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Supplemental File S3 — Color vision-related genes

Because most squirrel species, including S. niger, are diurnal mammals with cone-dominated
retinas, similar to primate retinas (Van Hooser and Nelson 2006), we examined variation of five
color vision-related genes (EI Moussawi et al. 2021) among our focal species.

ATF6 encodes activating transcription factor 6. Diseases associated with ATF6 include
achromatopsia 7 and achromatopsia. Among its related pathways are metabolism of proteins and
the TNFR1 pathway. Gene ontology (GO) annotations related to this gene include DNA-binding
transcription factor activity and protein heterodimerization activity. This gene encodes a
transcription factor that activates target genes for the unfolded protein response (UPR) during
endoplasmic reticulum (ER) stress. Although it is a transcription factor, this protein is unusual in
that it is synthesized as a transmembrane protein that is embedded in the ER. It functions as an
ER stress sensor/transducer, and following ER stress-induced proteolysis, it functions as a
nuclear transcription factor via a cis-acting ER stress response element that is present in the
promoters of genes encoding ER chaperones.

Compared with the sequences of congeners, the 536-amino acid sequence of ATF6 for S.
niger shows 52 point-differences. Further, stretches of 35 and 36 amino acids of S. vulgaris
ATF6 do not match those of S. carolinensis and S. niger, the first following the insertion of a
leucine and the second after insertion of six amino acids. A. rufa and S. vulgaris have a deletion

of 28 amino acids.
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———————————————————————————— ENGLTPKKKIQOMGSKPSIQPKPLLLPAAPKTQ
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TNASVPAKAITIIQTLPALMPLAKQQSIISIQPAPTKGQTVLLSQPTVVQLOSPAVLSSAQ
TNSSVPAKTIIIQTLPTLMPLTKQQPIISIQPTPTKGQTVLLSQPTVVQLOAPGVLPSAQ
TNSTVPAKTIIIQTLPTLMPLTKQQOPIISIQPASSKGOTVLLSQPAVVQLOAPGVLPSAQ
TNSSVPAKTIIIQTLPTLMPLAKQQOPIISIQPAPTKGQTVLLSQPTVVQLOAPGVLPAAQ
TNSSVPAKTIIIQTLPTLMPLAKQQPIISIQPAPTKGQTVLLSQPTVVQLOTPGVLPSAQ
TNSSVPAKTIIIQTLPTLMPLAKQQPIISIQPAPTKGQTVLLSQPTVVQLOAPGVLPSAQ
TNSSVPAKTIIIQTLPALMPLAKQQOSIISIQPAPTKGOQTVLLSQPTVVQLOSPAVLSSAQ
TNSSVPAKTIIIQTLPTLMPLTKQQOSIISIQPAPTKGOTVLLSQPTVVQLOAPGVLPSAQ
TNSSVPAKTIIIQTLPTLMPLTKQQPIISIQPAPTKGOQTLLLSQPTVVQLOAPGVLPSAQ

PVLAVTGGAAQLPNHVVNVLPAPVVSSPVNGKLSVTKPVLQSATRSMGSDIAVLRRQORM
PVLAVPGGASQLPNHVVNVLPAPVVNSPVNGKLSVTKPVLQSPMKSVGSDIAVLRRQORM
PVLAVARGTTQLPNHVMNVVPAPVVNSPVNGKLSVTKPVLQSPMKSVGSDIAVLRRQORM
PVLAVGGGATQLPNQVVNVVPAPVVNSPVNGKLSVTKPVLQSATRSMGSDIAVLRRQORM
PVLAVGGGATQLPNQVVNVVPAPVVNSPVNGKLSVTKTVLQSATRSMGSDIAVLRRQORM
—————————————————————————————————————————— ASSSLGA-TAVLRRQQRM
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PVLAVGGGATQLPNQVVNVVPAPVVNSPVNGKLSVTKPVLOSATRSMGSDIAVLRROQORM
PVLAVTGGAAQLPNHVVNVLPAPVVSSPVNGKLSVTKPVLOSATRSMGSDIAVLRROQORM
LVLAVTGGATQLPNHVVNVVPAPVVNS SVNGKLSVTKPVLQSPMKSVGSDIAVLRRQORM
PVLAVTGGATQLPNHVVNVVPAPVVNSSVNGKLSVTKPVLOSPMKSVGSDIAVLRRQQORM

Kk eke KhkKkAkAkAkkRkKhKkK

IKNRESACQSRKKKKEYMLGLEARLKAALSENEQLKKENGSLKRQLDEVVSE-———-—-———
IKNRESACQSRKKKKEYMLGLEARLKAALSENEQLKKENGSLKRQLDEVVSE-—=—-——-—--
IKNRESACQSRKKKKEYMLGLEARLKAALSENEQLKKENGSLKRQLDEVVSEVRLDCPWE
IKNRESACQSRKKKKEYMLGLEARLKAALSENEQLKKENGSLKRQLDEVVSEVRLDCPWE
IKNRESACQSRKKKKEYMLGLEARLKAALSENEQLKKENGSLKRQLDEVVSEVRLDCPWE
IKNRESACQSRKKKKEYMLGLEARLKAALSENEQLKKENGSLKRQLDEVVSEVRLDCPWE
IKNRESACQSRKKKKEYMLGLEARLKAALSENEQLKKENGSLKRQLDEVVSEVRLDCPWE
IKNRESACQSRKKKKEYMLGLEARLKAALSENEQLKKENGSLKRQLDEVVSE-——-—-——-—-—
IKNRESACQSRKKKKEYMLGLEARLKAALSENEQLKKENGSLKRQLDEVVSEVRLDCPWE
IKNRESACQSRKKKKEYMLGLEARLKAALSENEQLKKENGSLKRQLDEVVSEVRLDCPWE

KA KA AR AR A KA AR A AR A AR AR A A AR A AR AR A A AR AR A A AR A AR A Ak A A A A Ak kK

———————————————————— NQRLKVPSPKRRAVCVMIVLAFIMLNYGPMSMLEQESRRV
———————————————————— NOQRLKVPSGKRRAVCVMIVLAFIMLNYGPMSMLEQESRRV
MGWNIASVGPPVSFAFLSAPNSELKLGSGNRKVVCVMIVLAFIMLNFGPMSMLEQDSRRM
MGCNTGSTRHPVSFTSPSAPNSELKLGSGNRKVVCIMVELLFIAFNFGPMSMLEQDSRRM
MGCNTGSTQHPVSFASPSAPNSELKLGSGNRKVVCIMVEFLLEFIAFNFGPMSMLEQDSRRM
MGCNTGSTKHPVSFASPSAPNSELKLGSGNRKAVCVMIVLAFIALNFGPMSMLEQDSRRM
MGCNTGSTRHPVSFASPSAPNSELKLGSGNRKVVCIMVELLFIAFNFGPMSMLEQDSRRM
———————————————————— NOQRLKVGSGNRRAVCIMIVLAFIMLNYGPMSMLEQESRRV
MVGIQAVWVDSDSFAS-SEPNSELKLGSGNRKAVCIMIVLAFIMLNYGPMSMLEQDSRRM
MVGIQAVWVDSDSFAS-SEPNSELKLGSGNRRAVCIMIVLAFIMLNYGPMSMLEQDSRRM

