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This study was aimed to confirms the Banana Bunchy Top Virus (BBTV)
infection of ten banana accessions from Indonesia through PCR assay using
primer of BBTV coat protein (CP) gene, also the sequences characteristics
and phylogeny. Preliminary morphological results showed five acessions were

KEYWORDS: positively infected with slight to severe intensity symptoms ie. Pisang Berlin,
banana, Candi, Billa, Morosebo, and Mas Kripik; and five accessions were symptomless
BBTV, i.e. M. acuminata var. rutilifes and M. balbisiana, Pisang Ebung, Madu and
coat protein gene, Moseng. However, PCR results qualitatively confirms that all accessions were
E{TRA-& positively infected. Two sizes of amplicons were identified. Pisang Candi isolate

was showing +500 bp amplicons, whereas the others were £1000-1100 bp. The
total aligned and selected BBTV CP sequences of 36 accessions (bananas and
other host species) was 450 nt. It was considered highly conserved (85.55%), low
G+C content (41%), and high genetic similarities (92.47 to 100%). Phylogenetic
analysis delineates isolates into two large groups, i.e. the Asian group (East Asia
and South-east Asia) and the South Pacific group (South Asia, Africa and the
Pacific). The findings of this study are usefull for broader applicability of further
banana breeding program particularly for mitigation, selection and evaluation of
banana with BBTV resistance.

phylogenetic

1. Introduction

Bananas (Musa spp.) are tropical fruit which
considered of globally important food and cash crops
as they play roles in socio-economic, cultural and
food security of millions people worldwide (Heslop-
Harrison and Schwarzacher 2007; Hapsari and
Lestari 2016; Hapsarietal. 2017). The total production
of bananas reached not less than 100 million tons
annually, with Cavendish (AAA) as the dominant
E@mmercial cultivar (FAO 2010). Nevertheless,
banana bunchy top disease caused by banana bunchy
top virus (BBTV) has become the most serious
and destructive viral disease to threat the world’s
banana production. The BBTV infections resulted in
stunted growth and infected plants rarely produce
a fruit bunch with almost total in yield loss (Hooks
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et al. 2008). The virus is transmitted locally by black
banana aphid (Pentalonia nigronervosa Coq.); it is not
considered as soil-borne, thus unlikely to be spread
via cutting tools. Hence, uncontrolled movement and
use of infected planting material is responsible for
much of the spread (Thomas 2008). Some alternate
hosts need to be concerns as inoculum sources also
identified include taro, gingers, Canna, Anthurium,
arrowroot, etc. (Pinili et al. 2013).

Banana bunchy top virus (genus Babuvirus, family
Nanoviridae) is a virus with isometric virions 18-20
nm in diameter, which occurs in the phloem tissues
of banana leaf and incites symptoms such as leaf
chlorosis, vein clearing, leaf atrophy and dwarfing
(Wu and Su 1990). It has a multicomponent genome,
consists of at least six components of circular single-
stranded DNA, each of 1-1.1 kb at full length (Burns et
al. 1995; Harding et al. 1993). The DNA components
originally named DNA-1-6 and recently renamed
DNA-R, -U3, -S, -M, -C and -N, respectively according
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to their putative functions (Vetten et al. 2005). All
components (exception of DNA-R) are transcribed
a single gene encode the replication-associated
protein, coat protein, intercellular transport protein,
retino-blastoma binding protein and nuclear shuttle
protein (Wanitchakorn et al. 1997; Yu et al. 2012).
Further, BBTV virions have a single coat protein of
approximately 20 kDa (Thomas and Dietzgen 1991).

BBTV is endemic in many banana producing
countries in Asia, the Pacific and Africa (Elayabalan
et al. 2015; Stainton et al. 2015). In-depth molecular
studies on evolution and global distribution of
BBTV reveals evidences that BBTV likely originated
in Southeast Asia then circulating elsewhere in the
world. Further, their sequence analysis separated
into two genetically distinct taxonomic groups of
BBTV are known (Asian and South Pacific) though
both have the same vector and produce the same
disease symptoms in Musa. The Asian group contains
isolates from China, Japan and South-east Asia
countries, and the South Pacific group comprises
isolates from the rest of the world (including Egypt,
India, Sub Saharan Africa and Australia) (Furuya et
al. 2004, 2006; Selvarajan et al. 2010; Stainton et al.
2015; Wickramaarachchi et al. 2016; Wanitchakorn
et al. 2000; etc.).

