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I-73 Comprehensive 
testing of common 
variation in eight 
BBS genes for a 
role in obesity 

Butler J,  Lyon 
H, Campbell K, 
Drake J, 
Nemesh J, Daly 
M, Ardlie K, 
Altshuler D, 
Hirschhorn J 

Divisions of Genetics 
and Endocrinology, 
Children’s Hospital, 
Boston; Department 
of Genetics, Harvard 
Medical School; 
Program in Medical 
and Population 
Genetics, Broad 
Institute; Genomics 
Collaborative, Inc., 
Cambridge, MA; 
Department of 
Molecular Biology, 
Massachusetts 
General Hospital 

As part of a collaborative ADA-funded program project to identify 
pathways that underlie human obesity and type 2 diabetes, we 
are studying polymorphisms in the eight genes known to be 
responsible for the Bardet Biedl Syndrome (BBS, which has 
obesity as a common feature) and are testing these 
polymorphisms for a role in obesity.  To comprehensively test 
common variants in these genes we genotyped single nucleotide 
polymorphisms (SNPs) in 120 chromosomes from 30 European-
American parent-offspring trios from Utah (CEPH panel from the 
International HapMap Project) and supplemented our genotypes 
with public HapMap data.  In total, 260 SNPs across the eight loci 
were sufficient to densely survey the genes, including regions 20 
kb upstream and 10 kb downstream of each gene.  We are also 
resequencing the exons of these genes in 48 obese individuals.   
We observed strong linkage disequilibrium within each gene. 
Using the information from the CEPH panel, and applying two 
different validated algorithms, we selected a set of 65 SNPs 
across the eight BBS genes that capture most of the common 
variation in these genes. We are genotyping these SNPs in two 
large populations that together include nearly 3000 individuals, 
drawn from the 5th to 12th percentile or the 90th to 97th 
percentile for body mass index (BMI), and will present 
association data for these SNPs.  By this approach, we expect to 
comprehensively survey common variation in the BBS genes for 
a role in human obesity. 
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I-74 Association of 
common variation 
in AGTR1 with left 
ventricular mass in 
the Framingham 
Heart Study 

Camargo AL, 
Newton-Cheh C, 
Kathiresan S, 
Musone S, 
Drake J, 
Loomer M, 
Demissie S, 
Larson M, 
Ramachandran 
V, O'Donnell C, 
Benjamin E, 
Hirschhorn JN 

Broad Institute of 
MIT and Harvard; 
Divisions of Genetics 
and Endocrinology, 
Children's Hospital, 
Boston; Department 
of Genetics, Harvard 
Medical School; 
National Heart, 
Lung, and Blood 
Institute's 
Framingham Heart 
Study, Framingham, 
Mass.; Department 
of Mathematics and 
Statistics, Boston 
University; 
Cardiology Division, 
Massachusetts 
General Hospital, 
Harvard Medical 
School; Evans 
Department of 
Medicine, Whitaker 
Cardiovascular 
Institute, Boston 
University 

Left ventricular (LV) mass is a heritable intermediate phenotype 
for cardiovascular diseases (CVD) such as hypertension and 
congestive heart failure. Many pathways have been implicated, 
including the renin-angiotensin system (RAS). We are performing 
comprehensive association tests of LV phenotypes with common 
variation in RAS and other candidate genes. We characterized 
common variation in 51 candidate genes by genotyping a dense 
set of SNPs in reference pedigrees, selected tag and missense 
SNPs that capture common variation in these genes, and 
genotyped these SNPs in 1234 unrelated men and women from 
the Framingham Heart Study (FHS), in whom LV mass (LVM) and 
related measures were determined. Multivariable regression 
analysis was conducted for LV phenotypes, adjusted for many 
covariates. General, additive, dominant and recessive genetic 
models were tested. Our initial analyses focused on the RAS 
genes, for which we typed 83 SNPs.. Seven SNPs had at least 
one nominal p value <0.0001 or two nominal p values <0.001 in 
the initial sample, and were taken forward into a validation 
sample of families from FHS. A strong nominal association 
between SNP rs1800766 in AGTR1 and LVM in men (p=0.00006 
in the initial sample; age/sex adjusted, additive model) was 
convincingly validated in the family sample (p=0.0004 for this 
same phenotype and model). We conclude that variation in 
AGTR1 influences LV mass in men, and is thus a good candidate 
for influencing CVD. We are currently analyzing other genes and 
relationships to other phenotypes such as blood pressure and 
ECG phenotypes. 
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I-75 Genetic variation 
in NPY2R is 
associated with 
obesity and type 2 
diabetes 

