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Topics Homologous Chromosomes

HEMitosis Key

“sister chromatids”, duplicated
chromosome in S-phase

BCytokinesis [ VMaternal set of

chromosomes (n = 3)

ICheckpomts - Paternal set of
chromosomes (n = 3)
HEMeiosis
BGametogenesis
MStages
BMGenetic variation Pair of homologous
chromosomes

Humans Are Diploid

Chromosome 2 Chromosome 2
from mommy from daddy

Humans Are Diploid
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® In S-phase all chromosomes are duplicated, the cell
then contains 92 chromatids (but still 46 chromosomes)
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Humans are Diploid

fa ¢ This set would be
THTETETEEREHEE N [T haploid, 1n, which is the
ploidy of human gametes.
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Gametogenesis

(the production of gametes - reproductive cells, sperm and egg)

« Gametes are produced through germ cell meiosis

called spermatogenesis; the production of female

* The formation of male gametes through meiosis is
gametes is called oogenesis. /

HAPLOIDS DIPLOID DIVIDES
. . . USE TO BY MEIOSIS
» Somatic cells contain homologous pair; FORM DIPLOID TO PRODUCE

they are called diploid (46 total)

HAPLOIDS
» Reproductive cells (some germ cells and @j

gametes) have only 23 chromosomes and
are called haploid

Seminiferous tubules

The seminiferous tubules contain the cells that undergo
meiosis and create sperm

Spermatogenesis

Spermatogonia
(dliploid))

) ;
Spermatids (haploid) ~

Spermatozoa
(haploid)
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9 Oogenesis

/ \‘ Oogonia (2n)

Mitosis and
differentiation 9 9

3 Primary oocyte (2n x 2)

M
slotic arrest \J’ | Blocked until puberty (at synapsis)

Meiosis |
(completed prior
to ovulation)

First polar body @ ‘ Secondary oocyte (n x 2)

Meiosis Il
(completed after
fertilization)

o

9 —>

Second polar bodv fertilization

fusion of
sperm nucleus (1n)
and egg nucleus (1n)

Blocked until fertilization (at
metaphase Il)

OVUM/EGG

zygote
(diploid)

Meiosis and the Production of Gametes

* Meiosis only occurs in the reproductive cells of the testes and ovaries
* It halves the genetic material in the cell

* The interphase stage of these specialized cells is the same
» M-phase differs

INTERPHASE

S
(DNA synthesis)

] Purpose of Meiosis
!

To reduce the chromosome number from
Xx diploid to haploid

; g To ensure each haploid product has a

X ° X complete set of chromosomes

u
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To generate genetic diversity

e Meiosis Overview
in diploid parent cell
e Chromosomes are duplicated but line up
R P s side-by-side (in series) with their homolog

Sister . .
cnmmAX Do et vitn Anaphase results in a haploid cell - one

UL which has either the parental or maternal
zAg chromosome, but not both.
X g X
st cots win Meiosis has a second round of nuclear
| ISpiouisd cheomosoioas division that further separates the sister
chromatids, and results in four 1n cells
AT TN
H H H Nucleus divides twice,

DNA replicated only once

Haplold cells with unreplicated chromosomes
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Meiosis and the Production of Gametes

* Meiosis only occurs in the reproductive cells of the testes and ovaries
* It halves the genetic material in the cell

* The interphase stage of these specialized cells is the same
» M-phase differs

INTERPHASE MEIOSI!

PROPHASE |

Centrosomes
(with centriole pairs)
Sister Chiasmata

chromatids _ oA

/ Nuclear
— envelope
Chromatin Tetrad

Homologous chromosomes
(red and blue) pair and
exchange segments; 2n = 6
in this example

Chromosomes duplicate

Synapsis/ Crossing-Over

« Synapsis is the alignment of the tetrad, the two
homologous chromosomes and sister chromatids.

chiasma centromeres

replicated paternal

homolog of chromosome
bivalent .

replicated maternal

homolog of chromosome|

sister chromatids

» Genetic rearrangements between nonsister
chromatids, known as crossing over, occurs

during prophase I.
Chiasma form where a cross-over has occurred.

