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Interception of Citrus Viroid on Imported Orange from

Republic of China and Lime from Cambodia
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ABSTRACT

Citrus viroids are an important group of pathogens that can cause various
abnormal symptoms on citrus such as stunting, bark scaling, yellowing and epinasty of
leaves stem pitting and gumming. They have never been found in Thailand. Recently, a
great number of orange and lime fruits are imported from China and Cambodia
respectively, which may lead to risk of viroid disease distribution. Inspection of the
samplings of orange and lime fruits from June 2013 to May 2014. Citrus exocortis viroid
(CEVd), Hop stunt viroid (HSVd), Citrus bent leaf viroid (CBLVd) and Citrus viroid Il (CVd
I} were determined using RT-PCR technique with specific PCR primer pairs. Only CBLVd
and CVd IlIl were detected with the CBLVd primers (c-CBLVd:
GTCGACGACGACCAGTCAGCTCC / h-CBLVd: GAAGGCTCGTCAGCTGCGGAGG) and the
CVd3 primers (c- CVd3: GTCGACGACGACAGGTAAG TTCCC / h- Cvdas:
GTCGACGACGACAGGTAAGTTCCC), which clearly generated amplification bands of
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around 320 and 300 base pairs,
respectively. The presence of CBLVd and
Cvd Ill were confirmed by DNA
sequencing and RNA secondary structure
analysis. About 34.2% and 19.5% of 41
samples of imported lime fruit were
infected with CBLVd and CVd lIlI,
respectively. In imported orange, CBLVd
was detected for 62.3% of total fruit,
whilst CVd Il was found in 75.3%. This
result indicates that CBLVd and Cvd llI
present at a relatively high incidence in
the imported citrus fruit. In addition, both
viroid diseases are not yet found in
Thailand and iack of information which
leads to difficulties in determining their
impact and for conducting pest risk

analysis.

Key-words: Citrus bent leaf viroid
(CBLVd), Citrus viroid 11l (Cvd I1ll), RT-

PCR, Interception, orange, lime
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Houdanfunadauazuzuniividndou

Wousiguieu U we. 2556 Dewguniew I

w.A. 2557 frunafla RT-PCR lanldg
Iwswa$ CBLVd (c-CBLVd: GTCGACGAC
GACCAGTCAGCTCC / h-CBLVd:GAAGGC
TCGTCAGCTGCGGAGG) uar CVd3 (c-
CVvd3: GTCGACGACGACAGG TAAGTTCCC
/ h-CVd3:GTCGACGACGACA GGTAAG
TTCCC) swnsansawudslisend 2 #ila
An Citrus bent leaf viroid (CBLVd) Wae
Citrus viroid Il (Cvd 1) lFwaudiBuiail
FaluauIalseuu 320 war 300 glud
Aas1y wilsiwuiBa Citrus exocortis
viroid (CEVd) Wae Hop stunt viroid (HSVd)
INNNINTINFBUMIEATNIIAINEITINTUNTS
wgaududunasieiimsliasciarduidied
Tolné uazlassaionfsglaessaduansidu
ofild Han1IRIIINLLEe CBLVd 34.2%
WAz CVd Il 97U 195% INFIBLHNNA
u::unu"ﬁLﬂ"ﬁ%ﬂﬁ'ﬂﬂﬂﬁ"ﬁuauﬁ’aéu 41
F29E79 LATAIIIWLED CBLVd 9119w
62.3% Uar Cvd Il 37U 75.3% 31N
sadFud g InasIuTgU Tz IudY
§nu 77 Fetn  Balisendii 2 wiadid
ﬂ%mmmsﬂutﬁauﬁ@jomn wazliflseeu
mansiewuludszmalneannou doyailéd
fianuddydananIsny warauidedi

Usznalnediaaiissiafiaany

AAaN: Citrus bent leaf viroid (CBLVd),
Citrus viroid Il (CVd [il), RT-PCR, M3#1329
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ATNUSENIANTENTINHATURS
anNIniSey MuaRY waTWINEIINUNER
Amuaifiudefioedin dounciu wazkaule
AW aRinAY WA, 2507 @ufl 5)
U wa 2550 liwmualigundeaulanes
Alusanadnia (Citrus spp.) izananagwa
a1 (Fortunella spp.) uaz Waanawpudsa

