
Current Trends in Biotechnology and Pharmacy
Vol. 13 (2) 102-111, April 2019, ISSN 0973-8916 (Print), 2230-7303 (Online)

102

Genome-wide characterizationof PgHsp70 gene family

 Genome-wide Identification and Characterization of
Hsp70 gene family in Pearl millet (Pennisetumglaucum)

Kummari Divya1,2, P. B. Kavi Kishor2,Nagaraju Maraka2, Pooja Bhatnagar-Mathur1,
Prashanth Singam2, Vincent Vadez1 and Palakolanu Sudhakar Reddy1*

1International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru,
Hyderabad 502 324, India

2Department of Genetics, Osmania University, Hyderabad 500 007, India
*For Correspondence - p.sudhakarreddy@cgiar.org; palakolanusreddy@gmail.com

Abstract
Heat shock proteins (Hsps) are a class of

molecular chaperons which are crucial for protein
folding, assembly, and translocation in many
normal cellular processes. They stabilize proteins
and membranes, and can assist in protein
refolding under stress conditions in plants. Pearl
millet (Pennisetum glaucum) is highly abiotic
stress tolerant, but its Hsps have not been
characterized. In the present study, PgHsp70
genes were retrieved and gene information
analyzed in order to characterize their structure,
localization and functions. Genome-wide
screening using the tools of bioinformatics
identified 18 PgHsp70 genes in the pearl millet
genome which have been categorized into four
subfamilies depending on their cellular localization
such as endoplasmic reticulum, mitochondria,
chloroplast and cytoplasm. Number of introns
ranged from 0-11 in PgHsp70 family genes and
the genes are located across 1 to 7 chromosomes.
Phylogenetic analysis of Hsp70s revealed that
they are closely related to Sorghum Hsp70s.
Promoter analysis showed the presence of cis-
acting elements such as GCN4, HSE, LTR, MBS,
ABRE, MYB, and TC Aassociated with abiotic
stress conditions indicating the involvement of
these genes in the abiotic stress. Under vapour
pressure deficit (VPD) conditions, leaf and root
tissues of VPD-sensitive ICMR 1152 line, showed
mild expression and in the presence of high VPD,

VPD-insensitive ICMR1122 PgHsp70 genes
showed high expression in leaf and root tissues
in comparison with VPD-sensitive line. Gene
PgcHsp70-1 displayed high transcript level under
high VPD conditions. These results expand our
horizon of understanding of the structure and
function of Hsp70s, especially under abiotic stress
conditions which can further be validated and
employed in breeding programs and genetic
engineering.
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Introduction
Pearl millet (Pennisetum  glaucum) is the

sixth most important cereal crop plant grown in
different areas of the world (1). A member of
Poaceae family, pearl millet is usually grown well
in the arid and semi-arid regions. It is used as
food, forage, fuel and construction material (2).
The crop accounts for 95% production from the
developing countries, India being its largest
producer covering an area of 9.8 million hectares
(1,3). It is high in carbohydrates, protein and
mineral, and hence suitable for animal and human
consumption (4,5,6). Plants have developed many
stress tolerance mechanisms to cope with
adverse conditions. To protect themselves against
high temperature stress conditions, plants
produce several kinds of heat shock proteins
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(Hsps) and heat shock  factors (6,7,8,9,10). Hsp70
class is an important one, among the eukaryotic
cells. Hsp70 class proteins have a chaperonic
function and prevent the accumulation of unfolded
proteins. They also guide proper folding as well
as help in the translocation of proteins in an ATP-
dependent manner (11, 6, 12). Based on cellular
localizations (mitochondria, chloroplasts,
endoplasmic reticulum and cytoplasm), 4
subgroups of Hsp70 have been noticed(6).The
number of Hsp70 genes identified in crop plants
vary, for example 18 have been detected in
Arabidopsis (13), 32 in rice (14), 20 in Populus
(15), 61 in Glycine max (15), 27 in pepper (16), 27
in Setaria (17), 29 in Brachypodium  (18) and 48
in Sorghum bicolor  (unpublished data).

