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A b s t r a c t  
 

The spread of lethal and semi-lethal mutations in cattle populations results in embryonic 
and postembryonic mortality of calves. The use of a limited number of sires creates the danger of 
wide spread of genetic abnormalities. Genetic markers identify carriers of a mutation in the absence 
of information about phenotypic manifestations of the disease. Cholesterol deficiency mutation 
(HCD, haplotype cholesterol deficiency), a recessive defect of Holstein cattle, is characterized by 
the death of calves in the first days or months of life. The extent of this genetic defect worldwide 
is currently very high, 6 to 17 %. In general, there is little information about the relationship of 
recessive mutations with dairy cattle productivity, and data on the effect of the HCD mutation, 
first described in 2015, on breeding traits are extremely limited. This paper is the first to report 
data on a genetic study of the APOB gene region on the BTA11 chromosome and milk production 
indices depending on the HCD status in a Russian dairy cow population. The obtained results 
indicate that in the studied population the HCD mutation does not reduce the pedigree value of 
animals in terms of milk production and milk quality (for fat and protein). The study was per-
formed in a breeding farm of the Leningrad region in 2017. Random sample of Holstein black and 
white cattle include cows (n = 451) born in 2009-2015 and the calves (n = 7) with clinical signs 
of diarrhea and proven HCD carriers in pedigree (sires, sires of sires). Genotyping of animals was 
carried out by PCR using allele specific primers. The productivity of lactation 1 and 2 (milk, yield 
of milk fat and protein) was studied depending on the genotypes according to HCD. The ANOVA 
variance analysis and calculation of means were carried out with RStudio program on the basis of 
a single-effect model. Estimated breeding value of milk, fat and protein yields in kg was calculated 
using BLUP Animal Model. The concentration of triglycerides and cholesterol was determined 
with an automatic biochemical analyzer RX Daytona (Randox Laboratories, UK). According to 
the results of the study, 35 cows (7.76 %) of those tested are the HCD carriers. Among the calves, 
one calf was defined as a carrier and one heifer with homozygous HCD genotype for APOB gene 
had all symptoms of the disease. It is established that the HCD+ cows are not inferior to their 
peers on milk productivity. The cows with the mutant allele of the APOB gene born in 2013 sig-
nificantly exceeded healthy animals: during lactation 1 by 1219 kg (p  0.01) for milking, by 13.8 
kg for milk fat yield, and by 19.9 kg for milk protein yield (p  0.05); during lactation 2 by 1392 
kg (p  0.001) for milking, by 44 kg (p  0.05) for milk fat yield, and by 39.8 kg for milk protein 
yield (p  0.01). The average estimated breeding value (EBV) of HCD carriers is 6.8 % higher in 
milk yield, 8.1 % in fat and 4.8 % in protein compared to HCD animals. Monitoring of progeny of 
HCD carriers using Illumina Bovine IBDv3 (50k) did not reveal significant haploblocks in the APOB 
gene region, therefore, selection for increased milk productivity would not lead to a significant in-
crease in the incidence of HCD carriers. Comparative analysis of biochemical indices in the first half 
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of the dry period did not reveal significant differences in the blood cholesterol (3.04±0.31 mmol/l 
and 3.33±0.12 mmol/l, respectively) and triglycerides (0.197±0.01 mmol/l, and 0.170±0.01 mmol/l) 
between groups of latent HCD carriers and cows free from this mutation. Our study has shown that 
the use of HCD carriers does not reduce productivity in the dairy herd. However, monitoring for this 
genetic defect is necessary, as incorrect selection of animals can lead to the birth of a sick and non-
viable offspring, which in turn will cause economic losses in the farms 

 

Keywords: cattle, genotyping, HCD, haplotype cholesterol deficiency, lethal recessive mu-
tation, apolipoproteine B, gene APOB, milk yielding, triglycerides, cholesterol 

 
 

