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SUMMARY

[. Title

1. Development for Viral Disease Resistance Carnation
by Transgenic Technology

II. Objective and Significance of Research

A. Objective

1. To generate multi—viral disease resistant carnation

2. To test virus infections in carnation

B. Significance

1) Since carnation is a plant by vegetative propagation, it is necessary to
develop for viral disease resistance carnation in order to prevent further

infection to the plant.

2) Viral disease causes a m@jor damage in camation, up to 309 decrease in
productivity has been reported

3) It is difficult to generate viral resistance by the classic plant breeding

methodology because viral resistance 1S wWidely associated with undesirable
characteristics as they can be polygenic m nature.
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4) The approach to introduce viral gene in crop plants in order to Therefore, one
believes that this approach can be successtully applied to develop wiral

resistance n carnation.

5) Accurmulation of techniques for gene manipulation and transformation should
help to vield new transgenic plants with agronomically important traits.

6) It is very important to diagnose accurate and fast to determine pathogenic
viral infection in plant diseases. Thus, it i1s also necessary to establish a
diagnosis system for carnation viral infection.

7 Recently, 20 species of camation (Dianthus aaryophyllus) viruses were
reported in world-wide. Since the camation 1s propagated vegetatively, many
different camation viruses were appeared because of multiple infection and
successive generation by generation during cultivation. This kind of camation

virus accunilation usually gives bad effects on camation business
world-wide. It is also necessary to study on the characteristics of the viruses

at the basic level in order to reduce economic loss by the camation viruses.
However, there is no basic viral research occurred in the camation plant in
Korea right now. Therefore, it is necessary to investigate the viruses of the
cultivating camation in aspects of virus isolation, characterization and damage
from the viral infection.

8) As a result, to develop the viral disease resistance carnation will improve the
farmer’s income and self-fulfilliment by reducing damage from viral mnfection
of the camation. The most effective method for preventing viral infection, 1s
to develop the viral resistance carnation retrospectively and 1s known to be
the most secured prevention method.
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II. The Scope and Content of the Research

1. Development for viral disease caration by transgenic technology

1) To obtain Kanamycin selective transformant
- To obtain CarMV CP gene transgenic for camation cultivar
- To obtain CarRSV CP gene transgenic for carmation cultivar
- 'To obtain ToMV MP gene transgenic for camation cultivar

2) Assays for in vitro transformant
- PCR analysis for transformant
» Southem blot analysis of the transformants @ 8 plants(INPTI 56 plants and
CP 30 plants)
» Western blot analysis of the transformants : &) lines/124 plants

3) Virus assays of the virus—free meristem culture for the transformants
- Meristem culture © 58 lines/1Y4 plants
- RIPA(Rapid Immunofilter Paper Assay)
- RT-PCR Assay

4) In vitro micro propagation for heathy transformant production

5) Improvement of rooting media and growth in pot
(total 48 lines/95 plants)

6) Virus resistance bioassay

7) Carnation cultivars micro propagative for crossing combination
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2. Assays for Carnation virus

1) Virus isolation, identification and characteristic of camation infected
Virus
(1)darmage situation of camation virus
(2)mophological observation of Transmission Electron Microscope

(3)Bioassay
2) Virus purification and antiserum production
(1)CarMV purification and antiserum production
» CarMV propagation
» CarMV purification
» CarMV antiserum production
—Agar double gel diffusion test
~ELISA test
(2)CarRSV purification and antiserum production
- CarRSV propagation
- mophological observation of Transmission Electron Microscope
» CarRSV purification
* CarRSV antiserum production
~ELISA test
~Rapid immunofilter paper assay(RIPA)

3. Virus diagnosis
- RT-PCR 1nspection
+ JC-RT-PCR inspection
4. Virus sequence analysis
(DCarMV CP gene analysis separated camation and lily cultivated in the
Korea
(2)CarMV CP gene analysis separated in carnation cultivated in Korea, Japan
and China
(3)CarRSV CP gene analysis
5. infected rate of carnation cultivated region
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IV. Results and Application

A. Results

1. Development for viral disease carnation by transgenic technology

1) To obtain Kanamycin selective transformant
(1)To obtain CarMV CP gene transgenic for carmation cultivar (30 lines)
(2YTo obtain CarRSV CP gene transgenic for camation cultivar (41 lines)
(3)To obtain ToMV MP gene transgenic for camation cultivar (40 lines)

2) Assays for in vitro transformant

(1)PCR analysis for transformant (153 plants)
(DPCR assay of CarMV CP gene transformants : 56 plants
@ZPCR assay of CarRSV CP gene transformants : 45 plants
@PCR assay of ToMV MP gene transformants : 52 plants

(2)Southem blot analysis of the transformants @ &6 plants (NPT 56 plants
and CP 30 plants)

(3)Western blot analysis of the transformants @ &) lines/124 plants

3) Virus assays of the virus—free meristem culture for the transformants

(DMeristem culture : 58 lines/194 plants

(2)RTIPARapid Immumofilter Paper Assay) © 113 lines/276 plants
ACarMV test : 47 lines/172 plants — virus CarMV free : 62 plants
@QCarRSV test : 66 lines/1M plants — all CarRSV virus free | 14 plants

(BRT-PCR Assay : 306 plants

ACarMV test @ 19 plants — virus CarMV free : & plants

QCarRSV test : 111 plants — all CarRSV virus free : 111 plants
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4) In vitro micropropagation for heathy transformant production
. D lines/793 plants
(DCarMV CP : 28 lines/234 plants

(2)CarRSV CP : 30 lines/2% plants
(AToMV MP : 32 lines/264 plants

5) Improvement of rooting media and growth in pot : 48 lines/% plants
(DCaMV CP . 16 lines/33 plants
(2)CarRSV CP : 16 lines/28 plants
(AToMV MP : 16 lines/34 plants

6) Virus resistance bioassay
7) Carnation cultivars for crossing combination :
R cross combination (331 flowers) tested,

— 12 cross commbination (91 flowers) successed,
— 4P seeds were obtamned
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2. Assays for Carnation virus

1) Virus isolation, identification and characteristic of carnation infected virus
(Ddamage situation of carnation virus

@rmophological observation of Transmission Electron Microscope

3 Bioassay

2) Virus purification and antiserum production
(1)CarMV purification and antiserum production
@CarMV propagation
BCarMV purification
GCarMV antiserum production
—Agar double gel diffusion test
-ELISA test
(2)CarRSV purification and antiserum production
(DCarRSV propagation
@mophological observation of Transmission Electron Microscope
@CarRSV purification
(0CarRSV antiserum production
~EILISA test
~Rapid immunofilter paper assay(RIPA)

3) Virus diagnosis
(DRT-PCR inspection
ADPrimer design
Q2RT-PCR
BIC-RT-PCR inspection
(4Rapid immunofilter paper assay(RIPA)
15Ds-RNA extraction and electrophoresis
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4) Virus sequence analysis

©OCaMV CP gene analysis separated camation and lily cultivated in the
Korea

@CarMV CP gene analysis separated in camation cultivated in Korea,
Japan and China
- mophological observation of Transmission Electron Microscope
- VIrus propagation
- virus purtfication
- virus RNA extraction
- virus CP gene anplification of RT-PCR
+ CP gene analysis

B®CarRSV CP gene analysis

5) infected rate of carnation cultivated region
6) the support present condition of Daegu catholic university joint research

(9virus inspection of RT-PCR
20virus mspection of RIPA

@Dvirus propagation offer

7) investigation activity during subject attendance
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B. Application and suggestion

1) The viral genes cloned into plant expression vector can be used to introduce
viral resistance into other plants that are infected with the same virus. The

establishment of technology necessary for genetic manipulation of virus
genome will facihtate manipulation of other plant viral genome.

2) Through the establishment of regeneration and transformation system, it is
now possible to introduce other useful agronomic traits into carnation.

3) The development of new technology to introduce viral disease resistance can
be applied to provide broad spectrum virus resistance to other agronomically
Important crops.

4) The regencration and transformation systems developed in this study are
very useful ones enough for other researchers to apply in their studies.

5) Lines of cultivars developed for carmnation anti-viral expression in this study
can be applied as patents for cross-breeding,
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2) Carnation 559 CarRSV CP gene FZAEHA &5 41714

3) Carnation FE9 ToMV MP gene XA &5 : 40704

2. 7|8 A AEA HA

2CarRSV CP gene ¥&xdgkA|e] PCR A : H70A)

SToMV MP gene HZdgkA2] PCR A4 : 5271A]
2) FAHgA2] Southern blot 41 : S/WAINTPI 56714, CP 3071A)
3) HAHEA|S] Western blot ¥4 : 80AS/124714

3. HAFAZA Y & virus HA
1) A wjok : 58A1E/ 1470 A
2) RIPA 7% : 113A1%/276714

QCarMV B3 @ 47A8/1270A]  — CaMV 3 : 62 714

@CarRSV 44 : 66A1€/104703 — CarRSV 59 1 14 7}
3) RT-PCR 34 : 30674

OCaMV 274 : 16708 — CaMV 45 : &2 714

@CarRSV A © 11VIA] — CarRSV §935=: 111 7§

4. 27130 FE-AEA Abs HF 71T L 0AE/TBA
1) CarMV CP 322k 7152 28718 23470
2) CaRSV CP 22| 7152 - 30As 206714
3) ToMV MP (PT30) &A% 754 @ 32A1F 26470A)
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5. FAAFANEA TS D 2R ¢ 4-8A1E/B7NA
1) CarMV CP 3278 @ 16415 3371A)
2) CarRSV CP #ZdgA : 1641%% 28704
3) ToMV MP H2HSHA @ 1641s A7HA

6. FAX8A| 2] bioassay
7. FRile|l A FE1E dllSF

B A=t/ 31 fb 778
— 12 3EgRE/ 91 fE AN — 402 FAF AHH
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1. Kanamysin A% XA =

Fhije] A FalAsle) AME-E plant expression vectors Uh-a 2t}
- Construction of pCarMV Cp (Z®1-1)

- Construction of pCarRSV Cp (2#1-2)

- Construction of pSLN/ToMV-MP (Z1¥1-3)

1) Camation ¥l CarMV Cp gene 32A3LA) &= 1 J70A
Camation £5° CaMV Cp gene FAAZA = KM ‘HD F ¥ FoA =
2008HAE FE3t(E1-1), kanamycinY 8F3oll= OFA AN shoot”}
A=, AR SHATE KM 0024888 HEsle] 850l 837190
A shoot7} FAAHEJL AA LA BEst len, ‘HD'= 1R88H-S &35t
o 8oz T7HAIN A shoot7} BAHAIL A S7RAPE AEst i

2) Camnation HZol CarRSV Cp gene 32AZA 8= 1 417)A4)

Camation E5 CarRSV Cp gene JFAE A3} SLEF FoH 96344
AE FE3t, 85 Folle BEHEANA shoot7t B, AR BWAE 7
WSS )31 KM 504 B8EHAIE  HEsle], 8535+ 188FHA|Y
A shoot7} FAAERUIL, A 870171 7| UAEs)aL Aok #1-2).

3) Camation <5 ToMV MP gene F2ASA 3 1 40714

1-3o49 o], pSLN/ToMV-MP 23k 42 KM E535-2 338188 A
& JEot kanamycin HiA|ol] 85 F<t Adete] 270A1E A%y, ‘SLFE
221 AAE FESH 2U70AE HDFE2 IWIAIE HEst TIAE 4ok
F B6EEAE FEstY Kanamycin A% 158 1601704171 AEsision,
45577 Rk Wstaarslila, 83l T07HAIA shoot7t AL
670 ol ZIHAIENAE KM E<59 A 270, ‘SLESA 878A),
HD¥ 771418 9k Aukd 7idle MS7|1ERRIZ 24 2 107848 45ejct
Alhligst F2Alele] 7y AR APA8E A8, bicassay A
Aol positivedt Alg-e] ZUdiggAlste] IAAA ] A5E R sluxs.

k-
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—iRB NosP

NPT 11

NosT

CaMV35S8

Hindl

Fig. 1-1. Construction of pCarMV CP

—1RB NosP

NPT II

NosT

CaMV35S

Hindl

Fig. 1-2. Construction of pCarRSV CP

[RB |—| NosP >‘ NPT >|NOST CaMV
|

NosP

NPTII:

CarMVCP

NosT

LBI—

1 EcoMd Bamtll Sad

arRSVCP

NosT

FEcoK

Hindl EcoR1
Fig. 1-3. Construction of pSLN/ToMV-MP

Fcold BanHl Sad EcoNM

|

Bant] ]

nopaline synthase promoter,

neomycin posphotransferase gene I,

Sacl EcoK1

LB

3;3> ToMV--MP>»lNosT

NosT: polyadenylation signal of the nopaline synthase gene,
CaMV35S:
CarMV Cp:

CarRSV Cp: Camation Ringspot Virus Coat Protein gene,

35S promoter of cauliflower mosaic virus,

Carnation Mottle Virus Coat Protein gene,

ToMV MP: Tomato Mosaic Virus Movement Virus,
T-DNA nght border,
T-DNA left border

RB:
I B:
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Table 1-1. BExtent of the transformation ratio of Danthus caryoohyiius L. cocultivated with

pCarv CP.
No.of Kanamycin Transformant
explant weeks plant
cocult i1 2 3 4 5 6 7 8 Db (month)
-vated(a) b) (%) 1 4 12

KM 2002 1010 912 741 554 305 152 89 83 41 63 53 25
‘HD’ 198 55 53 39 33 17 1t 9 7 35 7 7 D

2. 2200 1065 965 /780 587 322 163 98 90 41 70 60 30

Table 1-2. Transformation in Dlanthus caryootyilis cocultivated with pCarRSV CPR,

NO of Kanamycin ransformant
explant weeks plant
cocult 1 2 3 4 5 6 7 8 bla (month)
-vated(a) (b) (%) 1 3 6

SL 1107 913 837 580 409 206 184 102 /5 68 75 50 33
‘KM’ 268 221 203 141 99 64 45 25 18 67 18 12 8

> 1375 1134 1040 /721 508 270 229 127 93 68 93 62 41

able 1-3. BExdent of the transformation ratio of Danthus caryoohvilus L. oocultivated with

pSLN ToMV MP.
No of Kanamycin Transformant
v explant weeks plant(month)
" coculti b/a
—~vate(a) ] 2 3 4 5 o) 7 8 %) 1 3 6

‘KM™ 3881 1038 1032 868 568 321 147 72 42 1.1 32 30 25

SLT 2227 510 508 368 251 132 39 27 21 09 11 9 8
‘HD’ 198 &3 53 39 33 17 119 7 35 7 7 7

2. 6306 1601 1593 1275 852 470 197 108 70 1.1 50 46 40
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2. 71 FAASA HAA
1) E&H3A 2] PCR £4 : 153744

(DCarMV CP gene®] PCRAA : 56704
8752t kanamycin g ulA]o| A Adkd 5683 AAZINAAA CarMV CP gene
o] HHEHJUEAIE PCRE ERITH 23} °oF 11 kbp XA 4770A7F 75t
band=2. FHFAHATHIH2-1). o123 CP geneo] 21EA| o =4S &
A& = UATE

(2)CarRSV CP gene d273HA|9) PCR A4 : 456704
8559t kanamycin AgafRiolA AdtEl FAASANEAY] CarRSV CP
gene®| AYEHAEAE e s, HiAe] dxFozRE Es
genomic DNAE tenplate® 3] PCREAS AAlsIEY: L 23 CaRSV
CP gene®] 7% XA M/HAlNA oF 1.0 kbp 719 DNA o] &
B Aol #ERlz]o] njolelx A4 CarRSV CP gene©] 41 Aol U= S
o= RISt IH2-2).

