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Genetic transformation of apical meristematic shoots in the banana cultivar 
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Abstract: Bananas and plantains (Musa spp.) are among the most critical socioeconomic crops globally, being a staple 
food for millions of people in the tropics and an essential component for the export market, including the subtropics. Besides 
conventional breeding, genetic improvement of bananas and plantains could be performed through genetic engineering and new 
breeding techniques. Furthermore, plant tissue culture is essential for these technologies, including developing embryogenic cell 
suspensions and in vitro plants. The transient and stable genetic transformation could be performed from in vitro plants, shortening 
Musa transgenic lines development compared to genetic transformation while using embryogenic cell suspension. In this study, 
a genetic transformation protocol was established from banana apical meristems for the ‘Williams’ cultivar (genotype AAA). The 
protocol was based on the co-cultivation of the explants (whole in vitro plants or bisected meristematic tissues derived from in 
vitro plants) with Agrobacterium tumefaciens strain LBA4404 harboring two binary vectors denominated pLVCIBE1 (cassette: 
MabHIPP promoter::luc2::Tnos, P35S::hpt::Tnos) and pLVCIBE2 (cassette: P35S::luc2::Tnos, P35S::hpt::Tnos), independently. The 
stable genetic transformation was obtained by subculturing in vitro banana plants in selection medium (12.5µg/mL of hygromycin) 
for 8 weeks from bisected meristematic tissue transformation. Genetic transformation was confirmed in vivo with the use of the 
luciferase reporter gene system. Furthermore, PCR was performed on DNA extracted from leaves of regenerated transgenic in vitro 
plants after 8 weeks of selection, confirming stable genetic transformation. Therefore, genetic transformation was achieved in the 
apical meristematic tissue of in vitro banana plants with co-cultivation of Agrobacterium tumefaciens.
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Introduction
Banana and plantain crops (Musa spp.) have great impor-

tance in the tropics and some subtropical regions worldwide 
due to the export market and food security. In Ecuador, this 
fruit's consumption is massive and form part of the daily diet 
for millions of people1. Banana and plantain crops are affected 
by biotic and abiotic stresses. Genetic improvement arises as 
an essential strategy to overcome reduced productivity due to 
different stresses in the crops. Musa's conventional breeding is 
difficult due to different factors including  high level of sterility, 
inrerploidy crosses, low rates of seed germination, and long 
crop cycle2,3.

On the other hand, genetic engineering techniques are al-
ternative tools for the conventional breeding process, which 
may overcome some of the issues, including sterility and len-
gth, for the genetic improvement because several crosses 
should be performed in conventional breeding2,3. Therefore, 
the use of breeding technologies, including genetic engineering 
and recently, genome editing, has revolutionized genetic modi-
fication strategies for basic and applied science4. The search 
for a methodology to obtain in vitro banana transgenic plants 
in weeks after co-cultivation with Agrobacterium tumefaciens 
was the objective of this research. Usually, six to twelve mon-
ths could last to obtain transgenic in vitro banana plants after 
Agrobacterium-mediated transformation of embryogenic cell 
suspensions. Furthermore, the development of embryogenic 
cell suspensions could take eight to twelve months2,3,5,6,7. The-
refore, the genetic transformation from in vitro banana plants 
was performed through Agrobacterium tumefaciens; and con-
firmation of transformation was performed by using the lucife-
rase reporter gene system and PCR.

Materials and methods 

Plants preparation
Banana in vitro plants of the cultivar 'Williams' was ob-

tained from the germplasm bank of the Tissue Culture area 
from CIBE-ESPOL. In vitro, plants were maintained according 
to Korneva et al.8.

Agrobacterium strains and plasmids
In this study, the Agrobacterium tumefaciens strain 

LBA404 was used, and the binary vectors pLVCIBE1 and pLV-
CIBE2 were developed containing the gene cassettes PMabHI-
PP::luc2::Tnos and P35S::luc2::Tnos, respectively9. The selecta-
ble marker gene used was the hpt for hygromycin B resistance, 
fused to the CaMV 35S promoter.

