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A sequence-based Human Transcriptome Map: Identification and 

computational analysis of landmarks in the human genome 
 

3. BMI research themes A  /  C  /  D 
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summary of 
a. overall aim and key 
objectives 
b. approach 
c. elements of innovation 
d. relevance for BMI 
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your text 

 
 
 
 
 
 
 
 
 
 

Overall aim and key objectives: 
The project aims at the establishment of an integrated bioinformatics, computational and 
genomic research infrastructure. We will apply bioinformatics tools to integrate the human 
genome sequence with high throughput mRNA analysis data to generate a complete 
expression profile of the human genome. This will be used to identify long-range 
transcriptional domains. We will analyze the DNA sequences that define the transcriptional 
domains and control long-range transcriptional activity. A similar transcriptome map for the 
mouse will be constructed to complement these studies. Establishment of new approaches 
for the implementation of database applications and the development of computational 
analysis methods for large DNA data sets are integral part of these aims.  
        At the Academic Medical Center (Dept. of Human Genetics and the Bioinformatics 
Laboratory), we have recently established the Human Transcriptome Map (HTM), which 
integrates a radiation hybrid map of the human genome with the expression data of 4.4 
million mRNAs identified by the SAGE technology (Caron et al., Science 291, 2001, 1289-
92). The HTM (http://bioinfo.amc.uva.nl/HTM) generates gene expression profiles for any 
chromosomal region in twelve normal and pathologic tissue types. The map revealed an 
unexpected clustering of highly expressed genes to specific chromosomal regions (Figure 
1). It provides a new tool to search for genes over-expressed or silenced in cancer. At the 
Swammerdam Institute for Life Sciences we developed algorithms to identify regulatory 
DNA sequences in complete genomes with the use of genome wide expression profiles 
(Bussemaker et al, Nature Genet. 27, 2001, 167-71). In this BMI program, we will integrate 
the research lines of the three participating groups to reach the following key objectives:  
 

I         Integration of the Human Transcriptome Map with the full genomic sequence.  
The present Human Transcriptome Map is based on the human radiation hybrid map 
(GeneMap'99). We will construct an improved and more comprehensive version of this map 
for which we will use the draft genomic sequence as backbone. We will integrate this map 
with other biological databases, e.g., genomic annotations and micro-array data. To 
overcome technical limitations to the swift integration of new data sources, we will use a 
new approach for implementing database applications. As this map is an important tool for 
identification of cancer-related genes in a wide range of human tumor types, it will be made 
available on internet.  
 

II) Identification of transcriptional domains in the Human Transcriptome Map.  
The HTM identifies several types of transcriptional domains. Most prominent are Ridges, 
which are clusters of highly expressed genes. Several subtypes of Ridges can be 
recognized, e.g. gene-dense, gene-poor and telomeric Ridges. The HTM furthermore 
identifies different kinds of weakly expressed regions. The new sequence-based HTM will 
likely reveal a more detailed expression landscape. Recognition and delineation of 
landmarks requires sophisticated clustering analysis and statistical analyses, which have to 
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be developed. The transcriptional domains will be analyzed for relationships with other 
genomic features included in the database, e.g. CG content, repeats, functional gene 
categories, known regulatory sequences and protein binding domains. 
 

III) Identification of regulatory DNA sequences defining expression domains.  
We will apply computational analysis to identify DNA elements characteristic for the 
transcriptional domains. We have previously developed algorithms to identify cis-regulatory 
elements in non-coding DNA by correlating genome-wide expression data with genome 
sequence information for Saccharomyces cerevisiae (Bussemaker et al., 2001). These 
methods will be applied and further developed to identify control elements in the different 
types of human transcriptional domains obtained with the HTM. 
 

IV)       Generation of a Mouse Transcriptome Map.  
We will apply the algorithms used for the Human Transcriptome Map to establish a mouse 
transcriptome map. Analysis of mouse transcriptional domains will facilitate identification of 
the human regulatory DNA sequences, as regulatory elements are probably conserved in 
evolution. Furthermore, this map will open the road to future experimental analysis of such 
regulatory sequences by generation of transgenic ES cells and/or mice.  
 

b.       Approach. 
To approach the key objectives we will integrate the disciplines of bioinformatics, genomics 
and computational sequence analysis, while using technologies and methods that are 
standards in the field of bioinformatics. We have experience with the use and maintenance 
of local copies of public biological databases. Our insight in genomic databases (structure, 
weak and strong points) enables an optimal development of bioinformatics tools. We also 
have experience with multivariate data analysis, development of computational algorithms 
and global optimization techniques. Data analysis software will be developed in Perl, C and 
the statistical package Splus. This software will be interfaced to the database directly via 
ODBC and through Perl/DBI scripts. We will use a relational DBMS to implement the central 
data repository. A web-interface for the database will make it accessible over the internet. 
 

c. Elements of innovation. 
This work integrates two major technological spearheads of molecular genetics: the human 
genome sequence and high throughput mRNA expression analysis. The development of 
innovative bioinformatical approaches forms the basis for this integration. A new type of 
database application architecture is necessary to enable rapid updating of the relational 
database with continuously renewing biological databases, as well as to implement a flexible 
query interface to the database. Identification and computational analysis of the 
transcriptional domains requires upgrading of recent algorithms developed for yeast 
genomics. The project therefore integrates advanced molecular genetics, bioinformatics and 
computational analysis.  
 

d. Relevance for Biomolecular Informatics. 
Our collaboration in this project further adds to the bioinformatics research infrastructure at 
the Academic Medical Center and the Swammerdam Institute of Life Sciences at the 
University of Amsterdam. Moreover, since the HTM is the first genome wide transcriptome 
map, the development and accessibility on internet of HTM and sub-databases like human 
and mouse tag-to-gene databases, will contribute to cancer research and SAGE-analyses of 
biomedical and biological research groups. Bioinformatics research will advance from 
innovative database application architecture and computational algorithms. Expertise, 
methodologies, software and databases will be disseminated and will find applications in 
related research areas. Our collaborations at the national and international level will add to 
the impact of our results. 

