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Identification and Differentiation of Cucumber Mosaic Virus Isolated
from Forsythia koreana (CMV-Fk) Using PCR Techniques
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ABSTRACT : Reverse transcription and polymerase chain reaction (RT-PCR) techiniques were used to
identification and differentiation of cucumber mosaic virus isolated from Forsythia koreana (CMV-FK).
RT-PCR used by two set of 20-mer primers, one was CMV-common primers and another was CMV
subgroup I-specific primers designed in a conserved region of the 3' end of CMV RNA3, amplified a-
bout 490 bp and 200 bp DNA fragments from CMV-FKk, respectively. CMV-Fk could be detected by RT-
PCR at a dilution as low as 10* in forsythia crude sap extracts. Restriction enzyme anaylsis of RT-PCR
products using EcoRI and Mspl showed that CMV-Fk belonged to CMYV subgroup 1. But, analysis of
RNA fingerprinting by arbitrarily primed polymerase chain reaction (RAP-PCR) showed heterogeneity
of RNA3 between CMV-Fk and CMV-Y as a member of subgroup L

Key words : CMV-FKk, primer, RT-PCR, restriction enzyme, RAP-PCR.
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o) A sle] Ag el Ag-31c).
XEN =&. RT-PCRE A 25H] FFL Lee
+(12)8] WS W AA A3}, &, N. glutinosa
2 Aive] ol¥ Y 0.1 g& dA AnE o] 4sle] rhafdt
t}&- TE buffer(pH 8.0) 200 wiell ¥ A5.01, o7
of] 752 <}¥2] phenol/chloroform(1:1 v/v)& 713t
XK F, 12,000 rpmell 4] 587 AAsle] AEog
ek RT-PCReY| &J3} uloleia HAE3A HAdl|& o
AZAE A7 10004 A& o2 3] ste] ARg-skgic).
Primer. PCR 7A€ primere =27k Hadl
CMV RNA39| <47]1ml4(3,10,15,17,21)& A3}
A 2Fsksdet. WA, CMV subgroup I3} subgroup II¢l] &
%< primers, Lee $(11)9 HbHe] wely, CMV
RNA39] jojctfd §-42) F-33} 3 deke] vy
9ol &A= 5'-TGATAAGAAGCTTGTTCCGC-3'
9] upstream primer(PD®} 5'-TTAGCCGTAAGCT-
TGGATGGA-3'9] downstream primer(P2)S A3}
gt =3 CMV subgroup [5H2 Solx o g &3}y
{18 primer= CMV-Y RNA 3 &5jghild §-2x}e)
1635~16542] 7|l 3|33t 5'-CGTAAAGTT-
TCTGCCTCCTC-3'9] upstream primer(SPD)¢} 1814~
1835%] @71ufdel 3= 5'-CGTCTTTTGAATA-
CACGAGG-3'9] downstream primer(SP2)24], o]=
subgroup o5t Bo]4 o 2 ZAsl= Fr)ujdol]ch.
RT-PCR. RT-PCR Lee 5(11)8] HbHell F3}od
ARSI &, ] 2 Ajve] ol 22| 25 2
plell ¥h3-2+54(10 mM Tris, pH 8.3, 2.5 mM MgCl,
50 mM KCl, 1 mM dNTP, 10 mM DTT), ¥ 15 unit
AMV reverse transcriptase(Promega)®} primerZ 7}
7} 100 pM A717F & 100 W 2H3-4-8- 42°CellA] 308-%
ot AAAF w5 AP F, 95°CollA] 287 WA A
832, o] uk-g-Adl 2.5 units Tag DNA polymerase
(Promega)& #7}3lo] PCR 432 A A31gic}. PCRE
Minicycler(MJ Research)E o]83}e] 94°CollA] 45%,
42°CollA] 45% & 72°CellA 287F 353 Ajsladri(H,
FE3]= 72°CollA 108). PCRel 23 &% AL 2
Kbp DNA ladder(Bio-Rad)& ¥4I vl#H 2 Alg-51eq
2% agarose gelol|A] A7) o]s}e] Bai3}eic).
Higte4a XMdl. RT-PCR £F A2 A|lZaA EcoRI
2 Mspl(Promega) o438t EAJslodc). &, 229
DNA 4HE 26 woll EcoRI =5 Mspl 1 pl(10 unit) 9+
10X A|gEA 9 (Promega) 3 WE A7 & 30
pie] Hhg-lE- 37°CellA 2417k 2213 ¥ 2% agarose
gelollA] A 7)ed 5ol 2j3te] EA3)%c).
RAP-PCR. RAP-PCR-2 Michael 5¢] #HH(13)e
3l AAEATE &, CMV 21 duje] 2598 10 wl
o] 2X ®kg-2Fg(100 mM Tris-HCl, pH 8.3, 100 mM

