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Table 1. Symptoms on different species of plants inoculated with Pepper mottle virus from Taiwan isolates (TW1
and HB1) and other isolates reported in Japan, Korea, and USA.

Isolate of Pepper mottle virus

Plant species T™WI1* HB!” Japan® Korea® (Tom-sd2)  America”
Chenopodiaceae
Chenopodium amaranticola - - - ok NL

Chenopodium quinoa - sk

Cucurbitaceae
Cucurbita moschata - HoE H*
Cucumis sativus - ** w*
Leguminosae
Phaseolus vulgaris - - ** **
Vicia faba - - - *x *E
Solanaceae
Capsicum annuum
Chili pepper M* M F,D M D,M
Green pepper D,M D,M D,M Mo/N D,M
Nicotiana benthamiana M M - M ok
Nicotiana rustica D D Hk ok
Nicotiana tabacum Mo Mo Mo M Mo
Petunia x hybrida D D VC, Mo wox HE
Physalis angulata D D - *E Mo
Solanum lycopersicum D D - VN Mo, D
k% k3

Solanum melongena -

“ Isolates of Pepper mottle virus from Taiwan: TW1 and HB1.

¥ Reported Isolate from Japan (Ogawa et al. 2003), Korea (Kim et al. 2008) and America (Purcifull et al. 1975; Nelson & Wheeln
1978).

* Abbreviation of symptoms: chlorotic spot (CS), crinkle (CR), dwarf (D), necrotic lesion (NL), mosaic (M), leaf mottle (Mo), fallen
leaves (F), vein clearing (VC), vein necrosis (VN), no symptom (-), and no data (**).

st '%?Ufﬁnﬂtiw 1.3 kb [ DNA { |"Tfﬁ Egﬁyﬁﬁﬁggéigﬂﬁ
oo MTEL —[ )__[, E'E'fJ-_—_'r_ 288 7 o L )

I e ’ﬁ**“‘*' 1350 1R TL%“?'}FIJE“FT?W 4517969 fhig -
DRI W o ?‘W 5N R B gl B Hw PYMYV o= 5]
%‘L [4‘[?[[ 3’ qu@%Eﬁ ° 1,;[ H[ PepMOV-TWl ?Z[B F,J N \‘i 34 2% y -E[ —L, tr,; .H Ir_uj 3 I/[_{ POtyViI'uS FE"J’
{77 7+ GenBank ﬁ' ?t" £h Acc. No. HQ329082 > 9 PVY ~ ChiVMV #I PepMoV & %’\DFH|7JjF7ﬂ
PepMoV-HBI ?“,ﬂ {77 % Acc. No. JX962777 » 20% I'] > CMV & ¥ B £ 7.3% » PMMV
PepMoV-TW1 % PepMoV-HB1 3 Btk V #ill 7 gyjesks (iwtE 11.8% » 45 a0 HA 9 TYLCV &
15 P9E GenBabk [ #4175 PepMoV il =i 11.1% » #]E (049 CaCV = TSWV
EIELWEL;T (% 3)» F 7] PALM%\?E‘}#J;’R%% Y ] E 5.6% 22 9.0% %ﬁ%iﬁuru [ ;—rt
(ERLI A I A 3 - PepMov-TW1 8 g [ 1LY 3 ¥ 185 i B 4 - ]Fmg 1% = & W+ 1
Y 822 1) F) LRSIV 55 BEf% VB (Access No. PepMoV %= PVMV ~ ChiVMV ?E RS A
AB126033) V] PRAH[I S 32l - 3£ 100 % - A P B A P % B CMV ﬂl PVMV
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Fig. 1. Symptoms of Pepper mottle virus- TW1 inoculated on green pepper cv. ‘Knownyou 1501” [(A), left plant];
chili pepper cv.‘Knownyou 1291 [(B), left plant]; tomato cv. ‘Knownyou 368’ [(C), left plant]; and Nicotiana ben-
thamiana [(D), left plant]. Note symptoms of systemic mosaic and deformation on the plant of green pepper [(A),
left]; systemic mosaic on chili pepper [(B), left]; drawfing on tomato [(C), left]; and systemic mosaic on Nicotiana
benthamiana [(D), left]. Uninoculated plants [(A)—(D), right] were healthy.
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Fig. 2. Western blotting analysis of PepMoV from inoculated plants of tomato and green pepper. Lane 1: virus in-

