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Complementary DNA Cloning and Nucleotide Sequence
Analysis of Coat Protein Gene from TMV Tomato Strain
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Abstract : Tobacco mosaic virus (TMV) tomato strain was isolated from tomato "Seo-Kwang”
in Korea. The virion was purified by density gradient centrifugation, and total viral RNA was
isolated from the purified particles. Coat protein (CP) ¢DNA of the virus was synthesized by
RT-PCR, and the purified ¢cDNA fragment was subcloned to pBluescript II SK-. The analysis
of nucleotide sequence showed that this cDNA was 693 nucleotides long from the insert of clone
p1571 and p1572 which contain complete codons of the viral coat protein gene (474 nucleotides)
and 3' untranslated region. The nucleotides of coat protein encoding ¢DNA of the strain were 6
nucleotides less than that of TMV common strain isolated from tobacco plant in Korea. The CP
gene showed 70% maximum homology with that of the common strain in the nucleotide level
and 869 maximum homology in amino acid level. ‘
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71E39] nlelE & FAHAAS 27, 99 »
kolu} & EL 2ANoZ Aoz B £ 9
= Fdet M1FEY 2 WA gy ERIAJT
2y I FHEE 2HE ysis, @),
FAA 2 APE S o8 nlo]z e B
L BAE FFAAM Bo] o]Foizm Ut}
FHAAEE T3 YLHDNAS RNA)S A gl
A e Aold cl2RE YAHE dwids
ofn|izat M GA}e] Fo] vlelz A9 FH L AF
2R ®e] o &HL Utk FuUe ErtECA
Yoz YT TMV tomato AT F¢x
olv] &R E e A% TMVEZ B - 33
Q1 Aol HAtHChoi 5, 1989). 53] AFA}E0)
e} BErlEdA 2Ed TMVE o8 71548
Aol hE W4 AENDAAN HEPe AR
ANAQ yAANMY zolE LAFGT, I 4
Zre) Agozne £33 duduAe g% =
2 - 284 zjo) 2 LA T, 199).

welA o] dFE EntER FE 223 MV
tomato AE-& ©]&3d duedd FAA o
& ANMEe A= AFY TMV common AF
I HuPAgezH B FHIel &E violy
2 BFAAE FHstn, olg Jvtez AEA
Well X ZE84 vlolzi4~s Boh wzA 54 2
Adsn, HAZd #H4del IFHZ e FIA
=9 rlg£ o]L-§HBeachy 5, 1990 ; Powell 3,
1986) ulelzj AGPA ANEH FFS S48
A Nz2AEE Az Y3

Mz 2 2

Hiol#Ael S4 Y #£5 : TMV tomato A5 &
) BEviEd A 22 AL FA) wpelgzz 3}
geond &, 1993), EflE “HFECE" FZ4
HAZ3A 357 & o gS AHstd violzAd]
#3 A5z AlEFET. TMV common AHlZ2
Nicotiana tabacum cv. NC8201 4 Eelgt RL T
59 2d HFII 3F F o)HFE AH3
o F3 ARZE AMREIAC vlelsze] FAE

A% $FgfAo 2= 05M phosphate buffer (pH
728 A838t5] 2 1% mercaptoethanol §o]
38 9289 242 o}45T 08% buthanol
2 FEsgd. ©lE 4%2] PEG(polyethylene glycol)
80008 ol A 23] DALt wvlolei~ IHE
S E 5353 38%9) cesium chloride-8-2B ol A density
gradient centrifugation2 A A)&le] =g Blolg~
€ 2HstdrHel 5, 199%).

B0l A total RNA &2| :
Zyzkel wlolEA~ 100 wle] Y ¥ add
phenolg H7}stn 2 & ofL, ©hA] 100 ule
24:1 chloroform/isoamyl alcohol2 #7135 3 EF
o] HolFa ol LA 158 T AAFA
o o] AJRE 47T, 15000 rpmell A 1087 A4E
Aol H2AL AP H B 239 isopropyl
alcoholS A7Hg Thg - 20CNA 241 F¢ W
AstHTE 05 4T, 15000 rpmel A 108 44
oot FHES Hg b 80% ethyl alcoholZ
Al BHAIZ & olE AR s 4398 A
A&3L speed vacuumol|A T¥ ©hE- & 5 uge
viral RNAE 50 pl®] RNase inhibitor(0.1% diethyl
pyrocarbonate)7} M 2]® FHol FH99A thd 4
Foll A8

