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Detection of Viruses in Melon and Cantaloupe Planted in Chiang Mai, Chiang Rai

and Lamphun Provinces
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Abstract: Collection of melon and cantaloupe leaf samples showing virus disease symptoms were carried out in
the production areas both greenhouse and open field in Chiang Mai, Chiang Rai and Lamphun provinces of
northern Thailand. Enzyme-linked immunosorbent assay (ELISA) with monoclonal and polyclonal antibodies
were used for virus detection. The results showed that after virus detection from total 163 leaves samples, the
highest disease incidence was 68.87% caused by Melon yellow spot virus (MYSV) followed by the genus
Begomovirus (4.9%), Papaya ringspot virus (PRSV) (2.4%) and Zucchini yellow mosaic virus (ZYMV) (2.4%).
While Begomovirus and Watermelon silver mottle virus (WSMoV) were minimally detected with 1.8% and 1.2%,
respectively. MYSV co-infected with Begomovirus were the highest incidence of mixed infections. Triple virus
infections (PRSV, WSMoV and ZYMV) was detected from cantaloupe leaf. Virus particles were observed by
using transmission electron microscope (TEM), the result showed that the average size of enveloped nearly-
spherical particles of MYSV with 80-150 nm diameter, flexuous particle of PRSV with 650-850 nm long and
twinned-icosahedral particles of Begomovirus with 25 x 35 nm diameter. The results indicated that MYSV was
the most threatening virus for melon and cantaloupe production in northern Thailand under both greenhouse

and field conditions.

Keywords: Virus, melon, cantaloupe, ELISA, transmission electron microscope
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UNARER: LﬁUﬁ']’ﬂﬂ’]ﬂULN@@uLL@ Lmummﬂ‘ﬁ'memmmmiiﬂiﬁm mﬂﬁyuﬁﬂ@ﬂsluﬁqw‘fmﬁmim \Heragne
UATATY aluannissseunazutlaadln nsasaudelialnelimaiia enzyme-linked immunosorbent assay
(ELISA) $auruTnlnaueauauiuefuasina lnauaaLauiues Faannnsmsaasiatngluimiomn 163 et
$ineRT ELISA WL91 Melon yellow spot virus (MYSV) L‘]‘flum@"lfmwmm@wﬂmmnmmﬂmﬂua‘@m: 68.7 TA9A9HN
ﬁ'ﬂ@ﬂ@ Begomovirus (esas 4. 9) Papaya ringspot virus (PRSV) ) Besiay 2.4) was Zucchini yellow mosaic virus
ZYMV) Geaaz 2.4) Tuane Amgoanua na Begomowrus wa e Watermelon silver mottle virus (WSMoV)
Wuanuauasay 1 Buaz 1.2 ANNATAL WaNanil ANn19dnga wummnmmm‘qmu 99938 l05anng
1 95im IAuA MYSV wmmmmqmuaﬂ@ Begomovirus snawuimmnmm YANANT WU e N e
dolaa 3 17ia 1Hun PRSV, WSMoV uay ZYMV Lufamqqm@mﬂwmvﬂummmm@”l.qmmﬂslmﬂmwmmmu
BanAsauLLLAEY Wi MYSV HgisAaudinananuazilifl Lﬂfauufagmm flannmaeAnwinmy 80-150 untusas
wuaynal¥adnsomdudugnonnaes PRSV Sanaedewinnu 650-85 i tuwas Lmzmmﬂ”lfai?zﬁﬁ@ﬂu’l,ﬂum\i
NANFAYBNANA Begomovirus faunmwAsvinty 22 x 38 unTuwas anuan1smsIadesftetinglLma LAz LALAN
qUuansenslselaialu 3 Saudn anansnagullédn Mysv iludelssaiiainenmna@ameasnnigranslgni
aauLAzLALAgL soluanmisdeuuazuaaie

