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Abstract
Objective: The purpose of the present study was to explore the transcriptome differences of sheep embryos. Embryos were at different developmental stages
in order to assess the differences of the function, classification and metabolic pathway of differentially expressed genes and to provide a theoretical basis for
revealing the regulatory mechanism of sheep early embryo development.

Methods: 8-cell, 16-cell, morula and blastocysts were collected and the sequencing library was constructed by the Smart-Seq2 amplification technology. The
transcriber was sequenced by Illumina HiSeqXten high-throughput sequencing technology and the effective sequences were analyzed by functional
annotation and related bioinformatic analysis.

Results: The results indicated that the Clean reads of 8-cell, 16-cell, morula and early blastocysts embryos were 441698590-48957974, of which 93.71-95.29%
reads were compared with the reference genome sequence of sheep; 10 were compared with alternative splicing types of transcription terminal site (TTS) and
with the transcription start site (TSS), which accounted for the largest proportion in sheep embryo transcripts. There were 171170-211487 sites of single
nucleotide polymorphisms (SNPs) and 6435-8023 transcripts of novel transcripts in sheep embryos respectively. We used FDR < 0.05 and Fold Change > 2 as
the criteria to screen for differential genes by comparing pairwise differences at four stage during embryo development. A total of 8281 differentially
expressed mRNAs were identified, including 840 in E16vsE8, 6631 in E32vsE16, 810 in BlavsE32. Using the GO enrichment analysis, we explored the function
of the DEGs. No significant difference was found at E16 vs E8.At E32 vs E16,Cellular components contained 127 significance terms (P < 0.05), 92 terms were
significant enriched in molecular function, And biological processes involved 338 significance terms; At Bla vs E32,Cellular components contained 7
significance terms (P < 0.05). A total of 40 significance KEGG pathway terms were enriched in E32 vs E16.

Conclusions: In this study, individual embryonic transcriptome sequencing of sheep was established for high-throughput sequencing and analysis of the
transcriptomes of sheep 8-cell, 16-cell, morula, and early blastocysts. The number of differentially expressed genes was identified at different stages of sheep
embryo development and the function, classification and metabolic pathway of differentially expressed genes were obtained. The current study offers
substantial information on the identification of the sheep embryo transcriptome, revealing the molecular regulatory mechanism of sheep embryo
development. and selects 30 key genes, and its function needs further exploration and research.

1 Introduction
Embryonic development is the result of the connection and cooperation of several genes expressed in time and space[1–4]. It is a dynamic process affected
by certain parameters, such as time and space. During a specific period of embryonic development, certain differentially expressed genes are involved in
different biological functions and metabolic pathways that can regulate the normal development of the embryos.

Maternal mRNA is synthesized during oogenesis and accumulates in oocytes until fertilization. Following several cleavages of mammalian eggs, maternal
mRNA is specifically degraded and replaced by zygotic transcripts. This transformation is called zygotic genome activation (ZGA) and controls embryonic
development. Maternal genes encode transcripts and proteins during oogenesis in lower species, such as Drosophila melanogaster and Xenopuslaevis,
guiding the transformation of oocytes to fertilized eggs[5, 6]. The normal activation of ZGA is critical to embryonic development and each species has a
specific zygote activation time. The mouse activation of ZGA occurs in the 1-2 cell stage[7], the bovine in the 8-16 cell stage, the pig in the 4-cell stage and the
human in the 4-8 cell stage[8]. The process of transformation from the maternal to the zygotic gene is called MZT. The maternal genes are very important for
coordinating cell division and activating embryonic zygotic genes. It has been speculated that hundreds of maternal genes were involved in the process of
zygotic gene activation, whereas certain maternal genes that were involved in ZGA activation were verified. So far, a relatively low number of maternal genes
that have been shown to be involved in ZGA activation have been found in mammals. Eight maternal effect genes, such as Mater, Hsf1, Dnmt10, Pms2, Zar1,
Npm2, Stella and Zfp36I2, have been identified in mice and these genes have been studied by mouse knockout models. It was found that some of these genes
were involved in early embryonic development, notably from 1-cell to 2-cell stage[7].

