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(A) Schemetic diagram of the truncated AtPRK2a defined as DN-
PRK2a. The signal peptide (SP), the transmembrane domain 
(TM), and the cytoplasm kinase domain (KD) were shown. (B) In 
vitro germination assay showed the defected pollen germination in 
DN-PRK2a OX lines. 8-3, 23-12, and 34-4 are three independent 
lines overexpressed DN-PRK2a. �

Figure S1. DN-PRK2a overexpression reduced the 
germination rate of pollen grain in Arabidopsis. �
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Figure S2. Alignment showing the variable C-terminal 

region of AtRopGEFs.   

The alignment was produced by MUSCLE3.6 using the full 

amino acid sequences of AtRopGEFs and presented by 

GeneDoc. The read arrows indicated the S460 and S480 

sites of RopGEF1, and the blue arrow showed the S510 

site in RopGEF9. 
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Araly1.477 : 
Bra013249  : 
Bra015068  : 
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Bra003536  : 
Thhalv1001 : 
POPTR_0001 : 
POPTR_0003 : 
POPTR_0018 : 
Cucsa.0620 : 
Cucsa.3592 : 
Vv.1782614 : 
Vv.1782737 : 
             

                                                                                                                                          
         *        20         *        40         *        60         *        80         *       100         *       120         *        
ADSLARKQCTGEETSDGGKI----ATETDSASAGSSNYSGEEIEKLES---QNSSKTTLLDFI----GWSDNS------------------------SKGQSEKPPKSPRMTPK-KLSYL-EKLENLNGFRSPKDRH-
TDTLALKQTLLAEETSDGGRTT-----------ETDSESAGSSNSGEEAEKHDPHSKTLLDFM----GWNDNS------------------------SKGGDKPTKSPNLTPKK--LSYL-EKLENLNGFRSPKDRH-
ADRAGN------------------------------KRNTPLEAEEET----LVGSMTLSDFM----GWDFDQ----AANAELESKK----------DLPDDPLIKEKLSVVTTKKTSYL----ETLGGVKSPTARH-
TDSLAL----KQTLLAEETSDGGRTTETDSE--SAGSSNSGEETEKLDPH-YSKT---LLDFM----GWNDNS------------------------SKGGDKPTKSPNITPKK--LSYLEKLENL-NGFRSPKDRH-
ADSLARKQCTGEETSDGGKL-----ATETDSARSSNYSGEETEKLESQ----NSSKTTLLDFI----GWSDNS------------------------SKGQSEKPPKSPKMTPK-KFSYL-EKLENLNGFRSPKDRH-
ADRAGN------------------------------KRNTPMESEDET----LVGSMTLSDFM----GWDFDQ----AGNADLDSKK----------DLSDDPLVKEKLSVVTTKKTSYL----ETLGGVKSPTARH-
TDSLALKQALLAEETPDGGR--------TET--DSESPGSSNSGEETEKLDRQHSKT-LFDFM----GWS-------------------------------DKPTTPPSVTPKK--LSYLEKLENF-NGFRSPKDRNL
TDSLAL----KETLLAEETSDGGR-TETDSE--SAGSSNSGEETEKLDPR-YSKT---LLDFM----GWSDNS----SKSSD-KPTKSP--------------------GLTPK-KFSYLENL----NGFRSPKARH-
TDSLAQ--KQALLAEADAGR----TSETDSE--SAGSSHSGEETEKLDPH-YSKT---LLDFM----GWSDNS------------------------SKGGDKPTKSPSLTPKK--LSYLEKLENF-NGFRSPKDRH-
ADRAVS-------------------------------KRSTPMEPEEETLVGSMT---LSDFM----GWDFDQ----GNEDL-DSKKD---------MSSDDKLVKEKLNVVATKKTSYL----ETLGGVNSPTARH-
ADRAGN------------------------------KRSTPRETEDET----LVGSMTLSDFM----GWDLDQ------SKK---------------DTSDDLLVKEKLSVVTTKKTSYL----ETLGGVRSPTARH-
ADYVTRNPSHAGHKRNTLKEAPQV-------------PASPREGMEKNSEDTNASMT-LSDFM----GWGSEQ----NESAA-KKDPFGSDELLKDDDRYKQKLTN---ISTNR-KPSYL----DNLGALRSPTARH-
ADHVARNPSHAGHTSNTLKE----APQVLVSPKEGMEKNSEDTNASMT----------LSDFM----GWSQEQNDTTAKKDPFGSDEL---------LKDDDKCTQKLANISTNRKPSYL----DNLGASRSPTARH-
ADSLAQ------------------SPQLESN-------QKPEEELDNLTSAETPTSKTLSDFM----GWKVDQGEANMNKTTSTDNM----------ENCQDKIKDKTDTTPKK--FSYL-EKLENLSGLRSPTARQF
ADYVTQNPSQASGKKNPSRE----TPVSSGT--DKFPPGEETQNAAETPTSMT-----LLDFM----NWGPDI----ADSEA-KKESPPANSDNLPTEGEVKHVHKLQNIVTNNKLVSYL----ENIGGLKSPTARH-
ADGLTQ---NPSQIATRRK--------PTSE--PPMEKLEELNNGPETPASMT-----LLDFM----GWGQDQ----NETEM-KKESFGNSDDLNL-DSDLKQGNKAGNIVTNK-KVSYL----ENLSAVRSPTARH-
ADSLAQ-----NPSLAQTGR----KPSAVCLPLTGSTREETEKNPTET---QTPTSMTLSDFM----GWHLMG------------------------DTEPGKLNK---VAIHKKSNSYL-DKLENLGGLRSPTSRH-
SSL---------------------DPEPLNF-----PNPKEEIEKLST---GTPQSMTLSDFM----GWNLEK----EDGEEKKGSGGNSEEL----SKNDEKPMTKIANIITNKKVSYI-EKLENLGGLRSPTARH-
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Figure S3. Alignment showed  the C-terminal regions of 

the RopGEF9 Orthologous Genes.   

