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Important	
  Word	
  Roots	
  

Meiosis	
  
•  Meio:	
  To	
  Lessen	
  
•  Osis:	
  AcAons	
  or	
  stages	
  

Haploid	
  
•  Haplo	
  –	
  Meaning	
  

Single	
  
(n)	
  

Diploid	
  
•  Diplo	
  –	
  Meaning	
  

Double	
  	
  
(2n)	
  	
  

www.yourgenome.org	
  

Meiosis	
  
I	
  Pee	
  on	
  the	
  MAT…	
  P	
  MAT!	
  

Important	
  LaAn	
  Roots	
  

Meioun	
  
•  Lessen	
  

Mei 	
  	
  
•  Small	
  

Tosis	
  
•  Process	
  	
  

Haplo	
  

•  Single	
  	
  
Di	
  

•  2	
  
Oid	
  

•  “resembling,”	
  
“like”	
  

•  Greek:	
  Eides	
  
–  “Having	
  the	
  

form	
  of”	
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Mul1cellular	
  
diploid	
  adults	
  
(2n	
  =	
  46)	
  

MEIOSIS	
   FERTILIZATION	
  

MITOSIS	
  

2n	
  	
  

and	
  development	
   Key	
  

Sperm	
  cell	
  

n	
  

n	
  

Diploid	
  
zygote	
  
(2n	
  =	
  46)	
  

Diploid	
  (2n)	
  
Haploid	
  (n)	
  

Egg	
  cell	
  
Haploid	
  gametes	
  (n	
  =	
  23)	
  

Figure	
  8.12	
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Figure	
  9.29	
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MEIOSIS	
  I	
  

Sister	
  
chroma1ds	
  
separate.	
  

MEIOSIS	
  II	
  

Homologous	
  
chromosomes	
  
separate.	
  

INTERPHASE	
  BEFORE	
  MEIOSIS	
  

Sister	
  
chroma1ds	
  

Duplicated	
  pair	
  of	
  
homologous	
  
chromosomes	
  

Chromosomes	
  
duplicate.	
  

Pair	
  of	
  homologous	
  
chromosomes	
  in	
  
diploid	
  parent	
  cell	
  	
  

Figure	
  8.13-­‐3	
  

Without	
  methods	
  to	
  increase	
  GeneAc	
  Diversity	
  many	
  
of	
  the	
  same	
  sperm	
  or	
  egg	
  would	
  be	
  produced	
  

The	
  Origins	
  of	
  GeneAc	
  VariaAon	
  

– You	
  are	
  not	
  exactly	
  like	
  your	
  parents	
  or	
  
your	
  siblings	
  

	
  Why?	
  	
  

1.	
  	
  Independent	
  Assortment	
  of	
  Chromosomes	
  
2.	
  	
  Crossing	
  Over	
  
3.	
  	
  Random	
  FerAlizaAon	
  

1.	
  	
  Independent	
  Assortment	
  of	
  Chromosomes	
  
– When	
  aligned	
  during	
  ___________________the	
  
orientaAon	
  of	
  each	
  homologous	
  pair	
  of	
  
chromosomes	
  is	
  a	
  maber	
  of	
  chance.	
  
•  Every	
  chromosome	
  pair	
  orients	
  independently	
  of	
  the	
  others	
  

metaphase	
  I	
  of	
  meiosis,	
  

MEIOSIS	
  I:	
  HOMOLOGOUS	
  CHROMOSOMES	
  SEPARATE	
  

INTERPHASE	
   PROPHASE	
  I	
   METAPHASE	
  I	
   ANAPHASE	
  I	
  

Independent	
  
Assortment	
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Metaphase	
  of	
  
meiosis	
  I	
  

Metaphase	
  	
  
of	
  meiosis	
  II	
  	
  

Combina1on	
  a	
  	
  

POSSIBILITY	
  1	
   POSSIBILITY	
  2	
  

Combina1on	
  b	
  	
   Combina1on	
  c	
  	
   Combina1on	
  d	
  	
  

Gametes	
  	
  

Figure	
  8.16-­‐3	
  

–  For	
  any	
  species	
  the	
  total	
  number	
  of	
  chromosome	
  
combinaAons	
  that	
  can	
  appear	
  in	
  the	
  gametes	
  due	
  to	
  
independent	
  assortment	
  is:	
  
•  2n	
  where	
  n	
  is	
  the	
  haploid	
  number.	
  

