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In the year of 2002 annual nationwide survey of virus diseases occurring in the pepper fields and greenhouses
in Korea, the distribution and the incidence of viral diseases was investigated. The pepper samples from both
greenhouses (155 samples) and open fields (227 samples) were collected and further analyzed to detect eleven
different viruses by RT-PCR. The results indicate that no sample collected from both greenhouse and open
field seems to be infected by TMV, RMYV, PVY, AMY, and TSWY. On the other hand, CMV, BBWV2, Pep-
MoV, PMMoV, TMGMY and ToMYV are readily identified from greenhouse and open field samples by RT-
PCR. The infection rates of the collected samples between greenhouse and open field are largely different.
Comparing with 10% of virus-infected pepper samples grown in greenhouse, approximately one third of pep-
per samples collected from open field are infected. The mixed-infection rates in the virus-infected greenhouse
and open field samples are 16% and 61%, respectively. The dominant virus occuring in greenhouse is
PMMoYV, indicating that virus-infected seed stocks and infected plant debris in the growing area may be
important sources of inocula. On the other hand, both CMV and BBWYV2 are dominant viruses in open field.
This may indicate that the migration of viruliferous insect vectors into pepper fields may be the most impor-
tant source of inoculum. Also, the survey shows that BBWV2 is newly immerging virus to be controlled in
Korea. The discrepancies on the distribution and the occurrence of viral diseases between field and green-
house may provide a fact that the accumulation and distribution of inoculum by successive cultivation and the
migration of viruliferous vectors into growing areas are likely to be important factors to determine the inci-
dence of viral diseases. Therefore, the further studies on epidemiology and the consideration of new breeding
program of pepper are essential to minimize virus diseases.
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bean wilt virus(BBWV)= o}2JE|L}, E7lgjo}, drte,
olgelo}, YR, 22T BAGN Be TNE £ At
(Boccardo®} Conti, 1973; Conti 5, 1972; Gracia®} Gutierrez,
1982; Imoto, 1975; Lockhart®} Fischer, 1977; Yankulova®}
Kaitazova, 1979). 3087} w722 Tomato spotted wilt
virus(TSWV)E 3tfelol A 1940 el & Hsl & F3)
3(Cho T, 1989), 19841d Fo|R el el A= 60% ©] o]
7+ = 91 vH(Greenough$} Black, 1984). 5o A5l
EulEuto] 3 2(tobamovirus) F 7HE EA7F HE wlo)

2E PMMoVE AMAASE EA)7}F 5L Ao (H,
1989; Garcia 5, 1990; Greenleaf &, 1964; Nagai &, 1981;
Pares, 1985), A9l wal Tobacco mosaic virus(TMV)2}t
Tomato mosaic virus(ToMV)2] ZsiAlg] 7} RrEo] it}
(Abdalla 5, 1991; Alonso %, 1989; Hamm %, 1995;
Igwegbe®t Ogungbade, 1985; Schuerger 5, 1995). &3]
Hpolg 202 WA o] B0 R st W xr] St
oz WA {75 7] oY, E=g oFAEAI7Y @A
7HA E7bsstth 28 B2 gAAQ HAI A S st
7] $lste] aFo] B AE A
Fob e ol tist 712A77t Mg s ojof g,

