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Beginners guide to horse genetics
This guide is written for horse breeders and enthusiasts who have an interest
in horse genetics but no formal training in genetics. It is a gentle introduction
to genetics as it particularly relates to horse breeding. The author has noticed
over the years where mistakes and misunderstandings often occur among
self taught enthusiasts, and has addressed some of the more important of
these. This guide will help you to get the all important foundation knowledge
right, so that you can go on to develop your interest with confidence.

The author has over 25 years experience of genetics research and teaching,
including in horse genetics. She has taught and examined thousands of
students from diploma to doctorate level, and is the co-author of the
'Essentials of Genetics' textbook. She has many scientific publications and
has also published popular science and magazine articles, including several
on the subject of horse genetics.

In this guide you will learn what horse genetics is and basics about
inheritance. You will learn about genes and alleles, and how not to confuse
and misuse this terminology. This is an ofen occurring mistake that leads
people to muddle up their genetic predictions, for example about foal colours.
There is a discussion about the “genetic lottery” and the different types of
breeding, including outbreeding, inbreeding, linebreeding and outbreeding
between inbred lines. The risks of inbreeding are discussed, including in
relation to line breeding. There is a discussion of what you can do to help
avoid the risks of inbreeding. The roles of parents in determining foal
characteristics are considered, as well as the role of the environment. There
is a brief introduction to some of the basics of colour genetics. The text is
supported by a glossary to remind you of what all the terms mean, and in
some cases give a little more information on them.
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Beginners guide to horse genetics
It was a crisp but serene morning in early autumn. We stopped, as we often do, to
watch the foals tripping skittishly after the little Welsh pony mares. Flashy white
stockings on delicate legs, pretty white faces, pale manes and tails bobbing in the
breeze, rich orange coats gleaming in the dappled autumn sunlight. Typically the
Welsh ponies have beautiful big brown eyes, but as we stopped to greet them I
noticed that the closest mare had a blue eye, as well as a roaned tummy.

The few things I noticed as we rode by on that lovely morning told me something
about the genetics of those horses. Just by looking I could deduce some information
about a few of the major genes involved in determining and influencing their looks, as
many enthusiasts can deduce things about the breeding of horses in a similar way.
Around here, in rural mid Wales, many breeders like their Welsh ponies flashy, with as
much white on the legs and face as possible. It is noticable that the tendency for lots
of “chrome” is passed on from parents to foal: it is at least partly genetically inherited.
It is also the case that ponies with lots of facial white sometimes have one or both
eyes blue, and like with this mare, may also show some roaning. All these features are
little indicators that tell me something about their genetic inheritance.

Like the ponies Tyra, the mare I was riding at the time, is chestnut also. Her long
flowing mane and tail are not flaxen though but chestnut, with some hairs turned so
dark that they look black in places. Tyra is less typical of her breed in having a narrow
white stripe on her face. In contrast to the Welsh ponies American Quarter Horses
have traditionally been bred to have as few markings as possible. Even so there are
still genes for white markings, so that Foundation bred horses like Tyra are sometimes
marked. In contrast with the little dished faces of the ponies Tyra has a straight face
with a finely chiselled look. This is typical of some but not all lines of American Quarter
Horse and is another clue about her ancestry. It is surprising what one can sometimes
deduce about a horses heritage, just by observing them carefully.
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What I saw in those dear little foals that morning was still mostly a result of their
inheritance. As they grow their athletic ability and nature will depend on both their
genes and their environment, including the influences of their dams, their diet and their
experiences with their human owners and handlers.

Horse genetics can help us to understand a good deal about how and why our horses
are as they are. On the one hand it can give us insights into the basic nature of
horses. What it is that makes horses run away from things they are unsure of, for
example. It can also shed light on many issues of relevance to horse breeders. Things
we can better understand from learning about horse genetics include the following:

• What makes some relatives very much alike while others are so different. How we
can increase the chances of a horse with particular characters, including
particular types of conformation, performance and behaviour.
• What colour foals we might expect when particular mares and stallions are bred
together. How we can increase the chances of particular colour foals. What colour
foals are and are not possible for particular horses.
• Why breeding some types of coloured horses together is risky, while horses of
other patterns can be bred without worry.
• Why genetic defects occur and tend to be associated with particular breeds. What
steps can be taken to minimise the risk of producing foals with genetic defects.

The conformation, behaviour, abilities, colours and patterns of the horses we love are
all influenced by genetics to some degree. A knowledge of genetics can take away
some of the guess work involved in horse breeding, reducing the likelihood of
undesirable outcomes. The

breeder can then get on with the rewarding task of

producing beautiful, useful and well balanced foals.

This booklet gives a basic introduction to the fascinating subject of genetics, so that
breeders and owners may start to understancd how genetics and horse breeding
affect our domesticted horses.
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What is genetics?
I have discussed genetics as though we all have some idea of what genetics is, but it
is fair to ask what we actually mean when we talk of genetics. The short answer is that
genetics is the science of heredity, which begs the question of what is meant by
heredity.

Heredity is how characters are transmitted between generations, from parents to
foals, to their foals and so on. Characters are all those things that determine the
structure, functioning and other attributes of living beings. They are the qualities and
features by which we can distinguish one horse from another, and also one line or
breed from another. They are also the features by which can identify a horse from
other animals.

Many of a horses characters are influenced by both genes and the environment, any
characters influenced even partially by genes are said to be inherited, or heredity.
They include the many aspects of conformation, which in turn affect both health and
performance. They include behavioural disposition, such as calmness and excitability.
They also include more asthetic traits, such as coat colour and pattern. Other things
which are less obvious but important include all the biochemistry and physiology
necessary for good health and athletic development.

