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The total number of requests and associated specimens for the diagnosis of virus infection were 573 and 2,992,
respectively, on crops from agricultural places of farmers, Agricultural extension services and so forth for 5
years from 2007. The total number of virus tests was 13,325. The number of species of viruses infected on the
submitted crops was 21 in 2007, 15 in 2008, 23 in 2009, 21 in 2010 and 17 in 2011. The newly recorded viruses
were Tobacco leaf curl virus (TbLCV) in 2007, Tomato yellow leaf curl virus (TYLCV) in 2008, Impatience
necrotic spot virus (INSV) and Radish mosaic virus (RaMYV) in 2009, and Beet western yellows virus (BWYYV) in
2010. Forty virus species including Alfalfa mosaic virus were detected over 5 years. The ten most frequently
detected virus species were Cucumber mosaic virus (CMV), Tomato spotted wilt virus (TSWYV), Tomato leaf curl
virus (TYLCYV), Cucumber green mottle mosaic virus (CGMMY), Broad bean wilt virus 2 (BBWV2), Zucchini
yellow mosaic virus (LZYMV), Melon necrotic spot virus (MNSV), Pepper mild mottle virus (PMMoV),
Watermelon mosaic virus (WMYV) and Pepper mottle virus (PepMoV). The types of crops submitted from
agricultural places were 51 in total and the ten most frequently submitted crops were red pepper, tomato,
paprika, watermelon, melon, rice, cucumber, corn, radish and gourd. The total request rate for the top 10
crops and top 20 crops was 81.6% and 94.2%, respectively. Eight pepper infecting virus species included
CMY, and the average infection rate was 24.6% for CMYV, 18.9% for PMMoV and 14.7% for TSWYV. Seven
kinds of double infection were detected in pepper including BBWV2+CMYV at 14.7% on average, and four
types of triple infection including BBWV2+CMV+PepMoV at 0.9% on average. Six virus species detected on
tomato including TYLCYV, and the average infection rate was 50.6% for TYLCYV, 14.5% for TSWV and
10.9% for Tobacco leaf curl virus (TbLCV). The mixed infection of CMV+TSWYV on tomato was 3.9% on
average and of Tomato mosaic virus (TOMV)+TYLCV was 0.4% on average. Five viruses detected on
watermelon included MNSV and the average infection rate was 37.0% for MNSYV, 20.4% for CGMMY,
18.1% for ZYMYV and 17.8% for WMYV. The mixed infection rate on watermelon was CMV+MNSV and
WMV+ZYMYV having an average infection rate of 0.7% and 5.0%, respectively. The average infection rates
on melon were 77.6% for MNSYV, 5.6% for CMV and 3.3% for WMYV. Mixed infections of CMV+MNSV
occurred on melon with an average infection rate of 13.5%.
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CMV, #5¢Zulo] & 2x(Broad
bean wilt virus 2, BBWV2), TSWV % 17352 #lo|giX
of thate] S itk A& 5 Bk A= A
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stem grooving virus, ASGV)$} Alztulo] 20| = (4pple scar
skin viroid, ASSVd), L== ZE=LEF1lo]| & 2 (Grapevine
fleck virus, GFkV) 5 6%, S%ol= Al EAo]|Tulo|H
2~(Apple mosaic virus, ApMV)2} ACLSVOl tislte] zIet
sttt shElF 2 F 5 8 A=Y Aol vt
A A A Barg wlolgAE Falsle] CMV, TSWV
S A 7Fs/dol e vpoly 2o thste] skt

E g nk <
9339 nloly X ARG 84 ¥ 20073

Table 1. Number of requests and crop specimens for the diagnosis
of plant virus infection from agricultural places®

Year No. of Nq. of No. of VbiI'I.lS
requests specimens tests
2007 86 338 1,487
2008 110 641 1,877
2009 145 869 3,479
2010 95 582 4,320
2011 137 562 2,162
Total 573 2,992 13,325

*Agricultural places were farmers and Agricultural extension services
in whole country.

®Virus diagnosis was done with serological tests of ELISA and RIGS
(Rapid Immuno-Gold Strip) and genetic diagnosis of PCR, RT-PCR
and LSON (Large Scale OligoNucleotide) chip.