5. 
key words 
 

- Human genome project 
- Serial analysis of gene expression 
- Genome-wide transcription profiling 
- Genome architecture  
- Data integration 

- Human Transcriptome Map 
- DNA microarrays 
- Multivariate data analysis 
- Regulatory elements 
- Comparative genomics 

6. Name discipline Paid by hrs/week 

participants Dr. A.H.C. van Kampen 
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Bioinformaticist 
Bioinformaticist 
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Dr. H.J. Bussemaker 
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Chemometrician 
Bioinformaticist 
Technician  
Molec. Biologist 
Paediatrician, Molec. Biol. 
Cell biologist 
Physicist 
Informaticist 
Molec. Biologist 
Molec. Biologist 

AMC 
AMC 
AMC 
AMC 
KNAW/AMC 
AMC 
UvA 
KUN 
UvA 
KNAW/UvA 

2 
1 
1 
5 
5 
3 
5 
adv. 
adv. 
adv. 

7. personnel requested over the years 

requested support level months fte 2001 2002 2003 2004 2005 2006 

 postdoc 48 1.0 2 12 12 12 10  

 postdoc 48 1.0 2 12 12 12 10  

 postdoc 48 1.0 2 12 12 12 10  

 technician 24 1.0 2 12 10    

          

 consumables (kf)  7.5 27.5 27.5 27.5 20  

 equipment (kf) 20 10 10 10   

8. 
a. 
justification of requested 
personnel 
 
b. 
justification of 
consumables 
 
c. 
justification of equipment 
 
d. 
requested/ to be requested 
support from own institute 
or other sources 
(including SARA/NCF) 
 
 
 
 
 
 
 
 
 

a. justification of requested personnel: 
This project aims to integrate several of the major developments in biomedical research. 
They are: the establishment of the human genomic sequence, high throughput mRNA 
analyses, innovative bioinformatics to integrate complex heterogeneous databases, 
statistical and clustering analysis approaches and computational analysis of very large 
datasets. As all these fields go through a period of fast developments, their integration in an 
optimal configuration requires a prolonged period of research. Based on our recent 
experience with comparable projects with a more limited aim, we foresee that the here 
proposed software and database development, the application of analytical tools and the 
integration with rapidly developing public genome databases will reach a stage of 
consolidation only in the fourth grant year. As the three requested post-docs represent 
different disciplines that should interact from the start of the project on, we feel it necessary 
and essential that they can continue their work for four years. A three year appointment of 
the post-docs would prematurely restrict the development of the project. The requested 
technician for programming is necessary for two years. 

b. justification of consumables 
To store local copies of the public biological databases that we use during the project we 
need 75Gbyte of hard disk space to extend our Unix server. The price for this space is  
FL 25.750 per year (FL 210,- per year/Gbyte and FL10.000 for maintenance each year).  

c. justification of equipment 
We ask for four computers (PCs) for the requested personnel (4xFL5.000,-) and support of 
minor equipment. 

d. requested support from own institute or other sources 
The AMC will make the investments to set up a central Oracle platform, which will be used 
during this project. Furthermore, personnel support is given by the dept. of Human Genetics 
and the Bioinformatics Laboratory. 
 

9. 
overall aim,key objectives 
 
10. 
international position and 
collaboration 
 
11. 

9. overall aim 
The project aims at the establishment of an integrated bioinformatics, computational and 
genomic research infrastructure. Successful realization of this goal requires an integral 
approach within a well-defined bio-medical and genomics research line. We aim to apply 
bioinformatics and computational data analysis to identify key elements in the long-range 
organization of transcription domains in the human genome. We will integrate the human 
genome sequence with data from high throughput mRNA analyses of human tissues. This 
will result in chromosomal expression profiles that will be used to define long-range 
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9./10./11. continued 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

transcriptional domains in the genome. Integral part of this effort is the development of an 
advanced database application design that facilitates integration of databases related to 
gene function and chromosome topography and that can easily be queried. The different 
types of expression domains to be identified with this database will be analyzed by 
computational sequence analyses for hallmarks representing regulatory sequences. 
Establishment of a mouse transcriptome map should complement these efforts.  
 
1. Establishment of a second-generation Human Transcriptome Map database. 
The present version of the Human Transcriptome Map (HTM) is based on a radiation hybrid 
map with the rough position of 24.000 human genes (Caron et al., 2001). It gives gene 
expression profiles for any chromosome or chromosomal region in a large set of normal and 
malignant human tissues. We will develop a next generation HTM that is based on the full 
genomic sequence, as provided by the databases of the (public) Human Genome Project. 
For the high throughput mRNA analyses we use the SAGE (Serial Analysis of Gene 
Expression) technology (Velculescu et al., 1995). SAGE is based on the extraction of a 10 
base pair ‘tag’ from each transcript in a tissue and the sequencing of thousand of these 
tags. SAGE gives the absolute expression level of each gene per e.g. 100.000 transcripts in 
a tissue. The quantitative aspect of SAGE implies that SAGE libraries obtained all over the 
world can directly be compared. About one hundred public SAGE libraries are presently 
available (Lal et al., 1999). They total to about 4.4 million SAGE tags, each representing a 
transcript expressed in a human tissue. We will integrate all public SAGE libraries with the 
human genome sequence. This will result in an application that gives gene expression 
profiles for any chromosome or chromosomal region in a large series of normal and 
malignant tissues. SAGE libraries are being made from an increasing number of tissues at 
varying differentiation stages. The application will therefore eventually show the gene 
expression profiles od most human tissues and their differentiation stages. The availability 
of this application on internet will facilitate identification of cancer-related genes in the wide 
variety of human cancers for which SAGE libraries are included in the database. 
 
