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Abstract   

Agrobacterium rhizogenes-mediated genetic transformation of Musa acu-

minata cv. Vaibalhla (AAA) was successfully carried out using A. rhizogenes 

strain A4 harboring the binary vector pCAMBIA2301with VrNHX1gene. In the 

study, male flowers of M. acuminata cv. Vaibalhla were used as explants to 

obtain white bud-like structures by culturing on MS basal medium supple-

mented with 2 mg/l 6-Benzylaminopurine (BAP) and 0.5 mg/l 1-

Naphthaleneacetic acid (NAA). The subsequent shoot induction and plantlet 

regeneration were carried out in MS medium supplemented with Kinetin      

(2 mg/l) and NAA (0.5 mg/l). For the genetic transformation, in vitro raised 

plantlets were inoculated with A. rhizogenes strain A4 harboring pCAM-

BIA2301VrNHX1 for 30 min followed by 2 days of co-cultivation in the dark in 

a semi solid MS basal medium. The treated plants were then transferred and 

maintained in MS basal medium supplemented with ascorbic acid (75 mg/l), 

kanamycin (150 mg/l) and cefotaxime (400 mg/l). Initiation of hairy roots 

were observed within 2 days of transfer which were evaluated for GUS activ-

ity and the subsequent GUS+ roots were assayed for transient transfor-

mation by PCR using nptII and NHX1 gene specific primers. The transfer of 

the plasmid as well as the gene was confirmed with positive bands observed 

at 540 bp and 1.6 kb respectively.    
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Introduction   

The capability of gene transfer to plants by various species of bacteria is 

now a widely known process (1). Agrobacterium species are used extensively 

for genetic modification in plants because they have the capacity to inte-

grate genes to the genome of the host. But their utilization in banana (Musa 

spp.) is limited as they are highly recalcitrant resulting in no or very low re-

generants (2). However, A. rhizogenes-mediated transformation can be used 

as a substitute to this limiting step of successful regeneration of the trans-

formed plants, by isolation of transformed hairy roots which has untrans-

formed aerial part (3). A. rhizogenes harbour T-DNA segment of the Ri plas-

mid within the nuclear genome (4) and the transformed roots has the ability 

to regenerate as adventitious hairy roots, without phytohormones, from the 

cells induced by Ri plasmid (5). Genetic transformations with A. rhizogenes 

have been achieved in coffee (6) and broccoli (7). Other studies on success-

ful A. rhizogenes-mediated genetic transformation have also been reported 

for Lithospermum erythrorhizon (8), Brassica oleracea (9), Arachis hypogaea 
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(10), Hypericum sinaicum (11), Phtheirospermum japonicum 

(12), Pisum sativum (13) and Glycine max (14). However, in 

banana few reports are available such as in ‘Silk’ Banana 

(2). Hence this study was conducted with NHX1 (Na+/H+ 

antiport) gene (isolated from Vigna radiata) in A. rhi-

zogenes-mediated transformation of M. acuminata cv. 

Vaibalhla (AAA) to evaluate the transformation efficiency.    

 

Materials and Methods   

Explant preparation   

In vitro shoots of M. acuminata cv. Vaibalhla (AAA) were 

regenerated from immature male flowers of the same cul-

tivar following the standardized protocol (15). In vitro 

raised shoots were then maintained in basal MS 

(Murashige & Skoog) solid medium supplemented with 

BAP (2 mg/l), NAA (0.5 mg/l) and ascorbic acid (75 mg/l) 

along with 3% sucrose and 100 mg/l myo-inositol and pH 

maintained at 5.6. All cultures were kept at 25±1 °C under 

16:8 hr light and dark photoperiod with light intensity of 55 

µM m-2s-1 using white fluorescent light (Bajaj Ltd., India) 

and 50-60% relative humidity (RH). Roots which appeared 

along with shoots were cut off prior to transformation ex-

periment. Such clusters of shoot buds and regenerating 

tissues served as starting explants for the transformation 

experiment. 