* kkhke Kk oeke Kkhkeke Kk Kkkhk ke khkkhkAAkhkAKk o kkKko

KPSVSPANQRRHLLEFSAKEVKDTSDGDNQKDSYSYD-HSVSNDKAL-—-—-—--— MVLSEEP
KPSVSPANQRRHLLEFSAKEVKDTSDGDNQKDSYSYD-SSVSNDKAL-———-— MVLSEEP
NPSMSPANQRRHLLEFSAKEVQODTSDGIIQKNSYRLD-HSVSNDKAL-—-—--—-— MVLSEEP
NPNVSPANQRRHLLEFSAKEVQODTSDGIIQKNSYRLD-HSVSNDKAL-—-—--—-— MVLSEEP
NPNVSPANQRRHLLEFSAKEVQDTSDGIIQKNSYRLD-HSVSNDKAL---—---— MVLSEEP
NPNVSPANQRRHLLEFSAKEVRDTSDGIIQKNSYRLD-HSVSNDKAL---—--- MVLSEEP
NPNVSPANQRRHLLEFSTKEVQDTSDGIIQKNSYRLD-HSVSNDKAL---—---— MVLSEEP
KPSMSPANQRRHLLEFSAKEVQDTSDGDNQKDSYSYDLPSEFRNLTAFPGGAKELLLSDLD
NPSMSPANQRRHLLEFSAKEVQODTSDGIIQKNSYRLD-HSVSNDKAL-—-—--—-— MVLSEEP
NPNMSPANQRRHLLEFSAKEVQODTSDGIIQKNSYRLD-HSVSNDKAL---—---— MVLSEEP

ok skkkkkkkkkkkkk s kkk o kkkkk  kkekk X K Kk Kk LR
LLYMPPPPCQPLINTTESLRLNHELRGWVHRHEVERTKSRRMTNSQQKARILQOGALEQGS
LLYMPPPPCQPLINTTESLRLNHELRGWVHRHEVERTKSRRMTNSQQKARILQOGALEQGS
LLYMPPPPCQPLINTTESLRLNHELRGWVHRHEVERTKSRRMTNSQQOKARILQGALEQGS
LLYMPPPPCQPLINTTESLRLNHELRGWVHRHEVERTKSRRMTNNQOKTRVLQVCEYLGS
LLYMPPPPCQPLINTTESLRLNHELRGWVHRHEVERTKSRRMTNSQQKARILQOGALEQGR
LLYMPPPPCQPLINTTESLRLNHELRGWVHRHEVERTKSRRMTNSQQOKARILQOGALEQGS
LLYMPPPPCQPLINTTESLRLNHELRGWVHRHEVERTKSRRMTNSQQOKARILQOGALEQGR
QLFL-SSDCRHEF-NRTESLRLADELSGWVQRHERGRRKVPQRTQ-ERKSQLWK-————-— K
LLYMPPPPCQPLINTTESLRLNHELRGWVHRHEVERTKSRRMTNSQQOKARILQOGALEQGS
LLYMPPPPCQPLINTTESLRLNHELRGWVHRHEVERTKSRRMTNSQQOKARILQOGALEQGS

Koo * . * kkKkkk Kk Kk Kkkhkk o kkk * K . k. e ek e o e

NSQLMAVQYTETTSISRNSGSELQVYYASPGSYQGFEFDAIRRRGDTFYVVSFRRDHLLLP
NSQLMAVQYTETTSEFSGNSGNELQVYYASPRSYQDFFEATRRRGDTFYVVSFRRDHLLLP
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NSQLMAVQYTETTSEFSRNSGNELQVYYASPRSYQDFFEATRRRGDTEFYVVSFRRDHLLLP
NSQLMAVQYTETTSISRNSGSELQVYYASPGSYQDFFEATRRRGDTEFYVVSFRRDHLLLP
IRHFLLVNTLPEFSYFSRNSGNELQVYYASPRSYQDFFEATIRRRGDTFYVVSFRRDHLLLP
NSQLMAVQYTETTSISRNSGSELQVYYASPGSYQGFEFDAIRRRGDTFYVVSFRRDHLLLP
IRHFLLVNTLPEFSYFSRNSGNELQVYYASPRSYQDFFEATRRRGDTEFYVVSFRRDHLLLP
SPPVKAVPTQPPTSISRNSGSELQVYYASPRSYQGFFDAIRRRGDTEFYVVSFRRDHLLLP
NSQLMAVQYTETTYFSRNSGNELQVYYASPRSYQDFFEATHRRGDTFYVVSFRRDHLLLP
NSQLMAVQYTETTSISRNSGSELQVYYASPGSYQGFEFDAIRRRGDTFYVVSFRRDHLLLP

* . ek khkhk Ak kA hkhkhkhkkh hAhkkhk Ak ekhkkehkAhkkhkhkhkhkhkhAhkhkhkrkhkhkdxk*

ATTHNKTTRPKMSIVLPAININDNVINGOQDYEVMMQIDCQVMDTRILHIKSSSVPPYLRD
ATTHNKTTRPKMSIVLPAINFTENVINGOQDYEVMMQIDCQVMDTRILHIKSSSVPPYLRD
ATTHNKTTRPKMSIVLPAINITENVINGODYEVMMQIDCQVMDTRILHIKSSSVPPYLRD
ATTHNKTTRPKMSIVLPAINITENVINGODYEVMMQIDCQVMDTRILHIKSSSVPPYLRD
ATTHNKTTRPKMSIVLPAINITENVINGOQDYEVMMQIDCQVMDTRILHIKSSSVPPYLRD
ATTHNKTTRPKMSIVLPAININENVINGODYEVMMQIDCQVMDTRILHIKSSSVPPYLRD
ATTHNKTTRPKMSIVLPAINITENVINGODYEVMMQIDCQVMDTRILHIKSSSVPPYLRD
AISHNKTSRPKMSLVMPAMAPNENVINGODYEVMMQIDCQVMDTRILHIKSSSVPPYLRD
ATTHNKTTRPKMSIVLPAININENVINGODYEVMMOQIDCQVMDTRILHIKSSSVPPYLRD
ATTHNKTTRPKMSIVLPAINITENVINGODYEVMMQIDCQVMDTRILHIKSSSVPPYLRD

k ek kkhkk e hkhkhkkhkk o ko kko e AR A KA KA KA A KA A KA AR A A AR A A A A A XA AR A AR AKX XXk k%

