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Abstract
Objective

Late embryonic accumulating proteins (LEAS) are proteins that involved in reducing Cellular
injuries associated with dehydration and preventing cellular proteins from aggregation due to
osmotic stress and freezing. Increased expression of some genes encoding these proteins has led
to increased resistance to stresses such as dehydration, cold and salinity in many plants. Analysis
of biological data with the using of bioinformatics tools plays an important role in the study of

genes and proteins and predicts their function in response to the stress.

Materials and methods

In this study, in order to study of LEA proteins in two important grasses (tolerant and sensitive to
drought), the interest sequences are obtained from different data bases and the phylogeny tree are
drown using ClustalW software. After the investigation of classes in different groups, the short
sequences deleted and some sequences were selected. The information about sequence
characteristics, their motifs, prediction of intracellular location, analysis of hydrogen and non-
hydrogen bands and prediction of biological process and molecular activity obtained using
ProtParam, EXPASY, MEME and SMART, Wolf PSORT, PIC, WHAT IF databases and
Blast2GO software. The 3D structure of these proteins was modeled using Discovery studio,
HyperChem, MODELLER v10 and SPDBYV software.
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Results

The results were grouped the proteins into seven distinct groups with the highest number of
sequences in dehydrin group. Most proteins had small size with less than 30 kDa. Also, the most
sequences showed high surface charge, because of their hydrophilicity and flexible structure to
form a chaperone structure to protect the cell membrane from stress. The study of intracellular
location showed that most of proteins are located in the cell nucleus. Also, the motif study
demonstrated the conserved sequences among members of the same group. The prediction of
molecular activity and biology indicated the role of these proteins in the tolerance to the stress

including drought and protein folding through bindings or catalytic activity.

Conclusions
Barley as a stress-resistant plant mainly involved the dehydrin sequences and rice as a stress-
sensitive plant mainly contains the LEA4 and LEA2 sequences.
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Table 1. Introduction of the studied LEA sequences (species and family name, protein and
nucleotide accession number, class and type of protein and amino acid number)