Agrobacterium strain   

For the genetic transformation studies, A. rhizogenes strain 

A4 was used (Courtesy: Prof. L. Sahoo, Indian Institute of 

Technology Guwahati, Guwahati, India). NHX1 (Na+/H+ 

antiport) gene isolated from Vigna radiata was chosen as 

the gene of interest (16). The A4 strain was mobilized with 

pCAMBIA2301:VrNHX1 plant binary construct using a modi-

fied protocol of Freeze-thaw method (17). nptII (neomycin 

phosphotransferase) served as the selection marker and β-

glucuronidase (GUS) gene (uidA) with an intron as the re-

porter gene within the T-DNA region driven by CaMV 35S 

promoter (Fig.1). 

Mobilization of pCAMBIA2301:VRNHX1 plant binary con-

struct to strain A4 of Agrobacterium rhizogenes    

Preparation of competent cells: For the preparation of the 

competent cells, A4 strain of A. rhizogenes was cultured 

overnight followed by 100 ml dilution with YMA (Yeast 

Mannitol Agar) liquid medium. The logarithmically growing 

cells were analysed after 3 or 4 hrs in which the optical 

density (OD) was 0.4 – 0.6 at 600 nm. The cells were centri-

fuged at 3000 g for 20 min at 4°C and the pellet was 

washed once in 5 ml precooled TE (10 mMTris-HCl, pH 7.5; 

1mM EDTA). This step was followed by re-suspension in 

fresh YMA medium (10 ml). For direct use, aliquots of 500 µl 

were used for transformation storage whilst for storage 

purpose, addition of glycerol was done in 20% final con-

centration which was frozen in liquid nitrogen and stored 

at -80°C (16). 

 Mobilization: Prior to mobilization, stored cells were 

thawed on ice. 0.5-1.0 µg of construct plasmid DNA were 

mixed with the competent A4 strains of A. rhizogenes. After 

this step, they were incubated successively for 5 min on ice 

followed by 5 min in liquid nitrogen and then 5 min at 37°C 

water-bath. After dilution in 1 ml of YMA medium the cells 

were shaken 2-4 hours at 28°C or room temperature. Ali-

quots of 200 µl were plated on solid YMA plates and incu-

bated at 28°C for 24 hrs. Bacterial colonies were then 

picked and confirmed through colony PCR (Polymerase 

Chain Reaction). 

Molecular confirmation of the plasmid    

The combined region of nptII and VrNHX1 within the Agro-
bacterium cells were proved through colony PCR using 

respective nptII and VrNHX1 gene specific oligonucleotide 

primers. A small amount of freshly plated A. rhizogenes 

strain was picked from a colony using sterile toothpick.      

A sample of two was arranged; one served as the positive 

control while the other served as the negative control.      

30 µl of sterile MilliQ water in sterile eppendorf tubes was 

mixed with the controls and thorough mixing was done by 

vortexing for 1-2 min. Incubation was done at 100 °C water

-bath for 10 min after which centrifugation at 10000 rpm 

for 10 minutes was conducted. The supernatant serves as 

the template. The isolated DNA per milligram from each 

sample was calculated by measuring the absorbance at 

260 nm and 280 nm using Bio-photometer plus 

(Eppendorf, Germany) (following the manufacturer’s in-

struction). DNA purity was ascertained by calculating the 

absorbance ratio at 260 nm/280 nm. A 50 ng/μl DNA stock 

was arranged from the isolated plasmid DNA which was 

kept for further experiments. 

