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Abstract
Background

Fertility is an important economic trait in production of meat goat, and follicular development plays an
important role in fertility. Despite many mRNAs and microRNAs (miRNAs) have been found in playing
critical roles in ovarian biological processes, the interactions between mRNAs and miRNAs in follicular
development is not yet completely understood. In addition, less attention has been given to the single
follicle (dominant or atretic follicle) in goat. The study was aimed to identify mRNAs, miRNAs and
signaling pathways as well as their interaction networks in the ovarian follicles (large follicles and small
follicles) of multiple and uniparous goats (Chuanzhong Black Goats) at estrus phase by using a deep
RNA-sequencing (RNA-seq) method.

Results

The result showed that there were more large follicles in multiple than in uniparous goats ( P <0.05), while
no difference was observed in small follicles between them ( P >0.05). For the small follicles of multiple
and uniparous goats at estrus phase, 289 differentially expressed mRNAs (DEmRNAs) and 16 DEmiRNAs
were identi�ed; and for the large follicles, 195 DEmRNAs and 7 DEmiRNAs were identi�ed. Ovarian
steroidogenesis and steroid hormone biosynthesis were signi�cantly enriched in small follicles, while ABC
transporters and steroid hormone biosynthesis in large follicles. The results of qRT-PCR were generally
consistent with the RNA-seq data. The mRNA-miRNA interaction network showed that CD36 (miR-122,
miR-200a, miR-141), TNFAIP6 (miR-141, miR-200a, miR-182), CYP11A1 (miR-122), SERPINA5 (miR-1, miR-
206, miR-133a-3p, miR-133b) and PTGFR (miR-182, miR-122) might be related to fertility, but need further
veri�cation.

Conclusion

This study provides the �rst identi�cation of the DEmRNAs and DEmiRNAs as well as their interactions in
the follicles of multiple and uniparous goats at estrus phase by using RNA-seq technology. These
analyses provide new clues to uncover molecular mechanisms and signaling networks of goat
reproduction which could be potentially used to increase ovulation rate and kidding rate in goat.

Introduction
Ovulation rate is the key factor affecting the kidding rate, which is one of the most important economic
traits in goat production [1–3]. However, the genetic mechanism of kidding rate that is associated with
ovulation rate is poorly understood, which largely limits the improvement of kidding rate through genetic
selection. The major function of the ovary is to produce oocytes for fertilization and secrete steroid
hormones for regulating follicular development and control goat oestrus [4]. Oocytes mature in follicles
surrounded by nurturing granulosa cells and all are enclosed by a basal lamina [5, 6]. Only 1% of follicles
reach ovulation while more than 99% of follicles undergo atresia in mammals [7–11]. Hence, it’s
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important to study the mechanism to regulate the number of oocytes ovulated and to contribute to the
timing of ovulation.

In mammals, studies on follicles were mainly concentrated in zebra�sh [12], mice [13], humans [14], pigs
[15], bovine [16], rats [17] and sheep [18]. They revealed the effects of granulosa cells and theca cells on
follicular development, follicular atresia and luteal development, and further elucidated the mechanism of
genes and signaling pathways. However, little was known on goat follicles. In goat, the studies worked to
identify the key genes that involved in the regulation of ovulation rate and kidding rate by transcriptome
sequencing of goat ovaries, and the signaling pathways that affected ovulation and fertility [1, 4, 19–25].
The study on litter size of goats showed that PDGFRB, MARCH1, KDM6A, CSN1S1, SIRT3, KITLG, GHR,
ATBF1, INHA, GNRH1 and GDF9 might be candidate genes for goat reproductive traits [22, 26–35].
Growth hormone (GH) and members of the insulin-like growth factors (IGF-I and IGF-II) family system
may play a key role in the follicular development and atresia [2, 36], and the genes FER1L4 and SRD5A2
may be associated with the high fecundity of goats [37]. In addition, many studies suggested that
microRNAs (miRNAs) in�uenced ovarian biological processes in goat, and a lot of differentially expressed
miRNAs (DEmiRNAs) have been identi�ed and comparatively analyzed in the ovaries of prolifc and non-
prolifc goats, such as miR–21, miR–99a, miRNA–143, let–7f, miR–493 and miR–200b [1, 25, 38].
However, the major genes and miRNAs related to ovulation rate and litter size have not yet been identi�ed
in goats through transcriptome sequencing of ovary as a whole. Because of that the follicle is a unique
micro-environment within which the oocyte can develop and mature to a fertilisable gamete, it is very
necessary to study the single follicle to explore the factors affecting ovulation rate and kidding rate in
goats.

Chuanzhong (CZ) black goat is an excellent local goat resource in China. The resources are abundant in
China as well as in Southeast Asia, and play an important role in herbivorous livestock [39]. After long-
term natural selection and arti�cial cultivation, CZ black goat has gradually formed local meat goat
breeds with high genetic stability [40]. However, low fecundity was still the main bottleneck restricting the
development of high e�ciency goat industry.