(3 ToMV MP gene a72HA¢] PCR A4 52714
857%<t Kanamycin 100mg/Lo] Z7Fa wiRlelld e FAHEAZA o]
NPT +3APF Algdel A=) JA=AE &Rlshr] st 271419 =
210 ZHE 23t genomic DNAE FE31 PCRE AAIgF 23 337844
0.7kbp =7]¢] DNATHHC] FE5] 9 selection maker?]! NPT HAA7} @a ¢
& 2 o JAUTKLRZ-I).
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M 123 45 678 910 M1112 13 14 15 16 17 18 19 20

- 1. lkbp

—1.1Kbp

M 48 49 50 51 52 53 54 55 56

—1.1Kbp

Fig. 2-1. PCR results of CarMV CP gene from putative transgenic Dianthus
aryophyllus.  Marker (M), Transgenic plants (lanes 2-56)
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M 12 3 456 728

4+—1.0kbp

M 9 10 1112 13 14 15 16 M

M 17 18 19 M 20 21

4+— 1.0kbp

D OHE e

M 22 2324 256 26 27 28 29

ERSESEE | el .0 kbp CafsV Cp

30 31 32 33 34 35 36 37

Fig. 2-2. PCR results of CarRSV CP gene from putative transgenic Dianfhus
caryophyllus. Marker (M), Transgenic plants (lanes 1-45).
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M1 2 3 45 67 nc M 89 10111213141516 nc M

«0.7Kbp

Mncl71819 20 21 22

«—(0.7Kbp

27 28 29 30 31 N 32 33 34 M

«0.7Kbp

35 36 M 40 41 42 43 44 45 46 47 48 49 50 51 52

«—(0.7Kbp

Fig. 2-3. PCR results of ToMV NPTIl gene from putative transgenic Dianthus
aryophyilus. Marker (M), Transgenic plants (lanes 1-52).
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2) FAHEA|S Southern blot £4] : 27704

Southern blot-21-&- -2 53 NPT II gene? CarMV CP gened] 4Hlo] 3R1E
A EANMY  genomic DNAS ®eEl8le EooRl, Banl1l/Sacl 502
digestion ¥ ¥, A7]9539, nylon membrane. © & transferA|7] the, X-ray filmel

=EAA ER1EYE 2 A NPT 1 gene®] 73-%, CarMV CP F&AZA= 2870400
A, CarRSV Cp HZAFAE 167010014, ToMV(PT30) HAAZA = 147841904, 07
kbpe] AXolA bandE I UATKHZHE3-1-1, 3-2-1, 3-3-1). CarMV CP gene?]
87 1670A101M, CarRSV CP gene®] 789 97RAelIA <F 1.1 kbpe] HA91A bandE 3}
ANt = glo] FAARA| o] SRAFJTH1-3-1-2, 3-2-2).
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C@®-8 NPTII
P N 1 2 3 4 5

«— 0.7 kbp
C@-8 NPT I
5 16 2241 33,86 41 48 HD7 HD8 HDIO KM
B 7 ksl il 2uctRe sl 15 16

«— 0.7 kbp

C@-8 NPTII
HD1 HD2 HD3 HD4 HD5 HD6 86 60 23 KM HD4 68

P 17 18 19 20 2502 230 24 26 26 27 28

« 0.7 kbp

Fig. 3-1-1. Results of Southem blot analysis of CarMV NPTl gene from putative
transgenic Dianthus caryophyllus.  Positive  control (P), nontransgenic
control (N), and transgenic plants (lanes 1-28). Genomic DNA was
digested with FEcoRL. Molecular probes used were Bamtl/Hindlll
digested DNA fragment of pBINCarMV CP.
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C@-8 CP B 5 29 39 24 2
P, P> N 3 4

C&sCP 35 4 6 54 23 43 22 8
P N 7 8 9 10 11 12 13 14

«—1.1kbp

C®-8 CP 33 22
P N 15 16 17 B8 19 20 P N

i «—1.1kbp

Fig. 3-1-2. Results of Southem blot analysis of CarMV CP gene from putative
transgenic Dianthus awyophyllus.  Positive  control (P), nontransgenic
control (N), and transgenic plants (lanes 1-20). Genomic DNA was
digested with EcoRL. Molecular probes used were BamHl/Hindlll digested
DNA fragment of pBINCarMV CP.
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— 0.7¥bp

Carlisy NPTH
SL4-1 KM1 SL4-1 KMI1 SL4-1 SL2-2 KM2 SL9-1 SL4-1 KM2

7z 3 Sse 1011 d2nildoid 15 16 17

CarRSV NPTII
HDl HD2  HD4 HD5 HD6
_P__18 19 20 21 L2023 2428 26,27 28

" — 0.7<bo

Fig. 3-2-1. Results of Southem blot analysis of CarRSV NPTl gene from putative
transgenic Dianthus aaryophyllus.  Positive  control (P), nontransgenic
control (N), and transgenic plants (lanes 1-28). Genomic DNA was
digested with EcoRL Molecular probes used were BanmiHl/Hindlll digested
DNA fragment of pBINCarMV CP.
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CarRSV CP

R
CarRSV CP KM2 KM1 SL7-1 SL53
P N 6 7 8 9 10

Fig. 3-2-2. Results of Southem blot analysis of CarRSV CP gene from putative
transgenic Dianthus carvophyllus.  Positive  control (P),
nontransgenic control (N), and transgenic plants (lanes 1-10).
Genomic DNA was digested with EcoRL. Molecular probes
used were BamHl/Hindlll digested DNA fragment of pBIN-

CarMV CP.
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ToMV NPT I
KMZ24-2 KM2 SL2-2 KM15-2 SL3 SL4

S
N P 1 2 3 4 5 6 7 8 9 10

«0.7Kbp

ToMV NPT
KM2 KM8 KM5 KM3 KM4 SLL1  SL2 SL4 KMI-1 SL6 SL1-

P 17 18

1112 13 4215 16 19 20 21

«0.7Kbp

Fig. 3-3-1. Results of Southem blot analysis of ToMV NPT [Igene from putative
transgenic Dianthus caryophyllus. Positive control (P),
nontransgenic control (N), and transgenic plants (lanes 1-21).
Genomic DNA was digested with FcoRL. Molecular probes
used were BarriHl/Hindlll digested DNA fragment of pBIN-

CarMV CP.
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3) B AXI3LA|2) Western blot £-41 : 2770A]

Western blot A= F2H$E o] EA|e] 220 CarlMV CP geneol HAF 3
AR HAFATA| AHE 2ARY] $8te, 2 FMo]dZ vlolg|d| =5
=2 WE% gAARel, FEdsiAe] A willdes FEsIa, SDS-PAGE
Mighty Small II' gel(Pharmacia)2 A8l 471995313, westemn blots AA3E 2,
JZE21 CarMV HEF- o|HE Chenophodium quinoca®}t kanamycin A% 12704 5 10
Ao A, CarRSVE Kanamycin A9t 15703 5 778A1914 36 kDa HAoll band”?} <1
Zdct o)ZAR CarMV CP gene® CarRSV CP gene¢] 3kDa ©rizlz 2+ 5 Q)80
SRILNTH I 4-1-1, 4-1-2, 4-2-1, 4-2-2, 4-3-1).
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+35KDa

1.
N MP 23 29 33 35 P19 9

«35KDa

—35KDa

Fig. 4-1-1. Results of Western blot analysis of leaf tissue transgenic
Dianthus caryophyllus expressing CarMV CP protein. Positive
control (P), nontransgenic control (N) and transgenic plants
(lanes 3, 4, 10, 16, 22, 33, 38, 93)



?‘LNP332923 9 22 18 10 4 3 N P M

+~35KDa

93 9190 77 60 38 35 N M P

SheT

Fig. 4-1-2. Results of Westem blot analysis of leaf tissue transgenic
Dianthus aaryophyllus expressing CarMV CP protein. Positive
control (P), nontransgenic control (N) and transgenic plants
(lanes 93, 77, 60, 38).



MP 1 2 34 bobel B 91011 2 __

+«30KDa

20 BL 28 68 24 85 & &L P

—30KDa

Fig. 42-1. Results of Western blot analysis of leaf tissue transgenic
Dianthus caryophyllus expressing CarRSV CP protein. Positive
control (P), nontransgenic control (N.) and transgenic plants
(lanes 1, 2, 5, 6, 8, 12, 14, 15, 17-22, 25-27).
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N 28 M 28 28 30 31 32 33 435 36 3738 N P

JOKDa

N 40 W 41 42 43 A4 45 48 47 N NP

Fig. 4-2-2. Results of Westem blot analysis of leaf tissue transgenic
Dianthus  aaryophyllus  expressing CarRSV - CP protein.
Positive control(P), nontransgenic control(N)and  transgenic
plants (lanes 28, 29, 31-35, 37, 39-43, 46).
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Pl
M PIL N1 2 3 4 5 6 7 9 101112 i31415 P P2 P

B < 30KDa

[
PIM N 16 17 18 20 21 22 23 24 25 26 27 28 30 31 P P2 P

+-30KDa

Pl Pl
P2 NM P 32 33 34 35 36 37 38 39 40 41 42 43 P PI P2 P

i+ 30KDa

Fig. 4-3. Results of Westem blot analysis of leaf tissue transgenic
Dianthus aamryophyllus expressing ToMV MP protein. Positive
control (P), nontransgenic control (N.) and transgenic plants
(lanes 1-4, 10-12, 15, 18-22, 24-31, 32-36, 38-40, 43).
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3. FEAGA AFHNYE F virus HA © 58A1F 19470

1) A
@DCarMV CP (CO-8) : 27A1El 1497031E BT 295-1-1, 5-1-2).

AR M
e L I
1 L) L]

comity o BT B A3 ke B3 PR W e MW G S BN
¥

ThE

FaEmay  mE EE P W Y e e

Fig. 5-1-1. Apical meristem culture of kanamycin resistant plants for CarMV CP.



Fig. 5-1-2. Apical meristem culture of kanamycin resistant plants for CarMV CP.
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@A77 CaRSV CP : 174181 2671418 A& FetAti 295-2).

CHRSV No.1

CRSV NoY3

Fig. 5-2. Apical menistem culture of kanamycin resistant plants for CarRSV CP.
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@AM YE ToMV MP : 1471820 1971418 vl Stk 195-3).

Fig. 5-3. Apical meristemn culture of kanamycin resistant plants for ToMV MP.
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2) RIPA (Rapid immunofilter paper assay) 2%
@CarMV CP BEANA A3 37415 125714|2] CarMV RIPA AAolA FH5F
07MHE A/UHIH6-1-1, 6-1-2)

NENY -0 1E4 T8 ) W1 WE S22 WS T

cas 28 22 A3 51-3 B2 B0 192 09-3 80
PC NE 1 2 3 4 5 8 LA | NG X
i -y g AR = o

Mt B 00 1A FEed TA-R AT B0-5 352 A3 P 27 35 A0 B0 87 1047 VAR 151 20 PO-B 3P4 B8 30
ce-n 161 28-2 233 208 251 20-3 38| B8 A-1 158D 161 208 221 232 203 8-1 9041
PC KC 1 2 3 2 5 ] 7oA 9 W0 n [T R PR TS T A ¥ 8 18 20 2 B B N.C e

=R

ol <
i s
E= a
=

HENS T4 WL 2057255 -3 -d T-8 T-G 104 10-5 102 10D 118 H1-D 00D =511 8 1S 15-2 18D 15-8 154 [4-0118=3 10-T Bt-8 3-8 255 M2

CR-4 20RD BRWOE-2 411 181 17-2 22-3 2B 2088 231 235 _2%é 20-1 20-3 33MD 35-1 41 48 51-188-2

PECNC 1 2 3 4 § & T & 8 10 1 12 13 M 15 & 7T 8 19 0 P 22 ¥ M4 B 6 3 W W _MNC rec

TET"T
i e

$ed ke BP A af e B et d el e TER M4 e B
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 NCNCPC

ry = = E=

I

Fig 6-1-1. RIPA CartMV CP test of the precipitation bands were formed with 1/800
dilution ratio of the IgG:
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M EiNo. 24-4 76 -7 15-8 17-8 196 217 21-8 25-4 32-T 30-10 32-3
c@-8 48 22B@ 22-3  29-3 33MO 351 41 51=1 ol Ba-2
Pe HC 1.2 B AP g A I 11 12 1@ NEe PC

CO-6 1540 15960 158D |G 2000 20RE D2M0 2380 26WD JIMD LMD AID AING  A3ND §HED 51
1 2 1 4 B B T & 8 y 15 18 NC PC
1 g - el = - e = =

E

Fig. 6-1-2. CarMV test of the precipitation bands were formed with 1/800 dilution ratio
of the IgG.



