nsaenaaLlia Columnea latent viroid vhumamﬁmmummﬂ

Seed Transmission of Columnea latent viroid in cucumber
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ABSTRACT

Columnea latent viroid (CLVd) seed transmission was studied in 6 cucumber varieties
by inoculating CLVd on 5 seedlings of each variety. Inoculated plants were conrmed the
CLVd-infection by Reverse transcription — polymerase chain reaction (RT — PCR) technique.
Cucurbit seeds were harvested from 30-35 days mature fruits after cross pollination of the
infected plants. The cucurbit seeds were determined for the presence of 370 bp DNA
fragment of CLVd to confirm seed transmission. The results showed that 7 samples of
3 varieties were 0.19 — 1.77% seed transmission. All PCR products of the CLVd positive
samples were sequenced and aligned with GenBank database for sequence homology. They
were 367-369 nucleotides in size and 97-99% sequence similarity with CLVd isolates. The

results indicate that CLVd was seed transmission in cucumber plants.

Key words : viroid, cucurbit, seed transmission
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UNARE

NNIANBIENHUZNIT018NDALED
Columnea latent viroid (CLVd) RUNTNLNAA
POILAINIUALUANIIUTIN 6 Fug Loy
ﬂgm‘??a CLVd &9UULAINIMUALLAYIIUATE
Wuday 5 fiu aTRiuiun1sindasumaia
Reverse transcription — polymerase chain
reaction (RT — PCR) 9111 LiUm&ANKa
LLmﬁﬁquszmm 30 — 35 M MUVAYAIN
MINENINATUUUTIN (cross pollination) LWa?
ndafildanduiinadenfiny3ann DNA
210 370 bp T898 CLVd iiprsziiuns
fENEAKIUNINEATIITREA LLANN LAY
WA9¥ U 2INN19RTI9 Wuda Swsedfinade
FIUIU 7 FIDEN NUAINMUATLAYIIUTIN
3 aeug AnfuleSiBusnisdrenends Ao
0.19 — 1.77% U WaWAn PCR 28967981
faTanwudans 7 shethe lWAeTeimanay
fedlolndueduiunisiage wuin 1 Hed
ANENT 367 - 369 1IARLalNG wariiwann
WisuWeuiudeyalu GenBank faumniiau
fuie CLVd 7 97 — 99% 1NN1IMARDY
Tuﬂ%goﬁa':;ﬁ'm%a CLVd 83130018N2AKNI1
NNER (LN

Asdn . 1sewd, Aumszgauny, nratheven
NWLNAR

uNni
AN (Cucumber) ¥i3® Cucumis
sativus L. ﬁ"fﬂﬂlﬁagjalu’mﬁ Cucurbitaceae ¥
u‘flungmﬁmﬁu wAslN Wnnay wAumaY
NEIL WALV 9 (NNA, 2536) T W.A. 2559
Uszwalnefinmmidaseiugunsnasnu

1056329 nn. Anifluyarm 26328511.75 um
wazfin1IsvannuamnIUIunm 64.917.87 nn.
Anifuyaen 298,199457.89 1M usNINl
finnsdnduadaiugaivauzesuniuly
YSu1 18,507.98 nn. Aatduyann
43,689,631.26 UM LazdiUinnainisdeaan
2254333 nn. AnLfuyar 83 473,427.20 U
Uszwdalnedsopniuiauainanuazuasinly
fedseine Bulhe Jeaana Luauiu A3
finwan lisasuaud diu wa uazdu (snew
msfwdaiuglng, 2559) uasnauiudni
flanUgniuunivarsiamnaiasael sz
fongiviAsadu Fevheldlitugugnluzig
seziamiiau lddndfsdnvanesila udn
fugnldmaneiiol usneasnatsanigniutie
agwu iiasaniasadulasninggdu daiu
Tunsugnuasnandinazwuilgmiieaivlse

a

AARINEeIY 1wy 1sasninlauin 1saan

v
o w

hée (gAtlyinunsing, 2560) uananil
Fonudouuafise Woliss wazideliseus
Fodolsosdiiuaimasdny relifialsalu
wAIN LEwn Hop stunt viroid (HSVd)
Cucumber pale fruit viroid (CPFVd) LaY
Columnea latent viroid (CLVd)