HORNQTSTEFFGSPPTTTETTHVVSTIPESLQZ
QORNQTNTEFFGSPPAATKTTHVVSTIPESLQ-
QORNQTSTFFGSPPAATKATHVVSTIPESLQ-
QORNQTNTYFGSPPAATKATHVVSTIPESLQ-
QORNQTNTYFGSPPAATKATHVVSTIPESLQ-
QORNQTNTYFGSPPAATKATHVVSTIPESLQ-
QORNQTNTYFGSPPAATKATHVVSTIPESLQ-
QORNQTNTFFGSPPAATKATHVVSTIPESLQ-
QORNQTNTFFGSPPAATKATHVVSTIPESLQ-
QORNQTNTFFGSPPAATKATHVVSTIPESLQ-

e hkhkhkkhkKhk KekhkkhkhkhAkhkookhkoohkhkhkhkhkhkhkhkkhhxk

CNGAS3 encodes cyclic nucleotide gated channel subunit alpha 3, a member of the cation
channel protein family which is required for normal vision and olfactory signal transduction.
Mutations in this gene are associated with achromatopsia (rod monochromacy) and color
blindness. Two alternatively spliced transcripts encoding different isoforms have been described.
Gene ontology (GO) annotations related to this gene include protein C-terminus binding and
voltage-gated potassium channel activity.

The 630-amino acid sequences of S. niger exhibits eight point-differences from other
members of genus Sciurus. The three tree squirrels show an insertion of 9-10 amino acids
relative to all other species at positions 134-143 or 144. A. rufa has a two-amino acid insertion at
positions 170-171, after which is a sequence of 35 amino acids that differs from those of the
other species. There is a deletion of three amino acids at positions 213-215 in M. monax and S.
dauricus. Starting at position 218, there is a stretch of 445 amino acids showing just three point-
differences among all species studied.

Cnga3

Aplodontia rufa
Xerus_inauris@C
Marmota monax@C
Spermophilus da
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Ictidomys tride ——————————- - - -
Urocitellus par —————— - - -

Sciurus_vulgari ----------—--—-—-—-—-— - ASLLLODLRRPGRGLCPS
Sciurus_carolin ------------—-—-—-—-— - —————— ASLLLQGLQRPGRGLCPS
Sciurus niger@C —--—-—-—————————— - QGLRRPGRGLCPS
Cnga3 ARSVVTSQG---PARVSRLIISIRAWASRHLHDEDQTPDSFLDRFHGSELKEVSTRESNA
Aplodontia_rufa ———————————— PSRLSRLLISLRRWAASHSHREDQRPDSFLDRFRGAELKEVASQESNA
Xerus_inauris@c ———————————— PSRLARLIISLRTWAARHTHCEDQRPDSLLDRFRGAELREVSSQESNA
Marmota_monax@c -——-LPSDG---PSRLARLIISLRTWAAGHSRCEDQRSDSLLDRFRGAELKEVSSQESNA
Spermophilus_da ———————— G---PSRFARLIISLRTWTTRHSCCEDQRSDSLLDRFHGAELKEVSSQESNA
Ictidomys_tride —————— SDG-—--PSRLARLIISLRTWTARRSRCEDQRSDSPPDRFRGAELKEVSSQESNA
Urocitellus_par —————— SDG-—--PSRLARLIISLRMWTARRSRREDQRSDSLLDRFRGAELKEVSSQESNA
Sciurus_vulgari S————- SDGCLSPSRLSRLIISLRTWATRHSRRKDPRPDSLLDPFRGAELKEVSSQESSA
Sciurus_carolin S————- SDGSLSPSRLSRLIISLRTWAARHSRRKDPRPDSLLDHFRGAELKEVSSQESST
Sciurus_niger@c S————- SDGCLSPSRLSRLIISLRTWAARHSRRKDPRPDSLLDRFRGAELKEVSSQESRD
*:*.:**:**:* *:: . :* .** * *:*:**:**:::**
Cnga3 OPNPGEQKPPDGGE-—--=-==——— GRKEEPIVVDPSSNIYYRWLTAIALP--VFYNWCLLV
Aplodontia_rufa QLNTGSQEPPDRGE---=-==——— GRKEEPIVVDPSSNIYYRWLTAIALPCLLMYIWSMVI
Xerus_inauriS@C LSHMGSQEPSDRGK--—=-=-——=—-—— REKEPLAVDPSSNIYYRWLTAIALP--VFYNWCLLV
Marmota_monaX@C OSQAGSQEPPDRGE-——--—==——— GRKEEPIVVDPSSNIYYRWLTAIALP--VFYNWCLLV
Spermophilus_da OSHAGSQEPPDRGE-——-—-—-—=——— GRKEEPIVVDPSSNIYYRWLTAIALP--VFYNWVMLI
Ictidomys_tride QOSHAGSQEPPDRGE-—--=-=-=——— GRKEEPIVVDPSSNIYYRWLTAIALP--SVYNWCLLV
Urocitellus_par WSHAGSQEPPDRGE-——=——-=-—-—- GRKEEPIVVDPSSNIYYRWLTAIALP--VFYNWCLLV

Sciurus_vulgari QSHVGSQEPPDRGRRGKRPPTPAGRKEEPIVVDPSSNLYYRWLTAIAMP--VEFYNWCLLV
Sciurus_carolin QSHVGSQEPPDRGRRGKRPPAPAGRKEEPIVVDPSSNLYYRWLTAIAMP--VEFYNWCLLV
Sciurus_niger@C QSHVGSQEPPDRGRRGKRPPAPAGRKEEPIVVDPSSNLYYRWLTAIAMP--VEFYNWCLLV

*x Kk ek kx ok ke okkeoe Khhkhkkhkkhkkoekhkkhkhkhkkhkkhkkkhkox * K

Cnga3 CRACFDELQSEHLTLWLVLDYSADVLYVLDMLVRARTGFLEQGLMVRDTKRLWKHYTKTL
Aplodontia rufa ARASFD-LESNDLEYWLIFNFSSDAGYLPGMEFVRARTGFLEQGLMVRDTKRLWKHYTKTL
Xerus inauris@C CRACFDELQSEHLMLWLVLDYSSDVIYGLDMLVRARTGFLEQGLMVRDTKRLWKHYTKTL
Marmota monax@C CRACFDELQSEHLTIWLIFDFFSDVGCLPGMEV---TGFLEQGLMVRDTKRLWKHYTKTL
Spermophilus da ARARFD-LQSNDLECWLIFDFFSDVGCLPGMEV---TGFLEQGLMVRDTKRLWKHYTKTL
Ictidomys tride CRACFDELQSEHLTLWLVLDYSSDVLYVLDMLVRARTGFLEQGLMVRDTKRLWKHYTKTL
Urocitellus par CRACFDELQSEHLTVFLVCLYELQHLYKQSLLPRTRTGFLEQGLMVRDTKRLWKHYTKTL
Sciurus_vulgari CRACFDELQSEHLTLWLVLDYSADVLYVLDMLVRARSGFLEQGLMVRDTKRLWKHYTKTL
Sciurus_carolin CRACFDELQSEHLTLWLVLDYSADVLYVLDMLVRARTGFLEQGLMVRDTKRLWKHYTKTL
Sciurus_niger@C CRACFDELQSEHLTLWLVLDYSADVLYVLDMLVRARTGFLEQGLMVRDTKRLWKHYTKTL

