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Abstract

Pepper production in Thailand has been drastically affected by virus disease caused by Tomato
necrotic ringspot virus (TNRV). The typical symptom of necrotic or yellow ringspot appeared on pepper
and tomato fruits that caused unmarketable produces. The virus has been characterized based on
genomic sequencing and various strains were identified. In this study, four of TNRV isolates (TT1, T91,
C94 and CT1) from tomato and chili pepper were analyzed for the occurrence of genetic variations using
three different analysis programs. Full length sequences of RNA M and RNA S indicated 94.7-98.2%
identity among TNRV isolates but shared only 58.2-76.7% similarity to other tospoviruses. Therefore TNRV
should be considered as a new species. Amino acid contents of protein N were the most conserved
coding region while those of NSs protein were the most variable. There was no evidence of genome

reassortment for all tested TNRV isolates. The phylogenetic network appeared among TNRV isolates.
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Analysis by using Recombination Detection Program (RDP4) revealed no possible recombination events
for RNA S while the recombination event was found on RNA M of TNRV-TT1 between nucleotides positions
1146-1759 of the intergenic region suggesting that TNRV-C91 and C94 were major and minor parents,
respectively. This result suggested that RNA recombination was the potential origin of genetic variation

among the studied TNRV isolates in the natural fields.

Keywords : Tospovirus, nucleotide sequence, protein alignment, reassortment, recombination

AN

Iﬁ‘ﬂ‘li_lffg mxil,mfml,ﬁ@ L?llfamil‘ﬁlﬁmﬂ’m Tomato necrotic ringspot virus (TNRV) WLLN$92UN mqumﬂu
LLﬂ@qﬂqnw?ﬂmemﬁﬂmﬁ‘luumﬂmeﬂgﬂ‘ﬁmﬂmmmﬂixmﬁim Tapilvinlnandnuazuzidemas
sesunaLlunsdivaewitedtimaiiaouen avldldgmunnanaiiazdenng Amanudensusnainwin
warnzlawmalul w.d. 2553 ﬁfﬁ’mﬁmumﬂiu WFeasne wavidealud (Chiemsombat et al., 2010,
Hassani-Mahabaran et al., 2011, Seepiban et al., 2011) Tnedfelaifseaudinuide TNRY ludssmaay 3e
TNRV dnagluadanaainloda (Tospovirus) fAfuenfidweaeiden 3 aeldud RNA L M uay S
anfifuausiazanagnietinsnslisfwietiunsaiiondda N (nucleocapsid) uazIna 3 aneuIsqIniueglu
‘agmmgﬂm\m@uﬁﬁlﬁ@ﬁju (envelop membrane) wazilnalalilsfu (glycoprotein, GP %38 GnGce) 1lusy
mqﬁﬁ'u@anmmnﬁqu@nmmLﬁlﬂﬁ:u Seepiban et al. (2015) 'Finmluﬁ’mﬂﬁﬁﬁmiwudﬁL‘w'fgﬂlw Thrips
palmi uaz Ceratothripoides claratris tnananida TNRV lilgninuazuzdome n1ssnuunaiauazaneig
waeneatwliialddayatiu N %'qLﬂmﬁzﬁﬁuﬁqﬂﬁuﬁﬂguumﬁium RNA S sian1nudluannassnaim
naalnlaFaiianisadualuu (genome reassortment) Mnldn swUawatuN L, M ¥ea S ssanaiugiuls
Tunealwlisaaiiabien vise srerilafi (Qiu and Moyer, 1999; Webster et al., 2011) #lunsiites Tomato
spotted wilt virus (TSWV) @115 l9A28aWsNLATNEITRINA wudnde TSWV Salunans N fuudsliannid
wdasnsnsonelfiAnlsanuefidmdensnudaindmiusiede TSWY aneiugiaalE uenanniinealnlasa
Feanunsauanilatui L uuLeNfIE L LA azans (RNA recombination) lusz1319n1360A RNA
replication léi@nsag ﬁﬂﬁﬁuﬁ;ﬂﬁmmL%@V]@@Iw"lni”mﬁmmﬂ A nvanERs I fadunnnealn
Ifaasualuniuiedasnendiudu s litnsuani aeuinnale Indunsdanunansenfifiue fazinlinng
sryiaanEu N Wsetnaifaafineuaaanaeu meisuiacideyassuianale lndaes RNA S uaz
M 1eai@e TNRV 4 lalnianuazaemeatnlaiaainlnd dasdinululszmelnauasfiauanuBoudioni
LdansaagenlenanisifnenuiiuusunaTungesaneil 2eanlusanisdnuunide TNRV ezl sz iy
Fovdaniiugiadunulse