Campbell K, 
Lyon H, Drake 
J, Nemesh J, 
Groop L, Daly 
M, Ardlie K, 
Altshuler D, 
Hirschhorn J 

Divisions of Genetics 
and Endocrinology, 
Children’s Hospital; 
Department of 
Genetics, Harvard 
Medical School; 
Program in Medical 
and Population 
Genetics, Broad 
Institute; 
Department of 
Endocrinology, 
University Hospital 
MAS, Lund 
University, Sweden; 
Genomics 
Collaborative, Inc., 
Cambridge, MA; 
Department of 
Molecular Biology, 
Massachusetts 
General Hospital 

Evidence from humans and model organisms has suggested that 
the related NPY, PYY and PPY peptides and their receptors 
regulate appetite and food intake.  Thus, these genes are good 
candidates for harboring variation that influences human obesity.  
As part of a large, collaborative effort, the Smith Family ADA 
Pinnacle Project, we tested these genes for a role in obesity in 
the general population.  We first defined the patterns of common 
variation for the NPY, PYY, PPY, NPY1R, NPY2R, and NPY5R 
genes, by genotyping SNPs in a sample of 96 chromosomes from 
12 multigenerational reference pedigrees of recent European 
ancestry.  We selected tag SNPs that capture most of the 
common variation in these genes.  We genotyped these tag SNPs 
in multiple European-derived populations.  A haplotype present 
at 39% frequency in European-Americans in a region upstream 
of the NPY2R gene was protective for obesity and type 2 diabetes 
in men (p=0.006, OR=0.85 for obesity; p=6.53x10-4, OR=0.78 
for diabetes).  A 31% frequency haplotype in this same region 
showed the strongest association with obesity in men in each 
sample (combined p=1.86x10-4, odds ratio=1.27), and a 9% 
frequency haplotype in the same region showed the strongest 
association with type 2 diabetes in men (p=3.05x10-5, 
OR=1.71).  No association with obesity or type 2 diabetes was 
observed in women, and no consistent associations were 
observed with obesity for the remaining genes in this pathway.  
We believe these results strongly suggest that common variation 
in the upstream region of NPY2R influences the development of 
obesity and type 2 diabetes in men. 

MPG 



Broad Institute Retreat        4 
Poster Session 1 – Medical and Population Genetics 

 

I-76 Whole-genome 
association study 
in HapMap cell 
lines 

Choy E, 
Bonakdar S, 
Shaw S, 
Clemons P, 
Tolliday N, 
Westly E, 
Saxena R, 
Yalensky R, 
Plenge R, Slavik 
JM, Wolfish C, 
De Jager PL, 
Landry C, Lamb 
J, Cahir-
McFarland E, 
Kieff E, Lee C, 
Hafler DA, Hartl 
D, Schreiber SL, 
Altshuler D 

Brigham and 
Women's Hospital; 
Harvard University; 
Broad Institute 

We are exploring the use of lymphoblastoid cell lines (LCL) as a 
tractable model for learning about relationships between 
genotypic influences on cellular phenotypes.  Morley et al (2004) 
used expression profiling of cultured LCLs and linkage analysis to 
show that expression levels for many genes significantly 
correlate to either cis or trans QTLs.  Watters et al. (2004) and 
Dolan et al. (2004) also used cultured LCLs to show that 
response to chemotherapeutic agents (5-fluorouracil, docetaxel, 
and cisplatin) are all highly variable and heritable.  Using linkage 
analysis, they identified several QTLs that correlate with modest 
significance. We plan to use dense genotypic data collected in the 
HapMap Project to perform association studies to identify alleles 
that correlate with drug response, expression levels, and 
immunophenotypes in the 270 LCLs studied in HapMap.  In this 
poster, we show the results of several preliminary pilot 
experiments which will inform how we collect phenotypic data on 
HapMap LCLs.   

