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	jANUARY 2006 aPPLICATION CYCLE – APPROVED RESEARCH PROPOSALS
	

	Title
	SLC4A5 and hypertension in the community: Validation of a gene for hypertension susceptibility identified by linkage: GeneLink Framingham Heart Study Collaboration

	Principal Investigator
	Emelia J. Benjamin, MD, ScM (email: Emelia@bu.edu)



	Abstract
	Blood pressure is a major risk factor for cardiovascular morbidity and mortality and is a heritable phenotype.  Whereas rare hypertensive Mendelian disorders have been described, and genetic linkage has been reported for blood pressure variability in hypertensive cohorts and the community, identification of specific genes contributing to common forms of hypertension has been elusive.  Two hypertension meta-analyses have identified a region on chromosome 2 as being suggestive linkage.  Barkley and colleagues from the Family Blood Pressure Program found a significant association between blood pressure phenotypes and SNPs from the SLC4A5 gene in the region.  The NHLBI GeneLink collaboration has requested that participating studies validate the prior finding in their cohorts.  The FHS will carry out association analyses for 5 SLC4A5  SNPs with 4 cross-sectional phenotypes - systolic, diastolic and pulse pressure and heart rate; 6 longitudinal phenotypes - systolic, diastolic and pulse pressure and heart rate; and new-onset HTN and upward BP tracking; and 2 exam 2 exercise blood pressure phenotypes: exercise systolic BP at stage 2 (modified Bruce protocol) and at 3 minutes post-exercise.  Identification of genes contributing to blood pressure variability potentially will lead to the identification of novel targets for drug development.

	
	

	Title
	Inflammation: Correlates and Prognosis in Framingham

	Principal Investigator
	Emelia J. Benjamin, MD, ScM (email: Emelia@bu.edu)

	Abstract
	NO ABSTRACT listed 

	
	

	Title
	Inflammation: Correlates and Prognosis in Framingham

	Principal Investigator
	Emelia J. Benjamin, MD, ScM (email: Emelia@bu.edu)

	Abstract
	NO ABSTRACT listed 

	
	

	Title
	Genetics of End-Stage Renal Disease and Associated Phenotypes

	Principal Investigator
	Ulrich Broeckel, MD  (email: broeckel@mcw.edu)



	Abstract
	Hypertension remains one of the mayor health challenges in the Western World.  Hypertension does not contribute directly to morbidity and mortality but rather contributes significantly as a risk factor for end-organ damage such as end-stage renal disease (ESRD).  Numerous lines of evidence suggest that the risk of developing ERSD is determined in part by genetic factors.  This project focuses on the identification of genes influencing the risk of hypertensive ESRD and reduced renal function.  Using a genetic association study design, we propose to test whether a gene responsible for ESRD in a rat model also influences renal phenotypes in the Framingham Heart Study.  A haplotype based association study will be performed in the ‘Unrelated’ set of samples.  Genotyping will be performed using the ABI TaqMan technology.  In addition, we propose to test whether single nucleotide polymorphisms (SNPs) identified in a genome-wide association scan for ERSD also influence phenotypes of impaired renal function in the FHS.  The initial genome-wide scan will be performed in 500 cases with hypertensive ESRD and 500 controls with hypertension but normal kidney function.  The Affymetrix 500k SNP chip will be used for this analysis.  We will use novel haplotype, cluster and phylogeny analyses to identify casual SNPs.  

	
	

	Title
	Fine-Mapping of a blood pressure locus on 1p13.1 using the unrelated plate set

	Principal Investigator
	Michael Christman, PhD (email: mfc@bu.edu)

	Abstract
	We plan to genotype additional SNPs  on 1p13.1 in unrelated individuals to fine map the region as a set to identify the causal variant for a quantitative trait locus that affects blood pressure

	
	

	Title
	Bivariate Genetic Analysis of Age Associated Hearing Loss and Cardiovascular Traits

	Principal Investigator
	Anita DeStefano, PhD (email: adestef@bu.edu)

