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Detection of Begomoviruses Causing Pepper Yellow Leaf Curl Disease in
Thailand Using Broad-Spectrum Primers
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ABSTRACT

Begomoviruses are causal agents of yellow leaf curl disease in peppers causing
serious threat for pepper’s quality and quantity. Their distribution was reported throughout
the country. The viruses are highly variable in nature and have evolved and adapted
rapidly due to several reported factors, and may lead to incorrect detection by the
previously designed universal primers in polymerase chain reaction technique. A more
specific and reliable detection method will provide an effective tool for disease surveillance,
control and breeding for resistance. In this research, the new broad-spectrum Unibego-Pep
primers were designed to amplify the target consensus sequence in the AV7 gene regions
of 8 pepper-infecting begomoviruses, i.e., Chili leaf curl virus (ChiLCV), Eggplant golden
mosaic virus (EGMV), Pepper leaf curl virus (PepLCV), Pepper yellow leaf curl Thailand virus
(PepYLCTHYV), Pepper yellow leaf curl Indonesia virus (PepYLCIV), Tobacco leaf curl virus
(TbLCTHV), Tomato yellow leaf curl Kanchanaburi virus (TYLCKaV) and Tomato yellow leaf
curl Thailand virus (TYLCTHV). The efficiency of the primers was investigated by testing
4 reference samples, all of which gave positive results giving an approximately 380 bp
fragment. The testing was also performed with 41 pepper samples showing disease
symptoms collected from 20 provinces and the target band could be amplified from
the samples in all regions. Analysis of the amplified products by sequence alignment with
the GenBank database showed five pepper-infecting begomoviruses were at 93-99%
identity, i.e., EGMV (93.62-98.49%), PepLCV-[MY] (93.43-96.69%), PepYLCTHYV (97.83-99.69%),
PepYLCIV (98.25-99.40%) and TYLCKaV (97.38-99.12%). The positive samples were
categorized based on a phylogenetic tree constructed and representatives from each group
further characterized by full-length DNA-A rolling circle amplification and sequencing to
confirm the 380 bp results. BLASTn analysis showed good correlation of 7 out of 8 samples
examined. This newly designed primers has very strong potential to be an effective tool for

the detection of pepper-infecting begomoviruses in Thailand.

Key words: begomovirus, pepper yellow leaf curl disease, detection, PCR
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UNARED

dnlasaludimlillasa (Begomovirus)
\uanngzaslsaluninudesiunin liia
ANNLEEEABLSINMLRZAMNWHANRANSN
%\‘IWUﬂ’ﬁLLW’i’it‘U’]ﬂTuﬂﬂgﬁﬂ’Iﬂ“llE]\T]JiZLVIﬁIV]EJ
Lf‘immnL%ala%’an@;uf‘zﬁﬁi“mmﬂﬁﬁmwaﬁia
ANNVRINTAE DD e nInratia Ty
LaJummm‘[ﬁ%ﬂummLLiJsaJnuLLavummwmn
VRN MInTREREIe3E polymerase
chain reaction (PCR) Tnel#glwsinasfanld
aw\lﬁmmmmwmLf?aminiu\l’ﬁaﬁl,ﬁm
Fulnalg muﬁé’ﬂﬁﬁﬁ’aamwu@\lmmaf
Unibego-Pep #i91unizsiarisuiiinilalng
FUNILIIN (consensus sequence) Tugiu Av1
waz AV2 weadewlnlnlsafidvhaisnsn
393 8 vila LG Chili leaf curl virus (ChiLCV),
Eggplant golden mosaic virus (EGMV),
Pepper leaf curl virus (PepLCV), Pepper
yellow leaf curl Thailand virus (PepYLCTHV),
Pepper yellow leaf curl Indonesia virus
(PepYLCIV),
(TOLCTHV),
Kanchanaburi virus (TYLCKaV) way Tomato
yellow leaf curl Thailand virus (TYLCTHV)
Wn1sasraaavyscanininaeglnsines
Tnenasauiufistedede 4 wila THnaun
Vanue uazfisunnesnananfEueYsTIN
380 ALud Wavin1mesauiufiag1ensn
41 Fpge Auaasenislsaluvdnmaasann
Nuiiugnlu 20 dom¥a wudn @ansouia
Vsmnadudnthmanglusnognewdnfitiuan
nnpiniazevdseind 6835 PCR 91Nty
JimseianduilanalalnsresnanandiiuLe
Wisuisuiugudeya GenBank Wyl
fiasnfloutuarsuinalelnsanide
winlula$a 5 #ila fiscsuanumiion 93-99%
1#uA EGMV (93.62-98.49%), PepLCV-[MY]
(93.43-96.69%), PepYLCTHV (97.83-99.69%),
PepYLCIV (98.25-99.40%), Way TYLCKaV

