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Genome Characterization of Banana Bunchy Top Virus in Musa AAA cv. Kluai ‘Hom’ and

Musa ABB cv. Kluai ‘Namwa’ in Thailand
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lafatudnedndas (Banana bunchy top virus, BBTV) yinlsin&tuanIanseandi LATTLNTULAY
Wluanan Tsnilunsszunnldinarnumiandaainldmunlsnldonn BBTV ulafaluana Babuvirus
29 Nanoviridae HatusiilufiEueanainzauuuilndiuam 6 Tuana Auinagnunsaduane i uesesls
Tniansnsiuldluanmessuanminlideiinnuvainuans msideilldAnmnsduioealelnduasinsaaing
aluuaed BBTV inulundoemesmesuasnaasindt 4 lalnian sansdnenwidialuuaedeiarianeindos
veuned néasrniduuazndaatinin Srunaumnsneiy uiazaneflasainuuuneiuAtunredlada
ihudnetndas Taanusiaiugnasuesiuiidanmeilafiuiiannng 5 alauufifue R, S, M, C, N
loun replication initiator protein (Rep), coat protein (CP), cell-to-cell movement protein (MP), cell-cycle link
protein (Clink) k&% nuclear shuttle protein (NSP) AMNA1AL d9upL8wLe U3 lainusiandansneillsiu Ansn
AN UgnaTmLI BBTV i 4 lelnianiiaanundneaderiufisziy 97.8-09.3% uazdnetlungs
South-East Asian (SEA) Aweuedns R, S, M, C uay N aanaaaeiy BBTV leloan Q529-CN annunsna
U A5 19N as T TUA T 93.5-94.9% dauiiBuie U3 vesi 4 leTmanilanziannzsa fann
Indgaiulelsian Danzhou-CN Anupuma by anensnusglsraauan Tlsvi 89.47% arnnnsldtisunsy
4115931 RPD TunsinszianduwanupanudulUlén DNA-U3 fianisaduanauazuanilasy
Tardalelnsiu

v A
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Abstract

Banana bunchy top virus (BBTV) causes a serious disease of banana plants (Musa spp.) in many
regions of the world. Banana plants infected by BBTV produce stunt of new shoots with a “bunchy top”
appearance, and do not produce fruit. BBTV genome comprises six components of circular single
stranded DNA with the frequent reassortment evidences that cause genetic diversity. This study
investigated the nucleotide sequence and genome structure of four BBTV isolates detected in Kluai ‘Hom’
and Kluai ‘Namwa’. The results showed that their components exhibited typical structure of BBTV genome
organization but were different in sizes. The components DNA-R, U3, S, M, C and N, each contained a
typical open reading frame coded for replication initiator protein (Rep), coat protein (CP), cell-to-cell
movement protein (MP), cell-cycle link protein (Clink), and nuclear shuttle protein (NSP), respectively, with
the exception of DNA-U3 which has not been assigned for any gene product. Pairwise comparison of full

genome nucleotide sequences revealed that four isolates of the studied BBTV were 97.8-99.3% similarity
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and phylogenetically placed in the South-East Asian group (SEA). The five components, except DNA-U3,
shared 93.5-94.9% similarity to BBTV isolate Q529 from Yunnan, Republic of China. The nucleotide
sequence of DNA-US of all Thai isolates is distinct from other previously recorded and shared only 89.47%
similarity with DanZhou isolate from Hainan, Republic of China. By using RDP program, the reassortment

and recombination events of DNA-U3 were detected.

