Genetics and
Heredity



History

Genetics is the study of genes.

Inheritance is how traits, or characteristics,
are passed on from generation to
generation.

Chromosomes are made up of genes, which
are made up of DNA.

Genetic material (genes,chromosomes,
DNA) is found inside the nucleus of a cell.

Gregor Mendel is considered “The Father of
Genetics"



Gregor Mendel

 Austrian Monk.
 Experimented with “pea plants™.

 Used pea plants because:
— They were available
— They reproduced quickly
— They showed obvious differences in the traits

Understood that there was something that

carried traits from one generation to the
next- “FACTOR”.



Mendel cont......

In the mid-1800s, the rules underlying
patterns of inheritance were uncovered in
a series of experiments performed by an
Austrian monk named Gregor Mendel.




Mendel's Plant Breeding Experiments

Gregor Mendel was one of the first to apply .:r’ e
an experimental approach to the question
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of inheritance. :

For seven years, Mendel bred pea plants
and recorded inheritance patterns in the
offspring.

Particulate Hypothesis of Inheritance — SIPREERE
Parents pass on to their offspring separate SEESE
and distinct factors (today called genes) -’
that are responsible for inherited traits.




Mendelian Genetics

Dominant traits- traits that are expressed.
Recessive traits- traits that are covered up.
Alleles- the different forms of a characteristic.
Punnett Squares- show how crosses are made.

Probability- the chances/ percentages that
something will occur.

Genotype- the types of genes (Alleles) present.
Phenotype- what it looks like.

Homozygous- two of the same alleles.
Heterozygous- two different alleles.



Mendel was fortunate he chose the Garden Pea

Mendel probably chose to work
with peas because they are
available in many varieties.

*The use of peas also gave Mendel
strict control over which plants
mated.

sFortunately, the pea traits are
distinct and were clearly
contrasting.

€ Transferred pollen
from stamens of white
flower to carpel of
purple flower

€) Pollinated carpel
matured into pod

@) Planted seeds
from pod

@ Examined
offspring: all

First- purple flowers

generation ° -
offspring -



To test the particulate hypothesis, Mendel crossed true-
breeding plants that had two distinct and contrasting traits—for
example, purple or white flowers.

What is meant by “true breeding?”

Parent plant 1 Parent plant 2
N,
L -
% e The carpel
; maturad into a
' ' r pod containing
Pollen seeds (peas).
transfer Once planted,
these seeds grew
f into offspring
plants,
&) To prevent self- ) He then dusted the carpel
fertilization, Mendel (egg-producing structure)
cut off the immature with pollen from another
stamens (structures plant’s mature stamens.

that produce pollen).

Mendel cross-fertilized his plants by hand. Why is it important to control
which plants would serve as the parents?
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P Generation
(true-breeding

X p o
parents)

A L

Purple flowers 1 White flowers

F, Generation All plants have
{hybrids) purple flowers.

Eﬂlf fertilization in

F1 plants
F, Generation it
A L
l} of plants %- of plants
have purple flowers. have white flowers.

For each monohybrid cross, Mendel cross-fertilized true-breeding plants that
were different in just one character—in this case, flower color. He then allowed
the hybrids (the F1 generation) to self-fertilize.




P generation (parental
generation)

F1 generation (first filial
generation, the word filial
from the Latin word for
"son") are the hybrid
offspring.

Allowing these F1
hybrids to self-pollinate
produces:

F2 generation (second
filial generation).

It is the analysis of this
that lead to an
understanding of genetic
Crosses.

Typical breeding experiment

P Generation

(true-breeding
parents)

F, Generation
(hybrids)

F, Generation
Ratio 3:1

705 plants
had purple
flowers flowers

- 77
Purple White
flowers l flowers

Ir?* -
All plants had
purple flowers

'

™

224 plants
had white



Mendel studies seven characteristics in the garden pea

Purple Axial Yellow

-
u
© -

White Terminal Graen

Purple Axial Yellow Round Inflated Green Tall




Character

Flower position

Seed color

Seed shape

Pod calor

Stem length

Yellow

Round

F» Generation
Daminant:Recassive

705224

651:207

60222001

2474:1830

BE2:299

478152

TEI2TT

Ratio

3.15:1

3141

3.00:1

2.96:1

2.95:1

2821

2.84:1

Statistics indicated
a pattern.



