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ABSTRACT 
 

Wheat is a staple food for 80% of the global population, offering essential protein, calories, and 

nutrients. Earlier wheat heat interaction studies revealed that increasing temperatures can severely 

hinder plant growth and development, increasing overall productivity and sensitivity to extreme 

temperatures during seed emergence and anthesis. In this study, TaGASR1 (gibberellic acid-stimulated 

regulator 1), a potential candidate for heat stress resistance, was isolated, and its expression was found 

to be significantly greater in HD3086 wheat than in HD2894 wheat at both the seedling and anthesis 

stages after exposure to 42 °C heat stress (HS). Furthermore, in silico studies validated the molecular 

findings, revealing a CDS region of 297 nucleotides with 2 ORFs, with ~93% sequence similarity to the 

TaGASR1 gene from the TAM107 wheat variety. A 3D model of the target protein was designed using 

the C8C4P9.1 template, showing 95.92% sequence similarity and 100% query coverage with the 

gibberellin-stimulated transcript. Furthermore, studies of the conserved motifs and protein-protein 

interactions of the TaGASR1 protein have identified three major functional partners: cold acclimation 

proteins, ABA-inducible proteins, and protein phosphatase 2C, emphasizing its role in abiotic stress 

responses. Hence, the TaGASR1 gene is a promising candidate for further studies, as it positively 

responds under HS conditions. Therefore, future research should focus on its role across different species to 

cultivate heat-tolerant varieties, supporting sustainable development amid climate change. This would 
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1 Introduction  

The increase in urbanization and population has resulted in a 

shortage of cultivated land, which ultimately has been a great issue 

for agriculturists. Environmental change has also worsened the 

current scenario, making it difficult for plants to survive; 

ultimately, food security is a great warning for plant biologists. A 

comprehensive understanding of how environmental stress 

enhances yield under challenging conditions is essential to 

navigate this scenario. Expeditious climate modifications and 

global warming lead to a decrease in the productivity of crops and 

hinder their growth, which is a major challenge in the cultivation 

period. The deprivation of crop production is caused by various 

environmental conditions, including abiotic factors such as 

salinity, drought and heat stress (HS). The maximum temperature 

is often expected in major wheat growing zones, sometimes above 

5°C above the standard temperature (Hatfield and John 2015; 

Grosse-Heilmann et al. 2024). 

Wheat (Triticum aestivum L.) is adapted for cultivation in a wide 

range of climatic conditions, making it the most important crop in 

the world, with an approximate production of 784.91 million 

metric tons in 2023-2024 (https://www.statista.com/statistics/ 

267268/production-of-wheat-worldwide-since-1990/). It is 

estimated that by 2050, food production will need to increase by 

60-70% to meet rising demands. However, continuously increasing 

the temperature may also induce osmotic stress, resulting in high 

salt concentrations and a decrease in yield per unit to 

approximately 2.8 tonnes ha
-1

 (Masarmi et al. 2023). Therefore, 

combined stresses often impact wheat plants, highlighting the need 

for research on the adverse effects of heat stress. Future efforts 

should focus on developing genotypes that can withstand varying 

environmental conditions. Therefore, quality and production rates 

are affected worldwide by these types of environmental stresses, 

including heat and drought, during the growing season. 

For food safety, the advancement of heat-tolerant varieties and 

enhanced pre-breeding materials is vital for any breeding program 

because of the increase in climatic temperature, which ultimately 

affects productivity (Ortiz et al. 2008; Tripathi et al. 2016; Sarkar 

et al. 2021). Proteins and genes related to the environment can be 

determined via transcriptomic and proteomic data, but further 

research is needed to develop various methods for adjusting to high 

temperature and climate variation (Altenbach 2012; Jiang et al. 

2020). In wheat, embryonic cells are affected at 45 °C, which 

subsequently harms seed germination (Essemine et al. 2010; 

Khaeim et al. 2022). Heat stress promotes abscission, and leaf 

senescence causes a reduction in growth and photosynthesis 

(Kosova et al. 2011; Farhad et al. 2023). However, if a genotype 

develops with agronomic rehearses, such effects can be achieved 

(Asseng et al. 2011; Chapman et al. 2012; Gawdiya et al. 2023). 

