
Cell Division: Mitosis and Meiosis 
 “Omnis cellula e cellula” 

 Cell Div. In Eukaryotic cells 
 Chromosome structure 
 Biparental inheritance and diploidy 

 Mitosis: Karyokinesis and cytokinesis 
 5 stages: PPMAT 
 Regulating Cell Division 

 Prokaryotic Cell Division - Binary Fission 
 The importance of genetic variation 

 Sex and Genetic Variation 
Meiosis and Eukaryotic Life Cycles 
Meiosis I and Meiosis II 
 3 Sources of genetic variation 
Gametogenesis 



Bacterial cell division (binary fission) (Layer 1) 



Bacterial cell division (binary fission) (Layer 2) 



Bacterial cell division (binary fission) (Layer 3) 



The functions of cell division: Reproduction 



The functions of cell division: Growth and 
development 



The functions of cell division: Tissue renewal 



Why is cell division in eukaryotes 
more complicated than binary 
fission in prokaryotes?  
 Genome size: Organismal and 

cellular complexity 
 Nuclear and chromosomal 

packaging 
Chromatin, chromosomes 

and chromatids  
Histone proteins and 

supercoiling 
 Biparental inheritance and 

diploidy 
 



From chromatin to chromosome: 



Chromosome Structure Unraveled 

 



Chromosome duplication and distribution during mitosis 



Preparation of a human karyotype 



Human female chromosomes shown by bright field 
G-banding 



Human female karyotype shown by bright field G-
banding of chromosomes 



Diploidy, where chromosomes exist 
in pairs, is the natural outcome of 

biparental inheritance: 



Mitosis: The process of cell division occurring in 
somatic cells that results in the production of two 
daughter cells that are genetically identical to one 
another and to the parent cell from which they arose. 
 Summary of Mitosis:  

 Occurs in Somatic Cells 
 Responsible for growth, development, repair 

and renewal, as well as asexual reproduction 
in single celled protists.   

 Four continuous events:  
 Prophase - chromosomes condense, spindle 

begins to form and the nuclear membrane 
disappears (prometa) 

 Metaphase - chromosomes align along cell’s 
equator 

 Anaphase - sister chromatids are pulled to 
opposite poles of the cell 

 Telophase - nuclear membranes reform, 
cytokinesis 

 



The stages of mitotic cell division in an animal cell: G2 
phase; prophase --> prometaphase --> 



The stages of mitotic cell division in an animal cell:  
metaphase-->anaphase-->telophase and cytokinesis. 



Mitosis in whitefish embryo (blastula) 

http://www.youtube.com/watch?v=DD3IQknCEdc 

http://www.youtube.com/watch?v=aDAw2Zg4IgE
http://www.youtube.com/watch?v=DD3IQknCEdc


Mitosis in a plant cell 

http://www.youtube.com/watch?v=pz-f9SZXfck 

http://www.youtube.com/watch?v=pz-f9SZXfck


Cytokinesis in animal and plant cells: forming a 
cleavage furrow vs a cell plate 



Mitosis in an onion root:  
How many cells do you see in the process of dividing? 



The cell cycle: What’s going on the other 95% of the 
time… 



Cycling Behavior: 3 Patterns of 
Cell Division 
 Replaceable or Renewing Cells 
Continuous cycling 
Epidermis, sperm cell stem cells, RBC stem 

cells 
 Expanding or Compensatory Cells 
Enter G0 but can return to G1 
Guess who? 

 Irreplaceable or Non-Renewing Cells 
Enter G0 permanently 
Nerve cells, egg cell stem cells 

 
 

 
 



Determinants of Cell Cycling 
Behavior 
 Cell contact 

inhibition 
 Cell size 
 Chemical signals 
 Telomeres 

 
 What is cancer? 