** * % * * * o Kk o . ***********************

Cnga3 HFKLDILSLIPTDLAYLKLGVNYPELRENRLLKEFSRLFEFFDRTETRTNYPNVFRIGNLV
Aplodontia rufa HFKLDILSLIPTDLAYLKLGVNYPELRFNRLLKFSRLFEFFDRTETRTNYPNVEFRIGNLV
Xerus inauris@C HFKLDILSLIPTDLAYLKLGVNYPELRFNRLLKFSRLFEFFDRTETRTNYPNVFRIGNLV
Marmota monax@C HFKLDILSLIPTDLAYLKLGVNYPELRFNRLLKFSRLFEFFDRTETRTNYPNVFRIGNLV
Spermophilus da HFKLDILSLIPTDLAYLKLGVNYPELRFNRLLKFSRLFEFFDRTETRTNYPNVFRIGNLV
Ictidomys tride HFKLDILSLIPTDLAYLKLGVNYPELRFNRLLKFSRLFEFFDRTETRTNYPNVFRIGNLV
Urocitellus par HFKLDILSLIPTDLAYLKLGVNYPELRFNRLLKFSRLFEFFDRTETRTNYPNVEFRIGNLV
Sciurus_ vulgari HFKLDILSLIPTDLAYLKLGVNYPELRENRLLKFSRLFEFFDRTETRTNYPNVFRIGNLV
Sciurus_ carolin HFKLDILSLIPTDLAYLKLGVNYPELREFNRLLKFSRLFEFFDRTETRTNYPNVFRIGNLV
Sciurus_niger@C HFKLDILSLIPTDLAYLKLGVNYPELRFNRLLKFSRLFEFFDRTETRTNYPNVFRIGNLV

KK R AR A AR A AR AR A AR A AR A AR A AR A AR A AR A A A A A A A AR AR A AR AN A A AR A A A A A A XK

Cnga3 LYTLIITHWNACIYFAISKFIGEFGTDSWVYPNTSKPEYARLSRKYIYSLYWSTLTLTTIG
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LYTLIITHWNACIYFAISKFIGEGTDSWVYPNTSKPEYARLSRKYIYSLYWSTLTLTTIG
LYTLIITHWNACIYFAISKFIGEFGTDSWVYPNTSKPEYARLSRKYIYSLYWSTLTLTTIG
LYTLIITHWNACIYFAISKFIGFGTDSWVYPNTSKPEYARLSRKYIYSLYWSTLTLTTIG
LYTLIITHWNACIYFAISKFIGFGTDSWVYPNTSKPEYARLSRKYIYSLYWSTLTLTTIG
LYTLIITHWNACIYFAISKFIGEFGTDSWVYPNTSKPEYARLSRKYIYSLYWSTLTLTTIG
LYTLIITHWNACIYFAISKFIGEFGTDSWVYPNTSKPEYARLSRKYIYSLYWSTLTLTTIG
LYILIITHWNACIYFAISKFIGFGTDSWVYPNTSKPEYARLSRKYIYSLYWSTLTLTTIG
LYTLIITHWNACIYFAISKFIGFGTDSWVYPNTSKPEYARLSRKYIYSLYWSTLTLTTIG
LYTLIITHWNACIYFAISKFIGFGTDSWVYPNTSKPEYARLSRKYIYSLYWSTLTLTTIG

KK KK AR AR A AR A AR A AR AR A A KR KA AR A A KRR A KRR A A A AR A AR AR A AR A AR A AR A AR AR,k Kk

ETPPPVKDEEYLEVVIDFLVGILIFATIVGNVGSMISNMNAPRVEFQAKIDSVKQYMQFR
ETPPPVKDEEYLEFVVIDFLVGVLIFATIVGNVGSMISNMNAPRAEFQAKIDSVKQYMQFR
ETPPPVKDEEYLEFVVIDFLVGILIFATIVGNVGSMISNMNAPRVEFQAKIDSVKQYMQFR
ETPPPVKDEEYLEVVIDFLVGILIFATIVGNVGSMISNMNAPRVEFQAKIDSVKQYMQFR
ETPPPVKDEEYLEVVIDFLVGILIFATIVGNVGSMISNMNAPRVEFQAKIDSVKQYMQFR
ETPPPVKDEEYLEVVIDFLVGILIFATIVGNVGSMISNMNAPRVEFQAKIDSVKQYMQFR
ETPPPVKDEEYLEFVVIDFLVGVLIFATIVGNVGSMISNMNAPRVEFQAKIDSVKQYMQFR
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GNAT2 encodes G protein subunit alpha transducin 2. Diseases associated with GNAT2
include achromatopsia 4 and achromatopsia. Among its related pathways are ERK signaling and
signaling by GPCR. Gene ontology (GO) annotations related to this gene include GTP binding
and obsolete signal transducer activity. An important paralog of this gene is GNATL1. Transducin
is a 3-subunit guanine nucleotide-binding protein (G protein) which stimulates the coupling of
rhodopsin and cGMP-phoshodiesterase during visual impulses. The transducin alpha subunits in
rods and cones are encoded by separate genes. This gene encodes the alpha subunit in cones.

Among 354 amino acids for which sequence data are available, 351 are identical among all
species. Among Sciurus sp., S. carolinensis has a phenylalanine instead of a tyrosine at position

146.
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OPN1MW encodes opsin 1, medium wave sensitive. Diseases associated with OPN1MW
include Deutan series partial colorblindness and blue cone monochromacy. Among its related
pathways are signaling by GPCR and peptide ligand-binding receptors. Gene ontology (GO)
annotations related to this gene include G protein-coupled receptor activity and photoreceptor
activity. An important paralog of this gene is OPN1IMW2. This gene encodes for a light-
absorbing visual pigment of the opsin gene family. The encoded protein is called green cone
photopigment or medium-wavelength sensitive opsin. Opsins are G-protein coupled receptors
with seven transmembrane domains, an N-terminal extracellular domain, and a C-terminal
cytoplasmic domain. The long-wavelength opsin gene and multiple copies of the medium-
wavelength opsin gene are tandemly arrayed on the X chromosome, and frequent unequal
recombination and gene conversion may occur between these sequences. X chromosomes may
have fusions of the medium- and long-wavelength opsin genes or may have more than one copy
of these genes.

