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Loci identified for complex traits
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Post-genomic prediction S 8 i

of human height

Genomic profile (54 loci)

54 loc1 (2008)
explain 4%
of height variance

Recent height
paper: 8% (?)

Aulchenko et al., 2009, EJHG
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Yet another prediction
of human height

Thas profile
explains 40%
of height variance

Aulchenko et al., 2009, EJHG
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Galton, 1886, “Regression towards< <"
mediocrity in hereditary stature”

RATE OF REGRESSION IN HEREDITARY STATURE .
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Where to move next?

Alleles of small effects

Things we do not see/check
Missing genome: X, mt, Y
True causative variants (not tags!)

Chromosomal re-arrangements
Rare point mutations

More complex models (all kind of interactions)
Inter-locus (e.g. dominance)
Intra-locus (GxG)
Gene-environment (GXE)
Parent-of-origin (POE)
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Where to move next?

Alleles of small effects Bigger studies

Thmgs we do not see/check Neokt ool it
Missing genome: X, mt, Y
True causative variants (not tags!)

Chromosomal re-arrangements Re-sequencing

Rare point mutations (technically)

More complex models (all kind of interactions)

Inter-locus (e.g. dominance) =
Intra-locus (GxG) Statistical

Gene-environment (GXE) modeling
Parent-of-origin (POE)
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The mystery of missing heritability: Genetic
Interactions create phantom heritability

Or Zuk?, Eliana Hechter?, Shamil R. Sunyaev®®, and Eric S. Lander®’

Broad Institute of MIT and Harvard, Cambridge, MA 02142; and °Genetics Division, Brigham and Women’s Hospital, Harvard Medical School, Boston,
MA 02115

Contributed by Eric S. Lander, December 5, 2011 (sent for review October 9, 2011)
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The mystery of missing heritability: Genetic
Interactions create phantom heritability

Or Zuk?, Eliana Hechter?, Shamil R. Sunyaev®®, and Eric S. Lander®’

Broad Institute of MIT and Harvard, Cambridge, MA 02142; and °Genetics Division, Brigham and Women’s Hospital, Harvard Medical School, Boston,
MA 02115

Contributed by Eric S. Lander, December 5, 2011 (sent for review October 9, 2011)

Interestingly, if f# 1/2 and Br = -B,r/2, the conditional
variances Var(y|g = 0) = Var(y|g = 1), but conditional
expectatlons E(y| g= 0) # E(y|lg = 1), so @he interaction

ot ot

” th }mameffect‘_/ (we assumed that [3- 0). As By deviates

Struchalin et al., 2010
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INTERACTION MODELS

The value of the trait in i-th individual is
assumed to follow linear model

Yi=m+bFi+bogitbeFigi i g

where m is intercept, F; is the value of
some “factor”, g; is the genotypic value,
and e; is random residual error
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WHAT COULD ‘“F” BE?

e Alleles at other locus (GxG)

e An environment (GxE) - with E being
external or internal (e.g. sex)

e Methylation status

e Indicator of transmitting parent (parent of
origin models)

e (Other allele at the same locus

e etc
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GXE

e We thought that modeling was trivial

e ... butinitial results were strange, so

some methodological work had to be
done ...

Software Highly accessed

ProbABEL package for genome-wide association analysis of
imputed data

Yurii S Aulchenko’ <", Maksim V Struchalin® and Cornelia M van Duijn*
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Study name

FINRISK
HBCS
NFBC1966
YFS
KORAF3
KORAF4
RS~I

RS~II
EUROSPAN
TWINSUK
KORCULA
Stage 1 combined

NTR
NTR2
EGCUT
LIFELINES
SORBS
Genmets

Stage 2 combined

Colaus
EPIC cohort

EPIC cases
Stage 3 combined

All combined

OPEN a ACCESS Freely available online

PLOS

A Genome-Wide Screen for Interactions Reveals a New
Locus on 4p15 Modifying the Effect of Waist-to-Hip Ratio
on Total Cholesterol

