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Isolation of Coat Protein Gene from Cucumber Mosaic Virus and
Its Introduction into Tobacco
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The coat protein (CP) gene was cloned from RNA genome of the cucumber mosaic virus strain ABI (CMV-ABI) isolated in
Korea. The comparisons of the nucleotide sequence of the cloned CP gene and its deduced amino acid sequences with
other CP genes revealed that the CMV-ABI belongs to subgroup I (Type 1), CMV-ABI developed the typical mosaic
symptom in infected plants. Tobacco plants (Samsun and NC82) were transformed by leaf-disc transformation via
Agrobacterium. tumefaciens LBA4404 harbouring pVCP, which CMV-ABI CP gene was inserted into the pBI121, and a
number of mature transgenic tobacco plants were developed. Southern and PCR analysis of genomic DNA from the
transgenic plants showed that the CP gene was integrated into the genomes of the most of the transgenic plants. Results of
the segregation patterns of resistance in T1 seedlings of the plants to kanamycin showed that the transgenic plants
containing 1, 2 and 3 copies of CP gene were 50%, 39% and 11% of the total transgenic plants, respectively.
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Lol ® o}z vlo]#HA(CMV: cucumber mosaic virus)2)
FE= AR ]1,} FE b 2 el A%
7o g oz Q) (Francki et al, 1979). CMVE= Al 5w}
o8l A F cucumovirus AL EA 470(RNA 1, 2, 3 4)¢

positive sense RNA genome $]¢] straine]| ulz} HE
RNA(satellite RNA)S 7}AZ 9l kT ulelgx
(icosahedral virus)el] 4-3te}k. RNA 1, 2] §Z A+ genome
o] #E%(replication)el] #o] ¢ RNAolE= HEKERE
(coal protein, CP)3} Al Ezke] Bdfel] #A=EE= HHz1e
movement protein(MP)o] Zzjslcl. CMVE #HE9} Rk
(pathogenicity) o] wha} of 2] 572 straine] I 1
GF #iEE Chung % (1975) | B1gt uhe} o] dhatol
ANe 7HA S Agel s, 13, EvtE, 7HA| 5§ 8| %3

of whake) pub, F9|, 9o F 27K 1] Kk

CMVe] 73 9 Rkl o3 97 F2 71599, K
B, MiE2E K HE(serological study) & F3te] o] Foixl
% kRese st (hybridization analysis, Gonda and Symons,
1978: Piazzolla et al, 1979) 3} CP2] peptide mapping(Edwards
and Gonsalves, 1983) Fo] o] &% 93 Z o= RNA 39
di3t PCR, $IMREZLM[E(Rizos et al, 1992), 971A1d BA
& Fdled CMV7E F 7129 subgroup 2@ 78€ + U
= 71& #4189 Owen et al, 1990).

vpol el wiAl= HA7A] Bk whyle] ol7] o
FAAESH R g 2AEL] Al AxHAEH 3
22 CP fAAE A B HA, #BAA AIAE =3
A 9= tobacco mosaic virus (Abel et al, 1986)2 A|Zto g



150 Korean J. Plant Tissue Culture

3o alfalfa mosaic virus (Tumer et al, 1987), potato virus
X (Hemenway et al, 1988), tobacco streak virus (Van Dun
et al, 1988) So] ¢lom CMVe wlgt AgA 258 g
3 A= CMV strain D¢ RNA 4 (DNAE =jjo] =9,
=& A1-S Bt HLs}ed 22(Cuozzo et al, 1988) 'L #o|= CP
A2 £Ysie] AL $EG S 9cH Quemada et
al, 1991: Namba et al, 1991). CPv} o2& wvlo]g] A~ A A}
7h A gl =9, Ee] AgHE vehbe A 713
2 gslele A7 ARlE dlela dk 4R HRO
2 ald) vholelash 4% ZAYA Y4 e )
aiuF7 v} (Sanford and Johnston, 1985) == =% FHz}
) 7pst ralo] AjEo] 7FA 3 $lE endogeneous geneo|rt
viral gene®] WH L vldd 4 b= whEM: (Herskowitz,
1987) = AA =g s 4P4E 4 9 non-
translatable 2w SH 212 £9YPL W CPS YA
%% ot fARET o ¥ AGHE Kol Ao A
A= 7| % 89 i Dougherty et al, 1994: Smith et al, 1994).
oleld AHES wlFo] ¥ of wpolza $UAE Aol