In 2009, Tang et al[9] initiated the first single-cell RNA sequencing (scRNA-Seq) technique to analyze the whole transcriptome of a single mouse blastocyst for
the first time. In recent years, bioinformatics analytical methods, such as (PCA) or unsupervised clustering were used to analyze the composition of individual
embryonic cells at different early developmental stages. The dynamic changes of pre-implantation of the embryonic cell transcriptome were revealed. The
blastocysts indicated apparent heterogeneity. Through unsupervised clustering analysis, the blastocyst cells could automatically cluster into the three
following groups of cells: trophoblast, ectoderm and primitive endoderm. Prior to blastocysts, no significant heterogeneity was noted between blastomeres of
single embryo. For example, blastomeres in morulae expressed the different marker genes Sox2 and Id2, which could distinguish inner and outer cells by
marker genes. Even in the 2-cell stage, differential expression among genes was noted between blastomeres. Yan et al.[1]used transcriptome sequencing to
identify several genes out of the 2,500 genes that were upregulated during embryonic genome activation. These genes were associated with RNA transcription,
translation and epigenetic regulation. Xue et al[10]. demonstrated that by injecting sperm cells from the same donor into different oocytes following
fertilization, 5% of all gene transcripts were detected by paternal SNP. At each stage parental genes and the cell cycle-related gene CDCA2 were noted which
indicated maternal-specific expression in both 2-cell and 4-cell stage embryos. Single cell transcriptome sequencing has become a revolutionary tool, which
addresses the problem of transcriptome sequencing of limited RNA samples. This technique can sequence single mammalian somatic cells and reveal the
heterogeneity of single cells[11].

The RNA content of early embryos is low and it is difficult to meet the minimum starting amount of RNA required for transcriptome sequencing[12]. However,
with the establishment and development of microtranscriptome sequencing techniques, such as Smart-seq2[13], previous studies have successfully used
RNA-Seq technology to analyze the regulatory mechanism of early embryonic development in human, pig and bovine species[9–11]. However, the number of
studies that have examined the expression of functional genes and their potential association with the regulation of sheep embryonic development is very
limited. The achievements of sheep genome sequencing and the development of high-throughput sequencing technology provide a rapid and effective



Page 3/14

method for studying the molecular mechanism of sheep embryonic development at the taxonomic level. In the present study, the RNA library of the sheep
single 8-cell,16-cell, morula and blastocysts embryos was amplified by the Smart-Seq2 method and the IlluminaHiSeqXten technique was used for high-
throughput sequencing analysis in order to reveal the regulatory mechanism of sheep early embryo development and understand the genetic structure of its
transcriptome, and provide useful resources and markers for future functional genomics studies.

2 Material And Methods

2.1 Ethics statement
All animal experiments were conducted according to the Regulations and Guidelines for Experimental Animals established by the Ministry of Science and
Technology (Beijing, China, revised in 2004).The present study was approved by the Institutional Animal Care and Use Committee of Tarim University.

2.2 Chemicals and culture media
All chemicals were purchased from Sigma-Aldrich (Oakville,ON,Canada), unless otherwise specified.

2.3 Embryo collection
The animals in this study all came from the Yingjisha County improved seed breeding center in Kashi County, Xinjiang Uigur Autonomous Region, China.We
chose healthy nonpregnant 6 Hu sheep aged 2–4 years.All sheep underwent superovulation (described in Table 1), artificial insemination after estrus, and
washed embryos from day 4 at 8-cell, 16-cell, morula and early blastula at day 7, and 6 embryos at each period.The 8-cell,16-cell,morula and early blastula
embryos were collected and transferred to 10 µl lysates and liquid nitrogen was injected into the embryos within 2 min. Following freezing for severa l h, 2
repeats were used for each group. The 8-cell,16-cell,morula and early blastula were marked as E08,E16,E32 and blastula.The samples were transported by dry
ice and sent to An Nuoda Genome Technology (Beijing) Co. Ltd.