Tobacco leaf curl virus
Tomato yellow leaf curl

(97.38-99.12%) iaiRansfunuannsiesi
phylogenetic tree Tufaased full-length
DNA-A 1ael438 Rolling circle amplification
(RCA) wui wiiazoadaiwlnlalasaan 7 Tu
8 ot MinFnuienuasnadesiuioya
wanAnALAUL 380 Awa fldanglwsiued
Unibego-Pep fioiiu @j\LW‘iLNB‘%Iud’]u’iﬁilﬁ’%\‘i
fenanmlunistifedansoadowinlulsa
Advihaewdnludsemalnyld

maa: winlulse, Tsalundnindaensn,
MR, "B

unii

winlulsa Tneglued Geminiviricae
Usznaudisidolsaannnii 200 o ssnsn
Whasuaraivanudsmesaiisiasegne
NABBUA 11U WIN Ne1TD NLUDINA LAINIT
Suddende udu desenaliusanouas
AN INTBIHANRARAAIBE NN T80
maunsszunzashsaluddailuilan Tag
wnzdszinalueaiouuasianaugu (Green
and Kali, 1994; Sakata et al, 2008; Shih
et al, 2010; Tahir and Mansoor, 2011;
Kenyon et al., 2014; Brown et al,, 2015; Bhatt
et al, 2016) lapiunagnizy (Bemisia tabaci)
Huwme symezeadalnlubhiaddnuue
Hunsenaw aganiuiiug
twinned particles) mEJIu‘lJ’iiﬁgmiﬁuﬁqﬂﬁu
yilaMBueasisnduy (circular single-
stranded DNA) iwlnlala¥agnuualaidu
2 gy MNANHULYETLUN An monopartite
genome T3l circular DNA iieaniinufen
1#un DNA-A was bipartite genome %Y
19¢nauUA8 circular DNA-A tlay DNA-B
(Galvao et al, 2003; Varma and Malathi,
2003; Prasanna and Rai, 2007; Zhou, 2013)
Tudszwalnedsenunmanmanudewlnla
h¥aswmnlsrvaswinnaiesile 6 Pepper

(icosahedral
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leaf curl virus (PepLCV), Pepper yellow leaf
curl Indonesia virus (PepYLCIV), Pepper
yellow leaf curl Thailand virus (PepYLCTHY),
e Tobacco leaf curl Thailand virus
(TbLCTHV) (Samretwanich et al, 2000;
Seepiban et. al, 2017; Chiemsombat et al.,
2018) Imﬂw%nﬁgm%am”']v‘i']mﬂ%l,l,ammn'ﬁ
Tuwans povulusiud URTWLAIHTULTY
20915ARIUA 10-95% BOIRUNTIAIT9
(Chiemsombat et al., 2018)
mansdasidawlnlalsade
35 polymerase chain reaction (PCR) laa/l4
TwswasiiTnwzdawlnlul¥audazsialy
MvugAsen JuasAsunsanTeasuuas
Yeinfiavaadawlnlalsafidvhaiefials
pdugnées Llasenflansiugnssudusde
AU (Rojas et al,, 1993; Leke et al, 2015)
LATHIIENIUNTDDNULY degenerate primers
wsldlunisnsrassuidawlnlaliSauny
broad spectrum va18@ LU PAL/PAR?
degenerate primer set (Rojas et al, 1993)
WRE AV494/AC1048 (Wyatt et al, 1996)
foanuuuTHAnyUsinudisuessadasduiu
AC1, common region, Wzt AV7 Toy PAL/
PAR1 degenerate primer set §0130ATIINDU
L%ﬂdluﬂf\jmﬂn‘[u\lﬁazu Western hemisphere
wazidowlnlalasaurssiaain Eastern
hemisphere 16 way AV494/AC1048 &350
Lﬁuﬂ%mmﬁLﬁuLm’mLéﬂ Jatropha mosaic
virus, Serrano golden mosaic virus, Squash
leaf curl virus Wae Pepper mild tigre virus 16
uaﬂﬁnﬂﬁ INFY degenerate primers ﬁgﬂ
sonuuulFasnsainysnauffueanicly
daudu Av? ﬁaﬂudauag%’ﬂﬁ (conserve
region) maw‘z’?ala%’aiunq:uff U Deng’s
541/540 Tapanansoasraseuidolnlulasa
flgannIvuansm gl3y BN uazUszina
Sulald (Deng et al, 1994) agnglsfinu

