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Abstract: Heat shock proteins (HSPs) are integral to plant responses to stress, with 

HSP100 constituting a significant family involved in protein disaggregation and 

thermotolerance. This study investigated the members of HSP100 gene family in 

Phaseolus vulgaris, Pisum sativum, Glycine max, and Oryza sativa, disclosing variations in 

gene number (ranging from 8 to 17 members), molecular weight (between 101 and 119 

kDa), exon count (ranging 3 to 12), and isoelectric point (from 5.83 to 8.81). Phylogenetic 

analysis separated HSP100 family members into four main groups, each of which  

showed specific subcellular localizations (nucleus, chloroplast, mitochondria, and 

cytoplasm-nucleus). Predictions of phosphorylation sites indicated interspecies 

variability in members of the HSP100 family. Prediction of duplication events in P. 

vulgaris revealed that segmental duplication events have occurred more in HSP100 

family members. Expression analyses revealed that PHAVU-008g035600g and PHAVU-

001g243900g are more   responsive to salinity stress. Interaction networks revealed that 

HSP100s associate with SCF ubiquitin ligase components, esterases, CLP proteases, and 

HSP21, all enriched in ATP-dependent activities. Our findings revealed a deeper 

understanding of the evolutionary and expression diversity of HSP100 proteins within 

the plants. 
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Introduction  
Heat shock proteins (HSPs) and ion transporters 

constitute an essential component of the plant stress 

response mechanism.  They contribute to the 

protection of cellular structures and the 

maintenance of homeostasis under adverse 

conditions (Timperio et al., 2008; Hosseini Pouya et 

al., 2025). HSPs prevent the aggregation of 

denatured proteins by binding to damaged 

proteins, preventing the formation of toxic 

aggregates, and helping to restore the normal 

structure of proteins. In the event of irreversible 

damage, HSPs direct defective proteins to 

degradation systems such as the proteasome or Clp 

complexes (Parsell and Lindquist, 1993; Pickart and 

Cohen, 2004). These functions are crucial for 

maintaining protein homeostasis under stress 

conditions, making HSPs a key cell defense 

mechanism. These proteins are ubiquitous in both 

prokaryotes and eukaryotes (Wang et al., 2004). 

HSPs act as innate biomarkers and play a pivotal 

role in genetic diversity and facilitating the survival 

of organisms exposed to biotic and abiotic stressors 

(Abasi et al., 2024; Pan et al., 2024). In  plant cells, 

HSPs provide cellular protection by modulating the 

synthesis and transport of newly synthesized 

proteins, as well as by repairing denatured proteins 

under stress and non-stress conditions (Sung et al., 

2001; Al-Whaibi, 2011). Furthermore, these proteins 

are integral components of cell signaling pathways 

that ultimately affect the expression levels of 

specific genes during stress (Divya et al., 2019; 

Izumi, 2019; Pan et al., 2024). The HSP family 

includes a diverse range of protein types classified 

by their molecular weight and sequence homology. 

This classification includes small HSPs, chaperonins 

(Hsp60), Hsp70, Hsp90, and Hsp100, each of which 

exhibits main functional roles in the stress response. 

The molecular weights of these proteins can vary 

considerably, ranging from 10 kDa to over 100 kDa 

(McLoughlin et al., 2016; Nitnavare et al., 2016; Zhao 

et al., 2018; Heidari et al., 2024). 

HSP100 proteins, especially ClpBs, are involved in 

the repair of proteins that have aggregated under 

severe stresses such as heat. These proteins use ATP 

energy to repair denatured proteins and restore 

them to a functional state. In plants, bacteria, and 

yeast, the absence of ClpB results in severe heat 

sensitivity (Mishra and Grover, 2016). It was stated 

that HSP100/ClpB proteins can be induced in 

response to cold and salinity stresses (Singla et al., 

1997). In Arabidopsis thaliana, HSP101 is essential for 

plant survival against heat stress. Deletion of the 

HSP101 gene results in the plant’s inability to 

recover from abitic stresses such as heat stress 

(Hong and Vierling, 2001). HSP101 and HsSA32 

proteins are up-regulated in rice tissues, including 

reproductive organs such as spikelets, in response 

to heat stress (Lin et al., 2014). B esides, HSP100 is 

also induced in response to other abiotic stresses 

such as drought, salinity, and oxidative stress. 

