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ABSTRACT

BLAD (bovine leukocyte adhesion deficiency) and DUMPS (deficiency of uridine monophosphate synthase) are
hereditary lethal autosomal recessive disorders that may affect Holstein cattle. The aim of the present study was
to evaluate the frequency of BLAD and DUMPS genotypes in the Polish population of dairy cows. In the study 5
732 Polish Holstein-Friesian females were genetically tested for BLAD and DUMPS. Results of the present study
indicate that the Polish population of dairy cattle is free from DUMPS as there were not carriers nor sick animals.
For BLAD the study confirmed the present of carriers in the population to be at a low value (0.21%). Both BLAD
and DUMPS may strongly affect the profitability of a dairy farm, therefore, in order to avoid the economic losses
caused by the presence of these genetic disorders in the herd it is important to screen the population and detect

carriers as soon as possible.
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INTRODUCTION

Genetic disorders are caused by a hereditary change in
the structure of DNA that may have a negative impact
on vitality. In cattle, the autosomal recessive genetic dis-
eases are the most often breed-specific. There are several
specific genetic disorders associated with Holstein cattle,
among the most important are bovine leukocyte adhesion
deficiency (BLAD) and deficiency of uridine monophos-
phate synthase (DUMPS).

BLAD

BLAD is a lethal autosomal recessive genetic disease that
occurs primarily in Holstein cattle. It spread in Europe
in the early 1990s, following the beginning of the use of
frozen semen. Its essence is the loss of defence functions
of leukocytes. Calves homozygous for this mutation are
characterized by a lack of immunity. BLAD carriers show
full immunological (defence) efficiency. They are also of-
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ten of a high breeding value. Among other things, it was
shown that mutation-bearing cows produced more milk
and protein than their half-sisters with the correct gen-
otype. An improved performance of heterozygotes was
one of the reasons for the spread of this mutation in the
population [Osten-Sacken 2004].

Animals homozygous for the disease inducting muta-
tion are characterized by a lack of immunity and suf-
fer from frequent, recurrent bacterial infections, ulcers
inside and around the mouth, diarrhoea and frequent
gastrointestinal inflammations that prevent proper as-
similation of feed. The bodyweight of diseased anim-
als usually accounts for around 60% of a normal one
[Osten-Sacken 2004]. These symptoms lead to delayed
growth and development of calves, which usually die in
the first months of life as a result of infections devast-
ating their bodies. Infections are caused by the inability
of leukocytes to pass from the bloodstream into infec-
ted tissue. This inability is due to the lack of a mem-
brane glycoprotein (the leukocyte integrin beta—2 sub-
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unit; CD18). These glycoproteins — integrins — are vital
to cell-cell and cell-substratum adhesion reactions in the
body. Such adhesions are centre of anti-inflammatory re-
action [Nagahata 2004].

The molecular basis of this disorder was discovered
in 1992 [Shuster et al. 1992]. The reason for BLAD is
the point mutation in the ITGB2 gene encoding the in-
tegrin beta—2 subunit. There is a change of adenine (A) to
guanine (G) in the coding sequence of this membrane gly-
coprotein (thus mutation is called ¢.383A>G), and con-
sequently the amino acid change from aspartic to gly-
cine (p.Vall28Ala) [Daetwyler et al. 2014]. VanRaden
et al. [2011] using BovineSNP50 BeadChip confirmed
the mapping of this disorder to bovine chromosome 1
(BTA1) [VanRaden et al. 2011] (Table 1).

Bovine leukocyte adhesion deficiency was first de-
scribed in 1992 in the USA. The oldest carrier of
this mutation is believed to be the Osborndale Ivanhoe
Friesian Holstein bull born in 1952 [Powell et al. 1996].
In the Polish population of Black-and-White cattle, the
main lines that are known to carry the mutation were
derived from three famous bulls, the sons of the afore-
mentioned Osborndale Ivanhoe: Penstate Ivanhoe Star,
Prowin Jewel and Paclamar Ivanhoe. In Poland, the most
well-known sires used for breeding are Puget Sound
Sheik, Hannoverhill Stardom and Constantijn, that are
descendants of the Prowin Jewel bull line. The genetic
information carried by these bulls have been introduced
to Polish population mainly through the import of semen
[Osten-Sacken 2004].