Pearl millet genomic sequence
information (19) aided the present genome-wide
screening, identification and characterization of
PgHsp70 gene family. The information about the
Hsp gene family number, their cellular and
chromosomal localization and also the
characterization of the promoter sequences along
with tissue specific expressions of the genes
under varied abiotic stress conditions are vital for
subsequent use of these genes to generate abiotic
stress tolerant lines. Multiple sequence alignment
of these genes helps in phylogenetic tree
construction and their evolutionary tendencies.
Present study identifies the number of Hsp70 class
of genes in the whole pearl millet genomes, their
cellular and chromosomal localization, promoter
sequence analysis and the gene expression data
extraction in different tissues under different VPD
conditions in the pearl millet crop. This may help
ultimately in crop breeding programs aimed at
developing stress tolerant lines.

Materials and Methods
Identification and retrieval of PgHsp70 genes
in Pennisetum glaucum: In the present study,
Oryza (14), Arabidopsis (13) and Sorghum
(Nagaraju et al unpublished data) Hsp70 gene
sequences were retrieved from NCBI databaseand
searched their homologs in pearl millet genome
using TBLASTN. Genscan (http://genes.mit.edu/

GENSCAN.html) program was employed in order
to identify and retrieve the coding sequences as
well as protein sequences.

Nucleotide sequence analysis and
characterization: Chromosomal locations of
PgHsp70s were determined with the information
obtained from Gramene data base and NCBI. Gene
intron-exon structures were studied using Gene
Structure Display Server (http://gsds.cbi.pku.
edu.cn) (20). Chromosomal localizations were also
found out. PAL2NAL software was employed to
identify the number of synonymous and non-
synonymous sites, their substitutions rates and
dN/dS were calculated for the PgHsp70 orthologs
and paralogs (21).

Protein analysis: For insilico characterization of
proteins, different bioinformatics tools were
employed. Total number of amino acids, instability
index, protein molecular weight (MW) and
isoelectric point (pI) were found out by blasting
protein sequences using Expasy ProtoParam. For
finding out cellular localization, Wolf PSORT II
was used (16). Conserved motifs were identified
using MEME suit (22). Multiple alignment of the
protein sequences were performed using
CLUSTALW. Amino acid sequences of PgHsp70s
along with their related plant species were taken
to construct phylogenetic tree using MEGA 6.0
(23).

Promoter analysis of PgHsp70 genes: The
upstream regions of PgHsp70 genes were
extracted from pearl millet genome and regulatory
elements of these genes were retrieved. Putative
cis-acting regulatory elements of the promoter
sequences in both forward and reverse strands
were analyzed using Plant CARE database (24).
Hsp70 genes expression pattern in VPD tolerant
and susceptible Pearl millet genotypes: To explore
the expression of PgHsp70 family genes under
low VPD, high VPD and tissue specific expression
in leaf and root tissues was extracted from the
our earlier transcriptome data.

Results
PgHsp70 putative protein identification,
classification and cellular localization in
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Pennisetumglaucum: Eighteen putative PgHsp70
genes were identified in a search by Blast with
the homologs of A. thaliana, O.sativa and S.
bicolor against pearl millet genome in Gramene
database. Based on the presence of these genes
in different cellular compartments, PgHsp70s
were further sub-divided into 4 groups. In group I
PgcHsp70, 12 proteins in cytoplasm/nucleus, in
group II PgBipHsp70, 3 proteins in endoplasmic
reticulum, in group III PgmtHsp70, 2 in
mitochondria, and in group IV PgcpHsp70, 1 in
the chloroplast were localized (Table 1).

Chromosomal localization and gene structure
analysis of PgHsp70 genes: PgHsp70 genes were
noticed across all the 7 chromosomes. On
chromosomes 1, 2, 3, 4, 5, 6, and 7 (Table 1), 4,
4, 1, 1, 3, 2 and 3 genes were noticed respectively.
Structure of PgHsp70 genes revealed that
PgcHsp70-1 and PgbipHsp70-15 contain no
introns butPgbipHsp70-14 contains 11. With few
exceptions, PgbipHsp70 contains maximum
number of introns.