The alignment was produced using full amino acid 

sequences. The read arrow indicated the conserved S510 

site in RopGEF9. 
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         *        20         *        40         *        60         *        80         *       100         *       120         *       140         *       160    
---------MSVAYRYSNHNRHHHHHHLLILFVLLLQVI-----------VPIKSDNNEAE--I----------------------------------LLRFSKSLQKNDAT-----ANW-----NTKVSPCDKKTDRPN-WDNVI-CE-----NGF---VFGL
--------------MSSQKNYKNKHVLFLVMIMCSLAFV-------------TEANLSEPE--V----------------------------------LLKFRESLKYDGDP----FSTW-----DANVPPCVKDNNKPK-WNNLF-CE-----SGK---VYGL
---------------------MAAHVLIVLFVFFSITSC---------------VSIGDDQ--V----------------------------------LVEFKELLLNTSLL----DSSW-----KKGTNPCDNNNK----WFGVQ-CD-----NNNNNVIQAL
--------------MPPMQARTLSVYNVMVPLVCLLLFF-----------STPTHGLSDSE--A----------------------------------ILKFKESLVVGQEN---ALASW-----NAKSPPCT--------WSGVL-CN-----GGS---VWRL
------------------MESKCLMFVSIVSVFFMVVNG-----------------VSETE--T----------------------------------LLKFKNSLVIGRAN---ALESW-----NRRNPPCK--------WTGVL-CD-----RGF---VWGL
--------------------------MTAVLFLCFLLIC--------FSFTPSLQNVSESE--P----------------------------------LVRFKRSVNITKGD----LNSW-----RTGTDPCNGK------WFGIY-CQ-----KGQT--VSGI
------MLTWETPVMLASNTASTKKLAFITTFLIIVLCP---VTMVMSQPQADVLPLPASDADC----------------------------------LLRFKDTLVNASFI-----SSW-----DPSISPCKRNSEN---WFGVL-CV-----TGN---VWGL
MRNWEDPFTLACNTALKKNLPSCIFIIIFISVLCPVAMS--------------QVVVPDSDADC----------------------------------LLRFKDTLANGSEF-----RSW-----DPLSSPCQGNTAN---WFGVL-CS------NY---VWGL
------------------MAAAVLNPGFFLLILLLSFSI-----------SPSLQYVSESE--P----------------------------------LVRFKNSVKITKGD----LNSW-----REGTDPCSGK------WFGIY-CQ-----KGLT--VSGI
------------------MTRDDKFPIVYSLLLIVLLFV------------SPIYGDGDAD--A----------------------------------LLKFKSSLVNASSL-----GGW-----DSGEPPCSGDKGSDSKWKGVM-CS-----NGS---VFAL
--------------MASSSSSSSSSTVSFVVFAFTVFFC-------------LVTPARSSDVEA----------------------------------LLSLKSSIDPSNSI------SW------RGTDLCN--------WQGVRECM-----NGR---VSKL
----------------MISSSSCMFFLVFAFFLISPVRS------------------SDVE--A----------------------------------LLSLKSSIDPSNSI------PW------RGTDPCN--------WEGVKKCM-----KGR---VSKL
--------------------MAVAWLIWPIVLSLTALSA---------------NSITESE--S----------------------------------LLKFKKSLNNTKSL-----DSW-----TPESEPCGASQR----WIGLL-CN-----KNS---VFGL
---------------------MTLFFFYSLLFLLLLLRI----STASLPATNYFDSFLPSDAVA----------------------------------LLSFKSTADLDNKL----LYSL-----TEPYDYCQ--------WRGVD-CS-----QDR---VVRL
------------------MLLRCNLPISGFLLFCFLFTIVASSSSSSNHTKRVFHSHRDVS--A----------------------------------LLRFKSKADLWNKI-------------NTSSHFCQ--------WWGVT-CY-----GNR---VVRL
---------------------MTLNFFLPFFFFFILLRV------SAGAEPNYFNSLLPSDAVA----------------------------------LLSFKSTADLDNKL----LYSL-----TERYDYCQ--------WRGVK-CA-----QGR---IVRL
--------------MARPRPPGLIAVAAAAALVAWCLCGPASAAAAAGGEAGGGGAGPEGD--V----------------------------------LIAFRETLRGPDGAPPGPLRAW-----GTPAVPCRGKASQ---WFGVS-CH----GNGS---VQGL
---------------MPTPPSPCLFFLFLLFFMWSSHSH--------------LGAASDAD--A----------------------------------LLALKSALDRSDRL------PW-----RRDTAPALCSS-----WLGVRQCS-QPPRDRR---VTKL
-----------------MRHRLRLLLVVLVAAAYAAGDVASSYSQPTLPAVPPVQAVRPPPAAVGGGSHSQPTFPPRAPVRAVPPPATLVSTATPGALLAAFLAKADPSAHL------RF-----PLAVSPCS--------HPAVS-CS----ADGQ---ITRL
------------------MAQPLLLLLLAAAAAAAVAVV-----------AVAQTNMADAE--A----------------------------------LMQLKKSFTNSSSL-----SSWLITNTDGDKSPCAPGSHE---WHGVV-CS-----RGK---VTGL
----------------MAGVAAVRLLLLQAAAALALAAA-------------AAAGGPEAA--T----------------------------------LLAFRGALRGPHGAPPEPLSQW----ATTTPGPCAGAGTGVSLWYGVT-CH---QRTGQ---VRGL
----------------MAGAPCLLRVLAVSSCLCLLADA-----------ARLLAAAPAEEADA----------------------------------LLKLKAGIVDGGGA----LDTW-----AAGTSPCDGGTSA---WAGVV-CS-----KGS---VLGL
----------------MEKSKVVVFAGRVLAIVALLLAC-----CCMAAAAQGGEGARVRE--S----------------------------------LIGFLTELAGGDKE-RARGIGW-----DASVEPCDGNRTV---WPGVG-CNGAPAGDGR---ITAI
--------------------MVTLLLAFRLSTLFLLLAAGAIAVDPDGAAAPDTAAAPDTEAAA----------------------------------LLRLKASLIDPTNA----LEAW---SPSSPSPPCDETHR----WPRVQ-CY-----NGV---LIGL
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     *       180         *       200         *       220         *       240         *       260         *       280         *       300         *       320        
QLENKGLSGTI-DVDALKDLPNFRTISVMNNNFEGPIPN-L--SKLAGLKTAYFTNNKFSGQIDNSFFEGMHWLKKLHLGNNQISGKIPSVF-GQLPKLTELRLENNKFEGQIPDF--NQERLIDMNFANNSLQGPIPHGLA--SLKPSAFEGN--NLC-DGPF
NLENLGLSGTI-DLDILKELPNLRTISVFKNKFEGPLPI-L--NKLPTLKSAYFSNNKFSGPIDQNIFEGMNSLKKLHLANNEFTGPLPPIF------------------GDMPNL-------RELNIQNNKFEGPIPPSYS--HLYLPAYDGN-DGLC-GPPL
LLGGIGLSGNL-DVDVLISLQGLRVVNLSNNSFSGSIPE-F--FRLGALKSLFIDGNQFSGDIPPDFFSKMASLWKIWFSRNKFSGKIPESL-ASLKYLLELHLENNEFTGTIPSL--SQPNLATINLSNNKLQGLIPQSLS--KFGSNPFQGN-PDLC-GNQI
QMENLELSGSI-DIEALSGLTSLRTLSFMNNKFEGPFPD-F--KKLAALKSLYLSNNQFGGDIPGDAFEGMGWLKKVHLAQNKFTGQIPSSV-AKLPKLLELRLDGNQFTGEIPEF---EHQLHLLNLSNNALTGPIPESLS--MTDPKVFEGN-KGLY-GKPL
RLENLELSGSI-DIEALMGLNSLRSLSFINNKFKGPFPE-F--KKLVALKSLYLSNNQFDLEIPKDAFDGMGWLKKLHLEQNNFIGEIPTSL-VKSPKLIELRLDGNRFTGQIPEF---RHHPNMLNLSNNALAGQIPNSFS--TMDPKLFEGN-KGLC-GKPL
HVTRLGLSGTI-NIEDLKDLPNLRTIRLDNNLLSGPLPP-F--FKLPGLKSLLLSNNSFSGEIADDFFKETPQLKRVFLDNNRLSGKIPASL-MQLAGLEELHMQGNQFTGEIPPLTDGNKVLKSLDLSNNDLEGEIPITISDRKNLEMKFEGN-QRLC-GSPL
QLEGMGLTGKL-DLEPLAAIKNLRTLSFMNNKFNGSMPS-V--KNFGALKSLYLSNNRFTGEIPADAFDGMHHLKKLLLANNAFRGSIPSSL-AYLPMLLELRLNGNQFHGEIPYF--KQKDLKLASFENNDLEGPIPESLS--NMDPVSFSGN-KNLC-GPPL
QLEGMGLTGKL-NLDPLVPMKNLRTISFMNNNFNGPMPQ-V--KRFTSLKSLYLSNNRFSGEIPADAFLGMPLLKKILLANNAFRGTIPSSL-ASLPMLLELRLNGNQFQGQIPSF--QQKDLKLASFENNDLDGPIPESLR--NMDPGSFAGN-KGLC-DAPL
HVTRLGLSGTI-TVDDLKDLPNLKTIRLDNNLLSGPLPH-F--FKLRGLKSLMLSNNSFSGEIRDDFFKDMSKLKRLFLDHNKFEGSIPSSI-TQLPQLEELHMQSNNLTGEIPPEFGSMKNLKVLDLSTNSLDGIVPQSIADKKNLAVNLTEN-EYLC-GPVV
RLENMSLSGEL-DVQALGSIRGLKSISFMRNHFEGKIPRGI--DGLVSLAHLYLAHNQFTGEIDGDLFSGMKALLKVHLEGNRFSGEIPESL-GKLPKLTELNLEDNMFTGKIPAF--KQKNLVTVNVANNQLEGRIPLTLG--LMNITFFSGN-KGLC-GAPL
VLEYLNLTGSL-NEKSLNQLDQLRVLSFKANSLSGSIPN-L--SGLVNLKSVYLNDNNFSGDFPESLTS-LHRLKTIFLSGNRLSGRIPSSL-LRLSRLYTLNVEDNLFTGSIPPL--NQTSLRYFNVSNNKLSGQIPLTRALKQFDESSFTGN-VALC-GDQI
VLENLNLSGSL-NGKSLNQLDQLRVLSFKGNSLSGSIPN-L--SGLVNLKSLYLNDNNFSGEFPESLTS-LHRLKTVVLSRNRFSGKIPSSL-LRLSRLYTFYVQDNLFSGSIPPL--NQATLRFFNVSNNQLSGHIPPTQALNRFNESSFTDN-IALC-GDQI
QIEQMGLSGKV-DVAPLKDLPSLRTISIMNNSFSGDIPE-F--NRLTALKSLYISGNRFSGNIPSDYFETMVSLKKAWLSNNHFSGLIPISLATTLPNLIELRLENNQFIGSIPNF--TQTTLAIVDLSNNQLTGEIPPGLL--KFDAKTFAGN-SGLC-GAKL
ILDGVGLRGSF-SPETLSRLDQLRVLSLENNSISGSIPD-L--SPLVNLKTLTLSKNGFSGTLSSSILS-LRRLTELDLSFNNFSGEIPSGI-NALSRLSSLNLEFNRLNGTLPPL--NLSSLISFNVSSNNLTGLVPLTKTLLRFNASSFSSN-PGLC-GEII
VIEDLYLGGRL-IPDSVNKLDQLRVLSLKNTSLTGPLPD-F--SGLVNLKSLFLDHNSFSGSFPLSVLA-FHRLRTLDFSFNNLTGPIPSGL-VLSDRLIYLRLDSNRFNGPVPPL--NQSTLHTFNVSVNNLTGAVPVTTVLLRFGISSFLKN-PNLC-GEIV
VLSGVGLRGYF-SSATLSRLDQLRVLSLENNSLFGPIPD-L--SHLVNLKSLFLSRNQFSGAFPPSILS-LHRLMILSISHNNFSGSIPSEI-NALDRLTSLNLDFNRFNGTLPSL--NQSFLTSFNVSGNNLTGVIPVTPTLSRFDASSFRSN-PGLC-GEII
QLERLGLSGAAPDLGLLAALPGLRVLSLANNAIAGAFPN-V--SALAMLKMLYLSRNRFSGVVPDGTFHTMRGLRKLHLSSNELSGPIPSSI--TSPRLLELSLAHNQFNGPLPDF--SQPELRYVDVSSNNLSGPIPEGLS--RFNASMFSGN-EYLC-GKPL
VLENLNLTGVL-TATLLAPLSELRVLSLKSNALTGPIPD-ALPAALPNLKLLYLSANRLQGRIPPTLAL-LHRATVLVLSSNLLHGEIPTSL-TTLPRLTSLLLDDNRLNGILPPL--PQPTLRLLNVSANRLSGEIPSVLA-TKFNASSFLAN-ADLC-GPPL
VLESSGLNGTF-APATLSRLVELRVLSLKSNALHGPIPD-L--SPLENLKALFLAGNRFSGPFPASVAS-LRRLRSIDLAGNRLSGALPPGIEVAFPHLTFLRLDANHFNGSLPAW--NQSSLKLLNVSYNNFSGPVPVTPVMAQMGAAAFAGN-PELC-GEVL
RLNGLRLGGTV-DVGALVGFHNLRSVSFAGNNFSGPLPA-V--DRLTSIKSMFFSDNQFTGVLPDDFFSKLSHLKKLWLDHNELSGAIPASI-AQATSLLELHLAHNAFSGELPPL--PPPALKVFDISWNDLEGVVPEAFR--KFDAGRFGGN-QYLCYVPTS
RLEYLGLQGPAPDMAPLAALRGLRALSIANNNLTGPFPD-V--SMLPALKMLYMSRNKLDGGIPPAAFAHMRGLRKLFLSDNAFTGPIPTSI--TSPKLLVLQLSKNRFDGPLPDF--NQKELRLVDVSDNNLSGPIPPGLR--RFDAKSFQGN-KNLC-GPPV
QLEKEGLSGEL-DLAPLKSLTGLRTLSFMDNEFAGAMPD-V--KGLGGLRAIFLSGNKFSGEIPADAFAGMGWLKKVSLSRNGFTGAIPASL-AAVPRLLDLQLNDNKFTGKIPDF--PQKDLKVFDVSNNELDGEIPASLK--SIDPQMFEGN-KKLC-GAPV
VLERKGLDGTINAASLCAAAPALRVLSLEGNALRGDLPAAI--SGCARLTHIYVGDNRLSGSLPPSLAE-LASLHVLNVSRNSFSGEIPAEL-SKL-GLVRFCVNDNRFNGAIPEF--ELSRFEHFSVANNNLTGPIPDDAG--DFGRDSFSGNSDGLC-GRPD
RLARLNLSGDF-DFAALSRLPGLHSINLIRNNFSGPLPASL--AAVRSLRALYLSRNAFSGPVPGDVFAAMSWLKKLYLDRNDFSGELPAGAIAGAPRLQELHLDHNRIEGRVPSK--LPATLRLFNVSHNRLTGVLPEAVA-ARFNESAFAGN-PGLC-GAPG
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 *       340         *       360         *       380         *       400         *       420         *       440         *       460         *       480         *  
---SKCT------------------------------------------------SEPKVALWTIILVVIAVAAAVAAIVVVII----ILRRGKQTPETETRPIPTPS--GAAAGGATNQTGAPSAAELNKMEQGSNQAIAARDQSPEGTAVLNTNKRPEVQ--
A--KSCN--------------------------------------KEDEKKKEESSSSSSSGWKIALIVVIVVVVIGIIVFVL-----INRRNKNHQQEVVLGGSSLT--SSSPTSQDQKLIPQSHDHLNKMEQGQSSAASTPDRACNDGGKRAE---------
G--RECK----------------------------------------AVIYGEKSESSGSTKWIIVGLVVVLLLVAI-----------LFKSKRKDDQFEKLEKENLD--EAVKVHLNKRSMSTRTSMRSSRKGRSRSG-------------------------
E--TECD-----------------------------------SPYIEHPPQSEARPKSSSRGPLVITAIVAALTILIILGVIFLL---NRSYKNKKPRLAVETGPSSL--QKKTGIREADQSRRDRKKADHRKGSGTTKRMGAAAG------------------
D--TKCS----------------------------------SPYNHSSEPKSSTKKTSSKFLYIVAAAVAALAASLIIIGVVIFL---IRRRKKKQPLLSAEPGPSSL--QMRAGIQESERGQGSYHSQNRAAKKM----------------------------
N--IECD---------------------------------------EKPSSTGSGNEKNNTAKAIFMVILFLLIFLFVVAII------TRWKKKRQPEFRMLGKDHLSDQESVEVRVPDSIKKPIDSSKKRSNAEGSSKKGSSHNGKGAGGGPG----------
---SPCS----------SDSG-----------------------SSPDLPSSPTEKNKNQSFFIIAIVLIVIGIILMIISLVVCI---LHTRRRKSLSAYPSAGQDRT--EKYNYDQSTDKDKAADSVTSYTSRRGAV--------------------------
---SPCS---------SSSPGVPVVPVS----------------PVDPKSTSPPTGKKAGSFYTLAIILIVIGIILVIIALVFCF---VQSRRRNFLSAYPSSAGKER--IESYNYHQSTNKNNKPAESVNHTRRGSMP-------------------------
D--VGCE-----------------------------NIELNDPQEGQPPSKPSSSVPETSNKAAINAIMVSISLLLLFFIIVGVI---KRRNKKKNPDFRMLANNREN--DVVEVRISESSSTTAKRSTDSSRKRGGHSDDGSTKKGVSNIGKGGNGGGGGALG
---LPCR----------------------------------------------YTRPPFFTVFLLALTILAVVVLITVFLSVCIL---SRRQGKGQDQIQNHGVGHFH--GQVYGQPEQQQHSEKSSQDSKVYRKLANETVQRDSTATSGAISVGGLSPDEDKR
G--SPCG--------------------------------ISPAPSAKPTPIPKSKKSKAKLIGIIAGSVAGGVLVLILLLTLLIV---CWRRKRRNQAPREDRKGKGI--AEAEGATTAETERDIERKDRGFSWERGEE-------------------------
Q--NSCN----------DTTGITSTP------------------SAKPAIPVAKTRSRTKLIGIISGSICGGILILLLTFLLICL---LWRRKRSKSKREERRSKRVA--ESKEAKTAETEEGTSDQKNKRFSWEKESEE------------------------
S--TPCP----------QPKN-----------------------STASITIEGTMKDANKSKYFLAFSTLGVLLIVVLVSLAFR----KKKKKRRRKKARRTSEQDNS--DDQQIQVTVEGSNSSRQSRSSRSGELNKGV------------------------
N--RSCGLHSSSPFFGSPKPNTTSSTSSASSSEAPVIQSEQ---NGEAAMIVPPVVKKVKNGWLVLGFTIGLASLIVLGLCLVVFSLFIKNRREDYDDVIITQPKREE--ENKEIKIQFQTTAPSSKKRI----------------------------------
H--KECNPRAKFFTPVTAAPSPKMVLGQIA--------------QIGGARLSRPSQNKHSRFFVILGFISGAFILFISVACLIGA---VKRRRSKTEKQKGKESTAVV--TFDAAETAEVAAAIEQESEIEEKVKKLQA-------------------------
N--RACA----------SRSPFFGSTNKTTSSEAPLGQSAQAQNGGAVVIPPVVTKKKGKESGLVLGFTAGLASLIVLGLCLVVF---SLVIKKRNDDGIYEPNPKGE--ASLSQQQQSQNQTPRTRAVPVLNSDTESQKREKEVQFQETEQRI----------
D--TPCD-------------------------------------------KLASPSNMSTFMTIAVVLIVVGVILAAAGIATGVIGRRRRKRRRRRPGPGEPGGDQTP--SNPKLHTAPAVNINRGSATAAASTAAAAGTSASGGGGGAAAKRGGRR-------
R--IQCA----------APTAPAAAAA-----------------FTPLPPPRSNRSRRAKNAGIVAGATVAGVVVLGILVAAAVM---ASRRGRNKRVAGDVDKGAMP--EEEEEQQQQQPQAQPREEINASASASASVASERRGGREFSWER-----------
R--RECR---GSHLLFFHGPGNNGSAAPPVQSAAATGDGPQRDDISLPDSSTPRSRKLRRRAAIAVAATAAAFVAVLLLCAMIAM---KRGKKRRRPSSAAYPSPKKS--AAMSEVSRDNTDLGYVECVPDEETAAMMMPEEKARRL-----------------
D--RPCK------------------------------------------RVQAAAASSSKRSPMAFVTLLVSVVVVALVLCLCC----NRSSRVHDFDPAHRGGDGLD--ERPPVYMVKQFSTTGKRSASWLGKRTGSSLRGHRRAASAAKADELG--------
