidopsis thaliana
M0BD04 probable receptor-like protein kinase [imported] 470  4.00E-46 Arabidopsis thaliana
MOBET1  26S proteasome regulatory subunit, putative 1118 1.00E-121 Arabidopsis thaliana
MOBE12 ARF GAP-like zinc finger—containing protein ZIGA3 213  5.00E-16 Arabidopsis thaliana
MOB6F04  GDSL-motif lipase/hydrolase family protein 415 2.00E-39 Arabidopsis thaliana
MO6F05 KAP-2 702 5.00E-73 Medicago truncatula
MOBF09  carboxyl transferase alpha subunit 568 1.00E-57 Glycine max
MO6F12 rapid alkalinization factor 1 precursor 383 8.00E-36 Populus balsamifera
M06G08 CG14154-PA 96 0.007  Drosophila melanogaster
MO7A02  S6 ribosomal protein kinase 1031 1.00E-111 Asparagus officinalis
MO7A06  urophorphyrin Il methylase (UPM1) 310 8.00E-28 Arabidopsis thaliana
M07C08 Phosphoglycerate kinase, cytosolic 318 1.00E-28 Nicotiana tabacum
MO7C11  GTP-binding family protein 851  3.00E-90 Arabidopsis thaliana
MO07C12 Photosystem | reaction center subunit VI, chloroplast precursor 364 1.00E-33 Spinacia oleracea
MO7D001 MutT/nudix family protein 866 9.00E-92 Arabidopsis thaliana
MO7D02 alkaline alpha galactosidase Il 1375 1.00E-151 Cucumis melo
MO7E01  auxin-regulated protein GH3 homolog At2g46370 514  4.00E-51 Arabidopsis thaliana
MO7E06 CBL-interacting protein kinase 23 (CIPK23) 101 0.001  Arabidopsis thaliana
MO7F03 DNA-directed RNA polymerase (EC 2.7.7.6) chain Il 332 4.00E-30 Arabidopsis thaliana
MO7F04 CAO 365 9.00E-34 Arabidopsis thaliana
MO7F05 phospholipid/glycerol acyltransferase family protein 90 0.025  Arabidopsis thaliana
MO7G01  zinc—finger protein 572  1.00E-57 Oryza sativa
MO7G05 proteasome maturation factor UMP1 family protein 539  4.00E-54 Arabidopsis thaliana
MOBAO3 no apical meristem (NAM) family protein 145  2.00E-08 Arabidopsis thaliana
MO8BO7 ethylene-responsive element binding factor 251 5.00E-21 Capsicum annuum
M08B09 30S RIBOSOMAL PROTEIN S17, CHLOROPLAST PRECURSOR (CS17) 153  1.00E-09 Pisum sativum
MOBCO1 shaggy-related protein kinase alpha / ASK-alpha (ASK1) 889  3.00E-99 Arabidopsis thaliana
M08D02 Ferritin 3, chloroplast precursor (SFerH-3) 294 6.00E-26 Glycine max
M08D05 membrane protein, 37K, chloroplast inner envelope [imported] - 378 8.00E-37 Lactuca sativa
MOBEO8 pectate lyase family protein 1277 1.00E-139 Arabidopsis thaliana
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Table 1.3.c Putative function related cellular communication in plants of

from ZGMMV-infected cucumber (continuned).

ESTs obtained

Query Subject_Gene Score  Score Source

Name Row  EValue
MOBEQ9 putative senescence-associated protein 302 8.00E-27 Pisum sativum
MOSET1 At2g19940/F6F22.3 861 4.00E-91 Arabidopsis thaliana
MOBE12  zinc finger (AN1-like) family protein 452  7.00E-44 Arabidopsis thaliana
MO8FO1 AT3g14930/K15M2_7 518  9.00E-52 Arabidopsis thaliana
MO8F02 Rab2-like GTP-binding protein (RAB2) 623 1.00E-63 Arabidopsis thaliana
MO8F06 Chain A, Wild-Type Pea Fnr 810 3.00E-85 Pisum sativum
MO8F08 Translationally controlled tumor protein homolog (TCTP) 756 6.00E-79 Cucumis melo
MO8GO02 putative transport protein subunit 212 2.00E-16 Arabidopsis thaliana
M08G04 phosphatidylinositol 3- and 4-kinase family protein / ubiquitin 571 1.00E-57 Arabidopsis thaliana
M08G09 Oxygen-evolving enhancer protein 2, chloroplast precursor (OEE2) 1077 1.00E-116 Cucumis sativus
MO8G10 pantothenate kinase family protein 801 2.00E-84 Arabidopsis thaliana
MO9A06  Protein transport protein SEC61 gamma subunit 208 5.00E-16 Oryza sativa
M09B01 adenosine 5'-phosphosulfate reductase 1236 1.00E-134 Glycine max
M09C07 chloroplast ferredoxin-NADP+ oxidoreductase precursor 1018 1.00E-109 Capsicum annuum
M09C10 Tic62 protein 132 5.00E-07 Pisum sativum
MO9E09 probable phytochelatin synthetase [imported] 1146 1.00E-124 Arabidopsis thaliana
MO9F03 asparaginyl endopeptidase (VmPE-1) 311 6.00E-28 Vigna mungo
MO9HO1 Rieske Fe—S precursor protein 643 4.00E-66 Oryza sativa
M10C01 sedoheptulose—1,7-bisphosphatase precursor 777 1.00E-81 Oryza sativa
M10C04 dehydroquinate synthase 230 2.00E-18 Lycopersicon esculentum
M10D02 PIN1-like auxin transport protein 872  2.00E-92 Populus tremula x Populus
M10D03 Calreticulin precursor 1173 1.00E-127 Prunus armeniaca
M10EO7 Glyceraldehyde 3-phosphate dehydrogenase A, chloroplast 293  7.00E-26 Pisum sativum

precursor
M10E09 ASCAB9-A 119 1.00E-05 Argyroxiphium sanawicense
M10F06 Malate dehydrogenase, glyoxysomal precursor 1308 1.00E-143 Cucumis sativus
M10G03 dolichyl-diphosphooligosaccharide—protein glycosyltransferase 290 2.00E-25 Arabidopsis thaliana
48kDa

M10G04 dihydrolipoamide S-acetyltransferase (EC 2.3.1.12) precursor 578 2.00E-58 Arabidopsis thaliana
M10G06 transcription factor WRKY4 442 2.00E-42 Petroselinum crispum
M10HO5 calcium—-dependent protein kinase (EC 2.7.1.-) 1 346  1.00E-31 Lycopersicon esculentum
M11B04 Chlorophyll a=b binding protein 3C, chloroplast precursor (LHCII 284 8.00E-25 Lycopersicon esculentum
M11D11 Proteasome subunit alpha type 4 (20S proteasome alpha subunit C) 819  2.00E-86 Spinacia oleracea
M11E01 ketol-acid reductoisomerase (EC 1.1.1.86) precursor 1086 1.00E-117 Arabidopsis thaliana
M11E10 stamina pistilloidia protein Stp [imported] - garden pea 162 4.00E-10 Pisum sativum
M11F03  zinc finger (C3HC4~type RING finger) family protein 364 1.00E-33 Arabidopsis thaliana
M11F11  Glutamate-1-semialdehyde 2,1-aminomutase, chloroplast 1015 1.00E-109 Glycine max

precursor
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Table 1.3.d Putative function related cellular communication in plants of ESTs obtained

from ZGMMV-infected cucumber (continuned).

Query Subject_Gene Score  Score Source
Name Row  EValue

M11G02 protein kinase, putative 1111 1.00E-120 Arabidopsis thaliana

M11HO02 shikimate kinase 736  9.00E-77 Cucumis sativus

M12B02 bZIP transcription factor 363 2.00E-33 Nicotiana tabacum

M12C12  putative GTP-binding protein 843 3.00E-89 Cucumis sativus

M12D12 proton—-dependent oligopeptide transport (POT) family protein 235 7.00E-19 Arabidopsis thaliana

M12E06 immunophilin / FKBP-type peptidyl-prolyl cis-trans isomerase 713 4.00E-74 Arabidopsis thaliana
family

M12E09 Ferredoxin—thioredoxin reductase catalytic chain, chloroplast 626 6.00E-64 Glycine max

M12E11 ribosomal protein S19 596 2.00E-60 Solanum tuberosum

M12G06 neutral invertase 177 7.00E-12 Daucus carota

M12H11 Glutamine synthetase, chloroplast precursor 329 5.00E-30 Brassica napus
(Glutamate--ammonia

M13B04 rubisco activase precursor [Datisca glomerata] 270  4.00E-23 Datisca glomerata

M13B05 SRP1 protein homolog - rice 921 5.00E-98 Oryza sativa

M13B06 ribophorin | family protein 1028 1.00E-110 Arabidopsis thaliana

M13B11 GPRP 417 1.00E-39 Oryza sativa

M13B12 putative carnitine/acylcarnitine translocase 978 1.00E-104 Oryza sativa

M13C06 probable transcription factor — fava bean 206  4.00E-15 Vicia faba

M13C07 GTP-binding protein, ras-like — fava bean 988 1.00E-106 Vicia faba

M13D06 putative branched-chain amino acid aminotransferase protein 763  9.00E-80 Oryza sativa

M13E10 YABBY2-like transcription factor YAB2 620 4.00E-63 Antirrhinum majus

M13F03 protein kinase-like protein 533 4.00E-53 Vilis aestivalis

M13F11 GTP-binding protein Rab6 970 1.00E-103 Nicotiana tabacum

M13G12 PIl protein 610 6.00E-62 ARicinus communis

1C11 BlastX:Sambucus nigra ribosome inactivating protein precursor 106 9e-22  Gynostemma
protein. pentaphyllum

2A2 Retinitis pigmentosa GTPase regulator (fragment) 178 1.9e-12  Mus musculus

2C3 Thylakoid soluble phosphoprotein precursor Spinacia oleracea

2E8 Protein phosphatase 2C (PP2C) (EC 3.1.3.16). 574  2.1e-54 Fagus sylvatica

2G11 Photosystem Il 10 kDa polypeptide, chloroplast precursor (Light 939  4.4e-93 Solanum tuberosum
inducible tissue-specific ST-LS1 protein).

3A12 Fructose-1,6-bisphosphatase, chloroplast precursor (EC 3.1.3.11) 953  5.4e-102 Brassica napus
(D-fructose—1,6-bisphosphate 1-phosphohydrolase) (FBPase)

3B11 Acetohydroxyacid synthase (EC 4.1.3.18) 151 1.7e=15 Gossypium hirsutum

4A2 Chlorophyll A-B binding protein of LHCII type I, chloroplast 1002 9.3e=100 Cucumis sativus
precursor (CAB) (LHCP) (Fragment)

4B4 Transcription factor LIM (Zinc-binding protein) 360  1.0e-31 Populus kitakamiensis

4F1 Tsl2097 protein, protein kinase 478  3.1e-44 Synechococcus elongatus

4F4 Ferredoxin 2, chloroplast precursor 546  1.9e-51 Arabidopsis thaliana
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Table 1.3.e Putative function related cellular communication in plants of ESTs obtained

from ZGMMV-infected cucumber (continuned).

Query Subject_Gene Score  Score Source
Name Row  EValue

887 Glyceraldehyde 3—-phosphate dehydrogenase B, chloroplast 216 1.8e-16 Pisum sativum
precursor (EC 1.2.1.13) (NADP-dependent
glyceraldehydephosphatedehydrogenase subunit B).

8F6 Adenylosuccinate synthetase, chloroplast precursor (EC 6.3.4.4) 268  5.6e-22 Arabidopsis thaliana
(IMP-- aspartate ligase) (AdSS) (AMPSase).

8F10 Lipid transfer protein isoform 1 670  1.4e-64 Vitis vinifera

8G6 Calmodulin 67 0.92 Oryza sativa

901 Profilin. 984  7.5e-98 Litchi chinensis.

906 Glucose-6-phosphate 1-dehydrogenase, chloroplast precursor 213 3.8e-16 Solanum tuberosum
(EC 1.1.1.49) (G6PD).

9E4 Alanine aminotransferase (EC 2.6.1.2) (Putative alanine 716 1.9e-69 Arabidopsis
aminotransferase).

9E9 Differentially expressed osmotic protein ODE2 (Fragment). 460 1.3-41  Capsicum annuum
Auxin response factor 4 (Auxin response factor ARF4).

9EM Putative ABC transporter protein. 644  8.0e-62 Arabidopsis thaliana

9F4 Genomic DNA, chromosome 5, P1 clone:MRB17 411 3.9e-37 Arabidopsis thaliana
(AT5954540/MRB17_4). Possible K channel inhibitor

9F9 Adenosine kinase 2 (EC 2.7.1.20) (AK 2) (Adenosine 585  1.4e-55 Arabidopsis thaliana
5'-phosphotransferase 2).

9G5 non; incase of blastP:Cell wall surface anchor family protein 269  4.4e-22 Streptococcus

pneumoniae

9H12 Chloroplast 50S ribosomal protein L19 precursor 661 1.8e-63 Spinacia oleracea

10B7 Elongation factor Tu, chloroplast precursor (EF-Tu). 610  3.2e-58 Glycine max

10B12  Putative tetratricopeptide repeat protein 692  6.6e-67 Oryza sativa

10C6 PSI-H precursor 797  4.9e-78 Nicotiana sylvestris

10F3 ATP-binding cassette transporter A. 517  2.3e-48 Bacteria

10F9 Genomic DNA, chromosome 5, P1 clone:MDF20 (Unknown 833  7.5e-82 Arabidopsis thaliana
protein) (At5g55640). Drosophila
Cato protein (BELONGS TO THE BASIC HELIX-LOOP-HELIX
(BHLH) FAMILY OF TRANSCRIPTION FACTORS.)

10G2 Calmodulin—binding protein 427 7.9e-39 Nicotiana tabacum

1181 Lipid transfer protein (Nonspecific lipid-transfer protein) (LTP). 321 1.3e=27 Davidia involucrata

1183 Similarity to protein-tyrosine phosphatase (Phosphatase and 312 1.2e-26 Arabidopsis thaliana
tensin homolog) (PTEN like protein).
Putative Cyclin G-associated kinase

11C6 F14P13.19 protein (AT3g10210/F14P13_19). Rho like 919  5.8e-91 Arabidopsis thaliana

11C9 WD-40 repeat protein MSI1 130  1.2e-06 Lycopersicon esculentum

11010 1-deoxy-D-xylulose 5-phosphate reductoisomerase,chloroplast 687  2.2e-66 Arabidopsis thaliana

precursor (EC 1.1.1.267) (DXP reductoisomerase)
(1-deoxyxylulose-5-phosphate reductoisomerase).
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Table 1.3.f Putative function related cellular communication in plants of ESTs obtained

from ZGMMV-infected cucumber (continuned).

Query Subject_Gene Score  Score Source
Name Row  EValue

11F9 Hypothetical 52.9 kDa protein. (InterPro: Putative transcription 435  1.1e=39 Arabidopsis thaliana
factor X1)

1G9 Putative MAP kinase ATMPK9 (Fragment). 765  1.2e=74 Arabidopsis thaliana

11G12  AT4g18030/T6K21_210. (InterPro:Putative methyltransferase 320  2.6e-39 Arabidopsis thaliana
DUF248 )

12A10  Transcription factor. 667  2.9e-64

12E11 Membrane related protein CP5, putative. 152 1.1e-09 Arabidopsis thaliana

13G7 Putative glycosyl transferase 116 3.4e-05 Arabidopsis thaliana

14F12  Adenine nucleotide translocator. 458  4.1e-42 Lupinus albus

5811 Homeobox 2 protein.(THOX2) 498  2.4e-46 Lycopersicon esculentum

5E6 GMFP5 (Fragment).(metal ion transporter) 299  2.9e-25 Glycine max

5F10 Protein kinase (Fragment). CSPK3 (Cucumber protein kinase 531 7.6e-50 Spinacia oleracea
CSPK3). NONPHOTOTROPIC HYPOCOTYL 2

5H5 F3F19.19 protein (At1g13170/F3F19_19). Putative 455  8.2e-42 Arabidopsis thaliana
Oxysterol-binding protein, PH(Pleckstrin Homology)_domain

6E8 Phosphate translocator precursor. 713 3.9e-69 MNicotiana tabacum

6H3 Copper—transporting P-type ATPase 247 1.8e-19 Brassica napus

6H9 Pectinacetylesterase precursor. 299  2.9e-25 Phaseolus aureus

781 F12A10.5 protein, putative calmodulin 76 0.12  Caenorhabditis elegans

7010 Apocytochrome f precursor. 123 1.3e-06 Glycine max

7€4 Small nuclear ribonucleoprotein, putative. 499  1.9e-46 Arabidopsis thaliana

12C2 508 ribosomal protein L15, chloroplast precursor (CL15) 551 5.7e-52  Pisum sativum

12G11  Chlorophyll A-B binding protein 7, chloroplast precursor (LHCI 125 8.0e-07 Lycopersicon esculentum
type Il CAB-7).

283 Putative shikimate kinase precursor (AT2G21940.) 498  2.4e-46 Arabidopsis thaliana

2E9 Probable small nuclear ribonucleoprotein G (snRNP-G) (Sm 93 0.0020  Arabidopsis thaliana
protein G) (Sm-G) (SmG).

2H7 Cytochrome c1, heme protein, mitochondrial precursor (Clone 787  5.6e-77 Solanum tuberosum

PC13lIN.(CYCL)
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Table 1.4. Putative function related structural and basic cellular function in plants of ESTs

obtained from ZGMMV-infected cucumber.

Query

Score

Score

Name Subject_Gene Row EValue Source
MO1A03 chlorophyll a/b-binding protein 300 1.00E-26  Glycine max
MOTA10 40S ribosomal protein S17 (RPS17D) 581 8.00E-59  Arabidopsis thaliana
M01B04 Ribulose bisphosphate carboxylase small chain, chloroplast 836 8.00E-89  Cucumis sativus
MO1B06 40S ribosomal protein S9 (RPSIC) 869 3.00E-92  Arabidopsis thaliana
MO1B12 (()ségégwg—)evolving enhancer protein 3, chloroplast, putative 403 3.00-61  Arabidopsis thaliana
M01CO08 cell division protein-related 140 7.00E-08  Arabidopsis thaliana
M01C10 phloem filament protein PP1 209 1.00E-15  Cucurbita maxima
M01D04 ferredoxin, chloroplast, putative 461 5.00E-45  Arabidopsis thaliana
M01D09 SET domain-containing protein 916 1.00E-97  Arabidopsis thaliana
MO2A12 glyceraldehyde-3-phosphate dehydrogenase 670 2.00E-69  Capsicum annuum
M02B07 GDP-mannose pyrophosphorylase 624 1.00E-63  Solanum tuberosum
M02C04 RBL1 103 7.00E-04  Cucumis sativus
M02C12 PNIL34 1038 1.00E-113  Jpomoea nil
M02D03 coatomer delta subunit (delta-coat protein) (delta-~COP) 364 4.00E-34  Arabidopsis thaliana
M02D11 tubulin beta-2/beta-3 chain (TUB2) 770 1.00E-80  Arabidopsis thaliana
MO02F08 40S RIBOSOMAL PROTEIN SA (P40) 982 1.00E-105  Glycine max
MO02F09 photosystem Il type | chlorophyll a/b-binding protein 1187 1.00E-129  Glycine max
M02G07 Vacuo!ar ATP synthase subunit B isoform 2 (V-ATPase B 1116 1.00E-121  Gossypium hirsutum

subunit 2)
MO02H01 alanine transaminase (EC 2.6.1.2) 376 1.00E-67  Chlamydomonas reinhardtii
MO2H11 membrane protein, putative 534 2.00E-53  Arabidopsis thaliana
MO3AO03 light harvesting chlorophyll A/B binding protein 245 3.00E-20  Prunus persica
M03A04 60s acidic ribosomal protein 263 4.00E-22  Prunus aulcis
MO3A06 At3g14940 1222 1.00E-133  Arabidopsis thaliana
MO3A07 probable aminopeptidase F24D7.4 [imported] 450 5.00E-44  Arabidopsis thaliana
M03B02 subunit of photosystem | 256 1.00E-21  Cucumis sativus
MO03B11 chlorophyll a/b binding protein CP29 953 1.00E-107  Vigna radiata
M03DO07 chlorophyll A-B binding protein CP26, chloroplast / 340 3.00E-31  Arabidopsis thaliana
MO3EQ09 protein T31J12.5 [imported] 596 9.00E-61  Arabidopsis thaliana
MO3E12 H-protein promoter binding factor-2a 213 2.00E-16  Arabidopsis thaliana
M03G01 histone H2A, putative 555 9.00E-56  Arabidopsis thaliana
M03G04 chlorophyll a/b binding protein 400 3.00E-38  [Cicer arietinum
M03G09 OP1 773 5.00E-81  Cucumis sativus
M04B05 photosystem I-N subunit 435 2.00E-42  Phaseolus vulgaris
M04C03 ribosomal protein L32 644 3.00E-66  Mercurialis annua
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Table 1.4.a Putative function related structural and basic cellular function in plants of
ESTs obtained from ZGMMV-infected cucumber (continuned).

Query Score Score

Name Subject_Gene Row EValue Source
M04D02 UDP-N-acetylglucosamine pyrophosphorylase-related 920 1.00E-104 Arabidopsis thaliana
M04D07 L-asparaginase / L-asparagine amidohydrolase 727 2.00E-83  Arabidopsis thaliana
MO4E04 expressed in cucumber hypocotyls 599 3.00E-61  Cucumis sativus
MO4E07 histone deacetylase 152 4.00E-09  Solanum chacoense
MO04F03 dentin sialophosphoprotein-related 176 8.00E-12  Arabidopsis thaliana
MO4F05 F14L17.11 protein 395 3.00E-37  Arabidopsis thaliana
MO4F07 beta—amylase 688 1.00E-87  Prunus armeniaca
M04GO03 proteasome family protein 723 3.00E-75  Arabidopsis thaliana
M04GO07 histone H2B 260 5.00E-22  Arabidopsis thaliana
M04G11 probable ribosomal protein S9 F9E10.18 [imported] 199 6.00E-15  Arabidopsis thaliana
M04H02 ADP-ribosylation factor-like protein 2 (ARL2) 780 3.00E-82 Arabidopsis thaliana
M04H08 yippee family protein 442 4.00E-43  Arabidopsis thaliana
MO04H10 alpha tubulin 578 2.00E-58 Zea mays
MO5A02 thylakoid lumen 18.3 kDa protein 427 9.00E-41  Arabidopsis thaliana
M05B03 40S ribosomal protein S8 822 2.00E-86 Zea mays
MO5C06 ribosomal protein S8e family protein 1230 1.00E-134 Arabidopsis thaliana
MO5C09 sucrose cleavage protein — potato 695 8.00E-72  Solanum tuberosum
MO5D10 At1g32790 93 0.011 Arabidopsis thaliana
MO5E02 polyadenylate-binding protein, putative / PABP, putative 557 7.00E-56  Arabidopsis thaliana
MO5E04 ?LT-Iqocrﬁphy” a-b binding protein 151, chloroplast precursor 1318 1.00E-144 Gossypium hirsutum
MO5E10 c-myc binding protein, putative / prefoldin, putative 575 6.00E-58  Arabidopsis thaliana
MOSE11 fasciclin-like AGP 12 612 3.00e-62 | oPuls albax Fopulis

tremula

MO5E12 CBS domain—containing protein 834 6.00E-88  Arabidopsis thaliana
MO5F06 beta-tubulin 5 1479 1.00E-162 Gossypium hirsutum
MO5HO04 chlorophyll a/b-binding protein type Il precursor 691 7.00E-72  Pisum sativum
MO5HO09 40S ribosomal protein S25 (RPS258) 320 1.00E-28  Arabidopsis thaliana
MOBA06 very—long—chain fatty acid condensing enzyme CUT1 360 1.00E-33  Arabidopsis thaliana
M06B06 (S)-2-hydroxy-acid oxidase (EC 1.1.3.15) 1201 1.00E-130 Cucurbita sp.
MO6BO7 tetrapyrrole methylase family protein 89 0.034 Arabidopsis thaliana

radical SAM domain-containing protein / TRAM

M06808 ; - 907 2.00E-96  Arabidopsis thaliana
domain—containing

MOBCO1 putative U4/U6-associated RNA splicing factor 382 1.00E-35 Oryza sativa

MO06C04 protein T24P13.14 [imported] 197 2.00E-14  Arabidopsis thaliana

MO6C12 ?:gt;s%/g)tem II stability/assembly factor, chloroplast 435 6.00E-42  Arabidopsis thaliana

M06D07 H+-exporting ATPase (EC 3.6.3.6) - kidney bean 879 1.00E-104 Phaseolus vulgaris

M06D11 RUBI1 conjugating enzyme 343 4.00E-31  Lycopersicon esculentum

_78_



Table 1.4.b Putative function related structural and basic cellular function in plants of
ESTs obtained from ZGMMV-infected cucumber (continuned).

Query Score Score

Name Subject_Gene Row EValue Source
MOBEQ9 chlorophyll a/b-binding protein 4 - soybean 938 1.00E-100  Glycine max
MOBE10 E;;cheoii;:n—phosphate adenylyltransferase (EC 2.7.7.27) 2 330 4.00E-30  Cucumis melo
M06G09 triose—phosphate isomerase (EC 5.3.1.1), cytosolic 640 7.00E-66 Arabidopsis thaliana
MO6HO6 peroxisomal membrane protein-related 355 5.00E-33 Arabidopsis thaliana
MO6H12 ferredoxin 260 5.00E-22 Zea mays
MO7A10 protodermal factor 1 (PDF1) 227 4.00E-18 Arabidopsis thaliana
MO7A12 putative callose synthase catalytic subunit 608 5.00E-62 Gossypium hirsutum
MO7B01 E’Qgiﬂr;hoglucomutase, cytoplasmic (Glucose phosphomutase) 1036 1 00E=111  Pisum sativum
MO078B02 eukaryotic translation initiation factor 5A isoform | [Hevea 809 3.00E-85 Hevea brasiliensis
M07D05 ELONGATION FACTOR 1-ALPHA (EF-1-ALPHA) 1261 1.00E-137  Manihot esculenta
MO7E03 Sﬁlts:g/;azr;otosystem Il core complex proteins psbY, 155 700E-10  Oryza sativa
MO7E04 ribosomal protein 762 1.00E-79 Petunia x hybrida
MO7€09 glutamate-1-semialdehyde 2,1-aminomutase (EC 5.4.3.8) 1072 1.00E-115  Nicotiana tabacum
MO7E11 At1g25390/F2J7_14 964 1.00E-103  Arabidopsis thaliana
MO7F01 nodulin-related 190 1.00E-13 Arabidopsis thaliana
MO7F02 cytochrome c1, putative 117 1.00E-121  Arabidopsis thaliana
MO7F11 fibrillin-like protein CHRC, chromoplast 1284 1.00E-140  Cucumis sativus
M07G03 10 kDa photosystem Il polypeptide 248 1.00E-20 Trifolium pratense
M07G11 mitochondrial elongation factor, putative 1244 1.00E-135 Arabidopsis thaliana
M07G12 Ribosomal protein L34e 481 3.00E-47 Solanum demissum
MO7H09 OSJINBb0103108.16 344 1.00E-31 Oryza sativa

M08B01 peptidyl-prolyl cis—trans isomerase PPIC-type family protein 550 2.00E-55 Arabidopsis thaliana
M08B06 plastid-lipid associated protein PAP / fibrillin family protein 255 2.00E-21 Arabidopsis thaliana
LOB domain family protein / lateral organ boundaries domain

M08C05 family 90 0.025 Arabidopsis thaliana
MOBEO6 mago nashi-like protein 706 3.00E-73 Oryza sativa
MO8F05 chlorophyll a/b-binding protein (cab-11) 143 2.00E-08  Lycopersicon esculentum
MO8F10 glyceraldehyde 3—-phosphate dehydrogenase 1239 1.00E-138  Solanum tuberosum
MO08G06 F-actin capping protein alpha chain [imported] 304 7.00E-27 Arabidopsis thaliana
MO9A08 prefoldin-related KE2 family protein 324 2.00E-29 Arabidopsis thaliana
MO9A11 ribosomal protein L27-5 — garden pea 545 2.00E-54 Pisum sativum
M09B04 mitochondrial substrate carrier family protein 164 7.00E-11 Arabidopsis thaliana
MO09B06 cytochrome P450 250 1.00E-20 Ammi majus
M09BO08 photosystem Il 11 kDa protein-related 292 3.00E-25 Arabidopsis thaliana
M09C02 tonoplast intrinsic protein 164 8.00E-11 Cicer arietinum
M09D11 14-3-3-LIKE PROTEIN D (SGF14D) 261 1.00E-21 Glycine max
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Table 1.4.c Putative function related structural and basic cellular function in plants of

ESTs obtained from ZGMMV-infected cucumber (continuned).

Query

Score

Score

Name Subject_Gene Row EValue Source
MO9EO3 esterase/lipase/thioesterase family protein 945 1.00E-101  Arabidopsis thaliana
MO9EO4 formyltetrahydrofolate deformylase, putative 982 1.00E-105 Arabidopsis thaliana
MO9F04 NADH-cytochrome b5 reductase, putative 648 4.00E-78 Arabidopsis thaliana
MO9F09 high mobility group protein 2 HMG2 296 9.00E-26 Ipomoea nil
MO9F12 ankyrin repeat family protein 111 3.00E-04 Arabidopsis thaliana
MO09G11 actin [imported] - mung bean 761 2.00E-79  Vigna radiata
MO9H09 ADP-glucose pyrophosphorylase 862 1.00E-91 Cicer arietinum
M10A02 F9L1.23 protein 91 0.024 Arabidopsis thaliana
M10A08 gfgit(;?nsz?peDtide/Phox/Bem1 p (PB1) domain-containing 554 1.00E-55  Arabidopsis thaliana
M10A09 g[;ili/nc;r;?t:g]h{drogenase (decarboxylating) (EC 1.4.4.2) 653 3.00E-67  x Tritordeum sp.
M10A10 P0428D12.22 193 6.00E-14  Oryza sativa
M10AT1 KF)’:weoctLoJrssyosrtem Il reaction center W protein, chloroplast 163 9.00E-11 Spinacia oleracea
M10A12 OSJNBa0042L16.6 472 3.00E-46 Oryza sativa
M10B03 fructose-bisphosphate aldolase 1242 1.00E-135  Glycine max
M10B04 pleckstrin homology (PH) domain—containing protein (PH1) 238 2.00E-19 Arabidopsis thaliana
M10C08 sugar isomerase (SIS) domain-containing protein 519 2.00E-51 Arabidopsis thaliana
M10D01 photosystem Il reaction center PsbP family protein 648 1.00E-66 Arabidopsis thaliana
M10D05 pyruvate decarboxylase 1 763 8.00E-80 Vitis vinifera
M10D09 leucine zipper—containing protein 894 4.00E-95 Euphorbia esula
M10D12 vacuo!ar ATP synthase subunit D (VATD) / V-ATPase D 933 1.00E-99  Arabidopsis thaliana

subunit /
M10E12 CONSTANS-like protein CO2 152 5.00E-09 Populus deltoides
M10F09 ATP synthase gamma chain 1, chloroplast (ATPC1) 996 1.00E-107  Arabidopsis thaliana
M10GO07 60S acidic ribosomal protein PO 305 5.00E-27 Glycine max
M10H04 ribosomal protein L35 family protein 380 1.00E-35 Arabidopsis thaliana
M10HO06 amidase family protein 923 2.00E-98 Arabidopsis thaliana
M10HO7 ARP protein (REF) 747 5.00E-78 Arabidopsis thaliana
M10H10 putative 40S ribosomal protein S23 252 4.00E-21 Arabidopsis thaliana
M11A05 rhodanese-like domain—containing protein / PPIC-type 464 4.00E-45  Arabidopsis thaliana

PPIASE
M11A11 calcineurin-like protein 791 5.00E-83 Eucalyptus grandis
M11B02 predicted protein 478 8.00E-47 EZ&“{JE alba x Populus
M11806 40S ribosomal protein S5 (RPS5A) 926 1.00E-98 Arabidopsis thaliana
M11B11 urease accessory protein UreD 779 9.00E-82 Glycine max
M11C12 histone H3.2 679 4.00E-70 Arabidopsis thaliana
M11D04 rhomboid family protein 637 3.00E-65 Arabidopsis thaliana
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Table 1.4.d Putative function related structural and basic cellular function in plants of

ESTs obtained from ZGMMV-infected cucumber (continuned).

Query

Score

Score

Name Subject_Gene Row EValue Source
M11D08 ERD15 protein 217 1.00E-16 Arabidopsis thaliana
M11E09 60S acidic ribosomal protein P3 279 7.00E-24 Lactuca saligna
M11FO1 core protein - garden pea 521 9.00E-52 Pisum sativum
M11F06 FK506-binding protein 1 (FKBP13) 89 0.033 Arabidopsis thaliana
M11G01 Drm3 166 1.00E-10 Pisum sativum
M11G10 cDNA sequence BC002118 857 8.00E-91 Mus musculus
M11H12 cytochrome b5 reductase 595 2.00E-60 Zea mays
M12A02 lipoic acid synthase (LIP1) 951 1.00E-101  Arabidopsis thaliana
M12811 chlorophyll a/b-binding protein (cab-12) 993 1.00E-106  Lycopersicon esculentum
M12C01 L(;rr?;?nrl?:rgr?tlg%nz domain-containing protein / FH2 680  3.00E-70  Arabidopsis thaliana
M12C11 Cell division cycle protein 48 homolog 96 0.006 Capsicum annuum
M12D04 probable RNA polymerase |l fifth largest subunit 277 6.00E-24 Arabidopsis thaliana
M12D08 putative VIP2 protein 102 0.003 Oryza sativa
M12E03 phytocalpain 1085 1.00E-117  Nicotiana benthamiana
M12E05 gag-pol polyprotein 450 5.00E-44 Vitis vinifera
M12E08 thylakoid lumen 15.0 kDa protein 510 5.00E-51 Arabidopsis thaliana
M12G04 histone H1, stress—inducible 358 6.00E-33 Lycopersicon esculentum
M12G12 photosystem Il oxygen—evolving complex protein 1 486 3.00E-48 Oryza sativa
M12H03 60S ribosomal protein L12 805 1.00E-84 Capsicum annuum
M13A01 phosphoglycerate/bisphosphoglycerate mutase family protein 876 8.00E-93 Arabidopsis thaliana
M13A07 putative thioredoxin m2 474 3.00E-46 Pisum sativum
M13B03 60S RIBOSOMAL PROTEIN L15-2 965 1.00E-103  Picea mariana
M13C10 peroxisomal membrane 22 kDa family protein 754 1.00E-78 Arabidopsis thaliana
M13C12 AT4g15940/dl4011w 882 2.00E-93  Arabidopsis thaliana
M13D09 26S proteasome regulatory particle triple—A ATPase subunité 748 5.00E-78 Oryza sativa
M13E03 pectate lyase 1385 1.00E-152  Malus domestica
M13E04 glycosyl hydrolase family 9 protein 499 3.00E-49 Arabidopsis thaliana
M13E09 At1g34220 253 1.00E-20  Arabidopsis thaliana
M13HO04 inosine-uridine preferring nucleoside hydrolase family protein 187 2.00E-13 Arabidopsis thaliana
M13H06 nuclear cap—binding protein, putative 804 2.00E-84 Arabidopsis thaliana
1A3 grLJOthirEybgrarl_tli—;ICEdr:.RNA encoding chlorophyll a/b-binding 375 6102 Cucumber
1A LysyI-tRNA synthetase (EC 6.1.1.6). 471 1.2e-50  Arabidopsis
186 Chloroplast 50S ribosomal protein L2 585 1.4e-55  White mustard
1810 Putative 33kDa oxygen evolvingprotein of photosystem Il 456 6.8e-42 Rice
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Table 1.4.e Putative function related structural and basic cellular function in plants of

ESTs obtained from ZGMMV-infected cucumber (continuned).

Query

Score

Score

Name Subject_Gene Row EValue Source
103 nga;rtlgvge_pr;jfg;r(|'k:3r(;sgyrlrz]a;:rt1)r.an|Iate transferase, 3' partial, 652 3.80-62  Arabidopsis
1C5 RuBisCO activase. 225 9.5e-19  Apple
1C12 Photosystem | P700 chlorophyll A apoprotein A2 (PsaB) 537 1.8e-50  Spinach
102 triosphosphate isomerase protein 820 1.8e-80 Lettuce
oAT Eﬁégﬁ?;giivoe‘ffgeg‘embra”e protein E24 of spinach 118 0.00021 Spinacia oleracea
2B9 At2g25800 protein. 67 0.67 Arabidopsis
2C1 Photosystem | assembly protein ycf4 233 2.9e-18  Carpobrotus chilensis
2D2 Lhca?2 protein.(Chlorophyll A-8 binding protein) 461 2.0e-42  Arabidopsis
2D9 60S ribosomal protein L37 375 2.6e-33  Arabidopsis
2H3 translation elongation factor EF-Tu precursor, chloroplast 315 5.9e-27  Glycine max
e ST e () e aieor Dot
3H1 Serine 1 ultra high sulfur protein 199 1.1e=-14  Mus musculus
3A1 60S ribosomal protein L9 (Gibberellin-regulated protein GA) 304 8.6e-26  Pisum sativum
3C5 Rab1C 149 2.3e-09  Lotus japonicus.
302 Photosystem Il 10 kDa protein 85 0.88 Xerophyta humilis
3F2 60S ribosomal protein L13a-2 350 7.8e-42  Arabidopsis
3G10  Chlorophyll a/b-binding protein CP24 829 2.0e-81 Pea
4B1 60S ribosomal protein L10 (EQM) 310 2.0e-26  Solanum melongena
4C2 60S ribosomal protein L39 580 4.8e-55  Arabidopsis
4D9 60S ribosomal protein L4-1 (L1) 398 9.4e-36  Arabidopsis
4F5 Histone H2A.F/Z (At3g54560) 542 5.2e-51  Arabidopsis
AH1 SMUukltLiJ;it.alytic endopeptidase complex, proteasome, beta 074 136=02  Arabidopsis
4H7 Ribosomal protein L33 352 7.0e-31  Castanea sativa
5B2 RpoD protein. Plasmodium falciparum.
5E4 PSII K protein. 129 3.8e-07  Atropa belladonna
5E9 ATP citrate lyase b-subunit (EC 4.1.3.8). 280 5.2e-23  Lupinus albus
5G6 Photosystem | reaction center subunit X psaK. 561 5.0e-53  Nicotiana tabacum
5H12  At2g31140 protein. 495 4.9e-46  Arabidopsis
606 Plastocyanin 346 3.0e=30  Cucumis sativus
609 Tubulin beta-2 chain (Beta—2 tubulin). 549 4.4e-63  Lupinus albus
6ES F8A24.9 protein. 976 5.3e-97  Arabidopsis
7A10 Ribosomal protein L29 17 5.6e-06  Panax ginseng .
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Table 1.4.f Putative function related structural and basic cellular function in plants of ESTs
obtained from ZGMMV-infected cucumber (continuned).