KCl, 8 mM MgCl,, 20 mM DTT, 0.2 mM dNTPs) %
15 unit AMV reverse transcriptase(Promega)2} P2
primer 100 pME A7} 3 20 pl ¥4 37°CellA
15385t A} uh-g-& A AR o 95°CellA] 2871 A
2] F, 4°CE YA} 2 ohg of Hhs-Ael] 20 pie]
2X Huk-g-¢k2=el (10 mM Tris-HCI, pH 8.3, 25 mM KCl,
2mM MgCl,), 100 pM P2 primer, 10 M Random
Hexamer(Promega) 2 1 unit Tag polymerase(Pro-
mega)E A7}std PCR wH8-& A A8tk PCR &4
& 94°Coll A 1%, 40°CellA] 5% & 72°Cell#] 587k 13]
317 F, 94°CellA] 14, 60°CollA] 18 2 72°CollA]
127 353] AAsl ). vhg- AHES 2% agarose gelell
A A3
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RT-PCRO|l 2|8t CMV-FkO| S&. CMV-Fkel 7+
® N. glutinosa®] 2F9< A4 22, CMV RNA3S| &
% primer ¥ subgroup Ioll 5°]Z 4] primerE o]§-3}
o] RT-PCR& AAskth w14 CMV subgroup I 2
subgroup II RNA39] 3% primerd] P13} P2E o]-&-3}
o] RT-PCRE AAI’ A=}, CMV-Fk ¥4t oz} sub-
group I8l CMV-Y ¥ subgroup 118! CMV-Lso|4 & Z
Z AHEo] AEHcH(Fig. 1A). &, CMV-FkZ5E =
Z3 DNA =39 37]& oF 490 bpE CMV-YY] A%
oF Zgkov}, CMV-LsZ%¥ FZ3 DNA =9 77]
<= 9F 500 bpY& EHel¥ 5= glgln). &, CMV sub-
group Il 5¢]A 2l primerd] SP1 @ SP2E ¢]43}4
RT-PCRE AA8I6S 73, CMV-FkE%E & CMV-
Yo} wF37EA] 2 2F 200 bpe] DNA ©Ho] 2E53]14-4
ghaldt 4 glel e}, subgroup 1181 CMV-LsellAle 2
Z AHES A& 4 9ok (Fig. 1B).

RT-PCR{]| O|at CMV-FkO| ZA &H4|. RT-PCRdl
27 7iueE] ol g 22 2219 nlolzAY A ¥
AS dotrr] H3ted, BAale]la HAS Yehlis 7y
g JdzAo g HE 253 25AL 108]4 PdAHo R
343t RT-PCRS AABI}. 1 A3}, £ updo <
3to] RT-PCRS AAIE A%, 1071A] A% 2506
A% CMV-Fk® $FAHE-S WEtsiA &8 5 Yot
(Fig. 2). 39, fjo] 2F 0 2 ¥E] 225 DNAAHE
9] FEE 107H A3 25 Fruc) AdEe
2 g9},

EcoRIl 3! Mspl2 0|88t CMV-FkO| subgroup 28.

