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ABSTRACT

Banana bunchy top virus (BBTV) mostly infects Musa spp. which causes banana bunchy top disease (BBTD), the most
devastating viral disease in banana cultivation all over the world. During field survey in Sekar Bumi Tropical Farm located
in Kerta Village, 15 heliconia plant samples showed green streak on lamina leaves that similar to common BBTD symptoms
were collected. Further research was then conducted to identify molecular characteristic of BBTD in heliconia showing green
streak. Molecular identification was conducted using polymerase chain reaction (PCR). Specific primers to amplified DNA
target were used in this study: mRep/F (5’-GCGTGAAACGCACAAAAGGCC-3’) and mRep/R (5’-GCATACGTTGT-
CAAACCTTCTCCTC-3"). The expected 240 bp fragment target of partial master replication (mRep) gene was successfully
amplified from ten out of 15 samples. Sequence analysis confirmed that the symptomatic heliconia samples were infected

with BBTV and falls into the same clade with BBTV from the Asian Group.
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INTRODUCTION

Banana Bunchy Top Disease (BBTD) is one
of the most devastating viral diseases in banana
plants worldwide. Typical symptoms of bunchy top
disease are relatively easy to be recognized based on
morphological appearance including vein clearing on
lower part lamina and petiole, chlorosis of the leaf
margins, reduction in petiole length, and Morse code
dashed “J-hooking” along the midrib of leaves, and
dark green streak of petioles with bunched appearance
(Leiwakabessy et al., 2017). Since the first report in
Java Island, Indonesia in 1978, BBTD caused by
Banana bunchy top virus (BBTV) has been reported
in some areas of Indonesia including Sumatera, Bali,
and Special Territory of Yogyakarta (Furuya et al.,
2004; Pinili et al., 2011; Chiaki et al., 2015). The
disease might spread out from symptomatic plant to
healthy plant by its sucker, corms, and plantlet of tissue
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culture during the trade among islands or countries
(Wickramaarachchi et al., 2016).

Almost all cases of BBTV are in banana,
however some cases were reported in other plants
known as alternative hosts. Alternative hosts may
play important roles as the source of virus inoculums.
Alternative hosts for BBTV have been investigated
since the aphid vector colonies numerous plant fam-
ilies including Araceae, Commelinaceae, Musaceae,
and Zingiberaceae (Blackman & Eastop, 1984). Other
plant species such as Canna indica (Canna; Cannace-
ae) and Hedychium coronarium (white ginger or gar-
land flower; Zingiberaceae) were reported to be BBTV
hosts in Taiwan (Geering & Thomas, 1997; Yasmin et
al., 2001). Since Watanabe et al. (2013) confirmed that
Pentalonia spp., the vector of BBTYV, can also feed on
heliconia, and a recent study by Hamim et al. (2017)
was successful to molecularly detected BBTV from
several symptomatic heliconia in Hawaii, the viral dis-
case was shown to have a wide bioecological range.
The virus is transferred in a persistent circulative man-
ner and can be retained in the aphid system during its
life cycle of 15-20 days (Hu et al., 1996).

Heliconia plants showing dark green streak and
chlorotic on the leaf, similar to common BBTV symp-
toms but without stunting appearance, were found dur-
ing a field survey in Sekar Bumi Tropical Farm located
in Payangan, Gianyar, Bali. Heliconia fall within the
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family Heliconiaceae which consists of at least 200
species. In Indonesia, this plant is popularly known
as pisang hias (ornamental banana) due to its morpho-
logical appearance which is similar to banana (pisang)
and utilized mostly for ornamental (hiasan) purpose.
Although Heliconia was formerly included in the fam-
ily Musaceae, and has been variously associated with
the Strelitziaceae, it is now the only genus under Heli-
coniaceae of the order Zingiberales (Kress, 1990).

Heliconia as a host of BBTV could be destruc-
tive to banana production in Bali and Indonesia. There-
fore, further study is needed to determine the causal
agent of symptomatic heliconia and whether banana
aphids can transmit BBTV from infected heliconia to
healthy banana plants.

