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Table 1- Candidate genes associated with ovulation rate of cattle in NCBI

database
Gene ensemble ID Gene symbol  Entrez gene ID
ENSBTAG00000005077 CXCL12 613811
ENSBTAG00000017869 CAV1 281040
ENSBTAG00000002912 INHBA 281867
ENSBTAG00000008096 EDN1 281137
ENSBTAG00000001060 CXCR4 281736
ENSBTAG00000032017 INHBB 530430
ENSBTAG00000012510 PLCB3 515669
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Table 2- Explored transcription factors on promoter of the candidate genes associated with ovulation
rate in cattle

P-value Transcription factor Matrix family Model
ZNF658 VSZTRE
3.08376e-07 ZNF658 VSZTRE Model 1
ZNF658 VSZTRE
[E2F1 E2F3 E2F5 E2F7.EGR1 EGR3 WT1 EGR4 EGR2
VSEGRF
E2F2 .E2F4 E2F6 E2F8
KLF6 KLF8 KLF12 KLF15 .KLF3 KLF5 KLF7 .KLF9
1.56787e-05 VSKLFS Model 2
TFDP2 TFDP1 KLF1 KLF13 KLF17 KLF4
ZBTBT7A ZNF148 ZNF219 ZBTB7B ZNF202 .ZNF300
SP2 SP4 SP6 .SP8 VozF02
KLF6 KLF8 KLF12 KLF15 KLF3 KLF5 KLF7 KLF9
L
TFDP2 TFDP1KLF1 KLF13 KLF17 .KLF4 VoKLFS
7.65534e-05 Model 3
[E2F3 E2F5 E2F7 EGR1 EGR3 WT1 .EGR4 EGR2 :
VSEGRF

E2F2 E2F4 E2F6 E2F8 E2F1
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ZBTB7A ZNF148 ZNF219 ZBTB7B ZNF202 ZNF300
SP2 SP4 SP6 .SP8
KLF6 KLF8 KLF12 KLF15 KLF3 KLF5 KLF7 KLF9
TFDP2 .TFDP1 KLF1 KLF13 KLF17 KLF4
E2F3 E2F5 E2F7 EGR1 EGR3 WT1 EGR4 EGR2
0.00012778 E2F2 E2F4 E2F6 E2F8 E2F1 VSEGRF Model 4
ZBTB7A ZNF148 ZNF219 ZBTB7B ZNF202 ZNF300

SP2 SP4 SP6 .SP8
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VSKLFS
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Matrix families:
M VSEGRF W VSKLFS WESZF02 W vSZTRE

Figurel- Matrix family and their binding to the candidate genes associated with ovulation rate in
cattle
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Table 3- Potential candidate genes gained from promoter analysis associated with
ovulation rate

Enterz ID Chromosome
527883 504795 Chromosome 3
281040 Chromosome 4
506821 516544 Chromosome 5
616907 281751 Chromosome 6
511283 Chromosome 7
785849 100297058 Chromosome 10
107132987 505595 Chromosome 12
785034 539207 541170 782020 Chromosome 13

101907668 538640 618749 Chromosome 14
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Figure 2- Transcription factors and their target genes interaction network associated with ovulation rate
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Table 4- Biological processes associated with ovulation rate by using potential candidate genes
related to this trait

P-value Biological process Name Biological process
1D
2.83E-06 regulation of protein tyrosine kinase activity 61099
3.30E-06 inner cell mass cell proliferation 1833
0.000351 cellular response to transforming growth factor beta stimulus 71560
0.000361 regulation of JAK-STAT cascade 46426
0.000441 response to estrogen 43627
0.000634 regulation of cell migration 30334
0.000931 positive regulation of INK cascade 46330
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Introduction: Fertility traits and their improvement are the hot topics in animal studies because these
traits directly affect profitability of livestock industry. The ovulation rate is an important trait hence
breeding and nutritional strategies (Kawashima et al. 2012) as well as managerial approaches must
be used. Identifying and choosing the effective regulatory genes and biomarkers are the basic steps
in applying molecular breeding strategies such as genomic selection and/or marker assisted selection.
It should be noted, one of the major challenges in reproductive traits is the large number of regulatory
gene, which control these traits (Pramod et al. 2013). Therefore, selection of the most effective and the
best ones requires bioinformatics analysis. In this study, we hypothesized that genes, which have
same transcription factor binding site, regulate by same transcription factors, express in same time
and act in the same physiological processes. Therefore, transcription factor binding site on identified
marker genes associated with ovulation rate was used to introduce new marker genes and then,
protein-protein interaction network was applied to select the most regulatory ones and explore
candidate molecular mechanisms, which control this trait.