252

mn"ﬁagaﬁﬁmﬁwmu“[uﬂizmmm 7 WU
finsifissuuriiauacaamanvaeTesde
winluli$a (Sakata et al, 2008; Shih et al,
2010; Kenyon et al., 2014; Brown et al., 2015)
ﬁamaﬁmmamnwmﬂﬁﬁﬂ U NTTUIUNT
sMivd (Recombination) n1ananewus
(mutation) MsunuiisurLowe (substitution)
TufiBuweresdselda uaz/mie nMsdadsn
Taes550T78 (natural selection) 39viivide
T¥afiiTannnmsfidewasonnunainvaiszed
L%aﬁmn‘%u (Harrison and Robinson, 1999;
Kumar et al, 2006; Lima et al, 2017) uag
sowal#lwsiwasimafisneaiuninousiald
snsaasduwlnluldaussiald oo
Twiasifianls l@wn PAL1v1978/PAR1c496
ae PAL1V1978/PAR1C715 (Rojas et al,
1993) widminazuansainisluvidnimansde
Hupmsiinuldaoiasandewlnlulds
ns@niliiingusaedifionanuuy broad-
spectrum primers savsuasravdailnly
Tsafidinviharendn deasiuysslomisdons
W19 N19ANEN TR WAIUINDH1UNIU
FownlwlSasely

4 ad
Bq‘l.]ﬂiﬂlllﬂ <IDN1?

shatradawlnlulaluwin
iusetawsnfiuaasain1szeslsnad
Wwaandowlnlalsa wu Towdes (yellowing)
Tusng (mosaic) Tufusatu (leaf curling)
ialulilwas AngU (blistering) uaz Leulug
(vein enation) NUARILINNWIN 20 VIR
1éun uasga (NPT) qWITAUY3 (SPI) 1113
(RBI) Meyauy3 (KBI) wpsy3 (PBI) Weslnal
(CMI) U (NAN) mn (TAK) Fead (CPM)
UATIBRNT (NRT) ULl (KKN) §nauas
(SKN) y35uél (BRM) §3uns (SRN) Aiazins
(SSK) auas1w51il (UBN) 3zusy (RNG)
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§3182)3511 (SNI) uAIATETINTIY (NST) Uay

[

WNQY (PLG) e ILaauiuensu w.a. 2559

q
= =

foiipuNNIIAN W.A. 2562 Fpuadfiptg
Usenaudiednustarasdeniafiiudagig
wazanduiiy Tunsdidmeg1elusonina
Wenfugnifusluliishediu I (we) asgnsy
nassnustiaTasivia dntelundndiiuls
gﬂﬁﬂuﬁmiaaL%alfs%’aﬁﬁﬂﬁu 9 fixmsadi
Manewinlaeldi5 Indirect enzyme-linked
immunosorbent assay (Indirect ELISA) LLaE
waupueRTisnzsadelaa 6 wiln Ao Potato
virus Y (PVY), Tobacco mosaic virus (TMV),
Tospovirus group 4, Cucumber mosaic virus
(CMV), Pepper mild mottle virus (PMMoV)
WRe Chili veinal mottle virus (ChiVMV)
AIDEAIUANLIN (positive control)
flalunsnesaulwswes ldud Adwevsads
winlal$asmglsalundnmasamdniingly
Uszinalng 91U 4 o1la Ap 1) PepYLCTHV:
Acc.no MK946436 2) EGMV 3) PepYLIV
ez 4) TYLCKaV (fee19aauansdui 2-4
w'mmsmaaaaﬂmﬂ‘lﬁ@"l,wsma%ﬁﬁhLWﬂzﬁim%a
winlulsasenandrefundl) wazdingng
AIUANAL (negative control) Tiwn winane
e o fivasadoiwnlulisa mindvyaou

a a

WINAUAT WINTULWEW WINMuD1d LAz
Winviuadien) (ApENAILANLIN LA
muaNay iuaeyrmsiRINTiesiRing
Tfafis uazuuam3lovs guiiugiainsm

wazmaluladdinwuvienf)

MsaNARLBUL

UndIaE 19 lUNInuNEARALEULEIIN
AnLUavaInI5n13909 Doyle and Doyle
(1987) Tapualuwsn 100 un. Tululasauwad
T#aziBun fin 2X CTAB buffer (2% CTAB
+ 2% PVP + 100 mM Tris-HCI pH 8.0 + 20 mM
EDTA pH 8.0 + 1.4 M NaCl uas 2%