Primer P1 2 P2& AH§-3t¢] RT-PCRE 443 *
=7] °F 490~500 bp] 3Z= DNA AHES Agas
EcoR1S2 A2]3 A3, CMV-Fke A-9= CMV-Y$}
Zro] Al A FUI =714 490 bpe] DNA=HHe] A
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Fig. 1. RT-PCR assays of CMV isolates propagated in N. glutinosa. (A) RT-PCR assays with CMV-common primers. (B) RT-
PCR assays with CMV subgroup I-specific primers. Each panel consists of a 2 Kbp DNA ladder (M), amplified DNA fragment
of CMV-Y (lane 1), CMV-Ls (lane 2), and CMV-Fk (lane 3). Arrows indicate the expected size of DNA fragment amplified by

RT-PCR.

Fig. 2. RT-PCR assays of CMV-Fk from forsythia leaf tis-
sues : Lanes 1 to 6, plant extract from virus-infected leaf tis-
sues diluted 1 to 10° times, respectively. M:2 Kbp DNA
ladder. Arrow indicates the expected size of DNA fragment
amplified by RT-PCR.

Z=o], EcoRIS) QA1%-$)71 EA1314] -fo] =%
21}, subgroup 11} CMV-Ls®| -9+ 329 bpe} 173
bpe] FE572] DNA ©Heo] &= o], 7 2] EcoRI 4l
A1 7917t 2 & 5 AUsich(Fig. 3A). =3 Msple]

el A7% CMV-FkE CMV-Y$} U314 342 bp}
148 bpoll sk FEF7< DNA @#Ho] &< &
29 Mspl AAF$17F EA13e] Fl=ArH(Fig. 3B,
lane 13} 3). ¥ CMV-Ls® 7%= 339 Mspl A+
217} &=A)5l7] wjEell, 197 bp, 148 bp, 129 bp ¥ 28
bp®l 4%5H< DNA ©giow Aoislgion), 7 F 28
bpe DNA D& & 552 qlsle] ArjdsgAdoes
£ 3elg 5= i ch(Fig. 3B, lane 2).

RAP-PCRO| 2|8t CMV-FkQ| SOIZHH 2A. $9
RT-PCR& ©]-£& ZA )4 CMV-Fki= CMV-Y$} 7
o] subgroup 1ol &3h= 2122 #]lE gl o, o] & AF
RNAZYS] AFEAL & 4 glich wehx CMV-
Fke} ZA) ulolzlx 7] fdAlE £437] 3k
CMV RNA3E tjitez RAP-PCRE AAjslgdrt.
A3}, CMV-Lsoll41+& 800 bpe] ©+de] DNA @ wte]
AZ= 9o}, CMV-Fk ¢ Y <41+ 800 bpe] DNA &
H 9ol 320 bpY] $UF =7]¢] DNA =] FFHHSG
th(Fig. 4). 22}, ©l2ldt 352 DNAZH o]
CMV-YollAl:= 600 bpe] DNA wt#lo] ZH&Ed w4,
CMV-Fkell A& 200 bpe] DNA =t#io] zhzhe] ule]a] A
oA EolA oz FEE ], o] F 52| RNA3Y 971
el = thAae] xlol7} 325 ¥ 4 At

o F

CMV-Fki CMV-Y¢h= 33 AdL Fdsht
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Fig. 3. Restriction enzyme analysis of RT-PCR products from CMYV isolates. (A) EcoRI restriction analysis of RT-PCR pro-
ducts. (B) Mspl restriction analysis of RT-PCR products. Each panel consists of a 2 Kbp DNA ladder (M), DNA fragments of

CMV-Y (lane 1), CMV-Ls (lane 2), and CMV-Fk (lane 3).

Fig. 4. RAP-PCR analysis of CMV RNA3 using random
hexamer primer. Lanes 1 to 3, amplified DNA fragments
from RNA3 of CMV-Y, Ls and Fk, respectively. M:2 Kbp
DNA ladder.