Keywords: BBTV, nucleotide sequence, reassortment, Musa spp. Kluai ‘Hom thong’, Kluai ‘Namwa’
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I3t uIneandae Banana bunchy top disease (BBTD) Foiflulsn¥eusaTiminmanu@e e Wiy
ndnel A@1WM6|an Banana bunchy top virus (BBTV) néneTiiulsn duasienasy Wiiuanlnsteyly
azwdes luuauidnas uazliliuanan lafasiailunsnszangldanmsuanmiendazannned thilsaliign
fa uasiinassaundas (Pentalonia nigronervosa) {unnziinlsa TapinuASusnTinNZia lul A.a. 1889
s wLundszLa W AFAINT T du WaUTud 881U eeawmsias vgjinzuddin 1 Buine wensni uazuaiy
#1918 (Lockhart, 2002; Singh et al, 2011) i lsinanannaaeliFuansd@ame e 80% g uiuludsznalne
st uazan (2536) 1§Rman BBTV lundaefiuaniennisaenss (bunchy top) AMNAIUIANTTYALLF
§unf3 UszanuAsdus wan 3 wunfi uazngamnamnuns Tngld73 ELISA surenmanylunandeundas
sng BBTV ilulofaluana Babuvirus 29 Nanoviridae aun1aned BBTV H31sn9uuy icosahedral 111
18-20 U TLA? LsENaLENEN AT ARBNTTAPIE WO AN AELILNTIA 47191 6 29 (d18)) A DNA-R DNA-U3
DNA-S DNA-M DNA-C uaz DNA-N wsiazasliaunatlszanns 1,000-1,100 faadlans aluusaniaunadszann
6,800 flandlelns LuAEweane R, S, M, C, N fiswaiugnsssmastiuiiduameillsiuidarsas 1 1in
replication initiator protein (Rep), coat protein (CP), cell-to-cell movement protein (MP), cell-cycle link
protein (Clink) L& nuclear shuttle protein (NSP) ANA1AL @21fL81e U3 Hsnea1unnsmeaanyusiadainsesl
Tsuidline i nesruungneiugaes BBTV Inelddsuilanale InfesaTuamnuBandiauiuuas
A9z phylogenetic tree Wudn uilvaanléiiluaasngs nguusn Aa South Pacific group (SPG) wazinIg
uthngueiee PIO group (Pacific Indian Ocean group) ﬂzja\lﬁlmmﬁ’a Asian group (AG) Lazuiliangueat SEA
group (South East Asia group) ﬁqﬁmﬂL%@”Lqﬁ*mL%’ﬁﬂ@’méquﬁwmﬂmﬂﬁuﬂuammﬁmﬁﬁ RN K]
BBTV mmmmaummmumﬂu (reassortment) uazn WNAEABWAAIN BBTV Aganaiugiuaussqat)
\ueunia YENANUALEWAS 6 §18U8s BBTV mmmLLzmLﬂ@ﬂum@ummamuﬂu% (recombination)
vnlmnmmfmwmﬂwmﬂmqwuﬁﬂﬁmmLﬂm BBTV unna mm@ﬂmquvl,mmumamqnmmqﬂmeﬂ@ﬂ‘w
mmmmuﬁﬂma BBTV mmmLmﬁ‘vu“lﬁm\imﬁ\m‘iummnmm‘umm‘lﬁ@immm@‘iumm 6 Tuiana e dAsLLN
e uavAusnAdTLUSTUATUN e BBTV At lusinatssina sausmsiagaytaniaifnnisuaniasy
ALBULIZMINg BBTV fnaaneiug
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alnsaluazdgnig

1 faadnanaaemilulsa

dmauazfulundasannduiiuanseinisadnalsaiuined szudradeuiiunan w.a. 2555
waniuenay w.e. 2559 lunlasrasgueiduitaiunans Aamdafans guesnsaanissiungLayilads
msuanglasie Smdnaglasie sauauifanssinad&Enag ngammy an1iidundes Smdnuassrdun sau
FaunalgnnénefidnAmyresilssmelng g Srunaines AN wAssAAN NMEYAI3 :1913 AN SunL gar3
LB ATTLT WNTTLT TUNT 49110571 WwATPITRNN gUATITENT YN AFazine uadnne ae Fani iy
fratnanduitensluithdadideada lusavaes luiltunmdnas wnudu Fudes fuuaszuniu oy
muimadunszan 2euly wides Mdgmanainiuinu3figumngi 4 esrngaiden aundiasinnamaaey
ela3a uazgavieannduiniennis thandgnuasininelulseden
2. meannAaulauaziinLFanudlunaadlasa

mmmL@umfafmmmwﬂ@fmimﬂmmzmmmL@ummmiﬁ DNeasy Plant Mini Kit (Qlagen Germany)
wazARMImIATUs e R Thiue R dndufusndvsuinBunuRdueeslasar 6 ana fo
WATlA polymerase chain reaction (PCR) tat ¢ nsme s s inane i uemuifisesuunrieu (Table
1) ugnawpesALEeTiia B all&ls 1% agarose gel electrophoresis lutflinas 14X TBE anviuday
ALdWasng ethidium bromide 87131 10 Wilundu/dadaans. uazasraguounduelaeld UV-transilluminator

Table 1 Primers used for amplification of six different components of Banana bunchy top virus ( BBTV)

by polymerase chain reaction (PCR).

