Comparative vertebrate oogenesis (2)

proteins (Raz, 2003). It is first formed at the distal end of the cleavage furrows at the 2-and 4-cell stage embryos (Yoon et al., 1997). At the 32-cell stage, four cells have obtained the germ plasm aggregates and vealed in zebrafish, representing the first functional study on genes involved in the SGC development (Leerberg et al., 2017). Gnrh3 Gonadotropin-releasing hormone (Gnrh) is a master Fig. 2. Illustration of selected genes involved in ovarian development revealed by targeted gene knockout zebrafish. The major defects of gene deficiency at each stage of ovarian development is denoted by ; Sex-reversal from female to male is denoted by *. Gnrh3, gonadotropin-releasing hormone 3; miR-202-5p, miRNA-202-5p; Hsp90aa1.2, heat shock protein 90, alpha, class A member 1, tandem duplicate 2; Prmt5, protein arginine methyltransferase 5; Dnd, dead end; Cftr, cystic fibrosis transmembrane conductance regulator; Fgf24, fibroblast growth factor 24; Amh, anti-müllerian hormone; Figla, factor in the germline alpha; Wnt4a, wingless-type MMTV integration site family, member 4a; Tdrd12, tudor domain-related proteins; Cyp19a1a, cytochrome P450 family 19 subfamily A member 1a; Cyp17a1, cytochrome P450 family 17 subfamily A member 1; Fsh, follicle-stimulating hormone; Fshr, follicle-stimulating hormone receptor; Gh1, growth hormone;Foxl2a, forkhead box L2a; Foxl2b, forehead box L2b; Dio2, deiodinase type 2; Zar1, zygotic arrest 1; Vtgs, vitellogenin proteins; Esr2a, nuclear estrogen receptor beta a; Esr2b, nuclear estrogen receptor beta b; Bmp15, bone morphogenetic protein 15; Ar, androgen receptor; Gsdf, gonadal soma derived factor; Lh, luteinizing hormone; Star1, steroidogenic acute regulatory protein 1; Pgrmc1/2, progesterone receptor membrane components 1/2; Mettl3, methyltransferase-like 3; Ybx1, Y-box binding protein-1; Lhcgr, luteinizing hormone/choriogonadotropin receptor; Pgr, nuclear progesterone receptor; Adamts9, a disintegrin and metalloprotease with thrombospondin type-1 motifs, member 9; Ptgs2a, prostaglandin endoperoxide synthase 2a.
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PGCs and their surrounding somatic cells. In vitro studies have shown that BMP2 and BMP4 increase the number of mouse PGCs in culture [4,5], whereas Bmp7 mouse knockouts show a reduction in the number of germ cells around this period [6]. Activin has also been shown to increase the number of PGCs in human [7], although activin inhibits PGC proliferation in mouse [8]. The role of germ cell derived transcription factors at this stage has also been demonstrated by using knockout approaches and conditional deletions in mice. These include factors such as BLIMP1 and PRDM14, which are critical for PGC proliferation and migration [9][10][11] as well as OCT4, NANOG [11][12][13], which are essential for PGC survival. Several factors seem to be required for PGC survival, such as FIGα (factor in the germ line alpha), a factor responsible for the early expression of the glycoproteins that will form the zona pellucida [14], NANOS3 (nanos homolog 3; Drosophila) and DND1 (dead end homolog 1), two RNA binding proteins that protect PGCs from undergoing apoptosis, as well as the KIT/KIT ligand (KITL) pathway. Mutations in any of the genes coding for these factors lead to a deficiency in the formation of primordial follicles due to a depletion of germ cells [12][13][14][15][16][17].

Around the period of PGC migration into the genital ridges (E10.5) sex determination starts. Differentiation into ovaries seems to be the apsis (close association between these chromosomes), and recombination or 'crossing over' (exchange of genetic material). Subsequently, oocytes progress to the diplotene stage where they enter into a prolonged resting phase called dictyate [25]. In mouse embryonic ovaries, initiation of the meiotic program is dependent on retinoic acid and Stra8 (stimulated by retinoic acid gene 8) signaling. STRA8 is a cytoplasmic factor expressed by female germ cells just prior to entering the prophase of first meiotic division [26], and in response to retinoic acid (RA) [27][28][29]. In females Stra8 is required for premeiotic DNA replication as well as for meiotic prophase events (i.e. chromosome condensation, cohesion, synapsis, and recombination) [30].