There are wide variation in banana vJeties
response in terms of incidence and severity, but no
variety is considered resistant (Ferreira et al. 1997).
Some preliminary studies showed that dessert
bananas are more susceptible than cooking bananas;
and genotypes with not less than two A genomes
are more susceptible, or genotypes with at least
one or two B genomes tend to be more tolerant to
BBTV (Hapsari afgl Masrum 2012; Niyongere et al
2011). Symptoms development was affected by plant
age and plant height. Incubation period for each
cultivar varied so that the emergence of symptoms
in each cultivar will vary as welfJFerreira et al. 1997,
Hooks et al. 2008). Yet, BBTV can persist naturally
in banana plants causing no apparent symptoms of
the disease or th§jplants remain healthy-looking and
symptomless. It can be act and serve as a reservoir,
become a source of inoculums on the spread of
BBTV. So far, no natural source of BBTV immunity is
known (Thomas 2008), and nowadays is becoming
a subject of researchers and horticulturists interests
worldwide.

The control of BBTV is difficult, once the virus
is established in an area. Rapid and complete
eradication to the infected plants by uprooting all

bananas in the fields or injecting with glyphosate
then leave fallow for months is the primary manual
method to control the disease (Lepoint et al. 2014).
Thus, monitoring strategies and the capacity for
early diseases identification and to deploy rapid
eradication responses, also production of healthy
planting materials are vital (Anandhi et al. 2007;
Hapsari and Masrum 2012; Lepoint et al. 2014;
Mahadev et al. 2013). Biosecurity controll with strict
quarantine by government legislation in Australia
and few countries proven to be effectively controlled
the disease, algflough considered very resource-
intensive (Cook et al. 2012).

The presence of BBTV inbanana plants canbe early
detected through some methods such as Southern
and dot-blot hybridizations (Xie and Hu 1995),
serological test of Enzyme-Linked Immunosorbent
Assay/ELISA (Kadam et al. 2017), monoclonal
antibody (Wu and Su 1990), and molecular tools with
Polymerase Chain Reaction/PCR based detection
using variable options of techniques and markers
(Burns et al. 1995; Harding et al. 1993; Hafner et al.
1995; Priani et al. 2010; Stainton et al. 2015; etc.). The
serologial tests are convenient but expensive and the
use of this technique is limited in detection sensitivity
with very low concentrations of BBTV. Whilst, PCR
based detection is considered more sensitive, easy,
economic and rapid for indexing propagules also to
identify various BBTV strains (Abdelkader et al. 2004;
Anandhi et al. 2007; Xie and Hu 1995).

This study was aimed to confirms the BBTV
infection of some symptomatic and symptomless
banana accessions from Indonesia through PCR
based detection using specific primers of banana
bunchy top virus gene for coat protein (CP). The
CP encoded by the DNA-S component of the BBTV
has been used for virus detection because of
its important role in viral particles packing and
disease establishment and has been consistently
associated with BBTV in Asian countries group
(Arumugam et al. 2017). In addition, the viral coat
protein sequences also analyzed and aligned with
those already reported in Genbank for phylogenetic
analysis, particularly isolates from Asian countries.
The banana accessions were selected from previous
preliminary study (Hapsari and Masrum 2012) also
from the new collections for screening purpose. The
findings of this study hopefully will be usefull for
broader applicability of further banana breeding
program particularly for mitigation, selection and
evaluation of banana with BBTV resistance.
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2. Materials and Methods

2.1. Plant Materials and BBTV Symptoms
Morphological Observation

Plant materials ygd in this study was ten selected
banana accessions collection of Purwodadi Botanic
Garden, Natiorffll Research and Innovation Agency
(BRIN) which located in a low land-dry area of
Pasuruan District, East Java, Indoif§sia. It comprised
of two wild banana species i.e. M. acuminata var.
rutilifes (AAw) and M. balbisiana (BBw); and eight
banana cultivars representing four geflbmic groups
AAcv, AAA, AAB and ABB (Table 1). The type and
severity symptoms were recorded visually according
to previous preliminary research (Hapsari and
Masrum 2012), as follows: (0)fNegative, indicated
by healthy looking plant with no visual symptoms
of BBTV; (1) Slight BBTV infected, indicated by
slight marginal chlorosis and leaf narrowing, with 1
to 2 infected plants per cluster; (2) Moderate BBTV
infected, indicated by moderate marginal chlorosis,
leaf narrowing, twisting, distorting and stunting,
with 3 to 4 infected plants per cluster; and (3)
Severe BBTV infected, indicated by severe marginal
chlorosis, leaf narrowing, twisting, distorting,
stunting and necrosis, with all or more than 4
infected plants per cluster.
2.2. Molecular Confirmation for BBTV
Resistance

Molecular confirmation was conducted by PCR
assay using a primer pair of banana bunchy top
virus gene for coat protein (BBTV CP). Molecular
analysis was done at Plant Physiology Laboratory

of Biology Department, University of Brawijaya,
Malang, Indonesia. Whole genome DNA was isolated
from fresh young leaf sample, one individual per
banana accession number. The leaf sample was taken
during the morphological observation. The DNA
extraction was conducted using Promega Wizard®
Genomic DNA Purification Kit (Madison, WI, USA)
following the manufacturer’s protocols for plant.

