Probability, Hardy-Weinberg, and Epilepsy
Part 1:  How Many Carriers?

by Valerie Young, PhD (ChE)

This article is the property of Valerie Young, and may only be reproduced with her permission.  It was first published in The Starter Barks, the newsletter of the Welsh Springer Spaniel Club of America. 
            What percentage of the apparently healthy Welsh Springers are potential producers of epilepsy?  What are my chances of producing an epileptic puppy?  What are the chances that my dog is clear?  How many puppies must a dog produce before I can believe he is clear?  In the absence of a genetic test for carrier status, these questions can be answered using principles of population genetics.  

            Warning:  this article is written by a “science-type”; it contains numbers and equations. Don’t panic.  You can work through this yourself with some paper, a pencil, and a basic calculator.  I promise all this is easier to understand when it is applied to something you care about, like Welshies.  Because the discussion is applied and not theoretical, some experts may find my definitions oversimplified.  Public constructive criticism is welcome.

            Assume that epilepsy is “a simple autosomal recessive trait” in the WSS.  “Autosomal” means that a single pair of genes controls epilepsy in your dog.  Your dog got one gene from each parent.  There are two choices for each gene:  “dominant” and “recessive”.  Like a noisy puppy, the dominant gene always makes its presence known.  You can only observe the effects of the recessive gene if the dominant gene isn’t there.  The recessive gene causes epilepsy, but your dog is only epileptic if he has two recessive genes (one from each parent).  Write that genotype ee; the lowercase letters denote recessive genes.  If your dog has one or two dominant genes, he appears to be normal, and his genotype could be Ee or EE.  The capital letters denote dominant genes.  “Simple” means there is no complicating stuff like incomplete penetrance or sex-linkage.

            Previous research in the UK and Holland showed the “simple autosomal recessive” model almost fits the pedigree data we have for epilepsy in the WSS, but it is unproven and imperfect.  For example, the model predicts there should be more epileptic females than there are.  (See article in the 1988 British club yearbook by Dr. M.B. Willis.)  Still, it is worth using.

            Assume that q is the fraction of e genes in the WSS population, and p is the fraction of E genes.  Each dog has two genes, and p + q = 1.  (Each gene is either E or e.  If half of the genes were E, for example, then the other half would have to be e.  So p would be 0.5 and q would be 0.5.  All the fractions must add up to one whole.  So p + q = 1 and p = 1  q and q = 1  p.) 

            All dogs in the population are either EE or Ee or ee.  What is the chance of being EE?  If you pick the first gene at random, the probability of it being E is the same as the fraction of all genes that are E.  Same for the second gene.  (We assume the population is big enough that when you take out one E gene, you haven’t significantly changed the fraction of E genes available.  Either work out the numbers yourself, or just trust me that the population of WSS is big enough.)  So the probability of each gene being E is p, and the probability of both genes being p is p  p, or p2 (this is also the fraction of the WSS population that is EE).  Likewise, the probability of being ee is q  q, or q2 (also the fraction of the WSS population that is ee).  Both EE and ee are called “homozygous” genotypes, meaning both genes in the pair are the same.  “Heterozygous” means the genes are different, Ee or eE, so there are two ways to be heterozygous.  In both cases the dog appears normal but it carries the gene for epilepsy.  The probability of being heterozygous (and the fraction of heterozygous Welsh) is p  q + q  p, or 2  p  q.  Since all WSS must be either homozygous or heterozygous, all of these fractions add up to one.  

p2 + (2  p  q) + q2 = 1

            This is a mathematical statement of the Hardy-Weinberg Principle, a basic tenet of population genetics.  Strictly speaking, it applies only to infinitely large populations, but it has been used successfully to improve livestock breeding for decades, and will work just as well for us.  This equation doesn’t look like much, but it controls how fast you can improve the breed.  According to the Hardy-Weinberg principle, when you have a recessive characteristic like epilepsy, most of the genes for it hide in the apparently normal population, and as you work to eliminate it progress gets slower and slower.  It’s easier to understand with numbers in it.

            Numbers from the Dutch club’s study of epilepsy suggested about 3 % of Welsh were epileptic (see that Willis article again).  This seems reasonable to me, since 5 % would mean that one of every 20 Welsh is epileptic and I think that’s high, but 1 % seems too low.  I will assume the fraction of epileptic Welsh (genotype ee) is 0.03.  

q2 = q  q = 0.03           or             q = 0.1732

p = 1  q = 0.8268

So 17.32 % of the epilepsy genes out there are recessive, but only 3% of the population is epileptic.  What percentage of the Welsh are carriers, and what percentage are clear?