MATERIALS AND METHODS

Research Site. A field survey in Sekar Bumi Tropical
Farm located in Kerta Village, Gianyar Regency (8°
20" 11.09” S, 115° 17’ 2.2" E) (Figure 1) was done in
early 2020. Plant samples were taken using purposive
sampling method based on bunchy top common symp-
toms classified by Leiwakabessy et al. (2017). The
collected samples were brought to Laboratory of Plant
Diseases, Faculty of Agriculture, Universitas Udayana.

Detection and Identification of Virus Isolates. PCR
methods were performed to molecularly identify BBTV
as the causal agent of bunchy top common symptoms
on heliconia samples. The molecular identification in
this research includes isolation of total DNA viruses,
DNA amplification, and electrophoresis.

Isolation of Total DNA. Total DNA was extracted
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from 25-50 mg of fresh leaf samples using EZ-10 Spin
Column Plant RNA Mini-Preps Kit (Bio Basic Inc,
Canada). The total DNA was stored at -80 °C for fur-
ther use.

DNA Amplification. BBTV genome was ampli-
fied by PCR technique using mRep/F (5’-GCGT-
GAAACGCACAAAAGGCC-3’) and  mRep/R
(5’-GCATACGTTGTCAAACCTTCTCCTC-3’) spe-
cific primer (Amin et al., 2008). A 240 bp fragment of
partial master replication (mRep) gene was expected
(Amin et al., 2008). The PCR mix: 1 pL total DNA,
12.5 uL NZY Taq 2x Master Mix (Nzytech, Portugal),
1 pL forward primer, 1 pL reverse primer and distilled
water (ddH,0) of 9.5 uL to final reaction volume of
25 puL. DNA amplification for BBTV was conducted
in a machine Thermal Cycler (INFINIGEN Biotech
Inc., USA) with program as follow 5 min at 94 °C for
pre-heating, followed by 35 cycles of denaturation
(30 s at 94 °C), annealing (45 s at 55 °C), and extension
(30 s at 72 °C), with final extension of 7 min at 72 °C,
the cycles ends with a temperature of 4 °C.

Visualization of PCR Product. Visualization of PCR
product was done by electrophoresis gel agarose in a
concentration of 1% [0.25 g of agarose was put into
a 100 mL baker glass then 25 mL of buffer TBE 0.5%
(0.045 M Tris-Borate; 0.01 M EDTA)] was put into a
100 mL baker glass then 25 mL of buffer TBE 0.5%
(0.045 M Tris-Borate; 0.01 M EDTA) was added and
then heated for 3 min until it mixed well. After the gel
warms, 1.5 pL dye FlouroVue TM (Smobio, Taiwan)
was added, then agarose poured into a gel tray and
allowed to stand for = 30 min until hardened. Elec-
trophoresis was carried out at 50 volts for 50 min.

Sekar Bumi
Tropical Farm

i
e

Figure 1. Location of Sekar Bumi Tropical Farm in Bali Island, indicating the sampling site.
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Electrophoresis results in the form of DNA bands were
visualized with an ultraviolet transilluminator and doc-
umented by digital camera.

Nucleotide Sequence and Phylogenetic Analysis.
Gene master replication of one of the virus isolates was
sent for sequencing at Macrogen, Singapore. Nucleo-
tide sequence identity of the obtained virus isolates
were compared to corresponding isolates from other
countries available in the GenBank. The phylogenetic
tree was constructed from the sequences aligned us-
ing Clustal W and MEGA 7.0 software with the neigh-
bor-joining algorithm and bootstrap support, estimated
using 1000 replicates (Kumar et al., 2016).