 A 20 µl reaction mixture volume containing 50 ng of 

template DNA, 100 µM dNTP mix (Himedia, India), 0.4 µM 

of gene specific primers nptII (Fw: CCACCATGATATTCGG-

CAAC; Rv: GTGGAGAGGCTATTCGGCTA) and VrNHX1 (Fw: 

ATGTTGGATTCTCTAGTGTCG; Rv: TCAAGCCTTACTAA-

GATCAGG'), 1× Taq DNA polymerase buffer which con-

tained 15 mMMgCl₂ (Sigma-Aldrich Pvt. Ltd.,) and 1.0 U of 

Taq polymerase (Sigma-Aldrich Pvt. Ltd, Bangalore) was 

set up. The PCR was conducted in a PTC-100TM thermal 

cycler (MJ research Inc, Waltham, Mass, USA) which was 

set with an initial denaturation of DNA at 95 °C (4 mins), 35 

cycles of 95 °C (0.30 mins), 58°C (0.30 mins) and 72°C (1:30 

mins) with 10 min of final extension at 72°C. The amplified 

products obtained were resolved by electrophoresis on a 

1.2% (w/v) agarose gel run in 1× TBE buffer and detected 

by ethidium bromide staining. The resulting fragments 

were scored in UV light using a gel documentation system 

Fig. 1. Schematic construction of salt resistance gene VrNHX1 mobilized with Agrobacterium rhizogenes strain A4 harboring the binary vector pCAMBIA2301 con-
taining nptII (neomycin phosphotransferase) as selectable marker and the β-glucuronidase (GUS) gene (uidA) with an intron as the reporter gene within the T-
DNA region driven by CaMV 35S promoter. LB and RB: left border and right border of T-DNA region  
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(Bio-rad, Australia). Analysis was done with Quantity one-

1D software (Bio-rad, Australia). Double-digested (EcoRI 

and HindIII) 1Kb λ DNA ladder (Fermentas, USA) served as 

the molecular marker. To check the reproducibility, all the 

PCR reactions were conducted twice. 

Kanamycin sensitivity assay of the explants    

Kanamycin sensitivity assay was conducted prior to the 

genetic transformation studies to evaluate the effect of 

kanamycin concentration on the explants and to select the 

transformed plants from the non-transformed ones. It was 

performed by culturing non-transformed (control) in vitro 

shoot explants of M. acuminata cv. Vaibalhla (AAA) on MS 

medium supplemented with BAP (2 mg/l), NAA (0.5 mg/l) 

and ascorbic acid (75 mg/l) along with different concentra-

tions (50, 100, 150 and 200 mg/l) of kanamycin. 

Cefotaxime assay for control of Agrobacterium over-

growth    

The antibiotic cefotaxime was employed for the preven-

tion of over-development of Agrobacterium. For assess-

ment of the optimum cefotaxime concentration which can 

remove the Agrobacterium, 5-month-old in vitro raised 

shoots derived from the floral parts of the male bud of M. 

acuminata cv Vaibalhla (AAA) was inoculated and co-

cultivated with A. rhizogenes strain A4 harbouring pCAM-

BIA2301VrNHX1 plasmid. This was then subsequently 

transferred to MS medium supplemented with BAP (2 mg/l), 

NAA (0.5 mg/l) along with ascorbic acid (75 mg/l) contain-

ing different concentrations (100, 200, 300, 400 and 500 

mg/l) of cefotaxime. 

Preparation of the A. rhizogenes strain for transfor-

mation     

A single bacterial colony of the A4 strain of A. rhizogenes 

harboring a binary vector pCAMBIA2301VrNHX1 containing 

nptII (neomycin phosphotransferase) gene and β-

glucuronidase (GUS) gene (uidA) with an intron in the cod-

ing region both driven by CaMV 35S promoter was inocu-

lated into 25 ml of YMA medium (liquid). This was grown 

overnight on a rotary shaker (180 rpm) at 28°C, until the 

OD (600 nm) reached to 0.8 which was followed by centrif-

ugation (5000 rpm) for 5 min. The pellets were resuspend-

ed in liquid MS basal medium (pH adjusted to 5.5) with 

acetosyringone (100 µM) and was finally used for inocula-

tion. 

