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Introduction 
 
We welcome all participants of the 4th Annual Meeting of the Complex Trait Consortium 
to the city of Groningen, the Netherlands. We are looking forward to what will be an 
exciting meeting, with >110 participants from academic, governmental, and corporate 
institutions worldwide. 
 
The scientific program will be busy, as you will read in this abstract book. However, we 
do hope that in addition to the more formal scientific aspects of this meeting there will be 
ample opportunity for informal and personal interactions. In addition, we encourage you 
to visit the City of Groningen and its immediate surroundings. If you need any assistance 
during this meeting, please do not hesitate to contact members of the organizing 
committee.  
 
We wish you a great stay in Groningen, it’s a pleasure to be your host. 
 
Scientific Committee: 
Leonid Bystrykh 
Gerald de Haan 
Ritsert Jansen 
Ron Korstanje 
 
Organizational Support: 
Sijtske Klont 
Klazien Offens 
Annet Vos 
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Programme 

General remarks 
The meeting will be held in the “Rode Zaal”, located at the second floor of the University 
Medical Center. The lecture hall will be clearly indicated. Lunch and coffee/tea breaks 
will be held in the “Fontein Patio”, where also posters will be on display. 
 
Oral presentations are scheduled for 25 minutes + 5 minutes discussion. We kindly ask 
speakers to strictly adhere to this schedule. We will be using a PC-Windows XP 
platform, and we can read Memory Sticks and CDs. Macintosh users please verify 
powerpoint presentations for PC compatibility. 
 
Posters cannot exceed the following the dimensions: 1 meter width, 2 meters height. All 
poster presenters are requested to put up their posters during the first coffee break on 
Monday morning, or latest during lunch that day. All posters will be on display for the 
entire meeting. Prior to each coffee/tea break a selected number of posters will be 
presented in 3 minute “Come see my poster” sessions. All poster presenters are 
therefore requested to prepare one single OVERHEAD sheet for this purpose.  
 
There are 4 PC-Windows XP computers available for Internet use for registered 
participants in the “Ronde Zaal” during coffee breaks and lunch. This room will be closed 
during sessions. 
 
Rendez-vous after dinner; includes 
                                                                                                                                                                                                                          
MATCH-MAKING EVENT 
 
First of all we want to thank our sponsor UMCG, Keygene, Pamgene, MOLGENIS and 
Netherlands Genomics Initative. With their sponsoring we can make this Complex 
Trait Consortium event possible. 
 
On Tuesday evening the 28th of June, there will be a MATCH-MAKING EVENT. Several 
leading Dutch companies/funding agencies in biotech will exhibit their companies. 
 
We want to give you the opportunity to talk with the dutch companies in the field. 
Keygene, Pamgene, MOLGENIS and Netherlands Genomics Initative are  
representing themselves on Tuesday evening 28th June 2005 from 19.00 till 21.00. 
 
On the next pages you find an introduction of each company. If you want to have a 
face to face talk to one of the companies, please let Klazien Offens 
(k.m.offens@rug.nl) know. She will make a schedule and let you know when you can 
have your personal talk. 
 
The exhibition and personal talks will be in the “Ronde zaal” at the first floor. 
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Profile Keygene N.V. 
 
 
Keygene is a privately held genomics company based in Wageningen, The Netherlands. 
Keygene is a technology-providing service and contract research company and has 
become an internationally recognized leader in the field of DNA marker technology. 
The company has built a broad proprietary technology platform based on AFLP®, a high-
throughput DNA fingerprinting (SNP) technology and cDNA AFLP®, a robust high-
throughput gene transcript profiling technology.  
 
Keygene offers total genomic solutions by exploiting these proprietary technologies, and 
state-of-the-art techniques for marker development, gene isolation and gene cloning. 
The expertise, knowledge and databases are being marketed to the Life Science 
Industry through:  
Integrated Genetic and Genomic Contract Research;  
AFLP® and cDNA AFLP® Services;  
Genomic Research Products;  
Bioinformatics solutions. 
 
Keygene’s AFLP® technology represents a significant breakthrough compared to other 
available marker detection methods in terms of precision, flexibility, speed and cost.  
Essentially, AFLP® enables the generation of thousands of specified DNA markers 
simultaneously from a genome of any complexity structure or sequence (plants, animals 
and micro-organisms) and without prior sequence knowledge. In addition, Keygene 
developed the SNPWaveTM technology a multiplex SNP detection technology for high 
throughput diagnostic purposes. 
 
Keygene’s proprietary cDNA AFLP® technology forms a strong addition to micro-array 
technology. In contrast to other gene expression profiling technologies the cDNA AFLP® 
technology does not require prior knowledge on gene sequence, is quantitative and can 
be targeted towards genes with a low expression level.   
 
 

AFLP is a registered trademark and SNPWave is a trademark of Keygene N.V. The AFLP®, SNPWaveTM and micro-array  
technologies are covered by patents and patent applications of Keygene N.V. 
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Pamgene aparte file!!! 
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MOLGENIS 
molecular genetics information systems BV 
 
MOLGENIS provides tailored information infrastructures to speed up life science 
research. MOLGENIS is an innovative Dutch startup company in bio-information 
technology and is supported by a BioPartner First Stage Grant from NWO-ALW (for new 
companies in the life sciences). 
 
Their generative bioinformatics technology enables a unique combination of  

·  custom information systems that exactly fits the research, 
·  fast implementation and evolution to keep hitting a moving target, 
·  traceable organization to survive the flood of data, and 
·  limited costs of ownership. 

These features are essential in the specialized, rapidly evolving, and competitive domain 
of modern life science. 
 
MOLGENIS 4 ARRAYS is their first product* and enables quick development of custom 
experiment databases. ARRAYS variants (or myARRAYS) are successfully managing 
microarray experiments on bacteria, animals, plants and humans today. Our clients chose 
MOLGENIS because the 20+ existing systems were not easy to tailor to their research 
while new MOLGENIS versions can be generated in minutes. A typical myARRAYS 
system can be developed in under four months and adapted within days. MOLGENIS 
variants for Genetical Genomics, Proteomics and Clinical Trials are under development. 
 
If you are interested in working with us and/or want to get a myMOLGENIS, please 
contact me. 
 
Morris A. Swertz 
swertz@molgenis.com 
 
MOLGENIS 
Postbus 14 
NL-9750 AA Haren 
The Netherlands 
 
* ) Swertz, M.A., De Brock, E.O., Van Hijum, S.A., De Jong, A., Buist, G., Baerends, 
R.J., Kok, J., Kuipers, O.P. and Jansen, R.C. (2004) Molecular Genetics Information 
System (MOLGENIS): alternatives in developing local experimental genomics databases. 
Bioinformatics 20: 2075-2083 
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Sunday June 26 
A Welcome Reception will be organized in the NH Hotel (Hanzeplein 132, Groningen, 
right across from the University Medical Center, for those of you who are not staying in 
this hotel) from 17.00-19.00 hours. You can also register, pick up your abstract book and 
badge for the meeting during this time. Snacks and drinks will be provided. 
 
 

Monday June 27 
 
08.30-09.00  Registration in the “Fontein Patio” of the University Medical Center 
09.00-09.15  Welcome address by Gerald de Haan and Ritsert Jansen in the “Rode 

Zaal” 
09.15-09.30  Welcome address by Prof.dr. Sibrand Poppema, dean of the Medical 

Faculty, Member of the board of directors of the University Medical Center 
Groningen 

09.30-10.00  Opening lecture by Robert Williams, University of Tennessee at Memphis: 
The Complex Trait Consortium and the Start of Systems Genetics. 

10.00-10.30  Leonard Schalkwyk, Institute of Psychiatry, London, UK: Behaviour-The 
phenotype challenge. (abstract # 44) 

 
10.30-11.00.  Coffee break Fontein Patio (During this break we will have a photo taken 

of the whole group, to be distributed at the end of the meeting.. Also: 
Time to put up posters) 

 
11.00-11.30  Tim Aitman, Imperial College London, UK: Genomic approaches to 

finding genes for complex traits. (abstract # 47) 
11.30-12.00  Leonid Bystrykh, University Medical Center Groningen, the Netherlands. 

Molecular basis for cis-regulated natural variation in gene expression. 
(abstract # 55) 

12.00-12.30  Yasushi Okazaki, Saitama Medical School, Japan. Gene expression 
linkage analysis to predict gene regulatory networks of fat metabolism. 
(abstract # 57) 

 
12.30-13.30  Lunch Fontein Patio (Time to put up posters) 
 
13.30-14.00  Elissa Chesler, University of Tennessee, Memphis, TN, USA: Systems 

genetic analysis of gene transcription and complex phenotypes: a graph 
theoretical approach. (abstract # 41) 

14.00-14.30  Martina Johanneson, Lund University, Sweden: Gene expression profiling 
of arthritis using a QTL-chip reveals a complex gene regulation of the 
CIA5 region in mice. (abstract # 1) 

14.30-15.00  Fuad Iraqi, International Livestock Research Institute, Nairobi, Kenya. 
Starting the collaborative cross: construction of 100 recombinant inbred 
lines. (abstract # 63) 

 
15.00-15.30  3 minute “Come see my poster” presentations (posters 1-8). 
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Poster 1:  Arimantas Leonikas, Pennsylvania State University, USA: Quantitative 
expression of a qualitative character: gene-gene and gene-environment 
interaction in controlling attachment of soleus muscle in BXD RI strains. 
(abstract # 10) 

Poster 2:  Sohela Shah, Tufts University, Boston, MA, USA: Babesiosis in mice: a 
mouse model to study the genetic basis of resistance to infectious 
diseases. (abstract # 13) 

Poster 3:  Benoit Piavaux, University Medical Center Groningen, the Netherlands: A 
Novel susceptibility to experimental asthma (Sea-1) locus on mouse 
chromosome 17. (abstract # 49) 

Poster 4:  Benoit Piavaux, University Medical Center Groningen, the Netherlands: 
Recombinant congenic mouse strains as a genetic model for antigen-
induced airway manifestations of asthma. (abstract # 48) 

Poster 5:  Sally Chiu, University of California at Davis, CA, USA: SPRET/Ei alleles 
on distal mouse chromosome 7 promote increased body fat mass. 
(abstract # 45) 

Poster 6:  Xavier Montagutelli, Institut Pasteur, Paris, France: Influence of genetic 
background in a mouse model of erythropoietic protoporphyria; 
identification of a major modifier locus controlling erythropoietic 
protoporphyrin. (abstract # 37) 

Poster 7:  Jeff Yates, University of Kentucky, Lexington, KY, USA: Genetic 
regulation of hematopoietic stem cell proliferation. (abstract # 36) 

Poster 8:  Rudi Alberts, Groningen Bioinformatics Center: A statistical multi-probe 
model for analyzing short-oligonucleotide arrays in genetical genomics 
experiments. (abstract 68). 

 
15.30-16.00  Coffee break Fontein Patio (poster viewing) 
 
16.00-16.30  Jonathan Flint, University of Oxford, UK: Simulating the collaborative 

cross: the power of QTL detection and mapping resolution in large sets of 
recombinant inbred strains of mice. (abstract # 3) 

16.30-17.00  Dabney Johnson, Oak Ridge National Laboratory, Oak Ridge, TN, USA: 
The collaborative cross at Oak Ridge National Laboratory. (abstract # 52) 

17.00-17.30  Frank Johnson, NIEHS, NIH, Research Triangle Park, NC, USA: 
Overview of the NIEHS resequencing initiative. (abstract # 62) 

 
17.30-18.00  Drinks in UMCG Restaurant, ground floor 
 
18.00-19.00  Dinner in UMCG Restaurant, ground floor 
 
19.00-21.30  Collaborative Cross Meeting in “Ronde Zaal”, first floor. 
 
21.30-??.??  Social gathering in Café de Bonte Koe  
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Tuesday June 28 
 
08.30-09.00  Jingyuan Fu, Groningen Bioinformatics Center, Groningen, the 

Netherlands. Combining genetics, genomics and metabolomics: genetic 
regulatory networks. (abstract # 58) 

09.00-09.30  Olga Alvarez/Pjotr Prins, Wageningen University, the Netherlands: 
Genetical genomics approaches for C. elegans. (abstract # 12) 

09.30-10.00  Kent Hunter, National Cancer Institute, Bethesda, MD, USA: Metastasis 
predictive signature profiles pre-exist in normal tissues. (abstract # 24) 

10.00-10.30  Keith DiPetrillo, The Jackson Laboratory, Bar Harbor, ME, USA: Genetic 
analysis of kidney disease in mice. (abstract # 5) 

 
10.30-11.00  Coffee break Fontein Patio (poster  viewing) 
 
11.00-11.30  Abraham Palmer, Columbia University, New York, NY, USA: Short-term 

selective breeding for fear learning. (abstract # 42) 
11.30-12.00  Dirk Moore, University of Medicine and Dentistry of New Jersey, 

Piscataway, NJ, USA: Using hierarchical models in a genome scan of 
proliferating cell counts in the dentate gyrus of recombinant inbred mice. 
(abstract # 18) 

 
12.00-12.30  3 minute “Come see my poster” presentations (posters 9-16). 
 
  Poster 9:  Richard Nowakowski, University of Medicine and Dentistry of New Jersey, 

Piscataway, NJ, USA: Phenotype definition for complex trait analysis of 
the brain: phenomic analysis of morphology and development of the 
dentate gyrus and hippocampus in inbred mouse strains. (abstract # 19) 

 Poster 10:  Vanessa Sancho, McGill University, Montreal, Canada: Candidacy of 
Ncf2 in Salmonella susceptibility of wild-derived mice. (abstract # 43) 

   Poster 11:  Joanne Pennock, University of Manchester, UK: QTL mapping of 
resistance and susceptibility to Trichuris muris infection in the mouse; 
identification of candidate genes on chromosome 1 and 17. (abstract # 
40) 

 Poster 12:  Jackson Beatty/Rick Laughlin, UCLA, Los Angeles, CA, USA: 
Complementary QTLs regulate natuaral variation in neocortical and non-
neocortical brain volume. (abstract # 31) 

 Poster 13:  Pjotr Prins, Wageningen University, Wageningen, the Netherlands: 
Assessing quality of microarrays in relation to genetical genomics 
experiments. (abstract # 56) 

 Poster 14:  Rainer Breitling, University of Glasgow, UK. Automated interpretation 
tools for microarray experiments. (abstract # 64) 

 Poster 15:  Fuad Iraqi, International Livestock Research Institute, Nairobi, Kenya: 
Trypanotolerance candidate genes. (abstract # 32) 

 Poster 16:  Judith Fisher, Max-Delbruck Center for Molecular Medicine, Berlin, 
Germany: Identification of genetic factors contributing to heart failure in 
SHHF rats. (abstract 66). 

 
12.30-13.30  Lunch Fontein Patio (poster viewing) 
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13.30-14.00  Jean Francois Bureau, Institut Pasteur, Paris, France: Fine mapping of 
the Tmevp3 locus. (abstract # 28) 

14.00-14.30  Henning Wittenburg, University of Leipzig, Germany: Association of a 
lithogenic Abcg5/Abcg8 allele on chromosome 17 (Lith 9) with cholesterol 
gallstone formation in PERA/EiJ mice. (abstract # 21) 

14.30-15.00  John French, NIEHS, NIH, Research Triangle Park, NC, USA: Mapping 
loss of heterozygosity and modifiers in radiation induced lymphoma in 
B6.129-Trp53 haploinsufficient mice. (abstract # 50) 

 
15.00-15.30  3 minute “Come see my poster” presentations (posters 17-25). 
 
 Poster 17:  Martijn Dijkstra, Groningen Bioinformatics Centre, University of 

Groningen, the Netherlands: Pre-processing protein mass spectra. 
(abstract # 38) 

 Poster 18:  Murli Nair, UCSD, CA. USA: Understanding features involved in splicing 
using multiple statistical learning methods. (abstract # 65). 

 Poster 19:  Maike de Buhr, Medical School Hannover, Germany: CD14: A candidate 
gene for experimental IBD. (abstract # 34) 

 Poster 20:  Stephan Scherneck, German Institute for human nutrition, Potsdam, 
Germany: Identification and dissection of the diabetes QTL Nidd/SJL 
(abstract # 61). 

 Poster 21:  Martien Kas, University of Utrecht, the Netherlands, The genetic 
dissection of complex behavioural strategies in mice. (abstract # 27) 

 Poster 22:  Nancy Hayes, University of Medicine and Dentistry of New Jersey, 
Piscataway, NJ, USA: Genetic dissection of stem cell proliferation and 
differentiation in the murine dentate gyrus. (abstract # 20) 

 Poster 23:  Pierre Mormede, Universite Victor Segalen, Bordeaux, France: Marked 
genetic differences in the regulation of plasma glucose levels under 
various stress conditions in mice: a critical role of corticosterone 
receptors? (abstract # 6) 

 Poster 24:  Casper Albers, Groningen Bioinformatics Centre, University of Groningen, 
the Netherlands: SIMAGE: Simulation of DNA microarray gene 
expression data. (abstract # 51) 

 Poster 25:  Kajsa Ljungberg, Uppsala University, Sweden: Algorithms for 
simultaneous search for 5 QTL. (abstract # 53) 

 
15.30-16.00 Coffee break Fontein Patio (poster viewing) 
 
16.00-16.30  Joe Angel, University of Texas, Smithville, TX, USA: Characterization of 

the Tpa promotion susceptibility locus PSL1 and identification of a 
candidate gene. (abstract # 15) 

16.30-17.00  Simon Foote, The Walter and Eliza Hall Institute, Melbourne, Australia: 
Genetics of resistance to cutaneous leishmaniasis in mice. (abstract # 29) 

17.00-17.30  Frank Lammert, University of Bonn, Germany. Complement factor 5 is a 
quantitative trait gene that modifies liver fibrosis in mice and human. 
(abstract # 33) 

 
17.30-18.00  Drinks in UMCG Restaurant, ground floor 
 
18.00-19.00  Dinner in UMCG Restaurant, ground floor 
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19.00-21.00  Rendez-vous after dinner: includes Match-making event  
 After dinner coffee/tea in “Ronde Zaal”, first floor: 

The following companies and Institutes will be present: 
�  Pamgene BV, ©s-Hertogenbosch, The Netherlands 

(www.pamgene.com) 
�  Keygene BV, Wageningen, the Netherlands (www.keygene.com) 
�  MOLGENIS B.V. (Molecular Genetic Information Systems), 

Groningen, the Netherlands (www.molgenis.com). 
�  Netherlands Genomics Initiative, The Hague, the Netherlands 

(www.genomics.nl) 
 

 
21.00-??.??  Social gathering in Café  “De Brasserie”. 
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Wednesday, June 29 
 
08.30-09.00  Beverly Paigen, The Jackson Laboratory, Bar Harbor, ME: Bioinformatics 

toolbox for finding QTL genes. (abstract # 2) 
09.00-09.30  Renhua Li, The Jackson Laboratory, Bar Harbor, ME: A systems biology 

approach reveals gender dimorphism in the relationship between body 
composition and bone mineral density. (abstract # 17) 

09.30-10.00  Saunak Sen, UCSF, San Francisco, CA, USA: QTL study design from an 
information perspective. (abstract # 25) 

 
10.00-11.00  coffee break Fontein Patio (poster viewing) 
 
11.00-11.30  Peter Demant, Roswell Park Cancer Institute, Buffalo, NY, USA: System 

analysis of disease using recombinant congenic strains – identification of 
genes, intergenic interactions, and intersystemic relationships. (abstract # 
30) 

11.30-12.00  Gudrun Brockmann, Humboldt University of Berlin, Germany: 
Chromosome-wise dissection of the genome of the extremely big mouse 
line DU6i. (abstract # 11) 

 
12.00-12.30  3 minute “Come see my poster” presentations (posters 26-34). 
 