MPG 

I-77 Efficiency and 
power in genetic 
association studies 

de Bakker PIW, 
Yelensky R, 
Pe'er I, Gabriel 
SB, Daly MJ, 
Altshuler D 

Center for Human 
Genetic Research, 
Department of 
Molecular Biology, 
and Diabetes Unit, 
Massachusetts 
General Hospital; 
Departments of 
Genetics and 
Medicine, Harvard 
Medical School; 
Broad Institute of 
Harvard and MIT; 
Harvard-MIT 
Division of Health 
Sciences and 
Technology 

We investigated selection and analysis of tag SNPs for genome-
wide association studies. Specifically, what is the relationship 
between a given investment in genotyping and power to discover 
true associations? Should tests be performed solely on genotypes 
of individual SNPs, or should haplotype information be used? Is 
power compromised when tags are selected from an incomplete 
resource such as HapMap, rather than from more complete 
sequence data? We examined these questions using genotype 
data from the HapMap-ENCODE project, simulating association 
studies under a realistic model of genotype-phenotype 
correlation, and empirical correction for multiple hypothesis 
testing. We describe a haplotype-based tagging method that 
uniformly outperforms a single-marker pairwise method. 
Examining all observed haplotypes for association — not just 
those that proxy for a known SNP — increases power to detect 
rare causal alleles, at a cost of reduced power for common causal 
alleles. Power is remarkably robust to the completeness of the 
reference panel from which tags are selected: this is because 
incomplete reference panels have a lower multiple testing burden 
and yet capture a large fraction of variable sites. These findings 
have implications for prioritization of SNPs for genotyping, and 
the interpretation of genome-wide association studies. 

MPG 



Broad Institute Retreat        5 
Poster Session 1 – Medical and Population Genetics 

 

I-78 Dissection of a 
new susceptibility 
locus for multiple 
sclerosis on 
chromosome 1 

De Jager PL, 
Oksenberg JR, 
McDonald G, 
Cree B, 
Waliszewska A, 
Fruhan S, 
Lander ES, 
Hauser SL, 
Hafler DA, Reich 
DE 

Broad Institute, 
Program in Medical 
and Population 
Genetics; Center for 
Neurological 
Diseases, Brigham & 
Women’s Hospital; 
Department of 
Genetics, Harvard 
Medical School; 
Department of 
Neurology, School of 
Medicine, University 
of California at San 
Francisco 

Ten genome-wide linkage scans for susceptibility loci in Multiple 
Sclerosis (MS) have been performed and have only identified the 
HLA locus as playing a role in this disease. We now recognize 
that linkage scans are often underpowered when studying 
complex traits such as disease susceptibility. New study designs 
using association testing are becoming feasible and promise 
greater statistical power than linkage analysis. Admixture 
mapping (also known as mapping by admixture linkage 
disequilibrium—MALD) is one of these strategies; it provides a 
way of identifying genes that cause disease in admixed 
population groups such as African Americans. Individuals of 
European descent have a much greater risk of MS than 
individuals of African-American (~45% European prevalence) or 
African (~1% European prevalence) descent. MALD is used to 
isolate MS risk loci of European origin in the genomes of African-
Americans with MS; it does so by  identifying chromosomal 
regions that are enriched in European ancestry and that may 
thus harbor the risk allele. We have created the first practical 
MALD map of 3,011 ancestry-informative SNPs (1.2 cM average 
spacing) by screening through databases containing 
approximately 450,000 single nucleotide polymorphisms (SNPs) 
with frequencies estimated in African and European population 
samples. We then applied this MALD map to a population of 580 
African-Americans with MS, performing the first high resolution 
genome-wide MALD screen in humans. Our analysis has 
identified a peak of association with susceptibility to MS in a 
pericentromeric locus on chromosome 1; this peak is statistically 
significant after correction for genome-wide analysis and 
identifies a novel region that contributes to risk for MS.  In 
addition, it appears that this locus is associated with an earlier 
age of onset for MS. 
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I-79 Association of genetic 
variants in KCNH2 
with QT interval 
duration in  the 
Framingham Heart 
Study 

Newton-Cheh C, 
Larson MG, Guo 
CY, Musone SL, 
Drake J, Lochner 
A,  Kathiresan S, 
Vasan RS, Levy 
D, Benjamin EJ, 
Hirschhorn JN, 
O'Donnell CJ 

Broad Institute of 
Harvard and MIT; 
NHLBI's Framingham 
Heart Study,  
Framingham, MA; 
Cardiology Division, 
Massachusetts General 
Hospital;  Harvard 
Medical School; Boston 
University; Childrens 
Hospital of  Boston; 
Boston University 
School of Medicine 

