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Genome-wide identification of PYL-PP2C-SnRK2 gene family members in Medicago
sativa ‘ Xinjiangdaye’ and their transcript profiles under drought stress

ZHOU Xiao-tong, LUO Yong-zhong , QI Jian-wei, QIU Ying-de, MA Chao
College of Forestry, Gansu Agricultural University, Lanzhou 730070, China

Abstract: Global climate change has led to the intensification of drought, which has had a serious impact on the
sustainability of the forage industry. Among the various physiological and molecular mechanisms that plants employ
to adapt to drought, the PYL-PP2C-SnRKZ module stands out because it constitutes the core components of the
abscisic acid (ABA) signaling pathway, which plays an essential role in mediating plant adaptation to drought. In
this study, genome-wide identification of PYL-PP2C-SnRKZ2 gene family members in Medicago sativa
‘Xinjiangdaye’ and analysis of their regulatory patterns under drought stress were conducted using bioinformatics and
molecular biological methods. Searches of the M. sativa ‘Xinjiangdaye’ genome revealed 40 MsPYL, 216
MsPP2C, and 36 MsSnRK2 genes. The members of these three gene families were distributed across different
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chromosomes: MsPYLs across 22 chromosomes; MsPP2Cs across 21 chromosomes; and MsSnRKZ2s across 24
chromosomes. Domain architecture analysis of the putative proteins encoded by these genes confirmed the presence
of the PYR-PYL-RCAR-like structural domain in all of the MsPYLs; the PP2Cc structural domain in most of the
MsPP2Cs; and the STKc structural domain in all the MsSnRK2s. Analyses of gene promoter regions identified
multiple stress-responsive and growth-related cis-regulatory elements. Under progressive drought stress, the
MsPYL-PP2C-SnRK2 genes exhibited significantly divergent transcript profiles. A weighted gene co-expression
network analysis established robust correlations between endogenous ABA accumulation and the transcript levels of
specific genes, which allowed us to identify candidate core regulatory factors involved in the drought adaptation
process. Molecular docking analyses demonstrated that MsSnRK2-14. 1/14. 2/ 1. 2 and MsPP2C88. 4 had functional
predominance as key positive regulators during the drought adaptation of M. sativa ‘Xinjiangdaye’. The results of
this study provide a foundational theoretical {ramework for further studies on the functional mechanisms of the
MsPYL-PP2C-SnRK2 module and its components in the response to drought stress. Furthermore, it offers an
excellent set of genetic resources for breeding new varieties of drought-resistant pasture grasses.

Key words: drought stress; PYL-PP2C-SnRKZ2; abscisic acid; weighted gene co-expression network analysis;

Medicago sativa ‘Xinjiangdaye’

SRR ST REME, FREEWHEYEREFEN EEEEYmEZ " EARRET M4
ZUEKEEHREEER 75%~90% , 2P A K EF NS AEE RN EESS5E K58 HE
WA A R AR R B RIS AL . St KM AR S ke IR T T RES B —F S S — T
LAl 35 DR i 107 A 22 2 WK T 5408 I SR . B 9% R (abscisic acid , ABA) JE A8 #2980 i 52 e AR A W 3
Ho R R REENESARER . TR SRR E T ABA A R R SR 5 I 5 R 1k A
M55 RIS i RO, K 5T 2 W ABA KM 9 {5 5 3 B% 75 15 3 W3 51 19 ABA 5 5 5% = b 20 R
AR I B AR A T R R R s AR

ABA {5 5 i A5 34~ F Z 4 4y, B ABA 52 & K% 8 H (pyrabatin resistance/pyrabactin resistance 1-like/
regular component of ABA receptors, PYR/PYL/RCAR,PYL) & 1 # 2 i 2C (protein phosphatase 2C,PP2C) .
FiE W AR 7 £ B0 25 1 i 2 (sucrose non-fermenting 1-related protein kinase 2, SnRK2)"', 7E6t = ABA &M T,
PP2C 45 IF I SnRK2s , AT BT ABA S 5@ o BFFE & B, PYL-PP2C-SnRK2 4 A0 5 5 P4 1
ABA {55 5% 5 09 57 A AL, HL 2 B 98 42 100 2% Ak AT € B AEL 0 3 8 A W AE X R B AL . 7E ABAFEAE R,
ABA 5 PYL ZIRZ5 A B FMEBIE B PYL-ABA-PP2C = JCE AW, it b PP2C X SnRK2 (#1534
F W5 R A F1 SnRK2 (0G4 19 SnRK2 38 o 85 1R A6 T W 5% s X, i3 2l Bk 36w 17 i P 179 3R 8 I 4= A 0, DA
ABAKHS B T A8 i — R B 3L A 55 ST 008 ABA R0 BRI, ABA MR 5 38 56 09 8% 0 B 4 el i i ABA
fFo Xt TR AR A K B E S R KW, B I (Arabidopsis thaliana) 3 4 4 & 14 4> PYL 1)
B, H ik 35 AtPYRITAPPYL1 APYL2 I AtPYL3 B [H 0] LR & T 5 ad i e 32 4 . BF s R 8L e R
KRB PP2C RGN B E ABAR S SH 2R K (Zea mays) ZmPP2C-A 10 i it f 1) 7 #5
SnRK2 G2 58 B A R & /N (Triticum aestivum) TaPP2C 138 53 I8 35 16 o S0 118 o i Sk

B K E 1 (Medicago sativa ‘Xinjiangdaye’ ) & PG It M X FpAR 38 R 32 09 VUSRS 6 8 45 b A, B B0
AT SR R T I T G XK R R B =, T 5 BR R R A e A B A A RN R 2
— PR AR TR E A A T RS M AL B RO R R A EEE L, PREE, TREBIESENE
PEH G SR AR IE T ABA & i AR UL ABA A5 0 T S0 15 5 5 5 R 5000 R A R T b Y R
W (H HETA SR T TE ABAF S5 S0 0 FRERIRE R D . B, A 5T 45 5 55 D 20 F0 3% s 41 50 i X0 8 K
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W-EAE PYL-PP2C-SnRK2 5N 2 1IN 5% #EAT 22 8 4 8 AT 5 W T 9 0k B2 A8E 220 A, 45 43 i AS ik P 3 2 3K 1)
24 7 Br (weighted gene co-expression network analysis, WGCNA) i & T ABA 5 5 % T 12 vh il LB SE 4, it
— 4R ABAF 538 B%AE 2546 A TP (9 D) e AT 52 43 1 HL I A 5T 4 A e LA

