ANIMAL GENETICS BaBWNOBCKNI )KypHan reHeTUKN 1 cenekumm. 2024;28(1):117-125

Original article DOI 10.18699/vjgb-24-14

Original Russian text https://vavilovj-icg.ru/

Association of three single nucleotide polymorphisms
in the LPIN1 gene with milk production traits
in cows of the Yaroslavl breed

AV. Igoshinl, T.M. Mishakoval, R.B. Aitnazarov!, A.V. Ilina2, D.M. Larkin3, N.S. Yudin! &

TInstitute of Cytology and Genetics of the Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia

2 Federal Williams Research Center for Forage Production and Agroecology, Scientific Research Institute of Livestock Breeding and Forage Production,
Yaroslavl Region, Russia

3 Royal Veterinary College, University of London, London, United Kingdom

® yudin@bionet.nsc.ru

Abstract. Lipin-1 is a member of the evolutionarily conserved family of proteins and is expressed predominantly in adipose
tissue and skeletal muscle. On the one hand, lipin-1 is an enzyme that catalyzes the dephosphorylation of phosphatidic
acid to diacylglycerol (DAG) and thus participates in the metabolic pathways of biosynthesis of storage lipids in the cell,
membrane phospholipids, and intracellular signaling molecules. On the other hand, lipin-1 is able to be transported from
the cytoplasm to the nucleus and is a coactivator of lipid metabolism gene transcription. It was shown, using the analysis
of single nucleotide polymorphism (SNP) associations, that the lipin-1 coding gene (LPINT) is a promising candidate gene
for milk production traits in Holstein and Brown Swiss cows. However, it is unclear how much of its effect depends on the
breed. The Yaroslavl dairy cattle breed was created in the 18-19 centuries in Russia by breeding northern Great Russian
cattle, which were short and poor productive, but well adapted to local climatic conditions and bad food base. It was shown
by whole genome genotyping and sequencing that the Yaroslavl breed has unique genetics compared to Russian and
other cattle breeds. The aim of the study was to assess the frequency of alleles and genotypes of three SNPs in the LPINT
gene and to study the association of these SNPs with milk production traits in Yaroslavl cows. Blood samples from 142 cows
of the Yaroslavl breed were obtained from two farms in the Yaroslavl region. Genotyping of SNPs was carried out by poly-
merase chain reaction-restriction fragment length polymorphism method. Associations of SNPs with 305-day milk yield, fat
yield, fat percentages, protein yield, and protein percentages were studied from the first to the fourth lactation. Statistical
tests were carried out using a mixed linear model, taking into account the relationship between individuals. We identified
three SNPs —rs110871255, rs207681322 and rs109039955 with a frequency of a rare allele of 0.042-0.261 in Yaroslavl cows.
SNP rs110871255 was associated with fat yield during the third and fourth lactations. SNP rs207681322 was associated
with milk yield for the second, third and fourth lactations, as well as protein yield for the third lactation. Thus, we identified