DUMPS

DUMPS is one of the earliest detected genetic defects in
cattle. It is an autosomal, recessive, and embryonic lethal
mutation. This disease is an impairment of the produc-
tion of uridine monophosphate synthase (UMPS) — the
enzyme responsible for converting orotic acid into urid-
ine monophosphate (UMP), which is an essential com-

Table 1.

ponent of pyrimidine nucleotides. Due to the fact that
nucleotides are needed in significant amounts during em-
bryonic development, the occurrence of this mutation (re-
cessive homozygote) causes the death of the embryo at an
early stage of development.

One of the first studies that brought the topic to light
was carried out in the USA. At the University of Illinois
a nutritional study was conducted, during which the level
of orotic acid in the milk of cows was determined. Some
cows were characterized by visible high levels of this
acid, leading scientists to believe that the cause of this
phenomenon was a low enzyme activity caused by the
deficiency in UMP synthase. Different biochemical tests
showed that these cows had only 50% of the normal
activity synthase uridine monophosphate [Shanks and
Robinson 1990]. Deficiency of Uridine Monophosphate
Synthase is a disorder of particular interest in Holstein
cattle because it is one of the few diseases that causes
early embryo mortality. Embryos homozygous for the
mutation die around the 40th day of pregnancy during
implantation in the uterus [Ghanem et al. 2006].

The vital role of uridine monophosphate synthase
in the formation of DNA and RNA has generated in-
terest in the gene encoding this enzyme [Kaminski et al.
2005]. The gene for UMPS is located in the middle of
BTA1 (q31-36) and is built of 1 869 base pairs (Table 1).
Schwenger et al. [1993] identified the molecular basis of
DUMPS, as an effect of a point mutation in the 5th exon
of UMPS gene in codon 405. Substitution of cytosine
(C) with thymine (T) in the CGA codon (normally cod-
ing arginine), creates STOP codon (TGA) [Meydan et al.
2010]. The consequence of this substitution is the prema-
ture end of protein translation, which in turn results in a
loss of uridine monophosphate synthase activity.

In the USA, testing cattle for DUMPS was officially
introduced in 1988. One of the main carriers of the
DUMPS mutation was the elite bull Skokie Sensation
Ned, born in 1957 [Schwenger et al. 1993]. In recent
years, the most important carrier of the DUMPS mutation

Basic characteristics of BLAD and DUMPS genetic disorders

Tabela 1. Podstawowe informacje o defektach genetycznych BLAD i DUMPS

Location of the mutation

Disorder Number in s -
name OMNIA Species-specific name Gene Lokalizacja mutacji References
Nazwa Numer w Nazwa dla gatunku Gen chromosome position Literatura
defektu OMNIA chromosom pozycja
Bovine Leukocyte Adhesion
BLAD 000595 . Deficiency ITGB2 1 145119004 Kaminski and Rusc [2017]
niedobor leukocytalnych czgsteczek
adhezyjnych
Deficiency of Uridine Monophosphate
DUMPS 000262 . Synthase UMPS I 69757801 Kaminski and Rusc [2017]
niedobor syntazy monofosforanu
urydyny
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was the American bull called Happy Herd Beautician and
it was through him that this anomaly spread worldwide.

In the past there was a concern that DUMPS carri-
ers would appear in the Polish dairy cattle population.
In Poland, the first DNA tests used to detect DUMPS
carriers were introduced in 1995. Since 1999 testing of
Polish population of Holstein (Black-and-White, Red-
and-White) dairy breeding bulls is mandatory [Kaminski
et al. 2005].