 Poster 26: Ioannis Styliamou, The Jackson Laboratory, Bar Harbor, ME: Progressing 

in silico QTL mapping. (abstract 67). 
 Poster 27:  Miguel Perez-Enciso. Universidad Autonoma de Barcelona, Spain: 

Massive association analysis via simulated annealing. (abstract # 8) 
 Poster 28:  Petko Petkov, The Jackson Laboratory, Bar Harbor, ME, USA: Evidence 

of a large-scale functional organization of mammalian chromosomes. 
(abstract # 7) 

 Poster 29:  Maarten Loos, Free University Amsterdam, the Netherlands: 
Hippocampal synaptic proteomes. (abstract # 9) 

 Poster 30:  August Smit, Free University Amsterdam, the Netherlands: The Dutch 
Neuro-BSIK moouse phenomics consortium (NBMPC): Defining novel 
mouse models for brain disorders. (abstract # 26) 

 Poster 31:  Boris Ivandic, University of Heidelberg, Germany: The German Mouse 
Clinic-Establishment of a new cardiovascular screen. (abstract # 22) 

 Poster 32:  Robert Hofstra, University Medical Center Groningen, the Netherlands: 
Combining genetic and genomic approaches to identify modifier loci in 
polygenic disease using Hirschprung disease as a model. (abstract # 39) 

 Poster 33:  Frank Kooij, University of Antwerp, Belgium: Opposite effect of genetic 
background in acoustic startle response of fragile X knock-out animals. 
(abstract # 23) 

 Poster 34:  Agnieska Doroszuk, Wageningen University, the Netherlands: CB4856/2 
introgression lines of C.elegans- a permanent population for QTL fine 
mapping. (abstract # 16) 

 
12.30-13.30  Lunch Fontein Patio (poster viewing)  
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13.30-14.00  Xiaosong Wang, The Jackson Laboratory, Bar Harbor, ME, USA: Using 
haplotype analysis to identify QTL genes. (abstract # 14) 

14.00-14.30  Petr Divina, Institute of Molecular Genetics, Prague, Czech Republic: The 
mouse inter-subspecies chromosome substitution strains:an interim 
report. (abstract # 35) 

14.30-15.00  Karlyne Reilly, National Cancer Institute, Frederick, MD, USA: Nstr1 and 
Nstr2, two modifier loci of genetically engineered murine peripheral nerve 
sheath tumors, are syntenic with translocation breakpoints in human 
malignant peripheral nerve sheath tumors. (abstract # 54) 

 
15.30-16.00  Coffee break Fontein Patio 
 
16.00-16.30  David Threadgill, University of North Calorina at Chapel Hill, NC, USA: 

Toxicogenetic analysis of susceptibility to acetoamniophen-induced liver 
injury. (abstract # 46) 

16.30-17.00  Leah Solberg, Medical College of Wisconsin, Milwaukee, WI USA: 
Mapping quantitative trait loci in heterogenous stock mice. (abstract # 4) 

17.00-17.15  Closing Remarks 
 
17.45   Meet in the “Fontein Patio” for walk to “Academiegebouw” 
 
18.30-21.30  Dinner at Historic “ Academiegebouw” , preceded by welcome 

address by Prof.dr. Frans Zwarts, Rector Magnificus of the 
University of Groningen. 
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 Abstracts 
 

1 Gene expression profiling of arthritis using a QTL-chip reveals 
a complex gene regulation of the CIA5 region in mice 
 
Martina Johannesson1, Lina M. Olsson1, Anna-Karin B. Lindqvist1, Steffen Möller2, Dirk 
Koczan2, Lena Wester-Rosenlöf1, Saleh Ibrahim2 and Rikard Holmdahl1 

 
1Section for Medical Inflammation Research, BMC I11, Lund University, Lund 22184, 
Sweden 
2 University of Rostock, Institute of Immunology, Joachim-Jungius-Strasse 9, 18059 
Rostock, Germany 
 
One of the major quantitative trait loci (QTLs) associated with arthritis in crosses 
between B10.RIII and RIIIS/J mice, is the Cia5 on chromosome 3. Early in the congenic 
mapping process it was clear that the locus was complex, consisting of several sub-loci 
with small effects. This is true for many of the QTLs identified for autoimmune 
phenotypes. Therefore, we developed two novel strategies to dissect a complex locus; 
The partial advanced intercross (PAI) strategy, with which we recently found the Cia5 
region to consist of three loci, Cia5, Cia21 and Cia22, and now we introduce the QTL-
chip strategy, where we have combined congenic mapping with a QTL-restricted 
expression profiling using a novel microarray design. The expression of QTL-genes was 
compared between parental and congenic mice in lymph node, spleen and paw samples 
in five biological replicates and in dye-swapped experiments at three time points during 
the induction phase of arthritis. The QTL-chip approach revealed an unusually complex 
gene regulation within the Cia5-region with in total 17 differently expressed genes. 
These genes will now be prioritized in the selection of candidate genes that will be 
further investigated. In QTL-mapping, there is no strategy that will be the gold standard; 
but certainly, the QTL-chip is a valuable tool in the search for genes underlying complex 
traits. 
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2 Bioinformatics Toolbox for Finding QTL Genes 
 
Beverly Paigen, Keith DiPetrillo, Ioannis Stylianou, Xiaosong Wang, and Gary Churchill 
 
The process of identifying the genes underlying QTLs can be accelerated by using a 
variety of statistical and bioinformatics techniques, which we will illustrate using 
examples from several phenotypes. We begin by selecting QTL found in three or more 
crosses that also had a concordant human QTL.  We first narrowed the region by 
comparative genomics if possible and then by statistically combining the crosses.  Next, 
we used a dense SNP database to reduce the regions by haplotype analysis.  The 
genes in these small regions were tested using two expression databases to determine if 
the genes were expressed in the tissues relevant to the phenotype.  Those genes 
meeting this criterion were then examined for coding sequence differences using first a 
database and then actual sequencing.  These genes were also examined for gene 
expression differences in the relevant tissues by quantitative RT-PCR. This process 
produced a short list of candidate genes for each QTL.  
The goal of these bioinformatics tools is to focus on a few genes within a QTL region that 
can be systematically tested.  Although these methods are based on many assumptions, 
they provide a systematic method to identify high priority candidate genes to test 
experimentally.  Bioinformatics methods are an important addition to the toolbox for 
finding QTL genes. 
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3 Simulating the collaborative cross: power of QTL detection 
and mapping resolution in large sets of recombinant inbred 
strains of mice 
 
Authors: William Valdar, Richard Mott, Jonathan Flint 
 
Abstract: 
It has been suggested that a large set of recombinant inbred strains derived from eight 
inbred mouse strains could provide a powerful resource for the dissection of many 
phenotypes of biomedical importance. Here we use simulation to investigate the power 
of the set, known as the collaborative cross, to detect and map the small genetic effects 
that contribute to variation in most complex traits in the mouse. We show that fewer 
strains than the expected number of 1,000 are sufficient for genetic mapping. One 
hundred strains are sufficient to map a single additive locus of small effect to high 
precision. In the presence of strong epistasis more strains are needed but we estimate 
that as few as 200 will provide sufficient power to meet some goals of the collaborative 
cross. However, even with a very large panel of RILs, mapping resolution may not be 
sufficient to identify single genes unambiguously. 
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4 Mapping quantitative trait loci in heterogeneous stock mice 
 
Leah Solberg, William Valdar, Richard Mott, Jonathan Flint 
 
We have mapped  the genetic basis of a behavioural, physiological, biochemical and 
immunological phenotypes in a large cohort of heterogeneous stock mice. Using a set of 
14,000 single nucleotide polymorphisms distributed across the mouse genome at a an 
average distance of 400 kilobases, we applied probabilistic haplotype reconstruction 
methods to identify the location of genetic factors contributing to variation in about 100 
phenotypes. We show that the resolution of our mapping approach is sufficient to identify  
a small number of genes under each quantitative trait locus peak, and that candidate 
genes can be found by using information about sequence variants and expression 
patterns. 
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5 Genetic Analysis of Kidney Disease in Mice 
 
Keith DiPetrillo, Shirng-Wern Tsaih, Susan Sheehan, Caitlin Stanton, Ioannis Stylianou, 
Gary Churchill, and Beverly Paigen.  The Jackson Laboratory, Bar Harbor, ME 04609 
 
Chronic kidney disease (CKD) is a growing medical problem caused by interacting 
genetic and environmental factors.  Because of structural homology between the mouse, 
rat, and human genomes, quantitative trait loci (QTL) detected in rodent models of 
disease often predict the location of human QTL.  Several CKD QTL identified in rats are 
homologous to human CKD QTL (Korstanje and DiPetrillo, AJP:Renal 287:F347-352, 
2004), but few QTL studies investigating CKD have used mice.  Therefore, we used 
several classical genetic and new bioinformatics techniques to examine the genetic 
basis of CKD in mice.  First, we surveyed urinary albumin to creatinine ratios (ACR), the 
primary clinical marker of CKD, in mice from 32 inbred strains and identified A/J and 
DBA/2J (D2) mice as having high ACR and C57BL/6J (B6) mice with low ACR.  We 
completed two QTL analyses examining ACR by intercrossing B6 females with either A/J 
or D2 males.  We detected a significant QTL on distal Chr 2  (peak 76 cM; CI 56-99 cM) 
in the B6xD2 cross and an overlapping suggestive QTL in the B6xA/J cross, where D2 
and A/J mice contributed susceptibility alleles.  Second, we aligned the mouse QTL on 
Chr 2 with homologous CKD QTL on rat Chr 3 and human Chr 20p13 to narrow the QTL 
through comparative genomics (CI 72-99 cM).  Third, because overlapping QTL are 
likely caused by common ancestral alleles, we used haplotype analysis to find regions 
within the Chr 2 QTL where D2 and A/J mice share identity by descent and differ from 
B6 mice.  We found that 133 out of 504 SNPs (26.4%) fit the appropriate pattern.  
Fourth, we conducted in silico QTL analysis based on our strain survey data and 
identified a significant in silico QTL on distal Chr 2 (82 cM) caused by two predominant 
haplotypes (ACR, 19.8 vs. 43.5 mg/g).  This in silico QTL overlapped one haplotype 
region within the Chr 2 QTL that contains only one, unannotated gene.  Finally, we 
searched SymAtlas to find that this gene is expressed in the kidney, a tissue relevant to 
the ACR phenotype.  We also compared genomic sequence using the Celera Discovery 
System to identify a sequence polymorphism in this gene that changes Glu114 in B6 mice 
to Lys114 in D2 and A/J mice.  Our findings support this candidate as the causal gene 
underlying the Chr 2 QTL because the gene: 1) resides within a conserved haplotype 
region between D2 and A/J mice; 2) is located within an in silico QTL; 3) is expressed in 
the kidney; 4) contains a polymorphism encoding a mis-sense mutation that is consistent 
with the haplotype pattern; and, 5) is close to the peak of the homologous rat and human 
CKD QTL.  These results show that combining genetic and bioinformatics tools is an 
effective strategy for identifying and narrowing conserved QTL. 
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6 Marked genetic differences in the regulation of plasma glucose 
levels under various stress conditions in mice: a critical role of 
corticosterone receptors? 
 
Pierre Mormède, Josiane Coulaud, Françoise Homo-Delarche. 
Laboratory for Neurogenetics and Stress, INRA UMR1243, Université Victor Segalen 
Bordeaux 2, 33077 Bordeaux, France (PM) and CNRS UMR7059, Université Denis 
Diderot Paris 7, 2 place Jussieu, 75005 Paris, France (FHD, JC). 
 
Large strain-dependent differences in corticosterone (CORT) responses to stress have 
been described. Since CORT is a hyperglycemic hormone, we investigated the possible 
relationship between stress-induced plasma CORT and glucose responses to various 
stressors in various inbred mouse strains. Male and female mice from different control 
strains (C57BL/6, DBA/2, BALB/c) and the nonobese diabetic (NOD) strain, a 
spontaneous model of type 1 diabetes, were subjected to various stressors (restraint, 
injections of lipopolysaccharide (LPS), interleukin-1 (IL-1) or 2-deoxyglucose (2-DG)) 
that affect glycemia differently. Plasma levels of glucose, insulin, CORT and, for 
restraint, IL-6 were measured at different times after stress induction. The CORT 
response showed its well-known sexual dimorphism (females > males) but also differed 
markedly among control strains (C57BL/6 < DBA/2 < BALB/c), regardless of the 
stressor. The NOD strain usually behaved like C57BL/6. Notably, the hyperglycemic 
response to restraint was inversely related to that of CORT in control strains (e.g. 
C57BL/6 > DBA/2 > BALB/c) and almost negligible in the NOD strain. Insulinemia 
declined in all strains, regardless of the stressor. Finally, during restraint, the magnitude 
of IL-6 increases was in the same order as that of CORT, and highest in NOD. Since, in 
addition to hyperglycemia, glucocorticoids are known to down-regulate their own 
synthesis and to decrease IL-6 secretion, these data suggest that, in control strains, 
sensitivity to glucocorticoid hormones is highest in C57BL/6, intermediate in DBA/2 and 
lowest in BALB/c. Like BALB/c, NOD mice showed some degree of corticoresistance. In 
response to LPS, a known hypoglycemic agent, glucose levels decreased rapidly and 
progressively in C57BL/6 mice, declined late in DBA/2 strain, and increased during the 
first 2 h before decreasing slightly over the next 2 h in BALB/c mice. Indeed, 2 h after 
injection of IL-1, the LPS-induced cytokine responsible for hypoglycemia, the response 
was lowest in BALB/c. The hypoglycemic response of the NOD to LPS and IL-1 was 
absent. The initial LPS-induced rise of circulating glucose in the BALB/c strain (and NOD 
mice) suggests that CORT inhibited hyperglycemic agent(s) to a greater (C57BL/6) or 
lesser degree (DBA/2), depending on the strain. These data show that strain differences 
in CORT responses to stress and /or sensitivity to CORT have profound consequences 
on glycemic response to various stressors. 
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7 Evidence of a large-scale functional organization of 
mammalian chromosomes 
 
Petko M. Petkov*, Joel H. Graber*, Gary A. Churchill, Keith DiPetrillo, Benjamin L. King, 
and Kenneth Paigen 
The Jackson Laboratory, Bar Harbor, Maine, USA 04609 
 *These authors contributed equally to this work 
 
The physical and functional organizations of genomes are correlated outcomes of 
evolution. We now have evidence from patterns of linkage disequilibrium among inbred 
strains of mice that evolution has selected for a pattern of mammalian chromosome 
organization that includes extensive, regional domains of functionally related genes, 
thereby facilitating the co-inheritance of optimal sets of alleles.  Domains of linkage 
disequilibrium are not the result of unusual gene densities or recombination frequencies, 
nor are they a consequence of common strains origins.  When recombination within 
these domains disrupts favorable allelic patterns, it reduces the ability of offspring to 
survive further inbreeding. Linkage disequilibrium is also seen between markers on 
separate chromosomes, forming networks with scale-free architecture. In several cases 
we have been able to identify particular functional pathways contained within domains 
and networks.  In one such case, a domain on Chr 1 contains 21 of 35 genes 
participating in a pathway of immune regulation, and the topology of this pathway is 
correlated with the organization of the corresponding genes on the chromosome.  
Similarly, one of the inter-chromosomal networks we have identified is considerably 
enriched for genes participating in DNA repair. 
The strong conservation of gene order among mammals indicates that the domains and 
networks we find must have arisen before the mammalian radiation and likely 
characterize all mammals, including humans. 
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8 Massive association analysis via simulated annealing  
 
Miguel Pérez-Enciso 
miguel.perez@uab.es 
Institut Català de Recerca i Estudis Avançats, Lluis Companys 23, 
Barcelona 08010, Spain and Departament de Ciència Animal i dels 
Aliments, Facultat de Veterinària, Universitat Autònoma de Barcelona, 
Bellaterra, 08193, Spain. 
 
Genome wide association studies are now feasible and likely to become a 
fundamental tool in unraveling the ultimate genetic basis of complex 
traits. We propose a new method for massive association analysis via 
simulated annealing (MASSA). It consists of finding the best model with 
lowest Bayesian Information Criterion using simulated annealing. The 
data are are modelled via a mixed model and new models are proposed 
using a series of rules, e.g., new loci can be added (or deleted), new 
epistatic interactions can be included between existing loci, or the 
positions of current loci can be shifted. The method is illustrated with 
datasets simulated under strict additivity and under two epistatic 
models (coadaptive and diminishing epistasis) and for both quantitative 
and binary traits. The dataset consisted of 500 SNPs and between 250 and 
1000 individuals. In all scenarios, MASSA identified correctly the 
causal loci in the majority of replicates. MASSA was also tested in an 
genetical genomics study from yeast with 116 individuals and 2956 SNPs, 
as well as in fitness measurements of double and single mutants of 
stomatitis vesicular virus (VSV). In the latter case, MASSA identified a 
complex pattern of epistasis between 8 mutated sites located in 
different genes. 
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9 Hippocampal synaptic proteomes 
 
Maarten Loos* , Kawan Li, Roel C. van der Schors, August B. Smit, Sabine Spijker 
 
*presenting author 
 
Recombinant inbred strains of mice are excellent resources for the dissection of complex 
traits. In this study, we first set out to investigate the molecular composition of 
hippocampal synaptic proteomes of C57/B6J and DBA/2J mice using proteomics 
technology with extremely high quantitative power. In particular we used isotope-coded 
affinity reagent labeling (iTRAQ) in combination with 2-D liquid chromatography (LC-LC) 
and tandem mass-spectrometric analysis. Proteins that are covered by 3 or more 
peptides can be reliably measured. In addition, the amount of protein isolated from 
pooled hippocampi of four mice is sufficient to analyze ~5,000 sequence verified 
peptides with high confidence. This results in the analysis of ~250 synaptic proteins 
(covered by 3 or more peptides). In addition to several technical topics, we will present 
issues of data analysis (annotation) and discuss some of the observed differences in the 
hippocampal synaptic proteomes of C57 and DBA mice. 
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10 Quantitative expression of a qualitative character: Gene-gene 
and gene-environment interaction in controlling attachment of 
soleus muscle in BXD RI strains 
 
A. Lionikas 1, M.G. Glover 1, F. Yu 1, L. Larsson 1,3, G.P. Vogler 1,2, G.E. McClearn 1,2, 
and D.A. Blizard 1 
 
1Center for Developmental and Health Genetics and 2Department of Biobehavioral 
Health, Pennsylvania State University, University Park, Pennsylvania 16802; 
3Department of Clinical Neurophysiology, Uppsala University, Uppsala, SE-75185, 
Sweden 
 
In the laboratory mouse the soleus muscle arises in a slender tendon at the head of the 
fibula and inserts via the Achilles tendon on the tuber calcanei together with the 
gastrocnemius muscle. During routine dissection of BXD RIs we noticed that sometimes 
soleus originates from the lateral epicondyle of the femur.  This soleus femoral 
attachment anomaly (SFAA) changes the soleus from being a single joint to a two joint 
muscle, operating over the ankle and knee joints.  We analyzed the incidence of SFAA 
in the C57BL/6J (B6) and DBA/2J (D2) strains and a panel of 29 BXD RI strains.  The 
incidence of SFAA among 3,500 hind limbs was less than 10% but it varied greatly by 
strain.  The incidence was 0-5% in 21, 6-15% in 7 and 30-60% in 3 BXD RI and less 
than 5% in the progenitor strains.   
Initially it was assumed that SFAA was a bilateral phenomenon.  However, after scoring 
of SFAA in both hind limbs of all three high expression strains, we found that bilateral 
expression of SFAA was not significantly different from the multiplicative probability of 
unilateral SFAA in all 3 strains, i.e. expression of SFAA in each hind limb was 
independent of the expression in the other limb, whose occurrence was nevertheless 
dependent on the alleles favoring high levels of expression in those strains.  This 
observation emphasizes the importance of environmental influences during development 
within individual animals. 
The distribution of SFAA among BXD RI strains and, furthermore, the low incidence in 
the progenitor strains is consistent with the possibility that the expression of SFAA is 
controlled partly by gene-gene interactions.  We hypothesize that the gene-gene 
interaction in the B6/D2 lineage increases the probability of inducing the SFAA but the 
expression of SFAA is controlled by environmental factors acting locally   
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11 Chromosome-wise dissection of the genome of the extremely 
big mouse line DU6i  
 
Marianna R. Bevova1, Yurii S. Aulchenko2,3, Soner Aksu4, Ulla Renne5, and Gudrun A. 
Brockmann4,5,6  
 
1 University Medical Center Utrecht, 3508 TA Utrecht, The Netherlands,  
2 Erasmus Medical Center, 3000 DR Rotterdam, The Netherlands,  
3 Institute of Cytology and Genetics, 630090 Novosibirsk, Russia,  
4 Institute of Animal Sciences, Humboldt-University of Berlin, D-10115 Berlin, Germany, 
5 Research Institute for the Biology of Farm Animals, D-18196 Dummerstorf, Germany, 
6 Corresponding author: 
Gudrun A. Brockmann 
Breeding Biology and Molecular Genetics 
Institute of Animal Sciences 
Humboldt-University of Berlin 
Invalidenstrasse 42 
D-10115 Berlin, Germany 
phone: +49 30 2093 6449 
fax: +49 30 2093 6397 
email: gudrun.brockmann@agrar.hu-berlin.de 
 
The extreme high body weight-selected mouse line DU6i is a polygenic model for growth 
research, harboring many small effect QTLs. We dissected the genome of this line into 
19 autosomes by the construction of a new panel of Chromosome Substitution Strains 
(CSS). DU6i chromosomes were transferred to DBA/2 mice genetic background by 
marker-assisted recurrent backcrossing. During the construction of these novel strains, 
more then 4,000 animals were generated, phenotyped and genotyped. Using these 
unique data, we studied the genetic control of variation in body weight and weight gain at 
21, 42 and 63 days. All autosomes, except 9, 10 and 12 affected body weight and weight 
gain. The effects were age-specific, with some chromosomes showing opposite effects 
at different stages of development. Furthermore, the data provided strong evidence for 
different genes in different strains that are influenced by sex and parent-of-origin effects. 
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12 Genetical genomic approaches for understanding climatic 
adaptation in natural populations of Caenorhabditis elegans. 
 
