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Whole genome sequencing of consanguineous families reveals
novel pathogenic variants in intellectual disability

To the Editor:

Despite recent progress in identification of recessive intellectual

disability (ID) genes, many recessive ID genes remain to be identified.

In this study we aimed to identify pathogenic variants in families that

had previously gone through whole exome sequencing (WES) and

chromosomal microarray analysis.1 Six consanguineous families (4 trios

and 2 quads) were selected for whole genome sequencing (WGS),

where the proband had an ID or developmental delay (DD) diagnosis

in combination with dysmorphology/congenital malformations. WGS

was performed to 30× coverage with Illumina HiSeqX using standard

protocols. Sequence reads were mapped to human reference genome

Hg19. Variants were called and filtered as previously described,1

followed by structural variation analysis. Variants of interest were

verified by Sanger sequencing.

Seven novel variants were identified in the six families (Table 1).

Six of the variants showed recessive inheritance, that is, homozygous

in the patients and inherited from heterozygous parents, and a de

novo deletion was identified in a female patient in the X-

chromosome gene SMC1A. Five of the genes PIGN, FRRS1L, RTTN,

SMC1A and LAMA1 cause disorders associated with

ID/DD. Although the variants in RTTN and LAMA1 are candidates,

symptoms of the probands matched the expected phenotypes for

these disorders.

Phenotypes not previously described were detected in some pro-

bands. Case 4, with a bi-allellic variant in RTTN, presented with cardio-

myopathy, but not the previously described brain anomalies. The

contribution of other variants causing the cardiomyopathy cannot be

excluded.

In-frame and missense variation in SMC1A causes Cornelia de

Lange syndrome (CdLS), whereas truncating variants are associated

with a seizure disorder lacking the characteristic facial features of

CdLS.2 Case 5 with a truncating frame-shift variant presented with

seizures from age 25 months, ID, and mild facial dysmorphology. The

developmental impairment in our patient seems to be milder compared

to the patients in previous studies.2

Moreover, we provide supporting evidence of extending the

phenotype of Steel syndrome, caused by pathogenic variants in

COL27A1, to include ID and hearing impairment (case 6). ID has

previously been reported in one case,3 and hearing impairment in

two cases.3,4

FRMD4A is a candidate ID gene reported in only a single large

pedigree, with a homozygous frame-shift variant.5 The homozygous

missense variant identified in FRMD4A (case 6) does not have any

of the previously described features apart from ID, which is mild in

our case. One explanation could be that missense variations in

FRMD4A will give rise to an alternative phenotype, potentially

supported by the ExAC z-score for missense variants (z = 3.23).

Nevertheless, we cannot rule out the contribution of FRMD4A to

ID in our patient.

Six of seven identified variants resided within coding sequence

and yet they were not identified using WES. Sequence capture

required in WES leads to uneven coverage of exonic regions, com-

pared to WGS. Low coverage may lead to heterozygous sites being

called as homozygous, which may hamper analysis in recessive fam-

ilies where filtering is based on both parents being heterozygous

carriers. The de novo deletion in SMC1A was not detected with

WES despite adequate coverage across the exon, potentially

caused by the deletion causing allele-specific target capture.

Variants might also be missed if WES used an early version of the

capture kit or if the gene was not disease-associated at the time of

analysis.

In summary, we provide supporting evidence of extending the

phenotype of Steel syndrome, to also include hearing impairment and

ID. This study shows that WGS is a highly efficient strategy to provide

a molecular diagnosis for ID in consanguineous families and gave a

high diagnostic yield in families where previous WES failed to yield a

diagnosis.
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