Genetic transformation    

For the genetic transformation experiment, 5-month-old  

in vitro regenerated shoots of M. acuminata cv. Vaibalhla 

(AAA) obtained from the floral parts of the male bud were 

utilized. The roots of the obtained shoots were cut off us-

ing sterile blade and the remaining shoots were immersed 

into the resuspended pellets of the Agrobacterium with 

periodic shaking. Inoculated explants were blotted on a 

filter paper (sterile) to remove additional pellets and were 

then co-cultured in a solid basal medium of MS added with 

acetosyringone (100 µM). Maintenance of the co-cultures 

was accomplished by keeping them in dark at 25±1 °C for 3 

days. Washing of the explants 2-4 times with liquid basal 

medium (MS) was done after co-cultivation and blotted dry 

on a sterile filter paper. The washed explants were finally 

inoculated on a basal medium (MS) in 25±1 °C under 16:8 

hr light and dark photoperiod with light intensity of           

55µMol m-2s-1 using white (cool) fluorescent light (Bajaj 

Ltd., India) and 50-60% relative humidity (RH). The trans-

formation experiment efficacy was measured by conduct-

ing several experiments independently such as (1) inocula-

tion of 36 in vitro developed shoots for 0, 10, 20, 30 and 40 

minutes with Agrobacterium suspension to find out the 

optimum duration of inoculation period; (2) 33 explants 

were co-cultivated in dark with Agrobacterium for 0, 1, 2, 3 

and 4 days to determine the ideal duration for co-culture. 

Regeneration and histochemical GUS assay of putatively 
transformed plants      

GUS activity was visualized using the histochemical assay 

(18). Transient expression was examined after roots arise 

in the inoculated shoots of M. acuminata cv. Vaibalhla 

(AAA). The roots were cut off and immersed in GUS sub-

strate solution for a period of 24 hrs at 37 °C. After incuba-

tion, roots were observed under stereomicroscope. The 

efficiency was determined by taking GUS positive roots (in 

%) for measuring the optimal condition of transformation. 

Transient expression of GUS was scored on a per explant 

basis by counting blue foci visibility on the axillary region 

of each root. The blue foci determined the distinct areas of 

cells with GUS activity. 

 For the assay of transformation, the standardized 
transformation conditions were followed where 3 separate 

experiments were done with 15, 20 and 25 explants. The co

-cultured explants were inoculated on a semi solid basal 

medium (MS) containing 150 mg/l kanamycin and 400 mg/l 

cefotaxime. Maintenance of the explants was achieved by 

transferring them with an interval of 14 days onto a new 

medium containing the same amount of antibiotics until 

roots developed and attained the length of 5-7 cm. Analy-

sis of histochemical GUS activity was done by cutting           

1-2 cm basal sections of the regenerated roots. Putatively 

transformed plants obtained were selected according to 

the frequency of numbers and percentages of roots show-

ing GUS activity (GUS+). 

Molecular analysis of the putative transformants    

Screening of the putative transformants was performed by 

running PCR. The total genomic DNA was obtained by ex-

traction from fresh roots of putatively transformed and 

control (non-transformed) plants of M. acuminata cv. 

Vaibalhla (AAA) using DNA isolation kit (Himedia, HiPurA™ 

Plant Genomic DNA Miniprep Purification Kit) and the pres-

ence of nptII gene was screened by PCR. The 540 bp region 

of nptII was amplified using 20 mers (Fw: CCACCATGA-

TATTCGGCAAC; Rv: GTGGAGAGGCTATTCGGCTA) and 1.6 kb 

region of the NHX1 (Fw: ATGTTGGATTCTCTAGTGTCG; Rv: 

TCAAGCCTTACTAAGATCAGG) gene specific oligonucleotide 

primers. The amplification reaction was carried out under 

the following conditions: 95°C for 3 min (1cycle), 95°C for 1 

minute (denaturation), 58°C for 0.30 min (annealing), 72°C 

for 1 min (extension) for 35 cycles followed by the final 

extension (10 min) at 72°C for (1 cycle). PCR was accom-

plished in a 20 µl reaction mixture volume containing ~100 ng 
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of purified genomic DNA, 100 µM dNTP mix (Himedia, In-

dia), 0.4 µM of gene specific primer nptII, 1× Taq DNA poly-

merase buffer containing 15 mM MgCl2 (Sigma-Aldrich Pvt. 