[ 4

(Poncirus spp.) Winazilunasgn Aewus

]
winwdawug Hufedneviin maddne:
fovrun1siesizianudsedngizaiy
wdninaud 35013 uazdeuly Aedufinsnim
n1sineasnanue uasfiaefilususnegy
auipRzoasmiipauglisunszesdssina
fidepanifunndednadiuniedulaveeiiy
ﬂy’uﬂsqﬂmnﬁmgﬁﬂnd’wﬁ’cymaﬁ’nﬁ’uﬁmmu
Reulznseygimindnfedoedin Taunns
n3193UTDvRpadRgRzRE TN IALATIN
“Pfanssvoaninuacwalilne-Fu” Feiina
TosuTofousiufl 1 wouanan 9 wa. 2548
lEdnrswridnadusinansisuiy
UazauiudanludsznalneluyGauge
N u,m's::cﬁ’ummm”uﬁu'[umsma'«vﬂauﬁmg

-

fsanay Aawan iiaandueidngineg

3
prUzuanAunaduld Toawnilsludngioi
sdymeiniuiis A Wolisees
Folseudisusadnihaedisngs
&uleidl 6 vilm ldun Citrus exocortis viroid
(CEVd), Hop stunt viroid (HSVd), Citrus

bent leaf viroid (CBLVd) v38 Citrus viroid
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| (CVvdl)], Citrus viroid Il (CVd Ill) M3
Citrus dwarfing viroid (CDVd)], Citrus bark
cracking viroid (CBCVd) Wwas Citrus viroid
V(CVd IV)(Hadidi et al, 2003) Fenal#iia
ansAadndluseduiiguussaudsliuans
91M93 U Mdduduuaszuniy Tu uas
tonnanda Waanarduuansau Bundn
exocortis disease (Fawcet and Koltz,

v+ o

1948) mmsLﬁa‘luquuma‘lﬂml,a:ﬁmms
Wasnuan 138091 cachexia disease
(Reanwarakomn and Semancik, 1999) ¥ (%
HadauraldnuasySNTuUNanNAAnaARY
(Semancik et al, 1997) Wlitufuriauay
suwufoeslisesd usrawWufdudig
(ailefind, 2556) Wolispadmarianisn
thevealsanedBnalédne lassunietag
gunsalinuasivudioude uddlafinag
dﬁﬂﬂﬂﬂiﬁﬂﬁwuwﬁoLuﬁmv‘v’uéuazu,uaawm::
(Hadidi et al, 2003) atalsAnuiisneany
80 CEVd §IN1sonumIussnInsou
u,a:ﬂﬁl,ﬂﬁﬁ'lﬂﬁ’lumsﬂ’ué”’aL%a‘lﬁa‘lﬁgamn
(Roistacher et al, 1969) WALHIRINITO
ﬁ’]ﬂﬂﬂﬂiﬁﬂ\lﬁuﬁtﬂﬂLﬁﬂﬁ‘ﬁ?:gﬂﬁw\‘l‘[ﬁuﬁ\‘ltﬂu
Lo U (Allen, 1968) vihlvinsilaeiiv
Adadavildioan usnsnilidoliseudoes
Funarezsiadelinisdneilintrezqnedn
vilviidoyatios Jepndanisdiesiziiuay
Uszifiupandsssoadainesinansenuse
fiasugianiadu 9 Tulszmalnevdel

dmsulssimalnaiisnseunisngs

a Y o o &
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wulveudiiserdadiedfe CEVd finTaawy
Tunzur (wuysol, 2545) Tuanuefide HsVd
fswounsasanuludsemalne wzlu
pguiniu (ndnual, 2545) flagiiudlud
swaunisasawulufisngudn Feliaan
duldlginfuise HSvd auazaufiu
dmiuiisssusgy s suiudisenuns
aswuidelsend 4 ofa As CEVd Cvd |
HSVd uay CVd Il (Crop Protection

