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ABSTRACT 
An effective method has been developed for the stable transformation and regeneration of silk banana cultivar ‘Rastali’ (Musa spp. AAB 
group) using biolistic gun method for tolerance to Fusarium wilt race 1 disease. Recent progress with advanced in vitro cultures of banana 
such as establishment of highly regenerable tiny single meristem buds opened the opportunity for the production of disease tolerant 
transgenic bananas. Chitinase and �-1,3-glucanase are important disease tolerance genes that were successfully transformed into banana 
together with gfp and gusA genes as reporter genes. Proliferating single buds were selected on geneticin G-418 to produce a number of 
putatively transformed bananas. Five different treatments using different chitinase and �-1,3-glucanase genes inserted singly or in 
combination were carried out. Molecular analyses such as polymerase chain reactions (PCR) and Southern blot were performed to 
confirm the integration and expression of the introduced genes into banana genome. The transgenic banana plantlets from each treatment 
were inoculated with 2 × 106 spores per ml conidial suspension of Fusarium oxysporum f.sp. (Race1) to evaluate the degree of tolerance 
to fungal infections. Evaluation of disease development in primarily and secondary infections showed that combination of the two 
transgenes gave substantially greater protection against the fungal than single-transgene introduction. Productive interactions between 
chitinase and �-1,3-glucanase transgenes in planta point to combinatorial expression of antifungal genes as an effective approach to 
enhanced tolerance to Fusarium wilt disease in banana through genetic engineering. 
_____________________________________________________________________________________________________________ 
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INTRODUCTION 
 
Banana is the world’s largest fruit crop with an annual pro-
duction of 168 million tons in the year 2006, of which 
around a third is produced in each of the African, Asia-
Pacific and Latin American and Caribbean regions (Anony-
mous 2008). In Malaysia, banana has been traditionally cul-
tivated in smallholdings and also as an intercrop. Fungi are 
the cause of some of the most serious diseases of banana in 
Malaysia and thus are of the greatest economic concern to 
the commercial banana industry. Banana cultivar ‘Rastali’, 
a local dessert banana which belongs to the AAB group, is 
known to be susceptible to Fusarium wilt disease which 
causes heavy losses in banana plantation sectors in Penin-
sular Malaysia. 

Conventional breeding of banana is hampered by a long 
generation time, polyploidy, the long cropping cycle and 
sterility of most edible cultivars (Vuylsteke et al. 1993). 
These difficulties could be overcome by genetic engineer-
ing techniques with the introduction of genes conferring 
resistance to fungal pathogens. The two most common 
genetic engineering systems in banana are Agrobacterium-
mediated and particle bombardment transformation (May et 
al. 1995; Becker et al. 2000; Ganapathi et al. 2001; Wonget 
et al. 2005). Kido et al. (2005) reported plant transforma-
tion using particle bombardment on somatic embryogenesis 
of banana cultivar Maca (Silk banana, AAB). They had 
developed an efficient callus regeneration method for this 
important Brazillian banana cultivar which could offer an 
alternative for crop improvement especially for fungal dis-

ease resistance. In this study, biolistic gun-mediated trans-
formation system was used in potential banana cultivar 
‘Rastali’ (AAB) for introducing antifungal genes into single 
meristem bud explants. 

Reliable optimized biological and physical conditions 
for biolistic transformation greatly influence the efficiencies 
of stable integration of foreign genes (Sreeramanan et al. 
2005). Therefore, reporter gene markers that do not exist 
naturally in the host banana plant such as �-glucuronidase 
(GUS) and green fluorescent protein (GFP) are used for 
transient experiment as indication of the interation of a 
transgene (Sreeramanan et al. 2005; Wong et al. 2005). An 
efficient method for direct gene transfer of embryogenic 
cell suspension has been reported in cooking banana cul-
tivar ‘Bluggoe’ and plantain (Sagi et al. 1995) and Becker 
et al. (2000) reported similar procedure on Cavendish 
banana cultivar ‘Grand naine’. Particle bombardment tech-
nology (Sági et al. 1995) has enabled the production of 
several hundreds of transgenic lines, which express dif-
ferent genes encoding defensin-type AMPs and nsLTPs 
alone or in combinations, mainly in plantains (AAB, Three 
hand planty, Cemsa and Navolean) and Williams (AAA, 
Cavendish subgroup) at KULeuven. 

Co-transformation is a process in which genes carried 
on separate plasmids are mixed prior to transfer by particle 
bombardment (Chen et al. 1998c). Co-transformation is a 
potential tool to create multiple and durable resistance in 
banana (Remy et al. 1998a). A large-scale molecular ana-
lysis has confirmed that a vast majority of these lines con-
tain and express the introduced genes (Remy 2000). Simi-
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larly, transgenic tomato plants expressing only a chitinase 
or a �-1,3-glucanase transgene were susceptible to Fusa-
rium oxysporum, but plants expressing both genes had sig-
nificantly higher resistance than the plants expressing only 
chitinase or �-1,3-glucanase (Jongedijk et al. 1995). In ad-
dition, Jach et al. (1995) demonstrated that tobacco plants 
expressing a barley �-1,3-glucanase and a chitinase gene 
had a greatly enhanced resistance compared to plants ex-
pressing only one of these two enzymes. Bliffeld et al. 
(1999) introduced barley seed class 11 chitinase gene (Pr3) 
driven by maize Ubi promoter along with �-1,3-glucanase 
gene in cv. ‘Bobwhite’ of wheat using particle bombard-
ment. Stable expression of transgenes was observed in suc-
cessive three generations and transgenic plants showed 
increased resistance to infection with the powdery mildrew-
causing fungus Erysiphegraminis. Recently, combined ex-
pression expression of both chitinase and �-1,3-glucanase 
genes in indica rice (Oryza sativa L.) was attempted to 
achieve higher levels of fungal resistance against Rhizoc-
tonia solani using Agrobacterium-mediated transformation 
system (Sridevi et al. 2008). Although remarkable achieve-
ments have already been made in banana transformation by 
some scientists around the world, the identification and 
introduction of useful genes into banana to reduce losses 
caused by the fungal pathogen is still a major challenge. 

