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Abstract 

Leading plant molecular biologists have long argued that constitutive overexpression of transcription 

factors can activate entire stress-response gene networks more efficiently than single-gene insertions. 

This research tested that premise by profiling the transcriptome of transgenic chickpea (Cicer arietinum 

L., cv. Pusa 362) constitutively expressing the Arabidopsis DREB1A gene under the control of the 

CaMV 35S promoter. Leaf tissue was sampled from transgenic (T₃ generation) and wild-type plants at 

0, 6, 24, and 72 hours after withholding irrigation in a controlled-environment facility at Birsa 

Agricultural University, Ranchi. RNA-Seq on the Illumina NovaSeq 6000 platform generated 38.4 to 

47.1 million paired-end reads per sample. Differential expression analysis identified 1,847 genes 

significantly upregulated (log₂FC ≥ 2, FDR < 0.01) in the transgenic line at 24 hours of drought, 

compared with 412 genes in the wild type. The DREB1A transgene itself showed 24.7-fold induction. 

Key downstream targets—LEA3, P5CS, RD29A, and SOD-Cu—were upregulated 5.9 to 18.3-fold in 

the transgenic versus 1.1 to 3.2-fold in the wild type. Gene ontology enrichment highlighted osmotic 

adjustment, reactive oxygen species scavenging, and protein protection as the three most activated 

functional categories. Proline accumulation in transgenic leaves was 3.4-fold higher than in the wild 

type at 72 hours. These results confirm that DREB1A overexpression in chickpea activates a broad 

drought-tolerance network and identify candidate downstream genes for marker-assisted selection. 

 
Keywords: Transcriptomics, drought responsive genes, transgenic chickpea, DREB1A, gene 

expression, RNA-Seq, proline accumulation, osmotic adjustment, reactive oxygen species, LEA 

proteins. 

 

Introduction 

Among the transcription factor families that coordinate plant drought responses, the 

DREB/CBF subfamily stands out for its ability to activate dozens of downstream genes 

through a single regulatory switch. DREB1A (also called CBF3) binds the dehydration-

responsive element (DRE/CRT) in the promoters of target genes involved in osmotic 

adjustment, membrane stabilization, and detoxification of reactive oxygen species (ROS) [1]. 

In Arabidopsis, constitutive DREB1A overexpression confers freezing, drought, and salt 

tolerance simultaneously [2]. 

Chickpea, the world's third most important grain legume, loses an estimated 40 to 50 percent 

of its yield potential to terminal drought—the progressive drying of soil that occurs during 

the reproductive phase in rainfed systems [3]. Conventional breeding has made limited 

progress against this constraint because drought tolerance is a quantitative trait controlled by 

many genes with small individual effects [4]. Transgenic approaches that activate entire gene 

cascades through master transcription factors like DREB1A offer a shortcut, but their 

effectiveness depends on whether the introduced regulatory gene actually upregulates the 

intended downstream targets in the recipient species. 

Earlier work at Birsa Agricultural University produced T₃ generation transgenic chickpea 

lines carrying the 35S::DREB1A construct with confirmed transgene integration and 

improved survival under controlled drought stress [5]. What was missing from that work—

and from most DREB1A studies in grain legumes—was a whole-transcriptome view of how 

the transgene reshapes the plant's molecular response to water deficit. RNA-Seq technology 

now makes it possible to quantify expression of every gene in the genome simultaneously,  
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revealing not just the expected targets but also unanticipated 
changes in metabolic, signaling, and defense pathways [6]. 
This research used RNA-Seq to (i) identify all differentially 
expressed genes in transgenic versus wild-type chickpea 
under progressive drought, (ii) classify these genes by 
functional category, and (iii) quantify the expression of key 
drought-tolerance genes that could serve as molecular 
markers for breeding. 
 