AdAty: 1oia wasu uawsngll ELISA ndesanssaigidnasenuuudesing

AU (CMV), Papaya ringspot virus (PRSV), Watermelon

mosaic virus-2 (WMV-2) Was Zucchini yellow mosaic

LHAaaY (melon) LL@:Lmum@]ﬂ (cantaloupe) virus (ZYMV) v W& 4 (Ali et al., 2012; Romay et al.,
(Cucumis melo L. ka ¢ C. melo var. cantalupensis 2014) a1N 318911984 Lecoq et al. (2003) Tuns
ANANAL) R0t luia99A LAY (Cucurbitaceae) Hlu F1999911 3 219 T AR NHA A UT LARIBIN2ANIN AR
s AINAATYNIATIH TR ATeslszinane Haw atneguLssfogwmatianiaiudnauaz@aluiana
dgnannluaanawilewazaanziueenidsamile  wudn PRV uay zymv iludelsaiiiniifineinis
meﬂqﬂﬁa‘hﬁaﬂumﬂmﬁ@ 16un Saudmdelug AaUnRULNANASY NN Peng et al. (2011)
uazAINU (BATNR warganad, 2558) TeymdiAnyly 97189937 HaL agui QN Melon yellow spot virus

nslgniuaeuuazuauatglielsn dalsaiinuly  (MYSV) dvinana Raunm guline uas@Rafianunilyl
Lm'aul,m:ﬂmum@uﬂmmmLﬁmmﬂﬁy@mmaiim% delh¥alnegounniumaafunngluntsdnenen
waneTiin 11 BANaNTIRAA N EeLLAT B (insect transmission) 598 & 194 u AINA U1
Acidovorax citrulli (§n15R11 warAnsy, 2561) TeAbiv (whitefly) a1819n 0188 A Falafaluag na
Lana e lMafiinannidasn Stagonosporopsis  Begomovirus WAEI ( (thrips) aunsndnENen e
cucurbitacearum (AUN3N LATZAIYNI, 2561) aginalsf %mlum@ Tospovius LL@L’LW@H@@L&( phids) @14190
pn TeafiflanudnAnylusiusiusi - Aelsaflifaann dnememdelasaldanaana 1w Cucumovius uas
Fola¥a deiluansenunin 1 HanananaININNgA Potyvirus Wlw#i (Whitfield et al., 2015)

%0818 50 Lmemammﬁﬁ ﬂmmwrﬁiﬁﬂdm’lmﬁgﬁu Enzyme-linked  immunosorbent  assay
(Trkulja et al., 2013) Aelsariatnanudeune i (ELISA) ilumatianiaumgainen (serology) a5y
NrnaAunaivanaaiia wiw Cucumber mosaic virus Autaninun ldlun1snmaaauLazanauunTiia
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10981954 IneaAANNAUNIZITUINULOUR LAY
(T@ala58) wazwauALes (Mowat and Dawson, 1987)
AININEIUIBL NS wazinasimil (2551) lEmnaila
ELISA lunnsmsaages e laFan dnvinanafiaaaduma
1 wanw uaenan usell Bdn uazanias Nilgn
Twannanziueaniasamile InaN1TaRIANLITS
TaFaldvianan 598 8w Papaya ringspot virus-W
(PRSV-W), Cucumber green mottle mosaic virus
(CGMMV), Tospovirus serogroup IV & £ Zucchini
yellow mosaic virus (ZYMV) UANAINRAALN LAY
ALY (2552) WEmARiA ELISA Tun1smsqatlsziinmqng
Fnunnuaesnz@aman i iunistiutleiug el
AUN1LAD Tomato yellow leaf curl virus (TYLCV)
NN EUAZNIANHIANHUTAUNIATES
wal¥alaalindesqanssmiBiannsauiuudaciu
(transmission electron microscope; TEM) 1idgn19h
linansmsaaeuusuiuLarilanmaEg Iueg iy
Anwuziar liLLIaINIsEETaNA Rt 1e malla dip
preparation i umaiAR anian1 1 lunnmsay
o/ 1 d‘ dla/ | d‘ aaa
Faeene iNansaade Lt lfad g Wesanndasnis
a A e o @ g Y
wireu? ldudenuuaranEa uanainil nsfian@uuy
negative staining @133 iiseaiuaun1A109LTe
TaFalfdaiauu1n a2y (Zechmann and Zellnig,
2009) A9l daniscasfansuidnluniell e
ATIadaLTInanredeliFandnnianemanuLaY
. o o P
waupgUnlgnlu 3 Sdaniamileseslszmelng
v 1 e o = o ° o
MHun Seudmdaslud @aesa wazarnu lneld
WATA ELISA UAZNABIAANIIAIBIANATULLILIADIN
wadudayalunismnunulesiuiidnaelfauay
unaanmelfaeegniiesuasivinnzas

