
The amino acid sequences of the ZIP proteins 
>AtGUFA 
MDSQMLVALGLSLVGGLSTSLGALFVVLSETPNMKMLGLLQGFASGLMLSISF
LDLAHNAINSIGFFKANLWFFGGVIFFACITKFIPEPTLGPSTDGKRRKKNGDE
GGKDMMKKHRKQVLYSGLITAIGISLHNFPEGMAVFLGSIKGMRVGVNLALA
IALHNIPEGVAVALPIYFATESKWQAFKLATLSGLAEPLGVIIVAYLFPRSLSPEIL
EGLLGAVGGIMAFLTLHEMLPLAFDYAGQKQAVKAVFFGMACMSASLYFLEL
SLPETMSL 
>AtIAR1 
MSFSLRKLLVPILVLVLFLDLCVESGFSQSTPARDDHVHHHGGGCSHSHDHDH
DHDHDHHVKKTTAKVEMKLPEELAEEEDMRLCGFGPCLHDHDHESSSTLTGF
ALWLNALGCSLLVSLASLICLVLLPIMFVQGKPSKWFVDSLALFGAGAMLGD
AFLHQLPHAFGGGHSHSNDHHENHDHHDHSHSDSPSHSHSIQDLSVGLSVLA
GIVVFLLVEKLVRYVEENSSGSNTWGHHHHHHHAGSKKLKDEGDHNNLDQQ
SSSDAIVNSSEKVSGGSTDKSLRKRKTSASDATDKSDSGTEITSDGKSDKPEQV
ETRSSSLVFGYLNLFSDGVHNFTDGMALGSAFLIYGSVGGWSRTMFLLAHELP
QEIGDFGILVRSGFTVTKALFFNFLSALVALAGTALVLVWGNEPGQSSLIEGFTA
GGFIYIAVAGVLAEMNNSGKSTLKNSACHLISLILGMSVALCISLIE 
>AtIRT1 
MASNSALLMKTIFLVLIFVSFAISPATSTAPEECGSESANPCVNKAKALPLKVIA
IFVILIASMIGVGAPLFSRNVSFLQPDGNIFTIIKCFASGIILGTGFMHVLPDSFEM
LSSICLEENPWHKFPFSGFLAMLSGLITLAIDSMATSLYTSKNAVGIMPHGHGH
GHGPANDVTLPIKEDDSSNAQLLRYRVIAMVLELGIIVHSVVIGLSLGATSDTC
TIKGLIAALCFHQMFEGMGLGGCILQAEYTNMKKFVMAFFFAVTTPFGIALGI
ALSTVYQDNSPKALITVGLLNACSAGLLIYMALVDLLAAEFMGPKLQGSIKM
QFKCLIAALLGCGGMSIIAKWA 
>AtIRT2 
MATTKLVYILLILFTFTVSPAISTAPEHCDSGFDNPCINKAKALPLKIVAIVAILTT
SLIGVTSPLFSRYISFLRPDGNGFMIVKCFSSGIILGTGFMHVLPDSFEMLSSKC
LSDNPWHKFPFAGFVAMMSGLVTLAIDSITTSLYTGKNSVGPVPDEEYGIDQE
KAIHMVGHNHSHGHGVVLATKDDGQLLRYQVIAMVLEVGILFHSVVIGLSLG
ATNDSCTIKGLIIALCFHHLFEGIGLGGCILQADFTNVKKFLMAFFFTGTTPCGI
FLGIALSSIYRDNSPTALITIGLLNACSAGMLIYMALVDLLATEFMGSMLQGSIK
LQIKCFTAALLGCAVMSVVAVWA 
>AtIRT3 
MFFVDVLWKLVPLYLFGSETKSLSATESILQIVPEAMAATSSNVLCNASESDLC
RDDSAAFLLKFVAIASILLAGAAGVTIPLIGRNRRFLQTDGNLFVTAKAFAAGV
ILATGFVHMLAGGTEALKNPCLPDFPWSKFPFPGFFAMIAALITLFVDFMGTQ
YYERKQEREASESVEPFGREQSPGIVVPMIGEGTNDGKVFGEEDSGGIHIVGIH
AHAAHHRHSHPPGHDSCEGHSKIDIGHAHAHGHGHGHGHGHVHGGLDAVN
GARHIVVSQVLELGIVSHSIIIGLSLGVSQSPCTIRPLIAALSFHQFFEGFALGGCI
SQAQFRNKSATIMACFFALTTPIGIGIGTAVASSFNSHSVGALVTEGILDSLSAGI
LVYMALVDLIAADFLSTKMRCNFRLQIVSYVMLFLGAGLMSSLAIWA 
>AtZIP1 



MSECGCFSATTMLRICVVLIICLHMCCASSDCTSHDDPVSQDEAEKATKLKLG
SIALLLVAGGVGVSLPLIGKRIPALQPENDIFFMVKAFAAGVILCTGFVHILPDA
FERLSSPCLEDTTAGKFPFAGFVAMLSAMGTLMIDTFATGYYKRQHFSNNHGS
KQVNVVVDEEEHAGHVHIHTHASHGHTHGSTELIRRRIVSQVLEIGIVVHSVII
GISLGASQSIDTIKPLMAALSFHQFFEGLGLGGCISLADMKSKSTVLMATFFSV
TAPLGIGIGLGMSSGLGYRKESKEAIMVEGMLNAASAGILIYMSLVDLLATDF
MNPRLQSNLWLHLAAYLSLVLGAGSMSLLAIWA 
>AtZIP2 
MALSSKTLKSTLFFLSIIFLCFSLILAHGGIDDGDEEEETNQPPPATGTTTVVNL
RSKSLVLVKIYCIIILFFSTFLAGVSPYFYRWNESFLLLGTQFSGGIFLATALIHFL
SDANETFRGLKHKEYPYAFMLAAAGYCLTMLADVAVAFVAAGSNNNHVGAS
VGESREDDDVAVKEEGRREIKSGVDVSQALIRTSGFGDTALLIFALCFHSIFEGI
AIGLSDTKSDAWRNLWTISLHKVFAAVAMGIALLKLIPKRPFFLTVVYSFAFGIS
