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eAppendix1 
Supplementary methods: Independent component analysis (ICA) of resting state data. For the resting state examination, subjects were asked to 
close their eyes, relax and try not to concentrate on anything. The resting state examination was performed at the end of the whole scanning 
session and lasted 5 minutes. Following resting state scanning subjects were asked whether they had fallen asleep and none of them reported 
that they had. BOLD fMRI was performed on 2 Siemens Trio 3T scanners at the Central Institute of Mental Health Mannheim and the 
University of Bonn. At both sites identical sequences and scanner protocols were used (parameters: 28 slices, slice thickness 4 mm + 1 mm 
gap, FOV 192 mm, TR 2 sec, TE 30 ms, flip angle 80°). Images were realigned to a mean image (movement parameters were confined to < 
3mm translation and < 3° rotation between volumes, 1 subject had to be excluded due to excessive movement), slice time corrected, spatially 
normalized to a standard stereotactic space (a brain template created by the Montreal Neurological Institute [MNI] with volume units [voxels] 
of 3 x 3 x 3 mm), smoothed with a 9 mm FWHM (full width at half maximum) Gaussian filter and ratio normalized to the whole-brain global 
mean. The ICA analysis was performed by using the Group ICA for fMRI toolbox (GIFT, Calhoun et al. 2001, http://icatb.sourceforge.net/). 
Data from each subject were reduced by using PCA, whereby computational complexity was reduced and most of the information content of 
the data was preserved. After concatenating the resulting volumes, 36 independent sources were estimated by the GIFT dimensionality 
estimation tool based on the aggregated data. The final reduction step according to the selected number of components was achieved by PCA. 
ICA analysis proper was conducted using the Infomax algorithm and a GM mask based on all subjects. During back-reconstruction time 
courses and spatial maps were computed for each subject. Two IC patterns were located in parts of the default mode network, i.e. posterior 
cingulate cortex/precuneus and medial prefrontal cortex as well as superior temporal sulcus. Individual subject IC patterns representing parts of 
the default network were entered into a random effects analysis in SPM5. Two-sample t-tests were 46 calculated with scanner site as nuisance 
covariate to identify genotype effects on resting state networks. 
 
eAppendix 2 
Supplementary methods: Functional connectivity analysis of primary visual cortex (control analysis). 
For each subject, time series were extracted from the primary visual cortex using first eigenvariates from all voxels within a spherical ROI 
including the maximum activated voxel and a 4mm sphere. Following our previous practice (see Methods in main article), we excluded white 
matter by restricting the averaging to voxels related to task at a P < 0.5 level (note that this level was not used for statistical inference). Using 
SPM5, seed time series were high pass filtered (128 s) and task related variance was removed. To account for unspecific noise, first 
eigenvariates from masks covering cerebrospinal fluid and white matter were extracted for each individual and entered, together with 
movement covariates and task regressors, into whole brain multiple regression analyses where the respective seed region time series, was the 
covariate of interest. Thus, we identified voxels whose activity show significant covariation with the primary visual cortex. The resulting maps 
of partial correlation were then each subjected to a random effects analysis in SPM5 using a 2-sample t-test as described in the Methods section 
of the main article with scanning site as covariate of no interest. 
 
eAppendix 3 
Supplementary methods: Voxel based morphomentry. High-resolution T1-weighted images acquired during the same scanning session 
(160 contiguous sagittal slices, 1mm thickness, FOV 256 mm, TR 1.57 sec, TE 3.42 ms, TI 800 ms, flip angle 15°) were checked for 
scanner artifact and gross anatomical abnormalities. After setting the origin at the anterior commissure, images were segmented using the 
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Hidden Markov Random Field (HMRF) option of the VBM5 segmentation algorithm and normalized using the high-resolution 
normalization DARTEL algorithm (Ashburner 2007), a nonlinear image registration procedure involving iteratively matching all selected 
images to a template generated from their own mean and normalizing this template to MNI space. Smoothing was applied with standard 
parameters of 8mm FWHM. After preprocessing we obtained smoothed modulated normalized data, that were incorporated into 
statistical analysis. Group analysis was performed using a 2-sample t-test as described in the Methods section of the main article with 
scanning site, age, gender and total gray matter volume as covariates of no interest. 
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eTable 1. fMRI Results for Whole Group During Encoding of Face-Profession Pairsa 

