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A b s t r a c t  
 

Body weight is one of the most important economically useful traits and is characterized by 
a complex inheritance pattern. Therefore, a search for the genetic mechanisms that affect body weight 
is of high scientific interest. This work presents for the first time the results of genome-wide association 
studies in a population of sheep (Ovis aries) from a (Romanov ½ Katahdin) ½ Romanov backcross 
family, whose body weights were recorded at multiple ages and whose SNP profiles were obtained 
using a high-density DNA chip. We identified 38 SNPs significantly associated with body weight 
(p < 0.00001) and functional candidate genes that affect skeletal muscle growth, bone scaffold for-
mation, and lipid and carbohydrate metabolism. In addition, age-related changes in the set of signifi-
cantly significant SNPs were observed. Our aim was to search for genomic variants that affect the body 
weight of (Romanov ½ Katahdin) ½ Romanov backcrosses from the resource population at different 
age periods. The study was performed on 95 sheep from the (Romanov ½ Katahdin) ½ Romanov 
backcross family in 2018-2021 at the Ernst Federal Research Center for Animal Husbandry. Ear notch 
samples were taken from the backcrosses for genomic DNA extraction using DNA-Extran-2 kits (Syn-
tol LLC, Russia). Animals were genotyped using an Ovine Infinium® HD SNP BeadChip (Illumina, 
Inc., USA) containing  600 thousand SNP markers. Body weights were recorded at the ages of 6 
(BW6), 42 (BW42), 90 (BW90), 180 (BW180) and 270 days (BW270). To study genome-wide associ-
ations with body weight, we used regression analysis implemented in PLINK 1.90 (--assoc --adjust --
qt-means). To confirm the significance of the identified SNPs and to identify significant regions in the 
genomes of the studied sheep, the significance threshold was set with Bonferroni correction at a value 
of p < 1.09½10-7, 0.05/459,868. The search for candidate genes located near the identified SNPs was 
performed using the VEP (Ensembl Variant Effect Predictor) tool of Ensembl genome browser 103 
(https://www.ensembl.org/index.html). After quality control, 459,868 SNPs were retained for use in 
genome-wide association studies (GWAS). The average body weights in the studied sample were 
3.28±0.07, 8.03±0.21, 13.74±0.39, 20.19± .51, and 22.51±0.50 kg at the ages of 6, 42, 90, 180, and 
270 days, respectively. We found that the set of SNPs associated with the integral indicator of the 
growth rate, that is, the animal body weight, was different in different aged sheep. Thus, out of 38 
identified SNPs, 18 located on OAR2, OAR4, OAR9, and OAR15 were significantly associated with 
BW6 (p < 0.00001); 3 on OAR6 and OAR11 were associated with BW42 (p < 0.00001); 2 on OAR10 
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and OAR19 were associated with BW90 (p < 0.00001); 6 on OAR1 and OAR13 were associated with 
BW180 (p < 0.00001), and 6 on OAR1 were associated with BW270 (p < 0.00001). Blocks of 3-5 
SNPs were found on OAR1, OAR2, OAR4, and OAR5. The significance levels for six SNPs, 
oar3_OAR4_87887519 (p < 7.13½10-8), oar3_OAR4_87889243 (p < 1.51½10-7), oar3_OAR9_89145258 
(p < 4.95½10-7), oar3_OAR1_192662599 (p < 4.79½10-7), OAR1_208070059.1 (p < 4.79½10-7) and 
oar3_OAR13_31446454 (p < 6.84½10-7), exceeded the threshold for GWAS (p < 1.09½10-7). Along 
with known candidate genes associated with body weight in sheep, we found new candidate genes 
whose effects on this trait have not been previously reported. The functional annotation of the identified 
candidates showed that these genes likely affect skeletal muscle growth, bone frame formation, lipid, 
and carbohydrate metabolism. The obtained data will be useful for the development of markers and 
genomic selection programs in sheep breeding. 

 

Keywords: domestic sheep, resource population, SNP markers, DNA chips, GWAS, body 
weight, candidate genes 

 

The postnatal growth of an animal is the result of complex interactions 
among genetic factors, nutrient intake, and the endocrine systems [1]. Deepening 
knowledge of the patterns of growth and development of farm animals is of prac-
tical importance for increasing their productivity [2, 3]. Body weight is one of the 
most important economically useful traits characterized by complex inheritance; 
therefore, the search for genetic mechanisms that affect body weight formation is 
of great scientific interest [4, 5]. 

