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Science In Motion

Juniata College



Cat Genetics

(Coat color)

Standards:

3.1.10 C  Apply patterns as repeated processes or recurring elements in science and technology.

· Examine and describe recurring patterns tat form the basis of biological classification, chemical periodicity, geological order and astronomical order.

· Examine and describe stationary physical patterns.

3.3.10 C  Describe how genetic information is inherited and expressed.

· Explain different types of inheritance (e.g., multiple allele, sex-influenced traits).

3.2.12 B  Evaluate experimental information for appropriateness and adherence to relevant science 


processes.

· Evaluate experimental data correctly within experimental limits.

· Judge that conclusions are consistent and logical with experimental conditions.

3.2.12 C  Apply the elements of scientific inquiry to solve multi-step problems.

· Evaluate the significance of experimental information in answering questions.

3.3.10 B  Describe and explain the chemical and structural basis of living organisms.

· Explain how cells store and use information to guide their functions.

Introduction and Background:

     
When we look at people, it is easy to see differences in appearance.  However, it is usually very difficult to determine what genotypes they possess within their chromosomes.  On the other hand, the genotypes of some animals are relatively easy

to determine by studying their features. Coat coloration in cats is one such example. For years animal breeders have controlled crosses and been able to understand the genotypes that lead to the many coat coloration patterns in cats.  Information gathered 

from such studies helps us to understand inheritance patterns in other animals including man. 

In cats there are more than 8 gene loci that determine coat color.  Still other gene loci control hair length, presence of tail, conformation of ears, and other visible features.  Most of the major gene loci affecting coat color and patterns have 2  alleles with one allele showing dominance.  Other loci have multiple alleles and still others exhibit epistasis.  Usually it is possible to determine the genotype of a cat by looking at its coat coloration and pattern of coloration.  If you know the phenotypes of parental cats, it is usually possible to predict the coloration possibilities of kittens, although the calculations would be complex in most cases.

Cat Hair Color Gene Loci    The following genes deal with self colors (solid colors with no prominent spots or stripes).  Genes for some forms of white and white spotted patterns will be discussed later.


1. A Locus - Cats that are AA or Aa have an agouti pattern.  Each hair has bands of dark and light colored melanin pigments giving it a yellowish-brownish-gray effect.  Wild rabbits, wolves, coyotes, and bobcats have variations of this pattern.  Cats that are aa are self colored(solid colors with no banding).  All solid colored cats (white can be an exception) are aa in genotype.


2.  C Locus - Cats that are CC or Cc will develop pigments and colorations determined by other gene loci.  However, the cc genotype is epistatic to all other genes for pigments.  Any cat the inherits the cc gene pair is an albino no matter what other genes are inherited.


3. D Locus - This gene locus determines whether a color is fully developed or diluted.  DD or Dd genotypes allow colors such as black or brown to be fully produced.  The dd genotype causes the color to be diluted from black to gray (referred to as Blue) and from brown to grayish-brown (referred to as Lilac).


4.  B Locus - This gene locus gives rise to black or brown self colors or the diluted variations.  BB or Bb cats are black if they also have a D allele and are blue if they possess the dd genotype.  Cats with the bb genotype are brown if they have a D allele and are lilac if the possess the dd genotype.  


5. O Locus - The O Locus is X-linked so females have 2 alleles and males have only 1 allele. The dominant allele (O) leads to the formation of orange color and is epistatic to the B Locus.  Therefore, XOXO, or XOY cats are orange regardless of the genes at the B locus.  XoXo or XoY cats will show color as determined by alleles at other loci such as the B Locus.  The D Locus also affects the gene for orange so that dilution will occur if the cat is dd.  So a cat with a ddXOXO genotype would be a female with diluted orange color, which is called Cream.

In addition, since females have two X chromosomes they can be heterozygous (XOXo) at the O locus.  In female mammals, one of the X chromosomes is inactivated early in fetal development in each cell of the embryo.  This is called the Lyon Hypothesis.  Therefore patches of orange fur occur in skin cells where the O allele is expressed and patches of black, brown, blue, or lilac occur in skin cells where the o allele is expressed.  These heterozygous females are called Tortoiseshells or Torties.

Examples


1.  aaCCDdBBXoY -  aa determines solid color, CC permits color expression, Dd indicates that the color will be dense, BB is the genotype for black color, and XoY means the cat is a male and that the color specified at the B Locus will be expressed. The cat is a Black Male.


2.  aaCcddBbXoXo -  aa determines solid color, Cc permits that color to be expressed, dd means the color will be dilute, Bb indicates black color, XoXo is the genotype of a female that permits the ddBb color to develop.  The cat is a gray (Blue) female.

3.  aaCCDdbbXOY -  Locus A and C are the same as above, Dd leads to dense color, bb leads to brown color but the presence of the O allele means the cat will be orange.  The cat is an orange male.


