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ABSTRACT

Pepper chat fruit viroid (PCFVd) is a significant quarantine pest impacting the production
of pepper and tomato crops for exportation. This study aimed to evaluate the pathogenicity,
disease symptoms, seed transmission rate, and nucleotide sequence variation of PCFVd.
Mechanical inoculation was conducted on 13 pepper accessions and 16 eggplant accessions.
Reverse transcription-polymerase chain reaction was used to detect viroid infection. The results
showed 100% infection in all pepper samples, which led to reduced fruit size, though seeds were
still produced. Among the eggplant samples, 12 showed infection rates of 10-100%, while 4
accessions were not infected. Infected leaves and flowers of eggplant exhibited reduced sizes but
still produced viable seeds. Seedlings from infected plants exhibited transmission rates of 48.9
and 2% in pepper accessions CA1181 and CA1220, respectively, and 1.2% in eggplant accessions
SM021B. The RNA from the infected seeds and seedlings was also pathogenic when reinoculated
into a susceptible tomato variety, Seedatip4. The nucleotide sequence comparison of the DNA
products obtained in this study with the database of GenBank confirmed the species as PCFVd.
Nucleotide sequence variation was identified in the terminal right domain, exhibiting 96-99%
sequence identity to the LPng20-11c1 isolate (accession no. JF446893). This study demonstrated
that PCFVd can induce disease and be transmitted through seeds of both pepper and eggplant
plants.
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vosiuanal gandunsyyn waruanugHansn
fuunidnas (Table 1 uaz Figure 1) uaianagey

Seanusasgauladnisfonauaziudnale

Table 1 The infectivity and seed transmission rate of PCFVd on pepper (C. annuum)

PCFVd infection in mother plants

PCFVd infection in seed

No. Accession  Fruit type % Plant 100 seeds by Grow-out test
Symptom bulked /
infection %G°® %G % InfY (Bioassay)
Bioassay ®
1 CA1106 elongate 100 BS, RF +/+ 50 39 0(0/39), ()
2 CA1110 elongate 100 RF +/+ 65 70 0 (0/70), ()
3 CA1113  elongate 100 RF +/+ 90 92 0(0/92), ()
4 CA1168  elongate 100 RF +/+ 65 87 0 (0/87), (-
5 CA1172 elongate 100 NS +/+ 87 65 0 (0/65), (-)
6 CA1179 elongate 100 RF +/+ 87 61 0 (0/61), (-)
7 CA1181 triangular 100 RF +/+ 95 90 48.9 (+44/90), (+)
8 CA1182 blocky 100 RF +/+ 85 73 0(0/73), ()
9 CA1194 blocky 100 RF +/+ 80 51 0(0/51), ()
10 CA1199 blocky 100 RF +/+ 68 72 0(0/72), ()
11 CA1200  elongate 100 RF +/+ 90 72 0(0/72), (-
12 CA1210 blocky 100 RF +/+ 70 15 0(0/15), ()
13 CA1220 blocky 100 RF +/+ 90 50 2 (+1/50), (+)

Remark: BS = Bushy; RF = Reduced fruit size; NS = No symptom
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(+) = PCFVd-infected sample was found by RT-PCR; (-) = PCFVd-infected sample was not found by RT-PCR

? Bioassay as mechanical inoculation on Seedathip4 tomato

® Germination rate of seed from healthy plant = (number of germinated seedling/total seed) x 100

© Germination rate of seed from PCFVd-infected plant = (number of germinated seedling/total seed) x 100

4 PCFVd infected rate = (number of PCFVd-infected seedling /total germinated seedling) x 100

B AR Bt o

Figure 1 Characteristics of C. annuum two
accessions; CA1181 (A, B) and CA1220 (C,
D) and S. melongena accession SM021B
(E, F); Fruits from healthy plants (A, C, E)
and fruits from PCFVd-infected plants

(8, D, F)
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AUNLIYD 16 accessions WUIN 12 accessions SMO021B e SM112 8 3 accessions N19A51N15AN

189511570 10-100% wazlifinde 4 o 83-85.7% léun SM252-36 SM252-49 uay

accessions UanNa1N4 SamuensaaUnF Taun SM110A i 1 accession i§A51N5AALE D 10%
Tunaznonvesiuiind eflvuinanas winands ¢un SM1038 wawdl 4 accessions 7ighsMsAnde
aunsanmundunavasinudnle lnaidldiegng 0% laun Ugileen7 1 accession Ao SMO57 Lay
wu1ie 8 accessions Ml MsAnLe PCFVA 100% U3 991U 3 accessions A SMA74 SMAT4B way

1gun SM006 SM264 SM244 SM004 SMO13 SM099 SM477 (Table 2, Figure 2-3)

Table 2 The infectivity and seed transmission rate of PCFVd on eggplants (S. melongena)