Query

Score

Score

Name Subject_Gene Row EValue Source
709 Translation initiation factor-like protein 519 1.4e-48  Arabidopsis
7012 Genomic DNA, chromosome 5, P1 559 8.1e-53  Arabidopsis
TH7 Gossypium barbadense (Sea-island cotton) 509 1.6e-47  Gossypium barbadense
7H10  AT4g33900.(22 kDa peroxisomal membrane protein (PMP22)) 331 1.2e=28  Arabidopsis
8A4 PSIl 10kD phpsphoprotein. 212 4.8e-16  Alropa belladonna
8B11 Super cysteine rich protein (Fragment) 284 6.2e-31  Homo sapiens
8C1 Cysteine synthase ) (OAS-TL). 572 3.4e-54  Citrullus lanatus
8C4 HMG protein (AT3G51880/0RF13). 735 1.8e=71  Arabidopsis
8D1 Cytoplasmic ribosomal protein S13. 79 0.17 Panax ginseng
803 Cytochrome oxidase subunit Il (EC 1.9.3.1) 214 3.0e=16  Prodoxus marginatus.
8F3 Cytoplasmic ribosomal protein S15a-like 251 1.6e-19  Citrullus lanatus
8H9 40S ribosomal protein S10 491 1e-45 Oryza sativa
3E9 Photosystem | reaction center subunit Il 824 6.8e-81  Arabidopsis
9A3 40S ribosomal protein S7. 748 7.6e-73  Avicennia marina
9F12 LHCII type | chlorophyll a/b-binding protein 587 4.2e-55  Phaseolus aureus
10A1 60S ribosomal protein L10a-1. 473 1.1e-43  Arabidopsis
10A6 60S ribosomal protein L37a. 90 8.3e-09  Gossypium hirsutum
10B5 Ribosomal protein L32 309 4.5e-26  Arabidopsis
11A6 60S Ribosomal protein L44 (Ribosomal protein L44). 345 3.9e-30  Gossypium hirsutum
11B2  40S ribosomal protein S3a 750 4.7e-73  Helianthus annuus
1188 Ribosomal protein small subunit 28 kDa. 312 1.2e-26  Helianthus annuus
1otz gﬁii:zg \[/);Oslilgli—rell(sto?:riﬁzg membrane protein.(VAMP) 81 9.8e-84  Arabioopsis
11F12  Hypothetical 30.9 kDa protein. 602 2.3e-57  Arabidopsis
11H5  EbiP1409 (Fragment). (BlastN: tRNA for Leu and Phe) 630 2.4e-60  Anopheles gambiae
11H10  40S ribosomal protein S11. 1 2.4e-05  Zea mays
12A2 Chloroplast 30S ribosomal protein S4 261 Atropa belladonna
12C4  Plastid ribosomal protein S6, putative. 84 0.99 Arabidopsis
126 21?;1:2;;—61“,3—bisphosphate carboxylase/oxygenase activase 003 6.36-2  Gossypium hirsutum
12F12  Fiber protein Fb15. 719 9.0e-70  Gossypium barbadense
12G12  Photosystem Il 10 kDa phosphoprotein. 511 9.9e-48  Lotus japonicus
1384  F8K7.25 protein 216 1.8e-16  Arabidopsis
13C8 F8A24.9 protein 203 4.3e-15  Arabidopsis
1306  40S ribosomal protein S10-3 680 1.2e-65  Arabidopsis
13H7  Non-symbiotic hemoglobin 2 (Hb2) (ARAth GLB2). 541 1.7e=57  Arabidopsis
15G3  40S ribosomal protein S20-like protein (At3g47370). 803 1.1e=78  Arabidopsis
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Table 1.5. Unclassified

function in plants of

ESTs obtained from ZGMMV-infected

cucumber.

Query Subject_Gene Score Score Source

Name Row EValue
MO1AO08 expressed protein 91 0.039  Arabidopsis thaliana
MO01C04 unknown protein 204  2.00E-15 Oryza sativa
MO1CO06 expressed protein 286 1.00E-24 Oryza sativa
MO1DO01 hypothetical protein YUP8H12R.27 166 4.00E-11 Arabidopsis thaliana
MO1D10 expressed protein 155 2.00E-09 Arabidopsis thaliana
MO1D11 expressed protein 133  3.00E-12 Arabidopsis thaliana
MO01D12 unnamed protein product 269 1.00E-22 Homo sapiens
MO1FO7 expressed protein 142 9.00E-08 Arabidopsis thaliana
MO1F10 unknown protein 188  3.00E-13 Oryza sativa
MO01G08 unknown protein 130  1.00E-10 Oryza sativa
M02B04 hypothetical protein 92 0.015  Arabidopsis thaliana
MO02B11 expressed protein 730  1.00E-76 Arabidopsis thaliana
M02CO01 hypothetical protein [imported] 95 0.007  Arabidopsis thaliana
M02D02 unknown protein 168 7.00E-11 Oryza sativa
MO2E05 expressed protein 103 0.001 Arabidopsis thaliana
MO2E08 expressed protein 165  5.00E-11 Arabidopsis thaliana
MO2E10 unnamed protein product 139  7.00E-14 Arabidopsis thaliana
MO02G05 expressed protein 523 5.00E-52 Arabidopsis thaliana
MO03B01 expressed protein 192  5.00E-14 Arabidopsis thaliana
MO3CO01 hypothetical protein 3 chloroplast 270  1.00E-22 Nijcotiana tabacum
MO03C04 unknown protein 327 1.00E-52 Arabidopsis thaliana
MO3CO06 expressed protein 239  4.00E-19 Arabidopsis thaliana
MO3C12 expressed protein 502  1.00E-49 Arabidopsis thaliana
MO3DO03 expressed protein 579  1.00E-59 Arabidopsis thaliana
MO03D09 unknown protein; 13384-11892 822 1.00E-86 Arabidopsis thaliana
MO03GO03 expressed protein 647 1.00E-66 Arabidopsis thaliana
MO3G11 unknown 627 4.00E-64 Arabidopsis thaliana
MO3H04 expressed protein 493  2.00E-53 Arabidopsis thaliana
MO4A06 hypothetical protein 88 0.051 Arabidopsis thaliana
MO04D06 expressed protein 501 1.00E-49 Arabidopsis thaliana
MO04D10 expressed protein 621 2.00E-63 Arabidopsis thaliana
MO4E10 hypothetical protein 173 2.00E-11 Arabidopsis thaliana
MO4E11 expressed protein 158  9.00E-10 Arabidopsis thaliana
MO04F04 expressed protein 382 8.00E-36 Oryza sativa
MO4F06 expressed protein 187  2.00E-13 Arabidopsis thaliana
MO4F12 expressed protein 306 2.00E-27 Arabidopsis thaliana
M04G06 expressed protein 179  1.00E-12 Arabidopsis thaliana
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Table 1.5.a Unclassified function in plants of ESTs obtained from ZGMMV-infected

cucumber (continued).

Query Subject_Gene Score Score Source
Name Row EValue

MO05B04 expressed protein 113  5.00E-05 Arabidopsis thaliana
MO05B08 expressed protein 683 2.00E-70 Arabidopsis thaliana
MO5C05 expressed protein 347  4.00E-32 Arabidopsis thaliana
M05D02 expressed protein 624  9.00E-64 Arabidopsis thaliana
MO5D05 expressed protein 335 1.00E-30 Arabidopsis thaliana
MO05D06 expressed protein 463  6.00E-45 Arabidopsis thaliana
MO5EO03 hypothetical protein F2G14_10 262 9.00E-22 Arabidopsis thaliana
MO05GO01 expressed protein 162  4.00E-10 Arabidopsis thaliana
MOG6AO01 unknown protein 188 1.00E-13 Oryza sativa
MOBAO2 expressed protein 130  6.00E-07 Arabidopsis thaliana
MOGAO3 expressed protein 455  3.00E-44 Arabidopsis thaliana
MO6A11 hypothetical protein 132 1.00E-07 Deinococcus radiodurans
MO06B05 expressed protein 88 0.044  Arabidopsis thaliana
MO06B11 expressed protein 639 2.00E-65 Arabidopsis thaliana
MO6CO05 expressed protein 104 6.00E-04 Arabidopsis thaliana
MO6D03 expressed protein 304  9.00E-27 Arabidopsis thaliana
MO6EO4 unknown protein 404  2.00E-38 Arabidopsis thaliana
MOGEQ7 expressed protein 261  8.00E-22 Arabidopsis thaliana
MO6F08 expressed protein 507  3.00E-50 Arabidopsis thaliana
MO6H03 expressed protein 155 7.00E-10 Arabidopsis thaliana
MO7A09 unknown protein 217  5.00E-17 Arabidopsis thaliana
MO7A11 hypothetical protein 134  2.00E-08 Deinococcus radiodurans
MO7B08 expressed protein 672 3.00E-69 Arabidopsis thaliana
MO7B09 expressed protein 149  8.00E-09 Arabidopsis thaliana
MO7B810 unknown 256  1.00E-21 Arabidopsis thaliana
MO7C07 expressed protein 281  6.00E-24 Arabidopsis thaliana
MO7D07 unknown protein; 14-1201 527  2.00E-52 Arabidopsis thaliana
MO7G08 expressed protein 528 1.00E-52 Arabidopsis thaliana
MO7H10 unnamed protein product 155 7.00E-10 Arabidopsis thaliana
MO8AO9 expressed protein 157  4.00E-10 Arabidopsis thaliana
MO08B05 expressed protein 400  7.00E-38 Arabidopsis thaliana
MO08B10 expressed protein 331  6.00E-30 Arabidopsis thaliana
MO08CO04 hypothetical protein 457  4.00E-75 Oryza sativa
MO8CO06 expressed protein 782  6.00E-82 Arabidopsis thaliana
M08DO01 hypothetical protein At2g42580 [imported] 346  1.00E-31 Arabidopsis thaliana
MO08D06 expressed protein 452  5.00E-44 Arabidopsis thaliana
M08D09 hypothetical protein F16P17.16 [imported] 365  3.00E-34 Arabidopsis thaliana
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Table 1.5.b Unclassified function in plants of ESTs obtained from ZGMMV-infected

cucumber (continued).

Query Subject_Gene Score Score Source

Name Row EValue
MOBEO1 expressed protein 1065 1.00E-114 Arabidopsis thaliana
MO8EO7 unnamed protein product 446  5.00E-43 Arabidopsis thaliana
MO8E10 hypothetical protein T29H11.60 886 5.00E-94 Arabidopsis thaliana
MO08F04 unknown 346  9.00E-32 Cucumis sativus
MO8F07 unnamed protein product 326 3.00E-29 Oryza sativa
MO8F11 expressed protein 222  5.00E-17 Arabidopsis thaliana
MO8GO05 expressed protein 139  1.00E-07 Arabidopsis thaliana
MO8HO09 expressed protein 244 5.00E-20 Arabidopsis thaliana
MO9A02 expressed protein 283 1.00E-24 Arabidopsis thaliana
MO9A04 expressed protein 843 5.00E-89 Arabidopsis thaliana
MO09B09 expressed protein 385 2.00E-36 Arabidopsis thaliana
MO9CO04 expressed protein 264  5.00E-22 Arabidopsis thaliana
MO9CO05 expressed protein 441 2.00E-42 Arabidopsis thaliana
MO9C12 expressed protein 317  3.00E-28 Arabidopsis thaliana
M09D02 unknown protein 727 1.00E-75 Arabidopsis thaliana
MO9DO05 expressed protein 616 1.00E-62 Arabidopsis thaliana
MO9EO6 unknown protein 400  8.00E-38 Arabidopsis thaliana
MO9EO8 hypothetical protein At2g26340 [imported] 469 9.00E-46 Arabidopsis thaliana
MO9E10 hypothetical protein 304 1.00E-26 Oryza sativa
M09G02 unknown protein 137 2.00E-07 Arabidopsis thaliana
MO09GO7 hypothetical protein 386 2.00E-36 Brassica oleracea
MO09G12 hypothetical protein 534  3.00E-53 WNijcotiana tabacum
MO9HO6 expressed protein 472  4.00E-46 Arabidopsis thaliana
M10B01 Unknown protein 113  2.00E-04 Arabidopsis thaliana
M10B05 hypothetical protein F16J13.30 531  5.00E-53 Arabidopsis thaliana
M10B07 unknown 545  4.00E-55 Arabidopsis thaliana
M10C03 expressed protein 770  1.00E-80 Arabidopsis thaliana
M10C05 unknown 187  5.00E-13 Arabidopsis thaliana
M10C07 unknown 716 3.00E-74 Arabidopsis thaliana
M10E05 unnamed protein product 123 4.00E-06 Pisum sativum
M10F10 unknown 723  3.00E-75 Arabidopsis thaliana
M10F11 expressed protein 374  7.00E-35 Arabidopsis thaliana
M10G09 unknown 104  6.00E-04 Arabidopsis thaliana
M10G11 hypothetical protein 135 4.00E-07 Plasmodium falciparum
M10HO1 expressed protein 199  4.00E-30 Arabidopsis thaliana
M10HO03 hypothetical protein M4122.200 400  9.00E-38 Arabidopsis thaliana
M11A08 expressed protein 891  8.00E-95 Arabidopsis thaliana
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Table 1.5.c Unclassified function in plants of ESTs obtained from ZGMMV-infected

cucumber (continued).

Query Subject_Gene Score Score Source

Name Row EValue
M11B09 expressed protein 350 5.00E-32 Arabidopsis thaliana
M11CO05 expressed protein 108  3.00E-04 Arabidopsis thaliana
M11C11 expressed protein 491 2.00E-48 Arabidopsis thaliana
M11D05 expressed protein 489  3.00E-48 Arabidopsis thaliana
M11E08 expressed protein 188  2.00E-13 Arabidopsis thaliana
M11G04 unknown protein 403 3.00E-38 Oryza sativa
M11G05 expressed protein 154 1.00E-09 Arabidopsis thaliana
M11HO03 expressed protein 464  3.00E-45 Arabidopsis thaliana
M11HO07 unknown protein 140  9.00E-08 Arabidopsis thaliana
M12A01 expressed protein 349  8.00E-32 Arabidopsis thaliana
M12A06 unknown protein 146 8.00E-09 Oryza sativa
M12A10 expressed protein 764  6.00E-80 Arabidopsis thaliana
M12A11 unnamed protein product 522  8.00E-52 Arabidopsis thaliana
M12A12 unknown protein 369 2.00E-34 Oryza sativa
M12B03 unknown 97 0.004  Arabidopsis thaliana
M12B05 expressed protein 131 1.00E-06 Arabidopsis thaliana
M12C07 unknown 462  6.00E-45 Cucumis sativus
M12C08 unknown 452  1.00E-43 Arabidopsis thaliana
M12E01 unknown protein 140  6.00E-08 Arabidopsis thaliana
M12E02 expressed protein 834  4.00E-88 Arabidopsis thaliana
M12F04 unknown protein 548  7.00E-55 Arabidopsis thaliana
M12F06 unknown 657 1.00E-67 Arabidopsis thaliana
M12F11  expressed protein 848  4.00E-92 Arabidopsis thaliana
M13B02 unknown protein 175  1.00E-11 Oryza sativa
M13CO01 expressed protein 725 2.00E-75 Arabidopsis thaliana
M13C02 expressed protein 706  4.00E-73 Arabidopsis thaliana
M13D03 hypothetical protein protein 92 0.016  Bacillus cereus
M13E02 hypothetical protein F6E21.40 1151 1.00E-124 Arabidopsis thaliana
M13E06 hypothetical protein 88 0.046  Plasmodium falciparum
M13F07 expressed protein 133  5.00E-07 Arabidopsis thaliana
M13G02 expressed protein 335 4.00E-30 Arabidopsis thaliana
M13G03 expressed protein 386 1.00E-36 Arabidopsis thaliana
M13H02 expressed protein 111 1.00E-04 Arabidopsis thaliana
M13H07 expressed protein 309 3.00E-27 Arabidopsis thaliana
M13H09 hypothetical protein F19H22.150 772  9.00E-81 Arabidopsis thaliana
1C9 Hypothetical Protein (Hypothetical arginine-rich 180 1.2e-12

region/HMG-1 and HMG-Y DNA-binding domain)

1012 Predicted protein Bateria
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Table 1.5.d Unclassified function in plants of ESTs obtained from ZGMMV-infected

cucumber (continued).

Query Subject_Gene Score Score Source
Name Row EValue
1E8 hypothetical protein (calcium binding protein) (InterPro: 219  8.6e-17 Human
RNA binding motif, Em/Spm transposon)
1F9 Arabidopsis thaliana hypothetical 43.1kDa protein 91 3e-17  Arabidopsis
2A7 Hypothetical protein. 74 0.55 Arabidopsis
2A8 Hypothetical protein (Similar to plasmodium lophurae 123 1.3e-06 Dictyostelium discoideum
histidine-rich glycoprotein).
284 Hypothetical protein. 763 2.0e=74 Arabidopsis
2C7 Hypothetical protein CT1172. Chimeric 493 8.0e-46 Bacteriophage T7.
AFGP/trypsinogen—like serine protease (Fragment).
206 hypothetical protein 894 2.6e—88 Arabidopsis
2F2 Weakly similar to hypothetical 10.3 kDa protein. 86 0.076 Mus musculus
Glycoprotein gp2 (Fragment).
3A2 Hypothetical 26.3 kDa protein.(InterPro: Rhodanese-like 142 9.4e-08 Arabidopsis
protein)
3A9 Hypothetical protein (Serine/threonine protein kinase) 164 3.4e-10 Arabidopsis
(CBL-interacting protein kinase 14).
309 Hypothetical tyrosine—rich region containing protein 585 1.4e-55  Mus musculus
3F9 Hypothetical protein (Transcription factor Il homolog) 79 0.23 Arabidopsis
(Putative TBP associated factor 15kDa subunit)
(Putative TBP-associated 15 kDa subunit protein).
3G1 Hypothetical protein 722 1.8e-84
4C9 At2g41250 protein (Hypothetical protein) 398 9.4e-36  Arabidopsis
(InterPro:HAD-superfamily hydrolase, subfamily IA,
variant 1)
4E12 Hypothetical protein (InterPro: Plant integral membrane 72 0.32 Arabidopsis
protein)
4F2 Hypothetical protein At5g64816 precursor (SwissProt: 389 8.4e-35 Arabidopsis
signal)
4G9 Hypothetical protein (Fragment). 348 1.9e-30  Plasmodium yoelii yoelii
5810 Hypothetical protein. 299 2.9e-25 Bacillus anthracis
504 Genomic DNA, chromosome 5, P1 clone:MSF19 265 1.2e-21 Arabidopsis
(Hypothetical protein). Putative nucleic acid binding
protein (Human virus)
5F4 Hypothetical protein (At3g53470). 832 9.6e—-82 Arabidopsis
6E1 Similarity to unknown protein (Hypothetical protein). 230 6.0e-18 Arabidopsis
Similar to Rnase Il
786 Hypothetical protein, unlikely. 247 9.4e-20 Trypanosoma brucei.
7C5 Hypothetical 10.0 kDa protein 236 1.4e-18 Arabidopsis
TE7 Hypothetical protein. 189 1.3e-13 Arabidopsis
8A3 Hypothetical protein PO519E12.3. 334 5.7e-29  Oryza sativa
888 Hypothetical 34.6 kDa protein. 303 1.1e=25 Arabidopsis
8G11 Predicted protein 62 0.991 Methanosarcina
acetivorans
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Table 1.5.e Unclassified function in plants of ESTs obtained from ZGMMV-infected

cucumber (continued).

Query Subject_Gene Score Score Source
Name Row EValue

8H1 Hypothetical 6.3 kDa protein (Grapevine 765 1.2e=74 Grapevine leafroll-
leafroll-associated virus 2) associated virus 2

8H11 Gb|AAF67764.1 (AT5913610/MSH12_7) (hypothetical 685 3.6e-66 Arabidopsis
protein 42.3kDa)

9A5 Putative chloroplast membrane—associated 30 kDa 510 1.3e-47 Oryza sativa
protein.(hypothetical protein, lipid transfer protein, IM)

9A11 Hypothetical protein.(24.4kDa protein) 428 6.2e—39 Arabidopsis

9C3 Hypothetical protein (38.3kDa protein) 366  2.3e-32 Arabidopsis

9C6 Hypothetical protein (Photosystem | subunit O 396 1.5e=35 Arabidopsis
precursor)(Putative 16kDa membrane protein).

9F6 Hypothetical protein At5g07960. 465 7.5e-43 Arabidopsis

10C5 T17H3.3 protein (Similar to CGI-126 protein) 213 3.8e-16  Arabidopsis
(Hypothetical protein).

10G1 Hypothetical protein 530 9.6e-50  Arabidopsis

10G5 Hypothetical protein (Glyoxalase, lactoylglutathione 1075 8.2e-112 Arabidopsis
lyase activity, carbohydrate metabolism)

11C11  Hypothetical protein. 185 6.4e-22  Arabidopsis

11F1 Hypothetical 25.8 kDa protein. 295 9.7e-24 Arabidopsis

11F4 Hypothetical 90.8 kDa protein 480 1.9e-44  Arabidopsis

11F8 Maybe sequence contam, but Hypothetical protein. Or 378 1.2e—383 Arabidopsis
alfalfa mosaic virus truncated MP

11G2  AT3g11530/F24K9_21 (Hypothetical protein).(InterPro: 568  9.1e-54 Arabidopsis
Vacuolar protein sorting 55)

11G6 Hypothetical protein (Putative ribosomal protein L28) 268 5.6e—22 Arabidopsis

11G8 Putative 40S ribosomal protein S3. 204 4.2e-19  Triticum aestivum

11H12  Gb|AAD43151.1 (AT3g19030/K13E13_15) (Hypothetical 665 4.8e-64 Arabidopsis
protein).

12C5 Hypothetical protein At1g67360. 474 8.3e-44 Arabidopsis

13E4 Hypothetical 54.4 kDa protein 76 0.63 Arabidops/is

13F5 Putative PQQ enzyme repeat 702 5.7e-68  Salmonella

typhimurium.
183G10  Hypothetical 34.3 kDa protein (Fragment). 408 8.2e-37 Cicer arietinum
(Chickpea)

13G11 Hypothetical protein 213 3.8e-16 Arabidopsis

1487 Hypothetical protein. 86 0.82 Arabidops/s

14F10  Hypothetical 20.4 kDa protein 789 3.5e-77 Arabidopsis

15A11  At2g25280 protein (Hypothetical protein). 955 8.8e-95  Arabidopsis

15G11  Hypothetical 28.7 kDa protein.(Calcuium binding 100 0.068  Arabidopsis

EF-hand)
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Fig. 1.4. Distribution of cucumber cotyledons transcrips infected with ZGMMV by

functional categories.

Hholej =9 Zhedel wE A EAo whES Fofetr] fgh =] dFow
A 783 sequencing¥} blaste] Az B wl, FA7A vy AE A HauE fHA7}
- A2 AS d g e, 30% A Vwol dHAd JA F2 FAAR ety
I Q+=d, °]+= GenBank2] dbEST (% 17,618,2417), 20031d 6¥ &AA)T 2 °|(Cucumis
sativus) 32170, BE  (Cucumis melo) 67 HE7} TEHo 3A7] =olth. wEhA,
Table 1.1 W89 q]—‘jr—”i—% kA Fo A Aol Baud izt o 5 v 1

%

Hol| = BlastNe] Z3E X, Arabidopsis, potato, tobacco, cotton & A A-&3}, 7}A] 3}
21 & 53 w9 =2 sequence homologyE ZHil U2 & 4 ATE ©]2]3F sequence
homology= &% 7|24 AxAE fFAo doF x4 ddsoA A3 e

ok
Sk, 29]2] mRNA®| ™3 Arabidopsis cDNA microarrayS A &3+ 23} Arabidopsis
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mRNAo| #H]3}o] uvf$- & signal intensityS X&) A2 species 54 <l sequence
variation<> =A|sh= Ao 2 HITh
vhole] 2~ fhde] A9, FxRuwd 9 Mxgde y[EHoez Fdagt HAAAE]

(¢}
g 2e ABAE 01%*‘6}01 Ay A GAsE AR WS FasAw
A

Rxol ZGMMV #HAAl 47 gt AEAE vk
FrAAtEe] v ESTs® FHEASS ¢ F AUt 8, cDNA library®] A2 913
nhol ] 290 HF& A (wounding) 2t o] o] Fo]#] 7] wjitel wound-induced transcripts
7b sl gEE AR 7)Eol iy =S V|22 B u, 8RE ESTsT B i
o] A3 nlol 29 H<Q], EA, viriond AFA L cell to cell movement (short
distance movement)?] A A EFo] HEESI= HAALAZR FHHH ST
Clone indenification®] ©]Fo%l A& GenBankoﬂ ESTsZ 55 4 FolH, &
A AEA Yol freezer medium S 2 K ¥3FaL Q)

1.2.2. Hfo] g A& k& cDNA chipd] 7|

re
-
=
ofo
rlo

Al 2 AFHA G FE5om et U &olt},

0

off
fins

q

ol
off
>

r (

2 FAE A FAAe BAs A sk vl s FES ARE
Zka YA e A, vhely~E AESVE Wl olHTh S, WA EY] ASE 4
E Eol®BW, ZGMMV, KGMMV, CGMMV, ZYMV, WMV, CMV %5 "% 2& F7 9]
ol ~7F AEA 52 FI SO EAT & Adedl, olE HAd Y fsiAe B
Sl Aol a7 ¥, H Weol o]&¥ = multiplex PCRS ©]§38h= Z5-oll= 3

| 10744 whole 28 EAd A4sts A Brbsd g oled A44 x
MR R AR EAT F P vhole o] g

Qta, of WES shtel Setoltol amay @& F, WAL whole s R
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°
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i
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of FeiRtAl ku AEAE AL F As =TE ALE

w2 AT A A A7) AR HE vpolel 9] uuuid ey 54 H s
PCRZ %, A8l slideol spottingdt §-, Cy5/Cy3 &3 H A kS labeling A% 7+

A2 E 9 total RNAS} hybridizationAl A 1 A E A= WS AASHS
Hlo] 2] 2~ 9] nucleotide ¥ @A sH4 AFAAA o LAt WA E vlole 2~ HAHE

cDNA chip& AASIAT 47149 A= & 932 E 7FFA  tobacoviruse (target
viru) & AEstg o, g vhelgl ~E5LS ZGMMV, CGMMV, KGMMV % CFMMV
ARk 1 A= Fig 159 23k

Ae A= = glass slides o]-&sto] HdA@stax siglovy, d37=7F w9 ofst
3L, cross reaction®] Wo] dojuqi= w0l 3lo] membrane-coated slideE AF-§3Fo] ©]
Ao S S5 5 ATk £, membrane-coated slide®] 7 -9~ background signal©]
Uetvs wido] BRI, 7k Aol WP SR target virus spotol] FThHA o

£

PRt AR FEY £ Qe W A et B 9

o

ZGMMVel| ZHa® ¢o] 2&E¢ RNAZ wEo]X probeE 283151
1.222A° YEyE AAE ZGMMV spotell = 7HE Al Adtear, Atz oz
KGMMV$} CFMMVol & oFstAl A%t 23 E R oF¢t}.

735, Fig

v

M1 2 34 W1 2 14 M1 2 3 4 M 1 2 3 4 M1 2 34

kDa
50 o -
25 7 W
s A B c D

Fig. 1.5. Western blot hybridization2 ©]-83}o] A H 4712 A 2 v} & vt 24 & 79 A
tobamoviruse= ¢ &% 8H4 A A
Lane (M) SDS-prestained protein markers; (1) CGMMYV; (2) ZGMMYV; (3) KGMMYV; (4)
CFMMV. Panel (S), Coomassie-stained SDS-PAGE Panels (A), (B), (C), (D),
Western blots mmunoprobed with (A) ZGMMYV; (B) KGMMYV; (C) CFMMYV; (D)
CGMMYV antisera.
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Sample array order

1
5%
"800
b| OO
.00
c| OC

(=1

Fig. 1.6. 47}#] #2121 & 7114 tobamovirus2] 7 g ol A& % 4] & u}o] 2] 2 ¢cDNA chip ¥
bS]
A Z 9] array w4 (a,b,cand 1,2,3,4) & Z1H ] Y& 22,
Panels (A), (B), (C), (D), hybridization of cDNA chip probed to (A) ZGMMYV; (B)
KGMMV; (C) CEMMV; (D) CGMMYV.
Row (d)= cDNA chip hybridizationA] Y€} & 337 %= density graph .

vpol 8]~ A G chipS o] &3le] wpoly ~o EH U EAEEES

iih)

438 EA

FrAhstzl fside AA ARZA Ad-dE HEA

+ internal control
(standard)?} TF2 2 99Y 2 non-specific probeE THEIT F A= FHAAIF DRy,
2 Ao A= 2709 housekeeping 7 AE AFE3LA . A A EA ] tdt control=
Arabidopsis®ll A1 4] alpha-tubulin®} T2 s Abghe] @k #E {H A9
p35-protein genes o] &3ttt T A AFo A o] Fojxl EE slided] Aol UA
g FEoR Bd S s E A9E 48 7 Al
2 vlo]# 2 probe 23 HHE ulol# X spot Q] hybridization A 3= ZGMMYV 9]
B9k FrASATHFig. 1.6 B, C, D). HolelZ probe®} 3 Hfolz{ 2~ Apo] 9
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nucleotide sequence &dA2> AA EElol=oA YEluE FFAEe] HJEe 1k
FoAdS BTl (Table 1.6). ©] signal> 54 wpolg]xol HAo] ojnx Hd=

g
o189 5 e Ao oA welgze FAW Biel WS FEH AR o] g
o

Table 1.6. ZGMMV 2} t}2 tobamovirusE 2} 2] nucleotide (nt) % coat protein amino acid (aa)<]

154 (sequence similarity percentage) H| 1.

nt ZGMMV KGMMV CFMMV CGMMV
ZGMMV 81.0 76.9 56.1
KGMMV 81.0 80.0 54.1
CFMMV 76.9 80.0 53.5
CGMMV 56.1 54.1 535

aa ZGMMV KGMMV CFMMV CGMMV
ZGMMV 77.6 77.6 45.3
KGMMV 77.6 81.4 46.6
CFMMV 77.6 81.4 45.3
CGMMV 453 46.6 453

E3 mfol#l spot & TMVE PMMoVi Al§leh 471#] glzjujole] 29f nk-E-3}4]
k=d, olAL 7|Eo]l HuHE (Yoon et al, 2002)949] AF}AFH nucleotide
sequence®] 540l 40% ©]dto]l7] wEQl How HoFT
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Flamsradsin saiemils L8

Fig. 1.7. Z}Z} 2] nlo] 8] 2~ 59| probeo} & 3% vlo] ] 2 Alo] 2] A3 & 37} = 2 nucleotide

71 E ALl 9] scatter diagrams.

635nm 2! 532nmol 4] 9] & F7F = ol A 2}t 317 2] background & 37T =5 Wl &= FLol
&t Z &2fo] = 9] alpha-tubuline2] & 347 &= gk 0 2 normalization 3+ 2 7} o]
t}. o] v 2] 9] scan} & 7 2] 2] = GenePix Pro (ver 4.1. Axon Instrument) 22 2 71
@S o]-g3kslth (A)¢} (D)= ZGMMV, KGMMV, CFMMV ¢ CGMMV 2}2}9]
9] v] ekl Ao o) 3 cDNAES Cy3E labeling 3 2 ¥},

Each regression value (A) 6.5709 0.1153x, R2 0.8607; (B) 6.0771 0.109%x, R2 0.8749; (C)
6.4391 0.1147x, R2 0.8678; (D) 2.9197 0.0812x, R2 0.9264.

Dotted line< predicted 95% confidence intervalsJ.

(G.P. Lee et al. / Journal of Virological Methods 110 (2003) 19:24-23)

2 AFd A= vRol#f 2~ 748 ¢DNA chip microarrayE $13ke] ko] % arrayerS
o] &3t A =Hl(Fig. 1.7), 1= A& °F 765709 spotihS array & F U+ LfE9

S Y
A& arrayergtal & 4 ok wEbA, #H ARSI 21 automatic arrayerE ©]-8-3h
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g, &9 Egtol=d o A2 %9 Hlo]gl2 PCR product 22 oligomerE ©]-83}¢
o B2 a9 spot% arrayst = 0ol A2 A2l cDNA-chip A& =g € 4 3
ozt Ats T

] d5= MAAFSZ H3o2 AXZE 3L publish (Lee et al., 2003)% cDNA chip 7]
o] &3 AEulolel~ AA 7|He Ayl & 4 Jr}. o] 7]&L thE A Enlo]
2] of Ag3strp, vlo]e A9 genus I strain oA Fo] 7bE 3k wf
Hol & F & Aom oAAAM, LI blole]s FHAE WA

AAA8A GMO)el RUHPN AZ w9 BHAL Ao A

O

(¢

X

i

oy
T

b
o
J

2 Ho
ofo
=
o
o
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i

W o
il
K-y
b
hins
ot

f
®

1.2.3. Eojatd {FAR €A

b Bol @@ §A49 232A 2 profiling

cDNA microarray S ©]-&3}o] wlol#]x 7hdo] ~EY A ZHA Solxow uy
gt FAAE 229 At sk 58], 3AFAA A S 2 EE TRt dE
cDNA microarray S %] -83} 9t} SSH(subtractive suppression hybridization)©= J33] =&
H&2 Soldd fdaxE A28 & Jde HHolAR T3 we F8E50] w2
redundancy S R Tt mebA, Zhzhe] FEo] Uit HdEFS total RNAE o=
A= dgeo] dadd, 30001 el FEE e Northen A4S W9

hybridizations &3to] ~3d & + AATh

SSHE ©| &34 mock inoculationdt *2]F-ol H]sle] o o2 differential 3}/
induction ¥ 1@ sequenceES W3S i, o5 F rRNAS H[=d A7 AY, &2
Rubisco large/small subunit sequence=3¥} homologyE 2%t sequenceE-+- colony
hybridizations &3}lo] A <] A Z o}

AaE cloneE -2 T-vector?] universal primer (T7/SP6 promoter sequence)S ©]-83}o]
PCR S (reaction volume: 100ul) 9931, I A= vh Fig 1.8 £l 7} lane® =
DNA <& A st
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Fig. 1.8. Selection and PCR amplication of each cloned differential sequences between
virus inoculated and mock inoculated plants. These amplified sequences were arrayed on
commercial Amine coated slide (Superamine Slide; Arrayit) with manual DNA arrayer

(V&P Scientific). Each loading amount was of 3ul of 50ul reaction.

o] F89 AdsS 918t total RNAE H] 8 1L(Fig. 1.9), Northern AnalysisE &
g

= 5
3ol RNAS %9 integritys 1213+ th(Fig. 1.10). %8 cDNA-chipol hybridization
S 9| reverse transcription©] T UBHA Hojopst R Ist-strand ¢cDNAS FHAE
&5 vl XA (Fig. 1.11).

Fearpalde g ogarose gl Hortbgan &paiva i Cocusibe st srand cOMA spnihesh
keadkesd wits 10ug folal RNE with B -a e DA prose et ek puly &+ mlNE
Cormn e E OB o6 @ i
(] i
[E]
Fig. 1.9. Total RNA Fig. 1.10. Northern Analysis Fig. 1.11. cDNA(Ist)
Isolation Result Result synthesis Result

AL Ho| QoFH microarray WHS E38}9], Fig. 1.129} 7 c¢DNA microarray

imageE 4S 4 AATE Mock treatment®] 7%~ red dye (Cy5)= ©]-831 1L, arrayd
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o

cloneE& SSHE £3t9] virusell 99 2% clonesS A3k
o] imagetr= YWEFUA @kth mEd H Aviagor AWE uw, SSHE Fdlo] o
W33 clone® AEetth st et x, mock treatmentol] A= S A] thEo 27 W sl=

clone yellow®] A& YERA AS HoF1 gt}

Fig. 1.12. ZGMMV (left) and CGMMYV (right) indued cucumber mRNA profiling with

cDNA microarray.

15 Z+7+9] cloneS < sequencingdle] #HF 2 02 c¢DNA-chip2 93 2 DBel
F7tetdh. w3k A3 oju|X & K Hlo]# 29 straindl wWEkA A E UE profileS
3l QJuh AAR ZGMMVE CGMMVE QololA 7+zh o2 WAz ddds

cDNA microarray®] A¥5 &F38l7] 918kl E71A] cloneEd tgk RNA gel blotting
= AAsHh (Fig. 1.13).

o5 Z %4 microarrays §35te] ¥ normalized data 7ol el U X5t

ol

4zt

O
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£ vetie]l A4 <l screenings T F AU

Fig. 1.13. RNA gel blot analysis for with different RNA probes. 1: clone No. 3, 2: clone

No. 22, 3: clone No. 23, 4: clone No. 48, 5: clone No. 50, 6: EFl-alpha, 7: rRNA small
subunit cDNA

E ATE Bajol, AEAY volex o] FEA4EL Fr WA
S A
= 1
HRE Eabed, AE2AE wolel s A fungi 5 ol tiF WA wgHA
1 =]
=

urhs, MARSH 2Ed s WY wengR EY @

o 4= @Itk 1231, microarray] WA A& AALRAL] profilingsl = - fr&

32| Wk, compatitive hybridization?}78 & X3l E, Sol4 W& {Fd249] screening®ll

48 AolE vl BEH ol

L}. Arabidopsis cDNA-chipS ©] &% 7|54 FAA ¢+d AA

A2AF-2 A D etk 9 FE S 2 Arabidopsisol] £0] 7|5 wpolE A~ Fo] 3}
CMVE ZaAA Aas st 9 om, Arabidopsis®] virus g4 FaAdE=
2+9] profilingS 18t °F 80001 72 Z&9] array® o] A= IncyteA2] ¢cDNA chip
etk violg & ZFE Al uncoatingol]l oI (HYE ¥, 3A1E oJW]) virus

inducible 21 & Az} ~32LS A A5G}

SO

tlo
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Ao HAS wlolg 2o AAA A=A oW FHAE BE & H=

Aol gk 7124 ARE QA AAEAT. A, 7B gel ol &He= A=Al
cDNA-chip2 2@ 2] &9l Arabidopsis& © 2 Arabidopsise A& 2717} 125Mbp = v
F Zar, HdA| genome F7IAEo]l WE A Qlof, wig F&I ARE OF A& 7 A
= ZHE 2 ok AFAle] Qo] cDNA-chipe] €3k A =to] 33} o O]E‘ﬂ
58}od 4] WA Arabidopsis chip o] &3le] Hlo]#] 2o ¢&te] FEHE 3

2ol 712l ARE FE5sa LI Q0] mRNA profiling 7Hs oS &)

19

;

ARt ow A& wlolgl e AEA FHE A, 1A A=W, e virion
R GAl BA D Aol Thedk o w wawo]l gty o] g, o]y 2e]
uncoating, replication, short distance movement, coat protein production, recoating®] 7
S Av Aoz wadc webA, oF 13A7HEeh AAZE AARSA o d
de b olFoldl= Aor FEea, & A4S TS

TESh, Arabidopsis®] 4-F-, w9 ©HFE ecotype E°] EASI=Hl, CMV (cucumber
mosaic virus)®] 74 -$-°lli= ecotype Col-00 &= HHAS Holil, ecotype C249] 4= local
regions FAANY (AFAE £EE). webA, & A= F7HA ecotypeo] CMVE 7
ol 4FdS Fgeto] A=AdA A= FdAke]
profilings A1zt &t E3, CMVE Q0] 7|52 3l HlolgjiolB g Qo]0

Y CMVE A7 &, 3413 T2 Qo] FH AL profilingS 20| a3 A T} (Fig

!
w
>,
N
N
ol
=2

AAI71aL, 1417

1.14).

Incyte chip®] 572 th¢3t control gene?} spiking genes AF-8-3Fo], chip quality
controls st Urk= Holth o] & ko], & ATl = A= mRNAo| g
gt g8 quality controlS F8J3}o, spiking control (Cy3/Cy5 = 1:2, 1:5, 1:10 2
Cy3/Cy5 = 2:1, 5:1, 10:1)9] ZAgko] TdatA dHElUYEE s, 9714 27709
housekeeping geneE°l Al Eetol=3te] WolE A3 313 o™, negative controll
non-plant gene5 | 3k QC datas LS & AU}
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(A)

(B)
Fig 1.14. Transcripts profiling with Cy5-labeled-cDNAs of CMV-fny-inoculated Arabidopsis
ecotype Col-0. Mock cDNAs were also labeled with Cy-3 dye. lhr (A) and

3hrs (B) after inoculation, respectively.
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©

(D)
Fig 1.15. Transcripts profiling with Cy5-labeled cDNA of CMV-fny-inoculated Arabidopsis
ecotype C24. Mock cDNAs were also labeled with Cy-3 dye.lhr (A) and 3hrs

(B) after inoculation, respectively.
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Fig. 1.14:= Col-0°] CMVE ZAAZ 5, 1A FEe & o] &3 A7 (A),
Col-0 3hr (B)Z Yell™, Fig. 1.15= CMV A &A ecotype?! C24 1hr (C), C24 3hr
(D)) profiling 235 WolFa gtk oF 800091 /Hel FAA7F 4702] blocks T4 3t
W, arrayH o] =0, o]FoA &k 6007/ UAl 7<% control geneEZ T4 H o
Ath. Red image= Hiel#|x zHgdel efsto] wEo]l FrhH = FAAE ovehH,
Green image= W&ol #AH+=, 123, Yellow image= #HEY 2 mock HEFTA

(buffer2 7 HF)A A Al FHEHE FHAAE vy,

Cy59 Cy39 337 %= 9 reverse transcription’] ol labeling S&°] €2 + A&
AE agste] zh7he] A3e dlste] Cy59t Cy39 dye swap A S 33T Fig.
L1694 & & e AHH 4Es =& AddS HoFol AP AFEE =<
T AAH

01 ATARET

B B
F F
3 z
H K
|

Fig. 1.16. Examples of dye-swap experiement results
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Mock ¥} Hlele] 2= HE 5 Wdst= FAALES 2H7] Cy3 (green)¥ Cy5 (red)=
EBuAl Hed ols 1He] Hl&e& SR AQ AFEE (scatter plot)E HEFWH Al H T Fig.
1.17¢] 75 Col-09} C2491 A niel&f = HEF 143F (A) 3L (OA el Z1e]aL, 347 A
(B) ¥ (D)9 scatter plots X531 Ut} 2mo A 3uj71x] TFHs = FAAES] Ht

(e} 2=
S B 5 Ak

- ST e

Y gl Bt

(A B)
| -
5 }

(©) (D)

Fig. 1.17. Scatter plot of Cy3/Cy5 signal intensities in Col-0 and C24. 1lhr (A), 3hrs (B)
after CMV inoculation in Col-0; lhr (C) and 3hrs (D) after CMV inoculation in
C24.
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CpECgl Draply Su Tl Dhagh

7 e Bk

i B B SEr

(A) (B)

Ty Gl C ik TR

(©) (D)
Fig. 1.18. Scatter plot of Cy3/Cy5 log signal intensities in Col-0 and C24. lhr (A), 3hrs
(B) after CMV inoculation in Col-0; lhr (C) and 3hrs (D) after CMV

inoculation in C24.

