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1. Supplementary Materials 
1.1 Supplementary Figures

[image: D:\Work in progress\StMAPKKKK1\StMAPKKKKK1 dat\revised\20260719 StMAPKKKK1手稿\Fig. S1 Multiple sequence alignment of StMAPKKKK proteins from potato and AtMAPKKKK proteins from Arabidopsis thaliana.tif]
Fig. S1. Multiple sequence alignment of StMAPKKKK proteins from potato and AtMAPKKKK proteins from Arabidopsis thaliana. Conserved amino acid residues are highlighted using ClustalX color coding. The alignment reveals the highly conserved protein kinase catalytic domain, including the glycine-rich loop (GxGxxG motif), invariant lysine, HRD catalytic motif, DFG motif, and the MAP4K signature motif, indicating that StMAPKKKK proteins share the characteristic structural features of the plant MAP4K family and exhibit a high degree of evolutionary conservation with their Arabidopsis homologs.
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Fig. S2. Chromosomal distribution of the StMAPKKKK gene family in potato. The 12 potato chromosomes (chr01–chr12) are drawn to scale and arranged vertically, with chromosome numbers indicated at the top of each bar. The vertical axis on the left indicates physical position in megabases (Mb). The chromosomal position of each StMAPKKKK gene is marked in red alongside the corresponding chromosome, with lines indicating the approximate physical location of each gene. Chromosome lengths are shown according to the Solanum tuberosum DM v6.1 assembly.
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Fig. S3. Sequence logos of the 20 conserved motifs identified in the potato StMAPKKKK protein family. Conserved motifs were identified in the eight potato StMAPKKKK protein sequences using the MEME suite. Each logo represents one motif (Motif 1 to Motif 20), with the motif name indicated above each panel. Within each logo, the position of each amino acid residue is plotted along the horizontal axis and the relative frequency of each residue at that position is indicated by the height of the corresponding letter; the total height of each letter stack corresponds to the information content (in bits) at that position, and the vertical axis is scaled in bits. The height of an individual letter therefore reflects the relative conservation of that residue at that position, with greater height indicating higher conservation. Motif widths are given in amino acid residues. 
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Fig. S4. Chromosomal distribution and intragenomic collinearity of the StMAPKKKK gene family in potato. The 12 potato chromosomes (chr01–chr12) are arranged circularly, with chromosome numbers and physical positions (Mb) indicated on the outer ring. Gene duplication events and collinear blocks were identified with MCScanX and visualized using Circos. Gray lines in the background denote all syntenic blocks within the potato genome, whereas bold red lines highlight segmentally duplicated StMAPKKKK gene pairs. The chromosomal positions of StMAPKKKK1 to StMAPKKKK8 are labeled alongside the corresponding chromosomes.
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Fig. S5. Synteny analysis of MAPKKKK genes between potato and Arabidopsis thaliana and Oryza sativa. Chromosome-level synteny of MAPKKKK genes in Solanum tuberosum (St) was compared with that of Arabidopsis thaliana (At) and Oryza sativa (Os). Potato chromosomes are shown in the middle, with A. thaliana and O. sativa chromosomes above and below, respectively; chromosome numbers are indicated beside each bar. Gray lines in the background denote collinear blocks shared between the potato genome and the two other genomes, and blue lines highlight syntenic MAPKKKK gene pairs. Species abbreviations: At, Arabidopsis thaliana; St, Solanum tuberosum; Os, Oryza sativa.

[image: D:\Work in progress\StMAPKKKK1\StMAPKKKKK1 dat\Fig. S4 Cis-acting elements of the StMAPKKKK gene promoters in potato.tif]

Fig. S6. Distribution of putative cis-regulatory elements in the promoter regions of the eight potato StMAPKKKK genes. The 2,000-bp genomic sequences upstream of the transcription start site (TSS) of StMAPKKKK1 to StMAPKKKK8 were retrieved and analysed for cis-acting regulatory elements using PlantCARE. The horizontal axis indicates the position of each element within the promoter, in the 5′→3′ direction relative to the TSS; each horizontal track represents one gene, as indicated on the left. Colored blocks denote the positions of predicted elements, grouped into the following functional categories: phytohormone responsiveness (including auxin, abscisic acid, methyl jasmonate, gibberellin and salicylic acid), abiotic stress responsiveness (including drought inducibility, low temperature and anaerobic induction), light signaling, defense and wound responsiveness, meristem and endosperm development, and circadian regulation; binding sites for MYB and MYC transcription factors are shown separately. Element classes are identified by color as indicated in the key at right.

[image: Fig. S6 Expression analysis of StMAP4K genes in different organs from potato (2)]
Fig. S7. Tissue-specific expression profiles of the eight StMAPKKKK genes in potato. Relative mRNA abundance of StMAPKKKK1 to StMAPKKKK8 was quantified by qRT-PCR in five representative potato organs: flowers, roots, stems, leaves and tubers. Transcript levels were normalized to the StEF1α reference gene and are expressed relative to flower tissue using the 2⁻ΔΔCt method, with the calibrator (flower) set to 1 for each gene. Values are the mean ± SD of nine replicates (n = 9). Asterisks denote statistically significant differences relative to the corresponding flower value within each gene, as determined by two-way ANOVA (gene × tissue) followed by Tukey's multiple comparison test: ***P < 0.001; ns, not significant (P ≥ 0.05). 
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Fig. S8. Molecular characterization of StMAPKKKK1-OE and RNAi transgenic potato lines. (A, B) PCR amplification of the StMAPKKKK1-specific fragment from genomic DNA of non-transgenic (NT) plants and of StMAPKKKK1-overexpressing lines (OE-1 to OE-12; A) or StMAPKKKK1-RNAi lines (RNAi-1 to RNAi-12; B). The plasmid construct served as a positive control (PC) and nuclease-free water (ddH₂O) as a no-template control; M, DNA ladder, with band sizes (bp) indicated on the left. (C, D) Relative StMAPKKKK1 mRNA levels in OE (C) and RNAi (D) lines determined by qRT-PCR. Transcript levels were normalized to StEF1α and are expressed relative to NT plants, which was set to 1. Values are the mean ± SD of nine replicates (n = 9). Asterisks denote statistically significant differences relative to NT, as determined by one-way ANOVA followed by Tukey's multiple comparison test: ***P < 0.001. OE-1, OE-2, OE-4, RNAi-2, RNAi-3, and RNAi-4, which showed the highest and lowest StMAPKKKK1 transcript levels, respectively, were selected for all subsequent analyses.

[image: StMAPKK2 定量]
Fig. S9. StMAPKK2 transcript abundance in NT and StMAPKKKK1-transgenic potato lines under salt and PEG-6000-simulated drought stress. Relative StMAPKK2 mRNA levels were quantified by qRT-PCR in NT, StMAPKKKK1-OE (OE-1, OE-2, OE-4) and StMAPKKKK1-RNAi (RNAi-2, RNAi-3, RNAi-4) plants under control (CK), NaCl (30, 75 and 150 mM) or PEG-6000 (5%, 10% and 20%, w/v) treatment. Transcript levels were normalized to StEF1α and are expressed relative to the NT plants under control conditions, which was set to 1. Values are the mean ± SD of nine plants per genotype per treatment (n = 9). Asterisks denote statistically significant differences relative to NT within each treatment, as determined by two-way ANOVA (genotype × treatment) followed by Tukey's multiple comparison test: *P < 0.05, **P < 0.01, ***P < 0.001; ns, not significant (P ≥ 0.05).

1.2. Supplementary Tables 
Table S1. Sequences of primers used in the present study.
	Gene ID
	Gene
	Forward (5’-3’)
	Reverse (5’-3’)

	qRT-PCR:

	Soltu.DM.06G005680.1
	StEf1α
	ATTGGAAACGGATATGCTCCA
	TCCTTACCTGAACGCCTGTCA

	Soltu.DM.02G032970.1
	StMAPKKKK1
	GCACACTGCTCATTCACTGC
	GTCCCGTTCATAGTCCAGGC

	Soltu.DM.03G032010.1
	StMAPKKKK2
	TTGGAGATCGCATGAAGGCA
	ACCGAAGTCCCATTGCAACT

	Soltu.DM.05G000960.1
	StMAPKKKK3
	AACAACCACAGCAGCAGACT
	AGCCTTCCTCCCCTTCAGAT

	Soltu.DM.06G014720.1
	StMAPKKKK4
	TCCCCTGTCTCATCTCCCTC
	TCATAGCAACCCCTTCGACC

	Soltu.DM.06G024430.1
	StMAPKKKK5
	AACTCTGTGTCACGGGAAGC
	CAGAATCAAGGCGTGGAGGT

	Soltu.DM.07G024090.1
	StMAPKKKK6
	CACTTGCTGATTTGCACCCC
	TCCGCCATCCTTTTGGTTGA

	Soltu.DM.08G005170.1
	StMAPKKKK7
	TCAGATGACAAGTCCACGGC
	TCCCAATCTTCCCCCTGACT

	Soltu.DM.08G029960.1
	StMAPKKKK8
	GACATACGCAGGGAAGCTCA
	GACAAGAGCCCTCAGCCATG

	Soltu.DM.03G037580.1
	StMAPKK2
	TTCCAGGGAGTTTAGGGAGTTC
	TCTGGGTGATGAAGGGATGG

	Overexpression primers:

	Soltu.DM.02G032970.1
	StMAPKKKK1
	GCTCTAGAATGATGGAACAGCTAACAGAG
	GCGAGCTCTCAGCGATTCAATTTCTTTTCCA

	RNAi primers:

	Soltu.DM.02G032970.1
	StMAPKKKK1-RNAi-Sense fragment
	GCGGATCCGCTCATTCACTGCAGGTCACAG
	GCGGTACCGGGAGCCATCCAGCATGGAGTTC

	Soltu.DM.02G032970.1
	StMAPKKKK1-RNAi-Antisense fragment
	CCCAAGCTTGGGAGCCATCCAGCATGGAGTTC
	GCTCTAGAGCTCATTCACTGCAGGTCACAG

	Subcellular localization Primers:

	Soltu.DM.02G032970.1
	StMAPKKKK1
	ATGATGGAACAGCTAACAGAG
	GCGATTCAATTTCTTTTCCA

	Overexpression transgenic PCR detection primers：

	Soltu.DM.02G032970.1
	StMAPKKKK1
	ATGATGGAACAGCTAACAGAG
	ATTCCAAACGACCATATATC

	RNAi transgenic PCR detection primers：

	Soltu.DM.02G032970.1
	StMAPKKKK1
	ATGGAACAGCTAACAGAGAA
	GCACGATCCTCCAGCCATGA

	Y2H primers:

	Soltu.DM.02G032970.1
	 pGBKT7-StMAPKKKK1
	CATGGAGGCCGAATTCATGATGGAACAGCTAACAGAGAAA
	TAGTTATGCGGCCGCTGCAGTCAGCGATTCAATTTCTTTTCCA

	Soltu.DM.08G027290.1
	 pGADT7-StMAPKK1
	GGAGGCCAGTGAATTCATGAAGAAAGGATCTTTTGCTCCT
	TCATCTGCAGCTCGAGTTATAGCTCAGTAAGTGTTGCCAA

	Soltu.DM.03G037580.1
	 pGADT7-StMAPKK2
	GGAGGCCAGTGAATTCATGCGACCTACTCAACCAG
	TCATCTGCAGCTCGAGTCAAGAAGAAGAAGAAGAAAAATG

	Soltu.DM.03G033980.1
	 pGADT7-StMAPKK3
	GGAGGCCAGTGAATTCATGAAGACGGCGAAGCCA
	TCATCTGCAGCTCGAGTTATCTTGGAAAATTTACTGGTGGT

	Soltu.DM.03G019540.1
	 pGADT7-StMAPKK4
	GGAGGCCAGTGAATTCATGGCCTTAGTTCGTGATCG
	TCATCTGCAGCTCGAGTTAGGTGGATTTCAAATCGATACTC

	Soltu.DM.03G023940.2
	 pGADT7-StMAPKK5
	GGAGGCCAGTGAATTCATGGCTGGACTGGAGGAA
	TCATCTGCAGCTCGAGCTATTGAGTAATGAAAAGTTCA

	Soltu.DM.02G032970.1
	 pGADT7-StMAPKKKK1
	GGAGGCCAGTGAATTCATGATGGAACAGCTAACAGAGAAA
	TCATCTGCAGCTCGAGTCAGCGATTCAATTTCTTTTCCAAC

	Soltu.DM.08G027290.1
	 pGBKT7-StMAPKK1
	CATGGAGGCCGAATTCATGAAGAAAGGATCTTTTGCTCCT
	TAGTTATGCGGCCGCTGCAGTTATAGCTCAGTAAGTGTTGCCAA

	Soltu.DM.03G037580.1
	 pGBKT7-StMAPKK2
	CATGGAGGCCGAATTCATGCGACCTACTCAACCAG
	TAGTTATGCGGCCGCTGCAGTCAAGAAGAAGAAGAAGAAAA

	Soltu.DM.03G033980.1
	 pGBKT7-StMAPKK3
	CATGGAGGCCGAATTCATGAAGACGGCGAAGCCA
	TAGTTATGCGGCCGCTGCAGTTATCTTGGAAAATTTACTGGTG

	Soltu.DM.03G019540.1
	 pGBKT7-StMAPKK4
	CATGGAGGCCGAATTCATGGCCTTAGTTCGTGATCG
	TAGTTATGCGGCCGCTGCAGTTAGGTGGATTTCAAATCGATAC

	Soltu.DM.03G023940.2
	 pGBKT7-StMAPKK5
	CATGGAGGCCGAATTCATGGCTGGACTGGAGGAA
	TAGTTATGCGGCCGCTGCAGCTATTGAGTAATGAAAAGTTCA

	BiFC primers:

	Soltu.DM.02G032970.1
	pSPYCE-StMAPKKKK1
	CGCCACTAGTGGATCCATGATGGAACAGCTAACAGAGAAA
	GACGGCCAGTGAATTCGCGATTCAATTTCTTTTCCAACTGA

	Soltu.DM.08G027290.1
	pSPYNE-StMAPKK1
	CGCCACTAGTGGATCCATGAAGAAAGGATCTTTTGCTCCT
	GAGCGGTACCCTCGAGTAGCTCAGTAAGTGTTGCCAATGGA

	Soltu.DM.03G037580.1
	pSPYNE-StMAPKK2
	CGCCACTAGTGGATCCATGCGACCTACTCAACCAG
	GAGCGGTACCCTCGAGAGAAGAAGAAGAAGAAAAATGAGGA

	Soltu.DM.03G033980.1
	pSPYNE-StMAPKK3
	CGCCACTAGTGGATCCATGAAGACGGCGAAGCCATTG
	GAGCGGTACCCTCGAGTCTTGGAAAATTTACTGGTGGTTCC

	Soltu.DM.03G019540.1
	pSPYNE-StMAPKK4
	CGCCACTAGTGGATCCATGGCCTTAGTTCGTGATCGC
	GAGCGGTACCCTCGAGGGTGGATTTCAAATCGATACTCTG

	Soltu.DM.03G023940.2
	pSPYNE-StMAPKK5
	CGCCACTAGTGGATCCATGGCTGGACTGGAGGAA
	GAGCGGTACCCTCGAGTTGAGTAATGAAAAGTTCA

	[bookmark: _GoBack]SLC primers:

	Soltu.DM.02G032970.1
	pCAMBIA1300-cLUC-StMAP4K1
	GCGGTACCCGGGATCCATGATGGAACAGCTAACAGAGAAA
	CGCCGGGCCCTCTAGATCAGCGATTCAATTTCTTTTCCAAC

	Soltu.DM.08G027290.1
	pCAMBIA1300-nLUC-StMAPKK1
	TCGGTACCCGGGATCCATGAAGAAAGGATCTTTTGCTCCT
	CGCCGGGCCCTCTAGATAGCTCAGTAAGTGTTGCCAATGGA

	Soltu.DM.03G037580.1
	pCAMBIA1300-nLUC-StMAPKK2
	TCGGTACCCGGGATCCATGCGACCTACTCAACCAG
	CGCCGGGCCCTCTAGAAGAAGAAGAAGAAGAAAAATGAGGA



[bookmark: OLE_LINK83][bookmark: OLE_LINK84]Table S2. Physicochemical properties of the 8 MAPKKKK gene family members in potato. 
	Gene name
	Gene ID
	Chromosome
	Start
	End  
	Strand
	Number of Amino Acid
	Molecular Weight
	Theoretical pI
	Instability Index
	Aliphatic Index
	Grand Average of Hydropathicity

	Soltu.DM.02G032970.1
	StMAPKKKK1
	chr02
	44574858
	44585039
	+
	675
	75565.73
	5.67
	48.37
	80.93
	-0.476

	Soltu.DM.03G032010.1
	StMAPKKKK2
	chr03
	55985002
	55991577
	-
	671
	74719.71
	5.96
	46.91
	81.4
	-0.467

	Soltu.DM.05G000960.1
	StMAPKKKK3
	chr05
	747648
	758306
	+
	815
	89891.76
	4.92
	55.36
	70.93
	-0.573

	Soltu.DM.06G014720.1
	StMAPKKKK4
	chr06
	40268436
	40270263
	+
	523
	58788.95
	6.27
	44.48
	85.16
	-0.359

	Soltu.DM.06G024430.1
	StMAPKKKK5
	chr06
	50500591
	50507442
	+
	685
	76709.75
	5.94
	47.92
	75.46
	-0.581

	Soltu.DM.07G024090.1
	StMAPKKKK6
	chr07
	54005476
	54022189
	-
	701
	77061.26
	6.3
	50.93
	74.05
	-0.627

	Soltu.DM.08G005170.1
	StMAPKKKK7
	chr08
	6467331
	6478012
	+
	712
	78813.42
	6.17
	51.89
	77.26
	-0.488

