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ABSTRACT

60 kDa heat shock proteins (HSP60s) also known as chaperonin (cpn60) play
an important role in plant growth and stress response. In this study, 32 HSP60
genes were identified in the soybean genome through bioinformatics tools,
which are distributed on 14 chromosomes. Most of these proteins are
hydrophilic, acidic, and unstable with a high aliphatic index The evolutionary
tree divided HSP60 proteins of soybean, Arabidopsis, and rice into three main
groups based on their cellular location. The proteins of different subgroups
have highly conserved gene structure, conserved motifs, intron phase, and
three-dimensional structure, which can indicate their functional similarities in
different subgroups. Several cis-regulatory elements responsive to stresses,
growth and hormones were found in the promoter of GmHSP60 genes, that
indicate their role in plant growth and response to environmental stresses.
Gene ontology (GO) analysis predicted that GmHSP60 genes were
responsible for protein folding and refolding in an ATP-dependent manner in
response to various stresses. Analysis of the transcriptome pattern (RNA-seq)
showed that most of the GmHSP60 genes had high expression in response to
salt, drought, cold, heat, submergence, and nutrient deficiency stresses, which
indicates their role in improving soybean tolerance to abiotic stresses.
Overall, these findings provide useful information to better understand the
function of GmHSP60 genes in soybean and facilitate the way for the
utilization of chaperonin family genes for achieving plant tolerance against
abiotic stresses.
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GmHSP60-13  Glyma.08G192700 574 61.25 6.04 -0.116 26.61 100.40 Mitochondria
GmHSP60-14  Glyma.08G364000 535 58.95 5.60 -0.159 3347 99.64 Cytoplasm
GmHSP60-15  Glyma.09G158200 554 60.25 5.92 -0.125 39.91 102.51 Cytoplasm
GmHSP60-16  Glyma.10G127800 575 61.09 5.99 -0.066 24.59 101.46 Mitochondria
GmHSP60-17  Glyma.10G193200 577 61.43 5.75 -0.085 27.57 100.42 Mitochondria
GmHSP60-18  Glyma.11G185500 527 57.08 5.55 -0.035 34.11 101.48 Cytoplasm
GmHSP60-19  Glyma.11G195900 593 63.62 5.28 -0.140 28.79 102.36 Chloroplast
GmHSP60-20  Glyma.11G244700 535 59.20 5.60 -0.184 41.25 97.72 Cytoplasm
GmHSP60-21  Glyma.12G078100 584 61.70 5.29 -0.059 28.08 105.12 Chloroplast
GmHSP60-22  Glyma.12G087300 527 57.10 5.50 -0.029 33.60 101.48 Cytoplasm
GmHSP60-23  Glyma.14G043400 560 60.25 6.19 -0.087 36.13 95.34 Cytoplasm
GmHSP60-24  Glyma.15G250500 591 62.84 5.72 -0.076 32.72 101.64 Chloroplast
GmHSP60-25  Glyma.16G153200 545 58.47 5.31 -0.069 31.36 95.91 Cytoplasm
GmHSP60-26  Glyma.16G208700 554 60.19 5.86 -0.091 38.46 102.33 Cytoplasm
GmHSP60-27  Glyma.18G012400 535 59.28 5.60 -0.185 40.39 97.72 Cytoplasm
GmHSP60-28  Glyma.18G298100 535 59.02 5.68 -0.161 34.52 99.83 Cytoplasm
GmHSP60-29  Glyma.20G019400 589 62.89 7.02 0.071 34.14 105.48 Chloroplast
GmHSP60-30  Glyma.20G079300 575 61.02 6.38 -0.044 25.17 102.99 Mitochondria
GmHSP60-31  Glyma.20G197100 575 61.25 5.74 -0.082 26.82 100.77 Mitochondria
GmHSP60-32  Glyma.20G215100 557 60.76 5.97 -0.151 38.37 99.66 Cytoplasm
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Motif Motif length Motif sequence Annotation
1 50 DGKSLENELEVVEGMKLDRGYISPYFVTNQKKQKVELENPKILIHDKKIS  2.2e-344 -
2 29 NPAAKLLVZVAKAQBDEAGDGTTTVVVLA 9.4e-338 Cpn60_TCP1 domain
3 21 GVKAVADAVKTTLGPKGMBKM 1.5e-249 -
4 29 ELDEKKRRLHDALNATKAAVEEGIVVGGG 5.4e-286 -
5 50 LIIAEDVESEALATLILNKLRGGLKVAAIKAPGFGERRKALLQDJAILTG 8.8e-312 -
6 29 ANLGYBAATGEYEDMVEAGIIDPLKVKRC 1.0e-228 -
7 50 DDTTILDDASTKKAIEERVEQJRKAJENSTSDYDKEKLQERJAKLSGGVA 1.7e-242 -
8 50 ALAKTLPGKEQLAIEAFAEALEVIPRTLAENAGLBAIEIITALRAEHAKG 2.2e-278 Cpn60_TCP1 domain
9 29 GEKLVAAGIHPTVIJIRGIEKAVRAAVEEL 1.4e-201 -
10 41 RMISTSEEIAAVASISAGNEREIGELIAEAMEKVGKEGVIT 7.8e-195 -
11 21 DSSGDPKVTNDGVTILKEIEL 3.0e-191 -
12 33 ZKIGADIIQNALKAPVKTIASNAGVEGAVVVEK 1.2e-156 -
13 50 DDLALHYLAKAGILAIRRVRKDELERIAKATGGVIVNRFDELEPEKLGYA  4.4e-205 Cpn60_TCP1 domain
14 21 AJLTATEAACMILRVDDIIVP 3.8e-086 -
15 29 LIKCAKTTLSSKIJVSQDKDLLADLAVDAV 3.9e-095 -
16 21 ELGLTLEKVDSEMLGTAKKVT 9.4e-070 -
17 21 SSRNASAKDIKFGVDARAAML 8.9e-065 -
18 15 MGKACTILLRGANDH 1.9e-049 -
19 21 RDSFLVEGIVLDKGISHPGMP 6.9e-036 -
20 41 PYIILLDVPLEYKKGENQTNAELLKEEDWSLLLKMEEEYIE 7.8e-046 -
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Plant growth and development Phytohormones responsiveness
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1. Low Temperature Response
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