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Fig. S1. A

Fig. S1. Multiple alignments of the deduced protein sequences of IL-22 (A), IL-22RA1 (B), and IL-22BP (C) in
Japanese medaka and other vertebrates. Identities and similarities of each IL-22, IL-22RA1, and IL-22BP
protein with Japanese medaka IL-22, IL-22RA1, and IL-22BP peptide, indicated on the right side of the
alignment. The amino acid residues highlighted in yellow represent matches of more than 75% among the
aligned species. The letters (A to F) in the alignment of IL-22 show each range of alpha helix structures.
Cysteine residues forming disulfide bonds are surrounded by red boxes (mammal) and blue boxes (teleost). In
IL-22RA1 and IL-22BP, the ranges of functional domains (FNIII) and transmembrane regions predicted using
SMART7 are shown by arrows. The species for the sequences used in these alignments are as follows; Oryzias
latipes (Ol), Siniperca chuatsi (Sc), Scophthalmus maximus (Sm), Oncorhnchus mykiss (Om), Tachysurus
fulvidraco (Tf), Ictalurus punctatus (Ip), Danio rerio (Dr), Takifugu rubripes (Tr), Cynoglossus joyneri (Cj),
Salmo salar (Ss), Esox lucius (El), Astyanax mexicanus (Am), Tachysurus fulvidraco (Tf), Cyprinus carpio (Cc),
Homo sapiens (Hs), and Mus musculus (Mm). Full names, abbreviations, and GenBank accession numbers of
the sequences shown in this alignment are listed in Table S2.

                   10        20        30        40        50        60        70        80        90       100                  
          ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Ol_IL-22  -----------------------------------MPAAAAHASSLRLASTAAATLLLLVLLGWSETATAHPFHRPLSGPLRNLKTSQAVLEVAQHAQKK
Sc_IL-22  -----------------------------------MKLFAAKVVSFLRPAAAMLVLLPLLLIGWAEQAAALPVDRPLSQPLRNPETYQAVREVSQHAQSV
Sm_IL-22  -----------------------------------MKLHVSTVTPSLCP--AMLVLLPLLLIGWAQLIAAHPVDRALSHPLRSPDTYQAVREVSQHAQTS
Om_IL-22  -----------------------------------MKFSTVQLVA------AVVVVMSVCLL---RESVAHSIHRPLSAPLHSADTDTMVQQVAQHAQSS
Tf_IL-22  ---------------------------------------------MLGKMKFAQLAVLLVWCCCCALSADARPARLRSRPLDNSDTWN--NIMVMAKHAQ
Ip_IL-22  -------------------------------------------------MNCAVLAVLVVLCCCCALSVDARPARLRSRPLDNPDTWN--NVMVMAKHAQ
Dr_IL-22  MGDYAKGEKTTTVTYRHDIKAPEPQDALQVSTSRNNGVHKRTDTRIHSSTCDMKCFTLIALLCSCFLSGCARPT-----PLDSSATWN--DLAAMTDTAR
Hs_IL-22  -----------------------------------MAALQKSVSSFLMGTLATSCLLLLALLVQGGAAAPISSHCRLDK-SNFQQPYITNRTFMLAKEAS
Mm_IL-22  -----------------------------------MAVLQKSMSFSLMGTLAASCLLLIALWAQEANALPVNTRCKLEV-SNFQQPYIVNRTFMLAKEAS

                  110       120       130       140       150       160       170       180       190       200         
          ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Ol_IL-22  ELEEDTNVRLL-PRVSSNQDHLKICCLHANILDFYLNNILHHR-----DDAHPSIHRLKTDLHRISEDLQSYGCNVTHYHDHRHAVEFRRKLE-----KM
Sc_IL-22  QTEDDSSTRLL-PRVNANQDHLKICCLHANILDFYLNNILHHH-----DNQHPKMHRLKTDLTRVSEDLQTQGCNVTHYHDHHHAVEFRRKLT-----KM
Sm_IL-22  LTEDDSSTRLF-PRVSGDQDHMKICCLHANILDFYLNNILIHS-----ADTHPKMLRLKTDLSRVSADLQTQGCSVTHYHDHLHAVEFRRRLN-----RM
Om_IL-22  --DTDTDTKLM-PDIDTKKNHRDICCLHANILDFYLSNILTTKEK--QDKHHPKLPALKEDLARVSRDLKEHGCAIKHYNDHHHSIAFRKKLS-----EM
Tf_IL-22  AQDRDHETRLIPVISSDKLKDGDVCCVTIQILDYYLKHILDGQSREGGERQYPRLHLVKPDLHRVARDLQPH-CN-STQIDLEHLNTFTQNLKRAGEMYK
Ip_IL-22  AQDRDHETRLIPVISSDKLKDGDVCCANVKILDYYLRHILDGKAHEGREDNYPRIHLVKPDLNRVARDLEPH-CN-AKQIDLEHLQTFKQNLNRAGEMYK
Dr_IL-22  NED-DHETRLLPYFSHDMLQEEGSCCINARILKYYVNHVLE--SDEHTDMKYPMIRNVREGLHRVEQELQNH-CK-HDYSSHPLVKQFKRNYHASAIM--
Hs_IL-22  LADNNTDVRLIGEKLFHGVSMSERCYLMKQVLNFTLEEVLFPQ----SDRFQPYMQEVVPFLARLSNRLSTCHIEGDDLHIQRNVQKLKDTVK-----KL
Mm_IL-22  LADNNTDVRLIGEKLFRGVSAKDQCYLMKQVLNFTLEDVLLPQ----SDRFQPYMQEVVPFLTKLSNQLSSCHISGDDQNIQKNVRRLKETVK-----KL