	Soltu.DM.08G029960.1
	StMAPKKKK8
	chr08
	58929684
	58940230
	-
	724
	80625.59
	6.55
	52.54
	79.23
	-0.539



Table S3. Information on MAPKKKKs in potato, Arabidopsis thaliana, and rice.
	Gene name
	Subfamily
	Gene ID
	Protein sequence​
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	StMAPKKKK1
	Clade III-B
	Soltu.DM.02G032970.1
	MMEQLTEKKFPVNAKDYTLYEEVGDGVSATVYRALCIPLNEIVAIKVLDLEKCNNDLDGIRREVQTMILIDHPNVLRAHCSFTAGHSLWVVMPFMAGGSCLHIMKSSYPDGFEEPVIATLLCEVLKALVYLHYHGHIHRDVKAGNILIDSNGAIKLADFGVAACMFDTGDRQRSRNTFVGTPCWMAPEVMQQLHGYDFKADIWSFGITALELAHGHAPFSKYPPMKVLLMTLQNAPPGLDYERDKRFSKSFKEMVAACLVKDPKKRPSSEKLLKHPFFKQARGHDYLARTILDGLPPLGDRFRMLKAKEADYLLQNQAMYEDKDHLSQQEYIRGISAWNFNLEDLKNQAALLPDFDDIPDAEDSSTRGKLREGNGDVGSVAERHNQSSVLSHEDEMNDNHDLDGSLAAFPIKPLQALKGCFDMCEDDITASSPSWEDTMQSESTQQNDMLSLAKIEDQDGGKDDGENLRQSSSLPRSVIPGHKKFFSGSLLQDNALSPKKVVTDGEREYQHPKYQSERNYSGPLQYRHKKDLGEDSSEGAVVQRKGRFQVTSADLSPKEPTSYFFNPVQGGSTSAINLGLAAASLLPTLQCILQQNTLQREELVKLIKFAERGSVNPIDLAEAGTSDLPQMPATSVRERELQSMVIQLQQSIGSLVEELQRQKMKNVQLEKKLNR*

	StMAPKKKK2
	Clade III-A
	Soltu.DM.03G032010.1
	MDKKKYPIGPEHYTLFEEVGQGVSASVHRALCISLNEVVAIKILDFERDNSDLNNISREAQTMVLVDHPNVLKSHCSFVSDHNLWVIMPYMAGGSCLHILKATHPDGFEETVIATVLREVLKGLEYLHHHGFIHRDVKAGNILIDSRGGIKLGDFGVSAYLFDSGDRQRMRNTFVGTPCWMAPEVMEQLHGYDFKADIWSFGITALELAHGHAPFSKYPPMKVLLMTLQNAPPGLDYERDKKFSKSFKQMIASCLVKDPSKRPSAKKLLKHPFFKQARSNDYIGRTLLEGLPALGDRMKALKRKEEDMLAQKKIPDGQKEEISQNEYKRGISSWNFNLEDLKAQATLIPDEEILGDKDLGGSSNSLSGLDIPGKQLNKFQHQFSFSSQYSDATEFDSNNPSAPPSPATQNVAYNITKCEKSDDDLSIAGSFHDPQLSQNSSPCYDNRMELNLVGKGEQVADAKLFEGMPVNSRQSDKSQFQNVSSCNGTSVLQTIDDVPTEVISKHCRTSASSEDFDEKTKGHVVQQRGRFKVTSENVDLEKVGASPMLHKSQSLLVMPQTLAAAQPLPLDATPPNLLTPSHFPALQSILEANILQRESILRLMRQVALGDTAVDAGCMPLNSLGVEKSLLEVAHDKEKELISENTELQWRLIRAQEELQKYKAENAQNNS*

	StMAPKKKK3
	Clade II
	Soltu.DM.05G000960.1
	MEFRPSSWRSRKPPPPAKQSDIYSTFVIHDNDRKTDEKDNSDLYATMVCKDDDDDDVVDDLNDDESLPPLLKRLPKDFGGGGGAIDSVSDDDMASISGTMIVKTDRSSKFTTPKQPQQQTARYMSYWDRDEKSPVRRRYEEDEDEDEDEEDEEGRFSTFVVKDTEFDSGTMVRRTVRSGSNEGVGSTMSRAVASMQAAGEIGIGRQRNRSSRAPSDEEGGGGTLRPQGSKVSSSSIPDSVTREDPCTKYELLHELGKGSYGAVYKARDLRTSEMVAIKVISLSEGEEGYEEIRGEIEMLQQCSHPNVVRYLGSYQGEEYLWIVMEYCGGGSVADLMNVTDEALEEYQIAFICREALKGLSYLHSIFKVHRDIKGGNILLTDQGEVKLGDFGVAAQLTRTMSKRNTFIGTPHWMAPEVIQESRYDGKVDVWALGVSAIEMAEGLPPRATVHPMRVLFMISIEPAPMLEDKEKWSLVFHDFVAKCLTKDTRLRPTASEMLKHKFIEKFKAGASVMMPKIEKAKQIRASMALEAQNIVSETPEVIGGPKVNDEFGDTVPSKLKNDDAPSTSLEPVGEGDFGTMIVRDGPDIDKTANAEASSTLRRTGIPSIPTVAGKSNDPWLLNDIDVTSPVGMSQRQSMQVSSPGTLPSPDPGLKGSTTSQATVSSGGGGYNTGTLPSETVSRRALDKLWSIYSAGNTVPIPFLRATDISPIALLSEDVLGDWQRDNSGKTAVEAMQELFSGDSQSKKGRSRQNEVPLPPSVYQRLNSSPTLMNLAQALAYHKMCYEEMPLQEMQASQEQQTIQNLCDTLRTILRL*

	StMAPKKKK4
	Clade III-D
	Soltu.DM.06G014720.1
	MAYNQEEQNEEEHKKIQYPLDSTCYRILDEIGRGVSAIVYKAICIPMNSSVVAIKAIDLDQSRADLDNIRREAKTMSLLSHPNILKAHCSFTVDRCLWVIMPFMSAGSLQSIISSAFPDGLSEPCIAIVLKETLSALAYLHNQGHLHRDIKAGNILIDSHGTIKLADFGVSASIFEPISGYGSSFSSSSSCLMFTDVAGTPYWMAPEVIHSHTGYSFKADIWSFGITALELAHGRPPLSHLPPSKSLFMKITKRFRFSDYEKTKNSKNYKKFSKGFKDMVGLCLDQDPFRRPTAEKLLKHPFFKSCNKGPDFLVKHVLQGLPSVEQRFKQVKIQRLLSLKKSDGDDDDDPEHGEISKQRRISGWNFNVDGFELDPVLFPTEKDQEISSLKPNYVDDVVKQVDVSELFSDTSTISSPGGSRQSSEVEGVAMNCSGDRRIGGESVSREVMLASLLFLKKSLDDQRQNVMNLISIFHGEQYVVEVNKKDNLIEVIDKLRNEVENEKKKNSALQLEIEFLKSHYSNE*
	
	
	
	
	
	

	StMAPKKKK5
	Clade III-A
	Soltu.DM.06G024430.1
	MEKKTNLPKKPIEKRTQYPIGSEQYTVYEEIGKGVSALVHRALCIPLNEIVAIKILDFERDKCDLNSVSREAQIMVLVDHPNVLKSYCSFVCDYNLWVVMPYMAQGSCLHILKSAYPDGVGEVVIATVLREVLKGLEYLHDHGYIHRDVKAGNILIDSRGGIKLGDFGVSAYMFDSGDRQHMRNTFAGTPCWMAPEVMEQVHGYDFKADIWSFGITALELAHGHAPFSKYPPMKVLLMTLKNEPPRLDSERDRKFSKSFRQMIASCLVKDPSKRPSAKKLLKHPFFKKARSNDYVARTLLEGLPSLGDRMQELKRKEEEMLAQKKMPDGQKEEMSQNEYKRGISCWSFDVEDLKAQASLIPDEEIIGENDHGGSSDALAGLDNQGNRLQYQLSSLELPKLQYQVSFGSQSSDATGFDGNNPSAPPSPADRTMDYSRPKNEKVDDDLSIASSFHEAQISQNSSPCQEEMNFVGKGEQKSYAETFEGIPINSCQSDKSSSQNVSSCNVAFPQTADDLPAEVSSKHSRTSGKLYLAGSGEDCEEKIKYQVVQQKGRFKVTSENVDLEKLIHFQKRNSMEATPENLTATQPLPLDPTPANHSSQSIFPVLQNALQATIIGRESILSAMRQVTDSTGCILSNSAGVEKSLLEAALDREKDLHREVADLRWRLERSQEELQKYKTENKSPK*