significant associations of SNPs rs207681322 and rs110871255 in the LPINT gene with a number of milk production traits
during several lactations in Yaroslavl cows.
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nucleotide polymorphism; association.
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AHHoTayuA. JIMnuH-1 ABNAETCA YNeHOM SBOMIOLIMOHHO-KOHCEPBATMBHOIO CEMENCTBa GENKOB U SKCNpeccupyeTcs Npenmy-
LeCTBEHHO B XMPOBOW TKaHW 1 CKeNeTHbIX Mbiliuax. C OAHON CTOPOHbI, IUMWH-1 — 3TO GpepMeHT, KoTopblin fedocdopu-
nupyet dochaTHy0 KMCNOTY A0 AVALMATIMLEPVHA U TaKUM 06pa3oM yyacTBYeT B MeTabonnyeckmx nyTax GuocnHTesa
3aMacHbIX MMNUAOB B KNeTke, Gocdhonunmaos membpaHbl 1 BHYTPUKIETOUHbIX CUTHANbHbIX Mosiekyn. C 4pyroi CTOPOHbI,
nUnuH-1 cnocobeH TPaHCNOPTMPOBATLCA N3 LIMTOMIA3Mbl B ALPO U CNYXKUT KOAKTMBATOPOM TPAHCKPUMLUMUY FeHOB IMNNA-
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Horo meTabonu3ama. C NCNonb3oBaHVEM aHann3a accoumaunii ORHOHYKIeoTUAHbIX nonumopdmnmos (OHIM) 6bino noka-
3aHo, yTo reH nunuHa-1 (LPINT) aBnAeTcA nepcneKTUBHbIM reHOM-KaHANAATOM MPU3HAKOB MOJSIOYHOW NPOAYKTUBHOCTMN Y
KOPOB FOMILUTUHCKOM 1 B6ypoit WBuULKoi nopod. OfHako HesICHO, HaCKoNbKo ero addeKT 3aBncuT ot nopoabl. Apocnas-
cKas MOMIOYHaA MOpPOAa KPYMHOro poratoro ckoTa 6bina BbisegeHa B XVIII-XIX BB. B Poccun nyTem pa3BeaeHus «B cebe»
CEeBEPHOro BENTMKOPYCCKOTO CKOTa, KOTOPbIN OblS1 HU3KOPOCSBIM U ManonpoayKTUBHbLIM, HO XOPOLIO afanTUPOBaHHbIM K
MECTHbIM KJIMMATUUYECKMM YCSTIOBUAM 1 CKYL[HOW KopMoBoii 6a3e. C NOMOLLbIO MOTHOFEHOMHOTO FeHOTUMNPOBAHNA 1 CeK-
BEHMPOBaHUA GbINIO MOKa3aHo, YTO APOCIaBCKasa Nopoaa obnafaeT yHMKanbHOM reHeTNKOW Mo CPaBHEHMIO C POCCUNCKUMM
1 3apy6exHbIMY NMOpoLaMU KPYMNHOro poratoro ckota. Llenbio paboTbl 6bina oLeHKa YacToTbl annienei 1 reHoTUNoB Tpex
OHIM B reHe LPINT n nccnepgosaHme accoumaumm 3tnx OHIM ¢ nokasaTtenaMmm MOIOYHON NPOAYKTUBHOCTA Yy KOPOB APOCIaB-
cKkoi nopogbl. O6pasLbl KPoBU OT 142 KOPOB APOCABCKOW NOpoAbl Obifv MONyYeHbl U3 ABYX X03AKCTB ApocnaBcKon 06-
nactu. leHoTunuposaHue OHIT BbINOAHANM MeTOAOM aHanM3a nonmmopdusma AnnH PecTPUKLMOHHbIX GparmeHToB nocne
npoBefeHnA nonnumepasHon LenHon peakuynn. Accoumauum OHIM ¢ ynoem, BbIXOAOM MOMTOYHOTO XUpa 1 6enka, a Takxe ¢
NPOLEHTHbIM COAEPXKaHVeM Xupa 1 6enka B Mosnoke 3a 305 gHell nakTauuy 6blIn CCeAOBaHbI C NMEePBOIA MO YETBEPTYIO
nakTauuio. [ina cTaTUCTMYeCKOro aHanmsa 1Ccrnonb3oBany CMELLAaHHYI0 IMHENHYIO MOfAENb C YY4eTOM POACTBA MeXAy UHAN-
Buaamu. Mpu nccnefoBaHUM KOPOB APOCIaBcKon nopoabl Bbiasunm Tpu OHI: rs110871255, rs207681322 1 rs109039955
c yactoTol peakoro annens 0.042-0.261. OHM rs110871255 6bin accoumMmMpoBaH C BbIXOAOM XKMpa 3a TPETbIO U YeTBEPTYIO
nakTauuu, rs207681322 6bin1 accoLMMpPOBaH C yA0EM 3a BTOPYIO, TPETbIO 1 YETBEPTYIO NIaKTaLMK, a TakxKe C BbIxofoMm benka
3a TPeTblo NakTaumio. Takum o6pa3om, Mbl BbiSBUNN JocToBepHble accoumnaumm OHMM rs207681322 n rs110871255 B reHe
LPINT c pagom nokasartenein MOJIOYHOWN NPOAYKTUBHOCTY B XOAie HECKOJIbKMX NTaKTaLMi y KOPOB APOCIaBCKOWN MOPOADI.