L4 ada
adnsaluaglaans

1. ManuAasi
HusaeteluwasuuaziAunIgliLang
an1zadnalsalifassusszaznsary i uinaui
szaiznaunsiuifes W a1n1slusne luiinqe
al A a d” Aﬂl = | a a
awaes luinaqaniezeiieitie Tudglssidnlng
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LLﬂﬂ‘]_l‘ﬁlem\‘iﬂﬂﬂﬂﬁ‘ﬁiﬂJiéu Tneiusneenauiuduau 3
lusiefu aniuigniusmdadaddus 5 wis tae
wiiveendu lulsaBeu 3 wis 1Eun e.neevae 2.11909
way 8. dutlmed wazan 2 uwie luudaads THuwA
2.89 1Az 8.uN9 AVFL T AT Wusaeene
fanilgnlulsedauann a.uddi uaz a.usidne uaz
fuivgnludmindyuduudaadana 2 wis ur
8.15104 1A 0111979 ananE danauazantiudin
TTATBILNAINNE A ol Fa RNl RN et
franamaidelhialuienliimns

2. MEIngIaRENALA ELISA

2.1 Al A indirect plate-trapped antigen (PTA)-
ELISA

ldwmaiia PTA-ELISA saurduTnTulnauaa
WAURALBA (monoclonal antibody) A1%5UNNATANN
L%y@ Cucumber green mottle mosaic virus (CGMMV)
(3% @& 9F11), Melon yellow spot virus (MYSV) (391 &
5E7), Watermelon mosaic virus-2 (WMV-2) (3 9 @
1H5) wazana Potyvirus (39a 1G8) (WA M Tne e
WugaranssuuazmATulatiionwWuMe3) uananniild
nalaaueanaufuen (polyclonal antibody) 115y
N9 ﬁyﬂ Cucumber mosaic virus (CMV), Papaya
ringspot virus (PRSV) W& £ Zucchini yellow mosaic
virus (ZYMV) (Nﬁm‘ﬂmmaﬁﬂmmwﬁm ADIELNE AT
UUINLNAENEAIANGNT INSNYANTLNILAL) LFFEIN
Fee19ANUARNNIT A ALLAg 11an Gajanandana
et al. (2006) A ‘f‘: uamaat19luN Tl carbonate
coating buffer pH 9.6 Tugmsrdauluf s 0.1 nFu
siarfies 1 adans i luwdedianuGasey
10,000 seUAEWT 1uaN 5w anntusinganla
AU (supernatant) mmmﬂumuimimm@w
Tuifsunms 100 Tulnsdnssavgu uummuﬂu 37
aeAmad e Wuman 2 99l vitetiudinuAud
GUUNH 4 aeATALT LA AN9UQNINANALY washing
buffer (phosphate saline buffer with Tween-20;
PSBT) 1311019 200 TulAsAnssiangu a1uau 4 A%
AF30% 3 U 1Ay blocking buffer 341 A3 100
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lpsamssiangu vinlldufiguugil 37 asrnaaidea
unan 1995 ramandog washing buffer ANty
Fulululnaueardeinalnausaueufuenfiaimnie
sialafausiavaiin innms 100 lulasdnssiengu wnly
ﬂuﬁfqmmﬁ 37 aAaaids Wunan 199l 19
INAaN A28 washing buffer LA 1 alkaline phosphatase
conjugated goat anti-mouse IgG (Sigma, USA)
3snms 100 lulpsAnssianas tnlunfigoagfl 37
asrnmaiea 1fwaan 19T Sranandag washing
buffer 1L @ £ LA 4 p-nitrophenyl phosphate (PNPP)
substrate (Sigma, USA) 13u1ms 100 lulAsamnss e
v silunfignmnfl 37 esrniaion w1 92l
aniurinlan1sganAuudeil Avuenanay 405
wluumg fv]’faf;ll,m?l‘m MicroPlate Reader g"u Synergy H1
(BioTek, USA) ﬁq@ﬂ'wﬁ'ﬁL%”favl,ﬁmzﬁmmi@mﬂﬁu
waafgandngaaauax 2 win iWelinanisamade
lhFaudn ihdieya lFundnnamsesazaniniain
T2A (disease incidence) mA1NATN17U84 Al ef al.
(2014) fail

