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Abstract: The runs of homozygosity (ROHs), the inbreeding coefficient, and the effective population
size (Ne) in Pelibuey sheep were analyzed in 24 Pelibuey ewes from two lambs at parturition and
24 ewes that gave birth to a single lamb using the Ilumina OvineSNP50 BeadChip. The Ne decreased
from 535 to 192 in the first ten generations. A total of 2194 ROHs were identified on the basis of single
nucleotide polymorphisms (SNPs), were identified in the prolific group and 2185 SNPs in ROH in the
non-prolific group. The distribution of the lengths of the ROH, considering both groups, were found
to be: 4065 less than 6 Mb, 213 between 6 and 12 Mb, 72 between 12 and 24 Mb, twenty between
24 and 48 Mb and 8 greater than 48 Mb. In prolific sheep, the ROH associated with prolificacy
were identified near the LINGO2, FLRT2, ADGRB3 genes, related to “positive regulation of synapse
assembly”; and the DGKG, DGKE, DGKB and DGKI genes, related to “protein kinase C-activating
G-protein coupled receptor signaling pathway”. The present work present genes that can function
as signal mediators or have activity in embryonic development, which is relevant to the economic
activity of this species.

Keywords: Pelibuey; inbreeding coefficient; sheep; homozygosity

1. Introduction

The genetic diversity of domestic species allows humans to exploit these animals in
different production systems [1]. However, domestic species must thrive and reproduce in
environments modified by humans; e.g., through conducted artificial selection. Nonethe-
less, despite the environmental conditions, the productive traits exhibited are determined
by both, their ancestors [2] and genetic variability [3].

The sheep was domesticated approximately 9000 years ago. Ever since, it has been
among the most economically important domestic species [4]. The Pelibuey sheep is present
in all the agroecological regions of Mexico, it was introduced to the Caribbean from the
Canary Islands two centuries earlier [5]. It is one of the most important genetic resources
for food production in Mexico, due to its high fertility (92%) and average prolificacy
(1.2–1.5 lambs per ewe lambing) [6]. The increasing demand for sheep meat has led farmers
to exploit hybrid vigor for improving traits of economic interest, through the practice of
crossbreeding [7]. This has generated important changes in the genetic architecture of
the population.
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The understanding of the evolutionary adaptation of the species, as well as the con-
servation and the proper use of genetic resources, is essential in breeding programs [8].
Importantly, targeted selection based on specific genomic regions reduces both the diversity
and the runs of homozygous loci [9].

Prolificacy is a trait of a quantitative nature [10], regulated by multiple genes that
act on fertility and ovulation rate. However, inheritance of this type of traits occurs at a
low rate [11]. The main genes associated with increased prolificacy in mammals are: the
growth differentiation factor 9 (GDF9), the bone morphogenetic protein (BMP15), and the
bone morphogenetic protein receptor IB (BMPR-IB) [12]. In sheep, various SNPs modify
the ovulation rate and prolificacy [12,13]. SNPs are the result of single base substitutions,
which allow the study of the genomic fragments in runs of homozygosity (ROH), the
inbreeding coefficient (F), and Ne [14]. ROH are considered genomic regions that have been
modified by selection, showing reduced genetic diversity and high homozygosity [15,16].
Genome-wide association studies (GWAS) have made it possible to understand the genetic
mechanisms associated with prolificacy in sheep [17,18], as well as the identification of
differentiated genomic regions (within the same breed or between breeds) [19]. ROH are
blocks of hereditary homozygous haplotypes. These sections of DNA determine both the
structure of the population and its evolution [9,20].

Furthermore, gene rearrangement is an important part of genomic structural varia-
tion [21]. It occurs as a result of deletions, insertions, duplications, inversions, or transloca-
tions in DNA [22,23]. The degree of structural variation determines the genetic diversity
of a species and tends to be constant within each population. The latter represents a key
aspect in terms of evolutionary adaptation [24]. Interestingly, a low magnitude of both ROH
and the inbreeding coefficient would account for hybridization and gene flow induced
by migration [25]. In Derivata di Siria goats and Maltese breeds, long blocks of ROH
(>16 Mb) were found; which, according to the authors, may have a considerable effect on
milk production [25]. In Laiwu pigs, Fang et al. [26], detected a total of 7508 ROHs larger
than 1 Mb, with average length of 3.76 Mb. The short segments (1–5 Mb) predominated,
which represents 78.46% of the total number of ROH. On the other hand, in Merino sheep,
6039 ROH larger than 1 Mb have been identified. The short segments (1–5 Mb and 5–10 Mb)
predominated, representing 88.8% of the total. Interestingly, the identified genes (LCORL,
FGF11 and TP53) were related to body size [27].

