3.4 Inheritance

v Topic 3: Genetics




g -Mendel’s Work With Pea Plants

¥ v Mendel discovered the principles of
inheritance with experiments in which large
numbers of pea plants were crossed.

Seed shape ‘

Round Wrinkled

Seed color \9 & "

Yellow Green

Flower color -~ i\ wﬁ“
Purple ite

Pod shape /%
Inflated Constricted

Pod color /I

Green Yellow




Mendel’s crosses

*True-breeding/true bred (all offspring of same variety)
* *Hybridization (crossing of 2 different true-breds)
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B ¢ Example cross: What do you think the

s ® offspring will look like?

X |
l Tall pea plant




:Fhe Results (F1 generation)

*

i

Short pea plant

All tall pea plants
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o (enerations

| . P
v/ Notice that Mendel looked at 3 » (
generations 1n his crosses.
Short pea plant

v Generations:

— P = the original Parents (true-
breeding)

— F,= the offspring of the P
generation (hybrids)

— F, = the offspring of the F,
generation




j 2 Mendel’s experiments

Y v Resulted in predictable ratios (notice the pattern)

P Generation % X \
(true-breeding /

parents) Purple Whlte
flowers l flowers

Fy Gene.ration %\

(hybrids) All plants had
purple flowers

F, Generation g{:}y
Ratio 3:1 N\ . RN
o V) N\ ] 792

705 plants 224 plants
had purple had white
flowers flowers
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Nature of science:

v+ Making quantitative measurements with
replicates to ensure reliability. Mendel’s
genetic crosses with pea plants generated
numerical data. (3.2)

8 years and 1000s of test crosses
before publishing results.




[3 Why do multiple trials?

Probably more
than others

Definitely more
than others

Same as others
ﬁ

Probably less
than others

-

2% 14%
SD = Standard Deviation

Definitely less
than others
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Genetic vocabulary.......

/" Punnett square: predicts the
results of a genetic cross Genotype Phenotype
between individuals of known pp
genotype (homozygous)

Homozygous: pair of
identical alleles for a Pp

(heterozygous)
character

Heterozygous: two different Pp
(heterozygous)
alleles for a gene

Purple

Phenotype: an organism’s
traits (hom:z,;gous)

Genotype: an organism’s
genetic makeup Copyright © Pearson

Ratio 1:2:1 Ratio 3:1
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9 .
o enetics vocab...

E
. ®  dominant allele= fully _ AN  ATN

N . 0 PGenerat!on \ZAT[L[’) x L )
expressed in the organism’s (rue-breeding 7

parents) Purple

White
appearance flowers l flowers
v/ recessive allele, has no N

N (

noticeable effect on the F, Generation 7,

LD All plants had

organism’s appearance purple flowers
A

v/ Testcross: A technique A Ay O
breeders use to determine %ﬁfmam; e
the genotype of an unknown et fowers’
individual. mmmm—

— Done by crossing the unknown

with a recessive homozygote.
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How to solve genetics problems

READ and Make a Key ex. B=black fur, b=
white fur

Parent genotypes (Write them down) ex. BB x
Bb

Gametes (Figure out what the gametes would
be)

Fill in Punnett square to get offspring

Phenotypes/Genotypes of offspring (Write them
out)— Best 1f written as a reduced fraction!
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i Practice Genetics problems #1-5

i > (see sheet)




' : Beyond Mendelian Genetics:

-—

| 2 Incomplete Dominance

=® Mendel was lucky! Traits he chose 1n the
o P2 plant showed up very clearly...

2 ® But sometimes phenotypes are not very
=® obvious...




= ] .
i o Incomplete Dominance

= ® Neither allele is completely dominant over the other.
= ®  The result is a THIRD possible phenotype.

¥ » Two alleles that are incompletely dominant will
result in an “AVERAGED” phenotype.




Incomplete Dominance

v Notation — Letters to represent alleles are
capital letters with superscripted letter or (°)
to 1llustrate that neither allele 1s completely
dominant.

VFREY or FF’







2 .
i oIncomplete dominance

® When Fl1(children) generation (all pink flowers)
1s self pollinated, the F2 (grandchildren)
generation 1s 1:2:1 red, pink, white

Incomplete Dominance
¥

b
R R * _ white
e ts
R oy paren
RR’ i

RR’ | R’R’

R’
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Incomplete dominance

What happens if you cross a pink with a

O
1

white?

