Supplementary Figures

w 20 el 40 * &0 8o » 100 w 1
sea lamprey aHb1 'Tmmrmrmnmmrqsrmn.: KFFTSNPAAQAFFPKFQGLTSADQLEKSMD
aHbZa = e MPT PL ILV-KFFTSTPARQEFFPEFREGLTTADQLEESAD
aHb3 MPT’ “LSWRTKIRSI“WYSMTTGW ILV-KFFTSTPARQEFFPEFRGLTTADQLEKSAD
aHb5a MPI' FPLSARERTEIRSAWAPVYSTYETSGVDILV-KFFTSTPARQEFFPREFEGLTTADQLERESAD
y aHb5b MPT VEST ILV-KFF QEFF KESAD
y aHbG » IVSSFR I ILA-RFII AEFFPKF
aHb7 MPIEL I ILI-KFFVDNPSAQDFFPEFEDLDSEEELENSTA
sea lamprey aHbB MPI SAM IRSAWARV ILV-KFFTSTPAAQEFFFPEFEGMTTADQLEKSAD
sea lamprey aHbS MPIVD LSGAEKRAL YSN ILI-KFFTSNPGVQDFFFEFEGLDSADQLSKSAA
sea lamprey aHb10 MPIN LSASEE YAN AGKAVLI~KFF QDFFPEF LSESPA
sea lamprey aHbi11 II VYAD AGFAILI-EFF 'QDFFPRFRGLDSADQLSKESAR
sea lampray aHbi12 - ———— MPT’ I AP ILV-EF GVQDFFPEF LEKSPA
sea lamprey aHb13 MPIVI I IVSAWAPVYARY ILV-KEF QAFFFEFEGLDSADQLEKSPA
sea lamprey aHbl4 -~ --- MPT I LIVSAWAPVYAK ILV-EF AQAFFPEF LEKSPA
sea lamprey aHb PS1 ==MPI PLNM: TP ¥FN ILV-KFF QEFFPEF KESAD
sea lamprey aHb P52 vD FLEM P V-EFFTSTPAVQEFFF! QLERSAD
sea lamprey aMb1 MSIADSGSAFPAL VYPHAEDHGTTILI-KFLTENADARKKFFPEFQALKTADEMESSEYV
sea lamprey aMb2 MSAIVDSGSAPALSGDERRAIKSTWESY REL ] I KYFPEFEDISSQAELKSSAR
sea lamprey Cyghb - -—- MEQGWLSEEEIEALQDIWEKVFKSAEDVGVILLY-RLETGHE FEMF KASAK
sea lamprey GbiX1 -MGCT ISS5QG! -~ QQOPEQQRA. PGP QCDIARVGVIMFV-RLFETHPECKDVFYQFRDCEDLOELEMNKQ
sea lamprey GbX2
Arctic lamprey aHb1 MPIVDSGSV IRTAWAPVYAKYQS ILI-KFF QEFFFEF DQLEESMD
Arctic lamprey aHbg IVSSFREDEKAALRESWDI ILA-RFII KFFPKF ENSAE
Arctic lamprey aHb? MPIEL FAI ILI-KFFVDNPSAQDFFPEFEDLDSEEKLKGSTA
Arctic lamprey aHb8a MPI SAR IRSAWARY ILV-KFFTSTPAAQEFFFPEFEGMTSADQLEKSAD
Arctic lamprey aHb8b MPI' SAR KIRSAWAPVYSN ILV-KFFTSTPAAQEFFPEFEGMTSADQLEKSAD
Arctic lamprey aHb8c I YSN ILV-KF ARAQEFFPKF KESAD
Arctic lamprey aHb8d === =MPIY PL I ILV-KFF JEFFPKF KESAD
Arctic lamprey aHbg == - MEIV I ¥SN ILI-EFF KF SESAA
Arctic lamprey aHb10 MPI L YANYEAAGKAVLI-! K?HSNPGVQD!‘?PKHGLQMKLSMPA
Arctic lamprey aHb11 - MEPT LSAREKAII, VYAD ILI-EFF QDFFPEF SAR
Arctic lamprey aHb12 == MPT’ LVVSAWAPVYAR ILV-KFFSDNPGVQDFFPRFRGLDSADQLEESPA
Arctic lamprey aHb13 MPT’ I IVSAWAF ) ILV-KFFARNPERQAFFPREFEGLDSADQLEKSPA
Arctic lamprey aHbi4a MPIVDSGSVGAISAAEKSLIVSAWAPVYARYEEAGVDILV-KFFAANPEAQAFFPEFEGLDSADELEESER
Arctic lamprey aHbidb == ~=MPIV I LIVSAWAPVYAK ILV-EFFAANPEAQAFFPRFEGLDSADELEESPA
Arctic lamprey aHbis == - MPT PL I N ILV-KFF FEEF QLKESAD
Arctic lamprey aHbig === XLF PGVREFFPEFGELRT
Arctic lamprey aHb17 FF DSADELEKSPA
Arctic lamprey aHb18 I0DSG IRTIWENVYEKYEDAGVAILS-RY
Arctic lamprey aMb1 MS 1. PAL VY TVLI-KEL KFF v
Arctic lamprey aMb2 RFI YFPEFEDISS, KSSAK
Arctic lamprey Cygb KSAEDVGVIILVRRLETGHP ETADDLEASAK
Arctic lamprey GbX1 -MGCTVSTDEHT JSSSEGQSQ! FOOQPEQQQOOPOOC PGFPOAPSES( ALQGDIARVGVIMEV- RL!ETHPECID\FEYQ!‘RDC!DLQRMKQ
Arctic lamprey GbX2 == —— ——
20 L 140 * 160 * 180 * 200 * 220 b
sea lamprey aHb1 I1 LRELSGK Q-VDPQYFRVLAAVIVDTVLE === === ==~ GDAGLERLMSMICILLASSY === = === = mm
sea lamprey aHb2Za I v RDL Q=-VDPQYF AAVIADTVAR: GDAGF ICILLRSAY - -
sea lamprey aHb3 ITX v GDL Q=-VDPQY AAVIADTVAR GDAGF ICILLRSAY=-~-
sea lamprey aHbSa II RDL Q-VDEQY, AAVIADTVARA GDAGF ICILLRSAY.
sea lamprey aHbSh II RDL Q QY FREVLAAVIADTVAR= = === ==== GDAGFERLMSMICILLRSAY === == === === === m
sea lamprey aHbB VRIHGDEL QOR EDLSKSHAQQ ¥ ILEYV LLELITIELQSRAY=====n=== -
sea lamprey aHb7 IINAVHDVIWLL KEL QLN-VDAKF. AELIL LTYICISLEVAY
sea lamprey aHbB II RDL 'Q-VDPQYF AAVIADTVAR-----===~= GDAGFEKLMSMICILLRSAY
sea lamprey aHb9 VRWHAERI INAVNDAVVALDDPEKLSLEKLEALSKKHAQEFN-VDPQYF I L AWEKFLSQVSILLKSQY
sea lamprey aHb10 VRWHAERIINAVNDSVVALDDPERQSLKLKALSQRHAYEFH-VDSQYFKVLSATIL GLSAEGKSGWEKLLSSICIHLESAY:
sea lamprey aHb11 VRWHAERI INAVNDAVVALDDPERQSLELEALSKEHAQEFN-VDPQYFKVLSANVL GL LESIISILLESQY:
sea lamprey aHb12 VRWHAERI INAVNDAVVALDDPPELSLELEALSKKHAQELN-VDPQYFEVLAGVISDAVAK-----~ SGDEFAAVDEFLSQVVILLEFAY
sea lamprey aHb13 VRWHAERI INAVNDAVVALDDPAKQSLOLEALSQKHAHELN-VDPSYFEVLAGVI GDARAAVDEFLSQVVILLESAY.
sea lamprey aHb14 I1 KALSQK VDPSYFEVLAGVI AVDEFLSQVVILLESAY
sea lamprey aHb PS1 I1 I RDL HTISF QY FEVLAAVIADTVAR=-~ == GDAGFERLMSMIC T LLRSAY = = = = = m o o o o o
sea lamprey aHb PS2 VR-HAERII TSMDDTEKI. RDLSGKHAISF--VDPSTSRFLAAVIADTVAA-- --GDAGFEKLMSMICILLRSAY.
sea lamprey aMb1 L IMMST VALDDTRAQNAQMNGL YFKVISNVILSVI GROFNDA LLTTTCI
sea lamprey aMb2 IMAFINDL IDNAGAQTAKLHSL K-VDPQYFEVISNVLLDILGET IKLLSIICIGLESAF
sea lamprey Cygb L REPEELIKILRAVGL YHILGGIIMDVLLETF LLGTL ENAY A -
sea lamprey GbX1 L EQECVLEQLI YRYN-ASPRYYSFVGIEFIATVQPF JAWQCLFRYL EEEA
sea lamprey GbX2 w---w-nvus:.lxmnnngnnmgmmﬁm ﬂm~uﬂr1-wmrxsnmvwmwmv QAPSSVLT
Arctic lamprey aHb1 11 LEELSSK Q FEVLAAVIVDTVLE-~ LMSMICILLESSY=-~
Arctic lamprey aHbg I o KDLSTSHAQQ ‘Hﬂl‘ruvlmx\r'rx T LLSLIIIELQSAY--
Arctic lamprey aHb? II IWLL LEEL QLN-VDAEF AEVIL LTYICISLEVAY:
Arctic lamprey aHbga I RDL Q-VDEQYFEVLAAVIADTVAA GDAGE ICILLRSAY
Arctic lamprey aHb8b II ROLSGK --GDAGFEELMSMICILLRSAY
Arctic lamprey aHb8c II RDL GDAGF ICILLRSAY:
Arctic lamprey aHb8d II RDL Q=-VDPQYF AAVIADTVAR========= GDAGFEKLMSMICILLRSAY
Arctic lamprey aHbY  VRWHAERIINAVNDAVVALDDPEKLSLELEALSKRHAQEFN-VDPQYFEVL GL AWEKFLSQISILLESQY
Arctic lamprey aHb10 VRWHAERIINAVNDAVVALDDPERQNLELEKALSQRHAYEFH-VDSQYFEVLSATIL L LLESICT
Arclic lamprey aHb11 VRWHAERIINAVNDAVVALDDPEKLSLELFKALSKEHAQEFN-VDPQYFK
Arclic lamprey aHb12 VRWHAERIMNAVNDAVVALDEPARLSLELEALSERHAQEFN-VDPQYFRVLAGVI AVDRFLSQVVILLEFAY
Arctic lamprey aHb13 VRWHAERIINAVNDAVVALDDPARQSLOLKALSQORHAQELN-VDPNYF AGVI AVDEFLSQVVILLESAY
Arctic lamprey aHbid4a VRWHAERI INAVNDAVVALDDPAKQSLOLKALSQRHAHELN-VDPNYFEVLAGVISDAVAK---~~-— GGDAKAAVDEFLSQVVILLKSAY.
Arctic lamprey aHbi14b i DDPARQSLOLEALSQR YFEVLAGVI - AVDEFLSQVVILLESAY
Arctic lamprey aHbi5 II Q QYF] IADTVAR====== LMSMICILLRSAY=-
Arctic lamprey aHbi6 L TINAII PRAM( ROL J)YFEEISLIILAYL T SWAKFLSLICIELKFAY=-
Arctic lamprey aHb17 wnmn:lmvmwnnnpmmnmmmm VDENYFE:
Arctic lamprey aHb18 == ———
Arctic lamprey aMb1 L IMSSI SKE YFEVISNVILSVIAEGL LLTTTCI
Arctic lamprey aMb2 VRDHARRIMAFVNDLVDNIDNPGAQTAKLHSL E-VDPQYFE:
Arctic lamprey Cygh I RNPEELIOILRAVGLSHARG VDVEYYHEVLGGIIMDVLLETF LATL EQAMR
Arctic lamprey GbX1 LQAHGL I EQECVLEQLI ¥RYN-ASPKYYSFVGIEFIATVOPFLOEKWTNEVEDAWQCLERY IA EEEA
Arctic lamprey GbX2 =====a RVMSLIERTVARLDQDTVLEQLIFELGREH-YEYN-APPEYY-FVGAEFISAVE ATHA ]