To better understand the role and importance of follicles in kidding rate, we undertook transcriptome
pro�ling of small follicles (S, diameter (d) <3 mm) and large follicles (d >1 cm) from multiple and
uniparous CZ black goats during estrus phase to identify DEmRNA and DEmiRNA, respectively.
Furthermore, the mRNA and miRNA interaction networks were built, and Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment analyses of DEmRNAs and target genes of
miRNAs were conducted. The study will further explore the role of ovarian follicular mRNAs and miRNAs
in goat reproduction, and provide theoretical basis for improving ovulation and kidding rate in the future.

Result
1. Comparison of follicles between multiple and uniparous in CZ black goat
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Among the separated follicles used for sequencing, large follicles (d >1 cm) were larger with abundant
blood vessels on the surface, while the small follicles (d <3 mm) were relatively small and had no
abundant blood vessels (Figure 1). After separation of follicles, the number of follicles in uniparous and
multiple goats was counted and analyzed (Table 1). The total number of follicles in multiple goats was
more than that in uniparous goats (P <0.05). Furthermore, there was signi�cant difference in the number
of large follicles between multiple and uniparous goats (P <0.05), while no difference in small follicles (P
>0.05).

2. Analysis of transcriptome sequencing and mapping

We collected twelve large follicles from four uniparous goats and four multiple goats, and nine small
follicular pools from four uniparous goats and �ve multiple goats. Eight to ten small follicles were pooled
from each goat for a replicate, and only one single large follicle from each goat for a replicate. Then we
sequenced RNA libraries of these seventeen follicular samples. Counts of clean reads and mapped ratio
of sequencing results were displayed in Table 2. The data showed that the sequencing results met the
requirements and can be further analyzed. Finally, we obtained four groups to further analysis: Uniparous-
small follicles vs Multiple-small follicles (Uni-S vs Mul-S) and Uniparous-large follicles vs Multiple-large
follicles (Uni-L vs Mul-L).

3. Identi�cation of DEmRNAs and DEmiRNAs

For small follicles, a total of 289 DEmRNAs (131 upregulated and 158 downregulated) and seven
DEmiRNAs (seven downregulated) were indenti�ed in Uni-S vs Mul-S (Figure 2a and Table 3a). For large
follicles, a total of 195 DEmRNAs (120 upregulated and 75 downregulated) and 16 DEmiRNAs (4
upregulated and 12 downregulated) were indenti�ed in Uni-L vs Mul-L (Figure 2b and Table 3b). For better
analysis, we re-screened DEmRNA based on FPKM> 1 at least three samples of each group. Then, we
obtained 119 and 37 DEmRNAs from Uni-S vs Mul-S and Uni-L vs Mul-L, respectively, and the top 10
DEmRNAs and DEmiRNAs were showed in Table 3. The venn diagrams of shared DEmRNAs and
DEmiRNAs were showed in Figure 2c-d, 2 shared DEmRNAs (AMDHD1 and LOC102190765) and 5 shared
DEmiRNA (miR–141, miR451–5p, miR–122, miR–182 and miR–206) were identi�ed in both Uni-S vs
Mul-S and Uni-L vs Mul-L.

4. Functional annotation of DEmRNAs

According to the functional annotation of DEmRNAs between Uni-S and Mul-S, 455 GO terms were
signi�cantly enriched including cell periphery, plasma membrane, steroid biosynthetic process, steroid
hydroxylase activity, receptor binding (Table 4), and KEGG pathways including ovarian steroidogenesis,
cortisol synthesis and secretion, cytokine-cytokine receptor interaction, steroid hormone biosynthesis,
metabolism of xenobiotics by cytochrome P450 (Figure 2e).

Based on the functional annotation of DEmRNAs between Uni-L and Mul-L, 322 GO terms were
signi�cantly enriched including cell periphery, plasma membrane, animal organ development, embryo
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development, anion channel activity (Table 4), and KEGG pathways including ABC transporters, retinol
metabolism, steroid hormone biosynthesis, drug metabolism-cytochrome P450, metabolism of
xenobiotics by cytochrome P450 (Figure 2f).

5. DEmRNA-DEmiRNA interaction network

For Uni-S vs Mul-S, a total of 76 DEmRNA-DEmiRNA interaction pairs including 41 DEmRNAs (26 up-
regulated and 15 down-regulated) and 7 down-regulated DEmiRNAs were identi�ed (Figure 3a). chi-miR–
200a (degree = 20), chi-miR–141 (degree = 20), chi-miR–182 (degree = 16), chi-miR–206 (degree = 10)
and chi-miR–122 (degree = 7) were the top 5 DEmiRNAs that owned most of target DEmRNAs. BTLA
(degree = 5), C1orf887 (degree = 4) and ENSCHIF00000015853 (degree = 4) were the hub genes.For Uni-L
vs Mul-L, a total of 153 DEmRNA-DEmiRNA interaction pairs including 56 DEmRNAs (41 up-regulated and
15 down-regulated) and 16 down-regulated DEmiRNAs (4 up-regulated and 12 down-regulated) were
identi�ed (Figure 3b). chi-miR–141 (degree = 17), chi-miR–182 (degree = 13), chi-miR–122 (degree = 12),
chi-miR–154b–3p (degree = 12) were the top DEmiRNAs that owned most of target DEmRNAs. CLCA1
(degree = 7), ENSCHIG00000017462 (degree = 6), ENSCHIG00000015853 (degree = 5), SERPINA5 (degree
= 5) and CLEC4G (degree = 5) were the hub genes.