The amino acid sequence of OPN1MW is highly conserved among all species. The four
varying positions occur at the end of the sequence alignment, and differentiate S. vulgaris
OPN1MW from all other species for which we have sequence information.
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AIRAVAKQQKESESTQKAEKEVTRMVVVMVFAYCLCWGPYTFFACFATAHPGYAFHPLVA
ATRAVAKQQOKESESTQKAEKEVTRMVVVMVFAYCLCWGPYTFFACFATAHPGYAFHPLVA
ATRAVAKQQOKESESTQKAEKEVTRMVVVMVFAYCLCWGPYTFFACFATAHPGYAFHPLVA
ATRAVAKQQOKESESTQKAEKEVTRMVVVMVFAYCLCWGPYTFFACFATAHPGYAFHPLVA

KK A AR AR A A AR AR A A KR A A KR A A A A A A A KA AR AA I A A I AR I AR I A A A AR A AR A AR A A XA A XK

SLPSYFAKSATIYNPIIYVFMNRQFRNCI-LHLFGKKVDDSSELSSTSKTEVSSVSSVSP
SLPSYFAKSATIYNPIIYVFMNRQFRNAL-LHLLGK-—-——=-—-——————-————————————
SLPSYFAKSATIYNPIIYVFMNRQFRNCI-LHLFGK-—-——--=-———————-———————————
SLPSYFAKSATIYNPIIYVEMNRQFRNAI---------—-—-—-—-———-———————————————
SLPSYFAKSATIYNPIIYVEMNRQFRNAI---------—-—--—-———-———————————————
SLPSYFAKSATIYNPIIYVFMNRQFRNAI-——----—-—————-—-——————————————————
SLPSYFAKSATIYNPIIYVEFMNRQFRNAI-——----—-—————-—-——————————————————
SLPSYFAKSATIYNPIIYVFMNRQFRNAIKMVLLGK-————-———————————————————
SLPSYFAKSATIYNPIIYVEFMNRQFRNCI-LHLLGK----=-—-—-=-—-——==-———-———-——————
SLPSYFAKSATIYNPIIYVEFMNRQFRNCI-LHLLGK-----—-—-—-—-—-—==-———-—————————

RS R I S b I Sb b I Sb b b Sb S Sb b Sb 2b I Sb 2b I S S

PDEGC encodes phosphodiesterase 6C. Diseases associated with PDE6C include cone
dystrophy 4 and achromatopsia. Among its related pathways are metabolism and metabolism of
nucleotides. Gene ontology (GO) annotations related to this gene include 3',5'-cyclic-nucleotide
phosphodiesterase activity and 3',5'-cyclic-GMP phosphodiesterase activity. An important
paralog of this gene is PDE6B. This gene encodes the alpha-prime subunit of cone
phosphodiesterase, which is composed of a homodimer of two alpha-prime subunits and 3
smaller proteins of 11, 13, and 15 kDa.

Along the 936-amino acid PDE6C sequence alignment, some upstream regions are well-
conserved, while other, downstream regions are highly variable. There are 60 point-differences
among sciurids, including tracts of 7, 7, 6, and 6 contiguous amino acids. A. rufa has a deletion
of 27 amino acids at points 281-315, and an insertion of 29 amino acids at positions 363-391. M.
monax and S. vulgaris have an insertion of 27 or 28 amino acids at positions 774-801. Six
species have and three species lack an indel of 32 or 33 amino acids at positions 847-880.

Pdeé6c
Aplodontia rufa
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MGEISQEAVERYLEKNPCFAKEYFDKKLRVEALGVIFKNSHAGVQTSLSLPELTQVEESA
MGEISQEAVERYLEKNPCFAKEYFDKKLRVEALGVIFKNSHAGVQTGLSLPELTQVEESA
MGEISQEAVERYLEKNPCFAKEYFDKKLRVEALGVIFKNSHAGVQTGLSLPELTQVEESA
MGEISQEAVERYLEKNPCFAKEYFDKKLRVEALGVIFKNSHAGVQTGLSLPELTQVEESA
MGEISQEAVERYLEKNPCFAKEYFDKKLRVEALGVIFKNSHAGVQTGLSLPELTQVEESA
MGEISQEAVERYLEKNPCFAKEYFDKKLRVEALGVIFKNSHAGVQTGLSLPELTQVEESA
MGEISQEAVERYLEKNPCFAKEYFDKKLRVEALGVIFKNSHAGVQTGLSLPELTQVEESA
MGEISQEAVERYLEKNPCFAKEYFDKKLRVEALGVIFKNSHAGVQTGLSLPELTQVEESA

KA AR K AR A AR A A KR AA KA AA A A A AA K AA I AA I A AR A A I AR I A R I AR A A kA hh ke Ak XXX X K

VCLELLOQCMQDEAGSAEQMAHRALQRLAQLLOADCCSMEFSCRARNGIPEVASRLLNVTPT
VCLELLQCMQDEAGSAEQMAHRALQRLAQLLOADRCSMEFSCRARNGIPEVASRLLNVTPT
VCLELLQCMQDEAGSAEQMAHRALQRLAQLLOQADRCSMEFSCRARNGIPEVASRLLNVTPT
VCLELLQCMQDEAGSAEQMAHRALQRLAQLLOQADRCSMEFSCRARNGIPEVASRLLNVTPT
VCLELLQCMQDEAGSAEQMAHRALQRLAQLLOADRCSMEFSCRARNGIPEVASRLLNVTPT
VCLELLQCMQDEAGSAEQMAHRALQRLAQLLOQADRCSMEFSCRARNGIPEVASRLLNVTPT
VCLELLQCMQDEAGSAEQMAHRALQRLAQLLOADRCSMEFSCRARNGIPEVASRLLNVTPT
VCLELLQCMQDEAGSAEQMAHRALQRLAQLLOQADCCSMEFSCRARNGIPEVASRLLNVTPT
VCLELLQCMQDEAGSAEQMAHRALQRLAQLLOQADRCSMEFSCRARNGIPEVASRLLNVTPT
VCLELLQCMQDEAGSAEQMAHRALQRLAQLLOADRCSMESCRARNGIPEVASRLLNVTPT

