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Abstract : Abscisic acid(ABA) plays a crucial role in plant growth, development, senescence and stress
response. The core signal transduction pathway is composed of PYL-PP2CA-SnRK2. In order to ex-
plore the protein functional characteristics, expression patterns and evolutionary relationships of
PYL, PP2CA and SnRK2 in barley, the HvPYL, HvPP2CA and HvSnRKZ2 was identified from whole
genome by bioinformatics methods. Gene structure and chromosomal localization, protein physico-
chemical properties, cis-acting elements in promoter region, expression analysis of different tissues
and transcriptome expression patterns under salt stress were systematically analyzed. The results
showed that 10 HvPYL , 13 HvPP2CA and 9 HvSnRKZ2 genes were identified from the barley ge-
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nome. HvPYLs and HvPP2CAs were distributed in IH—5H and 7H chromosomes, and HvSnRKZs
were distributed in 1H—5H chromosomes. HvPYLs and HvPP2CAs were mainly located in chloro-
plasts, and HvSnRKZ2s are mainly localized in the cytoplasm. The motifs of the three family genes
were highly conserved. The number of amino acids were less than 500, and the promoters contained a
large number of plant response hormone elements. Genes of the three families were differentially ex-
pressed in roots, stems, inflorescences and seeds. HvPYLZ2 had the highest expression in root;
HvPYLY9 had the highest expression in episperm; HvPP2C-A1—10 had the highest expression in in-
florescence. HvSnRKZ2. 5, HvSnRKZ2. 7, and HvSnRKZ. 8 had the highest expression in episperm.
Transcriptome data analysis of a pair of near-isogenic lines with significant differences in salt tolerance
at 48 h and 60 h under salt stress showed that HvPP2C-A2, HvPP2C-A4 , HvPP2C-A6 , HvPP2C-A9 ,
HvPP2C-A10, and HvSnRK?2. 4 were significantly up-regulated by salt stress, while HvPYL6 and
HvPYL7 were significantly down-regulated. The results of gqPCR were consistent with the transcrip-
tome data. The results showed that the PYL, PP2CA, and SnRK2 family played an important role in

the response of barley to salt stress.
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Table 1 Primers in barley used for qPCR