                  210       220       230        
          ....|....|....|....|....|....|....|.
Ol_IL-22  EGERGLNKAVGEIDILFTYLQDHCVQPTPTPGPAL-
Sc_IL-22  GGERGINKAVGEIDILFTYLQDFCLQPKNSTAAAAH
Sm_IL-22  EAKRGLNKAVGEIDILFTYLQDYCVQPRNSSDATE-
Om_IL-22  EEGKGIKKAIGEIDILFTFLKDFCVHA---------
Tf_IL-22  NKTKAQNKAIGETDILFHYLYESCRATSAS------
Ip_IL-22  NNTKAQNKAIGETDILFHYLYESCSATSTS------
Dr_IL-22  DLAAARNKAIGETNTLYHYLFESCTPK---------
Hs_IL-22  G-ESGEIKAIGELDLLFMSLRNACI-----------
Mm_IL-22  G-ESGEIKAIGELDLLFMSLRNACV-----------
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             ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Ol_IL-22RA1  ----MWNMDVMKLFLLCYACLPAG--NGQVYFVSKNFYNVLHWEPVKPSFPGEEVLYSVQYL---RDDEVLYRKKMECQNIAYLSCNLTAETPSLHDVRY
Tr_IL-22RA1  --MNMWILNAVILSLFCSAVCLSTE-NESVYFISKNFNNTLHWIAVDPARPGENITYKYSVEYKKHADGEEYRKKAGCQNITALLCDLTEETPAIRDGHY
Cj_IL-22RA1  --MNVWSLDIIVLLLFCYARLSTATANGTVTFFSKNFTNVLHWDAAEPKYPEEKLLYSVQYYSHGRDTDGHLQIKKECQNITALSCDLTAETPSLPHVTY
Ss_IL-22RA1  --MNLWPRKVVVLLLYCYG--CSAIGEGKPYFISRNFNTVLHWNKVD--SPDEGVFYSVHYKR----YGEPYKLNMACQNITTLSCDLTAETPYIYQNSY
Tf_IL-22RA1  MDLDMWPLRVLLLLVWCSGSWCESCNMTKVYFESRNFHSTIRWDEVK--IPGREVRYSVKYN----IYGERPRMMNGCQNISEPFCDLSSVMTDVR-SKY
Ip_IL-22RA1  MDLDMWLLRALILLVWCSGSWCNNCSMTKVYFESRNFHSRLHWDEVK--MPGRKVRYSVKYQ----VYGEQLKLMTGCHNIAERSCDLSSAMMNIR-LKY
Hs_IL-22RA1  --MRTLLTILTVGSLAAHAPEDPSDLLQHVKFQSSNFENILTWDSGP--EGTPDTVYSIEYK---TYGERDWVAKKGCQRITRKSCNLTVETGNLTELYY
Mm_IL-22RA1  --MKTLLTILTVGSLAAHTTVDTSGLLQHVKFQSSNFENILTWDGGP--ASTSDTVYSVEYK---KYGERKWLAKAGCQRITQKFCNLTMETRNHTEFYY

                     110       120       130       140       150       160       170       180       190       200         
             ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Ol_IL-22RA1  RAKVFVNG--STIGIT-TKFMPLRDTVLGPPILSTHASKSALHVKVALPKGPNGVSTGDIITQSKTGF-SRVTVLYILKITHPEW-AAREMKNTTREFKI
Tr_IL-22RA1  WARVFVNG--ELHGCTKTRFTPLAHTTFGPPTLSINSTASALHVHAIPPLGPNGESIRDIVARSTEGL-VETQLLYTLEITDPQS-AVQVKTNTTGQFIL
Cj_IL-22RA1  HAVVSVNG--RELGRTRTRFNPMAHTILGPPTLSKRTTGSTLIVNVTLPLGPNGVSVADIIKESKDGP-LKTIIVYTLKITEPKW-ATLVHETHTAHFVI
Ss_IL-22RA1  CAQVFANS--HSLGHT-ALFKPLRDTVLGPPNVSVNLTTSSLKVTVTLPLGPDNKTSIEEIFNSTSFSYHDPPTFYILNITRPSWAAQVHKNTTGEFVLN
Tf_IL-22RA1  YGKIMADG--ICLGEF-MQFVPLEKTVLEAPKLSVITDRSTLTVTITTPMGPQNRSIREISCWERCQESGKSSVNYIVHLTHPEFEAGKVYRNTSGIVTL
Ip_IL-22RA1  YVKVMVDE--LCIGEF-RNFIPSEQTSLEAPRLSGITAGSSFTIILTTPMGPQKHTIREISCWERCQYSGESPVNYIVTLTRPESEAGKVFQNTSGMITL
Hs_IL-22RA1  ARVTAVSAGGRSATKMTDRFSSLQHTTLKPPDVTCISKVRSIQMIVHPTPTPIRAGDGHRLTLEDIFH----DLFYHLELQVNRT-YQMHLGGKQREYEF
Mm_IL-22RA1  AKVTAVSAGGPPVTKMTDRFSSLQHTTIKPPDVTCIPKVRSIQMLVHPTLTPVLSEDGHQLTLEEIFH----DLFYRLELHVNHT-YQMHLEGKQREYEF

