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Cell division / Asexual reproduction
 Mitosis

 produces cells with same information

 identical daughter cells

 exact copies

 clones

 same amount of DNA 

 same number of chromosomes

 same genetic information
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Asexual reproduction
 Single-celled eukaryotes
 yeast (fungi) - budding

 Protists - mitosis
 Paramecium

 Amoeba

 Simple multicellular eukaryotes
 Hydra - budding

What are the
disadvantages of

asexual reproduction?

What are the 
advantages?

budding

budding



How about the rest of us?

 What if a complex multicellular organism (like us) 
wants to reproduce?

 joining of egg + sperm (gametes)

 Do we make egg & sperm by mitosis?
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How Many Chromosomes?

Normal human body cells each contain 46 
chromosomes. The cell division process that body 
cells undergo is called mitosis and produces daughter 
cells that are virtually identical to the parent cell. 
Working with a partner, discuss and answer the 
questions that follow.



1. How many chromosomes would a sperm or an egg contain if 
either one resulted from the process of mitosis?

2. If a sperm containing 46 chromosomes fused with an egg 
containing 46 chromosomes, how many chromosomes 
would the resulting fertilized egg contain? Do you think this 
would create any problems in the developing embryo?

3. In order to produce a fertilized egg with the appropriate 
number of chromosomes (46), how many chromosomes 
should each sperm and egg have?



46 46+ 92

egg sperm zygote

What if, then….

Doesn’t work!
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Meiosis

Homologous chromosomes
 Paired chromosomes
 one from mom and one from dad

 have genes for the same traits

 homologous = same information

diploid

2n

2n = 4

single stranded 

homologous

chromosomes

double stranded

homologous 

chromosomes



Sexual Reproduction
 advantages – more variation

 humans have 46 chromosomes  

= diploid (2n) = two sets of chromosomes 

(contains both sets of homologous chromosomes)

must first reduce the number of chromosomes to 23 = 

haploid (n) = one set of chromosomes, contain 

only a single set of chromosomes (like in gametes)
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How are gametes made?
 Must reduce 46 chromosomes 23

 must halve the number of chromosomes

23

2346

egg

sperm

46

meiosis 46

fertilization

23

23

gametes

zygote
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Chromosome number must be reduced
diploid haploid

2n n

meiosis
reduces 

chromosome 

number to make 

gametes 

through the 

separation of 

homologous 

chromosomes

meiosis
n

n2n

2n

diploid = 2n haploid = n
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Fertilization restores chromosome number

46

fertilization

23

23

diploid = 2n

fertilization

restores 

chromosome 

number

haploid 

diploid

n 2n

haploid = n
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Meiosis

Warning: meiosis evolved from mitosis, so stages & 
“machinery” are similar but the processes are 
radically different. Do not confuse the two!

Meiosis

diploid haploid

2n n
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Separation of Homologous 
chromosomes
 Paired chromosomes with the same information
 one from mom and one from dad

https://www.stanford.edu/group/hopes/cgi-bin/wordpress/2010/06/the-inheritance-of-

huntingtons-disease-text-and-audio/



In Prophase I each chromosome pairs with its 
corresponding homologous chromosome to 
form a TETRAD (contains 4 chromatids)



2nd division of 

meiosis separates

sister chromatids

1st division of 

meiosis separates

homologous pairs

Double division
of meiosis

DNA replication

Meiosis 1

Meiosis 2
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Crossing over
 homologous pairs cross over in meiosis I and exchange 

genes.

 cross over

 breakage of DNA

 re-fusing of DNA

 New combinations of traits
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Crossing Over

– exchange of alleles and produces new alleles



Steps of meiosis
 Meiosis 1
 interphase

 prophase 1

 metaphase 1

 anaphase 1

 telophase 1

 Meiosis 2
 prophase 2

 metaphase 2

 anaphase 2

 telophase 2

2nd division of 

meiosis separates

sister chromatids

(1n 1n)

* just like mitosis *

1st division of 

meiosis separates

homologous pairs

(2n 1n)

“reduction division”
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Meiosis 1

Meiosis



Meiosis 2
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Interphase

Before meiosis

DNA replicates

 centrioles replicate



Prophase I

Homologous 
chromosomes join

 crossing over occurs

nuclear membrane 
disappears



Metaphase I
homologous pairs line 

up in the middle

 spindle fiber attaches 
at centromere

only one side of each 
chromosome is 
attached to spindle 
fiber



Anaphase I

 Homologous pairs are 
separated

Homologous pairs are 
pulled to the poles



Telophase I

Nuclear membrane 
starts to reform

 cytokinesis begins



Meiosis I

Interphase I Prophase I Metaphase I Anaphase I

Cells undergo a round of 

DNA replication, forming 

duplicate Chromosomes.

Each chromosome pairs with 

its corresponding 

homologous chromosome to 

form a tetrad.

Spindle fibers attach to the 

chromosomes.

The fibers pull the 

homologous chromosomes 

toward the opposite ends of 

the cell.



Prophase II

 nuclear membrane 
disappears

 centrioles start to 
move to the poles

 spindle fibers appear



Metaphase II

 chromosomes line 
up in the middle one 
by one

 spindle fibers attach 
to both sides of the 
chromosome



Anaphase II

 sister chromatids get 
pulled apart 



Telophase II and cytokinesis

 nuclear membrane 
reappears

 cytoplasm divides

 four genetically 
different cells are 
produced

 all four are haploid



Meiosis II

Prophase II Metaphase II Anaphase II Telophase II
The chromosomes line up in a 

similar way to the metaphase 

stage of mitosis.

The sister chromatids 

separate and move toward 

opposite ends of the cell.



Mitosis vs. Meiosis
 Mitosis

 1 division

 daughter cells 
genetically identical to 
parent cell

 produces 2 cells

 2n 2n

 produces cells for  
growth & repair

 no crossing over 

 Meiosis

 2 divisions

 daughter cells genetically 
different from parent

 produces 4 cells

 2n 1n

 produces gametes

 crossing over

Meiosis
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