KnioueBble cioBa: KOPOBa; APOCNaBCKas NOPOAA; YAOW; MPOLEHT XMpa; MPOLEHT 6efKa; BbIXOA »KUpa; BbIXxoa 6enka; reH

LPIN1; oBHOHYKNEOTUAHbIN nonMmopdunsm; accoumaums.

Introduction

The most important economic trait in dairy farming is cow
milk productivity which includes milk, fat and protein yields,
and fat and protein percentage (Gutierrez-Reinoso et al.,
2021). All of these characteristics are complex quantitative
traits controlled by a large number of genes having little impact
on phenotype (Weller et al., 2017; Silpa et al., 2021; Bekele
et al., 2023; Singh et al., 2023). Recently, such methods as
quantitative trait loci (QTL) mapping, genome-wide associa-
tion studies (GWAS) (Bekele et al., 2023; Chen S.Y. et al.,
2023; Teng et al., 2023), targeted RNA sequencing (RNA-seq)
(Fang et al., 2020; Ahmad et al., 2021) and detecting signatures
of selection in genomes (Rajawat et al., 2022; Nayak et al.,
2023; Persichilli et al., 2023) have been widely applied to
identify the genes and mutations directly affecting milk yield
and milk composition (Khatkar et al., 2004; Weller, Ron,
2011; Lopdell, 2023).

Previously, when analyzing the whole-genome genotyp-
ing (WGG) data, we identified selection signatures on chro-
mosome 11 in a group of European dairy and dual-purpose
(Bestuzhev, Holstein, Kholmogory, Black Pied, and Yaro-
slavl) cattle breeds, and the top SNP was localized in the
lipin-1 (LPINT) gene (Yurchenko et al., 2018a). Other authors
also found selection signatures in this gene when analyzing the
WGG data of the Yaroslavl and Holstein breeds (Zinovieva et
al., 2020). However, our study did not detect any selection sig-
natures in the LPINI gene region when analyzing the whole-
genome sequencing data of the Yaroslavl breed (Ruvinskiy
et al., 2022), which may be due to both a high significance
threshold (q = 0.01) and a different set of breeds (Holstein,
Kholmogory, Yakut) used for comparison.

Lipin-1 is a member of an evolutionarily conserved family
that is represented by three proteins (lipins 1, 2, and 3) in most
vertebrates (Csaki et al., 2013; Siniossoglou, 2013; Chen Y. et
al., 2015; Saydakova et al., 2021). Lipin-1 is expressed pre-
dominantly in adipose tissues, skeletal muscles and, to a lesser
extent, in the liver, brain and other tissues (Reue, Zhang,

2008). In one respect, it is a phosphohydrolase enzyme that
dephosphorylates phosphatidic acid to diacylglycerol (DAG)
and thus participates in the metabolic pathways for biosyn-
thesis of cellular-storage lipids, membrane phospholipids,
and intracellular signalling molecules. At the same time,
lipin-1 is transported from the cytoplasm to the nucleus to
coactivate lipid metabolism gene transcription. Although this
protein lacks a DNA-binding domain, it has been shown to
regulate transcription by interacting with other transcription
factors (TF), e.g., it regulates adipocyte differentiation and
functioning by interacting with the PPARgamma transcrip-
tion factor (Kim et al., 2013), and fatty acid oxidation gene
expression by interacting with the PPARalpha TF (Barroso et
al.,2011). Also, lipin-1 binds to the mTORC1 protein complex
and thus regulates the activity of the SREBP TF that, in turn,
regulates multiple pathways for fatty acid, triglyceride and
cholesterol biosynthesis (Peterson et al., 2011).