PCFVd infection in mother plants PCFVd infection in seed
by Grow-out test
No. Accession Fruit type % Plant 100 seeds
Symptom % Inf?,
infection bulked/Bioassay® %G  %G°©

(Bioassay)
1 SMO006 long green 100 RL, RFL +/+ 100 100 0 (0/100), (-)
2 SM252-36 long green 85.7 NS +/+ 80 84 0 (0/84), (-)
3 SM264 long green 100 RL, RFL +/+ 97 93 0(0/93), (-)
4 SMO057 long purple 0 NS /- 90 90 0 (0/90), (-)
5 SM244 long purple 100 ST, RL, RFL +/+ 90 90 0 (0/90), (-)
6  SM252-49  long purple 85.7 ST, RL, RFL /- 100 100 0 (0/100), (-)
7 SM004 round green 100 RL, RFL -/- 100 100 0 (0/100), ()
8 SM013 round green 100 RL, RFL -/- 100 64 0 (0/64), (-)
9 SM099 round green 100 RL, RFL +/+ 32 5 0 (0/5), (-)
10 SM103B round green 10 RL, RFL +/+ 100 96 0 (0/96), (-)
11 SM110A round green 83 RL, RFL +/+ 100 92 0(0/92), (-)
12 SM021B white ribbed 100 RL, RFL +/+ 80 7 1.2 (+1/77), (+)
13 SM112 white ribbed 100 RL, RFL +/+ 92 80 0 (0/80), (-)
14 SMa74 white ribbed 0 NS -/- 80 85 0 (0/85), (-)
15 SM474B white ribbed 0 NS -/- 90 90 0 (0/90), (-)
16 SMaTT7 white ribbed 0 NS -/- 100 98 0(0/98), (-)

Remark: ST = Stunt; RL = Reduced leaf size; RFL = Reduced flower size; NS = No symptom
(+) = PCFVd-infected sample was found by RT-PCR; (-) = PCFVd-infected sample was not found by RT-PCR
? Bioassay as mechanical inoculation on Seedathip4 tomato
® Germination rate of seed from healthy plant = (number of germinated seedling/total seed) x 100
© Germination rate of seed from PCFVd-infected plant = (number of germinated seedling/total seed) x 100

4 PCFVd infected rate = (number of PCFVd-infected seedling /total germinated seedling) x 100
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Figure 2 Results of PCFVd infection detected by RT-PCR technique using PCF-seq primers with
target DNA of 348 bp (PCFVd-infected plant) from RNA extracted from S. melongena, 8
weeks after inoculation; M = 100 bp. Molecular weight marker, BF = buffer, P = PCFVd
positive control, 1-5 = SM006 plant no. 1 to 5, 6-10= SM252-36 plant no. 1 to 5,
11-15 = SM264 plant no. 1 to 5, 16-19 = SM244 plant no. 1 to 4 and 20-22 = SM252-

49 plant no. 1 to 3, respectively

SM004

SM021B

SM112

Figure 3 Comparison on healthy and PCFVd-infected plants of S. melongena three accessions,
SM004 (A1-A4), SM021 (B1-B4) and SM112 (C1-C4): healthy leaves (A1, B1, C1); infected

leaves (A2, B2, C2); healthy flowers (A3, B3, C3) and infected flowers (A4, B4, C4)
nsAnwilaenndaatiu Verhoeven et al. WEATUSMISAW C annuum e C fiutescense L.
(2009: 2011: 2020) Ui 1ie PCFVd @1ansa Afade PCFV To1nsAuLA ouasy NIINY

Waviarglunsnaia C annuum wazdanalv wAUaY W3nuWug lifinsAananaziudniile

NaNINIYUIALANAY Lag Matsushita and Tsuda
(2015) AWV b8 ® PCFVd @1u15asW uUSuNed
Tunsnwila C annuum wagNuINISHALANAY

R N1SANYIYeY Keyata et al (2024) wuin

wWisuiguiusuunaluiugaeniu lagluiugn
AALAANTIANULTD PCFVA L linun1sanenan
& Y v a A a ~ ~
Walddadundinsn wWiotdSeuriieuainislsai

Wina1nwye PCFVd lungidainaiug Money-
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maker (Verhoeven et al., 2009) wazug U BLNe
‘ﬁuﬁi Rutgers (Reanwarakorn et al., 2011) wudl
9111513ATULTINI N Nz Uz Taun laun
suiewasy Turdnangy wnalvndiidulu Aulu
LATEIAUREIITULTT 9NTIna1INTeagUle i
AU ULTIVOIDINITIIANLAAINAITAALY D
PCFVd Tudvwiinnng 9 Yuiunatedade laun
yipuaraneiuiventelisess viauasiuives
A a 124’ v ..
WY JPELIAMIAAYD wazanmInaey (Hadidi
et al,, 2003; Ding, 2009; Hadlidi et al., 2017) ag13ls
13 =2 & & Aa &