In this study, five different treatments using different 
chitinases and �-1,3-glucanase genes inserted singly or in 
combination were carried out. Multiple genes encoding 
either chitinases (RCC2 or chi) or �-1,3-glucanase (Eg) and 
both was bombarded together with gfp gene (pGEM.Ubi1-
SgfpS65T) for early transient expression signal using opti-
mised physical and biological conditions (Sreeramanan et al. 
2005). In our previous study, we have demonstrated in-
creased disease tolerance of transgenic banana plantlets to 
fungal pathogen Fusarium oxysporum f.sp. cubense (race 1; 
VCG 01217) using an optimized bioassay method (Sree-
ramanan et al. 2006b). Transgenic plants with a transgene 
locus resulting from genomic integration of a single, perfect 
copy of delivered DNA are the most desirable for banana 
improvement (Makarevitch et al. 2003). Therefore, mole-
cular breeding of banana via transgenic approach is a neces-
sity in view of its long life cycle, triploidy and sterility of 
most edible cultivars (Khanna et al., 2004). Pillay and Tri-
pathi (2007) reported that the chances of transfer of trans-
genes from improved material to wild species (the major 
public concern) are expected to be negligible in Musa in 
view of the sterility of many banana cultivars. 

 
MATERIALS AND METHODS 
 
Plant materials 
 
Corm slices of in vitro Rastali banana (AAB) plantlets were cul-
tured in MS (Murashige and Skoog 1962) medium supplemented 
with different concentrations of 6-Benzylaminopurine (BAP) to 
obtain multiple bud clumps (Sreeramanan et al. 2002). Single 
meristem buds (3 mm) were used as a target tissue for transforma-
tion studies. The cultures were incubated at 25 ± 2°C and a 16-h 
photoperiod with cool white fluorescent light of 150 μmol m-2s-1. 
 
Plasmid constructs 
 
The four plasmid constructs used throughout this study were as 
follows: 
 
pBI333-EN4-RCC2 
 
The plasmid pBI333-EN4-RCC2 contains the nptII gene linked to 
the nopaline synthase gene (promoter1). Plasmid pBI333-EN4-
RCC2 was constructed to replace the gusA gene of pBI121 (Clon-
tech, USA) with the cDNA (RCC2) of the rice chitinase gene. 
 
 
 
 

pMRC1301 
 
The plasmid pMRC 1301 contains the gusA and chitinase genes, 
driven by the rice actin 1 promoter. 
 
pROKla-Eg 
 
The plasmid pROKla-Eg contains the nptII gene linked to the nop-
aline synthase gene (nos) promoter and the soybean �-1,3-endo-
glucanase gene linked to the CaMV35S promoter in the T-DNA 
region. 
 
pGEM.Ubi1-sgfps65T (GFP) 
 
The plasmid contains a gfp gene driven by a maize polyubiquitin 1 
(Ubi1) promoter. 
 
Preparation of DNA and particle bombardment 
 
The plasmid DNA was precipitated onto gold according to the ins-
truction manual for the Biolistic PDS-1000/He device. Gold 
microcarriers were suspended in absolute ethanol (60 mg.ml-1) and 
vortexed vigorously for 3 min to get rid of aggregated lumps. The 
suspensions were centrifuged for 1 min at 10,000 rpm and the 
supernatant was discarded. The pellet was resuspended in 1 ml of 
sterile distilled water, vortexed, centrifuged for 1 min and the 
supernatant discarded. The process was repeated once. The final 
pellet was resuspended in 1ml of sterile distilled water and 50 �l 
aliquoted each in microtubes while vortexing of the suspension 
continues. A 5 �l sample of DNA solution (1.5 �g.�l-1), 50 �l of 
CaCl2 (2.5 M) and 20 �l spermidine (0.1 M) were added one by 
one to the 50 �l particle suspension. The mixture was vortexed for 
3 min, centrifuged for 10 s at 10,000 rpm and the supernatant 
discarded. The pellet was washed with 250 �l of absolute ethanol. 
The final pellet was resuspended in 60 �l of absolute ethanol. A 6 
�l sample of the aliquot was loaded onto the center of the macro-
carrier, air dried and used for bombardment. Each bombardment 
was performed twice at 1100 psi rupture disk pressure, 4 mm rup-
ture disk to macrocarrier distance, 11 mm macrocarrier to stopping 
screen distance, 9 cm stopping plate to target tissue distance and 
28 mm Hg vacuum pressure (Sreeramanan et al. 2005). 
 
Co-bombardment 
 
There were five treatments used in this experiment (Table 1). 
Plasmid pGEM.Ubi1-sgfps65T (GFP) was co-transformed in all 
treatments as a reporter marker to monitor early detections of suc-
cessful gene insertions. 
 
Selection and regeneration system 
 
After bombardment, single buds were transferred to MS medium 
containing 10 mg.l-1 of BAP and were allowed to recover for two 
weeks in the absence of antibiotic selection. After this recovery 
period, explants were transferred to the same medium containing 
50 mg.l-1 geneticin G-418 (Sigma) for two weeks. The survived 
explants were transferred back to the liquid medium containing 25 
mg.l-1 of geneticin G-418 for an additional two weeks. Liquid 
medium selection provides a better contact between the tissues and 
the antibiotic solution. The survived tissues were further selected 
in MS solid medium using geneticin G-418 at 25 mg.l-1. The sur-
vived explants were maintained in hormone-free medium for plant 
regeneration. The regenerated plantlets from each putatively inde-
pendent transformed cell line were maintained under in vitro con-
ditions for further confirmation. 

Table 1 Five treatments with different combination of plasmids con-
taining chitinase and �-1,3-glucanase were used together with gfp gene 
as a reporter gene. 
Treatments Combination of plasmids 
1 pBI333-EN4-RCC2 + pROkla-Eg 
2 pMRC1301 + pROKla-Eg 
3 pBI333-EN4-RCC2 
4 pMRC 1301 
5 pROKla-Eg 
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Histochemical GUS staining 
 
Bombarded tissues were assayed for GUS expression according to 
that of Jefferson et al. (1987). 
 
Visualisation of GFP 
 
A florescence microscope (Leica MZFL 111) equipped with GFP 2 
filter set was used to monitor the GFP expression of transformed 
tissues. 
 
2.8 Polymerase chain reactions (PCR) 
 
Genomic DNA were extracted from eight putative transgenic lines 
using an improved and modified CTAB method adopted from 
Pasakinskiene and Paplauskience (1999). PCR was done using the 
DNA Thermal Cycler 480 machine (Perkin-Elmer). RCC2 and chi 
(chitinases genes), Eg (�-1,3-glucanase) and nptII genes were am-
plified using standard protocols (Sambrook et al. 1989). The fol-
lowing primers were used to amplify the transgenes and part of the 
regulatory sequences (Table 2). 

