
Supplemental Table I: List of sequences used for the studied of MHC class I lineages in cartilaginous fish 

Sample Common Name Specie Nucleotide Accession Number Protein Accession Number 

Gici-UAA nurse shark  Ginglimostoma cirratum AF220063 AAF66110 

Gici-UAA-NC1 nurse shark  Ginglimostoma cirratum AF357922 AAL59854 

Trsc-UAA banded houndshark Triakis scyllia AF034351 AAB97352 

Sqac-UAA spiny dogfish Squalus acanthias AY150811 AAN77874 

Hefr-UAA horn shark Heterodontus francisci AF028559 AAC60349  

Raeg-UAA clearnose skate Raja eglanteria KC335152 AGH32767 

Rhpr-UAA shovelnose guitarfish Rhinobatos productus KC469286 AGJ01148 

Hefr-UBA horn shark Heterodontus francisci AF028558 AAC60348  

Rhty-UBA whale shark Rhincodon typus XM_020536967 XP_020392556 

Gici-UBA nurse shark  Ginglimostoma cirratum AF028557 AAC60347 

Xela-UAA african clawed frog Xenopus laevis L20733 AAA16064 

Cami-UAA elephant shark Callorhinchus milii JW872001 AFP04519 

Gaga-BF2 chicken Gallus gallus NM_001031338 NP_001026509 

Gaga-BF1 chicken Gallus gallus NM_001044683 NP_001038148 

 MumuH2D mouse Mus musculus M23444 AAA39567 

Hosa-HLA-E human Homo sapiens NM_005516 NP_005507 

HosaHLA-A human Homo sapiens U18930 AAA87076 

Lach coelacanth Latimeria chalumnae NW_005819663 XP_014346882 

Pran lungfish Protopterus annectens GQ485578 ACV87433 

Acsi chinese sturgeon Acipenser sinensis GQ485582 ACV87437 

Leoc spotted gar Lepisosteus oculatus XM_015339735 XP_015195221 

Gaac-U stickleback Gasterosteus aculeatus  nd ENSGACG00000001937 

Taru-U fugu Takifugu rubripes NM_001032690 NP001027862 

Orni-U tilapia Oreochromis niloticus XM_019355577 XP_019211122 

Orla-U medaka Oryzias latipes AB450991 BAJ07290 

Cami-UDA elephant shark Callorhinchus milii JW870817 AFP03335 

Leer-UDA little skate Leucoraja erinacea LS-transcriptB2-ctg40765* nd 

Rhty-UDA whale shark Rhincodon typus XM_020510579 XP_020366168 

Gici-UDA nurse shark  Ginglimostoma cirratum MN339476 nd 

Prgl-UDA blue shark Prionace glauca GFYY01095694 nd 

Scca-UDA smaller spotted catshark Scyliorhinus canicula SSC-transcript-ctg67577* nd 

Leoc-Z spotted gar Lepisosteus oculatus GFIM01040660 nd 

Teni-Z tetraodon Tetraodon nigroviridis nd CAF90807 

Dare-Z zebra fish Danio rerio KC607850 AHA37389 

Sqac-UCA spiny dogfish Squalus acanthias AF515705 AAN78091 

Hosa-CD1 human Homo sapiens M28826 AAA51939 

Gaga-CD1 chicken Gallus gallus AY849319 AAX49405 
*The sequences are obtained from skate database (http://skatebase.org/). The remaining sequences are obtained from NCBI 
(https://www.ncbi.nlm.nih.gov/); nd meaning no data 
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α1 domain                                                                                                                          
 

nurse shark Gici UAA           GSHSLRYFFTWST-AGSGIPEFVAVGYVDDQQFVQYDSD---RKEMIPRQRWVKESE-----GPEYWERETQTLRGWEPWGKANIDILSKRTNQT-G-  

nurse shark Gici UAA-NC1       A.......Y..T.-PL.......T.....EKL.DC...E---IQRD......ME.NL-----.AD....Q..IA....SV..T..KTALE...K.-.-  

banded houndshark Trsc UAA     ........H.SM.-PI..L....I.....ELE..H....---M.KT......MA...-----..D....N..KA....Q...V..P...E....S-.-  

spiny dogfish Sqac UAA         .T......YNSM.-PIP.V...........AL..H....---..Q.......IE...-----DKQ.......KQL...QI..VD.QT.IT...L.-.-  

horn shark Hefr UAA            A..WY...Y.SVS-GV.DF.Q......L..KELNY...W---K...E..H.VMELAADAEFSDS.SYRTW..R.L...QI..V..QTALS....S-A-  

clearnose skate Raeg UAA       ........Y.AV.-P...V...T......EE.I.Y....---.GKLE.....ME..Q-----DAD......RK..D..QGFQI..QT.EQ....S-.-  

shovelnose guitarfish Rhpr UAA ........Y.GV.-PE..V...MTA.F..EE.ITY.S.V---VGRDK...Q.MA..Q-----..D...QQ..I.Q.H.QTF.S..Q.AM......-.-  