AN N13AnwIlNUNEToNAMYe PCFVD wans

a a a 13 v v 1
gn1siaUnfissantes lawa vuinvesly
wazaonanat ag13lsnau ilesainuziloma
a IS < ] ¢ a v v & = &

WIn wavuslaidunalursdineniu delu Fady
- o A ¢« a A v o 1% 1 1Y)
fvandenlisesnvlinilidvhaiels wilisedunis

WNYNa8uane PCFVd Nuanfnany

2. M3devnenlorumaudn
naoudalsesdiazaneglusdanin
Fewmaia RT-PCR wun1sanide PCFVA luwdn
‘17?& 13 accessions laiun CA1106 CA1110 CA1113
CA1168 CA1172 CA1179 CA1181 CA1182 CA1194
CA1199 CA1200 CA1210 way CA1220 (Table 1)
wazlunzifenuwdndinide PCFV 9 accessions
1nN¥aviaa 16 accessions e SM006 SM252-
36 SM264 SM244 SM099 SM103B SM110A
SMO021B tay SM112 (Table 2) Buduauasnsa
Tunsnelsaveade PCFVd annwdnnsnuas
undeildnduinge wuin undemaiage
PCFvd mﬂﬁﬁﬁgumﬁmw%ﬂﬁg\i 13 accessions LLay
uzilawmanade PCFVd anninduudnusiie
$1UIU 12 accessions MNTANUA 16 accessions

(Table 2) uandldifiuinge PCFV finsranuly
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WandinIAuaINIsalunisnalsale waziinny
NUNTUA DANINLIAG DUTLNI WNAITLAULAY
ANAreINIAATUS nan1INaasnlatiaa
d@anAaadnu Verhoeven et al. (2009) 1NUBINTS
vaululng wazvurnvednaanasluuzi o
naalasunsugnie PCFV iienaaaunisidn
YMaNuvaT NTREAUUNINAFDUDIULD kAT
donPReIiu USiwuguazany (2556) Reanwarakom
et al. (2011) wag Kungwon et al. (2022) NIy
o v 4dy % v a a
Anwazonisauiey wdululvll Tulednd wazly
A P = ¢ & |
WagualuLLamA 91NA1SANYIT WU ©1N1S
15ATILARIINNISAAWE PCFVd UuNgWawmANUg
= a 4 [ =3 gj 1 [ [ dill
dnfingdd Funariunaue 14 Tundenisugniae
Tase8datuisarliiineinisdunAszLnsyY
21n15uulU lown Ongiauee Mmﬁﬂamazﬁmgﬂ
N a . I3 aa

81N15:41889% M (chlorosis) 81N15LEARA1YT N
Ay wazidulu naidnasuasiingy Wusu (Flores
et al., 2005)

A1SONENDANIUNINUAAVDILTD PCFVd

I3 a A Ay Y A Yo
YosuAANENwauzeilandunlasun1sUgn
Weo PCFVA wSsurisuduuannlaainduuns
mvAl lngnisugnnegeuluanimlsusauuiy
12 &UA WU WIN 2 accessions lawn CA1181

¥ Y a & ¥ ¥ v o

ASIANUAUNAIRALY D 44 HU INNAUNAINIDN
719%UA 90 AU kaz CA1220 ASIANUAUNARALYD
1 AU INAUNANIDNINUA 50 Fu AnLTuN1T
AENDANIUNILUAAVDI CA1181 LAy CA1220 il
9751 48.9 hay 2% A1Ua1n U (Table 1 way
Figure 4-5) LA¥NUI1 ULll® 1 accession bAA
SM021B AS29NUAUNAFALTD 1 AW INNAUNAN
I9NITINUA 77 FU AALTUSHIINTITONENDANIU

MaLan 1.2% (Table 2 uaz Figure 6)
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MBFPH 1 2 3 45 6 78 921011 1213 1415 1617 1819 2021 M M 22 23 24 25 26 27 28 2% 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 M

M 46 47 48 49 50 51 52 53 54 55 56 57 5859 60 61 62 63 64 65 66 67 63 69 M M OBF P 707172737475 76 77 7879 80 8182 83 84 85 86 87 83 89 90 M

Figure 4 PCFVd detected by RT-PCR using PCF-seq primers with target DNA of 348 bp (PCFVd-
infected seedling) on 12-week-old seedling of C. annuum accession CA1181 from the
Grow-out test; M = 100 bp. molecular weight marker, BF = buffer, P = PCFVd positive
control, H = healthy, lane 1-90 = seedling no.1 to 90 (A, B, C, D)