	StMAPKKKK6
	Clade I
	Soltu.DM.07G024090.1
	MADAAALIEASGSRFSDLELIGRGSFGDVYKGFDKELNKEVAIKVIDLEESEDEVEDIQKEIAVLSQCRSPYITEYYGSYLHQTKLWIIMEYMAGGSVADLIQPNQPLDEMSIACILRDLLHAIEYLHSEGKIHRDIKAANILLSENGDVKVADFGVSAQLTRTISRRKTFVGTPFWMAPEVIQNSDGYNEKADIWSLGITAIEMAKGEPPLADLHPMRVLFIIPRENPPQLEEHFSRPLKEIVSLCLKKSPAERPSAKELLKHRFIRNARKSPRLLERIRERPKFQIKDDMDSPRNGQKPVGEASGTVKVTRDVGTEDTVKVSGQGKTLKTAGWDFSIGGSSSTGTVRSVKPPQVRDRKPEVPLNQPASRKNLDSGSNWSSASGTVHYTSSEGFNQKDGGDVNIEKGDYSHEDEELSVSGTGTVVVRSPRGIQSTSLFSDQSSLSSSTLASFEDASSSGTVVYRGRHDDPDSPRTPKSRLGNQERSSSASLEDSSANLAEAKAAMLAGLKKGNVRDRSKLGKVQRDGLENKTEQSTMSSDSSRHSRDYLDAQKAFSRSRHTSDEEDGARTYPAPSSATLSVLLIPSLKEAATSETDGSLMQAMVGSFMDMERMKAGSCDLFMTRLLQRLASAKDPSLKDLQDLAGRIFSKGKIETESTSTESDSKKKQQSKELNSNANLSPLARFLLSRWQGHASRDQNS*

	StMAPKKKK7
	Clade III-C
	Soltu.DM.08G005170.1
	MSGGPRSYSVNPSDYKLLEEVGYGASATVYRTIYIPSNEVVAVKCLDLDRCNSNLDDIRREAQTMSLIGHPNLIKAFCSFVVDHYLWVVMPFMAEGSCLHLMKISYPDGFEEAVIGSILKETLKALEYLHSHGHIHRDVKAGNILLDTNGVVKLADFGVSACMFDSGDRQRSRNTFTGTPCWMAPEVLQPGTGYDFKADIWSFGITALELAHGHAPFSKYPPMKVLLMTINSAPPGLDYDRDKKFSKSFKEMVAMCLVKDQTKRPTAEKLLKHIFFKKVKPPELSVKKLFADLPSLGSRVKMLQLKDAAQLASKKMPSSEQEAISQSEYQRGVSAWNFDLEDLKFQASMVQDDDEIPEIREEDESIKSYMNYKENSVSALNAGKSSLKQDIISSEQGSVGEVTLAECQRKKGEDLECIKLDSDHQEEGGLKKNSSKTELPPLTSDKDAVQAKSKCQTAKTCRSQSGPLMPGVELSHSASERSANFERSKIENQQAEKAHQVRRAPSFSGPLMLPNRASANSKSAPINSSGGFKDSSDDKSTANLVQIKGRFSVTSENVDLVKGSQLRKTASVGDWIMESKLMPPSRIPKELGLDNIPASVLMPHLQNLFQQTSIQQDLIVNLLSSLQPPEAGDAPQHGKSSSQCVAENNGSVDAAVSERERMLLVKISELQARMSSLTDELTTEKLKYMQLQQRLNSMSSQGEDWDRRESES*

	StMAPKKKK8
	Clade III-C
	Soltu.DM.08G029960.1
	MGGGGPRNYSANPNDYKLLEEVGYGASATVYRAIYLPYNEVIAVKCLDLDRCNSNLDDIRREAQTMSLIDHPNVIKSFCSFVVENYLWVVMPFMAEGSCLHLMKIAYPDGFEESAICSMLKETLKALEYLHRHGHIHRDVKAGNILLDTNGAVKLGDFGVSACMFDNGDRQRSRNTFVGTPCWMAPEVLQPGTGYDFKADIWSFGITALELAHGHAPFSKYPPMKVLLMTIQNAPPGLDYDRDKKFSKSFKEMVAMCLVKDQTKRPTAEKLLKHSFFKNAKPPELSVKKLFADLPPLWNRVKALQLKDAAQLALKRMPSSEQEALSQSEYQRGVSAWNFDLEDLKLQASLVQDDDEIQEIKEDDDTMKAYMNYKEKSVALQYAGKSTPRKDSIASEQESVGEVPVAEYEIKKGKDLESSTPDSDHWEKNGLKRNASKTELPPLTSERDALLARSRTQTTKARQSQSGPLMAGTVLSHSASERVRSSERSEIENQQPGDKAHPVRRAPSFSGPLMLPNRASGNSLSAPIKSSGGFKDSLDDKSKPNLVQIKGRFSVTSENVDLVKDIPLCTVPRRSSQGSPLRKSASVGEWLIESKQMPPSQPPKELGLNNVPASVLMPHLQNLFQQTSIQQDLIVNLLSSLQLSEAGDSSQNGKLSPLQRPENNGIVEAAVSEREKLLLVKISELQARMINLTDELTAEKLKYWQLQQRMSSCGEDGDRRELES*
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	AtMAP4K1
	Clade I
	AT1G53165.1
	MDDVAGLQEAAGTRFSQFELIGRGSFGDVYKAFDTELNKDVAIKVIDLEESEDEIEDIQKEISVLSQCRCPYITEYYGSYLHQTKLWIIMEYMAGGSVADLLQPGNPLDEISIACITRDLLHAVEYLHAEGKIHRDIKAANILLSENGDVKVADFGVSAQLTRTISRRKTFVGTPFWMAPEVIQNSEGYNEKADIWSLGITMIEMAKGEPPLADLHPMRVLFIIPRESPPQLDEHFSRPLKEFVSFCLKKAPAERPNAKELLKHRFIKNARKSPKLLERIRERPKYQVKEDEEIPTNGPKAPAESSGTVRVAKDERGQGTSGTSFQVKTVRNAGWDFSIGGSQGAGTVRALKPPQARERRQEVNSNQTSQKTSRTSGSQLSSTFGVPEISEGGFNKRDSYQNDYQEEDDSSGSGTVVIRSPRSSQSSSMFRDQSSGSTRYTSFDDASTSGTVVVRGQNDDSGSPRTPRSRLGLQERSSSASEDSISNLAEAKLALEAGFRRGNARERLGNGKVNKRREQATDNSDYLRNSRDHSDKQRPVMRSQQVSDDEEDDSKLASLSASLSLLLLPSLKEAVGGDDSKGTIGHRVSRSLVKMEREKPGSSEAFIAKLIEQLGSTKEVSVKEVQDMAIRVFAKTMNNDAENKRKQASKEFSSNANFSPLARFLFSRWLGQTSRDLNQS

	AtMAP4K2
	Clade I
	AT3G15220.1
	MDDVAGLQEAAGARFSQIELIGRGSFGDVYKAFDKDLNKEVAIKVIDLEESEDEIEDIQKEISVLSQCRCPYITEYYGSYLHQTKLWIIMEYMAGGSVADLLQSNNPLDETSIACITRDLLHAVEYLHNEGKIHRDIKAANILLSENGDVKVADFGVSAQLTRTISRRKTFVGTPFWMAPEVIQNSEGYNEKADIWSLGITVIEMAKGEPPLADLHPMRVLFIIPRETPPQLDEHFSRQVKEFVSLCLKKAPAERPSAKELIKHRFIKNARKSPKLLERIRERPKYQVKEDEETPRNGAKAPVESSGTVRIARDERSQGAPGYSFQGNTVKNAGWDFTVGGSQSIGTVRALKPPQARERRQEVSPNRISQRTTRPSGNQWSSATGSTISEASEGGFVRRHPFQNDHEDGFHEEDDSSLSGSGTVVIRTPRSSQSSSVFREPSSGSSGRYAAFDDASASGTVVVRGQYDDSGSPRTPKSRLGIQERTSSASEDSNANLAEAKAALDAGFRRGKARERLGMGNNNNDGKVNRRREQMADDSDYSRNSGDKSSKQKVVPRSEQVSDEEDDSIWESLPASLSVLLIPSLKEALGDDSKESTVRTVSRSLVMMEREKPGSCEAFVAKLIELLGSSKEASVKELHDMAVCVFAKTTPDNAENKMKQANKEFSSNTNVSPLGRFLLSRWLGQSSRDL