The aim of the present study was to estimate the
frequencies of two hereditary disorders (BLAD and
DUMPS) genotypes in the Polish population of Holstein-
Friesian cattle.

MATERIAL AND METHODS

Genetic data used in the present study was collected in
the process of routine estimating breeding value (EBV).
Poland as a member of Euro Genomics cooperative uses
customized EuroGenomics arrays in the version called
Eurogenomics MD_POL. Material for genotyping (5732
samples) was collected in the period from 2019 to 2020.

Sampling and transfer. Biopsies samples (ear punch)
were collected with the use AllFlex Tissue Sampling Unit
(TSU). Samples were kept in room temperatures and im-
minently transferred to the laboratory by postal services
(2-3 days). In the laboratory, samples were coded and
frozen in —20°C.

DNA extraction. After unfreezing samples were trans-
ferred to 96 well plates, lysis buffer and proteinase K
were added. This mix was incubated in 56°C while mix-
ing (600 RPM) on thermomixer overnight. Before the
next step, samples were centrifuged (60 s x 3200 g) to
remove undigested parts. Lysate was later transferred to

Table 2.

deep-well plates and DNA extraction was processed with
the use of Clean Blood & Tissue DNA Kit (CleanNA)
according to producer manual in KingFisher DUO DNA
processor (Thermo Scientific).

Quantification and normalization. DNA concentra-
tion was measured according to Illumina protocol
(Infinium HD) by the fluorimetric method with the
use of Quant-iT PicoGreen dsDNA Assay Kit (Thermo
Scientific) in the Fluoroscan (Thermo Scientific) system.
Basing on data from Quant-iT protocol, samples were
normalized to 70 ng/ul by dilution with the use of TE
buffer (Novazym).

Array processing. Normalized samples were pro-
cessed according Illumina HTS protocol (manual pro-
tocol). Beadchips were immediately scanned on Illumina
iScan system, scans were analysed using GenomeStudio
Software V2011.1 version 1.9. All samples from one
type of array were clusterized again together before ex-
port with the use of a specific cluster file, created from
all samples. Statistical analysis was performed only on
data with the call rate over 0.95. The study used probes
named: UMPS (Illuminld: UMPS-1_T_R_2276841282)
and ITGB2 (Illuminld: ITGB2-1_B_F_2276841212).

RESULTS

During the study, 5 732 cows of the Polish Holstein breed
were examined. No sick animals nor carriers were found
for DUMPS, 100% of the tested population was homo-
zygous for the wild type genotype (Table 2). However, the
study revealed the present of the munition in the ITGB2
gene. While no sick animals were identified, 0.21% of all
animals were identified as carriers of the mutation. Most
of the tested population (99.79%) was healthy (Table 3).

The frequency of DUMPS genotypes and alleles in the examined Polish Holstein-Friesian cattle population

Tabela 2. Czestotliwos¢ genotypow i alleli DUMPS w badanej polskiej populacji bydta holsztynsko-fryzyjskiego

Genotype, n Allele frequency
Genotyp, n Healthy animals, % Carriers, % Sick animals, % Czestotliwos¢ alleli
Zwierzgta zdrowe, % Nosiciele, % Zwierzgta chore, %
TT TC CcC T C
0 0 5732 100 0 0 1

Table 3.

The frequency of BLAD genotypes and alleles in the examined Polish Holstein-Friesian cattle population

Tabela 3. Czgstotliwos¢ genotypow i alleli BLAD w badanej polskiej populacji bydta holsztynsko-fryzyjskiego

Genotype, n Allele frequency
Genotyp, n Healthy animals, % Carriers, % Sick animals, % Czestotliwos¢ alleli
Zwierzgta zdrowe, % Nosiciele, % Zwierzgta chore, %
AA AG GG A G
5720 12 0 99.79 0.21 0 0.999 0.001
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DISCUSSION