 
Olga Alda Alvarez*, Pjotr Prins*, Jingyuang Fu§, Ritsert Jansen§ & Jan Kammenga* 

 
*Laboratory of Nematology, Wageningen University, Binnenhaven 5, 6709 PD 
Wageningen, NL, §Groningen Bioinformatics Center, University of Groningen, Kerklaan 
30, 9751 NN, Haren, NL.  
 
Since Bergmann’s observation in 1847 that mammals tend to grow bigger with 
increasing distance from the equator (Bergmann’s rule) biologists have been fascinated 
by the geographical distribution of body size. It was discovered that not only mammals 
but also ectotherms, such as fish, bacteria, protists, invetrebrates and plants, grow larger 
in regions further away from zero latitude. This latitudinal size gradient correlates 
strongly with a thermal size gradient in which body size increases in colder 
environments. Although many explanations have been offered considering the 
underlying mechanism of Bergmann’s rule, the molecular genetic control is unknown. 
  A C. elegans strain (N2) from temperate regions (UK, min-max temperature 4-18°) 
complied with Bergmann’s rule and grew bigger at lower temperatures, whereas a strain 
(CB4856) from tropical regions (Hawaii, min-max temperature 23-24°) did not. After 
crossing these strains we obtained a segregant population of SNP genotyped RILs. So 
far we have mapped several QTLs underlying body size changes at the respective 
temperatures of 12° and 24°. Presently we are exposing all RILs to the same 
temperatures, extracting mRNA and hybridizing all RIL samples according to Fu & 
Jansen (in prep) using micro-arrays (obtained from GSC, Washinton University, St. 
Louis). Using this genetical genomics approach we hope to unravel the linked genes 
which control Bergmann’s rule in C. elegans.   
 
Fu, J., & R. Jansen How to double the power of half the arraying cost in genetical 
genomics. (in prep) 
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13 Babesiosis in mice: a mouse model to study the genetic basis 
of resistance to infectious diseases 
 
Shah, S.1, Vannier, E.2, Dietrich, W.F.3, Telford, S.R.4, Spielman, A.5, Gelfand, J.A.1, and 
Wortis, H.H.1 

1Department of Pathology, Tufts University School of Medicine, Boston, MA; 2Division of 
Infectious Disease, Tufts-New England Medical Center, Boston, MA, 3Department of 
Genetics, Harvard Medical School, Boston, MA; 4School of Veterinary 
Medicine, Tufts University, Grafton, MA and 5Department of Immunology and Infectious 
Diseases, Harvard School of Public Health, Boston, MA 
 
Individuals differ in their ability to resist infectious diseases. In our lab, we have 
developed a novel mouse model to determine the basis of the difference using a clinical 
isolate of the emerging pathogen Babesia microti. We have shown that DBA/2 mice are 
highly susceptible to B. microti infection, developing a high level of parasitemia, whereas 
BALB/c and C57BL6 mice are resistant. Therefore, in order to understand the genetics 
of resistance to Babesia microti infection, we crossed BALB/c mice with DBA/2 mice and 
determined the level of infected RBCs in F1 and F2 mice. Parasitemia in F1 and BALB/c 
are equivalent and significantly lower than in DBA/2 mice (p<0.001), indicating that 
resistance is dominant. As parasitemia is distributed over a wide range in infected F2 
mice, we hypothesize that several genes must be involved.  Since some mice are hyper-
resistant (i.e. more resistant than the BALB/c parent) and others are hyper-susceptible 
(i.e. more susceptible than the DBA/2 parent), it is likely that some resistance alleles 
come from the DBA/2 parent and some susceptibility alleles are present in BALB/c mice. 
Using the Wright-Castle equation we estimated that four polymorphic genes account for 
the genetic variance in resistance. QTLs for resistance were mapped to chromosomes 1, 
6 and 14 (p<0.001) and are likely to map to chromosomes 8, 9 and 16 (p<0.05). Of 
these, a marker at 40 cM on chromosome 14, D14Mit34, has the highest LRS score of 
15.2 (P=0.0001). However, unlike the other loci, mice that are homozygous for the 
BALB/c allele for this position are significantly more susceptible than both homozygous 
DBA/2 and heterozygous mice. This might explain the hyper-resistant and hyper-
susceptible phenotypes. We have previously shown that differences in adaptive 
immunity account for the resistance phenotypes of BALB/c and DBA/2 mice, therefore 
we believe that the identified QTLs include polymorphic genes that contribute to adaptive 
immune responses. Supported by National Institute of Aging. 
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14 Using haplotype analysis to identify QTL genes 
 
Xiaosong Wang, Allison Cook, Jarod Rollins, Beverly Paigen 
The Jackson Laboratory, Bar Harbor, ME 04609, U.S.A. 
 
Identifying QTL genes is a difficult task. Here, we demonstrate that haplotype analysis 
can accelerate this process. Twenty-two mouse crosses have been used to find QTLs 
for plasma high-density lipoprotein cholesterol (HDL-C) levels, and 12 of them detected 
HDL-C QTLs on distal Chr 1. These QTL analyses suggested the presence of two 
closely linked HDL QTLs on mouse Chr 1 (Hdlq33 at about 80 cM, and Hdlq5 at about 
90 cM). Because the QTLs detected in the 12 mouse crosses overlap, we did not know 
which crosses detected which of the two QTLs. We started with Hdlq5 because Apoa2, 
encoding a structural protein of HDL, is located at 92 cM. By using haplotype analysis 
based on dense SNP markers for all 22 mouse crosses used to detect HDL QTLs, we 
found that Apoa2 is the gene for Hdlq5 (Wang X et al. Genome Res 2004;14:1767-72). 
Of the 12 crosses that identified a Chr 1 QTL, nine crosses detected Hdlq5 and three 
detected Hdlq33. By comparing the haplotypes of the parental strains used to detect 
Hdlq33 in these three crosses, we narrowed Hdlq33 from 38 Mb to three regions 
comprising 2.6 Mb that contain 19 genes/ESTs. One biologically relevant candidate 
gene within a conserved haplotype is Soat1 (encoding sterol O-acyltransferase). We 
found a sequence polymorphism in Soat1 encoding His205 in all the high allele strains 
and Tyr205 in the low allele strains. In addition, all high allele strains expressed 
significantly (P<0.05) lower levels of hepatic Soat1 mRNA than the low allele strains. 
The findings of sequence and expression differences in Soat1 consistent with the allele 
effect of the QTL, combined with the potential role of SOAT1 in cholesterol metabolism, 
strongly suggest that Soat1 is the gene for Hdlq33. Therefore, haplotype analysis has 
helped to identify two closely linked genes underlying two HDL QTLs on mouse Chr 1.  
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15 Characterization of the TPA promotion susceptibility locus 
PSL1 and identification of a candidate gene that modifies TPA 
skin tumor promotion susceptibility 
 
Angel, JM, Abel, EL, Riggs, PK, Elizondo, L, Caballero, M, and DiGiovanni, J.  The 
University of Texas M D Anderson Cancer Center, Science Park-Research Division, 
Smithville, Texas 78957, USA. 
 
Epidemiological data suggest that cancer susceptibility in the general population is a 
function of multiple, poorly penetrant modifier genes, each of which contributes to but is 
not solely responsible for predisposition to developing a particular type of cancer after 
exposure to certain environmental carcinogenic agents. It is clear that, unlike highly 
penetrant tumor suppressor genes, these genes act to alter the probability of cancer only 
in the presence of carcinogens. The observation that not every individual exposed to a 
carcinogen develops cancer demonstrates the importance of determining the role of 
these modifier genes in cancer risk.   We have used the two-stage skin carcinogenesis 
model in mice to map genetic loci that modify susceptibility to skin tumor promotion by 
the phorbol ester 12-O-tetradecanoylphorbol-13-acetate (TPA).  We previously reported 
the mapping of TPA promotion susceptibility loci to chr 1 (Psl3), 2 (Psl2), 9 (Psl1), and 
19 (Psl4) in genetic crosses of susceptible DBA/2 mice with relatively resistant C57BL/6 
mice.  Tumor studies using interval specific congenic mouse strains carrying portions of 
distal chr 9 from DBA/2 on a C57BL/6 background have now confirmed the mapping of 
Psl1 to distal chr 9.   Furthermore, the data indicate that at least two, and possibly more, 
genes mapping within this chromosomal region modify susceptibility to TPA skin tumor 
promotion.  Recent studies using cDNA microarrays identified three genes mapping 
within Psl1 that were differentially expressed in TPA-treated epidermis of DBA/2 
compared to C57BL/6 mice.  One of these genes, Gsta4, was expressed at >20-fold 
higher levels in the epidermis of TPA-treated C57BL/6 compared to TPA-treated DBA/2 
or vehicle-treated mice 6 hrs after treatment.  Increased levels of Gsta4 mRNA were 
detected in the epidermis of TPA-treated C57BL/6 mice as early as 2 hrs after treatment 
and levels remained high for at least 24 hrs after treatment.  Gsta4 activity also was 
detected at higher levels in the epidermis of TPA-treated C57BL/6 mice compared to 
vehicle-treated mice or TPA-treated DBA/2 mice.  Gsta4 plays a role in response to 
oxidative stress, which has been associated with TPA skin tumor promotion 
susceptibility.  Given this role in response to oxidative stress, its map location within 
Psl1, and its up regulation in TPA-treated C57BL/6 epidermis we propose that Gsta4 is a 
candidate gene for a modifier of TPA skin tumor promotion susceptibility.  Supported by 
NIEHS grant ES08355, NIEHS Center grant ES07784, and M.D. Anderson Cancer 
Center Core grant CA16672. 



4th Annual Meeting of the Complex Trait Consortium, 2005 Groningen 
 

36 

16 CB4856 /N2 Introgression Lines of Caenorhabditis elegans – 
a permanent population for QTL fine-mapping 
 
Agnieszka Doroszuk, Emilie Fradin, Bas Waterbeemd, Joost Riksen & Jan Kammenga 
 
Laboratory of Nematology, Wageningen University, Binnenhaven 5, 6709 PD 
Wageningen, NL 
 
Segregant C. elegans populations of the canonical strain N2 and strain CB4856 are 
increasingly used for mapping quantitative traits such as feeding behaviour and 
neurological disorders. The power of QTL detection for these complex traits depends to 
a large extent on the type and size of the mapping population. To facilitate mapping 
strategies and to overcome typical shortcomings of many mapping populations like low 
resolution power, overshadowing effect of major QTL on minor QTL or interaction 
between unlinked QTLs, we have recently developed a permanent mapping population 
of introgression lines (IL) of the nematode Caenorhabditis elegans. For that purpose we 
crossed CB4856 with N2 and used the resulting progeny for selfing. Each of the 
introgression lines contains single homozygous chromosome segment of CB4856 strain 
introgressed into the background of N2 as defined by a set of SNP markers. We aim at 
completing the library by developing approximately 80 lines nearly isogenic to N2 with 
chromosomal segments of CB4856 strain covering the entire genome. We present the 
QTL analysis of relative fitness of 10 ILs with introgressed segments of chromosome X, 
where the previous QTL mapping with the use of recombinant inbred lines (RILs) 
revealed a fitness QTL.  
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17 A systems biology approach reveals gender dimorphism in 
the relationship between body composition and bone mineral 
density 
 
Renhua Li, Karen Svenson, Randy V Smith, Beverly Paigen, Juergen K Naggert, Gary A 
Churchill 
The Jackson Laboratory, 600 Main Street, Bar Harbor, ME 04609 
 
Laboratory mouse inbred strain surveys provide an experimental basis for the study of 
correlation among multiple phenotypic measures. Newly developed structural modeling 
techniques for the analysis of multivariate data provide a unique approach to 
understanding the complex relationships among phenotypes at the whole organism 
level. We consider bone mineral density (BMD), body composition, and plasma glucose, 
leptin, and insulin levels assayed on both male and female mice from ~ 40 inbred 
strains. Mice were raised on a high-fat diet starting at 8 weeks of age and were 
measured after 16 weeks on diet at 25 weeks of age. We have analyzed these data to 
derive a structural equation “network” model that describes the correlation structure of 
these data. In our analysis, gender dimorphism was noted for most of the traits and 
differences in the correlation structure between male and female mice lead to the 
development of two distinct models, one for each sex. Both quantitative and qualitative 
changes in physiology are detectable. Our model explains 65% of the observed variance 
in BMD and can successfully predict BMD in inbred strains. In addition, leptin and insulin 
are shown to play key roles in the regulation of the system. In summary, our models 
provide insights into the mechanisms that result in different pathways relating body 
composition to bone density in male and female mice. Structural models, in general, 
show promise for the prediction of disease development. 
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18 Using Hierarchical Models in a Genome Scan of Proliferating 
Cell Counts in the Dentate Gyrus of Recombinant Inbred Mice.  
  
Dirk F. Moore (Department of Biostatistics, UMDNJ – School of Public Health), Richard 
Nowakowski and Nancy Hayes (Department of Neuroscience and Cell Biology, UMDNJ-
Robert Wood Johnson Medical School, Piscataway, NJ 08854 
    
The dentate gyrus is a structure in the hippocampus region of the brain, and 
recombinant inbred (RI) mice provide an ideal animal model for studying the genes that 
affect its characteristics.  Methods for analyzing quantitative trait loci (QTL’s) are well-
developed, but data from RI mice present special opportunities and challenges.  Known 
genetic maps of the RI strains permit in silico mapping of traits, but the availability of sets 
of multiple genetically identical mice with different combinations of genes from founders 
requires repeated measures statistical models. Furthermore, cell counts from different 
regions of the dentate gyrus provide an additional level of hierarchical nesting.  
Generalized estimating equations (GEE) and generalized linear mixed effects models 
(GLMix) provide flexible methods for constructing Poisson models of hierarchical count 
data.  We describe a new QTL mapping procedure that uses GEE and GLMix Poisson 
regression to model the profile of counts of proliferating cells along segments of the 
dentate gyrus and to map QTL’s related to components of these profiles in RI strains.  
Using dentate gyrus proliferating cell count data from the CXB series of RI mice, we 
compare results obtained using our approaches to those from standard QTL mapping 
procedures.  We also compare the efficiency and bias of GEE and GLMix Poisson 
models and standard approaches using simulated RI experimental data. 
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19 Phenotype definition for complex trait analysis of the brain: 
phenomic analysis of morphology and development of the 
dentate Gyrus and Hippocampus in inbred mouse strains.  
 
R.S. Nowakowski* and N.L. Hayes. Dept. of Neuroscience and Cell Biology, UMDNJ-
Robert Wood Johnson Medical School, Piscataway, NJ 08854 
    
In the post-genomic era an important problem will be identifying the relationships 
between genes and brain function and anatomy. A major problem here is that we have 
high throughput methods for some analysis, but at many levels phenotype evaluation is 
still a time consuming and laborious process. We have taken the first steps towards 
developing a Amoderate throughput@ method for assessing the affects of genetic 
differences on the size, shape and appearance of specific structures in the brain of the 
mouse. We examined and measured a large variety of architectural features of the 
dentate gyrus and hippocampus of 6 inbred strains (Jackson Labs, Bar Harbor, ME): A/J, 
BALB/cByJ, C3H/HeJ, C57BL/6J, DBA/2J, and 129X1/SvJ. All mice were males 60 " 3 d 
old. All measurements were made using a Alandmark@ based system on horizontal 
sections on a single level passing through the posterior commissure. A total of 36 
measured or derived parameters were then analyzed with principal component analysis 
(SAS) which revealed that 5 underlying (and independent) "factors" accounted for most 
of the interstrain variation. The first 3 factors, which together account for >83% of the 
variance, are highly correlated with the lengths of the infrapyramidal granule cell layer, 
the suprapyramidal granule cell layer, and the intrusion of CA3 into the hilus, 
respectively. A maximum likelihood analysis (Phylip) using the 36 measurements as 
continuous traits shows that, from the perspective of hippocampus and dentate gyrus 
morphology, all 6 of these strains are statistically different from one another and that the 
most different strains are C3H vs BALB/c (1.98 arbitrary units apart), and the least 
different are A vs C57 (0.54 arbitrary units apart). In principle, the 5 "factors" detected by 
the principal component analysis represent at least 5 different genes acting at some time 
during development, but this interpretation does not consider that each of these 
phenotypes may represent the interaction of multiple genes. The addition of more inbred 
strains and recombinant inbred to this analysis will provide a basis for the mapping and 
future identification of the genes involved and their specific developmental functions.  
 
