Additional file 4 The amino acid sequences of MAPK cascade members in B. distachyon,

Arabidopsis and O. sativa.

Gene name

Amino acid sequences

AtMPK1

AtMPK2

AtMPK3

AtMPK4

AtMPKS5

AtMPK6

AtMPK7

AtMPK8

AtMPK9

AtMPK10

AtMPK11

MATLVDPPNGIRNEGKHYFSMWQTLFEIDTKYMPIKPIGRGAYGVVCSSVNSDTNEKVAIKKIHNVYENRIDALRTLRELKLLRHLRHE
NVIALKDVMMPIHKMSFKDVYLVYELMDTDLHQIIKSSQRLSNDHCQYFLFQLLRGLKYIHSANILHRDLKPGNLLVNANCDLKICDF
GLARASNTKGQFMTEYVVTRWYRAPELLLCCDNYGTSIDVWSVGCIFAELLGRKPIFQGTECLNQLKLIVNIIGSQREEDLEFIVNPKA
KRYIRSLPYSPGMSLSRLYPCAHVLAIDLLQKMLVFDPSKRISASEALQHPYMAPLYDPNANPPAQVPIDLDVDEDLREEMIREMIWNE
MLHYHPQASTLNTEL

MATPVDPPNGIRNQGKHYFSMWQTLFEIDTKYMPIKPIGRGAYGVVCSSVNRESNERVAIKKIHNVFENRIDALRTLRELKLLRHLRHE
NVVALKDVMMANHKRSFKDVYLVYELMDTDLHQIIKSSQVLSNDHCQYFLFQLLRGLKYIHSANILHRDLKPGNLLVYNANCDLKICD
FGLARTSNTKGQFMTEYVVTRWYRAPELLLCCDNYGTSIDVWSVGCIFAELLGRKPVFPGTECLNQIKLIINILGSQREEDLEFIDNPKA
KRYIESLPYSPGISFSRLYPGANVLAIDLLQKILVLDPSKRISVTEALQHPYMAPLYDPSANPPAQVPIDLDVDEDEDLGAEMIRELMWK

EMIHYHPEAATINNNEVSEF

MNTGGGQYTDFPAVDTHGGQFISYDIFGSLFEITSKYRPPIIPIGRGAYGIVCSVLDTETNELVAMKKIANAFDNHMDAKRTLREIKLLRH
LDHENIIAIRDVVPPPLRRQFSDVYISTELMDTDLHQIIRSNQSLSEEHCQYFLYQLLRGLKYIHSANIIHRDLKPSNLLLNANCDLKICDF
GLARPTSENDFMTEYVVTRWYRAPELLLNSSDYTAAIDVWSVGCIFMELMNRKPLFPGKDHVHQMRLLTELLGTPTESDLGFTHNED
AKRYIRQLPNFPRQPLAKLFSHVNPMAIDLVDRMLTFDPNRRITVEQALNHQYLAKLHDPNDEPICQKPFSFEFEQQPLDEEQIKEMIYQ
EAIALNPTYG

MSAESCFGSSGDQSSSKGVATHGGSYVQYNVYGNLFEVSRKYVPPLRPIGRGAYGIVCAATNSETGEEVAIKKIGNAFDNIIDAKRTLRE
IKLLKHMDHENVIAVKDIIKPPQRENFNDVYIVYELMDTDLHQIIRSNQPLTDDHCRFFLYQLLRGLKYVHSANVLHRDLKPSNLLLNA
NCDLKLGDFGLARTKSETDFMTEYVVTRWYRAPELLLNCSEYTAAIDIWSVGCILGETMTREPLFPGKDYVHQLRLITELIGSPDDSSL

GFLRSDNARRYVRQLPQYPRQNFAARFPNMSAGAVDLLEKMLVFEPSRRITVDEALCHPYLAPLHDINEEPVCVRPENFDFEQPTLTEE

NIKELIYRETVKFNPQDSV

MAKEIESATDLGDTNIKGVLVHGGRYFQYNVYGNLFEVSNKYVPPIRPIGRGAYGFVCPAVDSETHEEIAIKKIGKAFDNKVDAKRTLR
EIKLLRHLEHENVVVIKDIIRPPKKEDFVDVYIVFELMDTDLHQIIRSNQSLNDDHCQYFLYQILRGLKYIHSANVLHRDLKPSNLLLNS

NCDLKITDFGLARTTSETEYMTEYVVTRWYRAPELLLNSSEYTSAIDVWSVGCIFAEIMTREPLFPGKDYVHQLKLITELIGSPDGASLE
FLRSANGGKYVKELPKFPRQNFSARFPSMNSTAIDLLEKMLVFDPVKRITVEEALCYPYLSALHDLNDEPVCSNHFSFHFEDPSSTEEEI

KELVWLESVKFNPLPSI

MDGGSGQPAADTEMTEAPGGFPAAAPSPQMPGIENIPATLSHGGRFIQYNIFGNIFEVTAKYKPPIMPIGKGAYGIVCSAMNSETNESVAI
KKIANAFDNKIDAKRTLREIKLLRHMDHENIVAIRDIIPPPLRNAFNDVY IAYELMDTDLHQIIRSNQALSEEHCQYFLYQILRGLKYIHS

ANVLHRDLKPSNLLLNANCDLKICDFGLARVTSESDFMTEYVVTRWYRAPELLLNSSDYTAAIDVWSVGCIFMELMDRKPLFPGRDH

VHQLRLLMELIGTPSEEELEFLNENAKRYIRQLPPYPRQSITDKFPTVHPLAIDLIEKMLTFDPRRRITVLDALAHPYLNSLHDISDEPECT
IPENFDFENHALSEEQMKELIYREALAFNPEYQQ

MAMLVEPPNGIKQQGKHYYSMWQTLFEIDTKYVPIKPIGRGAYGVVCSSINRETNERVAIKKIHNVFENRVDALRTLRELKLLRHVRHE
NVIALKDVMLPANRTSFKDVYLVYELMDTDLHQIKSSQSLSDDHCKYFLFQLLRGLKYLHSANILHRDLKPGNLLVNANCDLKICDF
GLARTSQGNEQFMTEYVVTRWYRAPELLLCCDNYGTSIDVWSVGCIFAEILGRKPIFPGTECLNQLKLIINVVGSQQESDIRFIDNPKAR
RFIKSLPYSRGTHLSNLYPQANPLAIDLLQRMLVFEPTKRISVTDALLHPYMAGLFEPGTNPPAHVPISLDIDENMEEPVIREMMWNEML
YYHPEAEILNA

MGGGGNLVDGVRRWLFQRPSSSSSSSSSNNNNNNHEQPIFNSSSFSSSSNPNHSANSGELIIEEDLDFSGLTLINVPKRNHLPMDPHKKG
ETEFFTEYGEANRYQIQEVVGKGSYGVVASAVDSHTGERVAIKKINDVFEHVSDATRILREIKLLRLLRHPDVVEIKHIMLPPSRREFPHI
YVVFELMESDLHQVIKANDDLTPEHYQFFLYQLLRGLKYVHAANVFHRDLKPKNILANADCKLKICDFGLARVSFNDAPTAIFWTDYV
ATRWYRAPELCGSFFSKY TPAIDIWSVGCIFAEMLLGKPLFPGKNVVHQLDLMTDFLGTPPPESISRIRNEKARRYLSSMRKKQPVPFSH
KFPKAEPLALRLLERLLAFDPKDRASAEDALADPYFSGLSNSEREPTTQPISKLEFDFERKKLVKDDVRELLYREILEYHPQMLEEYLRG
GDQLSFMYPSGVDRFKRQFAHLEENQGKPVAAGGGRSTALHRHHASLPRERVPAPNGETAEESSDVERRAAAAVASTLESEEQTMEEV
TVLVTS

