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Genes and
Inheritance

(11-12)



You are a unigque
combination of your two
parents

INHERITANCE OF GENES

Maternal Paternal
chromosome palr chromosome palr Humans have 23 pairs of
chromosomes (46
individual chromo-
somes) and, thus, two
copies of each gene.

\ Gene —/

Maternal gamete: Paternal gamete:

Each human gamete has
just one copy of each
chromosome and, thus,

egg sperm
{ one copy of each gene.

JQQ;%

Gametes unite durmg fertlllzatlon

Ch||d inherits one set of
chromosomes from each
parent and, thus, two
copies of each gene.
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We all have two copies
of each gene (one
maternal and one
paternal)

Gametes produced via
meiosis contain only
one copy of each gene

Fusion of gametes
during fertilization
produces offspring with
two copies of each gene

BUT WE DIDN’T ALWAYS
KNOW THIS!!



People used to think that a tiny baby was
transferred via sperm or that traits from both
parents were blended through exchange of blood

The mistaken idea that a tiny, pre-made human existed
in every sperm cell was introduced in the 1600s. This
theory remained popular through the 1800s.

Figure 7-6
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Gregor Mendel (1822-1884)

“Father of Genetics”
(first to understand and define the rules of inheritance)

MENDEL'S RESEARCH APPROACH

\STINCT POPULATIONS WE:
N IDEAL STUDY D RE ESTABLISHED
PEA PLANTS ARE A e Mendel u«.se?t true-breeding Plants—they always
ORGANISM roduced offSpring with the same varian of the trait
« They are easy 0 as the PRI

maintain.

« They are easy to breed.

UDE Pod color, pod shape

OTHER TRAIT S “;%\an* height.
Gregor Mendel (1822-1884) flower position, @

uickly; \ \h W 55%? A
hey reproduce d , S
. Tnuelzpb generauons can \ 2 o \
pservea.
be 0 . NUMEROUS EASILY \l\ \
PEA PLANT p TRAITS WITH TWO g \
CATEGOR IZE H True-breeding | True-breeding
: VARIANTS Ac VARIANTS purple-flower plants \ white-flower plants
Three features of TRAIT _ & purle \ Whne Pein | R ks
Mendel’s methodical Flower color = o ka‘e;‘ \ g‘ g g
et o o SER, GOt SR
research were critical pea: shape O = R Q Yellon \ \g’ % R
. Green \ %
to its success. peac 0,0, O ol \\
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Mendel could control mating and
produce lots of offspring

Self-fertilization =
fertilization of egg
and sperm within the

| @ Removed
stamens from
purple flower /

S
S :
A K B
A ' \§\\ - < (’/ » \ |
sk Py Stamens
= % @ Transferred

same plant |
P Parents Purble  ROWer to carpel of purple flower
e e l @ fratired into pod
Cross-fertilization = ARt -—i
fertilization of one B0 AR
plant by pollen from ALARN L

a different plant




TRAITS (GENES)

VARIANTS (ALLELES)

(Dominant) (Recessive) True Breeding =
& & varieties for which
a4 g .
Flower color Purple White Self-fe rtl I |Zat|0n

8

{3;;‘ ;f produces offspring
all identical to the

Flower position  Axial Terminal
@ parent
Seed color Yellow Green
Seed shape Round Wriniled
Pod shape Inflated Constricted
: \
& - True-breeding True-breeding
Pod color Green Yellow purp\e'ﬂowe" plants white-flower plants

&
¥

Tall Dwarf
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Stem length



(e breeding % « L Mendel started
parents) ‘ S crossing two
different
true-breeding
% ouplefiowers  plants for one

trait

Purple flowers l White flowers

F, generation

Fertilization
among F, plants

(F F)

Which flower color
allele is

F, generation % % % dominant?
’\(

i 3 of plants 1 1 of plants
have purple flowers have white flowers



Mendel’ s 1) Gametes carry only one copy of each
gene because homologous
Three chromosomes separate (segregate)

Hypotheses of during meiosis = Law of Segregation

Inheritance 2) An organism inherits one gene from each
parent (Genotype)

MENDEL'S LAW OF SEGREGATION - Homozygous vs. Heterozygous

According to Mendel’s law of segregation, only one of
the two alleles for a gene is put into a gamete. At
fertilization, offspring receive from each parent one
allele for each gene.

neeronvsouspeapiane  Hereronsouspeapene|  3) [NNEMItEd genes determine the outer
appearance of the organism
(flower color (Phenotype)

MEIOSISEachgametegetsonecopyofeachge - Dominant VS. ReceSSive

Gene loci Dominant
allele
P a B~
ﬂ

FERTILIZATION Each fertuluzed egg gets two copies of each gen
P a b !