A pink with a red?




g °® Dragon Genetics
o/ Let’s assume that dragons show incomplete
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dominance for fire breathing. The F allele
provides lots of fire and the F’ allele gives
no fire. If a dragon that has very strong fire
1s crossed with a dragon that has moderate
fire, what will their offspring be like?




Dragon Genetics

v Under what
conditions can a
baby dragon be
born that never
has fire?

Justify your
answer with
Punnett
Squares.




Complex Trait: Hagrid’s Height

v Hagrid’s father was a wizard and his mother was a
giantess. The normal heights for giants and
wizards are: Giants = about 20 ft. & Wizard = 5-6
ft.

v Given that Hagrid 1s described to be about 12 ft.,
what type of genetic inheritance may be at work
for Hagrid’s height?




Codominance

= ® / Both alleles are expressed at the same time.
" 9

RWR!
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Jd_odominance

) .
o Both alleles’ traits are completely expressed
independently. R
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RR

® R R
*

|9 W| RW |RW
B WW | .
B w| RW [RW

=9
) @ Black X White = 100% Blue Roan

B W
Roan X Roan =
25% Black B| BB | BW

25% White
50% Roan W|BW|WW

™ T




' todominance

tail 1s controlled by a
codominant gene and the
alleles are blue (B) and
green (G). Show a cross
between two merpeople
who have bluish-green tai
(BG). Give the offspring
phenotypes with
percentages.




— B =Dbrown (codominant with green)
— G = green (codominant with brown)
— b = blue (recessive to both brown and green)

v Draw a Punnett Square with Harry’s parents:

assuming Lily with green eyes (GG) and James wit
hazel eyes (BG).




Codominance

\ \ \
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Complex-Trait Activity:
Magical Ability

In the Harry Potter series, characters are born
with or without magical ability. Those with
magical ability also show very strong, normal or
weak ability.

Assuming that the magical ability is inherited,
1dentify the possible phenotypes and genotypes of
the following characters: Harry, Hermione, Ron,
Dumbledore, Aunt Petunia, and Mr. Filch
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o Magical Ability: Possible
. Phenot_ypes

- ‘How would you describe the followmg characters’

®magical ability?
*

® .
— Hermione

— Harry

e Dumbledore
. ®  Aunt Petunia

= ® — Mr. Filch
- @
- 2
- 2




g Magical Ability: Possible
Fhenotypes

How would you describe the following characters’

o magical ability?
) @  Harry has strong magical ability

— Hermione has strong magical ability

— Ron has average magical ability

— Dumbledore has strong magical ability
— Aunt Petunia has no magical ability

— Mr. Filch has weak magical ability

Two Genes that regulate magical ability

Expression—has the ability or doesn’t have the ability

Strength—has strong, average, or weak magical ability




-
| 9 . LV .
o+ Magical Ability: Possible Genotypes

! 9
L ® Gene 1: expression of magical ability

Expressed (witches & wizards)

Not expressed (Muggles do not have magical ability)

® Gene 2: strength of magical ability
Strong
Average
Weak (i.e., squibs)
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9 . TRV .
o Magical Ability: Possible Genotypes

®  Two Muggle parents can have a child with magical ability,
like Hermione=» Muggles must have a gene for magic that
is not expressed or silenced by another regulatory gene.
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Magical Ability: Possible Genotypes

— There are three phenotypes described for the strength of
magical ability: strong, average, or weak.

— Given “strong + weak=average”, the magical strength gene
with M (strong ability) and M’ (weak ability) alleles
affected by incomplete dominance.

Strong ability —MM
Average ability—MM’
Weak ability —M’M’



f o Magical Genes: Summary of 2

® (Genes

v Must be nn to have magical ability:

— MMnn = very powerful wizard
— MM’nn = average wizard
— M’M’nn = very weak wizard (or squib)

v If you have at least one N you are a Muggle:

— MMNn, MM’Nn, M’M’Nn (carrier for magic ability)

~ MMNN, MM’NN, M’M’NN
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| ¢ Magical Ability: Characters’
* Genotypes

Using the genotype summary, what are possible
genotypes of each character?

— Harry: strong magical ability

— Hermione: average magical ability
— Ron: average magical ability

— Dumbledore: strong magical ability
— Aunt Petunia: no magical ability

— Mr. Filch: weak magical ability
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B o Magical Ability: Characters’

f : Genotypes

~®sing the genotype summary, what are possible
®enotypes of each character?

