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ABSTRACT

The availability of the bovine genome sequence and the use of DNA markers have widened our understanding of
a number of hereditary diseases in cattle, leading to the development of techniques for their early diagnosis. By
isolating DNA from nucleated cell samples, followed by in vitro amplification techniques and digestion with restric-
tion enzymes, it is now possible to detect the presence of lethal or mutant alleles for a specific phenotype. Such
techniques are already being used for the study of genetic diseases of dairy cattle such as BLAD (Bovine leukocyte
adhesion deficiency), CYM (Complex vertebral malformation), DUMPS (Deficiency of uridine-monophosphate syn-
thase) and citrullinemia, among others, where the disorder is caused by the presence of a recessive allele in
homozygosis. Although the frequency of these alleles in the population is usually very low, it can be easily increased
if heterozygotic (carrier) sires are used during large-scale stockbreeding, ultimately resulting in significant economic
losses; on the other hand, certifying the absence of such mutations in sires increases their value. Since there is a
worldwide tendency towards the implementation of monitoring programs for hereditary diseases in cattle, it is
important to update the technical personnel involved in cattle breeding (researchers and veterinary doctors) as well
as farmers on the use and importance of DNA molecular markers in animal health.
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RESUMEN

Diagnéstico molecular y estrategias para el control de enfermedades hereditarias importantes en ganaderia
bovina. El conocimiento del genoma bovino y la utilizacion de marcadores de ADN han permitido conocer el
origen de algunas enfermedades hereditarias y desarrollar técnicas de diagnéstico precoz. Mediante el aislamiento
de ADN a partir de muestras nucleadas y técnicas de amplificacién in vitro y digestién con enzimas de restriccion se
puede diagnosticar si un animal es portador de un gen letal o mutante para determinadas caracteristicas. En la
actualidad es posible estudiar enfermedades hereditarias del ganado bovino lechero como la deficiencia de adhesion
leucocitaria bovina (BLAD), la malformacién vertebral compleja (CMV), la deficiencia de la enzima uridina-
monofosfato sintasa (DUMPs) y citrulinemia, entre otras, cuyos origenes estdn relacionados con la presencia de
alelos recesivos. Si bien la frecuencia de estos genes mutantes es muy baja, debe considerarse que la utilizacién a
gran escala de reproductores portadores puede incrementarla y generar importantes pérdidas econémicas; por otra
parte, el conocimiento de que un reproductor esta libre de tales mutaciones, incrementa su valor agregado. Es por
ello, la tendencia mundial a la implementacién de programas de vigilancia para enfermedades genéticas, de aqui
la importancia de divulgar tanto entre investigadores y médicos como entre los productores la utilizacién e importancia

de los marcadores moleculares de ADN en la sanidad animal.
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Introduction

Genetic diseases, caused by the vertical transmission
of defective genes to the offspring, can lead to sig-
nificant losses in agricultural yield during animal
husbandry. The technological advances that have ta-
ken place in the fields of molecular genetics and bio-
informatics during the last decades have enabled the
identification in dairy cattle of the genes responsible
for a number of important genetic diseases with a
monogenic origin. In most cases, the defective allele
carries a mutation that results in the synthesis of a
non-functional protein variant, leading to develop-
mental or metabolic disorders [1]. When this allele is
recessive, heterozygotic (carrier) animals have a nor-
mal phenotype but can pass the genetic defect to
their offspring; carrier individuals within the bovine
livestock, therefore, imply the silent transmission of
genetic defects and hence an increase in the chances
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of appearance of genetic defects among calves, with
its associated economic implications.

From the viewpoint of farmers and breeders, ge-
netic disorders constitute an insidious threat whose
consequences often become evident only after seve-
ral generations of crossing, when short-term, low cost
solutions are no longer possible. The extensive use of
individual and genealogic registries attests to the atten-
tion paid by breeders to this problem. Occasionally, a
phenotypically normal elite sire carrying a recessive
version of a defective gene has been used in large-scale
breeding programs, with detrimental consequences
amplified by the effects of the increased consanguinity
of the progeny.

