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GAMETOGENESIS 

____________________________________________________________ 

 

P r a v e e n  D e e p a k ,  D e p a r t m e n t  o f  Z o o l o g y ,  S .  S .  C o l l e g e ,  J e h a n a b a d  

 

Gametogenesis is the biological process of production of haploid gametes from haploid or 

diploid precursor cells called as germline cells in the germline through the process of cell 

division. Diploid germline cells divide by meiosis to produce two haploid cells that directly 

develop into two haploid gametes whereas haploid germline cells divide by mitosis to give rise 

to two haploid gametes (Figure 1). Gametes are organism’s reproductive cells which are also 

referred to as sex cells. Female gametes are called ova or egg cells, and male gametes are called 

sperm. They fuse through the process of fertilization to give rise to diploid zygote that has all the 

genetic information to become an organism. Thus, germline cells, also called as primordial germ 

cells or PGC, act as stem cells which replenish themselves by the process of mitotic cell division. 

 

The type of gametogenesis depends on the sexes of the organism or the presence of sexual 

determinants. The process of gametogenesis by which sperms are formed are known as 

spermatogenesis and the processes of gametogenesis by which oocytes are formed is called 

oogenesis. Thus, gametogenesis is of two kinds; spermatogenesis and oogenesis. 

Spermatogenesis 

As stated above, it is the process of the production of sperms from the primordial germline cells 

(PGCs). In other words, it is the process by which spermatogonia differentiate into spermatozoa. 

It occurs in male sex organ. In human, it starts at puberty. Spermatogenesis gives rise give rise to 

four haploid spermatozoa from one diploid PGC. The whole process of spermatogenesis in the 

vertebrates involves three phases: spermatocytogenesis (mitosis), meiotic cell division, and 

spermiogenesis. 
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1. Spermatocytogenesis: It is mitotic phase of spermatogenesis. In this stage, a male 

primordial germ cell (mPGC) which is basically a stem cell, known as type A 

spermatogonia divide mitotically to replace themselves and to produce cells that 

begin to differentiate into type B spermatogonia and also replenish itself in the 

process. Thus, one cell of type A spermatogonium differentiates into two cells of type 

B spermatogonium and two cells of type A spermatogonium. Resulting type A 

spermatogonia again initiate this cycle (Figure 2). These cells are large, with oval 

nuclei which contain condensed chromatin and have basal position in the epithelium. 

 

2. Meiosis: The type B spermatogonia produced through the process of 

spermatocytogenesis, in the prophase of first meiotic division, are known as primary 

spermatocytes. They are characterized by highly condensed chromosomes giving the 

nucleus a coarse chromatin pattern and an intermediate position in the seminiferous 

epithelium. The primary spermatocyte stage is long stage and therefore they are seen 

in high numbers in the testis upon microscopic examination. Primary spermatocytes 

go through the first meiotic division and become secondary spermatocytes. The 

transition between primary to secondary spermatocytes are quick, fewer cells of this 

stage are seen in the section. The secondary spermatocytes are still in diploid state 

that goes to second meiotic division to give rise eight spermatids which spherical in 

shape with interphase nuclei, positioned high in the epithelium of seminiferous tubule 

in a testis (Figure 3).  
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3. Spermiogenesis: Soon after the formation of spermatids, they go through the process 

of metamorphosis. Metamorphosis results in the conversion of eight sperms from 

eight spermatids (Figure 4). Since transition is very quick, spermatids are also seen 

fewer upon observation. The metamorphosis results in the conversion of a round cell 

with typical organelles to a highly specialized, elongated cell well adapted for 

traversing the male and female reproductive tracts and achieving fertilization of 

oocyte (Figure 5). 

 

 

Interaction of developing sperms cells to Sertoli cells: Sertoli cells are big, tightly linked cells 

near the basolateral portion of the seminiferous tubule with a vesicular, oval, basically poitioned 

nucleus containing prominent nucleolus.. They are also known as sustentacular cells of Sertoli 

because they provide support to all cells and regarded as mother or nurse or nursemaid cells of 

the primary spermatogonia (Figure 6). All the developing cells are found anchored on the Sertoli 

cells. It also secretes various proteins in addition to support and nourishment to male 

reproductive cells, that includes androgen-binding proteins that includes enzymes, such as those 
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enzymes which convert testosterone to estrogen and to 5α-dihydrotestosterone (DHT), and 

hormones, such as inhibin and anti-Müllerian hormones (AMH) (in the foetus). Inhibin acts at 

the level of the pituitary to reduce the secretion of follicle stimulating hormone (FSH). 

 

Blood-testis barrier: Large molecules cannot pass from the blood into the lumen of a seminiferous tubule 

due to the presence of tight junctions between adjacent Sertoli cells. The spermatogonia are in the basal 

compartment (deep to the level of the tight junctions) and the more mature forms such as primary and 

secondary spermatocytes and spermatids are in the adluminal compartment. The function of the blood-testis 

barrier may be to prevent an auto-immune reaction. Mature sperm (and their antigens) arise long after 

immune tolerance is established; therefore, a male animal is capable of making antibodies against his own 

sperm. Injection of sperm antigens causes inflammation of the testis (autoimmune orchitis) and reduced 

fertility. Thus, the blood-testis barrier may reduce the likelihood that sperm proteins will induce an immune 

response. 

 

Oogenesis 

Oogenesis is the biological process by which oocytes are produced by the ovary through the 

involvement of a series of sequential events in which female primordial germ cell initiates, 

continues meiosis and arrests. The oocyte becomes transcriptionally quiescent early at meiosis I 

stage and continues until zygotic genome activation after fertilization. The phases of division in 

multiplication are similar to those in spermatogenesis in terms of nuclear changes; the 

cytoplasmic specialization is different from that of spermatogenesis. 