— Harry: strong magical ability (MMnn)

i ¢ MMNn, MMNN, MM’NN, M’M’NN)
2 ®  Mr. Filch: weak magical ability (M’M’nn)




hink 1t through....

Hermione’s possible
genotypes are MMss
or MM’ss. What are
possible genotypes o
Hermione’s parents
who are Muggles?
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Important Law of Probability

v The probability of 2 (or more) independent
events occurring together can be obtained
by multiplying the probability of one event
by the probability of the other.

v Note: This can also be used to solve
dihybrid cross problems!




Polygeneic Inheritance
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Human Height (feet)

o\

@@@f
{F‘,o@ @‘6\@‘9&‘6\ <

0
<
s | | /

%%%%‘%
% (4

%

3
E
’ w
2 g
-
@
K
®
E®
o




Gene 1 d'd’ da'D’ da'D’ D'D? D'a’ D'd’
Gene 2 d?da? d?a? acD? D?d? D3a? D?D? D2D?
Gene 3 d3a® d®a? d®a® d®a® D3D3 D3 D3D3
Total
number of
dark-skin
genes
dark
# of light
“d" alleles 6 5 B 3 2 1 0
# of dark
“D" alleles 0 1 2 3 4 5 6

FicUure 10.7 Polygenic Inheritance

Skin color in humans is an example of polygenic inheritance. The dark “D™ alleles are found in several different genes and have an additive
effect on skin color. The top portion of the figure shows examples of genotypes that can produce the different skin colors. The number of
dark “D™ alleles is more important than how the “D” alleles are distributed in the different genes.

& The alleles are cumulative.
2 ® Therefore, AaBbCc has the same phenotype as AABbcc




® Sex Link Traits:
| : Genes on the X and Y chromosomes
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f < Lets recall how we determine gender..

Male

individual? Xy

Sex Chromosomes: X and Y Gametes;)‘@ f@ @ @
Female: XX Male: XY @ @
Who is responsible for gender

determination iIl the Child? )‘@ Female Female
Children:

RY XY
The father because he gives an X or Y Male Male
to the gametes. The mother only gives
an X to the gamete

1 Female: 1 Male




hat are sex-linked genes?
genes found on a sex chromosome

v X-linked genes are genes found |
on the X chromosome,
symbolized by Xr, XR Y.

v Thomas Morgan experimented
with the eye color of fruit flies
(Drosophilia) to determine X-
linkage
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. : X-linked Genes

=® / X-linked recessive traits will show up more
| often 1n males because they have only 1 X
chromosome

v Let’s do a punnett square for a female carrier
of an x-linked gene and a recessive male

v What will the genotypes be?
v XRXT and XRY




Here’s the results

v For girls: 0% have the
trait

v For boys 50% have it.

v Probability 1s higher
for boys because
whatever X they get
determines the trait,
for girls they have to
get 2 recessive Xs.
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o Examples of X-linked traits:

=® 1. Color Blindness

®
) » 2. Hemophilia

=® 3 Muscular Dystrophy
=® .. :
Y o 4. Icthyosis simplex (scaly skin)




>

v A person with normal color vision sees a number
seven in the circle above.

= ® / Those who are color blind usually do not see any
$ » nhumber atall.




*
o’ People with red-green

3 @ colorblindness see
either a three or

.J Those with normal

o coloryvision see an 8.
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3 The Law of Segregation

® / For each character, an
° ° ° P Generation - )
organism inherits 2 alleles, \g)

X ( by
72
Appearance: Purple flowers White flowers

one from each parent Genetic makeup:

Gametes: o
v Mendel’s Law of \/

Segregation: The alleles for
each character segregate Appeseance: burple flowers
(separate) during gamete —
production (meiosis), then
randomly re-form pairs
during fusion of gametes at
fertilization.

F, Generation Y
':Z;pff)

F, Generation
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=

: The Law of Independent Assortment

“® Applies to dihybrid
| @ crosses...

, YYRR | ;; ?yyrr YYRR ¢x ?yyrr
o Mendel’s Law of G,m sametes
Independent Assortment: / |
° [ YyAr [ \YyRr
The two pairs of alleles " A

= ® segregate independently
of each other during
gamete formation.

