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Background: The study was aimed to analyze the difference of genome-wide
DNA differential methylation in Lanzhou Large-tailed sheep, Altay sheep and
Tibetan sheep, which the typical breeds with different type tails, as to screen the
differentially methylated genes (DMGs) that affect the type of tails.

Methods: In this study, three Lanzhou Large-tailed sheep, three Altay sheep
and three Tibetan sheep were detected by whole genome bisulfite sequencing
(WGBS). The degree of genome-wide DNA methylation, differentially methylated
regions (DMRs) and DMGs were analyzed. The candidate genes affecting the tail
type of sheep were identified by GO and KEGG pathway enrichment analysis of
DMGs.

Results: we identified 68,603 different methylated regions (DMCs) and 75
differentially methylated genes (DMGs) associated with these DMCs. Functional
analysis showed that these DMGs were mainly enriched in biological process,
cellular component and molecular function, Some of the genes in these pathways
are involved in fat metabolism: NFATC4, LPIN2, MGATZ2 and MATZ2B.

Conclusion: Our results may help to further understand the epigenetic regulation
mechanisms of deposition of fat in the tail of sheep and provide new basic data
for the study of local sheep.

sheep, tail type, tail fat deposition, DNA methylation, genome

Introduction

Fat deposited on the tail of a sheep is an adversity biological trait, Its role is manifested in
two aspects: (1) fat as a form of energy storage, can provide energy for sheep to migrate or
survive the cold winter lack of forage, so as to maintain their survival needs (1); (2) in drought
and In the famine years, fat at the tail of sheep can be used as a high-energy food for human use
(2). Fat-tailed sheep are derived from wild thin-tailed sheep through artificial domestication and
natural selection (3). In the process of domestication and selection, the climatic environment
and human needs and different selection methods will have an important impact on the
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formation of different tail types. Most fat in Lanzhou Large-tailed
sheep and Altay sheep is deposited in the tail, which will reduce the
deposition of fat in other parts of the carcass, which will affect meat
quality (4), moreover, the fat needs more feed than meat production.
Therefore, tail fat deposition reduces the benefits of sheep farming,
and studying the molecular mechanism of sheep tail fat deposition has
important scientific significance and broad application prospects in
breeding small-tail low-fat sheep breeds.

In mammals, DNA methylation refers to the supply of methyl
donors with S-adenosylmethionine (SAM) under the action of
DNA-methyl transferase (DNMT), Transfer its methyl group to the
5th carbon atom of the deoxycytosine ring to form a covalent
modification of methylated deoxycytosine (5mC) (5). 5mC generally
appears on the cytosine of CpG, CpG sites can account for 5-10% of
the mammalian genome. The methylation status of CpG is closely
related to gene expression, DNA methylation can inhibit the activity
of the accessory gene, and demethylation can induce gene
re-expression. Phenotypic differences are not entirely explained by
genetic differences, studies have shown that DNA methylation can
explain phenotypic differences, such as the phenotypic difference of
twins, cloned animals (6-8). DNA methylation regulates the growth
and development of adipose tissue mainly by regulating the expression
of transcription factors related to adipocyte differentiation,
transcription cofactors and genes related to fat metabolism (9). Zhang
have shown that methylation of the gene promoter region may inhibit
the expression of genes related to fat metabolism, thereby affecting
lipid droplet structure and fat deposition (10).

The tail type of sheep is a complex trait, which was affected or
interacted by genetic and environmental factors. DNA methylation
plays an important role in growth and gene expression in sheep. Mo
correlation analysis re studies have shown that DNA methylation can
explain phenotypic differences. Chinese indigenous sheep can
be classified into fat-tailed, fat-rumped and thin-tailed sheep, of which
the typical breeds are Lanzhou Large-tailed sheep, Altay sheep and
Tibetan sheep, respectively. To unravel the phenotypic differences
among different type tails, in this study, MeDIP-seq was used to
perform genome-wide DNA methylation association analysis on three
breeds of Lanzhou large-tail sheep, Altay sheep and Tibetan sheep, in
order to finding candidate differential methylation regions or sites that
potentially affect tail fat deposition, and provide a mechanism for
revealing fat deposit mechanisms.