2.  Data integration and the development of a new architecture for database applications. 
During the development of the HTM application, we experienced that implementation, 
modification and extension of the underlying relational database and the corresponding user 
interfaces is time consuming. This limits rapid scientific advances. Therefore, we will 
develop a new architecture for the HTM, which should result in an application of which the 
database is dynamic and can be modified without having to re-program the user interfaces. 
This database system integrates gene expression data with data obtained from public 
biological databases (e.g., genomic sequence), and provides the basis for the analysis of 
long-range transcriptional domains. To obtain a high quality HTM database we will develop 
algorithms that mark errors or inconsistencies in the public databases before integration.  
 
3.  Characterization of transcriptional domain types in the human genome  
The current version of the Human Transcriptome Map reveals a higher order structure of 
transcriptional domains in the genome. The most prominent domains consist of clusters of 
several tens to hundreds of genes with a much higher gene expression than the genomic 
average. We identified about 30 such clusters, called Ridges. There appear to exist 
subtypes, as some Ridges are extremely gene dense, while others have a normal gene 
density. Furthermore, the HTM gives a first view of several less defined transcriptional 
domains, e.g. stretches of hardly expressed genes. The current HTM is based on the 
radiation hybrid map of the genome, which has a limited resolution and counts many errors. 
The sequence-based HTM will be more reliable, include more genes and will provide more 
precise information on the genomic position of the coding regions. Furthermore, the 
database will present additional information, e.g. regarding repeat sequences and other 
genomic features. The genomic landscape will therefore show up in more detail, with 
probably additional types of transcriptional domains. Two approaches will be pursued to 
identify and define these transcriptional landmarks. First, we will implement user-interfaces 
that allow the visual exploration of large quantities of heterogeneous data on a genome-wide 
scale. Secondly, we will use multivariate data analysis methods (e.g., hierarchical clustering, 
principal component analysis, multi-dimensional scaling) to identify and characterize long-
range transcriptional domains. These methods were originally not designed to cope with the 
quantity and heterogeneity of data presently encountered in genomics and will therefore be 
adapted and improved.  
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4.   Identification of regulatory DNA sequences defining expression domains 
To understand genome-wide transcription regulation, it is essential to understand the 
interplay between elements controlling long range transcriptional domains and the more 
commonly studied transcription factors controlling individual genes. We will develop 
computational algorithms that identify regulatory elements in DNA sequences and a 
mathematical model that quantitatively describes the variability in transcriptional activity 
across the human genome. The quantitative model will provide information about the activity 
of the regulatory proteins that interact with the regulatory elements. To identify and model 
the different elements that regulate individual genes and long-range transcriptional domains 
we will proceed in two steps.  
     First, we will search for sequence elements that characterize Ridges. There are about 30 
of these domains of high gene expression. Availability of the genomic sequence of these 
regions will permit a search for motifs consistently more prevalent in the promoters of the 
genes within these domains, as well as for elements dispersed throughout the Ridges. In 
addition, we will search for elements characterizing boundaries of Ridges. Similar searches 
will be performed for other types of transcriptional domains to be identified in this project.  
     Secondly, we will develop models to find and quantify transcription factor binding sites in 
the promoters and enhancers of all human genes, and investigate to what extent the 
resulting model explains the variability in transcriptional activity across the genome, 
including the long-range transcriptional domains. For this we will extend our modeling 
approach using REDUCE, which we recently applied to yeast (Bussemaker et al, 2001).  
     Thirdly, we will relate the HTM to boundary elements that isolate euchromatin from 
heterochromatin. We will initially focus on boundary elements of the polycomb group, which 
have a predictable influence on chromatin domain structure (Van der Vlag et al, 2000). The 
identification of these DNA elements and their position in the genome has only just started 
and it is expected that various classes of such elements exist. We will investigate whether 
they relate to the long-range transcriptional domains. Once all these elements have been 
identified, a quantitative model will be constructed that can be fit to the genome-wide 
expression data, and whose parameters provide information about the activity of the 
regulatory proteins that correspond to the DNA elements. We will analyze how much of the 
variability of gene expression across the genome is predicted by the model. 
 
5.   Construction of a mouse transcriptome map  
The algorithms used for the Human Transcriptome Map will be used to establish a mouse 
transcriptome map. The first question to be asked is whether the murine genome harbors 
similar transcriptional domains as the human genome. If this is indeed the case, comparison 
of syntenic mouse and human transcriptional domains will facilitate identification of 
regulatory DNA sequences, as they are likely to be conserved. Already identified human 
regulatory sequences can be validated by a search for similar sequences in the 
corresponding mouse domains. An even more interesting question that can be answered by 
the murine transcriptome map is whether individual long-range transcriptional domains (e.g. 
ridges) are integrally conserved during evolution. It is well established that the mouse and 
human genomes are chopped up and remixed versions of an ancestral genome. The 
question is whether fragmentation and rearrangement of this ancestral genome has been 
random or instead followed the boundaries set by the transcriptional domains. Comparison 
of the mouse and human transcriptome in conjunction with a detailed map of mouse-human 
synteny can give the answer. The mouse trancriptome map will finally provide a basis for 
future experimental testing of long-range regulatory sequences in transgenic mouse or ES 
cells.  

 
6.    Use of micro-array data and integration with SAGE 
Integration of micro-array data in the HTM is attractive, but fundamental differences 
between SAGE and micro-array technologies exist. Construction of the Human 
Trancriptome Map is based on two features unique to the SAGE technology. Firstly, SAGE 
is quantitative, i.e. it establishes the transcript number of each gene per e.g. hundred 
thousand mRNAs in a tissue. Secondly, SAGE data are universal, implying that all 
worldwide established SAGE libraries can directly be compared. These features are not met 
by most currently used micro-array technologies. Micro-array analyses usually compare two 
mRNA sources, and identify the differences. Such analyses would not identify Ridges, as 
these regions are highly expressed in all tissues. Furthermore, these data are not universal, 
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but depend on the reference mRNA used. The micro-array systems that measure 
hybridization intensities of one mRNA source (e.g. Affymetrix chips) are possibly less linear 
than SAGE, due to differences in hybridization dynamics for different probes. However, 
micro-arrays represent a quick and easy method, making integration in HTM desirable. We 
will therefore organize the relational database in a way that the publicly available micro-array 
datasets can be related to the HTM data. This should reveal whether array data can provide 
information on long range expression profiles. It could be envisioned that specific tumor 
samples have disturbed expression of entitre transcriptional domains due to translocations. 
In addition, in a collaborative research line with the Max Planck Institute for Molecular 
Genetics in Berlin (Prof. Dr. H.-H. Ropers), we will perform micro-array analyses of cell lines 
also analyzed by SAGE. These data will asses the use of array data for the HTM.  

