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Population genetics 1s important because populations evolve
(individuals do not)

- population: localized group of individuals
belonging to same species




Population genetics

» genetic structure of a population



Population

genetics
o population

group of individuals
of the same species
that can interbreed



Population

genetics
* genetic structure

e alleles
* genotypes

Patterns of genetic variation in populations

Changes in genetic structure through time



Describing genetic structure
» genotype frequencies
+ allele frequencies

RR = red




Describing genetic
structure

» genotype frequencies

300 red

total = 1000 flowers

genotype
frequencies:

200/1000=0.2rr
500/1000 = 0.5 Rr
300/1000=0.3 RR






Describing genetic
structure

+ allele frequencies

allele
frequencies:

s00 R 900/2000 = 0.45 1

=0.55R
300 RR= 600 R 1100/2000 = 0.55

total = 2000 alleles






for a population calculate:
with genotypes:
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for a population
with genotypes:
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another way to calculate
allele frequencies: Genotype frequencies
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Population genetics - Outline

v What is population genetics?

v/ Calculate - genotype frequencies
- allele frequencies

Why is genetic variation important?

How does genetic structure change?



Genetic variation in space and time
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Frequency of Mdh-1 alleles in snail colonies in two city blocks



Why is genetic variation important?
potential for change in genetic structure

» adaptation to environmental change
- conservation

* divergence of populations
- biodiversity



Why is genetic variation important?
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Why is genetic variation important?

no variation



Why is genetic variation important?
o

divergence

variation
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How does genetic structure change?



genetic structure

allele frequencies
genotype frequencies



change?
changes

through time

* mutation

* migration

* natural selection
* genetic drift

* non-random mating



How does genetic structure
change?
* mutation spontaneous change in DNA
* creates new alleles

e ultimate source of all
genetic variation



Mutations are the engines of variation

Without new variations, evolution would come to a halt:
all individuals would become the same



How does genetic structure
change?

* migration individuals move into population

* Infroduces new alleles
“gene flow”



Out of Africa
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Modern humans arose in Africa and replaced other human species across
the globe.



How does genetic structure
change?
certain genotypes produce
more offspring

e differences in survival

or reproductim} ?

° natural SeIeCtion differences in‘“fithess”

* leads to adaptation



Natural Selection

» Natural Selection refers to unequal
success in terms of reproduction (a.k.a.

survival of the fittest)

» Adaptations are inherited characteristics
that enhance an organism’s ability to
survive and reproduce in a certain
environment



Natural selection

Resistance to antibacterial soap

Generation 1: 1.00 not resistant
0.00 resistant
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Natural
selection

)

Resistance to antibacterial soap

Generation 1: 1.00 not resistant
0.00 resistant

Generation 2; 0.96 not resistant
0.04 resistant

mutation!



Natural

selection |
X Resistance to antibacterial soap

Generation 1: 1.00 not resistant
0.00 resistant

Generation 2; 0.96 not resistant
0.04 resistant

Generation 3: 0.76 not resistant
0.24 resistant



Natural

selection | | |
:k # Resistance to antibacterial soap

‘?\ ! ;i!ﬂ Generation 2: 0.96 not resistant
# ‘%ﬁ 0.04 resistant

Generation 3: 0.76 not resistant
0.24 resistant

Generation 1: 1.00 not resistant
0.00 resistant

Generation 4: 0.12 not resistant
0.88 resistant



Natural selection can cause
populations to diverge
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Variation in Disease Alleles between Populations

Allele/Disease

Population Variation (allele frequency)

Bs allele of B-globin gene
(sickle cell anemia)
Cystic fibrosis

Tay-Sachs disease

Myotonic dystrophy

1/20 in African Americans
<1/200 m Hispanic Americans

1/40-50 in European Americans
very low in Asian and African Americans

1/60 in Ashkenazi Jews
<1/6,000 in other groups

1/50,000 in Europeans
non-existent in Africans
1/950 in regions of Quebec



Selection on sickle-cell allele

aa — abnormal 3 hemoglobin very low
: : fitness
sickle-cell anemia

AA —normal 3 hemoglobin  intermed.
. fithess
vulnerable to malaria

Aa — both 3 hemoglobins high
resistant to malaria fitness

Selection favors heterozygotes (Aa).
Both alleles maintained in population (a at low level).