Genetic modification is the only way to increase the stress 

resistance level of complex genome crops, such as wheat crop 

systems, in response to various environmental stresses (Chapman 

et al. 2012; Villalobos-López et al. 2022). Therefore, it is 

necessary to study the complexity of each crop genome and 

characterize heat stress-responsive TFs (transcription factors) from 

this large Hsfs family of crops involved in genetic improvement to 

increase heat tolerance, which could provide insight into wheat-

heat interactions (Clavijo et al. 2017). Genetic engineering 

techniques such as transgenic approaches would more effectively 

alter the plant response to different stresses, which require the 

desired gene of interest (Zheng et al. 2012; Parmar et al. 2017). In 

recent studies, the complete genomes of many crop species have 

been sequenced, which proves their complexity level and the 

presence of genes, TFs and Hsps, as reported for genetic 

improvement to overcome high-temperature conditions (Wang et 

al. 2016; Clavijo et al. 2017). Therefore, several genes reported 

from different crop systems, including 21 from tomato, 97 from 

Rice and 82 from wheat, are involved in heat stress tolerance (Gua 

et al. 2015; Duan et al. 2019; Liu et al. 2023). 

Similarly, the gibberellic acid-stimulated regulator gene (GASR) is 

a well-known heat stress-responsive gene involved in several 

biological processes belonging to the GA-stimulated transcript 

(GAST) family of genes, whose expression can be altered 

according to environmental conditions (Cheng et al. 2019). Earlier 

studies identified 15 AtGASR, 11 OsGASR and 37 TaGASR genes 

in various plant systems, such as Arabidopsis thaliana, Rice and 

wheat, respectively. Two homologues of GASR, namely, OsGASR1 

and OsGASR2, were identified in Rice and play a role in the 

division and differentiation of panicles. Furthermore, both were 

highly expressed in the florets and branches, as confirmed through 

transient expression experiments (Furukawa et al. 2006). The 

wheat TaGASR1 gene has been reported in the heat-tolerant wheat 

variety TAM107, which shares 51.52% similarity with the rice 

OsGASR1 gene (Zhang et al. 2017). The results revealed the 

existence of HS elements and several cis-elements involved in 

various HS-related pathways. Furthermore, their over-expression 

in A. thaliana and wheat heat-susceptible varieties enhances their 

tolerance to heat stress and decreases ROS accumulation (Zhang et 

al. 2017). Furthermore, 37 TaGASR genes were identified in 

common wheat (Triticum aestivum L.), designated TaGASR1-37. 

In the present study, the TaGASR1 gene was isolated from the heat-

tolerant Indian bread wheat variety HD3086 known as ‘Pusa 

Gautami’. The expression pattern of the TaGASR1 gene was 

encourage breeders and researchers to use this gene to advance wheat crop development, 

considering current and anticipated environmental conditions. 
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analyzed through real-time PCR and subsequently cloned and 

inserted into the pJET1.2 blunt-end sequencing vector for further 

confirmation via Sanger sequencing. The obtained sequence data for 

the TaGASR1 gene were submitted to the online NCBI database. In-

silico analysis was carried out to validate the molecular work by 

performing multiple sequence alignments with orthologous species, 

phylogenetic tree analysis, secondary and 3D protein structure 

prediction, location in plant cells and conserved domain analysis, 

which demonstrated its importance in providing heat stress (HS) 

resistance in host plant species. Characterizing this gene through 

expression analysis and in silico-based studies could improve 

understanding of its structure and functions under HS conditions. 

2 Materials and methods 

2.1 Plant material and stress treatment 

Seeds of high-temperature resistant and susceptible varieties of 

Indian bread wheat cv. HD3086, commonly called ‘Pusa Gautami’ 

and cv. HD2894 were obtained from National Seed Corporation, 

IARI, New Delhi, India, and grown in 6-inch pots at MMDU 

(Mullana, India) in growth chambers with 60 to 70% relative 

humidity. The photoperiod was 16/8 h light and dark at 25 ± 2 °C, 

with the optimum light intensity applied to the plants (100 

μmol/m
2
/s). Plants of both cultivars were exposed to extreme 

temperature treatments of 37 °C and 42 °C in a BOD incubator at 

the seedling stage (15 days old) and anthesis phase for 4 h by 

continuously increasing the temperature (1 °C per 10 min) 

(Vishwakarma et al. 2018). For subsequent experimentation, 

control plants were also maintained under normal growth 

conditions (25 ± 2° C). The leaf tissues were harvested from 

stressed and unstressed plants, immediately frozen in liquid N2 and 

placed at -80 °C (ultradeep freezer) for further RNA extraction. 

