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Detection of Columnea latent viroid (CLVd) and

Pepper chat fruit viroid (PCFVd) for Plants in Family Solanaceae
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ABSTRACT

Columnea latent viroid (CLVd) and Pepper chat fruit viroid (PCFVd) are plant
pathogens in viroid group causing serious damage in the Solanéceae, such as tomato,
potato and pepper. CLVd and PCFVd can cause high yield losses in potato crop
production by causing spindle-shape and elongated tuber. These viroids cause very
serious damage in tomato and pepper crop, such as stunting of stems, and reduction in
fruit size and leaning of seeds. In addition, these viroids can be very easily transmitted
through contaminated agricultural tools and equipments. Mdreover, any symptoms are not
shown in some plant species throughout the plant life (latent symptom) that makes
difficult to completely eliminate (eradication), which causes viroids, are interesting and
emphasized for plant quarantine agencies in developing countries for present.
Nonetheless, identification of these two viroids by symptoms in the economic crops can
not be done, since the similarity. For these reasons, the development of standard
detection methods for these two viroid species is necessary to prevent viroid from being

contaminated from foreign countries, and to meet the export condition. The results
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showed that the bolo maka plant (Solanum
stramonifolium) can be used as biological
indexing plant for primary viroid
identification and differentiation between
CLVd and PCFVd. In addition, the NAD
primers (Nad2.1a: GGACTCCTGACGTATAC
GAAGGATC / Nad2.2b: AGCAATGAGATT
CCCCAATATCAT) can be used as internal
control, by RT-PCR detecting on plant
NdhB gene and showed amplification
band clearly at 188 base pairs. The PC-2
primers (cPC2: TGTTTCWRCDGGGAT
TACTCCTG / hPC2: GGGTTTTCACCC
TTCCTTTC) and the PCFVd primers
(cPCFVd: AGTTGTATCCACCGGGTAG /
hPCFVd: GACAGAGGTGCTTTTTCTTC)
can be used for CLVd and PCFVd
diagnosis specifically, and displayed
amplification band clearly around 370 and
350 base pairs, respectively. Finally,
duplex RT-PCR also can be used
effectively when uses PC-2 or PCFVd
primers concentration for 0.2 M and NAD
primers concentration for 0.1 M for each

reaction.

Key-words: Columnea latent viroid
(CLVd), Pepper chat fruit viroid (PCFVd),
Solanaceae, biological indexing plants,

internal control and duplex RT-PCR
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stramonifolium) \JuRsnagauiiasiuun
uwsnwiinvaadialsesd CLVA uaz PCFVd
sonanfuldluidoediu wananiinisls
Iwswwad NAD (Nad2.1a: GGACTCCTG
ACGTATACGAAGGATC / Nad2.2b: AGC
AATGAGATTCCCCAATATCAT) adudn
m’;ﬁ)ﬂ’mqumﬂiu (internal control) Taanns
nsfneNiy NonB paviie THuoufidule
U 188 Wwaitmlaudiemaia RT-PCR
Taalwswes PC-2 (cPC2: TGTTTCWRCD
GGGATTACTCCTG / hPC2: GGGTTTTCACC
CTTCCTT TC) uar PCFVd (cPCFVvd:
AGTTGTATCCACC GGGTAG / hPCFVd:
GACAGAGGTGCTTTTTCT TC) &850
urldlun19ms995f9d8188 CLVA uay
PCFVd l#atefisz@ndamlnalduavmibu
fifaRuIIInUIEINa 370 Az 350 LA
usnaniigeamnsaldlusiwes NAD A
vindiu 0.1 M sawfdulnswes PC-2 ve
PCFVd anadiudiu 02 M Tunsmsaadiae
RT-PCR léiat1edl

mAlda  duplex

Ugefnsnw

AnaN: Columnea latent viroid (CLVd),
Pepper chat fruit viroid (PCFVd),
Solanaceae fiznasay  fAtuaueTy