 

10. International position and collaboration 
     Genome-wide expression profiles have only been generated for yeast (Velculescu et al., 
1997) and for man (Caron et al., 2001). Yeast showed an evenly distribution of highly and 
weakly expressed genes over the genome. Therefore, virtually nothing is known about the 
long range transcriptional domains identified in the HTM. It is possible that they relate to 
known nuclear substructures, which will be analyzed in a parallel research line (collaboration 
Prof. R. van Driel). Development of analysis software for SAGE libraries is rapidly 
proceeding. The NCBI SAGEmap databases that relate SAGE tags to the corresponding 
mRNAs are highly usefull (Lal et al., 1999). Where this database aims at completeness, our 
AMCtagmap database (Caron et al., 2001) aims at restricting to reliable tags. Both 
approaches are therefore complementary. Furthermore, several methods for statistical 
analysis of SAGE data have been established (e.g., Zhang et al., 1997; Kal et al., 1999).   
     Many bioinformatics efforts relate to databases and data integration. These approaches 
include multi-database query systems (Stevens, 2000), data warehouses that do or do not 
homogenize data (Etzold et al., 1996; Leser et al, 1998), and standards for data 
representation and exchange (Life Sciences Research Task Force, 1997). Advances in the 
XML technology enable the potential useful for data management (Achard et al., 2001). 
Peculiarities of bioinformatics databases were already outlined (e.g., Davidson et al., 1995 
and Karp 1995). Many approaches were followed for the creation of (graphical) interfaces 
for biological databases (e.g., Stein et al, 2001; Searls, 1995; Etzold et al., 1996; Fischer et 
al., 1999). The approach that we propose in this project emphasizes independency between 
user interface and database.  
     The field of multivariate data analysis (e.g. Kruskal, 1964) and global optimization (e.g., 
Kirkpatrick et al, 1983; Lucasius and Kateman, 1995) is well established. Potential pitfalls 
have been documented (e.g., Byron, 1995). They are widely applied, but the quantity and 
heterogeneity of biological data are still challenging (e.g., Sherlock, 2000).  
     The most common way for identifying regulatory elements in DNA sequences is to group 
genes into disjoint clusters (Eisen et al., 1998), and subsequently analyze the upstream 
regions within each cluster (Lawrence et al, 1993; Neuwald et al., 1995; Helden et al., 
1998). The approach of this project is based on the identification of these elements from 
gene expression ratios for a large number of genes and the upstream regulatory DNA 
sequence for these genes.  
 
Collaborations for this project: 
We collaborate with Prof. E.D. Siggia at The Rockefeller University for sequence and gene 
expression analysis algorithms, Dr. G. Riggins (Dept. of Pathology, Duke Medical Center 
and NCBI-SAGE library repository) and Dr. A. Lash (NCBI, NIH, Bethesda) for the NCBI tag-
extraction approach and the use and updating of SAGE libraries and with Prof. H.-H. Ropers 
(Max Planck Institute for Molecular Genetics, Berlin) for micro-array analysis. We 
collaborate with Prof. R. van Driel and Dr. B. van Steensel (SILS, University of Amsterdam) 
on the relationship of transcriptional domains and nuclear architecture. Databases and daily 
updates are i.a. obtained from the CMBI (KUN, Nijmegen). We collaborate with Dr. P. van 
Bommel (Computing Science Institute, Information Retrieval and Information Systems, 
KUN, Nijmegen) for the development of database applications. At the University of 
Amsterdam, we collaborate with Prof. L.O. Hertzberger (Informatics Institute) in the Virtual 
Laboratory project, the Dept. of Clinical Epidemiology and Biostatistics (AMC) for advanced 
statistical analyses, the Dept. of Information and Communication Technology (AMC) for 
software engineering and the Dept. of Clinical Informatics (AMC) for development of 
computational methods. 
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12. 
a.  Previous research 

related to this proposal 
 
b.  Preliminary results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

12a. Previous research related to this proposal 
        The Bioinformatics Laboratory (PI: A. van Kampen) supports biomedical research                  
in the Academic Medical Center (AMC) through participation in research projects.  We 
harbor expertise in the field of (statistical) data analysis, applied mathematics, database 
technology, information technology and molecular biology/chemistry. As part of 
collaborations with biomedical research groups new data analysis methodologies, tools and 
databases are developed. We developed the USAGE database application for the 
(statistical) analysis of SAGE data (van Kampen et al., 2001). Much experience was gained 
from this application with the implementation of research databases and web-enabled user 
interfaces. We further develop a 'metabolic' database to support research on metabolism of 
S. cerevisiae. This database integrates DNA micro-array data with information such as sub-
cellular localization of enzymes, functional gene categories and activity of transcription 
factors. Graphical user-interfaces and multivariate data analysis methods support the 
interpretation of these data. Other projects include the development of a DNA micro-array 
database based on the EBI ArrayExpress model, multivariate analysis of (biological) data of 
patients with atherosclerotic vascular disease, and a study of variations in polyadenylation 
cleavage sites (Pauws et al., 2001). Major efforts were devoted to the establishment of a 
local large-scale 'bioinformatics infrastructure', which comprises hardware, bioinformatics 
software, local copies of up-to-date public databases (e.g. GenBank, Unigene, SwissProt) 
and other tools. Due to its complexity, one person of our group is dedicated to the 
maintenance of this infrastructure. The infrastructure includes two servers. We use a SUN 
E5500 server (UltraSparc, three 400 MHz processors, 8MB cache, 2 Gbyte RAM memory) 
running the Solaris 2.6 operating system. 200Gbyte of disk space is presently available for 
running projects. Additionally, we use a NT server for running Microsoft SQL server, which 
is used for our database applications. This infrastructure forms the basis of most of our 
bioinformatics projects and allows us to carry out the project described in this proposal.  
 