B 547 54 5 &
Z 5737019 oH, AT 8 AE= F 29928012
CH(Table 1). A= 4 23 A& 20073 3387
o2 7HF Ao, 20099 8697402 7 Bk T
=02 20080 6417101t} weEtA FHAFNA o
A 2 AE FE B o 20079FE 20119 Akl
= 20083 2009 0] F2Ee wpoli 2 whAjo] Hol
SHAFANA AT BkeS T8 5 Ao AT
vlo]#l 2 A F(tests)= = 13,3258 0102 20101 9]
4320807 714 2ottt

Axd AE wlol¥x FF. IR 2HT A
o ZHE 2= vpolee] FRE 200792 21F, 2008
We 15%, 200992 23%, 201089S 21, 201198 173
©7 2008d°] 7FF AU, 20093 0] 7 EdTH(Table
2).

SHEA AE S vlolg e 200730 ©
wll Sl 2 wlo] 8 2~(Tobacco leaf curl virus, TbLCV),
20080l = EntES sl drduto]E 2 (Tomato yellow leaf
curl virus, TYLCV), 200930l & 92 2}o]Aulo] g 2
(Radish mosaic virus, RaMV)2} B4 33 2wk ulo] 2 2~
(Impatience necrotic spot virus, INSV), 20103 0ll= A&
F9-33} 2 zpo] Aulo] & 2x(Beet western yellows virus,
BWYV)olth. TYLCVE A T9A 92 EnfEoA
A FAR o HZ 5, 2007; &, 2009), 201113
= 62 Ao R gtE o] vt PP EvtE

Table 2. Kinds of plant virus species detected from crops requested from agricultural places

Year No. of virus Name of virus species® Newly .recorded
species virus

2007 1 BBWV2, CGMMYV, CMV, CyMV, GYSVd, MNSV, ORSV, PepMoV, PMMoV, PRSV, THLCV
RBSDYV, RDV, RSV, SMYEYV, SPLCV, TbLCV, TBSV, TMGMYV, TSWV, WMV, ZYMV

2008 15 BBWV2, CGMMYV, CMV, MNSV, ORSV, RSV, PepMoV, PMMoV, RBSDV, SMV, SPFMV, TYLCV
SYCMYV, TSWV, TYLCV, ZYMV

2009 23 BBWV2, CGMMYV, CMYV, INSV, MNSV, PMMoV, PRSV, PVS, PVY, RaMV, RSV, SPEMV, INSV
SPGV, SPLCV, TbLCV, TBSV, TMV, ToMV, TSWV, TuMV, TYLCV, WMV, ZYMV RaMV

2010 11 AMYV, BBWV2, BWYV, CGMMYV, CMV, CVX, GFLV, MNSV, PepMoV, PMMoV, PVY, BWYV
RMYV, SMV, TBSV, TBV, ToMV, TSWV, TuMV, TYLCV, WMV, ZYMV

