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Abstract
Individuals with schizophrenia show a broad range of language impairments, including reading
difficulties. A recent structural MRI (sMRI) study linked these difficulties to structural
abnormalities in language-related regions (Leonard et al., 2008). Similar regions have been
implicated in primary reading disability (RD). Major hypotheses of RD implicate abnormal
embryonic neuronal migration in the cortex, and genetic linkage and association studies have
identified a number of candidate RD genes that are associated with neuronal migration (Paracchini
et al., 2007). Interestingly, evidence suggests at least some individuals with schizophrenia also
show impaired neuronal migration in the cortex (Akbarian et al., 1996). Thus the aim of this study
was to examine the link between RD-related genes and grey matter volumes in healthy controls
and schizophrenia. We used parallel independent component analysis (parallel-ICA) to examine
the relationship between grey matter volumes extracted using voxel-based morphometry (VBM)
and 16 single nucleotide polymorphisms (SNPs) spanning FOXP2 and four RD-related genes,
DCDC2, DYX1C1, KIAA0319 and TTRAP. Parallel-ICA identified five sMRI-SNP relationships.
Superior and inferior cerebellar networks were related to DYX1C1 and DCDC2/KIAA0319
respectively in both groups. The superior prefrontal, temporal and occipital networks were
positively related to DCDC2 in the schizophrenia, but not the control group. The identified
networks closely correspond to the known distribution of language processes in the cortex. Thus,
reading and language difficulties in schizophrenia may be related to distributed cortical structural
abnormalities associated with RD-related genes.
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1. Introduction
Disordered language is an important characteristic of schizophrenia. Individuals with
schizophrenia show a broad range of language impairments, including abnormalities in
verbal production and comprehension, reduced sentence complexity and semantic
processing deficits (Li et al., 2009). Language impairments may underlie two common
schizophrenia symptoms: auditory verbal hallucinations and formal thought disorder (e.g.
Allen et al., 2008; Strik et al., 2008), which in turn are associated with structural, functional
and connectivity abnormalities in the distributed language network (Allen et al., 2008;
Glahn et al., 2008; Li et al., 2009).

Individuals with schizophrenia also show impaired reading ability, with extensive
impairments across many reading domains, including reading rate, functional reading and
comprehension of single words, sentences, paragraphs and stories (Hayes & O'Grady, 2003;
Revheim et al., 2006). Reading impairment exists before illness onset (Done et al., 1998;
Fuller et al., 2002) and may be related to structural abnormalities of related neuroanatomical
regions (Leonard et al. 2008). Individuals with schizophrenia show smaller left Heschl's
gyral volume and reduced parieto-temporal cortical asymmetry, both of which are associated
with poorer verbal ability, reading comprehension, and phonological decoding. These
findings parallel findings in dyslexia (Leonard et al., 1999).

Reading disability (RD) is defined as significant impairment in reading accuracy, speed and
comprehension despite adequate intelligence and educational background (Gabel et al.,
2010). Dyslexia comprises similar difficulties accompanied by additional spelling and
writing impairments. A major hypothesis of dyslexia's etiology implicates impaired neuronal
migration (Galaburda et al., 1985); this hypothesis is also supported by data from genetic
linkage and association studies. Such studies have yielded nine candidate RD risk loci and
four major candidate RD risk genes within DYX1C1 on the DYX1 locus (chromosome
15q21; Taipale et. al., 2003), ROBO1 on the DYX5 locus (chromosome 3; Hannula-Jouppi
et. al., 2005), and DCDC2, KIAA0319 and TTRAP on the DYX2 locus (chromosome 6p22;
Francks et. al., 2004; Meng et. al., 2005). These candidate genes are linked to cortical
neuronal migration (Paracchini et al., 2007; Hannula-Jouppi et. al., 2005). Non-synonymous
coding mutations in the forkhead-domain gene FOXP2 (chromosome 7q31) also segregate
with specific language impairment (Lai et al., 2001). Interestingly, some individuals with
schizophrenia also show impaired cortical lamination due to deviant neuronal migration
(Akbarin et al., 1996; Deutch et al., 2010), although this has not been linked to RD-related
genes.