1 MHBE5FE

1.1 ##

M FigShare (https: //figshare. com/) 48 P& T #0087 i K W5 7 1) 35 PR 2HAH G S (A3 3 25 DR 2] R JHG 3 S
) o IR T B 4L 8HE R 2% B TAIR (https://www. arabidopsis. org/) ¥4 g™ . T S Wril T A0 %% 5% 40 B0
AR T H IR ARl R A bR B 2k BRI AL 2023 4F I BT PEE
1.2 ARRAEGEMEZLEF N
1.2.1 ERNZEHEN%EE WM Pfam(https://pfam. xfam. org/) ¥t % F 2 PYL .PP2C Fl SnRK2 #5 1 Ji (1 4514
SCAF, Ho PYL A SnRK2 88 F 5 9 Pam #5735 J PF 10604 Al PF00069, PP2C 2 PF07714 Hl PF0O0036.
i H HMMER 3. 0 8 F 76 8 115 SO 8 R 3R A3 4% PYR-PYL-RCAR-like 45 #4 3% .PP2Cc 45 # 48 . STKc 25 1
B, B E% S N E-value<<le-5. FJH % I FF 4 7E Interpro  SMART . NCBI7E £ % 34 % 7 o 7 i) 45 Fg e,
IHLBRIUAIFH . UHEIF A9 PYL-PP2C-SnRK2s 38 Jo 4 117 51 % A U6 7% T ATR S04 4
1.2.2 & A #E A0 b F| F ExPAsy™ (https://web. expasy. org/protparam/) [ i Xf #7 5 K 0F 5 78
MsPYL-PP2C-SnRK2 Z R ) B B R K 73 5 55 i 0 A T2 0E 8 80 ¥ K Ve gk 47 1500 . A1) J WoLLF
PSORT"™ (https://wolfpsort. hgc. jp/ ) % 3 Xf 5 8 K B 7 MsPYL-PP2C-SnRK2 Z 1% #EAT V. 240 g % {3 750
1.2.3 Qe K gE i S AL oy iy fifi Fl TBtools ™ B it Ho e e ik 1 i 47 & 22 47, 7E MG2C ™3 Chttp: //
mg2c. iask. in/mg2c_v2. 1/) A7 &5 L T4k . I TBtools 443 M1 PYL-PP2C-SnRK 2s % R K Jit 1%, 5t (1) 36 2%
PEXR R
1.2.4  RGHALR I 5 517 IR T S5 KARLSR 125 19 Treefinder 1 14 £ 00 R I F1BT 58 KB 76 PYL-
PP2C-SnRK2s BN F W R FE KB W . 43 54# H Jones. Taylor 1 Thornton %3 3 R & e A= Al (JTT A=A ) $h 47
1000 ¥ #E & 1Y bootstrap A , HALSHOKIA . FIH ITOL™ (https: //itol. embl. de/) b i L .

1.2.5 KRR 45 0 RO <7 6 17 DR ST 45 4 d8 20 BT AT SBE R A Bk PR 2H U R SO o 3R I MsPY L -PP2C-
SnRK2 FHP N & F AT FEE, HTL 6 RESHE, iz HELM 3 MEME (https: //meme-suite. org/
meme/tools/meme) 73 #r PYL-PP2C-SnRK2 % P Z 5l b1 <7 2 17 o AL TBtools 3 # S [N 454, Xt MsPYL-
PP2C-SnRK2 J A 45 6 R <7 3 Fp IR <7 45 4 Stk A7 ] MK

1.2.6 i =X F e £ 750 I AE 2% 35 PlantCARE"™ (https: //bioinformatics. psb. ugent. be/webtools/
plantcare/html/) %} J& 2l X80 a9 WTCAE F T AR 0 47 #8000 , #5000 25 58 1l T Btools 4 al LAk

1.2.7 WGCNAZZMT GOHER LK KEGG H&E  FAMET R version 4. 2. 289 WGCNA 1. 71 bR B0t 58 i3 3
IR 3 AT, AT H A AR M AR R B 2 K S R A A A T ) AB A R AR D 3R R RCHE BE AT R B AR OGP A3 AT
fii i STRING"™ (https: //cn. string-db. org) M ¥ #E 47 GO B KEGG & 4 .

1.2.8 JrfxfdE B H = G 25 M A i3 4 ] AlphaFold 3(https://alphafoldserver. com/) 58 i . ABA %544 3¢
4 F #& A Pubchem (https://pubchem. ncbi. nlm. nih. gov/) M 3k , CID %5y 5280896, & H it 5 ABA X} £ i /|
AutoDockTools-1. 5. 6 5¢ i, 2 1 5t — & 1 5 % 2% 48 1 HDOCK SERVER™ (http://hdock. phys. hust. edu. cn/)
2% . A PDBePISA™ (https: //www. ebi. ac. uk/msd-srv/prot_int/cgi-bin/piserver) 43 ¥y 32 filt 5 w5 19 4F 1 71 .
il PyMOL 2. 4 5¢ S 11 524544 F6H e 25 51 A ml LA

1.3 FTFpid FeysRami

1.3.1 MORHE IR 55 Sk 4 ¥ DA AR Ml 2 Bl 27 g 482 43k 1) i it 5 48 b 7 o il e p k), & A B AR 2%
PR HEAT AR . BN FREA 29,5 em, FR EAR 20. 0 em L7 23. 0 cm) %% 8. 0 kg 28 i (i FL.>8 0. 5 cm)
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B AR AT, B 7. 2 g BB L H 1 g JRE 15 g(NH,),HPO, [ Fe 9 18 4 4447 , I 45 1 ] £ K Bk 18.25% .
20234 3 H 16 H #EF , 43 253 Fl 5000, 11 5 2 10 2 20 8k, G — B va i R o IR LR 44 R A Y A K o B
JE, CK Ay ) Bt (FH ] 5 K HE7K 3 19 8526 2526 ), D, Ry 4% B8 o3 ( FH ] de R Rp K B 1 65 %6 £5% ), D, o v BE ik (I
1) d5e KAF /K B 19 4596 £5% ), D, Sy 5 B W 3en (I J) S5 KRR /K i 19 2090 £5%0) , A R vk sl L& ok i . F
20234 6 H 21 HIFAEWIIIT i 5K, JH A 5. 0 g L FFF T4 K 1800 X 25 Ab BHE AT FR T Ab K , 435 9 KL Bl W 407
il K ARV . T RE A 14 KA D, D AR FE i B B0 2R X CK.D, . D, D, b B A AR
(56 B g B BEAT R AR, BT BRI SIRE & . WUREJG , 37 BIDREAE S DR v VR A W U, T E — 80 "Cf
£ LA S 22 R A7 57 S 400 7 A qRT-PCR K o

