e
Overview: Variations on a Theme

 Living organisms are distinguished by their
ability to reproduce their own kind 25

 [Genetics is the scientific study of heredity and
variation

« Heredity Is the transmission of traits from one
generation to the next

3
- Variation is demoncl‘as?rated by the differences in
appearance that offspring show from parents
and siblings Yy DY
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Figure 13.1
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Concept 13.1: Offspring acquire genes from
parents by inheriting chromosomes

4" )59
 In a literal sense, children do not inherit
particular physical traits from their parents
 |tis genes that are actually inherited
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Inheritance of Genes

* Genes are the units of heredity, and are made
up of segments of DNA

* Genes are passed to the next generation via
reproductive cells called gametes (sperm and

N -

eggs) Clzel?l Sepp e & L3 oy 5=
- Each gene has a specific location called a
locus on a certain chromosome

* Most DNA Is packaged into chromosomes
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Comparison of Asexual and Sexual
Reproduction

* In asexual reproduction,a single iIndividual
¢”" passes genes to its offspring without the fusion

3 P

3 of gametes

“« A clone is a group of genetically identical
iIndividuals from the same parent

* In sexual reproduction, two parents give rise
to offspring that have unique combinations of
genes inherited from the two parents

@ Video: Hydra Budding
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Figure 13.2

(b) Redwoods

(a) Hydra
USC_ ASEXUL

| (wpto duction



*

Concept 13.2: Fertilization and meiosis
alternate in sexual life cycles

- Alife cycle is the generation-to-generation
sequence of stages in the reproductive history
of an organism
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.
Sets of Chromosomes in Human Cells

 Human/somatic cells (any cell other than a
gamete) have 23 pairs of chromosomes

+ Arkaryotype is an ordered dICSpoiX fthe palrs
193
of chromosomes from a cell ™ 5 ”Jc,_,ugdwﬁ

* The two chromosomes in each pair are called
homologous chromosomes, or homologs

Chromosomes in a homologous pair are the
same length and shape and carry genes
controlling the same inherited characters

Leg yasl il e ol o) Mia p¥l sie lgio lisd Yl sie (padl ddo 950 (San s Lguwds
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Figure 13.3 APPLICATION
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 The sex chromosomes, which determine the
sex of the individual, are called X and Y

- -
C
-k

uman females have a homologous pair of X
nromosomes (XX)

uman males have one X and one Y

C

N1romosome

« The remaining 22 pairs of chromosomes are
called autosomes
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» Each pair of homologous chromosomes includes
one chromosome from each parent
LAY s

* The 46 chromosomes In a human somatic cell ] 7
are two sets of 23: one from the mother and one
from the father = T¢ chromosormes

2
. Aa__iploid cell (2n) has two sets of
chromosomes

+ For(humans) the diploicdinumberis46:(2/7=46)
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 In a cell in which DNA synthesis has occurred,
each chromosome is replicated

- Each replicated chromosome consists of two
identical sister chromatids
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- A gamete (sperm or egg) contains a single set
of chromosomes, and is haploid

* For humans, the haploid numberis 23 (7= 23)

« Each set of 23 consists of 22 autosomes and a

single sex chromosome % <byo)
2y (5P oy

* In an unfertilized egg (ovum), the sex
chromosome is X =

* In a sperm cell, the sex chromosome may be
either X or Y

ma\'f

?’malf
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Concept 13.3: Meiosis reduces the number of
chromosome sets from diploid to haploid

 Like mitosis, meiosis Is preceded by the
replication of chromosomes

* Meiosis takes place in two sets of cell
divisions, called meiosis | and meiosis Il

» The two cell divisions result mdaughter
cells, rather than the two daughter cells in
mitosis

- Each daughter cell has only half as many
chromosomes as the parent cell
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The Stages of Melosis

 '‘After chromosomes duplicate, two divisions
follow VA L) 1N

— Melosis | (reductional division): homologs pair
up and separate, resulting in two haploid
daughter ceIIs with repllcated chromosomes

MmHosig |Jn Sy Lo |‘l,vu
— Meiosis Il (equational division) sister N’ Jomologus
Chrormosonrt
chromatids separate it

« The result is four haploid daughter cells with
unreplicated chromosomes
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Figure 13.7-3

Interphase

¢ Meiosis |
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Haploid cells with unduplicated chromosomes
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- Meilosis | is precgagd by-interphase, when the
chromosomes are duplicated to form sister
chromatids

« The sister chromatids are genetically identical
and joined at the centromere

* The single centrosome replicates, forming two
centrosomes

@ BioFlix: Meiosis
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 Division in meiosis | occurs in four phases
— Prophase |
— Metaphase |
— Anaphase |
— Telophase | and cytokinesis
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Figure 13.8

MEIOSIS |: Separates homologous chromosomes MEIOSIS |: Separates sister chromatids

Telophase | and Telophase Il a
Prophase | Metaphase | Anaphase | tokinesis Prophase Il Metaphase I aphase Il

