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Abstract One of the most severe viral diseases of hill
banana is caused by banana bunchy top virus (BBTV), a
nanovirus transmitted by the aphid Pentalonia nigronervosa.
In this study, we reported the Agrobacterium-mediated
transformation on a highly valued hill banana cultivar Viru-
pakshi (AAB) for resistance to BBTV disease. The target of
the RNA interference (RNAI) is the rep gene, encoded by the
BBTV-DNAL. In order to develop RNAI construct targeting
the BBTV rep gene, the full-length rep gene of 870 bp was
polymerase chain reaction amplified from BBTV infected hill
banana sample DNA, cloned and confirmed by DNA
sequencing. The partial rep gene fragment was cloned in
sense and anti sense orientation in the RNAIi intermediate
vector, pPSTARLING-A. After cloning in pSTARLING-A,
the cloned RNAI gene cassette was released by Notl enzyme
digestion and cloned into the Notl site of binary vector,
pART27. Two different explants, embryogenic cells and
embryogenic cell suspension derived microcalli were used
for co-cultivation. Selection was done in presence of 100 mg/
L kanamycin. In total, 143 putative transgenic hill banana
lines were generated and established in green house
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condition. The presence of the transgenes was confirmed in
the selected putative transgenic hill banana lines by PCR and
reverse transcription PCR analyses. Transgenic hill banana
plants expressing RNAi-BBTV rep were obtained and shown
to resist infection by BBTV. The transformed plants are
symptomless, and the replication of challenge BBTV almost
completely suppressed. Hence, the RNAi mediating resis-
tances were shown to be effective management of BBTV in
hill banana.

Keywords Banana bunchy top virus (BBTV) - RNAi-
BBTV rep - Transgenic hill banana (Virupakshi AAB)

Abbreviations
ECS Embryogenic cell suspension

RNAIi RNA Interference

GI Geographical indication

SH Schenk and Hildebrandt
pEB Plasmid Elaya Balan

MS Murashige and Skoog
RT-PCR Reverse transcription PCR
BBTD Banana bunchy top disease
THB Transgenic hill banana
NTHB Non transformed hill banana
NRCB National Research Center for Banana
gDNA Genomic DNA

dpt Days post transmission

cDNA Complementary deoxyribonucleic acid
Introduction

Banana crop faces numerous environmental challenges,

particularly with fungal and bacterial pathogens as well as
the major threatening disease like banana bunchy top virus
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(Hu et al. 1996). The problem is aggravated by the limited
diversity of banana cultivars around the world. Conven-
tional breeding methods have limited success due to low
female fertility, sterility, ploidy levels and poor seed set,
besides the process is time consuming. These problems
point to the necessity of developing alternate strategies for
banana improvement.

In Tamil Nadu (South India), hill bananas (two eco-
types, AAB Pome group namely, Virupakshi G.I No: 124
and Sirumalai G.I No: 126) were grown at a height of
2,800 to 5,000 feet with well distributed annual rainfall of
1,250-1,500 mm in the lower Palani hill, Sirumalai and
Kolli hills (Elayabalan et al. 2008). Hill bananas are known
for their special flavor and long shelf life, are unique to the
state of Tamil Nadu. Hill bananas are perennial in nature,
cultivated along with coffee and pepper also as a multitier
system (Elayabalan et al. 2008). However, hill bananas are
highly susceptible to banana bunchy top virus (BBTV)
disease and its area and production is severely affected due
to this viral disease. Currently, there is no strategy avail-
able to protect hill bananas against the virus. The
improvement of this crop through conventional banana
breeding has not been successful. Biotechnological
approaches such as tissue culture and genetic transforma-
tion are particularly appropriate for this valuable crop.