oF 100 ugsl #3td

RT-PCROIl o/t /mEHE cDNA B : uho]
2 total RNAG] thg AE Q] 7igre] S4L
c¢DNA synthesis kit (Boehringer Mannheim)E o}-£&-
8l 4=3) 5} v} (Sambrook F, 1989). 2+ vle]@) A
total RNA 1 pgell 4 ple) bufferE 7}tz 25
unit®] RNase inhibitor, 22k 10 nM$1 dNTP
mixture, 5 pMe] cp2 primer ((GGATCCTGCAGCCT
GGGCCCCTAY) z1g]lm 20 unite] AMV reverse
transcriptase & A 7}ele] AH 217} 20 vl HA
3 F @2CAA 1A% F whgA whgo)
By F o] §kg-oef 10X Taq. buffer 10 ul, 100 uM
2] dNTP, 2 unit®] Taq. polymerase, cpl primer
(* CAGCTGCAGTTTTAAATATGTCITAY) Z8)1 cp2
primer 10 pM#-2 #H7}§t th& polymerase chain
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EnEdA 28 Bl Zabe]3 vlelzla Such@ §3ate] DNA 224 ¥ AYINE 24

Z2INS-L £ 5H ). o]u preheating 95T o
A 1583 d8la 95T denaturation Y% 18, 45
C annealing W8 2%, 68°C extention ¥H-& 3%-9]
WEE 3YE B vl FAHIU,

S u et A cDNALl E2H 3 gI2IMY 2M
= oz (DNAE glass powder® o] &
8le] =318 dS(Vogelstein 5, 1979), A FEL
Psfle g AHelstd olF oA £@sdet. ¢388
g de]l (DNAE AZF HE pBluescript I
SK-2] Pstl )Xol Ty DNA ligaseE o] &3l A=
#1619 1. (Sambrook 5 1989), A|FEAE o] &3}o
wakdg AAsHoen, southemn hybridization®y
(Brent 5, 1987)¢] 2]3l (DNA f-#Azte] 4L &
et #Ad AFZE doned T7 sequencing
kit(Parmacia)E ©]-8-§} dideoxy chain termination'y}
o o)%)(Hattori 5 1986 ; Sanger 5, 1977) 47]A}
d& B43gen, @r1Agel AR MV
tomato Al 52 ¢l¥ctwa (DNAE thxF79 TMV
commen AES) e DNA G714 G ¥l
2P FF8 ofnxit NEE vwitHTh

e
)
o

dn ¥ 1FE

HIOIH ALl F4| B #£5 : TMV tomato AE
common AF W WA el d 7|F A&
o] dezRE £3& APt Ie &3
B vtolz e &2 o]y g 100 g7 TMV common
AZE 172 mgoe|Yem™ tomato AlF9] B¢ Evnt
EolA F25A0E wf 189 mgd AUuh

RT-PCROIl 2|8t QImCHHA cDNA &M % 2=
Y : &3%8 TMV common AEZ TMV tomato 7|
Fo2RE 7217 total RNAE 32252 DNA
E $4T F o] & target DNAZ 3o, TMV &3]
2 FHRE A Askd 4R 249
primer (TMV cpl : *CAGCTGCAGTTTTAAATATGT
CITA’, TMV ¢p2 : *GGATCCTGCAGCCTGGGCCC
CTA)E 2143l PCRS AA)8 B 08% agarose

MLAGBLM

-+ CP
cDNA

Fig. 1. Electrophoregram of the TMV CP cDNA

fragments synthesized by RT-PCR.

Lane M : & / Hind II marker.

Lane L : 1 kbp ladder.

Lane A : PCR product of TMV-common (P cDNA.
Lane B : PCR product of TMV-tomato CP cDNA.

geloll Al #7195 S & ZAx MV o 3
BEARE EesE oF 700 bp = DNA 7}
g?o| TAHASS FAsAcHFg 1). TMV tomato
AZ9 A$ common AEI =] <k 300 bpe
DNA FHye] FAld SF=Eon o TMV
tomato Al 52 full sequenceFol| primere] g
homology7} ¥InZ & Frlxdoe] A5t gl
&8 ¢4 Utk Agarose gelZRE ST
2t ARE ouuwa (DNAE EFEn U=
DNA 7}5-& pBluescript [ SK-9] Pstl #]x)d] 4]
ARew, uigwd (DNA 7igo] 448 g8
%, E colig] lacZ promoters] wakel] tisle AJu}
F e gugor AR FE2E5& Adsguh
TMV common AFe A% HAWgoz 49
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Fig. 2. Restriction enzyme band patterns and Southemn
hybridization of p1521 and p1522 - TMV
common strain