The objective of the present study was to identify genomic regions in ROH that have
been subject of pressure by artificial selection, using medium-density SNP genotyping to
identify genes related to prolificacy in Pelibuey sheep. The ROH regions in genes can be
useful to characterize the populations of this breed and carry out better selection strategies
and conservation of these sheep genetic resources.

2. Materials and Methods
2.1. Animals

The analysis was performed using a sample of 48 Pelibuey sheep: 24 prolific and
24 non-prolific, were obtained from four commercial sheep farms (Table 1). Each ewe was
assigned to one of the two groups, based on production records from three consecutive
lambing. The prolific females were those that registered two lambs per parturition, while
the non-prolific ones were those that gave birth to a single lamb. This last group served as
control, in accordance with Hernández-Montiel et al. [28]. Blood extraction was following
the official Mexican standard (NOM-033-SAG/ZOO-2014).

2.2. Genotyping and Data Quality Control

The blood sample was obtained using a vacutainer tube with K2 EDTA 7.2 mg
(Vacutainer Hemogar®), extracting 4 mL of blood from the jugular vein of each sheep.
Genomic DNA was genotyped using the Illumina Ovine SNP50 BeadChip®. For data
quality control, procedures were performed using PLINK v1.9 [29]. SNPs were removed
based in call-rate ≥0.95, and SNPs with minor allele frequency (MAF) were eliminated
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(p-value ≥ 0.05) and the Hardy-Weinberg equilibrium was subsequently applied
(p-value > 0.001).

Table 1. Integration of the samples of prolific and non-prolific sheep from four Pelibuey sheep herds.

Farm
n

Prolific No Prolific

Las Potrancas 7 13
El Rodeo 8 6

San Alberto 5 5
El Cortijo 4 -

Total 24 24

2.3. Linkage Disequilibrium

Initially, a dataset containing 54,241 SNPs was filtered using the command ”–indep-
pairwise option 50 5 0.5 [30], and excluding SNPs in Linkage Desequilibrium (LD). The
calculation was carried out using a window of 50 SNPs shifted at a rate of five SNPs.
Additionally, SNPs with r2 < 0.05 were removed. The genetic variation of the population
was performed using the command: r2, ld, window 1000, ld-window-r2 0.8; in accordance
with Abied et al. [8]. A list of LD was obtained using the SNeP v1.1 particularly, using the
PLINK’s bfile formats [31].

2.4. Genetic Structure of the Population, Inbreeding Coefficient, and Effective Population Size

The genetic structure of the population was calculate using the het function in PLINK
v1.9 [29]. F is the ratio of the SNP within an individual, relative to the He of the alleles
and randomly drawn from the population [32]. F of an individual in subpopulation was
calculated as Fis = 1 − Ho/He [33]; where He and Ho are the expected and observed
heterozygotes, respectively. Subsequently, these values were averaged for both the case
and control groups [9]. Historical trends in Ne were estimated using the SNeP v1.1 (Default
parameters) [31], based on the extent of r2 within the length of each SNP, through the entire
genome [14].

2.5. Detection of Runs of Homozygosity

The ROH detection was performed in a window of 20 SNPs (homo-zyg-window-snp 20),
allowing no more than one missing SNP (homozyg-window-missing 1). The parameters were
set as follows: minimum length of a ROH segment, 1 Mb (homozyg-kb 100); minimum SNP
density, 1 SNP per 100 kb (homozyg-density 100); maximum gap between two consecutive
SNPs, 1000 kb (homozyg-gap 1000); and rate at which a SNP was included in the scan
window, p < 0.05 (homo-zyg-window-threshold 0.05) [29,30,34]. ROH were calculated for SNP-
based consecutive detection and estimated for each animal, prior to size categorization
(0–6 Mb, 6–12 Mb, 12–24 Mb, 24–48 Mb, >48 Mb). The calculation was carried out using the
R package “detectRUNs” v0.9.6 [35]. The plots of ROH were obtained using the R package
“DetectRUNs” v 0.9.6 [35].