-

— %6 | Yellow-round
9’ NOTE: True only when Sl o Yo @) Grean-oun
~® genes for the different x| v
L ® traits are located on S RS
(a) Hypothesis: dependent assortment (b) Hypothesis: independent assortment

different chromosomes. ..o

How does this relate to
= Meiosis?
=

-
-




: Other Inheritance Patterns

P Generation L))
A

Red Com/L White

CRcR & '\v,ﬁ\i cvev

: N
v Codominance cametes 3@ @

"/ Multiple alleles
®/ Sex-linked inheritance
o/ Polygenic Inheritance

a) Phenot e b) Genotypes <) Antibodies d) Results from adding red blood
(=) (blood ve bt (see p.258) =2 present in = cells from groups below to serum Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings
group) blood serum from groups at left

A B AB o
14 g
A Anti-B
I?‘ri n @ Incomplete dominance: appearance between the phenotypes of the 2
parents. (blending) Ex: pink snapdragons (no longer a distinction used
BB IB)
I=r
Bi
A —

- Anti-A
ight © Pearson E n, Inc., publishing as Benjamin Cummings.




P Generation {, 3
A

Red Tl white

crcr x L:\Q cwew

NV
v Codominance: both alleles affect the Gametes .Y.

phenotype of a heterozygote. Ex:
#® Dblood types ¢, Generation

L

@/ Multiple alleles: more than 2
possible alleles for a gene. Ex:
human blood types

e
a2

F, Generation

.

L) (bl"::lype L (Gs:'; P-258) =) pr:;lzmllen. (< :.“:I't‘:':'.o;l:‘:.psl b..’:‘: I:‘l’os.r“m Copyright & Pearson Education, Inc., publishing as Benjamin Cummings.
group) blood serum from groups at left

A B AB o
14 »
A or Anti-B
1A @ Incomplete dominance: appearance between the phenotypes of the 2

parents. (blending) Ex: pink snapdragons (no longer a distinction used
B B 1B)
1”1

Bi
re e —

- et EED B ED
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= ®/ Codominance with multiple alleles

8 ® Application: Inheritance of ABO blood groups.

:J 3 Alleles: IA, 1B, i
.

-

-

» TYPES:
A = IAA A
B = IBIB  |Bj
AB = IAIB
O = i

Group A

Group B

Group AB

Group O

Red bloog
cell type

o

N
, , \ |
Antibodigs Az~

-
s
AN

BNFSN PN

A o~
N— N\— N— N\
present 4N AN AN AN
Anti-B Anti-A None Anti-A and Anti-B
Antigens ¢
present A antigen B antigen A and B

antigens

None




ked
v  Gene 1s found on a sex chromosome

1n

Sex-L

X
o)

— Ex. Red-Green color blindness,

(usually X)
v Trait more commonly seen in males.

hemophilia
v Possible genotypes
— Female




C0000OLOLOOOLOOOOLOGES

v Polygenic Inheritance:
inheritance pattern
where two or more genes
affect a single
characteristic. Ex:
human skin
pigmentation and height

v The phenotypes of
polygenic characteristics
tend to show continuous
variation.

(T ) (Y}
000 X 000

AaBbCc AaBbCc

164 8/64 /54 20/g4 /g4 8/64 Ves

ooo| [eoc] [eec]| [eee]| [eee --

000| |000| (00O (OO0

29/54 L

o
-
2

Fraction of population

Ld
g

LN A N N O I B B B |

Y/

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.




Application:

v Polygenic traits such as human height
may also be influenced by
environmental factors.

— Examples: nutrition, exercise, sunlight
exposure, etc.
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v/ Practice genetics problems #11-15 (note:
#11 1s NOT sex-linked)

v Genetics Practice: Incomplete Dominance,

Codominance, Multiple Alleles and Sex-
Linked WS




o Human genetic diseases

L
| 4 ¥ Many have been

4 1dentified but most are
8.4 very rare.

1/ Many are due to
¥ recessive alleles of
! autosomal genes.

¢ ¥ Some are due to
Y + dominant or co-
} ¢+ dominant alleles.

=1/ Some are sex-linked

O Unaffected Unaffected
"Carrier" "Carrier"

Unaffected '"CARRIER" '"CARRIER" Affected

1 in 4 chance Unaffected Unaffected 1 in 4 chance
1 in 4 chance 1 in 4 chance




Discuss

v"Why are fatal
genetic diseases
usually recessive?




| Human genetic disease examples

v Example recessive disorders:
*Cystic fibrosis  *Tay-Sachs

Organs affected 0
by cystic fibrosis 7) , Normal airway Airway lined
Sinuses: Y . Airway wall with a thin layer
sinusitis (infection) : .