M : 1 Kbp ladder, L : 100 bp ladder, A : pBSII SK-
HindIll cut, B : pl1521 Hindll cut, C : p1521 Pstl cut, D :
p1521 Sacl cut, E : p1522 Hindlll cut, F : pl522 Psl cut,
G : pl522 Sacl cut. CP indicates the coat protein gene
fragment of TMV-common strain; Fragment 1 indicates
Sacl fragment of pl522 plasmid; forward insertion of CP
cDNA fragment against the lacZ promoter; Fragment 2
indicates Sacl fragment of pl521 plasmid; reverse insertion
of CP ¢DNA fragment against the lacZ promoter.

282 plb2= FHIAL gWEez 4Yd
e plsng ¥Estgoen TMV tomato AE <]
FA= pl7l, pls72g Z4zh A, (wFgFez 4y

822 Bt ol A4YE FAF
I@ete old@ud (DNAS Wa4d 2 ZulE
492 AFELVEI Southern hybridizationel]
o} ste] 2218l ithFig 2, Fig. 3).
dadelad DNA®] g71AE £4. 7]1E9 TMV
vulgare AlE% A2l FYE drIHES A
Jeom, e ds P4 e FAA 4
71MEdAMe FYE F7IMEe AYx Ue A
o2 42 ¥ Yd=Koh F, 1992) TMV common
A (p152l, pl522)3} BlR Sl TMV tomato A E
(p1571, p1572)cl thek j=jetuid cDNAS f-H=}
o 7Age BEA AFE @olrRIA FGrIAE
< A3 ATHEg 4) 2 27 24" TMV 99

1l 2 -?rﬂz}(cDNA) Bnele= TMV common A

A% 3 non-coding region$g X &ate] 693bpH
o dogd B sjFde FAA] Lo
480bpH Tt BHH TMV tomato A 59 A=
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Fig. 3. Restriction enzyme band patterns and
Southern hybridization of p1571 and p1572
- TMV tomato strain

M : 1 Kbp ladder, L : 100 bp ladder, A : pBSI SK-
HindIl cut, B : pl561 Xhol cut, C : pl571 Pstl cut, D :
pl1571 Dral cut, E : p1572 Xhol cut, F : p1572 Psil cut, G :
pl1572 Dral cut. White arrow and CP (lane C&F) indicate
the coat protein gene fragments of TMV-tomato strain;
Fragments 1 & 2 (lane D) indicate Dral fragments of p1571
plasmid, forward insertion of CP ¢DNA fragment against
the lacZ promoter; Fragments 3 & 4 (lane G) indicate Dral
fragments of pl572 plasmid, reverse insertion of CP° cDNA
fragment against the lacZ promoter.

4= -

—.-.

3’ non-coding regiong L g5} 68lbpH ﬂﬂl’a:
WAL TASE open reading frame(ORF) ¥-o)
Fete FAR Fole 474bpE 6788 GUst
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EntEA Z2d Ful Zaola wolga Hudd $Hze] DNA 224 2 97IHE &4

