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Abstract 

Heat stress has a devastating effect on the growth and development of plants as well as on their productivity, it leads to proteins 

destabilization and cellular homeostasis. The mitigation of these effects depends on heat shock proteins (HSPs). This paper 

gives a global identification, characterization and expression profiling of Hsp20 and Hsp40 families of genes in chili 

(Capsicum annuum) to understand their functions in heat stress tolerance. There were 64 non-redundant HSP20 genes found, 

mostly localized in the cytoplasm, then the nucleus, chloroplast and membrane additional findings provided support the 

hypothesis that HSP20 has a significant role in cytoplasmic protein protection. The structure of genes showed tight folds 

having a limited number of introns, which allows swift transcriptional stimulation during heat stress. Promoter analysis 

revealed that there are five high-profile cis-acting elements with ARRIA and WRKY71OS among them, which lend evidence 

to the belief that stress- and hormone-responsive signals play a complex role in the process of transcription. Genome wide 

screening of the HSP40 genes provided several cytoplasmic members which when expressed during heat shock indicates that 

they are involved in the activation of protective molecular chaperone complexes and the maintenance of cellular proteostasis. 

Hsp20 and Hsp40 proteins were found to coordinate their functions efficiently in stabilization of proteins and aggregation 

inhibition and maintaining metabolic continuity in the face of thermal stress. Altogether, the results offer useful molecular 

understanding of the thermotolerance processes in chili and discover candidate genes to molecular breeding and genetic 

engineering in improving heat stress tolerance in crops.  
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Introduction 

Chili (Capsicum annuum L.) is a spice and a vegetable that 

is economically significant and is widely grown globally. It 

is a member of the Solanaceae family and one of the most 

widely grown species of genus Capsicum. Besides the role 

of culinary values, chili is also a highly nutritious food, with 

vitamins (A, C, and E), carotenoids, and capsaicinoids. (1,2). 

Plants are constantly exposed to diverse environmental 

stresses, including high temperature, drought, salinity, and 

attack by pathogens, among others, which has dire effects on 

plant growth, development, and productivity. The heat stress 

is regarded as one of the worst among these as it interferes 

with the cellular homeostasis through the denaturation of 

proteins, destabilization of membranes, and the lack of 

balance in the metabolism and ultimately deteriorating the 

performance and yield of the plants (3). Because of their 

sessile nature, plants have developed complex molecular and 

physiological responses to environmental stresses (4). 

Adaptation to stress is a complex signaling network where 

calcium ions (Ca2+) play a central role as secondary 

messengers because they detect stimuli like temperature 

extremes, drought, salinity, and pathogen invasion that cause 

transient changes in cytosolic calcium ions (5). In fact, ABA 

is a key stress tolerance regulator, especially during drought 

and biotic stress, which regulates stomata conductance and 

expression of stress-responsive genes (6,7). Also, ROS are 

not only harmful by-products but also play a vital role as 

signalers, combining various stress-response pathways and, 

thus, organizing the cellular mechanism of defense and 

acclimation (8).  

Complex molecular defense mechanisms have been 

developed over time by plants to survive under these adverse 

conditions, with the induction of heat shock proteins (HSPs) 

being one of the main aspects. The Hsp function as molecular 
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chaperones, which are involved in the folding, assembly, 

stabilization, and degradation of proteins during normal and 

stressful conditions (9). HSPs are divided into a few families 

depending on their molecular mass and functional 

characteristics, such as HSP100, HSP90, HSP70, HSP60, 

HSP40, and small heat shock proteins (sHSPs or HSP20 

family) (10). HSP20 and HSP40 proteins have been of much 

interest among such families because of their critical role in 

plant stress-tolerance. The HSP20 family are small heat 

shock proteins with molecular weights between 15- 30 kDa 

and are defined by cysteine-cysteine conserved a-crystallin 

domain (11). These proteins are independent ATP molecular 

chaperones and inhibit irreversible aggregation of denatured 

proteins in stress situations. Past research has shown that 

HSP20 proteins are linked with thermotolerance, seed 

development, and embryogenesis as well as safeguarding 

against oxidative stress in plant (12).The Hsp40 gene family 

also known as  DnaJ protein family, a significant co-

chaperone of Hsp70 that regulates its activation of ATPase 

and capture of substrates. HSP40 proteins possess a 

conserved J-domain of interaction with HSP70 (13). 

According to the composition of their domains, the following 

three major types are identified; Type I, Type II, and Type III. 

HSP40 proteins are involved in a wide variety of cellular 

functions which can be categorized as protein folding, 

intracellular trafficking, signal transduction as well as 

responses to abiotic stresses (14). 

Overall, biotic and abiotic stresses, especially heat and 

drought, have led to a significant decrease in chili production 

since pepper is very sensitive to high temperatures, 

especially at flowering and fruit development stages, when 

temperatures above 32 ºC interfere with pollination and 

fertilization resulting in losses of up to 70% of the yield and 

poor quality of the fruit (15). Therefore, the improvement of 

heat tolerance is one of the most important goals in the chili 

breeding programs. Genome-wide identification and 

characterization of essential stress-responsive gene families 

has now been possible with the availability of the entire 

genome sequence of Capsicum annuum. HSP gene families 

in model and crop plants including Arabidopsis, rice, 

tomatoes, and maize have been studied in several genome-

wide studies and have been shown to play paramount roles 

in stress adaptation (16) . Nevertheless, little has been done 

in the comprehensive genome-wide examination of the 

HSP20 and HSP40 families of genes in chili as well as the 

expression profiling of HSP40 genes(17). 