way duplex RT-PCR
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Wuaearsidueaeiisnde suradoud
246 - 463 theflalnd Wifllusfiuviedin uaz
laigansadoaeilsfiuld (Diener, 1987)
Tasssdvarssiliaadrotlyniduiaslured
Solanaceae L¥u NidawmA FudSIuas
winagreguusy lasanizliseedluana
Pospiviroid wWuda Potato spindle tuber
viroid (PSTVd) a3 wanuiiameiunisHan
funSalasvil#iAnern19wiTudfeiinga
uvangafiv 64% (Pfannenstiel and Slack,
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suuazfionislumasuazaine Auluveas
2010 AeBINTEadmefiusavisa i
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Fearursaaseauferalutunsals
quusslisineinida PSTVd usnanildl
UM Idunudelsesndalnid PCFVd
Wl wa. 2552 deriiadaswanudems
AUNINNIU sweet pepper (Capsicum
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gunsaluazIsng
mIsufiunmaassUsznaudng 6 dunsu
1. N19ASIINDUDINISUUNBNANDY
(Biological indexing plants)
Wdle cLVd ﬁ’lﬂﬁuﬁ:ﬁ’:\‘i AN uazane
Wugiuansamsguusslunzdn (CLVd-bolo
maka) (Tangkanchanapas et al, 2012)
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Rutgers (Solanum
lycopersicum, Rutgers) Wazuzdn (bolo
maka, Solanum stramonifolium) Tuszaz
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fne iy 100 an. 1N CTAB extraction
buffer (2 % CTAB, 100 mM Tris-HCI, pH
8.0, 20 mM EDTA, 1.4 M NaCl, 1.0 %
Na SO uaz 2.0 % PVP-40 lay Na SO,
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20°%. Prndu i luiunnnznaufininuiga
13,000 39u/u1d 1Huan 10 widl LAy
azNOUNIAIARDN azapaznaudly TE
buffer % 1 % SDS U331m3 200 lalasans
mbwdin 5 M NaCl 1B 100 lalasans
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panlidfui luiuanasnaufiaausa
13,000 s8u/ufi Wuna 10 undi denznau
nIailARdnAIE 70 % ethanol U3u1as
400 lulasdns duanaznaufiainuia
13,000 sau/uiil Wunan 4 uifi mnaznau
nsninasntiui azauaznauieiingu

flsisl nuclease Y3105 100 lulasans

3. msm‘mﬁanqtumwm%tﬁmaﬁaﬂ"iﬁm‘s
muqun’iiﬂu (Internal control)
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Tufie (Thompson et al, 2003) wnilpefiu
n1sifailgndsenisldinaauifisninan
M99 (false negative) laefu NahB fiau
2,237 wa Usenaudiy 2 exon An exon 1
LRe 2 ﬁﬁ"ﬂu’]ﬂ- 777 URE 756 WEAINAIAU

Taed intron 2unm 704 wadunans (Figure 1)

NdhB gene

Exon 1(777 bases) Intron(704 bases) Exon2(756 bases)

Figure 1. Gene organization of NdhB gene

fansoenuuuly forward lwswas
JuuTnudufinegazey exon 1 lasflug
2 fvhadutlates 3 OH group §181599Y
gl 2 fuInee exon 2 ¥ lw forward
Twswasazifaufifenfuamziu NanB 1
du mRNA oy udezliduiuiu NamB
Tusaw genomic DNA (Figure 2) (Lﬁa\‘imn
NITVIUNNTEI A mBRNA 2psdiuiinaln
nmafingau intron eaniiiaidan exon wsay
exon td1maiu dui5unnalniiin RNA
splicing Taelwswas NAD faduwassd

Nad2.1a: GGA-CTC-CTG-ACG-
TAT-ACG-AAG-GAT-C

Nad2.2b: AGC-AAT-GAG-ATT-
CCC-CAA-TAT-CAT

nfunseseudiomaila RT-PCR
(reverse transcription-polymerase chain

reaction) Tudumausall laudiunaNad

a NdhB gene

Primer Nad2.1a Primer Nad2.2b
———

Exon 1(777 bases) Intron(704 bases) Exon2(756 bases)

b NdhB mRNA
Primer Nad2.1a Primer Nad2.2b

ESEE SR

Y ........snsassass

Exon 1(777 bases) Exon2(756 bases)

