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The integration of high technologies into livestock production has been actively occurring in the last decade
in the countries with a developed animal breeding. First of all, we are talking about reproductive technologies
(IVF) and genomic technologies (general genomic evaluation of animal and genomic evaluation of breeding
value). Combining reproductive and genomic technologies is a promising approach that allows receiving high-
quality breeding cattle in the shortest possible time. The basis of the proposed technology for accelerated
reproduction of high-value breeding cattle is to obtain information about the genome of the embryo for ge-
nomic evaluation. The amount of genetic material that can be obtained for research is extremely limited, as it
is necessary to preserve the viability of the embryo. The stage of the whole genome amplification was intro-
duced to obtain a high quality of genetic material in a sufficient quantity. The main purpose of this work is to
assess the possibility of using embryo biopsy specimens (bsp) for embryo genotyping using microarray chips
and predicting the carrier status of lethal haplotypes at the embryo stage. We obtained 100 cattle embryos, of
which 78 biopsy specimens were taken to analysis. For the biopsies obtained we performed the whole genome
amplification. The quality and quantity of DNA for all the 78 samples after the whole genome amplification
were satisfactory for further genotyping. The quality of the performed genotyping was satisfactory and allowed
the assessment of lethal haplotype carriers (determining the sex of the animal and identification of the carrier
status for seven Holstein lethal haplotypes). We tested 78 embryos. From the genotyping analysis, there was
detected one carrier status for three lethal haplotypes, HHO (Brachyspina), HH5, and HCD. The carrier status
of HHO and HH5 was confirmed by testing the casual mutation using PCR analysis. The carrier status for HCD
has not been confirmed by casual mutation analysis. The situation in which an animal is an HCD carrier, but
not the carrier of a casual mutation, can be explained. The putative ancestor of the haplotype is the bull HO-
CAN000000334489 WILLOWHOLME MARK ANTHONY (year of birth is 1975), but a casual mutation associated
with this disease has arisen only in his descendant HOCAN000005457798 MAUGHLIN STORM (year of birth is
1991). The results obtained confirm the importance of testing the casual mutation in the animals that are carri-
ers of lethal haplotypes according to the genotyping data.
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B CTpaHax C Pa3BUTbIM XNBOTHOBOACTBOM B nocsiefHee AecATUNeTne aktTuBHO NponCcXxoanT NHTerpauna Hay-
KOEMKUX TEXHOMNOMI B NJIEMEeHHOE »KMBOTHOBOACTBO. B nepByto ovepedb peyb nAeT 0 PenpoayKTUBHbIX TeX-
Honoruax (OKO) 1 reHOMHbIX TEXHONTOrUAX (OLleHKa HOCUTENIbCTBA JieTaJIbHbIX ran10TUNoOB 1 reHOMHaA OUeH-
Ka niemeHHomn Ll,eHHOCTI/I). KOM6I/IHVIp0BaHVIe PENPOAYKTUBHbIX N TEHOMHbIX TEXHONOTNIN — I'IepCHEKTVIBHbIVI
noaxon, KOTOprM no3BONUT NoslyvaTb NJeMeHHON CKOT BbICOKOTO KayecTsa B KpaTqa|7||.uv|e CpOKW. B ocHoBe
npe,qnaraemoﬁ TEXHONIOMNN YCKOPEHHOIO BOCNPOM3BOACTBA BbICOKOLEHHOIO NAEMEeHHOr0o CKOTa NEXUT Nnony-
yeHune VIHCI)OpMaLWII/I O reHome 3M6pMOHa AanAa nposegeHnA reHOMHoM OUEeHKN. Tak Kak HeO6XOFlI/IMO COXpPaHUTb
3M6pVIOH XMBbIM, TO KOJINYECTBO reHeTUYeCKoro matepuana, KOTOprI?I MOXHO NMOoJTyunTb AnAa nccnegoBaHuim,
Kpa|7|He OorpaHn4yeHo. Y106bI nonyynTb ﬂ,HK BbICOKOro KadecCtBa 1 B 4OCTaTOYHOM Konun4yecTtese, npu npose-