Horse genetics is about the transmission of inherited characteristics from sires and
dams to their foals. A foal inherits half of its genes from its dam and half from its sire,
so that it has a mix of characters from both parents. Although some folas may
resemble one or another parent fairly closely each foal is in fact unique, and not
precisely like either parent. Heredity is the reason for both the similarities and the
differences between parents and their offspring. It is also why horses produce horse
foals when they reproduce, not zebra or donkey foals, not lambs or kittens, nor
offspring of any other kind. Some characters define the essential horseyness of
horses!
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A little dash through history
The Austrian monk Gregor Mendel discovered the principles of heredity in 1866.
Although Mendel knew nothing of genes he worked out a good deal about how
characters were passed on between generations, as well as some of the basic
properties of the genes that we now know to be responsible for determining those
characters. His principles of heredity apply equally to horses as they do to the pea
plants he was experimenting on at the time.

Although the science of genetics didn't really get going much unitl the 1900s, when
Mendels work was rediscovered, people had recognized the value of selectively
breeding their crops and animals for thousands of years. Dr. Mietje Germonpréa and
her colleagues reported that the remains of a prehistoric dog excavated at Goyet Cave
in Belgium indicates that dog domestication had already started in the Palaeolithic,
31,700 years ago. Genetic studies suggest though that dog domestication may’ve in
fact started very much earlier. Dr. Robert Wayne and Dr. Elaine Ostrander reported on
genetic studies that suggest that humans started domesticating dogs as early as
100,000 years ago – which is about as long as anatomically modern humans have
existed. Humans could well have been shaping the evolution of domesticated animals
and plants for almost as long as they have existed, whether they realised it or not.

Horse domestication may have occurred on the Eurasian Steppes of the Near East,
from about 4500 BC. The early domesticated horses were probably first used as pack
animals, to carry belongings, and also to provide milk, meat and skins. The nomads
who domesticated them had already domesticated dogs, cows, sheep, and goats.
Some of them were very likely aware of the benefits of selective animal breeding,
having discovered that some desirable characters could be passed from parents to
offspring. These early horse breeders were practising horse genetics, even though
they understood little about the details and principals of horse genetics.

As a science modern day genetics has come a long way since its humble beginnings
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in the monastery garden. Geneticists explore the structure and working of genes in
detail, including how genes control and influence the characters they do. Genetics
now encompasses the study of the molecular nature of genes, along with their
associated biochemistry. Thanks to genetics research we now know a lot more about
some of the genes involved with a variety of genetic disorders in horses. The research
has and will feed into veterinary medicine and practice, to the benefit of horses and
their owners. Molecular genetics and genetic disorders are considered more fully in
the diploma of horse genetics.

Research has already provided some genetic tests for horse breeders, many of which
can be performed by the owner, without the need for a vet. Some tests can determine
if genes for certain genetic disorders are carried by otherwise healthy breeding stock.
Over time it will be possible to reduce the occurrence and perhaps even eradicate
some of the common genetic defects, as long as people can agree not to breed from
animals carrying the genes for them. Such a reduction has already occurred for
equine combined immunodeficiency, a serious immune disorder of Arabian horses,
and for also for hyperchalemic periodic paralysis in quarter horses and related breeds.
Many breed societies are now recognising the importance of testing for defects
common in their breed and are making testing a requirement for registration. It can be
a tough move to make in the short term, but our descendants may thank us for taking
action.

Apart from the medical angle horse genetics has long been associated with coat
colour and pattern, which is now being understood in ever increasing detail. Although
more remains to be learned, it is getting easier for the interested breeder to forecast
the likely colour and pattern outcomes from breeding together particular mares and
stallions. Many tests are available and are very simple and cheap for the horse
breeder, who usually has to do little more than send off some hairs pulled from the
mane or tail with a short form. The laboratory then analyses the genetic material from
the hair roots and sends a summary of its findings back to the owner.
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What are genes?
Genes, in conjunction with the environment, determine what organisms look like and
how they work (or don’t). They are too small to be seen directly, but the results of their
actions can be seen in all of life, including horses. They occur on structures called
chromosomes, which help to hold the genetic information together. In most
organisms the genetic information, of which genes are the most famous part, is
encoded in long helical molecules called deoxyribonucleic acid (DNA). DNA
molecules are very thin. They are coiled and folded and precisely packaged into
chromosomes. This helps to keep the genetic material from getting tangled up or
otherwise damaged, and helps to ensure that the genetic information is accurately
passed on, from parents to foals.

Each gene is a little “blueprint” for a particular protein molecule, or sometimes a
special molecule called ribosomal ribonucleic acid (rRNA). These molecules make up
the “building blocks” and the “workers” of the body. The genes ensure the blocks are
made properly and there are enough workers to do the jobs necessary. When things
are going well the genes ensure the cells are made and function properly. During foal
development the genes (hopefully) act to ensure a well formed and healthy body and
mind. They also determine things like the colour and pattern the foal will be. Once the
young horse has developed into an adult the genes continue to play a role in the
function, athletic potential and well being of the horse, albeit that the environment has
a substantially increased influence by now.

The cells of a body have the same genes
The body of a horse is made up of cells. The chromosomes, with their genes, live in a
part of the cell called a nucleus. Although there are many sorts of cells – making up
the organs, the blood system, the nervous system and so on - most of them have the
same set of genes. There are some very specialized cells involved in making the
6

immune system work in which some of the genes have been altered or removed, but
even these start off with the same genes as all the other cells.

