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Identification and expression analysis of MAPK gene family under
low-temperature stress in Prunus sibirica

Sun Chunxiao', Wang Lin%, Ao Dun', Ma Mingl, Chen Yixiao', Chen J unxing', Xia Juguo], Bao Wenquan1

(1. a. College of Forestry; b. College of Resources and Environmental Sciences, Inner Mongolia Agricultural University, Hohhot 010000,
Inner Mongolia, China; 2. Research Institute of Non-Timber Forestry, Chinese Academy of Forestry, Zhengzhou 450003, Henan, China)

Abstract: [Objective] To systematically identify the MAPK gene family members based on the whole-genome data of Prunus sibirica,
analyze their bioinformatics characteristics and expression patterns under low-temperature stress, and to reveal the potential functions
of these family members in response to low-temperature stress. [ Method] Based on the genomic and transcriptomic data of P. sibirica,
methods such as genome-wide identification, conserved motif analysis, phylogenetic tree construction, and syntenic analysis were used
to determine the basic information, physicochemical properties, gene structures, phylogenetic relationships, and response mechanisms
under low-temperature stress of MAPK family genes. [Result] A total of 84 MAPK genes were identified in P. sibirica, including
11 PsMAPK, 10 PsMAPKK and 63 PsMAPKKK genes, which were widely distributed across eight chromosomes. Phylogenetic analysis
classified all MAPK family members into three subfamilies: MAPK, MAPKK, and MAPKKK (including MEKK, ZIK, and Raf).
Conserved motif analysis revealed that motifs within each subfamily were conserved. Promoter cis-element prediction showed that the
promoter regions of 44 genes were enriched in low-temperature-responsive elements. Transcriptome data indicated that 14 MAPK genes
were differentially expressed under low-temperature stress, and the expression levels of genes such as PsMAPKI and PsMAPKKK?2

were significantly upregulated with decreasing temperature. [ Conclusion] Through comprehensive analysis of the gene structure,
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chromosomal distribution, and phylogenetic relationships of the MAPK gene family members in P. sibirica, the physicochemical

properties and molecular characteristics of the MAPK family members were clarified. Further expression analysis indicated that

14 genes, including PsMAPK 1 and PsMAPKK7, are involved in important signaling pathways responding to low-temperature stress.

