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I. INTRODUCTION

Golden Jackal
Source: The Wildlife Society ©Zweer de Bruin

- Close relatives of dogs, wolves and coyotes
- Common ancestry
- Introgression
- Share habitat with dogs and wolves

Golden Jackal and wolf distribution
Source: Dogs, jackals, and foxes: a monograph of the Canidae

Genome sequence, comparative analysis and haplotype 
structure of the domestic dog, Lindblad-Toh, 2005



II. SAMPLES

- Southern Hungary
- 5 white
- 2 black
- 1 mottled
- 22 agouti



III. METHODS

- DNA isolation from tissue samples
- Colour genetics: 

- Sanger-sequencing
- Fragment analyses

- Hybridization studies: 
- Microsatellite analyses, 20 markers
- Mitochondrial D-loop sequencing

- Geneious Prime
- STRUCTURE
- GenAlEx
- BLAST



IV. CANDIDATE GENES – WHITE 

- MC1R – melanocortin-1 receptor
- „E-locus”
- Eumelanin (black pigment) - Pheomelanin (red pigment) switch
- Effect on mammals’ fur colour

Results of MC1R mutations:
- Red hair in humans
- Chestnut/sorrel horse
- Kermode bear
- Amber/russet/copal cat
- Red racoon dog
- Cream colored fur seal



V. MC1R MUTATIONS IN CANINES

A β-Defensin Mutation Causes Black Coat Color in Domestic Dogs
By Sophie I. Candille, Christopher B. Kaelin, Bruce M. Cattanach, Bin Yu, 
Darren A. Thompson, Matthew A. Nix, Julie A. Kerns, Sheila M. Schmutz, 

Glenn L. Millhauser, Gregory S. Barsh

In dogs: 
- 5  phenotype: 
- masked c.790A>G
- White causing mutations: 

e1: c.916C>T (p.Arg306Ter)
e2: Chr5:63695679C>G, ACD
e3: c.816_817delCT, Husky

- grizzle, dominos, Cocker-sable

Coyote, wolf:
e1: c.916C>T (p.Arg306Ter)

White coyote, 
Source: Salmonier National Park

Colour range of MC1R white mutation



VI. CANDIDATE GENE - BLACK

- Canine Beta-defensine, CBD103
- „K-locus”
- A 3 basepair deletion (ΔG23)
- Eumelanistic colouration: only black pigment
- Known in wolves, coyotes, hybrid golden jackals (Galov et al. 2015)

A β-Defensin Mutation Causes Black Coat Color in Domestic Dogs
By Sophie I. Candille, Christopher B. Kaelin, Bruce M. Cattanach, Bin Yu, 
Darren A. Thompson, Matthew A. Nix, Julie A. Kerns, Sheila M. Schmutz, 

Glenn L. Millhauser, Gregory S. Barsh

Melanistic wolf
Source: Andy Skillen

Black coyote
Source: Atlanta Coyote Project

Black jackal-dog hybrid
Source: Galov et al (2015): First evidence of 
hybridization between golden jackal (Canis 

aureus) and domestic dog (Canis familiaris) as 
revealed by genetic markers



VII. COLOUR RESULTS – MC1R  

MC1R:
- All white samples are homozygouts for c.916C>T
- 1 black, 2 agouti animals are heterozygous
- Mottled animal is heterozygous for c.790A>G
- Jackal-specific SNP at c.475C>T, P205S
- White-specific SNP at c.476C>A

The origins of white and white carrier samples

The terminating mutation at c.916
Heterozygosity at c.790

SNPs at c.475-476



VIII. COLOUR RESULTS – CBD103  

- Dominant quality
- Fragment analysis
- Black animals are heterozygous for CBD103ΔG23

CBD103 results of 2 black and a mottled animal

Origins of the
black and 
mottled
animals



IX. HYBRIDIZATION ANALYSES 

- Microsatellite analysis, 20 markers
- 4 hybrids: black, mottled, agouti
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Principal Coordinates (PCoA)

Reference dog

Reference jackal

Agouti jackal

Black

Mottled

White

1 – reference dogs, n=23
2 – reference jackals, n=27
3 – white jackals, n=5
4 – black jackals, n=2
5 – agouti jackals, n=22
6 – mottled, n=1



X. HYBRIDIZATION ANALYSES 

- Mitochondrial D-loop
- 1 black has dog maternity

- 1 sibling pair in whites 99,19%



XI. CONCLUSIONS 

- White animals are homozygous for
MC1R c.916

- Black animals are heterozygous for
CBD103ΔG23

- Hybridization between jackals and dog
is possible in the wild

- Genetic anomalies, diseases, 
behaviour Dog-jackal hybrids in West Bengal, source: Ambar Chakraborty
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