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

MTDLDRRHIREIWTAAFENPEENGRLV 1 IRFFSDYPASKQYF---
KTVPTDGDLKAHPQVAFHGRR IMVAFSQV I ENMENWNQACVLLERLVYNNHKN IHQ-V-PSGMFQLLFQAMLCTFDDLLGRT-
FTP-EKRVSWEKFFQV 1 QEEVEAAYDR - —— == —— - —— oo

>Arctic_lamprey_aHbl

——————————————————————————————————————————————— MPIVD----

SGSVPALTAAEKAT IRTAWAPVYAKYQSTGVD I L IKFFTSNPAAQEFFPKFQGLTSADQLKKSMDVRWHAER I INAVNDAVVA
MDDTEKMSLKLKELSSKHAKSFQ-V-DPQYFKVLAAVIVDTVL--————————- PGDAGLEKLMSMICILLKSSY---——---
>Arctic_lamprey_aHbl0

——————————————————————————————————————————————— MPIVD----

SGSVGALSASEQAAVAGSWKAVYANYEAAGKAVL IKFFTSNPGVQDFFPKFKGLDSADKLSKSPAVRWHAER I INAVNDAVVA
LDDPEKQNLKLKALSQKHAYEFH-V-DSQYFKVLSAT ILEEVDHANG-G-LSA-DGKSGWEKLLSSICIHLKSAY -——————-

——————————————————————————————————————————————— MPIVD----
SGSVGELSAAEKSLVVSAWAPVYAKYEEAGVD I LVKFFSDNPGVQDFFPKFKGLDSADQLKKSPAVRWHAER IMNAVNDAVVA
LDEPAKLSLKLKALSKKHAQEFN-V-DPQYFKVLAGV I SDAVAK--—-——- SG-DEKAAVDKFLSQVVILLKFAY-—————--
>Arctic_lamprey_aHbl3

——————————————————————————————————————————————— MPIVD----
SGSVGAISAAEKSLIVSAWAPVYAKYEEAGVD I LVKFFAANPEAQAFFPKFKGLDSADQLKKSPAVRWHAER I INAVNDAVVA
LDDPAKQSLQLKALSQKHAQELN-V-DPNYFKVLAGV I SDAVAK-————-— GG-DAKAAVDKFLSQVVILLKSAY-——————-
>Arctic_lamprey_aHbl4a

——————————————————————————————————————————————— MPIVD----

SGSVGAISAAEKSL 1VSAWAPVYAKYEEAGVD I LVKFFAANPEAQAFFPKFKGLDSADKLKKSPAVRWHAER I INAVNDAVVA
LDDPAKQSLQLKALSQKHAHELN-V-DPNYFKVLAGV I SDAVAK-—————- GG-DAKAAVDKFLSQVVILLKSAY-—————--
>Arctic_lamprey_aHbl5

——————————————————————————————————————————————— MPIVD----
SGSVAPLSAAEKTKIRSAWAPVYSNYETSGVD I LVKFFTSNPAAQAFFPKFKGMTSADQLKKSADVRWHAER I INAVNDAVAS
MDDTEKMSLKLQDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA--————————- AGDAGFEKLMSMICILLRSAY--———---
>Arctic_lamprey_aHb2a

——————————————————————————————————————————————— MPIVD----
SGSVAPLSAAEKTKIRSAWAPVYSNYETSGVD I LVKFFTSTPAAQEFFPKFKGMTSADQLKKSADVRWHAER I INAVNDAVAS
MDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA---—-——————- AGDAGFEKLMSMICILLRSAY-——————-

Mmoo GALQD--—-
SG1VSSFKEDEKAALRESWD I FNNSHQDAGVK I LARF I INNPEAKKFFPKFKGLETAEELENSAEVRVHGDK I LAAVHQAVLD
LDDPDKQKNKLKDLSTSHAQQFN-V-EPAYFKTFAEV I LKYVTETCGKS-FTS-EMRTSWSKLLSL I 1 IELQSAY-——————-—

----------------------------------------------- MPIED--—-
SGSKPDFSDDEKKA IKDSWSGVYSEYESTSSE I L IKFFVDNPSAQDFFPKFKDLDSEEKLKGSTAVRWHAER I INAVNDA IWL
LDEPEKNAKKLKELSEKHAVQLN-V-DAKFFKVLAEV I LDKVAEKNDGS-FSD-SARSAWEKLLTY 1CISLKVAY - ———————

