SUPPLEMENTARY MATERIAL

Chapter 1:

A.

#NEXUS
Begin data;

Dimensions ntax=166 nchar=260;

Format datatype=protein gap=- missing=X matchchar=. interleave;
Matrix
AcaGby - MTDLDRRHIREIWTA-AFENPEENGRLVIIRFFSDYPASKQYF
AcaMb MELSDQEWQKVIDIWGK-VEPEIPAYGQVVILRLFEQHPETQEKF
AplGbE - MPFSEAEVQSARGAWEK-IYVDAEDNGTAVLVRMFTEHPDTKSYF
CanMb ~ mmm oo MADFDMVLKCWGP-VEADHATHGSLVLTRLFTEHPETLKLF
CauMbl - - —-MADHELVLKCWGV-VEADFEGTGGEVLTRLFKQHPETQKLF
CauMb2 - - —--MADYERFLKCWGA-VEADYTGNGGEVLTRLFKAHPDTQKLF
CcaMbl MADHELVLKCWGG-VEADFEGTGGEVLTRLFKQHPETQKLF
CcaMb2 MADYERFLKCWGA-IEADYAGHGGEVLTRLFKEHPDTLKLF
CcrMb - MGLSDGEWQLVLNIWGK-VEADIPGHGQEVLIRLFKNHPETLEKF
CmiGbY W mmm e MTGITEADKENIHFIWEK-LYENPEENGKTIVLRMFTDYPETKMYF
CpiCygb ERSEELSDAEKKVIQETWSR-VYMNCEDVGVSILIRFFVKFPSAKQYF
CpiGbE MAFSEAEVQRARGAWEK-MYANAEDNGTTVLVRMFTEHPDTKSYF
CpiGbX LGAGPFPLADAQKERIQESWRI-LHDNIARVGIIVFIRLFETHPECKDVF
CpiGbY ~ mmm e MALLTDADKKNIQHIWAK-LFENPEENGKTIVIKLFKDYPETKAYF
CpiHbaA - MVLNAGDKANVKAVWNK-VAAHVEEYGAETLERMFTVYPQTKTYF
CpiHbaD - MLNHDEKQLIKHAWEK-VLGHQEDFGAEALERMFAVYPQTKTYF
CPpiHDbBLl =~ mmmmmmmm o MVHWTAEEKQLITNLWGK-V--NVAECGSEALARLLIVYPWTQRFF
CpiHbB2 - ———-MVHWTADEKQLITSLWGK-V--NVEECGSEALARLLIVYPWTQRFF
CpiHbG - ——---MVHWTAEEKQLITSLWGK-V--NAEECGGEALARLLIVYPWTQRFF
CpiHbZ MTLTQAEKAAVVAIWGK-IAAQADALGTESLERLFSSFPQTKTYF
CpiMb MGLSDDEWHHVLGIWAK-VEPDLSAHGQEVIIRLFQVHPETQERF
CpiNgb LSSTQQALIRESWQK-VSSNLLQHGIVLFTRLFDLDPDLLPLF
CraMb - MADFDMVLKCWGP-MEADHATHGSLVLTRLFTEHPETLKLF
CycrMb =~ mmm oo MGLSDGEWHLVLNVWGK-VETDLAGHGQEVLIRLFKSHPETLEKF
DreCygbl GDGGVQLT QSPDSLTEEDVCVIQDTWKP-VYAERDNAGVAVLVRFFTNFPSAKQYF
DreCygb2 --KEREDEETEGR ERPEPLTDVERGIIKDTWAR-VYASCEDVGVTILIRFFVNFPSAKQYF
DreGbX MGCAISGSGLT-------- AGAPEIRPGEE ETPAGLTTNHIRLIKESWRL-IQEDIAKVGIIMFVRLFETHPECKDVF
DreHbAa MSLSDTDKAVVKAIWAK-ISPKADEIGAEALARMLTVYPQTKTYF
DreHbAe MSLSAKDKAAVKTLWAK-IAGKADDIGHDALSRMLIVYPQTKTYF
DreHbAx MPSSAEKELIAEIWDQ-MTPVAEEIGSEALLRMFTTFPQTKTYF
DreHbBa - ——-—--MVEWTDAERTAILGLWGK-L--NIDEIGPQALSRCLIVYPWTQRYF
DreHbBe -—--MVVWTDFEKATIQDIFAK-A--DYDVIGPQALARCLIVYPWTQRYF
DreMb - MADHDLVLKCWGA-VEADYAANGGEVLNRLFKEYPDTLKLF
DreNgb = = ———————-———-mm MEKLSEKDKGLIRDSWES-LGKNKVPHGIVLFTRLFELDPALLTLF
EpeMb - - —-MADLDAVLKCWGA-VEADFNTVGGLVLARLFKDHPETQKLF
TruMb - - —--MADFETVLKFWGP-VEADYGAHGGIVLTRLFTENPETQKLF
GgaCygb ME-—--—-———-—-———-—--— KVQGEMEIERW ERSEEISDAEKKVIQETWSR-VYANCEDVGVSILIRFFVNFPSAKQYF
GgaGbE - MSFSEAEVQSARGAWEK-MYVDAEDNGTAVLVRMFTEHPDTKSYF
GgaHbA - MVLSAADKNNVKGIFTK-IAGHAEEYGAETLERMFTTYPPTKTYF
GgaHbAD =~ = —mmmmmmm e MMLTAEDKKLIQQAWEK-AASHQEEFGAEALTRMFTTYPQTKTYF
GgaHbG ——--MVHWTAEEKQLITGLWGK-V--NVAECGAEALARLLIVYPWTQRFF
GgaMb MGLSDQEWQQVLTIWGK-VEADIAGHGHEVLMRLFHDHPETLDRF
GgaNgb LSRTQQALIRESWRR-VSGSPVQHGVVLFSRLFDLDPDLLPLF
GgiMb MADFDMVLKCWGP-VEADYTTHGSLVLTRLFTEHPETLKLF
HsaCYGB ERSEELSEAERKAVQAMWAR-LYANCEDVGVAILVRFFVNFPSAKQYF
HsaHBA MVLSPADKTNVKAAWGK-VGAHAGEYGAEALERMFLSFPTTKTYF
HsaHBB ~ =  —————— - m oo MVHLTPEEKSAVTALWGK-V--NVDEVGGEALGRLLVVYPWTQRFF
HsaHBD - —-—--MVHLTPEEKTAVNALWGK-V--NVDAVGGEALGRLLVVYPWTQRFF
HsaHBE - ——---MVHFTAEEKAAVTSLWSK-M--NVEEAGGEALGRLLVVYPWTQRFF
HsaHBG ~ ————— - m oo oo MGHFTEEDKATITSLWGK-V--NVEDAGGETLGRLLVVYPWTQRFF
HsaHBZ - SLTKTERTIIVSMWAK-ISTQADTIGTETLERLFLSHPQTKTYF
HsaMB - MGLSDGEWQLVLNVWGK-VEADIPGHGQEVLIRLFKGHPETLEKF
HsaNGB ~ ——-—- - m - m oo MERPEPELIRQSWRA-VSRSPLEHGTVLFARLFALEPDLLPLF
IpuGbX —-—-APKNTTEAASE DDAPHLTSEHIAMIKESWKV-IQEDIAKVGIIVFVRLFETHPECKDVFE
LchCygb -KVQGEMEMDRW ERSDQLSDTEVESIRQIWSN-VYTNCENVGVLVLIRFFVNFPSAKQYF
LchGbE MALSDAEVQTARDVWGQ-IYANAEENGTIILVRMFTEHPDTKSYF
LchGbX1 MGCVFSGSGI-------—- APSKSTPDING----SEAESRLSEELKSGSGONSDALLLSEPQKELIQESWRI-LHQDITRLGIIMFIRLFETHPECKDVF
LchGbX2 MGCAISGLSWRA---VKGPGEEAKGKEGEA EALPAISQLQIHLIQESWKL-IQEDIAKVGIIMFVRLFETHPECKDVEF
LchGbY =~ mmmmmmmm e MAALTEADKQNIRGIWKT-VFENAEENGRTIVIRLFEKYPETKVYF
LchHbAL =~ —mmmmmmm e o MLSANDKTLISSTWNK-VAANAEDIGAEALERLFLAHPQTKIYF
LchHbA2 - MGLTAADKTLIKSIWGK-VEKETEAIGVEALVRLFKCFPQSKVYF
LchHbB1 - ——---MVHWTETERATIETVYQK-L--HLDEVGREALTRLFIVYPWTTRYF
LchHbB2 =~ —mmmmmmm e MVTWTAEERKAITSVWSK-V--NPEEVGHEALIRLFIVYPWTQRYF
LchMb MALSEAEWGLILKVWGK-AEPEAASNGKSVLLRMFQEHPDTQQHF
LchNgb FSVRSKELIRESWDR-LGKNKLPHGTVMFTRLFELDPDLMHLF
LplaHbA GSVGAISAAEKSLIVSAWAP-VYAKYEEAGVDILVKFFAANPEAQAFF
LplaHbB GSVPALTAAEKATIRTAWAP-VYAKYQSTGVDILIKFFTSNPAAQEFF
MangMb - MGLSDGEWHLVLNIWGK-VETDLAGHGQEVLIRLFRSHPETLEKF
MbiMb - MGLSEAEWQLVLHVWAK-VEADLSGHGQEILIRLFKGHPETLEKF
MgaGbE = oo oo MSFSEAEVQSARGAWEK-IYVDAEDNGTAVLIRMFTEHPDTKSYF
MglaHb2 - HGIARTTEGERAAVRASWAV-LMKDYEHAGVQILDKFFKANPAAKPEFF
MmuMb - MGLSDGEWQLVLNVWGK-VEADLAGHGQEVLIGLFKTHPETLDKF
MniMb = mm oo MADFEMVLKHWGP-VEADYATHGNLVLTRLFTEHPETQKLF
NcoMb - MADFDMVLKCWGP-MEADYATHGGLVLTRLFTEHPETLKLF
0anGbY - ——-—--MVQVTDVEKANIQSIWSK-MMENLEKNGIDIFTRLFREYPETKKYF




OanHbW
OanMb
OanNgb
OlaCygbl
0OlaCygb2
OlaHbA
OlaHbB
OlaMb
0laNgb
PanGbE
PanGbX
PanGbY
PanHbal
PanHba2
PanHba3
PanHba4
PanHbbl
PanHbb2
PanHbb3
PanHbb4
PanHbb5
PanMbl
PanMb2
PanMb3
PanMb4
PanMb5
PanMbb6a
PanMb6b
PanMb7
PcaMb
PgeMb
PmaaHbl
PmaaHbl10
PmaaHbll
PmaaHbl2
PmaaHbl3
PmaaHbl4
PmaaHb2a
PmaaHb3
PmaaHbb5a
PmaaHb5b
PmaaHb6
PmaaHb7
PmaaHb8
PmaaHb9
PmaaMbl
PmaaMb2
PmaCygb
PmaGbX1
PsiCygb
PsiGbE
PsiGbX
PsiGbY
PsiHbaA
PsiHbaD
PsiHbB
PsiHbG
PsiHbZ
PsiMb
PsiNgb
RnoCygb
RnoMb
SchMb
SjaMb
TalaMb
TalbMb
TguCygb
TguGbE
TguHbA
TguHbAD
TguHbE
TguMb
TguNgb
TniCygbl
TniGbX
TniMb
TniNgb
TruCygbl
TruCygb2
TruNgb
TthMb
XlaGbyY
XlaHbAl
X1aHbATS
XtrCygb
XtrGbX
XtrGbY
XtrHbAL
XtrHbB1
XtrHbB2

777777777777777777777777777777777777777777777777777777 MVNWTSEEKHAIVSIWGK-V--DIEETGANALSRLLVVYPWTQRYF
7777777777777777777777777777777777777777777777777777777 MGLSDGEWQLVLKVWGK-VEGDLPGHGQEVLIRLFKTHPETLEKF
LSGPEQELIRESWRS-VNSNPLEHGMILFTRLFDLEPDLLPLEF
--ERSRPLTDKERVMIQDSWAK-VYQNCDDAGVAILVRLEVNEPSSKQYF

ME--
MSCRESPPPPSPPPQML--GVQRGECEDRP ERAEPLSDAEMEIIQHTWGH-VYKNCEDVGVSVLIRFFVNFPSAKQYF

--RKQGEVDHL----

MSLSAKDKAAVKAFWAK-VSGQADAIGSDALSRMLVVYPQTKTYF
----MVEWTEQERSIITNIFGN-L--DYEDVGSKALSRCLIVYPWTQRYF
——————————————————————————————————————————————————————————— MADYDMVLKHWGP-VEADYNTHGNLVLTRLFHEYPETQKLF
—----MEKLSGKDKELIRGSWES-LGKNKVPHGVIMFSRLFELDPALLSLF
- - MFKEHPHTLSYF
MGCALSR----—-=--——-—-- AGATDNSTTDVNEILEEMGPDTVIGSRTQSEVVSDLSTLAESQKELIQESWKI-LHQDIARLGVIVFIRLFETHPECKDVF
—————————————————————————————————————————————————————— MCSLSTTDIKNIRDIWSI-VCQNPEENGRTVVIRLFLDYPQTRTYF
MPLSKAEKTILLAVWER-ISPYIEEFGAQALTRMFRCFPETKIYF
MTLTAAEKSCLASTFEK-IAPKAEQYGSELFQRMFLGFPQTRTYF
MTFTREDEVHIGEAC-K-LLTQIPNAGGEALARMFAAFPGTKSYF
MTFTHEDEVHIAEAC-K-LLTQIPNAGGEALARMFAAFPGTKSYF
——--MVHWTSEEEFAITSIWGN-V--DVHEEGHDTLTRLMVVYPWTKKYF
****************************************************** MVLWDAAEKKVIASVWAK-V--DIEADGFQALLRTLHVYPWTKRYF
—---MVNWKANERQAVTSVWAS-I--DAAGHGQETLERLLHVYPWSRRYF
—----MVNLEAAEKQTITSFWAS-V--DPAAQGENALQRLLYCYPWSRRYF
****************************************************** MVHWDATEKQTITSFWGK-V--DLAADGEHSLORLLYVYPWCRRYF
—----MASLSDAQWKKLQEFWVKNVEPNLTKHGQEVLVRMFVNHKSTLEYF
MTLSEAQWNNVLAFWAKHIENDPTKHGHEVLIRLFLESKAAQNLF
MASAAQWDTTLKFWEAHVAGDLKKHGHEALVRLFLKNKDSQKHF
MAGLSEVQWNELLAFWDKYVAPSSSEHGKHILIRMFQTEKATQTLF
MAGLSDAQWNDLLAFFDKFIAPNSAEHGKHILIRMFDSDRATQSLF
MACPAK FWEENVVPDAAEHGKNILIRLYKEDPAALGFF
MACPAK-------— FWEENVVPDAAEHGKNILIRLYKEDPAAQGFF
—----MAGLSEAQWNELLAFWDKYVAPSSSEHGKHILIRMFDADKATQALF
MVLSEGEWQLVLHVWAK-VEADVAGHGQDILIRLFKSHPETLEKF
——————————————————————————————————————————————————————————— MADFDMVLKCWGL-VEADYATYGSLVLTRLFTEHPETLKLF
GSVPALTAAEKATIRTAWAP-VYAKYQSTGVDILIKFFTSNPAAQAFF
GSVGALSASEKAAVAGSWKA-VYANYEAAGKAVLIKFFTSNPGVQDFF
SAGALSAAEKAIITDSWKV-VYADYEAAGKAILIKFFTSNPGVQDFF
GSVGEFSAAEKSLIVSAWAP-VYAKYEEAGVDILVKFFSDNPGVQDFF
GSVGAISAAEKSLIVSAWAP-VYAKYEEAGVDILVKFFAANPEAQAFF
GSVGAISAAEKSLIVSAWAP-VYAKYEEAGVDILVKFFAANPEAQAFF
GSVAPLSAAEKTKIRSAWAP-VYSNYETSGVDILVKFFTSTPAAQEFF
GSVAPLSAAEKTKIRSAWAP-VYSNYETTGVDILVKFFTSTPAAQEFF
GSVAPLSAAEKTKIRSAWAP-VYSTYETSGVDILVKFFTSTPAAQEFF
GSVAPLSAAEKTKIRSAWAP-VYSTYETSGVDILVKFFTSNPAAQEFF
GIVSSFKEDEKAALRESWDI-FNNSHQDAGVKILARFIINNPEAKKFF
GSKPDFSDEEKKAIKDSWSG-VYSEYESASSEILIKFFVDNPSAQDFF
GSVAPLSAAEKTKIRSAWAP-VYSNYETSGVDILVKFFTSTPAAQEFF
GSVGALSGAEKAATADSWKA-VYSNYEEAGKAILIKFFTSNPGVQDFF
GSAPALSGDEKSAVRDTWKV-VYPHAEDHGTTILIKFLTENADAKKEF
GSAPALSGDEKAAIKSTWPS-VFAKAEDVGAEMLSRFISSNADVKKYF
———————————————————————————————————————————————————— QGWLSEEEIEALQDIWEK-VFKSAEDVGVILLVRLFTGHPASKQYF
--TGAQSSSQGQSQASRKQQQPEQQRAAGEGHQPPGPPQAPSESQRRLVRDSWLA-LQCDIARVGVIMFVRLFETHPECKDVE

--KVQGEMEIERW ERSEELSDAEKKVIQETWSR-VYTNCEDVGVSILIRFFVQFPSAKQYF
——————————————————————————————————————————————————————— MAFSEAEVORARGAWEK-MYANAEDNGTTVLVRMFTEHPDTKSYF
--APGKRSSEAEQ----KDRAAWKAGPVRGGEGLEAGPFPPAGAQKERIQESWRI-LHDSIARVGI IVFIRLFETHPECKDAF

—----MALLTDADKKSIHHIWSK-LFENPEENGKIIVIRLFKDYPETKAYF
MVLTACDKTNVKAVWTK-VSGHLEDYGAETLERMFATYPSTKTYF
MLTADEKQLVLHAWDK-VQGHQEDFGAEALERMFTTYPSTKTYF
~MVHWTAEEKQFITSLWGK-V--DVAECGGEALARLLIVYPWTQRFF
—---MVHWTPEEKQMITSLWAK-V--NVAECGGEALARMMIVYPWTQRFF
——————————————————————————————————————————————————————— MTLTQAEKAAVVAIWEK-VATHANAIGAESLERLFSGFPQTKTYF
MGLSDNEWQHVLGIWAK-VESDIPAHGQEVMIRLFQVHPETQSLF
LSSTEKALIRESWQK-VSSNLLQHGIVLFTRLFDLDPDLLPLF
ME--------—--——-—-—--—- KVPGDMEIERR ERNEELSEAERKAVQATWAR-LYANCEDVGVAILVRFFVNFPSAKQYF
MGLSDGEWQMVLNIWGK-VEGDLAGHGQEVLISLFKAHPETLEKF
MADFDAVLKFWGP-VEADYTSHGGLVLTRLFKEHPETQKLF
MADFDAVLKFWGP-VEADYDKIGNMVLTRLFTEHPDTQKLF
--MADFDAVLKCWGP-VEADYTTIGGLVLTRLFKEHPDTQKLF
--MADFDAVLKCWGP-VEADYTTMGGLVLTRLFKEHPETQKLF
ERSEEISDAEKKVIQEIWSR-VYANCEDVGVSILIRFFVNFPSAKQYF
MSLSEAEVQSARGAWEK-IYVDAEDNGTAVLVRMFTEHPDTKSYF
MVLSAGDKSNVKAVFGK-IGGQADEYGADALERMFATYPQTKTYF
MLTGEDKKLLQQTWGK-LGGAEEEVGADALWRMFHSYPPTKTYF
—————————————————————————————————————————————————————— MVNWTAEEKQLVTTLWGR-V--NVDECGAEALARLLVAYPWTQRFF
MGLSDQEWQQVLTVWGK-VESDLAGHGHQILMRLFQDHPETLDRF

- - --MESGM: RLSGGQRALIRESWQR-VSGSPVQHGLVLFTRLFDLDPDLLPLF
ME-----=--—-—-——-—-——--—- RMQRDGEVDHV EQPGPLTEKEKVMIQDSWAK-VFQSCDDAGVAILVRFFVNFPSSKQFF
MGCAISSLGAKA----- EFGDRSAEEEDAAAA-- —AAAVVYPREDQIQMIKDSWKV-IRDDIAKVGIIMFVRLFETHPECKDVE

--MGDFDMVLKFWGP-VEADYSAHGGMVLTRLFTENPETQQLF
—----MEKLSSKDKELIRGSWDS-LGKNKVPHGVILFSRLFELDPELLNLF
ME-----=--—-—-———-—-—--—- RMQGDGELDHV ERPSPLTDKEKVMIQDSWAV-VFQSCDDAGVAILVRLEFVSFPSSKQLF
MSHRESPPAPPPPPQLLGGQRRDVEGEDGP ERAKPLSDTEREMIQDTWGH-IYKNCEDVGVSVLIRFFVNFPSAKRYF
—————————————————————————————————————————————————————— MEKLSSKDKELIRGSWDS-LGKNKVPHGVIMFSRLFELDPELLSLF
——————————————————————————————————————————————————————————— MADFDAVLKCWGP-VEADYTTIGGLVLTRLFKEHPETQKLF
—----MADLTAADIENINEIWCK-IYANPEESGKTVVIRLETTYPQTKVYF
TLTDSDKAAVIALWGK-IAPQANAIGAEALERLFLSYPQTKTYF
——————————————————————————————————————————————————————— MTFSSAEKAATASLWGK-VSGHTDEIGAEALERLFLSYPQTKTYF
--KVQGENDMERW ERLEEITESERGVIKETWAR-VYANCEDVGVSILIRFFVNFPSAKQHF
—-QWRDSLDHTETSP-- -LLPTLNLSEQQQQLLVESWRL-IQHDIAKVGVILFVRLFETHPECKDVFEF

----MADLTGADIENINEVWSK-IYANPEESGRTVVISLFLTYPQTKIYF
——————————————————————————————————————————————————————— MHLTADDKKHIKAIWPS-VAAHGDKYGGEALHRMFMCAPKTKTYF
—---MVNLTAKERQLITGTWSK-I--CAKTLGKQALGSMLYTYPWTQRYF
----MVHWTAEEKATIASVWGK-V--DIEQDGHDALSRLLVVYPWTQRYF




XtrNgb
AcaGby
AcaMb
AplGbE
CanMb
CauMbl
CauMb2
CcaMbl
CcaMb2
CcrMb
CmiGbY
CpiCygb
CpiGbE
CpiGbX
CpiGbY
CpiHbaA
CpiHbaD
CpiHbB1
CpiHbB2
CpiHbG
CpiHbZ
CpiMb
CpiNgb
CraMb
CycrMb
DreCygbl
DreCygb2
DreGbX
DreHbAa
DreHbAe
DreHbAx
DreHbBa
DreHbBe
DreMb
DreNgb
EpeMb
TruMb
GgaCygb
GgaGbE
GgaHbA
GgaHbAD
GgaHbG
GgaMb
GgaNgb
GgiMb
HsaCYGB
HsaHBA
HsaHBB
HsaHBD
HsaHBE
HsaHBG
HsaHBZ
HsaMB
HsaNGB
IpuGbX
LchCygb
LchGbE
LchGbX1
LchGbX2
LchGbY
LchHbAL
LchHbA2
LchHbB1L
LchHbB2
LchMb
LchNgb
LplaHbA
LplaHbB
MangMb
MbiMb
MgaGbE
MglaHb2
MmuMb
MniMb
NcoMb
0anGbY
OanHbW
OanMb
OanNgb
0OlaCygbl
OlaCygb2
OlaHbA
OlaHbB
OlaMb
OlaNgb
PanGbE
PanGbX
PanGby
PanHbal
PanHba2

************************ MEKDQ LSGPQKELIRESWQT-VSQDQLHHGTVLFSRLFELEPELVFLF
—-——-KTVP------ TDGDLKAHPQVAFHGRRIMVAFSQVIENMENWNQACVLLERLVNNHKNIHQ-V-PSGMFQLLFQAMLCTFDDLLGRT-FTP-EKRV
DKF-KNLK------SLDEMKNSEDLKKHGTIVLTALGKILKQKRQ---HEAELAPLAQSHATKHK-I-PVKYLEFISEVIVGVIAEKRSAD-FGA-ESQA
THF-KGMD------SAEEMKQSDQVRGHGKRVFTAINDMVQHLDNTEAFLGILNPLGQKHATQLK-V-DPKNFRIICDIILQMMEEKFGG-----— DCKA
PKF-AGI------- AHGDLAGDAGVSAHGATVLKKLGDLLKARGG---HAALLKPLSSSHATKHK-I-PIINFTLIAEVIGKVMEEKAGLD---A-AGQT
PKF-VGI-- --AQSDLAGNAAVNAHGATVLKKLGELLKARGD---HAATILKPLATTHANKHK-I-ALNNFRLITEVLVKVMAEKAGLD---A-AGQT
PKF-KGI-- --SQSELAGNALVAAHGATVLKKLGELLRAKGD---HAATLHPMATTHANKHK-I-TLNNFRLITEVLVEVMKEKAGLD---S-AGQG

PKF-VGI------- AQSDLAGNAAVKAHGATVLKSWASCLKARGD---HAAILKPLATTHANTHK-I-ALNNFRLITEVLVKVMAEKAGLD---A-GGQS

PKF-KGI-------PQSELAGDTLVASHGATVLKKLGELLRAKGD---HAAILQPLATTHANKHK-I-ALNNFRLITEVLVKVMAEKAGLD---T-AGQG
DKF-KSLK------SEGEMKASEDLKKHGATVLTALGGILKKKGQ---HAAELQPLAQSHANKHK-I-PVKYLEFISEAIIQVLQOSKHSGD-FGA-DTKE
QHF-KNIS------ TLEEMKKSPQIKRHGKIVMSALNKLIANLDNGEELSSLLAKMAERHINVHK-V-DLHNFQITIFNIITAILEETFGNA-FTP-EIRG
SQF-KHME------ DPLEMERTPQLRKHARRVMGAVNTVVENINDSEKVSSVLALVGKAHALKHK-V-EPVYFKFFTGVMLEVIAEEYAND-FTP-EVQR
THF-KGMG------TAEEMEQSDQVRSHGKRVLTTINDLVQHLDSTDAFLGIVNPLGKKHAMQLK-V-DPKNFRIICDIILQLMEEKYGG-----— DCKA
FLF-RDIE------DLEQLKMNKELRAHGLRVMSFIEKSVARLDQEDKLEQLAFELGRSH-YRYN-A-PPKYYEYVGIQFISTVQPILKER-WTP-EVEE
----KNIP------ TEGNLQEDPLVRFHGRRVMVALNQVVENLDNWKQACRILDRLADKHKNVHQ-V-PAVNFQSMFQVILNVCKDVLGNE-FST-EVSL

--GSAQIRTHGKKVLTALGEAVNHIDD---LASALSKLSDIHAQTLR-V-DPVNFKFLNHCFLVVVAIHQPSV-LTP-EVHV
PHF--DLH-- --DSEQIRHHGKKVVTALGDAVRHMDN---LSEALSELSNLHAYNLR-V-DPVNFKLLSHCFQVVLAVHLADE-YTP-QVHV
SSF-GNLS------ SPTAIIGNPKVRAHGKKVLTSFGEAVKNLDN---IKATYAKLSELHCDKLH-V-DPENFRLLGDILVIVLAAHFGRE-FTP-ACQA
STF-GNLS------NAEAILHNPHVHAHGKKVLTSFGEAVKNLDH---IKQTFATLSKLHCEKLH-V-DPENFKLLGNVLIIVLASHFTKE-FTP-ACQA
SSF-GNLS------SPTAITGNPKVRAHGKKVLTSFGEAVKNLDN---IKATYAKLSELHCNKLH-V-DPENFRLLGDILVIVLASHFGRE-FTP-ACQA
PHF--DLS------ Q----- GSAQLHGHGSKVLGAIGEAVKNIDN---ITGALATLSELHAYILR-V-DPVNFKLLSHCILCSVAAHFPND-FTP-EVHA

AKF-KNLK------TIDELKSSEEVKKHGTTVLTALGRILKLKNN---HEPELKPLAESHATKHK-I-PVKYLEFICEIIVKVIAEKHPSD-FGA-DSQA
QYNCKKFS- -SPQECLSSPEFLDHIRKVMLVIDAAVTHLENLSSLEEYLSNLGKKH-QTVG-V-KVDSFSAVGESLLFMLEKCLGTA-FSP-DVRE
PKF-AGI-------AHGDLAGDAGVSAHGATVLNKLGDLLKARGA---HAALLKPLSSSHATKHK-I-PIINFKLIAEVIGKVMEEKAGLD---A-AGQT

DKF-KHLK------ SEDDMRRSEDLRKHGNTVLTALGGILKKKGH---HEAELKPLAQSHATKHK-I-PIKYLEFISEAIIHVLHSKHPAE-FGA-DAQA
EHF-RELQ------DPAEMQQONAQLKKHGQRVLNALNTLVENLRDADKLNTIFNQMGKSHALRHK-V-DPVYFKILAGVILEVLVEAFPQC-FSPAEVQS
SQF-QDME------DPEEMEKSSQLRKHARRVMNAINTVVENLHDPEKVSSVLVLVGKAHAFKYK-V-EPIYFKILSGVILEILAEEFGEC-FTP-EVQT
FLF-RDVE------ DLERLRTSRELRAHGLRVMSFIEKSVARLDQLERLETLALELGKSH-YRYN-A-PPKYYGYVGAEFICAVRPILKDR-WTP-ELEE
—-GSGPVKKHGKTIMGAVGEAISKIDD---LVGGLAALSELHAFKLR-V-DPANFKILSHNVIVVIAMLFPAD-FTP-EVHV
SHW-KDLS-- —-GSAPVRKHGKTVMGGVAEAVSKIDD---LNAGLLNLSELHAFQLR-V-DPANFKILSHNILVVLATLFPAD-FTP-EAHV
SHL--NIS------ A--—-- NSEHLRSHGKKIVEALAEGAKNVST---LTTTLAPLSRFHAYQLR-I-HPTNFKLFNHCILVTLACRMGDD-FTP-VVHA

ATF-GNLS------SPAAIMGNPKVAAHGRTVMGGLERAIKNMDN---VKNTYAALSVMHSEKLH-V-DPDNFRLLADCITVCAAMKFGQAGFNA-DVQE
AKF-GNLY- -NAAATILGNPMVAAHGKTVLKGLELAVKNMDN---IKATYADLSVLHSEKLH-V-DPDNFRLLADCLTIVVAAQMGAG-FTP-EVQA
PKF-SGI-------SQGDLAGSPAVAAHGATVLKKLGELLKAKGD---HAALLKPLANTHANIHK-V-ALNNFRLITEVLVKVMAEKAGLD---A-AGQG

SYS-TNCG------ DAPECLSSPEFLEHVTKVMLVIDAAVSHLDDLHTLEDFLLNLGRKH-QAVG-V-NTQSFALVGESLLYMLQSSLGPA-YTT-SLRQ

PKF-AGI-- --T-GDIAGNAAVAAHGATVLKKLGELLKAKGN---HAATIKPLANSHAKQHK-I-PINNFKLITEALAHVLHEKAGLD---A-AGQT
PKF-AGI-- --TQSDLAGNAAVSAHGATVLKKLGELLKAKGN---HAALLQPLANTHATKHK-I-PINNFKLIAEVIGKVMEEKAGLD---A-AGQQ
SQF-KHMD------ DTLEMERSLQLRKHAQRVMGAINTVVENLDDPEKVSSVLALVGKAHALKHK-V-EPVYFKKLTGVMLEVIAEAYGND-FTP-EAHG
THF-KGMD------SAEEMKQSDQVRGHGKRVFTAINDMVQHLDNTEAFLGILNPLGQKHATQLK-I-DPKNFRIICDIILQLMEEKFGG-----— DCKA
PHF--DLS-- GSAQIKGHGKKVVAALIEAANHIDD---TAGTLSKLSDLHAHKLR-V-DPVNFKLLGQCFLVVVAIHHPAA-LTP-EVHA
PHF--DLS------ P GSDQVRGHGKKVLGALGNAVKNVDN---LSQAMAELSNLHAYNLR-V-DPVNFKLLSQCIQVVLAVHMGKD-YTP-EVHA
ASF-GNLS------SPTAILGNPMVRAHGKKVLSSFGDAVKNLDN---IKNTFSQLSELHCDKLH-V-DPENFRLLGDILIIVLAAHFSKD-FTP-ECQA
DKF-KGLK- —~TPDOMKGSEDLKKHGATVLTQLGKILKQKGN---HESELKPLAQTHATKHK-I-PVKYLEFISEVIIKVIAEKHAAD-FGA-DSQA
QYNCKRFA------SPQECLAAPEFLDHIRKVMLVIDAAVSHLEDLPCLEEYLCNLGKKH-QAVG-V-KVESFSTVGESLLYMLEKCLGAA-FSP-DVRE

PKF-AGI------- AHGDLAGDAGVSAHGATVLNKLGDLLKARGA---HAALLKPLSSSHATKHK-I-PIINFKLIAEVIGKVMEEKAGLD---A-AGQT
SQF-KHME------DPLEMERSPQLRKHACRVMGALNTVVENLHDPDKVSSVLALVGKAHALKHK-V-EPVYFKILSGVILEVVAEEFASD-FPP-ETQR
PHF--DLS-- GSAQVKGHGKKVADALTNAVAHVDD---MPNALSALSDLHAHKLR-V-DPVNFKLLSHCLLVTLAAHLPAE-FTP-AVHA
ESF-GDLS------ TPDAVMGNPKVKAHGKKVLGAFSDGLAHLDN---LKGTFATLSELHCDKLH-V-DPENFRLLGNVLVCVLAHHFGKE-FTP-PVQA
ESF-GDLS------SPDAVMGNPKVKAHGKKVLGAFSDGLAHLDN---LKGTFSQLSELHCDKLH-V-DPENFRLLGNVLVCVLARNFGKE-FTP-QMQA
DSF-GNLS------SPSAILGNPKVKAHGKKVLTSFGDATIKNMDN---LKPAFAKLSELHCDKLH-V-DPENFKLLGNVMVIILATHFGKE-FTP-EVQA
DSF-GNLS------ SASAIMGNPKVKAHGKKVLTSLGDAIKHLDD---LKGTFAQLSELHCDKLH-V-DPENFKLLGNVLVTVLAIHFGKE-FTP-EVQA

PHF--DLH-- GSAQLRAHGSKVVAAVGDAVKSIDD---IGGALSKLSELHAYILR-V-DPVNFKLLSHCLLVTLAARFPAD-FTA-EAHA
DKF-KHLK- —~SEDEMKASEDLKKHGATVLTALGGILKKKGH---HEAEIKPLAQSHATKHK-I-PVKYLEFISECIIQVLQSKHPGD-FGA-DAQG
QYNCRQFS------SPEDCLSSPEFLDHIRKVMLVIDAAVTNVEDLSSLEEYLASLGRKH-RAVG-V-KLSSFSTVGESLLYMLEKCLGPA-FTP-ATRA
FLF-RDVE------DLERLRTSKELRAHGLRVMSFIEKSVARLDQLERLDSLAVELGRSH-YRYY-A-PPKYYGYVGTEFICAVRPILKEK-WTP-ELEK
SQF-RHLE- -DPLDMERSVQLRKHARRVMGAINTVVENVED-QDIASVLAPVGKAHALKHK-V-EPVYFKILSGVILEILAEEYAQH-FTP-EVQK
GNF-KGMG------SAAEMEQSAQVRTHGKKIFSALNDMIQHLDSTDALLGVVNPLGKKHATQLK-V-DPKNFKIICNILLQVLDEKFGG——-—--— DARA
FLF-RDID------ DFHQLKMSKELQAHGLRVMSFIEKSVARLEQKDKLEQIAFELGRSH-CRYN-A-PPKYYQYVGVQFISVVKPILKEA-WTP-EVEE
FLF-RDVD------DLORLRTSKELRAHGLRVMSFVEKSVARLEHSERLEQLALELGKSH-YRYN-A-PPKYYQYVGIEFVCAVQPILKER-WTP-EVEE
KNF-KNIS------TMEEMQKNEQIRIHGLRVMNSLNQVIQNIDNLNEVYSILTHLAKRHQYVHR-V-DVHNFKLIFGVIIKILKEALGAT-FTE-EICT

SHM--DLS-----— P-—--- GSSMLRAHGKKVMGTIEGSIKSIDK---LATVLSRLSDMHAYNFM-V-DPVNFKLLSQCILVALATQLMAD-FTP-EAQC
DHF-TDLS-- SSQKLHAHAKVVLGALTKAVNHLDN---ITDTLHDISLVHAKKLL-V-DPVNFELLGHCLEVALAAHFATD-FTP-EVHL
KSF-GDLS------SSKATASNPKVTEHGLKVMNKLTEATHNLDH---IKDLFHKLSEKHFHELH-V-DPQONFKLLSKCLIIVLATKLGKQ-LTP-DVQA
STF-GSLS------ SSTVIARNFKVQQHAAKVINALTEAIRNIDN---LKASFSDLSKLHFQKLH-V-DPENFKLLGKTLIITLSEKLGSE-FSP-QIQA

PKF-KHM-------TYQELQSSEELKTHGDTVLSKLGCLLKLKGN---HAGDLHPLAQTHATKHK-I-PLHNFEIISEIIVKILAEKYPGD-FGA-DGQA
NYN-SSFP- -SQAGCLTSPEFIDHIHKVMMVVDAAVNSLDNLLSLEDYLINLGKKH-QAAG-V-KMESFQVVGESLLYMLEHGLDSA-FSV-EVRH
PKF-KGLD-- SG-DAKA
PKF-QGLT------SADQLKKSMDVRWHAERI INAVNDAVVAMDDTEKMS LKLNELSSKHAKSFQ-V-DPQYFKVLAAVIVDTVL-==-==-==--— PGDA
DKF-KHLK------SEDDMRRSEDLRKHGNTVLTALGGILKKKGH---HEAELKPLAQSHATKHK-I-PIKYLEFISEAIIQVLHNKHPGE-FGA-DTQA
DKF-KHLK------SEAEMKASEDLKKHGHTVLTALGGILKKKGH---HEAELKPLAQSHATKHK-I-PIKYLEFISDAITHVLHSKHPSD-FGA-DAQG

THF-KGMD------ SAEEMKQSDQVRGHGKRVEFTAINDMVQHLDNTEAFLGILNPLGOQKHATQLK-I-DPKNFRIICDIILQLMEEKFGG-——--~— DCKT
TKM-KDLH------TLEDLASSADARWHVERITIQAVNFAVINIEDREKLSNKFVKLSQDHIEEFH-VTDPQYFMILSQTILDEVEKRNG-G-LSG-EGKS
DKF-KNLK------SEEDMKGSEDLKKHGCTVLTALGTILKKKGQ---HAAEIQPLAQSHATKHK-I-PVKYLEFISEIIIEVLKKRHSGD-FGA-DAQG
PKF-AGI------- AKADMAGNAATSAHGATVLKKLGELLKAKGS---HAATIKPMANSHATKHK-I-PIKNFELISEVIGKVMHEKAGLD---A-AGQK

PKF-AGI-------AHGDLAGDAGVSAHGATVLNKLGDLLKARGA---HAALLKPLSSSHATKHK-I-PIINFKLIAEVIGKVMEEKAGLD---A-AGQT
-—--KNIP- ~LEGNLQEDPLLRSHGRRVMVALNRIIQNLDNWKQVCKILNPLAEKHKITHS-V-DVENFQFMLKCVGDVCQDYLGPC-YTP-EIAE
SAF-GNLS------SPTAIVGNPRVRAHGKKVLTSFGEAVKDLDH---VKSNFAKLSQLHSEKLH-V-DPENFRLLGDNLIIVLAATLGKD-FTP-EAQA

DKF-KGLK------ TEDEMKASADLKKHGGTVLTALGNILKKKGQ---HEAELKPLAQSHATKHK-I-SIKFLEYISEATITHVLQSKHSAD-FGA-DAQA
QYNCRQFS------SPRDCLASPEFLDHIRKVMLVIDAAVIHLDDLSSLEEYLTNLGRKH-KAIG-V-KLSSFSTVGESLLFMLDKCLGPA-FSP-ATRE
SQF-KHIE------DAEELEKSSQLRKHARRVMNAINTLVESLDNSDKVSSVLNAVGKAHATIRHK-V-DPVYFKILSGVILEVLGEAYPQV-MTA-EVAS
SQF-QDMQ------ DPEEMEKSSQLRQHARRVMNAIN-VVENLQDPEKVSSVLALVGKAHAVKHK-V-EPIYFKILSGVMLSVLSEDFPEF-FTA-EVQL

AHW-KDLS-- GSAPVKKHGKTVMGGIADAVGKIDD---ISSGLLNLSELHAFTLR-V-DPTNFKILSHNILVVMAIMFPQD-FTP-EVHV
ASF-GNLY------NAEATIKTNPNIAAHGTKVLHGLDRAVKNMDN---IKATYAELSVLHSEKLH-V-DPDNFKLLADCLTIVIAAKLGSA-FSP-EIQA
PKF-AGI------- AKGDMAGNAALSAHGATVLKKLGELLKARGN---HGAILKPLANSHATKHK-I-PINNFRLITEVIGKVMAEKAGLD---A-AGQQ
NYN-TNCG------ STQDCLSSPEFLDHVTKVMLVIDAAVNHLDDLHSLEDFLLNLGRKH-QAVG-V-STQSFAVVGESLLYMLQCSLGQA-YTA-ALSQ
TNF-KELQSTAGTASVTELEGLSEVRTHGKKVLSALNDMVQQVDNMDALKAITEPLGKKHAVELK-V-DVKEFEILCAILLELMAEKCGE- —DAKT
FMF-RDID------ DIQQLOLSRELQAHGLRVMSFIEKSVARLOQQEDKLOQLAFELGRCH-CRYN-A-LPKYFEYVAFQFMTAVKPILKEK-WTS-EVDD
KNF-KNID------ TEEGIKESRQVRQHGRRVVMLLSKVIECLEDWDKTSTLLSELADRHQQHHK-V-EVVNFKFLFAALNSVYIDVFGPT-FTP-DIEA
HEK--NID-- --GSSYVRNQGGKIVTAIGTAVQNADN---IQEALADLCCLHAYRIR-V-DPVNFQYFSKCFLTVLAVHLQDD-FTA-DVHV
AHV--DTS-- --NSPQLSAHGAKITASLGKAIKNVDN---MSAALSDLSDLHAQSIR-V-DPSNFKYISHCLLVLLAAHLKAD-FTP-QVQI




PanHba3
PanHba4
PanHbbl
PanHbb2
PanHbb3
PanHbb4
PanHbb5
PanMbl
PanMb2
PanMb3
PanMb4
PanMb5
PanMb6a
PanMb6b
PanMb7
PcaMb
PgeMb
PmaaHbl
PmaaHbl0
PmaaHbll
PmaaHbl2
PmaaHbl3
PmaaHbl4
PmaaHb2a
PmaaHb3
PmaaHbb5a
PmaaHb5b
PmaaHb6
PmaaHb7
PmaaHb8
PmaaHb9
PmaaMbl
PmaaMb2
PmaCygb
PmaGbX1
PsiCygb
PsiGbE
PsiGbX
PsiGby
PsiHbaA
PsiHbaD
PsiHbB
PsiHbG
PsiHbZ
PsiMb
PsiNgb
RnoCygb
RnoMb
SchMb
SjaMb
TalaMb
TalbMb
TguCygb
TguGbE
TguHbA
TguHbAD
TguHbE
TguMb
TguNgb
TniCygbl
TniGbX
TniMb
TniNgb
TruCygbl
TruCygb2
TruNgb
TthMb
XlaGby
XlaHbAl
X1aHbATS5
XtrCygb
XtrGbX
XtrGbY
XtrHbAL
XtrHbB1
XtrHbB2
XtrNgb
AcaGby
AcaMb
AplGbE
CanMb
CauMbl
CauMb2
CcaMbl
CcaMb2
CcrMb
CmiGbY
CpiCygb
CpiGbE
CpiGbX

QKF-GDYK------ A-———— SSDKVIQHGKKVVDALVQASQHLHD---LESQLHPLSVKHATELM-V-DPVNFEHLSHCIHVTIAAHHGEK-YTA-EMHR
QKF-GDYK------ A-———— SSDKVIQHGKKVVDALVQASQHLHD---LESHLHPLSEKHARELM-V-DPVNFEHLSHCIHVTIAAHHGEK-YTA-EMHR
SSF-GNLS------TTSTIASNDRVQAHGAKVLTAIGDALVDLPN---IKQNLTDLSRLHSEILH-V-DPENFRLLGQCLVIVLAAKFGAEKFNA-DVQA
SHF-GAMS------TLKDIESNPKVRAHGRKVMAAVGDATSHMDN---IKGHLSQLSQLHSDKLH-V-DPANFELLGNNIVIVLAAKFGADAFTP-EVQA
GKF-GDLS------ TFSATIRQNPHVRTHGAKVLGAVVECLNHMDD---IKGHLAQLSILHSDTLH-V-DPANFTLLGNCFLIVLAKSVGAG-FTP-DVHA
AKF-GDLS------TISAIRKNSHVRAHGHKVLSAVGDCIPHLGD---IKGHLAQLSKLHCETLH-V-DPANFCLLGKIIVVVLASHFGAK-FTP-EVQA
HKF-GDLS------TISATRKNSHVRAHGHKVLSALGDCVPHLGD---IKGHLAQLSKLHCETLH-V-DPANFCLLGQIITIVLASRFGAA-FTP-EVQA
PKF-RHLT------ TEAEMRSNEDIRKHGNTVFTALGKLVKLKGN---VEGDLRSMADSHANKHK-I-HLENFDIISKVIDNYFHESFPGD-YGA-DVQD
DKF-RHLG------SEAEMRSCADLQKHGNTVFTALGKTLKLKGH---HDADLRPMAESHSHKHK-I-PVENFTLICSIIDKYLHESF-SD-YTG-DTRE
PKF-KDLA------SEAEMRGSDGLKNHGETVFTALGKALQQRDG---IANELRPLAVTHSQNHK-I-PLEEFENICEVIDVYLAEIC-PD-YAG-ETRT
SKF-KDI------- PTSDLAVNADVKKHGGVVVDFLGKLLKLKGQ---NDSQLHTMAESHKNKHK-I-PLDYFQVISSVIDVYVNENLPEE-Y-A-PVRQ
PKF-KDA------- PAADLPKNADVKKHGGVVVDFLGKLLKQKGH---NESMLHTMAETHKNKHK-V-LPDYFQLISSVIDVYVHENLPAE-Y-A-PVRD
PKY-KDI-- —-PVSELGNNADVKEQGAVVVKALGELLKLKGQ---HESQLHAMAESHKNTYK-I-PVEYFPKIFKITDAYLQEKVGAA-Y-A-AIQA
SKY-KDT-- —-PVSELGNNADVKEQGAVVVKALGELLKLKGQ---HESQLHAMAESHKNTYK-I-PVEYFPKIFKITDAYLHEKVGAV-Y-A-AIQA
SKY-KDI------- PTSDLAANADVKKHGGVVVDFLGKLLKLKGQ---NDSQLHTMAESHKNKHR-I-PLDYFQLISTVIDVYVYENLPGE-Y-G-PVRE
DRF-KHLK------TEAEMKASEDLKKHGVTVLTALGAILKKKGH---HEAELKPLAQSHATKHK-I-PIKYLEFISEAITHVLHSRHPGD-FGA-DAQG
PKF-AGI-------AHGDLAGDAGVSAHGATVLNKLGDLLKARGG---HAALLKPLSSSHATKHK-I-PIINFKLIAEVIGKVMEEKAGLD---A-AGQT
PKF-QGLT------ SADQLKKSMDVRWHAERIINAVNDAVVAMDDTEKMSLKLRELSGKHAKSFQ-V-DPQYFKVLAAVIVDTVL-—-—--—-—-—--— PGDA
PKF-KGLD------SADKLSKSPAVRWHAERIINAVNDSVVALDDPEKQSLKLKALSQKHAYEFH-V-DSQYFKVLSATILEQVDDANG-G-LSA-EGKS
PKF-KGLD------SADQLSKSAAVRWHAERI INAVNDAVVALDDPEKQSLKLKALSKKHAQEFN-V-DPQYFKVLSANVLEQVAAANG-G-LSA-EAQG
PKF-KGLD------SADQLKKSPAVRWHAERI INAVNDAVVALDDPPKLSLKLKALSKKHAQELN-V-DPQYFKVLAGVISDAVAK-—----— SG-DEKA
PKF-KGLD-- --SG-DAKA
PKF-KGLD-

PKF-KGLT--

PKF-KGLT------
PKF-KGLT------TADQLKKSADVRWHAERIINAVNDAVASMDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA-
PKF-KGLT------TADQLKKSADVRWHAERI INAVNDAVASMDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA-
PKF-KGLN------ TAEELQNSAEVRIHGDKILAAVQQAVLDLDDPDKQKNKLKDLSKSHAQQFN-V-EPAYFKTFAEVILKYVTETCGKS-FTS-EMRT
PKF-KDLD------SEEKLKNSTAVRWHAERI INAVNDVIWLLDEPEKNAKNLKELSEKHAVQLN-V-DAKFFKVLAELILDKVAEKSGDS-FSD-SARS
PKF-KGMT------TADQLKKSADVRWHAERI INAVNDAVTSMDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVIADTVA-—-———-—-—-———— AGDA
PKF-KGLD------ SADQLSKSAAVRWHAERIINAVNDAVVALDDPEKLSLKLKALSKKHAQEFN-V-DPQYFKVLAVNIVEGVSSANG-G-LGA-EAQA
PKF-QALK------TADEMKSSPVLRDHAKRIMNSINDMVVALDDTNAQNAQMNGLSKKHANDFK-V-DPKYFKVISNVILSVIAEGLGAQ-FND-AAKN
PKF-KDIS- —-SQAELKSSAKVRDHAKRIMAFINDLVDNIDNAGAQTAKLHSLSAEHAEKFK-V-DPQYFKVISNVLLDILGETFGAS-FSG-ATRS
PMF-KDLE------TADDLKASAKLRWHAGRVMGSLDKAVRSLRKPEELIKILRAVGLSHARKATPV-DVKYYHILGGIIMDVLLETFKDE-LSP-TARS
YQF-RDCE------ DLOKLKMNKQLQAHGLRVMSFIEKSVARLEQECVLEQLIVEMGRKH-YKYN-A-SPKYYSFVGIEFIATVQPFLQEK-WIN-EVED
SQF-KHME------DPLEMERTPQLRKHARRVMGAVNTVVENINDSEKVSSVLALVGKAHALKHK-V-EPVYFKFFTGVMLEVIAEEYAND-FTP-EVQR
THF-KGMG------TAEEMEQSDQIRSHGKKVLTAINDLVQHLDSTDAFLGIVNPLGKKHATQLK-I-DPKNFRVICDIILQLMEEKYGG----—-— DCKA
FLF-RDIE------ DLQQLKMSKELQAHGLRVMSFIEKSVARLDQEDKLEHLAFELGRNH-YRYS-A-PPKYYEYVGVQFISAVQPILKER-WTP-ELQE

--TEGNLQEDPQIRYHGRRVMVALNQVIENLDNWKQACRILEHVAEKHKNTHH-V-PAANFQSMFQVILSVCKELMGNE-FSS-EVSS
GSSQVRTQGKKVLSALGDAVAHVDD---LPSALSRLSDLHAKNLR-V-DPVNFKLLSHCFLVVVALHHPSL-FTP-EVHV

