Some Thoughts on Current Breeding Practices


 in the Pedigree Dog World.








The Canine Genome





We use the word ‘genome’ to describe the genetic make-up of the dog.  In one very simple sense, the word can be used to describe every gene that is required to specify a dog.  In this case, that probably represents some where in the region of 40,000 different genes.  Just to remind you all, a gene is simply a genetic plan that specifies a particular characteristic of the final animal.  The plan that is embedded in a gene is ultimately expressed as a protein and it is the activity of these proteins, working either individually or in groups, that determines the particular characteristic.  





Genes are made of a chemical known as DNA and the genetic plan that a gene holds is carried in the chemical structure of the DNA molecule that makes up a particular gene.  DNA is far too small to see with the naked eye, but there is one particular time during the life of a cell when DNA can be seen, after a fashion.  During cell division, inside the nucleus of the dividing cell we can see under the microscope special structures called chromosomes.  The picture below is of the chromosomes that are present inside the nucleus of a canine cell.  
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Each chromosome represents an extremely tightly packed molecule of DNA.  These structures that we call chromosomes are vital because they are the vehicles that carry genes from one generation to another.  The dog has 38 chromosomes called autosomes and then special chromosomes that determine the sex of the dog.  Hang on, you say, there are more than 38 chromosomes in the picture above  Well, yes there are, but that is because each cell has two copies of each autosome and two sex chromosomes.  The picture above is of a set of chromosomes taken from the cell of a bitch.  It contains pairs of the 38 autosomes and two copies of the X chromosome, the sex chromosome.  In dogs, like humans, females have two X chromosomes.  Males have two copies of the 38 autosomes, but then they have one X chromosome and one Y chromosome.
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Running along the length of each and every chromosome, including the X and Y chromosomes, is a single molecule of DNA and different regions of this DNA constitute different genes that are arranged side by side.  Each one of those 40,000 different genes will be found somewhere on one or other of these canine chromosomes.  The larger chromosomes, like 1,2, 3 etc, will probably have somewhere in the region of 5,000 different genes arranged side by side along their length. The smaller chromosomes, like 36, 37 and 38, probably have fewer, because they are smaller, somewhere in the region of a couple of thousand different genes.  An often-used analogy is to compare a chromosome to an opened-up necklace.  The DNA molecule that runs along the length of the chromosome is equivalent to the string of the necklace and the beads represent the regions of this DNA molecule that make up the different genes.





Each set of chromosomes (autosomes 1-38, plus the X chromosome) contains the near complete complement of 40,000 different genes that make up the canine genome.  (The Y chromosome contains remarkably few genes, as we know today)  However, since every cell (with the exception of reproductive cells like eggs and sperm) contains two copies of each chromosome, it follows that each cell must contain two copies of each gene.  These cells are said to be diploid because they have two copies of each and every gene and, therefore, two copies of each chromosome.   Reproductive cells undergo a very special process during their formation to ensure that each egg or sperm simply contains one copy of each gene and one copy of each chromosome.  These cells are what we call haploid cells.  When an egg is fertilised by a sperm, the two haploid cells fuse to recreate a diploid cell, called a zygote.  Every cell, and its genetic components, in the final animal are derived from this single fertilised egg that undergoes exhaustive cell divisions to generate the million, million cells of the finished product. 





Each copy of a gene occupies an identical position on each of the chromosome pairs.  A gene that is say two-thirds the way down chromosome 5 will have another copy at exactly the same location on the cell’s other chromosome 5.  Although there are two copies of each gene, each copy need not be exactly identical.  In fact, each gene probably exists in slightly different versions.  We call a particular version of a gene an allele.  So, within a species there can be a two or more alleles for a particular gene, but any given animal in that species will only have two alleles for any given gene.  Dogs that have two copies of the same allele for a given gene are said to be homozygous for that gene; dogs that have two different alleles are said to be heterozygous for the gene.





So how do these alleles of the same gene arise?  We’ve already discussed that genes are plans that are expressed ultimately as proteins, and the plan is actually embedded in the chemical structure of the DNA that constitutes the gene.  Alleles arise when this basic chemical structure within a gene is changed, by a process known as mutation, thus altering its genetic plan and the activity of the subsequent, expressed protein.   Often, alleles of the same gene are either dominant or recessive.  So, for example black and yellow are alleles of the same gene and black is usually dominant to yellow, short hair and long hair are alleles of the same gene and short hair is normally dominant to long hair.  





Most of the mutations that give rise to different alleles are very subtle, giving rise to equally subtle changes in the activity of the protein expressed.  However, sometimes the mutation is so severe that it gives rise to an allele which, when expressed, gives a protein that is no longer active, or which works in the wrong place or the wrong time.  If the gene that has been mutated encodes a protein that is involved in some fundamental aspect of life, then such an extreme mutant allele could well result in an inherited disease or, as we will see later, be generally deleterious to the animal’s existence.  The mutant genes that are responsible for inherited disease are simply deleterious alleles of normal genes.        


The vast majority of these disease-causing mutations are recessive, which means that the mutant allele is recessive to the gene’s normal, non-mutated allele.  Geneticists often call the non-mutated allele the wild type allele.





