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 بسم هللا الرحمن الرحيم

 

 

 

 

 

 

 

 

ُه ثَوى  الَّن َو َو   الَّز ْو َج ْو ِن   َو َو َو   َو َو َّن ُه  {46 }تُهمأ َوى ِإلَو   ُّن أ َو ٍة  ِمن{ 45 } َو ْلأ  
 
  ان م س رة
 

 

 

 

 

 

 

 

 

 

 

ا ا إِننَّز نَج لَجقْو ا َج  خَج ِننسَج ااٍة  نُّن ْو َج ٍة  مِن   اْو لِن يِن   َجمْو َج ااُه  نَّز ْو َج لْونَج مِن  ا  َج َج َج سَج  
ا{ 2 } َج ِن ر ًا  ااُه  إِننَّز نَج ا  اسَّز ِن يَج   َج َج ْو ر ًا  إِنمَّز ااِن ا  َج إِنمَّز  {3} اَج ُه ر ًا   َج

 
  انسا  س رة
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Gametogenesis 

 
Is the process of conversion of germ cells (46 chromosomes) into male and female 

gametes (23 chromosomes). This process includes: 

a- Meiosis, a cell division to reduce the number of chromosomes in the cell to its 

half (nucleus)  

b- Cytodifferentiation, to alter the size and shape of germ cells prior to 

fertilization (cytoplasm) 

 

- During prenatal development, primordial germ cells (PGCs) migrate from the wall 

of the yolk sac to the gonads (future testes or ovaries) of the embryo. These germ 

cells develop into gametes (sexual cells) by meiosis. (*PGCs are formed in the epiblast 

during 2
nd

 week then are moved to yolk sac) 

- The human being is the result of fusion of a male gamete (sperm) and a female 

gamete (ovum). 

 

Chromosomes in Germ Cells 
 

- A chromosome is a structure present in the nucleus and is formed of DNA helix 

(deoxyribonucleic acid) and contains genes which carry information inherited from the 

parents. 

- Germ cells located in the gonads contain, as any other somatic cells, 46 

chromosomes. The chromosomes are grouped in 23 pairs (homologous pairs, 22 pairs 

autosome or matching chromosomes and one pair sex chromosome, xx or xy). These 

germ cells contain the diploid number of chromosomes (2n). 

- If the sex chromosomes are (xx) so the individual is genetically female and if they are 

(xy) the individual is genetically male. 

 

Chromosomes in Gametes 
 

- The nucleus of a gamete contains 23 single chromosome or chromatid ie. haploid 

number(n): 

- The sperm contains 23 single chromosomes one of them is either Y or X 

chromosome. 

- The ovum contains 23 single chromosomes one of them is X chromosome 

As a result: 

- Fusion of the ovum and sperm restore the diploid number of chromosome (23+23=46). 

- The grouped sex chromosomes in the new cell (fused) will be either: 

- X (female) + X (male)  (XX)  female individual 

- X (female) + Y (male)  (XY)  male individual 
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As we noticed, the developing individual into male or female depends on the type of 

sex chromosome present in the sperm as it contains either  X or Y chromosome while 

the ovum contains only X chromosome. 

 

MEIOSIS 
 

Is a type of cell division that occurs only in the germ cells to generate male (sperm) 

and female (ovum) gametes. It consists of two cell divisions, Meiosis I and Meiosis 

II, to reduce the number of chromosomes of germ cells which is 23 pairs (diploid, 2n) 

to its half in the gametes which is 23 singles (haploid, n). 

 

In Meiosis I  (reduction division): 
1- Immediately before meiosis, germ cells (2n chromosomes and 2n DNA) replicate 

their number of DNA in the chromosomes (2n chromosomes and 4n DNA or 

chromatids)  

2-Crossing over occurs: Interchange of chromatid segments between paired 

homologous chromosomes. After exchange the new paired chromosomes will have 

new genetic distribution (this generates new individual genetically different from his 

parents). 

3- The new pair of chromosomes then separate (one entire chromosome from each 

pair) to form two daughter cells each contains 23 replicated chromosomes ie. haploid 

number of chromosomes (n chromosomes) but a diploid number of DNA (2n DNA).  

4- The new daughter cells are not identical genetically to their parent cells nor to each 

other and each contain the haploid number of chromosomes and diploid numbers of 

DNA (n chromosomes and 2n DNA). 

 

In Meiosis II (mitosis like): 
4- In each cell, the two sister chromatids of each chromosome then separate 

(without DNA replication) and are distributed into two daughter cells called gametes 

each contains 23 single chromosomes ie. the haploid number (n chromosomes) with a 

haploid number of DNA (n DNA).  

