Population Genetics e

AL L.

AA, Vorlesung Evolutionsbiologie
WS 2023-2024

Dr. Nina Hafer-Hahmann

AA,
AA, A.A,
AA, AA,

EVOLUTION 4e, Figure 4.5
© 2017 Sinauer Associates, Inc.



Basic concept of evolution:

« Evolution = change of inherited traits through

successive generations
» Traits are variable

« Natural selection sorts/removes that variation

« Variation is inherited

How is variation inherited?



The question of inheritance remained
puzzling during the developement of

Darwin’s theory .
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Phenotypic variation would be
reduced every generation

=> Variation would be depleted very fast (huge proble for
evolution!)
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Population Genetics

* Integrates evolution by
natural selection with
Mendelian genetics

e Changes in the abundance of
traits can be tied to changes
in the abundance of genetic

variants ®
* Evolution = change allele :,:Z:
frequencies across £ 08|
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Genetics: essential terms - reminder
Locus

— The basic unit of inheritance, a specific section of a chromosome (arbitrary length,
e.g. 1 specific nucleotide or an entire gene)

e.g. chromosomel,

140,500 bp
Alleles A,
— mutually exclusive states at a given locus ..ACTGCATC...
Loci with multiple alleles are polymorphic |
A; ..AGTGCATC...

Genotype

— genetic makeup of an individual at sites across the genome (often used in context of
one locus)
AA,

A1A2 AZAZ

homozygous heterozygous homozygous



Quantifying genetic variation: Allele and
genotype frequencies

Genotype frequency:
AA, yp q y AA
f(A1A1) =+ f(A1A2) =+ f(AzAz) — 1

Allele frequency:

AA, f(Ay) =p =f(AA;) + f(AAL)/2
f(A2) = q = f(AA;) + f(AA,)/2
" A A,
P+q=
AA,
cmmsmeiam i Alternatively, work with absolute frequencies: e.g. 8 individuals (16 alleles!)

p = 2*4 (A-|A1) + 172 (A1A2) + 072 (A2A2) /16



Hardy-Weinberg Equilibrium

* Predictable relationship between genotype and allele
frequencies => population genetic principles to determine
whether evolution is happening

« Hardy-Weinberg equilibrium: idealized population at
equilibrium and not evolving: allele and genotype frequencies
remain constant between generations

 Allele frequencies: p and q => expected genotype frequencies:

p? 2pq, and ¢?

Q[ o ®
P
O Product of O O q
O their zO O ‘
frequency P P Pq
10/16 * 10/16 = 0.39 ? Opq‘ ‘qz‘

Analogous to picking two gametes at random



Hardy-Weinberg Equilibrium
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If we know the (observed) genotype frequencies we can
calculate the allele frequencies and the expected genotype
frequencies

If observed = expected frequencies: Locus is in HWE



Hardy-Weinberg Equilibrium
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After one generation of random mating: locus will reach HWE again
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Why care about the HWE?

-
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Evolution = change in allele frequencies

<=> under HWE: No change in allele [L]D 1111
frequencies |
The HW theorem is a null model to study
evolution

Frequency »
i

o
o .

15 25
Lateral plate number

Key Assumptions:
Random mating
* No mutation ,
* No genetic drift (N=) low LateraFI)a;)r:iaatle mor;mplete
* No migration Mechanisms
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—=potentially something interesting is going - o gz;otype cc

on (eg selectlon) Marchinko et al 2014 (doi.org/f5423t)

No natural selection of evolution

portion




Non-random mating (e.g. inbreeding)

Given: Population with f(AA) = 0.25; f(Aa) = 0.5; f(aa) = 0.25

One generation of self-fertilization:

AA x AA Aa x Aa aa X aa
/ 2 NN
f(A f'(AA)  f'(Aa) f'(aa) f'(aa)
0. 25 / 0.125 0.25 0.125 \ 0.25
f'(AA) =0.375 f'(Aa) = 0.25 f‘(aa) = 0.375

Inbreeding increases homozygosity and reduces heterozygosity, can increase the
chances of homozygosity for recessive deleterious alleles

Allele frequencies stay the same (not a mechanism of evolution)



Applying the Hardy-Weinberg Theorem to test for
evolution

Measure genotype frequencies

l

Calculate allele frequencies

l

Apply HW principle to calculate idealized genotype frequencies

e

|dealized freq. = observed freq. Idealized freq. # observed freq. |
HW Equilibrium!  HW Disequilibrium!
No evolutionary forces are Some evolutionary force is

acting on this locus acting on this locus



Hardy-Weinberg Equilibrium

Scientists measured the genotypes at the B-globin locus in 12,387 individuals in a human
population. They found the 9,365 AA individuals, 2,993 AS individuals, and 29 SS individuals:

Is the locus in HWE? Locus is deviating from HWE!

