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Two Tobamoviruses showing different local lesion types on Nicofiana glutinosa was isolated from commercial
pepper seeds. These viruses were designated Tobamovirus-6 (T-6) and Tobamovirus-19 (T-19). The biological
and serological assays revealed that T-6 and T-19 were closely related to Pepper mild mottle virus (PMMoV) and
Tomato mosaic virus (ToMV), respectively. The isolates also had low similarity in the array of viral coat protein
gene sequences, of which T-19 was most identical to known strains of ToMYV, while T-6 was closely related to

PMMoV.
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FAFo A HBIE Tobamovirust Bell pepper mottle
virus, Mild dark-green tobacco mosaic virus, Para-tobacco
mosaic virus, Pepper mild mosaic virusPMMV Z-&
PMMoV),
(ToMV-ob), Tobacco mild green mosaic virus, Tobacco
mosaic virus(TMV), Tomato mosaic virus(ToMV) 59| 3]
THGebre-Selassie2} Marchoux, 1991; Rast, 1982; Sanfacon,
1993; Wetter, 1984; Wetter, 1986; Wetter 5, 1987).
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ol E & AE. o] Ao A3 Tobamoviruse
Nicotiana glutinosas ©]-&¢+ ¥t £2E T3 o
Al ABEE IFFAZREH Esidon, FaEbe]
A Eo] 1-2mm) A 3-5mm? AL ZFz} Tobamovirus-
6(T-6)7 Tobamovirus-19(T-19)E W3l A vz
o AH&3 ToMV-KE 3% ERLE FxpoA 2238l
ToMV-0b$} TMV-P8Z A7}2] 344 (Vegetable Research
Institute)$} 3}3+2] Rijk Zwaan Seed CompanyZ%-E 7}
ZF B wten, gujrzlolFulo]g A BEA(TMV
common strain, TMV-U1)2 American Type Culture
Collection® ZHE Y&t}

AEAAR. ZAN T Tobamoviruse] 7153 S AN
93t T63 TMV-P82 Nicotiana occidentalisd] 1} =A]
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vlo)&) 2 AS-2 Nicotiana tabacum cv. Samsun ‘nn’®l] &
AAZE ZH2ke] vlolg 27 e o 1gol 5mi9) Tris-
HCl &%89(pH 8.0y H7lsla #22 A vkt
8,000 rpmellX 5E7 AT F I3 FFAE H
FTHo2 AN ol HEYL AANF ¥ 3
A JF3ReH HEd AEL 200C~30°CY Fraj4
AN AujStAAN BALHES AR

HholB& AA). T-199F TMV-U1E Nicotiana tabacum
cv. Samsun ‘nn’®l], T:6, ToMV-ob, TMV-P8& N. occidentalis
o ztz} F213 ¥ Goodings} Herbert(1967)2] ol
w2t BRI FETEE ol AE 309% A%
&foll X4k 35000 rpmoll A 1A1ZF 308 F9F 29
AET s} A& JAEL 2% 001 M QA2 (pH
74H02 §&3Ytt. £&% vlo]H AL 10-40% A&
U &% 8l (sucrose density gradient) ¢l X433 25,000
pmoll A 2A17HEQF AR T o FAZIZ e
o] 252 FASIAT 283 35,000 rpmoll A 1A1ZF
3087 YAEY s Hlo|HAE FEA)7)AL 0.85% NaCl
< T 001 M ANAZTA(PH 7422 &&3le o]
Zo] APAEE AFRSETH

PEY. AT F 1208 A% HE Y E7|(NewZealand
White)E AHE-3te] T-6, T-19, TMV-Ulo)] th3t FHHF L
AREATE 13] RAA] ALE-E 99 FE 1 mg/miol
X 25 AL E F 43 Ev e 28 FABIY
. A AR Fol= Freund's complete adjuvantS 3¢
F TF Ao AHEEAL UHA FALl= Freund's
incomplete adjuvant® ARE-3ER T} wpR| g FA} 2F Fof
A7A AxE st FEH S EelsHth PMMove &
AE<Q TMV-PS} EvlE R X2}ol= ulo] & A(TMV-L)d)
e FEHS dEAELFS P NAN TYsta

HANIFRBY. AW 1FEPES Wetter(1984)
o] WU tha Yosty dAlEg e 1 HAE UL
3 7o} WA 0.1 M Tris-HCl £ (pH 8.0) 100 m/o)
Noble agar 0.8 g, NaCl 1 g, SDS 0.5 g} NaN, 0.2 g&
B3 7pE3le &ad F A o] 12emd] ETAE HE
2 A 6 mi¥ BT gelS AZSIAT. KEEH (well)
o} A& ¥gA7He] A7t 5Smme gel puncher2 Tt
€ A dd3 FEH S 7 12w ¥ 24°Ce
Al 48AIZHERE WA & AE BE3IH T ToMV-
obE AT FYY FTEE 5mgmit 1 mg/miol YL
ToMV-ob= ZHE AFU FIe AE39TH

