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ABSTRACT: A whole genome of Papaya ringspot virus (PRSV-P) Thai strain was cloned. Seven
complementary DNAs (cDNAs) of subgenomic fragments encompassed the whole genome
of PRSV-SMK5 isolate. The PRSV-SMK5 genome was synthesized by reverse transcription-
polymerase chain reaction (RT-PCR) using primers designed from unique sites of restriction
enzymes in the genome. The sizes of the PCR products ranged from 493 to 2,706 nucleotides
(nts). Each fragment was cloned into the pGEM®-T easy plasmid vector to verify the sequence.
The confirmed plasmids were used as templates for over lapping PCR and sequentially
cloned into pCass2 plant expression vector. The transcription of PRSV genome was driven by
Cauliflower mosaic virus (CaMV) 35S promoter and terminated by CaMV terminator. Two full-
length cDNA clones of PRSV-SMK5 isolate, which were designated as pCF17 7 and pCF17_8,
were obtained. Each clone showed 10,358 nts in length with 35 nts of an artificial poly(A) tail
and containing both 5" and 3" non-coding regions consisting of 85 and 206 nts, respectively.
A polyprotein of 3,343 deduced amino acids was encoded from 10,032 nts. Both plasmids,
pCF17 7 and pCF17_8, were infectious and showed the PRSV typical symptoms at 21 days
after mechanical inoculation on papaya seedlings. The in vivo transcribed RNAs in the plant
sap were confirmed by RT-PCR, serological detection of PRSV coat protein and PRSV particles
were also observed under immuno electron microscopy.
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UNANLD

TnaudTumifuasveadelfaluaige
WWIUNEaEND (Papaya Ringspot Virus (PRSV-P)
aneugine Tnsmsdansizy cONA veudela
PRSV-SMK5 98 fjiisen reverse transcription—
polymerase chain reaction (RT-PCR) U943lusl
W q Swau 7 Fugow finrmendus 493
84 2,706 Thedlelnd (nts) et musliurasiu
Foumdouuiadlun senslilnswesfiesnuuy
nduntsveoulsldndumzifiiomis
fuvtaundluy dhusazdudeslraudnanaie
PGEMP®-T easy ilensanaeudiuindlove uaz
Juwnasduaszifidueifielraudnaiadn
pCass2 Fafln1sduinfounisaensiavesdu
(transcription) é’amgmiﬂﬂma% Cauliflower
mosaic virus (CaMV) 355 dmnuassyaseiiios
M uAENEANISNBNSEME CaMV 35S terminator
Tnenslraufswvudedeanduddu Mewmaia
overlap extension PCR cloning lalaai cDNA
Wnanevesiluade PRSV-SMK5 S1uiudes
wanadalidedn pCF17 7 way pCF17 8 fif
AYINETIVOITILY 3593 35 nts VoA poly(A)
811 10,358 nts Wiy Uszneuseaulidnensiia
fivane 5 1w 85 nts wagfivans 3° S1uu 206
nts S Sndlelnd 10,032 nts finensiald
WJu polyprotein Usgnaume 3,343 nsnozilu
wanafineaeslaawiliuzazneiinonislse
Tusnsgasumiuazazne ndsnisugnitedae
wanaliauna 21 Tu avadudunuansiugnssy
o5 uerendeliarewmaila RT-PCR uax
Tusiusteriuvesiie PRSV dewaiin ELISA way
G]i’JR]WUE]Qﬂ’Iﬂ‘UENL%JE) PRSV shginaila immuno
electron microscopy

Adndsy: hialusnegasumuseazng, in vivo

full length transcript, infectious cDNA clone,
potyvirus

NI

Lafalusnegmauniungazne (Papaya
ringspot virus; PRSV) 1uidielafadnegluana
Potyvirus l13d Potyviridae sfleynaiiiuvieu
Y1IAAVUIN 760-800 UNULLAT X 12 ULULLAT 3]
LYY monopartite Usgnausieansiiduieans
V7N @elfeneIUsenn 10,326 damdlelng (nts)
wazdlay poly(A) fivaneane (Purcifull et al,,
1984; Yeh et al., 1992) enevnonlsnnieisnauay
Fremasseunatesialuhuy non-persistent
iliAnensluaslunzazne lusnaiSeadnan
sUBEN ﬁamamq%uﬁmaaLLmaNLLmuﬁwﬁw
Faunasindidruvesdidunaziuly nsiesy
Wulnazasin nensae vildAanates We PRSV
Jauuseonudoingufie nqu PRSV-P LAslsala
ﬁu’qmazﬂauazﬁwszqmw waENgY PRSV-W
Aielsaldanmeiuivmnunaviiii (Gonsalves
and Ishii, 1980) uazie PRSV ¥liiAn
LHAALRNITLAS (local lesion) AusigdIed
Chenopodiaceae (Conover, 1964) luuvss
L“‘l&ilaﬁ genome-linked protein (VPg) ﬁmgjﬁ‘dma
5'uazdians poly(A) agiivans 3 aeasvildlusiu
ywelvgluien Suasdesiteseandulusiu
U 10 viafe TUsAu P1 toulwal helper
component-proteinase (HC-Pro) TUsfiu P3
TUsAu 6K1 TUshu cylindrical inclusion (C1) TUsfiu
6K2 1UsAU VPg (Nla-Vpg) toulesl nuclear
inclusion a proteinase (Nla-Pro) TUs@u large
nuclear inclusion (Nib) uaglusiuvievidlasa (CP)
(Yeh et al., 1992)