2-mercaptoethanol) U331a5 600 lulasans
sasduluds Twwes windy 1:6 (w/iv)
il ﬁqmwgﬁ 65°%. U 30 U LAN
Chloroform:lsoamyl alcohol (24:1) U3n1a35
800 Tulasans vinluthundesit 12,000 sov/anit
aoungdl 4°s. visnduseuildn 2 seu amiu
\ixl Isopropanol 600 lulasdns Wiaanaznau
ALAuULD FunznouRIOUBMAIY absolute ethanol
Wae 70% ethanol AINEIAY AINASNDU
ﬁLﬁuLaTﬁLLﬁaﬁqmwgﬁﬁaa LAZATANEALNDU
Tu Tris-EDTA buffer (10 mM Tris-HCI pH
80 + 1 mM EDTA pH 80) 50 lulasans
il -20°s. aundnasldeu

mseanuuvlwswadiensrndawlnlulda
fidviaensn
ihdayaaduiianilendsiu DNA-A
poodowlnlulige (full-length sequence)
AfseeruTiaRsadriaienin U
8 vila \6iwn Chili leaf curl virus (ChiLCV),
Eggplant golden mosaic virus (EGMV),
Pepper leaf curl virus (PepLCV), Pepper
yellow leaf curl Thailand virus (PepYLCTHYV),
Pepper yellow leaf curl Indonesia virus
(PepYLCIV), Tobacco leaf curl virus
(TbLCTHV), Tomato yellow leaf curl
Kanchanaburi virus (TYLCKaV), uac
Tomato yellow leaf curl Thailand virus
(TYLCTHV) 31ng udaya GenBank
IMAeeInauiealalngsn (consensus
sequence) faeldsunsu Clustal Omega
version 1.2.1 (http://www.ebi.ac.uk/ Tools/
msa/clustalo/) (Sievers et al., 2011),
GENEDOC version 2.6.0.2 http://genedoc.
software. informer.com/2.6/) (Nicholas
and Nicholas, 1996) lagldgduiiadlalng
289188 PepYLCTHV (NC 028989) 1flu
reference sequence aanuuulnsinesia
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ANz ApaduTnAdAla ndvaiiu AV
(coat protein gene) selisunsy FastPCR
(Kalendar, 2005) el lwsiupsianuamig
fufledlalndsurisiihvaneuusefibue
FULLY wasanasniisSinunananfdue L
fu dvualAlwswesfienuen 22-28 gua
fiflandlalnd C/G aguaefu 3' f %CG > 50
wazdiAn Tm g9ndn 55°%. AINTIBNIUDDY
Dieffenbach et al., (1993)

nsnsradeszidawlnlulsaludlstne
winlnuwnailn PCR

funaNTe9Ll)n3e1 PCR U3nas 25
lulasing Usenausiefibuieandatneiy
1 llasAns 2X Green PCR master mix (Biotech
rabbit, Germany) 125 lulasans, 10 uM
specific primers 15znau@t Unibego-PepF: 5°
TGTGAAGGCCCATGTAAGGTCCAG 3’ e
Unibego-PepR: 5 CTCCTTGCTTGCAT
ATTGACCACC 3’ aggaz 02 lulasang
isninlitasy 25 lalasans Hinszuiums PCR
fisznouseduneu pre—denaturation 94°%.
w 3w andurufisendaeduneu
soluil s1uau 30 30U udarsBULSENaUEIEY
denaturation 94°%. 30 Ju#, annealing 55°%.
30 5unfl uaz extension 72°%. 30 Uit Humeu
gavine A final extension 72°%. 5 U1fi vigA
UARSEA 16°8. 10 unil miu as9Eey
nanAnAtdulalaeld 2% agarose gel
electrophoresis Tu Tris-borate buffer (TBE)
fingy 1xRedsafe™ DNA stain (Intron
Biotechnology, USA) f5738aULaUALduLD
meliuaedansilladn (UV) wWisuifiey
YUNATDINANARALDULD U 100 bp Plus DNA
ladder (Fermentas, USA) 2UNATDINANRRA
Mdueiifiosns Ae Yszana 380 gla