Table 1
treatment methods of Superovulation

Time Treatment

Day1 Vaginal indwelling CIDR suppository

Day7 Intramuscular injection of vade 3ml / animal in the morning

Day11 Follropin-v 2.9ml/animal was injected intramuscularly in the morning and evening

Day12 Follropin-v 1.6ml/animal was injected intramuscularly in the morning and evening

Day13 Follropin-v 1.0ml/animal was injected intramuscularly in the morning and evening

Day14 Follropin-v 0.5ml/animal was injected intramuscularly in the morning and evening, At the same time, the suppository was removed in the
morning and PG 0.1ml was injected intramuscularly

Day15 Test situation、Breeding, Intramuscular injection of LHRH-A3 25µg

Day19 In the morning and evening, 25 mg progesterone injection was injected intramuscularly

Day20 In the morning and evening, 25 mg progesterone injection was injected intramuscularly

Day21 Uterine horn embryo

2.4 RNA extraction and sequencing for library construction
The construction and sequencing of the library was completed by Annuoda Genome Technology (Beijing) Co., Ltd. The single-cell samples were collected in
tubes with lysis component and ribonuclease inhibitor. Subsequently, the amplification was carried out by the Smart-Seq2 method. An Oligo-dT primer was
introduced to the reverse transcription reaction for the first-strand cDNA synthesis, followed by PCR amplification to enrich the cDNA and a magbead
purification step to clean up the production. The cDNA was checked by the Qubit® 3.0 Flurometer and the Agilent 2100 Bioanalyzer was used to ensure the
expected production with an approximate length of 1-2 kbp. Subsequently, the cDNA was sheared randomly by ultrasonic waves for the Illumina library
preparation protocol including DNA fragmentation, end repair, 3’ends A-tailing, adapter ligation, PCR amplification and library validation. Following library
preparation, the PerkinElmer LabChip® GX Touch and Step OnePlus™ Real-Time PCR System were introduced for library quality inspection. The libraries that
satisfied these criteria were subsequently loaded on the Illumina Hiseq platform for PE150 sequencing.

2.5 Transcriptome data analysis
In order to ensure the quality of the sequencing data, the Rawreads obtained by the IlluminaHiSeqXten sequencing were filtered and the Clean reads were
obtained following removal of the joint sequence, the empty read sequence and the low quality sequence (Phred quality < 5). The reference gene and genome
annotation files were downloaded from the ENSEMBL website (ftp://ftp.ensembl.org/pub/release-
100/fasta/ovis_aries/dna/Ovis_aries.Oar_v3.1.dna.toplevel.fa.gz). The reference genome library was built using Bowtiev (1.0.1) and subsequently the Clean
Data were compared to the reference genome through HISAT2 (v2.1.0). The gene expression was calculated by FPKM (Fragments Per Kilobase Millon mapped
reads). The comprehensive expression of two biological repeats in the 8-cell,16-cell, morula and early blastula stage of they stage was obtained by calculating
the expression amount of two biological repeats in the 8-cell,16-cell, morula and early blastula stage of they stage by the base mean. The differentially
expressed genes were selected according to the estimation of the gene expression levels by DESeq,which was achieved by the negative binomial distribution
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of the statistical methods.The P_value was corrected to control false positive according to Benjamini and Hochberg methods. The corrected P_value≤0.05
was defined as the parameter required for the differentially expressed gene. DESeq2 was used to analyze the differential expression of biological repetitive
samples between the two groups compared with the treatment group and the reference group. The genes with | log2Ratio |≥1 and Q < 0.05 were selected as
differentially expressed genes and the number of up- and downregulated genes was obtained. The obtained DEGs were mapped to each entry in the GO
database (http://www.geneontology.org/) and their number was calculated. Following correction of the P value by the Benjamini method[14], the GO entry with
Q<0.05 was the GO entry used for significant enrichment of DEGs. The signaling pathways or metabolic pathways involved in the genes were analyzed by
comparing their expression with the KEGG (Kyoto encyclopedia of genes and genomes) database (http://wego.genomics.org.cn).