T 1 GITTTAMTA!ZETCTTACAC AGTTTCCAGT GCCAATCAAT TAGIGTATTT

51 GTCATCAGCG TGGGCOGACC CAATAGAGTT AATTAATTTA TGTACTAATG
51 AGGTTCTGTA TGGGCOGATC CATTAGAGTT ACAAAATCTA TGTACTICGG

101 CCTTAGGAAA TCAGTTTCAA ACACAACAAG CTOGAACTGT CGTTCAAAGA
101 CGTTAGGTAA TCAGTTTCAA ACACAGCAGG CTAGAACTAC GGTTCAACAG

151 CAATTCAGTG AGGTGTGGAA ACCTTCACCA CAAGTAACTG TTAGGTTCCC
151 CAGTTCTCTG ATGTGTGGAA GACCATACCG ACUGCTACAG TTAGATTTCC

201 TGACAGTGAC TTTAAGGTGT ACAGGTACAA TGCGGTATTA GACCLGCTAG
201 TGCTACTGGT TTCAAAGTTT TTCGATATAA TGOUGTGCTA GATTCTCTAG

251 TCACAGCACT GTTAGGTGCA TTCGACACTA GAAATAGAAT“AATAGAAGTT
251 TGTCGGCACT TCTCGGAGCC TTTGATAGTA GGAATAGGAT AATAGAAGTA

301 GAAMATCAGG CGAACCOCAC GACTGCCGAA ACGTTAGATG CTACTCGTAG
301 GAAAATOCC AAMATCCTAC AACTGOOGAG ACGCTTGATG (GACGAGGLG

351 AGTAGACGAC GCAACGGTGG CCATAAGGAG CGUGATAAAT AATTTAATAG
361 GGTAGATGAT GCGACGGTGG CCATTAGGGC CAGTATAAGT AACCTCATGA

401 TAGAATTGAT CAGAGGAACC GGATCTTATA ATUGGAGCTC TTTCGAGAGC
401 ATGAGTTAGT TOGTGGCACG GGAATGTACA ATCAGGCTCT GTTCGAGAGC

451 TCTTCIGGIT TGGTTTGGAC CTCTGGTCCT GCAACTTGAG GTAGTCAAGA
451 GOGAGTGGAC TCACCTGGOC TACAACTCCT TAGAGATGAT GGTGTAAATA

B01 TGCATAATAA ATAACGGATT GTGTOCGTAA TCACACGTGG TGCGTACGAT
501 AGTTGGACGA ACGTTAAACG TOUGTGGCGA GTACGATAAC TCGTAGTGTT

551 AACGCATAGT GTTTTTCCCT CCACTTAAAT OGAAGGGTTG TGTCTTGGAT
551 TTTOOCTCCA CTTAAATCGA AAGGGTTGTC GTTAGGATGG AACGCAATTA

601 CGOGCGGETC AAATGTATAT GGTTCATATA CATCOGCAGG CACGTAATAA
601 AATACATGTG TGACGTGTAT TTGOGAACGA CGTAATTATT TTCAGGGGTT

651 AGCGAGGGET TOGAATCOCC COGTTACOLT CGGTAGGGGC CCA  693(100%)
651 CGAATOODUC CGAACCGOGG GTAGGGGOCC A 681(70%)
ATCCCOGGG  TOCGACGTCCTAGG (CP2 primer)

Fig. 4. DNA sequences of coat protein genes of
TMV-cornmon and TMV-tomato strain and 3'
untranslated regions.

CM: TMV-common strain ; TM: TMV-tomato strain.

Shadowed ATG codons are starting codons and underlined

TGA codons are termination codons.

5 10 15 D [ D
M 1 MSYSITTPSQFVFLSSAWADPIELINLCTN
™ 1 MSYTVSSANQLVYLGSVWADPLELQNLCTS

31 ALGNAFQTQQARTVVQRQFSEVWKPSPQVT
31 ALGNQFQTQQARTTVQQQFSDVWKTIPTAT

61 VRFFDSDFKVYRYNAVLDPLVTALLGAFDT
61 VRFPATGFKVFRYNAVLDSLVSALLGAFDS

91 RNRITEVENQANPTTAETLDATRRVDDATV
91 RNRIIEVENPQNPTTAETLDATRRVDDATV

121 ATRSAINNLIVELIRGTGSYNRSSFESSSG
121 ATRASISNLMNELVRGTGMYNQALFESASG

151 LVYWTSGPAT# (100%) MV 17,623
151 LTWATTP%  (86%) MW 17,{242

Fig .5. Expected amino acid sequence analysis of the
TMV  coat proteins derived from cDNA
sequencing data. ‘

CM: TMV common strain ; TM: TMV tomato strain. The
undetlined M is the methionine, a starting amino acid.

AL Aoz #HEAG o] F AF e DNA
F7INE Ao FARE ZAM AT 0%S e}
wo.m(Fig. 4), PROSISE E3 oagwide) =7
€ HlEHE Fi}, TMV cominon A58 9
160749} obrl:=iro g TAHE0 Qov 1 Ead
< ¢k 1762 kDa, TMV tomato #HE-<& 27]2] o}n
eite] FolE 158709 olml=itom FAE
AL oF 1726 kDag] £ el Ao
FEHUG. o)Ed tF elm=N T Hu
FAIZE 86%2 JEloH(Fig 5), ol ¢lE F
A%l th§ peptide mapping A7}e] xpolE Hu}
A Aok} §, 199). watA HE oS T A
T HAEZ BlRy g SEE o T o
A 9 Folrl dHEP W@y o 33
2 e Aojs etdozA WY 2 ¥
A Aolg RAGL AZ4Y F Aok A TMV
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THAA AuED e EVIE “MBPEDE"R
8 E#¥ TMV tomato AE-S density gradient
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