o 45%¢] upolgjart n3E Fse Z0FE HasE
o] 2121 H(Green®} Kim, 1991), AZHoz2E Ao u}

& Fo upo|g| 27} AAF o7 &AL of7|Ee ¥
< doFit}(Abdalla 5, 1991; Benner 5, 1985; Makkouk
3} Gumpf, 1976). =) L3o)) WA 3= vlo|# e 1971
Wt 19739 ZAA] TMV, CMV, Potato virus X
(PVX), PVY, Alfalfa mosaic virus(AMVy’} &% FEx= &
g AL SATHE 5, 1972; 7 5, 1973). 1991
doll= 1059 ¥E3 S AHE-S DAS-ELISAC 93] 3
Futolg A8 A A3 471 upo|# & (TMYV, CMV,
AMYV, TSWVyL ZAe] o 94%E 2X)EA9tHE &, 1991).
a3 AFFAZRE PMMoVY ToMV7F H-2lEH e
H, EdlRvtolg X HFOHEE 78.5%2 YEISTHEE
1999). A7k ALF-ol|A] Hlolgj i o] FARs T
75 A ol o &t o] FojF 7] W] EA)
o] vlolgj& RHAAE 2ejs] & o P& vlolgix
o] FAo] o] FAAA AUE 7Fede] At Eg AA
o= & IFFFol AEI Iz, AlEAE) EA e
o} g ABRE = o] Bl FioleiA Lo
WA e vpolE 2y 3k B2 Wbt Gt £ 4
TFollME A= FQ AEIF E =X 35 AujR] Ao
A vpelgls WAL Hols AFE AFste] Ax @A
3 JHAEFE LA W-S(RTEPCR) 24 53] Y3
g vlolgls W& Xeste] ulolejar o] W AE| ] of

ol

ojAE - AT - HZF - WKLY - ofFA - o1 - BN

slo] eroluwat aich.
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HpolEl & A 3. AEAM 13E 20029 3Y
ANX 49l A3 FQ AuRR] 49%F 7oA upolz 2 Hhy
$2 AT ZANE 15582 ANSA. mA A
IFE 2002 7€M 9Yol AFEE AT A 351
7R 7o) vpolH A W ES RASIAA, vho]# 2 7
AR 22788 AT $HE AEE SR &%
2 o —70°C W aellA Bastdct.

AR 27,
acidE ©|-8-3}od direct negative staining method el <]
8] Ax}& )7 (Carl Zeiss LEO9I2AB)C. & o] ¢
A= 27T

ZA RNAEE. RTPCR 49 F¥(template)2. 2
ARE-EE7] 91ate] AR e A EA 2o ZRE A RNA
£ E2lslth. AA RNAE Total RNA isolation system
(Promega Co.) ©]-&-3l9 =7 50 mgollA &3t
o 2" AA RNAE HEFH2Z jce-cold 75% ©l &
=2 33 AAHE & A=x3 S RNase-free ZFF 50
ulell =91 o RTPCR £24]0l] Alg-atsinh.

Zelolv] P4 » A 1159 nHlo] 2 2(PMMoV,
PepMoV, CMYV, Tobacco mild green mosaic virus, BBWV2,
PVY, TMV, ToMV, Ribgrass mosaic virus, AMYV, TSWV)
o that & Sol# Zgjo|wE HA vk RT-PCRY| AL
&3ttt A wlolzl X Zhzte| st frAtede] ¢
71ME HEE B thd Hlolel&rt F5EHoE s
AT F(species) 5013 F7IMEA Zetolw & AA 5
Aok G E Zetolm = didute]g| 29 FRAulol A
AHE3le BolAH o g whEdle Zelo|nE Aitsyh
(Table 1). ZtzHe] wlo]#) 2o th3k RIPCR AH=-S Fig.
13+ Zt}.

RT-PCR. 7 AH(Reverse transcription) HHg-2 ¥-2)3%)
A RNA 05 pl, 25 pmole TFELAEF Zilon
(downstream primer), 5X 9ZAF FHN (250 mM Tris-
HCI, 150 mM KCl, 40 mM MgCl,, 5 mM DTT, pH 8.5)
1 ul, 10 mM dNTP 0.5 p/, 10 U RNase inhibitor, 2] 3%
2 U AMV SHALEAE #H7Hg ¥he- 5 W& 42°Col A
30%:7F A Elst AAIE v 95°ColA 5w WA
A AT S3HE AN (Polymerase chain reaction, PCR)
S AHAPSY 5 Wl 25 pmole YZE Y T ato]n
(upstream primer), 1.25 U Taq DNA polymerase, 10X =
a4 AEES 259100 mM Tris-HCl, 500 mM K(l,

