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Patterns of Inheritance

BIOLOGY AND SOCIETY:
TESTING YOUR BABY

» Genetic testing

— Allows expectant
parents to test for
possibilities in their
unborn child

—Includes
amniocentesis and
CVS

— Has risks associated
with it.

Figure 9.1

Copyright © 2004 Pearson Education, Inc. publistasgenjamin Cummings.

HERITABLE VARIATION AND PATTERNS OF
INHERITANCE

* Wild type traits are traits most commonly found in
nature.

Figure 9.2
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(b) Two generations of offspring from the
mating of a wild-type with a sky-blue bird

Figure 9.3
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» Gregor Mendel

— Was the first person
to analyze patterns of
inheritance

— Deduced the
fundamental
principles of genetics.

Figure 9.4
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In an Abbey Garden

* Mendel studied
garden peas

—These plants are
easily
manipulated

— These plants can
self-fertilize.

Stamen

Carpel

Figure 9.5
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* Mendel carried
out some
cross-
fertilization

* PR F, p.145

stamens from
purple flower

)\ @ Transferred pollen
from stamens of
white flower to
carpel of purple
flower

@® Poliinated carpel
— matured into pod
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Figure 9.4

» He also created true-breeding varieties of plants
(self-fertilization produced offspring all identida the parent)

* Mendel then crossed two different true-breeding
varieties, creating hybrids.
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Mendel's Principles of Segregation

* Mendel performed many experiments

— He tracked several characteristics in pea plaots fr

which he formulated several hypotheses.

During the production of gametes each
ovum or sperm receives only one from

each pair of chromosomes.
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Figure 9.7
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(a) Mendel's crosses tracking one
characteristic (flower color) Figure 9.8a

Copyright © 2004 Pearson Education, Inc. publistasgenjamin Cummings.

monohybrid cross

— There are alternative forms of genes, now called

alleles

— For each characteristic, each organism has twosgefe

— Gametes carry only one allele for each inherited

characteristic

— Alleles can be domi

Mendel developed four hypotheses from the

nant or recessive.
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Genetic makeup (alleles)

* An explanation

P plants PP pf
of Mendel's cametes Al é '@
results, YA
including a F, plants:

(hybrids) Al Pp

Punnett square.
q Gametes Y/, ®/ \‘1/@

F, plants:

Phenotypic ratio
3 purple : 1 white

Genotypic ratio
1PP:2Pp:1pp

(b) Explanation of the results in part (a) Figure 9.8
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* Phenotype
— An organism’s physical traits ex.tall, short, gresn.
* Genotype

— An organism'’s genetic makeup ex. TT, Tt, tt
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* Mendel’s principle of segregation

— Pairs of alleles segregate (separate) during gametg
formation; the fusion of gametes at fertilization
creates allele pairs again.
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Genetic Alleles and Homologous Chromosomes

* Homologous chromosomes
— Have genes at specific loci

— Have alleles of a gene at the same locus.
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Homologous chromosomes:

Gene loci

Dominant
allele
P a 8~

L S— & LI D

—  — u; >

P a b
Recessive
allele
Genotype: PP aa Bb

Homozygous Homozygous Heterozygous

for the for the

dominant allele recessive allele

Figure 9.9
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* Homozygous

—When an organism has identical alleles for a gene

* Heterozygous

—When an organism has different alleles for a gene.
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Mendel’'s Principle of Independent Assortment

* Two hypotheses for gene assortment in a dihybrid
cross

— Dependent assortment

— Independent assortment.
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(a) Hypothesis: Dependent assortment (b) Hypothesis: Independent Assortment
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Generation
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igure 9.
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* Mendel’s principle of independent assortment

— Each pair of alleles segregates independentlyeof th
other pairs during gamete formation

Ahbh i

Phenotypes Black coat, Black coat, Chocolate coat, Chocolate coat,

normal vision blind(PRA) normal vision blind (PRA)
Genotypes B B_nn bbnn
@
Mating of heterozygotes
(black, normal vision) BbNN \X‘/ BbNn
Phenotypic ratio 9blackcoat, 3 black coat, 3 chocolate coat, [f 1 chocolate coat,
of offspring normal vision blind (PRA) normal vision blind (PRA)
® Figure 9.11

Copyright © 2004 Pearson Education, Inc. publistasgienjamin Cumimings.