	AtMAP4K3
	Clade II
	AT1G69220.1
	MDHNSPKSRRSRKPEPKPDIYSTFVVHSDSDSDQGRDRDKRKAKPEEDENVDLYATMVYKGDSDGEGEEDDDDDSMLPPLLKRLPKDFGGGASLDYDDDDGDESGDFGTMIVKTDRSSHSKKNSPYSSKPRMGVSPRRRARGGDEESSDEEDEEEDDDDDDGDYGTFVVKSKDKKGKKKDKEIDMTTMGRAVASMQKSNFGGKTRKLDPSSSSSKLHGEDNRKMQQQNSKMSTTSLPDSITREDPTTKYEFLNELGKGSYGSVYKARDLKTSEIVAVKVISLTEGEEGYEEIRGEIEMLQQCNHPNVVRYLGSYQGEDYLWIVMEYCGGGSVADLMNVTEEALEEYQIAYICREALKGLAYLHSIYKVHRDIKGGNILLTEQGEVKLGDFGVAAQLTRTMSKRNTFIGTPHWMAPEVIQENRYDGKVDVWALGVSAIEMAEGLPPRSSVHPMRVLFMISIEPAPMLEDKEKWSLVFHDFVAKCLTKEPRLRPTAAEMLKHKFVERCKTGASAMSPKIEKSRQIRATMALQAQSVVAPSLEDTSTLGPKSSEELGITVPSKPPQNSTEAPLTSTLNRQHITGNTVLAGEGGDFGTMIVHGEDETEESDSRSQLVREKESSSSQFEGVPREFPGEELPDSWIHDKKKPPAIDLPVEASISQSMQASSSHEHRTKLHNIAGTQMEGGSDASGSTLKNETVGRKAFALQDKLWSIYAAGNTVPIPFLRATDISPIALLSENMIGGMQQDGNGTVAVEALQELFTSSDPQSKKGRRGQNEMPLPPSVYQRLTTSSSLMNLAQVLAYHRACYEEMPLQELQATQEQQTIQNLCDTLRTILRL

	AtMAP4K4
	Clade III-B
	AT5G14720.1
	MESGSEKKFPLNAKDYKLYEEIGDGVSATVHRALCIPLNVVVAIKVLDLEKCNNDLDGIRREVQTMSLINHPNVLQAHCSFTTGHQLWVVMPYMAGGSCLHIIKSSYPDGFEEPVIATLLRETLKALVYLHAHGHIHRDVKAGNILLDSNGAVKLADFGVSACMFDTGDRQRSRNTFVGTPCWMAPEVMQQLHGYDFKADVWSFGITALELAHGHAPFSKYPPMKVLLMTLQNAPPGLDYERDKRFSKAFKEMVGTCLVKDPKKRPTSEKLLKHPFFKHARPADYLVKTILNGLPPLGDRYRQIKSKEADLLMQNKSEYEAHLSQQEYIRGISAWNFNLEDLKTQAALISDDDTSHAEEPDFNQKQCERQDESALSPERASSSATAPSQDDELNDIHDLESSFASFPIKPLQALKGCFDISEDEDNATTPDWKDANVNSGQQLLTKASIGSLAETTKEEDTAAQNTSLPRHVISEQKKYLSGSIIPESTFSPKRITSDADREFQQRRYQTERSYSGSLYRTKRDSVDETSEVPHVEHKGRFKVTSADLSPKGSTNSTFTPFSGGTSSPSCLNATTASILPSIQSILQQNAMQREEILRLIKYLEQTSAKQPGSPETNVDDLLQTPPATSRERELQSQVMLLQQSFSSLTEELKKQKQKNGQLENQLNALTHRND

	AtMAP4K5
	Clade III-C
	AT4G24100.1
	MVGGGGGSSGRGGGSGSGSSKQQRGFSMNPKDYKLMEEIGHGASAVVYRAIYLPTNEVVAIKCLDLDRCNSNLDDIRRESQTMSLIDHPNVIKSFCSFSVDHSLWVVMPFMAQGSCLHLMKTAYSDGFEESAICCVLKETLKALDYLHRQGHIHRDVKAGNILLDDNGEIKLGDFGVSACLFDNGDRQRARNTFVGTPCWMAPEVLQPGNGYNSKADIWSFGITALELAHGHAPFSKYPPMKVLLMTIQNAPPGLDYDRDKKFSKSFKEMVAMCLVKDQTKRPTAEKLLKHSCFKHTKPPEQTVKILFSDLPPLWTRVKSLQDKDAQQLALKRMATADEEAISQSEYQRGVSAWNFDVRDLKTQASLLIDDDDLEESKEDEEILCAQFNKVNDREQVFDSLQLYENMNGKEKVSNTEVEEPTCKEKFTFVTTTSSLERMSPNSEHDIPEAKVKPLRRQSQSGPLTSRTVLSHSASEKSHIFERSESEPQTAPTVRRAPSFSGPLNLSTRASSNSLSAPIKYSGGFRDSLDDKSKANLVQKGRFSVTSGNVDLAKDVPLSIVPRRSPQATPLRKSASVGNWILEPKMPTAQPQTIKEHSSHPTSSSPIMPQLQHLFQQNSIQQDLIMNLLNSLQPVEATEGSQSGKLPPLPRSDSNGNVEPVASERERLLLSSISDLRARLDDLTEELDIEKSKYSQLQQKLKAFTGREH

	AtMAP4K6
	Clade III-C
	AT4G10730.1
	MVSRFRLALEAVLGSRRRKKMASTSSGGGGGGDKKKKKGFSVNPKDYKLMEEVGYGASAVVHRAIYLPTNEVVAIKSLDLDRCNSNLDDIRREAQTMTLIDHPNVIKSFCSFAVDHHLWVVMPFMAQGSCLHLMKAAYPDGFEEAAICSMLKETLKALDYLHRQGHIHRDVKAGNILLDDTGEIKLGDFGVSACLFDNGDRQRARNTFVGTPCWMAPEVLQPGSGYNSKADIWSFGITALELAHGHAPFSKYPPMKVLLMTIQNAPPGLDYDRDKKFSKSFKELVALCLVKDQTKRPTAEKLLKHSFFKNVKPPEICVKKLFVDLPPLWTRVKALQAKDAAQLALKGMASADQDAISQSEYQRGVSAWNFNIEDLKEQASLLDDDDILTESREEEESFGEQLHNKVNDRGQVSGSQLLSENMNGKEKASDTEVVEPICEEKSTLNSTTSSVEQPASSSEQDVPQAKGKPVRLQTHSGPLSSGVVLINSDSEKVHGYERSESERQLKSSVRRAPSFSGPLNLPNRASANSLSAPIKSSGGFRDSIDDKSKANVVQIKGRFSVTSENLDLARASPLRKSASVGNWILDSKMPTGQAIKESSSHLSFIIPQLQNLFQQNSMQQDLIMNLVNTLQQAAETTDGSQNGKLPPLPRGSDSNGTVVELTAAERERLLLTKITELRARMKELTEELEVEKSKQTQLQQKLKSVTGREQL

	AtMAP4K7
	Clade III-B
	AT1G70430.1
	MAGSSTKRFPLYAKDYELFEEVGEGVSATVYRARCIALNEIVAVKILDLEKCRNDLETIRKEVHIMSLIDHPNLLKAHCSFIDSSSLWIVMPYMSGGSCFHLMKSVYPEGLEQPIIATLLREVLKALVYLHRQGHIHRDVKAGNILIHSKGVVKLGDFGVSACMFDSGERMQTRNTFVGTPCWMAPEVMQQLDGYDFKYLAHGHAPFSKYPPMKVLLMTLQNAPPRLDYDRDKKFSKSFRELIAACLVKDPKKRPTAAKLLKHPFFKHARSTDYLSRKILHGLSPLGERFKKLKEAEAELFKGINGDKEQLSQHEYMRGISAWNFDLEALRRQASLVIIPNEEIYNSEIQELNRNGDVPKGKPVIQRSQTMPLEYFSEKASDMVSESSSQLTGSLLPSFHRKFLPALGNACNSSDRAAEKLAFEEPRQVLHPLADTKKIRKAGSDQQEKPKNGYADSPVNRESSTLSKEPLADTKQVRKPGNEQEKPKNGYIVSHVNRESSTSEEILPLLQSLLVQNDIQRAQVIRLIRFFDRTAKTENPISKTEGVQEKDLQSQVQFLEQSVEKLVEEVQRRKDINSQLEQQISSLISSNNIS

	AtMAP4K8
	Clade III-A
	AT1G79640.1
	MEKKKYPIGPEHYTLYEFIGQGVSALVHRALCIPFDEVVAIKILDFERDNCDLNNISREAQTMMLVDHPNVLKSHCSFVSDHNLWVIMPYMSGGSCLHILKAAYPDGFEEAIIATILREALKGLDYLHQHGHIHRDVKAGNILLGARGAVKLGDFGVSACLFDSGDRQRTRNTFVGTPCWMAPEVMEQLHGYDFKADIWSFGITGLELAHGHAPFSKYPPMKVLLMTLQNAPPGLDYERDKKFSRSFKQMIASCLVKDPSKRPSAKKLLKHSFFKQARSSDYIARKLLDGLPDLVNRVQAIKRKEEDMLAQEKMADGEKEELSQNEYKRGISGWNFNLDDMKAQASLIQDMDCGFSDSLSGSATSLQALDSQDTQSEIQEDTGQITNKYLQPLIHRSLSIARDKSDDDSSLASPSYDSYVYSSPRHEDLSLNNTHVGSTHANNGKPTDATSIPTNQPTEIIAGSSVLADGNGAPNKGESDKTQEQLQNGSNCNGTHPTVGGDDVPTEMAVKPPKAASSLDESDDKSKPPVVQQRGRFKVTSENLDIEKVVAPSPILQKSHSMQVLCQHSSASLPHSDVTLPNLTSSYVYPLVYPVLQTNILERDNILHMMKVLTNRELTDGRAVEQGSIQQPTVPPTEKSMLEAAHEREKELLHDITDLQWRLICAEEELQKYKTEHAQVSMSN