Materials and methods
Ethics statement

All of the animal procedures were performed in strict accordance
with the guidelines proposed by the China Council on Animal Care
and the Ministry of Agriculture of the People’s Republic of China. All
of the animal experiments were approved by the Gansu Agricultural
University (Lanzhou, China), approval No. GSAU-AEW-2017-0003.

Sample collections

Nine individuals from 3 breeds, all are 1year old rams, including
3 Lanzhou Large-tailed sheep, 3 Altay sheep and 3 Tibetan sheep,
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were collected from Yongjing in Gansu Province, Fuhai in Xinjiang
Province and Tianzhu in Gansu Province, respectively. All of the
individuals were selected with the same sex, weight and age for the
same tail type, and there is no genetic relationship between
individuals. The tail length, width and circumference of Lanzhou
big-tailed sheep are 38, 32, and 106 cm, respectively. The tail length,
width and circumference of Altay sheep are 22, 36, and 98cm
respectively, The tail length, width and circumference of Tibetan
sheep are 15, 4, and 7 cm, respectively (Figure 1).

Take fresh blood from the jugular vein in the EDTA vein vacuum
blood collection tube and store it in the refrigerator at —80°C. Genomic
DNA was extracted from the blood samples of 9 individuals using
Tiangen blood genomic DNA extraction kit (DP318, Purchased from
Beijing Tiangen Biochemical Technology Co., Ltd.). Then through the
Nano-Drop spectrophotometer and gel electrophoresis test, reserve
after being qualified.

Establishment of MeDIP-seq sequencing
library

Genomic DNA ultrasound interrupted to 100-500 bp fragment,
DNA fragment end repair add A base at 3end, connect to sequencing
adapter, which were treated by bisulfite conversion with EZ DNA
Methylation-Gold kit (Zyom Research Corporation, Irvine, CA,
USA). Cut and recycle after desalting and select the library fragment
size, qualified libraries were used for computer sequencing. HiSeq2000
(Illumina, San Diego, CA, USA) was used to send to Benatech for
library establishment and sequencing.

Bioinformatics analysis

After the sequencing is completed, the sequencing adapters and
low-quality data are filtered, the filtered data is compared with the
reference genome, and the sequencing result is compared with the
reference genome, and the sequence at the only position in the
comparison is used for subsequent standard information analysis and
personalized analysis. The data filtering criterion are: contains adapter
sequences, the proportion of N bases in the sequence exceeds 5% of the
total length of the sequence, and the proportion of bases with a quality
value less than 20 in the sequence exceeds 50% of the total length of the
sequence, if a sequence meets the above three conditions any one of
them, then remove this sequence. The data comparison parameters are:
BSMAP software is used for comparison, and the comparison mode is
map to 2 forward strands, i.e., BSW(++) and BSC(—+).

Calculate the methylation level of the C
base

The methylation level of each methylated C base is calculated
according to the following formula: Methylation rate at C site=100*
Reads that support methylation/(Reads that support methylation+
Support unmethylated reads). The sites with a sequencing depth
greater than 3 are judged as reliable methylation sites, and use
Bedtools software to map the methylation sites of different gene
elements in each sample (11).
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FIGURE 1

(A) Lanzhou Large-tailed sheep with fat-tail. (B) Tibetan sheep with thin-tail. (C) Altay sheep.

Plotting genome-wide DNA methylation
maps

According to the average methylation level of each 100 bp interval,
draw the methylation map of the gene body or both sides of the
transposable element in the 2Kb region to evaluate the methylation
patterns of different genomic regions (12, 13).

Differentially methylated region (DMR)
analysis

To determine the methylation types (CpG, CHG and CHH) in
the different regions between the 3 species, according to the following
strict standards: (1) Find a window containing at least 10 C bases at
the same position in the genome of the three samples, (2) Each
cytosine site is greater than 10 reads, and each methylated cytosine is
greater than 4 reads, (3) The region length ranges from 40 bp-10Kb,
(4) The distance between adjacent methylation sites is less than
200bp, (5) The average methylation level multiple is greater than 2
and P-adjust <0.05. Find the region of differential methylation
between different breeds in the adjacent 2Kb (upstream or
downstream), transposon or gene main region.