© Pantiukh K.S., Rukin L.V., Portnov S.M., Khatib A., Panteleev S.L., Mazur A.M., 2019



K.S. Pantiukh, I.V. Rukin, S.M. Portnov
A. Khatib, S.L. Panteleev, A.M. Mazur

The use of whole genome amplification
for genomic evaluation of bovine embryos

[eHVV FeHOTUMMPOBAHMWA Ha YMnax BBOAMTCA 3Tan NnofaHoreHoMHon amnnudukauymm OHK. OcHoBHOW Lenbio
paboTbl Oblna OueHKAa BO3MOXHOCTM MCMONb30BaHMA GuonTaTta (6n) SMOPMOHOB AN reHOTUMNMPOBAHUA 1
npeacKasaHya HOCUTENbCTBA NeTaslbHbIX ranoTUMNOB Ha OCHOBE PEe3yNbTaTOB reHOTUNUPOBaHUA. Hamu 6bino
nonyyeHo 100 sSMOPMOHOB KPYMHOrO pPOraToro CKOTa, 13 KOTOPbIX YAANOCh B3ATb 78 6ronTaTtoB. [onyyeHHble
6uonTaTbl 6bINN NCNONb30BaHbI 418 MPOBEAEHSA MNOTHOrEHOMHOV aMNANGUKaLUK U reHOTUMMPOBAHUA C NPU-
MeHeHVieM M1KpomaTpuLbl. KauectBo 1 Konuuvecteo [IHK nocne npoBefeHnA NOTHOreHOMHO amnanduKauum
BCex 78 0bpasLoB ObINU YAOBNETBOPUTENbHBIMU /1A AaNlbHENWEro reHoTUNMpoBaHus. PesynbTtatbl reHoTH-
NUPOBaHUA MO3BONIAY MPOBECTM PacyeT Mnosa XNBOTHOrO 1 onpefeneHne ctaTyca HoCMTenbCTBa CeMn OcC-
HOBHbIX NIeTaJIbHbIX ranoTUMOB FOALWTMHCKOM Nopodbl. /13 78 npoTeCTMpOBaHHbIX XNBOTHbIX MO pe3ysibTataM
aHanm3a reHoTuna 6bIIM HalgeHbl 3 HoCUTeNs neTanbHbIX rannotunos — HHO (6paxucnuna), HH5 n HCD. Ho-
CUTENbCTBO NleTanbHbIX rannotunos HHO n HH5 6bino noaTBepKaeHO TeCTUPOBaHEM MyTaLmn, BAUAIOLLEN Ha
notepto GbepTUNbHOCTU (KasyanbHol) ¢ nomowbto MLUP-aHann3a. CtaTyc HocuTenbcTBa rannotuna HCD nocne
TeCTUPOBaHWA Ka3yanbHOWM MyTaLum He 6bin nogTeepkaeH. OTcyTCcTBME KadyanbHon myTaumm HCD y )nBOTHO-
ro-HocuTena rannotuna HCD MOXHO 06BACHUTL TEM, YTO MPEANONIOKUTENbHBIM POAOHAYaIbHUKOM ranioTmna
HCD saBnsaetca 66ik HOCAN000000334489 WILLOWHOLME MARK ANTHONY (rop poxgeHus — 1975), B To Bpe-
Ms KaK Ka3yasibHas MyTauus, CBA3aHHasA C NoABeHneM 3aboneBaHus, BO3HMKA B 3TOM ranioTumne yxe y ero
notomka, 6oika HOCAN000005457798 MAUGHLIN STORM (rog poxaenusa — 1991). lNonyyeHHble faHHble Noj-
TBEPXAAIOT BAXKHOCTb TECTMPOBAHMA Ka3yalbHON MyTaLUK Y XUBOTHbIX-HOCUTENEN NleTabHbIX ranjioTumnos.

KntoueBble cnoBa: KpymnHblIi poraTbiii ckoT (KPC); MOnoYHOe HanpaBneHue; nieMeHHoe pa3BefeHue; reHoMHasn

OuUeHKa; nNnemMeHHble XXMBOTHbIEe.

