Dennis Christensen 12-06-2004

Longhair Genes in British Shorthair Cats
Originally all cats were shorthaired until a mutation in the gene controlling hair length occurred. Several long hair breeds based on this gene have been developed. The Persian is an example. The British Shorthair cat is shorthaired and the longhair gene should not be present in any cats of this breed. British Shorthair’s have been out crossed to Persians until the early 80’s, to get some of the colors of the Persians into the Brit’s. Because of this the British Shorthair breed is polluted by long hair genes. This article will discuss how to remove the long hair gene from the British Shorthair breed again.
The Problem

Is it a problem to have long hair genes in a shorthair breed? Or how big a problem is it? There are two answers to that question, and we do not know which one is correct.

1. A cat is either longhaired or shorthaired and a longhair gene carrier will look just like a real shorthaired cat and the only problem is that we will get longhaired cats now and then when two carriers are mated. Because carriers look like shorthaired cats we will not see them.

2. A carrier has a longer and/or denser coat than the true shorthair. If this is true then the problem is severe and it should be removed. If we can detect carriers by looking at their fur or by measuring the hair length we have a way to easily identify carriers and it is easier to fight the problem.

The fact that the S gene does not make cats white or non - white, hints that 2 might be the correct answer. Cats that are heterozygote for S are white in differing degrees. A parallel to this for the L gene could mean that carrier cats (heterozygote for L) have longer hair than homozygote shorthairs. That is – the longhair gene is not recessive, but partially dominant.
The article is correct whether 1 or 2 is the correct case.
Test Mating
Mating a known shorthaired- longhair gene carrier to a genetically unknown cat is done to test this cat for the longhair gene. We only want to use it in further breeding if it is not a longhair gene carrier. When mating British Shorthair cats where both cats are shorthaired, but carry a longhair gene, the probability that kittens are shorthaired is 75%. The probability that kittens are longhaired is then 25%. Out of the75% shorthaired 2/3 will be carrying the longhair gene. If we get 1 kitten which is longhaired we know that our cat is a carrier. If a cat is not a carrier and mated with a carrier all kittens will be shorthaired but half of them will statistically carry the long hair gene. If continued mating between the two cats one known carrier and one unknown give us shorthaired cats we believe that our unknown cat is not a carrier and the probability this is true is getting closer and closer to 100% (but never reaching it) as more shorthaired kittens are born. The important thing is how many kittens we have to produce before we can tell with e.g. 99.9 % probability that our cat is "clean". If we get X kittens which are shorthaired we know with some probability Y that our cat is not a carrier. We want to calculate Y for X = 1, 2 etc. How do we do this? Assume the following:

A = the event that a short-haired cat is a carrier of the long-hair gene
B = the event that the cat above crossed with a carrier cat has a kitten with short hair

Since the long-haired gene is recessive, it follows that:


(1) 
P(B|A) = 0.75

Also, since a non-carrier cat crossed with a carrier cat cannot have a long-haired kitten:


(2) 
P(B|A') = 1

Now suppose we investigate x successive kittens. We define Bx as the event that the unknown cat has x kittens all with short hair. Since we can assume that the genetic makeup of different kittens is statistically independent, we have:


(3) 
P(Bx|A) = P(B|A)^x = 0.75^x


Also:


(4) 
P(Bx|A') = 1

From probability theory we have:


(5) 
P(Bx) = P(Bx|A)*P(A) + P(Bx|A')*P(A') = 0.75^x *  P(A) + 1 * (1 - P(A)) 
= (0.75^x - 1)*P(A) + 1

We also know that (from probability theory):

(6) 
P(A|Bx) = P(A&Bx) / (P(Bx)


and:


(7) 
P(Bx|A) = P(Bx&A) / P(A)

Substituing (7) in (6) we get:


(8) 
P(A|Bx) = P(A) * P(Bx|A) / P(Bx)   = 0.75^x * P(A) / [(0.75^x - 1)*P(A) + 1]

Since we want the probability of the cat not being a carrier given x observations of short hair:


