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Abstract:WcRCD1 is a member of plant-specific gene family SRO 
(SIMILAR-TO-RCD-ONE), which is known to participate in the 
regulation of different developmental processes and stress 
adaptations. However, knowledge of the systematic characterization 
of SROs in Withania coagulans (Rishyagandha) is still unknown. 
Therefore, an in-silico approach was conducted for the 
identification of WcRCD1 genes in W. coagulans. The 
identified as having PARP and RST domain via transcriptomic 
data set from the SRA database. Further, the phylogenetic tree and 
multiple sequence alignment suggest the proximity & evolutionary 
divergence between WcRCD1 and other SRO genes from related 
SRO members of other plant species. Motif analysis in 
with other SRO genes revealed the presence of 6 conserved motifs 
out of 16. Further, protein-protein interaction of 
putative interaction with DREB2A, DREB2B, DREB2C, NAC
NAC046, poly (ADP-ribose) polymerase (PARP), TAF 2
The GO annotation studies were carried out to depict 
in oxidative stress and drought stress tolerance. Further, 
putative protein model was submitted after validation by the 
SAVES server on the protein model database. The in
was also performed using microarray data of model plant 
Arabidopsis SRO genes (AtSRO2, AtSRO5, and 
abiotic stress and in various developmental stages to predict its 
probable involvement in various processes. The RT
W. coagulans validated its putative role in abiotic stress tolerance 
which is more pronounced in drought stress and SEM microscopy 
analysis affirmed its possible role in stomatal closure. Overall, the 
current work lays the foundation for future studies on the function 
of SRO genes and their involvement in abiotic stress tolerance in 
coagulans. 
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I. INTRODUCTION 

The Plant can survive a variety of environmental alterations 
by inducing stress-related gene responses to activate a series 
of transcription factors and other genes (Fujita 
Shinozaki & Shinozaki, 1997). In plant
processes, varied transcription factors (TFs) family members 
have their role in the regulation of stress responses to the 
external environment. At the genomic level some of the 
transcription factors have been already isolated, such as NAC 
(NAM, ATAF, and CUC) (Rai 
(APETALA2/ethylene-responsive element binding factor), 
WRKY (Pandey et al., 2019), DOF (DNA
finger) and ARF (Auxin Response Factor) (Yamasaki et al., 
2013). Among these TFs NAC TF has been reported to be 
regulated by SRO (SIMILAR-
SRA dataset, one of the important 
regulates stress responses has been also identified in several 
plant species. The SRO gene has been ch
role in various developmental and stress tolerance processes. 
The SRO proteins contain a poly (ADP
catalytic PARP (PF00644) and RST domain (PF12174) at C
terminus. Sometimes, a few members of the SRO family also 
contain WWE (PF02825) domain at N
2021).Most of the research on the SRO protein family has 
been focused on the model plant Arabidopsis thaliana. Studies 
show that six SRO homologous genes were identified in 
Arabidopsis, namely AtSRO1-AtSR
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The RCD1 domain is responsible for oxidative stress and 
hormone-influenced gene expression coordination (Jaspers & 
Kangasjärvi, 2010). The RCD1 is the first gene that was 
observed in oxidative stress-sensitive yeast strains lacking 
transcription factor YAP1 which is important in coping with 
the adverse effects of oxidative stress. As a consequence of 
mutation in the RCD1 gene, there is an increase in characters 
governed by a single gene showing its pleiotropic nature, such 
as reduction of ROS under UV radiation, early flowering, and 
also enhanced production of ethylene, jasmonic acid resulting 
in abnormalities in development and growth by also an 
alteration in morphology under salt stress (Shapiguzov et al., 
2019). It is also observed that RCD1 along with SOS1 
interacts with several transcription factors with a putative role 
in development and stress responses which were demonstrated 
in various RCD1 mutant studies (Shapiguzov et al., 2019). In 
DREB2A mutant RCD1 interaction participates in protein 
stability under various stress conditions and loss of function in 
the RCD1 gene suggested the improper function of the 
DREB2A in variable environmental stress-changing 
conditions (Vainonen et al., 2012). 