EXste] ARHL Pelspr] AN EUD AR 2
& z7|chAle]l RNA transcription SRS} £33l dut
#2072 oledz] co-suppression (Seymour et al, 1993: de

Carvalho et al, 1992: Smith et al, 1990)3} F-A}8t o=
#2383 9l
¥ odTE BAHREE BERMFEN Kin 2(1992)e]
e FIES THEAF CMVE o] 43} CP H-HAE 23}
3o 725 W3 Al AEd o] FAAE A, B
RAZI 54 CMVell Mg Holx 48t Wulelgfn
1
A

o s
4 5L e
=
=

Sy

S o whilel 419 %2
Q1% F ftelA] 2ol 9
Hi s A o).

¥ o HE

SEAEA FUIEATaNN LPLE OMVE )
(Nicotiana tabacum var. Samsun)el IEf&Es}od EFEA] 7]
Takanami (1981)¢] ¥pHe| wle} oW F 2 HE] niola]A kI
15t shodck ER1E wlelzla YAEFH RNA

22315 o 23E DNAFYZH PCRE o] Lale] CP
A2E He]slgith RNAZHE ¢DNAEZ A3l CP
25 A sl= w2 RT-PCR kit (N808-0069, Perkin
Elmer Cetus) & AH&-3stdx CP FAAE #4379
primery- N-2Kif(5-TTT CTC ATG GAT GCT TCT CCG

4 o m\m

CGA G-3)3 C-=sH(5-CCA TTT TAG CCG TAA GCT
GGA TGG AC-3)& AHdlgith PCR 434 22272
denaturation(95° C/1 min), annealing(55° C/2 min),
extension(72°C/3 min) 2.2 353] EiFstdct 229 CP &
AAS TA cloning kit (Invitrogen)& ¢]8-3}e] pCRII
vectorel] Atlate] ¢J71A9E Felslsin

cHil SEIR

=2

}

rlok

pBI121 (Clontech)-& Smal/Sacl2 g Axtste] GUSHA A}
£ AAANZ EfiRe]l 971Gl Fed" CP HAAE
EcoRV/Sacl2 2. YJErsle] ligationA|Z1 .24 CMV CP
AAE AEAd =YAZ 4 = pVCPE A=talsich
pVCPE Holster £(1978) ¢ ‘1}‘{3 o] whe} Agrobacterium
tumefaciens LBA44M4ol] =X Z ok A. tumefaciens LBA4404
(pVCP)E wlole]x A4 whulel Samsund} 5= FeiEfE<l
NC82¢l| Robert 5(1983)2] Wil o.2 wh ZErgifiine] H4
AN A FAAZNE G N EE= AyA °7](2 mg/L
NAA, 05 mg/L BA), shoot §-=(05 mg/L BA), %8 %
(01 mg/L NAA)9| #AS 7 A2 A Estg i
ol FAMRH MNAE Aslr] 913 HEHE
kanamyein (100-150 mg/L)Z} carbenicillin (500 mg/L)-& MS
wA)o) H7bske] Agstoleh

o]
—_

QT RHR ARl

ok

AEE= 2] genomic DNAe) CP A #ke) Abel &
912 genomic DNA Southern blotz} PCR DNA gel blot=
Falsisiet ol & s dxA o2 FE Murrayel Thompson
(1980) W& #fiste] DNAE Felatslal, #e%l DNA
10-15 ugS HIRBERZ A3t F 08% agarose gelol] Rk
8l & nylon membrane (Gene Screen Plus, NEFJ76) ]|
vacuum transfer unit (Hoefer, TES))S ©]-&3%led DNAZ &
7l ¥ ¥P-dATPZ labelingdt Pl (BamHI fragment), P2
(Pstl/EcoRI fragment) probe (Figure 2)& #5EEaiEo 2
Southern blotting2 43 3}¢]c}. oju] sAALwxIul 2 65°C
oA 6X SSC, 5% dextran sulfate, 0.1% SDS$ &4 3-8
o7 4XN7rEer AAwAs F 2X SSC (30 min)e} 2X
SSC 0.1% SDS(2 hr)= A Asedd. A2 % nylon
membrane-2- X-ray film (Kodak X-OMAT)e] 247} =24
Zo. PCR %4 PCR DNA gel blotting>- #2]% genomic
DNA 1 g2 CP $A29) 2eo $dg wjor —’F—%B
3} agarose gelol]l A 7]°3-53F T Southern blotting®} ¢
g ez dadwas $3sle] CMV CP f3ale) 4
ﬂ]"ﬂ Adg galslgeh PCRA] A gAdub-s-ol A &3] do