Characterization and motif distribution of
PgHsp70 proteins: In PgHsp70proteins, amino
acids ranged from 543 (PgcHsp70-5) to 848
(PgcHsp70-2). Similarly, pI values ranged from 4.8
(PgcHsp70-3) to 8.28 (PgcHsp70-5), molecular
weights from 59773.3Da (PgcHsp70-5) to
93777.37Da (PgcHsp70-2) and instability index
from 25.64 (Pgbip Hsp70-15) to 44.19 (PgcHsp70-
11) (Table 1). PgHsp70 proteins werefound
localized  in  the  chloroplast,  cytoplasm,
mitochondria  and endoplasmic reticulum with the
highest localizationin the cytoplasm(Table 1).Motif
3 at N-terminus and motif 9 and 10 at C-terminus
were foundhighly conserved across the whole
PgHsp70 protein family (Fig. 4).The number of
amino acids of DBDs in PgHsp70 proteins ranged
from 1 (PgcHsp70-3) to 689 (PgcHsp70-11).

Phylogenetic analysis and estimation of non-
synonymous and synonymous substitution
rates in PgHsp70 genes: In the present
investigation,out of a total of 7 paralogous events,
only one regional duplication (PgHsp70-3/
PgHsp70-16) was noticed on chromosome 1 and

the remaining as segmental duplication events
(Fig.2). All the paralogs exhibited non-
synonymous substitution (dN) to synonymous
substitution (dS) ratios above 1, indicating positive/
Darwinian selection pressure (Table 2 and Fig.
2). Out of 12 orthologous events, 9 were observed
with Sorghum, 2 with Oryza and 1 with Arabidopsis
indicating the evolutionary relationship between
Sorghum and Pennisetum. Of the 12 orthologous
events,only one (PgcHsp70-4(Pgl_GLEAN_
10006422)/ Sb01g010460) showeddN/dS ratio less
than 1, suggesting purifying selection whilethe
remaining follows the  positive/Darwinian selection
(Table 3and Fig. 3).

Promoter analysis: Promoter analysis of
PgHsp70sshowedvariedcis-elements which are
categorized into biotic and abiotic stress-
responsive elements (DRE, DPBF, MYB, MYC,
GT1C, HSE, LTRE, WBOX), light-responsive
elements (I Box), hormone-responsive elements
(ABA, ERE, ABRE, GARE), tissue-specific
elements (CCGTCC-box), and otherelements
(Skn, KST1, DOF).

Expression analysis of Hsp70 genes in VPD
tolerant and susceptible pearl millet
genotypes: To explore the expression of PgHsp70
family genes under low VPD, high VPD and tissue
specific expression in leaf and root tissues was
extracted from our earlier transcriptome data.
PgcHsp70-4 exhibited the least expression under
all conditions in both the leaf and root tissues.
Whereas, PgcHsp70-1 showed maximum
expression in all the conditions in comparison to
other genes. Rest of the genes PgcHsp70-
2,PgcHsp70-3, PgcHsp70-5 andPgcHsp70-16
exhibited mild expressions in both leaf and root
tissues with the highest expression in high VPD,
followed by low VPD and control conditions.In high
VPD stress conditions,VPD insensitive ICMR-
1122 cultivar showed higher expression in leaf and
root tissues in comparison withVPD sensitive
ICMR-1152 cultivar. In low VPD and normal
conditions also, VPD insensitiveICMR-1122
showed higher transcript levels in leaf and root
tissue when compared to VPD sensitiveICMR-
1152 (Fig. 5).