Supported by NIH Grants NS049445 (RSN) and MH-63957 (NLH) 
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20 Genetic Dissection of Stem Cell Proliferation and 
Differentiation in the Murine Dentate Gyrus  
 
Nancy L. Hayes and Richard S. Nowakowski, UMDNJ-Robert Wood Johnson Medical 
School, Piscataway, NJ, USA  
  
We have exploited the genetic diversity in a large sample of inbred mouse strains to 
study the proliferative behavior of adult stem cell populations. Using customized 
paradigms of bromodeoxyuridine labeling of newly produced DNA and mathematically 
rigorous analysis of the data, we have shown that adult neurogenesis in the dentate 
gyrus (DG) is not a single phenomenon. Rather, it is the net result of multiple 
phenotypes which are under separate, and largely independent, genetic regulation. 
These phenotypes include 1) the size of the stem cell population, 2) its distribution along 
the septal-temporal axis of the hippocampus, 3) the proportion and 4) distribution along 
the hippocampal axis of the daughter cells produced by each cell cycle which survive for 
longer than 5 weeks, and 5) the proportion of new neurons within this surviving 
population. This net neurogenetic output differs significantly across the inbred strains, 
and these differences have profound ramifications for the lifetime potential of each strain 
(and individual) to produce new, functional inclusions in the circuitry of the hippocampus.  
Analysis of the CXB recombinant inbred strains between C57BL/6ByJ and BALB/cByJ 
shows that QTL©s for these traits can be identified and that there is little overlap in the 
genetic regulation of proliferation in the DG and in the rostral migratory stream (RMS). In 
addition, we have shown differences both between inbred strains and between DG and 
RMS in the susceptibility of the stem cell populations to environmental manipulations. 
Taken together, these data indicate that genetic variations are highly significant to the 
potential impact of pathological processes, such as neurodegenerative diseases, and 
their treatments. 
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21 Association of a Lithogenic Abcg5/Abcg8 Allele on 
Chromosome 17 (Lith9) with Cholesterol Gallstone Formation in 
PERA/EiJ Mice  
 
Henning Wittenburg1,2,3, Malcolm A. Lyons1, Ulrike Kurtz3, Renhua Li1, Gary A. Churchill1,  

Joachim Mössner3, Martin C. Carey2, Beverly Paigen1 

 
1The Jackson Laboratory, Bar Harbor, ME, U.S.A., 2Brigham and Women’s Hospital and 
Harvard Medical School, Boston, MA, U.S.A., 3University of Leipzig, Department of 
Medicine II, Leipzig, Germany 
 
INTRODUCTION: We employ QTL mapping to identify genomic regions that harbor 
cholesterol gallstone susceptibility genes (Lith loci) in inbred mice. In a previous 
intercross of gallstone susceptible PERA and gallstone resistant I/LnJ mice, we detected 
a Lith locus on chromosome (Chr) 17 that was inherited from strain PERA and named 
Lith9. Our analysis of parental strains and offspring provided evidence that the genes 
encoding the canalicular cholesterol transporter ABCG5/ABCG8 underlie Lith9. 
AIMS & METHODS: We re-examined the genetic determinants of cholesterol gallstone 
susceptibility in strain PERA in a QTL analysis of an intercross with DBA/2J mice, 
another gallstone resistant strain. 324 F2 offspring were phenotyped for cholelithiasis 
during consumption of a lithogenic diet and genotyped using microsatellite markers. 
Linkage analysis was performed by interval mapping. In addition, we combined the 
datasets from the two independent crosses sharing PERA as the gallstone susceptible 
parental strain in a conjoint analysis. A haplotype   analysis for the Lith9 region was 
conducted in the three parental strains based on SNPs and candidate genes were 
sequenced. Expression of candidate genes was determined by real-time PCR. 
RESULTS: QTL mapping in the PERA x DBA/2 cross detected only a weak association 
of the Lith9 region on Chr 17 with gallstone formation. However, QTL analysis of the 
dataset derived from the combined crosses confirmed a significant shared QTL in the 
Lith9 region with a gallstone susceptible allele in strain PERA and resistant alleles in 
strains I/Ln and DBA/2. This analysis narrowed the Lith9 confidence interval to 6 cM. 
The haplotype analysis of Lith9 identified a 3.4 Mb region that contained the Abcg5 and 
Abcg8 genes and displayed shared haplotypes between strains I/Ln and DBA/2 that 
differed from the haplotype of strain PERA. Sequencing confirmed identical Abcg5 and 
Abcg8 alleles in strains I/Ln and DBA/2 and different alleles of both genes in strain 
PERA. The PERA alleles of Abcg5 and Abcg8 were associated with significantly higher 
hepatic mRNA expression levels compared with strains I/Ln and DBA/2 that correlated 
positively with higher biliary cholesterol concentration. 
CONCLUSION: Our approach of the analyses of individual and combined crosses 
sharing PERA as one of the parental strains combined with a haplotype analysis 
confirmed a common QTL on Chr 17 in both crosses and narrowed the Lith9 interval to 
3.4 Mb. Higher expression levels of Abcg5/Abcg8 in strain PERA compared with I/Ln and 
DBA/2 further substantiate the notion of dysregulated canalicular cholesterol transport as 
a principal cause of cholesterol gallstone formation in at least the PERA strain of inbred 
mice. 
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22 The German Mouse Clinic - Establishment of a New 
Cardiovascular Screen 
 
B. Ivandic (1), A. Schrewe (1), P. Kirchhof (2), V. Gailus-Durner (3), H. Katus (1), M. 
Hrabé de Angelis (3)  
1) Dept. of Medicine III, Div. of Cardiology, Otto-Meyerhof-Zentrum, University of 
Heidelberg, Heidelberg 
2) Dept. of Cardiology, Angiology and Interdisciplinary Center for Clinical Research, 
Muenster Mouse Clinic, 
   University of Muenster, Muenster 
3) GSF Research Center for Environment and Health, Inst. of Experimental Genetics, 
Neuherberg 
 
The German Mouse Clinic (http://www.gsf.de/ieg/gmc/) is a national core facility for the 
comprehensive phenotyping of mice. It is funded by the German National Genome 
Research Network (http://www.ngfn.de). In 2005, non-invasive cardiovascular 
phenotyping methods (primary screen) will be established newly to complement the 
already extensive phenotyping program. Various collaborators contribute genetically 
manipulated mice (knock-out, transgenic, ENU, gene trap, recombinant inbred) to 
identify and phenotype novel mouse models for human diseases.  
For the primary cardiovascular screen, echocardiography, ECG, blood pressure 
measurement and treadmill exercise tests will be established. A high quality of 
phenotyping will be guaranteed by training and supervision of staff by members of the 
Cardiovascular Disease Network and the Muenster Mouse Clinic. Interesting results of 
the primary screen will be discussed with the collaborator and suggested for further 
characterization in secondary and tertiary screens offered by the Cardiovascular Disease 
Network and the Muenster Mouse Clinic.  
The cooperative set-up of the German Mouse Clinic creates synergies enhancing 
publication efforts, stimulating multi-disciplinary research and facilitating grant 
applications. 
 
Thank you and best regards 
Boris Ivandic 
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23 Opposite effect of genetic background in acoustic startle 
response of fragile X knockout mice 
 
VANESSA ERRIJGERSa, RUDI D’HOOGEb, PETER P. DE DEYNb AND R. FRANK 
KOOYa 

 

aDepartment of Medical Genetics, University of Antwerp, Antwerp, Belgium 
bDepartment of Neurochemistry and Behavior, Institute Born-Bunge, University of 
Antwerp, Antwerp, Belgium 
 
In this study we have further analyzed the acoustic startle response (ASR) in fragile X 
knockout mice bred in different genetic backgrounds, including C57BL/6J, (C57BL/6J x 
129P2/OlaHsd) F1 and F2 intercross mice. The fragile X knockout mouse lacks Fmrp 
and shows abnormalities comparable with the symptoms observed in human fragile X 
patients,  including mild to severe learning difficulties, macroorchidism and behavioural 
alterations. The fragile X knockout mouse model is a valid animal model to study the 
human disorder.  
 
The ASR can be used as a behavioral tool to assess the neuronal basis of behavior. All 
mice tested showed an increasing startle response in relation to increasing stimulus 
intensity. We found differences in ASR between knockouts and controls dependent on 
genetic background and stimulus intensity. Fragile X knockout mice bred in a C57BL/6J 
background showed an increase in ASR in response to the lowest stimulus of 90 dB 
compared to control mice and a decrease in ASR in response to the highest stimulus of 
110 dB. Remarkably we found an opposite ASR between F1 and F2 mice. Knockouts of 
the F1 generation showed a decreased ASR in response to each stimulus intensity used 
compared to controls, whereas knockouts of the F2 generation showed an increased 
ASR. Since both F1 and F2 mice consist each of 50% of genetic material from either 
parental strain, these results show for the first time that the different distribution of the 
genetic material from the parental strains may influence the fragile X knockout 
phenotype in the ASR. This suggests that modifier genes may strongly influence the 
ASR in fragile X syndrome. 
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24 Metastasis predictive signature profiles pre-exist in normal 
tissues. 
 
Haiyan Yang, Nigel Crawford, Luanne Lukes, Richard Finney and Mindy 
Lancaster, Kent W. Hunter*.  Laboratory of Population Genetics, National 
Cancer Institute, Bethesda, Maryland 20892 
 
Previous studies from our laboratory demonstrated that genetic background on 
which an activating oncogene functions significantly influences metastatic 
propensity.  In addition we demonstrated that human gene expression profiles 
that predict metastasis were also evident in high- or low-metastatic mouse 
tumors and correlated with genetic background.  These results suggest that 
the metastasis predictive gene expression signatures, as well as metastatic 
propensity, may be significantly driven by genetic background, rather than 
acquired somatic mutations.  If true it should be possible to distinguish 
prospectively individuals at high or low risk for metastasis based on 
expression profiles of normal tissues.  To test this hypothesis, gene 
expression profiling was performed on inbred mouse strains that 
significantly differ in metastatic efficiency.  Analysis of the previously 
described human metastasis signature genes or a newly developed mouse 
signature set permitted accurate categorization of high or low metastatic 
mouse genotypes.  Furthermore, we were able to prospectively identify 
animals at high risk of metastasis in a genetically heterogeneous population 
using mass spectrometry to characterize peptide polymorphisms in saliva. 
These results strongly support the functional role of constitutional genetic 
variation in metastatic progression and suggest that predictive signature 
profiles could be developed from normal tissues in humans.  The ability to 
identify those individuals at high risk of disseminated disease at the time 
of clinical manifestation of a primary cancer could have a significant 
impact on the management of cancer. 
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25 QTL study design from an information perspective 
 
Saunak Sen, University of California San Francisco 
Jaya M Satagopan, Sloan-Kettering Cancer Center 
Gary A Churchill, The Jackson Laboratory 
 
We examine the efficiency of different genotyping and phenotyping 
strategies in inbred line crosses from an information perspective. 
This provides a mathematical framework for the statistical aspects of 
QTL experimental design, while guiding our intuition.  Our central 
result is a simple formula that quantifies the fraction of missing 
information of any genotyping strategy in a backcross.  It includes 
the special case of selectively genotyping only the phenotypic extreme 
individuals.  The formula is a function of the square of the 
phenotype, and the uncertainty in our knowledge of the genotypes at a 
locus.  This result is used to answer a variety of questions.  First, 
we examine the cost-information tradeoff varying the density of 
markers, and the proportion of extreme phenotypic individuals 
genotyped.  Then we evaluate the information content of selective 
phenotyping designs and the impact of measurement error in 
phenotyping.  A simple formula quantifies the information content of 
any combined phenotyping and genotyping design.  We extend our results 
to cover multi-genotype crosses such as the F2 intercross, and 
multiple QTL models.  We find that when the QTL effect is small, any 
contrast in a multi-genotype cross benefits from selective genotyping 
in the same manner as in a backcross.  The benefit remains in the 
presence of a second unlinked QTL with small effect (explaining less 
than 20% of the variance), but diminishes if the second QTL has a 
large effect.  Software for performing power calculations for 
backcross and F2 intercross incorporating selective genotyping and 
marker spacing is available from http://www.biostat.ucsf.edu/sen. 
 
 
--  
Saunak Sen ... http://www.biostat.ucsf.edu/sen  
 .. Assistant Professor  
    Department of Epidemiology and Biostatistics 
    University of California San Francisco 
 .. Head, Data Analytic Laboratory   
    Health Services Research Enhancement Award Program 
    San Francisco Veterans Affairs Medical Center 
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26 The Dutch Neuro-Bsik Mouse Phenomics Consortium 
(NBMPC): defining novel mouse models for brain disorders 
 
August B. Smit, Gerard Borst, Arjen B. Brussaard, Ype Elgersma, Niels Galjart, Bert T.J. 
van der Horst, Christiaan N. Levelt, Cyriel M.A. Pennartz, Berry M. Spruijt, Matthijs 
Verhage, Chris I. de Zeeuw, Harlan Netherlands and Noldus Information Technology 
 
Info: www.nbsik.nl, contact: e.j.c.meijer@erasmusmc.nl or absmit@bio.vu.nl.  
 
 
Brain disorders are recognized as the most expensive and disabling diseases of the new 
century. Studies on rodent model organisms have made crucial contributions to our 
current understanding of the brain and can be used to investigate many aspects of 
human brain disease. In contrast to humans, brains of model organisms can be 
accessed and challenged and we can analyse how diseases develop and might be 
treated. Due to the revolution in transgenesis and biotechnology of the past decades, we 
are now entering the post-genomics era in which tens of thousands of mouse mutants 
and recombinant inbreds will become available, that will need dedicated highly 
automated and standardized phenotyping. We have assembled the Neuro-Bsik Mouse 
Phenomics consortium formed by ten Dutch neuroscience groups and two business 
partners to realize these developments. The participating neuroscience groups as a 
whole cover the entire spectrum of analysis from peripheral disorders and motor systems 
to cognition and memory dysfunctions. Noldus Information Technology is a Dutch 
company that develops software and instrumentation for automating behavioural 
analyses, and Harlan is one of the largest rodent breeding companies in Europe with 
excellent expertise in transgenic facilities. We will set up a new knowledge infrastructure 
that combines intelligent, high throughput (HTP) screening of mice with subsequent in 
depth low throughput (LTP) analyses of selected animals. We are aiming to replace 
current fragmented HTP screening protocols by new automated home cage technology 
that will allow us to investigate the animals in an integrative fashion in a more natural 
environment, such that their normal performances can optimally flourish while their 
dysfunctions become more apparent. The LTP screening arrays will allow us to precisely 
determine the neuropathological phenotype of a selected mouse model at the cellular, 
microcircuitry and systems level for all four major areas in neuroscience including 
sensory, motor, cognitive and autonomic systems. If our aims can be met, the present 
consortium will be able to significantly contribute to phenotyping complex traits and 
mouse models for brain diseases. 
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27 The genetic dissection of complex behavioural strategies in 
mice 
 
Martien J.H. Kas1, Annetrude de Mooij-van Malsen1, Mariken de Krom1, Berend 
Olivier1,2, Hein van Lith3, Koen van Gassen1, Frank C.P. Holstege4, Pierre N. de Graan1, 
Bernard A. van Oost3 
 
1Rudolf Magnus Institute of Neuroscience, University Medical Centre Utrecht, The 
Netherlands; 2Department of Psychopharmacology, University Utrecht, The Netherlands; 
3Department of Animal, Science and Society, University Utrecht, The Netherlands; 
4Department of Physiological Chemistry, University Medical Centre Utrecht, The 
Netherlands 
 
The expression of a particular behaviour at a certain time is triggered by the integration 
of internal and external signals (such as hunger and food availability) and is guided by 
the animal’s ability to execute proper behavioural responses to survive in its ever 
changing environment. While the identification of biological substrates underlying 
behavioural expression will contribute to our understanding of both normal and 
maladaptive behaviour, novel research approaches are necessary to tackle its 
complexity. Here, we aim at identifying genetic pathways regulating biological substrates 
of approach and avoidance behaviour, two essential survival strategies in animal 
species. This is established by combining a sensitive forward genetic approach (Singer 
et al., Science, 2004) with new behavioural phenotyping methods that dissects complex 
behaviour into refined behavioural components (Kas and van Ree, TINS, 2004). 
To identify novel genetic pathways underlying the biological substrates for these 
dissociated behaviours, chromosome substitution mouse strains, a simple and powerful 
tool for QTL mapping, are tested for a wide variety of behavioural phenotypes, such as 
avoidance and approach behaviour, feeding behaviour and motor activity patterns in 
carefully designed home cage environments. In initial studies, CS-strains are identified in 
which approach and avoidance behaviour are highly dissociated.  Currently, QTL 
mapping information from selected CS-strains is combined with micro-array gene 
expression profiles (oligonucleotide arrays that contain 24900 mouse genes, Operon 
Biotechnologies, www.operon.com/arrays/oligosets_mouse.php). This strategy opens 
challenging opportunities for the discovery of novel genetic pathways for refined 
behavioural traits within complex behaviours. 
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28 Fine mapping of the Tmevp3 locus 
 
M. Mas*, F. Levillayer*, F. Levi-Acobas*, M. Szatanik°, M. Brahic*, J.-F. Bureau* 
*Unité des Virus Lents, °Unité de Génétique des Mammifères, Institut Pasteur, Paris. 
 
The demyelinating disease induced by the persistent infection of Theiler’s virus in the 
mouse spinal cord is studied as a model for Multiple Sclerosis. Susceptibility to the 
infection amongst mouse strains depends mainly on the ability of their immune system to 
eliminate the virus.  
By crossing and analyzing congenic strains between the SJL/J and the B10.S strains, 
two loci of susceptibility, named Tmevp2 and Tmevp3, were located on chromosome 10 
close to the Ifng gene. We decided to characterize the Tmevp3 locus. 
 Located at the telomeric part of the Tmevp3 interval, a cluster of cytokines 
containing at least 3 genes: Tmevpg1, Ifng, and Il-Tif/IL22 is an interesting region since 
major loci of susceptibility between the SJL/J and the B10.S are expressed in the 
immune system. We decided to test this hypothesis by haplotyping this cluster in 15 
strains for 11 laboratory strains with known susceptibility to the persistence of Theiler’s 
virus and 4 wild-type derived strains. We searched for polymorphism located in 
Tmevpg1, Ifng, Il22, and Mdm1/Mdm2, the two first genes centromeric with respect to 
the cluster. The haplotypes of laboratory strains are divided in at least two groups. The 
first group contains the SJL/J and the NZB strains and the second group the 9 other 
ones. The good correlation between these haplotypes and susceptibility to Theiler’s 
persistence strongly suggests that the Tmevp3 locus is located in this cluster. 
 No polymorphism in the coding sequence of the genes located in the cluster 
explains the effect of Tmevp3. Differences of Tmevpg1, Ifng, and Il22 expression were 
investigated between parental and congenic mice, ex vivo in CD4+ and CD8+ 
splenocytes, and in vivo during the infection by Theiler’s virus, using real time RT-PCR. 
Interferon gamma is expressed at higher level in the resistant B10.S strain than in the 
susceptible SJL/J strain during the beginning of the persistence phase. The converse 
result is obtained for Il22. Difference of expression of Tmevpg1 gene between the 2 
parental strains is due to alternative splicing. All these differences are predicted by the 
Tmevp3 haplotype. We are presently looking for the causal polymorphism of these 
differences. Present data suggest that the Tmevp3 phenotype is explained by the 
difference of expression of Ifng and Il22. 
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29 Genetics of resistance to cutaneous leishmaniasis in mice 
 
Anuratha Sakthianandeswaren, Colleen M. Elso, Ken Simpson, Joan M. Curtis, Beena 
Kumar, Terence P. Speed, Emanuela Handman & Simon J. Foote 
 
The Walter and Eliza Hall Institute, 1G Royal Pde, Parkville, 3050, Victoria, Australia 
 
Cutaneous leishmaniasis is a parasitic disease caused by the obligatory intracellular 
protozoan Leishmania and transmitted by blood-sucking sandflies. Skin macrophages 
are infected and an ulcer develops at the site of infection. The severity of human 
cutaneous leishmaniasis ranges from self-healing infection to lesions lasting for years. 
Although the importance of host genetics has been recognized, correlates of disease 
severity have not been identified in humans. A murine model of leishmaniasis using the 
human pathogen L.major has been extensively studied and loci mediating disease 
severity (lmr1-3) have been described from intercross mapping experiments. Reciprocal 
compound congenic lines have been bred and correlates of resistance to infection 
studied. Like the human disease, resistance equates to a rapid healing of the skin ulcer, 
while susceptibility is characterised by chronicity of disease. We have used these 
congenic mice to show that resistance is closely linked to the ability to heal a skin 
wound, and that lmr1-3 control the rate at which wounds heal. Importantly, we show that 
infection by L.major modulates this response in a host-specific manner with animals 
mounting a vigorous wound healing response also showing resistance to L.major lesion 
development. 
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30 System analysis of  disease using recombinant congenic 
strains – identification of genes,  intergenic interactions, and 
intersystemic relationships. 
 