According to the NCBI Gene database, in cattle, the LPIN1
gene spans about 136 Kb on chromosome 11, consists of
25 exons, and encodes eight transcripts translated into proteins
ranging in size from 895 to 1,010 amino acids (https://www.
ncbi.nlm.nih.gov/gene/537224). LPIN1 mRNA expression in
cow liver and mammary gland increases significantly at the
peak of lactation compared to the beginning of lactation and
dry periods (Bionaz, Loor, 2008; Li et al., 2020). Keeping
lactating Holstein cows on a diet supplemented with fish and
soybean oils to reduce milk fat yield caused an increase in
LPINT mRNA expression in their subcutaneous adipose tissue
(Thering et al., 2009). In vitro treatment of bovine mammary
gland cells with rosiglitazone (BRL49653), a PPARgamma-
selective agonist, resulted in activation of LPIN1 mRNA ex-
pression (Kadegowda et al., 2009).

The rs137457402 and rs136905033 SNPs in this gene were
associated with the content of five fatty acids in the milk of
Brown Swiss cows (Pegolo et al., 2016). The rs137457402
SNP was also associated with the percentage of protein con-
tent in the milk of the same cows (Cecchinato et al., 2014).
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Yaroslavl cattle.

Han B. et al. (2019) showed the relationship of seven SNPs
with milk yield, fat or protein percentage, and fat or protein
yield in Chinese Holsteins, yet most of these associations
were revealed only for the first or second lactations. Two
nonsynonymous SNPs in the sixth exon of the LPINI gene
were associated with fat and protein percentages in the milk of
Holstein-FriesianxJersey crossbred cows from New Zealand
(Du et al., 2021). All of the above indicates that LPIN/ has
been a promising candidate gene for milk productivity traits,
but it is unclear to what extent its effect is breed-specific.

The Yaroslavl dairy breed was created in the 18—19th centu-
ries in Russia in Yaroslavl Province (Dmitriev, 1978; Dmitriev,
Ernst, 1989; Dunin, Dankvert, 2013; Stolpovsky et al., 2022).
The animals are mostly black, with the head, belly, lower
limbs and tip of the tail being white. They have characteristic
black glasses-like markings around the eyes (see the Figure).
The breed was created based on inter-se mating of Northern
Great Russian cattle which was stunted and unproductive but
well adapted to local climatic conditions and poor forage.
The initial selection was based on the exterior and then on
milk yield and fat percentage. In the 19-20th centuries, the
Yaroslavl breed was crossbred with the Tyrolean, Angeln, Sim-
mental, Algauz, Jersey, Dutch and Kholmogory cattle. In the
USSR, crossbreeding with the Ostfriesian and Holstein bulls
was also carried out. However, these crosses are believed to
have had a small impact, as the Yaroslavl cattle have retained
their specific exterior (Dmitriev, 1978; Dmitriev, Ernst, 1989;
Stolpovsky et al., 2022).

In 2022, the total breed population was about 30,000 ani-
mals that are characterized by high milk yield (6,590 kg for
305 lactation days) and fat percentage (4.13 %) (Shichkin et
al., 2023). WGG (Iso-Touru et al., 2016) and microsatellite

analysis (Abdelmanova et al., 2020) have demonstrated that
the Yaroslavl breed has unique genetic parameters compared
to Russian and foreign livestock, and foreign breeds have
had a minor impact on the Yaroslavl cattle’s gene pool (Ser-
myagin etal., 2018; Yurchenko et al., 2018b; Zinovieva et al.,
2020).

