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ABSTRACT

Dehydrin (DHN) proteins are a group of proteins that effectively respond to abiotic
stresses such as cold and drought stress in plants. These proteins are a subset of protective
greater group of proteins called type II Late embryogenesis abundant which are
protecting other proteins from stresses shock. Due to the significant effect of dehydrin
proteins in plants, specialy under abiotic stresses, the aims of this study were to survey
the linear structure along with phylogeny relationship of this proteins’ group in different
plants species. The protein linear sequences of different plant species were downloaded
from NCBI site and then were aligned using MegaX software. The results of aligning
showed highly conserved segments within the considered sequences such as K- and S-
segments that are respectively responsible for covering other proteins and protecting them
from damaging effects of stresses and transporting dehydrin proteins from cytoplasm to
nucleus. Using the sequences’ alignment, phylogenic tree was extracted using Neighbor
Jjoining method. Furthermore, linear sequence order of amino acids and their ratio in the
structure of these protein were evaluated. Folowing that, the composition of these proteins
genomic sequences were considered to compare with the results of amino acids
evaluation. The results indicated that dicotyledon and monocotyledon plants can be
clearly separated into two distinguished classes based on the amino acid structure of DHN
proteins. Similarly, The ratio and order of DNHs linear sequences were distinctly altered
between mono- and di-cotyledon plants. Evaluation of genomic base pairs of these
proteins showed that there are numerous unchanged motifs with eighter no or a little
difference shared among the genomic sequences of DHN proteins.
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Figure 3. Phylogenic tree of dehydrin proteins based on Neighbor Joining method using Mega 11 software
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Figure 4. Unpreserved segments of dehydrin protein family regarding monocotyledon and dicotyledon plants
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Table 1. Ration (Percent) of each amino acid in the linear structure of dehydrin protein of different plant species

P aigs Ala Cys Asp Glu Phe Gly His lle Lys Leu Met Asn Pro GIn Arg Ser Thr Val Trp Tyr jLcegs sl

Arabidopsis thaliana 347 0 502 1892 27 502 425 3.09 1699 4.63 232 193 734 27 116 656 656 656 0 0.77 259
Arabidopsis suecica 3.11 0 467 1984 233 467 506 233 179 5.06 233 233 739 195 1.17 739 584 545 0 1.17 257
Camelina sativa 392 0 392 20 275 431 51 275 1725 471 235 353 745 3.14 118 549 6.67 471 0 078 255
Atriplex halimus 472 0 944 1545 258 6.01 773 3 17.6 258 215 258 515 172 172 644 3 601 0 215 233
Solanum chilense 553 0 503 21.11 201 7.04 4.02 4.02 1859 4.02 05 151 553 151 1.01 9.05 3.02 503 0 151 199
Coffea canephora 793 176 573 19.82 1.76 8.81 2.64 3.08 2026 441 044 088 529 176 132 6.17 264 396 0 132 227
Plantago major 568 3.06 568 214 218 48 1.75 349 1878 437 044 087 742 175 0.87 48 524 568 0 175 229
Glycine max 467 0 561 2009 1.87 7.01 654 28 17.76 467 047 093 514 234 14 748 467 561 0 093 214
Citrus x clementina 556 0 598 20.09 1.71 556 598 2.14 1923 513 0.85 043 6.84 3.85 128 641 342 47 0 085 234
Citrus x paradisi 513 0 598 20.09 1.71 556 598 2.14 1923 513 0.85 043 726 3.85 128 641 342 47 0 085 234
Citrus sinensis 513 0 598 2051 1.71 513 598 2.14 1923 513 0.85 043 726 3.85 128 641 342 47 0 085 234
Malus domestica 542 0 722 2022 144 578 6.86 253 1661 3.61 036 108 6.14 217 144 722 361 433 0 397 277
Trifolium repens 276 0 737 1659 184 5.07 5.07 323 17.05 3.69 046 184 507 138 138 783 11.52 645 0 138 217
Lotus japonicus 386 0 687 176 215 7.73 5.15 343 1631 472 043 386 3.80 3.80 043 687 6.01 644 0 043 233
Medicago truncatula 478 0 861 1531 191 526 574 287 1675 3.83 048 @& 478 191 144 6.7 11 526 0 144 209
Pisum sativum 509 0 556 1852 185 741 556 278 162 417 046 139 417 093 139 648 11.11 55 0 139 216
Vitis vinifera 361 12 6.63 1928 0.6 542 6.63 241 2048 482 181 181 6.63 3.0l 06 783 361 361 0 0 166
Vitis yeshanensis 361 12 6.63 1928 0.6 542 6.63 241 21.08 482 181 181 6.63 3.0l 0 783 361 361 0 0 166
Capsella bursa-pastoris  3.83 0 4.6 21.07 1.15 421 4.6 345 1456 421 153 268 6.51 192 1.15 766 92 728 0 038 261
Brassica napus 517 0 443 2288 221 443 48 185 1587 554 148 148 6.27 185 258 627 7.01 517 0 074 271
Brassica juncea 412 0 494 23.05 2.06 4.12 453 206 1811 576 1.65 0.82 535 247 206 6.17 741 494 0 041 243
Brassica oleracea 503 0 6.03 206 201 553 503 201 191 452 1.01 05 653 05 151 754 553 653 0 05 199
Brassica rapa 365 0 573 2083 208 573 521 208 1823 4.69 1.04 052 6.77 052 1.04 729 677 729 0 052 192
Sorghum bicolor 989 0 7.07 1484 035 7.07 9.9 212 1378 53 1.06 0.71 813 3.53 177 565 283 636 0 035 283
Zea mays 996 0 854 1281 036 7.12 7.83 249 1246 534 1.07 178 819 4.63 214 569 356 569 0 036 281
Oryza sativa Japonica 1138 0  5.52 1448 1.03 793 586 207 13.1 483 1.03 1.03 1069 1.03 207 69 517 552 0 034 290
Oryza sativa Indica 11.64 0 548 1438 1.03 788 6.16 205 13.01 479 1.03 1.03 10.62 103 1.71 7.19 514 548 0 034 292
Oryza brachyantha 1045 0 557 1429 1.05 836 453 209 1394 523 105 0.7 108 139 139 836 418 627 0 035 287
Hordeum vulgare 9.41 0 627 1686 0.78 7.45 392 196 149 6.27 157 1.18 7.06 157 196 6.67 431 706 0 078 255
Triticum aestivum 1082 0 597 1604 0.75 7.46 448 187 14.18 597 1.12 075 7.09 187 149 634 522 784 0 0.75 268
Triticum turgidum 1045 0 597 1604 0.75 784 448 187 1418 597 1.12 075 7.09 187 149 634 522 784 0 075 268
Agropyron cristatum 543 0 543 1793 1.09 1087 38 217 1359 598 1.63 109 435 272 272 761 543 7.61 0 0.54 184
Aegilops tauschii 714 0  6.04 18.68 055 879 33 1.65 1538 7.14 1.65 1.1 495 22 22 879 385 549 0 1.1 182