2.6 Analysis of alternative splicing and single nucleotide Polymorphism and Prediction of
New transcripts
The RPKM tool of AS profile (1.0.4) was used to analyze the structure and expression of alternative splicing events and Samtools (1.5) was used to analyze
single nucleotide polymorphism (single nucleotide polymorphism, SNP)[15]. The sequenced sequences of the aligned genomes were assembled and spliced
by the Cufflinks software (v2.2.1)[16]. Following filtering of the low quality sequences (length ≤ 180 bp, Q value ≤ 10), the assembled transcript sequence was
compared with the gene annotation information on the sheep genome. For example, the assembled transcript sequence was not aligned with the existing
genes and was located on the genomes between the existing genes. The following conditions were satisfied: the distance from the existing annotated genes
was more than 200 bp, the length was not shorter than 180 bp and the sequencing depth was not less than 2. These sequences were identified as potential
new transcripts and new genes[17].

2.7 Validation by real-time quantitative PCR (RT-qPCR)
Here,we selected 5 DEGs to verify the sequencing results via RT-qPCR. Primers were designed by Primer-BLAST in NCBI,as shown in Table 2. First strand cDNA
was synthesized from 1µg total RNA using the reverse transcriptase Revert Aid (Takara) following manufacturers recommendations.PCR amplification was
executed in reaction volumes of 10µL that included 1µL of cDNA,0.6µL of forward and reverse primers (10µM) for each gene, 5µL of 2×S6 Universal SYBR
qPCR Mix (NovaBio.China),and 3.4µL of RNA-free double-distilled H2O. The cycling conditions were as follows: 95℃ for 30 s, 40 cycles of 95℃ for 5 s, and
annealing temperature 60 ℃ for 30 s; a melt curve analysis was performed at 65℃-95℃.

Table 2
QT-PCR primers

GENE primer Tm Product length(bp)

GAPDH F-GGTGATGCTGGTGCTGAG

R-TGCTGACAATCTTGAGGGTAT

58 184

MAP4 F-GCCAGGTTGAAGGGTTTCCA 59 275

R-AGCAAATGTGTCGCAGGGTA

SLC39A8 F-GTTGCTGTGTTTGGCGGATT 59 200

R-GGCTCTGTGACAGCTGGATT

EMC2 F-TGTCAGCAGTATGCCGAAGT 59 218

R-ATTTGACTGGCTGCCCAACT

VPS45 F-GCAGAACCCCAGAGTGACAG 59 209

R-CTTTGGGGCTGAAGAGGTCA

ELMOD2 F-TAACCCTGAGAAGGATGCCAG 59 218

R-CAATGTCAGCCCACTGCTTG

2.8 Statistical analysis
GAPDH were used as housekeeping genes for qPCR, and the mean expression levels of GAPDH were considered to be the expression levels of housekeeping
genes. 8-cell was used to normalized the gene expression,and the relative gene expression was calculated by 2−∆∆CT method.

3 Results

3.1 Sequencing quality Evaluation and basic data Analysis
The embryo libraries of sheep E08,E16,E32 and early blastula constructed in this study met the requirements of transcriptome sequencing. The embryos were
detected by the Agilent 2100 Bioanalyzer using the Agilent High Sensitivity DNA Kit. The 8 sample peaks indicated apparent peaks of target products in the
length range of 1-2 kb fragments, whereas some small fragments below 1 kb were noted. However, the proportion was small, indicating that the integrity of the
original sample was optimal and that it met the requirements of database construction (Fig. 1). The percentage range of Q30 of the 8 samples was estimated
to 92.22-93.03%(Fig. 2), indicating that the sequencing quality and library construction quality were high and that the sequencing data were accurate and
reliable. This could meet the needs of follow-up analysis. In the sequencing results, the contents of A-T and C-G of the 8 samples basically coincided with each
other, indicating that the base composition was stable and balanced and that the sequencing quality was high (Fig. 3).
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3.2 Analysis of sequencing results
Following filtration of the data of the original sequence, the filtered sequence of the sheep embryos at the four developmental stages of the 8-cell, 16-cell,
morula and blastocysts embryos exhibited the following range: 441698590-48957974. The obtained clean reads were compared with the reference genome by
the TopHat software[18, 19]. The results indicated 93.71-95.29% clean read alignment of the sheep reference genes in each stage and the sequence ratio of
the multiple locations of the genome was 5.79-15.62%, which satisfied the requirements (Table 3). The number of transcripts and predicted new transcripts
compared at each stage of development is shown in Table 4. Transcript expression was presented by FPKM (Fragments per kilo-base of exon per million
fragments mapped) value. The FPKM distribution of mRNAs is shown in Fig. 4.Alternative splicing analysis by ASprofile software indicated mainly 10 types of
splicing events in sheep embryos: transcription terminal site(TTS),transcription start site(TSS),skipped exon(SKIP),multi-SKIP(MSKIP), alternative exon (AE),
intron retention(IR) and multi-IR(MIR), among which TSS and TTS accounted for the largest proportion (Table 5). SNP analysis by Samtools indicated the
presence of 171170-211487 loci in each developmental stage of sheep embryos from the 8-cell,16-cell, morula and early blastula embryos(Table 6). Count the
number and proportion of unique alignment sequences (i.e. sequences that align only one position of the genome) on the three functional elements of genes
(exon, intron and intergenic)(Table 7).

