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In a dataset of children recruited for a history of reading disability 
(RD, also known as dyslexia) or attention deficit hyperactivity 
disorder (ADHD) and their siblings, they investigated the effects 
of CNVs on reading and language performance. 

Reading disability (RD or developmental dyslexia) and specific language 
impairment (SLI) are two of the most prevalent neurodevelopmental 
disorders, with a prevalence of ≈5–8 % among school-aged children 



Nicotinic cholinergic receptors are ligand-gated ion channels that mediate fast signal transmission 
at synapses and are ubiquitously expressed in the CNS. Several studies have suggested a possible 
involvement of CHRNA7 in language skills. 

The 15q13.3 region is also a hotspot of neuropsychiatric CNVs, which have been implicated in 
several disorders including SCZ, ASD, ADHD, and epilepsy 



Zinc finger protein 737 has not been functionally characterized, but the presence of a zinc 
finger domain suggests a possible involvement in transcriptional regulation. Interestingly, a 
microdeletion within another zinc finger gene, ZNF277, has been suggested as susceptibility 
CNV for SLI  

Several of the candidate genes are known to have roles in important processes in central 
nervous system (CNS) development, such as neuronal migration, axonal guidance, and neurite 
outgrowth 



Conclusions 

These data suggest that CNVs do not underlie a substantial proportion of 
variance in reading and language skills. 



Intellectual disability (ID) is a developmental brain disorder characterized by 
impaired intellectual and adaptive functions, and can be defined by an IQ 
below 70 and limitations in intellectual functioning and adaptive behaviours. 
As a result of the excess in males affected by ID, and the identification of 
families where ID shows clear X-linked segregation, significant attention has 
focused on the genetics of X-linked intellectual disability (XLID)—a common, 
clinically and genetically complex disorder often arising from mutations in one 
of >100 genes on the X chromosome. 







Although originally described as non- syndromic XLID, newly acquired clinical data from 
the MRX78 family suggests that additional features might be associated with the 
IQSEC2p.A789V mutation ,including variable seizures in males, which is consistent with 
other reports, and behavioral disturbances in five out of six affected males. By contrast, 
heterozygous female have learning disabilities. As IQSEC2 is one of the few genes that 
escapeX-inactivation in females with an expression level similar in males and females 











A novel feature of this study is its focus on low 
frequency protein-coding variants in exons 

rather than genome-wide common variants. 

They undertook a threshold-selected case– 
control study by obtaining DNA from individuals 

representing approximately the top 0.03% of 
the intelligence distribution and comparing 

them with controls drawn from an unselected 
population cohort. 



High-intelligence cases (HiQ). Individuals 
were recruited from the Duke University 
Talent Identification Program (TIP), a non-
profit organisation established in 1980 and 
dedicated to identifying and fostering the 
development of academically gifted 
children35 (http://www.tip.duke.edu ) 
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The most strongly associated SNP was a missense 
variant located in PLXNB2 (neuronal migration) at 
22q13 (rs28379706, c.A952G, p.K318E; PCC = 1.31 

× 10-5, beta =− 0.04 ± 0.009, odds ratio = 0.76 
(0.69–0.83)), which explains an estimated 0.16% 

of the variance. 

The results suggest that the genotyped protein-
altering SNPs (or non-coding variants that they are 

tagging) explain 17.4%  of the variance in 
intelligence on the liability scale. 



Definition 

Educational attainment refers to the highest level of 
schooling that a person has reached. At the primary 
and secondary school level, educational attainment 

refers to the number of grades completed. At the 
postsecondary level, it refers to institutions attended 

and certificates, degrees or diplomas obtained. 

Educational attainment is the visible output of 
education systems and a measure of their success. 
For individuals, achievement levels have a major 

impact, both personally and professionally, on the 
quality of life and job opportunities. 



International Standard Classification of Education 
(ISCED) 

The International Standard 
Classification of Education 
(ISCED) was developed by 
UNESCO to facilitate 
comparisons of education 
statistics and indicators 
across countries on the 
basis of uniform and 
internationally agreed 
definitions. 



Educational attainment levels of 
the population have improved 
significantly over the last thirty 
years. In 2015, 79.1 % of people 
aged 25–54 in the EU-28 had at 
least attained an upper 
secondary level of education, 
compared with 62.6 % of those 
aged 55–74. Those with tertiary 
educational attainment 
amounted to 32.6 % of those 
aged 25–54 and 20 % of those 
aged 55–74 

http://ec.europa.eu/eurostat/statistics-explained/index.php/Main_Page 
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Population aged 30-34 with tertiary educational 
attainment (ISCED 5-8), by sex, EU-28, 2005-15 





 







•  Estimates suggest that around 40% of the 
variance in educational attainment is explained by 
genetic factors. Furthermore, educational 
attainment is moderately correlated with other 
heritable characteristics, including cognitive 
function and personality traits related to 
persistence and self-discipline  



To create a harmonized measure of educational attainment, we coded study-

specific measures using the International Standard Classification of Education 

(ISCED 1997) scale. We analyzed a quantitative variable defined as an 

individual’s years of schooling (EduYears) and a binary variable for college 

completion (College). College may be more comparable across countries, 

whereas EduYears contains more information about individual differences 

within countries. 









A genome-wide association study of educational attainment was conducted in a 
discovery sample of 101,069 individuals and a replication sample of 25,490. 
Three independent SNPs are genome-wide significant (rs9320913, rs11584700, 
rs4851266), and all three replicate.  

Estimated effects sizes are small (R2 ≈ 0.02%), approximately 1 month of 
schooling per allele. A linear polygenic score from all measured SNPs accounts 
for ≈ 2% of the variance in both educational attainment and cognitive function.  

Genes in the region of the loci have previously been associated with health, 
cognitive, and central nervous system phenotypes, and bioinformatics analyses 
suggest the involvement of the anterior caudate nucleus.  



While our linear polygenic score for education 
achieves an R2 of 2% estimated from a sample 
of 120,000, a score for height reached 10% 
estimated from a sample of 180,000, and a score 
for BMI using only the top 32 SNPs reached 
1.4%. Taken together, our findings suggest that 
the genetic architecture of complex behavioral 
traits is far more diffuse than that of complex 
physical traits. 



Here we report the results of a genome-wide association study (GWAS) 
for educational attainment that extends our earlier discovery sample of 
101,069 individuals to 293,723 individuals, and a replication study in an 
independent sample of 111,349 individuals from the UK Biobank. 















The distribution of effect sizes of the 74 lead SNPs 



Extended Data Fig. 2 shows the 
estimated effect sizes of the lead SNPs. 

The estimates range from 0.014 to 0.048 
standard deviations per allele (2.7 to 9.0 
weeks of schooling), with incremental 

R2 in the range 0.01% to 0.035%. 



To further test the robustness of our findings, we examined 
the within sample and out-of-sample replicability of SNPs 
reaching genomewide significance. We found that SNPs 
identified in the previous educational attainment meta-

analysis replicated in the new cohorts included here, and 
conversely, that SNPs reaching genome-wide significance in 

the new cohorts replicated in the old cohorts. 













Across our two holdout samples, the mean predictive power of a 
polygenic score constructed from all measured SNPs is 3.2% 


