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ABSTRACT

Columnea latent viroid (CLVd) and Pepper chat fruit viroid (PCFVd) are important
quarantine pests, causing damage to agricultural products, especially tomato, potato,
pepper, and some cucurbits. This work was to study the symptoms and seed transmission of
CLVd and PCFVd in melon to provide information for observing abnormal symptoms that
might occur in melon growing fields. Melon cultivars were mechanically inoculated at the
seedling stage, self-pollinated and seeds harvested for seed transmission investigation. It was
found that CLVd and PCFVd could cause disease in melons with 25 - 86 and 0 - 100%
infection rates, respectively. All four cultivars of CLVd-infected melon displayed symptoms at
8 weeks post inoculation (wpi) with stunting, shorten internodes, small and stacked leaves,
small male flowers with abnormal petals, and abundance of non-developed male and
female flowers. While two of three tested cultivars of PCFVd-inoculated melon expressed
symptoms at 6 wpi with apical shoot stunting, and fully clustering flowers without of fruit
setting. For grow out test in a greenhouse, seed transmission rate of CLVd-infected melon
was 0.5% in Melon-2 cultivar only. However, PCFVd seed transmission was not found in all
the PCFVd-infected melon cultivars in this study. The current findings of viroid melon
diseases could be useful for routine disease observation and immediate eradication of CLVd
and PCFVd infected plants to reduce disease dissemination and viroid seed contamination

especially in CLVd.
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Peters, 1974) Hop stunt viroid (HSVd) (Lemmetty
et al, 2011) kag Columnea latent viroid (CLVd)
(hunudl wazailsilng, 2561) 1Wudu
lisessinduitoanmglsafiviifoun
Lﬁnﬁqm (Flores et al, 2022) aansaidvinane iy
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Tne (ﬂ%Lﬁjwi, 2548; Reanwarakorn et al., 2011)
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(Solanum stramonifolium) (ﬂ%mﬁ AT ALY,
25561.) A91891UN1IABLIALAZAITAIENOANIY
WAATLLAINI Wazunss 1 (nunudl wazailing,
2561) W3N (WA WazAMY, 2562) Larslle
(Bhuvitarkorn and Reanwarakorn, 2019) d1%3u
e PCAVd Tuusemelneiiserunsianuadausn
IuLLUaQUQﬂmzL%aLmﬂﬁ 3. 87U (Reanwarakorn
et al, 2011) Yagdudelinunisssuinluig
wsugivindu fufaedssaluinaussma
30 PCFVd AelhiAnanudemesenanan
VI UATEININaIeviln (Zhang and Groth-
Helms, 2024)

\fasn Weolisessawnsageneonlsa
Tne3snawazni1udnle (Verhoeven et al,
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n1sszuinvedlsaluilasugnuazisannis

IS a a

AENEANNLLAATR I IITRsANTIUSEANS AN

Wieatuayulviinisndnuiaiugiuaound

AunMaLazUaandelisesn

< ad
QUﬂiﬂJLLﬂZ'}ﬁﬂ’]i

1. mswideande CLVd was PCFVd dwiuld
Tusrunnass

o CLVd Telmian NKKUKPST (accession
no. KY235369) LLagL‘dg@ PCFVd laleian TSO05
(accession no. MF770200) lasuainueiasiey
210 96. A5, Allsleg WS aTINT MAlsANe
AMBLNEATAUNILEY UNTINYIRUNUATAEAS
thuinuSinavusungidemaiug Rutgers
(Solanum lycopersicum cv. Rutgers) lagin

Tunzlamainndeutualiazidenly 0.1
11815 (M) phosphate buffer pH 9.0 (1As 2%
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w/v Na,SOs5 nauld) Tuswnsnduluiiv 1 n. de
phosphate buffer 20 1a. LATNANAIYN
mSTuSust Uanes 0.19 dmminseu3anms (wa)
Uanidedeitnalasnsthetdufivinitons
viluveadunduzieina Rutgers fioglusves
flusse 4 - 5 Tu anduhfedrslunzidoms
mﬂéfuﬁiﬁ%’umiﬂqﬂﬁamu 4 §Uanit unann
91510wae35 CTAB (USiawg, 2548) uaznsna
midielseesdamaila reverse transcription-
polymerase chain reaction (RT-PCR) Wiedudu
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Junaunaly
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wasuRTongUszana 3 dani fidTluate 2- 3
ftugay 3 - 10 fu wazdgniensafiaasvinedy
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(nunuel warvallellng, 2561) LAENTIAADUNIT
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hseedrumaninlugiundiiusioly