Genome-wide characterizationof PgHsp70 gene family
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Fig. 3: Neighbor-Joining phylogenetic tree with 1000
bootstraps, based  upon the alignment of Hsps from
Arabidopsis thaliana, Sorghum bicolor, Oryza sativa
and Pennisetum glaucum. Numbers on branches
represent bootstrap values. At- Arabidopsis thaliana,
Zm- Zea mays, Sb- Sorghum bicolor, Os- Oryza
sativa and Pg-Pennisetum glaucum

Fig. 5. Expression levels of PgHsp70 genes in
different conditions a) Low VPD, b) High VPD and c)
Tissue specific expression

Genome-wide characterizationof PgHsp70 gene family
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Discussion
When plants are subjected to different biotic

and abiotic stress conditions, they display stress
tolerance mechanisms by expressing genes like
Hsp70s that playan importantrole (25,26).
Hsps70s have the chaperonic function and play
vital roles in many cellularprocesses underboth
stress and control conditions. Genome-wide
analysis of Hsp70 family revealed 14 Hsp70 genes
in Arabidopsis(13), 24 in rice (14), 34 in poplar
(27), 61 in soybean  (15), 21 in pepper (16), 29 in
Brachypodium (18), 27 in Setaria (17) and 16 in
quinoa  (28). This indicates that this protein number
varies from species to species.In pearl millet, 18
Hsp70 genes were identified but the number
appears less compared to other members of
Poaceae family. PgHsp70 proteins are classified
into 4 sub-classes, all of them possess the
conserved domains at the C and N-termini, similar
to SetariaHsp70 (17). The Hsp70 proteins are
located in different sub-compartments of cells
(29), probably to protect different cellular proteins.
Based upon the sub-cellular localizations, the
PgHsp70 proteinsare categorized to 4 sub-groups;
group I with 12 proteins in cytoplasm/nucleus,
group II with 4 proteins in mitochondria, group III
with 3 proteinsin endoplasmic reticulum and group
IV with 1proteinlocalized in chloroplast. Similarly,
in rice, OsHsp70 proteins are localized innucleo/
cytosol (11 proteins), endoplasmic reticulum/Bips
(6), mitochondria (3), andchloroplast (2).
InArabidopsis, 5 proteins were found in nucleo/
cytoplasm, 2 in plastid, 3 each in mitochondria
and endoplasmic reticulum (13, 14). Kose (29)
demonstrated that the cytosolic Hsp proteins
movedto nucleus underheat stress, and the
nuclear Hsp70s prevented DNA fragmentation and
hence lead to high temperature tolerance.
Cytoplasmic Hsp70 genes possess 1 or no
introns, whereasorganellar Hsp70s have multiple
introns with few exceptions (25).

These observations are akin to the present
study. In Sorghum bicolor Hsp70 also,multiple
introns were observed, similar to previous reports
(13, 16), implying that the exon/intron pattern of
Hsp70 family is not conserved among diverse

Kummari Divya  et al
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plants. Multiple numbers of introns in PgHsp70s
may play a role in evolutionary process or have a
regulatory role for imparting tolerance under diverse
abiotic stress conditions (25).

Intandem/regional duplications, two or more
genes are noticed on the same chromosome,
while in segmental duplication, gene duplications
are observed on different chromosomes (30).The
gene duplication events play an important role in
Hsp70 family gene expansion in Pennisetum
glaucum. A total of 7 events were observedin pearl

millet, but 5 duplication events in Sloanum) (28),
8 in Quinoa (28), and 24 in Glycinemax (15).
Semon et al. (31) pointed out that gene
duplications, and chromosomal segments play a
crucial role in the evolution of genome structure.
In the present investigation, out of the 7 events, 6
were segmental duplications  indicating their role
in gene family expansion. Similarly, Zhang et al.
(15) noticed 19  segmental duplications out of the
24 in Glycinemax. In silicoanalysis of PgHsp70
promoters using the software Plant   Care  revealed
multiple cis-acting elements,indicating that these

Table 2. Non-synonymous to synonymous substitution ratios ofPgHsp70 genes

Table 3. Non-synonymous to synonymous substitution ratios of PgHsporthologs of pearl millet, Sorghum,
Oryza,  Zea mays and Arabidopsis

Genome-wide characterizationof PgHsp70 gene family
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promoters couldregulate transcription of the
downstream genes under diverse stress
conditions, perhaps in a developmental stage-
specific and tissue specific manner.

