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Heat stress is a major abiotic stress limiting plant growth and productivity in many areas of the world. Heat stress induces the production 
of a group of proteins called heat-shock proteins (Hsps) or stress-induced proteins. (Hsps)/chaperones are responsible for protein folding, 
assembly, translocation and degradation in many normal cellular processes, stabilize proteins and membranes and can assist in protein 
refolding under stress conditions. They can also play a crucial role in protecting plants against stress by reestablishing normal protein 
conformation. In the present study we have identified Hsps/chaperones from ESTs in safflower (Carthamus tincotius L.) drought responsive 
ESTs. The putative function data was manually screened for the identification of putative heat shock proteins/chaperons from safflower 
ESTs.  The identified Hsps/chaperones were found to be localized in cytoplasm, mitochondrion, chloroplast, thylakoid membrane and 
chloroplast. Out of fifty motifs identified in safflower ESTs, AAG is repeated for 18 times, followed by (CGT, GTG) 15 times, (AGA, AGC, 
ATT, TTC, CAC, GTT, TGT) 12 times. In silico studies revealed the abundance of amino acid serine followed by argnine and valine in Hsps.In 
this study, Hsps putative sequence (Acc. # GW584254) showed, 68% homology with soybean, heat shock protein, Gmhsp17.5-E gene with 
complete CDs and this heat shock protein gene has been isolated for in silico cloning. The gene is of 1678bp with an open reading frame 
(ORF) of 465bp, with predicted to encode a protein of 154 amino acid residues with the theoretical pI of 5.25 and calculated molecular weight 
of 37.4 kDa. It is concluded that SFHSP might be a stress-related gene in safflower under abiotic stress conditions. Further investigation is 
needed to gain more information about the function and regulatory mechanism of SFHSP in plant-stress responses particularly in safflower. 