Fig. 1.189] A% Cy3/Cy5% log-transformed graphZ X4 Z+ spot®] FF7F=7} ojH &

R

{0

¥ E st YE JFE HoFtuh Datadl ¥ tfdk AHLS normalization® ® 7}5 35}
W, o] AL Wl =AY ¥ FFAEe WHolE FEI Ast & F e WHe=w
A A

a2 AR S v 2ok

Green intensity (532nm) / Normalized Red intensity (635nm)

o] 7] A, normalized red intensity = (Green intensity median / Red normalized median)
Normalization (3 Aol = AA FH=ke] thete] normalizations F3) -, H3d

e vlad Aot FhFe At 27044 dehga, gage Al 20744 tehg
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thowtolej s e 5, S7HE & AR HlES C24 3wrd] AE A= =49, 70%
(5240/7400)01H, Zrad FHAe] H&S 22% (1682/7400)0191E‘r olu, el AUA
housekeeping gene=H.tF 1 Wo| TdE {FHX HES HW, 40% (2953/7400)<]

=
H &S Btk o] A= 7]£9 tE Arabidopsis chip Xt} A3 ¥ W &S
el &= RS2 Incyte chip?] array® FEE°] £ AT oj§ AHFshs HAFH
()]
AN

AR wAGLe v L A

rlo
[¢)

cotype’d d FHATY EFE flst
o] Hierarchical clustering %] (Pierson squared)S =33}t (Fig. 1.19).

g, 919 A3E Bz AA 2ES7 2 Aad kel tE clustering 23S
B, Fig. 1.19%= A clustering & 555 3EAISE Ald], C24 3hrol| A 1F 5o 4
o=z Wy o] FrtstE FHAAE] clustering ¥ AS B 5 AT

a9 Q2% number= Genebank®| accession number® Z}z+e] F-7H Aol ot
informations ®F= &0 £ Utk o] AI}ES FY ARG geld] KW, Fig.
1.19B)} #o] & & U=, H2 AL controlo] H|Ee] wd o] FrtE A, 2ZA

A
= A A, e sdskA wdsta Jd= A, 283l 34 hybridization®] ©}

il F'l

Ay

5 S3to] 4ozl Arabidopsis Aol Wit information ¥ ARAE HE
= dA 24 FolW, & strain® niollx Bl AEEHE 2 HAESHA ZEY A
o 9]%t Arabidopsis profiling data®} H]1l HE F o]t}

Fig. 1.20> K-means ©]-83F clusteringS Col-02] 1hre} 3hr Alo]oll Al ]l

2 3hroll A WA Fo] Frtste fFAAES gdd] FEE & AddT ==
hierarchical clusterings §38Fo] 1% 823] 1) 3hroll A 7= F A A, 2) 1hr, 3hr
oA FAstA Lol ZAH FHA, 3) 1hr, 3hrollA BAdA ZFS ¢S 3o
CdElR= %ﬁX}E TOoE o] 7hEstiitt (Fig 1.21).

—_
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Fig. 1.19. Hierarchical ctusteiing of the Arabidopsis chip data.



Fig. 1.20. K-means clustering of the Arabidopsis chip data in Col-0.

Fig. 1.22. 2-D self-organizing map (SOM) 4X4 clustering of the Arabidopsis chip data.
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S HlustaA, A AFFE E5F Hierarchical clustering $+ 23}, w]§- Eo|st 2
F}E IS F ARG (o] AF, FAA 2L Stanford & A free-distributiondF =
Cluster ¥ Tree View program= ©]-83} 1 th).

=, AFAE A=A C24 1hr B 3hroll A EdE = Aol 22 group o=
clustering¥ %131, o] 7)ol 74742 Col-0 1hrol Al TH3= F73X 18] 3L, Col-0 3hr
A = FHAATOE v o] A Th

Arabidopsis ecotype Col-02} C24° CMV-fayS ZAAIZAS wl, Zt7] 1A 2 347
s st FAAe e FAHeR BY] #8te] mock AH T (FE
wounding)el]l H|s}e] 2ujo]4 WA FHAe] FRE Qkste] Table 1.7, 1.8, 1.9,
1109 YERH AT

Table 1.7. Detail information of CMV-fny-induced genes on lhr after inoculation in Col-0.

GEMID Cy3/ GeneName AccNum
Cy3

022RCNNI ont -3.4 Arabidopsis Landsberg erecta phenylalanine ammonia-lyase (PAL) gene L33677
022RCNNI ati  -3.2 F7GI19.1 AAB70396
022RCNNI ati  -3.2 Arabidopsis thaliana calreticulin (Crt3) mRNA, complete cds. U66345
022RCNNI and -3.1 F14G24.3; putative lipase; 20450-21648 AAG52273
022RCNNI put -3.1 F24K9.22; unknown protein; 80797-81587 AAG51441
022RCNNI ati  -3.1 A.thaliana mRNA for beta-fructosidase. X74514
022RCNNI unk -3.1 Arabidopsis thaliana protodermal factor 1 (PDF1) mRNA, complete cds. AF141375
022RCNNI que -3.0 Arabidopsis thaliana (strain Columbia) phenylalanine ammonia-lyase (PAL2)  L33678
022RCNNI 1A -3.0 Arabidopsis thaliana ribonuclease (RNS1) mRNA, complete cds. U05206
022RCNNI s t -3.0 Internal Control N
022RCNNI que -3.0 F24A6.100; putative protein CAA23067
022RCNNI pu  -2.9 Genomic Sequence For Arabidopsis thaliana Clone C6L9, AC012477
022RCNNI s t  -2.8 At2gl17120 AABS81674
022RCNNI s t -2.8 Arabidopsis thaliana AT3g04520 (AT3g04520/T27C4 _17) mRNA, complete cds.AF325033
022RCNNI s t -2.8 Arabidopsis thaliana germin-like protein (GLP6) mRNA, complete cds. U75194
022RCNNI ont -2.7 AT4g30530; putative protein CAB79771
022RCNNI s t -2.7 A.thaliana mRNA for AtMYBI15 R2R3-MYB transcription factor. Y 14207
022RCNNI s t -2.6 Arabidopsis thaliana unknown protein (At2g39650) mRNA, complete cds. AF325085
022RCNNI mR  -2.6 Sequence of BAC F14D7 from Arabidopsis thaliana chromosome 1 AC021198
022RCNNI cat -2.6 F12MI12 80; putative protein CAB90938
022RCNNI pu -2.6 Arabidopsis thaliana genomic DNA, chromosome 3, BAC clone: T20D4. AP002059
022RCNNI ke -2.4 g%lzllgopms thaliana protein phosphatase 2A 62 kDa B" regulatory subunit AF165429
022RCNNI pu -2.4 F4P12 260; putative protein CAB67663
022RCNNI pu -2.4 At2g41170 AAD11995
022RCNNI 1A -2.4 Arabidopsis thaliana chromosome I BAC F25P12 genomic sequence AC009323
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Table 1.7A. Detail information of CMV-fny-induced genes on lhr after inoculation in

Col-0 (continued).

Cy5/

GEMID Cy3 GeneName AccNum
022RCNNI s t -2.3 F14J22.5 AAGI13060
022RCNNI 1A -2.3 T7123.15 AAC24379
022RCNNI 1A -2.3 F24P17.24 AAF08583
022RCNNI 1A -2.3 At2g40360; putative WD-40 repeat protein AAD25679
022RCNNI s t -2.2 AT4g34230; cinnamyl alcohol dehydrogenase-like protein CAA17549
022RCNNI no -2.1 A.thaliana CAD gene for cinnamyl alcohol dehydrogenase. Z31715
022RCNNI and -2.1 A thaliana gene for methyltransferase. X77335
022RCNNI 3-h  -2.1 AT4g04500; putative receptor-like protein kinase CAB77918
022RCNNI s t -2.1 F11P17.17 AAB71484
022RCNNI s t -2.0 Arabidopsis thaliana genomic DNA, chromosome 3, P1 clone: MLM24. ABO015474
022RCNNI ge -2.0 AT4g26630; putative protein CAB43859
022RCNNI s t -2.0 Arabidopsis thaliana chromosome I BAC F25P12 genomic sequence AC009323
022RCNNI 1A -2.0 AT4g34050; caffeoyl-CoA O-methyltransferase-like protein CAA17567
022RCNNI s t -2.0 F11P17.17 AAB71484
022RCNNI 1A -2.0 Arabidopsis thaliana CHIV gene. Y 14590
022RCNNI and -2.0 At2gl17120 AAB81674
022RCNNI 1A -2.0 Arabidopsis thaliana chromosome 1 BAC T11I11 genomic sequence AC012680
022RCNNI s t -2.0 At2g27580 AAC73042
022RCNNI s t -2.0 Arabidopsis (Landsberg erecta) phenylalanine ammonia-lyase (PAL) gene L33677
022RCNNI s t -2.0 A.thaliana mRNA for lectin-like protein. X91259
022RCNNI mR -2.0 flavanone 3-hydroxylase-like protein BAB11205
022RCNNI pu -2.0 Arabidopsis thaliana ESCAROLA (ESC) mRNA, complete cds. AF194974
022RCNNI 1A -2.0 F22013.6 AAF99782
022RCNNI 1A -2.0 histone acetyltransferase HAT B BAB09892
022RCNNI ety -2.0 Arabidopsis thaliana unknown mRNA. U77721
022RCNNI om -2.0 Arabidopsis thaliana myosin heavy chain-like protein mRNA, complete cds.  U62744
022RCNNI s t -2.0 F16G20.240; putative protein CAA20475
022RCNNI ; p -2.0 Public domain EST
022RCNNI ain  -2.0 Arabidopsis thaliana dfr gene for dihydroflavonol 4-reductase AJ251983
022RCNNI s t -2.0 F21DI18.10 AAF79539
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Table 1.8. Detail information of CMV-fny-induced genes on 3hr after inoculation in Col-0.

Cy5/

GEM ID Cy3 GeneName AccNum
022YCNNJ ont -3.9 Arabidopsis mRNA for branched-chain amino acid transaminase (bcat4 gene). AJ271732
022YCNNJ s t -3.5 T9A4.14 AAC62812
022YCNNJ 2A -3.4 Arabidopsis putative ethylene responsive element binding protein (K11J9.13) AF360149
022YCNNJ mR -3.3 A thaliana zatl0 gene. X98671
022YCNNJ pu -3.3 Arabidopsis putative ethylene responsive element binding protein (K11J9.13) AF360149
022YCNNJ ans -3.3 CCR4-associated factor-like protein BABO08323
022YCNNJ iat -3.3 F15H21.8; unknown protein; 55746-55489 AAGS51721
022YCNNJ s t -3.2 At2g27830 AAC73017
022YCNNJ s t -3.1 At2g20670 AAD21702
022YCNNJ 2A  -3.1 Arabidopsis thaliana histone H1-3 (Hisl-3) mRNA, complete cds. U73781
022YCNNJ 2A -3.1 Arabidopsis thaliana genomic DNA, chromosome 5, P1 clone:MWD22. AB023044
022YCNNJ s t -3.1 Sequence of BAC F21F23 from Arabidopsis thaliana chromosome 1 AC027656
022YCNNJ s t -3.0 T27I15_150; putative protein CAB94142
022YCNNJ ; p -3.0 Arabidopsis thaliana unknown protein (F3F19.11) mRNA, complete cds. AF325097
022YCNNJ unk -3.0 FRO2-like protein, NADPH oxidase-like BAA98161
022YCNNJ pro -3.0 F1715.170; putative protein CAA19880
022YCNNJ pu -3.0 TI18K17.7; putative trypsin inhibitor; 19671-20297 AAGS52121
022YCNNJ hyp -2.9 TI10D17_50; CCR4-associated factor 1-like protein CAB889%4
022YCNNJ CC -2.9 Arabidopsis thaliana J8 mRNA, nuclear gene encoding plastid protein AF099906
022YCNNJ pu -2.9 Arabidopsis thaliana unknown protein (F10D13 14) mRNA, complete cds. AF360201
022YCNNJ s t -2.9 Arabidopsis thaliana mRNA for putative RNA binding protein. Y15382
022YCNNJ pu -2.9 F14G6.19; unknown protein; 77280-78196 AAG51950

022YCNNJ unk -2.9 Arabidopsis thaliana putative Cys3His zinc finger protein (ATCTH) mRNA U81238
022YCNNJ s t -2.9 Arabidopsis AZF3 gene for Cys2/His2-type zinc finger protein 3, partial cds. AB030732

022YCNNJ OM_-2.9 FI2K8.2 AAF18516
022YCNNJ 2A  -2.9 Arabidopsis thaliana genomic DNA, chromosome 5, P1 clone:MQN23. ABO013395
022YCNNJ s t -2.9 PnC401; leaf protein BAA25906
022YCNNJ af -29 YUP8HI2R.35 AAC17053
022YCNNJ ike -2.8 Arabidopsis thaliana Ccr2 mRNA, partial ORF. L04172

022YCNNJ 2A  -2.8 Arabidopsis thaliana unknown protein (F7H2.1) mRNA, complete cds. AF332423
022YCNNJ ; p -2.8 light-regulated glutamine synthetase isoenzyme S69727

022YCNNJ luc -2.8 T4C9.120; copper amine oxidase like protein (fragment2) CAB45975
022YCNNJ s t -2.8 F25P22.10; feebly-like protein; 35361-32165 AAGS52078
022YCNNJ cat -2.8 gb|AAD26355.1 gene id:MZF16.5 similar to unknown protein BABO02617
022YCNNJ 5.1 -2.7 gbl|AAD04946.2 gene id:F15M7.10 similar to unknown protein BAB11406
022YCNNJ 6.2 -2.7 F28K19.24 AAF17687
022YCNNJ 1.1 -2.6 Arabidopsis thaliana putative uridylyl transferase (F22K20.9) mRNA AF360322
022YCNNJ s t -2.6 Arabidopsis thaliana 2-isopropylmalate synthase (IMS2) mRNA, complete cds. AF327648
022YCNNJ s t -2.6 F17J16_30; putative protein CAB86926
022YCNNJ r-1 -2.6 Arabidopsis putative ERF4 protein (F3M18.20) mRNA, complete cds. AF360232
022YCNNJ s t -2.6 putative protein CAB71049
022YCNNJ rot -2.6 Arabidopsis thaliana unknown protein (F3F19.11) mRNA, complete cds. AF325097
022YCNNJ s t -2.6 F2D10.34 AAF80624
022YCNNJ 2A -2.6 gb/|AAF34833.1 gene id:K19P17.6 similar to unknown protein BAB10720
022YCNNJ 3.1 -2.6 Arabidopsis thaliana T23015.13 mRNA, complete cds. AF324691
022YCNNJ s t -2.6 Arabidopsis thaliana RING finger protein mRNA, complete cds. AF134155
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Table 1.8A.

Detail information of CMV-fny-induced genes on 3hr after inoculation in

Col-0 (continued).

GEM ID Cy3/ GeneName AccNum
Cy3

022YCNNJ s t -2.5 Arabidopsis thaliana putative transcription factor (MYB59) mRNA AF062894
022YCNNJ s t -2.5 F19K16.14; putative carnitine/acylcarnitine translocase; 50581-51656 AAGS52250
022YCNNJ s t -2.5 Arabidopsis thaliana clone HAT1 homeobox protein mRNA, complete cds. U09332
022YCNNJ s t -2.5 Arabidopsis thaliana RuBisCO small 3b subunit (MXI10.13) mRNA AF360124
022YCNNJ s t -2.5 Arabidopsis thaliana RuBisCO small 3b subunit (MXI10.13) mRNA AF360124
022YCNNJ s t -2.4 Arabidopsis thaliana mRNA for putative beta-galactosidase (BGALI1 gene). AJ270297
022YCNNJ s t -2.4 Arabidopsis thaliana FL5-2122 mRNA for DC 1.2 homolog, partial cds. AB046991
022YCNNJ s t -2.4 Arabidopsis thaliana RuBisCO small 3b subunit (MXI10.13) mRNA AF360124
022YCNNJ OM -2.4 F19C24.20; unknown protein AAGS50882
022YCNNJ 2A -2.4 Arabidopsis thaliana DNA chromosome 4, BAC clone F26P21 (ESSA project). AL031804
022YCNNJ s t -2.4 At2g26080; putative glycine dehydrogenase AAC31228
022YCNNJ pu -2.4 Arabidopsis thaliana mRNA for RD22BP1, complete cds. ABO000875
022YCNNJ in- -2.2 Sequence of BAC F10K1 from Arabidopsis thaliana chromosome 1 AC067971
022YCNNJ que -2.2 Arabidopsis thaliana putative c2h2 zinc finger transcription factor mRNA AF022658
022YCNNJ s t -2.2 A.thaliana mRNA for unknown protein, ORFO03. X97485
022YCNNJ ypo -2.2 TI12H17.80; cytochrome P450 like protein CAA16554
022YCNNJ cy -2.2 Arabidopsis thaliana BAC F7PI1. AF272706
022YCNNJ and -2.2 A thaliana zatl2 gene. X98674
022YCNNJ and -2.2 Arabidopsis mRNA for branched-chain amino acid transaminase (bcat4 gene). AJ271732
022YCNNJ 2A  -2.2 Arabidopsis thaliana ATP sulfurylase precursor (ASA1l) mRNA, U40715
022YCNNJ 2A  -2.1 putative protein CAB86422
022YCNNJ s t -2.1 F1715.170; putative protein CAA19880
022YCNNJ pu -2.1 F2J7.10; zinc finger protein, putative AAGS50803
022YCNNJ inc -2.1 Arabidopsis thaliana thioredoxin fl mRNA, complete cds. AF 144385
022YCNNJ s t -2.1 putative protein CAB75767
022YCNNJ rot -2.1 Arabidopsis abscisic acid responsive elements-binding factor (ABRE) mRNA  AF093544
022YCNNJ s t -2.0 TI8A20.12 AAF02862
022YCNNJ and -2.0 emb|CAB75797.1 gene id:MYJ24.5 similar to unknown protein BAB09823
022YCNNJ 97. -2.0 Arabidopsis thaliana AtERF6 mRNA for ERF. ABO013301
022YCNNJ s t -2.0 At2g36790; putative glucosyl transferase AAD20155
022YCNNJ pu -2.0 F10M6.70; putative protein CAA16961
022YCNNJ put -2.0 Arabidopsis thaliana unknown protein (F25A4.15) mRNA, complete cds. AF344320
022YCNNJ pr  -2.0 Arabidopsis thaliana putative transcription factor MYB112 mRNA AY008377
022YCNNJ f B -2.0 FINI19.25 AAF19681
022YCNNJ 2A  -2.0 Arabidopsis thaliana RING-H2 finger protein RHAla mRNA, complete cds. AF078683
022YCNNJ s t -2.0 TI13J8.190; putative protein CAB36777
022YCNNJ pu -2.0 A.thaliana ATapt2 mRNA for adenine phosphoribosyltransferase. X96866
022YCNNJ AT -2.0 dl4233c; hypothetical protein CAB46037
022YCNNJ ypo -2.0 Arabidopsis thaliana HAL3B protein (HAL3B) gene, complete cds. U80192
022YCNNJ s t -2.0 Arabidopsis putative EREBP (At2g44840) mRNA, complete cds. AF325089
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Table 1.9. Detail information of CMV-fny-induced genes on lhr after inoculation in C24.

GEM ID (é{g/ GeneName AccNum
ont -3.8 AT4g34230; cinnamyl alcohol dehydrogenase-like protein CAA17549
022CCNNL ati  -3.7 Arabidopsis Landsberg erecta phenylalanine ammonia-lyase (PAL) gene L33677
022CCNNL s t -3.7 Genomic Sequence For Arabidopsis thaliana Clone C6L9, ACO012477
022CCNNL ati  -3.5 A.thaliana CAD gene for cinnamyl alcohol dehydrogenase. 731715
022CCNNL ont -3.3 Arabidopsis thaliana mRNA for glutathione S-transferase, complete cds. D44465
022CCNNL ont -3.1 A.thaliana hsp81.2 gene. Y11827
022CCNNL hs  -3.1 AT4g30530; putative protein CAB79771
022CCNNL pu  -3.1 FINI13_150; steroid Salpha-reductase-like protein CAC01800
022CCNNL st -3.1 A.thaliana heat shock protein 83 mRNA, complete cds. M62984
022CCNNL ont -2.8 Arabidopsis thaliana kinl gene for cold and ABA inducible protein. X51474
022CCNNL s t -2.8 A.thaliana heat shock protein 83 mRNA, complete cds. M62984
022CCNNL he -2.6 T7BI11.13; predicted protein of unknown function AAD22649
022CCNNL pre -2.4 Arabidopsis thaliana CHIV gene. Y 14590
022CCNNL ont -2.3 A.thaliana hsp81.4 gene. Y11828
022CCNNL OM_ -2.3 F7G19.1 AAB70396
022CCNNL 3A -2.3 Arabidopsis Columbia phenylalanine ammonia-lyase (PAL2) gene L33678
022CCNNL s t -2.3 Arabidopsis thaliana plant IF-like protein mRNA, complete cds. U72393
022CCNNL s t -2.2 Arabidopsis Landsberg erecta phenylalanine ammonia-lyase (PAL) gene L33677
022CCNNL s t -2.2 C7A10.720; putative protein CAB16829
022CCNNL pu -2.2 At2g38240; putative anthocyanidin synthase AAC27173
022CCNNL pu  -2.1 Arabidopsis thaliana cor78 protein mRNA, complete cds. L22567
022CCNNL s t -2.1 AT4g30530; putative protein CAB79771
022CCNNL pu  -2.1 Arabidopsis thaliana mRNA for Aps2, partial cds. ABO017977
022CCNNL s t -2.0 TI17F15.170; putative peptide transporter CAB41143
022CCNNL ; p -2.0 M4EI13.160; putative protein CAA17775
022CCNNL pu -2.0 A.thaliana mRNA for Eli3-2. X67815
022CCNNL mR -2.0 T28A8 10; lipid-transfer-like protein CAB83144
022CCNNL lip -2.0 F9I5.19; unknown protein AAF29406
022CCNNL nkn -2.0 Arabidopsis thaliana BAC T1M15. AF296832
022CCNNL s t -2.0 Arabidopsis thaliana ribonuclease (RNS1) mRNA, complete cds. U05206
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Table 1.10. Detail information of CMV-fny-induced genes on 3hr after inoculation in C24.

Cy5/

GEM ID Cy3 GeneName AccNum
022JCNNM ont -3.7 Arabidopsis thaliana chromosome II section 92 of 255 of CDS. AC006438
022JCNNM s t -3.7 Pea chloroplast psbM gene for photosystem II polypeptide M. D12535
022JCNNM pla -3.7 F4P12_50; putative protein CAB67642
022JCNNM ati -3.6 A.thaliana mRNA (orf06) from chromosome III. X97828
022JCNNM mR -3.5 MIK13.19 AAF35419
022JCNNM ati  -3.4 A.thaliana mRNA for peroxidase ATP17a, clone EST 119F5T7. X99096
022JCNNM mR -3.4 Arabidopsis thaliana genomic DNA, chromosome 5, P1 clone:MUB3. AB010076
022JCNNM s t -3.4 Arabidopsis thaliana spindle pole body protein (T10B6 70/AT5g17410) mRNA AF360238
022JCNNM s t -3.4 Arabidopsis thaliana AT3g04520 (AT3g04520/T27C4 17) mRNA, complete cds.AF325033
022JCNNM ati  -3.3 A.thaliana P2 mRNA for zeta-crystallin-like protein. 749268
022JCNNM P2 -3.3 Arabidopsis thaliana Fe(II) transport protein (IRT1) mRNA, complete cds. U27590
022JCNNM s t -3.3 F5F19.13 AADI12681
022JCNNM s t -3.2 F14J22.5 AAGI13060
022JCNNM 4A -3.2 contains similarity to root cap protein gene id:MUF9.15 BABO08235
022JCNNM imi -3.2 F16L2 80; putative protein CAB82811
022JCNNM pu -3.1 Arabidopsis thaliana CDPK-related kinase 1 (CRK1) mRNA, complete cds. AF153351
022JCNNM s t -3.1 Arabidopsis thaliana basic helix-loop-helix FBII protein (FBI1) mRNA AF323182
022JCNNM s t -3.1 T5J8.12; hypothetical protein AADI15336
022JCNNM ypo -3.1 T31J12.1 AADI8100
022JCNNM 4A -3.1 AT4gl9530; TMV resistance protein N-like CAB78955
022JCNNM TM -3.1 A.thaliana mRNA for zeta-crystallin homologue. 749768
022JCNNM ont -3.1 At2g22620 AADI15570
022JCNNM 4A -3.1 Arabidopsis thaliana chromosome 1 BAC T5M16 genomic sequence AC010704
022JCNNM s t -3.1 acyltransferase BAB10067
022JCNNM era -3.1 T20H2.1 AAF79892
022JCNNM 4A -3.1 At2g41550 AAB84337
022JCNNM 4A -3.1 Arabidopsis thaliana germin-like protein (GLP9) mRNA, partial cds. U81294
022JCNNM s t -3.1 Arabidopsis RNA polymerase II third largest subunit (RPB35.5A) gene cds L34770
022JCNNM s t -3.1 gene id:MNF13.27 unknown protein BABO08543
022JCNNM F13 -3.1 Arabidopsis thaliana DNA chromosome 4, contig fragment No. 39. AL161539
022JCNNM s t -3.1 gene id:K3K3.12 unknown protein BAB09377
022JCNNM K3. -3.1 A.thaliana gene for nucleoside diphosphate kinase, exons 1-3. X69376
RN g 3.1 AbHopsy dalne, romeome 1 seeion, 244 of 255 of he compltescongees
022JCNNM s t -3 AT4g34230; cinnamyl alcohol dehydrogenase-like protein CAA17549
022JCNNM 4A -3 T419.18; hypothetical protein AACT9112
022JCNNM ypo -3  Arabidopsis thaliana RING finger protein mRNA, complete cds. AF134155
022JCNNM s t -3 ,;r(;illl)eig(c)gsis thaliana chromosome 1 BAC F7F23 genomic sequence, complete AC021199
022JCNNM s t -3 Arabidopsis thaliana unknown protein (F23A5.30) mRNA, complete cds. AF332462
022JCNNM s t -3 F18A5.50; isoflavone reductase-like protein CAB36830
022JCNNM iso -3 F16J13.40; putative protein CAB40938
022JCNNM pu -3 Arabidopsis thaliana hexokinase 2 (AtHXK2) mRNA, complete cds. U28215
022JCNNM s t -3 At2g28210; putative carbonic anhydrase AAD29832
022JCNNM pu -3  A.thaliana mRNA for peroxidase ATP8a. X98855
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Table 1.10A. Detail information of CMV-fny-induced genes on 3hr after inoculation in C24

(continued).
Cy5/

GEM ID Cy3 GeneName AccNum
022JCNNM mR -3  Arabidopsis thaliana DNA chromosome 5, BAC clone F21E1 (ESSA project). AL391716
022JCNNM s t -3 Arabidopsis thaliana alternate oxidase mRNA, complete cds. M96417
022JCNNM s t -3 gblAAC09025.1 gene id:F20C19.21 strong similarity to unknown protein BAB02209
022JCNNM 5.1 -3 At2g30910; putative ARP2/3 protein complex subunit p41l AAC20725
022JCNNM pu -3  receptor protein kinase-like protein BABI10719
022JCNNM rot -3 dI3050c; hypothetical protein CAB10181
022JCNNM ypo -3  F5A18.15; unknown protein; 59759-58619 AAGS52340
022JCNNM unk -3  contains similarity to unknown protein dbjlBAA91655.1 gene id:K6M13.8 BAB10766
022JCNNM imi -3  Arabidopsis thaliana DNA chromosome 4, contig fragment No. 39. AL161539
022JCNNM s t -3 é\er(;?égggsis thaliana chromosome 1 BAC T7P1 genomic sequence, complete AC018908
022JCNNM s t -3 dI3740c; HSR201 like protein CABI10318
022JCNNM SR2 -3 T22K18.9; germin-like protein AAF04416
022JCNNM ger -3  At2g38180 AAC27167
022JCNNM 4A -3 F11A6.2 AAF99810
022JCNNM 4A -3 Arabidopsis thaliana AT5g49870/K9P8 1 gene, complete cds. AF367353
022JCNNM s t -3 SS:‘?::::CC: of BAC F21F23 from Arabidopsis thaliana chromosome 1, complete AC027656
022JCNNM f B -3 Arabidopsis thaliana phosphate transporter (AtPT2) mRNA, complete cds. U62331
022JCNNM ont -3 T26J12.11 AAC00608

Arabidopsis thaliana senescence-specific protein (SAG12) gene, promoter

022JCNNM 4A -3 . U37336
region and complete cds.

022JCNNM s t -3 T12C14_240; putative protein CAB82968

022JCNNM ; p -3 AT4g26660; putative protein CAB43862

022JCNNM pu -3 gene id:K23L20.5 reffNP_011731.1 similar to unknown protein BAB08824

Arabidopsis thaliana ubiquitin conjugating enzyme (UBC4) gene, complete cds

022JCNNM 3L2 -3 and flanking regions.

L19354

022JCNNM cat -3  Arabidopsis thaliana mRNA for heat shock protein 17.6A. Y 14070
022JCNNM s t -3 Arabidopsis thaliana germin-like protein (GLP2a) mRNA, complete cds. U75192
022JCNNM s t -3 gblAAB61527.1 gene id:MOK9.8 similar to unknown protein BABO08708
022JCNNM 7.1 -3 T22KI18.5 AAF04412
022JCNNM rp  -2.9 Arabidopsis thaliana homeodomain protein (PRHA) mRNA, complete cds. L21991
001342 JENNM -2.9 F4F15.320; putative protein CAB41341
022J_CNNM pu -29 FIN2I.11 AAG00252
022JCNNM 4A -2.9 T4D2.140; putative protein CAB64224
022JCNNM put -2.9 F22113.110; putative protein CAB37490
022JCNNM ; p -2.9 At2g01640 AADI12707
001\2/12 JENNM -2.9 Arabidopsis thaliana ApL3 gene. Y18432
022JCNNM s t -2.9 Arabidopsis thaliana hspl17.6 mRNA for 17.6 kDa heat shock protein. X16076
022ICNNM s t  -2.9 Arabidopsis thaliana chromosome I BAC F22K20 genomic sequence, complete AC002291
sequence.
022JCNNM s t -2.9 gene id:MLE2.7 unknown protein BABO08809
022JCNNM E2. -2.9 AT4g22490; RCc3-like protein CAA22154
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Table 1.10B. Detail information of CMV-fny-induced genes on 3hr after inoculation in C24

(continued).
Cy5/

GEM ID Cy3 GeneName AccNum
022JCNNM RC -2.9 F10M6.110; putative protein CAA16965
022JCNNM pu -2.9 TI2H1.29 AAF27038
022JCNNM 4A -2.9 T9L3_30; putative protein CACO01872
022JCNNM uta -2.9 T22E16.80; putative protein CAB75900
022JCNNM pu -2.9 F22F7.12 AAF64539
022JCNNM 4A -2.9 At2g03800 AAD20081
022JCNNM 4A -29 At2g41760 AAC02771
022JCNNM 4A  -2.9 F7J8_60; putative protein CAB69836
022JCNNM uta -2.9 dI3045c; hypothetical protein CAB10180
022JCNNM ypo -2.9 pectinacetylesterase BAB10060
022JCNNM yle -2.9 AT4gl1110; COPI1 like protein CAB43046
022JCNNM CO -2.9 A.thaliana mRNA for gibberellin 20-oxidase (1425 bp). X83381
022JCNNM mR  -2.9 unknown CAA77884
022JCNNM 4A -2.9 gblAAD21483.1 gene id:MWL2.4 similar to unknown protein BABO01314
022JCNNM 3.1 -2.9 serine/threonine-specific protein kinase-like protein BAB09338
022JCNNM eon -2.9 F1P2.60; putative protein CAB61977
022JCNNM uta -2.9 At2g22610; putative kinesin heavy chain AAD15569
022JCNNM pu -2.9 F6N18.13 AAF25977
022JCNNM 4A  -2.9 At2g32960 AAB91974
022JCNNM 4A -2.9 T23E23.14 AAF87154
022JCNNM 4A -2.9 Arabidopsis thaliana mRNA for AHP1, complete cds. ABO015141
022JCNNM s t -2.9 A.thaliana mRNA for cytochrome P450. X90458
022JCNNM mR -2.9 G protein-coupled receptor-like protein BAB11664
022JCNNM cou -2.9 Arabidopsis thaliana germin-like protein (GLP6) mRNA, complete cds. U75194
022JCNNM s t -2.9 At2g03800 AAD20081
022JCNNM 4A -29 T22C5.2 AAF24938
022JCNNM 4A -2.9 A.thaliana mRNA for peroxidase ATP8a. X98855
022JCNNM mR -2.8 A.thaliana mRNA for NLM1 protein. Y07625
022JCNNM mR -2.8 dI3910c; hypothetical protein CAB10352
022JCNNM ypo -2.8 F28M20.80; hypothetical protein CAA19750
022JCNNM hy -2.8 FI1K23.2 AAF24539
022JCNNM 4A -2.8 Arabidopsis thaliana germin-like protein (GLP6) mRNA, complete cds. U75194
022JCNNM s t -2.8 At2g46750 AAC33494
022JCNNM 4A  -2.8 F28P22.9; unknown protein; 33231-33614 AAG51864
022JCNNM unk -2.8 AT4gl19900; putative protein CAB52870
022JCNNM and -2.8 Arabidopsis thaliana germin-like protein (GLP7) mRNA, complete cds. U75202
022JCNNM s t -2.8 T5J17.90; putative protein CAB38905

contains similarity to phosphatidylinositol/phosphatidylcholine transfer protein

022JCNNM put -2.8 e id:MNJ7.10

BAB09077

022JCNNM imi -2.8 dbj|BAA87936.1 gene id:MQCI12.15 similar to unknown protein BAB02819
022JCNNM cy -2.7 A.thaliana CAD gene for cinnamyl alcohol dehydrogenase. 731715

022JCNNM s t -2.7 A.thaliana mRNA for zeta-crystallin homologue. 749768

022JCNNM mR  -2.7 F19K6.14; myosin-like protein; 12311-7712 AAGS51543
022JCNNM myo -2.7 Arabidopsis thaliana RING-H2 finger protein RHGla mRNA, partial cds. AF079183
022JCNNM s t -2.7 At2g30470; putative VP1/ABI3 family regulatory protein AAB63089
022JCNNM ng_ -2.7 T30N20 40; nucleoid DNA-binding protein cnd41-like protein CAB96832
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Table 1.10C. Detail information of CMV-fny-induced genes on 3hr after inoculation in C24

(continued).

GEM ID (8;53/ GeneName AccNum
022JCNNM nu  -2.6 gene id:MULB8.22 pir||S77152 similar to unknown protein BABI11027
022JCNNM L8. -2.6 Arabidopsis thaliana chromosome I BAC T5A14, complete sequence. AC005223
022JCNNM s t -2.6 At2g20650 AAD21704
022JCNNM 4A -2.6 TI2H20.3 AAC35521
022JCNNM 4A -2.6 A.thaliana (clone GBGa483) mRNA for exopolygalacturonase. X72292
022JCNNM (¢ -2.6 F21B7.1 AAF86508
022JCNNM 4A -2.6 T2J15.15; unknown protein; 32731-33266 AAG51525
022JCNNM unk  -2.6 Arabidopsis thaliana chromosome 1 BAC F1003 sequence, complete AC006550

sequence.
022JCNNM s t  -2.6 :ers:)ldopsm thaliana partial mRNA for putative sugar transporter (SUGTLS AJ249971
022JCNNM s t -2.6 Arabidopsis thaliana mRNA for AGP6 protein. AJ012459
022JCNNM cat -2.5 Arabidopsis thaliana DNA chromosome 4, BAC clone F1C12 (ESSA project). AL022224
022JCNNM s t -2.5 F20D10.170; putative protein CAB37545
022JCNNM ; p -2.5 FIN21.22 AAG00245
022JCNNM 4A -2.5 A TMO021B04.3 AAB61068
022JCNNM 3A -2.5 F26K9 20; putative protein CABS83109
022JCNNM put -2.5 Arabidopsis thaliana mRNA for LEA-like protein. AJ131342
022JCNNM s t -2.5 At2g39100; putative C3HC4-type RING zinc finger protein AAC79620
022JCNNM pu  -2.5 F23A5.16 AAF14668
022JCNNM 4A 2.5 Arabidopsis thaliana chromosome III BAC T21P5 genomic sequence, complete AC009895

sequence.
022JCNNM s t -2.5 T2711.6 AAC34332
022JCNNM 4A -2.5 gblAAB60912.1 gene id:MGF10.6 similar to unknown protein BAB02689
022ICNNM 2.1 2.5 chdrsabldopsm thaliana MADS-box protein AGL11 (AGL11) mRNA, complete 020182
022JCNNM s t -2.5 TI15B3_100; cysteine proteinase-like protein CABS88124

Arabidopsis thaliana chromosome II section 180 of 255 of the complete

022JCNNM ¢y -2.5 sequence. Sequence from clones F20M17, F22D22.

AC006223

022JCNNM ain -2.5 F516.3; unknown protein; 13661-11359 AAG52432
022JCNNM kno -2.5 F7F23.10; hypothetical protein; 51999-52350 AAG52199
022JCNNM hyp -2.5 Arabidopsis thaliana gene for nicotianamine synthase, complete cds. AB021936
022JCNNM s t -2.5 A.thaliana CDC2b gene for p34(cdc2) cell cycle protein. X57840

022JCNNM CD -2.5 Arabidopsis thaliana DNA chromosome 4, BAC clone T5K18 (ESSA project). AL022580
022JCNNM s t -2.5 contains similarity to cytochrome oxidase assembly factor gene id:MDA7.15 BAB09291

022JCNNM imi -2.5 Arabidopsis thaliana CW7 mRNA, complete cds. ABO028226
022JCNNM s t -2.4 F12B17_50; cytochrome P450-like protein CAB89383
022JCNNM cy -2.4 TI19K24.11; similar to pMS10 protein AACT79143
022JCNNM si  -2.4 F19K19.7 AAG10819
022JCNNM 4A -2.4 TI13015.6; feebly-like protein AAF24612
022JCNNM fee -2.4 FI12M16.11 AAF69551
022JCNNM 4A -2.4 F15M4.22; hypothetical protein; 84465-87513 AAF16672
022JCNNM hyp -2.4 F17J6.23; unknown protein AAG51195
022JCNNM unk -2.4 At2g19340 AAC16464
022JCNNM 4A -2.4 gene id:K21P3.8 unknown protein BAB10339
022JCNNM 1P3 -2.4 F6G3.180; hypothetical protein CAB43850
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Table 1.10D. Detail information of CMV-fny-induced genes on 3hr after inoculation in C24

(continued).
GEM ID Cys/ GeneName AccNum
Cy3
022JCNNM hyp -2.4 T1008_180; putative protein CABg1930
022JCNNM pu  -2.3 At2g03720 AAD20074
022JCNNM 4A  -2.3 T28J14_20; putative protein CAB87264
022JCNNM pu  -2.3 At2g26100 AAC31227
022JCNNM 4A  -2.3 T8B10_250; putative protein CABS81845

Arabidopsis thaliana chromosome II section 18 of 255 of the complete

022JCNNM pu 2.3 sequence. Sequence from clones F3L12, T16B23. ACO071T8
022JCNNM s t  -2.3 F8B4.190; nodulin-like protein CAA22576
022JCNNM and 2.3 Is)c:)itr::flthreonine—protein kinase Mak (male germ cell-associated kinase)-like BABO09171
022JCNNM eon -2.3 AT4gl6900; disease resistance RPP5 like protein CAB80962
022JCNNM di -2.2  Arabidopsis thaliana genomic DNA, chromosome 5, TAC clone:K21C13. ABO010693
022JCNNM s t  -2.2 TI18A20.12 AAF02862
022ICNNM 4A -2 Arabidopsis thaliana chromosome I BAC F14M2 genomic sequence, complete ACO10164
sequence.
022JCNNM s t  -2.2 HR-like lesion-inducing protein BAA95732
. Arabidopsis thaliana BAC F21J6 from chromosome V, containing KNAT3
022JCNNM sio - -2.2 and ma]la)ping near 60.5 cM, complete sequence. ¢ AL006259
022JCNNM s t  -2.2 F2Gl4 150; putative protein CACO01822
022JCNNM pu  -2.2 F5A18.26; putative alliinase; 99695-97270 AAG52348
022JCNNM put  -2.2 F6A14.21 AAF27111
022JCNNM 4A  -2.2 T26D22.10 AACI13601
022JCNNM 4A  -2.2 Arabidopsis thaliana calcium sensor homolog (SOS3) gene, complete cds. AF060553
022JCNNM s t  -2.2 T1609.6; protein kinase, putative AAG51288
022JCNNM rot  -2.1 Arabidopsis thaliana AT4 mRNA sequence. AF055372
022JCNNM s t  -2.1 gene id:MDF20.25 refINP_011524.1 similar to unknown protein BAB09248
022JCNNM F20  -2.1 Arabidopsis thaliana biotir} carbox‘yl carrhier protein isoform 2 (BCCP2) AF223948
mRNA, nuclear gene encoding plastid protein, complete cds.

