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There seems to be a general misunderstanding concerning probability and risk concerning GSD pituitary dwarfism and what it means in terms of mating carriers and producing affected dogs. Mendelian inheritance gives us in relation to recessive genes of which PD is but just one, the probability of producing an affected dog Although this a very simplified version of population genetics it hopefully gives a good idea of what to expect when breeding from carriers of this recessive gene.
Simplified diagram of the possible breeding combinations of AA Clear, Ab Carrier and where b is the defective allele for PD, bb Affected is excluded from breeding as this event is extremely unlikely.
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Represented by a Punnett square for Carrier x Carrier:     
	                     Sire

                                A             b

	              A       
Dam

             b
	AA


	Ab

	
	bA


	bb


However this relates to an infinite random population which is not possible and therefore needs to be adapted and explained so that the average dog breeder understands the risks involved in producing an affected dog.
This distribution relates to the GSD population and is the probability of the likely outcome of these matings, and every mating of two carriers has this probable Mendelian outcome. However this does not mean that that every individual mating will produce the results in the above table in exactly the proportions given. Why? Because to use probability laws in practice, it is necessary to work with large sample sizes as small sample sizes are prone to deviations caused by chance. If we look at the Carrier x Carrier mating again we get:
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In the cross shown in the figure above, you can see that one out of four offspring (25 percent) has the genotype AA, one out of four (25 percent) has the genotype bb, and two out of four (50 percent) have the genotype Ab. These percentages of genotypes are what you would expect in any cross between two heterozygous parents (Ab). These actual percentages of genotypes may vary by chance from the expected percentages, however, if you considered many hundreds of such crosses and thousands of offspring, you would get very close to the expected results above. 
For example let's take a carrier x carrier mating that produces 8 pups, probability says you would expect 2 clear, 4 carriers and 2 affected. Is it possible to have the same mating but produce no dwarf pups? The answer is yes and this would not be surprising to a population geneticist because it still fits with Mendelian inheritance and probability theory, however the probability would be extremely low but something we can work out mathematically. Could we get a whole litter entirely of 8 dwarfs? Yes in theory we could, but again the probability of that happening would be extremely small and even more unlikely when you consider all the other factors that come into play concerning still birth and fading puppy syndrome but we can look at these chances a little later. Often we learn of multiple affected pups that are part of a litter of say five where 3 are normal and two are dwarfs, this represents an affected proportion of 40% for those particular litters and these are not that unusual.     
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5 born: 2 affected and 3 normal
                                                                                                              40% Affected

What you cannot do is to look at the above litter and make a conclusion that because there are two affected dogs that there was must have been another three that were absent due to resorption so that originally the proportions did in fact meet the 25:50:25 ratio and although this could indeed have happened, equally there may not have been anymore pups and what you see is what you get, neither versions contradict probability theory, resorption if it occurred at all could also have been due to a number of other things including the lethal gene effect and not down to PD.  

We can consider other litters for example where 11 were born and 1 was a dwarf which would represent an approximate 9% of this particular litter. Overall in a GSD population as a whole, the result would be 25% Clear 50% Carriers and 25% Affected, but in this litter the outcome is much less than predicted, and despite variations in individual litters as there are always exceptions, the rule still holds in terms of probability due to chance, I could easily overload this article with a probability distribution curve and some high level mathematics but the message to many would be lost.   
We know that approximately 30% of German Shepherds carry the gene for pituitary Dwarfism. Based on the calculations, the Hardy-Weinberg principle says that the approximate carrier rate of 29.53% which equates to a 3% affected rate of GSD's born with PD and which corresponds well to research results. But of course, 90% are still born or are seen as fading puppies and do not survive very long. Pituitary Dwarfism is a simple autosomal recessive trait, and using the Hardy-Weinberg principle applied to GSD breeding and this condition then if you have a healthy bitch and know nothing of her or her parents status with regard to PD, then the probability that she is a carrier is 0.2953 (29.53%) and likewise the probability that the stud dog is also a carrier of PD is also 0.2953 (29.53%), we can soon work out the following questions such as:  
Probability of crossing two GSD PD Carriers is:  0.2953 x 0.2953 = 0.0872 or 8.72%
Probability of crossing two Clear GSD's is:  0.7047 x 0.7047 = 0.4966 (49.66%)  
Probability of Crossing a Clear with a PD Carrier is: (0.2953 x 0.7047) + (0.7047 x 0.2953) = 0.4162 (41.62%)
These results are exactly why it’s a major problem in convincing GSD breeders to DNA test for PD, dumb blind luck says that you only have what amounts to a 9% random chance in a population of GSD's of crossing two PD carriers despite the fact that 30% are carriers. However ignoring the rapidly increasing carrier rate drastically reduces the chances of avoiding this problem. Of course these calculations were made on random samples using known data but in fact the GSD population is anything but random, the odds of crossing carriers dramatically increases because of the popular sire syndrome of which there are many known carriers and which in most cases carries on relentlessly with dogs on unknown status. 
I have spoken to many breeders and in most cases they have often said "I have never seen a dwarf in my lines and therefore don’t need to do anything". This is probably due in some cases to the fact that they have been producing carriers only which are unaffected healthy dogs, and this is quite possible without having a dwarf, some will be telling the truth. The dwarf dogs they may have are likely to be still born anyway and probably ignored as they would in many cases be unrecognisable as dwarfs at birth and their occurrence looked at as just one of those things that happen and then carry on breeding as normal.  But, the more litters those two carriers have then eventually the closer to the 25% Clear, 50% Carrier and 25% Affected ratio they become, that is if by chance they don’t produce a dwarf in their first litter. 
What does all this mean in reality with a 3% affected rate, well in the UK there are approximately 8000 GSD registrations per year with the Kennel Club and of course there are many more GSD breeders that operate outside the KC and never get registered, the true figure could well be as many as 20,000 births per year in total as the GSD is one of the most popular dogs in the UK. Whatever the true figure is, we can only make meaningful calculations on what we do know. A 3% affected rate means in the KC world of the GSD that for every 1000 births then 3 dwarfs survive and 27 are still born or seen as fading puppies. This doesn't seem like a lot, but when you take the approximate 8,000 registrations the figures become 24 live with 216 dwarfs each year dying before, at birth or shortly after.  
If we look at the odds of mating two carriers, what are the odds of getting a dwarf puppy?  The odds are NOT 25 %.  It is true that if the two dogs produced a large number of puppies, about 25% of them would be dwarfs in accordance with Mendelian inheritance, but we are looking for the odds of producing from an individual average-sized litter out of those hundreds of puppies and getting at least one dwarf.  The chances of each puppy being bb are 25% (1/4, see the Punnett square for Ab  Ab) in a large random sample, but with multiple puppies in a small sample size of litter your chances of getting at least one dwarf is actually higher.

