Mendelian Genetics

Reading: Chap. 13, pp. 265-276, 282-286
1. Intro

A. Motivating question

B. Mendel
1. Mendel’s findings

A. Mendel’s experiments

B. Law of segregation of alleles

C. Law of independent assortment of traits
I11. Complications

Terms and Concepts

- character, trait, alleles, locus
- homozygous/heterozygous

- phenotype/genotype
-P,F1,F2

- dominant/recessive

- law of segregation

- law of independent assortment
- Testcross

- Rules of probability

- Incomplete dominance

- codominance

- Quantitative characteristics

What Darwin didn’t know:

How did heritability work?

What exactly was passed down from parents
to offspring?

No idea about: Genes, chromosomes, DNA,
mitosis and meiosis

Blending vs. particulate inheritance?

Flower color is variable in four-o'docks.

A“living histogram"—distribution of heightina
college class
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Gregor Mendel

Cuvier (paleontology)
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1 ridl on HMS Beagle.
1837 | Darwin begins his noteboaks on the origin of species.
1844 | Danwin writes his essay on the: arigin of species.
1858 | Wallace sonds his theory to Darwin,
1058 | The Origin of Spacies is publishad.
1865 | Mendel publishes inheritance papers.

Coppright & Pearson Education. Inc.. publishing as Berjassin Cummings.

Austrian contemporary of Darwin

Published shortly after Darwin - but work was “buried” Fig22.1

Who was Mendel?

- Austrian monk

- Background in agriculture
(grew up on a farm)

- Failed his teacher’s exam

- University of Vienna:
math, causes of variation
in plants

- Teaching at the Briinn
Modern School




What did he do?

Pea breeding

Testing mechanisms of
inheritance: blending vs. f
acquired characteristics (e.g.,
Lamarck) _

Used many different characters

Published results in 1865

Mendel didn’t know about chromosomes either!

« Results were buried for ~40 years — not broadly
accepted until ~16 years after his death.

Early in the 20th century, Sutton and Boveri
(working independently) formulated the
chromosome theory of inheritance, which
proposes that meiosis causes the patterns of
inheritance that Mendel observed.

Why did his experiments succeed?

2. “Either/or” .
characters 3. True breeding parents

1. Control over fertilization
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Il. What did Mendel find?

A. Mendel’s experiments
B. Law of segregation (of alleles)

C. Law of independent assortment (of traits)

A. Mendel’s experiments: Simple cross

P - true breeding parents with

. . P Generation \ W o=
different traits for same REEs Pt 7
character. Eenaty] White

Purple
flowers | flowers
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F, - Cross two of same

generation F, Genoration A
fybride) All plants had
purple flowers

F, Generation

F, - evaluate resulting traits: 3 to 1 e

Mendel tested many traits
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Mendel’s interpretation

- one factor from each

P Generation
parent P " —
Gareptic kD L L
Gamates: E__ (&)
i
F, Ganseation

- dominant vs. recessive

- particulate inheritance:
can get pure traits back

F, Bansration

Genotype vs. phenotype

Genotype Phenotype
PP -
1{ (homozygous) “ AT
homozygous vs.
heterozygous LI Purple 3
2 ’
(etorotygous) L0
! { !homopgrgauu] White }‘
Ratio 3:1

Ratio 1:2:1

B. Law of segregation of alleles

1. The factors controlling the trait of an individual go
into different gametes.

Cross true breeding lines
(homozygotes), get all O
heterozygous offspring

Offspring gensaypes: Al RF Bustevcarygous]
Offspring phasstypes: Al round sesds

When heterozygous plants produce

gametes, the two parental factors

segregate: half the gametes get one type, ———
half get the other type.

A cross between twa h
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2. Rules of probability

1. “Both-and rule”

- chance of 2 or more independent events
both occurring together

- multiply probabilities of each event
“"’.'.“;::"/
2. “Either-or rule” ~

- probability of an event when several ways
for it to occur

- add probabilities of each pathway

A crass between twa heterazygotes
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3. OK, prove it! The testcross

Dominant phenotype: &

what genotype?

Predictions follow
from particulate

inheritance

4. \What do we know now?