Ltd., Bangalore) and 1.0 U of Taq polymerase (Sigma-

Aldrich Pvt. Ltd., Bangalore). To ensure that the reagents 

were not contaminated, DNA from control (non-

transformed) plants were extracted and included in the 

PCR. The amplified products were resolved by agarose gel 

electrophoresis (1%) and visualized by ethidium bromide 

staining. The resulting fragments were scored as men-

tioned earlier. To check the reproducibility, all the PCR 

reactions were repeated at least twice. 

Data Analysis   

Statistical analysis of the resulting data was analysed with 

Duncan’s new multiple range test (P<0.05) following ANO-

VA using SPSS statistical software package version 16.0.  

 

Results    

Confirmation of presence of nptII and VRNHX1 gene in 

the A. rhizogenes strain A4    

For confirmation of the nptII and VrNHX1 genes in  the         

T-DNA of pCAMBIA plasmid, a colony PCR was performed 

with the nptII (Fw: CCACCATGATATTCGGCAAC; Rv: GTGGA-

GAGGCTATTCGGCTA) and NHX1 (Fw: ATGTTGGAT-

TCTCTAGTGTCG; Rv: TCAAGCCTTACTAAGATCAGG') gene 

specific primers. The plant binary construct pCAM-

BIA2301:VrNHX1 was successfully mobilized to the A4 

strain of A. rhizogenes by modified Freeze-thaw method 

and for the confirmation of mobilization, a colony PCR was 

made use. Amplification in 540 bp and 1.6 kb fragments 

from A4pCAMBIA2301VrNHX1 clones guaranteed that nptII 

and NHX1 genes were present respectively (Fig. 2). The 

schematic construction of VrNHX1 mobilized with A. rhi-

zogenes harboring a binary vector pCAMBIA2301VrNHX1 

containing nptII (neomycin phosphotransferase) as se-

lectable marker and the β-glucuronidase (GUS) gene (uidA) 

with an intron as the reporter gene within the T-DNA re-

gion driven by CaMV 35S promoter. 

Effect of kanamycin     

Kanamycin sensitivity assay on the 5 months old in vitro 

regenerated shoots derived from immature male flower 

explants of M. acuminata cv. Vaibalhla (AAA) on MS + BAP 

(2 mg/l) + NAA (0.5 m/l) + ascorbic acid (75 mg/l) after 5 

weeks of culture were carried out using different concen-

trations of kanamycin (50, 100, 150, 150 and 200 mg/l) with 

absence of antibiotic as the control. 200 mg/l of kanamy-

cin concentration caused complete necrosis. It caused 

inhibition of growth and hindered the explant’s capability 

to regenerate and simultaneously led to death by 6 weeks 

of culture (Table 1). In contrast, the explants in the kana-

mycin free media as well as 50 mg/l kanamycin concentra-

tion produced 100% root induction with 7.46 and 7.00 

roots per explant after 5 weeks of culture respectively, 

while 100 mg/l and 150 mg/l concentration of kanamycin 

resulted in 53.33 and 33.33 roots (average) per explant. 

This result demonstrated that 150 mg/l kanamycin is an 

effective selection marker for root development from in 

vitro shoots of the selected banana variety as the sub-

lethal concentration.  

Effect of cefotaxime    

The effect of cefatoxime in the induction of roots was 

checked by culturing in vitro shoot explants of M. acumina-

ta cv. Vaibalhla (AAA) on Murashige and Skoog medium 

with phytohormones BAP (2 mg/l), NAA (0.5 mg/l) along 

with ascorbic acid (75 mg/l) containing discrete amount of 

cefotaxime (100, 200, 300, 400 and 500 mg/l) (Table 2). Of 

the several concentrations analysed, cefotaxime 400 mg/l 

had lesser damaging effect on root formation from in vitro 

shoots while it was effective in controlling the increase of 

Agrobacterium growth resulting in an average survival % of 

93.33. 

