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Chapter 6: Chromosomes 
and Cell Division



6.1–6.5  

There are different 

types of cell division.

Mitosis

Meiosis

What is the 

difference? 



6.1  Immortal cells can spell 
trouble: cell division in 
sickness and health.



Telomeres
 The telomere is like a 

protective cap at the 
end of the DNA.

 Every time a cell 
divides, the telomere 
gets a bit shorter.

Insert new fig 6-1

Immortal cells can spell 

trouble = cancer, keeps 

rebuilding telomeres , 

but do not know when to 

stop dividing.



What happens when your are born with 

abnormally short telomeres?





Can you 

identify the 

type of cell?

What type of 

division is 

this?



6.4  There is a time for everything in the 
eukaryotic cell cycle.



6.5  Cell division is preceded by DNA 
replication. 



6.6–6.9  

Mitosis replaces 

worn-out old cells 

with fresh new 

duplicates. 

How does the 

shape of a 

chromosome 

resemble 

spaghetti?



Mitosis has just one purpose:

 To enable cells to generate new, 
genetically identical cells. 

There are two different reasons for this 
need:

1. Growth

2. Replacement





Apoptosis

 The pre-planned process of cell suicide

Certain cells are targeted for apoptosis.

employed in parts of the body where the cells 
are likely to accumulate significant genetic 
damage over time and are therefore at high 
risk of becoming cancer cells 

Digestive Tract and Liver cells



Mitosis

 The number of (somatic) cells that must 
be replaced by mitosis every day is huge.

 The rate at which mitosis occurs varies 
dramatically.



6.7  Overview
Mitosis leads to duplicate cells.

Parent cells  daughter cells



Mitosis follows 

chromosome replication 

and leads to the production 

of two identical  daughter 

cells from one parent cell.



6.8  The Details of Mitosis
Mitosis is a four-step process 
(PMAT), but I like to think of 

it as 5.

Prophase

Metaphase

Anaphase

Telophase

Cytokinesis 



Preparation for 
Mitosis: The 

Chromosomes 
Replicate 

(interphase –
S phase)



Animal chromosomes are linear. 

So why do they look like the letter 
“X” in pictures?



Sister Chromatids  

A chromosome and its identical replicated copy, 
joined at the centromere.













Take-home message 6.8

The ultimate result of mitosis 
and cytokinesis is the 
production of two genetically 
identical cells.



6.9  Cell division out of 
control means cancer.



Cancer

Unrestrained cell growth and division…

…can lead to tumors…

…the second leading cause of death in the 
United States!



Tumor Growth

Unregulated cell 
division



Cancer cells have 
several features 
that distinguish 
them from normal 
cells, including…



Benign and Malignant Tumors



What is cancer? 

How does it usually cause 
death?





Why is the treatment for cancer often 
considered as bad as the disease?



Take-home message 6.9

 Cancer is unrestrained cell growth and 
division.

 Cancer can lead to large masses of cells 
called malignant tumors that can cause 
serious health problems.

 Treatment focuses on killing or slowing the 
division of the cells using chemotherapy 
and/or radiation.



Meiosis



6.10–6.14 

Meiosis generates 

sperm and eggs and 

a great deal of 

variation.



6-10  Sexual 
reproduction 
requires special 
cells (gametes) 
made by meiosis. 



What is the difference 

between diploid and 

haploid?  

How do we write it?



 Meiosis achieves more than just a reduction in 
the amount of genetic material in gametes.

 You have two copies of every gene!



Meiosis has two important features:

1. It reduces the amount of genetic 
material in gametes = haploid (half)

2. It produces gametes that all differ from 
each other with respect to the 
combinations of alleles they carry.



6.11  Sperm and egg are 
produced by meiosis: the 
details, step-by-step.

Mitosis occurs almost 
everywhere in an animal’s body. 
Meiosis only occurs in one place. 

Where?



Meiosis starts with a diploid cell.

A homologous pair, or homologues
• The maternal and paternal copies of a chromosome



Chromosomes are duplicated.

 Sister chromatids

• Each strand and its identical duplicate, held 
together at the centromere



Cells undergoing meiosis divide twice.

There are two major parts to meiosis:

1. The homologues are separated.

2. Each of the two new cells divides 
again, separating the sister chromatids 
into two even newer cells.





Meiosis Division 1 

Separating the homologues



1. Prophase I

 The most 
complex of all of 
the phases of 
meiosis

Crossing over



2. Metaphase I

 Each pair of 
homologous 
chromosomes 
moves to the 
equator of 
the cell.



3. Anaphase I

Beginning of the first cell division that 
occurs during meiosis

 The homologues are pulled apart toward 
opposite sides of the cell.

The maternal and paternal sister 
chromatids are pulled to the ends of the 
cell in a random fashion.



Anaphase I, Telophase I



Meiosis Division 2 
Separating the sister chromatids



8. Telophase II

 The cytoplasm then 
divides, the cell 
membrane pinches 
the cell into two 
new daughter cells, 
and the process 
comes to a close.



Outcome of Meiosis

 The creation of four haploid daughter 
cells, each with just one set of 
chromosomes which contains a completely 
unique combination of traits





6.12  Male and female 
gametes are produced in 
slightly different ways.

How do you distinguish a 
male from a female?





In many female animals, only one egg results from 

meiosis. The other three cells, called polar bodies, 

are usually not involved in reproduction



6.13  Crossing over and meiosis 
are important sources of 
variation.





6.14  What are 
the costs and 
benefits of 
sexual 
reproduction?



Sexual reproduction advantages?

 Sexual reproduction leads to offspring that are 
all genetically different from each other and 
from either parent in three different ways:

1. Combining alleles from two parents at 
fertilization

2. Crossing over during the production of 
gametes

3. Shuffling and reassortment of homologues 
during meiosis



Bacteria reproduce asexually, 
while most plants and animals 

reproduce sexually. 

Which is a better method?



With asexual reproduction, the 
advantages and disadvantages are more 

or less reversed.



6.15–6.16  

There are sex 

differences in the 

chromosomes. 



Which parent determines the 
sex of their baby? 

Why?

6-15. How is sex determined in 
humans?



Sex Chromosomes





The sex of the 
offspring is 
determined in a 
variety of ways in 
other species.



6.17–6.18  

Deviations from the 

normal chromosome 

number lead to 

problems. 



6.17  Down syndrome can be 
detected before birth: Karyotypes 
reveal an individual’s entire 
chromosome set.

Karyotype

• A display of an individual’s complete set of 
chromosomes





1. Amniocentesis



2. Chorionic Villus Sampling (CVS)

 Tissue is removed from the placenta.

Because the fetus and placenta both 
develop from the same fertilized egg, 
their cells contain the same genetic 
composition.

Can be done several weeks earlier in the 
pregnancy, usually between the 10th and 
12th weeks. 









Nondisjunction

 The unequal 
distribution of 
chromosomes during 
meiosis

 Error of cell division 
that creates a gamete 
with zero or two copies 
of a chromosome 
rather than a single 
copy



6.18  Life is possible with too 
many or too few sex 
chromosomes.





Turner Syndrome: X_



Klinefelter Syndrome: XXY



XYY Males



XXX Females



Take-home message 6.18

 Individuals born lacking one of the sex 
chromosomes or with an additional X or Y 
chromosome usually survive.

These individuals usually have physical 
and/or physiological problems.