@CarRSV CP FaA8AA Ad3uld 107415 477021¢] CarMV RIPA Z3Aolx] F935
270 E LUK TH6-2).

v 131 25 B4 2851 2612 a4 P11 m12s B we2
1 2 3 =4 5 6 7 B 9 1M 1N 12 NC PC

5

v 1231 3962 I72 /613961 131322 12341 44 364 B 6421
B3 14 15 8 7 8 189 20 21 2 23 24 NC PC

cwv B 2410414388 104240222 11122 716 222 222 191 B+

1 2 3 4 5 6 1 8 9 0 n 12 NC PC

=

- - -

bhhbbbhbbbbhhEE

crsv @11 @1+ 1231 R22 Hae me1 212 5L 71 Bw2 442
1 2 2 4 5 6 4 8 9 10 M1 NC PC

BT
T

|
M

Fig. 62 CarRSV CP test of the precipitation bands were formed with 1/800 dilution
ratio of the IgG



@CarMV, CarRSV, ToMV 32084 A 66715 1047171¢] CarRSV RIPA 334
oM Ha 1047447} T35k

C9-8

NEHO -3 16-8 iE-2 w3 23 32

IR A1 =2 TR HIM-1 -2 231 -2 -3 313 ¥-1-E -1 35 48 B1-2A8-) -] a2

1 2 3 4 5 6 768 8 (0111213 14 15168 17 18 19 20 21 22 23 NCPC
f’——._r;;r___,_;,._.._=r:_-._-_.[_---,.;..‘.*,_-hra. 3

CRsY

3844 -7 -2 6T 1S5 10-3 F02 -3 WISt =) =4 =T M-I M-G-d =} K-5I-S40-4-1 -2 ATAS-2-2 -2 -2 46D -5 HOR

| 2 3 456 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 20 2425 26 27 28 29 30 31 32 33 34 .
TITTrTTrTT

LELULELLLLLLLL

®

.4
Ll

r

=2
-
!-_—_
r
f

wn
B
T_
-
ol

PT30
3R Be? -8 el W) F-NN0-R A S T T D M-SR W AR R 7 0 88 W0
1 2 3 466 7 8 8 101112 1314 1616 17181920 21 222?212_52_52_3@2932. 1 32

rie

BHARAAARARYL

270 MY 41T 12 -3 BB IS6 -3 276 87 M-8 11-7 Z-e
35 38 37 38 39 40 41 42 43 44 45 46 47T NCPC
[ - g fice gt ake S acilimer i gEE O Dy

: [i=mg
=

Fig. 6-3. Transgenic (CarMV, CarRSV, ToMV) CarRSV infection test of the
precipitation bands were formed with 1/800 dilution ratio of the IgG.



3) RT-PCR %4
OFZAEA AFENG 15703 CarMV RT-PCR 27304 21715 A7 53853
tH2"7-1-1, 7-1-2)

AT-PCR 0404199 8- 1
M1 23 4 5 8 78 8101112 13 4 nepe

M 151617181920 M 21 22 23 24 25 E6PCHNC 272828 30 M3 M 3B MBBITM

04042011 04042 0-2
75 76 77 76 79 80 81 62 P ME3 84 65 86 B7 BBEGO0 M O 82 53 94 95 95 57 98 MBI 100101102103 NCP.C
T e

: o= 12Thp

Fig. 7-1-1. Results of RT-PCR of CarMV from meristem culture of transgenic
camation. 250bp Marker (M), positive control (P), negative control (N).



- | 287bp

M 21242526272829 30 MJ132 31SLaS4N P 34 3536 37 38 39 4142 43444546 4748 P N

D e O = e

o= | 2870

M 205051525354 5658 57 58 58 N P N P A

M 606162 636485 66 676860 70 N P N P

o= 1287bp

M 7TIT27TAT475767778 M 798081 5L3®4N P B2B3B4B58687 BA BIA0S! 92 N P P N M

o 1 2870p

Fig. 7-1-2. Results of RT-PCR of CarMV from meristem culture of transgenic
camation. 250bp Marker (M), positive control (P), negative control (N).
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@EAAZA AAEuiek 111703 CarRSV RT-PCREAANA A4 11170417} FH5%
ch(Z197-2)

U T\l 46 4 w0es b 22 23 242526

| = 126710

Fig. 7-2 Results of RT-PCR of CarRSV from meristem culture of transgenic
camation.. 250bp Marker (M), positive control (P), negative control (N).
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4, ZNRAPAAZA YAk 97 Z1HFA - 0715 768714
D) CaMV CP FAEA%A] 7| 34] : 841F 24702(298-1)

c9-8Nos. BB

-8 Nols.

C-8 N6, L

C®-8 Noi7,

C@-B NolB.

-8 No2o,

C®-6 Noza. |

CO-8 No26.

C@® -8 No2.

C®-8 Nods,

C®-6 No3s.

C@-8 No43.

OG-8 Nods,

CO-8 No5). &

Ca-8 Nose,

o®-8 No7T. i

0@ -8 NoB1,

O -8 NoB8,

CD-5 Nosl, |

C@-6 Nagl,

C®-8 Nog2.

C®~8 Nog3. |




2) CarRSV CP 3238 7154 @ 30741F 26703(29. 8-2-1, 8-2-2)

CRSV Nol. |

CRSV No2.

CRSV Nob. CHSV Not8.

CRSY No6. CRSV Notg, &

CRSV No9,

CRSV Nol1. 588
CRSV Nol2.
CRSV No't3. IR

CHSV No24. JE 8

CRSV No14.; CRSV No25. i

Fg. 8-2-1. CarRSV CP transgenic plant subcultures and propagation.



CA3V No 27.

CHRSV No 28.

CRS8V No 29,

CRSV No 30,

CASV Na 31,

CRSV No 32. | |

CASV No 33. |

CHSV No 34,

CASVY No 35,

Fig. 8-2-2. CarRSV transgenic plant subcultures and propagation.
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3) ToMV MP (PT30) FZAEA 7 WiSA : 4371F 3BMA(TH. 8-3-1, 8-3-2)

PT30 Noi. 130 No28, [
PT30 No2. PT30 No30.
PT30 Nod. PT30 No31.,
PT30 No7. PT30 No3a.
PT30 No8. PT30 Npdd.
PT30 No10, . PT30 No3s,
PT30 Nott. PT30 No36.
730 Nat2, PT30 No37.
PT30 No20. & PT30 NodB,
T30 No22. § PT30 No3g.

Fg. 8-3-1. ToMV MP transgenic plant subcultures and propagation.
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PT30 NO.3

PT30 NO.13

PT30 NO.15 |

PT30 NO.16

PT20 NO.17 B

PT30 NO.18

PT30 NO.25

PT30 NO.26

PT30 NO .32

PT30 NO .40 |

Fg. 8-3-2. Transgenic plant subcultures and propagation of ToMV MP.
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2) B

al x| 7|4

2 ¥ E Auj

A8 RS 93 geaA e f FHFASAEA ¢3)
FAASA Y kanamycin A5 AESE, LDIFY FEAESES
MS7] Eajx|ollA F719%, vitamin, sucrose$} agard] F=E 28l 7R
S48 913 2847, sucroses 3%7) %R Ago] Fow FU|EFE1 o] 12
T, HERIS dAll dF3l= 2|7t {Idth Agard] == 1.2%71 08%
27} 74 ST ED). o124 Agar 1.2%9] MS 7|2ajR]of] 2E 45 Alculed
e FEO| oAl g9} wnRjeA o] 2k FHAHTAIE A
Y Eo| odl3t F 45 JhF AAIoIA AT F SRR of2lst AuiEisith
o]ZM] Agar 12969 MS 7|EulX|o] BE 45 Al uiYRrE FEO| o)At 7
A8A) e} nR|eA dto] e FRHIA = X|HLEY o|A3 & 4F VI

AN SRS, Shie 2 o]4fsle] Aufssitt.

O N RGEE!

T £

Table 2. Effects of varied MS—-media on the growth of Diarithus
carvophyllus "Splash’ shoot tip culture.

No. of Plant
leaves length(cm)”’
(a) (b) (a/b)
Vitamin Y4 Y 515 1.83
Vitamin A A B 50.0 1.92
Agar 0.8%% 0 425 1.88
Agar 1.2% 110 9.0 1.8
Macro solution 2 H 465 2.12
Macro solution 1 14 61.0 1.71
Sucrose 3% D 0.0 2590
Sucrose 5% 100 6.5 153
7)., v): after 4 weeks in culture
HAFZAEA A - 48A1E/B7HA
(DCarMV CP 3AA3) :  16741% B7/8(289-1)
(2)CaRSV CP HAAZHA| . 16415 B/NAI(Z2H-2)
(3ToMV MP 448 :  1641F 34/0A(289-3)
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=85S 351 030/ =1
C@ -850 35— a2

CO-84 YD 00N gs-au: -2 QI

(B8 2T gs 3

C@®~€'5L 381 0F10/1-1 CO 4 2 =40

CO-8 o303/  CO-8 9 oa2m2 ga

Fig. 9-1. Transgenic plants of CarMV CP gene (C9-8) in pot
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LS ]
CRSV 40 42

Fig. 9-2. Transgenic plants of CarRSV CP gene in pot.
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Fig. 9-3. Transgenic plants of ToMV MP (PT30) gene in pot.

_67_



6. H2 XS A2 bioassayE virus A3A AA

Virus A ddAos BEHAS AABIEEL CaRSVel ol¥d AlRde] F9& 32
A} thz 7] Blackeye' ¢t A7Hugol A U2 FHF Fhilolddl] FAHETE 3t
At HEE 00IM(pH 70) Qikesgdog ARE vlsl carborandum® HE3}
AL she Yol Y FHETE % 2N 125U B HAS 2ARY 1
Ay} 272 AABHE Blackeye' ol CarRSVE AHE3E AL 15 73 3 25wl
S 27 B HEERAe|A ST IPEEA U F WsluAl (T
10), T3 U271 FHF JHolA% CaRSV 4R EERAjo|=zel AnjEY F4o]

UeRt & JAI, A= HE 2 & AS 933 S-S Ry a®ll, 12).

_68_



Fig. 10. Symptoms of local brown lesions (left) and chlorotic mosaic (right)
Vignia unguiculata Blackeye' leaves infected with CarRSV.

Fig. 11. Bioassay of non-transgenic (1, 3) and transgenic (2, 4) camation plant
inoculated with CarRSV (left) and CarMV (right).
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Fig. 12. Bioassay of non-transgenic and transgenic camation plant inoculated with
CarMV(2) and CarRSV(1), photography of cultured transgenic plant in
growth-room (3, 4, 5, 6) and greenhouse (7, 8). [1]. Chenopodium quinca ,
[2]. Vida faa, [3],[4]. CarRSV , [5]. PT, [6].0@-8 [7],[8]. Greenhouse
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7. AHEF

e iEtael ] weiEE Fhilo] S el M4ESHTHIS-DH 24N 4F
(19131, 1271, (8] )oll Al daAHAEA|9F F57F 13wl 2T I570AeA, =531
200t ST7NAA FXE AR EUTHE 3-1, 3-3).  HFeEdelixe] 3%
Sre] wARIEMY A8 st Waml] 2T 331zl wnfst(3E 3-2, 34, 19
13-2, 13-3), 1208 3olA ARZXE AH S THIES-2).

Table 3-1. Results of cross combination for camation plants (between trans
—genic and cultivars) in 'Catholic Uni. of Daegu’.

Cross combination( $x %) No. of crossing flowers No. of seeds
CO-8 17-1 x ‘24X 0
CO-8 17-2 x ‘24~
‘24X x 098 172
C9-8 17-2 X ‘B =
‘B2 x CO-8 17-2
CO-8 17-2 x ‘AXF
‘A x CO9-8 17-2
(98 17-2 x' o]
CO-8 172 x ‘Mercury’
CarRSV 151 x Dong
Dona’ x CarRSV 15-1
CarRSV 151 x ‘Z#&lX
PT0 21-3-4 x ‘Maestro’
Total 13

R e el e T

OO O O OO OO OO oo

O

Table 3-2. Results of successfully cross combination for camation plants (between
cultivars) in "Namwon’. Flowers produced seeds.

Cross combination( +x %) No. of crossing flowers  No. of seeds
Donad’ x ‘B = 7 2%
‘Super Green' x ‘Tlojot = 5 2
‘Degio’ x ‘Bd= 5 11
Fa] x TRt 12 %
‘A7 x Tl 44 146
‘Rossnii’ x ‘Crown’ 2 40
‘22X x ‘Eyl=E 9 1
‘Rossnii’ x ‘Fugnia 4 11
Tp white’ x ‘71l 2 21
‘White libeaty’ X ‘Rupic’ 4 37
‘A3 x TR 10 61
T x Vo 18 60
Total 12 122 49
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Table 3-3. Results of unsuccessfully cross combination for carnation plants
(between cultivar) in 'Catholic Uni. of Daegu’.

Cross combination( $x &) No. of crossing flowers  No. of seeds
‘Lip Barber x S 1 0
‘Melosa’ X S 1 0
Mercury' x S 2 0
Red Bardara’ x S 1 0
Nelsonst' x S 2 0
‘Green’ X S 1 0
Framingo x S 1 0
‘Fawld’ x S 1 0
‘B2’ x 'S 3 0
'SHAawd’ x 'SL 3 0
‘West Hipne' x ‘SL” 3 0
‘2 x oY 3 0
Melosa' x ‘Rossini 1 0
‘WAz~ x “West Hipne 1 0
"Maestro' x Rossini’ 1 0
‘West Hipne' X ‘Framingo 1 0
‘West Hipne' x ‘Maestro 1 0
‘Super Green' x ‘TjojolEtE 1 0
‘Tholol=E x ‘Super Green’ 1 0
Maestro x ‘Framingo 2 0
Virgine x ‘Nelsonst’ 1 0
‘Astraco’ x Melosa 3 0
‘Lip Barber x ‘Green’ 3 0
‘Green’ x ‘Lip Barber 1 0
Rossinm’ x ‘Green’ 3 0
Framingo x ‘Melosa 3 0
‘Rossini’ x ‘Red Badara’ 3 0
Mercury' X Red Badara 3 0
‘Framingo x Red Badara 6 0
Total 29 of] 0
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Table 3-4 Results of unsuccessfully cross combination for camation plants
(between cultivar) in "Namwon'.

