Genetic defects in Farm Animals

1- Genetic Defects in Sheep

Genetic defects refer to deformities that exist at birth. They occur sporadically and
rarely contribute to major losses of lambs in flocks. There are more than 30 known or
suspected genetic defects of sheep. Many are lethal. Others are semi lethal, because
the effect is crippling but death is not inevitable, although a proportion do die. Some
common genetic defects are entropion (inverted eyelids), cleft palate, parrot mouth
(undershot jaw, cryptorchidism (one or both testicles retained in the abdomen),
hernias, abdominal impaction, and spider lambs, and even prolapses.

Causes of Genetic Defects

Chromosomes inherited from parents determine an animal's genetic make-up. There
are many genes in each chromosome. Genetic abnormalities occur when genes are
missing, in excess, mutated or in the wrong location (translocation). A few genes can
directly cause an abnormality, however, these are rare. Usually, these genes are
recessive, meaning two must be present to cause an abnormality. Both parents must
be carriers of the gene for a calf to be abnormal. In this case, only one of every four
offspring will be abnormal. Two will be carriers and one will be normal.

Certain conditions show that an abnormality is likely to have a genetic origin:

1. The abnormality is more common in a group of related animals.

2. The symptoms are similar to those of an abnormality identified through test
matings. Study of an animal's chromosomes using blood samples can identify
several genetic defects.

Below are some of the most common genetic defects in sheep.

Jaw defects Jaw defects are present in almost all breeds of sheep and are
associated with failure of the incisor teeth to properly meet the dental pad. A jaw is
undershot if the incisor teeth extend forward past the dental pad; it is overshot if the
teeth hit in back of the dental pad (this condition is known as parrot mouth). Cull
sheep with either of these genetic defects. If the sire and dam can be identified,
remove them from the flock.

Overbite: (overshot, parrot mouth, class, overjet, mandibular branchygnathism)

In this condition the upper jaw is longer than the lower jaw. There is a gap between
the upper and lower incisors when the mouth is closed. Some lambs that are born
with an overbite might self-correct if the bite is no larger than the head of a wooden
match. In most breeds of sheep the bites are "set" by the time a lamb is a few months
old. An overshot bite will rarely improve after the lamb reaches maturity.



Underbite: (undershot, reverse scissors bite, prognathism)

In this condition the lower jaw is longer than the upper jaw. If the upper and lower jaw
meets each other edge to edge, the bite is referred to as an even or level bite. If your
lamb has either an overbite or an underbite, it will not be able to properly nurse, get
enough nutrition, or even eat from the creep feeder with the other lambs as seen
below.

Rectal prolapse: Rectal prolapse is a serious defect most commonly associated with
the meat-type sheep. It is most common among lambs fed a high-concentrate ration.
It is believed that this weakness is due to inheritance. This condition is sometimes
corrected by surgery, but affected animals often continue to prolapse after surgery.
Cull from the flock breeding sheep in which this occurs.

Cryptorchidism: Rams with one or both testicles retained in the abdomen, or not
descended fully into the scrotum are cryptorchids. Cryptorchidism presents itself in
one of two forms: 1) unilateral cryptorchidism - normal descent of only one testicle, 2)
bilateral cryptorchidism - retention of both testicles. Unilateral cryptorchid lambs are
usually capable of breeding, whereas bilateral cryptorchids are sterile. The condition
usually is inherited as a simple recessive trait. There seems to be some association
between this condition and the polled characteristic found in some fine-wool rams.
Purebred breeders should make every effort to eliminate this condition. In spite of the
fact that bilateral cryptorchid lambs are sterile, both bilateral and unilateral
cryptorchids should be castrated, to reduce the risk of possible future complications.
Unilateral cryptorchids should never be

used in a breeding program.

Inverted eyelids: Inverted eyelid
(entropion) is widespread among most
breeds of sheep. This trait is highly
heritable. Inverted eyelids are a
“"turning in" of the margin of the eyelid
and therefore bringing the eyelashes
into direct contact with the cornea. This
contact creates an irritation, making it
necessary for the animal to blink
constantly. As the animal blinks, it is : >

compounding the problem by scraping =<2 ~y s L et
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if left unattended, can eventually cause blindness. The condition may be noted at
birth and treated at that time. Entropion should never be left to take care of itself. If
left untreated, the condition could cause sore watery eyes, infection, ulcers on the
cornea and even blindness. Entropion condition requires surgical correction by a
veterinarian. One method of treating this condition is to clip a metal suture to the
center of the affected eyelid. Gather enough skin under the clip in a vertical direction
to hold the lid away from the eye. The clip can be left in place for several days. Mark
the affected lambs and do not allow them to enter the breeding flock.