The mechanistic function of the SRO gene under abiotic stress 
and its role in tolerance is already explored. In various reports 
of other plant species like OsSRO1c, the role in water stress 
which induces the NAC TF enhanced the H2O2 formation and 
was also involved in the closure of the stomatal aperture (You 
et al., 2013). In maize, it was found that under drought stress 
conditions there was induction in the expression of the 
ZmSRO1e&ZmSRO1f (Jiang et al., 2020). Studies on 
Arabidopsis thaliana and Solanum lycopersicum have revealed 
that the expression of SRO1&SRO5 increases in osmotic and 
salt stress (Babajani et al., 2009). Additionally, in the apple 
(Malus domestica) plant, it was out of 6 SRO genes one gene 
MdRCD1 have a significant function in stomatal and ABA 
signaling, and has a prominent role in abiotic stress tolerance 
(Li et al., 2017). In bananas (Musa spp.), it was found that has 
a significant role against abiotic stress tolerance via 
mechanistic phytohormonal signaling. The SRO4 was found 
in the study interacting with MaMYB4&MaNAC6 through 
DNA binding PARP thereby altering the downstream 
signaling processes (Blue et al., 2021). These above findings 
make a concrete base for the SRO gene family to be a 
transcriptional controller against environmental constraints 
which needs thorough investigation to decipher their 
regulatory role. 

The identification of RCD1 orthologs in a variety of plant 
species and their importance have been utilized for screening 
of the W. coagulans transcriptome dataset for the 
identification of SRO gene family members. Since, W. 
coagulans have medicinal importance and now becoming 
endangered due to their overexploitation and various changing 
environmental factors. The plant is of commercial importance 
and is currently in use for treating diabetes, insomnia, nervous 

disorder, and various other diseases. It is also used in treating 
cancer and microbial infections and also acts as an immune 
suppressant (Tripathi et al., 2018). Its medicinal value is 
because of its active chemical component withanolides, 
withanones, and withaferine which are lactone steroids having 
the potential to act as immune boosters and anti-viral agents 
(Sharma et al., 2023; Tripathi et al., 2021). 

In the present investigation, WcRCD1 like SRO gene family 
member from W. coagulans has been identified using the SRA 
dataset for the first time. A computational approach was used 
to analyze subcellular localization, GO annotation, domains 
analysis, phylogenetic relationship and conserved motifs. This 
study provides a preliminary report and made a foundation for 
further research to decipher the molecular mechanism of the 
SRO gene mediating developmental, physiological, and 
stress-responsive processes for genetic improvement. 

II. METHODS AND MATERIALS 

A. Identification of SRO gene of Withania coagulans 

Identification of SRO gene family members in W. coagulans was 
performed by using Musa acuminateRCD1 gene as a reference 
(Zhang et al., 2019) and an extensive BLAST search 
(https://www.ncbi.nlm.nih.gov/sra) was made for the search of 
WcSRO gene family members utilizing NCBI SRA database of 
leaf transcriptome (SRR12516448) (Gupta et al., 2022). Which 
was further assembled via the Galaxy online assembly tool 
(https://usegalaxy.org/). It results in the selection of RCD1-like 
SRO gene family members from W. coagulans having PARP and 
RST domains. This was further validated by Expasy-PROSITE 
online server (https://prosite.expasy.org/) for domain 
confirmation (Castro et al., 2006). Then, the PROSITE profiles 
for the RST domain (PS51879) and PARP domain (PS51059) 
were checked in the WcSRO gene family members to remove the 
false selection of the SRO genes. Additionally, NCBI ORF 
FINDER (https://www.ncbi.nlm.nih.gov/orffinder/) was 
employed for the selection of the longest ORF for further 
analysis. Furthermore, the physicochemical properties of the 
selected RCD1-like SRO gene family members were performed 
by the application of Expasy-ProtParam online web server 
(https://web.expasy.org/protparam/) (Bendtsen et al., 2004). 

