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Appendix e-1 
 

Exome variant analysis under recessive and de novo inheritance models 

Variants with the following Variant Effect Predictor1 (Ensembl release 78) annotated 

variant consequences based on Sequence Ontology nomenclature were considered: 

missense variant, initiator codon variant, splice donor or acceptor variant, stop lost, 

stop gained, inframe insertion or deletion (inframe indels in tandem repeat regions2 

obtained from UCSC Genome Browser3 were excluded), and frameshift variant. 

Variants within the transcripts included in the August 2014 version (release 17) of 

Consensus CDS (CCDS) project were considered. Deleteriousness of missense 

variants was estimated using CADD4, PolyPhen-2 HumVar5, SIFT6 and 

MutationTaster7. Association of genes to Mendelian diseases was annotated based on 

the Online Mendelian Inheritance in Man, OMIM® database8 and literature search. 

In the recessive filtering (figure e-1), homozygous, compound heterozygous, or 

hemizygous variants with allele frequencies <1% in the three following variant 

databases were included:  phase 3 release of the 1000 genomes project9 (2535 

individuals; http://www.1000genomes.org/), Exome Variant Server (EVS) NHLBI 

GO Exome Sequencing Project (version 0.0.25, 6503 individuals; 

http://evs.gs.washington.edu/EVS/), and Exome Aggregation Consortium (ExAC, v. 

0.3, 60,706 individuals including over 3,200 Finnish exomes and a subset of the 1000 

genomes and EVS data; http://exac.broadinstitute.org). Variants present as 

homozygous or hemizygous in any of the three variant databases were excluded.  

Given that the healthy parents of the study subject were not exome sequenced, de 

novo mutations could not be assessed directly. Instead, in the exome variant filtering 

strategy aiming to identify pathogenic de novo variants, heterozygous variants absent 
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from the above three variant databases were included, after which the candidates 

were subjected to segregation analysis (figure e-1). Additionally, dbSNP build 138 

(http://www.ncbi.nlm.nih.gov/SNP/) variants were excluded except those with 

clinical association in NCBI ClinVar (http://www.ncbi.nlm.nih.gov/clinvar/).  

After applying the filtering criteria, low quality variants were excluded based on IGV 

visualization of sequence reads.10 The qualifying variants were subjected to 

segregation analysis by capillary sequencing. 

Even though mtDNA is not included in the SureSelect exome capture kit, an average 

of 35.7× sequencing coverage in the mitochondrial genome was obtained, due to the 

abundance of mitochondrial DNA in the cells. We called mtDNA variants using 

samtools.11 The MITOMAP database (www.mitomap.org) was used to identify 

known mtDNA mutations and polymorphisms. 

Cell surface binding assay 

COS7 cells were seeded onto poly-d-lysine 12-mm cover slips in a six-well cell 

culture plate (3 × 105 cells/well) and co-transfected with LGI1-FLAG and ADAM22. 

At 24 h after transfection, cells were fixed with paraformaldehyde/120 mM 

sucrose/100 mM HEPES (pH 7.4) at room temperature for 10 min and blocked with 

PBS containing 10 mg/ml bovine serum albumin for 10 min on ice. The fixed cells 

were stained with anti-FLAG antibody, followed by Cy3-conjugated secondary 

antibody. Then, the cells were permeabilized with 0.1% Triton X-100 for 10 min, 

blocked with PBS containing 10 mg/ml BSA, and stained with anti-ADAM22 

polyclonal antibody, followed by Alexa488-conjugated secondary antibody and 

staining with Hoechst dye (33342, Invitrogen). Fluorescent images were taken with a 

confocal laser microscopy system (Carl Zeiss LSM 510; Carl Zeiss). For double 
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staining of Ser799IlefsTer96 mutant and an ER marker (anti-KDEL antibody), 

transfected COS7 cells were fixed, permeabilized and blocked as described above. 

Then, cells were stained with anti-ADAM22 and anti-KDEL antibodies, followed by 

Alexa488- and Cy3-conjugated secondary antibodies, respectively. 

Immunoprecipitation 

The transfected HEK293T cells were washed with PBS and subsequently lysed with 

buffer A [20 mM Tris-HCl (pH 8.0), 1 mM EDTA, 1.3% Triton X-100 and 50 µg/ml 

PMSF]. The lysates were cleared by centrifugation at 10,000 g for 5 min at 4°C. The 

immune complexes were precipitated with FLAG-M2 agarose (Sigma-Aldrich) for 1 

h, washed with buffer B [20 mM Tris-HCl (pH 8.0), 1 mM EDTA, 100 mM NaCl, 

1% Triton X-100 and 50 µg/ml PMSF], and eluted with buffer B containing 0.25 

mg/ml FLAG peptide12. The immunoprecipitates were separated by SDS-PAGE and 

gels were subjected to Western blotting. 