	AtMAP4K9
	Clade III-B
	AT1G23700.1
	MTSSPETRFPLVAKDYEILEEIGDGVYRARCILLDEIVAIKIWNLEKCTNDLETIRKEVHRLSLIDHPNLLRVHCSFIDSSSLWIVMPFMSCGSSLNIMKSVYPNGLEEPVIAILLREILKALVYLHGLGHIHRNVKAGNVLVDSEGTVKLGDFEVSASMFDSVERMRTSSENTFVGNPRRMAPEKDMQQVDGYDFKVDIWSFGMTALELAHGHSPTTVLPLNLQNSPFPNYEEDTKFSKSFRELVAACLIEDPEKRPTASQLLEYPFLQQTLSTEYLASTFLDGLSPLGERYRKLKEEKAKLVKGVDGNKEKVSQENVEALLMEPASLVNPVSCDTAQVLPILQNILIQNDIQRENVEALLTEPAILVNPVSCDTAQVLPIVQNILIQNDIQRKRLIGLMQLCDPTAGKFAVLSLEFASSLCYKFHDLILIFVQKSEFRLAIQKLGRYQQQRQIYCLRFTFCSRGNDKFHKL
	
	
	
	
	
	
	
	
	
	
	
	
	

	AtMAP4K10
	Clade III-D
	AT4G14480.1
	MARNKLEFPLDAEAYEIICKIGVGVSASVYKAICIPMNSMVVAIKAIDLDQSRADFDSLRRETKTMSLLSHPNILNAYCSFTVDRCLWVVMPFMSCGSLHSIVSSSFPSGLPENCISVFLKETLNAISYLHDQGHLHRDIKAGNILVDSDGSVKLADFGVSASIYEPVTSSSGTTSSSLRLTDIAGTPYWMAPEVVHSHTGYGFKADIWSFGITALELAHGRPPLSHLPPLKSLLMKITKRFHFSDYEINTSGSSKKGNKKFSKAFREMVGLCLEQDPTKRPSAEKLLKHPFFKNCKGLDFVVKNVLHSLSNAEQMFMESQILIKSVGDDDEEEEEEDEEIVKNRRISGWNFREDDLQLSPVFPATESDSSESSPREEDQSKDKKEDDNVTITGYELGLGLSNEEAKNQEGEVVGFDKDLVLEKLKVLKKSLEHQRARVSIIIEALSGDKEEKSREEELLEMVEKLKIELETEKLKTLRADKDSVLG
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	OsMAP4K1
	Clade III-C
	LOC_Os02g08240
	MEKGKRRGGSSSSSGPQAVARKRDQFPSRAKDYELLEPVGDGATAVVRRARCLPLGGEVVAVKIMNMSQRSEDDVNHASEEVKMMSTIDHDNLLGAYCSFTEGETLWIIMPYMAGGSCFHLMKSSYPKGFDEKFIAFVLRETLEGLAYLHRYALVHRDVKAGNILLDQHKGVKLADFGASASLYDPMINRHGKRKTLVGTPCWMAPEVMEQKEYDAKADIWSFGITALELAHGHAPFSTQPPAKVFLLTLQHAPPSLHNTKDKKFSKSFKQMIATCLMKDPSKRPTAQHLLELPFFKKVKFEDNVLKSVLNKLPSLGDRMQSIQENEAKLQAEKKPLDKCKEKASQDEYMRGVSEWNFDIEELKAQAALYPDENDGGEDEYLRFLFELDTICESAPIHDVQSRDYSKNENEKVFQICIL
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	OsMAP4K2
	Clade III-A
	LOC_Os02g54900
	MAKAWEKVATAAGLGGSGERRKYPIRVEDYELYEEIGQGVSAIVYRSLCKPLDEIVAVKVLDFERTNSDLNNIMREAQTMILIDQPNVMKAHCSFTNNHSLWVVMPYMAGGSCLHIMKSVYPDGFEEAVIATVLREVLKGLEYLHHHGHIHRDVKAGNILVDSRGVVKLGDFGVSACLFDSGDRQRARNTFVGTPCWMAPEVMEQLHGYDFKADIWSFGITALELAHGHAPFSKFPPMKVLLMTLQNAPPGLDYERDKKFSRHFKQMVAMCLVKDPSKRPTAKKLLKQPFFKQARSSDFISRKLLEGLPGLGARYLALKEKDEVLLSQKKMPDGQKEEISQDEYKRGISSWNFDMDDLKSQASLITECDDSISCKDSDASCFYDLDTILPERATGPHMSRVFSIKYDTDTEYINAQDYKRGTCKWPGQETQLHRNSKHQINIHNRDKCNGGPLQVADEPSPEAVPKVPKSSAANVEDHDDRSKPPLIQQRGRFKVTPGHVELDKAHSPGLQKSHSMQAISHLPSLSIPSSIEAASTIIGGSLYMQLYNVLQTNMLQREQILHAMKQLSGCDMAMTSPACIAPASRASSPSSALSIDRSLLEAAHEKEKELVNEITELQWRLVCSQDEIQRLKAKAAQI

	OsMAP4K3
	Clade III-C
	LOC_Os03g02320
	MVRSGSVRRTAASSSPAAAAVPTAFTASPGDYRLLEEVGYGANAVVYRAVFLPSNRTVAVKCLDLDRVNSNLDDIRKEAQTMSLIDHPNVIRAYCSFVVDHNLWVIMPFMSEGSCLHLMKVAYPDGFEEPVIASILKETLKALEYLHRQGHIHRDVKAGNILMDSPGIVKLGDFGVSACMFDRGDRQRSRNTFVGTPCWMAPEVLQPGAGYNFKADIWSFGITALELAHGHAPFSKYPPMKVLLMTLQNAPPGLDYDRDKRFSKSFKEMVAMCLVKDQTKRPTAEKLLKHSFFKNAKPPELTVKSILTDLPPLWDRVKALQLKDAAQLALKKMPSSEQEALSMSEYQRGVSAWNFDIEDLKAQASLIHDDDPPEIKEDVDNDRINEADKEPFSGNHFGQPKILSGKHFSEQTCVTAVSPGGNMHETSRGLVSEPGDADSERKVDGYRKQGSENESLPSTSKHDSEGQNSSSEVKQKERTCSGPILCSGVHNKSITESSRIFDREAAVKLASDKQKSCTKRTTNLSGPLALPTRASANSLSAPIRSSGGYVGSLGDKSKRSVVEIKGRFSVTSENVDLAKVQEVPTSGISRKLQEGSSLRKSASVGHWPVDAKPMSNSHQRKELCNGSVSASVLIPHLRNLVQQTTFQQDLITNLLSSLQQNEKADGKYFPLYLLKVFFAFIYD

	OsMAP4K4
	Clade III-D
	LOC_Os03g47470
	MAAAAGSVGGDDHHHHQQARYPLDAGSYRLLCKIGSGVSAVVYKAACVPLGSAVVAIKAIDLERSRANLDEVWREAKAMALLSHRNVLRAHCSFTVGSHLWVVMPFMAAGSLHSILSHGFPDGLPEQCIAVVLRDTLRALCYLHEQGRIHRDIKAGNILVDSDGSVKLADFGVSASIYETAPSTSSAFSGPINHAPPPSGAALSSSCFNDMAGTPYWMAPEVIHSHVGYGIKADIWSFGITALELAHGRPPLSHLPPSKSMLMRITSRVRLEVDASSSSSEGSSSAARKKKKFSKAFKDMVSSCLCQEPAKRPSAEKLLRHPFFKGCRSRDYDYLVRNVLDAVPTVEERCRDSTQLCGCARGARCVSPCRHASSGSNVVAAKNRRISGWNFNEESFELDPTDKPPEQQQQQPCFPFHHDNDDDMVEHEQEQRRRQDGNDGSSDVAVPHLVTILGSLEMQRDMVMQVLEGDGGGGGETAGREEMLVGYVRELEKRVQELSTEVEEEMARNAHLQELLHERACENHTDSSHTSGSR
	
	