B. MSA, Motif and Phylogenetic relationship study 

To predict the homology of WcRCD1 proteins in other SRO 
gene members in different closely related species, MSA analysis 
has been carried out by Clustalx.2.1 online software 
(https://clustalx.software.informer.com/2.1/) (Sievers & Higgins, 
2014). Further, to understand the evolutionary relationship 
between the WcSRO genes, a Neighbour-Joining phylogenetic 
tree was constructed with a bootstrap manner having 1000 value 
using MEGA X online software 
(https://www.megasoftware.net/). Also, the allocation of 
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considerable Motifs in WcRCD1 and other homologous 
members was investigated using MEME suite 4.1.1.2 (Multiple 
Expectation Maximization) for motif prediction 
(http://meme.nbcr.net/) (Bailey et al., 2015). In the motif 
analysis, we change the default parameter the optimum number 
of motifs selected to 20 with motif width between 10 to 30 
residues. The sequential similarities and dissimilarities present 
between WcRCD1 protein and their homologues were visualized 
by the Circos visualization tool (http://circos.ca/) (Zhang et al., 
2013) applying cut-off range up to 50%. 

C. Structural Modeling and Validation 

The putative 3D WcRCD1 protein structures were made based 
on homology modelling by the usage of the SWISS-MODEL 
server (https://swissmodel.expasy.org/). The WcRCD1 protein 
structure was verified and validated by saves online web server 
(https://saves.mbi.ucla.edu/). The protein model was further 
submitted to the online repository database (PMDB) to obtain 
the accession number (PM0084368). 

 

D. Cellular Localization and GO Analysis 

To know the cellular localization, GO annotation analysis has 
been carried out for the WcRCD1 protein utilizing CELLO2GO 
online tool. To investigate the role of WcRCD1 protein 
interactions with other proteins string online software 
(https://string-db.org/) was also functionalized and results were 
obtained (Yu et al., 2014). 

 

E. In-silico expression analysis 

The publicly available A. thaliana SRO gene family member’s 
expression data under abiotic stress and the developmental map 
was assessed by an online Arabidopsis eFP browser 2.0 web 
server(http://bar.utoronto.ca/efp2/Arabidopsis/Arabidopsis_eFP
Browser2.html)(Nitta et al., 2018). Further, the in-silico 
expression profile of the selected AtSRO gene family members 
involved in different abiotic stresses was visualized by RSAT 
software. 

F. Plant material and drought treatment 

In the present study, plant seeds were taken from Botanical 
Garden, BHU, Varanasi. The seeds were further subjected to 
sand: soil mixture (1:1) and water at regular intervals. After the 
seedlings attained four leaf stage, they were transferred to 
Hoagland half-strength media maintained at 25 °C with 16-hour 
day and 8-hour dark conditions (Hoagland & Arnon, 1950). The 
drought (PEG6000), osmotic stress (300 mM Mannitol), and Salt 
stress (150 mM NaCl) was given along with half-strength 
Hoagland media nutrients. After 0, 12, and 24 hr, leaves were 
harvested and stored at 80°C for further RNA extraction and 
expression analysis by RT-PCR. 

G. Analysis of stomatal ultra-structure 

SEM (FEI, quanta 200) was used to visualize the ultra-
structure of stomata in drought conditions. Dry leaves under 

drought conditions and controls were cut into tiny discs and 
treated with 2.5% glutaraldehyde in phosphate buffer at pH 7.2 
according to Hess, 1966. After that, dehydrate the leaves 
inanethanolic solution for 30 minutes at room temperature. 
BeforeSEM analysis, the leaves were coated with a thin layer of 
silver and viewed with a scanning electron microscope. 

