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ABSTRACT

This study researched the current occurrence status of viral diseases of solanaceous
crops in the main production areas of Gangwon province, In the results, CMV, BBWV2,
PepMoV, and TSWV were verified in peppers and paprika of Gangwon province, During the
research period, there were no crops suspected or infected by PepMoV, so that it is
judged that there is no villiferous or infected aphid by this virus in Gangwon—do, For
development and distribution of the rapid diagnostic kits for major horticultural viruses,
we successfully developed seven speedy immunochromatographic strips(SIS) kits for diagnosis
against PMMoV(pepper mild mottle virus), CMV(cucumber mosaic virus), ZYMV(zucchini
yellow mosaic virus), WMV (watermelon mosaic virus) and TSWV(tomato spotted wilt virus),
15,000 virus diagnostic kits were distributed to farmers and the county agricultural
technology centers in Gangwon province, Horticultural viruses diagnostic workshop was
conducted one times for the last years, Such results of this study could be used as the
basic data for the stable production of crops through the early prevention of plant diseases
occurring in the solanaceous crops of Gangwon region,

This studies were carried out to investigate the occurrence patterns of cyst nematodes in
Gangwon province and to develop control techniques. Beet root cyst nematode( Heterodera
schachtii) and Clover cyst nematode(Heterodera trifolii), Which are tagers for public
conrol, are occur only in Gangwon province, Cyst nematodes are very difficult to control when
they occur, and the control methods that can be used in farmers are also tricky, Therefore,

several experiments were performed, including developmental surveys to find ways to
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effectively control cyst nematodes, After the first occurrence in Taebaek—si in 2011, the
occurrence increased to surrounding areas, And, in 2018, Cyst nematodes are occurring in
Jeongseon—gun, Samcheok—si, Gangneung—si and Yeongwol—gun including Taebaek—si, No The
Occurrence of Cyst nematodes could not be confirmed outside of Taebaek—si, Jeongseon—
gun, Samcheok—si, Gangneung—si, and Yeongwol—gun in 2019, 76 samples suspected of
developing cyst nematodes were analyzed, Of these 68 samples, Cyst nematode genes are
expressed. In addition, clover cyst nematode(H, trifolii) was identified in 63 samples of
more than 90%, The occurence of cyst nemaotedes was mainly seen at adjacent sites, For
the first time this year, the nematode had a high density of more than 500 eggs except

Gohan—eup, Jengseon—gun,
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AR Aol AN WS dolel WA 242 S 24, B,
9 szelzlo] WA uolzlAs) WA ZASIL, 24 AZIE A4 % 30204, 609 %
Tl AAIE shaleh A A A7) 2 didebelgare e EHI A0l CMV,
TSWV, BBWV2, PepMoVo| tjal, mzalzte 2d7 A4 CMV, TSWV, BBWV2, PepMoVo
O PHOEALE ANEHAT, EAIA AU Molels ZAARE RI-PCRENE olgalo] vol
A2 AR L4 AHE AES 1.5m FHO| temxiem=7]| 2 Ze}t upfdt & easy—spin'
[DNA free] Total RNA Extraction kit(iNtRON Biotechnology, Seongnam, Korea)E ©]-&3}¢]
AREAL Wi el wet £2E stelen, I AEAelA HA A Bt F A FEES A
ool o] &5ttt AL Zchol| it mie|g A0 Solzeton= HEXNZTAY wHEHATY A=
HETlof A t]x}elst Eﬂ}olﬂ% AL5ETHE 1), POCR RAY ZHe 90nl 2 1XAccuPower”
PCR Master Mix(Bioneer, Daejeon, Korea) 2ul, Forward primer(10 pmol) 1ul, Reverse primer
(10 pmol) 1ul, RNA 2ul, D.W 142 wH-2A|H T

RT-PCR ZZ-& 55°Col|A 30, 95°Co|A 108 AAA} ¥F2 T 95°Co| A 107t denaturation
S 95°Co|A 30%, 57°Co|A 40%, 72°ColA] 45% =2 3532 333l TbLCV(Tobacco leaf
curl virus) €+ TYLCVE 95°Co|A]l 387t denaturation £, 94°Cefl Al 20%, 55°Co|A 30%,
72°Co|A 1E=Z 353 o2 35ttt PCRo] Ya=EH ZF AHEL 1.2% agarose geloA A