M BF 1 2 3 4 5 6 T 8 @ 100 P M

<— 500 bp
+— 348 bp

Figure 5 PCFVd detected by RT-PCR using PCF-seq primers with target DNA of 348 bp (PCFVd-
infected seedling) on 12-week-old seedling of C. annuum accession CA1120 from the
Grow-out test; M = 100 bp. molecular weight marker, BF = buffer, 1 = seedling no. 26,
2 = seedling no. 27, 3 = seedling no. 28, 4 = seedling no. 29, 5 = seedling no. 30, 6
= seedling no. 41, 7 = seedling no. 42, 8 = seedling no. 43, 9 = seedling no. 44, 10 =
seedling no. 45 and P = PCFVd positive control

Figure 6 PCFVd detected by RT-PCR using PCF-seq primers with target DNA of 348 bp (PCFVd-
infected seedling) on 12-week-old seedling of S. melongena accession SM021B from
the Grow-out test; lane 1 and 25 = 100 bp. molecular weight marker, 2 = buffer,

3 = PCFVd positive control and 4-24 = seedling no. 1 to 20, respectively

Thai Agricultural Research Journal Vol. 43 No. 2 May - August 2025 141



INUAU N3N 2 accessions NFRLT PCFVd
loun CA1181 Wunsnauie dnseuuwiu Tuidn

158 aaﬂmaﬂlﬁuﬁaaﬁmumﬂ YUIANATULAY

¥
[ % a A

anmdneiunsnYnylszau uay CA1220 1Junsn

Aoy

AdAugauanane nsaiuluse Tulve wagniwaz

—

Tnajaa1ansnuu @aursasylvnandnuas
WwaanugAnle PCFVd fianevanludsdunan
feantuile Fe8udulainde PCFVA @119
1 dy 1 @ a v YV ¥ d'
UL BHIUNINUAANS NLUSIdUnd 1N LTy
N3ENYIATIN 9e13l5ANIL Nan1SENWITLANA
INNTI8UVDT Verhoeven et al. (2020) N91579
WULID PCFVd 21ntu@ansn ualinunisaienan
o PCFV rumawdnludundininileenain
@ a [ dy 1 a [ = = U

WanyaRenfull wunefun1sAnyiigende
LAZNITO1ENDALY @ PCFVA HAUNIUAAUDS
Yanagisawa and Matsushita (2017) Wun1sanevan
Werumawdnlugdundntuninilvasd 65.3-
91.9% waga 18NaAN TUNINNAAlUE A und
wawne (S. lycopersicum) g Yellow Pare 1.4%
welinunIsaNENaANLMNUAANSN (C. annuum)
Wug Miyoki

Uz e et olu accession SM021B LTu

= A v v

U @e91u NdaNvarAUaIUIUNa1e DBNABN
a a a N v i
W NAUNBNEYND NALANYAENANLULLAL LT
guLaNtef1ud19eIna naiadalisesnds
arunsaasylinandanasiudnfinie PCFV

| & o v v o MY e A o
wazatenaaialudisunafeantule J9udiy
a1 Y9 PCFVA @13115001879ANIUNILUAR

A Al =3 g Y] '
1N UN1SANEIASI wazdlunusigau
N1TOENDALY D PCFVA HAUNILE AlULZLY 9300
a
DU 9
= dy Y @ 1 a di{l
AsANYULAAa LU N1SRAe PCFVA

VOIANANY (embryo) Winwarugide eraialaan
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2 ueHa Ao 1) Auwl Ao owazdl $3lY (ovary)
da & v o & ] = = '
Anesiy Waleanselulinsiadeunsening

wad (cell-to-cell) ULV WYARVDIANNL T B

Y

a

[~ v Y a dy & 1
AMeluwazaanluAuNadaLTe ¥3s 2) S¥rIg
AULLINSAA PCFV wagkiladisyuyaannan
uazasINarenas (pollen) NAn1AALTD 18
LAANIINELALDY (self-pollination) azoanasil
a & & v a av Yo Aa &
Antdolisesnaunsanujauslaannsnfne

< v Y da A vy ' &
wazsanidusunaidnaels Fanalnnsaneneni
Bhuvitarkorn and Reanwarakom (2019) 9518414
A15018NDANINUA AVUT © CLVd Tunzld 997
sesrausafaliiuazeaanaswazinanig

Ufauslarnnzindofiaunsansyuazsanidu

funa1ffng elaluensii LANAINNUYUBYN

& A 1 =3 =) = AI a d‘
UTNY 281915AMN AITHNTANWIALLALLND

wagvilhiAnnsdnevenidelisossluganngly
$alale e fudoyaliiAnanuszsiasy Yansld
avoaunasiluinisinide PCFVd lunsuan
\wénsiug 193270 Yanagisawa and Matsushita
(2017) Anwinsanenenveuio PCFVd Tufiyuile
WUTT N15IENDANTUNIUUAALAAINAITHEAL
vpsazeounasind olisesddulyludely way
dwaliidodroneadluludwnzd wasysely
Hudauazsonifudundande PCFVd Tusns