A 25 9L 2% phosphotungstic
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Table 1. Primers used in this study

[§9)
|95}
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Target Primer pairs* Sequence Length Product (bp)
PMMGY PMMo-C30(-) GCTCCGAGAAGTGCCGACA 19 310
PMMo-N50(+) ATTGGGCAGAACTCGGAGTCATCGG 25
MV CMR3-C20(-) CGACTGACCATTTTAGCCGTA 21 458
CMR3-N60(+) ATTTGATTCTACCGTGTGG 19
PepMoV PepMoV-C40(-) TATCGTGGCATGTATGGTTCTTG 23 540
PepMoV-N30(+) TGGAGAGGAGAAAAAGAAAAATAA 24
TMGMYV TMGM-C2(-) GTCCACTAGCAGTCTCAAAGCCTGC 25 501
TMGM-N1(+) AATGTAAGTGATGACGAGTCTATCG 25

BBW2-C40(-) GCTAGGTCCAGGCAAATTGTA 21 .

BBWYV2 579
BBW2-N20(+) ATACACAAATAGTTCTCA 18

PVY PY-C50(-) AAACTTTGTATCTAGCACTGATCA 24 538
PY-N10(+) ATTTCATCCTTTTTCATTCGTAGA 24

TMV TM-C2(-) AACCAGAAGAGCTCTCGAAAGAGCT 25 501
TM-N1(+) ATCGATGATGATTCGGAGGCTACTG 25

ToMV ToM-C60(-) AACTCTTTTTCAACTTCATC 20 585
ToM-N30(+) CTACTGCCCTTTGTCATTAGAA 22

RMV RM-C10(-) GGATTCGAACCTCTCACTT 19 250
RM-N30(+) AAGGTTTCGAAGGTGTGGTTGACG 24

SNV AM-CI10(-) CGCATGGGTAGGAGCTGTGAAGAC 24 440
AM-N50(+) CTGGTGGGAAAGCTGGTAAAC 21

TSWV TSW-C1(-) AACACTCAGTCTTACAAATCATC 23 1039
TSW-NI1(+) TTATTAAGCACAACACACAGAA 22

The primers were selected after the alignment of the nucleotide sequences from the known isolates of each virus. *(—), downstream primer;

(+), upstream primer.

M1234567891011M

Fig. 1. RT-PCR analysis of eleven viruses infecting pepper plants.
RT-PCR is carried out by standard method. M : 100-bp standard
ladder; Lanes 1, PMMoV (310 bp); Lane 2, CMV (438 bp); Lane
3, PepMoV (540 bp); Lane 4, TMGMV (501 bp); Lane 5,
BBWV2 (579 bp); Lane 6, PVY (588 bp); Lane 7, TMV (501 bp);
Lane 8, ToMV (285 bp); Lane 9, RMV (859 bp); Lane 10, AMV
(440 bp); Lane 11, TSWV (1,039 bp).

15 mM MgClL, pH 8.3) 2 WE FA73la F/FE H7}
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Table 2. Incidence of viral diseases of pepper plants grown in
greenhouses
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Table 3. Incidence of viral disease of pepper plants grown in open
fields