Regional Brain Activation During Encoding 
Region x y z t Z 
Hippocampus −20 −12 −22 13.82 >8 
 18 −10 −18 11.60 >8 
Middle frontal gyrus −40 12 48 12.45 >8 
 44 18 46 8.32 7.26 
Inferior frontal gyrus −48 24 −10 16.09 >8 
 44 30 −16 10.57 >8 
Superior frontal gyrus −28 56 8 11.12 >8 
 28 60 10 9.73 >8 
Dorsomedial prefrontal cortex −8 50 38 17.50 >8 
Orbitofrontal cortex 0 42 −18 15.77 >8 
Posterior cingulate cortex 2 −52 26 13.55 >8 
Ventral striatum 8 −2 −6 10.57 >8 
Brain stem 0 −20 −22 8.19 7.18 
Middle temporal gyrus −62 −34 −6 14.79 >8 
 60 −34 −8 11.07 >8 
Inferior temporal gyrus −60 −10 −22 13.10 >8 
 60 −6 −26 14.26 >8 
Occipital gyrus −12 −96 −4 23.26 >8 
 20 −92 −4 20.60 >8 
Abbreviations: fMRI, functional magnetic resonance imaging; t, T-value; x, y, z, respective coordinates in Montreal Neurological 
Institute template; Z, Z-value. 
aAll results were corrected for multiple comparisons across the whole brain at P < .001 false discovery rate. 
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eTable 2. fMRI Results for Whole Group During Recall of Face-Profession Pairsa 

Regional Brain Activation During Recall 
Region x y z t Z 
Hippocampus −22 −14 −18 8.37 7.28 
 22 −14 −16 5.21 4.99 
Middle frontal gyrus −44 14 34 15.05 >8 
 52 30 28 9.89 >8 
Inferior frontal gyrus −30 22 −8 14.25 >8 
 32 22 −10 12.55 >8 
Superior frontal gyrus −32 52 4 14.39 >8 
 30 56 4 11.86 >8 
Orbitofrontal cortex −2 38 −22 11.06 >8 
Anterior cingulate cortex −4 26 48 13.22 >8 
Posterior cingulate cortex −2 −36 34 11.76 >8 
Ventral striatum −12 4 −2 5.22 5.05 
 10 0 −4 11.00 >8 
Brain stem −8 −20 −18 9.71 >8 
 6 −20 −20 9.63 >8 
Middle temporal gyrus −60 −44 −12 12.93 >8 
 62 −36 −10 8.95 7.66 
Occipital gyrus −14 −94 −6 20.79 >8 
 18 −94 −4 17.89 >8 
Abbreviations: fMRI, functional magnetic resonance imaging; t, T-value; x, y, z, respective coordinates in Montreal Neurological 
Institute template; Z, Z-value. 
aAll results were corrected for multiple comparisons across the whole brain at P < .001 false discovery rate. 
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eTable 3. fMRI Results for Whole Group During Recognition of Face-Profession Pairsa 

Regional Brain Activation During Recognition 
Region x y z t Z 
Hippocampus −16 −10 −16 13.33 >8 
 −18 −10 −18 9.04 >8 
Middle frontal gyrus −46 18 28 19.39 >8 
 52 30 30 11.82 >8 
Inferior frontal gyrus −30 22 −4 11.94 >8 
 32 24 −6 9.64 >8 
Superior frontal gyrus −26 56 6 13.02 >8 
 30 54 4 10.01 >8 
Anterior cingulate cortex −4 22 22 13.00 >8 
Posterior cingulate cortex 0 −36 34 11.95 >8 
Ventral striatum −6 −6 4 12.44 >8 
 10 2 −2 12.99 >8 
Brain stem −8 −18 −18 14.14 >8 
 6 −20 −20 10.41 >8 
Middle temporal gyrus −60 −36 −4 12.47 >8 
 62 −38 −12 11 7.66 
Occipital gyrus −14 −92 −8 23.83 >8 
 18 −90 −8 20.79 >8 
Abbreviations: fMRI, functional magnetic resonance imaging; t, T-value; x, y, z, respective coordinates in Montreal Neurological 
Institute template; Z, Z-value. 
aAll results were corrected for multiple comparisons across the whole brain at P < .001 false discovery rate. 
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eTable 4. Task-Specific fMRI Results for the Whole Groupa 