Thus, the aim of the current research was to identify and 

describe the HSP20 and HSP40 families of gene in the 

genome of chili, and subsequently to analyze their 

phylogenetic patterns, conserved motifs, gene structures, and 

distribution across chromosomes. Moreover, to clarify the 

possible role of this gene in heat stress tolerance, expression 

profiling of an identified HSP40 gene during stress 

conditions was done as reported in the thesis. The results of 

this research can be used as important information about the 

molecular processes of stress adaptation in chili and give 

possible candidate genes to the genetic improvement 

program. 

 

Materials and Methods 

Plant Material and Genome Data Retrieval 

The complete genome sequence of Capsicum annuum was 

accessed in publicly available genome databases. The 

appropriate protein, coding DNA sequence (CDS), and 

genome annotation files were downloaded to create a local 

database for identifying heat shock protein families 

throughout the genome. The UniProt 

(https://www.uniprot.org) and NCBI 

(https://www.ncbi.nlm.nih.gov/gds) databases were 

searched with homology-based demonstrations of reference 

HSP20 and HSP40 protein sequences in Arabidopsis thaliana 

and other plant species. 

Identification of HSP20 and HSP40 Gene Families 

Putative HSP20 and HSP40 genes were identified by 

searching the local protein database with BLASTP for the 

putative HSP20 and HSP40 genes and set the E-value cutoff 

to < 1 x10-5 (18). Superfluous sequences were eliminated 

manually. To verify the authenticity of candidate genes, all 

the obtained sequences were analyzed by conserved domain 

analysis tools Pfam and SMART databases. Proteins with the 

conserved α-crystallin domain were selected as the members 

of the HSP20 family, and proteins with the characteristic J-

domain were selected as the members of the HSP40 family 

(19,20). Proteins that lack the conserved functional domains 

were not subjected to any further examination. 

Physicochemical Properties and Subcellular Localization 

Analysis  

ExPASy ProtParam tool was used to calculate the molecular 

weights (MW), theoretical isoelectric point (pI), amino acid 

length, instability index, and the grand average of 

hydropathicity (GRAVY) values of the identified HSP20 and 

HSP40 proteins (21). Online prediction tools were used to 

predict the subcellular localization of the proteins, and their 

potential cellular localization and functions were found (22). 

Chromosomal Distribution and Gene Structure Analysis  

Genome annotation files were used to extract chromosomal 

positions of the HSP20 and HSP40 genes, and positioned on 

the respective chromosomes of Capsicum annuum. The 

genome-to-CDS sequence alignment was done on the Gene 

Structure Display Server (GSDS), which evaluated the 

structure of the genes with exon-intron organization (23). 

This comparison was possible to evaluate structural diversity 

and conservation between members of gene families in detail. 

Phylogenetic Analysis 

The identified HSP20 and HSP40 proteins were multiple 

sequence aligned with reference sequences of the 

Arabidopsis thaliana using ClustalW with default parameters 

(Thompson et al., 1994). The trees of phylogenetics were 

built following the neighbor-joining (NJ) algorithm in 

MEGA software, and 1,000 bootstrap replicates were used to 

test the reliability of the branch (24). The evolutionary 

relationships and the subgroup formation within both gene 

families were established by means of phylogenetic 

classification.  

Conserved Motif Identification 

The MEME suite was used to identify conserved motifs 

between the HSP20 and HSP40 proteins with the number of 

motifs being a maximum of ten and the length of motifs 
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being between 6 and 50 amino acids (25).The Pfam and 

SMART databases were used to annotate identified motifs as 

functional and structurally conserved (26).  

Plant Material and Stress Treatment for Expression 

Analysis 

Two heat tolerant chili genotypes (24623 and AVRDC-9905) 

and two heat sensitive genotypes (AVRDC-1209 and 24626) 

were selected for the analysis of gene expression,. Surface 

sterilization of the seeds of all the genotypes was done by use 

of 0.1% mercuric chloride (HgCl₂) solution and germination 

was done under controlled conditions in an growth incubator. 

The seedlings were left to develop until the seven-leaf stage 

and thereafter three treatments were administered (1) control 

(normal growth conditions), (2) heat stress without recovery 

and (3) heat stress and recovery. The source of heat stress 

was exposure to high temperature conditions of 48 hours and 

the recovery period was by subjecting the plants to the ideal 

conditions after the heat exposure i.e. 24 hours. Collected 

samples were put into RNA extraction immediately and 

expression profiling of the chosen HSP20 and HSP 40 genes 

was carried out to determine their response to the various 

stress conditions. Downstream expression was done by 

taking leaf samples at specific time intervals. All the samples 

were frozen in liquid nitrogen and kept at -80ºC until RNA 

extraction. 

RNA Isolation, cDNA Synthesis and Gene Expression 

Profiling 

Standard RNA extraction protocol was used to extract total 

RNA in the collected leaf tissues (27). The standard protocol 

was used to extract total RNA in leaf tissues of treated and 

control plants. The fresh leaf samples were crushed with 

liquid nitrogen in order to achieve effective cell disruption 

and the RNA was isolated using the suggested process. 

Electrophoresis on 1% agarose gel was used to measure the 

quality and integrity of extracted RNA, whereas the 

concentration and purity of RNA were measured 

spectrophotometrically (260 and 280 nm absorbance) (28). 

Downstream analysis was only done using high-quality RNA 

at the right ratio of purity (A260/A280). A commercial 

reverse transcription kit was used to synthesize first-strand 

cDNA from the purified RNA using the instructions provided 

by the manufacturer (29). The resulting cDNA was then 

employed as a template in the analysis of quantitative gene 

expression. 

For semi quantitative RT-PCR assays, capsicum 

housekeeping gene (actin) were used as internal control. 

PCR was performed with 25 or 30 cycles (30 s at 94°C, 30 s 

at 63°C, and 20s at 72°C) under the following conditions: 

{0.5 µL RT product was amplified in a 20-µL volume 

containing 2 µL 10X PCR buffer with MgCl2, 0.25 µL 10 

mM dNTPs, and 0.5 µL Taqpolymerase (Tiangen, Beijing)} 

(30, 31). 