=715 B -r]?fﬂ/q 282 rhbSHAAES 200 bp A
9 270 §HT 4

°m-lﬂm

Y

%1+ intergenic sequence primer (5-



TACTATGATGGCAGATACTGGACCATGTGGAAG-3, 5-
TTAGTAGCCTTCTGGCTTGTAGGCGATGAAACT-3)E
A4S CMV CP primers} 971 44 Sasteleh

bl

| X5} chuje] SLH(T1)2] Kanamycin X{ahAd

—

0y o2t
0l

ALY

==

3] A & i\_}&] 1=

A A 5%l el (To)e] £2E 888t 1% sodium
hypochloritee]] 2077t A58t :? 500 mg/L kanamycine] 3
7hel MS 7] EujR|el| A EFEAA Y F KIS A
o} S Hol: A $£F Fadtd FAMY
NPTIL 41z} 9 CP &zke] Feju)el Toddof AHl=l
FA k9] 45 chi-square testZE HEE st

o

fmR A ER

20/2710|3 u|HHHE FXAQ #iE X B
RezjEl vlelaglA oA}E2HE RNAE #3331 RT-PCR
% Fegt A7) 8% bpe| DNADHe] A= A4 d
NA Bil& pCRII vectore] 418 F 971 9& AT
éﬂ}(Flgure 1), CP Azl 2187)9] ofuxAto g FAH
dog FHelsldde olgk 22 FE2E o strain®] CP
A zlel 74-$-9b Fagl Aoz eyt om(Noel and Tahar,
1987: Shintaku, 191) o]v] R.31%) strain®] ¥ Gz} ofu]
A Aol A S Bl 2E Z 3 (Table 1), Owen &
(1990) o] A gkat CMV-Y, -0, -P6, -FC, -II7F Z-2] straino]
43} subgroup I(type D)3} 47] 2 opm| Al MFelA Z2t
W2, 977, Hxe] MPMS XHolx ) wEle CMV-Q
WLe| 43} subgroup II(type I1)¢}%= ¢7] ol ofwm]iAlr]y
& 74 T6%, 8092 AASA zelrt vebdS Bldte]
B oA Fol A ¥e, Fadd whol#E el strain
ABI(Agricultural Biotechnolgy Institute): subgroup Io] 3

Table 1. Comparison of nucleotide and amino acid sequence
homologies of CMV-ABI CP gene with those of other CMV strains.
Homology search and analysis were carried out with the DNASIS,
PROSIS (Hitachi) and GenBank Database.

CMV Type Strain Match (%)
DNA homology Protein homology

Subgroup | 17F ®29 972

FC 936 9%.8

P6 A4 %3

0 2.1 %63

Y R7 %8
Subgroup 11 Q 748 817

WL 7.6 80.7
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tttctcatggatgetictecgegagattge 30
gtttcgtctactggatcttaagagtetgtgtgtigtgtttitectettttgigtegtagatatt 93
tgagtcgagtc ATG GCA AAA TCT GAA TCA ACC AGT GCT GGT CGT AAC CGT 143

M A K § E S8 T S A G R N R 13
CGA CGT CGT CCG CGT CGT GGT TCC CGC TCC GCC TCC TCC TCC GCG GAT 191
R R R P R R G 8§ R 8§ A S S S A D 29
GCC AAC TYT AGA GTC CTG TCG CAG CAA CTT TCG CGA CTT AAT AAG ACG 239
AN F R V L $ @ 0 L S R L N K T 45
TTG GCA GCT GGT CGT CCT ACC ATT AAC CAC CCA ACC TTT GTG GGG AGT 287
L A A G R P T I N H P T F ¥V 6 S 61
GAA CGT TGT AAA CCT GGG TAC ACG TTC TCA TCT ATT ACC CTG AAG CCA 335
E R C K P 6 Y T F S s J T L K P 77
CCG AAA ATA GAC CGC GGG TCT TAT TAT GGT AAA AGG TTG TTA CTA CCT 383
P XK I D R G S8 Y Y G K R L L L P 93
GAT TCA GTC ACG GAA TTC GAT AAG AAG CTT GTT TCG CGC ATT CAA ATT 431
b $ v T E F D K K L vV $ R I Q 1 108
CGA GTT ATT CCT TTG CCG AAA TTT GAT TCT ACC GTG TGG GTG ACA GTC 479
R vV I+ P L P K F D S T V W V T v 125
CGT AAA GTT CCT GCC TCC TCG GAC CTG TCC GTC GCC GCC ATC TCT GCT 527
R K v P A 8§ 8 D L S V A A 1 S A 141
ATG TTT GCG GAC GGA GCC TCA CCG GTA CTG GTT TAT CAG TAT GCT GCA 575
M F A D G A S§ P V L V Y Q@ Y A A 157