Based on the results of genome-wide association studies (GWAS) on meat 
sheep performed using the Illumina OvineSNP50 medium-density DNA chip (Il-
lumina, Inc., USA), Zhang et al. [6] identified the GRM1, MBD5, UBR2, RPL7, 
and SMC2 genes as potential candidates for involvement in the growth rate of 
lambs in the postweaning period. The search for genome-wide associations in 1743 
sheep revealed OAR6_41936490 on the sixth chromosome (OAR6) as a reliably 
associated single nucleotide polymorphism (SNP) [7]. Three significant candidate 
genes (LAP3, NCAPG, and LCORL) associated with growth traits, body frame, body 
size, and body weight in sheep were located in the region adjacent to this SNP. 

Matika et al. [8] performed a genome-wide association study on 600 Scot-
tish black-headed lambs. Phenotypic traits, including bone density, muscle, and 
adipose tissue content, were evaluated using computed tomography, and genotyp-
ing was performed using an Illumina OvineSNP50 medium-density DNA chip. 
On OAR6, a genomic region was identified that was significantly associated with 
bone mass (p < 5.55½10-8) and was characterized by an effect on muscle fiber density 
and fat content. 

In addition, QTLs responsible for the development of muscle, fat, and 
bone components of the lamb body were identified on OAR1, OAR3, and OAR24. 
Ghasemi et al. [9] searched for genomic associations with body weight at birth in 
130 Lori-Bakhtiari sheep using 41323 SNPs and identified RAB6B, TF/serotrans-
ferrin, and GIGYF2 as potential candidate genes in OAR1. Lu et al. [10] used 
resequencing of Chinese fine-wool sheep to search for associations with body 
weight at birth and weaning at the age of 3.5 months and at the age of 12 and 
30 months. 

In regions adjacent to 113 SNPs that reached the threshold level of sig-
nificance for genome-wide associations (p < 0.05), the AADACL3, VGF, NPC1, 
and SERPINA12 genes were identified and annotated; these genes affect skeletal 
muscle development and lipid metabolism. Four genes, including the MTPN gene, 
involved in the regulation of skeletal muscle growth, were proposed as potential 
candidates associated with the body weight of Baluchi sheep at the age of 8 
months [11]. Cao et al. [12] recorded the body weight at birth, at weaning, at 
six months and at one year of age in two generations of two populations of Hu 
sheep. GWAS based on medium-density SNP profiles and verification of the 
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identified polymorphisms showed that two SNPs (OARX_76354330.1 and 
s64890.1) were significantly associated with body weight (p < 0.05). Using multi-
variate analysis, eight new loci, located near the FAM3C and WNT16 genes, were 
identified as associated with sheep meat productivity [13]. 

It should be noted that QTL mapping studies can also yield false positive 
associations. A decrease in the rate of false positive results (false discovery rate, 
FDR) and an increase in the accuracy of QTL mapping can be achieved using 
specially created resource populations of farm animals (backcrosses and F2) [14] 
obtained from crossing parental lines (or breeds) that have highly divergent phe-
notypes in terms of growth rate and body weight. In addition, in such a resource 
population, it is possible to create a reliable base of phenotypes by ensuring that 
measurements or other phenotypic traits are recorded by the same person, to 
eliminate the impact of human factors as much as possible. 

This work presents for the first time the analysis of genome-wide associa-
tions in a resource population of sheep (Ovis aries) from (Romanov ½ Katah-
din) ½ Romanov backcross family whose body weight was recorded at different 
ages and whose SNP profiles were obtained using a high-density DNA chip. As a 
result, 38 SNPs were identified that were significantly associated with body weight 
(p < 0.00001) and with functional candidate genes affecting skeletal muscle growth, 
bone frame, lipid and carbohydrate metabolism. In addition, age-related changes 
in the profile of significantly significant SNPs were observed. 

Our aim was to search for genomic variants that affect the body weight at 
different ages in sheep from the (Romanov ½ Katahdin) ½ Romanov backcross 
resource population. 

Materials and methods. The studies were carried out on 95 sheep of back-
crosses from the resource (crossbred) population in 2018-2021. The sheep resource 
population was a part of the Bank of Genetic Material of Domestic Animals and 
Poultry biocollection (registered by the Ministry of Education and Science of the 
Russian Federation No. 498808), created and maintained at the Ernst Federal 
Research Center for Animal Husbandry. 