Peter Demant,  Nikos Tripoodis, Marie Lipoldova, Remond Fijneman, Tom van Wezel,  
Claudia Ruivenkamp, Helena Havelkova, Tamas Csikos, Alina Czarnomska, Ella 
Kryszak 
 
Roswell Park Cancer Institute, Buffalo, N.Y., The Netherlands Cancer Institute, 
Amsterdam, The Netherlands,  Free University Medical Center, Amsterdam, The 
Netherlands,  Institute of Molecular Genetics, Prague, Czech Republic, Institute of 
Oncology, Warsaw, Poland. 
 
Common diseases in humans represent the major cause of morbidity, mortality, and 
health care costs. They are controlled by multiple genes (QTL) whose low penetrance 
prevents their efficient mapping in humans.  Animal models have been therefore the 
method of choice to map and identify such genes and in the past decade they have led 
to mapping of  several hundreds QTL and cloning of several of  them. 
The mouse recombinant congenic (RC) strains are one of the tools for QTL mapping and 
their specific advantage is high resolution power and superior capacity to detect inter-
genic interactions.  A series of RC strains (usually about 20) is derived from  two inbred 
strains – a donor strain that contributes a different random proportion of about 12.5% 
genes to each RC strain and a background strain that contributes the remaining 87.5% 
of genes.  The RC strain that differs phenotypically in the analyzed trait from background 
strain likely carries one or more donor-strain-derived QTL that can be mapped in a 
backcross or intercross of such RC strain with the background strain.  The power of such 
crosses to detect linkage is higher than in crosses between inbred strains, because the 
genetic complexity is smaller and the required correction for multiple testing milder.    
We have used the RC strains to map the genes for susceptibility to several types of 
cancer, infectious diseases, as well as genes controlling various functions of the immune 
system. More than 80 QTL detected in the same group of strains make it possible to 
describe the functional impact of numerous QTL on the same trait as well as their 
interactions in terms of functional networks. In addition to system analysis, the use of the 
same RC strains in analysis of different traits makes it possible to detect and test 
intersystemic genetic relationships.  We shall present data demonstrating these points in 
different  types of cancer, infectious disease and immunological functions. The analytic 
characteristics of the RC strains will be compared with other QTL mapping strategies.  
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31 Complementary OTLs Regulate Natural Variation in 
Neocortical and Non-neocortical Brain Volume 
 
Jackson Beatty and Rick Laughlin 
Department of Psychology 
UCLA 
Los Angeles, CA 90095 USA 
 
 
To determine the regions of the mammalian genome responsible for cortical volume, we 
conducted a complex trait analysis using 34 strains of recombinant inbred mice (BXD), 
as well as their two parental strains (C57BL/6J and DBA/2J). We measured both the 
neocortical and non-neocortical brain volumes, which were entered into a multiple 
regression analysis removing the effects of body size and age from the measurements. 
More than half of the variance of these regressed phenotypes is genetically determined. 
We then identified the regions of the genome regulating this heritability. We located 
genomic regions in which a linkage disequilibrium was present using WebQTL as both a 
mapping engine and genomic database. 
 
For regressed neocortical volume, we found a genome-wide significant quantitative trait 
locus (QTL) on chromosome 11 (marker D11Mit19 at 13 cM), as well as a suggestive 
QTL on chromosome 16 (marker D16Mit100 at 8 cM). In contrast, for regressed non-
neocortical volume, the effect of chromosome 11 was markedly reduced, and a 
significant QTL appeared on chromosome 19 (D19Mit22 at 5 cM). This classic pattern of 
double dissociation argues strongly for different genetic factors regulating relative 
cortical size, as opposed to brain volume more generally. Candidate genes mediating 
these two complementary QTLs are suggested. 
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32 Trypanotolerance candidate genes analysis 
 
Joseph Nganga1,2 and Fuad A. Iraqi1 
1International Livestock Research Institute, P. O. Box 30709, Nairobi, Kenya, 2Jomo 
Kenyatta University of Agriculture and Technology, P.O. Box 62000, Nairobi, Kenya. 
E-mail: j.nganga@cgiar.org 
 
In previous studies, using two F2 mouse resource populations trypanotolerance QTLs 
were mapped to chromosome 17, 5 and 1, and designated Tir1, 2 and 3 respectively. 
Subsequently, Tir1 and 2 were fine mapped to less than 1cM using F6 and F13 advanced 
intercross lines, respectively. Tir1 is homologous to a previously mapped 
trypanotoelrance QTL in bovine. TLR1 and 6 genes were identified as candidate for Tir2, 
and therefore sequenced across resistant and susceptible mouse strains, in order to 
search for sequence variations, which might underline the QTL. Subsequent analyses of 
single nucleotide polymorphism (SNP) haplotype showed significant variation between 
the susceptible, A/J and the resistant C57BL/6J mouse strains. A/J had a misense 
substitution on TLR1 at position 1525 and another one on TLR6 at position 1703 from 
the start codon. The two substitutions were predicted to drive a functional variation on 
the genes. Comparative mapping of the SNPs on the bovine genes can now facilitate 
marker assisted selection. 
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33 Complement factor 5 is a quantitative trait gene that modifies 
liver fibrosis in mice and humans 
 
Sonja Hillebrandt, Hildegard Keppeler, Hermann Wasmuth and Frank Lammert 
Department of Medicine I, University of Bonn, Bonn, Germany 
 
Background: Host genetic factors are likely to modify the progression of liver fibrosis, 
the end stage consequence of all chronic liver diseases. Previously we localized murine 
gene loci that confer susceptibility to liver fibrosis (Hfib loci). Our aim now was to identify 
the quantitative trait gene underlying the Hfib locus on chromosome 2 and to confirm the 
association between this gene and liver fibrosis in humans. Results: In an experimental 
intercross (n = 629) of fibrosis-susceptible BALB/cJ and resistant A/J inbred strains of 
mice, regression analysis demonstrates that a QTL on proximal chromosome 2 
significantly affects histological stages of liver fibrosis and hepatic collagen 
concentrations. The QTL is characterized by maximum LOD scores at the C5 gene 
encoding complement factor 5. The role of C5 as quantitative trait gene is substantiated 
by the fact that a structural difference in the C5 gene exists between fibrosis-susceptible 
and resistant inbred strains. The identification of the QTL gene is verified by introduction 
of an ET-modified BAC that contains only C5 into the C5 (-/-) resistant FVB/NJ strain. 
BAC-transgenic mice express functional C5 and display significantly higher hepatic 
collagen levels and stages of fibrosis compared to non-transgenic littermates. This 
model confirms that C5 is a quantitative trait gene on chromosome 2 that modifies liver 
fibrosis and provides a strong rationale for the study of C5 in humans. The 
reconstruction of C5 haplotypes in a large control population identifies 5 common 
haplotypes, which are tagged by 4 SNPs. The C5 haplotype distribution differs 
significantly between patients with mild (stages F0 - 1) and severe fibrosis (stages F2 -
 4) (p < 0.05, permutation test). This genetic analysis in patients with chronic hepatitis C 
demonstrates that common C5 gene variants are associated with liver fibrosis in 
humans. Conclusions: The combined analysis in mice and humans provides several 
lines of evidence supporting the identity of C5 and the fibrogenic QTL on mouse 
chromosome 2. Our findings confirm the concept that identical sets of critical quantitative 
trait genes play key regulatory roles in complex diseases across different organisms.  
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34 CD14: a candidate gene for experimental IBD 
 
Maike de Buhr1, Robert Geffers2, Wiebke Hansen2, Jörg Lauber2, Jan Buer2, Hans 
Hedrich1, Michael Mähler1, André Bleich1  
1Medical School Hannover, Hannover, Germany, and 2German Research Centre for 
Biotechnology, Braunschweig, Germany 
 
Interleukin-10-deficient, Il10tm1Cgn (Il10-/-), mice serve as a model for inflammatory bowel 
disease (IBD). The severity of colitis depends on the inbred strain carrying the disrupted 
Il10 gene: C3H/HeJBir (C3) mice develop severe colitis, whereas C57BL/6J (B6) mice 
are colitis resistant. Genome-wide scans with microsatellite markers on segregrating 
backcross and F2 populations resulted in the detection of ten colitogenic quantitative 
trait loci (QTL). The aim of this study was to identify candidate genes which are located 
within the QTL intervals and which are differentially expressed in the colon of IBD-
susceptible and -resistant strains. Using this combination of QTL mapping and 
microarray analysis, we identified 16 genes which were differentially expressed between 
B6- and C3-Il10-/- mice and were located within the candidate gene intervals. Three of 
these genes (Pla2g2a, Gbp1, Cd14) showed prominent differences in expression levels 
between B6- and C3-Il10-/- as well as between B6 and C3 wildtype mice and were 
considered to be major candidate genes. Pla2g2a and Gbp1 are known to be 
polymorphic between C3 and B6 mice. Expression data for Cd14 were confirmed by 
real-time RT PCR using specified pathogen free and germfree Il10-/- mice. To exclude 
that difference in Cd14 expression is a result of the TLR4-deficiency of C3 mice, 
expression of Cd14 was compared between B6-Tlrtm1Aki (Tlr4-/-) and B6-wt mice, as well 
as between Tlr4-/- C3H/HeJ and C3H/HeN mice, the latter ones being not Tlr4-/-. No effect 
of TLR4-deficiency on Cd14 expression was identified. In conclusion, all three genes 
play an important role in inflammatory processes and immune response. Because the 
expression differences were detected in Il10-/- as well as in wildtype mice, they are very 
likely caused by genetic differences in the C3 and B6 background rather than by 
secondary effects due to inflammatory stimulation, or, in the case of Cd14 expression, 
TLR4-deficiency. Studies are underway to detect the polymorphism that leads to 
expression differences, and to investigate consequences of differential Cd14 expression 
in experimental IBD. 
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35 The Mouse Inter-subspecies Chromosome Substitution 
Strains: An Interim Report 
 
Sona Gregorova, Radka Storchova, Petr Jansa, Marta Landikova, Petr Divina and Jiri 
Forejt   
Institute of Molecular Genetics, Academy of Sciences of the Czech Republic, Prague 4, 
Czech Republic 
 
A set of inter-subspecies mouse chromosome substitution strains is under construction 
with the PWD/Ph inbred strain (Mus musculus musculus) as chromosome donor and 
C57BL/6J strain (mostly Mus musculus domesticus) as the recipient. Since these mouse 
subspecies separated from their common ancestor about one million years ago, they 
display a high frequency of SNP (1/100 bp) and a plethora of phenotype variations. 
Thus, the panel of inter-subspecies consomic strains could become a valuable resource 
for complex trait research. To date, construction of 16 consomic strains was completed 
(Chr 1, 3, 4, 5, 6, 9, 12, 13, 14, 15, 16, 17, 18, 19, Y, mit). The lineages for 
chromosomes 8 and 10 currently approached the final backcross (BC10) or intercross 
generations. In the lineages for chromosomes 2, 7, 11 and X, a reproduction barrier in 
the intercross occurred preventing the fixation of the PWD chromosome in the 
homozygous state. For these chromosomes, a set of 2 or 3 subchromosomal strains 
spanning the whole donor chromosome is being constructed. The data about mice, 
crosses and genotypes are collected and maintained in a web database CONSOMIC 
developed on purpose for this project. The current holdings of the database include 
approximately 15 000 mice in 3 500 matings and more than 75 000 analyzed genotypes. 
For validation of complex trait gene candidates, a BAC library was prepared from female 
PWD/Ph genomic DNA in the pBACe3.6 vector. Over 140 000 clones of average size 
120 kb represent 7.4-fold coverage of the PWD genome. After publication, the consomic 
strains will be offered to the scientific community via the JAX(R) Mice & Services.  
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36 Genetic regulation of hematopoietic stem cell proliferation. 
 
Jeff Yates1*, Hartmut Geiger2, Gary Van Zant3.  1Physiology, University of Kentucky 
Chandler Medical Center, Lexington, KY; 2Cincinnati Children’s Hospital Medical Center, 
Cincinnati, OH; 3Department of Internal Medicine, University of Kentucky Chandler 
Medical Center, Lexington, KY. 
 
Background:  Our lab has previously shown a surprising link between organismal 
longevity and hematopoietic stem/progenitor (HSC/HPC) cell proliferation.  In effect, a 
relationship exists such that stem/progenitor cells of long-lived mice are much less 
sensitive to hydroxyurea (HU), an agent that kills S phase cells via DNA damage, than 
short-lived mice, e.g. C57Bl/6J(B6); 816 days; 11.2% killing vs. DBA/2J(D2); 540 days; 
35.8% killing.  Linkage analysis revealed a locus on chromosome 7 that is involved in 
both the cycling and longevity phenotypes.  We thus sought to confirm the role of the 
chromosome 7 locus in HSC/HPC cell cycling and detail the mechanism of the response 
to HU. 
Methods:  To confirm that this locus is responsible for HU sensitivity we generated 
congenic mice where the locus-containing interval was moved from B6 to D2 (D2.B6 chr. 
7) and vice versa (B6.D2 chr. 7).  HSCs/HPCs were identified by the day 7 cobblestone 
area forming cell (CAFC) assay and the percentage of cells killed by in vivo 
administration of HU (2mg/g) was measured.  To verify that there is indeed a difference 
in the percentage of cycling progenitor cells between B6 and D2 as implied by the HU 
killing data, we injected mice with BrdU 30 minutes before sacrificing and analyzed the 
cycling fraction of various whole bone marrow subpopulations (WBM).  DNA double 
strand break (DSB) induction was also assayed by staining BrdU-labeled WBM for 
H2AX, a histone variant that is phosphorylated in the vicinity of DSBs.  The proliferative 
response to stress was also determined by injecting B6 and B6.D2 chr. 7 bone marrow 
cells into lethally irradiated recipients and injecting BrdU at 1, 2, and 3 days post 
transplant. 
Results:  HU killing of CAFC day 7 in B6.D2 WBM was 38.1% (p=.03), while in D2.B6 it 
was 7.0% (p=.06).  When sorted LIN-ckit+ cells were assayed it was found that 42.1% 
vs. 16.2% were killed by HU in D2 and D2.B6 chr.7 congenics, respectively (p=.04). 
Surprisingly, BrdU incorporation analysis revealed no difference in the fraction of WBM, 
LIN-ckit+, or LIN-ckit+Sca1+ cells in S phase between B6 and B6.D2 chr.7.  
Furthermore, while only BrdU-labeled cells showed an H2AX response after HU, no 
difference was observed in the percentage of H2AX+ cells nor in the rate of return to a 
H2AX- state.  Finally, we found that at 1, 2, and 3 days post-transplant, a higher fraction 
of B6.D2 chr.7 LIN- cells were in S phase compared to the competitor B6 LIN- cells (3.0 
vs. 1.7%, 9.1 vs. 6.0%, and 22.0 vs. 6.7%, respectively)             
Conclusion:  We have shown that the locus on chromosome 7 definitely affects the 
sensitivity of HSC/HPCs to HU irrespective of the cycling status of the targeted cells.  
However, the H2AX results imply that this response is not dependent upon the repair of 
the damage.  The competitive repopulation results show a proliferative advantage 
imparted by the D2 chr. 7 loci, which may point to a checkpoint response phenotype.  
Current studies are aimed at identifying the gene(s) of interest in the congenic interval.     
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37 Influence of genetic background in a mouse model of 
erythropoietic protoporphyria; identification of a major modifier 
locus controlling erythrocytic protoporphyrin. 
 
Marie Abitbol1, Florence Bernex2, Hervé Puy3, Hélène Jouault4, Jean-Charles Deybach3, 
Jean-Louis Guénet1, and Xavier Montagutelli1 
 
1 Unité de Génétique des Mammifères and URA 2579 CNRS, Institut Pasteur, Paris, 
France 
2 UMR 955 INRA-ENVA de Génétique Moléculaire et Cellulaire and UP d©Histologie et 
d©Anatomie Pathologique, Ecole Nationale Vétérinaire d©Alfort, Maisons-Alfort, France 
3 Centre Francais des Porphyries, INSERM U 656, Faculté X. Bichat, Hopital Louis 
Mourier, Colombes, France 
4 INSERM U 492-Université Paris XII, Faculté de Médecine, Créteil, France 
 
Erythropoietic protoporphyria (EPP) is an inherited disorder of heme biosynthesis 
caused by partial ferrochelatase deficiency, resulting in protoporphyrin overproduction by 
erythrocytes. In humans, it is responsible for painful skin photosensitivity and 
occasionally liver failure due to the accumulation of protoporphyrin in the liver. The 
ferrochelatase deficiency mouse mutation is the best animal model available for human 
EPP. The original description, based on mice with a BALB/cByJCrl genetic background, 
reported a disease resembling the severe form of the human disease with anemia, 
jaundice and liver failure. We investigated the effect of the genetic background on the 
severity of the phenotype using congenic strains. Compared with BALB/cByJCrl, 
C57BL/6JCrl mice developed moderate but increasing anemia, and intense liver 
accumulation of protoporphyrin with severe hepatocytes damage and loss. However, bile 
excretory function was not affected and bilirubin remained low. Despite highest 
protoporphyrin concentration in erythrocytes, SJL/JOrlCrl homozygotes had mild anemia, 
and few liver deposits of protoporphyrin. Discriminant analysis using six hematological 
and biochemical parameters showed that homozygotes of the three genetic 
backgrounds could be clustered in three well-separated groups. These three congenic 
strains provide strong evidence for independent genetic control of bone-marrow 
contribution of protoporphyrin overproduction to the development of liver disease, and of 
biliary protoporphyrin excretion. 
Three F2 intercrosses were produced between all pairs of congenic strains in order to 
identify modifier loci. Fifteen quantitative traits were measured on approx. 200 mice for 
each cross. Several QTLs were identified with significant linkage. Most interestingly, we 
identified a very strong QTL (LOD score > 30, >60% variance explained) which controls 
the accumulation of protoporphyrin in erythrocytes. 
The three congenic strains produced in this study provide three stable models modelling 
three forms of the disease with various degrees of severity. They offer the possibility of 
exploring the pathophysiological mechanisms underlying the phenotypic differences. 
Future work will aim at refining the position and eventually identify the major QTLs 
identified in the F2 crosses. 
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38 Pre-processing Protein Mass Spectra 
 
Affiliation: GBiC - Groningen Bioinformatics Centre 
Rijksuniversiteit Groningen, kerklaan 30, NL-9750 AA, Haren, The Netherlands. 
 
Martijn Dijkstra and Ritsert C. Jansen 
contact: <mailto:m.dijkstra@rug.nl>m.dijkstra@rug.nl 
 
 
Motivation: Surface Enhanced Laser Desorption and Ionization (SELDI) Time Of 
Flight (TOF) is an example of Mass Spectrometry (MS) that measures 
protein/peptide-composition of small biological samples by outputting a mass 
spectrum. Although not in the same proportions, a spectrum contains peaks 
corresponding to proteins in the sample. Overlapping peaks and spurious 
peaks complicate assessment of measured protein composition. 
 