msaemanafinidaaeandiviiliAelseld
(infectious cDNA clone) weaiielaaiiialumdu
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o

p1§ifuie Wutumeuiifiaruddey Feawiilug
A wozinladsiugnesumeadolhiauasiinly
Tlumseuaudelisald Jegtudnenuions
@574 infectious cDNA clone Suaw‘??a Potyvirus
ﬁgﬂﬁﬁ‘]u in vitro wag in vivo infectious cDNA
clone lailaanin 20 ¥fia (Tuo et al., 2015) 534
Wade PRSV (Chiang and Yeh, 1997) usiinnis
Wawwedaiudluanalagantlusgssns,
win1sadrsnanadinaneiiudlunvediadianise
wliinlsald Faduduneuiifiruasdonseu
faseiifetemarnvany mwaqﬂgummﬂaia
sulslinndniivssaunadnide ddunsaneni
TaUszauanudsalunisinaudlunfuaigvas
W0 PRSV-P uavadslrauiianunsononsianely
waane Ay wasvhlinalsald (in vivo infectious
clone)

aunsal wazdsnis

uwndadalada PRSV wazn1snsaabuiiude
thifla PRSV-SMK Bdl#isuanuoyinsiei
N AT.AU BN ARITLlIANY ARz
nuas urTInendoinunsamans iuenlviuians
Iqumﬁﬁaawﬂu Chenopodium quinoa Favz
\AnLEaARNIZLA (local lesion) duAazgaIn
dinUdinadedaenisugnitedasisnavuly
yeazne (Carica papaya L.) WagkAaruuIu
(Cucumis metuliferus cv. Accession 2459) &ans
pnsvedlsallunanaesduaii
nsavdeubuduile PRSY 2100159
Ufjn3e1 PCR A umngsiadu CP (Chokboon, 2011)
uazdIu 5 untranslated region (UTR) hagiiigu
Seuianalolnsiiudlunide PROV-SMK fistaey
Taneuntin(Chokboon, 2011) Taenisuiiusazsiu
ﬁﬂqﬂﬁaaﬁmmiﬁmaé”m Thermo Scientific™
GeneJET™ Plant RNA Purification Mini Kit
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(Thermo Scientific, USA) @A518% cDNA #28
RevertAid™ First Strand cDNA Synthesis Kit
(Thermo Scientific, USA) laaldlnsiuas
oligo(dT)  waunldvirufiseniigens
(polymerase chain reaction) lagldlnsiues
SC501F uag SC104R d1msunsI9LASI89Eu CP
waglwsiwes P3F wag MPSMKAT5R mmumu
5 UTR (Table 1) mmamﬂi“ﬂauﬂgﬂimmu
cDNA funuurasiaagzlolgian 130979 50 Wi
91U 2 lulasdns, 1X GoTag® Green Master
Mix (Promega, USA), Insmesufinas 10 pmol
Tuufnsentavan 25 lulesans wazseudiisen
sl Predenature 94°C unan 5 Wi, denature
94°C \Juian 1 u¥l, annealing 50°C utaan
30 3unft extension 72°C [Wuan 1wl vty
#oU denature — extension 91U 30 50U WAy
final extension 7 72°C Wuvian 7 undt Buandn
Nge15laauLtn pPGEM®-T easy vector (Promega,
USA) eeduniilse Escherichia coli angwug
DH5-alpha fewwatia heat shock (Sambrook
et al., 1989) Andenlaaunlsinaila blue-white
colony screening 5198 UlAAUVDILAAE
lolgtanareinaiafidons lnonsiadoudu
5 UTR fa518ag18unnuuy
Wlaaufiniunmsindenvesusazlelsan
$1unu 5 e FsafiuSinauaratananatinge
Presto™ Mini Plasmid Kit (Geneaid, USA) t1g9in
aduTadlelngd First Base Laboratories Uszine
el thésuinalelnddlaudnssidiou
Wisuanumiouveusazlolsian lnailuuiiiey
Auaruilinalelnawes PRSV-SMK (Chokboon,
2011) ¢ Clustal Omega program a4 European
Bioinformatics Institute (EMBL-EBI) (Sievers et
al., 2011) iedmdenlelansunuveado PRSV-
SMK Fagldifusuuuulunsdaunsnze cONA el



AN58aAT1EY cDNA wazmansuiinalalnavas

Aunva9 PRSV-SMK

ihlelaaniaanlaaintredu Taduduuwuu

4
aon.n. @ .
K

dnsunislaauiiieasns cDNA Wnatsve9dluy

PRSV-SMK dupsnzifioue 7 FuTnseumqui

Aluw (Figure 1)