H. RNA extraction and qRT-PCR 

Based on the MSA and the expression profile spectrum 
WcRCD1 with the highest expression under abiotic stress was 
selected for the PCR analysis. The TRIzol reagent (GIBCO-
BRL) was followed to obtain the total RNA using leaf tissues.  
Also, the primer for the WcRCD1 designed using Primer 3 
online tool(https://primer3.ut.ee/) taking 
5’GGACGGAACCTGATTTCTGA3’and 
3’CTGATGCCGAAGGTCATTTT5’as forward primer and 
reverse primer respectively (Untergasser et al., 2012). For 
QA/QC analysis RNA sample were analyzed by 260/280 
absorption ratio using Nano-drop spectrophotometer (Thermo 
Scientific). Further, the selected WcRCD1 primers were used in 
the PCR cycles using Thermo Cycler utilizing each template 
RNA sample (Bio-Rad). The amplified bands were verified via 
Gel- DOC EZ imager (Bio-Rad) by the application of Quantity 
One software (Bio-Rad). 

III. RESULTS 

A. Identification and Characterization of WcRCD1 gene 

The current bioinformatics analysis in W. coagulans was done 
by using Musa acuminate RCD1 gene as a reference sequence 
(Zang et al. 2019). An extensive blast search was performed 
against SRA (Sequence Retrieve Archive) database from 
NCBI. We have also, examined the W. coagulans SRA dataset 
the closely related members of the SRO gene family using 
other plant species including other species of Withania i.e., W. 
somnifera by the NCBI blast program. After retrieving the 
sequences, we perform Nucleotide Blast for confirmation. The 
conserved sequence's similarity and differences in the multiple 
sequence alignment analysis were performed in a detailed 
profile given in (Fig.1B). Then, the conserved domain in 
WcRCD1 was identified by the Expasy-PROSITE scan online 
tool. The two distinctive domains have been identified, as the 
poly (ADP-ribose) polymerase (PARP) domain and C-
terminal RST (RCD-SRO-TAF4) domain. The PARP domain 
was present in between 1 to 75 amino acid residues whereas 
the RST domain lies between 98 to 169 amino acid residues of 
the screened sequence. There is a gap of 23 amino acid 
residues between both domains (Fig.1A). Further, physio-
chemical properties were studied by Expasy-ProtParum online 
tool. The WcRCD1 protein was composed of a total of 181 
amino acids. The isoelectric point was found to be 7.0 along 
with instability index (54.21), molecular weight (20159.99), 
and hydropathy index (-0.375). 
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B. Conserved Motif analysis 

The MEME motif analysis revealed a total of 14 motifs in the 
WcRCD1-like protein and its closely related family members in 
another genus. The motif analysis revealed
similaritywas present in the sequence of W. coagulans, W. 
somnifera, Vigna angularis, V. umbilata, and 
WcRCD1 have high similarity with V. angularis
separate groups present which diverged from the 
protein due to the substitution of one or more amino acid 
residues in their sequences. From the result, out of 14 motifs, 7 
conserved motifs are present in WcRCD1, 
represented in Fig.2. 

Fig.1.Conserved domain and MSA analysis: (A) Conserv
analysis in WcRCD1 protein; The two-colored boxes indicate two 
domains of the SRO gene, N- terminal PARP catalytic domain and C
terminal RST domain. (B) MSA study in WcRCD1
sequence alignment of the conserved functional domain o
closely related orthologs within different plant species. 
and having paragraph space before and after the heading

 

C. Phylogenetic, comparative relationship and protein 
interaction analysis 

To investigate the evolutionary relationship between 
cogulans and its closely related SRO protein members, full
length protein sequences were analyzed via Neighbour
phylogenetic tree using MEGA X software. It was observed that 
W. coagulans showed proximity with 
(Fig.3a).Further sequential similarities and dissimilarities were 
visualized using Circos Visualization tool (Fig.3b). Protein
Protein interaction network of WcRCD1 homologue in 
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protein due to the substitution of one or more amino acid 
residues in their sequences. From the result, out of 14 motifs, 7 

 like protein as 
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WcRCD1 protein; multiple 
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Phylogenetic, comparative relationship and protein 

To investigate the evolutionary relationship between W. 
and its closely related SRO protein members, full-

length protein sequences were analyzed via Neighbour-joining 
phylogenetic tree using MEGA X software. It was observed that 

d proximity with V. angularis 
Further sequential similarities and dissimilarities were 

visualized using Circos Visualization tool (Fig.3b). Protein-
homologue in A. 