NE 1) YAZE AQufA] il YU E D HES

r-lm

NGES B dgelne sttt WAFE HEE BAS BT FAWAS sl 98 F
Ae, A AWotel HEE 2AE AAstan AWE ARE BAF GAEES 919
A PORMPHS ol§3to] uloleag Astech, ¢4 ANE ARES Lonl Rrol FAud W A
SES 2427 snteld U ga nhe & g ol £ 7122 AHgdtel DNA W RNAS
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Z2Z319th AME7]EX easy-spin'" [DNA free] Total RNA Extraction kit(iNtRON Biotechnology,
Seongnam, Korea)& ol8alo] AL&h lyrodol] wet Relg sk, fAA Aeto] ok vl
olgjAo] Fo| Ztolms FETH FH TPt AEH oA HARQIFE ZetolME ARE-S}
QUHEE 1), PCR AN ZHC 20ulE Maxime PCR PreMix Kit(i—-MAX™ II)(iNtRON Biotechnology,
Seongnam, Korea) 2ul, Forward primer(10 pmol) 1ul, Reverse primer(10 pmol) 1ul, DNA 2
u, DW 14ul2 TYLCVE WREA|Z AL, RT-PCR AN ZFHL 20ul=Z SuPrimeScript RT-PCR
Premix(2X)(GeNet Bio, Daejeon, Korea) 2ul, Forward primer(10 pmol) 1nl, Reverse primer
(10 pmol) 1ul, DNA 2ul, D.W 14pl & TSWVE €S A A Th

PCR2 95°Cof|A] 357} denaturation &, 95°Co|A 20%, 55°Co|A] 30%, 72°CoA] 189 =2 35
3|2 Z8Yst9 L, TbLCV(Tobacco leaf curl virus) 2+ TYLCVE= 95°Co|A 357t denaturation &,
94°Co] A] 20%, 55°Co|A 30%, 72°CojA 18R 353 ZXASRE Z8Ysl¢¥l, RT-PCR XAE
55°Co)l Al 308, 95°ColA 108 JAA} v T 95°Co|A] 1087t denaturation %=, 95°Co| A] 30%,
57°Co| Al 40z, 72°Co|A 45%=2 3532 ZH3Ysl9lal  PCRY RT-PCRo| $&=W 7+ AHEL

’

1.2% agarose geloAl A7|95L E3)] FH o2 E golstert.

H 1. Hio[Z A ofyF FEO ALER Z20|H =28

_ HIIME PCRAIZ
H{O|2HA 20 0|& R
to|2 to|H o] (5-3) 27|(bp)
oy CMV DP ul CGTCGTGGTTCCOGCTCOG 5901
CMV DP d2 AGCGCGCATCGCCGAAAGAT p
BBWV2 1-1u AAACAAACAGCTTTCGTTCCG
BBWV2 BBWV2 1R GCCATCTCATTGGCATGG A 380bp
PepMoV ul AATGGCACGTCCOCAAA
PepMoV PepMoV d1 TCTCTCTCATGCCAACTACGA 705bp
TSWV 6F GAGATTCTCAGAATTCCOCAGT
TSWV TSWV 6R AGAGCAATCGTGTCAATTTTATTC 459bp
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FAAY NAEAS JPATE FEA, WA, AR, YU, JYTS FHOZ ATFLY
O T EFS AF BU/EHNERRY zio} L] Gt WAEHFE WrRAst B

HNEEASO] WAgo] oilE= 27 oA 307 A& old& AAdste] EdE AR A= 24

Ao g Zlo] 20cm7tA| o] EQkS AFHETE Bk A=Al 7o) AfFHst= Ao] "Wrx
golattt, APH EFS udEAd Yol w2z oA star, 40Co|idol|l wEA|7|A] ¥,
1O~15°C0ﬂ BIEte], XAZER] 3F o] dolzlr] Ao /J\]/\E/ﬂzo Balstch, R E BEofoi] =
52 e A, 4 AS T oommAn AN A Y s00w FAskel A3l Agus
5000 EOFS oL wlFlo] Wi B 9/3 Ao T & AHolErh 1 B 0mesh D £ Bt Ao
B0k |tz W] Fo] 20mesh A 919 AAZ|E flollA ooz Ao ‘HE] floll A=zl
A7) BEH, 20meshs o|-8sto] Azl B 30%7F WAsto] 7hehetel & 60mesh Ao
3] F=T}. 60mesh Ao HQl FRAE+IAE)S 200ml H|o|A| 2T HE WAES
counting dish9jof] Fi1 sjEEu|F oz Haste] WAE 45 counting $HC}. counting $F A A
ES A HAE Qo] Sl & 4+ RARE AAZTE 1.5ml tube dhuto] HAE 6704 Hol F 5
M tubeE WHEo] WAEES 7MEH Y= & =5 countingdit},

