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Supplementary Table 1. Means and standard deviations of receptive language measures

Measure Girls (n =2434) Boys (n = 1943) F p u’
M (SD) M (SD)

Vocabulary 0.01 (1.01) 0.00 (.99) 0.02 0.89 0.000

Listening grammar 0.03 (1.00) -0.06 (.99) 8.94 0.003 0.002

Making inferences 0.06 (0.99) -0.05 (1.02) 12.07 0.001 0.003

Figurative language 0.01 (0.99) 0.03 (0.99) 0.42 0.52 0.000

Note: Each measure was standardized to a mean of 0 and standard deviation of 1 based on the
whole sample. F, p and p? were derived from multivariate analyses of variance (MANOV As)
performed using one member of each twin pair. MANOVA data are as follows: intercept, F(4,
4372)=1.17, p <0.01; sex, F (4, 4372) =6.51, p <0.01.



Supplementary Table 2. Genomewide association results for the 114 SNPs with p < 1x10™ in the discovery sample. Chromosome

positions are based on NCBI genome assembly b36 (hg18) and alleles are given relative to the positive strand. Chr= chromosome;
POS=position; FREQ= frequency of allele B; BET A= the unstandardised regression coefficient; SE = Standard error; P = p-value of
the test of association under an additive model; HWE p = Hardy Weinburg p-value; Imputed: 1: imputed SNP; 0: genotyped SNP.
Gene = If the SNP maps to within the genomic bounds of a gene annotated in both Ensembl and Entrz-gene databases, the gene name

is given.
SNP Chr POS N Allele Allele FREQ BETA SE P HWEp Imputed Gene Name
A B
rs12474600 2 179593131 2329 A G 0.89  -0.239 0.047 4.57E-07 0.274 1 CCDC141
1517362972 2 179617712 2329 C T 0.11 0.238 0.047 5.43E-07 0.272 1 CCDC141
rs1326167 10 92091006 2329 C T 0.77 0.174 0.035 9.59E-07 0.348 1 --
rs11897059 2 179648121 2329 C T 0.89  -0.226 0.047 1.36E-06 0.329 0 -
rs17363057 2 179644417 2329 G T 0.89  -0.212 0.046 5.22E-06 0.522 0 --
rs11885400 2 179644482 2329 G T 0.11 0.212 0.047 5.61E-06 0.453 1 -
rs16866624 2 179645015 2329 C G 0.89  -0.211 0.047 5.96E-06 0.452 0 --
rs17454527 2 179842263 2329 C G 0.08 0.250 0.055 6.08E-06 0.662 0 --
rs11896002 2 179644132 2329 A C 0.11 0.210 0.047 7.19E-06 0.456 1 --
1s2335212 19 14725032 2329 A G 0.28 0.148 0.033 7.25E-06 0.534 1 EMR2
rs10403842 19 14718891 2327 A G 0.28 0.148 0.033 7.27E-06 0.534 0 EMR2
1s2335213 19 14725228 2329 C T 0.72  -0.148 0.033 7.36E-06 0.569 1 EMR2
rs11885227 2 179644092 2329 A G 0.89  -0.210 0.047 7.38E-06 0.456 1 --
15999967 19 14724522 2329 A G 0.28 0.148 0.033 7.44E-06 0.568 1 EMR2
rs10497530 2 179632448 2329 A G 0.11 0.208 0.047 8.31E-06 0.455 1 --
1rs6709090 2 179631930 2329 C T 0.11 0.208 0.047 8.45E-06 0.394 1 -
rs11893153 2 179642788 2327 A G 0.11 0.205 0.046 9.48E-06 0.524 0 --
157596842 2 179643609 2329 C T 0.89  -0.207 0.047 9.62E-06 0.522 1 -
rs7575047 2 179641155 2329 A G 0.89  -0.206 0.047 9.85E-06 0.524 1 --
rs6433748 2 179641569 2329 A G 0.89  -0.206 0.047 9.93E-06 0.524 1 --
156433749 2 179641616 2329 A C 0.11 0.206 0.047 9.94E-06 0.524 1 -
rs7609150 2 179643550 2329 A G 0.11 0.206 0.047 9.95E-06 0.522 1 --
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Genotyping and quality control protocol

