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Mundy et al. (2006) Evolutionary genetics of the melanocortin-1 receptor in vertebrates. 

 Evolutionary Genetics of the MC1R in Vertebrates 
• The molecular genetic basis of adaptive change in phenotype is a major 

outstanding issue in evolutionary biology. 

• Evolutionary change in coat and plumage color is a promising system for 

making progress in this field. 

• Several candidate genes are involved in evolutionary color change in 

mammals and birds. 

• One such gene encodes the melanocortin-1 receptor (MC1R), which is one 

of the major regulators of eumelanin and pheomelanin content in hairs and 

feathers. 



 Coloration in domestication 
• In domestic mammals such as mice 

and cattle: 

• Gain of function MC1R mutations 

lead to darkening in the coat 

• Loss of function MC1Rmutations 

lead to yellow or red coat 

• MC1R mutations lead to coloration 

changes in sheep, horses, pigs, dogs 

guinea pigs, foxes, chickens et al. 

Fig. 1 in Cieslak et al. (2011) Colors of domestication. Biol. Rev. 



MC1R Evolution Cases 

Fig. 1. in Mundy et al. (2006) Evolutionary genetics of the melanocortin-1 receptor in vertebrates. 



 Two dimensional structure of the MC1R in Chinese yak 

Fig. 5. in Xi et al. (2012) Isolation and characteristics of the melanocortin 1 receptor gene (MC1R) in the Chinese yakow.  Gene 



 The MC1R locus 
• A seven trans-membrane (TM) G-coupled receptor (GPCR) 

• 1000 members account for more than 1% of mammalian genomes 

• The MC1R belongs to class A, rhodopsin family 

• One of a five-member subfamily, the melanocortin (MC) receptors 

Fig. 1. in Jean K. Lightner (2008) Genetics of coat color 1: the melanocortin 1 receptor (MC1R). Answers Research Journal. 



Pigment production controlled by MC1R and ASIP 
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 Melanistic coat coloration occurs as a common polymorphism in 13 of 37 

felid species and reaches high population frequency in some cases but never 

achieves complete fixation. This mutant phenotype arose at least five times 

independently in the cat family. (Schneider et al. PLoS ONE 7(12), 2012) 

Stephen J. O’Brien and Warren E. Johnson, 2007. The Evolutionary of Cats. Scientific American  





Fig. 1. in Eizirik et al. (2003) Current Biology. 

(A)Nucleotide sequence of domestic cat ASIP exon 2, shown for a wild type 

and a black individual homozygous for the ASIP-Δ2 allele. 

(B) Sequences are shown from a domestic cat, wild-type jaguar allele, mela-

nistic jaguar allele MC1R-Δ15, dark-brown jaguarundi allele MC1R-Δ24, 

and a reddish jaguarundi.  



Fig. 1, 2 in Schneider et al. 2012 PLoS ONE 7(12) 

Amino acid alignment of ASIP. Wild-type and melanistic sequences of each wild cat species are 

shown. Vertical lines demarcate the boundaries among the five functional domains proposed for 

ASIP, named above or below the sequences. Numbers 1–10 refer to the 10 conserved cysteine 

residues present in the C-terminal domain.  



What do we care about? 
 Genetic basis of reddish and grey coloration in  Asiatic Golden Cats 

• Asiatic Golden Cat (Pardofelis temminckii) 

• Carnivora Felidae 

• NT (Near Threatened) in the IUCN Red List & Appendix I of CITES 

• Geographic Range: from the Himalayan foothills into China and Southeast Asia.  

• Habitat and Ecology: primarily found in forest habitats 



Materials Specificity: ancient DNA procedure 

Paabo et al. (2004) 



Copyright: Photos taken by Yuechen Liu in Shanghai Science and Technology Museum 



Phylogenetic tree construction (MEGA)  



Acquire the MC1R nucleotides sequence from UCSC  



Acquire the MC1R nucleotides sequence from UCSC  



Acquire the MC1R nucleotides sequence from UCSC  



MC1R nucleotide sequences alignment (ClustalW2) 



Prediction of trans-membrane helices in proteins (TMHMM) 

TMHMM Server v. 2.0 

UniProtKB 



Domains within Felis catus protein MSHR_FELCA (Q865E9) 



Motifs within Felidae protein MSHR (Q865E9, Q865E5, Q865E8) 



Swiss model structure prediction 



Protein interaction: 



 The molecular genetic basis of adaptive change in phenotype is a major 

out-standing issue in evolutionary biology; 

 Evolutionary change in coat and plumage color is a promising system for 

making progress in this field; 

MC1R is an critical important candidate gene in coloration of mammals; 

MC1R is a kind of G-protein coupled receptor activated by α-MSH; 

 Bioinformatics analyses are useful for deeply acquiring the sequence 

characteristics, phylogenetic relationships, structures, and protein 

interactions.  

Summary 
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