PCR amplification was accomplished using
oligonucleotide pair of BTVCPF (5'-GCTAGGTATCCG
AAGAAATC-3') and BTVCPR (5'-TCAAACATGATA
TGTAATTC-3") referred from previous studies by
(Burns et al. 1995; El-Dougdoug and El-Shamy 2011;
Harding et al. 1993; Hazaa et al. 2006; Kavino et al.
2011). PCR reactions were conducted in a30 plvolume
contains of 15 pl of DreamTaq Green PCR Master Mix
(2x) from Thermo Scientific, California, USA (Taq DNA
polymerase, 2x DreamTaq Green buffer, 0.4 mM each
of dNTPs and 4 mM MgCL), 3 pl of 5 pmol each of
forward and reverse primers, 3 pl of DNA template (5-
25 pg/ml) and 6 pl of nuclease-free water. PCR thermal
cycling program consists of heat shock temperature
at 94°C for 3 minutes; followed by 30 cycles of
denaturation for 45 seconds at 94°C, annealing for 45
seconds at 50°C, and extension for 2 minutes at 72°C.
Final extension carried out for 10 minutes at 72°C.

Qualitative confirmation was conducted through
electrophoresis separation on 1.5% agarose gel,
stained with 1 pg/ml of Ethidium bromide in TBE
buffer, then visualised under UV light. Generuller
100 bp DNA ladder (Thermo Scientific, California,
USA) were used to estimate the sizes of amplified
DNA fragments. Banana sample which indicated by
the presence of amplified band on agarose gel was

Table 1. Banana accessions identity and BBTV morphological symptoms observation result

Coll. number  Cultivar name/species Locality Genomic Consumption BBTV
group type symptoms
XXIVD.19 Pisang Berlin Purwosari, Pasuruan, East Java AAcv Dessert Severe
XXIVE.75 Pisang Candi Pasrepan, Pasuruan, East Java AAB Cooking Severe
XXIV.D.42 Pisang Billa Batu Lanteh, Sumbawa, West AAA Dessert Moderate
Nusa Tenggara
XXIVD.7 Pisang Morosebo Sarangan, Madiun, East Java AAA Dessert Severe
XXIVE.100 Pisang Mas Kripik Senduro, Lumajang, East Java AAcv Dessert Slight
XXIVD.17 Pisang Ebung Siman, Ponorogo, East Java ABB Cooking Negative
XXIvD.12 Pisang Cici/Musa Krawak, Tuban, East Java AAW Seeded, Negative
acuminata var. not for
rutilifes comsuption
XXIVD.1 Pisang Klutuk Ijo/Musa Purwosari, Pasuruan, East Java BBw Seeded, Negative
balbisiana not for
comsuption
XXIV.D.106 Pisang Madu Batuputih, Sumenep, Madura AAA Dessert Negative
Island, East Java
XXIV.D.103 Pisang Moseng Ketapang, Sampang, Madura AAA Dessert Negative

Island, East Java
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considered as positively infected by BBTV, while the
absent of amplified band was considered negatively
infected. Further, to identify the taxonomic position
of BBTV CP gene sequences of each isolates and
for phylogentic study, the amplified products
were then gel extracted and purified prior to
direct sequencing at 1%t BASE Laboratories Sdn
Bhd, Malaysia using ABI PRISM 3730xl Genetic
Analyzer developed by Applied Biosystems, USA.

2.3. DNA Sequences Analysis

The BBTV CP gene sequences results were then
evaluated using ABI sequences Scanner v.10. Basic
Local Alignment Search Tool (BLASTn) program in
National Center for Biotechnology Information (NCBI)
GenBank was employed to search the potential
references of homologue sequences, then they were
retrieved for further analysis (Table 2). Multiple

sequences alignments were conducted using
ClustalW program followed by visual adjustment
at MEGAG.06 software. Phylogenetic analyses were
performed based on evolution model of Kimura
2 parameter (K2P) using Neighbor Joining (N])
algorithm with 1000 bootstrap replications. Pairwise
distance analysis was also carried out to generate
genetfic similarities.