In order to further narrow the scope of genes and obtain better candidate genes, DEmRNAs were screened
according to FPKM >1 of at least three samples per group. Then, 19 pairs and 19 pairs of DEmRNA-
DEmiRNAs were obtained from Uni-S vs Mul-S and Uni-L vs Mul-L, respectively (Figure 3c-d). Among
them, higher expression of TNFAIP6 (degree = 3), CD36 (degree = 3), BTK (degree = 2) and AKAP4 (degree
= 2) in Uni-S vs Mul-S, and ENSCHIG00000017462 (degree = 6), SERPINA5 (degree = 5) and PTGFR
(degree = 4) in Uni-L vs Mul-L.

6. Validation by qRT-PCR

Total six DEmRNAs and �ve DEmiRNAs randomly selected for veri�cation by qRT-PCR. Based on the RNA-
sequencing results, 3BHSD and STAR were up-regulated and LEPR was down-regulated in Uni-S vs Mul-S.
CCL21, RARRES1 and DPT were down-regulated in Uni-L vs Mul-L. The qRT-PCR results were consistent
with the RNA-sequencing results generally (Figure 4).

Discussion
Exploring the genetic mechanism of ovulation rate is an important way to improve the kidding rate, which
is fundamental to goat production. The greater number of large follicles that stimulate ovulation are
believed to be a primary reason for higher ovulation rate [35]. Despite many mRNAs and miRNAs have
been found in playing critical roles in ovarian biological processes, the major genes and miRNAs related
to ovulation rate and kidding rate have not been identi�ed in goats. In addition, the interaction between
mRNAs and miRNAs in follicular development is not yet completely understood. To identify the key genes
and miRNAs as well as interactions between them involved in ovulation rate and kidding rate, we
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compared DEmRNAs and DEmiRNAs from different sizes of follicles between uniparous and multiple CZ
black goats during estrus phase by using RNA-Seq.

The result showed that there were more large follicles in multiple than in uniparous goats (P <0.05), while
no difference was observed in small follicles between multiple and uniparous goats, verifying that the
higher number of large follicles was related to higher ovulation rate [35]. Based on the RNA sequence
data, we identi�ed 119 and 37 DEmRNAs in Uni-S vs Mul-S and Uni-L vs Mul-L, respectively (FPKM >1 of
at least three samples per group). These DEmRNAs were involved in the ovarian development related
pathways, such as ovarian steroidogenesis, steroid hormone biosynthesis, metabolism of xenobiotics by
cytochrome P450 and so on (Figure 2e-f). And many genes (about 37% in Uni-S vs Mul-S and about 41%
Uni-L vs Mul-L) had been reported to be associated with reproduction in mammal (data not showed),
such as TNFAIP6, MMP9, INSL3, LEPR, 3BHSD, LHCGR, ARL4C, CD36, CYP11A1, AMDHD1, SPOCK2,
AMDHD1, MFAP5, CCL21, PTGFR, SERPINA5, and so on [19, 41–54]. Of these genes, TNFAIP6, CYP11A1,
CD36, PTGFR and SERPINA5 had been reported to be associated with ovulation rate, and TNFAIP6,
CYP11A1 and CD36 were differentially expressed in Uni-S vs Mul-S, PTGFR and SERPINA5 were in Uni-L
vs Mul-L.

TNFAIP6 is a secretory protein of the hyaluronan-binding protein family, which plays a role in cumulus
cell stabilisation and expansion, being upregulated in bovine granulosa cells (GCs) during ovulation [41,
55–57]. And TNFAIP6-de�cient females were sterile in mice[40]. The present study reported that TNFAIP6
gene expression was 8-fold higher in Mul-S than in Uni-S, suggesting a possible role of TNFAIP6 gene in
the cumulus cells (CCs) expansion in small follicles of multiple goats at estrus phase. CYP11A1 played a
key role in the regulation of steroid-producing pathways in GCs [58]. The �rst step of steroid biosynthesis
pathway was to convert cholesterol into pregnenolone through the action of CYP11A1 gene in
mitochondria, and pregnenolone acted as a substrate for progesterone synthesis through the mediation
of 3BHSD gene [59, 60]. In this study, CYP11A1 gene was up-regulated in small follicles from multiple
goats, which was consistent with the reports in goat ovary [12], demonstrating that CYP11A1 gene might
perform multiple roles in ovarian development in goat. CD36 is a multifunctional receptor-binding
autocrine growth factor that can regulate angiogenesis, cell growth and adhesion. The expression of
CD36 genewas follicle-type dependent with the greatest expression in atretic follicles, and the lowest in
healthy follicles[61–64]. Knockdown of CD36 gene had been shown to increase proliferation and
expression of survival and angiogenic in granulosa, endothelial and tumor cells [63]. In this study, CD36
gene was up-regulated in uniparous goats and participated in hematopoietic cell lineage, speculating that
CD36 gene may affect litter size by affecting the proliferation of GCs or angiogenesis. Overall, TNFAIP6
and CYP11A1 genes played a positive role in the regulation of ovulation, while CD36 gene was
contributed to follicular atretic. Accordingly, TNFAIP6 and CYP11A1 genes was upregulated in small
follicles of multiple goats in our study, and CD36 gene was downregulated, indicating that there were
more small follicles could grow up to dominant follicle in multiple goat. Thus, these genes might play a
key role in ovulation rate or kidding rate in goat.
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In GCs of periovulatory follicles and corpus luteum (CL) of mice, the expression of PTGFR was drastically
reduced [65]. For human and primates, PTGFR stimulation promotes functional luteolysis only when
PTGFRs relocated from the cytoplasm to the perinuclear region, which may be a necessary step in the
initiation of luteolysis in monkey[66]. Our result showed that PTGFR gene was downregulated in large
follicles from multiple goats, suggesting that the greater reduction of PTGFR gene expression in multiple
goats may contribute to ovulate more. The previous studies reported that SERPINA5, as a protease
inhibitor, was expressed in the reproductive tract of adult mice and in the GCs of bovine follicles, and was
highly expressed in bovine healthy follicles [54, 67]. SERPINA5 gene was down-regulated in ovarian
cancer (OC) studies [68–70]. We found that SERPINA5 gene was up-regulated in large follicles from
multiple goats, suggesting that SERPINA5 gene may affect follicular development and kidding ratein
goat. Take it together, the downregulation of PTGFR gene and upregulation of SERPINA5 gene in large
follicles would be helpful to ovulate more in multiple goats.