Cross combination( $x %) No. of crossing flowers  No. of seeds

Degio’ x ‘TojoR2=
‘Super Green' x ‘EHE
‘A x TloJoEE
Barados’ x ‘Terra’
Terra’ x 7toRl

‘Gold star’ x ‘7}oh’
Tasman’ x 7ol
‘Virgo' x 7}l
‘YA x Tl
‘T2 x ‘West mint’
‘West mint’ x ‘7ol
‘West mint’ x ‘Fugnia
‘West mint’ x ‘AP
Sun ray’ x 7ol
‘Sun ray’ x ‘Bugnia
“Tasman’ x ‘7fopf
“Tasman’ x ‘Scarlet queen’
“Tasman’ x ‘West mint
“Teresa' x ‘7fopll
HAF x ‘Crown’
‘Easter x ‘West pear!’
Easter x ‘Terra
thgH x “Tropical butterfly’
‘W7 x “West mint’
|7l x A
‘Koreno' x “Tasman
‘=¥ x ‘Eugnia
“Tusarom x ‘7fopll

‘Tnter mezzo x ‘7Rl
Tury’” x 7ol

‘White libeaty’ x ‘West pear!’
‘Gold star’ x ‘ZVoRdr

|-

¢

i

0N DR NN A RDNDNINDNOCDR N B R RSN D AN DD S — D

SO O O OO OO OO O OO COC OO OO OO0 OO OO OO OO ocooooo

Rupic’ x 7ol

‘Scarlet queen’ x ‘71l 12
‘White charlotte’ x ‘7}oR 2
Total 3H 137
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‘White Sim’

‘Kumal Rose’ ‘Splash’

“"Desio’ ‘Rendeg—-vous' Virginea'

‘Tanga' ‘Nora’ ‘Pallas’ ‘Pallas Orange’

Fig. 13-1. Photography of used camation cultivar collected in ‘Catholic Uni. of
Daegu’.
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o pUB
Fig. 13-2. Photography of used camation cultivar collected in "Namwon'.
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Tusaran TI’DQ[CEI bl.ltterﬂ)' T'B”B

wy

Koreno Inter mazzo Taresa

ig. 13-3. Photography of used camation cultivar collected in "Namwon'.
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A 2 A. Carnation Virus AA; =AF77|H

7L A =8 Y&

o,
i

1. Fhflold EEo] s ulolas Bel - 4 2 EHAT

1) 7hilelAl wlolelze) s3] Ak
ZABN e I S ] B I i 2 s s
3) A=A H4
2. Bloje] A AA 2 A A}
D) CaMve] B4 2 233 4
(DCarMV e 2]
2)CarMV A
(3)CarMV &&3 A2}
QAgar double gel diffusion test
(ZELISA test
2) CarRSVe] A 2 ksl Ak
(DCarRSVe] <-4
2 F A Ao o]t Hefshy
(3)CarRSV A
(ACarRSV A A4}
(QELISA test
@Rapid immunofilter paper assay(RIPA)
3. Virus JI&AA &+
1) RT-PCR A4
(1)Primer A&}
(2RT-PCR A
OCarMV
@ECVMV
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@CLV
2) IC-RT-PCR 34
3) Rapid immumofilter paper assay (RIPA)
4) Ds—-RNA extraction and electrophoresis
4. Virus g715dE4
D) 3=elA] Aelis= 7hiloldet Wigtel M E2je CarMV CP gene <4
2) =, B Sl Al 7l dodlq ElE CarMV CP gene £
(D)FIARFEn|E o3 Feljehs
@rjolglze) 24
(3)ujolex BE £
(Dol 2] RNA ZA]
(BRT-PCReI| 23t niol& CP gene® 5

(6)CP gene?] G714 E A

DA Rl FRdjo) A
QAE A Thijo]A
@F=Aul Fhilo]l A

3) CaRSVY CP gene®]
5. 7ol A AuiRY HEE ZAL
D Fedv)d A4
DI =
QRAPAE
@BAPAE
2) RT-PICR AR
(1)CarMV
(2)CaRSV
SCLV
6. 7= distulet H5d A dds
1) RT-PCR®| &J3F nvfe]e{s 1A
2) RIPAY] <3+ vlo|]A AA

3) vlolels 249 9L AT
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. A7 59 A
L 7hllold EFol sl violalx Bal - §4 R S4AT
1) 7hlleldl wjolelze] s Ak
Fhilold F ALl YHAE FAo2 AT s) A 57k e
= A7) AR 59719, OiF Q2 2 Aok SolA wlolel 7

Hog AlREE E5FH(mottle), S5 (stripe). 713 (malformation) $4HS
Hol= 7ilo| A AFIske wsdale AR

Fg. 14-1. Symptom of CarMV infection (single infection)
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CarMV + CNFV

CarMV+CLV+CNFV
Fig. 14-2. Symptom of muiltiple infection
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2) FapazpEnAel o3 Fefety v

ANHE A2 vlole2 71go] glslE oY A& it HiEZrazorblade)
2 2 2t A5d Efel=dEk: fld 9% vhs, 2% phosphotungstic
acid(PTA, pH 70)& 37 W2 dol=dl ¥ Wxzz 27 Ze} F18] vhf(E
w3 Fq0) SATS 43 2P =(ErdE AR M4 oF 023 IS )
I oA IR A ARG AASRL AERAIAAN FabdaRv A (Hitachi H-7600)
slollA] wlole|2qatE WSt Direct negative staining method: DN®, Doi
S, 199). 1 A3} A% 30~34 nme] 78 AR CarMV, Z°] 600~700 nme]
APdE 4R (LV(Camation  latent virus) 22]a ZHo]  1400~1600nmg!
CNFV(Camation necrotic fleck virus)7} #+&=]ick

I T L] e amy
brgeirad Ruy i), pe et 13t Birast Ray e o ired o daw [ —
T T Biwoy

T o e

Spherical particles(CarMV) Pherical particles(CarMV)
Filamentous particles(CLV)

At B 0, AR 4 T inet hay: 48 buun
6y oY

P ——

Filamentous paricles(CNFV)

Fig. 15-1. Morphological observation of Camation virus by TEM
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FHAARAv e FeAQl wEA|, fEjvelelx EaEA] egkd CONFV
(Camation necrotic fleck virus)® H.o|= virus particle(2H400-1600nm)e] #zkx|of
ZUPHBAA S AlEfsle #3 St 4, ONFVE Z29E 99 BIMEe} AR
AEolA TEEER AEE U9 AN FASE 102mm 7|2 AESth Vialell
25% ghuttaraldehyde 2ml-S 91 A Al8E 01204 &3 Poleth 2 ¥ 01M
phosphate buffer(pH7.2) 2mlS 231 15%3} 23] washing $t 1% OsOs0ll B 4T
ol 90t E<t 1A% F 01M phosphate buffer(pH7.2) 2mle @it 1583 23]
washing 3} stepwise EtOHZ A|&ol we} @Ak 23] 2dsPaA &80
FHAM g8t} propylene oxide 2mlellA] 2032 13] A|$kslaL Epoxy © propylene
oxide = 1 : 1 EFAeIM 141RF 302 §2F vacuumell 4] pumping $t Epoxy
propylene oxide = 2 : 1 E§FAONA 1417 302 &< vacuumellA punping  $HF
2] epoxyE THA HiRSI pure epoxyellA] vacuumSltell o] ovemight pumping
$c}h. Embedding®t Fol| ultramicrotomeS: ©]-8-81e] ultrathin section§Hc}. Watson'
1 o|FANE Bl FIAEN ez A

e ] AN Camatra Sywsem

Filamentous paricles(CNFV)

Fig. 15-2. Morphological observation of CNFV by TEM
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3 =3 A

CarMV(Camation mottle azmovirus)E Chenopodium amaranticolor, C quinoa
a3 Ao (Dianthus barbatus)? %% 23} chlorotic spotd} yellowing
Aol Yepsit

Chenopodium amaranticolor Chenopodium quinoa

Dianthus barbatus
Fig. 16. Symptom of CarMV infection on various plants.
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2. vlo]H & A R FEY YA

1) CarMVe] A 3 F3HY A

(1) CarMVe] 54

CarMVell zHdsl 7hdlo]Ad o <dell 0.0IM PB(pHZ2)E ol vk, 258 o,
carborundumE ©|-8% el W} Chenopodium amaranticolorell %3]
carbonundumS: F-8 T, A7) AlRE EdE @A HMA A=A 1T
EAE v, €2 Aoplln a2 RS o] s TGk 2 Ay,
HE 79 Foll HFHeNA chlorotic spot *¥74o] Yepdth CaMVell ©571¢0]
ERIE  Chenopodium amaranticolor °1YP-E HTUCE o] FUT WHo=
Cheropodium amaranticolor 9l 33T AT 79 F A0l Yehd 4 +
Hsted vlolejx A AlE2 390k

Fig. 17. Chlorotic spot on a leaf of Chenopodium araranticolor:

(2) CarMV A4
CarMVell 748% Chenopodium amaranticolor ©1H$ 100gel] 300me] & &
g Arisle] V12 H3A vifEle] elFAZE A vhE 10,000mmell 1048
LAREE AAFE 2% Triton X-1002 H718le] 4ColA 1583 agt Al
RS 28000mmel] 2417 F¢ 294 #elE ARt FAEE FF S5
=21F 6000rpmell 53 Palite] A7l F 4SS 32000pmel] 143 0% &
o ZQAEelE AAg) HAES 10mM sodium borate bufferel] 54| ulo]

- G4 =



el AlRE FHRT o] Holels AR JuE 296 PTAY] Qalste) Aakdnl7

o AR A F 0~Bnm F7)¢) TF HlojgA YAt B

-

Fig. 18 Particle of purified CarMV.

(3) CaMV 8% A=}

12} deollAe oA Rejd dEHS ol8slo] vlolglx HAE Fssle
), 23} do|XE FhilolAe] £eld CaMV 24HE 383 S Aztssin).

T2 A MR AAEIATE AAIS CaeMVE  05mg/mie] H%
= 00IM PB(pH 7.2)9l 3|45l 5%€] Freund's complete adjuvant$} $H43]
SR o E7190A) 3adlel Yo FElAlE 13 231 eEisint 25 Foil
?loF Y o] nlol#|2e}l Fe| Freund's incomplete adjuvante} 41¢)4]
FUF W o® uslFAlE 33 431 K. oAl 2F F B 59 Hlo)
el S guvantt 4= B3 E76lA] IlEt FAKE 53, 62 £ E
719] Ao nRE AH F AP ABE H20)A ovemightdle] AT F,
AClA ovemightdle] 834171 ¥, 4000mpm 3087 Y4)Ee]sle] AEde g
Hor ol&silct ol 3 HE InmunoPure IgG Purification kit(Pierce)
= A4 8]A5}le] Rapid immuofilter paper assay(RIPA)ZAAdl| o831t}
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Table 4. Method of CarMV antiserum Production

Date(days)

gdA A

EEE

* 1.bkg female 7| T4

dod HHoE FALAA

total : 1.4ml A}

8 ~ 10

« 13 FAF (I3t F4h), 23k 24 (33 74D
Antigen(CarMV) : 700£(0.5mg/mé)
Freund's complete adjuvant : 7004

, 8- 7zt

« 33} A} (I3 FAD), 4xF FAF (8 FAD
Antigen(CarMV) : 7004
Freund's incomplete adjuvant : 7004

total @ 1.4mé A}

Antigen(CarMV) : ¥

« 53F A} (A3 FAD, 63 A S FAD

=

« A8 F ELISAZR %7} g 2E

« =70 THT
CarMV RIPA Kit A|Z}

DAgar double gel diffusion test

Z57o) <) 05% agarose 2500 AEEIT Sfol Lo} sFESt oix
T GBI et BES gt PBS %91 1% agarose 3mbE coating®l
M AE 2Rty AA0] 2~3mm FE #AoE well& T

EgYH 2ol o

U, 7kt welle

| antigen& 1542 Wi E9Y

| welld]:= antiserums PBS®

34 (99, 1/10, 1/100, 1/1000, 1/2000)8H 1542

ik 37CAA A ek

23, 1, 5 samplel| A precipitinline®] ZdstAl BA4=U, 4, 61 samplel| M=
precipitin lineo| BA%A] FArh gk 2, 3 samplediAE precipitin line®] 343
e HE & o |

Ag

Purified CarMV

CaMV Ab 1

1/10  dilution
1/100 dilution
1/1000 dilution
1/2000 dilution
crude liquid

i WM

JYMV Ab

1/100 dilution

Fig. 19. Agar double gel diffusion test
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@ELISA test

Clark®t Adams(1977)¢] wlo]A=2#o]Er e 2]3t indirect DAS-ELISAE 473
itk H2 AARE vlely2 AlRE A $FANaO0; 159 g, NaHCO; 298 g,
NalNs 029 g, pHO6) 2.2 I'19] T2 3|Mslo] F(Ag) o= ARSI o3&
%7 mlo|AE2ZYo|Eo 2}z 100 i B8} wrap o ® WESle] 377 CAA]
ANTEERE ke AL &, RS "ol Wejal, F3e] PBSTR 4 78 3~
43] Mot ofite] g AAS RS, PBSTE 31Xt A3 rro] 3%
(primary antibody)& 2} 7ol 100 w¥ 7kt 37°CoAA 903 WHeAIZITH
LY HoE  AFS ol PBSTE 2000 FXME 34t 33
conjugate(secondary antibody; alkaline phosphatase —labelled goat anti—rabbit
g & 100 p¥ H7lstq 37°CAA VR ¥-SAIAT. T8l3, Uk o
= AIA3E U3, 712 E pnitrophenylphosphateZ diethanolamine substrate buffer
(diethanolamine 97 mf, NalN\s 0.29 g, pHS.8 made to 1,000 md)oll 067 mg/mle] =
E2 59 100 w0 Bt 2de] wao] At o] g A2
A 0% WeAZ F 3 M NaOHE S0pt?) Z4zb B558le] 3-8 AX A,
21 A /200080787 3]AE o2 CaMVE &2l & 4= 9ot

i
]
il

Concentration of Antigen dilution

1 2 3 4 b5 9 10 11 12
a OOOOO OOOO
OO VOO |1
Oed OO0 17500
(es) 2O @@ |00
Concentration of O O Q 172000
Antibody dilution IO, NSIOIOIONE:
Ot Q@O o)
O > OOOO
N A0 171000 B G