Compendium, 2007, Rizza and Catara,

Re

o =

2007, Wang et al, 2008) uan¥Nuegi
naddimanzurndsymatuyesn Tu
Yswaunndndae Seianuiulylsiigde
Tasawssenaionafiadnunfiunadadivngn
PNFFITUIFUIEBIBUIY WBENANTUIINN

W
@ o e a

ANWT muumsmswmmmuL%alasaﬂﬁ

R )

uanmna:u‘Jumsﬁuﬂumqmmwmmwwaﬁ
it nlsemaiautiuudadeyinlinsu
ﬁaﬂmu:‘nmﬁ’mgﬁmﬁﬁmmmﬂs:mmﬁau
FIUFINIT0UINIANHUNTIATIEAURY
dssifiuanuidsaifiaimuaninsnng uas
sondaulsmsiudngie fedafunawion
anuwSenlituysemalunmsdenainnisdin
widhgnisdudssaauaTegisengou
(ASEAN Economic Community: AEC) Tu 1
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1. NMSNUAIBENNATNLAZNE U

guifvdagvnadunuaidaen

F15715U3FUTTTUIU o euBeNTee Ay
vuSouvanat Tepidvinfidu LAz
Fpt1efinanaln waraaiadaavnsaingy
ABINTNEAT FUIALRANEUIINNARIA

=l

vinufafumeuaudszmalne Tu 9.4uny3
gazum wpsysal oays uar aflstine
Roudidaufiguiou I wa. 2556 e woEmAN
T wa. 2557 sededndigufivdudniis
nsuiinegnegndes denansdsznay
nsdndiasudiou (ususeegueundlefis
TupudeBudrzdwdonuanesonisns
asmwandin uszanBSysanidin TumsnaeRudn
maise uazludezas) Tusneiidstnzum
mmh:Lwﬂﬁuw”ﬁﬁa:zg'uLﬁumnu:unﬁﬁﬁ
Wrlpswadrundruealaiusuialaig
NEITNTULEN
2. nrssresauldalasendlanifingg
Reverse transcription-polymerase chain
reaction (RT-PCR)

2.1 mMasnaetsildueInfet1eRY

sfonfifueeniledefinuiinnds
NRVDIFIDEIEN LaTNsUIIRIBIS CTAB
method (U3tpwg, 2548) lasundiatiy
100 §n. AN CTAB Extraction buffer
(2 % CTAB, 100 mmol/L Tris-HCI, pH 8.0,
20 mmol/L EDTA, 1.4 mol/L NaCl, 1.0%
Na SO_uaz 2.0% PVP-40 lag Na SO_uay
PVP-40 Annould) Usnims 1 wa. sl
gungdl 65 3 30 w1dl Huanaznaud

ANNET 13,500 Tav/uni Wual 5 udi
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vrasmaduuibangs 750 w Tavaan
Tvai 1n chioroformiisoamy! alcohol (24:1)
Ysnms 750 w wanawdwilaidientu T
AnAznaUiaMNEY 13500 sauanit Wi
5 i iuraamaIdIuLulsNAT 600 Ll
Tanaonlv W chloroform:isoamylalcohol
(24:1) Y3n1ms 600 pi. waxauduiile
Wt Jusneznauiinnnuis 13,500 e/
wd Wuna 5 wifl ifussamalrsiuuu
U531m3 400 Wl AN 5 wmol/L NaCl
USms 200 W uay isopropanol Mupiiu
Y3n1ms 600 wl wanldidndu iy
gaungdl -20 "y FwAu Wisanaznaunin
fladdn dnluiiusneznauficnug 13500
savAd Wunan 10 i ueznaunim
fiveadn nfuazaenznaufasazaty
TE buffer #ifl 1% SDS 151a5 200 pl 1ix
5 umol/L NaCl J5u1a5 100 Wl wae
isopropanol flugifiu 300 W wawlvidiu

o

Taun1swannasanaassuaztnfiguvand
209 funar 30 uii dhluiiuaneznaud
ANAs 13,500 sau/ani Wuan 10 wi
avpenaunIailinfdndie 70% ethanol
U3uams 500 wi dumnmznaufiniiuisi
13,500 sau/AU# e 5 Wil snaznau
nsataeddnTiuiy azawaznaudimiingu
fUs1An nuclease U3n1A3 50-100 Ui
\Rufigungi -20°s WphluasyeasumTe