MDPHKKVALETEFFTEYGEASRYQIQEVIGKGSYGVVASAIDTHSCEKVAIKKSNDVFEHVSDATRILREIKLLRLLRHPDIVEIKHVML
PPSRRDFRDIYVVFELMESDLHQVIKANDDLTPEHYQFFLYQLLRGLKFIHTANVFHRDLKPKNILANSDCKLKICDFGLARVSFNDAPS
AIFWTDYVANRWYRAPELCGSFFSKYTPAIDIWSIGCIFAEMLTGKPLFPGKNVVHQLDIMTDLLGTPPPEAIARIRNEKARRYLGNMRR
KPPVPFTHKFPHVDPLALRLLHRLLAFDPKDRPSAEEALADPYFYGLANVDREPSTQPIPKLEFEFERRKLTKEDVRELIYREILEYHPQ
MLQEYLRGGEQTSFMYPSGVDRFKRQFAHLEENYGKGEKGSPLQRQHASLPRERVPAPKKENGSHNHDIENRSIASLVTTLESPPTSQH
EGSDYRNGTSQQGYSARSLLKSASISASKCIGMKPRNKSEYGESNNDTVDALSQKVAALHT

MEPTNDAETLETQGEVTTAIWPSSQILKTTIDIPGTLSHDGRYIQYNLFGHIFELPAKYKPPIRPIGRGACGIVCSAVDSETNEKVAIKKITQ
VFDNTIEAKRTLREIKLLRHFDHENIVAIRDVILPPQRDSFEDVYIVNELMEFDLYRTLKSDQELTKDHGMYFMYQILRGLKYIHSANVL

HRDLKPSNLLLSTQCDLKICDFGLARATPESNLMTEYVVTRWYRAPELLLGSSDYTAAIDVWSVGCIFMEIMNREPLFPGKDQVNQLR

LLLELIGTPSEEELGSLSEYAKRYIRQLPTLPRQSFTEKFPNVPPLAIDLVEKMLTFDPKQRISVKEALAHPYLSSFHDITDEPECSEPFNFD
LDEHPFSEEQFRELIYCEALAFNPETSND

MSIEKPFFGDDSNRGVSINGGRYVQYNVYGNLFEVSKKYVPPLRPIGRGASGIVCAAWNSETGEEVAIKKIGNAFGNIIDAKRTLREIKL



AtMPK12

AtMPK13

AtMPK14

AtMPK15

AtMPK16

AtMPK17

AtMPK18

AtMPK19

AtMPK20

LKHMDHDNVIAIIDIIRPPQPDNFNDVHIVYELMDTDLHHIIRSNQPLTDDHSRFFLYQLLRGLKYVHSANVLHRDLKPSNLLLNANCDL
KIGDFGLARTKSETDFMTEYVVTRWYRAPELLLNCSEYTAAIDIWSVGCILGEIMTREPLFPGRDYVQQLRLITELIGSPDDSSLGFLRSD
NARRYVRQLPQYPRQNFAARFPNMSVNAVDLLQKMLVFDPNRRITVDEALCHPYLAPLHEYNEEPVCVRPFHFDFEQPSLTEENIKELI
YRESVKFNP

MDLVSSRDTLGDPSTSTKALLLGFSRSRSDHCIIMSGESSSGSTEHCIKVVPTHGGRYVQYNVYGQLFEVSRKYVPPIRPIGRGACGIVC

AAVNSVTGEKVAIKKIGNAFDNIIDAKRTLREIKLLRHMDHENVITIKDIVRPPQRDIFNDVYIVYELMDTDLQRILRSNQTLTSDQCRFL
VYQLLRGLKYVHSANILHRDLRPSNVLLNSKNELKIGDFGLARTTSDTDFMTEYVVTRWYRAPELLLNCSEYTAAIDIWSVGCILGEIM
TGQPLFPGKDYVHQLRLITELVGSPDNSSLGFLRSDNARRYVRQLPRYPKQQFAARFPKMPTTAIDLLERMLVFDPNRRISVDEALGHA

YLSPHHDVAKEPVCSTPFSFDFEHPSCTEEHIKELIYKESVKFNPDH

MEKREDGGILTYDGRYVMYNVLGNIFELSSKYIPPIEPIGRGAYGIVCCATNSETNEEVAIKKIANAFDNRVDAKRTLREIKLLSHMDHD
NVIKIKDIELPEKERFEDVYIVYELMDTDLHQIIRSTQTLTDDHCQYFLYQILRGLKYIHSANVLHRDLKPSNLVLNTNCDLKICDFGLA
RTSNETEIMTEYVVTRWYRAPELLLNSSEYTGAIDIWSVGCIFMEILRRETLFPGKDYVQQLKLITELLGSPDDSDLDFLRSDNARKYV

KQLPHVQKQSFREKFPNISPMALDLAEKMLVFDPSKRITVDEALKQPYLASLHEINEEPTCPTPFSFDFEETALDEQDIKELVWRESLHF
KNM

MAMLVDPPNGIRQEGKHYYTMWQTLFEIDTKYVPIKPIGRGAYGVVCSSINSETNERVAIKKIHNVFENRIDALRTLRELKLLRHVRHE
NVISLKDVMLPTHRYSFRDVYLVYELMDSDLNQIIKSSQSLSDDHCKYFLFQLLRGLKYLHSANILHRDLKPGNLLVYNANCDLKICDFG
LARTYEQFMTEYVVTRWYRAPELLLCCDNYGTSIDVWSVGCIFAEILGRKPIFPGTECLNQLKLIINVVGSQQDWDLQFIDNQKARRFI
KSLPFSKGTHFSHIYPHANPLAIDLLQRMLVFDPTKRISVSDALLHPYMEGLLEPECNPSENVPVSSLEIDENMEGDMIREMMWEEMLH
YLPRA

MGGGGNLVDGVRRWLFFQRRPSSSSSSNNHDQIQNPPTVSNPNDDEDLKKLTDPSKLRQIKVQQRNHLPMEKKGIPNAEFFTEYGEAN
RYQIQEVVGKGSYGVVGSAIDTHTGERVAIKKINDVFDHISDATRILREIKLLRLLLHPDVVEIKHIMLPPSRREFRDVYVVFELMESDLH
QVIKANDDLTPEHHQFFLYQLLRGLKYVHAANVFHRDLKPKNILANADCKLKICDFGLARVSFNDAPTAIFWTDYVATRWYRAPELCG
SFFSKYTPAIDIWSVGCIFAEMLLGKPLFPGKNVVHQLDIMTDFLGTPPPEAISKIRNDKARRYLGNMRKKQPVPFSKKFPKADPSALRL
LERLIAFDPKDRPSAEEALADPYFNGLSSKVREPSTQPISKLEFEFERKKLTKDDIRELIYREILEYHPQMLEEYLRGGNQLSFMYPSGVD
RFRRQFAHLEENQGPGGRSNALQRQHASLPRERVPASKNETVEERSNDIERRTTAAVASTLDSPKASQQAEGTENGGGGGYSARNLMK
SSSISGSKCIGVQSKTNIEDSIVEEQDETVAVKVASLHNS

