Coat Color in Labrador Retrievers

Cocoa and Midnight are Labrador retrievers.  Cocoa is a brown female and Midnight is a black male.  Pigmentation in dogs and other mammals (including you) is caused by the relative amounts and types of a pigment called melanin.  In Labradors, melanin comes in a black, brown, and yellow.  All melanin is synthesized in pigment-producing cells called melanocytes found in the hair and skin.

We are interested in Cocoa and Midnight, who are brown and black.  A diagram of the protein pathways for their coat color is shown below:
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First, the enzyme tyrosinase converts the amino acid tyrosine to a chemical called dopaquinone.  If the enzyme TRP-2 is present, it converts the dopaquinone to a version of melanin that has a brown color, Cocoa’s pigment.  If the enzyme called TRP-1 is present, it converts the brown version of melanin into the final, black pigment.

1. Remember that enzymes are proteins. What would happen if TRP-1 couldn’t be made?  

As you think about this question, assume that tyrosinase and TRP-2 are still present and functioning normally. 

2. Would tyrosine still be converted into dopaquinone?  

3. Would dopaquinone still be converted into the brown pigment?  

4. Would the brown pigment still be converted into the black pigment?

Chocolate labs like Cocoa cannot make TRP-1.  Consequently, their melanocytes produce brown pigment instead of black pigment:
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5. Look at a photo of Cocoa.  What color is her nose?  Her lips?  

Because chocolate Labs do not make TRP-1, they cannot make any black pigment.  Their noses and lips are brown instead of black, too.  Because Cocoa cannot make TRP-1, she is brown.  Because Midnight’s melanocytes make TRP-1, they can convert the brown pigment to the black form, and Midnight is black.

You have probably already wondered about the third possible coat color of Labrador retrievers, the yellow lab.  We have learned that pigments are synthesized in cells called melanocytes.  In melanocytes, tyrosine is converted to a chemical called dopaquinone by tyrosinase.  Then TRP-2 converts the dopaquinone to brown pigment, and TRP-1 converts the brown pigment to black.  Chocolate Labs are brown because they cannot make TRP-1. 

6. What happens if the melanocytes do not produce TRP-2 and TRP-1?  

Tyrosinase is still there, converting tyrosine in to dopaquinone.  If TRP-2 and TRP-1 are not present in the melanocytes, the dopaquinone is converted into something else.  If TRP-2 and TRP-1 are lacking, all the dopaquinone will be converted to the yellow melanin.   
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The exact color of the melanin depends on the enzymes available for its synthesis, as is the case with the black and brown melanin.  Yellow Labs are yellow because their melanocytes never make TRP-2 and TRP-1.  All the dopaquinone is converted into yellow melanin instead of brown or black.
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