2011 17 BBWV2, BWYV, CGMMYV, CMV, MNSV, PepMoV, PMMoV, SPFMV, SPLCV, SqMV, B

TLCV, ToMV, TSWV, TuMV, TYLCV, WMV, ZYMV

*AMV: Alfalfa mosaic virus, BBWV2: Broad bean wilt virus 2, BWYV: Beet western yellows virus, CGMMYV: Cucumber green mottle mosaic
virus, CMV: Cucumber mosaic virus, CVX: Cactus virus X, CyMV: Cymbidium mosaic virus, GFLV: Grapevine fleck virus, GYSVd: Grapevine
yellow speckle viroid, INSV: Impatiens necrotic spot virus, MNSV: Melon necrotic spot virus, ORSV: Odontoglossum ringspot virus, PepMoV:
Pepper mottle virus, PMMoV: Pepper mild mottle virus, PRSV: Papaya ringspot virus, PVS: Potato virus S, PVY: Potato virus ¥, RaMV:
Radish mosaic virus, RBSDV: Rice black streaked dwarf virus, RDV: Rice dwarf virus, RMV: Ribgrass mosaic virus, RSV: Rice stripe virus,
SMV: Soybean mosaic virus, SMYEV: Soybean mild mottle virus, SPFMV: Sweet potato feathery mottle virus, SPGV: Sweet potato G virus,
SPLCV: Sweet potato leaf curl virus, SQMV: Squash mosaic virus, SYCMV: Soybean yellow common mosaic virus, TOLCV: Tobacco leaf curl
virus, TBSV: Tomato bushy stunt virus, TBV Tulip breaking virus, TMGMV.: Tobacco mild green mottle mosaic virus, TMV: Tobacco mosaic
virus, TOMV: Tomato mosaic virus, TSWV: Tomato spotted wilt virus, TuMV: Turnip mosaic virus, TYLCV: Tomato yellow leaf curl virus,
WMV: Watermelon mosaic virus 2, ZYMV: Zucchini yellow mosaic virus.
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Table 3. Virus species detected from crops and their prevalence ranks for the specimens from agricultural places for 5 years since 2007

Infection rate (%)"°

Virus® Rank
2007 2008 2009 2010 2011 Average
CMV 24.9 20.0 21.9 16.4 14.0 19.44 1
TSWV 13.5 20.2 8.1 5.0 17.8 12.92 2
TYLCV 0.0 16.2 28.4 5.0 7.1 11.34 3
CGMMV 20.4 1.6 0.5 18.2 7.4 9.62 4
BBWV2 6.3 6.9 9.6 2.6 8.2 6.72 5
ZYMV 3.0 12.1 33 6.2 2.7 5.46 6
MNSV 3.5 1.3 32 79 11.1 5.40 7
PMMoV 3.9 0.9 3.8 2.9 7.8 3.86 8
WMV 1.6 0.0 34 33 10.2 3.70 9
PepMoV 43 3.1 0.9 1.2 2.5 2.40 10
TBSV 4.1 0.0 2.6 34 0.0 2.02 11
RSV 7.4 1.3 1.1 0.0 0.0 1.96 12
BWYV 0.0 0.0 0.0 6.3 1.6 1.58 13
CVX 0.0 0.0 0.0 7.4 0.0 1.48 14
TuMV 0.0 0.0 1.9 43 0.6 1.36 15
SMV 0.0 5.5 0.0 1.2 0.0 1.34 16
SYCMV 0.0 5.5 0.0 0.0 0.0 1.10 17
ORSV 0.3 49 0.0 0.0 0.0 1.04 18
PVY 0.0 0.0 0.9 33 0.0 0.84 19
PRSV 0.7 0.0 2.9 0.0 0.0 0.72 20
ToMV 0.0 0.0 1.1 0.6 0.8 0.50 21
TbLCV 0.5 0.0 1.0 0.0 0.6 0.42 22
RBSDV 1.2 0.8 0.0 0.0 0.0 0.40 23
RaMV 0.0 0.0 1.9 0.0 0.0 0.38 24
GFLV 0.0 0.0 0.0 1.7 0.0 0.34 25
RMV 0.0 0.0 0.0 1.6 0.0 0.32 26
SPFMV 0.0 0.2 0.7 0.0 0.6 0.30 27
SPLCV 0.5 0.0 0.7 0.0 0.3 0.30 27
SqMV 0.0 0.0 0.0 0.0 1.5 0.30 27
AMV 0.0 0.0 0.0 1.2 0.0 0.24 28
GYSvd 1.4 0.0 0.0 0.0 0.0 0.28 28
TMGMV 1.4 0.0 0.0 0.0 0.0 0.28 28
INSV 0.0 0.0 1.0 0.0 0.0 0.20 29
SPGV 0.0 0.0 0.7 0.0 0.3 0.20 29
TBV 0.0 0.0 0.0 1.2 0.0 0.24 29
SMYEV 0.7 0.0 0.0 0.0 0.0 0.14 30
CyMV 0.7 0.0 0.0 0.0 0.0 0.14 30
PVS 0.0 0.0 0.5 0.0 0.0 0.10 31
™V 0.0 0.0 0.5 0.0 0.0 0.10 31
RDV 0.3 0.0 0.0 0.0 0.0 0.06 32