Studies from the past have shown that
Hsp70 genes were expressed  variedly  in
response to different abiotic stress conditions
(32,6). This study has been further extended to
investigate the expression of PgHsp70 genes in
high VPD, low VPD and normal conditions. The
results revealed that PgcHsp70-1 showed a
significantly upregulated expression in response
to high VPD stresses which are inconsistent from
the previous studies of Devi et al. (32). These
findings show the potential roles of Hsp70s in the
regulation of abiotic stress. However, this has not
been validated in the present study.

Conclusions
A genome-wide scanning of Pennisetum

glacum genome using the tools of bioinformatics
resulted in the identification of 18 Hsp70 genes in
pearl millet. These Hsps are  categorized into four
subfamilies: PgcHsp70 (12 proteins), PgcpHsp70
(3 proteins), PgbipHsp70 (1 protein) and
PgmtHsp70 (2 proteins) based on their subcellular
localizations. Phylogenetic relationship revealed
that PgHsp70s are closely related to Sorghum
Hsp70s. Motifs at both C- and N-terminiare
evolutionarily conserved in all the members. In
silico promoter analysis showed the presence of
several  cis-elements which indicate that they play
a key role under abiotic stress conditions. In high
VPD stress,VPD insensitive ICMR-1122 cultivar
showed higher expression in leaf and root tissues
in comparison with VPD sensitive ICMR-1152
cultivar. In low VPD and normal conditions also,
VPD insensitive ICMR-1122 displayed higher
expression  levels in leaf and root tissues when
compared to VPD sensitive ICMR-1152.
PgcHsp70-1 exhibited maximum expression in
all the conditions in comparison with other genes
with the highest response in high VPD conditions.
Our studies provide a point of reference for the
functional validation of Hsp70 family genes in pearl
millet crop in the coming times.

Author contributions
PSR and VV designed the experiments,

KD, PSR, PBM and PS executed the study, PSR,
KD, NM and PBK analyzed data. PSR, PBK, NM
and KD wrote the manuscript and critically
evaluated.

Conflict of interest
The authors declare that they have no

conflict of interest.

Acknowledgements
PSR acknowledges the Department of

Science and Technology, Government of India for
the research grant award through INSPIRE Faculty
(Award No. IFA11-LSPA-06). Thanks to SISU
theme for the sequence extraction and
AgriGenome for analyzing the expression data.
This work was undertaken as part of the CGIAR
Research Program on Grain Legumes & Dryland
Cereals (CRP-GLDC). ICRISAT is a member of
the CGIAR Consortium.

References
1. Rathore, S., Singh, K., & Kumar, V. (2016).

Millet grain processing, utilization and its
role in health promotion: A review.
 International Journal of Nutrition and Food
Sciences, 5(5), 318-329.

2. Nambiar, V. S., Dhaduk, J. J., Sareen, N.,
Shahu, T., & Desai, R. (2011). Potential
functional implications of pearl millet
(Pennisetum glaucum) in health and
disease. Journal of Applied Pharmaceutical
Science, 1(10), 62.

3. Yadav, D. N., Chhikara, N., Anand, T.,
Sharma, M., & Singh, A. K. (2014).
Rheological quality of pearl millet porridge
as affected by grits size. Journal of food
science and technology, 51(9), 2169-2175.

4. Sade, F. O. (2009). Proximate, anti-
nutritional factors and functional properties
of processed pearl millet (Pennisetum
glaucum). Journal of Food Technology,
7(3), 92-97.

Kummari Divya et al



Current Trends in Biotechnology and Pharmacy
Vol. 13 (2) 102-111, April 2019, ISSN 0973-8916 (Print), 2230-7303 (Online)

110

5. Jaybhaye, R. V., Pardeshi, I. L., Vengaiah,
P. C., & Srivastav, P. P. (2014). Processing
and technology for millet based food
products: a review. Journal of Ready to Eat
Food, 1(2), 32-48.