Background: ECG QT interval prolongation, a marker of delayed  
myocardial repolarization, is associated with increased risk of  sudden 
cardiac death (SCD) and coronary heart disease (CHD). The  congenital 
Long QT Syndrome (LQTS) is a rare, Mendelian syndrome of  QT interval 
prolongation and ventricular tachyarrhythmia. QT duration  across the 
normal range is a heritable phenotype (h2=0.35). We sought  to test the 
hypothesis that the KCNH2 gene, which is implicated in  LQTS, harbors 
common variation that influences QT interval duration  in the community. 
Methods: By genotyping 37 public database SNPs in  93 Caucasian 
individuals from 12 multi-generational pedigrees, we  developed a high-
resolution linkage-disequilibrium (LD) map of the  KCNH2 locus. We 
selected 17 tagging SNPs (tSNPs) in 2 blocks of  strong LD that capture 
the majority of common variation in KCNH2  across a genomic span of 67 
kb including 19 kb upstream and 14 kb  downstream. We used sex-specific 
(M,F) and sex-pooled (MF)  multivariable linear regression analysis, 
adjusted for heart rate and  age, to test for association of 17 tSNPs with 
QT interval duration in  1733 unrelated Framingham Heart Study (FHS) 
Offspring Cohort  participants.  Exclusion criteria included atrial fibrillation,  
prevalent CHD, and cardiac medication use. Within blocks of LD, we  
examined associations of haplotypes with QT interval duration using  an 
expectation-maximization algorithm implemented in haplo.score.  Results: 
Among 51 total association tests (17 SNPs; M, F, MF), 13 p- values were 
less than 0.05 all in the 3' end of KCNH2, consistent  with the observed LD 
among these SNPs. The lowest nominal p-value of  0.002 was noted for a 
SNP (rs3807375, MAF = 0.38) in sex-pooled  analysis. When we analyzed 
haplotypes, we found 3 common (>5%)  haplotypes in block 1 and 5 
haplotypes in block 2. No haplotype had a  stronger association with QT 
interval duration than did the  individual SNPs. Using bootstrapped null 
datasets, we estimated the  empirical study-wide p-value to be 0.063 for 
the single SNP result.  Conclusion: Common genetic variation in a gene 
implicated in LQTS may  contribute to inter-individual variation in QT 
interval duration in  the general population and may suggest candidate 
alleles for testing  in high-risk cohorts. 
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I-80 International Type 
II Diabetes 
Consortium 

Guiducci, CJ, 
Burtt N, 
Gianniny L, 
Tewhey R, Musil 
I, Florez J, Daly 
M, Ziaugra L, 
Goyette M, 
Wiltshire S, 
Frayling T, 
Ardlie K, 
McCarthy M, 
Hattersly A, 
Hansen T, 
Pedersen O, 
Groop L, 
Hirschhorn J, 
Altshuler D 

Program in Medical 
and Population 
Genetics, Broad 
Institute of MIT and 
Harvard; Center for 
Human Genome 
Research, 
Massachusetts 
General Hospital;  
Divisions of Genetics 
and Endocrinology, 
Children's Hospital, 
Boston; 
Departments of 
Molecular Biology; 
Medicine (Diabetes 
Unit), Massachusetts 
General Hospital; 
Departments of 
Medicine; Genetics, 
Harvard Medical 
School; Wellcome 
Trust Centre for 
Human Genetics, 
University of Oxford, 
Oxford, UK; 
Department of 
Diabetes and 
Vascular Medicine, 
Peninsula Medical 
School, Exeter, UK; 
Oxford Centre for 
Diabetes, 
Endocrinology and 
Metabolism, 
University of Oxford, 
Oxford, UK;Steno 
Diabetes Center and 
Hagedorn Research 
Institute, Gentofte, 
Copenhagen, 
Denmark; 
Department of 
Endocrinology, 
University Hospital 
MAS, Lund 
University, Malmö, 
Sweden; Genomics 
Collaborative 
Division, SeraCare 
LifeSciences; Faculty 
of Health Science, 

In the field of type 2 diabetes, three gene loci have been 
reproducibly associated with inherited risk for the disease.  Two 
of the loci, encoding for PPAR_ and Sur1/Kir6.2, are drug targets 
in two common classes of diabetic drugs, thiazolidinediones and 
sulfonylureas, respectively.  The third locus, CAPN10 was 
discovered via positional cloning in Mexican American pedigrees 
with diabetes, and it is currently unclear what role this protein 
plays in metabolism. In response to these associations, and 
growing understanding of the patterns of variation in the human 
genome, we formed an International Diabetes Consortium 
together with collaborators from the United Kingdom, Sweden 
and Denmark. The goal of this union is to comprehensively 
evaluate the role these loci play in diabetes risk, and other 
related phenotypes in a large European cohort of 17,000 
patients.  In order to assess the genetic variation at these loci, 
we measured LD and determined the haplotype structure in the 
HapMap CEU panel.  Subsequently,  97 tags were selected that 
capture variation above 5% in Europeans supplemented by all 
previously associated and functional polymorphisms regardless of 
frequency. To execute a project of this scope, we piloted a new 
technology from Sequenom, iPlex.  Based on MassARRAY ®, this 
comparable chemistry has the ability to create 24-plex 
genotyping assays, making the technology ideal for a project 
with a modest number SNPs against a large sample set.  Our 
goal is to complete genotyping by mid-October, and hopefully 
use this project as the catalyst to implement iPlex as a new 
Broad genotyping platform. 
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I-81 An analysis 
pipeline for whole-
genome 
association studies 