2.6. Annotation of Significant Genomic Regions

Genes identified to be associated with SNP loci were aligned to confirm their original
chromosome and physical location. The latter was carried out using the ovine reference
genome OARv3.1 with the Visor genome data [17] (https://www.ncbi.nl/m.nih.gov/
genome/gdv/?org=ovis-aries, accessed on 20 August 2021). A SNP was considered to
belong to a particular gene if it mapped within it.

https://www.ncbi.nl/m.nih.gov/genome/gdv/?org=ovis-aries
https://www.ncbi.nl/m.nih.gov/genome/gdv/?org=ovis-aries
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3. Results
3.1. Dataset

For the data quality control analysis 54,241 SNPs were available, from which
1702 presented a low call rate (<95%) and 94 markers were eliminated according to the
HWE test (p < 0.001). The total genotyping rate in the remaining individuals was 0.9847,
leaving a total of 53,356 SNPs from which 4394 were removed due to its low allele frequency
(MAF ≥ 0.05). Therefore, only 48,683 SNPs passed the quality analysis. The density of the
entire genome, according to the distribution of 48,683 SNPs, is shown in Figure 1.

Figure 1. Density of the markers in the 27 chromosomes of the Pelibuey sheep.

The color gradient has been scaled considering all markers in ROH, i.e., green color
for low density and red color for high density.

3.2. Linkage Disequilibrium (LD)

In the present study, a total of 1,797 SNPs were obtained, which were distributed in
the 27 pairs of chromosomes. The LD levels decreased with increasing genomic distance
between SNPs, as shown in Figure 2a,b. The indicated physical distance between SNPs is
100 kb to 1 Mb over the increase in the distance between markers in the population. The
LD patron has been related to parameters of the population genetic structure. Moreover,
LD can cause short and common ROH throughout the genome [36].

3.3. Genetic Diversity, Inbreeding Coefficient, and Effective Population Size

In this study, the mean inbreeding coefficient based on SNP was −0.044, 0.006, 0.064,
and 0.001 for prolific ewes; and −0.026, −0.029, and 0.010 for non-prolific ewes (Table 2).
This result indicates that there is an excess of heterozygotes. Interestingly, the excess of
heterozygotes may be caused by interracial crossbreeding in previous generations.

We obtained a mean value F of −0.044 in the prolific group of the subpopulation
El Cortijo, −0.026 and −0.029 in the non-prolific group of the subpopulations of San
Alberto and the Potrancas. Interestingly, negative values of F were found in the non-prolific
ewes, indicating a low value of outbreeding. However, a slight excess of heterozygotes
was observed. On the other hand, positive values of F were found in the prolific ewes.
Although, they moved away from each other with an excess of heterozygotes.
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Figure 2. Identification of genomic characteristics. (a) Decay of the distance of markers in ligament
disequilibrium (LD), as a function of the distance between markers in the entire Pelibuey sheep
genome. (b) Distribution of the l LD block length for case-control.

Table 2. Expected and observed heterozygosity (He and Ho), inbreeding coefficient (F), and inbreeding
coefficient of an individual in subpopulation (Fis).

ID Farm Animals Ho He ± SD F Fis

Prolific El Cortijo 4 0.280 0.216 × 104 −0.044 0.027
Las

Potrancas 7 0.289 0.288 × 104 0.006 −0.004

El Rodeo 8 0.299 0.288 × 104 0.064 −0.040
San

Alberto 5 0.288 0.288 × 104 0.001 0.001

No-prolific San
Alberto 5 0.283 0.288 × 104 −0.026 1.56 × 102

Las
Potrancas 13 0.200 0.284 × 104 −0.029 2.936 × 101

El Rodeo 6 0.289 0.288 × 104 0.010 −0.006

Analysis of Ne showed a total of 27 generations from 192 to 3,591 (Table S2), based on
the average of the r2 calculated at the different SNP distances. Table 3 shows the Ne from
13 to 54 generations in the 27 chromosomes with MAF (p ≥ 0.05) and the necessary Ne from
535 to 192 in the first 54 generations (Table 3).

Table 3. Effective population size (Ne) within 54 generations of the Pelibuey sheep.

Generation Ago Ne Dist r2 r2 ± SD

13 192 3,749,483 0.0335209 0.045845
15 212 3,273,237 0.0346997 0.0475146
17 235 2,844,328 0.0360788 0.0494267
20 260 2,459,811 0.0376715 0.0514669
23 290 2,116,245 0.0391051 0.0537381
27 327 1,811,153 0.0405171 0.0552067
32 364 1,541,204 0.0426174 0.057825
38 411 1,303,353 0.0446124 0.0606928
45 468 1,095,152 0.0464675 0.0632997
54 535 914,214 0.0486655 0.065538

Dist, average distance between the loci.