254

MIATIRLTNAAL nFTawananALEWD
mnn’mﬁuﬂ%mmﬁ’m@flwsmafz Unibego-Pep

nanAnABULaINUGN3e1 PCR Tag
Tlwswesieanuuulusnuideod sruuieiu
41 fpene uusnsualasld 2% agarose
gel electrophoresis AANIZLAUALDULETUA
Uaeann 380 Alud Tdvaam microcentrifuge
2u1m 1.5 N8, wenfiiuielesly FavorPrep™
Gel/PCR Purification Kit (FAVORGEN®,
Taiwan) AINATLULUNIDBIUIENH WAR
senandndidutalyimsnsvimansuiiinile
né@e35 Sanger sequencing method
(Sanger and Coulson, 1975) fuu3sm U2Bio
(South Korea) inadufiiadlalnadildun

a €

Apsziansniuimeiugnasiutusisly

N1331ATIENANUTNAUSNIIN UGN TTNA
ABnsmedarsaumanans
ﬁﬁa;&aﬁi’ﬁuﬁmﬁiﬂwﬁmﬁuﬁLﬂ'ﬁwzﬁ
snelusunsu Blast (https://blastncbinim.nih.gov/
Blast.cgi?PAGE__TYPE=BlastSearch),
Clustal Omega version 1.2.1 (http://www.
ebi.ac.uk/Tools/ msa/clustalo/), GENEDOC
version 2.6.0.2 (http://genedoc.software.
informer.com/2.6/) uazlysunsn MEGA X
version 10.0.5 (http://www.megasoftware.net/)
(Kumar et al, 2018) WiadasnzinNaNwus
NIIWUINIT  (Phylogenetic tree) #7833
Neighbor joining (NJ) method (Saitou and
Nei, 1987) andayasduileilalndaruen
380 AW U 41 fBEe URLIATIEA
Foyasduiandlolndluilunmeadoinlu
T$afilgannislaaudiuds RCA 1uau
8 A19E Lﬂ%ﬂmﬁﬂuﬁ’uﬁagaﬂummﬁa
winlwl$aisisnesulu GenBank database
(http://www.ncbi.nim.nih.gov/genbank/) e
35115un9% Blast (https://blast.ncbi.nim.nih.
gov/Blast.cgi?PAGE__TYPE= BlastSearch)

13RTITNaneng Ui 37 atiufi 3 fueneu - Sudnan 2562



AMIAsIzasUiaAfala lndaas Full-length
DNA-A z89intsiifiudunudawnly
Ta$afinsranuusiacsiia

UIALBULDIININNAIDL NN IULAD
CMI6133, BRM2, UBNG6, RBI601, PLG3,
SNI9, CPM9, uaz NAN16 N1LfiNUSanou
Flusmeadowlnlulisadeis Rolling circle
amplification (RCA) laald TempliPhi™ DNA
amplification kit (GE Healthcare, USA)
Au3Bn1spe9inin 11 total genomic DNA
Wdadueulsdinduwiziies 1 vilase
1 U581 @B BamHl (Fermentas, USA)
wenduilundefiounntszana 2,700 BIG]
fauwmAtla agarose gel electrophoresis
inlufanuaufiBulesiie GelStar Nucleic
Acid Gel Stain (LONZA, USA) afiaduiluu
9AN1NLAaA FravoPrep'™ GEL/PCR
Purification Mini kit (Favorgen, Taiwan)
1y fonsaiy pQE-80L vector (QIAGEN,
usA) fisadeeuladsiniiwizadaifioniu
wazdesnn s Escherichia coli aneug
DH50L #18738n119 Heat Shock (Sambrook
and Russel, 1989) AtS1a8 £ coli M3y
N5878HIN recombinant plasmid U815
Luria-Bertani (LB) broth ﬁﬁﬂ’]ﬂﬁ"ﬁ?uz
wanAdadu afewarafialasly FravoPrep™
Plasmid Purification Mini kit WazadfLdULe
TWAamnedimansuiindlolng laeds Sanger
sequencing method (Sanger and Coulson,
1975) @I8UAN1T Primer walking service
(Solgent, Korea) 1hfiayassiuilanaleneii
Teu1Aeanesidiulusunsy Blast (https://
blast.ncbi.nlm.nih.gov/ Blast.cgi?PAGE__
TYPE=BlastSearch) uazi3suifisuinyania
woiwTnlula¥aiiszyléann full-length DNA-A
ﬁ’uﬁmgaﬁﬁmL%aLuInIula%’aﬁsquﬁQWﬂwawam
Aswaiildarnmsiinduiulasglnsmed
Unibego-Pep