We identi�ed seven and sixteen differentially expressed miRNAs in Uni-S and Mul-S and Uni-L and Mul-L
groups, respectively. And miR–200a, miR–451–5p, miR–141, miR–182, miR–206 and miR–122 was
highly expressed miRNAs in Uni-S and Mul-S groups, miR–1, miR–206, miR–133a–3p, miR–133b, miR–
182, miR–215–5p, miR–122 and miR–451–5p was highly expressed miRNAs in Uni-L and Mul-L groups.
However, only miR–200a were reported highly expressed in the ovaries of goats [1], demonstrating that
the expression of miRNAs in whole ovary, small follicles and large follicles were independent of each
other. Of these 14 highly expressed DEmiRNAs, miR–200a, miR–141, miR–1, miR–206, miR–133b, miR–
133a–3p, miR–182 and miR–122 had been reported to play important roles in basic reproductive
activities. miR–200a was more abundant in ovarian tissue during the luteal phase and may have an
important role in the follicular-luteal transition by binding to LHR mRNA directly in sheep [71]. miR–200a
was frequently overexpressed and was closely related to the cell migratory, cell proliferation and invasive
abilities in ovarian [72–74]. miR–141 was signi�cantly upregulated in OC cell lines and advanced
metastatic ovarian cancers [75, 76]., and it might inhibit granulosa cell apoptosis by targeting DAPK1
through MAPK signaling pathway and further lead to the development of polycystic ovary syndrome [77].
In this study, miR–200a and miR–141 were upregulated in small follicles of uniparous goats, suggesting
that they might affect the normal development of granulosa cells, thereby affected maturation of the
oocyte, and �nally reducing ovulation rate. miR–206 and miR–1 were the potential tumor suppressor and
down-regulated in OC tissues, and they both can inhibit c-Met expression and regulate cell proliferation,
migration and invasion [78, 79]. miR–206 inhibited OC cell proliferation, migration and invasion, and
induced apoptosis [78, 80, 81]. miR–206 and miR–1were downregulated in large follicles from multiple
goats in our study, which may be related to the maturation of the oocyte and ovulation in goat. miR–133
family (miR–133a–3p and miR–133b) had been involved in regulation of many cellular processes such
as cell proliferation, apoptosis, migration and invasion [82, 83]. miR–133a–3p was the target of LncRNA
HOXD-AS1, whcih promoted the proliferation, invasion, and EMT process of EOC cells and activated Wnt/
β-catenin signaling pathway [84]. Foxl2 is a conserved, early-acting gene in vertebrate ovarian
development, and play an important role on proliferation of GCs and maturation of the oocyte [61, 62].
Recently, the Foxl2 gene has been reported to be regulated by miR–133b. miR–133b can bind to the
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Foxl2–3’UTR in GCs to inhibit the expression of the downstream genes STAR and CYP19A1, which can
promote estrogen secretion in granulosa cells simultaneously [85]. miR–133b was up-regulated more
than 30-fold in MI oocytes after IGF–1 treatment, and may play important roles in the growth and
maturation of oocytes by regulating its potential target gene TAGLN2 [86].

Compared with Uni-S vs Mul-S and Uni-L vs Mul-L, miR–182 and miR–122 were differentially expressed
in both groups. miR–182 was up-regulated in follicular �uid of polycystic ovary syndrome (PCOS)
patients [87], and it’s expression was signi�cantly increased in OC cell lines and tissues [88]. miR–122
inhibited epithelial mesenchymal transition by regulating P4HA1 in OC cells [39]. miR–122 played a
regulatory role in LHCGR expression, which were crucial for mediating LH action in growing follicles, by
modulating LRBP levels during FSH-induced follicle growth [89]. miR–122 mediated LHR mRNA levels by
modulating the expression of LRBP through the regulation of SREBP activation, which were crucial for
supporting key reproductive processes such as ovulation and CL function [90]. In this study, miR–182
and miR–122 both were upregulated in uniparous goat, suggesting that they may affect ovulation rate by
affecting follicular growth in uniparous goats.