                     210       220       230       240       250       260       270       280       290       300         
             ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Ol_IL-22RA1  K-LKNNITYCGYVVYNKSPEIG-HASQNATFCVTLPEDPVVLWPWLLLSVAVVSGVAIILAVSMCNYVKGGKTKTMPQTLVHSSTPQ-KVQHYPDKNLII
Tr_IL-22RA1  N-LKNNNKYCGHVSYRPTAKWGRSTSEKTPFCSKLPANPLDFLPWLLFTAVFLLALLLMSFVCVCKYVKGVKSVSTPSVLIISKTPT-KVLQPQNKANSI
Cj_IL-22RA1  N-LKKQTKYCGHVIYAPSSEWGRPESESAPFCVILPDHPLGMLPWLSSVVAFLVISITVTVALTCNYVKGVKKVRLPDSIARIFKDP-GPVLQADSSIII
Ss_IL-22RA1  NLKNSNVEYCGYVVYIPTREKYRNASESHTFCVALPGDTWLLFPWFLLLGCLLLGSLLLPVVVCRHYVRK--KSNMPDALKLTTSNVPPPLWYPPEAITI
Tf_IL-22RA1  SHLDMNTEYCGVVLYELTHPYIKLQSENTSFCQTLPVADKPWISIFICSALVVLFLLIILPLIVCHQYVT-RKRKLPETLI-MSKNT-TPYFNPDPNVKI
Ip_IL-22RA1  SHLDKNTQYCGVALYELTHPGVKRQSENTTFCVALPAADKPWIPVIVVSVLVAFFLLITMSVILCQQHVK-RKGNLPKALQNMLMQP-TPNFNPDPKVEI
Hs_IL-22RA1  FGLTPDTEFLGTIMICVP----TWAKESAPYMCRVKTLPDRTWTYSFSGAFLFSMGFLVAVLCYLSYRYVTKPPAPPNSLNVQRVLTFQPLRFIQEHVLI
Mm_IL-22RA1  LGLTPDTEFLGSITILTP----ILSKESAPYVCRVKTLPDRTWAYSFSGAVLFSMGFLVGLLCYLGYKYITKPPVPPNSLNVQRVLTFQPLRFIQEHVLI

                     310       320       330       340       350       360       370       380       390       400         
             ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Ol_IL-22RA1  SKVEVNHPS-----DCIDQAKLHVPS------VGGYSPQRISS---NLFQGSANSSVGP---NLAETTAQSAEIYGAVAAQVEPE----KSDD--FYQPS
Tr_IL-22RA1  SELVVYVGS-----AKRETAAIHLKHSVPSASLGGYSPQDIPC---QICQ---------------DNSAQSSVSYGAVVVHDPTE----DQGAIKNPGRS
Cj_IL-22RA1  SKVMVSLPN-----DQTPYAAIQFKPKEPAVKSGDYSPQDIPW---QGSRESFGTNLFHPTLNGLDVSGQSSDTYGAVAAQMPAE----EAEDRETCTVS
Ss_IL-22RA1  STAKPYHYPVGFSYGDLKTGKLQMGSKFTSSGSGSYSPQDGPSSIAQPRHCDTYMGQQGPPPEHSNNSTQSSTNYSMVVVQVANEGVKEECHRHANSENN
Tf_IL-22RA1  TTMKVFNESPWNTIKPELASSDMPEKIKAVNITVGYAAQDYHD---QDWHCHSYSNERVAP--VRDQSEASCTSYSMVVGVVAPQ----DREELSSCAAD
Ip_IL-22RA1  NAVKVYAESPWNTSKSELTLPKVLKETRTVNIEG-YAPQDYQE---KDWHCHSYTNDQAVP--ASNQSAESCTSYSMVVVGMEPP----NREELTSCAND
Hs_IL-22RA1  PVFDLSGPS----SLAQPVQYSQIRVSGPREPAGAPQRHSLSE---ITYLGQPDISILQPSNVPPPQILSPLSYAPNAAPEVGPP----SYAPQVTPEAQ
Mm_IL-22RA1  PVLDLSGPS----SLPQPIQYSQVVVSGPREPPGAVWRQSLSD---LTYVGQSDVSILQPTNVPAQQTLSPPSYAPKAVPEVQPP----SYAPQVASDAK