–  For	
  a	
  human:	
  
•  n	
  =	
  23	
  	
  
•  223	
  =	
  8,388,608	
  different	
  chromosome	
  

combinaAons	
  possible	
  in	
  a	
  gamete	
  

Metaphase	
  I	
  

Metaphase	
  II	
  	
  

Recombinant	
  chromosomes	
  	
  

Gametes	
  	
  
Recombinant	
  	
  
chromosomes	
  
combine	
  gene1c	
  
informa1on	
  from	
  
different	
  parents.	
  	
  

Homologous	
  chroma1ds	
  
exchange	
  corresponding	
  
Remints.	
  	
  

Sister	
  chroma1ds	
  	
  
remain	
  joined	
  at	
  their	
  
centromeres.	
  
	
  

Prophase	
  I	
  
of	
  meiosis	
  

Duplicated	
  pair	
  of	
  
homologous	
  
chromosomes	
  	
  

Chiasma,	
  site	
  of	
  
crossing	
  over	
  
	
  

Spindle	
  
microtubule	
  
	
  

Figure	
  8.18-­‐5	
  

In	
  crossing	
  over:	
  
–  Homologous	
  
chromosomes	
  
exchange	
  geneAc	
  
informaAon	
  	
  

–  Gene1c	
  
recombina1on,	
  the	
  
producAon	
  of	
  gene	
  
combinaAons	
  are	
  
different	
  from	
  those	
  
carried	
  by	
  parental	
  
chromosomes	
  

2.	
  	
  Crossing	
  Over	
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MEIOSIS	
  I:	
  HOMOLOGOUS	
  CHROMOSOMES	
  SEPARATE	
  

Sister	
  chroma1ds	
  
remain	
  a[ached	
  

Pair	
  of	
  
homologous	
  
chromosomes	
  
	
  

INTERPHASE	
  

Sister	
  
chroma1ds	
  

Homologous	
  
chromosomes	
  
pair	
  up	
  and	
  
exchange	
  
segments.	
  

Chromosomes	
  
duplicate.	
  

Pairs	
  of	
  	
  
homologous	
  
chromosomes	
  
line	
  up.	
  

Pairs	
  of	
  	
  
homologous	
  
chromosomes	
  
split	
  up.	
  

Nuclear	
  
envelope	
  
	
   Chroma1n	
  

	
  

Centromere	
  
	
  

Microtubules	
  
a[ached	
  
to	
  chromosome	
  

Sites	
  of	
  	
  
crossing	
  over	
  

Spindle	
  

Centrosomes	
  	
  
(with	
  centriole	
  
pairs)	
  

PROPHASE	
  I	
   METAPHASE	
  I	
   ANAPHASE	
  I	
  

Figure	
  8.14a	
  Crossing	
  Over	
  

3.	
  	
  Random	
  FerAlizaAon	
  
–  A	
  human	
  egg	
  cell	
  is	
  
ferAlized	
  randomly	
  by	
  one	
  
sperm,	
  leading	
  to	
  geneAc	
  
variety	
  in	
  the	
  zygote.	
  

–  If	
  each	
  gamete	
  represents	
  
one	
  of	
  8,388,608	
  different	
  
chromosome	
  combinaAons,	
  
at	
  ferAlizaAon,	
  humans	
  
would	
  have	
  8,388,608	
  ×	
  
8,388,608,	
  or	
  more	
  than	
  70	
  
trillion,	
  different	
  possible	
  
chromosome	
  combinaAons.	
  

Figure	
  8.17	
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MEIOSIS	
  I:	
  HOMOLOGOUS	
  CHROMOSOMES	
  SEPARATE	
  

Sister	
  chroma1ds	
  
remain	
  a[ached	
  

Pair	
  of	
  
homologous	
  
chromosomes	
  
	
  

INTERPHASE	
  

Sister	
  
chroma1ds	
  

Homologous	
  
chromosomes	
  
pair	
  up	
  and	
  
exchange	
  
segments.	
  

Chromosomes	
  
duplicate.	
  

Pairs	
  of	
  	
  
homologous	
  
chromosomes	
  
line	
  up.	
  
Independent	
  	
  
Assortment	
  

Pairs	
  of	
  	
  
homologous	
  
chromosomes	
  
split	
  up.	
  

