S i A A A o e L e

. o
.
..

iR

e
i

S
Somasmaaae
Sonamaanae
ey
ﬁﬁﬁ%g%%%

-

.

e
s
SaEaas e

o
o
iz
iz
o
2
2
2
e

.
L

%&%%%%%%%%%
o

.

.

...
s

H
A
G

S

o

#

i

2
.
.-
.
e
=
=
=

-
s -
= e
S
-
-

e
.
-
.
.
-
-

L

...
.
-
-

-
.

.
L

.
-

-
-
-
-
.
.
.
.

o

-
e
=

o

-
-
-
-
-
-
=
=
-
-
-

e
L

T

T
T e
T e

T

i )
Ny%%/zﬁéé%%%%%%%%%%%%
s
S b b P
e 1 GEaaaa e
el o
SmELE s
St
e
e
Saan s
ShEama R
= e %
&

e
. L
2 SEamaaa o e
Leeaa .

L o

,,,,, .

. - .
o o L

o
e
i

o

R

o

L
L
L

=
G
L

.

i
=
o
-

o \
o o
o

1 .
o

-

o

L

=
o
=

=
-
%%@%&N*

G

s
-

o
C
C

S
o
S

v§%ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ%
@%%%%%%%%%%%%

o

o

1 1 { AF &
- = L il
T

e AR A e e e e e e e e e R R R R




Chromosome number:
haploid, diploid, polyploid

Talking about the number of chromosome sets
that represent the genome information content
of an organism

The haploid set of chromosomes in an organism
IS a certain humber = n

In diploid organisms, where the chromosomes
come in pairs, the total number of
chromosomes is 2n

Some organisms (some plants, some fish etfc)
are polyploid - they have multiple sets of
chromosomes



Alteration of Generations

Three sexual life cycles differing in the timing of meiosis and fertilization (syngamy)

Haploid multicellular
(@  Gametes @ organism
Vro~J
Melosis|  [Fertmzation]  Mitosis
Zygote
[ 2n
.
Diploid .
multicellular Mitosis Zygote

T - -
(&) Animals (&) Most fungi and some algae J

Haploid multicallular
arganism {gameatophyta)

In sexual reproduction, two haploid
gametes — one from each parent—
unite in fertilization fo form a
genetically unique, diploid zygote.

Diploid multicallular
arganizm (sporophyte)

COHaplow
(c) Plants and some algae O Diploid



The number shape and size of metaphase chromosomes
constitute a karyotype.

Humans have 23 Aomologous pairs of chromosomes.
Humans are diploid.

Whole chromosome painting: differently colored fluorescent probes
covalently linked to libraries of DNA sequences that stretch over the entire
length of the chromosome



Homologous chromosomes

Members of a chromosome pair that contain the same genes
Each member is called a homolog

One is inherited from each parent (so they are not identical)
Chromosomes that contain different genes are non-homologous

Homologous pair of chromosomes

Non-homologous
pair of chromosomes




The cell cycle, ploidy, and DNA content
during mitosis
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Asexual reproduction

Binary fission m:fdos"f
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It is perfectly possible to imagine a rather boring universe

without sex, without hormones, and without nervous systems: a

universe peopled only by individual cells reproducing ad

infinitum. This universe, in fact, exists. It is the one
——formed by a culture of bacteria.”

--Dr. Fancois Jacob, 1973
N

You underestimate
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Sexual reproduction




Meiosis is a reductive division

« Daughter cells have half the chromosome complement of
parent cells

* Daughter cells become gametes

Mesohc Arrest at M prophass Oacyte Maturation
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Germ line versus somatic cells
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Germ line versus somatic cells

wgamete

germ-line cells

gamete |,
ygote \

somatic cells

MOTHER
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germ-line cells
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zygote \

somatic cells

DAUGHTER



Overview of meiosis: how meiosis reduces chromosome number

Interphase 1 of Meiosis

Homologaus palr of chromaosomeas
in diplold parent cell

(,_ 0

Ehrumus{:-mas.
replicate

Homaolagous palr of rnp lieated chromosomes

.ﬂ.ﬂﬂ'l.