*Abbreviation of virus species as shown in Table 2.
®Infection rate calculated in each year.
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Table 4. Top ten virus species® and the infected crops from agricultural places

Crops infected

Virus species®

2007 2008 2009 2010 2011
CMV Red pepper, Red pepper, Red pepper, Red pepper, Paprika,  Red pepper,
Tomato, Oriental Paprika, Lily, Paprika, Tomato, Tomato, Watermelon, =~ Watermelon,
melon Taro Melon Cucumber, Tulip Cucumber, Mustard
TSWV Red pepper, Red pepper, Red pepper, Red pepper, Tomato,  Red pepper, Tomato
Tomato Tomato Tomato Paprika
TYLCV =° Tomato Tomato Tomato Tomato
CGMMYV  Watermelon, Watermelon Watermelon, Watermelon, Watermelon,
Oriental melon, Cucumber Gourd Cucumber, Gourd
Cucumber, Gourd
BBWV2 Red pepper Red pepper, Red pepper, Red pepper, Red pepper
Paprika Paprika Foxglove
XYMV Cucumber, Squash, - Cucumber, Watermelon, Cucumber,
Gourd Squash Cucumber Squash
MNSV Watermelon, Melon Cucumber Melon ‘Watermelon ‘Watermelon, Melon
PMMoV  Red pepper Red pepper Red pepper Red pepper Red pepper, Paprika
WMV Watermelon, - Watermelon, Watermelon, Watermelon,
Oriental melon Cucumber, Squash  Cucumber, Gourd Cucumber, Gourd
PepMoV  Red pepper Red pepper Red pepper Red pepper, Paprika Red pepper

*Top ten virus species from Table 3.
®Abbreviation of virus species as shown in Table 2.
‘No occurrence.
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Table 5. Crops and their request rates for the diagnosis of plant virus infection from agricultural places for 5 years since 2007
0 a
Crop (Korean) Request rate (%)
2007 2008 2009 2010 2011 Average