       The Neuroblastoma research group (PI: R. Versteeg) at the Dept. of Human Genetics 
(AMC, UvA) aims to identify the molecular genetic defects underlying the human childhood 
tumor neuroblastoma. Neuroblastomas have a variable clinical course, ranging from 
spontaneous regression to swift progression. Our model system consists of 250 tumor and 
control samples of neuroblastoma patients, as well as 25 neuroblastoma cell lines. The 
tumors are analysed for gene defects and by high throughput mRNA analysis, as provided 
by the SAGE technology. Presently 175.000 SAGE tags have been identified, each 
representing a mRNA expressed in neuroblastoma. We focus on development of 
bioinformatical tools to identify the genes belonging to these tags and to identify transcripts 
with a role in neuroblastoma pathogenesis. One example is the Human Transcriptome Map 
that is applied to identify candidate genes in chromosomal regions disrupted in 
neuroblastoma. A series of genes and pathways with a role in neuroblastoma pathogenesis 
has thus been identified (Spieker et al., 2001, van Limpt et al., 2000, and manuscripts in 
preparation). Furthermore, we focus on the identification of the N-myc downstream pathway 
in neuroblastoma. The N-myc oncogene is frequently amplified in aggressive 
neuroblastoma. SAGE libraries of neuroblastoma cell lines with and without ectopic N-myc 
expression identified over 350 genes that are either up- or down-regulated (Boon et al., 
2001). The hierarchy of this pathway is studied. The ultimate goal of our research program 
is to understand the different pathways and their interactions that cause neuroblastoma, in 
order to identify candidate drug targets for innovative therapies. 
 
        A major theme of the research of Harmen Bussemaker at the Swammerdam Institute 
of Life Sciences (SILS) at the UvA is the study of regulation based on quantitative modeling 
of gene expression data using complete genome sequences. In close collaboration with the 
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group of Siggia at Rockefeller University in New York City, two methods for discovering 
regulatory elements based on statistical analysis on a genome-wide scale were developed. 
MobyDick is a method for discovering over-represented motifs in DNA sequences in an 
intrinsic way that does not require reference frequencies and thus is well-suited to whole-
genome analysis. It was successfully applied to the combined upstream regions of yeast to 
find putative new regulatory elements, and validated by comparison with a database of know 
transcription factor binding sites. REDUCE is a different method that can be used to 
discover and then quantify the effect of regulatory elements, based on an integrated 
analysis of genome sequence and genome-wide expression data. It was also tested on 
yeast and found to be highly successful. REDUCE has been applied in collaboration with 
several groups at SILS (Grivell, Klis, Van Steensel), AMC (Tabak), and UU (Holstege). 
Finally, GOQ (Gene Ontology Quantification) was recently developed as a tool for scoring 
gene categories (function, location, pathways, etc) based on expression data. In the context 
of the Amsterdam ICES-KIS project, there exists a close collaboration with both the Micro-
array Division at SILS and the Informatics Institute of the UvA aimed at the development of 
a database and tooling infrastructure for micro-array studies 
 

12b.    Preliminary results 
The Human Transcriptome Map 
We recently developed the Human Transcriptome Map (HTM), which generates gene 
expression profiles for any chromosomal region in normal and pathological tissue types 
(Caron et al., 2001). The HTM is based on computational analyses and database 
integration. The HTM integrates GeneMap'99, which gives the chromosomal position of 
45,049 ESTs and genes, with over 4.4 million SAGE transcript tags. A major problem of 
SAGE is to identify the genes that belong to the experimentally obtained 10 bp tags in SAGE 
libraries. Previous software was designed to identify all possible gene assignments, and 
therefore accepted a high percentage of erroneous assignments as well. We therefore 
could not use these programs for the HTM. We designed new algorithms to identify the 
reliable SAGE tags for all human genes. We used the Est and mRNA sequences in the 
Unigene database. As these sequences are full of sequence errors and Unigene is not 
error-proof as well, we designed elaborate algorithms to correct for such errors. The 
application selected 422,088 reliable 3’ transcripts from 807,165 transcript sequences, 
extracted 80,416 tags and rejected 27,790 of them as resulting from sequence errors in the 
Est database. The resulting AMCtagmap thus identified 52,626 tags for all human Unigene 
clusters. The final tag-to-gene assignment was checked by hand for 287 tags and showed 
an error rate of 6%. This was sufficiently low to apply the program to the Human 
Transcriptome Map. The next step in construction of the HTM was the integration of a large 
number of databases (e.g., Unigene, RHdb, GeneMap’99, AMCtagmap, CGAP SAGE 
libraries etc) into a relational database. Finally a web-enabled user interface was built 
(http://bioinfo.amc.uva.nl/).  
      The resulting Human Transcriptome Map reveals a higher order organization of the 
genome, as there is a strong clustering of highly expressed genes. These domains, called 
Ridges, are found in all normal and pathologic tissues analyzed and thus represent a 
fundamental higher order organization of the human genome. Preliminary analysis of these 
domains for physical characteristics suggests that 50% of them have a high gene density. 
Besides this fundamental insight in genome organization and long-range transcriptional 
control, practical applications for cancer research exist. When global positional information 
is available for chromosomal defects in cancer, inspection of the HTM quickly identifies 
candidate genes over- or under-expressed in the chromosomal region. Several amplified 
oncogenes in neuroblastoma were thus identified (Spieker et al., 2001 and unpublished 
data).  