Recessive

Two different
alleles (white,
purple) for the

t

Homologous
chromosomes

allele
Homozygous Heterozygous Heterozygous Homozygous .
recessive dominant Genotype: PP aa Bb
Figure 7-9 Homozygous  Homozygous  Heterozygous
What Is Life? A Guide To Biology for the for the
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Were Mendel’ s hypotheses correct?

Genetic makeup (alleles)

P generation A P plants o op
(true-breeding - ¥ X LS
L& \|

parents) A ¢ t
Purple flowers l White flowers Gametes A||® Al @
F, generation F, plant Y
19 All plants have (r:y%fi:; All Pp
purple flowers / \

Gametes %@ %@

Fertilization Y
among F, plants

(F " F,) Sper

F, generation F, plants Phenotypic ratio @ % )ﬁ
3 purple : 1 white
A?; 4 Eggs

Genotypic ratio

2 3 of plants i 1of plants 1PP:2Pp:1pp @ ).é ;\,:p s

have purple flowers have white flowers

PUNNETT SQUARE = used to predict inheritance of future generation



New alleles arise
through mutation

Genotypic ratio?

Phenotypic ratio?

The dominant curled ears allele
was caused by a mutation.
Cross a heterozygous and

homozygous recessive cat and

give the expected genotypic and
phenotypic ratios of the offspring.




Genetics involves probability and chance

Albinism is caused by a recessive allele for pigmentation.

What are the chances that an albino female and a
heterozygous male will have an albino offspring?

PHENOTYPE: Little or no pigment in the eyes, hair, and skin
GENOTYPE: Homozygous for the recessive allele for albinism

Figure 7-10
What Is Life? A Guide

GENETICS AND PROBABILITY

IF...
The mother is albino, and
the father is heterozygous

THEN...

There is a 100% chance that
the mother’s egg will carry
therecessiveaalleleand a
50% chance that a sperm will
carry therecessive a allele

to determine the overall probability.

. X 0.5 = 0.50r50% p
L chance the
Multiply the two components together offspring will :
be albino.

AND...

Figure 7-12
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MENDEL'S LAW OF INDEPENDENT ASSORTMENT

Mendel’s law of independent assortment states that one trait does not influence the inheritance of another trait.

IF...
Parents are both MOTHER
homozygous for both albino

traits. (But each parent hg'i““ly%wl:' aa
is homozygous for a MpegEEn

different allele than homgzygous DD
the other parent.) GAMETES
FATHER
pigmented
homozygous AA
non-dimpled chin |§
homozygousdd |k
<
O
All are Aa Dd

THEN...

All offspring are heterozygous for both traits (i.e.,
“doubly heterozygous”): Aa Dd (and exhibit the
dominant trait in their phenotype).

OFFSPRING GENOTYPE PHENOTYPE
O All heterozygous Aa All pigmented
@ All heterozygous Dd | All dimpled chin

In this example, having a dimpled
chin does not affect which alleles are
inherited for skin pigmentation.

Figure 7-27
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IF...
Parents are both MOTHER
heterozygous for both traits pigmented
(i.e., “doubly heterozygous”). he;iemZ'YgO:: Aa
Four different types of hetenge :us';) d
gametes are produced Y9
by each: GAMETES
AD, Ad, aD, and ad. D  Ad | L aD |
pigmented
e | @@ | @ | @
dimpled chin |« m
heterozygousod | | [YTY] | [X¥7] | XX | EZXT
w
JEl™ =&
‘3
Aa DD |
e e e
THEN...
The genotype proportions for A/a are still s AA, V2 Aa, and % aa. And
the genotype proportions for D/d are still a DD, 2 Dd, and Y dd.

OFFSPRING GENOTYPE PHENOTYPE

1/4 homozygous dominant AA

3/4 pigmented
2/4 heterozygous Aa

1/4 homozygous recessive aa 1/4 albino

1/4 homozygous dominant DD

3/4 dimpled chin
2/4 heterozygous Dd

1/4 homozygous recessive dd 1/4 non-dimpled chin

@@ @ooe




Labradors have a gene for coat color and a gene for
vision.

What are the chances that a heterozygous female for
coat color and homozygous dominant for vision and a
heterozygous male for both traits will have:

A black-coated and normal vision offspring?

A black-coated and blind offspring?

A chocolate-coated and normal vision offspring?
A chocolate-coated and blind offspring?