022JCNNM s t  -2.1 At2g39120 AACT79622
022JCNNM 4A  -2.1 At2g48080 AADI13711
022JCNNM 4A  -2.1 putative protein CAB62313
022JCNNM rot  -2.1 T26112.110; disease resistance response/ dirigent-like protein CAB75757
022JCNNM ; d -2.1 T27E11.80; putative protein CAB43972
022JCNNM pu  -2.1 gblAAC32911.1 gene id:MJB21.3 similar to unknown protein BAB10622
022JCNNM 1.1  -2.0 F2P3.11 AAC35535
022JCNNM 4A  -2.0 Public domain EST

022JCNNM ain  -2.0 FI13K23.2 AAF78482
022JCNNM 4A  -2.0 T9A21.110; unknown protein CAA16798
022JCNNM un -2.0 F27K7.5; endo-beta-1,4-glucanase, putative AAG29742
022JCNNM OM_ -2.0 contains similarity to ankyrin gene id:MRI1.10 BAB09592
022ICNNM imi  -2.0 CAdr:.bidopsis thaliana defective in exine formation (DEX1) mRNA, complete AF257187
022JCNNM s t -2.0 TI12M4.4 AAC24081
022JCNNM 4A  -2.0 11-beta-hydroxysteroid dehydrogenase-like BAA96983
022JCNNM dro  -2.0 F28N24.5 AAFS88111
022JCNNM 4A  -2.0 A.thaliana AtMlo-hl gene. 795352
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Table 1.10E. Detail information of CMV-fny-induced genes on 3hr after inoculation in C24

(continued).
GEM 1D Cys/ GeneName AccNum
Cy3
022JCNNM At -2.0  At2g37090 AADI18150

Genomic Sequence For Arabidopsis thaliana Clone F17K4 From Chromosome

022JCNNM 4A  -2.0 AC068655
V, complete sequence.
022JCNNM que -2.0 gblAAD43153.1 gene id:K13E13.10 similar to unknown protein BABO01695
022ICNNM 3.1 -2.0 Ara.bidopsis thaliana DNA chromosome 4, BAC clone F20D10 (ESSA AL035538
project).
022ICNNM s t  -2.0 Arabidopsis thaliana chromosome II section 194 of 255 of the complete AC005314
sequence. Sequence from clones T32F12.
022JCNNM s t  -2.0 Arabidopsis thaliana genomic DNA, chromosome 3, P1 clone:MLDIS. AP000386
022JCNNM s t  -2.0 AT4g19240; hypothetical protein CAA18611
022JCNNM hy  -2.0 Arabidopsis thaliana peroxidase (basic, prxEa) gene, complete cds. M58381
022JCNNM OM_ -2.0 AT4g32860; putative protein CAB80003
022JCNNM pu  -2.0 gbl/AAC72114.1 gene id:MROI11.18 similar to unknown protein BAB10051
022JCNNM 4.1 -2.0 gblAAF40458.1 gene id:MUJ8.11 similar to unknown protein BAB01362
022JCNNM 8.1  -2.0 F23A5.32 AAF14684
022JCNNM 4A  -2.0 AT4g09580; putative protein CAB78081
022JCNNM pu  -2.0 gene id:MUB3.4 ref]NP_005422.1 similar to unknown protein BABI11419
022JCNNM B3. -2.0 At2g46750 AAC33494
022JCNNM 4A  -2.0 contains similarity to unknown protein gb|AAF19687.1 gene id:MOP9.16 BAB10398

022JCNNM imi  -2.0 Arabidopsis thaliana DNA chromosome 5, BAC clone T4C12 (ESSA project). AL392145
022JCNNM s t  -2.0 Arabidopsis thaliana Atlg67090 (Atlg67090/F1019.10) mRNA, complete cds. AF325004

022JCNNM OM_ -2.0 A.thaliana mRNA for Eli3-2. X67815

Arabidopsis thaliana putative cinnamyl-alcohol dehydrogenase (AT4g37980)

022JCNNM s t = -2.0 mRNA, complete cds.

AF360225
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Fig. 1.23. Distribution of genes induced by CMV infection in inoculated Arabidopsis leaves.
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Table 1.11. Comparison of CMV-fny-induced genes on 3hr after inoculation in C24 to
Col-0 and other harvesting time points. Sorting is ordered by expression value
(ratio of median; 635/532) of No4 C24-3hr. Each expression values were

normalized by Lowess normalization method.

Accession No3 No4 Nol No2
Num C24-1 C24-3 Col-1 Col-3
AC006438

NO GeneName

Arabidopsis thaliana chromosome II section 92 of
001 255 of the complete sequence. Sequence from

clones F19G14, F7HI.
Pea chloroplast psbM gene for photosystem II  D12535

1.1 37 11 1.2

002 polypeptide M. I -1.3 37 -13 -13
003 F4P12_50; putative protein CABﬂz 1.1 37 -14 0 -12
. X97828

004 A.thaliana mRNA (orf06) from chromosome III. _ Em 36 -14 -14

005 MJK13.19 A&m .1 35 -1 1.1
A.thaliana mRNA for peroxidase ATP17a, clone X99096

006 EST 119F5T7. I -14 34 -15 -13

007 Arabidopsis thaliana genomic DNA, chromosome 5, AB010076 13 34 11 11
P1 clone:MUB3. EER e ) )
Arabidopsis thaliana putative spindle pole body AF360238

008 protein (T10B6_70/AT5g17410) mRNA, complete EE -1.3 34 -12 -
cds.

009 Arabidopsis thaliana AT3g04520 AF325033 34 ) 1.4
(AT3204520/T27C4 17) mRNA, complete cds. [ ] - ) -

010 A.thaliana P2 mRNA for zeta-crystallin-like protein. % -14 33 -12 1.1

Arabidopsis thaliana Fe(Il) transport protein (IRT1)  U27590

011 | o NA. complete ods. e I I C

012 F5F19.13 AADﬂl 1233 -15 412
AAG13060

013 F14J122.5 - 32 -18 14
.

contains  similarity to  root cap  protein BABO08235

ot4 gene id:MUF9.15 H -1 32 -13 -1.2
015 F16L2 80; putative protein C_ABSZSII 1.0 -32 - -

Arabidopsis thaliana CDPK-related kinase 1 (CRK1) AF153351

016 MRNA. complete cds. N m -2 31 -13 -12

017 Arabidopsis thaliana basic helix-loop-helix FBI1 AF323182 11 31 -1 11

protein (FBI1) mRNA, complete cds. H BB ’ ) )

018 T5J8.12; hypothetical protein AAD£6 -1.2 31 -13 -1.2

019 T31J12.1 A%O -14 31 12 -1

020 AT4g19530; TMV resistance protein N-like CAB&S 1.1 31 -12 0 1.1
749768

021 A.thaliana mRNA for zeta-crystallin homologue. Bl 10 31 -14 12
m
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AAD15570

022 At2g22620 E mE -2 31 -1 -12
025 Arabidopsis thaliana chromosome 1 BAC T5MI16 W 12 31 -1 -14
genomic sequence, complete sequence. — ’ ’ ’
023 acyltransferase BAB£7 -1.3 31 -1.3  -1.1
024 T20H2.1 /%9892 -1 310 <120 -1
025 At2g41550 AAB£7 1.3 31 -14 -14
026 Arabidopsis thaliana germin-like protein (GLP9) U81294 11 a1 i )
mRNA, partial cds. | . .
027 Arabidopsis thaliana RNA polymerase II third L34770 ) 31 -12 -14
largest subunit (RPB35.5A) gene, complete cds. e | ) ) )
028 gene id:MNF13.27 unknown protein WS -1.1 3.1 - -
. . . . AL161539
029 2;;?:12?1?8]1\?0 t};aghana DNA chromosome 4, contig s 11 31 -1 -11
T |
. . BAB09377
030 gene id:K3K3.12 unknown protein I - -3.1 - -
031 A.thaliana gene for nucleoside diphosphate kinase, X69376 ) 31 -12 -16
exons 1-3. B ) ) )
Arabidopsis thaliana chromosome II section 244 of AC004665
032 255 of the complete sequence. Sequence from | - 3.1 -1.5 -1.6
clones F17K2, F4118.
AT4g34230; cinnamyl alcohol dehydrogenase-like CAA17549
033 protein I 38 -3 20 1.1
034 T4I9.18; hypothetical protein NAC&Z -1 -3 -1 -12
035 Arabidopsis thaliana RING finger protein mRNA, AF134155 15 3 13 -1
complete cds. N | ) )
036 Arabidopsis thaliana chromosome 1 BAC F7F23 AC021199 1 3 | 11
genomic sequence, complete sequence. H BN )
037 Arabidopsis thaliana unknown protein (F23A5.30) AF332462 13 3 1 -1
mRNA, complete cds. Z ) )
038 F18A5.50; isoflavone reductase-like protein CAB&O -2 3 -14 -12
039 F16J13.40; putative protein CABﬁS - -3 1 -
040 Arabidopsis  thaliana  hexokinase 2 (AtHXK2) U28215 13 3 1 12
mRNA, complete cds. N ' .
041 At2g28210; putative carbonic anhydrase AADﬁZ -3 -3 -1.2 -13
X98855
042 A.thaliana mRNA for peroxidase ATP8a. | - -3 -1.1 -1
N
043 Arabidopsis thaliana DNA chromosome 5, BAC AL391716 12 3 .12 -15
clone F21E1 (ESSA project). [ B ) ) )
Arabidopsis  thaliana alternate oxidase mRNA, M96417
044 complete cds. E EE -14 -3 14 -1
045 gblAAC09025.1 gene id:F20C19.21 strong similarity BAB02209 1 3 .11 )
to unknown protein [ B :
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At2g30910; putative ARP2/3 protein complex AAC20725

046 subunit p4l . -3 -3 13 -13
047 receptor protein kinase-like protein wg’ -1 -3 1.2 -1
048 dI3050c; hypothetical protein CAB&I -4 -3 -12 -14
049 F5A18.15; unknown protein; 59759-58619 AAG&O -1.1 -3 -1.3 -1.1
050 contains similarity to unknown protein BAB10766 11 3 12 11
dbj|BAA91655.1 gene id:K6M13.8 [ | ) ) )
052 Arabidopsis thaliana chromosome 1 BAC T7P1 AC018908 11 3 12 14
genomic sequence, complete sequence. Bl ) ) )
053 dI3740c; HSR201 like protein CAng - -3 1 -
054 T22K18.9; germin-like protein /%4416 - 30 -1.2 -
055 At2g38180 %7 -1 30 -1 1
056 F11A6.2 [&9810 .12 -3 14 -11
057 Arabidopsis  thaliana  AT5g49870/K9P8 1  gene, AF367353 11 3 .15 -13
complete cds. H N ) ) )
Sequence of BAC F21F23 from Arabidopsis AC027656
058 . - 30 -12 21
thaliana chromosome 1, complete sequence. [ '
059 Arabidopsis thaliana phosphate transporter (AtPT2) U62331 11 3 14 -14
mRNA, complete cds. [ ) ) )
060 T26J12.11 AAC%E; - -3 - -
Arabidopsis  thaliana  senescence-specific  protein U37336
061 (SAG12) gene, promoter region and complete cds. = A3 3 -ls -l
062 T12C14 _240; putative protein CAB&S 1.1 -3 - -1.4
063 AT4g26660; putative protein CABﬂZ .12 -3 -1 -
064 gene id:K23L.20.5  refiINP_011731.1 similar to BAB08824 ) 3 i )
unknown protein [ ]
065 Arabidopsis thaliana ubiquitin conjugating enzyme  L19354 | 3 i )
(UBC4) gene, complete cds and flanking regions. [
066 Arabidopsis thaliana mRNA for heat shock protein  Y14070 3 |
17.6A. 'm @ )
067 Arabidopsis thaliana germin-like protein (GLP2a) U75192 ) 3 13 .13
mRNA, complete cds. _ . . .
068 gb/AAB61527.1 gene id:MOK9.8 similar  to BABO08708 11 3 12 .13
unknown protein | W ) ) )
069 T22K18.5 A&MIZ -14 3 .1 -12
Arabidopsis thaliana homeodomain protein (PRHA) L2101
070 oY A"pcsosmplete | eodomai Prote B 0 29 13 12
’ : H En
. . CAB41341
071 FA4F15.320; putative protein . -14 29 -15 -1.2
072 FIN21.11 AAG%2 1 29 -14 -12
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CAB64224

073 T4D2.140; putative protein I mm -1.3 29 -11 -13
074 F22113.110; putative protein CABﬂO - -2.9 - -1.2
075 At2g01640 AAD£7 - 2.9 - -
. . . Y18432
076 Arabidopsis thaliana ApL3 gene. EE .1 29 -15 -12
Arabidopsis thaliana hsp17.6 mRNA for 17.6 kDa  X16076
077 heat shock protein. 2 N 429 -3 -13
Arabidopsis thaliana chromosome I BAC F22K20 AC002291
078 . -1.3 29 -14 1
genomic sequence, complete sequence. (D |
079 gene id:MLE2.7 unknown protein ]31&]3&9 -1.2 29 -12 1
080 AT4g22490; RCc3-like protein CAA&“ -13 29 -1 -13
081 F10M6.110; putative protein CAA&S -1.1 29 1 1
082 TI12H1.29 /%7038 1 29 -12 13
CACO01872
083 TI9L3 30; putative protein Bl . 29 -12 -16
|
. . CAB75900
084 T22E16.80; putative protein _ Em - 29 -13 -12
085 F22F7.12 A&m .1 29 -13 -12
AAD20081
086 At2g03800 Bl 12 29 1 -13
|
AACO02771
087 At2g41760 EEE 1 29 -13 -11
088 F7J8 60; putative protein %6 - 29 1.1 1
089 dI3045c; hypothetical protein CAB&O .1 29 -15 -1.1
090 pectinacetylesterase B%O - 29 -1.1 13
091 AT4g11110; COP1 like protein (photomorphogenesis CAB43046 12 29 -12 -11
repressor COP1 - Arabidopsis thaliana) H BN ) ) ) )
A.thaliana mRNA for gibberellin 20-oxidase (1425  X83381
092 1 29 -13 -13
bp). .
094 gb\AAD21483‘1. gene id:MWL2.4 similar ~ to BABO01314 13 29 .14 )
unknown protein HEE |
095 serine/threonine-specific protein kinase-like protein B%S - 29 -14 -12
096 F1P2.60; putative protein CAB£7 .12 29 -1.1 -1.1
097 At2g22610; putative kinesin heavy chain AAD£9 - -2.9 - -
098 FO6N18.13 A&W -1.2 29 -12 -12
099  At2g32960 AAB£4 -3 29 -1.1 0 -1
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AAF87154

100 T23E23.14 1 29 -1.1 -1.1
|
101 Arabidopsis thaliana mRNA for AHPI1, complete AB015141 29 13 -12
ods. ‘'sm - -
. X90458
102 A.thaliana mRNA for cytochrome P450. . -14 29 -15 -1.1
103 G protein-coupled receptor-like protein w“ -1.2 29 -13 -1.1
. . . o . U75194
104 ﬁlgllt\);iopcs(l)sm p‘;lelglir:ja; germin-like protein (GLP6) o ) 29 )
’ : _
AAF24938
106 T22C5.2 I .1 29 -1.1 -
108 A.thaliana mRNA for NLM1 protein. % -1.1 29 -14 1
109 d13910c; hypothetical protein CAB£2 - -2.9 - -
CAA19750
110 F28M20.80; hypothetical protein Bl 4 29 -13 -l1.1
N
AAF24539
111 FIK23.2 E 1 29 -13 -12
AAC33494
113 At2g46750 [N - 2.8 -14 -
]
. AAG51864
114 F28P22.9; unknown protein; 33231-33614 s -1.1 2.8 - -
115 AT4g19900; putative protein CAB&O - 2.8 - -
116 Arabidopsis thaliana germin-like protein (GLP7) U75202 12 28 i )
mRNA, complete cds. || ' .
117 T5J17.90; putative protein CA]B&S - 2.8 - -
contains similarity to
118 phosphatidylinositol/phosphatidylcholine transfer BAB£7 - 28 -1.3 -
protein gene id:MNJ7.10
119 dbj BAA87936.1  gene id:MQC12.15 similar to BAng ) a3 i )
unknown protein ] )
A.thaliana CAD gene for cinnamyl alcohol Z31715
120 dehydrogenase. . -3.5 27 -17 1
122 F19K6.14; myosin-like protein; 12311-7712 [%&3 -1.2 27 -14 -14
123 Arabidopsis  thaliana RING-H2 finger protein AF079183 15 27 -13 -11
RHGla mRNA, partial cds. . | ’ ) ) )
124 I/j;tjéi?470; putative VP1/ABI3 family regulatory AAB63089 11 27 14 -13
T30N20_40; nucleoid DNA-binding protein CAB96832
125 cnd41-like protein | W L2712 -
126 Ig;:(r)lte;_hlld:MUL8.22 pir||S77152 similar to unknown BAB11027 12 27 13 -2
127 Arabidopsis thaliana chromosome I BAC T5A14, AC005223 13 27 -1 -1

complete séquence.
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AAD21704

128 At2g20650 s -1 27 1 -1.2
AAC35521
129 TI12H20.3 -1.3 27 -14 -13
|
130 A.thaliana (clone GBGa483) mRNA for X72292 11 27 4 |
exopolygalacturonase. H BN ) )
131 F21B7.1 AA&“OS 1 26 1.1 -12
132 T2J15.15; unknown protein; 32731-33266 AAG&S 1.1 26 -12 -1.1
133 Arabidopsis thaliana chromosome 1 BAC F1003 AC006550 11 26 -l12 -11
sequence, complete sequence. H Bl ) ) ) )
134 Arabidopsis thaliana partial mRNA for putative AJ249971 11 26 11 -L1
sugar transporter (SUGTL5 gene). [ | ) ) ) )
135 Arabidopsis thaliana mRNA for AGP6 protein. 1%2459 -1 26 -16 -13
136 Arabidopsis thaliana DNA chromosome 4, BAC AL022224 11 26 | 12
clone F1C12 (ESSA project). | I N ) ) )
137 F20D10.170; putative protein CAB&S -1.3 26 -1 -1.3
138 FIN21.22 AAG%S -1 26 -1.1 -1.2
139 A_TMO021B04.3 AAB&S 1 26 1.1 -1.1
140 F26K9 20; putative protein CAB£9 - 26 1.1 -1.1
. . . . . AJ131342
141 Arabidopsis thaliana mRNA for LEA-like protein. H -1.1 26 -1 -1.1
142 At2g39100; putative C3HC4-type RING zinc finger AAC79620 11 26 -1 -13
protein B N : : :
143 F23A5.16 AA&%% 1.2 26 -15 -14
Arabidopsis thaliana chromosome III BAC T21P5 AC009895
144 . -1 26 -14 -1.1
genomic sequence, complete sequence. H B
145 T2711.6 AAC£2 -1.6 26 -1.6 -13
gblAAB60912.1  gene id:MGF10.6  similar  to BAB02689 } ) i
146 L own protein w2 20 14 -l
147 Arabidopsis thaliana MADS-box protein AGL11  U20182 13 26 -1 1
(AGL11) mRNA, complete cds. F n : : :
148 T15B3_100; cysteine proteinase-like protein %4 -2 25 -12 -1.1
Arabidopsis thaliana chromosome II section 180 of AC006223
149 255 of the complete sequence. Sequence from H Em -1.1 25 12 -1.1
clones F20M17, F22D22.
151 F516.3; unknown protein; 13661-11359 AAG£2 1 25 -1.3 1.1
152 F7F23.10; hypothetical protein; 51999-52350 AAG£9 -1.1 25 1.1 1
153 Arabidopsis  thaliana  gene for nicotianamine AB021936 12 25 12 -13
synthase, complete cds. [ N |
154 A.thaliana CDC2b gene for p34(cdc2) cell cycle X57840 11 25 11 -11
protein. B N ) ) ) )
155 Arabidopsis thaliana DNA chromosome 4, BAC AL022580 12 25 11 -13
clone T5K18 (ESSA project). H R ‘ ‘ ) ‘
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156 contains similarity to cytochrome oxidase assembly BAB09291 11 25 14 -11
factor gene id:MDA7.15 H B ) ) ) )
157 Arabidopsis thaliana CW7 mRNA, complete cds. /%8226 -1.2 25 -12 -1.1
CAB89383
158 F12B17_50; cytochrome P450-like protein B 10 25 1 -1
T
o . AACT79143
159 TI19K24.11; similar to pMS10 protein m . -1.1 25 -14 -13
160 F19K19.7 AAG£9 1.1 25 1.1 -11
161 TI13015.6; feebly-like protein /%4612 -1.1 25 - -1.4
162 F12M16.11 AA_F69551 13025 12 -]
163 F15M4.22; hypothetical protein; 84465-87513 /&6672 -1.1 25 - -1
164 F17J6.23; unknown protein A_AGSH% -1.3 25 -1.1 -11
165 At2gl19340 AACﬂét -2 24 -12 -13
166 gene id:K21P3.8 unknown protein B_AB10339 -1 24 -13 -14
167 F6G3.180; hypothetical protein CABﬁo -1.1 24 -12 -1.2
168 T1008 180; putative protein C_AB81930 1.3 24 -12 -1.1
169 At2g03720 AADﬂét -2 24 13 -1.1
170 T28J14 20; putative protein C_AB87264 1.1 24 -15  -11
171 At2g26100 AAC£7 12 24 -12 -12
172 T8B10_250; putative protein C_AB81845 -1.2 24 -12 -1.1
Arabidopsis thaliana chromosome II section 18 of AC007178
173 255 of the complete sequence. Sequence from E B -1.2 24 -11 -12
clones F3L12, T16B23.
174 F8B4.190; nodulin-like protein %6 - -2.4 - -
175 serine/threonine-protein  kinase Mak (male germ BAB09171 12 24 -1 11
cell-associated kinase)-like protein B BN ) ‘ )
176  AT4g16900; disease resistance RPP5 like protein CAB%Z -1.3 24 -12 -1
177 Arabidopsis thaliana genomic DNA, chromosome 5, AB010693 ) 24 12 11
TAC clone:K21C13. N | : ) )
178 TI18A20.12 A&ZS& 1.1 24 12 -17
179 Arabidopsis thaliana chromosome I BAC F14M2 AC010164 11 23 -2 12
genomic sequence, complete sequence. H BN ) ) ) )
180 HR-like lesion-inducing protein BAA£2 -1 23 -12 -1.2
Arabidopsis thaliana BAC F21J6 from chromosome AC006259
181 V, containing KNAT3 and mapping near 60.5 cM, e -1 23 -12 -1.2

complete sequence.
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CAC01822

182 F2G14 150; putative protein . -1.3 23 - -
183 F5A18.26; putative alliinase; 99695-97270 AAG&S -1.2 23 -14 1
184 F6A14.21 A&ﬂll -1.2 23 -14 -14
185 T26D22.10 AACﬂl -1 23 -13  -14
186 Arabidopsis  thaliana calcium sensor homolog AF060553 13 23 i )
(SOS3) gene, complete cds. [ ) )
187 T1609.6; protein kinase, putative [\AG&E; -1.2 22 -11 -1.2
188 Arabidopsis thaliana AT4 mRNA sequence. 1%5372 -2 22 -12 -13
189 gene id:MDF20.25  reffNP_011524.1 similar to BAB09248 22 11
unknown protein ' m ) - - )
Arabidopsis thaliana biotin carboxyl carrier protein AF223948
190 isoform 2 (BCCP2) mRNA, nuclear gene encoding En - 2.2 - -1.4
plastid protein, complete cds.
191 At2g39120 AAC£2 -1.3 22 -12 -13
192 At2g48080 AADﬂI -14 22 -15 -13
193 putative protein CAB£3 -1 22 -1 -1
T26112.110; disease resistance response/ dirigent-like CAB75757
194 protein . 1.2 22 12 -12
195 T27E11.80; putative protein CAB£2 -1 22 -13 -13
196 gb|AAC32911.1 gene id:MJB21.3 similar  to BAB10622 11 22 11 -2
unknown protein H BN ) ) ) )
197 F2P3.11 AAC&S 1 22 -13 -
198 F13K23.2 AA&MSZ -1.3 22 1.2 -1.1
199 T9A21.110; unknown protein CAA&S -14 22 -14 -12
200 F27K7.5; endo-beta-1,4-glucanase, putative AAG&Z - 2.1 - -
201 contains similarity to ankyrin gene id:MRI1.10 wz 1 21 1.1 1.5
202 Arabidopsis thaliana defective in exine formation AF257187 11 21 12 -12
(DEX1) mRNA, complete cds. H B ) ) ) ’
203 TI12M4.4 AACﬂI -14 21 -13 -1.1
204 11-beta-hydroxysteroid dehydrogenase-like BAA£3 - 2.1 - -
205 F28N24.5 A&SHI - 2.1 - -
206 A.thaliana AtMlo-hl gene. % - 21 -14 -
207 At2g37090 AADgO - -2.1 - -
208 Genomic Sequence For Arabidopsis thaliana Clone AC068655 ) 21 -6 11

F17K4 From Chromosome V, complete sequence.
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209 gb|AAD43153.1  gene id:K13E13.10  similar to BAB01695 ) 21 i )
unknown protein [ ] )

210 Arabidopsis thaliana DNA chromosome 4, BAC AL035538 12 21 -14 )
clone F20D10 (ESSA project). Il ) ) )
Arabidopsis thaliana chromosome II section 194 of AC005314

211 255 of the complete sequence. Sequence from N B - 21 -14 -
clones T32F12.

212 Arabidopsis thaliana genomic DNA, chromosome 3, AP000386 ) 21 i )
P1 clone:MLDI15. [ 1 i

213 AT4g19240; hypothetical protein C_AA18611 - -2.1 - -

214 Arabidopsis thaliana peroxidase (basic, prxEa) gene, MS58381 ) 21 i )
complete cds. [ )

215 AT4g32860; putative protein %3 1.1 210 -14 -12

216 gb/AAC72114.1  gene id:MRO11.18 similar to BAB10051 ) 21 i )
unknown_protein [ :

217 gb|AAF40458.1 gene id:MUJ8.11 similar ~ to BABO01362 ) 21 i )
unknown protein [ ] )

218 F23A5.32 1&4684 - 2.1 -12 -13

219 AT4g09580; putative protein CA]B&I 1.2 21 1 1

220 gene id:MUB3.4  refINP_005422.1 similar  to BABI11419 11 21 -12 |
unknown protein [ ) ) )

AAC33494

221 At2g46750 B 12 21 - -1.1

270 contains similarity to unknown protein BAB10398 13 21 1 13
2blAAF19687.1 gene id:MOP9.16 B mn ' ' '

223 Arabidopsis thaliana DNA chromosome 5, BAC AL392145 ) 21 | 12
clone T4C12 (ESSA project). N | | ) )

294 Arabidopsis thaliana Atlg67090 AF325004 ) 21 i )
(At1g67090/F1019.10) mRNA, complete cds. [ '
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1.2.4. 2.°] ¢DNA chipe] A& L A g (&7FE 320 spot)

7}. 29| ¢DNA chip2 §3 F& F=

Blast searchS £ cloneE°l] thdk Q0] cDNA chipg A A2 5, nlolg~ HF
A EA 9 mock HE (buffer=%F JF) A=A Fdx dAFES vlustr] fsto]
7} ¢DNA insert5< PCRE ©|&3lo] FF3FTh cDNA chipell AF&H % probe?
MNee Alg 5474 3202 stk 229 FE2 pTriplEx2 2 pGEM-T vector?]
universal primer siteE ©]-83} % th. pTriplEx22] 79 up-triplEx (5'-CTCGGGAAGCGC-
GCCATTGTGTTGGT-3)# down-T7 (5-TAATACGACTCACTATAGGGC-3)< o] &3
pGEM-T+ T73% SP6 primers ©]-&3t¥=Hl, & &&o] w9 vil, plasmids 2t
U= Ecoli®] T2 &o] wjg- vrol ZE9] FHlo] ofelFo] AUt
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al

= Y31tk Well converter programs ©]-8-3}] 384-well plate ¥ array =A1E 7]

sttt

Jh
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Spotting> Y EFHtA|o A 3319 2™, BioRoboticsAt2] MicroGrid 112  °F 5nl7}
loading= =% 3} 2™, spote] Z7]= °F 100um Z2]al, spot 7F2] space= °F 180um
Aw=7F ¥ =2 3tth. Spottinge] Eit slides2 blocking #A S 713 A x3E 4o
H sk o

ZGMMVE ZAAIZL %, 3, 24hrAlol] =83 29, CFMMVS H &% 24hr Ao 4
gk A4 H O FAE A5 total RNAS FE3F 9, hybridizations $]3}¢] Genisphere
A} Array 50 kitZ ©]-&3}¢] indirect labelingS 4=3) 3} T}

zb Aol Al 50uge] total RNAE  SuperScript II RT (Invitrogen)= reverse
transcription A7 2., o]u] Cy5-, Cy3-dendrimer 5-©]% Q] primerS AF-&3}%t}. niol#
2 HFETE CyS, HERTFE Cy3E labelinge] 2 4 %= 33t $4E cDNAE
EtOH down©o. 2 10ulell &=3}F%13L, 2X SDS buffer?t 2] Ist step hybridizaione 53
3tk 16A17+2] hybridization ¥, 2X SSC, 0.2% SDSlA] 10% (60C), 2X SSC 10+
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dojupx] F== okt o] F, ke Td3 AFF O E washingst ok &8 HxH
slideE Hl=2 AxonA}2] scanner (GenePix 4000A)Z 635nm<} 532nmol A 2] o 7| 34-S
0] 83} scanning 3}

Scan®l ©] W] %= GenePix Pro (ver. 4.0) programS ©]-&3}o] #2313tk A A spotell
) 3k normalizationS 33}, F374 %= H S-S ratio of median, median of ratio %

o7 BA AAstAth. HFAHOSE T3 Fig. 1.24 2 Fig. 1259 22> A3 o]n]A

(D)

Fig. 1.24. Scan image analysis of ZGMMYV indued cucumber plants mRNA profiling.
(A) 3hr, (B) 6hr, (C) 124hr, (D) 24hr after inoculation with ZGMMV.
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Fig. 1.25. Scan image analysis of CFMMV indued cucumber plants mRNA profiling.
(A) 3hr, (B) 6hr, (C) 124hr, (D) 24hr after inoculation with the virus.
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of| a3k mpel o] AAHOR virus infection?} woundo] <o]&] FAlo]l WdEy =
transcripts£©] 50% A== UESEO ™, WhA] wound specific ¥ FAAES] ¥
ol vEbut
TSk, putative transcription factor, membrane associated protein@} unidentified hypothetical
proteins& HE F Ao Ao uwep o] FUFHATHE A H = ohke ud
pattern< X o] 5= ¢] o},

skH, Qo] YA tobamo virus©|WA ZGMMVelE UHE  subgroupe] CFMMV
(Cucumber fruit mottle mosaic virus)= E 3 A= ZGMMV | profiling@} vi-§- “o]
g AdE YERRSITE Fig. 1.25¢014 & 4 9l%o] Fig. 1.26%+= % t& Fdx &
AYds Hetdol oldd g Fo A=de A77F desittar Azdn. A4 o
of ZAEANS AFol= CFMMVE 7% mottle?] =7} wl-¢- AlstH, ¥ o
o ow=a, FH S0 AT HF9 oyl B AH A 50%0]de] A= 54
5ot dAYSE 5 oS- A E Sk virusghal R T}

= 23S T8k 2°] cDNA-chipe] Ag4 Az 5l 423 ddAdS Sl
i, 1 v%E cDNA, ESTsE &13lo] ulatujole] ~ 7+
d WstE dolR A v FEY AFE sk

n&
>,
to
o
o
10
Jo
r)J
>
e

1.2.5. 2.°] cDNA-chipS ©°] &3 FAAALEH &4 (1.2K spot)

1.2.5.1. 2.°] cDNA-chip& E£9 FZ

oF 120071 2] spot= arrayst 9.°] A HHAE NS 98k cDNA-chipS A Z317] ¢
o] PCRE ol&3te] 7t fAxE TZag. TZH A AT FEe
200ng/ul ool ¥=E shglon, ol FE 40ul o]e] HEE 33l

ols A= AIAdEHY AZ Z7] Y2 plasmidol subcloning® o] A 7] Lo,

I =T
O

PCR-based c¢DNA library:= TriplEx sequencing primer (forward)®} T7 promoter primer
(reverse)E ©]&3lo] FH3A L (Fig. 1.27), SSH % DDRTY WS =2 sequencingdl$l
9 FAAE2 pGEM T-Easy vector (Promega)oll subcloning®©] 9l¢] T7 promoter
(forward)2} SP6 (reverse)®] universal primer setS ©]-83}$th (Fig. 1.28). I3,
lambda-ZAPIIS ©] 83k ¢cDNA library:= pBluscriptll SK-Z ©]&3}al 1o, o] A% T3
(forward)®} T7 (reverse) primer setS AM&3to] S35k (Fig. 1.29). ol T3AHE9]
A719s A= vad 2o
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Fig. 1.27. Sequenced PCR clone used in microarray searching for different genes expressed in virus
(Plate 1) - STriplEx & T7 primer
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Fig. 1.27A. Continued (plate 2) - 5TriplEx & T7 primer
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Fig. 1.27B. Continued (plate 3) - 5TriplEx & T7 primer
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Fig. 1.28. Sequenced PCR clone used in microarray searching for different genes and specifically expressed in virus inoculated
Cucumber (plate 4) - SSH and DDRT clone (T7 & SP6)

- 139 -



MO MO MO MOT MO MO MOT MO MO > it : o - =
HO1 GOf FOS BO1 DO1 001 BO1 ALY HOR ' D HO4 G4 FOd

MO W0 MO T MO
M s s ! - B3 AN HOS

30— [ 30—
20— J— 20 —=
15— 16—
12— 1.2 —
10== 10—
s oL —
03— 03—
01 = ot —

MOT M MO N L I RO MO N1 MO W MOT MO M MO
Hig 3 F10 i a1 F11 EN11 D Bi1 Af1  HiZ

20—
1.6 ==

1.2 ==
1.0 ==

=X el
03 ==

Fig. 1.29. Microgen sequencing PCR clone used in microarray searching for different genes expressed in virus inoculated

Cucumber (M1) (T7 & T3)
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Fig. 1.29A. Continued (M2) - (T7 & T3)
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Fig. 1.29B. Continued (M3) (T7 & T3)
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Fig. 1.29C. Continued (M4) - (T7 & T3)

- 143 -



Kb

30—
20—
15—

12 ==
10 ==

UL
0.3 ==

30—

20—
1.5 —

1.2 ==
1.0 =

L

03—

ot —

kb
10—
20—
15—

12 —
B —

as—=

0.3 —=

Fig. 1.29D. Continued (M5) - (T7 & T3)
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Fig. 1.29F. Continued (M7) - (T7 & T3)
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- 148 -



L]

30— =
20— 20—
15— 15—
12— 12—
1.0 —= 10—
oE— 05—
03— 03—
01— o1 —

0 —
15—

13 ==
1.0 ==

o5

oY —

ol —-

Kb Kb
10— 20—
20— 20—
16— 15 —
12— 13—
10— 10—

—
s e

LE
03—

a1 -
o1 —

Fig. 1.291. Continued (M10) - (T7 & T3)
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Fig. 1.30. Scanned images of cucumber cDNA-chip for ZGMMV- and CMV-fny-induced
cucumber plant's transcripts profiling. 6hrs after inoculation with ZGMMV (A)
and CMV-fny (B).
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Fig. 1.31. Scanned images of cucumber cDNA-chip for ZGMMV- and CMV-fny-induced
cucumber plant's transcripts profiling. 12hrs after inoculation with ZGMMV (A)
and CMV-fny (B).
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Fig. 1.32. Scanned images of cucumber cDNA-chip for ZGMMV- and CMV-fny-induced
cucumber plant's transcripts profiling. 24hrs after inoculation with ZGMMV (A)
and CMV-fny (B).
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Fig. 1.33. Scanned images of cucumber cDNA-chip for ZGMMV- and CMV-fny-induced
cucumber plant's transcripts profiling. 48hrs after inoculation with ZGMMV (A)
and CMV-fny (B).
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Fig. 1.34. Scanned images of cucumber cDNA-chip for ZGMMV- and CMV-fny-induced
cucumber plant's transcripts profiling. 72hrs after inoculation with ZGMMV (A)
and CMV-fny (B).
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Fig. 1.35. Representative spot finding and scanning procedure(A) and subsequent scatter
plot(B) images of cucumber cDNA-chip for ZGMMYV induced cucumber plant's

transcripts profiling.
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Fig. 1.36. Induced interesting features in ZGMMV- and CMV-fny-induced cucumber plant's
transcripts. 6hrs after inoculation with ZGMMV(A) and CMV-fny(B).
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Fig. 1.37. Induced interesting features in ZGMMV- and CMV-fny-induced cucumber plant's
transcripts. 12hrs after inoculation with ZGMMV(A) and CMV-fny(B).
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Fig. 1.38. Induced interesting features in ZGMMV- and CMV-fny-induced cucumber plant's
transcripts. 24hrs after inoculation with ZGMMV(A) and CMV-fny(B).
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Fig. 1.39. Induced interesting features in ZGMMV- and CMV-fny-induced cucumber plant's
transcripts. 48hrs after inoculation with ZGMMV(A) and CMV-fny(B).
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Fig. 1.40. Induced interesting features in ZGMMV- and CMV-fny-induced cucumber plant's
transcripts. 72hrs after inoculation with ZGMMV(A) and CMV-fny(B).
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Fig. 1.41. Examples of Lowess Normalization(Median Log Ratio). Denominator was
F532Median-B532. 24hrs after inoculation with ZGMMV(A) and CMV-fny(B).
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Fig. 1.42. Hierarchical clustering (Pearson squared) features in ZGMMV-(A) and
CMV-fny-(B) induced cucumber plant's transcripts.
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Fig. 1.43. K-means 4 X 4 clustering (Euclidean squared) features in ZGMMV-(A) and
CMV-fny-(B) induced cucumber plant's transcripts.
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Fig. 1.44. Self organizing map (SOM) 3 X 3 clustering (Euclidean squared) features
ZGMMV-(A) and CMV-fny-(B) induced cucumber plant's transcripts.
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Gene Shaving 21> < A] non-hierarchical clustering®] <3}, <A1 29] K-means<}
SOMo] AdF 4l FAEA Wl efAsto] clusteringdt= Zlo H|ske], o] AU
< Hastie et al (2000)9] ©fste] & /MEd Fdx 2d ZA N Ho|g, o] Wye
do] duAS Hole FHAY s ARk, T B ®olE HA A
= ol

upebA, 2t clusters 9] T4 Q1AF Abofell Wol7b & cluster AW S Hol=
A2 2F3AZIY o] 2FES EALS Fig 145904 B £ l%o] wj$ 3
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Fig. 1.45. Gene Shaving 4-clustering (Euclidean squared) features in ZGMMV-(A) and

CMV-fny-(B) induced cucumber plant's transcripts.
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1.2.6 2.0] ESTsY DB +3 % 7|2 3% e A2 pBstY A

Hogla|o| A 4283 ESTs ¥4 2 FH 9 data2] A&7 A9 A2 7+ nHF
£ 93le] Web-DBE =34} 313

Web-DB 152 93} servert windows 2003 (standard edition)S *-%3 A Al = A}-&3}
™, server®] 27 ISP/Servlet Container(HTTP  Server)2= A Y3}  Apache
Tomcat/5.0.272. 2 A3} T}, Database Serveri= Oracle 10go]™, ¥1oj= Java2 ( SDK
1.4.2 Version)= 7} 23} 3]t}

1

11

O

1.2.6.1. DB T39] 71E JId

1) DB75S 98 Zh7he] data FEl= ESTs 2 microarray 275 MSAFS] excel data
92 upload® & AEEF sl|oF A &H2Q data®] upgrade’} =418 Aoz Azt

B

2) ESTs DB%} microarray 2 39] search’} &% 02 o] Fo|A =% 33Tt

3) Microarray®] 239} ESTs DBE #7|4 o2 ddste] d4#e ddlg dofol
=5 AAst A §kel

4) Microarray 2 ¥+ A A image®] ol = 7Hgoln A& AFHZ 3k sl A vlagh
T AEE sto], AFA o AgAEe]l § FAA dE HAGERES E4A
gpeter = A== A

5) el A=l Arab1d0p5154 microarray A& F71ste] € DB} 1A stalzl sl

Al 20E AEstete] 9N data®] WEARRrel] A s A

-

o] 93t Fig. 1463 & 7|2 JIES EF8t= Web-DB 155 Al =dF3Ath
Aol 743 AEF Aol= JAVA2 & Aga7|2 stglon, F2 JSPE o] 43
o] DBS} datas A5
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1.2.7. (18 #A: A EA DNA-chip M2 2 443 47 23 W&

1.2.7.1. 22 %, AE3} DNA-chipd] A 7|& &

Fig. 1517 1.52% Zt7Zt aldehyde®t amine slide®l] 2] bufferd]l =<1 3 dyeZ
labeling®l DNAE spottingdl il binding AlZ] $ scannerg AF-8-3le] ¥ images 4]
g Aoty oA K wpel o] 350mM sodium bicarbonateo] <91 DNAZ}
spottingd} 1S Wl spott]o]l DNAZ} 315 | #%)3l binding efficiency”’} 7} =9kth
(Fig. 1.51, 1.52, Table 1.12, 1.13).

