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eMethods  

Genetic Data 

As part of the IMAGEN project, DNA was extracted from blood samples. To ensure high 

quality and sufficient quantity, DNA extraction was semi-automated, as previously 

described1. An Illumina Quad 610 BeadChip (Illumina, San Diego, CA, USA) was used 

for genome-wide genotyping of 582982 autosomal SNPs. Quality control was 

implemented in PLINK 30. Single Nucleotide Polymorphisms (SNPs) with call rates of 

<98%, minor allele frequency <1% or deviation from the Hardy-Weinberg equilibrium (P 

≤ 1×10-4) were excluded from the analyses. Individuals with an ambiguous sex code, 

excessive missing genotypes (failure rate >2%), and outlying heterozygosity 

(heterozygosity rate of 3 SDs from the mean) were also excluded.  

Generation of Risk Profile Scores 

SNPs (single nucleotide polymorphisms) were removed from the PGC-psychosis GWAS 

data if they had a low MAF (minor allele frequency <0.01), and were subsequently 

pruned for linkage disequilibrium (R2 < 0.2). As SNPs are may be correlated, pruning the 

SNPs ensures all SNPs included in each psychosis RPS model were fairly independent. 

Psychosis RPS were calculated using the ‘score’ command in PLINK 2 which averages 

the number of risk alleles for each index SNP weighted by the natural logarithm of the 

SNP’s odds ratio extracted from the PGC-psychosis GWAS results. We created psychosis 

RPS at four progressive P-thresholds (PT < 0.01, PT  < 0.05, PT < 0.1, PT < 0.5), which 

cover a window  of thresholds that account for the most variance in psychosis risk 3. 
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Progressive P-thresholds at liberal thresholds explain more variance in the clinical 

phenotype 3-5
_ENREF_4. Mutually available SNPs were considered for psychosis RPS 

(MODEL1 = PT < 0.01: NSNPS = 1737; MODEL2= PT < 0.05: NSNPs = 5557; MODEL3 = 

PT < 0.1: NSNPS = 9288; MODEL4 = PT < 0.5: NSNPS = 30553). See Figure 1 was 

psychosis RPS characteristics.  

Monetary Incentive Delay MRI task  

Participants performed a modified version of the Monetary Incentive Delay task (MID) 6 

during scanning. The trials consisted of the following 4 parts: cue presentation, an 

anticipatory delay, a response phase with target presentation, and an outcome. Cues 

signalled the amount of reward participants could win in a given trial (none, small, or 

large) and the side on which the target would appear. For every reward level, half the 

cues appeared on the left side and half on the right side of the screen. This part was 

followed by a variable anticipation interval (4000-4500milliseconds). During the 

response phase, participants were instructed to press the left or the right button as fast as 

they could while a target was presented on the right or the left side of the screen. To 

achieve correct responses (i.e., participants responding while the target was on the 

screen) in 66% of all trials for each participant, the duration of the target presentation 

varied from 250 to 400 milliseconds and was adjusted in every trial to the participants’ 

performance by subtracting 10 milliseconds if the success rate was greater than 66% and 

adding 10 milliseconds if the success rate was less than 66%. If the success rate was at 

exactly 66%, the target time remained unchanged. During the outcome phase, participants 

received receipt on the amount of points they had won in the respective trial and an 

update of the total cumulative gain (1450 milliseconds). Trials were separated by an 
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intertrial interval (3500-4150 milliseconds). Overall winnings were converted to 

chocolate candies after completion of the task. The MID task consisted of 66 trials (22 for 

each reward level) lasted approximately 11 minutes. Data were acquired in a single run. 

Before scanning, participants had a short training session to ensure that they learned the 

association between cues and their corresponding wins. Compared with other versions of 

the MID task, we did not include loss trials owing to time constraints related to other 

assessments in this large scale study. 

MRI data acquisition and preprocessing 

Scanning was performed with 3-T magnetic resonance scanners from different 

manufacturers (Siemens, Philips, General Electric, and Bruker). Scan sequences were 

compatible with all scanners 1. Functional images were acquired with a gradient-echo 

planar sequence (repetition time, 2.2 seconds; echo time, 30 milliseconds; flip angle, 

75°). For each subject, 300 volumes were obtained. They consisted of 40 slices aligned to 

the anterior commissure–posterior commissure line (2.4-mm thickness; 1-mm gap; voxel 

size, 3.4 × 3.4 × 3.4 mm3). All imaging preprocessing steps and statistical analyses were 

performed with statistical parametric mapping software 

(http://www.fil.ion.ucl.ac.uk/spm/software/spm8/). Preprocessing was performed using 

an automated pipeline. Individuals’ fMRI images were time corrected by slice using the 

first slice as the reference. The slices were then spatially realigned, resliced, and 

nonlinearly warped on Montreal Neurological Institute (MNI) space using a custom 

echoplanar imaging template, created from a mean of a set of echo planar images of 240 

randomly selected subjects (30 for each imaging site). Data were smoothed with a 5-mm 

gaussian isotropic kernel. First-level models were constructed for each subject using the 
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following regressors a) reward anticipation (for large, small, and no rewards) and b) 

reward receipt (for large, small, and no rewards). These regressors were entered twice 

into the model (once for success [win] and once for no success [no win] in this specific 

trial), resulting in a total of 12 regressors. Trials with no responses were modelled as 

error trials, and 2 additional regressors (no response for anticipation and for receipt) were 

also modelled. The baseline was implicitly modelled and constituted the intertrial 

interval. These modelled events were convolved with SPM’s canonical hemodynamic 

response function. Eighteen movement parameters were included as covariates for each 

subject (3 translation, 3 rotation, 3 quadratic and 3 cubic parameters, 3 translations 

shifted ±1 TR). Contrast images (beta maps) for a) reward anticipation (across no win, 

small win and large win trials, for both hit and missed trials) and b) reward receipt 

(across no win, small win and large win trials, for both hit and missed trials) were created 

for each subject. Furthermore, each individual fMRI time series underwent an automatic 

spike detection method. The spike detector algorithm uses a mean-squared-based metric 

to identify unexpected values temporally and spatially slice per slice. A non-parametric 

outlier detection procedure based on density estimation was employed to detect and 

exclude individuals with contrast maps that exceeded criterion values in cortical and 

subcortical regions, an outlier criteria are used in previous IMAGEN studies 7,8. 

