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            Abstract
There are thousands of rare human disorders that are caused by single deleterious, protein-coding genetic variants1. However, patients with the same genetic defect can have different clinical presentations2,3,4, and some individuals who carry known disease-causing variants can appear unaffected5. Here, to understand what explains these differences, we study a cohort of 6,987 children assessed by clinical geneticists to have severe neurodevelopmental disorders such as global developmental delay and autism, often in combination with abnormalities of other organ systems. Although the genetic causes of these neurodevelopmental disorders are expected to be almost entirely monogenic, we show that 7.7% of variance in risk is attributable to inherited common genetic variation. We replicated this genome-wide common variant burden by showing, in an independent sample of 728 triosÂ (comprising a child plus both parents) from the same cohort, that this burden is over-transmitted from parents to children with neurodevelopmental disorders. Our common-variant signal is significantly positively correlated with genetic predisposition to lower educational attainment, decreased intelligence and risk of schizophrenia. We found that common-variant risk was not significantly different between individuals with and without a known protein-coding diagnostic variant, which suggests that common-variant risk affects patients both with and without a monogenic diagnosis. In addition, previously published common-variant scores for autism, height, birth weight and intracranial volume were all correlated with these traits within our cohort, which suggests that phenotypic expression in individuals with monogenic disorders is affected by the same variants as in the general population. Our results demonstrate that common genetic variation affects both overall risk and clinical presentation in neurodevelopmental disorders that are typically considered to be monogenic.
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                    Fig. 1: Outline of analysis exploring the contribution of common variants to risk of severe neurodevelopmental disorders.


Fig. 2: Patients recruited to the DDD study have diverse phenotypes.


Fig. 3: Genetic correlations between neurodevelopmental disorder risk (6,987 cases and 9,270 controls) against nineteen other traits.



                


                
                    
                
            

            
                Data availability

              
              The raw genotype data, post-quality-control genotype data and discovery GWAS summary statistics generated and/or analysed during the current study are available through European Genome-phenome Archive, under EGAS00001000775. This study makes use of data generated by the DECIPHER community: a full list of centres that contributed to the generation of the data is available from http://decipher.sanger.ac.uk, and via email from decipher@sanger.ac.uk. Information on how to access the data from the UKHLS can be found on the â€˜Understanding Societyâ€™ website, at https://www.understandingsociety.ac.uk/.
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Extended Data Fig. 1 Ancestry principal components analysis of UK and Australian samples.
a, b, Reference samples (nÂ =Â 2,504) from 1000 Genomes Phase 3, coloured by the five super-populations, used for a projection PCA of UK cohorts (DDD and UKHLS) (a) or Australian cohorts (b). c, d, All DDD cases (discovery nÂ =Â 11,304 and from trios nÂ =Â 930) (c) and all Australian cases (nÂ =Â 2,283) (d) from their respective projection PCA with 1000 Genomes. Case samples from individuals with European ancestry are plotted in red and non-Europeans in grey. e, f, All UKHLS controls (nÂ =Â 10,396) (e) and all Australian controls (nÂ =Â 4,274) (f) from their respective projection PCA with 1000 Genomes. Control samples from individuals with European ancestry are plotted in blue and non-Europeans in grey. All cases and controls coloured in grey (in câ€“f) were excluded from analysis owing to non-European ancestry. UK cohorts are plotted after removal of samples that failed quality control, and Australian cohorts before removal of samples that failed quality control.


Extended Data Fig. 2 Discovery GWAS of neurodevelopmental disorder risk.
a, Manhattan plot of discovery GWAS of neurodevelopmental disorder risk, with 6,987 DDD cases and 9,270 ancestry-matched UKHLS controls (both for individuals with European ancestry), using 4,134,438 variants, MAFÂ â‰¥Â 5%, chromosomes 1â€“22. P values were from a two-tailed Ï‡2 distribution. Red line represents the threshold for genome-wide significance (PÂ =Â 5Â Ã—Â 10âˆ’8). b, Quantileâ€“quantile plot of discovery GWAS of neurodevelopmental disorder risk. Red line represents the expected values under the nullÂ hypothesis.


Extended Data Fig. 3 Ancestry principal components analysis of samples from the UK and Australian (principal components 2â€“5).
Reference samples (nÂ =Â 2,504) from 1000 Genomes Phase 3â€”coloured by the five super-populationsâ€”are plotted on the left hand side, from projection PCAs with UK cohorts. Middle panels show the principal components plotted for DDD cases (discovery nÂ =Â 10,556 and from trios nÂ =Â 911) (UK samples) and Australian cases (nÂ =Â 2,283). Red, case samples from individuals with European ancestry. Grey, samples from individuals of non-European ancestry; theseÂ individuals were excluded from analyses. Right-hand panels show principal components for UKHLS controls (nÂ =Â 10,396) (UK samples) and Australian controls (nÂ =Â 4,274). Blue, control samples from individuals with European ancestry. Grey, samples from individuals of non-European ancestry; these individualsÂ were excluded from analyses. UK cohorts are plotted after removal of samples that failed quality control, and Australian cohorts before removal of samples that failed quality control.
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