RESULTS AND DISCUSSION

Identification of the Virus Isolates. A total of 15 hel-
iconia samples were applied for molecular detection
of BBTV by PCR assay using a pair of specific primer
mRep/F and mRep/R by Amin et al. (2008). Ten out of
15 heliconia samples were confirmed positive to am-
plify approximately 240 bp partial fragment of master
replication of BBTV genome (Figure 2). BBTV is a
circular single-stranded (ss) DNA plant virus whose
genome contains at least six circular components and
is associated with all geographical isolates of BBTV.
The six components included DNA-R, DNA-U3,
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DNA-S, DNA-M, DNA-C, and DNA-N (Stainton et
al., 2015; Wickramaarachchi et al., 2016; Kumar et al.,
2017; Kakathi & Nath, 2018).

The length of BBTV DNA-R is 1111 nucleotides
while the mRep gene is 860 nucleotides, start from a
nucleotide number of 102 to 962. Amplification targets
of mRepF/mRepR primers are nucleotide numbers of
435 to 674 (Mansoor et al., 2005). DNA-R encodes
the master replication initiation protein (Rep) which
is essential for trans-replication of the BBTV genomic
components (Horser et al., 2001) through its nicking
and joining activity (Hafner et al., 1997).

BBTV DNA-R is also known as BBTV DNA
component 1. This component has two conserved re-
gions: CR-SL and CR-M (Burns et al., 1995; Beetham
et al., 1997). DNA-R also differs from other five com-
ponents by having two ORF: major ORF and small
ORF internal. The region was known to encode repli-
cation initiator protein, a component which was trans-
ferred by insect vector, P. nigronervosa, to initiate dis-
ease in hosts.

Symptom of BBTV. Symptoms associated with infect-
ed heliconia in Kerta village were similar with those
in Hawaii (Hamim et al., 2017): dark green streak and
chlorotic on the leaf (Figure 3). Similarities or varia-
tion of symptoms could be due to plant cultivars and
environmental conditions (Rahim et al., 2015). In the
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Figure 2. Visualization of DNA amplification of BBTV using mRep/F and mRep/R primers (samples 1-10) on 1%
agarose gel. M, 1 kb DNA marker (Smobio, Taiwan).

Figure 3. Symptoms of Banana Bunchy Top Diseases on heliconia. (A) Chlorosis on leaf; (B) Dark green streak

on leaf.
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case of BBTV in banana plants, Thomas (2008) report-
ed that the symptom severity of BBTV infection was
determined by plant response and time of infection.
However further study is needed to determine symp-
tom severity of BBTV infection in heliconia plants.

Phylogenetic Analysis. BLASTn analysis and compar-
ison of the sequence with others available in the Gen-
Bank database (www.ncbi.nlm.nih.gov) showed that
the isolates obtained in this study have the highest nu-
cleotide sequence identity (> 98%) with BBTV Asian
Group (Accession Number: JN003633, JN003632,
AB847628, MK940789, MNO037873, MNO037876,
MNO037879, MN037872, IN003631, and KM607608).
Moreover, phylogenetic analysis also showed that
BBTV isolated heliconia in Bali fall into the same
clade with isolates from Asian Group (Figure 4).

This research confirmed the association between
BBTV and heliconia showed a dark green streak on
the lamina. However, further research is still needed on
identifying the complete genome sequence of the iso-
late, host range, virus transmission pathway by the in-
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sect vector, and which DNA components are needed to
cause disease symptoms. Research on identifying and
characterizing the complete genome of BBTV isolate
on heliconia is currently ongoing.

CONCLUSION

Heliconia showing dark green streak on lamina
leaf that was found in Sekar Bumi Farm of Kerta vil-
lage was confirmed positive to BBTV by PCR using
mRep/F and mRep/R specific primers. This work is the
first report of BBTV infecting Heliconia in Bali, In-
donesia. The research related to that discovery needs
to be continued, moreover the complete genome, bio-
logical and genetic variabilities, and the role of insect
vector transmission is not clearly studied.
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Figure 4. Phylogenetic tree of nucleotide sequence of BBTV heliconia Bali using MEGA 7.0 (Neighbor Joining
method with bootstrap 1000x). Abaca bunchy top virus (EF546813) is used as outgroup.