SPIGVGIGIGINATSQGAGGDWTYAISMGLACGVFVYVAVNHLISKGYKPREEC
YFDKPIYKFIAVFLGVALLSVVMIWD 
>AtZIP3 
MKTKNVKLLFFFFSVSLLLIAVVNAAEGHSHGGPKCECSHEDDHENKAGARK
YKIAAIPTVLIAGIIGVLFPLLGKVFPSLRPETCFFFVTKAFAAGVILATGFMHV
LPEAYEMLNSPCLTSEAWEFPFTGFIAMIAAILTLSVDTFATSSFYKSHCKASKR
VSDGETGESSVDSEKVQILRTRVIAQVLELGIIVHSVVIGISLGASQSPDAAKAL
FIALMFHQCFEGLGLGGCIAQGKFKCLSVTIMSTFFAITTPIGIVVGMGIANSYD
ESSPTALIVQGVLNAASAGILIYMSLVDLLAADFTHPKMQSNTGLQIMAHIALL
LGAGLMSLLAKWA 
>AtZIP4 
MASSTTKILCDAGESDLCRDDSAAFLLKFVAIASILLAGAAGVAIPLIGRNRRF
LQTEGNLFVAAKAFAAGVILATGFVHMLAGGTEALSNPCLPDFPWSKFPFPGF
FAMVAALATLLVDFMGTQYYERKQERNQAATEAAAGSEEIAVVPVVGERVTD
NKVFGEEDGGGIHIVGIRAHAAHHRHSHSNSHGTCDGHAHGHSHGHMHGNS
DVENGARHVVVSQILELGIVSHSIIIGLSLGVSQSPCTIRPLIAALSFHQFFEGFA
LGGCISQAQFRNKSATIMACFFALTTPLGIGIGTAVASSFNSHSPGALVTEGILDS
LSAGILVYMALVDLIAADFLSKRMSCNLRLQVVSYVMLFLGAGLMSALAIWA 
>AtZIP5     
MRITQNVKLLLFFFFFISFLFIAVSAGESKCECSHEDDEANKAGAKKYKIAAIPS
VLAAGVIGVMFPLLGKFFPSLKPETTFFFVTKAFAAGVILATGFMHVLPEGYE
KLTSPCLKGEAWEFPFTGFIAMVAAILTLSVDSFATSYFHKAHFKTSKRIGDGE
EQDAGGGGGGGDELGLHVHAHGHTHGIVGVESGESQVQLHRTRVVAQVLEV
GIIVHSVVIGISLGASQSPDTAKALFAALMFHQCFEGLGLGGCIAQGNFNCMSI
TIMSIFFSVTTPVGIAVGMAISSSYDDSSPTALIVQGVLNAASAGILIYMSLVDFL
AADFMHPKMQSNTRLQIMAHISLLVGAGVMSLLAKWA 
>AtZIP6 
MASCVTGTEAAIRAAACRDGEEASHLKIVAVFAIFLTSVFGVWGPVLLAKYFH
GKPLYDKAILVIKCFAAGVILSTSLVHVLPEAFESLADCQVSSRHPWKDFPFAG
LVTMIGAITALLVDLTASEHMGHGGGGGGDGGMEYMPVGKAVGGLEMKEG
KCGADLEIQENSEEEIVKMKQRLVSQVLEIGIIFHSVIIGVTMGMSQNKCTIRPL



IAALSFHQIFEGLGLGGCIAQAGFKAGTVVYMCLMFAVTTPLGIVLGMVIFAA
TGYDDQNPNALIMEGLLGSFSSGILIYMALVDLIALDFFHNKMLTTCGESGSRL
KKLCFV 
>AtZIP7 
MAYSKACYKLTTITILLLSFTLPSLAGNAENADVSECKAESGDLSCHNNKEAQ
KLKIIAIPSILVASMIGVSLPLFSRSIPALGPDREMSVIVKTLASGVILATGFMHV
LPDSFDDLTSKCLPEDPWQKFPFATFITMISALLVLMIESFAMCAYARRTSKREG
EVVPLENGSNSVDTQNDIQTLENGSSYVEKQEKVNEDKTSELLRNKVIAQILE
LGIVVHSVVIGLAMGASDNKCTVQSLIAALCFHQLFEGMGLGGSILQAQFKS
KTNWTMVFFFSVTTPFGIVLGMAIQKIYDETSPTALIVVGVLNACSAGLLIYM
ALVNLLAHEFFGPKIQGNIKLHVLGYVATFTGAAGMSLMAKWA 
>AtZIP8 
MATTTQHMNQIFLVLLLISFAISPAISTVPKECETDSTDSCIDKTKALPLKIVAIV
AILVTSMIGVAAPLFSRYVTFLHPDGKIFMIIKCFASGIILGTGFMHVLPDSFEM
LSSPCLEDNPWHKFPFTGFVAMLSGLVTLAIDSIATSLYTKKAVADDSEERTTP
MIIQIDHLPLTTKERSSTCSKQLLRYRVIATV 
>AtZIP9 
SILISGAAGVSIPLVGTLLPLNGGLMRGAKAFAAGVILATGFVHMLSGGSKALS
DPCLPEFPWKMFPFPEFFAMVAALLTLLADFMITGYYERKQEKMMNQSVESL
GTQVSVMSDPGLESGFLRDQEDGGALHIVGMRAHAEHHRHSLSMGAEGFEA
LSKRSGVSGHGHGHSHGHGDVGLDSGVRHVVVSQILEMGIVSHSIIIGISLGVS
HSPCTIRPLLLALSFHQFFEGFALGGCVAEARLTPRGSAMMAFFFAITTPIGVAV
GTAIASSYNSYSVAALVAEGVLDSLSAGILVYMALVDLIAADFLSKKMSVDFR
VQVVSYCFLFLGAGMMSALAIWA 
>AtZIP10 
MTKSHVIFSASIALFLLLSISHFPGALSQSNKDCQSKSNYSCIDKNKALDLKLL
SIFSILITSLIGVCLPFFARSIPAFQPEKSHFLIVKSFASGIILSTGFMHVLPDSFEM
