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Supplementary Figures 
 

 
 
Supplementary Figure S1. Amino acid alignment of all sea lamprey and Arctic lamprey 
globin sequences, including the partial sequences.  
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>anole_lizard_GbY 
--------------------------------------------------------------
MTDLDRRHIREIWTAAFENPEENGRLVIIRFFSDYPASKQYF---
KTVPTDGDLKAHPQVAFHGRRIMVAFSQVIENMENWNQACVLLERLVNNHKNIHQ-V-PSGMFQLLFQAMLCTFDDLLGRT-
FTP-EKRVSWEKFFQVIQEEVEAAYDR----------------------------- 
>Arctic_lamprey_aHb1 
-----------------------------------------------MPIVD----
SGSVPALTAAEKATIRTAWAPVYAKYQSTGVDILIKFFTSNPAAQEFFPKFQGLTSADQLKKSMDVRWHAERIINAVNDAVVA
MDDTEKMSLKLKELSSKHAKSFQ-V-DPQYFKVLAAVIVDTVL-----------PGDAGLEKLMSMICILLKSSY--------
----------------------- 
>Arctic_lamprey_aHb10 
-----------------------------------------------MPIVD----
SGSVGALSASEQAAVAGSWKAVYANYEAAGKAVLIKFFTSNPGVQDFFPKFKGLDSADKLSKSPAVRWHAERIINAVNDAVVA
LDDPEKQNLKLKALSQKHAYEFH-V-DSQYFKVLSATILEEVDHANG-G-LSA-DGKSGWEKLLSSICIHLKSAY--------
----------------------- 
>Arctic_lamprey_aHb12 
-----------------------------------------------MPIVD----
SGSVGELSAAEKSLVVSAWAPVYAKYEEAGVDILVKFFSDNPGVQDFFPKFKGLDSADQLKKSPAVRWHAERIMNAVNDAVVA
LDEPAKLSLKLKALSKKHAQEFN-V-DPQYFKVLAGVISDAVAK-------SG-DEKAAVDKFLSQVVILLKFAY--------
----------------------- 
>Arctic_lamprey_aHb13 
-----------------------------------------------MPIVD----
SGSVGAISAAEKSLIVSAWAPVYAKYEEAGVDILVKFFAANPEAQAFFPKFKGLDSADQLKKSPAVRWHAERIINAVNDAVVA
LDDPAKQSLQLKALSQKHAQELN-V-DPNYFKVLAGVISDAVAK-------GG-DAKAAVDKFLSQVVILLKSAY--------
----------------------- 
>Arctic_lamprey_aHb14a 
-----------------------------------------------MPIVD----
SGSVGAISAAEKSLIVSAWAPVYAKYEEAGVDILVKFFAANPEAQAFFPKFKGLDSADKLKKSPAVRWHAERIINAVNDAVVA
LDDPAKQSLQLKALSQKHAHELN-V-DPNYFKVLAGVISDAVAK-------GG-DAKAAVDKFLSQVVILLKSAY--------
----------------------- 
>Arctic_lamprey_aHb15 
-----------------------------------------------MPIVD----
SGSVAPLSAAEKTKIRSAWAPVYSNYETSGVDILVKFFTSNPAAQAFFPKFKGMTSADQLKKSADVRWHAERIINAVNDAVAS
MDDTEKMSLKLQDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA-----------AGDAGFEKLMSMICILLRSAY--------
----------------------- 
>Arctic_lamprey_aHb2a 
-----------------------------------------------MPIVD----
SGSVAPLSAAEKTKIRSAWAPVYSNYETSGVDILVKFFTSTPAAQEFFPKFKGMTSADQLKKSADVRWHAERIINAVNDAVAS
MDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA-----------AGDAGFEKLMSMICILLRSAY--------
----------------------- 
>Arctic_lamprey_aHb6 
M----------------------------------------------GALQD----
SGIVSSFKEDEKAALRESWDIFNNSHQDAGVKILARFIINNPEAKKFFPKFKGLETAEELENSAEVRVHGDKILAAVHQAVLD
LDDPDKQKNKLKDLSTSHAQQFN-V-EPAYFKTFAEVILKYVTETCGKS-FTS-EMRTSWSKLLSLIIIELQSAY--------
----------------------- 
>Arctic_lamprey_aHb7 
-----------------------------------------------MPIED----
SGSKPDFSDDEKKAIKDSWSGVYSEYESTSSEILIKFFVDNPSAQDFFPKFKDLDSEEKLKGSTAVRWHAERIINAVNDAIWL
LDEPEKNAKKLKELSEKHAVQLN-V-DAKFFKVLAEVILDKVAEKNDGS-FSD-SARSAWEKLLTYICISLKVAY--------
----------------------- 
>Arctic_lamprey_aHb9 
-----------------------------------------------MPIVD----
SGSVGALSGAEKAAIADSWKAVYSNYEEAGKAILIKFFTSNAGVQDFFPKFKGLDSAEQLSKSAAVRWHAERIINAVNDAVVA
LDDPEKLSLKLKALSKKHAQEFN-V-DPQYFKVL-----EGVSSANG-G-LGD-EAKAAWEKFLSQISILLKSQY--------
----------------------- 
>Arctic_lamprey_aMb1 
-----------------------------------------------MSIAD----
SGSAPALSGDEKAAVRDTWKVVYAHAEDHGTTVLIKFLSDNADAKKFFPKFQALKTADEMKSSPVLRDHAKRIMSSINDMVVA
LDDTNAQNAQMNGLSKKHATDFK-V-DPKYFKVISNVILSVIAEGLGAQ-FND-AAKNGWSKLLTTTCIGLKSAF--------
----------------------- 
>Arctic_lamprey_Cygb 
ME---------------------------------------------------------
QDWMSEEEIEALQDIWEKVFKSAEDVGVIILVRLFTGHPASKQYFAMFKDLETADDLKASAKLRWHAGRVMGSLDKAVRSLRN
PEELIQILRAVGLSHARQATPV-DVKYYHVLGGIIMDVLLETFKDE-MSP-
TARGAWTKLLATLCTEFENAYREEGVLEQAAA-------------------- 
>Arctic_lamprey_GbX1 
MGCTVSTDEHTGAQSS-----
SEGQSQPSRKQQQQPEQQQQQPQQQHAAGGEGHQLPGPPQAPSESQRRLVRDSWLALQGDIARVGVIMFVRLFETHPECKDVF
YQFRDCEDLQKLKMNKQLQAHGLRVMSFIEKSVARLEQECVLEQLIVEMGRKH-YKYN-A-
SPKYYSFVGIEFIATVQPFLQEK-WTN-EVEDAWQCLFRYIAAVMKRGYLEEEAASNGVNTANYDRGQGNHGATAM---- 
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>Atlantic_hagfish_aHb1 
-----------------------------------------------MPITD----
QRPLPTLSEGEKKAIKESWPQIYQNFEQTSLDVLIEFLQKFPEAQDSFPKFSAKKC--
HLEQDNEVKWQASRIINAVNAVVGHLDNEVAMKQYLKELSVKHSSEFQ-V-DPKMFKELSAIFVSTI------------
RGKAAYEKLFSIICTLLRSSYDE----------------------------- 
>Atlantic_hagfish_aHb2 
--------------------------------------------------MS----
AHGIARTTEGERAAVRASWAVLMKDYEHAGVQILDKFFKANPAAKPFFTKMKDLHTLEDLASSADARWHVERIIQAVNFAVIN
IEDREKLSNKFVKLSQDHIEEFH-VTDPQYFMILSQTILDEVEKRN-GG-LSG-EGKSGWHKVMTIICKMLKSKY--------
----------------------- 
>Atlantic_hagfish_aHb3 
-----------------------------------------------MPITD----
HGQPPTLSEGDKKAIRESWPQIYKNFEQNSLAVLLEFLKKFPKAQDSFPKFSAKKS--