	OsMAP4K5
	Clade II
	LOC_Os03g54780
	MAFSPRSPWSRSRKPDVYSTVVVHGDDDDDDARGGGGGGRHALAEDDEEEDPSSLPPLLQRLPKDFGGGASFDEYDDPYSSDLDDASLSATVVVKRGAPASTSASSRSPFLDLRRSSPRAAEVDPYSTFVVHGTARSGGASSPRESASGTFVRRSGGSSSPRESVSGTFIRRTGSPSSPHESISGTFIHHTSGASSPRDTAQGGGGFGSSFWSPAVGQSEELRQPALLVQQQHQQQQNSRRKPSVSSVPESVTREDPSTKYELLHELGKGSYGAVYKARDLRTQELVAIKIISLTEGEEGYEDIRGEIEMLQQCSHPNVVRYFGSYQGEEYLWIVMEYCGGGSVADLIGITEEPLDESQIAYICREALKGLAYLHSIFKVHRDIKGGNILLTEQGEVKLGDFGVAAQLTRTMSKRNTFIGTPHWMAPEVIQESRYDGKVDVWALGVSAIEMAEGMPPRSTVHPMRVIFMISSEPAPMLEDKEKWSLLFHDFIAKCLTKDPRLRPAASEMLKHKFIEKCNPGASKMLAKIKEAKKIRAKVAAETELSGPDSDATVRINDDFGETVPTNPQQQTNHETYDGGAGDFGTMIVHPEDGDEVDESPIFPSSEFIPGLGSINSFTHDPKRAELISNFWAENTADIEANKEQYLDEHPDMQEAKTMPPSTGTVKKLKVAEGTMPRHGNQVSSASPGVASTMTKLNSSPSRKAFSVQDKLWSIYAAGNTVPIPFLKAIDISPLALVSDSVVGNGLAGSNRTDALEAVRELFSGDGQTKKGRKGQNEVPLPPGVHHRLTTSPTLMNLAQALAYHKTCYEDMPLQDSQATQEQQTIQNLCDTLRTILRL

	OsMAP4K6
	Clade III-B
	LOC_Os06g29120
	MEHARRFPTDPKEYKLCEEVGDGVSATVYKALCIPLNIEVAIKVLDLEKCSNDLDGIRREVQTMSLIDHPNLLRAYCSFTNGHQLWVIMPYMAAGSALHIMKTSFPDGFEEPVIATLLREVLKALVYLHSQGHIHRDVKAGNILIDTNGAVKLGDFGVSACMFDTGNRQRARNTFVGTPCWMAPEVMQQLHGYDYKADIWSFGITALELAHGHAPFSKYPPMKVLLMTLQNAPPGLDYERDKRFSKSFKDLVATCLVKDPRKRPSSEKLLKHSFFKHARTAEFLARSILDGLPPLGERFRTLKGKEADLLLSNKLGSESKEQLSQKEYIRGISGWNFNLEDLKNAAALIDNTNGTCHLDGVNSKFKDGLQEANEPENIYQGRANLVASARPEDEIQEVEDLDGALASSFPSRPLEALKSCFDVCGDDDPPTATDLREQPNMESTSPMQQFQQIENHKSANCNGESLERSASVPSNLVNSGSHKFLSGSLIPEHVLSPYRNVGNDPARNECHQKNTCNRNRSGPLFRQMKDPRAHLPVEPEEQSEGKVIQRRGRFQVTSDSIAQKVASSASSSRCSNLPIGVTRSTVHPSTILPTLQFMIQQNTMQKEVISRLISSIEEISDAADASTTGSSQPSGVHFREKELQSYIANLQQSVTELAEEVQRLKLKNTQLEEQINALPKKDERLRREDTRQQ

	OsMAP4K7
	Clade III-C
	LOC_Os10g37480
	MGRNGSVKRTSSSGAAAAFTANPRDYQLMEEVGYGAHAVVYRALFVPRNDVVAVKCLDLDQLNNNIDEIQREAQIMSLIEHPNVIRAYCSFVVEHSLWVVMPFMTEGSCLHLMKIAYPDGFEEPVIGSILKETLKALEYLHRQGQIHRDVKAGNILVDNAGIVKLGDFGVSACMFDRGDRQRSRNTFVGTPCWMAPEVLQPGTGYNFKADIWSFGITALELAHGHAPFSKYPPMKVLLMTLQNAPPGLDYDRDRRFSKSFKEMVAMCLVKDQTKRPTAEKLLKHSFFKNAKPPELTMKGILTDLPPLWDRVKALQLKDAAQLALKKMPSSEQEALSMSEYQRGVSAWNFDVEDLKAQASLIRDDEPPEIKEDDDTARTIEVEKDSFSRNHLGKSSSTIENFFSGRTSTTAANSDGKGDFSFEAFDFGENNVDTKIMPNGYENARSENSSSPSTSKQDPESKYWRSTSGQKQQTSGTPAVHSGGVNSSTTEKGHGVERDATVQLASDKLRTETRRATNLSGPLSLPTRASANSLSAPIRSSGGYVDSLGDKSKRNVVEIKGRFSVTSENVDLAKVQEVPLSSLSRKSPQASPLKKSASVGDWLVNTKPMSNSHHVKELCNSSVSSSILIPHLENLVKQTMFQQDLIMNVLSSLQQNEKVDGVLSGISPQLRNTDSDTMVGSVNSEKERSLLVKISELQSRMITLTDELIAAKLKHVQLQQELNALYCREEIEDIRDDDNEET



Table S4.  Ka/Ks analysis of duplicated StMAPKKKK gene pairs in potato.
	Gene name 1
	Gene name 2
	Type of duplication
	Ka
	Ks
	Ka/Ks

	StMAPKKKK2
	StMAPKKKK5
	Segmental Duplication
	0.1499484
	0.53425025
	0.280670707

	StMAPKKKK7
	StMAPKKKK8
	Segmental Duplication
	0.1072673
	0.52623078
	0.203840741



Table S5. Comparative analysis of syntenic gene pairs among Solanum tuberosum, Arabidopsis thaliana, and Oryza sativa
	Serial Number
	ID of Syntenic Gene 1 (Arabidopsis thaliana or Oryza sativa)
	ID of Syntenic Gene 2 (Solanum tuberosum)

	1
	AT1G70430.3.
	Soltu.DM.02G032970.1

	2
	AT5G14720.1.
	Soltu.DM.02G032970.1

	3
	AT4G14480.1.
	Soltu.DM.06G014720.1

	4
	AT1G53165.3.
	Soltu.DM.07G024090.1

	5
	AT3G15220.1.
	Soltu.DM.07G024090.1

	6
	AT4G24100.4.
	Soltu.DM.08G029960.1

	7
	AT4G10730.1.
	Soltu.DM.08G029960.1

	8
	AT4G10730.1.
	Soltu.DM.08G005170.1

	9
	LOC_Os02g54900.1
	Soltu.DM.06G024430.1

	10
	LOC_Os10g37480.1
	Soltu.DM.08G029960.1



Table S6. Statistical results of cis-regulatory elements in the promoter region of StMAPKKKKs in potato. 
	Gene name      
	auxin-responsive element
	part of a module for light response
	part of a conserved DNA module involved in light responsiveness
	cis-acting regulatory element involved in light responsiveness
	cis-acting regulatory element involved in the MeJA-responsiveness
	core promoter element around -30 of transcription start
	cis-acting regulatory element essential for the anaerobic induction
	cis-acting regulatory element involved in the MeJA-responsiveness
	common cis-acting element in promoter and enhancer regions
	cis-acting regulatory element related to meristem expression
	part of a conserved DNA module involved in light responsiveness
	part of a light responsive element
	part of a light responsive element
	MYB binding site involved in drought-inducibility
	MYB binding site involved in light responsiveness
	cis-acting element involved in the abscisic acid responsiveness
	part of a light responsive element
	part of a light responsive element
	binding site of AT-rich DNA binding protein (ATBP-1)
	enhancer-like element involved in anoxic specific inducibility
	cis-acting element involved in low-temperature responsiveness
	MYB binding site involved in flavonoid biosynthetic genes regulation
	part of a light responsive element
	cis-acting element involved in salicylic acid responsiveness
	cis-acting element involved in light responsiveness
	wound-responsive element
	light responsive element
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1.3 Supplementary Data 1
1.3.1 Investigation of biochemical and physiological indicators 
Antioxidant enzyme activity determination 

Enzyme extraction and assays. Frozen leaf tissue (200 mg FW) was homogenised at 4 °C in 4 mL of ice-cold 50 mM potassium phosphate buffer (pH 7.0) containing 2 mM Na₂-EDTA, 2 mM ascorbate (to stabilise APX) and 1% (w/v) insoluble PVPP (pre-swollen and washed). The homogenate was filtered through four layers of Miracloth and centrifuged at 15,000 × g for 20 min at 4 °C. Supernatants were aliquoted, snap-frozen, and stored at −80 °C; each aliquot was thawed once only. Soluble protein was determined by the Bradford (1976) method with BSA as standard, and all activities are expressed as specific activity (U mg⁻¹ protein). Assays were run at 25 °C in 1-cm path-length quartz cuvettes on a TU-1901 double-beam UV–Vis spectrophotometer (Beijing Purkinje General Instrument Co., Ltd., Beijing, China) equipped with a thermostatted cell holder connected to a circulating water bath, using three independently prepared extracts, each read in triplicate; the initial linear rate (first 30–60 s) was used for all calculations. APX was assayed within 24 h of extraction.
1.3.1.1 APX activity