NANTINARBILAZ IOl

satradawlnlulsaluwdn

Wudaeg1aninain 20 sendalu
4 giinA FAUIUTIVING 338 F0ENY BoLang
pmvianviae Wiun Tusnawides veulushu
oy Tusadey Tusagy Wulubu uas
el wasfiaamanvanesosaneiinin
TR w%ﬂ?.]ﬂgmu WINFUA WINVIEIN
winvyue1d winvduden ninduunedig
WENNLWiSEs WanAeNzM Winwaasy wanidaeli
INMInTRaausatalaeFieuivaffisine
dodslsafiassadvhaiendnls 6 uila
TLinudslsa Potato virus Y (PVY), Tobacco
mosaic virus (TMV), Tospovirus group 4,
Cucumber mosaic virus (CMV), Pepper mild
mottle virus (PMMoV) wae Chili veinal
mottle virus (ChivMV) Tunnepeng

mseenuunlwswediensrandawlnlulsa
fdvinanenin

MIeTLIMasuiIAalanaT ey
DNA-A Tusuzasfiu AV7 aa9la¥ai 8 #ila
wuasuiaedlelndsniidumisiinilalng
SNEUR 494 F1UI 24 LR WAL
fandlalnd sududl 854 d1udu 24 wa
(Figure 1, 2 and Table 1) faulU3Ases
Auansfzaslnaweiielusunsy Fast PCR
WU %CG 299 forward LAY reverse primers
Wiy 54.2 uar 50 ANAIAL A1 melting
temperature (Tm) ﬂgj‘ﬁ 60.7°%. LAy 58.4°%.
InseSroasadulssansoduiudiu dimer 16
Refolnsinasunazidudn Unibego-PepF
(Universal primer for begomovirus
infecting pepper-Forward) Lae Unibego-
PepR (Universal primer for begomovirus
infecting pepper-Reverse) Iﬂﬂ\lWiLNa%@:‘ﬁ
LRILATIEA R NANAAALBULBIUIAYTZ N0
380 gLud
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NIRRT 4% TGTGAAGGCCCATGTAAGGTCCAGTCG 520

O ERLEV. NG DORG2E LT e e Y
G MY KT e N e e e Pl R - ) |
O MY KTISS 0 R A e i e e R AR PSR — - |
05 Pepl. OV AF[I44M 2 " e Wi L e L AL R o~ |
O Pepl OV WY LFR AZRT S e A R oo W ey L S - |
07, PepTLOV. NE OORZRT.] -, e e T Thels, T L e S i i
O, PepTLEIV-LOOS 11151 P TP e pltd | |
5 Pep TLETHY KXM.1200 1 e e e e e T AL ¢, |
10 THLETHY, N 00551, e i L A P e s, ool T
T TRLCTHY, KTI32140 1 e L e Ty R T..A..T 80
T2 TYLEV,_ N OO | Oy L P e i S et IR i T 545
L3 TYLERa Y, LEOST 116 1 T R R TR e «Teusyal 510
T _TYLETHY. GHR0EST 7 s o e A..B.A..T 512
Comrsensus TETOGAAGGECCATGTAARGTECAGTE +
L T
AN A GOTGGTCAGTATGCAAGCAAGGAGCAA B8O
02 CRLEY, N D086 B weioaPsasmeBos TTED e aliyed WS
03 FGMY KRG0S B i et O R el )
05 Pepli¥ AFIH48.T B e I e e B3
06 PepLeY- MY AFI 142871 MR i e A e ko IR
07 PepVLCIV_ NG (OwR0L 1 Y e L e g a0 (g Tt |
08 PesYLOIW-LOBSI IS ) [ R S AR P g A... B8a
B9 P YLCTR V. KNTA2%0 | e ol e PN ares LR
10 THLETHV. NE 0095581 T A L e R e e G
§I_TBLETHV, KTIZZ140.1 L ™ T GEG, .. EHI
12 TVLEV, NE DOMES. | 62 ... G.EC.C..0,.TO,....A..G 908
13 TVLEKa W LO0S T 116l WS e A AL .. BB
T TYLETHY GRS 7.1 WA L s el aihe b i BT aira @ ER
Ciunsepriies nr.rr.r.ﬂ,qnum:um:nu.m,:c.u.

