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Abstract: Drought and salinity are the major constraints on agricultural production worldwide
and a remarkable attempt is being made to improve the plant yields in the direction of increasing
water deficit. We have developed transgenic finger millet cultivars ‘CO(Ra)-14’ and ‘Paiyur-2’
overexpressing Erianthus arundinaceous DREB2 (EaDREB2) transcription factor confirmed by PCR
and Southern stably expressed in T0 and T1. These transgenic lines were tolerant to high salinity
and severe drought stress conditions without affecting the morphological or agronomic characters.
Analysis of morpho-physiological characters revealed that overexpression of EaDREB2 gene was
associated with maintenance of chlorophyll content, increased relative water content, improved
accumulation of the osmotic substance such as proline and decreased electrolyte leakage, under
both saline and drought stresses. After treating the plants to progressive drought and salinity stress,
transgenic lines showed less chlorophyll reduction and moderate growth inhibition than the controls.
The majority of the transformed lines showed prominent tolerance to salinity and drought with
significant spikelet fertility and higher grain yield compared to the controls at stressed and unstressed
conditions. This is the first holistic report on development of drought and saline tolerance in finger
millet through transgenic modification and it is essential to benefit the farmers from seasonal stress.

Keywords: abiotic stress; Agrobacterium; drought tolerance; EaDREB2 gene; finger millet transforma-
tion; physiological characters; saline tolerance

1. Introduction

The objective of the present study was to establish the role of Erianthus arundinaceus
DREB2 (EaDREB2) gene in conferring abiotic stress tolerance in transgenic finger millet
plants. EaDREB2 gene was isolated from plant source and its expression was analyzed
under different abiotic stresses, such as salinity and water deficit stress where the drought-
responsive transgenic plants were generated, showing significant tolerance to salinity and
dehydration stresses.

2. Experiments

The collected DREB gene sequences were named OsDREB, TaDREB, TtDREB, PgDREB,
GmDREB, AsDREB, ScDREB, SiDREB, SbDREB and ZmDREB. These DREB genes sequence
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set were then uploaded into MEGA v7.0 [1] and MSA (multiple sequence alignment)
was performed.

For Agrobacterium-mediated transformation of finger millet, we have used the same
method reported by us recently for the tissue culture, transformation and regeneration of
finger millet cultivars [2,3]. PCR was used to confirm the presence of EaDREB2 gene
in hygromycin resistant plants. Genomic DNA was isolated using 100 mg of fresh
leaves from hygromycin resistant (T0 and T1) and control (un-transformed) plants us-
ing the CTAB (N-Cetyl-N,N,N-trimethyl ammonium bromide) method [4]. The EaD-
REB2 gene specific primers (forward 5′CAAGTGGTGGAAGGAGCAGA3′ and reverse
5′CACTAGATGCCAGCAACGAA3′) (Sigma Aldrich, St. Louis, MO, USA) were used for
PCR. The plants confirmed by PCR were further analyzed for transgene copy number
through Southern blotting.

For abiotic stress treatments, seeds collected from T1 lines were grown for four weeks
in biosafety greenhouse. Four-week-old wild plants and T2 transgenic finger millet plants
were subjected to various abiotic stress treatments. Finger millet plants exposed to saline
and drought stress were analyzed for growth parameters root, fresh weight (FW) and dry
weight (DW) of shoot and roots, number of tillers and roots and length of tillers and primary
roots. Many physiological parameters such as total chlorophyll (Chl) content, relative water
content (RWC), electrolyte leakage (EL), proline content, hydrogen peroxide (H2O2) level
and caspase-like activity were analyzed at four different stages viz., before stress (BS),
one week after the stress (1W), fifteen days after stress (2W) and a week after re-watering
(ARW)for drought stress experiments. Similarly, all these physiological parameters were
also analyzed in two different stages vegetative (VS) and reproductive (RS) each one and
two weeks after exposure to saline stress. Total Chl content (Chl a + b) was according to
Lichtenthaler [5]. For RWC assessment, leaves were submerged for overnight in deionized
water for swelling, then the samples were air dried and weighed (SW). Then, these leaves
were oven dried at 70 ◦C for 48 h and dry weights (DW) were measured. The RWC was
calculated according to the formula: RWC (%) = [(FW − DW)/(SW − DW)] × 100.

The EL in the leaf samples were assayed according to the method described previ-
ously (Satish et al. 2016c). The electrolyte leakage (EL) was calculated as a percentage of
electrolytes leaked from cut cells compared to the total electrolyte pool (ET) in the test [6].
Relative electrolyte leakage EL (%) = (EI/ET) × 100

For estimation of proline content, 500 mg each leaf samples in fresh weight was
randomly collected and quantified according to Bates et al. (1973) [7]. H2O2 content was
estimated based on a procedure reported by del Pozo and Lam (1998) [8]. The caspase-
like activity was measured at 405 nm absorbance for every 20 min during the incubation
phase [8].