PHF--DLH------ H----- DSEQVRHHGKKVVTALGNAVHHMDT---LSKTLSDLSDLHAYNLR-V-DPVNFKLLSHCFQVVLAVHLRDE-YTP-QLHV
SSF-GNLS------SPTAILGNPKVRAHGKKVLTSFGEAVKNLDS---VKATYAKLSELHCNKLH-V-DPENFRLLGDILVIVLASHFGKE-FTP-ACQA
STF-GNLS-
PHF--DLS--
AKF-KNLK------ TADEMKSSDELKKHGITVLTALGRILKQKNN---HEQELKPLAESHATKHK-I-PVKYLEFICEIIVKVIAEKHPAD-FGA-DSQA
QYNCRQFS------SPLECLSSPEFLDHIRKVMLVIDAAVTHLENLSSLEEYLTNLGKKH-QAVG-V-KVDSFSAVGESLLFMLEKCLSTA-FSS-DVRE
SQF-KHME------DPLEMERSPQLRKHACRVMGALNTVVENLHDPDKVSSVLALVGKAHALKHK-V-EPMYFKILSGVILDVIAEEFAND-FPV-ETQK
DKF-KNLK------ SEEEMKSSEDLKKHGCTVLTALGTILKKKGQ---HAAEIQPLAQSHATKHK-I-PVKYLEFISEVIIQVLKKRYSGD-FGA-DAQG
PKF-TGI-- —-AQADMAGNAATISAHGATVLKKLGELLKAKGN---HAATLKPMANSHATKHK-I-PINNFKLISEIIVKVMQEKAGMD---A-GGQQ
PKF-AGI-- —--GLGDMAGNAATISAHGATVLKKLAEVLKAKGN---HAGI IKPLANSHATKHK-I-AINNFKLITEIIVKVMQEKAGLD---A-GGQT
PKF-AGI------- AQADLAGNAAISAHGATVLKKLGELLKAKGS---HASILKPMANSHATKHK-I-PINNFKLISEVLVKVMQEKAGLD---A-GGQT
PKF-AGI-------AQADIAGNAAISAHGATVLKKLGELLKAKGS---HAAILKPLANSHATKHK-I-PINNFKLISEVLVKVMHEKAGLD---A-GGQT
SQF-KHME- -DPLEMERSLQLRKHARRVMGAINTVVENLNDSEKVSSVLALVGKAHALKHK-V-EPIYFKKLTGVMLEVIAEEYPND-FTP-EAHG
PHF-KGMD------SAEEMKQSDQVRGHGKKVFGAINDMVQHLDNSEAFLGIVTPLGKKHATQLK-I-DPKNFRIICDIILQLMEEKFGG-—----— DCKA
PHF--DLG-- --GSAQVKGHGKKVAAALVEAANNVDD---LAGALSKLSDLHAQKLR-V-DPVNFKLLGQCFLVVVATRNPSL-LTP-EVHA
PHF--DMS- —-GSDQVRGHGKKVMAALSNAVKNLDN---LSQALSELSNLHAYNLR-V-DPVNFKFLSQCLQVTLATRLGKE-YSP-EVHS
VSF-GNMS—------SPTAVLGNPMVRAHGKKVLTSFGEAVRNMDS - --VKKCFAQLSKLHCEKLH-V-DPENFRLLGDVLVVVLASHFGKE-FTP-ACQA
EKF-KGLK------ TPDAMKGSEDLKKHGVTVLTQLGKILKAKGN---HEAELKPLAQTHATKHK-I-PVKYLEFISEVIIKVLAEKHAAD-FGA-DAQA
QYNCKQFA------SPHECLSAPEFLDHIRKVMLVIDAAVSHLENLSCLEEYLCNLGKKH-QAVG-V-KVESFSTVGESLLYMREEKPGAA-FSP-EVQG
KDF-KHME------EPEEMQQSVQLRKHAHRVMTALNTLVESLDNSDRVASVLKSVGRAHALKHN-V-DPKYFKILSGVILEVLGEAFTEI-ITA-EVAS
FLF-RDVE------ DLERLRSSRELRAHGLRVMSFIEKSVARLDQQDRLEALAVELGKSH-YHYN-A-PPKYYSYVGAEFICAVQPILKER-FTS-ELEE
PKF-VGI-------AQSELAGNAAVSAHGATVLKKLGELLKAKGN---HAATILQPLANSHATKHK-I-PIKNFKLIAEVIGKVMAEKAGLD---T-AGQQ
HYT-TNCG------STQDCLSSPEFLEHVTKVMLVIDAAVSHLDDLHSLEDFLLNLGRKH-QAVG-V-KPQSFAMVGESLLYMLQCSLGQA-YTA-SLRQ
KDF-KDIE------ EPEEMQRSIQLRKHAHRVMTTINTLVENLDDADAMASALKSVGRAHALRHK-V-DPKYFKILSGVILEVLGEAFTEI-ITA-EVAS
SQF-QDME------DPEEMERSSQLRHHACRVMNAINTVVENLHDPEKVSSVLALVGKAHATIKHK-V-EPMYFKILCGVMLEVLCEAFPEF-FTA-DVRM
HYT-TNCG- -STQDCLSSPEFLEHVTKVMLVIDAAVSHLDDLHSLEDFLLNLGRKH-QAVG-V-NPQSFATVGESLLYMLQCSLGQA-YTA-SLRQ
PKF-AGI-------AQADIAGNAAVSAHGATVLKKLGELLKAKGS---HAAILKPLANSHATKHK-I-PINNFKLISEVLVKVMHEKAGLD---A-GGQT
KNL-KNIA------ TLEEMQVNPGIRAHGKRVMGALNQVIQNLNDWEVVSSALTHLAQRHODVHK-V-GVNNFQLLFLVILTIFKEALGAD-FTP-EHCK
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; end; begin mrbayes;

prset

aamodel=fixed (GTR) ;

prset aarevmatpr=fixed
(4.1586,2.708,3.8656,24.35,10.1598,9.4882,20.2114,3.5106,1.4657,3.8675,5.2486,10.9961,2.4819,11.5206,46.2446,20.9301,1.7679
2
.142,24.925,7.3554,1.2126,5.2294,3.5606,27.4689,3.8171,23.7387,1.2423,2.9529,61.886,4.7361,0.5158,3.2531,8.395,5.6641,5.8071

3.0761,1.6717,49.6584,5.1728,5.2994,16.589,14.064,44.1125,1.8734,0.6694,20.9847,3.6294,0.8758,1.5827,39.2126,19.572,0.4439,5

9873,0.8187,0.612,51.2992,5.1201,8.2657,9.0697,0.1046,0.1475,2.7681,0.2499,0.1704,3.8588,12.1332,4.1661,0.2924,1.3217,0.3714

0.0342,0.8297,5.5689,6.2662,3.1366,5.811,0.1298,8.7426,10.8123,0.7374,27.2397,11.1863,6.5557,11.402,19.1672,40.3888,3.4127,4

i467,0.433,0.6816,17.6791,1.6996,0.184,4.103,5.9867,5.9141,0.7616,1.1743,2.3971,2.6214,47.0891,0.7127,5.698,31.6401,16.3622,
?3508,6.1073,11.9723,10.5666,2.3107,2.5174,2.0576,3.0472,0.0852,0.433,2.9019,1.3651,0.8764,1.9268,17.0218,1.2701,2.6266,0.53
4
9,0.7503,1.0652,3.5836,6.8211,4.3286,6.6732,4.9779,9.685,5.7157,5.8408,51.9152,1.1643,40.5499,1.5561,41.8074,10.8855,0.7658,
0
.6271,10.1128,1.0923,2.2747,104.177,1.3451,61.7519,25.3635,2.4365,1.7833,2.9635,6.0617,2.9314,16.6574,6.4234,0.234,3.8184,7.
3
241,11.1216,0.4882,1.2907,1.8118,17.5976,0.9768,3.3942,19.7646,6.8105,4.7085,18.5746,0.9241,3.5396,1.6142,24.0373,76.3432,6.
4

046,13.0905,5.5905,0.9306,0.8767,2.9006,63.3164,2.4345,3.9184,0.9623,1.3776,2.405,21.4061,30.8333,1.8539,2.439);

prset



statefreqpr=fixed(0.079066,0.055941,0.041977,0.053052,0.012937,0.071586,0.040767,0.057337,0.022355,0.062157,0.099081,0.0646
0

.022951,0.042302,0.04404,0.061197,0.053287,0.012066,0.034155,0.069147) ;

lset rates=gamma;

mcmec ngen=5000000 printfreq=1000 samplefreq=1000 nchains=4 savebrlens=yes;

End;
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GNPKVRAHGKKVLTSFGEAVKNLDN---IKATYAKLSELHCNKLH-V-DPENFRLLGDIL
VIVLASHFGRE-FTP-ACQAAWQKLAGVVAHALAHEYH-—————————————————————

AEKAAVVAIWGK-IAAQADALGTESLERLFSSFPQTKTYFPHF--DLS—----— Q-—-—--
GSAQLHGHGSKVLGAIGEAVKNIDN---ITGALATLSELHAYILR-V-DPVNFKLLSHCI
LCSVAAHFPND-FTP-EVHAAWDKFLSQISSVLTEKYR---—-———-—-—-—-————————————

DEWHHVLGIWAK-VEPDLSAHGQEVIIRLFQVHPETQERFAKF-KNLK-—-—-—--- TIDELK
SSEEVKKHGTTVLTALGRILKLKNN---HEPELKPLAESHATKHK-I-PVKYLEFICEII
VKVIAEKHPSD-FGA-DSQAAMRKALELFRNDMASKYKEFGFQ-G-—-—-—-———————————

TOOALIRESWQK-VSSNLLQHGIVLFTRLFDLDPDLLPLFQYNCKKEFS————-— SPQECL
SSPEFLDHIRKVMLVIDAAVTHLENLSSLEEYLSNLGKKH-QTVG-V-KVDSFSAVGESL
LFMLEKCLGTA-FSP-DVREAWTRLYGSVVKAMSSGWDARKEG-E-—-—-—-—-—-—-—-—-—-—————

ADFDMVLKCWGP-MEADHATHGSLVLTRLFTEHPETLKLFPKF-AGI--—----— AHGDLA
GDAGVSAHGATVLNKLGDLLKARGA---HAALLKPLSSSHATKHK-I-PIINFKLIAEVI
GKVMEEKAGLD---A-AGQTALRNVMAIIITDMEADYKELGFT-E---———====—=——-—



GEWHLVLNVWGK-VETDLAGHGQEVLIRLFKSHPETLEKFDKF-KHLK-—-—-—--— SEDDMR
RSEDLRKHGNTVLTALGGILKKKGH---HEAELKPLAQSHATKHK-I-PIKYLEFISEAI
IHVLHSKHPAE-FGA-DAQAAMKKALELFRNDIAAKYKELGFH-G--—---—-—-—————-—-——

>DreCygbl

ME-—=—————————————————— GDGGVQLT—=========———————————— QSPDSLTE
EDVCVIQDTWKP-VYAERDNAGVAVLVRFFTNFPSAKQYFEHF-RELQ---—-~- DPAEMQ
ONAQLKKHGQRVLNALNTLVENLRDADKLNT IFNOMGKSHALRHK-V-DPVYFKILAGVI
LEVLVEAFPQC-FSPAEVQSSWSKLMGILYWQMNRVYAEVGWE----NSKK-—-—-—-—~
>DreCygb2

ME-—==—==———————————— KEREDEETEGR-—=-—==——————————————— ERPEPLTD
VERGIIKDTWAR-VYASCEDVGVTILIRFFVNFPSAKQYFSQF-QDME--—-—~ DPEEME

KSSQLRKHARRVMNAINTVVENLHDPEKVSSVLVLVGKAHAFKYK-V-EPIYFKILSGVI
LEILAEEFGEC-FTP-EVQTSWSKLMAALYWHITGAYTEVGWV-KLSSSAV--—-—-———-—

>DreGbX
MGCAISGSGLT--—-———-—— AGAPEIRPGEE-—-=-——=--——-————————————— ETPAGLTT
NHIRLIKESWRL-IQEDIAKVGIIMFVRLFETHPECKDVFFLF-RDVE-—-———— DLERLR

TSRELRAHGLRVMSFIEKSVARLDQLERLETLALELGKSH-YRYN-A-PPKYYGYVGAEF
ICAVRPILKDR-WTP-ELEEAWKTLEFQYVTSIMREGFLEEERN-KRSNTQTSSRERPDKR

TDKAVVKAIWAK-ISPKADEIGAEALARMLTVYPQTKTYFSHW-ADLS-———--— P-——-
GSGPVKKHGKTIMGAVGEAISKIDD---LVGGLAALSELHAFKLR-V-DPANFKILSHNV
IVVIAMLFPAD-FTP-EVHVSVDKFEFNNLALALSEKYR-—-—-----—-—-——-———-————————

KDKAAVKTLWAK-TIAGKADDIGHDALSRMLIVYPQTKTYFSHW-KDLS-----— P-———-
GSAPVRKHGKTVMGGVAEAVSKIDD---LNAGLLNLSELHAFQLR-V-DPANFKILSHNI
LVVLATLFPAD-FTP-EAHVAMDKFLSALALAMSEKYR-----—-—-—-—-—————————————

AEKELIAEIWDQ-MTPVAEEIGSEALLRMFTTFPQTKTYFSHL--NIS——-—-—-—— A-———-—
NSEHLRSHGKKIVEALAEGAKNVST---LTTTLAPLSRFHAYQLR-I-HPTNFKLFNHCI
LVTLACRMGDD-FTP-VVHAAIDKFLSAFSAVLAEKFR----—-—-—-—-—-—-————————————

—————————————————————————————————————————————————————— MVEWTD
AERTAILGLWGK-L--NIDEIGPQALSRCLIVYPWTQRYFATF-GNLS—----- SPAAIM
GNPKVAAHGRTVMGGLERAIKNMDN---VKNTYAALSVMHSEKLH-V-DPDNFRLLADCI
TVCAAMKFGQAGFNA-DVQEAWQKFLAVVVSALCRQYH-~———————=————————————

FEKATIQDIFAK-A--DYDVIGPQALARCLIVYPWTQRYFAKF-GNLY-—-——--— NAAAIL
GNPMVAAHGKTVLKGLELAVKNMDN---IKATYADLSVLHSEKLH-V-DPDNFRLLADCL
TIVVAAQMGAG-FTP-EVQAAFQKFIAVAVSALGRQYH---—-——-—-—-—-————————————

ADHDLVLKCWGA-VEADYAANGGEVLNRLFKEYPDTLKLFPKF-SGI-—————— SQGDLA
GSPAVAAHGATVLKKLGELLKAKGD---HAALLKPLANTHANIHK-V-ALNNFRLITEVL
VKVMAEKAGLD---A-AGQGALRRVMDAVIGDIGGYYKEIGFA-G-—-—-————————————

—————————————————————————————————————————————————————— MEKLSE
KDKGLIRDSWES-LGKNKVPHGIVLFTRLFELDPALLTLFSYS-TNCG-----~ DAPECL
SSPEFLEHVTKVMLVIDAAVSHLDDLHTLEDFLLNLGRKH-QAVG-V-NTQSFALVGESL
LYMLQSSLGPA-YTT-SLRQAWLTMYSTVVSAMTRGWAKNGEH-KSN-——=--——=-——~

ADLDAVLKCWGA-VEADFNTVGGLVLARLFKDHPETQKLFPKF-AGI-——----— T-GDIA
GNAAVAAHGATVLKKLGELLKAKGN---HAAIIKPLANSHAKQHK-I-PINNFKLITEAL
AHVLHEKAGLD---A-AGQTALRNVMGIVIADLEANYKELGFT-G-——====—————=—=—



ME-———————————————— KVQGEMEIERW-----—-----——————————— ERSEEISD
AEKKVIQETWSR-VYANCEDVGVSILIRFFVNFPSAKQYFSQF-KHMD-————- DTLEME
RSLQLRKHAQRVMGAINTVVENLDDPEKVSSVLALVGKAHALKHK-V-EPVYFKKLTGVM
LEVIAEAYGND-FTP-EAHGAWTKMRTLIYTHVTAAYKEAGWV-SYPSATL---------

>GgaGbE

——————————————————————————————————————————————————————— MSFSE
AEVQSARGAWEK-MYVDAEDNGTAVLVRMFTEHPDTKSYFTHF-KGMD—————— SAEEMK
QSDQVRGHGKRVFTAINDMVQHLDNTEAFLGILNPLGQKHATQLK-I-DPKNFRIICDIT
LOLMEEKFGG-————— DCKASFEKVTINEICTHLTNIYKEAGW-—-———————=—————————
>GgaHbA

——————————————————————————————————————————————————————— MVLSA
ADKNNVKGIFTK-IAGHAEEYGAETLERMFTTYPPTKTYFPHF--DLS—————— H---—-

GSAQIKGHGKKVVAALIEAANHIDD---IAGTLSKLSDLHAHKLR-V-DPVNFKLLGQCF
LVVVAIHHPAA-LTP-EVHASLDKFLCAVGTVLTAKYR-—-=-———————————————————

EDKKLIQQAWEK-AASHQEEFGAEALTRMFTTYPQTKTYFPHF--DLS-----— P-———-
GSDQVRGHGKKVLGALGNAVKNVDN---LSQAMAELSNLHAYNLR-V-DPVNFKLLSQCI
QVVLAVHMGKD-YTP-EVHAAFDKFLSAVSAVLAEKYR-—-————-—-——-—-—-—-—-—————————

—————————————————————————————————————————————————————— MVHWTA
EEKQLITGLWGK-V--NVAECGAEALARLLIVYPWTQRFFASF-GNLS---——- SPTAIL
GNPMVRAHGKKVLSSFGDAVKNLDN---IKNTFSQLSELHCDKLH-V-DPENFRLLGDIL
IIVLAAHFSKD-FTP-ECQAAWQKLVRVVAHALARKYH-———-————————————————-

QEWQQVLTIWGK-VEADIAGHGHEVLMRLFHDHPETLDREFDKF-KGLK-—-—-——-— TPDQOMK
GSEDLKKHGATVLTQLGKILKQKGN---HESELKPLAQTHATKHK-I-PVKYLEFISEVI
IKVIAEKHAAD-FGA-DSQAAMKKALELFRNDMASKYKEFGFQ-G-————-—-=-——————-——

TOOALIRESWRR-VSGSPVQHGVVLFSRLFDLDPDLLPLFQYNCKRFA-———-— SPQECL
AAPEFLDHIRKVMLVIDAAVSHLEDLPCLEEYLCNLGKKH-QAVG-V-KVESFSTVGESL
LYMLEKCLGAA-FSP-DVREAWIELYSAVVKAMORGWEVLPEG-D---—-—-———-—-—-—-—-—-——

ADFDMVLKCWGP-VEADYTTHGSLVLTRLFTEHPETLKLFPKF-AGI-—————— AHGDLA
GDAGVSAHGATVLNKLGDLLKARGA---HAALLKPLSSSHATKHK-I-PIINFKLIAEVI
GKVMEEKAGLD---A-AGQTALRNVMAVIIADMEADYKELGFT-E-—--—-—-—-—-—-—-—-—-—-———

>HsaCYGB
ME--——==—===—————=——— KVPGEMEIERR-—===———=————————————— ERSEELSE
AERKAVQAMWAR-LYANCEDVGVAILVRFFVNFPSAKQYFSQF-KHME-----— DPLEME

RSPQLRKHACRVMGALNTVVENLHDPDKVSSVLALVGKAHALKHK-V-EPVYFKILSGVI
LEVVAEEFASD-FPP-ETQRAWAKLRGLIYSHVTAAYKEVGWV-QQVPNATTPPATLPSS

ADKTNVKAAWGK-VGAHAGEYGAEALERMFLSFPTTKTYFPHF--DLS——---— H-----
GSAQVKGHGKKVADALTNAVAHVDD---MPNALSALSDLHAHKLR-V-DPVNFKLLSHCL
LVTLAAHLPAE-FTP-AVHASLDKFLASVSTVLTSKYR--=-————=——————————————

—————————————————————————————————————————————————————— MVHLTP
EEKSAVTALWGK-V--NVDEVGGEALGRLLVVYPWTQRFFESF-GDLS—————- TPDAVM
GNPKVKAHGKKVLGAFSDGLAHLDN---LKGTFATLSELHCDKLH-V-DPENFRLLGNVL
VCVLAHHFGKE-FTP-PVQAAYQKVVAGVANALAHKYH-—————————————————————

—————————————————————————————————————————————————————— MVHLTP
EEKTAVNALWGK-V--NVDAVGGEALGRLLVVYPWTQRFFESF-GDLS—~~——~ SPDAVM
GNPKVKAHGKKVLGAFSDGLAHLDN---LKGTFSQLSELHCDKLH-V-DPENFRLLGNVL,
VCVLARNFGKE-FTP-QMQOAAYQKVVAGVANALAHKYH-————————=————————————
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—————————————————————————————————————————————————————— MVHETA
EEKAAVTSLWSK-M--NVEEAGGEALGRLLVVYPWTQRFFDSF-GNLS-----— SPSAIL
GNPKVKAHGKKVLTSFGDAIKNMDN---LKPAFAKLSELHCDKLH-V-DPENFKLLGNVM
VIILATHFGKE-FTP-EVQAAWQKLVSAVAIALAHKYH-—————————————————————

—————————————————————————————————————————————————————— MGHFTE
EDKATITSLWGK-V--NVEDAGGETLGRLLVVYPWTQRFFDSF-GNLS—--——~ SASAIM
GNPKVKAHGKKVLTSLGDATKHLDD---LKGTFAQLSELHCDKLH-V-DPENFKLLGNVL,
VTVLATHFGKE-FTP-EVQASWQOKMVTGVASALSSRYH-~———==——==——=————————

TERTIIVSMWAK-ISTQADTIGTETLERLFLSHPQTKTYFPHF--DLH-—-——-— P-———-
GSAQLRAHGSKVVAAVGDAVKSIDD---IGGALSKLSELHAYILR-V-DPVNFKLLSHCL
LVTLAARFPAD-FTA-EAHAAWDKFLSVVSSVLTEKYR---———————————————————

GEWQLVLNVWGK-VEADIPGHGQEVLIRLFKGHPETLEKFDKF-KHLK-———--— SEDEMK
ASEDLKKHGATVLTALGGILKKKGH---HEAEIKPLAQSHATKHK-I-PVKYLEFISECI
IQVLOSKHPGD-FGA-DAQGAMNKALELFRKDMASNYKELGFQ-G-———=-=-=—————-———

PEPELIRQSWRA-VSRSPLEHGTVLFARLFALEPDLLPLFQYNCRQFS—----— SPEDCL
SSPEFLDHIRKVMLVIDAAVTNVEDLSSLEEYLASLGRKH-RAVG-V-KLSSFSTVGESL
LYMLEKCLGPA-FTP-ATRAAWSQLYGAVVQAMSRGWDGE-—-—-—--=-=————————————

>IpuGbX
MGCAISGLGL--—---—-—--- APKNTTEAASE-————————————————————— DDAPHLTS
EHIAMIKESWKV-IQEDIAKVGIIVEFVRLFETHPECKDVFFLF-RDVE-----— DLERLR

TSKELRAHGLRVMSFIEKSVARLDQLERLDSLAVELGRSH-YRYY-A-PPKYYGYVGTEF
ICAVRPILKEK-WTP-ELEKAWKTLFQYVTWLMRRGYNEEEEEAKRNNTVGSSRERPRQR

>LchCygb
ME-————————————————— KVQGEMEMDRW——=———=——————————————— ERSDQLSD
TEVESIRQIWSN-VYTNCENVGVLVLIRFFVNFPSAKQYFSQF-RHLE-——-—-- DPLDME

RSVQLRKHARRVMGAINTVVENVED-QDIASVLAPVGKAHALKHK-V-EPVYFKILSGVI
LEILAEEYAQH-FTP-EVQOKAWTKLMSIICCHVTATYKEVGWG-QLSNSTM------—-——

>LchGbE

——————————————————————————————————————————————————————— MALSD
AEVQTARDVWGQ-IYANAEENGTIILVRMFTEHPDTKSYFGNF-KGMG—————— SAAEME
QOSAQVRTHGKKIFSALNDMIQHLDSTDALLGVVNPLGKKHATQLK-V-DPKNFKIICNIL
LOQVLDEKFGG—————— DARAGFEKVTDVLCTHLNHAYKEAGW-———————————=——————
>LchGbX1

MGCVFSGSGI-———-———-—— APSKSTPDING----SEAESRLSEELKSGSGONSDALLLSE
POKELIQESWRI-LHQDITRLGIIMFIRLFETHPECKDVFFLF-RDID-—--——— DFHQLK

MSKELQAHGLRVMSFIEKSVARLEQKDKLEQIAFELGRSH-CRYN-A-PPKYYQYVGVQF
ISVVKPILKEA-WTP-EVEEAWQILFKYLTAVMKKGYYVEEKK-ININNALYTKIPNALS

SNPVQONNL—==========~
>L.chGbX2

MGCATSGLSWRA-~-VKGPGEEAKGKEGEA-——===—===——=————————— EALPATSQ
LQTIHLIQESWKL-IQEDIAKVGI IMFVRLFETHPECKDVFFLF-RDVD-~-—-~ DLORLR

TSKELRAHGLRVMSFVEKSVARLEHSERLEQLALELGKSH-YRYN-A-PPKYYQYVGIEF
VCAVQPILKER-WTP-EVEEAWQTLFKYVTEVMKRGYLQEEKI-KRTMETVEPKQASRRA

ADKONIRGIWKT-VFENAEENGRTIVIRLFEKYPETKVYFKNF-KNIS———-——— TMEEMQ
KNEQIRIHGLRVMNSLNQVIQNIDNLNEVYSILTHLAKRHQYVHR-V-DVHNFKLIFGVI
IKILKEALGAT-FTE-EICTSWQKMLSFTYDYLVSCYHKSSGP----—-—-———————————

NDKTLISSTWNK-VAANAEDIGAEALERLFLAHPQTKIYFSHM--DLS—----— P-———-
GSSMLRAHGKKVMGTIEGSIKSIDK---LATVLSRLSDMHAYNEFM-V-DPVNFKLLSQCI
LVALATQLMAD-FTP-EAQCAWDKFLALISEILFSKYR-—-=———=———————————————
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ADKTLIKSIWGK-VEKETEAIGVEALVRLFKCFPQSKVYFDHF-TDLS——---— P---—-
SSQKLHAHAKVVLGALTKAVNHLDN---ITDTLHDISLVHAKKLL-V-DPVNFELLGHCL
EVALAAHFATD-FTP-EVHLAIDKFLYEVEKALFETYR-----—-—-—--—-—-——————————

—————————————————————————————————————————————————————— MVHWTE
TERATIETVYQK-L--HLDEVGREALTRLFIVYPWTTRYFKSF-GDLS—--——~ SSKAIA
SNPKVTEHGLKVMNKLTEATHNLDH---TKDLFHKLSEKHFHELH-V-DPONFKLLSKCL
TIVLATKLGKQ-LTP-DVQATWEKLLSVVVAALSREYH-——=———===——=————————-

—————————————————————————————————————————————————————— MVTWTA
EERKATTSVWSK-V--NPEEVGHEALTRLFIVYPWTQRYFSTF-GSLS—--——~ SSTVIA
RNFKVQQOHAAKVINALTEATRNIDN---LKASFSDLSKLHFQKLH-V-DPENFKLLGKTL
TITLSEKLGSE-FSP-QIQAAWEKFMALVIDSLSRQYN-——=-=—===——=————————-

AEWGLILKVWGK-AEPEAASNGKSVLLRMFQEHPDTQQHFPKF-KHM-—----— TYQELQ
SSEELKTHGDTVLSKLGCLLKLKGN---HAGDLHPLAQTHATKHK-I-PLHNFEIISEIT
VKILAEKYPGD-FGA-DGQAALKKALSMIIQDMGGMYKEFGFK-G-———=-==—————-—-——

RSKELIRESWDR-LGKNKLPHGTVMFTRLFELDPDLMHLENYN-SSFP---——-— SQAGCL
TSPEFIDHIHKVMMVVDAAVNSLDNLLSLEDYLINLGKKH-QAAG-V-KMESFQVVGESL
LYMLEHGLDSA-FSV-EVRHAWIALYSEFVVETMARGWGANGEN-KLN-—-——--=-—-—-————-—

>LplaHbA

———————————————————————— MPIVDS--—-—-=-—=-—-————-————-—GSVGATSA
AEKSLIVSAWAP-VYAKYEEAGVDILVKFFAANPEAQAFFPKF-KGLD-————— SADQLK
KSPAVRWHAERIINAVNDAVVAMDDPAKQSLOLKELSQKHAHELN-V-DPKYFKVLAGVI
SDAVVK--—-——- SG-DAKAAVDKLLSQVVILLKSAY-—————————————————— o
>LplaHbB

———————————————————————— MPIVDS--—-—-—-—-—-——-—-————-—GSVPALTA
AEKATIRTAWAP-VYAKYQSTGVDILIKFFTSNPAAQEFFPKF-QGLT-————— SADQLK
KSMDVRWHAERIINAVNDAVVAMDDTEKMSLKLNELSSKHAKSFQ-V-DPQYFKVLAAVTI
VDTVL-—-—-————-— PGDAGLEKLMSMICTILLRSSY-——————————————————————
>MangMb
——————————————————————————————————————————————————————— MGLSD
GEWHLVLNIWGK-VETDLAGHGQEVLIRLFRSHPETLEKFDKF-KHLK-—-——--- SEDDMR

RSEDLRKHGNTVLTALGGILKKKGH---HEAELKPLAQSHATKHK-I-PIKYLEFISEATI
IQVLHNKHPGE-FGA-DTQAAMKKALELFRNDIATKYKELGFH-G-—-—--——-=——————--—

AEWQLVLHVWAK-VEADLSGHGQEILIRLFKGHPETLEKFDKF-KHLK------ SEAEMK
ASEDLKKHGHTVLTALGGILKKKGH---HEAELKPLAQSHATKHK-I-PIKYLEFISDAT
IHVLHSKHPSD-FGA-DAQGAMTKALELFRKDIAAKYKELGFH-G-———=-=-==—————-——

>MgaGbE

——————————————————————————————————————————————————————— MSFSE
AEVQSARGAWEK-IYVDAEDNGTAVLIRMFTEHPDTKSYFTHF-KGMD—————— SAEEMK
QSDQVRGHGKRVFTAINDMVQHLDNTEAFLGILNPLGOQKHATQLK-I-DPKNFRIICDIT
LOLMEEKFGG—————— DCKTSFEKVINEICTHLTNIYKEAGW-—-—-——-—————————-————
>MglaHb2

——————————————————————————— MSA----------—-—-—————————-HGIARTTE
GERAAVRASWAV-LMKDYEHAGVQILDKFFKANPAAKPFFTKM-KDLH-——-—---— TLEDLA

SSADARWHVERIIQAVNFAVINIEDREKLSNKFVKLSQDHIEEFH-VTDPQYFMILSQTI
LDEVEKRNG-G-LSG-EGKSGWHKVMTIICKMLKSKY---=-—-—-—————————————————

GEWQLVLNVWGK-VEADLAGHGQEVLIGLFKTHPETLDKFDKF-KNLK-——-—--— SEEDMK
GSEDLKKHGCTVLTALGTILKKKGQ---HAAEIQPLAQSHATKHK-I-PVKYLEFISEII
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ADFEMVLKHWGP-VEADYATHGNLVLTRLFTEHPETQKLFPKF-AGI-—----— AKADMA
GNAAISAHGATVLKKLGELLKAKGS---HAAIIKPMANSHATKHK-I-PIKNFELISEVI
GKVMHEKAGLD---A-AGQKALKNVMTTIIADIEANYKELGFT-G---—-——=-=-==————-—

ADFDMVLKCWGP-MEADYATHGGLVLTRLFTEHPETLKLFPKF-AGI-—-—----— AHGDLA
GDAGVSAHGATVLNKLGDLLKARGA---HAALLKPLSSSHATKHK-I-PIINFKLIAEVI
GKVMEEKAGLD---A-AGQTALRNVMAVIIADMEADYKELGFT-E---———==-==—=————

—————————————————————————————————————————————————————— MVQVTD
VEKANIQSTWSK-MMENLEKNGIDIFTRLFREYPETKKYF-—--KNIP--——-~ LEGNLQ
EDPLLRSHGRRVMVALNRT IQONT.DNWKQVCKILNPLAEKHKT THS-V-DVENFQFMLKCV
GDVCQDYLGPC-YTP-EIAESFQKLQSSLYDQVVITYLHSGSD-———-——=-———=-——-

—————————————————————————————————————————————————————— MVNWTS
EEKHAIVSIWGK-V--DIEETGANALSRLLVVYPWTQRYFSAF-GNLS-———-- SPTAIV
GNPRVRAHGKKVLTSFGEAVKDLDH---VKSNFAKLSQLHSEKLH-V-DPENFRLLGDNL
IIVLAATLGKD-FTP-EAQAAWQKLVGVVASALSSQYH-—————————————————————

GEWQLVLKVWGK-VEGDLPGHGQEVLIRLFKTHPETLEKFDKF-KGLK-———--— TEDEMK
ASADLKKHGGTVLTALGNILKKKGQ---HEAELKPLAQSHATKHK-I-SIKFLEYISEAT
IHVLOSKHSAD-FGA-DAQAAMGKALELFRNDMAAKYKEFGFQ-G---—-———————————

PEQELIRESWRS-VNSNPLEHGMILFTRLFDLEPDLLPLFQYNCRQFS—————— SPRDCL
ASPEFLDHIRKVMLVIDAAVIHLDDLSSLEEYLTNLGRKH-KAIG-V-KLSSFSTVGESL
LFMLDKCLGPA-FSP-ATREAWTRLYTAVVHAMSRGWGGE----—-—-—-——-———————————

>0laCygbl
ME-——=———=————————————— RKQGEVDHL—=——=———=————————————— ERSRPLTD
KERVMIQDSWAK-VYQNCDDAGVAILVRLEFVNFPSSKQYFSQF-KHIE-—-——— DAEELE

KSSQLRKHARRVMNAINTLVESLDNSDKVSSVLNAVGKAHATRHK-V-DPVYFKILSGVI
LEVLGEAYPQV-MTA-EVASAWTNLLAILCCSIKAVYEELGWP-HLSNSTS----———--—

>0laCygb2
MSCRESPPPPSPPPOML--GVQRGECEDRP---—-—-—=——————————————— ERAEPLSD
AEMEITIQHTWGH-VYKNCEDVGVSVLIRFFVNFPSAKQYFSQF-QDMQ—-————— DPEEME

KSSQLRQHARRVMNAIN-VVENLQDPEKVSSVLALVGKAHAVKHK-V-EPIYFKILSGVM
LSVLSEDFPEF-FTA-EVQLVWTKLMAAVYWHVTGAYTEVGWL-QVSSSAV--—-—-———-—

KDKAAVKAFWAK-VSGQADAIGSDALSRMLVVYPQTKTYFAHW-KDLS-—--——-— P-——-
GSAPVKKHGKTVMGGIADAVGKIDD---ISSGLLNLSELHAFTLR-V-DPTNFKILSHNI
LVVMAIMFPQD-FTP-EVHVALDKFLAAVSLALSEKYR---—-—-—-—-———————————————

—————————————————————————————————————————————————————— MVEWTE
QERSTITNIFGN-L--DYEDVGSKALSRCLIVYPWTQRYFASF-GNLY~-----~ NAEATK
TNPNIAAHGTKVLHGLDRAVKNMDN---TKATYAELSVLHSEKLH-V-DPDNFKLLADCL
TIVIAAKLGSA-FSP-EIQATFQKFLAVVVSALGRQYH-——===—===——=————————

ADYDMVLKHWGP-VEADYNTHGNLVLTRLFHEYPETQKLFPKF-AGI-—————— AKGDMA
GNAALSAHGATVLKKLGELLKARGN---HGAILKPLANSHATKHK-I-PINNFRLITEVI
GKVMAEKAGLD---A-AGQQALRSVMAGIIAEIEADYKELGFA-G-—-=-———====————-—

—————————————————————————————————————————————————————— MEKLSG
KDKELIRGSWES-LGKNKVPHGVIMFSRLFELDPALLSLENYN-TNCG-——--- STQDCL
SSPEFLDHVTKVMLVIDAAVNHLDDLHSLEDFLLNLGRKH-QAVG-V-STQSFAVVGESL
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———————————————————————————— MFKEHPHTLSYFTNF-KELQSTAGTASVTELE
GLSEVRTHGKKVLSALNDMVQQVDNMDALKAIIEPLGKKHAVELK-V-DVKEFEILCAIL

LELMAEKCGE-----— DAKTDFKKVTDVVCEQIKSTY-—=-—=——————————————————
>PanGbX

MGCALSR-—-====—————— AGATDNSTTDVNEILEEMGPDTVIGSRTQSEVVSDLSTLAE
SQKELIQESWKI-LHQDIARLGVIVFIRLFETHPECKDVFFMF-RDID-----— DIQQLQ

LSRELQAHGLRVMSFIEKSVARLQQEDKLOQQLAFELGRCH-CRYN-A-LPKYFEYVAFQF
MTAVKPILKEK-WTS-EVDDAWKALFKYLISLMKKGFQEEEKT-HLINKSTYPKKQLISK
MNFVKNNV-=-=====—=—=———

>PanGbY
—————————————————————————————————————————————————————— MCSLST
TDIKNIRDIWSI-VCONPEENGRTVVIRLFLDYPQTRTYFKNF-KNID---—--- TEEGIK
ESRQVRQHGRRVVMLLSKVIECLEDWDKTSTLLSELADRHQQHHK-V-EVVNFKFLFAAL
NSVYIDVEGPT-FTP-DIEASWQKFYSLTYQQLEKCYSTCPSS——=——==—=—=—=——————

AEKTILLAVWER-ISPYIEEFGAQALTRMFRCFPETKIYFHEK--NID-----— P-——-
GSSYVRNQGGKIVTAIGTAVONADN---IQEALADLCCLHAYRIR-V-DPVNFQYFSKCF
LTVLAVHLQDD-FTA-DVHVVWDKFMCMLSCILAVKYR--=-————-—-—-—————————————

AEKSCLASTFEK-IAPKAEQYGSELFQRMFLGFPQTRTYFAHV--DTS——----— A-———-—
NSPQLSAHGAKITIASLGKAIKNVDN---MSAALSDLSDLHAQSIR-V-DPSNFKYISHCL
LVLLAAHLKAD-FTP-QVQIAWDKFLAAVSAVLTEKYR-----—-—-—-—-—————————————

EDEVHIGEAC-K-LLTQIPNAGGEALARMFAAFPGTKSYFQKF-GDYK------ A-———-
SSDKVIQHGKKVVDALVQASQHLHD---LESQLHPLSVKHATELM-V-DPVNFEHLSHCI
HVTIAAHHGEK-YTA-EMHRSADKFFERVSSQLVSLYR-———————————-——————————

EDEVHIAEAC-K-LLTQIPNAGGEALARMFAAFPGTKSYFQKF-GDYK------ A-———-—
SSDKVIQHGKKVVDALVQASQHLHD---LESHLHPLSEKHARELM-V-DPVNFEHLSHCI
HVTIAAHHGEK-YTA-EMHRSFDKGLECVSSELVSLYR--=-————-—-—-—————————————

—————————————————————————————————————————————————————— MVHWTS
EEEFAITSIWGN-V--DVHEEGHDTLTRLMVVYPWTKKYFSSF-GNLS-———-- TTSTIA
SNDRVQAHGAKVLTAIGDALVDLPN---IKQNLTDLSRLHSEILH-V-DPENFRLLGQCL
VIVLAAKFGAEKFNA-DVQAAWQKLMGVIAAGLSKQYH-——====————=——————————

—————————————————————————————————————————————————————— MVLWDA
AEKKVIASVWAK-V--DIEADGFQALLRTLHVYPWTKRYFSHF-GAMS—----— TLKDIE
SNPKVRAHGRKVMAAVGDAI SHMDN---IKGHLSQLSQLHSDKLH-V-DPANFELLGNNI
VIVLAAKFGADAFTP-EVQATFQKLVAVISSALTREYH—-—————————————————————

—————————————————————————————————————————————————————— MVNWKA
NERQAVTSVWAS-I--DAAGHGQETLERLLHVYPWSRRYFGKF-GDLS——-——~ TFSAIR
QONPHVRTHGAKVLGAVVECLNHMDD-~--IKGHLAQLSILHSDTLH-V-DPANFTLLGNCF
LIVLAKSVGAG-FTP-DVHAACHKLMVEIADGLSRQYH=-~—=-—==—==—=—————————

—————————————————————————————————————————————————————— MVNLEA
AEKQTITSFWAS-V--DPAAQGENALQRLLYCYPWSRRYFAKF-GDLS--—~~~ TISATR
KNSHVRAHGHKVLSAVGDCI PHLGD---TKGHLAQLSKLHCETLH-V-DPANFCLLGKIT
VVVLASHFGAK-FTP-EVQAAFQKLVAEVAAGLSRKYH-~———--———————————————

—————————————————————————————————————————————————————— MVHWDA
TEKQTITSFWGK-V--DLAADGEHSLORLLYVYPWCRRYFHKF-GDLS-———-- TISAIR
KNSHVRAHGHKVLSALGDCVPHLGD---IKGHLAQLSKLHCETLH-V-DPANFCLLGQII
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—————————————————————————————————————————————————————— MASLSD
AQWKKLQEFWVKNVEPNLTKHGQEVLVRMFVNHKSTLEYFPKF-RHLT-————— TEAEMR
SNEDIRKHGNTVEFTALGKLVKLKGN---VEGDLRSMADSHANKHK-I-HLENFDIISKVI
DNYFHESFPGD-YGA-DVQDYMKATLALIVQTLTKLYKELGK-=-===========--~

AQWNNVLAFWAKHIENDPTKHGHEVLIRLFLESKAAQNLFDKF-RHLG-----— SEAEMR
SCADLQKHGNTVFTALGKTLKLKGH---HDADLRPMAESHSHKHK-I-PVENFTLICSII
DKYLHESF-SD-YTG-DTRESLKSALGGVCHSLEKLYKEV-———=-=——————————————

AQWDTTLKFWEAHVAGDLKKHGHEALVRLFLKNKDSQKHFPKF-KDLA-—----— SEAEMR
GSDGLKNHGETVFTALGKALQQRDG---IANELRPLAVTHSQNHK-I-PLEEFENICEVI
DVYLAEIC-PD-YAG-ETRTSVKAVLDVFSQSMTTLYGEV-—-—-—----—-————-————————

—————————————————————————————————————————————————————— MAGLSE
VOWNELLAFWDKYVAPSSSEHGKHILIRMFQTEKATQTLFSKF-KDI——----— PTSDLA
VNADVKKHGGVVVDFLGKLLKLKGQ---NDSQLHTMAESHKNKHK-I-PLDYFQVISSVI
DVYVNENLPEE-Y-A-PVRQSMKSALNQIANGLKDNYAKV-—————=====—————————

—————————————————————————————————————————————————————— MAGLSD
AQWNDLLAFFDKFIAPNSAEHGKHILIRMFDSDRATQSLFPKF-KDA-———--— PAADLP
KNADVKKHGGVVVDFLGKLLKQKGH---NESMLHTMAETHKNKHK-V-LPDYFQLISSVI
DVYVHENLPAE-Y-A-PVRDAMNAALKQIANTLKSNYAKV-————————-——————————

NNADVKEQGAVVVKALGELLKLKGQ---HESQLHAMAESHKNTYK-I-PVEYFPKIFKIT
DAYLQEKVGAA-Y-A-AIQAAMNVAFDQIADGLKTQYQTV-—-=-—————————————————

NNADVKEQGAVVVKALGELLKLKGQ---HESQLHAMAESHKNTYK-I-PVEYFPKIFKIT
DAYLHEKVGAV-Y-A-AIQAAMNVAFDQIADGLKTQYQTV-————-=-—-—-————————————

—————————————————————————————————————————————————————— MAGLSE
AQWNELLAFWDKYVAPSSSEHGKHILIRMFDADKATQALFSKY-KDI-—----— PTSDLA
ANADVKKHGGVVVDFLGKLLKLKGQ---NDSQLHTMAESHKNKHR-I-PLDYFQLISTVI
DVYVYENLPGE-Y-G-PVRESLKAALSQIANGLKANYAKV-—————===———————————

GEWQLVLHVWAK-VEADVAGHGQDILIRLFKSHPETLEKFDRF-KHLK-—-——--— TEAEMK
ASEDLKKHGVTVLTALGAILKKKGH---HEAELKPLAQSHATKHK-I-PIKYLEFISEAT
IHVLHSRHPGD-FGA-DAQGAMNKALELFRKDIAAKYKELGYQ-G--—-————————————

ADFDMVLKCWGL-VEADYATYGSLVLTRLFTEHPETLKLFPKF-AGI-—————— AHGDLA
GDAGVSAHGATVLNKLGDLLKARGG---HAALLKPLSSSHATKHK-I-PIINFKLIAEVI
GKVMEEKAGLD---A-AGQTALRNVMAVIIADMEADYKELGFT-E-—-—-—-—-—-—-—-—-—-—-————

>PmaaHbl

———————————————————————— MPIVDS---—-—-—-——-—————————————-GSVPALTA
AEKATIRTAWAP-VYAKYQSTGVDILIKFFTSNPAAQAFFPKF-QGLT-————— SADQLK
KSMDVRWHAERI INAVNDAVVAMDDTEKMSLKLRELSGKHAKSFQ-V-DPQYFKVLAAVI
VDIVL-========== PGDAGLEKLMSMICILLRSSY-==========—==——=——————
>PmaaHbl0

———————————————————————— MPIVDS----=-=-=-=-—---—--—---—-GSVGALSA
SEKAAVAGSWKA-VYANYEAAGKAVLIKFFTSNPGVQDFFPKF-KGLD——--—-—— SADKLS

KSPAVRWHAERI INAVNDSVVALDDPEKQSLKLKALSQKHAYEFH-V-DSQYFKVLSATI
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———————————————————————— MPIVDS——————————————————————GSAGALSA
AEKAIITDSWKV-VYADYEAAGKAILIKFFTSNPGVQDFFPKF-KGLD-————- SADQLS
KSAAVRWHAERI INAVNDAVVALDDPEKQSLKLKALSKKHAQEFN-V-DPQYFKVLSANV
LEQVAAANG-G-LSA-EAQGAWEKLLSTISTLLKSQY - =-==========——————————

>PmaaHbl2

———————————————————————— MPIVDS--——-=——-—————————————-GSVGEFSA
AEKSLIVSAWAP-VYAKYEEAGVDILVKFFSDNPGVQDFFPKF-KGLD---—-— SADQLK
KSPAVRWHAERIINAVNDAVVALDDPPKLSLKLKALSKKHAQELN-V-DPQYFKVLAGVI
SDAVAK---——-— SG-DEKAAVDKFLSQVVILLKFAY ———————————————————————
>PmaaHbl3

———————————————————————— MPIVDS--——————-—————————————-GSVGAISA
AEKSLIVSAWAP-VYAKYEEAGVDILVKFFAANPEAQAFFPKF-KGLD---—--- SADQLK
KSPAVRWHAERI INAVNDAVVALDDPAKQSLQLKALSQKHAHELN-V-DPSYFKVLAGVI
SDAVAK-—-————— SG-DAKAAVDKFLSQVVILLKSAY —=———=———=————————————————
>PmaaHbl4

———————————————————————— MPIVDS-------—-—--—-—----—--GSVGAISA
AEKSLIVSAWAP-VYAKYEEAGVDILVKFFAANPEAQAFFPKF-KGLD-————— SADKLK
KSPAVRWHAERIINAVNDAVVALDDPAKQSLOLKALSQKHAHELN-V-DPSYFKVLAGVI
SDAVAK------- SG-DAKAAVDKFLSQVVILLKSAY-———=—=—————————————————
>Pmaalb2a

———————————————————————— MPIVDT-------—--—--—--—-------GSVAPLSA
AEKTKIRSAWAP-VYSNYETSGVDILVKFFTSTPAAQEFFPKF-KGLT-————— TADQLK
KSADVRWHAERIINAVNDAVVSMDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVI
ADTVA-—-———————— AGDAGFEKLMSMICILLRSAY-——————————————————————
>PmaaHb3

———————————————————————— MPIVDS—-——————-—————————————-GSVAPLSA
AEKTKIRSAWAP-VYSNYETTGVDILVKFFTSTPAAQEFFPKF-KGLT-—-———— TADQLK
KSADVRWHAERI INAVNDAVVSMDDTEKMSMKLGDLSGKHAKSFQ-V-DPQYFKVLAAVI
ADTVA-—-———————— AGDAGFEKLMSMICILLRSAY-———=———————————————————
>PmaaHbba

———————————————————————— MPIVDT--——————-—————————————-GSVAPLSA
AEKTKIRSAWAP-VYSTYETSGVDILVKFFTSTPAAQEFFPKF-KGLT-——-——— TADQLK
KSADVRWHAERI INAVNDAVASMDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVI
ADTVA--————————-- AGDAGFEKLMSMICILLRSAY-——=—=—-=—=————————————
>PmaaHbb5b

———————————————————————— MPIVDS-------—--—--—-—----—--GSVAPLSA
AEKTKIRSAWAP-VYSTYETSGVDILVKFFTSNPAAQEFFPKF-KGLT-————— TADQLK
KSADVRWHAERI INAVNDAVASMDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVI
ADTVA-—-———————— AGDAGFEKLMSMICILLRSAY-———=———————————————————
>PmaaHb6

Mmoo GALQDS—————————————————————— GIVSSFKE
DEKAALRESWDI-FNNSHQDAGVKILARFIINNPEAKKFFPKF-KGLN--—-——— TAEELQ

NSAEVRIHGDKILAAVQQAVLDLDDPDKQKNKLKDLSKSHAQQFN-V-EPAYFKTFAEVI
LKYVTETCGKS-FTS-EMRTSWSKLLSLITIIELQSAY-=--————————————————————

———————————————————————— MPIEDT-----------——————---——GSKPDFSD
EEKKAIKDSWSG-VYSEYESASSEILIKFFVDNPSAQDFFPKF-KDLD-———-- SEEKLK
NSTAVRWHAERI INAVNDVIWLLDEPEKNAKNLKELSEKHAVQLN-V-DAKFFKVLAELI
LDKVAEKSGDS-FSD-SARSAWEKLLTYICISLKVAY----———————————————————

>PmaaHb8

———————————————————————— MPIVDS—-———=——-—————————————GSVAPLSA
AEKTKIRSAWAP-VYSNYETSGVDILVKFFTSTPAAQEFFPKF-KGMT-——-——— TADQLK
KSADVRWHAERIINAVNDAVTSMDDTEKMSMKLRDLSGKHAKSFQ-V-DPQYFKVLAAVI
ADTVA-—-———————— AGDAGFEKLMSMICILLRSAY-———=——————————————————
>PmaaHb9

———————————————————————— MPIVDS—-——————-—————————————-GSVGALSG
AEKAATADSWKA-VYSNYEEAGKAILIKFFTSNPGVQDFFPKF-KGLD——-———— SADQLS

KSAAVRWHAERIINAVNDAVVALDDPEKLSLKLKALSKKHAQEFN-V-DPQYFKVLAVNI
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———————————————————————— MSIADS——————————————————————GSAPALSG
DEKSAVRDTWKV-VYPHAEDHGTTILIKFLTENADAKKFFPKF-QALK-———-- TADEMK
SSPVLRDHAKRIMNS INDMVVALDDTNAQNAQMNGLSKKHANDFK-V-DPKYFKVISNVI
LSVIAEGLGAQ-FND-AAKNGWSKLLTTTCIGLKSAF-==========—=——————————

>PmaaMb2
e SAIVDS-—————————————————————— GSAPALSG
DEKAAIKSTWPS-VFAKAEDVGAEMLSRFISSNADVKKYFPKF-KDIS—--—-—---— SQAELK

SSAKVRDHAKRIMAFINDLVDNIDNAGAQTAKLHSLSAEHAEKFK-V-DPQYFKVISNVL
LDILGETFGAS-FSG-ATRSAWIKLLSIICIGLRSAF-—-—-=-———————————————————

>PmaCygb
ME = m e QGWLSE
EEIEALQDIWEK-VFKSAEDVGVILLVRLFTGHPASKQYFPMF-KDLE---—-~- TADDLK

ASAKLRWHAGRVMGSLDKAVRSLRKPEELIKILRAVGLSHARKATPV-DVKYYHILGGITI
MDVLLETFKDE-LSP-TARSAWTKLLGTLCTEFENAYREEGVL-EQAAA--—-—-————-———

>PmaGbX1
MGCTVSTDER-———————— TGAQSSSQGOSQASRKQOQPEQQRAAGEGHQPPGPPQAPSE
SQRRLVRDSWLA-LQCDIARVGVIMFVRLFETHPECKDVFYQF-RDCE-——-——— DLQKLK

MNKQLQAHGLRVMSFIEKSVARLEQECVLEQLIVEMGRKH-YKYN-A-SPKYYSFVGIEF
IATVQPFLOEK-WTN-EVEDAWQCLFRYIAAVMKRGYLEEEAASNGVNTANYDRGQGNHG

>PsiCygb
ME-————=——————————- KVQGEMEIERW-——-—=———————————————— ERSEELSD
AEKKVIQETWSR-VYTNCEDVGVSILIRFFVQFPSAKQYFSQF-KHME-————— DPLEME

RTPQLRKHARRVMGAVNTVVENINDSEKVSSVLALVGKAHALKHK-V-EPVYFKFFTGVM
LEVIAEEYAND-FTP-EVQRAWTKLKSLIYTHVTATYKEAD---REPSK-—--------—--—

>PsiGbE

——————————————————————————————————————————————————————— MAFSE
AEVQRARGAWEK-MYANAEDNGTTVLVRMFTEHPDTKSYFTHF-KGMG———-—-—— TAEEME
QSDQIRSHGKKVLTAINDLVQHLDSTDAFLGIVNPLGKKHATQLK-I-DPKNFRVICDIT
LOLMEEKYGG———-——— DCKASFEKVTNEICTRLNNAY-—-—-—-—-—-——-—==="==——=———————
>PsiGbX

MGCALSGSGS——==-————— APGKRSSEAEQ----KDRAAWKAGPVRGGEGLEAGPFPPAG
AQKERIQESWRI-LHDSIARVGIIVFIRLFETHPECKDAFFLF-RDIE-———-—— DLQQLK

MSKELQAHGLRVMSFIEKSVARLDQEDKLEHLAFELGRNH-YRYS-A-PPKYYEYVGVQF
ISAVQPILKER-WTP-ELQEAWQVGSGSAETSPSPG-—====—————=————————————
———————————— PLWFFIRP

—————————————————————————————————————————————————————— MALLTD
ADKKSIHHIWSK-LFENPEENGKIIVIRLFKDYPETKAYF----KSIP------ TEGNLQ
EDPQIRYHGRRVMVALNQVIENLDNWKQACRILEHVAEKHKNTHH-V-PAANFQSMFQVI
LSVCKELMGNE-FSS-EVSSAWEKLFRLLFEQINTSYANASKS————=—-—————==--—

