OZDEMIR and COMAKLI / Turk J Vet Anim Sci

Figure 4: Hierarchical clustering of all differentially expressed sRNAs. The three rows represent the overall TPM cluster analysis
result clustered by logl0(TPM+1) value. Heatmap of miRNA expression (TPM) across follicular and luteal ovaries for differentially
expressed miRNA. Log2FoldChange, p value, and padj were observed. Dendrograms of clustering analysis for samples and miRNAs

were displayed on the top and left, respectively.

PAPP-A, a granulosa cells-derived protease in the ovary
and a biomarker of follicle selection and corpora lutea
formation [47]. A study conducted with goats revealed
that after embryo implantation, miR-490 expression was
high in ovaries and this miRNA played a role in embryonic
development [48]. However, no similar information exists
for a role for miR-490 in the follicular development in cow
ovaries. The results obtained in the present study confirm

that bta-miR-490 plays a role in the follicular development
of cow ovaries. We showed that bta-miR-34 was expressed
in the follicular tissue with a high ratio. Our gene target
determination, GO enrichment, and KEGG analysis
conducted for this miRNA also indicated that bta-miR-
34c targeted the DMRT like family A1 (DMRTA1), DMRT
like family B with proline rich C-terminal 1, F-box and
WD repeat domain containing 8 (FBXW8), F-box protein
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Table 4. Differentially expressed known miRNAs identifed in the Fol and Lut libraries.

miRNA name Log,FC FDR Fol_TPM Lut_TPM
bta-miR-196a-2 3.383579353 0 20.569 0.395
bta-miR-196a-1 2.93362177 0.0001 14.719 0.395
bta-miR-196a 2.885137366 0.0003 14.247 0.395
bta-miR-490 1.519984898 0.0145 134.735 25.199
bta-miR-1247 1.609613751 0.0013 7.265 1.68
bta-miR-34c 1.393009541 0.0145 13.964 2471
bta-miR-196b 1.266352464 0.0178 1.604 0
bta-miR-222 -1.014635668 0.0001 28.439 90.008
bta-miR-1247-5p 1.303824475 0.0003 12.293 0.907

Table 5. Specific gene targets of differently expressed miRNAs.

miRNA name Fol or Lut

bta-miR-196a Fol

bta-miR-490 Fol

bta-miR-34c Fol

bta-miR-1247-5p Fol

bta-miR-222 Lut

5 (FBXO5), SMAD family member 4 (SMAD4), and Wnt
family member 2B (WNT2B) genes (Table 3) and that it
had arole in reproduction as a biological process. DMRTA1
has a role in postnatal differentiation of germ cells [49],
FBXWS8 has a role in cell reproduction and differentiation
[50], SMAD4 has a role in suppressing progesterone
synthesis in the ovaries [51], and WNT2B has a role in
follicular development, embryogenesis, cell reproduction,
and differentiation. Previous studies showed that bta-miR-
34c played a role in embryonic development and ovarian
maturation in cows [52,53]. Review of the genes targeted
by bta-miR-34c also confirmed that these miRNAs play a
role in the developmental stage of ovarian follicles in cows.

We observed that bta-miR-1247-5p targeted the Wnt
family member 2B (WNT2B) and Wnt family member
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4 (WNT4) genes (Table 5) and that it has a role in
reproduction as a biological process. WNT2B and WNT4
have roles in follicular development, embryogenesis, cell
reproduction, and differentiation. A study realized by
Huang et al. showed bta-miR-1247-5 expression in the
ovaries of Holstein cows [54], but the authors provided
no detailed information about this miRNA. Our study
revealed that these miRNAs play a role in the development
of follicular ovaries in the cows.

In addition, we confirmed that miR222 regulates ESRI,
which we found in our previous study [55]. In agreement
with the previous study, our data also indicated that bta-
miR-222 plays a role in the development of the luteal tissue
in cows.

5. Conclusion

To the best of our knowledge, this study identifies the
miRNAs that are differentially expressed in the follicular
and luteal stages and determines the probably molecular
paths that these miRNAs regulate in Holstein cow. The
pathway analysis conducted for 5 miRNAs expressed at
high levels in the follicular and luteal tissues indicated that
these miRNAs are associated with the TGF-beta signaling,
gonadotropin-releasing hormone receptor, Wnt signaling,
prolactin signaling, ovarian steroidogenesis, progesterone-
mediated oocyte maturation, and oocyte meiosis
pathways. Therefore, we can assert that bta-miR-196a,
bta-miR-490, bta-miR-1247-5p, and bta-miR-34c play
roles in the different stages of follicular tissue development
in cows and that bta-miR-222 has a role in luteal tissue
development.
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Figure 5. Comparison of relative expression and TPM values of five selected differentially expressed miRNAs. A) The relative
expression level of selected miRNAs (five microRNAs) were measured by quantitative real-time PCR; data were expressed as the
means+SD. **, ***p < 0.01, or p < 0.001, respectively. B) The TPM of selected miRNAs analyzed in RNA-seq.

PAPPA

bta-miR-222

SMAD4 bta-miR34c

Figure 6. The relationship between the identified microRNAs and the target mRNAs. Interactive
relationship between differentially expressed miRNAs and their target genes in gonadotropin-
releasing hormone receptor, prolactin signaling, ovarian steroidogenesis, progesterone-
mediated oocyte maturation and oocyte meiosis pathway.
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