G--APCP----------EVPILASP-------------------SPSPLSSSWWSPRSLKILMIIALVVVVVGALLAFAGALTAM---LARRREATTETQGGGVGGAA--ANAAA-ARMKATPNPAVTVAHGGGGGGGEQQPHVTVSAVPAKRGGRR-------
D--AKCE----APSPAATTSPPAATSGKIGTSPSPTAAAETTTTGTVPAEEGTQGATKPTKGSTSFGVLAAFLGTLAIIGFAVVE---LQRRREYNTQNFGPAASTKP--TLPSAPASPATKPTHAAAAATAAAATTGGGGARSSSVSGSTARGGGGKA-----
F--PPCP---------------------------------------PPPSSGENDGKRRRRARTIVMCLGYVLLGAGVAAFVLYM---MCSKRRRRPSGVGGKTAATT--ETSSSVTPGKSAYSLPMSEERMNATAAAAAAVARATPASLVVLQRSG-------
SGAGACA---------AAAPGPAHT-------------------AMPPMSAADYFAVQEETSVFVVMGIIMLVVLLVAGAMVLML---RQDEGTSTASSGYEHPAIGA--PSGNLSVPHAAGAAASAQLVTMEQGGSGAAGGAGGVGGVGGAR-----------
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     500         *       520         *       540         *       560         *       580         *       600         *       620         *       640         *      
AVQQKLLFLK-------DDIE--KFDLPDLLKASAEILGS-----------GVFGSTYKAALSRG-RVMVVKRFRQMNN----VGKED-FHEHMRRIGRLSHKNLLPVVAYYYRKEEKLLVSEYVNNVSLAVHLHG--N-KSRGQPSLDWPTRLKIVKGVAKGL
VAGQKLLFLK-------DDIE--KFDLPDLLKASAEVLGS-----------GVFGSTYKAALSTG-PVMVVKRFRHMNK----VGKED-FHEHMRRLGRLSHKNLLPVIAFYYRKEEKLLVFEYVNNVSLAVYLHG--NSKSRGNQSLDWPTRLKIVKGVSKGI
SDMGDLVVVN-------DEKG--IFGMPDLMKAAAEVLGN-----------GGLGSAYKALLGNGVLSVVVKRLRETNK----FNKEC-FDAEIRRLARIRHKNILQPLAYHYGKEEKLVVSEYIPKGSLLYLFHG--D-RGTAHAQLNWCIRVKIILGVANGM
VENTKLSFLR-------EDRE--KFDLQDLLKASAEILGS-----------GCFGASYKAVLSSG-QMMVVKRFKQMNN----AGRDE-FQEHMKRLGRLMHHNLLSIVAYYYRKEEKLLVCDFAERGSLAINLHS--N-QSLGKPSLDWPTRLKIVKGVAKGL
IHTTKLSFLR-------DDKG--KFELQDLLKASAEILGS-----------GCFGASYKTLLSNG-SVMVVKRFKHMNS----AGIDE-FQEHMKRLGRLNHENLLPIVAYYYKKEEKLFVSDFVANGSLAAHLHG--H-KSLGQPSLDWPTRFNIVKGVGRGL
SGMGDIIMVN-------SEKG--SFGLPDLMKAAAEVLGN-----------GSLGSAYKAVMANG-LSVVVKRIRDMNK----LAREA-FDTEMQRFGKLRHPNVLTPLAYHYRREEKLVVSEYMPKSSLLYVLHG--D-RGVYHSELTWATRLKIIQGVARGM
PDQNKLLFLQ-------DDIQ--RFDLQDLLRASAEVLGS-----------GSFGSSYKTGINSG-QMLVVKRYKHMNN----VGRDE-FHEHMRRLGRLKHPNLLPIVAYYYRREEKLLIAEFMPNRSLASHLHA--N-HSVDQPGLDWPTRLKIIQGVAKGL
DPGGRLLFVR-------DDIQ--RFDLQDLLRASAEVLGS-----------GTFGASYKAAISSG-QTLVVKRYKHMNN----VGRDE-FHEHMRRLGRLNHPNILPLVAYYYRREEKLLVTEFMPNSSLASHLHA------NNSAGLDWITRLKIIKGVAKGL
GGMGDIIMVN-------TDKG--SFGLPDLMKAAAEVLGN-----------GSLGSAYKAVMTTG-LSVVVKRIRDMNQ----LAREP-FDVEMRRFGKLRHPNILTPLAYHYRREEKLVVSEYMPKSSLLYVLHG--D-RGIYHSELTWATRLKIIQGVAHGM
GDQRKLHFVR-------NDQE--RFTLQDMLRASAEVLGS-----------GGFGSSYKAALSSG-RAVVVKRFRFMSN----IGREE-FYDHMKKIGRLSHPNLLPLIAFYYRKEEKLLVTNYISNGSLANLLHA--N-RTPGQVVLDWPIRLKIVRGVTRGL
GAVGTLVFLG----TSDSGETVVRYTMEDLLKASAETLGR-----------GTLGSTYKAVMESG-FIVTVKRLKNARY----PRMEE-FKRHVEILGQLKHPNLVPLRAYFQAKEERLLVYDYFPNGSLFTLIHG--TRASGSGKPLHWTSCLKIAEDLASAL
GSVGTLVFLG-------RDITVVRYTMDDLLKASAETLGR-----------GTLGSTYKAVMESG-FIITVKRLKDAGF----PRMDE-FKRHIEILGRLKHPNLVPLRAYFQAKEECLLVYDYFPNGSLFSLIHG--SKVSGSGKPLHWTSCLKIAEDLAMGL
AGTSDLVMVN-------KEKG--VFRLSDLMKAAAHVLGNPGGGSNRPRSSGGVGSAYKAVLSNG-VTVVVKRVTVMNQ----VSVDV-FDKEIRKLGSLQHKNVLTPLAYHFRQDEKLLVFEFVPNLNLLHRLHG--D---HEEFQLDWPSRLKIIQGIARGM
PRNGDLIFCG---EGGGGGEA--MYTVDQLMRASAELLGR-----------GSVGTTYKAVMVNQ-MIVTVKRFAPSKT--AITSDLE-FENQMEIVGGLKHPNLVPVKAYFQSNGERLVIYEYQPNGSLFNLIHG--S-RTSKAKPLHWTSCLKIAEDVAQAL
TKSGSLVFCA-------GEAH--VYTMDQLMTASAELLGR-----------GTVGTTYKALLDSR-LIVTVKRLDAIRL--AGVGRDK-FEHHMESVGALGHPNLVPLRAYFQAKEERLLIYDYLPNGSLSSLVHG--T-KSSRATPLHWTSCLKIAEDVAQGL
PNSGNLVFCG-------ESRSQGMYTMEQLMRASAELLGR-----------GSVGITYKAVLDNQ-LIVTVKRLDAAKT--AVTSEEA-FENHMEIVGGLRHTNLVPIRSYFQSNGERLIIYDYHPNGSLFNLIHG--S-RSSRAKPLHWTSCLKIAEDVAQGL
DEHGRLVFVQ-------ESRK--RFEIEDLLRASAEVLGS-----------GNFGSSYKATLQER-PAVVVKRFKDMNG----VGRED-FSEHMRRLGRLSHPNLLPVVAYLYKKDEKLLITDYITNGSLAHFLHG------NRGSELDWGKRLRIIRGTARGL
EGIGKLVFCG-------GVAE--MYSLEELLRASAETLGR-----------GEVGSTYKAVMETG-FIVTVKRMREPA-----AGAAE-LGRRAEELGRLRHPNVVALRAYFQAKEERLLVYDYYPNGSLFSLLHGSSSRTSSKGKPLHWTSCMKIAEDVAAGL
ERSGCLTFCA-------GEGA--SYSLEQLMRASAEVLGR-----------GSVGTTYKAVLDGR-LVVIVKRLDAAKIGAAALEAEA-FEQNMDAVGRLRHPNLVSLRAFFQAKEERLLVYDYQPNGSLYSLIHG--S-RSSRAKPLHWTSCLKIAEDIGQGL
GGAGDLVIVN-------NCKG--VFGLTDLMKAAAEVIGS-----------GGHGSAYKAVMANG-VAVVVKRARDMNR----ATKDA-FEAEMKRLGAMSHANLLPPLAYHYRRDEKLLVYEYIPKGSLLYVLHG--D-RGMDYAGLDWPTRLKVAVGVARGT
DDHGRLVFIQ-------EGRE--RFELEDLLRASAEVLGS-----------GSFGASYKATLVEG-QSMVVKRFKEMNG----VGRQD-FNEHMRRLGRLVHPNLLPVVAYLYKKDEKLFVTEYMVNGSLAHLLHG-----GSSMAALDWPRRLKIIKGVTRGL
GEQGRLTFVR-------DDDRGRFFELQDLLKASAEVLGA-----------ANLGVCYRATLTGG-HSVVVKRFKEMNR----VGKED-FEEHMRRLGRLSHPNLLPLISYYYRKEEKLLIHDYVPNKSLAHLLHG--E-GRRVKKLVHWPARLKLVKGVARAL
TAASTVMTLNTAAAAAAEAAR--KLRFEDLLRSPAELLGR-----------GRFGSAYKVVVPGG-AALAVKRVKDAAG----AEEEEEFRRRMERVGKARHPAVLPPLAFYCAMQEKLVVYEFLGHGSLAKLLHG--S-IESSQVALDWPARLHIASKVADGM
KQVAEFVLMS-------NAAG--EFGLPELMKASAEVLGN-----------GTLGSAYKAAMRNG-VTVAVKRMRDMNR----VGRAE-FEEHIRMLGELRHPNVLSPVGYHYRKEEKLIVSEFMPRGSLLYVLHG--D-QSPERVVLDWPARMRIAVGVVRGL
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 660         *       680         *       700         *       720         *       740         *       760         *       780         *       800         *       820
LYLYNELPSLT-------A-----------------PHGHLKSSNVLLNESYEPLLTDYALL-----PVVNLEHAQEH---MIAYKSPEF---K-----------HNG-R-ITRKNDVWTLGILILEMLTGKFPSNFLQQGKGSDT---DLATWVRSVVNEDMT
LYLYNELPSLT-------S-----------------PHGHLKSSNVLLTENFEAVLTDYALL-----PVVNAEHAHEH---MISYKAPEL---K-----------QSG-K-VNRKTDVWTLGMLILEILTGKFPSNLLGKGTQDSD---DLATWVNTTLGGESS
KFLHSEFGSYD-------V-----------------PHGNLKSSNILLSANNEPLLTDYAFY-----PLVNNSQAVQS---LFAYKSPEA---I-----------LNQ-Q-VTPKSDVYCLGIIILEILTGKFPSQYLSNQKFTGT---DVAQWVQSAIEENRV
FYLHQDLPSLM-------A-----------------PHGHLKSSNVLLTKTFEPLLTDYGLI-----PLINQEKAQMH---MAAYRSPEY---L-----------QHR-R-ITKKTDVWGLGILILEILTGKFPANFSQ---SSEE---DLASWVNSGFHGVWA
LYLHKNLPSLM-------A-----------------PHGHLKSSNVLLSEKFEPLLMDYGLI-----PMINEESAQEL---MVAYKSPEY---V-----------KQS-R-VTKKTDVWGLGVLILEILTGKLLESFSQVDKESEE---DLASWVRSSFKGEWT
DFLHEEFASYD-------L-----------------PHGNLKSSNVLLSETYEPLISDYAFL-----PLLQPNNASQA---LFAFKSPEF---V-----------QNQ-Q-VSPKSDVYCLGIIVLEVMTGKFPSQYLNTGK-GGT---DIVEWVQSSIAQHKE
GYLFNELTTLT-------I-----------------PHGHLKSSNVVLDESFEPLLTDYALR-----PVMNSEQSHNL---MISYKSPEY---S-----------LKG-H-LTKKTDVWCLGVLILELLTGRFPENYLSQGYDANM---SLVTWVSNMVKEKKT
SYLFDELPTLT-------I-----------------PHGHMKSSNIVLDDSFEPLLTDYALR-----PMMSSEHAHNF---MTAYKSPEY---R-----------PSKGQIITKKTDVWCFGVLILEVLTGRFPENYLTQGYDSNM---SLVTWVNDMVKEKKT
KFLHEEFASYD-------L-----------------PHGNLKSSNVLLSETYEPLISDYAFL-----PLLQPSNASQA---LFAFKTPEF---A-----------QTQ-Q-VSHKSDVYCLGIIILEILTGKFPSQYLNNGK-GGT---DIVQWVQSSVAEQKE
AYLYRVFPDLN-------L-----------------PHGHLKSSNVLLDPNFEPLLTDYALV-----PVVNRDQSQQF---MVAYKAPEF---T-----------QQD-R-TSRRSDVWSLGILILEILTGKFPANYLRQGKGADD---ELAAWVESVARTEWT
LYIHQNPG----------L-----------------THGNLKSSNVLLGPDFESCLTDYGLS-----TLHDPDSVEETSAVSLFYKAPEC---R-----------DPR-KASTQPADVYSFGVLLLELLTGRTPFQDLVQEYGS-----DISRWVRAVREEETE
VYIHQNPG----------L-----------------THGNLKSSNVLLGPDFESCLTDYGLS-----DLHDPYSIEDTSAASLFYKAPEC---R-----------DLR-KASTQPADVYSFGVLLLELLTGRTSFKDLVHKYGS-----DISTWVRAVREEETE
WYLHRELGFLN-------L-----------------PHGNLKSSNIFLAEDGEPLISEFGLQ-----KLINPDAQSQS---LVAFKSPEA---D-----------RDG-T-VSAKSDVFSFGVVVLEILTGKFPSQYAGLNRAGGA---NLVEWLGSALEQGGW
HYIHQSSAKF---------------------------HGNLKSTNILLGHDFEACVTDYCLS-----VLTDSSVPPND-PDISSYKAPEI---R-----------KSTDSRPTSKCDVYSFGVFLLELLTGKTASRQPIMEPN------DMLDWVRAMRQEEER
SYIHQAWQ----------L-----------------VHGNLKSSNVLLGQDFEACIADYCLVALATNPPLTSNDGQED-ADAAAYKPPEA---R-----------HKSLNYQSVKADVYSFGILLLELLTGKQPSKIPVLPLD------EMIEWVRKVREEGEK
YYIHQTSSALV--------------------------HGNLKSTNILLGQDFEACLTDYCLS-----VLTDSSSASPDDPDSSSYKAPEI---R-----------KSS-RRPTSKCDVYSFGVLIFELLTGKNASRHPFMAPH------DMLDWVRAMREEEEG
GHLYDELPMLT-------V-----------------PHGHLKSSNVLLDGDMEAVLSDYALV-----PVVTASAAAQV---MVAYKAPECVAAA-----------AAG-K-PSKKSDVWSLGILILEVLTGKFPANYLRQGRQDNA---DLAGWVSSVVSEERT
VHLHQSPPAGI-------V------------------HGNLKPSNVLLGPDFESCLTDYGLV-----PTLLPSHADLASSTSVLYRAPET---------------RTA-HAFTPASDVYSFGVLLLELLTGKAPFQDLMEMHSD-----DIPSWVRAVREEETE
AYIHQASR----------L-----------------VHGNIKSSNVLLGSDFEACLTDNCLA-----FLLESSEVKDD----AAYRAPEN---M-----------KSN-RRLTPKSDIYAFGILLLELISGKPPLQHSVLVAT------NLQTYVQSARDDGV-
AFLHGELAGHE-------V-----------------PHGNLKSANILLAPDFEPLLVDFGYS-----GLINHMQSPNS---MIARRAPEC---A-----------AGH-P-VGAKADVYCLGIVLLELLTGKFPSLYLQNAK-GGT---DLVMWATSAIADGYE
AHLYDELPMLT-------V-----------------PHGHLKSSNVLLDAAFEPILSDYALV-----PVMTPRHAAQV---MVAYKSPEC---G-----------ETG-R-PSKKSDVWSLGILILEVLTGKFPANYHRQGR-TGT---DLAGWVHSVVREEWT
QYLYDELPMLT-------V-----------------PHGHLKSSNILLNDRFEPLLTDYSLV-----PVMNQSHSAQL---MVAFKSPER---R-----------QFG-R-SSKKSDVWCLGILILEILTGRPPSYDPPPQPEAATANGDLVGAVASTPEGEWL
AFMHGALRGGDGDGDGANANLSFSSSYEEDEAGGAIAHGNLKASNILFTATMEPCISEYGVT-----APPPPSSAPAA----------------------------------ALRADVRAYGVLLLELLTGKATAAD-------GA---ELSRWVTAVIREEWT
SYLHEKLGIPA-------MRLVSMTGADFDAPPPPPPHGNLKSGNILLDAHLEPRIVDYGFF-----PLVNTSQAPHA---MFAFRSPEA---ASAAAAGAGAAAQRA-A-LSARSDVYCLGIVLLELVTGKFPSQYLLTAR-GGT---DVVQWAASAVAGGTE
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         *       840         *       860         *       880         *       900         *       920         *   
EVDVFEKEM---RGTTN----SEGEMMKLLKIALGCCD--LDMKKRFDIKEAMERIEEVKERD------------GDDDFYSTRGLSDDYTQVSMNI----------------
EKEVFDKEM---KGTKD----CESEMMKLLKIGLSCCE--ADVEKRCDIKEAVERIDEVK---------------GKGDFSSNVASNEVDNMHTSR-----------------
S-ELIDPEI---ETEKD----SLEMMEKFLYIGAACTE--SDHDHRIDMKEAIRRIEEITDLM--------------------------------------------------
P-SLFDKGM---GKTSH----CEGQILKLLTIGLNCCE--PDVEKRLDIGQAVEKIEELKEREG-----------DDDDFYSTYVSETDGRSSKGESCESISFA---------
Q-ELFDQEM---GKTSN----CEAHILNLMRIGLSCCE--VDVEKRLDIREAVEKMEDLMKEREQ----------GDDDFYSTYASEADGRSSRGLSSEGINLS---------
E-ELIDPEI---ASNTD----SIKQMVELLRIGAACIA--SNPNERQNMKEIVRRIERVTL----------------------------------------------------
G-DVFDKEM---TGKKN----CKAEMLNLLKIGLSCCE--EDEERRMEMRDAVEKIERLKEGE------------FDNDFASTTHNVFASRLIDDDDFGFAMNR---------
G-DVFDKEM---KGKKN----CKAEMINLLKIGLRCCE--EEEERRMDMREVVEMVEMLREGESEDDF-------GSMDHRGTHNNVYSSMLLDDDDFGFSMNR---------
E-ELIDPEI---VNNTE----SMRQMVELLRVGAACIA--SNPDERLDMREAVRRIEQVKT----------------------------------------------------
A-DVFDKEM---KAGKE----HEAQMLKLLKIGLRCCD--WDIEKRIELHEAVDRIEEVDRDAGG----------GQESVRSSYVTASDGDHRSSRAMTEEFSLM--------
SGEEPTS-----SGNEA----SEEKLQALLSIATVCVT--IQPDNRPVMREVLKMVRDARAEAPFSS--------NSSEHSPGRWSDTVQSLPRDDQVSI-------------
VSEELNA--------------SEEKLQALLTIATACVA--VKPENRPAMREVLKMVKDARAEAALFSF-------NSSDHSPGRWSDTIQSLPREDHMSI-------------
M-DLLHPMVVTAAAEDK---IMEEEIENVLRIGVRCTR--EDPDQRPNMTEV---VDELTIED------------SNDDFITIET----------------------------
S---------------K----EENGLEMMTQTACLCRV--TSPEQRPTMKEVIKMIQEIKGSVV-MTE-------ENEKFL--------------------------------
K----------NGNWRE----DRDKFGMLTEVAVACSL--ASPEQRPTMWQVLKMLQEIKEAAVM----------EECELVMDSANSESS-----------------------
T--------------------EDNRLGMMTETACLCRV--TSPEQRPTMRQVIKMIQEIKESVMAE---------ENDPFR--------------------------------
G-EVFDKDM--AAAGAG----AEDDMLKLLHVGLGCCD--ADVDQRWELKTAIARIEEIRVPDPTPTP-----AAAADAAEPSPSTTTTTNSGETRS----------------
SGGESASA-------GG----TEEKLGALISIAAACVV--ADPARRPTTPEVLRMVREARAEAM-SSS-------NSSDRSPARWSDAVQVQMGMGVPRDQGELGGLT-----
---------------------DVERLSMIVDIASACVR--SSPESRPTAWQVLKMIQEVKEADTAGD--------NDSDLTSNS-----------------------------
R-DLFDKAI--TSAWKF----ALPDMARLMRVAVDCVE--TDADKRPDMKVAAARVEEVVAAAMATVRERHQAAGGESSRSSSHAQYVRDGSMQRITSVGERSSRRGSNDYSS
G-EVFDQEM---RGARG----GEGEMVKLLKVGLGCCE--SDVDKRWDLRDALARIEELRERDAGAGA-------DDSSAASSVASGGGGGEASRSHSS--------------
E-KVVDADMIRKWEDEE----SKGEMVKLIKIGMACCE--AAVDSRWELKTAVESIEELKGGKEEDAN-------DEHSFYSSIDGDEFASVAIN------------------
A-EVFDRAMLSSAGAGGDTVASEQRMVRLLQVAMRCIDDASSPSPPPTMREVAGMVNAIREE-------------DDMSLSSEA-----------------------------
Q-EVVDPVV-----AAG----AGPAAVRLLRVGVRCTI--PEPESRPSMADVARMVEQVAGGGGGGAS---------------------------------------------
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Figure S4. Alignment data used to produce the PRKs 