Figure 2. Annealing simulation of primers

a: No PCR reaction when primers bind' to
NdhB gene (genomic DNA)

b: PCR reaction occur when primers bind
to NdhB mRNA

UfAsenfianudndugarieded: 1X one-
step buffer, 02 M Wwa3 Nad2.1a uay
Nad2.2b lazifin Superscript RT/platinum
taq polymerase (invitrogen) U3u1a5
1.0 lules@ns warerfifuiefiaialéusuns
1.0 lulasding andubiduades Thermal
cycler Tansalusunsuded: gunghi 48 °3.
Wt 50 waft Fuau 1 580 94 . 1{u
1181 3 UM 971U 1 991 denaturation

temperature 94 °7. 1Huaa1 30 Fund

annealing temperature 56 °%. {JULIA

30 319l extension temperature 72 °%. iflu
1an 30 Funfl $1u 35 981 LAY extension
temperature §avhe 72 “o. Wunan 10 wd
P 1 58y dwanananUjisen RT-PCR
Al 7 lulas8ns A998 uuaLNanEn
UAA3EF835n19818alaslw3 e aanusne

dndlwiin 100 Taad Wuwna 50 il Tawld
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agarose gel \Wudu 2.0 % Tus1sazans
0.5X TBE buffer Lazfiay gel #8 ethidium
bromide LLE\]Z‘LE’H?J@LLﬂ‘]J‘IlfJ\'iﬁLﬁuLE)ﬁ’mLﬂ%lE]\‘l
Gel documentation UV-transilluminator

Tnewandnanujisen PCR fldannlwswas

NAD H9u1e 188 base pair

CCR

cDNA
synthesis

Figure 3. Full length amplification of
viroid by RT-PCR source (Hadidi et al,
2003)

4. pseanuuylnswaidmduda cLVd
war PCFVd

mMsE8a1saume (bioinformatics)
wazgrudayaan GenBank snHaalunis
apnuuylnswasly wWasnnilunvaslhisesd
flaurafivln (246 - 463 fandlalng) 3v
fMNT0FATIE RT-PCR WaiinySaunails
nuuaTUedTun Snedidlunduale vilsd
38n15lun1seanuuulnsiwesiunndieann

Hnwfladu (Figure 3) fagdumsbufiuna

o~
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n1Ins9dtadelisesddiunaiin RT-PCR
Fufusasimsnsdiasutiindlalnddie 1
msfudunsasianuluduneu interception
9889199 AT IR o TAT L LN A YD
Tv0adde
o [ &l L% [
FMSUNINII%e CLVd THlwsines

PC-2 (USuwiuazany, 2548) Feidsn1slu

NN99NUUUATN Figure 4 UAsNRIAULUE

soil
cPC2: TGT-TTC-WRC-DGG-GAT-
TAC-TCC-TG

hPC2: GGG-TTT-TCA-CCC-TTC-
CTT-TC

W=1U8 Ania T, R = lu& A
D GUAt D=WRAWNIBG¥ID T

fmsun19n3ade PCFVd THlws

wa$ PCFvd (Wialflwswas PC-2 unuls)

& Aa

FefiAimslunmsesnuuuma Figure 5 uasl
s

cPCFVd: AGT-TGT-ATC-CAC-
CGG-GTA-G

hPCFVd: GAC-AGA-GGT-GCT-
TTT-TCT-TC
5. nssaeifladuBe CLVd uaz PCFVd
fawmaila RT-PCR

as198eLfe CLVd uar PCFVd
feowadla RT-PCR Tasdunanaavlfizen
fauidndugadinedeil: 1X one-step
buffer 0.2 M lwslwa5a18 ¢ Waza1y h