The study of Ne helps understand the evolutionary process of a species, by quantifying
the rate at which genetic variability is eroded due to genetic drift [37].

In the present study we observed a decrease in Ne between generations. Preservation
of genetic diversity is generally achieved by maximizing Ne, or equivalently, minimizing
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the rate of inbreeding in a population. Genomic selection may reduce the rate of inbreeding
per generation, but could also lead to a higher rate of inbreeding per year [38].

3.4. ROH Identification

348 homozygosity regions were identified in 48 Pelibuey sheep (Table S3). A total
of 2,194 SNPs were identified in ROH of Prolific sheep and 2185 SNPs in ROH of non-
prolific sheep. The percentage of SNPs in ROH against the positions of the SNPs along the
chromosomes was obtained for the two groups (Figures 3 and 4). Notably, short-frequency
ROH (0–6 Mb) predominated, accounting for 85% of the total ROH (Table 4).

Figure 3. Manhattan plot of the frequencies (%) of SNPs in homozygosity runs in prolific
Pelibuey sheep.

Figure 4. Manhattan plot of the frequencies (%) of SNPs in homozygosity runs in non-prolific
Pelibuey sheep.

Table 4. Summary of the number of runs of homozygosity (ROH) in different categories in
case-control.

Category 0–6 Mb 6–12 Mb 12–24 Mb 24–48 Mb >48 Mb

Prolific 2010 114 44 17 8
No-prolific 2055 99 28 3 0

In chromosome 23 it is seen that a series of SNPs fall with relative frequency within
a ROH in prolific Pelibuey ewes (Figure 3). Among the ROH identified, 4,065 ROH were
obtained with a length of less than 6 Mb, 213 from 6 to 12 Mb, 72 from 12 to 24 Mb, 20 from 24
to 48 Mb, and eight with a length greater than 48 Mb. ROH could arise due to autozygosity,
where the same chromosome segment has been passed down and the offspring have
extended identical tracts by descent or homozygosity series [39]. Consequently, ROH of
older origin are expected to be shorter, which results from recombination resulting from
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repeated meiosis, which breaks up identical segments through descent. On the other hand,
ROH originated by recent inbreeding are expected to be longer, because the probability of
breaking identical segments through descent is reduced [40].

3.5. Functional Annotation of ROH in Prolific Sheep

A total of 349 ROH were obtained (Table S3); however, only 317 genes were anno-
tated according to their position on the chromosome. The main genes associated with
reproductive processes are DGKG, LINGO2, PKP2, FLRT2, ADGRB3, CACNB2, CDH12, and
NRG3, Table 5. The genes were associated with seventeen metabolic pathways, as shown
in Supplementary Tables S4 and S5. The metabolic pathways that are associated with
the reproductive characteristic are “oas04921: Oxytocin signaling pathway” and “oas04020:
Calcium signaling pathway”, as shown in Table 6.

Table 5. Genomic regions and genes identified to be associated with prolificacy in sheep.

Chr SNP1 Gen 1 SNP2 Gen 2 Pos1 pb Pos2 pb SNP Kb Density

1 OAR1_215101913.1 DGKG OAR1_221977733.1 PEX5L 19,915,7665 20,534,2835 107 6185.1 57.8
2 OAR2_103911840.1 LINGO2 DU300339_104.1 – 96,505,293 11,001,2279 283 13,506.9 47.7
3 OAR3_195973885.1 PKP2 OAR3_209916841.1 – 18,173,2438 19,472,4802 261 12,992.3 49.7
7 s07208.1 FLRT2 OAR7_108923470.1 TRIM69 94,069,579 99,977,231 125 5907.6 47.2
9 OAR9_5634331.1 ADGRB3 OAR9_18493683.1 – 5,696,218 17,666,651 143 11,970.4 51.1

13 OAR13_35436626.1 CACNB2 s11802.1 DIP2C 32,041,727 45,925,125 265 13,883.3 52.3
16 OAR16_55041078.1 CDH12 OAR16_62246248.1 – 50,543,439 57,002,028 132 6458.5 48.9
25 s62494.1 NRG3 OAR25_48288071_X.1 – 36,775,576 45,193,605 177 8418.0 47.5

Kb, kilo base pairs; Pos1 and Pos2, position in base pairs on the chromosome.

Table 6. Gene Ontology (GO) and Encyclopedia of Genes and Genomes (KEGG) pathway analysis of
gene-based enrichment (p < 0.01) in ROH.