PCR amplifications were carried out in 100 �l reactions vol-
ume containing template DNA (500 ng genomic DNA or 60 ng 
plasmid DNA), 200 ng of each primer (forward and reverse), 0.2 
mM dNTP mix, 1.5 mM MgCl2, 1X PCR buffer and 5 U Taq DNA 
polymerase (MBI Fermentas). Amplification for gfp and gusA 
genes were performed using the following conditions: 1 cycle of 
94°C for 5 min; 30 cycles of 94°C (30 sec), 60°C (1 min) and 
72°C (2 min); and last cycle of 72°C for 7 min. Amplification of 
chitinase gene (RCC2) fragments was performed for 35 cycles at 
94°C for 1 min, 55°C for 1 min and 72°C for 2 min, for denaturing, 
annealing and primer extension, respectively. The conditions for 
amplification of chitinase gene (chi) conducted were: 1 cycle of 
95°C for 5 min; 35 cycles of 95°C (1 min), 58°C (1min) and 72°C 
(2 min); and 1 cycle of 72°C for 7 min. Amplification of �-1,3-
glucanase gene (Eg) fragments was performed for 45 cycles at 
94°C for 1 min, 40°C for 2 min and 72°C for 3 min, for denaturing, 
annealing and primer extension, followed by 72°C for 7 min. Am-
plification of nptII gene fragments was performed for 35 cycles at 
94°C for 1 min, 62°C for 1 min and 72°C for 2 min, for denaturing, 
annealing and primer extension, respectively. All amplified PCR 
products were checked on 1.2% agarose gel. 
 
Southern blot analysis 
 
A nonradioactive method was used to confirm stable integration of 
chitinase (RCC2 and chi) and �-1,3-glucanase (Eg) transgenes in 
the host banana genome. Genomic DNA (20 �g) from PCR posi-
tive transformants were subjected to digestion with HindIII in buf-
fer H (Promega). For pMRC1301 plasmid, double digestions were 
carried out with NheI and KpnI (gusA gene) or HpaI and KpnI 
(chitinase gene). 
 
Extraction and determination of total acid soluble 
proteins 
 
Young leaf samples from in vitro cultures (0.25 g) were homo-
genised in 5 ml extraction buffer (0.1 M sodium buffer, 1 mM 
EDTA, 0.1% �-mercaptoethanol, pH 5.2), with 100 mg insoluble 

polyvinyl polypyrroline. The homogenate was centrifuged at 
12,000 rpm for 20 min. The supernatant was used as crude extract 
for determination of total acid soluble protein, chitinase and �-1,3-
glucanase activities. Protein was quantified by Bradford methods 
(1976), at wavelength of 595 nm. Total acid soluble protein was 
expressed in mg.g-1 fresh weight by using bovine albumin as stan-
dard. 
 
Chitinase activity assay 
 
Methods of Tonon et al. (1998) were followed with a slight modi-
fication in enzyme concentration. Chitinase activity was deter-
mined based on the rate of N-acetylglucosamine production using 
chitin as the substrate. Amount of enzyme catalyzing the formation 
of 1 nm N-acetylglucosamine equivalent in one second under 
assay conditions equals 1 nkat (Anfoka and Buchenauer 1997). 
 
�-1,3-glucanase activity assay 
 
The �-1,3-glucanase activity assay methods of Tonon et al. (1998) 
were followed with a slight modification. �-1,3-glucanase activity 
determination was based on the rate of reducing sugar production 
using Laminarin (Sigma) as the substrate. Amount of enzyme cata-
lyzing the formation of 1nm glucose equivalent in one second 
under assay conditions refers as 1 nkat (Anfoka and Buchenauer 
1997). 
 
Bioassay of transgenic banana plantlets 
challenged by the fungus pathogen, Fusarium 
oxysporum fsp. cubense (race 1; VCG 01217) 
 
Development of Fusarium bioassay method in transgenic banana 
for this study was referred by using an improved method adopted 
by in our previously published manuscript (Sreeramanan et al. 
2006b). For plant inoculation bioassay protocol, untransformed 
banana cv. ‘Rastali’ (AAB) plantlets roots sections were cut at 3 
cm from the root tips (Fig. 1). The plants dipped into spore con-

Table 2 Genes, primer, primer sequences and expected product length. 
Genes Primer Sequence (5�-3�) Product length (bp) 
Gfp (pGEM.Ubi1-SgfpS65T) Forward 

Reverse 
ATGAGTAAAGGAGAAGAACTTTTC 
TTTGTATAGTTCATCCATGCCA 

726 

gusA (pMRC1301) Forward 
Reverse 

ATTAATGCGTGGTCGTGCAC 
CGCCGATGCAGATATTCGTA 

786 

Chitinase (pBI333-EN4-RCC2) Forward 
Reverse 

GGATCCAGCGGCTCGTCGGTTG 
GTATAATTGCGGGACTCTAAT 

310 

Chitinase (pMRC1301) Forward 
Reverse 

TACAACTTCAACTACGGGCCG 
ACGACTCACTATAGGGCG 

486 

�-1,3 glucanase (pROKla-Eg) Forward 
Reverse 

GATGTGATATCTCCACTGACGTAA  
GTATAATTGCGGGACTCTAAT 

830 

nptII Forward 
Reverse 

CCCCTCGGTATCCAATTAGAG 
CGGGGGGTGGCCGAAGAACTCCAC 

900 

 

Fig. 1 The assembly of the single banana plantlet with perlite for 
Fusarium bioassay assay. The pipette tip indicates the initial point where 
inoculum (1 × 106 spores.ml-1) was applied after the each single plantlet 
dipped for an hour in Fusarium spores suspension (1 × 106 spores.ml-1). 
The bar in the bottom represents 2 cm. 

67



Tree and Forestry Science and Biotechnology 4 (Special Issue 2), 65-75 ©2010 Global Science Books 

 

centrations of 106 spores.ml-1 Fusarium oxysporum fsp. cubense 
(race 1; VCG 01217) for one hour and were then transplanted in a 
plastic container (8 cm × 8 cm) with sterile perlite. One ml of 106 
spores concentration was again inoculated near the root or stem 
regions for double confirmation. The total spores used were 2 × 
106 spores per ml. The plantlets were watered using basal MS 
liquid medium. The experiment was performed in three replicates. 
Disease development and severity were monitored and measured 
over for a period of four weeks. Necrosis in new and old leaves 
tissue (yellowing) indicated Fusarium wilt symptoms. 
 
Statistical analysis 
 
Data were analysed using one-way ANOVA and the differences 
contrasted using Duncan’s multiple range test. All statistical ana-
lyses were performed at 5% using SPSS 10.0 (SPSS Inc. USA). 
 