The changes or alterations underlying many here-
ditary diseases are currently known, making it possible
not only to understand their development, but to diag-

1. Diaz O OH. 1993. Enfermedades he-
reditarias de los animales domésticos: su
significacién en patologia y produccién
animal. Monografias de Medicina Veteri-
naria. Vol.15 (1 & 2) December. [Online]
Available at: http://www.monografias
veterinaria.uchile.cl/CDA/mon_vet_
seccion/0,1419,5CID%253D13930%
25261S1D%253D440,00.html [Consulta:
marzo 5, 2008]
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nose their presence before the appearance of actual
symptoms. New methodological approaches and mo-
lecular technologies that have been used in animal
science for a number of years have endowed current
geneticists with the necessary tools for the eradication
of specific genetic disorders from animal populations
[2], aided by the use of diagnostic methods based on
molecular genetics in order to perform directed cros-
sings for the obtention of disease-free calves.

The present work tries to review some theoretical
aspects concerning the most relevant genetic disea-
ses of bovine livestock, which are gaining an increased
importance in the current situation of an ever greater
demand for food among the human population, coupled
to an increased need for sustainable and dependable
sources of alimentation.

Congenital defects

Congenital defects can lead to abortions or have con-
sequences after birth; although uncommon, they could
be present in most cattle breeds. They may be physical
or functional anomalies with environmental or genetic
causes. Although congenital defects arising from envi-
ronmental conditions are relatively easy to eliminate,
those with a genetic origin constitute a much more
complicated problem that poses, understandably, a
much greater challenge for its correction [3].

Environmental causes

The appearance of congenital defects with an envi-
ronmental source can be corrected by simply contro-
Iling the environmental factors that are known to have
an influence on these disorders, such as the diet [4].
The economic losses caused by these defects are often
smaller than those with a genetic origin.

Some of the telltale signs indicating an environmental
factor as causative effect for a genetic anomaly:

1. Temporal coincidence with an environmental
factor, and disappearance when the factor is eliminated

2. Occurrence of the same defect in groups of ge-
netically unrelated animals

3. The symptomatology is similar to that of a
well-known defect with an environmental origin

Genetic causes

Caused by the inheritance of an absent or otherwise
non-functional (mutated or translocated) gene. The
appearance of a genetic disorder due to the mutation
of a single gene is not common, and most monogenic
disorders are caused by a recessive allele [4]. In that
case, a cross between two carrier parents produces a
genetically healthy (normal homozygote) animal in
only 25% of the cases, a carrier in 50% of the cases,
and a recessive homozygote in the remaining 25% of
the cases.

The main conditions indicating the presence of a
genetic disorder are:

1. The disorder is present only in a group of ge-
netically related animals

2. Similar symptomatology to other genetic di-
sorders previously studied by crossing tests. They
entail the use of karyotyping studies and molecular
markers for a full identification of the underlying
defect.
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Strategies for genetic diagnosis

The strategies for the diagnosis of genetic defects can
be split in two groups:

1. Direct: Based on the use of a molecular marker
that directly identifies a mutation in a gene associated
to a specific disease

2. Indirect: The diagnosis does not require the
previous knowledge of the specific gene causing the
disorder. It is based on the identification of a molecular
marker showing a pattern of inheritance compatible
with that of the disorder, followed by the examination
of nearby genes (which will show genetic linkage to
the marker) for the possible cause. These markers are
often repetitive sequences (microsatellites) that are
studied for co-segregation with the disorder.