INTERPHASE
» Chromosomes condense
» Centrosomes divide

PROPHASE |
* Nuclear membrane/nucleolus

break down
 Synapsis occurs

PROPHASE | METAPHASE |

Centromere
(with kinetochore)

Chiasmata

Microtubule

(red and blue) pair and
exchange segments; 2n = 6
in this example

MEIOSIS I: Separates homologous chromosomes

Homologous
attached to chromosomes
Kinetochore separate
Homologous chromosomes Tetrads line up

Microtubule spindles
connected to one of the
two sisters at either end.

TELOPHASE | AND
ANAPHASE | CYTOKINESIS

Sister chromatids
remain attached —

Pairs of homologous
chromosomes split up

11/3/13



A Huge Difference - Metaphase 1

Mitosis Metaphase

Meiosis Metaphase 1

Homologous chromosomes line up in parallel in Mitosis,
but in series in Meiosis |

Meiosis |
(Anaphase | and Telophase 1)

Homologous chromosomes are separated from each other

Chromosomes still in the form of attached sister chromatids.

Anaphase I Telophase I

Meiosis |

(Prophase | to Telophase I)

\

Meiosis |
Homologous pairs separate.

2n=4
(note that this picture of the
cell is before S-phase)

2 L) furrow
”%3‘

MEIOSIS II: Separates sister chromatids

TELOPHASE | AND TELOPHASE Il AND
CYTOKINESIS PROPHASE Il METAPHASE Il ANAPHASE Il CYTOKINESIS

- Cleavage Haploid daughter cells|

forming

g Y é«’

| IR L (e (e
G wp vs By )
— T28

Two haploid cells
form; chromosomes During another round of cell division, the sister chromatids finally separate;
are still double four haploid daughter cells result, containing single chromosomes

* Meiosis Il is essentially the same as mitosis, except with haploid
daughter cells
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DNA Occurs during interphase before
replication mitosis begins

divisi ne, i i
#of anaphase, and telophase
Synapsis of
homologous  Does not occur
chromosomes

# of daughter 1yo, each diploid (2n) and genetically
cells/ genetic identical to the parent cell
composition
B Enables multicellular adult to arise from
Role in the  zygote; produces cells for growth, repair,

Occurs during interphase before meiosis | begins

Two, each and
telophase

Occurs during prophase | along with crossing over

een g
hold pairs together due to sister chromatid cohesion

Four, each haploid (n), with half as many chromosomes
as the parent cell; genetically different from the parent
cell and from each other

Produces gametes; reduces number of chromosomes by
half and introduces genetic variability among the gametes

Parent cell Chiasma (site of
atore 653 o) MEIOSIS |
= S >1\
Prophase 2 Prophase |
* Cromosome &2 Chibuss 'i
/4~ replication = replication Tetrad formed by
Duplicated chromosome =l synapsis of homologous
(two sister chromatids) 1 o~ 1 chromosomes
"
Chromosomes Tetrads i B
Metaphase positioned at the positioned atthe N Metaphase |
metay hase plate
; phase plate metapl Pl \u
Anaphase Sister chromatids  Homologues / \ Anaphase |
Tolophase separato during  separate Telophase |
anaphase during o= 22
; e - X
- sister = & 223
= g L chromatids Daughter
- = \_ - remain together eallsof
- e meiosis |
2n 2n MEIOSIS I
Daughter cells s\ (e ([ (e
ofmttosle =)&) &)=
n n n
Daughter cells of meiosis Il

Sister chromatids separate during anaphase Il

animal body (in some species, asexual reproduction

Fig. 13-9b

Sources of Variation

Meiosis results in genetic variation as the result of three events

1. Independent Assortment

The alignment of homologous chromosomes at
metaphase | is random

Alignment of homologous chromosomes in metaphase | of meiosis

Sources of Variation

Meiosis results in genetic variation as the result of three events

1. Independent Assortment

2. Recombination at Synapsis (i.e. “crossing over”)

chiasma centromeres

replicated paternal
homolog of chromosome

bivalent )
replicated maternal

homolog of chromosome

4
sister chromatids
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Sources of Variation

Meiosis results in genetic variation as the result of three events

1. Independent Assortment

2. Recombination at Synapsis (i.e. “crossing over”)

3. Random Fertilization

Fertilization of egg by sperm is random chance (mostly)

Fertilization is Random

Maternal Paternal
homologue homologue
b
Haploid sperm

-

Diploid zygote

Haploid egg
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