% range of % range of
Province Area PIO of % plant infected Province Area No. % plant infected
ields disease fields  disease
' plants plants
Jinju 8 39.9 0.1-99 Andong® 50 27.26 1-80
. Haman 3 0.7 0.1-1 Cheongsong® 51 12.45 1-70
Gyeongnam’ Gyeongbuk
Changnyeong 5 0.26 0-1 Yeongyang® 44 14.50 1-80
Miryang 5 18.63 0-90 Uiseong® 43 26.28 2-90
Jangseong 3 0.03 0-0.1 Umsong® 20 35.75 5-90
b Naju 3 0.67 0-2 Goesan® 30 26.97 1-90
Jeonnam .
Gwangju 2 17.75 05-35 Chungbuk  Boeun® 30 19.83 1-60
Boseong 5 0.42 0-1 Chungju® 1 70 -
. Dangjin 4 0 - Jecheon® 5 28 5-60
Chungnam .
Gongju 7 0.71 0-5 Yesan® 4 72.50 50-90
Jeonbuk® Gimje 1 0 - Chungnam  Cheongyang® 6 81.67 40-90
Gyeongbuk®  Yecheon 3 0.1 0.1-0.1 Buyeo® 3 73.33 30-100
Total/average 12 49 9.4 0-99 Teonbuk Jeongeup® 13 61.54 20-90
eonbu
Sampling time : ®March 18™-March 21", "March 26"-March 29%; Gochang’ 12 66.67 40-90
April Z?d-April 4™ The estimation was empirically made by the Yeongwol® 3 36.25 5.05
observation of the symptom expression of the pepper plants in green- Gangwon b
houses. The wide range (0 to 99 %) of the disease incidence in the Pyeongchang 9 18 2-50
pepper plants grown in greenhouses might be due to either virus G Hapcheon® 6 16.83 1-50
i i eongnam
infected seeds or poor management of the disease. yeong Changnyeong® 5 29.40 2-80
. . Anseong’ 8 78.75 40-90
W 3, A%, 4% A APl 32 P47 = Gyeongei L s
= QA & Iy T v [e130)
i. "o "] T T?:. 201 1 Oﬂ Z] L}'Z] /\l'7] Cq1—7—0ﬂ H]—O] 31 Haenamc 1 70 -
e tgg,] 131__,_1-133.%0] ‘7’%7“ b"E}'\’l' 7)‘\]—9—§ E—?_]_E]' 7]'0 A T'F Jeonnam Gangjin° 1 40 _
T = = =
Z1dA gt 228 wholgs B ARt & A°lE Total/average 22 351 28.89 1-100
= e = O Qa
Hole A& AldAmAle] #eids, 2 9€ Z]"o'] A8 Sampling time : *July 30™- August 3%; *August 15" August 17%;
o7 ZAAYG, AAANA A S 7jelst Aew ¥ ‘September 4™- September 6". The estimation was empirically made
S by the observation of the symptom expression of the pepper plants in
== open fields. The characteristic of the disease incidence in open fields
S AN 3R] i3k ¥ A EE 79 30U9A4 9 was relatively higher in the area of west coastal plain. It is thought
- - that the sampling time, August in east mountainous area and Septem-
o 3e) [o=] J o
6 Aol H=xo= 22/—(] A 3512 ARSI ber in the west plain, may produce this discrepancy in the incidence of
(Table 3). AFAA 7= LFA -;:‘—7]§ 2o £7] Hxo the viral disease.

Sgatn, o] Al7le] A W d
Al A 315l BlEf ZFEs] %ﬂl UrE}kkE}. =3 i
g0 WHE 1~100%= AAAuelA Hofzl Azpel v}
MR 2 Apel7h A3kl vEbstth o) vlol# &
7rdE 2218 AMLsle] 2Rsg AV A odE 3
7oA A= 7] WEl Aoz ATEnh QFYA7E

)\_..

=

2 2d oY 2P AN AYL AUdez 89 =&
o] ZAFE R)elo) HE) HlolalA WG] A =9
th ol =AAulS 739 Mo o3 npolE s 4

o] t% WYso] Yeig ARz AztEn ddHos
F24% )7} 9 wAAue] A9 AREe) EF
o5 719) tiEe] 3} olasd) AR,