Main effect

®

Effect size -0.3 <01 0 O

() Number of individuals

+ Effect estimate

Interaction term

©

=
03 -03 -01 0 01 0.3

e A meta-analysis of genome-

wide association (GWA) data
from 18 population-based
cohorts with European
ancestry (maximum N =

32 275

Eight further cohorts (N =
17,102) for replication

SNP rs6448771
demonstrated genome-wide
significant interaction with
waist-to-hip-ratio (WHR) on
total cholesterol (TC) with a
combined P-value of
4.79x10:7
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Eraspaus MC
2 afva)

Chasing the unknown: Gx*

Let assume that the model is the same

but assume WE DO NOT KNOW F

? Can we work out a method which tell us what SNPs
are interacting (with some unknown F) ? ... then we
can look for F — e.g. test a number of ‘environmental
covariates, other G's showing Gx*...
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True model
F=0

=

Can use Bartelet’s or Levene’s test

to test unequality of variances
(or rather SVLM or DHGLM)
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Struchalin et al. 201
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POWER

2 2.2, 2
GAA =ﬁFGF +Gf

2 2 2 2 2
CaB=0pa+ PopOf +2PgpProy

2 2 2 2 2

) (N - k)ln(o'j) - Zj:; (n}- - l)ln(o}-z)

T? :
1 k=11 1
H 3(k—1)[2;=o(nj-1 ) N—k)]

Struchalin et al., 2010
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NCF, variance homogeneity 1est

NCF. variance homogeneity fest
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Struchalin et al., 2010
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Gx* method indeed works!

Interacting PFosition Neares t Variance of Variarce of Varance of Levene's Interaction
Trant SNP MAF Chr (Kb) Gene Type Covanable ATAY* (N) ATAZ'IN) A2A2" IN) Pvalue P-value

1.27 (B49 A7 (19126) 168 (3167

GOE7 (13098) €743 (6965) 9205 (1110) 15¢-10 1407

Pare ef al.. PLoS Genet, 2010

Replicated by Struchalin ef al.,
BMC Genet, 2010

SVLM method & VariABEL package:
Struchalin et al., BMC Genet., 2011
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Methodology article Highly accessed

An R package "VariABEL" for genome-wide searching of
potentially interacting loci by testing genotypic variance
heterogeneity

Maksim V Struchalinl, Najaf Amint, Paul HC Eilers2, Cornelia M van Duijnt and Yurii S
Aulchenkol:2”

Primary links Packages
Packages
DatABEL GenABEL, or *ABEL, is an umbrella name for a number of software packages aiming
GenABEL to facilitate statistical analyses of polymorphic genomes data. This is reach program
set which now allows very flexible genome-wide association (GWA) analysis
it (GenABEL, ProbABEL, MixABEL), meta-analysis (MetABEL), parallelization of GWA
MixABEL analyses (ParallABEL), management of very large files (DatABEL), and facilitates
ParallABEL evaluation of prediction (PredictABEL).
PredictABEL Most likely, you only need one of the packages for your specific task. Figure out

ProbABEL
VariABEL

one you need, install, and use! If you have questions, please refer to the
ort" section of this web-site.
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RIGOROUS TREATMENT

Ronnegdrd et al. Genetics Selection Evolution 2010, 42:8 G ti

http//www.gsejournal.org/content/42/1/8 e _' L3
Selection
Evolution

RESEARCH Open Access

Genetic heterogeneity of residual variance -
estimation of variance components using double
hierarchical generalized linear models

Lars Ronnegard', Majbritt Felleki', Freddy Fikse®, Herman A Mulder’, Erling Strandberg®
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CONCLUSIONS - METHODS

e Variance heterogeneity test is an

interesting approach to prioritize
markers for interaction testing

e Note that strictly speaking...

e Negative results do not mean there is NO
interaction (power, special scenarios)

e Positive results should be interpreted with
caution
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CONCLUSIONS - GENERAL

 Some examples of GxE in complex traits
start appearing

e Genetic interactions are tough

* Genetic interactions appear to be less
common and /or less strong than we

have hoped for

o ??? Genetic interactions may be more
pronounced for rare(r) variants
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