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Our research group aims to identify the molecular (genetic) basis of human dis-
eases by combining human genetics knowledge, new genomics technologies, 
bioinformatics/-statistical approaches, and in-depth phenotyping. We work on 
complex neuropsychiatric disorders (Sven Cichon and Per Hoffmann), congeni-
tal developmental disorders (Isabel Filges, primarily linked to the DKF), and hered-
itary colorectal cancer syndromes (Karl Heinimann). 

Neuropsychiatric disorders
We recently published the so far largest genome-wide association study (GWAS) 
of bipolar disorder (BD) (Mühleisen et al., 2014), a common neuropsychiatric dis-
order and implicated novel risk loci at the ADCY2 gene and between the genes 
MIR2113 and POU3F2. In particular the gene for ADCY2 (encoding adenylate cy-
clase 2) is biologically interesting, it plays a key role in cAMP-dependent G-protein 
coupled receptor pathways. Disturbed neurotransmission at these pathways is a 
long-standing hypothesis in psychiatric research. 
We contributed to the largest GWAS of schizophrenia to date (Schizophrenia Work-
ing Group of the Psychiatric Genomics Consortium, 2014) in which 128 indepen-
dent single nucleotide polymorphisms (SNPs) were identified. Using these GWAS 
data, we performed several follow-up analyses, including an analysis of the contri-
bution of microRNA coding genes to BD (Forstner et al., 2015). 
A current project aims at the identification of risk genes for BD in large, multiply af-
fected BD and major depression families, by analyzing whole-exome sequencing 
data in up to 10 genetically distant patients selected from each family. 

Congenital developmental disorders
Our goal is to understand the genomic basis of congenital developmental dis-
orders and improve patient care. We identified several genes causing develop-
mental delay and intellectual disabilities (ID) through the systematic study of in-
dividuals with unexplained congenital anomaly syndromes and syndromic and 
non-syndromic ID (e.g. PTCHD1, SETBP1, SMARCA2). Recent research expands 
to using next generation sequencing technologies to discover genes in which mu-
tations cause early fetal mal-development, since improved ultrasound technolo-
gy and its use by maternal fetal medicine specialists fetal diagnosis clinics world-
wide deal with an increasing number of cases with serious or lethal anomalies of 
unknown cause. Most important findings so far were the delineation of the first hu-
man lethal phenotype caused by mutations in KIF14 (Filges et al., 2014), and the 
identification of mutations in CENPF, causing a variable phenotypic presentation 
ranging from a fetal lethal ciliary phenotype to the postnatal Stømme syndrome 
(Filges et al., 2016). 
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Fig. 1: Refers to our research on neuropsychi-
atric disorders. In Fig. 1a, results of our most 
recent (and so far largest) GWAS for bipolar 
disorder (BD) are shown (Mühleisen et al., 
2014). The Manhattan plot gives a genome-
wide overview of association results for SNPs. 
The x-axis depicts all the whole genome from 
chromosome 1 to X. The y-axis shows the 
negative decadic logarithm of the p-value 
for each tested SNP. 56 SNPs exceeded the 
threshold for genome-wide significance (p<5 
x e-08), they clustered in 5 genomic loci: chr. 
3 containing the TRANK1 gene, chr. 5 cover-
ing the ADCY2 gene, chr. 6 in an intergenic 
region between genes MIR2113 and POU3F2, 

Fig. 2: Showing some of the work peformed in Hereditary 
colorectal cancer syndromes. In particular, this figure 
shows how Karl Heinimann investigated the mutational 
processes behind large, genomic deletions/insertions 
leading to colorectal cancer syndromes (Kovac et al. 2015). 
The figure gives an overview of the fine-mapping and the 
inclusion scheme for patients with genome rearrange-
ments. Sections A–E exemplify fine-mapping of a 18.7 kb 
deletion encompassing APC exons 8–10 by custom-tiled 
array CGH, (A–C) allele-specific PCR followed by a GR 
reconstruction, (D) breakpoint sequencing, and (E) struc-
tural analysis and motif identification. Section F depicts 
selection and sub-classing of 112 nonrecurrent genomic 
rearrangements based on the repeat masking annotations. 
BP: breakpoint, GR: genome rearrangement.
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Hereditary colorectal cancer syndromes
We have assessed the mutational processes behind large, genomic deletions/in-
sertions leading to colorectal cancer syndromes. Little is known about genomic re-
arrangements (GRs) in the germ line of cancer patients. We investigated DNA mo-
tifs and higher order structures of genome architecture, which may result in losses 
and gains of genetic material in the germ line, and created an algorithm to predict 
the propensity of rearrangements (Kovac et al., 2015).
Another focus was on juvenile polyposis syndrome (JPS) with SMAD4 or BMPR1A 
germline mutations (1st-hit). Little is known about the nature of somatic altera-
tions (2nd-hit) in SMAD4-/BMPR1A related juvenile polyps. We screened polyps 
from three patients with SMAD4-/BMPR1A germ line mutations for somatic altera-
tions and SMAD4 protein expression. No somatic alterations were identified in 14 
SMAD4-related polyps. SMAD4 protein expression, however, was lost in 57 % of 
the polyps (6 showing concomitant loss in both epithelial and stromal compart-
ments). In BMPR1A-related polyps, five out of nine (56 %) displayed gene copy 
number neutral LOH, which had occurred in the epithelial compartment. The het-
erogeneity of genetic mutations and protein expression levels indicates that differ-
ent modes of gene inactivation can be operational in SMAD4- and BMPR1A-relat-
ed polyp formation. The observation that half of BMPR1A-related polyps displayed 
LOH suggests that BMPR1A acts as a tumour suppressor gene (Blatter et al., 2015).

Fig. 1b

chr. 10 covering the ANK3 gene, and chr. 11 
including the gene ODZ4. Fig. 1b shows re-
sults of a biological pathway analysis using 
the program INRICH, using the complete 
GWAS results as input. Our analysis shows 
that association signals in SNPs located 
in genes coding for proteins of the NCAM1 
signaling pathway are significantly clustered. 
This provides evidence that the NCAM1 sig-
naling pathway is disturbed in BD. Future 
studies will have to show the exact functional 
consequences (pathophysiology) of such 
SNP risk alleles on the pathway in BD (Manu-
script in preparation). 