Cell contact Inhibition: The density-dependent 
inhibition of cell division 



Mitosis in an onion root:  
Cell size is an important mitotic signal 



External signals: The effects of platelet derived growth 
factor (PDGF) on cell division in fibroblasts 



Cell cycle control systems determined by 
restriction points 



Can mitosis occur infinitely? Telomeres 
determine a finite growth potential 

 Fibroblasts in culture 
 Telomeres and 

telomerase: Telomeres of 
mouse chromosomes 



Cancer: When a single cell goes 
bad 



Sex, Gametogenesis and Genetic 
Variation  

 Genetic variation in prokaryotes 
 Sexual Reproduction: guaranteed 

genetic variation 
 The human life cycle:  

Mitosis for somatic cells 
Meiosis for gametic cells 

 Meiosis: 2 rounds of cell division 
A reduction followed by a division 
 2 sources of genetic variation 

 Independent assortment  and 
crossing over 

 Gametogenesis:  
 Spermatogenesis 
Oogenesis: Ovum and polar bodies 

 
 



The asexual reproduction of a hydra 



Bacterial cell division (binary fission) 



Meiosis: The process of cell division occurring in 
sexually reproducing organisms that results in 
the production of haploid cells that are 
genetically variable from one another. 



Overview of meiosis: how meiosis reduces chromosome number 



The stages of meiotic cell division: Meiosis I 



The stages of meiotic cell division: Meiosis II 



A comparison of mitosis and meiosis 



A comparison of mitosis and meiosis: summary 



Independent Assortment: The results of alternative arrangements 
of two homologous chromosome pairs on the metaphase plate in 
meiosis I 



Crossing over: Homologous chromosomes enter 
synapsis and exchange equivalent segments of DNA. 



In the gametic life cycle seen in animals the process 
of meiosis is known as gametogenesis, with the two 

sexes yielding very different gametes. 



Spermatogenesis 



Oogenesis 


	Cell Division: Mitosis and Meiosis� “Omnis cellula e cellula”
	Bacterial cell division (binary fission) (Layer 1)
	Bacterial cell division (binary fission) (Layer 2)
	Bacterial cell division (binary fission) (Layer 3)
	The functions of cell division: Reproduction
	The functions of cell division: Growth and development
	The functions of cell division: Tissue renewal
	Why is cell division in eukaryotes more complicated than binary fission in prokaryotes? 
	From chromatin to chromosome:
	Chromosome Structure Unraveled
	Chromosome duplication and distribution during mitosis
	Preparation of a human karyotype
	Human female chromosomes shown by bright field G-banding
	Human female karyotype shown by bright field G-banding of chromosomes
	Diploidy, where chromosomes exist in pairs, is the natural outcome of biparental inheritance:
	Mitosis: The process of cell division occurring in somatic cells that results in the production of two daughter cells that are genetically identical to one another and to the parent cell from which they arose.
	The stages of mitotic cell division in an animal cell: G2 phase; prophase --> prometaphase -->
	The stages of mitotic cell division in an animal cell: �metaphase-->anaphase-->telophase and cytokinesis.
	Mitosis in whitefish embryo (blastula)
	Mitosis in a plant cell
	Cytokinesis in animal and plant cells: forming a cleavage furrow vs a cell plate
	Mitosis in an onion root: �How many cells do you see in the process of dividing?
	The cell cycle: What’s going on the other 95% of the time…
	Cycling Behavior: 3 Patterns of Cell Division
	Determinants of Cell Cycling Behavior
	Cell contact Inhibition: The density-dependent inhibition of cell division
	Mitosis in an onion root: �Cell size is an important mitotic signal
	External signals: The effects of platelet derived growth factor (PDGF) on cell division in fibroblasts
	Cell cycle control systems determined by restriction points
	Can mitosis occur infinitely? Telomeres determine a finite growth potential
	Cancer: When a single cell goes bad
	Sex, Gametogenesis and Genetic Variation
	The asexual reproduction of a hydra
	Bacterial cell division (binary fission)
	Meiosis: The process of cell division occurring in sexually reproducing organisms that results in the production of haploid cells that are genetically variable from one another.
	Overview of meiosis: how meiosis reduces chromosome number
	The stages of meiotic cell division: Meiosis I
	The stages of meiotic cell division: Meiosis II
	A comparison of mitosis and meiosis
	A comparison of mitosis and meiosis: summary
	Independent Assortment: The results of alternative arrangements of two homologous chromosome pairs on the metaphase plate in meiosis I
	Crossing over: Homologous chromosomes enter synapsis and exchange equivalent segments of DNA.
	In the gametic life cycle seen in animals the process of meiosis is known as gametogenesis, with the two sexes yielding very different gametes.
	Spermatogenesis
	Oogenesis