4. mspsRsauMsHThanevesdie CLV uas
PCFVd uazmsmaautinaalalng
psdeuTssesRanasEueTialn
Ianluwazdnlngldnaia RT-PCR aunsiest
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Transcriptase (RT) (Thermo Scientific™) Loy
WinUsuaiiBuedvie dae GoTag” Green
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Twsises PCFseqrR (5" ACCCGC ACGGCGCTTCTC 3))
e PCF-seg-F (5" CCGTCTTCTG ACAGGAGT
AATCCC 3’) (Yanagisawa and Matsushita, 2017)
AUAPIU
MTIVEOUIUIAVBIALOULDHANANN
U581 PCR 7835 gel electrophoresis lag
1514 29% agarose gel 9nTudanauALEuLe
vunUszau 340 - 370 thndlelne wagvinli
U3g N3¢ 8% FavorPrep™ GEL/PCR purification
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ALOULDIATIZIIa1AUTIAA e A 91nTuLn
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ToyanilaTeuiiiuiugiudeyaly GenBank
Aa8lUshNTU BLAST (https//blast.ncbintm.nih.
gov/Blast.cgi? PAGE_TYPE=BlastSearch) Lo

udurinuantalisesn

5. N15A5298aULd CLVd way PCFVd UUNY
Naaau (bioassay)
ATIERUEUTUANNANLSDLUNSABLSA

vosBeuunsiiomaiug Rutgers ftfuug
sauLaRDLTE TRERTED I (Legrand, 2015)
Tneldordiduievenudeudildsunisugnide
ynateiug ludsuins 10 lulasdns waudu
phosphate buffer (pH 9.0) 40 lulasdas Wnly
Ugnidiefeiinaasuulusdomaialuade 1- 2
Tu wagmsmaeunsindelisesdanendisuie
fataanluiildsunisugnideludunoudene
wafla RT-PCR ludUnidl 4 8 uay 12 ndans

Ugniwe madsmsnnanlivalutieny

NANISNAADILAZIANT

1. nwazainisveauseuiilésunisugnidle
CLVd uas PCFVd

onsvedlsATiinanie CLVd vusidou
uansoondaiaudl 8 dUnsindsldsunisugnide
¥ Fuunszuntu dedu lutuseas voafiiin
Tmifitodu Tuflvunadn angd Fosdouiu aen

Y v

divuniinas ndunendmdes Taendag

Figure 1 Symptoms of CLVd-infected melon (C. melo L.) at 8 weeks post inoculation; plant

showing stunted growth, short internodes, bent leaves and new shoots with short

internodes, small and stacked leaves (D-E), clustering of non-developed female

flowers (F), small male flowers with abnormal petals (G); compared to healthy plant

and flowers (A-C)
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wagmoniilodiuiunin waldiadydunad

s

auysal (Figure 1) wazlufnwmdnluuiaiug

9

LﬁEN"\]Wﬂ@’lﬂﬁ%@ﬂiiﬂ'};uuiﬂuﬁﬂ LiJEiEJ‘LWiEMﬂ']'i

[

wiyAulauazmelonngasu 12 dUavinds
iéf%msﬂqmsﬁa dlensaedudunanisinide
Femadian RT-PCR wuin e CLVA a@nunsawdn
yhansideua 4 Wug wazfldnsnisinde

25 - 86% (Table 1 uag 2)

2. AN53ASIZRNIa1aUbIAA la AN ugu
Yinvasbisasn
MINATIENANNURIPA LD INAUDIF 19814

Adutevende CLVd annduuay 4 Wug was

Fundnlunisnagey GOT Wus Melon-2 iy
nMsinLe CLVd wuth Samunileudude cLvd
Tolaian NK-KUKPS1, partial genome (accession
No. Kv235369) Faidulelaaniililunisugnidio
I fuaoulumddoil 7 99% Femmumiiou
vosarnuiirdlelnalulisessuinnin 90%
aziiednulisesrufinfeaiu (Flores et al,
1998) uaA LS uoveate PCFVd Aldandusaoy
#{u§ Melon-1 uag Melon-4 #ifinida PCFVd
danuwmilouvesatnuiinalelnanulelaan
TS05, partial genome (accession No. MF770200)
7 98% 3admdulasesdailafieatu sudisu
(Table 2)