thaliana (AtRCD1) was also studied by string 
assessment of interacting partners of the STRING server opting 
for the default custom values of 10 integrators from the first and 
second shells.With the obtained results, we observed
RCD1interacted with the first shell DREB2A (Dehydrat
responsive element-binding protein 2A) score value 
(0.992),DREB2B (Dehydration-responsive element
protein 2B) score value of 0.847, DREB2C (Dehydration
responsive element-binding protein 2C) score value of 0.853
NAC 13 (Arabidopsis NAC domain
score value (0.948), NAC046 (NAC domain
46), STO B-box zinc finger family protein, PARP 2 Poly [ADP
ribose] polymerase 2 score value (0.844), TAF 4 (Transcription

Fig.2. Conserved motif analysis: 
functional domain of WcRCD1 compared with closely related orthologs 
within different SRO gene family members; the dotted arrows depict the 
motif found in WcRCD1 identified gene.

 
initiation factor TF id subunit 4) score value 
(Sodium proton exchanger, putative (NHX7) (SOS1) score value 
(0.064), the interaction was also found which showed its 
involvement in oxidative stress and drought stress tolerance 
(Fig.3 C). 
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initiation factor TF id subunit 4) score value (0.909), SOS1 
(Sodium proton exchanger, putative (NHX7) (SOS1) score value 
(0.064), the interaction was also found which showed its 
involvement in oxidative stress and drought stress tolerance 
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Fig.3. Phylogenetic, comparative relationship and 
interaction studies: (A) The phylogenetic tree of WcRCD1
gene family member with other orthologs is constructed by MEGA X 
software keeping 1000 bootstrap interactions. (B) The comparative 
similarity and differences between the WcRCD1-like 
member with the other orthologs are done via Circos online tool; the 
circular map is based on the similarity percentage matrices using Clustal 
W algorithm. (C) Protein-protein grouping interaction web of 
protein obtained from String online web server. 

D. Structural modelling and model validation of 

The WcRCD1 protein structure has been also controlled by 
selecting an appropriate template which was based on sequence 
similarities, crystal resolution, and residue completeness. A total 
of four models were generated by SWISS
visualized by Discovery Studio (DS) Client 3.0.
three structurally resolved templates viz 5n9q, 4fu3, and 5oao 
were selected and their qualitative analysis was done by 
PROCHEK and ProSa web server (Fig.5). Further, we refined 
these models by ModRefiner server. The refinement tool 
generated the best model which was also checked the model for 
reliability using the SAVES server on different parameters like 
Verify 3D, ERRAT score, and RMSD (Fig.4).Based on 
PROCHECK statistics, it was found that 98.3% of residues of 
our model were present in the most favored regions, while 1.7% 
of residues were in additional allowed regions, and 0.0% (no 
residue) were located in generously allowed 
regions at the last, we have submitted the finalized protein model 
in PMDB (protein repository database) which was assigned by a 
unique sequence ID (PM0084368). 
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Fig.3. Phylogenetic, comparative relationship and protein-protein 
WcRCD1 like SRO 

gene family member with other orthologs is constructed by MEGA X 
software keeping 1000 bootstrap interactions. (B) The comparative 

like SRO gene family 
member with the other orthologs are done via Circos online tool; the 
circular map is based on the similarity percentage matrices using Clustal 

protein grouping interaction web of WcRCD1 

Structural modelling and model validation of WcRCD1 

The WcRCD1 protein structure has been also controlled by 
selecting an appropriate template which was based on sequence 

completeness. A total 
of four models were generated by SWISS-Modeller and 
visualized by Discovery Studio (DS) Client 3.0.Among them 
three structurally resolved templates viz 5n9q, 4fu3, and 5oao 
were selected and their qualitative analysis was done by 

HEK and ProSa web server (Fig.5). Further, we refined 
these models by ModRefiner server. The refinement tool 
generated the best model which was also checked the model for 
reliability using the SAVES server on different parameters like 

e, and RMSD (Fig.4).Based on 
PROCHECK statistics, it was found that 98.3% of residues of 

regions, while 1.7% 
of residues were in additional allowed regions, and 0.0% (no 

 and disallowed 
we have submitted the finalized protein model 

in PMDB (protein repository database) which was assigned by a 

Fig.4. Protein modelling and structural validation analysis. 
modelling of WcRCD1 protein via online Swiss Modeller server (B) 
The Ramachandran plot showing the reliability of model by online 
saves server (C) Validation by ERRAT scoring online tool and (D) 
Validation by verify 3D online tool. 
 