                     410       420       430       440       450       460       470       480       490       500         
             ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Ol_IL-22RA1  --TEESAP---NHSLLFSLRRSKRSRDKGGALQFTDM-EASGNNQLVLDTVRNDNGQLVLPSLEFQFQTDCDDAGSLVNPET--KPLLPYLIQCQDGASL
Tr_IL-22RA1  NKLNSSLE---ECGSDHAITSVIASHTGSPLSVQDSP-DSDPSRPLLLHTERDSGGNLVLPFPSFQFQSSTATLQR--------RPLLSDLIDST--MAQ
Cj_IL-22RA1  --LVTGRD---SRGENGNSPQSMSPRD-APTPHLDES-DGNPAAPLLLSTVRDDNGQLVLPSLASLLQCSTGDALS---------PLLSDIDGKKPGPSL
Ss_IL-22RA1  INSPWSSESSVHKPSCFQGVPVLFSHGAPPEPNRCVGDRNSTGHPLVLPTLRCINGQLQLSTLLLQPETQSAMASMALPTDAEGQPLLWDLDNTGQGASL
Tf_IL-22RA1  SGIGDSISPGLSSCTEEDLFKVIRHAEPDEDLGIIEP-VSS-SELLVLPVSRGANGKLLFSNLTFQPIDLNVNNSA-------------ELVPLVPRSSP
Ip_IL-22RA1  SGLGGSISPGLSSCTDDDLFQILPNAEPEEDLGMIEP-DST-SELLVLPVSRGANGKLQFS-IAFHPVDSNVNHSS-------------EIMPLVPRSTT
Hs_IL-22RA1  FPFYAPQAISKVQPSSYAPQATPDSWPPSYGVCMEGSGKDSPTGTLSSPKHLRPKGQLQKEPPAGSCMLGGLSLQE--------------VTSLAMEESQ
Mm_IL-22RA1  ALFYSPQQGMKTRPATYDPQDILDSCPASYAVCVEDSGKDSTPGILSTPKYLKTKGQLQEDTLVRSCLPGDLSLQK--------------VTSLGEGETQ

                     510       520       530       540       550       560       570       580       590       600         
             ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Ol_IL-22RA1  ESLQSIE-SSEGLDSGCEISTVNTPTSPYCNTHYT---PDLSYFQRC-----QTTCTIFESRYKQNWMP-------------------------------
Tr_IL-22RA1  PSLSSFL-ILDGAESECDDGIVTSPTQTYYNSHYHQPHAGIPSPHQAN-LNSSSTDGRVESCYMQNWIPEVNVETVAMHSDFDRRTDYPCTWNGLKREEV
Cj_IL-22RA1  STVQSFD-HSEWSDSGCDDSSVTTPTLEFCNTHYAAAQPTVSHYSPQ-----QSLNTESNTGYKQNWMPEILHGGGDDHSFENSKINNHWTWTEPGKQDH
Ss_IL-22RA1  LSDLVTTGETEWLDPGTGREERTIYTPISPMCFNNSNDSPSHSIPPINLADCETSSMTFLPGYKQHWVPLAPQGLTAEDNFVN-----PSYAPQQAWIDQ
Tf_IL-22RA1  AGERTLL-LTNLDSADNSDWTDNDSMPEYRKVYLPNGVPQTCLQFP---TLSKVLLSDCTSNYRENWVPVILPDPLLN--------DTNCIVPNSELHEF
Ip_IL-22RA1  VKERTLL-LTDLVSMGDSDWTDNELSSDHRNNYLPNRVPQICSELPSSETISKVLLSDSTSNYRENWVPGILPDLQPN--------DTTCIVNHNKLNEL
Hs_IL-22RA1  EAKSLHQ-PLGICTDRTSDPNVLHSGEEGTPQYLKGQLPLLSSVQIEGHPMSLPLQPPSRPCSPSDQGPSPWGLLESLVCP-------KDE-------AK
Mm_IL-22RA1  RPKSLPS-PLGFCTDRGPDLHTLRSEEPETPRYLKGALSLLSSVQIEGHPVSLPLHVHSVSCSPSDEGPSPWGLLDSLVCP-------KDEGPAVETEAM