If they all have the same genes we might well ask then why cells aren’t all identical to
one another. In general the answer is that different genes are switched on in
different cells – some genes are being used, some are not. Only a small proportion
of the 20,000 or so different genes that a horse has are working at any one time in any
particular cell. The genes that are working in one sort of cell may be switched off in
another, and vice-versa. Even within a particular cell different genes are switched on
at different times, so that some are used while the cell is developing, while others work
to help the cell function correctly, according to the job the cell does and the
environment it finds itself in.

Some people have estimated that if all the DNA in all the chromosomes of all the body
cells of a human could be stretched out end to end it would be long enough to reach
the sun and back about 4 times (the sun is about 93,000,000 miles away). What a way
to spend a rainy Sunday afternoon! I suppose for a horse the DNA would stretch even
further, could it actually be unravelled in such a way. Overall horses are bigger, have
more cells and more chromosomes per cell (note that not all chromosomes are the
same size though).

Genes can occur in different forms
Any particular gene may occur as different variants, called alleles. The codes of the
alleles are a slightly different from one another, so that they may make slightly
different products. These different products may then cause associated differences in
the characters of the horse. The roan gene, for example, exists as at least two distinct
alleles, one of which causes a horse to be a classic roan pattern. Mostly genes only
have one, two or few alleles, since there are a limited number of forms that work
without adversley affecting the health of the horse.
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It is a very common mistake for novice geneticists to refer to alleles as though they
were different genes, when in fact they are just different versions of a particular gene.
The distinction is important though when one is trying to predict the possible
characteristics of foals in advance, from the characteristics of the dam and potential
sires. To get an idea of what mixing up genes and alleles means we can consider an
analogy. Say you go shopping and you want tomatoes and a lettuce for a salad. You
see cherry tomatoes and beefsteak tomatoes, iceberg lettuces and loose leaf lettuces.
You could take back some cherry tomatoes and an iceberg lettuce, but you wouldn't
take an iceberg and loose leaf lettuce. Getting genes and alleles mixed up is like
confusing varieties of lettuce for tomatoes!

Understanding what alleles are is crucial. It is useful to consider another analogy to
make it clear. Imagine a gene as a make of car and alleles as models of that particular
make of car. Each model is essentially similar, but there are some relatively minor
variations between them. Each model will run fine and take you where you want to go,
as long as it's kept in good order. It's just that some might have a bigger engine and
better acceleration, be more comfortable, look sleeker, have metallic paint or greater
fuel efficiency. The car makers attempt to keep all of the models fault free, but if
there's a problem with a particular model it is unlikely to be become popular. Similarly
with genes in that there can be some variation, giving alleles, but only so far as the
varieties give basically sound horses (good models).

Each gene is represented twice
For each cell in the body almost all of the genes are present in two copies, one
inherited from the dam, and one from the sire. You will remember that genes are
situated on chromosomes. A horse has 32 pairs of chromosomes – 32 chromosomes
from its dam and 32 “corresponding” chromosomes from its sire (making 64
chromosomes overall, in each cell). When a horse reproduces one chromosome of
each pair is incorporated into its sex cells (eggs or sperm) by a special process called
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meiosis, so that sex cells have only 32 chromosomes overall. When the sex cells fuse
together during fertilisation the resulting cell – which will go on to form the foal in a
successful pregnancy – has 32 pairs once again. Donkeys have 31 pairs of
chromosomes, while the ancient wild Przewalski's Horses have 33 chromosome pairs.

For any particular horse the two copies of any particular gene can be present as the
same allele (gene variant). In this case the horse is said to be homozygous for that
gene. When the two copies are present as different alleles the horse is said to be
heterozygous for that gene.

Let's consider the dun gene as an example. Dun is controlled by the dilution allele of
the dun gene, and is symbolised as DD. The same gene has a non-diluting allele (Dd)
which is pesent in all non dun horses. Notice that there is only one gene involved
here, not two.

The dun allele causes the pigment granules in the hair shafts to be concentrated to
one side, making the other side of each hair translucent. This is what makes the coat
color appear diluted. Both black and red pigments are diluted by the action of the
dilution allele, although the legs and front of the face tend to be less affected than the
rest of the body. In addition to having a light coat dun horses have some or all of a
number of primitive or zebra markings.

The first thing we can notice is that when a gene has two alternatives forms, that is to
say two alleles, there are three possible combinations of two copies, as follows:

DD DD – which is homozygous for the dun allele DD
DD Dd – which is heterozygous for the dun allele DD
Dd Dd – which is homozygous for the non-dun allele Dd
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The combinations are called the genotypes of the gene in question. The
characteristics of dun and non-dun, which we see in the horses themselves, are said
to be the phenotypes.

For this particular gene the phenotype dun occurs in horses with the genotypes D D DD
and DD Dd. Horses with the non dun phenotype are of genotype Dd Dd .

The dilution allele (DD) is said to fully dominant over the non-diluting allele (Dd) so that
dun horses can be homozygous (DD DD) or heterozygous (DDDd). The allele DD
overides the allele Dd in the heterozygous genotype (DDDd).

The allele Dd is said to recessive to the dun allele DD. It needs to be present in two
copies (homozygous) before its causes the non-dun phenotype.

A very common cause of confusion among horse breeders occurs when people
misunderstand what is meant by the concept of dominance. In particular it refers only
to the relationship between alleles of a particular gene so that one allele may be
dominant to another allele of the same gene. Although genes do undoubtedly interact
with one another these interactions occur in a variety of ways and have sepearte
names accordingly. We should not refer to one gene being dominant to another, or a
particular gene being recessive to other genes. It is important to understand this point
if you want to be able to understand the inheritance of more than one gene at once.