Differentially methylated gene enrichment
analysis

Studies have shown that methylation mainly regulates gene
expression through gene promoter regions. Select genes with DMR in
the differentially methylated gene promoter (upstream 2 kb region) for
gene function GO and signal pathway KEGG enrichment analysis,
and select GO/KEGG Term, the results of gene number>1,
enrichment multiple > 2, value of p<0.05 (part of the results could not
be screened) were plotted.

Results
Date information

The comparison results are shown in Table 1. In Lanzhou Large-
tailed sheep, a total of 517,022,996 reads were obtained. The number
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TABLE 1 Results of genome comparison using BWA software.

Sample Raw Raw bases  Clean Clean
reads reads rate
Lanzhou Large-
517,022,996 77,553,449,400 515,987,112 99.80%
tailed sheep
Altay sheep 523,543,986 78,531,597,900 471,216,836 90.20%
Tibetan sheep 529,964,194 79,494,629,100 528,891,456 99.80%
TABLE 2 Methylation levels in CG, CHG and CHH.
Sample C CG CHG CHH
Lanzhou Large-
3.62% 64.57% 0.63% 0.65%
tailed sheep
Altay sheep 3.67% 65.53% 0.61% 0.63%
Tibetan sheep 3.74% 68.40% 0.59% 0.61%
Average 3.67% 66.16% 0.61% 0.63%

of reads compared to the sheep genome was 515,987,112, with an
average comparison rate of 99.80%. In Altay sheep, total of 523,543,986
reads were obtained and the number of reads compared to the sheep
genome was 471,216,836, with an average comparison rate 0£90.20%.
A total of 529,964, 194 reads were obtained in Tibetan sheep, with a
clean rate of 99.80%.

Comparison of genome-wide methylation
rates

Distribution of methylation sites in the whole
genome

There are three main patterns of DNA methylation at CpG sites
(CG, CHG and CHH) in the genome, and the number and
composition ratio of these three patterns reflect the characteristics of
genome-wide methylation in a given species. The average methylation
rate of the whole genome of the three breeds is shown in Table 2.
Among the three sheep breeds with different tail types, the CG type
has the highest methylation rate, and the average value of the three
breeds is 66.16%, which is significantly higher than that of the CHG
and CHH types. The distribution of methylation levels in the Table 2
shows that three different tail types of sheep have the highest overall
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CG background methylation levels, while CHG and CHH background
methylation levels are extremely low or even close to zero.

Analysis of the methylation level of gene
functional regional in the whole genome

The analysis showed that CG pattern methylation accounted for
most of overall methylation. To be better understanding the
distribution trend of DNA methylation in the CG context of
genomic regions, we counted the DNA methylation levels on six
functional regions and seven transcription elements, including
upstream2kb, exon, intron, 3-UTR, downstream 2Kb and
intergenic regions. The results showed that the methylation levels
of different functional regions and transcription elements were
significantly different (Figure 2). Among the functional regions, the
5'UTR region had the lowest methylation level, the 3’UTR and
Gene region had the highest average methylation level, and among
the transcription elements, the First exon had the lowest
methylation level, and the Internal exon, Internal intron, and Last
exon regions had the highest methylation level. However, the
differences in methylation levels among different samples in the
same functional region or transcriptional element were
not significant.

Differentially methylated region (DMR) analysis
Find a window containing at least 10C bases at the same

position in the genome of the three samples, and use the difference

in C methylation levels to find regions with differences in

10.3389/fvets.2023.1125262

methylation. The statistical results (Table 3) show that the
significant DMRs in the CG environment of Altay sheep and
Tibetan sheep were 60,631, the significant DMRs in the CG
environment between Altay sheep and Lanzhou Large-tailed sheep
were 68,603, between Lanzhou Large-tailed sheep and Tibetan
sheep were 65,819.

In this study, the DMRs identified above were annotated using the
annotation information of functional elements in the Ovis aries
genome. Annotate DMR to gene elements (upstream2Kk, exon, intron,
3-UTR, downstream 2k, intergenic), and count the distribution of
DMR on gene elements. Among them, the most DMRs were found in
intron regions (47.2-51.6%), followed by exon regions (4.8-5.3%), and
DMRSs in other regions were relatively low, only 2.0% of DMRs are
distributed in the promoter region, and the methylation rate of the
promoter region is lower than the gene body region (Figure 3).