Taken together, this study showed that CD36, TNFAIP6, CYP11A1, SERPINA5 and PTGFR would be related
to ovarian follicular development and luteinization in goat, but their upstream determinants were still
uncertain. By predicting the target genes of DEmiRNAs, high expression of CD36 (miR–122, miR–200a),
TNFAIP6 (miR–200a, miR–182), CYP11A1 (miR–122), SERPINA5 (miR–1, miR–206, miR–133a–3p,
miR–133b) and PTGFR (miR–182, miR–122) were screened (Figure 6), which may be related to ovulation
and kidding rate.

Conclusion
Identifying the precise subset of genes and miRNAs involved during follicle development is essential to
fully comprehend the cascade of events leading to ovulation of the follicle, and will likely contribute to a
better control of fertility. The study provides the �rst identi�cation of the DEmRNAs and DEmiRNAs as
well as their interactions in the follicles of multiple and uniparous goats at estrus phase by using RNA-
seq technology. CD36 (miR–122, miR–200a), TNFAIP6 (miR–200a, miR–182), CYP11A1 (miR–122),
SERPINA5 (miR–1, miR–206, miR–133a–3p, miR–133b) and PTGFR (miR–182, miR–122) might play a
critical role in goat proli�cacy. This study laid a solid foundation for elucidating the regulatory
mechanisms of mRNAs and miRNAs in CZ black goat and provides a unique source for exploring miRNA
targets in the future.

Materials And Methods
1. Ethics statement

All experiments and sample collections with CZ black goats used in the present study were performed in
strict accordance with the Regulation on the Administration of Laboratory Animals (2017 Revision,
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CLI.2.293192, State Council, China). The animal experiment protocol was approved by the Institutional
Animal Care and Use Committees (IACUCs) of South China Agricultural University (Approval No. 2018-
P002). All efforts were made to minimize animal suffering.

2. Animals and sample preparation

In the present study, CZ goats were obtained from the South China Agriculture University, Guangdong,
China. A total of eleven healthy female goats with the same age (about 3.5–4.5 years old) and more than
three litters were raised under similar conditions of free access to food and water in natural lighting. Six
goats were multiple goats with about 2.8 kids per pregnancy, while �ve goats were uniparous goats with
only one kid per pregnancy. Mul: the six goats had three litters which kidding ≥ 2. Uni: the �ve goats had
three litters which kidding = 1.

In order to achieve synchronize estrus, each goat was injected intramuscularly with 0.1 mg
chloroprostenol on the same day. Eighteen days later, male goats (vasectomy and ligation of vas
deferens) were used to con�rm whether the does were estrous. With 24 hours after estrus (in the middle
of estrus), all goats were weighed and slaughtered at a local slaughterhouse. The intact ovaries were
rapidly collected and washed with PBS thrice. The small follicles (S, diameter (d) <3 mm) or large antral
follicles (L, d >1 cm) were isolated from ovarian stromal tissue with tweezers by immersing the ovary in
PBS, then placed in liquid nitrogen (Table 5).

3. RNA extraction and quali�cation

Total RNA was extracted from the whole ovarian follicle by using Trizol reagent (Invitrogen, Carlsbad, CA,
USA) according to the manual instruction. The RNA quality was evaluated with the Nanodrop ND–2000
spectrophotometer (Thermo Scienti�c, Wilmington, DE, USA) and Agilent 2100 Bioanalyzer (Agilent
Technologies, Palo Alto, Calif.). RNA integrity was checked by using 1% agarose gel.

4. mRNA sequencing and data processing

A total of 3 μg RNA per sample was used as input material for rRNA removal using the Ribo-Zero
Magnetic kit (EpiCentre, Madison, Wisconsin, USA). Then, RNA was fragmented into 200–300 bp by ion
interruption. The �rst cDNA strand was synthesized by 6-base random hexamer primers and reverse
transcriptase, and the second cDNA strand was synthesized with dUTP instead of dTTP. The library was
constructed and ampli�ed according to the size of the fragments (300–400 bp) by PCR and Agilent 2100
Bionalyzer (Agilent Technologies, CA, USA). The hybrid library was uniformly diluted to 2 nM through
mixed proportionally the libraries containing different index sequences and formed a single chain library
by TruseqTM RNA sample prep kit (Illumina, San Diego, CA, USA). The libraries were sequenced by paired-
end sequencing on the HiSeq 2500 sequencer (Illumina, San Diego, CA, USA).