Complemeniary sequence l:'l:A CCAGTTATACGTTC ETTI:'CTI.‘
Raiverie primer sedience 5-CTC CTT GCT TG ATA TTG ACC ACC -3

Figure 1 Alignment of the nucleotide sequence regions of the partial AV7 gene on DNA-A
from 8 pepper-infecting begomoviruses. Consensus sequences were used to design
broad-spectrum primers for pepper-infecting begomoviruses. Nucleotide sequences of
Unibego-PepF and Unibego-PepR primers are underlined

|

&
2
'gﬂ

Figure 2 Diagrammatic representation of the replicative forms for DNA-A and the region
amplified (dashed line) by polymerase chain reaction with Unibego-Pep primers
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Table 1 Nucleotide sequences and properties of broad spectrum primer set used in

begomovirus screening in this study

Primer Sequence (5°-3’) Position %CG Tm (°C)
Unibego-PepF TGT GAA GGC CCA TGT AAG GTC CAG 494-518 542 60.7
Unibego-PepR CTC CTT GCT TGC ATA TTG ACC ACC 854-878 50 58.4
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winlauwnailn PCR
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PepYLIV, TYLCKaV La ﬁfsamamuquauﬁa
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Unibego-Pep aansnasiadawinlalasa
smalsaluinmasslumdniinuluyszmndlng
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fodensntasaide (Figure 3) N13M399
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nglwanes Unibego-Pep Wuwaufiduie
2UIAYTENIL 380 ALualudia19win
307 fnghe Al 90.8% BaesBETITNA
Weiluauppefulafiaudufinansieiu
Taasagefiifivldanaiamila (CMI) ana
aeTusaniewwila (SRN, UBN, SSK, CPM
waz KKN) Wazn1anany (SPI, RBI, KBI Lay
NPT) fuaufiBuafidiusnn Tususfinanan

PepYLOCTIY
ELi Y
PepVLOTY
YL KaY

=

I lculithy |

ffuafidsiansildannsegeiiiuludmia
MAlE (PLG, NST way SNI) T¥uaudans
wenaNd SewuLoTeRLEweNINNT 1 oy
AnuannfBueRgATrlEluLiIaENg
(SPI602 uaz RBIG04) fitfiuain a.gwssaun3
waz31BY3 (Figure 4) AL S
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Figure 3 Specificity testing of Unibego-Pep primer pair with six positive samples, i.e.,
PepYLCThV, EGMV, PepYLCIV, TYLCKaV and 5 healthy pepper cultivars (Bird eye pepper,
Chinda, Bang Chang, Prik Num khao, and Prik Num Keaw)
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N133LATIEHAGUTAR Lo INAuaIHaNAR
ﬁLé‘utamnmﬂﬁuﬂ%mmﬁqﬂej‘lwsma%
Unibego-Pep

nmnTseUfealnaies Unibego-Pep
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NENEININGNRT 10-12 9L FINIT9AY
41 Fpgn Liladediasnsiasuiiiealalng
wanswSeuisuasuiiedlanduasnanin
ABwenugudoyalu GenBank wudh ddiu
ndlalnsraswaninfdueainsiagnonin
TIUM 17 f08 Aanuniau (Identity)
fuel¥anila PepYLCTHV s1uu 3 loloian
A8 TMK-KR5 (KT322145), Suphanburi1
(KX900490) way SNS-CM5 (KT322142)

Toedl %identity goaaiisziy 97.83-99.69%
NANARRALDULDINGIDENIWINIIUIU 7 AIDENY
il %identity gugaTiszdy 93.62-9849 fuiTe
EGMV lalsian TH14E3-5 (KU569601)
NARARALDULD 91U 6 el %identity
gogafuida PepLCV lalsian Malaysia
(AF414287) fi5v@D 93.43-96.69% WAWARN
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%identity gegafuids TYLCKaV lelzian
eggplant-Chiang Mai (KX900495) fi5s6iu
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9 sy 1 fedw ddduiedlolng
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innaldionnn 8 fng1e Aunwnldly
n1sfnunsed] 8 %identity gaqmﬁ'm*ﬁya
PepYLCIV laloian BA-E2-1(LC05115)
flsviy 98.25-99.40% (Table 2)
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Figure 4 Amplified PCR fragment of 41 chosen samples based on symptom grouping of positive

samples using Unibego-Pep primers

Figure 5 Three hundred and seven samples given positive results were divided based on their major
notable symptoms into 4 groups, ie., Yellowing (A) Green mosaic (B) Chlorotic spot (C) and Non

begomovirus-like symptoms (D)
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Table 2 Nucleotide sequence analysis of the 380 bp DNA fragments from 41 pepper