RESULTS AND DISCUSSION 
 
Evaluation of GFP and GUS expression as 
reporter genes using co-bombardment 
 
Particle bombardment with an equimolar mixture of plas-
mids using single or double combinations were carried out 
(Table 1) together with GFP construct (pGEM.Ubi1-
sgfps65T), in which the antifungal proteins and the GFP 
plasmid were non-linked (all plasmids were containing 
nptII gene as selection marker). Expression of gfp gene 
could be observed transiently 48 hours after post-bombard-
ment in all treatments (Fig. 2, 4A). Almost all bombarded 
single buds from each treatment showed gfp gene expres-
sion with some variations in percentage of fluorescent spots 
per bud (Fig. 2). However, no continuous expression could 
be detected after five months in regenerated plantlets. The 
maize Ubi-1 promoter region has been shown to drive 
strong, constitutive transgene expression (Cornejo et al. 
1993). GFP expression derived from the maize Ubi-1 pro-
moter was appear in mesophyll, epidermis, vascular cells of 
leaves, in cortex, endodermis and pith cells of young roots 
of maize (van der Geest et al. 1998). 

The highest gfp gene expression could be detected in 
treatment 3 between week one and week two (Fig. 2). How-
ever, it decreased almost (50%) during week four. At week 
four, the highest expression could be detected in treatment 2 
and the lowest in treatment 4. However, at week 5 and 6, 
GFP expression was the highest in treatment 1. Interestingly, 
GFP expressions had been observed on regenerated multi-
ple bud clumps (Mbcs), shoots, leaves and roots (Fig. 4) 
under geneticin G-418 selection. These indicated that GFP 
regardless of targeted or not, could be expressed in banana 
tissue transiently in earlier stage and become stable at later 
stage of regeneration under optimise conditions (Tian et al. 
1997). Becker et al. (2000) reported stable transformation 
of Cavendish banana (Musa spp., AAA group) cultivar 
‘Grand naine’ via particle bombardment with a construct 
carrying gfp reporter gene under control of the 35S promo-
ter and the nptII gene under control of a novel promoter 
derived from banana bunchy top virus (BBTV). 

Expression of the gusA gene could be observed transi-
ently beginning 48 h post-bombardment in treatments 2 and 
4 (Fig. 3, 4B). Highest GUS expressions observed during 
week 2 in both treatments [treatment 2 (65%) and treatment 
4 (55%)]. It could due that the gene requires two days for it 
to express in a new environment from the injuries inflicted 
by scalpel and blasting conditions. Higher gusA expression 
observed in treatment 2 compared to treatment 4 throughout 
six weeks of observations (Fig. 3). Similarly, GUS expres-
sions had been observed on regenerated multiple bud 
clumps (Mbcs), shoots, leaves and roots (Fig. 5) under 
geneticin G-418 selection. Becker et al. (2000) reported that 
selection of bombarded embryogenic cell suspension of 
banana with geneticin G-418 allowed transgenic embryo 
transformed but interfered with embryo germination deve-
lopment in the later stage. 

Though both markers are useful, the gfp gene was more 

sensitive in following Rastali (AAB) banana transformation 
in transient assays. Previously, we obtained similar result in 
our experiment in Agrobacterium-mediated transformation 
results with gfp gene was more efficient compared to gusA 
gene (Sreeramanan et al. 2006a). The number of buds tes- 
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A B 

Fig. 4 Transient genes expression in single bud, two days after co- 
bombardment with antifungal genes. (A) Transient gfp (pGEM.Ubi1- 
SgfpS65T) gene expression from Treatment 3; (B) Transient gusA 
(pMRC1301) gene expression from Treatment 2. Both pictures were taken 
under 80X magnification using a stereomicroscope (Leica MZFL 111). 
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ting positive for the GFP reporter is higher than that for the 
GUS reporter gene. Furthermore, in buds that tested posi-
tive for either reporter (treatments 2 and 4), the number of 
spots with GFP expression typically is several times higher 
that seen with the GUS construct, indicating the greater sen-
sitivity of detection of the gfp gene product (Figs. 2, 3). 
 
An improved strategy for transformation in 
banana using single meristematic buds and plant 
regeneration 
 
Selection was carried out on bombarded single buds on MS 
medium consisting of 10 mg.l-1 of BAP containing geneticin 
G-418 at 50 mg.l-1, during a period of 4 to 8 weeks (Fig. 5). 
However, none of the negative control plates did ever give 
rise to surviving cell aggregates under any of the selective 
conditions used in this experiment. In the absence of anti-
biotics, uninfected single buds proliferated normally on 10 
mg.l-1 of BAP, whereas they turned to black and died after 
two months under selection condition even at the lower 
concentration tested. Percentage of transformation fre-
quency was evaluated based on the number of buds rege-
nerated from the total number of buds bombarded. However, 
regeneration frequency was highly dependent based on 
different treatments. 

Particle bombardment with an equimolar mixture of two 
different plasmids pBI333-EN4-RCC2 and pROKla-Eg 
(treatment 1) carrying two different antifungal protein gene 
(chitinase and �-1,3-glucanase) yielded in total of 180 
shoots resistant in antibiotic selection during the first phase 
(50 mg.l-1 of geneticin G-418 in solid medium) and 140 
shoots during the second phase. Only 5.25% of shoots sur-
vived after third selection. For treatment 2 (pMRC1301 and 
pROKla-Eg), a total of 153 shoots resistant were selected 
during the first phase (50 mg.l-1 of geneticin G-418 in solid 
medium) and 86 shoots during the second phase. Only 
7.25% of shoots survived after third selection. However, 
some of regenerated plantlets turned black in both treat-
ments. Transformation frequency is lower in treatment 1 
(4%) compared to treatment 2 (6%). Similarly, the reduction 
of the regenerating potential has been described in bom-
barded banana cell suspension of Cavendish cultivar Wil-
liam (AAA) by Becker et al. (2000). 

Transformation frequencies of the regenerated plantlets 
for these single plasmid transformants (treatments 3, 4 and 
5) were in the same range as those for double co- trans-
formants. So, the presence of another plasmid did not have 
an effect on the transformation frequencies of individual 
transgenes. Highest transformation frequency obtained from 
treatment 3 (7.50%) and the lowest from treatment 1 (4%). 
Factors that cannot be controlled completely but that prob-
ably contributed to this large variation include the compe-
tence for transformation of the single buds at the time of 
bombardment, the degree of aggregation of the coated gold 
particles and precise targeting of single buds. 

Several studies have used GFP as a selection agent in 
order to improve transformation efficiency in plants (Vain et 
al. 1998; Elliot et al. 1999). In this study, GFP fluorescence 
together with geneticin G-418 was used to increase the ac-
curacy and predictability of the banana selection process. 