Terms Genes List of Genes p-Value

GO Biological Process

(GO:0051965) positive regulation of
synapse assembly 7.97 × 105 LINGO2, NLGN1, FLRT2, ADGRB3, ADGRB1, IL1RAP,

EPHB1 2.88

(GO:0035556) intracellular signal transduction 9.05 × 105 DGKG, SRPK2, DGKE, PRKCH, DGKB, STAC, PRKCE,
DCDC2, STK38, ARHGEF3, ARHGEF4, DGKI, RGS6 5.34

(GO:0007205) protein kinase C-activating
G-protein coupled receptor signaling pathway 1.646090535 DGKG, DGKE, DGKB, DGKI 1.64

(GO:0007155) cell adhesion 0.004436121 DSCAM, CNTN5, NINJ2, PRKCE, NCAM1, CTNNA3,
NCAM2 2.880658436

(GO:0032926) negative regulation of activin
receptor signaling pathway 0.099286868 ACVR1, MAGI2 0.823045267

GO Molecular Function

(GO:0005096) GTPase activator activity 0.026660316 ARHGAP10, ADGRB3, NPRL3, DAB2IP, SMAP1, RGS6 2.469135802

(GO:0005432) calcium: sodium
antiporter activity 0.054904043 SLC8A3, SLC8A1 0.823045267

(GO:0005548) phospholipid
transporter activity 0.06815558 ABCA1, ABCG1 0.823045267

GO Cellular Component

(GO:0005887) integral component of
plasma membrane 0.029326849 ABCA1, SLC8A3, ALK, NLGN1, DSCAM, FLRT2,

EPHB1, HCN1, DDR2 3.703703704

(GO:0048471) perinuclear region of cytoplasm 0.048576171 ABCA1, SLC8A3, PKHD1, ATP7B, DAB1, PRKCE,
PTPRM, TMEM192, DGKI 3.703703704

(GO:1990454) L-type voltage-gated calcium
channel complex 0.052429865 CACNB2, CACNA2D1 0.823045267

KEGG pathway

oas04921: Oxytocin signaling pathway CACNB2, PPP3R2, CACNB4, CACNA2D1, CACNA2D3,
ITPR1 0.026681693

oas04020: Calcium signaling pathway SLC8A3, ITPKB, PPP3R2, ITPR1, SLC8A1, GRM1 0.053913811
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The analysis of the functions, through the Genetic Ontology pathways, showed seven
genes (LINGO2, NLGN1, FLRT2, ADGRB3, ADGRB1, IL1RAP and EPHB1) related to
the biological processes “positive regulation of synapse assembly” (GO:0051965); two
genes (ACVR1 and MAGI2) to “negative regulation of activin receptor signaling pathway”
(GO:0032926); and two genes (SLC8A3, and SLC8A1) to the molecular function “calcium:
sodium antiporter activity” (GO:0005432).

4. Discussion
4.1. Genetic Diversity, Inbreeding Coefficient, and Effective Population Size

The Ho and He in Pelibuey sheep show averages of 0.29 and 0.28 in the Prolific
population, respectively (Table S1). Both Ho and He, resulted lower than those previously
reported for other sheep in Latin American populations. For example, He = 0.36 to 0.39
were found in indigenous sheep from Colombia [41]. In other study, heterozygosity ranged
from 0.35 to 0.38 for Coopworth, Romney, Perendale, and Texel breeds [42], being a little
higher than the ones obtained here.

This result suggests high inbreeding in prolific ewes, while in non-prolific ewes, the
negative value could indicate an introduction of contrasting breeds in previous generations.
Tao et al. [43], reported inbreeding depression reductions for mean litter size in Hu sheep
of 0.016, 0.02, and 0.02; which was accompanied by the detection of larger ROH (4.89 Mb).
In contrast, McHugo et al. [44], found high values of F in Soay (0.308) and Wiltshire (0.299)
sheep, corresponding to small populations. Additionally, mean values of F in Australian
Merino (0.045) and Scottish Blackface (0.060) have been reported. Nonetheless, low values
of F, were also found in seven breeds of sheep: Border Leicester (0.243), Dorset Horn (0.169),
Finnish Landrace (0.087), Galway (0.127), Irish Suffolk (0.185), Romney (0.086), and Scottish
Texel (0.111). It is worth noting that the study of the genomic imprint of sheep throughout
their evolutionary history, by artificial or natural selection, has made it possible to identify
genes involved in productive and health traits, particularly in the Galway and Leicester
breeds [44].

