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Developmental disorders

* Delay in growth, learning and adaptive behaviors
* Morphological abnormalities

* Onset in early childhood

 Affect ~¥2-5% of births in UK

e Can have a monogenic cause
» ~2,000 known developmental disorder genes (DDG2P database)

. =-. wellcome
-’y Sanger



<N
D

[D]

Deciphering Developmental Disorders Study

~13,000 patients with severe, genetically undiagnosed developmental
disorders

Recruited by senior clinical geneticists in the UK and Ireland through
24 genetics clinics

Mean decimal age at assessment 7.7 years, but 6% of patients were >
recruited as adults (age >18 years)

Genetic testing prior to enrolment in the study: . b
* Array comparative genomic hybridization (all patients) & .
* Specific gene(s) (>50% patients) ' g "‘

Presumed monogenic



Genetic architecture of the DDD cohort

* Clinical exome sequencing of trios by DDD Study:

* New developmental disorder-associated genes
* Diagnostic variants identified in ~30-40% of patients

* Mode of inheritance
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Genetic architecture of the DDD cohort

* Penetrance and expressivity?
— Could there be a contribution from genome-wide common genetic variation?
* Genotype array data available for majority of patients

* Genome-wide association study (GWAS)
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Clinical phenotypes in the DDD cohort



Refining the patient phenotype

~13,000 DDD patients
(all ancestries)

\/

86% neurodevelopmental
defects

\/

6,987 unrelated (EUR)

Of whom ~90% are affected in at
least one other organ system

Frequency

1500

1000

500

Organ systems affected
in 6,987 neurodevelopmental patients



Genome-wide association study

Do common variants with minor allele frequency (MAF) of at least 5% in the
population contribute to risk of severe neurodevelopmental disorders?

6,987 DDD cases and 9,270 population controls:
4.7million SNPs with MAF>5% on chr1-22

—>Test for SNP association with phenotype (case/control status)

* No significant SNP associations found (association requires P<5x108)
* Although not significant, P-values were lower than expected by chance:

h2snp=7.7% (SE=2.1%) phenotypic variance explained

* Does not directly mean that 7.7% of patients have a polygenic diagnosis!



Common variants contribute to disorders
presumed to be monogenic

* Can we replicate this finding?

* Look for evidence that the same SNPs are affecting other patients
with developmental disorders



Polygenic scores

Allele effect size 3

from GWAS
\SNPI SNP2
AA GG
Individual 1
2 x BA 0 x BC
AC CG
Individual 2
1x BA 1x BC
AA CG
Individual 3
2 x BA 1x BC

Polygenic score = X3,x;+ 8%+ ... +8i%;
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Replication in independent DDD trios

SNP allele effect
sizes (3) from GWAS

-

Calculate genome-wide
polygenic scores for new
samples:

2B1xq+ Boxot ... + BiX;

-

Polygenic transmission
disequilibrium test in
trios

Polygenic scores for neurodevelopmental disorder (NDD)-risk

in 728 independent DDD trios

show over-transmission of risk-alleles (P=0.0035, one-sided t-test)

pTDT method: Weiner et al.
(2017) Nature Genetics



More insight into neurodevelopmental disorder
polygenic risk

1. Does NDD-risk share genetic effects with other traits?



Genetic correlation

4+ Effect
Trait 1



NDD risk is genetically correlated with common Replication in Australian neurodevelopmental

cognitive and neuropsychiatric traits disorder cohort (1,270 cases vs. 1,688 controls)
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More insight into neurodevelopmental disorder
polygenic risk

2. Is NDD-risk distributed equally among DDD patients?



Are exome-diagnosed patients less affected
by common variants?

1,127 patients with <:> 2,479 patients with
diagnostic variant no diagnostic variants

No significant differences in polygenic scores.

Polygenic risk is not confined to patients
without a monogenic diagnosis.




Do common variants explain differences
in severity of developmental delay?

911 patients with <:> 1,902 patients with
severe delay mild to moderate delay

Severe cases have higher educational attainment polygenic scores
R?=0.009, P=0.003

Epidemiological study showed siblings of severe ID cases have a
normal distribution of 1Q scores. Siblings of mild ID cases aggregate
at the lower end. Reichenberg et al., (2016) Proc. Natl. Acad. Sci.



More insight into neurodevelopmental disorder
polygenic risk

3. Are common variants affecting specific phenotypes in the DDD?



Are common variants affecting specific
phenotypes in the DDD patients?

Measured trait Genome-wide P-value
polygenic score

Autistic behaviour Autism spectrum 2.5x10%
disorder

Head circumference Intracranial volume 1.8x107

Birth weight Birth weight 2.6x1028

Height Height 1.2x10°3°



Summary

Severe neurodevelopmental disorders are not purely monogenic:

1. Common variants explain ~“8% of variance in risk of developmental disorder
2. Significant genetic correlation with cognitive and neuropsychiatric traits
3. Polygenicrisk is not confined to patients without a monogenic diagnosis

4. Phenotypic expressivity is affected by the same variants that act in the

general population

Niemi et al., Common genetic variants contribute to risk of rare
severe neurodevelopmental disorders, Nature (2018)
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