Introduction

In dairy industry, cows are bred to produce a large quantity
of milk and dairy products. In the Russian Federation,
dairy products belong to the group of food products that
are socially very important. In 2008, milk production in
the Russian Federation amounted to about 32.3 million
tons, and in 2015 milk yield decreased by 4.7 % to 30.8
million tons. The milk production is decreasing while a lot
of citizens cannot afford a sufficient amount of milk and
dairy products. According to the World Health Organiza-
tion, the annual minimum level of milk and dairy product
consumption is 359 kg per capita; however, this figure
is only 249 kg in the Russian Federation. The absence
in the Russian Federation of modern animal breeding
programs for dairy cattle is the main cause of the cur-
rent situation.

Milk production can be significantly increased by applying
selection programs that are oriented towards increasing milk
yield. The response to selection is measured as the annual
genetic progress in a population (AG). The value of genetic
progress in a population depends on the variability of the
trait that animals are selected for, the selection intensity, the
accuracy of estimated breeding value, and the generation
interval. The implementation of genomic evaluation of
breeding values can improve three of the four factors that affect
the genetic progress in the population (Boicharda et al., 2016).
In particular, genomic evaluations can increase the accuracy
of estimation of breeding value by 40 % in comparison with
the accuracy obtained from the traditionally estimates of the
animal parent averages. In addition, generation interval can
be reduced two to three times, and selection intensity can be
greatly increased due to the ability of choosing candidate
young bulls from a relatively larger number of animals (Food
and Agriculture Organization of the United Nations, 2007).
Consequently, the implementation of genomic evaluation of
breeding values increases the annual genetic gain in population
three times more than that achieved by traditional progeny
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testing, and reduces the cost for every unite of the genetic
gain by 100-fold (Kuznetsov, 2015).

Another concern in the modern dairy industry is the de-
crease of cattle fertility. Ignoring fertility traits in selection
programs and the intensive selection for increased milk
yield for many years has been accompanied by declining
the reproductive performance of dairy cattle (Ma et al.,
2018). In addition, the decline in female fertility can be
explained, in part, by genetic factors. In fact, there are
unfavorable genetic correlations between milk yield and
fertility. Furthermore, in the past few years, there have
been identified many genetic defects that associate with the
loss of fertility. These defects are mainly inherited in the
autosomal recessive manner and cause the embryonic loss
in homozygous state. An approach that was developed by
P.M. VanRaden and his colleagues was used to detect most
ofthese genetic defects. The concept of this approach is that
lethal recessives can be discovered from haplotypes that
are common in the population but are never homozygous in
live animals (VanRaden, et al., 2011). These genetic defects
have been called “lethal haplotypes”. Using this method has
resulted in identification of seven lethal haplotypes (HH1,
HH2, HH3, HH4, HHS, HCD, and HHO) in Holsteins.
Another new lethal haplotype, HH6, is now being tested in
the Holstein breed (Fritz et al., 2018). The carrier status of
lethal haplotypes is not included in the genomic evaluation
of breeding value. Genetic monitoring to identify animal
carriers of monogenic diseases and haplotypes is extremely
important. The comprehensive information obtained from
genetic monitoring of an animal for the carrier status for
monogenic diseases, carrier status for lethal haplotypes,
allelic composition for milk protein genes and other eco-
nomically important traits should be included in—as can
be called—the animal genetic passport.

The ability of carrying out the genomic evaluation of
breeding value for the viable animal embryos and monitor-
ing these embryos for genetic defects would considerably
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accelerate the production of high-genetic-merit animals
because only the embryos that are non-carriers for mono-
genetic diseases and have the highest breeding value will
be selected and transplanted.

Materials and methods
Embryos production. To produce embryos, 17 Black-and-
White bulls were primarily selected to serve as service sires.

One straw of semen was collected from each sire in a vol-
ume of 250 pl. The final selection of bulls was performed
based on the quality of collected semen, pedigree analysis,
and the estimated breeding value of ancestors of the bulls.
As a result, 12 sires were selected from three farms: the
head center for the reproduction of farm animals (6 sires),
“Moskovskoe” for breeding work (3 sires), and “Alta
Genetics Russia”(3 sires). Semen of bulls was transported
in liquid nitrogen in a Dewar tank into the station where
bovine oocytes are collected from donor cows.