Previously, we examined links between DCDC2 polymorphisms and gray matter volume
distributions in healthy individuals (Meda et al., 2007), specifically related to presence or
absence of the RD-linked DCDC2 intron-2 microdeletion (Meng et al., 2005). Deletion-
positive individuals had higher gray matter volumes in multiple reading- and language-
related regions.

The current study aimed to extend these preliminary findings and examine the relationship
between multiple RD-related genes and gray matter volumes in both healthy controls and in
schizophrenia. We examined structural magnetic resonance images (sMRI) and single-
nucleotide polymorphisms (SNPs) mapped to RD-related genes in a sample of both
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diagnostic groups. We used parallel independent component analysis (parallel-ICA), a data-
driven multivariate approach that uses higher order statistics to uncover the influence of
multiple genetic factors on the structure of healthy and schizophrenia brains (Liu et al.,
2009; Jagannathan et al., 2010). The parallel-ICA approach attempts to solve three problems
simultaneously, (a) revealing a set of spatially independent neural networks (linked brain
regions expressing a common pattern across subjects), (b) identifying independent genetic
networks (SNPs expressing a common pattern across subjects), and (c) maximizing the
defined relationship between the genetic and neural networks. Independent components
(ICs) extracted from sMRI data can be interpreted as gray matter regional networks
expressing structural changes in different subjects to differing degrees. ICs extracted from
SNP data are linear combinations of SNPs that may affect certain neural structures. The
algorithm computes loading parameters that reflect each ICs expression on each individual
subject. The relationship between sMRI and SNP ICs is calculated as the correlation
between the loading parameters for each data modality.

We used voxel-based morphometry (VBM) to extract gray matter from T1-weighted sMRI
scans for each subject and examined its relationship to 16 SNPs mapped to FOXP2 and four
RD-related genes: DCDC2, DYX1C1, KIAA0319 and TTRAP. We hypothesized that these
genetic polymorphisms would be related to gray matter volumes in reading- and language-
related regions, and given evidence that reading and language is impaired in schizophrenia,
that the sMRI-genotype relationships would differ between healthy controls and
schizophrenia.

2. Method
2.1 Participants

We assessed 58 European-American healthy controls (22–63 years, mean 39.7 years, 28
male) and 35 European-American individuals with schizophrenia (22–62 years, mean 41.5
years, 29 male) who consented to IRB-approved research at the Olin Neuropsychiatry
Research Center. Medication information for both groups is shown in Table 1. Groups did
not differ in age (t(91)=−.676, p=.501) but did differ in sex (χ2=11.00, p=.001). All
participants were assessed for DSM-IV-TR Axis-1 disorders using the SCID-IV (First,
2002). Exclusion criteria included history of a significant medical or neurological disorder
including significant head injury for all subjects, and any present or past Axis-1 psychiatric
disorder or family history of psychotic disorder for controls; urine was screened
toxicologically for drugs of abuse and for pregnancy in women.

2.2 Image acquisition and preprocessing
Magnetic resonance images were acquired using a Siemens Allegra 3T dedicated head
scanner equipped with 40mT/m gradients and a standard quadrature head coil. Anatomical
images were collected using a T1-weighted 3D MPRAGE protocol (TR=2500ms,
TE=2.74ms, flip angle=8°, 176×256matrix, FOV=176×256mm2, voxel size=1×1×1mm,
176slices). Gray matter was extracted using the unified segmentation routine in SPM5
(Wellcome Department of Imaging Neuroscience, UK). Segmented images were modulated
as part of the algorithm to represent volumetric data. Resulting segmented data were lightly
cleaned to improve tissue class accuracy, and then spatially smoothed with a 9mm full width
half maximum Gaussian kernel.