Results: We propose a new procedure to simultaneously fit a baseline and 
estimate the detected protein masses and their abundances using mixture 
models. Major advantages of the new approach are (i) measured protein©s 
abundance is quantified properly by estimating it©s area under the peak 
curve, (ii) areas under the curve can be estimated even if adjacent peaks 
overlap considerably, (iii) mass-resolution and intensity estimation of a 
protein are therefore improved and (iv) spectrum alignment over multiple 
samples is more straightforward. Examples are shown on diabetes data. 
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39 Combining genetic and genomic approaches to identify 
modifier loci in polygenic disease using Hirschsprung disease 
as a model 
Robert MW Hofstra  
Department of Medical Genetics, University Medical Center Groningen and the 
University of Groningen, The Netherlands  
 
Understanding complex polygenic diseases has become a major subject in Human 
Genetics. Although for some complex disorders major disease-associated genes have 
been identified, for most complex disorders most (modifier) genes have remained 
undetected so far. The lack of large multigenerational families, the small contributing 
effects of individual genes and the effect of environmental factors complicate a 
successful search for genes. Our studies aims at finding genes in polygenic disease by 
combining a genetic and a genomic approach. Two assumptions underlie this strategy: 
1) combinations of common disease-associated variants cause polygenic disease, and 
2) genes contributing to polygenic diseases encode functionally connected proteins.  
We use a genetic approach to find common disease-associated haplotypes using non-
familial patients, i.e. genome-wide or region-specific high-density SNP genotyping in 
combination with classical linkage in familial cases. This will allow finding of associations 
at the level of groups of DNA variants closely located together (haplotypes). Secondly, 
we plan a genomics approach to find functionally connected proteins This will be 
performed by expression profiling both at the protein and at the RNA level, using cell 
lines in which a known disease-associated gene has been knocked-out or is over-
expressed. Combining these approaches will strongly reduce the number of 
regions/genes to be screened and should eventually lead to the identification of disease-
associated genes.  
As a proof of principle, Hirschsprung disease (HSCR) will be investigated. HSCR is an 
excellent model for this purpose, since in addition to loss-of-function mutations in the 
major gene RET, we, in collaboration with other research groups, identified three 
modifier genes all of which in combination explain the frequency of short segment HSCR 
in the population.  
The combined approach of genetics and genomics will allow the genetic modelling of 
this simple polygenic disease. When proven successful, this strategy opens avenues to 
the dissection of many other complex diseases for which already one disease-
associated gene is known. 
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40 Quantitative Trait Loci (QTL) Mapping of Resistance and 
Susceptibility to Trichuris muris Infection in the Mouse;  
Identification of Candidate Genes on Chromosome 1 & 17. 
 
J.L.Pennock*, J.Hankinson*, S.Eyre**, A.Barton**, R.K.Grencis* 
*School of Biological Sciences, University of Manchester, UK. **CIGMR, University of 
Manchester, UK. 
 
Trichuris muris is an intestinal dwelling natural parasite of mice. Trichuris trichura is a 
whipworm which infects 900million people worldwide and exhibits a non-parametric 
infection pattern; a small number of individuals carry the heaviest worm burden, implying 
that resistance is dominant. In order to study the host genetic contribution to resistance 
and susceptibility, we have used quantitative trait loci (QTL) mapping to correlate 
phenotype with genotype in a T. muris infection in the mouse. We engineered an F2 
population from resistant (BALB/c) and susceptible (AKR) mice, which were then 
phenotyped and genotyped day 35 post infection with Trichuris muris.  Here we present 
7 QTL regions across the genome. Interestingly although one of these correlates with 
previous parasite infection QTL studies (Leishmania, Heligmosomoides polygyrus), 
several appear to be Trichuris muris specific. In particular, polymorphisms in toll-receptor 
5 (TLR5) are associated with resistance. TLR5 is expressed primarily on the basolateral 
side of the gut epithelium and so is perfectly placed to respond to the nematode. This 
study has highlighted the subtle differences in the immune response to parasitic 
infections which are known to be Th2 driven, and has allowed an insight into the 
complex nature of the immune response to gut infection. 
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41 Systems genetic analysis of gene transcription and complex 
phenotypes: a graph theoretical approach  
 
1Elissa J. Chesler, 1Jon A. Scharff, 1Stephen M. Pitts, 1Lu Lu, 1Jintao Wang, 1Kenneth F. 
Manly, 2Michael A. Langston, 1Robert W. Williams 
 
1Center for Genomics and Bioinformatics, University of Tennessee Health Science 
Center, Memphis TN 38120 
2Department of Computer Science, University of Tennessee, Knoxville, TN 37996 
 
The construction of molecular networks in complex multi-cellular organisms is 
challenging because of the diverse spatial, temporal, and environmental contexts of 
network activity. Genetic reference populations; in particular panels of recombinant 
inbred (RI) strains, are an ideal tool for meeting this challenge. The impact of segregated 
polymorphisms in these populations cascades through development and tissue 
compartments. Using a systems genetics approach applied to the BXD reference 
population, we have examined the covariation of phenotypes as a method of defining the 
architecture of networks and pathways that span multiple scales of organization.  
 
In our ongoing microarray-based genetic analysis of gene transcription we have 
identified a small number of chromosomal loci that modulate mRNA abundance of 
several hundred transcripts each. A major challenge to the construction of networks is to 
identify the members.  This requires the extraction of co-varying phenotypes from the 
massive set of phenotypic data, which includes high throughput molecular and cellular 
phenotypes, tissue structure, and physiological or behavioral functional traits. In the 
present study, we demonstrate the application of graph theoretical approaches to extract 
sets of molecular phenotypes that share a common genetic regulatory structure and 
contain many members of common biological networks. We further establish the 
locations of genetic regulators of trait covariance using novel approaches to the genetic 
analysis of gene transcription and complex higher order phenotypes.  
 
Using a combination of genetic correlation analyses, multiple QTL models, and clique-
based algorithms, we have identified loci that modulate the expression of mRNA at the 
synapse, including components of the synaptic vesicle cycling system. A single locus 
has been identified which regulates the abundance of well over 1500 transcripts, and the 
combination of several loci account for as much as 74% of transcript variance among 
strains. The relationship between cliques of genetically correlated transcript abundances 
to systems level phenotypes in brain and behavior domains is explored and used to 
demonstrate the utility of this genetic reference population for biological research across 
all levels of scale.  
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42 Short-term selective breeding for fear learning.  
 
Abraham A. Palmer; Christine A. Ponder; Christopher L. Kliethermes; Michael R.  
Drew; Jeff M. Muller; Kamna Das; John C. Crabbe; T. Conrad Gilliam.  
 
Departments of Genetics & Development, Psychiatry, and Columbia Genome Center,  
Columbia University, New York, NY USA; Department of Behavioral Neuroscience, 
Oregon  
Health & Science University, Portland, OR, USA; Portland VA Medical Center, Research  
Service, Portland, OR, USA; Department of Human Genetics, University of Chicago,  
Chicago, IL, USA.  
 
Fear- and anxiety-like behaviors are regulated by common pharmacological and  
neuroanatomical mechanisms, however, this does not necessarily imply that they are 
also related at the genetic level. We explored the genetic relationship of these behaviors 
by using divergent selection for fear conditioning (FC), as measured by freezing in a 
context previously paired with a footshock, starting with a C57BL/6J x DBA/2J F2 
foundation population. We identified QTL for FC on chromosomes 1, 4, 5, 10, 13, 14, 
and 19. We also examined gene expression differences in the amygdala and 
hippocampus of naïve male mice from the final generation of selection. Using a 
Bayesian statistical analysis, we identified many significant expression differences 
between the high and low selected lines.  
Many of the identified transcripts had known expression QTL (eQTL), based on data 
from WebQTL, that were concentrated in the FC QTL regions, suggesting that some of 
the differentially expressed genes may underlie (and cause) the QTL.  
We also explored behavioral differences that were correlated with selection. We  
found that FC differed between the two lines over a wide range of stimulus intensities, 
and that mice with low levels of FC were unable to exhibit freezing behavior even when  
presented with higher intensity or more numerous training trials. These differences do 
not appear to be secondary to differences in shock sensitivity, because acute response 
to shock was similar in both lines, and because of the failure of higher intensity shocks to  
increase FC in the low line. Because maternal behavior (e.g. pup licking) is known to  
influence later life anxiety-like, and possibly fear-related behavior, we explored the  
possibility that differences in maternal behavior had arisen over the course of selection;  
however, no such differences were observed. Selection for differential FC was positively  
correlated with differences in fear learning as measured by fear-potentiated startle,  
suggesting that selection acted on alleles that effect central fear learning, rather than 
simply the tendency to freeze in response to a fear-inducing stimulus. While the 
differences between the lines generalize to at least one other measure of fear learning, 
they do not appear to extend to spatial learning (water maze) or appetitive learning 
(operant foodreinforced task), suggesting that there is a class of genes that specifically 
govern fearmotivated learning. Finally, we demonstrate that mice with divergent levels of 
fear learning also show differences in measures of innate anxiety-like (open field and 
zero-maze). Taken together, these data support the existence of alleles that 
pleiotropically influence fear- and anxiety-like behaviors, and is largely consistent with 
the proposed genetic construct that has been termed "emotionality". (Supported by: 
MH70933, AA15015, AA10270, MH060970, NARSAD, a generous gift from Judith P. 
Sultzberger MD, and a grant from the Department of Veterans Affairs)  
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43 Candidacy of Ncf2 in Salmonella Susceptiblity of Wild-derived 
Mice  
 
Vanessa Sancho1,2 and Danielle Malo1,2 

 
A Salmonella enterica serovar Typhimurium susceptibility locus (Ity3) was previously 
reported on distal mouse chromosome 1 using a cross between C57BL/6J and wild-
derived MOLF/Ei mice.  Ity3 is only detected when at least one copy of a wild-type allele 
at the innate immune gene, Slc11a1 (Ity)is present.  Ity3 is located in a genomic region 
of 83.7Mb, rich in attractive candidate genes for which a role in host resistance to 
Salmonella infection is either known or can be envisioned. Congenic mouse strains were 
constructed by introgressing the Ity3 MOLF/Ei susceptibility allele into C57BL/6J.MOLF-
Ity mice.  Congenic mice were tested for susceptibility to infection by survival analysis to 
1000 Salmonella Typhimurium CFUs IV.  Congenic mice carrying the Ity3 region from 
MOLF/Ei were more susceptible to infection compared to control C57BL/6J.MOLF-Ity 
and mice heterozygous at Ity3 confirming the existence of a Salmonella recessive 
susceptibility QTL on distal chromosome 1.  Here we report the evaluation of Ncf2 as a 
candidate Salmonella susceptibility gene for Ity3.  Ncf2 encodes p67phox, a subunit of the 
multi-protein enzyme complex, NADPH oxidase, which is responsible for the production 
of superoxides.  The importance of functional NADPH oxidase was revealed in chronic 
granulomatous disease patients who are extremely susceptible to recurrent and chronic 
infections with a wide range of microbes. The Ncf2 gene from MOLF/Ei was sequenced 
and its expression assessed in congenic and parental strains using real time PCR. 
Expression analysis revealed no significant differences among these mice, however 
sequencing lead to the discovery of a non-conservative amino acid change (R394Q) 
occurring in the functional and highly conserved PB1 domain of the protein. The R394Q 
substitution seems to occur on a crucial amino acid involved in electrostatic interactions 
with p40phox, essential for its activation. Functional testing was carried out based on the 
amount of superoxide produced by peritoneal macrophages derived from Ity3 congenic 
mice. The MOLF/Ei allele showed higher superoxide production than the C57BL/6J 
counterpart ex vivo suggesting the involvement of the Ncf2 gene in the susceptibility of 
MOLF/Ei to infection with Salmonella Typhimurium.  
 
 
1. Department of Human Genetics, McGill Univeristy, Montreal, QC 
2. Center for the Study of Host Resistance, MUHC, Montreal General Hosptial, Montreal, 
QC 
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44 Behaviour-the phenotype challenge 
 
L. Schalkwyk, C. Fernandes,  L. Liu, J. Paya-Cano M. Parsons  
 
Social, Genetic and Developmental Psychiatry Centre, 
Institute of Psychiatry 
De Crespigny Park 
London SE5 8AF 
 
 
The genetic advantages of studying behaviour, like other complex traits, in the mouse 
are clear.  Methods and resources for identifying genes are rapidly improving.  
Particularly exciting is the increasing sophistication of gene-expression genetic angles.  
However, given the intricacy of mouse behaviours and their measurement, getting the 
best out ofthese new angles requires phenotypic data of the highest quality. Behavioural 
phenotypes present a continuing challenge. Reliable and informative behavioural 
measures are often the product of clear insight and careful validation, but each 
application in a new environment, and on a different genotype is a leap.  Our objective is 
to extract more robust composite measures from a battery of tests.  We can evaluate the 
properties of individual measures on several experimental sets of mice, which allow us to 
evaluate heritability and the structure of their relationships. 
 
We have developed a detailed battery of behaviour tests including measures of activity, 
anxiety, exploration and cognitive performance.  All of the behaviours tested are 
spontaneous, motivated by escape from bright open spaces or water. We have tested 
some key methodological details including test order effects using a large batch of 
C57BL/6J mice and applied the test battery to a panel of 8 standard inbred strains, to the 
BxD RI panel and to over 600 HS mice from the Boulder HS stock, which includes both 
full and half siblings.  We are now starting to mine from this mountain of data information 
to understand the experimental measures, to map QTLs controlling them, and to test 
alleles of behavioural candidate genes for association in the HS population.  Some 
examples of the emerging genetic stories will be presented. 
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45 SPRET/Ei alleles on distal mouse chromosome 7 promote 
increased body fat mass 
 
Chiu S, Warden CH 
 
Rowe Program in Genetics, University of California, Davis, Davis, CA 95616, USA 
 
  
The BSB model is generated by backcross of (C57BL/6J(B6) X SPRET/Ei (S))F1 X B6. 
S, B6 and F1 mice are lean, but BSB backcross mice exhibit a wide range of body fat 
from 1-50%. Previous QTL studies on BSB mice identified a locus on distal chromosome 
7 where the S allele promoted increased body fat percentage. The QTL was confirmed in 
a second BSB cross using hepatic lipase knockout mice (B6.129-Lipc-/-) in place of B6 
mice. To capture and fine map the QTL, congenic mice were produced with S alleles 
introgressed onto a B6.129-Lipc-/- background at markers D7Mit38 to the telomere of 
chromosome 7, capturing a maximal donor region of approximately 42Mb. An F2 cross 
was constructed to test and confirm the capture of the QTL. While the QTL studies 
predicted increased body fatness in mice heterozygous for S alleles in the congenic 
region, there were no phenotypes found in heterozygous F2 mice. In addition, SPRET/Ei 
alleles were found to slightly decrease body fat in the homozygous state in males and 
increase body fat in the homozygous state in females. To test whether the type of cross 
may affect genotype effects on phenotype, reciprocal backcrosses were constructed 
(B6/B6(F) x B6/S(M) or B6/S(F) x B6/B6(M)) where parental alleles were either 
homozygous B6 or heterozygous B6/S for the congenic donor region. Heterozygous 
progeny of a B6/S (F) x B6/B6 (M) cross had a 20% (p=0.03) and 30% (p=0.002) 
increase in Adiposity Index (total fat pad weight/body weight) in females and males, 
respectively, compared to homozygous background littermates. There was no genotype 
effect in progeny of a B6/B6 (F) x B6/S (M) cross. These data suggest an imprinting or 
maternal effect on body fat mass. Lack of a phenotype in F2 heterozygotes was likely 
due to the inability to distinguish whether the S allele was maternally or paternally 
inherited. The congenic donor region includes a known imprinting locus including Igf2 
and Ins2. Ongoing studies include subcongenic production to fine map the region and 
studies to confirm and investigate possible imprinting or maternal effects.  
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46 Toxicogenetic Analysis of Susceptibility to Acetaminophen-
Induced Liver Injury 
 
Alison I. Hege1, Cynthia Lodestro1, Daekee Lee1, Lorraine Balletta1, Blair U. Bradford1, 
Akira Maki1, Raymond Tennant2, Molly A. Bogue3, Kenneth Paigen3, Ivan Rusyn1, and 
David W. Threadgill1 
 
1University of North Carolina at Chapel Hill, NC, 2National Institute of Environmental 
Health and Susceptibility, NC and 3The Jackson Laboratory, Bar Harbor, ME 
 
The integration of genetics and conventional toxicology can support the identification of 
novel mechanisms of liver injury due to toxicant exposure. Acetaminophen (APAP) was 
selected as a model hepatotoxicant because substantial information exists regarding the 
mechanisms of toxicity and conventional clinical markers largely fail to connect toxicity 
and the clinical outcome. A panel of 36 inbred strains that are in the Mouse Phenome 
Project was selected for this study. Male mice were fasted for 18 hrs, administered an 
acute dose of APAP (300 mg/kg) or vehicle (0.5% methylcellulose), and sacrificed 24 hrs 
later. Liver tissue was harvested and sectioned for histology scoring. In addition, blood 
was taken for serum analysis of classical markers of liver injury. A dramatic gradient of 
APAP-induced toxicity was detected across the 36 strain panel. While some strains 
exhibited virtually no toxicity, remarkable levels of injury were detected in others. An 
analysis of allelic variants at classical APAP-associated genes implies that phenotypic 
differences between strains are due to allelic differences at novel loci. A subset of 6 
strains was selected and tested with 100 to 1,200mg/kg APAP revealing strain-
dependent dose curves. These results suggest that classical dose curve analysis using a 
single genetic background does not capture unique genetic susceptibilities and may lead 
to incorrect recommendations for maximum safe exposure levels.  
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47 Genomic approaches to finding genes for complex traits 
 
Aitman TJ, Hübner N, Pravenec M 
 
1MRC Clinical Sciences Centre, Faculty of Medicine, Imperial College, London W12 
0NN,UK. 
2Max-Delbrück-Center for Molecular Medicine (MDC), Berlin-Buch 13125, Germany 
 3Institute of Physiology, Czech Academy of Sciences and Centre for Applied Genomics, 
14220 Prague 4, Czech Republic. 
 
Identification of the genes underling common, genetically complex disorders is a central 
challenge of post-genome genetics. The availability of genome sequences and genome-
scale technologies has enabled new strategies to be implemented for identifying genes 
underlying complex phenotypes and has greatly accelerated progress in this field. The 
high heritability of variation in gene expression has suggested that identification of the 
genetic determinants of gene expression may throw light on the molecular basis of 
complex traits. One justification for studying the genetics of gene expression is that 
transcript abundance may act as an intermediate phenotype between genomic DNA 
sequence variation and more complex whole body phenotypes. However as a tool for 
studying disease phenotypes, aside from a single study in F2 mice, the approach 
remains relatively untested. We have applied combined expression and linkage analysis 
to study the regulation of gene expression in the BXH/HXB panel of rat recombinant 
inbred (RI) strains, one of the largest available rodent RI panels and a leading resource 
for genetic analysis of the highly prevalent metabolic syndrome. In two tissues important 
to the pathogenesis of the metabolic syndrome, we have mapped cis- and trans-
regulatory control elements for expression of thousands of genes across the genome. 
Gene expression for many of the most highly linked expression QTLs (eQTLs) are 
regulated in cis essentially as monogenic traits, and are attractive candidate genes for 
previously mapped physiological QTLs in the rat. By comparative mapping we generated 
a dataset of 73 candidate genes for hypertension that merit testing in human 
populations. Mining of this publicly available dataset is expected to lead to new insights 
into the genes and regulatory pathways underlying the extensive range of metabolic and 
cardiovascular phenotypes that segregate in these RI strains. 
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48 Recombinant Congenic Mouse Strains as a Genetic Model for 
Antigen-Induced Airway Manifestations of Asthma.  
 
B.J.A. Piavaux1, P.V. Jeurink2, P.C. Groot2, G.A. Hofman2, A.S. Koster2, P. Demant3 & 
A.J.M. van Oosterhout1.  
 