Functional enrichment analysis of differentially
methylated genes

DAVID (version 6.8),' was used to conduct the GO and KEGG
pathway enrichment analyses to investigate the functions of the
candidate genes. After this enrichment analysis, followed by the
Benjamini correction procedure, there were 20 GO entries were
significantly enriched (p<0.05), and 2 KEGG pathways were
significantly enriched (p <0.05).

1 https://david.ncifcrf.gov/
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Distribution of methylation levels in different functional element regions of the whole country group.
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GO results show that these differential genes are mainly related to
molecular functions, cell components and biological processes. KEGG
enrichment results show that these differential genes are mainly
involved in Vitamin B6 metabolism Glycosylphosphatidylinositol
(GPI)-anchor biosynthesis, the results are shown in Figure 4.

Combined with genome-wide DMR mapping and DMG function
analysis, it was found that most of the genes enriched by GO and
KEGG were located in intron regions, and a few were located in
Promoter, 5UTR, and Exon regions. Among the DMR, we found
some genes related to fat synthesis and metabolism (Table 4).

Discussion

In the process of sheep domestication, traits that can adapt to the
environment and increase energy production will be selected. Under

TABLE 3 Number and length of DMR.

10.3389/fvets.2023.1125262

the action of artificial selection, traits related to environmental
adaptability and production performance will be further fixed in the
genome, and then different breeds will be formed. The epigenetic
modification induced by environmental factors will also have a direct
impact on some traits of sheep (18). DNA cytosine methylation is an
important epigenetic modification, which plays an important role in
the regulation of gene expression, development and disease (12).

The main production area of Lanzhou Larger-tailed sheep is
located in the suburbs of Lanzhou City. The production area is located
in the northwest of the Loess Plateau, with an altitude of 1,500-
2,500m. The winter is longer and the temperature is 9.5°C, the
growing season is short, and the sunshine is abundant. The central
production area of Altay sheep is in Fuhai County, Xinjiang. The
production area is located in the middle mountain belt of the Altai
Mountains, with an altitude of 350-3,200m. It belongs to a typical
continental climate. The annual average temperature is 4°C, the
extreme minimum temperature is —42.7°C, and the frost-free period
is 147 days. The annual snow cover period is 200-250 days. Tibetan
sheep are native to the Qinghai-Tibet Plateau and are mainly

(€17e]0] o} Number of = Number of Length of
DMR cytosine DMR region distributed in Tibet, Qinghai and Gansu. The average altitude is 4,000
ALT108_ve_LZL13 68,603 $15.800 27,384,493 meters. It is known as the “roof of the world” The climate is
characterized by long sunshine, strong radiation, low temperature,
ALT108_vs_7204 60,631 722,624 24,297,767 . . L
large temperature difference, and winter The spring is dry, the oxygen
LZL13_vs_7204 65,819 776,870 26,097,332 content is low, and the annual average temperature is —2.8-11.9°C
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FIGURE 4
Functional enrichment results of differentially methylated genes.

TABLE 4 Fat synthesis and metabolism genes.

Gene name p value Functional description
NFATC4 0.022 Intramuscular fat deposition (14)
LPIN2 0.024 Related to fatty liver (15)
MGAT2 0.042 Fat deposition (16)

MAT2B 0.033 Regulates fat metabolism (17)

(19). Numerous studies have shown that the interaction between
genes and the environment can be explained by DNA methylation.
The environment affects gene expression by affecting the level of DNA
methylation, thereby changing the phenotype of organisms. The
variety we chose is in a different environment and has different tail
types. We will explore whether the environment causes methylation,
which in turn causes different tail types.

DNA methylation is one of the main forms of epigenetic
regulation, which plays an important role in the regulation of gene
expression and the maintenance of genome stability (10, 20-22). DNA
methylation is caused by the environment. These breeds we selected
are in different environments and have different tail types. We will
explore whether the environment causes methylation, which in turn
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causes different tail types. Previous studies have shown that
methylation of the CpG site in the promoter region of a specific gene
is involved in lipid metabolism (23).