BBTV genome consists of at least six circular single-
stranded DNA components (BBTV DNA-1 to 6) each of
1.1 Kb (Burns et al. 1995). Each of the six DNA compo-
nents associated with BBTV encodes at least one gene
(Beetham et al. 1997). BBTV DNA component 1 (BBTV
DNA-1) contains two transcribed ORFs that include rep-
lication initiation protein (Rep) (Harding et al. 1991;
Hafner et al. 1997), while Wanitchakorn et al. (1997)
demonstrated that BBTV DNA-3 encodes the viral coat
protein. There are two groups of BBTV, the South Pacific
group (isolates from Australia, Burundi, Egypt, Fiji, India,
Tonga and Western Samoa) and the Asian group (Vietnam,
Philippines and Taiwan), based on sequence analysis of
BBTV DNA-1, -3 and -6 (Wanitchakorn et al. 2000).
Researchers from Queensland University of Technology
(QUT) Australia and University of Hawaii (UH), USA are
involved in developing transgenic bananas, particularly on
‘Cavendish’ banana with resistance to BBTV disease. John
Hu and co-workers of University of Hawaii had generated
several putative transgenic lines expressing mutated or
anti-sense rep genes with partial resistance to BBTV
(Broth et al. 2009). Some of these banana plants remained
symptomless for at least 1 year. James Dale and his group
of Queensland University of Technology developed BBTV
resistance in banana using a novel approach (Njoroge et al.
2009). In this strategy, virus activated cell death, involves
integrating into the host plant a construct encoding a split
suicide gene, which is flanked by the target virus intergenic
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region, which in turn are embedded in introns. The suicide
gene is only activated upon infection by the target virus and
is only expressed in cells that are infected by the target
virus. Activation is by viral rep mediated replicative
release and circularization during which the suicide gene is
reconstituted leading to transcription, processing out of the
intergenic region embedded in the intron and finally
translation of the suicide gene and cell death. However,
both the groups did not use the RNA interference (RNA1)
technology for imparting the BBTV resistance.

Many reports have demonstrated that RNAi can be engi-
neered to target viral RNA in plants (Smith et al. 2000;
Tenllado et al. 2004). As a proof of the concept that RNAi
can be engineered to effectively target DNA virus namely,
Mung Bean Yellow Mosaic Virus (MYMV-Vig) was
demonstrated by Pooggin et al. (2003). Furthermore, a
PTGS-based strategy to control DNA virus replication was
demonstrated when plant cells simultaneously transfected
with African Cassava Mosaic Virus (ACMV) and with a
synthetic siRNA designed to target the AC1 gene of the virus
showed a reduction in the accumulation levels of ACI1
mRNA by more than 90 % and viral DNA by 70 % com-
pared with controls (Vanitharani et al. 2003). Transgenic
cassava expressing the full length AC1 gene (which encodes
the replication-associated protein) from ACMYV imparted
resistance against the virus (Chellappan et al. 2004).

Therefore, it is now well established that both RNA and
DNA viruses can be controlled by RNAi approach. The
RNA viruses are effectively controlled by silencing the
coat protein gene whereas the DNA viruses are effectively
controlled by silencing the rep gene, which is indispensible
for DNA replication of virus. Genetic engineering for viral
diseases caused by DNA viruses in several crops resulted in
successful viral protection. Hence, an attempt was made to
engineer resistance using Agrobacterium-mediated trans-
formation for bunchy top disease in hill banana cultivar,
Virupakshi (AAB) using RNAi technology to silence the
rep of BBTV.

Materials and methods

Cloning of the BBTV rep gene with the polymerase
chain reaction (PCR)

Fresh young emerging green leaves with midribs were
collected from the infected plants and DNA was isolated
using the modified CTAB protocol and stored at —70 °C for
further use. Prior to extraction, 100-300 mg of midrib of
young hill banana leaves were cut into bits and transferred
to a zip lock bag (7 x 9 cm) and 1 mL of extraction buffer
(0.2 M EDTA, 1.4 M NaCl, 1 M, CTAB 2 %) was added
immediately. The samples were kept 5 min at room
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temperature and squeezed by rolling a glass rod over the
sample to extract the cell contents. About 500 pL of the cell
extract was transferred into an Eppendorf tube, and then
33 uL of 20 % SDS was added into the tube and mixed
well. The tube was kept at 65 °C (heating blocks) for
10-12 min and then the tube was centrifuged for 10 min at
12,000 rpm and 450 pL of the supernatant was transferred
immediately to a new Eppendorf tube. Then 450 pL of ice
cold IPA (Isopropyl alcohol) was added to the supernatant
and after mixing, the tubes were kept in ice for 20 min. The
tubes were centrifuged for 15 min at 12,000 rpm and
supernatant was discarded without disturbing the pellet. The
pellet was washed with 500 pL of 70 % ice cold ethanol
and centrifuged for 10 min at 12,000 rpm. The supernatant
was discarded and the pellet was air dried for 5 min and
suspended in 40 pL of 0.1X TE buffer (1 mM Tris HCI pH
8.0 and 0.1 mM EDTA pH 8.0) and kept at 65 °C for 3 min
(to suspend the pellet well) and stored at —20 °C. The
isolated DNA was checked for its purity by 0.8 % agarose
gel electrophoresis and quantified by UV Spectrophotom-
eter. For BBTV rep gene specific primer designing, com-
plete nucleotide sequence of several BBTV rep genes
deposited in NCBI were retrieved. Forward (BBTV-Rep-F:
5'-ACGACAGAATGGCGCGA-3') and reverse (BBTV-
Rep-R: 5'-TCAGCAAGAAACCAACTTTATTC-3') prim-
ers were designed for the amplification of the complete
OREF (870 bp) of the rep gene after multiple alignment of
the Indian isolate of BBTV. PCR amplified BBTV rep gene
was cloned into T/A cloning vector (pTZ57R/T (MBI Fer-
mentas) and sequenced.