horn shark Hefr UBA            ..........SM.-PNP.F....G......V...M....---...L...EQ.MV...-----...A.A.KKFLAQER.MTF..R.P..MS.A..S-A-  

whale shark Rhty UBA           ET......L.AM.-PV..F.Q..I.....GV..IK....---W.VL...EQ.MV...-----.RKA.A.KLYLAQLQ.LDFR.FVPRIME.I...-S-  

nurse shark Gici UBA           AT..V...H.GMS-SVP.L....I.....GV...M....---..VL...EQ.MVDT.-----.AQF.K.KLSLAQEM.DHF.GYVP.FMS.....-L-  

african clawed frog Xela UAA   .......YY.AVSDRAF.L...ST......T.IER.S..---TGRDE.ATQ.M.QK.-----..........KSK.I.ATF.H.VKVAMD.F..S-T-  

elephant shark Cami UAA        ........Y.AVH-GAP.V...SI..........R.Q.NSE-SRR.E.....IQ.R.-----DAG..DGQ.R.AQ...QTY.V.VKTVMG.Y...-.-  

chicken Gaga BF2               EL.T...IR.AM.DP.P.L.W..D.....GEL.MH.N.T---ARRAV..TE.IAANT-----DQQ..D....IVQ.S.QINRE.L...RR.Y...-.-  

chicken Gaga BF1               EL.T...IH.AM.DP.P.Q.WY.D.....GEL..H.N.T---ARRYV..TE.MAAKA-----DQQ..DGQ..IGQRN.RSV.VSL.T.QE.Y...-.-  

mouse Mumu H2D                 .P..M...E.AVSRP.LEE.RYIS.....NKE..RF...-AENPRYE..AP.M-.Q.-----..........KAK.Q.Q.FRVSLRN.LGYY..SA.-  

human Hosa HLA-E               .....K..H.SVSRP.R.E.R.IS......T...RF.N.AA-SPR.V..AP.M-.Q.-----.S...D...RSA.DTAQIFRV.LRT.RGYY..SEA-  

human Hosa HLA-A2              ....M.....SVSRP.R.E.R.I.......T...RF...AA-SQR.E..AP.I-.Q.-----.....DG..RKVKAHSQTHRVDLGT.RGYY..SEA-  

coelacanth Lach U                                                VWIIA---GTDYTSPY.IG.LLP-----CDLSSAA.FL.R.YPCIY.AGFTT.ALQ.F...S--  

lungfish Pran U                RT......Y.GTS-..VEF.......I...V.IIH...N---S.KAQTQLE.MN.AA-----D.S....N..N.V.AQQAF....G.AMQ.F...-.-  

chinese sturgeon Acsi U        RT......Y.GTS-GMTEF.......M...V.IDY...K---S.KD.SK.Q.M.DNM-----E.A...GN..KCL.HQQNF....G.AMQ.F...-.-  

spotted gar Leoc U             .T..YQ.IY.ATVGMSE-F....V..M..GE.VNY...---SI......RE...GAV-----D.DF.N.G..I.L..QQTF..G.E..RQ.F...G--  

stickleback Gaac U             VT...K..Y.G.S-GLPNF....I..L..EVEV.H....---TWRLE...D..SRVT---EDDHWF.NWQ.GLAMNAQREF.GY.KTAKQ.F...GA-  

fugu Taru U                    VT.T.K..Y.A.S-GVPNF....I..M...V.M.R...N---TRR.Q.K.E.M..FT---ADD.Q.LDTQS.NAF.AQQIY....E.AKE.F...-.-  

tilapia Orni U                 VT...K..L.G.S-QVPNF....V..M...V.IDY...N---TEKAV.K.D.IARNT-----DQQ......ANCW.SQQSF.....TAKQ.F...-.-  

medaka Orla U                  VT...K..Y.A.S-QVPNF....S..L...APISH....---TRMT.IK.D.M.DAM-----DEQ.L..N.ANFL.SQQVY....EVAKQ.F...-.-  

elephant shark Cami UDA        EL.....YY.AMY-SNNTL.T.SH..ML..V.ITR...E---.PHNR.T.P.MG.AL-----K.DE..S..VK.SERQKLYL..VK.AMR.S.IN-T-  

little skate Leer UDA          ET...Q.YY.SMI-GSVDL....HI.VL.GV.ITYF..K---TE.D.A..P.MESAL-----.SD..DK...R.INRHKLYM..VQ.AMQ.S.RSKM-  

whale shark Rhty UDA           E......YY.SML-NSGDF...IH..VL.GV.ITY...I---S.KD....S.MRT.L-----DDQ...Q...R.IDR.KLCL..VR.ATR...SSET-  

nurse shark Gici UDA           E......YY.SML-NSGDF...IH..VL.SV.ITY...I---I.KD....P.MRT.Q-----DDQ...Q...R.IDR.KLSL..VQ.ATR...SSET-  