RNA Y $ BB S 458 6 L SCE Y i 4% R ok DU P R0 dk 48 1 40 B 389 2 2% QA R vk o (il Hisat2
(2.2. 1) Clean reads b X 21 87 #8 K 0FH 15 10 S % F AL I, # H featureCounts(2. 0. 3) ™% 3 [ b X615 1 1F
TP R G MR8 reads 78 55 FBE 115 B 3L A 1 FPKM (fragments per kilobase million ) {H
1.3.2 FEFRIXFEMqRT-PCRAHT T W38 T 058 i K i 8 7 5% sk 4l AR U MsPY L -PP2C-SnRK2 5%
WL I 22 38 8 B, DA log, (FPKM A+ 1) #E 47 4 i £k A B fif il CNSknowall °F- 15 (https: //cnsknowall. com ) %%
il F kR L B SPSS 26 Y 8K 2 75 2% (one-way ANOVA)Zr B A6 I 32 5 2 1k 3 DA 76+ 2l R 10 25 57K
L, I #E Origin 2021 42 i 22 S0 7 . qRT-PCR AYRE S USSR 5 32 5 5% S 4L G BORE ik — 2, i I CTAB
7 B A 4R B RNA, Bl 5 (i 336 5% 5538 7] & (SweScript All-in-One RT SuperMix, G3337) i % 5% i,
cDNA. 45 H A ZER JF 5], qRT-PCR 5| ¥ (£ 1) F NCBI Primer-BLAST #i1. qRT-PCR B & & K 15 pl.,
SN R F 95 CHAE P 30 5,95 ‘CAEPE 5 5,60 CilR K AEAH 20 s, SR 5 40 M EH , qRT-PCR I W& £FxF % 1 b 51 i
F0) B PR B T, YIRS AR T8 Actin 25 (MS. gene001874) Ky N 2, 43 20 Ab B E 45 39, F) FH 2797 i R 47 4
XF #e ik A

#£1 qRT-PCR3|#EE
Table 1 Primers used for qRT-PCR

I Gene E 51 %) Forward primer (5" —3") I 51 %) Reverse primer (5'—3")
MsPP2C10. 1 GATGGCTTGTGGGGTGTAATGT GCAGCTTCAGCAGCACGACTAC
MsPP2C25 TGAAACGCCTATCCTCAAAGCT TGATTGCTCAAGTGCTCCCATA
MsPP2C66. 3 ATGTCTGATACTTGCGAGTGATGG TCGCCAATGCCAACTTCGT
MsPP2C66. 4 TTACAACTGGGCTGCAACGAG TCACAAATGGCGTCCAGAATAG
MSsActin GCCAATGATGCTTAGCTGGTCTT CCCTTCTTCACTCACGCGATAT

2 HBRE5SW

2.1 AR Rk ERIEGREBMR S H

SRS SR o (R 2) B R B A5 L WA & 404 PYL JE [ (216 4> PP2C FE A Rl 36 4~ SnRK2 %&
FE R, G 0 AL B AR WK iy 44 0 MsPYL 1~MsPYL 13 \MsPP2C1~MsPP2C111 MsSnRK2-1~MsSnRK2-
15, & A5 AL R 54 B R L MsPY Ls . MsPP2Cs Fl MsSnRK 2s %5 11 15 43 ) i1 561~696 . 186~4110 Fl 822~
3459 NI TR A . MsPYLs MsPP2Cs il MsSnRK 2s %5 Hi i (isoelectric point, PDEFI/NF 7.0, @R H .«
MsPYLs Fl MsPP2Cs % 11 Ji B 7K P 45 %% (grand average of hydropathicity, GRAVY) ¥ K F 0, ¥ M K &HE A,
MsSnRK2s % 11 i ¥ 0 36 K M8 1 (GRAVY<C0) . MsPP2Cs Fll MsSnRK 25 % 114 5E 45 % (instability index, 1) 13
INT A0, BT E TR F L R E S/ MsPY Ls 35 FURE SR B R T 40, R g PR 22 o W40 i A T 25 SR R W (1 1)
MsPYLs MsPP2Cs fl MsSnRK2s T B A M b 3635 .
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®2 FEAMEE PYL-PP2C-SnRK2 ERREHR RIER
Table 2 Information on members of the PYL-PP2C-SnRK2 gene family in M. sativa ‘ Xinjiangdaye’