TCC GGA GTC CAA GCC AAC AAT AAA TTG TTG TAT GAT CTT TCG GCG ATG 623
s 6 v ¢ A NN K L L Y D L 8§ A M 173

CGC GCT GAT ATT GGC GAC ATG CGA AAG ATC ACC GTT CTC GTG TAT TCA 671
R A D I & b M R K T v L Vv Y s 185

AAA GAC GAT GCT CTC GAG ACG GAT GAG TTA GTA CTT CAT GTC GAC ATC 718
K b D A L E T D E L ¥ L H V D 205

GAG CAC CAA CGC ATT CCC ACA TCT GGG GTG CTC CCA GTT TGA atccgtg 768
E H Q R I P T S8 & V L P V = 21¢

ttteccagaacecteectecagttttetygaggcogoagetgagt tggcagttttgetacaaac 831
tgtctggagtcactaaacget ttgeggtgaacgggt tgtecatccagettacggctaaaatgg 894

Figure 1. Nucleotide and deduced amino acid sequence of CMV
coat protein gene. The sequence data was registered on the
GenBank, EMBL Data Library as an accession number 1.36525.
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Figure 2. Schematic representation of the binary vector containing
the CMV CP gene (pVCP) used for tobacco transformation. LB
and RB, left and right borders of T-DNA. P1 and P2 indicate the
probes hybridized for genomic DNA Southern and PCR DNA
blottings, respectively.
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Figure 3. Southern analysis of genomic DNA from To transgenic
tobacco lines. Genomic DNA were digested with Sacl and Pstl,
electrophoresed on 0.8% agarose gels and transferred to nylon
membranes. Molecular size markers are given at left in kilobases.
The blot was probed with P2 fragment as shown in Figure 2. The
probe contains the two genes of partial NPTII and complete CMV
CP (CONTROL, untransformed plant: the other lanes, independent
lines of transgenic tobacco).
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Hil "EN bol

riot

(o)
Y REA e

o

CP §A425 el =A17]7] $ste] Al2gE binary
vector (pVCP)2] ER[EYx= Figure 29} 2t} pVCP7E 9
¥ A. tumefaciens LBA4404Z wlola]s ZAlL A g o)
Samsunt Sl FR AufEe] NC82e YA 747
I AESE FEEch ol ARG fAE AL
¥ Samsun®| 7% kanamycin-g 150 mg/LE A}&3lT
NC&29l AL 100 mg/Le] S AlLatel HEHOD
Samsun 167§¢] A&, NC8&% 3070 NAE S ¢
ek

A gulo] CP FAA7} 2wt A= deA] &

Figure 4. DNA gel blots of PCR-amplified products from genomic
DNA of independent transgenic lines of tobacco. A, PCR-amplified
products are indicated by arrow-heads, CMV CP bands were
amplified at size 09 kb in transgenic plants only (primers for
intergenic control produce the band at size 0.2 kb. B, DNA gel blots
were hybridized with the probe P1 as shown in Figure 2. Molecular
markers (kb) are shown on the left (SS-C and NC-C,
untransformed tobacco plants: the other lanes, different lines of
transgenic tobaccos).

ol

}7] 28§14 genomic Southemn blotting=} PCR gel blotting
Ao AHE-8ch Figure 32 AA3E M2 JE &
2] 9 DNAE Agtfdel Pstl/Sadoz Acisl
uthern blotting3r 71 2.2 A o] probe® P2 (Figure 2)
AH-8ksdet o] At o=l band?] $]2]& NPTIL 9
2 e Aol sldst= 07 kbol CMV CPg} 358 promotorZ}
2% 18 kbl F 749 band7h vepdAl "ot vt
Southern blottingel] A& o 522 Ao r = tlzbe] F
748} band7} 28-S AT 4 U2k NC6I6-170 A=

ENIO.&%NIOrE.
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Table 2. Estimation of copy numbers of transgenes in the
transformants (To) produced by pVCP, and segregation patterns for
kanamycin {Kan) in Tl transgenic tobaccos.

