
Meiosis	  Anima+on	  

Topic	  2	  Cell	  Division	  –	  Meiosis	  	  



A	  second	  type	  of	  cell	  division	  
designed	  to	  make	  haploid	  
(n)	  cells	  called	  gametes	  
–  Gametes	  include	  sperm	  
(from	  testes)	  and	  egg	  
(from	  ovaries)	  

–  2n→n	  
•  Meiosis	  occurs	  in	  2	  stages	  
to	  produce	  a	  total	  of	  4	  
haploid	  cells	  

	  	  	  Meiosis	  	  

Why	  are	  haploid	  cells	  
necessary?	  

	  

Meiosis Tutorial: The Biology Project! 



•  Similar	  to	  mitosis,	  germ	  
cells	  will	  go	  through	  
interphase	  	  

– During	  this	  phase,	  
chromosomes	  are	  
replicated	  (DNA	  synthesis)	  

– The	  cell	  prepares	  for	  
meiosis	  	  

Interphase:	  Stage	  Prior	  to	  Meiosis	  I	  
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http://highered.mcgraw-hill.com/sites/
0072495855/student_view0/chapter28/
animation__how_meiosis_works.html 

Meiosis animation 
(McGraw-Hill) 
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Meiosis	  I	  

Meiosis	  II	  

AKA	  :	  Reduc+on	  
division	  since	  
chromosome	  number	  
is	  reduced	  (2n→n)	  
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Prophase	  1	  
•  Nuclear	  membrane	  disintegrates	  and	  

spindle	  fibers	  form	  
•  Chroma+n	  coils	  up	  into	  chromosomes	  
•  Two	  homologous	  (similar)	  

chromosomes	  come	  together	  to	  form	  
a	  tetrad	  

•  This	  process	  is	  called	  synapsis	  
•  A	  tetrad	  consists	  of	  2	  replicated	  

homologous	  	  chromosomes	  or	  4	  
chroma+ds	  

•  During	  this	  +me,	  chromosomes	  are	  so	  
close	  together,	  crossing	  over	  can	  
occur	  

The	  result	  is	  en+rely	  
new	  gene+c	  

combina+ons	  not	  seen	  
in	  the	  parents	  	  

**Diagram on 
next page! 



Prophase	  1	  
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Crossing	  Over	  



Metaphase	  I	  
•  Homologous	  replicated	  
chromosomes	  line	  up	  at	  the	  
equator	  on	  the	  metaphase	  
plate	  on	  the	  same	  spindle	  
fiber	  

	  
•  Recall	  in	  metaphase	  of	  mitosis,	  all	  

chromosomes	  lined	  up	  at	  the	  
middle	  	  
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Metaphase	  –	  what’s	  different?	  

Meiosis	  –	  Metaphase	  I	  Mitosis	  –	  Metaphase	  



Anaphase	  I	  
•  Apart!	  
•  Homologous	  chromosomes	  separate	  to	  opposite	  poles	  

•  This	  is	  known	  as	  segrega+on	  	  	  	  	  	  	  2n→n	  
•  Individual	  chroma+ds	  in	  the	  replicated	  chromosomes	  
do	  not	  separate	  yet	  

	  

No indent 
until 

telophase! 



Telophase	  1	  
•  Chromosomes	  arrive	  at	  opposite	  poles	  
•  Cytokinesis	  occurs	  in	  animal	  cells	  
•  2	  haploid	  cells	  form	  
•  Chromosomes	  may	  become	  chroma+n	  and	  enter	  an	  
interphase	  2	  in	  some	  cells	  

•  Haploid	  cells	  now	  go	  into	  Meiosis	  II	  (similar	  to	  Mitosis)	  

Cleavage 
furrow 



Telophase	  1	  

cytokinesis 



Prophase	  II	  
•  New	  spindle	  fibers	  form	  
•  Nuclear	  membrane	  dissolves	  
•  Chroma+n	  becomes	  visible	  chromosomes	  



Metaphase	  II	  
•  Chromosome	  line	  up	  at	  the	  metaphase	  plate	  
•  Chromosomes	  here	  are	  made	  up	  of	  2	  chroma+ds	  

Sister 
chromatids 

chromatid Metaphase 
plate 

(equator) 



Anaphase	  II	  
•  Centromeres	  split	  

• Chromosomes	  move	  to	  the	  poles	  

No	  cleavage	  furrow	  yet!	  	  
(Indent	  should	  not	  be	  there!)	  	  