2.2 RNA isolation, cDNA synthesis, and semiq and real-time 

PCR analysis 

Using a Plant Total RNA Kit (Sigma, USA), total RNA was 

isolated from heat-stressed and unstressed frozen leaves of 

HD3086 and HD2894 and passed through an on-column DNase I 

Kit (Sigma, USA) to remove unwanted gDNA contamination. To 

check purity and integrity, all the eluted RNA products were 

analyzed via a nanodrop (Thermo Scientific, USA), and their 

concentration was checked by the naked eye on a 1.2% TBE gel. 

Approximately 1µg of RNA template from both heat-stressed and 

normal-grown plants was used for cDNA synthesis via a SMART 

PCR cDNA synthesis kit (Clontech Laboratories, USA) according 

to the instructions provided by the manufacturers. 

Semiquantitative PCR was performed to analyze the expression 

of the TaGASR1 gene at the seedling and grain-filling stages via 

gene-specific primers with ~100 ng of template (cDNA). To 

compare the intensity of the TaGASR1 bands, TaActin was 

detected and analyzed on 1.2% agarose after PCR. qRT‒PCR was 

performed for expression analysis of the TaGASR1 gene (Bio-Rad, 

USA), and the housekeeping gene (TaActin) was used as an 

endogenous control to normalize the target gene transcripts via the 

following reaction program: 3 min at 94 °C (initial denaturation), 

35 cycles of target amplification followed by 94 °C for 15 sec, 60 

°C for 15 sec, and 72 °C for 15 sec. The generated melting curves 

describe the interaction of the templates with the gene-specific 

primers, and each reaction was performed in three biological 

replicates. Furthermore, the Ct value was recorded for all samples 

separately, and the fold change in the TaGASR1 gene was 

calculated according to the 2−∆∆Ct equation (Livak and 

Schmittgen 2001; Rao et al. 2013). 

2.3 Full-length gene isolation 

The coding DNA sequence of the TaGASR1 gene was amplified 

from the HD3086 (heat stress-tolerant) wheat variety via gene-

specific primers. The forward (F) and reverse (R) primers already 

contained BamHI and SacI restriction sites (Table 1). PCR was 

carried out to amplify specific sequences of the gene via the 

proofreading polymerase enzyme and TaGASR1 primers via the 

following program: 3 min at 94 °C (initial denaturation), followed 

by 29 cycles of target amplification (94 °C - 30 sec, 60 °C - 30 sec, 

72 °C - 30 sec) with extension for 10 min at 72 °C. 

The band intensity of the PCR target product was observed (1.5% 

agarose) and eluted via a gel extraction kit (Qiagen, USA). The 

extracted product was cloned and inserted into the pJET1.2 blunt-

end easy vector (Thermo Scientific, USA) via transformation into 

E.coli cells. Vector backbone-specific flanking primers were used 

for screening colonies; positive clones were inoculated in 10 mL of 

Luria broth supplemented with ampicillin (100 µg/mL) and 

incubated on a shaker at 200 rpm and 37 °C overnight. To check 

the presence of the insert, the recombinant plasmid was isolated 

via a miniprep kit (Qiagen, USA) and digested with the EcoRI 

enzyme. The accession number was received after the CDS was 

submitted to the NCBI database. 

2.4 In silico-based studies 

Computer-assisted protein sequence studies are needed to confirm 

the results and reference several biological observations. 

Table 1 List of primers used in the study 

Primer name Sequence (5′–3′) 

TaGASR1 
F- GGATCCTGCTCCTCGTCTTGCTCGT 

R- GAGCTCAGAAGCCGTTGGTGCGTT 

β-actin 
F- GAAGCTGCAGGTATCCATGAGACC 

R- AGGCAGTGATCTCCTTGCTCATC 
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ProtParam software tools were used to calculate the amino acids 

present in the TaGASR1 protein 

(http://web.expasy.org/protparam/) (Gasteiger et al. 2005; Roy et 

al. 2011). The location of the GASR1 gene in plant cells was 

studied via the CELLO v.2.5 online tool 

(http://cello.life.nctu.edu.tw/cgi/main.cgi) (Yu et al. 2006; Yu et al. 