Fraction of Clear Welsh = p2 = (0.8268)2 = 0.6836

Fraction of Carriers = 2  p  q = 0.2864

Check we’ve accounted for the whole population:  0.6836 + 0.2864 + .03 = 1

So 28.64 % of all WSS are carriers.  What percentage of the apparently normal WSS are carriers?  After all, we are selecting breeding stock, and no one would purposely use an epileptic dog, but you can’t tell the difference between the Ee and EE genotypes by looking. 

Fraction of Apparently Normal WSS:  0.6836 + 0.2864 = 0.97

Fraction of Apparently Normal WSS Who are Ee:  0.2864 / 0.97 = .2953 = 29.53 %

            Wow!  Is the test for carrier status really a magic bullet?  Are you willing to exclude nearly 30 % of WSS from your breeding program?  People who won’t breed without OFA numbers have excluded a lot of Welsh from consideration and still produced titled Welshies; is this different?  What about temperament, hunting instincts, conformation, coat, and type?  What about hip dysplasia, glaucoma, allergies, entropion, and hypothyroidism?  If we had the DNA test, how many of these other considerations would have to be right to convince you to include a known carrier in your breeding program?  Would you breed a carrier only to a dog/bitch proven clear?  Would you test all the puppies?  What would you do with the carriers produced?  Would you ever breed two known carriers?  Would you test all the puppies?  Would you euthanize all the puppies who were ee?  What if all ee puppies don’t necessarily develop seizures (this may be the case with bitches, since fewer are epileptic than the model predicts), would you still euthanize the ee’s?  How do your answers depend on the cost of the test?  Food for thought.

Probability, Hardy-Weinberg, and Epilepsy
Part 2:  What Are My Chances?
by Valerie Young, PhD (ChE)

            What percentage of the apparently healthy Welsh Springers are potential producers of epilepsy?  What are my chances of producing an epileptic puppy?  What are the chances that my dog is clear?  How many puppies must a dog produce before I can believe he is clear?  In the absence of a genetic test for carrier status, these questions can be answered using principles of population genetics.  

            Warning:  this article is written by a “science-type”; it contains numbers and equations. Don’t panic.  You can work through this yourself with some paper, a pencil, and a basic calculator.  I promise all this is easier to understand when it is applied to something you care about, like Welshies.  Because the discussion is applied and not theoretical, some experts may find my definitions oversimplified.  Public constructive criticism is welcome.

            In Part I, I demonstrated that 29.53 % of apparently normal Welsh carry the gene for epilepsy, based on the assumptions that 3 % of Welsh are epileptic, that epilepsy is a simple autosomal recessive trait, and that the Hardy-Weinberg principle applies to dog breeding. Additional copies of Part I are available by sending the author a SASE.

            If your bitch is not epileptic, and you know nothing else about her epilepsy status or that of her parents, the probability that she is a carrier is 0.2953.  The probability that the stud dog is also a carrier is 0.2953, given the same knowledge about him.  

Probability of Crossing Two Carriers:  0.2953  0.2953 = 0.0872

Probability of Crossing Two Clear WSS:  0.7047  0.7047 = 0.4966

Probability of Crossing Clear with Carrier:  (0.2953  0.7047) + (0.7047  0.2953) = .4162

Check All Possibilities are Accounted for:  0.0872 + 0.4966 + .4162 = 1

So, if you pick two random healthy Welshies, your chances of crossing carriers are only 8.72 %, even though nearly 30 % of Welsh are carriers.  No wonder people manage to get lucky!  

            Suppose, though, that you know your bitch’s father was a carrier.  The chances of your bitch being a carrier are no longer 30 %.  The easiest way to see this is by drawing Punnett squares, another tool of geneticists.  The sire’s genotype goes across the top; the dam’s genotype goes down the side, and the possible genotypes of the progeny go in the boxes.  Your bitch’s sire was Ee, but your bitch’s dam could be EE or Ee (let’s assume she wasn’t epileptic herself), leaving you with two possible matings to produce your bitch:
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            Probability of the first mating occurring is 0.7047, and if that mating did occur, the probability your bitch is a carrier is 2/4, or 0.5.  Probability of the second mating occurring is 0.2953, and if that mating did occur, the probability your bitch is a carrier is 2/3, or 0.6667.  (Note that it is NOT 2/4, or 0.5, because you know your bitch is NOT epileptic.  That leaves three possibilities for your bitch:  EE, Ee, and eE.  Since two of the three are heterozygous, chances are 2/3 she is a carrier if both of her parents were.)  