The plasmids were transferred to agrobacteria by using 1 
µg of DNA from plasmid mixed with A. tumefaciens competent 
cells strain LBA404. Briefly, the competent cells were frozen 
together with the plasmid using liquid nitrogen, then a heat 
shock treatment was given at 37°C for 5 minutes in a water 
bath, and finally, samples were incubated for 5 minutes on ice. 
Bacteria were incubated for four hours on YEP liquid medium 
(peptone 10g/L, yeast extract 10g/L, NaCl5g/L) at 28ºC on a 
shaker at 225 rpm. Samples were centrifuged for 30 seconds 
at 3000g, the supernatant was discarded, and cells were re-
suspended in 100 µl of YEP liquid medium. The bacterial sus-
pension was cultured into Petri dishes with YEP solid medium 
with 50 µg/mL of the antibiotics rifampicin (Sigma), and 50µg/
mL of kanamycin (Calbiochem). Samples were then incubated 
at 28ºC for 2 days.
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Preparation of Agrobacterium for genetic transformation 
using 'Williams’ meristematic tissue

A single colony of A. tumefaciens was inoculated into 5 
mL of liquid YEP medium containing kanamycin (50 µg/mL) 
and rifampicin (50 µg/mL) and grown overnight at 28°C on a 
rotary shaker at 200 rpm. An aliquot (1 mL) of the overnight 
culture was inoculated into 50 mL of liquid YEP medium con-
taining the same antibiotics and allowed to grow at 28°C with 
vigorous shaking until the OD600 reached approximately 0.8 
units10,11. The bacteria suspension was centrifuged at 5000 g 
for 10 minutes and resuspended in 25 mL of MS medium wi-
thout antibiotics for 30 minutes at 25 rpm.

Inoculation and co-cultivation of explants
Co-cultivation of agrobacteria with banana explants was 

performed in MS culture medium supplemented with ace-
tosyringone (200 µM) without antibiotics for 30 min at 100 rpm. 
After co-cultivation of agrobacteria with ‘Williams' banana ex-
plants, a vacuum infiltration was performed at 400 mmHg for 
10 minutes in MS medium supplemented with acetosyringone 
(200 µM) and maintained for 18 hours at 70 rpm in complete 
darkness. Two consecutive washes of 60 minutes each in fresh 
MS liquid medium were performed and maintained in dark-
ness. After washing, the explants were maintained on sterile 
paper towels for drying, following subculture in semisolid MS 
medium, and incubation at 21°C for 3 days in complete dark-
ness. After this time, the explants were subcultured in fresh 
semisolid MS medium, supplemented with Timentin (200 µg/
mL) and hygromycin B (12.5 µg/mL) for 15 days at 25°C.

The same co-cultivation methodology was performed using 
two types of explants; i) whole in vitro plants (approximately 3-cm 
in height) without any excision, and ii) a bisected 2-cm region cut 
from the meristematic tissue of in vitro plants. For both cases, the 
banana cultivar 'Williams' (genotype AAA) was used (Fig. 1).

Luciferase (LUC) activity assay
For the transformation of the whole in vitro banana plants, 

luciferase activity assays were performed on explants after 15 
days under a selection medium containing 200 µg/mL of Ti-
mentin and 12.5 µg/mL of hygromycin B (15 days after Agro-
bacterium infection). In vitro banana plants were transferred to 
sterilized 9-cm Petri dishes before the application of luciferin. 
The equipment STELLA3200 (Raytest, Germany) was used 
to detect LUC activity in complete darkness, using a CCD ca-
mera, after 20 µl of luciferin (500 µM) on the banana plants. 
The acquisition time was 1 min, and the data obtained were 
analyzed with the AIDA Raytest software (Raytest, Germany).