The new daughter cells are not identical genetically to their parent cells nor to each 

other and each contains the haploid number of chromosomes and DNA (n 

chromosomes and n DNA). 

 

As we noticed, the result of meiosis: 

1. Genetic variability. 

2. Reduction of the number of chromosome as each gamete has 23 single 

chromosome (haploid number, n). 

3. Each germ cell (2n) produces four cells (n) which are not identical 

genetically to their parent cells nor to each other. 
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OOGENESIS (starts before birth) 
 

A-Before birth 
 

1-The ovary has an outer part (cortex) and an inner part (medulla). Before birth and 

during intrauterine development, the primordial germ cells (2n) migrate from the yolk 

sac to the cortex of the ovary of the embryo at the 5
th

 week of development. 

2- Premordial germ cells multiply by mitosis and increase in number and differentiate 

into oogonia (2n). 

3- Oogonia multiply, enlarge and differentiate into primary oocytes (2n). Primary 

oocytes are surrounded by follicular cells to form primordial follicles. 

4- Primary oocytes replicate their DNA (4n) ie. have entered the prophase of the first 

meiotic division , then stop and sleep till puberty (Diplotene stage) . 

 

*Remarks: 

 This sleeping period (diplotene stage) may last 40 or more years. It is due to 

the secretion of OMI (Oocyte Maturation Inhibition) by the follicular cells. 

 All oocytes used throughout the childbearing period of the women are 

produced during intrauterine development of these women and do not multiply 

after birth. 

 Note that maturation of oocytes starts in the female embryo before birth . 

 

B-After birth (at puberty) 
 

5-At puberty, ovarian cycle begins and the primary oocytes (arrested at the prophase 

of meiosis I) mature and become incorporated into 1ry, 2ry follicles then 3ry or 

mature Graafian follicles. (5 to 10 primary oocytes start maturation in each cycle but 

only one of them reach full maturity). 

6- In the graafian follicle and shortly before ovulation, the dormant primary oocyte 

resume Meiosis I and gives two daughter cells of unequal size (unequal cytoplasm 

distribution) each has 23 pairs of chromosomes (haploid with 2n Chr, and 4n 

DNA).These cells are: 

a) Secondary oocyte (receive most of the cytoplasm) 

b) First polar body (no or little cytoplasm) 

7- Secondary oocyte (haploid with crossing over) is shed from the ovary (ovulation 

is due to the rupture of graafian follicle under the tension of follicular fluid) and soon 

starts Meiosis II then stops at the Metaphase stage. The released 2ry oocyte is 

surrounded by a glycoprotein layer called “zona pellucida” and layers of follicular 

cells called “corona radiata”. 

8- Secondary oocyte is transported to the infundibulum of the fallopian tube by the 

sweeping movements of the fimbriae and by motion of the cilia in the epithelial lining. 
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9- Ruptured and collapsed graafian follicle becomes the “corpus luteum” which 

secrete progesterone. 

 

*Remarks 

 If there is no fertilization: 
-The result of oogenesis is one ovum (arrested 2ry oocyte) and one polar body. 

-The ovum degenerates approximately 24 hours after ovulation. 

-The corpus luteum degenerates and become the “corpus albicans” after 9 days of 

ovulation and progesterone production decreased which leads to the beginning of 

menstruation after 14 days of ovulation. 

 

 If there is fertilization: 
-The result will be an ovum (definitive oocyte) and two or three polar bodies. 

-2ry oocyte complete Meiosis II and gives 2 daughter cells: the definitive oocyte  

(haploid with n Chr and nDNA) and the second polar body. 

- The corpus luteum is transformed (under the effect of Human Chorionic 

Gonadotropin Hormone) into “corpus luteum of pregnancy”, which continues to 

secrete progesterone (to maintain pregnancy) until the end of the 4
th

 month of 

pregnancy. Progesterone is secreted later on by the developing placenta. 

 

SPERMATOGENESIS AND SPERMIOGENESIS 

 

SPERMATOGENESIS (starts at puberty) 

 

- Before birth and during intrauterine development, the primordial germ cells (2n) 

migrate from the yolk sac to the testis of the embryo during the 5
th

 week of 

development and stayed there until puberty. 

- Spermatogenesis begins at puberty 

 At birth the primordial germ cells are present inside the sex cords of the testis.  

 Shortly before puberty, the sex cords acquire a lumen and become the 

semineferous tubules and primordial germ cells give rise to spermatogonia 

(type A and type B) which have diploid number of chromosomes (2n). 