HLEQDPAVKLQAEVIINAVNHTIGLMDKEAAMKKYLKDLSTKHSTEFQ-V-NPDMFKELSAVFVSTM------------
GGKAAYEKLFSIIATLLRSTYDA----------------------------- 
>Atlantic_hagfish_aHb4 
-----------------------------------------------MPITD----
QGPLPTLSEGDKKAIRESWPQIYQNFEQTGLVVLLEFLQKNPGAQQSFPKFSATKC--
NLEQDNEVKWQASRIINAVNHTIGLMDKEAAMKQYLKELSAKHSSEFQ-V-DPKLFKELSAIFVSTI------------
RGKAAYEKLFSIICTLLRSSYDE----------------------------- 
>Australian__lamprey_aHb1 
-----------------------------------------------MPIVD----
SGSVSPLSDAEKNKIRAAWDLVYKDYEKTGVDILVKFFTGTPAAQAFFPKFKGLTTADDLKQSSDVRWHAERIINAVNDAVKS
MDDTEKMSMKLKELSIKHAQSFY-V-DRQYFKVLAGIIADTTA-----------PGDAGFEKLMSMICILLSSAY--------
----------------------- 
>Australian__lamprey_aHb2 
-----------------------------------------------MPIVD----
SGSVSPLSDAEKNKIRAAWDIVYKNYEKNGVDILVKFFTGTPAAQAFFPKFKGLTTADALKKSSDVRWHAERIINAVNDAVKS
MDDTEKMSMKLQELSVKHAQSFY-V-DRQYFKVLAGIIADTTA-----------PGDAGFEKLMSMICILLSSAY--------
----------------------- 
>Australian__lamprey_aHb3 
-----------------------------------------------MPIVD----
SGSVSPLTAADKTKILAAWDLVYKNYEKNSVDILVKFFTGTPAAQAFFPKFKGLTTADDLKKSSDVRWHAERIINAVNDAVKS
MDDTEKMSMKLKELSNKHVKNFN-V-DRKYFKVLAGVIADTVA-----------PGDASFEKLMSIICILLNSAY--------
----------------------- 
>Australian_clawed_frog_GbY 
-----------------------------------------------------------
MADLTAADIENINEIWCKIYANPEESGKTVVIRLFTTYPQTKVYFKNLKNIATLEEMQVNPGIRAHGKRVMGALNQVIQNLND
WEVVSSALTHLAQRHQDVHK-V-GVNNFQLLFLVILTIFKEALGAD-FTP-EHCKSWEKLFSITYNFLDSCYTKSDS------
-------------------- 
>Australian_clawed_frog_HbA1 
-------------------------------------------------------------
TLTDSDKAAVIALWGKIAPQANAIGAEALERLFLSYPQTKTYFSHF-DLSH-----GSADLANHGGKVVNALGEAAKHIND--
-LDAALSTLSDLHAYNLR-V-DPGNFKLLSHTIQVTLAIHFHKE-FDA-ATQAAWDKFLAEVATVLTSKYR------------
------------------ 
>Australian_clawed_frog_HbAT5 
------------------------------------------------------------
MTFSSAEKAAIASLWGKVSGHTDEIGAEALERLFLSYPQTKTYFSHF-DLSH-----GSKDLRSHGGKVVKAIGNAATHIDD-
--IPHALSALSDLHAFKLK-V-DPGNFKLLSHAIQVTLAIHFPAE-FNA-DAQAAWDKFLAVVSAVLVSKYR-----------
------------------- 
>channel_catfish_GbX 
MGCAISGL------------------GLAPK------NTTEAASEDD------------
APHLTSEHIAMIKESWKVIQEDIAKVGIIVFVRLFETHPECKDVFFLFRDVEDLERLRTSKELRAHGLRVMSFIEKSVARLDQ
LERLDSLAVELGRSH-YRYY-A-PPKYYGYVGTEFICAVRPILKEK-WTP-
ELEKAWKTLFQYVTWLMRRGYNEEEEEAKRNNTVGSSRERPRQRNTAL---- 
>chicken_Cygb 
ME----------------------------------------KVQGEMEIER----
WERSEEISDAEKKVIQETWSRVYANCEDVGVSILIRFFVNFPSAKQYFSQFKHMDDTLEMERSLQLRKHAQRVMGAINTVVEN
LDDPEKVSSVLALVGKAHALKHK-V-EPVYFKKLTGVMLEVIAEAYGND-FTP-
EAHGAWTKMRTLIYTHVTAAYKEAGWVSYPSATL------------------ 
>chicken_GbE 
------------------------------------------------------------
MSFSEAEVQSARGAWEKMYVDAEDNGTAVLVRMFTEHPDTKSYFTHFKGMDSAEEMKQSDQVRGHGKRVFTAINDMVQHLDNT
EAFLGILNPLGQKHATQLK-I-DPKNFRIICDIILQLMEEKFGG------DCKASFEKVTNEICTHLTNIYKEAGW-------
------------------- 
>chicken_HbA 
------------------------------------------------------------
MVLSAADKNNVKGIFTKIAGHAEEYGAETLERMFTTYPPTKTYFPHF-DLSH-----GSAQIKGHGKKVVAALIEAANHIDD-
--IAGTLSKLSDLHAHKLR-V-DPVNFKLLGQCFLVVVAIHHPAA-LTP-EVHASLDKFLCAVGTVLTAKYR-----------
------------------- 
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>chicken_HbAD 
------------------------------------------------------------
MMLTAEDKKLIQQAWEKAASHQEEFGAEALTRMFTTYPQTKTYFPHF-DLSP-----GSDQVRGHGKKVLGALGNAVKNVDN-
--LSQAMAELSNLHAYNLR-V-DPVNFKLLSQCIQVVLAVHMGKD-YTP-EVHAAFDKFLSAVSAVLAEKYR-----------
------------------- 
>chicken_HbG 
-----------------------------------------------------------MVHWTAEEKQLITGLWGKV--
NVAECGAEALARLLIVYPWTQRFFASFGNLSSPTAILGNPMVRAHGKKVLSSFGDAVKNLDN---IKNTFSQLSELHCDKLH-
V-DPENFRLLGDILIIVLAAHFSKD-FTP-ECQAAWQKLVRVVAHALARKYH------------------------------ 
>chicken_Mb 
------------------------------------------------------------
MGLSDQEWQQVLTIWGKVEADIAGHGHEVLMRLFHDHPETLDRFDKFKGLKTPDQMKGSEDLKKHGATVLTQLGKILKQKGN-
--HESELKPLAQTHATKHK-I-PVKYLEFISEVIIKVIAEKHAAD-FGA-DSQAAMKKALELFRNDMASKYKEFGFQ------
------------------G 
>chicken_Ngb 
ME-----------SGM----------------------------------------------
LSRTQQALIRESWRRVSGSPVQHGVVLFSRLFDLDPDLLPLFQYNCKFASPQECLAAPEFLDHIRKVMLVIDAAVSHLEDLPC
LEEYLCNLGKKH-QAVG-V-KVESFSTVGESLLYMLEKCLGAA-FSP-DVREAWIELYSAVVKAMQRGWEVLPEGD-------
----------------- 
>cloudy_catshark_HbA 
------------------------------------------------------------
MIFTDNDKNEIMPIIKVLEQNAEKLGAESLARMFALYPGSKVYF-HFEDFSA-----AGPKVKKHGAKVIGAITKAAHHLDD-
--LHGHLEGLAETHGKVLL-V-DPQNFPKLCQCIEVTLASHL-TE-FLP-STHCSIDKLLTVICQELSSRYR-----------
------------------- 
>cloudy_catshark_HbB 
-----------------------------------------------------------MVHWTPEERSEITSTWSAI--
NHKAVGTKALERMFSVYPWTTRYFSTIQGFTA----------EGHAIKVVGALDKAVKHLDD---VKTQFKDLSKKHAEELH-
I-DPGSFHLLTDCFIMELAHLEKCK-FTP-HTHATWAKFFKVVVDAISKQYH------------------------------ 
>cloudy_catshark_Mb 
----------------------------------------------------------------