Construction of RNAI vectors using partial 5 and 3’
end of rep gene

The cloned full-length rep gene was used to develop hair
pin RNAIi cassette targeting the BBTV rep gene. The
440 bp of 5" and 440 bp of 3’ end of the BBTV rep gene
were utilized. The partial gene fragment was subcloned in
sense and antisense orientation in an intermediate RNAi
vector pSTARLING (CSIRO Plant Industry Australia).
This vector contains Ubiquitin promoter, Ubi intron, cre
intron, restriction site for sense and antisense orientation.
The cloned hair pin RNAI gene cassette with cre intron was
released by Notl enzyme and cloned into the Notl site of
binary vector pART27 (CSIRO plant industry, Australia).
The pART27 contain npfll (kanamycin) gene for plant
selection (Fig. 1).

Agrobacterium tumefaciens and plasmids
Agrobacterium tumefaciens strain LBA4404 used in the

study. Schematic presentation of the binary vectors used is
shown in Fig. 2. The Agrobacterium strain LBA4404

(pEB1) was grown in YEP medium for 16-24 h to obtain 1
0O.D (Optimal density) culture. The Agrobacterium cells
pelleted by centrifugation at 4,000 rpm for 10 min and
dissolved in equal volume of Schenk and Hildebrandt (SH)
basal medium without hormone and the cells were grown
for 3 h at 28 °C with 175 rpm shaking.

Transformation and regeneration of transgenic
Virupakshi hill banana (AAB) lines

Hill banana embryogenic cell suspension cultures

Embryogenic cell suspensions (ECS) of banana cultivars
‘Virupakshi’ were initiated and maintained. The
4-6 months old embryogenic calli were used for initiation
of cell suspension. About 100 mg of embryogenic calli
were transferred to 100 mL conical flasks containing
10 mL of liquid ECS medium containing MS medium with
24-D (2 mg/L), IAA (1 mg/L), NAA (1 mg/L), with (45 g/L)
sucrose and (20 g/L) maltose, pH 5.3. The flasks were incu-
bated on refrigerated incubator shaker at 100 rpm at
18 & 1 °C and the cultures were maintained under light/
dark cycle of 16/8 h. The cultures were maintained for
2-3 months with periodical replacement (once in
7-10 days) of old medium with fresh medium (Cote et al.
1996) (Fig. 3).

Co-cultivation of ECS, selection and regeneration

ECS of 0.5 mL was co-cultivated by added 10 uL of
Agrobacterium suspension and kept for 30-60 min at
25 £ 1 °C without shaking. Then ECS containing Agro-
bacterium suspension was diluted by adding 10 mL of
Schenk and Hildebrandt (SH) basal medium and incubated
for 24 h at 25 &+ 1 °C with 100 rpm in dark condition.
Then, the ECS was allowed to settle at the bottom and
supernatant was discarded with the help of sterile pipette.
The ECS was washed twice with SH basal medium con-
taining 250 mg/L of cefotaxime. The ECS cells were then
transferred to semisolid medium overlaid with 0.2 pm,
47 mm, grid sterile membrane disc filters (PALL Corpo-
ration, USA), and the excess liquid medium was removed
with the help of a micropipette. Then the culture was
incubated for 4 months at 25 £ 1 °C in dark. After
4 months, induced selected embryos were transferred into
regeneration medium containing MS salts with 2.5 mg/L
BAP, 1 mg/L GA3, 2.5 mg/L thidiazuron (TDZ), MS vita-
mins, 100 mg/L. glutamine and 30 g/L sucrose 100 mg/L
kanamycin and 250 mg/L cefotaxime (Fig. 4). The plantlets
with well developed roots were hardened in sterile soil (red
soil:sand mixed at 1:2 ratio) in small pots under controlled
conditions and then transferred to transgenic greenhouse.