 
Fig. 1. Expression profile of human chromosome 11 (p arm to the left, q arm to the right). 
Expression levels of 1208 genes are shown as a moving median with a window size of 39 
genes. Two central Ridges are seen, as well as a telomeric Ridge at the p arm (Caron et al., 
2001). 
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REDUCE 
We recently developed a method, named REDUCE (Regulatory Element Detection Using 
Correlation with Expression), designed to provide a mathematical model to relate 
expression patterns to the occurrence of regulatory DNA sequences (Bussemaker et al., 
2001). The parameters of this model correspond to the activity of each of a relatively small 
set of transcription factors. Effectively, the model exploits the information about the cell-wide 
regulatory network that is hidden in the non-coding part of the genome sequence. If a set of 
genes is co-regulated because the same transcription factor binding site occurs in the 
promoter region of each of the corresponding DNA sequences, then the expression levels 
for these genes can be described in the model by this sequence motif and a single 
parameter. The sequence motifs on which the model is based are found by an automated 
procedure that selects motifs until no significant correlation with expression remains, as was 
shown in detail for S. cerevisiae. Surprisingly, about 35% of the variation in expression is 
already captured by the simplest class of models that use consensus sequences to 
characterize protein binding sites, and assumes independent contributions when multiple 
elements occur in the promoter region of a gene. 

 

13. 
a. Main lines of 
experimental approach 
 
b. Practical investigation 
scheme: more detailed 
outline for the whole period 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a. Main lines of experimental approach. 
The project will develop along the steps in the following scheme. The period of the different 
steps and contribution of the requested post-docs is indicated. The different steps of this 
scheme are described in detail in 13b, following the same numbering. 
 

Step Postdoc Year 

1.   Development of a sequence-based HTM database. 
 

 A, B 1 

2.   Identification of transcriptional domains by visual inspection and 
      univariate statistics 

 A, B, C 1 

3.   Identification of regulatory elements for genes in these domains 
 

          C 1, 2 

4.   Extension of the HTM with additional genomic databases, array  
      databases etc. 
 

 A, B     2, 3 

5.   Development of new architecture for HTM database application      B     2, 3, 4 

6.   Identification and characterization of transcriptional domains by 
      multivariate techniques. 

     B, C     2, 3 

7.   Development of a Mouse Transcriptome Map 
 

 A, B         3, 4 

8.   Computational analysis of the murine and human domains for  
      regulatory DNA sequences 
 

          C         3, 4 

9.  Comparative analysis of the human and murine transcriptome maps 
 

 A, B, C             4 

10. Formulation of molecular genetic experiments to falsify the results of  
      this bioinformatics project. 

 A, B, C             4 

 
Postdoc A will be based at the dept. of Human Genetics (AMC, UvA). His/her background is 
in principle molecular genetics, with an interest in computational genomics. It is essential for 
this project that this post-doc has a throughout insight in genomic databases and especially 
in the molecular genomic technology used to obtain the data. Genomic databases are in full 
swing and therefore contain errors, ambiguous data and imprecise data. Furthermore, many 
entries suggest a precision that is only based on imprecise techniques (e.g. nucleotide 
numbers in the full human genomic sequence). The project therefore requires the 
continuous input of an experienced molecular biologist. 
Postdoc B will be based at the Bioinformatics Laboratory (AMC, UvA). His/her background 
is in informatics with broad experience with the design and implementation of relational 
databases and extensive expertise with SQL. This postdoc should have a strong interest in 
software engineering in general and be interested in molecular biology.  
Postdoc C will be based at the Swammerdam Institute of Life Sciences (UvA). His/her 
background will be in physics or applied mathematics. This postdoc should have general 
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knowledge of computational algorithms and experience with the development of new 
algorithms. Furthermore, she/he should be interested in the analysis of biological data. 
The technician will be based at the Bioinformatics Laboratory (AMC, UvA) and will carry out 
part the programming required for the e.g. development of database parser, filters and 
(graphical) user interfaces.  
        For all the work described in this proposal we will use standard technologies such as 
Perl and C for software development, relational databases (Microsoft SQL server and 
Oracle) for the database development, Splus package for statistical analysis, and HTML, 
Java(script), Perl and CGI scripting for the development of user-interfaces. All software and 
databases will be running on central computer servers and will be accessible via the 
intranet/internet by using a web-browser.   
 

13b.   Practical investigation scheme (numbers refer to the scheme in 13a) 
 
1. Development of a sequence based HTM database. 
Several database present partially annotated versions of the public draft sequence of the 
human genome (EMBL Ensemble, NCBI Genome View, UCSC Genome Assembly). We 
currently evaluate these databases in order to select the most appropriate database as 
basis for the new transcriptome map. We will develop the algorithms to assign SAGE tags 
to the annotated expressed sequences in this database. We will probably use of the human 
Unigene database that we previously used for the HTM. This will permit a smooth 
integration of the sequence data with the AMCtagmap database (Caron et al., 2001). To 
integrate these data we will implement a relational database. We will also implement a 
(graphical) user interface that allows querying the database. This will enable queries like 
‘fold induction of genes between any tissue’; ‘average or mean expression level of genes in 
any region’ etc. and the graphical presentation of these results. This interface will be directly 
connected to the database via predefined SQL queries, SQL templates. Following this 
trajectory, we expect to have a functional database within the first year of the project that 
can produce the data required for following parts of the project. However, since we plan to 
develop a new architecture in the second part of the project we design this first version of 
the HTM database in such a way that it can easily be translated to the new design.   
 
2. Identification of transcriptional domains by visual inspection and univariate statistics 
Upon visual inspection of the ‘whole chromosome views’ (Figure 1) of the first generation 
HTM we observed a clustering of highly expressed genes in domain-like structures. It 
required elaborate statistical testing to prove that these domains did not arose by chance. 
The first generation HTM suggested several other interesting domains that have not yet 
been analyzed and validated for statistical significance. The sequence-based second 
generation HTM will be much more detailed. We will start with a visual inspection of the new 
HTM for putative transcriptional domains. Firstly, we will identify the regions of very high or a 
very low expression. These regions will be defined in relation to gene density and other 
relatively straightforward features like CpG content and genomic repeats. We expect to 
define in this way a series of putative domain types, which will be tested for significance. 
This implies the calculation (e.g. via monte carlo) of the probability to this number of 
domains across the genome if the order of the genes is randomly permuted (Caron et al., 
2001).   
 
