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Bta   GVPGDVLAKSSANVYHHPTPAVSS-NFYSTVGRNGVLPQAFDQSFETAYGTPENL--ASS-DYPGDKSAEKGSPAAAATSAAAAAAAAAAT-----GTPA
Hsa   GVPGDVLAKSSANVYHHPTPAVSS-NFYSTVGRNGVLPQAFDQFFETAYGTPENL--ASS-DYPGDKSAEKGPPAATATSAAAAA---AAT-----GAPA
Mmu   GVPGDVLAKSSANVYHHPTPAVSS-NFYSTVGRNGVLPQAFDQFFETAYGTPENL--ASS-DYPGDKNAEKGPQAAAATSAAAVAA--AAT-----GAPA
Rno   GVPGDVLAKSSANVYHHPTPAVSS-NFYSTVGRNGVLPQAFDQFFETAYGTPENL--ASS-DYPGDKNAEKGPPTAAATSAAAVAA--AAT-----GAPA
Dsp   GVPGDVLAKSSANVYHHPTPAVSS-NFYSTVGRNGVLPQAFDQFFETAYGTPENL--ASS-DYPGDKSAEKGPPAAAATSAAAAAA----------GAPA
Pca   GVPGDVLAKSSANVYHHPTPAVSS-NFYSTVGRNGVLPQAFDQFFETAYGTPENL--ASS-DYPGDKSSEKGPQAAAAISGAAAAA-AAATAVAASGAPA
Dvi   SVG-DMLAKNSANVYHHPSTTGTSSNFYSTVGRNGVLPQAFDQFFETAYGPPDNLATASSSDYPGDKGTDKMPPAAAAA------------------APP
Oan   SVG-DMLAKNSANVYHHPTSTVSS-NFYSTVGRNGVLPQAFDQFFETAYGAPENL--TSS-DYPGDKAGEKMPPVATAAA------------------AT
Tac   SVG-DMLAKNSANVYHHPTSTVSS-NFYSTVGRNGVLPQAFDQFFETAYGAPENL--TSS-DYPGDKAGEKMPPVATAAA------------------AT
Gga   SMG-EVFGKSTANVYHHPSANVSS-NFYSTVGRNGVLPQAFDQFFETAYGTAENP--SSA-DYPPDKSGEKAPAAAGAT-------------------AA
Gni   SMG-EMFGKNTANVYH-PTTNVSS-NFYSTVGRNGVLPQAFDQFFETAYGTTENL--SSA-DYSGDKNGEKMPATA----------------------TA
Xtr   SVG-EMFAKNPTNVYH-PNANVSS-NFYSTVGRNGVLPQAFDQFFETAYGTTESQ--PS--DYSVDKSCDKVAAAA----------------------AT
Lme   SIG-EIFGKGNANVYH-PGSSTSS-NFYNTVGRNGVLPQAFDQFFETAYGTTENH--SS--DYSADKNSDKIPSAA------------------------

Bta   TSSSDSGAGG----C--REAAAAA----------------EEKERRRRPE-----SSSSPE??????????????G
Hsa   TSSSDSGGGGG---C--RETAAAA----------------EEKERRRRPE-----SSSSPESSSGHTEDKAGGSSG
Mmu   TSSSDGGGGGG---C--QEAAA------------------EEKERRRRPE-----SSSSPESSSGHTEDKAGGSGG
Rno   TSSSDGGGGGG---C--QEAAA------------------EEKERRRRPE-----SSSSPESSSGHTEDKAGGSGG
Dsp   TSSSDGGGGSGGGGC--REAAAAAA----------------EKERRRRPE-----SSSSPESSSGHTEDKAGGSSG
Pca   TSSSDSGG------C--REAA-------------------EEKERRRRPE-----GSSSPESSSGHTEDKAGGSST
Dvi   TSSSDAGGGG----CGGRENAAAAAAAAAAAVAAAAA---EEKERRRRTE-----SSSSPESSSGNNEDKSSGSSG
Oan   TSSSDGG-------C-GRDAATAAAVASAAAASAASAAVAEEKDRRRRTE-----SSSSPESSSGNNEDKSSGSST
Tac   TSSSDGG-------C-GRDAATAAAVASAAAASAASAAVAEEKDRRRRTE-----SSSSPESSSGNNEDKSSGSST
Gga   TSSSEGG-------C-G--GAAAAAG----------------KERRRRPE-----SGSSPESSSGNNEEKSGSSSG
Gni   TSSSEGG-------C-SREAAAAA----------------EEKERRRRTE-----SSSSPESSSGNNEEKSSSSSG
Xtr   TSSSEA--------C--REP--------------------EEKERR--AESSGRSSSSSSQSSSGNNEDKANSSSG
Lme   TSRSET--------C--RET--------------------DEKERR--EE------SSSPESSSGNNEEKSSSSSG