Tasifin Superscript RT/platinum tagq
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sathap-1 GEGEGETCT -~ TS ACCA- ~ ~GTGEECEAGCGCCCTE T TCAGACAG GAG TARTCCCReTRGA 174
CR11~15¢c1 GUGEEETCT~~ TEACCA- ~~GTEECEAGCGCCCTECTCAGACASGAG TAATCCCRGTRGA 174
$olanum GCEEEGTCT -~ TEACCA--~GTGECCAGUGCCCC TG TICAGACAG GRS TAATCCCLGERGA 174
PQ-49 GCBEGETLCT-~ TGACCA~~~GTEECEAGCECCCTE TTCAGACAGBAG TAATCCCAGRTIGA 173
GCY BCGGLEETCT -~ TBACCA-~-GTEECEAGCECCCTE TTCAGACAS GAGTARTCCORGHTGR 171
NR1L-14c5 GCGEGGTCT~=TEACCA- -=GTCGCERGEGCCC IO T TCAG ACAGGAG TAAT COCAGCIGA 172
LP2-1¢1 BCGEEETCT-—-TEAL CA-—~BTEECEAGCGCCC TR TTCAGACAGGAG TAATCCCAGUINGR 172
RNA BCEEGETCTCETEETCG~~~AGGECE T~ TECCCTGTTCAGACAS GAGTAATCCCAGLIIGA 174
CMLO-6c1 GCGEGGATCGCGBACCG~ ~~AGEGCEGRAGCCTEC T TCAGACAS GAS TAAT CCC}’AEG CRAGA 175
PC~2-~Pa2 GCGGHGRTCBUGEACTE- ~~ABCECGGRAGTTTGU T TCAGA %W G A 174
07084401 FCPGGGATCGCGGRCCG--—AGGGCGGAAGCCTGCTTCAG%C ATCCOGECITIGA 175
clonei~g GCGOGETCEBASGATCTTCTREABCS GGGCCCTGCTTCAG}l @ 178
TXT XXX x x Txx xx txtt:::’:frr:x
Sathap~1 AACAGGESTTTTCACCCTTCCTT TCTTCEEGTTTCCT TCCTCTEC TTCAGCGG-CCTCRCC 233
CR11-15¢ci FACABGETTTTCACCCTTCCTTTCTTCTGS TTTCCTTLCTCTEC TTCAGCEE-CCTCECC 233
Solanum ARCAGGETTTTCACCCTTCCTTTICTTCIGSTTTCCTTCCTCTEOTTCAG OG- COPUECC 233
PQ-49 ACAGGETTTTCRCCOTTCCTTTCTTCTSSTTTCCTTCCTCTECTTCAGCEB-COTCGCC 232
GCo AACAGGGTTTTCACCCTTICCTTICTTCTIGGTTTCCTTCCTUTGCTTCAGUGG~-CCTCGLC 230
WKL1-14¢5 ARCABGSTTTTCACCCTTCCTTTCTTCTGGTTTCCTTCCTCTECTTCAGCEG-CCTCGCC 231
Lp2-1ed AACAGGETITTCACCCTTCCTTTCTTCTGGTTTCC T TCCTCTRUTTCAGUG G~ COTCGCC 231
RMNA AACAGGGTTTTCACCCTTCCTTTCTTCTCATTTCCTTCCTCTGCTTCAGLEG~CCTCECC 233
CM10-6¢l ARCAGGGTTPTCACCCTPCCTTTCTTCEGETTTCCTTCCTCTGU TY - -GCEG-COTCBCC 232
BC-2-Pa2 MCAGGG’I‘TTT%@%:% TCGEETTTCCTTCCTCTECTT~~GLE6-CCTCGCC 231
07084401 RACAGGGTTTTC: TTCEEETTTLCTTCCTCTECTT - ~GOGE-CCTCECC 232
clonel-6 LA ’GGGTI'TT CACCCT'KCCTT'I‘C'T'TPGGI:TTTCCTT"CTCTG’* TT~=GOEGACCTCECC 235
e *1****************1**** EEZ S LS EE ST S 5 S TXE X AXFITXTX
Figure 4. Design of PC-2 primers
3264351 TTCTGTTCGGRBACTACCCGGTEGATACRACTGACAGRGETGLTTTETCTTCCACCITE. 239

gij212726127
911213493498
LP1-6cl
CR11-15¢c2
LPnglo-3cl
Pinit-2
Supattha
NK10-6cl
Prayong-19
Aurai