T1seuddamadia RT-PCR Tutusalil
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2.2 NINTINTDUAUNINDIFIDULD
ﬁ'w’igm‘sn?uqumﬂu (internal control)

Uasafna1siiulaninivaay
Aunwiedinisaruaunielu lasnsaa
Anmuiu NdhB Haiflu housekeeping gene
Tufis wWeallasfunisiiaflgninaauifivy
(false negative) Tusumsunisnsavidade
dolsauslawodelwsues NAD (Nad21a:
GGACTCCTGACGTATACGAAGGATC ez
Nad2.2b: AGCAATGAGATTCCCCAATATCAT)
(Thompson et al, 2003) ¥ MmiuATI9aY
gewmaila RT-PCR lapddunanyedassa
1 UfA3edil: nsndandbnilldannisaie
Aonaaoy 1wl fulwswed Nad2.1a uay
Nad2.2b anuidindu 2 Wmol/L Usnmsidu
az 2 W 2X Reaction Mix buffer U3ums
10 Wi dndufia@en nuclease 1503
45 w uastdulod SuperScript™ Il RT /
Platinum® Tag Mix U3%@3 05 w 3amiu
a3 Thermal cycler Taadalisunsa
il gounnil 48 "1 W 50 W w1
581, 94°9 WU 3 Ul 91U 1 I8,
denaturation temperature 94 4 W14 30

Al

U9, annealing temperature 56 ‘4 U 30
U, extension temperature 72°% WU 30
U 97u7U 35 91U WAT extension
temperature gaviny 72 "7 W 10 Wi
T 1 500 heandadlimifisen RT-

PCR 1533 7 Ul Ase@auavadieisng
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Gel electrophoresis MelfANNANANG WA
100 Thad Wunar 40 uil Tawld agarose
gel iudu 2.0% Tuarsazais 0.5X TBE
buffer uasfian gel # ethidium bromide
uaziluasrsunuzeiiBuianielfuaey’
%781A309 Gel Documentation UV-
transilluminator WananaINUJA381 RT-PCR
filganlwswnd NAD szfliauin 188 g
2.3 lwsweSilEnswasudiolsond
asesoualisauainaudeei
gRAEIIUNENN LazNEUININE5TUST
Uszmnpudunazyszmaium Taolwswedi
THlunsmsa WS, 2553) Usznauluée
1. lwswpsdmsuninads Citrus
exocortis viroid (CEVd)
c-CEVd:
(CCGGGGATCCCTGAAGGACTT)
h-CEVd:
(GGAAACCTGGAGGAAGTCGAQG)
2. lnswossmiunsiads Hop
stunt viroid (HSVd)
c-HSvd:
(TCGGAAGAGCCAGAAGG)
h-HSVd:
(TGAGACGCGACCGGTGGCATCACCT)
3. lwswasdmiunsiads Citrus
bent leaf viroid (CBLVd)
c-CBLVd:
(GTCGACGACGACCAGTCAGCTCC)
h-CBLVd:

(GAAGGCTCGTCAGCTGCGGAGG)

4. lwswasdmsunsiads Citrus
viroid lll (Cvd IlI)

c-Cvda:

(GTCGACGACGACAGGTAAGTTCCC)

h-Cvda3:

(GAAGGCAGCTAAGTTGGTGACGCC)