Raw reads of fastq format were then processed through Illumina 1.8 version. The data of each sample
were analyzed and the formula of Q value is Qphred = –10log10p. Then raw reads were �ltering by

http://www.pkulaw.cn/fbm
http://en.pkulaw.cn/Search/SearchLaw.aspx?department=5
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/follicle
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/stromal-cell
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Cutadapt with its standards include removal of 3 ‘end joints, removal of parts that have at least 20% base
mismatch with known joints 10 bp overlap (agatcggaag), and removal of reads with an average mass
fraction less than Q20. After trimming the raw reads, the clean reads were mapped to the goat reference
genome (GCF_001704415.1_ARS1) Ensembl V96 by Tophat2. The Mismatch of default reads and
reference genomic sequence was within 2, and the mapping ratio is generally higher than 70%.

5. Small RNA library construction, sequencing, and data processing

Following extraction and puri�cation, about 2 μg total RNA per sample was used to construct the small
RNA library using TruSeq Small RNA Sample prep Kit (Illumina San Diego CA, USA). All libraries for high
throughput sequencing of miRNA were ampli�ed through PCR with adding the sequencing connector and
the Index part. Then, the 18–36 nt RNA was puri�ed by 6% Novex TBE PAGE gel (1.0 mm, 10 well) and
was quali�ed by using Agilent 2100 Bioanalyzer. Single-stranded cDNA was performed on Bridge PCR
followed by single-end sequencing on an Illumina on the HiSeq 2500 sequencer (Illumina, San Diego, CA,
USA).

Raw reads were processed with the script developed by the company consisting of index trimming, read
alignment and read counting. The resected clean reads was mapped to the goat reference genome by
miRDeep2, in which the mapper.pl program invokes Bowtie, for the alignment between the de-repeat
sequence and the reference genome sequence. The de-repeat sequences were aligned to the mature
miRNA and precursor miRNA sequences of the species in the miRBase (http://www.mirbase.org/) [91],
and the detected miRNA was annotated. Using mireap to analyze unannotated sequences of information,
a new miRNA prediction analysis was carried out. According to the number of sequences of miRNA
mature bodies of this species, the reads count values of miRNA were calculated.

6. Identi�action of DEmRNAs and DEmiRNAs

In RNA sequencing analysis, the criteria for measuring mRNA and miRNA expression levels were FPKM
(Fragments Per Kilobase of exon model per Million mapped reads) and CPM (CPM = C/N×1000000; C is
the Reads number of the gene, and N is the total Reads number of the gene) values, respectively.
Differential expression in each group were identi�ed by using DESeq package (version 1.18.0) in R,
DEmRNAs and DEmiRNAs were identi�ed with the |log2FoldChange|>1 and P-value<0.05 as the cut-off
criteria.

The volcanic diagrams of differentially expressed genes were drawn by R language ggplots2 software
package. All genes and samples were clustered by using R language Pheatmap software package. The
distance was calculated by Euclidean method according to the expression level of the same gene in
different samples and the expression patterns of different genes in the same sample. The longest
distance method of hierarchical clustering (Complete Linkage) is used for clustering.

7. Prediction of target gene and construction of mRNA-miRNA interaction network

http://mapper.pl/
http://www.mirbase.org/
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In this study, miRanDa was used to predict the target genes of DEmiRNA. The target genes of DEmiRNA
sequences were predicted by using the 3’UTR sequence of the mRNA of the species as the target
sequence. Because of too many target genes, the data were re-�ltered and criteria was that the gene could
only be retained in FPKM >1 of at least three samples each group. Based on the re-�ltered data, DEmRNA-
DEmiRNA pairs in Uni-S vs Mul-S and Uni-L vs Mul-L were constructed.

8. Function enrichment analysis

GO (http://geneontology.org/) enrichment and KEGG (http://www.kegg.jp/) pathway analyzed DEmRNAs
and target genes of DEmiRNAs. The degree of enrichment was measured by Richfactor, FDR and the
number of genes that were enriched into this pathway. Both GO terms and KEGG pathways were
corrected. P-value ≤ 0.05 was considered to be signi�cantly enriched.

9. RNA preparation and quantitative real-time PCR analysis

Firstly, Total RNA was extracted from ovarian follicles with Total RNA kit  (OMEGA, USA) for qRT-PCR of
DEmRNA and DEmiRNA. Secondly, the levels of DEmRNAs were measured by the PrimeScript® RT
Reagent Kit With gDNA Eraser (TaKaRa, China) and qRT-PCR using SYBR® Green PCR Supermix (Bio-Rad,
USA). Each 20 μL reaction included 10 μL of SYBR® Green PCR Supermix, 1 μL of each divergent primer,
1 μL of cDNA and 7 μL of RNase-free water. The cycling conditions included an initial single cycle (95℃
for 1 min), followed by 34 cycles (95℃ for 30s; 58℃ for 30s; 72℃ for 1min). Melting-curve analyses
were performed to verify the product identity. Then, the levels of DEmiRNAs were measured by qRT-PCR
using miDETECT A Track TM miRNA qRT-PCR Starter kit (RiboBio, Guangzhou, China). Each 20 μL
reaction included 10 μL of SYBR Green Mix, 0.5 μL of each divergent primer, 1 μL of cDNA and 8 μL of
RNase-free water. The cycling conditions included an initial single cycle (95℃ for 10 min), followed by 40
cycles (95℃ for 5s; 60℃ for 30s; 72℃ for 30s). Melting-curve analyses were performed to verify the
product identity.