#1744 RNAE Za gJA] @dom oy Fale) B Aa
2 AR 71FA EA Y HYdAde] o E EelFE B
3 FH %Lt subgroup®] E-F= obF o] YRR ok
th(12). wjebr] 2 A¥elA+= RT-PCR 71HS o483}
o] CMV-Fk®] subgroup ¥7 2 A& CMV A&7}
A BAE 2438k}

RT-PCR2 A|F7HA9] wlo]aix ZJAupH ol 1]s}te]

vl ZhkslA| vlel# A ZHES 4 Q7] wiiEel o
2 nelg|2o] Aol o8] stowi(4,14,20,23),
De Blas 5(4)= &l o] Z2F9-& 1074] 3943
< 9= CMV7t AEE ek B astgdch £ AddA
< M ol 2FAE tja o2 RT-PCRE AA8
d+=dl, CMV AE = 10°gon], o] xZdo
2HE F5E DNA AHE9 5o 10701 A8 =
F99] Fruth 32 A el 2 abie] 9
sto] npelg| 28 AAE A% 2FAS 10~10081 2 3)
Asle] AMgEe Zlo] wlkRE Aoz FdE gl
Rizos 5(19)7} Singh $(22)2 CMV subgroup I} II
7+2] RNA39] 7]l Sol3ql 2o]o] gl5-g o]
€3] PCR SFA22& ARES EcoRl 2 Mspl= A
2l3te] 1 wj2] At A<l o} subgroupd EF-3Hsd
o, Park 5(18)2 A|rE A EcoRl B EcoRVE sub-
group®} F-Foll o] 83t} =& Lee 5(11) 2 Choi
F2)= vty #2138 CMV #2559 A7
Toll AlRFEA EcoRl B MsplS- 2143l £ A0S
B2 Hb sl £ A E el fda g
¥3s= CMV RNA3Y 3' et #¢]9] PCR &Z 4%
< EcoRI H Mspl2 2 2zjsle] H41319-L w, CMV-
Fk+ subgroup 131 CMV-Y$} £d3 Aok 295 zkw
Aol walzich

g8 CMV subgroup 1] o= whulal A} B5of|at
EA sl Bolxal Fr[ulEL primer® AMS3le] RT-
PCR& AAIgF A3}, CMV-Fk % CMV-YollAl& 3t
=7]¢] DNA o] ZZ=9lon}, subgroup 114
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CMV-LsdllAe 55 48] ZAEHA Wt webA,
A EAE ARE3FA] 9231, CMV subgroup I So]3<l
primerE o]-&3}e] wr} 7bslAl subgroup +HE
&2l

RAP-PCRell 93t] CMV-Fk, Y 2 Ls®] RNA3E
A135193-& W= subgroup I3} II7tell = 531 2o]7} 9l
g 2w, t}20] subgroup Iell 438l CMV-Fk £} Y7kl
= #ol7} Q1A FE K}t RAP-PCRS & TF 2 Ald
Fo] Wy EFo AHEEE whgolsl et d7ufde]
gtsix)#] & ulolz 2] FARA FAH AT R85
AHEE S glgro] o] Ao AFE FlF )

2 %

RT-PCR7I*-& o] &3} 7MtefollA] Heldt o] &
Aol mlelz]A(CMV-FK)E 54 % TFE3kdch
CMV RNA39 3' et 5-22] 7wl FollA CMVell
T2l 71wl 2 CMV subgroup Iol So]zal <17]
el 7]zale] Azg 2259 primers ©]834
RT-PCRE AAZ Ax, 27 200bp 2 490 bpe]
DNA @3] CMV-FkZ#€ FE5¢]2r, RT-PCRel
23 sfue] o zFY o2 HEle] ulele|a HE A
= 107)3ich. &3, RT-PCRell 23t SEALES AR
2 EcoRIF Msple 2 #4213 A3x CMV-Fk7} sub-
group Iell &3the AMLS d53te] ok 2=,
CMV RNA3¢] RAP-PCRe] #4] A= CMV-Fk7}+
subgroup Iell &= CMV-Y9} tha: Aol7} gl &
of F9)r}.
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