Small genetically isolated populations lose genetic variability, mainly by random
processes, becoming more inbred with each generation. These populations suffer from
inbreeding depression, which consists of loss of fitness in the short term. In the long term,
low genetic variance conducts to less adaptability upon changing environments, causing
poor population growth and high risk of extinction [45].

4.2. Functional Annotation of ROH in Prolific Sheep

The following genes of importance for reproduction were identified: DGKG, with
activity in steroid hormones between the fetus and the placenta in cattle [46]; LINGO2,
potential regulator in synapse development and function [47]; PKP2, which has a role
in embryonic development in bovines [48]; FLRT2, related to embryonic development in
mice [49]; ADGRB3 and CACNB2, enable the activity of synapses [50]; CDH12, associated
with loin strength in bovine reproductive activity Holstein [51]; NRG3, which affects
reproduction in sheep [43]; and LINGO2 and FLRT2, which are involved in the processes of
embryonic development and synapses [47,49].

The DGKG (Diacylglycerol kinase) gene is important in insulin signaling and lipid
metabolism, and is a regulator of diacylglycerol and phosphatidic acid. The latter are im-
portant mediators of signal transduction [52]. The FLRT2 gene is involved in several physio-
logical processes that are hormone and sex dependent, such as menarche [53]. The LINGO2
(Leucine-Rich Repeat and Immunoglobulin-Like Domain-Containing Nogo Receptor-Interacting
Protein 2) gene promotes the development and maturation of embryos in mice [54]. The AD-
GRB3 (Brain-Specific Angiogenesis Inhibitor 3) and NRG3 (Pro-Neuregulin-3, Membrane-Bound
Isoform) genes have been recently identified as genes with possible relation to fertilization
and litter size, through the regulation of the oocyte development in Hu sheep [43]. The
CDH12 (Cadherin 12) gene is considered an enricher of granulosa cells, which makes cell
adhesion to the extracellular matrix possible. Thus, it is considered a promising gene with
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reproductive activity [55]. The PKP2 (Plakophilin 2) gene has been identified as a regulator
of granulosa cells in humans [56]. The CACNB2 (Calcium Voltage-Gated Channel Auxiliary
Subunit Beta 2) gene contributes to the release of follicle-stimulating hormone from the
anterior pituitary gland. The latter modulates and facilitates conception in cattle [57].
The ABCA1 (ATP-Binding Cassette, Sub-Family A (ABC1), Member 1) gene is associated to
cholesterol, in particular with lipid transport in Sertoli cells [58]. A mutation in this gene
is linked to Tangier disease and familial high-density lipoprotein deficiency [59]. Finally,
the FHIT (AP3Aase) gene has been reported active in molecular mechanisms of cancer [60],
potentially implicated in cervical tumor-genesis in humans [61].

Among the candidate genes in ROH, associated with the “Oxytocin signaling pathway”
and “Calcium signaling pathway” metabolic pathways, is the ITPR1 (Inositol 1,4,5-trisphosphate
receptor Type 1) gene. It contributes to endocrine control [62] and acts on GnRH, estrogen,
oxytocin, and TGF-beta signaling pathways [63]. The CACNB2 (Calcium Voltage-Gated
Channel Auxiliary Subunit Beta 2) gene is associated to ion channel function, which acts on
uterine contraction during labor in humans [64]. The SLC8A3 (Solute Carrier Family 8 Member
A3) gene affects the oocyte development [65] and fertility in sheep [66]. Lastly, FGF12
(Fibroblast Growth Factor 12) gene belongs to the FGF family, which are signaling molecules,
likewise it participates in the methylation of the ovaries during estrus in goats [67].

5. Conclusions

A total of 349 ROH were obtained, from which only 317 SNPs were annotated close
to the genes. Gene ontology analysis showed only 36 terms. Economically important
genes such as DGKG, LINGO2, PKP2, FLRT2, ADGRB3, CACNB2, CDH12, and NRG3
were identified. Two metabolic pathways were identified in Pelibuey sheep: “Oxytocin
signaling pathway” and “Calcium signaling pathway”, which may have activity in pro-
lificacy. According to our results, ROH may act as signal mediators and interfere with
embryonic development, in addition to explaining reproductive characteristics. This study
provides information for future selection strategies based on the genetic characterization of
the structure in sheep, reducing the pressure of artificial genetic management by crosses
between different breeds. However, it is necessary to carry out conservation programs for
the Pelibuey breed with more genetically diverse animals.
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