MQPDHRKKSSVEVDFFTEYGEGSRYRIEEVIGKGSYGVVCSAYDTHTGEKVAIKKINDIFEHVSDATRILREIKLLRLLRHPDIVEIKHIL

LPPSRREFRDIYVVFELMESDLHQVIKANDDLTPEHYQFFLYQLLRGLKYIHTANVFHRDLKPKNILANADCKLKICDFGLARVAFNDT

PTAIFWTDYVATRWYRAPELCGSFFSKYTPAIDIWSIGCIFAELLTGKPLFPGKNVVHQLDLMTDMLGTPSAEAIGRVRNEKARRYLSSM
RKKKPIPFSHKFPHTDPLALRLLEKMLSFEPKDRPTAEEALADVYFKGLAKVEREPSAQPVTKLEFEFERRRITKEDVRELIYRESLEYH

PKMLKEYLDGSEPTNFMYPSAVEHFKKQFAYLEEHYKNGTSHNPPERQQHASLPRACVLYSDNNHPVAQQSSAEVTDGLSKCSIRDER
PRGADRNAQMPMSRIPINVPQTIQGAAVARPGKVVGSVLRYNNCGAATGVEALEQQQRRMVRNPAAASQYPKRTQPCKSNRGDEDC

ATAAEGPSRLKPNTQYIPQKVSAAQDTAMSRWY

MLEKEFFTEYGEASQYQIQEVVGKGSYGVVASAECPHTGGKVAIKKMTNVFEHVSDAIRILREIKLLRLLRHPDIVEIKHIMLPPCRKEF
KDIYVVFELMESDLHHVLKVNDDLTPQHHQFFLYQLLRGLKFMHSAHVFHRDLKPKNILANADCKIKICDLGLARVSFTDSPSAVFWT
DYVATRWYRAPELCGSFYSNYTPAIDMWSVGCIFAEMLTGKPLFPGKNVVHQLELVTDLLGTPSPITLSRIRNEKARKYLGNMRRKDP

VPFTHKFPNIDPVALKLLQRLIAFDPKDRPSAEEALADPYFQGLANVDYEPSRQPISKLEFEFERRKLTRDDVRELMYREESLKTFFFVL

FLDMKQILEYHPQMLQEYLQGEENINSHFLYPRESVSYFGESILISSGVDQFKQEFARLEEHNDDEEEHNSPPHQRKYTSLPRERVCSSE

DEGSDSVHAQSSSASVVFTPPQTPNTATGLSSQKASQVDKAATPVKRSACLMRSDSICASRCVGVSSAVS

MEFFTEYGDANRYRILEVIGKGSYGVVCAAIDTHTGEKVAIKKINDVFEHISDALRILREVKLLRLLRHPDIVEIKSIMLPPSKREFKDIY
VVFELMESDLHQVIKANDDLTREHHQFFLYQMLRALKFMHTANVYHRDLKPKNILANANCKLKVCDFGLARVAFNDTPTTVFWTDY
VATRWYRAPELCGSFFSKY TPAIDVWSIGCIFAEVLTGKPLFPGKSVVHQLELITDLLGTPKSETISGVRNDKARKYLTEMRKKNPVTFS
QKFSKADPLALRLLQRLLAFDPKDRPTPAEALADPYFKGLSKIEREPSSQQISKMEFEFERRRLTKDDIRELIYREILEYHPQLLKDYMSG
SEGSNFVYPSAIGHLRQQFTYLEENSSRNGPVIPLERKHASLPRSTVHSTVVHSTSQPNLGATDSRRVSFEPSKNGASSAGHPSTSAYPTK
SIGPPPRVPPSGRPGRVVESSVSYENGRNLKEAYFRSAVSSPHCYFRPNTMTNPENRNIEASSFPPKPQNPVHQFSPTEPPAATTNQADVE
TMNHPNPYFQPQLPKTDQLNNNTHMAIDAKLLQAQSQFGPAGAAAVAVAAHRNIGTISYSAAS

MQKTQEKKNMKEMEFFTEYGDANRYRILEVIGKGSYGVVCAAIDTQTGEKVAIKKINDVFEHVSDALRILREVKLLRLLRHPDIVEIKS
IMLPPSKREFKDIYVVFELMESDLHQVIKANDDLTREHHQFFLYQMLRALKYMHTANVYHRDLKPKNILANANCKLKVCDFGLARVS
FNDTPTTVFWTDYVATRWYRAPELCGSFCSKY TPAIDIWSIGCIFAEVLTGKPLFPGKSVVHQLDLITDLLGTPKSETIAGVRNEKARKY

LNEMRKKNLVPFSQKFPNADPLALRLLQRLLAFDPKDRPTAAEALADPYFKCLAKVEREPSCQPISKMEFEFERRRLTKDDIRELIYREI

LEYHPQLLKDYMNSEGSSFLYPSAIGHLRKQFAYLEENSGKSGPVIPPDRKHASLPRSAVHSSAVNSNAQPSLNASDSRRVSIEPSRNGV

VPSTSAYSTKPLGPPPRVPSGKPGRVVESSVTYENDRNLKESSYDARTSYYRSTVLPPQTVSPNCYFLPNTMNQEKRSGTEAASQPKPQ

FVPTQCNSAKPAELNPNPYVQSQHKVGIDAKLLHAQSQYGPAGAAAVAVAAHRNIGAVGYGMS

MQQDNRKKNNLEMEFFSDYGDANRFKVQEVIGKGSYGVVCSAIDTLTGEKVAIKKIHDIFEHISDAARILREIKLLRLLRHPDIVEIKHI
MLPPSRREFKDIYVVFELMESDLHQVIKANDDLTREHYQFFLYQLLRALKYIHTANVYHRDLKPKNILANANCKLKICDFGLARVAFN
DTPTTIFWTDYVATRWYRAPELCGSFYSKY TPAIDIWSIGCIFAEVLMGKPLFPGKNVVHQLDLMTDLLGTPSLDTISRVRNEKARRYLT
SMRKKPPIPFAQKFPNADPLSLKLLERLLAFDPKDRPTAEEALADPYFKGLAKVEREPSCQPITKMEFEFERRKVTKEDIRELISREILEY
HPQLLKDHMNGADKASFLYPSAVDQFRRQFAHLEENSGKTGPVAPLERKHASLPRSTVIHSTAVARGGQPKLMNNTNTLNPETTQNIPF
NHATIQAQQRNLSAAKPSTFMGPVAPFDNGRISRDAYDPRSFIRSTNLPFSQQSAATVAMGKQQERRTTMEPEKQARQISQYNRYAPDV
AINIDNNPFIMARTGMNKAENISDRIIDTNLLQATAGIGVAAAAAAAAPGGSAHRKVGAVRYGMSKMY