AAER 7JAA. 73S 23 AEE direct negative
staining method®] &3] AXldw]7q oz Fagt A3 vt
o3 0‘2}(Fig 20)sk AVER SAAHFig. 2B)E BEE
AneH, F33 TP A FEER] gyt Ty
g f4A= RTPCR J&ZE 3 EF PMMoV, TMGMY,
ToMV% 3l 202 ERIHY e, AV A= o
HE PepMoVZE ZEEHATE 3, +H YA CMV}
BBWV2 52 ZEEFAS ©]-43F direct negative staining
method®l} oJsiAl= #&AEHA eisieh AHYE A7t &
e & 11539 A8 F AAE2F 13 =X2F 1537
9] A]J8% RT-PCR JTo|A A FElE 7= PepMoV
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%0 108(6.5%), PepMoVE 587 (37.4%), TMGMVE 74
=ppiri (4.5%), BBWV2E 9(5.8%) H9] AlRlA SelEiet. 2

Z} PVY, TMV, ToMV, RMV, AMV, TSWVE &5 A
gttt 2579 AR 259 ulolg| Lo Ed o
AU 219 AHE T E o AR ] 25l 2
&&= Blo]g 2= PMMoV. PepMoV, CMV, BBWV2,
TMGMV =0 & Ho| At FAHE 2 B
HE EvRule]# 22 (PMMoV, TMGMV)e] o] &k
3 AYERE FAA= vio]# & (PepMoV, CMV, BBWV2)
o] dAjo] AF o2 AL AL YRIHEH AE A

25

20

Disease incidence (%)
o

0 =
AR ) B 719k Aoz ®elth Yo
Soil treatment e AR AL PMMoVe] drao] Bty Adr|ede

Fig. 2. Morphology of the virus particles negatively stained with . Ry —— o Aol i
phosphotungstic acid in peppers. Bar equals 200 nm. A, Rod- PepMoVe| 2o ekt o722 AdA| 2] A7)
shaped particles; B, Filamentous particles. 7102 A= =02, AGH O Z PepMoV E5ZIGE9]
gol ZAIS A%z F2ETh #¥ Fuw A¥AGe
¢} PVYZE ZT=R] el o714 #F8 AMEE "ol AHY F & 2 oWl ZH%QEP*ﬂ “H—r°ﬂ e A8
B2 o7k tiFE 600~900 nmE FEjH o Z Hol X FA MFEE PMMoVZE AEHATH Al AH 2
SH7A ) RN BAEA ke ohE TEplold  FelN AYT 18 REA AlEA 1L6%)E F31 u
29 oz FZHh oleiz WAL UshiRort & 470 Aed 11F )
A A 23 vlelE Ay A, AEAE] 23 oli g Zejolv|s} whEehA] e AoR & o
o o W oAU v Hpelg o) o3 F

Nl T 15582 AIREE 11F vle]H 2 (PMMoV, A3 43l
PepMoV, CMV, TMGMT, BBWV2, PVY, TMV, ToMV, Ao & Jtidr},
RMV, AMV, TSWV)] t3}e] RI-PCR o2 s} EA A 23 wpolEay WAME. H A A )
ATHTable 4). = A3 PMMoVE 784 (50.3%), CMVE  33olA A3 2278 2] A|8Z 115 ulo] 2]~ (PMMoV,

Table 4. The results of RT-PCR analysis using pepper samples collected from greenhouses
No of

Province Area samples PMMoV CMV PepMoV  TMGMV  BBWV2  Unknown’ Coinfection
Jinju 56 44 4 10 1 0 6 9
Haman 17 | 2 7 6 0 1 0
Gyeongnam® Changnyeong 11 6 0 1 0 0 4 0
Miryang 18 12 3 6 0 3 2 8
Subtotal (%) 102 63(61.8) 9(8.8) 24(23.5) 7(6.9) 3(2.9) 13(12.7) 17(16.7)
Jangseong 1 1 0 0 0 0 0 0
Naju 5 0 0 5 0 0 0 0
Jeonnam” Gwangju 14 1 0 11 0 5 2 5
Boseong 19 2 0 18 0 1 1 3
Subtotal (%) 39 4(10.3) 0 34(87.2) 0 6(15.4) 3(7.7) 8(20.5)
Chungnam®  Gongju 7 5(71.4) 0 0 0 0 2(28.6) 0
Gyeongbuk®  Yecheon 7 6(85.7) 1(14.3) 0 0 0 0 0
Total (%) 10 155 78(50.3) 10(6.5) 58(37.4) 7(4.5) 9(5.8) 18(11.6)  25(16.1)

Sampling time : “March 18"-March 21"; *March 26™-March 29"; *April 2"-April 4.