Holstein cows from the farm “Permskaya Kraya” were
selected to serve as donor cows. The selection was based
on the age, high reproductive performance, and production
indicators of the cow, taking into account the breeding
schemes of the farm. Cows that were excluded were sick
cows, cows that showed low levels of activities, cows that
were in the period of progressive weight loss after calving,
exhausted and obese cows. In order to obtain large numbers
of oocytes from each donor cow, an echographic charac-
teristics analysis of the ovarian was performed.

After the aspiration, liquid aspiration was washed us-
ing Dulbecco’s buffer solution. The search of oocytes was
conducted under a binocular loupe. The suitability of oo-
cytes for maturation was visually evaluated. Oocytes that
have been remained for the following in vitro maturation
are those that met the following conditions: viable, evenly
surrounded by cumulus cells, a fine-grained ooplasm that
evenly fulfills the transparent shell of the oocyte, a ho-
mogenous thickness of the transparent shell with a round
shape. Selected oocytes of the required quality were set to
mature for 22 h in an [IVM media. After maturation, oocytes
were washed from the IVM media and transferred to the
Fertilization Medium. Spermatozoa were washed by cen-
trifugation on a discontinuous 45 : 90 Percoll gradient and
prepared for oocytes fertilization in vitro (IVF). Oocytes
cultivation was performed on a palate incubator under a
constant temperature, regulated humidity and gaseous en-
vironment. On the 6th day of cultivation, in the incubator,
the obtained embryos were evaluated and only high-quality
embryos were selected for biopsy. Biopsy was performed at
the blastocyst stage using a biopsy needle. 30-50 cells were
taken from the trophoblasts of the blastocyst. Cells were
counted while they were aspirated into a biopsy pipette.
Biopsy specimens in biopsy pipette were released into a
2 ul PBS x2 buffer. The drop containing the embryonic
trophoblast cells was placed at the bottom of the LoBind
tube whose bottom was previously prepared with a 2.5 ul
drop of PBS x2 buffer. After the biopsy, embryos were
marked using necessary markers to identify them during
the next stages of the experiment.
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Embryo viability was monitored for 8-24 h prior to
cryopreservation. All the pedigree information and the iden-
tification number of biopsy were saved for each embryo.

Whole genome amplification and genotyping. The
method of isothermal multiple displacement amplification
(IMDA) was used for the whole genome amplification
(WGA). The whole genome amplification was performed
using GenomiPhi V2 DNA amplification kit (Illumina,
USA) considering the standard recommendations for it.
The whole genome amplification was performed for 78
biopsy specimens. After the whole genome amplification,
the quantity of DNA for each sample was measured using
NanoDrop ND1000-Technologies-Inc, Wilmington, DE,
USA, while the quality of DNA was checked using agarose
gel electrophoresis. The DNA concentration was adjusted
to 50 ng/ul. For genotyping, 4 pl from each sample was
taken, and BovineSNP50 v3 DNA Analysis BeadChip was
used considering the instructions provided in the manual
protocol for this microarray: Infinium® HD Assay Ultra,
Manual Experienced User Card (Part # 11328095 Rev. B,
[llumina, USA).

Identification of the carriers of lethal haplotypes. For
the subsequent analysis, only high-quality genotypes (call
rate > 95 %) were chosen. For each of the tested animals,
the carrier status for the seven lethal Holstein haplotypes
was determined by analyzing the existence of alleles that
are included in the haplotype. The animal has been recorded
as carrier for a haplotype if it has been identified the alleles
combination for that haplotype.

Amplification of individual DNA fragments. All the
samples were tested for HCD using the method described
by (Menzi et al., 2016). The method can be summarized by
using three pairs of primers: the wild type forward primer
(WF) 5’-GGTGACCATCCTCTCTCTGC-3", the wild type
reverse primer (WR) 5~ AGTGGAACCCAGCTCCAT-
TA-3’, and the mutant forward primer (MF) 5°’-CACCTTC-
CGCTATTCGAGAG-3’. The primers WF and WR ensure
amplification of the DNA fragment that does not contain the
mutation (249 bp in size), while the WF and MF amplify
the fragment that contains the insertion (436 bp in size).