Artificial insemination and use of limited number of sires creates a risk 
of lethal recessive mutations in cattle [1]. Not many abnormalities may be visu-
ally observed. DNA screening with the use of high density SNP chips identifies 
mutations without phenotypic disease manifestations [2]. Such method is used to 
determine fertility haplotypes found in cattle and becoming the mortality factor 
at different stages of animal growth. Screening of domestic Holstein and Black 
Pied Holstein cattle breeds had shown that frequency of known mutations CVM, 
BLAD, DUMPS, BY, HCD, HH1, HH3, HH4, and HH5 reaches 10 % in 
cows and 4 % in sires [3]. Monitoring of hazardous recessive mutations in the 
cattle herd is mandatory and allows for timely exclusion of mutation carriers 
from the breeding, significantly reducing the economic losses. Thus, inspection 
of Holstein sires and timely culling of BLAD and CVM carriers in the Lenin-
grad region decreased the frequency of such mutations up to 1-2 % [4-6]. 

Haplotype cholesterol deficiency (HCD) is a new recessive genetic defect 
in Holstein cattle. Identification of such haplotype associated with loss of calves 
in early postnatal period due to occurrence of therapeutically incurable idio-
pathic diarrhea was reported by S. Kipp et al. in 2015 at Interbull conference in 
Orlando (USA). Homozygous animals have disturbance of lipid metabolism and 
hypocholesteremia. Low blood cholesterol level was detected in heterozygous 
calves lacking clinical signs. Search of genome associations by 44747SNP scan-
ning (Illumina BovineSNP50 BeadChip, version 2; 54Kv2; llumina, Inc., USA) 
in the affected calves had resulted in identification of homozygous region of 1.01 
Mb on BТА11 (positions from 77274120 bp to 78290130 bp), which indicated 
autosomal monogenic inheritance of such disorder by recessive or codominant 
type. Significant SNP is located in position 72248536 bp at distance of nearly 
5 Mb from the defective haplotype [7]. Search for genome mutations by ge-
nome-wide association studies (GWAS) revealed 22 SNPs in total (from 
64367438 to 83585365 bp), which had reached validity threshold near the defec-
tive haplotype. Genome studies based on 54K SNP Chip genotypes allowed 
identification of casual region on chromosome BTA11. Based on analysis of sick 
animal pedigrees, well-known Canadian Holstein sire Maughlin Storm was 
found to be the carrier of such disorder [8, 9]. Further studies had shown that 
this mutation results from an insertion of 1299 bp in exon 5 of APOB gene 
(apolipoprotein B) on ВТА11 with a shift of the reading frame in codon region 
for amino acid residue 135 in APOB. This leads to 97 % truncation of the pro-
tein [10]. 

Other authors found an insertion of reduced endogenic retrovirus ERV2-1 
in LTR (Long Terminal Repeats) on BTA11 in exon 5 of APOB gene, which 
resulted in stop-codon not far from the insertion. This preterm stop-codon in 
open APOB gene reading frame caused truncation of protein length by 140 ami-
no acids. It was established that such preterm reduction results in inability to 
remove chylomicrons from the intestinal cells, which causes cholesterol malab-
sorption [11]. Apolipoprotein B (APOB) is necessary for synthesis of chylomi-
crons and lipoproteins of very low density in the intestines and liver. Apolipo-
proteins are protein components of lipoproteins, usually amphiphilic, which spe-
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cifically bind lipids to form lipoprotein particle [12, 13]. 
High carriage percentage of HCD in Holstein herd was found in differ-

ent countries: 5.07 % in China (sires, n =138) [14], 17.4 % in Germany (sires, 
n = 264) [10], 17 and 12 % in Canada for cows of 2012 and 2016 years of birth, 
respectively [15]. Based on pedigree analysis of 584 sires used for breeding in Rus-
sia, it was found that 10.3 % males (60 sires) were latent carriers of mutant allele 
of APOB gene [16]. Herewith, origin of sires varied (Canada, America, and Aus-
tria). Based on genotyping of 41 sires, whose fathers were HCD carriers, 17 an-
imals (39 %) were latent carriers of the mutation. Timely screening of the popu-
lations for genetic defects in cattle and correct selection of animals could reduce 
economic losses. According to J.B. Cole et al. [17], economic losses from 
embryonic and post-embryonic deaths in USA due to lethal mutations com-
prised nearly 11 million US dollars annually.  