 

Results 

 

Genome-Wide Identification of Small Heat Shock 

Protein (HSP20) Gene Family in Capsicum annum 

A total of ninety-six (96) members of HSP20 family genes 

were retrieved through BLAST searches against NCBI 

database. Redundant sequences were removed by sequence 

alignment and phylogenetic tree construction. The resulting 

sequences were screened in Scanprosite by the confirmation 

of domains and motifs. After this stringent filtering, 64 

members were identified and selected for further analysis 

(Table 1). The subcellular location of each gene was found 

in Uniprot and Wolf Psort. Below are the genes and 

subcellular location of the genes in the HSP20 family.  The 

analysis showed that 26 members were localized in the 

nucleus including A0A1U8DYF5, A0A1U8E5K0, and 

A0A1U8GE85. The analysis indicated that 56 members, for 

instance A0A1U8DWR1, A0A1U8EE11, and A0A1U8F5P6, 

were located in the cytoplasm. Whereas twenty (20) 

members, like A0A1U8ED71 and A0A1U8EV16, were 

found to be located in the chloroplast of the cell. Eleven (11) 

members, such as A0A1U8DW07 and A0A1U8ENJ0, of the 

HSP20 gene family were located within cell membrane. 

Phylogenetic Analysis of the HSP20 Family 

With the help of fig Tree phylogenic trees were constructed 

and in this tree there are three main clusters which are further 

branched into sub clusters (Figure 1).  Cluster 1 contains 

sixty nines members which are diversified in various sub 

clusters. The two closely related members of the cluster one 

in its first branched cluster are A0A1U8FM97 and 

A0A1U8FY18 whereas A0A2G2YEL3 and A0A1U8FC12 

are the most distant relatives. In the second branch of cluster 

1 A0A2G2XZY4 and A0A2G2XXB2 are the closest 

relatives. In cluster 2 and cluster 3 two members each were 

found.  This analysis shows that HSP20 gene members are 

highly diverse and classified into various clusters and sub 

clades correspondence to their evolutionary patterns in 

Capsicum annuum L. 

 

 

 
 

Figure 1: Phylogeny tree of HSP20 gene family 

 

Gene Structure Prediction of HSP20 Family Members 

The gene structure prediction of the HSP20 gene family 

members indicated the range of introns from 0-6 (Table: 2, 

Figure: 2). Most of the members lacked introns, with only 

exons. One member of HSP20 consisted of six introns named 

A0A1U8F6D5. The number of exons ranged from one to 

twelve. However, maximum number of members consisted 

of exons ranging from one to three. The member 

A0A2G2Z994 contained ten exons and A0A2G2ZSX8 
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consisted of twelve exons. 

Promoter Analysis of HSP20 Family Members 

For promoter analysis of the members of HSP20 gene family 

members’ 2kb upstream region of coding sequence was 

analyzed and five (5) cis-acting elements were identified and 

analyzed for their expression in co expressed genes. The cis-

acting elements identified are ARRIA, MYBCORE, 

MYCCONSENSUSAT, POLLEN1LELAT52, and 

WRKY71OS. Among which ARRIAT and WRKY71OS 

were found abundantly in HSP20 gene family members 

showing their significance during various stresses and 

developmental stages of chili plant (Table 3). 

 

Table 1: Accession numbers and sub-cellular localization of HSP20 gene family 
 

Accession number Sub-cellular location Accession number Sub-cellular location 

A0A1U8DW07  Membrane A0A2G2Y1U3  Cytoplasm 

A0A1U8DYF5  Nucleus A0A2G2Y2E9  Cytoplasm 

A0A1U8E2C0  Cytoplasm A0A2G2Y2I4  Cytoplasm 

A0A1U8E5K0  Nucleus, Chloroplast, Vacuole A0A2G2Y2Y3  Cytoplasm 

A0A1U8E6M6  Cytoplasm A0A2G2Y6T1  Cytoplasm 

A0A1U8ED71  Chloroplast, Mitochondria A0A2G2Y160  Membrane 

A0A1U8EE11  Cytoplasm A0A2G2Y855  Membrane 

A0A1U8EEY2  Cytoplasm A0A2G2YEH3  Cytoplasm 

A0A1U8EV16  Chloroplast, Plastid A0A2G2YEL3  Cytoplasm 

A0A1U8F5P6  Cytoplasm A0A2G2YGU9  Membrane 

A0A1U8F475  Chloroplast, Nucleus, Extra cellular A0A2G2YKD7  Cytoplasm 

A0A1U8FC12  Chloroplast, Mitochondria A0A2G2YKT5  Cytoplasm 

A0A1U8FD53  Extra cellular, Chloroplast, Nucleus, Cytoplasm A0A2G2YPZ7  Nucleus 

A0A1U8FEZ3  Cytoplasm, Nucleus, Extra cellular, Golgi body A0A2G2YRD3  Cytoplasm 

A0A1U8FI97  Membrane A0A2G2Z5T6  Cytoplasm, Nucleus, Cystokinin 

A0A1U8FR15  Cytoplasm A0A2G2Z051  Cytoplasm, Chloroplast, nucleus, Extra cellular 