Spel (9099) Spe (9182)

Bglll (8202 Spel (9429)
BssHII (5529 BstBlI (8062 BstBl (9586)
Spel (5163) Xho | (7968 Sacll (9864)
BstBl (370hpac| (475) Bsm||(g459) Xho'l (4|158) IBstBI (5756) r hSpeI (9999)
]

< PR 10323 bp
Pacl_Nod <«PISR
Sacll Nod
P3F =p- F1 (0.493 kb) <«P5R
P1IR P14F
Pacl BstBl Notl - -
1 11 BssHII Bgll Nod F7 (0.519 kh)
P4F F2 (2.024 kb
nd { ) Xh“I'PTR P10F —p  F5 (2.706 kb)
BstBI ol Nod 4=PI3R
+PR Bgil Sacll Nod

P6F=p F3 (1.738 kh)

PSF =p

F4 (1.404 kb)

BssHII

Xhol Spel |No:|

P12F =% F6 (1.685 kb)

Figure 1 A description and partial restriction map of the full-length DNA sequence of PRSV-SMK
(Chokboon, 2011) for construction of in vivo infectious clone of PRSV-SMK5. The infectious
clone, pCF17, was constructed by ligation all of fragments with suitable enzymes. The
arrows indicate the positions of primers, which were used to amplify each fragment

ﬁmﬁﬁ‘%mLﬁmﬂ‘%mmum'ax%ua'ausuaq
FTuu Feflesduszneudnieadail cDNA
AULUULID19 50 V1 977U 2 tulasdns
Phusion® Hot Start Il High—fidelity DNA
polymerase (Thermo Scientific, USA) 1 unit
Insweswiinag 20 pmol 200 pM dNTPs 1x
Phusion®GC-PCR buffer Iuﬂﬁﬁ%mﬁwm 50
lulmsdng LLaziaUﬂﬁﬁ%mﬁaﬁ Predenature
98°C \Jutian 30 w1l denature 98°C 1Ju

181 10 W19 annealing 62°C 1Juaan 30
U9 way extension 72°C AINYUIAAIILYTD
Yosusiazdugey (Tablel) vi14u denature —
annealing 91471 30 59U a¥ final extension
7 72°C \Jwan 10 wni
TnoglnawesfldifinTnuiuiiduods
seluil 14 P3F uaz PIR dwdu F1 14 PaF uay
P5R @5y F2 19 P6F waz P7R dwsu F3 19
P8F way PR d1msu F4 19 P10F way P11R
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a5 F5 19 P12F wag P13R dwsu F6 14 P14F
way P15R @ w5u F7 (Table 1)

wanAntu F1 59 F7 Aldliusansudlaau
\Wngnanailn pGEM®-T easy vector (Promega,
USA) \iieasreananainaenay pGEM-F1,
PGEM-F2, pGEM-F3, pGEM-F4, pGEM-F5,
PGEM-F6 1ay pGEM-F7 #1uansu a1enaain
[WuASe AndeniazaTadeulaaulasmatia
fitonsdeglnsmosvousariuilunnuisng

IO JUAEN 981910Y 4 LAAUYBIUARLNANER
YosRuAEueNAs N3N afananaia de
Amsgiasuiianalolne waziuSeufisuaiu
wileuvesdduinadlelnsaelusveusasiy
Mdule waviSeuiisunuanuiiadlalndves
PRSV-SMK fe3snsiananadnediu idenlaaui
figauinnalelndfmilourulusuavinilou
PRSV-SMK snflgn 1dudunuulunisadig

infectious clone mall

Table 1 Primers used in construction of in vivo full-length cDNA clone of Papaya ringspot virus

Extension
Name' Sequence (5 to 3)? Primer Set time
of PCR (sec)

kpanlFC GCCTGGGTACCAAATAAAACATCTCAACA CAAC KpnlF1F/F1EcoRIR 15
P3FC AAATAAAACATCTCAACACAACAC P3F/MPSMKA4T75R,

P3F/P1R 40, 15
MPSMKA75R® TGACTTAATTAAGTTCCTTTCCGA P3F/MPSMK475R 40
P1R-® GTACGCGGCCGCTGACTTAATTAAGTTCCT P3F/P1R 15
F1ECORIR GTACCGAATTC GCGGCCGCTGACTTAATTAAGTTC KpnlF1F/F1EcoRIR 15
PaF© CGGAAAGGAACTTAATTAAGTCAATGC PAF/P5R, PAF/PTR 65, 115
P5R" GTACGCGGCCGCGGCGATCTITCGAATACCATTTGG P4F/P5R 65
P6FC CCAAATGGTATTCGAAAGATCGCC P6F/PTR 55
P7RC GTACGCGGCCGCCGATGACTTGCTCGAGTTTC P6F/PTR, PAF/PTR 55, 115
P8F® GAAAAGAAACTCGAGCAAGTCATCG P8F/P9R, P8F/P11R 45, 145
POR® GTACGCGGCCGCCATTGTGCGCGCTTGCCT TAC P8F/P9R 45
P10FC GGCAAGCGCGCACAATG P10F/P11R 85
P11R" GTACGCGGCCGCCTGCGGTGAAAGATCTTGTC P10F/P11R, P8F/P11R 85, 145
P12FC GACAAGATCTTTCACCGCAG P12F/P13R,