blue shark Prgl UDA            D......YY.SML-NSGDL.Q.IH..VL.GVPITY...N---G.TD.A..P.MNT.V-----KEG..AE...R.MDR.KLSM..VR.AT...GSDDK-  

spotted catshark Scca UDA      VR...T.YY.SML-NSGEF.N..H..VL.GL.ITY...K---S.ID.A.LP.MNS.A-----..D..TQ...R.IDR.KLSM..VR.AT...GSNDK-  

spotted gar Leoc Z             ER...H.IY.AL---SKPVDGIPEFTAMGVLNDR.I.YYDNWIMQK..K.S.M.TNM-----.Q....KG..SRKSK.Q.F.V.VG..MD.MR.NNS-  

tetraodon Teni Z               EI...H.IY.ALS-RPVNR.GIHEFTAMGMLDDHMI.YFDSDKQVKV.K.T.M.TEL-----EEN...KG..SRKSKQQ.F.V..K..KD.FR.NDS-  

zebra fish Dare Z              EK...Y.IY.ALS-RPVHL.GIYEFTAMGLLDDR.I.YYNSQEQKK..K.H.M..KM-----QED...KG..SRKSK.Q.FNV.LK..ME.MRHNNNS  

spiny dogfish Sqac UCA         .A...SVLH.ELA-QCADF...H..VML..TVIMN.N..---TSTVHLKHE.IAKHL-----TADQK.L.DLSA.EAHNIM.TGLNNTMRL.KS.-V-  

human Hosa CD1                 .PT.FHVIQ.S.F-TN.TWAQTQGS.WL..L.IHGW...---SGTA.FLKP.S.GNF-----SDKEVAELEEIF.VYIFGFAREVQDFAGDFQMK---  

chicken Gaga CD1               ...M.KLLHFATF-QN.TSVLVGGL.LLG.VKMGSL..R---TGNIRYYRP.LRP.L-----PKGD.DVIESSIKSYVRDFSRLVQMYTTVP------  
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α2 domain 
                                                                                                                              

nurse shark Gici UAA           GIHTYQLMCGCELRDDGSS----NTGFVQHAWDSTDFISLDKDKMVWVTP---VTWGEITKNKWDR-DMAFNQGTKGYLEGICIEWLQKYLKNGNVEL-RP--  

nurse shark Gici UAA-NC1       ....I...V.........-----TGA.Y.YG..NI....F...R.....S---.S..........Q-.A....Q.............K...QY.ER..-..--  

banded houndshark Trsc UAA     ...VL.R.S.....E...-----TG..F.FG..GKNL..F..EQS.....---.Q......K...K-.QGL..QW............K...RY.ERQ.-..--  

spiny dogfish Sqac UAA         ....L.V.Y.........-----TA..F.YG..GK.L..F..EHL..N..---...QVV.....EQ-.RGLG.QR.....QE.....K...TA.ER..-K.-- 

horn shark Hefr UAA            ....V.T.Y.........-----TR..Y.DG..GK.Y.NF..EN......---.S..........Q-.K.Y...W......T.....K....L.ER..-..-- 

clearnose skate Raeg UAA       ....I.R.F.....S...-----SA..S.YG..GE.L..F..EH..Y...---....LL..H..EQ-.TGIAHQN.A....T.T......VQA.QSQ.-T.--  

shovelnose guitarfish Rhpr UAA ....F.R.Y...IL...T-----T...D.FG..GS....FK..E......---.P..Q...A....-...W...N.....Q......K..V.A.ESN.-K.--  

horn shark Hefr UBA            ..R.I.M.T..D.....T-----S...N.YG..GR..L.F...H......---.P..QNIQHN.NQ-.RVG.L.W.N...EE.....R...LY.QR..-.V--   

whale shark Rhty UBA           ..Y...M.T..D..G.VA-----MV..N.Y..NGR.VL.F.REH....S.---.P...SI..R..Q-.VLG.RQW.Q...EE.GT..R...EY.QK..EVVLF  

nurse shark Gici UBA           ......MVV..D..N..A-----VE..N.FG..GQ.L..F...H......---MP.A.SI..R.NQ-HV.NK.EW.YF..EE.VQ..R...DY.QR..-.V--  

african clawed frog Xela UAA   .T.MV.W.Y....G....-----IR.YE..VY.GRE.FA..TEEW.Y.PS---.REAQL.TQ..NSPEVNAPERN.N..QN....G.KR..SY.QA..E.R--   

elephant shark Cami UAA        ....V.Q.Y....KG...-----VG..I.YGY.GN...AF...RK..TA.---TAAAVV.....EN-TPGLSEQE.D...Q......R..VEY.HES.-..--  

chicken Gaga BF2               .S..V.W.S..DILE..T-----IR.YH.A.Y.GR..VAF..GT.TLTAA---.PEAVP..R..EE--GGYAE.L.Q...ET.V...RR.VEY.KA..G.R--   