CDKTNVKAVWTK-VSGHLEDYGAETLERMFATYPSTKTYFAHF--DLH-—-—---— H-—-—--
GSSQVRTQGKKVLSALGDAVAHVDD---LPSALSRLSDLHAKNLR-V-DPVNFKLLSHCF
LVVVALHHPSL-FTP-EVHVSLDKFMCAVSAVLTSKYR----=-—-—-=——————————————

DEKQLVLHAWDK-VQGHQEDFGAEALERMFTTYPSTKTYFPHF--DLH-—-—-—--— H-----
DSEQVRHHGKKVVTALGNAVHHMDT---LSKTLSDLSDLHAYNLR-V-DPVNFKLLSHCF
QVVLAVHLRDE-YTP-QLHVAFDKFMEAVCNVLTEKYR-—-————-———-—-—-——-—-————————

—————————————————————————————————————————————————————— MVHWTA
EEKQFITSLWGK-V--DVAECGGEALARLLIVYPWTQRFFSSF-GNLS—--——~ SPTATL
GNPKVRAHGKKVLTSFGEAVKNLDS---VKATYAKLSELHCNKLH-V-DPENFRLLGDIL
VIVLASHFGKE-FTP-ACQAAWQKLVGVVAHALAHQYH-~———--———————————————

—————————————————————————————————————————————————————— MVHWTP
EEKQMITSLWAK-V--NVAECGGEALARMMIVYPWTQRFFSTF-GNLS-———-- NPQAIQ
HNPKVLEHGKKVLTSFGNAVKDLDH--- IKETFAHLSELHCEKLH-V-DPENFKLLGNVL
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AEKAAVVAIWEK-VATHANAIGAESLERLFSGFPQTKTYFPHF--DLS——----— Q-—-——-
GSAQLHGHGSKVLSAIGEATKNIDN---ITGALATLSELHAYILR-V-DPVNFKLLSHCI
LCSLAAHFPND-FTP-EVHAALDKFLSQISSVLTEKYR-—--———————————————————

NEWQHVLGIWAK-VESDIPAHGQEVMIRLFQVHPETQSLFAKF-KNLK-—----— TADEMK
SSDELKKHGITVLTALGRILKQKNN---HEQELKPLAESHATKHK-I-PVKYLEFICEITI
VKVIAEKHPAD-FGA-DSQAEMRKALELFRNSMASKYKEFGFQ-G-————-=-=——————-——

TEKALIRESWQK-VSSNLLQHGIVLFTRLFDLDPDLLPLFQYNCRQFS—-———--— SPLECL
SSPEFLDHIRKVMLVIDAAVTHLENLSSLEEYLTNLGKKH-QAVG-V-KVDSFSAVGESL
LFMLEKCLSTA-FSS-DVREAWTKLYGAVVKAMSRGWDARKEG-E---—-—-—-—-—-—-—————

>RnoCygb
ME-———————— - KVPGDMEIERR-————————————————————— ERNEELSE
AERKAVQATWAR-LYANCEDVGVAILVRFFVNFPSAKQYFSQF-KHME-————— DPLEME

RSPQLRKHACRVMGALNTVVENLHDPDKVSSVLALVGKAHALKHK-V-EPMYFKILSGVI
LDVIAEEFAND-FPV-ETQKAWTKLRGLIYSHVTAAYKEVGWV-QQVPNTTTLPATLPSS

GEWQOMVLNIWGK-VEGDLAGHGQEVLISLFKAHPETLEKFDKF-KNLK-—-—-—--— SEEEMK
SSEDLKKHGCTVLTALGTILKKKGQ---HAAEIQPLAQSHATKHK-I-PVKYLEFISEVI
IQVLKKRYSGD-FGA-DAQGAMSKALELFRNDIAAKYKELGFQ-G---—-—-——————————

ADFDAVLKFWGP-VEADYTSHGGLVLTRLFKEHPETQKLFPKF-TGI-—-————— AQADMA
GNAAISAHGATVLKKLGELLKAKGN---HAATLKPMANSHATKHK-I-PINNFKLISEITI
VKVMQEKAGMD---A-GGQQALRNVMAAVIADLEANYKELGFS-G---—-—-——=—=———————

ADFDAVLKFWGP-VEADYDKIGNMVLTRLFTEHPDTQKLFPKF-AGI-—————— GLGDMA
GNAAISAHGATVLKKLAEVLKAKGN---HAGITIKPLANSHATKHK-I-AINNFKLITEITI
VKVMQEKAGLD---A-GGQTALRNVMGVFIADMDANYKELGFS-G-————-=-=——————-——

ADFDAVLKCWGP-VEADYTTIGGLVLTRLFKEHPDTQKLFPKF-AGI-—----— AQADLA
GNAAISAHGATVLKKLGELLKAKGS---HASILKPMANSHATKHK-I-PINNFKLISEVL
VKVMQEKAGLD---A-GGQTALRNVMGIIIADLEANYKELGFT-G-————-—-=-—————-—-——

ADFDAVLKCWGP-VEADYTTMGGLVLTRLFKEHPETQKLFPKF-AGI-—————— AQADIA
GNAAISAHGATVLKKLGELLKAKGS---HAAILKPLANSHATKHK-I-PINNFKLISEVL
VKVMHEKAGLD---A-GGQTALRNVMGIITIADLEANYKELGFS-G-—-—==—===——=————
>TguCygb ME-——-—-——-—————————-——

KVQOGEMEIERW-—==——===——=——————

————— ERSEEISD
AEKKVIQEIWSR-VYANCEDVGVSILIRFEFVNFPSAKQYFSQF-KHME-—-———— DPLEME
RSLOLRKHARRVMGAINTVVENLNDSEKVSSVLALVGKAHALKHK-V-EPIYFKKLTGVM
LEVIAEEYPND-FTP-EAHGAWTKMKTLIYTHVTAAYKEVGWA-QYPTATL--—-——=—-———

>TguGbE

——————————————————————————————————————————————————————— MSLSE
AEVQSARGAWEK-IYVDAEDNGTAVLVRMFTEHPDTKSYFPHF-KGMD—————— SAEEMK
QSDQVRGHGKKVFGAINDMVQHLDNSEAFLGIVTPLGKKHATQLK-I-DPKNFRIICDIT
LOLMEEKFGG—————— DCKASFEKVTINEICTHLNNIYKEEGW-—-—-—-—-—-—-—-—-—————-————
>TguHbA

——————————————————————————————————————————————————————— MVLSA
GDKSNVKAVFGK-IGGQADEYGADALERMFATYPQTKTYFPHF--DLG-———-— K-==--
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GSAQVKGHGKKVAAALVEAANNVDD---LAGALSKLSDLHAQKLR-V-DPVNFKLLGQCF
LVVVATRNPSL-LTP-EVHASLDKFLCAVGTVLTAKYR---————-—-—-—-————————————

EDKKLLOQTWGK-LGGAEEEVGADALWRMFHSYPPTKTYFPHF--DMS—---——— Q-—-——-
GSDQVRGHGKKVMAALSNAVKNLDN---LSQALSELSNLHAYNLR-V-DPVNFKFLSQCL
QVTLATRLGKE-YSP-EVHSAVDKFMSAVASVLAEKYR---=--—————-——-——————————

EEKQLVTTLWGR-V--NVDECGAEALARLLVAYPWTQRFFVSF-GNMS—---——— SPTAVL
GNPMVRAHGKKVLTSFGEAVRNMDS---VKKCFAQLSKLHCEKLH-V-DPENFRLLGDVL
VVVLASHFGKE-FTP-ACQAAWQKLVRVVAHALAHEYH-—-——--—-———————————————

QEWQQVLTVWGK-VESDLAGHGHQILMRLFQDHPETLDRFEKF-KGLK-—--——— TPDAMK
GSEDLKKHGVTVLTQLGKILKAKGN---HEAELKPLAQTHATKHK-I-PVKYLEFISEVI
IKVLAEKHAAD-FGA-DAQAAMKKALELFRNDMATKYKEFGFQ-G-——-—-—-—-——————-——

GORALIRESWQR-VSGSPVQHGLVLFTRLFDLDPDLLPLFQYNCKQFA-———-— SPHECL
SAPEFLDHIRKVMLVIDAAVSHLENLSCLEEYLCNLGKKH-QAVG-V-KVESFSTVGESL
LYMREEKPGAA-FSP-EVQGGWSKLYNAVVKAMOQRGWETLPEG-D---—-———-=-—-—————-—

>TniCygbl
ME-————=——————————- RMQRDGEVDHV-—==—==—=————————————— EQPGPLTE
KEKVMIQDSWAK-VFQSCDDAGVAILVRFFVNFPSSKQFFKDF-KHME-—-—-——— EPEEMQ

QSVQLRKHAHRVMTALNTLVESLDNSDRVASVLKSVGRAHALKHN-V-DPKYFKILSGVI
LEVLGEAFTEI-ITA-EVASAWTKLLANMCCGIAAVYKEAGWT-ELSSSVE-—-----—--—

>TniGbX
MGCAISSLGAKA-—-—-—--— EFGDRSAEEEDAAAA-—————————————————— AAAVVYPRE
DOQIQOMIKDSWKV-IRDDIAKVGIIMEFVRLFETHPECKDVFFLF-RDVE-—-———— DLERLR

SSRELRAHGLRVMSFIEKSVARLDQQDRLEALAVELGKSH-YHYN-A-PPKYYSYVGAEF
ICAVQPILKER-FTS-ELEEAWKTLFQYVTGLMRKGHQEEGSR--QRHLALPPKDGPEKR

GDFDMVLKFWGP-VEADYSAHGGMVLTRLFTENPETQQLFPKF-VGI-——-—---— AQSELA
GNAAVSAHGATVLKKLGELLKAKGN---HAAILQPLANSHATKHK-I-PIKNFKLIAEVI
GKVMAEKAGLD---T-AGQQALRNIMATIIADIDATYKELGFS------—-—----—=—————

—————————————————————————————————————————————————————— MEKLSS
KDKELIRGSWDS-LGKNKVPHGVILFSRLFELDPELLNLFHYT-TNCG-——--~ STQDCL
SSPEFLEHVTKVMLVIDAAVSHLDDLHSLEDFLLNLGRKH-QAVG-V-KPQSFAMVGESL
LYMLQCSLGQA-YTA-SLROAWLNMY SVVVASMSRGWAKNGED-KAD----———====-—

>TruCygbl
ME-———————— - RMQGDGELDHV—-——=—=———————————————— ERPSPLTD
KEKVMIQDSWAV-VFQSCDDAGVAILVRLFVSFPSSKQLFKDF-KDIE-—--—-—-— EPEEMQ

RSIQLRKHAHRVMTTINTLVENLDDADAMASALKSVGRAHALRHK-V-DPKYFKILSGVI
LEVLGEAFTEI-ITA-EVASAWTKLLANMCCAVAAVYEEAGWT-KLSSSAE-—-—-—-—-—-—-——

>TruCygb2
MSHRESPPAPPPPPQLLGGQRRDVEGEDGP---—--—-—-——————————————— ERAKPLSD
TEREMIQDTWGH-IYKNCEDVGVSVLIRFEFVNFPSAKRYFSQF-QDME—————— DPEEME

RSSQLRHHACRVMNAINTVVENLHDPEKVSSVLALVGKAHATIKHK-V-EPMYFKILCGVM
LEVLCEAFPEF-FTA-DVRMVWAKLMAAVYWHVTGAYTDVGWL-QVSSSAV-—-—-—-—-—-———

ADFETVLKFWGP-VEADYGAHGGIVLTRLFTENPETQKLFPKF-AGI-—————— TQSDLA
GNAAVSAHGATVLKKLGELLKAKGN---HAALLQPLANTHATKHK-I-PINNFKLIAEVI
GKVMEEKAGLD---A-AGQQALKNVMATIIADIDVTYKDLGFS----=-—-——====————-—

—————————————————————————————————————————————————————— MEKLSS
KDKELIRGSWDS-LGKNKVPHGVIMFSRLFELDPELLSLFHYT-TNCG-———-- STQDCL
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SSPEFLEHVTKVMLVIDAAVSHLDDLHSLEDFLLNLGRKH-QAVG-V-NPQSFATVGESL
LYMLQCSLGQA-YTA-SLRQAWLNMYSVVVAAMSRGWAKNGED-KAD-—-—-—-—-—-—-—-————-—

ADFDAVLKCWGP-VEADYTTIGGLVLTRLFKEHPETQKLFPKF-AGI-—----— AQADIA
GNAAVSAHGATVLKKLGELLKAKGS---HAAILKPLANSHATKHK-I-PINNFKLISEVL
VKVMHEKAGLD---A-GGQTALRNVMGIIIADLEANYKELGFS-G-——==-==—=—————-——

ADIENINEIWCK-IYANPEESGKTVVIRLFTTYPQTKVYFKNL-KNIA-----— TLEEMQ
VNPGIRAHGKRVMGALNQVIQNLNDWEVVSSALTHLAQRHQDVHK-V-GVNNFQLLFLVI
LTIFKEALGAD-FTP-EHCKSWEKLFSITYNFLDSCYTKSDS———--=-—————=——=—————

SDKAAVIALWGK-IAPQANAIGAEALERLFLSYPQTKTYFSHF--DLS——----— H-----
GSADLANHGGKVVNALGEAAKHIND---LDAALSTLSDLHAYNLR-V-DPGNFKLLSHTI
QVTLAIHFHKE-FDA-ATQAAWDKFLAEVATVLTSKYR----=-—-—-—--—-—-——————————

AEKAATASLWGK-VSGHTDEIGAEALERLFLSYPQTKTYFSHF--DLS—----— H-—-—--
GSKDLRSHGGKVVKAIGNAATHIDD---IPHALSALSDLHAFKLK-V-DPGNFKLLSHATI
QVTLAIHFPAE-FNA-DAQAAWDKFLAVVSAVLVSKYR-----—-————-—-—-——————————

>XtrCygb
ME-———————— - KVQGENDMERW-——=———-=—=—=————————— ERLEEITE
SERGVIKETWAR-VYANCEDVGVSILIRFFVNFPSAKQHFSQF-KHME-————— DPLEME

GSVQLRKHARRVMGAVNSVVENLGDPEKITTVLSIVGKSHALKHK-V-DPVYFKILTGVM
LEVIAEEYAKD-FTP-DVQLAWNKLRSHLYSHVLSAYKEAGWT-QYPSNSV------—-——

>XtrGbX
MGCILSSLGW-—-—-=-————— OWRDSLDHTETSP-—-—-=-—====—=—=—=——————— LLPTLNLSE
QOQOQLLVESWRL-IQHDIAKVGVILFVRLFETHPECKDVFFLF-RDVD——=——— DLQALR

ANKDLRAHGLRVLSFVEKSVARIADCARLEELALELGRSH-YRYN-A-PPRYYQYVGTEF
ISAVCPMLHDK-WTA-EVEEAWKGLFAYICTVMERGYQEEERR-HSDGRSLIDGLQGNKG

LI-—————mm——m
>XtrGbY

—————————————————————————————————————————————————————— MADLTG
ADIENINEVWSK-IYANPEESGRTVVISLFLTYPQTKIYFKNL-KNIS--—-—-—-— TLQEMQ

DNAGIRAHGKRVMGALNHVIENLKDWDAVCSALSHLAKRHQDVHK-V-EVNNFELLEFLVI
ISVFKEALGSG-FTP-EQSKSWEKLFSITYKYLESCYANTDS-—--—————-—-——————-—-——

DDKKHIKAIWPS-VAAHGDKYGGEALHRMFMCAPKTKTYFPDF--DFS—-———--— E-———-
HSKHILAHGKKVSDALNEACNHLDN---IAGCLSKLSDLHAYDLR-V-DPGNFPLLAHQI
LVVVAIHFPKQ-FDP-ATHKALDKFLVSVSNVLTSKYR---—-———-—-—-—-————————————

KERQLITGTWSK-I--CAKTLGKQALGSMLYTYPWTQRYFSSF-GNLS—---——-— SIEAIF
HNAAVATHGEKVLTSIGEAIKHMDD---IKGYYAQLSKYHSETLH-V-DPYNFKRFCSCT
IISMAQTLQED-FTP-ELQAAFEKLFAAIADALGKGYH--—--—----—-—-————————————

—————————————————————————————————————————————————————— MVHWTA
EEKATIASVWGK-V--DIEQDGHDALSRLLVVYPWTQRYFSSF-GNLS—~-——~ NVSAVS
GNVKVKAHGNKVLSAVGSATQHLDD---VKSHLKGLSKSHAEDLH-V-DPENFKRLADVL,
VIVLAAKLGSA-FTP-QVOAVWEKLNATLVAALSHGYF~-——===——==———— ==

POKELIRESWQT-VSQDQLHHGTVLFSRLFELEPELVFLFQYNSSHFS—————— KVQODCL
SSAEFTEHIRKVMTVIDAAVSSLDCLSSLDEYLTSLGRKH-RAVG-V-KLESFNTVGESL
LFALESCLGDA-FTS-DTREAWSLLYANVVQSMSRGWHRDSQE-QREGI——-=-=-=———-—

Supplementary Figure SlI.1. Multiple sequence alignment of selected vertebrate globin
proteins. The alignment is provided in the Nexus format (A), with the MrBayes block, and in
FASTA format (B). See Supplementary table S2 for the abbreviations.
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Figure SIl.2. Bayesian phylogeny of vertebrate globins. The LG model of amino acid
evolution was employed. The numbers at the nodes are posterior probabilities. The bar
represents 0.1 PAM distance. Lungfish globins are shaded in grey. See supplementary table S2
for the abbreviations.
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#NEXUS
Begin data;

Dimensions ntax=43 nchar=471;
Format datatype=protein gap=- missing=X matchchar=. interleave;

Matrix
AcaMb
CanMb
CauMbl
CauMb2
CcaMbl
CcaMb2
CcrMb
CpiMb
CraMb
CycrMb
DreMb
EpeMb
FruMb
GgaMb
GgiMb
HsaMB
LchMb
MangMb
MbiMb
MmuMb
MniMb
NcoMb
OanMb
OlaMb
PanMbl
PanMb2
PanMb3
PanMb4
PanMb5
PanMbb6a
PanMb6b
PanMb7
PcaMb
PgeMb
PsiMb
RnoMb
SchMb
SjaMb
TalaMb
TalbMb
TguMb
TniMb
TthMb

AcaMb
CanMb
CauMbl
CauMb2
CcaMbl
CcaMb2
CcrMb
CpiMb
CraMb
CycrMb
DreMb
EpeMb
FruMb
GgaMb
GgiMb
HsaMB
LchMb
MangMb
MbiMb
MmuMb
MniMb
NcoMb
OanMb
OlaMb
PanMbl
PanMb2
PanMb3
PanMb4
PanMb5
PanMbé6a
PanMb6b
PanMb7
PcaMb
PgeMb
PsiMb
RnoMb
SchMb
SjaMb
TalaMb
TalbMb
TguMb

——-ATGGAGCTCAGTGATCAGGAATGGCAAAAGGTCATAGATATTTGGGGGARA---GTAGAACCAGAAATCCCTGCTTATGGGCAGGTGGTCATCCTCA
———————————— GCTGACTTTGACATGGTGCTGAAGTGCTGGGGTCCA---GTGGAGGCGGACCACGCAACCCACGGGAGTCTGGTGCTGACCC
———————————— GCTGATCACGAACTGGTTCTGAAATGCTGGGGGGTG--~-GTCGAGGCCGACTTCGAGGGCACCGGAGGAGAAGTTCTGACCC

~GCTGATTACGAGCGGTTTCTGARATGCTGGGGAGCA---GTGGAGGCCGACTACACGGGGAACGGAGGAGAAGTTCTGACCC

~GCCGATCACGAACTGGTTCTGARATGCTGGGGGGGC---GTCGAGGCTGACTTCGAGGGAACCGGAGGAGAAGTTCTGACCC
———————————— GCTGATTACGAGCGGTTTCTGAAATGCTGGGGAGCC---ATTGAGGCCGACTACGCGGGTCATGGAGGAGAAGTTCTGACCC

—---ATGGGGCTCAGCGATGGGGAATGGCAGTTGGTGCTGAACATCTGGGGGAAG---GTGGAAGCTGACATCCCGGGCCATGGACAGGAGGTCCTCATCA

——-ATGGGGCTCAGTGATGACGAATGGCACCATGTCCTGGGCATCTGGGCGARA---GTGGAACCAGACCTCTCGGCCCATGGACAGGAAGTTATAATCA

—-=-ATG----———————— GCTGACTTTGACATGGTACTGAAGTGCTGGGGTCCA---ATGGAGGCGGACCACGCAACCCACGGGAGTCTGGTGCTGACCC

—--ATGGGGCTCAGCGACGGGGAATGGCACTTGGTGCTGAACGTCTGGGGGAAG---GTAGAGACTGACCTCGCGGGCCATGGGCAGGAGGTCCTCATCA

---ATG-- -GCTGATCATGATCTGGTTCTGAAGTGCTGGGGAGCC---GTGGAGGCCGATTATGCGGCTAACGGAGGAGAAGTTCTCAACC
---ATG-- ~GCTGACTTAGACGCAGTTCTGAAGTGTTGGGGTGCA---GTGGAGGCGGACTTCAACACCGTTGGAGGCTTGGTTCTGGCCC
—=-ATG----————-———— GCTGACTTTGAARACGGTTCTGAAGTTCTGGGGTCCA---GTCGAGGCGGACTACGGTGCTCACGGGGGAATAGTGCTGACCC
—--ATGGGGCTCAGCGACCAGGAGTGGCAACAAGTCCTCACCATCTGGGGAAAA---GTGGAGGCCGACATTGCTGGCCATGGACACGAGGTTCTGATGA
-=-ATG--------—---- GCTGACTTTGACATGGTGCTGAAGTGCTGGGGTCCA---GTGGAGGCGGACTACACAACCCACGGGAGTCTGGTGCTGACCC

—--ATGGGGCTCAGCGACGGGGAATGGCAGTTGGTGCTGAACGTCTGGGGGAAG-~-GTGGAGGCTGACATCCCAGGCCATGGGCAGGAAGTCCTCATCA
——-ATGGCTCTTTCCGAAGCAGAGTGGGGTCTTATTTTAAARAGTGTGGGGAAAG-~--GCTGAGCCTGAAGCTGCGAGCAATGGGAARAGCGTTTTGTTAA
ATGGGGCTCAGCGACGGGGAATGGCACTTGGTGCTGAACATCTGGGGGAAG---GTAGAGACTGACCTCGCGGGCCATGGGCAGGAGGTCCTCATCA
——-ATGGGGCTCAGCGAAGCAGAATGGCAGTTGGTGCTGCATGTCTGGGCGAAG--~-GTGGAGGCTGATCTCTCAGGCCACGGGCAGGAAATCCTCATCA
——-ATGGGGCTCAGTGATGGGGAGTGGCAGCTGGTGCTGAATGTCTGGGGGAAG---GTGGAGGCCGACCTTGCTGGCCATGGACAGGAAGTCCTCATCG
—~GCTGACTTTGAAATGGTTTTGAAGCACTGGGGTCCA---GTGGAGGCAGACTACGCCACCCACGGGAACCTGGTTCTGACCC
~GCTGACTTTGACATGGTGCTGAAGTGCTGGGGTCCA---ATGGAGGCGGACTACGCAACCCACGGGGGGCTGGTGCTGACCC

-—-ATG----———————— GCGGACTATGACATGGTTTTGAAGCACTGGGGACCA---GTGGAAGCAGACTACAACACTCATGGGAACCTGGTTCTGACCC
ATGGCATCACTATCAGATGCACAATGGAAAARAGCTTCAGGAGTTCTGGGTAAAGAATGTCGAACCCAACCTTACAARACATGGCCAGGAGGTTTTAGTTC
---ATGACACTCTCAGAAGCACAATGGAACAATGTCCTGGCATTCTGGGCAAAACATATTGAGAATGATCCTACAAAACATGGCCATGAGGTTTTAATTC
---ATGGCA---TCAGCTGCACAGTGGGATACTACCTTGAARATTCTGGGAAGCACATGTTGCGGGTGACCTTAAGAAACATGGTCATGAAGCTTTAGTTC
ATGGCAGGACTTTCAGAAGTACAGTGGAATGAACTATTGGCTTTTTGGGACAAATATGTTGCTCCAAGTTCTTCAGAACATGGTAAACACATTTTAATTC
ATGGCTGGACTTTCAGATGCACAATGGAATGACCTCTTGGCTTTCTTTGACAAATTCATTGCCCCTAATTCTGCAGAACATGGCAAACACATTTTAATTC
---ATGGCATGCCCGGCT--~-———————=—=————————— AAATTTTGGGAGGARAAATGTTGTGCCTGATGCTGCAGAACATGGCARARATATTTTGATTC
---ATGGCATGCCCGGCT--~-———————=—=————————— AAATTTTGGGAGGARAATGTTGTGCCCGATGCTGCAGAACATGGCARARATATTTTGATTC
ATGGCAGGACTTTCAGAAGCACAGTGGAATGAACTCTTGGCCTTTTGGGACARATATGTTGCCCCGAGTTCTTCAGAGCATGGCAAACACATTTTAATTC
——-ATGGTGCTCAGCGAGGGAGAATGGCAGTTGGTTCTGCACGTCTGGGCGAAG---GTGGAGGCTGATGTCGCAGGCCATGGGCAGGACATCCTCATCA
-=-ATG----—--——-—---- GCTGACTTTGACATGGTGCTGAAGTGCTGGGGTCTA---GTGGAGGCGGACTACGCAACCTACGGGAGTCTGGTGCTGACCC
——--ATGGGGCTCAGTGATAATGAATGGCAGCATGTCCTGGGCATCTGGGCGAAG---GTGGAATCAGACATCCCTGCCCACGGGCAGGAAGTTATGATCA
——-ATGGGGCTCAGTGATGGGGAGTGGCAGATGGTGCTAAACATCTGGGGGAAA---GTGGAGGGCGACCTTGCTGGCCATGGACAGGAAGTCCTCATCA
—~GCTGACTTTGACGCAGTTCTGAAGTTTTGGGGCCCA---GTGGAGGCGGACTACACCTCCCACGGAGGCCTGGTTCTGACCC
GCTGACTTTGACGCAGTTCTGAAGTTCTGGGGTCCA---GTGGAGGCGGACTATGATAAAATTGGAAACATGGTTCTGACCC
~GCTGACTTTGATGCAGTTCTGAAGTGTTGGGGTCCA---GTGGAGGCGGACTACACCACCATTGGAGGCCTGGTTCTGACCC
———————————— GCTGACTTTGATGCAGTTCTGAAGTGTTGGGGTCCA---GTGGAGGCGGACTACACCACCATGGGAGGCCTGGTTCTGACCC

—=-ATG-==—==—————- GGTGACTTTGACATGGTTCTCAAGTTCTGGGGTCCA---GTTGAGGCAGACTACAGTGCTCATGGGGGAATGGTCCTAACCC
-=-ATG----——————--- GCTGACTTTGATGCAGTTCTGAAGTGTTGGGGTCCA---GTGGAGGCGGACTACACCACCATTGGAGGCCTGGTTCTGACCC

GGTTGTTTGAGCAACATCCTGAGACCCAAGAGAAGTTTGACAAATTCAAAAACCTGAAGTCACTGGATGAGATGAAGAACTCAGAAGATCTCAAGAAGCA
GTTTATTCACAGAGCACCCAGAARACCCTGAAGTTATTCCCCAAGTTTGCCGGCATC---GCCCATGGGGACCTGGCCGGGGATGCAGGTGTTTCTGCCCA
GTCTGTTTAAGCAGCATCCCGAGACTCAGAAGCTGTTCCCGAAGTTCGTGGGCATC---GCTCAGTCTGATCTGGCGGGGAACGCGGCGGTGAACGCCCA
GTTTGTTTAAGGCACATCCGGATACTCAGAAGCTCTTCCCGAAGTTCAAGGGCATC---TCTCAGTCTGAACTGGCGGGAAATGCGTTGGTGGCGGCCCA
GTCTGTTCAAGCAGCATCCGGAGACTCAGAAGCTGTTCCCGAAGTTCGTGGGCATC---GCTCAGTCTGATTTGGCAGGARACGCAGCGGTGAAGGCCCA
GTTTGTTTAAGGAGCATCCGGACACTCTGAAGCTCTTCCCGAAGTTCAAGGGCATC---CCTCAGTCTGAACTGGCGGGAGACACGTTGGTGGCGTCCCA
GGCTCTTCAAGAACCACCCTGAGACCCTGGAGAAGTTTGACAAGTTCAAGAGCCTGAAGTCAGAGGGCGAGATGAAGGCCTCCGAGGACCTGAAGAAGCA
GACTCTTTCAGGTTCATCCCGAGACCCAGGAACGCTTTGCCAAGTTCAAAAACCTGAAGACAATCGATGAGCTGAAGAGCTCCGAAGAAGTGAAGAAACA
GTTTATTCACAGAGCACCCAGAAACCCTAAAGTTATTCCCCAAGTTTGCTGGCATC---GCCCATGGGGACCTGGCCGGGGATGCAGGTGTTTCTGCCCA
GGCTCTTTAAGAGCCACCCTGAGACCTTGGAGAAGTTTGACAAGTTCAAGCACCTGAAGTCAGAGGACGACATGAGGCGTTCTGAGGACCTGAGGAAGCA
GTCTGTTCAAGGAGTATCCAGACACTCTGAAGCTCTTCCCCAAGTTTTCTGGGATT---TCTCAGGGTGATCTGGCGGGAAGCCCGGCGGTGGCGGCTCA
GTTTATTCAAAGATCACCCTGAAACCCAGAAGCTGTTCCCCAAATTCGCTGGCATT---ACC---GGTGACATTGCCGGTAACGCGGCTGTTGCTGCTCA
GTTTATTCACAGAGAATCCAGAAACTCAAARAGCTCTTCCCCAAGTTTGCTGGCATT---ACGCAGAGCGACCTGGCAGGTAACGCTGCGGTGTCGGCCCA
GACTTTTCCATGACCACCCTGAGACTTTGGATCGCTTTGATAAGTTCAAAGGCCTGAAGACCCCTGATCAGATGAAGGGCTCTGAAGATCTGAAGAAACA
GTTTATTCACAGAGCACCCAGAAACCCTGAAGTTATTCCCCAAGTTTGCCGGCATC---GCCCATGGGGACCTGGCCGGGGATGCAGGTGTTTCTGCCCA
GGCTCTTTAAGGGTCACCCAGAGACTCTGGAGAAGTTTGACAAGTTCAAGCACCTGAAGTCAGAGGACGAGATGAAGGCATCTGAGGACTTAAAGAAGCA
GGATGTTTCAGGAGCACCCGGACACACAGCAGCACTTCCCAARAGTTCAAACACATG---ACCTATCAGGAGCTGCAGAGCAGTGAGGAGCTGAARACCCA
GGCTCTTCAGGAGCCACCCTGAGACCCTGGAGAAGTTTGACAAGTTCAAGCACCTGAAGTCAGAGGATGACATGAGGCGTTCTGAGGACCTGAGGAAGCA
GGCTCTTTAAGGGTCATCCCGAGACCCTGGAGAAATTTGACAAGTTCAAGCACCTGAAGTCAGAGGCTGAGATGAAGGCCTCAGAGGACCTGAAGAAGCA
GTCTGTTTAAGACTCACCCTGAGACCCTGGATAAGTTTGACAAGTTCAAGAACTTGAAGTCAGAGGAAGATATGAAGGGCTCAGAGGACCTGAAGAAGCA
GTTTATTCACAGAGCACCCGGAAACTCAGAAACTGTTTCCCAAGTTTGCTGGCATC---GCTAAGGCTGACATGGCTGGAAACGCAGCTATTTCTGCCCA
GTTTATTCACAGAGCACCCAGAAACCCTGAAGTTATTCCCCAAGTTTGCTGGCATC---GCCCATGGGGACCTGGCCGGGGATGCAGGTGTTTCTGCCCA
GACTCTTCAAGACTCATCCTGAGACTCTGGAAAAGTTCGACAAGTTCAAAGGCCTGAAGACAGAGGATGAGATGAAGGCCTCAGCCGACCTGAAGAAGCA
GTTTATTTCATGAGTACCCAGAAACTCAGAAGCTGTTCCCCAAGTTTGCTGGCATC---GCCAAAGGCGACATGGCAGGAAACGCAGCTCTGTCGGCCCA
GCATGTTTGTGAATCATAAATCAACACTGGAGTACTTTCCTAAGTTTCGTCACCTTACTACTGAAGCAGAGATGAGAAGCAATGAAGATATCCGARAACA
GCTTGTTTTTGGAARAGTAAGGCGGCCCAAAACCTCTTTGATARATTCAGGCATTTAGGTTCAGAAGCAGAGATGAGAAGTTGTGCCGACCTACAGAAACA
GCTTGTTCTTGAAAAATAAAGATAGCCAAAAGCACTTTCCCAAATTCAAAGACCTTGCCAGTGAAGCAGAGATGAGAGGCTCTGATGGGCTTAAAAACCA
GCATGTTTCAGACAGAAAAGGCAACTCAGACCCTCTTCTCAAAGTTCAAGGATATC---CCTACTTCAGACCTAGCAGTCAATGCTGACGTGAAGAAACA
GCATGTTTGACAGTGACAGAGCAACTCAGAGCTTGTTTCCAAAGTTTAAGGATGCC---CCTGCTGCAGACTTGCCAAAGAATGCTGATGTGAAGAAACA
GGTTGTACAAGGAGGACCCTGCGGCTCTGGGCTTTTTCCCCAAGTATAAGGACATT---CCTGTGTCTGAGCTGGGTAACAATGCTGATGTGAAAGAACA
GGTTGTACAAGGAGGACCCTGCAGCTCAGGGCTTTTTCTCTAAGTATAAGGACACT---CCTGTGTCTGAGCTGGGTAACAATGCTGATGTGAAAGAACA
GCATGTTTGATGCAGACAAAGCAACTCAGGCCCTCTTCTCAAAGTACAAAGATATC---CCTACTTCAGACCTAGCAGCCAATGCTGATGTGAAGAAACA
GGCTCTTTAAGAGTCATCCCGAGACCCTGGAGAAATTTGACAGGTTCAAGCACCTGAAGACAGAGGCTGAGATGAAGGCCTCAGAGGACCTGAAGAAGCA
GTTTATTCACAGAGCACCCAGAAACCCTGAAGTTATTCCCCAAGTTTGCCGGCATC---GCCCATGGGGACCTGGCCGGGGATGCAGGTGTTTCTGCCCA
GGCTCTTTCAGGTTCACCCTGAGACCCAGAGCCTCTTTGCCAAGTTCAAAAACCTGAAGACGGCGGATGAGATGAAGAGCTCAGATGAACTGAAGAAGCA
GTCTATTTAAGGCTCACCCCGAGACCCTGGAAAAGTTCGACAAGTTCAAGAACCTGAAATCCGAGGAAGAGATGAAGAGTTCAGAGGACCTGAAGAAGCA
GTTTATTCAAAGAGCACCCTGAGACCCAGAAGCTGTTCCCCARATTCACTGGCATT---GCCCAGGCTGACATGGCCGGGAACGCAGCTATTTCTGCTCA
GTTTATTTACAGAGCACCCTGACACCCAGAAGCTGTTCCCCARATTTGCTGGCATC---GGCCTTGGTGACATGGCCGGTAACGCAGCTATTTCTGCCCA
GTTTATTCAAAGAGCACCCTGATACCCAGAAGCTGTTCCCCAAATTCGCTGGCATC---GCCCAGGCTGACTTAGCCGGTAACGCAGCTATTTCTGCTCA
GTTTATTCAAAGAGCACCCTGAGACCCAGAAGCTGTTCCCCAAATTCGCTGGCATC---GCCCAGGCTGACATAGCCGGTAACGCAGCTATTTCTGCTCA
GACTCTTTCAGGACCATCCTGAGACCCTTGATCGTTTTGARAAGTTCAAAGGTCTGAAGACCCCTGATGCAATGAAGGGCTCTGAAGATCTGAAGAAACA
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TniMb
TthMb

AcaMb
CanMb
CauMbl
CauMb2
CcaMbl
CcaMb2
CcrMb
CpiMb
CraMb
CycrMb
DreMb
EpeMb
FruMb
GgaMb
GgiMb
HsaMB
LchMb
MangMb
MbiMb
MmuMb
MniMb
NcoMb
OanMb
OlaMb
PanMbl
PanMb2
PanMb3
PanMb4
PanMb5
PanMb6a
PanMb6b
PanMb7
PcaMb
PgeMb
PsiMb
RnoMb
SchMb
SjaMb
TalaMb
TalbMb
TguMb
TniMb
TthMb

AcaMb
CanMb
CauMbl
CauMb2
CcaMbl
CcaMb2
CcrMb
CpiMb
CraMb
CycrMb
DreMb
EpeMb
FruMb
GgaMb
GgiMb
HsaMB
LchMb
MangMb
MbiMb
MmuMb
MniMb
NcoMb
OanMb
OlaMb
PanMbl
PanMb2
PanMb3
PanMb4
PanMb5
PanMb6a
PanMb6b
PanMb7
PcaMb
PgeMb
PsiMb
RnoMb
SchMb
SjaMb
TalaMb
TalbMb
TguMb
TniMb
TthMb

GTTTATTCACAGAAAATCCAGAAACTCAACAGCTTTTTCCCAAGTTTGTTGGCATT---GCCCAGAGCGAGCTTGCAGGTAATGCAGCTGTTTCTGCCCA
GTTTATTCAAAGAGCACCCTGAGACCCAGAAGCTGTTCCCCARATTCGCTGGCATC---GCCCAGGCTGACATAGCCGGTAACGCAGCTGTTTCTGCTCA

TGGAACAATTGTCCTCACAGCTCTGGGCAAGATCCTGAAGCAGAARAGGCAGCACGAGGCAGAACTCGCACCGCTGGCCCAGAGCCATGCCACCAAGCAT
CGGTGCCACAGTACTGAAAAAACTGGGCGATCTGCTGAAGGCCAGAGGCGGCCACGCTGCCCTCCTCAAACCTCTGTCCAGCAGCCACGCCACCAAGCAC
CGGAGCGACCGTGCTGAAGAAGCTGGGTGAGCTGCTGAAGGCCAGAGGAGATCACGCTGCCATCCTCAAACCGCTGGCCACCACTCACGCCAACAAGCAC
CGGTGCGACTGTGCTGAAGAAGCTGGGTGAGCTGCTGAGGGCCAAAGGAGATCACGCTGCCATCCTCCATCCGATGGCCACCACACATGCCAACAAGCAC
CGGCGCAACCGTGCTGAAGAGCTGGGCGAGCTGCCTGAAGGCCAGAGGAGATCACGCCGCCATCCTCAAACCGCTGGCCACCACACACGCCAACACGCAC
CGGTGCGACTGTGCTGAAGAAGCTGGGCGAGCTGCTGAGGGCCAAAGGAGATCACGCTGCCATCCTCCAACCGCTGGCCACCACACACGCCAACAAGCAC
CGGCGCCACCGTGCTCACCGCCCTGGGCGGCATCCTCAAGAAGAAGGGGCAGCACGCGGCGGAGCTGCAGCCCCTGGCACAGTCCCACGCCAACAAGCAC
CGGCACCACCGTCCTTACCGCCCTGGGCAGAATCCTGAAGCTGAAGAACAATCATGAACCGGAGCTGAAGCCGCTGGCAGAGAGCCATGCCACCAAGCAT
CGGTGCCACAGTGCTGAATAAACTGGGTGATCTGCTGAAGGCCAGAGGCGCCCACGCTGCCCTCCTCAAACCTCTGTCCAGCAGCCACGCCACCAAGCAC
CGGCAACACGGTGCTCACGGCCCT! ATCCTCAAGAAG. ATCACGAGGCTGAGCTGAAGCCCCTGGCCCAGTCACATGCCACCAAGCAC
TGGAGCGACCGTGCTCAAGAAGCTGGGCGAACTGCTGAAGGCCAAAGGAGACCACGCTGCCCTGCTCAAACCACTGGCCAATACACACGCCAACATTCAC
TGGTGCCACTGTGCTGAAGAAACTCGGAGAGCTGCTGAAGGCCAAAGGCAATCACGCTGCCATCATAARAACCACTGGCGAACAGCCATGCCAAGCAGCAC
TGGCGCCACTGTGCTGAAARAAGCTGGGTGAGCTCCTGAAGGCCAAAGGTAACCACGCAGCCCTCCTCCAACCTCTTGCCAACACTCATGCCACCAAGCAC
TGGAGCTACTGTCCTCACCCAGCTTGGCAAAATCCTGAAGCAGAAGGGTAATCATGAGTCAGAGCTGAAGCCCCTGGCTCAAACCCATGCCACGAAGCAC
CGGTGCCACAGTGCTGAATAAACTGGGCGATCTGCTGAAGGCCAGAGGCGCCCACGCTGCCCTCCTCAAACCTCTGTCCAGCAGCCACGCCACCAAGCAC
TGGTGCCACTGTGCTCACCGCCCTGGGTGGCATCCTTAAGAAGAAGGGGCATCATGAGGCAGAGATTAAGCCCCTGGCACAGTCGCATGCCACCAAGCAC
CGGTGACACCGTCCTCTCAAAGCTGGGGTGCCTGCTGAARACTCAAGGGGAACCATGCCGGCGACCTGCACCCCCTCGCCCAGACCCACGCCACARAGCAC
CGGCAACACGGTGCTCACGGCCCT! ATCCTCAAGAAG. ATCACGAGGCTGAGCTGAAGCCCCTGGCCCAGTCACATGCCACCAAGCAC
TGGCCACACCGTGCTCACCGCCCT! ATCCTCAAGAAGAAGGGTCATCATGAGGCGGAGCTGAAGCCCCTGGCCCAGTCGCATGCCACCAAGCAC
TGGTTGCACCGTGCTCACAGCCCTGGGTACCATCCTGAAGAAGAAGGGACAACATGCTGCCGAGATCCAGCCTCTAGCCCAATCACACGCCACCAAGCAC
TGGTGCCACGGTGCTAAAGAAACTTGGTGAGCTGCTGAAGGCCAAGGGCAGCCACGCTGCCATCATCAAACCTATGGCCAACAGCCATGCCACCAAGCAC
CGGTGCCACAGTGCTGAATAAACTGGGTGATCTGCTGAAGGCCAGAGGCGCCCACGCTGCCCTCCTCAAACCTCTGTCCAGCAGCCACGCCACCAAGCAC
TGGTGGGACTGTCCTCACCGCCCTGGGCAACATCTTGAAGAAGAAGGGCCAGCATGAGGCGGAGCTGAAGCCCCTGGCCCAATCCCATGCCACCAAGCAC
CGGAGCCACGGTGCTGAAGAAGCTTGGAGAGCTGCTGAAGGCCAGAGGCAACCATGGTGCCATTCTCAAACCTCTGGCTAACAGCCATGCCACCAAGCAC
TGGCAATACTGTCTTTACTGCCTTGGGAAAACTGGTGAAGCTGAAAGGCAATGTTGAAGGAGACTTACGTTCAATGGCTGACTCACATGCCAACAAGCAT
TGGCAACACTGTCTTCACTGCCTTGGGAAAAACCCTGAAGCTGAAGGGCCACCATGATGCTGACCTTCGCCCAATGGCCGAGTCACATTCTCACAAGCAC
TGGAGAGACTGTGTTTACCGCATTAGGAAAAGCCCTGCAGCAGAGAGATGGCATTGCARATGAACTACGTCCACTTGCAGTGACCCATTCCCAARATCAT
TGGCGGTGTTGTTGTTGATTTTTTGGGAAAGCTGCTGAAACTGAAGGGCCAGAATGATAGCCAGCTACACACTATGGCCGAATCTCATAAGAACAAGCAC
CGGTGGTGTTGTTGTTGATTTCTTGGGAAAACTGCTGAAACAAAAAGGTCATAATGAAAGCATGTTGCACACTATGGCTGAGACCCATAAGAACAAGCAC
GGGTGCTGTTGTAGTCAAAGCCTTGGGAGAGCTGCTGAAGCTGAAGGGCCAGCATGAAAGTCAGTTACACGCAATGGCTGAGTCTCATAAGAACACCTAC
GGGTGCTGTTGTAGTCAAAGCCTTGGGAGAGCTGCTGAAGCTGAAGGGACAGCATGAAAGTCAGTTACATGCAATGGCTGAGTCTCATAAGAACACCTAC
TGGTGGTGTTGTTGTCGATTTCTTGGGGAAGCTGCTGAAACTGAAGGGTCAGAATGATAGTCAGCTACACACTATGGCTGAATCTCATAAGAACAAGCAT
TGGCGTCACCGTGCTCACTGCCCTGGGGGCCATCCTCAAGAAGAAGGGGCATCATGAGGCGGAGCTGAAGCCCCTGGCCCAGTCGCATGCTACCAAGCAC
CGGTGCAACAGTACTGAATAAACTGGGCGATCTGCTGAAGGCCAGAGGCGGCCACGCTGCCCTCCTCAAACCTCTGTCCAGCAGCCACGCCACCAAGCAC
CGGCATCACCGTCCTTACTGCCCTGGGCAGAATTCTGAAGCAGAAGAACAATCATGAGCAGGAGCTGAAGCCATTGGCAGAGAGCCATGCTACCAAGCAT
CGGCTGCACCGTGCTCACAGCCCTGGGTACCATCCTGAAGAAGAAGGGACAACATGCTGCTGAGATCCAGCCTCTGGCCCAGTCCCACGCCACCAAGCAC
TGGTGCCACTGTGCTGAAGAAACTTGGAGAGCTGCTGAAGGCCAAAGGCAATCACGCTGCCATCCTAAAACCAATGGCARACAGCCATGCCACTAAGCAC
TGGTGCCACTGTGCTGAAGAAGCTTGCAGAGGTGCTGAAGGCCAAAGGCAATCATGCTGGCATTATCAAACCTCTCGCARACAGCCACGCCACTAAGCAC
TGGTGCCACTGTGCTGAAGAAACTTGGAGAGCTGCTGAAGGCCAAAGGCAGTCATGCTTCCATCCTAAAACCAATGGCAAACAGCCATGCCACTAAGCAC
TGGTGCCACTGTGCTGAAGAAACTTGGAGAGCTGCTGAAGGCCAAAGGCAGTCACGCTGCCATCCTAAAACCACTGGCARACAGCCATGCCACTAAGCAC
TGGAGTTACTGTTCTTACCCAGCTGGGCAAAATCCTGAAAGCAAAGGGTAATCATGAGGCCGAGTTGAAGCCCCTGGCTCAGACCCATGCAACCAAGCAC
TGGAGCCACTGTGCTGAAAAAACTTGGTGAGCTCCTGAAGGCCAAGGGTAACCACGCCGCGATCCTTCAGCCTCTCGCCAACAGTCATGCCACTAAGCAC
TGGTGCCACTGTGCTGAAGAAACTTGGAGAGCTGCTGAAGGCCAAAGGCAGTCACGCTGCCATCCTARAACCACTGGCAAACAGCCATGCCACTAAGCAC

AARAATTCCAGTCAAATACCTGGAGTTCATTTCTGAAGTAATTGTTGGTGTCATTGCTGAGARACGTTCTGCAGACTTTGGGGCTGAGTCCCAAGCAGCAA
AAGATCCCCATTATTAACTTCACGCTGATTGCAGAGGTCATCGGTAAAGTCATGGAGGAGAAGGCGGGACTGGAT -~ —-GCCGCCGGGCAGACTGCCC
AAGATCGCCCTCAACAACTTCAGGCTGATCACGGAGGTGCTGGTGAAGGTGATGGCGGAGAAGGCGGGGCTGGAC- —-GCGGCTGGACAGACCGCGC
AAGATCACCCTCAACAACTTCAGGCTGATCACTGAGGTGCTGGTGGAGGTGATGAAGGAGAAAGCGGGTCTGGAC-~-—-——- TCAGCCGGACAGGGCGCAC
AAGATCGCCCTCAACAACTTCAGGCTGATCACGGAGGTGCTGGTGAAGGTGATGGCGGAGAAGGCGGGTCTGGAC— —-GCGGGTGGACAGAGCGCAC
AAGATCGCCCTCAACAACTTCAGGCTGATCACTGAGGTGCTGGTGAAGGTGATGGCGGAGARAGCGGGTCTGGAC— ——-ACGGCCGGACAGGGCGCGC
AAGATCCCCGTCAAGTACCTGGAGTTCATCTCTGAGGCCATCATCCAGGTGCTGCAGAGCAAGCATTCCGGGGACTTCGGCGCCGACACCAAGGAGGCCA
AAAATCCCTGTCAAGTACTTGGAGTTCATTTGTGAARATCATTGTCAAGGTCATTGCTGAGAAACATCCCTCGGACTTTGGGGCCGATTCCCAGGCTGCGA
AAGATCCCCATTATTAACTTCAAGCTGATTGCAGAGGTCATTGGTAAAGTCATGGAGGAGAAGGCGGGACTGGAT —————— GCCGCCGGGCAGACTGCCC
AAGATCCCCATCAAGTACCTGGAGTTCATCTCAGAAGCCATCATCCATGTCCTGCACAGCAAGCACCCCGCGGAATTCGGCGCCGACGCCCAGGCTGCCA

AAAGTGGCCCTCAACAACTTCAGGCTGATCACCGAGGTGCTGGTGAAAGTGATGGCCGAAAAGGCGGGTCTGGAC- —-GCGGCCGGTCAAGGCGCCC
AAGATTCCCATTAATAACTTCAAGCTGATTACTGAGGCCCTTGCGCACGTCTTGCATGAGAAGGCAGGACTCGAT -GCCGCTGGGCAGACAGCCC
AAGATACCCATTAATAACTTCAAGCTGATCGCTGAGGTCATCGGGAAGGTCATGGAGGAGAAGGCTGGGTTGGAT -~ —-GCAGCCGGGCAGCAGGCCC

AAAATCCCAGTCAAATATCTGGAGTTCATTTCTGAAGTCATTATCAAGGTCATTGCTGAAAAACATGCCGCAGACTTTGGGGCCGATTCCCAGGCTGCCA
AAGATCCCCATTATTAACTTCAAGCTGATTGCAGAGGTCATTGGTAAAGTCATGGAGGAGAAGGCGGGACTGGAT-—-—-——— GCCGCCGGGCAGACTGCCC
AAGATCCCCGTGAAGTACCTGGAGTTCATCTCGGAATGCATCATCCAGGTTCTGCAGAGCAAGCATCCCGGGGACTTTGGTGCTGATGCCCAGGGGGCCA
AAGATCCCGCTCCATAACTTCGAGATCATCTCGGAGATCATAGTGAAGATCCTGGCGGAGARATACCCAGGCGACTTTGGTGCGGATGGCCAGGCTGCTC
AAGATCCCCATCAAGTACCTGGAGTTCATCTCAGAAGCCATCATCCAGGTCCTGCACAACAAGCATCCCGGGGAATTCGGCGCCGACACCCAGGCTGCCA
AAGATCCCCATCAAGTACCTGGAGTTCATCTCGGACGCCATCATCCACGTTCTGCACAGCAAGCATCCTAGTGACTTTGGTGCCGACGCCCAGGGAGCCA
AAGATCCCGGTCAAGTACCTGGAGTTTATCTCAGAAATTATCATTGAAGTCCTGAAGAAGAGACATTCCGGGGACTTTGGAGCAGATGCTCAGGGCGCCA
AAGATCCCCATCAARAACTTCGAGCTGATTTCCGAGGTCATCGGTAAAGTCATGCACGAGAAGGCGGGACTCGAT - —-GCAGCTGGGCAGAAGGCCC
AAGATCCCCATTATTAACTTCAAGCTGATTGCAGAGGTCATTGGTAAAGTCATGGAGGAGAAGGCGGGACTGGAT - —-GCCGCCGGGCAGACTGCCC
AAAATCTCCATCAAGTTCCTGGAGTATATTTCCGAGGCCATCATCCACGTCCTCCAGAGCAAGCATTCCGCAGATTTCGGAGCTGATGCCCAGGCTGCCA
AAGATCCCCATCAACAACTTCAGGCTGATAACTGAGGTGATCGGTAAGGTCATGGCGGAGAAGGCCGGGCTGGAT-—-———— GCCGCCGGGCAGCAGGCTC
AAGATACACCTTGAARAACTTTGATATTATATCGAAAGTCATCGACAATTACTTCCATGAATCATTCCCAGGAGATTATGGAGCAGATGTCCAGGACTATA
AAGATCCCAGTGGAGAACTTCACGCTCATCTGCAGTATCATCGACAAGTACCTGCATGAGTCATTCTCG---GATTATACAGGAGATACTAGAGAATCCC
AAAATCCCTCTGGAAGAATTTGAAAACATCTGCGAAGTCATTGATGTTTATTTGGCCGAGATATGTCCA---GACTATGCAGGAGAGACACGTACATCTG
AAGATTCCACTGGATTACTTTCAAGTAATTTCTTCTGTCATTGACGTGTATGTGAATGAAAACCTGCCAGAAGAGTAT---GCACCTGTCCGGCAATCCA
AAGGTTTTACCAGATTATTTTCAACTGATTTCCTCTGTCATTGATGTATACGTCCATGARAATTTGCCAGCAGAGTAT---GCACCTGTCCGGGATGCTA
AAAATCCCAGTGGAATATTTTCCTAAAATTTTCAAGATTACAGATGCATATTTACAAGAARAAAGTGGGAGCAGCATAT---GCAGCTATCCAGGCTGCCA
AAAATCCCAGTGGAATATTTTCCTAAAATTTTCAAGATTACAGATGCATATTTACATGAAAAAGTGGGAGCAGTGTAT---GCAGCTATCCAGGCTGCCA
CGGATTCCACTGGATTACTTTCAACTAATTTCTACTGTCATTGATGTGTACGTGTATGAAAACCTGCCAGGAGAGTAT---GGACCTGTCCGGGAATCCT
AAGATCCCCATCAAGTACCTGGAGTTCATCTCGGAAGCCATCATCCACGTTCTGCACAGCAGGCACCCTGGAGACTTTGGTGCCGACGCCCAGGGAGCCA
AAGATCCCCATTATTAACTTCAAGCTGATTGCAGAGGTCATTGGTAAAGTCATGGAGGAGAAGGCGGGACTGGAT—————— GCCGCCGGGCAGACTGCCC
ARAATCCCTGTCAAGTACCTGGAGTTCATTTGTGAARATCATTGTCAAGGTCATTGCTGAARAAGCATCCCGCGGACTTTGGGGCCGATTCCCAGGCTGAGA
AAGATCCCGGTCAAGTACCTGGAGTTTATCTCAGAAGTCATCATCCAAGTCCTGAAGAAGAGATATTCCGGGGACTTTGGAGCAGATGCTCAGGGCGCCA
AAGATTCCCATTAATAACTTCAAGCTGATTTCTGAGATCATTGTGAAGGTCATGCAGGAGAAGGCAGGAATGGAT--—-——— GCCGGCGGGCAGCAAGCCC