‘o CLVd dant/lunvd Pospiviroidae
anNa Pospiviroid as2anuly Columnea
erythrophea filsiugave1ns Fedgnluide
madlusgunduaud aidademenguside
wAE LS Rutgers 9zuandnIn13ludiuge
Futhsuaszinfloufuiildsuide Potato
spindle tuber viroid (PSTVd) WABINTITULI
1ip8n31 (Owens et al, 1978) Hammond
et al, (1989) L¥AnuWHa ey LduA Nxidamna
Gynura 1@V UatUAIN WU 1 CLVd
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NSOV NS EDINA LAZLAINIT LEAIBINTT
Tudiuee angl uasduiBuasy Gendpnds

[
A o

Fuamsinuluiunss wanandldowuainis
\IRAAIBLANIZYA (Singh, 1973; Singh and
Clark, 1973; Walter, 1981) &§14Un19018M890
lysoafisreeiu wu e PSTVA 81190
dhenaadisIBna N9arepdLsa (pollen) Lay
KUNLNER (seed transmission) Tunzdawmne
wazsfuHS9 (Benson and Singh, 1964: Singh,
1970; Gross et al, 1978) WRLWUI e
Tomato chlorotic dwarf viroid (TCDVd)
AR lUAUWER (seed borme) Tunzidamea
LATEINNITONTINLIEDI lUMER Lasfund)
vaszidamaluasifudiigs (Singh and
Dilworth, 2009) AAUIzA1 (2551) 31889 UTN
\Ha cLvd sn1sndrenenldlasisnalu
N TDMALATTUNSY WaTWLIN dnenaaniy
wanvasnzi@awmaldl Matsushita and Tsuda
(2016) LFNN13ANEINITA1ENDAHIULNER
20930 CLVd Tnemanoulunzidame (Solanum
lycopersicum) Nz\@p (Solanum melongena)
WazLing2e (Glebionis coronaria) WU W
fifinstheneadoriunowiafe nzifome
Fefiwesidudniascenandedl 53 — 100%
dmsunimaassluadeifiinguscasdiie
Annstnenenesde CLVA HIumawmes
LANNILLAT AN U

gunsaluazisng
1. nsiNUSInange cLvd dwsuldlusu
NARDY
e CLVd isolate NK — KUKPST
(370 nt, accession no. KY235369,
Reanwarakorn et al, 2017) lifiny5uneu

132

vunzdameaiugionding 4 lasnhluszidowme
FRedaluunaluy 01 M phosphate buffer pH
9.0 (N 0.1% Na SO, nauld) Tudmsnau
Tufis 0.1 n. #ie phosphate buffer 1 ua.
UL ANHIASTUSUFN U3N0 0.05%
Tud@dude ioidusvildiiauiauns
ynhauiildluvgnideasoulunsidainai
w3ealy ndsmgnidaudtszinn 5 uni
$sludhmingu fenasnsuzemIdssanu
7-14 Fu n¥sangnide uasilusmsadog
wmaila RT-PCR winfusunisinide

2, msﬂgnvf‘?a CLVd uuuanMiuinisdn

Ugnide CLVA LuuAINiuEnT
dlumsnagouduou 6 sewud windu
UASNHAY 119U 4 Seus Toud Wi
(Maewang) 19n% (Bongkot) H4)18u (Poothan)
WRLWNTU (Pumchaba) WANNIHANNINID
wasdu U 2 §eug A wild (Nato)
waz lail (OP) Tﬂﬂﬁgm‘%ﬂ cLvd Tifuuwmenn
Aflonguszan 14 Ju e Jluade 1 -2 Ty
seiugas 5 fiu uazyimseaNinasiuuiu
(cross pollination) mﬂﬂluﬁuﬁ?Lﬁmﬁuﬂ[ﬁﬁ’u
wasndesanaaninaliisgausn ey
wanAnavSulH lunInagaunsanenanKIu
NNLNEATIILAINILAZLAE Y nasa Ny
A3198DUN1IAAEaR8mATlA Reverse
transcription — polymerase chain reaction