4.  aaCcddbbXOXO -  Same as the previous cat except that it is a female with diluted(dd) color.  Therefore the cat is a cream female.


5.  aaCCddbbXoXo -  Same as cat 4 except the bb leads to brown color which is diluted by dd.  The cat is a female with Lilac fur(grayish-brown).

6.  aaCcDdBBXOXo -  Same as cat 1 except that it is a female heterozygous at the O Locus.  Based of the Lyon Hypothesis this cat will have patches of orange and black fur and will be a Tortoiseshell female.

White Coat Color Gene Loci  - White color can originate from certain genotypes of 3 separate gene loci.


1.  C locus - As mentioned earlier the cc genotype leads to an albino cat regardless of all other genes.  No melanin pigment is produced in a cc cat.  In addition, this locus contains other alleles for color development, i.e., the C locus has a series of multiple alleles in which C>cb>cs>ca>c.  In this series each allele is recessive to those preceding it.  In a cbcb or cbc- cat, black is lightened to sepia and orange to yellow.  cs lightens the coat even more towards an off-white with the points(ears, feet, nose, and tail) remaining the color determined by the remainder of the genotype,e.g., a cscs or csc- cat(most Siamese cats) who is BB or Bb is off-white with black points.  The eyes of cscs cats are blue.  ca lightens the coat to white:  caca cats are white with blue eyes.  Finally there is the c allele, which is recessive to all others in the series.  cc cats are true albinos, with white fur and pink eyes.


2.  W Locus - Unlike cc cats, WW and Ww cats do have melanin, but the melanocyte cells fail to migrate properly during embryonic development producing white coats.  Eye color is blue, yellow or odd eyed (one blue, one yellow).  Deafness sometimes 

develops in cats with these genotypes - especially the blue eyed cats.  Cats that are ww have normally expressed pigment.


3.  S Locus - Alleles at this locus show incomplete dominance.  SS cats are mostly white, but have normally pigmented spots.  Ss cats have white confined to under parts (white socks, legs, belly, part of the face, or they may be half white).  In feral or alley cats, the S allele is common, and many individuals are Ss, with white legs, ruff, and belly combined with agouti, black or other colors on the rest of the body.  ss cats have no white parts.

Examples


1.  wwSsCcaaDDBbXoXo  -  black female with white under parts


2.  WwssCCaaDdbbXOXO  - white female with blue or yellow eyes


3.  wwSScscaaddbbXOXo  -  female tortie with lilac and cream patches.  
However the SS genotype will limit the tortie pattern to the back, and the csc will 
lighten the coat making the patches indistinct.  This cat would be very difficult to 
genotype.


4.  wwSsCcbaaddBBXOY  -  cream tomcat with white under parts


5.  WWssccaaDDBBXOY  - pink eyed albino tomcat because of cc, possibly 
deaf because of WW.

Inheritance of color patterns:

T Gene Locus  - controls the striping pattern of Tabby cats.  All cats are actually tabbies but the tabby pattern is indistinct in the self-cats that are aa, XoXo, or XoY in genotype.  It is invisible in white cats.  The tabby pattern appears as red stripes in XOXO and XOY orange cats.  This is true no matter what the genotype at the A locus may be.  

      The AA and Aa genotypes give rise to Agouti coats, as mentioned earlier.  Feral cats are most often T_A_D_B_XoXo (or XoY) black tabbies.  Dashes indicate the cat may be homozygous or heterozygous dominant.  The overall color of this black tabby is agouti with vertical wavy blackish-brown “tiger” stripes.  If the genotype is aa, the color of the cat above is black instead of agouti.  If the cat is XO_ it will be an orange tabby - the A and B locus are no longer expressed.

There are two major alleles at the T locus - T and tb.  TT and Ttb tabbies have the vertical stripes and are called Mackerel tabbies.  tbtb cats are blotched tabbies;  their stripes make wide, indistinct whorl patterns on their flanks.

Examples

1.  T_wwCCssAaDDBBXoXo  - mackerel black tabby female


2.  tbtbwwCcSsAADdbbXoY  -  brown blotched tabby male with white 
underparts


3.  TTwwCCssAaddBBXOxO  - cream mackerel tabby female

Other interesting gene Loci:

L Locus - controls hair length.  LL and Ll cats are shorthaired and ll cats longhaired.  Persians, Himalayan, and Maine Coon cats are longhaired breeds.  Siamese, American shorthaired, and Burmese cats are typical shorthaired breeds.

M Locus - controls tail length.  The dominant M allele cause short or non-existent tails as seen in Manx cats.  The MM genotype is lethal in embryonic stages.  Mm causes the tail to be absent.  The mm genotype causes tails of normal length.

Fd Locus - Fold-over ears is caused by the dominant allele Fd and the normal pricked ear shape is caused by the fdfd genotype.  Scottish fold cats are examples of this type of ear shape.  Cats that are homozygous dominant usually have an arthritic disease.