AAGATTGCCATCAACAACTTCAAGTTGATTACTGAGATCATTGTGAAGGTCATGCAGGAGAAGGCTGGGCTTGAT - —-GCTGGTGGGCAGACAGCCC
AAGATTCCCATTAATAACTTCAAGCTGATTTCTGAGGTCCTTGTGAAGGTCATGCAGGAGAAGGCAGGACTCGAT - —-GCCGGTGGGCAGACAGCCC
AAGATTCCCATTAATAACTTCAAGCTGATTTCTGAGGTCCTTGTGAAGGTCATGCATGAGAAGGCAGGACTCGAC--—-——— GCCGGTGGGCAGACAGCCC
AAAATCCCTGTCAAATATCTGGAGTTCATTTCTGAAGTCATTATCAAGGTCCTTGCTGAAAAACACGCTGCAGACTTTGGGGCTGATGCCCAGGCTGCAA
AAGATTCCTATTAAGAACTTCAAGCTGATTGCCGAGGTCATCGGGAAGGTCATGGCGGARAAAGCTGGGCTGGAC-—————. ACGGCCGGGCAGCAGGCCC
AAGATTCCCATTAATAACTTCAAGCTGATTTCTGAGGTCCTTGTGAAGGTCATGCATGAGAAGGCAGGACTCGAT—————— GCCGGTGGGCAGACAGCCC

23



AcaMb TGAGGAAGGCCTTGGAACTCTTCAGGAATGACATGGACAGAAAATACAAGGAGCTTGGCTTCCAGGGCGAG

CanMb TGAGGAACGTGATGGCCATCATCATCACTGACATGGAGGCCGACTACAARAGAGCTGGGCTTCACTGAA-——
CauMbl TCAGGAAAGTCATGGAGGCCGTGATCGGAGACATCGACACTTACTACAAGGAGTTCGGATTCGCCGGT--~
CauMb2 TCAAGAGAATCATGGACTGCATCATCCATGACATCGACCGCTACTACAAGGAGATCGGATTCGCCGGT -~
CcaMbl TCAGGAGAGTCATGGATGTCGTGATCGGAGACATCGACACTTACTACAAGGAGATCGGATTCGCCGGT---
CcaMb2 TCAAGAGAGTCATGGACTGCATCATCCGCGACATCGACCGCTACTACAAGGAGATCGGATTCGCCGGT---
CcrMb TGAAGAAAGCCCTGGAGCTGTTCCGGAACGACATGGCCGCCAAGTACAAGGAGCTGGGGTTCCAGGGC--~
CpiMb TGAGGAAGGCCCTGGAGCTGTTCCGAAATGACATGGCCAGCAAGTACAAGGAGTTCGGTTTCCAGGGC--~
CraMb TGAGGAACGTGATGGCCATCATCATCACTGACATGGAGGCCGACTACAARAGAGCTGGGCTTCACTGAA-——
CycrMb TGAAGAAGGCCCTGGAGCTGTTCCGGAATGATATCGCTGCCAAATACAAGGAGCTGGGGTTCCATGGC -~
DreMb TGAGGCGGGTCATGGATGCGGTCATCGGCGACATCGGCGGATACTACAAGGAGATCGGATTTGCCGGT--~
EpeMb TGAGGAACGTGATGGGTATCGTCATCGCTGACCTTGAGGCCAACTACAAAGAGCTGGGCTTCACTGGC--~
FruMb TGAAGAACGTCATGGCCACCATCATCGCTGACATTGACGTGACCTACARAGACCTCGGCTTCAGC----—-
GgaMb TGAAGAAGGCTCTGGAGTTGTTCCGAAATGACATGGCCAGCAAGTACAAGGAGTTTGGTTTCCAGGGT---
GgiMb TGAGGAACGTGATGGCCGTCATCATCGCTGACATGGAGGCCGATTATAAAGAGCTGGGCTTCACTGAA--~
HsaMB TGAACAAGGCCCTGGAGCTGTTCCGGAAGGACATGGCCTCCAACTACAAGGAGCTGGGCTTCCAGGGC--~
LchMb TGAAGAAGGCCCTCTCCATGATCATCCAGGACATGGGCGGCATGTACAAGGAGTTTGGCTTCAAAGGC-—-
MangMb TGAAARAAGGCCCTGGAGCTGTTCCGGAATGACATCGCTACCAAATACAAGGAGCTGGGTTTCCATGGC -~
MbiMb TGACCAAAGCCCTGGAACTGTTCCGGAAGGACATCGCCGCCAAGTACAAGGAGCTGGGCTTCCATGGC--~
MmuMb TGAGCAAGGCCCTGGAGCTCTTCCGGAATGACATTGCCGCCAAGTACAAGGAGCTAGGCTTCCAGGGC--~
MniMb TCAAGAACGTGATGACCACTATCATCGCTGACATTGAGGCCAACTACAARAGAGCTGGGCTTCACTGGC -~
NcoMb TGAGGAACGTGATGGCCGTCATCATCGCTGACATGGAGGCCGACTACAARAGAGCTGGGCTTCACTGAA- -~
OanMb TGGGGAAAGCCCTGGAGCTGTTCCGGAACGACATGGCCGCCAAGTACAAGGAGTTTGGATTCCAGGGT -~ ~
OlaMb TGAGGAGCGTGATGGCGGGCATCATTGCAGAAATCGAGGCCGACTACAAAGAGCTGGGCTTTGCCGGA--~
PanMbl TGAAGGCAACACTTGCACTGATTGTCCAAACTTTGACTAAGCTGTACAAGGAACTAGGAARA-————————
PanMb2 TCAAATCTGCTCTTGGTGGTGTTTGCCACAGTCTGGAAAAACTGTACAARAGAAGTG-——-———-——

PanMb3 TGAAGGCAGTGTTGGATGTTTTTTCCCAAAGCATGACAACGCTGTATGGAGAAGTG-—-—

PanMb4 TGARATCCGCACTCAACCAGATCGCCAATGGCCTAAAAGACAATTATGCCAAAGTA-——————————————
PanMb5 TGAACGCAGCTCTGAAGCAGATTGCCAATACTTTGAAAAGCAACTACGCCAAAGTA-——————————————
PanMbé6a TGAATGTAGCGTTTGACCAGATTGCCGATGGACTGAAAACCCAGTACCAAACTGTC---

PanMb6b TGAATGTAGCGTTTGACCAGATTGCCGATGGACTGAAAACCCAGTACCAAACTGTC-————=———=—————
PanMb7 TGARAAGCAGCTCTGAGCCAGATTGCCAATGGCCTAAAAGCCAATTATGCCAAAGTA-——————————————
PcaMb TGAACAAGGCCCTGGAACTGTTCCGGAAGGACATCGCTGCCAAGTACAAGGAGCTGGGCTACCAGGGC-—-
PgeMb TGAGGAACGTGATGGCCGTCATCATCGCTGACATGGAGGCCGACTACAAAGAGCTGGGCTTCACTGAA-——
PsiMb TGAGGAAGGCCCTGGAGCTGTTCCGAAATAGCATGGCCAGCAAGTACAAGGAGTTCGGGTTTCAGGGC--~
RnoMb TGAGCAAGGCCCTGGAGCTGTTCCGGAATGACATTGCTGCCAAGTACAAGGAGCTGGGCTTCCAGGGC--~
SchMb TGAGGAACGTGATGGCTGCTGTCATCGCCGACCTTGAGGCCAACTATAARAGAGCTGGGCTTCTCTGGC-——
SjaMb TGAGGAACGTAATGGGTGTTTTCATCGCCGACATGGACGCCAACTACAARAGAGCTGGGCTTCAGTGGC-——
TalaMb TGAGGAACGTGATGGGTATCATCATCGCCGACCTTGAGGCCAACTACAAAGAGCTGGGCTTCACTGGC--~
TalbMb TGAGGAACGTGATGGGTATCATCATCGCCGACCTTGAGGCCAACTACARAGAGCTGGGCTTCTCTGGC -~
TguMb TGAAGAAGGCTCTGGAGCTGTTCCGAAATGATATGGCCACCAAGTACAAGGAGTTCGGTTTCCAGGGT -——
TniMb TGAGGAACATAATGGCCACCATCATTGCTGACATTGACGCCACCTACAAGGAGCTTGGCTTCAGC-—--——
TthMb TGAGGAACGTGATGGGTATCATCATCGCCGACCTTGAGGCCAACTACARAGAGCTGGGCTTCTCTGGC -~
;

End;

B.

>AcaMb
-—-—ATGGAGCTCAGTGATCAGGAATGGCAAAAGGTCATAGATATTTGGGGGAAA-~--GTA
GAACCAGAAATCCCTGCTTATGGGCAGGTGGTCATCCTCAGGTTGTTTGAGCAACATCCT
GAGACCCAAGAGAAGTTTGACAAATTCAAAAACCTGAAGTCACTGGATGAGATGAAGAAC
TCAGAAGATCTCAAGAAGCATGGAACAATTGTCCTCACAGCTCTGGGCAAGATCCTGAAG
CAGAAAAGGCAGCACGAGGCAGAACTCGCACCGCTGGCCCAGAGCCATGCCACCAAGCAT
AAAATTCCAGTCAAATACCTGGAGTTCATTTCTGAAGTAATTGTTGGTGTCATTGCTGAG
AAACGTTCTGCAGACTTTGGGGCTGAGTCCCAAGCAGCAATGAGGAAGGCCTTGGAACTC
TTCAGGAATGACATGGACAGAARAATACAAGGAGCTTGGCTTCCAGGGCGAG

>CanMb

-——ATG--—————————~ GCTGACTTTGACATGGTGCTGAAGTGCTGGGGTCCA---GTG
GAGGCGGACCACGCAACCCACGGGAGTCTGGTGCTGACCCGTTTATTCACAGAGCACCCA
GAAACCCTGAAGTTATTCCCCAAGTTTGCCGGCATC---GCCCATGGGGACCTGGCCGGG
GATGCAGGTGTTTCTGCCCACGGTGCCACAGTACTGARAARAACTGGGCGATCTGCTGAAG
GCCAGAGGCGGCCACGCTGCCCTCCTCARACCTCTGTCCAGCAGCCACGCCACCAAGCAC
AAGATCCCCATTATTAACTTCACGCTGATTGCAGAGGTCATCGGTAAAGTCATGGAGGAG
AAGGCGGGACTGGAT--—-—~ GCCGCCGGGCAGACTGCCCTGAGGAACGTGATGGCCATC
ATCATCACTGACATGGAGGCCGACTACAAAGAGCTGGGCTTCACTGAA-~~

>CauMbl

———ATG-——————————~ GCTGATCACGAACTGGTTCTGAAATGCTGGGGGGTG-~--GTC
GAGGCCGACTTCGAGGGCACCGGAGGAGAAGTTCTGACCCGTCTGTTTAAGCAGCATCCC
GAGACTCAGAAGCTGTTCCCGAAGTTCGTGGGCATC~~--GCTCAGTCTGATCTGGCGGGG
AACGCGGCGGTGAACGCCCACGGAGCGACCGTGCTGAAGAAGCTGGGTGAGCTGCTGAAG
GCCAGAGGAGATCACGCTGCCATCCTCAAACCGCTGGCCACCACTCACGCCAACAAGCAC
AAGATCGCCCTCAACAACTTCAGGCTGATCACGGAGGTGCTGGTGAAGGTGATGGCGGAG
AAGGCGGGGCTGGAC-————— GCGGCTGGACAGACCGCGCTCAGGAAAGTCATGGAGGCC
GTGATCGGAGACATCGACACTTACTACAAGGAGTTCGGATTCGCCGGT—-—

>CauMb2

-—-ATG-—-—————————— GCTGATTACGAGCGGTTTCTGAAATGCTGGGGAGCA---GTG
GAGGCCGACTACACGGGGAACGGAGGAGAAGTTCTGACCCGTTTGTTTAAGGCACATCCG
GATACTCAGAAGCTCTTCCCGAAGTTCAAGGGCATC---TCTCAGTCTGAACTGGCGGGA
AATGCGTTGGTGGCGGCCCACGGTGCGACTGTGCTGAAGAAGCTGGGTGAGCTGCTGAGG
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GCCAAAGGAGATCACGCTGCCATCCTCCATCCGATGGCCACCACACATGCCAACAAGCAC
AAGATCACCCTCAACAACTTCAGGCTGATCACTGAGGTGCTGGTGGAGGTGATGAAGGAG
AAAGCGGGTCTGGAC--—--—-~ TCAGCCGGACAGGGCGCACTCAAGAGAATCATGGACTGC
ATCATCCATGACATCGACCGCTACTACAAGGAGATCGGATTCGCCGGT -~~~

>CcaMbl

-——ATG--—————————~ GCCGATCACGAACTGGTTCTGAAATGCTGGGGGGGC-~-~-GTC
GAGGCTGACTTCGAGGGAACCGGAGGAGAAGTTCTGACCCGTCTGTTCAAGCAGCATCCG
GAGACTCAGAAGCTGTTCCCGAAGTTCGTGGGCATC---GCTCAGTCTGATTTGGCAGGA
AACGCAGCGGTGAAGGCCCACGGCGCAACCGTGCTGAAGAGCTGGGCGAGCTGCCTGAAG
GCCAGAGGAGATCACGCCGCCATCCTCARAACCGCTGGCCACCACACACGCCAACACGCAC
AAGATCGCCCTCAACAACTTCAGGCTGATCACGGAGGTGCTGGTGAAGGTGATGGCGGAG
AAGGCGGGTCTGGAC--—--— GCGGGTGGACAGAGCGCACTCAGGAGAGTCATGGATGTC
GTGATCGGAGACATCGACACTTACTACAAGGAGATCGGATTCGCCGGT---

>CcaMb2

-==ATG-——=——=————— GCTGATTACGAGCGGTTTCTGAAATGCTGGGGAGCC—--ATT
GAGGCCGACTACGCGGGTCATGGAGGAGAAGTTCTGACCCGTTTGTTTAAGGAGCATCCG
GACACTCTGAAGCTCTTCCCGAAGTTCAAGGGCATC---CCTCAGTCTGAACTGGCGGGA
GACACGTTGGTGGCGTCCCACGGTGCGACTGTGCTGAAGAAGCTGGGCGAGCTGCTGAGG
GCCAAAGGAGATCACGCTGCCATCCTCCAACCGCTGGCCACCACACACGCCAACAAGCAC
AAGATCGCCCTCAACAACTTCAGGCTGATCACTGAGGTGCTGGTGAAGGTGATGGCGGAG
AAAGCGGGTCTGGAC--—--~ ACGGCCGGACAGGGCGCGCTCAAGAGAGTCATGGACTGC
ATCATCCGCGACATCGACCGCTACTACAAGGAGATCGGATTCGCCGGT-~-~

>CcrMb
-—-—ATGGGGCTCAGCGATGGGGAATGGCAGTTGGTGCTGAACATCTGGGGGAAG---GTG
GAAGCTGACATCCCGGGCCATGGACAGGAGGTCCTCATCAGGCTCTTCAAGAACCACCCT
GAGACCCTGGAGAAGTTTGACAAGTTCAAGAGCCTGAAGTCAGAGGGCGAGATGAAGGCC
TCCGAGGACCTGAAGAAGCACGGCGCCACCGTGCTCACCGCCCTGGGCGGCATCCTCAAG
AAGAAGGGGCAGCACGCGGCGGAGCTGCAGCCCCTGGCACAGTCCCACGCCAACAAGCAC
AAGATCCCCGTCAAGTACCTGGAGTTCATCTCTGAGGCCATCATCCAGGTGCTGCAGAGC
AAGCATTCCGGGGACTTCGGCGCCGACACCAAGGAGGCCATGAAGAAAGCCCTGGAGCTG
TTCCGGAACGACATGGCCGCCAAGTACAAGGAGCTGGGGTTCCAGGGC—-~

>CpiMb
-—-—ATGGGGCTCAGTGATGACGAATGGCACCATGTCCTGGGCATCTGGGCGAAA---GTG
GAACCAGACCTCTCGGCCCATGGACAGGAAGTTATAATCAGACTCTTTCAGGTTCATCCC
GAGACCCAGGAACGCTTTGCCAAGTTCAAAAACCTGAAGACAATCGATGAGCTGAAGAGC
TCCGAAGAAGTGAAGARAACACGGCACCACCGTCCTTACCGCCCTGGGCAGAATCCTGAAG
CTGAAGAACAATCATGAACCGGAGCTGAAGCCGCTGGCAGAGAGCCATGCCACCAAGCAT
AAAATCCCTGTCAAGTACTTGGAGTTCATTTGTGAAATCATTGTCAAGGTCATTGCTGAG
AAACATCCCTCGGACTTTGGGGCCGATTCCCAGGCTGCGATGAGGAAGGCCCTGGAGCTG
TTCCGAAATGACATGGCCAGCAAGTACAAGGAGTTCGGTTTCCAGGGC—-~

>CraMb

--—-ATG-—-——-———————— GCTGACTTTGACATGGTACTGAAGTGCTGGGGTCCA---ATG
GAGGCGGACCACGCAACCCACGGGAGTCTGGTGCTGACCCGTTTATTCACAGAGCACCCA
GAAACCCTAAAGTTATTCCCCAAGTTTGCTGGCATC---GCCCATGGGGACCTGGCCGGG
GATGCAGGTGTTTCTGCCCACGGTGCCACAGTGCTGAATARACTGGGTGATCTGCTGAAG
GCCAGAGGCGCCCACGCTGCCCTCCTCARACCTCTGTCCAGCAGCCACGCCACCAAGCAC
AAGATCCCCATTATTAACTTCAAGCTGATTGCAGAGGTCATTGGTAAAGTCATGGAGGAG

AAGGCGGGACTGGAT-----— GCCGCCGGGCAGACTGCCCTGAGGAACGTGATGGCCATC
ATCATCACTGACATGGAGGCCGACTACAAAGAGCTGGGCTTCACTGAA---
>CycrMb

—-——-ATGGGGCTCAGCGACGGGGAATGGCACTTGGTGCTGAACGTCTGGGGGAAG—--GTA
GAGACTGACCTCGCGGGCCATGGGCAGGAGGTCCTCATCAGGCTCTTTAAGAGCCACCCT
GAGACCTTGGAGAAGTTTGACAAGTTCAAGCACCTGAAGTCAGAGGACGACATGAGGCGT
TCTGAGGACCTGAGGAAGCACGGCAACACGGTGCTCACGGCCCTGGGGGGCATCCTCAAG
AAGAAGGGACATCACGAGGCTGAGCTGAAGCCCCTGGCCCAGTCACATGCCACCAAGCAC
AAGATCCCCATCAAGTACCTGGAGTTCATCTCAGAAGCCATCATCCATGTCCTGCACAGC
AAGCACCCCGCGGAATTCGGCGCCGACGCCCAGGCTGCCATGAAGAAGGCCCTGGAGCTG
TTCCGGAATGATATCGCTGCCAAATACAAGGAGCTGGGGTTCCATGGC—-—

>DreMb

-—-ATG-—-————————— GCTGATCATGATCTGGTTCTGAAGTGCTGGGGAGCC---GTG
GAGGCCGATTATGCGGCTAACGGAGGAGAAGTTCTCAACCGTCTGTTCAAGGAGTATCCA
GACACTCTGAAGCTCTTCCCCAAGTTTTCTGGGATT---TCTCAGGGTGATCTGGCGGGA
AGCCCGGCGGTGGCGGCTCATGGAGCGACCGTGCTCAAGAAGCTGGGCGAACTGCTGAAG
GCCAAAGGAGACCACGCTGCCCTGCTCAAACCACTGGCCAATACACACGCCAACATTCAC
AAAGTGGCCCTCAACAACTTCAGGCTGATCACCGAGGTGCTGGTGAAAGTGATGGCCGAA

AAGGCGGGTCTGGAC--—--— GCGGCCGGTCAAGGCGCCCTGAGGCGGGTCATGGATGCG
GTCATCGGCGACATCGGCGGATACTACAAGGAGATCGGATTTGCCGGT--—

>EpeMb

-—-ATG----———————— GCTGACTTAGACGCAGTTCTGAAGTGTTGGGGTGCA---GTG

GAGGCGGACTTCAACACCGTTGGAGGCTTGGTTCTGGCCCGTTTATTCAAAGATCACCCT
GAAACCCAGAAGCTGTTCCCCAAATTCGCTGGCATT---ACC---GGTGACATTGCCGGT
AACGCGGCTGTTGCTGCTCATGGTGCCACTGTGCTGAAGAAACTCGGAGAGCTGCTGAAG
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GCCAAAGGCAATCACGCTGCCATCATAAAACCACTGGCGAACAGCCATGCCAAGCAGCAC
AAGATTCCCATTAATAACTTCAAGCTGATTACTGAGGCCCTTGCGCACGTCTTGCATGAG
AAGGCAGGACTCGAT--—---~ GCCGCTGGGCAGACAGCCCTGAGGAACGTGATGGGTATC
GTCATCGCTGACCTTGAGGCCAACTACAAAGAGCTGGGCTTCACTGGC—~~

>FruMb

-——ATG--—————————~ GCTGACTTTGAAACGGTTCTGAAGTTCTGGGGTCCA---GTC
GAGGCGGACTACGGTGCTCACGGGGGAATAGTGCTGACCCGTTTATTCACAGAGAATCCA
GAAACTCAAAAGCTCTTCCCCAAGTTTGCTGGCATT---ACGCAGAGCGACCTGGCAGGT
AACGCTGCGGTGTCGGCCCATGGCGCCACTGTGCTGAAAAAGCTGGGTGAGCTCCTGAAG
GCCAAAGGTAACCACGCAGCCCTCCTCCAACCTCTTGCCAACACTCATGCCACCAAGCAC
AAGATACCCATTAATAACTTCAAGCTGATCGCTGAGGTCATCGGGAAGGTCATGGAGGAG

AAGGCTGGGTTGGAT-----— GCAGCCGGGCAGCAGGCCCTGAAGAACGTCATGGCCACC
ATCATCGCTGACATTGACGTGACCTACAAAGACCTCGGCTTCAGC-=--——~
>GgaMb

---ATGGGGCTCAGCGACCAGGAGTGGCAACAAGTCCTCACCATCTGGGGAAAA---GTG
GAGGCCGACATTGCTGGCCATGGACACGAGGTTCTGATGAGACTTTTCCATGACCACCCT
GAGACTTTGGATCGCTTTGATAAGTTCAAAGGCCTGAAGACCCCTGATCAGATGAAGGGC
TCTGAAGATCTGAAGAAACATGGAGCTACTGTCCTCACCCAGCTTGGCAAAATCCTGAAG
CAGAAGGGTAATCATGAGTCAGAGCTGAAGCCCCTGGCTCAAACCCATGCCACGAAGCAC
AAAATCCCAGTCAAATATCTGGAGTTCATTTCTGAAGTCATTATCAAGGTCATTGCTGAA
AAACATGCCGCAGACTTTGGGGCCGATTCCCAGGCTGCCATGAAGAAGGCTCTGGAGTTG
TTCCGAAATGACATGGCCAGCAAGTACAAGGAGTTTGGTTTCCAGGGT——--

>GgiMb

-—-ATG--—————————~ GCTGACTTTGACATGGTGCTGAAGTGCTGGGGTCCA---GTG
GAGGCGGACTACACAACCCACGGGAGTCTGGTGCTGACCCGTTTATTCACAGAGCACCCA
GAAACCCTGAAGTTATTCCCCAAGTTTGCCGGCATC---GCCCATGGGGACCTGGCCGGG
GATGCAGGTGTTTCTGCCCACGGTGCCACAGTGCTGAATARACTGGGCGATCTGCTGAAG
GCCAGAGGCGCCCACGCTGCCCTCCTCARAACCTCTGTCCAGCAGCCACGCCACCAAGCAC
AAGATCCCCATTATTAACTTCAAGCTGATTGCAGAGGTCATTGGTAAAGTCATGGAGGAG
AAGGCGGGACTGGAT--—---~— GCCGCCGGGCAGACTGCCCTGAGGAACGTGATGGCCGTC
ATCATCGCTGACATGGAGGCCGATTATAAAGAGCTGGGCTTCACTGAA--—

>HsaMB
--—-ATGGGGCTCAGCGACGGGGAATGGCAGTTGGTGCTGAACGTCTGGGGGAAG---GTG
GAGGCTGACATCCCAGGCCATGGGCAGGAAGTCCTCATCAGGCTCTTTAAGGGTCACCCA
GAGACTCTGGAGAAGTTTGACAAGTTCAAGCACCTGAAGTCAGAGGACGAGATGAAGGCA
TCTGAGGACTTAAAGAAGCATGGTGCCACTGTGCTCACCGCCCTGGGTGGCATCCTTAAG
AAGAAGGGGCATCATGAGGCAGAGATTAAGCCCCTGGCACAGTCGCATGCCACCAAGCAC
AAGATCCCCGTGAAGTACCTGGAGTTCATCTCGGAATGCATCATCCAGGTTCTGCAGAGC
AAGCATCCCGGGGACTTTGGTGCTGATGCCCAGGGGGCCATGAACAAGGCCCTGGAGCTG
TTCCGGAAGGACATGGCCTCCAACTACAAGGAGCTGGGCTTCCAGGGC—-—

>LchMb
—-——ATGGCTCTTTCCGAAGCAGAGTGGGGTCTTATTTTARAAAGTGTGGGGARAG--~-GCT
GAGCCTGAAGCTGCGAGCAATGGGAAAAGCGTTTTGTTAAGGATGTTTCAGGAGCACCCG
GACACACAGCAGCACTTCCCAAAGTTCARAACACATG---ACCTATCAGGAGCTGCAGAGC
AGTGAGGAGCTGAAAACCCACGGTGACACCGTCCTCTCARAAGCTGGGGTGCCTGCTGAAA
CTCAAGGGGAACCATGCCGGCGACCTGCACCCCCTCGCCCAGACCCACGCCACAAAGCAC
AAGATCCCGCTCCATAACTTCGAGATCATCTCGGAGATCATAGTGAAGATCCTGGCGGAG
AAATACCCAGGCGACTTTGGTGCGGATGGCCAGGCTGCTCTGAAGAAGGCCCTCTCCATG
ATCATCCAGGACATGGGCGGCATGTACAAGGAGTTTGGCTTCAAAGGC-~-~

>MangMb
-—-—ATGGGGCTCAGCGACGGGGAATGGCACTTGGTGCTGAACATCTGGGGGAAG---GTA
GAGACTGACCTCGCGGGCCATGGGCAGGAGGTCCTCATCAGGCTCTTCAGGAGCCACCCT
GAGACCCTGGAGAAGTTTGACAAGTTCAAGCACCTGAAGTCAGAGGATGACATGAGGCGT
TCTGAGGACCTGAGGAAGCACGGCAACACGGTGCTCACGGCCCTGGGGGGCATCCTCAAG
AAGAAGGGACATCACGAGGCTGAGCTGAAGCCCCTGGCCCAGTCACATGCCACCAAGCAC
AAGATCCCCATCAAGTACCTGGAGTTCATCTCAGAAGCCATCATCCAGGTCCTGCACAAC
AAGCATCCCGGGGAATTCGGCGCCGACACCCAGGCTGCCATGAAARAGGCCCTGGAGCTG
TTCCGGAATGACATCGCTACCAAATACAAGGAGCTGGGTTTCCATGGC—~~

>MbiMb
—-——ATGGGGCTCAGCGAAGCAGAATGGCAGTTGGTGCTGCATGTCTGGGCGAAG-~--GTG
GAGGCTGATCTCTCAGGCCACGGGCAGGAAATCCTCATCAGGCTCTTTAAGGGTCATCCC
GAGACCCTGGAGAAATTTGACAAGTTCAAGCACCTGAAGTCAGAGGCTGAGATGAAGGCC
TCAGAGGACCTGAAGAAGCATGGCCACACCGTGCTCACCGCCCTGGGGGGCATCCTCAAG
AAGAAGGGTCATCATGAGGCGGAGCTGAAGCCCCTGGCCCAGTCGCATGCCACCAAGCAC
AAGATCCCCATCAAGTACCTGGAGTTCATCTCGGACGCCATCATCCACGTTCTGCACAGC
AAGCATCCTAGTGACTTTGGTGCCGACGCCCAGGGAGCCATGACCAAAGCCCTGGAACTG
TTCCGGAAGGACATCGCCGCCAAGTACAAGGAGCTGGGCTTCCATGGC—-—

>MmuMb
-——-ATGGGGCTCAGTGATGGGGAGTGGCAGCTGGTGCTGAATGTCTGGGGGAAG---GTG
GAGGCCGACCTTGCTGGCCATGGACAGGAAGTCCTCATCGGTCTGTTTAAGACTCACCCT
GAGACCCTGGATAAGTTTGACAAGTTCAAGAACTTGAAGTCAGAGGAAGATATGAAGGGC
TCAGAGGACCTGAAGAAGCATGGTTGCACCGTGCTCACAGCCCTGGGTACCATCCTGAAG
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AAGAAGGGACAACATGCTGCCGAGATCCAGCCTCTAGCCCAATCACACGCCACCAAGCAC
AAGATCCCGGTCAAGTACCTGGAGTTTATCTCAGAAATTATCATTGAAGTCCTGAAGAAG
AGACATTCCGGGGACTTTGGAGCAGATGCTCAGGGCGCCATGAGCAAGGCCCTGGAGCTC
TTCCGGAATGACATTGCCGCCAAGTACAAGGAGCTAGGCTTCCAGGGC—--

>MniMb

-—-ATG-—-—-————————— GCTGACTTTGAAATGGTTTTGAAGCACTGGGGTCCA---GTG
GAGGCAGACTACGCCACCCACGGGAACCTGGTTCTGACCCGTTTATTCACAGAGCACCCG
GAAACTCAGAAACTGTTTCCCAAGTTTGCTGGCATC---GCTAAGGCTGACATGGCTGGA
AACGCAGCTATTTCTGCCCATGGTGCCACGGTGCTAARAGAAACTTGGTGAGCTGCTGAAG
GCCAAGGGCAGCCACGCTGCCATCATCAAACCTATGGCCAACAGCCATGCCACCAAGCAC
AAGATCCCCATCAAAAACTTCGAGCTGATTTCCGAGGTCATCGGTAAAGTCATGCACGAG
AAGGCGGGACTCGAT--—---— GCAGCTGGGCAGAAGGCCCTCAAGAACGTGATGACCACT
ATCATCGCTGACATTGAGGCCAACTACAAAGAGCTGGGCTTCACTGGC--~-

>NcoMb

-=--ATG--—-————————— GCTGACTTTGACATGGTGCTGAAGTGCTGGGGTCCA---ATG
GAGGCGGACTACGCAACCCACGGGGGGCTGGTGCTGACCCGTTTATTCACAGAGCACCCA
GAAACCCTGAAGTTATTCCCCAAGTTTGCTGGCATC---GCCCATGGGGACCTGGCCGGG
GATGCAGGTGTTTCTGCCCACGGTGCCACAGTGCTGAATAAACTGGGTGATCTGCTGAAG
GCCAGAGGCGCCCACGCTGCCCTCCTCAAACCTCTGTCCAGCAGCCACGCCACCAAGCAC
AAGATCCCCATTATTAACTTCAAGCTGATTGCAGAGGTCATTGGTAAAGTCATGGAGGAG
AAGGCGGGACTGGAT---——— GCCGCCGGGCAGACTGCCCTGAGGAACGTGATGGCCGTC
ATCATCGCTGACATGGAGGCCGACTACAAAGAGCTGGGCTTCACTGAA--~

>0anMb
---ATGGGTCTGAGCGACGGAGAATGGCAGCTGGTCCTCAAGGTCTGGGGGAAG---GTG
GAAGGCGACCTGCCGGGACACGGGCAGGAGGTCTTGATCAGACTCTTCAAGACTCATCCT
GAGACTCTGGAAAAGTTCGACAAGTTCAAAGGCCTGAAGACAGAGGATGAGATGAAGGCC
TCAGCCGACCTGAAGAAGCATGGTGGGACTGTCCTCACCGCCCTGGGCAACATCTTGAAG
AAGAAGGGCCAGCATGAGGCGGAGCTGAAGCCCCTGGCCCAATCCCATGCCACCAAGCAC
AAAATCTCCATCAAGTTCCTGGAGTATATTTCCGAGGCCATCATCCACGTCCTCCAGAGC
AAGCATTCCGCAGATTTCGGAGCTGATGCCCAGGCTGCCATGGGGAAAGCCCTGGAGCTG
TTCCGGAACGACATGGCCGCCAAGTACAAGGAGTTTGGATTCCAGGGT---

>0laMb

-=-ATG-—-—-————————— GCGGACTATGACATGGTTTTGAAGCACTGGGGACCA---GTG
GAAGCAGACTACAACACTCATGGGAACCTGGTTCTGACCCGTTTATTTCATGAGTACCCA
GAAACTCAGAAGCTGTTCCCCAAGTTTGCTGGCATC---GCCAAAGGCGACATGGCAGGA
AACGCAGCTCTGTCGGCCCACGGAGCCACGGTGCTGAAGAAGCTTGGAGAGCTGCTGAAG
GCCAGAGGCAACCATGGTGCCATTCTCAAACCTCTGGCTAACAGCCATGCCACCAAGCAC
AAGATCCCCATCAACAACTTCAGGCTGATAACTGAGGTGATCGGTAAGGTCATGGCGGAG
AAGGCCGGGCTGGAT---——— GCCGCCGGGCAGCAGGCTCTGAGGAGCGTGATGGCGGGC
ATCATTGCAGAAATCGAGGCCGACTACAAAGAGCTGGGCTTTGCCGGA-~-~

>PanMbl
ATGGCATCACTATCAGATGCACAATGGAAAAAGCTTCAGGAGTTCTGGGTAAAGAATGTC
GAACCCAACCTTACAAAACATGGCCAGGAGGTTTTAGTTCGCATGTTTGTGAATCATAAA
TCAACACTGGAGTACTTTCCTAAGTTTCGTCACCTTACTACTGAAGCAGAGATGAGAAGC
AATGAAGATATCCGAAAACATGGCAATACTGTCTTTACTGCCTTGGGAAAACTGGTGAAG
CTGAAAGGCAATGTTGAAGGAGACTTACGTTCAATGGCTGACTCACATGCCAACAAGCAT
AAGATACACCTTGAAAACTTTGATATTATATCGAAAGTCATCGACAATTACTTCCATGAA
TCATTCCCAGGAGATTATGGAGCAGATGTCCAGGACTATATGAAGGCAACACTTGCACTG
ATTGTCCAAACTTTGACTAAGCTGTACAAGGAACTAGGAAAA-————————

>PanMb2
—-——-ATGACACTCTCAGAAGCACAATGGAACAATGTCCTGGCATTCTGGGCAAAACATATT
GAGAATGATCCTACAAAACATGGCCATGAGGTTTTAATTCGCTTGTTTTTGGAAAGTAAG
GCGGCCCAAAACCTCTTTGATAAATTCAGGCATTTAGGTTCAGAAGCAGAGATGAGAAGT
TGTGCCGACCTACAGAAACATGGCAACACTGTCTTCACTGCCTTGGGAAAAACCCTGAAG
CTGAAGGGCCACCATGATGCTGACCTTCGCCCAATGGCCGAGTCACATTCTCACAAGCAC
AAGATCCCAGTGGAGAACTTCACGCTCATCTGCAGTATCATCGACAAGTACCTGCATGAG
TCATTCTCG---GATTATACAGGAGATACTAGAGAATCCCTCAAATCTGCTCTTGGTGGT
GTTTGCCACAGTCTGGAAAAACTGTACAAAGAAGTG-=———=——=——————

>PanMb3
---ATGGCA---TCAGCTGCACAGTGGGATACTACCTTGAAATTCTGGGAAGCACATGTT
GCGGGTGACCTTAAGAAACATGGTCATGAAGCTTTAGTTCGCTTGTTCTTGAAAAATAAA
GATAGCCAAAAGCACTTTCCCAAATTCAAAGACCTTGCCAGTGAAGCAGAGATGAGAGGC
TCTGATGGGCTTAAAAACCATGGAGAGACTGTGTTTACCGCATTAGGAAAAGCCCTGCAG
CAGAGAGATGGCATTGCAAATGAACTACGTCCACTTGCAGTGACCCATTCCCAAAATCAT
AAAATCCCTCTGGAAGAATTTGAAAACATCTGCGAAGTCATTGATGTTTATTTGGCCGAG
ATATGTCCA---GACTATGCAGGAGAGACACGTACATCTGTGAAGGCAGTGTTGGATGTT
TTTTCCCAAAGCATGACAACGCTGTATGGAGAAGTG-——————————————

>PanMb4
ATGGCAGGACTTTCAGAAGTACAGTGGAATGAACTATTGGCTTTTTGGGACAAATATGTT
GCTCCAAGTTCTTCAGAACATGGTAAACACATTTTAATTCGCATGTTTCAGACAGAAAAG
GCAACTCAGACCCTCTTCTCAAAGTTCAAGGATATC---CCTACTTCAGACCTAGCAGTC
AATGCTGACGTGAAGAAACATGGCGGTGTTGTTGTTGATTTTTTGGGAAAGCTGCTGAAA
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CTGAAGGGCCAGAATGATAGCCAGCTACACACTATGGCCGAATCTCATAAGAACAAGCAC
AAGATTCCACTGGATTACTTTCAAGTAATTTCTTCTGTCATTGACGTGTATGTGAATGAA
AACCTGCCAGAAGAGTAT---GCACCTGTCCGGCAATCCATGAAATCCGCACTCAACCAG
ATCGCCAATGGCCTAAAAGACAATTATGCCAAAGTA-——————————————

>PanMb5
ATGGCTGGACTTTCAGATGCACAATGGAATGACCTCTTGGCTTTCTTTGACAAATTCATT
GCCCCTAATTCTGCAGAACATGGCAAACACATTTTAATTCGCATGTTTGACAGTGACAGA
GCAACTCAGAGCTTGTTTCCAAAGTTTAAGGATGCC---CCTGCTGCAGACTTGCCAAAG
AATGCTGATGTGAAGAAACACGGTGGTGTTGTTGTTGATTTCTTGGGAAAACTGCTGAAA
CAAAAAGGTCATAATGAAAGCATGTTGCACACTATGGCTGAGACCCATAAGAACAAGCAC
AAGGTTTTACCAGATTATTTTCAACTGATTTCCTCTGTCATTGATGTATACGTCCATGAA
AATTTGCCAGCAGAGTAT---GCACCTGTCCGGGATGCTATGAACGCAGCTCTGAAGCAG
ATTGCCAATACTTTGAAAAGCAACTACGCCAAAGTA-—————————=—————

>PanMb6a

-—--ATGGCATGCCCGGCT-—==—====—===—=—=—=—————— AAATTTTGGGAGGAAAATGTT
GTGCCTGATGCTGCAGAACATGGCAAAAATATTTTGATTCGGTTGTACAAGGAGGACCCT
GCGGCTCTGGGCTTTTTCCCCAAGTATAAGGACATT---CCTGTGTCTGAGCTGGGTAAC
AATGCTGATGTGAAAGAACAGGGTGCTGTTGTAGTCAAAGCCTTGGGAGAGCTGCTGAAG
CTGAAGGGCCAGCATGAAAGTCAGTTACACGCAATGGCTGAGTCTCATAAGAACACCTAC
AAAATCCCAGTGGAATATTTTCCTAAAATTTTCAAGATTACAGATGCATATTTACAAGAA
AAAGTGGGAGCAGCATAT---GCAGCTATCCAGGCTGCCATGAATGTAGCGTTTGACCAG
ATTGCCGATGGACTGAAAACCCAGTACCAAACTGTC——==—==——=—————

>PanMb6b

-—--ATGGCATGCCCGGCT-——=—==——==—————————— AAATTTTGGGAGGAAAATGTT
GTGCCCGATGCTGCAGAACATGGCAAAAATATTTTGATTCGGTTGTACAAGGAGGACCCT
GCAGCTCAGGGCTTTTTCTCTAAGTATAAGGACACT---CCTGTGTCTGAGCTGGGTAAC
AATGCTGATGTGAAAGAACAGGGTGCTGTTGTAGTCAAAGCCTTGGGAGAGCTGCTGAAG
CTGAAGGGACAGCATGAAAGTCAGTTACATGCAATGGCTGAGTCTCATAAGAACACCTAC
AAAATCCCAGTGGAATATTTTCCTAAAATTTTCAAGATTACAGATGCATATTTACATGAA
AAAGTGGGAGCAGTGTAT---GCAGCTATCCAGGCTGCCATGAATGTAGCGTTTGACCAG
ATTGCCGATGGACTGAAAACCCAGTACCAAACTGTC-——=====———————

>PanMb7
ATGGCAGGACTTTCAGAAGCACAGTGGAATGAACTCTTGGCCTTTTGGGACAAATATGTT
GCCCCGAGTTCTTCAGAGCATGGCAAACACATTTTAATTCGCATGTTTGATGCAGACAAA
GCAACTCAGGCCCTCTTCTCAAAGTACAAAGATATC---CCTACTTCAGACCTAGCAGCC
AATGCTGATGTGAAGAAACATGGTGGTGTTGTTGTCGATTTCTTGGGGAAGCTGCTGAAA
CTGAAGGGTCAGAATGATAGTCAGCTACACACTATGGCTGAATCTCATAAGAACAAGCAT
CGGATTCCACTGGATTACTTTCAACTAATTTCTACTGTCATTGATGTGTACGTGTATGAA
AACCTGCCAGGAGAGTAT---GGACCTGTCCGGGAATCCTTGAAAGCAGCTCTGAGCCAG
ATTGCCAATGGCCTAAAAGCCAATTATGCCAAAGTA-——————————————

>PcaMb
—-——-ATGGTGCTCAGCGAGGGAGAATGGCAGTTGGTTCTGCACGTCTGGGCGAAG--—-GTG
GAGGCTGATGTCGCAGGCCATGGGCAGGACATCCTCATCAGGCTCTTTAAGAGTCATCCC
GAGACCCTGGAGAAATTTGACAGGTTCAAGCACCTGAAGACAGAGGCTGAGATGAAGGCC
TCAGAGGACCTGAAGAAGCATGGCGTCACCGTGCTCACTGCCCTGGGGGCCATCCTCAAG
AAGAAGGGGCATCATGAGGCGGAGCTGAAGCCCCTGGCCCAGTCGCATGCTACCAAGCAC
AAGATCCCCATCAAGTACCTGGAGTTCATCTCGGAAGCCATCATCCACGTTCTGCACAGC
AGGCACCCTGGAGACTTTGGTGCCGACGCCCAGGGAGCCATGAACAAGGCCCTGGAACTG
TTCCGGAAGGACATCGCTGCCAAGTACAAGGAGCTGGGCTACCAGGGC——-—

>PgeMb

-—-ATG-—-—----—-————— GCTGACTTTGACATGGTGCTGAAGTGCTGGGGTCTA---GTG
GAGGCGGACTACGCAACCTACGGGAGTCTGGTGCTGACCCGTTTATTCACAGAGCACCCA
GAAACCCTGAAGTTATTCCCCAAGTTTGCCGGCATC---GCCCATGGGGACCTGGCCGGG
GATGCAGGTGTTTCTGCCCACGGTGCAACAGTACTGAATAAACTGGGCGATCTGCTGAAG
GCCAGAGGCGGCCACGCTGCCCTCCTCAAACCTCTGTCCAGCAGCCACGCCACCAAGCAC
AAGATCCCCATTATTAACTTCAAGCTGATTGCAGAGGTCATTGGTAAAGTCATGGAGGAG
AAGGCGGGACTGGAT--—--— GCCGCCGGGCAGACTGCCCTGAGGAACGTGATGGCCGTC
ATCATCGCTGACATGGAGGCCGACTACAAAGAGCTGGGCTTCACTGAA-——

>PsiMb
—-——ATGGGGCTCAGTGATAATGAATGGCAGCATGTCCTGGGCATCTGGGCGAAG---GTG
GAATCAGACATCCCTGCCCACGGGCAGGAAGTTATGATCAGGCTCTTTCAGGTTCACCCT
GAGACCCAGAGCCTCTTTGCCAAGTTCAAAAACCTGAAGACGGCGGATGAGATGAAGAGC
TCAGATGAACTGAAGAAGCACGGCATCACCGTCCTTACTGCCCTGGGCAGAATTCTGAAG
CAGAAGAACAATCATGAGCAGGAGCTGAAGCCATTGGCAGAGAGCCATGCTACCAAGCAT
AAAATCCCTGTCAAGTACCTGGAGTTCATTTGTGAAATCATTGTCAAGGTCATTGCTGAA
AAGCATCCCGCGGACTTTGGGGCCGATTCCCAGGCTGAGATGAGGAAGGCCCTGGAGCTG
TTCCGAAATAGCATGGCCAGCAAGTACAAGGAGTTCGGGTTTCAGGGC———

>RnoMb
—-——-ATGGGGCTCAGTGATGGGGAGTGGCAGATGGTGCTAAACATCTGGGGGAAA---GTG
GAGGGCGACCTTGCTGGCCATGGACAGGAAGTCCTCATCAGTCTATTTAAGGCTCACCCC
GAGACCCTGGAAAAGTTCGACAAGTTCAAGAACCTGAAATCCGAGGAAGAGATGAAGAGT
TCAGAGGACCTGAAGAAGCACGGCTGCACCGTGCTCACAGCCCTGGGTACCATCCTGAAG
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AAGAAGGGACAACATGCTGCTGAGATCCAGCCTCTGGCCCAGTCCCACGCCACCAAGCAC
AAGATCCCGGTCAAGTACCTGGAGTTTATCTCAGAAGTCATCATCCAAGTCCTGAAGAAG
AGATATTCCGGGGACTTTGGAGCAGATGCTCAGGGCGCCATGAGCAAGGCCCTGGAGCTG
TTCCGGAATGACATTGCTGCCAAGTACAAGGAGCTGGGCTTCCAGGGC—--

>SchMb

-—-ATG-———-———————— GCTGACTTTGACGCAGTTCTGAAGTTTTGGGGCCCA---GTG
GAGGCGGACTACACCTCCCACGGAGGCCTGGTTCTGACCCGTTTATTCARAGAGCACCCT
GAGACCCAGAAGCTGTTCCCCAAATTCACTGGCATT---GCCCAGGCTGACATGGCCGGG
AACGCAGCTATTTCTGCTCATGGTGCCACTGTGCTGAAGAAACTTGGAGAGCTGCTGAAG
GCCAAAGGCAATCACGCTGCCATCCTAAAACCAATGGCAAACAGCCATGCCACTAAGCAC
AAGATTCCCATTAATAACTTCAAGCTGATTTCTGAGATCATTGTGAAGGTCATGCAGGAG

AAGGCAGGAATGGAT-—-—-—-—-— GCCGGCGGGCAGCAAGCCCTGAGGAACGTGATGGCTGCT
GTCATCGCCGACCTTGAGGCCAACTATAAAGAGCTGGGCTTCTCTGGC—-—

>SjaMb

-—-ATG-——————————— GCTGACTTTGACGCAGTTCTGAAGTTCTGGGGTCCA---GTG

GAGGCGGACTATGATAAAATTGGAAACATGGTTCTGACCCGTTTATTTACAGAGCACCCT
GACACCCAGAAGCTGTTCCCCAAATTTGCTGGCATC---GGCCTTGGTGACATGGCCGGT
AACGCAGCTATTTCTGCCCATGGTGCCACTGTGCTGAAGAAGCTTGCAGAGGTGCTGAAG
GCCAAAGGCAATCATGCTGGCATTATCAAACCTCTCGCAAACAGCCACGCCACTAAGCAC
AAGATTGCCATCAACAACTTCAAGTTGATTACTGAGATCATTGTGAAGGTCATGCAGGAG

AAGGCTGGGCTTGAT-----~ GCTGGTGGGCAGACAGCCCTGAGGAACGTAATGGGTGTT
TTCATCGCCGACATGGACGCCAACTACARAAGAGCTGGGCTTCAGTGGC—-~

>TalaMb

-—-ATG--—————————~ GCTGACTTTGATGCAGTTCTGAAGTGTTGGGGTCCA---GTG

GAGGCGGACTACACCACCATTGGAGGCCTGGTTCTGACCCGTTTATTCAAAGAGCACCCT
GATACCCAGAAGCTGTTCCCCAAATTCGCTGGCATC---GCCCAGGCTGACTTAGCCGGT
AACGCAGCTATTTCTGCTCATGGTGCCACTGTGCTGAAGAAACTTGGAGAGCTGCTGAAG
GCCAAAGGCAGTCATGCTTCCATCCTAAAACCAATGGCAAACAGCCATGCCACTAAGCAC
AAGATTCCCATTAATAACTTCAAGCTGATTTCTGAGGTCCTTGTGAAGGTCATGCAGGAG

AAGGCAGGACTCGAT-——-—-—-— GCCGGTGGGCAGACAGCCCTGAGGAACGTGATGGGTATC
ATCATCGCCGACCTTGAGGCCAACTACAAAGAGCTGGGCTTCACTGGC—--

>TalbMb

--—-ATG-—-——————————- GCTGACTTTGATGCAGTTCTGAAGTGTTGGGGTCCA---GTG

GAGGCGGACTACACCACCATGGGAGGCCTGGTTCTGACCCGTTTATTCAAAGAGCACCCT
GAGACCCAGAAGCTGTTCCCCAAATTCGCTGGCATC---GCCCAGGCTGACATAGCCGGT
AACGCAGCTATTTCTGCTCATGGTGCCACTGTGCTGAAGAAACTTGGAGAGCTGCTGAAG
GCCAAAGGCAGTCACGCTGCCATCCTAAAACCACTGGCAAACAGCCATGCCACTAAGCAC
AAGATTCCCATTAATAACTTCAAGCTGATTTCTGAGGTCCTTGTGAAGGTCATGCATGAG

AAGGCAGGACTCGAC--—-—--— GCCGGTGGGCAGACAGCCCTGAGGAACGTGATGGGTATC
ATCATCGCCGACCTTGAGGCCAACTACAAAGAGCTGGGCTTCTCTGGC -~
>TguMb

—-——-ATGGGGCTCAGTGACCAGGAATGGCAACAAGTCCTGACAGTCTGGGGAAAG---GTG
GAGTCCGACCTCGCTGGCCATGGCCATCAAATTTTAATGAGACTCTTTCAGGACCATCCT
GAGACCCTTGATCGTTTTGAAAAGTTCAAAGGTCTGAAGACCCCTGATGCAATGAAGGGC
TCTGAAGATCTGAAGAAACATGGAGTTACTGTTCTTACCCAGCTGGGCAAAATCCTGAAA
GCAAAGGGTAATCATGAGGCCGAGTTGAAGCCCCTGGCTCAGACCCATGCAACCAAGCAC
AAAATCCCTGTCAAATATCTGGAGTTCATTTCTGAAGTCATTATCAAGGTCCTTGCTGAA
AAACACGCTGCAGACTTTGGGGCTGATGCCCAGGCTGCAATGAAGAAGGCTCTGGAGCTG
TTCCGAAATGATATGGCCACCAAGTACAAGGAGTTCGGTTTCCAGGGT-——

>TniMb

--—-ATG-—-——-———————— GGTGACTTTGACATGGTTCTCAAGTTCTGGGGTCCA---GTT
GAGGCAGACTACAGTGCTCATGGGGGAATGGTCCTAACCCGTTTATTCACAGAAAATCCA
GAAACTCAACAGCTTTTTCCCAAGTTTGTTGGCATT---GCCCAGAGCGAGCTTGCAGGT
AATGCAGCTGTTTCTGCCCATGGAGCCACTGTGCTGAAAAAACTTGGTGAGCTCCTGAAG
GCCAAGGGTAACCACGCCGCGATCCTTCAGCCTCTCGCCAACAGTCATGCCACTAAGCAC
AAGATTCCTATTAAGAACTTCAAGCTGATTGCCGAGGTCATCGGGAAGGTCATGGCGGAA

AAAGCTGGGCTGGAC-—-———— ACGGCCGGGCAGCAGGCCCTGAGGAACATAATGGCCACC
ATCATTGCTGACATTGACGCCACCTACAAGGAGCTTGGCTTCAGC——————

>TthMb

—=-ATG-=====—=———~- GCTGACTTTGATGCAGTTCTGAAGTGTTGGGGTCCA---GTG

GAGGCGGACTACACCACCATTGGAGGCCTGGTTCTGACCCGTTTATTCAAAGAGCACCCT
GAGACCCAGAAGCTGTTCCCCAAATTCGCTGGCATC---GCCCAGGCTGACATAGCCGGT
AACGCAGCTGTTTCTGCTCATGGTGCCACTGTGCTGAAGAAACTTGGAGAGCTGCTGAAG
GCCAAAGGCAGTCACGCTGCCATCCTAAAACCACTGGCAAACAGCCATGCCACTAAGCAC
AAGATTCCCATTAATAACTTCAAGCTGATTTCTGAGGTCCTTGTGAAGGTCATGCATGAG
AAGGCAGGACTCGAT--—-——— GCCGGTGGGCAGACAGCCCTGAGGAACGTGATGGGTATC
ATCATCGCCGACCTTGAGGCCAACTACAAAGAGCTGGGCTTCTCTGGC—-—

Supplementary Figure SI1.3. Multiple sequence alignment Mb cDNA. The alignment is
provided in the Nexus (A) and FASTA format (B). See supplementary table S2 for the
abbreviations.
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Supplementary Figure SIl1.4. — Expression of Mb mRNA in selected P. annectens tissue
samples (log-scale data), as estimated by gRT-PCR. (A) PanMb2, 3 and 5 showed the highest
expression levels, mainly in the brain. (B) The brain expresses most of the P. annectens Mbs.
The copy numbers are given in Supporting Information table S4. The expression levels of all
globins, as estimated by RNA-seq in brain, liver + gut, and kidney + gonads are given in
supplementary fig. S5.
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Supplementary Figure SI1.5. - Expression levels of Mb genes, GbE, GbX and GbY in
selected P. annectens tissue samples estimated by RNA-seq. Transcript numbers were
calculated as arbitrary units (AU) values from the Illumina reads deposited at SRA (see also
Supplementary table S5).
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Supplementary Figure SI1.6. - Expression levels of Hb chains in selected P. annectens tissue
samples estimated by RNA-seq. Transcript numbers were calculated as arbitrary units (AU)
values from the Illumina reads deposited at SRA (see also supplementary table S5).
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Supplementary Figure SII.7. — SDS gel electrophoresis of 150 ug total protein from P.
annectans from heart, muscle, brain, lung, liver, and eye samples. The recombinant expressed
PanMb1 represents the benchmark of a lungfish myoglobin.
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Ladder pH3 > > > 10
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Supplementary Figure SI1.8 - 2D gel electrophoresis of 250ug total protein from P.
annectans brain. Red circles = spots in with PanMbs were identified, black circle = spots
without PanMb.
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Ladder pH3 > > > 10

Supplementary Figure SI11.9 - 2D gel electrophoresis of 250ug total protein from P.
annectans muscle. Red circles = spots in with PanMbs were identified, black circle = spots
without PanMb.
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Supplementary Table SIlI.1. Globin cDNA (left) and amino acid (right) sequences of P.
annectens, as derived from the transcriptomes deposited at SRA with the accession numbers

SRX152529 - SRX152531.