@ Springer



592 World J Microbiol Biotechnol (2013) 29:589-596

Fig. 1 T-DNA Region of pEB1
showing the BBTV rep hpRNAIi
gene cassette under the control
of Ubiquitin Promoter, cre
intron and tmL terminator

1.14kb(Sense)
1.58kb(Sense+Antisense)
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Fig. 2 Binary vector of RNAi-BBTV rep

Co-cultivation of ECS derived microcalli

After growing the cells for 3 h at 28 °C, 100 uM aceto-
syringone was added and used for infecting the 2 months
old ECS derived microcalli. Microcalli derived from ECS
were taken in a sterile Petri dish and incubated in Agro-
bacterium suspension for 10-15 min followed by blot
drying in sterile tissue paper to remove the excess bacterial
suspension. Microcalli were transferred to co-cultivation
medium and incubated at 25 °C for 3 days. Then the

infected microcalli washed three times with sterile water
containing 250 mg/L cefotaxime and finally washed with
SH basal medium (Fig. 5).

Selection and regeneration of microcalli

Co-cultivated washed microcalli were then transferred to
somatic embryo induction medium containing 100 mg/L
kanamycin and 250 mg/L cefotaxime. Two sub culturing
was done once in 20 days in the fresh medium. The selected
microcalli were subcultured for 3-4 cycles. After
2-3 months of subculturing, the microcalli showed the
development of somatic embryos. The somatic embryos
were then transferred into regeneration medium; containing
100 mg/L kanamycin and 250 mg/L cefotaxime (Fig. 5).
The well developed plantlets were hardened in sterile soil
(red soil:sand mixed at 1:2 ratio) in small pots under con-
trolled conditions and then transferred to transgenic green-
house (Fig. 6).

Molecular analysis and bioassay of transformed hill
banana

DNA isolation and PCR analysis

DNA was isolated as described above the section of
cloning of the BBTV rep gene with polymerase chain

Fig. 3 Initiation of embryogenic cell suspension and microcalli from hill banana immature male flower explants. a Immature flower of hill
banana; b induction of embryogenic calli ¢ initiation of ECS in liquid medium and d ECS derived microcalli
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Fig. 4 Agrobacterium mediated transformation in hill banana
embryogenic cell suspension and regeneration of transformed
embryo. a Co-culturing of embryogenic cells with Agrobacterium

suspension; b selection of ECS on glass fiber membrane filters with
100 mg/L of kanamycin; ¢ induction of embryos from selected ECS
and d germination of transformed embryos

Fig. 5 Agrobacterium-mediated transformation in hill banana micro-
calli and regeneration of transformed embryo. a Co-culturing of
embryogenic cells derived microcalli with Agrobacterium suspension;

b selection of microcalli with 100 mg/L of kanamycin; ¢ induction of
somatic embryos from selected microcalli and d germination of
transformed embryos

Fig. 6 Hardening of transformed hill banana lines in transgenic green house. a Primary hardening; b 10-15 cm grown plants; ¢ secondary

hardening in green house

reaction (PCR). The DNA was used as a template for the
amplification of npfll, rep gene and coat protein primer.

Total RNA isolation and RT-PCR analysis

Total RNA was extracted from BBTV infected hill banana,
Healthy hill banana and putative transgenic hill banana
using SV total RNA isolation kit (Promega, USA). The
RNA isolated was converted into cDNA using Revert-
Aid™ H minus First Strand cDNA Synthesis Kit (MBI
Fermentas, USA). The first strand (cDNA) was used as a
template for the amplification of nptIl, and actin gene (used
as internal control). The designed primers were used for the

amplification of different genes by RT-PCR. Temperature
profile used for the PCR amplification is as follows: Initial
denaturation at 94 °C for 5 min, followed by 35 cycles of
denaturation at 94 °C for 1 min, annealing at 56 °C for
1 min, synthesis at 72 °C for 1 min and final extension at
72 °C for 10 min. Presence of amplicon was checked
through 1.5 % agarose gel electrophoresis.