2.3 DNA Samples
DNA samples were extracted from either whole blood using the Qiagen Paxgene DNA
Extraction kit or from mouthwash samples using the Gentra Puregene Buccal Cell kit. Due
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to limited quantity, DNA samples were whole-genome amplified before genotyping using
the multiple-displacement amplification procedure (MDA) of Hosono et al. (2003).

All SNPs (Table 2) were genotyped by pyrosequencing at JS Genetics Inc (New Haven,
CT). Prior to parallel-ICA, missing SNP genotypes were replaced with the major genotype;
missing values accounted for 4.5% of SNP values.

2.4 Parallel-ICA
Parallel-ICA on gray matter sMRI and SNP data was conducted as described in Jagannathan
et al., (2010; see also Liu et al., 2009). Briefly, parallel-ICA was applied using FIT (Fusion-
ICA Toolbox, http://icatb.sourceforge.net). Segmented gray matter sMRI data for controls
and patients were entered into a matrix of subject-by-image, represented as a set of linearly
mixed spatially independent voxels (Calhoun et al., 2001). SNP data for both groups were
entered into a matrix of subject by SNP. The parallel-ICA algorithm computes loading
parameters expressing the weight of every component for sMRI and SNP components for
each subject; these loading parameters were used to calculate correlation coefficients
between the two feature sets for each group separately. Differences in the strength of sMRI-
SNP correlations between groups were examined using the confidence interval method (Zou
2007). All sMRI component maps were spatially thresholded at p<.05 corrected for false
discovery rate (FDR). Dominant loadings from SNP components were extracted using a
threshold of |z|>2.0.

As the male to female ratio differed significantly between groups, we conducted an
additional analysis to control for gender effects on sMRI-SNP component correlations. We
removed a random sample of 22 female participants from the healthy controls (using
randomized case selection as implemented in SPSS v17) and examined sMRI-SNP
correlations in this reduced sample (healthy controls – n=36, aged 22–62years,
mean=38years; schizophrenia group – as above). The reduced sample did not differ in age
(t(69)=−1.09, p=.281) or sex (χ2 = .591, p=.767). Correlation coefficients for each group
were compared as above (Zou 2007).

3. Results
3.1 Genotyping

For SNP genotyping, the average call rate (passing quality control) among all markers was
96%, range of 88.6%–100% for individual SNPs. Four SNPs were uninformative (i.e.
homozygous for the major allele in all samples) and excluded from further analysis; R328X
and R553H in FOXP2, −2G>A in DYX1C1, and rs9393573 between KIAA0319 and TTRAP.
All SNPs were found to be in Hardy-Weinberg equilibrium.

3.2 Parallel-ICA
Parallel-ICA identified five significant sMRI-SNP relationships; three of these differed
significantly between schizophrenia and controls.

The superior prefrontal network (Figure 1; Table 3) significantly correlated (r=.244, p=.010)
with a SNP component that showed the strongest loading for DCDC2 (rs1087266).
Analyzing the diagnostic groups separately revealed that the relationship was significant for
schizophrenia (r=.432, p=.005) but not controls (r=.161, p=.116). The difference in the
strength of between-group correlations was significant (Z=5.48, p<.0001).

The occipital network (Figure 1; Table 4) significantly correlated (r=.293, p=.002) with the
same SNP component identified above (DCDC2, rs1087266). This relationship was
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significant in schizophrenia (r=.414, p=.007) and marginally significant in controls (r=.213,
p=.056). The difference in correlation strength between groups was significant (Z=4.06, p<.
0001).

The temporal network (Figure 1, Table 5) also significantly correlated (r=.252, p=.008) with
the same SNP component identified above (DCDC2, rs1087266). Again, this relationship
was significant in schizophrenia (r=.443, p=.004) but not controls (r=.180, p=.091). The
difference in the correlation strength between groups was significant (Z=5.32, p<.0001).