A0A1U8FX61  Cytoplasm A0A2G2Z994  Cytoplasm, nucleus 

A0A1U8FY18  Cytoplasm A0A2G2ZCQ5 Cytoplasm 

A0A1U8FYR4  Chloroplast, Vacuole A0A2G2ZE14  Cytoplasm 

A0A1U8G8H0  Membrane A0A2G2ZE32  Cytoplasm 

A0A1U8GE85  Mitochondria, Chloroplast, Cytoplasm, Nucleus A0A2G2ZFQ7  Cytoplasm 

A0A1U8GRL0  Nucleus A0A2G2ZPR7  Membrane 

A0A1U8H2P2  Cytoplasm A0A2G2ZQ55  Cytoplasm 

A0A1U8HG95  Membrane A0A2G2ZSW2  Chloroplast, Extra cellular, Nucleus, cytoplasm 

A0A2G2XU78  Nucleus A0A2G2ZSX8  Nucleus, Cytoplasm 

A0A2G2XUC9  Nucleus A0A2G2ZZ98  Cytoplasm 

A0A2G2XXB2  Nucleus A0A2G3A3Y5  Cytoplasm 

A0A2G2XXQ4 Nucleus A0A2G3A187  Cytoplasm 

A0A2G2XZ98  Nucleus A0A2G3AEN8  Chloroplast, Mitochondria 

A0A2G2XZY4  Nucleus A0A2G3AET7  Chloroplast, Mitochondria 

A0A2G2Y1U9  Cytoplasm A0A2G3AHM3  Cytoplasm 

A0A2G2Y2E6  Cytoplasm A0A2G3AIK6  Membrane 

 

Table 2: Gene structure prediction of the members of the HSP20 gene family in chilli 
 

Accession number Gene id Protein id Transcript id Domain Exon 

A0A1U8DW07  T459_22142 UP000189700 PHT63922 sHSP 1 

A0A1U8DYF5  T459_34420 UP000222542 PHT72396 sHSP 1 

A0A1U8E2C0  T459_23181 UP000222542 PHT72101 sHSP 1 

A0A1U8E5K0  T459_22886 UP000222542 PHT63920 sHSP 1 

A0A1U8E6M6  T459_32218 UP000222542 PHT63919 sHSP 1 

A0A1U8ED71  T459_23727 UP000189700 PHT70210 sHSP 1 

A0A1U8EE11  T459_25314 UP000189700 PHT93745 sHSP 1 

A0A1U8EEY2  T459_01627 UP000189700 PHT63487 sHSP 1 

A0A1U8EV16  T459_26981 UP000189700 PHT92703 sHSP 8 

A0A1U8F5P6  T459_12556 UP000189700 PHT71827 sHSP 3 

A0A1U8F475  T459_22612 UP000189700 PHT92702 sHSP 2 

A0A1U8FC12  T459_00584 UP000189700 PHT62827 sHSP 2 

A0A1U8FD53  T459_33333 UP000189700 PHT62827 sHSP 2 

A0A1U8FEZ3  T459_33333 UP000189700 PHT94004 sHSP 1 

https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_22142;r=8:138515894-138517177;t=PHT74865;db=core
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_32220;r=PGAv.1.6.scaffold606:740575-741054;t=PHT63922
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_23181;r=9:64590291-64590737;t=PHT72396
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_23181;r=9:64590291-64590737;t=PHT72396;db=core
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_22886;r=9:26174738-26176222;t=PHT72101
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_22886;r=9:26174738-26176222;t=PHT72101;db=core
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_32218;r=PGAv.1.6.scaffold606:703062-703541;t=PHT63920
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_32218;r=PGAv.1.6.scaffold606:703062-703541;t=PHT63920;db=core
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_32217;r=PGAv.1.6.scaffold606:697872-698351;t=PHT63919
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_25314;r=10:91639813-91640499;t=PHT70210
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_25314;r=10:91639813-91640499;t=PHT70210;db=core
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_01627;r=1:67614864-67617717;t=PHT93745
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_32711;r=PGAv.1.6.scaffold959:764430-764949;t=PHT63487
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_26981;r=11:8362521-8367821;t=PHT67494;db=core
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_00585;r=1:10994572-10996475;t=PHT92703
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_12556;r=4:205732635-205734628;t=PHT84113;db=core
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_22612;r=9:7110789-7115249;t=PHT71827
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_22612;r=9:7110789-7115249;t=PHT71827;db=core
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_00584;r=1:10982219-10984468;t=PHT92702
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_00584;r=1:10982219-10984468;t=PHT92702;db=core
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_33333;r=PGAv.1.6.scaffold1132:630510-636460;t=PHT62827
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_33333;r=PGAv.1.6.scaffold1132:630510-636460;t=PHT62827
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_33333;r=PGAv.1.6.scaffold1132:630510-636460;t=PHT62827;db=core
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_01886;r=1:93627220-93628781;t=PHT94004
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A0A1U8FI97  T459_01886 UP000222542 PHT77225 sHSP 2 