P12F/P15R, 55, 70, 55
P12F/P25R
P13R" GTACGCGGCCGCCATACCGCGGCATGTACC P12F/P13R 55
P14F© GGTACATGCCGCGGTATG P14F/P15R 20
P15R" GTACGCGGCCGCTTTTTTTTITTTTTITTITITTITTITTTTTTT
CTCTCATTC P14F/P15R, P12F/P15R 20, 70

P16F° GAAGAAGCAGAAGCAATCCAGG - -

-
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Table 1 Continue

aoin.n. g

Extension
Name' Sequence (5 to 3)° Primer Set time
of PCR (sec)

PL7F CTTCACGATGGCTGGTGGT - -
P18R° GATCTCCTTCTGCGCATTGA - -
P19F° CGTTCTGGAAAAGCTCAC - -
P20F° TGTACGCCGAACTGTGTGTC - -
P21F° CACTTGACATTGAAGCCGTC - -
P22R® ACTGTTGCATTGTGCGCGCTTGCCTTACAGTGCAATT

TTTGAGTAAGCTCAAC - -
P23F° CAGTCGAACAAAGACGAGACC - -
P2aF° GGAACATCCCCAGACATATCT - -
P25R" TAATTCCATACCGCGGCATGTACCTCTCAGTAGCATT

CCTCTTTGC P12F/P25R 55
SC501F° AAAGTGGTATGAGGGAGTGAGGAA SC501F/SC104R 60
SC104RP ATTGCGCATACCTAGGAGAGAGTG SC501F/SC104R 60
M13R° GCGGATAACAATTTCACACAGG - -

'F and R in the primer names indicate forward and reverse primers, respectively
?Underline sequences are restriction sites i.e. GGTACC for Kpnl, TTAATTAA for Pacl, GCGGCCGC for Notl,
GAATTC for EcoRl, TTCGAA for BstBI, CTCGAG for Xhol, GCGCGC for BssHII, AGATCT for Bglll and CCGCGG

for Sacll. These sites were used for excision of the inserts to construct recombinant plasmids

“Primer was used in PCR using Phusion® Hot Start Il High-fidelity DNA polymerase (Thermo Scientific,

USA) for cloning

P Primer was used in PCR using GoTag® Green Master Mix (Promega, USA) for PRSV CP gene detection.

®Primer was used for DNA sequencing

nsa¥nslnay cDNA fuan8anidia PRSV-SMK5

nslaau cDNA Wisanevaaidle PRSV-SMKS5
a¥siuldannnisretugosvasiluy PRSV-SMKS
$u 6 T el densTaaunuudugy
FuSsshsutugesandane 5 Seany 3 vesdlu
Tnenisunsniugesvasslunusasdy (Figure 1)
Wrszniaiundseseuluilunanesififes
mumdafealudluy menisldeuluifngnig
slafgrfusananmnesuas iU uiidanis
wnsnudsean Uiy nanalinfiadnty
Aouldifunmmedmiuumsniudesvasiluniy

Salusiosulane 3 vestudesvesdlunturneu
wih 1433nswuiouls cONA Winanensy
nMswstLuiasTugeeveiluLldnaInms
MUJAseidensiuieaiun1sn1sduasiey
CDNA 91n3Tuswos PRSV-SMK wianseintuday
Aduefidundaeuledfasunizlaenssan
Wanadinaunan pGEM-F1 §3 F7 wazldiouls
findN1e FastDigest™ (Thermo Scientific, USA)
ftuiiduedsdueg fuieuluiivsingluudas
Fudes nsrRaoUMSULERIE 1% agarose gel
electrophoresis ¥tufiduieliuianidions
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AAuauRALduEeDNANRALAILT GenepHlow™
Gel/PCR Kit Protocol (Geneaid, USA) ¥Ug)isen
soTuRLSwemetevlm] T4 DNA ligase (Promesa,
USA) nMsanenanalaiduuaiiisy nsaaden 14
Feiunisiaauiu F1 8¢ F7 waznsavaeulnau
themadaiderdufATeuvioumaiuyTun
Fusidue vdedndaeuluifnsume daden
p819tpe 3 lmauiddiaseiannuiindlelng
S19azLdYANITES 1 LAaTNA1aTAIIBN"T
mudsusiasellil 1) pCF1 vuA 4.137 kb LA
PNNTUNINHAKARNTDI5UBS F1 UW1A 0.511 kb
74 pGEM-F1 uduuuu uarldlwsiwes KonlF1F
way F1ECORIR 1138%i19 Kpnl Wag ECoRl U3
waratinAIuANNITNOATHAUNY pCass2 (Shi et
al.,1997) 2.) pCF13 vun 7.828 kb 1naNN1sin
Junananiidenuuin 3.726 kb finsouaqu F2
way F3 74 cONA w89 PRSV-SMK5 1duguuuy
uarlglnsiues PAF uag P7R unsnidnsening Pacl
uay Notl Tu pCF1 3.) pCF14 vu1n 9.195 kb LAn
91111581 F4 fe3euainnisfamsuieain
PGEM-F4 Launsnitnszning Xhol waz Notl Tu
pCF13 4.) pCF15 9u1m 11.872 kb LAn1nN"3
WNSNNANAANTB159UIA 4.081 kb 1158119
Spel waz Notl Ty pCF14 nawanfigensuiinies
IganiinuSunalagldlnsaes PSF uay P11R
wasldmduesuuuuiildainnisinuazsonandn
fiTor3ves F4 uay F5 fisumisouled BssHil Tny
NANAANTD13U0 F4 uay F5 1ieni 19 pGEM-Fa
war pGEM-F5 udunuuaiuasu 5) pCF17
U9 14.014 kb LARINASUINSRAATNTD15UUA
2.174 kb unsninsywang Belll wag Notl Tu pCF15
lnulnsounananiidensaininalia overlap
extension PCR inuSunalagldlnsies P12F
we P15R uagldnandnfidonsaostudumidue
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FunuuUszneusae Juusniaieuanufasen
fi%o5voe F6 T4 pGEM-F6 tHufiduoduuuuly
Twsiued P12F uay P25R Wiaifivduiideumdey
fusewing F6 fu F7 $1unu 23 nts wazduiiaes
wisunnUAsefidensves F7 Aldlwsues p1ar
uay P15R wagld pGEM-F7 (Jumidueuuuy
Antaonlaau cDNA LAua1guea PRSV-SMK

