
SUPPLEMENTARY INFORMATION 

 

Microarray and whole exome sequencing (WES) data analysis 

 The bioinformatic analysis of the microarray data was performed using Genome Studio (Illumina) 

[1] and QuantiSNP [2]. The WES reads were mapped to the reference genome using Novoalign [3]. 

SAM to BAM conversion and PCR duplicate removal were performed using Picard Tools [4]. 

Genome Analysis Toolkit (GATK) [5] was used for local realignment around indels, base 

recalibration, variant recalibration and genotyping. Variants were annotated using the GEMINI 

framework [6], and were filtered based on the population frequencies using several public databases 

(1000 Genomes Project [7], Exome Aggregation Consortium (ExAC) [8], Exome Sequencing Project 

[9] and Geuvadis European Exome Variant Server [10]) and an in-house database of population-

specific variants. Filtering was also performed according to the predicted severity of the impact of the 

variants, inheritance patterns (de novo, X-linked (especially in boys), autosomal recessive 

(homozygous or compound heterozygous) or autosomal dominant (incomplete penetrance of inherited 

variants must be considered when parents are unaffected)), presence in in-house candidate gene lists 

and phenotype match with published mutation carriers. The most interesting candidate variants 

identified in the patient, which could potentially correlate with her phenotype, are listed in 

Supplementary Table 1. However, with the exception of the SYNGAP1 variant they were inherited 

from unaffected parents. In addition, many were predicted to be tolerated, had higher frequencies in 

ExAC, or affected just one allele in autosomal recessive conditions. Different strategies were used for 

the detailed prediction of impact of missense and splice site/splice region variants. Prediction tools 

such as PolyPhen2 [11], SIFT [12], CADD score [13] and GERP [14] were used for missense variants. 

Splice site/splice region variants were analyzed using tools listed in Supplementary Table 2. OMIM 

(http://omim.org/) was used for analyses of gene - disease associations. The whole study used the hg19 

coordinates. 

 

 



Supplementary Table 1. List of interesting candidate variants identified in the patient. 

 

AD, autosomal dominant; AR, autosomal recessive; XLR, X-linked recessive; dn, de novo; mat, maternal; pat, paternal. 

The ExAC column lists allele frequencies. 

  

gene
inheritance 

(OMIM)
OMIM ClinVar chr position ref alt impact Polyphen2 SIFT CADD GERP ExAC inheritance

SYNGAP1 AD Mental retardation, autosomal dominant 5  -- chr6 33406701 G A splice_region  --  -- 12.96 4.84  -- dn

MBD5 AD Mental retardation, autosomal dominant 1 other chr2 149227826 A C missense benign tolerated 5.97 3.78 2/121322 mat

MTO1 AR Combined oxidative phosphorylation deficiency 10 pathogenic chr6 74191932 G A missense
probably 

damaging
damaging 35 5.48 28/121380 mat

RELN AD {Epilepsy, familial temporal lobe, 7} uncertain chr7 103138558 C T missense benign tolerated 19.09 5.89 1/121350 mat

CACNA1H AD {Epilepsy, idiopathic generalized, susceptibility to, 6}  -- chr16 1260783 G A splice_region  --  -- 0.01 -8.48 372/115076 mat

ELP2 AR Mental retardation, autosomal recessive 58  -- chr18 33721141 A G missense benign tolerated 12.67 1.61  -- mat

KDM5C XLR Mental retardation, X-linked, syndromic, Claes-Jensen type  -- chrX 53246446 C T missense benign tolerated 13.1 5.32 20/80084 mat

IGBP1 XLR
Corpus callosum, agenesis of, with mental retardation, 

ocular coloboma and micrognathia
 -- chrX 69366608 T C missense benign tolerated 7.84 3.97 438/81943 mat

ARHGEF6 XLR Mental retardation, X-linked 46  -- chrX 135763005 C A missense
probably 

damaging
damaging 18.05 4.9  -- mat

CACNA1E AD
Not associated with a disorder in OMIM, candidate gene for 

intellectual disability and autism
 -- chr1 181765954 G A missense benign deleterious 22 5.91 71/80968 pat



 Supplementary Table 2 shows the prediction tools used in the analysis of splice site/splice region 

variants and results obtained using these tools for the SYNGAP1 NM_006772.2:c.1676+5 G>A 

variant. 

 

Supplementary Table 2. Prediction tools used and prediction results for the SYNGAP1 variant. 

Tool Suppl 

Reference 

Scores Comments 

   WT Variant  

Human 

Splicing Finder 

[15]  91.76 79.59 The score range is 0 to 100. The threshold score 

for a functional site is 65. If the score decreases 

by more than 10%, the variant is considered 

deleterious for the functioning of the splice site. 

The studied variant decreases the score by 

13.26%. 

MaxEnt [16]  7.54 0.89 The score range is -20 to 20. The threshold 

score for a functional site is 3. If the score 

decreases by more than 30%, the variant is 

considered deleterious for the functioning of the 

splice site. The studied variant decreases the 

score by 88.2%. 

NNSPLICE [17]  0.93 - The score range is 0 to 1. The studied variant is 

not recognised as a splice site and is assigned 

no score. 

NetGene2 [18]  0.95 - The score range is 0 to 1. The studied variant is 

not recognised as a splice site and is assigned 

no score. 

ESEfinder  [19]  9.63 - The threshold score for a functional site is 6.67. 

The studied variant is not recognised as a splice 

site and is assigned no score. 

Alternative 

Splice Site 

Predictor 

(ASSP) 

[20]  12.82 5.46 The score for the wild type site corresponds to 

a less than 5% probability of a false positive 

splice site. The score for the studied variant 

corresponds to a 20% probability of a false 

positive splice site. 

The program also predicts the activation of 

a cryptic donor site 37 bp upstream of the 

regular site. The score of the cryptic site is 8.57, 

which also corresponds to a less than 5% 

probability of a false positive splice site. 

SplicePort [21]  0.85 -0.71 The score for the wild type site corresponds to 

a 0.19% probability of a false positive splice 

site. The score for the studied variant site 

corresponds to a 6.6% probability of a false 

positive splice site. 

Cryp-Skip [22]  n.a. n.a. Cryp-Skip predicts the outcome for an exon if it 

is affected by a splicing mutation. The Cryp-

Skip score for exon 10 is 0.66 which means a 

higher probability of activation of a cryptic 

splice site compared to skipping of the whole 

exon 10.  

WT, wild type; n.a., not applicable. 

  



Analysis of the SYNGAP1 splice region variant 

 The analysis of the SYNGAP1 NM_006772.2:c.1676+5 G>A splice region variant on genomic 

DNA and cDNA levels used primers listed in Supplementary Table 3. 

 

Supplementary Table 3. Primers used in the study of the SYNGAP1 variant. 

Primer location Primer sequence 

Exon 10 primer used for DNA analysis ATCCGTGCTCTGTATGAATC 

Intron 10 primer used for DNA analysis TATCTCAAAGCTCTGCCTTC 

Exon 8-9 primer used for cDNA analysis GTACAGGCAAGGCCAAGGACTTC 

Exon 12 primer used for cDNA analysis CAGAAACTCATTCATGAAGCCCAG 
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