e . s oo g ojlad W ol oS o e | shs
4_,95 . L ) ) BVWWIIRIREY)
. gl SPTET ng) eles 25glS 6 g LEA Class LEA class no "
Species ~ Common ; e OFIR no. : il
Family name Protein no. Nucleotid Proteins LEAPdD Hupdermark AA - b
Accessionno  Accession no. (2010) and Hincha (2008) number
9 AP005172.4 BAC83841 8 LEA-2 368
19 e NP_001043619 7 LEA-2 180
Oryza Poaceae
sativa Rice 14 AP008215.2 BAH94621 12 PVLEA18 112
Japonica
8 EF444534.1 ABS44866 2 Dehydrin 292
15 - DH16B_ORYSJ 1 Dehydrin 164
13 AP008217.2 BAF28201 1 Dehydrin 326
12 AP008217 BAD61548 11 SMPO 277
10 AP003506 BAD19162 6 LEA-4 471
1 AP004018 A3AHG5 6 LEA-4 344
7 ---A3AHG5 ABF94178 6 LEA-4 400
1 A2XG55 6 LEA-4 299
5 A2ZDX9 1 Dehydrin 172
Sa%g Poaceae  Rice 1 EAZ09524 12 PVLEA18 112
Indica 10 CMO000127.1 EAY87014 2 Dehydrin 333
6 KX219625.1 APU66353 6 LEA-4 215
5 AJ890140.1 CAI65404 2 Dehydrin 285
5 AF043093.1 AAD02259 2 Dehydrin 153
Poaceae  Barley 8 AF155129.1 AAD38400 2 Dehydrin 255
Hordeur 60 e Q02400 5 LEAS 141
vulgare
7 AF043096.1 AAD02262 4 Dehydrin 133
17 AY349246.1 AAQ55346 4 Dehydrin 574
16 AY349240.1 AAQ55340 4 Dehydrin 333
38 EF535810.1 ABS85196 4 Dehydrin 333
40 FJ026802.1 ACH89911 6 LEA-4 518
18 AY681974.1 AAT81473 3 Dehydrin 214
13 AF181461.1 AAF01699 1 Dehydrin 107
36 DQ885460.1 ABI34704 1 Dehydrin 232
/1S — QISPAG 1 Dehydrin 507
46 KC963063.1 AGT62685 1 Dehydrin 486
3 AF043089.1 AADO02255 1 Dehydrin 146
19 AY895881.1 AAX14177 1 Dehydrin 155
20 AY895883.1 AAX14179 1 Dehydrin 222
33 AY895927.1 AAX14222 1 Dehydrin 222
49 KC963091.1 AGT62713 1 Dehydrin 183
29 AY895913.1 AAX14208 1 Dehydrin 191
24 AY895905.1 AAX14200 1 Dehydrin 184
26 AY895908.1 AAX14203 1 Dehydrin 191
47 KC963088.1 AGT62710 1 Dehydrin 181
32 AY895925.1 AAX14220 1 Dehydrin 191
27 AY895909.1 AAX14204 1 Dehydrin 194
35 AY895929.1 AAX14224 1 Dehydrin 191
50 KC963093.1 AGT62715 1 Dehydrin 191
YV
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http://www.ncbi.nlm.nih.gov/protein/34394536
http://www.ncbi.nlm.nih.gov/protein/115438679
http://www.ncbi.nlm.nih.gov/protein/BAH94621
http://www.ncbi.nlm.nih.gov/protein/152940803
http://www.ncbi.nlm.nih.gov/protein/122207813
http://www.ncbi.nlm.nih.gov/protein/113645060
http://www.ncbi.nlm.nih.gov/protein/54290888
http://www.ncbi.nlm.nih.gov/protein/47497112
http://www.ncbi.nlm.nih.gov/protein/158513346
https://www.uniprot.org/uniprot/A3AHG5
http://www.ncbi.nlm.nih.gov/protein/108706383
http://www.ncbi.nlm.nih.gov/protein/158513197
http://www.ncbi.nlm.nih.gov/protein/152013509
http://www.ncbi.nlm.nih.gov/protein/EAZ09524
http://www.ncbi.nlm.nih.gov/protein/EAY87014
http://www.ncbi.nlm.nih.gov/protein/61657606
http://www.ncbi.nlm.nih.gov/protein/4105115
http://www.ncbi.nlm.nih.gov/protein/5052009
http://www.ncbi.nlm.nih.gov/protein/547818
http://www.ncbi.nlm.nih.gov/protein/4105121
http://www.ncbi.nlm.nih.gov/protein/33943284
http://www.ncbi.nlm.nih.gov/protein/33943272
http://www.ncbi.nlm.nih.gov/protein/154759403
http://www.ncbi.nlm.nih.gov/protein/199582497
http://www.ncbi.nlm.nih.gov/protein/50812722
http://www.ncbi.nlm.nih.gov/protein/6017948
http://www.ncbi.nlm.nih.gov/protein/113374280
http://www.uniprot.org/uniprot/Q9SPA6
http://www.ncbi.nlm.nih.gov/protein/532003410
http://www.ncbi.nlm.nih.gov/protein/4105107
http://www.ncbi.nlm.nih.gov/protein/60116279
http://www.ncbi.nlm.nih.gov/protein/60116283
http://www.ncbi.nlm.nih.gov/protein/60116370
http://www.ncbi.nlm.nih.gov/protein/532003804
http://www.ncbi.nlm.nih.gov/protein/60116342
http://www.ncbi.nlm.nih.gov/protein/60116326
http://www.ncbi.nlm.nih.gov/protein/60116332
http://www.ncbi.nlm.nih.gov/protein/532003798
http://www.ncbi.nlm.nih.gov/protein/60116366
http://www.ncbi.nlm.nih.gov/protein/60116334
http://www.ncbi.nlm.nih.gov/protein/60116374
http://www.ncbi.nlm.nih.gov/protein/532003808
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Table 2. Information related to molecular weight, isoelectric point, charge of amino acids,

instability index, aliphatic index, domain and subcellular positions of the studied LEA
sequences

G olad M ojlas  Jolge iy dbb Lae b b ey esls asls s sl L elSls
Species 5, LEAClass no. Molecular g, syl Neg. ooy il Sl sl oo oops oo