Optimization of inoculation period and co-culture dura-

tion      

The period of explant inoculation efficiency varied from 

placing the drops of bacterial suspension to different dura-

tion of incubation period (within 10 to 30 min). In this 

study, the longer the inoculation time, the lesser is the % 

of GUS+ plants. Thus, the inoculation time of 30 min is the 

Fig. 2. Confirmation of the presence of nptII and VrNHX1 gene in the T-DNA of 
the plasmid construct 35SpCAMBIA2301VrNHX1. M-Marker, 1- nptII positive 
control, 2- Sample, 3- nptII negative control, 4- VrNHX1 positive control,            
5- Sample, 6- VrNHX1 negative control.  

Concentra-
tion (mg/L) 

No. of shoots 
inoculated 

Survival (%)
(Mean ± SE) 

No. of roots/shoot
(Mean ± SE)* 

0.0 15 100±0.00a 7.46±0.17a 

50.0 15 100±0.00a 7.00±0.11a 

100.0 15 53.33±3.84b 3.66±0.40b 

150.0 15 33.33±4.22c 0.53±0.17c 

200.0 15 0.00±0.00d 0.00±0.00d 

Table 1. Kanamycin assay on 5 months old in vitro regenerated shoots de-
rived from immature male flower explants of M. acuminata cv. Vaibalhla 
(AAA) on MS + BAP (2 mg/l) + NAA (0.5 m/l) + ascorbic acid (75 mg/l) after 5 
weeks of culture 

*Mean (±) followed by the same letter(s) in each column are not significantly 
different at P<0.05 using Duncan’s new multiple range test.  
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optimum for getting good % of GUS+ roots (Table 3). When 

the co-culture period of the explants with A. rhizogenes 

harboring a binary vector pCAMBIA2301VrNHX1 was ex-

tended to 2 days, there was an increase in the putative 

transformation frequencies. When the co-cultivation time 

was increased further, it minimized the incidence of trans-

formation resulting in overgrowth of the bacteria (Table 4). 

Regeneration and confirmation of putatively trans-

formed roots     

Using the standardized conditions of co-culture, in vitro 

shoots of M. acuminata cv. Vaibalhla (AAA) which were 

regenerated previously from the floral parts of the male 

bud were used as the starting material. They were inoc-

ulated on MS medium with no addition of phytohor-

mones containing ascorbic acid (75 mg/l), kanamycin 

(150 mg/l) and 400 mg/l cefotaxime for root regenera-

tion. New roots started to appear after 2 days. The re-

sistant roots formed were having lateral roots of uni-

form length (Fig. 3). Within 5 weeks of culture, an aver-

age of 11.33 kanamycin resistant roots were attained 

from the 3 independent experiments (Table 5). The in 

vitro explants were maintained by transferring them to 

new medium having the same amount of antibiotics 

Concen-
tration 

(mg/L) 

No. of 
shoots 

inoculat-

ed 

Time 
(days) 

taken to 
show 

bacterial 
over-

growth 

No. of explants 
showing bacte-
rial overgrowth 

(Mean ± SE) 

Survival (%) 
after 30 days 

(Mean ± SE)* 

0.0 15 1 5.00±0.00a 0.00±0.00a 

100.0 15 1 5.00±0.00a 0.00±0.00a 

200.0 15 3-5 4.33±0.33a 13.33±8.85a 

300.0 15 3-5 2.33±0.33b 53.33±3.84b 

400.0 15 7-10 0.33±0.33ce 93.33±8.85ce 

500.0 15 7-10 0.33±0.33de 93.33±8.85de 

Table 2. Antibiotic (Cefotaxime) assay on 5 months old in vitro regenerated 
shoots derived from immature male flower explants of  M. acuminata cv. 
Vaibalhla (AAA)  inoculated with Agrobacterium rhizogenes strain A4 harboring 
pCAMBIA2301VrNHX1 on MS + BAP (2 mg/l) + NAA (0.5 mg/l) + ascorbic acid (75 
mg/l) 

*Mean (±) followed by the same letter(s) in each column are not significantly 
different at P<0.05 using Duncan’s new multiple range test.  