- Type B spermatogonia mature and give rise to primary spermatocytes (2n). 

- Each primary spermatocyte replicates its DNA (4n) and starts Meiosis I which 

produces two secondary spermatocytes (2n with crossing over). 

- Each secondary spermatocyte (2n) begins Meiosis II which produces two 

spermatids, having a haploid number (n)of Chromosomes and DNA. 

*Remark: 

 Spermatogenesis begins at puberty 

 Each spermatocyte gives 4 active spermatids 
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SPERMIOGENESIS 
 

Is a series of changes that occurs in the spermatid to transform it into spermatozoon 

(sperm): 

 Formation of acrosome (a sac which covers half of the nucleus and contains 

enzymes) 

 Condensation of the nucleus 

 Formation of the neck, middle piece and tail 

 Shedding most of the cytoplasm 

 

In human, the time required for spermatogonia to develop into a mature sperms is 

approximately 64 days. The sperms then enter the lumen of the semineferous tubules 

in the testis to be transported to the epidedymis where they become fully motile. 

 

 
 

 

 

 

Choose the incorrect statement 

 
 

1- As regards Meiosis: 

a- It is a reduction division 

b- It consists of two parts 

c- It occurs in somatic cells 

d- It occurs in germ cells.    

 

 

2- In Meiosis 

a- The number of chromosomes is reduced into half 

b- Crossing over occurs in the second meiotic division 

c- Crossing over is important for genetic variability 

d- Each cell produces four cell at the end of meiosis 

 

 

3- in Gametogenesis 

a-The sperm contains an  (X) or (Y) chromosome in its nucleus 

      b- The ovum contains always an (X) chromosome in its nucleus 

      c- Nucleus of sperm or ovum contains 23 single chromosomes 

d- Sex chromosomes present in the ovum determine the sex of the embryo 
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4- In Oogenesis 

a- Oogonia differentiate into primary oocytes in the ovary 

b- Primary oocytes start Meiosis I before birth 

c- Primary oocytes arrested in the prophase stage during Meiosis I 

d- Primary oocytes continue first meiotic division before birth 
 

 

5- Fate of fertilization 

a- Secondary oocyte completes Meiosis II 

b- Production of the second polar body 

c- The corpus luteum degenerates and become the corpus albicans 

d- The production of progesterone is increased. 

 

 

6- In Spermatogenesis 

a- The first meiotic division begins before birth 

b- Primordial gem cells give rise to spermatogonia shortly before puberty 

c- One spermatogonium produces four spermatids 

d- Spermatids have the haploid number of chromosomes 
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n=2 and it reffered to 

chromosomes.  
There is 4 Chromosomes 

in this nucleus 

Haploid: 

n Chr &2n DNA 
example 

 2 Chr &4 DNA 

 

Haploid: 

n Chr & n DNA 

example 

 2 Chr &2 DNA 

 

Diploid with 

DNA 
replication: 

2n Chr and 

 4n DNA 

example 

 4 Chr &8 DNA 

 

Diploid: 

2n Chr &2n DNA 

example 

 4 Chr &4 DNA 
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Crossing-over between homologous chromosomes produces chromosomes with new 

associations of genes and alleles 
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Comparison of Mitosis and Meiosis  

Mitosis maintains ploidy level, while meiosis reduces it. Meiosis may be considered a 

reduction phase followed by a slightly altered mitosis. Meiosis occurs in a relative few 

cells of a multicellular organism, while mitosis is more common. 
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2n 
DNA 

DNA replicate= 4n DNA 

n 
DNA 
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Human males produce 200,000,000 sperm per day, while the female produces one 

egg (usually) each menstrual cycle 

 

 

 

 

GAMETOGENESIS 
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several hundred million sperm being produced each day. Once sperm form they move 

into the epididymis where they mature and are stored.  

 

 

 

 

 

 

Human Sperm (SEM x5,785). 
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Oogenesis 

The ovary contains many follicles composed of a developing egg surrounded by an 

outer layer of follicle cells. Each egg begins oogenesis as a primary oocyte. At birth 

each female carries a lifetime supply of developing oocytes, each of which is in 

Prophase I. A developing egg (secondary oocyte) is released each month from 

puberty until menopause, a total of 400-500 eggs.  

 

 

 

  

 MEIOSIS  

End   
 Begin                     
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Maturation of sperms and ova in the testis (below) and ovary (above) 

before and after birth 

 

 

 

ovary 

Testis  

4n 
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