LSSPCLNDNPWHKFPFAGFVAMMSAVFTLMVDSITTSVFTKSGRKDLRADVAS
VETPDQEIGHVQVHGHVHSHTLPHNLHGENDKELGSYLQLLRYRILAIVLELG
IVVQSIVIGLSVGDTNNTCTIKGLVAALCFHQMFEGMGLGGCILQAEYGWVK
KAVMAFFFAVTTPFGVVLGMALSKTYKENSPESLITVGLLNASSAGLLIYMAL
VDLLAADFMGQKMQRSIKLQLKSYAAVLLGAGGMSVMAKWA 
>AtZIP11 
MSRSLVFFFLFLVLVVPCLSHGTGGDHDDDEASHVKSSDLKSKSLISVKIACLV
IIFVLTFISGVSPYFLKWSQGFLVLGTQFAGGVFLATALMHFLSDADETFRGLLT
AEGESEPSPAYPFAYMLACAGFMLTMLADSVIAHIYSKTQNDLELQGEDKSNQ
RSATTETSIGDSILLIVALCFHSVFEGIAIGISETKSDAWRALWTITLHKIFAAIAM
GIALLRMIPDRPLFSSITYSFAFAISSPIGVAIGIVIDATTQGSIADWIFALSMSLAC
GVFVYVSVNHLLAKGYRPNKKVHVDEPRYKFLAVLFGVVVIAIVMIWDT 
>AtZIP12 
MSRFRKTLVSAFVLCLVIFPLLVSAAEEENQCGGSKGGSAAEKASALKYKIIAF
FSILIAGVFGVCLPIFGLKTESNFFMYVKAFAAGVILATGFVHILPDATESLTSSC
LGEEPPWGDFPMTGLVAMAASILTMLIESFASGYLNRSRLAKEGKTLPVSTGG
EEEHAHTGSAHTHASQGHSHGSLLIPQDDDHIDMRKKIVTQILELGIVVHSVII



GISLGASPSVSTIKPLIAAITFHQLFEGFGLGGCISEAKFRVKKIWVMLMFFALT
APIGIGIGIGVAEIYNENSPMALKVSGFLNATASGILIYMALVDLVAPLFMNQKT
QSSMKIQVACSVSLVVGAGLMSLLAIWA 
>AtZIP13 
MFVRSNILRALIFTVLEKTCLEIKMMHSSCKGLVLLLFLFVVVFIGNTDANAQ
WEVSHKVRASPHENMGRNVIDGSGVEKTLHDIGMGEKRGTHNKVSVSTVAL
FTLAMAAATGLGAVPFFFVELDPQWAGICNGMAAGVMLAASFDLVKEGQEH
GSGNWVVTGILAGALFIWLCKQILEQYGEVSMLDIKGADATKVVLVIGIMTL
HSFGEGSGVGVSFAGSKGFSQGLLVTLAIAVHNIPEGLAVSMVLASRGVSPQN
AMLWSIITSLPQPLVAVPAFLCADAFSKFLPFCTGFAAGCMIWMVIAEVLPDAF
KEASPSQVASAATISVASMEALSTLFDASGFFVSLLFGLGPLLGGVFLVASAVTF
RLQHALLMGVASGIAFVLGLWESFTHDYNSEDASGFFVSLLFGLGPLLGGVFL
VASAVTFRLQHALLMGVARPLQLLLSAKMGLIPLVSLLAIGAGLSHFTSSTILN
VTGRKKSRAGSLINSGIAFVLGLWPVTNFPTSVITLQSLLACGAVGFHALAEGL
ALGVAAPNAYGLGRHMVLPVSLHGLPRGTAVASCVFGATDSWHAALAAAALI
GFVGPISAIGSILAGIDYSGLDHVMVVACGGLLPSFWQVIKRAVRLERRKGSV
GMVLGLACAVVCLTFTRLVCLHTPYCNSAPEAVR 
>CmZIP1 
MLRFLFLLLLLLLLSSAAAHSGHSDEDAAPEDGPSPSPNLRSKPLILVKIACLILI
FFGTFIPGISPCFFKWNDGFLLLGTQFAGGVFFGTAMMHFLSDANETFRDLTD
NDYPFAFMLASSGFLMTMAADCVISYLYRKPTADSSTDVELGGAATSPSKFQV
QNGSNGHHPHPHQALTTMGSFGDSILLIVALCFHSVFEGIAIGVAETEADAWK
ALWTISLHKVFAAIAMGIALLRMIPNRPLLSSAAYSFAFAISSPIGIAIGIVIDATT
QGAVADWIFAISMGLACGVFIYVSINHLLSKGYTPRDSVVVDNPNYKFLAVLL
GIGVIAILANGIIADG 
>CmZIP2 
MSKFFFLFLALFLPALVSGGGVSCSCDESDGGAAVSAKEAMKYKVGSIGSVLV
AGAAGVSLPLVGKKIRCLRPENDIFFMIKAFAAGVILSTGFIHILPDAFQDLTSP
CLGQNPWGDFPFAGFIAMAASIATLMVDTFATSFYQRRHFSKTKQVIADQETG
NDHAGHVHVHTHATHGHAHGSAPTPTGELSLADLIRYRIISQVLELGIVVHSVI
IGISLGASLSPATIKPLLVALSFHQFFEGMGLGGCISQAQFRWQSAAAMATFFSL
TAPVGIAVGIGISGVYRDNSRTALIVEGSMNSASAGILIYMALVDLLAADFMNP
RMQNNLGLQLGANISLLLGAACMSVLAKWA 
>CmZIP3 
MFFFEDLLQVLCIRGFQDKTRLLSESFIRTVSESMTNSACGVSEVELCRNDSAA
LHFKLIAIASILTAGVIGIAIPLFGKQRRFLKTDGNLFVAAKAFAAGVILATAFVH
MLPDGSKALSDPCLPEFPWSKFPFSGFFAMMASLLTLLVDFVGTQYYERKQG
MIRSKEEANRVGSLVDTGLESGIVPAGELNVKVFGEEDGGGMHIVGMHAHAA
HHRHNHPQGKEACDGHVAVHDHGHGHAHGHGHSHGLDVDDDESGVRHVV