Probability Your Bitch is a Carrier: (0.7047 0.5) + (0.2953  0.6667) = 0.5492

Probability Your Bitch is Clear:  (0.7047  0.5) + (0.2953  0.3333) = .4508

Given the 54.92 % probability that your bitch is a carrier, your chances of mating two carriers have nearly doubled (0.5492  0.29533 = 16.22 %).  If you know both of your bitch’s parents were carriers, your chances of mating two carriers are 0.6667   0.2953 = 19.69 %. If you know your bitch is a carrier, your chances of crossing two carriers are now 1  0.2953 = 29.53 %.  You should be able to work out further probabilities based on knowledge of the sire and his parents.  Remember, anything you know is true has a probability of 1.

            BEWARE:  probability doesn’t PROVE anything about your particular bitch; your bitch is either a carrier or she isn’t.  Probability says that if you had a huge number of bitches with sires and dams who were both carriers, then about 2/3 of those bitches would be carriers themselves.  If you had 100 of those bitches, maybe 60 would be carriers, maybe 65, maybe 70.  You don’t know WHICH of them are carriers, only how many (approximately). If your bitch is Ee, she is Ee, no matter what the probability says, but until you know for sure, you play the odds.  Only you can decide when the odds are good enough.  Although the odds of mating two carriers are only 9%, it can still happen three times in a row. 

            Go back to the odds of mating two carriers.  If that happens, what are the odds of getting an epileptic puppy?  They are NOT 25 %.  (It is true that if the two dogs produced a huge number of puppies, about 25 % of them would be epileptic, but we are looking for the odds of grabbing a standard-sized litter out of those hundreds of puppies and getting at least one epileptic.)  The chances of each puppy being ee are 25 % (1/4, see the Punnett square for Ee  Ee), but with multiple puppies in the litter your chances of getting at least one epileptic must be higher.

            Imagine a litter of two from two parents who are carriers.  There are 16 ways the parents’ genes can combine in those two puppies:  EE,EE; EE,Ee; EE,eE; EE,ee; Ee,EE; Ee,Ee; Ee,eE; Ee,ee; eE,EE; eE,Ee; eE,eE; eE,ee; ee,EE; ee,Ee; ee,eE; ee,ee.  Of these 16 combinations, 7 include at least one epileptic.  In a litter of two from parents who are carriers, 43.75 % of the time at least one puppy will be epileptic.  Conversely, (9/16) = 56.25 % of the time you will come away clean, none the wiser that both sire and dam are carriers.  Imagine a litter of three.  Now there are 64 possible combinations.  Of these, 37 include at least one epileptic.  Odds are (37/64) = 57.81 % you will get at least one epileptic puppy.  Counting up possible combinations gets pretty hairy after this (44 or 256 for a litter of 4, and 48 or 65536 for a litter of 8), so to make life easier use this formula:

Chances of Getting No ee from Ee  Ee = (3/4)N, where N = # puppies in litter

With eight puppies in a litter from two carriers, there is a 10 % chance that none will be epileptic.  Conversely, odds are 90 % at least one of the little guys will have seizures.  

            By mating Welshies at random, you can avoid combining two carriers by dumb luck about 90 % of the time.  But when you hit that combination, if you get a decent-sized litter, there is a high chance your kennel name will have “epilepsy” stamped on it.  And we haven’t even talked about the odds that your pick puppy is an epilepsy carrier even if it’s not epileptic.  And you don’t REALLY mate dogs at random anyway, do you?  How many dogs in your house share genetic material?  What are you willing to do to fill in the epilepsy information on those pedigrees?  Who are you willing to share it with?  Can we identify carriers without a DNA test?  What about test mating?  What about that bitch who is a carrier?  Is she “good enough” to make it worth the 30 % odds her next mate will be, too?  What information do you need about potential sires to improve your odds?

Probability, Hardy-Weinberg, and Epilepsy
Part 3:  Is This Dog Clear?
by Valerie Young, PhD (ChE)

            What percentage of the apparently healthy Welsh Springers are potential producers of epilepsy?  What are my chances of producing an epileptic puppy?  What are the chances that my dog is clear?  How many puppies must a dog produce before I can believe he is clear?  In the absence of a genetic test for carrier status, these questions can be answered using principles of population genetics.  