E. Analysis of Gene Ontology enric
localization of WcRCD1 protein  

For the analysis of gene ontology, the WcRCD1 protein 
sequence was submitted on the CELLO2GO server to predict the 
different functions like molecular, cellular, and biological 
functions in the cell.The result showed that the WcRCD1 protein 
has involvement in several processes having its role at a cellular 
level. 

Fig.5.Qualitative analysis of predicted protein model using 
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Fig.4. Protein modelling and structural validation analysis. (A) 3D 

online Swiss Modeller server (B) 
The Ramachandran plot showing the reliability of model by online 
saves server (C) Validation by ERRAT scoring online tool and (D) 

Analysis of Gene Ontology enrichment and subcellular 

For the analysis of gene ontology, the WcRCD1 protein 
sequence was submitted on the CELLO2GO server to predict the 
different functions like molecular, cellular, and biological 

result showed that the WcRCD1 protein 
has involvement in several processes having its role at a cellular 

Qualitative analysis of predicted protein model using 
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PROCHECK and ProSA online tool. (A) The predicted model of 
WcRCD1 was compared with available protein templates (5n9q, 4fu3, 
and 5oao). (B) Qualitative estimation of designed protein model by 
ProSA web server by measuring overall score, and structural error, 
ProSa score of WcRCD1 was found near to their templates proteins. 
 

In the biological processes, the localization probability of 
proteins based on their subcellular localization nature such as 
nuclear, cytoplasmic, extracellular, etc., based on localization 
percentage was also predicted. This protein shows 43% 
localization in the nucleus, 17.3% localization in the 
extracellular, and 24.8% localization in the cytoplasm, and the 
results were presented in Fig.6. 

 

 

Fig.6. Analysis of sub-cellular localization and functional gene 
annotation by using CELLO2GO web server for WcRCD1. 
Thesignificant terms are represented in terms of their percentage 
contribution. 

F. In-silico expression analysis and validation by RT-
PCR 

For the further assessment of the putative role of the WcRCD1-
like SRO gene, the close homologues found via BLAST searches 
in Arabidopsis were selected. The SRO proteins found were 
named SRO2 (At1g23550), RCD1 (At1g32230), and SRO5 
(At5g62520) (Fig.7 A-C). It was observed that the AtRCD1-like 
SRO genes were highly expressed under abiotic stress 
specifically under drought stress, osmotic and salt stress. To 
further understand the relative expression of the above genes 
under various developmental stages, a heatmap was constructed. 
It was clear from the expression profile that the expression of 
RCD1 was high in seed, stem, and stressed leaves. 
 

Fig.7. Heatmap profile of differential expression of Arabidopsis 
thaliana SRO genes in different tissues exposed to variable abiotic 
stress conditions and time intervals. (A) Expression profile of shoot 
tissues (B) Expression profile of root tissues (C) Expression response at 
different developmental stages. The Color bar ranges from light green 
to dark red colour in increasing order according to their expression 
response. 
 