No. of infected
Percentage of
plants

disease = x100

incidence (PDI)

Total no. of

observed plants

22 wAlaA indirect double antibody sandwich
(DAS)-ELISA
14 wmatla DAS-ELISA sauiuiululnauaa
wWaURLBA MN1TRTIR Watermelon silver mottle virus
(WSMoV) (3% 18D11) dela¥aluana Begomovirus
(398 M1 uaz D2) (nanlnadudWugliAInssuuay
walulagdannuwieand) nevaauauRueaffaay
(capture YR primary antibody) %ﬂtﬂ uinalnauea
LeuRLeRTIAINzAeEe T auAazaTia 153a3 100
lnadnasievgu Ul ufiguuni 37 esrngadus
Tiaan 2 $alus annisinanadannsludie 2.1
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3. NIATINFBUAILNADIRANTTAUDANATAY
LULER9ENY (transmission electron microscope;
TEM)

tidetelusmenilidFunnlanide MYS
LaY PRSV LAZA20d1910 A UT Asaan L
Begomovirus foeynAtA ELISA NNATIAAQLANT LY
n1eduguaneveseyninaianie’ls TEM Ine
WATEIN T ABE MWL dip preparation kazfiaNE LUy
negative staining AN3A3 N7 ALLIAIINAN Kumar
et al. (2014) FaT LAaasing Uiy phosphate
buffer Ao uENEW 0.1 Tua15 ludnandau 1 nFume
0.5 Aadans v luTuwAssfinauiga 12,000 sevuse
w1 iWuinan 10 wail dndauladuuuliuams 7
Tu1AsAMs VEARILLTANEIUATIAABLEYWE TS
(formvar-coated carbon grid) 416 300 mesh ﬁ”\i 14
W1u 2 W7 Enseendaeninnguiisain@ednuau 2 axe
pFausndnadatnnsmentinnduiiean@etiunms 1
ﬁmaam LATATST 2 ﬁﬁﬂ?miﬂﬂfjwmuuﬂmm‘fﬂﬂﬁuﬁq
m’]m@ uaan 3 m‘w dansunaingyansnsesn
Futinean antiuasnnizaasy 1% glutaraldehyde
WU 5 WA fu glutaraldehyde AANAIYNTZATHNIAY
WeIA 2% uranyl acetate 13uNm3 7 lulAsamsasuinze
fel81nu 4 unit Fueendasnszanmnies uazinlil
pevAdeLANHzaesaRnAlian el TEM §u JEM-
2200FS (JOEL, USA) fifndaaents 40,000-60,000 tin

NANISYIARBILAZIANTL

1. MsIAUAIBREg

arunsf udaet1aluR T lE Hanua 163
sianee Inautiveeniduluwani 118 Aaetng uaz
luwaumngil 45 fAqatig (13197 1) InEaNN1U99
pdneilsrlaammanLIdduan SanEessT lueen
wanea 19679 lurenigdseialng lusenuans
2 n19aNYu Tuaandouse Tuuiuanianisqanie
seaiiaiile leeauasluniugnsanislumaes uas
Fuuaszuniu fludu wenannimuusammlsalasa
3aiin urd masl (MW7 1A) FanuNANEWLE
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Table 1. Number of melon and cantaloupe leaf samples collected from 3 provinces in northern Thailand