A0A1U8FR15  T459_07099 UP000222542 PHT90725 sHSP 2 

A0A1U8FTF7  T459_11007 UP000222542 PHT87991 sHSP 2 

A0A1U8FX61  T459_10097 UP000189700 PHT87992 sHSP 1 

A0A1U8FY18  T459_10098 UP000189700 PHT87590 sHSP 1 

A0A1U8FYR4  T459_09696 UP000189700 PHT88086 sHSP 2 

A0A1U8G8H0  T459_10192 UP000222542 PHT72942 sHSP 2 

A0A1U8GE85  T459_23727 UP000189700 PHT85070 sHSP 2 

A0A1U8GRL0  T459_13514 UP000222542 PHT80240 sHSP 2 

A0A1U8H2P2  T459_18292 UP000189700 PHT80238 sHSP 1 

A0A1U8HG95  T459_20368 UP000222542 PHT60861 sHSP 6 

A0A2G2XU78  T459_35288 UP000222542 PHT61070 sHSP 2 

A0A2G2XUC9  T459_35080 UP000222542 PHT62100 sHSP 2 

A0A2G2XXB2  T459_34050 UP000222542 PHT62101 sHSP 4 

A0A2G2XXQ4  T459_34051 UP000222542 PHT62825 sHSP 4 

A0A2G2XZ98  T459_33331 UP000222542 PHT62827 sHSP 2 

A0A2G2XZY4  T459_33137 UP000222542 PHT63689 sHSP 5 

A0A2G2Y1U9  T459_32511 UP000222542 PHT63922 sHSP 2 

A0A2G2Y2E6  T459_32220 UP000189700 PHT63919 sHSP 1 

A0A2G2Y2I4  T459_32217 UP000189700 PHT63920 sHSP 1 

A0A2G2Y2Y3  T459_32219 UP000189700 PHT65444 sHSP 1 

A0A2G2Y6T1  T459_29869 UP000189700 PHT63487 sHSP 1 

A0A2G2Y160  T459_32711 UP000222542 PHT65920 sHSP 2 

A0A2G2Y855  T459_30345 UP000189700 PHT66327 sHSP 2 

A0A2G2Y992  T459_30752 UP000222542 PHT67494 sHSP 1 

A0A2G2YEH3  T459_27622 UP000222542 PHT68001 sHSP 1 

A0A2G2YEL3  T459_27488 UP000222542 PHT68950 sHSP 1 

A0A2G2YGU9  T459_28437 UP000189700 PHT70210 sHSP 2 

A0A2G2YKD7  T459_25314 UP000222542 PHT70211 sHSP 1 

A0A2G2YKT5  T459_25315 UP000222542 PHT71827 sHSP 1 

A0A2G2YPZ7  T459_22612 UP000222542 PHT72303 sHSP 7 

A0A2G2YRD3  T459_23088 UP000189700 PHT72396 sHSP 2 

A0A2G2Z5T6  T459_20747 UP000189700 PHT75359 sHSP 2 

A0A2G2Z051  T459_18881 UP000222542 PHT78534 sHSP 1 

A0A2G2Z994  T459_16586 UP000222542 PHT79776 sHSP 10 

A0A2G2ZCQ5  T459_17828 UP000222542 PHT80764 sHSP 1 

A0A2G2ZE14  T459_18291 UP000189700 PHT80239 sHSP 1 

A0A2G2ZE32  T459_18290 UP000189700 PHT80238 sHSP 1 

A0A2G2ZFQ7  T459_13779 UP000189700 PHT80764 sHSP 2 

A0A2G2ZPR7  T459_12421 UP000222542 PHT83978 sHSP 2 

A0A2G2ZQ55  T459_12556 UP000222542 PHT84113 sHSP 3 

A0A2G2ZSW2  T459_13513 UP000189700 PHT85070 sHSP 2 

A0A2G2ZSX8  T459_13522 UP000189700 PHT85079 sHSP 12 

A0A2G2ZZ98  T459_09410 UP000222542 PHT87304 sHSP 2 

A0A2G3A3Y5  T459_11007 UP000189700 PHT88901 sHSP 2 

A0A2G3A187  T459_10098 UP000222542 PHT87992 sHSP 1 

A0A2G3AEN8  T459_18290 UP000222542 PHT92702 sHSP 2 

A0A2G3AET7  T459_12421 UP000222542 PHT92703 sHSP 2 

A0A2G3AHM3  T459_12556 UP000189700 PHT93745 sHSP 2 

A0A2G3AIK6  T459_13513 UP000222542 PHT94003 sHSP 2 

 

Table 3: Promoter analysis of the members of HSP20 gene family 

Accession number Arriat Mybcore Mycconsensusat Pollen1lelat52 Wrky71os 

A0A1U8DW07 60 20 27 30 21 

A0A1U8DWR1 39 7 22 15 12 

A0A1U8DYF5 282 55 208 18 145 

A0A1U8E2C0 39 6 32 37 18 

A0A1U8E5K0 54 12 42 30 32 

https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_01886;r=1:93627220-93628781;t=PHT94004;db=core
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_20747;r=7:245047798-245049181;t=PHT77225
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_05838;r=2:146881305-146882131;t=PHT90725
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_10097;r=3:263331978-263332454;t=PHT87991
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_10098;r=3:263417665-263418141;t=PHT87992
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_09696;r=3:250252226-250253115;t=PHT87590
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_10192;r=3:265224466-265225294;t=PHT88086
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_23727;r=9:217511052-217511699;t=PHT72942
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_13513;r=4:239488843-239489798;t=PHT85070
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_13514;r=4:239518884-239520539;t=PHT85071;db=core
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_18292;r=6:237711348-237711812;t=PHT80240
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_18290;r=6:237685738-237686202;t=PHT80238
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_35288;r=PGAv.1.6.scaffold2661:16485-17365;t=PHT60861
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_35288;r=PGAv.1.6.scaffold2661:16485-17365;t=PHT60861;db=core
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_35080;r=PGAv.1.6.scaffold2160:26166-26758;t=PHT61070
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_34050;r=PGAv.1.6.scaffold1416:160016-160976;t=PHT62100
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_34051;r=PGAv.1.6.scaffold1416:181421-184102;t=PHT62101
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_33331;r=PGAv.1.6.scaffold1132:621157-622753;t=PHT62825
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_33331;r=PGAv.1.6.scaffold1132:621157-622753;t=PHT62825;db=core
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_33333;r=PGAv.1.6.scaffold1132:630510-636460;t=PHT62827
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_32511;r=PGAv.1.6.scaffold855:1006147-1006597;t=PHT63689
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_32220;r=PGAv.1.6.scaffold606:740575-741054;t=PHT63922
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_32217;r=PGAv.1.6.scaffold606:697872-698351;t=PHT63919
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_32218;r=PGAv.1.6.scaffold606:703062-703541;t=PHT63920
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_29869;r=12:38137546-38138124;t=PHT65444
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_29869;r=12:38137546-38138124;t=PHT65444;db=core
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_32711;r=PGAv.1.6.scaffold959:764430-764949;t=PHT63487
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_30345;r=12:140926220-140927659;t=PHT65920
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_30345;r=12:140926220-140927659;t=PHT65920;db=core
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_30752;r=12:217753935-217754096;t=PHT66327
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_30752;r=12:217753935-217754096;t=PHT66327;db=core
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_26981;r=11:8362521-8367821;t=PHT67494
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_27622;r=11:63177624-63177977;t=PHT68135;db=core
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_27488;r=11:44859012-44859233;t=PHT68001
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_28437;r=11:252635306-252637266;t=PHT68950
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_25314;r=10:91639813-91640499;t=PHT70210
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_25314;r=10:91639813-91640499;t=PHT70210;db=core
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_25315;r=10:91850903-91851385;t=PHT70211
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_22612;r=9:7110789-7115249;t=PHT71827
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_23088;r=9:50713727-50715211;t=PHT72303
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_23181;r=9:64590291-64590737;t=PHT72396
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_18881;r=7:9063480-9063719;t=PHT75359
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_16586;r=6:137779423-137783577;t=PHT78534
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_17828;r=6:228028900-228029130;t=PHT79776
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_13779;r=5:4591449-4593354;t=PHT80764
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_18291;r=6:237689199-237689663;t=PHT80239;db=core
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_18291;r=6:237689199-237689663;t=PHT80239
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_18290;r=6:237685738-237686202;t=PHT80238
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_13779;r=5:4591449-4593354;t=PHT80764
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_12421;r=4:196503957-196505104;t=PHT83978
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_12556;r=4:205732635-205734628;t=PHT84113
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_13513;r=4:239488843-239489798;t=PHT85070
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_13522;r=4:239566433-239578231;t=PHT85079
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_09410;r=3:234997697-234998422;t=PHT87304
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_11007;r=3:281798897-281799678;t=PHT88901;db=core
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_11007;r=3:281798897-281799678;t=PHT88901
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_10098;r=3:263417665-263418141;t=PHT87992
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_00584;r=1:10982219-10984468;t=PHT92702
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_00585;r=1:10994572-10996475;t=PHT92703
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_01627;r=1:67614864-67617717;t=PHT93745
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_01885;r=1:93413058-93414125;t=PHT94003