3. Results

3.1. BBTV
Observation
Results of BBTV morphological observation on
banana accessions examined showed five out ten
accessions were positively infected with varied
severity levels from slight, moderate to severe;
comprised of Pisang Berlin (AA), Candi (AAB/AAA),

Symptoms Morphological

Table 2. List of accession numbers of BBTV DNA for coat protein of this study and from GenBank

Accession Locality Region Host Size
number (nt)
MK905697 Indonesia: East Java South East Asia Musa cv. Candi (AAB]AAA) 450

(This study) 1058
AB848106 Indonesia: Sumatra island South East Asia Musa cv. 1058
AB186927 Indonesia: Central Java South East Asia Musa cv. 1058
KM607538 Indonesia South East Asia Musa cv. Cavendish (AAA) 1058
KM607522 Philippines: Los Banos South East Asia Musa cv. FHIA (AAA) 1058
KM607523 Philippines: Los Banos South East Asia Musa cv. Lakatan (AA) 1058
AB250958 Philippines: Negros island South East Asia Musa cv. 513
F]787433 Philippines: Laguna South East Asia M. textilis (ABTV) 513
F]787435 Philippines: Quezon South East Asia M. textilis (ABTV) 1076
AB113661 Vietnam: Hanoi South East Asia Musa cv. 1076
AB113662 Vietnam: North of Hanoi South East Asia Musa cv. 1077
MF039874 Thailand: Chaiyaphum South East Asia Musa cv. 1080
KY427064 Thailand: Nongkhai South East Asia Musa cv. 1058
KM607541 Taiwan East Asia Musa cv. (severe symptom) 1058
KM607465 Taiwan East Asia Musa cv. (symptomless) 533
AB078023 Japan: Okinawa, Arakawa East Asia Musa cv. 1058
AB108450 Japan: Okinawa, Kume Island  East Asia Musa cv. 513
MF688998 China: Yunnan East Asia M. acuminata 513
AF330706 China: Zhangzou East Asia Musa cv. 513
AF246122 China: Guangzhou East Asia Musa cv. 1058
KX779467 China: Sanya, Hainan East Asia Musa cv. 1058
KX779469 China: Nanning, Guangxi East Asia Musa cv. 1075
KMGE07534 China East Asia Musa cv. 1075
KME07536 China East Asia Musa cv. 513
EU190965 India: Assam South Asia/Indian subcontinent Wild Musa sp. 513
KF246091 India: Chennai South Asia/Indian subcontinent Musa cv. Karpooravalli ABB 513
JX171699 India: Coimbatore South Asia/Indian subcontinent Ensete superbum 528
GU085262 India: Tamil Nadu South Asia/Indian subcontinent Musa cv. Virupakshi (AAB) 1075
F]859738 Pakistan: Sindh South Asia/Indian subcontinent M. acuminata 1075
KM607512 Srilanka South Asia/Indian subcontinent Musa cv. Mysore (AAB) 513
KT22018 Egypt: Cairo North Africa Musa cv. 474
JN204226 Burundi: Nyanza-Lac East Africa Musa cv. 474
JN204232 Rwanda: Rumbumba East Africa Musa cv. 474
JN204237 DR Congo: Ruvyimvyi Central Africa Musa cv. 1075
KM607514 Hawaii Pacific Islands Musa cv. Williams (AAA) 401
KY322774 Hawaii Pacific Islands Heliconia sp.
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Billa (AAA), Morosebo (AAA) and Mas Kripik (AA);
and the others were negative (Table 1, Figure 1A-
E). Meanwhile, Pisang Ebung (ABB) was apparently
healthy with no visual symptoms and may produced
normal fruit bunch (Figure 1F). Both wild species
M. acuminata var. rutilifes and M. balbisiana in this
study were also considered negatively infected
(Figure 1G-H). Pisang Madu (Figure 11) and Moseng
(Figure 1]) were considered as new field collections
in Purwodadi collected from Lumajang and Madura
Island, therefore during the observation showing
slight infection and healthy looking plant with no
visual symptoms, respectively. Yet, according their
genomic group those cultivars were supposed to be
susceptible to BBTV.
3.2. BBTV Detection PCR
Confirmation

The PCR assay was conducted to all ten isolates
of banana accessions examined, with the BBTV
symptomatic accessions served as positive

Based on

control. Surprisingly, the PCR was successfullly
amplified to all isolates both BBTV symptomatic
and symptomless as indicated by the presence of
BBTV CP fragments on agarose gel (Figure 2). PCR
result showing two different sizes of amplicons both
partial and full length of DNA-S (Figure 2). An isolate

Figure 1. The BBTV symptoms of ten banana accessions: (A)

of Pisang Candi (lane 2) was showing amplicons at
approximately +500 bp, whereas the others were
+1000-1100 bp. The repeated PCR with the same
condition also showing consistant amplicons result.