----------------------------------------------- MPIVD----
SGSVGALSGAEKAATADSWKAVYSNYEEAGKAIL IKFFTSNAGVQDFFPKFKGLDSAEQLSKSAAVRWHAER I INAVNDAVVA
LDDPEKLSLKLKALSKKHAQEFN-V-DPQYFKVL-—--- EGVSSANG-G-LGD-EAKAAWEKFLSQISILLKSQY-—--——-—-
>Arctic_lamprey_aMbl

----------------------------------------------- MSIAD----

SGSAPALSGDEKAAVRDTWKVVYAHAEDHGTTVL IKFLSDNADAKKFFPKFQALKTADEMKSSPVLRDHAKR IMSS INDMVVA
LDDTNAQNAQMNGLSKKHATDFK-V-DPKYFKV ISNVILSVIAEGLGAQ-FND-AAKNGWSKLLTTTCIGLKSAF-=————---

QDWMSEEEI1EALQD IWEKVFKSAEDVGV I LVRLFTGHPASKQYFAMFKDLETADDLKASAKLRWHAGRVMGSLDKAVRSLRN
PEEL1QILRAVGLSHARQATPV-DVKYYHVLGGI IMDVLLETFKDE-MSP-
TARGAWTKLLATLCTEFENAYREEGVLEQAAA-———————————————————

>Arctic_lamprey_GbX1

MGCTVSTDEHTGAQSS-----
SEGQSQPSRKQQQQPEQQQQQPQQQHAAGGEGHQLPGPPQAPSESQRRLVRDSWLALQGD I ARVGV IMFVRLFETHPECKDVF
YQFRDCEDLQKLKMNKQLQAHGLRVMSF IEKSVARLEQECVLEQL IVEMGRKH-YKYN-A-
SPKYYSFVGIEFIATVQPFLQEK-WTN-EVEDAWQCLFRY IAAVMKRGYLEEEAASNGVNTANYDRGQGNHGATAM—-—-——
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>Atlantic_hagfish_aHbl

——————————————————————————————————————————————— MPITD----
QRPLPTLSEGEKKAIKESWPQ1YQNFEQTSLDVL IEFLQKFPEAQDSFPKFSAKKC--

HLEQDNEVKWQASR I INAVNAVVGHLDNEVAMKQYLKELSVKHSSEFQ-V-DPKMFKELSAIFVSTl--——————————
RGKAAYEKLFSIICTLLRSSYDE---———=———————— e ——

>Atlantic_hagfish_aHb2

AHGIARTTEGERAAVRASWAVLMKDYEHAGVQ I LDKFFKANPAAKPFFTKMKDLHTLEDLASSADARWHVER I IQAVNFAVIN
I EDREKLSNKFVKLSQDHIEEFH-VTDPQYFMILSQT I LDEVEKRN-GG-LSG-EGKSGWHKVMT I I CKMLKSKY - == ——--—

——————————————————————————————————————————————— MPITD-——-
HGQPPTLSEGDKKAIRESWPQIYKNFEQNSLAVLLEFLKKFPKAQDSFPKFSAKKS--

HLEQDPAVKLQAEV I INAVNHT Il GLMDKEAAMKKYLKDLSTKHSTEFQ-V-NPDMFKELSAVFVSTM————————————
GGKAAYEKLFS I IATLLRSTYDA— === = —m o oo

>Atlantic_hagfish_aHb4

----------------------------------------------- MPITD----
QGPLPTLSEGDKKAIRESWPQ1YQNFEQTGLVVLLEFLQKNPGAQQSFPKFSATKC--

NLEQDNEVKWQASR 1 INAVNHT I GLMDKEAAMKQY LKELSAKHSSEFQ-V-DPKLFKELSAIFVSTl-———-—=—=———-
RGKAAYEKLFS I ICTLLRSSYDE-—— === ——— oo

>Australian__lamprey_aHbl

——————————————————————————————————————————————— MPIVD----
SGSVSPLSDAEKNKIRAAWDLVYKDYEKTGVD I LVKFFTGTPAAQAFFPKFKGLTTADDLKQSSDVRWHAER I INAVNDAVKS
MDDTEKMSMKLKELSIKHAQSFY-V-DRQYFKVLAGI IADTTA-—————————- PGDAGFEKLMSMICILLSSAY----———-
>Australian__lamprey_aHb2

——————————————————————————————————————————————— MPIVD----

SGSVSPLSDAEKNKIRAAWD IVYKNYEKNGVD I LVKFFTGTPAAQAFFPKFKGLTTADALKKSSDVRWHAER I INAVNDAVKS
MDDTEKMSMKLQELSVKHAQSFY-V-DRQYFKVLAGI IADTTA-—————————— PGDAGFEKLMSMICILLSSAY----———-
>Australian__lamprey_aHb3

——————————————————————————————————————————————— MPIVD----
SGSVSPLTAADKTKILAAWDLVYKNYEKNSVD I LVKFFTGTPAAQAFFPKFKGLTTADDLKKSSDVRWHAER I INAVNDAVKS
MDDTEKMSMKLKELSNKHVKNFN-V-DRKYFKVLAGVIADTVA--————————— PGDASFEKLMSIICILLNSAY----———-

MADLTAADIENINEIWCKIYANPEESGKTVVIRLFTTYPQTKVYFKNLKNIATLEEMQVNPG IRAHGKRVMGALNQV IQNLND
WEVVSSALTHLAQRHQDVHK-V-GVNNFQLLFLVILT IFKEALGAD-FTP-EHCKSWEKLFSITYNFLDSCYTKSDS-——---

TLTDSDKAAVIALWGKIAPQANAIGAEALERLFLSYPQTKTYFSHF-DLSH-—--- GSADLANHGGKVVNALGEAAKHIND--
-LDAALSTLSDLHAYNLR-V-DPGNFKLLSHT IQVTLAIHFHKE-FDA-ATQAAWDKFLAEVATVLTSKYR-——————————-

MTFSSAEKAATASLWGKVSGHTDE I GAEALERLFLSYPQTKTYFSHF-DLSH----- GSKDLRSHGGKVVKAIGNAATHIDD-
—-1PHALSALSDLHAFKLK-V-DPGNFKLLSHAIQVTLAIHFPAE-FNA-DAQAAWDKFLAVVSAVLVSKYR-——————————
>channel_catfish_GbX

MGCAISGL-----————————————— GLAPK--——-- NTTEAASEDD-----——————-

APHLTSEHIAMIKESWKV IQED IAKVG I IVFVRLFETHPECKDVFFLFRDVEDLERLRTSKELRAHGLRVMSF I EKSVARLDQ
LERLDSLAVELGRSH-YRYY-A-PPKYYGYVGTEFICAVRP I LKEK-WTP-
ELEKAWKTLFQYVTWLMRRGYNEEEEEAKRNNTVGSSRERPRQRNTAL----

>chicken_Cygb

ME-———— e KVQGEMEIER----

WERSEE ISDAEKKV IQETWSRVYANCEDVGVS I L IRFFVNFPSAKQYFSQFKHMDDTLEMERSLQLRKHAQRVMGAINTVVEN
LDDPEKVSSVLALVGKAHALKHK-V-EPVYFKKLTGVMLEV IAEAYGND-FTP-
EAHGAWTKMRTLIYTHVTAAYKEAGWVSYPSATL--——————=——————————

>chicken_GbE
MSFSEAEVQSARGAWEKMYVDAEDNGTAVLVRMFTEHPDTKSYFTHFKGMDSAEEMKQSDQVRGHGKRVFTAINDMVQHLDNT
EAFLGILNPLGQKHATQLK-I1-DPKNFRIICDIILQLMEEKFGG-—--—- DCKASFEKVTNEICTHLTNIYKEAGW---—-—-

MVLSAADKNNVKG I FTKIAGHAEEYGAETLERMFTTYPPTKTYFPHF-DLSH--—-- GSAQIKGHGKKVVAAL IEAANHIDD-
-—IAGTLSKLSDLHAHKLR-V-DPVNFKLLGQCFLVVVAIHHPAA-LTP-EVHASLDKFLCAVGTVLTAKYR-====—==———-