Lungs: thick, sticky
mucus buildup, bacterial

infection, and
widened airways

Skin: sweat
glands produce
salty sweat.

Liver: blocked P Airway with  Thick, sticky §

biliary ducts —— g cystic fibrosis mucus blocks

Pancreas: 4 > / A ~ "way Widened aifway
blocked W\
pancreatic ducts -

Intestines:
cannot fully
absorb nutrients

Reproductive \
organs: ‘
(male and female)
complications
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A

HbAHbA

Homozygote

Individual does
not have sickle-
cell disease.

\

Figure 7-18 part 2
What Is Life? A Guide To Biology
© 2010 W.H.Freeman and Company

HbSHbLA
Heterozygote

Individual carries a
defective allele and
has an intermediate

”| condition. Some cells
become sickled under
extreme conditions.

J \.

® Human genetic disease examples

|, v/ Codominant disorders example: Sickle-cell Anemia

CODOMINANCE: SICKLE-CELL DISEASE

HbSHbS
Homozygote

Individual has
two copies of the
defective hemo-
globin allele and
has sickle-cell
disease.




= ® Dominant disorder example: Huntington’s disease

Affected Father
Autosomal dominant —

faulty gene

Unaffected
Mother

&) &)
' ' Offspring
The human brain, showing the impact of HD on

brain structure in the basal ganglia region of a Unaffected Affected/ Predisposed
rson with HD (top) and a normal brain

ottom). . , 50% chance 50% chance
M : .msu.edu

Proten

A
Y
l CAGCAGCAG... o)
Triplet Repeat
AEINDORMAL | CAGCAGCAGCAGCAGCAGCAGCAGCAG.. e Dvages fene
* o ‘3 ,h q

gnmcmc" AND WIDE \dAL““:_j

gpEECH

Protein




| Human genetic disease examples

Injury Occurs

" ®/ Sex-linked: O s ?
® Red-green Color- e 3
® blindness g et *
‘ ~ hemophilia e | 46
[ I

Normal Hemophilia A
€ Along with other © Lack of clotting
substances, clotting m factor ViIll causes
9

factor VIl causes a stron a weak platelet o 6
platelet plug to form. % plug to form. b

©) A stable fibrin clot forms ©) Incomplete andior
over the platelet plug as delayed fibrin diot
a final seal on the injury, Hlows bleedng
and the bleeding stops. continue.




‘J Radiation and mutagenic chemicals increase
o the mutation rate and can cause genetic
# diseases and cancer.

:J Application: Consequences of radiation after

o nuclear bombing of Hiroshima and accident

2 » at Chernobyl.
.o

- ’

L e v/ https://www.youtube.com/watch?v=bPs2GS




Pedigree Analysis

Skill: Analysis of pedigree charts to deduce the
pattern of inheritance of genetic diseases.

Square= Male, Circle = Female
Shaded= has the trait (the phenotype)

' EEEEEEK.

O [ @ First generation O
Ww | ww ww | Ww (grandparents) Ff Ff
Second generation
(parents plus aunts
Ww ww and uncles)
Third
generation
= (two sisters)

Widow's peak No widow’s peak Attached earlobe Free earlobe

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.



=%/ Skill: Comparison of predicted and actual outcomes of
= ® genetic crosses using real data.
9
'l Assignment: P. 176-177 Data-based questions: Analysing
®  Genetic Crosses

* Input your answers here:
https://docs.google.com/forms/d/1A9RIJt23HFS55erKByg KGQsk2
6-Ya4ZmBz1TvGzjbok/viewform?usp=send form

| Character Fi Traits FiI Results | F2 Results (Dom/Rec) | F2 Ratio |

Round (R) x Wrinkled (r) | all Round 5474 1850 2.96 :
Yellow (Y) x Green (y) | all Yellow 6022 2001 3.01:

Seeds

Axial (A) x Terminal (a) all Axial 651 207 3.14 :
Full (F) x Constricted (f) all Full 882 299 295:1
Green (G) x Yellow (g) all Green 428 152 2.82:1

Flowers Violet (P) x White (p) all Violet 705 224 3.15:

Stem Tall (T) x Dwarf (1) all Tall 787 277 2.84 :