Table 3. Effect of inoculation time on the efficiency of Agrobacterium rhi-
zogenes strain A4 harboring pCAMBIA2301VrNHX1 transformation of in vitro 
regenerated shoots derived from immature male flower explants of      M. 
acuminata cv. Vaibalhla (AAA).  

Inoculation period 
(min) No. of explants Putative transformation 

(%)* 

0 36 0.00±0.00a 

10 36 19.44±1.97b 

20 36 30.55±1.75cg 

30 36 44.44±1.60dfg 

40 36 36.10±1.64efg 
* Mean (±) followed by the same letter(s) in each column are not significantly 
different at P<0.05 using Duncan’s new multiple range test.  

Table 4. Effect of co-cultivation duration on the efficiency of Agrobacterium 
rhizogenes strain A4 harboring pCAMBIA2301VrNHX1 transformation of in 
vitro regenerated shoots derived from immature male flower explants of      M. 
acuminata cv. Vaibalhla (AAA) 

Co-cultivation dura-
tion (days) No. of explants Putative transformation 

(%)* 

0 33 0.00±0.00a 

1 33 12.12±2.56bfg 

2 33 39.39±1.76c 

3 33 15.15±2.56dfg 

4 33 18.18±4.03eg 

* Mean (±) followed by the same letter(s) in each column are not significantly 
different at P<0.05 usin g Duncan’s new multiple range test.  

Fig. 3. Hairy roots of M. acuminata cv. Vaibalhla (AAA): a – Control plants 
showing normal roots after 10 days of culture; b –Treated plants cultured 
with Agrobacterium rhizogenes strain A4 harbouring binary vector pCAM-
BIA2301VrNHX1 plasmid on MS basal medium + ascorbic acid (75 mg/l) + 
kanamycin (150 mg/l) + cefotaxime (400 mg/l) showing hairy roots after 10 
days of culture.  
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with 2 weeks interval until roots attained the length of 

5-7 cm. Presence of a blue colour at the root tips of the 

regenerated roots indicated histochemical GUS activi-

ty. Putatively transformed root showed pale blue col-

our GUS expression in a 30 min inoculated explant (Fig. 

4). This blue coloration was also observed in roots 

which were co-cultivated for 2 days (Fig. 5). When both 

of 30 min inoculation and 2 days co-cultivation were 

combined, there was an intense blue GUS expression 

(Fig. 6). From the 3 different independent transfor-

mation experiments, a total of 17 GUS+ roots were ob-

tained overall. The PCR performed on the regenerated 

kanamycin resistant GUS+ roots showed amplification 

of the 540 bp fragments of the nptII gene indicating the 

presence of transgenes. There was no amplification in 

the non-transformed control roots (Fig. 7). However, 

not all the 34 regenerated roots showed fragments. The 

putatively transformation rate revealed by the percent-

age of PCR+ roots of the explants varied from 12.00 to 

20.00%. 

Table 5. Summary of transformation of in vitro regenerated shoot explants 
derived from immature male flowers of M. acuminata cv. Vaibalhla (AAA) for 
hairy root formation co-cultivated with Agrobacterium rhizogenes strain A4 
harboring binary vector pCAMBIA2301VrNHX1 plasmid on MS basal medium + 
ascorbic acid (75 mg/l) + kanamycin (150 mg/l) + cefotaxime  (400 mg/l) 

Experi-
ment 

No. of 
explants 

inoculated 

No. of explants 
showing re-
sistant roots 

Gus+analysed 

roots (%) PCR+ (%) 

1 15 9 7/9 (77.77) 3/15 
(20.00) 

2 20 12 4/12 (33.33) 2/20 
(10.00) 

3 25 13 6/13 (46.15) 3/25 
(12.00) 

Total 60 34 17 8 

Fig. 4. Histochemical GUS assay on roots of M. acuminata cv. Vaibalhla (AAA) 
in 30 min inoculated experiment: Putatively transformed root showing GUS 
expression.  