>chicken_HbAD
MMLTAEDKKL 1QQAWEKAASHQEEFGAEALTRMFTTYPQTKTYFPHF-DLSP—-—-- GSDQVRGHGKKVLGALGNAVKNVDN-
--LSQAMAELSNLHAYNLR-V-DPVNFKLLSQCIQVVLAVHMGKD-YTP-EVHAAFDKFLSAVSAVLAEKYR-—-—=—=————-

----------------------------------------------------------- MVHWTAEEKQL I TGLWGKV--
NVAECGAEALARLLIVYPWTQRFFASFGNLSSPTAILGNPMVRAHGKKVLSSFGDAVKNLDN—-—1KNTFSQLSELHCDKLH-
V-DPENFRLLGD I LI IVLAAHFSKD-FTP-ECQAAWQKLVRVVAHALARKYH= = == = = — — o oo e
>chicken_Mb

LSRTQQAL IRESWRRVSGSPVQHGVVLFSRLFDLDPDLLPLFQYNCKFASPQECLAAPEFLDHIRKVMLV IDAAVSHLEDLPC
LEEYLCNLGKKH-QAVG-V-KVESFSTVGESLLYMLEKCLGAA-FSP-DVREAWIELYSAVVKAMQRGWEVLPEGD-----—-

MIFTDNDKNE IMP 1 IKVLEQNAEKLGAESLARMFALYPGSKVYF-HFEDFSA--—-- AGPKVKKHGAKV 1GAITKAAHHLDD-
--LHGHLEGLAETHGKVLL-V-DPQNFPKLCQCIEVTLASHL-TE-FLP-STHCSIDKLLTVICQELSSRYR----——————-

----------------------------------------------------------- MVHWTPEERSE I TSTWSAI —-
NHKAVGTKALERMFSVYPWTTRYFSTIQGFTA--——-——-———- EGHAIKVVGALDKAVKHLDD---VKTQFKDLSKKHAEELH-
1 -DPGSFHLLTDCF IMELAHLEKCK-FTP-HTHATWAKFFKVVVDA I SKQYH— === === = = — e oo
>cloudy_catshark_Mb

ME---—-—"--"-— KVQGEMEMDR----
WERSDQLSDTEVESIRQIWSNVYTNCENVGVLVL IRFFVNFPSAKQYFSQFRHLEDPLDMERSVQLRKHARRVMGAINTVVEN
VED-QDIASVLAPVGKAHALKHK-V-EPVYFKILSGVILEILAEEYAQH-FTP-
EVQKAWTKLMS I ICCHVTATYKEVGWGQLSNSTM-——=—= == === ———————

>coelacanth_GbE
MALSDAEVQTARDVWGQIYANAEENGT I ILVRMFTEHPDTKSYFGNFKGMGSAAEMEQSAQVRTHGKK IFSALNDMIQHLDST
DALLGVVNPLGKKHATQLK-V-DPKNFKIICNILLQVLDEKFGG------ DARAGFEKVTDVLCTHLNHAYKEAGW--——-—--
>coelacanth_GbX1

MGCVFSGSGIAPSKSTPDINGSEAESRLSEE------ LKSGSGQONSD---—=—==—=——
ALLLSEPQKELIQESWRILHQDITRLGI IMFIRLFETHPECKDVFFLFRD IDDFHQLKMSKELQAHGLRVMSFIEKSVARLEQ
KDKLEQIAFELGRSH-CRYN-A-PPKYYQYVGVQFISVVKPILKEA-WTP-EVEEAWQ I LFKYLTAVMKKGYYVEEKKINI -
NNALYTKIPNALSSNPVQNNL

>coelacanth_GbX2

MGCAISGLSWRAVK--—————————— GPGEE------ AKGKEGEAEA-—-—————————
LPAISQLQIHLIQESWKLIQEDIAKVGI IMFVRLFETHPECKDVFFLFRDVDDLQRLRTSKELRAHGLRVMSFVEKSVARLEH
SERLEQLALELGKSH-YRYN-A-PPKYYQYVGIEFVCAVQP ILKER-WTP-EVEEAWQTLFKYVTEVMKRGYLQEEKIKRT-
METVEPKQASRRANNATL --—-

>coelacanth_Gby

MAALTEADKQN IRG IWKTVFENAEENGRT IVIRLFEKYPETKVYFKNFKNISTMEEMQKNEQ IRITHGLRVMNSLNQVIQNIDN
LNEVYSILTHLAKRHQYVHR-V-DVHNFKLIFGV I IKILKEALGAT-FTE-EICTSWQKMLSFTYDYLVSCYHKSSGP-----

MLSANDKTL ISSTWNKVAANAED I GAEALERLFLAHPQTKIYFSHM-DLSP—---- GSSMLRAHGKKVMGT IEGS IKS I1DK -~
-LATVLSRLSDMHAYNFM-V-DPVNFKLLSQCILVALATQLMAD-FTP-EAQCAWDKFLALISEILFSKYR--—————————-

MGLTAADKTLIKS IWGKVEKETEAIGVEALVRLFKCFPQSKVYFDHFTDLSP--—-— SSQKLHAHAKVVLGALTKAVNHLDN-
——ITDTLHDISLVHAKKLL-V-DPVNFELLGHCLEVALAAHFATD-FTP-EVHLAIDKFLYEVEKALFETYR--===—=———-

>coelacanth_HbB1



——————————————————————————————————————————————————————————— MVHWTETERATIETVYQKL--
HLDEVGREALTRLFIVYPWTTRYFKSFGDLSSSKAIASNPKVTEHGLKVMNKLTEA IHNLDH---1KDLFHKLSEKHFHELH-
V-DPONFKLLSKCL I I'VLATKLGKQ-LTP-DVQATWEKLLSVVVAALSREYH-—== === === e
>coelacanth_HbB2

——————————————————————————————————————————————————————————— MVTWTAEERKAITSVWSKV--
NPEEVGHEAL IRLFIVYPWTQRYFSTFGSLSSSTVIARNFKVQQHAAKV INALTEAIRN IDN---LKASFSDLSKLHFQKLH-
V-DPENFKLLGKTL I ITLSEKLGSE-FSP-QIQAAWEKFMALV IDSLSRQYN———— === == e e e e
>coelacanth_Mb

FSVRSKEL IRESWDRLGKNKLPHGTVMFTRLFELDPDLMHLFNYNSSFPSQAGCLTSPEF I DHIHKVMMVVDAAVNSLDNLLS
LEDYL INLGKKH-QAAG-V-KMESFQVVGESLLYMLEHGLDSA-FSV-EVRHAWIALYSFVVETMARGWGANGENKLN-—-—---

1EALQD IWEKVFKSAEDVGV I ILVRLFTGHPASKQYFAMFKDLETANDLKASAKLRWHAGRVMGSLDKAVRSLRNPEKL IQIL
HAVGLSHARQATPV-DVKYYHILGG I IMDVLLETFKDE-MSP-TARGAWTKLLGT-——====——— ==
>goldfish_GbX

MGCAISGS-————————————————— GLTAR----—- APEIRAGEEET--———-—————-
PAGLTANHIRLIKESWRLTQEDIAKVG I IMFVRLFETHPECKDVFFLFRDVEDLERLRTSRELRAHGLRVMSFIEKSVARLDQ
LERLETLALELGKSH-YRYN-A-PPKYYGYVGAEF ICAVRPILKDR-WTP-ELEEAWKTLFQYVTSIMREGFLEEERNKRS-
NTQTSSRERPDKRSTAIl -—--

>green_spotted_puffer_Cygbl

ME— === = = = e e e - RMQRDGEVDH----
VEQPGPLTEKEKVMIQDSWAKVFQSCDDAGVAILVRFFVNFPSSKQFFKDFKHMEEPEEMQQSVQLRKHAHRVMTALNTLVES
LDNSDRVASVLKSVGRAHALKHN-V-DPKYFKILSGVILEVLGEAFTEI-ITA-
EVASAWTKLLANMCCGIAAVYKEAGWTELSSSVE———-——————————————

