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- Workflow
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1. Human population substructure
- How to detect it?
- How much?
- Where does it come from?

2. Why does it matter?

3. Ancestry Sensitive Markers (ASMs) / Ancestry
Informative Markers (AlMs)

- Hypothesis driven. Particular individual

clusters are preferred

ASMs
PhenoASMs
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How much there is and how much can be
detected. The two sides of the same coin

Plato’s cave myth
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Erasmus MC 1
et Population substructure

DETECTION
— STRUCTURE
— BAPS
— FRAPPE |
— GENELAND Sometimes results

are NOT reproducible
— PCA/MDS + K means

— Neural Networks
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T bl Population substructure

HOW MUCH?
Which type? Where?
- Phenotype - Worldwide
- Genotype - Regional (I will focus
Y chromosome on Europe)

MtDNA
Autosomal markers
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LW Phenotypic substructure figges
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according to
Carleton S. Coon
“The Races of Europe’
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Cavalli-Sforza et al 1994
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1064 samples
51 human populations of global
distribution

L
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Eragmus hC Autosomal STRs ~ abgs

TITUTE

TR P TTTETIH T Ppipsepy aguzi“
5 H ! Rosenberg et al Science 2002

993 autosomal markers

NEREE N

Africa Europe M. East C/S-Asia E-Asia ‘:l Ameri

Rosenberg et al Plos Genetics 2005
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E.Asia

Europe C.S.Asia

Mid.East

A 650,000 SNPs (FRAPPE)
Africa

Li et al Science 2008

Haplotypes

550,000 SNPs (STRUCTURE)

Jakobsson et al Nature 2008

a1 ] b e

?
siifd

:

c i}

12

New Jersey 2009

4/27/2009



ol A set of European populations
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disch Centrum
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Novembre et al Nature 2008
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disch Centrum
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disch Centrum

Anayet peak (2574 m), Pyrenees
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Keukenhoof garden(-2 m), Netherlands

New Jersey 2009 17



disch Centrum

e

Erasmus MC Non random distribution of AN

population substructure Sl
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2 afvnd population substructure

Erasmus MC Non random distribution of

Chromosome 2
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/CjZW/M populatia g - ‘

Cavalli-Sforza & Feldman Nature Genetics 2003

Simoni et al AJHG 2000
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Erasmus MC Selection shapes the HE.BTSEF%EL,

L g population substructure e

e Selective pressures within the species (locus
specific)

Lactose tolerance
Malaria resistence
Human pigmentation
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/Cj 2 afornd

e Population substructure & pigmentation (5 SNPs)

4/27/2009

Selection shapes the

population substructure

MDS

[ Europe
O Africa

/\ Middle East

Y Oceania
7,'1( America
<> C/SAsia

[ EAsia

O N Africa

Biasutti skin
pigmentation

I::: units
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Erasmus MC Why population substructure:

2o Confounding factor

CASES CONTROLS
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Erasmus MC Population substructure:

e,

(Mo Improving the detection

Plato’s cave myth

CHANGE THE ALGORITHM
FOR DETECTING
POPULATION
SUBSTRUCTURE
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f 4

o D Improving the detection TITUTE

INCREASE THE
RESOLUTION TO
SEE THE OBJECTS
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EE  AIMS/ASMs

 Markers that capture most of the genetic
ancestry
— Estimate ancestry
— Reduce the number of markers to test for genetic

homogeneity

e Time cost (clustering algorithms can be extremely
computational intensive)

e Economical cost (i.e exclude individuals BEFORE doing
the GWA)
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Pa-ssvom Strategies to ascertain ASMs

< (. 7

e Based on the existing diversity between
individuals (i.e Paschou et al 2008)

 Based on predefined groups of individuals
— No phenotype linked

e Large Genetic distances
e Signals of positive selection

— Phenotype linked

e Covariates with the phenotype of interest
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Suwsal A basic algorithm to ascertain ASMs ENSICINS
i TUTE

e Use a statistic to quantify the amount of
differentiation between populations

e Compute the OVERAL non-redundant amount
of In between set of SNPs

* Take the best combination of markers from all
the possible combinations

 Repeat the process until the information of
the set of markers is maximum
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TITUTE

informativeness for assignment
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Sl A\ statistic to ascertain ASMS ensicins

TITUTE

e How much information a marker contains
about the ancestry of one individual
(measured in nats)

e Ranges from O to the natural logarithm of the
number of clusters and it is proportional to
the number of differentiated clusters
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THUTE

N

sl A statistic to ascertain ASMs exs

e Computes the non-redundant amount of
information when considering more than one
marker

e Requires computing the frequency of ALL the
allelic combinations when considering more
than 1 locus
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ey A Way to compute In

 Problem: The number of combinations
increases exponentially with the number of
markers.

— Number of allelic combinations considering 50
SNPs:

2> =1,125,899,906,842,624
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e A Wway to compute In

iZN:II‘I(p) By applying the
N < Asymptotic Equipartition
Property of Entropy
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vl A method to ascertain ASMs e

TITUTE

* Problem: Considering 8,000
markers, ascertaining the best set of 50
markers requires computing :

8,000!

o ~ 4 x 101
combinations 50! (8,000 - 50)'

N

4/27/2009 New Jersey 2009 34



Erasmus MC

UniversitairMedisch Centrum Rotterdam

OKaty; wiho's
it goma be?.

whooo poop0o’s
it gonna ba?.

