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Introduction

Studying functional connectivity with resting-state functional
magnetic resonance imaging (rs-tMRI) Is an important
experimental paradigm for understanding the brain’s
functional network organization. Previous twin studies showed
that features of functional networks derived from rs-iMRI are
under genetic control (e.g., [1]). However, it is still unknown
which genes or genefic variants help shape and support
functional brain networks. In this work we used rs-tMRI| datq, In
conjunction with matched, genome-wide genotype dato
collected by the IMAGEN consortium, 1o elucidate the genetic

background of functional brain networks.

Methods

Data: N=259 14-year old adolescents collected by the IMAGEN
consortfium who have a structural T1-weighted image, a T2*-
weighted functional resting state scan (~6.5 min; TR=2.2s) and
genome-wide genotyping data (~550K SNPs).

Image processing:

Co-registration:
T1T and tMRI

Spatial
normalization to
MNI space (3mm)

A

Smoothing of MR
(6mm kernel)

N

Nuisance signal
removal (fMRI)

A

Time series
extraction
(499 RCQOls)

e Global Signal e White Matter
e Qut of brain e Movement
e CSF 6 parameters

The time series for each ROI was filtered using a band pass filter

(0.007Hz — 0.18Hz).

Compute Cost-efficiency:
« Compute pairwise partial correlation between
ROIs using L2-shrinkage
Threshold the graph to reach edge densities of
5%.,10%,..., 35%, 40%
Efficiency of the graph G: Eolobal =
N: # of ROIs in thresholded graph
L;: length of shortest path between
nodes (i.e., ROIls) i and |
Compute wiring cost: _ N
d;: Euclidian distance between Dglobal = | ZG Gij
nodesiand | €
Cost-efficiency (CE): CE = Eglobal — Dglobal
CE,: refers to CE at the edge density of 15%

Genotype Data: 550K SNPs were genotyped. SNPs were filtered
based on minor allele frequency (MAF < 5%), genotyping rate
(missing >5%) and Hardy-Weinberg-Equilibrium (HWE P-value <
b6e-7). After filtering 492,856 remained.

Statistical Analysis: CE is used as an imaging Quantitative Trait
(IQT) In an genome-wide association study (GWAS). A linear
model was fitted for each SNP using PLINK and corrected for
sex, scan site (5 sites), and population structure (15" 4 PCs).
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Resulis

Cost-efficiency (Y-axis) in dependence of graph’s edge
density (X-axis).

The figure depicts the distribution of the CE (= Egopa —Dgiopall
scores for all considered graph densities. There is a clear peak
at a density of 15%.
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GWAS results: Manhattan plot for CE,..

CE,; was selected as IQT since it achieved the maximum CE for
most subjects (224 of 259). Results are based on an additive
genetic model. Genomic inflation factor (A) was 1.01. One
SNPs reached genome-wide significance (P<1.01e-7):

rs12973080 with P=1.288e-08 (P, =0.0063).

rs12973080

.
:
.
P
2
%

.

4
¢

—

L
—-

AA

— ... The SNP has a MAF of 9.8%
0 and there seams to be no
‘fsex-bias (top figure,
-« s red=female, black=male).
3 Using the dominant in place
cof the additive genetic
. " model, the association
drops to P=1.09e-7 and
marginally misses the
genome-wide cutoff
(Pson=0.054). The figure on
the left shows the locus In
more detail.
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Conclusions

One locus was significantly associated with cost-efficient wiring.
The SNP is located in an intergenic region, thus no direct
association to a single gene is possible without further analysis.
However, the genetic neighborhood (£0.5Mb) of rs12973080
contains interesting candidates such as subunits of sodium
channels (SCNI1B). While preliminary, these results point to the
potential utility of using global, graph theory-based measures of
connectivity as quantitative traits in genome-wide analyses of
functional connectivity. Larger datasets are required to follow
up on these preliminary finding.
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