APX (EC 1.11.1.11) was assayed following Nakano and Asada (1981). The 1 mL reaction contained 875 µL of 50 mM potassium phosphate (pH 7.0) with 1 mM Na₂-EDTA, 50 µL of 10 mM sodium ascorbate (final 0.5 mM), 25 µL of extract, and 50 µL of 2 mM H₂O₂ (final 0.1 mM) to start the reaction. The decrease in A₂₉₀ was recorded for 60 s and corrected against a blank without H₂O₂. Activity was calculated using ε = 2.8 mM⁻¹ cm⁻¹; one unit oxidises 1 µmol ascorbate min⁻¹.
1.3.1.2 CAT activity
CAT (EC 1.11.1.6) was assayed following Aebi (1984). The 3 mL reaction contained 2,670 µL of 50 mM potassium phosphate (pH 7.0), 30 µL of extract, and 300 µL of 100 mM H₂O₂ (final 10 mM; initial A₂₄₀ ≈ 0.39), which started the reaction. The decrease in A₂₄₀ was recorded for 60 s against an enzyme-free blank. The H₂O₂ stock concentration was verified spectrophotometrically before use. Activity was calculated using ε = 39.4 M⁻¹ cm⁻¹ (0.0394 mM⁻¹ cm⁻¹); one unit decomposes 1 µmol H₂O₂ min⁻¹.
1.3.1.3 SOD activity
SOD (EC 1.15.1.1) was assayed by inhibition of NBT photoreduction (Giannopolitis and Ries 1977). A reaction mixture was prepared in 50 mM potassium phosphate (pH 7.8) containing 0.1 mM Na₂-EDTA, 13 mM methionine and 75 µM NBT. Each 3 mL assay contained 2,700 µL of this mixture, an aliquot of extract (10–200 µL, adjusted so that inhibition fell within the linear range of 30–70%) and buffer to 2,800 µL; the reaction was started by adding 200 µL of 30 µM riboflavin (final 2 µM) last, under dim light. Tubes were illuminated at 4,000 lux and 25 °C for 20 min​ and then transferred to darkness, and A₅₆₀ was read against a non-illuminated blank. Illumination time was fixed in a pilot experiment so that the absorbance of the enzyme-free, illuminated control reached 0.3–0.8. One unit is the amount of enzyme causing 50% inhibition of NBT reduction, derived from the linear portion of the inhibition-versus-extract-volume curve.
1.3.1.4 POD activity

POD (EC 1.11.1.7) was assayed with guaiacol following Maehly and Chance (1954). The 3 mL reaction contained 2,760 µL of 50 mM potassium phosphate (pH 7.0), 100 µL of 0.6 M guaiacol (final 20 mM), 40 µL of extract, and 100 µL of 300 mM H₂O₂ (final 10 mM) to start the reaction. The increase in A₄₇₀ was recorded for 60 s against an extract-free blank. Activity was calculated using ε = 26.6 mM⁻¹ cm⁻¹ for tetraguaiacol; one unit forms 1 µmol tetraguaiacol min⁻¹.
1.3.1.5 H2O2 Content 
 
H₂O₂ content was determined using the potassium iodide (KI) method of Velikova et al. (2000), as applied by Loreto and Velikova (2001). Fresh leaf tissue (0.5 g), sampled from the same leaves used for ion analysis but processed separately without drying, was homogenized in 5 mL of ice-cold 0.1% (w/v) trichloroacetic acid (TCA). The homogenate was centrifuged at 12,000 × g for 15 min at 4 °C. The reaction mixture contained 0.5 mL of supernatant, 0.5 mL of 10 mM potassium phosphate buffer (pH 7.0), and 1.0 mL of 1 M KI (final volume 2.0 mL). After incubation in the dark at 25 °C for 20 min, absorbance was recorded at 390 nm against a reagent blank in which the supernatant was replaced by 0.5 mL of 0.1% (w/v) TCA, using a TU-1901 double-beam UV–Vis spectrophotometer (Beijing Purkinje General Instrument Co., Ltd., Beijing, China) with 1-cm path-length quartz cuvettes. H₂O₂ concentration in the reaction mixture was calculated from the blank-corrected absorbance, and tissue H₂O₂ content was obtained as
H₂O₂ (μmol g⁻¹ FW) = A₃₉₀ × Vrxn × Vext / (ε₃₉₀ × l × Vsup × m)
where Vrxn = 2.0 mL, Vext = 5.0 mL, Vsup = 0.5 mL, m = 0.5 g FW and l = 1 cm. This reduces to H₂O₂ (μmol g⁻¹ FW) = 40 × A₃₉₀ / ε₃₉₀ (with ε₃₉₀ in mM⁻¹ cm⁻¹).
1.3.1.6 MDA Content 

Malondialdehyde (MDA) content was determined by the thiobarbituric acid (TBA) reaction, with correction for soluble-sugar interference (Heath and Packer 1968; Hodges et al. 1999). Fresh leaf tissue (0.2 g) was homogenized in 5 mL of ice-cold 10% (w/v) trichloroacetic acid (TCA) and centrifuged at 12,000 × g for 10 min at 4 °C. An aliquot of the supernatant (2 mL) was mixed with 2 mL of 0.6% (w/v) TBA prepared in 10% (w/v) TCA (final volume 4 mL). The mixture was incubated in a boiling water bath (100 °C) for 15 min, cooled immediately in an ice bath, and centrifuged at 12,000 × g for 10 min at 4 °C. Absorbance of the supernatant was recorded at 450, 532 and 600 nm in 1-cm path-length glass cuvettes on a TU-1901 double-beam UV–Vis spectrophotometer (Beijing Purkinje General Instrument Co., Ltd., Beijing, China), against a reagent blank in which the extract was replaced by 2 mL of 10% (w/v) TCA and which was carried through the identical heating and centrifugation procedure. The MDA concentration in the reaction mixture was calculated by the dual-wavelength procedure as:
CMDA (μmol L⁻¹) = 6.45 (A₅₃₂ − A₆₀₀) − 0.56 A₄₅₀
where 6.45 = 1000/ε₅₃₂, with ε₅₃₂ = 155 mM⁻¹ cm⁻¹ for the MDA–TBA2 adduct; the first difference corrects for non-specific turbidity and the second term for the sucrose–TBA chromophore. Because the 2 mL aliquot was diluted to 4 mL in the assay, the tissue MDA content was obtained as:
MDA (μmol g⁻¹ FW) = CMDA × Vrxn × 10⁻³ × Vext / (Valiquot × m) = CMDA × 4 × 10⁻³ × 5 / (2 × 0.2) = 0.05 × CMDA
where Vrxn = 4 mL, Valiquot = 2 mL, Vext = 5 mL (the volume of TCA added, assuming quantitative recovery of the extract) and m = 0.2 g FW; results are also reported as nmol g⁻¹ FW (50 × CMDA).
1.3.1.7 Proline Content 
Free proline content was determined by the acid-ninhydrin method of Bates et al. (1973) with minor modifications. Fresh leaf tissue (0.2 g) was homogenized in 5 mL of 3% (w/v) sulfosalicylic acid, and the homogenate was extracted in capped tubes in a boiling water bath at 100 °C for 10 min. After cooling to room temperature, the homogenate was centrifuged at 12,000 × g for 10 min and the supernatant was collected. An aliquot of the supernatant (2 mL) was mixed sequentially with 2 mL of glacial acetic acid and 3 mL of 2.5% (w/v) acid ninhydrin reagent [ninhydrin dissolved in a glacial acetic acid–6 M phosphoric acid mixture (3:2, v/v); freshly prepared and stored in an amber bottle at 4 °C in the dark]. The reaction mixture was incubated in a boiling water bath at 100 °C for 40 min and the reaction was then terminated in an ice bath. Toluene (4 mL) was added, and the tubes were stoppered and shaken vigorously; after phase separation (assisted by centrifugation at 3,000 × g for 5 min), the upper toluene layer was collected, and its absorbance was measured at 520 nm against a toluene blank using a TU-1901 double-beam UV–Vis spectrophotometer (Beijing Purkinje General Instrument Co., Ltd., Beijing, China). Proline was quantified against a calibration curve prepared from L-proline standards (0–40 μg per tube, r² ≥ 0.999), which were subjected to exactly the same procedure as the samples. Proline content was calculated as:
Proline (μg g⁻¹ FW) = X × Vext / (Valiq × m) = X × 5 / (2 × 0.2) = 12.5 X 
where X is the amount of proline (μg) in the 2 mL aliquot obtained from the calibration curve, Vext = 5 mL, Valiq = 2 mL and m = 0.2 g FW; results are also expressed as μmol g⁻¹ FW (12.5 X / 115.13).
1.3.1.8 Total chlorophyll content
Total chlorophyll content in potato leaves was examined using the commercial chlorophyll assay kit according to the manufacturer’s instructions (Item No Cat#BC0990; Solarbio, Beijing, China). Fresh potato leaves were collected and washed in distilled water. After draining the surface of the leaves, the midrib of the leaves was removed and cut into pieces. Approximately 100 mg of leaves were weighed and ground thoroughly in 1 mL of water in the dark, which was then entirely transferred into a 10-mL volumetric flask, diluted with water to volume, and mixed. The volumetric flask was maintained in the dark for 3 h. The absorbance of the supernatant was measured at a wavelength of 663 nm and 645 nm using a spectrophotometer model (Perkin Elmer, Shelton, CT, USA).
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