(Normal, Healthy Eyes)

Spider Lamb Syndrome (SLS)
or ovine hereditary
chondrodysplasia is a genetic
disorder causing skeletal
deformities in young lambs.
These defects commonly include
abnormally long, bent limbs,
twisted spines, shallow bodies,
flattened rib cages, and long
necks. The syndrome is inherited
as a genetic recessive disorder
meaning that affected lambs
must inherit the mutation from both their parents. Because of this inheritance pattern,
the identification of genetic carriers of SLS has been difficult without the use of
progeny testing. The presence of SLS in several breeds has prompted breeders to
divide pedigrees into two categories, "gray-pedigreed” animals having ancestors that
have produced spider lambs, and "white-pedigreed" animals having ancestors that
have never produced affected lambs.

2- Genetic Defects in Cattle

Syndactyly (Mulefoot):

Syndactyly refers to the fusion of the two toes of the foot. Caused by a recessive gene,
mulefoot most often affects the front feet. This condition occurs in the Aberdeen Angus breed.

Fig’u re 5. Syndactyly and normal hooves
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Hypotrichosis (Hairlessness)

Hairlessness occurs in several breeds of beef cattle. It expresses itself as complete or partial
loss of hair. Calves are often born with no hair but will grow a short curly coat of hair with
age. Affected individuals are prone to environmental stress (cold and wet) and skin infections
are more prevalent. A recessive gene causes hairlessness.

Figure 1. Partial Hypotrichosis
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Thera ars many undesirabls raits that show upin beaf
catle. These range from poor performance and structur-
al unsoundness to sami-lethal and lethal dissases.
Marvy of thess are caused by varying amourts of genst-
ic influence; others are caused by emvironmental condi-
tions or an interaction betwesn the animal’s genstic
makeup and the environment in which it lives.
Congenital defects are present in all breeds of cattle. In
most herds, they are rather uncommon; however, occa-
sionally the frequency within a herd will be high
anaough to be of considerable economic im portance.
Congenital defects are abnormalites of structure or
funietion present at birth and may aceount for a high
percantage of calf losses from just before to just after
calving. The fraquency of congenital defects ranges
from less than 1 to over 3 percent within herds. Cattle
breeders should be conscious of potential defects and
investigate animals exhibiting unusual characteristics.

Causes

The cause of many congenital defects is unknown, but
some are inheritad. The most common inheritance pat-
tem is as a simple recassive trait. The defective calf
raceives a recessive gens from its sire and one from its
damn. & few congenital defects are known to be caussd
by genes with incompl ete dominance and a few are
caused by two or more ssts of genes.

Genetically caused congenital defects usually run in
families. The parents of a genetically defective calf will
generally have at least one ancestor in common. When
miore than one genstically caused defective calf is born
ina herd in the same calving s=ason, their dams are

usually related (for exam ple, half sisters) and are sired
by the same bull. & changs in the breeding program is
required to comect this situation.

Mary congenital defects are caused by environmen-
tal factors. These include the level of nutrition, excess or
shortages of certain nutrients, toxic plants or other toxic
substances, infectious diseases, and extremes in tam-
p=rature during pregnancy. Most ervironmental ly
caused congenital defects will occur during a short peri-
ol of the calving season, from cows thatwere managed
as a group. After proper diagnosis, a changs in manage-
ment is necessary to comect these conditions.

Diagnosing the Cause

To determine the cause of defects, the bresder must
have good records and know why every calf dies.
Bresding records which include sire and dam of each
calf and breeding date are needad. Blood typing or DNA
typing of the calf and possible parents can be used to
help determine parentage. The calf must be alive and at
least one month old when the blood sample is obtained
for blood typing. Managsment records should include
wihich cows were in groups during each time period.
Most breedars have a list of which cows are in each pas-
ture. A date in and out of the pasture usually will help
identify problems. Fead analysis reports, toxic plants
presant, and herd health and vaccination programs ars
alzo of value.