oSke 637 0.19 6.03 183 154 639 532 248 1649 489 1.16 138 6.82 224 147 685 541 576 0 091 237

)] gladeslgiel oS5 olul y alS sladssS S (distance) dlols L (dissimilarity) glueal cpess .Y Jgos
Table 2. Estimated genetic dissimilarities, or genetic distances, in the structure of dehydrin protein in different plant species
based on their amino acid content
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ORI 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Arabidopsis thaliana(1)
Arabidopsis suecica(2)

Coffea canephora(6)

Plantago major(7)

0.0
0
Camelina sativa(3) 0(')0 0(')0
Atriplex halimus(4) 052 0(‘)6 034
Solanum chilense(5) 0(')0 O(')O O(')O 027
03 05 05 04 02
i 7 6 10
00 00 00 04 00 00
0 1 5 6 8 3
Glycine max(@) 00 00 G0 01 00 03 00
Citrus x clementina (9) OiO 050 Oél Oéo 0(‘)0 080 060 02'0
Citrus x paradisi(10) 00 00 01 01 00 01 00 00 00
Citrus sinensis(11) 00 00 01 02 00 01 00 00 00 00
Malus domestica(12) 00 00 01 00 00 00 01 00 00 00 00
Trifolium repens(13) 60 00 00 02 05 10 05 04 06 05 06 04
o 0 00 00 00 02 07 03 00 01 01 01 01 0.
Lotus japonicus(1d) 00 00 00 00 02 07 03 00 01 O 0l 01 00
Medicago tuncatula1s) 00 01 02 00 08 10 04 05 02 02 02 06 00 00
Pisum sativum(6) 00 00 01 04 02 05 02 01 03 03 04 02 00 OI oI
I 02 00 01 00 00 00 00 00 00 00 00 00 01 00 00 00
Vitis vinifera(17) > 0 7 0 0 0 0O 0 0 0 0 0 6 0 7 17
” - 02 00 02 00 00 00 00 00 00 00 00 00 02 00 01 01 00
Vitis yeshanensis(18) ) i 4 i 0 0 0 0 0 0 0 0 0 5 0 0 0
Capsella bursa- 00 00 00 05 00 05 00 00 01 0l 01 02 00 00 01 00 00 00
pastoris(19) o o0 o0 4 0 i 06 06 3 0 0 2 0 2 7 0 0 0
- 00 00 00 08 00 05 00 00 00 00 00 01 00 01 03 00 00 00 00
Brassica napus(20) 5 0 0 0 0 6 0 0 7 4 2 4 0 7 06 0 0 4 0
o 01 00 00 07 00 03 00 00 01 00 00 00 00 01 02 00 00 00 00 00
Brassica juncea(21) 9 3 3 9 1 6 0 0 5 9 8 6 0 4 3 0 0 0 0 0
. 00 01 02 02 00 00 00 00 00 00 00 00 00 02 01 00 00 00 00 00 00
Brassica oleracea(22) 0O 9 6 6 0 4 0 0 0 O 0 0 0 9 2 1 0 0 5 0 0
- 00 02 02 03 00 01 00 00 00 00 00 00 00 01 01 00 00 00 00 00 00 00
Brassica rapa(23) O i 8§ 3 0 7 06 3 06 0 0 0 0 3 2 7 9 0 0 0 0
- 06 07 07 02 05 02 12 04 00 00 00 02 10 05 08 1.0 00 00 08 05 06 05 06
Sorghum bicolor(24) 7 2 8 5 7 2 9 1 o0 0 0 4 2 7 5 4 2 7 8 2 9 & 9
10 12 10 04 08 04 17 08 05 06 06 07 11 08 06 11 02 03 12 11 13 11 12 00
Zea mays(25) 4 0 7 8 o0 7 3 i 4 7 5 7 0 3 7 % % 6 5 & 9 4 6 0
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Continued table 2. Estimated genetic dissimilarities, or genetic distances, in the structure of dehydrin protein in different
plant species based on their amino acid content