These proteins help plants resist adverse 

environmental conditions by controling the activity 

of antioxidant enzymes and reducing damage to 

cellular proteins (Zheng et al., 2025). HSPs and 

HSP100 may interact with chloroplast membranes 

and protect photosynthetic processes from heat 

stress (Sun et al., 2002). Although HSP100 genes 

have been studied in some plants, they have not yet 

been investigated in important plants such as beans. 

In this study, all members of the HSP100 gene 

family (including HSPs with an equal molecular 

weight greater than 100 kDa) in the genomes of 

Phaseolus vulgaris, Pisum sativum, Glycine max, and 

Oryza sativa were identified and investigated. The 

hypothesis of this study was that members of this 

gene family have structural, evolutionary, and 

expression differences from each other. 

Materials and Methods 

Identification of HSP100 genes  

The sequence of the known HSP100 protein in 

Arabidopsis was used as a reference against the 

genomes of Phaseolus vulgaris, Pisum sativum, 

Glycine max, and Oryza sativa in the BLASTP 

program with an E-value ≤1e-2. All identified 

sequences were submitted to CDD 

(https://www.ncbi.nlm.nih.gov/cdd/) and the pfam 

database to confirm having the ClpA/ClpB, AAA lid 

domain. All non-redundant genes were targeted for 

sequence analysis. 

Sequence analysis and structural characterization 

Physicochemical properties such as protein 

isoelectric point (pI), molecular weight (MW), 

instability index, number of amino acids (AA), and 

GRAVY (Grand Average of Hydropathy) were 

http://www.jpmb-gabit.ir/
https://www.frontiersin.org/journals/plant-science#articles
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predicted using the ProtParam tool (Gasteiger et al., 

2003). Besides, the subcellular localization of 

HSP100 proteins was  predicted  using 

the  DeepLoc  2.0 server 

(https://services.healthtech.dtu.dk/services/DeepLo

c-2.0/). 

Phylogenetic analysis 

The amino acid sequences of HSP100 proteins in 

Phaseolus vulgaris, Pisum sativum, Glycine max, and 

Oryza sativa were aligned using the Clustal Omega 

tool (Sievers and Higgins, 2018). The aligned file 

was introduced to the IQ-tree online software 

Nguyen et al. (2015) and phylogenetic relationships 

were examined based on the maximum-likelihood 

method with 1000 bootstrap replications. 

Phylogeny tree was illustrated by using the iTOL 

online tool (Letunic and Bork, 2019).  

Chromosomal localization and gene duplication 

The positions of each HSP100 in P. vulgaris were 

collected from the Ensembl Plants database Bolser 

et al. (2016) and information was uploaded to 

TBtools software Chen et al. (2020) to construct the 

chromosome localization. Besides, the gene 

duplication events between HSP100 in P. vulgaris 

were determined according to similarity in aligned 

sequences. The paired sequences with more than 

70% similarity were identified as a duplicated gene.  

RNA-seq data analysis 

High-throughput sequencing studies of P. vulgaris 

in Gene Expression Omnibus (GEO) were 

investigated. Two important studies were factored 

into this analysis. The first study (GEO accession: 

PRJNA574280) was conducted on fungal (Sclerotinia 

sclerotiorum) infection. The second study (GEO 

accession: GSE156113) was related to the expression 

profile in root and leaf tissues in two cultivars, 

including TR43477, as a salt-susceptible cultivar, 

and Ispir, as a salt-tolerant cultivar (Niron et al., 

2020).  To analyze raw data, FastQC was used to 

read the Fastq file quality, and Cutadapt was used 

to remove the adapters (Martin, 2011). Then, STAR 

was applied to align the cleaned reads based on the 

reference genome (Dobin et al., 2013) and the 

number of reads mapped to each gene was 

determined using the featureCounts (Liao et al., 

2014). In the final step, the expression level of each 

gene was calculated from the count table using the 

DESeq2 package (Love et al., 2014). 