U2 bufferE AF-83H9 binding efficiency’} ¥ A Y spottl o]l Al DNAZF &7 HF &l
A e dAto]l dojwtt. 12l aldehyde slide”} amine slide Xt} DNA binding
efficiency’} Eskou A7 3 WA 7]E3k vkl Fo] aldehyde slide®] 79

DNAE WA Ak sf2 2 DNA-chip 212} W&o T7Fsh= wile] vt

4nil

2l

Fig. 1.51. DNA spotting on aldehyde group coated slide using cy5-labeled ras DNA in
various buffers. 1: 300mM Bicin (pH 9.5), 2: 350mM NaHCO; (pH 9.0), 3: 100mM
Tris (pH 8.5), 4: 50mM Bicin + 300mM NaCl (pH 9.5), 5: 3x SSC (pH 7.0).
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Fig. 1.52. DNA spotting on amine group coated slide using cy5-labeled ras DNA in
various buffers. 1: 200mM MES (pH 4.0), 2: 200mM MES (pH 6.0), 3: 3XSSC
(pH 7.0), 4: 350mM Sodium bicarbonate (pH 9.0).

Table 1.12. Probe DNA binding efficiency on aldehyde group coated slide.

Spotting buffer Binding efficiency (%)
300mM Bicin (pH 9.5) 49.1
350mM NaHCO;3; (pH 9.0) 43.1
100mM Tris (pH 8.5) 35.8
50mM Bicin + 300mM NaCl (pH 9.5) 41.8
3x SSC (pH 7.0) 22.6

Table 1.13. Probe DNA binding efficiency on amine group coated slide.

Spotting buffer Binding efficiency (%)
200mM MES (pH 4.0) 11.2
200mM MES (pH 6.0) 6.1
3x SSC (pH 7.0) 10.1
350mM NaHCOs; (pH 9.0) 24.1
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Target DNA 43 &3 Al7] Atole] #AZ} lineardt W& Lolr7] 9sho
10*~10° copy number®] target DNAS Ab-g3le] 23S &9t} Target DNAC copy
number7} 10°~10°d Z$-oll = g3 A717F UF ksl 4T F A3 107 ool
W g% A7]7} saturation®] ¥ o] copy number’b 10°~10°% W target DNA %3} &%
Al717} lineardt #AE ZEHA] €tk (Fig. 1.53).

—— S IR0 RaHCCE e Bum)
— — HW (ol bicine {pH 8.50)
— = - =8 (3 E5040H V.00)

Total Signal infensity O« 107

4 4.5 5 55 f .5 i 1.5 B 55
LogdAppdisd arnount of Tarsst Dk

Fig. 1.53. Relationship between the target DNA amount and signal intensity.

422 vol#l 2~ A FE& DNA-chip A& (oligo-chip)

dll 215 plol#l s~ He-g DNA chipg #A1&38H7] Yato], destaxt & viruss
2 e HASTE Tobamovirusel <3k 4%, Potyvirusoll 3} 2FFF (Table
= A3le] o]Z v NCBIOIA sequence 7412 3131t
0

21238 sequences aligndle] Z}7to] virusoll £90]4 02 identificationd 4 U H-E
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= AAsEA AL (coat protein sequence), L F-flolA Z} virusell 5o]# <l sequence Ul
F3E o] 8 2tk probes A ZSEATE (Table 1.15).

At probe= virusgs Abelo] Wol7l A RES HAAI =, Z- probest UE
probe o= FHA 671 oo @7IALe] & FE& AA3Ee oligonucleotide probe
5 A #sF T} Oligonucleotide DNA chipe] 7%~ 4 o] 5% probei= 5 "t amine”]
% modifyE 3}l linker (d(T)is-)E 15 °] labeled¥ target©] probe®}t % &5 + 9
S5 A4t

Z12] 31 oligonucleotide DNA chip 2 @ oA target sample (test sample)= fluorescence
dyeE ©]&3l labeling® ™ signal intensityS £°]7] 93] RT-PCRE ©] 83131, ol &
?1 ¢t primerE A 231 th (Table 1.16).

Variable region?l coat protein sequence H-i-S cover & = = PCR primers A2t
sh=d ool o] e FH<Q Potyvirusell specificdt primer Al E 2}, Tobamovirus©l
43 virus 4 FFl ZHZE specificdt primer AIEQB AE)E AA AT PCR primer
A2 Al forward primeroli= 5" @thol| phosphateE & F0] 5ol single strandE TH

S RS S

Table 1.14. The type of viruses used in the plant virus detection DNA chip.

Virus type Virus name

CGMMYV; Cucumber green mottle mosaic virus

CFMMV; Cucumber fruit mottle mosaic virus

Tobamovirus
KGMMYV; Kyuri green mottle mosaic virus
ZGMMYV,; Zucchini green mottle mosaic virus
ZYMMV; Zucchini yellow mosaic virus
Potyvirus

WMV, Watermelon mosaic virus
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Table 1.15. The probe sequence for the plant virus detection DNA chip.

Probe Name Probe Sequence

CGMMV 1-1 |5'-NHy=Cs—TTTTTTTTTTTTTTT-CTG TTT CTT TCG ACG ATG GCT
CGMMV 1-2 |5'=NHy=Ce—TTTTTTTTTTTTTTT-TCT AGT TGC TTC ACA AGG TAC
CGMMV 1-3 |5'=NHy=Cs—TTTTTTTTTTTTTTT-CTT CGT TTC GCT TCT CAG CTC
CGMMV 1-4 |5'=NHy=Cs—TTTTTTTTTTTTTTT—-ACC ACC TCG AAA GCT TAG TTT
CFMMV 2-1 |5'=NHy=Cs—TTTTTTTTTTTTTTT-GCC ACT AAG TTC ATA ATC AAG
CFMMV 2-2 | 5'=NHy=Cs—TTTTTTTTTTTTTTT-AGG TGG AGC CCT GCA AAC GCA
CFMMV 2-3 |5'=-NHy=Cs—TTTTTTTTTTTTTTT-GCG TTG GAT TCA AGA AAT AGG
CFMMV 2-4 |5'=NHy=Cs—TTTTTTTTTTTTTTT-GCT GCG TCG TCG TCT ACC TC
KGMMV 3-1 |5'=NHy=Cs—TTTTTTTTTTTTTTT-GCG ATG CTT ATG AAC CAC CTC
KGMMV 3-2 | 5'=NHy=Cs—TTTTTTTTTTTTTTT-GTT GGT TTC GGC CCA AGG AGG
KGMMV 3-3 |5'=NHy=Cs—TTTTTTTTTTTTTTT-AAT CGA TTC GTT GTT ATC CGC
KGMMV 3-4 | 5'=NHy=Cs—TTTTTTTTTTTTTTT-GCA AGC GCT ACT TCC TCA AAG
ZGMMV 4-1 |5'=NHy=Cs—TTTTTTTTTTTTTTT-ATA GCG CTT CTG AGC TAC CCG
ZGMMV 4-2 | 5'=NHo—=Cs—TTTTTTTTTTTTTTT-ATT AAT AAC AAA TCA AGG GGC
ZGMMV 4-3 | 5'=NHy=Cs—TTTTTTTTTTTTTTT-GAT CGA TTC TCT CTT CGG TGC
ZGMMV 4-4 | 5'=NHy=Cs—TTTTTTTTTTTTTTT-GCA GGT TCG TCT ACC TCG TCT
ZYMMV 5-1 |5'=NHy=Cs—TTTTTTTTTTTTTTT-TTG AAC AAG GAG ACA CCG TAA
ZYMMV 5-2 | 5'=NHy—=Cs—TTTTTTTTTTTTTTT-AGA CGC TGG GGC CAC AAA GAA
ZYMMV 5-3 | 5'=NHy=Cs—TTTTTTTTTTTTTTT-TGA GAA GAC AGT AGC AGC TGT
ZYMMV 5-4 | 5'=NHy=Cs—TTTTTTTTTTTTTTT-TAG CAA TGT TTC TTC AAG GTT
WMV 6-1 5'=NHy=Cs—TTTTTTTTTTTTTTT-ATG GTT GCT GTG AAT CAG TGT
WMV 6-2 5'=NHp=Cs—TTTTTTTTTTTTTTT-GGA CGC AGG GAA AGA ATC AAA
WMV 6-3 5'=NHp=Cs—=TTTTTTTTTTTTTTT-TGA GTA CAA ACC TAG TCA AG
WMV 6-4 5'=NHg=Cs—TTTTTTTTTTTTTTT-TAT CGA TAA CGG TAC ATC TCC
random (—) 5'-NHy=Cs—TTTTTTTTTTTTTTT-d(N)21

probe s400 |5'-NHo—Ce—TTTTTTTTTTTTTTT-GGC ATG ATG TAT GGA GGA AC
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Table 1.16. The primer sequence for RT-PCR.

primer name sequence

CGMMV-F 5'-®-GGAGGTTGGACTCTGCTTCT-3'

CGMMV-R 5'-ACTTCAACGTCACACGTGAG—=3'

CFMMV-F 5'-®—AGTGGACCTGTGTCGCGTAA-3'

CFMMV—-R 5'-GTGATTCGAACACCTCTACC-3'

ZG/KGMMV-F |5'-®-CYCGCGATAGRTCTTAYGTT-3'

ZG/KGMMV-R | 5'-GTGATTCGAACACCTCTACC-3'

Poty—F 5'-@®-CTCCATACATAGCTGAGAC-3'

Poty R 5'-ATT WAC RTC MCK TGC AGT-3'

Spike 400—F | 5'-®-CATGAGAAGCACGACAAG-3'

s400 R 5'-GTG GTG GTA CAG ATG AGG TC-3'

adaptor tail 5'-GTA AAA CGA CGG CCA GTT-d(T)24-3'

Table 1.17. The array pattern in plant virus detection DNA chip.

1-1 | 1-2 | 1-3 | 1-4 | 2-1|2-2|2-3|2-4|3-1|3-2|3-3| 3-4

1-1 | 1-2 | 1-3 | 1-4 | 2-1|2-2|2-3|2-4|3-1|3-2|3-3| 3-4

4-1 | 4-2 | 4-3 | 4-4 | 5-1 | 5-2 | 5-3|5-4|6-1|6-2|6-3|6-4

4-1 | 4-2 | 4-3 | 4-4 | 5-1 | 5-2 | 5-3|5-4|6-1|6-2|6-3|6-4

s400 | s400 s400 | s400
+ + + +
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Scanning Z ¥} 7} virus RNAZ target DNAE YHEo] AF&3tW 1 virus &oll specificst
Al signal& WERH AL A3l positive controll A% signalo] Wil QO E. coli
RNAZ ®FEo]% target DNAES AF&3tW oWt virus signal®= A H A gform =
RT-PCR WF8-3} hybridization ¥F-§ Z71o] A lS W5 vt (Fig. 1.54 ~ 1.57).

Fig. 1.54. Laser scan image of DNA-chip to which E. coli target DNAs were hybridized.

Fig. 1.55. Laser scan image of DNA-chip to which CGMMV(Cucumber green mottle

mosaic virus) target DNAs were hybridized.
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Fig. 1.56. Laser scan image of DNA-chip to which KGMMV(Kyuri green mottle mosaic
virus) target DNAs were hybridized.

Fig. 1.57. Laser scan image of DNA-chip to which ZGMMV(Zucchini green mottle mosaic
virus) target DNAs were hybridized.
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43 2] ¢cDNA chip A%

43.1 A% 29°] ¢cDNA-chip #|3t

1A F-2kA ¢] 2] ¢cDNA library2 58 22 320709 colnes PCR 53 A7 product
5 AdTh oA S probeZ o] 83t 50% DMSOO =<1 ¥ MicroGrid II(MicroGrid
TAS, BioRobotics, UK)S ©]&3}o] 2nl H == SuperAmine slide(Telechem, USA.)°l
spottingd+ ¥ UV crosslinking(65m)) 2.2 G A|ZTh 114 %H slideE 0.1% SDSZ 53¢
23] AF, T2 23] MAHS F, blocking solution(3.0g Succinic anhydride, 500ml
I-methyl-2-pyrolidinon, 500ml 0.2M Boric acid (pH 8.0))2=2 20+&3+ blocking*] 71T}
Blocking¥t % SF5 = 123F 53] AlHstal 95T Sael 283 9 5, &2olA
AZAA AHE A7A] AR 7F gl= chamberoll A H.33} 9 Th.  Hybridization % analysis
= AAF-ZA AN Bk

43.2. 12K 2.°| ¢DNA chipg A%}

29F5e] Q0] cDNA-chip (320 clone) A1z A= FUd WHS o] &3l
cDNA-chip= #|2}3} %0tk ©=] hybridization solution< sodium bicarbonae (pH 9.0)= ©]
&ste Ao, AARE WA A pHO Wb S 4 do] Telechem ARe] 2X
hyrbridization solutions ©]-&3F . Al MicroGrid 1IE ©] &3} Superamine slideol
spotting 3} 3L, UV crosslinker2 317 3}¢] c¢DNA-chip= 43

Ar8H FE29 A& clone tracker (BioRototics) & ©]83}9] excel fileZ 7 &3t

31, control gene2 2 yeastd] s900 I AE AFE-31S
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A2 A Qoo 2 ¢DNA-Chip /N 2 {7z
Hedd =24

A7AE 2 BH
2.1.1. ¥}o] g 2~ Z k& cDNA-chip A&}
7} wlo]l# 2~ X8 DNA-chip & F£H|
st A wbelel s AWS 9ol vins FES Fulsgch Fulg FERES v

I A A mlolg] =20 ZGMMV, CGMMV, KGMMV, CFMMV, ZYMV, CMV %5 9] coat
protein®©| ™, reference Wlolgl~ 2202 TMV, PMoMV, PVX, PVY 59| coat protein

S THEA T ol ZF FE 59 coat protein T %> Ul Table 2.12] primer setS ©]
439, 7} product®] =71+ 500-700bp Ale]®2 FA3}9 3L, annealing tempt T

o 2CE 2dsAr.

Tubed 100ul2] ¥H-S-aF o 2 319 11, plasmid template< reaction'd 10ng< AF-&3}93 T}, of
7]l 0.25mM <] dNTPs, 0.2 uM each primer, 1 X rTaq buffer (Takara Shuzo, Kyoto, Japan) ~L 2]
31, 1.25 units2] rTaq DNA polymerase (Takara Shuzo)E % 7}l 31 th. PCR2 Uth59] HH&-o
2 FPE T} F, 94Col A 3585 ¢F 2 7] denature A Z 3L, F 35 cycle® 95C A 1%, 62C
of| A 30%, 18] 3 72Cl A 3-S5~ 319 3L, vFA| 9O 2 final extensionS 72Col A 12483t
33199 th PCR product® Qiagen A} Qiaprep Miniprep KitS ©]-&3}o] &2l
membrane chip®l| printingZt = U == 5t PCR HFH3- &2 EtOHE o] -83lo] A AA 71 T,
30 ul2] 10 X SSC (1 X SSC: 0.15M NaCl¥} 15mM sodium citrate)oll thA] 8-3f A Z t}. PCR A
E 2 0.8% agarose geloll A =719} integrity S 2915} U (Sambrook et al., 1989).

. Total RNAS] F&
cDNA-chip hybridizations $]3F viral RNA9] F8]:= 94 2 =39 total RNAS #
gl =d 7| EAH 22 Trizol reagent (Invitrogen)e] WS &3t A=A 0.1g

9 ImLe| Trizol $4& o] §3tith ol NEAe] BaE I 2ARAFES] AAS
S5te] 2% PVPE W47 S AESAh AAALD AU FAA Ft
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2 Agsglon, 48 Bl %23 FAd Trizol $3 Holus 3
Homogenizing® §91& 4R $ Fuol We F, o 5ol o 125799

rt
o
>
e
e

°
chloroforms #7+g $ 2031t vortexing HE-S-A] 7] 31 15,000g0 A4 1577+
AAEstdn Aeds A FEE &3 F F5HY 122 53¢ high salt (sodium
citrate, sodium acetate)2} A 1/2 F3 2] isopropanolS 37}t 10 37F AF=oA] dE
SAATE HEgo] EFy & 15,000g0 A 15%1F A4 stal, DEPCZE HElE 75%
EtOH &S 2 washing 3t TE w22 & F & RNA HHAES A4 <F 10%
AN F vEe] DEPC A SHTE A7 gl dFel A 24 7HE b
WS A AT Whgo] B 8d2 thA]l 1/10 H-3] 2] sodium acetate (pH 5.2)¢} 2.50]
J o] EtOH= -20Col A Al A ZT. tad tr] A4 &2 2 RNAS 353 5,
ikl "yt R RNAS &3lAzler, o7l RNase Inhibitors H7bstil o] & AhE
A7kA -85Co A B3

FZEo] ¥4 RNAE 94 denature gelodl A H7]953ste] o o] oka} 288
ribosoaml RNA$} 18S ribosomal RNAS| BI&= integritys I3t ch. A #H2
SpectrophotometerE ©] 83} A2609] FF=oA 1.00DE 7|22 319 40ng/ule] 3+
AHHIE o] &Stk A230/A2603) A260/A280°] Ml &R =S 2Hls

[e]
2%
[e]
-

Table 2.1. Primer sequences of 8 kinds of virus for viruses detection cDNA-chip.

Annealing

Virus Primer sequence
Temp.

Forward : 5'- AAT CTG AAT CAA CCA GTG CCG -3' .
CGMMV Reverse : 5'- CGT CCG CAA ACA TAG CAG AGA -3 62C

Forward : 5'- CTT CTG GTT TGC GTT CTT TGC -3' o
CEMMV Reverse : 5'- GCT CTA TCA AAC ACA CCG GCA -3 62¢

Forward : 5'- CGC TTC CTG CTT TCG CTA AG -3' .
KGMMV Reverse : 5'- TTG AGG AAG TAG CGC TTG CG -3' 63C

Forward : 5'- GCG GTA TTC GTT CGC TTC CT -3' N
ZGMMV Reverse : 5'- AAA CGC CCGCACCTTCATT -3' 62¢C

T™MV Forward : 5'- CGT CAT GGC CGA ACA AGA A -3' 62°C
Reverse : 5'- GCA CCA CGT GTG ATT ACG GA -3

PVX Forward : 5'- TCG AAA GAT GTC AGC ACC AG -3 62°C
Reverse : 5'- AAA GGC AGC AGT TTG GGC AG -3'

ZYMV Forward : 5'- TCG GGC ACT CAG CAA ACT GT -3' 62°C
Reverse : 5'- CCC AGC AAG GTGTGCATGTT -3

CMV Forward : 5'- TCC TCC GCG GAT GCT AACTT -3' 62°C
Reverse : 5'- CCA GAT GTG GGA ATG CGT TG -3'
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t}. mRNAY 23

mRNA+ 9A] 53 total RNAZF-H 833 +=0l, Qiagentte] oligotex columns
o] &3l W] £3le] o] &Itk ¢4 Imgel total RNAE +HISAL o] & 65C A
3 HEEAIZL % 5%%F vortexstE B S 33 WHESle] Fit3] denature Al F T
Denature/\]ﬂ RNA 500ulE poly(A)et 23 4 A+ resin®] XZFE & 500ul<t 4
2 5 Aol A 1023 WS AIF T o] RESES 15,000g00 4 247 Al skar A
THE Zﬂﬂﬁ} 3Th 7] column binding solutions 3 7Fst YA 2§ columne
o] &3te] YA AI AT resin®} 2§ 3 RNA washing solution®. 2 23] Aojdl &

L # & RNase-free water®= mRNAE ]33t} Ribosomal RNA® E91S FH st
AAst7] skl A71e] WS 28] WHEslo] mRNAS EU £4E 8

218k mRNAE ARS8 7b4] RNase-inhibitor7} % 7Fe &4 o2 80Co A H 3%
t}.

2}. First-strand ¢cDNA &4 % Cy-dye labeling

F-2] 3 mRNA°] th&}e] Cy3-dUTP %= Cy5-dUTP (NEN)S 3 7}alo] o Al Az o), wt
S F 30ulZ 32, 10ug?] total RNA, 4 ug®] pd(N)s primer, 10 mM DTT, 500 uM 2]
dNTP, 200 uM dTT, 100 uM Cy3-dUTP (virusE 7+ A1 7] 4 & 9] labeling) %=+ Cy5-dUTP (31
sk A EA 2] RNA labeling), 22]3 400 unit®] SuperScript II reverse transcriptase
(Invitrogen, CA)E 1 X first-strand buffer (50 mM Tris-HCI, pH 8.3, 75 mM KCI, 3 mM MgCl,,
and 20 mM DTT)E ®FH&AIFA T 42Col| A 241 7HE <t ¥HE-A1Z1 F, Cy3- 5 Cy5-dUTP=
labeling A1 7] WF&-22S 3 tubeZ FHTF ¥ EL 15 ul9] 0.1 M NaOHS}F 1.5 ul®] 20 mM
EDTAE #7Fstal 70Col A 1025 Holsle= RNAE lysis Al o] %, 15 ul®] 1 M

OU‘:O

Tris-HCl (pH 7.5)% % 3}3}9th Unincorporated dyes®] A|AE 9|5l 72 W25

52 5l

QIAquick PCR Purification Kit (Qiagen, Germany) 2. = =%
w}. ¢cDNA chip¥] & H] ¢} microarray hybridization
1] 3k PCR %3 % -2 manual microarrayer (VP478A, V&P Scientific, San Diego, CA)E ©] &

3191 microporous polymer-coated glass slide (FAST Slide, Schleicher & Schuell, Dassel,
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Germany)©ll printing3} %)
Manual arrayer?] tip 384-well microtiter plate 25 E] g+ o] 2F 6 n12] PCR 4H=(500 ng/ul)
< load & = 9131, 9] tip®] microporous polymer-coated glass slideol] & & 7 -, slide2] spot->
oF 3n17} ¥t} o] u sopt2] A& °F 500um A =0l t}. 7} sopte] 7HA & oF 500um 4 Eo] ¥
lem@] A0 7 49HE 0 2 array H =2 AU ArrayZb 93] U, array Ho Qe
DNAS < ovenol A 80T = 3023 73Ut o] Z7 WhEofxl ol == AHS A7kA A=
gk QAo Al ® 33} 9] T}, Hybridization 4 & Al prehybridization VF= 2] o array = o] 9+
DNAZ denaturer] 71 7] 9138le] #& Eo|A 287 Akt o2 A A3 slideS
hybridization chamber®ll ‘g i1, chamber gaskets 7] 9] 3 1T}, Prehybridization solution (0.5 X
Denhardt's solution, 0.5 X SSC, 0.1% SDS and 5% formamide)<- slide®} chamber A} o] ol $] %]
3= & pippet2 2 ¥ 3L 1A IF 5 2F 42°C ol A prehybridization A Z tF. Hybridization< &5 ¢ $F
SR o ® 2TAA 124 3F5SE F 5kl eh. Whg-o] £ slides= 2 X SSC, 0.1% SDSOI A 15
4 31 washing 3F91 32, 1 X SSCE 545 <t ¢+ t] washing 3} 91 TF (Sambrook et al., 1989).

7} spote] HFFE=el FAHL focuse| TYro] FHo] 7153 GenePix4000B (Axon

d

Instruments, CA)S ©]-83}% 1, channel dual-channel (635nm, 532 nm)< ©]-&3}

Image?] 42 GenePix Pro Ver.3.0.6 software (Axon Instruments)E ©] 83} t}. ZF spot<]
At me AL 747be] FFuldol| A backgroundd] HEE wlF=la, 77t e
median #t o= A3t dHAFTEo 24P normalization 2= A A €] house-keeping

gene$] EFl-alpha -4 2} 2 7] 0. 2 &4t}

ﬂl

N

A}. Western blot &4

4744 &] A & t}E tobamoviruse= ¢ €] 3] Tl A S 12 % SDS-polyacrylamide geloll A 2]

SFA 3, ol AES nitrocellulose (NC) membrane® 2 transfer electroblot unit (Bio-Rad
Laboratories, CA)S ©] 83t electro-blotting™ ™ 2.2 & % T}, Membrane TBS-T buffer (20
mM Tris (pH 7.5), 150 mM NaCl, and 0.1 % Tween20)E ©] 83} 33| washing3} 13 5 %
nonfat milk7} E3tE SLF GHoA 25°CE 4AZHE<Qt washingst it W%l
membrane®] CGMMV, CFMMV, KGMMV ¢} ZGMMYV Z}Z+of| tff $ 34 & (1:1,500 dilutions;
immunoglobulin G (IgG) fraction; 1 mg/ml)< probing 3} 1 T}, TBS-T buffer= membraneS Al
M $=A]g+ % alkaline phosphatase (AP)-conjugated secondary antibody (1:7,500 dilution;
Promega Corp., Madison, WI)2} ¥F-&-A] Z T}, HF-8-©] £ membrane2 TBS-T buffer2 A ¥
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A3l 3 AP-substrate buffer (0.1 M Tris (pH 9.5), 100 mM NacCl, 50 mM MgCl)Z thA] o+ i
WS A A &3 Sol4 @ AS Kol 2159 membraneS AP-substrate solution (Western

Blue Stabilized Substrate Solution; Promega Corp.)$} BF-8-A] 71 t}.
2.1.1.1. vlo] & & W FE DNA-Chip B 2 oligo-chipe] 713t

Tobamovirus groupS 24 CGMMYV (Cucumber green mottle mosaic virus), CFMMV
(Cucumber fruit mottle mosaic virus), KGMMV (Kyuri green mottle mosaic virus),
ZGMMV (Zucchini green mottle mosaic virus)2} Potyvirus group?] ZYMMYV (Zucchini
yellow mosaic virus), WMV (Watermelon mosaic virus) 5 % 67F#] ulo]#] &= o3k
A S ol A A 2FeE mlo] 2]~ A hE DNA-chipg 93 virus F2S ZE=2 90
W, o] Hlo]H A EolH 7AYo single nucleotide polymorphisme F+¥E T 4 U&=
FEom Adel @ =% a7] slskel, vholex Sold primer TR o

T

3k, HA43t= 2 vlol#] &9 4714 ¥9S DNAStar program© 2 aligndlo] 7] % 9]

il
38

FedS vastdar, o 7)o A conserved 3 variable regions ¥}olElith 1 AdE
EUZ tiA] vl3 NCBIGIA] sequence 7S 3193, A3 sequenceE aligndle] Z
z

b
ZFol viruse] Eo]& 2= identification™ F U&= HFE

~

2l S A3 (coat protein
sequence), L F-9lol A Z} virusel Eo]A Q] sequence Ul F-ES ©]§ T probes ¢
g A oF A A 28t T

Variable region?] coat protein sequence F-i-& 73| coverd 4 & PCR primerE
A&sk=d o sl ol 2L F/FQA  Potyvirusell  specificdt  primer A E £},

Tobamovirus®ll &8} virus 4 FFol specificdt primer A/ EQB ME)E X453}

212 "ol & AP FAAEE vector 7
2.1.2.1. A AZE vector /|

Hhol 2] 2~ A3 FAHMEE vectors A=A WAL binary vector®] 3FHHSl pGreenll
vectorE backbone .2 3}, ZGMMVE coat protein (500bp)Z} movement protein

(900bp)= sense R antisense® 717t Al &40 =91E 4 JEF SHAATh
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d

eFA el vector AR o Aok WA FEW2 35S cassett plasmid
(pGI10000)9l EcoRVZ insert’} A Y2 sited =AUtk 18131, ZGMMV7} cloning™ ©]

&= pZF37 plasmid (pUCI18 backbone)E Sph 122 linearize A1Z1 %, full length®] coat
protein % movement proteinS- specific primerE ©]&3te] PCR 3t} o] AHES
T-vectorol|l cloning ¢ ¥, EcoRVZ Zetujo] 491 ed insertE 4] 8H

o] 5 ligation AlZl ¥, restirction enzyme mappingS &3F%] insert®] orientationS &}
o1ttt oy F2L& Al Xba 19 Not 122 ZElfo] 35S promoter - insert -
NOS terminator2 ©] 5o AF] insertZ H| 35}

FHEX 22 pGreenll0029 (Km resistant)2} pGreenll0229 (Barsta resistant)S 4| 8}3L,
Xba 19} Not 122 o] Fo]7 AJLAE 5|11 ligation Al Z T}

E. coli (IM109) oA &<QH cloneE2 sequencings F319] insert?] integritys <1
SFA T ©HA]  electroporation WH S 2 Agrobacterium$! competent LBA4404 cellol
transformation A] %1 ¥, restriction enzyme mapping2 2 I A2 LS T3

of W& Fote] HFAHOE Zb7] kanamycine?}t Basta A FHAAE EIehe=
ZGMMV  coat protein®] AFd®  pGZGCPS29 % pGZGCPA29  (sense- 3
antisense-orientation, Km-resistant)®} pGZGCPS229 % pGZGCPA229 (sense- 2
antisense-orientation, Basta-resistant), ZGMMYV movement protein®] 4 ¥ pGZGMPS29

9 pGZGMPA29 (sense- % antisense-orientation, Km-resistant)?} pGZGMPA229 %

pGZGMPS229 (sense- X antisense-orientation, Basta-resistant)®] 22 2415},
2.1.3 Viral vecter Al =¥ 7|
2.1.3.1. Viral vector Al2¢ =4 7@
7F. CGMMV full-length ¢cDNA clone A%}
L2o]o Al &2 gk Cucumber green mottle mosaic virus (CGMMV)2] full-length ¢DNA
clone®] A|#2 7]EAH OS2 CGMMV 5|4 primer sets?} long-template RT-PCR= H}

olz] =~ A& RNA %aﬂx}oﬂ 3t full-length ¢cDNAS W Zo® FZ3sr. FZd
AHES ol &3l F 8F S ATFEAE BAS AN, AVINES A A
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<#%3¥ PCR AF=E pUCIS vectord] E24 S < recombinants® F-F
full-length cDNA clones A1'Zstgla, Adtd S8 RFLP 402 Qs
% 5719] full-length ¢cDNA clone< /}j wato] o] 5o tiete] Hul R QoloA A

AlEe A8

>,
>
ol
2
ne

Y. CGMMYV £ & Infectivity test ¥ virus product 7 %

AdrE CGMMV S &9 Qo] A ZAE f18ke] AErE full-length cDNA clone
S template® 3}9] SP6 RNA polymeraseE ©]-83}9] in vitro transcriptionS 2 A]3}%

=
t}. ZGMMYV full-length ¢cDNA clone A%}

Qo] Al #+8]g Zucchini green mottle mosaic virus (ZGMMV)9] full-length ¢cDNA
clone®] )zt 7]—“&*—1 o2 ZGMMV 5] % primer set?} long-template RT-PCRZ H}0]
]2 Al RNA izl tigh full-length ¢cDNAE mao; sEstdn. FFE A
TS ol&st T 8FY ATdEAE IS AR, AVIALE A

=4
ZZ3H PCR &S pUCI8 vectoro] FZ2YS

S A4 “6]'04 AL recombinants®  H-E
full-length ¢cDNA clones A1al9l i, Adtd S8 RFLP #4102 135ttt
% 5709 full-length cDNA clones Atato] o] So tdh 21 %A 7 AFS A

Al &ttt
2}. Virus clone®] in vitro transcripts ¥H-3-

7t virus9] full genome©] 4F¢iE o] = plasmid DNA 3-5ugs ©]&3ste] ths< Wb

S5 YA AT, WA, linearizationS 913+ 2ul (3-5ug DNA)® 26.5ul Nulease-free

water, 3.5ul 10X digestion buffer, 3ul (10U/ul) restriction enzymeS % 7}&le] & 35ul9]

FI 2 oF 1A]HE9t digestions AAIEATE A7]g5 o= digestions 2@}?_25} o5,

A LS T7 polymeraseS ©]-&3to] HAAAZATE o|u] NEBAFS] RNA Cap structure

analogue® cappingdl®] virus?| integritys FX|5FATE HAIELS Ar|dsoz Fels)
o

o 474, AFstel A=A HFL 5 A== st

vk, ZGMMV £ & 9] Infectivity test 2 virus product A%
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AdrE ZGMMV 289 2o #ZdAd AME flsto] ATE full-length cDNA clone
< template2 3} T7 RNA polymeraseS ©]-83}9] in vitro transcriptions 2 A| 8} T},
in vitro transcript®] FEAEE ololA AAlstA L, FAE trasncript RNAE ¥itir}7]

Q.0]¢} Nicotiana benthamiana ° ZF 1071 AR HES AAse] Z9AS A O
v}, Viral vector A 2}

Viral vectori= 7|4 07 7]FEo| H ¥ TMVE| foreign protein expression system-=
v o 2 3kl o, Fig. 2 2d=2 o] smGFP FAAE Adsta, HEs)
of UV-lamp 3 FZ3AnH S o] &3sto] 4Alsl GFPe| Hd /4, TdA®= 55 A

sttt

GFP

— i T
58 | TT promoter - 131kDa 1189 kKDa H 28 kDa 17 kDa |—3'

Fig. 2.1. Basic scheme for GFP expressing viral vector system

1) Viral vector A|Z< 913 IVT A A

Viral vector A ZtS 918l VTS F24Y S AA8H9 3, Fig. 229 2 AAWUHS
o] &3}t

7} tobamovirust= pUC18°l subcloningd} % 1l, T7 promoter sequences ©]-&3}9] in

vitro transcription & = JEF T}
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1) TMY Full-length PCR and claning

| ™ k
57 = DkOR :ﬁ;‘(‘ TRATACGACTCRCTATR OTATTTTTACARCARTTACC-37
—
5 — [T 1 iz ¥ v —
f—

3 =lraled CTCR TLE0OC COTROT e T AR A e el e

BT

1) KGMDLY Primer and vertor construct design

Wari 1 T T paoymsiier
Sr-CACR DEATEC TRATROGRCTCACTATE CAMACCATTACRTTARRCATALC-3-

—-
5 = rRp (1T} B wizee) HoPoimed —
il—
3 -GAGA GRAITC AMECTT TGGEFTTCTTACCCAFFACA-1"
™ Fmriil]l Ml W
. Sph |

1y 2GRV Primer and vertor constrnet design

EraR I TT Framasirr
3 -GAGA GAATTS TRATACGACTCACTATA BRARBREACARACATTARAC-1"
—
. .
57 T | MR T B
3 =hAARTRELAC OCATTOC TRART COLTALD AGRG=57
Epk |

Fig.2.2. Schematic diagram for tobamoviruses IVT (in vitro transcription) construction.

2) Viral vectord 22 A &AL 93 gl @y A" L

O ZGMMVel Al gfpe] &
Viral vector?] AAE 93l TS Fig. 233 £ F=24 WAE A =, 71E
sta, 29ES HE

°] subcloning®! GFP2} MPE ZGMMV S MPe} CP Alolel fusion

IVT Wlol 4bdstes Al=glg o] g3kt
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Ll

L R

131 sl 34 kDa ' ol &l { 17 JE

T

— ELL

Fig.2.3. Schematic diagram for GFP-fused ZGMMV IVT (in vitro transcription)

construction.

@ KGMMVol| Al hulz o] 1k A

T3, KGMMV VTl A walds kg
S ol &3Ath o] HAHNAE 7€ KGMMV IVTe 7} functional domainES L}

=
ji‘
+ JEE Fig. 243 & construction
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ol 13K Lo Mg Hocr | 3

. pHi ; 58-II31mt, 31 7bp
-

=

Pl 2238-1550m1, 1328hp

.-.
e § ASTI-635Ing, 2TE0bp

-
M 1 3073-6351nd. 1278bp

o
CF : 58bb-h351ni, A86bn

SRl 2 5L AL AGGATOCATGGRCAAACATTACACAAC AL

dhl-PHI B -G A GAGAATTCTCAATOG TCATTGAAATOGG TG T A-S"

Shil-P5 s S -0AGAGEA TOOGATATAGTAGCCHTGEAGR AA G-

IKG-PS0 : F-GAGAGUTTCTATT TGO TEGACGOTACAGT-1

SKG-P3 1 F-GAGAGGATCCATETORTTOCACATO AT TG AT
AKG-MP @ S GAGAGGATOCATGTC TG TAAG TAGOGTOGGT-3
SKG-CP 1 8 GAGAGHA TCCATGTTTCTAAG TCAGGTOCT-3
KGO -"'-4--'-“:3!!'}: AT TUACT I TG AG G AALTAGOLIT-3'

Fig. 2.4. Schematic diagram of KGMMYV IVT primer design for foreign protein expression.