EW A IR T ZE o
Gene name Forward primer sequence (5'—3") Reverse primer sequence (5'—3")
a-Tublin AGTGTCCTGTCCACCCACTC AGCATGAAGTGGATCCTTGG
GAPDH GTGAGGCTGGTGCTGATTACG TGGTGCAGCTAGCATTTGAGAC
HvPYLI CGCTCGTCAAGCACATCAAGGC CGGCTGACGAACGGCTTGTAC
HvPYL2 CACCGCCTCTCCAACTACCG CACGATGGTGTCGACGAAGG
HvPYL3 TCGAGATCCTGGACGACGAG TCACGGACCGGTAGTTGCGG
HvPYL4 CCTGGGAAGACACCGTTGTG GTGACGGAGGATACGGAGCG
HvPYL5 CCGAGTTCACGGACCAGCCTTC CGGCGAGTTTCTGGAGGTTGAG
HvPYL6 TGGTGGTCGAGTCTTATGTG CGATGGTGTCCACGAACATG
HvPYL7 TCAAGAACTACCTCTCTGTCAC GGTGTCATCGATCGTGTTAC
HvPYLS TATCCCCAGCCTCAGCATTG TCAGGAACGACATAGGATTC
HvPYL9 CACCTCGTTCATCGCCAAGCAC AAAAGGCTTGAAAACTTGCGGC
HvPYL10 ACCGCCACATCCTCAGCTTCAG GGTGAACATCCTGGTGTCCTCC
HvPP2C-Al CAATGGAATGGACACCGAG CATCTTTTGCCCGAGGAAC
HvPP2C-A2 GGGGTCCTATCCACCTCCAG CTTGTCCGTCCTCTCCACCG
HvPP2C-A3 GCCACTCTCTCTGGACCATAAG TACGGTTTCAGGTATCTGTCCC
HvPP2C-A4 GCAAGGTCATCTTCATCAACGG CGGTTATGCTGATTTCTGGCTC
HvPP2C-A5 GGTAGCAGATTACTGTCGGG CAAACGCTTTCTCCCACTGC
HvPP2C-A6 ATGAGCAGCGAGACGAGCAAG GGGCCACGGTCATCAACTTC
HvPP2C-A7 GATTGTTTCCAGAAGGTAGACG AAGAGCAGACAATCGCAACCAC
HvPP2C-A8 GTGCCAGGAGCTGATGCATGAG CCTCTCCATCACCTCTTTCCAC
HvPP2C-A9 TACGGCGTGACGTCGGTGTG CGAAGACCCCGAAGAAGTGG
HvPP2C-A10 GAGGGGCAGAGAGAGGTGGTG TGGTTCTTTGGCCGGAGATCGA
HvPP2C-All AAAATGCCTGGAAAACAAGAGC AGATTTGTTAGGCGGATAGCGG
HvPP2C-Al12 GGACGATGACGGGAAGATGATG ATCGAAGACGGCGAAGAAGTGC
HvPP2C-Al3 TAGGAAATGCCTGGAAGACAAG AAGATTTGTTAGGCGGATAGCG
HvSnRK2. 1 TACGAGGCGTTGAAGGAGTTGG CTTGACGGCGACGAGCTCTTTG
HvSnRK2. 2 CGCCACCGCTTCTTGCTCCAG GCCGAAGTTGCCCGACCCTATG
HvSnRK2. 3 GCTGATGCGTAACAAGGAGACC TGATCTCCCTCGCCACATTCTC
HvSnRK2. 4 TCGCTGATGTTTGGTCTTGTGG ACTGTACGCTGAGTATCCTTGC
HvSnRK2. 5 ACTCAAAGTCGTCGGTGCTTCAC AGCATCACGTAGAGCGTCACCC
HvSnRK2. 6 GACATCGGGTCGGGCAACT GGTGGTTGATGATCTCCCTG
HvSnRK2. 7 TCATCCTCACGCCCACGCAC CTCGTCCTCGCTGAACCTGCC
HvSnRK2. 8 AGAACACTCTGCTGGATGGAAG AGAACTTCAGGGGCAATGTATG
HvSnRK2. 9 CGGCTATTCTAAGTCTTCAGTTC ACAGGACCATACATCAGCAATC
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Table 1 Physicochemical properties of PYL, PP2CA, and SnRK2 gene family members in barley

T e RRREC AR R ARERE R AR

Gene name Gene 1D mino acid M9lecular Isoelg‘clrlc Instablllly /\hphallc Subc‘ellu‘lar