Interaction network of HSP100 

To better understand how HSP100 proteins interact 

with other proteins, an interaction network was 

drawn based on the available information for the 

model plant, Arabidopsis. Initially, the sequences of 

HSP100 proteins in P. vulgaris were introduced into 

the STRING database Mering et al. (2003), and the 

interaction network was drawn based on the degree 

of homology. The number of nodes in the first and 

second layers was set to 20 and 5, respectively. The 

Gene Ontology (GO) analysis was also performed 

based on the molecular functions of the network 

members. 

Results 

HSP100 genes characterization 

Results showed that HSP100 family had 12 

members in P. vulgaris, 8 members in P. sativum, 17 

members in G. max, and 9 members in O. sativa 

(Table S1). The molecular weight of the members of 

this family varied from 101-119 kDa in P. vulgaris, 

from 101 to 110 kDa in P. sativum, 101-119 kDa in G. 

max, and 101-116 kDa in O. sativa. For the number of 

exons, the members of this gene family had 

significant differences, such that some members had 

fewer exons and some had more exons.  

The number of exons was between 3 and 12 in P. 

vulgaris, G. max and O. sativa, and in HSP100 from 

P. sativum it was between 6 and 12 (Figure 1a). 

However, most of the studied HSP100s had 10 

exons. For the isoelectric (pI), there were differences 

between the studied HSP100 proteins, and they had 

a range of 5.83 to 8.81 and the greatest changes were 

observed between HSP100s belonging to P. sativum 

(Figure 1b). The GRAVY index indicated that all 

studied HSP100s were hydrophilic, although 

HSP100 from O. sativa plants showed greater 

diversity than from dicotyledonous plants (Figure 

1c). According to the instability index, most 

members of the HSP100 family in P. vulgaris, G. max 

and O. sativa were predicted as unstable proteins, 

while HSP100s from P. sativum were more stable 

(Figure 1d). 
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Figure 1. Physicochemical properties, exon number (a), pI (b), GRAVY value (c), and instability index (d) of HSP100 genes in 

P. vulgaris, P. sativum, G. max, and O. sativa. 

Figure 2. Phylogenetic analysis of HSP100 family members in P. vulgaris, P. sativum, G. max, A. thaliana, and O. sativa. 

Subcellular localization of studied proteins is shown around the phylogeny tree. 

http://www.jpmb-gabit.ir/
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Figure 3 Prediction of phosphorylation events in HSP100 family members in P. vulgaris (a), P. sativum (b), and G. max (c). 

 

Phylogenetic analysis 

Phylogenetic analysis of HSP100 genes in P. 

vulgaris, P. sativum, G. max, A. thaliana, and O. sativa 

was performed based on the ML method. Based on 

genetic distance, HSP100s were placed into four 

phylogenetic groups (Figure 2). Two members of P. 

vulgaris HSP100s were placed in group 1, three 

members in group 2, three members in group 3, and 

four members in group 4. Members of group 1 

showed a greater genetic distance than other 

orthologs, and members of groups 3 and 4 had a 

smaller phylogenetic distance from each other. 

Based on the results, the subcellular localization of 

HSP100 proteins in groups 1 and 2 was all predicted 

to be in the nucleus, and members of phylogenetic 

group 3 in the chloroplast (Figure 1 and Table S1). 