=

T ZGMMV IVTolA] Gl dS st = X5 Fig. 2.59F 2 construction "
IVTS| 7} functional domainsS U}

WS o] &3, o5 77| fragment®] fusionA] L Alo]o

HE
Fo] A fusion A7)+
Uy o B 5 ZALSA L

GFPE 4%

o
ok
2
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5 - 1K | e Mp H e — 3

> P ¢ 223004, 21T

> - P01 2232-3560ut, 13280p

=

-
P4 ¢ 35TI-6380ne, 27T Thyp

-
MF ; S075-h350ai, 127580

_-.

nl—

-
CP ¢ SHO5-6350mE, 4855

SZG-PHI : $-GAGAGGATUCATGGUAACATTACACAACGA-Y
LGP : S-CAGAGAATTCTAATCATOGTIGAAATCGATGG A

SFG-PR  FGACAGGA FOOGACGTAGTAGDGATTAGEAA-3"
IGE-PR 1 P GAGACAA TTETATTTGLG TGCACGUCAC AL A-T

SEG-PS : S -GAGAGGATCCATG TOGETTOCACATTTOAG A3
SELG-MP 5'-(;,1.:.'..1.@,..1‘_@111,1‘(1‘(;rr.t{.'-[:n.u’."l'rn.t.'{:l‘-.i'

RGO F-GAGAGAATICTCAAGACGAGG TAGACGAACTT-Y

Fig. 2.5. Schematic diagram of ZGMMYV IVT primer design for foreign protein expression.
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214 HEAYGY Fs AL AT
2.1.4.1. vlo]H X E§E& o] &3 chimeric virus A2}

TobamovirusQ! Cucumber green mottle mosaic virus (CGMMYV), Zucchini green mottle
mosaic virus (ZGMMV)2} Kyuri green mottle mosaic virus (KGMMV)2] full-length cDNA
clone2 ©] &3l CGMMV F+4xF H9 "= chimeric mutantsE A|#3}], RT-PCRZ
A4S AAEAaL, olsd I FAAEE 2oldA HAAEATh FAAE  trasncript
RNAE Wtit}r] Qo]e} Nicotiana benthamiana | Z+ 107N AA HEE HAAste] 74
d& ARSI

ZGMMV (pZGF37)¢F KGMMV(pKGF12) 77} 2] 54K Da®] Spel siteS 4] & L $k3}of Hfo]
2o A 2 WA g v wstdth 2k e ol A ZGMMV S KGMMV 7F 5-3h7F
9 HAS ASE AT 5 A= chimeric virus (pZK113} pKZ1)ES A F3HA L, ol 5

o

o, 2ol Eukel A 4y WA R A WekE wA 3

=

chimeric virus

2.1.5. vtolgl 2~ FHAAE 20]9 AA

dAAE AgAY BAH AAS 918k RT-PCR % Western blot hybridizations
T3 319 th RT-PCR2 ZGMMV coat protein specific reverse primerE ©]-8-3}¢] reverse
transcription Al 71 7S forward 3 reverse primerZ S Al# 135}tk

Western blot hybridization> W # SDS-PAGEZ ZGMMVY] &yd®adS 12 %
SDS-polyacrylamide geloll A 2] 3% 3L, ©] 315 nitrocellulose (NC) membrane > = transfer
electroblot unit (Bio-Rad Laboratories, CA)S ©]-83t electro-blotting®d ™ &2 &%l T},
Membrane-=> TBS-T buffer (20 mM Tris (pH 7.5), 150 mM NaCl, and 0.1 % Tween20)E ©]-8-3}
o] 33] washing3} %1 1L 5 % nonfat milk7} £ 3He 5 U §F & Mol A 25°CE 4] 15 T washing
3}l ). 9FE9] 2 membrane©] CGMMV, CFMMV, KGMMV ¢} ZGMMV Z}+7}ol tf 3l A &
(1:1,500 dilutions; immunoglobulin G (IgG) fraction; 1 mg/ml)-S- probing 3} t}. TBS-T buffer
2 membranes Al ¥ G AI$ $ alkaline phosphatase (AP)-conjugated secondary antibody
(1:7,500 dilution; Promega Corp., Madison, WI)¢} WF-S-A]ZI T}, HF-g-o] % membrane
TBS-T buffer® Al ¥ 4=A| 3} 1L AP-substrate buffer (0.1 M Tris (pH 9.5), 100 mM NacCl, 50 mM
MgCh)= ©A] g ¥ REgA AT &A 5ol2 gl Ho] 29|3te] membranes
AP-substrate solution (Promega) ¥} ¥+-&-A] 71 T}
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=

ATHE R A
2.2.1. vlo] & A4 cDNA-chip A%
22.1.1. AF e

vk} A 2 9] W2 fungi, bacteria, viruses, phytoplasmas, viroids, and nematodes 5 °ll 2] 3]l 4|
A E ] F 200744] o] ko] Wo] el A Uth (Zitter et al., 1996). ©] 5 ¥ Fol who] 2]~ 1]
& 53] A o, vl § S Holn], §Ae) AEE AFAEA D wolel s g
(vector) Z#] L whol 2] 2 2pA o] 7] F W stel wpeba 2 A vt s A 5= qlek ubat
AEEdd o], gl ok, 71y, 2 ar HE T o] A FA o AA dFS A
P

o $it o 244 o9 g 2

wpebd, 573 wel el Mg 9 0] welel 2o E FHL WIS FasdThn F 5 9
] @

o A= A A=Al oW npolg e e

al 5
o], 7ot F7Y 53 22 9 A E-2 A Z tobamovirus group®l| &35 4714 9] F
Q8 HpolH 2E 9ty & I E P Ut} o] 471X 9 vlelH 2T Cucumber green
mottle mosaic virus (CGMMYV), Cucumber fruit mottle mosaic virus (CFMMV), Kyuri green
mottle mosaic virus (KGMMV) and Zucchini green mottle mosaic virus (ZGMMV) (Antignus et
al., 2001; Choi et al., 2001; Ryu et al., 2000; Yoon et al., 2001; Yoon et al., 2002) ©] t},

9 vt B2 S E o] 9 Aol o]0 A upo] e 9] F4

H
N H

F 748 WA S SHA ek, BF QA BE] Y D BT
& o)t}

o AGEHLE 3 o]E wpolgl A~ F ZGMMVEE KGMMVel tishe] ¢+ 3k genome
sequenceS 33 vl ATk 4714 €] tobamovirus®] ¥ 71 LS SRS Q1] wiEol AFA
reverse transcription-polymerase chain reaction (RT-PCR) & ©]&3tt} o] 5o st AA
7} 8k, T3 primer] U] AFl ol whE} B84 A = 745 & 4= AT} (Choi et al., 1999).

184, RT-PCR 7| &2 W 2 priming site®l] 4] 2] mutation &2 vl - Ho] A =7} & A 7] A
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1

o zt = # E mutant virus2] FAJ o] JERUH HA o 2 /& o/ E &= T

ftlo

==
T

DNA chip (DNA microarray or biochip)< A& g7 oll A| &3
Fol7kal 9ltk (Vernet, 2002). 3, oF lem’®] w$- 2H& fre] 29

M2 T oligonucleotides %2 cDNAE < spotting 5Fal, A1 % 21 ¢cDNA<2}2] 7‘%?301 -, 8

I:I

T A FHE 2=t ol WH 0 2 DNA- chlpE E
¥ SR dgddA A FAA TS RUHAYE F e F2 A dolg &
UTH & Aol A= A LA -2 & §HA %

T o] whantol el 2~ A whol Y 29 s 9 EFE otalAt ekt
A S AeiA = WA dAx o] Farsfofdt Fdo]

7 Qell 71 23 EAE FAdA e} DA A TABAE dotafof sk Aol

o
Ay
rot
a
o
zZ
>
o
=,
o
lo,
05~
o
Nlo of
o,
oo
_(?L
0
o
fu
ui
i

e —

9]

22.1.2. 437G A tobamovirus?] A8, EXF EA

]

3 &} 7]

mQL

7}, 3

J?‘J

# A3t

M

47}x] o] A &2 T} E tobamoviruseE ¢l ZGMMV, CGMMV, CFMMV, KGMMV = HF 3} 2] &
S 7R A= EAS Hol=t|, o]& Q5] AETH AP S V|Fo = Fte= BE
al

a@%a%z%f st Aol WS- Y5

whebA, §-41 o] 5 47bA] whole =0 et BAlE HA ] flste] 742 e] whel
2~¢] & homologous 5 heterologous antiseras R+ 1L western blot hybridizations HH <&

o] &-3lo] 7 A3 Fig. 2.2.1.2¢] Western Blot 2 ¥}ol] Ut npe} zro], 7zt g3 e
homologous virus®ll = 733} Al 2§35} 3L heterologous virusE ol i= cross recaction 22> 2F3t 4
TS e AY. &, ZGMMV Y] 3Al= CGMMV e} cross reaction®] € oyt oy} KGMMV
A= Ao kgt AFS HF3th KGMMV 5ol 4 A= A 92 ZGMMVe
Tk cross reactione R TR oW, CFMMV Sol% &A= CGMMVS ZsA 281
ZGMMV ¢} KGMMVell = oFst A A dtsh= datE Yetli ot o 771, 4744 vhol e 2 9]
9] 9] e A2 SDS-PAGE®|| A] A & T} migration rateS WEFU $1=d], CFMMV 7} tF& 3
74A] whol e 2o Blsto] tha wWEE o] 55 K ol5%lal, KGMMV | ¢l ujchadoe] 7Ha
=9 ol sAdE YEt AT (Fig. 2.6). o3 o542 zol= W33} western blot

[e5

Iy

- 202 -



analysisoll A 255 21 7] wjiZoll o] A¥= & s}2 Aolol| AT F7}4 marker system 2.

248 goee 7es

M 1 2 314 M1 2 34 M 1 2 3 4 M 1 2 34 M 1 2 34

xDa
5
25 -
S A B c D

Fig. 2.6. Western blot hybridization< ©]-83to] A4 ¥ 4714 A = o} & vt 32 & HEA
tobamoviruse = ] &7 8F4 F A ¥
Lane (M) SDS-prestained protein markers; (1) CGMMYV; (2) ZGMMYV; (3) KGMMYV; (4) CFMMV.

Panel (S), Coomassie-stained SDS-PAGE Panels (A), (B), (C), (D),
Western blots immunoprobed with (A) ZGMMYV; (B) KGMMYV; (C) CFMMYV; (D) CGMMYV antisera.

o] 5 471A] utol ¥ 29| 9] u] vkl of] A o] opm] 1=k M A of £ A 2} 45.1 % °ll A 80.9%
7hA o] theFgk Wik gl Apo] & UEb Tk obnl weat VI D o] s e A o
Mol A Aol = AAARE, o] 237} Western blot 2 ZhoF 4 A A 6F= 212 oFH A
o] 4315 £ &213}7] 91319 enzyme-linked immunosorbent assay (ELISA)E <=3} 5} 1

S A] Western blot hybridization 2 3} 2} H] 538t 7 3-8 B o] =9It} (Fig. 2.7). € 71A] uf

dl,
ezl A EAHehA Q] aapRbg-o] B E =], AA ofv it A 4 A kA=

rl

rlr _ﬁ >,

&3_

¥ 9k T} (Antignus et al., 2001; Van Regenmortel, 1975).
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Fig. 2.7. ELISA result for the comparison among CGMMV (A), ZGMMV (B),
and KGMMV (C).

Lo vbo] 2 2 RNA G714 E &7 2 A3

ZGMMV, KGMMV, CFMMV % CGMMV EF 9t#A &8 7]$2 3= Tobamo
virus group®|th. ©] & Htolel=E ¥ 9 A7 9% WS vk g ol
7V gk, 4 ol ulolg]~ 7H] sequence homologyol ™3t alignmentE 43)3F 2
3}, 7} variable$t regione coat protein FEo|UTh o]
(serological assay)oll = =23} target H-9| 2 AlF st Axs

Fig. 2.8 9 ES 7|F=2 st dix4A vlo]d 252 ZGMMV, KGMMYV,

3}o] Northern analysis

Ooko

CGMMVol tgh coat protein®l] 3lld 3l sequenceE probe= ©
o] ZAisjolt}t, Zt wpo]ezo thd+ hybridization ZIZ H|F=o]E w], vl sequence
specificet hybridization®] 7}&3l™, =2 stringencyd| A= Al Hlo]HAE FEI F 9

ozt 7l 5 Al
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ZG KRG CG

ZG KRG CG

26 KG CG

=
LEMWY-CP probe

KGMMY-CP probe CGMMY-CP probe

Fig 2.8. RNA gel blot assay for comparing with ZGMMV, KGMMV, CGMMYV with their
coat-protein probes.

= ¥4 Tobamovirus group< Fig. 2.9¢} 2 phylogenetic tree

o] A¥= oy A (coat protein)2] FAF7|MA AFAS
71%Z clustering 3+ A o]t}

Fig. 2.9. Phylogenetic tree analysis of nucleic acid sequences of coat protein the genus
Tobamovirus
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t}. vlo] 8 2 k& ¢cDNA-chip 2 3

_4

o] "11 3} gi}g: a].ELg K o:]:rLoﬂ/q‘— HL;}/\]U 7Loﬂ/H a]. "11 ‘;i} reference a]_

R

rok
N

ol¥~, a3 AEA FHAE control2 3= DNA-chipS ©] &
}alE= wlol#ls A& DNA-chipS 93 virus 8
th E=HlE 2252 v 794 nlo]E 29 ZGMMV, CGMMYV, KGMMV, CFMMV,
CYMV, CMV 59| coat protein® ™, reference H}o]#{~ FE°03 TMV, PMoMV,
PVX, PVY 59| coat proteing =H|SATE 3, o5 Zt FEE9] coat protein o %
< Y4t pGEM T-easy vector (Promega)ol|l subcloning@lil universal primerE ©]-83}¢]

g

Fig. 2.109] Z3e} o] ZGMMVel ZHAE A EAA total RNAE #&lstaL
random hexamerE probe=Z 3}¢] Cy3-dUTPE labeling §+ -, hybridizationdt™ ZGMMV
target spotoll 7} ZF8tA AE@stal, whHo] KGMMVel= wapikg-o] o7k dojut A
S E & Atk olul  Arabidopsis®] EFl-0E Z33 F
normalization?/] control spoto. = A& = QIQUTh o] AyE EUIR A 1AF-A <}

dsto] A ATANE Aov], FolH G4 oligomero] 71T FUE o]

positive clone %

i
Mo

Eii cDNA-chip A2t AFE $-335+%

ZGMMV KGMMV | CEMMV
CGMMV TMV PMoMV
PVX ZYMV CMV
EF1-a B-actin h‘glgaen

Fig. 2.10. DNA chip analysis of three cucurbit-infecting Tobamoviruses
DNA chip : ¢cDNA chip (PCR products from cloned plasmids)
Sample : Total RNA from ZGMMV-infected cucumber
Labeling : random priming with Cy3-dUTP

- 206 -



2. o] 2~ WE DNA-Chip 24 2 oligo-chipe] 72

=
)
i)
>
=
it
Of
o
S
z
>
[¢]
=8
o
flo
ot
iz
lo,
>

= dow oy upolgzo gk 5ol
A2l Agto] 7hgsldth Zh wholel kel RNA 9714 E e ma awA s}
AA wpole] 2~ ek cDNA-chipell Ao @374 w=9] vl vl o Aolglon, AAl 3+
A=A delA mpoly 2ol Ak o] Jhedkgith. 1 A= Journal of
Virological Methods (110:19-24)] publish 3} 1t} (Lee et al, 2003).

A, dFHo R npolg]~ol AHE3 genotypingS A= HEol#] 2] conserved

sequence % variable sequence®l| ™eF kst Heko] ATk = Qi)

Webd, Bg WA AFEA aHm FEEE A% ATE 48 @ud
Tobamovirus group2 24 CGMMV (Cucumber green mottle mosaic virus), CFMMV
(Cucumber fruit mottle mosaic virus), KGMMV (Kyuri green mottle mosaic virus),
ZGMMV (Zucchini green mottle mosaic virus)2} Potyvirus group?] ZYMMV (Zucchini
yellow mosaic virus), WMV (Watermelon mosaic virus) 5 % 67F#] ulo]#] & o3k

Al A e A A =gk wpo] 8] 2~ k8 DNA-chipe A3 virus 22& HERE 3FSITH

o5 wlolgl~ Eo]3 A7|AEof single nucleotide polymorphismeS TEE 4 =
From ol & F Qs 7] sk, vte]ly = 5olA primers HAQ! Atk
(Table 2.2)

ok, 5435t = 7)o vlol# 9] 9 7]AE-S DNAStar program S = aligndlo] 7] 2% <1
FEAS vastdar, o 7oA conserved 3 variable regions ¥}olElith 1 AdE

~

EUZ o] vl3 NCBIGIA] sequence 7S 3193, A3 sequenceE aligndle] Z
7o) viruso]l Eo]% o2 identificationst S MA3AIL (coat protein
sequence), L F-9Jol A Z} virusel Eo]A <l sequence Ul F-ES ©]§ X probes ¢
g apA o A A AT (Table 2.3).

e probe= viruss Alole] Wolzp Ak HES HAA
probe Ftell= FHA 67 o] @7IAde] vhE FiES HdA S

g ARSI dqch

dl, Z} probes} TE

o] oligonucleotide probe
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Variable region?! coat protein sequence F-i-S €3] cover & 4 3+ PCR primer
5 AFsted oy weol o] e FF/ Potyvirusoll  specificdt  primer Al E ¢},
Tobamovirus®l 43} virus 4 7o 22 specificdt primer AIEG AE)S A A5
=3

Oligomer?] 34 9 chipd AZL 1AFZA A=A =333, CGMMYV,
KGMMV, ZGMMV 9] 7+ el A virus RNAS F5 F AA8e] oligo chipe] 7¢Hd
o] & F ALrF st

-

Table 2.2. Specific RT-primer set for oligo chip

Virus Primer sequence
COMMY RT PRIMER : 5'AAA CTA AGC TTT CGA GGT GGT 3'
FORWARD PRIMER : 5' CTG TTT CTT TCG ACG ATG GCT 3'
CEMMV RT PRIMER : 5'ACC ACG CCT CAC TTC GAG GTA 3
FORWARD PRIMER : 5' GCC ACT AAG TTC ATA ATC AAG 3'
KGMMY RT PRIMER : 5'CTT TGA GGA AGT AGC GCT TGC 3
FORWARD PRIMER : 5' GCG ATG CTT ATG AAC CAC CTC 3'
ZGMMY RT PRIMER : 5'AGA CGA GGT AGA CGA ACC TGC 3'
FORWARD PRIMER : 5' ATA GCG CTT CTG AGC TAC CCG 3
ZYMV RT PRIMER : 5'OLIOGO d(T) 3'
FORWARD PRIMER : 5' TAA TGC TCC AAT CAG GCA CTC 3
WMV RT PRIMER : 5'OLIOGO d(T) 3'
FORWARD PRIMER : 5' ATG GTT GCT GTG AAT CAG TGT 3
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Table 2.3. Design of specific virus sequences for oligo-chip construction

Virus Sequence for oligomer synthesis

I-1. CTG TTT CTT TCG ACG ATG GCT
1-2. TCT AGT TGC TTC ACA AGG TAC
1-3. CTT CGT TTC GCT TCT CAG CTC
1-4. ACC ACC TCG AAA GCT TAG TTIT

CGMMV

2-1. GCC ACT AAG TTC ATA ATC AAG
2-2. AGG TGG AGC CCT GCA AAC GCA
2-3. GCG TTG GAT TCA AGA AAT AGG
Tobamovirus genus 2-4. TAC CTC GAA GTG AGG CGT GGT

CFMMV

3-1. GCG ATG CTT ATG AAC CAC CTC
3-2. GTT GGT TTC GGC CCA AGG AGG
3-3. AAT CGA TTC GTT GTT ATC CGC
3-4. GCA AGC GCT ACT TCC TCA AAG

KGMMV

4-1. ATA GCG CTT CTG AGC TAC CCG
4-2. ATT AAT AAC AAA TCA AGG GGC
4-3. GAT CGA TTC TCT CTT CGG TGC
4-4. GCA GGT TCG TCT ACC TCG TCT

ZGMMV

5-1. TAA TGC TCC AAT CAG GCA CTC
5-2. CAC GAA GGA CAA GGA TGT GAA
5-3. TGG AGT GTG GTT CAT GAT GGA
5-4. CAG CGG AGG CAT ACA TAG AAA

ZYMV

Potyvirus genus
6-1. ATG GTT GCT GTG AAT CAG TGT

6-2. GGA CGC AGG GAA AGA ATC AAA
6-3. TGA GTA CAA ACC TAG TCA AGT
6-4. GGT GTA TCG ATA ACG GTA CAT

WMV

Oligo-chip®]  #1& %, wapujolgxo] e AZAE  AZS  oligo-chipell

hybridization 3 Z3}Z Fig. 2.119] YeF ATt
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Fig. 2.11. Oligo-chip result for Cucurbit-infeciou virus detection in cucumber plants.

%

Table. 229 #Zo] t¥st F7Fo oligomers A Z38lal arrayst $, ZGMMV<e}h
CGMMV 7% A E A2 total RNACIA WHE0] X Cy3-labeled cDNA (ZGMMV)2}
Cy5-labeled cDNA (CGMMV)E ©]-&3}4] hybridization A2l Ay} o]n| A& X (Fig
2.1.1.6), CG1-39] 7% wl-¢ =< binding activityS KolE AL & $ glar, whdd
CGl-1 ¥ CGl1-20+= AAdoz e binding activitysS R At 3, ZGMMVe 7
§ ZG4-2 2 ZG4-3° A= =2 homologys WENI O, ZG4-49 = AL wkgo]
o] F o X x| kot 18] 3, ZG4-1°14E= CGMMVELFE] cross reaction®] ©]F {3 A&
2 5l o]Ae AAR ZGMMV £ CGMMVE] 5 A H Aol 2 & ol A 2
=Rt

KR
olsh e AN wPor AFHoE A §A wholez 44 oligo-chip
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222 "ol AYA FAAEE vector 7N

222.1. SAAEE vector 7NE

Hiol g 2~ A& FAHEE vector A=A UL binary vector®] 3+l pGreenll
vectorE backbone 22 3% 2H, ZGMMVE] coat protein (500bp)Z} movement protein
(900bp)2 sense % antisense® 27} A EA o] =dE & JdEFH At (Fig 2.12,

2.13, 2.14).

Hindlll — EcoRl

Xbal Clal
RB FECORI — Ball LB
B{rnerif{P3ss | zemmver T nos
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(B)

Fig. 2.12. Amplification result of ZGMMYV coat-protein(CP) and movement-protein(MP) by
PCR (A), cloning strategy for plant expression with pGreenll vector (B)
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(A)

(B)

Fig. 2.13. Construction of pZGCPS and pZGCPA vectors for expression in cucumber
plant. (A) sense-wise coat-protein and (B) antisense-wise coat-protein of ZGMMYV.
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(A)

pZGMPA

(B)

Fig. 2.14. Construction of pZGMPS and pZGMPA vectors for expression in cucumber
plant. (A) sense-wise movement-protein and (B) antisense-wise movement-protein of
ZGMMV.
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2.2.3 Viral vecter A] Z€ 7]

2231 AN E ZFAA HkolE 2 VT g
2 Ao A= w2 Eod A AFE7FE3E viral vector systems JHE3EL7] $]3A

ZGMMV, CGMMV, KGMMV & 2325 A dlolgizeo ok in  vitro

ol

transcription (IVT) system= 7Hetaluzl stlow, =2 7iF& el /| B2 %= Fig
2159 2t}
Viral genomic RNA {wt)
o l |
™

T7-anchored fulldength cDNA copy

In vitro transcripts

Incculation onto host

Frogeny virus

Fig. 2.15 Schematic representation of procedure for in vitro transcription and infectious

virus clone construction.
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7F. CGMMYV full-length ¢cDNA clone #| %}t

Lol Al &2 g Cucumber green mottle mosaic virus (CGMMV)2] full-length ¢DNA
clone®] A2t 7|E2H o2 CGMMV E-°]% primer sets (Table 2.4)9} long-template
RT-PCRE Hjole]Z~ Alx RNA 3 =te] e full-length ¢cDNAS HFO R SE513

ot (Fig. 2.16 =), 3% H =S ol&3te] F 8T AFdas= A4S AASHA

s

i, 9719 ZH o2 CGMMV genomic RNAOA 2 E 0SS dadd 5 AU

Table 2.4. Primer sequences for full-length cDNA amplification of CGMMV genomic

RNA.
primer name Sequence (5'-3") Expected size (kb)
CGSSP6 GAG-AGC-TCT-AAT-ACG-ACT-CAC-TAT-AGT-TT
T-AAT-TTT-TAT-AAT-TAA-ACA-AAC-A 6.4
GAG-AGA-GCT-CTA-GAT-GGG-CCC-CTA-CCC- ’
CG3XS
GGG-GAA-A
CGMMV
R Ev Ev Ev B P El s
> b4 Y W B
1.0 2.0 3.0 4.0 5.0 6.0

M1 23 456 7 829

Fig. 2.16. Restrction map analysis of full-length RT-PCR products of CGMMV genomic
RNA. Lane M : 1kb DNA ladder (size marker), 1; BamHI, 2; EcoRI, 3;
EcoRYV, 4; Hindlll, 5; Ncol, 6; Pstl, 7; Sacl, 8; Xhol, and 9; control (uncut).

- 216 -



of\

Z% PCR 2H&ES pUCIS vectorol F24S AA5le] A4S recombinants 2 H-E]
full-length ¢cDNA clones A3}, Aty 822 RFLP #4102 g3 4 gt
(Fig. 2.17). & A7l A ZF 5709 full-length ¢cDNA clones Al of tigk 2

=24 #Ad AEe AAsksi

tlo
-
i)
ol
Qo
s
S
m\ﬂ

M 1 2 34 5 6

Fig. 2.17. RFLP analysis of CGMMV 1A clones. Lane 1-3, pCGF1A3 ; lane 4-6,
pCGF1AS ; lane 1, EcoR I ; lane 2 , Pst 1 ; lane 3, Hind III ; lane 4,
EcoR 1 ; lane 5, Pst 1 ; lane 6, Hind III.

Y. CGMMV Z& ¥ mutant ZE9| Infectivity test 2 virus product A3

AdrE CGMMV F89] Q0] A AFE flste] AderE full-length ¢DNA
clone template® 3}9] SP6 RNA polymeraseS ©|-&3}4] in vitro transcriptions 2 A] &}
Atk (Fig. 2.18). H3H, CGMMVS} {+AFSH B3} Tobamovirus®]l Zucchini green mottle
mosaic virus (ZGMMV)<9} Kyuri green mottle mosaic virus (KGMMYV)<2] full-length ¢cDNA
clones ©o]&3le] CGMMV 42 H-HZ chimeric mutantsE A| 2}3}¢], RT-PCRZ
S AAEA AL (Fig. 2.19), olE°l i3t #HAAEE oldA HAAsdd. F4%
trasncript RNAS Wtht}tr] Qo]9} Nicotiana benthamiana o 7+ 107 A2 &S AA
ato] HAAAS AT

2% full-length ¢cDNA clone oA 37§2] CGMMV Z&o] Qolo] gl ¢l
Aoz Qe (Fig. 2.20), o] & ] &3} virus vector?] 7]E R4S
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M1234 567

<€4— transcripts

Fig. 2.18. In vitro transcription of CGMMYV and its chimeric mutants clones. Lane 1-5,
CGMMV clones ; 6-7, pZK clones ; lane 1, pCGF1A3 ; lane 2, pCGF1AS5 ; lane

3, pCG2A10, lane 4, pCG2A16 ; lane 5, pCGW?7 ; lane 6, pZK11 ; lane 7,
pZK12.

M1 2 345 678 9101112131415 M

Fig. 2.19. RT-PCR of CGMMYV and chimeric viruses. Lane 1-10, cimeric viruses ; lane

1, KZKMCP ; lane 2, KZKCP ; lane 3, ZKZMCP ; lane 4, ZKZCP ; lane 5,
ZKZMCP ; lane 6, ZKZCP ; lane 7, KGFZMCP, lane 8, KGFZCP; lane 9,
ZGFKMCP ; lane 10, ZGFKCP. Lane 11-15, CGMMYV isolates ; lane 11,
CGMMV-W ; lane 12-13, CGMMV 2A ; CGMMV 14-15, CGMMV 1-2.
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M 12 3 45 6 78

Fig. 2.20. Western blot analysis of CGMMYV and its derived chimeric mutants in cucumber
plants (cv. Baekdadaki) in systemically infected leaves. Lane M; prestained protein
markers, 1; wild-type CGMMV, 2; pCGF1, 3; pCGF2, 4; pCGF3, 5; pCGF4, ©;
pCZM1, 7; pCKM4; and 8; pCKMI12.

t}. ZGMMV full-length ¢cDNA clone ¥ mutant A%
g

Qoo A 2] Zucchini green mottle mosaic virus (ZGMMV)<Q] full-length cDNA
clone®] Az} 7] H oz ZGMMV 5-©°]4 primer set (Table 2.5)2} long-template
RT-PCRE #Hfo]# 2 Alx RNA F7ke]l e full-length ¢cDNAS tHFo g %513
th TEHE AHES ol&ste] F 8F 9 ATgEARE FAS AAEA, 97149 AA

© % ZGMMV genomic RNAOIA freff 5 ol&5 &eldh = AATH(Fig. 2.21).

Table 2.5. Primer sequences for full-length cDNA amplification of ZGMMV genomic RNA

primer name Sequence (5'-3") Expected size (kb)
7GST7 GAG-AGA-ATT-CTA-ATA-CGA-CTC-ACT-ATA-G
AA-AGA-GAC-AAA-CAT-TAA-AC 7 46
GAG-ACG-ATG-CAC-CCA-GGA-ATG-GGT-CCT- )
ZG3Sph

GTT-TG
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FeoR 1 TT Promoler
54 _OAGA GAATTC TAATACGACTCACTATA GARNMGAGACARACATTAMRAC-]

—»>
5/ I31kDa | kD I |I'i'k|2l|];_3'
317 =GARRCRGGACOCATTCCOTRAOT OCTAGT AGRSG-%°
Spli 1
pZGTTES E:}_
17 pramater

1 2 3 4 5
B C

Qe
TAE

44

Fig. 2.21. Full length in vitro transcript design for ZGMMYV infectious clone (A), gel
loading result of in vitro transcripts of ZGMMV (B), comparison of ZGMMV

viron (lane 2) to ZGMMYV in vitro transcript (lane 3).

ZZH PCR 4H=S pUCIS vectoro] F2YS AAS] AL recombinants® -]
full-length ¢cDNA cloneg A1%ta}lar, At og Fgedd F AA
(Fig. 2.22). & AT olA F 5719 full-length ¢cDNA clones A%3sle] o] Eof djgh 2

=4 74 AdE AAsT
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Fig. 2.22. RFLP analysis of ZGMMV 1A clones. Lane 1-4, pZGF1A3 ; lane 5-9,
pZGF1AS5 ; lane 3, EcoR 1 ; lane 4 , Pst 1 ; lane 6, Hind 1II ; lane 7, EcoR 1 ;
lane 8, Pst 1 ; lane 9, Hind III.

2. ZGMMV Z £ 9] Infectivity test 2 virus product A%

AdtEl ZGMMV 289 Qo] Y9 ZAE st 4dE  full-length ¢cDNA
cloneS template® 3}°] T7 RNA polymeraseE ©]-83}] jn vitro transcriptions 2 A] 3}
ATt in vitro transcript®] FAAAS 2ol A AAIE L, FdE trasncript RNAS )
tt}r] o]} Nicotiana benthamiana | Z+ 10714 HEE& AAste] AAAdS A

2% full-length cDNA clone TolA 370 ZGMMV Z&0] Qolo g A o] )
Aoz g, olF dtte] S&2 ¥Ae W A4t s ved A

il Ty

Ho] mutantZ2 4] 9] o] 875 S AASAT (Fig. 2.23).

Fig. 2.23. Symptom comparions of ZGMMYV in vitro transcript (Left: cucumber, Right:

zucchini plant)
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2.2.3.2. Viral vector A|2¥ 29 7
HAAS A MAS FAAG] FEAu SHAAA A Y L EH g
=

Ao wd L FY 5o FHol gon, A

1
N
1
y
e
rlr
o
o
5
g
0]
)
L

< Ao i AL 111]31 ediable vaccine¥} Z2 H 7%
A= Bl = L= T R R ]
72V A2} E ol 51:%301 71 7E Wil O]$7]—E A= Aol

i

ruz
HU
ofl
i)
N
i ol
1>
o
__)tl_r’
1o,
=
i
2
o

A, Hole= W AFAEe] FHAASAE syl del 2
ZAAE viral vector ol A 3Fe], over-expression S silencing
3 Atk EE, ©] viral vector systemS ©]&3t7] flElA T A Al 21E& o=
ghrh. 2 neAERE deetd o 2ok

7F WA HE S A8k viral vector7t WA A1 &S 7] F(host)Z S T}

L. viral vector7b A HAS W A=A WA HA, o] = 4 did gilo
Aty 25492 7+

o} viral vector’} A 9et FAAE WP, dHd A1 genome Ao E HAT
UE FEo] dup w2 T}

et viral vector’b A& Aol FAHAE W, A=AS5E & AAlstA Ea st

A e WAL wele 7t

G 3k biofarming®] ol = 7] tiEFAl | AENS WA 7] fEiA e d A7t
A AR H F 559 viral vector RFo] AW QISHA AME b siohal @ 4 QT 59,
2 A} LO] kgl A 5o A viral vectorE ©]-&3%F FAAIe] wE Al~ElS H e

w}"/]rfﬂ, HA N A = wrap A Eo A AFE 7} 53 viral vector systemS 7HEEL7] £

stel 1) ZGMMV, CGMMV, KGMMV & Bt 79748 wtolef 2o & in vitro

transcription (IVT) system= 7028l 22k &9l (Fig. 2.15), 2) IVT 28 ol dat=
51

TS Adste] A=A HelM Tdd & dEE st shglen, 3) Hiej# s



mutantel] ek AFTE Eslo] A EA| A LA W L
S AFskAa, 4) VT AEdl EdA A e RS
A %

o},

2.2.3.2.1. Viral vector A Z}& 93 IVT A A

AAE wel 2o IVTE HHl 2 Qolo HEF Ay FeAd HEAAS B,
b o] Halgh A} o] AA| noldaE HEFT HFAoNA S Northern analysis
9 Western analysisol Al 5d g S HEFH ], subgenomic RNA, replicase, coat

protein®] EYsHA TAHIL deSs #HFD F U

2.2.3.2.2. Viral vectord =49 A ZFS 93 Qg dllzd 2L GFP A4Y E 24d

Viral vector®] E7AE 918t v AR5 H Wl A3 Fig 2.17, 2.18, 2.99] W
Wi 2 229 dAE AT F, 7159 subcloning® GFPeF MPE ZGMMV 9
MP¢} CP Atolel fusion st#, A¥&ES HF IVT Woll Adstes Al2gS o] &3k
(Fig. 2.17).

L3k, KGMMV VTS ZGMMV IVTelA @S wde & 9l: = Fig. 2.18%
Fig. 2.199} 72 construction W'H S 01%3}91 . o] A E 71Ee KGMMV %
ZGMMV 1VT9] 7} functional domains-S W 7o1A fusion Al7]& WH-E o] &3, 9
5 Z}7}9] fragment®] fusionA] 1L Abololl GFPE Al sle] ¥ o RE

z}zte] PCR ZA3E& thS Fig. 224 (KGMMV e 7 $)3} Fig. 2.25 (ZGMMV)3} 2+
t}.

1 2 3 4 5 6

Fig. 2.24. KGMMYV RT-PCR result (1: 1Kb+ DNA ladder, 2: p80, 3: p54, 4: p50, 5: MP, 6: CP )
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123 4 6 8

Fig. 2.25. ZGMMYV RT-PCR result (1: 1Kb+ DNA ladder, 2: p80, 3: p54, 4: p50, 5: MP, 6: CP )

o

& Weto & GFP 2 d
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)
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i
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ek, 719 Al gle] Se) 43 o] A Rt
shele.

Fig. 2.262 ToMV & 7] % =273} Toc)] (Hori and Watanabe, 2003) tobamovirus vector system
& 2dZ 3dlo], ZGMMV IVTE FZAo 5 3 Alxdol A Az wyoltt. =
ZGMMV 9] coat protein (CP) ] start codon & X2t § | o] 7o) 9|8 {7z F2Y &
91 %+ multi-cloning site (MCS) & A istlaL, o d-f-d=ke] &d &2l 9)ste], GFP & &
2Yslo] wE o 1 gl = ol it GFP wa ol wekA ZGMMV 3' UTR -9 t} &

virus 9] X3 HE A= WS o] &3

-

—
{ Tdltp | s lop — [Crestray roal protein
h '
1 iy T -—My
Add vulth o losieg sie (MICE)
— HiHg 1 MEF ==
u-:am"'
'
- RdFp [ np ] —‘""1.]
i Clondng GFF and 3' past of
L5 CEMBLY wmd ©FRMAY

| HdBp Iur_I*"*I_FfT‘kj
J L < K

BE AT CF usd UTH of 15, CF

Fig. 2.26. Schematic diagram for the construction of ZGMMV-based viral vector .
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GFP7} fusion ¥ ©1%li= pZGMMV:gfpel IVTE HE3 ¥, 104 Fo 4
o] g3lo] FJ3 AW O R, pZGMMV:gfp7t AEA A IS 94 &

FAlol ZGMMV genome©l| fusion¥] o] ¢li= GFPe] W&ol A &HH oz Fx¥ il

S HoFT} (Fig. 2.27).

Fig. 2.27. GFP expression by pZGMMV::gfp in N. benthamiana.
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224. o] H A A EA FTAE AT

HI7HA ole] siakEel os] Harg upel] whEw, vio]y 2= YA uncoating F-
of A9 genome’d o] 3Fo| EASHE (RNA-like 725 °]&3tAY, 52 A&
tRNAE ©] &35} ribosomeol| A @l AS W=7 =4, tobamoviruse] 74-%-, 126 kD
°} 183 kD9 replicaseE WHEAl # T} o] Replicaser= RNA-dependent RNA polymerase
(RdRp)ZA] ©] F-2] #2419 genomes HAlsh=dl o] &y HEJE =24 o= 54 kDS
movement protein (30 kD), “Z2] 3L coat protein (17.5 kD)& ®FE©] infection & 7] %19
virus particleS f#8HA Bl BAE virust cell-to-cell movement® short distance L
2] 31, phloem< &3}o] long-distance movementE ©|Fo] A=A Ao o] 11, ufo]

H2 4 i AA (vector) E= ©]83t Y2 2 E/NAZ transmission A H )

Tobamovirus Multiplication

mechanical
/" ‘lnmmm mmagrmmmmm \
el + _MP Translation
cap 136K 30K e, — 126 kD, 183 kD
g | [CP (RdRp)
RdRp 7.5K ,
! 5 1-..---.---.-..-a-..---.---.-..-a-...---.._;--l
! [ 7oK | .
P T IRNA,, —— [54 kD]
! 2 lneanseription L s [ B s
- E [from —RNA] N
: mLm RN, — MP (20 kD)
» ER charues
! % I'uili"ﬂ:'.'ﬂ':?: Jm
o GRS RUEG: F CO O E  S -
! CAp——— tﬂlﬂ““ e [ P
. 17.5K s
wirus G e sp s sl e ;
\jarﬂclaﬂ ''''''''' ,Ii
|
cell-to-cell
transmission movement

Fig. 2.28. Schematic diagram for tobamo virus infection, replication, and movement in

plant cell.
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Fig. 2.2801 A9} 7ro] mpolgj o] 7+, BA) olFS QoFd & i, Hlolgas
ARoiE by 7)Ao 7] wiitel AE Al ndd FAHAES ALl T4
ol-gatA k. whekA, A EA S} wpelel 2 1He] FEARgo] wpm wio]g 29 V|5 H

1
d94e A4 dvkn @ & Qo
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1o,
2
5
i
tlo
2
)
ol
o,
2
> 0
il
B=)
1o
oz
fol
Jﬁ
mlo =

2241, AZ.blo]lyA A5AE A7 9 volFy A vl AF A

AA7A o] AFAE Qoks| R, Fig 2.299F o] ZGMMV, KGMMV, CGMMYV,
CFMMV, TMV-P, TMGMV, PMMoV 5¢] thekgh Btz vho]2f 2 5 tobamovirus
group®] in vitro transcription system= 703 o UATh Fig. 2.299] A+ coat protein
sequence®l|] 7] %3 primer® RT-PCRS A A|gh Aol i, Bi= 7} E& 9] full-lengtholl o gt
RT-PCR A& v}eRY a1 Qlt}h. Ci= full-length RT-PCR WF-$-E-2] in vitro transcription 2 3}
£ BolFa v

1730 A& glstr] f18te] &
Z o 7 "W A o] vEFGETH 3 Northern blot
¥} Western blot hybridizations &3t &d 8-S vlued = AA=dl, AF ol HEA &
A BFol A a2 viral RNAZF A& 5, 2] a] b d

e JEhE 498 nelFar.
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i Tl IR oy
I i iranecripd

Fig. 2.29. Schematic representation of procedure for in vitro transcription of full-length RT-PCR
products of ZGMMV, KGMMV,CGMMV, CFMMV, TMV-P, TMGMV and PMMoV.
Lane M ;1Kb+ DNA Marker (A), RNA marker (B), 1 ; ZGMMV 2 ; KGMMYV , 3 ;
CGMMYV, 4 ; CFMMV, 5 ;TMV-P, 6 ; TMGMYV, 7 ; PMMoV . Photo A ; RT-PCR
product by their CP primer B; full-length RT-PCR products, C; in vitro transcription of
full-length RT-PCR products
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Fig. 2.30. Isolation of ZGMMV and KGMMV mutants from cucumber plants, which were

originally inoculated with in vitro transcripts of them.
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2242, A E-vlolgx F3FE AFE 9T chimeric viruse] o] &

Chimeric virus®] A== &Y virus genome?] WHE 7H53FA| Rk, Fig. 2313 o]
ZGMMV (pZGF37)2t KGMMV(pKGF12) 2t 2} 2] 54K Da®] Spel siteE A & ngkslo] vlo] &
290 98 2 BA e AE Bl uskith 2k dE ol A ZGMMV ¢ KGMMV 7L 532+ 4

HAS A5 A4 = A+ chimeric virus (pZK112 pKZ1)Q1 9], ©] & chimeric virus -
ol

Ao B Wskr I e, Copepo A= HAAE FolH =

g g} © o] o]
Azt Bk
N, berth- C.sathvis €. pepo
131kDe . BakDa WP CP

PIGFIT - ¥ e i i 4
EH'I’I"I”I 5k ] i

pRGF12 - S I — o wms
l'li'lti'ﬂ‘lﬁ.l :nTrl-'.l'l-l:l:l-

Fig. 2.31. ZGMMYV, KGMMYV, and their derivative chimeras.
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kA o] At A Fig. 231614 9} & 74414 o] 2 0] nlo] 2] 2 genome o] = 9] ol A
AR E=A Lol 7] 913te] ZGMMV e KGMMV ] Zt 7] %54 domaing F U] Al&3te]

A1 A 2 A 7}= Fig. 2.329 2
S A] 54K Da®] virus replicase & - 5917} 1 3=E 5 C. pepoll Al o] A= 4

5 R o] o] F-917} 7] 5(C. pepo)ell ] &t determinant=. Y 7+ =] L T},

e

M. benthamiagna  C. pepo

1¥kOa 5dk On KF CF

ZGMMY
ZGFHC
ZGFHMC

K GRMY
KGFZC
HGFIMC
ZH11
ZHIC
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KIHLC
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Fig. 2.32. Chimeric virus construction based on ZGMMV, KGMMV and their chimeras.
Blue-dotted box represents the viral active sites or determinants for susceptibility

on C. pepo.



