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Introduction to oogenesis

LESSON I
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During this long period the female gametes change dramatically by increasing their 
degree of specialization.

Oogenesis is a long process starting early in the foetal life and ending when the last 
gamete is available inside the ovary in adulthood. 



Post-natal oogenesis involves two sequential and cyclic events engaging a pool of 
oocytes.

1.Initially, oocytes grow in size during the growth phase, alongside their 
corresponding ovarian follicles, which develop sensitivity to gonadotropins (receptors 
expression)
Upon reaching full size, oocytes is ready to attain meiotic resumption (to acquire 
meiotic competence). An event that occurs into an oocyte enclosed in a preovulatory 
follicle which is stimulated by an appropriate gonadotropin levels (maturation 
phase).

2. This maturation phase concludes oogenesis by enabling pregnancy through (1) 
ovarian follicle luteinization and (2) ovulation. preparing the female gamete for 
embryo development post-fertilization, thereby achieving developmental 
competence.

Pr
im

or
di
al 

ge
rm

 c
ell

s/
oo

go
ne

s

Fetal oogenesis

Oo
cy

te
  

  
  

  
  

 F
ol
lic

le

Post-natal oogenesis

Growth phase                 Maturation phase

Gamete number improvement Acquisition of
1 meiotiic competence (ability of the the oocyte to 
resume meiosis)
2. developmental comptence (ability to trigger 
embryo development after fertilization)
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At the end of the long-term process of oogenesis, one or more matured oocytes may 
cyclically be released into female genital tract ready to be fertilized in order to start a 
pregnancy (female reproductive outcome).
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Male
reproductive 
contribution

Pregnancy

Maternal 
contribution 
is more than 
oogenesis

To sum up…

Final outcome of 
oogenesis



Post-natal oogenesis enables pregnancy only in adult or pubertal females, as a full 
reproductive hormonal cycle leading to ovulation occurs only after puberty when the 
hypothalamus-pituitary-ovary axis becomes functional.
However, this does not mean the ovary is inactive during prepubertal life—oogenesis 
progresses through the growth phase but cannot complete without entering the 
maturation phase.

In most mammals, oogenesis continues uninterrupted throughout life, encompassing 
both growth and maturation phases.

Exceptions include humans and primates, where post-natal oogenesis ceases at 
menopause—a reproductive halt occurring later in adulthood. This happens because 
the ovarian reserve of gametes gradually depletes until it is entirely exhausted while 
the organism remains alive, leading to the cessation of oogenesis and reproductive 
cycles, allowing life to continue without further reproductive function.
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Growth phase

Preovulatory 
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Maturation 
phase

Ovulation
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atresia

Prepubertal 
stage

From Puberty to adult 
lifetime

Menopause
stage

Reproductive cycle active
Ciclically release of 

fertilizable matured oocytes

Reproductive cicle 
non-active

Absence of final step of 
follicologenesis

Reproductive cicle non-
active
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!!! only for human and primates



Oocyte derives from primordial germ cells (PGCs) which form in the female gonad 
during fetal life. 
PGCs resemble somatic cells in size (20–30 μm) and undergo mitotic divisions during 
feotel life.Mitosis allow to increase from a few units to millions.

However, as fetal life ends, female gametes enter meiosis—a reductive cycle that 
halts the increase in number of gametes but enables genome halving before 
fertilization.

Upon entering meiosis, oocytes arrest at the diplotene stage of prophase I due to 
limited size and protein availability for meiotic control. Similar to the G1 phase in 
mitotic cells, oocytes must complete a growth phase to accumulate molecular 
components needed to resume meiosis. This is the time to reach the fully growth size 
as only fully grown oocytes receiving the LH surge proceed to maturation.