Bovine leukocyte adhesion deficiency (BLAD) carriers in
Holstein cattle populations have been reported in many
countries such as USA, Germany, France, Poland, Brazil,
Japan, Iran, Turkey and India. In the 1990s, BLAD was
one of the most widespread genetic diseases. The ge-
netic material derived from these bulls was introduced
to Polish population primarily through the import of se-
men and also as a result of the import of heifer calves
in the early 1970s from the USA and Canada [Osten-
Sacken 2004]. In 2007, Czarnik et al. [2007] carried out
research to determine the frequency of BLAD carriers.
The study was carried out in Poland between 1995 and
2006 and included 4 645 young breeding bulls. Due to
the implementation of the BLAD control program (1995—
1997), a clear decrease in the frequency of BLAD carriers
was noted in Poland. The highest frequency of mutant al-
lele carriers was noted at the beginning of this program
when it amounted to 7.9%. Regular population surveys
have significantly reduced the risk of this disease. Today
only sporadic cases of BLAD carriers are reported. In the

Table 4.

years 2004-2006 the number of heterozygotes dropped
to around 0.8% [Czarnik et al. 2007]. In our study, the
frequency of BLAD carriers was calculated to be at the
level of 0.21% (the frequency of mutant BLAD allele:
0.1%) which suggest further decrease. The results of the
present study are similar to those obtain in other coun-
tries such as: China (0.48%) [Li et al. 2011] and Turkey
(1.31%, 2%) [Hacihasanoglu and Yardibi 2019, Korkmaz
Agaoglu et al. 2015] (Table 4). In Mexico [Riojas-Valdes
et al. 2009, Virgen-Méndez et al. 2019], Czech Republic
[Citek et al. 2006], Russia [Koshchaev et al. 2018], and
India [Debanath et al. 2016] researchers found no BLAD
carrier in the studied populations.

The frequency observed in the present study (0.21%)
is lower than the values described in studies conducted in
some countries, for instance in Iran, where the frequency
of heterozygotes was evaluated to be at the level of 3.33%
[Norouzy et al. 2005], India with 3.23% of animal being
carriers [Patel et al. 2007] and Turkey with 2.2% of car-
riers [Akyiiz and Ertugrul 2006].

No DUMPS carriers were detected in the present
study. This is in agreement with the results presented by

Frequencies of BLAD alleles and genotypes in different countries

Tabela 4. Czgstotliwos¢ alleli i genotypow BLAD w réznych krajach

Genotype Allele frequency

Breed n Genotyp Czegstotliwos¢ alleli Carriers, % Country References
Rasa Nosiciele, % Kraj Literatura

AA AG GG A G
Holstein 300 296 4 0 0.9933 0.0067 1.31 Turkey Hacihasanoglu and Yardibi [2019]
Holstein 500 490 10 0 0.99 0.01 2 Turkey Korkmaz Agaoglu et al. [2015]
Holstein 408 408 0 0 1 0 0 Mexico Virgen-Méndez et al. [2019]
Holstein 61 61 0 0 1 0 0 Mexico Riojas-Valdes et al. [2009]
Holstein 50 50 0 0 1 0 0 India Debnath et al. [2016]
Holstein 73 73 0 0 1 0 0 Russia Koshchaev et al. [2018]
Holstein 615 612 3 0 0.9976 0.0024 0.48 China Lietal. [2011]
Holstein 406 406 0 0 1 0 0 Czech Republic Citek et al. [2006]

Table 5. Frequencies of DUMPS alleles and genotypes in different countries
Tabela 5. Czestotliwosc alleli i genotypow DUMPS w r6znych krajach
Genotype Allele frequency
Breed n Genotyp Czgstotliwos¢ alleli COUHFTY References
Rasa Kraj Literatura
TT TC CC T C