                     610       620       630  
             ....|....|....|....|....|....|
Ol_IL-22RA1  ------------------------------
Tr_IL-22RA1  ETEEDEKELESFSLREHFLGNWAVQVHY--
Cj_IL-22RA1  EENTDRGETQST---QIPLENWMVQIHDS-
Ss_IL-22RA1  EEEEEGEEGGDERGSEFFLGGWVVQILG--
Tf_IL-22RA1  AEPEEDIEDSPSDLEEIFLGGWMVQIQG--
Ip_IL-22RA1  AEPEEDVDESPSELEAIFLGGWMVHVQG--
Hs_IL-22RA1  SPAPETSDLEQPTELDSLFRGLALTVQWES
Mm_IL-22RA1  CPSAAASELEQSTELDSLFKGLALTVQWES
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---
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70.7
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            ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Ol_IL-22BP  ----MTPLLLA--AVLLGNLT-ICILGQ--ELLAP--PTQVRFNSTDYRNVMIWTP-PTNQT-SLQYHVQWKIYGEQEWLNVASCQGIQEHQCDLSRVTS
Sc_IL-22BP  ----MTRLLLG--AVLLGNLG-VCVTEQVPEKLAP--PTQVKFDSVDYKNILRWTP-PTNST-SLQYYIQWKIYGEAQWLDVDGCQGIQKHQCDLSAVTS
Tr_IL-22BP  ----MSRLLLL--LLLPGTLGTLGGTRKDLAMLAP--PTNVRFDSVDYKNILCWSP-PANSS-SLLYYVQWKIYGDPQWLDVSSCQGTLKLQCDLSNVTS
Ss_IL-22BP  ----MASLLIH--TLLLCYSSLSRCSESKEYPLDVFAPHEVKFHSLDYRNVLHWKQ-HANSTNDQQYFVQWKVYGEKQWTNAKECHGISRLLCDLSKETS
Om_IL-22BP  ----MASLLIP--TLLLCYSSLSRCSESKEYPLDVFAPQEVKFHSLDYRNVLHWKQ-HANSTNDQQYFVQWKVYGEKLWTNAKECHGISRLLCDLSKETS
El_IL-22BP  ----MEFLLIL--ALLLFSITRSCCLEGNGTHSDVLAPQEVRFVSLDYKNILHWKQ-HANSTNNQQYYVQWKVYGKKHWTKAAKCQGIRRLHCDLSQETS
Am_IL-22BP  ----MFVPATL--LLLLCDLVLLSCANSTLPFLDDLAPLKVEFHSLNFRNVLHWRQ-HPGAPEDLQYVVQYKVYGEKQWSDAKLCQAIHDFQCDLSQETS
Tf_IL-22BP  ----MCILST---LLLLWNVALFCRAEGDVQLLDYTAPFQVEFHSVNFRNVLHWKH-HPEAPGGLRYFVQYKVYGDKQWIVCESCQATHKLQCDLSQETS
Ip_IL-22BP  ----MFVLST---LLLLWDLALVCGANSTVQLQDDTAPFQVEFHSVNFRNVLHWKH-HPEAADDLQYFVQYKVYGDKEWSVCEPCQAIHEPQCDLSQETS
Cc_IL-22BP  ----MYALTGRQSLELFFAIILLCWADCSPSLQDDLAPLEVKFHSLDFRNVLHWKH-PQKAVKNQTYFVQYKIYGDKEWTNSEHCQGIRLLECDLSQATS
Dr_IL-22BP  MPFNMLTLTGHQCLDIVFAISLLCWAECSPTQQKEMAPTEVQFQSLDFRNVLHWKH-QHKATKNLKYFVQHKIHGDKEWSNSKHCQGIRTLQCDLTQETS
Hs_IL-22BP  -------MMPKHCFLGFLISFFLTGVAGTQSTHESLKPQRVQFQSRNFHNILQWQPGRALTGNSSVYFVQYKIYGQRQWKNKEDCWGTQELSCDLTSETS
Mm_IL-22BP  -------MMPKHCLLGLLI-ILLSSATEIQPARVSLTPQKVRFQSRNFHNILHWQAGSSLPSNNSIYFVQYKMYGQSQWEDKVDCWGTTALFCDLTNETL

                    110       120       130       140       150       160       170       180       190       200         
            ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Ol_IL-22BP  DTSEWYYARVHASSAASGSRSAWTLSPRFSPRWETKISAPVLKLSISKRNHIQVHVKPPRVLLRKMRSN---------LLFKIFVINAGGEE-REFDMDC
Sc_IL-22BP  DPREWYYARVHASSLPS-SKSAWALSPRFSPRWDTKISPPVLKLNVTEQG-IVVRVKPPRVLVRKMHSS---------LQYKIYLIHTSGEE-EVFEMDC
Tr_IL-22BP  APREWYYARVRSSSQTS-SRSDWSLSPRFSPRWDTKLSPPVLRLDVTEKR-IIVRVKPPTPHIRKMFRR---------LQYKIYLIHPSGEE-ELFIVDC
Ss_IL-22BP  DPREWYYARVHAAHSGT--QSPWVLSARFNPKWETSVSPPTMKLHVTE-KGIVVRLKPPRSPHRRPNGSWISVRRLQRMSFTIHLMQSDVEE-ETFEMEG
Om_IL-22BP  DSREWYYARVHAAHSGN--QSPWVISARFNPKWETSVSPPTMKLHVTE-KGIVVQLKPPRSPHRRSNGSWISVRRLQRMSFTIHLMQSDVEE-ETFEMEG
El_IL-22BP  DPREWYYARVLAAHSGF--HSPWVLTARFNPKWETSVSPPTVKLRVTE-KGIVVQLKPPRSAHRRLNGSWISMRRLQRMSYTVYIMHNDVDQ-KTLEIES
Am_IL-22BP  DPREWYYARVQAISFKG--MSPWIISSRFHPRWDTTFSPPQIRLNLTE-QGIVVHIRPPRSPLQGRKQNRIAVTKLQKLIFRIYLIHNGIDKQDTYETDG
Tf_IL-22BP  DPRQWYYARVQAQSSKG--LSPWVTSARFYPQWDTTFSPPKFKLNVTE-QGIVVWIRPPRTPVHGQRNSRVSVTKLLKLIFRIYLIHDGLEQ--IHETNS
Ip_IL-22BP  DPRQWYYARVQARSSKG--LSPWVTSTRLYPQWDTTFSPPNIKLNVTQ-QGIVVWIRPPRTPPQGQRNSRISVTKLLKLIFRIYLMHDGVEQ--ILETDG
Cc_IL-22BP  DPREWYYARVRSFSSEG--FSSWVLSHRFYPQWESSFSPPQIKVTVTG-RIISVQIRPPRTPLRGQKGSRIRVTKLQKLTFRIYLMHNDVEE-EVYETDS
Dr_IL-22BP  DPREWYYARVRSLSPEG--FSSWAISHRFYPQWETNFSPPQIKVTVAGGQTIKVQIKPPRTPLRGHNGNRIRVTKLHKLTFRIFLMHNDVEE-EVHETDS
Hs_IL-22BP  DIQEPYYGRVRAASAGS--YSEWSMTPRFTPWWETKIDPPVMNITQVN-GSLLVILHAPNLPYRYQKEKNVSIEDYYELLYRVFIINNSLEK-EQKVYEG
Mm_IL-22BP  DPYELYYGRVMTACAGR--HSAWTRTPRFTPWWETKLDPPVVTITRVN-ASLRVLLRPPELPNRNQSGKNASMETYYGLVYRVFTINNSLEK-EQKAYEG