Table 3
RNA-Seq and mapping to the reference genome

  8-cell-
1(E8C01)

8-cell-
2(E8C02)

16-cell-
1(E16C01)

16-cell-
2(E16C02)

32-cell-
1(E32C01)

32-cell-
2(E32C02)

BL-cell-
1(Bla01)

BL-cell-
2(Bla02)

Clean Reads 41,170,258 45,850,662 41,828,458 39,256,590 41,169,756 40,471,658 46,618,120 39,995,524

Mapped
Reads

38,823,560 43,234,720 39,485,132 37,016,538 38,628,316 37,924,122 44,423,045 37,756,956

Mapping Rate 0.943 0.9429 0.944 0.9429 0.9383 0.9371 0.9529 0.944

UnMapped
Reads

2,346,698 2,615,942 2,343,326 2,240,052 2,541,440 2,547,536 2,195,075 2,238,568

MultiMap
Reads

2,838,617 2,756,045 2,421,368 2,388,476 6,429,274 5,386,962 6,418,791 5,326,921

MultiMap Rate 0.0689 0.0601 0.0579 0.0608 0.1562 0.1331 0.1377 0.1332

 

Table 4
Detected transcripts and novel transcripts

Embryos No. of transcripts No. of novel transcripts

8-cell-1(E8C01) 12652 7394

8-cell-2(E8C02) 12857 7729

16-cell-1(E16C01) 13457 7904

16-cell-2(E16C02) 13711 8023

32-cell-1(E32C01) 13117 7303

32-cell-2(E32C02) 12746 7469

BL-cell-1(Bla01) 11996 6435

BL-cell-2(Bla02) 13008 7132
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Table 5
Alternative splicing events detected during embryonic development

AS_type 8-cell-
1(E8C01)

8-cell-
2(E8C02)

16-cell-
1(E16C01)

16-cell-
2(E16C02)

32-cell-
1(E32C01)

32-cell-
2(E32C02)

BL-cell-
1(Bla01)

BL-cell-
2(Bla02)

XAE 273 329 334 373 269 349 144 287

XIR 124 86 108 128 136 158 82 100

TTS 20,674 20,616 21,350 21,284 18,969 19,106 16,628 18,024

XMIR 8 4 6 2 8 8 16 10

XMSKIP 226 268 384 262 144 214 70 160

IR 492 502 570 658 758 820 576 632

XSKIP 766 908 1,068 1,014 456 534 418 472

SKIP 4,420 4,564 5,394 5,152 2,104 2,646 1,978 2,230

AE 1,603 1,647 1,945 1,936 1,115 1,336 852 1,127

MIR 22 20 28 56 38 28 44 36

TSS 20,953 21,064 21,903 21,960 19,704 19,560 16,999 18,476

MSKIP 1,008 962 1,182 1,094 270 456 274 370

Table 6
Putative SNPs detected during embryonic development

Sample 8-cell-
1(E8C01)

8-cell-
2(E8C02)

16-cell-
1(E16C01)