Knowing the causs of death is important in contral-
ling diseasas as well as congenital defects. The cause of
some deaths will be obwious, others will be much more
difficult. If the breeder does not know the causa, they
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Figure 1. Dwarfism. Notice short, blocky appearance with
deformed nose causing labored breathing (snorter dwarf).

should get help from their local veterinarian or stats
diagnostic laboratory. The breed associations, Al organi-
zations, and extension personnel usually can help con-
tact diagnostic personnel also. It is very important to act
fast Tissue of a dead calf will deteriorate very fast in
waarm weather, especially the nervous system. If the calf
cannot be delivered to the laboratory within a few hours
after death, it should be well cooled before transporta-
tion. The best diagnosis can be obtained from a calf
delivered alive. Call the diagnostic laboratory ahead so
they can give instructions on how to handle the calf and
be ready whenit arrives. If a defectis diagnosad as
genetically caused, the breeder of the animal and the
breed association should be notified. The responsibility
for control of genetic defects rests primarily with the
purebred breeders and breed associations. Good diag-
nosis from one dead calf may save many others.

Genetic Defects

. Owarfism. There are saveral types of dwarfism
caused by both environment and genstics. Each of
the three genetically causad dwarfisms discussed
here are different traits causad by different sets of
genes.

a.  Snorter dwarfism causes short, blocky appearancs
with deformed bore growth in the nasal passages
which causas difficulty in breathing. Inherited as a
simple recessive trait (Figure 1).

b Long head dwarfism causes small size but does not
affact the bone growth in nasal passages. Inherited
as a simple recessive trait.

¢ Compress dwarfism is inherited as incomplete dom-
inanca An individual with one compress gene and
one normal gene has an extremely compressed
body conformation. The individual with two com-
press genes is a dwarf and the calf dies at or soon
aftar birth.

2. Woater head (internal hydrocephalus). Excass fluid is
present in the brain (Figure 2). Calves are usually
born dead or die shortly after birth. Environmental
factors can cause the diseasse, as well as being

Figure 2. Waterhead (internal hydrocephalus). Calf was born
dead. Notice dilation of internal aspects of cross-section of this
brain.

Figure 3. Marble bone (osteopetrosis). This calfwas aborted three
weeks before its term. Notice thick bone with no bone marrow
cavity.

Figure 4. Hairlessness (hypotrichosis) in a calf.

inheritad as a simple recsssive trait.
3. Marbie bone (csteopetrosis). The calves are usually
bormn dead two to four weeks early. Bones are solid
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and do not contain mamow, making them very brit-
tle and easily broken (Figure ). Inherited as a sim-
ple recessive trait.

4,  Hairlessness (hypotrichosis). Partial to almost com-
plete lack of hair (Figure 4). Hair develops and is lost
50 an affected animal will vary somewhat in expres-
sion from month to morth. Inherited as a simple
recessive trait

5. Rigid joints (arthrogryposis). Marny ervironmentally
caused forms appear but ore form is inherited as a
simple recassive trait The joints of all four legs are
fixed symmetrically and a cleft palate is present
(Figura 5.

8. Extra toes (polydactyly). One or both front fest are
usually affectsd, but all four may have the outer
dew claw develop into an exira toe (Fgure 6). At
least twio sets of genes are imvalved in the inheri-
tance of this trait.

T Muiefoot isyndactyly). The two toes are fused
together to produce only one toe. The front feet are
most often affected, but all four may be affectad
(Figura 7). These cattle cannot tolerate hot tem pera-
tures. Inheritad as a simple recessive trait.

8 Weawver calf (progressive bovine myeloencephalopa
thy ). Calves start developing a weaving gait at 6-8
months and get progressively wo rss until death at
12-20 manths (Figurs 8. Inherited as a simple reces-
sive frait

9. Photosensitivity (protoporphyria). Animals are ssn-
sitive to sunlight and develop scabs and open sores
when exposed to sunlight (Figure 9). The liver is
also affected and the animals may suffer from
seizures. Imherited as a simple recessive trait

10. Bulideg (achondroplasia). This trait is inheritad as an
incomplete dominant. The homozygous may be
aborted dead at 6-8 months gestation, and has a
compressed skull, noss divided by furmows and
shortensd upper jaw, giving the bulldeg facial
appearancs. The heterozygous calf is small and
heavy-muscled (Figurs 1.