Phenotypes Black coat, normal vision  Black coat, blind (PRA) Chocolate coat, normal vision Chocolate coat, blind (PRA)
Genotypes B N_ B nn bbN _ bbnn



A Test cross can be used to determine genotype
In individuals that display the dominant
phenotype

Vwhite |
» May be homozygous dominant T hemesyaous (S
or heterozygous pbigmented

* Cross with homozygous
recessive to find out...

GAMETES

35 S|

‘Mm| Mm|
[or) (o)
[ Z’JL"-TZL“AZ'J,?'E,.ﬁ =Z = = =

OFFSPRING (if unknown genotype is MM)
GENOTYPE PHENOTYPE

b

All heterozygous Mm All pigmented

OFFSPRING (if unknown genotype is Mm)
GENOTYPE PHENOTYPE

2/4 heterozygous Mm 2/4 pigmented

2/4 homozygous recessive mm | 2/4 white

bl

3 . Figure 7-14 part 2
Figure7-14part1 - What s Life? A Guide To Biology, Second Edition
What Is Life? A Guide To Biol Second Edition © 201 2 W. H. Freeman and Company
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Genet|C trarts can be Dominant Traits Recessive Traits
tracked through family
pedigrees

Free earlobe Attached earlobe

Ciarurioht 8 200G Pasrern Edivration i

Pedigree = family tree

representmg the i First generation [ 0O [
occurrence of heritable (grandparents) Ff | Ff f

—O
Ff
traits in parents and
offspring across a Second generation é} |J__| | ‘ ‘
number of generations (parents, aunts, L] -

and uncles) FF ffff
_ _ Ff
. Third generation
- can determine genotype (two sisters)
based on phenotype e
and family relationships or
Female Male Ff

O [] Affected
O [ ] Unaffected




Mendel's rules of genetics asurh that each
trait is controlled by just one gene and that
each gene has just two alleles — one

completely dominant over the other
4 W

But this doesn’t explain all of the phenotypic
diversity that we see...

W

There must be vanatlons on Mendel S Rules | ‘




Variations on Mendel’s rules of genetics —
Incomplete Dominance

The phenotype

of a heterozygote
appears to be
intermediate
between that of the
two homozygotes

No dominant or
recessive allele —
iInstead phenotype
IS intermediate
between the two

INCOMPLETE DOMINANCE: SNAPDRAGONS

Incomplete dominance occurs when a heterozygote exhibits an intermediate phenotype between the
two homozygotes.

The superscript W represents the )
allele that produces a white flower.
(The alternative allele has a super-
script R, representing the allele that

MOTHER

[Cross2) pink-flower

heterozygous f
c¥ck J
FATHER L GAMETES D
pink-flower [ B
heterozygous g g
= § | &
A §
5
3
= & &
OFFSPRING Genotype

Phenotype

MOTHER Y&\ produces ared flower.)
hite-flower
Cross 1 w
homozygous
W
GAMETES ¢
FATHER ( D O J
red-flower [ g
homozygous &f Af
E @ | @
=
<
OFFSPRING Genotype Phenotype
‘ & A All heterozygous CcR All pink flowers | |

1/4 homozygous CRC?

1/4 red flowers

Figure 7-17
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2/4 heterozygous ¥ c?

2/4 pink flowers

1/4 homozygous cWc"

1/4 white flowers




In humans, the gene to make LDL receptor proteins
has two incompletely dominant alleles:
R (protein production) and R’ (no protein production)

Genotypes:
RR RR’ R'R’ RECEPTOR-MEDIATED ENDOCYTOSIS
Receptor-mediated endocytosis is a type of
H
On_'l_OZVQOUS Heterozygous Homozygous endocytosis by which cells engulf specific particles.
for ability to make for inability to make (" . s use receptor- LDL PARTICLE LIVER CELL
LDL receptors LDL receptors mediated endocytosis to ingest
low-density lipoprotein, or LDL. e
Phenotypes: Cholesterol — 9~
Pioteih membrane
LDL C\%«%O | Extracellular fluid | | Intracellular fluid
\ e < |
LDL C@g&, 2 fis s Q%a 301.%,) o LDL receptor proteins 3\ LDL receptor
t & N ) a{‘f‘{'ﬁ&"’; in the plasma mem- protein
receptor_ ) 4 o brane of liver cells Nesicle
\‘ 0 specifically recognize
Q ’ and bind to LDL.
Cell
Normal Mild disease Severe disease 0 Resplasme
Copyrioht ©2000 Powrson Ecucat membrane forms a
vesicle and engulfs
the LDL.
9 LDL is broken down
and used to make
useful molecules,
including estrogen
and testosterone. Testosterone

’ . ) : - Figure 3-22
Healthy artery Partially blocked artery Blocked artery What Is Life? A Guide To Biology, Second Edition
© 2012 W.H.Freeman and Company



Variations on Mendel’s rules of genetics —
Multiple alleles

MULTIPLE ALLELISM: BLOOD TYPE

Multiple allelism occurs when there are three or more
alleles for a gene within a population. An individual still
inherits only two alleles—one from each parent.