Fig. ). ELISA test. B ; buffer, C (Ab) ; 1/100 dilution of JYMV, C ;
Noninfected leaf of Chenopodium amoranticolor, Concentration  of
erzymre conjugate 5 1, 4, 7 lane © 171000, 2, 3, 5, 6, 8 9, 10, 11, 12
lane ; 1/2000, Measurement ; 406nm Optical density.
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2) CarRSVe| AA) 2 3y A4t

(1) CarRSV9] 34

ti77FE sl S 24AZxE CaRSV A8E Al3e} 00IM PB(pH7.2)9l
=0 carborundume ©]-88+ Aol w2} Chenopodium amaranticolord 3%
9] carborundumS - The, A7) AlRE diE EX9] MM 2AAHA
1T FAE vy, B2 Ao 123 ZREHAE TjElq asd Fiok 1
A7 HE 79 Fo BEQNA chlorotic spot HAe] UeRtth CarRSVel w=
749e] RIE  Chenopodium amaranticolor ©1HHS AFTYeR sl FLS
Yo% Chenopodium amaranticolor 9 3EF8H HF 74 F HAo] yept
A& A nlole2 AHA AlER St Ed CarRSV AlEE v|ghbstol
HE3 109 §F ¥HAo] vehd d& o] T YT e R HEslq W
o] veht A& FA

b
Viaa fara

Fig. 21. Symptom of CarMV infection on C. amaranticolor and Vida fara
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(2) Fapdardn)del o3 Festy a3

nv
AT Camr s Py e

Fig. 22. Morphological observation of CarMV by TEM

(3) CarRSV A
CarRSVell 7+9¥ (henopodium amaranticolor ©138 100go] 200mee] 3= 24
FhS Wl 2 SA4 eRiEle olFAZRE A& Ug 4Tl
15000mpme= 1037 gAReE AAlgL 599 1/10 Vol®] chloroforms
H7kled IM HOZ pHE 5322 AM338) AlA 4TolA 1083 awk A7) o
15,000pmel] 1023 42elE AARIE 45dS 4ColA 106000g= 241t &
oF Z24EeElE AN g FHAES 10mM sodium phosphate buffere] 50§A]
ZUHEE] #HES 33 wHEF}E 10-40%  sucrose  density  gradient
ultracentrifuge 8-S 4ToHA 5R000g=2 24|17+ 087 AAgic) vlo|gA W=
E 3473819 10mM sodium phosphate bufferel] $H43] 521tk o] ulo]gj2 A&
SulE 2% PTA® fAsle] Axdu|Z oz #33t 27} oF nm =7]9] 78
Hlole 2 iApz) =gl

Fig. 23. Particle of purified CarRSV.
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(4) CarRSV 33 A7}
Table 5. Method of CarRSV antiserum production

Date(days) g AR %A
* 15kg female E7] 7%, H&- 743

A+ HHLZE FALAA
* 12} FAF (25 FAh, 23 FAF (25 FAD
Antigen(CarRSV) : 700.£(0.5mg/mt)
Freund's complete adjuvant @ 7000
total : 1.4ml FA}

« 33} FAL (33 F4b), 43 F4F (F3k FAD
8 ~ 15 Antigen(CarRSV) : 700u0

Freund’s incomplete adjuvant @ 7000

total : 1.4ml FA}

22 ~ 29 | * 53 FA (A& FAh), 63 FAKA G FAD
Antigen(CarMV) : 99 A}

36 ~ 43 | * ¥ F ELISAZ 9471 H2E
CarRSV RIPA Kit A 2}

(DELISA test
Clarks} Adams(1977)2] vlola2Zgo]Eel| ]38 indirect DAS-ELISAS 3
ek F5 AR blolgix AlgE 2% $5A(Na2008 1.5 g, NaHOO8 293
g, NaN3 029 g, pHBO)SE 1:1¢] FE2 343l FU(Ag)es ARSIt ©
A& %67 vlolazZgo|Eo)| Ztzt O Y 538 wrap o L83l 37T
ol A skERt Wb A7l F, kgl S ©olA uiEln, F3e| PBSTZ 2z 74
& 53] AlHele] ofife] FUS AAT G, PBSE 4 TAME g F8Y
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(primary antibody)S 7} 78 90 w4 FH7ksld 37Tl 07 wHS-AlFAE
TYE ez AHE g, PBSE 000 3N Favh B9
conjugate(secondary antibody; alkaline phosphatase —labelled goat anti-rabbit
IgRE D u¥ FH7lsle] J7CAA DEFQE WHSAZLE 28]a FUF uhie=
AZg oy, 7142 alkaline phosphatase substrateE diethanolamine substrate
buffer (diethanolarmine 97 mf, NaN3 029 g, pHO& made to 1,000 md)ol| 067 mg/
mee] FEE o 1w e A2l 087 vheA1Z] F 3 M NaOH
S 0wy 212 £581 ¥H8S AAARCE 2 As /700000174 SME 2
3oE CaMVE ERIE 4= 3iSich

Fig. 24. ELISA test results of CarMV.
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@Rapid immunofilter paper assay(RIPA)
Fhilo] el E2l¥ CaRSVENE F3HS AlAsl] ImmunoPure (A/Q) IgG
Purification kit(QIAGEN)E RIPA € IgGE #-2]5lich
2% el g Ber] 95l Sdelels (103% 0.45m Takara) 25pf 33
Z 0ul, AFSF IBuE EFste] A AT eE A gNE FHEI, B
At S0u, FEAH 0, A 95 B0ults EFsi] J34 FAEH 2
2 fag FaEId FHE S0e bR AedM 3AF EfEIC. A
o} AgE FEHAE 15000mmellA 1583 galielsle] 4eds AAT F 1nt
o] A1H $o(0.45% NaCl, 0.02% NaNs, 1% protein, 50 mM Tris-HC, 150 mM
NaCl, pH 72)0] 43| o= #AE 33] ukEd & wixu} 39 & A8
AA SEele Aeslol 4T BESPAA A3l AHSSIIch
Filter paper GF/AE OHP #&el F2AA % 05cm Zeo] llem A= HES
Adsle] 71 228 wE) o] 71 Zz7je] MulolM 2om el & E2  10ue]
24 e Ag FHAA SRS R9E eI o A3} Wmle] FF 5
(PBST, 1% NaxSOy, 2% polyvinyl pyororidond) 2 7] vhajgh o2 84 o}e)
27 F39 71 7o) AdelMRE o 3F Ax AHAZ o 4 AR 3
g P3| 2tEAg oA 58 AdelRE AAA 84 etElzr) F3E
Boere] HaM Hd {FE iD= CaRSV o #Add C
amaranticolors RIPAE & 23} IgGe] 4wl 1/6007H] W=7} SRl gien,
thETE AHE FHE C anauonticlorol = oW d =S VR o2 A
& SR eM g Kit2 AMgslar glos, FaA77 e &He A3 5
i ek

Fig. 25. Results of RIPA test for CarRSV.



3. virus AGAA &)

1) RT-PCR 474

(1) Primer A&

RT-PCR& AA3}7] $3te] NCBIY &% o] = sequenceE EE DNASIS
v25 E2 1S ALES] primerE ARSI

Table 6. Nucleotide sequence of primers.

Oligonucleotide -

Virus . Sequence
primers
CorMV Forward GTGGTCTTCTATTAAACAGC
Reverse GCAGAGAACAGGTTACAGTC
CLV Forward CCAACAATCCACCACAACAA
Reverse TGTCACGAGGCTATCAGTGC
CVMV Forward GTTGATGCACTACATGCAGCAT
Reverse GTGATGACATCCGAACGCGC
CarRSV Forward GCCTAAACAGCGTCAGAACC
- Reverse ACATTGAATATGCCCGACA
(2) RT-PCR

RT-PCRE& WA oA} 5ol &3 cDNA 3Adukgst o] ukgakEel cDNA
& 7922 sk PCR 92 P53t RAN A& 5ulell reverse primer 1u0
2}l RNase free water 05 ol HColA 287F Er} Sxreaction buffer 444,
dNTP 1p09F MMLYV Rtase 05udE go] 37Ca 1A17F o IA4E cDNA Sl
| RNase free water 34ul, forward primer 1uf, reverse primer 140, dNTP 144,
Sxreaction buffer 5u0 25mM MgSO4 28, Tl polymerase 05uE 2L &
denaturation HC/ 0sec, annealing 48°C/1min, extension 63°C/2mine] AL
Acycle= AR 2} primer 7Y annedling <% €elste] AT
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M : 250bp Marker
N : 728% ol ¢
P : CarMV #¥ 9golF <l
product size : 1287bp
1~4: CartMVZ4ALo2 Role Fhdle]ddd

Fig. 26. Results of RT-PCR for CarMV infection.

@CVMV 7oy &Rl 23

M : 250bp Marker

N: dag gotF o

5: CarMV #4¥ HWels+ ¢

1~4 : CVMVe] ZA=HAE FHilolAd &
A&

Fig. 27. Results of RT-PCR for CVMV(Camation vein nottle virus).

3CLV 2ol 29 23}

M : 250bp Marker
N: 3% Bet5 o
product size : 809
1~5: CLV 422 Holx 7hio]A oY

3~5: CLVel ZasIglE 2ol &g

Fig. 28. Results of RT-PCR for CLV.

9o} e W oR RT-PCRS dlo] vloje|x ojier Hol= shilold oS §3

a1k
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2) IC-RT-PCR A

Sodium carbonate buffer(1.59g Na2008, 293g NaHCO3, 1.2g NaN¥, pH 96)=
N3 S AlFE W3 37T ° Coll 24F AAFE F, PBST (02 M PB,
0.15 M NaCl, 0.02% NaN3, 0.06% Tween 20, pH 7.4) Z 33 AHdc}. 4Ex7]
3 Alsge] 0MFHvw)e] FE45E (PBST, 1% Na2SO4, 2% polyvinyl
pyrroridone)& ZEAARSe] Wi vRE 2E 15000mmellA] 157 94 # ok,
A7 IRE Agae] 45 0us Bk 4TAA ovemnight §F R AlEH
2 500 pl PBSTZ 33] AlAs}ka 60ule] B8 Wol B)TolA 573t Fxje] F
Hi2 WZpAIAA vlolz|i RNAES #H3IHE RT-PCR2 RNA €< 25119 ONE
Step RNA PCR Kit (Takara)o.2 AEs)= wkgol 239 Forward primer 20
prole, Reverse primers 20 pmoleS T3] A 50ul7t HES PCR Alg#l 1
S0TolA 30%7E GHAL ¥hg- F, HUTolq 287 JdAl 548 4847 b, 9
4TA] 132, 0TI 13 2CollA 18e] 27102 H3| vkE 53 & RTA 5
w1 wReAlA stk RT-PCR 4Heol Loading £+ (0.25% bromophenol
-blue, 50% glycerol)& H7l8la 12% agarose gel Aol A71953 F 01%
EBr 89| 15%3F |45l DNA Y=g ERISc

12 3 &5 N PM

M : 250bp Marker

N: 3A3% FolF ¢

P : CarMV #4¥ Hels+ &

1~5 : CarMV &g1& 1% 7ol
2 ! CarMVY] ZAYEEHUSS F<l

‘31
He

Fig. 29. Results of IC-RT-PCR for CarMV infectionp

fioh 22 WHo R A7]e] WRlow wlol22E FAA
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3) Rapid immunofilter paper assay (RIPA)

Fhdle] oA Zeld CaMVERE #F3HE Ak InmunoPure (A/GQ) IgG
Purification kit{QIAGEN)Z RIPA & IoGE 2dsich

A AT Y] S5l dMElEl (103%, 045um Takara) 25ouf, 383
100t A5 Buts S8t A A deta A s FEolsila, B
gHells 50l B8 100w, AT 95 Suls E3sle] PN A aEls
S9E FHEIIE FH)E |9 WH|E AR2oA 3AIRE T8Il dAler A
¥ SHE2F 1500mpmel| A 158 dAEEst Ads AAS £ Inte] AA
=N (045% NaCl, 002% NaNg, 1% protein, 50 mM Tris-HCl, 150 mM NaCl,
pH 7.2)0l Fd3] ol AAS 3% vkES & vpx|2t 3H A AAE| AlF ¢
Zag dgsle] 4T BEshA A3l ALgslsict

Filter paper GF/AE OHP Zgol| F2AA & 0bam Zo] llam AL HEE
Aokste] 71 2245 TREQItE o] 71 ZZFe] Al 2em #dll g 2 10w
gl as FHAA SRS FE BEAY olH Yy nule] F= g5

(PBST, 1% Na:SO;, 2% polyvinyl pyororidond) 2.2 &7 vlfigt o4& 3]}l ~
7F 53 70 27be) AdoliE ¢F 3B A A7 ok ou) 33 P34
e AE TR 5 Al MPE AAAA S E A7 Sk F9oxe] Fa
A 2 RS RISt = CaMV o] 4dE 7ol RIPAE 3 23 IoG
of IMulE 1/B07F<] WiErE ERIFGleH, dixTE AN FHF C
araranticolor| A ojudt MEE YepER] @2 e ERIFte =N Zd KitZ
ALgate] vlojg| X PR E-E RIS
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| NP picamvel 2998 goiF
I? | N:Qd® goF 2

mo A 1-3:caMvE #49E 28
J 1 0l | || RIPA test® @3 1, 2 39614
Bl B | B¢ band A

Fig. 30. Results of RIPA test for CarMV

4) Ds-RNA extraction and electrophoresis

vloj|2ol] 719E AEARREH dsRNAE FEsle] B8k 21 1hdshA vlo]
g A9 7 s 24 AESH 7Pge] shioltt AEulol|ze] g
ssRNAE Ao 7HA1aL Q7] Wizl in vitroollA] 44A) Eal=le] AFsh17} o1
ok e HEAC] e vlelE2v) Bl dAHoR PAdshs BAY
RNAT= #7195 72E F3laL 3lo] ol& HEshad e FEl2 AF o388 F
= AHE 73 ek