Exome sequencing metrics 

Exome sequencing of the proband produced 4.4 Gb of sequence with a mean 

coverage of 84.68× in the target regions, of which 96.2% and 92.8% were captured 

with at least 5× and 10×, respectively. 

Lack of biallelic mutations in ADAM22 in other datasets 

To attempt to identify more patients with mutations in ADAM22, we utilized exome 

data from our 29 other in-house exomes from patients with severe epilepsy 

syndromes (unpublished data, Laari A., Muona, M. et al.). In addition, we accessed 

178 exomes or whole genomes of epileptic encephalopathy cases generated in 

EuroEPINOMICS Rare Epilepsy Syndromes consortium and exomes from >1000 

children included in the Deciphering Developmental Disorders project,13 where 24% 
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of the cases present with seizures. However, we did not identify rare, biallelic 

mutations in ADAM22 in these data. 
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Ref, reference; Alt, alternate; ExAC, Exome Aggregation Consortium; -, not available; Het, heterozygous; Hom, homozygous. 
aA CADD score of >15 indicates deleteriousness for the variant. B, benign (not considered deleterious by the method); PD, possibly deleterious (applies to PolyPhen only); D, deleterious; NA, 
not available. 
Mutation nomenclature is based on the following Ensembl/RefSeq transcripts: SZT2, ENST00000562955/NM_015284.3; FMO1, ENST00000354841/NM_001282692.1; WDR41, 
ENST00000296679/NM_018268.2; ADAM22, ENST00000265727/NM_021723.3; CDK5RAP2, ENST00000349780/NM_018249.5, XPNPEP1, ENST00000502935/NM_020383.3; GABRB3, 
ENST00000311550/NM_000814.5; SDK2, ENST00000392650/NM_001144952.1; CPA4, ENST00000222482/NM_016352.3.

Table e-1. Exome variants passing the filtering under the "de novo" and recessive hypotheses and subjected to segregation analysis. 

Gene 
symbol OMIM/inheritance Position 

(GRCh37) dbSNP ID Ref/alt 
allele Genotype Segregation 

ExAC 
quality 
filter 

ExAC all 
frequency 

ExAC 
Finns 

frequency 
Consequence Coding DNA 

change Protein change 
CADD, SIFT, 
PolyPhen, 

Mutation Tastera 

“De novo” hypothesis 

SZT2 Epileptic 
encephalopathy early 

infantile 18 
(615476)/recessive 

1:43891807 - C/T Het Inherited from 
unaffected parent 

- 0 0 missense c.3028C>T p.Leu1010Phe 17.85,B,B,B 

FMO1 - 1:171252283 - G/T Het Inherited from 
unaffected parent 

- 0 0 missense& 
splice_region 

c.1184G>T p.Gly395Val 26.9,D,D,D 

WDR41 - 5:76749669 - A/C Het Inherited from 
unaffected parent 

- 0 0 missense c.496T>G p.Cys166Gly 24.5,B,D,D 

ADAM22 - 7:87808344 - AG/A Het See “Recessive 
hypothesis” 

- 0 0 frameshift c.2396delG p.Ser799IlefsTer96 38,NA,NA,D 

CDK5RAP2 Microcephaly 3 
primary autosomal 

recessive, 
(604804)/recessive 

9:123215986 - A/C Het Inherited from 
unaffected parent 

- 0 0 missense c.2541T>G p.Asp847Glu 7.077,B,PD,B 

XPNPEP1 - 10:111651569 - G/T Het Inherited from 
unaffected parent 

Failed 2.48×10-5 3.02×10-4 missense c.326C>A p.Thr109Lys 32,D,D,D 

GABRB3 Epileptic 
encephalopathy; 

{Epilepsy, childhood 
absence, 

susceptibility to 5}, 
(612269)/de novo 

15:27018090 - C/T Het Inherited from 
unaffected parent 

Failed 0 0 missense c.20G>A p.Gly7Glu 17.72,B,B,D 

SDK2 - 17:71386576 - C/T Het Inherited from 
unaffected parent 

Failed 8.40×10-5 9.48×10-4 missense c.4042G>A p.Ala1348Thr 25.5,B,D,D 

Recessive hypothesis 

ADAM22 - 7:87765328 - G/A Het Parents carriers for 
one ADAM22 
mutation each 

Passed 1.66×10-5 0 missense c.1202G>A p.Cys401Tyr 32,D,D,D 

ADAM22 7:87808344 - AG/A Het - 0 0 frameshift c.2396delG p.Ser799IlefsTer96 38,NA,NA,D 