>green_spotted_puffer_GbX

MGCAISSL-————————————————— GAKAE------ FGDRSAEEEDAAAA-----

AAAVVYPREDQIQMIKDSWKV IRDDIAKVG I IMFVRLFETHPECKDVFFLFRDVEDLERLRSSRELRAHGLRVMSFIEKSVAR
LDQQDRLEALAVELGKSH-YHYN-A-PPKYYSYVGAEFICAVQP ILKER-FTS-
ELEEAWKTLFQYVTGLMRKGHQEEGSRQR--HLALPPKDGPEKRTSAL----

>green_spotted_puffer_Ngb

KLSSKDKEL IRGSWDSLGKNKVPHGV I LFSRLFELDPELLNLFHYTTNCGSTQDCLSSPEFLEHVTKVMLV IDAAVSHLDDLH
SLEDFLLNLGRKH-QAVG-V-KPQSFAMVGESLLYMLQCSLGQA-YTA-SLRQAWLNMYSVVVASMSRGWAKNGEDKAD----

ME = = m e e KVPGEME I ER-—--
RERSEEL SEAERKAVQAMWARLYANCEDVGVA I LVRFFVNFPSAKQYFSQFKHMEDPLEMERSPQLRKHACRVMGALNTVVEN
LHDPDKVSSVLALVGKAHALKHK-V-EPVYFK ILSGV I LEVVAEEFASD-FPP-

ETQRAWAKLRGL IYSHVTAAYKEVGWVQQVPNATTPPATLPSSG------- P
>human_HBA
MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF-DLSH--—-- GSAQVKGHGKKVADALTNAVAHVDD-

--MPNALSALSDLHAHKLR-V-DPVNFKLLSHCLLVTLAAHLPAE-FTP-AVHASLDKFLASVSTVLTSKYR-=-===—==——-

——————————————————————————————————————————————————————————— MVHLTPEEKSAVTALWGKV--
NVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDN---LKGTFATLSELHCDKLH-
V-DPENFRLLGNVLVCVLAHHFGKE-FTP-PVQAAYQKVVAGVANALAHKYH-——— === == e
>human_HBD

——————————————————————————————————————————————————————————— MVHLTPEEKTAVNALWGKV--
NVDAVGGEALGRLLVVYPWTQRFFESFGDLSSPDAVMGNPKVKAHGKKVLGAFSDGLAHLDN---LKGTFSQLSELHCDKLH-
V-DPENFRLLGNVLVCVLARNFGKE-FTP-QMQAAYQKVVAGVANALAHKYH-—— === e e e
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>human_HBE

——————————————————————————————————————————————————————————— MVHFTAEEKAAVTSLWSKM--
NVEEAGGEALGRLLVVYPWTQRFFDSFGNLSSPSA I LGNPKVKAHGKKVLTSFGDA I KNMDN---LKPAFAKLSELHCDKLH-
V-DPENFKLLGNVMV I ILATHFGKE-FTP-EVQAAWQKLVSAVAIALAHKYH----——= === === ——
>human_HBG

——————————————————————————————————————————————————————————— MGHFTEEDKAT ITSLWGKV--
NVEDAGGETLGRLLVVYPWTQRFFDSFGNLSSASAIMGNPKVKAHGKKVLTSLGDAIKHLDD---LKGTFAQLSELHCDKLH-
V-DPENFKLLGNVLVTVLAIHFGKE-FTP-EVQASWQKMVTGVASALSSRYH----—-— === === ——
>human_HBZ

SLTKTERT I IVSMWAKISTQADTIGTETLERLFLSHPQTKTYFPHF-DLHP---—- GSAQLRAHGSKVVAAVGDAVKS IDD--
-1GGALSKLSELHAY I LR-V-DPVNFKLLSHCLLVTLAARFPAD-FTA-EAHAAWDKFLSVVSSVLTEKYR-——————=————-

MERPEPEL IRQSWRAVSRSPLEHGTVLFARLFALEPDLLPLFQYNCRFSSPEDCLSSPEFLDH IRKVMLV IDAAVTNVEDLSS
LEEYLASLGRKH-RAVG-V-KLSSFSTVGESLLYMLEKCLGPA-FTP-ATRAAWSQLYGAVVQAMSRGWDGE-—--—-————-

———————————————————————————————————————————————— PIID---—-
QGPLPTLTDGDKKAINKIWPKIYKEYEQYSLNILLRFLKCFPQAQASFPKFSTKKS--

NLEQDPEVKHQAVV IFNKVNE I INSMDNQEE I IKSLKDLSQKHKTVFK-V-DSIWFKELSSIFVSTl--——-——=——————
DGGAEFEKLFSIICHLLRSAY === —— oo oo

>mallard_GbE

MPFSEAEVQSARGAWEK 1YVDAEDNGTAVLVRMFTEHPDTKSYFTHFKGMDSAEEMKQSDQVRGHGKRVFTAINDMVQHLDNT
EAFLGILNPLGQKHATQLK-V-DPKNFRIICDI ILQMMEEKFGG------ DCKASFEKVTNEICTHLNNVYKEAGW--——-—--

ME---—-—"--"-— RKQ--GEVDH----
LERSRPLTDKERVMIQDSWAKVYQNCDDAGVAILVRLFVNFPSSKQYFSQFKHIEDAEELEKSSQLRKHARRVMNAINTLVES
LDNSDKVSSVLNAVGKAHAIRHK-V-DPVYFKILSGV ILEVLGEAYPQV-MTA-
EVASAWTNLLAILCCSIKAVYEELGWPHLSNSTS----——-—=——=———————

>medaka_Cygb2

MSCRESPPPPSPPPQML--—--—= === === — - ———— GVQRGECEDR----

PERAEPLSDAEME I IQHTWGHVYKNCEDVGVSVL IRFFVNFPSAKQYFSQFQDMQDPEEMEKSSQLRQHARRVMNA IN-
VVENLQDPEKVSSVLALVGKAHAVKHK-V-EP I YFKILSGVMLSVLSEDFPEF-FTA-
EVQLVWTKLMAAVYWHVTGAYTEVGWLQVSSSAV--————————————————

>medaka_HbA

MSLSAKDKAAVKAFWAKVSGQADA I GSDALSRMLVVYPQTKTYFAHWKDLSP—---- GSAPVKKHGKTVMGG IADAVGK 1DD-
——ISSGLLNLSELHAFTLR-V-DPTNFKILSHNILVVMAIMFPQD-FTP-EVHVALDKFLAAVSLALSEKYR--—=———=————

----------------------------------------------------------- MVEWTEQERS I ITNIFGNL--
DYEDVGSKALSRCLIVYPWTQRYFASFGNLYNAEAIKTNPNIAAHGTKVLHGLDRAVKNMDN---1KATYAELSVLHSEKLH-
V-DPDNFKLLADCLT IVIAAKLGSA-FSP-E IQATFQKFLAVVVSALGRQYH=— === === — - m oo
>medaka_Mb

KLSGKDKEL IRGSWESLGKNKVPHGV IMFSRLFELDPALLSLFNYNTNCGSTQDCLSSPEFLDHVTKVMLV IDAAVNHLDDLH
SLEDFLLNLGRKH-QAVG-V-STQSFAVVGESLLYMLQCSLGQA-YTA-ALSQAWLNMYSI1VVAAMSRGWAKNGEDKAD----

MERPESEL IRQSWRVVSRSPLEHGTVLFARLFALEPSLLPLFQYNGRFSSPEDCLSSPEFLDHIRKVMLY IDAAVTNVEDLSS
LEEYLTSLGRKH-RAVG-V-RLSSFSTVGESLLYMLEKCLGPD-FTP-ATRTAWSRLYGAVVQAMSRGWDGE--———--—————

MVQVTDVEKANIQSITWSKMMENLEKNGIDIFTRLFREYPETKKYF---
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KNIPLEGNLQEDPLLRSHGRRVMVALNR I 1QNLDNWKQVCK ILNPLAEKHK 1 IHS-V-DVENFQFMLKCVGDVCQDYLGPC-
YTP-EIAESFQKLQSSLYDQVVITYLHSGSD---————————————m e

>platypus_HbW

——————————————————————————————————————————————————————————— MVNWTSEEKHAIVS ITWGKV--
DIEETGANALSRLLVVYPWTQRYFSAFGNLSSPTAIVGNPRVRAHGKKVLTSFGEAVKDLDH---VKSNFAKLSQLHSEKLH-
V-DPENFRLLGDNL I IVLAATLGKD-FTP-EAQAAWQKLVGVVASALSSQYH-———————— e
>platypus_Ngb