(RT — PCR) memdsnngnidausludianiii 6

3. mAsBLMsAREElULIER (seed bome)

uazmsanemanite (seed transmission)

sp9s CLVd
guAnanduiiingeanynaneiug

9
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wneadlundaananadinla Asinseanusnsadon
Welranatu Sunatsean 3 Su Tssasen
indundumennunensanidy 2 & A
fugeu (seedling) wari@anviuiudn (seed
coat) 9NTuLe 2 duluenainensidue
Tagsuintneiauynnsaing i 5 fusau
v3awdanvfuda 1 1 deens iielingae
wde CLVd ewadla RT-PCR

4. nsasrevdie CLVd faeinadia Reverse
transcription - polymerase chain
reaction (RT — PCR)
ihesiBuefiadalduinsrasaula
waila RT-PCR #1u1A389 Thermal cycler
Walinysununsaiieddn lasldlnswes
CL-P2 (ARU3znn, 2551) glwauns Ae
cCL-P2 : 5 CTG CAG CCA TGC AAA
GA 3 ar hCL-P2 : 5° GGT CAG GTG TGA
ACC AC 3’ 91n1iuATI9NDLTUNATRLEULD
#e38 Agarose gel electrophoresis 14 2%
agarose gel 11 0.5X TBE buffer Tugualdin
finwsnedng 100 Taad wazinlunsiag
WOUALBULEF8LATEY Gel documentation

UV-transiluminator

5. Msaszimannuiaalalng
inABulawanAnzas PCR Ailduwen
2110 laeld 2% agarose gel Tu 0.5X TBE
buffer NAUWILAA AN SYBR® Safe DNA Gel
stain (4U5ums 1 luladns Tu 2% agarose
gel azae/lu 0.5X TBE buffer U535 10 Na.)
Wafianaaliaunsoneaiunaudiduenis
1#.A309 LED illuminator ARLanzuaumLiue

auaUszunas 370 daadlalng laviaen
micro centrifuge 2UA 1.5 NA. Forhntniaa
Tdfu 400 wn. dsnuenfduelesld The
FavorPrepTM Gel/PCR Purication Kit
(FAVORGEN®) muA LUz auIsninam
ATIINDUTUIARREUSHUTRIALE UL ALK
8nasai1833 Agarose gel electrophoresis
TapifButavevidolisesffiladienun
7 $19819 A EBK1-15, ShOP4-136,
EOP3-239, ShPT5-23, ShPT5-29,
RPT5-19 Wway RPT5-20 dvlydiAsievin
suiiedlalng wddesediuSeudieuiy
g'}uﬁ’agammL%a\laiaﬂmgﬁﬁiwﬁu’[u
GenBank #18/l151n5% Blastn (https://blast.
ncbi.nlm.nih.gov/Blast.cgi?PAGE__

TYPE=BlastSearch)

6. Msnsvsaulia CLVd Tneldifnmasay
(Bioassay)

1}1 RNA 209f8nefiaslUAasziim
asuilanilalng 31w 7 fiedy (EBK1-15,
ShOP4-136, EOP3-239, ShPT5-23,
ShPT5-29, RPT5-19 LLaz RPT5-20) 4Nazang
Tu Phosphate buffer pH 9.0 Tudnsna7u RNA
10 lulas4ms @8 Phosphate buffer
pH 90 40 lulasAns anUgnideasuudiund
szi@omeiug Rutgers Al 1-2 Tuase Tawld
wornSlususnlumsvunailufisieunisugn
o vismsugnidadainmdnunizainsiieuUnd
spanzidiana fansaurainiaidululug
TuvinAngy duisuase Busumsfadasos
waila RT — PCR Tusaifl 4, 8 uaz 12
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NANISNARBILAZIINTOL
1. msfnida (seed borne) UazN1EENDA
Lf‘i'amom&m (seed transmission) ?lil\wf;a
CLvd

m3naLte CLVd Tudugeu (seedling)
ey Lﬂﬁanfjmuﬁﬂ (seed coat) UBILLANNIN
LLm%ﬂuunmﬂﬂ’uﬁ:ﬁmmau WU AT
CLVd tawm1zusinuduseu welinuide
fwdendumdn (Table 1) wasnNE RS
WNT ATRNLEafidusausuIu 1 fodn
(Figure 1) 310 60 #1989 (bulked sample)
fin7a Fowifu 300 (60 x5) WlmNgNUAN
M99 LEAYT Ausauatviine 1/300 (0.33%)
W3peENn 5/300 (1.67%) ARnLEe CLVd
mm:ﬁummw‘\l’uﬁ:ggwm A32ANULT B
U 4 A8 (Figure 2) 310 226 LN
Fowiniu 1,130 (226 x 5) wianfigmiannsa