BdMPK3

BdMPK4

BdMPK®6

BdMPK7-1

BdMPK7-2

BdMPK11

BdMPK14

BdMPK16

BdMPK17

BdMPK20-1

BdMPK20-2

MDGAPVAEFRPTMTHGGRFLLYNIFGNQFEITAKYQPPIMPIGRGAYGIVCSVMNFETREMVAIKKIANAFDNNMDAKRTLREIKLLRH
LDHENIVGLRDVIPPAIPQSFNDVYIATELMDTDLHHIIRSNQELSEEHCQYFLYQLLRGLKYIHSANVIHRDLKPSNLLLNANCDLKICD
FGLARPSSESDMMTEYVVTRWYRAPELLLNSTDYSAAIDVWSVGCIFMELINRAPLFPGRDHMHQMRLITEVIGTPTDDDLGFIRNED

ARRYMRHLPQFPRRPFPAQFPRVQPAALDLIERMLAFNPLQRITVEEALEHPYLERLHDIADEPICTDPFSFDFEQHPLTEDQMKQLIFNE
ALELNPNFRY

MDTSGGGGAGGAAQIQGMATHGGRYVLYNVYGNLFEVASKYAPPIRPIGRGAYGIVCAAVSSDTGEEVAIKKIGNAFDNHIDAKRTLR
EIKLLRHMDHENIIAIKDIIRPPRRDDFKDVY IVTELMDTDLHQIIRSNQPLTDDHCQYFLYQLLRGLKYVHSANVLHRDLKPSNLFLNA
NCDLKIADFGLARTTSETDLMTEYVVTRWYRAPELLLNCSQYTAAIDVWSVGCILGEITRQPLFPGRDYIQQLKLITELIGSPDDSSLGF
LRSDNARRYMKQLPQYPRQDFRLRFRNMSDGAVDLLERMLVFDPSRRITVDEALHHPYLASLHDINEEPTCPAPFSFDFEQPSFTEEHM
KELIWRETLAFNPDPPY

MDGGAQPPDAEMADAGAAVPGAGAGAAGTMENIQATLSHGGRFIQYNIFGNVFEVTVKYKPPILPIGKGAYGIVCSALNSETGEQVAI
KKIANAFDNKIDAKRTLREIKLLRHMDHENIVAIRDIIPPAQRNSFNDVYIAYELMDTDLHQIIRSNQALSEEHCQYFLYQILRGLKYIHS
ANVLHRDLKPSNLLLNANCDLKICDFGLARTTSETDFMTEYVVTRWYRAPELLLNSSEYTAAIDVWSVGCIFMELMDRKPLFPGRDH
VHQLRLLMELIGTPNEADLDFVNENARRYIRQLPRHARQSFSEKFPHVHPSAIDLVEKMLTFDPRQRITVEGALAHPYLASLHDISDEPV
CTMPFSFDFEQHALSEEQMKDLIHQEALAFNPDYQ

MPSRFPFLSPGCFIRLLSGSASSDLLLLLPRRGQSAPRARVLLKMAMMVDPPNGTGNHGKHYYTMWQTMFEIDTKYVPIKPIGRGAYG
IVCSSTNQENNEKVAIKKINNVFDNRVDALRTLRELKLLRHLRHENVIALKDIMMPVHRRSFKDVYLVSELMDTDLHQIIKSSQPLSND

HCQYFLFQLLRGLKYLHSAGILHRDLKPGNLLVNANCDLKICDFGLARTNNTKGQFMTEYVVTRWYRAPELLLCCDNYGTSIDVWSV
GCIFAELLGRKPIFPGTECLNQLKLIVNVLGTMSENDLEFIDNPKARKYIKSLPYTPGTPLTSMYPQAHPLAIDLLQKMLVFDPSKRISVT
EALEHPYMSPLYDPSANPPAQVPIDLDIDENLGVEMIREMLWQEMLQYHPEAARMVNM

MAMMVDPPNGTGNHGKHYYTMWQTMFEIDTKYMPIKPIGRGAYGIVCSSTNQENNEKVAIKKINNVFDNRVDALRTLRELKLLRHL
RHENVIALKDIMMPVHRRSFKDVYLVFELMDTDLHQIIKSSQPLSNDHCQYFLFQLLRGLKYLHSAGILHRDLKPGNLLVNANCDLKIC
DFGLARTNNTKGQFMTEYVVTCLYRAPELLLCCDNYGTSIDVWSVGCIFAELLGRKPIFPRTQCLDQLKLIVNVLGTMSENDLEFIDNP
KARKYIKSLPYTPGTPLTSMYPQAHPLAIDLLQKMLVFDPSKRISVTEALEHPYMSPLYDPSANPPAQVPIDLDIDENLGVEMIREMLWQ
EMLQYHPEAARMVNM

MRMEGGGAGPAAAAAAGGAHGLGEAQIKGTLTHGGRYVQYNVYGNLFEVSAKYVPPIRPVGRGACGIICAAINVQTREEVAIKKIGN
AFDNQIDAKRTLREVKLLRHMNHENVISIKDIIRPPRRENFNDVYIVYELMDTDLHHLLRSNQPLTDDHCQYFLYQVLRGLKYVHSAN
VLHRDLRPSNLLLNAKCDLKIGDFGLARTTTETDFMMEYVVTRWYRAPELLLNCSEYTGAIDMWSVGCILGEIATREPLFPGKDYVHQ
LRLITELLGSPDDTSLGFLRSDNARRYVRSLPQYPKQQFRSRFPNMSSGAMDLLERMLVFDPNKRITVDEALCHPYLASLHEINDEPVCP
APFSFDFEQPSFTEEDIKELIWRESVKFNPEPIH

MAMLVDPPNGMGNQGKHYYSMWQTLFEIDTKYVPIKPIGRGAYGIVCSSINRETNEKVAIKKIHNVFDNRVDALRTLRELKLLRHLRH
ENVISLKDIMMPVQRRSFKDVYLVYELMDTDLHQIKSPQGLSNDHCQYFLFQLLRGLKYLHSAEILHRDLKPGNLLVNANCDLKICDF
GLARTNSSKGQFMTEYVVTRWYRAPELLLCCDNYGTSIDVWSVGCIFAELLGRKPIFPGTECLNQLKLIVNVLGTMSESDLEFIDNPKA
RRYIKTLPYTPGVPLASMYPHAHPLAIDLLQKMLIFDPTKRISVTEALEHPYMSPLYDPSANPPAQVPIDLDLDENISADMIREMMWQE
MLHYHPEAATAISM

MDFFTEYGEGNRYKIEEVIGKGSYGVVCSALDTHTGDKVAIKKINDIFEHVSDATRILREIKLLRLLRHPDIVEIKHILLPPSRREFKDIYV
VFELMESDLHQVIKANDDLTPEHYQFFLYQLLRGLKYIHTANVFHRDLKPKNILANADCKLKICDFGLARVAISDTPTAIFWTDY IATRW
YRAPELCGSFFSKYTPAIDIWSIGCIFAELLTGKPLFPGKNVVHQLDIITDLLGTPSAETIARIRNEKARRYLSSMRRKKTVPFTQKFPNAD
PLALNLLERMLAFDPKDRPSAEEALADPYFKNIASVDREPSAQPITKLEFEFERRRITKDDIRELIYREILEYHPNMLREFLEGAEPTGFM
YPSAVDHFKKQFTFLEEHYAKGSTAAPPERQHNSLPRPSVIYSDNRPQNAANITDDLSRCAIRDNTQKAQKDSASVGANRIPHGAAAA
AARPGKVVGSVLRYGNCSTSGTEQYEQRRVVRSPGIAPNGVTSGSSYPRRNNTCKSETGEAERIDTNQGGPPKPYVANKLPATVDGRN
GHW