chicken Gaga BF1               .S..V.W.F..DILE..T-----IR.YR.V.Y.GK...AF...MKTFTAA---.PEAVP..R..EE--GGVAE.W.S...ET.V...RR.VEY.KA..G.R--   

mouse Mumu H2D                 .S..L.Q.S..D.GS.WRL----LR.YL.F.YEGR.Y.A.NE.LKT.TAA---DMAAQ..RR..EQ--SGAAEHY.A....E.V...HR......AT.L.T--   

human Hosa HLA-E               .S..L.W.H....GP..R----FLR.YE.F.Y.GK.YLT.NE.LRS.TAV---D.AAQ.SEQ.SND--ASEAEHQRA...DT.V...H...EK.KET.LHL--  

human Hosa HLA-A2              .S..L.M.F..DVGS.WR----FLR.YH.Y.Y.GK.Y.A.KE.LRS.TAA---DMAAQT..H..EA--AHVAEQLRA....T.V...RR..E..KET.Q.T--   

coelacanth Lach U              ....V.R.Y....QE..T-----TK..F.D.Y.GQ....F..ETQT.TA.---.QQAV...Q...A-ER.M..QW............K...RY.KET.E.K--   

lungfish Pran U                .V..A.T.Y....HE..T-----KR..R.EGY.GE.YLIF...TLT.TAA---NQR.FT..V...A-.R....QR.A...ET........VQY.RET.E.R--   

chinese sturgeon Acsi U        .V..A.T.L....DE..T-----KR..W.EGY.GE.Y.IF...TLT.TAA---NQR.FT..V...P-NT.R..YL......T........VQY.RET.E.R-- 

spotted gar Leoc U             .V..W...Y....DS..T-----TR.YF.FGY.GA.Y.....STLT.TAA---NQRAV.......A-TG.DARFQTN...NT....VK..VEY.RET.L.T--   

stickleback Gaac U             .V.IV.N.Y...WD.ETNE----VK.YD.YGYNGE....F.LQTERYIAA---KQQAS.I.Q..NQ-NR.LIA.K.NF.THE.P.G.K.F.SY.RSS.M.T--   

fugu Taru U                    .V.I..N.Y...WD.ETPE----KN..F.DGY.GA....FKLKEGI..AA---KREA....H...Q-.V.GIEQL.S.YTQ...Q.....VNY.KSS.M.T--   

tilapia Orni U                 .V.IV.R.Y...WD..TGE----VN.YR.DGY.GE....F.LKTET..AA---KQQAV...L...S-NK.TITQY.N..TQ..P...K..VNY.RSS.MKT--   

medaka Orla U                  .L.V..N.Y...WDEETGE----VNS.R.FGY.GE...A..VKTESYTAA---KQQA....H..EN-.KTGMSYW.N..TQ..P...K..VNY.SSS.M.K--   

elephant shark Cami UDA        .LNVI.Y.S..Q.LE...-----VR..RSY.FNGR.LL.F.METLT..AS---SPIARL..E....-NGPE.LYK.T.S.S..VN..R...HLQQEA.DST--   

little skate Leer UDA          .VNYL.YTS..SVT.K.I-----VS.VR.Y.FNGQ.L..F.FEQSI...A---SPLALS.RD..NS-.T.N.IYK.H.TQT..V........Y.HSM.S.K--   

whale shark Rhty UDA           .LNYL.YTS...QLE..T-----V..KRHY.FNGREL..F.LEHST..AV---SPYA.S.QR..NS-NAGD.EYKRY.TKK......NN..RK.AAV.N.K--   

nurse shark Gici UDA           .LNYL.YTS....LE..T-----V..KRHY.FNGREL..F.LEHST..AV---SPYA.S.QR..NS-NAGD.EYKRY.TKK......N...RE.AAV.N.K--   

blue shark Prgl UDA            ALNFL.YTS...VGN..T-----VS.IR.Y.FNGRE...F.LEYAT..AA---SRFAQS.Q.T.NK-NK.D.TYK.Q.TKE..V...NT...Y..GA.SGK--   

spotted catshark Scca UDA      DLNFL.YTS...VG...Q-----VS.VR.Y.FNGNEL..F.MERAT..AA---SRFART.QD..NK-NK.D.KYKQQ.TKQ..VK..NT..GY.AAA.N.K--   

spotted gar Leoc Z             DL.IL.W.H...IEVQPG.KPQFLR.YD.YSY.GR..L.F.ES..Q..A.---.WPA.P..H...N-EQIL..Y......RE.VD..T.F.GF.EQQIKKS--  

tetraodon Teni Z               D..VL.WVH..NIDTS.NETEF-LH.IDMYSY.GES.LTF.EANEN..A.---NDAALQ..R...D-LQVLKEY..V..KKE.VT..ERF..YQKENT-A.--   