LEA ?ﬁgd:m;‘]g‘ WeIONt Theoretical 1% pos  Instability Aliphatic GRAVY ks 4ty Subcellula
Protein (2008) pl charg  index index "7 rlocation
no. e U,W,J
CFD WHY
Domain
No.
9 LEA-2 41079.73 4,98 58 38 27.62 88.70 -0.295 3 2 Cyto
19 LEA-2 19751.37 4,79 31 21 24,72 88.22 -0.255 2 1 Cyto
Oryza
sativa 14 PVLEA18 11890.02 5.88 14 11 30.36 54.11 -0.880 1 0 Nucl
Japonica 8 Dehydrin 31089.44 5.66 58 43 62.98 54.90 -1.077 4 0 Nucl
15 Dehydrin 16537.01 9.27 14 18 24.32 32.26 -1.033 4 0 Nucl
13 Dehydrin 31251.58 8.95 18 21 1681 34.42 -0.687 9 0 Nucl
12 SMPO 27921.39 4.17 42 19 2557 73.54 -0.295 6 0 Cyto
10 LEA-4 47315.54 6.39 68 64 22.55 49.94 -0.791 11 0 Nucl
1 LEA-4 36791.20 6.39 66 64 1528 50.29 -1.009 5 0 Pero
7 LEA-4 41859.93 8.26 77 79 27.73 51.02 -1.043 8 0 Extr
Oryza 1 LEA-4 35661.96 6.01 64 60 1557 51.05 -0.992 5 0 Pero
sativa 5 Dehydrin 17325.88 9.19 15 18 14.17 25.52 -1.076 3 0 Nucl
Indica 11 PVLEA18 11939.09 6.02 14 12 31.32 53.21 -0.914 1 0 Mito
10 Dehydrin 31061.38 5.66 58 43 6298 54.25 -1.086 4 0 Nucl
6 LEA-4 22141.16 9.14 31 36 1194 38.19 -0.996 3 0 Mito
59 LEA-5 9972.73 5.49 18 16 41.83 37.85 -1.372 1 0 Nucl
61 LEA-5 9961.75 6.33 16 16 47.88 37.85 -1.376 1 0 Nucl
2 Dehydrin 14427.66 8.00 18 19  35.09 38.39 -1.069 3 0 Nucl
57 Dehydrin 14441.69 8.00 18 19  36.02 38.39 -1.069 3 0 Nucl
54 Dehydrin 14239.70 9.59 15 21 44.13 40.79 -1.043 2 0 Nucl
62 LEA-5 16896.41 5.58 33 28 3398 30.65 -1.551 1 0 Nucl
5 Dehydrin 27725.87 521 59 43 55.52 62.00 -1.093 5 0 Nucl
Hordeum 8 Dehydrin 14239.47 6.59 18 17 34.81 42.34 -0.905 2 0 Nucl
vulgare
60 LEA-5 14604.89 5.38 29 23 37.86 32.33 -1.479 2 0 Nucl
7 Dehydrin 58505.79 6.65 59 49 2.58 28.92 -1.161 10 0 Nucl
17 Dehydrin 33949.21 6.67 33 27 0.51 27.30 -1.197 7 0 Nucl
16 Dehydrin 33980.22 6.63 34 28 0.56 27.30 -1.212 5 0 Nucl
38 Dehydrin 52220.50 6.95 68 66 2158 4751 -0.843 7 0 Nucl
40 LEA-4 21937.88 8.83 29 32 1556 38.27 -1.046 3 0 Nucl
18 Dehydrin 12050.20 6.84 31 30 3726 23.74 -2.206 2 0 Nucl
13 Dehydrin 23461.69 6.26 27 23 3131 51.90 -0.738 4 0 Nucl
36 Dehydrin 47872.90 8.97 24 28 -8.16 3241 -0.715 8 0 Nucl
45 Dehydrin 46156.07 8.80 25 28 -6.89 32.20 -0.748 9 0 Nucl
46 Dehydrin 15127.64 9.52 15 20 34.94 30.89 -1.151 4 0 Nucl
3 Dehydrin 15714.00 8.07 16 17 15.03 31.55 -1.103 4 0 Nucl
19 Dehydrin 22287.95 8.72 15 17 10.79 23.78 -1.071 4 0 Nucl
20 Dehydrin 22214.90 8.72 15 17 10.11 24.68 -1.036 4 0 Nucl
33 Dehydrin 18229.76 8.04 16 17 18.26 32.08 -0.967 5 0 Nucl
49 Dehydrin 18882.53 8.81 15 17 1235 33.30 -0.884 5 0 Nucl
29 Dehydrin 18338.93 9.10 15 18  16.68 32.45 -0.955 5 0 Nucl
24 Dehydrin 18982.59 9.10 15 18 10.77 31.73 -0.959 5 0 Nucl
26 Dehydrin 18093.75 9.30 14 18 16.47 32.43 -0.948 5 0 Nucl
47 Dehydrin 18896.56 9.30 14 18  13.70 31.26 -0.938 5 0 Nucl
32 Dehydrin 19140.82 8.81 15 17 14.81 32.27 -0.891 5 0 Nucl
27 Dehydrin 18968.62 9.10 15 18 1424 31.26 -0.954 5 0 Nucl
35 Dehydrin 18995.69 9.30 14 18 11.22 32.25 -0.942 5 0 Nucl
50 Dehydrin 18996.67 9.10 15 18 12.06 32.25 -0.942 5 0 Nucl
A
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Figure 3. Amino acid sequence and the status of motifs in the LEA groups of the studied

sequences
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Figure 4. Prediction of cellular component (a), biological (b) and molecular activity (c) of
the dehydrin group in the studied sequences
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Figure 5. Prediction of cellular component (a), biological (b) and molecular activity (c) of
the LEA-2 group in the studied sequences
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Figure 6. Prediction of cellular component of the LEA-3 group in the studied sequences
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Figure 7. Prediction of cellular component (a) and biological activity (b) of the LEA-4 group
in the studied sequences
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in the studied sequences
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Figure 9. Prediction of cellular component (a) and molecular activity (b) of the PVLEA18
group in the studied sequences
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b), indian (d) and japanese (d) rice
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