alnsaluazdgnng
1. Tayasautanalalnauaznsaasiluaag RNA S uaz M 289138 TNRV
idayaaTunans S uaz M Wingnzzeside TNRV anninuazuzdemannululszndlnadoust
W.A. 2553- 2557 (A.A. 2009- 2014) a3 4 lalgian (Seepiban et al., 2011; AN 15ntinazAnsy, 2560) ﬁ@q‘
Iugﬂu%:glu@ GenBank (National Center for Biotechnology Information, http://www.ncbi.nlm.nih.gov/) 11
fayasduianalelndnlelnanudinmsiilio s fuiendle Induazninesfiluaesdouiinlasia
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(coding region) uazdauilaiulasvia 1&un 5'-3" untranslated region (UTR) Wag intergenic region (IGR) fiu
neatnlaiarfinauiidanunann GenBank
2. TsunsuuazdunaunIsILAIEI

thanduiianalelnsaes RNA S oz M aaadeneainlaiaudazainunBeasderi (RNA S+RNA M)
ud lAmsesilne 141sunss Megalign (DNAstar package, USA) 4911 phylogenetic tree 4@ Bootstrap
1000 replications Tnaldldsunsn MAGA 5.05 (Tamura et al., 2011) &1915UN139ATIEHANNLANFNS UTZAL
TdsAnraalada 4 9l T@wA N (nucleocapsid) NSs (S non-structural protein) NSm (M non-structural protein)
waz GP (glycoprotein) 14lsunsu editseq (DNAstar package, USA) uAsudFUadaLLasTa
Wuansunaesily AwmeiBauieuiae14llsunsy Clustalw (Thompson et al., 2002) waz ESPript
(http://espript.ibcp.fr) (Robert and Gouet, 2014) W11 phylogenetic network pnaililsunsa Splitstree
4.11 (Huson, 1998)

nraamAaiulllfesnnifin recombination faglisunsa Recombination Detection Program
V4.16 (RDP4) (Martin et al., 2015) InelueindiAsnzsf RNA S waz M 184138 TNRV $uiiumaainlofaatinay
sainulusymelng uaztlssmaay anntiusinunAiameilngdaseszsd 9 33 18ud RDP, GENECOV,
Chimaera, Maxchi, BOOTSCAN, SISCAN, Phylpro, LARD laz 3S Ine/ld default parameters

Nﬂﬂ'\ﬁﬂﬂ@’ﬂ\ul@z‘a‘v]iﬁﬁ

maBeufiaualus S waz M RNA 2aaida TNRV Aunaalnlosaainau

4lsunsn ClustalW uReuisudduTanalelndaes RNA S szidnaide TNRV lelmiansinaifi wy
31 RNA S §1n % identity 94.4-98.8% Fffuulstinsndn RNA M Rln identity Tuga4 93.3-96.5% Lilaufae
Flauanduiianalalndaes RNA S fitiunFaadaft RNA M (S+M) 199 TNRV ynlelman wugaen
% similarity aflugae 94.7-97.2% ugndnia RNA S uaz RNA M ifhuatuamadlafa TNRV giladieatiunnle
Toian munasmsualidmeatnlsasiiafesiuilen similarity 90% 3wl uazilenBouiioy TNRY
ynlelsianiunealwlafalugroup IV 14 WsMoV, CaCV uaz MYSV duflugiafinuludszineing
fAn%sidentity §agm 62.9, 63.4Ua% 58.9 % AMNAIAL TuanLTIAN identity 44429 TNR-RNA S 39111 RNA
M funealwlisaaialvsl Pepper chiorotic spot virus (PCSV) finulutlszimemu winfu 76.9 % Fuda
TNRV AdlndiRaaiuide PCSV mn“ﬁ'qm (Table 1) Tiﬂiﬂ'ﬂﬁfNLLWJuL‘ﬁ@Lé'ﬂMWﬂﬁLﬁm’ﬂ’]m%”ﬂ TNRV 7wl
Winuazzdemaiiinisunsszunalunaneiuiinisudanngfiniaveding widelifonuimuluszme
1 AuUNILHa Cheng et al. (2014) 189 U nLLTe PCSV sxunnlundnuanuludszinalduiu
LAY Zheng et al., (2017) $189TUINLITE PCSV WnvinanawsnuarazimemaluNunag g Usvine
a1s1snuiglssanTuau w¥auaszain PCSV faalnddaiuida TNRV 2asing waiiigendeiuansngly
a1n TNRV luriaed Brassicaceae waz Cucurbitaceae andayaaluuianenlunisiluandlfifuinders
esTTinbInATAfiuann usliesaniia % identity 189878 uTlnnalena laid et 90% Asnuunlag ICTV
fmsumaaTnlaiaaiiatienii (King ef al, 2012) 410 phylogenetic tree W1A7Ta TNRV uag PCSV A1l
ARALRDTEREILINL LLﬁﬂleﬂﬂﬁ@LﬁlﬂﬁlﬂLmﬂ@ﬁﬂ CaCV, WSMoV uaz MYSV (am1imiluazands, 2560)
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Table 1 Similarity percentages of nucleotide sequences of RNA S and RNA M of Tomato necrotic ring spot
virus (TNRV, bold letters) and other recorded tospovirus species infecting pepper and tomato.