Tunegaumnuaiuisatunisnelsanaly

nsUsziliunsyinlinsiinlsavas cDNA Taau
LANE189IN PRSV-SMK5

afnanailn pCass2 (FIMIUANEY) Wy
wanafia pCF17 7 uay pCF17_8 #ifl cDNA ang
neslelyian PRSV-SMK5 aae QIAfilter™
Plasmid Purification Maxi Kit (Qiagen, USA) U3U
AMUdTuYee watadialu 1 ug/ul quﬁﬁaﬁw
wanadaunazuilng ag 40 pg/Au 91U 10
Au/nssuds Meamndviesiusiaiunuauy
wazihAundunzazneiiiulsnann PRSV-SMKS
Jusmiuauuin a519aeue1Msvadlsn Lasnad
ﬁmﬂqm%atﬁunm 21 uag 28 U ATI9@0UNTS
noATWE (transcription) vadlAauA18n1TaNA
p1fiduennlunraznafignidenndu udni
ansiduefildunsiaBu P 1ne3 RT-PCR #433
119U M3IdeUNITulaTWaresdu CP 310
Tunzaznefildfunisugnifenndudomaie
Plate-trapped antigen indirect ELISA (PTA-
indirect ELISA) (Clark and Adams, 1977) lagly
rabbit polyclonal antibody Giaiﬂiauw'aﬁ:u (CP)
Y94 PRSV uaznsaadudunisainseynialisalag
AIIMBYNIALITAMIENGDIanIIALBIANATEY
(TEM-1230, JEOL, Japan) Inglainadia immuno

electron microscope (Chiang and Yeh, 1997)



NANISNAADY Laziansal

A5 AAsITANERsalunsiialsaLazaIfu
finndlalnavas PRSV-SMK uazlalaiansgs
989 PRSV-SMK

1nmsugniteseTBnalagldthduanty
uzarnofifulsnann PRSV-SMK masuulu C
quinoa Wlsiueniie PRSV-SMK I¢f 6 lelaian
Tnglidadn PRSV-SMK3, PRSV-SMK4, PRSV-
SMK5, PRSV-SMK6, PRSV-SMK7 Wag PRSV-
SMKS e PRSV-SMK waleleaniildugnide
feiEnalunzasnataswamiuy Wefudunsiin
TsnuawanuauTRives PRSV-P uia 1ndhegna
Fuiilganieiildyunisugnide PRSV-SMK
lelaiansing 9 Awansernislusnegaisuniy
wunanAnfigensvuIn 526 gua (bp) feglu
Bu CP uagnananiigonsuuin 481 bp ¥09 5 UTR
anwnleluan eniiu PRSV-SMK3 Usi31 PRSV-
SMK5, PRSV-SMK6, PRSV-SMK7 wag PRSV-
SMK8 1fu PRSV-P Lilasnnniilviiauzazne uas
unaAnlsalddadunmanifives PRSV-P luvny
fde PRSV-W silfiAnlsaldfuunamindy
(Gonsalves et al.,, 2010; Tripatri et al., 2008)
dlewFeuiisudiu 5° UTR nudnlnauiisnunves
PRSV-SMK5 Handuiiipdleluneiniiouiuass
PRSV-SMK vaugiilaauvesleleiandy q wuin
fanuuanangluannaes PRSV-SMK uagnunis
mellvesdiuinaalondge suuiadentlels
Lan PRSV-SMK5 u1vi1nisnaaesseluiiielsd
nsnensiaLavnisulasiavesilunainlaaud
afatudiaugniosiazananunaadeienu
wniign