Mgeunnidi 65%

3. NMsAIATZIMaaUlea lalnavawtalisen
aautiiadlelndveyndleg199iiun
= = = %3 o %3 a al L2 dﬁl
Anw danumilaunua1Rutiealalne va e
PCFVd loleian LPng20-11c1 (accession no.
JF446893) 1agdl A N1ANULAL BUN UVDIAIAU
Tralalnail 96% D9 99% (Table 3) waza NS

Wisuiiguawuiiealelneuu multiple sequence
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aligcnment A28 Clustal OMEGA (version 1.2.4)
yoade PCFVd fildannnsn uzide uasuzdome
Fo1d olunsfnwnd TuLd o PCFVd lolwian
LPng20-11c1 (accession no. JF446893) Wu1 &
mM3asunlamesau Tedlolnduraiums
USaEIRuURl 160 8 190 Fedeuianalelng
fanaegluuinalauuilaun (terminal right
domain; TR domain) ¥e9i@e PCFVd Tnemunns

WasukUaswasasuinmalelnavsaiis PCFVd

fiRnwINNA accession CA1181 l¢uA accession
no. PQ872184 (Rndunindinde) s1uau 12
ALY accession no. PQ872186 (mmuﬁmad
WINAAED) 10 FUMLis accession no. PQ872188
(UELUDLNAIINAITNAGD U biological assay)
3 AIWNAUY LaY accession no. PQ872194 (Aunan
winAndeannimmaaeuvgnluanimlsasen)

3 AwnUs (Table 3 way Figure 7)

Table 3 Results of sequence similarity of PCFVd infected plant, whole seeds, biological assay and

Grow-out test seedling of the C. annuum, S. melongena and S. lycopersicum compared

to the isolate LPng20-11c1 (accession no. JF446893)

Plant accession NCBI accession Sample ID Host Score E Value % Identity No. of nucleotide changing at
no. no. (bits) TR-domain
CAl181 PQ872184 SB_Pe_PC1 pepper Infected pepper plant 571 2e-158 96 12
PQ872186 SB_Pe_PC5 pepper 100 whole seeds 588 2e-163 97 10
PQ872188 SB_Pe_PC8 tomato biological assay 627 4e-175 99 3
PQ872194 SB_Pe_PC18 pepper GOT seedling 627 de-175 99 2
CA1220 PQ872185 SB_Pe_PC3 pepper Infected pepper plant 593 de-165 97 7
PQ872187 SB_Pe_PC6 pepper 100 whole seeds 627 de-175 99 3
PQ872189 SB_Pe_PC10 tomato Biological assay 627 4e-175 99 3
PQ872193 SB_Pe_PC17 pepper GOT seedling 621 2e-173 99 3
SM021B pPQ872174 SB_Eg PC28 eggplant  Infected eggplant plant 627 de-175 99 3
PQ872179 SB_Eg PC53 eggplant 100 whole seeds 621 2e-173 99 3
PQ872180 SB_Eg PC76 eggplant  GOT seedling 627 de-175 99 3

Note: Length 348 (nucleotide)

Sununsiasuilamwesdsuiionale s
Y8988 PCFVd $1u2u 3 dunys Adnwnlundn
accession CA1220 lawn accession no. PQ872185
(@INFUNNRAED) $1uI 7 Aumus accession
no. PQ8T2187 (Inuidnuesinfiniie) accession
no. PQ872189 (anuzilainenaaeu biological
assay) Wa¥ accession no. PQ872193 (AUAA1
winAndeannimmageuUgnluanimlsasen)
(Table 3 way Figure 7)

Sununsiasuilamwesdsuiionale s
Y0480 PCFVA $112u 3 suvs fidnwlunzide
accession SM021B e in accession no. PQ872174
(@ ndunzidefinige) accession no. PQ872179
(@1mudauziiofind o) uazide accession no.
PQ872180 (ANFUNE 11T oA ALd 991001

nagauUgniuanmlsasen) (Table 3)
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CLUSTAL OMEGA (1.2.4) multiple sequence alignment