LaAYIN AFusaUntetiny 4/1,130 (0.35%)
¥3p0EnaNIN 20/1,130 (1.77%) fifaida CLVd

[

sary Tuwmenaiugpgiudenunisfiade

¥

NéfusouRaiiu 035 - 1.77% wazwuh wasu
wuglod asawuIdediuIu 2 #egny
(Figure 3) 270 214 Faty Fawindu 1,070
(214 x 5) Luﬁmﬁgnﬁwmmw WwunshinLe
CLVd Aniu 0.19 - 0.93% nInRFEAF
yinliaansoseyldindefinsianueglusu
Fugou HeilAuaanAdadiuNITENILTEY
Matsushita and Tsuda (2016) fiwuids
PSTVd fluStiaidnne (embryo) Tunzidaina
WATIIENUED CLVd Sinathemasniaisa
(seed transmission) tunzi@ainald
53 — 100% walsinulunzidia (Solanum
melongena) Waslingly (Glebionis

coronaria)

Table 1 RT — PCR results of seed coats and seedlings of germinated cucumber seeds from

CLVd infected cucumber plants

No. of bulked CLVd detected %
Variety sample’ sample® Infection
Seed coat Seedling Seed coat Seedling
Maewang 88 88 0/88 0/88
Bongkot 60 60 0/60 1/60 1.67
Pumchaba 20 20 0/20 0/20
Poothan 226 226 0/226 4/226 1.77
OoP 214 214 0/214 2/214 0.93
Nato 49 49 0/49 0/49

a

b

134

total number of tested samples with 5 bulked seedlings or seed coats for a tested sample

CLVd detected bulked-samples / total number of tested bulked-samples
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500 bp
400 bp
300 bp

Figure 1 RT — PCR results of CLVd detection with CL-P2 primers of cucumber seedling
cultivar Bongkot: M = molecular weight markers, 1 and 8 = healthy cucumber seedling cul-
tivar Bongkot, 2 — 6 = germinated seedlings of seeds from CLVd infected cucumber plants

and 7 = CLVd infected tomato leaves (positive control)

(A)
M1 2 3 4 5 6 7 & 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 M
500 bp
400 bp
300 bp
(B)
M 24 25 26 27 28 29 30 31 32 M
500 bp
400 bp
300 bp
500 bp
400 bp
300 bp

Figure 2 RT — PCR results of CLVd detection with CL-P2 primers of cucumber seedling
cultivar Poothan: M = molecular weight markers, 1 = buffer, 2 = healthy cucumber seedling
cultivar Poothan, 3 — 21 (A), 26 — 30 (B) and 3-10 (C) = germinated seedlings of seeds from
CLVd infected cucumber plants, 22 (A), 31(B) and 11 (C) = CLVd infected cucumber leaves
(positive control) and 23 (A), 32 (B) and 12 (C) = CLVd infected tomato leaves (positive control)
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~ 370 nt

500 bp
400 bp
300 bp

500 bp
400 bp

300 bp

11 12 13 14 15

Figure 3 RT — PCR results of CLVd detection with CL-P2 primers of cucumber seedling

cultivar OP: M = molecular weight markers, 1(B) = buffer, 2-5 (B) = healthy cucumber seed-

ling cultivar OP, 1 (A) and 6 — 13 (B) = germinated seedlings of seeds from CLVd infected

cucumber plants, 2 (A) and 14 (B) = CLVd infected cucumber leaves (positive control) and

3 (A) and 15 (B) = CLVd infected tomato leaves (positive control)

2. MApTeImauiaalalng
nnsthfeteiuetesdslseud
finUSunudemaila RT — PCR tionan
7 18819 A EBK1-15, ShOP4-136,
EOP3-239, ShPT5-23, ShPT5-29, RPT5-19
WAz RPT5-20 lUAasesimansiuiianilalng
wudn founm 367, 368 waz 369 dandlalng
ihdayasauiliadlolng adessiiiey
Wirunesidudanumiisusaads CLVd
fugudayssesiiiuiianilalngly GenBank
(Figure 4) laaldlUsunsy Blastn (https:/
blast.ncbi.nim.nih.gov/Blast.cgi?PAGE__
TYPE=BlastSearch) Wwui1 dAnundauiy
L‘%ﬂ cLvd lalzian Rutgers 3 (Accession No.
JF742635), Solanum 4 (Accession No.
JF742633), Prayong-16 (Accession No.
KC143294), Solanum 1 (Accession No.