It has been reported that gene expression might de-
crease or be lost in the progeny of transgenic plants after 
several generative multiplication cycles or even with ageing 
of the plant (Cornejo et al. 1993). All independent lines 
from five treatments were analysed for GFP and GUS 
(treatments 2 and 4) expressions (Figs. 6, 7). Of the three 
banana plantlets tested from treatment 1, two (expression 
frequency of 67%) and one (expression frequency of 33%) 
developing bright green fluorescent in leaf and root tissues, 
respectively. Expression of GFP in regenerated was visually 
confirmed at the time of multiple bud clumps formation, 
shoot initiation, rooting and leaves (Fig. 6). Although GFP 
expression could be visually detected in all tissues, it was 
strongest in tissue containing only low amounts of chloro-
phyll such as cell cultures, meristematic regions, young 

Fig. 5 Regeneration of transgenic banana plantlets, Rastali (AAB). (A) 
Three months in geneticin G-418 (50 mg.l-1) selection media; (B) Multiple 
shoots proliferating in 1 mg.l-1 BAP; (C) Single regenerated banana 
plantlet. The bar in the bottom of each of the image represents 2 cm. 

B 

A 

C 
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plant tissues and reproductive structures of banana plantlets. 
From treatment 2, three (expression frequency of 75%) and 
one (expression frequency of 25%) expressed gfp gene in 
leaf and root tissues. However, GUS expression was 
slightly lower than GFP. Two plantlets (expression fre-
quency of 50%) expressed gusA gene both in leaf and root 
tissues. For treatment 3, three (expressing frequency of 
75%) and one (expression frequency of 25%) expressed gfp 
in leaf and root tissues. Both plantlets tested from treatment 
4 (expression frequency of 50%) expressed gfp and gusA 
genes expression in leaf and root tissues, respectively. For 
treatment 5, one (expression frequency of 25%) and two 
(expression frequency of 50%) expressed GFP in leaf and 
root tissues. Zhu et al. (2004a) successfully transformed the 
papaya variety ‘Kapoho Solo’ with the gfp gene via micro-
projectile bombardment of embryogenic callus. A reduction 
in selection time (3-4 weeks as compared to the average 3 
months experienced when using a geneticin [G-418] selec-
tion-based medium) was demonstrated, a 5- to 8-fold in-
crease in the number of transformants (compared to antibio-
tic-based selection), and a 15- to 24-fold increase in trans-
formation throughput. 

No loss of GFP and GUS expressions was observed in 
transgenic in vitro leaf and root tissues at least three sub-
cultures on selection medium. Thus, the gfp and gusA genes 
were not only transmitted but also stably expressed during 
vegetative multiplication in vitro. Regeneration of plants 
from transgenic tissue expressing GFP has been demons-
trated in several different plants (Pang et al. 1996; Kohler et 
al. 1998), indicating that GFP has little impact on normal 
development embryonal cell. As the plantlets developed, 
GFP fluorescences were best visualized at the vascular 
tissue and root (Fig. 6E, 6F). Non-transgenic material at 
this stage fluoresced light red and was easily distinguished 
from the light to bright green of the transgenic plantlets. As 
the leaves developed and matured, the green fluorescence 
was less apparent and may have been masked by the in-
creased red auto-fluorescence of chlorophyll. A similar 
observation was reported in sugarcane (Elliot et al. 1999). 

However, when the in vitro banana plant was at the end of 
its vegetative stage, it was difficult to differentiate between 
the leaves of the transgenic and non-transgenic as the result 
of the reddening of the GFP leaves by increased chlorophyll 
biosynthesis. 

An extensive histochemical GUS analysis was carried 
out on different tissues of GUS expressing transformants 
from treatments 2 and 4 to determine if promoter regarded 
constitutive (rice Act1). When GUS expression was detec-
ted in leaf tissue of in vitro plantlets [Plant code: R1T2 (11) 
and R3T4 (7)], it was also found in all other tissues tested 
including the meristematic part and root hairs (Fig. 7). 
Staining of the meristem clearly demonstrated that plantlets 
were fully transformed and no chimaeric tissue was formed, 

Fig. 6 Stable gfp gene expression in single buds and proliferating bud clumps from treatment 1 to 5. (A) Control explant; (B) Treatment 1; (C) 
Treatment 2; (D) Treatment 3; (E) Treatment 4 and (F) Treatment 5. Explants were viewed under a florescence microscope (Leica MZFL 111) equipped 
with GFP 2 filter. All pictures were taken under 60X magnification using a stereomicroscope. 
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Fig. 7 Stable gusA gene expression on regenerating banana plantlets 
from treatment 2 and 4. (A-B) Regenerating single buds with GUS ex-
pression; GUS expression in leaf (C) and root (D). Only plasmid 
pMRC1301 contains gusA gene. All pictures were taken under 40X mag-
nification using a stereomicroscope. 
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although a uniform blue staining was not always observed 
in all tissues (based on molecular analysis). Two types of 
GUS expression patterns in leaf tissue of plant code R1T2 
(11) and R3T4 (7) can be distinguish. First, GUS expression 
was restricted to the leaf veins and midrib tissues (Fig. 7C). 
However, this expression pattern is not unusual to CaMV 
35S promoter which is highly active in vascular tissue (Aro-
kiaraj et al. 1998). Furthermore, it indicated that little or no 
GUS enzyme seemed to leak from GUS-expressing cells 
present in the veins into neighbouring cells, which rendered 
the histochemical assay useful for localization of GUS ex-
pression in banana leaf tissue. However, it has been repor-
ted that the variation in GUS expression could be explained 
by the existence of chimeras comprised of a mixture of 
transformed and untransformed cells, as been reported in 
transgenic chrysanthemum (Teixeira da Silva and Fukai 
2003). 

