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Abstract

Peanut is a cash crop having outstanding food values. Therefore, it can be used as a supplementary food for hunger and malnutrition affecting Asian 
countries like Bangladesh. But peanut yield is substantially reduced for abiotic and biotic stresses. Novel and beneficial genes into peanut need to be introduced 
through genetic manipulation that would not be available using conventional breeding methods. Thus, Agrobacterium mediated genetic transformation may 
lead the solution. Present study was examined with two Bangladeshi peanut varieties, such as, BINA Chinabadam 4 and BINA Chinabadam 6 where 
decapitated half embryo was used as explant for transformation. Agrobacterium tumefaciens strain LBA4404 with plasmid constructs, pBI121 was used for 
infection in the transformation experiment. The total size of pBI121 is 12.8 kb according to its construction map. The T-DNA of Ti plasmid contains a plant 
selectable marker gene neomycin phosphotransferase II (npt II) conferring resistance to kanamycin and a uidA gene encoding β-gluduronidase (GUS) 
reporter gene (1812 bp). Explants having different transformation treatments (different OD600, infection and co-cultivation duration, age of the embryo) were 
taken for GUS histochemical assay. Transformation study was conducted with 1 day old decapitated half embryo where highest percentage of GUS positive 
explants were found when OD600 was more than 1 at 60 minutes of infection and 3 days of co-cultivation duration in transient assay.

There are two common methods available which were applied 
for gene delivery, named, Agrobacterium tumefaciens mediated gene 
transfer and particle bombardment method using gene gun. It has 
been earlier reported that higher rate of transformation (4.5%) was 
achieved using gene gun in zygotic embryo of peanut compared to 
only 1.8% with Agrobacterium tumefaciens mediated gene transfer 
[2]. However, Agro-based transformation is considered as a cleaner 
approach, since the T-DNA which is thought to be the only DNA 
which is transferred into the plant’s genome [9]. Moreover, wider 
availability and cost effectiveness are also two facilities which can be 
achieved through this methodology of gene transfer [10].

The Agrobacterium-mediated transformation technique 
is extensively affected by various factors at different stages of 
experiment. After agroinfection, shoot regeneration pattern from 
cotyledon or other meristematic explants was observed rapid and 
efficient in a number of legume species [11]. Decapitated half embryo 
is one of those types of explant. Conversely, transformation efficiency 
was found better when work was done by leaf tissue as explants 

Introduction
Peanut is an annual herbaceous legume plant. Its kernels are 

rich in protein (25-28%) and oil (48-50%), and are source of several 
vitamins, minerals, biologically active polyphenols, flavonoids and 
isoflavones [1]. Introducing novel and beneficial genes into peanut can 
be possible through genetic manipulation that would not be available 
using conventional breeding methods. Attempts of conventional 
hybridization can be taken by several wild Arachis species having 
novel genes. But conventional breeding between cultivated peanut 
and A. paraguariensis have failed, as they are cleistogamous. 

Among all the species of Arachis, Arachis hypogaea is the only 
species that has been domesticated as a manner that can be grown 
worldwide. Established tissue culture protocols have been used for 
the transformation of peanut which has found in many previous 
reports [2-7]. There are two major purposes for which tissue culture 
has been carried out, such as, production of large number of plantlets 
and propagation of the selected genotypes without inducing any 
genetic variation [8].
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[12]. Moreover, regeneration and transformation frequency were 
explants wise analyzed among three types of explants namely leaflet, 
hypocotyl and epicotyl of peanut and found better regeneration in 
leaflet [7]. However, the use of decapitated half embryo as explants 
for transformation in peanut has not been reported yet whereas it 
is one of the finest explants for transformation of lentils, another 
recalcitrant crop [13].

It is necessary to evaluate factors involves in gene transfer prior 
to taking any transformation project just after the identification of 
compatible explants. Factors affecting transformation in chickpea 
were optimized by Akbulut and his colleagues [14]. Islam and her 
coworkers stated the effects of optical density at 600 nm, incubation 
period for infection and co-cultivation period in three Bangladeshi 
tomato varieties together with one Indian tomato variety [15]. Earlier, 
comparable study was reported by Sharma et al. where they optimized 
factors, like, bacterial density and co-cultivation time in three Indian 
varieties of tomato [16].

To develop a robust and reproducible protocol of Agrobacterium-
mediated transformation using best responding explants, 
determination of the optimum level of transformation factors, such 
as, genotypes, age of embryo, bacterial density, infection duration and 
co-cultivation duration is the prerequisite when transformed with the 
vector, named, pBI121.