Besides, members of phylogenetic group 4 had a 

variety of locations, with some of them located in 

mitochondria, some in chloroplasts, and some in the 

cytoplasm-nucleus. Based on this, it was 

determined that HSP100s are more active in 

chloroplasts. 

Phosphorylation modification prediction 

Phosphorylation is a post-translational 

modification that plays a significant role in the 

activity and lifespan of protein. In this study, 

regions with high phosphorylation potential were 

predicted in members of the HSP100 family of P. 

vulgaris, P. sativum, and G. max (Figure 3). The 

results showed that members of this gene family 

differ from each other based on the potential for 

phosphorylation modifications. Among the 

members of the HSP100 family in P. vulgaris, 

PHAVU-001G243900G had 37 phosphorylation 

sites, and PHAVU-009G192500G had 11 

phosphorylation sites (Figure 3a). In P. sativum, the 

phosphorylation sites varied from 13 

(Psat4g050520.1) to 33 (Psat3g200800.1) (Figure 3b), 

and in G. max, they ranged from 12 (Glyma-

05g022200) to 33 (Glyma-04g062200) (Figure 3c). 

Results reveal that HSP100s are diverse based on 

potential phosphorylation sites. 

Chromosome location and duplication events 

Examination of the HSP100 location in the P. 

vulgaris genome showed that members of this 

family are distributed on 6 chromosomes (Figure 4). 

Five HSP100 genes are located on chromosome 9, 

and 2 HSP100 genes are located on chromosomes 3 

and 8, respectively. Examination of duplication 

events between members showed that duplications 

http://www.jpmb-gabit.ir/
https://www.frontiersin.org/journals/plant-science#articles
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occurred between the genes PHAVU-002g282500g 

and PHAVU-009g162100g and between PHAVU-

004g034000g and PHAVU008g035600g. Both 

duplication events were of the segmental type. 

Expression profile of HSP100 genes  

Available RNA-Seq data of P. vulgaris in response to 

salt stress were analyzed. The results showed that 

HSP100 family members are less induced in the 

root. PHAVU-009g088500g, PHAVU-008g035600g, 

and PHAVU-001g243900g showed increased 

expression in response to salt stress in both studied 

cultivars (Figure 5a). The PHAVU-009g192500g gene 

showed increased expression specifically in the 

sensitive genotype, while the gene PHAVU-

009g159300g showed differential expression 

between the sensitive and resistant genotypes in 

leaf tissue. In response to the stress of fungal 

infection (Sclerotinia sclerotiorum), the genes 

PHAVU-008g035600g and PHAVU-001g243900g 

showed increased expression, and the gene 

PHAVU-003g140600g showed a significant decrease 

in expression (Figure 5b). It seems that PHAVU-

008g035600g and PHAVU-001g243900g are induced 

more in response to stress than other HSP100s. 

Interaction network of HSP100 proteins 

An interaction network of HSP100 family members 

based on available data of model plant, A. thaliana 

was created (Figure 6). HSP100 showed strong 

interaction with components of SCF (ASK-cullin-F-

box) E3 ubiquitin ligase complexes, including 

SKIP25 and MAX2. Also, esterases such as KAI2 

and D14 had interaction with HSP100 proteins. 

Besides, CLP proteases showed strong interaction 

with HSP100 family members. Moreover, it was 

disclosed that HSP21 also interacts with HSP100 

proteins. According to GO enrichment analysis for 

molecular function terms, hydrolase activity, ATP-

dependent activity and ATPase binding were linked 

with HSP100 interaction network. 

 

 

 

 

Figure 4 location of HSP100 gene on P. vulgaris genome. Duplicated genes connected by blue lines. 
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Figure 5. Expression levels of HSP100 family members in P. vulgaris in response to salt stress of the salt sensitive cultivar 

TR43477 and salt tolerant cultivar Ispir (a), and response to fungal (Sclerotinia sclerotiorum) infection (b). 

 

Figure 6. Interaction network of HSP100 family members based on available data in the model plant, Arabidopsis . 