Population of answers

e

Select best answers (>In)

A

Random mating

Recombination/Mutation
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Lok ASMs for continental differentiation using Affy 10k A ENS c';ﬁg
-/C\ 2 afny LS

CEPH-HGDP panel

YCC-p anel 1064 samples
51 human populations of global
76 human individuals distribution

21 sampling localities

Reproducibility
of geographic
structure in a
different dataset

(10 SNPs)
Perlegen
Testfor Database
sighatures of
iti .
10k Affymetrix Array SZT;::;? flﬁg&?go%ognlggons
(9000 SNPs after (EHH test) (most informative
excluding X-SNPs & 5 SNPS)

missing SNPs)
Lao et al. Am J Hum Genet. 2006 Apr;78(4):680-90
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The genetic algorithm was
applied increasing every time the
number of selected SNPs

ASMs for continental differentiation using Affy 10k

NET
AN

ENS
TITUTE

Selected SNPs in the final 10
SNPS run

Chromosome Genename Iy (%) from4 Iy (%) from 7
groups YCC groups CEPH-
panel HGDP

= rs722869 14 VRK1 29.066 7.960
= rs1858465 17 25.637 9.228
rs1876482 2 LOC442008  24.589 10.290
= rs1344870 3 22.810 11.074
< rs1363448 5 PCDHGB1  19.418 4,552
S rs952718 2 ABCA12 18.739 9.472
< rs2352476 7 18.317 5.603
: rs714857 11 18.083 6.157
° rs1823718 15 17.845 5.451

o rs735612 15 RYR3 14.315 5.530

10

e Lao et al. Am J Hum Genet. 2006 Apr;78(4):680-90

1 2 3 4 5 6 1 8 9 10
Number of SNPs
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ASMs for continental differentiation using Affy 10k ENS

Erasmus MC NEB“E
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Ameri |O E-Asia C/S-Asia  Europe M. East Africa

Lao et al. Am J Hum Genet. 2006 Apr;78(4):680-90
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ASMs for continental differentiation using ENS
HapMap Il

Europe India East Asia

K=5(50 markers Admixture, 500 000 burning, 500,000 retamed simulations)
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E Asia
Oceania
Africa
Europe
Middle East
Central Asia

Amerindians
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000 SNPs
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K =5 (50 ascertained markers, Admixture, 500,000 burning, 500,000 retained simulations)
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/C\ Bafiing TITUTE -
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Real geographic location
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_/Cjzw/va 0 C g A s 0]0

K =2 (5000 random markers, Admixture, 10,000 burning, 10,000 retained simulations)
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Association between OCA_HERC2 region and iris color
adjusted for ancestry sensitive markers

50
#500KSNPs

45 :

40 _ C0498AncestrySensitiveSNPs 6
~~~ 35 * A Random498SNPs
&)
E 30 - * NoAdjustment(Orignial_AJHG)
T 25
! X X X
n 20 - R X s 4
N’ ) ® A N
o 15 % C
— A .
g: 10
= 5 s

O \ | \ \ \ | \

25.9 25.95 26 26.05 26.1 26.15 26.2 26.25
Physical position (Mb)
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PhenoASMs ENSICING

e TITUTE

e Recall

— Population substructure is only a problem when
PHENOTIPIC and GENOTYPIC variation covariates

— Why not ascertaining markers that are associated
to the particular spatial pattern of the phenotype?

1, (Q;P]J)=1,(Q;P;3)-1,(Q;J)

“Amount of information of the phenotype (P) conditional on the genotype
(J): How well could we correctly classify one individual given that we
know his phenotype if we already know his genotype in a particular
locus”
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/C‘a”’f""‘ﬂ PhenoASMs for lactose tolerance

Lactose intolerance in Europe
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Pz oo PhenoASMs for Crohn disease

— Replication of signals from recent

l studies of Crohn’s disease

P -

" identifies previously unknown
disease loci for ulcerative colitis

Andre Franke>, Tobias Balschun!?®, Tom H Karlsen?,

Jirgen Hedderich?, Sandra Mayl, Tim Lu?, Dorthe Schuldt!?,
Susanna Nikolaus?*, Philip Rosenstiel!, Michael Krawczak® &
Stefan Schreiber!*

5 5e-06

o o 5% WM ‘

54e-06
1

In(Q:PlJ)

5.3e-06
L

Following up on recent genome-wide association studies
(GWAS) of Crohn’s disease, we investigated 50 previously
reported susceptibility loci in a German sample of individuals
with Crohn’s disease (n = 1,850) or ulcerative colitis
(n = 1,103) and healthy controls (n = 1,817). Among these

~ . loci, we identified variants in 3p21.31, NKX2-3 and CCNYas .,
susceptibility factors for both diseases, whereas variants
in PTPN2, HERC2 and STAT3 were associated only with
ulcerative colitis in our sample collection.

52e-06
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Marginal
phenotype

P(AA)P(C|AA) P(AB)P(C|AB) P(BB)P(C|BB) >P(g)P(C|g)

D P(AA)P(D|AA) P(AB)P(D|AB) P(BB)P(D|BB) >P(g)P(D|g)

4/27/2009 New Jersey 2009 48



Erasmus MC

NETHERL
PhenoASMs: a Bayesian approach %@g&@g@a

 Update O with a Metropolis algorithm

e Update the covariance matrix of the proposal
distribution by means of a “quasi-perfect
adaptive MCMC” (Andrieu and Atchade)

e Compute the harmonic mean of the likelihood
in order to obtain a rough estimate of P(M|D)
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NETHERL
Erasmus MC -
Conclusions Ergs

 Low to moderate human population
differentiation

 Mainly associated to geography

 No sharp discontinuities, except in particular
genomic regions (selection?)

e Results depend on the clustering algorithm

e ASMs can improve the detection of population
substructure
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. NETHERL
Conclusions L B

TITUTE

* |nis a good statistic for ascertaining markers to
differentiate predefined populations

e |f a prior definition of a population is
used, ASMs will tend to differentiate such
population, independently of the biological
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