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Abstract
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Neurodevelopmental disorders (NDDs) affect >4.7% of individuals world-wide. Most cases
are expected to have an underlying genetic cause. However, only 36–40% of those affected
get a genetic diagnosis through exome sequencing. In the last decades, a technological
tsunami of advanced genomic tools has emerged with promising benefits over standard
techniques, including identification of low frequency variants, large structural changes, repeats,
haplotypes and methylation. The aim of this thesis was to improve diagnostics and functional
characterizations of NDDs in translational research by using advanced genomic tools, and
compare the results to those of standard strategies.

In Paper I, we presented a novel strategy to investigate the parental origin, gonadal mosaicism
and recurrence risk of two NDDs using single-molecule long-read sequencing and Droplet
Digital PCR. The recurrence risk was estimated to be 37–40% in one NDD family, and
<1% in another. Thus, the results were very different from the standard recurrence risk of
1% used in healthcare. In Paper II, we have developed and applied a novel method to
investigate and quantify XCI using CRISPR-Cas9 enrichment followed by single-molecule
long-read sequencing. The novel method has benefits over the standard PCR-based method
when quantification of XCI is necessary, i.e., in samples with expression patterns <100:0. In
Paper III, we presented two novel in vitro methods using single-molecule long-read sequencing
to investigate the efficiency and accuracy of the CRISPR-Cas9 technology prior to a cell
experiment. The novel methods illuminated Cas9 cleavage sites that would have been difficult
to predict using standard computational in silico predictions or Digenome-seq and CIRCLE-
Seq. In Paper IV, we presented an in-frame deletion in RBMX as the genetic cause to Gustavson
syndrome in a five-generation family. The variant was detected with genome sequencing
techniques, but not with standard exome sequencing. Extensive molecular characterization of
Gustavson syndrome revealed a variant association to RNA processing and potentially reduced
binding affinity to SH3-domains.

In conclusion, this thesis has demonstrated the advantages of using advanced genomic tools
over standard strategies in diagnostics and functional characterizations of NDDs. The results are
useful in translational research of NDDs, by providing the affected families with a diagnosis,
prognosis and improved care. The results will potentially lead to a better understanding of gene
functions, disease mechanisms and therapy development.
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3D three-dimensional 
ACMG American College of Medical Genetics and Genomics 
AR androgen receptor 
bp base pairs 
Cas9 CRISPR associated protein 9 
CCS circular consensus sequencing 
cDNA complementary DNA 
CpG 5’-cytosine phosphate group–guanine-3’ 
CRISPR Clustered Regularly Interspaced Short Palindromic Repeats 
CUB combined ultrasound and biochemical screening 
ddPCR Droplet Digital PCR 
DNA deoxyribonucleic acid 
DNV de novo variant 
eQTLs expression quantitative trait loci 
FLA fragment length analysis 
FMR1 Fragile X Messenger Ribonucleoprotein 1 
GEMs Gel Bead-In-Emulsions 
gnomAD Genome Aggregation Database 
GoF gain-of-function 
gRNA guide RNA 
HGMD The Human Gene Mutation Database 
HMW high molecular weight 
ID intellectual disability 
IGV Integrative Genomics Viewer 
indels small insertions and deletions 
KD equilibrium dissociation constant 
lncRNA long non-coding RNA 
LoF loss-of-function 
MAE  maternal age effect 
mRNA messenger RNA 
MSREs methylation sensitive restriction enzymes 
NDD neurodevelopmental disorders 
NGS next generation sequencing 
NIPT non-invasive prenatal test  
NMD nonsense-mediated messenger RNA decay 



OMIM Online Mendelian Inheritance in Man 
ONT Oxford Nanopore technologies 
ORF open reading frame 
PacBio Pacific Biosciences 
PAE paternal age effect 
PCR polymerase chain reaction 
PGC primordial germline cells 
PGD pre-implantation genetic diagnosis 
PROVEAN Protein Variation Effect Analyzer 
PTPN11 Protein Tyrosine Phosphatase Non-Receptor Type 11  
RAS-MAPK Ras-mitogen activated protein kinase 
RBMX RNA Binding Motif Protein X-Linked 
RNA ribonucleic acid 
RP2 Retinis pigmentosa 2 
SFOG Svensk förening för Obstetrik och Gynekologi 
SH3 Src homology-3 
SNV single nucleotide variant 
SVs structural variants 
TAF1 TATA box-binding protein-associated factor 1 
TCOF1 Treacle Ribosome Biogenesis Factor 1  
VUS variant of unknown significance 
WES whole exome sequencing 
WGS whole genome sequencing 
Xa active X chromosome 
XACT X-active specific transcript 
XCI X-chromosome inactivation 
Xi inactive X chromosome 
Xic X-inactivation center 
XIST X-inactive specific transcript 
XLID X-linked intellectual disability 
Xm maternal X chromosome 
Xp paternal X chromosome 
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revealed seven significantly differentially expressed genes 
(padj<0.05): COL2A; ENSG00000139219.19, EVPL; ENSG00000167880.8, 
LYSMD3; ENSG00000176018.13, ZNF805; ENSG00000204524.7, TNN; 
ENSG00000120332.17, AC010207.1; ENSG00000260633.1, PCDHA10; 
ENSG00000250120.8. A clustered heatmap of the top 100 most differentially 
expressed genes showed that the two groups clustered separately as expected, 
and a noticeable difference in gene expression was observed between the two 
groups (Figure 14). A PANTHER statistical overrepresentation test revealed 
a significant overrepresentation of transcription factors involved in RNA pol-
ymerase II transcription among the top 100 most differentially expressed 
genes (padj <0.05). 





A 

RNA polymerase II transcription A 
heatmap of the top 100 most differentially expressed genes showed a distinct 
difference in gene expression between the two groups, and thus, the number 
of significantly differentially expressed genes could potentially be increased 
by using an increased sample size. An interesting finding was that the second 
most significantly differentially expressed gene (EVPL) had a SH3 domain 
and was downregulated in mutant cells, further supporting that the RBMX var-
iant may have an effect on SH3-binding. The EVPL gene encodes envoplakin, 
which has been suggested to be important for the development of the skin 
barrier (Inaba, Chauhan, van Loon, Choudhury, & Sagasti, 2020; Määttä, 
DiColandrea, Groot, & Watt, 2001). The SH3 domain of EVPL does not bind 
to the canonical PXXP-binding groove (Ortega, Buey, Sonnenberg, & de 
Pereda, 2011), and thus correlates well with the tri-proline structure in hnRNP 
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