Maller J, Pe'er I, 
Green T, Daly 
MJ 

Center for Human 
Genetic Research, 
Massachusetts 
General Hospital; 
Program in Medical 
and Population 
Genetics, Broad 
Institute of Harvard 
and M.I.T.; 
Department of 
Medicine, Harvard 
Medical School 

With the advent of whole genome association studies, a number 
of new computational and analytical challenges have arisen. We 
have designed an automated computational pipeline to 
accommodate such studies, and are in the process of 
implementing it. Here we describe the design of the pipeline, and 
some of the challenges that have come up in the course of the 
implementation. 

MPG 

I-82 The Broad Institute 
Center for 
Genotyping and 
Analysis: project 
management of 
the NCRR-
subsidized 
genotyping service 
center 

Mirel DB, 
Gabriel SB 

Broad Institute In early 2005, the Broad Institute Center for Genotyping and 
Analysis (TBICGA) began operation as a high-throughput SNP 
genotyping service center. Funding from the National Center for 
Research Resources (NCRR) was instrumental in enabling the 
access to the Broad Institute's in-house genotyping platforms for 
the benefit of the greater academic community. Genotyping on 
the Sequenom, Illumina, and Affymetrix platforms is now 
available on a fee-for-service basis, as well as by granting of 
NCRR-subsidized cost reductions for projects that apply and are 
approved for such awards. In the first six months, TBICGA has 
taken on over twenty distinct genotyping projects of various 
sizes in terms of both sample and SNP numbers. In this poster 
we summarize various aspects of project initiation, management, 
and platform utilization, and accomplishments to date. We also 
discuss our progress in identifying and resolving remaining issues 
in areas such as process efficiency, customer communication, 
and the like. 

MPG 
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I-83 Illumina BeadLab: 
large-scale 
research within the 
Broad's Genetic 
Analysis platform 

Moore JM, 
Faggart M, 
Camargo A, 
Gupta S, 
Gabriel S 

Broad Institute Under the directorship of Dr. Stacey B. Gabriel, a goal of the 
Genetic Analysis Platform and The Broad Institute Center for 
Genotyping and Analysis/NCRR is to develop an affordable, high 
quality, scaleable SNP genotyping pipeline.  Two years ago we 
implemented the Illumina BeadLab Platform and have 
systematically tested the success of assays design, robustness of 
genotyping, data quality and accuracy for hundred of thousands 
of SNPs across thousands of samples.  Internal and external 
(TBICGA for service) genotyping efforts have been directed at 
extensive survey of linkage disequilibrium and haplotype 
structure as well as large-scale disease associations and 
population genetic studies. A unique feature of the Illumina 
platform is its flexibility. Illumina has developed a targeted set of 
offerings for conducting large-scale research in the areas of 
genotyping and gene expression profiling. The Illumina 
GoldenGate custom genotyping system analyzes 384, 768, or 
1536 SNPs in parallel through allele specific primer extension and 
ligation reaction.  Currently our weekly GGGT production capacity 
is 2.4 million genotypes with a team comprised of 3 technicians. 
Alternatively, Illumina’s cDNA-mediated annealing, selection, 
extension and ligation assay or DASL assay for short, uses the 
same patented GoldenGate chemistry for profiling biomarkers in 
partially degraded RNAs like those found in formalin-fixed, 
paraffin-embedded (FFPE) samples. The DASL assay also utilizes 
Sentrix Universal Arrays and BeadChips and allows you to 
monitor between 512 and 1536 genes in parallel in archival 
samples. In addition to, Illumina has developed the Infinium 
Assays for Whole Genome Genotyping and Quantitative RNA 
profiling by direct hybridization. 
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I-84 Conserved 
noncoding 
sequences are 
selectively 
constrained and 
not mutation cold 
spots 