TTCTGTTCGGAGRCTRCCCS GTEGATACARACTGACAGAGETRCT TTTTCTTCCACCCTGE
TTCTETTCGGAGACTACCCGETGEATACAACTCACAGAGGTECTTTTTCTTCCACCUTEC
TTCTGTTCEGAGACTACCCEGTEEATACAAC TR ACAGAGGTECTTTTTICTTCCACCCTGT
TPCTSTTCGEAGACTACCCSGTEGATACARC TG ACAGAGETSCTPTTTC T PCCACCCTGE
TTCTGTTCEGAGACTACCCEGTGEATACAACTEACAGAGGTGCT TTEFTCTTCCACCITGC
TECTRETCCGGCTACTACCCESTEGATACARCTCACAGAGETCCTTITICTTCCACCCGAC
TGCTETCCEGCTACTACCCEOTEEATACARC TS ACAGAGETSCTTTTTCTTCCACCCGAC
TECTETCCEGCTACTACCCEETGEATACARC TG ACAGAGETEGCTTTTTCTTCCACUCGAL
TECTETCCEGCTACTACCCGGTGCATACAACTEACAGAGETGLT TTTTC T'I'CC?-‘.CC CTaC
TACTGTCCGBCTACTACCUBGTEGATACARCTE o

* Fx¥k XA % EE I LT T PSR PP L T

«fmm cPCFVd

hPCFVd malp-

Figure 5. Design of PCFVd primers

299
293
299
289
299
259
300
300
300

polymerase U3u1ms 1.0 lulasdns uas
a5BuefainldUsnnms 1.0 Wlasdas 200

duiid1ia3ny Thermal cycler lansv

Tsunaugoil aumafl 48 *. Wunm 50 wfi

U 1 58U 94 7. Wunan 3 ufl S
1 981 denaturation temperature 94 °4.
Wuan 40 Aunfl  annealing temperature
56 7. \ul1a1 40 Fu1fi extension

temperature 72 °%. e 40 Fundi T

35 98U WAL extension temperature FAVi
72 o, Wua1 10 il 9 1 98y i
nawdmanuUfA%en RT-PCR ilé 7 lulashng
ATI9RBULALNANANUAASINFa3BN58LER
Tndwssa anusednglnin 100 Taas Hu
a1 50 1l Iaald agarose gel dindu 20 %
Tusnsazany 05X TBE buffer wasfiay gel
e ethidium bromide uazilasieasy

A& ar = .
LOUTDIRLDULDAILLAIDY Gel documentation
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Table 1. Composition of duplex RT-PCR testing reaction

Chemical composition

Reaction 1 (W) Reaction 2 () Reaction 3 (ul) Reaction 4 (1)

Double distilled water 1.5 25 35 41

2X RT-PCR buffer 10.0 10.0 10.0 10.0
2 M c- viroid primer ' 2.0 2.0 2.0 2.0

2 M h- viroid primer 2.0 20 2.0 2.0

2 M Nad2.2b primer 15 1.0 0.5 0.2

2 M Nad2.1a primer 15 1.0 0.5 0.2

Superscript RT/platinum 05 05 05 05

Taq polymerase '

RNA template 1.0 1.0 1.0 1.0

Total volume 20.0 20.0 20.0 20.0

aaa

UV-transilluminator Imﬂwawﬁmmnﬁgnsm
PCR fil§ian CLVd waz PCFVd asfizuia

15010 370 waz 350 base pair

6. nMsMsI93eduiEia CLVd uaz PCFVd
saufulwswas NAD #quwmadla duplex
RT-PCR

N1SRRIUINIIAIIINOULE CLVd
LRz PCFVd 398AUN19MI39 internal

control (Iwsiwas NAD) Tdnsmeaila duplex

=~

RT-PCR #eflasiadiil#luyfisenny

9s
=1

(Table 1) 6l

WonufAsniiliunufifuiesasuay
(188 LW&WAY internal control $2:AU 350
vi3e 370 wapashsend) AfaRuiign than
nagauM AN Wz aNaliAsedaly

MIUSugungfl annealing temperature 9
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mmmu‘;‘/‘iqﬂ ToeuSugaumgd 58° 56° 54°

WA 52 9. ATNAIGL

~ 4

AaN1InnaadllasIINIa
1. N19A5294BUBINITUUNBNANDY
(Biological indexing plants)

179 CLVd uay PCFVd L&AIBINTT
AeUnfuunzidomeiug Rutgers findunda
Tude ardunaszunIusdeguuse fuly
wazeaavasy Tunaanguuasdadnudegy