3. Identification of regulatory elements for genes in these domains 
We will extend the application of the REDUCE method from yeast to human, where the 
required framework for associating DNA sequence with expression data is provided by the 
HTM. We expect that the proximal promoters in human can be analyzed without major 
modifications, although the regulatory elements are distributed over far larger regions than 
in yeast. However, we will implement suffix tree algorithms for the counting of substring 
patterns to obtain a significant speed-up of the algorithm, which make the analysis of the 
larger human genome feasible. In addition, this allows us to search for a wider range of 
sequence motifs. To improve the performance of the REDUCE algorithms we will extend 
the method to use position weight matrices rather than the currently used consensus motifs 
to describe DNA elements.  
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4. Extension of the HTM with additional genomic databases, array databases, etc. 
For the further characterization of the long-range transcriptional domains we will extend the 
HTM database such that it allows the integration of other biological databases. We will 
integrate data about repeats, gene density, CG and CpG content across the genome and 
functional gene categories. We will also include the regulatory elements that were identified 
in step 3. At this stage we will also include DNA micro-array data, protein expression data 
and protein-DNA interaction data. We expect that the latter two types of data become 
available in large quantities during the project. We will also extend the user-interface to 
allow visualization of large quantities of heterogeneous data on a genome-wide scale.  
 
5. Development of new architecture for HTM database application 
Based on experience with other projects we expect that the rate at which new information 
becomes available or new research (i.e., database) questions arise can hardly be met by 
the speed of software and database development. We will therefore develop a three layer 
architecture for our database application, consisting of the user interface, the 'query 
module', and a dynamic relational database. This architecture will be easier to update than 
traditional relational database approaches, without extensive user interface programming or  
re-modelling of the database. The first layer will be the user interface to the HTM database. 
This interface should be sufficiently expressive to allow most queries that are also possible 
by a direct use of SQL. A second requirement is that the user interface can be automatically 
or semi-automatically adapted if the database model changes. In terms of SQL, an 
'expressive' user interface implies capabilities that go beyond the 'query by example' 
strategy. Following data warehousing and data mining principles, the user interface must 
allow the compilation of data cubes (e.g., merging datasets), ordering of data, or to 
summarize particular subsets of data. The second layer comprises the 'query module', 
which is software component that serves as the middleware between the user interface and 
the relational database. Its machinery decides how to compose a SQL query from user 
input. The complexity of this module depends on the expressiveness allowed by the user 
interface and complexity of the data model. The module will, however, not be restricted to 
particular database implementation. Consequently, if the database is modified this 
information should automatically become available to the module. The third layer comprises 
the relational database. The requirements imposed on the data model have a large impact 
on the complexity of the user interface and the query module. In the context of our new 
architecture we will investigate what data model is optimal. This includes the requirement 
that the database must be dynamic, i.e., permit the automatic addition of new tables or 
attributes to the table and to relate these with existing tables. This may imply that the data 
model of the first version of the database is adapted, although we try to anticipate on this. 
 
6. Identification and characterization of transcriptional domains by multivariate techniques 
To identify and characterize the long-range transcriptional domains in the HTM we will use 
multivariate data analysis techniques (e.g., hierarchical clustering, k-means, principal 
component analysis, multi-dimensional scaling). These analysis are not straightforward for 
several reasons. First, the data set combines interval-scaled variables (e.g., expression 
levels, gene density) and discrete variables (e.g, functional gene classification). Scaling 
issues and missing values (e.g., gene function) increase the complexity of the analysis. 
Secondly, most multivariate data analysis techniques can be parameterized in many ways. 
Consequently, one therefore can 'tune' these methods until results are satisfactory (e.g., 
clusters of domains with similar characteristics). However, since the interpretation of these 
results is not always obvious, they may results from mathematical artifact due to incorrect 
parameterization. Alternatively, different (parameterizations of these) methods may give 
different clusters of domains with other biological interpretations. For these reasons, we will 
perform a comparison of these methods with an emphasis on the biological and 
mathematical interpretation of the results. In addition we will apply statistical methods (e.g., 
bootstrapping) to establish the significance of these results. To overcome possible 
limitations od these techniques, we will develop new methods based on global optimization 
techniques (e.g., simulated annealing (Kirkpatrick et al., 1983) and genetic algorithms 
(Lucasius et al., 1994)), which are more robust for analyzing complex data sets. 
 
7. Development of Mouse Transcriptome Map 
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We will construct a Mouse Transcriptome Map using similar algorithms and database 
architecture as for the Human Transcriptome Map. The map will be based on the murine 
genomic sequence, which is currently established in by a public-private consortium and will 
be available in draft in the first half of the grant period. We will identify the SAGE tags for all 
mouse genes with the algorithms used for the AMCtagmap. In short, we will use mouse Est 
and mRNA databases (with almost 2 million mouse Ests), select the 3’-end sequences and 
extract the 10-bp SAGE tags from them. These tags will be subjected to computational 
analysis and sequence alignment routines using the mouse Unigene database (NCBI), to 
identify and reject tags resulting from sequencing errors in the individual Est and mRNA 
sequences in the databases. The resulting Mouse-tagmap lists all tags for all known mouse 
genes. This database will be valuable for researchers constructing mouse SAGE libraries 
and will be accessible on the internet. Construction of the Mouse Transcriptome Map finally 
requires mouse SAGE libraries. A growing number of mouse libraries is currently 
established and the first large library is published by the NCBI SAGE library repository. In 
addition, mouse SAGE libraries are currently sequenced at the Neurozintuigen Laboratory 
(Dr. F. Baas) at the Academic Medical Center in Amsterdam. Details of the construction of 
the Mouse Transcriptome Map will depend on the structure of the annotated mouse genome 
sequences. As these annotations built on the experience with human annotation projects, 
our experience with human maps will facilitate the construction of the mouse map.  
        The mouse map will be analyzed for Ridges and other transcriptional domains by the 
same approach as used for the Human Transcriptome Map. Visual inspection and statistical 
validation will identify transcriptional domains. Subsequently, more sophisticated cluster 
analysis methods will identify additional landmarks in the mouse genome.  
 