Drake JA, Bird 
C, Nemesh J, 
Thomas DJ, 
Newton-Cheh C, 
Reymond A, 
Excoffier L, 
Attar H, 
Antonarakis SE, 
Dermitzakis ET, 
Hirschhorn JN 

Program in 
Genomics and 
Division in 
Endocrinology, 
Children's Hospital, 
Boston; Program in 
Medical and 
Population Genetics, 
Broad Institut; 
Wellcome Trust 
Sanger Institute, 
Wellcome Trust 
Genome Campus, 
Hinxton, UK.; 
Department of 
Biomolecular 
Engineering, 
University of 
California Santa 
Cruz; Division of 
Cardiology, 
Massachusetts 
General Hospital; 
NHLBI's 
Framingham Heart 
Study, Framingham, 
MA; Department of 
Genetic Medicine 
and Development, 
University of Geneva 
Medical School, 
Geneva, 
Switzerland; 
Zoological Institute, 
University of Bern, 
Bern, Switzerland; 
Department of 
Genetics, Harvard 
Medical School 

Most genetic variation in the human genome is likely neutral, 
with little or no functional consequence.  Functional variants 
likely have important effects on human biology and disease, but 
noncoding functional variants are difficult to recognize.  
Approximately 3% of noncoding sequence is conserved among 
distantly related mammals suggesting that these evolutionarily 
conserved noncoding regions (CNCs) are selectively constrained 
and contain functional variation.  However, CNCs could also 
merely represent regions with lower local mutation rates.  Here 
we address this issue and show that CNCs are selectively 
constrained in humans by analyzing allele frequency data from 
the HapMap. Specifically, new (derived) allele frequencies of 
single nucleotide polymorphisms (SNPs) within CNCs are rarer 
than the derived alleles of SNPs outside CNCs (Kolmogorov-
Smirnoff and Mann-Whitney p << 0.0001; «2 p value = 3x10-
18), indicating that evolutionary pressure has suppressed the 
allele frequency of human CNC sequence variants and that 
variants in CNCs are more likely to be functionally important. The 
allele frequency shifts are prominent in conserved intronic 
regions, but less so for SNPs distant from genes, and the shifts 
are similar to those seen for coding regions and missense 
variants.  Allele frequency distributions can help highlight 
selectively constrained portions of the human genome that 
should be surveyed intensively for functionally important 
variation.  
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I-85 Maximizing power 
in whole-genome 
association studies 
with fixed marker 
sets   

Pe'er I, de 
Bakker PIW, 
Yelensky R, 
Jones K, Gabriel 
SB, Altshuler D, 
Daly MJ 

Center for Human 
Genetic Research, 
Department of 
Molecular Biology, 
Diabetes Unit, 
Massachusetts 
General Hospital; 
Program in Medical 
and Population 
Genetics, Broad 
Institute; 
Departments of 
Genetics and 
Medicine, Harvard 
Medical School; 
Harvard-M.I.T. 
Division of Health 
Sciences and 
Technology; 
Affymetrix Inc. 
Santa Clara, CA 

Whole-genome association studies are an increasingly practical 
strategy for dissecting the heritable causes of common complex 
disease. With the goal of scanning most of the 107 polymorphic 
sites in the human genome for association, challenges involve 
both practical throughput as well as statistics. Practically, the 
economically feasible scale of SNP genotyping allows directly 
typing only a small fraction of these sites, with technology and 
economy imposing this fraction to be a fixed set of markers in a 
whole-genome genotyping product. Statistically, the true 
association signal is hidden by many random ones. Recent data 
resources of genomewide variation patterns allows tackling these 
obstacles, in order to empower association studies performed 
using a fixed set of markers. We developed theoretical 
framework, software implementation, and data summaries to 
thereby improve association testing in several respects: 1) We 
list linkage-disequilibrium-based correlations between typed and 
untyped SNP alleles. These imply a small fraction of SNPs 
actually captures a much larger set of variants. 2) We list and 
apply predictors for each untyped allele based on several typed 
ones. This increases the extent of variation tested for association 
without additional lab work. 3) We weigh different association 
tests according to a Bayesian prior. We develop a neutral such 
prior, uniform over all SNPs, that dictates promotion of tests that 
examine more correlated alleles, i.e. of variants that are in 
denser bins of linkage disequilibrium.We examine these 
approaches and their contribution to improved statistical power 
when applied to the Affymetrix 100k and 500k mapping arrays. 
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I-86 Phosphoproteomics 
reveals a role for 
the activation of 
the mTOR-Raptor 
complex by the 
Rheb GTPase. 

