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 Asexual reproduction: 

- simple and direct 

- offspring genetically 
identical to the parent 
organism 

 Sexual reproduction: 

- involves the mixing of DNA 
from two individuals  

- offspring genetically distinct 
from one another and from 
their parents 

 

 



Organisms that reproduced sexually  
are diploid 

 Diploid: 

- each cell contains two sets of 
chromosomes – on inherited from 
each parent 

- the somatic cells – leave no 
progeny of their own; help the cells 
of the germ line to survive and 
propagate 

 Haploid: 

- the specialized cells that perform 
the central process in sexual 
reproduction  

- the germ cells or gametes - leave 
progeny of their own 

 

 

 



Sexual reproduction generates genetic diversity 

 

 

 

 

 

 

 

 

 Produces novel chromosome combinations - each gamete will receive a 
mixture of maternal and paternal homologs 

  Generates genetic diversity through genetic recombination - Crossing-
over 

  Gives organisms a competitive advantage in a changing environment 

- Can help a species survive in an unpredictably  variable environment 

- Can speed up the elimination of deleterious alleles and to prevent them 
from accumulating in the population. 
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Meiosis 

Theodor Boveri – 1883 – the fertilized egg of a parasitic 

roundworm contains four chromosomes, whereas the worm’s 

gametes  - only two. 

Meiosis - cell division by which diploid gamete precursors 

produce haploid gametes 

 reduction division  

 involves one round of DNA replication followed by two 

rounds of cell division 

- Meiotic division I 

- Meiotic division II 

 

 



Meiotic division I consists of: 
1. Prophase I 

- Leptotene - the chromosomes become visible under the light microscope 

- Zygotene - homologous chromosomes  are paired into synapsis;  synaptonemal 
complex – involved in the process of genetic recombination 

- Pachytene - bivalents are formed; crossing-over – recombination between 
homologous chromosomes 

- Diplotene - the bivalents  begin to separate and appear cross-shaped structure – 
chiasmata 

- Diakinesis - maximal condensation 

 

 

 



 

  Synaptonemal complex – hold the bivalent together and 
align the homologs so that the strand exchange can readily 
occur between the non-sister  chromatids. 

  Chiasma (Greek letter χ) – structure that corresponds to 
a crossover between non-sister chromatids.  
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Early in prophase I, homologous chromosomes come 
together to form a synapse. The chromosomes are 
bound tightly together and in perfect alignment by a 
synaptonemal complex and by cohesin proteins at 
the centromere. 

Homolog alignment and crossing-over  



Synapsis – a process in which the paired homologous 
chromosomes become associated with one another. 
- begins in zygotene and is complete throughout 
pachytene 
- the synaptonemal complex mediates this process 
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An electron micrograph of 
 synaptonemal complex  at 
pachytene in a lily flower 

Immunofluorescence micrographs of prophase I cells of the fungus 
Sordaria.  
 (C) – partially synapsed bivalents and fully synapsed bivalents (D) 
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Synapsis and centromere pairing in mouse spermatocytes. 

Synaptonemal complex is highly conserved among different species. 
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Meiosis requires the pairing of duplicated chromosomes 

Interphase            Replication                     Pachytene            Crossing-over 

                                 

                                                             

                                                                                                                                                       

 

 



A bivalent with three chiasmata resulting  
from three crossover events. 
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2. Prometaphase I - Spindle apparatus formed, and chromosomes attached to 
spindle fibers by kinetochores. 

3. Metaphase I - Bivalents align on a equator. 

4. Anaphase I - The homologous chromosomes comprising each bivalent separate 
from each other. 

5. Telophase I - The two haploid sets of chromosomes reach opposite poles. 

 
 
 
 
 
 
 
 

 
 

Summary of Meiosis I: Crossing-over occurs between homologous 
chromosomes. Homologous chromosomes separate from each other 

and 2 haploid cells are formed. 
 