(9) 
y = 1 - P(A|Bx) = 1 - 0.75^x * P(A) / [(0.75^x - 1)*P(A) + 1]

Equation (9) above gives us what we want, provided we have an accurate estimate of the probability that a short-haired cat is a carrier. P(A) is something that you can only determine through taking many samples and is dependent on the prevalence and the odds of survival of the various kinds of cats. If we want to have a "worst case" approximation, we can probably take P(A) as 0.66, since that is the percentage of shorthair cats that will
be carriers in a carrier to carrier cross (the "worst case" scenario). However, assuming that people tend to avoid long-hair cats, the long hair gene may be quite rare and 0.66 may thus be totally unrealistic. 

Taking P(A) as 0.66, we get:

	X
	Y

	1
	0.400

	2
	0.471

	3
	0.542

	4
	0.612

	5
	0.678

	6
	0.737

	7
	0.789

	8
	0.833

	9
	0.869

	10
	0.899

	11
	0.922

	12
	0.940

	13
	0.955

	14
	0.966

	15
	0.974

	16
	0.980

	17
	0.985

	18
	0.989

	19
	0.992

	20
	0.994

	21
	0,995

	22
	0,997

	23
	0,997

	24
	0,998

	25
	0,999


 
However, as mentioned, it does not help much unless we know the odds of a random short-haired cat being a carrier ( = P(A) ). Once this is known then the odds of a specific cat being a carrier given that it has had x kittens all with short hair (when crossed with a known carrier) can be determined. If we have a general idea in what range P(A) lies, then we can at least calculate a worst and best case scenario.

An idea: why not rather cross the unknown cat with a cat with long hair? If the cat is a carrier then 50% of kittens should have long hair (otherwise none). Since the odds of having a cat with long hair is now double what it was before, you can get a better y for fewer x observations. Of course all the kittens will be carriers, but you can always sell them as pet cats. The resulting formula looks like this.
(10) 
y = 1 - P(A|Bx) = 1 - 0.50^x * P(A) / [(0.50^x - 1)*P(A) + 1]

Taking P(A) as 0.66 like before, we get:

	X
	Y

	1
	0,507

	2
	0,673

	3
	0,805

	4
	0,892

	5
	0,943

	6
	0,971

	7
	0,985

	8
	0,992

	9
	0,996

	10
	0,998

	11
	0,999


Let us graph the two tables for comparison.
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Figure 1 Testmating effectiveness. Carrier versus Longhair.
The upper curve is the probability that a cat is carrier if it has had X number of kittens that are shorthaired while mated to a longhaired cat and no longhaired kittens are born. The lower curve is the probability that the cat is carrier while test mated to a carrier.
It is seen that using a longhair cat and not just a carrier makes test mating far more effective. Only 11 shorthaired kittens as outcome of the test mating are needed for 99.9 % probability that our cat is a true shorthair if test mating is done to a longhair, versus the 25 kittens needed if the test mating is done to a carrier.

Why do we need P(A). 

 (a) Say one in a million short-hair cats carry the long-hair gene. Without doing any experiments, what can you say about a random short-haired cat taken off the street? All you can say is that there is a one in a million chance that the cat is a carrier, i.e. P(A) = 0.000001. If crossing this cat with a known carrier produces a short-haired kitten, then the odds of the cat being a carrier is somewhat reduced - say for argument's sake 1 in two million (you can work out the exact number using my formula).
(b) Now assume that half of short-haired cats out there carry the gene.Without doing any experiments, what can you say about a random short-haired cat taken off the street? All you can say is that there is a 50% chance that the cat is a carrier, i.e. P(A) = 0.50. Now if crossing this cat with a known carrier produces a short-haired kitten, then the odds of the cat being a carrier is again reduced - say for argument's sake to 40%. We see that the probability of the cat being a carrier, given X observations of short haired kittens depends greatly on the odds that the cat is a carrier in the first place. It might sound like a catch 22, but this is the best we can do with the given information. If you know a lot about the cat's history you can probably take a good guess at the odds of the cat having the gene. Then, after crossing your cat with a known carrier you can reduce that probability with the formula.