MVGGGGIVDGFRRLFHRRTPSGSGPSSNQSSAGEESSDIDAVVEDLDLVGLRAIRVPKRKMPLPVESHKKNILEKEFFTEYGEASQYQIQ
EVIGKGSYGVVAAAVDTRTGERVAIKKINDVFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRREFQDIYVVFELMESDLHQVIR
ANDDLTPEHYQFFLYQLLRALKYIHAANVFHRDLKPKNILANSDCKLKICDFGLARVSFNDAPTAIFWTDYVATRWYRAPELCGSFFSK
YTPAIDIWSIGCIFAELLTGRPLFPGKNVVHQLDIITDLLGTPSSETLSRIRNEKARRYLSCMRKKHPVPLTQKFPNVDPLALRLLGRLLAF
DPKDRPSAEEALADPYFAVLANVEREPSRNPISKLEFEFERRKVTKDDVRELIYREILEYHPQMLQEYMQGGEQLSFLYPSGVDRFKRQ
FAHLEENYSKGERGSPLQRKHASLPRQRVGASNDNNDQHASDQERGADSIAPATGNPPGSQDAGQQHVSGGQNGVGSTNISPRSYQK
SASISASKCVVVNANKNPEYDDDISEEMEGAVDGLSEKVSRMHP

MQQDQRKKSSAEAEFFTEYGDASRYKIQEIVGKGSYGVVCSAIDVHTGEKVAIKKIHDIFEHISDAARILREIKLLRLLRHPDIVEIKHIM
LPPSRRDFKDIYVVFELMESDLHQVIKANDDLTKEHYQFFLYQLLRALKYIHTANVYHRDLKPKNILANSNCKLKICDFGLARVAFNDT
PTTIFWTDYVATRWYRAPELCGSFFSKYTPAIDVWSIGCIFAEVLTGKPLFPGKNVVHQLDLMTDLLGTPSMDTISRVRNEKARRYLSS
MRKKEPIPFSQKFPNADPLALDLLQRLLAFDPKDRPTAGEALSHPYFKGLAKVEREPSCQPITKMEFEFERRRATKEDIRELIFREILEYH
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GKAVGSVLRYGNCSTSAAEQQYEQRRVVRNPAIAPNSSVPLGSSYPRRNQTCKSETGDVERIDSSQTGPPKPYVANKLPATVDGRSGH
w

MDFFTEYGEGNRYKIEEVIGKGSYGVVCSALDTHTGEKVAIKKINDIFEHVSDATRILREIKLLRLLRHPDIVEIKHILLPPSRREFKDIYV
VFELMESDLHQVIKANDDLTPEHYQFFLYQLLRGLKYIHTANVFHRDLKPKNILANADCKLKICDFGLARVAFSDTPTAIFWTDY VATR
WYRAPELCGSFFSKY TPAIDIWSIGCIFAELLTGKPLFPGKNVVHQLDIITDLLGTPSTEAISRIRNEKARRYLSSMRRKKPIPFTQKFPNA
DPLALRLLERMLSFEPKDRPNAEEALADPYFRNIANVDREPSAQPVTKLEFEFERRRITKEDIRELIYRDILEYHPNMLREYLEGTESAG
FMYPSAVDHFKKQFAYLEEHYAKGSTAAPPERQHNSLPRPSVLYSDDRPQNTANIAEDLSKCVLGDNTQKMHQGSASVCANRVPQGG
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DVHRTSSAEEFFTEYGDANRYRIQEVIGKGSYGVVCSAIDLHTRQKVAIKKVHNIFEHVSDAARILREIKLLRLLRHPDIVEIKHIMLPPS
RRDFKDIYVVFELMESDLHQVIKANDDLTKEHYQFFLYQLLRALKYIHTASVYHRDLKPKNILANSNCKLKICDFGLARVAFNDTPTTV
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VGSFIVGNQFLICGDGVQAEGLPSFKDLGFDVASRRVGRFQEQFVVESGDLIGKYFLAKQELYITNLD

MRPIQSPPGVSVPVKSRPRRRPDLTLPLPQRDVSLAVPLPLPPTSGGSGGSSGSAPSSGGSASSTNTNSSIEAKNYSDLVRGNRIGSGAGG

TVYKVIHRPSSRLYALKVIYGNHEETVRRQICREIEILRDVNHPNVVKCHEMFDQNGEIQVLLEFMDKGSLEGAHVWKEQQLADLSRQ
ILSGLAYLHSRHIVHRDIKPSNLLINSAKNVKIADFGVSRILAQTMDPCNSSVGTIAYMSPERINTDLNQGKYDGYAGDIWSLGVSILEFY
LGRFPFPVSRQGDWASLMCAICMSQPPEAPATASPEFRHFISCCLQREPGKRRSAMQLLQHPFILRASPSQNRSPQNLHQLLPPPRPLSSS

SSPTT

MKPIQSPSGVASPMKNRLRKRPDLSLPLPHRDVALAVPLPLPPPSSSSSAPASSSAISTNISAAKSLSELERVNRIGSGAGGTVYKVIHTPT
SRPFALKVIYGNHEDTVRRQICREIEILRSVDHPNVVKCHDMFDHNGEIQVLLEFMDQGSLEGAHIWQEQELADLSRQILSGLAYLHRR
HIVHRDIKPSNLLINSAKNVKIADFGVSRILAQTMDPCNSSVGTIAYMSPERINTDLNHGRYDGYAGDVWSLGVSILEFYLGRFPFAVSR
QGDWASLMCAICMSQPPEAPATASQEFRHFVSCCLQSDPPKRWSAQQLLQHPFILKATGGPNLRQMLPPPRPLPSAS

MVKIKSNLKQLKLSVPAQESPISSFLTASGTFHDGDFLLNQKGLRLTSDEKQSRQSDSKELDFEITAEDLETVKVIGKGSGGVVQLVRHK
WVGKFFAMKVIQMNIQEEIRKQIVQELKINQASSQCPHVVVCYHSFYHNGAFSLVLEYMDRGSLADVIRQVKTILEPYLAVVCKQVLL
GLVYLHNERHVIHRDIKPSNLLVNHKGEVKISDFGVSASLASSMGQRDTFVGTYNYMSPERISGSTYDYSSDIWSLGMSVLECAIGRFP
YLESEDQQNPPSFYELLAAIVENPPPTAPSDQFSPEFCSFVSACIQKDPPARASSLDLLSHPFIKKFEDKDIDLGILVGTLEPPVNYLR

MALVRKRRQINLRLPVPPLSVHLPWFSFASSTAPVINNGISASDVEKLHVLGRGSSGIVYKVHHKTTGEIYALKSVNGDMSPAFTRQLA
REMEILRRTDSPYVVRCQGIFEKPIVGEVSILMEYMDGGNLESLRGAVTEKQLAGFSRQILKGLSYLHSLKIVHRDIKPANLLLNSRNEV
KIADFGVSKIITRSLDYCNSYVGTCAYMSPERFDSAAGENSDV YAGDIWSFGVMILELFVGHFPLLPQGQRPDWATLMCVVCFGEPPRA
PEGCSDEFRSFVDCCLRKESSERWTASQLLGHPFLRESL