Although each horse has two copies of each gene it only passes on one copy of each
to its foals. The foal ends up with two copies because it inherits one from each of its
two parents. Of the two alleles that a parent could pass on to a foal the exact one is
determined at random. So a horse heterozygous for a particular gene could pass on
either one of two alleles to any particular foal with equal likelihood. The gene is
passed on through the eggs (for the dam) or sperm (for the sire), with either allele
being equally likely to be inherited by the foal. The eggs and sperm are formed by the
special process of meiosis.
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Horses of genotype DD DD are true-breeding for dun, which means they will always
have dun foals regardless of whether the other parent is dun or not. This is because
they can only ever pass on the dun allele, so all their foals will be of genotypes D D DD
or DD Dd, depending on the other parent.

A foal with one heterozygous dun parent (DD Dd) and one non-dun parent (Dd Dd ) will
have a 50% chance of inheriting a dun allele from the dun parent. It will inherit only
non-dun alleles from the other parent. The foal will therefore be either of genotype
DDDd (50% chance), and heterozygous dun, or of genotype Dd Dd , and non-dun (50%
chance). We can show this mating diagrammatically as follows.

parent
phenotypes

parent
genotypes

non-dun

dun

stallion

mare

Dd Dd

x

DD Dd



sperm & egg
genotypes

possible foal
genotypes
possible foal
phenotypes



Dd Dd
Dd DD

Dd Dd

dun

non-dun

DD

Dd

Dd DD

Dd Dd

dun

non-dun
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When two heterozygous dun horses (of genotype D DDd) are mated together the foals
may be dun or non dun. Such a mating is often represented diagramatically using
something called a Punnett square, as follows.

Male gemates 

DD

Dd

DDDD

DDDd

homozygous

heterozygous

dun

dun

DDDd

DdDd

heterozygous

non dun

Female gametes


DD

Dd

dun

You will see there is a 3 in 4 chance (75% chance) that the foal will be dun, and a 25%
chance that it will be non dun. Two non dun horses mated together always produce
non dun foals, because each parent can only pass the Dd allele on to their foals.

12

The genetic lottery
As you can see, for any particular gene, a foal has a genotype that may be like that of
one or other parent, or like neither of them. In the example above two heterozygous
dun horses could have a foal that is non-dun. Two truebreeding dun horses, on the
other hand, could only ever have truebreeding dun foals when mated together.
Breeding together a heterozygous dun and a homozygous dun would give only dun
foals, but some would be truebreeding, and some not. The genotypes of the parents
clearly affect the the possible phenotypes and genotypes of the foals produced.
The dun gene is just one of about 20,000 genes in the horse, many of which have two
or more alleles. You can see then that the number of possible genotype combinations
is enormous. It is the reason why we have such a huge variety of horses, from the tiny
Falabella to the giant Shire, from the quietest pony to the fieriest Arab – horses come
in many variations, suited to a whole range of purposes.

Breeding horses can be a bit of a genetic lottery: foals may be intermediate between
their parents for many characters, but may resemble one or the other in certain ways.
In some characters they will be different from both parents.

Some horse breeders mate unlike horses together in an attempt to compensate for the
imperfections of one or both parents. A cool laid-back stallion might be chosen to
cover a nervous mare, in the hope of producing an even minded foal. A tall and
athletic Thoroughbred stallion might be chosen for a short quiet mare, in the hope of
producing a foal suitable for local competitions. In genetics these kinds of crosses are
sometimes referred to as out-breeding or out-crossing. Out-breeding mixes up genes
with contrasting alleles and, as we have seen, it comes with no guarantees. The
nervous flighty mares foal might be every bit as hot as she is! The half thoroughbred
foal may not be as atheletic as hoped for.

Amateur horse breeders need to consider the affects of the genetic lottery when they
chose their broodstock. Breeders should remember that when it comes to
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conformation and temperament, which ultimately affects performance potential, both
parents are important. If you want a quiet foal pick quiet parents for the best chance –
not just one parent, but both of them. Although it's true the dam has a bit more
influence on temperament, since she brings the foal up, the sire will influence it too. If
he's a naturally flighty horse his offspring might well inherit this characteristic from him.
Similarly if you want to breed competition horses then chose mares that you already
know to be suitable, and breed them to a stallion already proven in your chosen
discipline.

The Ins and Outs of Horse Breeding
To reduce the genetic lottery horse breeders often mate like with like: whether it's
horses of the same breed, the same conformation, temperament, athletic and
competition ability, or even the same colour. Horses that are more alike are more likely
to have the same or similar alleles at the genes controlling the characters of interest.
For this reason the foals are more likely to inherit the same desirable allele
combinations (genotypes).

We all know that breed societies promote particular distinctive types, encouraging
breeding between horses that best represent the desired characteristics of the breed.
Indeed that is how breeds have been developed over the years, and in some cases
continue to be developed. Within any particular breed many of the horses might well
be descended from relatively few ancestors which had particularly desirable
characteristics. Some stallions are especially influential since stallions can and do
sometimes sire thousands of foals. What is more many of their colt foals often go on to
also sire many offspring of their own. These things have resulted in there being some
degree of inbreeding within most breeds, perhaps all of them.

