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In silico cloning and bioinformatics analysis of HSP21 in
Manihot esculenta
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Abstract: HSP21 gene is a key gene to respond high temperature stress in plant and plays an important role in preventing
protein denaturation, protecting cell structure and maintaining normal growth and development. Therefore, cloning HSP21
gene is the basis for revealing the molecular mechanism of resistance to high temperature stress in cassava. To obtain cassava
HSP21 homologous gene and analyze the properties of predicted protein, electronic cloning technology was used to assemble
and derivate new gene in this study, and bioinformatics analysis method was used to analyze the primary to highest structure,
hydrophilicity/hydrophobicity, signal peptide, protein homology and phylogenetic evolution of expressed protein. HSP21 gene
was 969 bp, its open reading frame was 705 bp, and the predicted protein contains 234 amino acids. The predicted protein is a
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non-transmembrane protein that is alkaline and hydrophilic, and is mainly localized in the chloroplast. Through multiple
sequence alignment and phylogenetic analysis, it was found that the cassava HSP21 protein has high homology with other
plants such as Hevea brasiliensis, Ricinus communis, and Jatropha curcas. The results could provide reference for the study of

cloning and transformation of this gene.
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Fig. 1 Assembled cDNA drawing of cassava HSP21 gene.
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GACCATCAATCATCTGTCAGCAAATCAAGAAAGTCCTCAACATCCTCTGCACACTCGCAC
AAAAAAAAAAGTTTCATTCTTTTCTGCTACTACACAATTTTATAGGGGGCTATGGCTTCT
M A S
ACAACTCTGTCTTGGTCAGCTGCTCCTTTGGTGTCGAAGAAACCCATTAACACTTCAACG
TT LS WS AA P L V S K KPTNTS T
AAAGGAACCATTCCTTGCTCATTGAGCTTCCCACAGAGAGGTTCCAACTCTGTTCGACCT
KGTI P C S L S FP QU RGSNIS V R P
TCACGGCTGICTTTTGTGAGAGCTCAGGCAGCAGGAGATAACAAGGACACATCCGTGGAT
SRLSFV R A QA A G DNIK DT S V D
GTGCAAGTCAATCCTCAGGGTAGCCAAGGCACAGCAGTTGAAAAAAGACCTAGGAGGCAG
VQVNP Q G S Q GT AV EKU RZ PR RTRQ
CTGGCCGTTGATGTCTCACCTTTCGGTTTGTTGGATCCATTGTCTCCGATGAGGACAATG
LAVD V S P F GLLDTPTLZST PMZ BRTM
CGTCAAATGATGGACACAATGGACAGGATATTTGAGGATGCGATGACACTGCCTGGAAGC
RQMMD T M D R 1 F EDAMTL P G S8
AGAAGCAGAACAGTAGGAGAAGTACGAGCACCATGGGACATCAAAGAAGATGAAAACGAG
RSR T V GE V R AP WDTIZKED E N E
TTCAAGCTGAGGTTCGACATGCCAGGACTCTCAAAGGAGGACGTGAAGGTGTTTGTGGAG
FKLR FDMTPGTUL S KETDV KV F V E
GAAGATGTGCTTGTTATTAAGGGTGAACATAAAAACGAAGAAGGTGGAGAGGATTCATGG
EDVL V1K GETUHT KNTETETSGTGTETDS W
GCTAGCAGAAGTCTCAGTTCTTACGATACACGTCTTAAACTCCCAGATAACTGCGAGAAA
ASR S L S S Y DTU RTILZEKTLTEPUDNCEK
GATAGAATCAAGGCGGAGTTGAAGAATGGAGTICTIGITCATITCCATICCTAAAACCAAA
DR I K AE L KNGV L F 1 S1PKTK
GTGGAACGCAAGGTGATTGATGTAGAAATCCAGTGAAGGATTGATGCAGATGATCGAAGA
VE R K V I DV E I Q *
TGCTTAACTATATAGATGAGTGTCTTTGGCTTTCAAGAGTGTGGAGTTGTTGCTATGTGT
ATAAAACGATGCGTTTGGAAATATGTATAATITAATCAGAAATAACATCAAAAAAAAAAAA
AAAAAATGC

E 2 KRE HSP21 £EH cDNA RFUNEBFIIS
Fig. 2 The sequence analysis of cDNA and predicted protein of HSP21 gene in cassava.

*1 FEEEEALHERTN
Table 1 Physicochemical properties prediction of expressed protein

Items Results
Molecular formula C1134H1847N3270350S10
Molecular weight 26.10 kDa
Theoretical pl 7.71
Total number of negatively charged residues (Asp+Glu) 35.00
Total number of positively charged residues (Arg+Lys) 36.00
Instability index 36.01
Aliphatic index 74.91
Grand average of hydropathicity —-0.584
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Fig. 3 Predicted hydrophilicity/hydrophobicity of
HSP21 protein in cassava.

TMHMM posterior probabilities

12: for WEBSEQUENCE
z |
F — Transmembrane
806 — Inside
o Outside
(=¥
0 50 100 150 200
Position
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Fig. 4 Predicted transmembrane region of HSP21 protein
in cassava.

%2 KEHSP21 EHITLMAMEN S
Table 2 Analysis of subcellular localization of HSP21
protein in cassava

Location LocDB PotLocDB Ne:trsal Pentamers Integral
Nuclear - - - - -
R - 0.96 - 0.10
membrane
Extracellular - - 0.99 0.28 0.52
Cytoplasmic - - - - -
Mitochondrial - - - 1.05 0.05
En.doplasmlc i i 0.02 i
reticulum
Peroxisomal - - 0.96 - 0.05
Golgi - - 011 020 001
apparatus
Chloroplast 10.00 3.00 - 3.96 9.27
Vacuolar - - - 0.08 -
Note: “-” represents a value of “0.00”.
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Fig. 5 Analysis of phosphorylation sites of HSP21
protein in cassava.
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Fig. 6 Analysis of signal peptide of HSP21 protein in
cassava.
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Fig. 7 Analysis of the secondary structure of HSP21
protein in cassava.

8 AKE HSP2l ERM=ZREHDIT
Fig. 8 Tertiary structure analysis of HSP21 protein in
cassava.
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Fig. 9 Multiple alignment of HSP21 amino acid sequences of cassava and other plants.
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