01 go #AYE extraction bufferl5<EXBO5 M Glycin, 05M NaCl, 5 mM
EDTA[pHO.0/NaOH] in DW)- 20 ml / DW(distilled water, sterilized)-50 ml / 10%
SDS-20mi] 1 mioll =kigk $- 400 x€ phenol : chloroform : iscamylalcohol(25:24:1)
< A7kete] 38kt wnket ok, 1,4000 pm, 47Cel|A 583 44 REjele] Aeae
Fskolck A5l b= RNAE 3HA1717] 918 S isopropanol & H7lsle] &
w3 4o “T0TeIM 3027 & F 14000 rpm, 4TolA] 1083 94 Bejale 45
AE AAstL, JYAES It FABl Hlsalt)o} 22 AEAe] BB
AAsE7] 18] 109% ethanol& H718te] 1,4000 rpm, 4Tl 587 fAlRelsta 4
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52 AR BABE ARAAT. o7l AFe] dye-buffers W 160VOIA

4ARE F2t H7]9E B

M : 1kb DNA ladder
N: A38 BotF o
o]

C : CarMVdl Zd s Yol &
-4.5kbel /] CarMV RNA ¢l

Fig. 31. Results of electrophoresis for detecting CarMV RNA.
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4. Virus G714 g4

1) @7l A shiloliu wigels 218 CaMV CP gene 341

CarMV-RT-PCRY] ¥FS-AHE-2 QIAquick PCR Purificatin kit(QIAGEN) 2 A3}
Ao cloningg 3] 998 pGEM-T easy vector systemII(Promega)E ©|-23}
o 4T ¥ ligationr At FEHSS 915l Heat shock o= JMIM
corpetent cellsel] ligation ¥H§-H& o] L2TCoA 1:23F BRAIZ] & FA] 95
off Ho} 237 WHx|skar,  SOC wiR|ol A 1AIRE 218 wiFAIA 4,000 rpm, 4°CollA
St 94 23t LB(Anpedilling X-gal, IPTG) ARl 50 pw¥ =23,
J7CoAAM 12hr~18hr vt ¥ 2 HvhE AAEste] IB(Ampecillin) A=A o
FEsled 37CAA A 2

=
A 2 ARAAFET Insert7} ARRIE ERkAam[=
(plasmid)= plasmid purification kit(Cherry innovation)Z& ©]-&3l] +3}st 3
ABI Prism TM Big Dye terminator cyclic sequencing reaction kit®} ABI Prism
377 Genetic analyzer(PE applied biosystems)E <83k cydlic sequencingdtath
Scale down 3 "Ho 2 53 25 uell BigDye terminator 2 f, 1.5 pmole primer
1 WE 9 & PE thermocyder 96007718 ©]838kd 96°CoA 102 50TA 5
Z, 60CoNA 402 cyclic sequencingstth PCR WHAHES AAS] 2181
3 M sodium acetate(pH4.6) 05 ¢, B% ethanol 125 wlE Eil 15 ml tubedl] <&
7 U AZA 1587 Fohe F 15000 rpmellA 2087 94 Eejsk] AAE
£ 33Tk o) HAEE 1% ethanolZ A3 T AZAZTE 4 ul loading
buffer(5:1 delonized formamide to 25 mM EDTA, 50 mg/m¢ blue dextran)ol] =<I
Thr BTCA 283t 7Hdste] WA A7l 3 5ol WZAA ABI PRISM 37790
well'd 1.5 ¥ loadingatidth.

_99_



O 7hloldollA E2lgt CarMV CP gene

Nucleotide

ATGGAAAATAAAGGAGAAAAGATCGCGATGAATCCCACTGTGCAAACATTGGCGC
AGAAGGGGGACAAGTTAGCCGTGAAGTTGGTGACAAGAGGGTGGGCCTCTCTGAG
TACGAACCAGAAGAGGAGAGCTGAAATGCTTGCTGGATACACTCCAGCGATCCTA
GCCTTTACACCCAGACGACCACGGATGACAAACCCTCCTCCAAGGACCAGTAGGAA
TTCACCAGGACAAGCTGGAAAGTCCATGACGATGAGTAAGACCGAACTATTATGC
ACCGTCAAAGGTACCACAGGTGTTATCCCAAGCTTTGAAGACTGGGTCGTTTCCC
CCCGAAACGTAGCCGTTTTCCCTCAACTCTCGCTGCTGGCGACCAACTTCAATAAG
TACCGCATCACTGCGCTCACTGTGAAGTACTCACCAGCATGTAGCTTCGAGACCA
ATGGGAGAGTGGCTCTGGGATTCAACGATGATGCTTCGGACACACCACCAACCAC
CAAGGTTGGGTTTTACGATCTGGGCAAACATGTGGAAACTGCTGCACAGACAGCT
AAAGATCTAGTGATACCAGTAGACGGCAAAACCCGGTTCATCAGGGACTCGGCTA
GTGATGATGCCAAACTAGTCGATTTTGGACGAATAGTCTTGTCAACATACGGGTT
TGACAAGGCAAACACTGTGGTGGGCGAATTGTTTATACAGTACACGATCGTACTG
AGTGACCCAACCAAGACGGCCAAAATTTCACAGGCAAGCAACGATAAGGTGTCGG
ATGGACCAACGTATGTGGTCCCTTCGGTTAATGGCAACGAGCTACAACTAAGGGT
GGTAGCCGCTGGGAAATGGTGCATTATAGTGCGGGGTACGGTTGAAGGTGGCTTC
ACCAAACCCACACTTATTGGACCAGGAATCAGCGGTGATGTGGACTATGAAAGTG
CCAGACCTATCGCCATTTGTGAGTTGGTGACACAGATGGAGGGCCAGATATTGAA
AATCACCAAGACCTCGGCAGAACAACCACTCCAATGGGTTGTTTATAGGATGTGA

Amino acid

MENKGEKIAMNPTVQTLAQKGDKLAVKLVTRGWASLSTNQKRRAEMLAGY TPAIL
AFTPRRPRMTNPPPRTSRNSPGQAGKSMTMSKTELLCTVKGTTGVIPSFEDWVVSPR
NVAVFPQLSLLATNENKYRITALTVKYSPACSFETNGRVALGEFNDDASDTPPTTKVG
FYDLGKHVETAAQTAKDLVIPVDGKTRFIRDSASDDAKLVDFGRIVLSTYGFDKANT
VVGELFIQYTIVLSDPTKTAKISQASNDKVSDGPTYVVPSVNGNELQLRVVAAGKWCI
IVRGTVEGGFTKPTLIGPGISGDVDYESARPIAICELVTQMEGQILKITKTSAEQPLQWYV
VYRM

Fig. 32. Sequence data of CarMV CP gene from carmation.
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@ wslollA E-a]gt CarMV CP gene

Nucleotide

ATGGAAAATAAAGGAGAGAAGA TUGCGATGAATUCCACTG TGCAAACG T TGGOGCAGAAGGGHG
ACAAGTTAGCTGTGAAGT TGGTGACAAGAGG T TGGGOCTCTCTGAGTACGAACCAGAAGAGGAG
AGCTGAAATGCTTGCTGGATACACOCCAGCGATCCTAGCCT TCACACCOCGACGACCACGGATGAC
AAATCCTOCCTUCAAGAACCAGTAGGAATTCACCAGGACAAGCTGGAAAGTCCATGACGATGAGT
AAGACOGAACTACTATGCACCGTCAAAGGTACCACGGGTGT TATCCCAAGC T TTGAAGACTGGGT
CGTTTCOOCOOGAAACGTAGCOGTCTTCOCTCAACTCTOGCTACTGGCGACTAACTTCAACAAGTA
CCGCATCACTGOGCTCACTGTGAAGTACTCOCCGOOGTGTAGCT TCGAGACAATGGGGAGGGTGG
CTCTGGGAT TCAAUGATGACGC TTCGGATACACCACCAACCACAAAGGT TGGATTCTACGACCTA
GLCAAACATGTGGAAACTGCTGCACAAACAGCTAAGGATCTCGTGATACCAGTAGACGGCAAAA
CCOGGTTCATCAGGGACTOGGC TAGTGATGATGCCAAACTAGTCGATTTTGGACGAATAGICT TG
TCAACATACGGGT TTGACAAGGCTGACACTGTEGTGGGOGAATTGTTCATACAGTACACGAT TG
TGCTGAGTGACCCAACCAAGACGGOCAAAATTTCACAGGCAAGCAACGATAAGGTGTCGGATGGA
CCAACGTATGTGCTOCCTTCGG T TAATGGCAACGAGCTACAACTAAGAGTGGTGGCCGCTGGGAA
ATGGTGCATTATAGTGCGGGGTACGGTAGAAGG TGGCT TCACCAAACCCACACT TAT TGGGCCAG
GAATCAGCGG T TATGTAGACTATGAAAGTGCCAGACCTATCGCCATTTGIGAGT TGGTAACACA
AATGOAGGGCCAAATAT TGAAGAT TACCAAGACCTCAGCAGAACAACCACTCCAATGGGTTGTT
TATAGGATGTGA

Amino acid

MENKGEKIAMNP TV TTLAQKGDKL AVKLVIRGWASLS TNQKRRAEMI AGY TPAIL AFTPRRPRMTIN
PPPRTSRNSPGQAGKSMTMSKTELL CTVKGT TGVIPSFEDWVVSPRNVAVEPQLSLI ATNENKYRITA
LTVKYSPACSFETMGRVALGENDDASDTPPTTKVGEYDLGKHVETAAQTAKDLVIPVDGK TREFIRDS
ASDDAKLVDFGRIVLSTYGFDKADTVVGELFIQY TIVLSDPTKTAKISQASNDKVSDGPTYVVPSVNG

LQLRVVAAGKWCIIVRGTVEGGE TKPTLIGPGISGY VDYESARPIAICELV TOMBEGQILKI TKTSAER
PLOWVVYRM

= CarMV(ZHRio]A £2)) / CarMV (HghollA] #e))
nucleotide honology @ D%

Fig. 33. Sequence data of CarMV CP gene from lily.
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2) 3=, D&, FEAA ApiE= FhileldellA #elE CarMV CP gene ¥4

(1) Fapazign] el o3t Fejjeby w3t

gaollA 7Hg ®o] AplsEln e 2dgsAle] Desic’ FF, YRoME 2=
dlolAl F58, FEMME 2uti=Ale] 358 AR AR oA vlolgA 2
o] s o]y 22 Ay AR | A} A5 Sepl= Feks
9Jell &#%E vk 0.0IM phosphate buffer(PB, pH 7.0)8 §+ & doj=d] &
oY ZAE WEAE vpyElt) o] Fdoll 2T =(grid)E &7 oF 183t v}
olglag FFAZ thy, ARl oAHE AAT F 2% phosphotoungstic
acid(PTA, pH70)°ll oF 1383t AEAE 3lar oA =)oy ool g AlAs
AZAAN FpAAEv) A(Hitachi H-7600) 22 vlol2]2x s w8l
(Direct negative staining method: DN'H, Doi et al. 1969).

— = = -

Fig. 34. Morphological observation of CarMV from various camation by TEM
(2) vlol2e] F4

nlolejzol 74gigl FhilelA ol¥Ye] FAE  (Chenopodium amaranticolore] 9

o FE sl nlelyAE FAsIA. CaMVe Aule velel wel oA

Al RflolAelr  CarMV-K(Korea), — U¥ollA  Apllgl  7hijo)4lolA

CarMV-](Japan), 283 F=ollA Auje 7hilolAdo A CaMV-C(China) 2t

£ AgolA Hrste] ARESIsic:

(3) Hpol2A K+ =3}

Hlolel2 A= Termine S(1970)9] &3PS Wsl AAls193, CaMVvel
9% Chenopodium amaranticolor ©1% % 100g9 0.1% thioglycolic acid®} 0.1
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M S1Hs<l(pH 7208 L4(w/v)e] Hl&=2 Efsie] 37 vl o, 2htd
A=2 st A oafede] n-butanolS 715k 1A1RF 087 WHkAIA
T o, 5500 gelld 1083t QAREE F e Hske 8%
PEG(polyehtylene glycol) 6000 #7Isle] 1413Ms<t kgt ohg, 7,000 gollA
ez A EEEsich o we] IAELS 001 M QkEEelpH 7.2) 40 mE
8] AFESka, 11000 gollA 1087 4EeElsid Aede FHd ok,
78000 gollA 12083 & F4EEE AAEIATE o] AAES 001 M ke
(pH 7222 AT vha, 7000 gollA] falitelsie] A5ds 531 nlo]
B s e =

Fig. 3. Morphological observation of CarMV from C.amaranticolor.