The purpose of the present study was to estimate the allele
and genotype frequencies of three SNPs in the LPIN/ gene and
to study the association of these SNPs with milk productivity
traits in Yaroslavl cows.

Materials and methods
As amaterial for the study, blood samples from 142 Yaroslavl
cows from two farms of the Yaroslavl Region were used. The
phenotypic data extracted from breeding record cards were
provided by the Selex Information and Analytical System.
DNA extraction was performed using the standard phenol-
chloroform extraction method with preliminary proteolytic
treatment (Sambrook, Russell, 2006). Genotyping of the
rs110871255, rs109039955, and rs207681322 SNPs in the
LPINI gene was carried out by restriction fragment length
polymorphism (RFLP) analysis after polymerase chain reac-
tion (PCR). Primers were designed using the Vector NTI soft-
ware package (Lu, Moriyama, 2004). The specificity of each
primer pair was evaluated in silico using the primer-BLAST
algorithm (Ye et al., 2012). The primers, PCR reaction con-
ditions and restriction enzymes are given in Supplementary
Material 1'. The test for deviation from Hardy—Weinberg equi-
librium and linkage disequilibrium between the studied SNPs
(LD) were calculated in PLINK v1.9 (--1d option) (Purcell et

T Supplementary Materials 1 and 2 are available at:
https://vavilov.elpub.ru/jour/manager/files/Suppl_lgoshin_Engl_28_1.pdf
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al., 2007). For this purpose, the genotypic data were converted
to the PED format recognized by the program.

The studied associations included those related to such
traits as milk, milk fat and protein yields as well as milk fat
and protein percentages for 305 lactation days. Data from four
lactations were included in the analysis. If a cow’s lactation
period was less than 305 days, its milk, fat and protein yields
for this period were standardized to 305 days by the formula
(Wiggans, Van Vleck, 1979):

o5y (05,

Here, ?305 is the expected productivity for 305 days; n is
the actual lactation duration in days; Y, is the productivity
for the actual lactation period; F, is Shook’s factor for the
n-th day to account for the decrease in productivity during
lactation (Hillers, Williams, 1981). This factor is calculated
based on the productivity data for the animals with lactation
duration > 305 days as

E,=RY/[LP x (305—n)],

where RY is the difference between the 305-day productivity
and that for n days; and LP is the productivity at the n-th day.
The daily data required to calculate the corresponding values
were derived from cumulative productivity curves (Supple-
mentary Material 2). The protein and fat percentages for in-
complete lactations were calculated from the data standardized
to 305 days.

Statistical analysis was performed using the mixed linear
model implemented in the “lme4qtl” R package (“relmatLmer”
function) (Ziyatdinov et al., 2018). This model allows one to
account for genetic relationships between individuals by mo-
delling polygenic effects based on a kinship matrix. The matrix
was calculated using the “kinship2” R package (“kinship”
function) (Sinnwell et al., 2014), based on the animal pedigree
data from their breeding record cards. Genotypes were coded
as 0, 1, and 2 implying the additive contribution of SNP alleles
to a trait. The cows’ birth and calving (one preceding the lacta-
tion period) seasons were used as additional predictors. Since
the error in calculating the expected milk yield for 305 days
was probably higher for shorter lactations, the analysis was
performed using the “weights” option of the “relmatLmer”

Table 1. Characteristics of the genotyped SNPs

Association of SNPs in the LPINT gene
with milk production traits in Yaroslavl breed

function. For lactation periods of 305 days or more, a weight
of 305 was taken, and for shorter durations, one equal to the
actual number of lactation days. The Benjamini-Hochberg
method (Benjamini, Hochberg, 1995) implemented in the
“qvalue” R package (the “qvalue” function with “lambda=0"
parameter) was applied to correct for multiple comparisons
(Storey et al., 2023).