Bovine leukocyte adhesion deficiency

Bovine granulocytopathy, also known as bovine leu-
kocyte adhesion deficiency (BLAD), was first des-
cribed in 1983 by Hagemoser et al. for a Friesian
Holstein heifer [5]. The disease was characterized as a
state of increased sensitivity to infectious agents du-
ring the first two years of life, with altered neutrophill
function resulting in the inability of the animal to ini-
tiate an inflammatory response in spite of high neu-
trophill counts. Later, Nagahata et al. [6] described in
Japan, in 1987, a similar disease characterized by a
granulocytopathic syndrome affecting Holstein Frie-
sian calves and heifers originating from the U.S. These
authors used pedigree analysis to classify this syndro-
me as a genetic disorder with single autosomal recessive
inheritance.

In 1990, Kehrli et al. [7] defined the molecular ba-
sis of bovine granulocytopathy as a deficiency in the
Mac-1 glycoprotein complex (CD11b/CD18). Among
the clinical signs and laboratory findings typical of
the disease are recurrent infections of the soft tissues
such as granulomatous and ulcerative stomatitis, en-
teritis, pneumonitis and periodontitis; defective scar-
ring, death before sexual maturity, leukocytosis with
marked predominance of neutrophills, persistent and
progressive neutrophilia, moderate lymphocytosis and
functionally abnormal neutrophills with altered mo-
tility as well as decreased phagocytic and oxidative
capacity. The necropsy of affected animals reveals
large numbers of neutrophills in sinusoid capillaries
and blood vessels, in contrast to low numbers of extra-
vascular neutrophills in tissues undergoing an inflam-
matory response, which are typically overloaded with
microorganisms. The most frequently described his-
topathological lesions are necrotic enteritis, lymphoid
hyperplasia and histiocytosis at the lymph nodes; the
histological examination often reveals macroscopic le-
sions from pneumonia or pulmonary abscesses. Laryn-
gitis and tracheitis, as well as myeloid hyperplasia at
the bone marrow, have also been observed as a result
of this disorder [8].

BLAD is lethal for the Holstein breed [9], where it
leads to death of the animals at 2 to 8 months of age,
with unspecific symptomatology. The affected indi-
viduals are phenotypically normal at birth, but start
to suffer episodes of high fever, chronic diarrhea, im-
paired scarring, gingivitis and generalized infections
after a few weeks. The infections are usually recal-
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citrant to antibiotic treatment, and the animal even-
tually dies. Asimilar disease is also found among Irish
Setter dogs and in humans, where it is called leukocy-
te adhesion deficiency (LAD) and is caused by gene-
tic defects affecting the LFA-1, p150, 95 and Mac-1
glycoproteins, also known as the CD11/CD18 beta-
integrins by the World Health Organization. The affec-
ted children develop recurrent bacterial infections with
persistent leukocytoses, and die at an early age if not
treated by bone marrow transplantation.

The defective allele of the b subunit of the integrins
from bovine CD18 has been identified and sequenced
[10]. When compared to the sequence of the normal
gene, this allele has two point mutations, one of them
silent and the other resulting in a change from aspar-
tic acid to glycine at position 128, in the highly conser-
ved extracellular domain. This mutation affects the
functioning of a protein receptor in leukocytes, and
subsequently influencing the inflammatory and the
immune responses against infections.

The presence of a localized infection in healthy
animals usually attracts leukocytes to the infected
tissue, where they target and kill the invading micro-
organism. This attraction is mediated by the appea-
rance, on the walls of the surrounding blood vessels,
of a number of specific molecules which are induced
by the infection. Leukocytes anchor to these walls
through interactions with these molecules using spe-
cific surface receptors, and then migrate through the
vascular endothelium in order to reach the affected
area. Ata molecular scale, BLAD-associated mutations
result in modifications of these specific receptors at
the leukocyte surface, eliminating or decreasing the
ability of the affected leukocyte to attach to the vas-
cular surface in order to reach the infected tissue [11];
the net effect is that the affected animal is not able
to control common bacterial infections, which then
become recurrent or persistent. BLAD is a recessive
autosomal disease, and can therefore be silently trans-
mitted from carrier parents to the progeny.