MGDWDNVNVVWAKVEPNITAIGQAILLRLFQEHKETKAHFPKFKDI-AVEQLGNNEDVSKHGTIVLRALGNILKQKGS---
HGANVKELADSHINKHK-I-PPQNFTLITNIAVKVLTEMYPGD-MTG-QMQDSFSKVFKIICTDLENLYKEANFQ--------
----------------G 
>coelacanth_Cygb 
ME----------------------------------------KVQGEMEMDR----
WERSDQLSDTEVESIRQIWSNVYTNCENVGVLVLIRFFVNFPSAKQYFSQFRHLEDPLDMERSVQLRKHARRVMGAINTVVEN
VED-QDIASVLAPVGKAHALKHK-V-EPVYFKILSGVILEILAEEYAQH-FTP-
EVQKAWTKLMSIICCHVTATYKEVGWGQLSNSTM------------------ 
>coelacanth_GbE 
------------------------------------------------------------
MALSDAEVQTARDVWGQIYANAEENGTIILVRMFTEHPDTKSYFGNFKGMGSAAEMEQSAQVRTHGKKIFSALNDMIQHLDST
DALLGVVNPLGKKHATQLK-V-DPKNFKIICNILLQVLDEKFGG------DARAGFEKVTDVLCTHLNHAYKEAGW-------
------------------- 
>coelacanth_GbX1 
MGCVFSGSGIAPSKSTPDINGSEAESRLSEE------LKSGSGQNSD------------
ALLLSEPQKELIQESWRILHQDITRLGIIMFIRLFETHPECKDVFFLFRDIDDFHQLKMSKELQAHGLRVMSFIEKSVARLEQ
KDKLEQIAFELGRSH-CRYN-A-PPKYYQYVGVQFISVVKPILKEA-WTP-EVEEAWQILFKYLTAVMKKGYYVEEKKINI-
NNALYTKIPNALSSNPVQNNL 
>coelacanth_GbX2 
MGCAISGLSWRAVK------------GPGEE------AKGKEGEAEA------------
LPAISQLQIHLIQESWKLIQEDIAKVGIIMFVRLFETHPECKDVFFLFRDVDDLQRLRTSKELRAHGLRVMSFVEKSVARLEH
SERLEQLALELGKSH-YRYN-A-PPKYYQYVGIEFVCAVQPILKER-WTP-EVEEAWQTLFKYVTEVMKRGYLQEEKIKRT-
METVEPKQASRRANNAI---- 
>coelacanth_GbY 
-----------------------------------------------------------
MAALTEADKQNIRGIWKTVFENAEENGRTIVIRLFEKYPETKVYFKNFKNISTMEEMQKNEQIRIHGLRVMNSLNQVIQNIDN
LNEVYSILTHLAKRHQYVHR-V-DVHNFKLIFGVIIKILKEALGAT-FTE-EICTSWQKMLSFTYDYLVSCYHKSSGP-----
-------------------- 
>coelacanth_HbA1 
-------------------------------------------------------------
MLSANDKTLISSTWNKVAANAEDIGAEALERLFLAHPQTKIYFSHM-DLSP-----GSSMLRAHGKKVMGTIEGSIKSIDK--
-LATVLSRLSDMHAYNFM-V-DPVNFKLLSQCILVALATQLMAD-FTP-EAQCAWDKFLALISEILFSKYR------------
------------------ 
>coelacanth_HbA2 
------------------------------------------------------------
MGLTAADKTLIKSIWGKVEKETEAIGVEALVRLFKCFPQSKVYFDHFTDLSP-----SSQKLHAHAKVVLGALTKAVNHLDN-
--ITDTLHDISLVHAKKLL-V-DPVNFELLGHCLEVALAAHFATD-FTP-EVHLAIDKFLYEVEKALFETYR-----------
------------------- 
>coelacanth_HbB1 
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-----------------------------------------------------------MVHWTETERATIETVYQKL--
HLDEVGREALTRLFIVYPWTTRYFKSFGDLSSSKAIASNPKVTEHGLKVMNKLTEAIHNLDH---IKDLFHKLSEKHFHELH-
V-DPQNFKLLSKCLIIVLATKLGKQ-LTP-DVQATWEKLLSVVVAALSREYH------------------------------ 
>coelacanth_HbB2 
-----------------------------------------------------------MVTWTAEERKAITSVWSKV--
NPEEVGHEALIRLFIVYPWTQRYFSTFGSLSSSTVIARNFKVQQHAAKVINALTEAIRNIDN---LKASFSDLSKLHFQKLH-
V-DPENFKLLGKTLIITLSEKLGSE-FSP-QIQAAWEKFMALVIDSLSRQYN------------------------------ 
>coelacanth_Mb 
------------------------------------------------------------
MALSEAEWGLILKVWGKAEPEAASNGKSVLLRMFQEHPDTQQHFPKFKHM-TYQELQSSEELKTHGDTVLSKLGCLLKLKGN-
--HAGDLHPLAQTHATKHK-I-PLHNFEIISEIIVKILAEKYPGD-FGA-DGQAALKKALSMIIQDMGGMYKEFGFK------
------------------G 
>coelacanth_Ngb 
ME-----------KHN----------------------------------------------
FSVRSKELIRESWDRLGKNKLPHGTVMFTRLFELDPDLMHLFNYNSSFPSQAGCLTSPEFIDHIHKVMMVVDAAVNSLDNLLS
LEDYLINLGKKH-QAAG-V-KMESFQVVGESLLYMLEHGLDSA-FSV-EVRHAWIALYSFVVETMARGWGANGENKLN-----
----------------- 
>elephant_shark_GbY 
-----------------------------------------------------------
MTGITEADKENIHFIWEKLYENPEENGKTIVLRMFTDYPETKMYFQHFKNISTLEEMKKSPQIKRHGKIVMSALNKLIANLDN
GEELSSLLAKMAERHINVHK-V-DLHNFQIIFNIIIAILEETFGNA-FTP-EIRGTWTKLFGVIYACLESHYKDAGFY-----
-------------------P 
>European_brook_lamprey_Cygb 
-------------------------------------------------------------------
IEALQDIWEKVFKSAEDVGVIILVRLFTGHPASKQYFAMFKDLETANDLKASAKLRWHAGRVMGSLDKAVRSLRNPEKLIQIL
HAVGLSHARQATPV-DVKYYHILGGIIMDVLLETFKDE-MSP-TARGAWTKLLGT----------------------------
------------ 
>goldfish_GbX 
MGCAISGS------------------GLTAR-----APEIRAGEEET------------
PAGLTANHIRLIKESWRLTQEDIAKVGIIMFVRLFETHPECKDVFFLFRDVEDLERLRTSRELRAHGLRVMSFIEKSVARLDQ
LERLETLALELGKSH-YRYN-A-PPKYYGYVGAEFICAVRPILKDR-WTP-ELEEAWKTLFQYVTSIMREGFLEEERNKRS-
NTQTSSRERPDKRSTAI---- 
>green_spotted_puffer_Cygb1 
ME----------------------------------------RMQRDGEVDH----
VEQPGPLTEKEKVMIQDSWAKVFQSCDDAGVAILVRFFVNFPSSKQFFKDFKHMEEPEEMQQSVQLRKHAHRVMTALNTLVES
LDNSDRVASVLKSVGRAHALKHN-V-DPKYFKILSGVILEVLGEAFTEI-ITA-
EVASAWTKLLANMCCGIAAVYKEAGWTELSSSVE------------------ 
>green_spotted_puffer_GbX 
MGCAISSL------------------GAKAE------FGDRSAEEEDAAAA-----
AAAVVYPREDQIQMIKDSWKVIRDDIAKVGIIMFVRLFETHPECKDVFFLFRDVEDLERLRSSRELRAHGLRVMSFIEKSVAR
LDQQDRLEALAVELGKSH-YHYN-A-PPKYYSYVGAEFICAVQPILKER-FTS-
ELEEAWKTLFQYVTGLMRKGHQEEGSRQR--HLALPPKDGPEKRTSAL---- 
>green_spotted_puffer_Ngb 
ME-----------------------------------------------------------
KLSSKDKELIRGSWDSLGKNKVPHGVILFSRLFELDPELLNLFHYTTNCGSTQDCLSSPEFLEHVTKVMLVIDAAVSHLDDLH
SLEDFLLNLGRKH-QAVG-V-KPQSFAMVGESLLYMLQCSLGQA-YTA-SLRQAWLNMYSVVVASMSRGWAKNGEDKAD----
------------------ 
>gummy_shark_Mb 
-----------------------------------------------------------------