Therefore, to validate these results in W. coagulans the RCD1 
gene RT-PCR was carried out through osmotic stress, drought, 
and salt stress taking the root, stem, seed, leaf, and somatic 
meristem, callus, young shoot and somatic embryo tissues as 
samples under 0-, 12-, and 24-hour intervals the expression 
profile was investigated. The results indicated that WcRCD1 has 
the highest expression profile in root, stem, and callus tissues 
under osmotic, salt, and drought stress. Also, in drought stress, it 
showed a prominent expression in young shoot tissues. In 
addition, on 24 hr stress treatment, WcRCD1 was highly 
upregulated in comparison with 12 and 0 hr stress treatments, 
respectively. The results of real-timeexpression analysis 
indicated the putative role of WcRCD1 in abiotic stress tolerance 
in W. coagulans. The detailed real-time expression analysis is 
presented in Fig.8. 
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Fig.8. Heatmap profile and RT-PCR analysis of the differential 
expression of the WcRCD1 gene in different tissues under abiotic 
stress conditions and time intervals.(A-C) Expression profile of seed, 
root, stem, leaf, somatic embryo (SE), callus, somatic meristem (SM) 
and young shoot (YS) after 0h, 12h and 24h, respectively under 
osmotic, salt and drought stress. The Color bar ranges from light green 
to dark red colour in increasing order according to their expression 
response (C-D). The graphical representation of the WcRCD1 under 
osmotic stress, salt and drought stress at 0h, 12h and 24 h respectively. 

G. Analysis of leaf surface by SEM 

To analyze the change in the leaf surface cells and stomata 
under increasing drought stress in W. coagulans, leaf samples 
were also visualized by scanning electron microscopy. 
Narrowing of the stomatal aperture upon increment in drought 
exposure was observed in the leaf lamina surface observation. 
These observations can be correlated with the functions of 
RCD1-like genes. Also, EDX analysis showed a decrease in K+ 
ion concentration in guard cells. The detailed analysis is given in 
Fig.9 A-B. 

 

Fig.9. Scanning Electron Microscopic studies in Withania coagulans 
leaf tissue after increasing drought. (A) SEM microscopic images of 
stomata. (B) EDX analysis of the stomatal cells. 

 

IV. DISCUSSION 

To survive in complex and adverse environmental conditions, 
plants have developed numerous metabolic and physiological 
mechanisms regulating stress-responsive regulatory and 
structural genes (Apoorva et al., 2021). The SRO gene family is 
a conserved small gene family specific to land plants and has 
been known as a major regulator in combating abiotic stress 
environments (Li et al., 2017). 

The SRO gene family is already studied in many plant species 
including crop plants such as Oryza sativa (You et al., 2014), 
Zea mays (Jiang et al., 2018). Vitis vinifera (Gungor et al., 
2019), Brassica rapa by Qiao et al., 2020, cucumber by Xiao et 
al., 2022, Solanum lycopersicum by Li et al., 2021, Triticum 
aestivum (Jiang et al., 2020), banana (Musa spp.), and Malus 
domestica (Li et al., 2017). In this study, WcRCD1 is identified 
based on conserved domains (RST, PARP, and WWE) from the 
W. coagulans SRA dataset. The SRO genes are bifurcated into 
two types type A and type B based on WWE domain presence or 
absence of WWE domain. Type A contains RST, WWE and 
PARP domains on the other hand type B lacks the WWE 
domain. WcRCD1 thus identified belongs to the type B category 
(Ma et al., 2022). The physical chemical properties of the 
WcRCD1 protein revealed that it has a total of 181 amino acids. 
The isoelectric point was found to be 7.0 along with instability 
index (54.21), molecular weight (20159.99), and hydropathy 
index (-0.375). Further, WcRCD1 protein was found to be 
involved in several biological processes at the molecular and 
cellular levels. Further, localization prediction inferred the 
probability of WcRCD1 protein occurrence in the nucleus, 
extracellular, and cytoplasmic levels. 

 
In-silico tissue-specific expression profiling opens the 

window for analyzing these functions of genes involved in 
developmental processes. For example, in Arabidopsis, RCD1, 
and SRO1 genes express in shoot meristems. Studies on apple 
plants have suggested tissue-specific differential expression 
under variable stress conditions. The expression level of 
MdRCD1 was more in fruits than in other tissues (Li et al., 
2017). But, in maize, the root tissues contain high expression 
levels of ZmSROs than in other tissues (Jiang et al., 2018). The 
tissue-specific and hormone-responsive nature of SROs were 
also seen in tomato (Li et al., 2021). Likewise, in-silico studies 
on W. coagulans suggested the RCD1 expression in callus, leaf, 
seed, and root tissues. 