zebra fish Dare Z              DV.VL.WRH...IDSQ.NDVRF-SK.IDEYSY.GRN.LAF.DADSQ..A.---.EEALP..R...N-VPIL..Y......KE.VD..N.FREY.DQ..REG--   

spiny dogfish Sqac UCA         .P.LF.W.KKV.VN..VL-----VKWD.LFRF.GK...R..QQT.N..VV---RSEAQSLERQFTK-EPDWRNTWREN..HTVVVG.NDL.QK.KQFVE.K--   

human Hosa CD1                 YPFEI.GIA....HSG.A-----IVS.LRG.LGGL..L.VKN--ASC.PSPEGGSRAQKFCALIIQ-YQGIMETVRIL.YET.PRY.LGV.NA.KAD.Q.Q--   

chicken Gaga CD1               YPFVF.SSI....QSN.T-----IRT.FDI.YEGQN.LRFNL.AGT.DQMQHNQLSAKAEHLMANA--STL.EVIQVL.NDT.VDI.RLFIQA.KAD.E.K--   
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Supplemental Figure 1. Amino acid alignment of the 1 and α2 domains of MHC class I lineages in cartilaginous fish and other representative vertebrates 

used in the phylogenetic tree. Amino acid sequences were aligned using the ClustalX program in the Geneious software 6.0 (1) with manual adjustments. 

Common names are shown followed by abbreviation of two letters of the genus and two letters of species scientific name. GenBank accession numbers are 

listed in the Supplemental Table I. Dots indicate identical amino acids to the reference sequence (Gici UAA), and dashes indicate gaps, respectively. The P 

marks the invariant residues that bind to the N- (light gray) and C-termini (dark gray) of the bound peptide in the classical class I and p marks the other 

conserved 28 peptide-binding residues. The position of peptide-binding residues is based on the human HLA-A2 sequence.  

 

 

 

 



α3 domain                              
 

nurse shark Gici UAA           VKPSVTFTSVRGN-----KQLSCVATGFYPHSIEVNLFRDSAKIDETE---STGVRPNHDGSYQIHRSTEFDP---NSQAKYSCVVD----HDGLGQQ-LVVFY  

nurse shark Gici UAA-NC1       .....M.....D.-----......................G...N.AG---.............V..WM....---......T....----......S-.....  

banded houndshark Trsc UAA     AA.T.S..RLGDS-----.K..........Q...LK.H..Q.AA.VPY---.S........T..MEKQ.D.E.---SDP..F..E..----.A..S.K-.....  

spiny dogfish Sqac UAA         .A.R.FPSVNKASNIRP-TE...LV.....RD...T.L.NGQP.TD..---...IL.....T..LT.WAQITL---DEG.T...QY.Q---G.KV.VE-IRHWD  

horn shark Hefr UAA            .A...S..RRGDS-----NR....T.....QA...T.R..GVSL..SH---FD.IL.....T..T.KW.DI..---AD...F..E..----.S..KEK-M....  

clearnose skate Raeg UAA       LE.E.SIFLSADG-----RRV..FT.....R......V..GLVL..SR---.H.TL.....TF.QR.WADVE.---GDTTPL..R.E----.P..SEP-.E..L  

shovelnose guitarfish Rhpr UAA NP.E.S..ASKDG-----RR..........Q..D.TIL..GRTLE..H---.Q.IL...ENT..QT.TVMVE.---TD...L..R.E----.R..LEP-..L.L  

horn shark Hefr UBA            .A.V.S..RPGDS-----NR....V.....QA...T.W..GVM...IL---.S.IL....RT...RKWI....---ED..E...R.E----.S..TEM-M..I.   

whale shark Rhty UBA           LS...APIVSFTRLGDS-N....LI.....QA...T.W..GVL....L---...IL..Y.RT...RKWI....---ED..E...R.E----.S..EEK-...I.   

nurse shark Gici UBA           .A.T.S..HLGDT-----N....LV.....QA...T.W..GVV....L---...IL....RT...RKWI....---ED..E...YME----.I..EAK---.I.   

african clawed frog Xela UAA   .H.H.RISDHQSADAT---E.R.Q.Y....RE.D.KWVKNGGDDVHS.A--AKEIL..P.....LRVTA.IT.---.EGDS.A.H.E----.SS.NEK-.I.VW  

elephant shark Cami UAA        .R.E..LS.P..S------R...L......RA...K.LKNGQILSDE.---.S.TS..Q..T..LRK.V.IN.---TATET...Q.E----.SS.TTP-FT.V.   