Material and methods: In the present study, known marker genes associated with ovulation rate in
cattle were searched from NCBI database. To extract promoter region of these genes, we used the
link of gene to promoter of Genomatix, which is an on-line software. Link of Frameworker of
Genomatix, was performed to achieve transcription factors that have binding site on promoters of the
known markers. New marker genes associated with mentioned trait were investigated by searching
genes throughout the genome, which have the same pattern of transcription factor binding sites on
their promoter regions. To do this step, Modellnspector link of Genomatix software was used. These
genes probably are potential effector genes for ovulation, because their expression are regulated by
same transcription factors, which regulate expression of ovulation’s genes. In order to confirm the
interaction of potential marker and transcription factors, we fitted protein-protein interaction network
with the last results of Genomatix by STRING database. Potential marker genes and transcription
factorswere used to survey the most important cellular algorithm, which control ovulation rate. The
interactions were validated by STRING (https://string-db.org). In this step, we applied comparative
GO database (www.comparativego.com).

Results and discussion: We found seven identified genes from NCBI database associated with
ovulation rate. Promoter regions of these genes were taken by Genomatix. Frameworker searched
transcription factors binding sites and their patterns on promoters. The results indicated the
transcription factors, which regulate the expression of these genes thus inducing the expression of 51
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other genes in the genome. These genes were introduced as the potential marker genes controlling the
ovulation rate. These genes and identified genes have the same transcription factor binding sites on
their promoter regions and expression by same transcription factors. Protein—protein interaction
network constructed between potential marker genes associated with ovulation rete and their
transcription factors showed that two transcription factors (E2F1 and TFDP1) were more important
in regulation of genes in ovulation rate over others. These two transcription factors had the most
interactions with the targets. The transcription factor E2F1 affects the different stages of ovarian
growth, follicle growth and regulate ovulation (Yin et al. 2014). TFDP1 plays an important role in the
cell cycle, growth, and puberty of follicles (Shaw et al. 2013). This transcription factor has poor
activity, but it participates in the formation of another transcription factor complex with E2Fs
families. This complex is more effective in expression of target genes of E2F (Helin et al. 1993). Per
our results, CAV1 and RANBP1 target genes had the most interactions with transcription factors. In
other words, the expression of these genes, rather other target genes, were more regulated by
numerous transcription factors in our gene regulatory network. CAV1 is expressed in bovine
granulosa cells, mature follicles and ovarian epithelial cells (Wiechen et al. 2001) and it regulates vital
processes in ovulation such as differentiation of granulosa cells and luteinization (Yang et al. 2018).
Furthermore, gonadotropin hormones induce differentiation of granulosa cells by increasing of CAV1
expression (Diouf et al. 2006). RANBP1 controls cell cycle and transcription processes in ovum and
cumulus cells (Kimble 2018). Our analysis revealed that tyrosine kinase activity, JAK-STAT cascade,
response to transforming growth factor beta, cell migration, JNK cascade and response to estrogen
were the most important molecular mechanisms regulating ovulation. Tyrosine kinase activity and
JAK-STAT cascade are two regulatory candidate pathways in cell differentiation and proliferation
(Mullen et al. 2016). They also induce first stage of follicle growth and associate with number of
activated follicles (Sobinoff el al. 2013). They would affect oogenesis by inducing progesterone
secretion. Some inhibitors of JAK/STAT signaling pathway have negative effect on progesterone
secretion and ovulation process (Di Yorio et al. 2013). Pathway of transforming growth factor beta was
also bold in this study. This pathway regulates differentiation and maturation of ovum, induction of
gonadotropins and the selection of dominant follicle. This family of protein regulate gonadotropin
secretion by effect on anterior pituitary (Regan et al. 2018). Cell migration and JNK cascade are
conserved processes between vertebrata in ovulation processes (Liu et al. 2017). Studies have shown
that these pathways are upregulated during ovulation and they control other processes such as
cytokines production, inflammatory response and apoptosis occurring during ovulation (Liu et al
2017).

Conclusion: In conclusion, this study offers a vital basis for understanding potential marker genes
and cellular algorithm, which control ovulation rate by fitting protein-protein interaction of ovulation
related genes. According to our data, presumably E2F1 and TFDP1 were the most important
transcription factors, and CAV1 and RANBP1 were the major target genes in ovulation. This network
induces some biological pathways, which effect the activation of primary follicles, follicle secretion
and cell migration. These findings have important implications for enhancement ovulation rate by
genomic selection and/or marker assisted selection. This analysis could implications for complex
traits, which control by many genes, to detect the novel and important ones.

Keywords: Biological processes, Marker genes, Promoter analysis, Protein-protein interaction
network