In this paper, we had for the first time performed genetic assessment of 
the region of APOB gene and had compared diary output of cows in one of the 
Russian populations depending on the HCD status. Our findings show that 
HCD mutation does not reduce pedigree value of animals by milk yield and 
milk quality in terms of fat and protein. 

Our purpose was to assess spread of HCD mutation in a population of 
Russian Black Pied Holstein cows as associated with milk yield and lipid metab-
olism indicators. 

Techniques. Black Pied Holstein cows (Bos taurus taurus) of one of pedi-
gree farming units in the Leningrad Region (2017, n = 451) were randomly 
sampled, animals were born in 2009-2015 years. Sampled calf (n = 7) had clini-
cal diarrhea signs and HCD carriers in their pedigree (fathers, father’s fathers).  

DNA was extracted by phenol method [18] from blood taken from tail vein.  
The primers used for PCR genotyping were 5´-GGTGACCATCCTCT-

CTCTGC-3´ (the universal forward primer), 5´-AGTGGAACCCAGCTCCA-
TTA-3´ (the revers primer for amplification of 249 bp fragment) to identify wild 
allele, and 5´-CACCTTCCGCTATTCGAGAG-3´ (the forward primer for 436 
bp fragment) to identify mutant allele of APOB gene (indel-polymorphism) 
[19]. PCR protocol was as follows: 1 min at 95 С (initial denaturation); 30 s at 
94 С, 30 s at 60 С, 30 s at 72 С (35 cycles); 10 min at 72 C (amplifier 
Thermal Cycler T1000, Bio-Rad Laboratories, Inc., USA). Reaction mixture con-
tained 67 mM Tris-HCl (pH 8.6), 1.5 mM MgCl2, 16.6 mM NaOH, 0.125 mM 
each of dATP, dGTP, dCTP, and dTTP, 0.5 μm of each primer, 50-100 μg of 
matrix DNA and 2.5 U of Taq DNA polymesare (Sibenzyme LLC, Russia). 
Resulting DNA fragments were separated by horizontal electrophoresis at 10 
V/cm in 1½ ТВЕ buffer with ethidium bromide (0.1 μg/ml) in 2.0 % agarose gel 
(Agarosa LE 2, Helicon, Russia). Amplicon sizes were determined with molecu-
lar weight marker ThermoScientific Gene Ruler Ultra Low Range DNA Ladder 
(Fermentas, Lithuania). A video system Gel Imager 2 (Helicon, Russia) was 
used for gel documentation and data processing. 

Linkage disequilibrium (LD) was analyzed in a sample of daughters of 
HCD sires form Leningrad Region. Genotyping (BovineSNP50 BeadChip v. 3, 
Illumina, Inc., USA) was conducted as per the manufacturer’s protocol. Geno-
type studies were limited by region of APOB gene on ВТА11 chromosome, in-
cluding 33 SNPs of nearly 2000 kbр in length. LD (R2) was calculated with 
PLINK 1.9 software [20]. 

Cholesterol and triglyceride blood levels were determined in HCD+ ani-
mals (n = 3) and in conventionally healthy animals (HCD, n = 14) of lactation 
2 to lactation 4 in the first half of interlactation period. Blood for biochemical 
studies was collected from the tail vein with vacuum system Vacuette (Greiner 
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Bio-One, Austria) 2 hours after feed supply (from 10.00am to 11.00am). In 30-
40 min afterwards, vials with blood were centrifuged for 20 min at 3000 rpm. 
Concentration of triglycerides and cholesterol was measured (a biochemical ana-
lyzer RX Daytona, Randox Laboratories, Great Britain) with the use of Cormay 
reagents (Poland). 

Records of dairy yield in cows born in 2012-2014 years were taken from 
the pedigree cards (form 2MOL). Yield during lactation 1 and lactation 2, milk 
fat yield, and milk protein yield were accounted for. 