JF446893.1 CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAA 60
PQ872184 CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAA 60
PQ872186 CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAA 60
PQ872188 CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAA 60
PQ872194 CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAA 60
PQ872185 CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAA 60
PQ872187 CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAA 60
PQ872189 CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAA 60
PQ872193 CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAA 60
KA K AKR KA AA KA A I KA A I AAAAA AR I A A I A A AR I AR A A A AR ARk k kA kA Ak ok k ok k ok ok x
JF446893.1 GGGGAAGCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGAACAGATCGGGCGGAG 120
PQ872184 GGGGAAGCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGAACAGATCGGGCGGAG 120
PQ872186 GGGGAAGCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGAACAGATCGGGCGGAG 120
PQ872188 GGGGAAGCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGAACAGATCGGGCGGAG 120
PQ872194 GGGGAAGCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGAACAGATCGGGCGGAG 120
PQ872185 GGGGAAGCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGAACAGATCGGGCGGAG 120
PQ872187 GGGGAAGCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGAACAGATCGGGCGGAG 120
PQ872189 GGGGAAGCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGAACAGATCGGGCGGAG 120
PQ872193 GGGGAAGCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGAACAGATCGGGCGGAG 120
KA K AKR KA A A KRA KA I KA A I AAA A A AR I A A I AA A KNI A A A AR Ak bk kA kA Ak ok k ok ok ok kx
JF446893.1 AAGCGCCGTGCGGGTCCGTCTTCTGACAGGAGTAATCCCAGTAGAAACAGGGTTTTCACC 180
PQ872184 AAGCGCCGTGCGGGTCCGTCTTCTGACAGGAGTAATCCCCGCTCCATCAAAGTCCCCCCC 180
PQ872186 AAGCGCCGTGCGGGTCCGTCTTCTGACAGGAGTAATCCCATCATAAACAATGCCACCACC 180
PQ872188 AAGCGCCGTGCGGGTCCGTCTTCTGACAGGAGTAATCCCCGCTGAAACAGGGTTTTCACC 180
PQ872194 AAGCGCCGTGCGGGTCCGTCTTCTGACAGGAGTAATCCCCGCTGAAACAGGGTTTTCACC 180
PQ872185 AAGCGCCGTGCGGGTCCGTCTTCTGACAGGAGTAATCCCCGCGGAATCAGGGCAGCCACC 180
PQ872187 AAGCGCCGTGCGGGTCCGTCTTCTGACAGGAGTAATCCCCGCTGAAACAGGGTTTTCACC 180
PQ872189 AAGCGCCGTGCGGGTCCGTCTTCTGACAGGAGTAATCCCCGCTGAAACAGGGTTTTCACC 180
PQ872193 AAGCGCCGGGCGGGTCCGTCTTCTGACAGGAGTAATCCCCGCTGAAACAGGGTTTTCACC 180
KA KA I KA AAKRAA I I AIR I A AA KA AR I A AR A A AR I A K h ok k ok K kK * K kK
JF446893.1 CTTCCITTCTTCGGGTTTCCTTCCTCAGTCGACCGGACCGCGTCGGCCTTCTCGCGCACT 240
PQ872184 CTCCCTTTCTTCGGGTTTCCTTCCTCAGTCGACCGGACCGCGTCGGCCTTCTCGCGCACT 240
PQ872186 CTTCCTTTTTTCGGGTTTCCTTCCTCAGTCGACCGGACCGCGTCGGCCTTCTCGCGCACT 240
PQ872188 CTTCCTTTCTTCGGGTTTCCTTCCTCAGTCGACCGGACCGCGTCGGCCTTCTCGCGCACT 240
PQ872194 CTTCCTTTCTTCGGGTTTCCTTCCTCAGTCGACCGGACCGCGTCGGCCTTCTCGCGCACT 240
PQ872185 CTTCCATTCTTCGGGTTTCCTTCCTCAGTCGACCGGACCGCGTCGGCCTTCTCGCGCACT 240
PQ872187 CTTCCTTTCTTCGGGTTTCCTTCCTCAGTCGACCGGACCGCGTCGGCCTTCTCGCGCACT 240
PQ872189 CTTCCTTTCTTCGGGTTTCCTTCCTCAGTCGACCGGACCGCGTCGGCCTTCTCGCGCACT 240
PQ872193 CTTCCTTTCTTCGGGTTTCCTTCCTCAGTCGACCGGACCGCGTCGGCCTTCTCGCGCACT 240

I I R R R e A ]

Figure 7 Multiple sequence aligcnment using Clustal Omega of Pepper chat fruit viroid sequences
from PCFVd-infected plant, whole seeds and GOT seedling of the C. annuum CA1181
and CA1220 and biological assay on S. lycopersicum ‘Seedathipd’ compared to the
isolate LPng20-11c1 (accession no. JF446893.1). Blue highlights show the original sequences

and yellow highlights show the changed sequences
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lasessmaennismaaesiudulsdn e PCFVd vadlawuuuielasessluied Pospiviroidae wa
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(accession no. JF446893) 7 96 &4 99% uay voudohsesdnsluwadiwludidundoais
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fouaviianssassmendelisess uazndoud]
lUmusguurieatass (systemic trafficking) Tu
fiverduidi osdvhanswadluwadusiandug
(Kalantidis et al.,, 2007; Zhong et al.,, 2008;