Transformant Number of plants® Expected X Probabilitys Copy
linea Kank Kans  Segregation ratio No.
SS-1 182 16 15:1 11 03-02 2
SS-3R 3 27 31 12 03-02 1
SS-3 1% 10 15:1 0658 05-03 2
55-4 20 2 63:1 0478 05-03 3
SS-4R 20t 5 63:1 1.001 05-03 3
SS5 118 8 151 0.002 0%-0% 2
SS-7 13 12 15:1 0.784 05-03 2
SS-8R 7 2 31 0.39 07-05 1
SS9 207 2 63:1 0498 05-03 3
SS-1 jes 31 31 0.248 07-05 1
5S-21 @ 6 151 0.06 0%5-08 2
R SA] » 15 31 0771 05-0.3 1
SS-28 214 2 15:1 4827 0%-001 2
NC2 10 8 151 0.068 03-07 2
NC3 PAY 3 63:1 0.124 08-07 3
NCd 18 71 31 2824 02-005 1
NCM-6 176 oh 31 0.666 0503 1
141 46 31 0016 0.7-05 1
176 62 31 0140 03-07 1
NC(il/ -3 125 %7 31 4245 006-001 1
NCHT-14 166 48 31 0733 05-03 1
NCET-15 19 » 31 1071 0503 1
NCOIT- 16 249 15 151 032 07-05 2
NCG10-1 17 3 31 0.374 07-05 1
NCOIG 1 164 4 31 L146 03-02 1
NC6I6-2 2 13 15:1 0640 Oo 0% 2
NCH16-4 207 17 151 065 2
NCHIE-H 15 ) 31 0.5% 5-0. 1
NCGI6-8 11 0 31 0108 08-07 1
NCGI6-10 181 4 31 0.164 05-03 1
NC616-13 25 2% 151 4021 0.066-01 2
NCHI6-16 20 13 151 1175 03-02 2
NCGI6-17 152 49 31 0041 0%5-08 1
NCGIG-19 |§§) 3 31 0025 0%5-08 1
NCBIG-20 241 2 151 089 05-03 2
NCGIG-23 14 8 15:1 0272 0705 2
SS-2 156 2 (7:1) - - 1-2
SS-TR 113 20 (57:1) 1.2
NCH-3 1% 7 (46:1) 1-2
NCHY-T 143 kY (6:1) 12
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Table 3. Frequency analysis of transgene copy number in transgenic
tobacco plants (To)

No. kanamycin Copy numbera

resistant plants 1 2 3
% 18/3% 14/36 4/%
(100%) (50%) (39%) (11%)

» ‘Iransformants with designations that differ only in the letters of the
alphabet were regenerated from different lines of cells.

" ‘The segregation of kanamycin resistance by screening the seedlings on the
media containing %X mg/L kanamycin.

< Chi-square values were calculated for an optimum segregation ratio which
as cxpected from the ratio of resistant (KanR) : susceptible (Karr) plants.

4 x* probability with 1 degree of freedom.

« Observed segregation ratio of resistant (Kan®): susceptible (Kars) plants

NPTII +%2}2] band®] Age] #3331 SS-1, SS-5 SS-7,
NC-4, NC607-7, NC616-12 5-2] A A e A== =27]
o] AFe] band 282 Had ¢ 9lgd i Figure 3). o3t &
#6488 492 S ST A9 pVCPS] T-DNA

2917k AEA genomeo] AU W m AYHT F Fol
10 gene eareangemment)®) FsAE WAL 5 102l

«Fstimation of copy number by segregation patterns for kanamycin-resistance.

o 2 » //\ /\b ;@ pid /D /\0 /0,'\@ I(\ /.9/,»0
En o p PSS S SO L E e
s & 6 S FPLL LI L LLELO o
PP I IIIIIIIIIIIS
(kb)
94—
65— b
43—
>
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Figure 5. Genomic DNA Southern analysis for estimation of
transgene numbers of To transgenic tobacco lines. Genomic DNA
were digested with EcoRV. Molecular size marker (kb) are given at
left in kilobases. The blot was probed with Pl fragment as shown
in Figure 2 (CONTROL, untransformed plant: the other lanes,
different lines of transgenic tobacco).