. ~ o [ 3
N3 (Figure 6) UARLNANBULDINIBARRAE
(necrosis) Nusiaduly Avnaziuly

. ' =2 ~ &
(Figure 7) WANEWAMDINTUUNEEN NLTD
CLVd arsWufaaidn (original) laiuans
p1m3AAUNA (latent) (Figure 8) Tunousii
§18Wug CLVd-bolo maka WAAIBINIT

U WA ULABLATELASY BDALR :Tuwmamgﬂ
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Figure 8. Latent symptom appearing on
infected bolo maka after mechanical

transmission of CLVd-original isolate

Figure 6. Stem stunting with rugosity and
chiorosis of leaves appearing on infected
tomato var Rutgers after mechanical

transmission of viroids

Figure 7. Necrosis of leaf veins and Figure 9. Symptom on bolo maka: severe
petioles appearing on infected tomato var stunting, rugosity and small lateral leaves

Rutgers after mechanical transmission of

viroids
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Figure 10. Symptom of infected bolo
maka after CLVd-bolo maka inoculation :
a) upper infected leaf showing rugosity

and chlorosis, b) lower infected leaf

showing vein necrosis

(Figure 9) Tufienmasne eluvedy wasd
ansadaefivsiianduly (Figure 10)
dde PCFVd waageINslunesngy i
Tusjuazm':;uma warfainiTisadaiad
USaiaaAnszasisantias ualifionns

uAsZInSu (Figure 11)

118

Figure 11. Sympitom of infected bolo

maka after PCFVd inoculation : a)
symptom on infected plant, b) infected

leaf showing severe rugosity

NAN1SAIIINDUDINTRAUNALUNY
naay wuitdnpauzainsfilsinguuiie
nasavasfidneuziuandsfuhfaiuise
T fanaapunzifawmaiug Rutgers uaz
wzdn andaslumssuunlsafinfiinands
lsopduasan190sILunde CLVd uay

PCFVd aananiuld (Table 2)

ysasiTnanees U9 31 afufl 2 waenay - Raman 2556




Table 2. Symptoms of CLVd-original, CLVd- bolo maka isolate and PCFVd on biological

indexing plants, tomato (Rutgers) and bolo maka

Symptoms on

Viroid species

lycopersicum, Rutgers)

Tomato, Rutgers (Solanum

Bolo maka

(Solanum stramonifolium)

CLVvd-original

Stem stunting, rugosity and

Latent or very mild symptom

chlorosis of leaves, necrosis of

leaf veins and petioles

CLVd- bolo maka Stem stunting, rugosity and

chlorosis of leaves, necrosis of

leaf veins and petioles
PCFvVd

chlorosis of leaves, necrosis of

leaf veins and petioles

Stem stunting, rugosity and

Severe stem stunting, rugosity and
chlorosis of leaves, severe necrosis
of leaf veins and petioles

Severe rugosity of leaves, slightly

necrosis of leaf veins

M B 1 234 5678

500 bps =)

200 bps =)

Figure 12. Electrophoretic analysis of
DNA bands (188 base pairs), by RT-PCR
of NdhB gene with NAD primers

2. mMsassauguMwalsiduadiedsnng
ﬂanqun’]ﬂu (internal control)
#1979 internal control lasldlwsinas

NAD ms29finmiy mRNA 2av8u NdhB

M123456788B

g R

500 bps =) .

300 bps = >

Figure 13. Electrophoretic analysis of
DNA bands (around 370 and 350 base
pairs), by RT-PCR of CLVd-original (lanes
1, 2 and 3), CLVd-bolo maka isolates
(lanes 7 and 8) and PCFVd (lanes 4, 5
and 6) with PC-2 and PCFVd primers

a &
FINITOATIINLLAVALDULBYUIA 188 base

pair lfpgwdnEu (Figure 12)
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4 NAD CLVd M

500 bps wP

200 bps = -

Figure 14. Electrophoretic analysis of
DNA bands (around 370 and 188 base
pairs), by duplex RT-PCR with PC-2 and
NAD primers: lane 1 = RT-PCR reaction 1
(NAD’ primers 1.5 | per
lane 2 = RT-PCR reaction 2 (NAD primers
1.0 | per each), lane 3 = RT-PCR reaction

each),

3 (NAD primers 0.5 1 per each), lane 4 =
RT-PCR reaction 4 (NAD primers 0.2 | per

each)