2014). Total reading frames were predicted through the NCBI ORF 

tool (http://www.ncbi.nlm.nih.gov/orffinder/). The UK/Phyre2tool 

(Phyre2 (http://www.sbg.bio.ic.ac) was used to analyze the 

secondary structure of the protein, whereas Swiss model software 

(https://swissmodel.expasy.org) was applied to the 3D structure of 

the TaGASR1 protein. Furthermore, the generated models were 

checked through Ramachandran plot analysis via the Vadar 1.8 

version tool (http://vadar.wishartlab.com/) (Schwede et al. 2003; 

Park et al. 2023). To predict the interaction of the TaGASR1 

protein with the homologous protein, STRING (https://string-

db.org/) software tools were utilized (Szklarczyk et al. 2019). The 

MEME software tool was applied to predict the conserved domain 

motifs in TaGASR1(http://meme-suite.org/) (Bailey et al. 2009; 

Bailey et al. 2015). MEGA11 software performed sequence 

alignment and constructed a phylogenetic tree for the TaGASR1 

protein and its orthologous species (www.megasoftware.net/) 

(Tamura et al. 2021). 

2.5 Statistical analysis 

Student’s t-test was performed for data analysis, and the significant 

results are marked with an asterisk (*) if the p-value was ≤ 0.05. 

3 Results and Discussion 

3.1 RNA isolation, semiq PCR and real-time PCR 

The RNA isolated from the HD3086 and HD2894 wheat genotypes 

was sown with intact 28S and 18S ribosomal RNA bands at their 

respective locations. A good-quality isolated RNA-synthesized 

smear of cDNA was obtained. Under thermal stress conditions, 

TaGASR1 transcripts were more abundant in the HD3086 wheat 

variety than in the HD2894 variety, according to the semi-Q‒PCR 

results. Furthermore, this transcript was highly upregulated in the 

HD3086 variety at both the seedling and heading stages compared 

with the HD2894 variety, indicating that the transcripts provide 

additional thermal stress tolerance to the HD3086 variety (Figure 1). 

qRT‒PCR of the TaGASR1 gene revealed various expression 

patterns with increased heat stress (HS) exposure. The 

TaGASR1gene was upregulated 2.4 and 3.8 fold during the 

seedling and anthesis stages in the HD3086 wheat variety under 

high-temperature stress conditions (42 °C) (Figure 1). In the case 

of the HD2894 variety, the expression of this gene increased from 

1.2 - 1.44 fold after exposure to 42 °C HS (heat stress). Similarly, 

semiquantitative studies revealed the same pattern by analyzing the 

band intensity of the TaGASR1 gene compared with that of the 

internal control TaActin. However, based on the semiq- and 

qRT‒PCR results, this gene can be isolated from the HD3086 

wheat variety. The qRT-PCR study validated the gene expression 

differences, with specificity confirmed through melting curve 

analysis of the amplified products, which revealed single peaks 

across varying temperatures, as reported by Padaria et al. (2013; 

2014). 

3.2 Full-length gene isolation and cloning 

An intact CDS band (encoding the DNA sequence) of the 

TaGASR1 gene appeared at ~300 bp and was cloned and inserted 

into the empty pJET1.2 vector, as confirmed through colony PCR 

and restriction endonuclease examination. Furthermore, 

sequencing analysis of the TaGASR1 gene revealed its exact size of 

297 bp, and the obtained sequence was submitted to the NCBI 

 
Figure 1 Expression analysis of wheat genotypes, cv. HD3086 and HD2894, before and after the exposure to 37 °C and 42 °C heat stress. 
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database (accession number: PQ582396). Linearized vector 

backbone and insert (transgene) bands were observed at ~3 kb and 

~297 bp when successfully digested with the BamHI and SacI 

enzymes. However, these results confirmed that the gene 

TaGASR1 (CDS) isolated from the wheat variety HD3086 was 

successfully cloned and inserted into a pJET sequencing vector. 

The pipeline used from gene isolation to cloning and sequence 

confirmation was similar to that used in earlier studies 

(Vishwakarma et al. 2018; Panzade et al. 2021; Kumar et al. 2023). 