Most people are probably familiar with the sometimes striking, and sometimes sad,
influences that inbreeding has had on dogs. They may likely be also aware of the
tragic influences that inbreeding can have on people too, so that in many (but not all)
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parts of the world there are laws or taboos against within family marriages, at least to
the level of cousins. Sadly inbreeding can make genetic disorders suddenly appear, as
if from no-where. Most of the commonest genetic disorders of horses have been
spread by inbreeding.

Within the horse breeding community there is still quite a bit of misunderstanding and
misinformation about inbreeding. This is hardly surprising since inbreeding can and
has been used to both good and bad effect in horsebreeding, and more generally in
the breeding of domestic animals, both farm animals and pets.

A degree of inbreeding is a useful tool for breeding economically important characters
into farm animals. It is usally combined with a degree of culling though, to remove the
unwanted side effects of inbreeding. Horse breeders don't want to cull their precious
foals, but sometimes inbred foals can suffer from fatal or debilitating genetic disorders,
which is both distressing and costly. For relatively healthy horses who “don't make the
grade” they may find a useful life as a family pony or hack. They will nevertheless be
less valuable to the breeder in economic terms and may have conformational or other
faults that shouldn't be passed on. Colts in this category should be gelded and mares
not bred from, but this, for various reasons, isn't always what happens.

All in line
Line-breeding is a popular form of horse breeding that ensures a particularly
exceptional animal occurs more than once in the pedigrees of offspring. Linebred
horses are more like the distinguished horse (or sometimes horses) because they
share more alleles with them than they would otherwise. Line-breeding has, and still
does, produce many exceptional horses. When you start looking for it you might even
be able to recognise horses of particular lines by the way they look. I find I can now
often spot Quarter Horses that share some ancestors with my own Quarter Horse
mares.
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Many breeders think that line-breeding is not inbreeding, but from a strictly genetics
point of view line-breeding is a form of inbreeding. What's often not realised is that the
influences of inbreeding can occur even when the same horses occur relatively far
back in the pedigree.

What is it that makes inbreeding a risk?
The problem with inbreeding has mainly to do with making rare recessive alleles more
frequent in a particular horse population, such as a breed or particular line. You may
remember from the discussion of dun that a recessive allele needs to be present in
two copies before it has an affect on the phenotype, that is to say it needs to be
homozygous. Horses with a single copy do not show the trait, but are said to carry it.

In each horse, as in individuals of other animals, there are a few alelles that would
cause some sort of genetic disorder if they were homozygous. These alleles are
generally very rare in the population as a whole, with different horses having one or a
few of these “bad alleles” among their 20,000 or so genes. As they are rare one
particular horse has to be very unlucky to inherit two copies of any particular “bad
allele”, but if it does it suffers from whatever genetic disorder the allele is responsible
for.

While unrelated horses in a population are unlikely to have the same “bad alleles” as
one another relatives are quite likely to share particular “bad alleles”, inherited from
the same ancestor. Breeding between related horses can lead to foals inheriting two
copies of particualr “bad alleles”, making them homozygous and giving them the
genetic disorder.

When a particular horse crops up often in a pedigree, as with line breeding or because
it is an influential stallion of a breed, the “bad alleles” can become more common.
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Many more horses share the previously rare alleles and genetic disorders and defects
can suddenly seem to start appearing, as if from nowhere.

The good thing about line breeding is that it can concentrate many rare “good alleles”,
leading to more superior horses. The flip side of this is that genetic defects and
disorders are bound to crop up from time to time, as indeed they do.

What to do to help avoid the risks of inbreeding
Refraining from close inbreeding is sensible and many horse breeders realise this.
They do however also know the benefits of line-breeding, with many successful
horses bieng produced in this way.

These days there are laboratory tests that can help breeders identify which horses
carry some of the “bad alleles” that are known about. The risks of line-breeding, and of
breeding horses of breeds which have some relatively common genetic disorders, can
now be partially or even substantially ameliorated by such tests. More tests are
becoming available as genetic research proceeds.

Genetic disorders will clearly only decline if people stop breeding from heterozygous
horses carrying “bad alleles” (those commonly called carriers). Such carrier horses
are fine themselves and may have very successful competition careers, but they can
pass a disorder on to their foals. They will pass the allele for the disorder on to about
half of their foals, on average.

There may be a big temptation to breed from carrier horses, especially if they're great
horses in other respects. In the case of stallions though this could mean passing the
“bad alleles” on to many foals. Even for mares the alleles will often be passed on, and
could be passed to colt foals who could later go on to spread the alleles in a big way.
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This is not a good thing when the frequency of the “bad allele” has already increased
due to the influence of particular stallions and the presence of some inbreeding.

It is evidently a good idea for breeders to find out about any genetic disorders
associated with the particular breeds and lines of horses they specialise in, and have
their horses tested wherever possible. It can save a lot of grief and financial losses
that might result from unintentionally breeding foals with genetic disorders and
defects. Most tests are inexpensive and simple to carry out, and do not require a vet. A
very few require a blood sample to be taken by a vet, but for most it is only necessary
to send off some hairs pulled from the mane. Many breed societies are now requiring
testing to be done. While this is hard in the short term, in the longer term the health of
our horse breeds will be improved as a consequence.

While we are on the subject it is interesting to mention one form of outbreeding that is
well worth considering and doesn't necessarily carry the risks of the genetic lottery.
Some breeders have a lot of success by crossing together animals of two relatively
inbred but unrelated lines. Although the foals don't tend to grow up like either parent
they do tend to be more like one another. So if one foal is exceptional the chances are
higher than average than his brothers, sisters and even half-brothers and sisters, will
be genetically similar and have a similar potential.