The second type of GUS expression pattern uniform as 
all cells of the leaf tissue including those of the lamina 
stained blue, while non-transformed controls were never 
positive. Without wounding, the X-Gluc solution did not 
fully penetrate and leaf disc did not stain completely blue, 
allowing misinterpretations of GUS expression. GUS ex-
pression was also present in longitudinal sections and root 
hairs of the main roots of transformants (Fig. 6D). Wong et 
al. (2005) reported the comparison of �-glucuronidase ex-
pression and anatomical localization in bombarded im-
mature embryos of banana cultivar Mas (AA) via biolistic 
gun transformation. They reported that strong GUS staining 
in the deep layers of the cell structure were produced by 
higher acceleration pressure and shorter target distance, 
whereas weak GUS staining in the plant epidermis layer 
were observed in most lower acceleration pressure and 
higher target distance. The GUS and GFP expressions re-
garded constitutive in roots which is significantly important 
in developing transgenic banana tolerant to root attacking 
fungus such as Fusarium oxysporum. However, GUS ex-
pression in independent transformants could vary from con-
fined to the leaf veins or root cylinder to a more uniform 
including all cells. Since in vitro plantlets were fully trans-
formed, the observed differences between independent 
transformants might be the result of plasmid DNA integra-
tions in different positions in the genome (position effects). 
These effects probably play a major role in particle bom-
bardment transformation, since DNA integration happens in 
a complete random manner. Histochemical localization of 
GUS activity controlled by the rice Act1 promoter equally 
active in all banana tissues like in cereals (maize: Zhong et 
al. 1996b; wheat: Nehra et al. 1994) or primarily in root 
meristems like in Gladiolus (Kamo and Blower 1999). 
 
Verification of presence of the transgenes using 
polymerase chain reactions (PCR) analysis 
 
PCR analysis was performed to confirm the presence of 
introduced gene (s) in putatively transformed plants. Geno-
mic DNA extracted from in vitro banana plantlets derived 
from histochemical expressions of GFP or GUS (treatments 
2 and 4) positive and geneticin G-418 resistant single buds. 

Thirty-six DNA samples of resistant plantlets were 
picked from five treatments were subjected to PCR analyses. 
Figs. 8-13 showed the results of PCR amplification with six 
different sets of primers of the gfp, gusA, chitinases (RCC2 
and chi), �-1,3-glucanase (Eg) and nptII genes. In all expe-
riments, no bands were detected from the untransformed 
samples. Below is the summary of PCR results obtained 
from each treatment: 

 
1. Treatment 1 (pBI333-EN4-RCC2 + pROKla-Eg) 
 
Two [plant code: R2T1 (19) and R3T1 (7)] of eight samples 
assayed successfully amplified the expected band size of 
726 bp for the gfp gene (Fig. 8: Lanes 2, 3), 310 bp for the 
RCC2 chitinase gene (Fig. 10: Lanes 2, 3, 4, 6), 830 bp for 
the Eg gene (Fig. 12: Lanes 3, 4, 5, 6) and 900 bp for the 

nptII gene (Fig. 13: Lanes 2, 3). 
 
2. Treatment 2 (pMRC1301 + pROKla-Eg ) 
 
Two [plant code: R1T2 (11) and R3T2 (24)] of five samples 
assayed successfully amplified the expected band size of 
726 bp for the gfp gene (Fig. 7: Lanes 4, 5), 789 bp for the 
gusA gene (Fig. 8: Lanes 2, 3, 4, 5), 486 bp for the chitinase 
gene (chi) (Fig. 10: Lanes 3, 4, 5, 6, 7, 8, 9), 830 bp for the 
Eg gene (Fig. 11: Lanes 7, 8) and 900 bp for the nptII gene 
(Fig. 12: Lanes 4, 5). 
 
3. Treatment 3 (pBI333-EN4-RCC2) 
 
One [plant code: R2T3 (Y10)] of 11 samples assayed 
successfully amplified the expected band size of 726 bp for 
the gfp gene (Fig. 10: Lane 6). Meanwhile, plant R2T3 
(Y10) and R2T3 (Y11) amplified 310 bp for the RCC2 
chitinase gene (Fig. 10: Lanes 7, 8, 11). 
 
4. Treatment 4 (pMRC1301) 
 
One [plant code: R3T4 (7)] of seven samples assayed suc-
cessfully amplified the expected band size of 789 bp for the 
gusA gene (Fig. 9: Lanes 6, 7), 486 bp for the chitinase 
(chi) gene (Fig. 11: Lanes 10, 11). 
 
5. Treatment 5 (pROKla-Eg) 
 
One [plant code: R2T5 (42)] of five samples assayed suc-
cessfully amplified the expected band size of 830 bp for Eg 
gene (Fig. 12: Lanes 9, 10, 11), and 900 bp for the nptII 
gene (Fig. 13: Lane 6). 
 
Genomic Southern blot hybridisation analysis 
 
Southern blot analysis yields information on the number of 
integration sites per transgene and the copy number of the 
transgenes. For analysis of material produced by particle 
bombardment, there are two possible approaches. In one 
them, the restriction enzyme cuts only within the plant 
DNA and not within the vector used for transformation. The 
presence of multiple DNA bands indicates integration at 
multiple sites. The other alternative is to use a restriction 
enzyme that cuts only once within the plasmid, as used in 
this study except for pMRC1301. The genomic DNA was 
digested with HindIII, a unique cleavage site in the trans-
gene used to estimate the number of insertion sites and hyb-
ridized with transgene specific probes. For Treatment 2 and 
4 with the presence of pMRC1301, double digestions were 
performed using similar conditions with Nhel and Kpnl 
(gusA gene) and Hpal and Kpnl (chitinase gene). 

Southern blot analysis of transgenic plants revealed a 
set of unique and complex hybridization bands for each of 
the four transgenes {gusA (treatment 2 and 4), chitinases 
(RCC2 and chi) and �-1,3-endoglucanase (Eg)}, indicating 
random integration of foreign DNA. Southern blots of PCR 
positive transgenic banana plantlets from five treatments are 
presented in Figure 14 to 17, with each representing a dif-
ferent transgene (Fig. 14, gusA gene; Fig. 15, RCC2 gene; 
Fig. 16, chi gene and Fig. 17, Eg gene). Below is the sum-
mary of DNA analysis from Southern blots results charac-
terised from each treatment. 