1.) Estimate the observed genotype and allele frequencies

f(AA) =9,365/12,387 = 0.756
FAS) = 2,993/12,387 = 0.242
£(SS) = 29/12,387 = 0.002

p = f(AA) + f(AS)/2 = 0.877
q=1-p=0.123

2.) Estimate the expected relative and absolute genotype frequencies

02 = 0.769 f(AA) = 0.769 * 12,387 = 9,525.6
2pq =0.216 _— f(AS) = 0.216 * 12,387 = 2,675.6
9?2 = 0.015 f/(SS) = 0.015 * 12,387 = 185.8

3.) Use a statistical test to determine if difference is significant

| (0,—Ei)’ _(9,365-9,525.6)? , (2,993-2,675.6)? , (29-185.8)*
Chi-Square: ) E 95256 2,675.6 185.8

i

=174.4




Using population genetics to understand
selection

Natural selection: any consistent difference in fithess among
different classes of biological entities (i.e. genotypes)

Absolute fithess: reproductive success of a biological entity
= number of offspring an individual leaves in the next

generation; e.g. W;,

Relative fitness: Fitness of genotype relative to fithess of a
reference genotype (often setting the reference genotype
fltneSS —_ 1), eg Wqo= W12/W11



Using population genetics to understand
selection

To determine strength of Selection: Relative differences in fithess among
genotypes matter

Selection coefficient (s): difference in relative
fithess between genotype;i.e. s =w;, - 1\ Relative fitness of

reference genotype
Fitness A;A;/Fitness
Relative fitness of AlA =1
A{A, genotype:
Fitness A;A,/Fitness
AlAl

As a result, relative fitness can
also be calculated as
w=1+s



Calculating allele frequency changes driven by
selection

« Under HWE (i.e. absence of selection), the expected genotype
frequencies in the next generation will be p?, 2pg, and g?

* Frequencies of genotypes after selection: Factor in fitness
differences between A;A, and A,A, relative to A A;.

Allele frequency after selection:

~ Relative fitness
N O © I — p*+pq*x(1+5s)
o) P a [P T r2pgr(+s)+ g2 (1+s)
©C OO0 |00 —~
P P2 pg*(1+s) Mean fitness
O
q pg(lg qz‘*(1+t‘s) , q> * (1+s)+pg=*(1+s)

p>+2pg*x(1+s)+qg?>*(1+s)



Effect of selection on allele frequencies

Change in A; and A Allele Frequencies Over Time

w=1+s

s=w-1

wa1a1=1.0
W a1a2 = 0.8
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Positive selection: selection for an allele that increases fitness
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Selective sweep: increase in allele frequency (ultimately leading to fixation) of a positively

selected allele



Eithess

Effect of selection on allele frequencies

Change in A; and A Allele Frequencies Over Time
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Eithess

Effect of selection on allele frequencies
(A) Natural population
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Selection for dominant vs recessive alleles

Dominant advantage

Change in A; and A; Allele Frequencies Over Time
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Selection for dominant vs recessive alleles

Dominant Natural selection is most efficient when it acts on
| rare dominant alleles and common recessive alleles.

Fitness
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Selection against heterozygotes

Change in A; and A; Allele Frequencies Over Time
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Selection for heterozygotes

Heterozygote adva ntage
Change in A; and A, Allele Frequencies Over Time
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If heterozygous individuals have the highest fitness (overdominance), natural selection keeps

alleles at a stable polymorphic equilibrium
If both homozygotes have

equal fitness, the
population will evolve to
— . P=9=0.5, maximizing
—_ % the number of
heterozygotes in the
population.
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Selection for heterozygotes

Heterozygote advantage
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Selection for heterozygotes

Heterozygote advantage w A1A1 = 02 Change in A; and A, Allele Frequencies Over Time
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Balancing selection: selection that maintains
genetic variation
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Frequency dependent selection

Frequency of left-jawed individuals
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Sample vear

Fitness depends on the frequency of
genotypes
Negative frequency dependent selection:
Fitness advantage of rare genotype(s) causes
selection for the rarer genotype(s)

=> maintains polymorphism



In nature...

Genetic drift (N<< «)

- Fluctuations of allele frequencies due to random
sampling (stochastic)

- Can prevent the increase/ fixation of beneficial alleles

- Especially important in small populations *\

ﬁ Migration

@/ @- Movement of alleles between populations
/@ - Prevents fixation of (beneficial) alleles

Mutation
- Rare, but ultimate source of variation
- Occur at random



Population genetics simulations

https://www.radford.edu/~rsheehy/Gen_flash/popgen/