Peterson T, 
Addona T, 
Sancak Y, 
Keshishian H, 
Carr S, Sabatini 
D 

Whitehead Institute, 
MIT; Broad Institute 

The mTOR pathway is an evolutionarily conserved regulator of 
cell growth and survival. The serine/threonine kinase mTOR 
participate in two mutually exclusive protein complexes bound to 
either the Rictor or Raptor proteins. The mTOR-Rictor complex 
regulates cell survival and proliferation via its downstream 
effector Akt/PKB, no upstream regulators of the mTOR-Rictor 
complex have been identified to date.  The Rapamycin sensitive 
mTOR-Raptor complex phosphorylates ribosomal protein S6 
kinase (S6K) and eukaryotic initiation factor 4 binding protein-1 
(4EBP-1) to regulate cell growth and is controlled by both 
nutrients and growth factor inputs.  However, how the cells 
integrate these signals to activate the mTOR-Raptor pathway is 
poorly understood.  To date, phosphorylation-based signaling has 
only been indirectly linked to mTOR-Raptor activity via kinase 
inactivation or disinhibition of the Tuber Sclerosis Complex 
(TSC1/2). Recently, the small GTPase, Ras homology enriched in 
brain (Rheb) has been shown to mediate the nutrient sensitivity 
of the mTOR-Raptor complex and has been suggested to bind the 
kinase domain of mTOR. We have discovered that forced Rheb 
expression induces hyper-phosphorylation of Raptor that 
correlates with constitutive mTOR-Raptor activation toward S6K. 
As this Rheb-induced phosphorylation signature provides a 
paradigm for studying phosphorylation-based signaling 
converging on the mTOR-complexes, we aim to identify and 
characterize this and other novel kinase/phosphatase regulators 
of the mTOR pathway via the development of a comprehensive 
map of the mTOR phosphoproteome. 
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I-87 The structure of 
Latino populations: 
applications to 
disease mapping 

Price AL, 
Tandon A, 
Montague C, 
Patterson N,  
Reich D  

Department of 
Genetics, Harvard 
Medical School; 
Program in Medical 
and Population 
Genetics, Broad 
Institute 

We are studying the structure of Latino populations, motivated 
by two  applications to disease mapping.  The first application is 
to understand and evaluate the evidence that prevalence of type 
II diabetes in Latino samples is linked to Native American 
ancestry;  this motivates methods to infer % Native American 
ancestry in Latino samples with minimal (and measurable) 
uncertainty.  The second application is to map disease loci via 
ancestry mapping:  for example, if diabetes prevalence is linked 
to Native American ancestry, then looking for a locus with 
particularly high % Native American ancestry in individuals with 
diabetes might uncover a disease locus.  Ancestry mapping has 
already been applied successfully to African American 
populations, which have both West African and European 
ancestry, but Latino populations pose a greater challenge, for 
two reasons.  First, there are potentially three ancestry 
components, namely European, Native American and West 
African; second, whereas European and West African populations 
are relatively homogeneous, Native American populations are 
extremely inhomogeneous, with large genetic differences 
between different Native American populations even in the same 
geographic region -- thus the Native American component of 
Latino ancestry may itself contain very different ancestry 
components.  We aim to disentangle these effects and build an 
admixture map for disease gene discovery in Latino populations. 
Preliminary analysis based on data we have collected indicates 
that ancestry varies widely between different Latino populations, 
with European ancestry ranging from 49 to 73%, Native 
American ancestry ranging from 17 to 43%, and West African 
ancestry ranging from 3 to 11%. 
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I-88 Inherited common 
variation in 
mitochondrial DNA 
and risk of type 2 
diabetes 

Saxena R, de 
Bakker PIW, 
Mootha VK, 
Hirschhorn JN, 
Daly M, Groop 
L, Altshuler D 
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Department of 
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School; Divisions of 
Genetics and 
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Children's Hospital, 
Boston; Program in 
Medical and 
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Department of 
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Sweden 