Power Analysis 

Power was calculated using the method provided by Dudbridge 9, which takes into 

account a) discovery and training sample size; b) number of SNPs used RPS calculation 

and c) proportion of variance explained by common genetic effects in the discovery data. 

Assuming 25% variance of psychosis liability explained by SNPs, we had > 80% power 
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to detect an effect of R2 > 0 .0044 for the psychosis RPS regression of WISC-IV/delay 

discounting (N=1822-1836). In our smallest sample (reward anticipation, N=1528) we 

had > 80% power to detect an effect of R2 > 0.0052. Based upon the effect 

sizes/explained variance of RPS calculated from previous polygenic intermediate 

phenotypes studies (of similar sample size)10, we had sufficient power to detect a small 

effect of psychosis RPS on both behavioural impulsivity (as measured using the log K 

discounting function), MID task performance and VS BOLD during reward anticipation 

and receipt.   

Contribution of schizophrenia and bipolar to psychosis RPS effects 

To ascertain whether the effect of psychosis RPS was driven mainly by schizophrenia 

and/or bipolar disorder, the association between significant phenotypes (WISC-IV (block 

design, matrix reasoning), MID task performance (success %, reaction time) and 6 x 

significant VS BOLD clusters), schizophrenia and bipolar RPS were calculated. The 

association between psychosis RPS and WISC-IV (block design and matrix reasoning) 

was driven exclusively by schizophrenia RPS. We did not observe a specific effect of 

either schizophrenia RPS or bipolar RPS on MID task performance (success or RT). 

However, VS BOLD was influenced by both schizophrenia and bipolar RPS (eTable 1). 
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eFigure 1. Histograms for Normalized Psychosis RPS at 4 Progressive P Thresholds  
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eFigure 2. One-Sample t Test for Group Effects for Reward (a) Anticipation and (b) 

Receipt, Corrected for Familywise Error Across the Whole Brain (PFWE < 0.05, 

Corrected) and (c) the Anatomical Region of Interest Mask Used to Restrict Search Space 

in the Psychosis RPS Regressions  

 

Heat-bar = t-values.  
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eResults 

Group effects of reward anticipation and receipt 

In the group-level, one-sample t-tests, we observed widespread activation during reward 

anticipation and receipt, consistent with previous reports of the contrasts 11,12
_ENREF_10. 

To explore reward processing in the whole group, we combined all single subject 

contrasts separately for reward anticipation and receipt, correcting for family-wise error 

across the whole brain (PFWE <0.05, corrected: Figure 2a and 2b). We restricted our 

search space to the ventral striatum using anatomical coordinates as described in the 

methods for the psychosis RPS multiple regression (see Figure 2c).  
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eTable. Post Hoc Analysis of Psychosis RPS-Associated Phenotypes Using Disorder-

Specific RPS 

 P Threshold Schizophrenia RPS Bipolar RPS 
  β P β P 
WISC-IV RPSMODEL1 -0.03 0.16 -0.02 0.41 
(block design) RPSMODEL2 -0.07 0.003 -0.01 0.54 
 RPSMODEL3 -0.06 0.01 -0.02 0.51 
 RPSMODEL4 -0.06 0.02 -0.01 0.83 
WISC-IV RPSMODEL1 -0.05 0.02 -0.01 0.56 
(matrix reasoning) RPSMODEL2 -0.05 0.05 -0.004 0.86 
 RPSMODEL3 -0.05 0.02 -0.004 0.87 
 RPSMODEL4 -0.05 0.05 0.01 0.65 
MID RPSMODEL1 -0.02 0.43 -0.001 0.97 
(success %) RPSMODEL2 -0.02 0.52 -0.03 0.29 
 RPSMODEL3 -0.01 0.65 -0.01 0.75 
 RPSMODEL4 -0.02 0.44 0.003 0.89 
MID RPSMODEL1 0.02 0.45 0.01 0.69 
(early responses) RPSMODEL2 0.02 0.33 0.03 0.17 
 RPSMODEL3 0.02 0.38 0.03 0.16 
 RPSMODEL4 0.03 0.17 0.02 0.38 
VS BOLD  RPSMODEL1 0.06 0.11 0.06 0.17 
(anticipation) RPSMODEL2 0.06 0.03 0.06 0.01 
 RPSMODEL3 0.06 0.02 0.07 0.004 
 RPSMODEL4 0.03 0.20 0.06 0.03 
VS BOLD RPSMODEL1 0.07 0.01 0.04 0.09 
(receipt) RPSMODEL3 0.05 0.07 0.06 0.02 
β = standardised beta coefficients (adjusted for demographic (age, sex, imaging centre) 

and genetic (first 5 principle components) covariates). Nominal P values < .05 are 

highlighted in bold. 
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