VDWEKVNSVWSAVESDLTAIGQNILLRLFEQYPESQNHFPKFKNK-SLGELKDTADIKAQADTVLSALGNIVKKKGS---
HSQPVKALAATHITTHK-I-PPHYFTKITTIAVDVLSEMYPSE-MNA-QVQAAFSGAFKIICSDIEKEYKAANFQ--------
----------------G 
>human_CYGB 
ME----------------------------------------KVPGEMEIER----
RERSEELSEAERKAVQAMWARLYANCEDVGVAILVRFFVNFPSAKQYFSQFKHMEDPLEMERSPQLRKHACRVMGALNTVVEN
LHDPDKVSSVLALVGKAHALKHK-V-EPVYFKILSGVILEVVAEEFASD-FPP-
ETQRAWAKLRGLIYSHVTAAYKEVGWVQQVPNATTPPATLPSSG-------P 
>human_HBA 
------------------------------------------------------------
MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF-DLSH-----GSAQVKGHGKKVADALTNAVAHVDD-
--MPNALSALSDLHAHKLR-V-DPVNFKLLSHCLLVTLAAHLPAE-FTP-AVHASLDKFLASVSTVLTSKYR-----------
------------------- 
>human_HBB 
-----------------------------------------------------------MVHLTPEEKSAVTALWGKV--
NVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDN---LKGTFATLSELHCDKLH-
V-DPENFRLLGNVLVCVLAHHFGKE-FTP-PVQAAYQKVVAGVANALAHKYH------------------------------ 
>human_HBD 
-----------------------------------------------------------MVHLTPEEKTAVNALWGKV--
NVDAVGGEALGRLLVVYPWTQRFFESFGDLSSPDAVMGNPKVKAHGKKVLGAFSDGLAHLDN---LKGTFSQLSELHCDKLH-
V-DPENFRLLGNVLVCVLARNFGKE-FTP-QMQAAYQKVVAGVANALAHKYH------------------------------ 
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>human_HBE 
-----------------------------------------------------------MVHFTAEEKAAVTSLWSKM--
NVEEAGGEALGRLLVVYPWTQRFFDSFGNLSSPSAILGNPKVKAHGKKVLTSFGDAIKNMDN---LKPAFAKLSELHCDKLH-
V-DPENFKLLGNVMVIILATHFGKE-FTP-EVQAAWQKLVSAVAIALAHKYH------------------------------ 
>human_HBG 
-----------------------------------------------------------MGHFTEEDKATITSLWGKV--
NVEDAGGETLGRLLVVYPWTQRFFDSFGNLSSASAIMGNPKVKAHGKKVLTSLGDAIKHLDD---LKGTFAQLSELHCDKLH-
V-DPENFKLLGNVLVTVLAIHFGKE-FTP-EVQASWQKMVTGVASALSSRYH------------------------------ 
>human_HBZ 
-------------------------------------------------------------
SLTKTERTIIVSMWAKISTQADTIGTETLERLFLSHPQTKTYFPHF-DLHP-----GSAQLRAHGSKVVAAVGDAVKSIDD--
-IGGALSKLSELHAYILR-V-DPVNFKLLSHCLLVTLAARFPAD-FTA-EAHAAWDKFLSVVSSVLTEKYR------------
------------------ 
>human_MB 
------------------------------------------------------------
MGLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASEDLKKHGATVLTALGGILKKKGH-
--HEAEIKPLAQSHATKHK-I-PVKYLEFISECIIQVLQSKHPGD-FGA-DAQGAMNKALELFRKDMASNYKELGFQ------
------------------G 
>human_NGB 
--------------------------------------------------------------
MERPEPELIRQSWRAVSRSPLEHGTVLFARLFALEPDLLPLFQYNCRFSSPEDCLSSPEFLDHIRKVMLVIDAAVTNVEDLSS
LEEYLASLGRKH-RAVG-V-KLSSFSTVGESLLYMLEKCLGPA-FTP-ATRAAWSQLYGAVVQAMSRGWDGE-----------
----------------- 
>inshore_hagfish_aHb1 
------------------------------------------------PIID----
QGPLPTLTDGDKKAINKIWPKIYKEYEQYSLNILLRFLKCFPQAQASFPKFSTKKS--
NLEQDPEVKHQAVVIFNKVNEIINSMDNQEEIIKSLKDLSQKHKTVFK-V-DSIWFKELSSIFVSTI------------
DGGAEFEKLFSIICILLRSAY------------------------------- 
>mallard_GbE 
------------------------------------------------------------
MPFSEAEVQSARGAWEKIYVDAEDNGTAVLVRMFTEHPDTKSYFTHFKGMDSAEEMKQSDQVRGHGKRVFTAINDMVQHLDNT
EAFLGILNPLGQKHATQLK-V-DPKNFRIICDIILQMMEEKFGG------DCKASFEKVTNEICTHLNNVYKEAGW-------
------------------- 
>medaka_Cygb1 
ME----------------------------------------RKQ--GEVDH----
LERSRPLTDKERVMIQDSWAKVYQNCDDAGVAILVRLFVNFPSSKQYFSQFKHIEDAEELEKSSQLRKHARRVMNAINTLVES
LDNSDKVSSVLNAVGKAHAIRHK-V-DPVYFKILSGVILEVLGEAYPQV-MTA-
EVASAWTNLLAILCCSIKAVYEELGWPHLSNSTS------------------ 
>medaka_Cygb2 
MSCRESPPPPSPPPQML-------------------------GVQRGECEDR----
PERAEPLSDAEMEIIQHTWGHVYKNCEDVGVSVLIRFFVNFPSAKQYFSQFQDMQDPEEMEKSSQLRQHARRVMNAIN-
VVENLQDPEKVSSVLALVGKAHAVKHK-V-EPIYFKILSGVMLSVLSEDFPEF-FTA-
EVQLVWTKLMAAVYWHVTGAYTEVGWLQVSSSAV------------------ 
>medaka_HbA 
------------------------------------------------------------
MSLSAKDKAAVKAFWAKVSGQADAIGSDALSRMLVVYPQTKTYFAHWKDLSP-----GSAPVKKHGKTVMGGIADAVGKIDD-
--ISSGLLNLSELHAFTLR-V-DPTNFKILSHNILVVMAIMFPQD-FTP-EVHVALDKFLAAVSLALSEKYR-----------
------------------- 
>medaka_HbB 
-----------------------------------------------------------MVEWTEQERSIITNIFGNL--
DYEDVGSKALSRCLIVYPWTQRYFASFGNLYNAEAIKTNPNIAAHGTKVLHGLDRAVKNMDN---IKATYAELSVLHSEKLH-
V-DPDNFKLLADCLTIVIAAKLGSA-FSP-EIQATFQKFLAVVVSALGRQYH------------------------------ 
>medaka_Mb 
----------------------------------------------------------------
MADYDMVLKHWGPVEADYNTHGNLVLTRLFHEYPETQKLFPKFAGI-AKGDMAGNAALSAHGATVLKKLGELLKARGN---
HGAILKPLANSHATKHK-I-PINNFRLITEVIGKVMAEKAGLD---A-AGQQALRSVMAGIIAEIEADYKELGFA--------
----------------G 
>medaka_Ngb 
ME-----------------------------------------------------------
KLSGKDKELIRGSWESLGKNKVPHGVIMFSRLFELDPALLSLFNYNTNCGSTQDCLSSPEFLDHVTKVMLVIDAAVNHLDDLH
SLEDFLLNLGRKH-QAVG-V-STQSFAVVGESLLYMLQCSLGQA-YTA-ALSQAWLNMYSIVVAAMSRGWAKNGEDKAD----
------------------ 
>mouse_Ngb 
--------------------------------------------------------------
MERPESELIRQSWRVVSRSPLEHGTVLFARLFALEPSLLPLFQYNGRFSSPEDCLSSPEFLDHIRKVMLVIDAAVTNVEDLSS