Red pepper (2L5%) 41.1 23.1 23.7 14.7 33.8 27.28
Tomato (EV}E) 9.5 15.6 34.6 15.9 8.7 16.86
Paprika (4] Tk 3=) 1.6 6.7 17.5 52 7.1 7.62
Watermelon (5~12}) 5.5 7.8 1.6 10.4 8.4 6.74
Melon (2 &) 1.6 2.6 2.6 0.5 20.4 5.54
Rice (H) 159 1.5 1.4 0.9 1.7 428
Cucumber (2.©]) 7.6 5.5 1.7 2.8 1.7 3.86
Corn (Z59) 0.3 13.7 0.0 0.0 4.4 3.68
Radish (F) 0.0 0.0 43 12.8 0.0 3.42
Gourd (2}) 0.0 0.0 0.0 10.5 1.3 2.36
Tulip (%) 0.0 0.0 0.0 7.1 1.3 1.68
Squah (&8} 24 0.0 2.9 0.2 2.7 1.64
Orchid (%) 0.8 6.5 0.9 0.0 0.0 1.64
Apple (A3 0.0 7.8 0.0 0.0 0.0 1.56
Oriental melon (£+2]) 5.8 0.0 0.0 0.0 0.4 1.24
Dragon fruit (&2} 0.0 0.0 0.0 5.8 0.0 1.16
Soybean (&) 0.0 32 0.5 1.3 0.0 1.00
Sweet potato (L7} 3.0 0.8 0.8 0.0 0.0 0.92
Bell pepper (3] ) 0.0 0.2 0.6 3.5 0.6 0.98
Chrysnathemum (= 3}) 2.6 0.0 0.9 0.0 0.0 0.52
Grape (X X) 1.1 0.8 0.0 1.3 0.0 0.64
Chivs (£:3}) 0.0 0.0 0.0 0.5 2.5 0.60
Onion (¥} 0.0 0.9 0.5 1.5 0.0 0.58
Potato (7+A}) 0.0 0.9 1.1 0.7 0.0 0.54
Spinach (A] = X]) 0.0 0.0 0.0 1.8 0.0 0.36
Fox g]ove (Z] ﬁo') 0.0 1.0 0.0 0.7 0.0 0.34
Oriental cabbage (HH —ir) 1.1 0.1 0.0 0.0 04 0.32
Strawberry (2 71) 0.5 0.0 0.5 0.5 0.0 0.30
Papaya (I} 3}FoF) 0.0 0.0 0.0 0.0 1.4 0.28
Endive (X .2]) 0.0 0.0 0.0 0.0 1.3 0.26
Egg plant (7}4]) 0.0 0.0 0.9 0.0 0.4 0.26
Lily (3 &) 0.0 0.4 0.0 0.9 0.0 0.26
Lettuce ("&5°) 0.0 0.0 1.2 0.0 0.0 0.24
Perilla (E71) 0.0 0.0 1.1 0.0 0.0 0.22
Curcuma (7OP§§’) 0.0 0.0 0.0 0.0 1.1 0.22
Cabbage (¥HI ) 0.0 0.8 0.0 0.0 0.0 0.16
Mustard (3}) 0.0 0.0 0.0 0.0 0.6 0.12
Blueberry (&5l 2]) 0.0 0.0 0.2 0.4 0.0 0.12
Carrot (F2) 0.0 0.0 0.5 0.0 0.0 0.10
Bok choy (% 7 2H) 0.0 0.0 0.5 0.0 0.0 0.10
Taro (E#h) 0.0 0.4 0.0 0.0 0.0 0.08
Japanese quince (Ug X}—L]——‘f—) 0.0 0.4 0.0 0.0 0.0 0.08
Garlic (W}&) 0.0 0.0 0.0 0.3 0.0 0.06
Ixeris dentata (& H}-7) 0.0 0.0 0.0 0.3 0.0 0.06
Pimpinella (=) 0.0 0.0 0.0 0.0 0.2 0.04
Honey suckle (¢15) 0.0 0.0 0.0 0.0 0.2 0.04
Kidney bean (7'd&) 0.0 0.0 0.2 0.0 0.0 0.04
Rape (F-#1) 0.0 0.1 0.0 0.0 0.0 0.02
Barley (2.2]) 0.0 0.0 0.1 0.0 0.0 0.02
Broccoli (B2 & 3]) 0.0 0.0 0.1 0.0 0.0 0.02
Leaf beet () 0.0 0.0 0.0 0.0 0.1 0.02

“Infection rate calculated in each year.
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Table 6. Viruses and their infection rates on red pepper from agricultural places for 5 years since 2007

Infection rate (%)"

Infection type®
2007 2008 2009 2010 2011 Average

BBWV 0.0 8.4 2.4 5.0 84 4.84
CMV 27.9 28.3 21.8 30.0 15.0 24.60
INSV 0.0 0.0 4.6 10.0 1.4 3.20
PepMoV 0.0 0.0 43 15.0 1.4 4.14
PMMoV 52 17.6 14.6 20.0 37.0 18.88
PVY 0.0 0.0 0.0 17.5 0.0 3.50
TMGMV 3.9 0.0 0.0 0.0 0.0 0.78
TSWV 273 30.0 5.1 2.5 84 14.66
BBWV2+CMV 19.0 0.0 375 0.0 0.0 11.30
BBWV2+TSWV 0.0 0.0 43 0.0 4.0 1.66
CMV+PepMoV 104 0.0 0.0 0.0 1.4 2.36
CMV+PMMoV 6.3 1.9 0.0 0.0 16.7 4.98
CMV+TSWV 0.0 2.8 0.0 0.0 0.0 0.56
CMV+TYLCV 0.0 11.1 0.0 0.0 2.7 2.76
PMMoV+TSWV 0.0 0.0 1.1 0.0 0.0 0.22
BBWV2+CMV+PepMoV 0.0 0.0 3.8 0.0 0.7 0.90
BBWV2+CMV+PMMoV 0.0 0.0 0.8 0.0 1.3 0.42
BBWV2+CMV+TSWV 0.0 0.0 0.0 0.0 1.4 0.28
CMV+PMMoV+TSWV 0.0 0.0 0.0 0.0 0.7 0.14