Discussion 
Protein disaggregation is facilitated by chaperonic 

proteins that are part of the Caseinolytic Protease 

(Clp) protein family. ClpB/HSP100 proteins exhibit 

a remarkable prevalence across various organisms, 

including yeast, bacteria, and plants. The expression 

levels of these proteins are modulated by thermal 

stress and developmental signals (Mishra and 

Grover, 2016). Both in vivo and in vitro studies 

http://www.jpmb-gabit.ir/
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provide evidence that HSP100/ClpB proteins play a 

role in the ATP-dependent disassembly of protein 

aggregates present in the cytosol or nucleus that 

arise during thermal stress (Glover and Lindquist, 

1998; Goloubinoff et al., 1999; Hong and Vierling, 

2001). Bacteria possess a single form of ClpB, while 

yeast contains two variants. In contrast, plants 

harbor multiple isoforms of these proteins, which 

are distributed among distinct cellular 

compartments (such as the cytoplasm/nucleus, 

chloroplasts, or mitochondria) (Mishra and Grover, 

2016). Based on the importance of these proteins, 

members of the HSP100 gene family have not been 

well studied in plants. In the current study, 12 

members of HSP100 family were identified in P. 

vulgaris genome. Besides, 8 members in P. sativum, 

17 members in G. max were also recognized for the 

first time. Previously in barley, 8 members and 6 

members in Aeluropus littoralis in HSP100 gene 

family have been identified (Chaudhary et al., 2019; 

Arab et al., 2023; Hashemipetroudi et al., 2023). It 

was stated that polyploidy level and genome size 

can affect the number of gene family members in 

plant species (Ahmadizadeh and Heidari, 2025; 

Heidari et al., 2025). HSP100 family members 

showed diversity in terms of exon number and 

isoelectric point. Most HSP100 genes were found to 

have 10 exons in their structure and pI ranged from 

5.83 to 8.81. Exon number might affect the speed of 

expression process in plants (Heidari et al., 2023; 

Shahidi et al., 2024). It seems that the diverse 

structure of HSP100 genes has been reflected by 

evolutionary pressures.   

Phylogenetic analysis has categorized members of 

the HSP100 family into four distinct groups. 

According to the findings, the subcellular 

localization of HSP100 proteins in groups 1 and 2 is 

exclusively predicted to occur within the nucleus.. 

In contrast, those in phylogenetic group 3 are 

anticipated to reside in the chloroplast. The results 

indicate that HSP100s derived from P. sativum 

exhibit inactivity within the nucleus. This 

phenomenon may be attributed to the duplicative 

events among members of this family in P. sativum, 

where the emergent members were shaped by their 

ancestral forms. Conversely, it appears that the 

diversification within this gene family transpired 

more significantly following the divergence of 

monocots and dicots, albeit additional research is 

warranted. Furthermore, members of phylogenetic 

group 4 exhibited a range of localizations, with 

certain members identified in mitochondria, others 

in chloroplasts, and some distributed between the 

cytoplasm and nucleus. Hence, it was concluded 

that HSPs demonstrate heightened activity within 

chloroplasts. 

Phosphorylation, a post-translational modification 

(PTM), significantly affects the stability, function, 

and localization of target proteins (Cohen, 2002). 

Our study disclosed a significant diversity in 

phosphorylation sites among the HSP100 family 

members, suggesting the existence of distinct 

regulatory mechanisms in different species. For 

example, P. vulgaris showed a wide range of 

phosphorylation sites (ranging from 11 to 37), with 

PHAVU-001G243900G harboring the highest count 

(37 sites), highlighting its potential for broad 

regulation through kinase-mediated signaling. In a 

similar vein, P. sativum and G. max demonstrated 

variations in their sites (13–33 and 12–33, 

respectively), reinforcing the notion that 

phosphorylation may precisely modulate HSP100 

functionality in a species-dependent manner. 