2.4 n1sasreseuidalasouddae
maila RT-PCR

asrvasuidaliseufaindistens
Buladziiadald FroUjA3en One-Step
RT-PCR (Invitrogen) lasd@iunanea9
UfAsenfianudndugainadel; saunin
feddnfiafranfianasay 1 W Aulws
wasanuidntu 2 umol/L Usnmsiduay
2 W 2X Reaction Mix buffer 1331a5 10 W
| dndufisman nuclease Usuas 45 W
uazidulysl Super Script™ Il RT /
Platinum® Taq Mix U311@3 05 Wi 9aniu
Wndiedad Thermal Cycler Tnadalusunsa
sail

\¥o CEVd: 48°% uu 45 unfl
U 1 50U 94 % WU 3 U U 1
90U denaturation temperature 94 "3 U1U
30 U7, annealing temperature 56 ‘% u1u
30 Ui, extension temperature 72°% UU
30 UM 91U7U 35 99U LAY extension
temperature a8 72 "3 w1u 10 w1l
0 1 98U dm3uide HSVA CBLVd uas

cvd Il azdeuld annealing temperature
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fiu 42, 60 uay 61°3 MRS
yinfuwandafldanufisen RT-
PCR 13u195 7 W msiadauau1neieis
Gel electrophoresis aelfiainus1adng
1 100 Taad Wuan 50 uiit Tagld
agarose gel Windu 2.0 % Tua1sazans
0.5X TBE buffer uacfion gel #1# ethidium
bromide f3unurBsFBuIEnETHuayd
#281A399 Gel Documentation UV-
transilluminator Tasfiduiaidslsoadiléas
flmunadous 260 @9 470 IR Fufunde

&
UDNLDD

3. mAemsissuihedlondsedolsoud

uwandnanufiisen RT-PCR il
\Hansaiy pGEM-T Easy (Promega) A1
3§nﬁsﬁu%1§’m§w§|;|LLu:ﬁ1 delowdhguuefise
E. coli awWuf Library efficiency DH5QL
competent cells (Invitrogen) 1asl#35n1s
heat shock transformation (Fristch et al,
2001) 7 nunsrvasvlaauitlduazain
wa18laf1835n019 Small-Scale Boiling
Lysis method (Sambrook and Russell,
2001) wazaslumaduiaedlalng Wald
avufiaedlalnauds drandmsiehauun
sfinpoudslisesdfinsranudaslusunsy
(http://blast.ncbi.nlm.nih.gov/

Blastn

Blast.cgi)
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HALRZIITANANITNAADY
1. mMauAetnasuuasazuign
Ysunouwadu uazuzunafiléannnig
guiivdetinlundazafeszivriuiuna
NzZUIBEIEHIN 30 {9 360 WA (Table 1) Uax

TNURATNDEIEYIN 5 §iv 100 Wa (Table 2)

2. nInsavaaudalasondlasisnis RT-
PCR

2.1 NITATINEDUANNINDITLDULD
FwABn1sAuaunelu (internal control)

HAN13A3I9RUN N3 B UL AR ALH
91138015 CTAB method lanldlwsiuas
NAD #579AaA 8 mRNA 189fu NdhB
§10190A5NULOLAEUBIUIA 188 G
pair fiptiednian (Figure 1) wamaliiun
pfBuefiléfiauamd sansmhanss
soumdalisaading 4 vilald

& ¥
2.2 ﬂ’liﬂ?’l?ﬂﬂﬂlﬂﬂl’liﬂﬂﬁﬂ‘!ﬂ

wmalla RT-PCR

v
€ @

HaMInIeNBLIEslsoEm 4 oila
Tusatimanzu uasdaiidnduau 41
LAY 77 Mt mNa1sy fuwmaila RT-
PCR WU Wiuaufduieaunadszanm 320

Awadidaeu fuglwswes CBLVA (Figure 2

1 °

and 3) AUMAIDEIIHANTUII 7UU 14

b 74

FBEY LATNANN 97U 48 Fatnauas L6

woufBuefifizuadstann 300 gwe fug

[

1lwswes Cvd3 (Figures 4 and 5) v
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Table 1 Sampling sites, period, number of samples and sampling size of lime imported
from Cambodia
Type of sampling sites period No. of sampling size
fruit sampling (fruits)
Lime Chanthaburi June, 2013 1 250
March, 2014 14 25 - 30
April, 2014 3 30
May, 2014 8 30
Aranyaprathet June, 2013 2 180 and 250
July, 2013 1 140
Chon Buri July, 2013 2 80 and 360
Phetchabun March, 2014 5 30
April, 2014 1 30
May, 2014 2 30
Sa Kaeo March, 2014 1 30
April, 2014 1 30
Total 41