B K 4 BT BB KL > i S i K P48 K R SE 4R AL
Gene name Gene ID Amino acids Molecular weight  Isoelectric ~ Grand average of  Instability index
length (aa) (Da) point (PI) hydropathicity
MsPYL1 MsPYLI. 1 MS. gene31808. t1 561 45751. 52 5.22 0.685 36.94
MsPYLI. 2 MS. gene046813. t1 561 45829.73 5.21 0.709 38.25
MsPYLI. 3 MS. gene32355. t1 561 45797. 67 5.21 0.708 37.36
MsPYL2 MsPYL2. 1 MS. gene32980. t1 570 46913. 84 5.23 0.750 38.39
MsPYL2. 2 MS. gene24547. t1 570 46911. 80 5.24 0.744 37.62
MsPYL2. 3 MS. gene051624. t1 570 46913. 84 5.23 0.750 37.20
MsPYL2. 4 MS. gene57223. t1 570 46911. 80 5.24 0.744 37.62
MsPYL3 MsPYL3. 1 MS. gene67442. t1 696 58726.88 5.10 0.908 59.28
MsPYL3. 2 MS. gene040004. t1 696 58726.88 5.10 0.908 58.65
MsPYL3. 3 MS. gene008006. t1 696 58646. 64 5.11 0.884 54.57
MsPYL3. 4 MS. gene031922. t1 696 58758. 94 5.10 0.909 58.81
MsPYL4 MsPYLA4. 1 MS. gene93372. t1 657 56043. 53 5.09 1.008 66.09
MsPYL4. 2 MS. gene33451. t1 657 56013. 50 5.09 1.012 66. 04
MsPYL4. 3 MS. gene33704. t1 657 55965. 38 5.09 1.003 65.24
MsPYL4. 4 MS. gene052795. t1 657 55995. 47 5.09 1.014 65.98
MsPYLS5 MsPYL5. 1 MS. gene51080. t1 618 51705. 88 5.16 0.722 42.45
MsPYL5. 2 MS. gene76095. t1 618 51705. 88 5.16 0.722 42.45
MsPYL5. 3 MS. gene29692. t1 618 51705. 88 5.16 0.722 42.45
MsPYL5. 4 MS. gene94210. t1 618 51691. 85 5.16 0.718 42.17
MsPYL6 MsPYL6. 1 MS. gene84133. t1 600 48835. 96 5.20 0.697 41.11
MsPYLG6. 2 MS. gene013622. t1 600 48835. 96 5.20 0.697 41.11
MsPYL7 MsPYL7. 1 MS. gene99506. t1 561 48287. 00 5.10 1.023 55.22
MsPYL7. 2 MS. gene069000. t1 561 48339. 13 5.10 1.027 55.78
MsPYL7.3 MS. gene071035. t1 561 48284.97 5.10 1.017 55.46
MsPYL7. 4 MS. gene95677. t1 561 48335. 06 5.10 1.016 53.25
MsPYLS MsPYLS. 1 MS. gene95282. t1 573 46728. 55 5.22 0.702 42.33
MsPYLS. 2 MS. gene86009. t1 573 46788. 66 5.22 0.711 42.16
MsPYLS. 3 MS. gene59569. t1 573 46788. 66 5.22 0.711 41.39
MsPYLS. 4 MS. gene79764. t1 573 46820. 72 5.22 0.712 42.73
MsPYL9 MsPYLJ. 1 MS. gene057108. t1 600 48819. 90 5.21 0.688 41.11
MsPYLDJ. 2 MS. gene057109. t1 600 48819. 90 5.21 0.688 41.11
MsPYL9. 3 MS. gene057110. t1 600 48819. 90 5.21 0.688 41.11
MsPYLY. 4 MS. gene06744. t1 600 48819. 90 5.21 0.688 41.11
MsPYL9. 5 MS. gene06745. t1 600 48819. 90 5.21 0.688 41.11
MsPYLI10 MsPYLI0. 1 MS. gene036289. t1 660 55992. 29 5.09 0.953 57.51
MsPYLI0. 2 MS. gene036290. t1 660 55992. 29 5.09 0.953 57.51
MsPYL10. 3 MS. gene054809. t1 660 55992. 29 5.09 0.953 57.51
MsPYL10. 4 MS. gene069194. t1 646 54883.03 5.09 0.950 58.61
MsPYL12 MsPYL12 MS. gene027877. t1 660 56018. 25 5.09 0.940 58.90
MsPYL13 MsPYL13 MS. gene054810. t1 660 55992. 29 5.09 0.953 57.51
MsPP2C1 MsPP2C1. 1 MS. gene000163. t1 2049 169425. 48 4.98 0.622 28.16
MsPP2C1. 2 MS. gene073806. t1 2049 169503. 63 4.98 0.624 28.11
MsPP2C1. 3 MS. gene029891. t1 2049 169435. 44 4.98 0.620 28.21
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25:3% Continued Table
B A 44 BT IR L s SR i K P48 K 1 RSE 4R AL
Gene name Gene ID Amino acids Molecular weight ~ Isoelectric ~ Grand average of  Instability index
length (aa) (Da) point (PT) hydropathicity