Introduction
Plants interact with not only climatic factors (such as irradiation, 
temperature, and drought) but also soil factors (such as salinity) and 
biotic factors (such as herbivores and pathogens). All these factors 
put the plant under interrelated stresses (Levitt et al.1980). Stresses 
such as drought, salinity, temperature, and chemical pollutants are 
simultaneously acting on the plants causing cell injury and producing 
secondary stresses such as osmotic and oxidative ones (Wang et al. 
2003). Plants have different inbuilt mechanisms, which help them 
either to avoid or escape in stress condition. Heat stress as well as 
other stresses can trigger some mechanisms of defense such as the 
gene expression that was not expressed under ‘‘normal’’ conditions 
(Morimoto et al.1993; Feder,2006). In fact, this response to stresses 
on the molecular level is found in all living things, especially the sudden 
changes in genotypic expression resulting in an increase in the synthesis 
of protein groups. These groups are called heat-shock proteins (Hsps), 
stress-induced proteins or stress proteins (Lindquist and Crig,1988; 
Morimoto et al. 1994; Gupta et al. 2010). Almost all kinds of stresses 
induce gene expression and synthesis of heat-shock proteins in cells 
that are subjected to stress (Feige et al. 1996; De Maio et al.1999).
The expression of HSF and HSP genes has been also observed under 
other abiotic and biotic stresses (Pirkkala et al. 2001). In response to 
various inducers such as elevated temperatures, salinity, drought, 
oxidants, heavy metals, bacterial and viral infections, most HSFs 
acquire DNA binding activity to the heat shock element (HSE), thereby 
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mediating transcription of the heat shock factor genes, which results 
in accumulation of heat shock proteins (Hsps).Arabidopsis thaliana 
contains about 22 heat shock transcription factors (Hsfs), which are 
divided into 3 classes, A, B, and C, referring to the structural features 
of their oligomerization domains (Nover et al. 2001; Guo et al. 2008). 
A typical Hsf is composed of a DNA-binding domain, a hydrophobic 
oligomerization region (HR-A/B), a nuclear localization signal (NLS), 
and a transcriptional activation domain (AHA motif) (Nover et al. 
2001). It recognizes heat stress element (50-AGAAnnTTCT-30) (Bienz 
and Pelham, 1987; Nover et al.1987; Nover et al. 2001).  The HR-A/B 
region displays a heptad pattern of hydrophobic amino acid residues, 
which is essential for the trimerization of the Hsf (Peteranderi et al. 
1999). The oligomerization behavior of the extended HR-A/B regions 
in class A and class C Hsfs is considered necessary for the formation of 
the coiled-coil structure but has not yet been clearly identified (Nover 
et al. 2001). An NLS rich in Arg (R) and Lys (K) residues is observed in 
the Hsfs, and a Leu (L)-rich nuclear export signal (NES) is also found in 
several Hsfs. The importance of amino acid and a nuclear localization 
signal (NLS) is well understood in Arabidopsis thaliana. It has been 
suggested that the NLS and NES determine the dynamic distribution 
of the Hsf between the nucleus and cytoplasm (Gorlich and Kutay, 
1999; Heerklotz et al. 2001; Kotak et al. 2004). In mammals under 
heat shock response heat shock transcription factor binds to a DNA 
sequence motif, the heat shock element (HSE), which is characterized 
by an array of inverted repeats of the motif nGAAn. Copies of the HSE 
are found in the promoters of genes encoding several known heat-
inducible proteins, including the Drosophila and human hsp70 genes 
(Sarge et al. 1993; Pirkkala et al. 2001). In human trinucleotide repeat 
motifs, are of great interest because of their role in many human 
neurodegenerative disorders and cancers (Bacolla et al. 2008; Haddad 
et al. 1998). It has been observed that tetrameric, pentameric and 
even dodecameric repeats can expand and lead to human disease 
(Madsen et al. 2008). Whereas in case of crop plants the occurrence of 
repeat motifs and their role if any is lacking either in biotic or abiotic 
stress condition.
Safflower (Carthamus tinctorius L.) has great relevance to stress-
adapted oil-seed crop. Among the major oilseed crops safflower is 
relatively more adaptable to drought and saline conditions (Weiss et 
al.2000) however, with lower crop yield. Moisture deficit stress is one 
of the major abiotic factors for severe yield loss in safflower. There 
has been only limited information with respect to abiotic stresses and 
genetic control of tolerance in safflower (Singh and Nimbkar et al.2007). 
Due to generation and availability of huge genomic information for 
the crop plants, the in-silico studies i.e. performed on computer or 
via computer simulation are important areas of interest for genomic 
researchers for comparative genomics study (Dudhe et al.2012) and 
for the discovery of economically important candidate genes and 
heat shock proteins. Plants display a variety of physiological and 
biochemical responses at cellular and whole-organism levels towards 
prevailing drought stress, thus making it a complex phenomenon. At 
molecular levels several drought-responsive genes and transcription 
factors have been identified, such as the dehydration-responsive 
element-binding gene, aquaporin, late embryogenesis abundant 
proteins and dehydrins and in silico cloning analysis in Glycine max 
(Lili et al. 2010). In this direction, we previously constructed a stress 
subtracted cDNA library from cultivar A1 following subtractive 
hybridization (Thippeswamy et al. 2012).  To our knowledge, there is 
no published information on the identification of drought responsible 
Hsps/chaperones and their molecular characterization to understand 
the complex mechanism of drought stress in safflower. By considering 
the above fact, the objectives of our study are to identify putative 

heat shock proteins/chaperons from drought responsive EST library. 
Second, to study distribution and occurrence of triplet motif and their 
translated amino acid profile in ESTs containing Hsps/chaperones and 
finally, and to perform in silico cloning analysis.