Alleles segregate on the
homologous chromosomes

Homologous chromosomes
separate after doubling

Sister chromatids separate

13.9

How does the law of segregation relate to meiosis?
Chromosomes, genes, and alleles

Principle of segregation
Rr parent

Dominant allele

Recessive allele
for seed shape

for seed shape

Chromosomes replicate

Meiosis I
Alleles
segregate
Meuosqs II
ﬁ
"
]

Each gamete carries nnly one allele hrmdshum
because the alleles have segregated during meiosis.
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C. Law of independent assortment
What about two or more characters? Are they
inherited together or independently?

Together

genes stay together when gametes form.

R = Dominant sllebe for seed shaps (round)
T = Recestive sllele for seed shape [wrinkled)

¥ = Dominant allele for seed color (pellow)
¥ = Recessih

1. Two traits: an example

Alleles of different

Independent

@enes donT stay Together when gametes farm.
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Mendel's results

F; generation

=3
phenctype (4 et o
Number 315 101 108
Fraction of 9/16 3/16 3116
offspring

Figure 1160 Bisdoupiaal Science, T

Which hypothesis does this support?

<

32 556 total
1/16 .

Rules of probability

From YyRr x YyRr
YYRR o
l .
Gametes (1) = (1) Yellow round:
s YYRR  YYRr YyRR  YyRr
YyRr

(1/4*1/8) + (2*1/4*1/A)+(2*1/4*1/4)+(4*1/4*1/4)
=9/16

b} Hypothesis: independent assortment

Green round:
VYRR yyRr
(1/4*1/4) + (2*1/4*1/4) = 3/16

Yellow wrinkled:
YYrr Yyrr
(L/4%1/4) + (2*1/4*1/4) = 3/16

Green wrinkled:
yyrr  (1/4*1/4) = 1/16

Law of independent assortment
(of characters)

“Independent segregation of each pair of
alleles (i.e., genes coding for each
character) during gamete formation.”




2. What we know now:
Mendel’s independent assortment referred to characters.
How does this relate to independent assortment of chromosomes in meiosis?

Principle of independent assortment

Alleles for
Chromosomes can seed shape
line up in two ways Alleles for
dnrmg meiosis | seed color

Meiosis | Meiosis |
Meiosis Il Meiosis Il
H
5
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1/4RY 1ary 1/4 Ry 1ary

13.901 The gamsfw seed dupe and seed color assort independently, because they are
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What if genes for two traits are
on the same chromosome?

Independent or linked? F
Linked, except for...? 5«
Crossing over |

Depends how close they are:
genes further apart are more
likely to behave as independent.

Did Mendel get lucky?

(not that way - he was a monk!)

1. Genes for traits he studied were either on
separate chromosomes, or

2. Far enough apart on the same chromosome
that they assorted independently

I11. Complications
A. Incomplete dominance

Incomplete dominance in flower color

-
Parental #
Flower color is variable in four-o'clocks. generation !
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Is this the same as blending?

B. Multiple alleles — co-dominance

TABLE 13.1 The ABO Blood Types in Humans

In humans, the four different ABO blood types are produced by
the alleles present at a single locus. Three alleles are commen in
most populations: i, P, and .

Phenotype (blood type) Genotype
o] ii
A P or 14
B 1818 or B
AB [

i = recessive
P and P = codominant
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Red hair?

C. Complications: Quantitative Characters

-One trait determined by multiple genes

-Could lead to perception of “blending” but that’s not
what it is.

A“living histogram”—distribution of heightin a
college class
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Normal distribution = bell-shaped curve
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IV. Summary: KEY CONCEPTS KEY CONCEPTS
Mendel discovered that in garden peas, individuals Genes are located on chromosomes.
have two factors, or versions, representing each
trait.
- We now know these are alleles - different The separation of homologous chromosomes
versions of each gene. during meiosis | explains why alleles of the
- Prior to the formation of eggs and sperm, the two same gene segregate to different gametes.
alleles of each gene separate.
- One allele is transmitted to each egg or sperm
cell.
KEY CONCEPTS KEY CONCEPTS
If genes are located on different Important exceptions exist to the rules that individuals
chromosomes, then the alleles of each gene have two alleles Of ea(}h gene and that alleles of different
are transmitted to egg cells and sperm cells genes are transmitted independently. _
independently of each other. - Genes on the same chromosome are not transmitted

independently of each other.

- some traits are controlled by more than one gene, or
genes exhibit incomplete dominance or are co-dominant.