Thus, oogenesis drives both morphological differentiation and functional 
transformation

T cells

Epithelial cells

Endothelial cells

PGCs Primordial 
oocyte

Fully grown oocyte

ü Oocytes derive from PGCs 

ü Through oogenesis they transform morphologically and functionally



Primordial germ cells Primordial oocyte Fully grown oocyte Fertilized oocyte-zygote
1 2 3Primordial germ cells Primordial oocyte Fully grown oocyte Fertilized oocyte-zygote

1 2 33
Matured oocyte

4
Fertilized oocyte/zygote

Structural transformations

Biochemical/funtional transformations

Mitotic cell cycle           Meiotic cell cycle            Meiotic comptent                      Resumption of meiosis       Oocyte activation
                                        (meiotic incopetent)

To sum up…

Stepwise Transformation of the Female Gamete: 
From Growth to Maturity and activation

1 2 3 4



Over the past 40 years, advances in reproductive biotechnologies have been driven 
BY a deeper understanding of oogenesis mechanisms. 

While assisted reproductive technologies (ART) have led to significant successes—
starting with Louise Brown, the first of over 6 million ART-conceived babies 
worldwide—many challenges remain. 

Currently, we can replicate certain reproductive events outside the body, such as 
oocyte maturation (in some species), sperm capacitation, fertilization, and early 
embryo development. However, crucial aspects like oocyte growth are still beyond 
our ability to fully mimic.

Biotechnological impact of oogenesis comprehension

Louise Brown, 1978
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Adult ovary

Despite the vast number 
of oocytes in an ovary, 
current ART can only 
utilize fully grown 
oocytes, limiting 
reproductive potential. 

This highlights the 
urgence to advance 
reproductive knowledge. 
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1 of 31 oocyte
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Public investment in reproductive 
biotechnology research remains crucial and 
is a top priority within the health pillar of 

both the Italian and European research and 
development framework.



Several research groups worldwide are working on strategies to maximize the use of 
the ovarian oocyte pool, increasing the number of fertilizable oocytes. 
Achieving this requires new technologies to successfully replicate the growth phase 
of oogenesis, allowing more oocytes to reach full maturity for maturation, IVM, or 
IVF. 
This could particularly benefit young cancer survivors, as chemotherapy often leads 
to infertility.

Currently, fertility preservation involves cryopreserving ovaries before chemotherapy 
using advanced freezing techniques. However, restoring fertility later in life remains a 
challenge. Two main approaches exist:
1.Ovary Transplantation – This restores follicle and gamete development but carries 
a risk of reintroducing cancer cells.
2.In Vitro Folliculogenesis (ivF) – Successfully tested in mice, this method grows 
oocytes in culture until they reach full maturity for use in IVF, eliminating cancer cell 
risk. However, ivF is not yet viable for humans due to the long and complex process of 
folliculogenesis, which is difficult to replicate in vitro.
Further advancements are needed to refine ivF for clinical application, making it a 
promising but still evolving fertility preservation strategy.
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Autotransplantation
or

In	vitro	folliculogenesis

?



ART (allowing the oocyte to develop life) is often perceived as a well-established 
technique since it successfully produces offspring in many mammals through IVM/IVF.
However, this is not entirely true. 
As an example, for what concern the IVM, this is highly efficient in only a few species, 
such as mice, sheep, and cows. In contrast, for other species like dogs, pigs, and even 
humans, IVM is still achieved but with very low efficiency, making it a less reliable 
reproductive technology.
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IVM IVF

High efficiency Low efficiency



What does totipotency mean?
Totipotency indicate the ability of a stem cells to generate a vital organism through
the differentiation of three germ cells layers and in mammals of the extra embryonic
annexes both required to sustain embryo and foetal development.

The mature oocyte is the unique cell of the body able to 
become a totipotent stem cell if properly activated 



The fertilization is the physiological event able to 
activate totipotency into a mature oocyte



Not all mature oocytes can support embryo development after fertilization. 
Some may be penetrated by sperm without activating the developmental program 
because they lack the full biochemical machinery for developmental competence. 
Successful oogenesis requires not just maturation but also the proper accumulation 
and distribution of organelles and molecules essential for embryo and fetal 
development. 
Therefore, maturation alone does not guarantee reproductive success—the 
cytoplasmic quality acquired during oogenesis is the key factor.

Developmental 
competent 

oocyte

Low quality/ low 
developmental 

competent 
oocyte

The developmental competence is a gradable 
biological outcome 