Materials and methods
Identification and characterization of putative heat shock proteins/
chaperons from drought responsive EST library
Sequences from drought responsive 673 EST library were used for 
similarity search using Blast2GO (Conesa et al. 2005) to identify 
their putative function and were run against the non-redundant (nr) 
protein database of the NCBI) http://www.ncbi.nlm.nih.gov/blast). 
The obtained hits were compiled (Conesa et al. 2008). The sequence 
annotation function data was manually screen for the identification of 
putative heat shock proteins /chaperons. Seven sequences containing 
putative Hsps/chaperons were again validated with by tBLASTx, 
tBlast DB (nr) with threshold e-value of 1.e-15. We have predicted the 
localization and other molecular function of the identified HSPs from 
the data compiled from GO IDs. Sequences not showing any match 
were considered as unique to the safflower species.
Motif analysis
The sequences containing putative HSPs/chaperons were searched 
for triplet motifs by using SSR locator software (Da Maia et al., 2008). 
SSR Locator is a tool for detecting and characterizing micro-and 
minisatellites in DNA sequences. In order to avoid bias in identification 
of triplet motif the parameter used as mono 5, di 3, tri 1, tetra, penta 
and hexa as 2.  With these search criteria the maximum numbers of 
triplets can be identified by giving more importance to triplet motif.
Prediction of amino acids from triplet motif
The type of amino acids and their distributions in drought responsive 
ESTs containing putative HSPs/chaperons were predicted from 
trinucleotide repeats using SSR Locator software. Translating the 
sequences containing putative HSP/chaperons to their corresponding 
amino acids provides some clues about distribution of amino acids at 
the protein level.
Primer design and in silico cloning 
The safflower EST sequence containing putative Hsps/chaperons were 
in the range of 400-600bp. By using NCBI database, (www.ncbi.nlm.
nih.gov) all these putative Hsps/Chaperons was individually BLAST 
(blast.ncbi.nlm.nih.gov) with tblastx. The full length CDS with criteria 
of showing more than 60% homology were searched because our 
sequences are 400-600bp.Primer pair was designed using PRIMER3 
software (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.
cgi) with a range of 55-60oC with optimal temperature of 58oC and an 
expected fragment size between 100-150bp. The identifying primers 
targeting the region of interest were validated through iPCR (www.
ch.embnet.org/soft/iPCR_form.htm), for product extraction. Full 
length primer was designed from soya bean, heat shock protein 
Gmhsp17.5-E for GW584254, by using primer BLAST (www.ncbi.nlm.
nih.gov) and in silico cloning was analyzed by available on line software 
snap gene(www.snapgene.com) and for ORF , protein molecular  
weight and isoelectric point pI were analysed on line free tools (www.
bioinformatics.org/sms/prot,web.expasy.org/compute_pi).
Results 
Identification and characterization of putative heat shock 
proteins /chaperons from drought responsive EST library
In this study, we identified and characterized the putative heat shock 
proteins/chaperons from drought responsive EST library. Sequences 
from drought responsive 673 EST library were used for similarity 
search to identify their putative function and were run against the 
non-redundant protein database of the NCBI. All these seven Hsps/
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Chaperones (GW584254, GW584174, GT155365, GT155304, GT155296, 
EL611938, EL611862) have shown in Table 1. Sequence description 
functions, of these HSPs/chaperones are small heat shock protein 
partial, dnaj heat shock n-terminal domain-containing protein, 
chaperone protein dnaj chloroplast-like, 10 KDa chaperonin, and dnaj 
heat shock n-terminal domain-containing protein. These chaperones/
HSPs (GW584254, GW584174, GT155365, GT155304, GT155296, 

EL611862) are mainly responsible for heat stress and HSPs (EL611938) 
response to cold and cadmium stress, and their molecular function 
is protein folding. Identified (GW584254, GT155304, GT155296) HSPs/
chaperones are localized in cytoplasm, mitochondrion, chloroplast, 
thylakoid membrane, chloroplast stroma. For other Hsps (GW584174, 
GT155365, EL611938, EL611862) localization is not available may 
be unique for safflower and further studies are required for their 
localization. 

Sequence name 
and Length

Seq. description 
identified

Localization Response other 
stresses

Molecular function

GW584254
(469 bp)

Cytosolic class I, small 
heat shock protein 
partial

Cytoplasm Heat stress Protein folding

GW584174

(487 bp)

dnaj heat shock 
n-terminal domain-
containing protein

-NA- Heat stress Protein folding; 
unfolded protein 
binding; heat shock 
protein binding

GT155365
(592 bp)

Chaperone protein 
dnaj chloroplast-like

-NA- Heat stress Protein binding

GT155304
(455 bp)