LEEYLTSLGRKH-RAVG-V-RLSSFSTVGESLLYMLEKCLGPD-FTP-ATRTAWSRLYGAVVQAMSRGWDGE-----------
----------------- 
>platypus_GbY 
-----------------------------------------------------------
MVQVTDVEKANIQSIWSKMMENLEKNGIDIFTRLFREYPETKKYF---
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KNIPLEGNLQEDPLLRSHGRRVMVALNRIIQNLDNWKQVCKILNPLAEKHKIIHS-V-DVENFQFMLKCVGDVCQDYLGPC-
YTP-EIAESFQKLQSSLYDQVVITYLHSGSD------------------------- 
>platypus_HbW 
-----------------------------------------------------------MVNWTSEEKHAIVSIWGKV--
DIEETGANALSRLLVVYPWTQRYFSAFGNLSSPTAIVGNPRVRAHGKKVLTSFGEAVKDLDH---VKSNFAKLSQLHSEKLH-
V-DPENFRLLGDNLIIVLAATLGKD-FTP-EAQAAWQKLVGVVASALSSQYH------------------------------ 
>platypus_Ngb 
ME-----------NGR----------------------------------------------
LSGPEQELIRESWRSVNSNPLEHGMILFTRLFDLEPDLLPLFQYNCRFSSPRDCLASPEFLDHIRKVMLVIDAAVIHLDDLSS
LEEYLTNLGRKH-KAIG-V-KLSSFSTVGESLLFMLDKCLGPA-FSP-ATREAWTRLYTAVVHAMSRGWGGE-----------
----------------- 
>po_brook_lamprey_aHbA 
-----------------------------------------------MPIVD----
SGSVGAISAAEKSLIVSAWAPVYAKYEEAGVDILVKFFAANPEAQAFFPKFKGLDSADQLKKSPAVRWHAERIINAVNDAVVA
MDDPAKQSLQLKELSQKHAHELN-V-DPKYFKVLAGVISDAVVK-------SG-DAKAAVDKLLSQVVILLKSAY--------
----------------------- 
>po_brook_lamprey_aHbB 
-----------------------------------------------MPIVD----
SGSVPALTAAEKATIRTAWAPVYAKYQSTGVDILIKFFTSNPAAQEFFPKFQGLTSADQLKKSMDVRWHAERIINAVNDAVVA
MDDTEKMSLKLNELSSKHAKSFQ-V-DPQYFKVLAAVIVDTVL-----------PGDAGLEKLMSMICILLRSSY--------
----------------------- 
>po_brook_lamprey_aHbC 
-----------------------------------------------MPIVD----
SGSVAPLSAAEKTKIRSAWAPVYSNYETSGVDILVKFFTSTPAAQEFFPKFKGMTSADQLKKSADVRWHAERIINAVNDAVAS
MDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA-----------AGDAGFEKLMSMICILLRSAY--------
----------------------- 
>Port_jackson_shark_HbA 
--------------------------------------------------ST----
STSTSDYSAADRAELAALSKVLAQNAEAFGAEALARMFTVYAATKSYFKDYKDFTA-----
AAPSIKAHGAKVVTALAKACDHLDD---LKTHLHKLATFHGSELK-V-DPANFQYLSYCLEVALAVHL-TE-FSP-
ETHCALDKFLTNVCHELSSRYR------------------------------ 
>Port_jackson_shark_HbB 
------------------------------------------------------------VHWSEVELHEITTTWKSI--
DKHSLGAKALARMFIVYPWTTRYFGNLKEFTA-----CSYGVKEHAKKVTGALGVAVTHLGD---VKSQFTDLSKKHAEELH-
V-DVESFKLLAKCFVVELGILLKDK-FAP-QTQAIWEKYFGVVVDAISKEYH------------------------------ 
>Port_jackson_shark_Mb 
----------------------------------------------------------------
MTEWEHVNKVWAVVEPDIPAVGLAILLRLFKEHKETKDLFPKFKEI-PVQQLGNNEDLRKHGVTVLRALGNILKQKGK---
HSTNVKELADTHINKHK-I-PPKNFVLITNIAVKVLTEMYPSD-MTG-PMQESFSKVFTVICSDLETLYKEANFQ--------
----------------G 
>rat_Cygb 
ME----------------------------------------KVPGDMEIER----
RERNEELSEAERKAVQATWARLYANCEDVGVAILVRFFVNFPSAKQYFSQFKHMEDPLEMERSPQLRKHACRVMGALNTVVEN
LHDPDKVSSVLALVGKAHALKHK-V-EPMYFKILSGVILDVIAEEFAND-FPV-
ETQKAWTKLRGLIYSHVTAAYKEVGWVQQVPNTTTLPATLPSSG-------P 
>river_lamprey_aHb 
-----------------------------------------------MPIVD----
SGSVAPLSAAEKTKIRSAWAPVYSNYETSGVDILVKFFTSTPAAQEFFPKFKGMTSADQLKKSADVRWHAERIINAVNDAVAS
MDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA-----------AGDAGFEKLMSMICILLRSAY--------
----------------------- 
>sea_lamprey_aHb_ps1 
-----------------------------------------------MPIVD----SGSVAPLN-------
MSTPEVSYFNYATSGVDILVKFFTSTPAVQEFFPKFKGMTSADQLKKSADVR-
HAERIINAVNDAVTSMDDTEKISMKLRDLSGKHTISF--V-DPQYFKVLAAVIADTVA-----------
AGDAGFEKLMSMICILLRSAY------------------------------- 
>sea_lamprey_aHb_ps2 
-----------------------------------------------MPIVD----SGSVAPLR-------
MSTPEVSYFNYATSGVDILVKFFTSTPAVQEFFPKFKGMTSADQLKKSADVR-
HAERIINAVNDAVTSMDDTEKISMKLRDLSGKHAISF--V-DPSTSRFLAAVIADTVA-----------
AGDAGFEKLMSMICILLRSAY------------------------------- 
>sea_lamprey_aHb1 
-----------------------------------------------MPIVD----
SGSVPALTAAEKATIRTAWAPVYAKYQSTGVDILIKFFTSNPAAQAFFPKFQGLTSADQLKKSMDVRWHAERIINAVNDAVVA
MDDTEKMSLKLRELSGKHAKSFQ-V-DPQYFKVLAAVIVDTVL-----------PGDAGLEKLMSMICILLRSSY--------
----------------------- 
>sea_lamprey_aHb10 
-----------------------------------------------MPIVD----
SGSVGALSASEKAAVAGSWKAVYANYEAAGKAVLIKFFTSNPGVQDFFPKFKGLDSADKLSKSPAVRWHAERIINAVNDSVVA
LDDPEKQSLKLKALSQKHAYEFH-V-DSQYFKVLSATILEQVDDANG-G-LSA-EGKSGWEKLLSSICIHLKSAY--------
----------------------- 
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>sea_lamprey_aHb11 
-----------------------------------------------MPIVD----
SGSAGALSAAEKAIITDSWKVVYADYEAAGKAILIKFFTSNPGVQDFFPKFKGLDSADQLSKSAAVRWHAERIINAVNDAVVA
LDDPEKQSLKLKALSKKHAQEFN-V-DPQYFKVLSANVLEQVAAANG-G-LSA-EAQGAWEKLLSIISILLKSQY--------
----------------------- 
>sea_lamprey_aHb12 
-----------------------------------------------MPIVD----
SGSVGEFSAAEKSLIVSAWAPVYAKYEEAGVDILVKFFSDNPGVQDFFPKFKGLDSADQLKKSPAVRWHAERIINAVNDAVVA
LDDPPKLSLKLKALSKKHAQELN-V-DPQYFKVLAGVISDAVAK-------SG-DEKAAVDKFLSQVVILLKFAY--------
----------------------- 
>sea_lamprey_aHb13 