phylogenetic tree in Figure 1A.  

The alignment was produced by MUSCLE 3.6 and presented by 

GeneDoc without adjustment. 
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         *        20         *        40         *        60         *        80         *       100         *       12
EIEMMKERFAKLLLGEDMSGGGKGVCTALAISNAITNLSATVFGELWRLEPLAPQKKAMWRRELEWLLCVSDSIVELIPSIQQFP-GGGTYEIMETRPRSDLYANLPALKKLDAMLIDM
ELETMKERFSKLLLGEDMSGSGKGVCTAVTISNAITNLYATVFGQNLRLEPLEIEQKTTWKREMNCLLSVCDYIFEFIPKSQNLS-NGATVEVMESRPRADIYINLPALRKLDSMLMEA
ELETMKERFAKLLLGEDMSGSGKGVCTAVTISNAITNLYATVFGQNLRLEPLETEKRALWKREMNCLLSVCDYIVEFIPRCQNLS-NGATVEVMESRPRADIYINLPALRKLDSMLMEA
ELEMMRERFAKLLLGEDMSGSGKGVCTAVTVSNSITNLYATVFGQSLRLQPLSTEKKDLWKREMNCFMSICDYIVEVIPRSL-----GTNVEITETKLRSDILMSLPALRKLDNMLMEI
DVEMMKERFAKLLLGEDMSGSGKGVCTALAISNAITNLCATIFGQLWRLEPLSSEKKEMWRREMEWILSVSDHIVELTPSTQTYP-DGNKFEVMTCRPRFDLFINLPALRKLDNMLLDI
EIELLKERMAKLLLGEDMSGSGEGVCPALAISNAITNLYAAILGQQWRLEPIPSEKKLMWRREIEVLLSVSDHIVELVPSFQNFP-NGNKIEVMNCRPRSDLFTCLPALRKLDNMLIEI
EVEMMKERFSKLLLGEDMSGSGNGVCTALAISNAITNLCATLFGQLWRLEPLPTEKKEMWRREMEWLLCVSDHIVEMTPTWQTFP-DGTKLEIMTCRPRSDLYVNLPALRKLDNMLLEI
DMEMMKDRFAKLLLGEDMSGGGKGVSSALALSNAITNLAASIFGEQTKLQPMPQDRQARWKKEIDWLLSVTDHIVEFVPSQQTSK-DGVCTEIMVTRQRGDLLMNIPALRKLDAMLIDT
ETEMMKDRFTKLLLGEDMSGGGKGVSSALALSNAITNLAASIFGEQTKLQPMAPDRRARWKKEIDWLLSVTDHIVEFVPSQQISK-EGVCTEIMVTRQRGDLLMNIPALRKLDAMLIDT
DMEVMKERFAKLLLGEDMSGGGTGETSALALSNAITKLADSMFGEQMKLQPMYPETKENWRKEMGWLLSVIDHIVQFVPSRQMGK-NGQFTEIMVTKQRDDLLTNIPALRKLDSVLLET
AMEQMKEKFSKLLLGEDMSGGGKGVSSALALSNAITNLAASAFGEQRRLEPMAVDRKTRWRREIGWLISVADYIVEFAPTQQTNK-DGTSMEVMSTRQRTDLLCNIPALKKLDAMLLDC
DMEQMKERFSKLLLGEDNSGGGKGVSSALALSNAITNLAASVFGEQRRLEPMPAERRARWRKEIDWLLSVTDYVVEFAPSQQKNK-DGTNMEIMTTRQRTDLHMNIPALKKLDAMLIDC
ELEQMKDKFAKLLLGEDMSGGSKGVSSALALSNAITNLAASAFGEIRRLEAISEDKKERWRREIGWLLSVTDHIVEFSPTHQTNE-DGSSMEVMTTKQRTDLVSNIPSLKKLDEMLLDC
DVEAMKEKFSKLLLGEDVTGGCKGVQVALALSNAVTHLATSIFGELWKLEPLCEEKKQKWRREMDWLLSPTNYMIELVPSKQNDA-NGRSLEIMTPKARADIHMNLPALQKLDSMLIET
AMEQMKEKFSKLLLGEDMSGGGKGVSSALALSNAITNLAASAFGEQRRLEPMAADRKTRWRREIGWLISVADHIVEFAPTQQTNK-DGTSMEVMSTRQRTDLLCNIPALKKLDAMLLDC
DMEQMKERFSKLLLGEDNSGGGKGVSSALALSNAITNLAASVFGEQRRLEPMPAERRARWRKEIDWLLSVTEYVVEFAPSQQKNK-DGTNMEIMTTRQRTDLHMNIPALKKLDAMLIDC
EKEQMKDKFAKLLLGEDMSGGSKGVSSALALSNAITNLSASAFGELRRLEPISEDRKERWRREIGWLLSVTDHIVEFSPTHHTNE-DGSSMEVMTTKQRTDLVSNIPALKKLDEMLLDC
ELEMMRERFAKLLLGEDMSGSGKGVCTAVTVSNSITNLYATVFGQSLRLQPLSTEKKELWKREMNCFMSICDYIVEVIPRSL-----GTNVEITETKLRSDILMSLPALRKLDNMLMEI
EIELLKERMAKLLLGEDMSGSGEGVCPALAISNAITNLYAAILGQQWRLEPIPSEKKSMWRREIEVLLSVSDHIVELVPSFQNFP-NGNKIEVMNCRPRSDLFTCLPALRKLDHMLIEI
EVEMMKERFSKLLLGEDMSGSGNGVCTALAISNAITNLCATLFGQLWRLEPLPTEKKEMWRREMEWLLCVSDHIVEMTPTWQTFP-DGTKLEIMTCRRRSDLYVNLPALRKLDNMLLEI
DIEVMKERFAKLLLGEDMSGGGDGVTSALALSNAITKLADSMFGEQMKLQPMYPETKEIWRKEMDWLLSVVDHIVQFVPSKQMGK-NGQFTEIMVTKQRDDLLTNIPALRKLDSVLLET
ELETMKERFAKLLLGEDMSGSGKGVCTAVTISNAITNLYATVFGQNLRLEPLETEKRAMWKREMNCLLSVCDYIVEFIPRCQNLS-NGATVEVMESRPRADIYINLPALRKLDSMLMEA
EIEMMKERFAKLLLGEDMSGGGKGVCTALAISNAITNLSATVFGELWRLEPLAPQKKAMWRRELEWLLCVSDSIVELIPSLQHFP-GGGTYEIMETRPRSDLYANLPALKKLDAMLIDM
ELEMMRERFAKLLLGEDMSGSGKGVCTAVTVSNSITNLYATVFGQSLRLQPLSTEKKELWKREMNCFMSICDYIVEVIPRSL-----GTNVEITETKLRSDILMSLPALRKLDNMLMEI
DVDMMKERFAKLLLGEDMSGSGKGVCTALAISNAITNLCATIFGQLWRLEPLSSEKKEMWRREMEWILSVSDHIVELTPSTQTYP-DGNKFEVMTCRPRFDLFINLPALRKLDNMLLDI
DMEMMKDRFAKLLLGEDMSGGGKGVSSALALSNAITNLAASIFGEQTKLQPMPQDRQVRWKKEIDWLLSVTDHIVEFVPSQQTSK-EGVCTEIMVTRQRGDLLMNIPALRKLDAMLIDT
ETEMMKDRFTKLLLGEDMSGGGKGVSSALALSNAITNLAASIFGEQTKLQPMAPDRRARWKKEIEWLLSVTDHIVEFVPSQQISK-EGVCTEIMVTRQRGDLLMNIPALRKLDAMLIDT
ELETMKERFSKLLLGEDMSGSGKGVCTAVTISNAITNLYATVFGQNLRLEPLETEKRALWKREMKCLLSVCDYIVEFIPRCQSLS-NGTTVEVMESRPRADIYINLPALRKLDSMLMEA
DMEAMKARFAKLLLGEDMSGGSEGVTSALALSYAITNLADSVFGEQMKLQPMYPETKKIWRKEMNLLLSVVDHIVQFVPSKQMGK-NGAFTEIMVTKQRDDLLMNIPALRKLDSVLLET
DMEQMKERFSKLLLGEDNSGGGKGVCSALALSNAITNLAASVFGEQRRLEPMPADRRARWRREIDWLLSVTDYVVEFAPSQQKNK-DGTTMEIMTTRQRNDLHMNIPALRKLDAMLIDC
ELEMMRERFAKLLLGEDMSGSGKGVCTAVTVSNSITNLYATVFGQSLRLQPLSTEKKDLWKREMNCFMSICDYIVEVIPRSL-----GNNVEITETKLRSDILMNLPALRKLDNMLMDI
DMEMMRERFAKLLLGEDMSGGEKGVTSALALSNAITNLADSMFGEHMKLQPMDLKRKKIWRKEMNWLLSVVDHIVQFVPSKQVAK-TGDFTEIMVTKKRDDLLMNIPALRKLDSVLLET
EVELLKERMAKLLLGEDMSGSGEGVCPALAISNAITNLYAAILGQQWRLEPLPSEKKTMWRREIEVLLSVSDHIVELVPSFQNIP-NGSKIEVMNCRPRSDLSTCLPALRKLDNMLIEI
DVDMMKERFAKLLLGEDMSGSGKGVCTALAISNAITNLCATIFGQLWRLEPLPSEKKAMWRREMEWILSVSDHIVELTPSTQTYP-DGKKFEVMTCKPRFDLFINLPALRKLDNMLLDV
EIEMMKERFSKLLLGEDMSGSGNGVCTALAISNAITNLCATLFGQLWRLEPLPKEKKDMWRREMEWLLCVSDHIVEMTPTWQTFP-DGTKLEIMTCRPRSDLYVNLPALRKLDNMLLEI
DTDMMKDRFAKLLLGEDMSGGGKGVSSALALSNAITNLAASIFGEQTKLQPMPQDRQARWKKEIDWLLSVTDHIVEFVPSKQTNK-DGVCTEIMVTRQRGDLLMNIPALRKLDTMLIDT
EIEMMKERFAKLLLGEDMSGGGKGVCTALAISNAITNLSATVFGELWRLEPLAPQKKAMWRRELEWLLCVCDSIVELIPSTQQFPGGGGTYEIMETRPRSDLYANLPALKKLDAMLIDM
DTEMLKDRFAKLLLGEDMSGGGKGVSSALALSNAITNLAASIFGEQTKLQPMPQDRQARWKKEIDWLLSVTDHIVEFVPSQQMSK-DGVCTEIMVTRQRGDLLMNIPALRKLDAMLIDT
AMDQMKEKFSKLLLGEDMSGGGKGVSSALALSNAITNLAASAFGEQRRLEPMAADRKARWRREIGWLISVADHIVEFAPTQQTNK-DGTSMEVMSTRQRTDLLCNIPALKKLDAMLLDC
DMEVMKERFARLLLGEDMSGGSEGVSSALALSNAITNLADSMFGEQMKLQPMYPETKEIWRKELDWLLSVVDHIVQFVPSKQMAK-NGAITEIMVTKQRDDLLMNIPALRKLDSVLLET
-----------------MSGGGEGVSSALALSNAITNLSASAFGEQRRLEPISEDRKERWRREIGWLLSVTDHIVEFSPTQQTNK-DGSSIEVMTTRQRGDLVSNIPALKKLDVMLTDC
--EQMKERFAKLLLGEDMSGGGKGVSSALALSNAVTNLSASAFGEQRRLEPMSEDRKERWRREMGWLLSVTDHIVEFSPTQQTNK-DGSSIEVMTTRQRTDLVSNIPALKNLDVMLTDC
AMEQMKERFSKLLLGEDMSGGGKGVSSALALSNAITNLAASAFGEQRRLEPMPADRKARWRRELGWLISVADHIVEFAPTQQTNK-DGSSMEVMTTRQRTDLLCNVPALKKLDAMLLDC
----LKDRFAKLLLGEDMSGGGKGVSSALALSNAITNLAASIFGEQTKLQPMPQDRQARWKKEIEWLLSVTDHIVEFVPSQQTSK-DGVCTEIMVTRQRGDLLMNIPALRKLDAMLIDT
ELETMKERFAKLLLGEDMSGSGKGVCTAVTISNAITNLYATVFGQNLRLEPLETEKRALWKREMNCLLSVCDYIVEFIPRCQSLS-NGTTVEVMESRPRADIYINLPALRKLDSMLMEV
ETEQMKERFAKLLLGEDMSGGGKGVSSALALSNAITNLAASVFGEQWRLEPMSVERKARWRKEIDLLLSVTDYIVEFVPSQQKSK-DGTNMEIMVTRQRNDLHMNIPALRKLDAMLIDC
EIEMMKERFSKLLLGEDMSGCGNGVCTALAISNAITNLCATLFGQLWRLEPLPSEKKLMWRREMDWLLCVSDHIVELTPTWQTFP-DGSKLEVMTCRPRSDLYVNLPALRKLDNMLLEI
DLDLMKAKFAKLLLGEDMSGGGKGVSSALALSNAITNLAGVLFDLLQKLEALSPGKKARWRREIEWFLSVTDHIVEFVPSKQTSK-DGIDMEIMVTLQRKDLLMNIPALRKLDAMLLSY
EVEMMKERFAKLLLGEDMSGGGKGVCTALAISNAITNLSASVFGELWRLEPLAPQKRAMWHREMEWLLCVCDSIVELVPTVQPFP-GGGTYEVMMSKPRSDLHMNLPALKKLDALLLGI
EMEMMKERFAKLLLGEDMSGSGKGVCTAVTISNAITNLYATVFGQNLKLEPLPPEKKAMWKREMSCLLSVCDYIVEFFTLSQTLE-DGTSLEVLNSRQRSDICLNLPALQKLDMMLLDI
EMELMKERFAKLLLGEDMSGSGKGVSTALAISNSITNLCATIFGQLWRLEPLPKEKKSMWKRELEWLLCVSDHIVELIPSFQTFP-DGSKLEVMTSRPRSDIFINLPALRKLDNMLLEI
ETEMMKERFSKLLLGEDMSGSGNGVCTALAISNAITNLCGSVFGQLWRLEPLEAERKAMWGREMEFLLCVSNHIVELIPIWQTFP-DGTKLEIMTCRPRSDLYVNLPALRKLDHMLLDI
EMEQMKERFAKLLLGEDMSGGGKGVSSALALSNAITNLAASVFGEQWRLEPMSVERKARWRKEIDLLLSVTDYIVEFVPSQQKSK-DGTNMEIMVTRQRNDLHLNIPALRKLDAMLIDC
EMEMMKGRFAKLLLGEDMSGSGKGVCPALAISNAITNLCATVFGQLWRLEPLAAEKKTMWQREMGWLLCVSDYIVEFTPSWQTVP-DGSKLEVMTSRPRSDLIINLPALRKLDNMLLEI
EIDMMKERFAKLLLGEDMSGGGKGVCTALAISNAITNLSATVFGELWRLEPMAPQKKAMWCREMEWLLSVSDSIVELVPSTQHLP-GGGTYEIMATRPRSDLYMNLPALKKLDAMLISI
EAELMKERFAKLLLGEDMSGGGKGVGTALAISNAITNLAASVFGELWKLEPLAPQKKSMWQREIEWLLCVSDSIVELVPSVQEFS-GGGSFEIMVAQQRSDLYVNLPALKKLDAMLISI
ENEMMKERFAKLLLGEDMSGCGNGVCTALAISNAITNLCATLFGQIWRLEPLKPDKKSMWRREMEWLLCVSDHIVELIPSWQTFP-DGTKLEIMTSRPRSDLYSNLPALCKLDNMLLEI
-LDRSTDKVPVSPLGNN------GAKSSAKDRHG----SASVFGEQSKLEPMSPERKARWKKEIGWLLSVADYVVEFVPSQQKAK-DGSTMEIMVTQQRKDLLLNIPALRKLDAMLLGT
---MMKERFSKLLLGEDMSGYGNGVCNALAISNAITNLCATLFGQIWRLEPLQLEKKVMWRREMEWLLCVSDHIVEFIPSCQTFP-DGTKLEVMTSRPRSDLYINLPALRKLDNMLLEI
---------------------------------------------------MSADTKAKWRKEIDWLLSVTDYIVEFVASKQKAK-DGSTMEVMATRQRNDLHMNIPALRKLDAMLLDC
ELELMKERFSKLLLGQDMSGGGKGVSSAVTISNAITNLYASIFGQHQRLEPLQFDKKMMWKREMNCLLSVCDYIVEFSPSLQHLK-DGTTIEVMSSRPRSDIYINLPALRKLDAILLDI
EMDMMKERFAKLLLGEDMSGSGKGVCAALTISNAITNLCATIFGQVWRLEPLPCEKKSKWQREMEWLLCVSDHIVEFTPSWQTFP-DGTRLEVMTCRPRCDLFINLPALRKLDNMLLEI
DMELMKERFSKLLLGEDMSGGGKGVSSALALSNAVTNLAASVFGEQSKLEPMSADRKARWKKEIDWLLSVTDYIVEFVPSQQKSK-DGTNMEIMVTQQRRDLLMNIPALRKLDVMLLGV
-MELMKEKFAKLLLGEDMSGGGKGVSSALALSNAITNLAASAFGEQKRLEPMSPEMKARWKKEIDWLLSVTDHIVEFVPSKQKAK-DGSNMEIMVTRQRNDLHMNIPALKKLDAMLLEC
-MEQMKERFAKLLLGEDMSGGGKGVSSALALSNAITNLAASVFGEQRRLEPMSPERKARWIREIDWLLSVTDHIVELVPSQQKSK-DGSSMEIMVTRQRNDIHMNIPALRKLDAMLLDS
EIELMRERFAKLLLGEDMSGGGQGTCTAAAISNAITNLSASVFGELWKLEPLAPQKKAMWKREMEWLLCVSDSIVELVPSMQEFP-GGGTYEVMVAQPRSDLYVNLPALKKLDAMLISI
ELETMKERFSKLLLGEDMSGSGKGVCTAVTISNAITNLYATVFGQNLRLEPLKPEKKSMWKREMDCLLSVCDYIVEFIPKSQNLR-DGTALEVMESRPRSDIYINLPALTKLDAMLIEV
-MEQMKERFAKLLLGEDMSGGGKGVSSALALSNAITNLAASVFGEQRRLEPMSPERKARWIREIDWLLSVTDHVVELVPSQQKSK-DGSNMEIMVTRQRNDLHMNIPALRKLDAMLLDS
EVEMMKERFAKLLLGEDMSGGGKGVCTALAISNAITNLSATVFGELWRLEPLALQKKSMWKREMEWLLCVSDSIVELVPSIQQFP-GGGTYEVMATRPRSDLYVNLPALKKLDAMLITM
EIALMKERFAKLLLGEDMSGGGQGVCTAVAISNAITNLSASVFGELWRLEPLAPQRKVMWQREMEWLLCISDSIVELVPSMQEFP-GGGTYEVMVPRPRSDLYVNLPALKKLDAMLISI
ETEMMKERFSKLLLGEDMSGCGNGVCTALAISNAITNLCATLFGQLWRLEPLPLEKKAMWRREMEWLLCVSDHIVELMPSWQTFP-DGSKLEVMTCGPRSDLYINLPALRKLDNMLLEI
EIDMIKERFAKLLLGEDMSGSGKGVCTALAISNAITNLCGTIYGQLWRLEPLPEEKKSMWRREMELLLCVGDHIVELIPSWQTFP-DGSKLEVMTCRPRSDLFINLPALRKLDNMLLEV
EVEMMKERFAKLLLGEDMSGGGKGVCTALAISNAITNLSATVFGELWRLEPLLPQKKSMWKREMEWLLCVSDSIVELVPSMQQFP-GGGTYEVMATRPRSDLYVNLPALKKLDAMLISM
EIDMMKERFAKLLLGEDMSGSGKGVCTALAISNAITNLCGHVFGQLWRLEPLPAEKKSMWRREMELLLCVGDHIVELIPSWQTFP-DGSKLEVMTCRLRSDLFINLPALSKLDNMLLEV
ELEMMKERFSKLLLGEDMSGSGKGVCTAVTISNAITNLYATVFGQNLRLEPLKPEKKSMWKREMDCLLSVCDYIVEFIPKSQNLQ-DGTVLEVMESRPRLDIHINLPALRKLDAMLMEV
ETEMMKERFSKLLLGEDMSGCGNGVCTALAISNAITNLCATLFGQLWRLEPLAPEKKAMWRREMEWFLCVSDHVVELMPSWQTFP-DGSKLEVMTCRPRSDLYINLPALRKLDNMLLEI
DMELMKERFAKLLLGEDMSGGGKGVSSALALSNAITNLAASVFGEQKKLEPMNPERKARWRKEIDWLLSVTDHIVEFVPSQQ-SK-DGIDMEIMTTRQRSDLLMNIPALRKLDTILIDL
ELEMMRERFAKLLLGEDMSGSGKGVCTAVTVSNSITNLYATVFGQSLRLQPLSTEKKDLWKREMNCFMSICDYIVEVIPRSL-----GTNVEITETKLRSDILMNLPALRKLDNMLMEI
DTEMMKDRFAKLLLGEDMSGGGKGVSSALALSNAITNLAASIFGEQTKLQPMPQDRQARWKKEIDWLLSVTDHIVEFVPSQQTSK-DGVCTEIMVTRQRGDLLMNIPALRKLDAMLIDT
EFETMKERFSKLLLGEDMSGSGKGVCTAVTISNAITNLYATVFGQNLRLEPLEIERKTMWKREMNCLLSVCDYIFEFIPKSQNLS-NGATVEVMESRPRADIYVNLPALRKLDSMLMEA
EVELLKERMAKLLLGEDMSGSGEGVCPALAISNAITNLYAAILGQQWRLEPLPSEKKTMWRSEIEVLLSVSDHIVELVPSFQSFP-NGSKIEVMNCRPRSDLFTCLPALRKLDNMLIEI
AMEQMKERFSKLLLGEDMSGGGKGVSSALALSNAITNLAASAFGEQRRLEPMAADRKARWRREIGWLISVADHIVEFAPTQQTNK-DGSSMEVMTTRQRTDLLCNIPALKKLDAMLLDC
DVDMMKERFAKLLLGEDMSGSGKGVCTALAISNAITNLFATIFGQLWRLEPLSSVKKEMWRREMEWLLSVSDHIVELTPSTQTYP-DGKKFDVMTCRPRFDLFINLPALRKLDNMLLEI
EIEMMKERFSKLLLGEDMSGSGNGVCTALAISNAITNLCATLFGQLWRLEPLPTEKKEMWRREMEWLLCVSDHIVEMTPTWQTFP-DGSKLEIMTCRPRSDLYVNLPALRKLDNMLLEI
DMEVMKERFAKLLLGEDMSGGGEGVTSALALSNAITNLADSMFGEHMKLQPMYPETKEIWRKEMNWLLSVVDHIVQFVPSRQMAK-NGTFTEIMVTKQRDDLLMNIPALRKLDSVLLET
DMEQMKERFSKLLLGEDNSGGGKGVSSALALSNAITNLAASVFGEQRRLEPMPAERRARWRREIDWLLAVTDYVVEFAPSQQKNK-DGTNMEIMTTRQRTDLHMNIPALKKLDAMLIDC
DMEQMKERFSKLLLGEDNSGGGKGVSSALALSNAITNLAASVFGEQRRLEPMPAERRARWRREIDWLLAVTDYVVEFAPSQQKNK-DGTNMEIMTTRQRTDLHMNIPALKKLDAMLIDC
IHEQMKERFAKLLLGEDMSGGGKGVSSALALSNAVTNLSASAFGEQRRLEPMSEDRKKRWRREIGWLLSVTDHIVEFSPTQQTNK-NGSSMEVMTTRQRTDLVSNIPALKKLDAMLIDC
EIEMMKERFAKLLLGEDMSGGGKGVCTALAISNAITNLSATVFGELWRLEPLAPQKKAMWRREVEWLLCVSDSIVELIPSIQQFP-GGGTYEIMETRPRSDLYANLPALRKLDAMLIDM
----------------------------------------------------------MWRREVEWLLCVSDSIVELIPSIQQFP-GGGTYEIMETRPRSDLYANLPALRKLDAMLIDM
----------------------------------------------------------MWRREVEWLLCVSDSIVELIPSIQQFP-GGGTYEIMETRPRSDLYANLPALRKLDAMLIDM
----MKERFAKLLLGEDMSGSGKGVCTAVTISNAITNLYATVFGQNLRLEPLETEKRALWKREMNCLLSVCDYIVEFIPRCQNLS-NGATVEVMESRPRADIYINLPALRKLDSMLMEA
EVEQIRERFAKLLLGEDMSGRGTGVSSALALSNAITNLAASVFGEQWKLEPMSAERKAMWRKDIDLLLSVADYIVELVPSQQTAK-DGTTMEVMVSRQRKDLLMNIPALRKLDAMLIEH
EIEMMKERFSKLLLGEDMSGSGKGVCTALAISNAITNLCATIFGQLWRLEPLPPEKKSMWRREMELLLCVSDHIVQLIPSWQTFP-DGSKLEVMTCRPRSDIFINLPALRKLDNMLLEI
----MKERFSKLLLGEDMSGHGKGVSSALALSNAITNVAASVFGELRRLEPMPVERKTMWRREIDWLLSVSDHIVEMVP-QQRSK-DGTSMEVMVTRQRCDLLMNIPALRKLDAMLIDT
EAEMMKERFAKLLLGEDMSGGGKGVCTALAISNAITNLSATVFGELWRLEPLAPQKKAMWCREMEWLLCVSDSIVELVPSIQQFP-GGGTYEVMATRPRSDLYMNLPALKKLDAMLLSM
ELELMKERFSKLLLGEDMSGSGKGVCTAVTISNAITNLYATIFGQNQKLEPLSPEKKSMWKREMNCLLAVCDYMVEFFPSLQTLP-NGTSVEVMASRPRSDIHINLPALQKLDTMLQEI
DIEMMKERFSKLLLGEDMSGCGNGVCTALAISNAITNLCATLFGQLWRLEPLPAEKKAMWRREMEWLLCVSDHIVELIPSWQTFP-DGSKLEVMTCRPRSDLYINLPALRKLDNMLLEV
EIDLVKEKFAKLLLGEDMSGTGKGVSSALALSNAITNLAASVFGEQRRLEPMSADRRARWNKEIDWLLSVTDHIVEFVPSQQAST-DGTSMEVMGTQQRRDLLINIPALRKLDAMLLEY
EMELMKEKFAKLLLGEDMSGSGKGVPSALAVSNAITNLAASVFGEQRKLEPMAPDRKGRWKKEVGWLLSVADHIVEFVAKKQVLD-NGVEMEVMGTQQRRDLQANIPALRKIDTMLLDY
EMEMMKERFAKLLLGEDMSGSGKGVCTALAIANAITNLCATIFGQLWRLEPLPPEKKAMWRREMGWLLCVSDHIVELVPTWQSFP-DGTRLEVMTSRPRSDLYINLPALRKLDHMLIEI
DLDVMKERFAKLLLGEDMSGTGKGVSSALALSNAITNLAASVFGEHRKLEPMAPDTKERWKKEVGWLLSVTDHIVEFVPTRQTAE-NGTTMEIMSTAQRRDLQMNVPALRKLDAMLIGY
ELQLIKERFSKLLLGEDMSGSGKGVSTAVAISNAITNLYATVFGGCHRLEPLLAEKRSMWRREMDCLLSVCDYIVELFPSKEIMP-DGTVREVMATRPRSDIYVNLPALEKLDDMLLEI
EMEMMKERFAKLLLGEDMSGGGKGVCTALAISNAITNLCATIFGQLWRLEPLLPEKKTMWRREMDWLLCVSDHIVELVPTWQTFP-DGSKLEIMTSRPRSDLYINLPALRKLDHMLLEI
DAEMVREKFSKLLLGEDMSGTGKGVSSALALSNAITNLAASVFGEQRRLQPMAADQKARWRREIDWLLSVSDHIVEFVPSKQVSE-DGSTMEIMITQQRRDLQMNIPALRKLDAMLLEY
EMELMKEKYTKLLLGEDMSGSGKGVCTAVAISNAITNLYATVFGTCHRLQPLPPEKKAMWNREMDCLLSICEYIVEFSPKVQAMP-DGSTHDVMATSPRSDILMNLPALEKLETMLLEI
EVDMMKERFAKLLLGEDMSGSGKGVCTALAISNAITNLSATVFGELWRLEPMASARKAMWTREMDWLLSVADSIVELTPSIQELPDGGGQFEVMVPRPRSDLYMNLPALKKLDAMLLAM
ELELVKERFSKLLLGEDMSGGGKGVCTAVAISNAITNLYATVFGSCHKLEPLPAGKKTMWRREMDCLLSVCDYIVEFYPSSQTLP-DGTKVEVMATRPRSDIYINLPALEKLDAMLIEI
DLDLMKDKFAKLLLGEDMSGTGKGVSSALALSNAITNLAASIFGEQRRLEPMSAERRARWNKEIDWLLSVADHIVEFSPSQQVSE-DGTNIEVMGTQQRGDLLVNIPALRKLDAMLLEY
EMEMMKERFAKLLLGEDMSGSGKGVCTALAISNAITNLCGTIFGQLWRLEPLPPEKKAMWRREMDWLLCISDHIVELVPTWQSFP-DGTRLEIMTSRPRSDLYINLPALRKLDHMLLEI
EMELVKERFSKLLLGEDMSGGGKGVCTAVAISNAITNLYATVFGSCHKLEPLPAGKKAMWTREMDCLLSVCDYIVQFYPSTQTLP-DGTKVEVMATRPRSDIYINLPALEKLDAMLIDI
ELQLIKERFSKLLLGEDMSGSGKGVSTSVAISNAITNLYATVFGSCHRLKPLPPEKKSMWRREMDCLLSVCDYIVEFFPSKEILP-DGSIREVMATRPRSDIYVNLPALEKLDDMLLEI
EIDMMKERFAKLLLGEDMSGSGKGVCTALAISNAITNLSATVFGELWRLEPLAKARKAMWTREMEWLLSVSDSIVELTPSIQELPEGGGQFEVMVPRPRTDLYMNLPALKKLDAMLLAM
EMELMKEKYTKLLLGEDMSGSGKGVCTAVAISNSITNLYATVFGTCHRLEPLSPEKRSMWNREMDCLLSICEYIVEFSPTVQAMP-DGSTHDVMATSPRSDILMNLPALEKLETMLLGI
EMDLMKEKFAKLLLGEDMSGSGKGVPSALALSNAVTNLAASVFGEQRKLEPMAPDRKGRWKREVGWLLSVADHIVEFVAKKQVLD-NGTEMEVMGTQQRRDLQANIPALRKLDTMLLDY
EMEMMKERFSKLLLGEDMSGSGKGVCTALAISNAVTNLCATVFGQLWRLEPLPPEKKAMWRRELDCLLCVSDHIVELVPTWQTFP-DGTRLEIMTSRPRSDLYINLPALRKLDNMLLEI
EIDMMKERFAKLLLGEDMSGSGKGVCTALAISNAITNLSATVFGELWRLEPLATARKAMWTREMEWLLSVADSIVELTPSIQELPEGGGQFEVMVPRPRSDLYMNLPALKKLDAMLLAM
ELDVMKEKFAKLLLGEDMSGTGKGVPSALALSNAVTNLAASVFGEHRKLEPMAPDTKERWKREVGWLLSVTDHIVEFVPTRHTSE-NGITMEIMSTAQRRDLAMNIPALRKLDAMLLGY
DADIVREKFSKLLLGEDMSGTGKGVTSALALSNAITNLAASVFGEQRRLQPMAAEQKSRWKKEIYWLLSVADHIVEFVPSQQVAE-NGTCMEIMVTQQRQDLKMNIPALRKLDAMLLEY
DAEKVREKFSKLLLGEDMSGTGKGVTSALALSNAITNLAASVFGEQRRLQPMADDQKSRWKKEVDWLLSVADHIVEFVPSQQVAE-NGTSVEIMITQQRQDLQMNIPALRKLDAMLLEY
ELDVMKEKFSKLLLGEDMSGTGKGVPSALALSNAITNLAASVFGEQRKLEPMAPDTKERWKREVGWLLSVTDLIVEFVPTRQTAE-NGTTMEIMSTAQRRDLAMNIPALRKLDAMLIGY
EAEIMKERFARLLLGEDMSGGAKGVSTALALSNAITNLSASVFGNLWKLEPLATSRRRMWKREMNWLVSVTDYIVELVPTWQTFP-DGSSVEIMVANPRPDLQINLPALRKLDMMLLDC
EVEMMKERFARLLLGEDMSGGSKGVCTALAISNAITNLSASVFGELWRLEPLSVEKKKMWRREMEWILSVTDHIVELVPTWQTFP-DGSSVEVMVSNPRADLHINLPALRKLDMMLLEC
EVEMMKEKFAKLLLGEDMSGGAKGVCTALAISNAITNLAASVFGELWRLEPLSHERKTMWRREMEWLLSVSDYIVELVPSWQSFR-DGSNLEVMVTRPRSDIHINLPALRKLDTMLLES
EIEMMKERFSKLLLGEDMSGSGKGVCTALAISNALTNLAASVFGELWRLEPLSHERKLLWQREMNWILSVCDHIVEFVPSFHSVT-DGTSLEVMISRPRSDLHINLPALRKLDAMLLEA
      e    lllg    g g gv  a a sna tn  a   g    l p        W  e6   6     6 2  p        G   e6     R D6  n6PaL k6d 6L   

      
      
 : 118
 : 118
 : 118
 : 114
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 114
 : 118
 : 118
 : 118
 : 118
 : 118
 : 114
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 114
 : 118
 : 118
 : 118
 : 118
 : 118
 : 119
 : 118
 : 118
 : 118
 : 101
 : 116
 : 118
 : 114
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 107
 : 115
 :  67
 : 118
 : 118
 : 118
 : 117
 : 117
 : 118
 : 118
 : 117
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 117
 : 114
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 :  60
 :  60
 : 114
 : 118
 : 118
 : 113
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 119
 : 118
 : 118
 : 118
 : 118
 : 118
 : 119
 : 118
 : 118
 : 118
 : 119
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
 : 118
      

1  

Chang_Fig. S5 



             
             
RopGEF1    : 
RopGEF2    : 
RopGEF3    : 
RopGEF4    : 
RopGEF5    : 
RopGEF6    : 
RopGEF7    : 
RopGEF8    : 
RopGEF9    : 
RopGEF10   : 
RopGEF11   : 
RopGEF12   : 
RopGEF13   : 
RopGEF14   : 
Araly1.314 : 
Araly1.477 : 
Araly1.479 : 
Araly1.483 : 
Araly1.485 : 
Araly1.486 : 
Araly1.488 : 
Araly1.490 : 
Araly1.490 : 
Araly1.497 : 
Araly1.861 : 
Araly1.874 : 
Araly1.883 : 
Bra000971  : 
Bra002246  : 
Bra003536  : 
Bra004945  : 
Bra006510  : 
Bra007183  : 
Bra009152  : 
Bra009621  : 
Bra013249  : 
Bra015010  : 
Bra015068  : 
Bra018956  : 
Bra020048  : 
Bra021162  : 
Bra027189  : 
Bra030396  : 
Bra036671  : 
Bra037342  : 
Cucsa.0620 : 
Cucsa.0666 : 
Cucsa.1164 : 
Cucsa.1193 : 
Cucsa.1355 : 
Cucsa.1363 : 
Cucsa.1758 : 
Cucsa.3592 : 
mgv1a00322 : 
mgv1a00378 : 
mgv1a00399 : 
mgv1a00461 : 
mgv1a00530 : 
mgv1a00594 : 
mgv1a00778 : 
mgv1a02184 : 
mgv1a02262 : 
mgv1a02280 : 
mgv1a02642 : 
POPTR_0001 : 
POPTR_0002 : 
POPTR_0002 : 
POPTR_0003 : 
POPTR_0004 : 
POPTR_0005 : 
POPTR_0006 : 
POPTR_0008 : 
POPTR_0009 : 
POPTR_0010 : 
POPTR_0014 : 
POPTR_0016 : 
POPTR_0018 : 
Thhalv1000 : 
Thhalv1000 : 
Thhalv1000 : 
Thhalv1001 : 
Thhalv1001 : 
Thhalv1001 : 
Thhalv1001 : 
Thhalv1001 : 
Thhalv1001 : 
Thhalv1001 : 
Thhalv1002 : 
Thhalv1002 : 
Thhalv1002 : 
Thhalv1002 : 
Thhalv1002 : 
Vv.1782614 : 
Vv.1782686 : 
Vv.1782737 : 
Vv.1783220 : 
Vv.1783447 : 
Vv.1783965 : 
LOC_Os01g4 : 
LOC_Os01g5 : 
LOC_Os01g6 : 
LOC_Os02g1 : 
LOC_Os04g4 : 
LOC_Os05g3 : 
LOC_Os05g4 : 
LOC_Os07g2 : 
LOC_Os09g3 : 
LOC_Os10g4 : 
GRMZM2G059 : 
GRMZM2G065 : 
GRMZM2G071 : 
GRMZM2G087 : 
GRMZM2G105 : 
GRMZM2G131 : 
GRMZM2G132 : 
GRMZM2G144 : 
GRMZM2G158 : 
GRMZM2G173 : 
GRMZM2G359 : 
GRMZM2G377 : 
GRMZM2G442 : 
Selmo1.431 : 
Selmo1.623 : 
Selmo1.627 : 
Selmo1.629 : 
             