Chip off the old block?
During the late seventeenth century (1677) the Dutch microscopist Antonie van
Leeuwenhoek discovered sperm. From him came an idea called “preformism”, in
which the sperm was thought to contain miniature but fully-formed animals, called
animacules, or in the case of humans, homunculi (from the Latin for “little humans”).
The idea lead to males being regarded as the source of life, while females were
thought to be important for carrying and nuturing the animacules, so they may grow.
As a consequence many horse breeders didn't consider the mare to be important in
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determining the characteristics of a foal, since the stallions sperm was thought to
contain miniature horses (and so on back, like Russian dolls)!

Many early horse breeders didn't see any point in carefully choosing brood-mares
since they supposed the stallion determined the characteristics of the foal. They might
instead use a mare that wasn't much use for anything else. If they had been right
there would be no point in looking at pedigrees, even for selecting stallions. All one
would need to do would be to select a stallion who was already proven. Although the
theory of preformism has long since been replaced the notion that a sire stamps its
likeness on to its foals seems to have worked its way into folklore, and is not an
uncommon one among some.

Usually a horse resembles its sire to some extent, but in other characters it is more
like its dam, since half of its genes are derived from her (actually perhaps very slightly
more than half, but that is another story). The actual extent to which a foal grows up to
resemble either particular parent varies. There are certainly stallions that transmit
certain traits all the time, but the same is true of mares. Foals with relatively inbred or
line bred parents might also usually look a particular way, especially if both parents
are relatively inbred. Some simple characters controlled by particular types of gene
might always be passed on, regardless of the degree of inbreeding.

In some horses a few simple characters, like colour and pattern are always passed
from a parent to its offspring. If the character is controlled by a dominant allele and the
parent is truebreeding then this will be so, as we have seen. In that case the
phenotype and genotype of the other parent for that character doesn't really matter.
Some phenotypes which can always be passed on from truebreeding horses include
grey, dun, tobiano and champagne.

The homozygous cream horses, cremello, perlino and smoky cream, always pass on
their dilution allele to offspring, although the cream dilution allele is not completely
dominant. Horses with a single such allele are either palomino, buckskin or smoky
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black (an intermediate colour between the base coat colours and the cream dilutions),
or some modification of those colours. The subject of incomplete dominance, along
with other types of dominance relationships are discussed in the diploma of horse
genetics.

One should be aware that certain genotypes can over-ride genotypes at a different
gene. The genes involved have alleles which are said to be epistatic. Grey is
probably the commonest and best known example. No matter what genotype the
horse has for other colour genes a horse with the grey genotype will be grey (rare
white excepted). It is important to note that we should not confuse epistasis with
dominance. Grey is not dominant over other genes, it is epistatic to them. For the grey
gene there are two known alleles, the grey allele is dominant to the non grey allele.
Dominance applies to the alleles of the particular gene, epistasis applies to the
interactions between genes.

Many characters are controlled by several genes at once, including those contributing
to conformation, temperament and performance. As we've discussed before these
complex characters are influenced by both parents. They are also influenced by the
environment, as we discuss in the next section.

Nature versus nuture – the role of the environment
The characters of horses, like those of people, are caused by both genes and the
environment. When geneticicsts talk of the environment they tend to mean it in a
broader sense than is generally thought of. So to a geneticist the environment can
mean anything from the environment within the cells of the body and the environment
in the womb during development, to the influence of the dam on the foal, to the
external environment a horse lives in, including the nutrition and exercise it has, to the
expertise of the handlers, trainers and riders it is subjected to!

Each breed of horse has its own distinctive physical features, including, for example,
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an average height and build, head shape and length to height ratio. We can see that
these characteristics are mostly due to heredity because horses retain them
regardless of the environment they live in. American Quarter Horses look like
American Quarter Horses whether they live on large ranches in America, small stud
farms in Australia, paddocks in Europe or anywhere else. A Welsh pony always looks
like a Welsh pony if it is used as a kids pony, a companion, a driving pony or for
showing. On the other hand a Shire and a Shetland will look different from one
another even if they are born on the same day, raised at the same stables, given the
same sort (hopefully not amount!) of food, and trained by the same person for driving.

The environment, such as nutrition and exercise, particularly influence characters like
weight, muscle size and cardiovascular fitness, much as it does in humans.
Temperament, athletic ability and competitive performance are also influenced, but
not entirely determined, by environmental factors. These factors include nutrition and
exercise, but also the skill and temperament of handlers, trainers and riders. A race
horse needs the right genetic make up to be successful, but as many race horses
have the genetic potential for greatness, the skill of their carers, trainers and jockeys
plays a crucial part in their success. As another example many cutting horses may be
genetically fairly similar, so that their environment becomes critical for success.

Another form of environmental influence that can affect a horse’s appearance and
performance is accidental injury or blemish (like a scar). Mares and stallions with
blemishes and even some kinds of lasting injury can still still make good breeding
stock, as long as blemishes or damage are non-hereditary and do not affect the ability
to breed, or in a mares case, bear or nuture foals.

Many characters are influenced by both the environment and several different genes.
Such characters are often described as being polygenic (influenced by many genes)
or multifactorial (many factors influence them). The inheritance of such characters is
relatively complex and beyond the scope of a beginners guide. An introduction to the
basics of polygenic inheritance is given in the diploma of horse genetics.
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Some basics of colour genetics
We all know the adage that a good horse is never the wrong colour, but we still
probably all have our favourites anyway, and why not. These days you might as well
have a good horse that you like to look at too, if that's your thing. If it's what you like
there's nothing wrong with some colour and chrome in your breeding program –
whether that's patches, spots, dun stripes, shiny champagnes or whatever else takes
your fancy.