Centrosome
(with centriole pair)

Sister chromatids
remain attached

Sister Chiasmata Centromere
chromatids (with kinetochore)

Spindle
Metaphase
plate

During another round of cell division, the sister chromatids finally separate;
four haploid daughter cells result, containing unduplicated chromosomes.

furrow

N Homologous == x Sister chromatids Haploid daughter
Homologous Fragments chromosomes separate cells forming
chromosomes  of nuclear separate A

envelope h T
N:ntcrot:ugttlle Each pair of homologous Two haploid cells
E‘nai eh ? chromosomes separates. form; each chromosome
NSRS still consists of two
Duplicated homologous Chromosomes line up sister chromatids.
chromosomes (red and blue) by homologous pairs.

pair and exchange segments;
2n=6in this example.
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Figure 13.8a
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pair and exchange segments;
2n =06 in this example.
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Pair of homologous
chromosomes:
DNA breaks Centromere DNA breaks Paternal
sister
chromatids

Maternal
sister
chromatids

© After interphase, the chromosomes have been dupli-
cated, and sister chromatids are held together by proteins
called cohesins (purple). Each pair of homologs associate
along their length. The DNA molecules of two nonsister
chromatids are broken at precisely corresponding points.
The chromatin of the chromosomes starts to condense.

Symaptonemal
complex forming

(B) A zipper-like protein complex, the synaptonemal complex (green),
begins to form, attaching one homolcg to the other.
The chromatin continues to condense

Sister chromatids Synaptonemal
complex

Sister chromatids

© The synapt&némal complex is fully formed; the two
homologs are'said tG*ae.in synapsis. During synapsis,
the DNA breaks\are clgsed p when each broken end is
joined to the corresporpging segment of the nonsister
chromatid, producing’crossovers.

© After the synaptonemal complex disassembles, the homologs
move slightly apart from each other but remain attached
because of sister chromatid cohesion, even though some of
the DNA may no longer be attached to its original chromo-
some. The points of attachment where crossovers have
occurred show up as chiasmata. The chromosomes continue
to condense as they move toward the metaphase plate.



Prophase |

* Prophase | typically occupies more than 90%
of the time required for meiosis

« Chromosomes begin to condense

* In synapsis, homologous chromosomes
loosely pair up, aligned gene by gene

© 2011 Pearson Education, Inc.



* In crossing over, nonsister chromatids
exchange DNA segments

- Each pair of chromosomes forms a tetrad, a
group of four chromatids

- Each tetrad usually has one or more
chiasmata, X-shaped regions where crossing

over occurred
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Metaphase |

* In metaphase |, tetrads line up at the metaphase
plate, with one chromosome facing each pole

* Microtubules from one pole are attached to the
kinetochore of one chromosome of each tetrad

* Microtubules from the other pole are attached to
the kinetochore of the other chromosome
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Anaphase |

* In anaphase I, pairs of homologous
’_—;‘: e —
chromosomes separate

* One chromosome moves toward each pole,
guided by the spindle apparatus

» Sister chromatids remain attached at the
centromere and move as one unit toward the
pole

© 2011 Pearson Education, Inc.



Telophase | and Cytokinesis

* In the beginning of telophase |, each half of the
cell has a haploid set of chromosomes; each
chromosome still consists of two sister
chromatids

« Cytokinesis usually occurs simultaneously,
forming two haploid daughter cells
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 In animal cells, a cleavage furrow forms; in
plant cells, a cell plate forms

« No chromosome replication occurs between
the end of meiosis | and the beginning of
meiosis |l because the chromosomes are

already replicated
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 Division in meiosis Il also occurs in four phases
— Prophase |l
— Metaphase Il
— Anaphase i
— Telophase Il and cytokinesis

+ Meiosis Il is very similar tdmitosis >
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Figure 13.8b

Telophase Il and

ing another round of cell division, the sister chromatids finally separate;
taining unduplicated chromosomes.

Sister chromatids Haploid daughter
separate cells forming
A

©2011 Pearson Education, Inc.



Prophase Il
* In prophase Il, a spindle apparatus forms

* In late prophase Il, chromosomes (each still
composed of two chromatids) move toward

the metaphase plate
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Metaphase Il

* In metaphase Il, the sister chromatids are
arranged at the metaphase plate

» Because of crossing over in meiosis |, the two
sister chromatids of each chromosome are no
longer genetically identical

* The kinetochores of sister chromatids attach to
microtubules extending from opposite poles
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Anaphase Il
* In anaphase I, the sister chromatids separate

* The sister chromatids of each chromosome
now move as two newly individual
chromosomes toward opposite poles
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Telophase Il and Cytokinesis

* In telophase Il, the chromosomes arrive at
opposite poles

* Nuclel form, and the chromosomes begin
decondensing
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» Cytokinesis separates the cytoplasm

« At the end of meiosis, there are four daughter
cells, each with a haploid set of unreplicated
chromosomes