Component Primer name  Primer sequence (5¢ — 3¢) References
DNA-R 1C-F GATGTTCACCATCAACAATC Yu et al., 2012
1C-R CATCCAGCATACCACATATC

BBTV-DNA1-F  GGAAGAAGCCTCTCATCTGCTTCAGAGAGC Wickramaarachchi

BBTV-DNA1-R CAGGCGCACACCTTGAGAAACGAAAGGGAA 6l al- 2016
DNA-U3  BBTV-DNA2-F GGACGGACCGAAATACT
BBTV-DNA2-R ACGTGTCCTACGAATTAA
DNA-S 3C-F ACTTGAAGCAGGAGTCGCAAC Yu et al., 2012
3CR TTGACCATACGTCACCCTTGA
DNA-M 4C-F TTACGAATGCACGTGACTGATAT
4CR TGTAGTGCACGTTGAATGCTTA
DNA-C DNA-CF TGGAAGAAAGTCGCCTCGCAAGG Isalam et al., 2010
DNA-CR TAGCAGACCATTCCCAGAACTCC
DNA-N BBTV-DNA6-F GTATTAGTAACAGCAACAAC Wickramaarachchi
et al. 2016

BBTV-DNAG-R TAACTTCCATGTCTCTGCTCC
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3 Mslaautiuuaziipszianuianalalng

Tmu%uﬁL'Sumﬂ?'ﬂﬁmﬁmmié’mmﬂﬁﬁ?m PCR Tngldwanalinn vz pGEM-Teasy (Promega)
GuannuenTuddueiifuFunaldeananiaalngld QIAquick gel extraction kit (Qiagen, Germany) a1n
Tudesiuiduedrfunanafinnimg wazsian1sanelandng £. coli DH5a #283F heat shock
(Sambrook et al., 1989) ﬁmLﬁﬂnTmI@ﬁEmm@ﬁmwmmﬁmwmuﬁﬁ%uﬁlﬁummmmm@ﬂ ANNAD
blue white colony selection $aNALNNIAIIRADLALINATIA PCRT@HH”LW?LN@?VW’]LW’] AOALEUBLAATANE
% 6 anel mﬂuummwmmmmmm@ummmﬂmmm?ﬂ (The GeneJET™ Plasmid Miniprep Kit) &l
ArzdmansuianaleIndueshituie uwfasﬂ@mm‘umﬂ@‘ﬁ@iwmvﬂmmmifmmmumawummmmﬂiu
Blast (http://www.ncbi. nim.nih.gov/blastn) uda Geusesduiinnalandliamanemisuelng9isunsy
Segman (DNAstar Lasergene software, DNASTAR Inc., USA)
4. NMsANENTATIRS19ALUNLAL Phylogenetic tree

Lﬁfaié’%’@g‘m"ﬁﬁuﬁmaiﬂimﬁmﬂm%\mmLLa”q ﬁﬁmj@uﬁLmﬁ:ﬁmﬂmﬁuﬁuLLa:ﬁméuqmeQﬂﬂa
utlaswaldsiu Imeldlisunss ORF Finder (http://www.ncbi.nlm.nih.gov/) Weulasvaanfuianalelng
duansunsaesiiluiazAneanuadaafaiuuaza@31e Phylogenetic tree 1aalundaallsunsy Megalign
(DNAstar Lasergene software, DNASTAR Inc., USA) az MEGA 6 (Tamura et al., 2013)
5. NM9ALATIERNNTRALRNERLEULE (reassortment) waznisuantlasauiianalalng (recombination)