chicken Gaga BF2               ER.E.RVWGKEADGI---LT...R.H....RP.V.SWLK.G.VRGQDAQ--.G.IV..G..T.HTWVTIDAQ.---GDGD..Q.R.E----.AS.P.P-GLYSW  

chicken Gaga BF1               ER.E.RVWGKEADGI---LT...R.H....RP.V.SWLK.G.VRGQDAQ--.G.IM..G..T.HTWVTIDAQ.---GDGD..Q.R.E----.AS.P.P-GLYSW  

human Hosa HLA-E               EP.KTHV.HHPISDHEA-TL-R.W.L....AE.TLTWQQ.GEGHTQDTE--LVET..AG..TF.KWAAVVVPS---GEEQR.T.H.Q----.E..PEP-VTLRW  

human Hosa HLA-A2              DA.KTHM.HHAVSDHEA-TL-R.W.LS...AE.TLTWQ..GEDQTQDTE--LVET..AG..TF.KWAAVVVPS---GQEQR.T.H.Q----.E..PKP-.TLRW  

coelacanth Lach U              .R.Q.KLSDRP.SEKNS-IV.T.MV...H.RA.D.TWI..GETRMDNAH--TD.IL..E..T...KKTI.IGS---DDKRS.A.E..----.GS.NPK-.N.VW  

lungfish Pran U                .P.A..LLQRKARGSAD-TEVL.HV...F.RAV..TWV..GQDQL.EGVQ-NGE.L..Q..TF.LRKILTVS.-EEQGRHS...Q..----.ISFTEK-QNYIW  

chinese sturgeon Acsi U        .P.A..LLQRKARGSAD-TEVL.HV...F.RAV..TWV..GRDQL.EGVQ-.GE.L..Q..T..LRKILTLS.-EEQGRHS...Q..----.IS.D.K-I.KEW  

spotted gar Leoc U             ER.Q.SVY.RVSGSQGP-EV-T.L....F.KD.V.H.Q..GQDLQ.DVH--.GE.L..G...F.VRK.LRVSE-EELKRHQ...R..QEPR.IRMSSP-ARGTT  

stickleback Gaac U             ER...SLLQKTPS-----SPV..H.......RAALFWRK.GEELH.DVD--LGEIL.....TF.MRVDLKLSSVPAEDWRR.D..FQ----LS.VDED-I.TKL  

fugu Taru U                    EL...SLLQKTPS-----SPV..H......DRATLSWRKGEEELH.DVD--HGEMLL.P..TF.MSVDLKVSSVPPEDWSS.K..FQ----LS.AKEI-TTTLD  

tilapia Orni U                 .L...SLLQKSSS-----SSVT.H......NRA.MVWKK.GVELH.GVD--KGEILT.N..TF.MSVDLDVSSVKPEDWHR.R..FQ----LS.VNED-I.TRL  

medaka Orla U                  .L...SLLQKSSS-----SAV..H......DRA.LLWR..GEE.H.GVE--KGQIL..N..TF.MSVDLQPPS--GEDMQR.E..FQ----LS.VKED-VITKL  

elephant shark Cami UDA        ...K..VRALKMVNSLG-HR.A.LV....TRDVR.TWRHEGQDVP..T---N..II....ST...TSYHDTS.--PH.KDT.C.H.Q----.SSFPEG-KT.VC  

little skate Leer UDA          AV.D.WVY.R.SPDGQK-RV.H.L....F.QT.NMSW...GRSVAANK---NS..L.....T..MRV.LLTE.---AERREHV.R.W----.SSRPEG-M..VW  

whale shark Rhty UDA           AV.EANVYYTN.HN----VN.H.LV.....K..N.TW.A.GKPVSD.H---...IL.....T...RVIFQIEH---DDGRN.V.RIE----.SS.PAP-KE.LW  

nurse shark Gici UDA           AV.EANVYYTN.HN----VN.H.LV.....Q..N.TW.A.GKPVPD.H---...IL.....T...RVVFQIER---DDGRN.V.RIE----.SS.PAP-KEILW  

blue shark Prgl UDA            .V.E.YVYHTKSSDGQN-LNVH.HV...H.RA.N.SWY..GEPL.SPQ---...IL.....TH..RIHFQTKA---GDGRS.V.H.Q----.SS.PEI-.ETPW 

spotted catshark Scca UDA      DV.D.IVYHTKTLDGQN-VNVH.LV.....EA.N.SWYT.GEALERPQ---...IL.....T..TRIYF.TKA---GDSRSHV.H.Q----.SSFPGI-.KKPW  

spotted gar Leoc Z             .P.D.HMFAK.SLTPGQ-LT.T.L......PDVQ.D.Y..GVMLL.KDRVL.S.....GAEEDTYQLRKSLEI-RETDKRS...E.K----.SS.KEP-V.RQW  

tetraodon Teni Z               ...A.YAL.REA.VQAN-IV.T.M....SSINTI.QIK..GLVLTKDD----GD....G..T..KRDQV.IPK---SDKS..T.E.I----.ESS.LH-EIRVW  

zebra fish Dare Z              SP.D.HVFAKKIISGKAKLK.T.MV.....KDVILTIRKYRTALSDN.VE-.S.....P..TF.LRK..NIYE-----K.E.D.Y.A----.RT.KEP-IIKKW  

spiny dogfish Sqac UCA         SR.V.YVFDRKRPLDSS-VAV..LV.....RF...VWQ.NEDFVSGV.---.P.LL.....T...KITLTLAA---EDE.E.W.H.T----.SS.SET-QTEPW 

human Hosa CD1                 ...EAWLS.GPSPGPGR-L..V.HVS....KPVW.MWM.GEQEQQG.Q---LGDIL..ANWTWYLRATLDVAD---GEA.GL..R.K----.SS.EG.DIILYW  

chicken Gaga CD1               .P.MAVVFARTAGQAQ--LL.V.RV.S...RP.A.TWL..GREVPPSPALSTGT.L..A.LT..LRSTLLVS.---QDGHG.A.R.Q----.CS..DRS.L.PW  