Sample & 25~50mg HE=(WAE 371) w3 &5 o|8ste] FE3] T4fskal 1.5ml Tubeo]
27 200ul 29| Tissue Lysis Buffer (TL) € ¥t} Proteinase K 20ulE #H7}sta 60C oA
ZAo| = g8= d7tx] B stttk 200ul® Binding buffer(GC) & ¥ il 334 Q] mixing
Q&) goBE 7I5HA Vortexing $Hcl. 100ul®) IsopropanolS Wil pipetting 2 351HA
Ert_”cﬂoﬂ folo] Ux] AL E gpin down $F o] Binding columno] ML HT ot =7

B7F oF 8000rpm(6000g) oA QA Ee| e}

Blndmg columne Tubeo A ®WHo] 2L 1.5ml collection tube®] 7]&t} 500ul®] Wi
bufferE ¥l 187F oF 8000rpm(6000g)o| A ¥AE 23Sttt Binding columns ®WUjo] Collection
tubeo]] ©7] HHL Hl thA] 7|93 500ule] W2 bufferS ¥il 187F 2F 8000rpm(6000g) <l Al
HAEE gttt oF 13000rpm(10000g) &2 127F Y42 sto] Ethanols €3] A ATt 1.5ml
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tube® Binding column< &7|3 200ul®] Elution bufferE dil

B 2 MAEMZE SHE st gRT-PCR =4
Step Time Temperature
Enzyme activation 3min 95T
Amplicati DNA denaturation 10sec 95T
mplcation Primer annealing 60sec 63T
(35¢cycle) : :
Primer extension 30sec 72°C
Melt curve 0.2-0.5T steps 72C—95C
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- oz g7} (Tt %)

ALY
ALK
5.2 6.4 7.9 8.16 8.29 9.10 918 9.26 10,15
el 0.0 0.0 54.8 65.5 70.2 78 - 70.9 71.0
N A1 0.0 0.0 2.0 - - - 100 - -
pagel
LY

srolAad{FE Ht gdvles 29 159 4 BBWV27E 68.1%% 7P w9tem CMV7E
55.4%% F RIAIR &2 #9ES EAAL TSWV 7} 41.0%% 21, PepMoVe HHEA| kTt o=
27t TSWVZF 52,9%2 713 =9k, BBWV2 40,6%, CMV 36,3%<=0|1 o 159} nfzl7lx] 2
PepMoV #ASAl &2 AR H& o d5ef vpxe]r} WAt U5lE2 PepMoVe U734
e AR WHEHGEE 4)).

# 4, Hol2iA BF & AGHE (T2l %)
d2 dolplr B Sk

7.9 8.16 8.29 9.10 9.18 9.26 10.15
CMV 55.4 25 47 64 56 100 69.6 26.1
o TSWV 41,0 0 17.7 16 44.5 100 60.9 47.8
BBWV2 | 68.1 100 70.6 56 68 60 78.3 43.5
PepMoV i 0.0 0 0 0 0 0 0 0
CMV 36.3 19.4 50 70.2 16 - 48 4 50
et TSWV | 52.9 04.8 46.6 48.9 78 - 70.9 71.0
BBWV2 | 40.6 32.3 65.5 42.5 38 - 61.3 447
PepMoV i 0.0 0 0 0 0 - 0 0

S REES W AGES BFAE cMVe BBWV2Y HEo] Ha 30004
10%0 HEES Bt S8 99 3} 1090] HAlE HEB] 4 £ et shmelrlelAs
2} oA 2 CMVe} BBWV29] HEEo| 7 =9ron, CMV= 10¥€ BBWV2+= 993} 10€
of 74 £ REES AT FAUH REES nRoNE AT 59k 30%0 RESS B
AT Fzeolas s8I 9o 50%E £ HEES RATHE 5). oz g wiE BE
B o] ke By TSWVO| A9 gage] Z7Ke whel i BEgo| F7ksHs AR Bl
olgfat ATHs FAaElo] olslAul eolE Fuldde] B4 olHRe] 7R A ulolaag
REG %ol 276l HTAS Kol Ao WREYHIY 2, volela 7l T
Mol CMVe} BBWVZE 1o HAZ|HS WYL, FrrlolA cMVE d HEsys
TSWVOl 3t $E whdo] UEhdthad 3.,