The RNA-Seq analysis conducted under salt stress 

conditions disclosed that the majority of P. vulgaris 

HSP100 genes showed minimal induction in root 

tissues, whereas PHAVU-009g088500g, PHAVU-

008g035600g, and PHAVU-001g243900g showed 

increased expression in both sensitive and resistant 

cultivars. Particularly, PHAVU-009g192500g was 

specifically induced in the sensitive genotype, 

suggesting its potential involvement in stress 

responses. The differential expression of PHAVU-

009g159300g in leaf tissues between the studied 

genotypes also suggests that genetic background 

plays a key role in the regulation of stress-

responsive HSP100s. In response to fungal infection 

(S. sclerotiorum), PHAVU-008g035600g and PHAVU-

001g243900g were upregulated, whereas PHAVU-

003g140600g was downregulated, highlighting that 

some HSP100 members may have specialized 

functions in pathogen defense mechanisms. 

The observed variation in phosphorylation could 

affect their ATPase activity and substrate 

interactions, similar to other heat shock proteins 

(Kampinga et al., 2009). Furthermore, the diverse 

expression patterns under salt and fungal stress 

suggest that HSP100 genes may be involved in main 

http://www.jpmb-gabit.ir/
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stress-response pathways, possibly through 

interactions with other signaling elements such as 

MAP kinases or calcium-dependent protein kinases 

(CDPKs) (Van Bentem et al., 2006). The interaction 

network of HSP100 family members in A. thaliana 

revealed significant connections with key protein 

complexes and metabolic regulators, thereby 

elucidating their functional roles in cellular 

processes. The prominent interactions observed 

between HSP100 proteins and components of the 

SCF (ASK-cullin-F-box) E3 ubiquitin ligase 

complexes, particularly SKIP25 and MAX2, suggest 

a potential regulatory function in protein 

degradation and response pathways related to 

stress (Stirnberg et al., 2007; Nelson et al., 2011). The 

SCF complex is known for its role in ubiquitin-

mediated proteolysis, which is critical for 

maintaining protein homeostasis during stress 

conditions (Hua and Vierstra, 2011). The interaction 

between HSP100 and these components may 

represent a collaborative mechanism in the targeted 

turnover of proteins, potentially enhancing stress 

resistance. 

In addition, the association of HSP100 with 

esterases such as KAI2 and D14 is particularly 

noteworthy, given that these proteins are involved 

in strigolactone signaling and plant growth 

processes (Waters et al., 2012). This interaction 

suggests that HSP100 may be involved in 

modulating hormone signaling pathways, thereby 

affecting stress adaptation and growth regulation. 

Furthermore, the strong interaction between 

HSP100 and CLP proteases highlights their shared 

role in protein quality control, particularly in 

chloroplasts, where CLP proteases are essential for 

maintaining proteostasis (Nishimura et al., 2016). 

This observation is consistent with the Gene 

Ontology (GO) enrichment analysis, which 

highlights the importance of hydrolase activity, 

ATP-dependent functionality, and ATPase binding 

in the HSP100 interaction network. Overall, these 

findings highlight the key role of HSP100 proteins 

in ATP--induced proteostasis mechanisms, 

inducing processes such as protein degradation, 

and unfolding (Agarwal et al., 2002). 