3.3. Evaluation Results of BBTV CP Sequences

Unfortunately, the sequencing of nine isolates with
fulllength amplicons (+1,000-1,100 bp) include Pisang
Berlin, Billa, Morosebo, Mas Kripik, Ebung, Cici, Klutuk
ljo, Madu, and Moseng have resulted DNA sequences
with very bad trace score (£15), low signal strength
and very short contiguous read length ranged 0-34
nucleotides (nt). The total sequences length werevaried
875 to 1120 (nt). The identity search of the sequences
using NCBI BLASTn tools showed that some accessions
were 9 to 66% homologued with M. acuminata or M.
balbisiana genome DNA bacterial artificial chromosome
(BAC) clone, instead of BBTV CP DNA-S sequences as
the target. Therefore, those nine isolates were failed
for further analysis. Meanwhile, sequencing of Pisang
Candi amplicon has resulted DNA sequences in a total
length of 484 nt, with high trace score (46) and signal
strength. Further, the NCBI BLASTn homology search
was showed similarity (99%) to the reported BBTV CP
gene sequences from around the world isolates. Hence,
only the BBTV sequences of Pisang Candi (to 450 nt
medium contiguous read length) will be proceed for

Pisang Berlin, (B) Pisang Candi, (C) Pisang Billa, (D) Pisang

Morosebo, (E) Pisang Mas Kripik, (F) Pisang Ebung, (G) M. acuminata var. rutilifes, (H) M. balbisiana/Klutuk Ijo, (I)

Pisang Madu, and (]) Pisang Moseng
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Figure 2. Electrophoregram BBTV molecular confirmation of ten banana accessions: (1) Pisang Berlin, (2) Pisang Candi,
(3) Pisang Billa, (4) Pisang Morosebo, (5) Pisang Mas Kripik, (6) Pisang Ebung, (7) Pisang Cici/M. acuminata var.
rutilifes, (8) Pisang Klutuk Ijo/M. balbisiana, (9) Pisang Madu, and (10) Pisang Moseng

further phylogenetic analysis along with other selected
potential references of homologue sequences.

3.4. Characteristics of BBTV CP Sequences and
Phylogenetic Analysis

About 35 accessions of homologues BBTV CP gene
sequences from GenBank were retrieved comprises of
isolates from Asia, Africa and the Pacific countries both
at full length and partial sequences. Some different
hosts species were also employed such as M. textilis
(Abaca Bunchy Top Virus/ABTV), Ensete superbum
(Enset Bunchy Top Virus/EBTV), and Heliconia sp.
(Heliconia Bunchy Top Virus/HBTV) (Table 2). The total
aligned and selected BBTV CP gene sequences length
of 36 accessions was 450 nt. Of those, 385 positions
(85.55%) were identified as conserved regions
(invariable/monomorphic) and 65 positions (14.44%)
were variable sites. Further, about 39 positions (8.67%)
of the variable positions were potentially parsimony
informative and 26 positions (5.78%) were singleton
variables. The nucleotide composition were high in
A+T bases (59%)and low in G+Cbases (41%). Sequences
pairwise distance analysis of all isolates showed 92.47
to 100% genetic similarities.

Phylogenetic analysis of CP gene sequences of BBTV
including ABTV and other hosts in this study delineates
isolates of the viruses into two large groups supported
by strong bootstrap value, i.e. the Asian group (East
Asia and South-east Asia) and the South Pacific group
(South Asia/Indian subcontinent, Africa and the Pacific)
(Figure 3). Further, the sequences analysis within Asian
group was considered more diverse and less conserved
than the South Pacific group. BBTV CP sequences of
Asian group comprises of conserved region 409 nt,
variable sites 41 nt, parsimony informative sites 24 nt,
and singletone sites 17 nt; with 95.18 to 100% genetic
similarity. Whilst, BBTV CP sequences of South Pacific
group contains of conserved region 424 nt, variable
sites 26 nt, parsimony informative sites 6 nt, and
singletone sites 20 nt; with 96.46 to 100% genetic
similarity. In particular, BBTV CP sequences analysis
of Pisang Candi (East Java-Indonesia) isolate was
clustered in Asian group, and very close related to the
isolates from Central Java-Indonesia, Hainan-China,
Arakawa-]Japan, and Quezon-Phillipines (ABTV) with
maximum similarity (99.71%). Pisang Candi isolate has
the farthest relation to isolates from Tamil Nadu-India
with a minimum similarity of 94.03%.
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4. Discussion