AKAXKAKKA A KA A KAAKRKAAKRKAAXAKAAXRKA AKX A AR AKAA A, A A A A A A A A A ARk A A A A Ak Ak kKA kkk

SKFEDNLVAPDREVVFPLDIGIVGWVAHVKKALNVSDVKKNSHESDEFMDKQTGYVTRNLL
SKFEDNLVAPDREVVFPLDIGIVGWVAHVKKALNVSDVKKNSHESDEFMDKQTGYVTKSLL
SKFEDNLVAPDREVVFPLDIGIVGWVAHVKKALNVPDVKKNSHESDVMDKQTGYVTKSLM
SKFEDNLVAPDREVVFPLDIGIVGWVAHVKKALNVPDVKKNSHESDEMDKQTGYVTRNLL
SKFEDNLVAPDREVVFPLDIGIVGWVAHVKKALNVPDVKKNSHESDEMDKQTGYVTRNLL
SKFEDNLVAPDREVVFPLDIGIVGWVAHVKKALNVSDVKKNSHESDEFMDKQTGYVTRNLL
SKFEDNLVAPDREVVFPLDIGIVGWVAHVKKALNVSDVKKNSHESDEFMDKQTGYVTRNLL
SKFEDNLVAPDREVVFPLDIGIVGWVAHVKKALNVPDVKKNSHESDEFMDKQTGYVTKSLL
SKFEDNLVAPDREVVFPLDIGIVGWVAHVKKALNVPDVKKNSHESDEMDKQTGYVTRNLL
SKFEDNLVAPDREVVFPLDIGIVGWVAHVKKALNVPDVKKNSHESDEMDKQTGYVTRNLL

KKK KK AKAKAAKRAAKAAAKAAAKNAAKNA XA A XA AKX AAIA, Ahk I AR I A h kA Ak hhAkxhhAkxKh. Ko

AVPIVAGKEVLAVVMAVNKISAPEFSKQDEEVESKYLSEVAVALRLOHTSYLYSVESRRS
AAPIVMGKEVLAVVMALNKLNASEFSKQDEEVESKYLIFVSVILKLHHTNYLYNVEFRRS
AAPVVMGKEVLAVLMAVNKVNASEFSKQDEEVFTKYLNEVSVILRLHHTNYLYNVESRKS
AVPVVMGKEVLAVLVAVNKVNASEFSKQDEEVFTKYLNEFVSVILKLHHTNYLYSVESRRS
AAPVVMGKEVLAVLAAVNKVNASEFSKQDEEVMSKYLSEFVAVALRLOQHTSYLYSVESRRS
AAPVVMGKEVLAVLAAVNKVNASEFSKQDEEVFTKYLNEVSVILKLHHTNYLYNIESRRS
AVPVVMGKEVLAVLAAVNKVNASEFSKQDEEVMLT----LHIHLEVQEIDLLYNVESRRS
AAPVVMGKEVLAVLMAVNKVNASEFSKQDEEVFTKYLNEVSVILKLHHTNYLYSVESRRS
AVPIVMGKEVLAVLMAVNKVNASEFSKQDEEVFTKYLNFVSVILKLHHTSYLYSVESRRS
AVPIVMGKEVLAVLMAVNKVNASEFSKQDEEVEFTKYLNEVSVALRLOQHTSYLYSVESRRS

kX Kkek Khkkhkhkkhkkhkkoe Khoekkoe Kk KAhkkhkhkAkhkkhkkk o . e ke e Kk ek Kk ek

QILMWSANKVFEELTDVERQFHKALYTIRTYLNCDRYSIGLLDMTKEK-—-—====—————
QILMWSANKVFEELTDVERQFHKALYTVRTYLNCDRYSIGLLDMTKEK-—-—===—==———-——
QILMWSANKVFEELTDVERQFHKALYTIRTYLNCDRYSIGLLDMTKEKVRPGALRGPPAR
QILMWSANKVFEELTDVERQFHKALYTIRTYLNCDRYSIGLLDMTKEKVRSGALGSPPAQ
QILMWSANKVFEELTDVERQFHKALYTIRTYLNCDRYSIGLLDMTKEKVRSGALGSPPGQ
QILMWSANKVFEELTDVERQFHKALYTIRTYLNCDRYSIGLLDMTKEKVRSGALGSPPAQ
QILMWSANKVFEELTDVERQFHKALYTIRTYLNCDRYSIGLLDMTKEKVRSGALGSPPAQ
QILMWSANKVFEELTDVERQFHKALYTIRTYLNCDRYSIGLLDMTKEKVRPGAFRGPPAQ
QILMWSANKVFEELTDVERQFHKALYTIRTYLNCDRYSIGLLDMTKEKVRPGVERGPPGQ
QILMWSANKVFEELTDVERQFHKALYTIRTYLNCDRYSIGLLDMTKEKVRPGVERGPPGQ
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KKK AR KA KR A KA KRAAKRA KA AR A AR A AR KR e AN KA A A A A A A XA A XA A XK %K

——————————————— EFYDEWPIKLGEVEPYKGPKTPDGREIIFYKIIDYILHGKEEINV
——————————————— EFFDVWPVLMGEAQPYSGPRTPDGREIIFYKVIDYILHGKEEIKV
PDPAPGLPPLEFSSAQEFFDVWPVLMGEAQPYSGPRTPDGREIIFYKIIDYILHGKEEINV
PDPAAGLSPLEFSSAQEFFDVWPVLMGEAQPYSGPCTPDGREVIFYKVIDYILHGKEEIKV
PDPAPGLSPLEFSSAQEFFDVWPVLMGEAQPYSGPRTPDGREVIFYKVIDYILHGKEEIKV
PDPAPGLSPLESSAQEFFDVWPVLMGEAQPYSGPRTPDGREVIFYKVIDYILHGKEEIKV
PDPAPGLSPLESSAQEFFDVWPVLMGEAQPYSGPRTPDGREVIFYKVIDYILHGKEEIKV
PDPAPGLSILLSSAQEFFDVWPVLMGEAQPYTGPRTPDGREVIFYKVIDYILHGKEEIKV
PDPAPGLSALLSSAQEFFDVWPVLMGEAPPYSGPRTPDGREIIFYKIIDYILHGKEEINV
PDPAPGLSALLSSAQEFFDVWPVLMGEAQPYSGPRTPDGREIIFYKIIDYILHGKEEINV

*k ek KKk . kK Kk kk kAR hkAKkoehkkhkhkoehkhAhA Ak XA h kA Kk oKk

Ip—————————— === SPPADHWTLVSGLPTYVAENGFICNMLNA
IPVLSSSSGVAIFLCTVHESQQQFSFEFSPSRTPPADHWTEVSGLPTYVAENGEVCNMLNA
Ip——————————— === SPPADHWTLVSGLPTYVAENGFICNMLNA
IpP--——————————— === TPPADHWTEFVSGLPTYVAENGEVSYWTNS
IpP--——————————— === TPPADHWTEVSGLPTYVAENGEVSYWTNS
Ip——————————— === TPPADHWTEFVSGLPTYVAENGEVSYWTNS
Ip————————— === TPPADHWTEFVSGLPTYVAENGEVSYWTNS
Ip——————————— === TPPADHWTEFVSGLPTYVAENGEVCNMLNA
IpP--——————————— === SPPADHWTLVSGLPTYVAENGFICNMLNA
IpP--——————————— === SPPADHWTLVSGLPTYVAENGFICNMLNA
* %

ekkAkkKhkAk ke khk Ak kAKX kAKX kXK o * .