                                                                                                                       
0         *       140         *       160         *       180         *       200         *       220         *       2
LDAFSD--TEFWYT-DR-GIV--LGDC---DK----------DSYNSPAS----VRQEDKWWLPCPKVPPNGLSEEARKKLQQCRDFANQILKAALAINSGVLAEMEIPDPYLETLPKS
LDSFQK--TEFWYA-EE-GSL--SMKS---TR--------SATGSFRKVIV---QRKEEKWWLPIPLVPLQGLSEKARKQLKSKRESTNQIHKAAMAINSSILGEMDIPDSYMATLPKS
LDSFQN--TEFWYA-EE-GSL--SMKS---AR--------SSTGSFRKVIV---QRKEEKWWLPVPLVPSEGLSDKARKQLKNKRESTNQIHKAAMAINSSILSEMEIPDSYMTTLPKC
LDSFTE--NEFWYV-ER-GSS--SMNS---GG-GGRDS-----GTFRKVVV---QRKDEKWWLPVPCVPAEGLSEEERKHLRHKRDCASQIHKAALAINDSTLNDMDIPDSYLTTLPKS
LASFKK--TEFWYV-DQ-GIV--ASEN---DG----------SASFRRKI----QRQEEKWWLPVPRLAPNGLTEEARTELNHKRECATQILKAAMAINSLALTEMDVPKSYLETLPKN
LDSFGE--TEFWYV-DQ-GIV--AAES---AR--------------SNSF----REDGDKWWLPLPRVPSDGLTEQTRKKLDHTREFTNQILKACMSINSIALAEMEVPQSYLEALPKN
LDSFEE--TEFWYV-DQ-GIMAHESAA---DG----------SSSFRKSF----QRQEDKWWLPVPRVSPGGLQENSRKQLQHKRDCTNQILKAAMAINSITLADMEIPESYLESLPRK
LDNFRG-HNEFWYV-SR-DSE----EG---QQ--------------AR-N----DRTNDKWWLPPVKVPPGGLSEPSRRMLYFQKDSVTQVQKAAMAINAQVLSEMEIPESYIDSLPKN
LDNFRG-HNEFWYV-SR-DSE----EG---KQ--------------AR-N----ERTKDKWWLPPVKVPPNGLSESARRMLHFQKDSVSQVQKAAMAINAQVLSEMAIPDSYIESLPKN
LDNFKD-QKDFWYV-PR-DME----DA---DH--------------NG-D----WRRDENWWLPVVKVPTDGLSEESRRWLQNQKDSVAQVLKAATAINAHVLSEMHVPENYIDSLPKN
LDKFKD-QDEFYYV-KK-DSP----DS---CE----------------------TRNDEKWWLPAVKVPPNGLSEISRRFLQSQKECVNQVLKAAMAINAQVLSEMEIPESYLESLPKN
LENFKD-QSEFSYI-SK-DSP----DL---DG----------------------KRNDEKWWIPTVKVPPDGLSEASRRFLQYQKDCVNQVLKAAMAINAQVLFEMEIPESYIDSLPKN
LDKFKD-QDEFYYV-TP-GSP----ES---EN--------------SN-S----TRNDDKWWLPIVKVPPKGLSETLKRFLLSQRECVCQVLNSAMAINSQVLTEMEIPESYIDSLPKK
LDSMVN--TEFWYS-EI-GSR-----A---EG--------------KNKS----TSESKRWWLPSPQVPKPGLSNSGRKKLLDKGKVVYQVFKATKAINENILLEMPVPIVIKEAIPKS
LDKFKD-QDEFYYV-KK-DSP----DS---SE----------------------TRNDEKWWLPAVKVPPNGLSEISRRFLQSQKECVNQVLKAAMAINAQVLSEMEIPESYLESLPKN
LENFKD-QSEFSYV-SK-DSP----DS---DG----------------------KRNDDKWWIPTVKVPPDGLSEASRRFLQYQKDCVNQVLKAAMAINAQVLFEMEIPESYIDSLPKN
LDKYKE-QDEFYYV-TP-GSP----ES---EN--------------SN-S----TRNDDKWWLPIVKVPPKGLSETLKRFLLSQKECVSQVLNSAMAINSQVLTEMEIPESYIDSLPKK
LDSFTE--NEFWYV-ER-GSS--SMNS---SG-GGRDS-----GTFRKVVV---QRKDEKWWLPVPCVPAEGLSEEERKNLRHKRDCASQIHKAALAINDSTLNDMDIPDSYLTTLPKS
LDSFGE--TEFWYV-DQ-GIV--AAES---AR--------------SNSF----REDGDKWWLPLPRVPSDGLTEQSRKKLDHTREFTNQILKACMSINSIALAEMEVPQSYLEALPKN
LDSFEE--TEFWYV-DQ-GIM--AHESAADDG----------SSSFRKSF----QRQEDKWWLPVPRVSPGGLQENSRKQLQHKRDCTNQILKAAMAINSITLADMEIPESYLESLPRK
LDNFKD-QKEFWYV-PR-DIE----DA---DH--------------NG-D----WRRDENWWLPVVKVPTDGLSEESRRWLQNQKDSVAQVLKAATAINAHVLSEMHIPENYIDSLPKN
LDSFQN--TEFWYA-EE-GSL--SMKS---AR--------SSTGSFRKVIV---QRKEEKWWLPVPLVPPEGLSDKARKQLKNKRESTNQIHKAAMAINSSILSEMEIPESYMTTLPKC
LDAFSD--TEFWYT-DR-GIV--LGEC---DK----------DSYNSPAS----VRQEDKWWLPCPKVPPNGLSEESRKKLQQCRDFANQILKAALAINSGVLAEMEIPDPYLETLPKS
LDSFTE--NEFWYV-ER-GSS--SMNS---SG-GGRDS-----GTFRKVVV---QRKDEKWWLPVPCVPAEGLSEEERKNLRHKRDCASQIHKAALAINDSTLNDMDIPDSYLTTLPKS
LASFKK--TEFWYV-DQ-GIV--ASEN---DG----------SASFRRKI----QRQEEKWWLPVPRLAPNGLTEEARTELNHKRECATQILKAAMAINSLALTEMDVPETYLETLPKN
LDNFRG-HNEFWYV-SR-DSE----EG---QQ--------------AR-N----DRTNDKWWLPPVKIPPGGLSEPARRMLYFQKDSVTQVQKAAMAINAQVLSEMAIPESYIDSLPKN
LDNFRG-HNEFWYV-SR-DSE----EG---KQ--------------AR-N----ERTKDKWWLPPVKVPLNGLSESARRMLHFQKDSVSQVQKAAMAINAQVLSEMAIPDSYIESLPKN
LDSFQN--TEFWYA-EE-GSL--SMKS---AR--------SATGSFRKVIV---QRKEEKWWLPVPLVPPEGLSDIARKQLKNKRESTNQIHKAAMAINSSILSEMEIPDSYMATLPKC
LDNFKD-QKDFWYV-PR-DVE----DT---SN--------------NG-D----WRRDENWWLPVVKVPSDGLSEESRKLLQSQKDSVAQVLKAATAINDVVLSEMNIPDNYIDSLPKN
LDNFKD-QSEFGYI-SK-DSP----DS---DN-----------------T----KGHDEKWWIPKVKVPPDGLSEASRRFLQYQKDCVNQVLKAAMAINAQVLFEMEIPESYIDSLPKN
LDGFTE--NEFWYV-ER-GSS--SMNS---NN-GGRDS-----GSFRKVVV---QRKDEKWWLPVPCVPAEGLSENERKNLRHKRDCANQIHKAALAINDSTLNDMDIPDSYLTTLPKS
LDKFKD-HKDFWYV-QK-DVE----KT---EN--------------NG-N----WRTDENWLLPVVKVPPDGLSEESRKFLRSQKESVAQVLKAATAINALVLSEMHIPDNYIDFLPKK
LDSFEG--TEFWYV-DQ-GVV--ASES---AR--------------SNSF----REDGDKWWLPLPRVPSDGLSEQTRKKLDHTRDFTNQILKACMSINSIALADMEVPQAYLEALPKN
LASFKK--TEFWYV-DQ-GIV--SSEN---DG----------SASFRRKI----QRQEEKWWLPVPRLAPNGLTEDARTELNHKRDCATQILKAAMAINSVSLTEMDVPESYLETLPKN
LDSFEE--TEFWYV-DQ-GIV--AHESAA-DG----------SSSFRKSF----QRQEDKWWLPVPRVSPGGLQENSRKQLQHKRDCTNQILKAAMAINSITLADMEIPESYLESLPRR
LDNFKG-HNEFYYV-SR-DSE----EG---KQ--------------AS-N----ARSNDKWWLPPVKVPPGGLSDPARRMLYFQKDSVTQVQKAAMAINAQVLSEMAIPESYIDSLPKN
LDGFSD--TEFWYT-DR-GIG--LGDC---EK-ESFDSPASRGGGCGRPS----FRQEEKWWLPCPKVPPNGLSEETRKKLQQCRDFANQILKAALAINAGVLAEMEIPDPYLETLPKS
LDNFKG-HNEFYYV-SR-DSE----EG---KQ--------------AS-N----ARSNDKWWLPPVKVPPGGLSEPARRMLYFQKDSVTQVQKAAMAINAQVLSEMAIPESYIDSLPKN
LDKFKD-QNEFYYV-KK-DSP----DS---GE----------------------TRNDDKWWLPAVKVPPNGLSEISRRFLQSQKECVNQVLKAAMAINAQVLSEMEIPETYLESLPKN
LDNFKD-QKDFWYV-PR-DVE----DT---EN--------------NG-D----WRRDDNWWLPVVKVPSDGLSEESRKLLHSQKDSVSQVLKAATAINAVVLSEMHIPDNYIDSLPKN
LHSFKD-QDEFYYI-TT-DSP----ES---LT--------------SN-S----TRNDDKWWLPTVKVPPTGLSETSKTFLLSQKECVSQVLESAMAINAEVLSQMEIPESYIDSLPKK
LDKFKD-QDEFYYV-TT-DSP----EH---LN--------------SN-S----TRNNDKWWLPTVKVPPNGLSETSKRFLLSQKECVSQVLKSALAINAEVLSQMETPESYIDSLPKN
LDKFKD-QNEFYYV-KK-DSP----DS---SE----------------------TRNDEKWWLPAVKVPPNGLSEMSRRFLQSQKECVNQVLKAAMAINAQVLSEMEIPESYLESLPKN
LDNFRG-HNEFYYV-SR-DSE----EG---KQ--------------AS-N----ARSNDKWWLPPVKVPPGGLSEPARKMLYFQKDSVTQVQKAAMAINAQVLSEMAIPESYIDSLPKN
LDGFQN--TEFWYA-EE-GSL--SMKS---AR--------SATGSFRKVVV---QRKEEKWWLPVPLVPPEGLSDKARKQLKNKRESTNQIHKAAMAINSSILSEMEIPDSYMATLPKC
LDNFKD-QSEFYYV-SR-DSN----ES---NK--------------DNAS----KRKDDKWWLPTPKVPTNGLSENSRKFMQYQKDCVNQVLKAAMAINAQVLSEMEIPENYIESLPKN
LDSFED--CEFWYV-DQ-GIL--APET---DG----------SSSLERML----QRQEEKWWLPVPRVPPGGLQENSRRQLQHKRESTNQILKAAMAINSTTLADLEIPEPYLEALPKN
LDQFGK-LHEFWYV-SR-DDE----SA---KD--------------D--T----QRNGDKWWLPAVKVPPSGLSDVTRKWLLFQKESVNQILKAAMAINAQVLTEMEVPESYIESLPKN
LGGFCH--TEFWYV-DR-GIV----LG---DL-NDCND-F---LPGGRPS----IRQEDKWWLPCPKVPADGLSEDARKRLQQCRDCTNQILKAAMAINSNVLAEMEVPAAYMETLPKS
LDSFQD--TEFWYA-EK-GSM--SSNS---NR--------SRSGSFRRLS----LQKEEKWWLPVPCIPSCGLSENARKHLRNKRECANQIHKAAMAINSTILAEMDIPESFIDTLPKS
LESFAD--TEFWYV-DQ-GIV--SSDG---DG----------SSSFRKIV----QRQQEKWWLPVPRVPAGGLGEDSRKQLHHTRDCTNQILKAVMAINNIALNDMEVPESYLETLPKN
LDSFVD--SEFCYI-DQ-GIL----AT---DQTDA-------SSSFRKLL----ERQDDKWWLPIPRVPNGGLSEASTRHLQHKRDCTNQILKAAMAINSVTLADMDVPISYLEGLPKN
LDNFKD-QNEFYYV-SR-DAN----DS---EK--------------GN------NKRNDKWWLPTAKVPPNGLSDMSRKFLQYQKDCVNQVLKAAMAINAQIISEMEIPEDYIESLPKN
LDGFTN--TEFWYI-EQ-GVT--PPET---DG----------SVSYRKAI----QRQADKWWLPVPRVPSGGLPEDSRKQLTHTRECASQILKAAMAINSTSLSEMDVPDSYTETLPKN
LDGFRD--TEFWYV-DR-GIV--VDDC---DK-------YSSDVMCGRPS----VRQEEKWWLPCPKVPGKGLSEDARKRLQQCRDCTNQILKAALAINGNVLAEMDIPSAYMETLPKN
LDGFHD--TEFYYV-DR-GTV--VADG---ER---IIEPYQCSPSRTRPS----VTLEEKWWLPFPKVPANGLSEETRNLLQHFKECAHQILKAAVAINSTVLSEMEVPQVYLESLPKS
LDSFES--SEFWYV-EQ-GILTPEGDG---SG-------SGSSSSFRKIL----PRQVDKWWLPIPRVPPGGLTENARKMLQHRRDSTNQILKAAMAINSTALADMDIPESYLEALPKN
LDNFTNSQREFWYV-SK-DAE----ES--EKG----------------------SQRNEKWWLPTVKVPPNGLSEESRQFLQKQKESVNQVLKASMAINAHILSDMDIPESYIESLPKN
LDSFES--CEFWYV-DQ-GIV--ASEA---GG----------SSSFRKPL----PSQEDKWWLPVPRLSPGGLSEESRKMLQHKRDSTNQILKAVMAINSATLAEMDIPDSYLEALPKN
LDNFKD-QNEFYYT-SS-KDE----DS-------------------GK-T----TRQEEKWWIPTPKVPPNGLSEVTRKWLQYQKDSVNQVLKAAMAINAQVLSEMGIPDNYIEALPKN
LESFQE--TEFWYA-EQ-GSI--SAKS---TR----------SGSFRKIVQPQPQRKEEKWWLPVPCLSPDGLSEKSKKHLRQKRDRANQIHKAAMAINSSILAEMQIPESYMASLPKS
LDGFKK--TEFWYV-DQGGIV--AAET---DG----------SVSFEKAI----KRQEDKWWLPVPRVPHGGLSECSRKQLFHQRECANQILKAATSINTIALADMEVPESYMETLPKN
LDNFTN-EQEFKYV-KR--------DA---DD----------------------SERNDKWWLPSVKVPPNGLSEESRHFLQKQKEAVNQVLKASMAINAQILSDMEIPDNYIETLPKN
LDNFKD-QNEFYYV-SS-TEE----ES---QQ--------------GK-N----PRKDNKWWIPTPKVPPNGLSEVSRKWLQYQKDSVNQVLKAAMAINAQVLSEMEIPESYIESLPKN
LDNFKD-QNEFYYV-SR-DSP----ES---EK--------------GG-T----KRTDDKWWLPTVKVPPDGLSERATKFIQYQKDSVNQVLKAAMAINAQILSEMEIPENYIESLPKN
LDLFSE--PEFYYV-DR-GIV----VA---GD-DVIEE-FPVPSSLRRPP----IRQEGKWWLPFPKVPPNGLSEELTKRLQQCRECTSQILKAAMAINSSVLAEMEIPDTYFENLPKS
LDSFQD--REFWYA-EQ-GSM--SSNS---TR----------SGSFRRVVI---QRKEEKWWVPVPCVPHDGLSEKSRKHLRHKRDCAYQIHKAAMAINSSILTEMEIPHSYMASLPKS
LDNFKD-QNEFYYV-SR-DSP----ES---EK--------------GG-T----KRKDDKWWLPTVKVPPDGLSERAKKFLHYQKDSVNQVLKAAMAINAQILSEMEIPENYIESLPKN
LDGFSE--TEFWYA-DR-GIV----VG---DG-GDCDT-YPSGISGGRPS----IRQEDKWWLPCPKVPPDGLSEDARKRLQQCRDCTNQILKAAMAINSSVLVEMEIPTAYMETLPKN
LDLFSE--SEFWYV-DR-GIV----VA---GD-DDVEE-LPMSSSLRRPS----IRQEEKWWLPFPKVPLAGLSEDTRKKLQQCRECTSQILKAALAINNSVLAEMEIPDTYFESLPKS
LDSFDN--TEFWYV-DQ-GIL--APDT---DG----------SASFRRTL----QRQEEKWWLPVPQVPPGGLHENSRKKLQHKRDSTNQILKAAMAINSITLAEMEIPESYLEALPKN
LDSFVD--TEFWYV-DQ-GIV--APDG---DG----------SASFRKTM----QRQEEKWWLPVPRVPAGGLSDDTRKQLNHTRECTNQILKAAMAINSVALAEMDVPDSYLEALPKN
LDGFCE--TEFWYV-DR-GIV----VA---DG-GDCDA-YPSGISGGRPS----IRQEEKWWLPCPKVPPNGLSDDARKRLQQCRDCTNQILKAAMAINSSVLVEMEIPTAYMETLPKN
LDSFTD--TEFWYV-DQ-GIA--APDA---DG----------SASFRKTI----QRQEEKWWLPVPRVPAGGLSNDTRKQLNHTRECTNQILKAAMAINSVALAEMDIPDSYLEALPKN
LDSFQD--TEFWYA-EQ-GSM--SSNS---TL----------SGSFRRVIV---QRKEEKWWVPVPCVPSGGLSEKSRKHLRHKRDCAYQIHKASMAINSSILAEMEIPETYIASLPKS
LDSFDN--TEFWYI-DQ-GIL--APDA---DG----------SASFRRTL----QRQEEKWWLPVPRVPPGGLHENSRKQLQHKRDSTNQILKAAMAINSITISDMEIPESYMDALPKN
LDQFGS-QNEFWYV-SK--------DE---DG------------LEQGTP----PRNDDKWWIPTVKVPQNGLADVTRRWMQFQKDSVNQVLKAAMAINAQVLSEMEIPENYIESLPKN
LDSFTE--NEFWYV-ER-GSS--SMNS---SS-GGRDS-----GTFRKVVV---QRKDEKWWLPVPCVPAEGLSEDERKHLRHKRDCANQIHKAALAINDSTLNDMDIPDSYLTTLPKS
LDNFRG-HTEFWYV-SR-DSE----EG---KQ--------------AR-N----ARTNDKWWLPPVKVPPGGLSEPARRMLYFQKDSVTQVQKAAMAINAQVLSEMAIPESYIDSLPKN
LDSFQK--TEFWYA-EE-GSL--SMKS---TR--------SATGSFRKVIV---QRKEEKWWLPIPLVPSQGLSDKARKQLKSKRESTNQIHKAAMAINSSILAEMDIPDSYMETLPKS
LDSFGE--TEFWYV-DQ-GIV--AAES---AR--------------SNSF----REDGDKWWLPLPRVPSDGLTEQARKKLDHTRDFTNQILKACMSINSIALAEMEVPQPYLEALPKN
LDKFKD-QNEFFYV-KK-DSP----DS---SE----------------------TRNDEKWWLPAVKVPPNGLSEISRRFLQSQKECVNQVLKAAMAINAQVLSEMEIPESYLESLPKN
LTSFKK--TEFWYV-DQ-GIV--ASEN---DG----------SASFRRKI----QRQEEKWWLPVPRLAPNGLTEEARTELNHKRECATQILKAAMAINSVSLAEMDVPESYLETLPKN
LDSFEE--TEFWYV-DQ-GIM--AHESAA-DG----------STSFRKSF----QRQEDKWWLPVPRVSPGGLQENSRKQLQHKRDCTNQILKAAMAINSITLNDMEIPESYLESLPRK
LDNFKD-QKDFWYV-PR-EVE----DT---EK--------------NG-D----WRRDENWWLPVVKVPSDGLSEESRRLLQNQKDSVAQVLKAATAINASVLSEMRIPDDYIDSLPKN
LEKFKD-QSEFSYV-SK-DSP----DS---EN--------------AN-A----KRNDDKWWIPTVKVPPDGLSEASRRFLQYQKDCVNQVLKAAMAINAQVLFEMEIPESYIDSLPKN
LEKFKD-QSEFSYV-SK-DSP----DS---EN--------------AN-A----KRNDDKWWIPTVKVPPDGLSEASRRFLQYQKDCVNQVLKAAMAINAQVLFEMEIPESYIDSLPKN
LDKFKD-QDEFCYV-TT-DSP----ES---LN--------------SN-T----TRNDDKWWLPTVKVPPKGLSETTKRFLQSQKECVSQVLKAAMAINAEVLSQMEIPESYIDSLPKN
LDAFSD--TEFWYT-DR-GIV--LGEC----------------AYNSPAS----VRQEDKWWLPCPKVPPNGLSQETRKKLQQCRDFANQILKAALAINSGVLAEMEIPDPYLEALPKS
LDAFSD--TEFWYT-DR-GIV--LGEC----------------AYNSPAS----VRQEDKWWLPCPKVPPNGLSQETRKKLQQCRDFANQILKAALAINSGVLAEMEIPDPYLEALPKS
LDAFSD--TEFWYT-DR-GIV--LGEC----------------AYNSPAS----VRQEDKWWLPCPKVPPNGLSQETRKKLQQCRDFANQILKAALAINSGVLAEMEIPDPYLEALPKS
LDSFQN--TEFWYA-EE-GSL--SMKS---AR--------SATGSFRKVIV---QRKEEKWWLPVPLVPSEGLSDKARKQLRNKRESTNQIHKAAMAINSSILSEMEIPESYMATLPKC
LDNFKG-PNEFWYV-SR-DAE----DA----G----------------------SREDDKWWLPRPKVPPNGLSDASRKWLQFQKESVNQVLKAAMAINAQLLSEMEVPDDYIESLPKN
LDGFTN--TEFWYV-DQ-GII--APET---DG----------SASFRKPI----QRQEEKWWLPVPRVPPGGLSENSRKQLNHKRESANQILKAAMAINSNALAEMEVPESFLEALPKN
LENFKD-QKEFYYP-SG-DAK----DS---SR--------------ED-S----QRTSDKWWIPNAKVPPNGLSEVTRKWLQFQKDSVNQVLKAAMAINAQILSEMEIPENYIESLPKN
LDGFCE--TEFWYV-DR-GII----VA---EA-DNHDA-YPLSASSGRPS----IRQEEKWWLPCPKVPPNGLSEDARKRLQQCRDCTNQILKAAMAINSSVLAEMEIPTAYLETLPKN
LDSFKE--TEFWYA-EQ-GKLVSATRA----------------GSFRLIT----QRPDEKWWLPVPCIPRGGLSEKARKDLKHTRDCANQIHKAAMSINSSLLAEMKIPDSYIAALPKS
LDSFED--TEFWYV-DQ-GIL--APDT---DG----------SSSFRRPL----QRQEEKWWLPVPRVPPGGLHENSRKQLQHKRDCTNQILKAAMAINSTALAEMEIPESYLEVLPKN
LDNFKD-EQEFWYV-KK-DAD----EG---EK--------------GD-A----PRQGDKWWIPTVRVPPEGLPDASKKWILHQKDLVGQVLKAAMAINADVLTEMEIPGEYIETLPKN
LDNFKD-RNEFWYV-KR-DSC---SDS---DE----------------------QRSDEKWWIPIVKVPPGGLSPASRGWLQHQKELVNQVLKAAMAINANCLMEMAIPESYLESLPKN
LDSFRD--PEFWYV-EQ-GIC--APDC---DG----------SASFRAAF----HRRDEKWWLPVPRVPPGGLRDKARKQLQHKRDCANQILKAALAINSNALAEMEVPESYLESLPKN
MDNFVD-QSEFWYE-KG-GDN---------------------------------KRDDDKWWMPTVKVPAEGLSEVTRKWLQYQKECVNQVLKAAMAINAQVLVEMEIPEVYIESLPKK
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LDNFKD-KQEFWYV-SK--------DA---SE------------SEKGNT----PRQDDRWWLPTVRVPPGGLSDASRKWVQHQKDLVNQVLKAAMAINANVLMEMDVPEAYIESLPKN
LDSFEK--TDFWYI-DQRKQS--FSDS---MK-----------------F----QRSEDKWWLPEPCVPESGLSDRMHRELQQKRDQASQIHKMAMEINSGILSEMQVPLSYIETLPKS
IDGFKE--TEFWYV-DR-GIV--VDDS---GG-----PFSSSSSSCGRPS----VRQEEKWWLPCPRVPPKGLSEDARRKLQQDRDCANQILKAAMAINSDVLAEMEIPEVYLESLPKS
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LESFRD--PEFWYV-EQ-GIA--APDC---DG----------SASFRVAF----HRRDEKWWLPVPRVPPGGLHNKTRKQLQHKRDCANQILKAAMAINSNTLAEMEVPEPYLDSLPKN
LDSFQK--AEFWYA-DA-GTR--SFGS---VT-SSSSSRMSCSSSFRRSA----HRNDDKWWLPVPCVPDAGLTDKARKDLQQRRDCANQIHKAAVSINSGVLGDMEVPESFMAVLPKS
LYSFQK--TEFWYVNDK-GQK---------DD--------SVATPCRPVS----HRGEEKWWLPVPCVAKPGLTETARRDLQQKRDCASQIHKAAMAINNAVLAEIRIPDLYKEALPKC
IDGFKG--TEFWYV-DR-GVM--VEDS---GG---PFPSSSSSSSCGRPS----VRQEEKWWLPCPRVPPKGLSEDSRRKLQQSRDCANQILKAAMAINSDVLAEMEIPEMYLETLPKS
LDSFHK--PEFWYA-DQRNQS--FKES-------------------KKSF----QRSEDKWWLPEPCVPDSGLSDCMHRELQQKRDQASQIHKMAMEINSSILSEMQVPLSYLETLPKS
LDNFKE-RNEFWYV-KR-DSC-----S---ES--------------EN-E----ERSDEKWWIPIVKVPPGGLSKTSRGWLLHQKELVNQVLKAAMAINANCLMEMSIPDTYIDTLPKN
LEGFRD--VEFWYV-DQ-GIC--APDC---DS----------SASYRRTF----HRRDDKWWLPVPHVPHGGLREATRRQLEHRRDCASQILKAAMAINSNALAEMAVPVSYLDSLPKN
IDGFKD--TEFWYV-DR-GVM--VEDS---GG----PFPSSSSSSCGRPS----VRQEDKWWLPCPRVPPKGLSEDARRKLQQSRDCANQILKAAMAINSDVLAEMEIPEVYLETLPKN
MDNFAD-QTEFWYE-KG-GDN---------------------------------KRDDDKWWMPTVKVPSEGLSDVTRKWLQYQKECVNQVLKAAMAINAQVLVEMEIPEVYIESLPKK
LDSFEG-EQEFWYA-SK--------DA---DE------------PGKGNV----PRQDDRWWLPTVRVPPSGLSYAYRKWLQNHKDLVAQVLKAAMAINANILMEMEVPESYMESLPKN
LDSFAG-KQEFWYA-SK--------DA---DG------------PGKGST----PRQDDKWWLPTVRVPPDGLSGAYSKWLQNQKDLVAQVLKAAMAINANVLMEMEVPESYTESLPKN
MDNFVD-QTEFWYE-KG-GDN---------------------------------KRDDDKWWMPTVKVPSEGLSDVTRKWLQYQKECVNQVLKAAMAINAQVLVEMEIPEIYIESLPKK
LESFQT--PEFWYV-DQEHMV----CC---KD----------KAPNRPSV----SKHEGKWWLPVPKVPPSGLSDEAKKALLHQKESTSQIFKAAMAINSQILSEMEVPDAYLEALPKN
LDGFSK--TEFWYV-DQ-SVA--MSEA---EE----------QGTPRKSL----PRQEEKWWLPTPRVPANGLSAESKKRLQHQKDSINQVLKASMAINAQVLSEMDVPEVYWESLPKN
LDSYKE--TDFWYV-EQ-GII----LS---EK-DDSNK----NNNMQHSL----QRQEEKWWLPTPRVPPNGLSDEARKSLQNQRDCTSQILKAAVAINGQVLSEMEVPDLFWESLPKN
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GKECLGEIIYQYL-TANKFSPECLLDCLDLSSEHQTLEIANRIEAAVHVWRQK-NGR-----------KLSS--WGGKVKGLVN-D--RN-DFLVQRAETLLQSLRIRFPGLPQTTLDM