AN583519 cDNA wazmanauiinealainavaedluy
U89 PRSV-SMK5
ANNITHTUASILVNAANAA1UNAUVD S

PGEM®-T easy vector fututosvesiluy PRSV
asavaevasuindlolndnelus vesusas iy
¢ouv093lulde PRSV-SMK5 ffu wuilaany
waneenuLazuislaauiinisuneluvesdnsu
fndlelng denlrauvesnalaln pGEM-F1,
PGEM-F2, pGEM-F3, pGEM-F4, pGEM-F5,
PGEM-F6 waz pGEM-F7 fifldwuiiandlelnd
n3afU PRSV-SMK snnfiguazlsifinisuinmely
vasdrduinndlelnd wanadnazwilslaauiiels
Wudbuenuuuulunisasteanaiaiin pCF1,
pCF13, pCF14, pCF15 waz pCF17 fiazidu
infectious clone muanumaly

n1585191AaUN cDNA &@18LfuaIn PRSV-SMK5
n15as19laan cDNA @1eLfiuain PRSV-
SMK5 #ldannisihdugesvesiluusndeiuiy
elpau pCF17 7 wag pCF17_8 danug1viniu
TaedlAauLAZYIAU PRSV-SMK5 $117u 10,358
nts Usznausay diudildldaenswaiivans
581U 85 nts, daufianunsanansialdsiuau
10,032 nts, dwiiliildnensiaiivats 3° s1uau
206 nts Lazaiu poly(A) Fidaasziiiuduun 35
nts §99U1INYIIIUNTIUIY 10,323 nts
(85+10,032+206) Inlsisandu poly(A) Hvun
&unin PRSV-HA #ilsresuinaun 10,326 nts
(GenBank accession number S46722) (Yeh et
al, 1992) neilduiildlgnensiaiivals 5 85
nts wasiivany 3° 206 nts wirduiisteaulu
PRSV-HA (Tripathi et al., 2008) wazila1au
fandlelnduazdufiarusansnsiadu
polyprotein 9u1n 3,343 nilouduilunvss
PRSV-SMK 98.4 tasifus
arnutiandlelvaves pCF17_7 waw
pCF17_8 wane1afiu 0.03% (3 nts) WagA1991N
PRSV-SMK 1.59% Way 1.62% muadu lagaiu
F6 9 F7 fiflawn 2.174 kb anunsathnandn

NsasIngImMansinuns UA 48 aUUA 2 wnumAW - §UK1AW 2560 215



@ MISEVIAS:K in vivo Transcript MINTAAU cDNA 1AUANauDLIIDNSA

figorsdnillduonsemine pCFL7 7 way PRSV-
SMK5 ffu pCF17_8 I \ilesnnaduinadlelng
Tughuilves pCFL7 7 wag PRSV-SMKS fifummis
o 4ulsfnT W Hoall U 2 euniievinli
slesndne Hoall axldmdue 3 Tu vwm 524 bp,
703 bp war 947 bp #1931n pCF17_8 Aflfumia
209 Hpall ludailiies 1 suvdeilils fduwe
2 %yu UM 524 bp ez 1,650 bp
anuihedlolvavedlaau pCF17 7 uaz
PCF17 8 flunndnafiu 3 nts fisnesumieiy us
danastansiUasudisunsadisunsaeziluion 1
s Tneiiddunsaesiiluvonisasslaausing
i 0.03% WazM199IN PRSV-SMK 1.59% uag
1.62% muadsu laay pCF17 8 Sidfuvisdisng
910 pCF17_7 way PRSV-SMKS laun nsnezdlu
e 3,113 ludhuvesdu CP Fudunoanisan
msanezanduluaiuiamdlelnamuniafeaii
V99 pCF17_7 wag PRSV-SMK5
Tunrsesnuuunisnisasislaal cDNA
anodiy Mndufiavldnislrauiiastudemaia
fF015 wiiesanndaeiznistsniudedd
sundneuledfns s e whundadoau
3luy nmsinseiduiandlelndueasis
PRSV=SMK 1ag PRSV-SMK5 WUIINITINGHHU
ANSUNIA F3 W1sening BstBl waz Notl Litesse
F2 Wafu F3 luwanafinduldaiunsasinle
\fosannwusiums BstBl Tu F1 uay F3 geaie
PRSV-SMK @y PRSV-SMK5 saiufadasusn
unsnuaNAARToiTinsouaquitadIuTes F2 uay
F3 1971589379 Pacl wag Notl Tu pCF1 unu
venaniliigsuianalelndaiuiinnstuunsdiu
Aetuiiumisesevledinsimng dwalinis
MUHUNITUNTA F5 1U1581%319 BssHII wag Notl
Tu pcF14 dlaignansavild iesannusumia
BssHIl ludnu F3 993 PRSV-SMK5 fatiufadaou
wUnINNaNANTTe 3 TinseuAqNTTtd FA uag
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F5 10151119 Spel wag Notl Tu pCF14 unu