Correlation between the genotypes of cows and analyzed traits was iden-
tified by statistical significance of differences between the mean values. Found value 
td was compared to t-Student table [21]. Dispersion analysis ANOVA and calcula-
tion of the means was conducted with RStudio software [22] based on the following 
model with one fixed effect: yij = µ + HCDj + eij, where yij is estimated breeding 
value (EBV) in cow i by production traits, µ is mean, HCDj is fixed haplotype ef-
fect, eij is unknown residual. Data was statistically processed with Microsoft Excel 
and AtteStat (http://www.studmed.ru/programma-attestat-1205_1778bebd8f9.html) 
software. Mean (M) and standard error of mean (±SEM) are presented. 

Estimated breeding value (EBV) for milk yield, fat and protein produc-
tion was calculated by BLUP Animal Model based on phenotypic data of 2016 
[23]. Haplotype effect was shown as 0 (HCD) and 1 (carrier HCD+). 

Results. Figure 1 shows 
typical electrophoregram of PCR 
products for indel polymorphism 
in APOB gene. 

Totally, we have tested 
55.7 % of breeding herd suspected 
for mutant HCD allele of АРОВ 
gene. Based on study results, 35 
cows (7.76 %) and one female 
calf were heterozygous carriers 
of HCD mutation. 

Homozygous HCD geno-
type for APOB gene was found only in one heifer with sharp retardation in growth 
and development, debilitation, and incurable diarrhea (Fig. 2). The calf’s weigh at  

birth was 39 kg, at 2-month age was 
49 kg, and at 3-months age was 49 kg; 
average daily weight gain from the birth 
to 2 months of age was 166 g. Genotyp-
ing showed the mother cow to be HCD-
positive, and the father also was the 
mutant allele carrier. As per parental 
pedigrees, Maughlin Storm 5457798 sire 
was among the mother’s predecessors, 
whereas Breadale Goldwyn 10705608 
sire was among the father’s predecessors. 
These sires and their descendants are 
already used for many years in artificial 
insemination programs in Russia and 
are found to be latent HCD carriers. 

HCD+ calves were as good as 
their peers and sometimes exceeded them by milk production values (Table 1). 
Thus, latent carriers of APOB gene mutant allele born in 2013 validly left be-

Fig. 1. Electrophoregram of PCR products for indel poly-
morphism in APOB gene in Black Pied Holstein cows: М — 
molecule weigh marker; 1, 3 — healthy animals (249 bp 
fragment), 2, 4 — heterozygous carriers (fragments of 
249 bp and 436 bp), 5 — homozygous animal (436 bp 
fragment) (Leningrad Region, 2017). 

 
Fig. 2. Black Pied Holstein calf homozygous for 
mutant allele of АРОВ gene with typical clinical 
signs of cholesterol deficit syndrome (retardation 
in growth and development, debilitation, diar-
rhea) (Leningrad Region, 2017). 
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hind healthy animals. i.e. during the first lactation by 1219 kg milk yield (p < 0.01), 
by 13.8 kg milk fat yield, and by 19.9 kg milk protein yield (p < 0.05); during the 
second lactation by 1392 kg (p < 0.001), 44 kg (p < 0.05), and 39.8 kg (p < 0.01), 
respectively. No valid differences were found between the groups of calves born 
in 2012 and 2014. 

1. Milk production in Black Pied Holstein cows according to genotypes for indel 
polymorphism in APOB gene (haplotype cholesterol deficit HCD) (M±SEM, 
Leningrad Region, 2017) 

Year of birth Status for HCD Number of animals  Milk yield, kg Fat, kg Protein, kg 
L a c t a t i o n  1 

2012 HCD+ 3 8750±440 342.6±28.6 281.7±20.4 
 HCD 22 8894±256 333.7±10.1 280.8±7.8 
2013 HCD+ 8 9471±261a 353.8±7.8 292.0±8.5c 
 HCD 73 8252±142b 340.0±5.9 272.1±4.5d 
2014 HCD+ 10 8780±378 346.5±10.0 268.9±9.1 
 HCD 101 8646±126 347.0±5.4 271.0±4.1 

L a c t a t i o n  2 
2012 HCD+ 3 10339±787 390.6±76.9 330.8±43.8 
 HCD 22 9596±385 371.9±16.4 300.1±11.3 
2013 HCD+ 6 10872±346е 428.7±20.1g  339.7±12.2i 

 HCD 49 9480±233f 384.7±9.0h 299.9±6.9j 
N o t e. Statistically significantly differences between HCD+ and HCD- are marked with letters: a, b at p < 0.01; c, d 
at p < 0.05; e, f at p < 0.001; g, h at p < 0.05; i, j at p < 0.01. 