Anaphase	  II	  



Telophase	  II	  
•  Chromosomes	  arrive	  at	  poles	  
•  Cytoplasm	  starts	  to	  pinch	  in	  	  
•  Cytokinesis	  occurs	  
•  End	  result	  is	  4	  haploid	  cells	  

Excellent	  Narrated	  
Movie	  of	  Meiosis	  



Cytokinesis	  

http://www.youtube.com/watch?v=iCL6d0OwKt8  Meiosis Square Dance 



Meiosis I 
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Meiosis	  in	  Males	  and	  Females	  
Males	  -‐	  Spermatogenesis	  

LocaJon	  :	  testes	  	  
Females	  -‐	  Oogenesis	  

LocaJon:	  ovaries	  
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4	  equal	  sperm	  
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Meiosis	  2	  

N 
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Meiosis	  1	  

1	  egg	  and	  3	  polar	  bodies	  
Egg	  (oo+d)	  gets	  most	  of	  the	  
cytoplasm.	  	  Polar	  bodies	  die	  and	  
are	  absorbed	  by	  body.	  

Meiosis	  2	  



Meiosis	  Produces	  Sperm	  Cells	  



Structure	  of	  Human	  Sperm	  



Spermatogenesis	   Oogenesis	  

Sperm	  (n)	   Egg	  (Ovum)	  (n)	  

Zygote(2n)	  

Embryo	  
Fetus	  
Child	  

Meiosis	  

Mitosis	  
FYI:  males 
make approx 
109 sperm 
cells every 
day 

FYI:  females are 
born with approx 
400 000 egg 
cells.  1000 
mature every 
month, but only 
one leaves 
ovary. 

Fer+liza+on	  	  

(2n)	  
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http://highered.mcgraw-hill.com/sites/9834092339/student_view0/chapter11/
comparison_of_meiosis_and_mitosis.html  

Mitosis vs. Meiosis 
animation & quiz 
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Do the questions in your workbook 



Meiosis	  -‐	  Sources	  of	  Varia+on	  

•  Meiosis	  produces	  daughter	  cells	  with	  different	  
combina+ons	  of	  genes.	  	  

•  This	  variaJon	  is	  accomplished	  by:	  	  
	  1.	  Gamete	  success	  -‐	  only	  one	  sperm	  can	  fer+lize	  the	  egg.	  
	   	  	  

Mitosis	  produces	  daughter	  cells	  that	  are	  gene+cally	  IDENTICAL 	  	  



Crossing	  Over	  
2.	  Crossing	  Over	  -‐	  depends	  on	  distance	  between	  genes	  
and	  length	  of	  chromosome	  
	   	  	   Sister	  

chroma+ds	  

Homologous	  
chromosomes	  

Non-‐sister	  
chroma+ds	  

Crossing	  over	  
gametes	  



Crossing	  Over	  
Crossing over occurs at random between pairs of homologous 
chromosomes.  
(1) During prophase I, homologous chromosomes form pairs.  
(2) Non-sister chromatids cross over each other and exchange 

segments of chromosomes.  
(3)  Chromosomes in the  gametes contain new combinations of 

genetic material 

Sister	  chroma+ds	  

Tetrad	  or	  
homologous	  pair	  	  

Non-‐sister	  chroma+ds	  

Crossing	  over	  

gametes	  



Crossing	  over	  occurs	  more	  
o`en	  between	  genes	  that	  
are	  further	  apart.	  
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A, B and C are linked. So are a, b and c.  

 They are on the same chromosome.   

The only way they would not be transferred 
together is if they were crossed over during 
Prophase I. 



Independent	  Assortment	  
3.	  Independent	  assortment	  -‐	  the	  way	  one	  
homologous	  pair	  lines	  up	  has	  nothing	  to	  do	  with	  the	  way	  
another	  homologous	  pair	  lines	  up!	  	  It	  is	  random.	  

http://www.youtube.com/watch?
v=rB_8dTuh73c&safety_mode=true&safe=a
ctive 

Meiosis Video: (9:35) 



Law of Independent Assortment 
§  Different pairs of alleles line up independently 

of each other (completely random!) 

Independent 
Assortment 

Very unlikely according to 
Independent Assortment 



Animal	  Life	  Cycle	  

The	  animal	  life	  cycle	  
is	  based	  on	  a	  regular	  
paPern	  of	  mitosis	  

and	  meiosis	  	  

Humans	  reproduce	  
sexually	  and	  live	  in	  
the	  diploid	  stage	  



Plant	  Life	  Cycle	  

Plants	  can	  exist	  in	  haploid	  	  
And	  Diploid	  stages	  known	  	  

as	  Alterna+on	  of	  	  
Genera+ons	  



Fern	  Life	  Cycle	  

Alterna+on	  of	  genera+ons	  



Plant	  Life	  Cycle	  

Meiosis Fertilization 



Plant	  Life	  Cycle	  

Meiosis Fertilization 

Mitosis 

Mitosis 



Meiosis	  

Test yourself!  10 interactive questions: 
http://www.biology.arizona.edu/cell_bio/tutorials/meiosis/01q.html 
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