samples amplified by Unibego-Pep primers compared with the GenBank database

Begomoviruses with Acc. No. in GenBank Samples with Acc. No %Ildentity
KBI22 MN204580 99.09
PepYLCTHV TMK-KR4 KBI23 MN204581 98.79
(Acc. No. KT322145) RBI601 MN204583 98.79
or RBI602 MN204584 98.79
EGMV TH12WE12 RBI603 MN204585 98.79
(Ace. No. KUS69586.1) RBI604 MN204586 98.79
cc. No- ' SPI603 MN204587 98.79
NPT6201 MN204582 97.88
CMI6125 MN204576 99.69
CMI6119 MN204574 99.40
PepYLCThV (SNS-CM5) CMI6123 MN204575 99.40
(Acc. No. KT322142) CMI6105 MN204572 99.10
CMI6107 MN204573 99.07
CMI6133 MN204577 98.80
. BRM2 MN204571 99.38
PepYLCThV (Suphanburi-11) SPI602 MN204578 99.38
(Acc. No. KX900490) UBN7 MN204579 97.83
KKNE24 MN204588 98.49
SRN8 MN204590 94.22
SSK9 MN204591 93.92
EGMV (TH14E3-5) UBN1 MN204592 93.92
(Acc. No. KU569601) UBN3 MN204593 93.92
NPT6202 MN204589 93.62
UBN6 MN204594 93.62
KBI24 MN204596 96.69
PenLOV-IMY CPM9 MN204595 96.08
epLCV-MY] TAK18 MN204598 95.69
(Acc. No. AF414287) TAK19 MN204599 95.68
TAK23 MN204600 95.6
SKNE99 MN204597 93.43
PLG2 MN204604 994
PLG3 MN204605 99.39
NST28 MN204602 98.83
PepYLCIV-BA__E2-1 SNI9 MN204608 98.83
(Acc. No. LC051115) RNG2 MN204606 98.54
SNI6 MN204607 98.54
NST11 MN204601 98.51
NST5 MN204603 98.25
TYLCKaV (eggplant-Chiang Mai) NAN16 MN204610 97.87
(Acc. No. KX900495) NAN14 MN204609 97.38
TYLCKaV (TH12WE14)
PBI8 MN204611 99.12
(Acc. No. KU569590)
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Table 3 Full-length DNA-A nucleotide sequence analysis of 8 representative samples
comparing with the result obtained from 380 bp length nucleotide sequence

Nucleotide sequence analysis

No. Sample 380 bp fragment Full-length DNA-A Symptom* Region. of
i GenBank i i GenBank . collection
Species Acc no. %Ildentity species Acc No. %ldentity
1  CMI6133 PepYLCTHV KT322142.1 9825  PepYLCTHV KT322141.1 98.55 Y North
2 BRM2 PepYLCThV  KX900490.1 98.55 PepYLCThV KT322141.1 98.55 Y Northeast
3  RBI601 EGMV KU569586.1 9855 EGMV KU569598.1  99.12 Y Central plain
4  UBNG6 EGMV KU569601.1 9239 EGMV KU569601.1  93.16 Cs Northeast
5 CPM9 PepLCV-[MY] AF414287 96.08 EGMV KU569598.1  92.64 GM Northeast
6 SNI9 PepYLCIV LC0511151 98.83  PepYLCIV LC051115.1 98.84 Cs South
7 PLGS3 PepYLCIV LC0511151 99.39  PepYLCIV LC0511151 97.93 Y South
8 NAN16  TYLCKaV KX900495.1 9757  TYLCKaV AF511529.1 97.85 GM North

Remark: Y, Yellowing; GM, green mosaic; Cs, chlorotic spot; NS, non begomovirus-like symptom

e

Figure 6 Phylogenetic analysis based on the alignment of 380 nucleotide PCR amplified sequences
using Unibego-Pep primers showing genetic relationship of begomoviruses causing pepper yellow leaf
curl disease from 41 chosen samples from 4 regions of Thailand. Neighbour-joining tree were reconstructed
using MEGA X with 1000 replications bootstrapping. The star above begomovirus isolate indicates
the previous recognized begomoviruses in GenBank which show the highest identity with samples.
Begomovirus samples in this study are written with Acc. no. submitted in NCBI. Eight selected samples
for full-length DNA-A sequence analysis are indicated with the rectangular blocks
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Figure 7 Phylogenetic tree analysis based on the alignments of 380 nucleotide PCR
amplified sequences using Unibego-Pep primers (A) and full-length DNA-A (B) shows good
correlation of all DNA-A sequences with the 380 bp BLASTnN results. Neighbour-joining tree
were reconstructed using MEGA X (Kumar et al., 2018) with 1,000 replications bootstrapping.
The star and triangle above the begomovirus isolates indicate the begomoviruses isolate
from the GenBank showing the highest identity with the 380 bp fragment sequence and
full-length DNA-A of selected samples, respectively
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