Table 2 Sampling sites, period, number of sample and sampling size of orange

imported from Republic of Chaina

Type of sampling sites period No. of sampling size
fruit sampling {fruits)
Orange Chiang Khong PQS  October, 2013 12 15 -100
November, 2013 21 7 - 31
December, 2013 12 6-27
January, 2014 5 5-10
Laemchabang Port February, 2014 3 30
PQS
March, 2014 14 30
Talaad Thai December, 2013 3 16 - 27
January, 2014 5-10
February, 2014 5 10
DOA market fair December, 2013 1 22
Total 77

Chiang Khong PQS = Chiang Khong Plant Quarantine station, Laem chabang Port PQS =

Laemchabang Port Plant Quarantine station

Thai Agricuttural Research Journal Vol. 32 No. 3 September - December 2014
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M1 2 345 6 7 89 1011 12 131415161718 H M

500bp —

300bp
200bp —

Figure 1 Electrophoretic analysis of DNA bands (188 base pairs), by RT-PCR of NdhB
gene with NAD primers (lane 1 to 18 are orange fruit samples, H is healthy plant and M is
100 bp DNA Ladder)

M1 2 34 5678 9 1011 1213141516 17181920 M

S
o
—
-
S00bp —) 3
wobp —» 8}
0bp — B Ry
-

Figure 2 Electrophoretic analysis of DNA bands (around 320 base pairs), by RT-PCR of
CBLVd primers (lane 1 to 20 are lime fruit samples and M is 100 bp DNA Ladder)

FADHNNANTUIY U 8 UASHANN 58 Watlusunan1Insa

fradvuaufiduasenaizuialndifss mnwamsmwaauwudw@lwsLuaf
fufuiEsalasesd Tududalufederuou cvd3 Truoufdueilisimwizsuayssano
Aidulaiananudensvainuidanilalng 250 fla Wiadudis (Figure 4 and 5) 4
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M 1 23 4 5 67 89 1011 1213 14 1516 17 18M

S00bp =
400 bp =)
300bp —y

—

Figure 3 Electrophoretic analysis of DNA bands (around 320 base pairs), by RT-PCR of

CBLVd primers(lane 1 to 18 are orange fruit samples and M is 100 bp DNA Ladder)

M1 234 567 8B 9 10111213 1415161718 M

S00bp =P
400bp —> §
300bp —) “

-
-
o
E
-
-
-

Figure 4 Electrophoretic analysis of DNA bands (around 300 base pairs), by RT-PCR of

CVvd3 primers (lane 1 to 18 are lime fruit samples and M is 100 bp DNA Ladder)

NRANTHTIIFDUMBITMIHILRS I
o r a & . Go) G e G
araumtdute wulndudu-a158ULe

(messenger RNA) 2a9dufiifiadn “Citrus
4

Sinensis Frigida-like protein 4A- Like” g

Twswoassananludulg Fevinldiiauoy
Adutatiouduni detusealsufilanisean
uunlwawas cvds Tnylddumizianzes 99

S msfinlunsuitlygmdenan
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M1 2 3 4 56 7 8 9 1011 1213 14

500 bp =y
400 bp =P
300 bp  w=p

Figure 5 Electrophoretic analysis of DNA bands (around 300 base pairs), by RT-PCR of
CVvd3 primers(lane 1 to 14 are orange fruit samples and M is 100 bp DNA Ladder)

Lo o Qr ) z ﬂ‘l o QU 3

3. MARTSINAUTIAa D Indresdslseud o CBLVd uaz CVd Il sua ey laeids
WaUIWaWA® RT-PCR #l¢lun CBLVd i1 Identities Wwinfiu 99% @0
seuiiaadlalng wudruaudiBuiafilaenn Score agj'ﬁ' 584 bits LLaziA1 Expect value