            Warning:  this article is written by a “science-type”; it contains numbers and equations. Don’t panic.  You can work through this yourself with some paper, a pencil, and a basic calculator.  I promise all this is easier to understand when it is applied to something you care about, like Welshies.  Because the discussion is applied and not theoretical, some experts may find my definitions oversimplified.  Public constructive criticism is welcome.

            In Part I, I demonstrated that 29.53 % of apparently normal Welsh carry the gene for epilepsy, based on the assumptions that 3 % of Welsh are epileptic, that epilepsy is a simple autosomal recessive trait, and that the Hardy-Weinberg principle applies to dog breeding. In Part II, I showed that while only about 9 % of random matings are between carriers, the odds change if either of the dogs to be mated or their parents are carriers.  Also, if there are eight puppies in an Ee  Ee litter, chances are 90 % that at least one will be ee.  Additional copies of Parts I and II are available by sending the author a SASE.

            If you bred your bitch to a known carrier, and you got no epilepsy in a litter of at least 8 puppies, you can be 90 % certain your bitch is clear.  Of course, it’s that 10 % that will come back and bite you, and maybe the pup that got smothered by mom in the whelping box or hit by a car or bit by a snake was the epileptic, but if you are playing the odds, these look pretty good.  Get 8 healthy puppies by a second known carrier and I figure you can be 99 % certain of your bitch.  As long as the sires really WERE carriers, of course.  Are we talking one or more thoroughly tested epileptic pups out of one or more bitches?

            Now suppose you bred your bitch to dogs that were NOT known carriers.  How many litters are required to “prove” she’s clear?  If your bitch is a carrier, odds in each mating that she will be matched with a carrier are 29.53 %.  If she has 8 puppies in each litter, odds are 90 % you’ll realize she’s a carrier.  With each random mating, odds are (0.9  0.2953) = 26.58 % you’ll pick it up if your bitch is a carrier.  So breed her twice.  Odds are (0.2953  0.2953) = 8.72 % she’ll be matched with a carrier both times, in which case you’d be 99 % sure of getting at least one epileptic puppy out of the 16 total.  Odds are (2  0.2953  0.7047) = 41.62 % she’ll be bred to a carrier one of the two times, and you’d be 90 % sure of getting at least one epileptic puppy out of the 16.  And odds are (0.7047  0.7047) = 49.66 % that both of her mates will be epilepsy-free.  So after two healthy litters of at least 8 puppies each by unrelated males, I figure you can be (0.0872  0.99) + (0.4162  0.90) = 46 % sure that your bitch is clear.

            With three different matings, chances are 0.29533 = 2.58 % you picked three carriers, (3  0.2953  0.2953  0.7047) = 18.44 % that you picked two, and (3  0.2953  0.7047  0.7047) = 43.99 % that you picked one.  There’s still a 35 % chance (0.70473) you managed to pick clear mates every time, but you can now be about 61 % sure of your bitch.  With litters by four different sires, you can be 72 % certain your bitch is clear.         

            Probability says seven matings with different WSS of unknown genotype are required just to be 90 % certain you haven’t mated to epilepsy-free WSS every time.  I would not consider a dog to be clear unless (s)he has produced 6-8 seizure-free puppies with each of two different known epilepsy carriers, or 6-8 seizure-free puppies with each of eight mates of unknown genotype who were not closely related to one another.  I would want to see more evidence if several of those mates had parents who were considered clear, or if I had reason to believe the breeders of those litters might not keep good contact with puppy buyers, or might withhold information about seizuring puppies.

            How will you obtain epilepsy genotype information for your dogs’ pedigrees?  In the absence of a DNA test, is it ethical to breed to known carriers to determine genotype?  You might only need two litters, but what will you do about those epileptic puppies?  What if you get small litters; will you repeat breedings?  How much information will you share with your puppy buyers?  Is it ethical to “clear” a dog by breeding to dogs not identified as carriers?  Are there eight or more suitable mates out there for your dog?  Does the WSS really need eight or more copies of your dog’s genetic information?  How long will you wait between litters?  How much information will you share with your puppy buyers?  Is it ethical to breed your dog only to dogs that are most likely clear, knowing you will not determine your dog’s carrier status and may be producing more carriers?  If you find out your dog is a carrier, who will you share that information with?  Would you ever let him/her be used for test breeding?  Food for thought.

