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Signaling pathways are not linear sequences, but 
rather organized as networks

[Kholodenko et al., Science Signaling, 2012]

Two paradigm shifts in molecular biology
Small data sets       very large data sets and their cross-linking and integration  
                             with other knowledge

Pathways       networks
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variations in growth and selective pressure, so that the tumor genome 
may be a complex mixture of many genomes that defies simple SNP 
or CNVR classification. Resequencing of the coding regions in tumor 
genomes has already reinforced the importance of de novo mutations. 
These data have shown that many different mutations in many genes, and 
not simply mutations in the well-studied oncogenes, contribute to the 
process of tumorigenesis. Sequencing of a small number of samples from 
two classes of tumors across exons in thousands of genes demonstrated 
the power of searching broadly for mutations29,30. This allowed discovery 
of a far larger number of mutations than had been anticipated, many of 
these affecting pathways known to be involved in tumor development 
and progression31, providing an important window into the systems-
level processes involved in cancer. However, it also indirectly showed that 
classic sequencing is simply impractical for analyzing large numbers of 
patient-based samples and complete cancer genomes, both of which 
would undoubtedly provide important therapeutic insights.

In addition to de novo mutations, DNA translocations are also impor-
tant in the etiology of many cancers and discovery of new translocations 
benefits from a genome-wide approach. Already, deep sequencing has 
identified novel translocations in some cancers, providing information 
about their etiology and insight into effective therapeutic approaches32. 
The potential value of such data will be immense when comprehensive 
identification of translocations is possible in a clinically meaningful time 
frame. Deep sequencing of tumor samples also allows one to follow the 
mutation profile of a target and assess whether changes in the cell popula-
tion may adversely affect the treatment paradigm33.

The Cancer Genome Atlas project (http://cancergenome.nih.gov/) 
aims to provide high-resolution molecular profiles of cancer. Cancer 
Genome Characterization Centers have been established to use the latest 
technologies to comprehensively detect genomic, epigenomic and tran-
scriptomic aberrations that may play a role in cancer. All of the whole-
genome analyses discussed above will be used to generate a broad vision 
of cancer, with the ultimate goal of developing strategies to better prevent 
and treat it. The use of high-throughput, novel sequencing technologies 
promises to provide far more complete profiles than would be possible 
with less comprehensive approaches.

Similarly, the rapidly changing genomes of some viruses (such as 
HIV) can be analyzed by deep resequencing of samples from mul-
tiple patients over time and with treatment34,35, allowing treatment  

clearly indicates that uncommon and rare vari-
ants play a major role in many phenotypes, as 
has also been found by direct examination19,20. 
These rare variants are not readily addressed by 
current genotyping technologies. Furthermore, 
somatic mutations that may be causative for 
development of diseases such as cancer can-
not be approached though haplotype analysis. 
Substantially expanded sequencing in large 
populations of individuals will be necessary 
for a deeper understanding of the genetic basis 
of disease. At present, sequencing is generally 
restricted to candidate genes, and provides only 
a narrow window on disease. Without question, 
if sequencing were as easy and cheap as geno-
typing, high-throughput genotyping would 
become a technique of the past.

Copy number variable regions. SNPs are not 
the only class of variation associated with 
important phenotypic consequences. From the 
early days of cytogenetics, structural genomic 
aberrations have been known to play a role in human disease. Most 
notably, chromosomal gains or losses have been associated with devel-
opmental defects and cancer. Until recently, only relatively large-scale 
rearrangements such as chromosomal aneuploidies and megabase-sized 
deletions, duplications, translocations, or inversions, detectable by tradi-
tional karyotyping techniques, were studied and used as diagnostic mark-
ers. With the advent of high-resolution genome-wide technologies and 
techniques21, previously undetected submicroscopic structural variations 
have been shown to exist, both in the genomes of diseased individuals, as 
well as in the genomes of normal populations22–25.