3. nMamsa9diladuie CLVd waz PCFVd
faumaiia RT-PCR

manadia CLVd uaz PCFVd Taw
#lwswes PC-2 uaz PCFVd asafiamy
FIN150ATIINVLALALDULETUIRYIE N
370 base pair 989188 CLVd %9 2 isolate
LazATITNULaUALBuLeTUIAYST NN
350 base pair 989188 PCFVd 350 léate

#aau (Figure 13) uaasinlwswes PC-2
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M1 23 4B

500 bps =)

200 bps =)

Figure 15. Electrophoretic analysis of
DNA bands (around 370 and 188 base
pairs), by duplex RT-PCR with PC-2 and

NAD primers: lane 1 = annealing
temperature at 58 °C, lane 2 = annealing
temperature at 56 °C, lane 3 = annealing
temperature at 54 °C, lane 4 = annealing

temperature at 52 °C

LAY PCFVd §131900393310UN @olsesd

CLVd uaz PCFVd sananniuls

4. namsyaifiaduiie CLVd uaz PCFVd
sauiulwswes NAD Gruwmaila duplex
RT-PCR

msnasauwmada duplex RT-PCR
Tasfnlwswas NAD aslusamvihufizendiu

Twswasildnsraaavlisend (PC-2 w3

MIETiIIaneEns I 31 atufl 2 wouane - Aevnaw 2556




PCFVd) wudfjidenaag reaction 4 2 e
Wwswesnsnlhseedsues 20 lulasas
aatdu Sudulnsiwas NAD YSuims 1.0
lulasfnsstorsu THuovfiBuieiidawuiigs
(Figure 14)
ANINARBUVIRAINT NN TNDDY
Ufji3e1 duplex RT-PCR Tassunigumgdl
annealing temperature ﬁmm:ﬁu‘ﬁi\m Wy
Iiigungfl 56 “o. HuavdiBuleiidany
fign (Figure 15)
g3UnanINaaay
nzfiomaiig Rutgers st
n1suunlsafisfiiineindis Columnea
latent viroid (CLVd) s Pepper chat fruit
viroid (PCFVd) aananlsafizziladuld uas
st ldNgSnsuunuendia CLVd-original
isolate, CLVd-bolo maka isolate gz
PCFVd sananiuld usnanisessnsald
81 NahB 2asndu internal control (62
muaumely) Tunsneitedeidalsesd
frewada RT-PCR 1§ wananiilwswes
PC-2 swsanTiade cLvd llasTiuaus
Buleruinlszanal 370 base pair Wazlng
183 PCFVd a1m190n979i8e PCFVd 1ilas
THuaudiiuleruinlssuna 350 base pair
peedAlen uazdeansatniwsiues NAD
uazlnses PC-2 wia PCFVd 11As7337u
RT-PCR  1dasi19fl

fudis  duplex

Ugeandnnw

N{158199y

¢ o &

USey AeNIUAIEa. 2548. N1IATIVEAL
zﬁaba*m‘?uuﬂmwﬁmmﬁmﬁ’ug’uzzﬁa
maluannans upenidganiozey
Uszimalng. Fnsriinusineraans
NTUAR A INENABLNBATAERS.
85 niin.

Uiy somuauna adviad wBpTng
WINAT Funf uasiil assss.
2548, lwswasdmiunsianavide
lasasaiinelfifinlsalunsifamna
6 viln Tunga Pospiviroid Fieinafia
RT-PCR. 713a71d3afz 1-2; 13-21.

U3y famqaunaid. 2551, nrsvimma
55n13msa9asuiBalisessivinga

sifomaiimansanlusrusiniuiy.
HaudduiSaafin nsudrmaneEns.
35 viti.

AfUsE a9y, 2551, lmaunalAzavds
Columnea latent viroid Waz
Nﬂﬂ?;’:?’?ﬂﬁlﬂﬂé’é‘ﬁﬂtWﬂﬁuiﬁ’?ﬁﬁ?.
Anprfinusinedransunivudo
UPINYRBLNBATANNHS. 85 NI

pAlAY WaIA  AAa A35T WATIWEISAI
53INWLAING. 2546. Wnliseedlu
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ne. wAwnmas 31(4): 200-210.
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