Virus source, aphid rearing and plant challenges
with viruliferous aphids

The BBTV infected banana plants and viruliferous aphid
colonies were collected from a orchard at lower Pulaney
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Fig. 7 Bioassay for virus challenging through viruliferous banana
aphid in transformed hill banana (THB) and non-transformed hill
banana (NTHB) under green house condition

region. These BBTV source plants along with viruliferous
aphids were kept in an isolated, contained area. To confirm
the viruliferous status of aphids PCR analysis was performed
using genomic DNA isolated from five random aphid sam-
ples before the release of aphids to transmit BBTV in all the
BBTD bioassays. In all the BBTD screening to attain max-
imum transmission of BBTV, five viruliferous aphids were
transferred to each transgenic hill banana (THB) and viral
free certified by NRCB, non transgenic hill banana (NTHB)
having four to five well developed leaves for inoculation
access for one-week. At the completion of inoculation-
access periods, the in vitro maintained plants were trans-
ferred to soil and subsequently all plants were sprayed with
insecticide Phosphamidon 2 mL/L (Hu et al. 1996). All the
inoculated banana plantlets were grown in an insect-proof
contained setup. Aphids were transferred using a water
moistened no. 2 camel hair paint-brush. The BBTD symp-
toms were monitored after 3 and 6 months after inoculation
(Fig. 7).

Results and discussion
Agrobacterium-mediated transformation of hill banana

Agrobacterium-mediated transformation of hill banana
with developed RNAIi constructs for targeting the 5’ end of
the rep gene was done using embryogenic cells and ECS
derived microcalli as starting material for infection. Mi-
crocalli was found better for Agrobacterium infection than
using the ECS for direct coculitvation. The ECS on direct
co-cultiivaton resulted in necrosis and cell death, whereas
the microcalli were able to tolerate Agrobacterium infec-
tion and resulted in high frequency of transformation. This
is in contrast to reports that ECS is the ideal material for
Agrobacterium infection (May et al. 1995; Engler et al.
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513bp-Coat protein

Fig. 8 Molecular analysis of transgenic hill banana through PCR
using gene specific primers of rep gene (a), nptIl (b) and coat protein
(c). a PCR amplification of 440 bp rep gene from transgenic hill
banana. Lane M 100 bp ladder, Lane H healthy hill banana plant
(negative control), Lane I BBTV infected plant, Lane P pEB1 (positive
control), Lane 1-5 transgenic hill banana. b PCR amplification of
330 bp nptll gene from transgenic hill banana. Lane M 100 bp ladder,
Lane P pEBI1 (positive control), Lane H healthy hill banana plant
(negative control), Lane [-5 transgenic hill banana. ¢ PCR amplifi-
cation of 513 bp coat protein. Lane M 100 bp ladder, Lane P pCP
(positive control), Lane H healthy hill banana plant (negative control),
Lane I BBTV infected plant, Lane 1—4 transgenic hill banana

2000; Ganapathi et al. 2001; Khanna et al. 2004). Reducing
the duration of cocultivation to 2 days and maintaining the
cultures at lower temperature (18 °C) resulted in reduced
infection injury to microcalli or ECS as noticed by reduced
accumulation of phenolics in the subsequent selection
stage. Most of the reports used 25 °C during co-cultivation
(Khanna et al. 2004). The selection agent, kanamycin
(100 mg/L) was used throughout the selection and regen-
eration of putative transgenic plants. In total, 143 putative
transgenic plants were obtained from both type of explants
infected with Agrobacterium strain LBA4404 (pEB1).

Molecular analysis of the transgenic plants and virus
challenged transgenic hill banana plants

Twenty seven plants were analysed through PCR for the
presence of the nptll gene and rep gene. The presence of
rep gene was confirmed in all the screened putative
transformed plants. The amplified product of about 440 bp