Journal of Genetics and Applied Biotechnology (JGAB) 

6 
J Genet Appl Biotechnol, 2026: e2026023 

A0A1U8E6M6 53 5 28 11 19 

A0A1U8E820 60 9 32 29 17 

A0A1U8ED71 38 11 32 29 27 

A0A1U8EE11 44 13 32 24 27 

A0A1U8EEY2 161 82 156 82 90 

A0A1U8EV16 96 25 70 52 63 

A0A1U8F5P6 49 10 36 43 42 

A0A1U8F475 101 20 48 78 58 

A0A1U8FC12 52 15 42 27 26 

A0A1U8FD53 23 6 24 11 8 

A0A1U8FEZ3 145 34 84 99 96 

A0A1U8FI97 23 3 14 24 9 

A0A1U8FM97 55 11 42 23 27 

A0A1U8FR15 51 15 36 32 39 

A0A1U8FTF7 49 15 56 25 30 

A0A1U8FX61 43 5 24 30 19 

A0A1U8FY18 91 11 38 53 35 

A0A1U8FYR4 51 10 32 38 37 

A0A1U8G8H0 50 17 20 33 31 

A0A1U8GE85 75 16 54 34 34 

A0A1U8GRL0 53 26 34 40 38 

A0A1U8H2P2 35 10 20 39 13 

A0A1U8HG95 55 13 56 31 46 

A0A2G2XU78 39 13 50 15 18 

A0A2G2XUC9 40 11 58 19 24 

A0A2G2XXB2 41 10 62 15 27 

A0A2G2XXQ4 41 10 62 15 27 

A0A2G2XZ98 38 21 58 28 36 

A0A2G2XZY4 44 8 78 22 35 

A0A2G2Y1U9 41 8 32 31 25 

A0A2G2Y2E6 39 7 22 15 12 

A0A2G2Y2I4 60 9 32 29 17 

A0A2G2Y2Y3 16 2 10 6 14 

A0A2G2Y6T1 16 2 16 14 8 

A0A2G2Y160 23 2 10 8 7 

A0A2G2Y855 14 4 22 10 19 

A0A2G2Y992 15 3 20 13 10 

A0A2G2YEH3 21 2 10 14 10 

A0A2G2YEL3 18 6 12 10 10 

A0A2G2YGU9 7 0 2 8 2 

A0A2G2YKD7 19 2 12 13 14 

A0A2G2YKT5 11 2 2 3 2 

A0A2G2YPZ7 21 3 8 10 15 

A0A2G2YRD3 27 3 14 15 10 

A0A2G2Z5T6 24 5 22 11 10 

A0A2G2Z051 17 3 18 15 15 

A0A2G2Z994 19 4 14 13 8 

A0A2G2ZCQ5 24 5 30 9 8 

A0A2G2ZE14 16 8 28 13 10 

A0A2G2ZE32 29 4 20 9 4 

A0A2G2ZFQ7 19 2 12 13 9 

A0A2G2ZPR7 29 0 14 17 13 

A0A2G2ZQ55 20 1 8 8 10 

A0A2G2ZSW2 18 4 22 9 7 
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A0A2G2ZSX8 20 5 20 13 12 

A0A2G2ZZ98 29 6 16 5 9 

A0A2G3A3Y5 20 3 18 12 5 

A0A2G3A187 15 9 6 7 12 

A0A2G3AEN8 26 4 12 14 8 

A0A2G3AET7 17 4 16 10 11 

A0A2G3AHM3 32 4 12 11 8 

A0A2G3AIK6 17 0 6 2 1 

 

 

 
 

Figure 2: Gene structure of some genes of HSP20 gene 

family  

 