Keywords: MAPK gene; genome-wide identification; low-temperature stress; expression analysis; Prunus sibirica
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#*1 PsMAPK EEEUMR
Table 1 Physicochemical properties of PSMAPK protein
No. Gene family Gene name amino acid weight /kDa Theoretical pl index Aliphatic index index
1 PsMAPKI1 368 4239229 8.46 33.10 96.44 -0.186
2 PsMAPK?2 372 42 696.31 6.36 37.12 97.26 -0.250
3 PsMAPK3 370 42 589.79 5.18 45.61 95.89 -0.272
4 PsMAPK4 373 42 892.97 6.08 45.79 88.07 -0.365
5 PsMAPKS 407 46 427.04 5.76 44.78 86.07 -0.351
6 MAPK PsMAPK6 376 43 179.20 6.21 42.49 87.39 -0.359
7 PsMAPK7 370 42 662.92 5.62 43.58 91.22 -0.312
8 PsMAPKS8 626 70 970.86 6.70 41.01 76.04 -0.630
9 PsMAPK9 342 39 243.39 8.61 31.54 86.73 -0.322
10 PsMAPKI10 618 70 571.82 9.10 33.01 81.29 -0.481
11 PsMAPKI11 609 69 232.62 9.29 35.98 84.58 -0.429
12 PsMAPKK] 518 57752.03 5.59 43.90 89.79 -0.147
13 PsMAPKK?2 394 44 599.99 5.56 54.23 97.41 -0.221
14 PsMAPKK3 354 39 573.46 5.52 46.13 95.54 -0.089
15 PsMAPKK4 324 36 158.61 7.11 52.90 79.78 -0.199
16 MAPKK PsMAPKKS 239 26 078.82 8.72 69.31 70.67 -0.231
17 PsMAPKK6 190 21 039.01 5.46 48.10 78.00 -0.182
18 PsMAPKK7 219 24529.92 6.75 58.51 85.53 -0.342
19 PsMAPKKS 321 35937.28 7.12 56.77 83.21 -0.245
20 PsMAPKK9 202 22 679.07 8.72 50.92 90.25 -0.247
21 PsMAPKKI0 344 38 364.67 5.96 53.62 79.30 -0.283
22 PsMAPKKK1 388 42 747.15 5.89 55.95 72.11 -0.667
23 PsMAPKKK?2 646 70 728.19 8.84 63.22 69.78 -0.493
24 PsMAPKKK3 696 76 125.02 9.42 59.65 62.66 -0.630
25 PsMAPKKK4 309 34 756.66 7.10 42.18 85.83 -0.327
26 PsMAPKKKS 491 53 601.58 5.31 41.35 77.58 -0.199
27 PsMAPKKK6 903 97 380.49 9.38 62.84 63.51 -0.569
28 PsMAPKKK7 421 47577.38 4.57 60.02 78.93 -0.251
29 PsMAPKKKS 251 27 024.85 6.23 47.93 83.19 -0.104
30 PsMAPKKK9 890 96 690.30 9.14 58.83 65.13 -0.629
31 PsMAPKKKI10 508 56 383.56 6.01 41.63 64.90 -0.618
32 PsMAPKKKI1 1431 157 355.97 5.88 42.20 92.08 -0.273
33 PsMAPKKKI2 570 62 680.39 5.77 45.20 78.00 -0.474
34 PsMAPKKK13 676 74 388.32 597 51.32 72.97 -0.502
35 MAPKKK PsMAPKKK14 643 70 068.86 9.30 47.71 70.40 -0.569
36 PsMAPKKKI1S 445 49 215.95 4.58 54.52 81.53 -0.326
37 PsMAPKKKI16 381 42294.67 5.70 37.59 82.36 -0.362
38 PsMAPKKKI17 394 43 933.57 5.22 44.85 72.79 -0.413
39 PsMAPKKKIS 296 33676.17 5.22 35.85 84.26 -0.456
40 PsMAPKKK19 298 34 007.77 5.78 35.67 86.98 -0.416
41 PsMAPKKK20 633 70 493.41 4.80 44.78 79.83 -0.580
42 PsMAPKKK21 586 66 483.24 6.02 39.34 77.68 -0.521
43 PsMAPKKK22 649 72 504.16 5.05 42.61 83.19 -0.326
44 PsMAPKKK23 626 71 886.36 5.28 56.18 74.14 -0.647
45 PsMAPKKK24 738 84 327.45 5.44 44.99 75.42 -0.625
46 PsMAPKKK25 567 63 433.39 5.85 43.02 84.90 -0.283
47 PsMAPKKK26 476 53 766.68 8.83 45.70 89.50 -0.445
48 PsMAPKKK27 787 86 837.69 6.91 52.18 68.77 -0.623
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Continuation of table 1
No. Gene family Gene name amino acid weight /kDa Theoretical pl index index index
49 PsMAPKKK28 574 64 269.52 5.65 54.65 82.53 -0.495
50 PsMAPKKK29 490 55503.74 9.35 43.05 83.20 —0.466
51 PsMAPKKK30 417 46 847.53 6.61 39.98 82.54 -0.344
52 PsMAPKKK31 1181 131 570.77 5.86 52.09 70.36 -0.628
53 PsMAPKKK32 843 93 116.58 5.90 45.97 83.01 -0.313
54 PsMAPKKK33 1265 139 589.51 5.52 51.78 71.21 -0.628
55 PsMAPKKK34 344 39 174.37 9.13 4222 85.26 -0.411
56 PsMAPKKK35 515 58 054.36 7.66 43.87 78.76 -0.652
57 PsMAPKKK36 373 42297.74 8.89 50.66 79.22 -0.371
58 PsMAPKKK37 458 51 851.76 5.67 44.07 96.83 -0.295
59 PsMAPKKK38 385 43 051.30 7.06 35.54 82.26 -0.357
60 PsMAPKKK39 513 58274.82 6.88 52.71 82.16 —0.413
61 PsMAPKKK40 954 105 196.08 6.02 42.57 77.45 -0.495
62 PsMAPKKK41 393 43 978.32 6.39 37.27 79.59 -0.318
63 PsMAPKKK42 573 65 066.35 5.81 51.08 80.44 -0.452
64 PsMAPKKK43 354 39 969.94 6.28 44.10 82.71 -0.292
65 PsMAPKKK44 1243 137 953.82 5.25 52.37 74.72 -0.607
66 PsMAPKKK45 1035 113 535.36 5.68 48.45 77.86 -0.471
MAPKKK
67 PsMAPKKK46 383 43 143.86 7.55 54.39 81.51 -0.362
68 PsMAPKKK47 502 56 263.42 6.47 42.09 88.94 -0.256
69 PsMAPKKK48 374 42 018.97 6.72 43.45 73.77 -0.49
70 PsMAPKKK49 663 73 722.97 8.38 46.36 91.57 -0.228
71 PsMAPKKK50 341 38 509.62 8.98 41.67 80.91 -0.408
72 PsMAPKKKS1 365 41 408.89 8.91 43.76 90.58 -0.288
73 PsMAPKKKS?2 423 47 405.14 8.47 31.98 75.58 -0.477
74 PsMAPKKKS3 1470 160 106.60 5.27 46.64 73.26 -0.503
75 PsMAPKKKS54 352 39 561.66 6.92 42.22 85.91 -0.218
76 PsMAPKKKSS 1355 150 150.04 5.31 48.32 72.44 -0.634
77 PsMAPKKK56 350 39948.21 8.74 35.95 89.11 -0.386
78 PsMAPKKKS57 151 17 361.92 5.43 48.18 65.17 -0.346
79 PsMAPKKK5S 651 72 414.99 6.33 30.33 89.54 -0.117
80 PsMAPKKKS59 570 64 013.00 5.19 43.74 85.70 —0.388
81 PsMAPKKK60 749 84 921.22 5.24 47.67 78.62 -0.511
82 PsMAPKKKG61 351 39 965.81 8.50 46.79 80.85 -0.353
83 PsMAPKKKG62 584 63 189.00 5.65 32.92 92.86 -0.039
84 PsMAPKKK63 419 47 065.74 6.65 34.84 79.36 -0.359
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