VSQILELGIVSHSVIIGLSLGVSHSPCTIRPLIAALSFHQFFEGFALGGCISQAQFN
TLSTSLMAVFFAITTPLGIAVGAAVASTYNPNSTGALVAEGILDSLSAGILVYMA
LVDLIAADFLSKRMSCNFRLQLVSYCTLFLGAGLMSSLALWA 
>CmZIP4 
MASQVLVALALSLVGGFSTSLGALFVVLSGAPNLKMLGLLQGFAAGLMLSISF



LDLAHNAINSIGFLKGNLWFFAGVIFFAFVAHFIPEPTLGPVSDTKRRKDKDEG
GKDLMKKHRRQVLYSGIITAIGISLHNFPEGMAVFLGSIKGLRVGLNLALAIAL
HNIPEGVAVALPVYFATQSKWQAFKLATLSGFAEPLGVVIVAYLFPSSLSPEILE
GLLGSVGGVMAFLTLHEMLPLAFDYAGQKQAVKVVFLGMACMSASLYFLEIS
LPEDLSL 
>CmZIP5 
MPMPMPDFKLHSLLSFFFLFLLLIPSVIAAADCQCPEDSEEDGGKRDDTLALK
YKIVAIATILLAGIIGVVIPLLGKVIPALSPEKDIFFVIKAFAAGVILATGFIHVLPD
AYEKLTSSKLNEHPWGKFPFTGLVAMVAAIGTLMMDAGASSYYTRIHLNKAQ
PELNGDDEMRGGGGHDGHVHVHTHGTHGHAHGSADVGGSSTEILRHRVISQ
VLELGIVVHSIIIGIGLGVSETPKTIRPLVAAITFHQLFEGMGLGGCIAQAKFKN
RATILMGLFFCLTTPLGIAIGIAVTKGYDEDSPKALIVEGILNAASSGILIYMALV
DLLAADFMNPRMQSNGKLQLLANVSLILGAALMSLLAIWA 
>CmZIP6 
MARNLIFLLLLFSFSSPSLSASIPSPNSECEAQLQQGCHDRAESLKLKLIAIATIL
VASMIGVSLPLFSRAMPVLQPEGKTFAIVKAFASGVILATGYMHVLPDSFNFLT
SPCLPENPWRKFPFPTFIAMLSAIMTLMLDSFTLSHYNKQSVQDQLSEEEEIKN
ENRKEMSENLGKEEGTGKKLDSQLLRHRVIAQLLEAGILVHSVVIGLSLGASE
NPCTIRPLIAALCFHQLFEGMGLGGCILQAEYRIKMKAIMVFFFSVTTPFGIGL
GIGLSNVYSENSPTALIVVGILNALSAGLLNYMALVDLLAHDFMGPKLQANL
KLHIWAYVAVLLGVGGMSLLAKWA 
>CmZIP7 
MTVDFKRVLLFSLLFLLFCGRAIAEFEHGNSQKIISAPDKSGIKVIDGSGTENLI
GFEDTNYLLHERKGGSRVSVSTVAVFTLAMAAATGLGAVPFFFVELDPQWAG
LCNGMASGVMLAASFDLIQEGQEHGAGNWVVIGILAGGIFIWLCKKFLEQYG
EVSMLDIKGADATKVVLIIGIMTLHSFGEGSGVGVSFAGSKGFSQGLLVTLAIA
VHNIPEGLAVSMVLASRGVSPQNALLWSVITSLPQPIVAVPSFICADAFNKFLPF
CTGFAAGCMIWMVVAEVLPDAFKEASPSQVASAATLSVAFMEALSTLFQSFTH
EYNSGDVSGFFVSLLFGVGPLLGGLVLVVFAHAFHLQHALLMGTASGIAFILG
AWRPLQLLFSSKMDFIPLTTLLTLGAAFIHFSSSSLLKLAGQKKASVNDLAAST
NFSVSVHTLQSFLSCGAIAFHALAEGLALGVAAPKAYGFGRHIVLPVSLHGLP
RGAAVASCIFGATDSWHGSLMSAALIGFVGPISAIGAILAGIDYSGLDHVMVLA
CGGLLPSFGSIIKRAMRLDTQKSSSGLVIGLGFAILCLMCTKLVCLHTPYCNSA
PEAVR 
>CmZIP8 
MPNSCFFPFIFASALVFSLFLDLSFAHGSLGHHQCSHSHGHHQHAHHHRHDDD
LSVTSKLLPEELAEEEDMRLYGFGRPYVEHDHESVGSSDLSGLGLWIRALGCS
LLISMASLICLILLPVIFVRGKPSKAVVDSLALFGAGAMLGDAFLHQLPHAFGG
GKHSHSHADHHGHSHSEDEHSHSHAHTLEDLSVGMSVLAGIVLFLLVEKIVR
YVEDNSEGGNDWSHGHHHHHKNKKLKDDSDSPDTTDKKGRAKLLDGVPND
SKEDQGTPQKSVPRKRNGKSASRDDKEDLVAANGLTADVNSSQEFPAKTPSNL
VFGYLNLFSDGVHNFTDGMALGSAFLLYGSVGGWSRTVFLLAHELPQEIGDF
GILVRSGFSVAKALFFNFLSALVALAGTAIALLMGTDPGHSSLIEGFTAGGFIYIA
VAGVLAEMNSSSKSTIRTTVFQLTSLVLGMAVALGISLIE 



>CmZIP9 
MAAACPTDFTHDSACRDGRAAAHLKLISIFLIFITSVIGVSSPVLLTRFFHGKPL
YDKAILTVKSFAAGVILSTSLVHVLPDAFDALSDCRVASQHPWRDFPFSGLVT
MIGALVALFVDVTATSHVEHDQYNPVEVKGGEDSGGEIGLLVAGERKSEETGE
GIGEEELVKMKQKLVSKVLEIGIIFHSVIIGVTMGMSQNQCTIKPLVAALAFHQI
FEGMGLGGCIAQAGFSFTTTAYMCLMFSVTTPMGIILGMILFSLTGYDDSNPK
ALIMEGLLGSFSSGILIYMALVDLIALDFFHNKLMTSNQWLKKICFIALLLGST
SMSILALWA 