Breeding practices in pedigree dog breeding





That has got some of the background information and relevant terminology out of the way.  Now let us examine some of the breeding practices that have developed in the world of pedigree dogs.  Firstly, let us consider how the wide variation in canine dog breeds has arisen.  There is probably no other species on earth that shows so much  variation as the domestic dog, Canis familiaris.  There are about 400 different breeds of dog that are recognised around the world today and these breeds can vary enormously in both appearance and behaviour.  Yet, we believe that all of these breeds have developed as a result of a relatively small number of domestications of the wolf.





Pedigree dog breeds have, as a result of their origins, a somewhat restricted gene pool.  Although the vast majority of the breeds that we recognise today were established a century or more ago, it is not difficult to predict the processes that the pioneering breeders used to establish a new breed.  They would have started from a relatively small number of founder dogs that displayed the characteristics they were hoping to produce in the new breed, perhaps utilising dogs from a number of different pre-existing breeds.  They will then effectively have in-bred these few dogs, and their progeny, in order to fix the desired type and characteristics.  Once established, the breed would then have generated a closed breed register that will have effectively barred interbreeding with dogs from other breeds.  These origins mean that a breed starts with a restricted gene pool, the only genetic variation being provided by the different alleles that were brought to the new breed by those few founder dogs.   As the breed developed it could well have experienced severe genetic bottlenecks.  Natural disasters, like world wars, could have dramatically reduced the surviving numbers of dogs in a particular breed, the result being that the present day population is a result of a major expansion from the small number of dogs that survived the disaster.  Breeders also introduce genetic bottlenecks, in the absence of a severe reduction in the breed population, by choosing to use a limited number of popular sires.  All of this means that present day dog breeds have a limited gene pool when compared to other species.





The whole of pedigree dog breeding has relied to some extent on in-breeding to fix and maintain particular breed characteristics, to fix and maintain ‘breed type’.  ( I am intentionally using the term in-breeding, the breeding of closely related dogs, rather than line-breeding in this article; the differences between the two are to my mind minimal)  What does the word ‘fix’ mean in a genetic sense?  Well, effectively breeders are fixing type by selectively breeding in order to achieve homozygosity for those alleles that are responsible for the expression of type.  The bare truth is that in-breeding leads to homozygosity of genes.  Now in itself, homozgosity is not necessarily a problem.  Homozygosity of alleles that have a positive effect on the breed, like determining breed type and temperament, is clearly OK.  However, homozygosity of recessive alleles that cause inherited disease is clearly not beneficial to the breed and is to be avoided at all costs.  





The problem is that when breeders selectively breed for homozygosity of beneficial alleles they are also, inadvertently, producing homozygosity at lots of other alleles of unknown function.  This makes in-breeding something of a lottery and certainly the overall consequences cannot be predicted by the breeder.  Clearly the benefit of in-breeding to the breeder is its ability to fix a desired characteristic.  It is certainly possible that the consequential trend to homozygosity at the other unselected genes has no negative impact.  However, if there are any unknown deleterious, recessive alleles present, then homozygosity of these could have a severe impact.  The point is that the breeder has absolutely no way of telling whether undesirable, recessive alleles are present; it is hard to imagine any dog that doesn’t carry at least a few such recessive alleles with potentially negative effects.





Clearly the most obvious recessive alleles to be avoided are those that cause an inherited disease when a dog is homozygous for the recessive allele.  However, there are many genes that are believed to have a small part to play in the overall fitness of the dog.  Individually each of these genes only has a small contribution to make, but, summed over the entire collection of these genes, they have a major cumulative effect on the overall fitness of the breed.  We don’t know what these genes are, what they do and their precise number, but such genes do exist and certainly negative recessive alleles of them exist.  One of the consequences of in-breeding to fix positive characteristics is that breeders also produce homozygosity of the recessive alleles of these genes .  As the degree of homzygosity builds up, so does its impact on the dog, until eventually litter sizes begin to fall and ultimately fertility, or lack of it, becomes a serious issue.  We actually give this phenomenon a name, it is called in-breeding depression. 





In-breeding depression is not always inevitable, but, again, breeders cannot predict whether their in-breeding will necessarily lead to such dramatic effects on the breed’s fitness.  Since we don’t actually know what these genes are and do and since breeders have no way of knowing whether the dogs they choose to in-breed carry positive or negative, recessive alleles of these genes, there is no real way of predicting the outcome of in-breeding.  However, the possibility of in-breeding depression is so serious that breeders should think very carefully about the extent to which they in-breed.  Let me give you an example from another species to show you the uncertainty of in-breeding depression.