- Each daughter cell is genetically distinct from
the others and from the parent cell
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A Comparison of Mitosis and Meiosis

L=
* (Mitosis conserves the number of chromosome

sets, producing cells that are genetically
identical to the parentcell  ~

* (Meiosis reduces the nu%[ of chromosomes
sets from two (diploid) to dne (haploid),
producing cells that differ genetically from each
other and from the parent cell
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Figure 13.9
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SUMMARY

DNA Occurs during interphase before
replication mitosis begins

Number of One, including prophase, metaphase,
divisions anaphase, and telophase

Synapsis of  Does not occur

homologous

chromosomes

Number of Two, each diploid (217) and genetically

daughter cells identical to the parent cell

and genetic

composition

Rolein the Enables multicellular adult to arise from
animal body  zygote; produces cells for growth, repair,

and, in some species, asexual reproduction

© 2011 Pearson Education, Inc.

Occurs during interphase before meiosis | begins

Two, each including prophase, metaphase, anaphase,
and telophase

Occurs during prophase | along with crossing over
between nonsister chromatids; resulting chiasmata
hold pairs together due to sister chromatid cohesion

Four, each haploid (n), containing 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



Figure 13.9a
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Figure 13.9b
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Occurs during interphase before
mitosis begins

One, including prophase, metaphase,
anaphase, and telophase

Does not occur

Two, each diploid (21) and genetically
identical to the parent cell

Enables multicellular adult to arise from
zygote; produces cells for growth, repair,
and, in some species, asexual reproduction

Occurs during interphase before meiosis | begins

Two, each including prophase, metaphase, anaphase,
and telophase

Occurs during prophase | along with crossing over
between nonsister chromatids; resulting chiasmata
hold pairs together due to sister chromatid cohesion

Four, each haploid (n), containing 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



 Three events are unique to meiosis, and all
three occur in meiosis |

+ Synapsis andcrossing over in prophase I:
Homologous chromosomes physically connect
and exchange genetic information

— At the metaphase plate, there are paired
nomologous chromosomes (tetrads), instead of
Individual replicated chromosomes

— At anaphase I, it is homologous chromosomes,
Instead of sister chromatids, that separate
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 Sister chromatid cohesion allows sister
chromatids of a single chromosome to stay
together through meiosis |

- -Proteinrcomplexes called cohesins are
responsible for this cohesion

* |n mitosis, cohesins are cleaved at the end of
metaphase

* In meiosis, cohesins are cleaved along the
chromosome arms inanaphase | (separation of
homologs) and at the centromeres in anaphase |l
(separation of sister chromatids)
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Concept 13.4: Genetic variation produced In

sexual Ilfe cycles contributes to evolution
._J/yl
 [Mutations (changes in an organism’s DNA) are
the original source of genetic diversity

« Mutations create different versions of genes
called alleles

- Reshuffling of alleles during sexual reproduction
produces genetic variation
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Origins of Genetic Variation Among
Offspring

* The behavior of chromosomes during meliosis
and fertilization Is responsible for most of the
variation that arises in each generation

- Three mechanisms contribute to genetic
variation

_ Independent assortment of chromosomes

— Crossing over

— Random fertilization
___
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-
Independent Assortment of Chromosomes

* Homologous pairs of chromosomes orient
randomly at metaphase | of meiosis

 In independent assortment, each pair of
chromosomes sorts maternal and paternal
homologs into daughter cells independently of
the other pairs
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* The number of combinations possible when
chromosomes assort independently into
gametes is 27, where nis the haploid number

* For humans (77 = 23), there are more than 8
‘million (22°) possible combinations of
chromosomes
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Figure 13.10-1
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Figure 13.10-2

Possibility 1 Possibility 2

Two equally probable /HH\
arrangements of
chromosomes at
\ﬂl/ metaphase | \ml/
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Figure 13.10-3
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-
Crossing Over

* Crossing over produces recombinant
chromosomes, which.-combine DNA inherited
from each parent

« Crossing over begins very early in prophase |,
as homologous chromosomes pair up gene by
gene

© 2011 Pearson Education, Inc.



* In crossing over,homologous portions of two
nonsister chromatids trade places

« Crossing over contributes to genetic variation
by combining DNA from two parents into a
single chromosome
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Figure 13.11-5

Proph_asc_e I //’"' - Nonsister chromatids
of meiosis held together
\ ' during synapsis

Pair of homologs —=>

Daughter
cells

Recombinant chromosomes
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.
Random Fertilization

- Random fertilization adds to genetic variation
because any sperm can fuse with any ovum
(unfertilized egQ)

* The fusion of two gametes (eachhwith 8.4
million possible chromosome combinations
from independent assortment) produces a
zygote with any of about 70 trillion diploid
combinations h
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« Crossing over adds even more variation
- Each zygote has a unigue genetic identity

@ Animation: Genetic Variation
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Figure 13.UN0O4
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