>CmZIP10 
MASFTKLISIFLFLLCFLSIQAVSQSDECETTVNSCTNKGKALRLKIIAIFSILIAS
VIGVGSPLVTRSIPMLHPDRNMFVILKAFAAGIILATGFMHVLPDSFDMLWSNC
LKENPWHKFPFSGFVAMMSAIVTLMVDSMATSLYTKKHNEVMPENSPRGGD
DHESPVVSGGHFHGHHHMDAKETNAGSQLLRYRVVAMVLEMGIVVHSVVIG
LSLGATNDTCTIKGLVAALCFHQMFEGMGLGGCILQAEYKWMKKAIMVFFFS
VTTPFGIALGIGLSKTYKENSPIALITVGLLNASSAGLLIYMALVDLLSADFMG
PKLQGSIKLQVKSYIAVLLGAGAMSLMAKWA 
>CsZIP1 
MASFTKPFSIFLFLICFFSIQAVSQSDECETTANSCTNKHKALRLKIIAIFSILIAS
VIGVGSPLVTRSIPMLHPDRNMFVILKAFAAGIILATGFMHVLPDSFDMLWSNC
LKENPWHKFPFSGFVAMMSAIVTLMVDSMATSLYTKKHNEVMPENSPRGGD
DHELPVVSGGHFHGHHHMDTKETNAGSQLLRYRVVAMVLELGIVVHSVVIG
LSLGATNDTCTIKGLVAALCFHQMFEGMGLGGCILQ 
>CsZIP2 
MFFFEDLLQMLCIRGFQDKTRLLSESFIRTVSESMANSACGVSELELCRNDSA
ALHFKLIAIASILTAGVIGIALPLFGKQRRFLKTDGNLFVAAKAFAAGVILATAF
VHMLPDGSKALSDPCLPEFPWSKFPFSGFFAMMASLLTLLVDFVGTQYYERK
QGIIRSKEEANRVGSLMDTGLESGIVPAGDLNVKVFGEEEGGGMHIVGMHAH
AAHHRHNHPQGKEACDGHMGVHDHGHGHAHGHGHSHGLDGDDDESGVRH
VVVSQILELGIVSHSVIIGLSLGVSHSPCTIRPLIAALSFHQFFEGFALGGCISQA
QFNTLSTSLMAVFFAITTPLGIAVGAAVASTYNPNSTGALVAEGILDSLSAGILV
YMALVDLIAADFLSKRMSCNFRLQLVSYCTLFLGAGLMSSLALWA 
>CsZIP3 
MLSISFLDLAHNAINSIGFLKGNLWFFAGVIFFAFIAHFIPEPSLGPVSDTKRRK
DKDEGGKDIMKKHRRQVLYSGIITAIGISLHNFPEGMAVFLGSVKGLRVGLNL
ALAIALHNIPEGVAVALPVYFATQSKWQAFKLATLSGFAEPLGVVIVAYLFPSSL
SPEILEGLLGSVGGVMAFLTLHEMLPLAFDYAGQKQAVKVVFLGMACMSASL
YFLEISLPEDLSL 
>CsZIP4 
MTVSFKQVLLFSLLFLLFCGGAIAEIEHENSQKIISAPDKNGIKVIDGSGTENLI
GFEDTNYLLHERKGGSRVSVSTVAVFTLAMAAATGLGAVPFFFVELDPQWAG
LCNGMASGVMLAASFDLIQEGQEHGAGNWVVIGILAGGIFIWLCKKFLEQYG
EVSMLDIKGADATKVVLVIGIMTLHSFGEGSGVGVSFAGSKGFSQGLLVTLAIA
VHNIPEGLAVSMVLASRGVSPQNALLWSVITSLPQPIVAVPSFICADAFNKFLPF
CTGFAAGCMIWMVVAEVLPDAFKEASPSQVASAATLSVAFMEALSTLFQSFTH



EYNSGDVSGFFVSLLFGVGPLLGGVVLVAFAHAFHLQHALLMGTASGIAFILG
AWRPLQLLFSSKMDFIPLTTLLSLGAAFIHFSSSSLLKLAGQKRASVNDLTTST
NFSVSVHTLQSFLSCGAIAFHALAEGLALGVAAPKAYGFGRHIVLPVSLHGLP
RGAAVASCIFGATDSWHGSLMSAALVGFVGPISAIGAILAGIDYSGLDHVMVL
ACGGLLPSFGSIIKRAMRLDTQKSSSGLVIGLGFAILCLMCTKLVCLHTPYCNS
APEAVR 
>CsZIP5 
MPMPMPHFNPPSLLSLFFLLFLLLIPSVLAAPDCQCPEDSEDDGKRDETLALK
YKVVAIATILVAGIIGVVIPLLGKLIPALSPEKDIFFIIKAFAAGVILATGFIHVLPD
AYGNLTSSKLNEHPWGKFPFTGLVAMVAAIGTLMVDAGASSYYTRIHLNKAQ
PELNGDDEMRGGGCGAHDGHVHVHTHGTHGHAHGSADVGGSSTEILRHRVI
SQVLELGIVVHSVIIGIGLGVSESPETIRPLVAAITFHQLFEGMGLGGCIAQAKF
KNRATILMGLFFCLTTPIGIAIGIAVTKTYDEDSPKALIVEGILNAASSGILIYMA
LVDLLAADFMNPRMQSNGKLQLLANVSLILGAALMSLLAIWA 
>CsZIP6 
MPNSCFFPFIFASALVFSLFLDLSFAHGSLGHHQCTHSHGHHQHAHHHHHDDD
VSVTSKLLPEELAEEEDMRLYGFGRPYVEHDHESVGSSDLSGLGLWIRALGCS
LLISMASLICLILLPVIFVRGKPSKAVVDSLALFGAGAMLGDAFLHQLPHAFGG
GKHSHSHADHHGHSHSEDEHSHSHAHTLEDLSVGISVLAGIVLFLLVEKIVRY
VEDNSEGGNDWSHSHHHHHKNKKLKDDSDSHDTTDKKGRAKLLDGVPNDS
KEDQGTPQKSVPRKRNANSSSRDDKEDLVAANGPTADVNSSQEFPAKTPSNLV