3.3 In silico-based studies of the TaGASR1 gene 

An in silico-based study was carried out using available online 

software tools to validate the results obtained from the molecular 

analysis. The physicochemical properties of the target protein, such 

as the theoretical pI of TaGASR1, molecular formula, chemical 

formula, and aliphatic index, were computed, and the instability 

index, amino acid composition, hydropathicity index and total 

number of positive and negative residues were also described 

(Table 2). The protein GASR1 has a molecular weight of 10360.36 

and a theoretical pI value of 9.30, revealing its basic nature. This 

analysis also revealed the presence of 17 positively and 6 

negatively charged amino acid residues in the GASR1 protein 

complex, revealing its stability in alkaline environments because 

these amino acid residues can form ionic bonds in the protein 

exterior with oppositely charged amino acid residues. The 

predicted protein was characterized through the ExPASy tool 

ProtParam, developed by Gasteiger et al. (2005), and the present 

study showed uniformity with earlier analyses using the same tool 

(Vishwakarma et al. 2018; Panzade et al. 2021; Kumar et al. 2023). 

Table 2 Physicochemical properties of the TaGASR1 protein 

Parameters TaGASR1 

Theoretical pI 9.30 

Molecular weight 10360.36 

Positivechargedamino acids  (Arg + Lys) 17 

Negative charged amino acids (Asp + Glu) 6 

Total no. of Atoms 1442 

Molecular formula C431H732N138O125S16 

Ext. coefficient 2980 

Absorbance  at 0.1% (=1 g/L) 0.288 

Instability index (unstable) 76.16 

Aliphatic index 70.92 

Hydropathicity 0.042 

localization Extracellular matrix 

 

Table 3 Amino acid composition of the TaGASR1 protein 

Amino acid composition: 

Ala (A) 15 15.3% Lys (K) 6 6.1% 

Arg (R) 11 11.2% Met (M) 3 3.1% 

Asn (N) 0 0.0% Phe (F) 1 1.0% 

Asp (D) 3 3.1% Pro (P) 7 7.1% 

Cys (C) 13 13.3% Ser (S) 8 8.2% 

Gln (Q) 1 1.0% Thr (T) 3 3.1% 

Glu (E) 3 3.1% Trp (W) 0 0.0% 

Gly (G) 7 7.1% Tyr (Y) 2 2.0% 

His (H) 0 0.0% Val (V) 4 4.1% 

Ile (I) 0 0.0% Pyl (O) 0 0.0% 

Leu (L) 11 11.2% Sec (U) 0 0.0% 
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Further details of the amino acids and atomic composition of the 

TaGASR1 protein sequence are given in Tables 3 and 4. A total of 

16 amino acids were formed in the complete structure of the 

protein, of which Ala, Arg, Cys, and Leu presented relatively high 

Mole percentages (Table 3). The most prevalent atoms involved in 

the consensus protein atomic composition, such as 431 carbon 

atoms, 732 hydrogen atoms, 125 oxygen atoms, 138 nitrogen 

atoms and only 16 sulphur atoms, are given in Table 4. CELLO 

v.2.0 revealed the subcellular location of the TaGASR1 gene in the 

extracellular matrix with 3.432% reliability, whereas the nuclear 

region was less reliable at 0.546 (Figure 2A). 

Only two open reading frames were detected through the NCBI 

ORF finder tool in the TaGASR1 protein sequence, one on the 

positive strand and the second on the negative strand (Figure 2B). 

A total of 41% alpha helices, zero beta sheets and 16% TM helices 

were detected during the secondary structure prediction of the 

consensus protein sequence of TaGASR1 with 20% disorder 

(Figure 3A). C8C4P9.1 was the template selected to predict the 3D 

structure of the TaGASR1 protein sequence. This C8C4P9.1 gene 

encodes a gibberellin-stimulated transcript, the alpha-fold DB 

model of the wheat (Triticum aestivum) GAST1 gene, and no 

ligand binding site is detected. The consensus protein sequence 

showed 95.92% sequence similarity and 100% query coverage 

with the predicted model C8C4P9.1 sequence (Figure 3D). All the 

predicted models were further confirmed by plotting a 

Ramachandran plot through the Vadar tool, which revealed the 

presence of glycine, proline and preproline amino acid residues, 

including 78 in the core region, which was the most favoured 

region; 6 in the allowed region, 3 in the generous region and 1 in 

the disallowed region (Figure 3B). 

Our consensus protein sequence showed the most favourable 

protein-protein interactions with the GAST1 protein sequence of 

Triticum aestivum, which encodes gibberellin-stimulated transcript 

fragments. The consensus protein sequence showed 95.9% 

identity, a 191.4-bit score value and a lower e value (1e-48) with 

the GAST1 sequence. Furthermore, out of the 10 predicted 

functional partners, Wcor615, Wrab18 and PP2C also interacted 

with the cold acclimation protein WCOR615, ABA inducible 

protein and protein phosphatase 2C (Figure 3C). 