AAzianaluNgan (concatenate) InsildTilsunsn RDP 4.96 (Martin et al., 2015) WAZATIAUIAIE]
33 RDP (Martin and Rybicki, 2000), GENECONYV (Padidam, Sayer, and Fauquet, 1999), Bootscan (Martin
et al., 2005), Maxchi (Smith, 1992), Chimera (Posada and Crandall, 2001), SiScan (Gibbs, Armstrong, and
Gibbs, 2000), kar 3 Seq (Boni, Posada and Feldman, 2007) %ﬂﬁmrﬁ;mmhmmmﬁumﬂLL@ZLL@HLﬂ’?ﬁ‘ﬁu
e Tinunnsias Feansanyugneaanislitienndn 533 lu 7 327 4msaaun S p-value atinsiias >0.005
AR MuTaTiian1TATEy phylogenetic tree ﬁaﬁumummmmﬁu (Stainton et al., 2015)

4
NANITNANDILAZIANTT
21N1522415A N15ASIAULTE BBTV 2838 PCR wazn1slAaumLauLa
fiaagande RN dne luaflidundaavennas [Musa (AAA group)] wazndaeindn [Musa (ABB
~ o X X o ~ , A \ s A
group)] NuanseIN1ssuALwAsy Tuausniudunszan luuanludaeuluazivaes Tudauluajidmans
2uABNae wALdW danalusiou (Figure 1) nanisasani@esaamaia PCR wulde BBTV lufaatnanaas
13 fivaeing A1n 6 4andn Ae gUAT TSN 1at Tu)H MUeIANY BATIITANT LaTTaLE (Table 2) Waldlnaw
ol © o A& 4 \ - = o o o A A w pRp
afnauwzivaeAduens 8 4 AlflunisiniBuinalunaeslaians 6 a1e Tinananaduenisunnss
FINANNAIANKEYN A LVHLENNUALE AT 6 AneiielraufiauetedalunsaNanFaetendan 4 Talbian
1Fun naneundrandamdnuuesane (lalban Nongkhai, NK-TH) wazumssgdsn (lelaian Nakhon
Ratchasima, NM-TH) ndaeitindnduandsnindund (lalmian Chaiyaphum, CP-TH) Lazn&agaumnesann
Jeuingaijs (lalgian Chonburi, CB-TH)
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Table 2 Symptomatic banana plants collected from fields in different locations and the incidence of

Banana bunchy top virus as diagnosed by PCR using each six component specific primers.

Banana cultivar Hocation Symptom No. No.
(Province) collected infected
Kluai ‘Hom Thong’ Loei Dwarf bush, leaf edge yellowing 20 5
Kluai NamwaNuanJun' Sukhothai Mosaic leaves 5 0
Kluai ‘Hom’ Ubon Ratchathani Dwarf bush, leaf edge yellowing 1 1
Kluai ‘Namwa’ Buri Ram Mosaic leaves 2 0
Kluai ‘Hom’ Si Sa Ket Dwarf bush, 2 0
Kluai ‘Namwa’ Tak Dwarf bush, mosaic leaves 8 0
Kluai ‘Namwa’ Chanthaburi Mosaic leaves 5 0
Kluai ‘Namwa Som’ Chaiyaphum Dwarf bush, leaf edge yellowing 1 1
Kluai ‘Namwa’ Nong Khai Dwarf bush, leaf edge yellowing 2 2
Kluai ‘Namwa’ Nakhon Ratchasima Dwarf bush, leaf edge yellowing 2 2
Kluai ‘Hom Thong’ Chonburi Dwarf bush, leaf edge yellowing 17 2
Kluai ‘Namwa’ Bangkok Mosaic leaves 15 0