 

Average EBV for milk, 
fat, and protein production for 
HCD carriers were 1100.8; 42.5 
and 28.3 kg, respectively, with 
1030.5; 39.3 and 27.1 kg for 
HCD animals. That is, EBV was 
higher in the first group for milk 
production by 6.8 %, for fat yield 

by 8.1 %, and for protein yield by 4.8 %. Dispersion analysis (Table 2) illustrates 
stable positive effect of HCD carriage on productive performance. 

Among the tested ani-
mals of different years of birth, 
frequency of HCD mutations was 
nearly 10 % (Fig. 3) with a trend 
towards growth in offspring born 
in 2015, which highlights the need 
to constantly control the herd in 
pedigree farming units to reduce 
the number of HCD carriers. 

We did not find any val-
id differences between HCD+ 
and HCD cows in the blood 
cholesterol level (3.04±0.31 and 

3.33±0.12 μmol/l, respectively) and blood triglycerides (0.197±0.01 and 
0.170±0.01 μmol/l). For both groups, these metabolites were within the reference 
concentrations, i.e. 1.5-4.5 μmol/l for cholesterol and 0.05-0.3 μmol/l for triglyc-
erides [24]. Milk yield for 305 days after the last completed lactation did not 
vary between groups and was 10302±791 and 10191±453 kg, respectively.  

For better assessment of the influence of selection for milk production 
on the spread of HCD carriers, we have analyzed the linkage disequilibrium 
(LD) between SNP in APOB gene regions at distance of nearly 1000 bp from the 
gene in both directions. Average distance between SNPs on chip in the studied 

2. Dispersion analysis of breeding value esti-
mates of Black Pied Holstein cows hetero-
zygous for haplotype cholesterol deficit 
(HCD) (Leningrad Region, 2017) 

Production trait  HCD effect p-value 
Milk 4.076 0.0442 
Fat 6.617 0.0105 
Protein 1.905 0.1680 

Fig. 3. Frequency of cholesterol deficit mutation (HCD) 
carriers among Black Pied Holstein calves of different 
years of birth (Leningrad Region, 2017). 
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region was nearly 55 kbp. Estimates had shown absence of haploblocks in this 
region of genomes of the HCD+ sire descendants in the Holstein herd popula-
tion of Leningrad region. Mean LD value was low (R2 = 0.077±0.008). 

It should be noted that according to pedigree records, Holstein sires of 
different origin (Netherlands, USA, Canada, and Russia) were used for breeding 
at the studied farms. Some of them have a confirmed status of latent HCD car-
riers. Literature sources contain insufficient information about the link between 
the recessive mutations and productive performance of milk-type cattle. In fact, 
however, the sires carrying recessive mutations often serve as enhancers, and 
wide spreading of the genetic defects is promoted by the fact that such defects 
are usually linked with economic trait genes [25]. Thus, analysis of pedigree rec-
ords of sons and nephews of Skokie Sensation Ned, the stirps of DUMPS disor-
der, had shown that heterozygotes have significantly higher genetic potential of 
milk yield [26]. S. Saleem et al. [27] have noted that qualitative values of Hol-
stein sire sperm remain unchanged despite the HCD status. In previous studies 
we have found that HCD status does not render significant effect on several re-
productive parameters in cows (e.g. the age of the first insemination, first calv-
ing, and number of inseminations until conception, duration of service-period 
and intercalving period) [28]. 