LSGPEQEL IRESWRSVNSNPLEHGMILFTRLFDLEPDLLPLFQYNCRFSSPRDCLASPEFLDHIRKVMLV IDAAVIHLDDLSS
LEEYLTNLGRKH-KAIG-V-KLSSFSTVGESLLFMLDKCLGPA-FSP-ATREAWTRLYTAVVHAMSRGWGGE-——-—-————-

——————————————————————————————————————————————— MPIVD----

SGSVGAISAAEKSL 1VSAWAPVYAKYEEAGVD I LVKFFAANPEAQAFFPKFKGLDSADQLKKSPAVRWHAER I INAVNDAVVA
MDDPAKQSLQLKELSQKHAHELN-V-DPKYFKVLAGV I SDAVVK-——---~ SG-DAKAAVDKLLSQVVILLKSAY---————-
>po_brook_lamprey_aHbB

——————————————————————————————————————————————— MPIVD----

SGSVPALTAAEKAT IRTAWAPVYAKYQSTGVD I L IKFFTSNPAAQEFFPKFQGLTSADQLKKSMDVRWHAER I INAVNDAVVA
MDDTEKMSLKLNELSSKHAKSFQ-V-DPQYFKVLAAVIVDTVL--——==————- PGDAGLEKLMSMICILLRSSY----———-
>po_brook_lamprey_aHbC

——————————————————————————————————————————————— MPIVD----
SGSVAPLSAAEKTKIRSAWAPVYSNYETSGVD I LVKFFTSTPAAQEFFPKFKGMTSADQLKKSADVRWHAER I INAVNDAVAS
MDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA-—————————— AGDAGFEKLMSMICILLRSAY---—-———-
>Port_jackson_shark_HbA

__________________________________________________ ST—-—-

STSTSDYSAADRAELAALSKVLAQNAEAFGAEALARMFTVYAATKSYFKDYKDFTA----—

AAPS IKAHGAKVVTALAKACDHLDD---LKTHLHKLATFHGSELK-V-DPANFQYLSYCLEVALAVHL-TE-FSP-
ETHCALDKFLTNVCHELSSRYR-———————— e

>Port_jackson_shark_HbB
———————————————————————————————————————————————————————————— VHWSEVELHEITTTWKSI --
DKHSLGAKALARMFIVYPWTTRYFGNLKEFTA--—-- CSYGVKEHAKKVTGALGVAVTHLGD---VKSQFTDLSKKHAEELH-
V-DVESFKLLAKCFVVELGILLKDK-FAP-QTQAIWEKYFGVVVDAISKEYH-————————— e
>Port_jackson_shark_Mb

ME---—-—— o KVPGDMEIER----
RERNEELSEAERKAVQATWARLYANCEDVGVAILVRFFVNFPSAKQYFSQFKHMEDPLEMERSPQLRKHACRVMGALNTVVEN
LHDPDKVSSVLALVGKAHALKHK-V-EPMYFKILSGVILDVIAEEFAND-FPV-
ETQKAWTKLRGLIYSHVTAAYKEVGWVQQVPNTTTLPATLPSSG-—----- P

>river_lamprey_aHb

——————————————————————————————————————————————— MP1VD----
SGSVAPLSAAEKTKIRSAWAPVYSNYETSGVD I LVKFFTSTPAAQEFFPKFKGMTSADQLKKSADVRWHAER I INAVNDAVAS
MDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA--————————- AGDAGFEKLMSMICILLRSAY--—--———-

MSTPEVSYFNYATSGVD ILVKFFTSTPAVQEFFPKFKGMTSADQLKKSADVR-

HAER1 INAVNDAVTSMDDTEK I SMKLRDLSGKHT I SF--V-DPQYFKVLAAVIADTVA-——————————
AGDAGFEKLMSMICILLRSAY === === — e
>sea_lamprey_aHb_ps2

MSTPEVSYFNYATSGVD I LVKFFTSTPAVQEFFPKFKGMTSADQLKKSADVR-

HAERT INAVNDAVTSMDDTEK I SMKLRDLSGKHAISF--V-DPSTSRFLAAVIADTVA-—————————-
AGDAGFEKLMSMICILLRSAY-—————————— == ———
>sea_lamprey_aHbl

----------------------------------------------- MPIVD----
SGSVPALTAAEKATIRTAWAPVYAKYQSTGVD I L IKFFTSNPAAQAFFPKFQGLTSADQLKKSMDVRWHAER I INAVNDAVVA
MDDTEKMSLKLRELSGKHAKSFQ-V-DPQYFKVLAAVIVDTVL--————————- PGDAGLEKLMSMICILLRSSY--————--—
>sea_lamprey_aHbl0

----------------------------------------------- MPIVD----

SGSVGALSASEKAAVAGSWKAVYANYEAAGKAVL IKFFTSNPGVQDFFPKFKGLDSADKLSKSPAVRWHAER I INAVNDSVVA
LDDPEKQSLKLKALSQKHAYEFH-V-DSQYFKVLSAT I LEQVDDANG-G-LSA-EGKSGWEKLLSSICIHLKSAY - =————--



>sea_lamprey_aHbll

——————————————————————————————————————————————— MPIVD----

SGSAGALSAAEKAT ITDSWKVVYADYEAAGKAI L IKFFTSNPGVQDFFPKFKGLDSADQLSKSAAVRWHAER I INAVNDAVVA
LDDPEKQSLKLKALSKKHAQEFN-V-DPQYFKVLSANVLEQVAAANG-G-LSA-EAQGAWEKLLSIISILLKSQY---———--

——————————————————————————————————————————————— MPIVD----

SGSVGEFSAAEKSL 1VSAWAPVYAKYEEAGVD I LVKFFSDNPGVQDFFPKFKGLDSADQLKKSPAVRWHAER I INAVNDAVVA
LDDPPKLSLKLKALSKKHAQELN-V-DPQYFKVLAGV ISDAVAK---—~--— SG-DEKAAVDKFLSQVVILLKFAY---————-
>sea_lamprey_aHbl3

——————————————————————————————————————————————— MPIVD----

SGSVGAISAAEKSL 1VSAWAPVYAKYEEAGVD I LVKFFAANPEAQAFFPKFKGLDSADQLKKSPAVRWHAER I INAVNDAVVA
LDDPAKQSLQLKALSQKHAHELN-V-DPSYFKVLAGV I SDAVAK-—--—-—--— SG-DAKAAVDKFLSQVVILLKSAY--—————-
>sea_lamprey_aHbl4

——————————————————————————————————————————————— MPIVD----
SGSVGAISAAEKSL1VSAWAPVYAKYEEAGVD I LVKFFAANPEAQAFFPKFKGLDSADKLKKSPAVRWHAER I INAVNDAVVA
LDDPAKQSLQLKALSQKHAHELN-V-DPSYFKVLAGV I SDAVAK------— SG-DAKAAVDKFLSQVVILLKSAY---—-———-
>sea_lamprey_aHb2a

——————————————————————————————————————————————— MPIVD----
TGSVAPLSAAEKTKIRSAWAPVYSNYETSGVD I LVKFFTSTPAAQEFFPKFKGLTTADQLKKSADVRWHAER I INAVNDAVVS
MDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA-—————————— AGDAGFEKLMSMICILLRSAY----———-
>sea_lamprey_aHb3

——————————————————————————————————————————————— MPIVD----
SGSVAPLSAAEKTKIRSAWAPVYSNYETTGVD I LVKFFTSTPAAQEFFPKFKGLTTADQLKKSADVRWHAER I INAVNDAVVS
MDDTEKMSMKLGDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA--————————— AGDAGFEKLMSMICILLRSAY---—-———-
>sea_lamprey_aHb5a

——————————————————————————————————————————————— MPIVD----
TGSVAPLSAAEKTKIRSAWAPVYSTYETSGVD I LVKFFTSTPAAQEFFPKFKGLTTADQLKKSADVRWHAER I INAVNDAVAS
MDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA--————————— AGDAGFEKLMSMICILLRSAY----———-
>sea_lamprey_aHb5b