Genome-Wide Identification, Gene Structure Prediction 

and Promoter Analysis of Small Heat Shock 

Protein(HSP40) Gene Family in Capsicum annum 

Nine (9) members of Hsp40 family genes were identified 

through BLAST NCBI, and removal of redundancy was 

carried out by aligning and constructing phylogeny trees 

which were further screened in Scanprosite by the 

confirmation of domain and motifs. The subcellular location 

of each gene was found in Uniprot. Table 4 represents the 

sub-cellular location of the genes in the HSP40 family. Six 

members such as A0A2G2ZLQ5, A0A2G2Z9Y1, 

A0A2G2YSI7, and A0A2G2YFF4 were present in the 

cytosol. Whereas A0A1U8EAA3, A0A1U8F5W9, and 

A0A1U8H156 were found to be present in cytoplasm, 

nucleus and chloroplast. The gene structure of HSP 40 

members indicated that the introns were present in the range 

of one to eighteen (Table 5, Figure 3). A0A2G2ZLQ5 gene 

structure consisted of 1 exon and 0 introns, A0A1U8EAA3 

gene structure indicated 7 exons and 18 introns. Most of the 

members’ gene structure consisted of 3 exons. Heat shock 

proteins class 40 members containing various promoters that 

play an active role in the coping of heat stress in chili. As 

well as they have developmental roles in plants. The 

abundance of promoters were counted for each promoter in 

the 2kb upstream region. The promoters include ARRIAT, 

MYBCORE, MYCCONSENSUSAT, WRKY71OS, and 

POLLEN1LELAT52 (Table 6). 

Phylogenetic Analysis of HSP 40 Family 

The phylogenetic tree of HSP 40 shows 3 main clusters 

which are further classified into sub-clusters (Figure 4). Sub-

cluster 1 contains four members, sub-cluster two contains 

three members, and sub-cluster 3 contains two members. 

A0A2G2Z9Y1 and A0A1U8H156 are closely related in 

cluster 1 while A0A2G2Z9Y1 and A0A1U8F5W9 are 

distantly related. In cluster 2 A0A2G2ZLP5 and 

A0A2G2YSI7 are distantly related. 

 

Table 4: accession numbers & sub-cellular localization of the 

members of HSP40 gene family 
 

Accession number Sub-cellular location 

A0A1U8EAA3  Cytoplasm, Chloroplast, Vacuole, 

Nucleus, Peroxisome, 

A0A1U8F5W9  Nucleus, Cytoplasm, Peroxisome 

A0A1U8H156  Cytoplasm, Nucleus, Peroxisome,  

A0A2G2YFF4  Cytosol 

A0A2G2YFJ3  Cytosol 

A0A2G2YSI7  Cytosol 

A0A2G2Z9Y1  Cytosol 

A0A2G2ZLP5  Cytosol 

A0A2G2ZLQ5  Cytosol 

 

 
Figure 3:  Gene structure of the members of HSP40 gene 

family 
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Figure 4: Phylogenetic tree of HSP40 gene family in 

Capsicum annum 

 

Expression Profiling of selected HSP40 Gene 

(A0A2G2ZLQ5) 

The expression pattern of the HSP40 gene A0A2G2ZLQ5 

under various genotype and conditions of treatment is 

present in figure 5. The gene was expressed uniformly in all 

three samples in genotype G1, with no observed variation. 

The level of expression was higher than in the control sample 

than in the treated samples in G 2. On the contrary, G3 

genotype exhibited the highest expression in treated samples 

that have recovered, indicating an improvement in response 

in the presence of recovery conditions. In G4, there was 

homogeneity in the levels of expression in all the control 

samples, which showed stable expression of the genes in the 

non-stress conditions. 

 

 
 

Figure 5: Expression Profiling of Hsp40 (A0A2G2ZLQ5) 

 

Table 5: Gene structure of the members of HSP40 gene family 
 

Accession number Gene id Protein id Transcript id Domain Exon 

A0A1U8EAA3 1 T459_03065 UP000189700 PHT95183 DnaJ 7 

A0A1U8F5W9 2 T459_27942 UP000189700 PHT68455 DnaJ 3 

A0A1U8H156 3 T459_16869 UP000189700 PHT78817 DnaJ 3 

A0A2G2YFF4 4 T459_27942 UP000222542 PHT68455 DnaJ 3 

A0A2G2YFJ3 5 T459_27982 UP000222542 PHT68495 DnaJ 1 

A0A2G2YSI7 6 T459_23420 UP000222542 PHT72635 DnaJ 3 

A0A2G2Z9Y1 7 T459_16869 UP000222542 PHT78817 DnaJ 4 

A0A2G2ZLP5 8 T459_11363 UP000222542 PHT82920 DnaJ 2 

A0A2G2ZLQ5 9 T459_11362 UP000222542 PHT82919 DnaJ 1 

 

Table 6: Abundance of major stress related cis-acting element in HSP40 Promoter 
Accession number ARRIAT MYBCORE  MYCCONSENSUSAT POLLEN1LELAT52 WRKY71OS 

A0A1U8EAA3 1 78 9 17 45 38 

A0A1U8F5W9 2 18 6 12 20 4 

A0A1U8H156  55 18 57 42 32 

A0A2G2YFF4  18 7 10 15 7 

A0A2G2YFJ3  14 2 16 12 10 

A0A2G2YSI7  17 3 12 16 10 

A0A2G2Z9Y1  12 3 6 7 13 

A0A2G2ZLP5  41 10 35 24 30 

A0A2G2ZLQ5  23 4 16 10 13 

 

Discussion 

The current research has found that HSP20 family proteins 

are localized in different subcellular sites, with most of them 

being found in the cytoplasm. This cytoplasmic abundance 

indicates that the proteins are actively involved in stress 

tolerance processes and other cell developmental processes. 