Chromosomes

Homologous chromosome: one of a matching pair of
chromosomes, one inherited from each parent.

Pair of homologous
——— /ichrnmasumes
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Eb L Siate.r ﬂh r{}matids
R S of a duplicated
chromosome

Sister chromatids are identical


http://www.bio.miami.edu/dana/104/homologalleles.jpg

I Homologous Chromosomes

Homologous chromosomes contain DNA Homologous regions code
that codes for the same genes. In this for the same gene.
example, both chromosomes have all the
same genes in the same locations (repre-
sented with colored strips), but different
‘wersions of those genes (represanted by
the different shades of each colar).
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Sister chromatids are exact replicas... = ﬂ
but homelogous chromosomes are not. — —A




What genetic principles account for the transmission of such traits from
parents to offspring?

The Blending Hypothesis of Inheritance

In the early 1800’s the blending hypothesis was proposed. Genetic material
contributed by the two parents mixes in a manner analogous to the way blue
and yellow paints blend to make green.

What would happen if this was the case?




Law of Dominance

In the monohybrid cross (mating of two organisms that differ in only one
character), one version disappeared.

P Generation % [ ox |
(true-breeding At 7P
parents) Purple

White
flowers l flowers

F, Generation

.
(hybrids) !

All plants had

purple flowers
I

What happens when the F1's are crossed?



The F1 crossed
produced the F2
generation and the
lost trait appeared
with predictable
ratios.

This led to the
formulation of the
current model of
Inheritance.

F, Generation
(hybrids)

F, Generation
Ratio 3:1

Pt~
All plants had
purple flowers

'

7

705 plants 224 plants
had purple had white
flowers flowers



Alleles: alternative versions of a gene.

The gene for a particular inherited character resides at a specific locus
(position) on homologous chromosome.

Allele for purple flowers

?\#\ L lnies
{code for same trait,

Locus for Homologous same location on

flower-color pair of chromosome
gene chromosomes )

= \5

Allele for white flowers
L Genes, but not alleles

For each character, an organism

. . {code for different trait,
iInherits two alleles, one from each different locations on
parent chromosome)




How do alleles differ?

Ciuiet! Pl

Dominant allele
Recessive
LT atee

I'll have ko
b ih charge
Pyl

Recessive allele

Recessive allele [i;f;.]

Dominant - a term applied to the trait (allele) that is expressed irregardless of

the second allele.
Recessive - a term applied to a trait that is only expressed when the second

allele is the same (e.g. short plants are homozygous for the recessive allele).



Probability and Punnett Squares

Punnett square: diagram showing the probabillities of the
possible outcomes of a genetic cross




Punnett squares - probability diagram illustrating the possible
offspring of a mating.

Ss X Ss

F, generation () sperm (5)

® Q0 ©
gamete
\EQQS
e @
Ss (1)



Probability & Genetics

the number of times an event is
expected to happen divided by the
number of opportunities for event to
happen



The Rules Of Probability




The Product Rule

probability of two events occurring
simultaneously is product of their
probabilities



Multiplication Rule

(a) The multiplication rule

p

Roll I@&@)@

VWYY W

Roll 2%@]

VWY WV

N

e Roll1l
— 1/6 chance of “4”

— on any roll

e Roll2
— 1/6 chance of “4”

 Two sequential rolls
—1/6x1/6=1/36



The Sum Rule

probability of either one of two
mutually exclusive events is sum of
their individual probabilities



Addition Rule

(b) The addition rule

p

D)
3@

VWYV

e P(3)=1/6

e P(4)=1/6

e P(30ord4)-=
—1/6+1/6=
- 2/6=1/3



Probability

expressed as ratio

(decimal or fraction)



Genetic Applications

 Multiplication rule
— Probability of getting each allele
— Probability of getting desired combination
e Addition rule
— Overall phenotypic ratio




Genotype versus phenotype.