Material and Methods 
Material 
The research was conducted at the Biotechnology 
Laboratory and the controlled-environment facility of Birsa 
Agricultural University, Ranchi, Jharkhand (23.35°N, 
85.33°E), during rabi 2022-23. T₃ transgenic chickpea line 
BAU-DRE-7 (cv. Pusa 362 background, carrying 
35S::DREB1A::nos terminator) and its non-transgenic 
parent (wild type) were grown in 10 L pots filled with 
sterilized soil-sand mix (3:1) at 25/18 °C day/night with 12-
h photoperiod. Plants were irrigated to field capacity until 
the 45-day vegetative stage, then water was withheld to 
impose drought stress. Leaf tissue was harvested at 0, 6, 24, 
and 72 hours post-stress, flash-frozen in liquid nitrogen, and 
stored at −80 °C. 
 
Growth Stage and Stress Monitoring 
At the time of stress imposition (45 DAS), plants were at the 
pre-flowering vegetative stage (BBCH 51). Soil moisture 

was monitored using TDR probes (Campbell Scientific 
CS616) inserted into each pot. Volumetric water content 
declined from 28.4 percent (field capacity) to 14.7 percent at 
24 h and 8.3 percent at 72 h. Leaf relative water content 
(RWC) was measured at each sampling point: transgenic 
plants maintained RWC of 71.2 percent at 72 h compared 
with 54.8 percent in the wild type, confirming differential 
drought tolerance. 
 
Methods 
Total RNA was extracted using TRIzol reagent (Invitrogen) 
and purified with RNeasy columns (Qiagen). RNA integrity 
was verified on an Agilent 2100 Bioanalyzer (RIN ≥ 8.0). 
Libraries were prepared using the TruSeq Stranded mRNA 
kit and sequenced on the Illumina NovaSeq 6000 (2 × 150 
bp) at AgriGenome Labs, Kochi. Raw reads were quality-
trimmed with Trimmomatic v0.39 and aligned to the Cicer 
arietinum reference genome (ASM33114v1) using HISAT2 
v2.2.1 [7]. Transcript counts were generated with feature 
Counts and differential expression was analysed using 
DESeq2 [8] with thresholds of |log₂FC| ≥ 2 and FDR < 0.01. 
Gene ontology (GO) enrichment used agriGO v2.0. Proline 
content was measured by the ninhydrin method [9], 
malondialdehyde (MDA) by the TBA assay, and superoxide 
dismutase (SOD) activity spectrophotometrically at 560 nm. 
Each biochemical assay used three biological replicates. 
Data were analysed by two-way ANOVA (genotype × time) 
in R. 

 
Results 
 

Table 1: Differentially expressed genes (DEGs) in transgenic and wild-type chickpea at four time points after drought stress imposition 
 

Time Point TG Up TG Down WT Up WT Down TG- Specific Shared 

0 h 127 84 41 29 148 22 

6 h 643 318 186 112 587 94 

24 h 1,847 724 412 267 1,483 364 

72 h 1,612 891 687 428 1,041 571 

 
The transgenic line showed a dramatically larger 
transcriptomic response than the wild type at every time 
point. At 24 h—the point of maximum differential 
expression—1,847 genes were upregulated in the transgenic 
line versus only 412 in the wild type. Of these, 1,483 were 

transgenic-specific (not upregulated in the wild type), 
indicating that DREB1A overexpression activates a broad 
set of genes that would otherwise remain quiescent under 
moderate drought. 

 

 
 

Fig 1: Fold change in expression of ten key drought-responsive genes in transgenic (DREB1A-OE) versus wild-type chickpea at 24 

hours of drought stress 
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DREB1A itself was upregulated 24.7-fold in the transgenic 

line (Figure 1). LEA3, encoding a late embryogenesis 

abundant protein, showed 18.3-fold induction—the highest 

among downstream targets. P5CS, encoding the rate-

limiting enzyme for proline synthesis, was induced 14.6-

fold, consistent with the 3.4-fold higher proline 

accumulation measured biochemically. ROS-scavenging 

genes (SOD-Cu, CAT2, APX1) were upregulated 5.9 to 

11.2-fold in the transgenic versus 1.1 to 2.6-fold in the wild 

type. 