MsPP2C2 MsPP2C2. 1 MS. gene005284. t1 1059 85931. 27 5.12 0.646 30.09

MsPP2C2. 2 MS. gened0815. t1 1059 86017.61 5.12 0.671 30.41

MsPP2C3 MsPP2C3. 1 MS. gene005288. t1 1272 103836. 81 5.06 0.684 28.22

MsPP2C3. 2 MS. gene40810. t1 1272 103790. 73 5.06 0.682 28.22

MsPP2C3. 3 MS. gened4166. t1 1272 103802. 72 5.06 0. 681 28.30

MsPP2C3. 4 MS. gene056092. t1 1272 103714.61 5.06 0.682 28.30

MsPP2C4 MsPP2C4. 1 MS. gene005402. t1 2679 220374.02 4.92 0.651 28.44

MsPP2C4. 2 MS. gene066055. t1 2679 220374. 02 4.92 0.651 28. 44

MsPP24. 3 MS. gene20934. t1 2679 220374. 02 4.92 0.651 28. 44

MsPP2C5 MsPP2C5. 1 MS. gene034500. t1 1164 96071.97 5.09 0. 660 29.30

MsPP2C5. 2 MS. gene37275. t1 1164 96106. 06 5.09 0.663 29.21

MsPP2C5. 3 MS. gene000109. t1 1164 96094. 07 5.09 0. 664 29.12

MsPP2C5. 4 MS. gene37080. t1 1164 96182. 23 5.09 0.672 29.38

MsPP2C6 MsPP2C6 MS. gene037293. t1 693 56172.42 5.20 0. 568 26. 26

MsPP2C7 MsPP2C7. 1 MS. gene037294. t1 1194 98376. 49 5.08 0. 648 28.31

MsPP2C7. 2 MS. gene065003. t1 1194 98370. 51 5.08 0.657 28.81

MsPP2C7. 3 MS. gene056285. t1 1194 98402. 57 5.08 0.657 28.73

MsPP2C7. 4 MS. gene029273. t1 1194 98390. 52 5.08 0.650 28.39

MsPP2C8 MsPP2CS. 1 MS. gene073639. t1 1668 137369. 92 5.00 0.672 28.12

MsPP2C8. 2 MS. gene040678. t1 1668 137369. 86 5.00 0.666 27.94

MsPP2C8. 3 MS. gene84042. t1 1668 137367.83 5.01 0. 664 27.94

MsPP2C8. 4 MS. gene068137. t1 1668 137401. 86 5.00 0.661 27.70

MsPP2C9 MsPP2C9. 1 MS. gene24384. t1 1290 104380. 54 5.08 0.635 28.84

MsPP2C9. 2 MS. gene044022. t1 1290 104352. 49 5.08 0.632 28.68

MsPP2C9. 3 MS. gene67109. t1 1290 104346. 45 5.08 0.632 28.91

MsPP2C9. 4 MS. gene062780. t1 1290 104424. 60 5.08 0.635 28.84

MsPP2C10 MsPP2C10. 1 MS. gene31801. t1 1146 90546. 37 5.13 0.592 29.67

MsPP2C10. 2 MS. gene046807. t1 1146 90428. 24 5.13 0.594 29.76

MsPP2C10. 3 MS. gene054115. t1 1143 90375. 22 5.13 0. 594 29.75

MsPP2C10. 4 MS. gene32362. t1 1146 90456. 23 5.13 0.589 29.67

MsPP2C11 MsPP2C11. 1 MS. gene32972. t1 1035 84023.58 5.12 0.716 32.66

MsPP2C11. 2 MS. gene24540. t1 1035 84023.58 5.12 0.716 32.66

MsPP2C11. 3 MS. gene051632. t1 1035 83993. 55 5.12 0.719 32.75

MsPP2C12 MsPP2C12. 1 MS. gene33055. t1 1581 128680. 70 5.03 0.672 29.92

MsPP2CI2. 2 MS. gene016147. t1 1581 128666. 67 5.03 0.671 29.85

MsPP2C12. 3 MS. gene051542. t1 1581 128572. 46 5.03 0.665 29.85

MsPP2C13 MsPP2C13. 1 MS. gene33093. t1 885 72719. 22 5.13 0.627 26.10

MsPP2C13. 2 MS. gene016115. t1 885 72699. 16 5.13 0.626 26.33

MsPP2C13. 3 MS. gene051508. t1 885 72709. 27 5.13 0.632 25.99

MsPP2C13. 4 MS. gene058460. t1 885 72709. 27 5.13 0.632 25.99

MsPP2C14 MsPP2C14. 1 MS. gene33129. t1 1083 88043. 83 5.11 0.674 30. 84

MsPP2C14. 2 MS. gene51544. t1 1083 88043. 83 5.11 0.674 30. 84

MsPP2C14. 3 MS. gene016066. t1 1083 88043. 83 5.11 0.674 30. 84

MsPP2C14. 4 MS. gene058498. t1 1074 87368.05 5.12 0.668 30.63




5535 B 4 W Fll2F 3 2026 4F 175

23 Continued Table

B A 44 BT IR L s SR i K P48 K 1 RSE 4R AL
Gene name Gene ID Amino acids Molecular weight ~ Isoelectric ~ Grand average of  Instability index