Some colours and patterns are so widely admired that they have societies dedicated
to them, even though many (or all) horses do not breed true for that colour or pattern,
as is the case for palominos, and several patterns, including appaloosa. Quite a few
breed societies have quite strict colour and pattern “rules”, despite there being some
“pure-bred” foals born that do not conform to the rules. Some of these rules are not
particularly logical from a genetics point of view!

There are four basic coat colours: black, brown, bay and chestnut. All other colours
are modifications of the base colours, with or without patterns. A lot is now understood
about the genetics of colour and pattern, but there is always more we could know.

The basic colours are predominantly influenced two genes. The extension gene
determines if black pigment will be formed, or if there will be reddy-brown pigment
only, as in chestnut horses. The agouti gene determines how extensively any black
pigment will be distributed through the coat and has at least three distinct alleles, for
black (which is the recessive allele), brown and bay (which is the dominant allele).
Roughly speaking the distribution of black pigment will be uniform in black horses,
mixed in brown horses, or concentrated in the mane, tail and points in bay horses.

Chestnut horses are homozygous for a recessive allele of the extension gene. When
bred together they produce only chestnut foals. The chestnut genotype overides the
effect of the agouti alleles, so that any homozygous recessive horse is chestnut no
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matter what the agouti genotype is. This, as mentioned before, is called epistasis. In
this case it is easy to see the mechanism behind it – if there is no black pigment to
distribute then a gene determining the distribution of black pigments can have no
affect. Epistasis and the various other kinds of gene interactions are discussed more
fully in the diploma of horse genetics. Remember not to confuse epistasis and
dominance.

Horses heterozygous at the extension gene make black pigment in their coat and can
have foals of any of the base colours, according to their genotype at the agouti gene.
Horses of non chestnut colours may or may not be true-breeding for their own colour,
depending on what combination of the two genes they have. Remember we are
talking about the base colours here, which can be modified by the action of other
genes, for example by diluting them or adding white patterning.

Palomino and buckskin are two ever popular colours, and who hasn't admired the
beauty of these golden horses. These colours are due to the diluting action of the
cream gene allele which, as already mentioned, is not fully dominant. The allele
dilutes chestnut to palomino and bay and brown to buckskin in heterozygous horses,
or to cremello and perlino respectively in homozygous horses. Black pigment is not
strongly diluted by the cream gene diltuion allele, and although black based horses
are diluted to smoky black when they are also heterozygous for cream, it may in
practice be difficult to tell. Smoky cream horses are black based and homozygous for
cream, and can appear a stunning “coffee” colour.

There are various other genes that also cause dilutions, including dun, champagne,
pearl and silver. Dun horses also have primitive dark markings, including the dorsal
(eel) stripe along the spine, zebra stripes on the legs and a darker face (face mask).

White hairs occur commonly on the base coat. There are various appaloosa patterns,
such as lepoard and varnish. White patterning in patches, such as tobiano, overo and
splashed white are also all determined by their own genes. A major gene is known
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about for sabino, but other genes seem to influence this phenotype too. Grey is a
developmental phenotype since horses start off another colour and more or less
gradually turn white over time. Classic roan patterning has at least one known allele at
the roan gene, but there is some evidence that there might be two or more, while other
forms of roaning may be due to other genes. Dominant white can occur due to the
presence of alleles at a particular gene, several of which are now known.

Breeders often enjoy learning something about the colours of interest to them, this
authors website is there to help you, if you wish to discover more. The diploma of
horse genetics also has a module dedicated to a more in depth look at the genetics of
coat colour and pattern.
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Glossary
agouti gene

The agouti gene determines how extensively any black pigment will
be distributed through the coat. It has at least three distinct alleles,
for black (recessive allele), brown and bay (dominant allele).

alleles

Alleles are different versions of a particular gene. The codes of the
alleles are a slightly different from one another, so that they may
make slightly different products. These different products may then
cause differences in the characters of horses.

basic coat
colours

There are four basic coat colours: black, brown, bay and chestnut.
All other colours

are modifications of the base colours, with or

without patterns. The basic colours are predominantly influenced by
the extension gene and the agouti gene.
carrier

Horses heterozygous for a recessive trait do not show the trait, but
are said to carry it. The term carrier is commonly used to describe
horses heterozygous for a recessive genetic disorder. Such carriers
are fine themselves and may have very successful competition
careers, but they can pass the allele for the disorder on to about
half of their foals (on average).

cells

The body of a horse is made up of cells, which are the smallest
structural units capable of independent functioning. There are many
sorts of cells – making up the organs, the blood system, the
nervous system and so on – but most of them have the same set of
genes.

characters

Characters are all those things that determine the structure,
functioning and other attributes of living beings. Any characters
which are influenced even partially by genes are said to be
inherited, or heredity.

Chromosomes

Chromosome are organized structures of DNA and protein, they
package the DNA and control its functions. They help to hold the
genetic information together, protecting the DNA from getting
tangled up or otherwise damaged. They help ensure that the
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genetic information is accurately passed on, from parents to foals.
The chromosomes, with their genes, live in a part of the cell called
a nucleus. The word chromosome comes from the Greek (chroma,
meaning colour) and (soma, meaning body) due to their property of
staining strongly with certain dyes.