(&Y “]’°]31¢9-| RNA 4]

T B vl ARIAE AAlEnFozRE RISl AAEIAl sodium
dodecyl sulfate(SDS)2} il F-3] 4 proteinase K& ©]-83le] gujze )
33l phenol} chloroform AHgsle] R E3l¥l violeix AR2HE total
RNAE F&31ick
5, i &8l vlol#ls YA isolation buffere] 1/10volumee] =% wojA
2 A2 oy SEE welE] Slsle] 31Tl 0R<E wkeAIRl ¥ BY
volume2| phenolS #7151] 12000 mpm, 4C2] Zel|A] 55871 laielsie] A
TAS H3UE Asde] HoRlE  phendS AAEIISE FY Ful9
chloroforme *¥'o] 2 1RkgE T3 12000 rpm, 4C] 27004 583 YAlEe)st
o] FEAE Fsle] T0% ethanold 1 me H71E F, F83] 4ol -0ColA
0 FFRATE ThA] 15000 mm, 4Te] 270 08I Alie)sie A5
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—

Ae AAsL 3)5% AME Alsalt) 2 AEAe] EES AA] 9
8l 7% ethandl 2 A|HE F, AilEelete] FAES AT FolN B2AZH. o
7ol A=K )2l 01% diethyl pyrocarbonate(DEPC)E #2]3 3 At
72 %59 total RNAS RT-PCRS- $13} tenplate= AHE-S}3ATE

RT-PCRel| 2J3t njole]z CP gene®l| 5%

B 2ohel virus AEEZSE viral RNAS 228 03, dollA AF¢ vje} 2
o] CarMVe] ojuehd {f2A7F E3ss SolHoR ghgsh= Primers A
slo] ojujdld fAxE FE39cE RT-PCRE two step RT-PCREA] first
strand cDNAE/33} PCR2] 292 o] A8kt

M : 250bp DNA ladder Marker,

K : g=7hdlo)Ado A F-2lf CarMV
] 1 degpdlelAelA] #el¥l CaMV
C: F=7He| oA £l CaMV

Fig. 36. Results of RT-PCR for CarMV CP gene
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(6) CP gene &4
Ozt=ol| A Aplisl= 7Rdlo| el E213F CarMV CP gene
Nucleotide

ATGGAAAATAAAGGAGAAAAGATCGCGATGAATCCCACTGTGCAAACATTGGCGC
AGAAGGGGGACAAGTTAGCCGTGAAGTTGGTGACAAGAGGGTGGGCCTCTCTGAG
TACGAACCAGAAGAGGAGAGCTGAAATGCTTGCTGGATACACTCAGCGATCCTAG
CCTTTACACCCAGACGACCACGGATGACAAACCCTCCTCCAAGGACCAGTAGGAAT
TCACCAGGACAAGCTGGAAAGTCCATGACGATGAGTAAGACCGAACTATTATGCA
CCGTCAAAGGTACCACAGGTGTTATCCCAAGCTTTGAAGACTGGGTCGTTTCCCCC
CGAAACGTAGCCGTTTTCCCTCAACTCTCGCTGCTGGCGACCAACTTCAATAAGT
ACCGCATCACTGCGCTCACTGTGAAGTACTCACCAGCATGTAGCTTCGAGACCAA
TGGGAGAGTGGCTCTGGGATTCAACGATGATGCTTCGGACACACCACCAACCACC
AAGGTTGGGTTTTACGATCTGGGCAAACATGTGGAAACTGCTGCACAGACAGCTA
AAGATCTAGTGATACCAGTAGACGGCAAAACCCGGTTCATCAGGGACTCGGCTAG
TGATGATGCCAAACTAGTCGATTTTGGACGAATAGTCTTGTCAACATACGGGTTT
ACAAGGCAAACACTGTGGTGGGCGAATTGTTTATACAGTACACGATCGTACTGAG
TGACCCAACCAAGACGGCCAAAATTTCACAGGCAAGCAACGATAAGGTGTCGGAT
GGACCAACGTATGTGGTCCCTTCGGTTAATGGCAACGAGCTACAACTAAGGGTGG
TAGCCGCTGGGAAATGGTGCATTATAGTGCGGGGTACGGTTGAAGGTGGCTTCAC
CAAACCCACACTTATTGGACCAGGAATCAGCGGTGATGTGGACTATGAAAGTGCC
AGACCTATCGCCATTTGTGAGTTGGTGACACAGATGGAGGGCCAGATATTGAAAA
TCACCAAGACCTCGGCAGAACAACCACTCCAATGGGTTGTTTATAGGATGTGA

Amino acid

MENKGEKIAMNPTVQTLAQKGDKLAVKLVTRGWASLSTNQKRRAEMLAGYTPAILA
FTPRRPRMTNPPPRTSRNSPGQAGKSMTMSKTELLCTVKGTTGVIPSFEDWVVSPRN
VAVFPQLSLLATNFNKYRITALTVKYSPACSFETNGRVALGFNDDASDTPPTTKVGF
YDLGKHVETAAQTAKDLVIPVDGKTRFIRDSASDDAKLVDFGRIVLSTYGFDKANTYV
VGELFIQYTIVLSDPTKTAKISQASNDKVSDGPTYVVPSVNGNELQLRVVAAGKWCITV
RGTVEGGEFTKPTLIGPGISGDVDYESARPIAICELVTQMEGQILKITKTSAEQPLQWVVY
RM

Fg. 37. Sequence data of CarMV CP gene from carnation cultivated in Korea
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@A E A AulEl= FRdlo) oA Ealdk CarMV CP gene
Nucleotide

ATGGAAAATAAAGGAGAAAAGATCGCGATGAATCCCACTGTGCAAACATTGCGC
AGAAGGGGGACAAGTTAGCCGTGAAGTTGGTGACAAGGGGTTGGGCCTCTCTGAG
TACGAACCAGAAGAGGAGAGCTGAAATGCTTGCTGGATACACTCCAGCGATCCTA
GCCTTCACACCCCGACGACCACGGATGACGAACCCTCCTCCAAGAACCAGTAGGAA
TTCACCAGGACAAGCTGGAAAGTCCATGACGATGAGTAAGACCGAACTATTAAGC
ACCGTCAAAGGTACCACCGGTGTTATCCCAAGCTTTGAAGACTGGGETCHETTTCCCC
CCGAAACGTAGCCGTCTTCCCTCAACTCTCGCTGCTGGCGACGAACTTCAACAAGT
ACCGCATTACTGCGCTCACTGTGAAGTACTCACCCGUGTGCAGCTTCGAGACTAAT
GGGAGGGTGGCTCTGGGATTCAACGATGACGCTTCGGATACACCACCAACCACCA
AGGTTGGATTTTACGATCTGGGCAAACATGTGGAAACTGCTGCACAGACAGCCAA
GGATCTATGATACCAGTAGACGGCAAAACCCGGTTCATCAGGGACTCGGCTAGTG
ATGATGCCAAACTAGTCGATTTTGGACGGATAGTCTTGTCAACATACGGGETTTGA
CAAGGCTGACACTGTGGTGGGCGAATTATTCATACAGTACACGATTGTGCTGAGT
GACCCAACCAAGACGGCCAAAATTTCACAGGCAAGCAACGATAAGGTGTCGGACG
GACCAACGTATGTGGTCCCTTCGGTTAATGGCAACGAGCTACAACTAAGAGTGGT
AGCCGCTGGGAAATGGTGCATTATAGTGCGGGGTACGGTTGAGGGAGGCTTCACC
AAACCCACACTTATTGGGCCGGGAATCAGCGGTGATGTGGACTATGAAAGTGCCA
GACCTATCGCCATTTGTGAGTTGGTGACACAAATGGAGGGCCAGATATTGAAAAT
CACCAAGACCTCAGCAGAACAACCACTCCAATGGGTTGTTTATAGGATGTGA

Amino acid

MENKGEKIAMNPTVQTLAQKGDKLAVKLVTRGWASLSTNQKRRAEMLAGYTPAILA
FTPRRPRMTNPPPRTSRNSPGQAGKSMTMSKTELLCTVKGTTGVIPSFEDWVVSPRN
VAVFPQLSLLATNFNKYRITALTVKYSPACSFETNGRVALGENDDASDTPPTTKVGE
YDLGKHVETAAQTAKDLVIPVDGKTRFIRDSASDDAKLVDFGRIVLSTYGFDKADTV
VGELFIQYTIVLSDPTKTAKISQASNDKVSDGPTYVVPSVNGNELQLRVVAAGKWCIIV
RGTVEGGFTKPTLIGPGISGDVDYESARPIAICELVTQMEGQILKITKTSAEQPLOQWVVY
RM=

Fig. 3. Sequence data of CarMV CP gene from carnation cultivated in Japan.
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QoA 2efE= Fhi|oldel A Bl CarMV CP gene
Nucleotide

ATGGAAAATAAAGGAGAAAAGATCGCGATGAATCCCACTGTGCAAACGTTGGCGC
AGAAGGGGGACAAGTTAGCCGTAAAGTTGGTGACAAGAGGGTGGGCCTCTCTGAG
TACGAACCAGAAGAGGAGAGCTGAAATGCTTGCTGGATACACTCCAGCGATCCTA
GCCTTCACACCCCGACGACCACGGATGACGAACCCTCCTCCAAGAACCAGTAGGAA
TTCACCAGGACAAGCTGGAAAGTCCATGACGATGAGTAAGACCGAACTACTAAGC
ACCGTCAAAGGTACCACGGGTGTTATCCCAAGCTTTGAAGACTGGGTCGTTTCCC
CCCGAAACGTAGCCGTCTTCCCTCAACTCTCGCTGCTGGCGACGAACTTCAACAAG
TACCGCATTACTGCGCTCACTGTGAAGTATTCACCCGCGTGCAGCTTCGAGACCAA
TGGGAGGGTGGCTCTGGGATTCAACGATGACGCTTCGGACACACCACCAACCACT
AAGGTTGGGTTTACGATCTGGGCAAACATGTGGAAACTGCTGCACAGACAGCTAA
GGATCTAGTGATACCAGTAGACGGCAAAACCCGGTTCATCAGGGACTCGGCTAGT
GATGATGCCAAACTAGTCGATTTTGGACGAATAGTCTTGTCAACATACGGGTTTG
ACAAGGCTGACACTGTGGTGGGCGAATTGTTTATACAGTACACGATCGTGCTGAG
TGACCCAACCAAGACGGCCAAAATTTCACAGGCAAGCAACGATAAGGTGTCGGAC
GGACCAACGTATGTGGTCCCTTCGGTTAATGGCAACGAGCTACAACTAAGAGTGG
TAGCCGCTGGGAAGTGGTGCATTATAGTGCGGGGTACGGTAGAAGGAGGCTTCAC
CAAACCCACACTTATTGGGCCCGGAATCAGCGGTGATGTGGACTATGAAAGTGCC
AGACCTATCGCCGTTTGTGAATTGGTGACACAAATGGAGGGCCAGATATTGAAAA
TCACCAAGACCTCAGCAGAACAACCACTCCAATGGGTTGTTTATAGGATGTGA

Amino acid

CENKGEKIAMNPTVATLAQKGDKILAVKLVTRGWASLSTNQKRRAEMLAGYTPAILA
FTPRRPRMTNPPPRTSRNSPGQAGKSMTMSKTELLCTVKGTTGVIPSFEDWVVSPRN
VAVFPQLSLLATNFNKYRITALTVKYSPACSFETNGRVALGFEFNDDASDTPPTTKVGF
YDLGKHVETAAQTAKDLVIPVDGKTRFIRDSASDDAKLVDFGRIVLSTYGFDKADTV
VGELFIQYTIVLSDPTKTAKISQASNDKVSDGPTYVVPSVNGNELQLRVVAAGKWCILV
RGTVEGGFTKPTLIGPGISGDVDYESARPIAICELVTQMEGQILKITKTSAEQPLQWVVY
RM:*

Fig. 39. Sequence data of CarMV CP gene from camation cultivated in China.
ABI Prism TM BigDye terminator cyclic sequencing reaction kitet ABI Prism
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377 Genetic analyzer(PE applied biosystems)S ¢85k cyclic sequencing 3}
CarMV-K, CarMV-], CarMV-CellA 28z} 1047719] nucleotides®} 34871¢] amino
acids®2  o|FolA &S ERISKNHTE NCBIO] align two  sequences(bl2seq)
programs ©1-8-8t querydt A3, CaMV-K, CarMV-J, CaMV-CollA ¥4 7}
Zje] H7IMEs vlugt Ay 2 97%4] Aeds ERRIeH, 9714 EE amino
acid sequence® BHOA] alimentsE AAISH 23 CaMV-K, CarMV-]+= 9.7%,
CaMV-K, CaMV-Ci= P94% 2l3l CaMV-], CaMV-C 9.7%2 As4S
HERHATE

3) CarRSV¢] CP gene®A

CarMV-RT-PCR¢] ®¥Fg-AFE-& QIAquick PCR Purificatin kit(QIAGEN)Z A A8}
Rom, cloningS 17| $18l pGEM-T easy vector systemI(Promega)E ©]-83}
4CoA R LigationA|ZHTE  HAHEE  9Sl] Heat shock®eZ  JMI0O
cormpetent cellsdl| ligation ¥Fg-H-& 2o 2ToA 1587 kA7l & FA| G249
Hho} 2372 ®AIska,  SOC viAlellA] 1AI7F & vikA|A 4000 rpm, 4TolA] 5&
A Eeiste] LB(Anpecillin, X-gal, IPTG) ARl 50 p¥ =838}, 37C
A 1Zhr 18hr v ¥ 3 FEwks A8t LB(Ampecillin) A u|Rle] HE8}
o J7CAM A ZEEhEA d AAFHTE Insert7F ARlE ERfm=
(plasmid)+= plasmid purification kit(Cherry innovation)Z ©]-83f £3}8t & ARI
Prism TM Big Dye terminator cyclic sequencing reaction kitet ABI Prism 377
Genetic  analyzer(PE  applied biosystems)E 01838} cyclic sequencing 353t
Scale down 3+ HPHo 2 ¢ 25 ol BigDye terminator 2 i, 1.5 pmole primer
1 WE ¥ %, PE themocycler 960071718 o83t B6CollA 10%, 50CollA 5
Z, Q0T 422 cyclic sequencingstith PCR ¥HAHE-S- AA37] 98k 3
M sodium acetate(pH4A.6) 05 uf, 6% ethanol 125 wE €311 15 ml tubed] 71
T A2ollA 1581E Fohe ¥ 15000 mmelld 20537 ¢4 Eelsted AHES
3l o] AAES 1% ethanolZ A3 oS AZXNFLE 4 1l loading
fer(5:1 deionized formamide to 25 mM EDTA, 50 mg/m{ blue dextran)ol] =¢)
the BTN 283 71hsted WA Al 3 dgoll W2 A ABI PRISM 3779
welld 15 @l loading3FATH
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Nucleotide