In this study, we performed a genome wide DNA methylation
analysis among Lanzhou big-tail sheep, Altay sheep and Tibetan
sheep. The geographical environment of these three varieties is
completely different. We identified 2,015,487 CpG sites, the
methylation level of the CG type accounted for the largest proportion,
while that of the CHH and CHG types was the smallest, even close to
0. A large number of studies have also confirmed that the DNA
methylation pattern of mammals is dominated by the CG types (24).
Our results found on average 66.16% of methylation occurs in the CG
environment, this is consistent with the research result of others (25).
It is suggested that the DNA methylation pattern has a certain degree
of conservation.

We identified the significant DMRs in the CG environment of
Altay sheep and Tibetan sheep were 60,631, the significant DMRs in
the CG environment between Altay sheep and Lanzhou Large-tailed
sheep were 68,603, between Lanzhou Large-tailed sheep and Tibetan
sheep were 65,819. Among them, only 2.0% of DMRs are distributed
in the promoter region, most of the DMRs are distributed in the
intergenic region and intron region, and the methylation rate of the
promoter region is lower than the gene body region. This may
be related to the large proportion of intergenic regions and intron
regions in the entire genome. The percentages of DMCs annotation
within promoter and exon region decreased dramatically, while DMCs
annotation within intron and intergenic regions increased when
comparing DMCs with CpG sites annotation within genic features.
And similarly, the percentages of DMCs annotation within CpG island
shores and other regions increased, whereas DMCs annotation with
CpG islands decreased. Wang et al. also found a similar trend in their
study, which is consistent with this study (26, 27). Among the
transcription elements, the methylation rate in the internal exon,
internal intron, and last exon regions is the highest overall.
Methylation patterns similar to the above are also very common in
other mammals (28). Although the number of differential methylation
regions screened from these three breeds were differed greatly, that
three groups of DMR mainly annotated Intron and Exon regions,
respectively. Studies have shown that the DNA methylation of Exons
and Introns is relatively stable, showing a weak positive and negative
correlation with gene expression (29). Introns, which are closely
related to gene expression. However, due to the large scale of
differential methylation regions in introns, it is difficult to screen
functional differential methylation genes.

Based on functional annotation analysis, we found that these
DMGs were mainly enriched in positive regulation of DNA binding,
smooth muscle tissue development, DNA-NI-methyladenine
dioxygenase activity, et al. These results confirmed our hypothesis that
Lanzhou Large-tailed sheep, Altay sheep and Tibetan sheep would
have epigenetic differences that reflect their specific phenotypic traits
among the three breeds. These DMCs and DMGs contribute to the
in-depth analysis of molecular genetic mechanism of sheep with
different type of tail, and will be given more attention in epigenetic
analysis of complex traits for Lanzhou Large-tailed sheep, Altay sheep
and Tibetan sheep.

In this study, four tissue-specific candidate genes were screened,
including NFATC4, LPIN2, MGAT2 and MAT2B. Lipins play dual
function in lipid metabolism by serving as phosphatidate phosphatase
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and transcriptional co-regulators of gene expression, Jiao et al. (15)
reported that Lpin2 and Lpin3 mRNA expression both showed
significant correlations with slaughter and tail traits. Taisuke et al.
reported that MGAT2 may have potential for development into a
treatment of obesity and its related metabolic diseases (16). Zhao et al.
reported that MAT2A promotes porcine adipogenesis by mediating
H3K27me3 at WntlOb locus and repressing Wnt/f-catenin
signaling (30).

Conclusion

This study performed epigenome-wide DNA methylation of tail
fat tissue in Lanzhou Large-tailed sheep, Altay sheep and Tibetan
sheep using MeDIP-seq sequencing technology. The results showed
that the methylation pattern of sheep with different type were
dominated by CG type and the differential methylation region was
mainly located in introns and exons. Four annotated genes were
associated with fat metabolism (NFATC4, LPIN2, MGAT2 and
MAT2B). Our findings provide new insights into a better
understanding of the epigenetic regulation of fat deposition in
sheep tail and will be useful to understand tail type traits in sheep,
and thus contribute to breeding of thin-tail sheep as molecular
marker.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/supplementary material.

Ethics statement

All of the animal procedures were performed in strict accordance
with the guidelines proposed by the China Council on Animal Care
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