














Causal Graphical Models
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The Trouble with Triples:
Can we Infer Causality from Omics Data?




Triplets Analysis of eQTL
The Recipe:




Triangle test

The triangle test is applied to every transcript feature selected and is
used to evaluate the likelihood that the gene is significantly predictive
of the response to a drug, beyond the contribution of the linked
genotype. Assuming a transcript feature E is selected for phenotype D,
we use permutation testing to evaluate the significance of causal edge
E-D. This is carried out for all genetic loci L that link to E and is
controlled for the influence of L-D. More specifically, we assess the
significance of association between E and D by permuting E fixed
under the genotype L. If gene expression remains significantly
predictive (even when permuted while keeping the allele at L fixed),
we determine that E holds additional information beyond that encoded in the
marker L and is likely a causal factor.

|dentifying the genetic basis of drug resistance
B-J Chen et al., 2009. Molecular Systems Biology, $:310



The Result:




Causal Inference

Controlled Intervention

Randomization

Observational Study ?



The aim of causal inference is to
predict the effects of interventions

Observation Intervention

Pr(y[x) Pr(y | do(x) )

“... conditioning represents passive
observations in an unchanging world
whereas actions change the world.”

-Pearl, 2000



Observation Intervention

Season




Correlation is not causation




Adding a Third Variable

P(Y|do(X)) = Z,P(Y|X,Z)P(Z)

. P(Y|do(X)) = P(Y]|X)
il

P(Y]|do(X)) = P(Y)




Instrumental Variables

yA > X > Y

Z 1l U \@/A

ZU X

Z11 Y [ (X,U)



Effect Estimation in a Linear System

If E(Y | do(X=x,)) = E(Y |do(X=x,))

=B (X1 _Xo)

then B=r(Y.2)/r (XZ)



Mendelian Randomization:
Genotype as an instrumental variable
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Marker Loci as Instruments
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Linked QTL
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Population Structure




Reality




Surrogate Variables and
Measurement Error

Unobserved
Causal
Variables

Observed
Measurements




Nearly Non-identifiable Models
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Faithfullness




Conclusions

Causal inference is based on assumptions that are not
entirely verifiable from data

Local eQTL can serve as instrumental variables for
estimating causal effects

Linkage, pleiotropy and population structure can confound
causal effect estimation with eQTL

Surrogate variables and measurement error can lead to
incorrect causal models

Homeostatic mechanisms can mask causal effects
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Any Questions?
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http://cgd.jax.org

Our center is actively applying a systems approach to study the \)The

genetics of health and disease, incorporating new statistical ‘A &%‘S‘rﬁow

methods for the investigation of complex disease-related traits oo
in the mouse.

Career opportunities are currently available for:

[Postdoctoral Researchers J

The Jackson Laboratory was voted #2 in a poll of postdocs
conducted by The Scientist in 2009 and is an EOE/AA employer

p
Biostatisticians

A 4

'Software Engineers

To apply submit a CV to Imogen Hurley
(Imogen.Hurley@jax.org)






