IS

www.czasopisma.pan.pl P N www.journals.pan.pl

Polish Journal of Veterinary Sciences Vol. 23, No. 2 (2020), 313-315

DOI 10.24425/pjvs.2020.133647

Short communication

Screening of haplotype for cholesterol
deficiency genetic defect in the Russian
Holstein cattle population

M.V. Pozovnikova', E.A. Gladyr?, O.S. Romanenkova?, O.K. Vasileva',
V.B. Leiboval, V.I. Tyshchenko', N.V. Dementeva'

! Russian Research Institute for Farm Animal Genetics and Breeding — Branch of the L.K. Ernst Federal
Science Center for Animal Husbandry (RRIFAGB),
55A, Moskovskoye sh., Tyarlevo, St. Petersburg, Pushkin, 196625, Russian Federation
2 Federal Science Center for Animal Husbandry named after Academy Member L.K. Ernst 60,
Dubrovitsy rural settlement, Podolsk, Moscow region, 142132, Russian Federation

Abstract

In our study, we estimated the frequency of haplotype for cholesterol deficiency (HCD)
carriers in the Russian Holstein cattle population. We studied 1817 random samples of cows born
in 2010-2017 from ten herds and 331 cows and heifers from the other three herds born
in 2016-2019, fathers or fathers of mothers of which were HCD carriers. The method of AS-PCR
was used for animals genotyping. In the first group of animals, the incidence of HCD carriers
was 8.09%, and in the second one - 23.26%. Our results demonstrated the necessity to test cows
for the carriage of the HCD genetic defect in the Russian population of Holstein cattle.
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Introduction

Haplotype cholesterol deficiency (HCD) is a genetic
defect in Holstein cattle that leads to the death of calves
in the early postnatal period. It was first registered
in 2015 in Germany. Pedigree analysis identified that
the founder of the defective haplotype was Maughlin
Storm bull, born in 1991 (Kipp et al. 2015). Using
genome-wide sequencing, it was determined that this
mutation is the insertion of 1233 bp long in the fifth
exon of the APOB gene (apolipoprotein B) located

in BTA 11, which leads to a shift in the reading frame
and protein truncation (Menzi et al. 2016).

The aim of the study was monitoring of the inci-
dence of the HCD genetic defect in the Russian popula-
tion of Holstein cattle.

Materials and Methods

All experiments were carried out in accordance
with the principles of the Helsinki Declaration (World
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Fig. 1. Identification of heterozygous haplotype for cholesterol deficiency (HCD) carriers among cows. Line 1 - 50bp DNA ladder mark-
er. Lines 2, 5 and 8 are heterozygous HCD carriers (two fragments were amplified - 436bp and 249bp). Lines 3, 4, 6, 7, and 9 - normal

animals (one fragment of 249bp was amplified).
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Fig. 2. HCD frequency in the Russian Holstein cattle population; a) - HCD frequency in a random sample of cows born in 2010-2017;
b) - frequency of HCD in the sample of cows and heifers born in 2016-2019 in the pedigrees of which fathers or mother’s fathers were

HCD heterozygous carriers.

Medical Association Declaration of Helsinki: ethical
principles for medical research involving human
subjects, 1964-2013). We studied 1817 cows born
in 2010-2017 belonging to ten farms. The cow selection
was random. Another sample of 331cows and heifers
born in 2016-2019 was also selected, in which
the fathers (n=171) or mother’s fathers (n=160) were
heterozygous carriers of HCD. These animals were not
included in the first sample and belonged to three other
farms.