PADEYFTFQKGPVDETGWVIKNVLSLPIVNKKEDIVGVATFYNRKDGKPFDEHDEHITET
PADEYFTLQKGPVDETGWVIKNVLSLPIVNKKEDIVGVATEFYNRKDGKPFDEHDEHITET
PPSALHAPQKGPVDETGWVIKNVLSLPIVNKKEDIVGVATFYNRKDGKPFDEHDEHITET
PADEFMPLOKGPVDETGWVIKNVLSLPIVNKKEDIVGVATFYNRKDGKPFDEHDEHITET
PADEFMHLOQKGPVDETGWVIKNVLSLPIVNKKEDIVGVATFYNRKDGKPFDEHDEHITET
PADEFMPLOKGPVDETGWVIKNVLSLPIVNKKEDIVGVATFYNRKDGKPFDEHDEHITET
PADEFMPLOKGPVDETGWVIKNVLSLPIVNKKEDIVGVATFYNRKDGKPFDEHDEHITET
PP--YFTFQKGPVDETGWVIKNVLSLPIVNKKEDIVGVATFYNRKDGKPFDEHDEHITET
PADEFLPPQKGPVDETGWVIKNVLSLPIVNKKEDIVGVATFYNRKDGKPFDEHDEHITET
PADEFFTFQKGPVDETGWVIKNVLSLPIVNKKEDIVGVATFYNRKDGKPFDEHDEHITET

* R I R e I b S 2 I Sb 2R I S b I Sb b I S b I S b I Ib I SE I S b S db S b e S b I Sb 2b b Sb db I S 2b 4

LTQFLGWSLLNTDTYERVNKLESRKDIAQEMVMNLTKATPDEISSILKFKEKLNVEVIEE
LTQFLGWSLLNTDTYEKMNKLENRKDIAQEMVMNLTKATPDEISSILKFKEKLNVEVIDE
LTQFLGWSLLNTDTYEKMNKLENRKDIAQEMLMNHTKATPDEIKSILKFKEKLNVEVIEE
LTQFLGWSLLNTDTYEKMNKLENRKDIAQEMLMNHTKATPDEIKSILKFKEKLNVEVIEE
LTQFLGWSLLNTDTYEKMNKLENRKDIAQEMLMNHTKATPDEIKSILKFKEKLNVEVIEE
LTQFLGWSLLNTDTYEKMNKLENRKDIAQEMLMNHTKATPDEIKSILKFKEKLNVEVIEE
LTQFLGWSLLNTDTYEKMNKLENRKDIAQEMLMNHTKATPDEIKSILKFKEKLNVEVIEE
LTQFLGWSLLNTDTYEKMNKLENRKDIAQEMVMNHTKATPDEISSILVPHLHSTVPLCGE
LTOQFLGWSLLNTDTYEKMNKLENRKDIAQEMLMNHTKATPDEIKSILKFKEKLNVEVLQQ
LTQFLGWSLLNTDTYEKMNKLENRKDIAQEMLMNHTKATPDEIKSILKFKEKLNVEVIEE

KAKKAIAKKAIAKAAXAKAAIAAA K e e kA Kk K,hkhAk kA koekhkhk *hkkhkkhkhkk ik *k%k . . *

CEERQLLAILKEDLPDPRTADLYEFCEFSDFPITEHELVKCGLRLELEINVVEKFKVPVEV
CNOQKNLSFQOKEDLPDPKAVDLYEFRESDFPITEHELIKCGLRMEFFEINVVEKFKVPVEV
CEERQLLAILKEDLPDPQAVELYEFRESDFPITEHELIKCGLRLELEINVVEKFKVPVEV
CEERQLLAILKEDLPDPQAVELYEFREFSDFPITEHELIKCGLRMEFFEINVVEKFKVPVEV
CEERQLLAILKEDLPDPOQAVELYEFREFSDFPITEHELIKCGLRMEFFEINVVEKFKVPVEV
CEERQLLAILKEDLPDPOQAVELYEFREFSDFPITEHELIKCGLRMEFFEINVVEKFKVPVEV
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CEERQLLAILKEDLPDPQAVELYEFREFSDFPITEHELIKCGLRMFFEINVVEKFKVPVEV
AGSP------ KEDLPDPRTVDLYEFRFSDFPITEHELIKCGLRLFLEINVVEKFKVPVEV
ASHNIITPISKEDLPDPRAADLYEFCEFSDFPITEHELVKCGLRLELEINVVEKFKVPVEV
CEERQLLAILKEDLPDPRAADLYEFCEFSDFPITEHELIKCGLRLEFLEINVVEKFKVPVEV

kAhkkhkkhkkhk oo e khkhkKk KAIAKAAAAAAA KX e kA hAkAk ek e kAkAkA Ak Ak A A A Kk Xk %k

LTRWMYTVRKGYRPVTYHNWRHGENVGQTMFTLLMTGRLKKYYTDLEAFAMLAAAFCHDI
LTRWMYTVRKGYRSVTYHNWRHGENVGQTMFALLMTGRLKKYYTDLEAFAMLAAAFCHDI
LTRWMYTVRKGYRAVTYHNWRHGENVGQTMFTLLMTGRLKKYYTDLEAFAMLAAAFCHDI
LTRWMYTVRKGYRAVTYHNWRHGENVGQTMFTLLMTGRLKKYYTDLEAFAMLAAAFCHDI
LTRWMYTVRKGYRPVTYHNWRHGENVGQTMFTLLMTGRLKKYYTDLEAFAMLAAAFCHDI
LTRWMYTVRKGYRAVTYHNWRHGENVGQTMFTLLMTGRLKKYYTDLEAFAMLAAAFCHDI
LTRWMYTVRKGYRAVTYHNWRHGEFNVGQTMFTLLMTGRLKKYYTDLEAFAMLAAAFCHDI
LTRWMYTVRKGYRAVTYHNWRHGEFNVGQTMFTLLMTGRLKKYYTDLEAFAMLAAAFCHDI
LTRWMYTVRKGYRPVTYHNWRHGENVGQTMFTLLMTGRLKKYYTDLEAFAMLAAAFCHDI
LTRWMYTVRKGYRPVTYHNWRHGENVGQTMFTLLMTGRLKKYYTDLEAFAMLAAAFCHDI