*Abbreviation of virus species as shown in Table 2.
®Infection rate calculated in each year.
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Table 7. Viruses and their infection rates on tomato from agricultural places for 5 years since 2007

Infection rate (%)"

Infection type®
2007 2008 2009 2010 2011 Average

CMV 0.0 0.0 1.6 354 72 8.84
TbLCV 50.0 0.0 4.6 0.0 0.0 10.92
TBSV 23.1 0.0 11.8 12.5 0.0 9.48
ToMV 0.0 0.0 0.5 2.1 4.6 1.44
TSWV 7.7 22.7 3.6 25.0 13.7 14.54
TYLCV 0.0 77.4 75.9 25.0 74.7 50.60
CMV+TSWV 19.3 0.0 0.0 0.0 0.0 3.86
ToMV+TYLCV 0.0 0.0 2.2 0.0 0.0 0.44

*Abbreviation of virus species as shown in Table 2.
®Infection rate calculated in each year.
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Table 8. Viruses and their infection rates on paprika from agricultural places for 5 years since 2007
) Infection rate (%)
Infection type®
2007 2008 2009 2010 2011 Average
BBWV2 = 20.0 6.8 0.0 0.0 6.70
BWYV - 0.0 0.0 39.3 35.7 18.80
CMV 57.5 65.6 572 0.0 45.08
PepMoV - 0.0 0.0 3.6 14.3 447
PMMoV - 0.0 0.0 0.0 50.0 12.50
TSWV - 0.0 1.4 0.0 0.0 0.35
TYLCV - 0.0 14 0.0 0.0 0.35
BBWV2+CMV - 10.0 25.0 0.0 0.0 8.75
BBWV2+CMV+PepMoV - 12.5 0.0 0.0 0.0 3.13
*Abbreviation of virus species as shown in Table 2.
®Infection rate calculated in each year.
‘No specimens requested.
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Table 9. Viruses and their infection rates on watermelon from agricultural places for 5 years since 2007

Infection rate (%)°

Infection type®
2007 2008 2009 2010 2011 Average

CMV 0.0 0.0 0.0 0.0 5.0 1.00
CGMMV 35.0 14.3 334 6.7 12.5 20.38
MNSV 10.0 0.0 50.0 65.0 60.0 37.00
WMV 55.0 0.0 16.7 0.0 17.5 17.84
ZYMV 0.0 85.7 0.0 0.0 5.0 18.14
CMV+MNSV 0.0 0.0 0.0 34 0.0 0.68
WMV+ZYMV 0.0 0.0 0.0 25.0 0.0 5.00

*Abbreviation of virus species as shown in Table 2.
®Infection rate calculated in each year.
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Table 10. Viruses and their infection rates on melon from agricultural places for 5 years since 2007

Infection rate (%)°

Infection type*
2007 2008 2009 2010 2011 Average
CMV 0.0 0.0 16.7 0.0 0.0 5.57
MNSV 100.0 0.0 42.8 0.0 90.0 77.60
WMV 0.0 0.0 0.0 0.0 10.0 333
CMV+ MNSV 0.0 0.0 40.6 0.0 0.0 13.53
*Abbreviation of virus species as shown in Table 2.
®Infection rate calculated in each year.
Table 11. Viruses and their infection rates on cucumber from agricultural places for 5 years since 2007
_ Infection rate (%)°
Infection type®
2007 2008 2009 2010 2011 Average
CGMMV 50.0 0.0 50.0 0.0 41.7 28.34
CMV 0.0 0.0 0.0 0.0 334 6.68
WMV 0.0 0.0 0.0 12.5 32 3.14
ZYMV 50.0 46.2 0.0 0.0 0.0 19.24
CMV+ZYMV 0.0 0.0 0.0 87.5 0.0 17.50
MNSV+ZYMV 0.0 53.8 0.0 0.0 0.0 10.76
WMV+ZYMV 0.0 0.0 50.0 0.0 15.7 13.14
CMV+ WMV+ZYMV 0.0 0.0 0.0 0.0 6.3 1.26

*Abbreviation of virus species as shown in Table 2.
®Infection rate calculated in each year.
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