length (aa) (Da) point (PT) hydropathicity
MsPP2C15 MsPP2C15. 1 MS. gened9375. t1 3216 266503. 15 4.87 0.681 28.45
MsPP2C15. 2 MS. gene036187. t1 3216 266495. 23 4.86 0.683 28.42
MsPP2C15. 3 MS. gene39941. t1 3216 266461.07 4.87 0.679 28.36
MsPP2C16 MsPP2C16. 1 MS. gene52967. t1 750 60248. 22 5.20 0.767 37.20
MsPP2C16. 2 MS. gene52969. t1 750 60248. 22 5.20 0.767 37.20
MsPP2C16. 3 MS. gene066036. t1 750 60232.16 5.21 0.760 37.07
MsPP2C16. 4 MS. gene71414. t1 750 60228.09 5.21 0.751 37.07
MsPP2C16. 5 MS. gene004834. t1 750 60262.18 5.21 0.756 36.93
MsPP2C17 MsPP2C17. 1 MS. gene65444. t1 813 65418.71 5.19 0.706 34.44
MsPP2C17. 2 MS. gene67179. t1 813 65272.32 5.20 0.679 34. 44
MsPP2C17. 3 MS. gene063245. t1 813 65418.71 5.19 0.706 34.44
MsPP2C17. 4 MS. gene063247. t1 813 65358. 60 5.19 0.699 34.32
MsPP2C17. 5 MS. gene053340. t1 813 65272.32 5.20 0.679 34.44
MsPP2C18 MsPP2C18. 1 MS. gene76824. t1 1140 95103. 25 5.07 0.632 25.88
MsPP2C18. 2 MS. gene060286. t1 1140 95149. 33 5.07 0.634 25.88
MsPP2C18. 3 MS. gene91290. t1 1140 95103. 25 5.07 0.632 25.88
MsPP2C18. 4 MS. gene71635. t1 1140 95087. 19 5.08 0.632 25.79
MsPP2C19 MsPP2C19. 1 MS. gene90129. t1 2067 171192. 04 4.94 0.773 29.95
MsPP2C19. 2 MS. gene046149. t1 2067 171280. 15 4.94 0.773 29.95
MsPP2C19. 3 MS. gene90785. t1 2067 171192. 04 4.94 0.773 29.95
MsPP2C20 MsPP2C20. 1 MS. gene029447. t1 1293 105060. 65 5.06 0. 644 27.76
MsPP2C20. 2 MS. gene71797. t1 1290 104837. 37 5.07 0.645 28.06
MsPP2C20. 3 MS. gene73400. t1 1290 104827. 41 5.07 0.648 27.98
MsPP2C21 MsPP2C21 MS. gene058502. t1 630 51155. 95 5.23 0.618 30.16
MsPP2C22 MsPP2C22 MS. gene066442. t1 2373 197226.03 4.92 0.701 28.32
MsPP2C23 MsPP2C23 MS. gene30883. t1 1128 91758. 89 5.11 0.672 30.94
MsPP2C24 MsPP2C24 MS. gene50548. t1 3312 275037.19 4.85 0.694 28.26
MsPP2C25 MsPP2C25 MS. gene74229. t1 1140 92962. 88 5.08 0.723 30.53
MsPP2C26 MsPP2C26 MS. gene97348. t1 954 78693. 24 5.11 0.682 27.25
MsPP2C27 MsPP2C27 MS. gene029096. t1 723 59220. 06 5.18 0.602 26.83
MsPP2C28 MsPP2C28 MS. gene051557. t1 978 79195. 34 5.11 0.675 28.43
MsPP2C29 MsPP2C29 MS. gene27242. t1 2412 200084. 34 4.91 0.675 25.62
MsPP2C30 MsPP2C30. 1 MS. gened4153. t1 1011 81997. 20 5.12 0.674 30. 37
MsPP2C30. 2 MS. gene056087. t1 1011 82011.23 5.12 0.676 30. 46
MsPP2C31 MsPP2C31 MS. gene058428. t1 1662 135260. 80 5.02 0.661 29.78
MsPP2C32 MsPP2C32 MS. gene34043. t1 804 66287.08 5.16 0.650 28.73
MsPP2C33 MsPP2C33 MS. gene90828. t1 1044 86277. 56 5.09 0.671 27.30
MsPP2C34 MsPP2C34 MS. gene00149. t1 1122 93189. 21 5.08 0.654 26.56
MsPP2C35 MsPP2C35 MS. gene00252. t1 1068 87134.17 5.12 0.741 33.90
MsPP2C36 MsPP2C36 MS. gene002822. t1 1323 108491. 56 5.08 0.530 25.17
MsPP2C37 MsPP2C37 MS. gene00310. t1 1470 121764.72 5.03 0.676 28.71
MsPP2C38 MsPP2C38 MS. gene01171. t1 846 69040. 60 5.13 0.734 29.55
MsPP2C39 MsPP2C39 MS. gene055841. t1 1416 114739. 94 5.06 0. 640 29.17
MsPP2C40 MsPP2C40 MS. gene060697. t1 852 68342.85 5.17 0.674 32.28
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MsPP2C41 MsPP2C41 MS. gene83625. t1 1647 133538. 13 5.03 0.725 33.27