The creation of a resource sheep population included several stages [15]. 
In the first stage, the Romanov ewes were crossed with two rams (founders) of the 
Katahdin US meat breed to obtain F1 crosses. In the second stage, to obtain 
(Romanov ½ Katahdin) ½ Romanov backcrosses, one F1 ram from each founder 
was crossed with the Romanov ewes. Mating led to the production of 36 and 32 
offspring from each ram, respectively. F1 lambs from each founder were crossed 
with two rams of the Romanov breed. As a result, 16 and 10 offspring were ob-
tained. Thus, all backcrosses carry a 25 % share of the genetic material of the 
Katahdin breed and a 75 % share of the genetic material of the Romanov breed. 

Ear notches were collected from the backcrosses for genomic DNA ex-
traction, which was carried out using DNA-Extran-2 kits (Syntol LLC, Russia). 
The isolated DNA passed quality control in terms of concentration (15 ng/μl and 
above) according to measurement on a Qubit 4.0 fluorometer (Invitrogen/Life 
Technologies, USA) and in terms of the ratio of OD260/OD280 absorption from 
1.8 and above according to analysis on a NanoDrop8000 spectrophotometer 
(Thermo Fisher Scientific, USA). 

The studied animals were genotyped using an Ovine Infinium® HD SNP 
BeadChip (Illumina, Inc., USA) containing  600 thousand SNP markers. Filtra-
tion of SNP markers was performed in PLINK v. 1.90 (16). SNPs with a minor 
allele frequency (MAF) below 3 % (MAF 0.03), deviating from Hardy-Weinberg 
equilibrium at p < 10-6 (HWE 1e-6), being in linkage disequilibrium (indep-
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pairwise 50 5 0.5) or located on the sex chromosomes were removed from the 
analysis. 

Body weight was measured using platform scales MP 300 VEDA F-1 
(50/100; 1400½700) Live weight 12 PM (Moscow Weight Plant MIDL, Russia) 
at the ages of 6 (BW6), 42 (BW42), 90 (BW90), 180 (BW180) and 270 days 
(BWZhM270). The measurement results were recorded in a database in Microsoft 
Excel 2017. The mean values (M), standard errors (±SEM), standard deviations 
(±σ) and coefficients of variation (Cv, %) were calculated. 

To identify genomic associations with body weight, we used regression 
analysis implemented in PLINK 1.90 (--assoc --adjust --qt-means). To confirm 
the significance of the SNPs and identify significant regions in the genomes of the 
studied sheep, a test was performed to test null hypotheses according to Bonferroni 
at a threshold value of p <1.09½10-7, 0.05/459,868. The data were visualized in 
the R qqman package [17] in the R software environment [18]. 

The search for candidate genes located in the region of the identified SNPs 
was performed using the VEP (Ensembl Variant Effect Predictor) tool [19] in 
Ensembl genome browser 103 (https://www.ensembl.org/index.html, accessed 
11.02.2021) with reference to the sheep (Ovis aries) genome assembly Oar_v3.1. 
Gene Ontology analysis was performed using the DAVID Functional Annotation 
Bioinformatics microarray analysis tool [20]. The search for probable matches with 
known QTLs was carried out using the Sheep Quantitative Trait Locus Database 
(Sheep QTLdb) (https://www.animalgenome.org/cgi-bin/QTLdb/OA/index, date 
11.02.2021) [21]. 

Results. Average indicators of body weight in the studied sample of sheep 
are presented in Table 1. For this trait, rather high variation was revealed in sheep 
at all analyzed ages (CV = 21.69-27.86 %). 

 

Based on this GWAS, it was found that the set of SNPs associated with 
the integral indicator of the growth rate, that is, the body weight, was not the same 
in all age periods (Fig., Table 2). 

Thus, out of 38 identified SNPs, 18 located on OAR2, OAR4, OAR9, and 
OAR15 were significantly associated with BW6 (p < 0.00001), 3 on OAR6 and 
OAR11 were associated with BW42 (p < 0.00001), 2 on OAR10 and OAR19 were 
associated with BW90 (p < 0.00001), 6 on OAR1 and OAR13 were associated with 
BW180 (p < 0.00001), and 6 on OAR1 were associated with BW270 (p < 0.00001).  

In addition, significant associations with both BW180 and BW270 were 
found for 5 SNPs located on OAR1 and OAR3. Blocks of 3-5 relevant SNPs 
were found on OAR1, OAR2, OAR4 and OAR5. Ultimately, six SNPs were 
identified as having an association with significance exceeding the threshold 
value for GWAS (p < 1.09½10-7): oar3_OAR4_87887519, oar3_OAR4_87889243, 
oar3_OAR9_89145258, oar3_OAR1_192662599, oar3_OAR13_31446454, and 
OAR1_208070059.1. 