Fig. 5. Histochemical GUS assay on roots of M. acuminata cv. Vaibalhla (AAA) 
co-cultivated for 2 day: a– Putatively transformed root showing GUS expres-
sion; b – Control.  

Fig. 6. Histochemical GUS assay on roots of M. acuminata cv. Vaibalhla (AAA) 
inoculated for 30 minutes and co-cultivated for 2 days: a – Putatively trans-
formed root showing GUS expression; b – Control.  

Fig. 7. Molecular analysis of putatively transformed roots of M. acuminata cv. 
Vaibalhla (AAA): PCR amplification of the 540 bp fragment of the nptII gene.   
M-marker, lane 1- nptII positive control, lane 2,3- putatively transformed 
roots, lane 4 - nptII negative control.  
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Discussion 

In the present study, A. rhizogenes-mediated genetic trans-
formation of M. acuminata cv. Vaibalhla (AAA) was carried 
out using A. rhizogenes strain A4 harboring the binary vec-
tor pCAMBIA2301with VrNHX1gene. The subsequent shoot 
induction and plantlet regeneration were carried out in MS 
medium supplemented with Kinetin (2 mg/l) and NAA (0.5 
mg/l) following the earlier report (14). The 5 month-old  in 
vitro raised plantlets were inoculated with A. rhizogenes 
strain A4 harboring pCAMBIA2301VrNHX1 for 30 min fol-
lowed by 2 days of co-cultivation in the dark in a semi solid 
MS basal medium. The treated plants were then trans-
ferred and maintained in MS basal medium supplemented 
with ascorbic acid (75 mg/l), kanamycin (150 mg/l) and 
cefotaxime (400 mg/l). Successful A. tumefaciens-mediated 
genetic transformation of Parkia timoriana has also been 
demonstrated with the use of 500 mg/L cefotaxime as the 
sub-lethal concentration to check the bacterial growth 
(19). The putatively transformed roots were confirmed by 
positive GUS expression and PCR amplification by nptII 
and NHX1 gene specific primers. Stable integration of the 
genes needs to be confirmed by further gene copies and 
expression analysis. The usage of organized cultures for 
transformation is appealing because of its relatively short 
regeneration time. Reports are on the production of trans-
genic Cavendish cv. Grand Naine by co-cultivating wound-
ed meristems with A. tumefaciens (20). However, some 
workers consider this technique to be of limited value be-
cause in the selection medium there was possible genera-
tion of plants with genetic chimera (21) probably occurring 
as `escapes’. Nevertheless, in this investigation, the re-
peated culture of the putative transformants caused the 
survival of only complete transformants and no escapes 
were encountered indicating the viability of organized 
structures such as shoot buds and reap the benefit of fast-
er results. In previous reports of A. rhizogenes-mediated 
genetic transformation of Silk banana (AAB), kanamycin 
with 200 mg/l concentration controlled the Agrobacterium 
overgrowth (2) whereas in this investigation, cefotaxime of 
400 mg/l served the purpose indicating that this cultivar 
requires less cefotaxime concentration to control the over-
growth. Similarly, Agrobacterium tumefaciens-mediated 
transformation using 100 mg/l kanamycin and 300 mg/l 
cefotaxime M. acuminata cv. Vaibalhla (AAA) has also been 
reported (22).  

 

Conclusion   

This is also the first report on the A. rhizogenes-mediated tran-
sient genetic transformation of M. acuminata cv. Vaibalhla 
(AAA) using the binary vector pCAMBIA2301with VrNHX1gene 
by inducing hairy roots resulting in formation of composite 
banana plants. The genetic transformation protocol described 
here will facilitate further genetic characterization and func-
tional studies in this banana cultivar for advancement of re-
search programs for genetic improvement. 
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