The morphologically infected accessions were
mostly categorized as dessert bananas with genome
composition of not less than two A genomes i.e.
AA, AAA, and AAB. Unless, Pisang Candi which
considered as plantain or cooking type. According to
morphological approach, Pisang Candi was identified
as AAB genome (Valmayor et al 2000) whereas
molecularly identified as AAA (Hapsari et al. 2015).
This finding was in accordance to preliminary studies
in which dessert bananas are more susceptible than
cooking bananas; and genotypes with not less than
two A genomes are more susceptible; or at least
genotypes with one or two B genomes tend to be
more tolerant to BBTV (Hapsari and Masrum 2012;
Niyongere et al. 2011). The B-genome primarily
contributes to the strength of the plant and tolerance
of biotic and abiotic stress factors (Davey et al. 2013).

# Indonesia: East Java (Host: Musa cv. Candi AAAAAB) |Th15 study‘

Japan: Okinawa Arakawa (Host: M. acuminata)

Phillipines: Los Banos (Host: Musa cv. FHIA AAA)

Philipines: Los Banos (Host: Musa cv. Lakatan AA)

Japan: Okinawa Kume Island {Host: Musa cv.)

India: Chennai (Host: Musa cv. Karpooravall ABB)
India: Tamil Madu Host: Musa cv. Virupakshi AAB)

Subgroup |

I. Asian Group

Subgroup I

II. South Pacific Group

Figure 3. Bootstrap consensus phylogenetic tree using Neigbour Joining algorythm of BBTV isolates

Banana wild relatives are valuable resources for
future genetic improvement for many desirable
traits includes disease resistancies (Wu et al. 2016).
Some studies reported the potential resistancies of
M. acuminata sub-species including malaccensis,
and burmannica/burmannicoides, and M. balbisiana
to fungal diseases (Chen et al. 2019; Fullerton 2002;
Javed et al. 2004). M. balbisiana also considered to
be more drought tolerant (Hapsari 2014; Vanhove
et al. 2012). Morphologically, both wild species M.
acuminata var. rutilifes and M. balbisiana in this study
were considered negatively infected (Figure 1G-H). It
may become promising source of BBTV resistancies,
particularly the wild M. balbisiana and need further
studies.

Based on the morphological symptoms on field,
the BBTV isolates are classified into two types as
S-type and R-type. The S-type or severe strain results
in distinct bunched atrophy of leaves, dwarfness, no
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yield and causes 90% of total destruction. The R-type
or rough strain remains symptomless and does not
affect yield (Das et al. 2007). Hence, BBTV isolates in
severely infected banana accessions of Pisang Berlin
(Figure 1A), Candi (Figure 1B), and Morosebo (Figure
1D) in this study were included as S-type, since
they barely produce fruit bunch at all. Nonetheless;
BBTV isolates in moderately, slightly and negatively
infected in this study cannot be determined yef,
need further observation andgnalysis. In addition,
the BBTV severity symptoms was affected by plant
age and plant height when BBTV infection occured
also duration of the infection (Hooks et al. 2008).
However, regular management practices such as
eradication/prunning to infected clumps also may
biased the negative result and the severity level.

The mophological symptoms induced by BBTV are
similar to those caused by abiotic factors and other
vascular diseases (Abdulkader et al. 2004). Since,
Purwodadi is located at low land and dry area with
limited water during dry season, the BBTV symptoms
were sometimes complicated with the water
deficiency symptoms such as stunting, rosetting,
and a cessation of fruiting. Furthermore, selection of
disease free planting material is important in ex-situ
banana collection. ldentification of BBTV infection
in the planting material/suckers is difficult as the
symptom development is not visible at the early stage
infection. Likewise, the symptomless accessions
can be act and serve as a virus reservoir, become a
source of inoculums on the spread of BBTV (Thomas
et al. 2008). Hence, a reliable diagnosis of BBTV
infections using molecular approach is important.