Task-Specific Regional Brain Activation 
Region x y z t Z 
Encoding > recall      
  Anterior paracingulate cortex −6 52 10 7.61 7.29 
  Midcingulate cortex 4 −12 44 5.50 5.37 
  Insula 40 −16 16 6.55 6.34 
  Hippocampus −28 −18 −22 5.32 5.21 
 26 −18 −22 5.04 4.94 
Recall > encoding      
  Anterior insula/inferior frontal cortex −28 22 −4 9.30 >8 
 32 24 −4 8.17 7.77 
  Dorsolateral prefrontal cortex −42 8 34 8.49 >8 
 50 34 30 6.90 6.66 
  Dorsomedial prefrontal cortex −4 16 50 7.57 7.26 
  Posterior cingulate cortex 0 −32 28 6.86 6.63 
  Superior frontal cortex 32 56 4 5.97 5.81 
 −36 50 8 8.37 >8 
  Ventral striatum 12 2 0 5.53 5.40 
Encoding > recognition      
  Anterior paracingulate cortex −6 52 24 6.53 6.32 
Recognition > encoding      
  Lingual gyrus −6 −68 4 20.67 >8 
  Dorsolateral prefrontal cortex −46 20 28 12.89 >8 
 52 32 28 9.15 >8 
  Superior frontal gyrus −36 50 6 8.59 >8 
 30 52 2 6.39 6.20 
  Anterior insula/inferior frontal cortex −30 22 0 8.61 >8 
 30 26 −4 7.26 6.98 
  Ventral striatum 10 4 0 9.48 >8 
 −10 4 2 8.67 >8 
  Hippocampus 22 −24 −8 6.40 6.19 
 −22 −24 −10 7.76 7.40 
Recall > recognition      
  No suprathreshold voxels      
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Recognition > recall      
  Lingual gyrus −6 −68 4 16.78 >8 
  Midcingulate cortex −4 0 48 7.55 7.24 
  Ventral striatum 8 6 0 5.62 5.24 
 −8 6 −2 5.23 4.90 
  Dorsolateral prefrontal cortex −46 20 28 6.61 6.30 
  Hippocampus −24 −18 −10 5.71 5.50 
 24 −20 −14 4.46 4.19 
Abbreviations: fMRI, functional magnetic resonance imaging; t, T-value; x, y, z, respective coordinates in Montreal Neurological 
Institute template; Z, Z-value. 
aAll results were corrected for multiple comparisons across the whole brain at P < .001 false discovery rate. 
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eTable 5. Task-Specific fMRI Resultsa 

Task-Specific Regional Brain Activation (Non-Risk>Risk Allele Carrier) 
Region x y z kE t Z 
Recall > encoding       
  Hippocampus −22 −16 −14 1038 5.52 5.33 
 26 −18 −20 890 4.47 4.37 
  Subgenual anterior cingulate 6 28 −6 1560 4.89 4.76 
  Dorsal anterior cingulate −4 −10 34 442 4.63 4.51 
  Ventral striatum 6 −4 −4 209 4.82 4.69 
  Middle temporal gyrus −48 −8 −16 241 4.40 4.30 
 54 −2 −14 109 2.10 4.02 
Abbreviations: fMRI, functional magnetic resonance imaging; kE, cluster size; t, T-value; x, y, z, respective coordinates in Montreal 
Neuroimaging Institute template; Z, Z-value. 
aBrain regions showing a significant interaction of task and group. All results were corrected for multiple comparisons across the whole 
brain at P < .05 false discovery rate. No significant interaction was found for the reverse contrast. 
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eTable 6. Results of Independent Two-Sample t-Tests For Each Site During Recalla 

Regional Brain Activation During Recall for Each Site Separately 
Region x y z kE t Z 
Bonn       
  Hippocampus −16 −20 −18 494 3.69 3.54 
 24 −12 −22 439 4.10 3.78 
  Subgenual anterior cingulate 12 28 −8 472 4.44 4.04 
Mannheim       
  Hippocampus −24 −16 −12 153 3.56 3.37 
 26 −24 −14 21 3.75 3.53 
  Subgenual anterior cingulate 6 26 −6 252 3.92 3.68 
Abbreviations: kE, cluster size; t, T-value; x, y, z, respective coordinates in Montreal Neurological Institute template; Z, Z-value. 
aAll results were corrected for anatomical regions of interest at P < .05 false discovery rate. Bonn: GG: n = 29; GA + AA: n = 21; 
Mannheim: GG: n = 31; GA + AA: n = 29; A = risk allele. Significantly reduced differential activation in carriers of the CACNA1C risk 
variant for memory > control condition was observed for each site separately. 