DNA extracted from buccal cheek swabs for the discovery sample of 4444 children was sent to
Affymetrix, Santa Clara, California, USA. In total, 3,665 samples were successfully hybridized
to AffymetrixGeneChip 6.0 SNP genotyping arrays
(http://www.affymetrix.com/support/technical/datasheets/genomewide _snp6_datasheet.pdf)
using experimental protocols recommended by the manufacturer (Affymetrix Inc., Santa Clara,
CA). The raw image data from the arrays were normalized and pre-processed at the Wellcome
Trust Sanger Institute, Hinxton, UK for genotyping as part of the Wellcome Trust Case Control
Consortium 2 (WTCCC) (https://www.wtcce.org.uk/ccc2/) according to the manufacturer’s
guidelines. Genotypes for the Affymetrix arrays were called using CHIAMO

(http://www stats.ox.ac.uk/marchini/software/gwas/chiamo.html). Where there was a sufficient
quantity of DNA, samples were also re-genotyped on a panel of 30 SNPs (including 26
autosomal SNPs present on the Affymetrix array, and 4 SNPs on the X chromosome to verify
gender) using the SequenomiPlex Gold assay (Sequenom Inc., San Diego, CA).

Quality control of the genotyping data was performed as part of the WTCCC2 (Barrett et al.,
2009). We identified and removed samples whose genome-wide patterns of diversity differed
from those of the collection at large, interpreting these differences as likely to be due to biases or
artifacts. To obtain a set of putatively unrelated individuals we used a hidden Markov model
(HMM) to infer identify by descent along the genome between pairs of individuals. Among pairs
of closely related individuals, we excluded the member of the pair with the lowest call rate,
iteratively repeating this procedure to obtain a set of individuals with pairwise identity by decent
less than 5% (Barrett et al., 2009).

Outlying individuals were identified on the basis of call rate, heterozygosity, relatedness and
ancestry using a Bayesian clustering approach (Barrett et al., 2009). Specifically, of the
individuals genotyped, 377 samples were excluded because of low call rate or heterozygosity
outliers, 9 due to unusual hybridization intensity, 59 due to atypical population ancestry, 83 due
to sample duplication or relatedness to other sample members, and 13 due to gender mismatches
(13). In addition, 54 samples were excluded because less than 90% of genotypes were called
identically on the genome-wide array and Sequenom panel. The remaining samples were
consistent with previous genotyping. In total, 513 samples were excluded by these quality
control criteria. The remaining sample of 3,152 individuals included 1,446 males and 1,706
females.

A measure of information for the allele frequency at each of 932,533 called SNPs was calculated
using SNPTEST version 2.1.1 (Marchini et al., 2007). Autosomal SNPs were excluded if this
information measure was below 0.975, if the minor allele frequency was less than 1%, if greater
than 2% of genotype data were missing, or if the Hardy Weinberg p-value was lower than 107
Association between the SNP and the plate on which samples were genotyped was calculated;
SNPs with a plate effect p-value less than 10 were also excluded. In addition, SNPs were
manually filtered for call quality by visual inspection of the hybridization intensity plots using
EVOKER software (http://sourceforge.net/projects/evoker/).



http://www.affymetrix.com/support/technical/datasheets/genomewide_snp6_datasheet.pdf
https://www.wtccc.org.uk/ccc2/
http://sourceforge.net/projects/evoker/

Statistical analysis

Imputation was carried out using the IMPUTE version 2 software (Howie, Donnelly &Marchini,
2009) on the genotype data after application of quality control procedures, using a two-stage
approach with both a haploid reference panel and a diploid reference panel. For the haploid
reference panel we used HapMap phase II and III SNP data on the 120 unrelated CEU trios.
5,175 WTCCC2 controls were genotyped on both Affymetrix 6.0 and Illumina Human1.2M-Duo
arrays (Illumina Inc., La Jolla, CA), and these were used for the diploid reference panel. SNPs
were retained for analysis if they were genotyped using the Affymetrix 6.0 array, if they were
genotyped using the [llumina Human1.2M-Duo array and obtained an information score > 0.90,
or if they were imputed and obtained an information score > 0.98. Using these criteria, 1,724,317
SNPs were retained for the association analyses.

We performed Principal Component Analysis on a subset of 105,556 autosomal SNPs remaining
after applying our quality control criteria, after pruning to remove SNPs in high linkage
disequilibrium (**>0.2) and excluding high linkage disequilibrium genomic regions so as to
ensure that only genome-wide effects were detected (Fellay et al., 2007). Application of the
Tracy-Widom test (Patterson, Price, & Reich, 2006) indicated that eight principal components
were significant using a threshold of p < 0.05. Phenotype scores were normalized by
transforming the ranked data to the quantiles of a standard normal distribution using the van der
Waerden transformation (van der Waerden, 1952).
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