Mitochondria play a central role in many disease processes, with 
rare mutations in mitochondrial proteins causing metabolic, 
neurological and muscular disorders. It has been suggested that 
common mtDNA coding variants in humans played a role in 
selective adaptation to climate, and these variants predispose to 
'energy deficiency' diseases today.  We set out to 
comprehensively assess the influence of common mtDNA 
variants on risk of disease, taking advantage of 1255 publicly 
available complete mtDNA sequences.  We selected tag SNPs 
that efficiently capture all common variants in contrast to only 
~30% of common variants captured by earlier sets.  The tag 
SNPs were genotyped in 6608 individuals and all variants tested 
for association to type 2 diabetes and related metabolic traits 
(BMI, HOMA-IR, insulinogenic index, blood pressure and 
cholesterol).  We were unable to demonstrate any impact of the 
common variants on these important energy metabolism 
phenotypes, suggesting that adaptive selection has not 
influenced these traits. More generally, our approach to test all 
common coding variants with disease is applicable to other 
common, late onset diseases. 
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I-89 Mutation detection 
in heterogeneous 
cancer specimens 
by parallel single-
template 
sequencing 
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Mutation-directed therapy has demonstrated clinical efficacy in 
several human cancers.  Accurate detection of mutations in 
activated oncogenes is thus of increasing clinical importance, but 
diagnostic DNA sequencing from biopsy specimens has inherent 
complications. Detection of heterozygous mutations is hindered 
by low tumor content, small sample size, and inefficient template 
amplification. Using a parallel microreactor-based sequencing-by-
synthesis technology to generate over 200,000 sequencing reads 
per reaction, we detected clinically meaningful EGFR gene 
mutations from complex lung biopsy specimens with low tumor 
content. Parallel single-template sequencing approaches can 
enable DNA sequence analysis as a diagnostic modality for 
heterogeneous cancer specimens. 
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I-90 A haplotype 
variation map of 
50 inbred strains 
of mice 

Wade CM, Kirby 
A, Pe'er I, 
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We present a haplotype map of the mouse created by typing in 
excess of 1 SNP per 20 kb on 50 of the most commonly used 
classical and wild-derived strains of mice.  The vast majority of 
the data are collected with a newly developed genotyping chip 
from Affymetrix. The accuracy of this chip is determined by 
comparison of chip genotypes with genotypes from all strains 
used in the original Mouse Sequencing Consortium SNP discovery 
process. We describe the analysis of genome-wide patterns with 
a specific focus on the application of the map to the study of 
complex trait genetics. We present also an evaluation of the 
completeness of this map compared with extensive complete 
sequence for a handful of strains for which this is available.  The 
results suggest that this map will provide a powerful tool for 
increasing the effectiveness of mapping complex phenotypes in 
mice.  
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I-91 Evaluation of the 
MODY genes as 
candidate genes in 
large-scale type 2 
diabetes 
association studies 
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An important unanswered question in the field of human 
genetics is whether genes causing monogenic forms of 
disease harbor other variants that may contribute to the 
common form of that disease.  Utilizing linkage 
disequilibrium (LD) between single nucleotide 
polymorphisms (SNPs), we have characterized the 
haplotype structure of the MODY genes (which cause a 
monogenic form of type 2 diabetes (T2D)), and 
performed large-scale association studies to 
comprehensively evaluate whether common variation in 
these genes is associated with T2D. We determined the 
LD structure of the Hnf4α, GCK, Hnf1α, Ipf1, Hnf1β, and 
NeuroD1 genes (MODY1-6, respectively).  For each, a 
comprehensive set of tag SNPs was selected using 
Tagger, totaling 107 SNPs.  These SNPs were genotyped 
in >4,000 patients and controls from Sweden, Finland 
and Canada. Any SNP with a nominal P value < 0.1 in 
this initial screening sample was then genotyped in an 
additional 4,400 subjects from North America and 
Poland. Out of thirty nominally significant SNPs from the 
initial sample, 5 achieved consistent results in the 
replication sample: rs730497 in GCK (OR = 1.11, P = 
0.01), and 4 SNPs from Hnf1β (best SNP: rs3110641, OR 
= 1.16, P = 0.0001).  These results suggest that Hnf1β 
and GCK may be associated with T2D risk, and further 
replication studies as well phenotype and expression 
analysis are ongoing.  We conclude that while none of 
the genes causing monogenic T2D has a strong effect on 
the common subtype, common variation in two MODY 
genes may modestly influence disease risk. 
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I-92 Genetic Analysis 
platform: SNP 
genotyping on 
Sequenom 
MassArray system   

Ziaugra L, 
Goyette MA, 
Rachupka TJ, 
Gabriel S 

Broad Institute Poster will provide general overview of Seqenom SNP 
genotyping technology, base call accuracy, platform 
capacity, throughput and web tools utilities for users. 
New iPLEX chemistry and upgrade software version will 
be discussed. 
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