ATGACGTCTAAACGATCCCGAAAATCCAAAATGACGCTGGTGCCTAAACAGCGTC
AGAACCTGGCTCGGACGGTGAAAACTGTCAAAATACCTTTCGCAACCACCCAGAT
AGTCACCACGAGTAACCCACCGAAAAAGGGACAAACCAGAGTCAGCGGCAGACAA
CTGTTTATGTCGCTGATTAACTCGTCCAGCTTCGTGGTCAACAATGGCCTGCCGA
CTCCCAGTCTGCTCAGTCTAAATCCTAGTAACCAGTATCTATTCCCCTCTCTAGCT
TACGAGGCGGCGAACTACGATCTGTATCGATTCACCAAGTTACGACTTTATATGT
ACACGACACAAACGCCACCGTGAGCGGTCGCGTTTCACTGATGTGGGATAGAGAC
TCCCAAGATGTACCACCCAACAGTCGGGTTTCAATACCCCAGTACACCAAATCGG
TGTCCACGGCTGTGTATGAGAGTTGTGCCATCGACCTCCCATTGACGATGTCTGG
ANGTTTGTGAGGNTACAGACGTGNGGACCGCAAGCTCNNGATNTGGACNGATCTT
CACGCTGTCNCAGTGNTCACACTGTCGAGNNGGNCGTATACTNNCTANACTATAG
AGTAAAGACAGCANCCNCTGCATCTANGNGCNNANNCATNTGGNTGCTATCAGTG
AACATGGTGACGTCCTTGAGACCGGCATCCGCCATTATGTAGCCACTAGCCACGGT
ACATAAGGGTCAAGTGTTGGGGTTCCATAAAACGTGTCCGTCACAACTGGACATG
ACCACAGGAATTACCGTGAGGAAGACAGTTGTACTGGCCAAAGCGGCCCTAGTGC
GCATAGTGAGAACACTAGTGGGCACGAAGGCGGCCTTTGCGCAACGGCATTGACA
GTCAAATTGCATCGGCGGTTGTTTCAACGTTCTCGCCCGCAANNNTCGGANANAG
CTNGGACGAAGGACCTCGTCGNTTAGGTCTCTTTTTGTCTCNAATCCTNAANNNN
NNCGTCAGTTCCCGTAG

Fig. 40. Sequence data of CarRSV CP gene.
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1) dn7dezt

() 1A=
Tooo4d 1€ 14
ExsolA 2T T R0l AlYBaset 2 5 Fo TR
Ao AHFAAW AYFA A F EE ARl T3] nlolex BRI
om I oE EFF 27l digliA 8/A] BFelA e vlole~E F
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Table 7. Results of TEM on the 2 cultivar 16 samples of camation.
Hpol & 2 f ¥ | Hpo] 2] 2§

AE4 O + 74 O ¥
A2 HA Q@ + 2zZhe (2 +
AgFA 3 + 27zl 3 +
AHA D + »7Zkgl @ +
AdHA @ + 27+ (B +
AAHA ® + 27+ ® +
AYFHA @ + 2zZkel (@ +
A=A + 27k +

04 1¢ 15¢
Agol A Apld FHleld 3EFS Ast FobdAv|F e #aEy
g FZ| 1UNAIE 2413 A S7Al A 752 vleol2]aE 8kl sile
H, 5 1A FF OHAPRIM = BT vlo]ise] HHIE ERIF ¢ fRler,

Al AR FF 57RAl] s e vielzf o] FEE SR 4 |l
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Table 8. Results of TEM on the 3 cultivar 25 samples of carmation.
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Table 9. Results of TEM on the 3 cultivar 44 samples of carnation.
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o T e, ERXER| Y] FFolM VA F HAA FHY o2 AE &
A % Yk
Table 10. Results of TEM on the 3 cultivar 11 sarmples of camation.

nfo] A% el 2 67 Hho] e 257
A2 " A =D - 2795 20 EMA A = +
Al 2] gl Al 5= + AP E XA —- :_E__Q‘x‘ H A = +
A 2 Al =B ~ AZAYEF2 A - E WX A 5 +
=AY EFHE - E JAH A = -
Grodd 29 04

255S AMFstd 81 A3 Aeluiele] F5¢ 3744 = 3 AA)7E 739 "ol
25 RIS oRixfe] &5 T JHAA 73] nlol|HAE ERI BT
Table 11. Results of TEM on the 2 cultivar 4 sanples of camation.

Hpoj 2] 2~ {7 Hpol & A fr
A 2] o ¥ D ~ o] H] R}HD) +
A 2] o ¥ e} @) ~
A 2] o W] e}3 +
2004 2 21

285S sl FabdatdnEes BRIg A A A 52 iAelA 37HA
AN 7R wlelel2g AT

AR FFe] Al 1A 37l FE 9] mle]HAE BRIt
Table 12. Results of TEM on the 2 cultivar 8 samples of carnation.

elE 2 ¥ ool 2 =9 %
79 10 79 2O -
79 1-Q - 7 2-Q -
7 1-0 - 714 2-0 -
79 1-@ - 7 2-@ -
@200 34 5
25ES APsle] FRAARNHOS G a3 WA FF AN B
slolel2t ARIEA) st Ea A FFe) AR vlolelart BelsA]
rshe
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Table 13. Results of TEM on the 2 cultivar 6 samples of camation.

o] &l 2 7 Hpo] 2] 2 f 7
79 1-0 - 9 2-0) -
79 1-Q - 75 2-Q) -
29 1-0) - T 20 -

@004 3¢ 15¢
Aol A Al Fhilel i Asle] FaAAn o s g1t A 87)AIA]
B e nlolgrt Rl
Table 14. Results of TEM on the 1 cultivar 8 samples of camation

Hpo] & 2 f 7 opo] 2 2§ 7
79 1-0 - 29 1-6 -
7 1-@ - 2 1-6 -
7 1-3) - =4 1-@ :
79 1@ - 7 1-6) -
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Table 15. Results of TEM on the 8 cultivar 60 samples of camation.

~- 114 -



dopoodd 449 129
oM AHE 7 FF59 FaAZ &l A A T2 Tl
Al npelE| 27} BRIER| ergfom, A FF2] FUNA A e dlol
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Table 16. Results of TEM on the 2 cultivar 4 samples of camation.

Hol o] 2 e
73 1-0 + 7 2O :
25 1-Q ' 75 2 © :
U0 54 3«

Zola) AR Fhilold 4EES SRAAArAc SR1A, AWe Thie)
A9 159704 5 B7RA7L ol e == Aol EHMT Ala7kA] &
A} AT vlolelze] AL 6L6%E SelE,

Table 17. Results of TEM on the 4 cultivar 6 samples of caration.

Hloj 2] 2 Blo] 2] A H-F
73 1-0 + 74 3-0 +
73 1-0 + 74 3-@ +
2 + T4 4 +

2) 23pd
& F2hE TRl AT @
DATHEE 57169

Table 18. Results of TEM on the & cultivar b3 samples of camation.
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Table 19. Results of TEM on the 14 cultivar 138 sanples of camation.

=z A2 7 5] 2 CarMV CLV
"o ST paaaAs ZABAAS
| = 10 6 -
gojt] AXE 10 3 -
713k 10 - -
7 7= 10 3
)l 10 9 -
njofw] 5 - -
o A & 10 10 -
Dona 10 9 =
Za X 11 11 11
2919 11 10 ~
BH = 10 3 -
Y uj) A 10 10 ~
r}o] ol = 11 11 7
Al AL 10 10 4

& T A = Y @

@i A =g 7ol A

AF37HA] AR Fhilelde] 30670A F 1947A17F CarMV A= AE Aol BRI
e, 20A7F CLVO == Aol IS ZAEAS ol o] ¢
EF 63.40%% A HATh

Table 20. Results of TEM on the 9 cultivar 115 samples of camation.

= A ANA T CarMVel €71 A
| X] 8. 15 14
ntg] of 15 13
A Z+g 10 8
oy 13 9
it 10 7
A A~Z 13 10
=49 A 15 10
Ae 2 10 11
Clo|ol2 &= 14 9
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Table 21. Results of morphological observation by TEM.
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2) RT-PCR A%

(1) CarMV %A
FEgelA 23 sample 39703 Foll CarMVell 7A€ 7hilo]d e B
&%2 AHES 7R

di s s T R R L i sl

+«1287bp

Fig. 41. Results of RT-PCR on CarMV infected camations.
1~39: 5 3olA] 278 sample, pe : positive control,
nc | negative control, product size : 1287bp

(2) CarRSV #%

HHEENA A sample 39714 Foll CarRSVell e 7hilold2 07)A=
0269] AHES 7RI
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«T749bp

Fig. 42. Results of RT-PCR on CarRSV infected camations.
1~39: G953l A433F sanple, PC: positive control,
NC : negative control product size (74%p)
(3 CLV #A

FE gl ARE sample 39704 Foll CLVel| € 7hilelde 4702 o
10069] &2 7t

«T63bp

Fg. 43. Results of RT-PCR on CLV infected camations.
1~7: G5 3olA 2173 sanple, PC : positive control,
NC : negative control product size : 76%bp
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6. dir7hEd st} AT A9E%

1) RT-PCRe] 2] vlolel 27

(1) CarMV HA

Teodd 3¢9 239
2170 A Fo A 1170 A oA CarMV 2 &<l

T2 3458 T8 % HITUVHKBIWB VTN WHNHN

Fig. 44 Results of RT-PCR for detecting CarMV virus.
M : 250bp Marker, Product size : 1287bp,
22:CarMV 79 #jdoldl, 23:CaMV Y Hold
@04 49 5¢
7Fhdleld 15704 F 1270 A A CarMV #4Y &1]l, CarMVel 7
d€ A FRAHA B

12 3 456 78BN O101112131415C

+—1287bp

MI15 1617 18 16 20 2122M 2324 25262726 0

«—1287bp

Fig. 45. Results of RT-PCR for detecting CarMV virus.
M : 250bp Marker, Product size : 1287bp
C:CarMVel ¥ ko], P:CarMVel 74 ¢l #Hago]
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Fhdle] A 23704l F 1570 A o)A CarMV 7 &9l

M1 23 456 M789 101112p 1341516 MITIBMIO20212220M

- e D .S . S S e g

Fig. 46. Results of RT-PCR for detecting CarMV virus.
M : 250bp Marker, Product size : 1287bp,
P, 23 : CarMVel| Z g€ wHolF4l,
@pooddd 449 20¢
FHdlo] A 14704 CarMV %48 E<l

M1 2345878351011 11314 NP

LA B B B B N R B R _R_ B _ .

Fig. 47. Results of RT-PCR for detecting CarMV virus.
M : 250bp Marker, Product size : 1287bp

N: 789, P:CarMVel #ZEd Hol54d
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@GR4 49 27
FZHdlol A 1470 A5 370 A A CarMV 729 &21(2¥ 48-1), 7Hdle]Ad 5
AAANA e CarMVel Zgo] #lHA #S(2d 48-2), CaMVeE 5LE
(datura) ¥} Fblack eye) ol HE3sl] 4] 75 &1 A3 2, 3¥A CarMV

1 T T
Zelol #el(zg 48-3)= Ut

=0 =

M1 2 34 5678 M3111121]14P

+—1287bp

Fig. 48-1. Results of RT-PCR for detecting CarMV virus.
M : 250bp Marker, Product size : 1287bp
14: 244, P:CarM o] #494d Hol+d

M 12 3 4 5 PP

«1287bp

Fig. 43-2. Results of RT-PCR for detecting CarMV virus.
M : 250bp Marker, Product size : 1287bp
P:CarMVel| Z4¥d HolF¢

1 2 3 AMSNP

«1287bp

Fig. 48-3. Results of RT-PCR for detecting CarMV virus.
M : 250bp Marker, Product size : 1287bp
P:CarMVel] #Z¢€d Heol5dd, 1-3:52F

4~5: %
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®2006. 02. 07
CarMVZAA ZA3 12719 sampleZF 12719 sample(2¥ 49-1)°], 874
sampleZ 771¢] sample(2¥ 49-2)°] CarMVel] 749 € #AE #2353

+—1287bp

Fig. 49-1. Results of RT-PCR for detecting CarMV virus.

1~12: sample, 13 : negative control
14 : positive control

Fig. 49-2. Results of RT-PCR for detecting CarMV virus.
1~8:sample, 9 :negative control
10 : positive control
@2006. 6. 15
CaMVAA ZA3} 23702] sampled 20709] sanple¢] CarMVel] 7498 & I
3k

wa-nd sndl SR

Fig. 50. Results of RT-PCR for detecting CarMV virus. 1-23! sanple
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(2) CarRSV A4
(TR006. 03. 03

CarRSVAA A 77019 sampled 271¢] samplee] CarRSVel]l 74
g4 RS gelsisd.

—1287bp

Fig. 51. Results of RT-PCR for detecting CarRSV virus. 1~7 : sample
22006, (6. 15

CarRSVAA Z3} 187112] sanpleF 0712] sample©] CarRSVel| i€ 7S &

Gy

1287bp
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Fig. 52. Results of RT-PCR for detecting CarRSV virus.
1~9%4, B~111: sanple, B, 96, 97 : negative control,
PC : positive control, NC : negative control

2) RIPA°] 2J§t nlo|2|= 43

8| IgGE L] lolei diFF 7l 0185 RIPA(Rapid immunofilter
paper assay)3@ol] F 23 AE(Filter paper, |25 etes 2852502 4
£xo2 Fas F1 rk

3 uloles 248 Pe AF

CarMVell 7€ 7hile]Ae Chenopodium amaranticolor AEa] 2417 9L
AlFstdA, ¥l Positive contral 2 AT 5 U= AlFsigon, Fada17)H
oM AH SHE 5 A=F SIrk =3 CaRSVE Chenopodium amaranticolors}
ulRk} Fiel] HEs] FTAAR A& AlFEl] A¥el positive controlE A ¥
T =S Alglon S5 9% Auss AFsiact
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» CaRSV Gp dO7RAD
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2) FAXEA BA

- PCR 4(12071A)

- Sauthern Blot 22340704

- Northern Blot / Western Blot32-23(4071A)
3) AEEISE 3 virus AAR(EZHE 07 0070A)
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