World J Microbiol Biotechnol (2013) 29:589-596

595

W Plots W | 1 2 3 4

A

330bp npt 1l

Fig. 9 RT-PCR analysis of RNA isolated from leaf tissue of putative
transformed lines using npfll (a) or actin (b) specific primers. a RT-
PCR amplification of 330 bp nprII gene from transgenic hill banana.
Lane M 100 bp ladder, Lane P pEBI1 (positive control), Lane H
healthy hill banana plant (negative control), Lane I BBTV infected
plant, Lane 1-4 transgenic hill banana. b RT-PCR amplification of
660 bp Actin gene from transgenic hill banana. Lane M 100 bp
ladder, Lane G banana genomic DNA, Lane H healthy hill banana
plant, Lane I BBTV infected plant, Lane 1-4 transgenic hill banana

was observed from the genomic DNA of all putative
transgenic plants tested using rep gene specific primers
confirming the presence of transgene in all transgenic
plants (Fig. 8a). Further to prove that the amplification of
rep is from the integration of transgene cassette alone and
not because of BBTV infection of source plant material.
Both cp, rep and npfIl genes were also targeted for PCR
analysis of transformed hill banana plants. Amplification of
rep, nptll and absence of cp in transformed Hill banana
plants clearly indicates the integration of transgene in the
transformed plants. As there is no ¢p amplification noticed
in all the transformed plants screened it is definite that
there is no viral infection in the transformed plants and the

Fig. 10 Virus challenged after

10 viruliferous aphids/Plant

amplification of rep gene is solely due to the integration of
transgene and not because of the viral infection (Fig. 8a, c).
Even though the male flower buds were collected from
hotspot for BBTV infection, the explants were taken from
apparently healthy plants and also the explants were taken
from the meristematic dome of the male flower.

Further four of these putative transgenic hill banana
plants were subjected to RT-PCR analysis using RNA from
leaf tissue in order to verify npfII transgene expression. The
nptll transcript amplification of expected fragment size
(330 bp) was observed from RNA samples of all tested
transgenic plants (Fig. 9a). Specific actin transcript
amplification was detected from all plants as an internal
control for cDNA synthesis (Fig. 9b). A gDNA control was
included in the assay with Actin primers and showed the
larger unspliced fragments, indicating DNA contamination
was below PCR detection levels in RNA samples (Fig. 9b).

Evaluation of transgenic banana for resistance to BBTD

The transgenic banana plantlets containing the ihp rep gene
were tested for BBTD resistance by artificial transmission
of in vitro plantlets under controlled conditions. Eight
PCR-positive transgenic lines (T1-T8) were artificially
transmitted with BBTV using insect vector Pentalonia ni-
gronervosa. All the tested transgenic lines did not show
any symptoms through the duration of the experiment
[90 days post transmission (dpt)], indicating that the ihp
rep gene could provide resistance to BBTV. The control
non-transgenic plantlets developed symptoms in about 15
dpt and were completely stunted within 60 dpt (Fig. 10).

Molecular analysis of virus challenged plants

In order to investigate the effect of virus challenge in the
transgenic lines, PCR analyses using primers directed
against BBTV coat protein, and native Rep were performed
using total genomic DNA extracted from the BBTV-inoc-
ulated untransformed control and the transgenic plants.
BBTV coat protein and native rep gDNA sequence were
efficiently detected in inoculated untransformed control

Without Aphids release

90 days bunchy top virus
symptom expression in

transformed hill banana (THB)
and non-transformed hill banana A 3 &
(NTHB). a Transgenic hill :
banana without symptom and
non-transformed hill banana
with bunchy top symptom;

b transgenic hill banana and
non-transformed hill banana
without bunchy top symptom

Transgenic Untransformed Transgenic Untransformed
3 D 2 <3
@ S < L ) 2 3 <
§ & B & & ¢
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10 viruliferous aphids/Plant

Without Aphids release

Before virus challenged

After virus challenged 90 Days
old hill banana plants

5'440bp-rep gene

5’d440bp-rep gene

Fig. 11 Molecular analysis for BBTV resistance, before and after virus challenging of transgenic hill banana (THB) and non-transgenic hill
banana (NTHB) through PCR after 90 days using gene specific primers of rep gene, nptll, coat protein and actin internal control

plants, which were showing typical BBTD symptoms. On
the other hand, the PCR assay failed to detect any of these
gDNAs in the samples obtained from ihp BBTV rep
transformed plants (Fig. 11).

In summary, our results confirm that expression of the
BBTV ihp rep gene in transgenic hill banana leads to
enhanced resistance to BBTD. Transgenic bananas
expressing ihp rep gene appear to have significant potential
to overcome the BBTD, which will boost the available
arsenal to combat this epidemic disease and save liveli-
hoods in India. As this transgenic approach has shown
resistance against several viral pathogens, it may also
provide effective control of other viral diseases of banana
such as streak virus in other parts of the world.
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