A dihybrid cross with two parents
heterozygous for both genes gives nine
genotypes and a 9:3:3:1 ratio of phenotypes.

See Fig. 9.8 p.149
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Using a Testcross to Determine an Unknown
Genotype

* Atestcrossis a
mating between @ 5 /J”/y\

)

— An individual Genotypes P op
Of un kn own Two possibilities for the purple flower:
genotype and
PP or Pp
—A | /' \
Gametes
homozygous ® ® ©
recessive ® ®
IndIVIduaI Offspring All purple 1 purple : 1 white
Figure 9.12
The Rules of Probability
e The rule of F1 Genotypes
. . . B b female B b male
multiplication
For'nla\tlon of eggs Formation of spf_rT
B N

— The probability L A
of a compound ;
event is the
product of the
separate
probabilities of
the independent
events.

F, Genotypes

Figure 9.11, p. 151
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Family Pedigrees

Dominant Traits ~ Recessive Traits

e Mendel’s principles

apply to the ‘
inheritance of many
human traits. !

Freckles No freckles

L

Widow’s peak Straight hairline

v

Free earlobe Attached earlobe

"9

Figure 9.14
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» A family pedigree
— Shows the history of a trait in a family
— Allows researchers to analyze human traits.
D——O D——O Female Male
@ [ oear
Jnls)r?ua Ab?gdawl J:?n’n HepETnan QO [ Hearing
Lambert Linnell Eddy Daggett
D_ dd Dd
Abigail Jonathan Elizabeth
Lambert Lambert Eddy
JQHOIQe
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Human Disorders Controlled by a Single Gene

* Many human traits
— Show simple inheritance patterns

— Are controlled by genes on autosomes.
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Disorder Major Symptoms Incidence
Recessive disorders
Albinism Lack of pigmentin skin, hair, and eyes e
Cystic frosis gesti pibily to infections; 7 Eurapean
dosth in infancy unless treated Americans
Galactoseria Aceumulation of galactose in tisues; mental reterdatian; eys and liver damage =
Phenylketonuria (PKU) Aceumulation of phenyialanine in blood; fack of normal skin pigment; ok 1N U, and Europe
menta retardation unless teated
Sickie-cell diseasa (homozygous) Sickled red blood cells; damage to many tissues 23 Aiican Americans
Tay-Sachs disease ; in brain call feianey; bindness; doath in childhaod i Ashkonazi Jows
Dominant disorders
Achondroplasia Dwaifism .
: y i v ffe Notknown

Huntington's diseasa

s
5/ heteroryaous

Table 9.1
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Recessive Disorders

* Most human genetic disorders are recessive

— Individuals can be carriers of these diseases.

Parents: N°E','3a' 1( NOE)Z\EI
Eggs Sperm
DD
@ Normal @\
Dd Dd
- Normal Normal
Offspring: (carrier) (carrier)

Figure 9.16
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Dominant Disorders

* Some human genetic
disorders are dominant

— Achondroplasia is a
form of dwarfism.

Figure 9.17
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BEYOND MENDEL

* Some patterns of genetic inheritance are not
explained by Mendel’s principles.
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Incomplete Dominance in Plants and People

P Generation

* In incomplete
dominance, F "R x
hybrids have an . l\.® 7
appearance in e %D
between the F, Generation g
phenotypes of the
two parents.

White
"

| Pink

&

Gametes /> ®?@

Figure 9.18
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* Hypercholesterolemia

—Is a human trait that is incompletely dominant.

LDL (carries
cholesterol) Q

LDL receptor

(mops up LDL)

/"\/\

Normal Mild dlsease Severe dlsease
Genotypes:
Homozygous Heterozygous Homozygous
for ability to make for inability to make
LDL receptors LDL receptors
Figure 9.19
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Multiple Alleles and Blood Type

* The ABO blood groups in humans are examples g
multiple alleles.