A number of research papers report [29, 30] that sires and calves, the la-
tent HCD carriers, have lower blood concentration of triglycerides and choles-
terol compared to animals lacking mutant allele of APOB gene. However, blood 
concentration of cholesterol (as well as triglyceride concentration) is influenced 
by such factors as nutrition, physiological state of animals, and diseases of differ-
ent etiology. Therefore, HCD defect could be diagnosed only by molecular test-
ing. In our research, we did not find valid deviations from the normal values in 
blood biochemical indicators of HCD carriers, which could be due both to small 
sample size, as well as to genetically determined compensatory mechanisms in 
several animals [11, 31]. 

Tracking of selection and genetic characteristics in breed and determina-
tion of the genealogical affiliation of sire are required to control genetic defects 
[32, 33]. 

It may be interesting to note that HCD carriers do not reduce produc-
tive capacity in cattle herd. Moreover, average estimated breeding value in the 
studied population for milk, fat, and protein production in HCD carriers was 
higher than in the intact animals. Dispersion analysis had revealed stable positive 
effect of HCD carriage on productive performance. Such predominance lacks 
clear explanation, but could be possibly due to location of APOB gene in the 
genome area responsible for high milk production. At the same time, analysis of 
the linkage disequilibrium between SNP in this region shows lack of haploblocks 
in the of Holstein population of the Leningrad region. Accordingly, selection for 
increased productive capacity does not result in significant growth in frequency 
of HCD mutation carriers. 

Therefore, we did not reveal any differences in blood concentration of 
cholesterol and triglycerides during the first phase of interlactation period in the 
studied population of Black Pied Holstein cows depending on the status for re-
cessive HCD (haplotype cholesterol deficit) mutation. Use of cows which are 
the HCD carriers does not reduce productive performance in the herd. Never-
theless, monitoring of the populations for HCD carriage is necessary since use of 
heterozygous sires may result in sick and non-viable offspring, and, consequent-
ly, may cause economic losses to farming units. 

 



1148 

R E F E R E N C E S  
 

1. Atlas geneticheskikh boleznei i priznakov produktivnosti krupnogo rogatogo skota /Pod redaktsiei 
A.A. Kudinova, K.V. Plemyashova, P.I. Ukolova, G.V. Shiryaeva [Atlas of genetic diseases and 
productivity traits of cattle. A.A. Kudinov, K.V. Plemyashov, PI Ukolov, G.V. Shiryaev (eds.)]. 
St. Peretsburg, 2017 (in Russ.). 

2. Charlier C., Coppieters W., Rollin F., Desmecht D., Agerholm J., Carta E., Dardano S., 
Dive M., Fasquelle C., Frennet J.-C., Hanset R., Hubin X., Jorgensen C., Karim L., Kent M., 
Harvey K., Pearce B.R., Simon P., Tama N., Nie H., Vandeputte S., Lien S., Longeri M., 
Fredholm M., Harvey R.J., Georges M. Highly effective SNP-based association mapping and 
management of recessive defects in livestock. Nat. Genet., 2008, 40(4): 449 (doi: 10.1038/ng.96). 

3. Zinov'eva N.A. Haplotypes affecting fertility in Holstein cattle. Sel'skokhozyaistvennaya biologiya 
[Agricultural Biology], 2016, 51(4): 423-435 (doi: 10.15389/agrobiology.2016.4.423eng). 

4. Dement'eva N.V., Mitrofanova O.V., Kudinov A.A. Izvestiya Sankt-Peterburgskogo gosudarstven-
nogo agrarnogo universiteta, 2015, 39: 136-143 (in Russ.). 

5. Dement'eva N.V., Mitrofanova O.V., Tyshchenko V.I., Nikitkina E.V., Terletskii V.P., Yakovlev 
A.F. Molochnoe i myasnoe skotovodstvo, 2014, 6: 7-9 (in Russ.). 

6. Yakovlev A.F., Terletskii V.P., Mitrofanova O.V., Dement'eva N.V. Molochnoe i myasnoe 
skotovodstvo, 2004, 6: 31-32 (in Russ.). 