Qe
w3k Southern blotel] Z71H o2 38719 7R ol o 3}e]
PCRE 43311 o] 2 thA] gel blotting& ko] &<l vl
oabd ZE AfAolM Azl Fzhe] Folrk dA|RE
200 bp A =9] b FAAS] band’t FRAHE st B
= tuber} &3] PCRe] $38-5 Fol3sd L(Figure 4a)
nﬂZi A48 2] DNA(Figwre 4, cl, )2 #1981
= DNASIA %0 bpe] CP $-4A% 245 band®] &
G]Tz‘ FF3s}9e} o]E 90 bpo) band’k CMV CP #47H)
& #915}l7] 93] PCR gel g blottingsled Pl probe(Figure
29} A st AFH(Figure 4B) CP F-AAYU &
ql3}9l 3 Southern blotel] A #el® =E 7)A= PCR
DNA gel blot2% 593 A3E Hof PCR gel blot22x
o f-Rpe] AEA genomeel| 9] AFYE ElEhadd

MA} £Q) J440] &to]

—

40

ot

HA A skEl o] EAE $8sled 500 mg/L kanamycin
o] T MS 7|RujAje) A HepA)7)a 174 F A A
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d = 1% EJ%?SM F2 Y9 & “}7} At
HAHZ AFS v &o] /M wheHTable 3). =42
FAA NAe AAYE Az AeE FAHE 34
shi=d] 2 FA7F 9lsl ey} SS-2, SS-7R, NC607-3, NC607-7
= E FEE S Bolke dx 73 #F
g Feu| e AR fHAY A ALE FAHEY
£ 9= 4$x BojriTable 2 8}5h).

2o ol AHe2 A% A ASE Bk S
Southern blotg EsfiAl e 7HAES A]Eﬁ}?&\:}. =295 A
A3 2nkH (pVCP)2] T-DNA F-¢ % 35S promotor 3t
of Ak xutS 7}Al EcoRVE A4S genomic DNAE A
8} CMV CPe| #]5+3}= Pl probe (Figure 2)2 #Amat
gt A =Y AG FelE Alxgt A3, Figare 504
ko) band?) 518 Heol NC524-6, NC607-1, NC607-14,
NCb616-10, NC616-17, NC616-194) 52 Table 2| M = 3} 7))
o] FAA7F A E ALE Jeb I Figure 5914 7 7))
band &3-% M9l SS-1, SS-5 SS-7, NC616-2081 AH$-%
Table 2014 F7H9] AR AUENSS LAFAS 2
et 2 o] 9] A E F2 ol AlFAAM Vepd £
A2k Absl A4 2ok @S band®] £¥ 02 BE A M
Southern blotF -3 Al A 83| YAk gk F,
Southern blote] 4] NC607-7, NCE07-16, NC616-2, NCb616-4,
NC616-16 Al 5ol A Fapiepalgel Al 2o} w2 band7} &
g&l9d=d o] Southern blote] 2] band 7}%=7} ¥l A
TU9Y FF2E £ genomic DNAS] B3 Yoz
N Az AN ¥ 2 AFA T )
dote] Asjoe E7ata obE AEe @l ekl w4
Jo] ZHENS 75 AHE £4 2 AeEY A7)
CP A zte] AEAZEY Aujd( Ieanrangement o|i} o A |
9] % & (crossing over)E ¥ &3t R E 7p=A S 2A-35)l3 §)
uoobA AR gkow, TeE FAMIbE Ags f4#

o)

o
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USPET

° o
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A% 2 Qe st 329 AR o849
2l2} A28k

oz vy T ANSHE B AU 54992
o o5 AAle] CMVE HEse] uholeix W 4 9 A
B4 AL AT AR 2R )AE FYs
Fo ok

ERCR —‘vﬂ”ﬁ 5’*‘& Lo] R Ao A Hlo]BA(CMV) 24
Bl S &ERE(CP) &EFE Eosld o9 d7Md s
AA g A3} 1293‘131]] o}u) = Alo] proline2 2 4] mosaic
symptomS Bo] 3 7] 9 o}n| At A9 fAAS v
gt 23} subgroup 1 (type 1)°ﬂ o= g Falslodch
2el3 CP HAAE ARYRURE S0 Aol o
i Z) el NC823} ﬁ}°lai %444l Samsunel] YA
& Ese] gAMBAAG. FUA Hﬂ Saje] DNAZ 2
2)&}ed Southern blottings} PCR&

FAAAe) CP 4877} AL &L HAsdT T F
A}E kanamycine] H7be wjA|ollA Fof FAA g A

A& A 23 149 CP FAA7E A" 7497 50%
of D3 29} he] A} AHIE ASE 27 39
o} 11%e] 2o
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