The diagnosis of BLAD is usually based on the se-
quence of the cDNA from bovine CD18 (GenBank®
accession number M81233), performing a PCR with
the primers described by Tammen et al. [12] (5'-GTC
AGGCAGTTGCGTTCAA-3" and 5'-GAGGTCA
TCCACCATCcGAGT-3'), which introduce a new Taq |
restriction site into the resulting 101 bp amplicon.
Other authors digest the same fragment with Hae 11
instead [11], which allows the unequivocal identifi-
cation of the CD18 genotype and therefore the early
diagnosis of affected or carrier individuals.

The CD18 gene can also be genotyped for the silent
mutation at position 775 (C>T), known as SNP775
(C->T), using a specific PCR and enzyme restriction
digestion of the resulting amplicon. In 2007 Czarnik
et al. [13] analyzed a commercial Black and White
herd and two endemic Polish Red and White Black
Polish populations recruited for an international pro-
gram for the conservation of sources of genetic varia-
bility for farm animals, amplifying a 108 bp fragment
from CD18 which was later sequenced and digested
with Fnu4HI. The results allowed the assignment of a
specific restriction pattern to the mutant genotype,
and evidenced that the defect responsible for BLAD
is not circumscribed to the Holstein breed.
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Complex Vertebral Malformation

Complex Vertebral Malformation (CVM) was first
described in Denmark in October 2000 for Holstein
calves. The gene and the mutation responsible for the
disease were later identified in 2001 by researchers at
the Danish Agricultural Sciences Institute, and the
source of the mutation was traced to the elite American
sire Carlin-M Ivanhoe Bell. This sire isa BLAD carrier
has been extensively used in stockbreeding programs
worldwide, increasing the mortality of the resulting
Holstein calves [14]. Its father, Penstate Ivanhoe Star
(USA 1441440, born January 20", 1963), has recently
also been characterized as a carrier [15].

The genetic defect responsible for CVM is inherited
as a recessive autosomal trait [16-18], and calves
carrying one copy of the defective allele may be phe-
notypically normal, without detectable developmen-
tal disorders. Carrier animals are usually notated with
the code CV in pedigree analyses or lineage registries
and non-carrier, healthy individuals are notated as TV;
this convention is in the process of becoming an
international standard [19].

The typical symptoms of CVVM are malformations
of the cervical and thoracic segments of the vertebral
column (fusion of the last two cervical vertebrae and
distortions in the 3 first thoracic vertebrae, respecti-
vely) that lead to mild scoliosis, mild symmetric bi-
lateral contractions of carpal joints and shortening
of the neck and anterior limbs with medial rotation
of the latter. Occasionally, tarsal lengthening at both
anterior limbs may be observed as well. An exami-
nation of the hearts of animals afflicted with CVM
reveals a hypertrophy of the right side of the heart
(where the pulmonary artery and aorta originate)
with upper intraventricular defects in approximately
50% of the cases. CVM can also have an impact on
pregnancy rates, with a large number of abortions
around day 159 of pregnancy and significant num-
bers of prematurely born calves, which are usually
dead [16, 17, 20-23]. Additionally, there are cases of
intrauterine mortality that decrease the success rate
of artificial insemination, causing further economic
damage [24].

Although most cases of CVM result in growth
disorders and vertebral malformations, the diagnosis
of this disease is complicated by the wide range of
symptoms under which it may appear, as well as the
occurrence of phenotypically silent cases and vertebral
phenocopies (e.g. BVDV). A presumptive diagnosis
of CVM is reached, for most cases, through a com-
bination of autopsy and pedigree analysis [25].

CVM is caused by a single G to T transversion at
position 559 of the gene for bovine solute carrier family
35 member 3 (SLC35A3), located at chromosome 3
[26]. This gene codes for a UDP-N-acetylglucosamine
transporter, where the mutation replaces valine 180
by a phenylalanine residue [27]. The mutation can be
identified, at the molecular level, by allele-specific
PCR, by PCR-RFLP, or by PCR-PIRA [28]. The last
method is based on the introduction of a restriction
site in the resulting amplicon, using allele-specific
forward primers that anneal to the region spanning
nucleotides 537 to 554 of the target gene and introduce
either a Pst | or an Eco T22 site depending on whether
the wild-type or the mutant allele has been amplified
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(Figure 1). PCR-PIRA can discriminate between wild-
type and CVM alleles in Holstein cattle.