Guiding Questions:

Vocabulary:

Materials:


color slides or pictures of cats


cat identification books


slide projector




live cats(if possible - get permission 







from school administrator)

Safety Notes:

1.  If you use live cats to determine their genotypes, remember that some students may be allergic to cats.

Procedure:

1.  Use the information gained in the introduction of the lab to determine the genotype of the cat pictures or cats you see in the lab.

2.  Complete the attached worksheet.

Student Evaluation

                                             

Cat Genetics       
                 









          Name____________________
Questions prepared by:  Mr. Patrick Frazier, Biology teacher, Huntingdon Area High School

Completion:
1.  Colors and patterns of fur reveal the products of many _________________genes.

2.  There are about _____major gene loci that determine coat color.

3.  The C locus is an example of ____________alleles in that there are three or more different alleles that may be working.

4.  A __________color is a solid color with no prominent spots or stripes.

5.  The major pattern gene is the _____locus, which governs the striping pattern of ___________cats.

6.  _________________ is a yellow-brownish gray color created when each hair has bands of black and light melanin pigments.

7.  A ccBB cat is an albino because the c allele is ______________ to the B allele.

8.  The d allele in the homozygous state causes coat color to be less dense or _________.

9.  The O locus is unique in that it is the only coat determining allele found on the _____ chromosome.

10.  A female tortie is a good example of the ________ hypothesis in that one of the X chromosomes has been inactivated in some epidermal cells, only to be activated in others which have the other X chromosome inactivated.

True-False(If false, change the underlined word or phrase to make the statement correct.)

_______________11. The genetics of wild species are fairly well known.

_______________12.  A cc genotype produces an albino with blue eyes.

_______________13.  Usually one allele is dominant to others at that locus, and the 



patterns of inheritance follow the well-known Mendelian laws of 



segregation and assortment.

_______________14.  In ddbb cats, brown is lightened to lilac.

_______________15.  All solid color cats, excluding some white individuals, are AA or 



aa in genotype.
_______________16.  A XoY cat would be expected to be a tortie.

_______________17.  C,W, and S alleles interact to produce white fur.

_______________18.  ca is recessive to C, but epistatic to the B allele.

_______________19.  Orange cats cannot have their A and B loci determined by visual 



observation of their fur.

_______________20.  The C series of alleles is epistatic to W and S alleles.
Write the phenotype for each of the following genotypes:

_______________21.  aaDdbb

_______________22.  AaDDBb

_______________23.  aaddBb

_______________24.  aaccDdBb

_______________25.  aaCcDDBbXoXo
_______________26.  aaCCDdBBwwTTXoY

_______________27.  AACcDDbbwwSsTTXoXo
Problem Solving:  Consider only the A, C, D, and B loci to solve the following.

________28.  What is the probability of a cat that is homozygous dominant at the A, B, and D loci having a kitten that is brown when mated to a test cross cat of the opposite sex?

________29.  If two individual cats who are heterozygous for each of the A, C, D, and B genes are mated, what is the probability of them having a Lilac kitten?

Now consider the O locus in addition to the four listed above.

________30.  What is the probability of a female orange tabby having a kitten like herself when mated to a black tomcat?

________31.  What is the probability of a female orange and black cat giving birth to a brown male kitten when mated to a black tomcat?  ( Assume both adult cats to be heterozygous at the B locus, but homozygous at the A, C, and D loci.)

Given four pictures of cats, write the probable genotype for each:

________________________32.  _______________________33.

________________________34.  _______________________35.

Discussion (36-40): Explain on the back of this page why it is often difficult to state the genotype of a white cat.
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O = orange fur (This gene is sex linked to the X chromosome and will
override the B locus)
x2Xx%or XON — orange fur (female & male)
dd - dilutes orange to cream
00 = other genes expressed

W = white fur (blue, yellow, or odd eyes) ‘e ’

Y =

SS = mostly white with normal or spotted backs

Ss = white underparts (“socks™ & belly)

T= (only expressed if AA or Aa)

"¢ = mackeral tabby (stripes which have a whorled pattern)

‘ = ’ ~ Fill in the Blanks
1.r\aBB('chX"X"stw'l"l' =

2aBBCedd  XOXOSsTT =

|
[aaBBCCDDXXSSTT =

4
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Cat Genetics

Gene Loci


        Phenotype

A .........................................
_____________________

Aa.........................................
_____________________

C..........................................
_____________________

cc.........................................
_____________________

B..........................................
_____________________

bb.........................................
_____________________

D..........................................
_____________________


d.................................  
_____________________
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				Fill in the Blanks


 


       Genotype		Phenotype


 aaBbCCDd=__________________________________________





 2.  aaBBCCdd=__________________________________________


 


 3.  aaBbccDd=___________________________________________





 4.   _�������������______________= a lilac cat
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