MVMVRDNQFLNLKLSPIQAPTTIPPCRFPIIPATKVSATVSSCASNTFSVANLDRISVLGSGNGGTVFKVKDKTTSEIYALKKVKENWDS
TSLREIEILRMVNSPYVAKCHDIFQNPSGEVSILMDYMDLGSLESLRGVTEKQLALMSRQVLEGKNYLHEHKIVHRDIKPANLLRSSKE
EVKIADFGVSKIVVRSLNKCNSFVGTFAYMSPERLDSEADGVTEEDKSNVYAGDIWSFGLTMLEILVGYYPMLPDQAAIVCAVCFGEPP
KAPEECSDDLKSFMDCCLRKKASER

MALVRERRQLNLRLPLPPISDRRFSTSSSSATTTTVAGCNGISACDLEKLNVLGCGNGGIVYKVRHKTTSEIYALKTVNGDMDPIFTRQL
MREMEILRRTDSPYVVKCHGIFEKPVVGEVSILMEYMDGGTLESLRGGVTEQKLAGFAKQILKGLSYLHALKIVHRDIKPANLLLNSK
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MAGLEELKKKLQPLLFDDPDKDGISTRVPFLEDNCDSYVVSDGGTINLLSRSFGEYNINEHGFHKRSTGADESDFGEKAYRCASHDMH
IFGPIGNGASSVVQRAIFIPVHRILALKKINIFEKEKRQQILNEMRTLCEASCYPGLVEFQGAFYMPDSGQISIALEYMDGGSLADVIKVK
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HIFGPIGNGASSVVQRAIFIPVHRILALKKINIFEKEKRQQILNEMRTLCEACCYPGLVEFQGAFYMPDSGQISIALEYMDGGSLADVIKV
KKSIPEPVLAHMLQKVLLGLRYLHEVRHLVHRDIKPANMLVYNLKGEAKITDFGVSAGLDNTMAMCATFVGTVTYMSPERIRNENYSY
AADIWSLGLTILECATGKFPYNVNEGPANLMLQILDDPSPAPPENAFSSEFCSFVNDCLQKDADARPTCEQLLSHPFIKRYENAGVDLAA
YVKGVVNPEERLKQIAEMLAVHY YLLFNGSDGLWHHMKTFYMEDSTFSFSGNLYVGQSDIFDTLSNIRTKLKGDRPREKIVHVVEKL
HCRANEETGIAIRVSGSFIVSNQFLICGEGLQAEGMPSLEELSIDIPSKRVGQFREQFIMHPGRSMGCY YISRQDLY1IQA

MDGGWDGMGQRKRRHRAGIPIPTYPGLAASLEFCFVTAGACHTAPGPGSKIAASLFAALLFQRPPASTSRAIFFCFVIMAAGLEDLRRR
VQPIFFDADGNVMPAPDDDSEVLDGGTINLLSRSSDEYNINERGFHKRTIRSDDEYSSEKAFRCSCHDMHIFDSVGNGASSVVHRAIYV
PVHRVLALKKINIFEKERRQQILNEITLSEACCYPGLVEFHGVFYTPDSGEIYFALEYMDGGSLADIIRVKKFISEPVLSHMLQKVLLALR
YLHEVRHLVHRDIKPANLLLNLKGDTKITDFGVTSGLHDSIDMCATFLGSVTYMSPERIRNESYSYSADIWSLGLTALECATGRYPYDV
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MRPGGPPNARPQQPGTPGRARRRPDLTLPLPQRDLTSLAVPLPLPPPPSSAPSSASSSGSSLSSMGAPTPPNSAGSAPPPPPPLAELERVRR
IGSGAGGTVWMVRHRPTGRPYALKVLYGNHDDAVRRQITREIAILRTAEHPAIVRCHGMYEQAGELQILLEFMDGGSLEGRRIASEAFL
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GLSILEFYLGRFPLGENLGKQGDWAALMCAICYSDSPAPPPIASPEFKSFISCCLQKNPARRPSAAQLLQHRFIAGPQPQVLAAPPS

MRPAGSLPSPQPGTPGRPRRRPDLTLPMPQRPDVSSSLAVPLPLPPPSSLGLAQPPAAAAAAAAPPPPPLGELERVRRVGSGAGGTVWM
VRHRPTGRCYALKQLYGNHDDAVRRQIAREIAILRTAEHPAVVRCHGMYERGGELQILLEYMDGGSLDGRRIAAEGFLADVARQVLSG
IAYLHRRHIVHRDIKPSNLLIDSARRVKIADFGVGRILNQTMDPCNSSVGTIAYMSPERINTDLNDGAYDGYAGDIWSFGLSILEFYLGRF
PFGENLGKQGDWAALMVAICYNDPPEPSAAASPEFRGFISCCLQKNPAKRLSAAQLLQHPFVAGPQPLPLAAPPS

MRGKKPLKELKLSVPAQETSVDKFLTASGTFKDGELRLNQRGLRLISEEENGDEHQSTNMKVEDVQLSMDDLEMIQVIGKGSGGVVQ
LVOQHKWVGTFYALKGIQMNIQEAVRKQIVQELKINQATQSPHIVSCHQSFYHNGVIYLVLEYMDRGSLADIIKQVKTILEPYLAVLCKQ

VLEGLLYLHHERHVIHRDIKPSNLLVNHKGEVKITDFGVSAVLASSIGQRDTFVGTYNYMAPERISGSSYDYKSDVWSLGLVILECAIGR
FPYTPSEGEGWLSFYELLEAIVDQPPPGAPADQFSPEFCSFISACIQKDPAERMSASELLNHAFIKKFEGKDLDLRILVESLEPPMNVPE

MALLREKRLQLSLHVPTRAADAQEAGLHRRPNPAAALPLAATTPAARSSQFRVADFEKLAVLGRGNGGTVYKVRHRETCELYALKVQ
HCNGDATAEAEVLSRTASPFVVRCHSVLPAAASGDVAMLLELVDGGSLDSIVKSRSRGQAEAFSQFPEEALAEVAAQALSGLAYLHAR
RIVHLDVKPGNLLVSTGGEVKIADFGIARVLPRAGGDDVRCTAYAGTAAY MSPERFDPEAHGGHYDPYAADVWGLGVTVLELLMGRY
PLLPAGQRPSWAALMCAICFGETPALSDGEASAELRGFVAACLHKDYRRRASVAELLAHPFVAGRDVAASKCALRKLVTEASMSP

MALVRQRRQLPHLTLPLDHFALRPPPAPAPTVAASTSSEAAGLRLSDFERISLLGQGNGGTVYKARHRRAAAQPPVALKLFVAGDPSAA
REAEILRLAADAPHVVRLHAVVPSSSPAAGAEQPPPAALALELLPGGSLAGLLRRLGRSMGERPIAAVARQALLGLDALHALRVVHRD

LKPSNLLLGSHGEVKIADFGAGKVLRRRLDPCASYVGTAAYMSPERFDPEAYSGDYDPYAADVWSLGLAILELYLGHFPLLPAGQRPD
WAALMCAICFGDAPEAPAAASEEFRDFVARCLEKKAGQRASVAELLEHPFIAERDAEEAKRALAALVAEAELGDL