-----------------------------------------------MPIVD----
SGSVGAISAAEKSLIVSAWAPVYAKYEEAGVDILVKFFAANPEAQAFFPKFKGLDSADQLKKSPAVRWHAERIINAVNDAVVA
LDDPAKQSLQLKALSQKHAHELN-V-DPSYFKVLAGVISDAVAK-------SG-DAKAAVDKFLSQVVILLKSAY--------
----------------------- 
>sea_lamprey_aHb14 
-----------------------------------------------MPIVD----
SGSVGAISAAEKSLIVSAWAPVYAKYEEAGVDILVKFFAANPEAQAFFPKFKGLDSADKLKKSPAVRWHAERIINAVNDAVVA
LDDPAKQSLQLKALSQKHAHELN-V-DPSYFKVLAGVISDAVAK-------SG-DAKAAVDKFLSQVVILLKSAY--------
----------------------- 
>sea_lamprey_aHb2a 
-----------------------------------------------MPIVD----
TGSVAPLSAAEKTKIRSAWAPVYSNYETSGVDILVKFFTSTPAAQEFFPKFKGLTTADQLKKSADVRWHAERIINAVNDAVVS
MDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA-----------AGDAGFEKLMSMICILLRSAY--------
----------------------- 
>sea_lamprey_aHb3 
-----------------------------------------------MPIVD----
SGSVAPLSAAEKTKIRSAWAPVYSNYETTGVDILVKFFTSTPAAQEFFPKFKGLTTADQLKKSADVRWHAERIINAVNDAVVS
MDDTEKMSMKLGDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA-----------AGDAGFEKLMSMICILLRSAY--------
----------------------- 
>sea_lamprey_aHb5a 
-----------------------------------------------MPIVD----
TGSVAPLSAAEKTKIRSAWAPVYSTYETSGVDILVKFFTSTPAAQEFFPKFKGLTTADQLKKSADVRWHAERIINAVNDAVAS
MDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA-----------AGDAGFEKLMSMICILLRSAY--------
----------------------- 
>sea_lamprey_aHb5b 
-----------------------------------------------MPIVD----
SGSVAPLSAAEKTKIRSAWAPVYSTYETSGVDILVKFFTSNPAAQEFFPKFKGLTTADQLKKSADVRWHAERIINAVNDAVAS
MDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA-----------AGDAGFEKLMSMICILLRSAY--------
----------------------- 
>sea_lamprey_aHb6 
M----------------------------------------------GALQD----
SGIVSSFKEDEKAALRESWDIFNNSHQDAGVKILARFIINNPEAKKFFPKFKGLNTAEELQNSAEVRIHGDKILAAVQQAVLD
LDDPDKQKNKLKDLSKSHAQQFN-V-EPAYFKTFAEVILKYVTETCGKS-FTS-EMRTSWSKLLSLIIIELQSAY--------
----------------------- 
>sea_lamprey_aHb7 
-----------------------------------------------MPIED----
TGSKPDFSDEEKKAIKDSWSGVYSEYESASSEILIKFFVDNPSAQDFFPKFKDLDSEEKLKNSTAVRWHAERIINAVNDVIWL
LDEPEKNAKNLKELSEKHAVQLN-V-DAKFFKVLAELILDKVAEKSGDS-FSD-SARSAWEKLLTYICISLKVAY--------
----------------------- 
>sea_lamprey_aHb8 
-----------------------------------------------MPIVD----
SGSVAPLSAAEKTKIRSAWAPVYSNYETSGVDILVKFFTSTPAAQEFFPKFKGMTTADQLKKSADVRWHAERIINAVNDAVTS
MDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA-----------AGDAGFEKLMSMICILLRSAY--------
----------------------- 
>sea_lamprey_aHb9 
-----------------------------------------------MPIVD----
SGSVGALSGAEKAAIADSWKAVYSNYEEAGKAILIKFFTSNPGVQDFFPKFKGLDSADQLSKSAAVRWHAERIINAVNDAVVA
LDDPEKLSLKLKALSKKHAQEFN-V-DPQYFKVLAVNIVEGVSSANG-G-LGA-EAQAAWEKFLSQVSILLKSQY--------
----------------------- 
>sea_lamprey_aMb1 
-----------------------------------------------MSIAD----
SGSAPALSGDEKSAVRDTWKVVYPHAEDHGTTILIKFLTENADAKKFFPKFQALKTADEMKSSPVLRDHAKRIMNSINDMVVA
LDDTNAQNAQMNGLSKKHANDFK-V-DPKYFKVISNVILSVIAEGLGAQ-FND-AAKNGWSKLLTTTCIGLKSAF--------
----------------------- 
>sea_lamprey_aMb2 
M----------------------------------------------SAIVD----
SGSAPALSGDEKAAIKSTWPSVFAKAEDVGAEMLSRFISSNADVKKYFPKFKDISSQAELKSSAKVRDHAKRIMAFINDLVDN
IDNAGAQTAKLHSLSAEHAEKFK-V-DPQYFKVISNVLLDILGETFGAS-FSG-ATRSAWIKLLSIICIGLRSAF--------
----------------------- 
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>sea_lamprey_Cygb 
ME---------------------------------------------------------
QGWLSEEEIEALQDIWEKVFKSAEDVGVILLVRLFTGHPASKQYFPMFKDLETADDLKASAKLRWHAGRVMGSLDKAVRSLRK
PEELIKILRAVGLSHARKATPV-DVKYYHILGGIIMDVLLETFKDE-LSP-
TARSAWTKLLGTLCTEFENAYREEGVLEQAAA-------------------- 
>sea_lamprey_GbX1 
MGCTVSTDERTGAQSS-----SQGQSQASRK--------QQQPEQQRAA-
GEGHQPPGPPQAPSESQRRLVRDSWLALQCDIARVGVIMFVRLFETHPECKDVFYQFRDCEDLQKLKMNKQLQAHGLRVMSFI
EKSVARLEQECVLEQLIVEMGRKH-YKYN-A-SPKYYSFVGIEFIATVQPFLQEK-WTN-
EVEDAWQCLFRYIAAVMKRGYLEEEAASNGVNTANYDRGQGNHGATAM---- 
>sperm_whale_Mb 
-------------------------------------------------------------
VLSEGEWQLVLHVWAKVEADVAGHGQDILIRLFKSHPETLEKFDRFKHLKTEAEMKASEDLKKHGVTVLTALGAILKKKGH--
-HEAELKPLAQSHATKHK-I-PIKYLEFISEAIIHVLHSRHPGD-FGA-DAQGAMNKALELFRKDIAAKYKELGYQ-------
-----------------G 
>spiny_dogfish_HbA 
-------------------------------------------------------------
VLSAADKTAIKHLTGSLRTNAEAWGAESLARMFATTPSTKTYFSKFTDFSA-----NGKRVKAHGGKVLNAVADATDHLDN--
-VAGHLDPLAVLHGTTLC-V-DPHNFPLLTQCILVTLAAHL-TE-LKP-ETHCALDKFLCEVATALGSHYR------------
------------------ 
>spiny_dogfish_HbB 
------------------------------------------------------------VHWTGEEKALVNAVWTKT--
DHQAVVAKALERLFVVYPWTKTYFVKFNGFHA-----SDSTVQTHAGKVVSALTVAYNHIDD---VKPHFVELSKKHYEELH-
V-DPENFKLLANCLEVELGHALHKE-FTP-EVQAAWSKFSNVVVDALSKGYH------------------------------ 
>spotless_smooth-hound_HbA 
------------------------------------------------------------
MAFTACEKQTIGKIAQVLAKSPEAYGAECLARLFVTHPGSKSYF-EYKDYSA-----AGAKVQVHGGKVIRAVVKAAEHVDD-
--LHSHLETLALTHGKKLL-V-DPQNFPMLSECIIVTLATHL-TE-FSP-DTHCAVDKLLSAICQELSSRYR-----------