2243, A E-volgx 3L AFE Y3 Mu-transposond °] &
Al E-viole] 29 Ao AgS AFetr] f1dte] ZGMMV % KGMMV ] genomes
Mu-transposon system= ©]-838to] EZdWo] A7l & (Fig. 2.33), olE nio]g]=9] A&

A AEA WA WatE FAbskslo™, O A= Fig 2.343 2T

Hail

hoid

Fig. 2.33. ZGMMYV and KGMMYV mutagenesis strategy by Mu-transposon system.
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= A, = s o
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225 vlo]lHq 2 A FFAAE 209 AA

2251 FE A A <
Qo] FAHTL ;W 7|Zre] Aoy wiel ¢4 wE AestsHd 4GS
Hole= Tul(N. benthaminana)o| dHA3-E At A2k pZGCPS0029E ©] &
NS IAsATt (Fig. 2.35).

1829 ZGMMVE HF3 Ay

7+<=7d (susceptible) ¥ A & A (resistant) 2 8+l ek 4= Ao, o]Z ZAR Qo] HAA

go] A&How FARYT

3l transformations A A dte] A 23l vector7} A

A8 gue TIAGE gaos Ax 74 no

=

E

ol

ZGMMV challenged

Resistant ¥ tible

Fig. 2.35. ZGMMV challenging phenotypes in T1 generation of pZGCPS0029- transformed
tobacco (N. benthamiana).
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2252, 2] FAAEAY 24, @A &

TiA el Qo] FAAEA S $3te] Fig. 2.363% o] RT-PCRE F3slo] A

83} th. RT-PCR-2 coat protein®] specific reverse primerE ©]-8-3}] Ist-strand ¢cDNA

A
WHE 31, UhA] coat protein®] forward®} reverse primerS ©] &3fo] FE&FSIT)

fu4

M1?2 34567 8 91011121314 M

Fig. 2.36. RT-PCR of transgenic cucumbers (T1) harbored by 35S promoter driven
ZGMMYV coat protein. M:1Kb plus ladder, 1~13:transgenic plants, 14: non-transgenic

plant.

h4

T3, coat protein®] WAS FIlr] 9] SDS-PAGEE 2 A|3F $ Western blot

=
hybridizations Al g+ 23+ Fig. 2.373 #Zth

r mlo

SDS-PAGE MB23FSers

Western Blot
(ZGMMV-CP)

Fig. 2.37. SDS-PAGE and Western blot hybridization with antiserum of ZGMMYV coat

protein.
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311 Sol9 Eolud §HA AL

1A F-2A] 2] library Al Z2A] THEUE 5L 3 mRNAS o] £319] ds cDNAS A 3h
2, mock control tester® ©| &3}, virus FET AN EZTAE cDNAE driver®
o] &3to] Eolx o7 WEHEE= cloned Alwaledth.

Skx o] AFH e} o] Arabidopsis®] global geneol T3l large scale microarray®
< AR ddS AnE 7 AJAN v e ARE dFeR 7zt gt
identification?} full length clone®] ¥ wj$ F7|7te] AFE HQ 2 o)

mrebA], B gAY F A A Eo|E w49l cucumber (LoDHE WG oE )
o] 7] wlo]#] 22l zucchini green mottle mosaic virus (ZGMMV)S} cucumber green
mottle mosaic virus (CGMMV)E Zt7F ZFAAIZ] §, mock A 2|2 &0l utlste] A=
Ao A EolHoRF WESE transcriptE ALslal, o]o] W3t microarrayE 3l 3}
o]5¢] W& A 2 screeningS =3 3FaLAF 3T

AA XA SSHE 7] schemes Clontech®] 7] protocolS ua} =33} % 1L, control
2 AF8%+E Driver ¢cDNAE mock inoculation® 2] EA2] cDNAZ 3ttt 3HA,
ZGMMV % CGMMVE HEg 2 EAH S cDNAE ZGMMV-tester 2 CGMMV-tester =

3.1.1.1 Total RNAS] F& extraction for mRNA handling

2 AES 93 total RNAES] FEHAHS Wl 74 B o=z A=At 1) 23944
Al Ax Z29]  whal, 2) nucleoprotein  H3rAe] WA, 3) endogenous
ribonuclease(RNase)2] =&/ 3}, 1231 4) DNAS} proteinse] S AAA. Ao AFEH
T Z7PITRE 200°0Ce A 24417 Ad A on, FuaE V]9 RE 01 N
NaOH®9} | mM EDTA7} &£3% &9 AA3tAth7F  RNase-free water® 370} A}
&3k
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Total RNA®S] FZol AREH = A EA9 Azt 248 ddd Edol=g A3
of A Ao FAT §F Hitd FEolA mpaednh vhlE A= AAE LT

dolzk & vF= 175 ule] RNA lysis buffer(4 M GTC / 0.01 M Tris, pH 7.5 / 0.97% [i
-Mercaptoethanol)7} % 7F5 izl o, 2 &3Fs & 350 ul RNA dilution buffer Buffer
(20X SSC / 0.2% SDS / 0.05% blue dye (v/v))E THAl H7}ste] 70Col A 3&3F wbs-
AAT o] EFEELS 15000 rpmoilA 1023 A std o, dsds FE st
Al TR &7 % 200 w9l 95% ethanolS FH7Fste] Z &3 & Spin Column
Assembly (Promega, Co)oll &A™, thA] 150000 rpmoll A 18237 AR st 2d
o total RNAS & A7 th.

Total RNA7} & 2% Spin Column Assembly:= 600 ul®] RNA wash solution (60 mM
potassium acetate / 10 mM Tris-HCI, pH 7.5 at 25°C / 60% ethanol)°] #7}d F
15,000 rpmell A 1&3F A4 &2 =A™, thA] 45 ule] DNase Incubation Buffer (0.02
M Tris, pH 7.5 / 1 M NaCl / 0.01 M MnCl, 0.05% yellow dye (v/v))?} 5 pl¢] DNase
[ enzymeo] 7 F ALolA 15&3F wh&H Aok 2 % 200 pl® DNase Stop
Solution (2 M guanidine isothiocyanate / 4 mM Tris-HCl, pH 7.5 / 57% ethanol)S X7}
3Fe] 15,000 rpmoll Al 1383 LA 289 2, 600 ule] RNA wash solutions 3 7}3h
% 15,000 rpmoll A 1&37F G4 st

HZE 422 Spin Column AssemblyE Spin basket(Promega, Co)oll was transferred to
&% 100 pl2] Nuclease-Free waterE 7 7Fst ¥ 15,000 rpmoll A 1&3F LAl 2] ko
membrane®l| 4] total RNAE FZ3}aL -70°Cell X3}

F=39 total RNAT 230, 260 2] 1L 280nm (i.e., Azo/Azo and Axso/Axo)ol A2l &34
=43 & O 22 gasgon, 260 nmolA ko]l 191 AL 40 ug 9

single-stranded RNA/ml= $Hikste] 71 S AlLESHS

1

il

o
a-

3.1.1.2 mRNAY A =x

mRNAE FE317] 918+e], "t ¥ RNase-free tubeo] 1.0 mge] total RNAE #F3
il RNase-free waterg 37t HE BFS 500 plE 2E F 65T heating blockel A]
10 B3 g A v, 7)o 3 ule Biotinylated-Oligo(dT) Probe (Promega Co.)¢} 13
ule] 20X SSCE #H7bshe] AoA 4A3] 21S wj7hx] Fo] annealing ¥H&& Al
% SA-PMPs(Promega Co.)7} ¥ FEZ &7 1023 A2 52Ut} Magnetic
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StandE AlF-&3lo] SA-PMPsoll A A% (’%‘% Holslel WA ¥ 03 mle 0.1X SSCE 4
o] washingS Ul ¥ ¥kE3te] $F % 0.1 ml©] RNase-Free water& % ©] mRNAE 2
skl

31.1.3 Sol2dd FHAe] AEdE ¢33 PCR-select cDNA Subtraction

3.1.1.3.1. ¢DNAY A

Double-stranded ¢cDNA= Superscrip reverse transcriptase (Gibco BRL)E A}-8-3Fo] TF &
3} 7ol A H ATt 2 pgel poly(A)+ RNA®] 500 ngel oligo (dT30) primerS 4]0
FTEF] 11 w7t FA dke  thermal cycler(PTC-100, MJ Res)E ©]-&3lo] 70T ol A
07 WEGAIZL & Aol mEA WA AT o] vkg-dof 4 ule] Sxfirst strand
reaction buffer (provided with the reverse transcriptase), 2 ul2] 0.1 M DTT, Z12]3 1 ul
dNTP mix (10 mM each dATP, dGTP, dCTP 12|31 dTTP)E #7}ste] 20 pl7t A
EIy

Reverse transcription 2 pl Superscript reverse transcriptaseE 3 7}ste] A 2313

5 42ToA 123 59 vEeAIFH oW, 20 mMe] EDTAZ ¥H5-& AH A A

—_—

& kg
ZAtt.

First strand 37 %, second strand®] 3/d-2 91.8 ple| sterile, bidistilled water?} 32 pl
9] 5xsecond strand buffer(94 mM Tris-HCI, pH 6.9 / 453 mM KCIl / 23 mM MgCl, /
750 UM [(-NAD / 50 mM (NH4);SO4), 3 pl2] 10 mM mixed dNTPs stock, 6 wl®] 0.1 M
DTT, 2 ul9] E. coli DNA ligase (7.5 U/l), Z12]3L 4 pl2] E. coli DNA polymerase I (10
U H7tE o] Fol ATt o] WSS 16TolA 25475t o] Fol - o, o] double-
stranded ¢cDNA®°l T4 polymerases 73t F 16TolA] 2021k ¥ ¥&A1Z1 % EDTA
£ H7teted wE& FAAAT

3.1.1.3.2 cDNAs9 representational difference 2] (cDNA RDA)
Control2 A}-8% = Driver cDNAT mock inoculation® 2] & 2] cDNAZ 3} o1,

ZGMMV % CGMMVE HZE3 A EZ49 cDNAE ZGMMV-tester 2 CGMMV-tester =
w2 ek, Wttt 3 WA E, cDNA samplesE X blunt endsE 373
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st AgdEirz HduEolon, tester ¢cDNATE 7 7FA portiono @ o], 7+7f
suppression PCR& A “dst7] 93] 53] 1td adaptors7} & o] % th(Fig. 3.1
3.2).

Double stranded ¢cDNAE 2 four-cutter #| 3+ & ¢l Rsa 1 (GT | AC)Z Adt® 5 T4
DNA ligaseE ©]-&3}o] Adaptor 17} Adaptor 2RS blunt end & Tehol] & At}

B

3.1.1.3.3 Subtractive hybridization

2 ul®] driver ds ¢cDNA(600 ng)oll 2 ul2] adaptor 1-3} adaptor 2-ligated tester cDNA(20
ng)E H7tste] & 42 F olete HAS & F, 1.5 ple hybridization buffer (50 mM
Hepes, pH 8.3 / 0.5 M NaCl / 0.02 mM EDTA, pH 8.0 / 10% (wt/vol) PEG 8000)& ¥
o] tAl Hthk o] &l mineral oil& Y& F 98Tl 1.5%7F DNAS ®A5HA
al, 68TCol A 8AIZE 5k AMA hybridizations A AP on, F /e AZ2 1o
heat-denatured driver (=150 ng)E ¥ ¥ 1.5 pl of hybridization bufferE 470 68T ol
A 16A13E o] WS A A Y. #HF A Q0 hybridization W& 200 pl9] dilution buffer
(20 mM Hepes pH 8.3 / 50 mM NaCl / 0.2 mM EDTA)Z #7}3k 3 72 ColA 7&3t
HF2- A7l & 20T #AAsFY

3.1.1.34 PCR TF%

AFS 9ste] F W PCR WHgo] AT A WA PCRS 1 plo 34
subtracted cDNA, 1 pl®] PCR primer 1 (10 pM), 22|31 22 upl¢] PCR master
mixture(Advantage cDNA PCR Core Kit, Clonetech Co.)E &3 3l & 25 ul7k = A &)
At PCR HFS-2 thermo cycler (Perkim Elmer, 2700)2 75T A 7&%5<9F Z7]0k3-3}
Hom, 94CAA 10%, 66ToA 30%, 72CA 1.5%3F 30 cycles 3333t A
A S&E WegES Had 32 SRTE 2ol 1002 348t 1 plE A3
A AA PCRY 22 W oz 294 PCRS 10 cycle 3392w, o]u] PCR primer
1 ti2le] PN1<F PN22 T X3ttt PCR WS =52 1.4% agarose gel= 77]% 53151
t}.
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cDNA Synthesis
Tester and driver ds cDNA are prepared

from the two mRNA samples under comparision

l

Rsa |l Digestion
Tester and driver cDNA are separately digested

to obtain shorter, blunt-end molecules

l

Adaptor Ligation

Two tester populations are created with different adaptors,

but driver cDNA has no adaptors

l

First Hybridization
Hybridization kinetics leads to equalization and enrichment

of differentially expressed sequences

l

Second Hybridization
Templates for PCR amplification are generated from

differentially expressed sequences

l

First PCR amplification

Using suppression PCR, only differentially expressed

sequences are amplified exponentially

l

Second PCR amplification
Background is reduced and differentially expressed

sequences further enriched

Fig. 3.1. Overview of the PCR-Select procedure. The cDNA in which specific transcrips

are to be found is called “tester” and the reference cDNA is called “driver”
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Fig. 3.2. Scheme of the suppression subtractive hybridization (SSH) method. Solid lines

represents the Rsa I digested tester or driver cDNA. Solid boxes represent the outer

part of the adaptor 1 longer strand. Shaded boxes represent the outer part of the

adaptor 2R longer strand. Clear box represent the inner part of the adaptors and

corresponding nested PCR primers PN1 and PN2.
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3.1.1.3.5 TA vectorE ©]-&3 cloning

Subtracted library c¢DNAY= subtraction efficiencyS 313 % pGEM-T Easy
vector(Promega)E AF&3Fo] TA cloningst%th. 100 ng®] PCR-amplified ¢cDNA¥ 50 ng
vector?} ligationd}©] bacterial strain  JM109(Promega)©ll  sub-cloning3} %1 th.  Library
screening<= 100 pg/ml ampicillin, 100 uM IPTG, Z12]3 50 pg/ml X-Galo] *E3+
10x10 cm agar platesol] Al A A= AT} Plate52 37ColA 16A1 st &29k-8-3
blue/white staining®] H&3tAl & wj7}x] 4Co| HAE T} Insert7} &3] o3k
3 HATEE colonyE2 100 pg/mle] ampicillino] ¥ LB v =]l A njekst &, 47
AEEAS 935k plasmidiHS 2] 8} th(Plasmid mini-prep kit, Quiazen Co.).

e

3.1.1.3.6 Analysis of the Subtracted ¢cDNA clone

DNA 97]EA1 (F)¥Fo]l &4 2~ (University of Hanyang, Korea)lA] automatic
sequencers ©]&3te] 3dt o™, DNA 7159 homology searchesi= <1E] Yol A
National Centers for Biotechnology Information(National Institutes of Health, Bethesda)
(Altschul et al., 1997)2 #2393, FAAE<] alignmenti= DNAStar program(IBM PC

computer)S A3} T

3121 29 FFAE HH3}
3.1.2.1.1 A EAE

B Adgo FAMEE 20|(Cucumis sativus L) F1 7 FFQ0 AFAA < 2o}y
AR wmubE] 2Abe] HA 9 wlEnnr] FaE FYste] ol &stAth dE 1995
9§49 53F g ASE ARE ST 70% ol 'E el A 30%3F
1% sodium hypochloride (0.01% tween-20) & oAl 1783+ L uks}

O>J

N
X,
o
ofN
X
il
rlo

iz}
k4
a:)
>
P,L‘
s
i)
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HAZ o]&strt. o} 2 wigE+ 25TE %X]E}Qigﬂi, 300 pmol + cm” &

N
—
N
N
s
oft

o,
A

@]

=
S

=

o
(0]

(€]

=

o

@,

w2
R

NAS frEa) S RS A 9 aMae oseah 49 D A
o GARAE AAFT FHES TFAA 45Ee] Ay Fu, 2) 49 2%
L

2 %o AQeE Fu e, 3) AP w98 B age

) AAEH A (somatic embryogenesis) =
AAZA] FAE FESH7] A dHAZE AFE ol g5t on, 249

£ AAsta, FHs 2FAA 4528 FEE o] &3

hincs
re
4
Ho

31213 7128 F =& 9A

Z1Eu A 2 EZ MS 7|5 719, Gamborg's BS vitamin, 3% sucroseE # 7}3} A
i, pH 5.6 4 F Hisrh

1) BFxdA A7F vgol wE 7HFEAHES vusty] fste], 7R Img/L
ABA, 2mg/L BA (Tabei 5, 1998)2} 2mg/L Zeatin (Kim %5, 2000), Z2]3L 1mg/L NAA,
2mg/L BA9] Z3HE& H 3t

2) AgNO;9| X7t m& 7|#FAd &S sty f3ko] 30uM=E A 83+

3) WA 11 3E (gelling agent)®] EFol WE 7|HFAAE 2 F3F 4SS vash
7] $13ked, 0.8% agar (purified, Sigma), 0.3% gelrite (Sigma), 0.3% phytagel (Sigma), T
SAg et 2 HEZEA 04% agar + 0.15% gelrite, 0.4% agar + 0.15% phytagel, 0.15%
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gelrite + 0.15% phytagelS ©]-83} %1
31214 AxAF @ dZE A

Z|de] FAE F, Az AFE FEshy] fF AFzAA] s== ) 12 =
°]MS Hj#], 2) 1.0mg/L TAA + 0.2mg/L BA, 3) 0.5mg/L BAZ 18]al o & H7}E 1),
2), 3) Z+Ztoll 30mg/Le] sodium hummate (Aldrich)E %713t 2]+ & B 1L3}$)

31215 AAEH A =8 WA

7122 2 EZ MS 712579 R, Gamborg's B5 vitamine 3 7}81% 3, pHE 5.6

o 24 5, "Witsl

) AF=EEAA HA7pgo] wE VAP dE&ES syl 91de], 2mg/L 2.4-D,
0.5mg/L NAA, 0.5mg/L  BAE w5 % =§A 2531, 2mg/L 2,4-D, Img/L kinetins

H| 28} 3

2) Sucrose2] UE 3%, 6% L 9%= AT W] WLEA T}

3.1.2.1.6 A A E8 AFE wjA

F4E o8y AAxze 2 2L AGE flste] 1) 12 MS, 2) 1.0mg/L BA, 3)
2mg/L 2,4-D, 0.5mg/L BA, 0.5mg/L NAAS] AGZAA7E HA7bd wiA|olA] S W
EIASI S

3.1.2.1.7 3EA A vector X Agrobacterium ¥ ¥

ERE

Qe ud

e

rlo
o>

}7]

Lo

Lol 7#PEAE 7 AFH LT AR Ao B
ste] AAIEAT. FA WS reporter2A GUS FHAE o]&3t7] 9ol pBII219}

3 pCAMBIA2301S 7]% A3 vector2A] ©]&3lit) o] &4
Agrobacterium strain< pal 44045 333t LBA4404°] At} 2t i+ 50mg/L rifampicin
2} 50mg/L kanamycin®| 3 7}¥ YEP "l x| ol 4] 28Tl A 24217t w39 2w, 500rpm
oAl 57 YAEE S F, HHAE MAEE acetosyringone 100pMo] F-fr¥E MS o A Hl
A (pH 5.5)0l A A @Erste] 0.6x10° cel/mL® %4 5 HEo] o] &3]

intron GUSE ¥ 3
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3.1.2.1.8 AujF 717, FFuIE 71 2 3AAA F= AT

AwF 717 D Agrobacterium¥ AAA Q] FEulg 7|7o] A AZ] v X 3
& B Sstel, Mg Audel gl ATe 3AT AdTR PR,

2

T 7172 Aujgglol ¥tR Agrobacterium HE Yol A 1A 7SS wREA]Z]

o] o] RS AAsIATE AAte] By T 2224T 9 dxAA 39 @ 547 F
o3

oft

A 52 cefotaxime 200ug/mL, carbenicillin 250pug/mLo] 3+
ko] A e F o o] FES A ASATE o] F, cefotaxime 200
pg/mL, kanamycin (7] %3 A F=8]x9] A9 30, 50, 75, 100ug/mL, A AEZ vl =)
Aol A5 Tsug/mLye] e A7l vhEE Ael o] A skl Aol 2] 45kl

s
L rL
>

31219 A HJEAY F = € £3

A A = A ] gL
cefotaxime F%=& 3t Ax UGS WA= oW, oF 202591 UGS A
T, g WA E KAFAT olw P FAdAd 2
of At o] Fof XA FAY, o] AR o] FoA A G o] Mzo] dME=
MAEE AQstATt Hto] s o] Foxl /A& B ¥ peatmoss : perlite (1:1,

viv)el EEO|A 3 Z

3.1.2.1.10 GUS Az &g
Agrobacterium®] HE 5, 7@ AE A AAEv] B4 FewRed wE FHdd8 2

& GUS A BdS Fote] TdRe B ddEES Ao

2412 Jefferson 5 (1987)9] WHS A&

3.1.2.1.11 PCR ZAA % Southern, Northern blot

Aoz FAH= A2 d=T

25 <
MANAALE o] &35t vl gt T, genomic DNAE #&|3F9 k. PCR HA9 45,

=
o
=>‘4:|1
fut)

ol
ol
s

754
BN
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2] 100mgS AF e HL3 WRoZ DNAZ . 23 DNAS F3o=
3kal, pBII21 % pCAMBIA20312  widA 3 gusA T3 Aol g primers ©]-&3ko] 3l
T FHAA F9E SE AL, virus coat protein genes =Y H 9= 358 CaMV
promoter %1%} coat protein T FE FEF3 ¥, agarose geloll Al <SR

Southern blot<> (Feinberg and Vogelstein, 1983)° 3}tk DNA 30ugsS BamHIS 9]
&3oto] Aeksl 3 agarose gelol 7] & 33l nylon membraneol| 5 ZFA| T}, probe ]
Az pBI1212] Gus F 42 2 ZGMMV coat protein 4 AF 2] t& primerE ©]
£-3}¢] alpha-P dCTPE random priming ¥ &2 %A 8t$th. Hybridization¥, filme]

wE3le] AyE At
3.1.2.2 HolZ A A A FEL vectord AEA =9

2A| F-3 Ao 4 A 28 ZGMMV ] coat proteing A3 wiolel s AdA
vector (backbone: pGreenll 0029)E Agrobacterium GV3101°] transformationgt -, ]
(N. benthamiana) 3 2.°] 4F (F3 vop7|A)el =3t

A 9E § 59 o] %ol AP embryod] TS Eol= ZEEY cuttingS
o]-&-3lo] pGA7483 pCAMBIAZ HFS &9th olwl ¥ XEE MS solutiono] OD%F:
(12x10°)¢] %5 23 thS 60rpm 24Coll A 20min HE3F%th Co-culture Wi =] ol 3
A3+ A3t o, washing solution((MS + kanamycine 100mg/L + cefotaxim 200mg/L +
carbenicillin250mg/L) 2.2 3W¥ washing ol &AJA] ¥] 2| (km50mg/L + cf 200mg/L)X]’¢
SFA Y. 2 dek & 16h 3/ 8h & 261 Coﬂj‘i Hl <F31 3

embryos fri=shs AIFFE HFshs WS tFe 248 of&skit. @ NN +
2,4,-D 2mg/L + BA 0.5mg/L + NAA 0.5mg/L @ NN + BA 0.5mg/L + NAA 0.5mg/L +
AH 30mg/L + picloram 1mg/L. -+ B #| el kanamycin 50 mg/L®} cefotaxim 200 mg/L°]
A S AL L3lo] MEER

313 29] o] FHAY &4

pTRV2 ¢] MCS9] EcoRI¢l ligation A1Zl ¥, pTRV1¥Z} %ro] Agrobacterium GV2201
S "WiZNZ st N. benthamiana®l infiltration A7 <2 ©] ESTs A AE silencing A%
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t}.  Silecing®] 5% controlZ A3t ©ul 9] phytoene desaturase+71A}2] phenotype
(chlorosis)©] YWEl= Al 2 =43 FdA2] RT-PCRE &<elo] 7bsatit. A,
T g ESTs9 silencingo] 1% ™, TMV-GFP virusE 9ol HE3ste] nlo]g] 9]

H
A 9 oolFe HEE UV-lamp atell A GFPo] WAt o = 14939l
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3211 Sol2d FA%e A%e 9% SsHY 4§

kol A 19} o] Arabidopsis2] global geneo| U3t large scale microarray®
< AR ddE ARE 5 AJAN v e ARE AR 7zt gt
identification?} full length clone®] A& wj$- F7|3te] A5 T2 Stk

e, 2 gAY F AT A EolUd B A ARl cucumber (2.0))E WS E B}
o] 7] wlo]# =2l zucchini green mottle mosaic virus (ZGMMV)S} cucumber green
mottle mosaic virus (CGMMV)E Zt7F ZFAAIZ] §, mock A 2|2 &0l tlste] A=
Ao A EolHoF WHS}E transcriptE ALslal, o]o] W3t microarrayE 3l 5}
o5 9] wtd k4 2 screeningS 3SR 3FS T

AA A SSHe| 7] schemee Clontech®] 7] protocols uz} 43 &}A L (Fig.
3.1), control® A} = Driver cDNAT mock inoculation¥l 2= 9] cDNAZ 3} T}
gH, ZGMMV B CGMMVE HEFI A=A° DNAE  ZGMMV-tester 3
CGMMV-tester= W= g4 sk, B st

B oAM= 53] A E Nested PCR primerE2 ©]£310] cDNAES A3
). o], adaptor5S Rsa 122 restrictiondt cDNA<S} ligation 3}, ol Rsa I site:™
thA] 3] &t} Total RNAS #2319, 1% formaldehyde agarose geloll #17]<3
4], mock control % virus infected plant ribosomal RNA”Z} 2 #2]% o] 1o, Z} lane
HE RNAS o] #d3dE & F AT ol F, 4 cut®] ARl Real S o8
o] ds ¢cDNAE digestion¥, 1kb 32 %3t bandE°] ¢HH3] FaHANSS AT
AR T

Fig. 3.3-2 rare transcript®] %< abundant 3}Al F7FA1717] 18k 1}, 2% PCRS
Fagt Aztoltt 2x PCRS F3gt Ao A ¢ E %2 transcript amplication©]
o|FAHZE E Rom, o] HAHL high- and low-abundance sequences E 2

A HE =2 =
equalizations 32 T3Pttt 2% PCR F°l subtracted DNAE-2 T/A cloning

&

vector (pGEM Eazy T-vector system; Promega)oll 41331, ©F 600702 white colonys

[e} o) P
S A4S F AT
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First PCR Second PCR

I ] I
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Fig. 3.3. Amplification products generated first (lane 1 to 8) and second (lane 9 to 16)
PCR of unsubtract (lane 2, 3, 4, 10, 11, and 12) and subtract hybridization(lane 5, 6,
7, 8, 13, 14, 15, and 16).
M : 1kb ladder (GIBCO BRL)
Lane 1 and 9 : PCR control of substracted skeletal muscle tester
Lane 2 and 10 : unsubtracted control cDNA digested with Rsa I
Lane 3 and 11 : unsubtracted ZGMMV-tester cDNA digested with Rsa I
Lane 4 and 12 : unsubtracted CGMMV-tester cDNA digested with Rsa [
Lane 5 and 13 : forward subtract hybridization of ZGMMYV-tester

Lane

4
5

Lane 6 and 14 : reverse subtract hybridization of ZGMMV-tester
7 and 15 : forward subtract hybridization of CGMMYV-tester
8

Lane 8 and 16 : reverse subtract hybridization of CGMMV-tester
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Z} clones < EcoR 12.%& digestion 3+ 23+ Fig. 3.4, 3.59 224, w9 &d 2
719] insert sizes X o] 5L, differential 3tAl LA ¥ sequenceE- 2F 200 - 1500bpo]
Atolol A7 UEbwt

2 AFE ot dod FHARES AP FHED] =2 redundancyE A 7 9
7] wjZoll, 145345 F3e] cDNA microarrayS 43 3te] ~a W, 1 A=
5% sequencing®t A ¥}7} Table 3.1 EFLS]

Table 3.1°1 Yo} 9= cloneES #2493
. A4-10-4 clone> A ZA9] target enzyme® 2 2] Z acetohydroxyacid synthase2] T+
He=z EAHAT. Lee9t Duggleby(2002)= acetohydroxyacid synthase(AHAS; EC
4.1.3.18)7} ©] 8}(catalytic)®} Z4(regulatory) A B S 7FA 311 9131, leucine, valine L
2] 3 isoleucine= W A SIAl feedback regulationdli= Tl WF=A] @ FH U H I3
Y. 53|, Arabidopsis thaliana®l AHAS 4 ME /UL WMEHE= A7 IHES 7K
Rom, o] WEA H7|AEES mutation § A} AHASZ} catalytic subunit®] signal
transductione Fdsk= dlol wi¢ H34g AE 2R A8 Zlolega AAF vk
=3

A4-10-10 clone<> hypothetical glycine-rich protein mlr0585°.2 FA = Qo o]=
chimeric AFGP/trypsinogen-like serine protease 2} A3+ 2 & 2 U E}S T} Towatari 5(2002)

= Fol mpolel s AR F npolef s = #E S| ectopic anionic trypsin I

1‘
i

3,2 b gvEe AN B

B

< w3 v k. 152 Sendai Whol#] 2 T A2 anionic trypsin [ pH 4.79
A ok 31 kDa2] ®EA#EHS 7FA AL 901, ectopic anionic trypsin 19] H}O] g 7d
5 Ao #HAA L welY s REEE FaATE AR KW ATE 3t
of &2 A4-10-10%= 2 &Aool qlojA wielg 2 S I wAGo] FUtE Ao AL
==

Nucleoside diphosphate kinase 1°.% #241%¥ A7-6-1 clone< U754l ol d 2 x4,
Aol WA, wg g8y 73 58 Xl WM XS] cellular activity S

Aoz dHA gt 2By 2 Eo] 9o NDP kinases (NDPKs)2] 7]

2 A &#HF w7t gtk Moon 5(2002) Arabidopsis thaliana® A W73 % AINDPK2
o] mutantE A-3F]  NDPK7} A=A QlojA] 2E# 2o {7]3 0
H,0,-mediated mitogen-activated protein kinaseE signalingdt= A2} w9 DA #edo]
dtta Bagkhl 9tk . yolrk, AINDPK2E  AtMPK39] myelin basic protein
phosphorylation &4 F7lA17]= Ao ® BHudIlon, ol HZ3 37 ~EYs
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Fig. 3.4. Restriction enzymes digestion with EcoR I of cDNA clones obtained by
suppression subtractive hybridization of ZGMMV-tester and control. M : 1kb ladder
(GIBCO BRL).

Fig. 3.5. Restriction enzymes digestion with EcoR I of cDNA clones obtained by
suppression subtractive hybridization of CGMMV-tester and control. M : 1kb ladder
(GIBCO BRL).
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Table 3.1. Analysis of DDRT clone.

Clone ID Accession No. Best database match (WU-BlastX) Sequencing Score E-value
A4-9-1 Q8L5L7 RPS2-like disease resistance protein (Fragment) 186bp 44 0.67
(hypothetical protein)
A4-9-6 AAM54418 Cytochrome b (fragment) 628bp 87 0.15
A4-9-7 Q8L5L7 RPS2-like disease resistance protein (Fragment) 179bp 52 0.95
(hypothetical protein)
A4-9-9 AAO72581 Hypothetical protein 461bp 171 1.1e-11
A4-10-1 Q98MG8 Hypothetical glycine-rich protein mir0585 646bp 724 1.1e=70
(Chimeric AFGP/trypsinogen-like serine
protease)
A4-10-2  Q8L5L7 RPS2-like disease resistance protein (Fragment) 187bp 44 0.67
(hypothetical protein)
A4-10-4 Q42768 Acetohydroxyacid synthase (EC 4.1.3.18). 339bp 248 7.2e-19
A4-10-7 Q8ELAG ABC transporter permease (hypothetical protein) 217bp 53 0.81
A4-10-9 QILIG1 Similarity to RNA polymerase transcriptional 635bp 328 2.5e-28
regulation mediator (Hypothetical 28.8 kDa
protein)
A4-10-10 Q98MG8 Hypothetical glycine-rich protein mir0585 640bp 871 3.5e-85
(Chimeric AFGP/trypsinogen-like serine
protease)
A7-5-2 Q09627 Probable insulin—like peptide beta—type 2 256bp 64 0.90
precursor (GPI8p transamidase—-related
(Fragment))
A7-5-4 QILHT3 N-glyceraldehyde—2—-phosphotransferase—like 475bp 421 3.5e-38
A7-5-6 Q9FZK2 Hypothetical protein 411bp 265 1.2e-21
A7-6-1 P47922 Nucleoside diphosphate kinase | (EC 2.7.4.6) 512bp 474 8.4e-44
A7-6-3 QITXY9 Hypothetical 41.2 kDa protein.(Similar to zinc 273bp 66 0.041
finger protein 207.)(Virus sequence)
A7-6-6 Q951A5 ATP synthase FO subunit 9 (EC 3.6.1.34) 191bp 63 0.95
(hypothetical protein)
A7-13-1 Q9FZK2 Hypothetical protein 415bp 265 1.2e-21
A7-13-2 Q09627 Probable insulin—like peptide beta—-type 2 247bp 64 0.90
precursor (GPI8p transamidase-related
(Fragment))
A7-13-4  Q9FZK2 Hypothetical protein 411bp 265 1.2e-21
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Table 3.1. (continued).

Clone ID Accession No. Best database match (WU-BlastX) Sequencing Score E-value

A7-13-10 Q98MG8 Hypothetical glycine-rich protein mir0585  252bp 380 6.3e-33
(Chimeric AFGP/trypsinogen-like serine
protease)

A19-4-1 Q98MG8 Hypothetical glycine-rich protein mir0585  652bp 726 9.60e-70
(Chimeric AFGP/trypsinogen-like serine
protease)

A19-4-2  Q8LBU1 Hypothetical protein (Unknown protein from 592bp 154 8.2e-10
mRNA of Arabidopsis)

A19-4-3 059559 Hypothtical protein (Probable 225bp 56 0.021

ATP-dependent RNA helicase has1 ?)

Conserved hypothetical protein

A19-4-4  Q8F5F5 (transporter?) 121bp 48 0.65
A19-4-5  PO6363 Chloroplast 30S ribosomal protein S8 643bp 601 2.9e-57
A19-4-7  PO6363 Chloroplast 30S ribosomal protein S8 640bp 601 2.9e-57
A22-17-3 AAP05800 Putative 60S ribosomal protein L19 665bp 587 8.9e-56
A22-17-4 Q8V5G0 Small hypothetic protein 371bp 49 0.33

Putative 60S ribosomal protein L9 (or
A22-17-5 Q9LVU5 . . 423bp 217 1.4e-16
hypothetical protein)

Putative cytokinesis—specific
A23-15-1 CAD78064 ) ) 558bp 561 5.1e-53
syntaxin-related protein (Knolle)

A23-15-4 Q8H2B9 60s acidic ribosomal protein. 320bp 228 9.8e—-18
A23-15-6 Q8L5W4 RuBisCO activase beta (Fragment) 281bp 87 0.0085
A24-1-1 Q8L5W4 RuBisCO activase beta (Fragment) 281bp 87 0.0085

Hypothetical glycine-rich protein mir0585

A24-1-5  Q98MG8 (Chimeric AFGP/trypsinogen-like serine 253bp 353  4.72e-30
protease)
A24-1-6 P49690 60S ribosomal protein L23 420bp 434 1.4e-39
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of Agd + de IS A=A FAT Aoletar A A

A EA el W A&z #HS ribosomal proteindl] #3F A7} TSIl Al o] Sk
Park 5(2001)2 cauliflower mosaic virus transactivatorQl TAVZ} polycistronic RNA ] A]
T8 open reading frames®] WS Hgth= Ao B3 A5 SEATh o] AFolA
152 TAVE 7]59] eukaryotic initiation factor®l elF3¥} 60S ribosomal subunitol] <&
o= A S B sl

Salekdeh 5(2002)% FwHEd2Eet B QoA W y= @A E5S proteomic

(

il
TS Sl AFstdh 357 A3 H(Oryza sativa L. cv CT9993 and cv IR62266)

r_{
i

23 o) FEIFS A ¥ FEEEHXSE T § proteomic analysisE ¢ 2

&lj T EZA FERAEY AT o 23y

st 42709 wwido]l FFow BAFEQOow, IF chloroplast Cu-Zn superoxide
dismutase fite] T ARto] F EFolAM TE LGS HoFIAH. ol @A
2ol Whg-ak= 470¢] 7] Zte]l ¥s] Atk 1) S-like RNase

homologue®] 7<% 34, 2) actin depolymerizing factor®] g% =
o] 4<% =4, 4) isoflavone reductase-like protein®] 317 =4, walA], 2 AFA B
A3k A23-15-6 clone> Hlold]= HE Al Ao A7 WA i EHAE ol

Wol Wty Aog HU

A, 3) rubisco activase
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322 FFAAS AEA SA

Agrobacterium° AR g ol FAMEFLS W AT G HARZ
Hes A1 don, & AdTdiE &
Ak o—r7]' %9}3‘3}. wEba, 2 A= o
AE AT AAE SHstaa 4 A HAs AFS FASAT 7Tl Wol A}
43} 2+ organogenesis W 2o = embryogenesisE ©|-&3F HH
& zZeAola, AN AAE St RAAdI S s
AEA AN b 2& F A AFA9dE 45 T AUTh
1) 2o A AA HAS}E 915+ reporter genee] AFYE pBlI2l %
pCAMBIAZSOl—% o] &3] 7| WAL L ot E A ASA AFAA S FE 519
=3
2) vlelel s A FE8 vectors: 20l YTl FAH3 a1, PCR, Southern
blot, Northern blots F&ste] Fdate] =915 gdslion, 244 AFAA

F9 FIg Aatatsich.
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Fig. 3.6 Overall scheme for virus-resistant transgenic cucumber breeding.
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buds)E AAAZ AFES FE A[A S E, °Fanther)Z 7B embryogenesiss 713 3
(Lazarte$} Sasser, 1982), AF%i(cotyledon)S ©]-8¢F Zl(Sekioka®} Tanabe, 1981; Kim}
Jang, 1984; Kim %5, 1988, Nawab 5, 1991), |52 AF83 Zl(Rajasekaran 5, 1983),
TAE Aste] AEskst NEE FET AMsikita 5, 1990), 1E]aL Gl GBS

HAAAZ o] 83 Z(Wehner?} Locy, 1981) 5 THsHAl o] Fo]x sghoh.

Fig. 3.7. Various explants effect on the regeneration rate and morphology in cucumber

tissue culture.
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53] AEsb AHe Ao de ol wSs AAAE o] &% AgEol B
o] o]Fojx ¢r=dl, Curuk 5(2003)2 AM7FA W2 FE(Cucumis melo L)Z 0](C
sativus L. cv. Thoz)9] w|&S Z&} 4.4 uM9] benzyladenine©] 3 7}¥ MS v 2| Al
Fetol A 100%0l 7HhE 71HESE FE5A

2 Aol A o] &g AHAE Kim 5(2000)0] High WHoR 5L 2ol 2
slo] MS 7]Eu Ao 2.0 mg/Le] Zeating 3 7}sto] 7| HEIE
A]Efs Atk HFF 359 @ AG] WS A AHelA EHE 2 mmE Ze}k A3}
wj Aol 4wl ke A wfSobeol A A RE ZI¥ESE 80-90% ol Folxlew, 1.0
mg/Le] TAA7F H7F Ao ¥of #ejo] P45 X3

Az dAEE ZIHABL} EE&S A 23, 2 mg/ll Zeatin EU=, 1 mg/L
ABA, 2 mg/L BAS] AFxHA Fs=olA 1LPstEE 0.3% gelrite = 0.3% phytagel
= o8& ABY M =& AEEE (923%)s LEFHATH (Fig. 3.8).