 
1. Treatment 1 (pBI333-EN4-RCC2 + pROKla-Eg) 
 
Two copies were found in each plantlet [plant code: R2T1 
(19) and R3T1 (7)] for RCC2 and Eg genes (Fig. 15: lanes 2, 
3 4; Fig. 17: lanes 3, 4, 5, 6). Each of the sample from two 
plantlets successfully hybridized the expected band size of 
1.4 kbp for the RCC2 gene and 3.5 kbp for the Eg gene. The 
results obtained indicated co-transformation of both trans-
genes into the banana genome successful. No signals were 
detected in the negative control plantlets. 
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2. Treatment 2 (pMRC1301 + pROKla-Eg) 
 
Multiple copies (three to four copies each transgene) was 
found in one of the two plantlets from treatment 2 [plant 
code: R1T2 (11)] for chi gene (Fig. 16: lane 4). Except one 
copy of chi1 transgene obtained with the expected band size 
of 3.3 kbp from plantlet treatment 2 [plant code: R3T2 (24); 
lanes 5, 6, 10, 11]. However one copy of �-1,3-endogluca-
nase and gusA transgenes obtained from those banana plant-
lets [�-1,3-endoglucanase (Fig. 17: lanes 7, 8, 9, 10)] and 

gusA (Fig. 14: lanes 2, 3, 4, 5) with the expected band size 
of 3.5 and 3.0 kbp. The results obtained indicated co-trans-
formation of both transgenes into the banana genome suc-
cessful in treatment 2 with strong bands especially for chiti-
nase transgene. This probably indicates that multiple copies 
of the transgene had integrated into the same loci as con-
tainers in the genome. 
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Fig. 8 PCR analysis of gfp gene in transgenic banana plantlets selected on geneticin G-418. M = Lambda DNA digested with HindIII was used as 
molecular weight marker; 1 = Transforming plasmid, pGEM.Ubi1-SgfpS65T; 2-6 = Putative transformed plantlets showing the amplified 726 bp of gfp 
gene. Fig. 9 PCR analysis of gusA gene in transgenic banana plantlets selected on geneticin G-418. M = � DNA digested with HindIII was used as 
the molecular weight marker; 1 = Transforming plasmid, pMRC1301; 2-6 = Putative transformed plantlets showing the amplified 789 bp gusA gene and 7 
= non-transformed plantlet. Fig. 10 PCR analysis chitinase gene (RCC2) in transgenic banana plantlets selected on geneticin G-418. M = � DNA 
digested with HindIII was used as the molecular weight marker; 1 = Transforming plasmid pBI333-EN4-RCC2; 2-4, 6-8, 11 = Putative transformed 
plantlets showing the amplified 310 bp RCC2 gene; 5 = Untransformed plantlets and 9–10= chimeric plantlets. Fig. 11 PCR analysis chitinase (chi) gene 
in transgenic banana plantlets selected on geneticin G-418. M = � DNA digested with HindIII was used as the molecular weight marker; 1 
=Transforming plasmid, pMRC1301; 5 = Untransformed plantlets; 3-11 = Putative transformed plantlets showing the amplified 486 bp chitinase (chi) 
gene. Fig. 12 PCR analysis of �-1,3-endoglucanse gene in transgenic banana plantlets selected on geneticin G-418. M =� DNA digested with HindIII 
was used as the molecular weight marker; 1 = Transforming plasmid, pROKla-Eg; 2 = untransformed plantlet; 3-11 = Putative transformed plantlets 
showing the amplified 830 bp of �-1,3-endoglucanse (Eg) gene. Fig. 13 PCR analysis npt11 gene in transgenic banana plantlets selected on geneticin 
G-418. M =� DNA digested with HindIII was used as the molecular weight marker; 1 = Transforming plasmid, pMRC 1301; 2-6 = Putative transformed 
plantlets showing the amplified 900 bp nptII gene. 
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3. Treatment 3 (pBI333-EN4-RCC2) 
 
Two copies were found in each plantlet [plant code: B2Y 
(4) and B3Y 911)] for RCC2 transgene (Fig. 15: lanes 5, 6, 
7, 8). Each of the samples from two plantlets successfully 
hybridized the expected band size of 1.4 kbp for the RCC2 
gene. No signals were detected in the negative control (Fig. 
15: lane 9). 

 
4. Treatment 4 (pMRC1301) 
 
One copy were found in plantlet [Plant code: R3T4 (7)] for 
chi transgene (Fig. 16: lane 8) and gusA transgenes (Fig. 
14: lanes 7, 8). The DNA sample successfully hybridized 
the expected band size of 3.3 kbp for the chi gene and 3.0 
bp for the gusA transgene. 
 
5. Treatment 5 (pROKla-Eg) 
 
One copy were found in plantlet [Plant code: R2T5 (42)] 
for �-1,3-endoglucanase (Eg) transgene (Fig. 17: lane 11). 
The DNA sample successfully hybridized the expected band 
size of 3.5 kbp for �-1,3-endoglucanase transgene. No sig-
nals were detected in the negative control (Fig. 17: lane 2). 
 
Analysis of chitinase and �-1,3-glucanase protein 
production in transgenic banana plantlets 
 
It has been observed differences in the amount of the chi-
tinase enzyme produced in the T0 transgenic plants of indica 
rice from the radiometric estimation of the chitinase protein 
(Kishimoto et al. 2002). The chitinase activity of R2T1 (19) 
and R3T1 (7) from treatment 1 and R1T2 (11) was four fold 
higher than untransformed plantlet (Table 3). The chitinase 
activity of R2T3 (11) (treatment 2) and R3T4 7 (treatment 
3) was three to four folds higher than untransformed plant-
let. The chitinase activity of R2T3 (10) (treatment 3) plant-
let was only three fold higher than untransformed plantlet. 
Interestingly, the co-expression of chitinase and �-1,3-glu-
canase genes increased chitinase activity in transformants 
compared with single gene insertions. However, chitinase 
activity of R3T4 7 (treatment 4) was lower than the trans-
formed plantlets by 1.5 units. The extra copy number of in-
tegrated chi fragment might be related to the weak expres-
sion of chitinase activity on R3T4 7 (treatment 4). Trans-
lation, mRNA expression and degradation might affect the 
integration and stabilty of rice chitinase protein in banana 
cell via biolistic gun transformation system. 

The �-1,3-glucanase activity was assayed by measuring 
the rate of reduction of sugar production with laminarin as 
substrate. The �-1,3-glucanase activity in the whole plants 
of R2T1 (19) (treatment 1), R3T1 (7) (treatment 1), R1T2 
(11) (treatment 2), R3T2 (24) (treatment 2) and R2T5 (42) 
(treatment 5) was measured (Table 4). The �-1,3-glucanase 
enzyme activity level was higher in transgenic plants than 
in the control banana plantlets. 