Arimbawa et al.

FUNDING
This research was independently funded.
AUTHORS’ CONTRIBUTIONS

GNASW and PS outlined and review the theme.
MA conceptualized and wrote the first draft of the
manuscript. All authors contributed to the article and
approved the submitted version.

COMPETING INTEREST

The authors declare that the research was con-
ducted in the absence of any commercial or financial
relationships that could be construed as a potential
conflict of interest.

REFERENCES

Amin I, Qazi J, Mansoor S, Ilyas M, & Briddon RW.
2008. Molecular characterization of Banana
bunchy top virus (BBTV) from Pakistan. Virus
Genes. 36(1): 191-198. https://doi.org/10.1007/
$11262-007-0168-y

Beetham PR, Hafner GJ, Harding RM, & Dale JL.
1997. Two mRNAs are transcribed from Banana
bunchy top virus DNA-1. J. Gen. Virol. 78(1):
229-236.  https://doi.org/10.1099/0022-1317-
78-1-229

Blackman RL & Eastop VE. 1984. Aphids on the
Worlds Crops: An Identification and Informa-
tion Guide. Second Edition. John Wiley & Sons,
Chichester.

Burns TM, Harding RM, & Dale JL. 1995. The ge-
nome organization of Banana bunchy top vi-
rus: analysis of six ssDNA components. J.
Gen. Virol. 76(6): 1471-1482. https://doi.
org/10.1099/0022-1317-76-6-1471

Chiaki Y, Nasir N, Herwina H, Jumjunidang, Sonoda
A, Fukumoto T, Nakamura M, & Iwai M. 2015.
Genetic structure and diversity of the Banana
bunchy top virus population on Sumatra Island,
Indonesia. Eur. J. Plant Pathol. 143(1): 113-122.
https://doi.org/10.1007/s10658-015-0669-9

Furuya N, Somowiyarjo S, & Natsuati KT. 2004. Vi-
rus detection from local banana cultivars and
the first molecular characterization of Banana
bunchy top virus in Indonesia. Jour. Agri. Sci.

First Report of Banana bunch top virus on Heliconia (Heliconia spp.) 81

Tokyo Univ. of Agric. 49(3): 75-81.

Geering ADW & Thomas JE. 1997. Search for alter-
native hosts of Banana bunchy top virus in Aus-
tralia. Australas. Plant Pathol. 26(4): 250-254.
https://doi.org/10.1071/AP97040

Hafner GJ, Harding RM, & Dale JL. 1997. A DNA
primer associated with Banana bunchy top vi-
rus. J. Gen. Virol. 78(2): 479—-486. https://doi.
org/10.1099/0022-1317-78-2-479

Hamim I, Green JC, Borth WB, Melzer MJ, Wang YN,
& Hu JS. 2017. First report of Banana bunchy
top virus in Heliconia spp. on Hawaii. Plant Dis.
101(12): 1-2. https://doi.org/10.1094/PDIS-02-
17-0205-PDN

Horser CL, Harding RM, & Dale JL. 2001. Banana
bunchy top nanovirus DNA-1 encodes the ‘mas-
ter’ replication initiation protein. J. Gen. Virol.
82(2): 459-464. https://doi.org/10.1099/0022-
1317-82-2-459

Hu JS, Wang M, Sether D, Xie W, & Leonhardt KW.
1996. Use of polymerase chain reaction (PCR)
to study transmission of Banana bunchy top vi-
rus by the banana aphid (Pentalonia nigronervo-
sa). Ann. Appl. Biol. 128(1): 55-66. https://doi.
org/10.1111/j.1744-7348.1996.tb07089.x

Kakathi N & Nath PD. 2018. Genetic diversity of
Banana bunchy top virus (BBTV) prevalent in
Assam causing banana bunchy top disease. Int.
J. Curr. Microbiol. App. Sci. 7(11): 1547-1560.
https://doi.org/10.20546/ijcmas.2018.711.178