The presence of HSP20 proteins in the nucleus, chloroplast 

and membrane also shows that these proteins are involved in 

a variety of cellular processes and functional 

pathways.HSP20 has been reported to have a wider array of 

functional roles and evolutionary spread as it has been 

described as more diverse than other heat shock protein 

families in plants (32). HSP20 genes have been compared in 

Oryza sativa (23 genes), Populus trichocarpa (36 genes), 

https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_03065;r=1:246694922-246726669;t=PHT95183
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_27942;r=11:155806335-155807794;t=PHT68455
https://www.uniprot.org/proteomes/UP000189700
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_16869;r=6:185107719-185110116;t=PHT78817
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_27942;r=11:155806335-155807794;t=PHT68455;db=core
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_27942;r=11:155806335-155807794;t=PHT68455
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_27982;r=11:171398210-171398644;t=PHT68495
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_23420;r=9:133043215-133043984;t=PHT72635
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_16869;r=6:185107719-185110116;t=PHT78817
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_11363;r=4:9338576-9339279;t=PHT82920
https://plants.ensembl.org/Capsicum_annuum/Gene/Summary?g=T459_11362;r=4:9338027-9338530;t=PHT82919;db=core
https://www.uniprot.org/proteomes/UP000222542
https://plants.ensembl.org/Capsicum_annuum/Transcript/Summary?db=core;g=T459_11362;r=4:9338027-9338530;t=PHT82919
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Arabidopsis thaliana (19 genes), and Glycine max (51 genes) 

(33). These results indicate that there is a significant range in 

HSP20 gene family size across plant species and support an 

evolutionary expansion of the gene family. 

According to (34), the absence of introns and the short length 

of introns may lead to the expression of HSP20 genes during 

heat stress. The genes that were compacted played a big part 

in the heat stress tolerance mechanism compared to genes in 

the structure that contained numerous introns (Jeffares et al., 

2008). This may be inferred as the explanation behind the 

role played by members of the HSP20 gene family in serving 

as a primary defense mechanism in response to protein 

aggregation in heat stress to sustain the thermotolerance of 

plants (35). 

The cis-acting factors have been known to be very important 

during heat stress in the process of controlling the expression 

of specific genes and safeguard of plants. Heat shock factors 

(Hsfs) are the activated factors that bind to heat shock 

elements (HSE) in promoters of HSP genes that control 

downstream-expression. The fact that CaHSP20 promoters 

contain multiple cis-elements, such as ARRIA and 

WRKY71OS, indicates that CaHSP20 genes are not specific 

to one HSF pathway in terms of its interactions with various 

functional genes and the regulation of their expression under 

heat stress (36). 

Other plant species, which are further compared, also 

confirm the importance of WRKY transcription factors in 

stress response. In Arabidopsis, the microarray data showed 

that the WRKY transcripts are intensively controlled during 

abiotic stresses like salinity, drought, and cold (37,38). In 

Oryza sativa (rice) 54 WRKY genes were found to change 

significantly in transcription during abiotic stresses, or 

during the treatment with phytohormones (39). Hv-

WRKY38 is a cold and drought stress-responsive gene in 

barley (Zheng et al., 2020), and at least nine WRKY genes 

are variously expressed in the abiotic stress condition cases 

of soybean (40). 

A profiling of the expression of HSP40 genes was conducted 

when subjected to heat stress conditions and it was found that 

there was a high level of transcriptional induction especially 

when it was related to the cytoplasm associated members. 

Such an increased expression pattern during thermal stress 

implies that they play a very important role in the activation 

of protective chaperone complexes. This intense induction of 

HSP40 genes in heat shock indicates that it plays a role in 

stabilizing nascent and stress-induced proteins to avert the 

damage of cells and maintain their metabolic activity. This 

depicts the role of HSP40 genes in the signal of heat stress 

and adaptive defense mechanisms (41,42) 

Hot temperatures have adverse effects on cell membrane 

integrity and cell membrane functioning. Post-secondary 

structural alteration of cellular membrane proteins is induced 

by heat stress, which causes a rise in membrane permeability. 

The genotypes that have high CMS are more stable to have 

membrane stability under acid, indicating heat tolerance. The 

findings are in line with the past results where CMS has been 

utilized indirectly by measuring electrolyte leakage to screen 

heat-tolerant genotypes in several crops such as tomato 

(43,44) 

Moreover, the presence of cytoplasmic localization in the 

HSP20 family members is further validated to play a 

functional role in denaturation, aggregation, and misfolding 

prevention of proteins in the presence of heat stress 

conditions. Such a spatial distribution enables quick access 

to stress-damaged proteins, which promotes cellular 

homeostasis, preserving metabolic activity. The small gene 

size and low levels of introns of HSP20 genes additionally 

promote rapid transcriptional response, which supports the 

initial molecular chaperoning response in thermal stress (45). 

The promoter architecture, cis-regulatory divergence and 

cytoplasmic preponderance of CaHSP20 genes together 

show that they play the central role in heat stress tolerance 

and developmental regulation in chili. The results of these 

studies are very useful in understanding the molecular 

mechanism underlying thermotolerance and give good leads 

on candidate genes that can be used in genetic enhancement 

programs to improve stress tolerance in chili and other 

related crop species. 

 

Conclusion 

Genome-wide identification and functional 

characterization of HSP20 and HSP40 family of genes in 

this study suggested significant roles of these genes in heat 

stress tolerance in chili. The significance of the HSP20 

genes was found to be rapidly responsive to stress by 

structural features, promoter architecture, and subcellular 

localization and expression profiling confirmed the 

importance of cytoplasmic HSP40 members in thermal 

stress. Collectively, these results give useful molecular 

clues and candidate genes to improve the thermotolerance 

of chili by use of molecular breeding and genetic 

improvement approaches. 
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