1Lab. Allergology & Pulmonary Diseases, Dept. Pathology & Lab. Medicine, University 
Medical Center Groningen, University of Groningen, Groningen, The Netherlands 
2Department of Pharmacology and Pathophysiology, Utrecht University, Utrecht, The 
Netherlands 
3Department of Molecular and Cellular Biology, Roswell Park Cancer Institute, Buffalo, 
USA  
 
Allergic asthma is a heterogeneous and genetically complex disease characterized by 
allergen-specific IgE, eosinophilic airway inflammation and airway hyperresponsiveness 
(AHR) to bronchospasmogenic stimuli. To facilitate the mapping of genes controlling 
complex asthma traits we have used Recombinant Congenic Strains of mice, which 
transforms a multigenic difference into a set of mono- or oligogenic differences. This 
approach offers a high resolution in mapping segregating QTLs and in detection of their 
potential interactions. We compared 14 CcS/Dem strains, each of which carry a random 
set of 12.5% of genes from the Th1-responder strain STS and 87.5% from the Th2-
responder strain BALB/c. Mice were sensitized with ovalbumin (OVA) and repeatedly 
challenged by inhalation of OVA aerosol. Before and after OVA challenges, serum was 
obtained and AHR to nebulized methacholine was determined. Subsequently, 
bronchoalveolar lavage (BAL) was performed and the number of leukocytes and levels 
of IL-4, IL-5, IL-10, IL-13 and IFN-g were determined. Although serum levels of OVA-
specific IgE after challenge differed strongly between strains, only the parental strain 
STS did not show elevated levels of this antibody isotype. Several CcS/Dem strains do 
not display significant AHR after OVA inhalation compared to responsiveness before 
challenge. In addition, CcS/Dem-5 has the lowest serum OVA-IgE levels and very low 
numbers of eosinophils in BAL which makes this an "asthma" resistant strain. The 
correlations between the different parameters are statistically significant when all strains 
are considered as one population. However, when each strain is defined as a separate 
population, one or more correlations are present in each strain but none of the 
correlations are present in every population. These data demonstrate that different 
asthma traits like allergen specific IgE, Th2-type cytokines, eosinophilia and AHR are 
genetically dissociated in the mouse and that the loci segregating in the RCS-strains can 
thus be genetically mapped.   
 
NAF project: AF99.23, NAF 03.55 
 
# characters: 2106 
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49 A Novel Susceptibility to Experimental Asthma (Sea-1) locus 
on mouse chromosome 17. 
 
B.J.A. Piavaux1, V. Jeurink2, E.C.A.M. Van Esch2, P.C. Groot2, S. Foote3, and A.J.M. 
Van Oosterhout1. 
  
1Lab. Allergology & Pulmonary Diseases, Dept. Pathology & Lab. Medicine, University 
Medical Center Groningen, University of Groningen, Groningen, The Netherlands 
2Department of Pharmacology & Pathophysiology, Utrecht University, The Netherlands 
3Walter and Eliza Hall Institute of Medical Research, 3050 Melbourne, Australia 
 
Allergic asthma is a genetically complex disease characterized by Th2-mediated 
features like allergen-specific IgE, eosinophilic airway inflammation, and airway 
hyperresponsiveness (AHR) to bronchospasmogenic stimuli. To understand the 
complexity and heterogeneity of asthma, it is essential to unravel its genetic basis. In the 
Leishmania major infection model, C57BL/6 mice are resistant due to the Th1 skewed 
immune response whereas the Th2-responder strain BALB/c is susceptible. In a cross 
between C57BL/6 and BALB/c, two loci involved in the susceptibility to Leishmania major 
infection have been determined. The Leishmania Major Resistance locus 1 (Lmr1) is 
located on chromosome 17, whereas Lmr2 is found on chromosome 9. In the present 
study we investigated whether these loci are also involved in susceptibility to the 
induction of Th2 dominated allergic inflammatory responses and AHR. Therefore, we 
tested congenic mouse strains carrying Lmr1, Lmr2, or the combination of both loci, in a 
well-characterized and reproducible murine model of asthma. Mice were intraperitoneally 
sensitized by ovalbumin (OVA) and later on repeatedly challenged by OVA inhalation. 
Compared to parental C57BL/6 mice, congenic Lmr1/2 and congenic Lmr1 C57BL/6 
mice showed significantly higher serum levels of allergen specific IgE, more eosinophils 
in the bronchoalveolar lavage fluid (BALF), and higher levels of Th2-type cytokines such 
as IL-4, -5, -10, -13 and TNF-a. The congenic Lmr2 C57BL/6 mice did not show any 
significant differences with the parental C57BL/6 strain. Vice versa, compared to 
parental BALB/c mice, congenic Lmr1/2 BALB/c mice showed significantly decreased 
OVA-IgE levels in serum, reduced eosinophil influx and Th2-cytokine levels in the BALF, 
as well as a significantly decreased AHR to methacholine. These data demonstrate that 
Lmr1 is a novel “Susceptibility to Experimental Asthma” locus (Sea-1), that exerts a 
strong influence on allergen–specific IgE levels, eosinophilic inflammation, AHR and 
Th2-type cytokines.  
 
Supported by NAF 99.23, NAF 03.55 
 
 
# characters: 2054 
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50 Mapping Loss of Heterozygosity and Modifiers in Radiation 
Induced Lymphoma in B6.129-Trp53 Haploinsufficient Mice.   
 
John E. French, and Vandy Parron, NIEHS, NIH, RTP, North Carolina USA 
 
The loss of tumor suppressor gene function and/or activation of proto-oncogenes to 
oncogenes through genetic or epigenetic alterations lead to the dysfunction of 
associated signaling pathways that control the cell cycle, progression, and proliferation.  
Ultimately, the gene dosage imbalance and genomic instability resulting from clonal 
derivation of pre-neoplastic cells with uncontrolled programmed cell death and 
proliferation is associated with the development of neoplasms in both rodents and 
humans.  We have observed that C57BL/6-Trp53 and B6C3F1-Trp53 haploinsufficient 
mice are more susceptible (time to tumor and prevalence) to genotoxic carcinogen or 
ionizing radiation induced loss of heterozygosity (LOH), genomic instability in 
hematopoietic stem cell (HSC) neoplasms.  129B6F1 or C3B6F1 N12 Trp53 
haploinsufficient mice develop HSC neoplasms after exposure to a variety of human 
carcinogens (including ionizing radiation, benzene, cyclophosphamide, melphalan, etc.) 
very rapidly (� 2-3x faster) and with greater prevalence (60-100%) than B6129N5 Trp53 
wild type mice and prevalence (with a high degree of penetrance) in B6129-Trp53+/- N5 
< N12 isotype.  These carcinogen induced HSC neoplasms have an increased 
prevalence for loss of heterozygosity involving the Trp53 locus on chromosome 11.  In 
addition, the carcinogen specific induced pattern of LOH is consistent with either non-
dysjunction or illegitimate recombination.  Studies performed to date have lacked 
complete heterozygosity (different alleles at each genetic locus), which has prevented 
accurate mapping of sites of LOH associated with loss of tumor suppressor gene 
functions.  To increase heterozygosity at all genetic loci required to determine the sites 
of LOH (chromosome and genome wide) we have made a series of intercrosses using 
mouse strains with varying susceptibility to HSC neoplasms (129 x B6, C3H x B6, and 
B6 x D2).  Each of these strains shows varying susceptibility (penetrance) to carcinogen 
induced HSC neoplasm induction.  Using F1 hybrids we are investigating the loss of 
tumor suppressor gene loci, the pattern of loss associated with potential mechanisms of 
loss (non-disjunction, homologous sequence directed repair, or non-homologous 
sequence directed repair) following double stranded chromosome breaks and repair 
pathway dysfunction.  By mapping sites of LOH (SSLP and haplotype markers) and 
correlating with gene expression profiles (cDNA and protein microarrays), and gene 
dosage imbalance (array CGH) we can determine the specific and determinant genetic 
events (quantitative trait loci).  This approach will also identify genes that modify the 
induction and development of HSC neoplasms in susceptible and resistant mouse 
strains for extrapolation to human haplotypes and genotypes. 
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51 SIMAGE: Simulation of DNA MicroArray Gene Expression 
data 
 
Casper J. Albers1,*, Ritsert C. Jansen1, Jan Kok2, Oscar P. Kuipers2, and Sacha A.F.T. 
van Hijum2 
 

1) Groningen Bioinformatics Centre, 2)  Department of Molecular Genetics, University of 
Groningen, Groningen Biomolecular Sciences and Biotechnology Institute, PO Box 14, 
9750 AA  Haren, the Netherlands. 
*) Corresponding author. c.j.albers@rug.nl 
 
Simulation of DNA microarray data allows a researcher to avail of as many datasets as 
required to compare e.g. statistical methods for differential expression. In experimentally 
obtained DNA microarray data the actual (differential) gene expressions are either 
unknown or only estimated. Simulated DNA microarray data contain genes with 
(differential) expressions known beforehand. The latter makes simulated DNA 
microarray data a valuable addition to experimentally obtained DNA microarray data for 
the validation of new DNA microarray data analysis methods. We introduce a 
sophisticated and realistic model implemented in a free to use web-based computer 
program to simulate large amounts of DNA microarray data. 
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52 The Collaborative Cross at Oak Ridge National Laboratory 
 
Dabney Johnson, Edward Michaud and Darla Miller.  Oak Ridge National Laboratory. 
P.O. Box 2008, Oak Ridge, Tennessee 37830 
 
Oak Ridge National Laboratory (ORNL) will provide a home for the generation of the 
Complex Trait Consortium©s 8-way Collaborative Cross.  ORNL©s Mouse Genetics 
Research Facility is a new, specific-pathogen free barrier vivarium designated as an 
official US Department of Energy (DOE) User Facility.  This facility can provide both the 
housing capacity and the mouse-genetics expertise to produce up to 1000 recombinant 
inbred strains with joint funding from the DOE and other federal and non-federal 
sponsors.  
 
Our new vivarium can house 80,000 mice in ventilated racks with automated watering, 
and 24-hour electronic monitoring of all environmental parameters. The site is fully 
protected by a laboratory-wide security force.  ORNL supplies a professional technical 
staff with decades of experience in complex genetic crosses, and AALAS-certified 
animal care staff.  Inside the barrier are four internal procedure rooms and three sound-
proofed behavior-test rooms, and outside are standard molecular biology laboratories 
that can be shared by guest investigators for phenotyping.  The facility is equipped for 
web-based data tracking and exchange.  There are six isolation cubicles and a separate 
quarantine facility, and ORNL can offer cryopreservation/re-derivation of embryos and 
germ cells by very experienced staff. Our External Advisory Committee is charged with 
maintaining high-quality scientific usage of the facility, and with ensuring open access to 
all interested users. 
 
A CTC subcommittee of Karl Broman, Elissa Chesler, Gary Churchill, Robert Hitzeman, 
Fuad Iraqi, Ken Manly, Grant Morahan, Richard Mott, Daniel Pomp, Klaus Schugart, 
David Threadgill, and Robert Williams met at ORNL on March 25 to view the new facility 
and plan for funding of the ORNL funnels.  Two-hundred twenty-five F1 mice supplied by 
Gary Churchill will arrive at ORNL on May 9, and ORNL will initiate the first set of funnels 
as soon as these mice clear quarantine.  
 
As we progress beyond the one-gene-at-a-time era, the ORNL Mouse Genetics 
Research Facility offers a quality environment for and a long-term commitment to the 
generation of unique mouse resources that can be phenotyped at our site or supplied for 
phenotyping to any approved mouse facility.  ORNL is also home to a supercomputer 
facility that may be accessed by approved Users for data analysis. 
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53 Algorithms for simultaneous search for 5 QTL. 
 
Kajsa Ljungberg, Department of Information Technology, Division of 
Scientific Computing, Uppsala University, Sweden. 
 
Kateryna Mishchenko, Department of Mathematics and Physics, 
Mälardalen University College, Sweden. 
 
Sverker Holmgren, Department of Information Technology, Division of 
Scientific Computing, Uppsala University, Sweden. 
 
 
 
The most commonly used method for global optimization, or "peak-finding", 
during standard interval mapping in one dimension is exhaustive grid 
search. This method is slow for two-dimensional scans, and in practice 
unusable in three dimensions. The DIRECT algorithm has previously been 
shown to quickly and accurately find the global optimum in two and three 
dimensions in real data sets. In higher dimensions the slow local 
convergence rate of DIRECT prevents an efficient search. We present how 
DIRECT coupled with a local optimization algorithm for the final stages is 
accurate and fast in four and five-dimensional searches. As an example we 
test this method on simulated datasets of 1000 F2 mice using a QTL model 
including marginal effects and all pairwise interactions. A 
five-dimensional search locates the global optimum in less than 15 
minutes. 
 
 
  



4th Annual Meeting of the Complex Trait Consortium, 2005 Groningen 
 

74 

54 Nstr1 and Nstr2, two modifier loci of genetically engineered 
murine peripheral nerve sheath tumors, are syntenic with 
translocation breakpoints in human malignant peripheral nerve 
sheath tumors 
 
Karlyne M. Reilly1, Robert B. Tuskan1, Karl Broman2, Shirley Tsang3, and 
David J. Munroe3 

1Mouse Cancer Genetics Program, National Cancer Institute at Frederick, Frederick, 
MD, USA 
2Department of Biostatistics, Johns Hopkins School of Public Health, Baltimore, MD, 
USA 
3Laboratory of Molecular Technology, Science Applications International Corporation-
Frederick, Frederick, MD, USA 
 
 
Neurofibromatosis type 1 (NF1) is a familial disease of the nervous system with 
predisposition to cancer.  It affects 1 in 3500 people, regardless of race or ethnicity.  The 
clinical heterogeneity of NF1 and the potential role of modifier genes in determining the 
severity of the disease phenotype presents a serious challenge to patients and 
clinicians.  We are using a mouse model of NF1 (NPcis mice) to understand the role of 
modifier genes in the malignancies associated with NF1.  We have analyzed the genetic 
interaction between an imprinted locus on mouse chromosome 11 and the modifier loci 
nstr1 on mouse chromosome 19 and nstr2 on mouse chromosome 15.  The imprinted 
locus interacts epistatically with nstr1 and nstr2 to affect resistance to GEM PNSTs.  In 
the case of NPcis mice inheriting the mutant chromosome 11 from their father, loci on 
chromosome 19 and possibly on chromosome 9 in the A strain background act to 
increase resistance to GEM PNSTs.  In the case of NPcis mice inheriting the mutant 
chromosome 11 from their mother, a locus on chromosome 15 in the A strain 
background further increases the resistance to GEM PNST, whereas a locus on 
chromosome 7 may act to counteract this and increase susceptibility.  The relevance of 
these results to human NF1 patients is supported by the overlap of these loci with 
regions altered in MPNSTs.  Consistent with these loci being low-penetrance modifiers 
for MPNST susceptibility, these genomic regions are altered in a relatively low number of 
mouse and human tumors.  However, the observation that these regions are 
translocated in multiple human tumors suggests that these rearrangements are not 
random.  Identification of modifiers of NF1 in mouse models will allow these modifiers to 
be tested directly in human association studies, specifically in cases where tumors can 
be tested for the change in expression of candidate imprinted genes. These data 
demonstrate that modifier genes affect tumorigenesis under very specific conditions. The 
understanding of these conditions will allow for more accurate risk assessment and 
genetic counseling for individuals at high-risk for cancer, and better targeting of cancer 
therapies based on the genetic and epigenetic alterations occurring within an individual 
tumor. 
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55 Molecular basis for cis-regulated natural variation in gene 
expression 
1Bystrykh L.V., 2Alberts R., 1Weersing E., 3Hardonk M., 3Terpstra P., 2 Jansen R.C., 1de 
Haan G. 
1 Department of Cell Biology, section Stem Cell biology. University Medical Center 
Groningen (UMCG), University of Groningen, The Netherlands. 
2 Groningen Bioinformatics Centre (GBIC), Groningen Biomolecular Sciences and 
Biotechnology Institute (GBB). University of Groningen, Groningen, The Netherlands. 
3 GBIC, Department of Pathology, section Medical Biology. UMCG, University of 
Groningen, Groningen, The Netherlands. 
 
Recently we have performed genome-wide microarray-based profiling of gene 
expressions using mRNA isolated from murine hematopoietic stem cells [1]. We have 
verified the probe sequences against the recent mouse RNA databases and we could 
find 85% back as perfect matches. Having used a set of 30 recombinant  BXD inbred 
lines we were able to map controlling loci (QTLs) for thousands of transcripts. 
From a list of 12422 probe sets of the Affymetrix Murine Genome U74Av2 GeneChip we 
identified 3615 transcripts with heritable variation in expression levels. Of these, 399 
were highly significantly cis acting (cutoff     -10logP 2.93). Using the same cut off  we 
found 3216 trans-acting transcripts, whereas only 494 probe sets showed sub-threshold 
expression levels. Cis- acting genes are assumed to be  primary candidates to cause 
phenotypic differences as they are expected to carry essential polymorphisms in 
regulatory regions. Currently we are in a process of verifying this hypothesis by using a 
transcription factor and a SNP databases. 
We found cis- acting QTLs to be significantly stronger than the trans-acting QTLs. It is 
possible that some seemingly  cis- acting genes, in fact result from artifacts such as 
polymorphisms, alternative splicing or simply misdesigned probes. We have studied 
those possibilities and found that 25 nt oligos used in Affymetrix chips are in general not 
sensitive to SNPs. Out of 196670 probes 376 were found to carry B6-DBA allelic SNPs. 
From this subset only 55 individual probes showed significant cis-acting behavior likely 
explained by SNPs, and these could deteriorate the list of cis-acting genes. The 
corresponding probesets, however, are not cis acting and the -10LogP value is below 
significance level.  
The issue of alternative splicing is more complex. Typically alternative splicing is 
documented when different tissues are compared. Here we estimate the extent of 
alternative splicing within one tissue, but resulting from distinct genetic programs. We 
compared our list of 100 strongest cis-acting genes with a database of splice variants 
and identified 11 probe sets where alternative splicing potentially takes place. However, 
almost all 11 cases result from either an alternative start or an alternative end of the 
gene, but not from internal exon splicing. We conclude that potentially ‘contaminating’ 
cis-acting genes can be detected by analyzing single probe effects and filtered off. In 
general, these probes have a minor impact on the efficiency of microarrays to detect 
expression QTLs. The issue of a splicing polymorphism is more serious, since 
microarrays until now are not designed to detect various splicing forms systematically.  
 
[1] Bystrykh L, Weersing E, Dontje B, Sutton S, Pletcher MT, Wiltshire T, Su AI, Vellenga 
E, Wang J, Manly KF, Lu L, Chesler EJ, Alberts R, Jansen RC, Williams RW, Cooke MP, 
de Haan G. Uncovering regulatory pathways that affect hematopoietic stem cell function 
using ©genetical genomics©. Nat Genet. 2005 Mar;37(3):225-32. Epub 2005 Feb 13. 
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56 Assessing Quality of MicroArrays in relation to Genetical 
Genomics Experiments  
 
 
Pjotr Prins, Rainer Breitling, Olga Alda, Jaap Bakker, Jan Kammenga and Ritsert Jansen  
 
We developed a method for rapid assessment of microarray quality based on a robust 
nonparametric  
rank products (RP) test as developed by at the University of Glasgow1, for both single  
channel (Affymetrix) and two-color (cDNA) microarrays. Especially with pipe-lined setups 
there  
is a real need for a tool that can quickly point out what the performance is of each 
individual slide.  
In this presentation we will explain how we assessed C. elegans two-color arrays and 
how the  
additional power of a genetical genomics experiment adds to the use of this type of tool.  
1Breitling et al., Rank products: a simple, yet powerful, new method to detect 
differentially regulated genes in  
replicated microarray experiments. FEBS Lett, 573(1-3):83–92, Aug 2004. 
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57 Gene expression linkage analysis to predict gene regulatory 
networks of fat metabolism 
 
Itoshi Nikaido1, Osamu Minowa2, Ken Yagi1, Hidemasa Bono1, Tetsuo Noda2, Toshihiko 
Shiroishi2, Yoshihide Hayashizaki3, Yasushi Okazaki1 
 
1Division of Functional Genomics and Systems Medicine, Research Center for Genomic 
Medicine, Saitama Medical School; 2Functional Genomics Gr. & 3Genome Exploration 
Research Gr. RIKEN Genomic Sciences Center 
 
It is a challenge for the systems biologist to infer gene regulatory network from large-
scale gene expression data set, obtained from  microarray, SAGE and CAGE and so on. 
To understand transcriptional regulation of genes related to fat metabolism, we carried 
out linkage analysis of gene expression profiles among recombinant inbred lines. We 
measured gene expression profiles of DBA/2, C57BL/6 and BXD using oligonucleotide 
microarray system. The expression of 4,497 genes showed significant difference 
amongst each line (ANOVA, p-value < 0.05).  Of these, 837 gene expression profiles 
were clustered together (r2 > 0.80).  2,041 of 21,936 genes on our array were linked 
somewhere in cis/trans-acting gene regulatory region using interval-mapping algorism. 
To reveal gene regulatory network of fat accumulation in liver cells, we chose a gene 
cluster in which fat metabolism related genes were included.  The average gene 
expression profile of these genes were significantly linked to two quantitative trait loci 
(QTL) (LOD: 11.6, 12.6, P-value: 0.002, 0.001, respectively). Furthermore, these two 
expression QTLs were also located in the region of known QTLs of fat metabolism traits 
(fat percentage, liver fat accumulation, lean body mass and triglyceride level in serum) in 
other studies indicating that strong candidate genes which control the fat regulation are 
present in the two expression QTL regions. 
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58 Combining Genetics, Genomics and Metabolics: genetic 
regulatory network 
 
Jingyuan Fu1*, Joost Keurentjes2*, Inez Terpstra3*, Maarten Koornneef2, Guido van den 
Ackerveken3, Ritsert Jansen1 
 
1. Groningen Bioinformatics Center, Groningen University, the Netherlands 
2. Wageningen University, the Netherlands 
3. Utrecht University, the Netherlands 
 
* Equal contribution 
 
Combining of genetics, genomics and metabolics can reveal biological network. With the 
aid of the same genetic segregating population – 160 Arabidopsis Cvi/Ler RILs, we 
applied linkage analysis on gene expression and metabolic data. A total of 8086 genes 
and 2758 mass show linkage at p<0.001. We (re)-construct the gene regulatory network 
and metabolic pathway both based on the correlation of QTL profiles and based on 
direct QTL effect when the casual genes are identified. Arabidopsis flowering time 
network and flavonoid biosynthesis pathway will be showed. Genes GI and 4CL3 are 
identified to be hot candidate casual genes in these two networks, respectively. Further 
efforts will be taken to combine them to a complete genetic regulatory network. 
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59 MOLGENIS, generating custom experiment databases 
Poster session 
Complex Trait Consortium 2005 
Swertz, M.A. 
 