MALLREKRLQLSLHVPTRAAEALDAVHRRPNPVAATLAASTPAAARSSQFRLADFDKLTVLGRGNGGTVYKVRHRETCELYALKVQH
CNGDPTAAAEAEVLSRTASPFIVRCHSVLPGAASGDVAMLLELVDGGSLDSIVKSRRAHAFPFPEEALAEVAAQALSGLAYLHARRIVH
LDIKPGNLLVSTGGEVKVADFGIAKVLPRAGADDARCKSYAGTAAYMSPERFDPEAHGGHYDAYAADVWGLGVTVLELLMGRYPLLP
AGQRPSWPALMCAICFGETPVLSDGEASAELRGFVAACLRKDHTKRASVAELLAHPFVAGRDVATSKCALRKLVTEASTSP

MASAKERRLPQLHLKLDVPTCAFRCAAPAPAPATAATPATSASRPPHGEFRLNDFDRLSVLGRGNGGSVYKVSHRRTSALYALKIIHGA
HARPGAADEEADIVRRVVDSPNVVRCHSVLPTASGDAAALLLELVDGGSLDSLVGGGGFLPEAAVADVAAQALSGLAHLRARRVAHR
DIKPANLLLSAAGEVKIADFGIAKVVVSGAGGRARALAYEGTVAYMSPERFDSERHADADPYAADVWGLGVTLLELLMGRYPLLPAG
QKPTWAALMCAICFGELPALPEGAASLEFRGFVAACLRKDHRKRASVVELLAHPFVAGRDVAASRRALREAIERRCSC

MALTVRQRRLPQLHISLDLPSCSFRCPNPPVAATASTSGEFRASDFERLAVLGRGNGGTVYKVAHRRTSAQYALKVLHGGGDPGAAAA
EADVLRRAADSPYVVRCHSVFPAASGSGETALLLELVDGGSLDSVRRGVGVSVFFPEAALAEVAAQALAGLAHLHARRVVHRDIKPA



OsMKK1

OsMKK3

OsMKK4

OsMKK5

OsMKK6

OsMKK10-1

OsMKK10-2

OsMKK10-3

AtMAPKKK1

AtMAPKKK2

AtMAPKKK3

AtMAPKKK4

AtMAPKKK5

AtMAPKKKG

AtMAPKKK?7

NLLVSGAGGVKVADFGIAMVLPSRAGGERCAAAYEGTVAYMSPERFDSEGRADADPRGADVWGLGVTVLELLMGRYPLLPAGQKPT
WAALMCAICFGELPALPEGAASTELRGFIAACLRKDHTKRASVAELIKHPFVAGRNMAASRLALRRLVAGA

MGKPGKLALPSHESTIGKFLTQSGTFKDGDLLVNKDGLRIVSQSEEGEAPPIEPLDHNQLSLDDLDAIKVIGKGSSGIVQLVRHKWTGQF
FALKVIQLNIQENIRRQIAQELKISLSTQCQYVVACCQCFYVNGVISIVLEYMDSGSLSDFLKTVKTIPEPYLAAICKQVLKGLMYLHHE
KHIIHRDLKPSNILINHMGEVKISDFGVSAIIASSSAQRDTFTGTYNYMAPERISGQKHGYMSDIWSLGLVMLELATGEFPYPPRESFYEL
LEAVVDHPPPSAPSDQFSEEFCSFVSACIQKNASDRSSAQILLNHPFLSMYDDLNIDLASYFTTDGSPLATFNTSNRYDDR
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MRGKKPHKELKLSVPAQETPVDKFLTASGTFKDGELRLNQRGLQLISEETADEPQSTNLKVEDVQLSMDDLEMIQVIGKGSGGIVQLV
RHKWVGTLYALKGIQMNIQEAVRKQIVQELKINQATQNAHIVLCHQSFYHNGVIYLVLEYMDRGSLADIIKQVKTILEPYLAVLCKQVL
EGLLYLHHERHVIHRDIKPSNLLVYNRKGEVKITDFGVSAVLASSMGQRDTFVGTYNYMAPERISGSSYDYKSDIWSLGLVILECAIGRFP
YIPSEGEGWLSFYELLEAIVDQPPPSAPADQFSPEFCAFISSCIQKDPAERMSASELLNHPFIKKFEDKDLDLRILVESLEPPMNISE
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HLRVAAAAPDHPSVVRLHGVCVGHPVAGNRFVYLVLEYLPEGSLSDVLVRGALPEPAIAGVTRCVLRGLSHLHRLGVAHGDVKPSNLL
VGHRGEIKIADFGASRVVTGRDEAHHQSPGTWAYMSPEKLHPEGFGGGGGADFSGDVWSLGVVLLECHAGRFPLVAAGERPDWPALV
LAVCFAAAPEVPVAASPEFGGFVRRCLEKDWRRRATVEELLGHPFVAGKPSRCERQNEWRTTFQDKTGQVNTSIYGEE

MALVRQRRHLPHLTLPLDHFALRPPPAPQQQQQPAVAPSTSSDVRLSDFERISVLGHGNGGTVYKARHRRGCPAQQPLALKLFAAGDLS
AAREAEILRLAADAPHVVRLHAVVPSAAGGVEEPAALALELMPGGSLAGLLRRLGRPMGERPIAAVARQALLGLEALHALRIVHRDLK
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PKAMADIMARCWDANPDNRPEMSEVVALL

LLVGHKFASGAYSRLYKGLYDDKPVAIKFIRQPDDDDNGKMAAKLEKQYNSEVNALSHLYHKNVIKLVAAYKCPPVFYIITEFLPGG
SLRSYLNSTEHHPIPLEKIISIALDVACGLEYIHSQGVVHRDIKPENILFDENFCVKIADFGIACEESMCDVLVEDEGTYRWMAPEMIKR
KAYNRKVDVYSFGLLLWEMISGRIPFDDLTPLQAAYAVATRHARPVIPPECPMALRPLIEQCCSLQPEKRPDFWQIVKIL

LRRLRTLGRGASGAVVWLASDDASGELLAVKSAAGEGGAEQLRREGRVMSGLCSPHIVPCLGSRAAAGGEYQLFLEFAPGGSLADE
AARSGGRLAERAISAYAADVARALAYLHGNSLVHGDVKARNIMVGADGRAKLADFGCARRTDSERPIGGTPAFMAPEVARGEEQGP
AADVWALGCTIIEMATGRVPWSDMDDVFSAVHRIGYTDAVPEIPEWLSPEAKNFLSRCFTRNPSDRPTAAQLLEHPFL

WTRLRTLGRGASGAVVSLAEDGASGELFAVKTAAAAEAAMLRRERGMMSGLSSPHVVPCIGGGDGPDGSYNLFLEFAPGGSLANEV
ARDGGRLEERAIRVYAADVLRGLTYLHGMSLVHGDVKADNIVIGVDGLAKLADFGCAKTMDSERPVSGTPAFMAPEVARGEEQGPA
ADVWALGCTVIEMATGRAPWSDMDDVLAAVHRIGYTDAVPEVPVWLSAEAKDFLAMCFARNAGDRSTAAQLLEHPFV