Conclusion 
Current study characterized the HSP100 gene 

family in Phaseolus vulgaris, Pisum sativum, Glycine 

max, and Oryza sativa, disclosing variations in gene 

copy number, molecular weight, exon structure, 

physicochemical characteristics, and subcellular 

localization. According to phylogenetic analysis, 

HSP100 proteins are classified into four groups, 

with their unique subcellular localization 

suggesting functional diversification. Predictions of 

phosphorylation sites showed considerable 

variability in post-translational modification 

potential in HSP100 members, potentially 

impacting their regulatory functions in response to 

stress conditions. Several duplication events 

observed in P. vulgaris indicated segmental 

duplications affecting the expansion of the HSP100 

family. Expression patterns in response to salt stress 

and fungal infection revealed genotype- and tissue-

specific induction of PHAVU-008g035600g and 

PHAVU-001g243900g. Interaction analysis 

demonstrated the involvement of HSP100 in 

ubiquitin-proteasome pathways, ATP-dependent 

processes, and chaperone networks. These findings 

increase our understanding of the structural and 

functional diversity of HSP100 in legumes and 

cereals and provide a foundation for further 

research into their roles in stress adaptation and 

potential applications in crop improvement 

strategies. 
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  تحلیل  و  تکامل  ساختار،:  HSP100  هایژن

 (Phaseolus vulgaris)  لوبیا گیاه در  بیان

  مهدوی فاطمه ،2مقصودی مریم ،2رمضانی الناز ،2خلیلی  زهرا ،*1حیدری ویزپر

 2میقان

 ایران شاهرود، شاهرود، صنعتی  دانشگاه . 1

 ایران شاهرود، شاهرود، صنعتی   دانشگاه کشاورزی، دانشکده . 2

 HSP100  و   دارند  اساسی   نقش  تنش  به  گیاه  هایپاسخ  در(  HSPs)  حرارتی   شوک  هایپروتئین  :چکیده

  خانواده   تحقیق  در این.  دارد  نقش  حرارتی   تحمل  و   پروتئین  تجزیه  در  که  دهدمی   تشکیل  را  مهمی   خانواده

مورد بررسی   Oryza sativa  و   Phaseolus vulgaris،  Pisum sativum،  Glycine max  در  HSP100  ژنی 

  تعداد  ،(دالتون  کیلو 119  تا  101  بین)  مولکولی   وزن  ،(عضو  17  تا  8  از)  ژن  تعداد  در  تغییرات  و   قرار گرفت  

  تحلیل  و   تجزیه.  ساخت  آشکار  را  آبدوستی   و (  8.81  تا  5.83  از)  ایزوالکتریک  نقطه  ،(12  تا  3  از)  اگزون

 زیرسلولی  های جایگاه   کدام  هر  که   کرد  بندیطبقه   مجزا  گروه  چهار  به  را  HSP100  هایپروتئین  فیلوژنتیکی،

  هایجایگاه  مورد  در  هابینی پیش.  دادند  نشان  را(  هسته-سیتوپلاسم   و   میتوکندری  کلروپلاست،  هسته، )  خاصی 

  فسفوریلاسیون  جایگاه 37 تا P. vulgaris اعضای  که   طوری به  داد، نشان را ایگونه  بین تنوع فسفریلاسیون،

  خانواده  اعضای  در  را  ایقطعه  تکثیر  رویدادهای   ،P. vulgaris  در  کروموزومی   توزیع  مطالعات.  دادند  نشان  را

HSP100  هایبیان ژن  تحلیل  و   تجزیه.  داد  نشان  HSP100   قارچی   عفونت  و   شوری   تنش  تحت  (Sclerotinia 

sclerotiorum)،  ویژه به  تنش،  به  پاسخگو  هایژن  PHAVU-008g035600g   و  PHAVU-001g243900g   را 

 استرازها،  ،SCF  یوبیکوئیتین  لیگاز   اجزای  با  ارتباط  ها،پروتئین  برهمکنش  هایشبکه .  کرد  شناسایی 

 به  نتایج این. اندشده غنی  ATP  به وابسته هایفعالیت در همگی  که داد نشان را HSP21 و  CLP پروتئازهای

 کند می  کمک گیاهان  قلمرو  در HSP100 هایپروتئین عملکردی و  تکاملی  تنوع از ترعمیق  درک

 .لوبیا ژنوم ژن؛ بیان  گیاهی؛ هایژن خانواده حرارتی؛ شوک  های پروتئین کلمات کلیدی:

شی 
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 پژ
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 مق
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