GKASTGDAIYRHMTSSGRFSPEKLLDRLKIVSEHEALQLADRVEASMYTWRRK-ACL-NN--------SKSS--WNM-VKDLMS-D--KN-YVLAERAESLLFCLKQRYPELSQTSLDI
GKSSVGDSIYRYMSGSGRFFPEQLLDCLNISSEHEAVQLADRVEASMYTWRRK-SCL-SN--------SKNS--WNM-VKDLMT-D--KN-YVMAERAETLLFCLKQRYPELSQTSLDI
GKASVGDVIYKQLCTAEKFYPDQLLDILKITSEHEALELADKVEASLVTWRRK-TGGLTH--------SKSS--WDM-MKDISN-D--KN-HILAARARSLLFCLKQRYPELSQTSLDI
GRSCLGDVIYRYV-TSDKFSAESLLDCLDLSSEHIALDIANRVEASIYVWRRR-VQT-KLGV-NN---PKLT--WEM-VKELMG-D--KR-GLLVERSETLLRCLKQRFPSLTQTSLDI
GRSCLGDFLYRNI-TSDNFSADHLLESIDLSSELAVVEMANRVEASMYVWRRR-AHS-----------RHTR--WGMIVKEMMG-D--KR-EIFAERAESLLIRLKQRFPGLRQTALDT
GRSCLGDLIYRYI-SSDQFSPECLLDCLDLSSEHQAIEIANRVESSIYLWHKR-TNS-KPATN-----TKTS--WEM-VKELMVDD--KL-ELMADRAESLLLSLKQRFPGLPQTALDM
GRASLGDSIYKSI-TEEWFDPEQFLAMLDMSTEHKVLDLKNRIEASVVIWKRK-LHT-KD--------TKSS--WGS-AVSL---E--KR-ELFEERAETILVLLKQKFPGLPQSSLDI
GRVSLGDSLYKSI-TEEWFDPEQFLSTLDLSTEHKVLDVKNRIEASIVIWKRK-LHL-KD--------NKSS--WGS-AVSL---E--KR-ELFEERAETILVLLKQKFPGLPQSSLDI
GKTSLGDFLYKSI-TEESFDPDYFVSFLDLSTEHKVLDLKNRIEASMVIWKRK-MCQ-KEKD------GKSQ--WGS-TVSL---E--KR-ELFEVRAETILVMLKQQFPGIPQSSLEV
GRASLGDVIYRMI-TVEMFDADQFLIEMDLSSEHKILDLKNRIEASIVIWKRK-MVQ-KD--------TKSP--WGS-TVSI---E--KR-EQFEERAETILLLLKQGFPGISQSSLDI
GRASLGDQMYKNI-TVDFFDPDQFLSSMDMSSEHKIVDLKNRIEASIIIWKRK-MVY-KD--------NKSSAPWAS-GVSL---E--KR-EVFEERAETILLILKQRYPGISQSSLDI
GRASLGDMIYRMI-TLEMFDAEQFLLEMDLSSEHKILDLKNKFEASVVIWQRK-IVQ-ID--------NKSSSPWST-NLSM---D--KR-QQLEERAATILQLIKQEFPGISQSTLDI
GKNSLGDELYKML-AVESATVDEIFISLNLGTEHAALETVNKLESAMFAWKER-ITEQGSNGKSP---VRAS--WSF-AKDPLS-EIGRN-ESLLNRAEALRTQIKSKHPNLPHSFLDA
GRASLGDVIYRMI-TVEMFDADQFLIEMDLSSEHKILDLKNRIEASIVIWKRK-MVQ-KD--------TKSP--WGS-TVSI---E--KR-EQFEERAETILLLLKQGFPGISQSSLDI
GRASLGDQMYKNI-TVDFFDPDQFLSSMDMSSEHKIVDLKNRIEASIIIWKRK-MVY-KD--------SKSSAPWAS-GVSL---E--KR-EVFEERAETILLILKQRYPGISQSALDI
GRASLGDMIYRMI-TLEMFDAEQFLHEMDLSSEHKILDLKNKFEASVVIWQRK-IVQ-ID--------NKSSSPWST-NLSM---D--KR-QQLEERAATILQLIKQEFPGISQSTLDI
GKASVGDVIYKQLCTAEKFYPDQLLDVLKITSEHEALELADKVEASLVTWRRK-TGGLTH--------SKSS--WDM-MKDIGN-D--KN-HILAARARSLLFCLKQRYPELSQTSLDI
GRSCLGDFLYRNI-TSDNFSADHLLESIDLSSELALVEMANRVEASMYVWRRR-AHS-----------RHTR--WGMIVKEMMG-D--KR-EIFAERAESLLIRLKQRFPGLRQTALDT
GRSCLGDLIYRYI-SSDQFSPECLLDCLDLSSEYQAIEIANRVESSIYLWHKR-TNS-KPATN-----TKTS--WEM-VKELMVDD--KL-ELMADRAESLLLSLKQRFPGLPQTALDM
GKTSLGDFLYKSI-TEECFDPDYFVSFLDLSTEHKVLDLKNRIEASMVIWKRK-MCQ-KEKD------GKSQ--WGS-TVSL---E--KR-ELFEVRAETILVMLKQQFPGIPQSSLEV
GKSSVGDSIYRYMSGSGRFFPEQLLDCLNIASEHEAVQLADRVEASMYTWRRK-ACL-SN--------SKSS--WNM-VKDLMT-D--KN-YVMAERAETLLFCLKQRYPELSQTSLDI
GKECLGEIIYQYL-TANKFSPECLLDCLDLSSEHQTLEIANRIEAAVYVWRQK-NGR-----------KLSS--WGGKVKGLVS-D--RN-DFLVQRAETLLQSLRIRFPGLPQTTLDM
GKASVGDVIYKQLCTAEKFYPDQLLDILKITSEHEALELADKVEASLVTWRRK-TGGLTH--------SKSS--WDM-MKDIGN-D--KN-HILAARARSLLFCLKQRYPELSQTSLDI
GRSCLGDVIYRYI-TSDKFSAECLLDCLDLSSEHIALDIANRVEASIYVWRRR-VQT-KLGVNNN---PKLT--WEM-VKELMG-D--KR-GLLVERSETLLRCLKQRFPSLTQTSLDI
GRASLGDSIYKSI-TEEWFDPEQFLSMLDLSTEHKVLDLKNRIEASVVIWKRK-LHT-KD--------TKSS--WGS-AVSL---E--KR-ELFEERAETILVLLKQKFPGLPQSSLDI
GRVSLGDSLYKSI-TEEWFDPEQFLSTLDLSTEHKVLDVKNRIEASIVIWKRK-LHL-KD--------NKSS--WGS-AVSL---E--KR-ELFEERAETILVLLKQKFPGLPQSSLDI
GKSSVGDSIYRYMSGSGRFFPEKLLDCLNIASEHEAVQLADRVEASMYTWRRK-ACL-SN--------SKNS--WNL-VKDLMT-D--KN-YVMAERAETLLFCLKQRYPELSQTSLDI
GKTILGDFLYKIL-TDEHFDPDYFLSFLDLSTEHKVLDLKNRIEASMVIWKRK-MNQ-KEKD------GRSQ--WGS-SVSL---E--RR-ELLEVRAETVLVMLKHQYPGIPQSSLEV
GRASLGDQMYKNI-TVEFFNPDQFLNSMDMSSEHKILDLKNKIEASIIIWKRK-MVQ-KD--------NKPSAPWAS-GVSL---E--KR-EVFEERAETILLILKHRYPGISQSSLDI
GKASVGDVIYKQLCTAEKFYPDQLLDILKISSEHEALELADKVEASLVTWRRK-TGGLAH--------SKSS--WDM-MKDMGN-D--KN-HILAARARSLLFCLKQRFPELSQTSLDI
GKTSLGDLLYKSI-TDEYFDPGYFLSSCDLSTKHKVLDLKNRIEASMVIWKRK-MNH------------KEQ--WGS-FVSL---E--KR-ELFEVRVETILAMLKQKFPKILQSSLEI
GRSCLGDFLYRNI-TSDNFSADYLLESIDLSSEHAVVEMANRVEASMYIWRRR-GHS-RH--------AKPT--WGMIVREMMG-D--KR-QIFAGRAESLLISLKQRFPGLRQTALDT
GRSCLGDVIYRYI-TSEKFSAECLLDCLDLSSEHIALDIANRVEASIYVWRRR-VQT-KLGVNN----PKLS--WEM-VKDLMG-D--KR-GLLVERSETLLRCLKQRFPSLTQTSLDI
GRSCLGDLIYRYI-SSDQFSPEYLLDCLDLSSEHQAIEIANRVESSIYLWHKR-SNS-KPATN-----TKTS--WEM-VKELMV-D--EKLEVMADRAESLLISLKQRFPGLPQTALDM
GRASLGDSIYKSI-TEEWFDPAQFLSMMDLSTEHKVLDLKNKIEASVVIWKRK-LHV-KD--------SKSS--WGS-AVSL---E--KR-ELFEERAETILVFLKQKFPGLPQSSLDI
GKECLGEIIHQYL-TANKFSPECLLDCIDLSSEHQTLEIANRIEAAVHVWRQK-----KK--------GRKLSSWSGKVKGLVN-D--RN-EFLAQRAETLLQSLRIRFPGLPQTTLDM
GRASLGDSIYKSI-TEEWFDPEQFLSMLDMSTEHKVLDLKNKIEASVVIWKRK-LHV-KD--------SKSS--WGS-AVSL---E--KR-ELFEERAETILVLLKQKFPGLPQSSLDI
GRASLGDVIYKMI-TVEMFDADQFLIEMDLSSEHKILDLKNRIEASIVIWKRK-MVQ-KD--------TKSA--WGS-TVST---E--KR-EQFEERAETILLLLKLGFPGISQSTLDI
GKTSLGDFLYKNI-TDEYFDPDYFISFLELSTEHKVLDLKNRIEASMVIWKRK-MNQ-KEKD------GKSQ--WGS-SVSL---E--KR-ELFEVRAETILVMLKQQFPRIPQSSLEI
GRVSLGDTIYRML-TLDMFDAEQFLLEMDLTSEHKILELKNKIEASVVIWKRK-IVQ-KD--------NKSSSPFST-NLSM---E--KR-QLLEERAATILFLLKQVFPGISQSTLDI
GKASLGDMIYRMI-TLDMFDVEKFLLEMDLSSEHKILDLQDKIEASVVIWKRK-IVQ-KDN-------NKSSSPFST-NLSM---E--KR-QLLEERAETILLLIKLRFPGISQSTLDI
GRASLGDVIYKMI-TVEMFDADQFLIEMDLSSEHKILDLKNKIEASIVIWKRK-MVQ-KD--------TKSP--WGS-GVST---E--KR-EQFEERAETILLLLKQGFPGISQSSLDI
GRSSLGDSIYKSI-TEEWFDPAQFLSMLDLSTEHKVLDLKNRIEASVVIWKRK-LHL-KD--------NKSS--WGS-AVSL---G--KR-ELFEERAETILILLKQKFPGLPQSSLDI
GKSSVGDSIYRYMSGSGRFFPEKLLDSLNIASEHEAVQLADRVEASMYTWRRK-ACL-SN--------SKNS--WNM-VKDLMT-D--KN-YVMAERAETLLFCLKQRYPELSQTSLDI
GRESLGDSIYRNI-TVEFFDPDQFLSTMDLSSEHKILDLKDRIEASIVIWKRK-MNQ-KD--------GKSA--WGS-AVSL---E--KR-ELFEERAETILLILKHRFPGTPQSALDI
GRACLGDLIYRYI-SSDHFSPECLLDCLEMSSEHQATEIANRVEASIYVWRKR-TNS-KP--------SKSS--WEM-VKELMV-D--KR-ELLAERAETLLLCLKQRFPGLPQTTLDM
GKTSLGDSIYRSI-TDDYFNPEQFLKSMDLSTEHKVIDLKNRIEASIVIWKRK-MHH-KD--------GKSS--WGS-AVSF---E--KR-EIFEERVETILFLIKQKFPGISQSALDV
GKACLGDIIYRYM-TADHFSPECLLDCLDLSSEHHTLEIANRIEASIHIWRQK-DHK-----------RRPT--WSGKVKGIVG-D--KS-NNLARRAETLLDSLRLRFPGLPQTALDM
GKASIGDTIYRYMYSADKFSPEHLLDCLNIGSEHDALELADRIEASMYTWRRK-A-C-LS--------SKSS--WEL-VKDLMA-E--KN-TILAERAETLLLSLKQRFPELSQTTLDT
GRACLGDVIYRYI-TSEHFSSEYLLDCLDLSSEHVALDVANRVEAAIYVWRRR-AHS-KP--------ARSS--WEM-VKDLMI-D--KR-EFLAERAEGLLHSLKQRFPSLTQTTLDT
GRASLGEAIYKYI-SSDEFSPALLLECLDISSEHQAIEIANRVESAMYAWRTK-GIA-SNN-------SKSS--WEM-LKELMI-D--KS-EVLAERAELVLLCLKQQFPNLPQTSLDM
GRASLGDSIYKSI-TVEFFDPDQFLSSMDLTSEHKILDLKDRIEASIVIWRRK-MNQ-KD--------GKST--WGS-AVSM---E--KR-ELFEERAETILLILKHRFPGIPQSSLDI
GRSCLGDVIYRYI-TSEHFSSDCLLDCLDLSSEHVALEIANRVEAAIYVWRRK--HP-KQ--------AKSS--WEI-VKDLMI-D--KR-DLLAERAETLLHCLKQRFPSLTQTTLDA
GKDCLGDIIYRYI-TADQFAPECLLDCMDLSSEHHTVDVANRIEAAVHVWKTKEKKK-----------KRKT--WGGKMKGFGA-D--KN-QSLAQRAETLLHSLRHRFPGLPQTALDM
EKACLGDILYRYI-THDQFSPDCLLDYLDLSSEYSTLDIANRIETAIHFWRMK---------------YQKGSFWGSTVKGLVV-D--KT-KLFAHRANVLLKNLKLHFPALPQTSLDM
GKASLGDLIHRYI-NSDQYSPECLLDCLDLSSEHHALEIANRVEATIHVWRRK-TNS-KPLNH-----SKSS--WEI-VKDLVI-D--KR-ELLASRAETLLLCLKQRFPGLPQTTLDT
GKSSLGESIYRGI-TVEFFDPQQFLSTMDLSSEHKVLGLKDRIEASIVIWKRK-LHH-KD--------GKAA--WGL-AISP---E--KR-ELFEERAQTILLLLKHQFPGLPQSSLDI
GKTSLGDLIHRYINNSEQFSPECLLDCLDLSSDNHALEIANRVEASIYIWRRK-LIP-KQTTNRSN--SKSS--WEM-VKDFVS-D--KRVQLAADRAETLLLCLKQRFPGLPQTTLDT
GRASLGDAIYKII-TEDFFDPDCLLSSLDLSTEHKILDLKNKIEASVVIWKRK-MNA-KD--------TKSS--WGS-GVSM---E--KR-ELLEDRAETILLILKHRFPGIPQSDLDI
GKASVGDTIYRHMYSAEKFSPDHLLDSLNLSSDLEALELADKVEASMYTWRRK-M-G-MT--------SKSS--WDM-VKDLMS-D--KN-HILAERAETLLFCLKQRYPELSQTTLDT
GRACLGDVIYRYI-TSENFSSKCLLDCLDISSEHAALEIANRVEAAIYVWHRR-QHP-KSPARP----SKSS--WEM-VRGLVV-D--KS-ELLAERAESLLLSLKQRFPGLSQTTLDA
GRASLGESIYKSI-TVEFFDPLQFLSTMDLSSEHKVLDLKNRIEASIVIWKRK-MHHKAD--------SKSSN-WGS-AISL---E--KR-ELFEERAETILLLLKQQFPGIPQSSLEI
GRASLGDSMYKSI-TDEYFDPDYFLSSIDLSSEHKLLDLKNKLEASVVIWERK-MLA-KD--------NKSS--WGS-AVSL---E--KR-EIFEDRAETILLLLKHRFPGLPQSDLDI
GRASLGDLAYRSI-TLEYFDPDQFLSTMDISSEHKILDLKNRIEASIVIWKRK-MNQ-KD--------SKSA--WGS-AVSL---E--KR-ELFEERAETILLLLKQRFPGIPQSSLDV
GKACLGRIMYRYI-TAKHFSPDYLLDYLDVSSEYTTLEIANRIEAASHFWSEKYLNRYLGRARD----GRSS--WGGKVKGFVG-E--KR-KLLAKRAEILIHNLRLRFPGLPQTALDA
GRASLGDTIYRYLCTADGFSPDHLLDCLNLASEHEALELADRVEASMYTWRRK-ACL-S---------SKSS--WDM-VKDLMS-D--KN-HVLAERAETLLFCLKQRYPELSQTSLDT
GRASLGDSAYRSI-TLEYFDPDQFLSTMDLSSEHKILDLKNRIEASIVIWRRK-MNQ-KD--------GKSA--WGS-AVSL---E--KR-ELFEERAETILLLLKQRFPGLPQSSLDV
GKACLGDIIYRYI-TAEKFSPECLLDCLDLSTEHHTLEIANRVEAAVHIWKQK-DHR-K---------KHSS--WGGKVKGFVA-D--KN-QILAQRAETLLQSLRLRYPGLPQTALDM
GKACLGRIMYHYI-TAKHFSPDYLLDYLDLSSEFTTLEIANRIEAATHFWSQN-YQN-----------GKSS--WSGKVKGFVG-E--KR-KLLAKRAEVLMHNLRLRFPGLPQTALDV
GKASLGDLIYRYI-SSDQFYPECLLDCLDLSSEHQAIELANRVEASIYIWRKR-TNY-KPASSTNRSSSKSS--WEL-VKELMA-D--KR-ELLADRAESLLLCLKQRFPGLPQTTLDM
GRACLGDLVYRYI-TSDQFSAECLLDCLDLSSEHVALEIANRVESSIYVWRRR-AHS-RP--------TKSS--WEM-VKDLMV-D--KR-ELLAERAESLLLSLKHRFPNLTQTALDT
GKPCLGDIIYRYI-TAEQFSPDRLLDCLDLSTEHHTLEIANRIEAAVHVWKQK-DHK-K---------KHSS--WGGKVKGFVT-D--KN-QILAQRAETLLQSLRLRFPGLPQTTLDM
GRACLGDLVYRYI-TSDQFSAECLLDCLDLSSEHVALDIANRVESAIYVWRRR-AHS-RP--------TKSS--WEM-VKDLIV-D--KR-ELLAERAESLLLSLKQWFPNLTQTTLDT
GRASLGDTIYRYLYTADKFSPGHLLDCLNLASEHEALQLADRVEASMYTWRRK-ACL-SH--------SKSS--WNM-VKDLMS-D--KN-HILAERAETLLFCLKQRYPELSQTSLDT
GKASLGDLIYRCI-SSDQFYPECLLDCLDLSSELLAIELANRVEASIYMWRKK-TNS-KPVNSTNR--SKSS--WEL-MKELMV-D--KR-DLLADRAESLLLCLKQRFPGLPQTTLDM
GRASLGDSIYKSI-TVEYFDPEQFLSTMDMSTEHKVLDLKNRIEASIVIWQRK-MNQ-KD--------GKST--WGS-AVSL---E--KR-ELFEERAETILLILKQRFPGISQSSLDI
GKASVGDVIYKQLCTAEKFYPDQLLDILKITSEHEALELADKVEASLVTWRRK-TGGLAH--------SKSS--WDM-MKDIGG-D--KN-HILAARARSLLFCLKQRYPELSQTSLDI
GRASLGDSIYKSI-TEEWFDPEQFLSMLDLSTEHKVLDLKNRIEASVVIWRRK-LHL-KD--------NKSS--WGS-AVSL---E--KR-ELFEERAETILVLLKQKFPGLPQSSLDI
GKASTGDSIYRYMTSSGKFLPEKLLDCLKIVSEHEALQLADRVEASMYTWRRK-ACL-SN--------SKSS--WNM-VKDLMS-D--KN-YVLAERAESLLFCLKQRYPELSQTSLDI
GRSCLGDFLYRNI-TSDNFSADYLLESIDLSSEHAVVEMANRVEASMYIWRRR-AHS-RH--------ARPS--WGMIVKEMMG-D--KR-EIFAGRAESLLIRLKQRFPGLRQTALDT
GRASLGDVIYRMI-TVEMFDADQFLIEMDLSSEHKILDLKNRIEASVVIWKRK-MVQ-KD--------TKSP--WGS-TVSI---E--KR-EQFEERAETILLLLKQGFPGISQSALDI
GRSCLGDVIYRYI-TSEKFSAESLLDCLDLSSEHVALDIANRVEASIYVWRRR-VET-KLGVNNNN--PKLS--WEM-VKELVG-D--KR-GLLVERSETLLRCLKQRFPSLTQTSLDI
GRSCLGDLIYRYI-SSDQFSPEYLLDCLDLSSEHQAIEIANRVESSIYLWHKR-SNS-KPATN-----TKTS--WEM-VKELMV-D--EKLELMADRAESLLLSLKQRFPGLPQTALDM
GKTSLGDFLYKSI-TEENFDPDYFFSFLDLSTEYKVLDLKNRIEASMVIWKRK-MNQ-KEK-------GKSQ--WGS-TVSL---E--KR-ELFEVRAETILVMLKQQFPGIPQSSLEI
GRASLGDQMYRNI-TVDWFDPDQFLSTMDMSSEHKIVDLKNRIEASIVIWKRK-MVH-KD--------SKSAAPWAS-GVSL---E--KR-EVFEERAETILLILKQRYPGISQSSLDI
GRASLGDQMYRNI-TVDWFDPDQFLSTMDMSSEHKIVDLKNRIEASIVIWKRK-MVH-KD--------SKSAAPWAS-GVSL---E--KR-EVFEERAETILLILKQRYPGISQSSLDI
GRASLGDTIYRMI-TLDIFDAEQFLLEMDLSSEHKVLDLKKKFEASVVIWKRK-IVQ-KD--------NKSSSPFST-NLSM---E--KR-QLLEERAATILLLLKQGFPGISQSTLDI
GKECLGEIIYHYL-TADKFSPECLLDCLDLSTEHQTLEIANRVEAAVHVWRQK-NGRRRKQH------KLSS--WSGKVKGLVN-D--RN-DFLVQRAETLLQSLRIRFPGLPQTTLDM
GKECLGEIIYHYL-TADKFSPECLLDCLDLSTEHQTLEIANRVEAAVHVWRQK-NGRRRKQH------KLSS--WSGKVKGLVN-D--RN-DFLVQRAETLLQSLRIRFPGLPQTTLDM
GKECLGEIIYHYL-TADKFSPECLLDCLDLSTEHQTLEIANRVEAAVHVWRQK-NGRRRKQH------KLSS--WSGKVKGLVN-D--RN-DFLVQRAETLLQSLRIRFPGLPQTTLDM
GKSSVGDSIYRYMSSSGRFFPEQLLDCLNIATEHEAVQLADRVEASMYTWRRK-ACL-SN--------SKNS--WNM-VKDLMT-D--KN-YLMAERAETLLFCLKQRYPELSQTSLDI
GRASLGDSIYKSI-TVEFFDPEQLLSTMDLSTDHKVLEFKNKIEASIVIWKRK-MNH-KD--------GKST--WGS-AVSL---E--KR-ELFEERAETILLLLKQRFPGLAQSQLDT
GRACLGDIIYRYI-TSDQFSSECLLDCLDLSSEHVALEIANRVEASIYVWRRR-THH-KPMTNPNRSTAKSS--WEM-VKDLMG-D--KR-ELLAERAESLFLSLKQRFPGLTQTTLDT
GRASLGDSIYKSI-TVDHFDPGQFLSTMDLSSNRKILDLKNRIEASIVIWKRK-MHN-KD--------GKSA--WAS-AVSL---E--KR-ELFEERAETILLIIKQRYPGLDQSQLDI
GKACLGDIIYRYI-TAEQFSPECLLDCLDLSSEHHTLEIANRIEAAVHVWKQK---DWKK--------KRST--WGGKVKGLVA-D--KN-QFLAIRAETLLHSLRLRFPGLPQTALDM
GRAGLGDAIYRFMNTSDKFSPDQLMDYLHISSEHEALELADRVEASMYTWRRK-ACV-AH--------SKSS--WDM-VKQLIT-D--KN-YVLAERAESLLFCLKQRYPELSQTSLDA
GKSSLGDLIHRYV-TSDQFSPEYLLACLDLSSEHQALEIANRVEASVYVWRRK-TNS-KP--------SRSS--WEI-VKDLMV-D--KR-ELLAERAESLLHCMKQRFPGLPQTTLDM
GRSSLGDSIYKII-TDDHFDPNELLSSVDLSTEHKIVDLKDRIEASVVIWQRK-ISN------------KLS--WGP-GVSL---E--KR-EQFEERAQTVLLILKHQFPGVPQSSLDI
GRASLGDALYRII-TDVEFDPDVFLSTVDLTSEHKILDLKDRIEASVIIWNRK-VHN-KD--------GKSA--WGS-AVSQ---E--KR-EQFEERAQTLLLIIKHRYPGIPQSTLDI
GRATLGDIIYRYI-TSDHFSPECLLDCLDLSTEYQALEIANRVEASVYVWRRR-IAA-KPASVLGR--GRSS--WGM-VKDMII-D--KR-ELLAERAEGLLICLKQRFPGLTQTSLDM
GKTSLGDAIYRSI-TDEEFDPIEFLEGVDLSTEHKVLDLKNRIEASTIIWKRK-MQT-KQE-------AKSS--WGS-IISF---E--KR-EQFEERAETILHLLKLQFPGTPQSQLDI
GRASVGDLIYRHMSFPGKFSPEYLLDRLEISSEHDALEAADRVEAAMHVWRRK-ASQ-GH--------SRSP--WSA-VKELMS-D--KN-VMLASRAGDVLLCLKQRFPGLSQTTLDA
GRATLGDIIYRYI-TSDQFSPDCLLDCLDLSSEYQALEIANRVEASIYVWRRR-GTS-GAAS---R--NKSS--WGI-VKDMIM-D--KRDDLLADRAEGLLMCLKQRFPGLTQTSLDT
GKSTLGDSMYKII-TEDHFNPEELLGTVDMSAEYNIIDLKNRIEASVVIWQRK-MVH-KE--------GKLS--WGH-GVKF---E--KR-EKFEARAENVLLLIKHRFPGIAQSALDI
GKVGVGDAIYRYMSAGDQFSPDHLLNFLNLSSEHEALEIADRVEAAMYVWRRK-ASM-----------TVVSK-WEN-VTELNA-D--KN-LILASRARSLLLCLKQRFPGLSQTTLDT
GKSCLGEIIYRYI-TAEQFSPECLLDCLDLSSEHHTLEVANRIEAAIHVWRLK-GQK-KSTPQAK---SKKS--WGGKVKGLVG-D-EKS-HVLSQRADGLLQSLRLRYPGLPQTSLDM
GKASVGDGVYRAMLGAEKFSPEYLLDCLDMSSEHEALAMADRVEAAMYVWRRK-AGA-SH--------GRSR--WGA-VKELVADD--KN-VMLAGRAESLLLCLKHRFPGLSQTTLDT
GRSILGDSMYKII-TDDVFDPNELLQSVDLSTEHKIVDLKDRIEASVVIWHRK-ISN------------KLS--WGPAGVSL---E--KR-EEFEERAQTALLILKHRFPGIPQSALDI
GRSTLGDIIYRYI-TSDQFSPECLLDCLDLSTEYQALEVANRVEASVYVWRRR-VAA-KPVNGLGR--ARSS--WGM-VKDMMV-D--KRELLLAERAEGLLICLKQRFPGLTQTSLDM
GRASVGDSVYRVMLGADKFSPEFLLDTLDISSEHDALAMADRVEAAMYVWRRK-ASG-SH--------GKLP--WSK-VKELAA-D--KN-VTLANRAESLLLCIKHRFPGLSQTTLDT
GRASVGDLIYRHMSFPGKFSPEYLLDCLEISSEHEALEAADRVEAAMHVWRRK-ASQ------------RSP--WSA-VKDLMS-D--KN-VMLARRAEDVLLCLKQRFPGLSQTTLDA
GKSCLGEIIYRYI-TAEQFSPECLLDCLDLSSEHHTLEVANRIEAAIHVWKLK-----GQ--------KKKS--WGGKVKGLVG-D--KS-HTLSERANGLLQSLRLRYPGLPQTSLDM
GRVGVGDTIYRYMSSGDQFSPEHLLNFLSLSSEHDALEIADRVEAAMYVWRRK-ASA-----------TVVS-KWEN-VTELNA-D--KN-LVLASRARSLLLCLKQRFPGLSQTTLDT
GRASLGDALYRII-TDVEFDPDDFLSTVDLTSEHKILDLKDRIEASVIIWNRK-VHN-KD--------GKSS--WGS-AVSQ---E--KR-EQFEERAQTLLLIIKHRFPGIPQSTLDI
GRAALGDVIYRYI-TSDQFSQDYLLDCLDLSSEYQALEIANRVEASIYVWRRK-GGG-GA---------RSS--WGI-VKDMVM-D--KR-DLLAERAEALLMSLKQRFPGLTQTSLDM
GKSCLGEIIYRYI-TAEQFSPECLLDCLDLSSEHHTLEVANRIEGAIHVWKLK-GQK-KSTPQAK---SKIS--WGGKVKGLVG-DKEKS-HTLSERADGLLQSLRLRYPGLPQTSLDM
GKTSLGDAIYRSI-TEDTFDPVEFLAGMDLSTEHKVLDLKNRIEASTVIWKRK-MQTNKD--------SKSS--WSS-IVSF---E--KR-EQFEERAETILHLLKLQFPGTPQSQLDI
GKSTLGDSAYKLI-TDDCFDAEELLRSVDLSDEHSIVDLKNRVEASVVIWQKK-MTH-KD--------SKLS--WGH-NARH---E--KR-GMFEGRAENVLLLIKHRFPGIAQSALDI
GKSTLGDSVYRLI-TDDHFDPEELLRSVDSSDEHSIVDLKNRIEASAVIWQKK-MTHNKD--------SKLP--WGH-S--H---E--KR-GMFEGRAENVLLLIKHRFPGIAQSALDI
GKTSLGDAIYRSI-TEETFDPLEFLAGMDLSTEHKVLDLKNRIEASTVIWKRK-MQT-KD--------SKSS--WSS-IVSF---E--KR-EQFEERAETILHLLKLQFPGTPQSQLDI
GKAILGD-LYRYL-SSDEFSADAVLGVLDVSSEHSAVELANRIEAAIHVWQHK-LQN-KQT-------ARNS--WVM-VKEFVA-D--KK-EVLVDRAEGLLHSLRQKFPGLPQTLLDM
GRSSLGEGFYRCL-SFEQFSPEALLATLTMASEHHILEIANRVEAAIHTWKRK-VSS-----------ARSS--WGGLMKDLVG-D--RR-ETLIARAETLLLCLKHKFPGLPQTLLDI
GKSCLGEVMYRGL-TAEKFSPDALLQHLNLSTEHNALEAANRVEAAIHIWQRK-IHQQKH--------AKSS--WGK-VKDFVA-E--DR-QTLVERAESLLLSFKQRFPGLPQSVLDV
ARANLGDTIYYGL-RQEHFSPDALLSSLDLSTEHSALEVANRIQSALHIWRKK-ESSGSH--------KESRYSWLK-VRDLVA-E--KR-QLLIERADSLLLCLRQRFPGLPQTVLDV
g4   Gd  y  6                   eh       4 2a    W                        5                     Ra       4   P   q3 Ld 