For many experiments carried out on animals it is essential to work with animals that are genetically homogeneous.  For example, if you want to test the effect of a particular drug in an animal model it is essential to use genetically identical animals, so that any observed effects can be ascribed to the drug, rather than genetic variation amongst the population of animals used for testing.  This led scientists to develop strains of mice that were genetically identical.  This was done long before it was possible to clone animals, so scientists relied on in-breeding to generate what became known as in-bred mouse strains.  Effectively, what they did was to mate two mice together and then perform brother/sister matings for another 30 generations.  Many attempts were made to establish such in-bred lines, few succeeded.  However, some lines were successfully generated and are still producing genetically identical mice today.  The attempts that failed did so either because lethal mutations rapidly accumulated or because in-breeding depression set in and fertility problems ended the experiment.  Unknown to the scientists, the mice chosen as founders for these failed attempts were carrying recessive alleles that became homozygous during the successive rounds of in-breeding which meant that a stable in-bred line could not be established.  Those attempts that ended in a stable in-bred strain being produced must have used initial stock that were free from such negative, recessive alleles.  The point is that at the outset the scientists had no way of predicting whether they would ultimately establish a stable line because they had no way of knowing the genetic status of the two mice chosen to initiate the line.  Since dog breeders have no way of predicting the genotype of their dogs, the outcome of in-breeding could be just as problematic.





Let me try to summarise where I have got to.  I am not saying that in-breeding is a practice that should be abandoned.  On the contrary, it has been essential in establishing breeds in the first place and is also essential for individual breeders to develop their own particular lines within a breed.  However, breeders’ reliance on in-breeding has to be measured and they have to be aware of the potential consequences and be ever vigilant for signs of problems arising.  Anyway, continual in-breeding is not in the breeder’s best interest.  Breeders should be striving all the time to improve their stock and the overall quality of the breed.  That should be the aim of every breeder; if they pick up lots of challenge certificates along the way, then that is a bonus.  Indeed, is there a better way of ensuring a desk full of red rosettes and challenge certificates than improving the overall quality of their dogs.  They benefit and the breed benefits.  Improving quality relies on producing different combinations of those alleles that determine superior versions of the breed’s characteristics.  In order to produce new genetic combinations breeders need genetic variation to work with.  Continued in-breeding reduces genetic variability so that the products are essentially clones of on another.  Breeders that continually in-breed will not be able to improve the quality of their dogs because they will have no genetic variability in their line to play with.  The successful breeder is the one who knows when it is time to look to other lines to bring in improvements to their own line, established through in-breeding. 





One last point before I get off my soapbox.  In-breeding is not the only way of fixing and maintaining type.  It is still probably the simplest way, but then we have seen the potentially hazardous side effects to a line, and even an entire breed.  There are other techniques that breeders can use, for example assortative mating.  This is another breeding practice that allows breeders to maintain a particular characteristic, or set of characteristics, and pass them on to future generations.  Essentially, in assortative mating breeders mate two dogs, but from different lines, that share the characteristic(s) that the breeder wishes to reproduce in the litter.  Because the two dogs share the characteristic, both are likely to be homozygous for the alleles responsible, and the entire litter can only be homozygous for those alleles.  Where assortative mating is potentially different is in the fact that maintenance of homozygosity at these selected alleles will not necessarily be accompanied by homozysity at unselected genes, which we have already seen can be very undesirable.  Puppies of assortative matings will not only express the fixed characteristics they will have extra genetic variation, because they are the products of two different lines, which the breeder can manipulate in future programmes to improve the line further.  





Now a few words on the use of popular sires; it is essential that quality dogs should be bred from so that they can pass on all of their genetically superior alleles to future generations, thereby improving the overall quality of the breed.  However, in my opinion, no one dog should be used exclusively.  As we have already seen such over-use of a popular sire can lead to a major genetic bottleneck and the consequent reduction in genetic variation in the breed.  Genetic variation is essential if breeders are going to improve the overall quality of a breed.  The abandonment of other males in favour of a popular sire only reduces desirable genetic variation.  How do you know what these abandoned males might produce.  Brothers, cousins, uncles of a popular sire may produce stock of equal, or better, quality, but we won’t know unless they are bred from.  The answer, again, is for breeders to think more about the breeding programme and not to automatically rush to use the one sire all the time.  To my mind moderation is again the name of the game.  Good quality dogs need to have litters, but we also need to know that we are not loosing quality by preventing large numbers of dogs from siring litters.  I know of countless examples of really good quality litters of puppies being produced from parents that were not particularly exceptional. 





Just a final few thoughts.  There is no doubt, from a genetic point of view, that many breeds are far too homogeneous.  Experiments have recently been initiated in the USA to try to determine the level of genetic variability in different breeds of dog.  It is already clear from the early results of these experiments that some breeds, particularly numerically small breeds, show remarkably little genetic variation at genes that should be variable.  The expectation is that we will find evidence that most breeds are moving toward genetic homogeneity, some might just be closer than others.  We have seen what such homozygosity can mean.  Obviously, the development of specific DNA tests for the mutant alleles that are responsible for inherited disease will greatly facilitate breeders’ attempts to identify and produce stock that are clear of such problems.  Indeed, DNA testing linked to selective breeding will be the solution to many of these inherited conditions.  However, DNA test development is not the sole solution.  Breeders still play the most crucial role in determining the future genetic health of a breed.  I am not advocating that traditional breeding practices should be abandoned, on the contrary I am the first to accept their fundamental importance.  However, I do think that present and future breeders should consider all outcomes of their breeding practices and consider then in the light of what is best for the breed as a whole. 
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