                    210       220       230       240   
            ....|....|....|....|....|....|....|....|..
Ol_IL-22BP  CSNRLTLPKLKHKAKFCIQAQTIILPQIKSSARSHEKCITAP
Sc_IL-22BP  CSNKVTLNELKHKGKYCLQAQTMIPLQAKTSARGSVKCVTML
Tr_IL-22BP  CPGKLTL-HLKHKQKYCIQAQTRIFLQAKISARSPPTCVTTF
Ss_IL-22BP  CAKQLLISDLSPGTTYCLTAESRLHLLDRRSTRSPRACITTL
Om_IL-22BP  CAKQLLISDLSPRTTYCLTAESRLHLLGRRSTRSPRACITTL
El_IL-22BP  CAKQFLISDLSRRTTYCLQAESRLHLLDRRSPLSPKACVTTL
Am_IL-22BP  CSKKVLIKALSPKTAYCLQAVTVTPPFGRTSTRSPSTCITTA
Tf_IL-22BP  CQRKLLIEHLYPQTTYCIQAVTVMPLSGITSPRSPESCISTL
Ip_IL-22BP  CPKKVLIEHLSPQTTYCVQAVTVKPLSGLTSSRSPKSCISTL
Cc_IL-22BP  CSKELVIEGLRPKTTYCLQAMSVTPRSGHKSLRSPSTCISTH
Dr_IL-22BP  CSKELVIEALRPKTTYCLQALSVTPRSGRISSRSPRTCITTH
Hs_IL-22BP  AHRAVEIEALTPHSSYCVVAEIYQPMLDRRSQRSEERCVEIP
Mm_IL-22BP  TQRAVEIEGLIPHSSYCVVAEMYQPMFDRRSPRSKERCVHIP
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Fig. S1. Continued.
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Fig. S2.

Fig. S2. 3D structures of IL-22 (A), IL-22RA1 (B), and IL-22BP (C) in human, yellow catfish, and medaka
predicted using SWISS-MODEL. In the predicted 3D structures, the alpha helices A to F in IL-22 and the
FNIII domain in IL-22RA1 and IL-22BP are shown. GenBank accession numbers of all nucleotide sequences
are listed in Table S2.
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atl2 olig3 ifngr1 il22bp map3k2 oprm1 pcnx2 rgs17 sf3b5 

khdrbs2 il22bp map3k2 prim2 oprm1 pcnx2 sf3b5 rgs17 sorbs1 
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Fig. S3.

Fig. S3. Schematic representation of synteny for il22 (A), il22ra1 (B), and il22bp (C) in various species. il22,
il22ra1, and il22bp highlighted by the black boxes. The dark gray and light gray boxes represent high and low
gene homology, respectively.



Fig. S4.

Fig. S4. Negative control (sense probe) of in situ hybridization (ISH) in medaka il22 and il22bp mRNA
localization. il22 (A) and il22bp (B) expression in adult medaka gill; il22 (C) and il22bp (D) expression in
adult medaka intestine; il22 (E) and il22bp (F) expression in larval medaka intestine. Scale bar: 100 μm.
After 4% (v/v) paraformaldehyde fixation, the gills and intestines of healthy adult medaka and the whole
body of the larvae were embedded in paraffin. DIG-labeled anti-sense RNA-probes were used for detection.
After hybridization, color development was performed using AP-labeled anti-DIG IgG (sheep) and
NBT/BCIP solution.
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Fig. S5. crRNA regions, mutated sequences, and mutation efficiency of medaka il22. (A) crRNA regions in
medaka il22. crRNA designed in exon 1 of il22. Mutated nucleotide (B) and amino acid sequences (C) in WT
and KO strains. Mutated regions in filial generation zero (F0) founder and F3 homo individuals confirmed by
sequencing. The asterisk (*) indicates the stop codon. Mutant strains contained premature stop codons in the
amino acid sequences introduced by frameshift mutations. (D) Efficiency of mutation determined using crRNA
and the heteroduplex mobility assay (HMA). (E) HMA for mutated medaka; a 4 bp deletion shown in a 12%
agarose gel.