and percentage of virus incidence detected by ELISA

Types of No. of
Locations Plants Virus incidence (%)
cultivation collection
Chiang Mai greenhouse melon 31 MYSV (80.6%), Begomovirus (3.2%) and WSMoV (6.4%)
open field cantaloupe 12 PRSV (25.0%), ZYMV (25.0%) and MYSV (8.3%)
melon 4 No virus detected
Chiang Rai greenhouse melon 12 MYSV (58.3%)
Lamphun greenhouse melon 14 MYSV (78.5%), and Begomovirus (16.7%)
open field cantaloupe 33 MYSV (66.6%), Begomovirus (6.0%), PRSV (3.0%), WSMoV
(3.0%) and ZYMV (3.0%)
melon 57 MYSV (80.7%), Begomovirus (1.7%)
MYSV (68.7%), Begomovirus (6.1%), PRSV (2.4%), ZYMV
Total 163

(2.4%) and WSMoV (1.8%)

Remarks: MYSV: Melon yellow spot virus, PRSV: Papaya ringspot virus, WSMoV: Watermelon silver mottle virus and ZYMV:

Zucchini yellow mosaic virus

Figure 1.

Insect vectors of viruses found on melon and/or cantaloupe leaves observed under stereo

microscope (20X magpnification), thrips (A), aphids (B) and whitefly (C)

I‘I_I‘ﬂ‘ﬂuLL@vsl‘]_lLLﬂ°1I'ﬂ\1LN@@%LL’NVLLWLM’]@‘]J'VILL@@\?’ﬂ’m’li‘
ﬂmmmamu@ﬂmmmmmmﬂ@ IWAEIEaY (N 1B)
wumulm'lmmummﬂmmemmmmuu WAZIL
LAWY (A 10) Duludeuaeanufiuans
amatiowe Tneluutlaadlngnansanuuaaslion 3
17in daululsaleunumas sz isasnanusls
WLIAEE Y

2. MSASIAAENARA ELISA LATANHULAINNG
aadlsaiAnanidalasauaaein

Henmaaeuidelhiaanndaadily 163

A22e19 (lWasu 118 Ad2t19 wazuAuAgl 45
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Faa819) WuI1 MYSV Lﬂuﬁy@iﬁmﬁwuﬁmnﬁqﬂ
Aullietaz 68.7 ansaetndlufiaiidgniulsiten
uazulaadnlneutiadu Wu'luLm'auﬁﬂ@mﬂIuTN Fau
fidnmaludorindadiml deoens uazdiyu Aaddu