Steger, 2017) LA T1891UVRY US1vuguavame
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(2567) 8@nw quasi-species vaade CLVd lu
U amnANUS Rutgers wazdn150 ugdn uay
ULUBLUTIE wagagUd1 NUTIWIU variant A
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lwde 3 suvdeiodluy egluuiinm TR uay
pathogenic domain (P domain) Lagwue MI1N13
naneiudiadees CLVd Solanum-17 8.15 X 10°
Lﬁaﬁqﬂﬁmuﬁm quasi-species U84 CLVd uag
wuiviaves dominant variant fAuAeIteq

fuvliniyede
dyUnan1Inaasg

N3ANEIERIINTTAME LAz NNSENENen
siunandaiugueade PCFVd Tasnisugnide
f2878Na WU N3N 13 accessions A8MIINT
AaLdo 100% uazn1sid1vinatevead oyilaa
YUINVDINALANAY UELTD 16 accessions F8HS1
AMsARLEa5EWINe 0-100% waTwUBINISARUAR
T@un lunaznenvesduing eflvuinanas Lile
AnwensIniseenendos U aLanlaemwne
néluaninlsadou wusnsinisanenenie
PCFVd W1 UMb ud A us bunsn accession
CA1181 wag CA1120 91 48.9 uay 2% aud iy
wazuzide accession SMO21B 91 1.2% n1s@nen

v I3

nunsanenenueae PCFVd FUN LA ATUS

3

v

a = Y A v & aa
WﬁﬂLLa%ll%lﬂlaﬂqﬂmu‘mlfﬂiUﬂ'ﬁU@JﬂLsﬂaﬂ’JEJ']ﬁﬂa
= dy [ v [ a a
NaﬂqﬁﬂﬂiﬂquLUusUaﬁJuaeLUﬂ'ﬁﬂﬂLﬂ@]@']ﬂ'ﬁﬁ\lﬂﬂﬂ@]
a a 5 a a o
V]Lﬂﬂsﬂqﬂlﬁﬁaﬂﬂiuuﬁdﬂﬂ‘v\ﬁﬂLLagllgLsUa LLagyan

nsldudanusiaannnisuullauvaaudinlisesn

v A A

nsdIsalsAg A ale nstdaneAdulsa
sonanulas azdelinisnanwdniudninuas

a & ¢
mwaﬂaammm%absaam

ANYaUAL

ifedldsunuganyuisennaniu
AU WAUIRAIUNIINGIT N YATAIENS
(Kasetsart University Research and Development
Institute, KURDI) wazuovouaalATINIsAUd
W o3 ug nssud wus sUsenalng umInende
\epsenans ngniunauay Alrnnsaiuayy

waanuglunsvinidy

LBNE15919D4

NSUIVINITNEAT. 25640, UsznN1ANTUITINITLNLAT
Foudoulumsunduudaiudnin wea. 2563.
wya 99 93 a: https//www.doa.go.th/ard/wp-
content/uploads/2021/01/U5¢N1ANTUTYINT
\nwns-13 ea-Feulumsindnudaiugwin-n.e -
2563.pdf. #UAL: 1 faAU 2567.

NIUIVINITLAYAT. 25647, UTeNIANTUIFINITINYAT
Fosdeulvmsindnudniuguzido wa. 2563,
WiAa 9 83 &: https//www.doa.go.th/ard/wp-content/
upLoads/ZOZl/Ol/‘iJismﬂﬂsu%’lmuﬂwm—lﬁ"m—
Woulum st s aug ugid o-w.m. 2563-1.pdf.
dudu: 1 sanau 2567.

aflling wissgyasns. 2556. lsafiiinanidelisens.
AAIYLIANY AUZLNEATATLNILAY UN1INEIRE
WNUNIFNENS. 164 W,

R(RAY Fangyauna adeing weaasns wazin
\Aaiwail. 2556, M13n3293Had8188 Columnea
latent viroid (CLVd) Wag Pepper chat fruit viroid
(PCFVd) Tuiv9d Solanaceae. 1M3a153%1113
WNeRs. 31(2): 108-122.

Uiy Fameyaumen] mayan 1Pl A Haegeman M.
Hofte haz K. De Jonghe. 2567. 37aIuIN15904
@ Ceolumnea latent viroid (CLVd) luflwede
Tnemsfinen quasi-species population. 3113eN3IVINT
Inwns. 42(3): 272-286.

wins gisnsal 351ms vegadiu qnms nAuas uay
ATERY IUSEQITINT. 2562, NMSITIaTBLaE NS
018MeANIULAnUe Columnea latent viroid lu
WIN. N5A5NYNS. 35(1): 101-111.