The inferior cerebellar network (Figure 2, Table 6) significantly correlated (r=−.214, p=.
020) with a SNP component that showed the strongest loading for DYX1C1 (rs3743205).The
magnitude of the correlation was similar in schizophrenia (r=−.235, p=.090) and controls (r=
−.270, p=.021). The magnitude of the relationship did not differ between groups (Z = .708,
p=.239).

The superior cerebellar network (Figure 2, Table 7) significantly correlated (r=−.188, p=.
037) with a SNP component which showed the strongest loadings for DCDC2 (rs793862)
and KIAA0319 (rs4504469). This relationship was stronger in the control (r=−.235, p=.039)
than schizophrenia (r=−.179, p=.156) group, however this difference was not significant
(Z=1.13, p=.129).

3.2.1 Effects of Genotype for SNP Component DCDC2 (rs1087266)—
Examination of the scatterplots for the three sMRI components that correlate with the SNP
component DCDC2 (rs1087266) reveal a striking grouping of participants into three
separate groups. As shown in Figure 3, these groups represent genotype for the DCDC2
(rs1087266) SNP. Individuals with the CC genotype loaded least heavily on this SNP
component, followed by TT genotype, with the heterozygous genotype TC showing the
strongest loadings. To further examine this effect, a 3 genotype (CC, TC, TT) × 2 group
(schizophrenia, control) univariate ANOVA was conducted on loading coefficients for this
SNP component. The effect of genotype was significant (F(2,87)=2475.22, p<.001)
indicating that loading coefficients increased between CC>TT>TC genotypes. The effect of
group and its interaction with genotype were not significant (both F<1.0) indicating that the
effect was independent of group.

3.3 Parallel ICA − Reduced Sample
Correlations between sMRI and SNP components in the gender-matched sample were
largely compatible with the results from the larger sample.

The superior prefrontal network correlated significantly with DCDC2 (rs1087266; r=.221,
p=.032). As seen in the larger sample, this relationship was significant in schizophrenia (r=.
432, p=.005) but not controls (r=.078, p=.325). The magnitude of the relationship was
significantly stronger in schizophrenia than controls (Z=5.80, p<.0001).

The occipital network correlated significantly with DCDC2 (rs1087266; r=.253, p=.017).
This relationship was significant in schizophrenia (r=.355, p=.018) but not controls (r=.169,
p=.162). As in the larger sample, the magnitude of the relationship was stronger in
schizophrenia (Z=3.02, p=.001).

The temporal network also correlated significantly with DCDC2 (rs1087266; r=.219, p=.
033). This relationship was significant in schizophrenia (r=.392, p=.010) but not controls
(r=.135, p=.215) and significantly stronger in the schizophrenia than control group (Z=4.18,
p<.0001).
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In contrast to the analyses in the larger sample, the relationship between cerebellar networks
and SNP components differed significantly between groups. The inferior cerebellar network
correlated significantly with DYX1C1 (rs3743205; r=−.233, p=.025). This relationship was
significant in the schizophrenia (r=−.550, p<.001) and control (r=−.297, p=.039) groups and
was significantly stronger in schizophrenia (Z=4.11, p<.0001). The superior cerebellar
network correlated significantly with DCDC2 (rs793862) and KIAA0319 (rs4504469; r=−.
287, p=.008). This relationship did not reach significance in schizophrenia (r=−.228, p=.
094) and was significant in controls (r=−.406, p=.007). This relationship was significantly
stronger in the control group (Z=2.89, p=.002).

4. Discussion
Language abnormalities likely relate to positive symptoms of schizophrenia, and deficits in
language and reading are considered to be core features of the disorder (Leonard et al., 2008;
Li et al., 2009). As schizophrenia is heritable, and genes related to language and reading
deficits are being identified, this study used a multivariate approach to examine the
relationship between grey matter volume and various RD-related genes in both healthy
controls and individuals with schizophrenia. Using a univariate approach, we previously
linked an RD-related microdeletion within intron-2 of DCDC2 with larger grey matter
volumes in multiple reading- and language-related neural regions in healthy controls (Meda
et al., 2007). The aim of the current study was to extend these preliminary findings and
examine the relationship of multiple RD-related gene polymorphisms and grey matter
volumes in both healthy controls and in schizophrenia.

