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            Abstract
The 22q11.2 deletion syndrome (22q11DS) is associated with a 20–25% risk of schizophrenia. In a cohort of 962 individuals with 22q11DS, we examined the shared genetic basis between schizophrenia and schizophrenia-related early trajectory phenotypes: sub-threshold symptoms of psychosis, low baseline intellectual functioning and cognitive decline. We studied the association of these phenotypes with two polygenic scores, derived for schizophrenia and intelligence, and evaluated their use for individual risk prediction in 22q11DS. Polygenic scores were not only associated with schizophrenia and baseline intelligence quotient (IQ), respectively, but schizophrenia polygenic score was also significantly associated with cognitive (verbal IQ) decline and nominally associated with sub-threshold psychosis. Furthermore, in comparing the tail-end deciles of the schizophrenia and IQ polygenic score distributions, 33% versus 9% of individuals with 22q11DS had schizophrenia, and 63% versus 24% of individuals had intellectual disability. Collectively, these data show a shared genetic basis for schizophrenia and schizophrenia-related phenotypes and also highlight the future potential of polygenic scores for risk stratification among individuals with highly, but incompletely, penetrant genetic variants.
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                    Fig. 1: PS_SZs among phenotypic subgroups.[image: ]


Fig. 2: Relationship between polygenic scores and novel phenotypes.[image: ]


Fig. 3: Individual risk prediction.[image: ]
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                Data availability

              
              The data sets (raw data) generated and/or analyzed during the current study are available through the National Institute of Mental Health Data Archive repository at https://nda.nih.gov/study.html?id=938, accession number 10.15154/1519190.

              To construct the polygenic score for schizophrenia, we used results from the Schizophrenia Working Group of the Psychiatric Genomics Consortium24, specifically the ‘Full SNP Results’ file ckqny.scz2snpres.gz with md5 af7b9b521a196ce711d99060426fe01e, which is available after filling out an application as described at https://www.med.unc.edu/pgc/download-results/scz/.

              To construct the polygenic score for fluid intelligence, we used results from the Neale lab, which are available at http://www.nealelab.is/blog/2017/7/19/rapid-gwas-of-thousands-of-phenotypes-for-337000-samples-in-the-uk-biobank, specifically the file fluid_intelligence.20016.assoc.tsv.gz with md5 685d4b5e2f35c82fe29d9d9ac6e35db4, which is available through their website, http://www.nealelab.is/uk-biobank, and is additionally mirrored at https://figshare.com/articles/dataset/fluid_intelligence_20016_assoc_tsv_gz_from_2017_Neale_lab_analysis/12746570.

            

Code availability

              
              Bespoke analysis code for analyses downstream of genotype generation is available.

              https://github.com/rwdavies/IBBC_Aim2_22Q11DS.
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Extended data

Extended Data Fig. 1 Relationship between polygenic scores and previously studied phenotypes.
Results for the binary SSD phenotype show per-individual values as well as summaries per group, where minimum and maximum values are directly observable from the plot, the box-plot centre is the median, the boxplot edges represent the 25th and 75th percentiles, and the whiskers represent the lesser of the distance to the minimum or maximum value, or 1.5 times the inter-quartile range. Results are shown for logistic regression of SSD on controls (N = 802) and linear regression for FSIQ (N = 720), for both PS_SZ (left panel) and PS_IQ (right panel). P-values are reported from regression analyses and are two sided and are not corrected for multiple testing.


Extended Data Fig. 2 Inferred contribution of controls and future SSD cases given PS SZ.
Shown on the y-axis are group means of PS_SZ, on the x-axis the fraction of controls. For SDD and controls the fractions of controls were taken as 0 and 1, respectively (open circles). For subthreshold psychosis and putative controls they were inferred through the observed PS-SZ values for each group, using linear interpolation based on fitting a straight line between SSD and control values (red circles). Confidence intervals are shown for the group mean values for subthreshold psychosis and putative controls, as the mean plus or minus 1.96 times the standard error, and above and below these confidence intervals are the inferred fraction of controls this would represent. The observed PS_SZ in the subthreshold group is consistent with a scenario in which 86% (95% CI 56 - 100%) of individuals who had subthreshold psychotic symptoms at the time of the assessment for this study would subsequently transition to SSD, a proportion inconsistent with known rates of SSD in 22q11DS.
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