PanGbE
ATGTTCAAAGAGCACCCACATACTCTGAGCTACT
TCACAAACTTCAAAGAACTACAGTCCACTGCAGG
AACTGCATCAGTTACAGAACTTGAAGGCCTATCA
GAAGTTCGCACCCATGGCAAGAAAGTTTTGTCTG
CTCTGAATGATATGGTACAGCAAGTGGACAACAT
GGATGCTTTAAAAGCTATTATTGAGCCTTTGGGC
AAGAAGCATGCTGTGGAACTGAAAGTGGATGTAA
AGGAATTTGAAATACTTTGTGCAATTCTGCTGGA
ACTCATGGCTGAAAAATGTGGTGAAGATGCCAAA
ACAGACTTCAAAAAAGTGACAGATGTTGTGTGTG
AACAAATCAAGTCTACTTATTGA

PanGbX
ATGGGTTGTGCTCTGTCAAGAGCTGGGGCAACAG
ACAATTCCACAACCGATGTGAATGAAATTTTAGA
GGAGATGGGACCAGATACAGTTATTGGCTCAAGA
ACACAGTCTGAAGTGGTATCAGATCTTTCAACCC
TTGCAGAATCCCAGAAGGAACTTATTCAGGAATC
ATGGAAGATTCTTCACCAGGATATTGCAAGATTA
GGAGTCATAGTGTTTATTCGGCTATTTGAAACCC
ACCCAGAATGCAAAGATGTGTTTTTCATGTTTCG
AGACATTGATGACATTCAGCAGTTGCAGCTAAGC
AGAGAACTACAAGCACATGGTCTAAGGGTGATGT
CTTTTATTGAGAAGAGTGTTGCCAGATTACAACA
GGAAGACAAACTTCAACAACTCGCCTTCGAATTG
GGTAGATGTCACTGCAGATACAATGCTTTACCTA
AATACTTTGAGTATGTAGCATTTCAGTTTATGAC
TGCTGTGAAGCCCATTCTTAAAGAAAAATGGACA
TCAGAAGTAGATGATGCATGGAAGGCTCTGTTCA
AGTATTTGATTTCACTAATGAAGAAGGGCTTCCA
AGAAGAAGAGAAAACTCATCTTATCAACAAGTCA
ACATATCCAAAGAAACAGCTGATCTCAAAAATGA
ACTTTGTTAAAAATAATGTGTAA
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MEFKEHPHTLSYFTNFKELQSTAGTAS
VTELEGLSEVRTHGKKVLSALNDMVQ
QVDNMDALKAIIEPLGKKHAVELKVD
VKEFEILCAILLELMAEKCGEDAKTD
FKKVTDVVCEQIKSTY

MGCALSRAGATDNSTTDVNEILEEMG
PDTVIGSRTQSEVVSDLSTLAESQKE
LIQESWKILHODIARLGVIVFIRLFE
THPECKDVFFMFRDIDDIQQLQLSRE
LOAHGLRVMSFIEKSVARLQQEDKLQ
QLAFELGRCHCRYNALPKYFEYVAFQ
FMTAVKPILKEKWTSEVDDAWKALFK
YLISLMKKGFQEEEKTHLINKSTYPK
KQLISKMNEFVKNNV



PanGbY
ATGTGTTCTCTCAGCACGACTGATATAAAGAACA
TTAGAGACATCTGGAGTATCGTATGTCAGAACCC
AGAGGAGAATGGACGAACTGTTGTAATTAGACTT
TTTTTAGATTATCCACAGACCAGAACATATTTCA
AGAACTTTAAAAATATTGACACTGAAGAAGGTAT
AAAAGAAAGCAGACAAGTCAGACAACATGGTCGG
AGAGTGGTAATGCTACTGAGCAAAGTCATTGAGT
GTCTGGAAGACTGGGATAAAACATCAACTCTTTT
GTCCGAATTGGCAGACAGACACCAGCAGCATCAT
AAAGTAGAAGTTGTGAACTTCAAGTTCCTGTTTG
CTGCACTCAATAGTGTCTACATTGATGTCTTTGG
GCCAACATTCACACCAGATATAGAGGCGTCCTGG
CAGAAGTTTTACTCTCTGACCTACCAACAGCTGG
AAAAGTGTTACAGTACCTGTCCATCATCATAG

PanHbal
ATGCCTCTGAGTAAGGCTGAGAAGACAATCTTAC
TTGCAGTATGGGAGAGAATTTCTCCATATATAGA
AGAATTTGGTGCTCAGGCACTCACAAGAATGTTC
CGGTGTTTCCCTGAGACTAAGATTTATTTCCATG
AGAAGAACATCGACCCTGGCTCTTCTTATGTTCG
TAACCAGGGTGGAAAGATTGTTACTGCTATTGGT
ACAGCTGTCCAGAATGCTGATAATATACAGGAGG
CCCTTGCTGACCTCTGTTGTTTGCATGCTTACAG
AATCAGAGTAGATCCAGTTAATTTCCAGTATTTC
TCCAAATGTTTTTTAACTGTTTTGGCTGTTCACC
TGCAAGATGACTTTACAGCAGATGTTCATGTCGT
TTGGGATAAATTTATGTGCATGCTTTCCTGTATC
CTGGCTGTAAAATACCGATAA

PanHba?2
ATGACTCTGACAGCAGCTGAAAAGTCATGCCTTG
CTTCTACTTTTGAAAAGATTGCTCCTAAGGCGGA
GCAATATGGTTCTGAACTATTCCAGAGAATGTTT
TTAGGTTTTCCACAGACACGGACTTACTTTGCCC
ATGTAGACACCAGTGCTAACTCTCCTCAGCTCAG
TGCTCATGGTGCTAAAATCATTGCTTCTCTTGGC
AAAGCCATCAAGAATGTCGATAACATGTCAGCTG
CTCTGTCAGACCTCAGCGACCTGCATGCCCAGAG
CATCAGGGTTGATCCTAGCAACTTTAAGTACATC
TCCCATTGTCTCTTGGTTCTCCTGGCTGCTCACC
TCAAAGCTGACTTCACCCCTCAAGTACAGATCGC
ATGGGACAAATTTTTGGCAGCTGTTTCTGCTGTG
TTGACCGAGAAGTACAGATAA

37

MCSLSTTDIKNIRDIWSIVCONPEEN
GRTVVIRLFLDYPQTRTYEFKNEFKNID
TEEGIKESRQVRQHGRRVVMLLSKVI
ECLEDWDKTSTLLSELADRHQQHHKV
EVVNFKFLFAALNSVYIDVEFGPTETP
DIEASWOQKFYSLTYQQLEKCYSTCPS
S

MPLSKAEKTILLAVWERISPYIEEFG
AQALTRMFRCFPETKIYFHEKNIDPG
SSYVRNQGGKIVTAIGTAVQNADNIQ
EALADLCCLHAYRIRVDPVNFQYFSK
CFLTVLAVHLODDFTADVHVVWDKEM
CMLSCILAVKYR

MTLTAAEKSCLASTFEKIAPKAEQYG
SELFQRMFLGFPQTRTYFAHVDTSAN
SPOLSAHGAKITIASLGKAIKNVDNMS
AALSDLSDLHAQSIRVDPSNFKYISH
CLLVLLAAHLKADFTPQVQIAWDKEFL
AAVSAVLTEKYR



PanHba3
ATGACTTTCACTCGTGAAGATGAGGTCCACATCG
GCGAGGCCTGCAAATTACTCACTCAAATTCCAAA
TGCAGGAGGAGAAGCCTTAGCAAGAATGTTTGCA
GCCTTCCCTGGTACAAAGTCCTACTTCCAGAAAT
TTGGTGATTACAAAGCAAGTAGTGACAAAGTGAT
TCAACATGGTAAGAAGGTGGTTGATGCCCTTGTA
CAAGCTTCGCAACATTTACATGACCTGGAAAGTC
AGTTGCATCCTTTAAGTGTAAAGCATGCCACGGA
ACTCATGGTGGACCCTGTCAACTTTGAACACTTG
TCTCACTGCATCCATGTTACTATTGCTGCCCATC
ATGGAGAAAAATACACAGCTGAGATGCATCGTTC
TGCAGACAAGTTCTTTGAGCGTGTGTCTTCGCAG
CTCGTCTCCCTGTACCGTTAA

PanHba4
ATGACTTTCACTCATGAAGATGAGGTCCACATCG
CCGAGGCCTGCAAATTACTCACTCAAATTCCAAA
TGCAGGAGGAGAAGCCTTAGCAAGAATGTTTGCA
GCCTTCCCTGGTACAAAGTCCTACTTCCAGAAAT
TTGGTGATTACAAAGCAAGTAGTGACAAAGTGAT
TCAACATGGTAAGAAGGTGGTTGATGCCCTTGTA
CAAGCTTCGCAACATTTACATGACCTGGAAAGTC
ACTTGCATCCTTTAAGTGAAAAGCATGCCAGGGA
ACTCATGGTGGACCCTGTCAACTTTGAACACTTG
TCTCACTGCATCCATGTTACTATTGCTGCCCATC
ATGGAGAAAAATACACAGCTGAGATGCATCGTTC
TTTTGACAAGGGCCTTGAGTGTGTGTCTTCGGAG
CTCGTCTCCCTGTACCGTTAA

PanHbbl

ATGGTTCATTGGACAAGTGAGGAAGAATTTGCCA
TTACTTCTATATGGGGGAATGTGGACGTTCACGA
GGAAGGGCATGACACTTTGACAAGGCTCATGGTC
GTATATCCTTGGACAAAGAAGTACTTTTCTTCAT
TTGGAAACCTGAGCACTACAAGTACTATAGCATC
AAATGACCGGGTGCAGGCCCACGGTGCGAAAGTC
TTGACTGCTATTGGTGATGCGCTCGTAGATCTGC
CCAACATCAAACAGAATCTGACAGATCTCAGTCG
TCTCCATTCAGAAATACTCCATGTAGATCCAGAA
AATTTTAGGCTTCTTGGGCAGTGTTTAGTTATTG
TACTGGCAGCCAAATTCGGAGCTGAGAAGTTCAA
TGCTGATGTTCAAGCCGCCTGGCAGAAACTAATG

GGTGTCATTGCAGCGGGTCTTTCCAAGCAGTATC ATTAA
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MTFTREDEVHIGEACKLLTQIPNAGG
EALARMFAAFPGTKSYFQKFGDYKAS
SDKVIQHGKKVVDALVQASQHLHDLE
SQLHPLSVKHATELMVDPVNFEHLSH
CIHVTIAAHHGEKYTAEMHRSADKFEF
ERVSSQLVSLYR

MTFTHEDEVHIAEACKLLTQIPNAGG
EALARMFAAFPGTKSYFQKEGDYKAS
SDKVIQHGKKVVDALVQASQHLHDLK
SHLHPLSEKHARELMVDPVNFEHLSH
CIHVTIAAHHGEKYTAEMHRSFDKGL
ECVSSELVSLYR

MVHWTSEEEFAITSIWGNVDVHEEGH
DTLTRLMVVYPWTKKYFSSEGNLSTT
STIASNDRVQAHGAKVLTAIGDALVD
LPNIKONLTDLSRLHSEILHVDPENF
RLLGQCLVIVLAAKFGAEKEFNADVQA
AWQKLMGVIAAGLSKQYH



PanHbb?2
ATGGTTCTTTGGGATGCTGCCGAGAAAAAAGTCA
TCGCCTCTGTCTGGGCAAAAGTGGACATTGAAGC
TGATGGCTTTCAGGCTTTGCTAAGGACTCTGCAT
GTGTATCCCTGGACTAAGAGATACTTCAGCCATT
TTGGTGCCATGTCTACACTCAAAGATATCGAATC
AAACCCAAAAGTTCGAGCTCATGGCAGAAAAGTA
ATGGCTGCCGTGGGTGATGCCATAAGTCACATGG
ATAACATCAAGGGTCATCTTTCACAACTGAGCCA
GCTGCACTCAGATAAACTCCATGTGGATCCAGCT
AACTTTGAGCTTCTTGGAAACAATATTGTGATTG
TGCTGGCAGCCAAATTTGGTGCTGATGCATTTAC
TCCTGAAGTCCAGGCTACTTTCCAAAAACTGGTG
GCTGTCATTTCATCTGCTCTAACCAGAGAATACC
ACTAG

PanHbb3
ATGGTTAACTGGAAAGCCAACGAGAGACAAGCTG
TCACTTCTGTCTGGGCAAGCATTGACGCTGCAGG
TCATGGCCAAGAGACTTTGGAAAGGCTCCTGCAT
GTCTATCCCTGGTCTCGCAGATACTTTGGTAAAT
TTGGTGACCTATCTACTTTTAGTGCCATTAGACA
AAACCCCCATGTGAGAACTCATGGCGCGAAAGTG
TTGGGTGCTGTTGTTGAATGCCTAAACCACATGG
ATGACATCAAGGGTCATCTTGCCCAACTCAGCAT
TCTGCACTCTGATACACTCCATGTGGATCCAGCA
AACTTCACACTTCTGGGAAACTGTTTTTTAATTG
TCCTGGCCAAATCTGTCGGTGCCGGGTTCACTCC
TGATGTACATGCTGCCTGCCATAAACTAATGGTT
GAGATTGCTGATGGCCTGTCCAGACAGTACCACT
AA

PanHbb4
ATGACTTTCACTCATGAAGATGAGGTCCACATCG
CCGAGGCCTGCAAATTACTCACTCAAATTCCAAA
TGCAGGAGGAGAAGCCTTAGCAAGAATGTTTGCA
GCCTTCCCTGGTACAAAGTCCTACTTCCAGAAAT
TTGGTGATTACAAAGCAAGTAGTGACAAAGTGAT
TCAACATGGTAAGAAGGTGGTTGATGCCCTTGTA
CAAGCTTCGCAACATTTACATGACCTGGAAAGTC
ACTTGCATCCTTTAAGTGAAAAGCATGCCAGGGA
ACTCATGGTGGACCCTGTCAACTTTGAACACTTG
TCTCACTGCATCCATGTTACTATTGCTGCCCATC
ATGGAGAAAAATACACAGCTGAGATGCATCGTTC
TTTTGACAAGGGCCTTGAGTGTGTGTCTTCGGAG
CTCGTCTCCCTGTACCGTTAA

PanHbbb5
ATGGTTCACTGGGATGCCACTGAGAAACAAACCA
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MVLWDAAEKKVIASVWAKVDIEADGE
QALLRTLHVYPWTKRYFSHFGAMSTL
KDIESNPKVRAHGRKVMAAVGDAISH
MDNIKGHLSQLSQLHSDKLHVDPANF
ELLGNNIVIVLAAKFGADAFTPEVQA
TFOQKLVAVISSALTREYH

MVNWKANERQAVTSVWASIDAAGHGQ
ETLERLLHVYPWSRRYFGKEGDLSTF
SATRONPHVRTHGAKVLGAVVECLNH
MDDIKGHLAQLSILHSDTLHVDPANF
TLLGNCFLIVLAKSVGAGFTPDVHAA
CHKLMVEIADGLSRQYH

MVNLEAAEKQTITSFWASVDPAAQGE
NALQRLLYCYPWSRRYFAKFGDLSTI
SATRKNSHVRAHGHKVLSAVGDCIGH
LGDIKGHLAQLSKLHCETLHVDPANF
CLLG

MVHWDATEKQTITSFWGKVDLAADGE
HSLORLLYVYPWCRRYFHKFGDLSTI
SATIRKNSHVRAHGHKVLSALGDCVPH
LGDIKGHLAQLSKLHCETLHVDPANF
CLLGQIITIVLASRFGAAFTPEVQAC
FEKLVGVTAAGLSSQYH



PanMbl

PanMb2

TCACCTCTTTTTGGGGAAAGGTTGACCTAGCAGC
TGATGGAGAACATTCTTTGCAAAGGCTCCTATAC
GTCTATCCCTGGTGTAGAAGATACTTCCATAAAT
TTGGTGACTTGAGTACTATTAGTGCCATCCGAAA
AAACTCCCATGTGCGAGCTCATGGTCATAAAGTG
CTGAGTGCTCTTGGTGACTGCGTACCCCACTTGG
GTGACATCAAAGGTCATCTTGCCCAACTCAGCAA
GCTGCATTGTGAGACACTCCATGTGGATCCAGCA
AATTTCTGTCTTCTGGGACAAATTATCACGATTG
TCCTGGCCAGCCGTTTTGGTGCTGCATTCACTCC
TGAAGTCCAGGCCTGCTTTGAGAAACTGGTCGGT
GTGACTGCTGCTGGACTGTCCAGTCAGTACCATT
AA

ATGGCATCACTATCAGATGCACAATGGAAAAAGC
TTCAGGAGTTCTGGGTAAAGAATGTCGAACCCAA
CCTTACAAAACATGGCCAGGAGGTTTTAGTTCGC
ATGTTTGTGAATCATAAATCAACACTGGAGTACT
TTCCTAAGTTTCGTCACCTTACTACTGAAGCAGA
GATGAGAAGCAATGAAGATATCCGAAAACATGGC
AATACTGTCTTTACTGCCTTGGGAAAACTGGTGA
AGCTGAAAGGCAATGTTGAAGGAGACTTACGTTC
AATGGCTGACTCACATGCCAACAAGCATAAGATA
CACCTTGAAAACTTTGATATTATATCGAAAGTCA
TCGACAATTACTTCCATGAATCATTCCCAGGAGA
TTATGGAGCAGATGTCCAGGACTATATGAAGGCA
ACACTTGCACTGATTGTCCAAACTTTGACTAAGC
TGTACAAGGAACTAGGAAAATAA

ATGACACTCTCAGAAGCACAATGGAACAATGTCC
TGGCATTCTGGGCAAAACATATTGAGAATGATCC
TACAAAACATGGCCATGAGGTTTTAATTCGCTTG
TTTTTGGAAAGTAAGGCGGCCCAAAACCTCTTTG
ATAAATTCAGGCATTTAGGTTCAGAAGCAGAGAT
GAGAAGTTGTGCCGACCTACAGAAACATGGCAAC
ACTGTCTTCACTGCCTTGGGAAAAACCCTGAAGC
TGAAGGGCCACCATGATGCTGACCTTCGCCCAAT
GGCCGAGTCACATTCTCACAAGCACAAGATCCCA
GTGGAGAACTTCACGCTCATCTGCAGTATCATCG
ACAAGTACCTGCATGAGTCATTCTCGGATTATAC
AGGAGATACTAGAGAATCCCTCAAATCTGCTCTT
GGTGGTGTTTGCCACAGTCTGGAAAAACTGTACA
AAGAAGTGTAA

40

MASLSDAQWKKLOQEFWVKNVEPNLTK
HGOQEVLVRMEFVNHKSTLEYFPKFRHL
TTEAEMRSNEDIRKHGNTVETALGKL
VKLKGNVEGDLRSMADSHANKHKIHL
ENFDIISKVIDNYFHESFPGDYGADV
ODYMKATLALIVQTLTKLYKELGK

MTLSEAQWNNVLAFWAKHIENDPTKH
GHEVLIRLFLESKAAQNLEFDKFRHLG
SEAEMRSCADLQKHGNTVFTALGKTL
KLKGHHDADLRPMAESHSHKHKIPVE
NFTLICSIIDKYLHESEFSDYTGDTRE
SLKSALGGVCHSLEKLYKEV



PanMb3

PanMb4

PanMb5

ATGGCATCAGCTGCACAGTGGGATACTACCTTGA
AATTCTGGGAAGCACATGTTGCGGGTGACCTTAA
GAAACATGGTCATGAAGCTTTAGTTCGCTTGTTC
TTGAAAAATAAAGATAGCCAAAAGCACTTTCCCA
AATTCAAAGACCTTGCCAGTGAAGCAGAGATGAG
AGGCTCTGATGGGCTTAAAAACCATGGAGAGACT
GTGTTTACCGCATTAGGAAAAGCCCTGCAGCAGA
GAGATGGCATTGCAAATGAACTACGTCCACTTGC
AGTGACCCATTCCCAAAATCATAAAATCCCTCTG
GAAGAATTTGAAAACATCTGCGAAGTCATTGATG
TTTATTTGGCCGAGATATGTCCAGACTATGCAGG
AGAGACACGTACATCTGTGAAGGCAGTGTTGGAT
GTTTTTTCCCAAAGCATGACAACGCTGTATGGAG
AAGTGTAA

ATGGCAGGACTTTCAGAAGTACAGTGGAATGAAC
TATTGGCTTTTTGGGACAAATATGTTGCTCCAAG
TTCTTCAGAACATGGTAAACACATTTTAATTCGC
ATGTTTCAGACAGAAAAGGCAACTCAGACCCTCT
TCTCAAAGTTCAAGGATATCCCTACTTCAGACCT
AGCAGTCAATGCTGACGTGAAGAAACATGGCGGT
GTTGTTGTTGATTTTTTGGGAAAGCTGCTGAAAC
TGAAGGGCCAGAATGATAGCCAGCTACACACTAT
GGCCGAATCTCATAAGAACAAGCACAAGATTCCA
CTGGATTACTTTCAAGTAATTTCTTCTGTCATTG
ACGTGTATGTGAATGAAAACCTGCCAGAAGAGTA
TGCACCTGTCCGGCAATCCATGAAATCCGCACTC
AACCAGATCGCCAATGGCCTAAAAGACAATTATG
CCAAAGTATAA

ATGGCTGGACTTTCAGATGCACAATGGAATGACC
TCTTGGCTTTCTTTGACAAATTCATTGCCCCTAA
TTCTGCAGAACATGGCAAACACATTTTAATTCGC
ATGTTTGACAGTGACAGAGCAACTCAGAGCTTGT
TTCCAAAGTTTAAGGATGCCCCTGCTGCAGACTT
GCCAAAGAATGCTGATGTGAAGAAACACGGTGGT
GTTGTTGTTGATTTCTTGGGAAAACTGCTGAAAC
AAAAAGGTCATAATGAAAGCATGTTGCACACTAT
GGCTGAGACCCATAAGAACAAGCACAAGGTTTTA
CCAGATTATTTTCAACTGATTTCCTCTGTCATTG
ATGTATACGTCCATGAAAATTTGCCAGCAGAGTA
TGCACCTGTCCGGGATGCTATGAACGCAGCTCTG
AAGCAGATTGCCAATACTTTGAAAAGCAACTACG
CCAAAGTATAA
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MASAAQWDTTLKFWEAHVAGDLKKHG
HEALVRLFLKNKDSQKHFPKFKDLAS
EAEMRGSDGLKNHGETVFTALGKALQ
QORDGIANELRPLAVTHSONHKIPLEE
FENICEVIDVYLAEICPDYAGETRTS
VKAVLDVFEFSQSMTTLYGEV

MAGLSEVOWNELLAFWDKYVAPSSSE
HGKHILIRMFQTEKATQTLEFSKEFKDI
PTSDLAVNADVKKHGGVVVDFLGKLL
KLKGONDSQLHTMAESHKNKHKIPLD
YFQVISSVIDVYVNENLPEEYAPVRQ
SMKSALNQIANGLKDNYAKV

MAGLSDAQWNDLLAFFDKFIAPNSAE
HGKHILIRMEFDSDRATQSLEFPKEFKDA
PAADLPKNADVKKHGGVVVDFLGKLL
KOKGHNESMLHTMAETHKNKHKVLPD
YFQLISSVIDVYVHENLPAEYAPVRD
AMNAALKQIANTLKSNYAKV



PanMbo6a

PanMbo6b

PanMb7

ATGGCATGCCCGGCTAAATTTTGGGAGGAAAATG
TTGTGCCTGATGCTGCAGAACATGGCAAAAATAT
TTTGATTCGGTTGTACAAGGAGGACCCTGCGGCT
CTGGGCTTTTTCCCCAAGTATAAGGACATTCCTG
TGTCTGAGCTGGGTAACAATGCTGATGTGAAAGA
ACAGGGTGCTGTTGTAGTCAAAGCCTTGGGAGAG
CTGCTGAAGCTGAAGGGCCAGCATGAAAGTCAGT
TACACGCAATGGCTGAGTCTCATAAGAACACCTA
CAAAATCCCAGTGGAATATTTTCCTAAAATTTTC
AAGATTACAGATGCATATTTACAAGAAAAAGTGG
GAGCAGCATATGCAGCTATCCAGGCTGCCATGAA
TGTAGCGTTTGACCAGATTGCCGATGGACTGAAA
ACCCAGTACCAAACTGTCTAA

ATGGCATGCCCGGCTAAATTTTGGGAGGAAAATG
TTGTGCCCGATGCTGCAGAACATGGCAAAAATAT
TTTGATTCGGTTGTACAAGGAGGACCCTGCAGCT
CAGGGCTTTTTCTCTAAGTATAAGGACACTCCTG
TGTCTGAGCTGGGTAACAATGCTGATGTGAAAGA
ACAGGGTGCTGTTGTAGTCAAAGCCTTGGGAGAG
CTGCTGAAGCTGAAGGGACAGCATGAAAGTCAGT
TACATGCAATGGCTGAGTCTCATAAGAACACCTA
CAAAATCCCAGTGGAATATTTTCCTAAAATTTTC
AAGATTACAGATGCATATTTACATGAAAAAGTGG
GAGCAGTGTATGCAGCTATCCAGGCTGCCATGAA
TGTAGCGTTTGACCAGATTGCCGATGGACTGAAA
ACCCAGTACCAAACTGTCTAA

ATGGCAGGACTTTCAGAAGCACAGTGGAATGAAC
TCTTGGCCTTTTGGGACAAATATGTTGCCCCGAG
TTCTTCAGAGCATGGCAAACACATTTTAATTCGC
ATGTTTGATGCAGACAAAGCAACTCAGGCCCTCT
TCTCAAAGTACAAAGATATCCCTACTTCAGACCT
AGCAGCCAATGCTGATGTGAAGAAACATGGTGGT
GTTGTTGTCGATTTCTTGGGGAAGCTGCTGAAAC
TGAAGGGTCAGAATGATAGTCAGCTACACACTAT
GGCTGAATCTCATAAGAACAAGCATCGGATTCCA
CTGGATTACTTTCAACTAATTTCTACTGTCATTG
ATGTGTACGTGTATGAAAACCTGCCAGGAGAGTA
TGGACCTGTCCGGGAATCCTTGAAAGCAGCTCTG
AGCCAGATTGCCAATGGCCTAAAAGCCAATTATG
CCAAAGTATAA

42

MACPAKFWEENVVPDAAEHGKNILIR
LYKEDPAALGFFPKYKDIPVSELGNN
ADVKEQGAVVVKALGELLKLKGQHES
QLHAMAESHKNTYKIPVEYFPKIFKI
TDAYLQEKVGAAYAATIQAAMNVAFEDQ
IADGLKTQYQTV

MACPAKFWEENVVPDAAEHGKNILIR
LYKEDPAAQGFFSKYKDIPVSELGNN
ADVKEQGAVVVKALGELLKLKGQHES
QLHAMAESHKNTYKIPVEYFPKIFKI
TDAYLHEKVGAVYAATQAAMNVAFEFDQ
IADGLKTQYQTV

MAGLSEAQWNELLAFWDKYVAPSSSE
HGKHILIRMFDADKATQALESKYKDI
PTSDLAANADVKKHGGVVVDFLGKLL
KLKGONDSQLHTMAESHKNKHRIPLD
YFQLISTVIDVYVYENLPGEYGPVRE
SLKAALSQIANGLKANYA



Supplementary Table SI1.2. —List of globin sequences used in this study. The

EMBL/GenBank accession numbers of the nucleotides are given, if available. Some genes are

indicated by the ENSEMBL identifier. Asterisks denote protein accession numbers.

Abbreviation

Species

common name

Accession number

AcaGbY Anolis carolinensis green anole NW _003341080
AcaMb Anolis carolinensis green anole XM_003220932
AplIGbE Anas platyrhynchos mallard XM_005012200
CanMb Cryodraco antarcticus long-fingered icefish | U71056
CauMbl Carassius auratus goldfish AM747267
CauMb2 Carassius auratus goldfish AM747268
CcaMbl Cyprinus carpio common carp KC342292
CcaMb2 Cyprinus carpio common carp DQ338464
CcrMb Condylura cristata star-nosed mole NM_001287785
CmiGbY Callorhinchus milii elephant shark NM_001292790
CpiCygb Chrysemys picta bellii Western painted turtle | XM_005297540
CpiGbE Chrysemys picta bellii Western painted turtle | XM_005293060
CpiGbX Chrysemys picta bellii Western painted turtle | XM_005293187
CpiGbY Chrysemys picta bellii Western painted turtle | XM 005306194
CpiHbaA Chrysemys picta bellii Western painted turtle | XM_005306158
CpiHbaD Chrysemys picta bellii Western painted turtle | XM_005306157
CpiHbB1 Chrysemys picta bellii Western painted turtle | XM_005290010
CpiHbB2 Chrysemys picta bellii Western painted turtle | XM_005290009
CpiHbG Chrysemys picta bellii Western painted turtle | XM_005290008
CpiHbZz Chrysemys picta bellii Western painted turtle | XM_005306148
CpiMb Chrysemys picta bellii Western painted turtle | XM_005300826
CpiNgb Chrysemys picta bellii Western painted turtle | XM_005301643
CraMb Chlonod_raco ocellated icefish U70871
rastrospinosus
CycrMb Cystophora cristata hooded seal KC524751
DreCygb1 Danio rerio zebrafish BC165894
DreCygb2 Danio rerio zebrafish AJ635229
DreGbX Danio rerio zebrafish AJ635194
DreHbAa Danio rerio zebrafish AY325264
DreHbAe Danio rerio zebrafish BC164447
DreHbAX Danio rerio zebrafish AL915033
DreHbBa Danio rerio zebrafish BC164283
DreHbBe Danio rerio zebrafish NM_001097585
DreMb Danio rerio zebrafish AY337025
DreNgb Danio rerio zebrafish BC059416
EpeMb Euthynnus pelamis skipjack tuna AF291837
GgaCygb Gallus gallus chicken NM_001008789
GgaGbE Gallus gallus chicken NM_001008786
GgaHbA Gallus gallus chicken NM_001004376
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GgaHbAD Gallus gallus chicken CR338842
GgaHbG Gallus gallus chicken M73995
GgaMb Gallus gallus chicken XM_003202347
GgaNgb Gallus gallus chicken NM_001031551
GgiMb Gobionotothen humped rockcod U71057
gibberifron
HsaCYGB Homo sapiens man AJ315162
HsaHBA Homo sapiens man AF105974
HsaHBB Homo sapiens man NM_000518
HsaHBD Homo sapiens man NM_000519
HsaHBE Homo sapiens man NM_005330
HsaHBG Homo sapiens man NM_000559
HsaHBZ Homo sapiens man M24173
HsaMB Homo sapiens man NM_203377
HsaNGB Homo sapiens man AB463927
IpuGhX Ictalurus punctatus channel catfish CK416201
LchCygb Latimeria chalumnae coelacanth XM_005993205
LchGbE Latimeria chalumnae coelacanth XM_006011781
LchGbX1 Latimeria chalumnae coelacanth XM_005987904
LchGbX2 Latimeria chalumnae coelacanth XM 006012915
LchGbY Latimeria chalumnae coelacanth XM 005990799
LchHbAl Latimeria chalumnae coelacanth XM 006011045
LchHbA2 Latimeria chalumnae coelacanth XM_006011046
LchHbB1 Latimeria chalumnae coelacanth XM_006011047
LchHbB2 Latimeria chalumnae coelacanth XM_006011048
LchMb Latimeria chalumna coelacanth XM 006011146
LchNgb Latimeria chalumnae coelacanth XM_005986619
LplaHbA Lampetra zanandreai Po brook lamprey 224746
LplaHbB Lampetra zanandreai Po brook lamprey 224747
MangMb Mirounga angustirostris | Northern elephant seal | KC524754
MbiMb Mesoplodon bidens Sowerby's beaked | 554765
whale
MgaGbE Meleagris gallopavo turkey XM 003202331
MglaHb2 Myxine glutinosa Atlantic hagfish AF157494
MmuMb Mus musculus mouse AK137456
MniMb Makaira nigricans Atlantic blue marlin | AF291833
NcoMb Notothenia coriiceps black rockcod NM_001303294
OanGbY Ornithorhynchus anatinus | platypus genome
OanHbW Ornithorhynchus anatinus | platypus genome
OanMb Ornithorhynchus anatinus | platypus XM_001513063
OanNgb Ornithorhynchus anatinus | platypus XM_001508367
OlaCygbl Oryzias latipes medaka NM_001104767
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OlaCygh2 Oryzias latipes medaka NM_001104768
OlaHbA Oryzias latipes medaka BAC20295
OlaHbB Oryzias latipes medaka AB080120
OlaMb Oryzias latipes medaka BJ883657
OlaNgb Oryzias latipes medaka DK002855
PanGbE Protopterus annectens West African lungfish | transcriptome
PanGbX Protopterus annectens West African lungfish | transcriptome
PanGbY Protopterus annectens West African lungfish |transcriptome
PanHbal Protopterus annectens West African lungfish |transcriptome
PanHba2 Protopterus annectens West African lungfish |transcriptome
PanHba3 Protopterus annectens West African lungfish | transcriptome
PanHba4 Protopterus annectens West African lungfish |transcriptome
PanHbb1 Protopterus annectens West African lungfish |transcriptome
PanHbb2 Protopterus annectens West African lungfish |transcriptome
PanHbb3 Protopterus annectens West African lungfish |transcriptome
PanHbb4 Protopterus annectens West African lungfish |transcriptome
PanHbb5 Protopterus annectens West African lungfish |transcriptome
PanMb1 Protopterus annectens West African lungfish | LT604990
PanMb2 Protopterus annectens West African lungfish | LT604991
PanMb3 Protopterus annectens West African lungfish | LT604992
PanMb4 Protopterus annectens West African lungfish | LT604993
PanMb5 Protopterus annectens West African lungfish | LT604994
PanMb6a Protopterus annectens West African lungfish | LT604995
PanMb6b Protopterus annectens West African lungfish | LT604996
PanMb7 Protopterus annectens West African lungfish | LT604997
PcaMb Physeter catodon sperm whale NM_001290722
PgeMb Pseud.ochaenlchthys South Georgia icefish | U71055
georgianus
PmaaHbl Petromyzon marinus sea lamprey P09967*
PmaaHb10 Petromyzon marinus sea lamprey FD718926
PmaaHb11 Petromyzon marinus sea lamprey ENSPMAG00000001592
PmaaHb12 Petromyzon marinus sea lamprey Genome
PmaaHb13 Petromyzon marinus sea lamprey Genome
PmaaHb14 Petromyzon marinus sea lamprey Genome
PmaaHb2a Petromyzon marinus sea lamprey QoI913*
PmaaHb3 Petromyzon marinus sea lamprey P09968*
PmaaHb5a Petromyzon marinus sea lamprey P02208*
PmaaHb5b Petromyzon marinus sea lamprey ENSPMAGO00000005354
PmaaHb6 Petromyzon marinus sea lamprey EG333697
PmaaHb7 Petromyzon marinus sea lamprey EE278870
PmaaHb8 Petromyzon marinus sea lamprey ENSPMAGO00000005367
PmaaHb9 Petromyzon marinus sea lamprey ENSPMAG00000008540
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PmaaMbl Petromyzon marinus sea lamprey ENSPMAGO00000006056

PmaaMb2 Petromyzon marinus sea lamprey EG021442

PmaCygb Petromyzon marinus sea lamprey genome

PmaGhX1 Petromyzon marinus sea lamprey ENSPMAG00000007241
. Pelodiscus sinensis Chinese softshell

PsiCygb turtle XM 006136486
. Pelodiscus sinensis Chinese softshell

PsiGbE turtle XM_006127809
. Pelodiscus sinensis Chinese softshell

PsiGbX turtle XM_006131430
. Pelodiscus sinensis Chinese softshell

PsiGbY turtle XM_006124603
. Pelodiscus sinensis Chinese softshell

PsiHbaA turtle ENSPSIG00000011874
. Pelodiscus sinensis Chinese softshell

PsiHbaD turtle ENSPSIG00000012157
. Pelodiscus sinensis Chinese softshell

PsiHbB turtle XM_006130979
. Pelodiscus sinensis Chinese softshell

PsiHbG turtle XM_006130980
. Pelodiscus sinensis Chinese softshell

PsiHbZ turtle XM 006124534
. Pelodiscus sinensis Chinese softshell

PsiMb turtle XM_006137956
. Pelodiscus sinensis Chinese softshell

PsiNgb turtle XM_006117796

RnoCygb Rattus norvegicus rat NM_130744

RnoMb Rattus norvegicus Norway rat AF197916

SchMb Sarda chiliensis Pacific bonito AF291834

SjaMb Scomber japonicus chub mackerel AF291835

TalaMb Thunnus alalunga albacore AF291832

TalbMb Thunnus albacares yellowfin tuna AF291838

TguCygb Taeniopygia guttata zebra finch XM_002195407

TguGbE Taeniopygia guttata zebra finch XM_002196350

TguHbA Taeniopygia guttata zebra finch DQ216719

TguHbAD Taeniopygia guttata zebra finch DQ213486

TguHbE Taeniopygia guttata zebra finch NM_001245112

TguMb Taeniopygia guttata zebra finch XM 002199380

TguNgb Taeniopygia guttata zebra finch XM 003962460

spotted green
TniCygbl Tetraodon nigroviridis pufferfish AJ635230
spotted green
TniGbX Tetraodon nigroviridis pufferfish AJ635193
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spotted green

TniMb Tetraodon nigroviridis . CR660178
pufferfish
spotted green
TniNgb Tetraodon nigroviridis pufferfish AJ315609
TruCygbl Takifugu rubripes torafugu XM_003964492
TruCygb2 Takifugu rubripes torafugu AJ635231
TruMb Takifugu rubripes torafugu XM_003976046
TruNgb Takifugu rubripes torafugu genome
TthMb Thunnus thynnus Pacific bluefintuna | AF291836
orientalis
XlaGbY Xenopus laevis African clawed frog | NM_001095686
XlaHbA1l Xenopus laevis African clawed frog | X02796
XlaHbAT5 Xenopus laevis African clawed frog | X02798
XtrCygb Xenopus tropicalis Western clawed frog | AJ635232
XtrGbX Xenopus tropicalis Western clawed frog |NM_001011196
XtrGbY Xenopus tropicalis Western clawed frog | XM_002941194
XtrHbA1 Xenopus tropicalis Western clawed frog | BC088005
XtrHbB1 Xenopus tropicalis Western clawed frog | NM_203528
XtrHbB2 Xenopus tropicalis Western clawed frog | NM_001016495
XtrNgb Xenopus tropicalis Western clawed frog | NM_001030351
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Supplementary Table SI1.3. — Relative rate tests.

nucleotide amino acids

taxon 1 taxon 2 |outgroup | 2 P A

PanMbl HsaMb |DreMb 13.90{0.00019 7.81 0.00519
PanMb2 HsaMb |DreMb 9.97|0.00159 3.67| 0.05551
PanMb3 HsaMb |DreMb 9.190.00244 1.80 0.17971
PanMb4  |HsaMb |DreMb 15.45|0.00008 9.38| 0.00219
PanMb5  [HsaMb |DreMb 15.900.00007 7.08| 0.00780
PanMb6a |HsaMb |DreMb 3.67 10.05551 1.88 0.16991
PanMbéb |[HsaMb |DreMb 4.2410.03959 3.43| 0.06408
PanMb7 HsaMb |DreMb 17.9410.00002 8.32 0.00392
PcaMb HsaMb |DreMb 0.03(0.86180 2.27 0.13167
CcrMb HsaMb |DreMb 2.78(0.09558 0.14| 0.70546
RnoMb HsaMb |DreMb 1.5210.21704 0.40| 0.52709
MmuMb |HsaMb |DreMb 3.93(0.04743 0.11| 0.73888
GgaMb HsaMb |DreMb 0.47(0.49130 1.14| 0.28505
AcaMb HsaMb |DreMb 1.49|0.22162 1.80 0.17971
LchMb HsaMb |DreMb 2.13(0.14413 3.10 0.07817
PanMb1l RnoMb | TniMb 13.50 {0.00024 6.40 0.01141
PanMb2 RnoMb | TniMb 11.84 {0.00058 2.78 0.09558
PanMb3  |[RnoMb |TniMb 12.780.00035 7.05| 0.00793
PanMb4 RnoMb | TniMb 13.41|0.00025 492 0.02650
PanMb5 RnoMb | TniMb 21.89{0.00000 9.98 0.00158
PanMb6a |RnoMb |TniMb 7.83|0.00513 1.53| 0.21637
PanMb6b |RnoMb |TniMb 8.14 10.00433 1.92 0.16552
PanMb7 RnoMb | TniMb 14.96 {0.00011 4.74 0.02946
PcaMb RnoMb | TniMb 5.33(0.02092 1.33 0.24821
CcrMb RnoMb | TniMb 0.02 |0.88864 0.00( 1.00000
HsaMb RnoMb | TniMb 0.02 {0.88150 0.40( 0.52709
MmuMb  |RnoMb | TniMb 0.60(0.43858 0.20 0.65472
GgaMb RnoMb | TniMb 0.01{0.91153 0.05| 0.82726
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AcaMb RnoMb | TniMb 0.17 |0.67666 0.43 0.51269
LchMb RnoMb | TniMb 0.96 (0.32680 0.42 0.51641
PanMbl LchMb |DreMb 26.17{0.00000 20.63 0.00001
PanMb2  |LchMb |DreMb 20.21{0.00001 12.10| 0.00050
PanMb3  |LchMb |DreMb 20.25(0.00001 9.09| 0.00257
PanMb4 LchMb [DreMb 28.97(0.00000 21.33 0.00000
PanMb5 |LchMb |DreMb 27.260.00000 20.45| 0.00001
PanMb6a |LchMb |DreMb 10.31|0.00132 8.33 0.00389
PanMb6b |LchMb |DreMb 11.27|0.00079 11.26| 0.00079
PanMb7 LchMb |DreMb 31.39{0.00000 20.48 0.00001
PcaMb LchMb |DreMb 2.39(0.12224 6.40 0.01141
CcrMb LchMb |DreMb 0.31/0.58071 2.63 0.10476
RnoMb LchMb | DreMb 0.58 {0.44560 433| 0.03737
MmuMb  |LchMb |DreMb 0.08 |0.77584 2.50 0.11385
GgaMb LchMb |DreMb 0.91/0.34036 9.68 0.00186
AcaMb LchMb | DreMb 6.23(0.01255 8.26| 0.00406
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Supplementary Table SI11.4. mRNA copy numbers in lungfish tissues, as estimated by
gRTPCR. The numbers are mRNA copies per pg total RNA.

PanMbl PanMb2 PanMb3 PanMb4 PanMb5 PanMb6 PanMb7
eye 724,685.3| 3,375,105.7| 2,563,646.6 70,829.4 212,796.7 530,476.2 730,838.7
brain 779,068.3|10,207,574.4 | 9,593,941.3 126,916.0| 7,495,733.1 603,517.1 106,803.7
heart 0.0 86,255.1 613,323.3 193,640.6 1,225.9 45,186.6 6,606.9
lung 31,572.2 22,392.5 1,064.6 22,411.6 2,094.6 19,500.2 1,346.6
muscle 2,494,792.8 369,707.4 642.0 11,113.3 379.4 29,242.6 0.0
liver 13,000.6 18,376.5 109.3 80,860.4 133.7 15,183.5 0.0
gut 188,371.0 0.0 3,014.0 23,423.6 32.0 29,331.8 4,845.9
kidney 397,481.4 269,509.4 76,722.5 141,143.0 9.5 54,749.1 16,168.2
gallbladder 1,1944 551,991.6 8,007.0 43,855.7 903.0 20,399.3 31.1
gonad 25,238.6 71,587.2 9,359.3 1,453.2 262,225.7 151,171.1 7,694.2
blood 0.0 730.4 78.5 0.0 27.2 0.0 1,089.4
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Supplementary Table SII.5. lllumina read numbers in the transcriptomes from different
lungfish tissues used for expression estimation by RNA-seq.

gene brain |liver + gut | kidney +
gonads
PanMb1l 567 55 18
PanMb2 15480 293.5 3284.5
PanMb3 4209 0 17
PanMb4 102.5 35 233
PanMb5 3747 0 15
PanMb6a 0 0 26.5
PanMb6b 0.5 0 9.5
PanMb7 35 0 1735
PanGbE 3 12,5 4
PanGbX 45 15 16
PanGbY 203.5 55 26.5
PanHbal 2.5 11.5 7.5
PanHba2 1 9.5 11
PanHba3 1711 13776 8994.5
PanHba4 1806| 14890.5 9680.5
PanHbb1 7.5 65.5 325
PanHbb?2 134 897.5 585.5
PanHbb3 542 5321.5 2895
PanHbb4 240.5 1883.5 1172.5
PanHbb5 1577.5 12950.5 7528
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Supporting Information Table SI1.6. —Peptide sequences found with mass spectroscopy in
the myoglobin amino acid sequences from the P. annectens. A. Mb peptide sequences detected
in the bands from brain, heart, liver and muscle samples. B. Mb peptide sequences detected in
the spots from 2D gel electrophoresis of brain and muscle samples. Peptides identified by mass
spectrometry are underlined.