Here, we identified five significant correlations between structural and genetic networks.
Three of the structural networks encompassed cortical regions known to be important for
reading, including superior prefrontal regions (including Broca's area), occipital regions
(including the lingual gyrus, a region known to be important for reading, Demonent et al.,
2005) and temporal regions (including Wernicke's area). These networks were positively
correlated with a SNP component that showed loadings primarily for DCDC2 (rs1087266);
and the relationships were unchanged in the reduced sample when controlling for sex. These
results are compatible with our previous finding that healthy individuals with an RD-related
microdeletion in intron-2 of DCDC2 showed larger grey matter volumes in multiple
reading- and language-related brain regions (Meda et al., 2007).

The relationships between the superior prefrontal, occipital and temporal networks and
DCDC2 (rs1087266) were stronger for the schizophrenia than for the control group. So,
DCDC2 (rs1087266) was related to increased gray matter in these three networks primarily
for the schizophrenia, but not control groups. To clarify, this does not indicate that
individuals with schizophrenia show greater gray matter volume in these regions relative to
controls1. Rather, the data show that in individuals with schizophrenia, alleles of DCDC2
(rs1087266) are correlated with gray matter volume in language-related networks.
Interestingly, the rs1087266 heterozygous genotype was associated with larger gray matter
volumes than either of the homozygous genotypes; this is most likely an artifact of random
variation in a small sample.

The remaining two networks encompassed largely cerebellar regions, consistent with
emerging evidence of a cerebellar role in language (Fabbro, 2000; Marien, 2001) and
reading (Stoodley & Schmahmann, 2009). The superior cerebellar network was positively
correlated with a SNP component that loaded primarily on DYX1C1 (rs3743205), and the

1Indeed, three separate 3 genotype (CC, TT, TC) × 2 group (schizophrenia, control) ANOVAs on loading coefficients for sMRI
components 1, 2 and 3 confirmed that groups did not differ on loading coefficients for any of these sMRI components (all p>.144).
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inferior cerebellar network was positively correlated with a SNP component that loaded on
DCDC2 (rs793862) and KIAA0319 (rs4504469). Cerebellar structural abnormalities are the
most consistent neuroanatomical abnormality in dyslexia (Eckert et al., 2004; Pernet et al.,
2008) and grey matter volumes are reduced in bilateral cerebellar nuclei of dyslexics
(Brambati et al., 2004; Brown et al., 2001). The magnitude of the correlation between SNP
and cerebellar sMRI components did not differ between groups, however the analysis in the
reduced sample suggests that gender differences between groups may account for this effect.
These results suggest that differential effects of RD-related genes on grey matter volumes in
schizophrenia and healthy controls may be restricted to cortical regions, at least in female
individuals.

Several of the most characteristic symptoms of schizophrenia can be considered as primary
deficits of language processing. Structural and functional networks related to hallucinations
and formal thought disorder overlap with regions known to be involved in language, and
these symptoms are believed to be an emergent property of an impaired language circuit
rather than a local dysfunction in a single region (Allen et al., 2008; Strik et al., 2008). It has
been proposed that language deficits have their origin in early brain development, as they
are known to predate illness onset, and as such, may represent a potential biological marker
for subsequent disease onset (Li et al., 2009). The current results therefore add to this
growing body of literature highlighting impairment in language-related networks as a core
developmental feature of schizophrenia. One limitation of the current study is that we did
not include a measure of reading ability and as such we cannot make firm conclusions
regarding the relationship of our findings to reading outcomes. Future studies should address
this issue.