The �-1,3 glucanase activity of R2T1 (19) and R3T1 7 
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Fig. 14 Southern blot analysis of the gusA integration pattern in 
banana plantlets. Digested genomic DNA with NheI and KpnI using 
PCR-amplified gusA gene (789 bp) as probe. 1 = Transforming plasmid, 
pMRC1301; 3-7 = genomic of putative transformed plantlets; 9 = untrans-
formed control banana plantlets. Fig. 15 Southern blot analysis of the 
chitinase integration pattern in banana plantlets. Digested genomic 
DNA with HindIII using PCR-amplified RCC2 gene (310 bp) as probe. 1 
= Transforming plasmid, pBI333-EN4-RCC2; 2-8 = genomic of putative 
transformed plantlets; 9 = untransformed control banana plantlet. Fig. 16 
Southern blot analysis of the chitinase gene integration pattern in 
banana plantlets. Digested genomic DNA with HpaI and KpnI using 
PCR-amplified chitinase gene (486 bp) as probe. 1 = Transforming plas-
mid, pMRC1301; 2, 3, 9 = untransformed control plantlet; 4-8, 10-11 = 
genomic of putative transformed banana plantlets. Fig. 17 Southern blot 
analysis of the �-1,3-endoglucanse gene integration pattern in banana 
plantlets. Digested genomic DNA with HindIII using PCR-amplified �-
1,3-endoglucanse gene (830 bp) as probe. 1 = Transforming plasmid, 
pROKla-Eg; 2 = untransformed control plantlets; 3-11 = genomic of puta-
tive transformed banana plantlets. 

Table 3 Chitinase enzyme activity in transgenic Rastali (AAB) banana 
plantlets transformed with chitinase gene (RCC2 and chi). 
Plant codes Chitinase activity a (1 nkat �g protein) 
R2T1 19b 54.2 ± 8.3 
R3T1 7 48.2 ± 3.2 
R1T2 11 46.4 ± 2.4 
R3T2 24 41.4 ± 2.4 
R2T3 Y10 38.3 ± 4.4 
R2T3 Y11 36.4 ± 3.3 
R3T4 7 11.4 ± 4.1 
Control c 12.9 ± 1.8 

a One unit of chitinase activity the amount of enzyme catalyzing the formation of 
1nm. 
N-acetlyglucosamine equivalent in one second under assay conditions refers as 1 
nkat. 
b Three replications were used for the assay to calculate the average activity. 
c Control Untransformed banana Rastali (AAB). 
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(treatment 1) was four-fold higher than untransformed 
plantlet (Table 4). The �-1,3-glucanase activity of R1T2 
(11) and R3T2 (24) (treatment 2) was 2- to 3-fold higher 
than untransformed banana plantlets. The lowest �-1,3-gluc-
anase activity detected in plant code R2T5 (42) of treatment 
5 with only two fold higher than untransformed plantlet. 
The co-expression of two antifungal genes increased �-1,3-
glucanase activity in transformants compared with single �-
1,3-glucanase gene insertions from treatment 5. However, 
the �-1,3-glucanase activity from treatment 1 and 2 is lower 
than chitinase activity. 
 
Transgenic banana plantlets obtained from 
biolistic gun mediated-transformation 
 
Eight positive transgenic banana plantlets (confirmation 
based on PCR and genomic Southern blot analysis) ob-
tained from particle bombardment using five different treat-
ments. Below is the summary of final evaluation obtained 
for leaf disease symptoms after four weeks inoculation. 
 
1. Treatment 1 [RCC2 (chitinase gene) + Eg (�-1,3-
glucanase gene)] 
 
Both plants [plant codes: R2T1 (19) and R3T1 (7)] appear 
healthy. However, plant code R3T1 (7) showed a slight 
yellow streaking in one leaf (lowest part) after 25 days of 
inoculation. 
 
2. Treatment 2 [chi (chitinase gene) + Eg (�-1,3-glucanase 
gene)] 
 
Both plants [plant codes: R1T2 (11) and R3T2 (24)] appear 
healthy. However, both plant showed a slight discolouration 
in one younger leaf (upper part) before transfer into poly-
bags. 
 
3. Treatment 3 [RCC2 (chitinase gene)] 
 
Both plants [plant codes: R2T3 (Y10) and R2T3 (Y11)] 
showed slight streaking and yellowing of one older leaf 
(lower part) could be observed after 21 days of inoculation. 
 
4. Treatment 4 [chi (chitinase gene)] 
 
One yellowing of older leaf [plant code: R3T4 (7)] could be 
observed after 17 days of inoculation. Slight yellow dis-
colouration of the third and fourth leaves (upper part) 
beginning to appear after 22 days of inoculation. 
 
5. Treatment 5 [Eg (�-1,3-glucanase gene)] 
 
This plant [plant code: R2T5 (42)] appears slight streaking 
and yellowing on 25% of the total leaves after 28 days of 
inoculation. 
 
 
 

CONCLUSIONS 
 
Fusarium wilt race 1 disease is a major constraint in banana 
cultivar, ‘Rastali’ (AAB) cultivation in South East Asia par-
ticularly. Since the cell wall of Fusarium oxysporum fsp. 
cubense has both chitin and �-1,3-glucan, combined ex-
pression of chitinase and �-1,3-glucanase genes is expected 
to increase Fusarium wilt race 1 tolerance to a higher level. 
Previously, this is thought to be a significant limiting factor 
in the generation of transgenic banana plants that has not 
been using with embryogenic callus or cell suspension cul-
tures as a starting material for banana transformation work. 
Stable gusA and gfp genes expression were detectable in 
transformed single buds, shoots, multiple bud clumps, 
leaves and roots were successfully obtained. Integrative of 
the transgenes and stable of this system were assessed by 
PCR amplification of 726 bp of gfp gene, 789 bp of gusA 
gene, 310 bp of RCC2 (chitinase gene), 486 bp of chi gene 
(chitinase), 830 bp of Eg gene (�-1,3-glucanase) and 900 bp 
of nptII gene. Genomic Southern blot hybridization analysis 
confirmed the incorporation of the RCC2, chi and Eg genes 
in host genome between one and five inserted transgene 
copies. Chitinase and �-1,3-glucanase enzyme activities of 
transgenic banana plantlets obtained was higher than un-
transformed plantlets. In addition, co-bombardment of chiti-
nase and �-1,3-glucanase genes (treatment 1 and 2) gave a 
higher enzyme activity compared with single gene insertion 
(treatment 3,4 and 5). In conclusion, we produced trans-
genic banana cv. ‘Rastali’ (AAB) with increased tolerance 
to Fusarium wilt race 1 compared with the untransformed 
plants. Therefore, an efficient biolistic gun-mediated trans-
formation protocol in this study and in other very similar, if 
not identical, studies by our group reported since at least 
2002 in Colombia (Sreeramanan et al. 2005; Maziah et al. 
2007a, 2007b; Sreeramanan et al. 2009) can facilitate fur-
ther functional genomic study of this important banana cul-
tivar. The continual need to increase food production neces-
sitates the development and application of novel biotech-
nologies to enable the provision of improved banana crop 
cultivars in a timely and cost effective way (Kiggundu et al. 
2003). 
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