FGYLNLFSDGVHNFTDGMALGSAFLLYGSVGGWSRTVFLLAHELPQEIGDFGI
LVRSGFSVAKALFFNFLSALVALAGTAIALLMGTDPGHSSLIEGFTAGGFIYIAV
AGVLAEMNSSSKSTIKTTVFQLTSLVLGMAVALGISLFE 
>CsZIP7 
MAAACPTDFTHDSACRDGRAAAHLKLISIFLIFITSVIGVSSPVLLTRFFHGKPL
YDKAILTVKSFAAGVILSTSLVHVLPDAFDALSDCRIASQHPWRDFPFSGLVTM
VGALVALFVDVTATSHVGHDQYNPVEEKGGEESGGEIGLLVAGERKSEETGG
GGIIGEEESVKMKQKLVSKVLEIGIIFHSVIIGVTMGMSQNQCTIKPLVAALAFH
QIFEGMGLGGCIAQAGFSFTTTAYMCFMFSVTTPMGIILGMILFSLTGYDDSNP
KALIMEGLLGSFSSGILIYMALVDLIALDFFHNKLMTSNHCLKNICFIALLLGST
SMSILALWA 
>CsZIP8 
MARNLIFLLLLLSFISLSFSDSIPSPDSECEAQLQQDCHDRAESLKLKLISIATILV
ASMIGISLPLFSRAIPVLHPDGQTFAIVKAFASGVILATGYMHVLPDSYDFLTSP
CLPENPWRKFPFPTFIAMLSAIMTLMLDSFSLSHFNKQSMQDQLSEEEEEINNE
DRKEMSENLGKEEGTGEKLGSQLLRHRVIAQILEAGIVVHSVVIGLSLGASEN
PCTIRPLIAALCFHQLFEGMGLGGCILQAQYRIKMKAIMVFFFSVTTPFGIGLGI
VLSNVYSENSPTALIVVGILNALSAGLLNYMALVNLLAHDFKGPKLQANLKL
HIWAYVAVLMGVGGMSLLATWA 
>CsZIP9 
MLRFLFLLLSSAAAHSGHSDDDDSAAGDSLSPSPNLRSKPLILVKITCLILIFFG
TFIPGISPCFFKWNDGFLLLGTQFAGGVFFGTAMMHFLSDANETFRDLTDNAY
PFAFMLACLGFLMTMAADCVISYLYRKPTADSSTDVELRGAATSPSKFQVQN



GSNGHHTHPHQALTTMGSFGDSILLIVALCFHSVFEGIAIGVAETKADAWKAL
WTISLHKVFAAIAMGIALLRMIPNRPLLSSAAYSFAFAISSPIGIAIGIIIDATTQG
AVADWIFAISMGLACGVFIYVSINHLLSKGYTPRDSVLVDNPNYKFLAVLLGIG
VIAIVMIWDT 
>CsZIP10 
MSKFFFLFLTLFLPALVSGVGASCSCDKSDGGGAVATKEAMKYKVGSIGSVLV
AGAAGVSLPLVGKKIRCLRPENDIFFMIKAFAAGVILSTGFIHILPDAFQDLTSP
CLGQNPWGDFPFAGFIAMAASIATLMVDTFATSFYQRRHFSKTKQVIADQETG
NDHAGHVHVHTHATHGHAHGSAPTPTGELSLADLIRYRIISQVLELGIVVHSVI
IGISLGASVSPATIKPLLVALSFHQFFEGMGLGGCISQAQFRWRSAAAMATFFSL
TAPVGIAVGIGISGAYRDNSRTALIVEGSMNSASAGILIYMALVDLLAADFMNP
RMQNNLGLQLGANISLLLGAACMSVLAKWA 
>OsZIP1 
MARTMTMRVSSLLVAVVLLAALSFQACSGHGGINDGDGQVDAPATPASSSGV
RSKGLIAVKVWCLVILLVFTFAGGVSPYFYRWNESFLLLGTQFAAGVFLGTAL
MHFLADSTSTFKGLTTNQYPFSFMLTCVGFLLTMLSDLVIAAVARRSAAAGVS
DNQVSEQQQRQQAEGAVMSRKEEEAAAVAHPAMLVRTSSFEDAVLLIVALCF
HSVFEGIAIGVSASKSEAWRNLWTIGLHKIFAAVAMGIALLRMIPKRPFLMTVV
YSLAFAVSSPVGVGIGIAIDATSQGRAADWTYAISMGLATGVFIYVAINHLIAK
GYRPHHPTAADKPLFKFLAVLLGVAVMAVVMIWD 
>OsZIP2 
MAGGRGARASLHLHLAWLCAFATTAWAHGGGGGGGDSDADADGGGEGKPD
LRARGLVAAKLWCLAVVFAGTLAGGVSPYFMRWNDAFLALGTQFAGGVFLG
TAMMHFLADANETFADLLPGTAYPFAFMLACAGYVLTMLADCAISFVVARGG
GRTEPAAAAGAGLEEGKLSSTNGNASDPPAADAAAQDHSVASMLRNASTLG
DSVLLIAALCFHSVFEGIAIGVAETKADAWKALWTISLHKIFAAIAMGIALLRM
LPDRPFLSCFGYAFAFAVSSPVGVGIGIVIDATTQGRVADWIFAVSMGLATGIFIY
VSINHLLSKGYTPLRPVAADTPAGRLLAVVLGVAVIAVVMIWDT 
>OsZIP3 
MGAKKHTLQVLPWLLLFAQHTAASACDCANTTDGADRQGAMKLKLIAIASI
LAAGAAGVLVPVIGRSMAALRPDGDIFFAVKAFAAGVILATGMVHILPAAFDA
LTSPCLKRGGGDRNPFPFAGLVSMSAAVSTMVVDSLAAGYYHRSQFRKARPV
DNINVHKHAGDERAEHAQHINAHTHGGHTHSHGDIVVCGSPEEGSVAESIRH
KVVSQVLELGILVHSVIIGVSLGASVRPSTIRPLVGALSFHQFFEGVGLGGCIVQ
ANFKVRATVIMAIFFSLTAPVGIVLGIAISSSYNVHSSTAFVVEGVFNSASAGILI