A PanMbl PanMb2 PanMb3 PanMb5
brain MASLSDAQWKKLQEFWV | MTLSEAQWNNVLAFWAK | MASAAQWDTTLKFWEAH | MAGLSDAQWNDLLAFFD
KNVEPNLTKHGQEVLVR | HIENDPTKHGHEVLIRL | VAGDLKKHGHEALVRLF | KFIAPNSAEHGKHILIR
MFVNHKSTLEYFPKFRH | FLESKAAQNLFDKFRHL | LKNKDSQKHFPKFKDLA | MFDSDRATQSLEPKFKD
LTTEAEMRSNEDIRKHG | GSEAEMRSCADLQKHGN | SEAEMRGSDGLKNHGET | APAADLPKNADVKKHGG
NTVFTALGKLVKLKGNV | TVFTALGKTLKLKGHHD | VFTALGKALQQRDGIAN | VVVDFLGKLLKQKGHNE
EGDLRSMADSHANKHKI | ADLRPMAESHSHKHKIP | ELRPLAVTHSQNHKIPL | SMLHTMAETHKNKHKVL
HLENFDIISKVIDNYFH | VENFTLICSIIDKYLHE | EEFENICEVIDVYLAEI | PDYFQLISSVIDVYVHE
ESFPGDYGADVQDYMKA | SFSDYTGDTRESLKSAL | CPDYAGETRTSVKAVLD | NLPAEYAPVRDAMNAAL
TLALIVQTLTKLYKELG | GGVCHSLEKLYKEV VFSQSMTTLYGEV KQIANTLKSNYAKV
K
eye MASLSDAQWKKLQEFWV | MTLSEAQWNNVLAFWAK | MASAAQWDTTLKFWEAH
KNVEPNLTKHGQEVLVR | HIENDPTKHGHEVLIRL | VAGDLKKHGHEALVRLF
MFVNHKSTLEYFPKFRH | FLESKAAQNLFDKFRHL | LKNKDSQKHFPKFKDLA
LTTEAEMRSNEDIRKHG | GSEAEMRSCADLQKHGN | SEAEMRGSDGLKNHGET
NTVFTALGKLVKLKGNV | TVETALGKTLKLKGHHD | VFTALGKALQQRDGIAN
EGDLRSMADSHANKHKI | ADLRPMAESHSHKHKIP | ELRPLAVTHSQNHKIPL
HLENFDIISKVIDNYFH | VENFTLICSIIDKYLHE | EEFENICEVIDVYLAEI
ESFPGDYGADVQDYMKA | SFSDYTGDTRESLKSAL | CPDYAGETRTSVKAVLD
TLALIVQTLTKLYKELG | GGVCHSLEKLYKEV VFSQSMTTLYGEV
K
heart MASLSDAQWKKLQEFWV | MTLSEAQWNNVLAFWAK | MASAAQWDTTLKFWEAH
KNVEPNLTKHGQEVLVR | HIENDPTKHGHEVLIRL | VAGDLKKHGHEALVRLF
MFVNHKSTLEYFPKFRH | FLESKAAQNLFDKFRHL | LKNKDSQKHFPKFKDLA
LTTEAEMRSNEDIRKHG | GSEAEMRSCADLQKHGN | SEAEMRGSDGLKNHGET
NTVFTALGKLVKLKGNV | TVFTALGKTLKLKGHHD | VFTALGKALQQRDGIAN
EGDLRSMADSHANKHKI | ADLRPMAESHSHKHKIP | ELRPLAVTHSQNHKIPL
HLENFDIISKVIDNYFH | VENFTLICSIIDKYLHE | EEFENICEVIDVYLAEI
ESFPGDYGADVQDYMKA | SFSDYTGDTRESLKSAL | CPDYAGETRTSVKAVLD
TLALIVQTLTKLYKELG | GGVCHSLEKLYKEV VFSQSMTTLYGEV
K
muscle MASLSDAQWKKLQEFWV | MTLSEAQWNNVLAFWAK
KNVEPNLTKHGQEVLVR | HIENDPTKHGHEVLIRL
MFVNHKSTLEYFPKFRH | FLESKAAQNLFDKFRHL
LTTEAEMRSNEDIRKHG | GSEAEMRSCADLQKHGN
NTVFTALGKLVKLKGNV | TVETALGKTLKLKGHHD
EGDLRSMADSHANKHKI | ADLRPMAESHSHKHKIP
HLENFDIISKVIDNYFH | VENFTLICSIIDKYLHE
ESFPGDYGADVQDYMKA | SFSDYTGDTRESLKSAL
TLALIVQTLTKLYKELG | GGVCHSLEKLYKEV
K
liver MASLSDAQWKKLQEFWV | MTLSEAQWNNVLAFWAK
KNVEPNLTKHGQEVLVR | HIENDPTKHGHEVLIRL
MFVNHKSTLEYFPKFRH | FLESKAAQNLFDKFRHL
LTTEAEMRSNEDIRKHG | GSEAEMRSCADLQKHGN
NTVFTALGKLVKLKGNV | TVFTALGKTLKLKGHHD
EGDLRSMADSHANKHKI | ADLRPMAESHSHKHKIP
HLENFDIISKVIDNYFH | VENFTLICSIIDKYLHE
ESFPGDYGADVQDYMKA | SFSDYTGDTRESLKSAL
TLALIVQTLTKLYKELG | GGVCHSLEKLYKEV
K
lung MASLSDAQWKKLQEFWV | MTLSEAQWNNVLAFWAK
KNVEPNLTKHGQEVLVR | HIENDPTKHGHEVLIRL
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MEVNHKSTLEYFPKFRH FLESKAAQNLFDKFRHL
LTTEAEMRSNEDIRKHG GSEAEMRSCADLQKHGN
NTVFTALGKLVKLKGNV TVFTALGKTLKLKGHHD
EGDLRSMADSHANKHKI ADLRPMAESHSHKHKIP
HLENFDIISKVIDNYFH VENFTLICSIIDKYLHE
ESFPGDYGADVQDYMKA SFSDYTGDTRESLKSAL
TLALIVQTLTKLYKELG GGVCHSLEKLYKEV
K
B PanMbl PanMb2 PanMb3 PanMb5
brain MASLSDAQWKKLOQEFWV MTLSEAQWNNVLAFWAK MASAAQWDTTLKEFWEAH MAGLSDAQWNDLLAFED
ENVEPNLTKHGQEVLVR HIENDPTKHGHEVLIRL VAGDLKKHGHEALVRLF KFIAPNSAEHGKHILIR
MEVNHKSTLEYFPKFRH FLESKAAQNLFDKFRHL LKNKDSQKHFPKFKDLA MEFDSDRATQSLEFPKFKD
LTTEAEMRSNEDIRKHG GSEAEMRSCADLQKHGN SEAEMRGSDGLKNHGET APAADLPKNADVKKHGG
NTVFTALGKLVKLKGNV TVFTALGKTLKLKGHHD VFTALGKALQQRDGIAN VVVDFLGKLLKQKGHNE
EGDLRSMADSHANKHKT ADLRPMAESHSHKHKIP ELRPLAVTHSQONHKIPL SMLHTMAETHKNKHKVL
HLENFDIISKVIDNYFH VENFTLICSIIDKYLHE EEFENICEVIDVYLAETI PDYFQLISSVIDVYVHE
ESFPGDYGADVQDYMK& SEFSDYTGDTRESLKSAL CPDYAGETRTSVKAVLD NLPAEYAPVRDAMNAAL
TLALIVQTLTKLYKELG GGVCHSLEKLYKEV VESQSMTTLYGEV KQIANTLKSNYAKV
K
muscle MASLSDAQWKKLQEFWV MTLSEAQWNNVLAFWAK
KNVEPNLTKHGQEVLVR HIENDPTKHGHEVLIRL
MEFVNHKSTLEYFPKFRH FLESKAAQNLFDKFRHL
LTTEAEMRSNEDIRKEQ GSEAEMRSCADLQKEQN
NTVFTALGKLVKLKGNV TVFTALGKTLKLKGHHD
EGDLRSMADSHANKHKI ADLRPMAESHSHKHKIP
HLENFDIISKVIDNYFH VENFTLICSIIDKYLHE
ESFPGDYGADVQDYMKA SEFSDYTGDTRESLKSAL
TLALIVQTLTKLYKELG GGVCHSLEKLYKEV
K
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Supplementary Table SI1.7. Original data of the cell culture experiments. HN33 cells were
kept at 1% O, for 24 h. Control cells were kept at normoxia. The numbers give the

fluorescence and absorbance values for the WST-1, the CellTiter-Glo® and the DCFH-DA

tests.
WST-1 CellTiter-Glo® DCFH-DA
control 24 h 1% O2 |control 24 h 1% O |control 24 h 1% Oz
pcDNA 1.53033 0.28667 72722.00 34031.33 | 2059742.33| 2783222.67
1.56767 0.33233 72077.00 34985.00 | 1794558.67 | 2896840.00
1.56067 0.28800 72077.00 33780.00 | 1802887.67 | 2881685.33
PanMb1l 0.78267 0.50833 80410.00 28940.00 769372.67 541857.67
0.77067 0.43100 79478.67 28786.33 | 756095.67 | 527755.00
0.79833 0.49767 82013.00 29086.00 855283.33 516205.67
PanMb2 0.96367 0.48100 74411.67 28915.00 611255.00 388535.00
0.93167 0.49433 74164.33 28719.33| 586519.33| 267797.00
0.97067 0.47833 72757.67 28452.67 610708.67 373136.00
PanMb3 1.32833 0.32667 83825.00 45498.67 | 788881.67| 482003.67
1.40133 0.32500 83876.00 47011.67 825849.67 388626.67
1.36333 0.32167 84668.33 50212.33| 869837.33| 464420.00
PanMb4 1.58400 0.40133 90757.00 32530.00 | 2738203.00 | 2631968.67
1.62600 0.40767 90467.67 32686.00 | 2581700.00 | 2802125.00
1.63633 0.41000 90120.67 32702.33 | 2964634.67 | 2796925.67
PanMb5 1.31167 0.42100 85712.67 32768.33 537292.00 264435.00
1.47000 0.41900 87232.00 32293.67| 419166.00| 209270.67
1.34100 0.40967 85530.00 32364.67 725609.00 245649.00
PanMb6a 1.31700 0.30367 75329.67 42195.00 | 1055382.67 513445.00
1.41600 0.30833 76854.33 44076.00 | 1105534.33| 506538.33
1.35433 0.30267 75763.67 44233.67 | 1069829.67 466717.67

54



Supplementary Table SI1.8. Oligonucleotide primers used for the generation of the standard
plasmids (A) and for gRT-PCR expression analysis (B) of the seven PanMb in the different

tissues.

A. Primers for standard | sequence 5'-3' expected

plasmids fragment
length

Pan_Mb1_For GCCGAATTCGTTATGGCATCACTATCAGAT 486

Pan_Mbl_Rev GGTCTCGAGTTATTTTCCTAGTTCCTTGTA

Pan_Mb2n_For GCCGAATTCACCATGACACTCTCAGAA 474

Pan_Mb2_Rev GGTCTCGAGTTACACTTCTTTGTACAG

Pan_Mb3_For GCCGAATTCGTTATGGCATCAGCTGC 471

Pan_Mb3_Rev GGTCTCGAGTTACACTTCTCCATACAGC

Pan_Mb4_For_2 GCCGAATTCACTATGGCAGGACTTTCAG 474

Pan_Mb4_Rev_2 CGGCTCGAGTTATACTTTGGCATAATTG

Pan_Mb5_For GCCGAATTCACTATGGCTGGACTTTCAG 474

Pan_Mb5_Rev CGGCTCGAGTTATACTTTGGCGTAGTTG

Pan_Mb6_For CGTGAATTCGCTATGGCATGCCCGGCTAA 450

Pan_Mb6_Rev CGGCTCGAGTTAGACAGTTTGGTACTGGGTTT

B. Primers for gRT- sequence 5'-3' expected

PCR analysis fragment
length

Pan_Mbl gPCR_For ACTGAAGCAGAGATGAGAAGCA 119

Pan_Mbl_gPCR_Rev GCCATTGAACGCAAGTCTCC

Pan_Mb2_gPCR_For 2 | CCAGTGGAGAACTTCACGCT 117

Pan_Mb2_gPCR_Rev_2 | GCAAACACCACCAAGAGCAG

Pan_Mb3_gPCR_For GGCCGAGATATGTCCAGACT 100

Pan_Mb3_gPCR_Rev | CACTTCTCCATACAGCGTTGTC

Pan_Mb4_gPCR_For_2 | CAGACAGAAAAGGCAACTCAGAC 207

Pan_Mb4_gPCR_Rev_2 | GTAATCCAGTGGAATCTTGTGC

Pan_Mb5_gPCR_For GCACACTATGGCTGAGACCC 120

Pan_Mb5 qPCR_Rev | ACAGGTGCATACTCTGCTGG

Pan_Mb6_qPCR_For AGGGCCAGCATGAAAGTCAG 137

Pan_Mb6_gPCR_Rev | TGCATATGCTGCTCCCACTT

Pan_Mb7_gPCR_For_2 | TGCAGACAAAGCAACTCAGGC 205

Pan_Mb7_gPCR_Rev_2 | GTAATCCAGTGGAATCCGATG

55




Chapter2:

AcaMb

1.0 MmuMb
RnoMb
CycrMb
MangMb
MbiMb
0 PCa:‘"(’)
- LchMb
L CauMb1
0677 0.97/0.91
0.85 CcaMb1
CauMb2
CcaMb2
1.011.0
EpeMb
0.50.43
1.011.0
0.58/0
1.0
PdoMb1
1.011.0 5
0.99/0.98] [~ PaeMb1
PanMb1
1.0
LpaMb2
1.0/0.98 ! Opae2
— 1.0/
PanMb2
1.0/1.0 1.0/0.96
1.0/0.85 0y Sachbde
0.91/0.9° pdomb2b
1.0
10 LpaMb3
1.0/1.0 10, mais
1.011.0 10
-~ PdoMb3a
1.0/1.0i 1.0
1.0M.0 PaeMb3
0.84/0.79 ’ PanMb3
0 4o
- LpaMb7
1.0/1.0 10
1.0/0.99 PanMb7
10 pdomb7
1.0/0.9 o 1.0 panmbsa
10 PanMbéb
1.0/1.0 10n0 [1 LpaMb5
0.98/1.0 [ PaeMb5
1.0/0.98 PanMb5
o 1.0
2 PanMb4b
0.89/0.61 10
- LpaMb4

0.51/0.57
1.0 paeMba

1.011.0L panMb4a
1.0

0.2
Figure S111.1. Bayesian phylogenetic tree of vertebrate Mbs. Tree reconstruction was carried

out with the amino acid sequences assuming the JTT model of protein evolution [61]. The bar

represents 0.2 substitutions per site. The numbers at the nodes are the Bayesian posterior
probabilities (black) and the ultrafast bootstrap support (red). For the abbreviations and
accession numbers, see Table S1. For the PanMbs, the Pso-values (in Torr) and the main

expression sites are given. (blue: P. annectens Mbs; pink: P. aethiopicus Mbs; light red:

P. dolloi Mbs; yellow: L. paradoxa Mbs)
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Figure SI11.2. Expression of the Mb genes in selected P. annectens tissues. mMRNA levels
were estimated by RNA-Seq and are displayed as RPKM values. Transcriptome accession
numbers are given in Table S1. The copy numbers are given in Table S3.
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Figure S111.3. Expression of the Mb genes in selected P. dolloi tissues. mRNA levels were
estimated by RNA-Seq and are displayed as RPKM values. Transcriptome accession
numbers are given in Table S1. The copy numbers are given in Table S4.
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Figure SI11.4. Expression of the Mb genes in selected P. aethiopicus tissues. MRNA levels
were estimated by RNA-Seq and are displayed as RPKM values. Transcriptome accession
numbers are given in Table S1. The copy numbers are given in Table S5.
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numbers are given in Table S1. The copy numbers are given in Table S6.
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Figure S111.6. Oz equilibrium curves of recombinant expressed PanMbs. Measurements
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Fig. SI111.8. SDS-PAGE gel electrophoresis of recombinantly expressed P. annectens Mb1-6 proteins.
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Table SI11.1. List of lungfish SRA data sets used in this study.

Run

SRR3632086
SRR3632085
SRR3632084
SRR3632083
SRR3632082
SRR3632081
SRR3632080
SRR3632079
SRR2895276
SRR2895273
SRR2895270
SRR2895265
SRR2895261
SRR2895255

SRR2895254
SRR1693787

SRR505726
SRR505725
SRR505724
SRR505723
SRR505722
SRR505721
SRR2028027
SRR2028021
SRR2028020
SRR2028017
SRR2028000
SRR2027980

Study

SRP076182
SRP076182
SRP076182
SRP076182
SRP076182
SRP076182
SRP076182
SRP076182
SRP065764
SRP065764
SRP065764
SRP065764
SRP065764
SRP065764

SRP065764
SRP050575

SRP013624
SRP013624
SRP013624
SRP013624
SRP013624
SRP013624
SRP057960
SRP057960
SRP057960
SRP057960
SRP057960
SRP057960

BioProject

PRINA317232
PRINA317232
PRINA317232
PRINA317232
PRINA317232
PRINA317232
PRINA317232
PRINA317232
PRINA301089
PRINA301089
PRINA301089
PRJIJNA301089
PRJIJNA301089
PRJIJNA301089

PRINA301089
PRINA269317

PRINA164839
PRINA164839
PRINA164839
PRINA164839
PRINA164839
PRINA164839
PRINA282925
PRINA282925
PRINA282925
PRINA282925
PRINA282925
PRINA282925

BioSample

SAMNO04601251
SAMNO04601250
SAMNO04601249
SAMNO04601248
SAMNO04601247
SAMNO04601246
SAMNO04601245
SAMNO04601244
SAMNO04235701
SAMNO04235701
SAMNO04235701
SAMNO04235701
SAMNO04235701
SAMNO04235701

SAMNO04235701
SAMNO03253061

SAMNO01041868
SAMNO01041868
SAMNO01041869
SAMNO01041870
SAMNO01041870
SAMNO01041869
SAMNO03580842
SAMNO03580841
SAMNO03580839
SAMNO03580843
SAMNO03580840
SAMNO03580844

Experiment

SRX1823854
SRX1823853
SRX1823852
SRX1823851
SRX1823850
SRX1823849
SRX1823848
SRX1823847
SRX1411327
SRX1411326
SRX1411325
SRX1411324
SRX1411322
SRX1411321

SRX1411314
SRX796494

SRX152530
SRX152530
SRX152529
SRX152531
SRX152531
SRX152529
SRX1016237
SRX1016236
SRX1016234
SRX1016238
SRX1016235
SRX1016241

Instrument

Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000

Illumina HiSeq 2500
Illumina HiSeq 2000

Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000

sex
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

n.d.
n.d.

n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
male
female
female
male
male
female

tissue
muscle
gut

heart
head
brain
gonad
liver
caudal fin
blastema
blastema
blastema
blastema
blastema
blastema

blastema

kidney,lung,brain,
spleen,heart,liver
brain

brain
liver
kidney
kidney
liver
gonad
liver
brain
gonad
liver
gonad

species

Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa

Lepidosiren paradoxa
Lepidosiren paradoxa

Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
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SRR2027979
SRR2027978
SRR2027914

SRR1685666
SRR5114770

SRR5997828
SRR7240708
SRR1823814

SRR1823842
SRR7879313

SRP057960
SRP057960
SRP057960

SRP044127
SRP095206

SRP116672
SRP044127
SRP055746

SRP055746
SRP159187

PRINA282925
PRINA282925
PRINA282925

PRINA254214
PRINA357627

PRINA398732
PRINA473927
PRINA276927

PRINA276927
PRINA486850

SAMNO03580844
SAMNO03580844
SAMNO03580838

SAMNO02902907
SAMNO06146196

SAMNO07519109
SAMNO09288591
SAMNO03382550

SAMNO03382549
SAMNO09984819

SRX1016240
SRX1016239
SRX1016233

SRX790602
SRX2426781

SRX3153334
SRX4146489
SRX895335

SRX895362
SRX4717958

Illumina HiSeq 2000
Illumina HiSeq 2000
IHlumina HiSeq 2000

Illumina HiSeq 2000
IHlumina HiSeq 1500

IHlumina HiSeq 2000
Illumina NextSeq 500
IHlumina HiSeq 2000

IHlumina HiSeq 2000
Ilumina NextSeq 500

female
female
male

n.d.
n.d.

n.d.
female
n.d.

n.d.
n.d.

gonad
gonad
brain
liver

developing jaw/
mandible

viscera mixture
ovary

pelvic fin
pectoral fin

Nasal lymphoid
aggregates

Protopterus annectens
Protopterus annectens
Protopterus annectens

Protopterus annectens
Protopterus aethiopicus

Protopterus aethiopicus
Protopterus aethiopicus
Protopterus dolloi

Protopterus dolloi
Protopterus dolloi
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Table SI11.2. List of Mb sequences used in this study.

Abbreviation Species

AcaMb
CanMb
CauMbl
CauMb2
CcaMbl
CcaMb2
CcrMb
CpiMb
CraMb

CycrMb
DreMb
EpeMb
FruMb
GgaMb
GgiMb
HsaMb
LchMb
LpaMb2

LpaMb3

LpaMb4

Anolis carolinensis
Cryodraco antarcticus
Carassius auratus
Carassius auratus
Cyprinus carpio
Cyprinus carpio
Condylura cristata
Chrysemys picta bellii
Chionodraco
rastrospinosus
Cystophora cristata
Danio rerio
Euthynnus pelamis
Takifugu rubripes
Gallus gallus
Gobionotothen gibberifron
Homo sapiens
Latimeria chalumna
Lepidosiren paradoxa

Lepidosiren paradoxa

Lepidosiren paradoxa

common name
green anole
long-fingered icefish
goldfish

goldfish

common carp
common carp
star-nosed mole
Western painted turtle
ocellated icefish

hooded seal
zebrafish
skipjack tuna
Japanese pufferfish
chicken

humped rockcod
man

coelacanth
South American
lungfish

South American
lungfish

South American
lungfish

accession no.
XM_003220932
U71056
AMT47267
AMT747268
KC342292
DQ338464
NM_001287785
XM 005300826
u70871

KC524751
AY337025
AF291837

XM_003202347
U71057
NM_203377
XM_006011146
this study

this study

this study
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LpaMb5
LpaMb7

MangMb
MbiMb
MmuMb
MniMb
NcoMb
OanMb
OlaMb
PaeMb1l
PaeMb2
PaeMb3
PaeMb4
PaeMb5
PanMbl
PanMb2
PanMb3
PanMb4a
PanMb4b
PanMb5
PanMb6a
PanMb6b
PanMb7
PcaMb
PdoMb1
PdoMb2a

Lepidosiren paradoxa

Lepidosiren paradoxa

Mirounga angustirostris

Mesoplodon bidens
Mus musculus
Makaira nigricans
Notothenia coriiceps

Ornithorhynchus anatinus

Oryzias latipes
Protopterus aethiopicus
Protopterus aethiopicus
Protopterus aethiopicus
Protopterus aethiopicus
Protopterus aethiopicus
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Physeter catodon
Protopterus dolloi
Protopterus dolloi

South American
lungfish

South American
lungfish

Northern elephant seal

Sowerby's beaked whale

mouse

Atlantic blue marlin
black rockcod
platypus

medaka

Marbled lungfish
Marbled lungfish
Marbled lungfish
Marbled lungfish
Marbled lungfish
West African lungfish
West African lungfish
West African lungfish
West African lungfish
West African lungfish
West African lungfish
West African lungfish
West African lungfish
West African lungfish
sperm whale

Slender lungfish
Slender lungfish

this study
this study

KC524754
KC524765
AK137456
AF291833

NM_001303294
XM_001513063

BJ883657
this study
this study
this study
this study
this study
LT604990
LT604991
LT604992
LT604993
LT604997
LT604994
LT604995
LT604996
this study

NM_001290722

this study
this study
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PdoMb2b
PdoMb3a
PdoMb3b
PdoMb7
PgeMb

PsiMb

RnoMb
SchMb
SjaMb
TalaMb
TalbMb
TguMb
TniMb
TthMb

Protopterus dolloi
Protopterus dolloi
Protopterus dolloi
Protopterus dolloi
Pseudochaenichthys
georgianus
Pelodiscus sinensis

Rattus norvegicus
Sarda chiliensis
Scomber japonicus
Thunnus alalunga
Thunnus albacares
Taeniopygia guttata
Tetraodon nigroviridis

Thunnus thynnus orientalis

Slender lungfish
Slender lungfish
Slender lungfish
Slender lungfish
South Georgia icefish

Chinese soft-shelled
turtle

Norway rat

Pacific bonito

chub mackerel
albacore

yellowfin tuna
zebra finch

spotted green pufferfish

Pacific bluefin tuna

this study
this study
this study
this study
U71055

XM_006137956

AF197916
AF291834
AF291835
AF291832
AF291838
XM_002199380
CR660178
AF291836
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Table SI11.3.

PanMb1
PanMb2
PanMb3
PanMb4a
PanMb4b
PanMb5
PanMb6a
PanMb6b
PanMb7

RPKM of Mb genes in the transcriptomes of P. annectens tissues used for expression estimation by RNA-Seq.

SRR505725
brain 1
50.65
1391.06
384.82
10.06
0.47
335.26
0.00
0.30
0.00

SRR505726
brain 2
50.66
1381.08
382.17
8.84
0.37
352.76
0.49
0.00
0.00

SRR505721
liver 1
0.50
24.61
0.00
0.52
0.00
0.09
0.00
0.00
0.00

SRR505724
liver 2
0.43
23.93
0.00
0.17
0.00
0.00
0.00
0.00
0.00

SRR505722 SRR505723

kidney 1
1.85
312.91
1.81
21.67
17.37
1.60
4.53
1.79
0.00

kidney 2
1.38
310.25
1.52
23.69
16.23
1.71
3.19
0.96
0.00
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Table SI11.4. RPKM of Mb genes in the transcriptomes of P. dolloi tissues used for expression estimation by RNA-Seq.

PdoMb1
PdoMb2a
PdoMb2b
PdoMb3a
PdoMb3b
PdoMb7

SRR1823814

pelvic fin
2.52
805.14
276.24
168.31
41.19
996.86

SRR1823842

pectoral fin
5.26
163.23
92.70
45.55
54.55
1125.65

SRR7879313
nasal lymphoid

aggregates
2.69

0.38

58.59

4.47

0.00

6.88
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Table SI11.5. RPKM of Mb genes in the transcriptomes of P. aethiopicuss tissues used for expression estimation by RNA-Seq.

SRR5997828 SRR5114770 SRR7240708

developing
viscera mix jaw ovary
PaeMb1l 0.00 7.16 0.00
PaeMb2 2.43 601.44 0.00
PaeMb3 0.00 4.95 0.04
PaeMb4 1.27 0.30 0.00

PaeMb5 0.87 0.19 0.03



Table SI11.6. RPKM of Mb genes in the transcriptomes of L. paradoxa tissues used for expression estimation by RNA-Seq.

LpaMb2
LpaMb3
LpaMb4
LpaMb5
LpaMb7

SRR3632082
brain
1688.21
1573.33
5.90

892.49

1.58

SRR3632083
head
985.24
330.14

1.95

44412
24.14

SRR3632084
heart
1542.81
34.50

25.12
494.21
48.28

SRR3632086
muscle
424.27

12.30

0.33
47.21
98.73

SRR3632080
liver

24.54

2.02

14.95

63.14

0.00

SRR3632079
caudal fin
159.67
28.08

0.00

14.66
295.88

SRR3632085 SRR3632081

gut
17.59
0.00
0.37
44.70
3.62

gonad
302.31
1052.40
0.68
51.03
4.50
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Table SII1.7. Overview of nitrite reductase observed rates (min-1 and s-1) and of
second order rate constants (M-1 s-1) of PanMbs. Conditions: 0.1 mM nitrite, pH
7.2,20 °C.

Nitrite-Reductase-Rate (nitrite)
k (min-1) k(sec-1) M-1s-1

PanMbl 0.16 0.003  26.95
PanMb2 0.08 0.001 13.78
PanMb3 0.25 0.004 42.13
PanMb4a 0.14 0.002 2291
PanMb4b 0.20 0.003  33.63
PanMb5 0.06 0.001 10.26

PanMb6b 0.00 0.000 0.00



Chapter 3:

a. Sequences of Lepidosiren paradoxa

>LpaGbEl
ATGGCCATGTCTGCTGATGATATTCAGAAAGGAAGGTCTGCGTGGGAGAAGTTTTATGCAAATGCAGAGG
ATAATGGTGCAGTTGTGTTGAGCAGAATGTTCAAGGAACACCCCCACACTGTCAGTTACTTTAAAAACTT
CAAAGAATTGCAGTCCATGGCAGAGAAGGCCTCCTCTGTAGAACTTCAGGGCTTATCAGAAGTCCGAGGT
CATGGCAAGAAAGTATTGTCTGCTCTGAATGACATGGTACAGTATCTAGATAACATGGATTCTTTAAAAA
AAGTTACTGAACCTCTGGGCAAAAAACATGCTGTGGAACTTCAAGTGGATGTGAAGGATTTTGATATTAT
CTTTACAATTCTGCTGGACCTCCTGGGTGAAAAATGTGGTGGTGATGCCAAAACAGACTTGAAAAAAGTG
ACTGATCTTTTGTATGAGGAAATTAAGTCTACCTACTGA

>LpaGbE2a
ATGGCTCTTTCAGCTGAAGACATTCAGATGGTTAGTGGTGTGTGGAGTAAAATCTTTGCAGATGCTGAGT
CAAATGGTGCTGTTGTTTTAAGCAGAATGTTCAAGGAGTATCCACATACTGTGAAATATTTTAAGAACTT
CCCAGAGCTGCAGTCTATTGCTGAGACTGCTTCTGCTGCTGACATTGCAGGACTGGCTGAGGTTCGAGGC
CATGCAAAGACAGTACTTACAGCTTTTAATGATATGGTACAGCACTTGGAAAATATTGATACTTTAAAAG
AGACTGCTACACCTCTTGCCAAGAAGCATTCTGAAGAGCTTAAAGTAGATGTGAAGGACTTTAAAATCCT
CTGTGACAACCTGGTAGATCTCGTTGGAGAGAAGCAAGATGAAGATGCCAAAACCACCTTTAAGAAAGCA
GTGGATGTAATATATGAAAATATTTCAGCTGCATATTGA

>LpaGbE2b
ATGGCTCTTTCAGCTGAAGAAATTCAGAATGCTACTGGTGTGTGGAGTAAAATTTTTGCAGATGCCGAGT
CAAATGGTTCTGTGGTTTTAAGCAGAATGTTCAAGGAGTATCCACATACTGTGAAATATTTTAAAAACTT
CCCAGAGCTACAGTCTGTTGGTGAGACTGCTTCTGCTGCTGAGATTGCAGGACTGGCTGAGGTTCAAGGC
CATGCAAAGACCGTATTTACAGCTTTTAATGATATGGTACAGCACTTGGAAAATATTGATGCTTTAAAAG
AGACTGCTACTCCTCTAGCCAAGAAGCATTCTGAAGAGCTTAAAGTAGATGTGAAGGACTTTAAAATCCT
CTGTGACAACCTGGTAGATCTCGTTGGAGAGAAGCAAGATGAAGATGCCAAAAGCACCTTTAAGAAAGCA
GTGGATGAAATATATGAAAATATCAAAGCTGCATATTGA

>LpaGbE2c
ATGGCTTTTTCAGCAGAAGATATTCAGACTGCTACTGATGTTTGGGACAAAATCTTTGTAAATGCTGAAG
AGAATGGTGCTATTGTGTTAAGCAGAATGTTCAAGGAGCACAGTCATACTGTAAGCCATTTTAAAAACTT
CACAGAGTTGCAGTCTATTGCTGAGACTGGTTCTGCTGCAGAGATTGCAGCACTGGCTGAGGTTCAAGGG
CATGGGAAGAAAGTCTTTACAGCCTTGAATGATCTGGTTTTGAAGGTGGACAATGCAGATGCGTTAAAAG
AGGCTGTTGCTCCTCTAGCCAAGAAGCATGCTGAAGAGCTTAAAGTAGATGTGAAAGATTTGGGAGTCCT
CTGTGAAATCCTGATCGATCTTGTTGGAGAGAAGCAAGGTGATGCCAAAACAGCCTTTAAGAAAGTGATG
GATGTAATATATGAAAACATAAAAGCTGCATATTGA

>LpaGbE2d
ATGGCTCTTTCAGCAGAAGATATTCAGACTGCTACTGGTGTTTGGGACAAAATCTTTGTAAATGCTGAAG
AGAATGGTGCTATTGTGTTAAGCAGAATGTTCAAGGAGCACAGTCATACTGTAAGCCATTTTAAAAACTT
CACAGAGTTGCAGTCTATTGCTGAGACTGCTTCTGCTGCAGAGATTGCAGCACTGGCTGAGGTTCAAGGG
CATGGGAAGAAAGTCTTTACAGCCTTGAATGATCTGGTGCTGCATGTGGACAATGCAGATGCGTTAAACA
AGATTGCTGCTCCTCTAGCCAAGAAGCATGCTGAAGAGCTTAAAGTAGATGTGAAAGATTTGGGAGTCCT
CTGTGAAATCCTGATCGATCTTGTTGGAGAGAAGCAAGGTGAAGATGCCAAAACAGCCTTTAAGAAAGTG
ATGGATGTAATATATGAAAACCTAAAAGCTGCATATTGA

>LpaGbE2e
ATGGCTCTTTCAGCAGAAGATATTCAGACTGCTATTGGTGTTTGGGACAAAATCGTTGTAAATGCTGAAG
AGCATGGTGCTATTGTGTTAAGCAGAATGTTCAAGGAGCACAGTCATACTGTAAGCCATTTTAAAAACTT
CACAGAGTTGCAGTCTATTGCTGAGATTGCTTCTGCTGCAGAGATTGCAGGACTGGCTGAGGTTCGAGGG
CATGGGAAGAAAGTCTTTACAGCCTTGAATGATCTGGTGCTGCATGTGGACAATGCAGATGCTTTAAACA
AGATTGCTGCTCCTCTAGCCAAGAAGCATGCTGAAGAGCTTAAAGTTTGTGTTAAGGATCTGGGAGTCCT
CTGTGAAATCCTGATCGATCTTGTTGGAGAGAAGCAAGGTGATGCCAAAACAGCCTTTAAGAAAGTGATG
GATGTAATATATGAAAACATAAAAGCTGCATATTAA

>LpaGbX
TTCAAACAGTTGATAATGACAAATTTTTAACTTCAACTCCAGTTTACATTGACAAAAGAGACTACACCTG
TTAAAAAAAAAGAAAAAAAAGTAAGTGTTTTTCAGCTTCTCTGCATTTAATTAGATCCTGTCATTTGTTT
GTGATCTTTTGCACATTGCAATGGGCTGTGCTTTGTCAGAAGTTGGAAAAGAAGAGAATTCAGCAAGCAT
TGTGAATGAAATTTCTGGCGAAATAGGACCAGATACAGATATCGGATCAGGGACACAGTCTGGATCAATG
TCAAATCTTTCAACCCTTTCAGAATCCCAGAAGGAGCTTATTCAGGAATCATGGAAGATTCTTCATCAGG
ATATCACAAGAGTAGGAATCATAGTGTTCATACGCCTGTTTGAAACTCATCCAGAGTGTAAAGATGTATT
TTTCCTTTTTCGAGACATTGATGATGTTCAGCAGTTGAAGATAAGTAAGGAACTACAAGCACATGGTTTG
AGGGTGATGTCTTTTATTGAGAAGAGCGTTGCCAGATTACAGCAAGAGGACAAACTTCAACATATAGCCT
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TTGAACTGGGTAGATGTCATTGCAGATACAATGCTCTGCCTAAATACTTTGAGTATGTAGGATTTCAGTT
TATGACTGCTGTGAAGCCCATTCTTAAAGAAAAATGGACATCAGAAGTAGAGGATGCATGGAAGAGTCTC
TTTAAATACTTGATTTCAATGATGAAGAAGGGTTTCCATGAAGAGGCAAAAAATCGTCTAAGCAACAAGT
CAACAGACCCAAAGAAACAGTTAACAACAAGAATGAAATTTGTTCAACATAATGTTTAATACAAAAAAGG
GTTAATAAAAAAAAAACATGATCTGAAATGAATGGGACATGTATTATGTATCTTTGGG

>LpaGbY
CATCCTGTTCAAGCACATTGTCAGCATGTCTTGTCTCAGCATGACTGATATTCAGAACATTAGAAACATC
TGGGGTATCATATGTCAGAATCCAGAGGCGAATGGGCAAATTGTTGTAACTAGACTTTTTGTAGATTATC
CACAGACCACACTATATTTCAAGAATTTTAAAAATCTTGATACTGTGGAAGGTATAAAAGAAAGCAAACA
AGTCCGAGAGCATGGTCGGAGAGTGGTAATGATGCTGGACAAGGTCATTGAGAATCTGGGTGACTGGAAT
GAGACCTCAAATCTTTTGTCCAAACTGGCAAAAAGACACCGGGATTATCACAACATACCAGTCAGGAACT
TCAAGTTCCTGTTTGCTTCACTCAACAGTGTTTACATTGATGTTTTTGGTCCAGCATTTACAGCAGATAT
CCAGACATCCTGGGAGAAGCTTTATTCACTGGTGTACCAAGAAATGGAAAAATGCTACAGCGCCATTCCT
TCATCATAGACTGTTACAAAGTGCTCCTTATATTGCAAGGGCAATACATATGCACTATTTTCTTTGTTTC
TTGGATTTGCATACTTTAATAGTACGCTAAGCTCACATTTTTAAGCAGTTTAAAAGCTGAAGTAGTATTA
TTCATGCTAAGTAATATTACATATAAAAAGTGTAAATAAGAATGTTAGAGAAAACAGAAGCTGTCAGTGT
TTTAACACATTATACAACTGTAAATACTACATAAACAAAAATATTGACAGAACACCTTAGTAATATTTAC
AAATCTTGGTCTGCTGTATTAACTTACCTGTCAGCCGGACTGTATTTTATTTCAGCACTGAGTAGAAAAC
GTATCTTGTACATTCTTGAAAAAAATGAAGACCAAAGTACATGGCAAAGGCTTCTTGTGTGCACAAAAAA
ACATTCCTCACAGACTTTTTCATATGGTTAAAAATTATGGCTTTCAGACTAAAGAAAGAGAGCCAAACCC
TTATCCAGTTTCTTGGATACATTTACATGCAAGTTGCTAATCCCTCATTAATCATTTCACTGAAACTAAC
ATATCATACAATAGCAATTTTCCTGATATTTATATTGCTGGCAACAAAGAAACTCTTTCTCAGTATATTT
CTTAAGTGGTAGTAGAGGAAATACTAAGCAGGAACTGGTTGAACCTCACTTCTACTATCTCCTTTTCTTT
TTCCACCAGTATTAAGAGAGTCCCATATACTGTGTTTTCAATTAAGACTTTTGCAAGTGGGCCCCTCCAG
TTGGTGCAGTGGAGCATTCCCTTG

>LpaHbAl
GATTGTCTGGTCTACACATCAGCTGAGACCAAGAATTTTAAAAATAAAAAAAAATCTAAATGGAATACAT
GAAAACAAAATGCCAAAAAAAATAAAATAAAATAAAAACAGATTTGTTTCCATTCATTGTTATGCAGGTG
ATGAAAAAATCTTTCAAGAATCCCAAGCTGGCTGTTTGGCTGTATGTCCAATAGTGAACGCACTTAGCGG
TATAAGGAGATGAGGACGTGAACTATTTGCCCAAGGCACTTTTCGGCAGCACAATTTATCTCAGGTGTGA
ATTTTTCTCCACAATGAGCAGCTATAGTAGTCATGATGGCTTCAATAAGGTACTGAAAGTTGCAAGGGTC
CACCATGAGTTCCCTGGCATGCTTTTCACTTAAAGTGTGCAAGCAACTTGACAGATCATGCAAATGTTGC
ACACCTTGCCCAATGGCATCCACCACCTTCTTCCCATGGTGCTTCACTTTTTCATTATTTGCTGAGAAAT
CATGTCCAAAGTGCGGGAAGTAGGACTTTGTACCAGGATAGCAACTAAACATTCTTGCTAAGGCTTCTCC
ACCTGCATTGGGTATCTGATGGAGTAATCCCCAGGCTTCTTTAATTAAGACTTCATCATCCTGACTGAAG
CGCATGCTTGCTATATTATGTGACAATCGCGACCCAGAGAAGAACAAGCACAGATGAT

>LpaHbA2
GGGTGTTCTGAATTATATATGAGGAAGTTCCTTTGTATGAATTTTTATTTCATCTTCATTTGTGATTTAG
GCATTTCGCTTATCTGTACTTTGATGTCAACACACGGCCAGTCAGTTGAAGATATTTGTCCCATGCAAGA
TGTAGTTCAGGAGTGAAGTCACCTTGCATGTGTGCAGCCAGGAGAACCAAAAAGCAATGAGAGATGTACG
GAAAGTTGGCAGGATCAACCTTGATGTTTTTGGCATGCAGGTCACTAAGGTCTGAGAGAGCAGCTGACAC
GTTATCGATATTCTTGATACCTTTACCAAGAGCAGCAATGATCTTTGCACCATGTGCACGGAGCTGGGCA
GACTTGGGGCTGGTGTCTACATTGGGAAAGTAGGTTCGGGTCTGGGGAAAGCTTGCAAACATTCTATTGA
AGAGTTCAGAACCATACTGCTCTGCATTAGGAGCAATCTTATCATAGCTGCTACTGAGAAGAGATTTTTC
AGCCTGGGTCAGAAGCATGGTTTCTCAAGGTATTTTCTT

>LpaHbB1l
GGAGGAAGCCTTATCATGAATCGTCAGCCCTCCTGTGGTTGCAAACCGATTACTTGCCTACTATTTCTTA
AGACTGTCCACAAAACTCAGGCTGAATGTAAAAAAGCATAGAAGGTGTGATGTGAAGAGGATCCAGCTGT
TGCTGCAGATAAGGCAGGAAGGGGTTTTGTTCATTTTCTGCCTATATAAATTCATAAAAGCACAATAAAT
TTGGATAAATTCTTAAGAATAAAAAAGGCACCTCCCACATGCAAGCTTCCCCACCATGGTTCATTGGACA
AATGAGGAAGAATATGCCATCTTTTCTATATGGGGGGACATTGATGTTCATGAGGAAGGCCATCAGACTT
TGACAAGGCTGATGGTAGTGTATCCTTGGACAAAGAGGTACTTTTCTTCATTTGGAGACCTGAGCACCTC
CTGTTCTATAGCTGCGAATCACCTCGTAAAGGCCCATGGTGCGAAAGTCTTAACTGCCATTGGTGATGCT
CTCGTAGATATGCCCAACATCAAACACAACCTGACAGATCTCAGTCGCCTCCATTCAGAAATACTCCATG
TAGATCCAGAAAATTTTAGGCTTCTTGGCAAGTGTTTGTTAATTGTGCTGGCAGCCAAATTCGGTGCTAA
GAAGTTCAATGTTGATGTGCATGCTGCATGGAAAAAACTGATGGAGATCATTGCTGCAGGTCTATCCAAG
CAATATCATTAGGCCGAAGCAGTGCAGCGCATTCTTAAACAGAGTCAAGGAAAGAGTGACAATAAAATTC
CAAGGCATCATACACAGTAGTGCCCAGAGACTGGTACTGAAAAACAGGAGCAGCCAGAAATGGAGCTGTG
TATGAAATAAAAAAAATACAGAAATGCTACACTGTCTTTTATGGGGCAACAGAAATGCTACACTGTCTTT
TATGGGGCAACAGAAATGCTACACTGTCTTTTATGGGGCA

>LpaHbB2
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AGTAAACTGTGCTCTGAACACAAACTTTGCTATCCATTTTAAGTGGGTGTGGTCAACCAATAGTTTTATC
AAATGATCAAATGTTTACCGCCCTCAGACAGCAATCATCTGAGAGATGATTAGCTGTTTTTGTGGGCCCC
ATTATCAGAGATGACTTCACTGGGTGGGAGCCGGCTTCTGCCCATATAAATCCCAACAAGCACTGCAATT
TTGTACCAGAATCTTGCAGAGCTATTTGTCAGCTACCTAACTACTAACTTGCAGCCATGGTTCATTGGGA
GGATGCCGAGAAACAATACATTGTCTCTGTCTTTTCAAAGATAGACGTTGACCATGTTGGTGCAAATACA
TTGGAAAGGGTCTTGATTGCTTTTCCTTGGACAAAGAGATACTTCAGTAGTTTTGGTGACCTTTCTAGTC
CTGGTGCCATTAAACATAATAACAAGGTGATCGCTCATGGAAGGAAAGTATTGGCTGCTATAATTGAATG
CACAAGGCATTTTGGAAATATCAAAGGTCATCTTGCCAATCTCAGCCACCTGCACTCTGAGAAACTCCAT
GTGGATCCACACAACTTCAGAGTTCTGGGACAATGTTTGAGGATCGAGCTGGCTGCCGCTCTTGGTTTTA
AGGAGTTCACTCCTGAAAGGAATGCTTACTTCCAAAAGTTTATGGATGTGATTTCTCACAGCCTGGGCCG
TGAGTACCACTAAACCATCCAAATGTGGCACAGGGGTTCATGATGCACCATCAAGAAAGCAGCTAATATT
CAATGTCAGTAGAGTCATAATGCAGAAACTGGCCCCCAGTACAGAACTTCAGGAAAATCTGCCAACAAAT
TGTATGATGTCATAATATAAAATGAGCTCCAGTGCAGATATGCATAGCTGTTCAGATACAATGTGCCTGT
TGACATTTATATAATAAATTGCTAAATCTTAAATGTTCAAGAAATGTCTGATATGCCTACACTTGGATTC
AGTTAAAATAAAGTAAAACCTT

>LpaHbB3
GCAAAGCCATCCATCAGCCACTTGCCATTAACTTGCAGCCATGGTTCACTGGGAATCCAATGAGAGACAA
ACCCTCAGCTCTGTGTGGGCAAAGATTGACAGTGAAGTTATAGGCGGAGAAGCTCTGGCAAGGCTCTTCA
TTGTCTATCCCTGGTCTCAGAGATACTTCAGTAAATTTGGTGACCTGTCTACTCATGATGCCATTAGCCA
CAACCCCAAGGTGAAAGCTCATGGCAAGAAAGTGCTAGCTGCTGTAGGTGATTGCTTAAAGCACCTGGAC
AACATCAAGGGTCATCTTACCGAGCACAGCCATCACCATTATAACGCACTCCATGTGGATCCAGCAAACT
TCACCCTTCTAGCATACTGTTTGGATATTGTTCTGGCCAGACATTTTGGTTATAAGGTGTTCACTCCTGA
AGTCCAAGGTACCTTCCAGAAATTTATGCGTGAGGTTACTGGTGGTCTTTCCACTGAGTACAGCTAAATC
ATACAAGTACAGCAAAGGGATTGTTGATGCACCATCAAGAGAGCAGCAAGTATCCAGAGTCAATGGATTC
GTAACGCAGAAACCAACAGCCAGTACACAACGTCAGGAAAATCCAAATACCAACAGATTGTATGATGTCA
TACTATACAATGAACTTCAGTTTAAATATGCATAGCTGTTCAGGTATGATGTGCCTGTTGACATTAATGT
CTCCACTCTTTAAATGTTAAATAAATGCCTGATAAGCTTATATTAAATTCAGTTAAAAATAAAATAAAAC
CTCTGTAAACACA

>LpaMb2
GGAAAAATAAAACTTCACTGTGCCTGTAGAAGATTCATCTGTGACTGCAGATATGACACTCTCAGACGCA
CAATGGAACAACGTCCTGGGGTTCTGGACAAAGCATATTGAGGGTGATCTTGCAAATATTGGCCATGAGG
TTTTAATTCGCCTGTTCTTACAAAGTAAAGCAGCCCAAAACCTCTTTGAGAAATTCAAGCACTTGAGCTC
AGAAGCAGAGATGAGGGGCTGTGCAGACCTACAGAAACATGGCAACACTGTCTTTACTGCCTTGGGAAAA
ACCCTGAAACTGAAGGGCCACCATGATGCTGAGCTTCGTCCAATGGCTGAGTCACATTCTAAGAAACACA
AAATCCCAGTGGAGAACTTCACGCTCATCTGCAATGTGATTGACAAGTATTTTCATGAGAAGTACCCAGA
TTATGCAGGAGAACTCAGAGAATCTTTTAAGCAAGCTACCCTTGGTGTTGCCCACACCTTGGAAAAACTG
TACAAAGAAGTGTAAAGATGGAAAAATGCTCTGGTGCTTACCAGTCAAGAAAAGAAACAACATCATTCTT
ACTTTATTCTTCATGTAACAATACCTGAGGTTAACTTTACTTCCTTAACAGTGACTGAGTATAAAATAAA
CGTTTTATGTGATCTATGAATAGTACTAAACTCTTTTTGGAAATAACTGAGTGCCTCAATATTTTAATGT
ACCCTGCATTTTTGATGGGTGTTTTGTTAGAACCAATAATACAAGGTGGTTGACTGATCATGCCACCCAG
CACAGGTCAAGTATAACTGAAAGAGCGACTTCTCTGTTTGTTGGCTTAAATCAAAAGCTGCTACGTAGCT
GATGTGTTGTTAGCAAGGACATGTGCTGTAATAAATGTATGGATAAATTATACAGTGAACAATGTCACAA
TAACAAAGGCTATGTTTTTTGTGATGCTGAACTCAAGTCGATAGAGGCAACTATGAGATCCTTCTAGTAG
TCCCAAAGTGTGAATCTGTAAAGTACCTTTGTGTGTACACACACACACACACA

>LpaMb3a
ACACACACACACACACACAGAATAGGTGCTGCAACCTCCACCCCAGCCCAGCCCCTCTCAGTGATGGCAA
AACTCTGATTGGCAGGTAGAAAGCTGTGAGAAAGAAAGGGGAGGATGGAAACCAGATAAAAGCCTTCAAT
TTTTCACAACACTTCAATTGCAGGGAAGAAGTTTTATTGTACCTGTACATAATAGTCTCTGTGATTGCGA
CTATGGCATCAGATGCACAGTGGAATGTTGCCTTAGACTTTTGGGAAAAAAATATTGCAAGTGATCCGAA
GAAACATGGTCATGCAGTTCTAATCGGCTTGTTCAAGAAAAGTAAAGACAGTCAAGTGCACTTTCCCAAA
TTTAAAGACCTTGCTAGTGAAGCAGAGATGAAAAGCTCTGAAGGGCTACAAAAACATGGCGAAACTGTGT
TCACTGCCTTAGGAAAAGCCCTAGCACAGAAGGATGGCATTGCTAATGAACTACGTCCTCTAGCAGAAAC
TCATGTCAAAGAGCACAAAATCCCTGTGGAAGAATTTTCAAAAATCTGTGATGTGATAAGCGATTATTGT
GCCATCGAATTTAAAGACTACACTGGAGATACCTGTACAGCTTTTAAGGCAGTGCTATCCGTTGTTGTCC
AAACCATGAACAATCTGTATAAAGAAGTGTAAATGTGACCTTCTCTAGTCTCTAATCTTTAGAAAGCACT
CTATTTCTCAGATTGTATGCATTCCATGTGACAATTTTCATATTTTCCCCCACACAGCAACTGTTTTTGC
TTTGTCAGATGTAATATAAACTAATAAAATCTTTTTTTGGAAAAAAAAAAAANAAA

>LpaMb3b
GATAATTTGCAGAAGTCTTTGAACTGAATGAGAAGCTATATATTTTTCACTGACTCCTTTTCAATACAGA
TGTGATACCATGAATCTTGTATTACTAATGACATATTTAGATTCCAAAGTAATTTAATTCCAGCAGAGGG
TATGCAGATAGACAAAAGCTTGCCCAAACAAGTCTCCACAATTATCCACCCCTGCCCATTTCAAGAAAGA
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AAAAATGATTGGCAAATGAAGTCTGACAGAAAGAAAGAGAAAAAAAAAGAGAAGGCTGCAGAGCAGATAA
AAGGCATCCACCTCTTCCTAAAGTAAGAATTTAACTTTACCTGATTGAGAAAACTCTTCTTCCGATTCAG
AAATGGTAAAAGCTTCAAACTCACAGTACGAATGTCTCTATGCCTTTTTGATGCAAAGCATTGGGGAAGA
TCCTGCAGCGTTCGGTCATGAGAGTTTAATAAGTTTTTTCAAAGAAGATGAAGAAAACAAACAATATTTT
CCCAAGTTCAAACATCTTGCTAATGAAGCAGAGATGAGGAACTGTGCAGAGCTAAAGCAACATGGGAAAA
CAGTTGCCACGACTTTTGCAGACCTAGTTAAAAAGAAGGGAGACCATGATAAAGATATCAACAAACTGGC
CTTCTCGCATGTCCATGAGCACGGCGTTCCAGTAGGTAAATTTAAGGAAATTTTTGTCCATATGAAGAAA
AAACTAAGTCCAAAGCCAGGTTATACACCAGAGATTGATGCCAGCTTTGATGCAGTTACAGACAGCATTT
ACAACTGCTTGGAAGAGAATTACAAGAAAGTGAAAAAATAAATTGAACATCTACCACACCTAAAAAAAAG
GAATCCACTTACCATTAAACCGTTTAGTCTTAATGTGATGGAATTTGTACTTTCTTGTTTAACTCCATTA
CAATGCTTTTGATAGCATTCTGCTTTCTGTGCTCAAATGTAAAGCAAAGCAAACTTATTTTCCAACTAGC
TGAATAAGTTATACTTTACAGACATTTTTTTTTGGGGGGGGTTGAATTTTCATCACAAGCAGAACAGTGT
AAGTAGTCATGTTACAGATGAACTTTCAGAGAATCTTTTACTTGTCATTTGAATGTGTCCAGCTTTTTTT
ATGTTACAGTCTGTGTTGATGTCATCTGTATACATTGCATTGTAGACCCTTTACAAGAACAGAATCAACT
ATTTTACTGTGTTGGTTAAAGTGCAAAAGAGATAAATGTATAAAAGTTTTAAGAAGTCCATAATTAACTA
TATAGCAGGCTTGTGTGTACATGTGTGCATGCAAACACACACATGCACACACAA

>LpaMb5b
AAGAAACTTCATTGTGTTGTAAGAAGATTCTTCTGCTGCTTTAGCTATGGCTGGACTTTCAGATGCACAA
TGGAATGACCTCTTGGGCTTCTTTGATAAATTCATTGCACCCAATTCGGCAGAACACGGCAAACACATTT
TAATTCGCATGTTTGAGCGTGACAGAGCAACCCAGAGTGTGTTTCCAAAGTTCAAGGATGTCTCTCCTTC
AGACTTGCCAAAGAATGCTGATGTGAAGAAACATGGTGGTGTTGTTGTTGATTTCTTGGGAAAACTGCTG
AAACAGAAGGGGCATAATGAAAGCATGTTGCACACTATGGCTGAGACTCATAAGAATACACACAAGGTTT
CACCGGATTATTTTCAACTAATTTCTTCTGTCATGGATGTATACATACATGAGAACTTGCCAGGAGAGTA
TGCACCTGTCCGGGATGCTATGAATGCAGCTCTGAAGCAGATTGCCAGTACCCTGAAAAGCAATTACTCC
AAAGTATAAGGACAAACTATTGTTATTATTTGTACCTCTTCCATAACAGAAAGACTTGATCATAAAACCA
TATATCTTTGTAATAGAACTATTATCTACAATTTACTGAAACTTTTCTAACAAAAATTAAAAAGAAAAAA
TGCATTTTGCTTTATAACTGTACTGTATTTGGGGAAGTCATGGAATGTGACTTTATAACAGCACTGATCC
ACTTATTTGAATAAAACCTCTTAACTGATATAGAAAACGTATCACACTAAGTGCCTATATTGTATAACAG
GGAATCAGAATACTAGATGTTAGAACTACAGTCTGTATTCCTTGCGTGTCTGAAACTTAAAAGACCCATC
TCATTTAAAATTAAGCAGAATCACATACTATATATATATATATAAATAT

>LpaMb7
ATGACAAGCCTTTCAGAAGCACAGTGGAATGAACTCTTGGCCTTTTGGGACAAATATGTTGCCCCAAGTT
CTTTAGAGCATGGCAAACACATTTTAATTCGCATGTTTCAGACAGACAAAGCAACTCAGGCCCTCTTTTC
AAAGTTCAAGGATATCCCTACTTCAGACCTAGCAATCAACGATGACGTGAAGAAACATGGTGGTGTTGTT
GTTGATTTCTTGGGAAAGCTGCTAAAACTGAAGGGTCAGAATGACAGTATGCTACACACTATGGCTCAGT
CTCATAAGAACAAGCACAAAATTCCACTCGACTACTTTCAATTAATTTCTTCTGTCATTGACGTGTATGT
GCATGAAAACCTGCCAGGAGAGTATGCACCTGTCCGTGAATCCATGAAAGCAGCACTGAGCCAGATTGCC
AATGGCCTGAAAGACAATTACACCAAAGTATAA

b. Sequences of Protopterus annectens

>PanGbEla
ATGGCTTTGGCTGCTGATGATATTCAGAAGGCCAAGAGTGTTTGGGAGAAATTTTATGTAAATGCTGAGG
ATAATGGAGCAATTGTATTGAGCAGAATGTTCAAAGAGCACCCACATACTGTGAGCTACTTCACAAACTT
CAAAGAACTACAGTCCATTGCAGGAACTGCCTCAGCTGCAAAACTTGAAGGCCTATCAGAAGTTCGGACC
CATGGCAAGAAAGTTTTGTCTGCTCTGAATGATATGGTACAGCAAGTGGACAACATGGATGCTTTAAAAG
CTATTATTGAGCCTTTAGGCAAGAAGCATGCTGTGGAACTAAAAGTTGATGTGAAGGAATTTGAAATACT
TTGTGGAATTCTGCTGGACCTCATGGCTGAAAAATGTGGTGAAGATACCAAAACAGACTTCAAAAAAGTG
ACAGATGTTGTTTGTGAGCAAATCAAGTCTACTTATTGA