GRYADVLGLGSVKKVYRGFDQEEGIEVAWNRVRLRALADRDPAMVERLHAEVRLLRSLHHEHIIGFHKVWLDRDAGVLNFITEVCT
SGSLREYRDRHRHVSVKALKKWARQILLGLDHLHTHDPCIIHRDLNCSNVFINGNTGQVKIGDLGLAAIVDKTHVAHTILGTPEFMAP
ELYTETYTESVDIYSYGMCVLEMVTREMPYAECDSVVQIYHSVTRGVPPAALKRIRDPELRAFIERCIGQPRNRPSAAELLRDPFF

FSKAVIIGKGSFGEILKANWRGTPIAVKRILPSLSDDRLVIQDFKHEVNLLIKLRHPNIVQFLGAVTETKPLMLVTEFLRGGDLHQYLKE
KGALAPATAVNFALDIARGMAYLHNEPNVVIHRDLKPRNILLVNSAANHLKVGDFGLSKIIKAQHANDVYKMTGETGSYRYMAPEV
FKHRKYDKKVDVFSFAMILYEMLEGDPPFSNYEPYEAAKYVGEGHRPPFRSKGFTNELKELIELCWSGDIHLRPSFLEILKRL

WTRLRSIGHGASGATVSLAADDASGELFVVKSAGDAVAATARQQLRREWSVMSGLSSPHVLRCLGFVQAAAGAGGEHQLLLEYAP
GGSLADVVARNGDRLDESAFRAYAADVLRGLDYLHEKLVVHGDVKGSNVLVGADGRAKLADFGCARVVMPGGSKQPVLGGTPAF
MAPEVARGEEQGPAADVWALGCTVIEMATGRAPWSDMDDVLAALRMIGYTDAVPDLPPWLSPEAKDFLRRCMQRRAGDRPTAAQ
LLQHPFV

WTRLRSVGRGASGAVVSLAANDVSGELFVIKSAGEGAARQQLRREWSVMSGLSSPHVLKCLGFVQASGGCGGGEHQLFLEYAPGGS
LADVVARNGGRLDEGAVRTYAADVLRGLDYLHGKLVVHGDVKGSNVLVGADGRAKLTDFGCARVAMPGGSKQPVLGGTPAFMA
PEVARGEEQGLAADVWALGCTVIEMATGRAPWSDMDNVLPALHKIGY TDAVPDLPRWLSPEAKDFLRGCLQRRAGDRPTAAQLLQ
HPFI

LSIRSVVAQGYHGTLFRADYGGHDVAVKVLDWREDGYSTPEQIAHLRASLADLAAVWHSFEHPNVARFFGASMGTTDLNIPAAASA
AGGGEQRNTGEKPPADRACCVVVEFLGGGTLKKYLIEHYRSKLPYGEVVRLALSMARGLSFLHANNIVHRDVKTENMLFLGGGGGG
DLKIADFGVARVEARDPREMTGATGTVGYMAPEVLVGKPYNRKCDVYSFGICLWETYCCEMPFTFGLSVAEASAAVAQRGMRPPIP

PCCPPAMARVMARCWDADPAARPEMEEVVRMLEAL

WTRVRTLGRGASGAEVFLAADDASGELFAVKSVGAAGAAALRREQGVMAGLSSPHVVPCIGGRVGRDGSYQMFLEFAPGGSLADV
AARCGGRMEECAVGEYAVDVARGLAYLHGMGLVHGDVKARNVVIGGDGRAKLADFGCARWADSGRPIGGTPAFMAPEVARGEEQ
SPAADVWALGCTVIEMATGRAPWSDMDDVLAAVHRIGYTEAVPEVPGWLSADAKDFLARCLQRRPIDRSTAAQLLEHPFV

LRRVRTLGRGASGAVVWLASDDDSGELMAVKSASAGGAAAQLRREGRVLSGLCSPHIVPCLGSRAAAGGEYQLFLEFAPGGSLADE



OsMAPKKK?71

OsMAPKKK?72

OsMAPKKK?73

OsMAPKKK?74

OsMAPKKK?75

AARNGGCLPEPAIRAYAADVARGLAYLHGNSLVHGDVKARNVVIGSDGRARLTDFGCARVMDSAGPIGGTPAFMAPEVARGEEQGP
AADVWALGCTIIEMATGRAPWSDMDDILAAVHRIGYTNAVPEVPGWLSAEAKDFLDGCFERNASDRSTAAQLLEHPFV

WRRGPVIGRGATATVSIATDRRTGGVFAVKSVDVARAGALRREQGMLSALASPFVVPCVGSGVSAAVDGSGGACYDLFLEYAPGGS
LADEIKRCGGRCEEPLIRSRVGDVLRGLAYVHAAGIAHCDVKGRNVLVGADGRAMLADFGCARWMAAEDCNAGGVTIRGTPMFLA
PEAARGEAQGTAADIWALGCTVIEMATGGAPWPRFADPVAALHHVAHSYDVPESPAWFSAEGKDFLARCLIRDPAKRWTAEQLLEH
PRV

FTNGNGISKGTFRKATWRGILVAVKKLDDDLIMDENKVQAFRDELDVLQLIRHPNVVQFLGAVTQSSPMMIVMEFMPKGDLRKHLS
RKGALEPSYAVKLALDIARGMNYLHEHKPQAIIHRDLEPSNILRDDTGHLKVADFDLCKMLKWRRKVREEKAVTSPGNACRYVAPE
VLRNEEYDTKVDVFSFALILQEMIEGCLPFYDKKNNEIEKAHNSKERPPFRAPPKHYAYGLRELIEQCWSENPASRPDFRTIIEQLSYI

WVRGKCVGRGAFGAVHVAVDRATGRAFAVKSVEAKGGAPAAAMACLESEIRILRRLSSPYVVEYLGDDGDAATTRNLHMELVPGG
SAAAAAAMGGLGERGARGVVRRVAAALRYLHDVAGVVHGDVKGRNVLVGCDGDGRGAKLADFGAARLVSDAAVSRGPRGTPA
WMAPEVARGGAPTPASDVWSLGCTAVELITGKRPWSELGGASEVGELLFLIGFGGKRPELPACASDSCRDFLDKCLRRDAGERWTCD
QLLRHPFL

FKKGDEVVKGVYQVAKWNGTKVHVKILDRECYCDQEVINSFRHELTVLEKVRHPNVVQFVGAVTQNIPMMIISEYLPNGDLSSCIPR
KGKLHGQKVLKYGLEIARGMTYLHQCKPDPIIHCDLKPKNIFLDSGGQLKIAGFGLTRLSKISPGRVKLADHESMVDSFSHYTAPELYR
NEIFDASVDAFSFGFILYEMVEGTHTVHGKSSEESGHTIRYDGMRPSLKNKLRGYPPDFKALIEECWDTQGIARPTFSEIIIRL

FRRGEEVTKGHYVARWYGSKVFVKILDKDSFSDANSINEFKHELTLLEKARHPNLVQFVGAVTQNVPMMIVSEYHQKGDLASYLET
KGRLQPYKAIRFSLDIARGLNYLHECKPEPIIHGNLSTKSIVRDDEGKLKVAGFGSRSLIKVSEDNPQMDQTTSKFNSVYTAPEMYRNG
TFDRSVDVFAFGLILYEMIEGTHAFHPKPPEEAAKMICLEGMRPPFKNKPKYYPDDLRELIQECWDPTPSVRPTFEEIIVRLNKISTSF