Upper right showed similarity, lower left showed distance.

] . TNRV TNRV TNRV TNRV CaCV PCSV  WSMoV MYSV
Virus Species

CT1 CH4 T91 T Thailand ~ China  Taiwan Japan
TNRV-CT1 98.0 94.7 97.9 63.1 76.7 62.5 58.4
TNRV-C94 0.02 98.0 98.2 63.1 76.7 62.5 58.4
TNRV-T91 0.05 0.05 95.3 63.3 76.9 62.9 58.9
TNRV-TT1 0.02 0.05 0.05 63.4 76.8 62.7 58.8
CaCV-Thailand 0.50 0.49 0.49 0.49 62.5 75.0 61.1
PCSV-China 0.26 0.26 0.26 0.26 0.50 61.9 58.9
WsMoV-China 0.50 0.49 0.49 0.49 0.50 0.50 61.5
MYSV-Japan 0.59 0.58 0.58 0.57 0.50 0.50 0.50

Virus name abbreviation and GenBank accession number: CaCV, Capsicum chlorosis virus (DQ256123, DQ256125), PCSV,
Pepper chlorotic spot virus (KX247377, KX247378), WSMoV, Watermelon silver mottle virus (U78734, DQ157768), MYSV,
Melon yellow spot virus (AB038343, AB061773).

Slerhdeyatuuasitsiuuuana RNA S uaz M 189 TNRV waznealwlaiasn 3 oilaldun cacy,
WSMoV uaz MYSV #fisasudmulullszmdlng uazia PCSV dealunildn % identity gegaiuite
TNRVa e flenfu saamsdain sequence alignment 1assnduiinnalenduazninesilufiednmdoy
Finuannuiiuuds Taeld TNRV lelmian Co4 ufunuaediia TNRV HANNSALATIZNLAN 10 TNRV Lazide
PCSV fil1sFiu N A5 % identity 19981/ UNIABrATLAI4A 88.9 % T9asnnAalisfiNSM, GP (138 GnGce)
uaz NSs 86.4, 82.4 uaz 81.4% muaniu dedulilsiu N Aaflunneyindgegauazlisiiu Nss Haw
cTuLLﬂimnﬁ'a;m (Table 2) lunsuBaudiusuneaTwlaiaiinauisng species T1s5u GP #AN identity 9
fignsasasunfeliafiu N, NSm danlisfiu NSs Guntlaunniign dwiuneatwlafainululszmelna dasfu
L%’ﬂ CacV flanulnddafuide TNRV 11nndn WSMoV e MYSV Taaian % identity a09%1s51 NSm ggn
770.5% usiltisRu N SAn % identity LiNeI4 56.0% Wi Aedislisda e TNRV agludlanilinaaiungu
WSMoV Seepiban et al. (2015) wudnnldlululeaueaueufuesiismizsiette WSMoV 38 CaCV
%hilﬁmﬂﬁﬁ“%mﬁm%@ TNRV ussasldinalaaueaiausiuanans Tospovirus group IV TR (PADA3)
asazlinansaaiduuan Zheng et al. (2017) NARBIATIAEE PCSV annlufa §aeia immunoblotting WA
4 InalraueaueuRedseida WSMoV %ﬂﬁﬁmmwmmmmﬁﬁ@fﬁﬂLﬂumﬂ uslanaLT e UR1AL
nsnasfilugadlilsin N 9998 TNRV A WSMoV uazideay wudrdlifieaide PCSV winthudilie 88.9%
identity uazaraaziinljiiedureueufiveivesdenssiailld  wansuaudianllsiu N wdnde
WSMoV finsaasfilumanaiumisfiunnsindliaini@a TNRV way PCSV daiudanisiinisuanuasdnien
TuTulnaueaueufLedfeasauenide TNRV axnidanaainlisariinaulussmelng usvnldnalaauea
Lmuﬁmﬁmmﬁﬁ@f{fﬂ‘iimzﬁﬂﬁmﬁ:mﬁmL%ﬂﬁmmm?;ﬂu e denvileiupasiann 14l lulnaues
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a a = lzlld o d’( o o a dﬂl 13 a =
wenfvefmallsfiy NSs AdAmAINIzINIWluNNTIIN AR wWNalaTanau LN e uRLen
salisfi N wananil Chen et al. (2006) Wu31H common epitope 393U NSs Nd18170HINN
Idaiueusnvennmanmeatnlofalungu WSMov, CaCV, uaz PBNV

