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Summary

Body weight is a complex trait in cattle associated with commonly used commercial breeding
measurements related to growth. Although many quantitative trait loci (QTLs) for body weight have been
identified in cattle so far, searching for genetic determinants in different breeds or environments is
promising. Therefore, we carried out a genome-wide association study (GWAS) in two cattle populations
from the Russian Federation (Siberian region) using the GGP HD150K array containing 139,376 single
nucleotide polymorphism markers (SNPs). Association tests for 107,550 SNPs left after filtering revealed
five statistically significant SNPs on BTAS, considering a false discovery rate (FDR) < 0.05. The
chromosomal region containing these five SNPs contains the CCND2 gene which was previously
associated with average daily weight gain and body mass index in US beef cattle populations and in
humans, respectively. Our study is the first GWAS for body weight in the beef cattle populations from the
Russian Federation. The results provided here suggest that despite the existence of breed- and species-
specific QTLs, the genetic architecture of body weight could be evolutionarily conserved in mammals.

Key words: body weight, GWAS, cattle

Beef cattle are one of the world’s major meat sources, including the Russian Federation. With a
recent development of national breeding programs that utilize local cattle populations, the genetic studies
of economically important traits (e.g., body weight and growth) in the context of local environments and
breeds are required. For over 120 QTLs reported for the body weight in cattle, only a small fraction is
attributed to multiple breeds while most QTLs are breed-specific. Each cattle chromosome harbors one or
more QTLs for growth-related traits (Hu ez al. 2013). Among the QTLs with major effects are two
mapped to/or near the PLAGI and LEP candidate genes. It was proposed that the PLAG! transcription
factor plays a key role in growth-related traits (review by (Takasuga 2016) because the product of this
gene regulates expression of insulin-like growth factors (Juma et al. 2016). The LEP gene encodes for
leptin which influences food intake and metabolism in mammals therefore also affecting the body weight
(Friedman & Halaas 1998). Multiple association studies have revealed the effect of sequence variants in
LEP on the body weight and related traits in multiple cattle breeds (Collis et al. 2012; Woronuk et al.
2012; Hernandez et al. 2016; Ardicli et al. 2017).

The evolutionarily older (ancestral) QTLs segregate across many breeds, while younger QTLs are
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more likely to be breed-specific (Kemper et al. 2015). Consistent with this Saatchi and colleagues (2014)
demonstrated that most of the QTLs associated with dry matter intake, metabolic weight, growth, and
feed efficiency in four beef cattle populations had no overlap (Saatchi ef al. 2014). Given that there are
more than a thousand cattle breeds existing worldwide (Food and Agriculture Organization of the United

Nations, http://www.fao.org/3/a-mm278e.pdf), it is important to search for QTLs in previously

unexplored breeds or populations dwelling in various environments. The fact that body weight in cattle is
highly heritable (e.g. (Ryu & Lee 2014) makes identifying QTLs in different populations promising for
breed improvement through gene-assisted or genomic selection. Herein, we performed a genome-wide
association study for body weight in two highly related cattle breeds (Supporting Information: Figure S1)
bred in the Russian Federation (Siberian region).

The Kazakh Whiteheaded breed was established between 1930 and 1950 in the Kazakh Republic
of the USSR by crossing the Turano-Mongolian Kazakh and the Kalmyk breeds with the Hereford
(Dmitriev et al. 1989). The close relationship between the Kazakh Whiteheaded and Hereford cattle has
been recently confirmed in our study of the genetic history of Russian cattle breeds (Yurchenko et al.
2018; also see Figure S1). A total of 174 animals from the Siberian population of Herefords (92 dams and
58 bulls, bred locally since 1960s) and the Kazakh Whiteheaded (4 dams and 20 bulls) breeds aged from
6 months to 13 years were used in this study under the ICG SB RAS Ethical Committee approval (Ne
37/28.11.2017). The data on body weight were obtained from the breeding record cards (Supporting
Information: Table S1). Blood samples (5 to 10 ml) from the tail vein were collected from each animal
into EDTA vacutainer tubes (Weihai Hongyu Medical Devices Co., Ltd, China). DNA were isolated
using the cell lysation followed by phenol-chloroform extraction (Sambrook et al. 2006). Genotyping was
performed on the GGP HD150K array containing 139,376 single nucleotide polymorphism (SNP)
markers. Genotypes were called using the GenomeStudio 2 software (Illumina, San Diego, USA). Quality
control for the genotypic data obtained was carried out using PLINK software (version 1.9). We removed
all SNPs from sex chromosomes (5,171), as well as those not assigned to any chromosomal position
(14,364). Additional 11,135 SNPs have been discarded due to a low minor allele frequencies in our
dataset (MAF<0.05), 1,065 had low call rate (called in <90% of samples) and 91 SNPs significantly
deviated from Hardy-Weinberg equilibrium (p-value <10). As a result, 107,550 SNPs were used in the