. Doule muscling. Animals are extremely heavily
muscled (Figure 11). However, considerable varia-
tion exists in the expression of this trait. Inherited as
a simple recessive trait.

12. Parrot mowth (brachygnathia inferior). One type of
parrot mouth (Figure 12 is inherited as a simple
recessive trait The more common cause of testh
and denture pads not meeting is a quantitative trait
caused by ssveral sets of genes. This can causs
sither an under or over shot jaw with varying
degrees of expression.

13. Crypiorchidism. One ar both testiclas fail to descand
imto the serotum. Inherited as a sex limited trait and
probably irvolves at least twvo sats of genes.

14. Proionged gestation. The fetus fails to rigger partu-
rition. Parturition must be induced or the calf
remaved. The calf is often exdremely large and often
dies. Inheritad as a simple recessive trait.

15, White eyes (Cculocutaneous Hypopigmentation).

Figure 5. Rigid joints {arthregryposis) in a alf. Notice rigid front
legs. These cabves have a cleft palate.

Hair coat is a bleached color and the iris is pale blus
arourd the pupil with tan periphery. Imherited as a
simple recessive trait.

Mary ather genetically caused undesirable traits are
known. The beef cattle geneticist at your land grant uni-
warsity will have knowledgs of most of them and will ba
able to help if a problem arises.

Marry abnormal conditions are not genetically
caused. Two headed calves and calves with exira legs
are caussd by mistakes in developrment and not the
genetic makeup of the individual or its parsmts.
Fresmartin heifars are caused by circulation of the male
twin’s hormores through the developing female fetus.
Some hydrocephalus can be caused by BVD ibovine
virus diarrhea) infection during pregnancy. Crippled-calf
dis=ase is caused by the cow sating lupines between
days 40 ard 60 of pregnancy. Flexed pastemns (contract-
ad flescor tendoms) is usually caused by a largs fetus

Figure 6. Extra toes { palydactyly).

developing in a small uterus. Howsver, both crippled-
calf and flexed pasterns can also be genetically caused,
inherited as simple recassive traits.

Controlling Genetic Diseases

The best control of genstic dissases is to avoid animals
that carry these genes. Bulls or semen should be pur-
chased from reputable bresders, produced by parants
who are not known to carry undesirable genes. Long
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Figure 7. Mulefoot (syndactyly). Notice single toe as compared to
the normal front foot.

established inbrad linss that have not recently producad
genatic undesirables are usually quite safe. Commercial
producers who use a crossbreeding system rarely have a
problem.

The elite purebred breeder or owner of Al bulls may
wish to test for simply inherited traits before bulls or
donor cows are heavily used. If the undesirable traitis
dominant, no test is needed sinca the animal would
show the trait even if only one dominant gene is pre-
sant. If the trait is inherited as incomplets dominance,
the individual that has only one undesired gene can
usually be identified and testing is not needed. Testing is
usually ussful only when the trait is inheritad as a sim-
ple recassive trait

When only one nonlethal, undssired, recassive trait
is of concarn, the least expensive test is to mata the ani-
mals to ones having that undesired trait. For example, if

not be used to make the test. If only one lethal trait is of
concem, the test should be made using animals that
have produced calves with this lethal trait At least 16
calves should be produced from these matings (P=.99).
If a calf is produced that has this lethal trait, the testad
animal has one recsssive gene for the trait

If the breeder is concernad about identifying all
recessive traits, at least 26 progeny from sire-daughter
or motherson matings should be producad (P>.99). This
test is time consuming and expensive and only truly
outstanding animals will be able to pay for it All calves
from these matings must be obs=arved very closely and
all recessive traits recorded. The tested animal will have
a racessive gensa for any recsssive traits observed.

What to Do with Carriers

An animal that has one undesirable recessive gene may
have thousands of very desirable genes. The animal's
desirable genss should be weighed against its undesir-
able genes. If the desirable genss can be found in other

Figure 8. Weaver calf (progressive bovine myeloencephalopathy )/
Notice unsteady posyure of this animal.

homs are not desired, the polled animal to be testad
would be mated to horned animals to producs atleast 7
calves (P=.99). If any homed calves are producad, the
polled animal has one gene for horns.