——————————————————————————————————————————————— MPIVD----
SGSVAPLSAAEKTKIRSAWAPVYSTYETSGVD I LVKFFTSNPAAQEFFPKFKGLTTADQLKKSADVRWHAER I INAVNDAVAS
MDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA-—————————— AGDAGFEKLMSMICILLRSAY----———-

Mmoo GALQD--—-
SG1VSSFKEDEKAALRESWD I FNNSHQDAGVK I LARF I INNPEAKKFFPKFKGLNTAEELQNSAEVR IHGDK I LAAVQQAVLD
LDDPDKQKNKLKDLSKSHAQQFN-V-EPAYFKTFAEV I LKYVTETCGKS-FTS-EMRTSWSKLLSL I 1 IELQSAY-——————-—

----------------------------------------------- MPIED--—-
TGSKPDFSDEEKKA IKDSWSGVYSEYESASSE I LI KFFVDNPSAQDFFPKFKDLDSEEKLKNSTAVRWHAER I INAVNDV 1WL
LDEPEKNAKNLKELSEKHAVQLN-V-DAKFFKVLAEL I LDKVAEKSGDS-FSD-SARSAWEKLLTY 1CISLKVAY - ——————-

----------------------------------------------- MPIVD----
SGSVAPLSAAEKTKIRSAWAPVYSNYETSGVD I LVKFFTSTPAAQEFFPKFKGMTTADQLKKSADVRWHAER I INAVNDAVTS
MDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA-——-———————-— AGDAGFEKLMSMICILLRSAY---——-—-
>sea_lamprey_aHb9

----------------------------------------------- MPIVD----

SGSVGALSGAEKAATADSWKAVYSNYEEAGKA I L IKFFTSNPGVQDFFPKFKGLDSADQLSKSAAVRWHAER T INAVNDAVVA
LDDPEKLSLKLKALSKKHAQEFN-V-DPQYFKVLAVNIVEGVSSANG-G-LGA-EAQAAWEKFLSQVSILLKSQY-==—----

SGSAPALSGDEKSAVRDTWKVVYPHAEDHGTT I L IKFLTENADAKKFFPKFQALKTADEMKSSPVLRDHAKR IMNS INDMVVA
LDDTNAQNAQMNGLSKKHANDFK-V-DPKYFKV ISNVILSVIAEGLGAQ-FND-AAKNGWSKLLTTTCIGLKSAF——-——————

Ml o SAIVD----
SGSAPALSGDEKAA I KSTWPSVFAKAEDVGAEMLSRF I SSNADVKKYFPKFKD I SSQAELKSSAKVRDHAKR IMAF INDLVDN
IDNAGAQTAKLHSLSAEHAEKFK-V-DPQYFKV I SNVLLD I LGETFGAS-FSG-ATRSAWIKLLS I ICIGLRSAF————————



>sea_lamprey_Cygb

QGWLSEEEIEALQD IWEKVFKSAEDVGV I LLVRLFTGHPASKQYFPMFKDLETADDLKASAKLRWHAGRVMGSLDKAVRSLRK
PEEL IKILRAVGLSHARKATPV-DVKYYHILGGI IMDVLLETFKDE-LSP-
TARSAWTKLLGTLCTEFENAYREEGVLEQAAA-———————————————————

>sea_lamprey_GbX1

MGCTVSTDERTGAQSS----- SQGQSQASRK---————-- QQQPEQQRAA-
GEGHQPPGPPQAPSESQRRLVRDSWLALQCD IARVGV IMFVRLFETHPECKDVFYQFRDCEDLQKLKMNKQLQAHGLRVMSFI
EKSVARLEQECVLEQL I'VEMGRKH-YKYN-A-SPKYYSFVGIEFIATVQPFLQEK-WTN-

EVEDAWQCLFRY IAAVMKRGYLEEEAASNGVNTANYDRGQGNHGATAM———--

>sperm_whale_Mb

VLSAADKTAIKHLTGSLRTNAEAWGAESLARMFATTPSTKTYFSKFTDFSA-——-- NGKRVKAHGGKVLNAVADATDHLDN--
-VAGHLDPLAVLHGTTLC-V-DPHNFPLLTQCILVTLAAHL-TE-LKP-ETHCALDKFLCEVATALGSHYR--—==——————-

------------------------------------------------------------ VHWTGEEKALVNAVWTKT--
DHQAVVAKALERLFVVYPWTKTYFVKFNGFHA----- SDSTVQTHAGKVVSALTVAYNHIDD---VKPHFVELSKKHYEELH-
V-DPENFKLLANCLEVELGHALHKE-FTP-EVQAAWSKFSNVVVDALSKGYH=—— == === o oo
>spotless_smooth-hound_HbA
MAFTACEKQTIGKIAQVLAKSPEAYGAECLARLFVTHPGSKSYF-EYKDYSA--—-- AGAKVQVHGGKV IRAVVKAAEHVDD-

——LHSHLETLALTHGKKLL-V-DPQNFPMLSECI IVTLATHL-TE-FSP-DTHCAVDKLLSAICQELSSRYR-----—————-

——————————————————————————————————————————————————————————— MVHWTQEERDE I SKTFQGT--
DMKTVVTQALDRMFKVYPWTNRYFQKRTDFRS-—--—-————- SIHAGI1VVGALQDAVKHMDD---VKTLFKDLSKKHADDLH-
V-DPGSFHLLTDCI IVELAYLRKDC-FTP-HIQGIWDKFFEVVIDAISKQYH-——-—————— e
>tope_shark_Mb

ME---—-— e RMQGDGELDH----
VERPSPLTDKEKVMIQDSWAVVFQSCDDAGVAILVRLFVSFPSSKQLFKDFKD IEEPEEMQRS 1QLRKHAHRVMTT INTLVEN
LDDADAMASALKSVGRAHALRHK-V-DPKYFKILSGVILEVLGEAFTEI-1TA-
EVASAWTKLLANMCCAVAAVYEEAGWTKLSSSAE--—-———————————————

>torafugu_Cygh2

MSHRESPPAPPPPPQLL--—-———-———————————————— GGQRRDVEGEDG----

PERAKPLSDTEREMIQDTWGH I YKNCEDVGVSVL IRFFVNFPSAKRYFSQFQDMEDPEEMERSSQLRHHACRVMNAINTVVEN
LHDPEKVSSVLALVGKAHAIKHK-V-EPMYFKILCGVMLEVLCEAFPEF-FTA-
DVRMVWAKLMAAVYWHVTGAYTDVGWLQVSSSAV——————————————————

>torafugu_Ngb

KLSSKDKEL IRGSWDSLGKNKVPHGV IMFSRLFELDPELLSLFHYTTNCGSTQDCLSSPEFLEHVTKVMLV IDAAVSHLDDLH
SLEDFLLNLGRKH-QAVG-V-NPQSFATVGESLLYMLQCSLGQA-YTA-SLRQAWLNMYSVVVAAMSRGWAKNGEDKAD----

MSFSEAEVQSARGAWEK I YVDAEDNGTAVL IRMFTEHPDTKSYFTHFKGMDSAEEMKQSDQVRGHGKRVFTAINDMVQHLDNT
EAFLGILNPLGQKHATQLK-1-DPKNFRI1CDI ILQLMEEKFGG—----- DCKTSFEKVTNEICTHLTNIYKEAGW-—=———-

ME———m e KVQGENDMER----

WERLEE ITESERGV IKETWARVYANCEDVGVSIL IRFFVNFPSAKQHFSQFKHMEDPLEMEGSVQLRKHARRVMGAVNSVVEN
LGDPEKITTVLS1VGKSHALKHK-V-DPVYFKILTGVMLEVIAEEYAKD-FTP-
DVQLAWNKLRSHLYSHVLSAYKEAGWTQYPSNSV---——————— -

>western_clawed_frog_GbX

MGCILSSLGWQW- === —— === — e e e e RDSLDHTETSP-----

LLPTLNLSEQQQQLLVESWRLIQHD IAKVGVILFVRLFETHPECKDVFFLFRDVDDLQALRANKDLRAHGLRVLSFVEKSVAR
IADCARLEELALELGRSH-YRYN-A-PPRYYQYVGTEFISAVCPMLHDK-WTA-