Nuclear	
  
envelope	
  
	
   Chroma1n	
  

	
  

Centromere	
  
	
  

Microtubules	
  
a[ached	
  
to	
  chromosome	
  

Sites	
  of	
  	
  
crossing	
  over	
  

Spindle	
  

Centrosomes	
  	
  
(with	
  centriole	
  
pairs)	
  

PROPHASE	
  I	
   METAPHASE	
  I	
   ANAPHASE	
  I	
  

Figure	
  8.14a	
  

M	
  =	
  	
  
Meet	
  in	
  the	
  Middle	
  

A	
  =	
  	
  Apart	
  
Full	
  Homologous	
  
Chromosomes	
  

TELOPHASE	
  II	
  	
  
AND	
  	
  

CYTOKINESIS	
  	
  

Sister	
  	
  
chroma1ds	
  
separate	
  

ANAPHASE	
  II	
  

Cleavage	
  
furrow	
  

TELOPHASE	
  I	
  	
  
AND	
  	
  

CYTOKINESIS	
  	
  

Two	
  haploid	
  
cells	
  form;	
  
chromosomes	
  
are	
  s1ll	
  
doubled.	
  

MEIOSIS	
  II:	
  SISTER	
  CHROMATIDS	
  SEPARATE	
  
PROPHASE	
  II	
   METAPHASE	
  II	
  

During	
  another	
  round	
  of	
  cell	
  division,	
  the	
  sister	
  
chroma1ds	
  	
  finally	
  separate;	
  four	
  haploid	
  
daughter	
  cells	
  result,	
  containing	
  single	
  

chromosomes.	
  
	
  

Haploid	
  	
  
daughter	
  
cells	
  forming	
  

Figure	
  8.14b	
  

M	
  =	
  	
  
Meet	
  in	
  the	
  Middle	
   A	
  =	
  	
  Apart	
  

Just	
  like	
  Mitosis	
  

Errors	
  in	
  Meiosis	
  

1.	
  	
  Non-­‐DisjuncAon	
  	
  
2.	
  	
  Crossing	
  Over	
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When Meiosis Goes Awry 

Meiosis	
  I	
  

Abnormal	
  gametes	
  	
  

Gametes	
  	
  

Nondisjunc1on:	
  
Pair	
  of	
  homologous	
  
chromosomes	
  fails	
  
to	
  separate.	
  	
  

NONDISJUNCTION	
  IN	
  MEIOSIS	
  I	
  

Number	
  of	
  
	
  	
  chromosomes	
  	
  

Meiosis	
  II	
  

Nondisjunc1on:	
  
Pair	
  of	
  sister	
  
chroma1ds	
  
fails	
  to	
  separate.	
  	
  

Abnormal	
  gametes	
  	
   Normal	
  gametes	
  	
  

n	
  	
  n	
  	
  n	
  +	
  1	
  n	
  +	
  1	
   n	
  –	
  1	
  n	
  +	
  1	
  

NONDISJUNCTION	
  IN	
  MEIOSIS	
  II	
  

n	
  –	
  1	
   n	
  –	
  1	
  

Figure	
  8.20-­‐3	
  

–  What	
  happens	
  when	
  errors	
  occur	
  in	
  meiosis?	
  
–  Such	
  mistakes	
  can	
  result	
  in	
  geneAc	
  abnormaliAes	
  that	
  range	
  from	
  

mild	
  to	
  fatal.	
  

Abnormal	
  egg	
  
cell	
  with	
  extra	
  
chromosome	
  	
  

Normal	
  
sperm	
  cell	
  

n	
  +	
  1	
  

n	
  (normal)	
  

Abnormal	
  zygote	
  
with	
  extra	
  
chromosome	
  2n	
  +	
  1	
  	
  

Figure	
  8.21	
  

Down	
  Syndrome:	
  An	
  Extra	
  Chromosome	
  
21	
  

–  Down	
  Syndrome:	
  
•  Is	
  also	
  called	
  trisomy	
  21	
  
•  Is	
  a	
  condiAon	
  in	
  which	
  an	
  individual	
  has	
  an	
  extra	
  

chromosome	
  21	
  
•  Affects	
  about	
  one	
  out	
  of	
  every	
  700	
  children	
  

Chromosome	
  21	
  

LM
	
  

Figure	
  8.22	
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Figure	
  8.23	
  

Table	
  8.1	
  

EvoluAon	
  ConnecAon:	
  	
  
The	
  Advantages	
  of	
  Sex	
  

–  Asexual	
  reproducAon	
  conveys	
  an	
  evoluAonary	
  
advantage	
  when	
  plants	
  are:	
  

© 2010 Pearson Education, Inc. 

Pros	
   Cons	
  
1.  _________________	
  
	
  
2.  _________________	
  

1. No	
  _______________	
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– Sexual	
  reproducAon	
  may	
  convey	
  an	
  
evoluAonary	
  advantage	
  by:	
  

Pros	
   Cons	
  
1.  _________________

_________________
_________________	
  

2.  _________________
_________________
_________________	
  

1. __________________
__________________	
  

2. __________________	
  

Sexual	
  ReproducAon	
  