136

JF742632), LP4-7c4 (Accession No.
JF446928), Chaipayon-16 (Accession No.
KM214217), Solanum 16 (Accession No.
JF742634) Wae Rutgers 9 (Accession No.
JF742636) 55939 97 — 99% 3NN1INITUN
anwsiau lapilusziansundn identity
Jundn finaurdn den identity agluszdy
g9nd1 90% Fulvazfeindelisesdsons
Hunfadeafuiudelisesdfitiasey
Wey wid1dindt 90% aswn adiadniu
Tsesdsepiiafu USsg, 2548) Fonns
wWisuieuTuadedilian identity mo9idad
7 Taau sl CLVd Tugudeya GenBank
71 97 — 99% (Table 2) Faaullih Faliseud
W9 7 shotne fnulududouunsnin Jude
cLvd Fsflsduinnadlalndegf 367- 369
fedlalng
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EBK1-15 CGGAACTAAACTCGTGGTTCCTGTGGTTCACACCTGACCCTGCAGCCATGCAAAGAAAAA 60
Rutgers3 CGGAACTAAACTCGTGGTTCCTGTGGTTCACACCTGACCCTGCAGCCATGCAAAGAAAAA 60
khkhkkhkkhkhkhkhkkhkhhkhhkkhkhkhAhkhkhdhhkhhhkhkhAhkhhkdhkhrhhkhkhhkhhkkhhkhrhkhkkhkhkhkhhkkhhkhrhrkhkkhkhhhkh*k
EBK1-15 AAGAACGGGAGGAAGAGCGCARAGAGCGGTCTCAGGAGCCCCGGGGCAACTCAGACCGAG 120
Rutgers3 AAGAACGGGAGGAAGAGCGCAAAGAGCGGTCTCAGGAGCCCCGGGGCAACTCAGACCGAG 120
khkhkkhkkhkhkhkhkkhkkhhkhhkkhkhkhAhkhkhkhhkhhhkhkhAhhhkdhkhrhhkhkhkhhhkkhhkhrhhkhkhkhhhkkhhkhrhrhkkhkhhhkx*k
EBK1-15 CGGGGTCTTGACCAGTGGCGAGCGCCCTGTTCAGACAGGAGTAATCCCAGCTGAAACAGG 180
Rutgers3 CGGGGTCTTGACCAGTGGCGAGCGCCCTGTTCAGACAGGAGTAATCCCCGCTGAAACAGG 180
khkkhkkhkkhkhkhkkhkkhkkhkhkhhkhkhkhAhkhkhkhhkhhkhkhkhAhhkhkkhhkhrhhkhkhkhkhkhkkhhkhrhkkhkkhkhhkdx ,hkhrhkhkhkkhhxhkx*k
EBK1-15 GTTTTCACCCTTCCTTTCTTCTGGTTTCCTTCCTCTGCTTCAGCGGCCTCGCCCGGAGTC 240
Rutgers3 GTTTTCACCCTTCCTTTCTTCTGGTTTCCTTCCTCTGCTTCAGCGGCCTCGCCCGGAGTC 240
khkhkkhkhkhkhkhkkhkkhhkhhkkhkhkhAhkhkhkhhkhhhkhkhAhhhkkhhkhrhhkhkhkhkhhkkhhkhrhhkhkhkhkhhkkhhkhrhrkhkkhkhhhkx*k
EBK1-15 TTGACCAGCGCAGGTTCTGACGCGACCGGTGGCATCACCGAGTTCGCTCAAGCCTCATCC 300
Rutgers3 TTGACCAGCGCAGGTTCTGACGCGACCGGTGGCATCACCGAGTTCGCTCAAGCCTCATCC 300
khkkhkkhkkhkhkhkkhkkhkkhkhkhhkhkhkhAhkhkhdhhkhhhkhkhAhkhhkdhkhrhhkhkhkhhhkkhhkrhhkkhkhkhhhkkhhkhrhrhkkhkhhhkh*k
EBK1-15 TCCTTTTTCTTCATTCTAGCTTGGTCTCCGGGCGAGGGTGTTTAGCCCTTGGAACCGCAG 360
Rutgers3 TCCTTTTTCTTCATTCTAGCTTGGTCTCCGGGCGAGGGTGTTTAGCCCTTGGAACCGCAG 360
khkhkkhkkhkhkhkkhkhkhhkhhkkhkhkhAhkhkhkdhhkhhhkhkhAhhhkkhhkhrhhkhkhkhhhkkhhkhrhhkkhkhkhkhhkkhhkhrhrhkkhkhhhkh*k
EBK1-15 TTGGTTCCT 369
Rutgers3 TTGGTTCCT 369