How does genetic structure
change?

genetic change by chance alone

* sampling error

* misrepresentation

° genetic drlft  small populations



Genetic drift

Before:
8 RR— 0.50R

—

> After:
2RR— 0.25R

—



How does genetic structure
change?
* mutation ™

migration cause changes in

. > allele frequencies
* natural selection 9

* genetic drift y



How does genetic structure
change?

mating combines alleles
into genotypes

* non-random mating

il

_ non-random
* non-random mating allele combinations



A
a
A A
f(A) p f(a) q
0.8 0.2
AA (p?) Aa (pq)
0.8x0.8 0.8x0.2
aA (qp) aa (q2)
0.2x0.8 0.2x0.2

aaxaﬂAXAA

aa AA

allele frequencies:
f(A)p=0.8
f(a) g=0.2

genotype frequencies:

f(AA) p2= 0.8x0.8 =0.64
f(Aa) 2pg=2(0.8 x0.2) =0.32
faa) g?= 0.2x0.2 =0.04



Conditions for Hardy Weinberg
Equilibrium

. Population size must be very large
(infinite)
. Mating is random

. No gene flow: migration of alleles into or
out of the population does not occuir.

. No mutations to alter the gene pool

. No selection: no selective force favors
one individual over another.



What is the distribution of genotypes?

For two alleles (  and
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Ay

Let p = the frequency of A,
q = the frequency of A,

p+q=1

What is the frequency of
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The Hardy-Weinberg equilibrium

Eggs

b p

Sperm

g

p’>+2pq +q° =

p+g°*=1

p = (p>+ pq)/(p*+ 2pq + g?)
q = (q*+ pq)/(p*+2pq + q?)



genotype frequency

Hardy-Weinberg equilibrium

not in
equilibrium

o 0.1 02 03 04 05 06 0.7 08 09 10 p(A)
1.0 09 08 07 06 05 04 03 02 01 0 gq(a)

allelic frequency



Population achieves Hardy-Weinberg equilibrium after one generation
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DNA POLYMORPHISM IN POPULATIONS
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How are genomes of individuals different?

1
GAATCC
CGTT ARARAT C|E
™l TTGACGACTC
TCTTAGAGGACTC

Most of the differences take the form of substitutions at a single base.
Single Nucleotide Polymorphism (SNP)



Variation is the splice of life

If :
1. Any two genomes are roughly 99.9% identical and

2. Agenome is 3.2 billion base pairs long

Then:
Every two genomes have 3.2 million differences (SNPs)

(remember also that each individual has two genomes)



How many SNPs are there in human populations?

Table 1 » Occurrence of SNPs in the human population and their representation in
the current collection

Minimal allele Expected SNF Expected SNP Expected %
frequency number (millions) frequency (bp) in collection
1% 11.0 290 11-12
5% 21 450 15-17
10% s 600 18-20
20% 3.3 960 21-25
30% 2.0 1,570 23-27
40% 0.97 3,280 24-28

(based upon the classical neutral theory of population genetics)



How are the frequencies of SNPs distributed?

39 1

30

25

20
15
10
5 I
0 . . . . .

0.00-0.10 0.11-0.20 0.21-0.30 0.31-0.40 0.41-0.50
Frequency of minor allele

Percentage of SNPs

|dentified 35,989 SNPs in a sample of 20 copies of chromosome 21.



A locus is a region on the chromosomes
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12p1 3. 33
12p13. 32
12p135. 31
12p1 5.2
12p13.1
12p12.53
12p12.2
12p12.1
12p11.23
12p11,22
12p11.21
12pi1.1

2311 —
12412
12413411
One locus TEREI
1291313
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An allele is a variation at a locus

For example in the same locus we may have:

Allele 1: 3TTTCTGATTTTTTGATGTCTTCATCCATCACTGTCCTTGTCAAATAGTTT...... €
Allele 2: ST TTCTGATTTTTTGATGTCTTCAGCCATCACTGTCCTTGTCAAATAGTTT. ...

allele frequency is the proportion
of a certain allele within a population.

*
Allele

Genotype Frequency (%) Frequency
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People from different continents often carry identical DNA sequences
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Percentage of human genetic variation within and
between populations.
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An average population from anywhere in the world includes 85% of all human variation at
autosomal loci and 81% of all human variation in mtDNA sequences. Differences among
populations from the same continent contribute another 6% of variation; only 9 to 13% of
genetic variation differentiates populations from different continents
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