PLS s 22 23 24 25 26 27 28 29 30 31 32 33 26 27 28 29 30 31 32
Oryza sativa Japonica(26) 0.18 0.14 029 0.17 0.1 012 081 0.05 000 003 0.07 011 056 029 069 040 0.00 0.00 044
Oryza sativa Indica(27) 024 020 032 0.15 0.11 0.17 084 007 000 003 008 0.14 056 033 0.69 040 0.00 0.00 049
Oryza brachyantha(28) 0.05 0.05 026 029 005 021 071 0.11 000 000 0.00 021 063 027 072 066 0.00 0.00 034
Hordeum vulgare(29) 026 025 038 0.14 0.00 0.00 033 0.00 000 000 000 010 056 0.14 053 040 0.00 0.01 043
Triticum aestivum(30) 035 035 048 0.17 023 000 070 0.06 005 008 0.11 023 058 0.11 052 040 0.00 0.02 044
Triticum turgidum(31) 035 035 048 0.17 023 0.00 070 006 005 008 0.11 023 058 0.11 052 040 0.00 0.02 044
Agropyron cristatum(32) 0.00 0.02 012 015 020 0.10 042 0.00 000 0.01 0.00 001 000 0.07 001 000 0.03 0.11 0.10
Aegilops tauschii(33) 0.12  0.04 021 022 0.00 000 043 0.03 000 000 0.00 004 046 0.02 040 020 0.01 0.08 0.18
PLS s 23 24 25 26 27 28 29 3 31 32 33 3 3
Oryza sativa Japonica(26) 0.15 027 0.07 0.08 0.04 020
Oryza sativa Indica(27) 0.17 030 0.09 0.08 003 0.19 0.00
Oryza brachyantha(28) 0.15 023 0.06 0.09 0.15 033 002 0.05
Hordeum vulgare(29) 0.12 0.18 0.03 0.06 009 024 0.00 0.00 0.00
Triticum aestivum(30) 0.17 026 0.09 0.09 0.04 0.18 000 0.00 0.05 0.00
Triticum turgidum(31) 0.17 026 0.09 0.09 0.05 020 0.00 000 003 000 0.00
Agropyron cristatum(32) 0.01 0.00 003 0.00 0.11 015 0.00 0.00 000 008 0.02 001
Aegilops tauschii(33) 0.00 0.03 0.04 0.01 0.00 0.06 0.00 0.00 0.00 000 001 001 0.02
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Figure 5. Correlation plot of evaluated plant species based on their amino acid sequences regarding dehydrin proteins
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Figure 6. Clustering analysis of the evaluated plant species based on their amino acid sequences regarding dehydrin
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Figure 7. Correlation plot of the amino acids in the protein structure of dehydrin family belonging to the evaluated plant species
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Figure 8. Clustering of the amino acids in the protein structure of dehydrin family belonging to the evaluated plant species
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Figure 9. Heatmap of the amino acids composition in the protein structure of dehydrin family belonging to the evaluated
plant species
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