Blood samples were taken from the tail vein.
Genomic DNA was isolated from blood samples
using the phenol/chloroform extraction method. DNA
concentration ranged from 50 to 500 ng/ul. All the ani-
mals were investigated according to the method pro-
posed by Kaminski and Rus¢ (2016). PCR was
performed in 10 pl of the reaction mixture containing
67 mM Tris-HCI, pH 8.6, 2.5mM MgCl,, 16.6mM
NH,OH, 0.125mm each of deoxyribonucleotide tripho-
sphates (dATP, dGTP, dCTP, dTTP), 0.5 uM
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primer, 50-100 ng of genomic DNA and 2.5
units of Taq polymerase (Sibenzim LLC, Novosibirsk).
The reaction was carried out on a Thermal Cycler
T100 (Bio-Rad, USA) according to the following
protocol: denaturation 94°C - 4 min, then 35 cycles,
94°C - 1 min, primer annealing - 62°C - 30 sec.,
elongation step 72°C - 1 min, the final synthesis
step - 72°C 4 min. To identify the carriers of the
recessive HCD mutation (indel polymorphism), the
animals were genotyped using allele-specific
primers: F1 5>GGTGACCATCCTCTCTCTCTGC3” -
amplifies the 249bp fragment, F2
5’CACCTTCCGCTATTCGAGAGZS’ amplifies
436 bp fragment where there is an insert of a mobile
LTR element in the APOB gene, and a single reverse
primer RS’AGTGGAACCCAGCTCCATTAS3. For the
separation of DNA fragments, the method of horizontal
electrophoresis in 2% agarose gel containing 0.1 pg/ml
of ethidium bromide at 10 V/cm in 0.5xTBE buffer
for 40 minutes was used.

Results and Discussion

A total of 2148 animals were checked. Heterozy-
gous HCD animals had two fragments sized 436bp
and 249bp, while in the healthy animals only 249bp
fragment was amplified (Fig. 1). In a sample of cows
(n = 1817), 147 animal carriers of HCD (8.09%)
were identified. The analysis showed that the maximum
frequency of HCD in the analyzed sample of the cows
was observed in the animals born in 2016-2017
(Fig. 2a). In the group of animals (n = 171), fathers
of which were carriers of HCD, 50 cows had heterozy-
gous HCD genotype (29.23%). The highest incidence
of HCD mutation was observed among animals born
in 2016 and 2019 (33.30%). Among cows and heifers
(n=160), the mothers of whose mothers were heterozy-
gous carriers of HCD, 27 animals inherited this genetic
defect (16.87%). A higher percentage of HCD carriers
was determined in the animals born in 2016 (Fig. 2b).
In general, 23.26% of the animals in the entire group
were heterozygous carriers of the HCD genetic defect.

A high incidence of the HCD genetic defect (12.5%)
among bulls in Germany (Schiitz et al. 2016) and China
(5.07%) (Li et al. 2018) were reported. Given the high
percentage of HCD carriers in the Holstein breed,
this genetic defect is included in the genetic testing
of bulls. To reduce economic losses and prevent
the birth of homozygous animals, it is also necessary
to test cows and young heifers.

Acknowledgements

The work was performed in the framework of the
State Assignment, project number AAAA-AI18-
-118021590138-1.

References

Cole JB, Null DJ, VanRaden PM (2016) Phenotypic and
genetic effects of recessive haplotypes on yield, longevity
and fertility. J Dairy Sci 99: 7274-7288.

Kaminski S, Rus¢ A (2016) Cholesterol Deficiency - new
genetic defect transmitted to Polish Holstein-Friesian
cattle. Pol J Vet Sci 19: 885-887.

Kipp S, Segelke D, Schierenbeck S, Reinhardt F, Reents R,
Wurmser C, Pausch H, Fries R, Thaller G, Tetens J, Pott
J, Piechotta M, Griinberg WA (2015) New Holstein
Haplotype Affecting Calf Survival. Interbull Bulletin
49: 49-53.

Li Y, Fang L, Liu L, Zhang S, Ma Z, Sun D (2018)
The cholesterol-deficiency associated mutation in APOB
segregates at low frequency in Chinese Holstein cattle.
Can J Anim Sci 99: 332-335.

Menzi F, Besuchet-Schmutz N, Fragni¢re M, Hofstetter S,
Jagannathan V, Mock T, Raemy A, Studer E, Mehinagic K,
Regenscheit N, Meylan M, Schmitz-Hsu F, Drogemiiller
C (2016) A transposable clement insertion in APOB
causes cholesterol deficiency in Holstein cattle. Anim
Genet 47: 253-257.

Schiitz E, Wehrhahn C, Wanjek M, Bortfeld R, Wemheuer WE,
Beck J, Brenig B (2016) The Holstein Friesian Lethal
Haplotype 5 (HHS5) results from a complete deletion
of TBFIM and cholesterol deficiency (CDH) from
an ERV-(LTR) insertion into the coding region of APOB.
PloS One 11: e0154602.