Using both genotyping SNP arrays and comparative genomic hybrid-
ization on large-insert clone arrays, all 270 HapMap samples have been 
analyzed for genomic gains or losses25. More than 1,400 copy number 
variable regions (CNVRs) were found, representing over 12% of the 
genome, greater than half of which were present in more than one indi-
vidual. The unexpectedly high level of CNVRs in these HapMap individu-
als was further confirmed by the resequencing of individual genomes9,26. 
Also, by comparing these data to the latest reference genome assembly, 
almost half of the gaps in the reference assembly were found to be flanked 
by or contain CNVRs. Taken together, these findings have served as an 
impetus for the inclusion of CNVR assessment in population associa-
tion studies, and highlight the fact that the reference human genome 
is, in fact, only an approximation of any individual genome. Like SNPs, 
CNVRs account for the modulation of many complex phenotypic traits 
and disease susceptibility in humans, and may play a role in environmen-
tal adaptation25,27,28. CNVRs, even more so than SNPs, will benefit from 
high-throughput sequence data, not only because their presence will be 
detectable, but also because the boundaries of insertions and deletions 
can be established with respect to other sequences.

Dynamic DNA and mixed genomes. Analysis of SNPs and CNVRs 
has been extraordinarily powerful when examining the static germline 
genome. However, there are situations in which the genome can deviate 
from its original sequence, and resequencing data are uniquely able to 
detect such alterations. In tumor cells, structural variation or preexisting 
SNPs may predispose a cell to uncontrolled growth and metastasis, but it 
is frequently de novo somatic mutations and rearrangements that have the 
greatest effect on tumor growth and disease progression29,30. Genomic 
alterations may vary even within different parts of the tumor because of 
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Figure 2  Relative sample and data throughputs for different nucleic acid detection and sequencing 
technologies. A rough estimate of the number of samples that can be run on a single instrument in one 
week with the resultant data points is shown on a logarithmic scale for different technologies. This is 
intended for comparative scale and is not exact.
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The complexity of genetic information 
per sample is increasing rapidly

[Kahvejian et al., Nature Biotechnology 2008]



Are we ready for precision medicine ?

Yes.

• Molecular tumour boards are forming,  
consisting of e.g. geneticists, pathologists, and physicians 
for the involved disciplines like gynaecology, or 
haematology

• Panel diagnostic data is increasingly available  
(~10 - 50 genes)

• Data science methods are available on various scales



Are we ready for precision medicine ?

No.

Medical Informatics 
Funding Scheme 
Networking data – improving health care 

 

• Data quality often poor and unstructured  

• Data semantics different across locations  

• Politics

• Legal issues



Aims of the project

• Motivation for collaboration
• Development of non-structured sources     text mining
• Integrate data between several sites
• Use the generated data repositories to support clinical 

care and research
• Decision support
• Study recruitment
• Research on rare diseases
• Personalized medicine



Medical Informatics Funding SchemeMedical	Informatics Funding
Scheme

Conceptual phase
Development	
and networking

phase

Consolidation
and further
development

phase

Audit Audit
2016	- 2017 2017	- 2021 2021	- 2025

Support	activities

Supplementary funding modules

measurable
benefit for
the patient!

Total funding for 3 - 4 consortia: ~100 M€



Data Integration Centers 

Local Data Integration Center (DIC) at 
each site provide data to the central
meta data integration center (mDIC) 



Current challenges in precision medicine 

• Political challenges

• Data protection 
• At the hospital
• Statutory provisions in every federate state
• General Data Protection Regulation (GDPR)

• Standards for communication and data exchange
• High competition            coordinated/concerted concepts

• Data extraction from non-structured patient records
• Data quality issues 



h"p://sysbio.uni-ulm.de

Thank you





Integration of  `omics-data 

• Support of molecular tumor boards
• Provide a basis for research        molecular register
• Combine `omics-data with data from patient records and 

longitudinal follow up data
• Create basis for personalized medicine