An Example of an Outcross to a Persian

Let us walk through the example of crossing a British Shorthair with a Persian (to get new color variants in the British Shorthair’s e.g.). The first generation will be half Persians and half British shorthairs. We make a checkerboard with ll representing a long haired cat, LL representing a short haired cat and Ll representing a shorthaired cat carrying the longhair gene.
	
	l.
	l.

	L.
	Ll
	Ll

	L.
	Ll
	Ll


All cats will be shorthairs, but carry the long hair gene. They are experimental cats and can evidently not be called Persians or British Shorthairs. There is no true shorthair cats to use in further breeding and we need a new generation, which are more British shorthair, less Persian and which are not longhair gene carriers.

We cross our first generation experimental cats with true British Shorthairs and get 

	
	L.
	l.

	L.
	LL
	Ll

	L.
	LL
	Ll


Half of the cats are statistically not carriers of the long hair gene and we want to find them and use them in further breeding. It is still experimental cats, now ¼ Persian and ¾ British shorthair.

Then we test mate our second generation experimental cats to separate the carriers from the non-carriers. 
When we have found 1 or more cats that produced many shorthair kittens and no longhairs, we can use them in breeding. Only thing left is to breed all other Persian properties than the wanted color out by mating to real British Shorthair cats for more generations. Breeding one more generation might suffice. These third generation cats are 1/8 Persians and 7/8 British shorthairs and depending on ones conviction and the strictness of the law of breeders, it might be reasonable to call them British Shorthairs.

Simulating Longhair Gene Carriers in a Population

It is interesting to get an overview of how the number of carrier cats in a population will develop over time when bred under different rules. The knowledge we gain from such an investigating can be used to make some rules that will lead to an elimination of the problem over the years. The main point is to find out how rapidly, or not, the number of carrier cats will decrease when breeding is controlled by different rules.

Rule 1

Cats are allowed to breed randomly. That is – Rule no 1 is no rule.

Rule 2

No longhaired cats are used in breeding.

Rule 3

The male is genetically a shorthair = non-carrier. The female is not longhaired.

Rule 4

The male is genetically a shorthair = non-carrier. The female is not longhaired. The female is test mated once to a carrier male and 4 kittens are born. If no longhaired cats are born there is a 61% probability that she is not a carrier. If she is detected as carrier she is not used in breeding.
Rule 5

All males and females must be known to be shorthaired = non carriers, before used in breeding.
Rule 6

Is the rule praticed under Felis Danica. If a longhaired kitten is born then all cats in that litter is marked as variant = “Var”. All kittens that are descendants from a “Var” kat is marked as “Var”. Breeders can breed on “Var” cats as they please. In this article it is assumed that no breeders breed on “Var” cats.
Rule 7

The male is genetically a shorthair = non-carrier. The female is not longhaired. The female is test mated once to a long haired cat and 4 kittens are born. If no longhaired cats are born there is 82.9% probability that she is not a carrier. If she is detected as carrier she is not used in breeding.
The Outcome of a Mating

A cat can be shorthair, longhair or carrier. When mating two cats 6 combinations exist.

· Shorthair – shorthair

· Longhair – longhair

· Carrier – carrier

· Longhair – carrier

· Shorthair – carrier
· Longhair – shorthair

The outcome of each of the 6 matings is
Shorthair-shorthair

100% shorthair

Longhair – longhair

100 % longhair

Carrier – carrier

50% carrier, 25% longhair and 25% shorthair

Longhair – carrier

50% longhair and 50% carrier

Shorthair – carrier

50% shorthair and 50% carrier
Longhair – shorthair

100% carrier

Simulation

The algorithm goes like this:

1. Create a population with a certain percentage of carriers and longhairs. Cats are between 0 and 13 years old and there is an equal amount of all ages. 50% are males and 50% are females.