nsUsziliunsyinldinasiinlsavas cDNA Taau
LANE1821N PRSV-SMK5
Funzaznevadeufivgnidedienanadin
PCF17 7 uaw pCF17 8 Fudulnauiifl cONA iy
anvossluaTe PRSV-SMK5 uansainislsaly
GmfgmqLmeé’qmﬂmiUQm%aﬁwwmaﬁm 14
Tu w%auﬁué’uﬁﬂqﬂﬁaﬁwh%’a PRSV-SMK5 lag
ASIINUNNTONTHATEINSLEWaTdLATIZRaN
wanainnewailn RT-PCR 98481 CP uagnuns
wlaswaveslusAufiudasiauiainensiduei
pensauanwaralin Wonsiase ELISA 970
G“haﬂﬂﬂﬁﬂﬁy’uﬁuaﬂwé’ﬂﬁ%’umiﬂqﬂLG??@ (Table 2)
nsgudupuNIAvieuEIARYBY PRSV Mt
neesgansIAIBIEnATeU (Figure 2) nuaynialisa
vilamiounian (flexuous rod) Tudegnfigsn
mnﬁuﬁﬂ@m%@é’w pCF17 7 way pCF17 8 e
YUIRANLENIUTELNAL 700 WA (nm) X 10 nm
ADARADINUTIBIIUYBY Chiang and Yeh (1997)
ﬁﬁﬁuumaymﬂ PRSV fi@$1991n infectious clone
Wuvieusnanwwn 750 - 800 nm x 12 nm
PINHANIINAFOUNUITLIAN 21 NEINS
qu%aé’wwmaﬁm pCF17 7 uag pCF17 8 il
snnuduilinansnageudiuuingemadia ELISA
(70 wag 20% MINAIRU) UOUNIN HANSNAAB UMY
wmAllA RT-PCR (80 wag 90% muaau) wagl
Snusuilinauinuifudienan 28 Ju uansli
Wiudwanadinfidluluguiinfanisoenswadu
o5 lanunsansgeulamemaiia RT-
PCR TnefifinsaindlusfurievueynausiuTnm
Soovllilamnsansranulamemeada ELISA 7
21 mwé’&mﬂﬂqmﬁ??a Fadudedrinananila
YounAdAlLNIINTIvEEUTIRINT uAawITRTIR
wuldisloran 28 Ju wﬁqmﬂﬂgﬂﬁa YanaINHNS
WinUSnameadedildannlnauiadretuaniiuiiy



= ) v & a o Y PP
YUlUBNIMT NI UNR aqmmimmﬂwmuwz;lﬂ
WamulAaunaalnkanInINIsYaaLsATINILYD
UnAiniuanseng 2 dUavmaaugnide uagen ELISA
Ao o ' o a0 &
AdiAnen Ineen ELISA vewsiaiuanuIndiaduaes
WINUBAIUANAY TIERAATBITUNITHARIBINTS
vadlsAvasnUgnide 4 dUnvmesiuiugnienme
PRSV-SMK5 fIA313 UL 541INNT181N15 V86 U7

UQﬂL‘%@ﬁ]WﬂIﬂﬁUWﬁ’]ﬁﬁﬂ f9saNNSAYaNYDILTe
Sesmuanuaninnlutealaenisdanaan ELISA
gwareluil wé’%mﬂz;m%a 3 fUpvnunsazan
veuleiiad1991n pCFL7 7 > PRSV-SMK5 >
pCF17_8 mmzﬁwﬁqmﬂﬂgmsﬁa 4 FUavinunis
AvaLOUTBTAS 199N PRSV-SMK5 > pCF17 8 >
pCF17 7

Table 2 Detection of full-length cDNA clones of PRSV-P infectivity

ELISA test
infected/inoculated plants1
(% infectivity)

Inoculum

RT-PCR of CP gene
amplified/ inoculated samples
(% infectivity)

{average ELISA value}

0 dpi 21 dpi 28 dpi 21 dpi 28 dpi
Phosphate buffer, pH 7.0 0/10 0/10 0/10 0/10 0/10
(0%) (0%) (0%) (0%) (0%)
{0.138} {0.096} {0.107}
Sap from PRSV-SMKS5 infected  0/10 5/8° 8/8’ 6/6° 6/6°
papaya leaf * (0%) (62%) (100%) (100%) (100%)
{0.160} {0.255} {1.044}
21 dpi
40 pg of pCass2” 0/10 0/10 0/10 0/10 0/10
(0%) (0%) (0%) (0%) (0%)
{0.154} {0.099} {0.137}
40 pg of pCF17_7° 0/10 7/10 8/10 8/10 8/10
(0%) (70%) (80%) (80%) (80%)
{0.147} {0.270} {0.864}
40 g of pCF17 82 0/10 2/10 9/10 9/10 9/10
(0%) (20%) (90%) (90%) (90%)
{0.144} {0.147} {0.401}

' Infected plant showed severe systemic symptoms of PRSV and had the ELISA value, which was more

than twice of the average ELISA value of the negative control (phosphate buffer)