The two genes we identified as differentially related to grey matter volume in schizophrenia
and controls, DCDC2 and KIAA0319, are localized to the DYX2 region on chromosome
6p21.3 (Meng et al., 2005; Francks et al., 2004). DCDC2 is one of several genes in the
doublecortin family; mutations in the doublecortin (DCX) gene are related to multiple
disorders of neuronal migration (Meng et al., 2005). RNAi knockdown of DCDC2 impairs
neuronal migration in embryonic rats (Meng et al., 2005) and knockdown of KIAA0319 in
embryonic rats also impairs neuronal migration (Peschansky et al., 2010). Thus our findings
that these genes are related to grey matter volume in schizophrenia and healthy controls are
consistent with these reports.

In conclusion, the current study shows that a DCDC2 polymorphism (rs1087266) is related
to differences in grey matter volumes in cortical regions known to be involved in language
and reading. These structural relationships were obtained for the schizophrenia group only,
suggesting that reading difficulties in schizophrenia may be related to structural grey matter
abnormality in cortical language networks. Given the known functional role of DCDC2,
these grey matter abnormalities may be due to impaired embryonic neuronal migration.
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Figure 1.
sMRI networks for (A) superior prefrontal, (B) occipital, (C) temporal networks.
Scatterplots show relationship between loading coefficients for sMRI and SNP components.
These sMRI components were related to a SNP component that loaded most heavily on
DCDC2 (rs1087266).
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Figure 2.
sMRI networks for (A) inferior and (B) superior cerebellar network. Scatterplots show
relationship between loading coefficients for sMRI and SNP components. Inferior
Cerebellar network was related to a SNP component that showed the strongest loadings for
DCDC2 (rs793862) and KIAA0319 (rs4504469). Superior Cerebellar network was related to
a SNP component that showed the strongest loadings for DYX1C1 (rs3743205).
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Figure 3.
Scatterplots of genotype effects for (A) superior prefrontal network and DCDC2
(rs1087266), (B) occipital network and DCDC2 (rs1087266), and (C) temporal network and
DCDC2 (rs108266).
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Table 1

Medication information for participants in the Schizophrenia and Control groups.

Medication Schizophrenia Group Control Group

Antipsychotics-Atypical 28 -

Antipsychotics-Typical 6 -

Antidepressants (SSRI) 14 -

Benzodiazapines 7 -

Anticholinergics 3 -

Divalproex 3 -

Lithium Carbonate 2 -

Anticonvulsant 2 -

Nonbenzodiazapine Hypnotic 1 -

GABA Analogue 1 -

Serotonin Receptor Antagonist 1 -
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Table 2

List of Genotyped SNPs

Gene SNP ID Locus Description

DCDC2 rs1087266 DYX2, Chr. 6p22 Intronic

DCDC2 rs807701 DYX2, Chr. 6p22 Intronic

DCDC2 rs34705735 DYX2, Chr. 6p22 Intronic

DCDC2 rs793862 DYX2, Chr. 6p22 Intronic

DCDC2 rs807724 DYX2, Chr. 6p22 Intronic

KIAA0319 rs4504469 DYX2, Chr. 6p22 Intronic

KIAA0319 rs2038136 DYX2, Chr. 6p22 Intronic

KIAA0319 rs2038137 DYX2, Chr. 6p22 Intronic

KIAA0319 rs2143340 DYX2, Chr. 6p22 Intronic

TTRAP rs3212236 DYX2, Chr. 6p22 Intronic

Intergenic rs9393573 DYX2, Chr. 6p22 Intergenic

DYX1C1 G1249T (rs57809907) DYX1, Chr. 15q21 Nonsense coding

DYX1C1 −2G>A DYX1, Chr. 15q21 Promoter

DYX1C1 −3G>A (rs3743205) DYX1, Chr. 15q21 Promoter

FOXP2 R328X Chr. 7q31.1 Nonsynonymous coding

FOXP2 R553H Chr. 7q31.1 Nonsynonymous coding
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Table 3