%e8az 80.6, 58.3 LAY 78.5 AMNAAL LazMIIaWL Ly

Lma@uﬁ'ﬂgﬂuuﬂmLﬂmaﬁw{mLf'ﬁmimil,mzzimu
Andusesas 8.3 WAz 80.7 AMNANAL (mmﬁ{ 1)
dvsuueumalilgnluulaadeessmdadeslvsl
wazanyu wunisdininaneees MYsV Aadibesas
25.0 WAL 66.6 AMNSAL (AN39T 1) dalasafinma
WLHINTAIAINAD AnNa Begomovirus Antlusesay
16.7 luanuziimsany PRSV uaz ZYMV 1 lubasiasd
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Winfi Ae 24 WaNaNT A39a Nl WSMoV A aiili
%eeay 1.8 (mm\‘i'ﬁ 1)
waguazuasRaaTing Fvislulsabeu
warulaadle faonuduiusiuaiavesdelaa
BIANNINENUNSANEN 04 Kato ef al. (2000) W5
MYSV gnansndneneasunanas iy uazann
3MENLS Whithield ef al. (2015) W9 UNAIWATN
arnnsndrenenidelafaluana Begomovius
u@ﬂ@’mﬂu Dombrovsky et al. (2005) 9181911471 L%y'a
hialuana Potyvirus Rimazeeuduumaamnmzlunis
fneman Fsannuanisnmaiadnsluielulseden 1
WUNALEL danAReeTUNImIIa vt el el
ana Potyvirus (PRSV waz ZYMV) arnsiastineluinaglu
Tsaeuiinunmsagay
FanIRmAdeLde s lufesaluATann
3 Ssudalunipwile wudn MYSV nuunfiga dedl
AYNUANANAINIIZNNLLDY NT Uazintsimil (2551)
fieeauntenmadelafaluilamanudanugie
19ALANIRINNAREdUean@auuile tH LA WAy
WAINI 1N uazaaTed Temudn oMy iludelsa
farunsansaanuliuaniign Andubenay 44
289A9HAR PRSV-W baz CGMMV Tnaidnidluiasay
28 Uax 25 AuARL T TndAselunssiinmals
WU CMV, CGMMV LLay WMV-2 a1nf2a819uan il
LL@:LLﬁumqﬂfﬁmfmﬁ”ﬂum 163 fa9ENa
HAN1TATIR PRSV BaeinAailm ELISA
ldarnnsnszy 14 PROV fimmaanuiduanaiug
(type) la 72114919 watermelon -infecting type (W type)
YR papaya-infecting type (P type) Lﬁmmﬂﬁmm
aneviufiuanansadvnanefmsdundFmileuiy
felainnanenli watlanesgaanenlunisdnauunts
fenaspsuunanansarinlilnanislgnideasuit
wmmuwhifu (Mansilla et al., 2013)
fmnsamaenzeslsaTiinandelasa
LL[FII?N"’&ﬂ@ﬁiﬁﬁﬁﬂﬁ?ﬁﬁﬂfﬂuﬂ%ﬁiﬂﬁuﬁiﬂ@iﬂiﬁd’]
mmaﬁ@mmwfa\uummwm (Mt 2A-C) ifluennns
aNE AR AN faifamsl,umﬂ@ Tospovius #4711
AseETaunTonmanyld 2 180 Ae MYSV uax
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WSMoV dnwiuielagaluana Begomovirus wuingin
WluRauansenislufinwead AeTuRaes uay
LAASBINNTIVA 9Ty (MW7 2D-F) wanANLEa
TaFaluana Potyvirus 1Hun PRSV uaz ZYMV wudn
Mliludaifiaeinislusnssuiunasuyy (i
2G, H)

Madinanssauiuteadelafaunnnda 1
win gnansomsanslEansnesinaiidne (wd 2
K Waznnwi 3A-C) Tmeiwwan MYSV Wnnnangsaniy
ana Begomovirus mm’ﬁlzgm Anlubsesay 4.2 (mw%ﬁ'
3A) annlu wasuelulsdeunazudands fiuans
BINNIANBENTULNIINALBINITUBAUATILATU
(shoot stunting) (Wi 21) wﬂmmummﬂﬁ'ﬂ@ﬂlu
wilaadafimsaany PRSV was ZYMV L‘J.I"lVl’]Z’\l’]?;I
soufu Anlusenas 6.6 (NNH 38) wananni
Wumq@mLmungﬂwﬂ@mﬂ‘l,w,mmﬁmmmmm
AN fAmsaanunindininanesonfuresdelada 3
gfim 1@ A PRSV, WSMoV was ZYMV Asilubesay
2.2 (M 38) LU e uaneinilusig uazdqn
ANEveaifi el adanEae (m‘wﬁ' 2K) Tus954 95
AN10RMANLNTE A e N T e e L el
wanaeiia U Fatouh (2003) ATaNLN1FENINaNe
$aNAUL09 CMV wae ZYMV lug il wananni
Gi-Salas et al. (2012) A3anLLAINANT TN lne
Cucumber vein yellowing virus (CVYV) §79 8 11 U
Cucurbit yellow stunting disorder virus (CYSDV) Tag
ﬂﬁﬁuﬁuﬁ’mmmﬂ%ﬁﬁmm'fmﬁ”ummL%”avl,ﬁm@w
Wunuudain (synergism) sisefjiing (antagonist)
fedanaransuanseentetarnsvaston Tmﬁyumgu'ﬁu
1invre0delafa Loz a0 Ae (Syller, 2012)
agnelsfimnn annisnsageunuidelhaluana
Begomov/rus17;L"ﬂﬁﬁﬁmﬂLm'auLLmLmum@uﬂ WAl
liannsnszyainvesdelhfakoumaiia ELISA
ileatinaiden snudedinnInmagendieianisay
isiRwsiall
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Begomovirus