Materials and Methods
Matured seeds of three different varieties of peanut, named, 

BINA Chinabadam 4 and BINA Chinabadam 6 were used for 
transformation study. These were collected from Bangladesh 
Institute of Nuclear Agriculture (BINA). Seeds were preserved at 4 °C 
temperature in Plant Biotechnology Laboratory, BRAC University, 
Mohakhali, Dhaka, Bangladesh. Agrobacterium tumefaciens strain 
LBA4404 with plasmid constructs, pBI121 was used for infection in 
the transformation experiment. The total size of pBI121 is 12.8 kb 
according to its construction map. The T-DNA of Ti plasmid contains 
a plant selectable marker gene neomycin phosphotransferase II (npt 
II) conferring resistance to kanamycin and a uidA gene encoding 
β-gluduronidase (GUS) reporter gene (1812 bp). These two genes 
were separately fused under the control of the Nopaline Synthase 
Promoter (NOS-pro) and CaMV 35S promoter (CaMV 35S-pro) 
within the left and right border region. For regeneration initiation, 
decapitated half embryo was cultured on MS media supplemented 
with different concentrations and combinations of various growth 
regulators, such as, BAP and Kn. After shoot initiation same 
concentration of hormone containing MS media were used for shoot 
elongation. For induction of root from the in vitro grown multiple 
shoots, half strength of MS basal medium supplemented with IBA 
was used.

Two state of YEP (Yeast Extract Peptone Broth) with appropriate 
concentrations of antibiotics were used for bacterial culture. Liquid 
YEP medium was used for growing Agrobacterium tumefaciens strain 
LBA4404. This bacterial suspension was used as working culture for 
infection. Agar solidified YEP medium were used for maintenance 
of bacterial pure culture. 10 mg of X-Gluc (β-glucuronide, 
cyclohexylammonium salt, C14H13BrCINO7 C6H13N), (1 mg/ml) 

was dissolve in 100 μl of Dimethyl Formamide (DMF) in a Pyrex 
tube. Volume was made upto 10 ml with 50 mM phosphate buffer, 
pH 7.0. X-Gluc solution was stored in dark container at -20 °C.

Tissue segments were immersed in fixation solution in sterile 
eppendorf tubes and incubated for overnight. Then the solution was 
discarded and washed the tissue three times with 50 mM phosphate 
buffer, pH 7.0. Enough X-Gluc solution was added to cover the tissue 
pieces in eppendorf tubes. Incubated at 37 °C overnight and allow 
the blue color to develop. X-Gluc solution was discarded and ice cold 
70% ethanol was added and again incubated at 37 °C for 48 hours 
for degreening. Slides of transformed explants were prepared for 
observing under microscope.

Optical Density at 600 nm (OD600) of the overnight grown culture 
was measured while comparing with autoclaved fresh liquid YEP 
media by using spectrophotometer. The Petri-dish with filter paper 
is soaked with liquid MS media and then the Petri-dish was used to 
cut explants. Explants were dipped in bacterial suspension for 30, 60, 
90 and 120 minutes for infection and then placed on co-cultivation 
medium and kept there for next 1 to 3 days (co-cultivation period). 
The Petri-plates were checked for bacterial overgrowth. Some of the 
explants having different transformation treatments (Different OD600, 
Infection and Co-cultivation duration, Age of the embryo) were 
taken for GUS histochemical assay.

Results
In the present study, LBA4404 Agrobacterium strain harboring 

pBI121 binary vector was used for the infection of decapitated embryo 
explants of three peanut varieties. Following infection, explants were 
analyzed by GUS histochemical assay to understand various factors 
on transformation (Figures 1 and 2). 

Maximum percentages of GUS positive explants were observed at 
OD600 of 1.5 and at OD600 of 1.2 in the varieties BINA Chinabadam 6 and 
BINA Chinabadam 4 (Tables 1 and 2), respectively. For both the test 
varieties, BINA chinabadam 4 and BINA chinabadam 6, maximum 
percentage of GUS positive explants was observed after 60 minutes 

Figure 1: Observation of GUS positive explants. A. Blue coloration due to GUS 
histochemical assay observed in the decapitated half embryo, B. Bacterial 
overgrowth due to high bacterial density in the co-cultivation medium and 
GUS positive explants under stereomicroscope (Olympus, Japan) C. BINA 
Chinabadam 4 and D. BINA Chinabadam 6.
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Optical 
density 
(OD600)

Infection 
time

(mins)

Co-cultivation 
duration (days)

No. of explants 
used in GUS 

assay

Percentage of 
GUS positive 

explants

1.0

30

1

20 0
60 20 0
90 20 0

120 20 0

1.5

30 20 0
60 20 20
90 20 10

120 20 0

1.0

30

2

20 0
60 20 10
90 20 30

120 20 10

1.5

30 20 25
60 20 75
90 20 50

120 20 10

1.0

30

3

20 20
60 20 80
90 20 78

120 20 42

1.5

30 20 100
60 20 100
90 20 33

120 20 52

Table 1: Analysis of various transformation factors on transformation of 
decapitated half embryo of BINA Chinabadam 6.