Three alleles possible:

blood type = O (recessive to A and B)

Gene that i A (dominant to O and codominant with B)
determines | <— = B (dominant to O and codominant with A)

Red blood cells have 6 different genotypes (AA,
AO, BB, BO, AB, and 00). These genotypes
result in 4 different phenotypes (type A, type
B, type AB, and type O).

Figure 7-19
What Is Life? A Guide To Biology
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There can be more than
two alleles for each gene

Several phenotypes
possible (not just two)



Variations on Mendel’s rules of genetics —
Codominance

CODOMINANCE

« Heterozygotes display characteristics of both
homozygotes

* No dominant or recessive allele — instead both
phenotypes are displayed

BLOOD TYPE, ANTIGENS, AND ANTIBODIES

BLOOD TYPE

ANTIGENS TYPEA TYPEB TYPEAB TYPEO
Chemicals on the o
surface of some cells.
I::zt:?lttzses'lrglrr‘r?‘)::s >A antigens e>— B antigens >— AandB =— Neither A

immu
system whether the cell 4 antigens nor.B
belongs in the body. ’ antigens
ANTIBODIES N \/ <\ Q ) {
Immune system =/ > Bantibodies il )— A antibodies Neither A nor B ~ L, >AandB
molecules that attack L3 antibodies < 7% antibodies

cells with foreign ‘ ‘
antigens. \ ‘

N

f Individuals produce antibodies to the
{ antigens they don’t have on their cells.

Figure 7-20
What Is Life? A Guide To Biology, Second Edition
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Table 11.3

Human Blood Types

Thisbloodtype 45 these surface glycolipids ... - - - and is produced by
(phenotype) . . . these genotypes

A AA or AO

B BB or BO

AB AB

O 0o

(no surface glycolipids)

The familiar ABO human blood-typing system refers to glycolipid molecules that extend from the
surface of red blood cells. People whose blood is “type A” have A extensions on their blood cells. It
is also possible to have only B extensions (and be type B); to have both A and B extensions (and be
type AB); or to have none of these extensions (and be type O). Note that a person whose genotype
is AO is phenotypically type A; likewise, a person whose genotype is BO is phenotypically type B.

© 2011 Pearson Education, Inc. Table 1 1 . 3



Why are people with type O blood considered
“universal donors™? Why are those with type AB
considered “universal acceptors™?

THE SCIENCE BEHIND BLOOD DONATION

)

( BLOOD TYPE ) ( CAN DONATE TO )( CAN RECEIVE FROM
TypeA TypeA Type AB TypeA Type O
« Has A antigens
« Produces antibodies that attack ‘
B antigens
. TypeB TypeB Type AB TypeB Type O
¢ » Has B antigens
« Produces antibodies that attack @ ﬂ .
A antigens
Type AB TypeA TypeB TypeAB TypeO

2 TypeAB
« Has A and B antigens
« Produces neither A nor B antibodies
« Universal recipient

LA R

« Has neither A nor B antigens
« Produces antibodies that attack

TypeO

A and B antigens
« Universal donor

Figure 7-21
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A

TypeA TypeB TypeAB TypeO

@ &

Type O

Individuals with type O blood are universal donors.
Individuals with type AB are universal recipients.




Variations on Mendel’s rules of genetics —
Polygenic traits

« Traits that are controlled by more Pgeneration [z x [
than one gene very light) (very sark)

« Additive effects of all the genes . generation = « B
together produce a continuum of AaBbCc AaBbCe
phenotypes T

Sperm
F,generation oéo .31’;0 o%o oé. io .é. o%. i
583333 [ 833 | 838 | €88 | 833 [ &8 | &%
§o0| 833833 | &3 (238 | 83| 833 | %83 &8
5% 383|883 | 883|282 | €83 | 9% [ 883 [ 988
Eggs §0°%( 338 938 | 328338 [ 938 | 938|538 88
2. 5| 853| 883 | &3 (2% |83 S| &
- 50 (838838 [ 838 | 838 | S08 | 832 (&2
i § oo |o88 (288 | 288|223 | S38 | 88 [ 588
: § oo a8 |San man ang
E s% ﬂ [1:| 6 15 |;| I;‘ !