Genotype Phenotype
1< h PP \ Purple How does a
(homozygous) "':;1 genotype ratio differ
- P from the phenotype
PN ratio?
Pp Y B 4
(heterozygous) \L/{? P
P~
Pp \‘ Pur Ie
(heterozygous) N N P
f?‘k
19 PP . A White >1
(homozygous) /(?1 JY

Ratio 1:2:1 Ratio 3:1



Testcross

A testcross is designed to reveal whether an organism that displays the
dominant phenotype is homozygous or heterozygous.

& - L

Dominant phenotype, Recassive phanotype,
unknown genotype: known genotype:
PP ar Pp? PP

If PP, then: If Pp, then:

P P :*ﬁf}’
Py Pp Pp PP

T

il ' |
FJ‘% 2 AL P
Pp Pp Py e

All offspring purple % offspring purple
and 3 offspring white



 The offspring of a testcross can reveal the
genotype of a parent.

TESTCROSS: X
GENOTYPES B_ bb
Two possibilities for the black dog:
BB or Bb
GAMETES

® ©
o ol

Figure 9.6 OFFSPRING All black 1 black : 1 chocolate




Law of Independent Assortment

 During gamete formation, genes for different
traits separate independently into gametes

e Why? random alignment of homologues at
Meiosis |

 Asperm or egg carries only one allele of each
pair



HYPOTHESIS: HYPOTHESIS:
DEPENDENT ASSORTMENT INDEPENDENT ASSORTMENT

5 RRYY @ rryy RRYY @ ryy
GENERATION * Jv l ‘

Gametes @ 4 @ Gametes po

I:l
GENERATION

1, @

GENERATION

o/ Yellow
16 round
3 Green
16 round
ACTUAL
Yellow
RESULTS e wrinkled
SUPPORT
HYPOTHESIS 1y Gl’_een
16 wrinkled

Figure 9.5A



* Independent assortment of two genes in the
Labrador retriever

Black Colat, Black coat, Chocolate coat, Chocolate coat,
PHENOTYPES Q/?Sf:gﬁ blind (PRA) normal vision blind (PRA)
GENOTYPES B N B_nn bbN_ S
BbNn » BbNn

MATING OF HETEROZYOTES

(black, normal vigies : :

PIE—— 9 black coat, 3 black coat, 3 chocolate coat, 1 chocolate coat,
SEIGESRRING normal vision . blind (PRA) | normal vision blind (PRA)

Figure 9.5B




Chromosome behavior accounts for Mendel’s
principles

," AII round vellow seeds
/ (RrYy)
F; generation \ Y, |
,/ Melnsls /’r
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F, generation 9 :3 O: 3 :1@ {See Figure 9.5A) Figure 9.17



Crossing over . @

Gametes

e Genes on the same chromosome tend to be
inherited together = linked genes

e Crossing over produces gametes with
recombinant chromosomes



Geneticists use crossover data to map

genes

e Crossing over is more likely to occur between
genes that are farther apart

— Recombination frequencies

Chromosome

-€ 17% >

€ 9% —P-—9.5% —P- Figure 9.20B



Variation in Patterns of Inheritance

Intermediate Inheritance (blending): inheritance in which

heterozygotes have a phenotype intermediate between the phenotypes of
the two homozygotes

P ‘r
R |
y ”ﬂ:,c{;f__-,ﬁ'

Black chicken White chicken
C‘HEH ,::I-'.'CI.'n'
F1 All “blua™ &
chickens 5
.:'Hf:l-'l.'

Mating among
F, generation

: ol -_— o
1 black - 2 “"blua™ - 1 white

CBCW CWCW



Incomplete Dominance

P GEMNERATIOMN

Red
Lopl oL

F, GENERATIOMN

a0 Ackdison Weshey Loregeman, b



Codominance

 Two alleles affect the phenotype in separate
and distinguishable ways.

e Neither allele can mask the other and both

are expressed in the offspring and not in an
“intermediate” form.

e Example: red flowers that are crossed with

hite flowers that yield red and white flowers.
o }'f%kf L

-y
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Monohybrid Cross

S Vv
\ P(Ywv)y=1/4 P({yy)=1/4
.
P{y) = 1/2 Ty -




female male

/ P generation

possible
outcomes
in fertilization
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How Does it Work?