PCR was performed under the following conditions:
3 min at 94 °C, followed by 35 cycles each consisting
of 30 s at 94 °C, 30 s at 58 °C and 30 s at 72 °C, ending
with 5 min at 72 °C. The PCR was performed for two
reaction mixes, each of them being 10 pl in the final vol-
ume; the first mix contained 2 pl of 5xMix (PCR-mix
5xMasCFETagMIX-2025), 0.4 ul of HCD WF primer (2.5
pmole/ul), 0.4 pl of HCD WR primer (2.5 pmole/pul), and
6.2 ul of H,O. The second mix contained: 2 ul of 5 x Mix
(PCR-mix 5 xMasCFETagMIX-2025), 0.4 ul of HCD
MF primer (2.5 pmole/ul), 0.4 pl of HCD WR primer (2.5
pmole/ul), and 6.2 ul of H,O.

Samples were tested for brachyspina mutation (HHO)
using the allele-specific PCR method described by (Charlier
etal., 2012). The first pair of primers, forward Across UP1
5’-TCACAAAAGGGTAGGAGACTACCTG-3’ and
reverse Across DN1 5’-GCTTATTGTTTACCCTTGA-
CAGTGG-3’, were used to amplify the DNA fragment
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that does not contain the deletion. The size of the fragment
is 551 bp. The second pair of primers ensures amplifying the
fragment containing the mutation; forward BY Within_F1
5’-GCT-CAA-GTA-GTT-AGT-TGC-TCC-ACT-G-3’ and
reverse BY Within R1 5’-ATA-AAT-AAA-TAA-AGC-
AGG-ATG-CTG-AAA-3’. The fragment size is 421 bp
(Charlier et al., 2012).

PCR for brachyspina was performed using the follow-
ing conditions: 3 min at 94 °C, followed by 35 cycles each
consisting of 30 s at 94 °C, 30 s at 58 °C and 30 s at 72 °C,
ending with 5 min at 72 °C. The first PCR-mix (10 pl)
contained 2 ul of 5xMix (PCR-mix 5 xMasCFETaq-
MIX-2025), 0.4 pl of Across_UP1 primer (2.5 pmole/ul),
0.4 ul of BY Across_ DN1 primer (2.5 pmole/ul), and 6.2 pl
of H,O. The second mix (10 pul) contained 2 pl of 5 x Mix
(PCR-mix 5 x MasCFETagMI1X-2025), 0.4 ul of BY
Within_F1 primer (2.5 pmole/ul), 0.4 ul of BY Within B1
primer (2.5 pmole/ul), and 6.2 ul of H,O.

Three primer pairs were used to identify carriers for
HHS mutation. The (HH5_F) forward primer 5°-AGATAT-
GCTAAAGTTTACCTAGAAGAA-3’, and two reverse
primers (HH5 WT R)5’-CTGAAGCTCCATTCTGAGT-
CAT-3’,and (HH5 Del R)5’-TGCTCTATGAATTTTGT-
GAATGGT-3’. The primers HH5 _Fand HHS WT R were
used to amplify the DNA fragment that does not contain
the mutation producing a fragment, which is 442 bp in
size, while HH5 _F and HH5 Del R amplify the fragment
containing the mutation, and the size of the obtained frag-
ment is 256 bp.

Two PCR reaction mixes were used, each of them being
10 ul. The first mix was 2 pl of 5% Mix (PCR-mix 5x Mas-
CFETagMIX-2025), 0.4 ul of HH5_F primer (2.5 pmole/pl),
0.4 pl of HH5 WT R primer (2.5 pmole/ul), and 6.2 ul
of H,0. The second mix contained 2 pl 5 x Mix (PCR-mix
5 xMasCFETagMIX-2025), 0.4 ul of HH5 F primer (2.5
pmole/ul), 0.4 pl of HH5 Del R primer (2.5 pmole/ul),
and 6.2 pl of H,O.