 

1. Body weight (kg) and the coefficient of its variability in different age periods in 
sheep (Ovis aries) from a (Romanov ½ Katahdin) ½ Romanov family from the 
resource population (n = 95, Ernst Federal Research Center for Animal Hus-
bandry, Moscow Province, 2019-2021) 

Age M±SEM Min-max CV, % 
6 days 3.28±0.07 1.60-4.83 21.69 
42 days 8.03±0.21 3.50-13.00 25.98 
90 days 13.74±0.39 3.50-22.10 27.86 
180 days 20.19±0.51 9.93-36.80 24.53 
270 days 22.51±0.50 12.37-37.80 21.78 
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The results of GWAS for body weight in sheep (Ovis aries) from a (Romanov ½ Katahdin) ½ Romanov 
family from the resource population at different ages: A — 6 days, B — 42 days, C — 90 days, D — 
180 days, E — 270 days. The upper horizontal line is the significance threshold for genome-wide 
associations, log10(p) = 1.09½107; the lower horizontal line is the significance threshold for sugges-
tive associations, log10(p) = 1.02½105 (n = 95, Ernst Federal Research Center for Animal Hus-
bandry, Moscow Province, 2019-2021). 

 

At the age of 6 days, significant associations of body weight with SNPs 
located within the MBD5 gene and in the immediate proximity of the ORC4 and 
ACVR2A genes on OAR2 were revealed, and these genes were proposed as candi-
dates with functions in postnatal growth in sheep [6]. The MBD5 gene is involved 
in the regulation of many endocrine functions, including glucose homeostasis [22]. 
A study of MBD5 knockout mice found severe growth retardation, reduced body 
size, hypoglycemia, and decreased body fat content [22]. Deletions in the human 
ortholog of MBD5 cause developmental delay [23] and various malformations of 
the skeleton [24]. Thus, these studies indicate a significant role of the MBD5 gene 
in the regulation of early postnatal growth in mammals. The ORC4 and ACVR2A 
genes are also involved in growth processes. Mutations in the ORC4 gene cause 
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delayed growth and primary osteodysplastic dwarfism [25, 26]. The ACVR2A gene 
regulates bone development [27]. 

2. Significant (p < 0.00001) SNPs associated with body weight in sheep (Ovis aries) 
from a (Romanov ½ Katahdin) ½ Romanov backcross family from the resource 
population (n = 95, Ernst Federal Research Center for Animal Husbandry, Mos-
cow Province, 2019-2021) 

Trait OAR 
Number 
of SNP 

SNP p Position Gene 

BW6 2 1 oar3_OAR2_19100665 5.41½106 19100665 SMC2 
BW6 2 1 oar3_OAR2_30932797 5.52½106 30932797 PTCH1 
BW6 2 1 oar3_OAR2_63406327 8.59½106 63406327 ALDH1A1 
BW6 2 1 oar3_OAR2_126584456 6.05½106 126584456 PPP1R1C*, PDE1A 
BW6 2 5 oar3_OAR2_160277567 6.81½106 160277567 MBD5*, ORC4, 

ACVR2A oar3_OAR2_160295110 1.75½106 160295110 
oar3_OAR2_160299881 2.50½106 160299881 
oar3_OAR2_160313744 1.75½106 160313744 
oar3_OAR2_160316296 1.75½106 160316296 

BW6 4 1 oar3_OAR4_7542218 7.57½106 7542218 ABCA13 
BW6 4 2 OAR4_24289280.1 1.63½106 23180261 DGKB* 

oar3_OAR4_23286923 7.32½106 23286923 
BW6 4 3 oar3_OAR4_87887519 7.13½108 87887519 ASB15* 

oar3_OAR4_87889243 1.51½107 87889243 
oar3_OAR4_87932432 6.71½105 87932432 

BW6 9 1 s19680.1 4.46½106 86619418 RIPK2, MMP16 
BW6 9 1 oar3_OAR9_89145258 4.95½107 89145258 ATP6V0D2* 
BW6 15 1 oar3_OAR15_74862644 7.80½106 74862644 ARHGAP1, F2 
BW42 6 1 oar3_OAR6_103115026 4.87½106 103115026 EVC*, EVC2 
BW42 11 2 s58053.1 2.49½106 47604624 SCN4A*, ICAM2 

oar3_OAR11_47604879 2.49½106 47604879 
BW90 10 1 oar3_OAR10_12704497 1.08½106 12704497 DGKH*, AKAP11 
BW90 19 1 oar3_OAR19_7100087 5.95½106 7100087 CCR4 
BW180 1 1 oar3_OAR1_43484960 1.03½106 43484960 WLS 
BW180 1 2 oar3_OAR1_192662599 4.79½107 192662599 MB21D2 