aNnuaNNIAN AL UReE e daTindasannnsadnalsaTuEneuarinunsadatmain PCR
Wudﬁmmiﬁumnﬁwﬁﬁwﬁmﬂqﬁ@ﬂm@hﬁmmu LazMsunIsznnvelsaluLsasuTiteansdnsaa il
delinszantanniin msmulspdclige rewniil Wanfned uazaniz (2536) uaz TusuazAn (2537)
HinATia ELISA uazlululraLeauaufiued nsnavide BBTV lundaemen ndaesindn uagndaeln sausiali
iWAEIS L Pentalonia nigronervosa Tneiuindpoudnflugdansasauiundasividnansauiadund g
@Wﬂﬂ’]ﬁ‘LW’]ngﬂx‘iL‘ﬂ’aLé@m@ﬁﬁuﬁﬂ5QﬂL%WM’]’Q’]ﬂﬁi’]Qﬂi‘xmﬂLﬁ@ﬂﬂﬁﬁuﬂ’]iﬁ‘:uqmﬂl@diﬁ‘ﬂ‘ﬁlﬂ’]ﬂﬂtaﬁmﬂﬁu
Wugnaae Lwﬂumma‘mm@mhﬂé’@mmmﬁmmmmmwu RSN EI O UNDIUAAIDINNTTD
Tmmumﬁmmmmmamm mmﬁ\mﬂwmﬂmmm‘wwm*mWmiﬁumimummﬂmmﬂmﬂm@”ﬂmng
ag/lunqguaey Cavendish w3anasuunay Affatunu AAA Gegauuenenisid1inatsvedde
(Harding et al., 1993: Lockhart, 2002) LL@vﬂQ1NNWM§L®W fnuniusalsa mmmﬂ@uummnmﬂuﬂqu AAA
s BBTV ﬁuwuiﬁmﬂiuﬁuﬁﬂqnﬂ5QEluﬂiszﬁLLmJ New World 111 9aaLe31at cﬁﬁu WAAEHANA N
Lﬁm%uﬁ’]ﬂuﬂé’wﬁLﬂuﬁuﬁmmm A uaz B (A x B hybrid)
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Figure 1 Symptoms of BBTD banana plant under the survey during March 2012 to September 2016
and Banana bunchy top virus was detected by polymerase chain reaction in these plants.
a. Ubon Ratchathani b. Loei c. Chaiyaphum
d. Chonburi e. Nong Khai f. Nakhon Ratchasima

Taseasrealunanaida BBTV

Aluunadlaam@netndaaveumas 2 lalnan ndaeninidu 1 lalman uasndaenini 1 lelnan
Hawauansneiu uiazaadlaseairenuuuuarivalunaeshiaivinedndoy fduennanatlsznauso
stem-loop common region (CR-SL) 131304 loop Lﬂuu‘%mmmﬁmﬁﬁ@"ﬁﬁumm"ﬂmu 9 famatelng
(nonanucleotide) Aa ‘TATT ATTAC’ 1A WAL BufuT99N1I9a0aNE AT (origin of replication) LiFlatu
@g%ﬂﬁ%mmwﬁqﬁﬂﬂdq major common region (CR-M) fi4n1a1 82-106 Thnalelnd seuvanysaiinnale
gl TATA box Uz polyadenylate (poly A) @gﬁﬁ%mu\nﬁmﬁmmnnma (Figure 2) s9@WugNITHUD4
fufidunmyillsfiuuumiawa R, S, M, C, N uilasvialsilsiiuanaas 1 5inléun replication initiator protein

(Rep), coat protein (CP), cell-to-cell movement protein (MP), cell-cycle link protein (Clink) w82 nuclear



NTATNBATNIZAANINAN 97

shuttle protein (NSP) PAE AL B4R We U3 ¥ 4 Talmiamn wmuawuﬁﬂﬁummuiﬂimwnmmL@nmiuwmu
Wihdl (Hyder et al., 2011) ImﬂmeLm‘u@mmmumﬂ@iﬂ”lmmmmﬂum U3 AnEnlunseil (Tables) i
M9IREBL NUIALEWE U3 Vgniﬂi}nL@mm”lvmmwmw‘lﬁﬂimummmmnmmzﬁqumimmLumnu (truncated
ORF) nanapagqulans N-terminal Usznavusiensaesiiuaiuay 35 15@aad wardauilane C-terminal Hns
axiilu 42 1335 wasilsnautanale Insfiuasvialaisaiieesnuau 24 Thaalalnddunans (lallduandldlu
NIN) Faiileldlsunsy blastp vTtinv09sRugesdaLll nudn T AL AR AR putative protein @128119
szanau 89 1RANdRdelins UM TieeALEue U3 andude (KY559330) Aluues BBTV anndasaes
InafiAnsienunitaiusenndesiulareaiemisuiees BBTV "L@Im@m%'uj lungqu SEA (AG)
(ﬁqmﬁq WATATINE, 2556, Stainton et al., 2015; Wickramaarachchi et al., 2016)