Iwsiun$ CBLVd flaundous 325-328 i 2e-163 (Figure 6 and 7) s Cvd Ii

fndlalng waruoudiBuiediléanlnswes flen Identities Wiy 99% A1 Score B
Cvd3 flaunndous 293-294 fandlalndiile 531 bits uazfiAn Expect value #i 2e-147
Wndssilisuifsuaduiiiadlalng (Figure 8 and 9) %ﬁtﬂumsﬁqaﬁiumuﬁ
Tawa1dalusunsy Blastn T4 GenBank Bueillédudolisess CBLVd waz Cvd Il

WU wouABuLee 2 Heuwmdauduny

AGACUUCUUGUGGUUCCUGUGGUGACACCCCUCAGCCCUGCCUGCGAAAGAAAAAAGU
CAUUAGAAGGCGCCAGAGGAGACUGAGCGGUCGUCGUCGACGAAGGCUCCUCAGUCG
CAGAGCGCCGCUGGAUCGACUGGCCUCCGGUGGAAAACGAAGAUUCGUCUUCAAUUUC
UGUAACCGGACCGGUCUCCUUCGGCCGCCGAGCGCUGGUUGCCGCUAGUCGAGCGGA
CUUCCGUCUCUUCCCUCCCGAGGCGCUUUUCUCUUUGACCGACUUCCGUAGCAGCGG
GGAGAGGGUGAAGCCCCGUGAACCCCUGAGGGCUCCUC

Figure 6 RNA sequence of Citrus bent leaf viroid from lime fruit sample (accession
number KM214207)
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AGACUUCUUGUGGUUCCUGUGGUGACACCCCUCAGCCCUACCUGCGAAAGAAAAAAGU
CAUUAGAAGGCGCCAGAGGAGACUGAGCGGUCGUCGUCGACGAAGGCUCCUCAGUCG
CAGAGCGCCGCUGGAUCGACUGGCCUCCGGUGGAAAACGAAGAUUCGUCUUCAAUUUC
UGUAACCGGACCGGUCUCCUUCGGCCGCCGAGCGCUGGUUGCCGCUAGUCGAGCGGA
CUUCCGUCUCUUCCCUCCCGAGGCGCUUUUCUCUUUGACCGACUUCCGUAGCAGCGG
GGAGAGGGUGAAGCCCCGUGAACCCCUGAGGGCUCCUCGG

Figure 7 RNA sequence of Citrus bent leaf viroid from orange fruit sample (accession
number KM214213)

GAGGAAACUCCGUGUGGUUCCUGUGGGGCACACCCCCUUGCCGAAAAUAAAACGCAGA
GAGGGAAAGGGGAACUUACCUGUCGUCGUCGACGAAGGCAGCUAAGUUGGUGACGCC
GAGUGGAGUAAAGACGGAGAGUCUCCGCUAGUCGGAAAGACUCCGCAUCCUCCGGCAG
ACCCUUCUAGCUCCCGCUAGUCGAGCGGACAACUGAGUGAGUUGUCCCAAUCCUAAUC
UGUUUUUAUUUAGGCUAGAAGGGGAUUGGGCCUCCAGGGUAAAACACGAUUGGUGUUU
CCCCG

Figure 8 RNA sequence of Citrus viroid Il from lime fruit sample (accession number
KM214214)

GAGGAAACUCCGUGUGGUUCCUGUGGGGCACACCCCCUUGCCGAAAAUAAAACGCAGA
GAGGGAAAGGGAACUUACCUGUCGUCGUCGACGAAGGCAGCUAAGUUGGUGACGCCGA
GUGGAGUAAAGACGGAGAGUCUCCGCUAGUCGGAAAGACUCCGCAUCCUCCGGCAGAC
CCUUCUAGCUCCCGCUAGUCGAGCGGACAACUGAGUGAGUUGUCCCAAUCCUAAUCUG
UUUUUAUUUAGGCUAGAAGGGGAUUGGGCCUCCAGGGUAAAACACGAUUGGUGUUUCC
CCG