7. Kipp S., Segelke D., Schierenbeck S., Reinhardt F., Reents R., Wurmser C., Pausch N., Fries R., 
Thaller G., Tetens J., Pott J., Haas D., Raddatz  B.B., Hewicker-Trautwein M., Proios I., 
Schmicke M., Grünberg W. Identification of a haplotype associated with cholesterol deficiency 
and increased juvenile mortality in Holstein cattle. J. Dairy Sci., 2016, 99(11): 8915-8931 (doi: 
10.3168/jds.2016-11118) 

8. Jung S., Pausch H., Langenmayer M.C., Schwarzenbacher H., Majzoub-Altweck M., Gollnick N.S., Fries R. 

A nonsense mutation in PLD4 is associated with a zinc deficiency-
like syndrome in Fleckvieh cattle. BMC Genomics, 2014, 15: 623 (doi: 
10.1186/1471-2164-15-623). 

9. Kipp S., Segelke D., Schierenbeck S., Reinhardt F., Reents R., Wurmser C., Pausch H., Fries R., 
Thaller G., Tetens J., Pott J., Piechotta M., Grünberg W. A new Holstein haplotype affecting 
calf survival. Interbull Bulletin, 2015, 49: 49-53. 

10. Menzi F., Besuchet-Schmutz N., Fragnière M., Hofstetter S., Jagannathan V., Mock T., Rae-
my A., Studer E., Mehinagic K., Regenscheit N., Meylan M., Schmitz-Hsu F., Drögemüller C. 
A transposable element insertion in APOB causes cholesterol deficiency in Holstein cattle. Anim. 
Genet., 2016, 47(2): 253-257 (doi: 10.1111/age.12410). 

11. Schütz E., Wehrhahn C., Wanjek M., Bortfeld R., Wemheuer W.E., Beck J., Brenig B. The 
Holstein Friesian lethal haplotype 5 (HH5) results from a complete deletion of TBF1M and 
cholesterol deficiency (CDH) from an ERV-(LTR) insertion into the coding region of APOB. 
PLoS ONE, 2016, 11(4): e0154602 (doi: 10.1371/journal.pone.0157618). 

12. Hebbachi A.M., Gibbons G.F. Microsomal membrane-associated apoB is the direct precursor 
of secreted VLDL in primary cultures of rat hepatocytes. J. Lipid Res., 2001, 42(10): 1609-1617. 

13. Marri R., Grenner D., Meies P., Roduell V. Biokhimiya cheloveka [Human biochemistry]. Mos-
cow, 1993 (in Russ.). 

14. Li Y., Fang L., Liu L., Zhang S., Ma Z., Sun D. The cholesterol deficiency-associated muta-
tion in APOB segregates at low frequency in Chinese Holstein cattle. Canadian Journal of Ani-
mal Science (in press, published on the web 16 October 2018) (doi: 10.1139/CJAS-2017-0108). 

15. Van Doormaal B., Beavers L. HCD: haplotype associated with cholesterol deficiency. Cana-
dian Dairy Network (CDN), 2015. Available 
https://www.cdn.ca/images/uploaded/file/HCD%20Update%20Article%20-
%20December%202015.pdf. Accessed January 31, 2018. 

16. Zinov'eva N.A., Kostyunina O.V., Volkova V.V., Ermilov A.N., Yanchukov I.N. Molochnoe i 
myasnoe skotovodstvo, 2016, 2: 5-8 (in Russ.). 

17. Cole J.B., Null D.J., VanRaden P.M. Phenotypic and genetic effects of recessive haplotypes on 
yield, longevity and fertility. J. Dairy Sci., 2016, 99: 7274-7288 (doi: 10.3168/jds.2015-10777). 

18. Terletskii V.P., Plemyashov K.V., Tyshchenko V.I., Dement'eva N.V. Ispol'zovanie sovremen-
nykh molekulyarno-geneticheskikh metodov v genotipirovanii sel'skokhozyaistvennykh zhivotnykh 
[The use of modern molecular genetic methods in the genotyping of farm animals]. St. Peters-
burg—Pushkin, 2014 (in Russ.). 