* The average ELISA value calculated from the ELISA values, which each value was more than the

average ELISA value of the negative control (phosphate buffer)

* The dead plants were not included in calculation
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A. Phosphate buffer B. pCass2

C. pCF17 7

E. PRSV-SMKS5

Figure 2 Transmission electron micrographs using immuno electron microscopy of PRSV particles in
crude sap prepared from the papayas inoculated with the in vivo infectious clones of PRSV-
SMKS5 (C-D) and positive control (E). The absence of any virus particles in negative controls

(A-B) was shown. Black bar indicates 200 nanometers

Chiang and Yeh (1997), You et al. (2005)
wag Chiampiriyakul (2007) $1891U4N158579
wanafinfivdu in vitro infectious clone anla%a
PRSV-Puaz PRSV-W Zsaansiialél RNA transcript
Tunaennaassiivilviivendeialsald (infectious
in vitro RNA transcript) wanailausznausigy
cDNA finaevesilusilada PRSV finauaunns
nonsiansluslumesvea (bacteriophage)
WU SP6 T7 way T3 promoter udu uaziinig
Wauwanadeiiy in vivo infectious clone 7
mmsaﬂgﬂL%@ﬁmwmaﬁ@LLazaamsﬁama’Lu
wadfigleilu in vivo RNA transcript tnemauny
NSUANIBNVBIBUME CaMV 355 promoter Lag
Usznausmeans poly(A) Aeainaisuiianalelna
@1 3" untranslated region (UTR) kagAIUANNIT
‘Viﬁlmaaﬂwamﬂ CaMV 35S #38 NOS-terminator
szmwﬂwaawmamLLuuumawsﬁlmavmﬂu,a'vwma
sawuldnsrndueundurinuue (Meyer and
Dessens, 1997) LLﬁ”i’ULﬂi@ﬂENEMﬂﬂﬂ (Desblez
et al,, 2012) Imawawamﬁh’ﬂumsﬂﬂmmquﬂa
pCass2 Bapuaunsuansooniagld Camv 355
promoter ﬁi”]muﬂmﬂqmmﬁaﬂﬁu (Shi et al.,
1997) uagnsuiinan poly(A) iisdludn 35 nts
fvlvensiueimueatiosundy dwalinis
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WARIeaNYBITU FUATIBULUTAUNINTY LAz
ansaihginliannnisugnivediedsna

Gl

TunsinenildvhnsTaauslunfiuaneves
Ls?jyai’;%'alm'wfgmmmumazﬂa (Papaya
Ringspot Virus (PRSV-P) angwiuging laens
§uA31297 CDNA wesilunidelada PRSV-SMKS
AgUfA3en reverse transcription— polymerase
chain reaction (RT PCR) 1udu 9 1w 7 Ju
go8 Tmuendus 493 fv 2,706 daedlelng
(nts) Tnesmunliusastudoumasyfusadlus
THlnsiesiieanwuuaindiunisvaaoulaisn
Sumsfifiewmduihudiundlug wdlaauwdn
wanafin pGEM®-T easy ifiansa9dauadIfy
famdlelng wariduunasdunsisimduaiiie
Iﬂaulfmwmam pCass2 #ildflunsuansenn
Fetuindounisaonsiavosiu (transcription)
mwm‘iﬂﬂmmas Cauliflower mosaic virus 35S
(CaMV 355 promoter) $1uiuaesyasialoafiu
LLazmiwqﬂmiaamﬁa@ha CaMV 35S terminator
Tnenstaaudanvudaifiondudidu fewmada
overlap extension PCR cloning l@laau cDNA



Waanevo3luniio PRSV-SMK5 §1uiudes
wanalaltidodn pCF17 7 way pCF17_8 wanadin
Weeoaiinuevesiluy 10,358 nts Fa5ameiu
Uae 3" poly(A) 91u2u 35 nts Iaeardutianale
ué 10,032 nts figeasialdidu polyprotein
Usenousme 3,343 nsnexdlu wavdiulinonsia
fivans 5 $1uau 85 nts wazfivany 3' $1uan 206
nts  Taensaoslpauiiaduionalelnduay
nsneviiluwmilouiu PRSV-SMK5 winfiud 98.4%
wanafinvsaedinawrinliuzaznoinennislse
TuA9gAIumILLTaEne wﬁqqum%’aﬁw
waradaiduial 21 Yu asiedudunuans
fugnssuofiueventiolifadematia RT-PCR
uarlUsfiurietiuvesitie PRSV dewadia ELISA
LLazé’ﬂmmwuaymﬂﬂuaaL%@h%’a PRSV lans79
AniemnALla immuno electron microscopy
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NFFUNINTYALAN NFANN 10900 wawlasumnu
ganyuNTITeUTEINUasinfny) nd1inau
ANENTTUNTITOWMaA (39.) Usednl 2558
wagProfessor Shyi-Dong Yeh, Laboratory of
Molecular Plant Virology, National Chung Hsing
University, Taiwan Ailalenanisi3euiun yise
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Fuurthuavatduayy pCass2 lumsidoil
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