B &
BN
@A [







Dihybrid Cross

= gameles




Step 1: Make a Key....

G=yellow
g = green
W = round

w = wrinkled



Step 2: Give the genotypes of the parents.

= Homozygous round green X wrinkled
homozygous yellow plant

= P1=WWgg X wwGG



Step 3:

Determine the Gametes. ..

- WWgg X wwGG

WWegg = Wg, Wg, Wg, Wg

wwGG = wG, w@G, wG, wG
HINT: Foil to get the gametes



Step 4.

Fill in the Punnett square.. ..

Wg

Wg

Wg

Wg

5 B B B




Pleiotropy

 Most genes have
multiple

phenotypic effects.

The ability of a
gene to affect an
organism in many
ways is called
pleiotropy.

Two copies of the sickle-cell allele

|

All hemoglobin is the sickle-cell (abnormal) variety

I

Abnormal hemoglobin cqstalllzes when oxygen content
of blood is low, causlng red blood cells to become sickle-shaped

Sickled cells

N\

Clumping of cells
and t:lug ing of
small hloo vessels

/AN NN N

Physical Anemia Heart Paln and Brain Damage to Spleen
weakness failure fever damage otherorgans damage

AN

Normal cells

Accumulation of
sickled cells in spleen

Breakdown of
red blood cells

Impaired Pneumonia :
mental Paralysis  and other Rheumatism T'F:"e?
function infections L)

Copyright £ Paarson Educatlon, Inc., publishing as Benjamin Cummings.



Epistasis

e Epistasis occurs when % ) 4@—2’
a gene at one locus Y

alters or influences
the expression of a
gene at a second loci.
In this example, C is
for color and the
dominate allele must
be present for
pigment (color) to be
expressed.

‘21008 Addiaon Wesley Longman, Inc.



The Importance of the Environment

The environmental influences the expression of the genotype so the
phenotype is altered.

Hydrangea flowers of the same genetic variety range in color from blue-
violet to pink, depending on the acidity of the soil.

Multifactorial; many factors, both
genetic and environmental,
collectively influence phenotype in
examples such as skin tanning



Chromosome Theory of Inheritance

Improved microscopy techniques, understand cell processes and genetic
studies converged during the late 1800’s and early 1900’s.

It was discovered that Mendelian inheritance has its physical basis in the
behavior of chromosomes during sexual life cycles.

Walter S. Sutton Theodor Boveri Hugo de Vries



Pedigree analysis reveals Mendelian patterns in human inheritance

—0 First generation E @ )
Ww (grandparents) Ft Ff ff Ft
% Second generation (5 EJ__l e:l Ij__l— %
(parents plus aunts
ww and uncies) FForFf tf #f Ff | Ff ff
Third i g%
generation
(two sisters) ff FF
or
Ff
\ii .-;'-_"i..—
Widow's peak No widow's peak Attached earlobe Free earlobe

In these family trees, squares symbolize males and circles represent
females. A horizontal line connecting a male and female (--) indicates a
mating, with offspring listed below in their order of birth, from left to right.
Shaded symbols stand for individuals with the trait being traced.



Disorders Inherited as Recessive Traits

Over a thousand human genetic disorders are known to have Mendelian
Inheritance patterns. Each of these disorders is inherited as a dominant or
recessive trait controlled by a single gene. Most human genetic disorders are
recessive.
Mother Father
Dd b D

: . erm
A particular form of deafness is D) =p 2

Inherited as a recessive trait.

L [
b Hearing Hearing
(carrier)
Eggs
Dd ad
- Hearing Deaf

[carrier]



Many human disorders follow
Mendelian patterns of inheritance

Cystic fibrosis, which strikes one
out of every 2,500 whites of
European descent but is much rarer
In other groups. One out of 25
whites (4% ) is a catrrier.

The normal allele for this gene
codes for a membrane protein that
functions in chloride ion transport
between certain cells and the
extracellular fluid. These chloride
channels are defective or absent.

The result is an abnormally high
concentration of extracellular
chloride, which causes the mucus
that coats certain cells to become
thicker and stickier than normal.