Kress J. 1990. The diversity and distribution of Heli-
conia (Heliconiaceae) in Brazil. Acta Bot. Bras.
4(1): 159-167. https://doi.org/10.1590/S0102-
33061990000100011

Kumar S, Stecher G, & Tamura K. 2016. MEGAT:
Molecular evolutionary genetics analysis ver-
sion 7.0 for bigger datasets. Mol. Biol. Evol.
33(7): 1870-1874. https://doi.org/10.1093/mol-
bev/msw054

Kumar P, Arun V, & Lokeswari TS. 2017. Cloning of
BBTV (Banana bunchy top virus) components
and screening of BBTV using functionalized
gold nanoparticles. 3 Biotech. 7(3): 225. https://
doi.org/10.1007/s13205-017-0849-8

Leiwakabessy M, Nurulita S, & Hidayat SH. 2017.
Disease incidence and molecular analysis of
Banana bunchy top virus in Bogor, West Java.



82 J. Trop. Plant Pests Dis.

In: Efendi D & Maharijaya A (Eds.). Proceed-
ing International Seminar on Tropical Horticul-
ture 2016. pp. 37-45. Pusat Kajian Hortikultura
Tropika—LPPM IPB, Bogor.

Mansoor S, Qazi J, Amin I, Khatri A, Khan IA, Raza
S, Zafar Y, & Briddon RW. 2005. A PCR-based
method, with internal control, for the detec-
tion of Banana bunchy top virus in banana.
Mol. Biotechnol. 30(2): 127-129. https://doi.
org/10.1385/MB:30:2:167

Pinili MS, Nyana DN, Suastika G, & Natsuaki KT.
2011. Molecular analysis of Banana bunchy top
virus first isolated in Bali, Indonesia. Journal of
Agricultural Science, Tokyo University of Agri-
culture. 56(2): 125-134.

Rahim YF, Damayanti TA, & Ghulamahdi M. 2015.
Deteksi virus yang menginfeksi kedelai di Jawa
[Detection of viruses infecting soybean in Java].
Jurnal Fitopatologi Indonesia. 11(2): 59-67.
https://doi.org/10.14692/jfi.11.2.68

Stainton D, Martin DP, Muhire BM, Lolohea S, Halafi-
hi M, Lepoint P, Blomme G, Crew KS, Shar-
man M, Kraberger S, Dayaram A, Walters M,
Collings DA, Mabvakure B, Lemey P, Harkins
GW, Thomas JE, & Varsani A. 2015. The global
distribution of Banana bunchy top virus reveals

Vol. 22, No. 1, 2022: 77—-82

little evidence for frequent recent, human-medi-
ated long distance dispersal events. Virus Evol.
1(1): vev009. https://doi.org/10.1093/ve/vev009

Thomas JE. 2008. Banana bunchy top virus. In: Mahy
BWJ & Van Regenmortel MHV (Eds.). Encyclo-
pedia of Virology (Third Edition). pp. 272-279.
Elsevier, Oxford. https://doi.org/10.1016/B978-
012374410-4.00636-1

Watanabe S, Greenwell AM, & Bressan A. 2013. Lo-
calization, concentration, and transmission effi-
ciency of Banana bunchy top virus in four asex-

ual lineage of Pentalonia aphids. Viruses. 5(2):
758-775. https://doi.org/10.3390/v5020758

Wickramaarachchi WART, Shankarappa KS, Ran-
gaswamy KT, Maruthi MN, Rajapakse RGAS,
& Ghosh S. 2016. Molecular characterization
of Banana bunchy top virus isolated from Sri
Lanka and its genetic relationship with other
isolates. VirusDis. 27(2): 154—-160. https://doi.
org/10.1007/s13337-016-0311-2

Yasmin T, Khalid S, Soomro MH, Malik SA, Shah H,
& Ahmad 1. 2001. Specificity of host-pathogen
interaction of banana bunchy top disease. J. Biol.
Sci.  1(4): 212-213. https://doi.org/10.3923/
jbs.2001.212.213