OAR1_208070059.1 4.79½107 192689940 
BW180, 
BW270 

1 4 oar3_OAR1_204348376 4.68½106/3.85½106 204348376 FXR1* 
OAR1_220691763.1 4.68½106/3.85½106 204351915 
oar3_OAR1_204368368 4.68½106/3.85½106 204368368 

BW180, 
BW270 

1 1 oar3_OAR1_14039930 6.91½106/5.38½106 14039930 HEYL 

BW180, 
BW270 

3 1 oar3_OAR3_220260675 2.86½106/3.12½106 220260675 WNT7B 

BW180 13 1 oar3_OAR13_31446454 6.84½107 31446454 MRC1* 
BW180 13 1 oar3_OAR13_61039017 7.75½106 61039017 PLAGL2 
BW180 13 1 oar3_OAR13_61305745 7.17½106 61305745 DNMT3B 
BW270 1 5 oar3_OAR1_185310940 7.76½106 185310940 PARP14* 

oar3_OAR1_185317664 2.52½106 185317664 
BW270 1 1 oar3_OAR1_185977490 6.28½106 185977490 ADCY5* 
BW270 1 1 oar3_OAR1_186482253 2.52½106 186482253 MYLK* 
N o t е. Genes within which the identified SNPs are located are marked with an asterisk; the distance from SNPs 
located in the intergenic space to the nearest genes was ±400 kb. BW6, BW42, BW90, BW180 and BW270 — body 
weight at the age of 6, 42, 90, 180 and 270 days, respectively. OAR is a chromosome. The values for 180 days and 
270 days are indicated through a slash. 

 

We identified other sheep candidate genes with known functions. Genes 
SMC2 on OAR2 and RIPK2 on OAR9 have been proposed as potential candidates 
associated with body weight and meat qualities [6[. The PARP14 gene affects the 
composition of adipose tissue [28]. The CCR4 gene is part of a complex that 
regulates energy metabolism and fatty acid metabolism in the skeletal muscles of 
meat sheep [29]. 

In addition, we identified candidate genes for growth and development 
traits whose functions are well described in cattle: PTCH1 [30] and DGKH [31], 
responsible for body size and growth; PPP1R1C, PDE1A [32], PLAGL2 [33], and 
DNMT3B [34], associated with muscle tissue formation; DGKB [35], involved in 
the regulation of insulin secretion; and ALDH1A1 [36] and MRC1 [37], involved 
in lipid metabolism. Mutations in the ABCA13 gene cause serious disturbances in 
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osteogenesis in cattle, which supports its importance for bone formation [38]. The 
MB21D2 gene affects the mass of internal organs, including the kidneys, in meat-
type Simmental cattle [39). 

In addition, several genes were found that are responsible for traits directly 
or indirectly related to body weight in mammals. The MMP16 [40] and EVC [41) 
genes regulate chondrogenesis, while the AKAP11, ATP6V0D2, and WNT7B genes 
are associated with osteogenesis in young, actively growing mammals [42-44]. The 
HACD2, ADCY5, and WLS genes are involved in the regulation of lipid metabo-
lism [45-47]. The ASB15, FXR1, HEYL, and MYLK genes regulate skeletal muscle 
growth [48-51]. 

Based on the GWAS results, we found that different SNPs were associated 
with body weight at different ages in the studied sheep population. In their study, 
Cao et al. [12] also found that the expression of the CAPN6 gene in the biceps 
femoris and longus dorsi differs significantly between sheep aged 60 days and sheep 
aged 6 months. More than half of the associations identified in our study were 
found in the earliest period of ontogenesis. This is probably due to the biological 
characteristics of active growth in the last phase of pregnancy and early postnatal 
life of ruminants, including sheep. For example, the third wave of active myogen-
esis occurs in the late embryonic or early postnatal period (52), and the number 
of preadipocytes in brown adipose tissue increases before and after birth in lambs, 
a phenomenon that is especially important for neonatal survival [53]. 