Another method for the molecular diagnosis of
CVM is the use of single-stranded conformation po-
lymorphisms (PCR-SSCP), employed by Rust and
Kamifiski for the analysis of the genetic structure of
a population of Polish Holstein-Friesian sires regar-
ding the allele frequencies of G/C and T/G genotypes
in order to monitor carriage rates [29]. PCR-SSCP is
based on the fact that the electrophoretic mobility of
a single-stranded molecule of DNA depends not on-
ly on its molecular weight, but also its conformation.
The conformation of single-stranded DNA, in turn,
is highly dependent on the exact nucleotide sequence
of the molecule, allowing therefore the detection of
mutations through the detection of changes in elec-
trophoretic mobility for each allele [30]. The use of
PCR-SSCP allowed these researchers to discriminate
between healthy and carrier animals (which consti-
tuted 24.75% of the population), demonstrating the
usefulness of this technique for the large-scale scree-
ning of herds where this mutation is known to be
present, due to its simplicity, repeatability and low
cost. PCR-SSCP can also be employed for setting a
warning threshold when the frequencies of the mutated
allele rise above 20 to 30% of the individuals.

The elimination of CVM alleles from cattle herds
is possible provided that CVM carrier dams or sires
are not used for stockbreeding, as has been attempted
for BLAD. However, if this mutation is genetically
linked to other beneficial traits of the Holstein breed
(such as high productivity in dairy farming), its eli-
mination would be counterproductive in the long run,
and the best strategy would be to control and manage
its appearance in production herds using extensive
monitoring programs for the detection of carriers.

Deficiency of uridine monophosphate
synthase

The enzymatic deficiency for uridine-5-monophospha-
te synthase (DUMPS) is a recessive genetic disorder
that interferes with the biosynthesis of pyrimidines,
which are elements required for the novo syhtnesis of
DNA and RNA. UMPS catalyzes the conversion of
orotic acid into UMP, a precursor for all other pyrimi-
dines and a normal constituent of the milk from cow
and other ruminants [16]. This hereditary deficiency
has also been described for humans, where it shows an
autosomal recessive inheritance pattern and is known
as hereditary orotic aciduria. DUMPS has been iden-
tified among farming cattle, specially in cows from
dairy farms belonging to the University of Illinois,
U.S.A where it led to five- to seven-fold higher than
normal concentrations of orotic acid in the milk and
urine of affected animals [31]. The presence of this
mutation in homozygosis compromises the growth and
development of bovine fetuses, resulting in embryonic
mortality at approximately 40 days post-fertilization
[32]. Heterozygotic carriers are usually detected by
UMPS assays, which show decreases of almost 50%
in UMPS activity in kidney, spleen, liver, muscles and
mammary glands [33]. The practical effect of this di-
sorder is that carrier cows show a higher rate of return
to service, because some of their pregnancies end in
early natural abortion [34].
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466 Exon 4 SLC35A3 gene

637

559
Wild-type allele

Pstl forward primer 5'-cacaatttgtagg tctcactgca-3'
——

Pstl site

CVM allele

-

Reverse primer

aactttcagctggctcacaatttgtagg tctcatggcagttctcacagceatgtttttcca

aactttcagctggctcacaatttgtagg tctcatggceatttctcacagcatg tttttcca

Eco T22 forward primer 5'-cacaatttgtaggtctcaatgca-3'
—

Eco T22 site

Figure 1. Diagram of the SLC35AC gene fragment amplified by PCR-PIRA (taken from Kanae et al., 2005

[28]).

UMPS is produced by a point mutation in codon
405 of exon 5 from the UMPS gene that results in a
change from C to G [35]. This gene was mapped to
the bovine chromosome 1 (q31-36) [36].