Table 1 Infection percentage of CLVd and PCFVd inoculated melon plants as detected by

RT-PCR technique

Fruit characteristics

Viroid infection (%)1/

Coitivars (fresh color/shape/skin) cLvd PCFvd
Melon-1 green/round/netted green 67 (4/6) 100 (3/3)
Melon-2 orange/round/netted green 60 ( NT
Melon-3 orange/round/netted green 86 ( 0 (0/3)
Melon-4 green/round/netted green 25 ( 100 (3/3)

- percentage of viroid infection (no. of infected plant/total no. of test plant x 100),

NT = no test

Table 2 Results of RT-PCR, bioassay and sequence similarity of CLVd and PCFVd in the

inoculated melon plants

CLvd PCFvd
Cultivars
RT-PCR Bioassay Sequence RT-PCR Bioassay Sequence
Melon-1 + + + + + +
Melon-2 + + + NT NT NT
Melon-3 + + + - . -
Melon-4 + + + + + +

+ = positive result, - = no test because of no infection, NT = no test
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Figure 2 Symptoms of PCFVd-infected melon at 6 weeks post inoculation; plant displaying

short internode and numerous lateral branches (B), abnormal apical shoots with short

internode (D), many flowerings but not setting fruit (F) and abnormal clustering flowers

(G-l) compared to stem, shoots and flowering of healthy plant (A, C and E)

dwdudie PCFVd wuth aansasdvinans
Waeu 2 Wug bawn Melon-1 uag Melon-4
NNINAABY 3 1§ (Melon-1 Melon-3 wag
Melon-4) psmsfisdioagii 0 - 100% (Table 1
wae 2) TngennsvedlsauulaeuilinaInide
PCFVd L‘%ﬁJLLammmsL@iu%’wé’amﬂUQﬂLs??a
w1 6 a9t Tneidienniseoanadu aonidy
nsznRNLUInAALLazddY elfleuy
ﬁuﬂnaﬁiﬂé’%’uqumﬁa (Figure 2)

nmsdanneinislunisdnuased
WU WwaeuiiRne PCFVA wansennislifiiiy
1§13 18e CLVd Maiinisinidalasesdeng
vialufivenduslinlfediiy enauanio1ng
willaunsawanmnanule (Navarro et al,, 2021)
EJ'm’]'iLLazﬂ?’]@J‘%ULL‘N?JENIiﬂ%UﬁU%ﬁ@LLaz
USuname adonfialgSuiivinldiinasenisidfiy
Usunalufiwande (Skoric, 2017) Fednuwaue

an1siaUNRNLARYUlULLEUINNNNSIINYINaNe

90dl15008%s 2 via S8nwaYeIN1sAinen
WULRYITUTIEUYBS Lemmetty et al. (2011)
Fuin wnann@aude HsVd Sennisaeniiving
@n naunenRaUNRLarilsesdu Laskanananag
Uz 2 — 3% LagaINTI1891484 Yaguchi
and Takahashi (1984) lagufuin muaiuise

lunisnelsaves HSVA Juegiuvtnuagiugiy

9
[

WAZAINTULTIVOILTATUAUAIENUTUD LD
Tisesn siiie HSVd Inegflued Pospiviroidae
WuLAeInuLde CLVd uay PCFVd urognng

o
& o

anaiu wansbiiuingelisesdisauviie

Al ARDINSHAUNANADNLTULREAY

3. ASNAFOUNITEENBANI LB VB LTS

CLVd waz PCFVd Tuuaau
nsneaevlinuietawaeuiaie

CLVd waz PCFVd annsiadensiuiudna waz

punalumniug (Table 3) Wenaaauaienis
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WNEARREAS TP SauanasaInnisineves
nunudl uavaileling (2561) insaanuidie CLV
TUAUNAIVDILAININDINAITINILLUAARL8TT
el Tatenaidesnannuiinvesfiavaaey
Fumnane fau MaFnewes Matsushita and
Tsuda (2016) maaumimawamau%a CLvd
Tunenatgyiin wanun1satenenanILy
UWalnAgIUNAETUgIINUEL TN AATY
aertusihamagey
nsAnwINISENenentelasofdae
Tmsugnueaeuluanmlsaseu WUNSRALTD
cLvd Tudiundudeuiug Melon-2 Aildiudn
MnFULLIARTD 11 1 Fu 91nTevLA 200 Fu
Ay 0.5% aehslsin ldwunisanenenide

