Sources of variation in cerebellar activation during cognition:
A twin fMRI study
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Purpose
recruitment of the cerebellum in working memory
using functional MRI (fMRI) during an N-back task.
 Although traditionally the cerebellum has been
mainly associated with motor control, an increasing  Using a genetically informative sample we
examined, on a voxel-by-voxel basis, the extent to
number of human lesion and functional
which cerebellar activation is influenced by genetic
neuroimaging studies support the hypothesis that
the cerebellum subserves both motor and cognitive (heritability) and environmental factors, in addition
to investigating associations with demographic and
operations, such as working memory.
cognitive measures.
Objective
Background

 Here we investigate the sources of variance in the

 Based on twin studies of cerebellar volumes and

our previous fMRI studies of the cerebral cortex we
predicted that cerebellar activation would be
moderately heritable.
Significance
 Determining heritability of fMRI parameters may
provide endophenotypes in the search for genes
that could be of diagnostic or therapeutic
importance in neurological and psychiatric
disorders.

Method
Experimental Design
 127 GE-EPI whole brain volumes sensitive to BOLD
contrast were acquired during the 0-back and 2back conditions of a spatial N-back working memory
task (see Fig. 1) on a 4T Bruker Medspec MRI
scanner in a sample of healthy twins and siblings.

Fig. 1: N-Back task

 The final sample, with adequate task performance Analysis
(>30%) and cerebellum coverage, consisted of 148  We calculated voxel-by-voxel twin correlations for
twins and siblings, aged 22.4s3.6 years:
MZ and DZ groups (intra-class correlations; ICCs).
- 22 monozygotic (MZ) pairs (1M/21F)
 Because the sample size is relatively small by
- 12 dizygotic (DZ) pairs (1M/8F/3MF)
genetic study standards, we estimated Falconer’s
- 74 unpaired twins (15M/22F)
heritability (h2 = 2*[rMZ –rDZ]).
- 6 singleton siblings (3M/3F)
 We examined the phenotypic correlations
Image Processing
(Pearson) between BOLD values on the one hand,
 Using SPM5, fMRI data were realigned, smoothed
and the other task performance measures, birth
with an 8 mm FWHM Gaussian kernel, detrended,
weight and gestational age on the other hand.
coregistered with the twin’s 3D T1-weighted scan,
 Significant estimates at the voxel level are cluster
and spatially normalised using the SUIT Toolbox [1].
thresholded based on Monte Carlo simulation (AFNI
 t-scores were extracted from 2>0-back contrast
AlphaSim). At 10,000 iterations, a voxel level
images generated at the single-subject level in each threshold of p<0.05, a mask image of 11,800
of 11,800 voxels comprising a cerebellar activation
voxels, and an 8 mm smoothing kernel, AlphaSim
mask created from a group random effects analysis, determined a cluster threshold of 305 voxels for
irrespective of zygosity (p<0.05, FWE-corrected).
significance at p<0.05.

Results
 Males had significantly stronger
activation than females in several
areas (Fig. 3).
 The connection between task
performance measures and cerebellar
activation is not very strong (Fig. 4),
with only accuracy % 0-back surviving
cluster thresholding.

Fig. 2: Group activation, MZ and DZ twin correlations and
Falconer’s heritabillity estimates for task-related cerebellar
activation. Dorsal and posterior views rendered with Caret.
 We found significant activation of the right Crus
I and left Crus II, left lobule VI and IX, right
lobule VII and VIII and cerebellar vermis.
 Overall, the ICCs for task-related cerebellar
activation were higher for MZ than for DZ twin
pairs, suggesting genetic control of brain
function, but with the caveat that only the MZ
correlation map survived cluster thresholding,
with one cluster of 5,575 voxels in the vermis
and Crus I, because the sample size, particularly
for the DZs, is small.

 Although there were significant age
effects on the voxel level, even in this
narrow age range sample, these did
not survive cluster thresholding.
 Phenotypic correlations between
BOLD values and birth weight and
gestational age were low but were
significant on the cluster level.

Fig. 4:
Phenotypic
correlations

Fig. 3
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Conclusions
 This pilot study suggests a moderate (20-90%)
heritability of N-back task-related cerebellar
activation. The genetic influence on the cerebellum
appears more modest than on the cerebral cortex,
suggesting that the mechanisms underlying
cerebellar activation during working memory may

differ from those underlying the activation of the
cerebral cortex.
 While environmental influences accounted for a
large amount of the variation, some of this will be
due to measurement error.
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