2. Wait one year

3. All cats older than 13 years die.

4. Mate enough cats to get kittens enough to replace dead cats. Each mating results in 4 kittens.

5. Plot number of carriers.

6. Goto 2 if end of simulation is not reached

Results
All simulations are run with an initial carrier percentage of 5% and an initial long hair percentage of 0%.
Rule1

Rule number 1 is: Cats are allowed to breed randomly with respect to longhair genes. This means that breeders are doing nothing to fight the problem and ignores the existence of longhair gene carriers and even longhaired cats.
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Figure 2 Percentage of carriers as function of time under rule 1

The percentage of carriers remains at approximately 5% where it started.

Rule 2

Rule number 2 is: No longhaired cats are used in breeding.

We expect this rule to be better at reducing the amount of carriers than not doing anything.
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Figure 3 Percentage of carriers as function of time under rule 2
It is a little better but not impressive. This rule is the least restrictive that responsible breeders follow. It is important to understand that the problem is not getting worse over time under this rule.
Rule 3

Rule number 3 is: The male is genetically a shorthair = non-carrier. The female is not longhaired. This rule can fairly easy be implemented by responsible breeders. It is relatively easy to secure that the male is a true shorthair by performing a number of test matings. We can mate him to 5 carrier queens and hope this will result in 20 kittens. If they all are shorthaired we know with a probability of 99.4% that he is a true shorthair. We can also mate him to 2 longhaired queens and hope this will result in 8 kittens. If they all are shorthaired we know with a probability of 99.2% that he is a true shorthair.Securing that the queen is not a longhair is easy too (
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Figure 4 Percentage of carriers as function of time under rule 3

Unfortunately this is not enough to get rid of the problem. The carrier percentage stabilizes at approximately 2.5 % if we start out with 5%.

Rule 4

Rule number 4 is: The male is genetically a shorthair = non-carrier. The female is not longhaired. The female is test mated once to a carrier male and if she is detected as carrier then she is removed from breeding. If 4 kittens are born and there are no longhaired cats between them there is a 61% probability that she is not a carrier.

This rule is a little stricter than rule 3 and a lot more cumbersome to implement for the breeder. We have to test mate the female once on average to get 4 kittens. If they are not longhaired we are allowed to use her for further breeding. This will add a ¾ year delay in a breeding system and this is quite irritating for the breeder. 
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Figure 5 Percentage of carriers as function of time under rule 4

But fortunately we see that the system successfully removes the problem. The curve goes down at a fast rate in the first 14 years. After 14 years, which is the expected medium lifetime of a cat, the curve has a bend and it takes another 15-20 years to make the problem insignificant.

Is this rule leading to a reduction in the available gene pool? The answer is yes and no. A carrier cat is allowed to produce cats up to the date where we apply the rule. If we pick many kittens from this cat for use in breeding then there is a big chance that we will find a non carrier that will bring further that cat’s genes, except the longhair gene. If we on the other hand apply the rule over night there is a chance that some blood lines will be terminated if all the remaining cats in this line are carriers.

We must conclude that some work must be done before the rule is applied to make sure that many cats representing each line are available for breeding after the rule is implemented.

Rule 5

Rule number 5 is: All males and females must be known to be shorthaired = non carriers, before used in breeding.

This rule is the strictest. If we do not have access to a DNA test for the longhair gene it involves a lot of test breeding. 
The male and the female must both be test bred to carrier cats and at least 40 shorthaired cats must be the result. 20 of these having the male as father and 20 of them having the female as mother. This means that the female on average must have 5 litters before she can be accepted for breeding and this will be unacceptable to most breeders. 
If we test breed against longhaired cats the number of needed kittens are reduced to 8 or 9 and only 2-3 litters is needed to validate the male and, more important, the female.
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Figure 6 Percentage of carriers as function of time under rule 5

This rule is as successful as it can be. No carriers are introduced into the population and as soon as all the original cats are dead, the problem is solved.

Rule 6

Is the rule praticed under Felis Danica. If a longhaired kitten is born then all cats in that litter is marked as variant = “Var”. All kittens from a “Var” kat is marked as “Var”. Breeders can breed on “Var” cats as they please.