Table 2 Percentage identity of genomic RNA S and RNA M and protein coding sequences of TNRV-C94
with PCSV, CaCV, WSMoV and MYSV.

Identity with

Region ey Identity with CaCV Identity with WSMoV  Identity with MYSV
S RNA(Nt) 69.2 421 43.3 40.5
N gene(nt) 82.1 51.3 50.6 48.3
N Protein(aa) 88.9 56.0 54.5 49.8
NSs gene(nt) 75.8 49.4 47 1 44 1
NSs Protein(aa) 81.4 49.6 48.5 42.5
M RNA (nt) 721 55.8 54.7 51.0
NSm gene(nt) 75.2 63.1 59.0 56.3
NSm Protein (aa) 86.4 70.5 63.5 61.0
GP gene (nt) 73.7 57.6 57.4 53.2
GP Protein (aa) 82.4 64.2 63.6 58.9

Virus name and GenBank accession number were listed in Table1. TNRV-C94, Tomato necrotic ringspot virus isolate C94.

NN9MFIAUN reassortment UBIALUN RNA S uaz M mﬂﬂtfi’?’ﬂ TNRV

TaiwuAn % similarity figendn 90 % fumeatwlaiaainauisliuansdennsadualunaes TNRV i
{38 CaCV, WSMoV visa MYSV finylulszmelng Webster et al. (2011) Amszdansuiiapalansues N
gene uay RNA S 1aslafaanvnlsalunzitioma @xud%ﬂm%@ GRSV (Groundnut ringspot virus) aInNA1
nucleotide identity 98.3% WANALWLINT RNA M mﬁ@uﬁm%ﬂ TCSV (Tomato chlorotic spot virus) 97.6%
TurusTmilonduime GRSV it 91.1% IngAndnn1siin reassortment 189 RNA M (Asaul§iosluassnna
LﬁmmnﬁLwﬁvﬂiﬁ/\lwqm@mﬁuﬁmmﬁﬂmﬁuﬁuiﬂuﬂuﬁqﬁ%mmLme Seepiban et al. (2011) wuqnlusa
il Thrips palmi '1'71'Lﬁ‘umnLLﬂmﬂ@“nWmmmqwuwmiwifﬁm%ﬁmﬁm wslusawaeW Scirtothrips
dorsalis Gaifludmgninnaumsmalainu TNRV avnaduiusiisudeussuinawasll siavemaalnlada uas
NarAaaaunas AauduiladadnAyaesniaiia reassortment aavatunlafalusssnans
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ngAn¥IANNLUSHUIRIRIALUNTARE N IuadllsAl N

Tuasiu N zeemeatwlafadiawa 20-30 Alanasu fuihiviedunseilanasntemealnlods Aeilaw
IHueuFveRrallsiil N fviunsaseLidausazaiindaeis ELISA e ldsaufiuas RT-PCR Tiiuiunns
BN udaAinsziansudaealelng Weda nucleotide & amino acid alignments as8uuaztilsiu N 109
noalwlians 4 sisdnsdulnelflelnan TT1 Thifunude TNRV wudrdautlans 5 1098y N sm9m
7- 17 ThedleIndinieufi wazida TNRV fu PCSV mﬁ@uﬁumnﬁ'amﬁwmmmfaﬁd 86 Hamdalalng
(A9 4 Aunds Aa 21C/T, 39C/A, 62A/C, uaz 84T/G) mumuﬂma 3" wasfiu N Usz gl
60 mm@i@”lmmmmmmmﬂummm CaCV uag WSMoV WANFNIAuLaZsnaannida TNRV ey POSV aail
40 tianalenigavinasieiuies 6 Auma (Figure 1) et Fladangniinagdlunnseenuuyinswes
ieLAN BBy N Hedeinsitasaisreanealnlaia iedavin amino acid alignment HansiBeyidien
nemaviiludnuoy 281 RAduadlilsiiu N 109i@e TNRV ¥4 4 lelnanvesinafuide WSMoV uas PCSV
ﬁwuluﬂixmm%uéqmﬁﬁﬁmﬁqﬁugq@mwhﬁu 88.9% Wu31HAINUANF19TUNIN LAY C-terminal
gaalilaAi N D29 dunsneslusumis 167- 168, 172- 173, 186, 220- 225 uay 245- 279 (Figure 2)