YMSLVDLLATDFNNPKLQINTKLQLMAYLALFLGAGLMSMLAIWA 
>OsZIP4 
MDAMRQSTPRAMLLLCAVLMLAVAPPGAATAAAVAGCECGNAAAAAVAGED
ARGALRLKLVAIASILAAGAAGVLVPVLGRSFAALRPDGDVFFAVKAFAAGVI
LATGMVHILPAAFDALASPCGGGRGGGGGFPFAGLVAMAAAMATMMIDSVA
AGYYRRSHFKKPRPVDDPADAARAAGVEEGGAEHAGHVHVHTHATHGHAH
GHVHSHGHGHGHSHGSAPAAATSPEDASVAETIRHRVVSQVLELGILVHSVIIG
VSLGASLRPSSIRPLVGALSFHQFFEGIGLGGCIVQANFKAKATVIMATFFSLTA
PVGIALGIAISSSYSKHSSTALVVEGVFNSAAAGILIYMSLVDLLAADFNNPKL



QTNTKLQLAVYLALFLGAGMMSLLAIWA 
>OsZIP5 
MATAAMTKVFVLLFLVAACYLPAHAAAAECDCATDTAGRDKAQALRLKVIAI
FCILAGSTVGAALPSLGGRFPAIQPETDVFLSVKAFAGGVILATGLVHILPAAFE
ALSSPCLVGGPWKRFPFAGMVAMVSAIGTLIVDTVATGYFHRTDAKRKAAAV
ADEPADDLEASDEHSHGHAHGMSVMSVAPAGEEDLVRHRVISQVLELGVVV
HSLIIGMSLGASDFPSTVRPLVPALTFHQFFEGIGLGGCIVQAKFRVRSVVTMA
LFFSLTTPAGIVVGIGISSVYDANSPTALVVQGLLEAAAAGILVYMALVDILAE
DFMKTKVQRRGRLQLAMNVALLLGAGLMSMIAIWA 
>OsZIP6 
MSGTGCFPAGEMAAVARVCRDGAAAARLKTGSLLAILVASAVGICLPVALTGA
FRGKAGYARGLLLVKCYAAGVILSTSLVHVLPDAHAALADCAVATRRPWRDF
PFAGLFSLVGALLALLVDLSASSHLEAHGHHQHAEEGESPPPPPPTHQPYAPIPT
TKKSPVFELSGEMSPKKRAHSDDTDRDDVALFGAKSAVRSDEVVVAPRVGCH
GHHDVVEVGEEGGGGEEEEARRKQKMVSKVLEIGIVFHSVIIGVTMGMSQD
VCAIRPLVVALSFHQVFEGMGLGGCIAQAGFGIATVGYMCVMFSVTTPLGILL
GMAIFHMTGYDDSSPNALIIEGLLGSLSSGILVYMALVDLISLDFFHNKMMSSS
NKLKKVSYVALVLGSASMSILALWA 
>OsZIP7 
MERFVQFLRRGNGLMAASLAAGSCAEEVAKAEGAGCRDDAAALRLKGVAM
ATILVAGVVGVGLPLAGRKRRALRTDSAAFVAAKAFAAGVILATGFVHMLHD
AEHALSSPCLPAHPWRSFPFPGFVAMSAALATLVLDFLATRFYEGKHRAETER
VKAAAAAALAASSASDDDITVVTVTEDDNDNKAPLLQPHSHSHSHPHGHGH
GHELAQPEGSGGEGEVPAQVRSVVVSQILEMGIVSHSVIIGLSLGVSRSPCTIRP
LVAALSFHQFFEGFALGGCIAQAQFKTLSAAIMACFFAITTPAGIAAGAGVASF
YNANSPRALVVEGILDSVSAGILIYMSLVDLIAADFLGGKMTGSTRQQVMAYI
ALFLGALSMSSLAIWA 
>OsZIP8 
MRTNTTATVLLAAAVALLLATAARGDGGDGGCGKEDAAAGRDRARARGLKI
AAFFSILVCGALGCGLPSLGRHVPALRPDGDVFFLVKAFAAGVILATGFIHILPD
AFDNLTDDCLPAGGPWKEFPFAGFGAMVGAIGTLVVDTLATGYFTRALSKKD
AATAAAVADEEKQSAAATQQHNHHHNHHVVGDGGGGGEEHEGQVHVHTHA
THGHAHGSSALVAAVGEDDKETTLRHRVISQVLELGIVVHSVIIGISLGASQNP
ETIKPLVVALSFHQMFEGMGLGGCIVQAKFKVRSIVTMVLFFCLTTPVGIAVG
VGISSVYNESSPTALVVEGILNSVAAGILIYMALVDLLAEDFMNPRVQSKGKLQ
LGINLAMLAGAGLMSMLAKWA 
>OsZIP9 
MAFDLKLTACLLLAVFSLAAAADCECQPSDEGHDAAKSRTLKVIAIFCILVGSS
AGCAIPSLGRRFPALRPDTSLFFALKAFAAGVILATAFVHILPVSFDKLGSPCLV
DGPWRKYPFTGLVAMLAAVATLLLDTIATGYFLQRAQDSRGAVAAVAACGGD
ASSSHDHERGNAHGVSSAVIASATMPNDAADDCDDAEDRAKLVRHRVISQVF
ELGIIVHSIIIGISLGASESPSTIRPLVAALTFHQFFEGIGLGGCIVQARFHLKSAVT
MAIFFSLTTPVGIMIGIGISSAYNENSPTALIVEGILDAAAAGILNYMALVDLLA
EDFMNPRVRKSGRLQLIISILLLVGIALMSLLGIWA 



>OsZIP10 
MESSSSSSYIPFIRQIAASVSAASCDAVVGGGGDKDEECRDEAAALRLKMVAV
AAILIAGAAGVAIPLVGRRRRGGGGGGGGGASSGGLFVLAKAFAAGVILATGF
VHMLHDAEHALSNPCLPHSPWRRFPFPGFVAMLAALATLVVDFVGTHFYERK
HRQEEAAAAAEEAAAALLEDGGALPVGDGEGRDGRGGKRDAMHIVGIHAH