MsPP2C42 MsPP2C42. 1 MS. gene95728. t1 1413 115160. 02 5.04 0.667 28.45

MsPP2C42. 2 MS. gene99915. t1 1413 115210. 23 5.04 0. 680 28.66

MsPP2C42. 3 MS. gene073232. t1 1413 115131. 94 5.05 0.671 29.02

MsPP2C43 MsPP2C43. 1 MS. gene028339. t1 1149 91753. 66 5.12 0.728 34.81

MsPP2C43. 2 MS. gene35120. t1 1146 91494. 40 5.12 0.731 34.90

MsPP2C44 MsPP2C44. 1 MS. gene053188. t1 1095 88940. 75 5.10 0.622 27.12

MsPP2C44. 2 MS. gene65413. t1 1095 89002. 83 5.10 0.620 26.94

MsPP2C44. 3 MS. gene034202. t1 1095 88942.78 5.10 0.625 27.12

MsPP2C45 MsPP2C45. 1 MS. gene071172. t1 2136 174258. 97 4.98 0.597 27.76

MsPP2C45. 2 MS. gene004042. t1 2136 174373.03 4.98 0.592 27.72

MsPP2C46 MsPP2C46. 1 MS. gene29094. t1 1482 123809. 77 5.02 0.723 29.08

MsPP2C46. 2 MS. gene031809. t1 1482 123827. 86 5.01 0.728 29.15

MsPP2C46. 3 MS. gene052324. t1 1476 123227.12 5.02 0.727 29. 34

MsPP2C47 MsPP2C47. 1 MS. gene33415. t1 714 58794.62 5.20 0.657 31.37

MsPP2C47. 2 MS. gene068286. t1 714 58804.73 5.19 0.665 30.95

MsPP2C48 MsPP2C48. 1 MS. gene90184. t1 837 68325.03 5.13 0.771 30.35

MsPP2C48. 2 MS. gene70365. t1 837 68292.97 5.13 0.770 30.47

MsPP2C49 MsPP2C49. 1 MS. gene015804. t1 1218 98683. 34 5.05 0.700 27.09

MsPP2C49. 2 MS. gene048762. t1 1218 98683. 34 5.05 0.700 27.09

MsPP2C49. 3 MS. gene05869. t1 1218 98727. 40 5.05 0.700 27.09

MsPP2C50 MsPP2C50. 1 MS. gene015806. t1 693 55457. 96 5.19 0.683 30.16

MsPP2C50. 2 MS. gene015809. t1 693 55457. 96 5.19 0.683 30. 16

MsPP2C51 MsPP2C51 MS. gene28710. t1 1062 84983. 23 5.13 0.718 34.27

MsPP2C52 MsPP2C52. 1 MS. gene29975. t1 3138 262542.44 4.86 0.731 29.16

MsPP2C52. 2 MS. gene015672. t1 3138 258203. 68 4.86 0.739 29.42

MsPP2C53 MsPP2C53 MS. gene33672. t1 1041 85487.02 5.13 0.675 32.08

MsPP2C54 MsPP2C54 MS. gene66733. t1 894 72890. 27 5.14 0.672 29.98

MsPP2C55 MsPP2C55 MS. gene021118. t1 2148 175149. 83 4.98 0.590 27.56

MsPP2C56 MsPP2C56 MS. gene046004. t1 1167 94989. 71 5.09 0.671 29.05

MsPP2C57 MsPP2C57 MS. gene35016. t1 939 76339.79 5.11 0.764 30.78

MsPP2C58 MsPP2C58 MS. gene010207. t1 798 65049. 84 5.16 0.714 31.20

MsPP2C59 MsPP2C59. 1 MS. gene024680. t1 1002 79566. 32 5.16 0. 550 28.04

MsPP2C59. 2 MS. gene22312. t1 1002 79536. 29 5.16 0.553 28. 14

MsPP2C60 MsPP2C60. 1 MS. gene57009. t1 1140 94290. 07 5.08 0.626 26.40

MsPP2C60. 2 MS. gene50189. t1 1140 94286. 07 5.08 0.630 26.67

MsPP2C60. 3 MS. gene009825. t1 1140 94298. 00 5.08 0.620 26.49

MsPP2C60. 4 MS. gene54188. t1 1140 94300. 03 5.08 0.623 26.49

MsPP2C61 MsPP2C61 MS. gene92320. t1 1500 122816. 86 5.05 0.626 29.00

MsPP2C62 MsPP2C62. 1 MS. gene024897. t1 1656 136620. 07 5.03 0.612 28.56

MsPP2C62. 2 MS. gene000126. t1 1656 136620. 07 5.03 0.612 28.56

MsPP2C63 MsPP2C63 MS. gene035882. t1 2241 186919. 33 4.91 0. 868 31.86

MsPP2C64 MsPP2C64 MS. gene21660. t1 423 34050. 38 5.29 0.693 32.39

MsPP2C65 MsPP2C65 MS. gene21661. t1 606 47873.53 5.26 0.449 24.75
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MsPP2C66 MsPP2C66. 1 MS. gene32520. t1 1176 94517. 68 5.09 0.638 28.57
MsPP2C66. 2 MS. gene57854. t1 1182 94834.03 5.09 0.641 28.51
MsPP2C66. 3 MS. gene29514. t1 1176 94323.25 5.10 0.615 27.98
MsPP2C66. 4 MS. gene50135. t1 1176 94403. 55 5.09 0.638 28.40
MsPP2C67 MsPP2C67 MS. gene64771. t1 186 15537. 15 5.39 0.645 28.49
MsPP2C68 MsPP2C68 MS. gene043953. t1 813 66322. 29 5.15 0.717 31.12
MsPP2C69 MsPP2C69 MS. gene072731. t1 1089 86488. 82 5.15 0. 566 29.29
MsPP2C70 MsPP2C70 MS. gene37621. t1 2667 221359. 20 4.90 0.754 31.20
MsPP2C71 MsPP2C71 MS. gene038337. t1 4110 339498. 81 4.82 0.756 32.38
MsPP2C72 MsPP2C72 MS. gene066330. t1 849 69351. 46 5.15 0.697 31.33
MsPP2C73 MsPP2C73 MS. gene019931. t1 795 64725.93 5.17 0.590 26.92
MsPP2C74 MsPP2C74. 1 MS. gene061461. t1 3219 265191. 36 4.88 0.641 28.02
MsPP2C74. 2 MS. gene69037. t1 3219 265109. 12 4.88 0.641 28.36
MsPP2C74. 3 MS. gene72233. t1 3219 265026. 88 4.88 0.641 28.18
MsPP2C74. 4 MS. gene059587. t1 3219 265179. 28 4.88 0.641 28.21
MsPP2C75 MsPP2C75. 1 MS. gene59990. t1 2925 242342.05 4.89 0.738 31.08
MsPP2C75. 2 MS. gene017855. t1 3294 272347.91 4.87 0.731 31.39
MsPP2C76 MsPP2C76. 1 MS. gene60001. t1 999 81692. 86 5.12 0.628 27.73
MsPP2C76. 2 MS. gene81886. t1 966 78694. 58 5.13 0.648 28.67
MsPP2C77 MsPP2C77 MS. gene031169. t1 1230 100074. 21 5.08 0.672 29.76
MsPP2C78 MsPP2C78 MS. gene042360. t1 1062 87141.72 5.12 0.618 28. 44
MsPP2C79 MsPP2C79 MS. gene55610. t1 531 43430. 87 5.24 0.683 30.51
MsPP2C80 MsPP2C80 MS. gene93963. t1 999 81254.85 5.11 0.715 30.13
MsPP2C81 MsPP2C81 MS. gene93987. t1 3006 248435. 84 4.88 0.747 31.47
MsPP2C82 MsPP2C82 MS. gene05343. t1 894 73020. 63 5.13 0.678 28.75
MsPP2C83 MsPP2C83 MS. gene59304. t1 291 23476.79 5.34 0.659 29.55
MsPP2C84 MsPP2C84 MS. gene000916. t1 1569 130638. 19 5.01 0.731 30. 27
MsPP2C85 MsPP2C85 MS. gene000918. t1 1038 85782.10 5.13 0.599 28.71
MsPP2C86 MsPP2C86. 1 MS. gene024043. t1 1509 122967. 07 5.03 0.729 31.01
MsPP2C86. 2 MS. gene033479. t1 1509 122985. 10 5.03 0.728 30.88
MsPP2C86. 3 MS. gene51155. t1 1509 122920. 98 5.03 0.727 31.01
MsPP2C87 MsPP2C87 MS. gene027312. t1 2391 197494. 28 4.93 0.752 31.74
MsPP2C88 MsPP2C88. 1 MS. gene050936. t1 1134 92628.07 5.10 0.687 30.95
MsPP2C88. 2 MS. gene072534. t1 1134 92628.07 5.10 0.687 30.95
MsPP2C88. 3 MS. gene22798. t1 1134 92598. 05 5.10 0.689 31.04
MsPP2C88. 4 MS. gene054423. t1 1134 92549. 87 5.10 0.675 30.78
MsPP2C89 MsPP2C89. 1 MS. gene050939. t1 1287 105812. 37 5.04 0.696 27.58
MsPP2C89. 2 MS. gene050733. t1 1287 105810. 34 5.05 0.694 27.58
MsPP2C89. 3 MS. gene072536. t1 1287 105810. 34 5.05 0.694 27.58
MsPP2C89. 4 MS. gene072537. t1 1287 105810. 34 5.05 0.694 27.58
MsPP2C89. 5 MS. gene050735. t1 1287 105810. 34 5.05 0.694 27.58
MsPP2C89. 6 MS. gene22800. t1 1287 105810. 34 5.05 0.694 27.58
MsPP2C89. 7 MS. gene054420. t1 1287 105866. 32 5.05 0.685 27.43
MsPP2C90 MsPP2C90 MS. gene055994. t1 1059 86155. 54 5.12 0.641 29.93
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MsPP2C91 MsPP2C91. 1 MS. gene055998. t1 1200 97837.48 5.10 0.648 29.92