10 kDa chaperonin-
like

Cytoplasm, ATP 
binding

Heat stress Protein folding

GT155296

(351 bp)

10 kDa chaperonin Mitochondrion, 
chloroplast, 
thylakoid 
membrane; 
chloroplast 
stroma

Cold and cadmium 
stress

Protein folding

EL611938
(505 bp)

Chaperone protein 
dnaj chloroplast-like

-NA- Heat stress Protein folding

EL611862
(340 bp)

dnaj heat shock 
n-terminal domain-
containing protein

-NA- Heat stress Protein folding

*NA – Not Applicable
Table 1: EST sequences and there description identified through BLAST2GO for the identification of HSPs/chaperons.

Motif analysis and predication of amino acids from triplet motif
The type of amino acids and their distributions in drought responsive 
ESTs containing putative HSPs/chaperons were predicted from 
trinucleotide repeats by using SSR Locator. Total of fifty motifs were 
identified in the present study table 2. Motif AAG is repeated for 18 
times, followed by (CGT, GTG) 15 times, (AGA, AGC, ATT, TTC, CAC, GTT, 
TGT) 12 times. In universal coding dictionary, there are 64 codons, in 
our study we have identified 136 codons, and this increased number is 
due to the repetition of the same codon. The codon AAG repeated for 

7 times.  Among identified codons we could able to detect one start 
and three stop codons. AUG which is universal start codon, is repeated 
for two times, and encodes for methionine in present study.  Universal 
stop codons UAA repeated for four times, stop codon UAG repeated 
for two times. Stop codon UGA repeated for 3 times. Based on our 
in silico results we recommend further study to identify the role of 
start and stop codons in heat shock proteins under drought stress in 
safflower. The distribution of amino acids and triplet fold of the motif 
is presented in the (Fig1).
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Motifs Motifs 
repetition

Codon Amino acid 
prediction

Motifs Motifs 
repetition

Codon Amino acid 
prediction

AAC 3 AAC Asn GAG 6 GAG(2) Gly

AAG 18 AAG (7) Lys GAT 6 GAU(2) Gly

AAT 6 AAU (2) Asn GCA 3 GCA Val 

ACA 9 ACA Thr GCC 6 GCC (2) Val 

ACT 3 ACU Arg GCG 6 GCG Val 

AGA 12 AGA (3) Ser GCT 15 GCU (5) Val 

AGC 12 AGC (4) Arg GGA 9 GGA (2) Term

AGG 9 AGG (3) II e GGC 6 GGC (2) Tyr 

AGT 3 AGU Met GGT 9 GGU (4) Tyr 

ATA 3 AUA II e GTA 6 GUA (2) Tyr 

ATC 3 AUC Gln GTC 9 GUC (2) Ser 

ATG 6 AUG His GTG 15 GUG (5) Ser 

ATT 12 AUU (3) Pro GTT 12 GUU (3)  Ser

CAA 6 CAA (2) Arg TAA 3 UAA Ser 

CAC 12 CAC (4) Arg TAC 9 UAC (3) Term

CAG 6 CAG Leu TAG 12 UAG (4) Cys

CAT 3 CAU Glu TAT 9 UAU (3) Trn

CCG 9 CCG (2) Asp TCA 12 UCA (3) Cys

CGA 9 CGA (3) Glu TCC 9 UCC (3) Trn

CGG 6 CGG (2) Asp TCG 9 UCG Cys

CGT 15 CGU (5) Ala TGG 6 UGG (2) leu 

CTA 3 CUA Ala TGT 12 UGU (4) Phen

GAA 9 GAA (3) Ala TTA 3 UUA  

GAC 3 GAC Gly TTC   UUC  

Table 2: Distribution of triplet motifs and codons.