Thai Agricultural Research Journal Vol. 43 No. 2 May - August 2025 145



Bhuvitarkorn, S and K. Reanwarakorn. 2019. Pollen
and seed transmission of Columnea latent
viroid in eggplants. European Journal of Plant
Pathology. 154(4): 1067-1075.

Chambers, G.A., AM. Seyb, J. Mackie, F.E. Constable,
B.C. Rodoni, D. Letham, K. Davis and M.J. Gibbs.
2013. First report of Pepper chat fruit viroid in
traded tomato seed, an interception by Australian
Biosecurity. Plant Disease. 97(10): 1386.

Dall, D., L. Penrose, A. Daly, F. Constable and M. Gibbs.
2019. Prevalences of pospiviroid contamination
in large seed lots of tomato and capsicum, and
related seed testing considerations. Viruses.
11(11): 1034.

Diener, T.O. 1987. The Viroids. Plenum Press, Inc,,
New York. 366 p.

Ding, B. 2009. The biology of viroid-host interactions.
Annual Review of Phytopathology. 47(1): 105-131.

Flores, R.,, C. Hernandez, AEE. Emilio Martinez de Alba,
J.A. Daros and F.D. Serio. 2005. Viroids and
viroid-host interactions. Annual Review of
Phytopathology. 43(1): 117-139.

Hadidi, A., R. Flores, JW. Randles and J.S. Semancik.
2003. Viroids. CSIRO Publishing, Collingwood,
Australia. 370 p.

Hadidi, A., R. Flores, JW. Randles and P. Palukaitis, 2017.
Viroids and Satellites. Academic Press. 716 p.
Kalantidis, K., M.A. Denti, S. Tzortzakaki, E. Marinou,
M. Tabler and M. Tsagris. 2007. Virpl is a host
protein with a major role in Potato spindle
tuber viroid infection in Nicotiana plants. Journal

of Virology. 81(23): 12872-12880.

Keyata, T., S. Sinhabandhu and K. Reanwarakorn.
2024. Symptoms and disease virulence assessment
in commercial pepper cultivars caused by
Pepper chat fruit viroid. Journal of Plant Diseases
and Protection. 131(6): 1935-1944.

Kungwon, P., C. Netwong, S. Porsoongnoen and K.
Reanwarakorn. 2022. Chrysanthemum stunt
viroid as a protective viroid isolate against
Columnea latent viroid and Pepper chat fruit
viroid in tomato plants. International Journal of
Agricultural Technology. 18(4): 1601-1618.

146

Matsushita, Y. and S. Tsuda. 2015. Host ranges of
Potato spindle tuber viroid, Tomato chlorotic
dwarf viroid, Tomato apical stunt viroid, and
Columnea latent viroid in horticultural plants.
European Journal of Plant Pathology. 141(1):
193-197.

Matsushita, Y. and S. Tsuda. 2016. Seed transmission
of Potato spindle tuber viroid, Tomato chlorotic
dwarf viroid, Tomato apical stunt viroid, and
Columnea latent viroid in horticultural plants.
European Journal of Plant Pathology. 145(4):
1007-1011.

Reanwarakorn, K., S. Klinkong and J. Porsoongnurn.
2011. First report of natural infection of Pepper
chat fruit viroid in tomato plant in Thailand.
New Disease Reports. 24(6): 2044-0588.

Steger, G., 2017. Modelling the three-dimensional
structure of the right-terminal domain of
pospiviroids. Scientific Reports. 7(1): 711.

Verhoeven, J.T., C.C.C, Jansen, JW. Roenhorst, R.
Flores and M. de la Pefa. 2009. Pepper chat
Jruit viroid: biological and molecular properties
of a proposed new species of the genus
Pospiviroid. Virus Research. 144(1-2): 209-214.

Verhoeven, J.T.J.,, M. Botermans, C.C.C. Jansen and
JW. Roenhorst. 2011. First report of Pepper
chat fruit viroid in capsicum pepper in Canada.
New Disease Reports. 23(1): 15.

Verhoeven, J.T.J,, HM.S. Koenraadt, A. Jodlowska,
L. Hiner and J.W. Roenhorst. 2020. Pospiviroid
infections in Capsicum annuum: disease symptoms
and lack of seed transmission. European
Journal of Plant Pathology. 156(1): 21-29.

Yanagisawa, H. and Y. Matsushita. 2017. Host ranges
and seed transmission of Tomato planta macho
viroid and Pepper chat fruit viroid. European
Journal of Plant Pathology. 149(1): 211-217.

Zhong, X., AJ. Archual, A A. Amin and B. Ding. 2008.
A genomic map of viroid RNA motifs critical for
replication and systemic trafficking. The Plant
Cell. 20(1): 35-47.

MIEsITnsineas 97 43 auf 2 woenaN - §9rAN 2568



	Blank Page