A2 gAY. 24P 9EAHE Lommel S(1982)
o] WHE thd WY ohed o) F3ya.
AL 150 W ¥H-3-FH(Nunclon 96-well plate, Nunc., Ltd.)

o] kAol H7IBIAL 4°Coll A 12A17F B9t Bag oL
1% bovine serum albumin® 0.85% NaCle] ¥ 0.1 M
A2k (pH 7.4) 2.2 40487} blocking3dtith. zF 3H¢d
of tigt A2 ug/mhE 150 wiA WAl A7 sk 24
7+ B9 BEF o2 233 (1 pg/mholl 1A17E 307 B
2t R v 7128 (pNPP)E A 718hal 3087 W
SAZ 28l vHg-A 3= ELISAE HE7](ELX 800,
Bio-Tek instruments, Inc.)S AFE-3F] 405 nmol|A 3=
£ &3

LAl §AAe] J71ALEA.  SDS-phenol F5
HE of&3te] 100 uge] FAE uto]z Mo RNAS
£l o2 Juu @ 44 FH FHo2 AMg
3ttt RNA FE 22 7E S E A A4S (polymerase
chain reaction, PCR)C.E 2o gh#ia GAzE Z=Zs)y)
A8kl N-ZH primer(5-CGGTCGCGGAATCGGATTC-
GGTATTAAATATGT:-3)¢} C-2% primer(5'-ACCCTTCG-
ATTTAAGTGGAGGGAAAAACACT-3)2 DNA%H 7] (391
DNA synthesizer, Applied Biosystems)Z %4 31T}
PCR& reverse transcriptass RNA PCR kit(Perkin Elmer
Cetus, N808-0069)E Al-&-3te] th&3 ZHo] AAE L}
AA C-E primer(100 ng)E H7Fsle JAAG o2
cDNA € FE313L N-ZE primer(100 ng)E H713
% denaturation(95°C, 1%), annealing(60°C, 2%-), extension
(72°C, 2)9 &&= ¢#AH L 533 ¥E3E . PCR
2 & oI I(CP) F+HAE TA cloning kit
(Invitrogen, K2000-01, USA)¢] pCRII £HHAo] 49l &
T77} M13 reverse primer2 H71 €8S AR 3N CP
Fxte] H71M B8 MacAlign(DNAstar 3.30C)2 A3}
o] NCBI(GenBank)°ll 5E¥ & TMV AlS2 #42
o} Bla BEASGT 245 A7IAE S o gte g Wi
23t $ Phylip 3.5c(Felsenstein, 1993)8 AHE-3ta] Hlo]®
274 fARAE AN
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ZAARZ/IFE. T-195 Chenopodium amaranticolorl A
Al RS YA F oM ARE st #EAdg ol
Fuigsliel ¢lo] Tl 4L doF o) YR nlo)
Hie JE 79 ool HEQ HAFEEEE do
713 ANZAEA) R}, N. tabacum Xanthi-nelH T-
199 ToMV-obi= HEFll AL 7wk 48 &
A BAolz F4E 4o T YA wpolgiae
HEG HAF RN Fdsla A sA]) Zsin).
FAIE vlol & REE HEF 3-10Y o]Fl N. glutinosa,
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o2 HAAZEIFRL T657+ TMV-P8S 2+ gt Bxjola WAL fHddte HAFoE FAIstAh

Table 1. Symptomatic reactions induced by pepper Tobamovirus isolates T-6, T-19 and three known Tobamovirus strains on assay hosts

Isolate and strain®

Assay host
T-6 T-19 T™MV-Ul ToMV-ob TMV-P8
Chenopodium amaranticolor LP L{cur)* L CS L
C. quinoa Cs CS(cur) Cs Cs Cs
Nicotiana clevelandii M SM SM SM M
N. glutinosa sL L L L sL
N. tabacum Samsun ‘nn’ SL SM SM M SL
N. tabacum Xanthi-nc sL L) L sL{mM) sL
N. sylvestris - L SL L -
N. rustica L L L L L
Datura stramonium L L L L L
Lycopersicon esculantum Bonnie best - mM - M -

*TMV-U1: TMV common strain from American Type Culture Collection, USA. ToMV-ob: Tomato mosaic virus strain from Vegetable Research
Institute. TMV-P8: TMV pepper strain from Rijk Zwaan Seed Co., the Netherlands.