 

Table 2: Biochemical parameters in transgenic and wild-type chickpea leaves under progressive drought stress 
 

Parameter TG 0 h TG 24 h TG 72 h WT 0 h WT 24 h WT 72 h 

Proline (μmol/g FW) 4.8 14.7 28.3 4.6 7.2 8.3 

MDA (nmol/g FW) 6.1 8.4 12.7 6.3 14.8 24.6 

SOD (U/mg prot.) 18.4 34.7 41.3 17.9 22.6 19.8 

RWC (%) 89.3 78.6 71.2 88.7 67.4 54.8 

 

Proline accumulation in the transgenic line reached 28.3 

μmol/g FW at 72 h—3.4 times higher than the wild type (8.3 

μmol/g FW). MDA, a marker of lipid peroxidation and 

membrane damage, was substantially lower in the transgenic 

at 72 h (12.7 vs 24.6 nmol/g FW), indicating better 

membrane integrity. SOD activity increased progressively in 

the transgenic but actually declined in the wild type after 24 

h, suggesting that the wild type's antioxidant system 

becomes overwhelmed under prolonged drought. 

 

 
 

Fig 2: Proposed model of the DREB1A-mediated drought tolerance network in transgenic chickpea, showing three main 

downstream response pathways 

 

Discussion 

The 4.5-fold greater number of upregulated genes in the 

transgenic line at 24 h (1,847 vs 412) provides direct 

transcriptomic evidence that DREB1A functions as a master 

regulatory switch in chickpea, as it does in Arabidopsis and 

rice [1, 2]. The 1,483 transgenic-specific DEGs represent 

genes whose promoters contain DRE/CRT motifs but that 

are not activated by the endogenous chickpea DREB 

pathway under moderate drought—presumably because 

native DREB protein levels are too low to saturate all target 

promoters [10]. The strong induction of P5CS (14.6-fold) and 

the corresponding proline surge (3.4-fold at 72 h) confirm 

that the osmotic adjustment pathway is a primary 

beneficiary of DREB1A overexpression. Proline acts as both 

an osmolyte and a ROS scavenger, and its accumulation has 

been linked to drought survival in chickpea field trials [11]. 

Similarly, the upregulation of SOD-Cu, CAT2, and APX1 

indicates that the ROS-scavenging arm of the defense 

network is activated preemptively—before oxidative 

damage accumulates—which explains the lower MDA 

levels in the transgenic line. One caveat is that constitutive 

DREB1A expression under the 35S promoter can impose a 

growth penalty under non-stress conditions [12]. Our 

transgenic line showed a 7 percent reduction in shoot 

biomass compared to the wild type under well-watered 

conditions (data not shown). Using stress-inducible 

promoters like rd29A could mitigate this trade-off while 

retaining the drought-activated gene network [13]. 

 

Conclusion 

This RNA-Seq analysis confirmed that constitutive 

overexpression of DREB1A in chickpea activates a broad 

transcriptomic response under drought, upregulating nearly 

1,850 genes at 24 hours—4.5 times more than the wild type. 

Three functional modules dominated: osmotic adjustment 

(P5CS, LEA3), protective protein synthesis (RD29A, 

HSP70), and ROS scavenging (SOD-Cu, CAT2, APX1). 

The biochemical data validated the transcriptomic findings: 

transgenic plants accumulated 3.4-fold more proline, 

maintained 30 percent higher RWC, and suffered half the 
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lipid peroxidation of wild-type plants at 72 hours of drought. 

These results position DREB1A as an effective transgene 

for chickpea drought tolerance improvement. 

For breeding applications, the downstream genes LEA3, 

P5CS, and SOD-Cu—all strongly induced by DREB1A—

can serve as expression-level markers for selecting drought-

tolerant lines without exposing plants to full stress cycles. 

Switching to a stress-inducible promoter in future constructs 

should reduce the mild growth penalty observed under non-

stress conditions. 
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