If we have a litter of two puppies from two parents who are carriers then there are 16 ways the parent's genes can combine in those two puppies:  
	AA,AA
	AA,Ab
	AA,bA
	AA,bb

	Ab,AA
	Ab,Ab
	Ab,bA
	Ab,bb

	bA,AA
	bA,Ab
	bA,bA
	 bA,bb

	bb,AA
	bb,Ab
	bb,bA
	bb,bb


Of these 16 possible combinations, 7 include at least one dwarf (bb).  In a litter of two from parents who are carriers, the probability is (7/16) so this means 43.75% of the time at least one puppy will be a dwarf when two puppies are born in a litter.  
Likewise the remaining (9/16) = 56.25% of the time you will not produce a dwarf and you would be none the wiser that both sire and dam are carriers.  Consider a litter of three pups, there are now 64 possible combinations, and without writing them all in full, 37 of the combinations include at least one dwarf.  The odds are now (37/64) = 57.81% that you will get at least one dwarf puppy in a litter of three from two carriers. Counting up possible combinations gets very, very frightening after this for example 44 or 256 for a litter of 4, and 48 or 65,536 for a litter of 8, so a better way of writing this is to use the formula:    
   Chances of getting no affected dogs from Ab x Ab = (3/4)N             where N = the number of puppies in the litter  
Or written in another way:

Chances of getting a dwarf from two carriers Ab x Ab = (1/4)N        where N = the number of puppies in the litter 

With eight puppies in a litter from two carriers, there is a 10% chance that none will be a dwarf but the odds are 90% that at least one of the pups will be a dwarf. Earlier I mentioned the possibility of either an all clear or an all dwarf litter from two carriers which produce a litter of 8 pups. What does this look like in terms of probability, there can only be one combination of all 8 being AA in the total of 65,536 combinations therefore the probability of producing all clears would be 1/65536 = 0.0000152 this figure gives a percentage of 0.00152%, so the chances would be extremely small, so small as to be very unlikely to happen but, and the key thing here is that it is possible under Mendelian inheritance and probability theory due to chance. Likewise for a litter of 8 consisting entirely of dwarfs, the chances of this happening are again 0.00152% as there can only be one combination of 8 dwarfs all having bb, but here it gets more complicated as 90% are fading puppies or still born so the chances of 8 live dwarfs in one litter are unlikely to ever happen as the odds are just so small as to be negligible for this outcome to occur.   
If we revisit the carrier and affected rate, in the UK, projections of a 10% affected rate would see the carriers totalling 76% what this will mean in reality is that levels of live UK KC registered dwarfs alone would total 240, the still born and fading puppies would equal 2160 per year. It's not difficult to see that by allowing the carrier rate to increase without intervention there will ultimately be, not just an increased number of dwarfs born but also a reduction in litter sizes in the GSD population and this is for but just one of many deleterious genes. Doing nothing about this and other genetic problems that cause real harm is an option, but 25 years down the line we will see some disastrous consequences to such inactivity from those that currently have the power to change things.
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