subsequent analysis.
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GWAS for body weight was conducted using a variance component model implemented in
EMMAX (Kang et al. 2010). This method accounts for both population stratification and relatedness
between individuals being studied by using Balding-Nichols estimate of the kinship matrix (BN-matrix)
to model random effects to the phenotype. Statistical analysis was carried out using the following
regression model:

y=p+Xb+g+e,

where y represents the n x 1 vector of phenotype (n=174); n is the n x 1 population mean vector;
X is the n % 4 design matrix for the fixed effects and b is the 4 x 1 vector of regression coefficients; g is a
n x 1 random vector of polygenic effects whose covariance matrix is proportional to kinship matrix; e is
the n x 1 random vector of residuals. Square root of age (at the time of weighing), sex (coded as 1 or 2),
breed (coded as 1 or 2) and genotype of the marker were taken as fixed effects. To control for the multiple
testing error rate the Benjamini-Hochberg FDR method was applied. Q-value equal to 0.05 was
considered as threshold for significance.

Genomic inflation factor A (based on median chi-squared) in our analysis was 1.005 suggesting
no inflation of statistics due to population structure, therefore no corrections were applied. We revealed

genotype-to-phenotype associations at significant level (g-value <0.05) for five SNPs (Table 1, Figure 1).
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Figure 1. Manhattan plot of the genome-wide association study for body weight in Kazakh Whiteheaded
and Hereford cattle from Siberia. Red line represents the significance threshold (g-value=0.05).
Table 1. Significant single nucleotide polymorphisms identified in the genome-wide association study for

body weight in the Kazakh Whiteheaded and Hereford cattle from Siberia.
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Alleles Closest genes Effect size
SNP BTA Position MAF p-value q-value
(minor/major) (+ 250 Kbp) (95% confidence interval)

KCNA6; NDUFA9;
62.32

BovineHD0500030398 5 105804923 0.164 G/A AKAP3; RAD51API; 9.65E-07 0.026
(37.38 - 87.26)
C5H12orf4
C5HI12orf4;
RADS51API; 61.3
BovineHD0500030494 5 106294449 0.172 G/A 8.22E-07 0.026
C5H12orf4; FGF6; (36.93 - 85.67)
TIGAR; CCND2
C5HI12o0rf4;
RADS1API; 61.3
ARS-BFGL-NGS-106674 5 106296860 0.172 G/A 8.22E-07 0.026
C5H12orf4; FGF6; (36.93 - 85.67)
TIGAR; CCND2
RADS51API;
58.94
BovineHD0500030501 5 106329896 0.17 AIG C5H12orf4; FGF6; 2.13E-06 0.046
(34.57 - 83.31)
TIGAR; CCND2
C5H12orf4; FGF6; 62.32
BovineHD0500030503 5 106337540 0.164 G/A 9.65E-07 0.026
TIGAR; CCND2 (37.39 - 87.26)

All five statistically significant SNPs were found on bovine chromosome (BTA) 5. Four of these
SNPs (HD0500030503, HD0500030501, HD0500030494 and ARS-BFGL-NGS-106674) were located
close to each other within a 43 Kbp interval (BTAS: 106,294,449 - 106,337,540), while the
HDO0500030398 was located ~0.5 Mbp upstream from this cluster (BTA5:105,804,923). The cluster of
four SNPs is found 18 Kbp upstream from CCNDZ2. The region containing this gene has previously been
associated with average daily weight gain in Hereford cattle (Seabury et al. 2017). CCND2 was also
associated with both height and body mass index in humans (Steinthorsdottir et al. 2014) making this
gene the functional candidate for the body weight traits in two Siberian cattle populations. The
BovineHD0500030398 SNP was found 40 Kbp upstream from the KCNA6 gene. The region containing
this gene has been associated with metabolic body weight in Holstein dairy cows (Hardie et al. 2017).
However, further work is required reveal any possible associations of this QTL in Siberian populations
with commonly used commercial measurements related to growth e.g., the feed conversion ratio or birth
weight.

Our study is the first GWAS for body weight in beef cattle populations from Siberia. Candidate
QTL regions associated with the body weight in the Hereford and Kazakh Whiteheaded reported herein
likely to be a QTL present in the ancestral Hereford population and admixed into the two Siberian

populations. The fact that it contains candidate genes that have been previously associated with the body
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weight and/or growth-related traits in both cattle and in humans, suggests the contribution of this region

to weight/growth-related traits in mammals.
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Supplemental Figure S1. Results of Principal Component Analysis depicting the relationship between the

Hereford, Kazakh Whiteheaded and other Russian native and worldwide cattle breeds.
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