oculated on tomato; Lane 2: virus inoculated on green pepper; Lane 3: uninoculated green pepper; Lane 4: purified
virus; and Lane M: protein markers.
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Table 2. Reaction of four pepper viruses with polyclonal antibodies tested by the indirect ELISA method.

Source of polyclonal antibody

Virus” PVMV ChiVMV PVY PepMoV

PVMV ++ +H+ - +,—
ChiVMV it -+ - +,-
PVY + + +++ ++

PepMoV - - +- +++

“Viruses from pepper: PVMV, Pepper veinal mottle virus; ChiVMYV, Chilli veinal mottle virus; PVY, Potato virus Y; and PepMoV,
Pepper mottle virus.

* Results of indirect ELISA: —, no serological reaction [absorbancesat 405nm (A405) < 2 times the non-inoculated control]; +, —,
A405 between 2 and 5 times the non-inoculated control; +, A405 between 5 and 10 times the non-inoculated control; ++, A405 be-
tween 11 and 20 times the non-inoculated control; +++, A405 between 21 and 30 times the non-inoculated control.

3. Pﬁﬁ?‘iﬁﬂﬁ% PepMoV-TW1 (HQ329082) % PepMoV-HB1 (JX962777) il i 15L <Y Ff e 3-5<= filei oy
) 1 i

Table 3. Comparison of identities of coat protein gene nucleotide sequences of PepMoV-TW1 (HQ329082) and
PepMoV-HBI1 (JX962777) with Pepper mottle virus isolates from other countries.

Identity (%)
Virus isolate (Accession No.) TWI HBI Country”
TW1 (HQ329082) 100.0 97.3 Taiwan
Vb (AB126033) 100.0 97.3 Korea
57 (EUS86121) 98.1 97.9 Korea
KP-3 (AB084486) 97.8 97.6 Korea
248 (EU586125) 97.9 97.9 Korea
205187 (EU586133) 98.3 97.8 Korea
JKK (AB098560) 98.5 98.7 Japan
Ca (M96425) 97.1 96.1 America
Poamoho (JQ429788) 96.1 95.7 America
NCI165 (AF227728) 83.8 83.6 America
Florida (AF501591) 94.0 94.0 America
137 (JN222367) 92.8 92.7 Cuba

“ References for isolates from Korea (Kim ef al. 2009), Japan (Ogawa et al. 2003), America (Vance ef al. 1992; Rodriguez-Alvarado
et al. 2002; Melzer et al. 2012) and Cuba (Quifiones et al. 2011).

ChivVMV # 7 F' RO D E 80.5% 0 Pep- {jf ELHBE AR E (PepMoV-HB1) fiL i 74
MoV =it 3 78 & 1 - ?y R LA AR Eé/ﬁ [y 75 #“EF%F HIH] PepMoV-TW1 FY i fr
 PepMoV F=} 1] 7.5% (Qﬂ%ﬁy, [5.) o Fi §Jﬁﬁ LR PRTE g i BEEE L R R
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The tree was generated by neighborhood-joining method (PALM). The numbers at the nodes indicated the levels of
bootstrap support based on a neighborhood-joining bootstrap analysis of 1,000 replications.
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Table 4. Occurrence of virus diseases in sweet pepper collected in central Taiwan from 2007 to 2011.
No. of plants Number and percentage of plants infected with virus®
Year assayed PMMV CMV CaCV TSWV PVY PVMV ChiVMV PepMoV TYLCV ~ ND
2007 145 15 1 20 0 44 52 40 18 14 36
10.3% 0.7% 13.8% 0% 30.3%  359%  27.6% 12.4% 9.7%  24.8%
2008 231 20 20 15 0 56 76 42 51 18 46
8.7% 8.7% 6.5% 0% 242% 32.9% 18.2% 22.1% 7.8% 19.9%
2009 282 31 26 13 51 42 90 50 70 37 53
11.0% 9.2% 4.6% 18.1% 149% 31.9% 17.7% 24.8% 13.1%  18.8%
2010 169 30 19 6 29 50 54 40 43 11 39
17.8% 11.2% 3.6% 172 29.6% 32.0%  23.7% 25.4% 6.5%  23.1%
2011 142 18 5 0 7 21 60 23 15 28 11
12.7% 3.5% 0% 49% 148% 423% 16.2% 10.6% 19.7%  7.7%
Total 969 114 71 54 87 213 332 195 197 108 185
11.8% 7.3% 5.6%  9.0% 22.0% 342%  20.1% 20.3% 11.1%  19.1%