------------------- 
>spotless_smooth-hound_HbB 
-----------------------------------------------------------MVHWTQEERDEISKTFQGT--
DMKTVVTQALDRMFKVYPWTNRYFQKRTDFRS----------SIHAGIVVGALQDAVKHMDD---VKTLFKDLSKKHADDLH-
V-DPGSFHLLTDCIIVELAYLRKDC-FTP-HIQGIWDKFFEVVIDAISKQYH------------------------------ 
>tope_shark_Mb 
-----------------------------------------------------------------
ADWDKVNSVWSAMEANITAVGQNILLRLFEQYPESQSYFPKLKNK-SLGELKDTADIKAQADTVLKALGNIVKKKGN---
HSQPVKALAATHITTHK-I-PPHYFTKITTIAVGVLSEMYPSE-MNA-QAQEAFSGAFKSICSDIEKEYKAANFQ--------
----------------G 
>torafugu_Cygb1 
ME----------------------------------------RMQGDGELDH----
VERPSPLTDKEKVMIQDSWAVVFQSCDDAGVAILVRLFVSFPSSKQLFKDFKDIEEPEEMQRSIQLRKHAHRVMTTINTLVEN
LDDADAMASALKSVGRAHALRHK-V-DPKYFKILSGVILEVLGEAFTEI-ITA-
EVASAWTKLLANMCCAVAAVYEEAGWTKLSSSAE------------------ 
>torafugu_Cygb2 
MSHRESPPAPPPPPQLL-----------------------GGQRRDVEGEDG----
PERAKPLSDTEREMIQDTWGHIYKNCEDVGVSVLIRFFVNFPSAKRYFSQFQDMEDPEEMERSSQLRHHACRVMNAINTVVEN
LHDPEKVSSVLALVGKAHAIKHK-V-EPMYFKILCGVMLEVLCEAFPEF-FTA-
DVRMVWAKLMAAVYWHVTGAYTDVGWLQVSSSAV------------------ 
>torafugu_Ngb 
ME-----------------------------------------------------------
KLSSKDKELIRGSWDSLGKNKVPHGVIMFSRLFELDPELLSLFHYTTNCGSTQDCLSSPEFLEHVTKVMLVIDAAVSHLDDLH
SLEDFLLNLGRKH-QAVG-V-NPQSFATVGESLLYMLQCSLGQA-YTA-SLRQAWLNMYSVVVAAMSRGWAKNGEDKAD----
------------------ 
>turkey_GbE 
------------------------------------------------------------
MSFSEAEVQSARGAWEKIYVDAEDNGTAVLIRMFTEHPDTKSYFTHFKGMDSAEEMKQSDQVRGHGKRVFTAINDMVQHLDNT
EAFLGILNPLGQKHATQLK-I-DPKNFRIICDIILQLMEEKFGG------DCKTSFEKVTNEICTHLTNIYKEAGW-------
------------------- 
>western_clawed_frog_Cygb 
ME----------------------------------------KVQGENDMER----
WERLEEITESERGVIKETWARVYANCEDVGVSILIRFFVNFPSAKQHFSQFKHMEDPLEMEGSVQLRKHARRVMGAVNSVVEN
LGDPEKITTVLSIVGKSHALKHK-V-DPVYFKILTGVMLEVIAEEYAKD-FTP-
DVQLAWNKLRSHLYSHVLSAYKEAGWTQYPSNSV------------------ 
>western_clawed_frog_GbX 
MGCILSSLGWQW----------------------------RDSLDHTETSP-----
LLPTLNLSEQQQQLLVESWRLIQHDIAKVGVILFVRLFETHPECKDVFFLFRDVDDLQALRANKDLRAHGLRVLSFVEKSVAR
IADCARLEELALELGRSH-YRYN-A-PPRYYQYVGTEFISAVCPMLHDK-WTA-
EVEEAWKGLFAYICTVMERGYQEEERRHSD-GRSL---IDGLQGNKGLI--- 
>western_clawed_frog_GbY 
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-----------------------------------------------------------
MADLTGADIENINEVWSKIYANPEESGRTVVISLFLTYPQTKIYFKNLKNISTLQEMQDNAGIRAHGKRVMGALNHVIENLKD
WDAVCSALSHLAKRHQDVHK-V-EVNNFELLFLVIISVFKEALGSG-FTP-EQSKSWEKLFSITYKYLESCYANTDS------
-------------------- 
>western_clawed_frog_HbA1 
------------------------------------------------------------
MHLTADDKKHIKAIWPSVAAHGDKYGGEALHRMFMCAPKTKTYFPDF-DFSE-----HSKHILAHGKKVSDALNEACNHLDN-
--IAGCLSKLSDLHAYDLR-V-DPGNFPLLAHQILVVVAIHFPKQ-FDP-ATHKALDKFLVSVSNVLTSKYR-----------
------------------- 
>western_clawed_frog_HbB1 
-----------------------------------------------------------MVNLTAKERQLITGTWSKI--
CAKTLGKQALGSMLYTYPWTQRYFSSFGNLSSIEAIFHNAAVATHGEKVLTSIGEAIKHMDD---IKGYYAQLSKYHSETLH-
V-DPYNFKRFCSCTIISMAQTLQED-FTP-ELQAAFEKLFAAIADALGKGYH------------------------------ 
>western_clawed_frog_HbB2 
-----------------------------------------------------------MVHWTAEEKATIASVWGKV--
DIEQDGHDALSRLLVVYPWTQRYFSSFGNLSNVSAVSGNVKVKAHGNKVLSAVGSAIQHLDD---VKSHLKGLSKSHAEDLH-
V-DPENFKRLADVLVIVLAAKLGSA-FTP-QVQAVWEKLNATLVAALSHGYF------------------------------ 
>western_clawed_frog_Ngb 
ME-----------KDQ----------------------------------------------
LSGPQKELIRESWQTVSQDQLHHGTVLFSRLFELEPELVFLFQYNSSFSKVQDCLSSAEFTEHIRKVMTVIDAAVSSLDCLSS
LDEYLTSLGRKH-RAVG-V-KLESFNTVGESLLFALESCLGDA-FTS-DTREAWSLLYANVVQSMSRGWHRDSQEQRE-----
-----------GI---- 
>zebrafinch_Cygb 
ME----------------------------------------KVQGEMEIER----
WERSEEISDAEKKVIQEIWSRVYANCEDVGVSILIRFFVNFPSAKQYFSQFKHMEDPLEMERSLQLRKHARRVMGAINTVVEN
LNDSEKVSSVLALVGKAHALKHK-V-EPIYFKKLTGVMLEVIAEEYPND-FTP-
EAHGAWTKMKTLIYTHVTAAYKEVGWAQYPTATL------------------ 
>zebrafinch_GbE 
------------------------------------------------------------
MSLSEAEVQSARGAWEKIYVDAEDNGTAVLVRMFTEHPDTKSYFPHFKGMDSAEEMKQSDQVRGHGKKVFGAINDMVQHLDNS
EAFLGIVTPLGKKHATQLK-I-DPKNFRIICDIILQLMEEKFGG------DCKASFEKVTNEICTHLNNIYKEEGW-------
------------------- 
>zebrafinch_HbA 
------------------------------------------------------------
MVLSAGDKSNVKAVFGKIGGQADEYGADALERMFATYPQTKTYFPHF-DLGK-----GSAQVKGHGKKVAAALVEAANNVDD-
--LAGALSKLSDLHAQKLR-V-DPVNFKLLGQCFLVVVATRNPSL-LTP-EVHASLDKFLCAVGTVLTAKYR-----------
------------------- 
>zebrafinch_HbAD 
-------------------------------------------------------------
MLTGEDKKLLQQTWGKLGGAEEEVGADALWRMFHSYPPTKTYFPHF-DMSQ-----GSDQVRGHGKKVMAALSNAVKNLDN--
-LSQALSELSNLHAYNLR-V-DPVNFKFLSQCLQVTLATRLGKE-YSP-EVHSAVDKFMSAVASVLAEKYR------------
------------------ 
>zebrafinch_HbE 
-----------------------------------------------------------MVNWTAEEKQLVTTLWGRV--
NVDECGAEALARLLVAYPWTQRFFVSFGNMSSPTAVLGNPMVRAHGKKVLTSFGEAVRNMDS---VKKCFAQLSKLHCEKLH-