Only 12 orthologous species of the TAGASR1 gene were processed 

for the analysis of motif domains, and only four conserved motifs 

were identified in all the sequences, such as 

PTGRSGSRDECPCYRDMLTAGPRKRPKCP, GDAASGFCAG 

KCAVRCGRSRARGA, CMKYCGLCCEECACV, and 

AALLLVLLAAASLLQ (Figure 4). Similarly, 20 motifs were 

observed in TaGASR1 to 37 in an earlier study. Of these, 5 

represent the GASA domain, 2 represent the variable region, and 3 

represent the peptide signal putative region (Cheng et al. 2019). All 

the sequences were aligned for pair-wise multiple sequence 

alignment to interpret SNPs, which are highly similar and less 

similar in amino acid residues (Figure 5). 

All the aligned protein sequences were further processed via the 

MEGA v.11 software tool. Using the neighbour-joining method, 

the phylogenetic tree was predicted with a bootstrap value of 

1000. Our consensus protein sequence was highly similar to that 

of only the grass family species, meaning it is highly conserved 

in Poaceae family crop systems. This study was consistent with 

earlier studies related to wheat GASR1 genes and other heat 

stress (HS)-related genes, and the identified TaGASR1 protein 

sequence also showed 93% identity with TaGASR1 isolated from 

the TAM107wheat variety (Cheng et al. 2019; Kumar et al. 

2023). 

Table 4 Atomic composition of the TaGASR1 protein 

Atomic composition: 

Carbon C 431 

Hydrogen H 732 

Nitrogen N 138 

Oxygen O 125 

Sulphur S 16 

 

 
Figure 2 Insilico analysis of protein sequences. A) Subcellular location of the TaGASR1 gene; B) presence of open reading frames 
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Figure 3 Characterization of the TaGASR1 protein sequence through online tools: A) secondary structure; B) Ramachandran plot;  

C) protein-protein interaction study via STRING software; D) predicted model template alignment with the consensus protein sequence 

 

 
Figure 4 Conserved motif identification in the TaGASR1 protein and its orthologous species 
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The protein sequence is closely associated with Aegilops tauschii 

subsp. Strangulata, which means that they have higher sequence 

similarity and query coverage than others. Other species, such as 

Triticum urartu, Triticum dicoccoides, Hordeum vulgare and 

Hordeum vulgare subsp. vulgare were clustered in the same group 

and presented 92% query coverage. The coverage of the remaining 

species ranged from 83-89%, indicating a distant evolutionary 

relationship with the consensus sequence (Figure 6). Similarly, the 

identified TaGASR1 protein sequence shares 87-89% identity with 

the Rice and Arabidopsis thaliana GASR proteins, revealing its 

involvement in abiotic stress tolerance (Cheng et al. 2019; Yang et 

al. 2023). 

Wheat is considered a primary staple food crop compared with 

other cereal crops because of its high nutritional value and good 

source of protein, which is 15.1% per 100 g, 364 kcal of calories, 

71g of carbohydrates, 20% of vitamins B-6 and minerals (19% of 

iron, 36% of magnesium and 3% of calcium), etc., per 100 g, 

which completes the daily diet of the total population of the world 

(Shewry and Hey 2015; Khalid et al. 2023). All these valuable 

parameters can be reduced due to extreme temperature exposure, 

especially during the flowering and grain-filling phases, which 

ultimately causes considerable damage to the wheat reproductive 

stage and leads to a reduction in grain number, quality and weight 

(Farooq et al. 2011; Jamil et al. 2019; Matsunaga et al. 2021; Ullah 

et al. 2022). For the identification and isolation of genes 

responsible for HS, RNA sequencing and in silico-based studies 

are key methods in plant systems (Wang et al. 2009). 

In the present study, the TaGASR1 gene was isolated from the 

Indian bread wheat variety, known as a heat-tolerant variety; 

similarly, the same variety, HD3086, was used in an earlier study 

(Kumar et al. 2023). Gene expression was analyzed through 

semiquantitative and real-time PCR, and molecular work was 

subsequently validated via in-silico analysis, similar to the pipeline 

used in earlier studies (Vishwakarma and Sharma 2018; Panzade et 

al. 2021; Kumar et al. 2023). To the best of our knowledge, this is 

the first report of TaGASR1 gene identification from the Indian 

bread wheat variety HD3086. The expression patterns of the 

TaGASR1 gene during the seedling and grain-filling stages under 

heat stress conditions were investigated for the first time, and the 

results were consistent with previous studies (Vishwakarma et al. 