Hsa   MTASVLLHPRWIEPTVMFLYDNGGGLVADELNKNMEGAAAAAAAAAAAAAAGAGGGGFPHPAAAAAGGNFSVAAAAAAAAAAAANQCRNLMAHPAPLAPG
Mmu   MTASVLLHPRWIEPTVMFLYDNGGGLVADELNKNMEGAAAAAAAAAAAAAAGAGGGGFPHPAAAAAGGNFSVAAAAAAAAAAAANQCRNLMAHPAPLAPG
Mdo   ??????????????????????GGGLVADELNKNMEGAAAAAAAAAAAAAAGAGGGGFHHPAAAHAGGNFSVAAAAAAAAAAAANQCRNLMAHPAPLAPG
Gga   ????????????????MFLYDNS--L--DEINKNMDG--------------------F------HAGSNFAAAAAA--------NPCRNLMAHPAPLAAP
Xla   MTASVLLHPRWAEP-VMFLYDNS--L--EEMNKNMDG--------------------F------PVSS-FAA------------NQCRNLIGHHAPL--P

Hsa   AASAYSSAPGEAPPSAAAAAAAAAAAAAAAAAASSSGGPGPAGPAAA---EAA-KQCSPCSAAAQSSSGPAALPYGYFGSGYYPCARMGPPPNAIKSCP-
Mmu   AAAAYSSAPGEAPPSAAAAAAAAAAAAAAAAAASSSGGPGPAGPAGA---EAA-KQCSPCSAAAQSSSGPAALPYGYFGSGYYPCARMGPHPNAIKSCA-
Mdo   AAAAYSAPG-ETPPSAAAAAAAAAAAAAAAAASSSSSSSGGPGPTGAAGAEPV-KQCSPCSAAAQSSSGAA-LPYGYFGSGYYPCARMGHHPNALKSCAA
Gga   SAAAYTSS--EAPAAGMA--------------------------------EPAVKQCSPCSAAVQSSSGAA-LPYGYFGSGYYPC-RMTHH-NAIKSCA-
Xla   PSSAYPSS--EVPVSAIA--------------------------------EPS-KQCNPCSA-VQSTPNGS-LPYGYFGSGYYPC-RMSHH-NGIKSCS-

Hsa   --QPPSAAAAAA---FADKYMDTAGPAA----EEFSSRAKEFAFYHQGYAAGPYHHHQPMPGYLDMPVVPGLGGPGESRHEPLGLPMESYQPWALPNGWN
Mmu   --QPASAAAA-----FADKYMDTAGPAA----EEFSSRAKEFAFYHQGYAAGPYHHHQPVPGYLDMPVVPGLGGPGESRHEPLGLPMESYQPWALPNGWN
Mdo   AAQPASAAAAAAAAAFADKYMDTAAGPAAAAAEEFSSRE?????????????????????????????????????????????????????????????
Gga   --QPAST--------FADKYMDTSVSG-----EEFTSRAKEFAFY-QGYAAGPY---QPVPGYLDVPVVPTIGGPGEPRHDSLL-PMDSYQPWAITNGWN
Xla   --QPSS---------FADKYMDTSGSAG----KDFPSRPKEFAFY-QSYPLGPY---QPVPSYLDMPVVSTIGSTGKPRHEPLL-PMDGYQAWPITNGWN

Hsa   GQMYCPKEQAQPPHLWKSTLPDVVSHPSDASSYRRG
Mmu   GQMYCPKEQTQPPHLWKSTLPDVVSHPSDASSYRRG
Mdo   ????????????????????????????????????
Gga   GQVYCPKEQSQPPHLWKSTLPDVVSHPSDANSYRRG
Xla   GQVYCAKDQAQPTHLWKSSLPDVV-HQSDSSSYRRG
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Figure 3. Amino acid alignment of HoxA-11 (A) and HoxA-13 (B) sequences used in 

this study. Amino acid sites that were under directional selection in the stem lineage 

of therians are light blue, sites that were selected in the stem lineage of eutherians are 

red, and sites in yellow were replaced in the stem lineage of therians but were not 

identified to be under directional selection. The positions of the homeodomain are 

shown as grey cylinders. Bta, Bos tuarus; Hsa, Homo sapiens; Mmu, Mus musculus; 

Rno, Rattus norvegicus; Dsp, Dyspus sp.; Pca, Procavia capensis; Dvi, Didelphis 



virginiana; Mdo, Monodelphis domestica; Oan, Ornithorynchus anatinus; Tac, 

Tachyglossus aculeatus; Gga, Gallus gallus; Gni, Geochelone nigra; Xtr, Xenopus 

tropicalis; Xla, Xenopus laevis; Lme, Latimeria menadoensis. 
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