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I\/Iotivation

Quantitative genetic models of phenotype used to map complex
traits frequently assume that allelic effect sizes are fixed in a given
population and do not vary from individual to individual.
Numerous examples exist, however, of epistatic interactions in
which two or more alleles interact in a non-additive fashion to
affect phenotypic variation. These interactions suggest that the
effects of genetic and environmental perturbations may vary
across a population.

To-date, most available methods to detect epistatic interactions
focus on detecting pair-wise interactions between individual
polymorphisms. By contrast, we have developed a statistical test
which we call Gene By Ancestry (GxO) that determines whether
the effect of a polymorphism on a complex phenotype changes as
a function of a definable ancestral background such as one found
in @ model organism or an admixed human population.

Populations

122 Recombinant Inbred Strains
Of the Hybrid Mouse Diversity Panel

1063 mice from an AIL between
LG/J and SM/J

15 yeast crosses each with between
650 — 950 progeny per cross
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Model

The standard model to determine the effect of a set of SNPs on a
phenotype can written as

J’k—M+EﬁX + &

Where y, is the phenotype of 1nd1v1dua1 k, u 1s the mean phenotypic

value, M is the number of markers, 3 are the weights on the SNPs, X is

the m by n array of SNP genotypes and ¢ is the combined error term.

The effect of an individual SNP i on a phenotype can then be written as
y=u+ pX;+u+e

Where vy is the vector of all phenotypes and The random effect u

accounts for relatedness of individuals based on SNPs.

Motivated by the above, we add an Ancestry term (©), defined in our
model as the percentage of a definable ancestral population (eg a
known mouse strain) identified within each individual, as well as an
Interaction term between O and genetics X

yk—u+2ﬁ1X +60K+Z<plexlk+ek

=1 i=1
Where 9 is the global weight of the ancestry effect, © are the

ancestries for all N individuals and ¢ are the weights of the GxO
effect. We want to identify SNPs where ¢; # 0 as these are sites
where Ancestry is interacting with our genotypes. Motivated by our
model above, we can write a new model for the effect of a single SNP
| on a phenotypic trait as:

y=u+ ;X;+60+¢9p,0xX;+u+e
Here, O 1s the column vector of ancestries, and © * X is the element-
wise product. Our GxO test is then a LRT test with a null of ¢;

and an alternate of ¢; # 0.
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(A+B) Power calculations based on simulated data with variable
main SNP effects B (A) or variable Ancestry-SNP effects B, (B).
Blue and Purple are power curves for detecting a significant SNP
effect, while Orange and Green are power curves for detecting a
significant GxO effect. Two phenotypic models, one incorporating 1
GRM (1K) correcting for relatedness in the SNPs (green, purple) and
one incorporating 2 GRMs (2K) correcting for relatedness in both
SNPs and Ancestry (red, blue) were used.
(C+D) Effect of increasing numbers of epistatically interacting SNPs
on the algorithms ability to detect a significant main SNP effect (C)

(E) Genomic Inflation Constants (Lambda) for (C) and (D) show
that GxO performs better than a main effects model at more than 5

Significant GxO Results Observed Across 3 Examined Cohorts
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(A+B) Distribution of Ancestral Strain contributions in (A) the 122 Rl strains of the HMDP and (B) the

1063 mice of the LG/J x SM/J AlL.

(C) GxO Manhattan plot for Left Ventricular Mass one week after treatment with Isoproterenol from the

HMDP
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(D) GxO Manhattan plot for Plasma Glucose Concentration in the LG/J x SM/J AIL

Ildentification of Selection in HMDP RI Strains
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Significance

6.22E-07
1.62E-06
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d (A) Distribution of Ancestral Strain (C57BL/6J) contributions for

genome

each SNP present in the 122 RI strains of the HMDP
(B) Percent C57BL/6J ancestry by SNP position across the

(C) A highlighted region on chromosome 12 with significant
depletion of C57BL/6J ancestry in the HMDP
(D) A QQ plot demonstrating significantly more regions with

C57BL/6J loss/gain than would be expected by chance. A=1.07
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Conclusions

We have applied GxO to data from two model organisms. We observe that the number of identifiable GXO effects appears to decrease as a
function of phenotypic and organismal complexity, with the greatest number of hits observed in phenotypes relating to organismal survival in
yeast (14/15 crosses and 38/40 phenotypes), then gene expression in mice, then physiological traits in mice and finally behavioral traits in mice.

Analysis of the Recombinant Inbred panels of the HMDP reveal evidence of regions of the C57BL/6J genome which are selected for or against
during RI strain derivation, another example of epistatic interactions leading to significant phenotypic effects.
GXO 1s available at: https://github.com/ChristophRau/GxTheta
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