Probability, Hardy-Weinberg, and Epilepsy
Part 4:  Stamp Out Epilepsy Now
by Valerie Young, PhD (ChE)

            There are two reasons to worry about the inheritance of epilepsy in the Welsh Springer:  to avoid producing it yourself, and to reduce the incidence of it in the breed as a whole. In the absence of DNA tests or test-breeding, how effective will our efforts to eliminate epilepsy be?  I promised in Part I that the Hardy-Weinberg principle could answer questions like this.  

            To review, assume that the inheritance of epilepsy in the WSS is simple autosomal recessive, the proportion of epileptic Welsh (ee) is 3 %, and the Hardy-Weinberg principle applies to breeding Welsh Springers.  p is the fraction of E genes; q is the fraction of e genes; p2 is the probability of being EE; 2pq is the probability of being Ee or eE; q2 is the probability of being ee (that’s 0.03); p + q = 1; and p2 + 2pq + q2 = 1; so p2 = 0.6836 and 2pq = 0.2864.  We learned earlier that about 30 % (0.2953) of the apparently normal Welsh are epilepsy carriers, and that when two epilepsy carriers are mated, there is a 90 % chance of producing at least one epileptic puppy.  We also learned, however, that if we pick two Welsh of unknown genotype, the chance of crossing two carriers is only about 9 % (0.0872).

            Let’s assume that only apparently normal Welsh are used for breeding, 29.53 % of them Ee and 70.47 % of them EE.  Call this Generation 0.  What will the distribution of genotypes in Generation 1 look like?  To calculate the probability of a dog being EE, consider that it must be EE if both parents were EE (probability 0.7047  0.7047); it has a 50 % chance of being EE if one parent was Ee and one was EE (probability (0.7047  0.2953) + (0.2953  0.7047)); and it has a 25 % chance of being EE if both parents were Ee (probability 0.2953  0.2953).  Thus, the probability of a dog in Generation 1 being EE (or, the fraction of dogs in Generation 1 who are EE) is

1(0.70470.7047) + 0.5(0.70470.2953) + 0.5(0.29530.7047) + 0.25(0.29530.2953)

or 72.65 % (0.7265).

Similarly, a dog in Generation 1 cannot be Ee if both parents were EE and has a 50 % chance of being Ee if either or both parents were Ee.  (Go back to the Punnett Square in Part 2 if this doesn’t make sense.)  Therefore, the fraction of Generation 1 dogs who are Ee is

0(0.70470.7047) + 0.5(0.70470.2953) + 0.5(0.29530.7047) + 0.5(0.29530.2953)

or 25.17 % (0.2517).

And, finally, 25 % of the offspring from Ee  Ee matings are ee.  Since no other combinations can produce ee, the fraction of epileptic dogs in Generation 1 is

0(0.70470.7047) + 0(0.70470.2953) + 0(0.29530.7047) + 0.25(0.29530.2953)

or 2.18 % (0.0218).

            We have reduced the incidence of epilepsy from 3 % to 2.18 % in one generation.  Now the percentage of apparently healthy Welsh who are carriers is 0.2517 / (0.2517 + 0.7265) or 25.73 %.  So, we have also reduced the percentage of carriers in our breeding population, which is now 74.27 % epilepsy-free.  Let’s look at Generation 2.

EE:  1(0.74270.7427) + 0.5(0.74270.2573) + 0.5(0.25730.7427) + 0.25(0.25730.2573)

Ee:  0(0.74270.7427) + 0.5(0.74270.2573) + 0.5(0.25730.7427) + 0.5(0.25730.2573)

ee:  0(0.74270.7427) + 0(0.74270.2573) + 0(0.25730.7427) + 0.25(0.25730.2573)

                                                            EE:  75.93 %                Ee:  22.42 %                ee:  1.66 %                   (Generation 2)

Our breeding population from Generation 2 is 0.2242 / (0.2242 + 0.7593) = 22.80 % carriers, 77.20 % clear.  

            It looks as though we’re making progress just by eliminating epileptic dogs from the breeding pool, although we make a little less progress with each successive generation.  