The PCR amplification products were analyzed on
4 % TAE-based agarose gel with a voltage of 120 V for
40 min using 1xTAE (0.04 M Tris base, 0.02 M acetic
acid, 0.5 M EDTA) buffer and ethidium bromide staining
for visualization. The DNA Ladder M-50 (DIALAT Ltd.,
cat. no. MWM-50RL) was used for determining the size
of fragments.

Results

Choosing the breed of animals for embryo production.
The Black-and-White holsteinized breed was chosen for
embryo production. Nowadays, there are more than 300
breeds of Bos taurus around the word (Durov et al., 2013);
only 120 of them are breeds for milk production and only
30 breeds are the most widely spread across the world.
The most common dairy breed in the world is the Holstein
(Dunin et al., 2013). In the Russian Federation the most
common dairy breeds are Black-and-White, Simmental,
Kholmogory, Red-and-White, Holstein, Red Steppe, Ayr-
shire, and Yaroslavl. The animals of Black-and-White breed
make up about 58 % of the total Russian dairy cattle popu-
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lation. The largest number of these animals is concentrated
in the European part of Russia. The total number of dairy
cattle in Russia is about 1.587 million; from them 939.5
thousands are Black-and-White animals.

According to the previous information and statistics, we
can say that the Black-and-White breed is the best and most
popular dairy breed in Russia, and it is necessary to start
the genomic evaluation of breeding values for its animals.
However, in order to improve the milk production in their
herds, farmers usually use Holstein bulls for insemina-
tion. This has led to a high degree of holsteinization for
this breed. In fact, the proportion of Holstein “blood” in
the Black-and-White breed could be in excess of 50 %
(Tikhonova et al., 2015).

Choosing bulls for embryo production. Assessment
of semen quality of the bulls was based on the sperm
concentration (the number of sperm in millions/mL), the
mobility of sperm (in percent) taking into account the
percent of progressive motility, non-progressive motility,
and immobility sperm.

Embryo production. Five follicular aspirations were
carried out for 36 donor cows. As a result, we obtained
379 cumulus-oocyte complexes (COCs); 322 of them were
used for in vitro maturation (IVM). From the 322 COCs
100 embryos were obtained that reached the blastocyst
stage (7th day of embryo development). Considering the
quality of the embryos obtained, 80 embryos were selected
and transferred to individual petri dishes for biopsy. From
the 80 embryos, 78 biopsy specimens were obtained for
which the whole genome amplification (WGA) was per-
formed (Fig. 1).

Results of genotyping after WGA. The average con-
centration of DNA after amplification was 288.16 ng/ul
(minimum 39.3 ng/ul, and maximum 567.4 ng/ul). Of the
78 samples, one had a concentration less than 50 ng/ul. The
obtained DNA concentrations are comparable to those
obtained by similar studies (Polisseni et al., 2010; Shojaei
et al., 2014), and they are sufficient for carrying out geno-
typing by DNA microarray.

Genotyping was performed using BovineSNP50 V3
DNA Analysis BeadChip (Illumina, USA). All genotypes
for the 78 samples were of satisfactory quality (call rate
of sample > 95 %). 46 biopsy specimens of the 78 were
identified as males and 33, as females. The distribution of
DNA concentration values and the quality of genotyping
of samples are shown in Fig. 2.

Identification of the carriers of lethal haplotypes. The
genotypes for all the 78 embryo biopsy specimens were
analyzed to identify the samples that are potential carriers
of'lethal haplotypes. Finding carriers for HHO (brachypine),
HHS5 and HCD was expected since the frequencies of these
haplotypes in the cattle population are higher than the
frequencies of other haplotypes. The frequency of HHO
in the French Holstein cattle population is 7.4 % (Fritz et
al., 2013), and it is 3.9 % and 6.7 % for HH5 and HCD,
respectively, in the German Holstein cattle population
(Schiitz et al., 2016).
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Fig. 1. Embryo biopsy and agarose gel electrophoresis for the WGA.

a-embryo biopsy using a needle; b - agarose gel electrophoresis for the products of the WGA (4 % gel, 120V, 60 min, Thermo Scientific™

GeneRuler™ 1kb DNA Ladder 1kb DNA ladder, USA).

Among the 78 embryos, one carrier status for HHO,
HHS, and HCD was detected in samples 14, 5, and 72,
respectively.