                                                  ●                    ●                     ●                      ● 
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Connecting/Transmembrane domain 
 

nurse shark Gici UAA           EPKTSSMLPVIIGVVVVIVLVIIAVIAGVVWY  

nurse shark Gici UAA-NC1       EPKTSSMLPVIIGVVVVLLQARRLATIQQKLLM  

banded houndshark Trsc UAA     EPKADSMLPVIIGIVIAVLVLVALAVVGVVLY  

spiny dogfish Sqac UAA         GTFPGSPEGTNLGLIVGIVIGAVALIALVIGAVVW  

horn shark Hefr UAA            ERKSDSLLPIIVGVLVVAVLLIIAVIVGVVIY  

clearnose skate Raeg UAA       VRKSGSTVMIIVLVVLAALALAAVVGGVY  

shovelnose guitarfish Rhpr UAA DSKSNSTPIWIIAVIVVLVILVSVIIAVGVAY  

horn shark Hefr UBA            AGLKSDSQIPVTVGIVLVILGLIIVLVIVAVAVY  

whale shark Rhty UBA           DTKSHSQVFVTWIVLGVLGIIALAVGAVKIY  

nurse shark Gici UBA           DPKSHSQVPVTLGIVFGVIGIIAIAVAVGAVIIY  

african clawed frog Xela UAA   PGPNKDGQNMGIIIAIAVVAVLLIVAAVAGFAIY  

elephant shark Cami UAA        TGPEVGGGPPTLIIVVVVIVVLLIVAAAIGGFYLY  

chicken Gaga BF2               EPPQPNLVPIVAGVAVAIVAIAIVVGVGFIIY  

chicken Gaga BF1               EPPQPNLVPIVAGVAVAIVAIAIVVGVGFIIY  

human Hosa HLA-E               KPASQPTIPIVGIIAGLVLLGSVVSGAVVAAV  

human Hosa HLAA-2              EPSSQPTIPIVGIIAGLVLFGAVITGAVVAAV  

coelacanth Lach U              APPSGSNMVIIIAVVIVVLVLVAAAIVGFV  

lungfish Pran U                VPESGPPIGIIVGVIVGVLALAAVIIGVVI  

chinese sturgeon Acsi U        DPNMRSSSDVPESSSPIGLIAGVIVGVLAVAAVIIGVVI  

spotted gar Leoc U             PGSDRSSSNTAVSCGGLTQTITQKAGVGVRL  

stickleback Gaac U             DKTRTNREKPADSTAVAVLVVIIAAVVGF  

fugu Taru U                    KNQIRTNWGKPGVRGDGEDPSNTAVIAAVAVVVLALVLIAVVGFLLY  

tilapia Orni U                 DKSEIRTNEGNSFSLIITVVVAVVVLAAIAVIAFIIY  

medaka Orla U                  EKAKIRTNEDSSSQMLIIIGVLAAVIAVILSVSAFILY  

elephant shark Cami UDA        RDAVLWTPGKIAALCVCGVLLLVISIVALIVFI  

little skate Leer UDA          DQGGRVPIWLVIPAILLLLCTLGVVFYL  

whale shark Rhty UDA           EKGGGVVPLVIGCIILLLLLIFCIGAGVYY  

nurse shark Gici UDA           EKDGGVVPVVIGCSILLLLLIFCIGAGVYY  

blue shark Prgl UDA            VQSDYTAMIVGVVVLVILLAGCVGAFVFY  

spotted catshark Scca UDA      VKGGRAGLIIGVVVVMILIAFVAAAVVIY  

spotted gar Leoc Z             ERTVWVPPASPPSNLPIVVSVVLLVVALVAGGAALAFFA  

tetraodon Teni Z               DTDEGNTAVVVGAVVGVVVVVVLVIGIGLY  

zebra fish Dare Z              DGECQDCSSGTPIGTIFGALIGVLLVLAVIGGAVYFLA  

spiny dogfish Sqac UCA         VPERSPTVRGVAIAAGILGIVAVVCVTVRICT  

human Hosa CD1                 RNPTSIGSIVLAIIVPSLLLLLCLALWY  

chicken Gaga CD1               EDSKWGLSAGLGALLLLAAAAVAAVLV  
                                    ●                   ● 
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Cytoplasmatic tail 
 

nurse shark Gici UAA           ----KKK--AGQKTGYNPAKTSDKGDSSSSSLATA  

nurse shark Gici UAA-NC1       ----.GTPPQ-APLPLLRGVCGSCLK  

banded houndshark Trsc UAA     ----R..--...............AE...N.S... 