 
 



Meiosis ІІ 

• DNA  synthesis does not occur 

• Is similar to mitosis 

• The difference is that there are only 23 chromosomes, no 46 

• Consists of: 

1. Prophase II  

2. Prometaphase II  

3. Metaphase II  

4. Anaphase II  

5. Telophase II 



The process of chromosome alignment differs between 
meiosis I and meiosis II 



 
 
 
 

Summary of Meiosis II: Sister chromatids separate from each 
other (similar to mitosis) and 4 haploid gamete cells are 

formed. 
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The genetic consequences of meiosis are: 

1. Reduction of the chromosome  

number from 2n to n 

2. Independent assortment of homologous  

chromosome 

3. Crossing-over 

 

 

 

 



Meiosis is not flawless 

Meiotic errors 
• Nondisjunction – mistakes in 

separation of chromosome or 
chromatids is referred to as 
nondisjunction 

- Haploid cells lack a particular chromosome 

- Haploid cells have more than one copy of 
particular chromosome 

– Results in aneuploidy  

– Usually embryo lethal  

– Sex chromosomes  

• Turner syndrome: monosomy, XO  

• Klinefelter syndrome: XXY  

• Translocation and deletion 

 



• Gametogenesis - the process of formation of 
gametes from the germ cells in the testes and 
ovaries.   

Many principles of gametogenesis are the same in both 
males and females. Gametogenesis is divided into 
several phases: 

1. Multiplication  

2. Growth 

3. Maturation 

4. Differentiation – only presented in spermatogenesis 

 

 

 

 



                     Spermatogenesis 

• Takes place within the testes in long 
tubes called seminiferous tubules. 

•  Starts during puberty 
• The ends is quite individual (old age) 
• Multiplication, growth, maturation,  

differentiation 
• No interruptions 
• Hormonal control - luteinizing 

hormone (LH), follicle–stimulating 
hormone (FSH), testosterone 
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Sertoli cells  - initiate and regulate sperm 
production. Probably the most important 
are molecules called inhibin and activin, 
proteins that control the actions of FSH 
Leydig cells – secrete testosterone 



Structure of sperm 

 Head – nucleus, acrosomal 
vesicle 

 Tail  

 

 



Oogenesis 
• Takes place in the ovary 

• Starts early in the embryogenesis 

• The ends of the process – during 
menopause 

• Hormonal control: 

- Follicle-stimulating hormone  

- Luteinizing hormone  

- Estrogen 

• Interrupted process 

 



Interrupted processes: 
1. Meiosis I is interrupted at the diplotene stage of prophase I – 

at the moment of birth a female baby – till puberty. 

2. The secondary oocytes is arrested in metaphase II.  

Meiosis II is accomplished after fertilization!!! 

Human follicle development stages 
  Primary (primordial);  Developing;  Antral; Dominant antral follicle 



 
The graph below shows the changes in human germ cell numbers in the ovary 

with age: 
- peaking at several million (occurring in early fetal development)  

- at puberty there remain only about 400,000 and only about 10% of these will 
be released through reproductive life.  

 



Apoptosis  in germ cells 

• To maintain germline tissue homeostasis 

 

• Multiple pathways are required: 

1. Physiological germ cell apoptosis 

2. DNA damage-induced apoptosis 

 

 



Theca cells are the endocrine cells associated 
with ovarian follicles  -  role in fertility by 
producing the androgen substrate required for 
ovarian estrogen biosynthesis. 

Corona radiata – granulosa cells 
and  extracellular matrix; 
protective and nutritional role. 



Zona pellucida 
 

• mechanical protection of 
egg  

• involved in the fertilization 
process: 

- adhesion of sperm to egg  

- acrosome reaction  

 - cortical granules modify to 
block of polyspermy  

 

• mechanical protection of 
zygote, blastomeres, 
morula and blastocyst 

• role in development of the 
blastocyst 

 

Electron micrograph of 
developing primary oocytes in 
the rabbit ovary 



Ovary Cortex and Medulla 
 



 
Laparoscopic observation of spontaneous human ovulation 

• The mature follicle  (F, white arrows) 
• A small follicular area (S)  

• Viscous yellow fluid carried with it the cumulus–oocyte complex (black 
arrows) 