Although SRO homologs widely exist in the plant kingdom, 
only a few members from rice and Arabidopsis have been 
characterized for the regulation of plant development and its 
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involvement in improving plant resistance against abiotic stress 
(Li et al., 2021). Various reports demonstrated that the SRO 
family genes can respond to abiotic stresses and stress-related 
hormones with a vital role in plant abiotic stress tolerance and 
hormone signaling pathways. For example, Zea maysSRO genes 
can be induced by different stress factors which are negatively 
involved in regulating anthocyanin production. In Ipomea 
cairicaSRO genes were upregulated to provide abiotic stress 
tolerance. 

Further, the transgenic studies on IcSRO in Arabidopsis 
decipher its involvement in salt and water stress. In the present 
study, the expression levels of the WcRCD1 gene under osmotic, 
salt, and drought stress were analyzed by qRT-PCR to detect its 
possible roles under abiotic stress. The results obtained from 
WcRCD1 are associated with salt, osmotic, and drought stress 
responses. The WcRCD1 expression results were also obtained, 
it was consistent with the results reported in banana, tomato, 
maize, and wheat as well. Our results suggest that upregulation 
of WcRCD1 may be positive for the mitigation of osmotic 
responses. 

In the present state-of-art, we performed protein-protein 
interaction network analysis too using the STRING database and 
identified putativeWcRCD1-interacting proteins. Studies showed 
that WcRCD1 also interacts with a large number of TFs and the 
RST domain always acts as the binding site. Probably, this 
domain is required for the co-expression and interaction of SRO 
genes with other TFs to participate in plant stress resistance. 
Further interacting proteins, such as DREB2B, NAC017, STO, 
and SOS1, are known interaction partners of AtRCD1. Many 
WcRCD1-interacting proteins as revealed by functional 
annotation are involved in abiotic stress responses. There are 
reports that the WcRCD1 protein could interact with the NAC 
transcription factor and lead to stomatal closure which was also 
demonstrated in the present study ultimately involved in drought 
tolerance. It was previously reported in Arabidopsis, that SRO 
genes can interact with 21 different transcription factors such as 
NAC, ERF, bHLH etc. to coordinate the stress responses via 
binding with the RCD1 domain in rice using 29 AtTF’s 
interaction network, it was possible to depict the involvement of 
SRO in leaf senescence, abiotic stress tolerance, and ROS 
signaling. In another study on wheat also it was found that six 
SRO genes interact with 14 TFs to regulate the stress responses 
(Jiang et al., 2020). Our results give a preliminary structural and 
functional analysis of the WcRCD1 gene which can be further 
utilized for detailed investigation and its involvement in various 

stress responses. 

V. CONCLUSION 

Overall, for the first time, a WcRCD1-like SRO gene was 
identified using the NCBI SRA database along with protein 
characterization and validation have been carried out to assess its 
possible function. The protein structure was submitted to an 

online protein repository. The vital regulatory integrative 
network between proteins, specifically transcription factors has 
been depicted and can be further validated. Analysis of 
transcriptome data shows that WcRCD1gene shows its 
expression in different tissues of W. coagulans under different 
abiotic stresses, similar to other plants studied having its role in 
combating adverse environmental constraints. At the same time, 
qRT-PCR results of some AtRCD1 and WcRCD1-like SRO 
family members showed that these genes responded significantly 
to salt, drought, and oxidative stress. Notably, the expression 
profile of WcRCD1 was significantly upregulated in stem root 
and young shoot tissues under osmotic, salt, and drought stress. 
The results also decipher that, the WcRCD1 protein could 
interact with the NAC transcription factor and lead tostomatal 
closure for improving drought tolerance. Further, over-
expression studies of WcRCD1 can be designed for unveiling the 
true potential and molecular mechanisms of RCD1-like genes in 
combating the adverse effects of abiotic stresses. Additionally, 
the information related toWcRCD1 can be usedfor developing 
stress-tolerant plants for theestablishment ofgrowthand 
development along with the production of important 
withanolides. 
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