      
      
 : 314
 : 319
 : 319
 : 318
 : 319
 : 310
 : 321
 : 307
 : 307
 : 309
 : 304
 : 306
 : 309
 : 316
 : 304
 : 306
 : 309
 : 318
 : 310
 : 322
 : 309
 : 319
 : 314
 : 318
 : 320
 : 307
 : 307
 : 319
 : 309
 : 307
 : 318
 : 304
 : 312
 : 319
 : 321
 : 307
 : 325
 : 307
 : 304
 : 309
 : 292
 : 308
 : 304
 : 303
 : 319
 : 308
 : 315
 : 306
 : 317
 : 317
 : 315
 : 317
 : 306
 : 314
 : 318
 : 320
 : 323
 : 295
 : 320
 : 254
 : 319
 : 320
 : 303
 : 306
 : 306
 : 328
 : 316
 : 306
 : 321
 : 320
 : 323
 : 315
 : 321
 : 315
 : 317
 : 321
 : 306
 : 318
 : 307
 : 319
 : 312
 : 304
 : 321
 : 321
 : 308
 : 309
 : 309
 : 309
 : 316
 : 258
 : 258
 : 315
 : 303
 : 323
 : 302
 : 321
 : 315
 : 315
 : 304
 : 305
 : 321
 : 301
 : 318
 : 319
 : 307
 : 309
 : 328
 : 323
 : 304
 : 322
 : 325
 : 312
 : 321
 : 310
 : 306
 : 314
 : 330
 : 301
 : 307
 : 306
 : 300
 : 314
 : 314
 : 319
 : 319
      