[

HunIsadnveads PCFVd luuasuiug
Melon-1 ag Melon-4 (Table 3) a1ANaNS
7AABIUINAUDNI85UNYIAIINITANENDALT DN

Wwanvewde CLVd Tuwasusiawisldaaiuy

Ao 1) Msmenenvesdolsessainnisnaass
Hiunsinde CLVd vostundrfinnanazess
nasiiinisinide (Msradudunisiniieves
avesunasualulalanng) [WwulheIfus189U
AnsAnWINSENENenAEo CLVd H1unisudn
wridoliosanavesunasinsinidelsess
294 Bhuvitarkorn and Reanwarakorn (2019)
way 2) nMsanenenidie CLVA duietdedala
vosuuiiifndouuy cell-to-cell lugiuuile
wduAnnsufaus lneasranulisesdnely
vasmonsudefideldlasunswauinas 7ildann
Fuidouitande CLVd lusunnaouiaagy
(aflonanana) agnalsinny Sanudululaves
nseenende CLVd Wumaudnenaidly
wuuiindsld iesannesavldnudeiidiures
Waenfuudndeazgnifmuntudeuduuile
(Matsushita et al., 2018)

Table 3 Evaluation of seed transmission of CLVd and PCFVd infected melon plants through

top of paper and grow-out tests followed by viroid detection by using RT-PCR technique

No. cLvd No. PCFVd
of Top of paper test v of Top of paper test v
Variety Grow-out Grow-out
test test
Seed coat  Seedling test Seed coat  Seedling test
seed seed
Melon-1 NS NT NT 1480 0% (0/1487) 0% (0/148) 0% (0/740”)
Melon-2 391 0% (0/207) 0% (0/20) 0.5% (1/200”) NS NT NT NT
Melon-3 NS NT NT NS NT NT NT
Melon-4 NS NT NT 1700 0% (0/81) 0% (0/81) 0% (0/820)

1/5 bulked /sample,

# number of test samples infected with CLVd or PCFVd/total tested samples
¥ number of test plants infected with CLVd or PCFVd/total tested plants

NT = no test

NS = no seed
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4. N5A5IVEUD CLVd waz PCFVd Uiy
A& (Bioassay)

mamiﬂqmgga CLVd way PCFVd vy
Aunzlawmeiug Rutgers WU 91518W0910
wasuRnde awnsanelsavuduuziiewma
Wug Rutgers 19 (Table 2) waguania1NIINas

nsUanie 4 dUavt wagilonislsailiaudad

8 dUamindsnisuaniiie Ae Aulunazeanna

du Tunngunardniiu wazanswiletdonie

'
a a }%

AUsauduUlu A wagandu (Figure 3) Fedonndos
AUTIBaUUDs USivwg wasane (25569.) Fellady

NENNKING oY aneiuglisoun wasinves

NYDFE FINARBNTNAFBUNITINN (Nie and
Singh, 2017)

Figure 3 Symptoms of viroid on Rutgers tomato at 8 weeks post inoculation of Columnea

latent viroid (A) and Pepper chat fruit viroid (B) compared to healthy tomato plant (C)
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=
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oMsHuLAsTUNGY Tedu Tuiuseas vendiin
Tnsifidedu Tudvuadn an3U 1Seadouiu
AONFIKTULIALANAT naunendaien dnonda
Juazaendiflodurumnudliioigdunad
auysal uagwudn @olasosd CLVd anunga
femendiorumandnudouluius Melon-2
18ludns 0.5% druidie PCFVd wuin @1ansn
nalsA 100% luluaau 2 Wug LazkaniaInis
maﬂiwﬁaqum?g@ 6 dUn19i lmedenns

YOANAEY DNABNIIUIULINTIN YUz DY

nszneLUInMAILYLazady Feagule
e CLVd wag PCFVd anansonalsnuuiaon
wazidle CLVd anunsadenaniiunisudeld
nan1sAnwdannsniluldiduteyalunns
drsmenslsafifinanidelisesdiiansin
dioannisunsssuinvedtsauazannisuuion
voudelazinlufumdniuglnsianizogiebs
e CLVd

ANYaUAL

YBUOUAD N1ATYILIANY ANTLNYAT
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