CPA4 - 7:129962500 rs200631467 G/T Hom Parents carriers, 
one unaffected 

sibling also 
homozygous for the 

variant 

Passed 5.32×10-4 3.02×10-3 missense c.1250G>T p.Arg417Leu 10.71,B,B,B 
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Figure e-1. Exome variant filtering under recessive and “de novo” 
models. 
A flow chart showing the variant filtering process under recessive and “de novo” inheritance 

models. The number of variants or genes remaining after each step is presented. Variant or 

gene counts from the second last filtering step onwards in both recessive and “de novo” 

filtering have been counted after removing low quality variants based on visualization of 

sequence reads using Integrative Genomics Viewer (https://www.broadinstitute.org/igv/). The 

dramatic reduction in variant numbers in the allele population frequency based filtering is 

largely due to the high number of Finnish individuals in the ExAC database (>3,000) and the 

lower genetic heterogeneity in the genetically isolated Finnish population14. CCDS, 

Consensus Coding Sequence database; ExAC, Exome Aggregation Consortium. 
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Figure e-2. Validation of ADAM22 mutations. 
Capillary sequencing chromatograms of ADAM22 mutations c.1202G>A (left panel) and 

c.2396delG (right) in the patient and family members. 
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Figure e-3. Structure of the ectodomain of ADAM22 and the cysteine 401 

residue. 

Ribbon diagram showing the crystal structure of the four-leaf clover ectodomain of ADAM22 

(based on Protein Data Bank submission 3G5C by Liu et al. 15) combined with a cartoon 

(dotted line) of the transmembrane and cytoplasmic domains. The metalloproteinase-like, 

disintegrin, cysteine-rich and EGF-like domains are shown in blue, pink, yellow, and cyan, 

respectively. Arrow and red color in the protein model backbone indicate the Cys401 residue 

that is mutated in the patient. The Cys401 residue forms a disulfide bond with Cys394 in the 

wild-type ADAM22. Side chains of cysteine residues forming disulfide bonds are illustrated 

with thin stick models. Arrow in the cytoplasmic domain indicates the location of the 

frameshift mutation p.Ser799IlefsTer96 which abolishes the PDZ-binding motif (grey circle).  
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Figure e-4. Alternative splicing of ADAM22 exons encoding cytoplasmic 

residues. 

Representation of the exon structure of the cytoplasmic region of ADAM22 in RefSeq and 

Ensembl databases demonstrating the alternative use of exons. Exons in RefSeq gene 

transcripts are illustrated with blue bars under “RefSeq Genes” and exons in Ensembl gene 

transcripts with red bars under “Ensembl Gene Predictions”. Additional ADAM22 splice 

variants in human and mice have been identified by others.16,17 Numbers of exons included in 

the canonical RefSeq transcript (NM_021723) are shown in bottom. The arrow indicates 

exon 27, which contains the frameshift deletion (p.Ser799IlefsTer96). Basewise PhyloP 

conservation in 100 vertebrate species is presented in the blue graph under “100 vertebrates 

Basewise Conservation by PhyloP”. Data is retrieved from the UCSC genome browser with 

hg19 (GRCh37) human reference genome (http://genome.ucsc.edu/cgi-bin/hgGateway).  
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Figure e-5. Spatio-temporal expression of ADAM22 exons in the human 

brain. 

A graph presenting the spatio-temporal expression pattern of ADAM22 exon 27 as 

well as the average of the expression of other ADAM22 exons in the longest isoform 

(NM_021723). Smoothed dashed curves represent log2-signal intensity of ADAM22 

exon 27. Smoothed solid curves represent the average of log2-signal intensities of 

ADAM22 exons 1-26 and 28-31. Color coding of brain regions is shown on the right. 

The horizontal dashed line at the log2-transformed signal intensity value of 6 

indicates the conservative threshold that was used by the authors to define an 

‘expressed’ gene.18 The graph was generated based on data released by the Human 

Brain Transcriptome project18 using exon-level microarray data of the transcriptome 

in various brain regions (Gene Expression Omnibus accession ID GSE25219). The 

project used 1,340 tissue samples collected from 57 developing and adult post-

mortem brains of clinically unremarkable donors. Similar results for ADAM22 

expression are obtained from BrainSpan database with exon array and RNA 

sequencing data from developing and adult human brain (BrainSpan: Atlas of the 
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Developing Human Brain, http://developinghumanbrain.org). PCW, postconceptual 

weeks. 
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