AATALA TATA

CR-M

INA-N
1077 aE

AATARAT

Cell-tocoll men cmond prefrin Ciellgyche link pro(cis Nuchear shunthe protein

Figure 2 Organization of the genomic components of the Banana bunchy top virus (BBTV) isolate Nakhon
Ratchasima-TH. Each circle represented each components of DNA-R, DNA-U3, DNA-S, DNA-M,
DNA-C, DNA-N, indicating length of DNA strand (nts), positions of the encoding protein and the
essential motifs, including, the major common region (CR-M), stem-loop common region

(CR-SL), the concensus TATA box and the polyadenylatation signal sequences (AATAAA).

mafFauiiausnuiianalalng

NaANI9REeaALeWe 6 dneliiilualungan (concatenate) wazifFaLnaUA1IFUTIAR LS INF LU
multiple alignment Tnai 4l snsa ClustalW (http://www.ebi.ac.uk/Tool/) Wudnalunaes BBTV #a 4 'lalmiam
aaalne T1An % identity Winfiu 97.8-99.3% efiiuaTunmeslasaniiaianiu e n Bauidaualusm 6 ae
fuatunsanaes BBTV lalmanannsinslssinafifideyaiiuiinaglugudeya GenBank (Table 3) nudn
lalmiananndszmelngilen % identity gegafisesu 93.5-94.9% fu BBTV lalzian Q529-CN annumima
UUIL A1819UFTUTEINTUAY uAL 84.1-94.9% fulalmianau anndssmalundtiedelunguden
SEA (South East Asia) 784ngu AG (Asian Group) ieil3auniieufulelsianiungu SPG a0 identity
83.8-90.5% (Table 4)
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FeuBuudieui Sueusnaneluszindlelnantesineadontiu DNAS fauuanuaiaannian
d7u DNAR uaz DNAN fnawayindge wheuiienlelnantedlnafufiau wudn DNAR A identity
497dn 98.6% uaz DNA-U3 San identity sfiga 75.0% 115 DNA-U3 lalnianaasing daSeauiansy
DNA-U3 1aslelmiavauiiideyasauinnalalndasun 6 areimiunuReuiieualuumn wue identity
geam 84.7% rivlalaian Q624-TW lungueias SEA 109ngn AG Uit 1ifie 90% asldvindayaues DNA-U3 AN
”L@Tsmm%'uﬁ@gluﬂmﬁmﬂ@ GenBank (”Laimuﬁq 6 @18) N1UATIZEAMNANAUTIU LAZNL1 DNA-U3 a4
lelmianaeding Aulelmian DanZhou way LeDong anuaumalmiinu UszimAanansniglszanauauiian
identity ge@AYINAL 89.6 LAY 85.7% ANNATAL

Table 3 Details of concatamers and the GenBank accession numbers of all selected sequences used in

the analyses.

GenBank accession number

Isolate ID Country Group

DNA-R DNA-U3 DNA-S DNA-M DNA-C DNA-N
Nongkhai-TH Thailand ~ SEA KY427063 KY427065 KY427064 KY427061 KY427060 KY427062
Chonburi-TH Thailand ~ SEA MF039867 MF039869 MF039868 MF039865 MF039864 MF039866

Chaiyaphum-TH Thailand  SEA MF039873 MF039875 MF039874 MF039871 MF039870 MF039872
Nakhon Ratchasima-TH Thailand ~ SEA MF039879 MF039881 MF039880 MF039877 MF039876 MF039878