)
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5 S HES 2M7H (£H9): %)
ZHE ZAY
I WES = HFO|2{A
Xl < 8.16 8.29 9.10 9.26 10.15
CMV 60 30 60 50 50
A BBWV2 60 70 20 50 50
PepMoV 0 0 0 0
AR =
o CMV 60 60 50 50
T atzal7b  BBWV2 70 60 50 50
PepMoV 0 0 0
] e 30 30 30 30
% LE| —L TSWV
W a7} 50 20 2 50 10
70 g0
&0 B0
70
50
60
£ —zas e —zas
oF T
&1 30 —HEE g1 40 —uEs

20

10

9.26

10.15

9.10 9.26 10.15
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(A9 2) otz vholgls JH7IE Azt B

2019410l 15ATHAZ R0 2] A(PMMV), Lo|BAto]TutolA(CMY), F71UBshurjolzule]
BA(ZYMV) Fetajoldute] el (WMY), ERFERFYS|Eutol e ATSW)E 42 18 4 & 57
Ho) A= AT, o3 AR TEE AUE 187 A 271 eAE AAE guRE
Gow 3€ol woleiddms P ARl UAHS ANste] FATFS stgon, Sue
AL AL 177 Al FA7ISAE ] 247 26084 AT ES BFSAGE 6., 1Y 4).
B W ARAE BHIH AU ES Bl vl AIFAe] e AT B oL
ANstgom, ARYER Bl Hx] g vlolel il 714 NUYHE Fa) POREAE AAshr)

H 6. H0|ZE Hio|2A THIIE EFUHS
=2

ol 7|2 HIIR(20], HE L8 5) JHRIR(DF, EOLE, o227t §)
-Toe CMV ZYMV WMV CMV PMMoV TSWV
34 35 55 40 35 55 40

UFA] 35 55 40 35 55 40

A 35 55 40 35 55 40

34 35 55 40 35 55 40

el 4] 35 55 40 35 55 40

232 35 55 40 35 55 40

A A 35 55 40 35 55 40

wopy] AT 35 55 40 35 55 40
Sne | AT 35 55 40 35 55 40
=T gee 35 55 40 35 55 40
FAt 35 55 40 35 55 40

AT 35 55 40 35 55 40

P 35 55 40 35 55 40

Ft 35 55 40 35 55 40

QAAIT 35 55 40 35 55 40

AT 35 55 40 35 55 40

ot 35 55 40 35 55 40

24 | T 70 10 80 70 10 80
4,740 665 945 760 665 945 760
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2016\ qRT-PCR AT} PR3-S Lkl 4979 AR% ARENAENZFL 10%, ZRHAAE
51%, BTAAEAFS 10%9) v &R F4E AT AL & A AT F 50| A
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{91ct, 20183t 2019 0= APl Sblsl= =
°fli= 70%7F 2019 ol 90%9] WlEE FRHMAEAT Y WAHE YEtHE 6). FeA A

= B olfr= 2 WAE SiA Y
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E7 oY MAEME LMEHE(16~19)
=X747

Gdf= SANR 8dUS o iiens %E;Wz;ﬁé SNAENE
2016 209 49 19 25 5
2017 214 71 5 51 18
2018% 44 19 1 13 6
2019* 76 68 63

 NAEAE AT ONER 24

W E o
2
J

40.0 \
20.0
\_

0.0
2016 2017 2018 2019
== schachtii =*=H. trifolii H. ghecine
O 6. HEE MAEMS LM

AU HAENF HE WA Sl 20199 87 WAy mAe] e Y=
2% F B AT 3R] AR % 92he] AReIA AAENF SAAe] wale] Sl
Holm, 5749 AlReAE HAENF S W] SelEx gioret s274e) AR mE
WAEAF §740) wdlo] Selsiglon], & thE ZAYAGA AAEAF] ARTAAE F
WA ISR eokth BAMANA AXEAFE oA FRMNAENFT AN LEA
FI %ol 2L F BULEMFE 3AY AN AR AL ALY, FHLENF] WYY
e wE FREAAENFY BGGElds B0 Ueith HAEdF] AfE WA
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