All the analyses were performed in triplicate. Plant tissues were collected from each
pot at different stages before and after stress treatments. Data shown in the tables and text
specify the mean ± standard error (SE) values where n = 3. Differences among salinity and
drought stress treatments were evaluated and analyzed by one-way ANOVA, significance
of divergence between means were determined at p ≤ 0.05 according to Duncan’s multiple
range test through SPSS 17.0 version (IBM, SPSS Statistics) software.

3. Results and Discussion

Unrooted phylogenetic tree was imputed though MEGA v7.0 tool to evaluate the
DREB gene members from various plant species and their respective phylogenetic organi-
zation. The phylogenetic tree of abiotic stress responsible DREB and their strong homology
between the genes were significantly confirmed through phylogenetic analysis (Figure 1A).
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Thirty-seven independently transformed hygromycin resistant plants (both ‘CO(Ra)-
14’ and ‘Paiyur-2’ cultivars) showed the desired PCR product of 356 bp with EaDREB2 
gene specific primers (Figure 1B–D). Southern blot analysis of eight putative transgenic 
lines from both cultivars showed integration of EaDREB2 gene with varied copy numbers 
(Figure 1D). 

 
Figure 1. Overview of the DREB2 transformation and the salinity and drought tolerance in Eleusine coracana cultivars. (A) 
The phylogenetic tree of abiotic stress responsible DREB and their strong homology between other DREB genes; (B) Sche-
matic diagram of the T-DNA region of pSBI with EaDREB2 gene; (C,D) PCR and Southern blot analysis of T0 and T1 lines 
of lines of finger millet; (E–G) Evaluation of finger millet transgenic lines expressing EaDREB2 gene and un-transformed 
control plants under salinity and drought stress conditions. 

Under saline (100 mM NaCl) treatment, control plants started wilting from the third day on-
wards, whereas transgenic plants integrated with EaDREB2 gene did not show any symptoms of 
wilting and they were healthy when compared to un-transformed plants and look similar to the 
unstressed wild plants (Figure 1E). Both un-transformed control and transformed finger millet lines 
of ‘CO(Ra)-14’ and ‘Paiyur-2’ showed significant biomass differences after two weeks of salinity 
treatment. In drought stress experiments, control plants started wilting from the third day onwards, 

Figure 1. Overview of the DREB2 transformation and the salinity and drought tolerance in Eleusine coracana cultivars.
(A) The phylogenetic tree of abiotic stress responsible DREB and their strong homology between other DREB genes;
(B) Schematic diagram of the T-DNA region of pSBI with EaDREB2 gene; (C,D) PCR and Southern blot analysis of T0

and T1 lines of lines of finger millet; (E–G) Evaluation of finger millet transgenic lines expressing EaDREB2 gene and
un-transformed control plants under salinity and drought stress conditions.

Thirty-seven independently transformed hygromycin resistant plants (both ‘CO(Ra)-
14’ and ‘Paiyur-2’ cultivars) showed the desired PCR product of 356 bp with EaDREB2
gene specific primers (Figure 1B–D). Southern blot analysis of eight putative transgenic
lines from both cultivars showed integration of EaDREB2 gene with varied copy numbers
(Figure 1D).

Under saline (100 mM NaCl) treatment, control plants started wilting from the third
day onwards, whereas transgenic plants integrated with EaDREB2 gene did not show any
symptoms of wilting and they were healthy when compared to un-transformed plants and
look similar to the unstressed wild plants (Figure 1E). Both un-transformed control and
transformed finger millet lines of ‘CO(Ra)-14’ and ‘Paiyur-2’ showed significant biomass dif-
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ferences after two weeks of salinity treatment. In drought stress experiments, control plants
started wilting from the third day onwards, whereas transgenic plants integrated with
EaDREB2 gene did not show any symptoms of wilting and they were healthy when com-
pared to un-transformed plants and look similar to the unstressed wild plants (Figure 1F,G).
Therefore, we concluded that EaDREB2 overexpression increases the drought and saline
tolerance of transgenic finger millet.

4. Conclusions

In this study, EaDREB2 gene was successfully transformed in to finger millet culti-
vars ‘CO(Ra)-14’ and ‘Paiyur-2’ and carried out phenotyping assays to distinguish high-
performance transgenic lines under realistic greenhouse screening. All the transgenic lines
were evaluated based on the high survival of transgenic plants after severe salinity and
drought stress treatments under greenhouse conditions. These results suggested that the
improved survival of the finger millet transgenic lines after severe salinity and drought
stress conditions could be associated with either the activation of genes related to salinity
and drought resistance or another conservative growth pattern in the transgenic compared
with un-transformed plants.
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