Antibodies | Reaction When Blood from Groups Below Is Mixed with
jes from Groups at

Figure 9.20
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» Two of the human blood type alleles exhibit
codominance

— Both alleles are expressed in the phenotype.
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Pleiotropy and Sickle-Cell Disease

 Pleiotropy is the impact of a single gene on more
than one characteristic

— Sickle-cell disease is an example.
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Individual homozygous
for sickle-cell allele

Sickle-cell (abnormal) hemoglobin

Abnormal hemoglobin crystallizes,
causing red blood cells to become sickle-shaped

Sickled cells
Breakdown of Sanprllcels Accumulation of
red blood cells and clogging of sickled cells in spleen
mall blood vessels
Physical Heart |[Painand || Brain || Pamageto || gpeen

|| s | | s."| Kianey |
B -
Polygenic Inheritance
° P0|ygen|c P Generation .
. - . aabbcc AABBCC
inheritance is the R sl
additive effects of Aasbf;‘%m
two or more genes ~ F:Generaton ke
on a single i S
phenotype.
o Figure 9.22
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The Role of Environment

* Many human characteristics result from a
combination of heredity and environment.

Copyright © 2004 Pearson Education, Inc. publistasgienjamin Cumimings.
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THE CHROMOSOMAL BASIS OF
INHERITANCE

» The chromosome theory of inheritance states that
— Genes are located on chromosomes

— The behavior of chromosomes during meiosis and
fertilization accounts for inheritance patterns.
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Fertzation e T Fertlization
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Figure 9.23
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SEX CHROMOSOMES AND SEX-LINKED
GENES

* Sex chromosomes

— Influence the inheritance of certain traits.

Copyright © 2004 Pearson Education, Inc. publistasgienjamin Cumimings.
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Sex Determination in Human and Fruit Flies

* Sex chromosomes

Male Female

/;t\n Somatic //A;\ §
&) cels (% (fy/
XY XX )

— Are designated
XandY

— Determine an
individual’s sex.

Figure 9.28, p. 164
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Sex-Linked Genes
» Sex-linked genes

— Are any genes located on a sex chromosome

— Were discovered during studies on fruit flies.

Figure 9.29
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¢ Inheritance patterns of a sex-linked gene

\as/
i)

Female Male

Al females inherit
X chromosomes,
one from each parent.

All males inherit

one X chromosome,
aways from the R = red-eye allele
mother. [ = white-eye allele

() Homozygous red-eyed female  x white- (b) Heterozygous female ~ x red- (©) Heterozygous female x white-
eyed male eyed male eyed male
Figure 9.30

Copyright © 2004 Pearson Education, Inc. publistasgienjamin Cumimings.

15



* Red-green color
blindness

— Is characterized
by a malfunction
of light-sensitive
cells in the eyes.

Figure 9.30
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* Hemophilia
—Is a blood-
clotting veora
disease.

Albert

Czar
Nicholas Il
of Russia

Alexandra

Alexis

Figure 9.31
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* The Y chromosome of human males is only about
one-third the size of the X chromosome

 Scientists believe that X and Y were once a fully
homologous pair

* Major episodes of change have rearranged pieces
the Y chromosome.

Copyright © 2004 Pearson Education, Inc. publistasgienjamin Cumimings.
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SUMMARY OF KEY CONCEPTS

* Mendel’s Principle of Segregation.

Alleles
Meiosis Fertilization
=D
[ o)
Diploid cell Diploid zygote
(contains paired (contains paired
alleles, alternate alleles)

forms of a gene)

Haploid gametes
(allele pairs
separate)

Visual Summary 9.1
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» Using a Testcross to Determine an Unknown
Genotype.

ey

Phenotype: X ( i@
: éé; /

\%p

Dominant Recessive
Genotype: P2 pp
or
NG
AN TN
Phenotype: L AN A
P P
All dominant 1 dominant : 1 recessive
Conclusion: Unknown parent Unknown parent
was PP was Pp

Visual Summary 9.2
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* Incomplete “
Dominance in X tﬁ§

Plants and
People. Dominant Recessive
phenotype phenotype
RR r

P

Intermediate phenotype
(incomplete dominance)

Rr
Visual Summary 9.3
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* Pleiotropy and Sickle-Cell Disease.

Pleiotropy

» Multiple
traits

Single
gene

Visual Summary 9.4
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 Polygenic Inheritance.

_Poly_genic
inheritance o Single trait
¥ (e.g., skin color)

Multiple genes

Visual Summary 9.5
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