Fig. 1: Distribution of amino acid predicted from all the ESTs containing putative Hsps/chaperon
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Eighteen-fold degenerated amino acid of ser, seventeen-fold 
degenerated amino acid of arg. Fourteen fold degenerated amino 
acid of val, eight-fold amino acid of gly, seven-fold degenerated 
amino acid of lys, and six-fold degenerated amino acid of tyr, cys, 
ter, iso, glu, his and four-fold degenerated amino acid of thr, glu, and 
three-fold degenerated amino acid of pro, asp and two-fold of phe, 
try, met. In our in-silico study, we have observed the abundance of 
serine followed by arg and val whereas the abundance of pro were 
negligible. Individual EST sequences containing Hsps/chaperons for 
predicted amino acid distribution is presented in (Fig 2-8). Ser (19%) 

is most abundantly distributed amino acid in sequence GW584254 
followed by val and stop codon. In the sequence GW584174 arg and 
stop codon was most abundant (25%). In the sequence GT155296 ala 
was most abundant (12%). In the sequence GT155304 leu and ala and 
leu was most abundant (15%). Ser (21%) was most abundant in the 
sequence EL611938. In the sequence GT155365 arg, gly and try (12%) 
was most abundant. Ala is most abundant amino acid in the sequence 
EL611862 contributing 46% of the identified amino acid. Amino acid 
predicted from triplet motif from the EST sequences containing Hsps/
chaperons will help to understand the nature of the HSP/chaperon at 
amino acid level.

Fig. 2                                                      Fig. 3                                                     

Fig. 4                                                      Fig. 5                                                      

Fig. 6                                                     Fig. 7                                                      

Fig.8                                                

Fig. 2 - 8: Individual EST sequences containing HSP/chaperons showing amino acid distribution.
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In-silico PCR amplification 
The designed primers were run through in silico PCR, with annealing 
temperature 57ºC, the amplified product was run on 1% simulated 
agarose gel electrophoresis which shown a single amplicon of 465bp 
in size (Fig9).

Fig. 9: Amplification of Heat shock protein gene

In silico cloning of identified HSps
For effective cloning of putative gene of interest, the full-length 
sequence of the putative gene is prerequisite.  In case of Carthamus 
the whole genome sequence is not available hence, the identified 
putative Hsps were BLAST (against tblastx searched) for full length 
sequence of the Hsps in other crops. Among seven Hsps, only one 
Hsps/chaperons (GW584254 showed, 68% homology with soya 
bean, heat shock protein Gmhsp17.5-E) gene with complete CDs 
(Acc#M11395). It is a 1683bp long fragment. Sequence encoding CDS 
with soyabean, heat shock protein sequence suggested that the whole 
fragment contained intact ORF of 465bp, with predicted to encode a 
protein of 154 amino acid residues in (Fig10) with the theoretical pI of 
5.25 and calculated molecular weight of 37.4 kDa. The full length CDS 
sequence was cloned into prokaryotic expression vector pRSETA by 
using bioinformatics tools. The product was confirmed on 1% simulate 
agarose gel was shown in (Fig11).

Fig 10: The nucleotide sequence of heat shock protein 
(Gmhsp17.5-E) gene

Fig 11: Heat shock protein gene (Gmhsp17.5E) with BamHI
 and NdeI sites

84



International Journal of Biotechnology and Bioengineering Volume 5 Issue 5, November  2019

Citation: Chinta Sudhakar et al. (2019), In-silico Identification, Characterization, Cloning of Heat Shock Proteins/Chaperons from Drought Responsive 
ESTs in Safflower (Carthamus tinctorius L.). Int J Biotech & Bioeng. 5:5, 79-86