	
	EE
	Ee
	ee

	Generation 0
	70.47 %
	29.53 %
	3.00 %

	Generation 1
	72.65 %
	25.17 %
	2.18 %

	Generation 2
	75.93 %
	22.42 %
	1.66 %

	Generation 3
	78.50 %
	20.20 %
	1.30 %

	Generation 4
	80.58 %
	18.37 %
	1.05 %

	Generation 5
	82.30 %
	16.84 %
	0.86 %


We should be able to progress faster by eliminating some carriers from our breeding program.  Assuming an average litter size of 6 puppies, the chances of detecting an Ee  Ee breeding (by producing an epileptic puppy) is 1  0.756, or 82 %.  Now, not all buyers report seizures, and some ee dogs may die prematurely, some may be misdiagnosed, and some dogs are used more than once before their carrier status is detected.  Let’s assume that we eliminate 50 % of the dogs participating in Ee  Ee breedings.  This modest improvement in our strategy allows us to progress twice as fast, putting us below 1 % ee after 2 generations and below 0.5 % ee after 5 generations.  At this point, about 11 % of the apparently-normal population is Ee.

Just by eliminating epileptic dogs from breeding, we should be able to get the incidence of epilepsy below 1 % in 5 generations.  Progress should be even faster if carriers are eliminated.  Since breeders claim to have been worried about epilepsy since the 1980’s, why haven’t we seen more progress?  I think there are three possible explanations.

(1)        The model (simple autosomal recessive) is wrong.  This is possible, but not particularly helpful.  Even if this model doesn’t have the details exactly right, if epilepsy is inherited then epileptic dogs must have undesirable genes, and culling epileptic dogs must reduce the number of undesirable genes out there.  There should be some progress, even if epilepsy is polygenic so progress is slow.  A model need not be perfect to be helpful.

(2)        Some ee dogs are being used for breeding.  This is possible, and not necessarily done intentionally.  If a dog seizures infrequently, the owner might not observe one before the dog is bred.  If a dog is bred before age 2 or 3, it may be bred before its first seizure.  Also, we know that the simple autosomal recessive model predicts more epileptic bitches than have been observed.  Perhaps some ee bitches never have a seizure because of some other modifying factor.

(3)        We don’t have the necessary data to see progress.  I think this is the major barrier to determining whether the incidence of epilepsy is falling.  No more than 300 Welsh Springers are typically registered by the AKC each year.  If 9 of those 300 are epileptic, that’s 3 %.  If 3 of those 300 are epileptic, that’s 1 %; 0.5 % is 1 - 2 epileptic Welsh per year.  The small number of WSS registered each year makes it very difficult to assess progress.  If one person doesn’t report their dog’s seizures, if one dog succumbs to parvo before his first epileptic fit, if one Ee  Ee breeding has the bad luck to produce six epileptic pups instead of one or two, the year’s statistics are skewed.  A five year average of the proportion of breedings that produced epileptic puppies is probably a more useful measure of progress.  Unless each of us shares information, even that statistic will be unreliable.

Conclusions
            As many as 30 % of Welsh Springers are probably carriers.  About one of every twelve Welshie litters will contain at least one seizuring pup. Unless you have bred to a known carrier, it takes seven litters to be 90 % certain a dog is not a carrier.  However, the point of this series of articles is NOT hopelessness.  The point is realism.  There is no shame in breeding an epileptic Welsh, and there is no point in conducting a witch hunt when someone does.  With 30 % of the Welsh being carriers, the next witch could very well be you.  The shame is in repeating the breeding that produced epilepsy.  The shame is in NOT sharing the information that could help someone else make a rational decision.  I do think the quickest way forward at this point would be test breedings, but who has the nerve to do it?  Would it be ethical to sacrifice some puppies for the good of the breed?  I personally think the DNA test is farther away than we would like to believe, but discussing that would be a whole different article.

Even without test breeding or DNA analysis, we can progress if we share information publically.  If I breed to your dog and our puppies are fine, but your dog later produces epilepsy, then I can be 90 % certain my bitch is clear and I can move forward.  On the other hand, the bitch I kept from that mating is not as safe as the bitch I started with.  I think we all know there are some epileptic Welsh, and I think we all believe epilepsy is heritable.  What we need to know is which breedings produced epilepsy, so that we can evaluate probabilities for our own pedigrees. 

I hereby swear that if I find out one of my dogs produces an epileptic puppy, I will advertise that pedigree.  And I expect you all to hold me to it.  I would like to see an open health registry for ALL problems in the Welsh Springer Spaniel, because that is the way forward.  