According to the results of RNA-Seq, 6 DEmRNAs and 5 DEmiRNAs were selected for validation by using
qRT-PCR. Primers for DEmRNAs and DEmiRNAs were obtained from Sangon Biotech (Shanghai, China)
and RiboBio Company (Guangzhou, China), respectively. The information of the quantitative primers used
in this experiment is listed in Table 6. Actin-β and U6 were used as endogenous controls for mRNA and
miRNA, respectively, and all reactions were performed in triplicate. Relative expression levels were
analyzed via the 2−ΔΔCt method. The changes of gene expression levels between qRT-PCR results and
RNA-seq results were calculated and compared.
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Tables
Table 1 Comparison of follicles between Uniparous and Multiple CZ black goat

Groups The number of follicles

Small follicles (d<3 mm) Large follicles (d>1 cm) Total number

Uniparous 30.29±4.36 a 2.71±0.36 b 39.57±3.41 b

Multiple 45.83±7.01 a 4.83±0.7 a 69.17±7.13 a

Values are expressed as the means ± standard error.

Different letters denote values within a row, with non-matching superscript letters representing

significant differences (P < 0.05).

 

Table 2 Counts of clean reads and mapped ratio of sequencing results 

sample Q30 (%) Clean Reads (%) Total Mapped (%) Uniquely Mapped (%)

1L 94.23  104768836 (99.62) 93091299 (88.85) 89904506 (96.58)

1S 94.26  103870160 (99.62) 89325162 (86.00) 86178560 (96.48)

2L 94.85  100396168 (99.70) 89929580 (89.57) 87064232 (96.81)

2S 94.88  102014414 (99.69) 88224659 (84.48) 85375813 (96.77)

3L 94.15  104879676 (99.48) 96174993 (91.70) 93014775 (96.71)

3S 94.24  102993890 (99.45) 93439661 (90.72) 90706789 (97.08)

4L 92.66  105470926 (99.40) 94602673 (89.70) 90695153 (95.87)

4S 92.27  103362624 (99.45) 89016110 (86.12) 86176140 (96.81)

5L 92.57  102209432 (99.37) 91648613 (89.67) 88135894 (96.17)

5S 94.11  106653668 (99.77) 94898026 (88.98) 91876107 (96.82)

6L 93.86  100346902 (99.75) 90637403 (90.32) 87309742 (96.44)

6S 91.52  105756846 (99.19) 88562076 (83.74) 85171985 (96.17)

7L 92.26  101449700 (99.50) 87567963 (86.32) 84396898 (96.38)

7S 93.79  103645956 (99.58) 91547208 (88.33) 89350437 (97.60)

8L 91.91  102150920 (99.54) 88542997 (86.68) 85076770 (96.09)

8S 92.38  106529902 (99.45) 89051464 (83.59) 85509801 (96.02)

9S 91.87  105002632 (99.51) 90469465 (86.16) 87006833 (96.17)

L (large follicles), S (small follicles) 

 

Table 3 The top 10 DEmRNAs and DEmiRNAs in Uni-S vs Mul-S (a) and Uni-L vs Mul-L (b) 
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DEmiRNA log2fold change P-val DEmRNA log2fold change P-val

a chi-miR-200a -7.77 3.18E-02 S100A12 -3.75 5.93E-05

chi-miR-141 -7.94 1.18E-02 MMP9 -2.55 3.15E-06

chi-miR-451-5p -9.01 9.45E-03 INSL3 2.39 8.34E-05

chi-miR-182 -10.62 1.39E-02 WNT5B -1.65 2.25E-06

chi-miR-184 -11.45 3.83E-02 ARL4C -1.59 7.98E-07

chi-miR-206 -11.91 1.07E-02 TGFBI -1.55 1.64E-05

chi-miR-122 -12.44 1.24E-03 LFNG -1.35 8.70E-05

      MAP7D2 1.32 8.68E-05

      SDC1 -1.14 9.74E-05

      NT5E 1.03 1.16E-04

b chi-miR-496-5p 4.43 2.06E-02 DPT -1.81 8.07E-04

chi-miR-141 -6.46 5.90E-03 COL6A6 1.77 6.14E-03

chi-miR-1 -7.02 1.25E-02 MFAP5 -1.67 6.36E-03

chi-miR-451-5p -7.05 6.81E-03 BRINP3 -1.52 3.59E-04

chi-miR-34c-5p -7.86 2.22E-02 SPOCK2 -1.37 1.09E-03

chi-miR-133b -9.62 3.12E-03 RNASE6 -1.33 7.43E-03

chi-miR-34b-5p -9.82 6.78E-03 XG -1.22 5.27E-03

chi-miR-122 -10.73 2.17E-03 AMDHD1 1.19 3.19E-03

chi-miR-182 -10.83 1.61E-03 ADAM33 -1.04 1.01E-02

chi-miR-206 -12.91 5.17E-03  CCL21 -1.01 9.18E-03 

 

Table 4 Top 5 GO term of DEmRNAs in Uni-S vs Mul-S and Uni-L vs Mul-L 
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Category Term DEG P Term DEG P