Oogenesis starts in outermost layer of ovary in female. It begins early in the foetus prior to birth. 

In this process, female primordial germ cells (originated in the yolk sac of the embryo), here it is 

called as oogonium, move to colonise the cortex of the primordial gonad, begins to increase in 

number by mitotic cell division and reaches up to approximately 7 million secondary oogonia 
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(human). Thereafter, cell death occurs to leave 2 million secondary oogonia. Secondary oogonia 

differentiate into primary oocytes. Primary oocytes are arranged in the gonads as clusters 

surrounded by flattened epithelial cells, called as primary follicle. Atresia or cell death 

continues during childhood leaving ~40000 primary oocyes or egg at puberty (Figure 7). Once 

puberty begins, a number of primary oocytes, i.e. usually 15-20, begin to mature each month. 

The primary oocytes undergo 3 stages to form a mature oocytes or ovum. These three stages are: 

 

1. Multiplication phase: The primary germinal cells of the ovary with diploid number of 

chromosomes (2N) divide several times mitotically so as to form a large number of 

dauther cells known as oogonia. 
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2. Growth phase: The oogonium does 

not divide but increase in size 

enormously to form a primary oocyte 

(Figure 8). The growth is associated 

with both nuclear and cytomplasmic 

growth, the nuclear growth is due to 

accumulation of large amount of 

nuclear sap and is termed as germinal 

vesicles. The cytoplasmic growth is 

associated with increase in number of 

mitochondria, endoplasmic reticulum 

and Golgi complex and accumulation 

of reserve food material called yolk or 

vitellin. 

3. Maturation phase: The primary oocyte undergoes two successive cell divisions by 

meiosis, i.e. meiosis I and meiosis II. The meiosis I results in the production of two 

unequal daughter cells; the large cell is called as secondary oocyte that contains haploid 

(N) set of chromosomes (due to reductional or disjunctional division) and entire amount 

of cytoplasm, and the smaller cell is called as first polar body or polocyte that contains 

haploid (N) set of chromosomes and no cytoplasm.  

 
The secondary oocyte and first polar body then undergo second maturation division by 

meiosis II which is an equational division. As a result of this division, one large ovum is 
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formed containing entire amount of cytoplasm and haploid (N) number of chromosomes 

and a second polar body like the first polar body (Figure 9). 

Simultaneously, the first polar body may divide into two polar bodies or may not divide 

at all. Thus only one functional ovum is formed and the two or three polar bodies soon 

degenerate. In other vertebrates, the first polar body is formed after the primary oocyte is 

released from ovary and has entered into the oviduct. The second polar body is formed 

only when the sperm enters into ovum during fertilization (not in human). 

During oogenesis of many insects, including Drosophila, a cytoplasmic bridges called ring 

canals are formed, which allow the flow of materials among the nurse cells and the oocyte. 

The division pattern of the germline cyst is this case leads to only two cells with four ring 

canals. 

 

A follicle in a human ovary goes through distinct three stages; pre-antral stage, antral stage, and 

pre-ovulatory stage. These stages are: 

1. Pre-antral stage: In this stage, primary oocyte is still in meiosis I, but grows in the size. 

The follicular cells grow and proliferate to form a stratified cuboidal epithelium, known 

as granulosa cells. Granulosa cells secrete glycoproteins which form the zona pellucida 

around the primary oocyte. Surrounding connective tissue cells also differentiate to 

become the theca folliculi, a specialized layer of surrounding cells that is responsive to 

(Luteinizing Hormone) LH and can secrete androgens under its influence.  

2. Antral stage: Antral stage is characterized by fluid filled spaces form between granulosa 

cells, which eventually combine together to form a central fluid filled space called the 

antrum. Now the follicular structure is termed as secondary follicle (Figure 10). In each 

monthly cycle, one of these secondary follicles becomes dominant and develops further 

under the influence of follicle stimulating hormone (FSH), luteinizing hormone (LH) and 

oestogen. 
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3. Pre-ovulatory stage: 

This stage is 

characterized by 

completion of meiosis 

I in response to LH 

surge. Inside the 

secondary follicle, two 

unequally haploid cells 

form; one of the 

daughter cell receives 

far less cytoplasm than 

the other and forms the 

first polar body, which 

do not form an ovum. 

Second meiosis then 

results in the formation 

of one secondary oocyte and a second polar body. However, secondary oocyte arrests in 

metaphase of meiosis II just three hours prior to ovulation.  

Ovulation: Follicle grows in size and matures to form Graafian follicle. In this phase, an LH 

surge takes place that increase collagenase activity. Collagenase disrupts collagen and thus 

weakens the follicular wall. The weakening of follicular wall combines with muscular 

contractions of the ovarian wall, results in the ovum to be released from the ovary. The ovum is 

then taken up into the fallopian tube with the help of fimbriae (finger-like projections of the 

fallopian tube), where fertilization occurs. 

The unequal division of oocyte to form n progeny oocyte with entire amount of cytoplasm and a 

polar body with literally no cytoplasm has its significance. The polar body has no role in 

oogenesis and fertilization. Both the cells have haploid sets of chromosome. Polar body has role 

to divide the number of sets of chromosome into half so that after fertilization a diploid state 

could be achieved. Since sperm has no cytoplasm, therefore every need of zygotic cell regulation 

is achieved through the cytoplasm of the ovum (maternal part of the cytoplasm). Thus, all 

organelles such as mitochondria, endoplasmic reticulum, ribosomes come from maternal side. 

Therefore, unequal division is the means to conserve and sustain further developmental process. 

 

________ 

 