If the undesired trait is lethal, the dead animals can-

Figure 9. Photosensitivity (protoporphyria). Notice skin lesions
due to sunlight.

animals without the undesirable gene, carriers should be
slaughtered and replaced. When the production traits are
superior, these animals can be used in a crossbreading
program to produca beef. Heifers should not be kept for
breeding. If the individual is extremely superior in pro-
duction traits, a superior son can be producad that does
not carry the undesirable gene. The outstanding carrier
animal would be mated to a small group of very out-
standing individuals. The best two to four sors produced
would be selectad and usad in test matings to known
carmrier cows. The best son that does not carry the unde-
sired gene would then be used and all carriers slaugh-
tered. This would take several years and only truly
superior individuals could justify such a procedure.

In most casas, the animal that carries the undesirable
recessive gens should not be usad to produce breeding
animals. Daught=rs should be worked out of the herd and
replacad with superior animals that do not carry undesir-
able genes. Purebred breeders should work with their
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bread associations, extarsion and university personnel,
and vetarinarian to eliminate and avoid problems.

Ethical and Legal Considerations

Serious ethical and legal problems are involved in selling
known carrier cattle or progeny of known carriers. A
saadstock producer in this position should be completaly
honest with the buyer. It is doubtful that he should sell
possible carmriers, under any circumstancas, to a young-
star or to someona who is just getting started in busi-
ness and may not have the knowledge to undearstand the
consaquences of using offspring from known carriers.
Selling carmiers without informing the buyer will ulti-
mately reduca the confidanca that buyers have in the
breeder and may eventually reflect negatively on the
entire breed.

Figure 11. Double muscled calf on pasture. Notice outline of hind
legs and deep creases between muscles.

Figure 10, Bulldog calf (a chondrodysplasia).

Authors:

Figure 12. Parrct mouth (brachygnathia inferior ). Short lower jaw
n aalf.
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3- Genetic Defects in goats

mucopolysaccharidosis IlID or G-6-S

This defect's full names are mucopolysaccharidosis IlID, or G-6-Sulfase deficiency, and it is usually
referred to as G-6-S. It was first identified in 1987 at Michigan State University, and subsequently the
researchers tested nearly a thousand goats in Michigan and concluded that about 25% of Nubians
carry this gene. All cases are the result of a single mutation, and appear to be confined to Nubians
and their crosses; other breeds were tested initially and they do not have this particular defect.

The affected goats lack an enzyme (G-6-S) and this results in a variety of symptoms of varying
severity. The main symptom exhibited by affected goats is failure to grow. Sometimes the kid is
smaller than normal at birth, and grows slowly. Some breeders have reported kids which grew
normally for the first three months and then stopped growing. Other affected goats grow to what
appears to be normal size but is in fact small for the particular bloodlines. They lack muscle mass,
appear "slab-sided", sometimes with blocky heads. Immune function appears to be compromised, and
sometimes they become deaf or blind. The longest-lived goat known to be G-6-S affected died at just
under four years of age, and death is usually due to heart failure. Unfortunately affected animals can
and do grow up to breed, although they often experience reproductive problems.

Beta-Mannosidosis

Beta-mannosidosis is a genetic defect of Nubians which is similar to in its mode of transmission and in the
method recommended for its management. Like G-6-S, it is confined to Nubian goats, it is caused by a simple
recessive gene, and a DNA test is available to distinguish normal, carrier, and affected animals. As for G-6-S, the
optimal management strategy, the one which offers the best balance between getting rid of the bad gene and
saving the good genes, is to use only normal bucks.

Unlike G-6-S, beta-Mannosidosis is rapidly fatal and no affected goats grow up to breed. For that reason the
incidence of this defect is lower than the incidence of G-6-S, with only about 13% of the population being carriers.

An affected kid is born with what looks like cerebral palsy. The kid is unable to stand or to hold up its head, and it
shakes if it tries to do anything (intentional tremor). If it tries to reach the nipple it shakes violently and fails, but if
the nipple is put in its mouth it calms down and is able to suck. It may also have skeletal deformities, and twitching
eye movement and be deaf, but these symptoms are more obscure and variable.

The cause of these difficulties is the lack of an enzyme which normally removes certain sugars from the cells.
These sugars accumulate in the cells, and the cells of the nervous system show the effects first. Even with the
best care the kid will die within a few weeks at the most.

Unlike with G-6-S, it is immediately obvious that the affected kid is defective, although its difficulties might be
mistaken for some sort of birth trauma or oxygen deprivation. At least there is no possibility of bad feelings
resulting from the inadvertent sale of a defective kid.
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