Double virus infections Triple virus infections

MYSV + Begomovirus PRSV + WSMoV + ZYMV

Figure 2. Symptoms of virus infection on melon and cantaloupe, melon infected by Melon yellow spot
virus (MYSV) showing severe mosaic symptom on leaves and stunting (A), numerous
chlorotic spots on melon leaves caused by MYSV (B), numerous chlorotic with necrotic spots
on melon leaf infected by Watermelon silver mottle virus (WSMoV) (C), yellow patch symptom
on melon leaf infected by Begomovirus (D), leaf curl symptom of melon leaves infected with
Begomovirus (E), yellowing of cantaloupe leaves caused symptoms by Begomovirus (F),
blistering symptom on cantaloupe leaves caused by Papaya ringspot virus (PRSV) (G),
blistering and mosaic symptoms on cantaloupe infected by Zucchini yellow mosaic virus
(ZYMV) (H), double virus infection of MYSV+Begomovirus-infected melon leaves showing
severe mosaic with shoot stunting symptoms (l), and PRSV+WSMoV+ZYMV-infected
cantaloupe leaves showing severe mosaic with necrotic spots symptoms (J)
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N19ASIARDLAIENARIDLANATAULLLADIEY
(Transmission electron microscope; TEM)
annnsmsagaueynATesidelaaas
TEM Wu9n MYSV Hdnmouzenninrauiinanauuasi
Lﬁlﬂﬁuﬂnﬂqmq%uuﬂﬂmmwmﬂiﬁm (enveloped
nearly-spherical particle) ‘L‘m glaunTeILE U 1U
ﬂuﬂﬂmummmﬂummmmu 80-150 w1 Tuiumg
(T 4A) BanannIRIaTigen AR T EILTe
Kato et al. (2000) 71§ ﬂuwm‘mifam‘ﬁum’mumm
wmwmaﬂu’luﬂa”mmmﬂu mmnwmwmmfaumﬂ
ﬂ@wﬂ’Nﬂ@NLL@"’NLﬂ‘ﬂMNNL@uN’]uﬂuﬂﬂ@’]\‘iL'ﬂ@ﬂ
tszainny 80-100 unluiuAs uazlE fsdad1 Meion
yellow spot virus (MYSV) Tunstlaas PRSV a1nn1g

Begomo

virus

A
Figure 3.

AIAABL WUF1 HANHUEAUNIALLLLEULNIAR
(flexuous particle) FatnAANNENILRAeLls¥aNs 650-
850 unTums (N 4B) e aanalndAeary
FENULAY nIg%m LAZINIAU (2559) ﬁiﬁmmjm'@lu
aynareudelaFaluana Poyvius ANUIAY
Tunanuasuaznudnaynalialawiaaotlszann
600-760 WA TUILAT UBNANT AINNTATIAFELNL
@umﬂm\mau%mﬂuﬁ (twinned-icosahedral) 284
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@ummmmm’mu 25 x 35 W Tulu AT (NNF 4C)
muﬂﬂﬁmvgﬂmwln@ Aeetudalafaluaed
Geminiviridae %qﬁﬂummLz’ﬁucjmquﬂ’ﬂmqﬂazmm
22 x 38 UNTWuAT (Zerbini et al., 2017)

Percentage of mixed infection incidence detected by ELISA, double virus infection of Melon

yellow spot virus (MYSV) + Begomovirus in melon (A), Papaya ringspot virus (PRSV) +

Zucchini yellow mosaic virus (ZYMV) in cantaloupe (B) and triple virus infection of PRSV +

ZYMV + Watermelon silver mottle virus (WSMoV) in cantaloupe (B)

Flgure 4.

Transmission electron micrograph of viruses in melon (indicated by arrowheads) at 40,000-

60,000 magnification, enveloped-spherical particles of Melon yellow spot virus (MYSV) (A),

flexuous rod particle of Papaya ringspot virus (B) and twinned-icosahedral particles of

Begomovirus (C)
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