MNI coordinates for regions showing positive and negative loadings for the superior prefrontal network

Region (BA) Left Hemisphere Right Hemisphere

Positive Loadings

 Frontopolar Cortex (10) - 4, 60, 24

 Superior Frontal Gyrus (8/6) −14, 36, 52 2, 30, 54

 Middle Frontal Gyrus (8/9) −26, 32, 42 30, 8, 46

 Inferior Frontal Gyrus (46) −20, 18, −30 50, 24, 22

 Precentral Gyrus (6) −34, 0, 62 46, 6, 48

 Uncus (38) −18, 4, −44 18, 4, −44

 Fusiform Gyrus (37) - 51, −64, −24

 Cuneus (19) - 4, −92, 26

 Inferior Semilunar Lobule - 16, −68, −60

Negative Loadings

 Precuneus (7) - 30, −46, 50

 Inferior Parietal Lobule (40) −45, −56, 54 -
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Table 4

MNI coordinates for regions showing positive and negative loadings for the occipital network

Region (BA) Left Hemisphere Right Hemisphere

Positive Loadings

 Middle Frontal Gyrus (9) - 34, 26, 38

 Superior Parietal Lobule (7) −30, −62, 38 -

 Precuneus (7) −12, −66, 24 4, −66, 26

 Posterior Cingulate (30) −4, −70, 8 10, −68, 8

 Middle Temporal Gyrus (37) −46, −62, −4 -

 Inferior Temporal Gyrus (37) −44, −68, −4 46, −68, −2

 Lingual Gyrus (17) −2, −90, −2 2, −86, −2

 Cuneus (17/18) −6, −84, 8 2, −94, 20

 Superior Occipital Gyrus (19) −30, −80, 24 32, −88, 20

 Middle Occipital Gyrus (18) −32, −84, 6 12, −96, 10

 Inferior Occipital Gyrus (18) −26, −92, −12 32, −90, −10

 Vermis - 6, −66, −10

 Culmen −8, −66, −10 -

 Declive −8, −74, −18 12, −80, −20

Negative Loadings

 Middle Frontal Gyrus (8/6) −24, 19, 40 26, 10, 42
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Table 5

MNI coordinates for regions showing positive and negative loadings in the temporal network

Region (BA) Left Hemisphere Right Hemisphere

Positive Loadings

 Superior Frontal Gyrus (10) −24, 40, 24 -

 Middle Frontal Gyrus (9) −36, 16, 30 36, 16, 30

 Inferior Frontal Gyrus (46) −44, 40, 4 -

 Precentral Gyrus (6) −10, −22, 76 18, −20, 76

 Superior Parietal Lobule (7) - 36, −48, 36

 Precuneus (7) - 8, −64, 40

 Posterior Cingulate (30) −22, −54, 8 -

 Uncus (20) −30, −4, −40 30, −4, −42

 Insula −34, 8, −6 38, 8, −6

 Superior Temporal Gyrus (38) −48, 10, −24 42, 14, −24

 Middle Temporal Gyrus (21/37) −52, 4, −18 38, −4, −40

 Inferior Temporal Gyrus (20) −38, −19, −40 46, −4, −40

 Superior Temporal Pole −46, 10, −22 42, 16, −28

 Middle Temporal Pole −46, 12, −30 32, 12, −38

 Parahippocampal Gyrus −26, −2,−22 22, −4, −30

 Amygdala −24, −4, −24 -

 Fusiform Gyrus (20) −38, −12, −32 38, −14, −32

 Middle Occipital Gyrus (19) 30, −82, 4 -

Negative Loadings

 Middle Frontal Gyrus (8/9) −34, 16, 44 32, 26, 38

 Inferior Parietal Lobule (40) −44, −54, 22 38, −33, 38

 Superior Temporal Gyrus (22) −42, −52, 20 44, −48, 18

 Middle Temporal Gyrus (39) −40, −60, 22

 Postcentral Gyrus (2/3) −40, −30, 36 50, −20, 36

 Fusiform Gyrus (37) −40, −58, −10 -

 Cuneus (18) −24, −82, 16 0, −102, −14

 Lingual Gyrus (18) −6, −100, −14 -
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Table 6