V-DPENFRLLGDVLVVVLASHFGKE-FTP-ACQAAWQKLVRVVAHALAHEYH------------------------------ 
>zebrafinch_Mb 
------------------------------------------------------------
MGLSDQEWQQVLTVWGKVESDLAGHGHQILMRLFQDHPETLDRFEKFKGLKTPDAMKGSEDLKKHGVTVLTQLGKILKAKGN-
--HEAELKPLAQTHATKHK-I-PVKYLEFISEVIIKVLAEKHAAD-FGA-DAQAAMKKALELFRNDMATKYKEFGFQ------
------------------G 
>zebrafinch_Ngb 
ME-----------SGM---------------------------------------------
RLSGGQRALIRESWQRVSGSPVQHGLVLFTRLFDLDPDLLPLFQYNCKFASPHECLSAPEFLDHIRKVMLVIDAAVSHLENLS
CLEEYLCNLGKKH-QAVG-V-KVESFSTVGESLLYMREEKPGAA-FSP-EVQGGWSKLYNAVVKAMQRGWETLPEGD------
------------------ 
>zebrafish_Cygb1 
ME-------------------------------------------GDGGVQL----
TQSPDSLTEEDVCVIQDTWKPVYAERDNAGVAVLVRFFTNFPSAKQYFEHFRELQDPAEMQQNAQLKKHGQRVLNALNTLVEN
LRDADKLNTIFNQMGKSHALRHK-V-DPVYFKILAGVILEVLVEAFPQC-
FSPAEVQSSWSKLMGILYWQMNRVYAEVGWENSKK--------------------- 
>zebrafish_Cygb2 
ME----------------------------------------KEREDEETEG----
RERPEPLTDVERGIIKDTWARVYASCEDVGVTILIRFFVNFPSAKQYFSQFQDMEDPEEMEKSSQLRKHARRVMNAINTVVEN
LHDPEKVSSVLVLVGKAHAFKYK-V-EPIYFKILSGVILEILAEEFGEC-FTP-
EVQTSWSKLMAALYWHITGAYTEVGWVKLSSSAV------------------ 
>zebrafish_GbX 
MGCAISGS------------------GLTAG-----APEIRPGEEET------------
PAGLTTNHIRLIKESWRLIQEDIAKVGIIMFVRLFETHPECKDVFFLFRDVEDLERLRTSRELRAHGLRVMSFIEKSVARLDQ
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LERLETLALELGKSH-YRYN-A-PPKYYGYVGAEFICAVRPILKDR-WTP-ELEEAWKTLFQYVTSIMREGFLEEERNKRS-
NTQTSSRERPDKRSTAI---- 
>zebrafish_HbAa 
------------------------------------------------------------
MSLSDTDKAVVKAIWAKISPKADEIGAEALARMLTVYPQTKTYFSHWADLSP-----GSGPVKKHGKTIMGAVGEAISKIDD-
--LVGGLAALSELHAFKLR-V-DPANFKILSHNVIVVIAMLFPAD-FTP-EVHVSVDKFFNNLALALSEKYR-----------
------------------- 
>zebrafish_HbAe 
------------------------------------------------------------
MSLSAKDKAAVKTLWAKIAGKADDIGHDALSRMLIVYPQTKTYFSHWKDLSP-----GSAPVRKHGKTVMGGVAEAVSKIDD-
--LNAGLLNLSELHAFQLR-V-DPANFKILSHNILVVLATLFPAD-FTP-EAHVAMDKFLSALALAMSEKYR-----------
------------------- 
>zebrafish_HbAx 
-------------------------------------------------------------
MPSSAEKELIAEIWDQMTPVAEEIGSEALLRMFTTFPQTKTYFSHL-NISA-----NSEHLRSHGKKIVEALAEGAKNVST--
-LTTTLAPLSRFHAYQLR-I-HPTNFKLFNHCILVTLACRMGDD-FTP-VVHAAIDKFLSAFSAVLAEKFR------------
------------------ 
>zebrafish_HbBa 
-----------------------------------------------------------MVEWTDAERTAILGLWGKL--
NIDEIGPQALSRCLIVYPWTQRYFATFGNLSSPAAIMGNPKVAAHGRTVMGGLERAIKNMDN---VKNTYAALSVMHSEKLH-
V-DPDNFRLLADCITVCAAMKFGQAGFNA-DVQEAWQKFLAVVVSALCRQYH------------------------------ 
>zebrafish_HbBe 
-----------------------------------------------------------MVVWTDFEKATIQDIFAKA--
DYDVIGPQALARCLIVYPWTQRYFAKFGNLYNAAAILGNPMVAAHGKTVLKGLELAVKNMDN---IKATYADLSVLHSEKLH-
V-DPDNFRLLADCLTIVVAAQMGAG-FTP-EVQAAFQKFIAVAVSALGRQYH------------------------------ 
>zebrafish_Mb 
----------------------------------------------------------------
MADHDLVLKCWGAVEADYAANGGEVLNRLFKEYPDTLKLFPKFSGI-SQGDLAGSPAVAAHGATVLKKLGELLKAKGD---
HAALLKPLANTHANIHK-V-ALNNFRLITEVLVKVMAEKAGLD---A-AGQGALRRVMDAVIGDIGGYYKEIGFA--------
----------------G 
>zebrafish_Ngb 
ME-----------------------------------------------------------
KLSEKDKGLIRDSWESLGKNKVPHGIVLFTRLFELDPALLTLFSYSTNCGDAPECLSSPEFLEHVTKVMLVIDAAVSHLDDLH
TLEDFLLNLGRKH-QAVG-V-NTQSFALVGESLLYMLQSSLGPA-YTT-SLRQAWLTMYSIVVSAMTRGWAKNGEHKSN----
------------------ 
 
 
 
Supplementary Figure S2. Amino acid alignment of the 136 globin sequences used in 
phylogenetic analyses, as generated by MAFFT L-INS-i. The alignment is also available as 
text file (supplementary file 1, Supplementary Material online). 
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Supplementary Figure S3. Full Bayesian phylogenetic tree without collapsed branches. 
Posterior probabilities at each node are indicated. 
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Supplementary Figure S4. Conserved synteny in the GbX region. The neighboring genes of 
the lampreys GbX1 (B) and the GbX2 (A) are indicated. Comparison with the western clawed 
frog GbX cluster shows the conserved synteny with the sea lamprey GbX1. The globin genes 
are colored in black, orthologous genes are indicated in the same shades of grey. 
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Supplementary Figure S5. The sea lamprey hemoglobin gene clusters. The neighboring 
genes of globin genes are indicated. The globin genes are colored in black.  
 



 15

 
 

 
 
Supplementary Figure S6. The Arctic lamprey hemoglobin gene clusters. The neighboring 
genes of globin genes are indicated. The globin genes are colored in black.  
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Supplementary Figure S7. Synteny analyses of the globin loci of the sea lamprey and the 
Arctic lamprey. Note that in (A) scaffold KE993782 of the Arctic lamprey links the sea 
lamprey scaffolds GL478636 and GL476782.  

 