70 so 100 110 iz

,LJ ann TG AR ; 111&& LIJP.PAI GTTTE

WTRIT T ‘A}-hT LEFN Py TTThlv TTCOAAAGETTT Th

BEACATTES l\ N TENG MG ‘_:IL"I AGKCTTT TETA NPy

,;xm,-[u.;\ A TRIGAGT £ AGETTT TETA A LR
790 800 810 820

Rl sAAGRAGRIGC TCARAGCCRRIGRIICA TC TATTGAAGT
k _AA,.. ArB\GTTCARAR G CTTCTTTGGAAGT]

tru ARG TRACAATGCARG ,‘ c TACCAR Th1
EITEN T TGS ATAGTGTGAGTINCIEGCAAGCCARCTAG GGAAGTATAGGA

pCcsv CTGTAA
TNRV=TT1 CTGTAA

(b) N gene 3’

Cacv
WSMoV
PCsV
THRV=TT1

Figure 1 Alignment of N gene nucleotide sequences of tospovirus species which infected pepper
and tomato. (a) 5’ end of N gene sequence (b) 3’ end of N gene sequence. CaCV, Capsicum
chlorosis virus (DQ256123), PCSV, Pepper chlorotic spot virus (KX247377), WSMoV,

Watermelon silver mottle virus (U78734).
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Figure 2 Alignment of N protein sequences of TNRV (T91, TT1, CT1, C94) in Thailand and WSMoV
and PCSV in China by ClustalW. Alignment result was presented by ESPript3.0.
(http://espript.ibcp.fr). Dense column indicated conserved residues for all entries, clear column
with bold letters were those conserved excepting one entry. Regular letter indicated variable
residues. N, Nucleocapsid; TNRV, Tomato necrotic ringspot virus; PCSV, Pepper chlorotic

spot virus, WSMoV, Watermelon silver mottle virus.

N5AATIEN Phylogenetic network ttaz RNA Recombination

tindayaannTaunsu Clustalw wndipsziiaelilsunau Splitstree ilansaanlaniazasmealnlaia
flenaiisipandiuduinlifimausnuasuiopalenfuuaeenfisue Tnaidengnifinmzifa Neighbour-net
joining network 1éasisi L1ATua RNA S nuilassingmanadaniog 2 ngaie ngs TNRV 11 4 Tatmaniidnun
ngN CaCV WSMoV, PBNV GBNV uaz MYSV (Figure 3a) HaN153LATZY Phi test wiilanianisifia RNA
recombination ﬁﬁﬁﬂz‘hﬁm (statistically significant) &13UATuN RNA M wulassanaaauduius 4 ngu
éuA ngu TNRV, PCSV, CaCV uaz Tospovirus grouplV (Figure 3b) kazaIne Phi test wulanianiaiiin
RNA recombination aginsfitiadndty asinld@nsFaandiudusallsinsy RDP4 (Martin et al., 2015) lng
ot mualiae event Ml ddaansld 3 1w 538 (methods) 113 5 114 7 a8 7 1w 9 3% wazAn P lal
£a8nd1 1.0 x 10° AIAEHIUNUFAN cutoff (Martin et al., 2005) HaN193LAIIZA 9 35 Wud1 RNA S Tl
recombination event AHAWNAAT WAL RNA M wunsiAsnendudy event # 4 204 laloian TT1
Wieauan 7 1 933 (Table 3) @g’ﬁm"w,umﬁfmﬁifavlmﬁ 1146 -1759 ST Fni laifnsutlasvigidluliesiu
(intergenic region, IGR) Ineidilalaian T91 1l major parent SsfitRauRssAenduduLvATuL ludndon
498m waz C94 1T minor parent Tudndqusasasnn (Figure 4)
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NC_008300MYSV-JP
(a) SRNA
JX177645WSMoV-GZ-CN
A Y A e —— '
' FJ489600TNRV-TT1 " 2
! S C94_KME8T841.TH -E ! S KX244325GBNV-Brinjallk-IN
| S CT1_KMB87842-TH .
1
1 S T91KMBS7839-TH . FJ011449CaCV-Chili-IN
""""" * KC953852CaCV-Ph-CN
KX247377PCSV-14YVT33-CN KM500495CaCY-Qid3432-AU
KF382956-PCSV-Pepper3-Tw
NC_008307MYSV-JP
(b) M RNA GU584185WSMoV-Watermelon-IN
KX244326GBNV-GKVK-IN
_________________________ ] U42555PBNV-Peanut-IN
! TNRV ! KX347892GBNV-Brinjal-IN
M CT-KPScapsicum-TH
1 M_C84-KPScapsicum-TH W.SMOV group
! FJ947152Tomato-TT1-TH . U753 79WSMoV-Watermelon-TW
L.._M_TS1-KPStomato-TH ~___ | =>===aT 1 77646WSMOV-GZ-CN
1
HKM583494CaCV-Pepper-AU
KX247378PCSV-14YVT33.CN KC253854CaCV-Phalanopsis-TW
KY315810PCSV-Pep3-TW FJ011450CaCV-Ch-IN
DQ256125CaCV-tomato-TH
Figure 3 Phylogenetic network of full-length TNRV RNA segments S and M generated by Splitstree.