number weight/kD point index index localization
HvPYL1 HORVU. MOREX. r3. 1THG0032540. 1 205 22 211.07 6.05 50. 68 87. 85 Cyto
HvPYL2 HORVU. MOREX. r3. 1THG0071710. 1 201 21 265.93 8.72 42.26 82.99 Chlo
HvPYL3 HORVU. MOREX. r3. 2HG0108630. 1 222 23 198.02 7.14 46.42 78.65 Chlo
HvPYL4 HORVU. MOREX. r3. 3HG0247520. 1 116 12 586. 20 5.21 39.42 90. 69 Chlo
HvPYL5 HORVU. MOREX. r3. 3HG0248870. 1 199 21 711.29 5.23 45.48 79.75 Chlo
HvPYL6 HORVU. MOREX. r3. 3HG0304260. 1 206 22 008. 04 9.19 41.59 90. 39 Chlo
HvPYL7 HORVU. MOREX. r3. 4HG0383820. 1 224 23 385.49 6. 38 42.21 88. 75 Cyto
HvPYLS8 HORVU. MOREX. r3. 5HG0534410. 1 149 15 616. 49 6.27 45. 89 79. 80 Chlo
HvPYL9 HORVU. MOREX. r3. 7THG0708570. 1 197 22 367.59 5.92 40. 85 92. 39 Cyto
HvPYLI10 HORVU. MOREX. r3. 7THG0717820. 1 196 21 261. 88 6.31 40. 17 79.03 Cyto
HvPP2C-A1 HORVU. MOREX. r3. ITHG0080890. 1 384 41 109. 49 5.43 44,09 87. 14 Chlo
HvPP2C-A2 HORVU. MOREX. r3. IHG0090670. 1 395 41 587.63 6.32 56.43 83. 27 Nucl
HvPP2C-A3 HORVU. MOREX. r3. IHG0094890. 1 406 42 946. 44 5.21 46.53 86. 63 Chlo
HvPP2C-A4 HORVU. MOREX. r3. 2HG0095500. 1 426 44 550. 31 5.68 62. 85 84.18 Nucl
HvPP2C-A5 HORVU. MOREX. r3. 3HG0267730. 1 477 49 686. 3 4. 94 41. 84 87.51 Vacu
HvPP2C-A6 HORVU. MOREX. r3. 3HG0276740. 1 398 42 207.4 6.37 52.68 80. 68 Chlo
HvPP2C-A7 HORVU. MOREX. r3. 3HG0284740. 1 383 40 588.17 5.59 38.69 85.12 Cyto
HvPP2C-A8 HORVU. MOREX. r3. 3HG0302180. 1 393 41 866. 12 5.78 56. 40 71.83 Cyto
HvPP2C-A9 HORVU. MOREX. r3. 4HG0389000. 1 400 43 066. 01 5. 86 72.80 69.53 Nucl
HvPP2C-A10 HORVU. MOREX. r3. 5HG0473680. 1 349 37 075.93 6.42 58. 85 77.25 Pero
HvPP2C-A11 HORVU. MOREX. r3. 7THG0640890. 1 324 34 082.92 8. 26 44.78 84. 10 Chlo
HvPP2C-A12 HORVU. MOREX. r3. 7THG0640920. 1 372 38 861. 60 4. 85 56. 64 79.06 Chlo
HvPP2C-A13 HORVU. MOREX. r3. 7THG0640930. 1 338 35 828. 81 7.59 44. 83 81.48 Chlo
HvSnRK2. 1 HORVU. MOREX. r3. 1THG0057490. 1 341 38 534.95 5.85 37. 87 84. 40 Cyto
HvSnRK2. 2 HORVU. MOREX. r3. 2HG0123910. 1 341 38 594. 20 5.45 36. 28 89.41 Cyto
HvSnRK2. 3 HORVU. MOREX. r3. 2HG0168730. 1 357 40 897.52 5.54 43.27 77.31 Cyto
HvSnRK2. 4 HORVU. MOREX. r3. 2HG0201420. 1 342 38 824. 37 5.75 32. 30 87.72 Cyto
HvSnRK2. 5 HORVU. MOREX. r3. 2HG0216470. 1 393 44 200. 89 6.04 37.68 72.70 Cyto
HvSnRK2. 6 HORVU. MOREX. r3. 3HG0299220. 1 362 41 938. 57 5.96 50. 62 75.36 Cysk
HvSnRK2. 7 HORVU. MOREX. r3. 4HG0342860. 1 361 40 647,17 4. 80 36.19 88.59 Cysk
HvSnRK2. 8 HORVU. MOREX. r3. 5HG0438740. 1 357 40 151. 00 4. 94 28.19 89. 83 Cysk
HvSnRK2. 9 HORVU. MOREX. r3. 5HG0512820. 1 366 41 530. 34 4. 86 47. 81 86. 83 Cysk

Cyto: 4l il Jii ; Chlo: M4 44 s Nucl: 41 A% s Vacu: WL ; Pero.: i AL YA s Cysk: A1 -H 42,

Cyto: Cytoplasm; Chlo: Chloroplast; Nucl: nucleus; Vacu: Vacuole; Pero: Peroxisome; Cysk: Cytoskeleton.
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Conservative motifs and gene structure of PYL, PP2CA and SnRK2 family genes in barley
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Fig. 7 Expression analysis of PYL, PP2CA and SnRK2 family genes in different tissues of barley
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Fig. 8 Transcriptome data analysis PYL, PP2CA and SnRK2 genes in barley under salt stress
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Fig. 9 qPCR analysis of differentially expressed genes after salt stress
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