PCR results qualitatively confirms that the
symptomless banana accessions were considered
positively infected (or false negative) (Figure 2).
Study by Stainton et al. (2015) also reported the
presence of BBTV on symptomless bananas. The
expected amplicon using the BTVCP primers in
this study supposed to be approximately +500 bp,
however interestingly the PCR result showing two
different size of amplicons both partial (+500 bp)
and full length of DNA-S (+1,000-1,100 bp). The
different sizes of amplicons produced presummable
due to specific BBTV DNA-S characteristics of each
cultivar. Some DNA-S BBTV CP primers available
may amplified at full length or partial sequences.
Previous studies by Abdulkader et al. (2004), El-
Dougdoug and El-Shamy (2011), and Hazaa et al
2006 to Egyptian banana isolates; Mahadev et al.

(2013), Shilpa et al. (2016), Arumugam et al. (2017)
to Indian isolates, Aquino et al. (2005) to Phillipines
isolates, Niyongere et al. (2015) to African isolates
were produced expected amplicons approximately
of +500 bp (partial length). Whilst, some studies
such as Yu et al. (2012) to Chinese isolates, Amin et
al. (2008) to Pakistan isolates; Selvarajan et al. (2010)
to Indian isolates, Stainton et al. (2015) to various
isolates around the world, Wickramaarachchi et al.
2016 to Sri Lankan isolates, Furuya et al. (2004) and
Chiaki et al. (2015) to Indonesian isolates were using
primers with expected amplicons of approximately
+1,000-1,100 bp (full length).

A PCR assay had the advantage of amplifying
the target nucleic acid present even at very low
level, therefore it can be used to detect the BBTV
at early stages of infection before the expression of
morphological symptoms. However, there are some
of potential problems in PCR assay for diagnostic
purposes include false negatives due to reaction
failure of bad quality DNA, contains high phenolic
compounds so that even though the target viral DNA
is present but still fail to amplify. False positives also
may appear due to DNA contamination symptoms
(Arumugam et al. 2017). Pisang Madu and Moseng
as the new collections with no visual morphological
symptoms were confirm positively BBTV infected as
detected by PCR(Figure 2,1ane 9 and 10, respectively).
Likewise, the wild M. acuminata and M. balbisiana,
also Pisang Ebung (ABB) which considered resistance
accessions were revealed positive. According to
this finding, it can be inferred that BBTV infected
those morphologically resistant accessions were
characterized under ‘R’ type (rough strain) of BBTV
since the host remains symptomless and does not
affect yield.

The sequencing of nine isolates with full length
amplicons produced low quality of DNA sequences.
Whilst, an isolate of Pisang Candi with shorter
amplicon resulted high quality sequences. The PCR
amplified products of BBTV CP gene particularly the
full length amplicons should be cloned into plasmid
vectors (such as pCRIL pCR2000, ptz57R/[T, pTZBBTri4,
pET 28a, etc.) prior to sequencing to get clean specific
target sequences (Arumugam et al. 2017; Burns et al.
1995; Das et al. 2007; Kumar et al. 2017).

Typical of babuviruses, each genomic segment
encodes a single open reading frame and contains
the highly conserved stem-loop and major common
regions (Yu et al. 2012). The sequences characteristic
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of BBTV CP sequences of Pisang Candi aligned with
35 accessions (bananas and other host species) of
homologues BBTV CP gene sequences from GenBank
were considered highly conserved, low G+C content,
and high genetic similarities. However, it was
valuable sources and prime approach to reconstruct
phylogenies for elucidating the evolutionary history
of BBTV and other nano-viruses (Hu et al. 2007).
Further, the different components of BBTV may
resulted different phylogenies (Das et al. 2007).

The phylogenetic tree resulted from this study was
in accordance to most of previous BBTV phylogeny
studies such as (Furuya et al. 2004, 2006; Selvarajan
et al. 2010; Stainton et al. 2015; Wanitchakorn et al.
2000; Wickramaarachchi et al. 2016; etc.). It was
separated into two large groups, i.e. the Asian group
(East Asia and South-east Asia) and the South Pacific
group (South Asia/Indian subcontinent, Africa and
the Pacific) (Figure 3). Further, the sequences analysis
within Asian group was considered more diverse
and less conserved than the South Pacific group.
Wanitchakorn et al. (2000) and Stainton et al. (2015)
were reported the high degree of divergence in the
sequence of CP gene of Asian group than South Pacific
group.

The Asian group was comprised of BBTV isolates
from Asian countries except South Asia/lndian
subcontinent countries; and separated into two
sub-groups supported by moderate bootstrap value.
Subgroup 1 comprises of isolates from Indonesia
(includes Pisang Candi isolate from this study),
Phillipines, Taiwan, Japan, and some parts of China
(South and Southwest of China). Whereas, subgroup
Il consists of limited isolates from Thailand, Vietnam
and parts of China (Figure 3). Hence, this phylogenetic
finding lead to the assumption that BBTV in Asia was
spreads through two routes, i.e. via East Asia and
Southeast Asia islands/archipelago and via Southeast
Asia mainland/Indochina. Meanwhile, isolates from
South Asia (India, Pakistan, and Srilanka) were close
related to isolates from Africa (Egypt, DR Congo,
Burundi and Rwanda) and clustered in South Pacific
group with isolates from Pacific Island (Hawaii)
(Figure 3).