A WT IL-22-KO (-4)

B WT IL-22-KO (-4)

Fig. S6.

Fig. S6. Morphological comparison of WT and IL-22-KO medaka (-4). No morphological
differences were observed between the KO strain (4 bp deletion strain) and WT medaka when 14
days post-fertilization larvae (A) and 3-month adult medaka (B) were observed.
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*** **

Fig. S7. Gene expression analyses of il22 (A), il22ra1 (B), and il22bp (C) in WT and KO medaka.
Significant il22 and il22bp downregulation was observed in KO (4 bp-deficient) medaka larvae compared
with that in WT. Comparisons were performed on healthy medaka. The expression scale shows relative
values when the expression in the WT group was set to 1. ***; P < 0.001, **; P < 0.01, *; P < 0.05 (two-
tailed Student’s t-test). Data shown were obtained from a single experiment (n = 7).
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Fig. S8.

Fig. S8. Histological analysis of dextran sulfate sodium (DSS)-induced inflammation in WT and IL-22-KO medaka
larvae. Samples of the anterior intestinal tissue sections from WT and IL-22-KO medaka at 1, 2, and 5 days after
DSS stimulation and staining with hematoxylin-eosin (H&E) and Alcian blue (AB). All larval WT and IL-22KO
medaka used were at 14 days post-fertilization. Arrows indicate the changes in tissue architecture caused by DSS.
The arrowheads (▼) indicate the AB-positive cells.
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Fig. S9.

A

B

Fold change p_value Fold change p_value

Up (WT / WT_DSS)

ENSORLG00000017636 eukaryotic translation initiation factor 4E eif4e 1.974 0.039 1.071 n.s.

ENSORLG00000018568 Insulin receptor insr 2.373 0.015 0.920 n.s.

ENSORLG00000003389 Integrin beta-3 itgb3 2.393 0.014 0.947 n.s.

ENSORLG00000022689 laminin subunit gamma-2 lamc2 2.005 0.042 0.938 n.s.

ENSORLG00000023149 oncostatin-M-specific receptor subunit beta osmr 2.054 0.046 0.638 n.s.

ENSORLG00000001742 5'-AMP-activated protein kinase catalytic subunit alpha-2 prkaa2 2.401 0.015 0.679 n.s.

Down (WT_DSS / IL-22-KO_DSS)

ENSORLG00000009171 DNA damage inducible transcript 4 ddit4 0.664 n.s. 0.613 0.044

ENSORLG00000009764 DNA damage-inducible transcript 4-like protein ddit4l 4.172 n.s. 0.484 0.018

ENSORLG00000000289 fibroblast growth factor 19 fgf19 0.756 n.s. 0.287 0.015

ENSORLG00000024957 insulin-like growth factor-binding protein 1 igfbp1 1.476 n.s. 0.558 0.029

ENSORLG00000009059 serine/threonine-protein kinase Sgk1 sgk1 1.372 n.s. 0.577 0.034

Gene_ID Gene name
Gene

Symbol
WT_DSS / WT*1 IL-22-KO (-4)_DSS /

WT_DSS*2

Fig. S9. The PI3K-Akt signaling pathway maps of differentially expression gene (DEG) hits determined
using data from the Kyoto Encyclopedia of Genes and Genomes (KEGG) database. (A) WT medaka
stimulated with DSS showed upregulation of genes related to the “PI3K-Akt” pathway (red). IL-22-KO
medaka stimulated with DSS showed downregulation of genes related to the “PI3K-Akt” pathway (green-
star). (B) Eleven DEGs showed significant localization in WT and IL-22-KO medaka stimulated with DSS.



Fig. S10.

A

B

Fold change p_value Fold change p_value

Up (WT / WT_DSS)

ENSORLG00000025805 voltage-dependent P/Q-type calcium channel subunit alpha-1A cacna1a 2.523 0.020 0.889 n.s.

ENSORLG00000008618 voltage-dependent T-type calcium channel subunit alpha-1H cacna1h 2.160 0.032 0.816 n.s.

ENSORLG00000015184 dual specificity phosphatase 5 dusp5 2.423 0.014 0.513 0.022

ENSORLG00000004247 filamin-C flnc 1.921 0.041 0.868 n.s.

ENSORLG00000000217 interleukin-1 beta il1b 2.545 0.012 1.056 n.s.

ENSORLG00000011136 mitogen-activated protein kinase kinase kinase 11 map3k11 2.040 0.047 0.974 n.s.