* Virus diseases: PMMYV, Pepper mild mottle virus; CMV, Cucumber mosaic virus; CaCV, Capsicum chlorosis virus; TSWV, Tomato
spotted wilt virus; PVY, Potato virus Y; PVMV, Pepper veinal mottle virus; ChiVMYV, Chilli veinal mottle virus; PepMoV, Pepper
mottle virus; TYLCV, Tomato yellow leaf curl virus; and ND, Sample did not detect the nine viruses.
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Identification and Occurrence of Pepper mottle virus
Isolated from Peppers in Taiwan

Ying-Huey Cheng"’, Ting-Chin Deng’, Chin-Chih Chen’, Cheng-Pin Kuan®, and Ching-An Chang’

Abstract

Cheng, Y. H., T. C. Deng, C. C. Chen, C. P. Kuan, and C. A. Chang. 2013. Identification
and occurrence of Pepper mottle virus isolated from peppers in Taiwan. J. Taiwan Agric.
Res. 62(4):360-371.

Bell pepper (Capsicum annuum L.) plants exhibiting systemic leaf mosaic and malformation
were collected. By DAS-ELISA, these samples were positively reacted with antibody against Chilli
veinal mottle virus (ChiVMV). After mechanical inoculation with sap extracted from these samples,
unexpected mosaic symptoms were developed on upper leaves of Nicotiana benthamiana. The virus
infecting N. benthamiana was non-reacted with antibody to ChiVMV when tested by DAS-ELISA.
And the virus was non-infectious to Chenopodium amaranticolor and Chenopodium quinoa tested by
sap-inoculation. Pure virus isolates were obtained from infected plants of N. benthamiana by mechan-
ical inoculation with serially diluted saps of infected plants. Not only pepper plants were developed
the mosaic and leaf distortion symptoms, but also some species of Solanaceae plants were found to
be infected by this virus in the host range test. The total RNA extracted from leaves of inoculated N.
benthamiana was subjected to RT-PCR. The potyvirus degenerate primers (Hrp5/Potl) were used to
amplify a RT-PCR product of 1.3 kb DNA fragment, which was then cloned and sequenced. Results
of nucleotide sequencing revealed that the CP gene of the isolate was 100% identical to Pepper mottle
virus (PepMoV)-VB (Access No. AB126033) and was concluded as an isolate of PepMoV. Polyclonal
antiserum against PepMoV Taiwan isolate (PepMoV -TW1) was prepared by immunizing rabbit with
purified virus that has been propagated in N. benthamiana. Use of its antibody in ELISA for virus de-
tection, a total of 969 sweet pepper samples were collected from different areas of Taiwan and tested
in 2007-2011. About 20% of all the survey samples were identified as PepMoV infection and most of
them were complexly infected with ChiVMYV, or Pepper veinal mottle virus (PVMV). It is speculated
that PepMoV might already exist in Taiwan earlier, but it was ignored because the closely serological
relationships among PepMoV, Potato virus Y (PVY), PVMV and ChiVMYV could form cross-reactions
with each other and that interfered with the judgment of ELISA. Besides, the virus complex infections
were very common in plants of sweet pepper.

Key words: Pepper mottle virus, Coat protein, Antiserum.
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