Chrarnosorme |

CF gene (290 kh)
T A 142151518

- g ;
i £;|'| i l‘l‘Hm 1
1 23 $9 kb, 110 1112131861617 19

2.3_

11

1 oA,

M2 M
Trand@ription

; UTD—%JTAAAAAAAA mRMNA B129 nuclectdes)
Tratﬂnn

[150oH Protein (1480 arming acids)
Glr_.rn:nar_.rla’unn fnl@ and mermbtane inzedon
THD2

TMD-1, TMD-2 = tranzmermbrane dorains
MBEF-1, NBF-2 = nuclen’ude-hmdmg fnlds

rutation types
« = indframe deletion = = mizsense

% = hOngense @ = fratne-shit
» = gplicing error

F= regulah:nrg.r dormain

S st fibrosiz
transmembrane
cohductance
regulator (CFTR)
pridein

it '
cell membrang o



Tay-Sachs disease is caused by a dysfunctional enzyme that fails to break
down brain lipids of a certain class. Is proportionately high incidence of Tay-
Sachs disease among Ashkenazic Jews, Jewish people whose ancestors
lived in central Europe

Sickle-cell disease, which affects one out of 400 African Americans.
Sickle-cell disease is caused by the substitution of a single amino acid in
the hemoglobin protein of red blood cells

Hexosaminidase Enzyme Activity
in Tay-Sachs Disease

10 _

08 _

06 |

0.4

02 |

00 | — A —
Tay-Sachs Carrier Normal

Child (heterozygous) (homozygous

(homozygous dominant)

recessive)




Dominantly Inherited Disorders

Achondroplasia, a form of dwarfism with an incidence of one case among
every 10,000 people. Heterozygous individuals have the dwarf phenotype.

Huntington’s disease, a degenerative disease of the nervous system, is
caused by a lethal dominant allele that has no obvious phenotypic effect
until the individual is about 35 to 45 years old.




Sex-Linked Disorders in Humans

Duchenne muscular dystrophy, affects about one out of every 3,500 males
born in the United States. People with Duchenne muscular dystrophy rarely
live past their early 20s. The disease is characterized by a progressive
weakening of the muscles and loss of coordination. Researchers have traced
the disorder to the absence of a key muscle protein called dystrophin and
have tracked the gene for this protein to a specific locus on the X
chromosome.

¥
|

Posture changes during
progression of Duchenne
muscular dystrophy.




Hemophilia is a sex-linked recessive trait defined by the absence of one or
more of the proteins required for blood clotting.

{:3' MNormal Female MNormal Male |:|
Victoria | Echward
€ carrier Femae = Hemophiliac kale [
Yictona | Albert
Alice | Louis 1V 2 10 L eopodd Beaatrice Helena

1

S mb Db atobolbén b h

Micholas ||

4 | Mary

OmE 00 OO M

SrOmG LI mm

@&
Dlga M arie Alexis Q)
Tatiana Anastasia (g)
1 Victoria ﬁ |£| Cl} Iﬁ g EI
2 Edward VI Juan Carfos
3 lrene Alexandra 10
4 George Y all assassinated & harles 11
2 EE‘;" Philip | Elizabeth || oot
7 Wictoria |__L|—O |i| {i} Edward 14
8 Alfonso Xl 12 11 12 1B 14 15 Anng 15
9 Juan Sarah 16

William Harny



Color Blindness In Humans: An X-Linked Trait

Numbers That You Should See If You Are In One Of The Following
Four Categories: [Some Letter Choices Show No Visible Numbers]

Sex-Linked Traits:

1. Normal Color Vision:
A: 29, B: 45, C: --, D: 26

2. Red-Green Color-Blind:
A: 70, B: --, C: 5, D: --

3. Red Color-blind:
A: 70, B:--, C:5, D:6

4. Green Color-Blind:
A: 70, B:--, C:5, D:2




Pattern Baldness In Humans: A Sex Influenced Trait

Baldness is an autosomal trait and is apparently influenced by sex hormones
after people reach 30 years of age or older.

In men the gene is dominant, while in women it is recessive. A man needs
only one allele (B) for the baldness trait to be expressed, while a bald woman

||“'Nu.mlu

What are the probabilities for the children for a bald man and
woman with no history of baldness in the family?
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