Results

Target fragments were successfully amplified for 136
(rs109039955), 130 (rs207681322) and 109 (rs110871255) ani-
mals. All three studied SNPs were found to be polymorphic
in the studied sample (Table 1). The genotype distributions
ofrs207681322 and rs110871255 deviated significantly from
Hardy—Weinberg equilibrium (p =0.0141 and p = 0.0039, re-
spectively), and that of rs109039955 did not. The LD between
the studied SNPs was 72 =0.098, D’ = 0.853 for rs109039955
and rs207681322; 2= 0.003, D’ = 0.061 for rs109039955
and rs110871255; 72 = 0.001, D’ = 0.088 for rs207681322
and rs110871255.

Statistical tests revealed a total of six associations of two
SNPs with three milk production traits from the 2nd to 4th lac-
tations (Table 2). No associations of all three SNPs were de-
tected for the first lactation. For the second lactation, one SNP
(rs207681322) was associated with milk yield (q=0.043). For
the third lactation period, one SNP (rs110871255) was asso-
ciated with fat yield (q = 0.0135) and another (rs207681322)
with milk (q = 2.54E-04) and protein (q = 0.021) yields. For
the fourth period, one SNP (rs110871255) was associated
with fat yield (q = 0.0348) and another (rs207681322) with
milk yield (g = 0.021).

Therefore, rs110871255 was associated with fat yield during
the third and fourth lactations, and rs207681322 with milk
yield in the second, third and fourth lactations as well as with
protein yield in the third lactation.

Discussion

In the studied Yaroslavl cows, three SNPs (rs110871255,
rs207681322 and rs10903995) with a rare allele frequency
of 0.042-0.261 were identified. For the rs207681322 and
rs110871255 loci, genotype distributions differed significantly

SNP # Position (ARS-UCD1.2) Localization
rs110871255 chr11:86127780 Exon 5
(p.Met101Thr)

rs207681322 chr11:86116295 Exon 9
(p.Pro395Ser)

rs109039955 chr11:86082101 3-UTR

120

Genotype  Genotype frequency Allele Allele frequency
....... GGO72560826
GA ................. 0202 ............................... A ..................... 0174 .....................
AA ................. 0073 ....................................................................................
....... 6609315,0958
GA ................. 0054 ............................... A ..................... 0042 .....................
AA ................. 0015 ....................................................................................
....... 660537G0739
GA ................. 0404 ............................... A ..................... 0261 .....................
AA ................. 0059 ....................................................................................
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Table 2. Associations of the studied SNPs with milk productivity traits from 1st to 4th lactations
and their corresponding phenotypic values (mean + standard deviation) for different genotypes

SNP# Lactation Genotype Milk yield, kg Fat yield, kg Protein yield, kg Fat % Protein %
............................................... e
rs110871255 1 GG (78) 4698 + 838 218.7 £45.5 148.5 £ 26.5 4.66 = 0.56 3.17£0.20

rs109039955 1 GG (73) 4732 + 841 218.5+48.1 149.9 +25.1 461 +0.51 3.18+0.20

Note. The statistically significant associations (q < 0.05) are indicated in bold.
* Only animals having respective phenotypic data were accounted for. The markedly lower number of animals genotyped for rs110871255 was due to the limited
amount of DNA available for analysis.
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from those expected by Hardy—Weinberg equilibrium due to an
excess of rare homozygotes, which may be due to inbreeding,
gene drift, or selection in farm animal populations (Hedrick,
2005). Such deviations are often observed in studies of mi-
crosatellite DNA markers or SNPs in different cattle breeds
(Melka, Schenkel, 2012; Madilindi et al., 2020; Ocampo et al.,
2021). It is noteworthy that tests for Hardy—Weinberg equilib-
rium deviation are used to verify random mating in popula-
tions, while tests for deviations from expected homozygote
frequency are performed to estimate inbreeding coefficients
(Haldane, 1984; Robertson, Hill, 1984). The LD between the
studied SNPs in Yaroslavl cows differs significantly from that
described previously for the same SNPs in Chinese Holstein
cows (Han B. et al., 2019), but these patterns are known to vary
significantly between cattle breeds (Porto-Neto et al., 2014).