“The samples were shown viral particles in observation of electron microscope or apparently indicated viral symptoms, but no virus was detected
by RT-PCR. Approximately 80% of the samples contain either PMMoV or PepMoV. The rest of the samples shares CMV, BBWV2, and
TMGMT. No sample contains PVY, TMV, ToMV, RMV, AMV, and TSWV.
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Table 5. The results of RT-PCR analysis using pepper samples collected from open fields

Province Area sgr(r)q())lfe PMMoV CMV PepMoV TMGMV BBWV2 ToMV  PVY  Unknown® Coinfection

Umsong® 28 3 25 7 0 19 0 0 1 21

Goesan® 20 10 9 2 0 12 0 0 1 11

Boeun* 6 0 5 3 0 6 0 0 0 6
Chungbuk .

Chungju 2 0 2 1 0 0 0 0 0 1

Jecheon® 13 7 2 3 0 1 0 0 0 0

subtotal (%) 69  20(29.0) 43(62.3) 16(23.2) 0 38(55.1) 0 0 2(2.9) 39(56.5)

Andong? 8 3 4 6 0 8 0 0 0 8

Cheongsong® 6 1 3 4 0 6 0 0 0 6
Gyeongbuk  Yeongyang® 4 1 2 1 0 4 0 0 0 3

Uiseong? 5 0 4 4 0 4 0 0 0 4

subtotal (%) 23 5(21.7) 13(56.5) 15(65.2) 0 22(95.7) 0 0 0 21(91.3)

Hapcheon® 10 5 6 7 1 7 1 0 0 8
Gyeongnam

Changnyeong® 9 4 3 3 0 8 1 0 0 7

. Anseong® 18 1 17 4 0 16 0 0 0 15

Gyeonggi

Icheon® 4 0 4 1 0 2 0 0 0 3

Yeongwol® 18 2 8 1 0 10 0 0 3 6
Gangwon b

Pyeongchang 16 1 5 0 0 2 1 1 6 0

Yesan® 12 3 12 0 0 4 0 0 4 11
Chungnam  Cheongyang® 14 3 13 5 0 12 0 0 1 12

Buyeo® 5 1 2 5 0 5 0 0 0 5

Jeongeup® 14 7 4 4 0 6 1 0 4 9
Jeonbuk

Gochang® 12 4 3 0 0 1 0 0 6 2

Haenam® 2 | 1 0 0 0 1 0 0 1
Jeonnam B

Gangjin® 1 1 0 0 0 0 0 0 0 0

Total (%) 22 227  58(25.6) 134(59.0) 61(26.9) 1(0.4) 133(58.6) 5(2.2) 1(04)  26(11.5) 139(61.2)

Sampling time : *July 30™- August 3; "August 15"- August 17"; “September 4”- September 6"; “The samples were shown viral particles in obser-
vation of electron microscope or apparently indicated viral symptoms, but no virus was detected by RT-PCR. TMV, RMV, AMYV, and TSWV are
not detected in the samples collected from open fields, but a single sample contains PVY. The predominant viral diseases of the pepper plants
grown in open fields are both CMV and BBWV?2, indicating that viruliferous aphid vectors may be important sources for the high incidence of
viral diseases in open fields. Weeds near the pepper fields may have to be considered as major inocula for CMV and BBWV2. Therefore, the stud-
ies on weeds as virus reservoir could provide a way to reduce the incidence of viral diseases in pepper.