Other host species include M. textilis, E. superbum,
and Heliconia sp. were shared high babuvirus CP
sequences with BBTV isolates from banana both
wild and cultivars (M. acuminata, M. balbisiana, M.
acuminata X M. balbisiana). Bunchy top diseases
those three differest hosts species are showing

similarity symptoms, the transmission of the diseases
were carried by the same agents of black aphid P.
nigronervosa, the inoculation of BBTV to those species
also resulted to bunchy top infection; thus led to the
conclusion that the diseases were caused by the same
virus (Furuya et al. 2006; Hamim et al. 2017; Sharman
et al. 2008; Selvarajan and Balasubramanian 2013).
However, isolates from those different hosts species
may represent distinct strains of babuvirus, therefore
need further study.

ABTV from the Phillipines in this study were
clustered with Asian group-subgroup I, and shared
the closest relation 100% similarity with BBTV
isolates from Hainan-China, and the farthest relation
within Asian Group 96.18% with BBTV isolates from
Nongkhai-Thailand. This study was supported by
Furuya et al (2006), that virus isolated from abaca
plants showed more than 99% of homologies with
BBTV. Whilst, according to Sharman et al. (2008),
ABTV and BBTV isolates shared only 79 to 81% amino
acid sequence identity for the putative CP and 54
to 76% overall nucleotide sequence identity across
all components and they were also shown to be
serologically distinct.

Meanwhile, the CP gene sequence of EBTV isolate
were clustered in South Pacific group and shared
97.96 to 100% sequence identity, closest related to
BBTV isolate from Egypt and farthest related to BBTV
isolate from Hawaii. Selvarajan and Balasubramanian
(2013) was firstly reported of natural occurrence
of bunchy top disease in Ensete in India, and
pressumably that EBTV isolate would have originated
from hill regions of Tamil Nadu. Likewise, Hamim et
al. (2017) were firstly confirming the presence of the
virus in Heliconia plants with symptoms of chlorotic
leaves and green flecking of the veins. It has shorter
sequences 401 nt and shared 98 to 99% identities to
the Hawaiian and other Pacific isolates of BBTV. In
this study, HBTV isolate was shared highest genetic
similarity 99.71% to BBTV isolate from Hawaii, and
clustered in South Pacific group with similarities
97.06 to 99.71%. Further, HBTV isolate and EBTV
isolate has sequences identity of 99.42%.

This study highlighted that both symptomatic
and symptomless banana plants examined were
molecularly confirmed positive infected as indicated
by the occurrencesof BBTV CPfragments of all isolates
on agarose gel. The BBTV in symptomless accessions
were considered R-type and the propagules may
serve as a reservoir of inoculums source for the
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spreads. Interestingly, the oligonucleotide primer
was amplified the DNA-S component at two different
sizes i.e. 500 bp and #1,000-1,100 bp. Sequencing
of the amplicons have resulted in a length of 484 to
1120 nt. However, sequences evaluation showed only
Pisang Candi isolate which has high trace score and
homologue with BBTV CP gene sequences (similarity
99%) for further analysis. The amplicons should be
cloned into plasmid vectors prior to sequencing to
get clean specific target sequences.

BBTV CP sequences were considered highly
conserved. Phylogenetic analysis delineates isolates
of the viruses into two large groups, i.e. the Asian
group (East Asia and South-east Asia) and the South
Pacific group (South Asia/Indian subcontinent, Africa
and the Pacific). The BBTV evolutionary history in Asia
was pressumably spreads through two routes, i.e. via
East Asia and Southeast Asia islands/archipelago and
via Southeast Asia mainland/Indochina. Further, this
study also highlighted that other host species (M.
textilis, E. superbum, and Heliconia sp.) were shared
high babuvirus CP sequences with BBTV isolates
from banana both wild and cultivars (M. acuminata,
M. balbisiana, M. acuminata x M. balbisiana). ABTV
from the Phillipines in this study were clustered
with Asian group, whilst EBTV and HBTV isolate were
clustered in South Pacific group. Isolates from those
different hosts species may represent distinct strains
of babuvirus, therefore need further study.
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