®CS: chlorotic spot, cur: curling, M: mosaic, mM: mild mosaic, SM: severe mosaic, L: local lesions, sL: small local lesions, SL: symptomless
local infection, —: no infection.

¢ Characters in parentheses indicate occasional occurrence.

Fig. 1. Agar-gel immunodiffusion test showing serological relationships between T-6 and T-19 isolates, and three known Tobamovirus
strains. A and B: Center wells were filled with antisera of T-6 (e1) and T-19 (c1), and peripheral wells were filled with 1 pg/m/! of purified
viruses of TMV-U1 (a), TMV-K (b), T-19 (c), ToMV-0b (d), T-6 (¢), and TMV-P8 (f). C & D: Center wells were filled with purified
viruses of T-6 (e) and T-19 (c), and peripheral wells filled with antisera of above mentioned viruses and TMV-L (g1) and TMV-P (hl).
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Bonnie best EFLESA T-19%= &F3E RAfo]IFAE A
o 71 Wheted ToMV-obe A3 EApelA F4e &3
9 U] vlolg e ZESHA &UTHTable 1).

o3} 7Ho] T-6& N. sylvestris, Bonnie best EFIEE
0] &3l T-19, TMV-Ul, ToMV-0b$} A 78T 5
new, 3] TMV-P8F} FASE WHe-8 ESiTh T-192
Chenopodium amaranticolor$} Chenopodium quinoa®l| *|
vehd ¥ o8 thE Tobamovirus AISESN FEE &
2113 Melchers(1966)2] dahlemense AlE-3 FAHE 54
S By} =3 N glutinosa®} Xnathi-nc BelAM= =
A& TAL HAT A AT s e
olgl gt Fde 3_71 AEQ9 F=7F =AY 2271 30°C
¥ St Jedd F2 FEEHAT

AR dABRA. FAmPo|H 2] HTH 54
ALal7) 18k A o) F b I SAHA A
B3ttt AW oS FAEY] AL FAIT 57X
A 971E 182 FYsA 24T o 1mg/ml &
o] ulolgj2 S WAL W, T-6 FBHL TMV-
p8tE 7AsHAl whgEtg oy YA nlelgAske ofs)
Al B35 tHFig. 1-A). T-19 FEH-2 TMV-UL, ToMV-
K, T-67= 78 g8k ou) U R upoje] o= oF
3 AP E FAsI9ckEFg. 1-B). T-654 T-199 st &

A &gl vk 3L RE T62 T6 33F E TMV-
P &¥A = AW JAUE gAY Y9z ¥
3= o5 oA WSSk thFg. 1-C). el T-19
e INE 2 Y3} Al whE-EthFig. 1-D).

olAY T65} T19 FEHL 5 =9] RAY Tobamovirus
o tiate] MZ W3R wpolg o] TRV AFEY
o A Fdo) JFssldEd, ©1A2 Alonso 5(1989),
Nagai 5(1981), Wetter 5(1987)°] 2313t v}o} YX}s}=
A2 Tobamovirus AlE7l ZA3k= 35371 (common
epitope)®] ol W& Xpo]Z HolT}.

283 EAHIEAHY] A9, T6 A TMV-P &
A T-63 TMV-P8E A2l $H Lpe|X] nlo]ejieh= ofst
A 923 F 2, T-199 ToMV-L F3HL T-199 TMV-
Ulste 7438t vheatg ot yeA] vlo|g| e ol
°¥6}7ﬂ ke st Tk 28]l TMV-UL 83& T-19 Bt}

£ TMV-U13} 7331A W83 th(Table 2).

oo 4345 & u) T63 TMV-P8 71dgh %‘4?‘2}
2 §QFA Joy T64 T192 FABAZ B2 A
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cloning® T-63 T-19¢] 3'non-coding regions ¥3Hg
A Ee 371E 27t 593 bp(e= No. AF103778)%} 584
bp(5E No. AF103776)3t}h. F #2|F9] fjagud 7
o) SFshe FAAS Aol 480 bpE FL3NAUT)
E7r M E Y SALEE 60%E WEFSES M (Fig.