Some SNPs identified by the GWAS overlap with QTL regions that were 
previously discovered by other researchers. Six SNPs (160.2-160.3 and 191.0 Mb) 
on OAR2 and one SNP (86.6 Mb) on OAR9 were located close to the ge-
nomic regions associated with the average daily gain in sheep [6]. The SNP 
(oar3_OAR15_74862644) on OAR15 was located 400 kb from the QTL, which 
affects body weight (74.4-74.4 Mb) [7]. In addition, some SNPs overlapped with 
the QTL regions that were mapped based on microsatellite markers. For exam-
ple, SNPs OAR4_24289280.1 and oar3_OAR4_23286923 were located within 
the QTL potentially associated with body weight in sheep on OAR4 [54], and 
oar3_OAR1_204348376 on OAR1 was associated with BM180 and BM2L70, 
which is located within the QTL regulating the depth of the muscles above the 
third lumbar vertebra [55].  

Most SNPs on OAR1 (except for oar3_OAR1_14039930) were located 
within or near QTLs associated with both body weight and muscle mass, lean 
meat yield, carcass fat content, and carcass bone mass. Interestingly, these QTLs 
were mapped using 189 microsatellite markers in a population of (Awassi ½ Me-
rino) ½ Merino backcrosses descending from a single founder [56]. Because we 
performed a GWAS using high-density DNA chips in a population of backcrosses 
originating from two rams (a large variability in body weight is provided), the 
results of our work are likely to confirm the data of Cavanagh et al. [56], and the 
corresponding SNPs can potentially be proposed as functional candidates for body 
weight in sheep. 

 It should be noted that the identified difference in the SNP sets associated 
with body weight at different ages is an experimental fact that requires a funda-
mental study of this pattern. Thus, the question arises whether it is possible to 
predict the body weight and, therefore, the meat productivity of sheep at an early 
age by analyzing the genotypes of candidate genes associated with these indicators 
at later ages. A positive solution to this issue can lead to an increase in the effi-
ciency of the sheep-breeding industry; it will be possible to breed fewer animals 
with increased meat productivity, and small and slow-growing sheep will be elim-
inated earlier, thereby reducing the cost of their maintenance and feeding. In 
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addition, theoretically, it is possible to select sheep embryos with the desired gen-
otypes in the genes responsible for enhanced early postnatal growth (MBD5, 
ORC4, ACVR2A, RIPK2 and SMC2), followed by cloning and transplantation into 
recipient ewes. In addition, as the body weight of an animal consists of the sum 
of the masses of skeletal muscles, bones with cartilage tissue, adipose tissue, and 
the mass of internal organs, directed introduction or knockout of genes responsible 
for the formation of one or another component of body weight by genome editing 
could be used to increase the orientation of sheep production in accordance with 
consumer demand (for example, leaner meat or with fatty inclusions). 

Thus, GWAS for body weight in the (Romanov ½ Katahdin) ½ Romanov 
backcross family allowed the identification of 38 SNPs significantly associated with 
body weight (p < .00001) on OAR1, OAR2, OAR3, OAR4, OAR6, OAR9, OAR10, 
OAR11, OAR13, OAR15 and OAR19. It was shown that the set of SNPs associ-
ated with the integral indicator of the growth rate (body weight) was not the same 
for all ages. In some ways, this result was expected, since the observed tendency 
is consistent with the active early postnatal growth in sheep and is probably ex-
plained by the incomplete cessation of the action of embryonic growth factors 
shortly after birth. In our study, we identified SNP markers and genes which can 
be divided into three groups. The first group included functional candidate genes 
involved in the regulation of skeletal muscle growth, bone frame formation, and 
lipid, and carbohydrate metabolism. This group of genes, after validation in a large 
sample of sheep and identification of the desired genotypes, can be recommended 
for inclusion in breeding processes soon. The second group consists of SNP mark-
ers and genes within the known QTLs associated with body weight in sheep. These 
genomic regions should be subjected to finer mapping by sequencing to more fully 
understand the nature of the interactions of the associated genes, the totality of 
which can be proposed for the development of low-density DNA chips for ana-
lyzing the genetic predisposition to more active growth and increased body weight. 
The third group of identified genes includes those for which an effect on body 
weight in sheep had not been previously reported. Studying additional SNPs within 
and around these genes will provide a better understanding of the causal mutations 
affecting body weight in sheep. Thus, the results of our work create a scientific 
basis for the selection of candidate genes and SNP markers for use as markers and 
inclusion in genomic selection programs in sheep breeding. 
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