Morris A. Swertz, E.O. (Bert) de Brock, Ritsert C. Jansen 
Groningen Bioinformatics Centre (GBiC), University of Groningen, Kerklaan 30, NL-9750 
AA Haren, The Netherlands (m.a.swertz@rug.nl) 
 
Experimental genomics research needs information infrastructures to manage the vast 
data production and complex research workflows of, for example, microarrays and 
genetical genomics. But what criteria make such experiment databases adequate? 
Typical requirements for experimental genomics database systems were identified 
(Swertz et al, Bioinformatics 20(13), 2004):  
custom information structure to support laboratory specific protocols, materials, methods, 
datasets, and research subjects in a traceable manner; 
evolution ability that enables quick adaptation of the system in order to keep up with the 
fast developing genomics field; 
suitable storage of data sets in the system and easy exchange with dedicated 
processing and analysis software; 
support for secure multi-user and multi-group collaborations (via a structured web user 
interface). 
We have implemented the Molecular Genetics Information System (MOLGENIS, 
http://www.molgenis.com) that meets all these requirements. A MOLGENIS information 
structure can be fed to a bioinformatics software factory that then generates a 
“MOLGENIS4you” web application for managing your experiments. Code generation 
reduces time spent on (error prone and labor intensive) programming. This leaves more 
time to focus on the bioinformatics essence and speeds up the implementation.  
Currently new MOLGENIS information structures and MOLGENIS generators for other 
research areas are being developed. The first MOLGENIS for microarrays on bacteria 
was implemented in three man-months and later versions for groups working in animals 
and medicine took in the order of man-weeks (time typically spent on requirements 
analysis). New MOLGENISes for proteomics, genotyping, clinical trials and, most 
notably, genetical genomics are being researched (see MOLGENIS4QTL poster).  
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60 MOLGENIS4QTL: information infrastructure for genetical 
genomics experiments 
Poster session 
Complex Trait Consortium 2005 
Swertz, M.A. 
 
Morris A. Swertz*, Alrik L. Lubbers*, E.O. (Bert) de Brock, Ritsert C. Jansen 
Groningen Bioinformatics Centre (GBiC), University of Groningen, Kerklaan 30, NL-9750 
AA Haren, The Netherlands (m.a.swertz@rug.nl) 
*both authors contributed equally to this abstract. 
 
Genetical genomics experiments involve large datasets obtained by expression profiling 
and marker-based fingerprinting of tens of hundreds of individuals. Managing and 
analyzing such datasets can take months by hand therefore suitable bioinformatics 
resources are needed. Building such resources involves both researching the core 
models and algorithms as well as implementing a user interface for applied researchers 
to use them. This is currently a slow process so meanwhile biomedical researchers have 
to copy, paste, and script their way around available tools. 
Analysis shows that to speed up resource development we need: 
An infrastructure for the bioinformatics research process. For example, to try out, 
evaluate, fine-tune, compare and integrate relevant mathematical models, methods, 
algorithms and software in a more flexible and traceable manner. 
Means to quickly publish resources so applied researchers can use them. For example, 
add a dialogue box to ask parameters, methods to read in data, visualizations of the 
results, and traceable annotation of the results in an experiment database. 
Ways to combine bioinformatics resources and data into meaningful pipelines. For 
example, loading in raw expression and marker data, apply normalizations, apply interval 
mapping, visualize the processing results, support network building, etc. 
Facilities to quickly modify the resources to changing requirements. For example, 
change methods following new insights, adjust models to specific species, and/or 
change algorithms to compensate for experimental errors (with the least error prone and 
labor intensive programming possible).  
We are developing a flexible infrastructure for genetical genomics, MOLGENIS4QTL. 
We build on MOLGENIS, the system that enables quick development of custom 
experiment databases (see MOLGENIS poster).  
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61 Identification and dissection of the diabetes QTL Nidd/SJL  
 
Stephan Scherneck, Reinhart Kluge, Matthias Nestler, Heike Vogel, Katja Schmolz,  
Annette Schürmann and Hans-Georg Joost 
 
Department of Pharmacology, German Institute of Human Nutrition Potsdam-
Rehbruecke, Germany 
 
New Zealand obese mice develop a polygenic disease pattern of obesity and insulin 
resistance, which resembles the human metabolic syndrome. To dissect the complex 
genetics of the phenotype, a backcross model of NZO with the lean Swiss Jim Lambert 
(SJL) strain was established. After performing linkage analysis, several QTL for the 
disease could be identified. A major diabetes susceptibility locus (Nidd/SJL) was 
localized on the distal part of mouse chromosome 4. The diabetogenic allele has 
presumably been contributed by the SJL genome, and it appeared to be responsible for 
approximately 60 % of the total prevalence of hyperglycaemia. In backcross animals, the 
Nidd/SJL-allele produced severe hyperglycemia, hypoinsulinemia, reduced islet cell 
volume, and loss of � -cells.  
In order to narrow down the regions containing variant genes that are responsible for the 
diabetogenic effect, we generated recombinant congenic strains (RCS). The 
susceptibility locus was transferred to the genome of the C57BL/6 strain via successive 
backcrossing. With this strategy we obtained different variants of the locus. Since the 
diabetogenic effect of Nidd/SJL is dependent on an early high body weight, we derived a 
reporter cross of the RCS with the NZO strain. The resulting F1-generation was both 
intercrossed and backcrossed to NZO. 
Carrier of the Nidd/SJL allele developed severe hyperglycaemia. After a period of 22 
weeks, about 85 % of the homozygous carrier of the SJL-allele were affected 
(hyperglycaemia ³  250 mg/dl), more than twice as much as the carrier of the 
corresponding NZO-allele (prevalence of hyperglycaemia: 34 %). In animals carrying the 
diabetogenic allele, blood glucose levels were significantly higher than in the absence of 
Nidd/SJL (386 ± 26 mg/dl vs. 220 ± 10 mg/dl, means ± SEM, p<0.000001).  In addition, 
in the course of the disease, carriers of the diabetogenic allele lost body weight 
dramatically. After 22 weeks, control animals in the backcross population weighed 67.6 ± 
1.4 g, carrier of Nidd/SJL reduced their weight to 52.2 ± 2.9 g (means ± SEM, p<0.001). 
We could demonstrate that the transfer of the diabetes QTL Nidd/SJL to the C57BL/6 
strain results in a line that confers diabetes in a reporter cross with NZO.  This result is 
therefore conclusive evidence for a diabetogenic allele in this locus in SJL, and indicates 
that our strategy of positional cloning will be successful. Analyses of further recombinant 
congenic strains reduced the QTL interval from 700 to less then 70 genes. This reduced 
interval size will facilitate identification of the diabetogenic gene through gene expression 
and DNA sequencing strategies. 
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62 Overview of the NIEHS Mouse Resequencing Initiative 
 
Abstract for the 4th Annual Meeting of the Complex Trait Consortium 
 
F.M. Johnson 
 
National Toxicology Program, National Institute of Environmental Health Sciences, 
Research Triangle Park, North Carolina 27709 
 
In September 2004, NIEHS and Perlegen Sciences entered into a contract agreement 
under which Perlegen would conduct whole genome DNA sequencing of 15 genetically 
diverse inbred mouse strains.   The idea for this project began in the NIEHS Office of the 
Director which requested technical and business personnel to develop a project plan for 
sequencing multiple mouse strains.  A Request for Proposals was prepared which 
invited interested parties to bid on the project. Several firms submitted proposals offering 
different technologies, levels of genome coverage, accuracy, times to completion, and 
costs.  NIEHS Research Contracts Branch arranged for review of the proposals by an 
independent expert panel using a uniform set of evaluation criteria.  Perlegen Sciences 
achieved the highest technical score and was awarded the contract.  The main reason 
for Perlegen’s success was their highly efficient oligonucleotide array technology along 
with demonstrated experience and ability.   Dr. Kelly Frazer is Perlegen’s Principal 
Investigator for the contract. 
 
The 15 strains chosen for sequencing are 129S1/SvlmJ, A/J, AKR/J, BALB/cByJ, BTBR 
T+ tf/J, C3H/HeJ, CAST/EiJ, DBA/2J, FVB/NJ, KK/H1J, MOLF/EiJ, NOD/LtJ, NZW/LacJ, 
PWD/PhJ and WSB/EiJ.  DNA from each of the strains was prepared by Jackson Labs 
and sent to Perlegen. PCR primers were designed to span the entire mouse genome 
(except for highly repetitive regions) using the known sequence of C57BL6.  Primers 
were then synthesized and long-range PCR was conducted in order to amplify the 
genomes of the 15 strains in unique, minimally overlapping, 10kb segments. The 
2,400,000,000 nucleotide genomes of each strain thus became represented by some 
240,000 x 10,000 base segments (amplicons).    
 
Arrays of 25-mer oligonucleotide probes were created from the published B6 sequence.  
The probes are used to interrogate the nucleotide sequence in the amplicons (target 
DNA) from the 15 strains.  Probe design is based on Affymetrix Gene Chip technology. 
The 25-mer oligonucleotides are synthesized in organized sets on a quartz wafer.   Each 
probe within a set is identical, and a wafer contains approximately 500,000 probe sets 
per square centimeter. 
 
Separate groups of otherwise identical 25-mer probes are made to vary at the 13th 
position so that a given probe within a particular group either contains C, G, A or T at 
that position.  Except for this introduced variation, the probes match the B6 sequence 
exactly.   Probe synthesis is based on a sliding window view of the B6 sequence such 
that position 14 in the present 25-mer probe will becomes the variable position 13 in the 
next round of synthesis.  Probes are made for both the information strand as well as the 
complimentary strand of DNA.  Thus, eventually each base position in the B6 genome is 
represented by a set of 8, 25-mer oligonucleotide probes.  Target DNA from the 
amplicons from the 15 strains is digested, fluorescently labeled and hybridized to the 
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probes.  Probes that are identical to the target sequence bind tightly and emit a strong 
fluorescent signal, enabling the base at the 13th position to be recognized.  Confocal 
laser scanning microscopy is used to identify the base.  
 
The project is scheduled for completion by September 2006.  Data from the project will 
become freely available on line at http://mouse.perlegen.com.  With respect to 
toxicology, we hope this project will help identify genetic factors that determine 
susceptibility and resistance to human environmental exposure conditions.  
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63 Starting the Collaborative Cross: Construction of 100 
Recombinant Inbred Lines 
 
Fuad Iraqi, International Livestock Research Institute, Nairobi, Kenya 
(F.IRAQI@CGIAR.ORG) 
Richard Mott, Wellcome Trust Centre for Human Genetics 
(Richard.Mott@well.ox.ac.uk) 
Gary Churchill, The jackson Laboratory, Maine, USA 
(garyc@jax.org) 
 
We describe a project funded by the Wellcome Trust to produce 100  
recombinant inbred mouse lines as part of the Collaborative Cross (CC) 
mouse resources. The breeding is being carried at the International  
Livestock Research Institute (ILRI), Nairobi Kenya, in collaboration 
with the Wellcome Trust Centre for Human Genetics, Oxford UK and the  
Jackson Laboratory, Maine USA. The founder strains for the lines 
are A/J, C57BL/6J, 129Sv/ImJ, NOD, NZO, CAST, PWK and WSB mated in a  
series of 8-way funnels. The resulting lines will mosaics of 
the eight founders such that every recombination point is independent.  
Once created, these mice will be available for distribution free of any 
intellectual property constraint and will be a powerful tool for  
quantitative trait analysis. 
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64 Automated interpretation tools for microarray analysis. 
Rainer Breitling, Anna Amtmann & Pawel Herzyk 
 
 Abstract: After data collection, biologists analysing a microarray 
 experiment face three main challenges: 
 1. Identification of differentially expressed genes. 
 2. Detecting physiologically relevant patterns among those genes. 
 3. Synthesising these patterns into a comprehensive biological 
 interpretation. 
 
 These three tasks are complicated by the large number of genes involved and 
 the fact that micro-arrays tend to reveal interesting information beyond 
the original question. 
 
 We have developed three new techniques that provide fast, easy, and 
 statistically rigorous assistance during that process. 
 1. Rank Products (RP): A novel and powerful testing statistics for the 
 sensitive detection of significantly regulated genes. RP performs better 
than previous tests and is particularly strong for a small number of 
 replicates. 
 2. Iterative Group Analysis (iGA): A statistical approach using functional 
 annotations to detect differentially expressed genes and at the same time 
 provide an automated functional interpretation, including unbiased 
 confidence values. 
 3. Graph-based iGA (GiGA): An extension of iGA that is more flexible, can 
be applied to non-annotated genes, and summarises microarray results in an 
 easy-to-navigate graphical format. This summary can be used as a starting 
 point to focus and expedite subsequent literature research. 
 Validation studies in collaboration with the Functional Genomics Facility 
at the University of Glasgow show that RP and iGA lead to a significant 
 improvement and dramatic acceleration of microarray interpretation. 
happy to come to Groningen 
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65 Understanding features involved in splicing using multiple 
statistical learning methods  
 
Murli Nair 
 
The computational recognition of precise splice junctions is a 
challenge faced in the analysis of newly sequenced genomes. This 
challenge is compounded by the fact that the distribution of sequence 
patterns in these regions is not always distinct. In order to 
understand the sequence signatures at the splice junction, neural 
network based calliper randomization and information theoretic based 
feature selection approaches have been used in the analysis of the 
sequences at these regions. This has been done in an effort to 
understand the regions that harbor information content and to extract 
relevant features. The analysis of the sequences at the splice 
junction using a neural network based calliper randomization approach 
revealed the regions that are important in the internal representation 
of the network model. Further, analysis of the region using the 
feature selection approach revealed a subset of features where the 
information is concentrated.  Comparative analysis of the results 
using both the methods help to infer about the kind of information 
present in the region. The big question that we are interested in 
answering is  "What drives a specific mode of splicing?" and can these 
be captured using learning methods. ------------------------------------------------- 
 Department 0537 
 San Diego Supercomputer Center 
 University of California, San Diego 
 La Jolla,CA 92903,USA 
 Lab: 858-822-0887 
 Res: 858-277-8809 
 http://www.sdsc.edu/~nair 
 ------------------------------------------------- 
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66 Identification of genetic factors contributing to heart failure in 
SHHF rats 
 

 

Judith Fischer, Jan Monti, Astrid Schiche, Herbert Schulz, Norbert Hubner 
Max-Delbrück-Center for Molecular Medicine (MDC), Berlin-Buch, Germany 
 
 
Abstract: 
 
Heart failure is a quantitative trait with genetic components in humans and rats. 
Our goal is to identify quantitative trait loci and the underlying molecular mechanisms 
contributing to heart failure.  
We used inbred spontaneously hypertensive heart failure (SHHF) rats as a model of the 
human disease. To identify QTLs that are related to heart failure we produced two 
intercross populations derived from SHHF rats and WKY rats (Wistar Kyoto rats) and 
from SHHF rats and SHRsp rats (spontaneously hypertensive rats) to identify QTLs for 
quantitative hemodynamic parameters using quantitative statistical tests.  
Cardiac function was determined in parental and F1 animals and all F2 animals by in-
vivo hemodynamic measurements assessing some 30 cardiac parameters including end 
systolic and diastolic pressure, ejection fraction, cardiac output and left ventricular 
volume. We also measured a range of morphometric parameters. Furthermore, we 
performed a genome screen in all F2 animals with microsatellite markers and SNPs.  
Here we report the first linkage results of a genome scan to search for chromosomal 
regions that contribute to heart failure. 
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67 Progressing In silico QTL Mapping 
 
Ioannis Stylianou, Shirng-Wern Tsaih, Keith DiPetrillo, Gary Churchill, and Beverly 
Paigen.  The Jackson Laboratory, Bar Harbor, ME 04609 
 
Identifying loci for polygenic quantitative traits (QTL) has traditionally been performed 
using crosses of model lines. With the advent of large SNP genotyping programs for the 
inbred mouse strains coupled with the Mouse Phenome Project, which measures 
multiple parameters for each inbred strain, in silico mapping for QTL is increasingly 
becoming possible. Since the original reports of this method several concerns have been 
raised about this method that we hope to address in order to improve the likelihood of 
identifying true QTL. We have principally used the trait of plasma HDL cholesterol levels 
in mice as the backbone of the analysis as traditional QTL mapping for this trait is 
approaching saturation and hence the identification of in silico QTL should provide a 
guideline of false positive and false negative QTL identification. Furthermore we apply 
statistical diagnostic tests to evaluate the P-value distribution and hence the false 
discovery rate. We are evaluating the impact of the SNP-window, that is, the haplotype 
block to determine the optimum size, the number of strains required, the type of strains 
that are the most suitable for this analysis, and the traits that are most likely to yield 
robust results. From our initial analyses we conclude the following: the inclusion of wild 
derived strains should be avoided. However the inclusion of consomic strains can vastly 
improve the likelihood of identifying true QTL. Both more SNPs and more strains are 
desirable, and with the current data (some 18,000 SNPs) a 3-SNP-haplotype block 
appears to generate the most robust in silico QTL. Between 80-90% of traditional HDL 
QTL are concordant with the most significant in silico QTL. We have applied these rules 
to several other traits including bone mineral density, blood pressure and chronic kidney 
disease (CKD). In the case of CKD the most significant 3-SNP-haplotype block fell into a 
region of a traditional QTL (Poster 5) fine-mapping the region to a single gene which is 
now being further investigated.  
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68 A statistical multi-probe model for analyzing short-
oligonucleotide arrays in genetical genomics experiments. 
 
Rudi Alberts, Groningen Bioinformatics Centre, University of Groningen, 
the Netherlands 
 
ABSTRACT 
 
Short-oligonucleotide arrays typically contain multiple probes per gene. 
In genetical genomics applications a statistical model for the signals 
of those individual probes can help identifying Átrue© differential mRNA 
expression, differential hybridization due to polymorphisms, alternative 
splicing events, and Áfalse© or Ághost© effects caused by batch-specific 
probe signals or misdesigned probes. 
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