6. Reddy, P. S., Mallikarjuna, G., Kaul, T.,
Chakradhar, T., Mishra, R. N., Sopory, S.
K., & Reddy, M. K. (2010). Molecular
cloning and characterization of gene
encoding for cytoplasmic Hsc70 from
Pennisetum glaucum may play a protective
role against abiotic stresses. Molecular
genetics and genomics, 283(3), 243-254.

7. Reddy, P. S., Thirulogachandar, V.,
Vaishnavi, C. S., Aakrati, A., Sopory, S.
K., & Reddy, M. K. (2011). Molecular
characterization and expression of a gene
encoding cytosolic Hsp90 from Pennisetum
glaucum and its role in abiotic stress
adaptation. Gene, 474(1-2), 29-38.

8. Reddy, P. S., Sharma, K. K., Vadez, V., &
Reddy, M. K. (2015). Molecular cloning and
differential expression of cytosolic class I
small Hsp gene family in Pennisetum
glaucum (L.). Applied biochemistry and
biotechnology, 176(2), 598-612.

9. Nitnavare, R. B., Yeshvekar, R. K., Sharma,
K. K., Vadez, V., Reddy, M. K., & Reddy,
P. S. (2016). Molecular cloning,
characterization and expression analysis
of a heat shock protein 10 (Hsp10) from
Pennisetum glaucum (L.), a C 4 cereal plant
from the semi-arid tropics. Molecular
biology reports, 43(8), 861-870.

10. Kummari Divya, Pooja Bhatnagar-Mathur,
Kiran K. Sharma and Palakolanu Sudhakar
Reddy. (2019) Heat Shock Proteins (Hsps)
Mediated Signalling Pathways During
Abiotic Stress Conditions.

11. Reddy, R. A., Kumar, B., Reddy, P. S.,
Mishra, R. N., Mahanty, S., Kaul, T., ... &
Reddy, M. K. (2009). Molecular cloning and
characterization of genes encoding

Pennisetum glaucum ascorbate peroxidase
and heat-shock factor: interlinking oxidative
and heat-stress responses. Journal of plant
physiology, 166(15), 1646-1659.

12. Wang, X., Lu, Z., Gomez, A., Hon, G. C.,
Yue, Y., Han, D., ... & Ren, B. (2014). N 6-
methyladenosine-dependent regulation of
messenger RNA stability.  Nature, 
505(7481), 117.

13. Lin, B. L., Wang, J. S., Liu, H. C., Chen,
R. W., Meyer, Y., Barakat, A., & Delseny,
M. (2001). Genomic analysis of the Hsp70
superfamily in Arabidopsis thaliana. Cell
stress & chaperones, 6(3), 201.

14. Sarkar, N. K., Kundnani, P., & Grover, A.
(2013). Functional analysis of Hsp70
superfamily proteins of rice (Oryza
sativa). Cell stress and Chaperones, 18(4),
427-437.

15. Zhang, J., Liu, B., Li, J., Zhang, L., Wang,
Y., Zheng, H.,& Chen, J. (2015). Hsf and
Hsp gene families in Populus: genome-wide
identification, organization and correlated
expression during development and in
stress responses. BMC genomics, 16(1),
181.

16. Guo, M., Lu, J. P., Zhai, Y. F., Chai, W. G.,
Gong, Z. H., & Lu, M. H. (2015). Genome-
wide analysis, expression profile of heat
shock factor gene family (CaHsfs) and
characterisation of CaHsfA2 in pepper
(Capsicum annuum L.). BMC plant
biology, 15(1), 151.

17. Singh, R. K., Jaishankar, J.,
Muthamilarasan, M., Shweta, S., Dangi, A.,
& Prasad, M. (2016). Genome-wide
analysis of heat shock proteins in C 4
model, foxtail millet identifies potential
candidates for crop improvement under
abiotic stress. Scientific reports, 6, 32641.