8.  Computational analysis of the murine and human domains for regulatory DNA 
sequences  
The analysis of enhancer regions in human sequences is more complex than the analysis of 
proximal promotor regions, since the enhancer elements may be very distant (10-100kb) 
from the proximal promotor region. This situation therefore comes close to identification of 
regulatory sequences dispersed throughout large transcriptional domains. To make these 
analyses feasible, we will make use of the human-mouse cross-species comparison of non-
coding DNA to separate candidate regulatory regions from 'junk' DNA on basis of sequence 
conservation. Similar approaches and algorithms were recently developed (McCue et al, 
2001) and are used at the group of Siggia at Rockefeller. To exploit this cross-species 
comparison we will collaborate with the latter group to integrate phylogenetic comparison 
methods with REDUCE. Such an approach can be very beneficial as reported by Flint et al. 
(2001). We will also extend our computational methods to include sequence signals 
regulating long-range transcription domains. For instance, boundary elements separating 
regions of high and low expression may be characterized by looking for sequence motifs 
that correlate with these regions. We will build a mathematical model that allows us to 
identify the activities of regulatory proteins via their binding sites for different tissues or 
developmental stages. This will contribute to a further understanding of the differences 
between various tissues in terms of regulatory pathways. 
 
9.    Comparative analysis of the human and murine transcriptome maps 
We will finally integrate the human and mouse transcriptome maps into a Comparative 
Human-Mouse Transcriptome Map (CHMTM). To this end, we will use maps of human-
mouse synteny and align the transcriptomes of both species. The present versions of the 
human-mouse synteny maps have a limited resolution, but detailed sequence-based maps 
are being developed (e.g. for human chromosome 19), and will become available within the 
next two years. The aligned mouse and human transcriptome maps will answer the question 
whether mouse and man have the same long-range chromosomal architecture. Insight in 
this fundamental question is also of major importance to translate these findings into 
molecular biological experiments, as the mouse genome can relatively easy be 
manipulated. In addition, the CHMTM will reveal whether the boundaries of the large blocks 
of mouse-man synteny coincide with the boundaries of transcriptional domains in mouse 
and man. This should reveal whether the mammalian genomes are variants of only a few 
hundred functional building blocks, or in contrast can result from unlimited rearrangements 
that are not restricted by a domain architecture of the genome. 
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10.   Formulation of proposals for molecular genetic experiments to falsify the results of this 
bioinformatics project. 
In this project, we aim to develop a bioinformatical research infrastructure. The results from 
the bioinformatical analyses in this program will have a value of their own. However, 
bioinformatics is not an isolated science, but a discipline that integrates informatics with 
biological disciplines like genomics and proteomics. Its true value will become apparent 
from the potential to feed molecular biological research. Moreover, many results of 
bioinformatical analyses are only predictive. If e.g. a specific DNA sequence is postulated to 
define a transcriptional domain, it is necessary to formulate methods to falsify this 
hypothesis. Sometimes it will be possible to do this by bioinformatical means, but these 
predictions are much more convincingly tested in molecular biological experiments. During 
the grant period, we will therefore try to translate the bioinformatic predictions into 
hypotheses that can be tested in experimental biological systems. These experiments 
themselves clearly fall outside this line of research. However, the research setting at the 
AMC and SILS at the University of Amsterdam offers ample opportunities to translate the 
results of this project into experimental research lines. 

14. 
human subjects 

will experiments be performed with : 
 healthy subjects 
 patients 

 
how many subjects are needed in this program? none 
nature of the experiment(s) 
does your application have the approval of a committee involved in the regulatory aspects of 
research in human experimental subjects ? 

 yes 
 requested 

15. 
experimental animals 
 
 
 
 
 
 
 
 
 

 
will experiments be performed with experimental animals?  yes 
         no 
animal species : 
number(s) annualy : 
nature of the experiments : 
motivation of experiments with non-human primates, dogs, cats or horses 
does your application have the approval of a committee involved in the regulatory aspects of 
the use of experimental animals ? 

 yes 
 requested 

 

16. 
biohazards 
 
 
 
 
 
 
 

will experiments be performed with : 
 recombinant DNA    class: 
 radiation (particles and/or photons) 
 radioactive isotopes 
 micro-organisms with pathogenic risks 

 
are the necessary facilities and permits available ?   yes 
         requested 

17. 
abstract for laymen 

THIS IS THE FINAL PAGE! 
The position of all genes on the human chromosomes has become available with the 
publication of the human genome sequence. Much less is known about the regulation of the 
activity of these genes. There are an estimated 30,000 human genes, but they are not 
equally expressed in all tissues. Different tissues express different sets of genes. Until 
recently, it was unknown how the chromosomal position of genes relates to their activity in 
all these tissues. We have addressed this question by establishing a database that 
integrates the chromosomal map of 19,000 human genes with their activity in twelve normal 
and cancer tissues (Caron et al., Science 291, 2001, 1289-92). This application that can be 
queried on the internet (www.bioinfo.amc.uva.nl/HTM) is very useful to identify cancer-
related genes. In addition, it revealed that genes are not randomly located on the human 

http://www.bioinfo.amc.uva.nl/HTM
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chromosomes but follow a structured plan. Highly active genes are found close together in 
large clusters, suggesting that they form a kind of factories that boost gene activity. In this 
project, we aim to improve this database application significantly. We will use state-of-the-
art information technology to relate the complete human DNA sequence to gene activity 
levels in a wide range of tissues. Analytical tools will than identify the different domains that 
are formed by the genes on the human chromosomes. We will analyze the properties of 
these domains and identify the segments of the human genome that determine the overall 
structure that controls the activity of all human genes. The vast amount of data that have to 
be integrated requires the establishment of a solid informatics infrastructure. 
 

18. 
signature* 
 
 
 

 
date: 27 march 2001              the applicant: 
                                                                                      AHC van Kampen 

  
 :with your signature you declare also to have taken notice of the accompanying instruction sheets 