PepMoV, CMV, TMGMV, BBWV2, PVY, TMV, ToMV,  PVY(04%) Tolith AgHoz & w, BEAL
RMV, AMV, TSWV)ol| t3le] RILPCR HHLo. 2 A3t PepMoVSt BBWV29] TAjo] th& 2| He v3)] ©@ke
S thTable 5). = A3 CMVE 134, BBWV2E 133, © E39gd Awrt =4 el 2X]olAle AlAA)]

PepMoVE 61, PMMoVE 58, ToMVE 5, TMGMV+E 1,
PVYE 139 AZoA RISt 28t TMV, RMV,
AMV, TSWVE HE&HA] 4stth & 1397¢] A|lg7} &
S HAZ, ol F 8679] AEE 2% HlolElX, 38
Ao NRE 3% ulol#la, 649 ANEE 45 dlojgs
o] B&qd =t AAFeZ B wf =X A 250
wHsl= Hlo]#lAe CMV(59%), BBWV2(58.6%), PepMoV
(26.9%), PMMOoV(25.6%), ToMV(2.2%), TMGMV (0.4%),

iR M B} ujsfFe] o] folslunE G &
71 vFo|#22(CMV, BBWV2, PepMoV, PVY)2] ‘TAjo]
ZFAAYE 2 EAES st BEviEbbo] 3 2 (PMMoV,
ToMV, TMGMV) Bt} AtfF o2 Eotrt 3 AJdA
il AEEA &8 ToMvel o] Belggr}. k4]
A ZFoA AAFE 152 J (-] AEY 6.6%)y= A}
A0 AANA A ARE BBAAOU ZEH
2 2(PVY, PepMoV) J&HE Zglo]w e} w8317 ¢
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Table 6. The summary of the states of mixed infections in pepper
plants grown in greenhouses and open fields

Greenhouse Open field
Virus No of No of

samples samples %
Single Infection 130 839 88 38.8
PMMoV 60 387 18 7.9
CMV 3 1.9 30 13.2
PepMov 39 252 5 2.2
BBWV2 4 2.6 14 6.2

TMGMV 6 39 0 0
ToMV 0 0 3 1.3
PVY 0 0 1 0.4
Unknown® 18 116 17 7.5
Filamentous 1 0.6 6 2.6
Others 17 11.0 11 4.8
Cotnfection 25 161 139 612
PMMoV+CMV 6 39 7 3.1
PMMoV+PepMoV 12 7.7 1 0.4
PMMoV+BBWV2 0 0 10 4.4
CMV+PepMoV 1 0.6 4 1.8
CMV+BBWV2 0 0 46 20.3
CMV+ToMV 0 0 1 0.4
PepMoV+BBWV2 5 32 17 7.5

TMGMV+PepMoV 1 0.6 0 0
CMV+PepMoV+BBWV2 0 0 25 11.0
PMMoV+CMV+BBWV2 0 0 10 44
PMMoV+PepMoV+BBWV2 0 0 1.3
PMMoV+CMV+PepMoV 0 0 22

+BBWV2
ToMV+TMGMV+PepMoV 0 0 1 0.4
+BBWV2

Unknown (coinfection)* 0 0 9 4.0
CMV+Filamentous 0 0 4 1.8
PMMoV+Filamentous 0 0 2 0.9
CMV+BBWV2+Filamentous 0 0 1 04
PMMoV+BBWV2+Filamentous 0 0 1 0.4
PMMoV+CMV+Filamentous 0 0 1 0.4
Total 155 100 227 100

“Among unknown samples, filamentous viral particles are observed
in the infected tissue under electron microscope, but no virus is
detected by RT-PCR. The samples indicated by “others” never show
any sign of the virus by both EM and RT-PCR. However, it is highly
possible that those may be infected by the virus having isometric
particle unless their symptoms are caused by various physiological
effects.
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