Optical 
density 
(OD600)

Infection 
time

(mins)

Co-cultivation 
duration 
(days)

No. of explants 
used in GUS 

assay

Percentage of 
GUS positive 

explants

0.7

30

1

20 0

60 20 0

90 20 0
120 20 0

1.0

30 20 0
60 20 0
90 20 50

120 20 0

1.0

30

2

20 0
60 20 50
90 20 50

120 20 0

1.2

30 20 66.66

60 20 83.33

90 20 66.66
120 20 33.33

1.0

30

3

20 12.5
60 20 12.5
90 20 33.33

120 20 50

1.3

30 20 33.33
60 20 83.33
90 20 16.67

120 20 33.33

Table 2: Analysis of various transformation factors on transformation of 
decapitated half embryo of BINA Chinabadam 4.

Figure 2: Graphical representation of the effects of different factors on 
transformation of peanut.

of infection. Further increase of infection duration caused decrease in 
the percentage of GUS positive explants for both the varieties. It was 
also seen that with the increase of infection duration from 90 to 120 
minutes the percentage of GUS positive explants remained constant 
at 50% for BINA Chinabadam 6 while the percentage dropped 
to 33% for BINA Chinabadam 4 (Tables 1 and 2). In addition, the 
explants were allowed to co-cultivate for 1-3 days where 3 days of 
co-cultivation duration gave the highest percentage of GUS positive 
explants in both, BINA Chinabadam 6 and BINA Chinabadam 4 
(Tables 1 and 2). The result of positive transformation from 1 day of 
co-cultivation was not satisfactory at all.

Decapitated half embryo taken from 1 day old seed of BINA 
Chinabadam 6 and BINA Chinabadam 4 gave 75% and 25% of GUS 
positive explants respectively which were also the highest percentage 
obtained when compared to 2 days and 3 days old explants for both 
the varieties (Table 3). OD600 of 1.0, 60 minutes of infection duration 
and 3 days of co-cultivation duration were maintained in all the 
experiments.

Discussion
In the current experiment, previously determined optimum 

hormonal supplementation of Chowdhury was used to evaluate the 
shoot and root formation potential for three peanut varieties [17].

Decapitated half embryo explants was reported as viable explants 
for several Bangladeshi varieties, such as, Dhaka Chinabadam 8, 
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BINA Chinabadam 2 and BINA Chinabadam 3. In another effort, 
presence of embryo axes showed better regeneration capability than 
cotyledon segments [18].

Decapitated half embryo was found better as explants by Somers 
et al. [11]. In the present study, peanut varieties, namely, BINA 
Chinabadam 4 and BINA Chinabadam 6 were with tested with 
Agrobacterium Strain LBA4404 containing pBI121 (containing nptII 
marker gene and uidA gene) plasmid vector for determination of 
influencing factors of genetic transformation for peanut. However, 
previous studies showed that transformation rate was found to be 
proportional to the relationship between infected (transformed) 
explants and inoculation time, co-cultivation time, bacterial 
concentration and selection antibiotic concentration [19,20].

In the same way, transformation frequency increased with 
increase of bacterial density and thereafter, decreased with further 
increase in number of Agrobacterium cells [21]. According to them, 
higher concentration of Agrobacterium during transformation may 
cause hypersensitive response of explants as well as it will be a difficult 
work to kill them after co-cultivation due to excessive aggregation 
of Agrobacterium cells. Similar result found in Nicotiana tabacum 
and Arabidopsis thaliana and in most of the grain legumes [22,23]. 
Infection duration plays a diverged role in transformation. It was 
seen for Black gram that further increase of infection duration from 
the optimum value (20-30 minutes) couldn’t help to increase the 
transformation frequency and caused problems in eliminating the 
bacteria [21]. This view was also observed by the present study where 
better transient transformation was found in 60 minutes of infection 
period in decapitated half embryo. On the other hand, browning of 
the target tissue had been seen in gherkin due to extending infection 
time [24].

Conclusion

Co-cultivation duration can be varied on the basis of genotype 
[25]. In the present experiment, 72 hours co-cultivation time showed 
the highest percentage of GUS positive explants as the result of 
transient transformation in case of decapitated half embryo of BINA 
Chinabadam 4 and BINA Chinabadam 6. On the other hand, 72 
hours was found as optimum duration in another two study where 
the working explants were cotyledonary node and cotyledon [4,5,16]. 

Lower co-cultivation duration than the present study was found as 
sufficient for better transformation in canola whereas higher co-
cultivation duration such as 4 days is needed for better transformation 
efficiency in peanut and in alfalfa [26-28].
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Table 3: Effect of age of embryo on transformation efficiency of decapitated half 
embryo analyzed by transient GUS histochemical assay for BINA Chinabadam 
4 and BINA Chinabadam 6.
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