16-cell-
2(E16C02)

32-cell-
1(E32C01)

32-cell-
2(E32C02)

BL-cell-
1(Bla01)

BL-cell-
2(Bla02)

SNP 137,600 115,816 148,264 147,307 250,020 190,623 168,868 176,018

InDel 10,273 8,221 10,400 10,476 19,446 15,948 13,959 13,034

Total 147,873 124,037 158,664 157,783 269,466 206,571 182,827 189,052

3.3 Gene expression characteristics and differentially expressed genes in early embryos
We used FDR < 0.05 and Fold Change > 2 as the criteria to screen for differential genes by comparing pairwise differences at four stage during embryo
development. A total of 8,281 differentially expressed mRNAs were identified, including 840 in E 16vs E8, 6631 in E32 vs E16, 810 in Bla vs E32. And the
number of DEGs at different stage was summarized in Fig. 5. To identify genes that play a key role in embryonic development throughout the embryonic
stage, we performed Venn on genes at different stages. A total of 30 key genes were found in the intersection, generated from the Venn of DEGs Fig. 6,and the
expression of 32 key genes was shown in Table 8.

 

Table 7
Distribution statistics of unique alignment sequences in reference genome region

#Library 8-cell-1(E8C01) 8-cell-2(E8C02) 16-cell-1(E16C01) 16-cell-2(E16C02) 32-cell-1(E32C01) 32-cell-2(E32C02) BL-cell-1

Exon 6,707,141(31.97%) 7,752,870(34.97%) 6,647,002(31.45%) 6,185,164(30.87%) 5,306,854(24.42%) 5,777,827(29.81%) 6,959,28

Intron 4,399,041(20.97%) 4,035,432(18.20%) 4,477,297(21.18%) 4,094,111(20.43%) 6,541,309(30.10%) 5,017,548(25.88%) 5,509,35

Intergenic 9,874,822(47.07%) 10,378,951(46.82%) 10,011,928(47.37%) 9,757,694(48.70%) 9,886,647(45.49%) 8,589,507(44.31%) 12,431,4

 
 

3.4 GO enrichment and KEGG Pathway Analysis of differentially expressed genes
Using the GO enrichment analysis, we explored the function of the DEGs. The top 10 enrichment terms in the three sections (Cellular Component, Molecular
Function, Biological Process) were displayed in Fig. 7A-E. No significant difference was found at E16 vs E8.At E32 vs E16,Cellular components contained 127
significance terms (P < 0.05), such as intracellular part,cytoplasmic part,intracellular organelle part,intracellular organelle,organelle part, 92 terms were
significant enriched in molecular function,the top 5 terms included for example, catalytic activity,heterocyclic compound binding,nucleoside phosphate
binding,nucleotide binding,organic cyclic compound binding. And biological processes involved 338 significance terms; the top 5 terms included cellular
metabolic process,metabolic process,organic substance metabolic process,primary metabolic process,nitrogen compound metabolic process.At Bla vs
E32,Cellular components contained 7 significance terms (P<0.05),such as intracellular part,endoplasmic reticulum part,endoplasmic reticulum
membrane,proteasome core complex, alpha-subunit complex,Ndc80 complex,And biological processes involved 1 significance terms.

The KEGG enrichment analysis of the DEGs was shown in Fig. 7F.A total of 40 significance KEGG pathway terms were enriched in E32vsE16, for instance,
Oxidative phosphorylation,Huntington disease,Biosynthesis of amino acids,Peroxisome.
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3.5 Validation of candidate genes
To reveal the key genes associated with embryonic development, we screened several genes with higher expression levels among the 30 key differentially
expressed genes, including MAP4,SLC39A8,EMC2,VPS45,ELMOD2.Then,the candidate genes were verified via RT-qPCR (Fig. 8A-E). Notably, similar results
were reported as those obtained through sequencing, which confirmed the reliability of the sequencing data.