>PanGbElb
ATGGCTTTGGCTGCTGATGATATTCAGAAGGCCAAGAGTGTTTGGGAGAAATTTTATGTAAATGCTGAGG
ACAATGGAGCAATTGTATTGAGCAGAATGTTCAAAGAGCACCCACATACTGTGAGCTACTTCACAAACTT
CAAAGAACTACAGTCCATTGCAGGAACTGCCTCAGCTGCAAAACTTGAAGGCCTATCAGAAGTTCGGGCC
CATGGCAAGAAAGTTTTGTCTGCCTTGAATGATATGGTATCACAAGTGGACAACATGGATGCTTTAAAAG
CTATTATTGAGCCTTTAGGCAAGAAGCATGCTGTGGAACTAAAAGTTGATGTAAAGGAATTTGAAATACT
TTGTGGAATTCTGCTGGACCTCATGGCTGAAAAATGTGGTGAAGATACCAAAACAGACTTCAAAAAAGTG
ACAGATGTTGTTTGTGAGCAAATCAAGTCTACTTATTGA

>PanGbE2a
ATGGCTCTTTCAGCTGAGGATACACAGACTGCTGGTGCTGTTTGGGAAAAGATTTATGCAGATGTTGAGG
ATAATGGTGCTGTTGTGTTAAGTAGAATGTTCAAAGAACACCATCATACTGTGAGCTACTTTAAAAATTT
TACACAGCTGCAGTCTGTTGCTGAGACTGCTTCTGCTGAGGAGATTGCAGCCCTGGCTGAAGTTCGAGCC
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CATGGGAAGAAAGTTTTCTTAGCCTTGAATGATATGGTGCCACATTTAAACAATGTGGATGCTTTAAAAG
AAACTATTGCTCCATTAGCCAAGAAGCATGCTACAGAGCTTAAAATAGATGTGAAGGACTTCGAGATAAT
ATTCGATAATCTTTTGGCACTTATTGGAGAAAAGCAAGGTGCAGATGCCAAAACAGCCTTTAAGAAAGTG
ACAGATCTAATATATGAAGAAATAAAAGCTGCATATTGA

>PanGbE2b
ATGGCTCTTTCAGCTGAGGATACACAGACTGCTAGTGCTGTTTGGGAAAAAATCTATGCAGATGTTGAGG
ATAATGGTGCTGTTGTGTTAAGCAGAATGTTCAAAGAAAATCCTCATACTGTGAGCTACTTTAAAAACTT
CACACAGCTGCAGTCTATTGCTGAGACTGCTTCTGCTGAGGAGATTGCAGCCCTGGCTGAGGTTCGAGCC
CATGGAAAGAAGGTTTTCTCAGCCTTGAATGATATGGTATCACACTTGACCAATGTGGATGCTTTAAAAG
AGACCATTAATCCTCTAGCCAAGAAGCATGCTGCAGAACTTAAAGTAGATGTGAAGGACTTTAGGATAAT
ATTTGAAAATCTGCTGGATCTTATTGGAGAGAAGCAAGGTGCAGATGCCAAAACAGCCTTTAAGAAAGTG
ACAGATCTAATATATGAAGAAATAAAAGCTGCATATTGA

>PanGbE2c
ATGGCTCTTTCAGCTGAGGATACACAGACTGCTGGTGCTGTTTGGGAAAAGATTTATGCAGATGTTGAGG
ATAATGGTGCTGTTGTGTTAAGTAGAATGTTCAAAGAACACCATCATACTGTGAGCTACTTTAAAAATTT
TACACAGCTGCAGTCTGTTGCTGAGACTGCTTCTGCTGAGGAGATTGCAGCCCTGGCTGAAGTTCGAGCC
CATGGGAAGAAAGTTTTCTTAGCCTTGAATGATATGGTGCCACATTTAACCAATGTGGATGCTTTAAAAG
AAACTATTGCTCCATTAGCCAAGAAGCATGCTGCAGAACTTAAAGTAGATGTGAAGGACTTTAGGATAAT
ATTTGAAAATCTGCTGGATCTTATTGGAGAGAAGCAAGGTGCAGATGCCAAAACAGCCTTTAAGAAAGTG
ACAGATCTAATATATGAAGAAATAAAAGCTGCATATTGA

c. Sequences of Protopterus aethiopicus

>PaeGbEla
ATGGCTTTGGCTGCTGATGATATTCAGAAGGTCAAAAGTGTTTGGGAGAAATTTTATGTAAATGCCGAGG
ACAATGGAGCAATTGTATTGAGCAGAATGTTCAAAGAGCACCCACATACTGTGAGCTACTTCACAAACTT
CAAAGAACTACAGTCCATTGCAGGAACTGCTTCAGCTGCAAAACTTGAAGGCCTATCTGAAGTTCGTGCC
CATGGCAAGAAAGTTTTGTCTGCTCTGAATGATATGGTACAGCAAGTGGATAACATGGATGCTTTAAAAG
CTATTATTGAGCCTTTAGGCAAGAAGCATGCTGTGGAACTAAAAGTTGATGTGAAGGAATTTGAAATACT
TTGTGGGATTCTGCTGGACCTCATGGCTGAAAAATGTGGTGAAGATACCAAAACAGACTTCAAAAAAGTG
ACAGATGTTGTTTGTGAGCAAATCAAGTCTACTTATTGA

>PaeGbElb
ATGGCTTTGGCTGCTGATGATATTCAGAAAGCTAGGGGTGTTTGGGAGAAATTTTATGTAAATGCTGAGG
ATAATGGAGCAATTGTATTAAGCAGAATGTTCAAAGAGCACCCACATACTCTGAGCTACTTCACAAACTT
CAAAGAACTACAGTCCACTGCAGGAACTGCATCAGTTACAGAACTTGAAGGCCTATCAGAAGTTCGCACC
CATGGCAAGAAAGTTTTGTCTGCTCTGAATGATATGGTACAGCAAGTGGACAACATGGATGCTTTAAAAG
CTATTATTGAGCCTTTAGGCAAGAAGCATGCTGTGGAACTGAAAGTGGATGTAAAGGAATTTGAAATACT
TTGTGCAATTCTGCTGGAACTCATGGCTGAAAAATGTGGCGAAGATGCCAAGACAGACTTCAAAAAAGTG
ACAGATGTTGTGTGTGAACAAATCAAGTCTACTTATTGA

>PaeGbElc
ATGGCTTTGGTTGCTGATGATATTCAGAAGGCCAAGAGTGTTTGGGAGAAATTTTATGTAAATGCTGAGG
ACAATGGAGCAATTGTATTGAGCAGAATGTTCAAAGAGCACCCACATACTGTGAGCTACTTCACAAACTT
CAAAGAACTACAGTCCATTGCAGGAACTGCCTCAGCTGCAAAACTTGAAGGCCTATCAGAAGTTCGTGCC
CATGGCAAGAAAGTTTTGTCTGCTCTGAATGATATGGTACAGCAAGTAGACAACATGGATGCTTTAAAAG
CTATTATTGAGCCTTTAGGCAAGAAGCATGCTGTGGAACTAAAAGTTGATGTGAAGGAATTTGAAATACT
CTGTGGAATTCTGCTGGACCTCATGGCTGAAAAATATGGTGAAGATACCAAAACAGACTTCAAAAAAGTG
ACAGATGTTGTTTGTGAGCAAATCAAGTCTACTTATTGA

>PaeGbE2a
ATGGCTCTTTCAGCTGAGGATACACAGACTGCTGGTGCTGTTTGGGAAAAGATTTATGCAGATGTTGAGG
ATAATGGTGCTGTTGTGTTAAGTAGAATGTTCAAAGAACACCATCATACTGTGAGCTACTTTAAAAATTT
TACACAGCTGCAGTCTGTTGCTGAGACTGCTTCTGCTGAGGAGATTGCAGCCCTGGCTGAAGTTCGAGCC
CATGGGAAGAAAGTTTTCTTAGCCTTGAATGATATGGTGCCACATTTAAGCAATGTGGATGCTTTAAAAG
AAACTATTGCTCCATTAGCCAAGAAGCATGCTACAGAGCTTAAAGTAGATGTGAAGGACTTCGAGATAAT
ATTCGATAATCTTTTGGCACTTATTGGAGAAAAGCAAGGTGCAGATGCCAAAACAGCCTTTAAGAAAGTG
ACAGATCTAATATATGAAGAAATAAAAGCTGCATATTGA

>PaeGbE2b
ATGGCTCTTTCAGCTGAGGATATACAAACTGTTAGTGCTATTTGGGAAAAAATCTATGCAGATGTTGAAG
ATAATGGTGCTGATGTGTTAAGTAGAATGTTCAAAGAACACCATCATACTGTGAATTATTTTAAAAATTT
CACTCAGCTGCAGTCTGTTGCTGAGACTGCCTCTGCTGTGGACATTGCAGCCCTGGCTGAAGTTCGAGCC
CATGGAAAGAAAGTTTTCTCAGCCTTGCATGATATGGTCCCACACTTGACCAATGTGGATGCTTTAAAAG
AGACCATTAATCCTCTAGCCAAGAAGCATGCTGCAGAACTTAAAGTAGATGTGAAGGACTTTAGGATACT
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ATTTGAAAATCTGCTGGATCTTATTGGAGAGAAGCAAGGTGCAGATGCCAAAACAGCCTTTAAGAAAGTC
ACAGATCTAATATATGAAGAAATAAAAGCTGCATATTGA

>PaeGbE2c
ATGGCTCTTTCAGCTGAGGATGCCAAGACTGCTAGTGCTGTTTGGGAAAAAATCTATACAGATGTTGAGG
ATAATGGTGCTGTTGTATTAAGCAGAATGTTCAAAGAACACCATCATACTGTGAGCTACTTTAAAAACTT
CACACAGCTGCAGTCTGTTGCTGAGACTGCTTCTGCTCAGGAGATTGCAGCCCTGGCTGAAGTTCGAACC
CATGGGAAGAAAGTTTTCTCCGCCTTGAATGATATGGTATCACACTTAACCAATGTGGATGCTTTAAAAG
GGACCATTGCTCCATTAGCCAAGAAGCATGCTACAGAGCTTAAAGTAGATGTGAAGGACTTTGTGATAAT
CTTTGAAAATCTGCTGGATCTCATTGGAGAGAAGCAAGGTGGCGATGCCAAAGAAGCCTTTAAGAAAGTG
ACAGATGTAATGTATGAAGAAATAAAAGCTGCATATTGA

>PaeGbE2d
ATGGCTTTTTCAGCTGAGGATGCCAAGACTGCTAGTGCTGTGTGGGAAAAAATCTATGCAGATGTTGAGG
ATAATGGTGCTATTGTATTAAGCAGAATGTTCAAAGAAAATCCTCATACTGTGAGCTACTTTAAAAACTT
CACACAGCTGCAGTCTATTCCCGAGACTGCTTCTGCTGAGGAAATTGCAGCCCTGGCTGAGGTTCGAGGC
CATGGAAAGAAGGTTTTCTCAGCCTTGAATGATCTGGTATCACACTTGACCAATGTGGATTCTTTAAAAG
CGACCATTGTTCCATTAGCCAAGAAGCATGCTACTGAGCTAAAAGTAGATGTGAAGGACTTTGGGATCAT
TTTTGAAAATCTGCTGCATCTCATTGGACAGAAGCAAGGTGGAGATGCCAAAGAAGCTTTCGAGAAAGTT
ACAAATCTAATATATGAAGAAATAAAAGCTGCATATTGA

Supplemental Information Fig. IV.1. Nucleotide sequences obtained in this study.
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a. Sequences from Lepidosiren paradoxa

>LpaGbE1l
MAMSADDIQKGRSAWEKFYANAEDNGAVVLSRMFKEHPHTVSYFKNFKELQSMAEKASSVELQGLSEVRG
HGKKVLSALNDMVQYLDNMDSLKKVTEPLGKKHAVELQVDVKDFDIIFTILLDLLGEKCGGDAKTDLKKV
TDLLYEEIKSTY

>LpaGbE2a
MALSAEDIQMVSGVWSKIFADAESNGAVVLSRMFKEYPHTVKYFKNFPELQSIAETASAADIAGLAEVRG
HAKTVLTAFNDMVQHLENIDTLKETATPLAKKHSEELKVDVKDFKILCDNLVDLVGEKQDEDAKTTEFKKA
VDVIYENISAAY

>LpaGbE2b
MALSAEEIQONATGVWSKIFADAESNGSVVLSRMFKEYPHTVKYFKNEFPELOSVGETASAAEIAGLAEVQG
HAKTVEFTAFNDMVQHLENIDALKETATPLAKKHSEELKVDVKDFKILCDNLVDLVGEKQDEDAKSTEFKKA
VDEIYENIKAAY

>LpaGbE2c
MAFSAEDIQTATDVWDKIEFVNAEENGAIVLSRMFKEHSHTVSHEFKNEFTELQSTIAETGSAAEIAALAEVQG
HGKKVETALNDLVLKVDNADALKEAVAPLAKKHAEELKVDVKDLGVLCEILIDLVGEKQGDAKTAFKKVM
DVIYENIKAAY

>LpaGbE2d
MALSAEDIQTATGVWDKIFVNAEENGAIVLSRMFKEHSHTVSHFKNFTELQSTAETASAAETIAALAEVQG
HGKKVFTALNDLVLHVDNADALNKIAAPLAKKHAEELKVDVKDLGVLCEILIDLVGEKQGEDAKTAFKKV
MDVIYENLKAAY

>LpaGbE2e
MALSAEDIQTAIGVWDKIVVNAEEHGAIVLSRMFKEHSHTVSHFKNFTELQSTAETIASAAETIAGLAEVRG
HGKKVFTALNDLVLHVDNADALNKIAAPLAKKHAEELKVCVKDLGVLCEILIDLVGEKQGDAKTAFKKVM
DVIYENIKAAY

>LpaGbX
MGCALSEVGKEENSASIVNEISGEIGPDTDIGSGTQSGSMSNLSTLSESQKELIQESWKILHQDITRVGI
IVFIRLFETHPECKDVFFLFRDIDDVQQOLKISKELQAHGLRVMSFIEKSVARLOQQEDKLOQHIAFELGRCH
CRYNALPKYFEYVGFQFMTAVKPILKEKWTSEVEDAWKSLEKYLISMMKKGFHEEAKNRLSNKSTDPKKQ
LTTRMKEFVQHNV

>LpaGbY
MSCLSMTDIONIRNIWGIICONPEANGQIVVTRLEVDYPQTTLYFKNFKNLDTVEGIKESKQVREHGRRV
VMMLDKVIENLGDWNETSNLLSKLAKRHRDYHNIPVRNFKFLFASLNSVYIDVFGPAFTADIQTSWEKLY
SLVYQEMEKCYSATIPSS

>LpaHbAl
MRESODDEVLIKEAWGLLHQIPNAGGEALARMFESCYPGTKSYFPHFGHDESANNEKVKHHGKKVVDAIGQ
GVQHLHDLSSCLHTLSEKHARELMVDPCNFQYLIEAIMTTIAAHCGEKFTPEINCAAEKCLGQIVHVLIS
LYR

>LpaHbA2
MLLTQAEKSLLSSSYDKIAPNAEQYGSELFNRMFASFPOQTRTYFPNVDTSPKSAQLRAHGAKITIAALGKG
IKNIDNVSAALSDLSDLHAKNIKVDPANFPYISHCFLVLLAAHMQGDFTPELHLAWDKYLQLTGRVLTSK
YR

>LpaHbB1l
MVHWINEEEYATFSIWGDIDVHEEGHQTLTRLMVVYPWTKRYFSSFGDLSTSCSIAANHLVKAHGAKVLT
AIGDALVDMPNIKHNLTDLSRLHSEILHVDPENFRLLGKCLLIVLAAKFGAKKEFNVDVHAAWKKLMEITA
AGLSKQYH

>LpaHbB2

MVHWEDAEKQYIVSVEFSKIDVDHVGANTLERVLIAFPWTKRYEFSSFGDLS
>SPGAIKHNNKVIAHGRKVLAATIIECTRHFGNIKGHLANLSHLHSEKLHVD
>PHNFRVLGQCLRIELAAALGFKEFTPERNAYFQKFMDVISHSLGREYH"

>LpaHbB3
MVHWESNERQTLSSVWAKIDSEVIGGEALARLEIVYPWSQRYFSKEGDLSTHDAISHNPKVKAHGKKVLA
AVGDCLKHLDNIKGHLTEHSHHHYNALHVDPANFTLLAYCLDIVLARHFGYKVFTPEVOGTFOKFMREVT
GGLSTEYS

>LpaMb2
MTLSDAQWNNVLGFWTKHIEGDLANIGHEVLIRLFLOSKAAQNLFEKFKHLSSEAEMRGCADLQKHGNTV
FTALGKTLKLKGHHDAELRPMAESHSKKHKIPVENFTLICNVIDKYFHEKYPDYAGELRESFKQATLGVA
HTLEKLYKEV

>LpaMb3a
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MASDAQWNVALDFWEKNIASDPKKHGHAVLIGLFKKSKDSQVHFPKFKDLASEAEMKSSEGLOKHGETVE
TALGKALAQKDGIANELRPLAETHVKEHKIPVEEFSKICDVISDYCAIEFKDYTGDTCTAFKAVLSVVVQ
TMNNLYKEV

>LpaMb3b
MVKASNSQYECLYAFLMQOSIGEDPAAFGHESLISFFKEDEENKQYFPKFKHLANEAEMRNCAELKQHGKT
VATTFADLVKKKGDHDKDINKLAFSHVHEHGVPVGKFKE IFVHMKKKLSPKPGYTPEIDASFDAVTDSIY
NCLEENYKKVKK

>LpaMb5b
MAGLSDAQWNDLLGFFDKFIAPNSAEHGKHILIRMFERDRATQSVFPKFKDVSPSDLPKNADVKKHGGVV
VDFLGKLLKQKGHNESMLHTMAETHKNTHKVSPDYFQLISSVMDVYIHENLPGEYAPVRDAMNAALKQIA
STLKSNYSKV

>LpaMb7
MTSLSEAQWNELLAFWDKYVAPSSLEHGKHILIRMFQTDKATQALFSKFKDIPTSDLAINDDVKKHGGVV
VDFLGKLLKLKGONDSMLHTMAQSHKNKHKIPLDYFQLISSVIDVYVHENLPGEYAPVRESMKAALSQIA
NGLKDNYTKV

b. Sequences of Protopterus annectens

>PanGbEla
MALAADDIQKAKSVWEKFYVNAEDNGAIVLSRMFKEHPHTVSYFTNFKELQSIAGTASAAKLEGLSEVRT
HGKKVLSALNDMVQQVDNMDALKAIIEPLGKKHAVELKVDVKEFEILCGILLDLMAEKCGEDTKTDFKKV
TDVVCEQIKSTY

>PanGbElb
MALAADDIQKAKSVWEKEFYVNAEDNGAIVLSRMFKEHPHTVSYFTNFKELQSIAGTASAAKLEGLSEVRA
HGKKVLSALNDMVSQVDNMDALKAIIEPLGKKHAVELKVDVKEFEILCGILLDLMAEKCGEDTKTDFKKV
TDVVCEQIKSTY

>PanGbE2a
MALSAEDTQTAGAVWEKIYADVEDNGAVVLSRMFKEHHHTVSYFKNFTQLQSVAETASAEEIAALAEVRA
HGKKVFLALNDMVPHLNNVDALKETIAPLAKKHATELKIDVKDFEIIFDNLLALIGEKQGADAKTAFKKV
TDLIYEEIKAAY

>PanGbE2b
MALSAEDTQTASAVWEKIYADVEDNGAVVLSRMFKENPHTVSYFKNFTQLQSIAETASAEEIAALAEVRA
HGKKVEFSALNDMVSHLTNVDALKETINPLAKKHAAELKVDVKDFRIIFENLLDLIGEKQGADAKTAFKKV
TDLIYEEIKAAY

>PanGbE2c
MALSAEDTQTAGAVWEKIYADVEDNGAVVLSRMFKEHHHTVSYFKNFTQLOSVAETASAEEIAALAEVRA
HGKKVFLALNDMVPHLTNVDALKETIAPLAKKHAAELKVDVKDFRIIFENLLDLIGEKQGADAKTAFKKV
TDLIYEEIKAAY

c. Sequences of Protopterus aethiopicus

>PaeGbEla
MALAADDIQKVKSVWEKEFYVNAEDNGAIVLSRMFKEHPHTVSYFTNFKELQSIAGTASAAKLEGLSEVRA
HGKKVLSALNDMVQQVDNMDALKAITEPLGKKHAVELKVDVKEFEILCGILLDLMAEKCGEDTKTDEFKKV
TDVVCEQIKSTY

>PaeGbElDb
MALAADDIQKARGVWEKFYVNAEDNGAIVLSRMFKEHPHTLSYFTNFKELQSTAGTASVTELEGLSEVRT
HGKKVLSALNDMVQQVDNMDALKAITEPLGKKHAVELKVDVKEFEILCAILLELMAEKCGEDAKTDEFKKV
TDVVCEQIKSTY

>PaeGbElc
MALVADDIQKAKSVWEKEFYVNAEDNGAIVLSRMFKEHPHTVSYFTNFKELQSTIAGTASAAKLEGLSEVRA
HGKKVLSALNDMVQQVDNMDALKAITIEPLGKKHAVELKVDVKEFEILCGILLDLMAEKYGEDTKTDEFKKV
TDVVCEQIKSTY

>PaeGbE2a
MALSAEDTQTAGAVWEKIYADVEDNGAVVLSRMFKEHHHTVSYFKNFTQLQSVAETASAEETIAALAEVRA
HGKKVEFLALNDMVPHLSNVDALKETTAPLAKKHATELKVDVKDFEITFDNLLALIGEKQGADAKTAFKKV
TDLIYEEIKAAY

>PaeGbE2b
MALSAEDIQTVSAIWEKIYADVEDNGADVLSRMFKEHHHTVNYFKNFTQLQSVAETASAVDIAALAEVRA
HGKKVFSALHDMVPHLTNVDALKETINPLAKKHAAELKVDVKDFRILFENLLDLIGEKQGADAKTAFKKY
TDLIYEEIKAAY
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>PaeGbE2c
MALSAEDAKTASAVWEKIYTDVEDNGAVVLSRMFKEHHHTVSYFKNFTQLQSVAETASAQEIAALAEVRT
HGKKVEFSALNDMVSHLTNVDALKGTIAPLAKKHATELKVDVKDFVIIFENLLDLIGEKQGGDAKEAFKKV
TDVMYEEIKAAY

>PaeGbE2d
MAFSAEDAKTASAVWEKIYADVEDNGAIVLSRMFKENPHTVSYFKNFTQLOSIPETASAEEIAALAEVRG
HGKKVEFSALNDLVSHLTNVDSLKATIVPLAKKHATELKVDVKDFGIIFENLLHLIGQKQGGDAKEAFEKV
TNLIYEEIKAAY

Supplemental Information Fig. IV.2. Amino acid sequences obtained in this study.

The GbE peptide sequences identified by mass spectrometry in the ovaries of L.
paradoxa and P. aethiopicus are underlined.
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#NEXUS

Begin data;

Dimensions ntax=192 nchar=256;

Format datatype=protein gap=- missing=X matchchar=.

Matrix
AcaGby
AcaMb
AplGbE
CanMb
CauMbl
CauMb2
CcaMbl
CcaMb2
CcrMb
CliGbE
CmiGbY
CmyGbE
CpiCygb
CpiGbE
CpiGbX
CpiGbY
CpiHbA
CpiHbaA
CpiHbaD
CpiHbB1
CpiHbB2
CpiHbG
CpiHbZ
CpiMb
CpiNgb
CraMb
CycrMb
DreCygbl
DreCygb2
DreGbX
DreHbAa
DreHbAe
DreHbAx
DreHbBa
DreHbBe
DreMb
DreNgb
EpeMb
FalGbE
FpeGbE
FruMb
GfoGbE
GgaCygb
GgaGbE
GgaHbA
GgaHbAD
GgaHbG
GgaMb
GgaNgb
GgiMb
HsaCYGB
HsaHBA
HsaHBB
HsaHBD
HsaHBE
HsaHBG
HsaHBZ
HsaMB
HsaNGB
IpuGbX
LchCygb
LchGbE
LchGbX1
LchGbX2
LchGbY
LchHbAL
LchHbA2
LchHbB1
LchHbB2
LchMb
LchNgb
LpaGbE1l
LpaGbE2a
LpaGbE2b
LpaGbE2c
LpaGbE2d
LpaGbE2e
LplaHbA
LplaHbB
MangMb
MbiMb
MgaGbE
MglaHb2
MmuMb
MniMb
MunGbE
NcoMb
0anGbY
OanHbW
OanMb
OanNgb
OlaCygbl
0OlaCygb2

interleave;

****************************************************** MTDLDRRHIREIWTA-AFENPEENGRLVIIRFFSDYPASKQYF--—
--LSDQEWQKVIDIWGK-VEPEIPAYGQVVILRLFEQHPETQEKFDKEF
--FSEAEVQSARGAWEK-IYVDAEDNGTAVLVRMFTEHPDTKSYFTHF
—-DFDMVLKCWGP-VEADHATHGSLVLTRLFTEHPETLKLFPKF
--DHELVLKCWGV-VEADFEGTGGEVLTRLFKQHPETQKLFPKF
--DYERFLKCWGA-VEADYTGNGGEVLTRLFKAHPDTQKLFPKF
—-DHELVLKCWGG-VEADFEGTGGEVLTRLFKQHPETQKLFPKF
DYERFLKCWGA-IEADYAGHGGEVLTRLFKEHPDTLKLEPKF
--LSDGEWQLVLNIWGK-VEADIPGHGQEVLIRLFKNHPETLEKFDKF
—---FSEAEVQGARGAWEK-MYADAEDNGTTVLVRMFTEHPDTKSYFTHF
—--GITEADKENIHFIWEK-LYENPEENGKTIVLRMFTDYPETKMYFQHF
FSEAEVQRARGAWEK-MYANAEDNGTTVLVRMFTEHPDTKSYFTHF
-KVQGEMEIERWERSEELSDAEKKVIQETWSR-VYMNCEDVGVSILIRFFVKFPSAKQYFSQF
FSEAEVQRARGAWEK-MYANAEDNGTTVLVRMFTEHPDTKSYFTHF
~GIAPGKTISESKRSPSSENLAAPKAGPEHGGDGLGAGPFPLADAQKERIQESWRI-LHDNIARVGIIVFIRLFETHPECKDVFFLE
—-LLTDADKKNIQHIWAK-LFENPEENGKTIVIKLFKDYPETKAYF---—
——--LNAGDKANVKAVWNK-VAAHVEEYGAETLERMFTVYPQTKTYFPHF
—-LNAGDKANVKAVWNK-VAAHVEEYGAETLERMFTVYPQTKTYFPHF
—-LNHDEKQLIKHAWEK-VLGHQEDFGAEALERMFAVYPQTKTYFPHF
—-—-HWTAEEKQLITNLWGK-V--NVAECGSEALARLLIVYPWTQRFFSSF
—-—HWTADEKQLITSLWGK-V--NVEECGSEALARLLIVYPWTQRFFSTF
HWTAEEKQLITSLWGK-V--NAEECGGEALARLLIVYPWTQRFFSSF
LTQAEKAAVVAIWGK-IAAQADALGTESLERLFSSFPQTKTYFPHEF
LSDDEWHHVLGIWAK-VEPDLSAHGQEVIIRLFQVHPETQERFAKE
LSSTQQALIRESWQK-VSSNLLQHGIVLFTRLFDLDPDLLPLFQYN
DFDMVLKCWGP-MEADHATHGSLVLTRLFTEHPETLKLFPKF
—--LSDGEWHLVLNVWGK-VETDLAGHGQEVLIRLFKSHPETLEKFDKF
—---GDGGVQLTQSPDSLTEEDVCVIQDTWKP-VYAERDNAGVAVLVRFFTNFPSAKQYFEHF
~KEREDEETEGRERPEPLTDVERGIIKDTWAR-VYASCEDVGVTILIRFFVNFPSAKQYFSQF
TAGAPEIRPGEEETPAGLTTNHIRLIKESWRL-IQEDIAKVGIIMFVRLFETHPECKDVFFLF
———————————————————————————————— LSDTDKAVVKAIWAK-ISPKADEIGAEALARMLTVYPQTKTYFSHW
- LSAKDKAAVKTLWAK-IAGKADDIGHDALSRMLIVYPQTKTYFSHW
—----SSAEKELIAEIWDQ-MTPVAEEIGSEALLRMFTTFPQTKTYFSHL
—~EWTDAERTAILGLWGK-L--NIDEIGPQALSRCLIVYPWTQRYFATF
~VWTDFEKATIQDIFAK-A--DYDVIGPQALARCLIVYPWTQRYFAKF
—-DHDLVLKCWGA-VEADYAANGGEVLNRLFKEYPDTLKLFPKF
KLSEKDKGLIRDSWES-LGKNKVPHGIVLFTRLFELDPALLTLFSYS
—-DLDAVLKCWGA-VEADFNTVGGLVLARLFKDHPETQKLFPKF
-LSEAEVQSARGAWEK-IYVDAEDNGTAVLVRMFTEHPDTKSYFTHF
-FSEAEVQSARGAWEK-IYVDAEDNGTTVLVRMFTEHPDTKSYFTHF
---DFETVLKFWGP-VEADYGAHGGIVLTRLFTENPETQKLFPKF
--LSEAEVQSARGAWEK-IYVDAEDNGTAVLVRMFTEHPDTKSYFTHF
KVQGEMEIERWERSEEISDAEKKVIQETWSR-VYANCEDVGVSILIRFFVNFPSAKQYFSQF
FSEAEVQSARGAWEK-MYVDAEDNGTAVLVRMFTEHPDTKSYFTHF
—--LSAADKNNVKGIFTK-IAGHAEEYGAETLERMFTTYPPTKTYFPHF
--LTAEDKKLIQQAWEK-AASHQEEFGAEALTRMFTTYPQTKTYFPHF
—-—HWTAEEKQLITGLWGK-V--NVAECGAEALARLLIVYPWTQRFFASF
—---LSDQEWQQVLTIWGK-VEADIAGHGHEVLMRLFHDHPETLDRFDKF
LSRTQQALIRESWRR-VSGSPVQHGVVLFSRLFDLDPDLLPLFQYN
DFDMVLKCWGP-VEADYTTHGSLVLTRLFTEHPETLKLFPKF
KVPGEMEIERRERSEELSEAERKAVQAMWAR-LYANCEDVGVAILVRFFVNFPSAKQYFSQF
LSPADKTNVKAAWGK-VGAHAGEYGAEALERMFLSFPTTKTYFPHF
—--HLTPEEKSAVTALWGK-V--NVDEVGGEALGRLLVVYPWTQRFFESF
--HLTPEEKTAVNALWGK-V--NVDAVGGEALGRLLVVYPWTQRFFESF
--HFTAEEKAAVTSLWSK-M--NVEEAGGEALGRLLVVYPWTQRFFDSF
—--HFTEEDKATITSLWGK-V--NVEDAGGETLGRLLVVYPWTQRFFDSF
—-LTKTERTIIVSMWAK-ISTQADTIGTETLERLFLSHPQTKTYFPHF
—--LSDGEWQLVLNVWGK-VEADIPGHGQEVLIRLFKGHPETLEKFDKF
MERPEPELIRQSWRA-VSRSPLEHGTVLFARLFALEPDLLPLFQYN
APKNTTEAASEDDAPHLTSEHIAMIKESWKV-IQEDIAKVGIIVFVRLFETHPECKDVFFLF
—~KVQGEMEMDRWERSDQLSDTEVESIRQIWSN-VYTNCENVGVLVLIRFFVNFPSAKQYFSQF
LSDAEVQTARDVWGQ-IYANAEENGTIILVRMFTEHPDTKSYFGNF
MGCVFSGS—------ GIAPSKSTPDINGS----EAESRLSEELKSGSGONSDALLLSEPQKELIQESWRI-LHQDITRLGIIMFIRLFETHPECKDVFFLF
MGCAISGLSWRAVKGP GEEAKGKEGEAEALPAISQLQIHLIQESWKL-IQEDIAKVGIIMFVRLFETHPECKDVFFLF
——ALTEADKQNIRGIWKT-VFENAEENGRTIVIRLFEKYPETKVYFKNF
——-LSANDKTLISSTWNK-VAANAEDIGAEALERLFLAHPQTKIYFSHM
---LTAADKTLIKSIWGK-VEKETEAIGVEALVRLFKCFPQSKVYFDHF
—-—HWTETERATIETVYQK-L--HLDEVGREALTRLFIVYPWTTRYFKSF
—-—-TWTAEERKAITSVWSK-V--NPEEVGHEALIRLFIVYPWTQRYFSTF
---LSEAEWGLILKVWGK-AEPEAASNGKSVLLRMFQEHPDTQQHFPKF
FSVRSKELIRESWDR-LGKNKLPHGTVMFTRLFELDPDLMHLENYN
MSADDIQKGRSAWEK-FYANAEDNGAVVLSRMFKEHPHTVSYFKNF
--LSAEDIQMVSGVWSK-IFADAESNGAVVLSRMFKEYPHTVKYFKNF
--LSAEEIQNATGVWSK-IFADAESNGSVVLSRMFKEYPHTVKYFKNF
--FSAEDIQTATDVWDK-IFVNAEENGAIVLSRMFKEHSHTVSHFKNE
--LSAEDIQTATGVWDK-IFVNAEENGAIVLSRMFKEHSHTVSHFKNE
LSAEDIQTAIGVWDK-IVVNAEEHGAIVLSRMFKEHSHTVSHFKNE
——--IVDSGSVGAISAAEKSLIVSAWAP-VYAKYEEAGVDILVKFFAANPEAQAFFPKFEF
IVDSGSVPALTAAEKATIRTAWAP-VYAKYQSTGVDILIKFFTSNPAAQEFFPKE
LSDGEWHLVLNIWGK-VETDLAGHGQEVLIRLFRSHPETLEKFDKF
--LSEAEWQLVLHVWAK-VEADLSGHGQEILIRLFKGHPETLEKFDKEF
--FSEAEVQSARGAWEK-IYVDAEDNGTAVLIRMFTEHPDTKSYFTHF
--AHGIARTTEGERAAVRASWAV-LMKDYEHAGVQILDKFFKANPAAKPFFTKM
—-LSDGEWQLVLNVWGK-VEADLAGHGQEVLIGLFKTHPETLDKFDKEF
--DFEMVLKHWGP-VEADYATHGNLVLTRLFTEHPETQKLFPKF
-FSEAEVQSARGAWEK-IYVDAEDNGTAVLVRMFTEHPDTKSYFSHF
—-DFDMVLKCWGP-MEADYATHGGLVLTRLFTEHPETLKLFPKF
——QVTDVEKANIQSIWSK-MMENLEKNGIDIFTRLFREYPETKKYF--—
NWTSEEKHAIVSIWGK-V--DIEETGANALSRLLVVYPWTQRYFSAF
———————————————————————————————— LSDGEWQLVLKVWGK-VEGDLPGHGQEVLIRLFKTHPETLEKFDKE
LSGPEQELIRESWRS-VNSNPLEHGMILFTRLFDLEPDLLPLFQYN
RKQ--GEVDHLERSRPLTDKERVMIQDSWAK-VYQNCDDAGVAILVRLFVNFPSSKQYFSQF
GVQRGECEDRPERAEPLSDAEMEI IQHTWGH-VYKNCEDVGVSVLIRFFVNFPSAKQYFSQF

MGCALSGS--
MA-———

MSCRESPPPPSPPPQML
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OlaHbA
OlaHbB
OlaMb
0OlaNgb
PaeGbEla
PaeGbElb
PaeGbElc
PaeGbE2a
PaeGbE2b
PaeGbE2c
PaeGbE2d
PanGbEla
PanGbElb
PanGbE2a
PanGbE2b
PanGbE2c
PanGbX
PanGby
PanHbal
PanHba2
PanHba3
PanHba4
PanHbbl
PanHbb2
PanHbb3
PanHbb4
PanHbb5
PanMbl
PanMb2
PanMb3
PanMb4
PanMb5
PanMb6a
PanMb6b
PanMb7
PcaMb
PgeMb
PhuGbE
PmaaHbl
PmaaHbl10
PmaaHbll
PmaaHbl2
PmaaHbl3
PmaaHbl4
PmaaHb2a
PmaaHb3
PmaaHbb5a
PmaaHb5b
PmaaHb6
PmaaHb7
PmaaHb8
PmaaHb9
PmaaMbl
PmaaMb2
PmaCygb
PmaGbX1
PsiCygb
PsiGbE
PsiGbX
PsiGby
PsiHbaA
PsiHbaD
PsiHbB
PsiHbG
PsiHbZ
PsiMb
PsiNgb
RnoCygb
RnoMb
SchMb
SjaMb
TalaMb
TalbMb
TguCygb
TguGbE
TguHbA
TguHbAD
TguHbE
TguMb
TguNgb
TniCygbl
TniGbX
TniMb
TniNgb
TruCygbl
TruCygb2
TruNgb
TthMb
XlaGby
XlaHbAl
X1aHbATS
XtrCygb
XtrGbX
XtrGbY
XtrHbAL
XtrHbB1
XtrHbB2
XtrNgb
ZalGbE

AcaGby
AcaMb
AplGbE

M= —— o LSAKDKAAVKAFWAK-VSGQADATIGSDALSRMLVVYPQTKTYFAHW
——EWTEQERSIITNIFGN-L--DYEDVGSKALSRCLIVYPWTQRYFASF
DYDMVLKHWGP-VEADYNTHGNLVLTRLFHEYPETQKLFPKF
KLSGKDKELIRGSWES-LGKNKVPHGVIMFSRLFELDPALLSLENYN
LAADDIQKVKSVWEK-FYVNAEDNGAIVLSRMFKEHPHTVSYFTNE
--LAADDIQKARGVWEK-FYVNAEDNGAIVLSRMFKEHPHTLSYFTNE
--LVADDIQKAKSVWEK-FYVNAEDNGAIVLSRMFKEHPHTVSYFTNF
LSAEDTQTAGAVWEK-IYADVEDNGAVVLSRMFKEHHHTVSYFKNE
LSAEDIQTVSAIWEK-IYADVEDNGADVLSRMFKEHHHTVNYFKNE
--LSAEDAKTASAVWEK-IYTDVEDNGAVVLSRMFKEHHHTVSYFKNF
--FSAEDAKTASAVWEK-IYADVEDNGAIVLSRMFKENPHTVSYFKNF
--LAADDIQKAKSVWEK-FYVNAEDNGAIVLSRMFKEHPHTVSYFTNE
-LAADDIQKAKSVWEK-FYVNAEDNGAIVLSRMFKEHPHTVSYFTNF
-LSAEDTQTAGAVWEK-IYADVEDNGAVVLSRMFKEHHHTVSYFKNF
-LSAEDTQTASAVWEK-IYADVEDNGAVVLSRMFKENPHTVSYFKNF
--LSAEDTQTAGAVWEK-IYADVEDNGAVVLSRMFKEHHHTVSYFKNF
~AGATDNSTTDVNEILEEMGPDTVIGSRTQSEVVSDLSTLAESQKELIQESWKI-LHQDIARLGVIVFIRLFETHPECKDVEFMF

- - -SLSTTDIKNIRDIWSI-VCQONPEENGRTVVIRLFLDYPQTRTYFKNEF
-LSKAEKTILLAVWER-ISPYIEEFGAQALTRMFRCFPETKIYFHEK
-LTAAEKSCLASTFEK-IAPKAEQYGSELFQRMFLGFPQTRTYFAHV
—~FTREDEVHIGEAC-K-LLTQIPNAGGEALARMFAAFPGTKSYFQKF
-FTHEDEVHIAEAC-K-LLTQIPNAGGEALARMFAAFPGTKSYFQKF
~HWTSEEEFAITSIWGN-V--DVHEEGHDTLTRLMVVYPWTKKYFSSF
—-LWDAAEKKVIASVWAK-V--DIEADGFQALLRTLHVYPWTKRYFSHF
—-NWKANERQAVTSVWAS-I--DAAGHGQETLERLLHVYPWSRRYFGKF
--NLEAAEKQTITSFWAS-V--DPAAQGENALQRLLYCYPWSRRYFAKF
——HWDATEKQTITSFWGK-V--DLAADGEHSLQRLLYVYPWCRRYFHKF
—-SLSDAQWKKLQEFWVKNVEPNLTKHGQEVLVRMFVNHKSTLEYFPKF
--LSEAQWNNVLAFWAKHIENDPTKHGHEVLIRLFLESKAAQNLFDKF
—---SAAQWDTTLKFWEAHVAGDLKKHGHEALVRLFLKNKDSQKHFPKF
--GLSEVQWNELLAFWDKYVAPSSSEHGKHILIRMFQTEKATQTLFSKF
--GLSDAQWNDLLAFFDKFIAPNSAEHGKHILIRMFDSDRATQSLFPKF
—---AKFWEENVVPDAAEHGKNILIRLYKEDPAALGFFPKY
—---AKFWEENVVPDAAEHGKNILIRLYKEDPAAQGFFSKY
--GLSEAQWNELLAFWDKYVAPSSSEHGKHILIRMFDADKATQALFSKY
—---LSEGEWQLVLHVWAK-VEADVAGHGQDILIRLFKSHPETLEKFDRF
DFDMVLKCWGL-VEADYATYGSLVLTRLFTEHPETLKLEFPKF
LSEAEVQSARGAWEK-IYVDAEDNGTAVLVRMFTEHPDTKSYFTHF
—----IVDSGSVPALTAAEKATIRTAWAP-VYAKYQSTGVDILIKFFTSNPAAQAFFPKF
—----IVDSGSVGALSASEKAAVAGSWKA-VYANYEAAGKAVLIKFFTSNPGVQDFFPKF
—----IVDSGSAGALSAAREKAIITDSWKV-VYADYEAAGKAILIKFFTSNPGVQDFFPKF
----IVDSGSVGEFSAAREKSLIVSAWAP-VYAKYEEAGVDILVKFFSDNPGVQDFFPKF
—----IVDSGSVGAISAAEKSLIVSAWAP-VYAKYEEAGVDILVKFFAANPEAQAFFPKF
----IVDSGSVGAISAAREKSLIVSAWAP-VYAKYEEAGVDILVKFFAANPEAQAFFPKF
----IVDTGSVAPLSAAEKTKIRSAWAP-VYSNYETSGVDILVKFFTSTPAAQEFFPKF
——---IVDSGSVAPLSAAEKTKIRSAWAP-VYSNYETTGVDILVKFFTSTPAAQEFFPKF
----IVDTGSVAPLSAAEKTKIRSAWAP-VYSTYETSGVDILVKFFTSTPAAQEFFPKF
----IVDSGSVAPLSAAEKTKIRSAWAP-VYSTYETSGVDILVKFFTSNPAAQEFFPKF
---ALQDSGIVSSFKEDEKAALRESWDI-FNNSHQDAGVKILARFIINNPEAKKFFPKF
—----IEDTGSKPDFSDEEKKAIKDSWSG-VYSEYESASSEILIKFFVDNPSAQDFFPKF
----IVDSGSVAPLSAAEKTKIRSAWAP-VYSNYETSGVDILVKFFTSTPAAQEFFPKF
—----IVDSGSVGALSGAEKAAIADSWKA-VYSNYEEAGKAILIKFFTSNPGVQDFFPKF
—----IADSGSAPALSGDEKSAVRDTWKV-VYPHAEDHGTTILIKFLTENADAKKFFPKF
---AIVDSGSAPALSGDEKAAIKSTWPS-VFAKAEDVGAEMLSRFISSNADVKKYFPKF
QGWLSEEEIEALQDIWEK-VFKSAEDVGVILLVRLFTGHPASKQYFPMF
-ERTGAQSSSQGQSQASRKQQQPEQQRAAGEGHQPPGPPQAPSESQRRLVRDSWLA-LQCDIARVGVIMFVRLFETHPECKDVEYQF
-KVQGEMEIERWERSEELSDAEKKVIQETWSR-VYTNCEDVGVSILIRFFVQFPSAKQYFSQF
FSEAEVQRARGAWEK-MYANAEDNGTTVLVRMFTEHPDTKSYFTHF
-GSAPGKRSSEAEQ----KDRAAWKAGPVRGGEGLEAGPFPPAGAQKERIQESWRI-LHDSIARVGIIVFIRLFETHPECKDAFFLF
LLTDADKKSTHHIWSK-LFENPEENGKIIVIRLFKDYPETKAYF--—
--LTACDKTNVKAVWTK-VSGHLEDYGAETLERMFATYPSTKTYFAHF
--LTADEKQLVLHAWDK-VQGHQEDFGAEALERMFTTYPSTKTYFPHF
—-—HWTAEEKQFITSLWGK-V--DVAECGGEALARLLIVYPWTQRFFSSF
—-—HWTPEEKQMITSLWAK-V--NVAECGGEALARMMIVYPWTQRFFSTF
LTQAEKAAVVAIWEK-VATHANAIGAESLERLFSGFPQTKTYFPHF
LSDNEWQHVLGIWAK-VESDIPAHGQEVMIRLFQVHPETQSLFAKE
LSSTEKALIRESWQK-VSSNLLQHGIVLFTRLFDLDPDLLPLFQYN
—~KVPGDMEIERRERNEELSEAERKAVQATWAR-LYANCEDVGVAILVRFFVNFPSAKQYFSQF
-LSDGEWQMVLNIWGK-VEGDLAGHGQEVLISLFKAHPETLEKFDKF
DFDAVLKFWGP-VEADYTSHGGLVLTRLFKEHPETQKLFPKF
DFDAVLKFWGP-VEADYDKIGNMVLTRLFTEHPDTQKLEFPKF
—-DFDAVLKCWGP-VEADYTTIGGLVLTRLFKEHPDTQKLFPKF
—-DFDAVLKCWGP-VEADYTTMGGLVLTRLFKEHPETQKLFPKF
KVQGEMEIERWERSEEISDAEKKVIQEIWSR-VYANCEDVGVSILIRFFVNFPSAKQYFSQF
--LSEAEVQSARGAWEK-IYVDAEDNGTAVLVRMFTEHPDTKSYFPHF
-LSAGDKSNVKAVFGK-IGGQADEYGADALERMFATYPQTKTYFPHF
-LTGEDKKLLQQTWGK-LGGAEEEVGADALWRMFHSYPPTKTYFPHF
-NWTAEEKQLVTTLWGR-V--NVDECGAEALARLLVAYPWTQRFFVSF
—--LSDQEWQQVLTVWGK-VESDLAGHGHQILMRLFQDHPETLDRFEKF
RLSGGQRALIRESWQR-VSGSPVQHGLVLFTRLFDLDPDLLPLFQYN
RMQRDGEVDHVEQPGPLTEKEKVMIQDSWAK-VFQSCDDAGVAILVRFFVNFPSSKQFFKDF
—-KAEFGDRSAEEEDAAAAAAAVVYPREDQIQMIKDSWKV-IRDDIAKVGIIMFVRLFETHPECKDVEFLF
DFDMVLKFWGP-VEADYSAHGGMVLTRLFTENPETQQLFPKF
KLSSKDKELIRGSWDS-LGKNKVPHGVILFSRLFELDPELLNLFHYT
~RMQGDGELDHVERPSPLTDKEKVMIQDSWAV-VFQSCDDAGVAILVRLFVSFPSSKQLFKDE
—QRRDVEGEDGPERAKPLSDTEREMIQDTWGH-IYKNCEDVGVSVLIRFFVNFPSAKRYFSQF
KLSSKDKELIRGSWDS-LGKNKVPHGVIMFSRLFELDPELLSLFHYT
DFDAVLKCWGP-VEADYTTIGGLVLTRLFKEHPETQKLFPKF
DLTAADIENINEIWCK-IYANPEESGKTVVIRLETTYPQTKVYFKNL
--LTDSDKAAVIALWGK-IAPQANAIGAEALERLFLSYPQTKTYFSHF
—--FSSAEKAATASLWGK-VSGHTDEIGAEALERLFLSYPQTKTYFSHEF
~KVQGENDMERWERLEEITESERGVIKETWAR-VYANCEDVGVSILIRFFVNEFPSAKQHFSQF
LLPTLNLSEQQQQLLVESWRL-IQHDIAKVGVILFVRLFETHPECKDVFFLF
DLTGADIENINEVWSK-IYANPEESGRTVVISLFLTYPQTKIYFKNL
LTADDKKHIKAIWPS-VAAHGDKYGGEALHRMFMCAPKTKTYFPDEF
—--NLTAKERQLITGTWSK-I--CAKTLGKQALGSMLYTYPWTQRYFSSF
—-—HWTAEEKATIASVWGK-V--DIEQDGHDALSRLLVVYPWTQRYFSSF
LSGPQKELIRESWQT-VSQDQLHHGTVLFSRLFELEPELVELFQYN
LSEAEVQSARGAWEK-IYVDAEDNGTAVLVRMFTEHPDTKSYFTHEF

-KTVP------ TDGDLKAHPQVAFHGRRIMVAFSQVIENMENWNQACVLLERLVNNHKNIHQ-VPSGMFQLLFQAMLCTFDDLLGRT-FTP-EKRVSWEK
—-SLDEMKNSEDLKKHGTIVLTALGKILKQKRQHE---AELAPLAQSHATKHK-IPVKYLEFISEVIVGVIAEKRSAD-FGA-ESQAAMRK
—-SAEEMKQSDQVRGHGKRVFTAINDMVQHLDNTEAFLGILNPLGQKHATQLK-VDPKNFRIICDIILOMMEEKFGG-—---~— DCKASFEK
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CycrMb
DreCygbl
DreCygb2
DreGbX
DreHbAa
DreHbAe
DreHbAx
DreHbBa
DreHbBe
DreMb
DreNgb
EpeMb
FalGbE
FpeGbE
FruMb
GfoGbE
GgaCygb
GgaGbE
GgaHbA
GgaHbAD
GgaHbG
GgaMb
GgaNgb
GgiMb
HsaCYGB
HsaHBA
HsaHBB
HsaHBD
HsaHBE
HsaHBG
HsaHBZ
HsaMB
HsaNGB
IpuGbX
LchCygb
LchGbE
LchGbX1
LchGbX2
LchGbY
LchHbAL
LchHbA2
LchHbB1
LchHbB2
LchMb
LchNgb
LpaGbE1l
LpaGbE2a
LpaGbE2b
LpaGbE2c
LpaGbE2d
LpaGbE2e
LplaHbA
LplaHbB
MangMb
MbiMb
MgaGbE
MglaHb2
MmuMb
MniMb
MunGbE
NcoMb
0anGbY
OanHbW
OanMb
OanNgb
0OlaCygbl
OlaCygb2
OlaHbA
OlaHbB
OlaMb
0laNgb
PaeGbEla
PaeGbElb
PaeGbElc
PaeGbE2a
PaeGbE2b
PaeGbE2c
PaeGbE2d
PanGbEla
PanGbElb

-AGI------- AHGDLAGDAGVSAHGATVLKKLGDLLKARGGHA---ALLKPLSSSHATKHK-IPIINFTLIAEVIGKVMEEKAGLD---A-AGQTALRN
—-AQSDLAGNAAVNAHGATVLKKLGELLKARGDHA---ATILKPLATTHANKHK-TIALNNFRLITEVLVKVMAEKAGLD---A-AGQTALRK
--SQSELAGNALVAAHGATVLKKLGELLRAKGDHA---ATILHPMATTHANKHK-ITLNNFRLITEVLVEVMKEKAGLD---S-AGQGALKR
--AQSDLAGNAAVKAHGATVLKSWASCLKARGDHA---AILKPLATTHANTHK-TALNNFRLITEVLVKVMAEKAGLD---A-GGQSALRR
--PQSELAGDTLVASHGATVLKKLGELLRAKGDHA---AILQPLATTHANKHK-IALNNFRLITEVLVKVMAEKAGLD---T-AGQGALKR
——-SEGEMKASEDLKKHGATVLTALGGILKKKGQHA---AELQPLAQSHANKHK-IPVKYLEFISEAIIQVLQSKHSGD-FGA-DTKEAMKK
—-SAEEMKQSDQVRGHGKKVFTAINDMVQHLDNSEAFLGIVNPLGKKHATQLK-IDPKNFRIICDIILQLMEEKFGG-—---~— DCKSSFEK
—-TLEEMKKSPQIKRHGKIVMSALNKLIANLDNGEELSSLLAKMAERHINVHK-VDLHNFQITFNIIIAILEETFGNA-FTP-EIRGTWTK
—-TAEEMEQSDQVRSHGKRVLTTINDLVQHLDSTDAFLGIVNPLGKKHAMQLK-VDPKNFRIICDIILQLMEEKYGG-—---~— DCKASFEK
--DPLEMERTPQLRKHARRVMGAVNTVVENINDSEKVSSVLALVGKAHALKHK-VEPVYFKFFTGVMLEVIAEEYAND-FTP-EVQRAWTK
--TAEEMEQSDQVRSHGKRVLTTINDLVQHLDSTDAFLGIVNPLGKKHAMQLK-VDPKNFRIICDIILQLMEEKYGG-----~ DCKASFEK
—-DLEQLKMNKELRAHGLRVMSFIEKSVARLDQEDKLEQLAFELGRSH-YRYN-APPKYYEYVGIQFISTVQPILKER-WIP-EVEEAWQV
-TEGNLQEDPLVRFHGRRVMVALNQVVENLDNWKQACRILDRLADKHKNVHQ-VPAVNFQSMFQVILNVCKDVLGNE-FST-EVSLSWEK