MNI coordinates for regions showing positive and negative loadings in inferior cerebellar network

Region (BA) Left Hemisphere Right Hemisphere

Positive Loadings

 Middle Frontal Gyms (6/9/10) - 28, 6, 48

 Inferior Frontal Gyms (44/45) - 42, 42, 10

 Insula −38, 16, 10 -

 Precentral Gyrus (4) −34, −16, 50 -

 Superior Parietal Lobule (7) −26, −54, 48 -

 Precuneus (7) −10, −62, 48 22, −56, 52

 Inferior Parietal Lobule (40) −40, −50, 42 32, −46, 42

 Middle Temporal Gyrus (37/39) −42, −62, −2 48, −54, 5

 Postcentral Gyrus (2) −44, −30, 46 -

 Lingual Gyrus (18) −20, −84, −6 20, −84, −4

 Middle Occipital Gyrus (18) −16, −90, 10 -

 Inferior Occipital Gyrus (19) - 36, −76, −8

 Anterior Cerebellum −14, −38, −34 16, −40, −36

 Tonsil −20, −40, −42 20, −44, −42

 Dentate −12, −48, −28 14, −48, −32

 Culmen −10, −48, −26 12, −52, −22

 Cerebellar Lingual Area −6, −48, −24 8, −48, −24

 Declive −10, −58, −20 12, −60, −22

 Uvula −6, −78, −44 10, −80, −44

 Crus-2 −18, −80, −46 12, −80, −46

 Pyramis −28, −84, −42 14, −84, −42

Negative Loadings

 Middle Frontal Gyrus (6/9) −34, 10, 44 26, 28, 32

 Cingulate Gyrus (31/24) - 14, −28, 38

 Superior Parietal Lobule (7) - 32, −52, 66

 Inferior Parietal Lobule (40) - 44, −52, 60

 Inferior Temporal Gyrus (20) −46, −8, −40 -

 Cuneus (17/18) −22, −100, −6 20, −98, −8
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Table 7

MNI coordinates for regions showing positive and negative loadings for the superior cerebellar network

Region (BA) Left Hemisphere Right Hemisphere

Positive Loadings

 Middle Frontal Gyrus (10) −32, 38, 20 -

 Cingulate Gyrus (32/24) −8, −14, 40 10, −16, 40

 Caudate −14, 10, 6 -

 Inferior Parietal Lobule (40) −34, −54, 38 -

 Superior Temporal Gyrus (39) - 44, −56, 18

 Middle Temporal Gyrus (39) −40, −60, 22 42, −70, 20

 Parahippocampal Gyrus - 22, −8, −20

 Inferior Occipital Gyrus (18) −28, −92, −12 34, −84, −12

 Fusiform Gyrus (37) - 44, −50, −14

 Lingual Gyrus (17) - 20, −94, −8

 Cuneus (18) −18, −98, −6 -

 Culmen −30, −54, −26 38, −56, −34

 Tuber −36, −60, −36 36, −64, −32

 Crus-1 −34, −62, −34 40, −62, −36

 Declive −28, −64, −28 34, −68, −30

 Pyramis - 34, −68, −44

 Uvula −32, −64, −32 34, −66, −34

 Pyramis −28, −72, −36 -

Negative Loadings

 Medial Frontal Gyrus (9) 0, 46, 28 -

 Inferior Frontal Gyrus (47) - 48, 18, −6

 Precentral Gyrus (44) −42, 14, −10 -

 Paracentral Lobule (5) 0, −44, 66 -

 Precuneus (7) - 4, −76, 48

 Culmen 0, −58, 0 -

 Pyramis - 2, −86, −30
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