 

 

eTable 7. Results of Within-Group Connectivity Analysis During Recall, Separately for the Left and Right 
Hippocampal Seed Region and Each Genotype Groupa  

Functional Coupling During Recall (Within-Group Analyses) 
Region x y z t Z 
GG, left hippocampal seed region      
  Hippocampus −18 −20 −12 19.49 >8 
 22 −14 −18 15.15 >8 
  Inferior frontal gyrus −50 12 −10 7.42 6.20 
 52 20 −8 6.36 5.51 
  Subgenual anterior cingulate 6 26 −6 5.52 4.93 
  Nucleus accumbens −8 4 −10 8.58 7.43 
  Ventral tegmental area/substantia nigra −6 −22 −18 12.05 >8 
 8 −22 −18 10.66 >8 
GA+AA, left hippocampal seed region      
  Hippocampus −18 −12 −12 16.80 >8 
 20 −8 −18 11.9 >8 
  Inferior frontal gyrus −52 12 −10 5.52 4.71 
  Nucleus accumbens −8 10 −12 5.66 4.93 
 10 10 −10 8.41 7.34 
  Ventral tegmental area/substantia nigra −4 −20 −16 10.49 >8 
GG, right hippocampal seed region      
  Hippocampus −24 0 −12 16.37 >8 
 20 −10 −18 23.06 >8 
  Inferior frontal gyrus −50 16 −12 6.51 5.62 
  Nucleus accumbens −8 2 −12 13.33 >8 
 10 6 −12 10.55 >8 
  Ventral tegmental area/substantia nigra −8 −18 −12 12.90 >8 
 8 −20 −16 11.06 >8 
GA+AA, right hippocampal seed region      
  Hippocampus −20 −16 −18 15.18 >8 
 20 −10 −16 28.68 >8 
  Inferior frontal gyrus −50 14 −10 6.34 5.37 
  Nucleus accumbens −10 4 −12 5.67 4.94 
 8 8 −10 5.89 5.08 
  Ventral tegmental area/substantia nigra −2 −22 −18 12.03 >8 



 

 

 2 −20 −16 10.72 >8 
Abbreviations: t, T-value; x, y, z, respective coordinates in Montreal Neurological Institute template; Z, Z-value, all results were for 
corrected multiple comparisons across the whole brain at P < .001 false discovery rate. 
aGG n = 60; GA + AA n = 50, A = risk allele. To assess the functional connectivity networks within group, we included the global signal 
(the first eigenvariate of all time series in the brain) as covariate of no interest in the first level connectivity analyses to account for 
variations in the global level of whole-brain connectivity. Following standard practice, this covariate was not included in between-task 
group analyses, where it would have introduced artificial negative correlations (Murphy et al, 2009; Weissenbacher et al, 2009). 



 

 

eTable 8. Results of Independent Two-Sample t-Tests for Each Site During Recalla 

Coupling With Left Hippocampal Seed Region for Each Site Separately 
Region x y z kE t Z P Value 
Bonn        
  Right hippocampus 20 −10 −16 18 3.64 3.40 <.001 
Mannheim        
  Right hippocampus 26 −4 −16 12 3.02 2.90 .002 
Abbreviations: kE, cluster size; P Value, P value (uncorrected); t, T-value; x, y, z, respective coordinates in Montreal Neurological 
Institute template; Z, Z-value.  
aBonn: GG: n = 29; GA + AA: n = 21; Mannheim: GG: n = 31; GA + AA: n = 29; A = risk allele. Significantly diminished functional 
connectivity with left hippocampal seed region was observed for each site separately in right hippocampus. 



 

 

 
eFigure. Example of stimuli 4 for episodic memory task.  
 

 
 
During encoding (~ 7 min.), subjects were presented with faces and written professions (“Gärtnerin” =  
gardener). Subjects had to imagine the person acting in a scene of the written profession and had to  
indicate whether the profession suited the presented face. During the recall task (~ 3.5 min.), faces 
were presented together with the question whether the depicted person had to complete apprenticeship  
(“Lehre”) or academic studies (“Studium”) in order to qualify for the respective profession that had been  
learned during encoding. During the recognition task (~2.5 min.) faces were depicted together with two  
written professions (“Köchin” = cook) and subjects had to indicate which profession was correct. The  
control condition was the same for each task and consisted of simple head contours (not depicted here).  
Subjects had to indicate which ear of the head contour was larger. The three tasks were separated by  
approximately 3 minutes. 