19. Kamiński S., Ruść A. Cholesterol deficiency — new genetic defect transmitted to Polish Hol-
stein-Friesian cattle. Pol. J. Vet. Sci., 2016, 19(4): 885-887 (doi: 10.1515/pjvs-2016-0110). 

20. Chang C.C., Chow C.C., Tellier L.C., Vattikuti S.S., Purcell S.M., Lee J.J. Second-generation 
PLINK: rising to the challenge of larger and richer datasets. GigaScience, 2015, 4: 7 (doi: 
10.1186/s13742-015-0047-8). 

21. Merkur'eva E.K. Biometriya v zhivotnovodstve [Biometrics in livestock]. Moscow, 1977 (in Russ.). 



 

1149 

22. RStudio Team. RStudio: integrated development for R. RStudio, Inc., Boston MA, 2015. Avail-
able http://www.rstudio.com. No date. 

23. Kudinov A.A., Juga J., Uimari P., Mantysaari E.A., Stranden I., Plemyashov K.V., Saksa E.I., 
Smaragdov M.G. Upgrading dairy cattle evaluation system in Russian Federation. Interbull Bul-
letin, 2017, 51: 67-74. 

24. Kondrakhin I.P., Arkhipov A.V., Levchenko V.I., Talanov G.A., Frolova L.A., Novikov V.E. 
Metody veterinarnoi klinicheskoi laboratornoi diagnostiki [Methods of veterinary clinical laborato-
ry diagnostics]. Moscow, 2004 (in Russ.). 

25. Zinov'eva N.A., Strekozov N.I., Eskin G.V., Turbina I.S., Yanchukov I.N., Ermilov A.N. 
Zhivotnovodstvo Rossii, 2015, 6: 30 (in Russ.). 

26. Shanks R.D., Greiner M.M. Relationship between genetic merit of Holstein bulls and deficien-
cy of uridine-5´-monophosphate synthase. J. Dairy Sci., 1992, 75(7): 2023-2029 (doi: 
10.3168/jds.S0022-0302(92)77962-4). 

27. Saleem S., Heuer C., Sun C., Kendall D., Moreno J., Vishwanath R. The role of circulating 
low-density lipoprotein levels as a phenotypic marker for Holstein cholesterol deficiency in 
dairy cattle. J. Dairy Sci., 2016, 99(7): 5545-5550 (doi: 10.3168/jds.2015-10805). 

28. Pozovnikova M.V., Likhacheva T.E., Shiryaev G.V. Genetika i razvedenie zhivotnykh, 2018, 2: 
61-66 (in Russ.). 

29. Gross J.J., Schwinn A.C., Schmitz-Hsu F., Menzi F., Drögemüller C., Albrecht C., Bruck-
maier R.M. Rapid Communication: Cholesterol deficiency-associated APOB mutation impacts 
lipid metabolism in Holstein calves and breeding bulls. J. Anim. Sci., 2016, 94(4): 1761-1766 
(doi: 10.2527/jas.2016-0439). 

30. Mock T., Mehinagic K., Menzi F., Studer E., Oevermann A., Stoffel M. H., Drögemüller S., 
Meylan M., Regenscheit N. Clinicopathological phenotype of autosomal recessive cholesterol defi-
ciency in Holstein cattle. J. Vet. Intern. Med., 2016, 30(4): 1369-1375 (doi: 

10.1111/jvim.13976). 
31. Inokuma H., Horiuchi N., Watanabe K.I., Kobayashi Y. Retrospective study of clinical and 

laboratory findings of autosomal recessive cholesterol deficiency in Holstein calves in Japan. 
Jpn. J. Vet. Res., 2017, 65(2): 107-112 (doi: 10.14943/jjvr.65.2.107). 

32. Plemyashov K.V., Saksa E.I., Barsukova O.E. Genetika i razvedenie zhivotnykh, 2016, 1: 8-16 
(in Russ.). 

33. Saksa E.I., Barsukova O.E. Rezul'taty ispol'zovaniya i genealogicheskie skhemy bykov-proizvoditelei 
golshtinskoi porody [Results of use and genealogy of Holstein sires]. St. Petersburg, 2012 (in 
Russ.). 