  Uni-S vs Mul-S Uni-L vs Mul-L

Biological

process

immune system process 45 3.10E-

07

anterior/posterior

pattern

specification

11 1.20E-

07

immune response 24 6.90E-

05

definitive

hemopoiesis

4 9.30E-

06

steroid biosynthetic process 7 1.20E-

04

regionalization 11 1.10E-

05

organic hydroxy compound

biosynthetic process

8 2.40E-

04

pattern

specification

process

12 1.10E-

05

superoxide anion generation 4 3.00E-

04

skeletal system

morphogenesis

9 1.80E-

05

Cellular

component

cell surface 18 4.40E-

05

extracellular

region part

13 4.60E-

04

extracellular region 24 7.00E-

05

extracellular

region

14 5.70E-

04

extracellular space 18 1.20E-

04

extracellular

matrix

5 2.38E-

03

extracellular region part 21 1.70E-

04

cell periphery 25 6.60E-

03

plasma membrane 45 1.08E-

03

protein C

inhibitor-

TMPRSS7

complex

1 6.88E-

03

Molecular

function

 

deaminase activity 3 4.90E-

04

icosanoid receptor

activity

2 1.20E-

03

receptor activity 17 6.30E-

04

chloride channel

activity

3 2.70E-

03

hydrolase activity, acting on carbon-

nitrogen (but not peptide) bonds, in

cyclic amidines

3 6.40E-

04

drug binding 3 4.20E-

03

glycogen binding 2 6.50E- chloride 3 4.20E-
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04 transmembrane

transporter

activity

03

receptor binding 24 6.70E-

04

anion channel

activity

3 4.80E-

03

DEG, the number of different expressed genes. P, P-value.

 

Table 5 Sample characteristics

Index Number (n) Age (years old) S (d<3mm)

/per one1

L (d>1cm)

/per one2

Multiple (Mul) 6 3.5-4.5 8-10 1-2

Uniparous (Uni) 5 3.5-4.5 8-10 1-2

1 Eight to ten small follicles were collected and pooled from each goat.

2 One to two large follicles were collected from each goat. 

 

Table 6 Primers of DEmRNAs

Gene name Forward primer (5’-3’) Reverse primer (5’-3’) Product length/bp

3BHSD agggcatctcagtggtca ggataaagactggcacgcta 144

LEPR ccattgagaagtatcagttcagtc catgctggtgtttttcatcatcttg 105

STAR cagaagggtgtcatcagagc tgagcagccaggtgagttt 97

CCL21 ccgaaagaagattcccgcca ggcgagaacaggatagctgg 90

RARRES1 gcgcgtgggttaatcagaag acattaacagctggtctgggtt 148

DPT gtaccagacatgctccaacaa ctgttgtcagccagcaggaa 137

Actin-β tgcttctaggcggactgatt tacaatcaaagtcctcggccac 106

 

Figures
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Figure 1

Pictures of ovaries and follicles. (a) Large follicles (black arrows) and small follicles (yellow arrows) in
the ovaries before follicle separation. (b) large follicles after separation. (c) small follicles after
separation.
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Figure 2

RNA-seq reveals distinct expression pattern of DEmRNAs on large and small follicles from uniparous and
multiple goats. (a) Unsupervised clustering analysis showing expression pro�les of DEmRNAs between
Uni-S and Mul-S groups. (b) Unsupervised clustering analysis showing expression pro�les of DEmRNAs
between Uni-L and Mul-L groups. (c) Venn diagrams demonstrating the distribution of the DEmRNA
shared in Uni-S vs Mul-S and Uni-L vs Mul-L groups. (d) Venn diagrams demonstrating the distribution of
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the DEmiRNA shared in Uni-S vs Mul-S and Uni-L vs Mul-L groups, respectively. (e) Top ten KEGG
pathways of DEmRNAs in the Uni-S vs Mul-S. (f) Top ten KEGG pathways of DEmRNAs in the Uni-S vs
Mul-S (a) and Uni-L vs Mul-L (b)

Figure 3

The original and selected DEmRNA-DEmiRNA interaction network of Uni-S vs Mul-S and Uni-L vs Mul-L.
(a) The original DEmRNA-DEmiRNA interaction network of Uni-S vs Mul-S. (b) The original DEmRNA-
DEmiRNA interaction network of Uni-L vs Mul-L. (c) The selected DEmRNA-DEmiRNA interaction network
of Uni-S vs Mul-S. (d) The selected DEmRNA-DEmiRNA interaction network of Uni-L vs Mul-L. Ellipses and
v shape represented DEmRNAs and DEmiRNAs, respectively. Red and green color of nodes represented
upregulation and downregulation, respectively.
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Figure 4

Veri�cation of differently expressed genes and miRNAs by qRT-PCR. (a) The expression of six genes was
validated using qRT-PCR and compared with the expression levels obtained from RNA-seq. (b) The
expression of �ve miRNAs was validated using qRT-PCR and compared with the expression levels
obtained from RNA-seq. Expression data are presented as expression values of genes and miRNAs in Uni-
S vs Mul-S and Uni-L vs Mul-L. The qRT-PCR of genes values were normalized relative to the expression
levels of Actin-β in the same cDNA sample, and miRNAs were relative to the expression levels of U6.