Discussion
Heat-shock proteins (Hsps)/chaperones are responsible for protein 
folding, assembly, translocation and degradation in a broad array of 
normal cellular processes; they also function in the stabilization of 
proteins and membranes and can assist in protein refolding under 
stress conditions (Wang et al. 2004). In safflower till to date the 
importance of heat-shock proteins (Hsps)/chaperones under drought 
stress is unraveled. Drought is complex phenomenon and depends on 
the generic ability of a genotype to withstand in limited water without 
compromising for yield losses. Identification of heat-shock proteins 
(Hsps)/chaperones under drought stress will help in understanding 
the drought stress mechanism in safflower. The sequences used for 
the present study were generated from a stress subtracted cDNA 
library of cultivar A1 following subtractive hybridization. For cDNA 
library construction youngest third fully expanded leaves of 19-day-old 
stressed plant were used for total RNA extraction (Thippeswamy et al. 
2012). In the present study the identified Hsps/chaperones are localized 
in cytoplasm and chloroplast which is the main component of cell of 
plant leaves which supports our findings. It has been reported that 
heat shock protein is one of the most conserved protein, Hsps derived 
from the same organelle share very high similarities in different species 
(Feder and Hofmann 1999; Sun et al. 2002; Sørensen et al. 2003; Vierling 
et al.1991; Waters et al. 1996). Earlier reports reflect the involvement of 
Hsps/molecular chaperones to be involved in intracellular localization 
of cytosol, chloroplast, mitochondria, endoplasmic reticulum, 
thylakoid membrane and major function preventing aggregation, 
assisting refolding, protein folding and unfolding (Wang et al. 2004). 
Hsps/chaperones represents the different pathological conditions, 
cellular responses to oxidative stress, heavy metals, amino acid 
analogs and metabolic inhibitors, and certain developmental and 
differentiation processes (Miller et al. 2006; Hahn et al. 2004; Scharf 
et al. 2012) which are in relevance with the findings. Translating the 
sequences containing putative Hsps/chaperons to their corresponding 
amino acids provides some clues about distribution of amino acids at 
the protein level.In human beings trinucleotide repeats, are of great 
interest because of their role in many human neurodegenerative 
disorders and cancers (Bacolla et al. 2008; Haddad et al. 1998). It has 
been observed that tetrameric, pentameric and even dodecameric 
repeats can expand and lead to human disease (Madsen et al. 2008). 
However, in plants there has been no study showing importance of 
motif repeats either in biotic or abiotic stress conditions.
Studies pertaining to prediction of amino acids form triplet motif 
indicates that the abundance of serine followed by arg and val 
whereas the abundance of pro were negligible. In contrast to our 
results (Thippeswamy et al. 2010) reported the water stress tolerance 
mechanism in safflower is controlled by pro which is due to increased 
activity of P5CS. Amino acid predicted from triplet motif from the 
EST sequences containing Hsp/chaperons will help to understand 
the nature of the Hsp/chaperon at amino acid level. Further wet lab 
studies are required for precise conclusion and in order to understand 
the role of the identified HSP/chaperons and the role of amino acid 
from these sequences containing HSP/chaperons identified in present 
study. Earlier reports of triplet amino acid and codons were reported 
in Arachis hypogaea, Lotus japonicas, Arabidopsis thaliana, Glycine max, 
Medicago truncatula (Jayashree et al. 2005) which supports to present 
findings.
In silico cloning, developed in recent years for functional gene 
identification by using genome and EST database, compared to 
the traditional methods, such as the molecular hybridization, the 
construction of cosmid genomic library, and the screening of EST 
library, has lots of advantages compared to laboratory cloning. The 

advantages of in silico cloning include low cost, high efficiency, easy 
operation (Zhang et al. 2005; Feng et al. 2004), etc. With the increment 
of EST data and accomplishment of putative HSPs, it would become 
possible and feasible to identify the genes from NCBI database for in 
silico cloning. The earlier successful examples in which the technique 
of in silico cloning was applied strongly support the fact that it is 
absolutely a robust and feasible tool for gene cloning and presents 
some advantages, like easy operation and highly efficient compared 
to the traditional methods (Chen et al. 2001; Huminiecki and Bicknell, 
2000; Keeling and Palmer, 2001; Lescure et al. 1999).In our previous 
study, we have identified highest number of conserved primers for the 
development of Potential Intron Length Polymorphism (PILP) from 
soyabean crop (Dudhe et al. 2014) and showed highest synteny for the 
drought responsive gene between Carthamus and soyabean. Hence, 
based on our experience we obtained the HSP gene sequence from 
soyabean for effective cloning in safflower.
We constructed a prokaryotic expression vector for SFHSP and 
transformed the sequence in to pRSET A –SFHSP gene by using 
bioinformatics tools successfully. It is concluded that SFHSP might 
be a stress-related gene in safflower under abiotic stress conditions. 
Further investigation is needed to gain more information about the 
function and regulatory mechanism of SFHSP in plant-stress responses 
particularly in safflower.
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