Holstein 50 0 0 50 0 1 India Debnath et al. [2016]
Holstein 642 0 0 642 0 1 India Patel et al. [2006]
Holstein 500 0 0 500 0 1 Turkey Korkmaz Agaoglu et al. [2015]
Holstein 170 0 0 170 0 1 Turkey Oner et al. [2010]
Holstein 73 0 0 73 0 1 Russia Koshchaev et al. [2018]
Holstein 406 0 0 406 0 1 Czech Republic Citek et al. [2006]
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Kaminski et al. [2005], who studied a population of 2
209 bulls and found no carriers of this mutation. Our re-
search results are also in accordance with the results of
studies by Patel et al. [2006] and Oner et al. [2010] who
reported no carriers respectively in Indian and Turkey
dairy cattle populations. Similarly, Korkmaz Agaoglu et
al. [2015], Koshchaev et al. [2018], Debnath et al. [2016]
and Citek et al. [2006] did not detect any DUMPS carrier
in their studies. DUMPS carriers have only been repor-
ted in the USA 1.2% (1990) and Argentine for 0.96%
of bulls and 0.11% of tested cows (1996) [Avanus and
Altinel 2017]. These results may suggest that years of ap-
propriate breeding programs eliminated the mutant allel
from the cattle population in many countries (Table 5).
Currently, BLAD and DUMPS attendance rates of
Holstein-Fresian cattle in various countries around the
world are being studied. The latest research shows that
the frequency of carriers is lower and lower, and the num-
ber of sick animals is practically zero. In India, the fre-
quency of BLAD carriers was found to be 4% [Ignetious
et al. 2020] and in the West Java Province in Indonesia
population was found to be free from sick animals and
BLAD carriers [Nasrulloh et al. 2020]. In India also was
found no animal carrier for DUMPS . The genotype fre-
quency of normal individuals and the gene frequency of
normal allele were found to be one [Ignetious et al. 2017].

CONCLUSIONS

The results of the present study demonstrate that carri-
ers of BLAD mutation are present in the Polish Hol-
stein-Friesian population, although at a low frequency.
No carriers of DUMS mutation were detected. Having
analysed results accumulated through many years one
may conclude that molecular genetic methods signific-
antly help to control the population and maintain the fre-
quency of alleles responsible for genetic disorders in an-
imal populations at least at a low level. Due to the reg-
ular use of genetic testing all around the world, the inci-
dences of genetic disorders in the Polish population of
Holstein-Friesian cows have decreased or have been com-
pletely eliminated.
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WYSTEPOWANIE CHOROB GENETYCZNYCH (BLAD, DUMPS) W POLSKIEJ POPULACJI BYDLA
RASY HOLSZTYNSKO-FRYZYJSKIEJ

STRESZCZENIE

BLAD (niedobdr leukocytalnych czasteczek adhezyjnych) oraz DUMPS (niedobdr syntazy monofosforanu ury-
dyny) sa dziedzicznymi recesywnymi chorobami autosomalnymi, ktére moga wptywaé na zwigkszenie $mier-
telnosci w populacji bydta. Celem niniejszej pracy byta ocena czgstosci genotypéw BLAD i DUMPS w polskie;j
populacji kréw mlecznych. W badaniu uwzgledniono 5732 krowy rasy polskiej holsztynisko-fryzyjskiej. Wyniki
wskazaty, ze polska populacja bydta rasy holsztynsko-fryzyjskiej jest wolna od recesywnej mutacji DUMPS,
poniewaz nie wykryto nosicieli oraz zwierzat chorych. W przypadku choroby BLAD wykazano niska obecnos$¢
nosicieli w populacji (0.21%). Zaréwno BLAD, jak i DUMPS moga silnie wptyna¢ na rentownos$¢ gospodarstw
mlecznych, dlatego w celu uniknigcia strat ekonomicznych, spowodowanych obecnoscia tych choréb genetycznych
w stadzie, nalezy regularnie monitorowaé populacje w celu szybkiego wykrycia nosicieli.

Stowa kluczowe: BLAD, DUMPS, bydto, frekwencja genéw, mikromacierze
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