3  

Chang_Fig. S5 



             
             
RopGEF1    : 
RopGEF2    : 
RopGEF3    : 
RopGEF4    : 
RopGEF5    : 
RopGEF6    : 
RopGEF7    : 
RopGEF8    : 
RopGEF9    : 
RopGEF10   : 
RopGEF11   : 
RopGEF12   : 
RopGEF13   : 
RopGEF14   : 
Araly1.314 : 
Araly1.477 : 
Araly1.479 : 
Araly1.483 : 
Araly1.485 : 
Araly1.486 : 
Araly1.488 : 
Araly1.490 : 
Araly1.490 : 
Araly1.497 : 
Araly1.861 : 
Araly1.874 : 
Araly1.883 : 
Bra000971  : 
Bra002246  : 
Bra003536  : 
Bra004945  : 
Bra006510  : 
Bra007183  : 
Bra009152  : 
Bra009621  : 
Bra013249  : 
Bra015010  : 
Bra015068  : 
Bra018956  : 
Bra020048  : 
Bra021162  : 
Bra027189  : 
Bra030396  : 
Bra036671  : 
Bra037342  : 
Cucsa.0620 : 
Cucsa.0666 : 
Cucsa.1164 : 
Cucsa.1193 : 
Cucsa.1355 : 
Cucsa.1363 : 
Cucsa.1758 : 
Cucsa.3592 : 
mgv1a00322 : 
mgv1a00378 : 
mgv1a00399 : 
mgv1a00461 : 
mgv1a00530 : 
mgv1a00594 : 
mgv1a00778 : 
mgv1a02184 : 
mgv1a02262 : 
mgv1a02280 : 
mgv1a02642 : 
POPTR_0001 : 
POPTR_0002 : 
POPTR_0002 : 
POPTR_0003 : 
POPTR_0004 : 
POPTR_0005 : 
POPTR_0006 : 
POPTR_0008 : 
POPTR_0009 : 
POPTR_0010 : 
POPTR_0014 : 
POPTR_0016 : 
POPTR_0018 : 
Thhalv1000 : 
Thhalv1000 : 
Thhalv1000 : 
Thhalv1001 : 
Thhalv1001 : 
Thhalv1001 : 
Thhalv1001 : 
Thhalv1001 : 
Thhalv1001 : 
Thhalv1001 : 
Thhalv1002 : 
Thhalv1002 : 
Thhalv1002 : 
Thhalv1002 : 
Thhalv1002 : 
Vv.1782614 : 
Vv.1782686 : 
Vv.1782737 : 
Vv.1783220 : 
Vv.1783447 : 
Vv.1783965 : 
LOC_Os01g4 : 
LOC_Os01g5 : 
LOC_Os01g6 : 
LOC_Os02g1 : 
LOC_Os04g4 : 
LOC_Os05g3 : 
LOC_Os05g4 : 
LOC_Os07g2 : 
LOC_Os09g3 : 
LOC_Os10g4 : 
GRMZM2G059 : 
GRMZM2G065 : 
GRMZM2G071 : 
GRMZM2G087 : 
GRMZM2G105 : 
GRMZM2G131 : 
GRMZM2G132 : 
GRMZM2G144 : 
GRMZM2G158 : 
GRMZM2G173 : 
GRMZM2G359 : 
GRMZM2G377 : 
GRMZM2G442 : 
Selmo1.431 : 
Selmo1.623 : 
Selmo1.627 : 
Selmo1.629 : 
             

                                           
360         *       380         *       400
NKIQYNKDVGQSILESYSRVMESMAFNITARIDDVLYVDDAMR
CKIHCNKDVGKAVLESYSRVLEGLAFNIVAWIDDVLYVDKTMR
CKIQYNKDVGKAVLESYSRVLEGLAFNIVAWIDDVLYVDKTMR
CKIQFNRDVGKAVLESYSRVLEGLAYNVVSWIDDVLYVDRTVR
SKIQWNKDIGKSILESYSRALESLASNIIARIDDLLYVDDLTK
SKIQYNKDVGKSILESYSRVLESLAYSIGVRIEEVLFMDDISK
SKIQYNKDIGKSILESYSRVLESLAFNIVARIDDLLFVDDLTR
SKIQFNKDVGQAVLESYSRILESLAYTVMSRIEDVLYTDTLAL
SKIQYNKDVGHAVLESYSRILESLGYTEMSRIDDVLYADSLAR
SKIKNNKDVGQAILESYSRVLESLASKIMSRIEDVLEADRLVQ
SKIQFNRDVGLAILESYSRVLESLAHTVMSRIEDVLYADQLTQ
SKIQFNEDVGQAVLESYSRILESLAYTVLSRIDDVLEADRAGN
SKIQFNRDIGLAIVESYSRILESLAHTVMSRIEDVLEADQLTQ
TKIQYDKDIGHAVLEAYSRTLANLAFRILSRMGEILKEDSLSN
SKIQFNRDVGLAILESYSRVLESLAHTVMSRIEDVLYADQLTQ
SKIQFNKDVGQAVLESYSRILESLAYTVLSRIDDVLEADRAGN
SKIQFNKDIGLAIVESYSRILESLAHTIMSRIEDVLEADQLTQ
CKIH------------YSRVLEGLAYNVVSWIDDVLYVDRTVR
SKIQYNKDVGKSILESYSRVLESLAYSIGVRIEEVLFMDDISK
SKIQYNKDIGKSILESYSRVLESLAFNIVARIDDLLFVDDLTR
SKIKNNKDIGQAILESYSRVLESLASKIMSRIEHVLEADRLVQ
CKIQYNKDVGKAVLESYSRVLEGLAFNIVAWIDDVLYVDKTMR
NKIQYNKDVGQSILESYSRVMESMAFNITARIDDVLYVDDAMR
CKIQFNRDVGKAVLESYSRVLEGLAYNVVSWIDDVLYVDRTVR
SKIQWNKDIGKSILESYSRALESLASNIIARIDDLLYVDDLTK
SKIQFNKDVGQAVLESYSRILESLAYTVMSRIEDVLYTDSLAL
SKIQYNKDVGHAVLESYSRILESLGYTEMSRIDDVLYADSLAR
CKIQYNKDVGKAVLESYSRVLEGLAFNIVAWIDDVLYVDKTMS
SKIKNNKDIGQAILESYSRVLENLASKIMSRIEDVLEADALVQ
SKIQFSKDVGQSVLESYSRILESLAYTVLSRINDVLDADRAVS
CKIQYNRDVGKAVLESYSRVLEGLAYNVVSWIDDVLYVDRTVR
SKIKNNKDVGHAILESYSRVLESLAAKIMSRIEDVLEADVLVH
SKIQFNKDVGKSILESYSRVLESLAYSIGVRIEEVLYMDDISK
SKIQSNKDIGKSILESYSRALESLASNIVARIDDLLYVDDLTK
SKIQYNKDIGKSILESYSRVLESLAFNIVARIDDLLFVDDLTR
SKIQFNKDIGQAVLESYSRILESLAYTVMSRIEDVLYTDSLAL
NKIQYNRDVGHGVLESYSRVLESMAFNVTARIDDVLYVDDAIR
SKIQFNKDVGQAVLESYSRILESLAYTVMSRIEDVLYTDSLAL
TKIQCNRDVGLAILESYSRVLESLAHTVMSRIEDVLYADQLTQ
SKIRNNKDVGQAILESYSRVLENLASKILSRIDDVLEADLLVQ
SKIQFNKDIGLAILESYSRVLESLAHTVLSRIEDVLEADQLTQ
SKIQFNKDIGLAIMESYSRVLESLAHTVLSRIEDVLVADQLTQ
SKIQCNRDVGLAILEGYSRVLESLAHTVMSKIEDVLYADQLTQ
SKIQFNKDVGQAVLESYSRILESLAYTVMSRIEDVLYTDSLAQ
CKIQYNKDVGKAVLESYSRVLEGLAFNIVAWIDDVIYVDKTMS
SKIQYNRDVGQAVLESYSRILESLAFTVMSRIEDVLYADYVTQ
SKIQYNKDVGKSILESYSRVLESLAFNVVARIDDLLYVDDLTK
SKIQHSKDVGQAILESYSRVIESLAFSIMSRIEDVLYADTVAR
AKIQYNKDVGQSILESYSRVMESLAFNIMARIDDVLYVDDAIK
SKIQYNRDVGQAVLESYSRVLEGLAFNIVAWIEDVLFSDRSIR
SKIQFNKDVGKSILESYSRVLESLAFNIIARIDDLLYVDDLTK
SKIQYNKDVGKAILESYSRVLESLAYNIVARIEDLLYVNELTK
SKIQFNRDVGHAVLESYSRILESLAFTVMSRIEDVLHADGLTQ
TKIQFNKDVGKSILESYSRVLESLAFSIVARIEDLLYVDDITK
SKIQYNKDVGHSILECYSRVMESLAFNIIARIDDVLYVDDATK
TKIQYNKDVGQSILESYSRVIESLAFNLMARIDDLLYVDEATK
SKIQCNKDVGKSILEGYSRVLESLAFNIVARIDDLIYVDDLSK
SKIQFNKDVGLSILESYSRVLESLANTVMSRIEDVLYADALAQ
SKIQHNKDVGKSILESYSRVLESLAFNIVARIDDLLYVDDLSK
SKIQFNQDVGHAILESYSRIIESLAFTVLSRIEDVMHADSLAR
SKIHYNK-ARQAVLESYSRVLEGLAFNIVAWIDDVLFVDKTLK
TKIQCNKDVGKSILESYSRVLESLAFNIVARIDDLLYVDDINK
SKIQYNRDVGLSILESYSRVVESLGNTVMSRIQDVLYADSLAA
TKIQCNRDVGQAILESYSRIIESLAFTVLSRIEEVMHADSLAM
SKIQYNKDVGHAILESYSRILETLASTVLSRIEDVLDADYVTR
NKIQYNKDVGYAIIESYSRVMESLAFNIMARIDDLLYVDDATK
CKIQYNRDVGQATLESYSRVLEGLAFNIVAWIEDVLFVDNSVR
SKIQYNEDVGHAILESYSRILETLASTVMSRIEDVLYADHVAR
NKIQYNKDVGQSILESYSRVTESLAFNIMARIDDVLFVDDATK
NKIQYNKDVGHAIMESYSRVMESLAFNIMARIDDLLYVDDATK
SKIQYNKDVGKSILESYSRVLESLAFNIVARIDDLLYVDDLTK
SKIQFNKDVGKSILESYSRVLESLAFNIVARIDDLVYVDDLTK
NKIQYNKDVGQSILESYSRVMESLAFNIMARIDDVIYVDDAIK
SKIQFNKDVGKSIIESYSRVLESLAFNIVARIDDLLYVDDLTK
CKIQYNQA---TILESYSRVLEGLAFNIVAWIEDVLFVDRNQE
SKIQYNKDVGKSILESYSRVLESLAFNIVARIDDLLYVDDLTK
SKIQYNKDVGQAILESYSRIIESLAYAILSKIEDVLYADSLAQ
CKIQYNRDVGKAVLESYSRVLEGLAYNVVSWIDDVLYVDRTVR
SKIQFNKDIGQAVLESYSRILESLAYTVMSRIEDVLYTDSLAQ
CKIHYNKDVGKAVLESYSRVLEGLAFNIVAWIDDVVYVDKTMR
SKIQFNKDVGKSILESYSRVLESLAYSIGVRIEEVLYMDDISK
SKIQFNRDVGLAILESYSRVLESLAHTVMSKIEDVLYADQLTQ
SKIQWNKDIGKSILESYSRALESLASNIVARIDDLLYVDDLTK
SKIQYNKDIGKSILESYSRVLESLAFNIVARIDDLLFVDDLTR
SKIKNNKDVGQAILESYSRVIESLASKIMSRVEDVLEADILVQ
SKIQFNKDVGQAVLESYSRILESLAYTVMSRIDDVLEADRAGN
SKIQFNKVI--INFQFYGSP-----------------------
SKIQFNKDIGLAILESYSRVLESLAHTVMSRIEDVLEADQLTQ
NKIQYNKDVGQAILESYSRVMESMAFNITARIDDVLYVDDAMR
NKIQYNKDVGQAILESYSRVMESMAFNITARIDDVLYVDDAMR
NKIQYNKDVGQAILESYSRVMESMAFNITARIDDVLYVDDAMR
CKIQYNKDVGKAVLESYSRVLEGLAFNIVAWIDDVLYVDKTMR
SKIQFNRDVGQSILESYSRILESLAFTVMSRIEDVMYADSLAQ
SKIQCNKDVGKSILESYSRVLESLAFNIVARIDDLLYVDDLNK
NKIQFNQDVGHAILESYSRILETLAFTVLSRIEDVLGSSL---
NKIQYNKDVGQSILESYSRVMESLAFNIMARIDDVLYVDDAVK
CKIQYNKDVGQAILESYSRVLESLAFSIVAWIEDVLHEDRNMR
SKIQYNKDVGKSILESYSRVLESLASNIVARIDDVLYVDDLTK
SKIQYNKDVGYAILESYSRTLESLAFAVLSRIEDVLHADAIAR
AKIQENRDVGFAILESYSRVLESLAFNVMSRIEDVLNADDHAR
SKIQYNRDVGKSILESYSRVLESLASNIVARIDDLLNIDELNR
SKIQYNRDVGYAILESYSRVLESLAYSVMSRIEDVLGADAAAQ
SKIQYNKDVGQAILEGYSRVLESLAYNIVTCIDDVLFADESAR
SKIQYNKDVGKSILESYSRVLESLASNIIARIDDLLYVDERSR
SKIQYNRDIGLAILESYSRTLESLAFTVMSRIEDVLHADSLAQ
SKIQYNKDIGQAILESYSRVLESLAYNIVSWIDDVLIADGNAR
NKIQYNKDVGQSILESYSRVLESLAFNIIARIDDVIYVDDATK
SKIQFNKDIGQAILESYSRVLESLAFNIVSWIDDVLFADKTVR
SKIQYNTDVGYAILESYSRTLESLAFAVLSRIEDVLHADAVAC
SKIQYNKDVGKSILESYSRVLESLASNIVTRIDDLLNIDELNG
SKIQFNKDVGQAILESYSRVLESLAFNIVSWIDDVLFVDRSIR
SKIQYNKDVGQAILESYSRVLESLAYNIVTCVDDVLFADEAAR
NKIQYNKDVGQSILESYSRVLESLAFNIIARIDDVIYVDDATK
SKIQYNKDIGHAILESYSRVLESLAHNIVSWIDDILIADENVK
AKIQENRDVGFALLESYSRVLESLAFNVMSRIEDVIQADNLAR
SKIQYNKDVGKSILESYSRVLESLASNIIARIDDLLNVDELSK
NKIQYNKDVGQSILECYSRVLESLAFNIIARIDDVIYVDDATN
SKIQYNRDVGYALLESYSRVLESLAYSVMSRIEDVLSADAAAQ
SKIQCNKDVGLAILESYSRALESLAFTVMSRIEDVLGADLATR
SKIQCNKDVGLAILESYSRTLESLAFTVMSRIEDVLSADLAAR
SKIQYNRDVGYALLESYSRVLESLAYSVMSRIEDVLSADAAAQ
QKIQFNKDVGQSILESYSRVLESLSFNITARIDGVLNADEVAR
HKIQYNKDVGQSILESYSRVLESLAFSIISRIDDVLHIDELAM
NKIQYNRDVGHSILESYSRVLESLAFNILARIDDVLFIDDAAR
NKIQYNKDVGQAILESYSRVLESLAYSILSRIDDVLYIADMTK
 KIq   d g     sYsr  e  a        d         

      
      
 : 357
 : 362
 : 362
 : 361
 : 362
 : 353
 : 364
 : 350
 : 350
 : 352
 : 347
 : 349
 : 352
 : 359
 : 347
 : 349
 : 352
 : 349
 : 353
 : 365
 : 352
 : 362
 : 357
 : 361
 : 363
 : 350
 : 350
 : 362
 : 352
 : 350
 : 361
 : 347
 : 355
 : 362
 : 364
 : 350
 : 368
 : 350
 : 347
 : 352
 : 335
 : 351
 : 347
 : 346
 : 362
 : 351
 : 358
 : 349
 : 360
 : 360
 : 358
 : 360
 : 349
 : 357
 : 361
 : 363
 : 366
 : 338
 : 363
 : 297
 : 361
 : 363
 : 346
 : 349
 : 349
 : 371
 : 359
 : 349
 : 364
 : 363
 : 366
 : 358
 : 364
 : 358
 : 357
 : 364
 : 349
 : 361
 : 350
 : 362
 : 355
 : 347
 : 364
 : 364
 : 351
 : 352
 : 327
 : 352
 : 359
 : 301
 : 301
 : 358
 : 346
 : 366
 : 342
 : 364
 : 358
 : 358
 : 347
 : 348
 : 364
 : 344
 : 361
 : 362
 : 350
 : 352
 : 371
 : 366
 : 347
 : 365
 : 368
 : 355
 : 364
 : 353
 : 349
 : 357
 : 373
 : 344
 : 350
 : 349
 : 343
 : 357
 : 357
 : 362
 : 362
      

4  

Chang_Fig. S5 



Figure S5. Alignment data used to produce 

the RopGEFs phylogenetic tree in Figure 7A.  

The alignment was produced by MUSCLE 3.6 

and presented by GeneDoc without adjustment. 



Mutant line ID BarR BarS BarR:BarS

LDN-1 72 15 4.8 :1
LDN-2 68 2 34 :1 
LDN-3 69 35 2 :1
LDN-4 152 22 7 :1
LDN-5 172 48 3.6 :1
LDN-6 98 24 4 :1
LDN-7 117 57 2 :1
LDN-8 98 56 1.8 :1
LDN-9 100 0 ∝

LDN-10 53 20 2.7 :1
LDN-11 112 44 2.5 :1
LDN-12 48 11 4.4 :1
LDN-13 64 1 64 :1
LDN-14 51 3 17 :1
LDN-15 46 23 2 :1
LDN-16 109 31 3.5 :1
LDN-17 42 39 1.1 :1
LDN-18 53 5 10.6 :1
LDN-19 120 50 2.4 :1
LDN-20 98 50 2 :1
LDN-21 53 29 1.8 :1
LDN-22 47 1 47 :1
LDN-23 92 57 1.6 :1
LDN-24 165 62 2.7 ;1
LDN-25 79 33 2.4 :1
LDN-26 65 0 ∝
LDN-27 52 23 2.3 :1
LDN-28 67 32 2.1 :1
LDN-29 53 6 8.8 :1
LDN-30 73 31 2.4 ;1
LDN-31 61 23 2.7 :1
LDN-32 53 23 2.3 :1
LDN-33 NA NA NA
LDN-34 42 21 2 :1
LDN-35 66 21 3.1 :1
LDN-36 103 7 14.7 :1
LDN-37 85 30 2.8 :1
LDN-38 67 27 2.5 :1
LDN-39 70 28 2.5 ;1
LDN-40 41 11 3.7 :1

Table S1:The Segregation Ratios of the LAT52:DNPRK2 T2 plants



Genes AGI number Alleles Accession No. Background Marker Insert. posi. mRNA levels (by RT PCR)
RopGEF1 At4g38430 ropgef1-1 (586B11) GABI_586B11 Col Sulfadiazine 3rd Exon not detectable

RopGEF9 At4g13240 ropgef9-1 (717A10) GABI_717A10 Col Sulfadiazine 5th Exon not detectable

RopGEF12 At1g79860 ropgef12-1 (103614) SALK_103614 Col Kan (2:1) 4th Exon not detectable

RopGEF14 At1g31650 ropgef14-1 (064617) SALK_064617 Col Kan (3:1) 1st Intron suppression

ropgef14-2 (046067) SALK_046067 Col Kan (lost) 1st Intron not detectable

AtPRK1 At5g35390 prk1-1 SALK_112241 Col Kan(3:1) 1st Exon not detectable

prk1-2 SALK_054149 Col Kan(3:1) 1st Exon not detectable

AtPRK2 At2g07040 prk2-1 SALK_110661 Col Kan(lost) 1st Exon suppression

AtPRK5 At1g50610 prk5-1 SALK_016815 Col Kan(lost) 3rd Exon suppression

Table S2. Information of the ropgef and prk T-DNA Insertion Mutants 



Table S3. Phosphorylation in C-terminal regions is critical for RopGEF1 activity 

        

  Lengtha Widtha Width/Length 

GFP 469 ± 11 9.1±0.8  0.02  

GFP-GEF1 21±7 29.4±4 1.41 

GFP-S458A 39±11 39.9±8 1.03 

GFP-S460A 422±89 13.8±2.3 0.03 

GFP-S480A 174±40 5.7±0.5 0.03 

GFP-S484A 63±15 11.3±0.7 0.58 

GFP-S488A 70±12 35.6±0.7 0.51 

GFP-S501A 24±5  22.7±3.8  0.94  

The length and the maximum tip width of tobacco pollen tubes were measured 6 hours 

after bombardment. aData are the mean ±SD. 
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