 
 
   



Fertilization. Embryonic 
development   



Fertilization 
• Union of a spermatozoa and 

an ovum 

• Initiates human embryonic 
development 

• Determines the sex of the 
offspring – in human 

An early human zygote 

Spermatozoa contributes - centriole which 
organizes mitotic spindle  
Oocyte contributes - mitochondria (maternally 
inherited) 



Fertilization - steps 

1. Capacitation  

2. Acrosomal reaction  

3. The corona radiata (envelopes of follicle cells) has been 
penetrated 

4. Contact with zona pellucida  

5. Fusion of membranes   
  The completion of meiosis II 

6.    Fusion of pronuclei – 30 min., after the first step of fertilization (sea 

urchin) 

 

 

 



1. Capacitation -  a process that strips the coat of 
glycoprotein molecules of the spermatozoa 

Why, How, Where? 

 

  Sperms cannot fertilize oocytes when they are newly 
ejaculated. 

  The process of capacitation takes 5-7 hours in humans 

  Pro-Acrosin (inactive) is converted to acrosin (active) 

  Capacitation occurs in the uterus and oviducts and is 
facilitated by substances of the female genital tract. 

o Capacitation alters two crucial aspects of sperm behavior: 

- It greatly increases the motility of the flagellum 

- It makes the sperm capable of undergoing the acrosome 
reaction 



2. Acrosomal reaction – the cap of the acrosome breaks down 
and releases hydrolytic enzymes – hyaluronidase, acrosin 
- Occurs when sperms come into contact with the corona radiata 
of the oocyte   
Acrosome: 
-  is a lysosomal-like compartment derived from the Golgi. It has 
a low pH and contains soluble hydrolases (serine protease 
acrosin) 
 
3. The corona radiata has been penetrated 
4. Contact with zona pellucida – species specific 

 
 



Scanning electron micrograph of a human 
sperm contacting a hamster egg. 

The zona pellucida of the egg has been 
removed. The ability of an individual’s 
sperm to penetrate hamster eggs is used 
as an assay of male fertility. 
Penetration of more than 10-25% of the 
eggs is considered to be normal. 

Contact with zona pellucida – species 
specific 
 
Zona pellucida is composed of three 
glycoproteins - ZP1, ZP2 and ZP3 
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5. Fusion of membranes   

  The completion of meiosis II 

• The secondary oocyte – arrested in metaphase of the 
2nd meiotic division  

forms the mature egg (ovum) and second polar body. 

 

 

 

 

 

 

 



Polyspermy barriers 

 1. A change in the egg plasma membrane 

 

 

 

 

 

 

 

 

2.  Cortical reaction – releases various enzymes that change the 

structure of the zona pellucida so that the sperm cannot bind to or 

penetrate it. 

Sea urchin by 
 rapid depolarization 

  

In mammalian eggs,  
the mechanism is not known  

 



 Release contents of the cortical 
granules 

 Inactivation of ZP3 

 Cleave ZP2 

 

  

 Harding the zona pellucida  
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6. Fusion of pronuclei – 30 min., after the first step of 
fertilization -  sea urchin 

 

  the chromosomes in each pronucleus condense 

  the pronuclear envelopes break down without 
fusing together 

  the male and female chromosomes intermix in the 
cytoplasm 

  form the metaphase of the first mitotic spindle  



The coming together of the sperm and egg pronuclei 
after mammalian fertilization 
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The stages of development between fertilization and hatching 
are collectively called embryogenesis. 

1. Initiated by the fusion of genetic material from the two 
gametes the sperm and the egg. 

2. Fertilization, stimulates the egg to begin development. 

3. Cleavage 

4. Gastrulation 

5. Organogenesis 

 



Four essential processes by which a multicellular organism is made: 

1. Cell proliferation – producing many cells from one 

2. Cell specialization  - creating cells with different characteristics at different positions 

3. Cell interaction  - coordinating the behavior of one cell with that of its neighbors 

4. Cell movement – rearranging the cells to form structured tissues and organs 

 
 

 