KAk Ak KRk Kk kK

Figure 4 Nucleotide sequence alignment between a sequence sample of seedling EBK1-15
and CLVd isolate Rutgers3 in GenBank (Accession No. JF742635)

3. msns2esauda cLVd laeldfamasey Singh and Ready (2003) l¢nanifeanw

(Bioassay) WInApNIRUMAN ANNLTNLE 22T Tl

nMsldRwneaay (Bioassay) (Nie and 519913 AwasanaiinyTinagelunisi

Singh, 2017) tHunsnasaumeiinmlaeiy
Rufdadonmasaus N 1TUURTFoFd
ANNS UGB (Legrand, 2015) Wiedudiu
nIRadeLfinAnaInn1InTadIBImadla
RT-PCR 91NMInasauAssi wuin wasan
Ugnide 4, 8 uaz 12 dUai Funzifena
Rutgers L3uuanadaIn1sluduanvia 12
1 Ff1otg (ShOP4-136) wardumvii 17
37UU 3 fatN AB RPT5-23, RPT5-29 LAy
EBK1-15 uaadiin1sfitn RNA a1nsiatig
ffnsavlydmssimanduiiiailolnduds
u1gnideasuufizends 1iafusunati
ypdoanmagnidouds @eaansadnluiii
YSaaluitgarfanasuandan1soeglsnle

bicassay lég15e Taeluidelisessinay
soUgUMARTIG (> 28 °p) wazAmTNLEIgS
ey ldfinason1suaaveINI T aNINTy
(Semancik et al., 1988) 31NN1INANDY
Tupfedl rauiissnranidafiusuaddes
safensugniialuanmlsedeudifianmds
wastipendtdieuen iavaniniInsiouas
graugaudsiaananuiaululsdou uas
Fapnafitfadenany ¢ pH1NNFINARBNTT
dvhane Sevildeinysinalufiamasey
WRWEAYEIN1TTRILIATN IHBlSeuiy
fUseeng positive control Tiflusuoude
NN i lHuaasaInsiaisinin
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aqﬁwamﬁwﬂaaa
MItenende CLVd HIuNSLNEn

[

TULAINI LATLANEIUTINIGNG 6 qeug
AD wlTe ven Wazwn gnns e wazule
Iﬂﬂmiﬂgm%a CLVd adUULAINITULAL
wavdufisasfundn waswaNNaTLLLEN
WU waaniuanduiifndasmnIatemen
Worunniald laonsiadiomnaia
RT — PCR wule CLVd fifusousasumsnii
Wuguany g uazuasiuiuglod Aoy
Wosifudnsfiatie 033 — 167, 0.35 - 1.77
AL 0.19 — 0.93% ANANU LLAZWNAWAN PCR
99108 AN S e R duiinalolnd
367 — 369 Alelng Wwwipfude cLVd
wazfanumdouiuide cLvd Tugwdeya
GenBank filas5ifusainumiiouszning
97 - 99% Feaguldidnde CLVd aw1en
fhsmammumoLuﬁmjﬁudaﬂuummﬂﬁ

ATBLAN

muié’aﬁﬂﬁ%’nm‘mﬂfuaguamquﬁ
maluladfiniwinens ani1dnede
INHATANEAS INBUVATIWILEY 2.UATUTH
auidanuduidasumaluladdinninens
grunWaUITuAaANE ILasITeA 1U
Imprdnansuazinalulad d1iinenuaue
NIINNINTPANANE N aandiulds
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