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Goals

® | earn about the population genetics view of the
life cycle

® A few Pop Gen summary statistics

® Revisit Hardy-Weinberg Equilibrium - Assumptions
& violations



Basic Biology of Human Genome

Functional non-coding mutations

“far”
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® Overall, ~2% of the human
genome is protein coding

® ~5% of genome is “obviously”
functional

® ~80% of genome has “functional
activity”’

noncoding RNA:
snoRNAs, siRNAs,

PiRNAs,
long ncRNAs

“Promoter”



Life Cycle
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MODERN HUMAN GENOMICS:
A CASE FOR RARE VARIANTS?

1.1x10-8 x 6%x10%9 = 66 [muts / person]

66 [muts/p]
x 130M [p/y]
+ 3B [bp]

2.86 muts/bp/yr



MUTATION RATE EVOLUTION IN PRIMATES
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SEQUENCING DATA

Chromosome | SNP1 | SNP2 | SNP3 | SNP4 | SNP5 | SNP6
1 A C A G C C
2 A T G A C T
3 G T G A T T
4 A C G A C T
Pairwise 3 4 3 3 3 3

differences

Tt = average pairwise diversity

v




SEQUENCING DATA

Chromosome | SNP1 [ SNP2 | SNP3 | SNP4 | SNP5 | SNP6

1 A C A G C C

2 A T G A C T

3 G T G A T T

4 A C G A C T
Pairwise

differences

W
o | B
| W
| W
| W
| W

# Compared| 6

T = average pairwise diversity
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SEQUENCING DATA

Chromosome | SNP1 | SNP2 | SNP3 | SNP4 | SNP5 | SNP6
1 A C A G C C
2 A T G A C T
3 G T G A T
4 A C G A C
Pairwise

differences 3 4 3 3 3 3

# Compared| 6 6 6 6 6 6
Avg.

e 1 0.5 0.67| 0.5 | 0.5 | 0.5 | 0.5

Number of variants: 6 SNPs

Diversity (m): 3.1667/L
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DIVERSITY ACROSS POPULATIONS
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SEQUENCING DATA

Chromosome

MAF 0.25 0.5 025 | 025 | 0.25 | 0.25

MAF| 5 | 1

1/4 2/4

11 Minor Allele Frequency



SEQUENCING DATA

Chromosome

MAF 0.25 0.5 025 | 025 | 0.25 | 0.25

Fraction
of SNPs

MAF| 5 | 1

1/4 2/5

12 Minor Allele Frequency



SEQUENCING DATA

Chromosome | SNP1 | SNP2 | SNP3 | SNP4 | SNP5 | SNP6
1 A C A G C C
2 A T G A C T
3 G T G A T T
4 A C G A C T
Chimp A C A G C T

13




SEQUENCING DATA

Chromosome
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SEQUENCING DATA

Chromosome
T
T
T
Chimp A C A G C T
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15 Derived frequency in sample



Site-Frequency Spectrum
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Proportion of SNPs

Site-Frequency Spectrum

The proportion of derived mutations at each
frequency in a sample of chromosomes
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Proportion of SNPs
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[]
What evolutionary forces could cause an
excess of rare variants?

. Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app



The Effect of Negative Selection

Chromosomes in
a population



The Effect of Negative Selection

Chromosomes in
a population with
standing variation

Deleterious
mutations will
arise in the next
generation

N CE—

) ¢

N A——

Negative selection:
the action of
natural selection
purging deleterious
mutations.



Proportion of SNPs
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Proportion of SNPs

SITEF-FFREQUENCY SPECTRUM
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The Effect of Population Growth

Chromosomes in
a population with
standing variation
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Population Growth:
introduction of new
(rare) variants.



Proportion of SNPs
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Proportion of SNPs
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Majority of human genetic
variation Is rare
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Observed Effect of Selection
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Observed Effect of Selection
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Observed Effect of Selection
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Site-Frequency Spectrum

The proportion of SNPs at each frequency in
a sample of chromosomes.
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proportion of SNPs

Site-Frequency Spectrum
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" What evolutionary forces could cause an

excess of high frequency derived variants?

. Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app



proportion of SNPs
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Population Genetics

® |magine a population of diploid individuals
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® Principles of random mating:

® Any two individuals are equally likely to mate and
reproduce to populate the next generation.

® FEither chromosome is equally likely to be passed on.



Hardy-VVeinberg |*¥
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Godffey H.Hardy:  Wilhelm Wéinberg:
|877-1947 1862-1937
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What are the assumptions of the Hardy-
Weinberg Principle?

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app
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Godfrey H. Hardy: ~ Wilhelm Weinberg:
|877-1947 1862-1937

® Assumptions: , o
® [dentical frequencies in

® Diploid organism males/females
® Sexual reproduction ® |[nfinite population size
® Non-overlapping generations ® No migration
® Only two alleles ® No mutation

® Random mating ® No natural selection

® Conclusion I: P=p2
Both allele AND genotype frequencies will P

remain constant at HWE generation after O=2p(1-p)
generation... forever! 38 R=(1-p)?



Hardy-VVeinberg Principle

® |magine a population of diploid individuals
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Hardy-VVeinberg Principle

® |magine a population of diploid individuals

@ @ @@ p® = 0.3025
%0 2D 2p(1 — p) = 0.495
(1 —p)* =0.2025

D= P+Q/2—055

A

! ! ! ! |
2 4 6 8 10

frequency

00 02 04 06 08 1.0

Generation

® Conclusion 2: A single round of random mating will return the
population to HWE frequencies!
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Hardy-VVeinberg
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Godfrey H. Hardy: ~ Wilhelm Weinberg:
|877-1947 1862-1937

® Assumptions: , o
® |dentical frequencies in
® Diploid organism males/females
® Sexual reproduction ® |[nfinite population size
® Non-overlapping generations ® No migration

® Only two alleles ® No mutation

® Random mating ® No natural selection
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Hardy-VVeinberg Equilibrium
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Hardy-VVeinberg Equilibrium

genotype frequency
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Summary

® Hardy-VVeinberg Equilibrium requires many
assumptions, all of which are routinely violated in
natural populations.

® Nevertheless, the vast majority of variants are in HWE.
® Deviations almost always due to technical artifacts!

® Natural selection changes the expected allele frequency
in the next generation.

® But drift still acts in finite populations!
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