g
P

Skin color

+ [l



Variations on Mendel’s rules of genetics —
Pleiotropy

 Individual genes can influence multiple traits (phenotypes)

« Ex: Hemoglobin gene in red blood cells has multiple effects on
health and function

Someone with no

PLEIOTROPY: ONE GENE, MANY EFFECTS sickled cells does not

Pleiotropy occurs when one gene influences multiple, k have sickle-cell anemia

different traits. x 3 but is susceptible to
Malarial parasite . malaria.

infecting a red
blood cell

HbAHb” HOMOZYGOTE
« Does not have sickle-cell disease

What is
the benefit of
“almost”
having sickle
cell disease?

« Is susceptible to malaria

Hb’Hb” HETEROZYGOTE
« Does not have sickle-cell disease

« Is immune to malaria

HbSHbS HOMOZYGOTE
« Has sickle-cell disease

« Is immune to malaria

&5

Figure 7-23
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Variations on Mendel’s rules of genetics —
The role of the Environment

Some pigment genes produce dark pigment
only under cold conditions—such as on the
tail, nose, ears, and feet of these animals.

Copyright © 2009 Pearson Educalion, nc.

Figure 7-26
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phenylketonuria (PKU), there is a warni
| on products with phenylalanine.

The environment
can influence how
and if genes are
expressed

Environment can
be changed to
offset the effect of
genes

More the rule than
an exception



Variations on Mendel’s rules of genetics —

[ Homologous chromosomes ]

Linked genes

If this gamete is fertilized, the linked genes will be
passed on to the offspring together as a group.

Linked genes

« Exception: Crossing over

L | L |

When crossing over
occurs, linked genes
usually stay together.

IRI—N H—

« (Genes on the same chromosome are
usually inherited together
(chromosomes are packaged into
gametes)

U

Homologous chromosomes Each of the four
after the exchange of chromatids gets
genetic information packaged into a gamete.

Maternal Paternal
copy copy
Figure 7-28
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If genes are far apart on a chromosome or are on

different chromosomes, the inheritance of one does

not influence the inheritance of another.




Variations on Mendel’s rules of genetics —
Sex-linked traits

SEX-LINKED TRAITS: COLOR-BLINDNESS °

A sex-linked trait is carried on the X chromosome.
Women carry two copies of the X chromosome, while
men carry an X chromosome and a Y chromosome.

X chromosome has many more genes
than the Y chromosome

Gene with
instructions for
light-sensitive
proteins within |
the eye

Two alleles possible:

v == R (produces functioning

light-sensitive proteins)
—=r (produces defective
light-sensitive proteins)

.

Male must inherit
color-blindness allele
(r) from his mother.

Female must inherit color-blindness
allele (r) from both parents.

TO HAVE NORMAL VISION

Male must inherit
normal color-vision
allele (R) from his
mother.

Female can inherit normal color-
vision allele (R) from either her
mother or her father.

Figure 7-24
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Females have two Xs and males only
have one X

Sex-linked disorders usually affect
males and not females (however,
females can be carriers)

Queen
Victoria

Alexandra

of Russia

Alexis



X-linked Inheritance

/ mother not
color-blind

nonfunctional red-
green allelles

functional red-
green allelles

daughters are
not color-blind

father not

color-blind SPerm

one son is
color-blind

Figure 12.2
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Hemophilia is a blood-clotting disorder caused by a defective
recessive gene on the X chromosome.

If a mother is a carrier for hemophilia (XNX"), and a father is
not affected (YXN), what is the chance that they will have a
baby with hemophilia?




Summary

Modern genetics began with Gregor Mendel’ s pea plant
experiments

Alleles are different forms of a gene, and are generally
either dominant or recessive

Offspring have two alleles for every gene — one from each
parent (homozygous vs. heterozygous)

Mendel's rules include the Law of segregation and the Law
of independent assortment

Variation on Mendel’ s rules include incomplete dominance,
multiple alleles, codominance, polygenic traits, pleiotropy
the role of the environment, linked genes, and sex-linked
traits



By the end of this chapter, you should be able to:

Describe Gregor Mendel’ s inheritance experiments
iInvolving pea plants

List and describe Mendel’ s three hypotheses of
iInheritance

Define the Law of segregation and the Law of
Independent assortment

Utilize pedigrees and punnett squares to identify
iIndividuals and to determine genotypic and
phenotypic probabilities

Describe the role of carriers in autosomal and sex-
linked disorders

Describe the variations on Mendel’ s laws and be
able to utilize these concepts in genetics problems