In horses each of the 64 chromosomes contains a single linear
DNA molecule. A horse has 32 pairs of chromosomes – 32
chromosomes from its dam and 32 “corresponding” chromosomes
from its sire (in each cell). When a horse reproduces one
chromosome of each pair is incorporated into its sex cells (eggs or
sperm) by a special process called meiosis, so that sex cells have
only 32 chromosomes overall.
deoxyribonucleic In most organisms the genetic information, of which genes are the
acid (DNA)

most famous part, is encoded in long helical molecules called
deoxyribonucleic acid (DNA). DNA is capable of self-replication. It
consists of two long chains of nucleotides twisted into a double
helix and joined by hydrogen bonds between complementary base
pairs. It is the sequence of nucleotides that determines the genetic
code. DNA molecules are very thin. In horses they are coiled and
folded and precisely packaged into chromosomes.

dominant allele A dominant allele can overide the effect of a recessive allele (of the
same gene) in horses with a heterozygous genotype.
environment

In the genetics sense the environment is the non genetic influences
on characters. This includes the environment within the cells of the
body or in the womb during development, the influence of the dam
on the foal, the external environment a horse lives in, including the
nutrition and exercise it has, and the expertise of the handlers,
trainers and riders it is subjected to! The environment particularly
influences characters like weight, muscle size and cardiovascular
fitness. Temperament, athletic ability and competitive performance
are also influenced, but not entirely determined, by environmental
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factors.
epistasis

When a genotype at one gene can over-ride the effect of genotypes
at other genes it is said to be epistatic. Epistasis involves
interactions between different genes and should not be confused
with dominance, which involves interactions between alleles of a
particular gene.

extension gene

The extension gene determines if black pigment will be formed in
the coat, or if there will be reddy-brown pigment only, as in chestnut
horses. Chestnut horses are homozygous for a recessive allele of
the extension gene, a genotype that is epistatic to agouti. Any
homozygous recessive horse is chestnut based no matter what the
agouti genotype is.

gene

Genes, in conjunction with the environment, determine what
organisms look like and how they work (or don’t). Each gene is a
little “blueprint” for a particular protein molecule, or sometimes for
molecules of ribosomal ribonucleic acid (rRNA). For each cell in the
body almost all of the genes are present in two copies, one
inherited from the dam, and one from the sire. There are about
20,000 genes in the horse, many of which have two or more alleles.

genetics

Genetics is the science of heredity. Horse genetics is about the
transmission of inherited characteristics from sires and dams to
their foals. Geneticists explore the structure and working of genes
in detail, including how genes control and influence the characters
they do. Genetics now encompasses the study of the molecular
nature of genes, along with their associated biochemistry.

genotype

The combination of (the two) alleles for a particular gene that
determine a specific characteristic or trait. These combinations are
the genotypes for the gene in question.

heredity

Heredity is how characters are transmitted between generations,
from parents to foals, to their foals and so on. It is the reason for
both the similarities and the differences between parents and their
offspring.
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heterozygous

When the two copies of a particular gene are present as different
alleles the horse is said to be heterozygous for that gene.

homozygous

If for any particular horse the two copies of any particular gene are
present as the same allele the horse is said to be homozygous for
that gene.

inbreeding

Breeding between related individuals, which are more genetically
similar than they would be by chance. There is some degree of
inbreeding within most breeds. Inbreeding can and has been used
to both good and bad effect in horsebreeding. Most genetic
disorders of horses have been spread by inbreeding, when many
more horses come to share previously rare alleles.

linebreeding

Line-breeding is a popular form of horse-breeding that ensures a
particularly exceptional animal occurs more than once in the
pedigrees of offspring. Linebred horses are more like the
distinguished horses because they share more alleles with them
than they would otherwise. From a strictly genetics point of view
line-breeding is a form of inbreeding. The good thing about line
breeding is that it can concentrate many rare “good alleles”, leading
to more superior horses. The flip side of this is that genetic defects
and disorders crop up from time to time.

meiosis

When a horse reproduces one chromosome of each pair is
incorporated into its sex cells (eggs or sperm) by a special process
called meiosis, so that sex cells have only 32 chromosomes overall.
Of the two alleles of any particular gene that a parent could pass on
to a foal the exact one is determined at random.

multifactorial

Many characters are influenced by both the environment and
several different genes. Such characters are often described as
being multifactorial (many factors influence them).

outbreeding

Crossing between unrelated horses. Out-breeding mixes up genes
with contrasting alleles and so comes with no guarantees. Some
breeders have a lot of success by crossing together animals of two
relatively inbred but unrelated lines. Although the foals don't tend to
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grow up like either parent they do tend to be more like one another.
So if one foal is exceptional the chances are higher than average
than his brothers, sisters, and even half-sibs, will be genetically
similar and have a similar potential.
phenotype

The observable physical and biochemical characteristics, as
determined by both the genotype and the environmental influences.

polygenic

Polygenic characters are influenced by many genes.

proteins

Complex organic molecules that make up the essential “building
blocks” and the “workmen” of the body, they include enzymes,
hormones, and antibodies. They are composed of one or more
chains of amino acids and contain carbon, hydrogen, oxygen,
nitrogen, and usually sulphur. They are necessary for the proper
functioning of an organism.

Punnett square A Punnett square (named after Reginald C. Punnett) is a diagram
that is used to predict the outcome of a particular cross. It gives a
summary of the possible combinations of maternal and paternal
alleles for each gene being studied in the cross.
Recesive allele

A recessive allele needs to be present in two copies (homozygous)
before its phenotype is manifest.

Ribonucleic acid A single-stranded nucleic acid with important genetic and other
functions.
truebreeding

Horses homozygous for a dominant allele at a particular gene are
true-breeding for the character controlled by that gene. They will
always have foals with that character regardless of the genotype of
the other parent for that gene.
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