18. Wen, F., Wu, X., Li, T., Jia, M., Liu, X., Li,
P., ... & Yue, X. (2017). Genome-wide
survey of heat shock factors and heat

Genome-wide characterizationof PgHsp70 gene family



Current Trends in Biotechnology and Pharmacy
Vol. 13 (2) 102-111, April 2019, ISSN 0973-8916 (Print), 2230-7303 (Online)

111

shock protein 70s and their regulatory
network under abiotic stresses in
Brachypodium distachyon. PloS
one, 12(7), e0180352.

19. Varshney, R. K., Shi, C., Thudi, M., Mariac,
C., Wallace, J., Qi, P., ... & Srivastava, R.
K. (2017). Pearl millet genome sequence
provides a resource to improve agronomic
traits in arid environments. Nature
biotechnology, 35(10), 969.

20. Hu, B., Jin, J., Guo, A. Y., Zhang, H., Luo,
J., & Gao, G. (2014). GSDS 2.0: an
upgraded gene feature visualization
server. Bioinformatics, 31(8), 1296-1297.

21. Suyama, M., Torrents, D., & Bork, P.
(2006). PAL2NAL: robust conversion of
protein sequence alignments into the
corresponding codon alignments. Nucleic
acids research, 34(suppl_2), W609-W612.

22. Bailey, T. L., Boden, M., Buske, F. A., Frith,
M., Grant, C. E., Clementi, L., ... & Noble,
W. S. (2009). MEME SUITE: tools for motif
discovery and searching. Nucleic acids
research, 37(suppl_2), W202-W208.

23. Tamura, K., Stecher, G., Peterson, D.,
Filipski, A., & Kumar, S. (2013). MEGA6:
molecular evolutionary genetics analysis
version 6.0. Molecular biology and
evolution, 30(12), 2725-2729.

24. Lescot, M., Déhais, P., Thijs, G., Marchal,
K., Moreau, Y., Van de Peer, Y., ... &
Rombauts, S. (2002). PlantCARE, a
database of plant cis-acting regulatory
elements and a portal to tools for in silico
analysis of promoter sequences. Nucleic
acids research, 30(1), 325-327.

25. Sung, D. Y., Vierling, E., & Guy, C. L.
(2001). Comprehensive expression profile
analysis of the Arabidopsis Hsp70 gene
family. Plant physiology, 126(2), 789-800.

26. Lee, J. H., Yun, H. S., & Kwon, C. (2012).
Molecular communications between plant
heat shock responses and disease
resistance. Molecules and cells, 34(2),
109-116.

27. Yer, E. N., Baloglu, M. C., Ziplar, U. T.,
Ayan, S., & Unver, T. (2016). Drought-
responsive Hsp70 gene analysis in populus
at genome-wide level. Plant molecular
biology reporter, 34(2), 483-500.

28. Liu, J., Wang, R., Liu, W., Zhang, H., Guo,
Y., & Wen, R. (2018). Genome-wide
characterization of heat-shock protein 70s
from Chenopodium quinoa and expression
analyses of Cqhsp70s in response to
drought stress. Genes, 9(2), 35.

29. Kose, S., Furuta, M., & Imamoto, N.
(2012). Hikeshi, a nuclear import carrier for
Hsp70s, protects cells from heat shock-
induced nuclear damage. Cell, 149(3), 578-
589.

30. Schlueter, J. A., Scheffler, B. E., Jackson,
S., & Shoemaker, R. C. (2008).
Fractionation of synteny in a genomic
region containing tandemly duplicated
genes across Glycine max, Medicago
truncatula, and Arabidopsis
thaliana. Journal of heredity, 99(4), 390-
395.

31. Sémon, M., & Wolfe, K. H. (2007).
Rearrangement rate following the whole-
genome duplication in teleosts. Molecular
biology and evolution, 24(3), 860-867.

32. Devi, M. J., Sinclair, T. R., & Taliercio, E.
(2015). Comparisons of the effects of
elevated vapor pressure deficit on gene
expression in leaves among two fast-wilting
and a slow-wilting soybean. PloS
one, 10(10), e0139134.

Kummari Divya et al



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