For two SNPs, we found significant associations with such
traits as milk, fat and protein yields across multiple lactations,
e.g., allele A of rs207681322 had a positive effect on the cows’
milk and protein yields. Previously, these associations were
found in the first or second lactation in Chinese Holsteins
(Han B. etal., 2019). In our study, the A allele of rs110871255
positively affected fat yield. However, in Holstein cows, the
same allele was associated with increased fat percentage
during the second lactation period (Han B. et al., 2019).

Unlike Han B. et al. (2019), the associations we found were
in subsequent lactations rather than in the first one, which may
be due to both genetic (different breeds) and environmental
(different breeding conditions) factors. It should be empha-
sized that there is still no consensus on the effect hereditary
factors have on milk productivity during lactation. While some
authors believe that the heritability of these traits in the Hol-
stein breed for the first lactation is higher than for subsequent
ones (Dimov et al., 1995; Yamazaki et al., 2016; Lee et al.,
2020), the latest large-scale study of nearly 3.5 million records
from over 1 million Holstein cows found increased heritabi-
lity of milk, fat and protein yields specifically in lactations 3
and 4 compared to lactations 1 and 2 (Williams et al., 2022),
which agrees well with our results. Milk yield heritability for
individual test days has been significantly higher during the
third lactation compared to the first lactation in holsteinized
native cattle from Thailand (Buaban et al., 2020) and Sahiwal
cows from Kenya (Ilatsia et al., 2007).

The associations we found correspond well with the data
of other authors on the effect LPIN1 has on lactation, lipid
biosynthesis and general metabolic levels. The gene’s mRNA
expression has significantly increased during lactation in the
mammary gland of humans (Mohammad, Haymond, 2013),
pigs (Lvetal., 2015) and mice (Han L.Q. etal., 2010). SNP in
the LPIN1 gene is associated with the percentage of visceral
and intramuscular fat in pigs (He et al., 2009). The gene’s mu-
tation leading to the expression of a truncated protein causes
lipodystrophy in rats (Mul et al., 2011). The FLD mice with
mutated LPIN1 have a phenotype similar to that of hereditary
lipodystrophy in humans characterized by subcutaneous fat
loss, hepatic steatosis, insulin resistance, etc. (Péterfy et al.,
2001). Conversely, LPIN1 overexpression in adipose tissues
or skeletal muscles causes obesity in transgenic mice (Phan,
Reue, 2005). Moreover, while LPIN1 expression in adipose
tissue stimulates adipocytes to accumulate fat, in muscle tis-

122

Association of SNPs in the LPINT gene
with milk production traits in Yaroslavl breed

sue its expression affects the whole body’s energy expenditure
(temperature; food and oxygen consumption). Suppression of
LPINI1 expression in muscle cells in vitro has led to insulin
resistance (Huang et al., 2017). At the same time, a negative
correlation was observed between LPIN1 mRNA levels in
adipose tissue and blood glucose/insulin concentrations in
humans and mice (Suviolahti et al., 2006). The same authors
found the SNPs in the LPINI gene are associated with blood
insulin levels in dyslipidemia families (Suviolahti et al., 2006).
In their opinion, LPIN1 plays an essential role in glucose
homeostasis and its genetic variants affect metabolism traits.
Indeed, genetic variations of the gene are associated with the
development of some metabolic syndromes in humans (Brahe
etal., 2013; Zhang et al., 2013).

Conclusion

Our study has found the rs207681322 and rs110871255 SNPs
in the LPINI gene have statistically significant associations
with some milk productivity traits during several lactations in
the Yaroslavl cows to be previously found by other authors in
the Holstein breed. The results obtained can be used in marker-
assisted and genomic selection for dairy cattle breeding.
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