Down (WT_DSS / IL-22-KO_DSS)

ENSORLG00000009024 MAPK interacting serine/threonine kinase 2 mknk2 1.041 n.s. 0.620 0.048

ENSORLG00000015184 dual specificity phosphatase 5 dusp5 2.423 0.014 0.513 0.022

ENSORLG00000000289 fibroblast growth factor 19 fgf19 0.756 n.s. 0.287 0.015

ENSORLG00000022536 growth arrest and DNA damage-inducible protein GADD45 beta gadd45b 1.242 n.s. 0.593 0.047

ENSORLG00000030080 growth arrest and DNA damage-inducible protein GADD45 gamma gadd45g 1.073 n.s. 0.545 0.026

ENSORLG00000006132 oryzias latipes heat shock protein 70 (hsp70-5), mRNA hsp70-5 0.786 n.s. 0.476 0.038

ENSORLG00000023848 neurotrophic receptor tyrosine kinase 1 ntrk1 0.930 n.s. 0.527 0.026

Gene_ID Gene name
Gene

Symbol
WT_DSS / WT*1 IL-22-KO (-4)_DSS /

WT_DSS*2

Fig. S10. MAPK signaling pathway maps of differentially expressed gene (DEG) hits determined using
data from the Kyoto Encyclopedia of Genes and Genomes (KEGG) database. (A) WT medaka stimulated
with dextran sulfate sodium (DSS) showed upregulation of genes related to the “MAPK” pathway (red).
IL-22-KO medaka stimulated with DSS showed downregulation of genes related to the “MAPK”
pathway (green-star). (B) Twelve DEGs showed significant localization in WT and IL-22-KO medaka
stimulated with DSS.
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Fig. S11.

Fig. S11. Real-time PCR (qPCR) analysis of inflammatory cytokines and multiple genes related to the PI3K-Akt and MAPK
signaling pathways. The expression of inflammatory cytokine (il22, il1b, and tnfa) and PI3K-Akt and MAPK signaling
pathway-related genes (ddit4l and fgf19) in the intestines, gills, and skin of adult medaka was quantified using qPCR. ddit4l
and fgf19 were chosen as the target genes based on the qPCR and RNA-seq results in the dextran sulfate sodium (DSS)
stimulation experiment using larval medaka. DSS stimulation was performed by the immersion method in the larval
experiment. The expression scale shows the relative values obtained when the expression of the naïve WT group was set to 1.
Data represent the mean± SEM from five individual medaka in each group (n=5). ***; P < 0.001, **; P < 0.01, *; P < 0.05
(two-tailed Student’s t-test).

**

: WT : IL-22 KO (-4)



A

B

Fig. S12.

Fold change p_value Fold change p_value

Up (WT / WT_DSS)

ENSORLG00000026388 complement C1q subcomponent subunit C c1qc 2.361 0.014 0.148 n.s.

ENSORLG00000027110 complement C1q-like protein 2 c1ql2 3.038 0.035 0.367 0.038

ENSORLG00000006961 complement C4 c4b 5.141 0.005 0.303 0.019

ENSORLG00000014843 complement C6 c6 2.410 0.013 0.482 0.015

Down (WT_DSS / IL-22-KO_DSS)

ENSORLG00000027110 complement C1q-like protein 2 c1ql2 3.038 0.035 0.367 0.038

ENSORLG00000012352 complement C1r c1r 1.694 n.s. 0.482 0.038

ENSORLG00000006961 complement C4 c4b 5.141 0.005 0.303 0.019

ENSORLG00000006939 complement C4 c4b 1.383 n.s. 0.449 0.024

ENSORLG00000017552 complement C5 c5 1.484 n.s. 0.561 0.028

ENSORLG00000014843 complement C6 c6 2.410 0.013 0.482 0.015

ENSORLG00000014812 complement C7 c7 1.394 n.s. 0.594 0.042

ENSORLG00000013399 Coagulation Factor V f5 1.671 n.s. 0.579 0.033

ENSORLG00000002453 fibrinogen alpha chain fga 1.717 n.s. 0.614 0.042

ENSORLG00000008257 fibrinogen gamma chain fgg 1.542 n.s. 0.626 0.047

ENSORLG00000010473 serpin family E member 1 serpine1 1.678 n.s. 0.488 0.038

Gene_ID Gene name
Gene

Symbol
WT_DSS / WT*1 IL-22-KO (-4)_DSS /

WT_DSS*2

Fig. S12. Complement cascade maps of differentially expressed
gene (DEG) hits determined using data from the Kyoto
Encyclopedia of Genes and Genomes (KEGG) database. (A)
WT medaka stimulated with dextran sulfate sodium (DSS)
showed upregulation of genes related to the “complement”
cascade (red). IL-22-KO medaka stimulated with DSS showed
downregulation of genes related to the “complement” cascade
(green-star). (B) Twelve DEGs showed significant localization
in WT and IL-22-KO medaka stimulated with DSS. (C, D) Of
the 12 DEGs, the expression of c1qc and c6 was confirmed by
qPCR. ***; P < 0.001, **; P < 0.01, *; P < 0.05, +; P < 0.1
(two-tailed Student’s t-test). Data shown were obtained from a
single experiment (n=7).
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Fig. S13.

Fig. S13. Real-time PCR (qPCR) analysis of fgf7 and muc2 in the anterior and posterior intestines of
adult medaka. Dextran sulfate sodium stimulation was performed by the immersion method in the larval
experiment. The expression scale shows the relative values obtained when the expression of the naïve
WT group was set to one. Data represent the mean± SEM from five individual medaka in each group
(n=5). ***; P < 0.001, **; P < 0.01, *; P < 0.05 (two-tailed Student’s t-test).

*; P<0.05
**; P<0.01

***; P<0.001

: WT : IL-22 KO (-4)