The microarray probes do not contain DNA sequences
for the direct detection of mutations associated with these
lethal haplotypes, so the samples that were detected as being
carriers of lethal haplotypes by analyzing the genotyping
data were analyzed for the presence of casual mutations,
using PCR analysis followed by gel electrophoresis. As a
result, the casual mutation was confirmed by PCR analysis
for the samples carriers for HHO (brachispine) and HHS,
while it has not been confirmed for the sample that is car-
rier for HCD (Fig. 3).

To confirm the status of carrier for HCD, but not car-
rier for the casual mutation, we tested the parents of this
embryo for the presence of casual mutation for HCD.
From the dam, we obtained hair for DNA extraction
and sperms from the sire. As was expected, neither the
mother nor the father were carriers for the HCD casual
mutation (Fig. 4).

After genotyping and analyzing the genomic data for
the presence of lethal haplotypes, the samples were tested
for the presence of casual mutations using PCR (Fig. 5).

Discussion

The situation in which an animal is carrier for HCD haplo-
type but not carrier of the casual mutation has been studied
before and it is not associated with low quality of genotyp-
ing (the call rate of the genotype was 96.7 %). Large-scale
studies on cattle populations have shown that animals
that are homozygous for HCD can be either completely
healthy or suffer from cholesterol synthesis deficiency.
The pedigree analysis of these animals has shown that the
primary source of the normal version of HCD haplotype
is the bull HOCAN000000334489 WILLOWHOLME
MARK ANTHONY born in 1975, and the casual mutation
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Fig. 2. The distribution of DNA concentration values and the quality of
genotyping of samples (call rate).

a - DNA concentrations of biopsy specimens after the WGA; b - the quality of
genotyping of biopsy specimens after the WGA.

within this haplotype has occurred in its descendant, the
bull HOCAN000005457798 MAUGHLIN STORM born
in 1991. Thus, the bull HOCAN000005457798 MAUGH-
LIN STORM is considered the ancestor of the defective
haplotype and its descendants carry the casual mutation,
while the descendants of the bull HOCAN000000334489
WILLOWHOLME MARK ANTHONY whose family tree
do not include the bull HOCANO000005457798 MAUGH-
LIN STORM are carriers for normal version of the haplo-
type, but not carriers for the casual mutation causing the
disease (Kipp et al., 2015; Duff et al., 2016).

Conclusions

The results of this study show the feasibility to obtain a
high quantity and quality of DNA after the whole genome
amplification for embryo biopsy specimens. That indicates
the possibility to perform high-quality genotyping on em-
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Fig. 3. Gel electrophoresis for PCR products for the samples carriers of lethal haplotypes according
to microarray genotyping data.

a - HHO (brachispine); b - HH5; ¢ - HCD; M - 50 bp DNA marker; “K+" — positive control; “K-" - negative
control; bsp14, bsp5 and bsp72 — samples analyzed.

Fig. 5. Agarose gel electrophoresis of PCR products for HH5 casual mutation.
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Fig. 4. Gel electrophoresis of PCR products for
HCD.

1 —dam; 2 - sire; 3 - sample 72; M - 50 bp DNA
marker; “K+" — positive control; “K-" - negative
control.

bsp11, bsp18, bsp23, bsp29, bsp35, bsp41, bsp48, bsp51, bsp52, bsp63, bsp66, bsp70, and bsp73 - samples analyzed. M - 50 bp DNA
marker; “K+" - positive control; “K-" - negative control. According to the results, no carriers of HH5 casual mutation were identified.

bryos and to perform the genomic evaluation of animals at the embryo stage.
The reliability of results obtained from the genotyping analysis can be confirmed
by molecular genetic aspects using PCR methods — the classical methods for
determining the carrier status of animals for monogenic diseases and lethal hap-
lotypes. The embryos, from which genetic material was obtained and analyzed,
were transferred to surrogate mothers. After the birth of animals, it is planned
to verify the results obtained during the embryo analysis (gender, carrier status
of monogenic diseases, and genotyping data) by re-genotyping the animals
after birth. It is also planned to calculate the breeding value for these animals.
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