AAAHRHSHAHVHGACHGGAVNDAHAHGHGHGHEEGPSARHVVVSQILELGI
VSHSVIIGLSLGVSQSPCTIKPLVAALSFHQFFEGFALGGCISEAQLKNFSAFLM
AFFFAITTPAGITVGAAVASFYNPNSPRALVVEGILDSMSAGILIYMALVDLIAA
DFLSRKMSCNPRLQVGSYIALFLGAMAMAALALWA 
>OsZIP11 
MDPKVVVALALSLIGGLSTSLGALLAILNCAPNNKTLGMLQGFATGLMLSMS
FFDLAYDAVNAIGFLKGNLWFFAGALLFSTIAEVFPEPDCNLADENDKHLENK
TGNNNIAGKELMMRHRRRVIFSVVVTAIVAGVSLQNFPVGTAAFLGTTKGFRV
GLNLSLAIALHYIPEGISVALPAYFATCSKWQAFKLATLSGFAEPLGVIIVAYLFP
SNLNPEILEGLLGLVGGVMAFLTLYEMLPIAFEYAGRKDAVKAVFVGMAFMS
MSLHFLDISLPKEMGA* 
>OsZIP12 
MAFDLKLTACLLLAVFSLAAAADCECQPSDEGHDAAKSRTLKVIAIFCILVGSS
AGCAIPSLGRRFPALRPDTSLFFALKAFAAGVILATAFVHILPVSFDKLGSPCLV
DGPWRKYPFTGLVAMLAAVATLLLDTIATGYFLQRAQDSRGAVAAVAACGGD
ASSSHDHERGNAHGVSSAVIASATMPNDAADDCDDAEDRAKLVRHRVISQVF
ELGIIVHSIIIGISLGASESPSTIRPLVAALTFHQFFEGIGLGGCIVQARFHLKSAVT
MAIFFSLTTPVGIMIGIGISSAYNENSPTALIVEGILDAAAAGILNYMALVDLLA
EDFMNPRVRKSGRLQLIISILLLVGIALMSLLGIWA* 
>OsZIP13 
MDSRVGVVLFFLLFVLVRDVSAVAETEVGVVRVVQEAPDRKLEGAGGQDGF
KSGKVPVSTVAWSTLAMAAATGLGALPFFFLELEAQWAGLCNGLAAGVMLA
ASFDLVQEGQMYGSGSWVVFGILSGGFFIWLCKKFLEQYGEVSMLDIKGADA
SKVILVVGIMTLHSFGEGSGVGVSFAGSKGFSQGLLVTIAIAVHNIPEGLAVSM
LLSSRGVSPQKAMIWSIITSLPQPIVAVPAFLCADAFQKVLPFCTGFAAGCMIWI
VIAEVLPDAFKEAAPSQVASAGTLAVAFMETLGTVLQGFTDGHNSEDTAGFLV
SLVFGLGPLFGGIVLVAFSLTFSMPHPLLTGVASGIAFRLAAWRPLQLLMSSKM
GLFTTLFLLIGGSLIYHVATSNILQLVNRKKSSVNVITSSSGLSLSVLTLQSLLAC
GSVFLHAYAEGLQLGVAARKAYGLGRYMVLPVSLHGLPRGAAVASCIYGATD
SWRAALAAAALTGFAGPSAAISAILAKIDYSGLDYWMVIACGALIPSFGRVFK
RSLRLDMRKSICGLLIGFAFASVCLMSTRFICLHTPYCNSAPEAVT* 
>OsZIP14 
MRGGLLVLLLLTAAVAGGGGHEGSSSCPFHAHDKPHDDHHHGHGHGHGHSC
GGGGDDSHHVHHHHHGHGHGHDGGIQRRLLPEELAEEADLELDSFGDHHHH
HHHHHEHHHHDHHHGHGDFQAELSPLGMWLSAMGCSLLVSMASLVCLVLL
PVIFFQGKPSKTMVDCLAIFGAGAMLGDSFLHQLPHAFGGGHSHTHDHQNHN
HSHEHSHAHSLEDLSIGLSVLFGIVFFFIVEKIVRYVEDNSQKGAHGMGHHHH
HHKRHDRSDKAKLNHAEKDHEDKGVNQAEKEPSHDGAIEKTDGVTRADSKS
AIRKRGLSSGSNSADREPVNSESDPAPNKALSSEDSSVSNSNMVFGYLNLFSD



GVHNFTDGMALGSAFLLHGSVGGWSRTLFLLAHELPQEVGDFGILVRSGFTV
TKALFFNFLSALVALAGTALALSLGKDPGHSSLIEGFTAGGFIYIAVAGVLPEM
NDQKTTVKSSMIQLVSLTMGMLVALGISLVE* 
>OsIRT1 
MATPRTLVPILPPVAALLLLLVAASSIPILAAAQPADACGGAPDQAAADGACHD
VPRALRLKLIAIPTILVSSVVGVCLPLLSRSVPALRPDGGLFAVVKAFASGVILA
TGYMHVLPDAFNNLTSPCLPRKPWSEFPFAAFVAMLAAVSTLMADSLMLTYY
NRSKPRPSSGGDVAAVADHGESPDQGHRHGHGHGHGHGMAVAKPDDVEATQ
VQLRRNRVVVQVLEIGIVVHSVVIGLGMGASQNVCTIRPLVAAMCFHQMFEG
MGLGGCILQAEYGRRMRSVLVFFFSTTTPFGIALGLALTRVYRDNSPTALIVVG
LLNAASAGLLHYMALVELLAADFMGPKLQGNVRLQLAAFLAVLLGAGGMS
VMAKWA* 
>OsIRT2 
MLAAVFTLMVDSLMLTFHTRGSKGRASSAVAHHGDHGHCHAHALGQADVA
ALSTTEAADQGSGDVEAGNTTKAQLLRNRVIVQVLEMGIVVHSVVIGLGMG
ASQNVCTIRPLVAALCFHQMFEGMGLGGCILQAGYGGRTRSALVFFFSTTTPF
GIALGLALTRVYSDSSPTALVVVGLLNAASAGLLHYMALVELLAADFMGPKL
QGNVRLQLAASLAILLGAGGMSVMAKWA* 
 