A possible genotyping method for the identification
of DUMPS was presented in 1998 by Grzybowski et
al. [37], who used PCR to obtain a 108 bp amplicon
including the potential mutation site from bovine ge-
nomic DNA. The discrimination between normal (TD)
and carrier (DP) animals was performed by digestion
of the resulting fragment with Ava I.

Bovine citrullinemia

Citrullinemia is a recessive autosomal disorder of the
metabolism of urea, originated by a deficiency in the
activity of arginine-succinate synthase (ASS). This
disorder was first identified in humans and later in
dogs and Friesian calves. When present in homozy-
gosis, the affected calves can not excrete ammonia and
have clinical signs of intoxication due to hyperammo-
nemia, as well as progressively worsening neurologi-
cal symptoms that lead to death 1 to 2 weeks after
birth [36]. Linmack Kriss King, one of the most widely
used sires for stockbreeding programs in Holstein cat-
tle, has been identified as heterozygotic carrier for
citrullinemia.

The gene coding for ASS has been mapped to chro-
mosome BTAL1 in the bovine genome. Since citru-
llinemia is caused by the presence of a point mutation
in this gene, it can be directly diagnosed by PCR-
RFLP [37]. Ata molecular level, the disease is caused
by a cytosine to thymine transition at codon 86 from
exon 5 of the ASS gene that can be amplified by PCR
and verified by digesting the resulting amplicon with
Ava Il [15, 39].

Conclusions

Recessive autosomal genetic diseases are found at very
low frequencies in cattle, and yet they have a dispro-
portionate economic impact on agriculture. This si-
tuation has arisen from the massive dissemination of
hereditary defects (some of which are outlined in this
review) through the extensive use of elite sires that
have turned out to be phenotypically silent carriers
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Molecular diagnosis and control of genetic bovine diseases

for a number of previously unknown genetic disorders,
coupled to the intensive use of artificial insemination
techniques.

Currently this situation appears to be under control,
due in no small amount to the interest shown by
associations of breeders for specialized genotypes
(particularly for the Holstein breed) in different coun-
tries. However, it is still recommended to monitor
young sires in order to eradicate these recessive alleles
from bovine herds to the extent compatible with the
maintenance of good agricultural traits. This requires
the deployment of rigorous control systems in order
to ensure that the appearance of recessive autosomal
genetic disorders in cattle remains a manageable health
problem for the foreseeable future.

Under very specific circumstances a breeder may
need to obtain offspring from an elite sire which is,
however, a known carrier for a genetic disease. In such
cases, the crossing strategy must be designed befo-
rehand, using healthy homozygotic partners whenever
possible and closely monitoring the progeny, which
has to be genotyped in order to guarantee that only
healthy, dominant homozygotes are used as sires in
future. The breeder may even choose to screen all the
embryos obtained from carrier parents for added
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safety, transferring only those which have not inherited
the mutant allele. Still, it is not recommended to use
carrier sires in massive insemination campaigns, given
the inherent costs of screening and genotyping the
progeny.

It should be noticed that a number of genetic im-
provement programs in different countries have used
male Holstein with females from other breeds, inclu-
ding local genotypes. Such a strategy requires a proper
analysis of risks and benefits due to the possible
propagation of Holstein-specific genetic defects, ne-
cessitating therefore the implementation of a genetic
monitoring program in order to prevent the genetic
erosion of local breeds. Likewise, massive artificial
insemination campaigns must be closely followed in
order to diagnose and confirm the presence of genetic
disorders in those individuals with clinical symptoms
suggestive of recessive autosomal defects.

The methods of analysis based on the detection of
molecular markers are powerful tools for the control
of the genetic makeup of bovine herds. The transfer
of these techniques to the arsenal of stockbreeders
and animal health personnel, therefore, constitutes a
necessary requisite for the development of animal far-
ming in animal biotechnology.
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