 

4 Discussion
Mammalian single somatic cell RNA has a concentration range of 10-30 pg, of which rRNA accounts for approximately 85% of the total RNA content.
Approximately 15-20% of the rRNA content is as low as 1-5%[20]. The basic requirements for the total RNA used in general transcriptome sequencing are as
follows: concentration of RNA samples ≥ 400 ng/µl, total amount ≥ 20 µg, purity of A260/280 between 1.8-2.4, A260/230 > 1.8, optimal integrity (RIN 7.0-8.0)
and RNA28S/8S > 1.0mm. However, the total RNA concentration of each embryo from the mammalian 2-cell to the blastocyst stage is only 200-2,000 pg[21].
Therefore, the trace RNA cannot meet the basic requirements of the construction of the transcriptome sequencing library and of high-throughput sequencing.
With the continuous development of a new generation of high-throughput sequencing technology, RNA-Seq can be used to sequence the total transcriptional
activity of any biological growth and developmental stage without designing probes in advance. Moreover, it can accurately detect gene expression under
various conditions and discover several unknown molecular regulatory mechanisms[22]. In the present study, RNA-Seq technology was used for the first time
to reveal the mechanism of sheep early embryo development from the perspective of single embryo transcriptome, which provides a new method for
improving sheep embryo production in vitro. It also provides a theoretical basis for further improving sheep gene structure information and identification of
new genes related to embryonic development. Therefore, Smart-Seq2 amplification technology was used to enrich the samples and construct a sequencing
library[23].The Illumina Hi SeqXten high-throughput sequencing technology was used for transcriptome sequencing. The results of sequencing quality
evaluation and data analysis indicated that the sequencing quality and library construction quality were high and that the sequencing data were accurate and
reliable.

Following filtration of the data of the original sequence, the filtered sequence of the sheep embryos at the four developmental stages of the 8-cell, 16-cell,
morula and blastocysts embryos exhibited the following range: 441698590-48957974. Using the TopHat software to compare the obtained Clean reads with
the reference genome, the results indicated a range of 93.71-95.29% clean reads alignment on the sheep reference gene in each stage. The sequence ratio of
(multi map rate) multiple locations of the genome was 5.79-15.62%, which satisfied the requirements. The correlation between biological repeats was 90.86%
and the repeatability between the samples was optimal. In the present study, a large number of alternative splicing in sheep 8-cell, 16-cell, morula and
blastocysts,Alternative splicing of transcripts is prevalent in mammalian cells and could make major differences for maintenance of cell identity and
function[24, 25]. Certain genes are expressed at specific stages of embryonic development and play key regulatory roles at specific stages. It was found that
the large number of novel transcripts was due to the lack of the Y chromosome sequence in the reference genome of the sheep.

Embryonic development is the result of the expression of genetic information according to a certain time, space and order. This result (genetic program) is
derived from the genetic program of development. The development of early embryos belongs to the process of maternal regulation, indicating that it is
regulated by a large number of mRNAs and proteins synthesized during oogenesis and maturation. Maternal mRNA plays an important physiological role in
the early stage of embryonic development. Following developmental progression, maternal mRNA and protein are gradually degraded, while embryonic
genome activation (embryonic genome activation, EGA) is initiated and developmental transition from maternal regulation to embryonic regulation (maternal
to-embryonic transition, MET) is facilitated. Different species exert different stages of MET. Mouse MET occurs in the 2-cell stage, human and pig occur in the
4-cell to the 8-cell stage and the bovine embryo genome mainly transcribes from the 8-cell to the 16-cell stage.

KIT, STAT3, ZP4, BMP15, GDF9, ZP3, Pms2, Hsf1-2 and Zar1 were confirmed to be maternal genes[26, 27]. The expression of these maternal genes from the
16-cell to the morula sheep embryos did not change significantly. The expression levels of the zygotic genome-related genes were not high. However, the
marker gene NANOG of EGA was initially expressed in the morula stage. Therefore, it is concluded that sheep EGA may occur from the 16-cell to the morula
stage. Methylation-related genes are stably and highly expressed, suggesting that the methylation of embryos is being reconstructed, which is consistent with
previous studies.