EVEEAWKGLFAY ICTVMERGYQEEERRHSD-GRSL--- IDGLQGNKGLI---

>western_clawed_frog_GbY



MADLTGAD IENINEVWSKIYANPEESGRTVVISLFLTYPQTKIYFKNLKNISTLQEMQDNAG IRAHGKRVMGALNHV IENLKD
WDAVCSALSHLAKRHQDVHK-V-EVNNFELLFLVI11SVFKEALGSG-FTP-EQSKSWEKLFSITYKYLESCYANTDS--—--—-

MHLTADDKKH I KAITWPSVAAHGDKYGGEALHRMFMCAPKTKTYFPDF-DFSE----- HSKHILAHGKKVSDALNEACNHLDN-
--1AGCLSKLSDLHAYDLR-V-DPGNFPLLAHQILVVVAIHFPKQ-FDP-ATHKALDKFLVSVSNVLTSKYR---———————-

----------------------------------------------------------- MVNLTAKERQL I TGTWSK I —-
CAKTLGKQALGSMLYTYPWTQRYFSSFGNLSSIEAIFHNAAVATHGEKVLTSIGEAIKHMDD---1KGYYAQLSKYHSETLH-
V-DPYNFKRFCSCT I I SMAQTLQED-FTP-ELQAAFEKLFAALADALGKGYH= = === == — oo
>western_clawed_frog_HbB2
----------------------------------------------------------- MVHWTAEEKAT I ASVWGKY--
DIEQDGHDALSRLLVVYPWTQRYFSSFGNLSNVSAVSGNVKVKAHGNKVLSAVGSAIQHLDD---VKSHLKGLSKSHAEDLH-
V-DPENFKRLADVLV IVLAAKLGSA-FTP-QVQAVWEKLNATLVAALSHGY F— - === —— - — oo
>western_clawed_frog_Ngb

ME———— = KVQGEMEIER----

WERSEE I SDAEKKV IQEIWSRVYANCEDVGVS I L IRFFVNFPSAKQYFSQFKHMEDPLEMERSLQLRKHARRVMGAINTVVEN
LNDSEKVSSVLALVGKAHALKHK-V-EP I YFKKLTGVMLEVIAEEYPND-FTP-
EAHGAWTKMKTLIYTHVTAAYKEVGWAQYPTATL-———-—-—————————————

>zebrafinch_GbE

MSLSEAEVQSARGAWEK I YYDAEDNGTAVLVRMFTEHPDTKSYFPHFKGMDSAEEMKQSDQVRGHGKKVFGA INDMVQHLDNS
EAFLGIVTPLGKKHATQLK-1-DPKNFRIICDIILQLMEEKFGG------ DCKASFEKVTNEICTHLNNIYKEEGW--——----

MVLSAGDKSNVKAVFGK I GGQADEYGADALERMFATYPQTKTYFPHF-DLGK-——-- GSAQVKGHGKKVAAALVEAANNVDD-
--LAGALSKLSDLHAQKLR-V-DPVNFKLLGQCFLVVVATRNPSL-LTP-EVHASLDKFLCAVGTVLTAKYR--===—==——-

MLTGEDKKLLQQTWGKLGGAEEEVGADALWRMFHSYPPTKTYFPHF-DMSQ—----- GSDQVRGHGKKVMAALSNAVKNLDN--
-LSQALSELSNLHAYNLR-V-DPVNFKFLSQCLQVTLATRLGKE-YSP-EVHSAVDKFMSAVASVLAEKYR-——————————-

——————————————————————————————————————————————————————————— MVNWTAEEKQLVTTLWGRV--
NVDECGAEALARLLVAYPWTQRFFVSFGNMSSPTAVLGNPMVRAHGKKVLTSFGEAVRNMDS---VKKCFAQLSKLHCEKLH-
V-DPENFRLLGDVLVVVLASHFGKE-FTP-ACQAAWQKLVRVVAHALAHEYH- === == ——m— oo e e
>zebrafinch_Mb

RLSGGQRAL IRESWQRVSGSPVQHGLVLFTRLFDLDPDLLPLFQYNCKFASPHECLSAPEFLDHIRKVMLY IDAAVSHLENLS
CLEEYLCNLGKKH-QAVG-V-KVESFSTVGESLLYMREEKPGAA-FSP-EVQGGWSKLYNAVVKAMQRGWETLPEGD------

ME———mm e GDGGVQL----

TQSPDSLTEEDVCV IQDTWKPVYAERDNAGVAVLVRFFTNFPSAKQYFEHFRELQDPAEMQQNAQLKKHGQRVLNALNTLVEN
LRDADKLNT IFNQMGKSHALRHK-V-DPVYFKILAGV ILEVLVEAFPQC-
FSPAEVQSSWSKLMGILYWQMNRVYAEVGWENSKK - === === === — e~

>zebrafish_Cygb2

ME— === = = = e e e - KEREDEETEG----

RERPEPLTDVERG I IKDTWARVYASCEDVGVT IL IRFFVNFPSAKQYFSQFQDMEDPEEMEKSSQLRKHARRVMNAINTVVEN
LHDPEKVSSVLVLVGKAHAFKYK-V-EPIYFKILSGVILEILAEEFGEC-FTP-
EVQTSWSKLMAALYWHITGAYTEVGWVKLSSSAV--————————————————

>zebrafish_GbX

MGCAISGS--———————————————— GLTAG----- APEIRPGEEET-----———————

PAGLTTNHIRLIKESWRL IQEDIAKVG I IMFVRLFETHPECKDVFFLFRDVEDLERLRTSRELRAHGLRVMSFIEKSVARLDQ
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LERLETLALELGKSH-YRYN-A-PPKYYGYVGAEF ICAVRPILKDR-WTP-ELEEAWKTLFQYVTSIMREGFLEEERNKRS-
NTQTSSRERPDKRSTAIl----

>zebrafish_HbAa

MSLSDTDKAVVKAIWAK I SPKADE Il GAEALARMLTVYPQTKTYFSHWADLSP--—-- GSGPVKKHGKT IMGAVGEAISKI1DD-
—--LVGGLAALSELHAFKLR-V-DPANFKILSHNVIVVIAMLFPAD-FTP-EVHVSVDKFFNNLALALSEKYR-—————————-

MSLSAKDKAAVKTLWAK IAGKADD I GHDALSRML IVYPQTKTYFSHWKDLSP-——-- GSAPVRKHGKTVMGGVAEAVSKIDD-
--LNAGLLNLSELHAFQLR-V-DPANFKILSHNILVVLATLFPAD-FTP-EAHVAMDKFLSALALAMSEKYR---=——————-

MPSSAEKEL IAEIWDQMTPVAEEIGSEALLRMFTTFPQTKTYFSHL-NISA----- NSEHLRSHGKKI1VEALAEGAKNVST--
-LTTTLAPLSRFHAYQLR-I-HPTNFKLFNHCILVTLACRMGDD-FTP-VVHAAIDKFLSAFSAVLAEKFR-——————————-

——————————————————————————————————————————————————————————— MVEWTDAERTAILGLWGKL--
NIDEIGPQALSRCLIVYPWTQRYFATFGNLSSPAAIMGNPKVAAHGRTVMGGLERA ITKNMDN---VKNTYAALSVMHSEKLH-
V-DPDNFRLLADCITVCAAMKFGQAGFNA-DVQEAWQKFLAVVVSALCRQYH- === === —mmmm e e
>zebrafish_HbBe

——————————————————————————————————————————————————————————— MVVWTDFEKAT IQD I FAKA--
DYDVIGPQALARCLIVYPWTQRYFAKFGNLYNAAAITLGNPMVAAHGKTVLKGLELAVKNMDN---1KATYADLSVLHSEKLH-
V-DPDNFRLLADCLT IVVAAQMGAG-FTP-EVQAAFQKF TAVAVSALGRQYH-——— === ———m— e
>zebrafish_Mb

KLSEKDKGL IRDSWESLGKNKVPHGIVLFTRLFELDPALLTLFSYSTNCGDAPECLSSPEFLEHVTKVMLV IDAAVSHLDDLH
TLEDFLLNLGRKH-QAVG-V-NTQSFALVGESLLYMLQSSLGPA-YTT-SLRQAWLTMYS1VVSAMTRGWAKNGEHKSN—----

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 phylogen
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.



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.
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