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Twin and family studies
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Meta-analysis of the heritability of human traits based on
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Average estimate of heritability 49%

69% of twin studies support a purely additive genetic model
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What happens to our genomes when
making sperm and egg cells?




What happens when a new mutation
arises?




Recombination mixes up the

haplotype structure
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Estimators of LD
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Genetic ancestry

) Founder effect
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Principal component analysis on

genetic data estimates structure
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Getting genetic ancestry right for science and society
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LD Score regression
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How does LD shape association?

LD Score regression distinguishes confounding
from polygenicity in genome-wide association
studies

Brendan K Bulik-Sullivan, Po-Ru Loh, Hilary K Finucane, Stephan Ripke, Jian Yang,

Schizophrenia Working Group of the Psychiatric Genomics Consortium, Nick Patterson,
Mark J Daly, Alkes L Price & Benjamin M Neale

| Ci ling author

Nature Genetics 47, 291-295 (2015) | doi:10.1038/ng.3211
Received 07 March 2014 | Accepted 07 January 2015 | Published online 02 February 2015




How does LD shape association?

LD Score regression distinguishes confounding
from polygenicity in genome-wide association
studies

Brendan K Bulik-Sullivan, Po-Ru Loh, Hilary K Finucane, Stephan Ripke, Jian Yang,

Schizophrenia Working Group of the Psychiatric Genomics Consortium, Nick Patterson,
Mark J Daly, Alkes L Price & Benjamin M Neale

| Ci ling author

I O I I el S N P S I I O I D Nature Genetics 47, 291-295 (2015) | doi:10.1038/ng.3211
Received 07 March 2014 | Accepted 07 January 2015 | Published online 02 February 2015

—_— _

LD blocks



How does LD shape association?

| Lonely SNPs [no LD] o ooy geromo s st
L.D blocks
% Causal variants
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Association

All markers correlated with a causal variant show association



How does LD shape association?

| Lonely SNPs [no LD] o ooy geromo s st
L.D blocks
% Causal variants
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Association

Lonely SNPs only show association if they are causal



What happens under polygenicity?

| Lonely SNPs [no LD] o ooy geromo s st
|:| L.D blocks
% Causal variants

Assuming a uniform prior, we see SNPs with more LD friends
showing more association

The more you tag, the more likely you are to tag a causal variant




Simulated polygenic architecture

Lambda = 1.30 LD score intercept = 1.02
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What happens under stratification?

| Lonely SNPs [no LD] o ooy geromo s st
|:| L.D blocks
% Causal variants

Under pure drift we expect LD to have no relationship to
differences in allele frequencies between populations




UK controls versus Sweden controls

Lambda = 1.30 LD score intercept = 1.32
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PGC Schizophrenia

Lambda = 1.48
Intercept = 1.06
Slope p-value < 10-300

Overwhelming majority of =
inflation is consistent with
polygenic architecture

0
LD Score Bin



LD Score regression

02 01

Draw polygenic effects from
N (0, n/m?), var =
AR

What is the E[x?] for variant j?

hﬁ[Y New estimator of heritability
L
M ]
where N=sample size, M=# of SNPs, a=inflation due to confounding,
h2g is heritability (total obs.) and /; is the LD Score

Bulik-Sullivan et al. Nature Genetics 2015 j = z 7}% E
k#j

Yang et al. EJHG 2011

E[x?] =1+ Na+









What isn’tin LD score?

e (enetic variation that is not tagged well by common
variation

e Heterogeneity of traits



Genetic Correlation genetics
Method 1n:

An atlas of genetic correlations across human diseases
and traits



Potential sources of genetic correlation

Trait 1 Trait 2

Trait 1 exerts causal effect on Trait 2 Genetic effects influence
Trait 1 and Trait 2



LD Score regression

Genetic correlation

Slope estimates heritability

Chi square
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LD Score regression

Genetic correlation

Chi square

T T T T T
0 20 40 60 80 100
LD Score

We can a second trait and
obtain two heritability
estimates

| Trait 1
| Trait 2



LD Score regression

Genetic correlation

| Trait 1
| Trait 2

7*7 = XZ
S0 we can estimate genetic

covariance from the product of
the Z-scores

Chi square
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LD Score regression

Genetic correlation

Chi square

T T T T T
0 20 40 60 80 100

LD Score

Trait 1
Trait 2
Rg

7*7 = XZ
S0 we can estimate genetic

covariance from the product of
the Z-scores for the two traits
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LD Score regression

Genetic correlation

Chi square
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Here R;=0

This approach is robust to
sample overlap as all variants
are equally inflated
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