Table 2. Extinction values in ELISA obtained by cross reaction
between Tobamovirus isolates or strains and their respective
antisera

Isolate and strain®
Antiserum®
T-6 T-19 TMV-Ul TMV-K TMV-P8
Anti-T-6 1466 0.308 0.241 0.280 1.226
Anti-T-19 0314 1329 1.172 1.318 0.322
Anti-TMV-U1 0.191 0.832 1.159 0.793 0.231
Anti-TMV-L 0.202 0.783 0.465 0.826 0.256
Anti-TMV-P 1.67 0.515 0.227 0.686 1.236

3Anti-T-6, anti-T-19, and anti-TMV-U1 were prepared from the
blood of immunized rabbits; and anti-TMV-L (tomato mosaic
virus) and anti-TMV-P (pepper mild mottle virus) were purchased
commercially from Research Institute of Japan Plant Protection
Association, Japan.

*TMV-U1: TMV common strain from American Type Culture Col-
lection, USA. TMV-K: a strain of tomato mosaic virus isolated
from ‘Kwangmyeong’ tomato. For each viral antigen, 10 ug/m/ of
purified virus was used for precoating the ELISA plate.

Wi
T-6 1 GGTCGCGGAT TCGGATTCGT TT-AAATATG GCTTACACAG 4
T-19 1 -T AAT TCTGATTCGT ATTAAATATG TCTTACTCAA 4
8
8

41 TTTCCAGTGC CAATCAATTA GTGTATT g GTTCTGTATG
41 TCACTTCTCC ATCGCAATTT GTGTTTTTGT CATCTGTATG

91 GGCCGATCCA TTAGAGTTAC AAAATCTATG TACTTCGGCG 120
91 GGCTGACCCT ATAGAATTGT AAAACTTTGG TACAAATTCG 120

121 TTAGGTAATC AGTTTCABAC ACAGCAGGCT AGARACTACGG 140
121 TTAGGTAACC AGTTTCAAAC ACAGCAAGCA AGAACTACTG 140

141 TTCAACAGCA GTTCTCTGAT GTGTGGAAGA CCATACCGAC 180
141 TTCAACAGCA GTTCAGCGAG GTGTGGAAAC CTTTCCCTCA 180

181 CGCTACAGTT AGATTTCCTG CTACTGGTTT CAAACGTTTC 240
181 GAGCACCGTC AGATTTCCTG GCGATGTTTA TAAGGTGTAC 240

241 CGATATAATG CCGTGCTAGA TTCTCTAGTG TCGGCACTTC 280
241 AGGTACAATG CAGTTTTAGA TCCTCTAATT ACTGCGTTGC 280

281 TCGGAGCTTT TGATACTAGG AATAGGATAA TAGAAGTAGA 320
281 TGGGGTCTTT CGATACTAGG AATAGAATAA TCGAAGTAGA 320

321 AATCCTACAA CTGCCGAGAC GCTTGATGCG ACGATGCGGG 360
321 AAACCAGCAG AATCCGACAA CAGCTGAAAC GTTAGATGCT 360

361 AAATCCGCAA TAGATGATGC GACGGTGGCC ATTAGGGCCA 400
361 ACCCGCAGGG TAGACGACGC TACGGTTGCA ATTCGGTCTG 400

401 GTATAAGTCC CATCATGAAT GAGTTAGTTC GTGGCACGGG 440
401 CTATAAATAA TTTAGTTAAT GAACTAGTAA GAGGTACGGG 440

441 AATGTACAAT CAAGCTCTGT TCGAGAGCGC GAGTGGACTC 480
441 ACTGTACAAT CAGAATACTT TTGAAAGTAT GTCTGGGTTG 480

481 ACCTGGGCTA CAACTCCTTA GACATSATGG TGTAAATAAG 520
281 GTCTGGACCT CTGCACCTGC ATCTTAAATG AATAGGTGA- 520
* ok ok

521 TTGGACGAAC GTTAAACGTC CGTGGCGAGT ACGATAACTC 560
521 TGAAATATAA ACTTTGTGTT TCTAAACAAA ACG-TGGTAC 560

561 GTAGTGTTTT TCCCTCCACT TAAATCGAAG GGT 600

561 GTACGATAAC GTACAGTGTIT TTTCCCT--- -- caT 600
Fig. 2. Nucleotide sequences of coat protein genes of T-6 and T-19
isolated from pepper seeds. Arrows and asterisks indicate initia-
tion codons and termination codons, respectively.
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Fig. 3. Amino acid sequences as determined by coat protein gene
sequences of T-6 and T-19 isolated from pepper seeds. Amino
acid residues are symbolized as follows. A: Ala, C: Cys, D: Asp,
E: Glu, F: Phe, G: Gly, H: His, L: Ile, K: Lys, L: Leu, M: Met, N:
Asn, P: Pro, Q: GIn, R: Arg, S: Ser, T: Thr, V: V, W: Trp, Y: Tyr.
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