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Introduction
Brain imaging phenotypes have great potential 
for discovering new genes, understanding 
brain development and psychiatric disorders. 
Typically one Single Nucleotide Polymorphism 
(SNP) is correlated with a brain imaging 
measure. While some genes are well 
characterized, usually no single SNP in a gene 
is known to be responsible for 
neuroanatomical effects, and thus a set of 
SNPs must be considered. While it is common 
to run a set of separate analysis, one per SNP, 
a single merged analysis is needed to avoid 
yet further multiple testing problems.

In this work we evaluate methods for multiloci
SNP analyses with GM structural MRI data.

Methods
Combining Statistics. Each SNP is first fit 
separately producing one F statistic image per 
SNP. A combining method specifies a way to 
merge the F’s into a single combined image, 
and we consider four [Lazar et al, NI, 16:538-
550, 2002]:

Fisher's method (product of P's)
Stouffer's method (average Z)
Max F-stat
Min F-stat (conjunction)

We assess the combining statistic image with 
both voxel- and cluster-wise inference, using 
an uncorrected α = 0.01 threshold to define 
clusters. Note that a cluster in a Max F image 
is an intersection of the clusters found in the 
set of F images, while a cluster in a Min F 
image is a union of clusters over the F images.

Permutation Inference. Standard P-values 
for these methods are not applicable since one 
must assume that the data combined is 
independent over SNPs. Since the response 
(i.e. VBM) data is the same for each SNP, 
however, the independence assumption is not 
tenable and we must use permutation to 
obtain valid P-values.

Permutation for SNP-combining requires that 
the very same permutations are used for each 
SNP, but otherwise is straightforward.

Evaluation Methods. As we are using 
permutation methods all inferences should be 
exact, and thus any differences in rejection 
rates provide information on relative 
differences in power. We thus compare 
sensitivity with the minimum familywise 
corrected P-value.

Data & Model. We used a 278 subject VBM 
dataset of healthy controls and MDD patients, 
looking for significant control-MDD differences 
in GM-gene associations. We examined four 
genes, DVL2 (3 SNPs), WNT3a (7 SNPs), 
KRM1 (12 SNPs), and ZEB2 (25 SNPs), all 
part of the WNT pathway. An additive or 
recessive effect was tested with a F statistic 
depending on MAF.

had similar or worse P-values  (not shown). these data suggest that Max F statistic-maps 
may provide similar or better sensitivity than 
the other measures considered. 

Future work will include power simulations and 
extensions to networks of genes. 

Figure 1. Fisher’s & Stouffer’s best for weak but common effects.

Figure 2. Max F best for rare, strong effects; Note large F-value of 1st SNP.

Figure 3. Fishers, Stouffer’s & Max F similar for common, strong effects.
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Figure 4. Min F best when no weak effects, but no large effects are needed.
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Figure 5. Minimum FWE Corrected P-values.  While true 
signal is unknown, KRM & ZEB2 results suggest Max F has 
better sensitivity than the other measures. 
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Results
Figures 1 - 4 
illustrate the 
relative sensitivity 
of each measure, 
showing the maps 
of <0.1 uncorrected 
significant voxels 
for each of the four 
methods and one 
voxel’s F-statistics 
for each of the 25 
SNPs in the ZEB2 
gene.  Figure 5 
plots the best 
(minimum) voxel-
wise FWE-
Corrected P-value. 
Cluster-size results

Conclusions
To our knowledge this is the first application of 
formal SNP combining methods to whole brain 
genetic association studies. With only four 
genes we cannot draw strong conclusions, but
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