Oocytes remain at the dictyate stage of meiosis I throughout oogenesis, until LH induces final oocyte maturation (in most mammals). Prophase events are vital for germ cell survival and meiotic progression, and errors occurring along this stage, as well as throughout the consecutive phases of meiosis, may originate and/or contribute to female meiotic aneuploidies. Indeed, endocrine-disrupting chemicals, such as Bisphenol A (BPA), have been shown to cause disturbances in spindle formation, to interfere with microtubule polymerization and to induce multipolar spindles in mouse oocytes. In utero exposure to BPA appears to interfere with control of recombination in fetal prophase I oocytes and increasing Early onset of meiosis in the ventral region is represented in the insert (OCT4 and STRA8). First primordial follicles were observed at 18.5 dpc at the interface between cortex and medulla in the anterior-dorsal region of the ovary, the area where the first cohort of growing follicles appear during the first week of postnatal development. In contrast, during this same period, germ cells in the ventral region of the ovary are still breaking the nest and forming individual follicles. The area containing growing follicles expands gradually during the postnatal period, occupying the whole medullar area of the dorsal region of the ovary. Altogether, our data indicated that the first wave of follicle activation follows a predictable anatomic pattern resulting from regional differences in timing of follicle formation. *Color resulting from the overlay of the three fluorescent proteins is represented. A, anterior; P, posterior. 
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Embedding cell biology/developmental biology/endocrine information maturation into spermatozoa. By so doing, Amh helps maintain a proper pool of spermatogonia and therefore testis homeostasis (Fig. 11). This view agrees well with previous reports that Amh suppressed spermatogonial proliferation in cultured zebrafish testis (Morais et al., 201 ;Skaar et al., 2011). The loss of amh gene would lead to increased spermatogonial proliferation but decreased exit to spermatocytes, resulting in accumulation of spermatogonia and overgrowth of the testis. The germ cells affected are likely the type A spermatogonia because Amh early follicles ( G and V). The activity of folliculogenesis started decrease in the mutant ovary after 3 mpf, which was characterized continual increase of G follicles with limited exit to V and vitellogen growth. Therefore, Amh may likely play similar dual roles in controlli folliculogenesis in the ovary as it does in the testis. It maintains steady-state population of G follicles (stage Ib) probably by limiti their formation or recruitment on one hand, while promoting the transition to advanced stages on the other. By controlling the tw checkpoints in early folliculogenesis, viz. formation of G follicles a their exit to the secondary growth (SG) phase, Amh is believed to pl critical roles in maintaining a steady-state population of G follicles the ovary under physiological conditions. The hypothetical dual rol for Amh in controlling early folliculogenesis are illustrated in Fig. 1 This view is similar to the model proposed in the mouse that AMH mig play a role in follicle homeostasis by regulating the recruitment of p mordial follicles and their selection for dominance (Visser and Them men, 200 ). The exact mechanism by which Amh controls G follicle formatio recruitment is unknown. It could happen at the oogonial level like th in the testis to inhibit oogonial proliferation (Lin et al.,201 ) or su se uent steps of oogenesis, such as follicle assembly or cyst breakdow from nested oocytes (from stage Ia to Ib) ( in et al., 2018). Indeed, AM has been reported to suppress follicle assembly or breakdown of oocy nests in rat ovarian organ culture (Nilsson et al., 2011). The role of Am at this controlling point, viz. G follicle formation, may invol FSH-FSHR signaling as the loss of fsh attenuated the accumulation the G follicles or ovarian hypertrophy in amh mutant despite u changed fsh expression in juvenile females. In mammals, AMH has be 

Fig. 1 .

 1 Fig. 1. Representative figure of the factors involved in primordial germ cell (PGC) formation, oogenesis and folliculogenesis. Ovarian factors produced by theca/stromal cells (in blue), somatic/granulosa cells (in purple), germ cells (in red) or in both germ cell and granulosa cell (green), participate and regulate oocyte and follicle development at each of S ánchez & Smith Acta Bioch. Biophys. 2012

  CORDEIRO ET AL. Downloaded from www.biolreprod.org. Downloaded from https://academic.oup.com/biolreprod/article/93/4/88, 1-10/2434232 by g Cordeiro et al. Biol. Reprod.
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Fig. 2 .

 2 Fig. 2. Nos2-expressing Gs cells include ovarian germline stem cells. (A to C) A representative Gs clone (A), mosaic clone (B), and full clone (C). All germ cells were detected on the basis of tdrd1 expression (red). Germinal cradles are outlined by dotted lines. Green, anti-EGFP; blue, DAPI. Scale bars, 10 mm. (D) The percentages (mean T SEM) of the various clone types at 48 hours (n = 7), 1 week (n = 6), and 3 weeks (n = 8) after heat treatment. (E) Genotyping of F1 offspring from heat-treated transgenic medaka. Some offspring showed loxP-mediated excision of the genomic region (lanes 4 and 5, 119-base pair (bp) bands].

Fig. 3 .

 3 Fig. 3. A schematic representation of germ cell development in the germinal cradle. Germ cells are nested within germinal cradles in an interwoven threadlike ovarian cord of sox9b-expressing cells (green) in the germinal epithelium. Isolated nos2-expressing Gs cells (either Gss or Gsf cells), Gcys cells, and Gdip oocytes are present in the germinal cradle. After several synchronous mitotic divisions (mitotic Gcys), the Gcys cells enter meiosis (meiotic Gcys). Whereas some cyst-forming cells die and are eliminated, others develop into Gdip oocytes and exit the germinal cradles as follicles for further oocyte development. A population of Gs cells maintains the Gcys and Gdip oocyte populations, enabling the production of a large number of fertile eggs.
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Data-driven parameter estimation

Nonparametric inverse problem on stationary state

Hormonal interactions cannot be deduced from purely stationary data, yet we can infer the size-dependent oocyte growth speed. 

Ongoing/ future directions