In this article it is assumed that no breeders breed on “Var” cats and this will show the rule from its best side.
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Figure 7 Percentage of carriers as function of time under rule 6

It is seen that this rule has no effect and there is no reason to apply it. It further has the unwanted side effect that some non carriers are marked as ”Var” and thus taken out of breeding without any reason. This reduces the effective gene pool, which is unwanted.
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Figure 8 Percentage of  ”Var” cats as function of time under rule 6

After an initial rise the percentage of ”Var” cats fades out again. Only 0.17 % of the population will be marked at the peak after 12-14 years. This explains the problem with this rule. The carriers are not revealed because they are seldom mated to each other and not all of these matings will result in longhaired cats. Therefore carriers will just hide in the population and bring their unwanted longhair gene to the next generation.

Rule 7
Rule number 7 is rule number 4 with the only change that a longhaired male is used to testmate females and not a carrier male. The male is genetically a shorthair = non-carrier. The female is not longhaired. The female is test mated once to a longhaired male and if she is detected as carrier then she is removed from breeding. We assume that an average litter consists of 4 kittens. If no longhaired cats are born there is a 89.2 % probability that she is not a carrier.
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Figure 9 Percentage of carriers as function of time under rule 7
It is seen that this rule is very efficient. Also taking in consideration that it is no harder to apply than rule number 4 it is the rule of choice.
The Effect of Initial Carrier Percentages

We do not know how big the percentage of carriers is in the real world British Shorthair population. The above simulations used 5 % as the initial value. It is necessary to investigate what happens if the initial carrier percentage is something else. We have found that rule number 7 is the most interesting and will use it for all the simulations in this chapter.
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Figure 10 Rule number 7. Initially 10% carriers.
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Figure 11 Rule number 7. Initially 20% carriers.
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Figure 12 Rule number 7. Initially 30% carriers

It is seen that the rule is efficient at all initial carrier percentages in the range 10-30%. The graps all have the same shape, but it takes longer to get rid of all the carriers if the initial percentage is higher.
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Figure 13 End carrier percentage versus intial carrier percentage under rule 7
This curve shows that the rest carrier percentage after 30 years of breeding under rule 7 depends on the initial carrier percentage. The first axis is initial carrier percentage. Second axis is end carrier percentage.

It would also be interesting to know hom many years it takes to get the carrier percentage below a given threshold given a certain initial carrier percentage.
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Figure 14 Nof of years to get below 0.1 % carriers versus intial carrier percentage under rule 7
It is seen that it takes a lot longer to get rid of the long hair gene when the intial percentage of carriers goes up. As the initial carrier percentage approches 100 the number of years reach 30. If the initial carrier percentage is in the 5-10% range we need 16-20 years. Remember that in the last 14 years there is no activity needed from the breeders. The first 2-6 years they have to test mate and after that they can just sit back and wait for the carriers to die.

Practical Considerations

It is necessary to keep a number of ”British Longhair” or known carriers for testmating. If a female can be mated once a year then we need 2-3 females to be able to validate one male per year. This is probaly enough in a small country like Denmark. Only one longhaired or carrier male is needed as he can mate many queens per year. 
Before applying the rule the breeders should have some time, perhaps 2 years, to make sure that all lines are represented by more cats such that the probability it has to be terminated because all cats are carriers is low. Carrier cats can be located or British Longhairs can be bred through these 2 years. It is also necessary to start validating old studs as soon as possible because there are not enough female test cats available to validate them all at the same time when entering the active period. The test stud can be used to mate all the old female breding cats 2 or 3 in the 2 year start up period.
While entering the active period all old breeding cats must have been validated.

In the active period all new breeding cats must be tested before they are used.
All imported cats must be tested before used in breeding, also after the danish cats have been ”cleaned”.

Perspectives

All illnesses inherited via one gene shows the same behavior as the longhair gene. Therefore all the results from this article applies to them as well.

Conclusion

Strict rules are necessary to get rid of longhair genes. These rules put a severe burden on the breeders. Still it is possible to fight the problem effectively. Thanks go to those who introduced the long hair gene in the British shorthairs (
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