Haikou-CN China SEA HQ378190 HM231314 HQ378191 HQ378192 HQ378193 HQ378194
Q529-CN China SEA KM607678 KM607807 KM607535 KM607239 KM607099 KM607387
Q624-TW Taiwan SEA KM607685 KMB607814 KM607541 KM607246 KM607105 KM607393
Taiwan Taiwan SEA DQ826390 DQ826391 DQ826393 DQ826394 DQ826395 DQ826396
MS18-PH Philippines SEA KM607665 KM607794 KM607521 KM607228 KM607086 KM607373
Kandy-SL SriLanka  SPG JN250593 JN250594  UN250595 JN250596 JN250597 JN250598
Lucknow-IN India SPG DQ256267 EU402601 EF687856 EU516323 EU051379 EU391633
Australia Australia  SPG S56276 141576 141574 141575 141578 L41577
TJ3-PK Pakistan SPG JX170762 JX170764  JX170763 JX170760 JX170759 JX170761
TOS90-TO Tonga SPG KM607719 KM607857 KM607581 KM607291 KM607145 KM607436
Mvz-80-CG Congo SPG KU687084 KU759872 KU759889 KU759890 KU759891 KU759892
8_150510-EG Egypt SPG KM607612 KM6e07747 KM607470 KM607176 KM6E07033 KM607324
KP9-HI-US USA SPG KM607660 KM607787 KM607514 KM607222 KM607080 KM607367
Malawi 73 Malawi SPG JQ820453 JQB820454 JQ820455 JQ820456 JQ820457 JQ820458
Rwanda 138 Rwanda SPG JQ820459 JQB820460 JQ820461 JQ820462 JQ820463 JQ820464
Q281_WS-AS Samoa SPG KM607673 KM607802 KM607529 KM607094 KM607236 KM607382
TW3 Taiwan SEA EU366169 EU366170 EU366171 EU366172 EU366173 -
Fiji Fiji SPG AF416466 - AF148944 - - -
1G33-I1D Indonesia SEA AB186924 - AB186927 - - -
JY7-Okinawa-JP Japan SEA AB108458 - AB108451 - - -
MY03 Myanmar  SPG AB252641 - AB252644 - - -
V6-VN Vietnam SEA AB113659 - AB113661 - - -
LeDong-CN China SEA - GU559703 - - - -
DanZhou-CN China SEA - GU559705 - - - -
ABTV-MY Malaysia  Outgroup NC010319 NC010315 NC010316 NC010317 NC010318 NC010314

SEA=South East Asian group, SPG=South Pacific group, ABTV= Abaca bunchy top virus
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Table 4 Percentage nucleotide sequence identity of Banana bunchy top virus (BBTV) isolate Chaiyaphum-TH
with other isolates of different geographic region belonging to South East Asian (SEA-AG)
and Pacific-Indian Ocean (PIO-SPG) groups and an outgroup, Abaca bunchy top virus (ABTV).

Isolate Percentage nucleotide sequence identity

Chaiyapoom-TH Thai isolates SEA- AG group PIO-SPG group  ABTV-Outgroup
Concatenate 97.9-99.3 84.1-94.9 83.8-90.5 63.0-63.8
DNA-R 99.2-99.7 93.9-98.6 90.4-95.7 75.4-75.7
DNA-U3 98.8-99.2 75.0-89.6 78.1-83.1 52.2-562.5
DNA-S 90.6-99.5 86.0-98.1 81.0-94.2 62.7-66.3
DNA-M 98.4-99.4 86.3-94.6 81.8-94.6 55.2-565.8
DNA-C 98.7-99.7 88.5-97.2 85.0-90.0 61.2-61.5
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Figure 3 Phylogenetic tree showing genetic relationship of Banana bunchy top virus (BBTV) isolates
from Thailand (TH) to other isolates of BBTV and an outgroup, Abaca bunchy top virus (ABTV)
based on (a) concatenated and (b) DNA-U3 sequences of the six components.

Neighbour-joining tree were reconstructed by using MEGA 6 (Tamura et al., 2013) with 1000
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replications bootstrapping. See Table 3 for the name and abbreviation of all isolates and the
belonging groups.
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Figure 4 Recombination detection scan test of concatenated Banana bunvhy top virus genome showing
possible reassortment of Q529-CN recombinant isolate (blue strip) as detected by RDP method
with isolate Chaiyaphum-TH as a major parent. The solid gray zone with p-value indicated
above was the region of the reassortant DNA-U3 (black box) between nucleotide positions
1171-2233 covering 1062 nucleotides.
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