Figure 8 RNA sequence of Citrus viroid lll from orange fruit sample (accession number
KM214215)

a 3 = 4 -1 °
'Q']ﬂwaﬂ']iﬁli’)"?ﬂﬂﬂ'luL’ﬁﬂlﬁiﬁ]ﬂﬁ‘ﬂ 1 W.A. 2557 @539WLLTE CBLVd 3Muu 14

[

&l W -7 U Ei. Q W z o :’J
JuidaudunuNas NN IEITU A3d (34.2%) uar Cvd Il 37UU 8 Ay

3
UL BUTUTIUI 77 AT uaTNANZU (19.5%) nfIstNNzuMfifinisinda 41
ddnndsewmatiuwsauu 41 adadous A%y (Table 3) Tuanuzfinadurindaean
waudquisu I wa. 2556 fv wownaw ssTusgUssaauiusiuau 77 afansae
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Table 3 Number of viroids detected in lime fruit samples imported from Cambodia

Type of sampling no. of no. of detected samples
fruit sites period sampling/ CBLVd Cvd Il CEVd HSvd CBLVd +
month Ccvd Il
Lime Chanthaburi June, 2013 1 - - - - -
March, 2014 14 1 - - - -
April, 2014 3 3 1 . - 1
May, 2014 8 6 2 - - 2
Aranyaprathet  June, 2013 2 - 2 - - _
July, 2013 1 - - - - -
Chon Buri July, 2013 2 - 2 - - -
Phetchabun March, 2014 5 - - - - -
April, 2014 1 1 1 - - 1
May, 2014 2 2 - - - -
Sa Kaeo March, 2014 1 - - - - -
April, 2014 1 1 - - - -
Total M 14 8 - - 3

Table 4 Number of viroids detected in orange fruit samples imported from China

no. of no. of detected samples
Type of sampling
fruit sites period sampling/ CBLvd Cvd il CEVd HSvd cBLVd +
month cvd lil
Orange  Chiang Khong October, 2013 12 7 11 - - 6
PQS
November, 2013 21 12 12 - - 9
December, 2013 12 6 10 - - 6
January, 2014 5 5 5 - - 5
Laemchabang February, 2014 3 3 3 - - 3
Port PQS
March, 2014 14 6 9 - - -
Talaad Thai December, 2013 2 2 - - 1
January, 2014 1 1 - - - -
February, 2014 5 5 5 - - 5
DOA  market December, 2013 1 1 1 - - 1
fair
Total 77 48 58 - - 36

Chiang Khong PQS = Chiang Khong Plant Quarantine station, Laemchabang Port PQS =

Laemchabang Port Plant Quarantine station
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Wulia CBLVd $1u7u 48 ada (62.3%) WAL
cvd Il 7w 58 ady (75.3%) (Table 4)
%\1Lﬂuﬂ%mmmsﬂuLﬁauﬁgauwniﬂﬂLaww::
atefieida CBLVA wuar Cvd Il pevls
ARINIINNITATIIAANAINAI INWL N T
Wousasidalisens 2 viiafe Ctrus
exocortis viroid Was Hop stunt viroid fifl
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Tsepdne 2 wiiaddnisnszapiosniniu
pimaduns Tupanideals uarasniy
Uszanruiudofisuiude CBLVD uas
cvd Il uaziissandaliseudin 2 wfadld
nalnlumsdisnanlsariumsiofug ms
finen eaule wazneidna wsazlitnenan

Tsasumamdniud uacrarasinas (Hadidi

et al, 2003)
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aTYInLEe CBLVA uay Cvd il fiadhan
AUNANZUIITIUIU 14 67889 (34.15%)
LAy 8 fpte (1951 %) axawuluzusi
nadatdasIanLde CBLVD $1uau 48

faeing was Cvd Il U 58 fndN (AR

Hu 62.34 uas 75.32% mNaeiy) wAnsI9
Liwuia Citrus exocortis viroid uas Hop
stunt viroid
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