spiny dogfish Sqac UAA         -----.RR--.E.KSGYNPANPAERGE...NSSAQA  

horn shark Hefr UAA            ----...--..E...........R.E...N.S.N.  

clearnose skate Raeg UAA       --HW.TR--PAG.S....T...ERRKK..N.S.P. 

shovelnose guitarfish Rhpr UAA --KK.AGCFSAGNK....T......E...N.S... 

horn shark Hefr UBA            ----.R.--VTGTS....T......E.....S.N.  

whale shark Rhty UBA           ----G..--G.V.NN.S.TNC--.LT-IQT.RHLC  

nurse shark Gici UBA           ----...--GQV.SN.S.TD...ETE-F.D.P.VS  

african clawed frog Xela UAA   ----..R-AGKPDA..TA.ANR.SPP..IV.A  

elephant shark Cami UAA        ----...-GGKP--..T...QACNTM-D...NNSSNPPA  

chicken Gaga BF2               ----RRH-AGKKGK...I.PDREG.S-....TGSNPSI  

chicken Gaga BF1               ----RRH-AGKKGK...I.PDREG.S-....TGSNPSI  

human Hosa HLA-E               --IWR..SSG.KGGS.SK.EW..SAQG.-E.HSL  

human Hosa HLA-A2              --MWRR.SSDRKGGS.SQ.AS..SAQG.DV..TACKV  

coelacanth Lach U              --MW...----NGG-.SQ.Q.KESSS-DT..DT.PPKV  

lungfish Pran U                ---W...Q-G.AQKN.T..Q.NEGS--DT..DTAP 

chinese sturgeon Acsi U        ---W..RQ-G.AQKN.T..Q.NEGS--DT..DTAP 

spotted garm Leoc U            --FRAAR---FPV..PCHRLDPGRPT.CVYKDDK.C 

stickleback Gaac U             -KVHR.R--NA.RSSAK.SSS.SAS-TD-G.EV.EELNPKP  

fugu Taru U                    ---R...--GKCTKPKGHSEVKEPLKPNPN  

tilapia Orni U                 KKRTD.R-PPSPAENREVKEQMLPQAETTN.S.HNNLREDVSAHSSP  

medaka Orla U                  KKKNA.R-PPSPVDNKEIQEQML-QPE-NP.A  

elephant shark Cami UDA        ---WR.R--YRLRSLSCKNTG.EQSS...G.SQESLPPLQEFDKLMTSPDDSSTSSSCSVQP  

little skate Leer UDA          ---W.NGSGVVKGCCSFDKGS.EINS...G.  

whale shark Rhty UDA           ---C.H.DEVNKTVTNCLGHG.MASNT....EYIRNGLNSSAIICKVCSGE  

nurse shark Gici UDA           ---W.H.DEVNKRVTICMGHG.MASN..T..TDGSQTLNGSNSDSSESGKCLISGPPSSPSNKQTVQTPLIQNPDGPLPHPA  

blue shark Prgl UDA            ---W.Q.MGSCCCDFGGSVSDVSTTG..N..QISSEKIEVEVDRNLLSPGTHSSQNRMGTVQEPFLSTPDPGPCRE  

spotted catshark Scca UDA      --DWTHR-QLMK.KFGYLCCGGS--V..G..TGSSGFSTGSSEIGKSVPSEHKANIEAEAGDPLMSGSTSSSNSSAENVQQPLVQHPEMGLPRDQATVEMA  

spotted gar Leoc Z             ---HRR.K-----ASGSDSSG.P--R..D-.DLQTNGKTISNGNGVSVPLISNGGQTQPNGGLIPEGVPFVLPV  

tetraodon Teni Z               -MAV..FF-----IRKADTSKKL-ASIQVV.PV.TALLPGQTASGGSSEDSLVSGEDHQGQGKQHG 

zebra fish Dare Z              -----NTRMGWRNAL  

spiny dogfish Sqac UCA         ---R..T-----AQDGQTQQQPALLIDV..RPMEQPKETGGPSGQLLPQPIGV 

human Hosa CD1                 --MRRRSYQNIP  

chicken Gaga CD1               --RRYR.RQRVDEVRSI.LAEHRGTARDGTAAGQYGGCDRETPDEGRGHI  

                                               ●                   ● 
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Supplemental Figure 2. Amino acid alignment of 3 domain, connecting piece, transmembrane domain, and cytoplasmic tail of MHC class I lineages in 

cartilaginous fish and other representative vertebrates. Due to the high content of Val and Ile, the connecting piece and transmembrane domain was not 

aligned. All the designations in this alignment are the same as in supplemental figure 1. 
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