KAXKAKKAKAKAAKAKAAKXN A XAKAAKAKAAKRKA AKX AKX AR e kA A A A AR A A XAA A A A AR A XA A XA A AKXk Kk

DHRGTNNLYQOMKSTSPLARLHG-TSILERHHLEYSKTL-LODESLNIFONLNKRQFETVI
DHRGTNNLYQOMKSTSPLARLHG-TSILERHHLEYSKTL-LODESLNIFONLNKRQFETVI
DHRGTNNLYQOMKSTNPLARLHG-SSILERHHLEFGKFL-LAEESLNIFONLNKRQFETVI
DHRGTNNLYQOMKSTSPLAKLHG-SSILERHHLEFGKFL-LODESLNIYONLNRRQHEHVI
DHRGTNNLYQOMKSTSPLAKLHG-SSILERHHLEFGKFL-LODESLNIYQONLNRRQHEHVI
DHRGTNNLYQMKSTSPLAKLHG-SSILERHHLEFGKFL-LODESLNIYQONLNRRQHEHVI
DHRGTNNLYQOMKSTSPLAKLHG-SSILERHHLEFGKFL-LAEESLNIFONLNKRQFETVI
DHRGTNNLYQOMK-VSPYAVLHG-TSILERHHLEYSKTL-LODOSLNIYONLNRRQHEHVI
DHRGTNNLYQOMKSTSPLARLYNDTAVLESHHAELAFQLTVRDESLNIFONLNKRQFETVI
DHRGTNNLYQMKSTSPLARLYNDTAVLESHHAALAFQLTVRDESLNIFONLNKRQFETVI

khkAkKRk KAk Ak Ak h K%k * kK k. e e ek kKK * e ekhkkhkkekhkhkkoekk K kK

HLFEVAITIATDLALYFKKRTMFQKIVDTCEQMQOSEEETIKYVTSDPTKKEVIM-—-———-—
HLFEVAITIATDLALYFKKRTMFQKIVDTCEQMQOSEEETVKYVTSDPTKKEIIM-————-—
HLFEVAIIATDVKLEFSRKRTMFQKIVDACEQMOTEEEAIKYVTIDPTKKEI IM-—-—-—-——
HLFEVAIIATDLALYFKKRTMEFQKIVDTCEQMQOSEEETIKYVTSDPTKKEIIMVVRMVES
HLFEVAITIATDLALYFKKRTMFQKIVDTCEQMQOSEEETIKYVTSDPTKKEIIM-————-—
HLFEVAITIATDLALYFKKRTMFQKIVDTCEQMOSEEETIKYVTSDPTKKEIIM-————-—
HLRHLLLCLYMVKLEFSRKRTMFQKIVDACEQMOTEEEAIKYVTIDPTKKEIIM-————-—
HLFEVAIIATDLALYFKKRTMFQKIVDTCEQMQOSEEETIKYVTSDPTKKEIIMVVGMVLP
HLFEVAIIATDLALYFKKRTMEFQKIVDTCEQMQOSEEETIKYVTSDPTKKEVIM-—-—-—-—-—
HLFEVAITIATDLALYFKKRTMFQKIVDTCEQMQOSEEETIKYVTSDPTKKEVIM-————-—

* % . . o k. ekhkhkhkhkkhkhkhkkhkkeoehkkhkhAhkkhkohkkhkhkeoohkkhkhkh *hkkhkkhkkhkokxk

————————————————————— AMMMTACDLSAITKPWEVQSQVALLVANEFWEQGDLERT
————————————————————— ALALQVW-LSAITKPWEVPLOQVALLVANEFWEQGDLERT
————————————————————— AMMMTACDLSAITKPWEVQSQVALLVANEFWEQGDLERT
FGGKKVVCVFFYLTIFLFFLRAMMMTACDLSAITKPWEVQSQVALLVANEFWEQGDLERT
————————————————————— AMMMTACDLSAITKPWEVQSQVALLVANEFWEQGDLERT
————————————————————— AMMMTACDLSAITKPWEVQSQVALLVANEFWEQGDLERT
————————————————————— AMMMTACDLSAITKPWEVQSQVALLVANEFWEQGDLERT
FGORKAVCNSI-LTIFLFFLRAMMMTACDLSAITKPWEVQSQVALLVASEFWEQGDLERT
————————————————————— AMMMTACDLSAITKPWEVQSQVALLVASEFWEQGDLERT
————————————————————— AMMMTACDLSAITKPWEVQSQVALLVANEFWEQGDLERT

* . . kkhkkkkkkKkk*k khkAkkkhkkk KhkkkAkhkkkKkk*k

VLQQQPT - === === ———m oo PMMDRSKKDELPKLQVGFID
VLQQQPIVKTLENALSRNSYNQSILFIKCKEIILKGCFFFPMMDRNRKDELPKLQVGFID
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VLOQQPIVKALENALLSKNY-ESVYFVRIGHYLKRICEFSFPMMDRNKKDELPKLQVGEID
VLOQQPIVKTLENALLSKNY-ESVYFVHIGNYLKRIYFSFPMMDRNKKDELPKLQVGEID
VLOOOPIVKTLENALLSKNY-KSVYEFVHIGNYLKRIYLSFPMMDRNKKDELPKLOVGEID
VLOOQOPIVKTLENALLSKNY-KSVYEFVHIGNYLKRIYFSFPMMDRNKKDELPKLOVGEID

VLQQOQPT === === = —m—mm oo PMMDRNKKDELPKLQVGFID
VLQQQPIVKTLENALLSKNY-ESVYFGHIGNYLKRICFFFPMMDRNKKDELPKLQVGFID
VLQQOQPT === === = —m—mm oo PMMDRNKKDELPKLQVGFID
VLQOQPIV—=——==————m—mmmm oo MPMMDRNKKDELPKLQVGFID

* ok Kk k kK kx Ahkhkkk ek khkAkkkhkkkKhkhkkkkhxk

FVCTEVYKEFSRFHGEITPMLNGLONNRVEWKSLAEEYEAKVKVTEEEAGKQEEEASDGK
FVCTE VYK — —m e o
FVCTEVYK = = = = = e
FVCTEVYK = = = = = e
FVCTE VYK — mm e o
FVCTE VYK — —m e o
FVCTEVY K== — = — o
FVCTEVYK = —— — m m oo
FVCTFVYKEFSRFHKEITPMLNGLONNRVEWKSLADEYDAKMKV-=-——————————————
FVCTFVYKAWDTFVD--LPDLMHLDNNFKCWKGLDE———=—————————————————————

Kk k kK Kk kK
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