Dash boxes indicated phylogenetic network relationships among virus species. TNRV, Tomato
necrotic ringspot virus; CaCV, Capsicum chlorosis virus; PCSV,Pepper chlorotic spot virus;
WSMoV, Watermelon silver mottle virus; MYSV, Melon yellow spot virus; GBNV, Groundnut bud

necrosis viru

Table 3 Recombination events detected in RNA of TNRV isolates as analyzed by RDP4.

Event | Recombinant | Recombinant Breakpoint | Major Minor Detection methods

no. isolate to Ending parent | parent | R G B M C S P L3S
M RNA

4 TT1 1891-1937 T91 C94 | + + + + + - - 4+
5 T91 922-1088 CT1 MYSV H - + - - - - - -
8 Co4 1044-1666 T91 WSMoV [+ + - - - - - - -
S RNA

2 TT1 1921-2111 WSMoV| CaCV | - - + - + - - -
3 Co4 1876-1939 CaCV | GBNV + + - - - + - - +

Detection methods: R=RDP, G= GENECOV, B= Bootscan, M= MaxChi, C= Chimaera, S= SiScan, P= PhylPro

, L =LARD,

3S= 3Seq. TNRV= Tomato necrotic ringspot virus, MYSV= Mellon yellow spot virus, WSMoV= Watermelon silver mottle

virus, CaCV= Capsicum chlorosis virus, GBNV= Groundnut bud necrosis virus. Event 4 of M RNA (shad
possible recombination event detected (shading).

ing) was a



ANIANTINHATWIZABNINGT 9

(@) rorsesmman-=

-\

M_CT-KPScapsicum-Tr

e |

M_COL-KPScansioum-Tr

== —
]

FR4T152Toman-TT1-TH

mmp Bl M_TOrKPSoman-TH

KQUTITEPCEV-1AYVTISCN

]

KY315510PCSV-Pep-TW

AL AT T R R R R R R R R R AR RS
NSm GP

L e T R O T T e e TR T T e e e O T ) .

087000 = o b conficncs v
Jf\—" N ‘,v’ - A ik by : & confidanca
" ;N _‘,.Lﬂ‘v"l b ¥ \ 0 Tidect of Sy e w 8 6 e s ¢

o e e [
g | — T RSt TH - L7 152 Yo

043540 Thayor Farerd - Mnor Pavent)
g — (Mogor Farei® - Recontinant)
E — [Miree Pere - Rscontineg)]

AT \‘\\g R e |y

- \J/ L— A
Q00000 | " " i i
1 R s e Easd

Figure 4 Analysis of possible recombination in full-length segments of TNRV- RNA M, and RNA Sof 4
TNRV isolates from Thailand (TH) by RDP method. (a) Genome map indicated possible
recombination event detected in the intergenic region (IGR) of isolates TT1 (Black arrow).
PCSV =Pepper chlorotic spot virus, China (CN) and Taiwan (TW) isolates. (b) Graphic showed
the prediction breakpoint at positions 1546 to 1697 (nucleotides 1146-1759 of the alignment)

as detected in isolate TT1.
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