Selection and regeneration
For the excised bisected meristematic region, selection and re-

generation were performed by subculturing on fresh BN semisolid 
medium supplemented with Timentin (200µg/mL) and hygromy-
cin B (12.5µg/mL), with subculturing every two weeks on fresh 
medium at 25°C with a 16-h photoperiod for a total of eight weeks.

Polymerase chain reaction to detect transgenic events
To confirm the genetic transformation of the plants re-

generated from the excised meristematic region after two 
months of co-cultivation with A. tumefaciens, a PCR was per-
formed with specific primers to detect the nopaline syntha-
se terminator (TnosF-1: GAATCCTGTTGCCGGTCTTG; and, 
TnosR-2: TTATCCTAGTTTGCGCGCTA), the expected ampli-
con size was 180 bp; and the hpt gene (HPTF-1: GATGTTGGC-
GACCTCGTATT; and, HPTR-2: CACTGGCAAACTGTGATGGA), 

the expected amplicon size was 216 bp. DNA extraction was 
performed from leaf tissues using a CTAB modified protocol, 
according to Pacheco Coello et al.12. PCR conditions include 
initial denaturation of 95°C for 3 minutes; then 30 cycles of 
95°C for 30 seconds, 57°C for 30 seconds, and 72°C for 30 se-
conds; with a final extension of 72°C for 5 minutes. The results 
were visualized on 1.2% agarose gels in 1X TAE buffer.

Results
Once the transformation and subculture process was 

completed, about 20 shoots were obtained from the meriste-
matic tissue, and they were kept in MS culture medium in Petri 
dishes following subculture to glass flasks with the same me-
dium changes to fresh culture medium every two weeks. After 
two weeks of Agrobacterium infection of in vitro plants, lucife-
rase activity was detected in the banana plants transformed, 
showing expression in all banana tissues (Fig. 2). and seven out 
of ten putative transgenic lines tested showed PCR amplifica-
tion (Fig. 3). Both results confirmed the genetic transformation 
using in vitro banana plants.

The protocol developed will facilitate plants' genetic 
transformation of different banana and plantain cultivars and 
other plant species13. It should also be emphasized that the 
methodology using Agrobacterium tumefaciens is one of the 
most used due to its simplicity in terms of techniques and can 
be used in different types of plant tissues such as those de-
monstrated in this research14.

Although the genetic transformation of embryogenic cell 
suspension in banana is preferred because transgenic chime-
ric plants are avoided; several studies developed transforma-
tion using meristematic or in vitro plants in Musa varieties 
(reviewed by López et al.16), indicating that this methodology 
is useful, which was confirmed in this study using luciferase 
reporter genes and PCR.

Conclusions
In this study, we demonstrated the genetic transformation 

of apical meristems from the Musa cultivar ‘Williams’, allowing 
the regeneration of transgenic plants in a short period. The 
Agrobacterium strain LBA4404 could genetically transformed 
in vitro plants of the banana cultivar ‘Williams’, by using hy-
gromycin B (12.5µg/mL) in the selection process. The lucifera-
se reporter gene system was functional in banana by using the 
codon-optimized luc2. This transformation methodology could 
be used for gene functional studies or genetic improvement for 
(a)biotic stress resistance in banana and plantain.
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Figure 3. PCR detection of transgenic banana lines after two months of co-cultivation of A. tumefaciens with the bisected 
banana in vitro meristems. Agarose gel electrophoresis of PCR using primers to detect the terminator from nopaline synthase 
(upper level) and the hygromycin-B-phosphotransferase gene (lower level); both sequences contained in the vectors pLVCIBE1 
and pLVCIBE2. Numbers at the left indicate reference sizes of DNA in base pairs (500 bp and 100 bp). Numbers 1-5 indicate 
independent transgenic banana lines for each construct. Vectors DNA for pLVCIBE1 and pLVCIBE2 are indicated as p1 and p2, 
respectively. MM refers to 100 bp molecular weight markers.
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