Slster
chromalids \ 'I:llpluld cell with
,..-F

replicated
chromosomes

_r
i Q/m?-im-( %

separale

Haplold cells with
replicated nnranmnnnes

! €) Sister chromatids ! !
s

IEPE rate

<;xﬂ#,,x.ijﬁ_) ls;j'#,__,xhﬂﬂ_,,;u

Haploid cells with unreplicated chromosomes




Comparison of mitosis and meiosis

Parent cell
{before chromosome replication)

Prophase

Duplicated chromosome
{two sister chromatids)

Chromosomes align

Metaphase at the metaphase plate

Anaphase

Telophase

Sister chromatids
separate during

Daughter cells
of mitosis

Chiasma (site of

crossing over) MEIOSIS |
Prophase |
et
synaps omo &
chromosomes
Tetrads
align at the Metaphase 1
metaphase plate
Anaphase |
Homologous chro-
mosomes sep- Telophase I
arate during :
anaphase I; Haplowd
sigter n=2
chromatids
remain together cells of
meiosis |
i i MEIOSIS 11
Dlughlﬂ c:llls of nuln:ll l'l

Mo further chromosomal replication;
sister chromatids separate during anaphase 11



Stages of Meiosis I

Prnphasel Metﬁphasel |

Interphase i Meiosis |

Synapsis 2 Homologous

chromosome pairs undergoing >
crossing over at the sites of
chiasmata. These pairs are also
called "bivalents” or "tetrads”

Prophase |




Mixing genomes: crossing over

Chiasmata

Nonidentical
Sister
Chromatids
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Metaphase I of meiosis




Metaphase, Anaphase and Telophase
of Meiosis I

MEIOSIS |
METAPHASE | ANAPHASE | TELOPHASE | AND CYTOKINESIS
—
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How many chromosomes?
How many sister chromatids?
How many genomes?

What is the ploidy level?



Mixing genomes: independent assortment

Possibility 1 Possibility 2
/H'HH\ Two equally probable /HHHH_\
arrangements of
MHJ chromosomes at “Hm_m(,f’
metaphase |

/\ /\

-~ ﬂg"ﬁ.
Metaphase II
———u ==l=- —-=|- — Gameles —— || — —v— ——d
L o FRN o A LY - Fan " g
Combination Combination Combination Combination
1 2 3 4

Cagryeghl © Pearscn Educalion, brc., publshing as Benjamin Cumemings

The more chromosome pairs there are in a diploid cell, the greater the
diversity of chromosome combinations generated by meiosis.



PROPHASE Il

Meiosis IT

METAPHASE Il
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TELOPHASE II
AND CYTOKINESIS

Four haploid daughter cells



1)

2)

3)
4)

Differences between meiosis and
mitosis

Mitosis forms two identical daughters;
meiosis forms four gametes that are not
identical.

Meiotic Prophase I: Crossing over occurs,
forming recombinant chromosomes.

Meiotic Interphase IT: No DNA replication.

Prophase is considerably lengthened, relative
to mitosis. In mammalian females, prophase
begins in gestation and continues until the
oocyte grows during an estrous or menstrual
cycle.



So why are YOU so different
from mom and dad???

Two meiotic reasons
Crossing over at Prophase I

Independent assortment of
chromosomes at anaphase I

BOTH are forms of recombination



Crossing over and independent
assortment are happening in the
same melosis...

 Crossing over happens because
homologs pair in meiosis I

» Independent assortment happens
because the chromosomes segregate
randomly at anaphase I after their
random alignment at metaphase I



..and when you put them together
in, say, a human context?

« 23 pairs of chromosomes, aligning on the metaphase plate
independently of each other and segregating during the
subsequent anaphase..well there's a formula:

> 2" where n = # chromosome pairs

* Plug in the numbers and you get..well..millions of possible
combinations (8.4 X 109)

* Add in recombination and, well....is it any wonder you're
different from mom and dad?






Problems in meiosis:
nondisjunction




Consequences of nondisjunction

non-disjunction "~ _\\

Meio sll\ — / N
()€
Me%l /::




Consequences of nondisjunction
Trisomy 21




Aneuploidy:

one or more chromosomes is missing or added to a somatic cell

Normal (somatic) cell Cancer cell