The number of DEGs in 840 in E16vsE8, 6631 in E32vsE16, 810 in BlavsE32. And the number of DEGs at different stage was summarized in Fig. 5. indicating
significant temporal differences in the developmental regulatory mechanism of sheep embryos at different developmental stages.There was 6631 differential
genes from 16-cell development to the morula period, mainly due to the substantial activation of zygotic genes during the ZGA period of sheep embryos, as a
result of substantial consumption of maternal material.We identified 30 key genes, and the analysis found that these genes were functional enriched in the
cell cycle, RNA, DNA synthesis regulation, and verified the developmental characteristics of energy metabolism during this period.We identified 30 key genes,
and the analysis found that these genes were functional enriched in the cell cycle, RNA, DNA synthesis regulation, and verified the developmental
characteristics of energy metabolism during this period.But its functionality will need to be further explored.

GO analysis indicated that No significant difference was found at E16 vs E8.At E32 vs E16,Cellular components contained 127 significance terms (P<0.05).
And biological processes involved 338 significance terms.At Bla vs E32,Cellular components contained 7 significance terms.The GO and KEGG enrichment
analyses found that the main differences were concentrated in the 16-cell to morula period, and the difference types were mainly cell metabolism and
compound synthesis, indicating that after zygotic genome activation, the zygotic genome began to regulate embryonic development.In bovine, comparative
transcriptome analysis demonstrated that lineage differentiation at the blastocyst stage is associated with marked differences in expression of genes
involved in various biological processes, such as metabolism, endocytosis, paracrine signaling, and cellular architecture[28].
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5 Conclusions
In this study, a single cell transcriptome sequencing method for single sheep embryos was established. The transcriptome of sheep 8-cell,16-cell, morula and
early blastocyst were sequenced and analyzed by single cell RNA-Seq for the first time. The number of differentially expressed genes at different stages of
sheep embryonic development was identified, and the function, classification and metabolic pathway of differentially expressed genes were obtained. The
results showed that there were the most differences in differential genes and metabolic pathways from 16 cells to morula stage, and the metabolic pathways
were mainly related to cell proliferation, energy metabolism, cell cycle and so on. It also showed that during this period, the zygotic genome began to play a
role in regulating the development of embryos. This study provided a lot of information for the identification of sheep embryo transcriptome, revealed the
molecular regulation mechanism of sheep embryo development, improved the technology of in vitro embryo culture, and screened out 30 key genes, whose
functions need to be further explored.
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Figures

Figure 1

peak figure of Agilent 2100 for cDNA integrity detection by Smart-Seq2 PCR amplification (Note: Figure 8-cell-01 and 8-cell-02:8-cell cDNA peak diagram; 16-
cell-01 and 16-cell-02:16-cell cDNA peak diagram;32-cell-01 and 32-cell-02:Morula cDNA peak diagram;Bla-cell-01 and Bla-cell-02:early blastocyst cDNA peak
diagram;)

Figure 2

Base quality level of Q30 reactive sequencing. (The proportion of the bases with sequencing quality value was greater than 30 (error rate less than 0.1%) in the
total RawReads.)
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Figure 3

Content of A,T,G,C for reads of 8-cell（E8C01,E8C02）,16-cell（E1601,E1602） Morula（E32C01,E32C02）and early blastocyst（Bla01,Bla02）

Figure 4

The density distribution of mRNAs was according to log10 (FPKM);
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Figure 5

Differential gene statistics at different time points;

Figure 6

The Venn plot of DEGs
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Figure 7

Gene Ontology classification of the DEGs during embryonic development

(A:Morula VS 16 CC enrichment TOP10;B:Morula VS 16 BP enrichment TOP10;C:Morula VS 16 MF enrichment TOP10;D:Bla VS Morula CC enrichment
TOP10;E:Bla VS Morula BP enrichment TOP10;F:Morula VS 16 KEGG enrichment TOP10;The larger the bubble, the darker the color, and the higher the
enrichment rate.)
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Figure 8

The validation of candidate genes.( A. ELMOD2; B.VPS45; C. SLC39A8; D. EMC2; E. MAP4. Blue means Q-PCR, red means RNAseq GAPDH were used as the
reference gene for Q-PCR, RNA-seq relative expression was represent by FPKM)
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