_L
r
o
i)
i)
—_>H-"4
ll

B Mgt g e e e
i L il Mg e e e Y {

Regemerailon mis (%)
i
=

Mormal appearsnoe (b

ABATBA Leatis

Canshination sl grow th reguliters

Fig. 3.8. Effect of growth regulator concentration (ABA/BA vs. Zeatin) on the cucumber

plant regeneration.
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Agrobacteriums "/ 23 FAAF o A= g FAAQ kanamycing 30, 50, 75,

ftlo
e
fto

HTAHoZ= UFE0] escapes L, 0.1%2] chimera FEfS] A3 7F

AT, T3 Km 100 mg/Lol A& 50070¢] A4 7IA & & g A= 4l

P2 Aol 7]Qlgk Aom FE3 k. e, gelrite R phytagel©] v A
A BAE Axe A8 wAA T3k (hyperhydricity)o] A stE o] A gl A
g A7) &Y (Fig. 3.9). =ANZA S #1319, agar, gelrite, phytagelS 27} H| &
2 42 EAE nd@steta, FYAE seER AEste] vug A3t 04% agar
+ 0.15% gerlite 2 0.4% agar + 0.15% phytagel oA F3}&do] dA3] FAhE Az
ol

= 7 AT (Fig. 3.10, 3.11). o]2f3 A2 FFT3 AT ZFolA sdF 2

k

=
=
=
=

rot

Fig. 3.9. Examples of hyperhydricity of putative transformants in gellan gum (3% phytagel or
3% gelrite).
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No. of reaenerated shoots
IS o ® 3 ] B

N

Agx(A Gelite(Q Prykeoe (Fh) 12541/ 1/2G+41/2h 12A1/2G
Gdlingageris

Fig. 3.10. Effect of various gelling agents on the shoot regeneration.

o] 4 gk Q12 gelling agent?] strength®} ©]-2 EHAk= o] A o u}g} o] F
Zhs]o] 219l 373 3.8 F WA o) A ek Ag™ E CI'e] e g £

Wi ] ©] 7} %= 3= regeneration &&©] 7HE = %W 12A + 12G7F 7H W&
o}, WbH| o] 29 8k = Agar > 1/2A+1/2Ph > 1/2A+1/2G > phytagel > gelrite > 1/2A+1/3Ph
> 1/2A+1/3Ph¢] = 2. & =2 Al g4FH5 )l vt (Fig. 3.12, 3.13, 3.14).

o] & 3t A 3}+= phytagelo] 1} gelrite RO 2 A @ v x| o] A B &= FRolE,
of FAA, 71 HEAE Y] EAA, 22 FAAE o] &3 Ao A nejsfjol T A T FE
Aow dwshs datet & 5 9l

Y3F, Table 3.29F o] YA E AFEA ol = LG 3HA 7] = v A o] Ffol whet Lefar A
date AEA ] 7)ol et wfg g e A& 7] wiimel 71, e ar wjA| ¢
Froll whet Rt=A]l H A3t Aol oS & g AATH

o}lm-]
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(A) B
Fig. 3.11. Various regenerants of cucumber cultured in the MS medium solidified with 4g/L agar

and 1.5g/L gelrite (A) and 4g/L agar and 1.5g/L phytagel (B).
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Strength (N)

3 L
2
1 L
0

Agar (A) Gelrite (G) Phytagel (Ph) 1/2A+12G 12A+1/2Ph  1/2G+1/2Ph
Gelling agents

Fig. 3.12. Gelling strength(N) in accordance with the combinations of gelling agents
(Agar: 8g/L, Gelrite: 3g/L, Phytagel: 3g/L).

ApN,

Fig. 3.13. Precipitation lines in accordance with the combinations of gelling agents (KI

precipitates with AgNOs, Agar: 8g/L, Gelrite: 3g/L, Phytagel: 3g/L).
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2

e}
E1200
=
3
> 150
N
2
=
S 100 |
=
8=
5 50
=
a
0
12A+1/2Ph 1/2A+1/3Ph 12A+12G 12A+1/3G Agar (A)
Gelling agents

Fig. 3.14. Effect of various kinds of gelling agent on diffusion velocity of Ag3+ ion.
(A: 8, G: 3, Ph: 3g/L).

Table 3.2. Effect gelling agents, explants, and kanamycin concentrations (mg/L) on optimum

regenerant screening.

Hypocotyl Cotyledon Cotyledon
(modified) Hypocotyl (long) (short)
Phytagel (Ph) 150 - 100 100
Gelrite (G) 150 - 100 100
Agar (A) 30 - 30 30
1/2A+ 1/2Ph 85 - 75 75
1/2A+1/2G 85 - 75 75
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AN

b Age ol g Awst

)

A

=

Afe dAAR o] &3 ALl = Ao Ade AAS L A TwEshe AR

= A E ddste] adE Al k= Wol THE AEEEe] =dH (62%).

Burza®} Malepszy(1995)+= 2019 Ao 2HE Fdxo] ®o|7t glE 7|HEsE
A E=st Tt o] WHAA Cucumis sativus®t C. anguria 7+ 2 EA9 95 NO;NH4
&S AT A=A #F71 WA A 453 sjdai o, 6757 Folle TS AA
t}. Colijnhooymans 5(1995)2 AF§ie] WA 7|HZ HAAAE AFste] 7| TistE Al
Atk 2 A 3597 wFe Aol daAA 100%e] AE st o] Fol o, 7Y

oS wie Aol HAAFE = ARsEo] v§ ol vta Hussith 1Y,
o AFAA ARES FFENAE APYTS AHEAR o] & A= ARSIt
A2 o] FoIX A ¢Fol, Kim 5(2000)2] WHES FAHS ] AYPS o] &8 &
AP S Aeket & g R wiA e 2o} E& A ARIE FEsATHFig. 11).

@, shlSe] Aok 2El AgNO;o H7FAl AH] AxPA ol ol Folxrt
(Fig. 3.15). AgNOs°| &= A9 shul=& Agdel @9 A2 iz wfjAo =
B3 Ao Aganrt gk

(-) AgNO; (H)AgNOs, 30uM

Fig. 3. 15. Effect of AgNO3 on the regeneration and transformation of cucumber.
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Mohiuddin 5(1997)9] Hiro] o3tH AgNOse] 717t Qelo] ARslo]A A=<
MAe] BT FiE A AR} 58 Frbl w$ &7 Aoz sk 219
L, o] A4 Wl A9 A e =L Y ARSES BYd Aow wol 24
o] AFHS Awksts W] wsle] olulE AEH AV MG AAYS Aow ok H,
whebA ethylene gas®] FAAlZ Wol AR H = AgNOso| APl & JFe A &S
Ao 2 AztE .

AdxA ] A A8, wj A ¥ stEe] 2 18 al, AgNOso| A Tl ¢dt
of A Az AL vES i =Y F e, ARy AF L dE 2
g Aso] FAAE AUt Bol vEwn & dTdAs £k T 7l S F
A3 2 E Ao A AFEE v} QYW hummateS A 2] dto] A8o] SAE L Wt E o]
=2 3AE TE 7 UG

Hummate 30mg/Le] A olx 7Fg F2 Az 24, A5, dto] o
(Fig. 3.16), o] &7+ 60mg/L A& Fs=7-4 SLsA FASHAT =3 §
FAA Ao E AEAd gids & gl

1 A 5
A g0} 53k Agrobacterium®] A olE =S FE F3% JATh

(-) Hummate (+)Hummate, 30mg/L

Fig. 3.16. Effect of sodium hummate on the growth of putative cucumber transformants.

e ALst aes @71 AT wA Hrbzol #F

re

F7b ol o] Fo1 4 gk,
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% Qoo AP ew #Hste] Fo % ZH(Lou 5, 1996), glutamine®] 3 7}l
B3 A (Vasudevan 5, 2004) So] F&E  o]Fo]x gttt Vasudevan 5(2004)
L-glutamine, ammonium nitrate, adenine sulphate, asparagine, ammonium  succinate,

potassium nitrate 12|33l sodium nitrateE HAHPO = FF MS HiXo] 0.044 mMO

)

benzyladenines 3 7}3}o] morphogenesiss A3t th 1 A
o] L-glutamine®] F7Fe iAo A 74.6 %l o2& AlxF
F AxFE 1367000 2akaih
Agrobacterium= "7l EshE FHAE AJoM = A FAdIT AEFS ERHO
75mg/L Kmell A, Img/L ABA, 2mg/L BA, 30uM AgNO;9| 5% = 1¥3 5
|

=
agar + 0.15% phytagelS ©]-&% 45 7MY =& &R JAASAE 42T + dA

b, A A E0] 0.068 mM

£S5 B, 3 dHA

o,

®

gk, Qo= ul-f- escapes’t BolAl Al (preculture) Al §lo] MEE Agrobacterium
A7, 22-224C Aol A 393E T et deh Alxtol Evtar A A
B A F, oF 1590] BHHW AxEo] AT A AEA

pBI121 ¥ pCAMBIA2301E ©]&3 control 2 3ol A X-glucuronidaseE ©]-&3 GUS

staining*] A3} A oA GUS FAA7F 2ddES &90T 5 AU (Fig. 3.17).

Fig. 3.17. Transgenic expression was detected by GUS activity in calli and in leaves of transgenic
plants (pBI121) through histochemical assay with X-gluc reagent incubated at 37°C

overnight.
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=
MAZ §AZ A5 g Age] A/HA o Folgon], o 1FUAzte] dHeY T

32212 AANEH FAAEH

~N
rh
1o
N
4,
o
2,
ok
g
o
o tio
ol
to
o
lo,
ofl
i,
>,
riot
rlo
=i
o

2.0]9] embryogensise fr=dt7] 9dte] BF F S5UALE A utE AP E 4-5
d AE F AHY AdS AuRAR AREEAT. Qoo AAAR FAS AAT A
9= 24D, NAA, BA7F o8] oz 7AE wAdA HAst 23S 3% 23,
2,4-D, 0.5 mg/L NAA, 0.5 mg/L BA, 9% sucrose, 0.8% agar’} 37} ul =] o] A]

lo

AT o 4?—?-, ﬁiﬂﬂﬁﬂ GAE AAA 3 vtz FHARH g AAHE
we oAk AAE 2 A= F2 A ARl Lt
A ekl Aol wEsty] Azt AlAIEEE 0.1 mg/L BATE

S AR &AE A, 2e £8L oUAT APAN AR 2% 2 A
= )
4

Fo] olfolArh ole Fadlel AAuA AEL BH AML FARA) @A
AeFd Aow hasA ME AL S Jx wyoldd. FAANe 45, AesB
o

oF

st DA Agrobacterium 3]
T8 iAol Ak A3, oF 1% AAMzuzE FA, Tobdts FAT 5 Ay

A A SA 9] gus staining™= 7} 8} THFig. 3.18).

Embryogenesis®] &&<S SXIAI717] 98l otk WS A= A3, cutting W

Hell 12 embryod] LA ZEHFH cutting(30%)°1 4] embryo A& 0] =kl FESE

agar®] FEjol we}l embryod] WS Bl H O, T]FEE gelrite’l 7HE HAYE©]

= 9FTH25%). Salto]l WE WAL HWE w), FFo o= MS saltb ¥ T o]

Qo] AF-2 NN salt7} embryo A &o] =Qkth
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Fig. 3.17. Embryogenesis of cucumber plants.

L7l wE HAE-2 200 ml flask 2. TF petri-disholl 4] ©] 22 embryo”Z} A7d = At}
embryos 71371 18] Z7]ol&= WE=A] 90g/Le] el LTHAUTH
T3 culture®] FE|E A B U= AF embryoS H E3F embryo® WEE £ gl
callus7} B @eol folHth Lou (1996)° ok, Qoe] A duA o] A3}

L
Ry
g
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o FEUt FeeA TS VA RuHdd, 15S 4-8 uMe| 24-D7F H7bE
MS HHX] o A= 131 mMQ] sucrose 5 O A 5B embryogenesis?} 5715 21, 57.1u M
°] IAA7F #7FE MS A o] A= 131 mMol A 394 mMe @ % %744 embryogenesis
& F7HT A Sk

2 AFA ol = 2}d e o]wo] 97 8kEA X AE Fo| okFo] F F dubzol Bz
7, =, 16he Fx737 ghol ¢hx7, Lo 2541 CE FAsIY o, oF 345 AL
At F5E embryoZt HA S dF7] A ZEESATE embryort A SHY] Al Ak, 1
gAe MAZ &7lEl, TAFE embryoo] FEi7t A &) wjie] T2 e
embryoE 2@|etA] @i JItHE AR mp o] =9t
WA 7= oY THA wfA 2 S A E 3 23, negative control &

(NN &2 MS 713 vi#] + 24,-D 2 mg/L + NAA 0.5 mg/L + BA 0.5 mg/L + Thiamin

=

]

%% embryo

HCl 0.3 mg/L, kanamycin 70 mg/L, cefotaxim 300 mg/L, carnamycin 300 mg/L)o| A <&
5 embryo7} EEli=t], o] cefotaxime?] JFoZ HolH, 7bF A3 v = NN
5 MS 7]Eui Aol 1 mg/L GA, 0.02 mg/L BA, 1 mg/L AgNOs Img/L, 18 il 0.1
mg/Le] ABA7} F7he wiA = A

%7] embryo @/dAlClE gelrites AR&stRA o, F HA SAFE = gum agars At

&3te] embryos HUE AFAQ A=Am HAEHA AT F A dAA A=
+ embryo”} F7]1%7]1% 3}™, embryogenic callus7} HAYE 7| %= SFFTEH Al WA A
F-E =, embryoS W oW o] embryo elongation WiA 2 7], wWoldl Z7] AHLS 1
2 embryo elongation BiA|o]l FQlt} embryo?] RS Bl BG5S Aoy, Sl
Fito]l 2EUS ZHAAL Qlo] vim AGAS AERe] HAES olE A o] Ko,
e BB EAS BReom Wol wEE B3l

Vasudevan 5(2004)2] Wwol wel embryogenesis®] E&S SXA7]7] §35te] ofv
=4k 30mg/L ¥} picloram Img/LE Z7]o] A28 Boy, 2 dis 4S5 F il
o x7]o e g olu=A4ke 23] embryos st/ HUbe A9 w3 E b
stA v

20]9] embryogensis =718 Y3t o]F PAHIL embryos FEIE A HH
HEots WH, o= Ax embryo’t FAHH= AANFH HEok= WH, -

embryogenic callus % Ejoll A HFk= W & Al 7HA] W OE Al &Sl
2 A3 embryoE fFrEste AFFH HEsks WS NN 7]Zuf Ao 2 mg/L

o] 24.-D9 0.5 mgLe BA 0.5mg/L, Z8]3 05 mg/lLel NAAE H7Fsk wjx]7}
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transformation®l] &3} o[l Oot, o Hf-ol= AlFke] A= AAAe] FE7E FE
8 EFaxa el MAe] Frtety] AlAeddth o= Ak embryo’t FAHH = Al

2
o

AollA JAFE & AFols embryo’t Zweoltte 7] oW HFE 5 A
ol A &I gloj itk wekd, FAA S e WRE
t}. Tabei 5(1994)2 2. ]2 Agrobacterium-mediated transformationol] &AJ =<} wl &
o] A= JEgFS AFste] LR AY. 152 AgrobacteriumS HFIHA] E2 AY
S kanamycin, geneticin (G 418) -2 hygromyin®] Eo1& Al MS iAo Yo
callus FAE FEstdom, 7 A3 G 418°]} hygromycin®] kanamycin2.T} selection
pressureE T do © a¥Holgta HTE 28 G 4183 hygromycin< Hl #] ol
T ARAAFRAA Y callus FATHS AT HololA, HAAES AA A A Hl &
g A B =2 callus F4 JAEHRE HEFRIATH

Al S A dAgg A7) o] 9] embryogenic callus “FENol A ] F3t= W o] 7f

4 ol A o] ek,

<
=
El
o
a2
o2
o
g
X
32

i)
e

[e]

Fig. 3.18. Gus staining through the embryo growth embryogenesis in cucumber plants.
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3222 HlolE 2 AFA FEE vectord AEA =Y Z FAAG A EA SA4

HAFA o R 1Apd ol 24 F-HA ol A A ZHgE ZGMMV 9] coat proteins st wh
%8 vector (backbone: pGreenll 0029)E Agrobacterium GV3101¢°]

[
&
transformationst %, 2°] 4F (53 tri7]A)el =<5k thFig. 3.19, 3.20).

e«

ole s A9

— |

Sy

A B C
Fig. 3.19. Putative transgenic tobacco shoot production (A, C), which were transferred
with ZGMMV coat protein gene and negative control as non-transgenic tobacco.

fas o f
=

- ¥

Fig. 3.20. Putative ZGMMYV coat-protein expressed transgenic cucumber production.
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A Ze ZGMMVE|  coat proteing TdEt= HlolH A~ XA FEE vectors:

Agrobacterium GV31019] transformation$t $, ¢F 2o] (5% g7 Ao =d3sH3
5 229 st7] $ste] PCRE Z 3+ Fig.
3217 2ok %% 595 35S CaMV promoter®t ZGMMV coat protein 9] = A] <F

700bp9] %%}1\_%% ads F 9\)&}1\‘:}

Putative transformant 52 FdA =< o

Fig. 3.21. PCR screening for ZGMMYV resistant cucumber plants.

PCRZ+ Agrobacterium©] ZE3l 9l plasmid7} S3HAS $H7F 7] wEd, 3
ARG A A=A IS AFHsle] DNAS F%3}al, Hind 1IE digestion 5ol
ZGMMV Coat protein A= probe® 3}9] Southern blot assayS =3ttt 1 4
I 1-3 copy®l FHAEC] "gsHA Eoldes AT & AJT (Fig. 3.22). E=3
RNA gel blot assayS E3}o] 2] &4 WollA transcript7} WEAA L ASS A3
th(Fig. 3.23).

12 345 6 78 91011121314 1516

Fig. 3.22. Southern blot assay for ZGMMV-resistant transgenic cucumber plants.
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M1 23 4567 8 91011121314 1516

Fig. 3.23. Northern assay for ZGMMYV-resistant transgenic cucumber plants.

gdd H=AEL Fl AFE 9kl a7 24004 5383 th(Fig. 3.24).

Fig. 3.24. Hardening step of ZGMMV-resistant transgenic cucumber plants.

A& TI TAES 9 AFeto] AFAZ F ZGMMVE HE3 A3t 10749
transgenic T1 & ZGMMV<E] coat protein®] A2 WHE = A& Tl Linel, T1 Line2,
T1 Line 3, T1 Line 8°] A1 th(Fig. 3.25). Transgenic palnt®] P <l & AA=z
ZGMMV ] coat protein®] & o] Hi= ZAJAAE F2lsl7] 15+ Northern 4o =
gl & A, 10719 T1 291%F ZGMMV 2] coat protein®] WHAE = A2 4719 A}
Al gok(Fig. 3.26), FA A TP o] dAFe sttt
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T1Lina 9 T1 Lina 10

Fig. 3.26. Northern assay for ZGMMV-resistant transgenic cucumber T1 plants.

(ot
N

2ole FAAZ AEAEL GUS reporter genes A Y
1995; Nishibayashi 5, 1996), chitinase-encoding genes®] = %J(Raharjo 5, 1996; Tabei
5, 1998)0] o] Fojx gkout, ZGMMV Hlo] 2]~ coat protein F+AAS =4E 2L of

4 nag ot gl
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323 29] o] FHAY &4

A1de) A Hash upe}l o] ¥razkd Al tobamovirsel]l 43l ZGMMV HEF: & wF
E0°1%1 ¢cDNA libraryl /| ESTsE T3t 3L, vholel s~ P 3 #AdS Hole #4
AR FAAG A7) 2o] FAAINAZS EAstuz o, A3 FAAS A
2ES P2 dol B AJ7ko] 42 % o] TMV-GFP viral vectors ©]-&3}o] u}o]
2l ) #AEE s A Tds EAs AT

Q0] ESTsollAl Hlole]~ 2y} #HAAE Hole P 7FA FHAE VIGS (virus

[1

induced gene silencing) system= ©]-83}¢] gene silencings FE3FATH FH VIGS+
7FA1 3 A E A =2 TRV (tobacco rattle virus)E ©] &3 Al~®l S o] o] &35t 9l
=, o] system Ho]g] 29l TRV ol 7|5 A& Fdx UF-E cloningdlo] wHfo]
H 27t A5 oA EAE FayT u. single strand®] =93 FHAE AASHA F
H, A& ASdlE FYU3E sequence®] RNASF o] dsRNAE A A Huh A
H dsRNAE A EA ol dicero] ©]3Fo] 25nt sequence® Al F 1, A= =93k
RNA© sgdati= 4= RNAS WAL 51 W] E7hgdte] #3449 silencing®] ©]F
of Xty webA, A= ¥ e @S HoI9ske] iy oW
P

B
= hal
A GEAE e AHE S T 3o, —’E%ﬂl dot= FHA] s s

R

a8 = A ok
A gL 7heFs] Awed, pTRV2 ¢ MCS9] EcoRIO| ligation A171 3, pTRV13}

Zo] Agrobacterium GV2201S w7l 2 3} N. benthamiana®| infiltration A]# 2.9]
ESTs A AFE silencing Al #t}.  Silencing?] 5% controlZ AFE-3F ©ul 2] phytoene
desaturase (PDS) %1 2}2] phenotype (chlorosis)®] YWEI}E A|H 2 =43 f-71x19
RT-PCRZ #<lo] 7Fs3atdtt. Uk =913 ESTs9| silencingo] <91% W, TMV-GFP
virusE A9 Aol JEte] violef =] 7 B o]l59 BEE UV-lamp 3ol A GFP9
A GG o2 gotast

3.2.3.1 MO1F04 histone 2A

MO1F04 histone 2A clone®| gene silencinge <203t ¥, TMV-GFP virusE ©]-83}¢]
el HE A3, HF 3LANTE Pl o JAFF9eA GFPY o] seoll WA
el AlFskgon, HE 64 Aol phloem 919 GFP @e] ¢+x1a] o] FolA
o AAe HA 7] ATt S, 7IFAES @] histone 2A A AE L E E A
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ol TMVY #dd 2 o5 17 &3
t}. kA, histone 2A9] silencing®] 2713 O]*?ﬂx]x] s T U 7heAel e,
o] A A%, silencingglol B A=Al TMV-GFPE HE3 Ao vjud

ol GEPl Wd W olEHE Ew daARsd 2 Aolzk gt

4 days 5 days 6 days

Fig. 3. 27. MO1F04 histone2A gene silencing followed by TMV-GFP infection.

F21 5 9] histoneo] 7FA i A& Fulo] el A (antiviral) 54 7] Y¥o] A E nioly
29l tobacco mosaic virus (TMV)E ©]&3to] A5 olx gk=dl(Ladygina 5, 1998),
ZAE histone BF TMV AL Adat= S0l 99t Histone? aujole] 24L&
vhole] 2 =QA] s, pH, 1gjar IFA e ofEstl o, npojejagl Ao R
HAE5S ste A% ZdE Yol =55 = 2 E5 histone®] Fupolel A o] A EH S

Apole] grtelel 2y BE J1Ae] fAHES FAD Qi Bude) 54
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3.2.3.2 MO1F08 phloem protein

&

MO1F08 phloem protein clone®] gene silencings €213t % TMV-GFP virus& ©| &3}
of wufell HEd 23, HE 6LdATA GFPe| Hdo] b3 o] Fojx| k). whel

A, 715 4=]1 &€l phloem protein A7 WAH NS Bl TMVE 47

o ™
i
T
)
XL
i)

W ool% aE3 WA wEe] 2 9P mAE A

T O

3 day 3 days 4 days

4 days 5 days 6 days

Fig. 3. 28. MO1F08 phloem protein gene silencing followed by TMV-GFP infection.

Rajamaki®} Valkonen(2003)-2> 7 AN(Solanum commersonii)®ll Potato virus A (PVA)E F
F3k z7]) potyvirus®] ©]5 7 29} viral genome-linked T Ao FEFe] R 15}
In situ hybridization®ll ©]3 viral RNAS gt A3}, 579 viral @ do] 7h=pe] ¢
A FEHAT 7 279 = o] Fa A F=eldA dEerwtew, o] 7
A F-9]ol Al viral coat protein, cylindrical inclusion protein, ~1#] i1 2] & ] parenchyma<}
mesophyll cellsell 1+ viral RNA$} #o] &3k helper component-proteinase”} ¥
Fol M= YERA] gktl W R, viral genome-linked T A 2 2H8-3l= VPgE 7
d FHAZAAME e #9 ofye} vio]Y 27} ol gl 7] @AM R UE

fex]
=
wth ©] VPgZF 'phloem protein' =4 ZHE <l FRW AERE ulo]g 9] o]F&
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Solst & F= 2E&E o= Aor AWEAY. 2Hu, & A7l AREE TMV
A

3.2.3.3 MO01B08 adenine nucleotide translocator

MO1B08 adenine nucleotide translocator2] gene silencing= 213+ $ TMV-GFP virus
£ ol &sto] "ol HEFe A3, JF 3LATE w@Hul o HIFHE-HA GFpel 2Hd
o] woll HA Yellr] AlFstd o, JF 64 A oll= phloem 912 GFP #Hdo] $
A olFoA < A AX AFEATh. F, 71FAEA FHl9]  adenine
translocator A A7} W& E 2] rolm TMVE A 2 olF gl HATH =

2 EA7 9= Aoz noxyr)

4 days 5 days 6 days

Fig. 3. 29. M01B08 adenine nucleotide translocator gene silencing followed by TMV-GFP

infection.

Schultheiss 5 (1996) adenine nucleotide translocator (ANT)7} W] EZE=g]o} ulo =
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viral RNAE &ykstH, 131o] oA thate] @3S mA= ZoR HIsES
Adenine nucleotide translocator (ANT)+ F]EZ=glo} dlto] F2 Eajsty A XAy
nEZE=gop Atolel A ATPE ADP® A 3ste= dhuldolth QIgle] glojA &= o
ANT 3ol 37§9] isoforms & EAjat™ M= th& FHAE 43tk ANT 4
Zbe] HPL F2 Ik MAEE o] §3te] XAE o] $H(Giraud 5, 1998; Barath 5,
1999; Schulze 5, 1999). Hfolg =9} A HH oz F#HE}e] Jacotot 5(2001)©] HIV-1
viral protein R(Vpr), Bcl-2¢} adenine nucleotide translocator®] ‘g% 288 3%
I A3 Vpr#@ Bel2 EF ANT9FY] A HAQA J528S F3l9] mitochondrial
membrane permeabilization(MMP)S Z43l= Z oz I = itk

3.2.3.4 MO1B10 phsphoglycerate kinase

MO1BO01 phosphoglycerate kinase =3 TMV-GFP viruss ©]-&3Fo] Huljo] HEgk 4
I, HE 3YATE T o FEFHESelA GFPel o] well HA vEr] Al Zst
Ao, J& 6dA = phloem 919 GFP 'Td o] k3] o] Fo]x Sl A o %
7] Al &etdh weba 7152 =< @l e] phosphoglycerate kinase - &7 i E |
gole TMVE A B o] 2gal HATA EA7F gl es Bozit

3 day 3 days 4 days

4 days 5 days 6 days

Fig. 3. 30. MO1B10 phsphoglycerate kinase gene silencing followed by TMV-GFP

infection.
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3.2.3.5 MO02A01 phloem filament protein PP

B8 315 dslaE9 AT QA (sieve elements)i= proteinaceous filaments <2}
P-protein®] 2} &&= HFAZ o]Fox 2Jrh. Cucurbita < phloem filament
protein(PP1)¥} phloem lactin(PP2) 5 5 70<| filament proteinS 7} 3. ity &u}h
(Cucurbita maxima Duch.)*|~] phloem filament protein< encodingdli= A& 43
A¥, Fube] PPIE AEEo] flo] vulde e F & 9V]E 2430 bp 7FA AL 3
AT ©] PPl Az kel #y], v, A}, &7, 29 delA B B EH gl
o, PP1¥ 1A S mRNAZF HiSel Aol wjg wE Zol s HoF3l
+% PP12 Avl Al 3 (companion cells)ll A = YEFHTH(Clark 5, 1997).

o

4 days 5 days 6 days

Fig. 3. 31. M02AO0O1 phloem filament protein PP gene silencing followed by TMV-GFP

infection.

vlole A~ A3t F o2 AdE phloem filament proteino] 3k 3= o}z W

= -
g v glo, 2 Aol A M02A01 phloem filament protein clone®] gene silencingS
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A7 F, TMV-GFP viruss ©]-gsto] Hufel e A, HET 3dA7A @)
SH-9ll A GFpe] o] YEtubA kskow, HF 44A o] Fo YE GFPe
of MMl A3 E7]dl AA A7l AlAstAv. ¥4 A FE MOIFO8 phloem
protein gene> GFPS] &S 43| AHsgt o= Mol MO2A0I phloem filament
protein®] 7 -f-olli= GFPe] & Bl mio]g|xo] o] F&ino] yofsh= Aow HojHn

_|I
S

iy
z,

r (

3.2.3.6 MO1A11 glycine cleavage system H protein

MO1A11 glycine cleavage system H protein clone®] gene silencings 213

TMV-GFP virusE ©o]-&3lo] whufo] HE3 Ay, HF 394 o= GFPe wdo] o]
Fojx 2] ot HF 4XHE FArlol2 A3 Yeld WAl HFE 6dA AN =

=715 w2k yEbs

3 day 3 days 4 days

4 days 5 days 6 days

Fig. 3. 32. MO1A1l glycine cleavage H protein gene silencing followed by TMV-GFP

infection.
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Glycine cleavage H protein®} virus9}9] @@ Alo] &gt AF7F AA7A = Eol o]
Folx QA A RE glycine cleavage complex2] T4 24~2] T-protein<> H-protein-bound
ZHA 25 ammonia®} methylene-tetrahydrofolate®] FE|Z o] & 2185 3 Frhe AR
FHOrun &, 2003), =7]9] strawberry latent ring spot virus(SLRSV)E &3 -] A
(Kreiah 5, 1994), serine/glycine cleavage site®] SLRSV®] capsid coding regions®] ¢]#|
ot Aow yeistha Bae vk gl

3.2.3.7 MO1A12 Glyceraldehyde-3-phosphate dehydrogenase

MO1A12 GAPDH(glyceraldehyde-3-phosphate dehydrogenase) clone®] gene silencing-=
A 5, TMV-GFP viruss ©]-&sto] wufel Hed da, JF 4LA7HA4 GFp

o] o] FofX A it HF SHAEE GAlelo] GFPY wdEo] 2gH Hi= A
S A& ©]= GAPDH 3 A7F GFPY] e W wulolg 2 9] o]F& o] 3ols}

3 day 3 days 4 days

4 days 5 days 6 days

Fig. 3. 33. MO1A12 GAPDH protein gene silencing followed by TMV-GFP infection.
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Glyceraldehyde-3-phosphate dehydrogenasei= GPD gene .= 5-E] encoding™ & Tl @ =2
Al e v EA 2EY A, S, 9, AL, 12, 7he TolA 2 Hdgo] EmolA =
A2 & A AdthJeong 5, 2000). Glyceraldehyde-3-phosphate dehydrogenase®] -7l
2k cloning¥ SA S #A4F A2 ofg 7HA A=A B2 FEA Wol Buwlon
(Ridder9} Osiewacz, 1992; Jungehulsing 5, 1994; Qin &, 1998; Varma®} Kwon-Chung,
1999; Hirano 5, 1999; Kou 5, 2004), o}#74A] wlele] 2~ HA#k Axtsle] mlo]e) 29}
o] ZF3Agol wete] Hae wh= gl

oAl magk 7709 cloneol HEFH TulEolAM Atz wEs= GFPY FAAE
Norther® & 28 A7} Fig. 3. 340] &= 3l

R
MO1F04 histone2A -

MO1F08 phloem protein .
MO1B02 adenine nucleotide translocator - “

MO01B10 phsphoglycerate kinase .“
M02A01 phloem filament protein PP - ” A .

MO1A11 glycine cleavage H protein

MO1A12 3 GAPDH

Fig. 3.34. GFP probe Northern analysis of gene silencing followed by TMV-GFP infection.
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cDNA-chipS 7038t th 71EE cDNA-chip2 7|Eo] B A & A R¥ ZGMMYV,
CGMMV, KGMMV, CFMMV 52 &3] e 5 gllom, vo]g=3te] #4d4
FAAZEA JER L ek 943 cDNA-chip A& A 3= ulolg] s A Ag-&of
M FAHoz He TRy ATZAI}Z SCI =Fo EFHAT (Lee et al, 2003).
A& chipol 4835 st 7z} npolg~
I g EolF G| EE B35t o2 EUE oligomers A Z3stu &zt
20 g3t th Al <E oligo-chip 7—} uf
ol 25 gt TR F UeH, FF WA E vpolels oo B A

, Frlol
g F4gon I A7 £BT + Ae Ao JUsn Uk o ARE B
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pul A=
Sul, o BAE A ANAE utolel s FPA HEatolel s 1] FEAE of
7k WA el ¥ APTANAE E e ARR ololA] ZGMMVE] FEA 5
of WANE FAAE AW Fnsug HAT, FFE F04 9@ & sl

°o]l5 7 AE cDNA-chipd] X3HA]7# microarray
assay®| A= FHAAEE ALRSES]

Microarray & ©]-& 3%k 2 &E-utolelx~ F5aE A7 FiEdAs ¢4 ' A EQ]
Arabidopsis®] cDNA-chip ©]&3lo] wrapzhdAd npolg
o] 5 28-S profilingst i th. 434 ecotpye?! C24¢F 7+
o]-§3to] microarrays TASEATE HEF F 7] Aol ®Eg AFAE FoHA
CMVE] 2 R EsHs 2B st Ads] frAbstA Rt A7 C4004 wlelg =
5ol FrAke] o] S

Arabidopsis®] ZA¥E EUIZ 20] cDNA-chipe ©] &3 Fdx @& A=At
Q0] cDNA-chip®] AZE ¢t st dFES &3] cDNA-chip A= %
hybridization 7% o] H 235 T3k, FHF o] 5o]F ESTsE o]§ste] L3
3 12K 459 cDNA-chipg AZ3tth. Al 23 cDNA-chipg ©]&3le] ZGMMV
(tobamovirus 1) ¥ CMV (cucumovirus L&) o] HEH SoloA 6, 12, 24, 48, 72
A ES HE E = mRNAE profilingstth. 1 A3 7]& AFoAs & F gid 2
Lol e kel A F A profiles SRS = Alow Azbd 9 owpolls FRE
A FH clusteringS E3F] A== olalE DA ATt ©] microarray 2 ¥}

2
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ofF A= ATAEEA HA ol&E F UAEF 7oA
3R Qo] ESTs ¥ microarray Ulo]E] &= 1€ Ul o]
Aste] A A g H3xs DB 7F5S gAs e, T4
Bk e dgds H A3 microarry 4 r
oracle 10g o1, JAVA2 AAE AL F JQEE 3}
applications T3ttt 5% DB wAlH o= Qo] -
dolgh & 4 glom, o] Fope FHA "M T 4TS FPd £ o}
ZITHE S (http://www.cgre.wo.to).
AE-vpole 2o FF g Aot wpolel s Al gk o]sfi 7t A4AQl g 4ol
2, & HAoM = A E HEAd vtolel s Zhzbe] did A genomevc’*
=

Zystgon, Ag UeA deldsaE AN F db Ax

o
fru
binl
X

=
glo] in vitro

g

=

transcription system= SH 3T ¥ ol o]E wiolg o] EAWOlA (mutant)E
RbEolA A E-mtolef s Fho] Fo RS A=, A4S AHE Qoo vkt
BAS g & AU =3, vpolg e 2 5o dske AR AEAW T
ol o]-&d 4 Sl viral vector AlAHl o2 Wol olg¥=H, & AFIAdNAME
gsto] mdl wwdel GFPY Y A="S FHeidlth o] A= 7]

1

o
) o A AEed dAHAE S =
0]
A

it
=.
-
=R
<
)
Q
1)
-
l
nl
o
Ks) it

ol AFA FFTaA M EokllA= 2o #AAA wtole =2l ZGMMVel o g
A FAFT TS Fol FdAT. ZGMMV Y] o] dild s s HE g
o] A & wulolA dA AAS AL, o] MEE thA] 2ol FAASR
ZGMMV A&A Qol5 FAstaal stdlth o Ao ddHoz wg ofgde 2
of FAHXS WHES HAg st tgd AFE TPkl ArgorbacteriumS v 7| =

g 71agd Uy R AAEREAY PHE F3F 0] gEAE ”JE'M] ik A=
2 7 3}

r_u
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e fl8ke] 7]Eddl Ra¥ vl 9l VIGS (virus inducing gene silencing)] A] 2~®]-S&
o] g3te] A&stE FHA HHS AL, HAH TMV-GFPE HEskel TMVY
T, ols 9 HAES THA etk A= 2k silencing A 3S 2.0
o 5] &R 3t phloem protein®] 74-%-, TMVE] 7 o] o] F o= R ¢gro} TMVE A

A3k JegFS v = Ao FuhE QA phloem filament protein®] 9= TMV ©| %
o

=
o
i
gt

[e)

o
glycine cleavage system H protein®] 49 TMV ZAA A9 |
o

e BAA9 Wah 3 90, o Asgel 4
sHoE Fud FAAY J5e AR BAFE o] Hsd HolYn

A =
ABAL olUPAT ¥ Al BHo] Rigets ATHAE By AWE A

Lo

ARROE THE B ATAAE F5] o] fAMI 5 B olHAE WA

a1, vpo]e#l 2~ HekE cDNA-chip 3 oligo-chipS 7fstl o, nlojg~ A&y §F
2AE stk webA, A A o] w9 Wil F8 AR o] &HIL e 0]
A ATy & HE F e AV "dew, & A4y Aae dom A
712 R A go| e wiolgay Ao HEA Ao U HEQE AT siwHe] =
Aoz 7lgHAct
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Hpol 2]~ X ekg chip?l

of AL AEAT, vholelz AGY KF2AG THlshd AP =

1. 2°] ESTs ¥ microarray B °]E]2] Web-DB3}

Qo] FHAe 7leEs AFetr] HAAAe AAUE AR gig A 4g, 71E
DBel| A ¢] Blast 23}, full lengths <Hst7] 91§ cDNA-library, L8] 2l & WelA
SA 7oAl HEAF ] g AHE Frstojof st=d, & HAAlNA Fa A
2] Web-DBE ©|&3to] o] Fofe] dAFto] Fi3] &8 + Us AexE A7dr.
2 F Ao A= ESTs blast A2} % wHlo]# 2~ TZAA] Qo] A2 microarray 2 ¥E DB
st AL, s A ESTs 85 Addtal o] AdaEoAle &%l 7t

A shelth mebAl, welels AT 52 e AR AT G AR A
om, o o] o} AT Anst %Moz DB HolAW o we FA% I

A7 715l ATB 9L Aotk
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a5 oo ey =ZA WARel fle v E el s e B¢
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a4d AN AAE WA 2 95 star vk wEkA, & A9
A star gy vpolef s g cDNA-chip 2 ohgo -chip2 wlol&] = HA Fof
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AT HAHS Fsto] Qo] Bl Qo] A wpojef e tigh sl e
ARE FHsAT

Qole] wFA A= IldA Hus FefolA 2Ed] o] Fo|A AL l=dl, = Al
2 2 Cucurbit Genetics Cooperative (http://www.umresearch.umd.edu/CGC/)el A wljxd
WA o] FFol teto] =l AEXAGS Fasta vk o] FIAE Qo] §4

H
2 marker 9 e WE&%E A glom A =1

2 A= HRE FEI}L U
of AIAAR Bt A B SFrtEe AFES X ok =3, FAEA UES E
2 v s Faze] WHy 2 FAA gEREE Agste] £ Zad Ay
& &3t 2171 8l

North Carolina State University®] o] #}8}3}o| A= Cucurbit Breeding ©] &+ | &o}j
1957958 Fd2 (germplasm)= = Fstal dtt o7]d= HAFE, JF8& 9] &
thefe AF B wujFo]l EdHM, Qolo] B9 wid AA oA AlFANR F,
FHEdY F4 52 Hasta vk B W= 5%
g 9 AZ5ELE wxdt v Ie] USDA AFsE ARS & Pacific West Area
(pwa.ars.usda.gov)oll Al = 1984 dH-E] The Cucurbit Crop Germplasm Committee (CCGC)
S TAstel WY E A e s, #A4, Jﬂ7} = Asta Adrk o] F3|olA
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BEolA9 uiolei HAo] iR &4 dayEa k. wEbA, AE veje s A
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