2018; Kumar et al. 2023). The single peaks formed during the 

melting curve analysis of the TaGASR1 gene amplification 

 
Figure 5 MSA (multiple sequence alignment) of the TaGASR1 gene with its orthologue species 

 

 
Figure 6 Phylogenetic tree prediction of the TaGASR1 protein with orthologous species via the neighbor-joining method 

 

 1 TaGASR1

 2 Aegilops tauschii subsp. strangulata

 3 Triticum urartu

 4 Triticum dicoccoides

 10 Hordeum vulgare subsp. vulgare

 11 Hordeum vulgare

 8 Oryza meyeriana var. granulata

 6 Oryza sativa Japonica Group

 7 Oryza glaberrima

 9 Sorghum bicolor

 5 Zea mays

89%

87%

83%

89%
92%

92%

92%

92%

92%



 

 
Journal of Experimental Biology and Agricultural Sciences  
http://www.jebas.org 

 
 
 

738                                       Kumar et al. 

 

 

 

 

 

 

 

products through qRT‒PCR confirmed the specificity of the 

qRT‒PCR amplification compared with the use of β-actin as an 

endogenous control (Padaria et al. 2013; 2014). Several studies 

have suggested that the genes belonging to the GAST1 family are 

always involved in plant development and response to various 

environmental stresses, including the transition to flowering 

(Zhang et al. 2009), flower and fruit development (Moyano-Canete 

et al. 2013), hormonal signal transduction pathways (Rubinovich et 

al. 2014), and biotic and abiotic stress (Sun et al. 2013; Mao et al. 

2011). The consensus protein sequence showed 95.92% sequence 

similarity and 100% query coverage with the generated template 

for 3D model prediction through the SWISS-MODEL tool, and the 

generated template C8C4P9.1 encoded a gibberellin-stimulated 

transcript, which belongs to the GAST1 family of genes. 

Furthermore, our consensus protein sequence also showed higher 

sequence identity (95.9%) with GAST1 family proteins analyzed 

through STRING software, where out of ten functional partners, 

three showed protein-protein interactions with cold acclimation 

protein, ABA inducible protein and protein phosphatase 2C, which 

indicated their involvement in abiotic stress tolerance (Bhaskara et 

al. 2012; Sah et al. 2016). 

Zhang et al. (2017) reported that the overexpression of the TaGASR1 

gene in an A. thaliana model plant system provides heat stress 

tolerance and reduces the accumulation of ROS after heat stress 

induction. However, the consensus CDS of TaGASR1 has 93% 

sequence similarity with the TaGASR1 previously reported 

by Zhang et al. (2017). Only hypothetical pathways of TaGASR1 are 

known to date, so more studies related to molecular analysis and in 

silico work, which may provide information about its role in the 

response to thermotolerance or tolerance to other abiotic stresses, are 

needed. Furthermore, the TaGASR1 gene can generate transgenic 

plants with enhanced thermal stability. In silico studies related to 

TaGASR1 could help researchers identify specific sites to change to 

improve their functionality at the gene level. BLAST of the 

consensus protein sequence revealed hits with mostly Poaceae family 

member species, indicating that this gene was highly conserved in 

the grass family, and the phylogenetic tree revealed its close 

evolutionary relationship, with 92% query coverage clustered in the 

same group. Therefore, in silico and real-time PCR-based studies of 

the TaGASR1 gene could enhance the understanding of wheat-heat 

interactions. By introducing this type of GA-stimulated transcript 

into major cereal staple food crops, climate-smart traits can be 

developed through transgenic approaches. 

Conclusion 

In conclusion, the TaGASR1 gene from the Indian bread wheat 

variety HD3086 was characterized for heat stress tolerance via 

real-time PCR and in silico-based studies. Multiple sequence 

alignment and phylogenetic clustering might be helpful to 

researchers for further studies because of their conserved nature, 

especially in the Poaceae family species. Furthermore, the 

TaGASR1gene can generate various climate-adapted crops via 

transgenic technologies to overcome the adverse impacts of HS. 
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