-H- SALSKLSDIHAQTLR-VDPVNFKFLNHCFLVVVAIHQPSV-LTP-EVHVSLDK
-H- SALSKLSDIHAQTLR-VDPVNFKFLNHCFLVVVAIHQPSV-LTP-EVHVSLDK
-H-----DSEQIRHHGKKVVTALGDAVRHMDNLS EALSELSNLHAYNLR-VDPVNFKLLSHCFQVVLAVHLADE-YTP-QVHVAYDK

—~SPTAIIGNPKVRAHGKKVLTSFGEAVKNLDNIK ATYAKLSELHCDKLH-VDPENFRLLGDILVIVLAAHFGRE-FTP-ACQAAWQK
~NAEAILHNPHVHAHGKKVLTSFGEAVKNLDHIK QTFATLSKLHCEKLH-VDPENFKLLGNVLIIVLASHFTKE-FTP-ACQAAWQK
—~SPTAITGNPKVRAHGKKVLTSFGEAVKNLDNIK ATYAKLSELHCNKLH-VDPENFRLLGDILVIVLASHFGRE-FTP-ACQAAWQK
-Q-----GSAQLHGHGSKVLGAIGEAVKNIDNIT GALATLSELHAYILR-VDPVNFKLLSHCILCSVAAHFPND-FTP-EVHAAWDK
~TIDELKSSEEVKKHGTTVLTALGRILKLKNNHE---PELKPLAESHATKHK-IPVKYLEFICEIIVKVIAEKHPSD-FGA-DSQAAMRK
-SPQECLSSPEFLDHIRKVMLVIDAAVTHLENLSSLEEYLSNLGKKH-QTVG-VKVDSFSAVGESLLFMLEKCLGTA-FSP-DVREAWTR
~AHGDLAGDAGVSAHGATVLNKLGDLLKARGAHA---ALLKPLSSSHATKHK-IPIINFKLIAEVIGKVMEEKAGLD---A-AGQTALRN
——-SEDDMRRSEDLRKHGNTVLTALGGILKKKGHHE---AELKPLAQSHATKHK-IPIKYLEFISEAITHVLHSKHPAE-FGA-DAQAAMKK
—-DPAEMQONAQLKKHGQRVLNALNTLVENLRDADKLNTIFNQMGKSHALRHK-VDPVYFKILAGVILEVLVEAFPQC-FSPAEVQSSWSK
--DPEEMEKSSQLRKHARRVMNAINTVVENLHDPEKVSSVLVLVGKAHAFKYK-VEPIYFKILSGVILEILAEEFGEC-FTP-EVQTSWSK
--DLERLRTSRELRAHGLRVMSFIEKSVARLDQLERLETLALELGKSH-YRYN-APPKYYGYVGAEFICAVRPILKDR-WTP-ELEEAWKT
GSGPVKKHGKTIMGAVGEAISKIDDLV---GGLAALSELHAFKLR-VDPANFKILSHNVIVVIAMLFPAD-FTP-EVHVSVDK
--GSAPVRKHGKTVMGGVAEAVSKIDDLN---AGLLNLSELHAFQLR-VDPANFKILSHNILVVLATLFPAD-FTP-EAHVAMDK
—-NSEHLRSHGKKIVEALAEGAKNVSTLT---TTLAPLSRFHAYQLR-IHPTNFKLFNHCILVTLACRMGDD-FTP-VVHAAIDK
--SPAAIMGNPKVAAHGRTVMGGLERAIKNMDNVK---NTYAALSVMHSEKLH-VDPDNFRLLADCITVCAAMKFGQAGFNA-DVQEAWQK
--NAAATILGNPMVAAHGKTVLKGLELAVKNMDNIK---ATYADLSVLHSEKLH-VDPDNFRLLADCLTIVVAAQMGAG-FTP-EVQAAFQK
--SQGDLAGSPAVAAHGATVLKKLGELLKAKGDHA---ALLKPLANTHANIHK-VALNNFRLITEVLVKVMAEKAGLD---A-AGQGALRR
—-DAPECLSSPEFLEHVTKVMLVIDAAVSHLDDLHTLEDFLLNLGRKH-QAVG-VNTQSFALVGESLLYMLQSSLGPA-YTT-SLRQAWLT
--T-GDIAGNAAVAAHGATVLKKLGELLKAKGNHA---ATIIKPLANSHAKQHK-IPINNFKLITEALAHVLHEKAGLD---A-AGQTALRN

—--SAEEMKQSDQVRGHGKKVFGAINDMVQHLDNSEAFLGILTPLGKKHASQLK-IDPKNFRIICDIILQLMEEKFGG-—---~— DCKASFEK
—-SAEEMKQSDQVRGHGKKVFSAINDMVQHLDNSEAFLGIVNPLGKKHATQLK-IDPKNFRILCDIILQLMEEKFGG——-—-—-— DCKASFEK
--TQSDLAGNAAVSAHGATVLKKLGELLKAKGNHA---ALLQPLANTHATKHK-IPINNFKLIAEVIGKVMEEKAGLD---A-AGQQALKN
—-SAEEMKQSDQVRGHGKKVFSAINDMVQHLDNSEAFLGIVTPLGKKHATQLK-IDPKNFRIICDIILQLMEEKFGG-——--~— DCKASFEK
--DTLEMERSLQLRKHAQRVMGAINTVVENLDDPEKVSSVLALVGKAHALKHK-VEPVYFKKLTGVMLEVIAEAYGND-FTP-EAHGAWTK
—--SAEEMKQSDQVRGHGKRVFTAINDMVQHLDNTEAFLGILNPLGQKHATQLK-IDPKNFRIICDIILQLMEEKFGG-——--~ DCKASFEK

GSAQIKGHGKKVVAALIEAANHIDDIA---GTLSKLSDLHAHKLR-VDPVNFKLLGQCFLVVVAIHHPAA-LTP-EVHASLDK
GSDQVRGHGKKVLGALGNAVKNVDNLS---QAMAELSNLHAYNLR-VDPVNFKLLSQCIQVVLAVHMGKD-YTP-EVHAAFDK
--SPTAILGNPMVRAHGKKVLSSFGDAVKNLDNIK---NTFSQLSELHCDKLH-VDPENFRLLGDILIIVLAAHFSKD-FTP-ECQAAWQK
--TPDOMKGSEDLKKHGATVLTQLGKILKQKGNHE---SELKPLAQTHATKHK-IPVKYLEFISEVIIKVIAEKHAAD-FGA-DSQAAMKK
--SPQECLAAPEFLDHIRKVMLVIDAAVSHLEDLPCLEEYLCNLGKKH-QAVG-VKVESFSTVGESLLYMLEKCLGAA-FSP-DVREAWIE
—-AHGDLAGDAGVSAHGATVLNKLGDLLKARGAHA---ALLKPLSSSHATKHK-IPIINFKLIAEVIGKVMEEKAGLD---A-AGQTALRN
--DPLEMERSPQLRKHACRVMGALNTVVENLHDPDKVSSVLALVGKAHALKHK-VEPVYFKILSGVILEVVAEEFASD-FPP-ETQRAWAK
- GSAQVKGHGKKVADALTNAVAHVDDMP---NALSALSDLHAHKLR-VDPVNFKLLSHCLLVTLAAHLPAE-FTP-AVHASLDK
—-TPDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLK---GTFATLSELHCDKLH-VDPENFRLLGNVLVCVLAHHFGKE-FTP-PVQAAYQK
—--SPDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLK---GTFSQLSELHCDKLH-VDPENFRLLGNVLVCVLARNFGKE-FTP-QMQAAYQK
—--SPSAILGNPKVKAHGKKVLTSFGDAIKNMDNLK---PAFAKLSELHCDKLH-VDPENFKLLGNVMVIILATHFGKE-FTP-EVQAAWQK
—-SASAIMGNPKVKAHGKKVLTSLGDAIKHLDDLK---GTFAQLSELHCDKLH-VDPENFKLLGNVLVTVLAIHFGKE-FTP-EVQASWQK
GSAQLRAHGSKVVAAVGDAVKSIDDIG---GALSKLSELHAYILR-VDPVNFKLLSHCLLVTLAARFPAD-FTA-EAHAAWDK
—--SEDEMKASEDLKKHGATVLTALGGILKKKGHHE---AEIKPLAQSHATKHK-IPVKYLEFISECIIQVLQSKHPGD-FGA-DAQGAMNK
--SPEDCLSSPEFLDHIRKVMLVIDAAVTNVEDLSSLEEYLASLGRKH-RAVG-VKLSSFSTVGESLLYMLEKCLGPA-FTP-ATRAAWSQ
—-DLERLRTSKELRAHGLRVMSFIEKSVARLDQLERLDSLAVELGRSH-YRYY-APPKYYGYVGTEFICAVRPILKEK-WTP-ELEKAWKT
—-DPLDMERSVQLRKHARRVMGAINTVVENVEDQD-IASVLAPVGKAHALKHK-VEPVYFKILSGVILEILAEEYAQH-FTP-EVQKAWTK
—--SAAEMEQSAQVRTHGKKIFSALNDMIQHLDSTDALLGVVNPLGKKHATQLK-VDPKNFKIICNILLQVLDEKFGG-—----— DARAGFEK
—--DFHQLKMSKELQAHGLRVMSFIEKSVARLEQKDKLEQIAFELGRSH-CRYN-APPKYYQYVGVQFISVVKPILKEA-WTP-EVEEAWQT
—-DLORLRTSKELRAHGLRVMSFVEKSVARLEHSERLEQLALELGKSH-YRYN-APPKYYQYVGIEFVCAVQPILKER-WTP-EVEEAWQT
—--TMEEMQKNEQIRIHGLRVMNSLNQVIQNIDNLNEVYSILTHLAKRHQYVHR-VDVHNFKLIFGVIIKILKEALGAT-FTE-EICTSWQK
—-GSSMLRAHGKKVMGTIEGSIKSIDKLA---TVLSRLSDMHAYNFM-VDPVNFKLLSQCILVALATQLMAD-FTP-EAQCAWDK
—-SSQKLHAHAKVVLGALTKAVNHLDNIT---DTLHDISLVHAKKLL-VDPVNFELLGHCLEVALAAHFATD-FTP-EVHLAIDK
—--SSKAIASNPKVTEHGLKVMNKLTEATIHNLDHIK---DLFHKLSEKHFHELH-VDPONFKLLSKCLIIVLATKLGKQ-LTP-DVQATWEK
—-SSTVIARNFKVQQHAAKVINALTEATIRNIDNLK ASFSDLSKLHFQKLH-VDPENFKLLGKTLIITLSEKLGSE-FSP-QIQAAWEK
-TYQELQSSEELKTHGDTVLSKLGCLLKLKGNHA---GDLHPLAQTHATKHK-IPLHNFEIISEIIVKILAEKYPGD-FGA-DGQAALKK
--SQAGCLTSPEFIDHIHKVMMVVDAAVNSLDNLLSLEDYLINLGKKH-QAAG-VKMESFQVVGESLLYMLEHGLDSA-FSV-EVRHAWIA

-KELQSMAEKASSVELQGLSEVRGHGKKVLSALNDMVQYLDNMDSLKKVTEPLGKKHAVELQ-VDVKDFDIIFTILLDLLGEKCGG —-DAKTDLKK
-PELQSIAETASAADIAGLAEVRGHAKTVLTAFNDMVQHLENIDTLKETATPLAKKHSEELK-VDVKDFKILCDNLVDLVGEKQDE —-DAKTTFKK
-PELQSVGETASAAEIAGLAEVQGHAKTVFTAFNDMVQHLENIDALKETATPLAKKHSEELK-VDVKDFKILCDNLVDLVGEKQDE —-DAKSTFKK
-TELQSIAETGSAAEIAALAEVQGHGKKVFTALNDLVLKVDNADALKEAVAPLAKKHAEELK-VDVKDLGVLCEILIDLVGEKQG- —-DAKTAFKK
-TELQSIAETASAAEIAALAEVQGHGKKVFTALNDLVLHVDNADALNKIAAPLAKKHAEELK-VDVKDLGVLCEILIDLVGEKQGE —DAKTAFKK
-TELQSIAEIASAAEIAGLAEVRGHGKKVFTALNDLVLHVDNADALNKIAAPLAKKHAEELK-VCVKDLGVLCEILIDLVGEKQG —-DAKTAFKK

——-SADQLKKSPAVRWHAERI INAVNDAVVAMDDPAKQSLQLKELSQKHAHELN-VDPKYFKVLAGVISDAVVK- SG-DAKAAVDK

—-SADQLKKSMDVRWHAERI INAVNDAVVAMDDTEKMSLKLNELSSKHAKSFQ-VDPQYFKVLAAVIVDTVL--— —-PGDAGLEK

—SEDDMRRSEDLRKHGNTVLTALGGILKKKGHHE---AELKPLAQSHATKHK-IPIKYLEFISEATIIQVLHNKHPGE-FGA-DTQAAMKK
—-SEAEMKASEDLKKHGHTVLTALGGILKKKGHHE---AELKPLAQSHATKHK-IPIKYLEFISDAIIHVLHSKHPSD-FGA-DAQGAMTK
—-SAEEMKQSDQVRGHGKRVFTAINDMVQHLDNTEAFLGILNPLGQKHATQLK-IDPKNFRIICDIILQLMEEKFGG-——--~— DCKTSFEK
—--TLEDLASSADARWHVERIIQAVNFAVINIEDREKLSNKFVKLSQDHIEEFHVTDPQYFMILSQTILDEVEKRNGG--LSG-EGKSGWHK
—-SEEDMKGSEDLKKHGCTVLTALGTILKKKGQHA---AETIQPLAQSHATKHK-IPVKYLEFISEIIIEVLKKRHSGD-FGA-DAQGAMSK
——-AKADMAGNAAISAHGATVLKKLGELLKAKGSHA---ATIKPMANSHATKHK-IPIKNFELISEVIGKVMHEKAGLD---A-AGQKALKN
—-SAEEMKQSDQIRGHGKRVFTAINDMVQHLDNSEAFLGIVNPLGKKHATQLK-IDPKNFRVICDIILQLMEEKFGG-—---~— DCKASFEK
—--AHGDLAGDAGVSAHGATVLNKLGDLLKARGAHA---ALLKPLSSSHATKHK-IPIINFKLIAEVIGKVMEEKAGLD---A-AGQTALRN
—-LEGNLQEDPLLRSHGRRVMVALNRIIQNLDNWKQVCKILNPLAEKHKITHS-VDVENFQFMLKCVGDVCQDYLGPC-YTP-EIAESFQK
--SPTAIVGNPRVRAHGKKVLTSFGEAVKDLDHVK---SNFAKLSQLHSEKLH-VDPENFRLLGDNLIIVLAATLGKD-FTP-EAQAAWQK
--TEDEMKASADLKKHGGTVLTALGNILKKKGQHE---AELKPLAQSHATKHK-ISIKFLEYISEAITHVLQSKHSAD-FGA-DAQAAMGK
—-SPRDCLASPEFLDHIRKVMLVIDAAVIHLDDLSSLEEYLTNLGRKH-KAIG-VKLSSFSTVGESLLFMLDKCLGPA-FSP-ATREAWTR
—-DAEELEKSSQLRKHARRVMNAINTLVESLDNSDKVSSVLNAVGKAHATRHK-VDPVYFKILSGVILEVLGEAYPQV-MTA-EVASAWTN
—-DPEEMEKSSQLRQHARRVMNAIN-VVENLQDPEKVSSVLALVGKAHAVKHK-VEPIYFKILSGVMLSVLSEDFPEF-FTA-EVQLVWTK
- GSAPVKKHGKTVMGGIADAVGKIDDIS---SGLLNLSELHAFTLR-VDPTNFKILSHNILVVMAIMFPQD-FTP-EVHVALDK
—-NAEATIKTNPNIAAHGTKVLHGLDRAVKNMDNIK---ATYAELSVLHSEKLH-VDPDNFKLLADCLTIVIAAKLGSA-FSP-EIQATFQK
—-AKGDMAGNAALSAHGATVLKKLGELLKARGNHG---AILKPLANSHATKHK-IPINNFRLITEVIGKVMAEKAGLD---A-AGQQALRS

—————— STQDCLSSPEFLDHVTKVMLVIDAAVNHLDDLHSLEDFLLNLGRKH-QAVG-VSTQSFAVVGESLLYMLQCSLGQA-YTA-ALSQAWLN
-KELQSTAGTASAAKLEGLSEVRAHGKKVLSALNDMVQQVDNMDALKAIIEPLGKKHAVELK-VDVKEFEILCGILLDLMAEKCGE-——--— DTKTDFKK

-KELQSTAGTASVTELEGLSEVRTHGKKVLSALNDMVQQVDNMDALKAI TEPLGKKHAVELK-VDVKEFEILCAILLELMAEKCGE - --DAKTDFKK
~KELQSTAGTASAAKLEGLSEVRAHGKKVLSALNDMVQQVDNMDALKAITEPLGKKHAVELK-VDVKEFEILCGILLDLMAEKYGE - —-DTKTDFKK
-TQLQSVAETASAEETIAALAEVRAHGKKVFLALNDMVPHLSNVDALKETIAPLAKKHATELK-VDVKDFEIIFDNLLALIGEKQGA- ——DAKTAFKK
-TQLQSVAETASAVDIAALAEVRAHGKKVFSALHDMVPHLTNVDALKETINPLAKKHAAELK-VDVKDFRILFENLLDLIGEKQGA- —-DAKTAFKK
-TQLQSVAETASAQETIAALAEVRTHGKKVFSALNDMVSHLTNVDALKGTIAPLAKKHATELK-VDVKDFVIIFENLLDLIGEKQGG- --DAKEAFKK
~TQLOSIPETASAEEIAALAEVRGHGKKVFSALNDLVSHLTNVDSLKATIVPLAKKHATELK-VDVKDFGIIFENLLHLIGQKQGG— —-DAKEAFEK
-KELQSTAGTASAAKLEGLSEVRTHGKKVLSALNDMVQQVDNMDALKAI TEPLGKKHAVELK-VDVKEFEILCGILLDLMAEKCGE - --DTKTDFKK
-KELQSTAGTASAAKLEGLSEVRAHGKKVLSALNDMVSQVDNMDALKAITEPLGKKHAVELK-VDVKEFEILCGILLDLMAEKCGE - --DTKTDFKK
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PanGbE2a
PanGbE2b
PanGbE2c
PanGbX
PanGby
PanHbal
PanHba2
PanHba3
PanHba4
PanHbbl
PanHbb2
PanHbb3
PanHbb4
PanHbb5
PanMbl
PanMb2
PanMb3
PanMb4
PanMb5
PanMbb6a
PanMb6b
PanMb7
PcaMb
PgeMb
PhuGbE
PmaaHbl
PmaaHbl0
PmaaHbll
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PsiMb ALELFRNSMASKYKEFGFQG

PsiNgb LYGAVVKAMSRGWDARKEG-E

RnoCygb LRGLIYSHVTAAYKEVGWV-QQVPNTTTLPATLPSSG-————————————————— P
RnoMb ALELFRNDIAAKYKELGFQG

SchMb VMAAVIADLEANYKELGFSG

SjaMb VMGVFIADMDANYKELGFSG

TalaMb VMGIIIADLEANYKELGFTG

TalbMb VMGIIIADLEANYKELGFSG

TguCygb MKTLIYTHVTAAYKEVGWA-QYPTATL

TguGbE VINEICTHLNNIYKEEGW

TguHbA FLCAVGTVLTAKYR--------—

TguHbAD FMSAVASVLAEKYR-————————————— - —————
TguHbE LVRVVAHALAHEYH--—-———————— - — - mmm o m e e
TguMb ALELFRNDMATKYKEFGFQG

TguNgb LYNAVVKAMQRGWETLPEG-D

TniCygbl LLANMCCGIAAVYKEAGWT-ELSSSVE

TniGbX LFQYVTGLMRKGHQEEGSR--QRHLALPPKDGPEKRTSAL-—-—-———=————————
TniMb IMATIIADIDATYKELGFS

TniNgb MYSVVVASMSRGWAKNGED-KAD:

TruCygbl LLANMCCAVAAVYEEAGWT-KLSSSAE

TruCygb2 LMAAVYWHVTGAYTDVGWL-QVSSSAV:

TruNgb MYSVVVAAMSRGWAKNGED-KAD

TthMb VMGIIIADLEANYKELGFSG

XlaGby LFSITYNFLDSCYTKSDS

XlaHbAl FLAEVATVLTSKYR-—————————— - ————mmmm e m o
X1laHbATS5 FLAVVSAVLVSKYR-——————— === ——— o m e m e e
XtrCygb LRSHLYSHVLSAYKEAGWT-QYPSNSV:

XtrGbX LFAYICTVMERGYQEEERR-HSDGRSLIDGLQGNKGLI-—-——=-=-——=-——————-———
XtrGbY LFSITYKYLESCYANTDS

XtrHbAl FLVSVSNVLTSKYR-—————————— - — e —m e m e m
XtrHbB1 LFAATIADALGKGYH--——--—————————— - m - m o m
XtrHbB2 LNATLVAALSHGYF-—————————————mm e m e m e
XtrNgb LYANVVQSMSRGWHRDSQE-QREGI

ZalGbE VINEICTYLNNIYKEEGW

End;

begin mrbayes;

prset aamodel=fixed (GTR) ;

prset
aarevmatpr=fixed(4.1586,2.708,3.8656,24.35,10.1598,9.4882,20.2114,3.5106,1.4657,3.8675,5.2486,10.9961,2.4819,11.5206,4
6.2446,20.9301,1.7679,2.142,24.925,7.3554,1.2126,5.2294,3.5606,27.4689,3.8171,23.7387,1.2423,2.9529,61.886,4.7361,0.51
58,3.2531,8.395,5.6641,5.8071,3.0761,1.6717,49.6584,5.1728,5.2994,16.589,14.064,44.1125,1.8734,0.6694,20.9847,3.6294,0
.8758,1.5827,39.2126,19.572,0.4439,5.9873,0.8187,0.612,51.2992,5.1201,8.2657,9.0697,0.1046,0.1475,2.7681,0.2499,0.1704
,3.8588,12.1332,4.1661,0.2924,1.3217,0.3714,0.0342,0.8297,5.5689,6.2662,3.1366,5.811,0.1298,8.7426,10.8123,0.7374,27.2
397,11.1863,6.5557,11.402,19.1672,40.3888,3.4127,4.1467,0.433,0.6816,17.6791,1.6996,0.184,4.103,5.9867,5.9141,0.7616,1
.1743,2.3971,2.6214,47.0891,0.7127,5.698,31.6401,16.3622,0.3508,6.1073,11.9723,10.5666,2.3107,2.5174,2.0576,3.0472,0.0
852,0.433,2.9019,1.3651,0.8764,1.9268,17.0218,1.2701,2.6266,0.5349,0.7503,1.0652,3.5836,6.8211,4.3286,6.6732,4.9779,9.
685,5.7157,5.8408,51.9152,1.1643,40.5499,1.5561,41.8074,10.8855,0.7658,0.6271,10.1128,1.0923,2.2747,104.177,1.3451,61.
7519,25.3635,2.4365,1.7833,2.9635,6.0617,2.9314,16.6574,6.4234,0.234,3.8184,7.3241,11.1216,0.4882,1.2907,1.8118,17.597
6,0.9768,3.3942,19.7646,6.8105,4.7085,18.5746,0.9241,3.5396,1.6142,24.0373,76.3432,6.4046,13.0905,5.5905,0.9306,0.8767
,2.9006,63.3164,2.4345,3.9184,0.9623,1.3776,2.405,21.4061,30.8333,1.8539,2.439);

prset
statefreqpr=fixed(0.079066,0.055941,0.041977,0.053052,0.012937,0.071586,0.040767,0.057337,0.022355,0.062157,0.099081,0
.0646,0.022951,0.042302,0.04404,0.061197,0.053287,0.012066,0.034155,0.069147) ;
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lset rates=gamma;

mcmc ngen=5000000 printfreq=1000 samplefregq=1000 nchains=4 savebrlens=yes;

End;

Supplemental Information Fig. IV.3. Multiple sequence alignment (Nexus-format) of
the globin sequences used for phylogenetic studies.
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Supplemental Information Fig. IV.4. Bayesian phylogenetic tree of vertebrate globins.
Tree reconstruction was carried out with the amino sequences assuming the LG model.
The bar represents 0.1 PAM distance. The numbers at the nodes are posterior
probabilities. For the abbreviations and accession numbers, see Supplemental
Information Table 2.
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Supplemental Information Fig. IV.5. Expression of the Mb and GbE genes in selected
L. paradoxa tissues, as estimated by RNA-Seq. The mRNA levels are displayed as
RPKM in log-scale values. Transcriptome accession numbers are given in Supplemental
Information Table 1, the copy numbers in Supplemental Information Table 3.
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Supplemental Information Fig. IV.6. Tissue-specific expression of the Mb and GbE
genes in L. paradoxa, as estimated by RNA-Seq. The mRNA levels are displayed as
RPKM values. Transcriptome accession numbers are given in Supplemental Information
Table 1, the copy numbers in Supplemental Information Table 3. Log-scale data are
presented in Supplemental Information Fig. 7.
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Supplemental Information Fig. IV.7. Tissue-specific expression of the Mb and GbE
genes in L. paradoxa, as estimated by RNA-Seq. The mRNA levels are displayed as
RPKM in log-scale values. Transcriptome accession numbers are given in Supplemental
Information Table 1, the copy numbers in Supplemental Information Table 3.
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Supplemental Information Fig. IV.8. Expression of the Mb and GbE genes in selected
P. annectens tissues, as estimated by RNA-Seq. The mRNA levels are displayed as
RPKM values in log-scale. Transcriptome accession numbers are given in Table S1.
Note the dominant expression of GbE in the ovary.
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Supplemental Information Fig. IV.9. Expression of Mb and GbE genes in selected P.
aethiopicus tissues, as estimated by RNA-Seq. The mRNA levels are displayed as log-
scale RPKM values in log-scale. Transcriptome accession numbers are given in
Supplemental Information Table 1.
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Supplemental Information Fig. IV.10. SDS-PAGE gel electrophoresis of recombinantly
expressed GbE1L of L. paradoxa (lane 1) and proteins from the ovaries of L. paradoxa
(lane 2) and P. aethiopicus (lane 4). The numbers indicate the bands excised for mass
spectrometry.
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Supplemental Information Fig. IV.11. RNA-Seq of Mb, GbE and B-actin genes in
chicken tissues. The mRNA levels are RPKM values in log-scale.
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Supplemental Information Fig. IV.12. In situ hybridization of GbE1 sense control probe.
(A) sense probe showed no specific signal in L. paradoxa ovary sections. (B) zoom in of
a region denoted in a dashed box in A. Scale bar: 2 mm (A) and 0.5 mm (B).
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Supplemental Information Table IV.1. List of lungfish SRA data sets used in this study.

Run

SRR3632086
SRR3632085
SRR3632084
SRR3632083
SRR3632082
SRR3632081
SRR3632080
SRR3632079
SRR2895276
SRR2895273
SRR2895270
SRR2895265
SRR2895261
SRR2895255
SRR2895254
SRR1693787

SRR7515656
SRR8167646
SRR8167645
SRR8167644
SRR505726
SRR505725
SRR505724
SRR505723
SRR505722
SRR505721
SRR2028027
SRR2028021
SRR2028020
SRR2028017
SRR2028000

Study

SRP076182
SRP076182
SRP076182
SRP076182
SRP076182
SRP076182
SRP076182
SRP076182
SRP065764
SRP065764
SRP065764
SRP065764
SRP065764
SRP065764
SRP065764
SRP050575

SRP153183
SRP153183
SRP153183
SRP153183
SRP013624
SRP013624
SRP013624
SRP013624
SRP013624
SRP013624
SRP057960
SRP057960
SRP057960
SRP057960
SRP057960

BioProject

PRJINA317232
PRJINA317232
PRJINA317232
PRJINA317232
PRJINA317232
PRJINA317232
PRJINA317232
PRJINA317232
PRJINA301089
PRJNA301089
PRJNA301089
PRJINA301089
PRJNA301089
PRJINA301089
PRJINA301089
PRJINA269317

PRJINA477294
PRJINA477294
PRINA477294
PRJINA477294
PRJINA164839
PRJINA164839
PRJINA164839
PRJINA164839
PRJINA164839
PRJINA164839
PRJINA282925
PRJINA282925
PRJINA282925
PRJINA282925
PRJINA282925

BioSample

SAMNO04601251
SAMNO04601250
SAMNO04601249
SAMNO04601248
SAMNO04601247
SAMNO04601246
SAMNO04601245
SAMNO04601244
SAMNO04235701
SAMNO04235701
SAMNO04235701
SAMNO04235701
SAMNO04235701
SAMNO04235701
SAMNO04235701
SAMNO03253061

SAMNO04235701
SAMNO04235701
SAMNO04235701
SAMNO04235701
SAMNO01041868
SAMNO01041868
SAMNO01041869
SAMNO01041870
SAMNO01041870
SAMNO01041869
SAMNO03580842
SAMNO03580841
SAMNO03580839
SAMNO03580843
SAMNO03580840

Experiment

SRX1823854
SRX1823853
SRX1823852
SRX1823851
SRX1823850
SRX1823849
SRX1823848
SRX1823847
SRX1411327
SRX1411326
SRX1411325
SRX1411324
SRX1411322
SRX1411321
SRX1411314
SRX796494

SRX4385751
SRX4988299
SRX4988300
SRX4988301
SRX152530
SRX152530
SRX152529
SRX152531
SRX152531
SRX152529
SRX1016237
SRX1016236
SRX1016234
SRX1016238
SRX1016235

Instrument

Illumina HiSeq 2000
lllumina HiSeq 2000
lllumina HiSeq 2000
Illumina HiSeq 2000
lllumina HiSeq 2000
lllumina HiSeq 2000
lllumina HiSeq 2000
lllumina HiSeq 2000
lllumina HiSeq 2000
lllumina HiSeq 2000
lllumina HiSeq 2000
lllumina HiSeq 2000
lllumina HiSeq 2000
Illumina HiSeq 2000
lllumina HiSeq 2500
Illumina HiSeq 2000

lllumina HiSeq 2500
lllumina HiSeq 2500
Illumina HiSeq 2500
lllumina HiSeq 2500
Illumina HiSeq 2000
Illumina HiSeq 2000
lllumina HiSeq 2000
Illumina HiSeq 2000
lllumina HiSeq 2000
lllumina HiSeq 2000
Illumina HiSeq 2000
lllumina HiSeq 2000
Illumina HiSeq 2000
Illumina HiSeq 2000
lllumina HiSeq 2000

sex
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

female
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
male
female
female
male
male

tissue
muscle
gut

heart
head
brain
gonad
liver
caudal fin
blastema
blastema
blastema
blastema
blastema
blastema
blastema

kidney,lung,brain,
spleen,heart,liver
ovary

buffy
brain
lung
brain
brain
liver
kidney
kidney
liver
gonad
liver
brain
gonad
liver

species

Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa
Lepidosiren paradoxa

Lepidosiren paradoxa

Lepidosiren paradoxa

Lepidosiren paradoxa

Lepidosiren paradoxa

Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
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SRR2027980
SRR2027979
SRR2027978
SRR2027914
SRR1685666
SRR5114770

SRR5997828
SRR7240708

SRR4897316
SRR5412257
SRR5412258
SRR6756988
SRR6756992
SRR6844900
SRR5412243
SRR5412244
SRR5412242
ERR753794

ERR753795

ERR753791
ERR753792

ERR753793

SRP057960
SRP057960
SRP057960
SRP057960
SRP044127
SRP095206

SRP116672
SRP044127

SRP092419
SRP102989
SRP102989
SRP133195
SRP133195
SRP135813
SRP102989
SRP102989
SRP102989
ERP009492

ERP009492

ERP009492

ERP009492

ERP009492

PRJINA282925
PRJINA282925
PRJINA282925
PRJINA282925
PRJINA254214
PRJINA357627

PRJINA398732
PRJINA473927

PRJINA352091
PRJINA381064
PRJINA381064
PRJINA434773
PRJINA434773
PRJINA438519
PRJINA381064
PRJINA381064
PRJINA381064
PRJEB8414

PRJEB8414

PRJEB8414

PRJEB8414

PRJEB8414

SAMNO03580844
SAMNO03580844
SAMNO03580844
SAMNO03580838
SAMNO02902907
SAMNO06146196

SAMNO07519109
SAMN09288591

SAMNO05966305
SAMNO06679865
SAMNO6679864
SAMNO08574267
SAMNO08574268
SAMNO08719874
SAMNO6679879
SAMNO06679878
SAMNO06679880
SAMEA3235032

SAMEA3235033

SAMEA3235029

SAMEA3235030

SAMEA3235031

SRX1016241
SRX1016240
SRX1016239
SRX1016233
SRX790602

SRX2426781

SRX3153334
SRX4146489

SRX2318355
SRX2704305
SRX2704306
SRX3729595
SRX3729591
SRX3800311
SRX2704291
SRX2704292
SRX2704290
ERX697515

ERX697516

ERX697512

ERX697513

ERX697514

lllumina HiSeq 2000
lllumina HiSeq 2000
lllumina HiSeq 2000
lllumina HiSeq 2000
lllumina HiSeq 2000
lllumina HiSeq 1500

lllumina HiSeq 2000
lllumina NextSeq 500

lllumina HiSeq 2500
lllumina HiSeq 2500
lllumina HiSeq 2500
lllumina HiSeq 4000
lllumina HiSeq 4000
HiSeq X Ten

lllumina HiSeq 2500
lllumina HiSeq 2500
lllumina HiSeq 2500

lllumina Genome
Analyzer lIx
lllumina Genome
Analyzer lIx
lllumina Genome
Analyzer lIx

lllumina Genome
Analyzer lIx
lllumina Genome
Analyzer lIx

female
female
female
male
n.d.
n.d.

n.d.
female

female
female
female
female
female
n.d.
male
male
female
n.d.

n.d.

n.d.

n.d.

n.d.

gonad
gonad
gonad
brain
liver

developing jaw/

mandible

viscera mixture

ovary

ovary
ovary
ovary
liver
liver
liver
brain
brain
brain

egg 0 hours
egg 5 hours

egg 10 hours

egg 15 hours

egg 20 hours

Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus annectens
Protopterus aethiopicus

Protopterus aethiopicus
Protopterus aethiopicus

Gallus gallus
Gallus gallus
Gallus gallus
Gallus gallus
Gallus gallus
Gallus gallus
Gallus gallus
Gallus gallus
Gallus gallus
Gallus gallus

Gallus gallus

Gallus gallus

Gallus gallus

Gallus gallus
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Supplemental Information Table IV.2. List of globin sequences used in this study. The EMBL/GenBank accession numbers of the nucleotides

are given, if available.

Abbreviation | Species common name accession no.
AcaGbY Anolis carolinensis anole lizard NW 003341080
AcaMb Anolis carolinensis green anole XM_003220932
AplIGbE Anas platyrhynchos mallard XM_005012200
CanMb Cryodraco antarcticus long-fingered icefish U71056
CauMbl Carassius auratus goldfish AM747267
CauMb2 Carassius auratus goldfish AM747268
CcaMbl Cyprinus carpio common carp KC342292
CcaMb2 Cyprinus carpio common carp DQ338464
CcrMb Condylura cristata star-nosed mole NM_001287785
CliGbE Columba livia common pigeon XM_005507829
CmiGby Callorhinchus milii elephant shark NM_001292790
CmyGbE Chelonia mydas green sea turtle XM_007064067
CpiCygb Chrysemys picta bellii Western painted turtle XM_005297540
CpiGbE Chrysemys picta bellii Western painted turtle XM_005293060
CpiGbX Chrysemys picta bellii Western painted turtle XM_005293187
CpiGbY Chrysemys picta bellii Western painted turtle XM_005306194
CpiHbaA Chrysemys picta bellii Western painted turtle XM_005306158
CpiHbaD Chrysemys picta bellii Western painted turtle XM_005306157
CpiHbB1 Chrysemys picta bellii Western painted turtle XM_005290010
CpiHbB2 Chrysemys picta bellii Western painted turtle XM_005290009
CpiHbG Chrysemys picta bellii Western painted turtle XM_005290008
CpiHbz Chrysemys picta bellii Western painted turtle XM_005306148
CpiMb Chrysemys picta bellii Western painted turtle XM_005300826
CpiNgb Chrysemys picta bellii Western painted turtle XM_005301643
CraMb Chionodraco rastrospinosus ocellated icefish u70871
CycrMb Cystophora cristata hooded seal KC524751
DreCygbl Danio rerio zebrafish BC165894
DreCygb2 Danio rerio zebrafish AJ635229
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DreGbX Danio rerio zebrafish AJ635194
DreHbAa Danio rerio zebrafish AY325264
DreHbAe Danio rerio zebrafish BC164447
DreHbAXx Danio rerio zebrafish AL915033
DreHbBa Danio rerio zebrafish BC164283
DreHbBe Danio rerio zebrafish NM_001097585
DreMb Danio rerio zebrafish AY337025
DreNgb Danio rerio zebrafish BC059416
EpeMb Euthynnus pelamis skipjack tuna AF291837
FalGbE Ficedula albicollis collared flycatcher XM_005039642
FpeGbE Falco peregrinus peregrine falcon XM_005237389
GfoGbE Geospiza fortis medium ground-finch XM_005421887
GgaCygb Gallus gallus chicken NM_001008789
GgaGbE Gallus gallus chicken NM_001008786
GgaHbA Gallus gallus chicken NM_001004376
GgaHbAD Gallus gallus chicken CR338842
GgaHbG Gallus gallus chicken M73995
GgaMb Gallus gallus chicken XM_003202347
GgaNgb Gallus gallus chicken NM_001031551
GgiMb Gobionotothen gibberifron humped rockcod U71057
HsaCYGB Homo sapiens man AJ315162
HsaHBA Homo sapiens man AF105974
HsaHBB Homo sapiens man NM_000518
HsaHBD Homo sapiens man NM_000519
HsaHBE Homo sapiens man NM_005330
HsaHBG Homo sapiens man NM_000559
HsaHBZ Homo sapiens man M24173

HsaMB Homo sapiens man NM_203377
HsaNGB Homo sapiens man AB463927
IpuGbX Ictalurus punctatus channel catfish CK416201
LchCygb Latimeria chalumnae coelacanth XM_005993205
LchGbE Latimeria chalumnae coelacanth XM_006011781
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LchGbX1 Latimeria chalumnae coelacanth XM_005987904
LchGbX2 Latimeria chalumnae coelacanth XM_006012915
LchGbY Latimeria chalumnae coelacanth XM_005990799
LchHbA1 Latimeria chalumnae coelacanth XM_006011045
LchHbA2 Latimeria chalumnae coelacanth XM_006011046
LchHbB1 Latimeria chalumnae coelacanth XM_006011047
LchHbB2 Latimeria chalumnae coelacanth XM_006011048
LchMb Latimeria chalumna coelacanth XM_006011146
LchNgb Latimeria chalumnae coelacanth XM_005986619
LpaGbE1l Lepidosiren paradoxa South American lungfish LRO30441
LpaGbE2a Lepidosiren paradoxa South American lungfish LRO30442
LpaGbE2b Lepidosiren paradoxa South American lungfish LR030443
LpaGbE2c Lepidosiren paradoxa South American lungfish LRO30444
LpaGbE2d Lepidosiren paradoxa South American lungfish LR0O30445
LpaGbE2e Lepidosiren paradoxa South American lungfish LRO30446
LplaHbA Lampetra zanandreai Po brook lamprey 224746
LplaHbB Lampetra zanandreai Po brook lamprey 224747
MangMb Mirounga angustirostris Northern elephant seal KC524754
MbiMb Mesoplodon bidens Sowerby's beaked whale KC524765
MgaGbE Meleagris gallopavo turkey XM_003202331
MglaHb2 Myxine glutinosa Atlantic hagfish AF157494
MmuMb Mus musculus mouse AK137456
MniMb Makaira nigricans Atlantic blue marlin AF291833
MunGbE Melopsittacus undulatus budgerigar XM_005150295
NcoMb Notothenia coriiceps black rockcod NM_001303294
OanGby Ornithorhynchus anatinus platypus genome
OanHbW Ornithorhynchus anatinus platypus genome
OanMb Ornithorhynchus anatinus platypus XM_001513063
OanNgb Ornithorhynchus anatinus platypus XM_001508367
OlaCygb1l Oryzias latipes medaka NM_001104767
OlaCygb2 Oryzias latipes medaka NM_001104768
OlaHbA Oryzias latipes medaka BAC20295
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OlaHbB Oryzias latipes medaka AB080120
OlaMb Oryzias latipes medaka BJ883657
OlaNgb Oryzias latipes medaka DK002855
PaeGbEla Protopterus aethiopicus marbled lungfish LR030452
PaeGbE1lb Protopterus aethiopicus marbled lungfish LR030453
PaeGbElc Protopterus aethiopicus marbled lungfish LR030454
PaeGbE2a Protopterus aethiopicus marbled lungfish LR030455
PaeGbE2b Protopterus aethiopicus marbled lungfish LR030456
PaeGbE2c Protopterus aethiopicus marbled lungfish LR030457
PaeGbE2d Protopterus aethiopicus marbled lungfish LR030458
PanGbEla Protopterus annectens West African lungfish LRO30447
PanGbE1b Protopterus annectens West African lungfish LR030448
PanGbE2a Protopterus annectens West African lungfish LRO30449
PanGbE2b Protopterus annectens West African lungfish LRO30450
PanGbE2c Protopterus annectens West African lungfish LRO30451
PanGbX Protopterus annectens West African lungfish TBA
PanGbyY Protopterus annectens West African lungfish TBA
PanHbal Protopterus annectens West African lungfish TBA
PanHba2 Protopterus annectens West African lungfish TBA
PanHba3 Protopterus annectens West African lungfish TBA
PanHba4 Protopterus annectens West African lungfish TBA
PanHbb1 Protopterus annectens West African lungfish TBA
PanHbb2 Protopterus annectens West African lungfish TBA
PanHbb3 Protopterus annectens West African lungfish TBA
PanHbb4 Protopterus annectens West African lungfish TBA
PanHbb5 Protopterus annectens West African lungfish TBA
PanMb1l Protopterus annectens West African lungfish LT604990
PanMb2 Protopterus annectens West African lungfish LT604991
PanMb3 Protopterus annectens West African lungfish LT604992
PanMb4 Protopterus annectens West African lungfish LT604993
PanMb5 Protopterus annectens West African lungfish LT604994
PanMb6a Protopterus annectens West African lungfish LT604995

104



PanMb6b Protopterus annectens West African lungfish LT604996

PanMb7 Protopterus annectens West African lungfish LT604997

PcaMb Physeter catodon sperm whale NM_001290722

PgeMb gsgrgdiggﬂzemchthys South Georgia icefish U71055

PhuGbE Pseudopodoces humilis Tibetan ground-tit XM_014256596
PmaaHbl Petromyzon marinus sea lamprey P09967

PmaaHb10 Petromyzon marinus sea lamprey FD718926

PmaaHb11l Petromyzon marinus sea lamprey ENSPMAG00000001592
PmaaHb12 Petromyzon marinus sea lamprey genome

PmaaHb13 Petromyzon marinus sea lamprey genome

PmaaHb14 Petromyzon marinus sea lamprey genome

PmaaHb2a Petromyzon marinus sea lamprey Q9l913

PmaaHb3 Petromyzon marinus sea lamprey P09968

PmaaHb5a Petromyzon marinus sea lamprey P02208

PmaaHb5b Petromyzon marinus sea lamprey ENSPMAGO00000005354
PmaaHb6 Petromyzon marinus sea lamprey EG333697

PmaaHb7 Petromyzon marinus sea lamprey EE278870

PmaaHb8 Petromyzon marinus sea lamprey ENSPMAGO00000005367
PmaaHb9 Petromyzon marinus sea lamprey ENSPMAGO00000008540
PmaaMb1l Petromyzon marinus sea lamprey ENSPMAG00000006056
PmaaMb2 Petromyzon marinus sea lamprey EG021442

PmaCygb Petromyzon marinus sea lamprey genome

PmaGbX1 Petromyzon marinus sea lamprey ENSPMAGO00000007241
PsiCygb Pelodiscus sinensis Chinese soft-shelled turtle | XM_006136486

PsiGbE Pelodiscus sinensis Chinese soft-shelled turtle | XM_006127809

PsiGbX Pelodiscus sinensis Chinese soft-shelled turtle | XM_006131430

PsiGbY Pelodiscus sinensis Chinese soft-shelled turtle | XM_006124603
PsiHbaA Pelodiscus sinensis Chinese soft-shelled turtle | ENSPSIG00000011874
PsiHbaD Pelodiscus sinensis Chinese soft-shelled turtle | ENSPSIG00000012157
PsiHbB Pelodiscus sinensis Chinese soft-shelled turtle | XM_006130979

PsiHbG Pelodiscus sinensis Chinese soft-shelled turtle | XM_006130980
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PsiHbZz Pelodiscus sinensis Chinese soft-shelled turtle | XM_006124534
PsiMb Pelodiscus sinensis Chinese soft-shelled turtle | XM_006137956
PsiNgb Pelodiscus sinensis Chinese soft-shelled turtle | XM_006117796
RnoCygb Rattus norvegicus rat NM_130744
RnoMb Rattus norvegicus Norway rat AF197916
SchMb Sarda chiliensis Pacific bonito AF291834
SjaMb Scomber japonicus chub mackerel AF291835
TalaMb Thunnus alalunga albacore AF291832
TalbMb Thunnus albacares yellowfin tuna AF291838
TguCygb Taeniopygia guttata zebra finch XM_002195407
TguGbE Taeniopygia guttata zebra finch XM_002196350
TguHbA Taeniopygia guttata zebra finch DQ216719
TguHbAD Taeniopygia guttata zebra finch DQ213486
TguHbE Taeniopygia guttata zebra finch NM_001245112
TguMb Taeniopygia guttata zebra finch XM_002199380
TguNgb Taeniopygia guttata zebra finch XM_003962460
TniCygbl Tetraodon nigroviridis green spotted puffer AJ635230
TniGbX Tetraodon nigroviridis green spotted puffer AJ635193
TniMb Tetraodon nigroviridis spotted green pufferfish CR660178
TniNgb Tetraodon nigroviridis green spotted puffer AJ315609
TruCygbl Takifugu rubripes torafugu XM_003964492
TruCygh2 Takifugu rubripes torafugu AJ635231
TruMb Takifugu rubripes torafugu XM_003976046
TruNgb Takifugu rubripes torafugu genome

TthMb Thunnus thynnus orientalis Pacific bluefin tuna AF291836
XlaGbY Xenopus laevis African clawed frog NM_001095686
XlaHbA1 Xenopus laevis African clawed frog X02796
XlaHbATS5 Xenopus laevis African clawed frog X02798
XtrCygb Xenopus tropicalis Western clawed frog AJ635232
XtrGbX Xenopus tropicalis Western clawed frog NM_001011196
XtrGbY Xenopus tropicalis Western clawed frog XM_002941194
XtrHbA1 Xenopus tropicalis Western clawed frog BC088005
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XtrHbB1

Xenopus tropicalis

Western clawed frog

NM_203528

XtrHbB2 Xenopus tropicalis Western clawed frog NM_001016495
XtrNgb Xenopus tropicalis Western clawed frog NM_001030351
ZalGbE Zonotrichia albicollis white-throated sparrow XM_005488706
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Supplemental Information Table 1V.3. RPKM of GbY, GbX, Mb and GbE genes in the transcriptomes from different lungfish (L. paradoxa)
tissues used for expression estimation by RNA-seq.

SRR8167645 SRR3632086 SRR3632084 SRR3632085 SRR3632080 SRR8167644 SRR8167646 SRR3632079 SRR2895254 SRR7515656

Brain Muscle Heart Gut Liver Lung Buffy Caudal fin  Blastema Ovary
LpaGbyY 2.63 0.93 111 1.16 0.00 0.88 0.18 0.23 0.75 0.84
LpaGbX 0.27 0.00 0.79 0.37 0.45 0.56 0.37 0.00 0.57 0.27
LpaMb2 2.09 404.68 1412.10 17.99 21.92 5.69 3.99 166.20 30.26 2.03
LpaMb3a 419.21 10.15 27.73 0.00 1.47 0.30 0.09 24.21 310.19 0.10
LpaMb3b 442.74 104.72 48.89 4.29 0.00 0.19 0.35 299.39 1826.12 0.14
LpaMb5 2.70 42.23 503.26 41.82 73.22 0.56 1.90 15.00 29.38 3.64
LpaMb7 0.13 0.33 25.12 0.37 14.95 0.00 0.00 0.00 0.02 0.00
LpaGbE1l 0.00 0.00 0.00 0.00 0.00 0.00 0.73 0.00 0.44 623.12
LpaGbE2a 0.00 0.00 0.00 0.00 0.00 0.51 3.70 0.00 2.04 4153.06
LpaGbE2b 0.00 0.00 0.00 0.00 0.00 0.00 1.13 0.00 1.18 1498.12
LpaGbE2c 0.00 0.00 0.00 0.00 0.00 0.25 3.49 0.00 2.01 5061.83
LpaGbE2d 0.00 0.00 0.00 0.00 0.00 0.00 5.07 0.00 3.05 6364.72
LpaGbE2e 0.00 0.00 0.00 0.00 0.00 0.00 2.40 0.00 1.32 2241.18
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Supplemental Information Table 1V.4. RPKM of Mb, GbE and Adgb genes in the transcriptomes from different lungfish (P. annectens) tissues
used for expression estimation by RNA-seq.

SRR2027978 SRR2027979 SRR2027980 SRR2028027 SRR2028017 SRR2028020 SRR2027914 SRR2028021 SRR2028000

female female female immature male female male female male liver
gonad gonad gonad male gonad brain brain liver
gonad

PanMb1 1.51 3.58 0.67 0.18 9.78 53.59 54.25 0.10 0.00
PanMb2 1.27 0.21 0.39 2.15 16.46 2378.25 2106.90 34.89 51.16
PanMb3 0.10 0.06 0.00 0.15 0.64 1039.06 891.26 0.05 1.56
PanMb4 0.00 0.15 0.03 0.00 0.00 4.47 2.80 4.15 2.88
PanMb5 0.00 0.00 0.00 0.00 0.11 282.55 298.36 0.13 0.43
PanMb6a 0.00 0.00 0.00 0.03 0.00 0.24 0.25 0.00 0.00
PanMb6b 0.00 0.00 0.00 0.03 0.00 0.06 0.16 0.00 0.00
PanMb7 0.00 0.00 0.06 0.00 0.00 1.26 0.97 0.05 0.15
PanGbEla  18509.96 15819.15 15249.05 8.83 0.66 0.33 0.12 0.80 1.80
PanGbE1b 8990.94 8922.64 9225.27 4.49 0.16 0.03 0.00 0.24 0.48
PanGbE2a 6927.00 7200.72 5242.37 3.09 0.00 0.00 0.15 0.16 0.84
PanGbE2b 2658.76 3124.96 2035.23 1.27 0.03 0.00 0.00 0.08 0.45
PanGbE5 187.95 156.17 163.98 0.00 0.00 0.00 0.00 0.03 0.12
PanAdgb 0.15 0.05 0.00 0.00 0.21 0.16 0.14 0.00 0.00
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Supplemental Information Table IV.5. RPKM of GbY, GbX, Mb, GbE and Hb genes in the transcriptomes from different lungfish (P. aethiopicus)
tissues used for expression estimation by RNA-seq.

SRR7240708 SRR5114770 SRR5997828

Ovary Jawbone Viscera
PaeGbY 0.10 6.79 0.20
PaeGbX 0.10 1.04 0.29
PaeMbl 0.00 4.54 0.00
PaeMb2 0.00 603.20 2.43
PaeMb3 0.04 7.11 0.00
PaeGbEla 9138.16 0.00 0.00
PaeGbE1lb 3126.12 0.05 0.63
PaeGbElc 9759.73 0.00 0.00
PaeGbE2a  24330.54 0.02 0.00
PaeGbE2b 6036.05 0.00 0.00
PaeGbE2c 234.41 0.02 0.05
PaeGbE2d 1036.76 0.00 0.16
PaeHba 0.00 0.00 0.00
PaeHbb3 15.97 283.66 671.21
PaeHbb4 0.00 0.00 0.00
PaeHbb5 50.73 619.42 1132.24
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Supplemental Information Table IV.6. RPKM of GbE, Mb and B-actin genes in the transcriptomes from different chicken (Gallus gallus) tissues
used for expression estimation by RNA-seq.

SRR5412257

ovary

female 1
GgaGbE 0.06
GgaMb 0.72
Gga B- 727.04

actin

SRR5412258

ovary
female 2

0.00

1.09

1156.21

SRR4897316

ovary
female 3

0.09

1.92

2447.47

SRR6756988

liver
female
10 weeks
0.13

0.00

184.04

SRR6756992

liver
female
10 weeks
0.06

0.04

137.77

SRR6844900

liver

0.16

0.00

733.95

SRR5412243

brain
male 1

0.08
0.00

490.71

SRR5412244

brain
male 2

0.07

1.73

453.66

SRR5412242

brain
female 2

0.06

0.43

514.02

ERR753794

egg 0
hours

0.46

0.27

2803.80

ERR753795

egg 5
hours

0.60

0.10

2493.15

ERR753791

egg 10
hours

0.00

0.10

2186.35

ERR753792

egg 15
hours

0.19

0.00

3643.92
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ERR753793

egg 20
hours

0.55

0.18

3904.20