MsPP2CI1. 2 MS. gene056000. t1 1200 97837.48 5.10 0.648 29.92

MsPP2C91. 3 MS. gene017986. t1 1200 97837.48 5.10 0.648 29.92

MsPP2C92 MsPP2C92 MS. gene056001. t1 771 62483.58 5.18 0.645 29.57

MsPP2C93 MsPP2C93. 1 MS. gene056002. t1 1155 94336. 79 5.10 0. 657 29.70

MsPP2C93. 2 MS. gene52660. t1 1206 98229. 94 5.09 0. 650 29.77

MsPP2C94 MsPP2C94. 1 MS. gene09827. t1 1113 90700. 79 5.11 0.686 31.81

MsPP2C94. 2 MS. gene36529. t1 1113 90716. 85 5.11 0.691 31.90

MsPP2C94. 3 MS. gene061919. t1 1113 90702. 82 5.11 0.689 31.81

MsPP2C94. 4 MS. gene018535. t1 1113 90700. 79 5.11 0.686 31.81

MsPP2C95 MsPP2C95. 1 MS. gene23876. t1 1359 110389. 60 5.08 0.567 27.15

MsPP2C95. 2 MS. gene43152. t1 1359 110373. 54 5.08 0.563 27.08

MsPP2C95. 3 MS. gene97281. t1 1359 110361. 54 5.08 0. 564 27.01

MsPP2C95. 4 MS. gene022131. t1 1359 110367. 64 5.08 0.571 27.01

MsPP2C96 MsPP2C96. 1 MS. gene38816. t1 1590 130185. 68 5.03 0.690 30. 38

MsPP2CY6. 2 MS. gene014047. t1 1590 130139. 59 5.03 0.688 30. 38

MsPP2C97 MsPP2C97. 1 MS. gened2584. t1 1392 113605. 78 5.04 0.731 30.89

MsPP2C97. 2 MS. gene017817. t1 1392 113635. 80 5.04 0.729 30.82

MsPP2C98 MsPP2C98. 1 MS. gene98698. t1 1341 109277. 40 5.07 0.704 32.14

MsPP2C98. 2 MS. gene024363. t1 1341 109267. 50 5.07 0.714 32.29

MsPP2C99 MsPP2C99 MS. gene014058. t1 1779 144424.51 4.97 0.854 32.66

MsPP2C100  MsPP2C100 MS. gene050730. t1 993 81038. 47 5.11 0. 660 27.39

MsPP2C101 MsPP2C101. 1 MS. gene050732. t1 1029 84832.91 5.09 0.666 27.02

MsPP2CI101. 2 MS. gene22801. t1 1029 84832.91 5.09 0.666 27.02

MsPP2C102  MsPP2C102 MS. gene79175. t1 2010 168532. 28 4.94 0.745 28.21

MsPP2C103  MsPP2C103. 1 MS. gene91714. t1 1683 139989. 93 5.01 0.682 29.41

MsPP2C103. 2 MS. gene64542. t1 1683 139587. 42 5.01 0.684 29.59

MsPP2C104 MsPP2C104 MS. gened2872. t1 1344 109446. 79 5.07 0.721 32.22

MsPP2C105 MsPP2C105 MS. gene017802. t1 1944 159318. 53 4.97 0.728 30. 50

MsPP2C106  MsPP2C106 MS. gene017804. t1 1158 94596. 07 5.10 0. 680 31.61

MsPP2C107  MsPP2C107. 1 MS. gene040416. t1 1275 104355. 94 5.07 0.659 29.33

MsPP2C107. 2 MS. gene040417. t1 1275 104355. 94 5.07 0.659 29.33

MsPP2C107. 3 MS. gene57690. t1 1275 104355. 94 5.07 0.659 29.33

MsPP2C108  MsPP2C108 MS. gene04623. t1 1107 90196. 20 5.11 0.668 30.62

MsPP2C109  MsPP2C109 MS. gene071544. t1 1269 103851. 39 5.07 0.659 29.31

MsPP2C110  MsPP2C110 MS. gene072539. t1 1119 91806. 49 5.08 0.669 27.70

MsPP2C111 MsPP2C111 MS. gened2145. t1 1137 93024. 08 5.09 0.751 32.10

MsSnRK2-1 MsSnRK2-1. 1 MS. gene040840. t1 1098 89959. 36 5.09 —0.683 34.98

MsSnRK2-1. 2 MS. gene061667. t1 1098 90113. 68 5.09 —0.696 37.75

MsSnRK2-1. 3 MS. gene061060. t1 1098 90095. 65 5.09 —0.698 36.78

MsSnRK2-2 MsSnRK2-2. 1 MS. gene00631. t1 1056 86167.63 5.09 —0.757 38.88

MsSnRK2-2. 2 MS. gene002061. t1 1056 86195. 68 5.09 —0.761 38.84

MsSnRK2-2. 3 MS. gene072046. t1 1056 86167.63 5.09 —0.757 38.88

MsSnRK2-3 MsSnRK2-3 MS. gene06330. t1 822 67949. 34 5.14 —0.694 35.21

MsSnRK2-4 MsSnRK2-4. 1 MS. gened0960. t1 924 76238. 56 5.12 —0.723 35.50

MsSnRK2-4. 2 MS. gene049215. t1 924 76238. 56 5.12 —0.723 35.50
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MsSnRK2-5 MsSnRKZ2-5. 1 MS. gene75501. t1 3384 277906. 48 4.86 —0.760 34.62
MsSnRK2-5. 2 MS. gene84699. t1 3459 284194.03 4.86 —0.743 32.93
MsSnRK2-6 MsSnRK2-6 MS. gene013244. t1 924 76238. 56 5.12 —0.723 35.50
MsSnRK2-7 MsSnRK2-7. 1 MS. gene26550. t1 1092 89685. 15 5.10 —0.697 32.61
MsSnRK2-7. 2 MS. gene39604. t1 1092 89588. 91 5.10 —0.685 31.08
MsSnRK2-7. 3 MS. gene47497. t1 1092 89618. 94 5.10 —0.683 31.38
MsSnRK2-7. 4 MS. gene008748. t1 1092 89618. 94 5.10 —0.683 31.38
MsSnRK2-8 MsSnRK2-8. 1 MS. gene57326. t1 1020 83579.95 5.13 —0.686 33.02
MsSnRK2-8. 2 MS. gene030841. t1 1020 83593.98 5.13 —0.688 32.95
MsSnRK2-8. 3 MS. gene061812. t1 1020 83561.92 5.13 —0.687 33.38
MsSnRK2-8. 4 MS. gene28044. t1 1020 83581.98 5.13 —0.689 33.10
MsSnRK2-9 MsSnRK2-9 MS. gene70142. t1 1065 86338. 11 5.11 —0.679 32.84
MsSnRK2-10  MsSnRK2-10 MS. gene030542. t1 1092 88641. 69 5.10 —0.687 33.15
MsSnRK2-11  MsSnRK2-11 MS. gene73690. t1 2607 215353.77 4.90 —0.694 38. 57
MsSnRK2-12  MsSnRK2-12 MS. gened9743. t1 2538 209373. 84 4.91 —0.683 37.76
MsSnRK2-13  MsSnRK2-13. 1 ~ MS. gene54194. t1 1023 83308. 56 5.13 —0.673 35.24
MsSnRK2-13. 2 MS. gene09701. t1 1023 83262.48 5.13 —0.670 35.07
MsSnRK2-13. 3 ~ MS. gene21513. t1 1023 83308. 56 5.13 —0.673 35.24
MsSnRK2-13. 4 MS. gene015364. t1 1023 83308. 56 5.13 —0.673 35.32
MsSnRK2-14  MsSnRKZ2-14. 1 ~ MS. gene035840. t1 1020 84046. 88 5.11 —0.704 36.21
MsSnRK2-14. 2 MS. gene043911. t1 1020 83984.73 5.12 —0.696 35.65
MsSnRK2-14. 3 MS. gene050081. t1 1020 84076. 91 5.11 —0.702 35.69
MsSnRK2-14. 4 MS. gene64068. t1 1020 83930. 72 5.11 —0.700 35.30
MsSnRK2-15 MsSnRKZ2-15. 1  MS. gene011598. t1 1014 82739. 35 5.11 —0.703 35.92
MsSnRK2-15. 2 MS. gene61262. t1 1014 82605. 21 5.11 —0.711 35.76
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Fig. 10 Prediction of cis-acting elements in the promoters of MsSnRK2 genes
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Fig. 17 MsPYLS8. 1-MsPP2C88. 4-MsSnRK2-14. 1 molecular modeling and docking

A B.C 45 % MsPYLS.1,MsPP2C88.4,MsSnRK2-14.1 5 ABA X 45 1€ ; D \E 23 MsPYL8.1 5 ABA X} H2 44 G Jy 8 ¥ s F 25 MsPP2C88.4 5
MsPYLS.1/ABA X #: 25 B 3 G i MsPYLS.1/ABA-MsPP2C88.4-MsSnRK2-14.1 =62 44K, A, B, and C represent the ABA-binding structure
diagrams of MsPYLS8.1, MsPP2C88.4, and MsSnRK2-14.1, respectively; D and E depict the local conformation diagrams of MsPYLS.1 interacting with
ABA; F illustrates the structural diagram of MsPP2C88.4 interacting with MsPYLS8.1/ABA; G shows the ternary complex of MsPYLS.1/ABA-
MsPP2C88.4-MsSnRK2-14.1.
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