	Abstract
	Presbycusis or age related hearing loss has heritability between 0.31-0 .45 in the Framingham Heart Study cohorts.  Linkage analysis on pure tone averages (PTA) over low, medium and high ranges has identified peaks with LODs > 1.5, although none yielded a LOD score of 3.0.  (DeStefano et al 2003).  The cochlea is principally supplied from the inner ear artery (labyrinthine artery), which is usually a branch of the anterior inferior cerebellar artery. Cochlear blood flow is a function of cochlear perfusion pressure, which is calculated as the difference between mean arterial blood pressure and inner ear fluid pressure. Many otologic disorders such as noise-induced hearing loss, endolymphatic hydrops and presbycusis may be related to alterations in cochlear blood flow (Nakashima et al, 2003; Seidman et al, 1999).  Further support for a role of cardiovascular disease in presbycusis has been demonstrated in FHS (Gates et al, 1993).  Given this relationship between cardiovascular traits and hearing loss and the evidence of genetic influence on all of these, we propose to perform bivariate heritability and linkage analysis.  We propose to focus on blood pressure measures and quantitative measures related to diabetes and will examine them in genetic relationship to pure tone averages

	
	

	Title
	Does an Association Exist between SNPs in Renin-Angiotensin System Genes and other Genotyped Pathways in the PGA and Reynold’s Project and Glycemic Traits?

	Principal Investigator
	Caroline Fox, MD, MPH (email: foxca@nhlbi.nih.gov)

	Abstract
	Goals:  To test for an association between already genotyped genes in the PGA and Reynolds and glycemic traits. 

Hypotheses:  An association exists between polymorphisms in PGA and Reynolds pathway genes and glycemic traits
Phenotypes:  diabetes, fasting and post-challenge glucose and insulin, HOMA-IR

Laboratory Methods:  none

Analytical Approach:  For dichotomous traits, logistic regression will be used to assess the association with each polymorphisms, accounting for covariate data.  First, a general model will be run for each polymorphism within each gene.  Depending on the results, either a dominant, recessive, or additive model may also be fit to the data.  Multiple regression models will be used to assess genotype differences for continuous traits.  Least square means will be computed in order to understand the relative magnitude of differences between the different genotypes.

	
	

	Title
	A cladistic analysis of the ontogenetic architecture of quantitative traits in humans: The Framingham Heart Study population

	Principal Investigator
	Diddahally R. Govindaraju, PhD (email: drgraju@bu.edu)

	Abstract
	The phenotypic architecture (see, page four) represents a coordinated sequential, spatial, hierarchical and temporal organization as well as interaction among the underlying genes during development of tissues and organs, in all organisms, including humans.  Inheritance, maintenance and variation of these innate phenotypic properties of individuals in populations are measured using heritability as well as phenotypic and genetic correlations. Heritability and genetic correlations in humans are traditionally estimated on single traits, such as height and weight, or a limited set of few related “suite” of characters. While this approach is useful to examine the genetic variation and covariation of either individual or a small set of characters in isolation, it imposes a limitation toward gaining a global understanding of the genetic, developmental, morphological, functional relationships as well as the genetic architecture of complex phenotypes.  In this study, we propose to extend the modular concept of phenotype study the variation and covariation of a large number of phenotypes measured on the Framingham Heart Study cohort, using developmental and evolutionary quantitative genetic approaches.  Simultaneous analysis of numerous traits and their components would help elucidate the maintenance and evolution of coadapted allelic complexes of sets of genes which influence complex phenotypic traits that share common developmental pathways, their products, interactions, and their functional effects that result in a character complex and ultimately organs and organ systems.

	
	

	Title
	Demographic genetic analysis of age related changes among genotypes of certain genes in the Framingham Heart Study cohort.

	Principal Investigator
	Diddahally R. Govindaraju, PhD (email: drgraju@bu.edu) 

Douglas Ewbank, PhD (email: Ewbank@pop.upenn.edu)

	Abstract
	Age and size related phenotypic changes in demographic traits such as fertility and mortality have been documented in various organisms including humans. Specific genes have been shown to affect the phenotype at different stages of growth, maturity and senescence. Demographic genetic models are used to understand the trajectory of age specific effects of these genes on physiological and molecular aspects of reproduction, survival and health. In humans, genes such as apolipoprotein – E (APOE), angiotensin converting enzyme (ACE) and methylene tetrahydrofolate reductase (MTHFR) genes have been shown to be associated with elevated risk of heart disease as well as cognitive function and thus affect physiological functions and longevity.  We propose to apply demographic genetic models to predict the age-related effects of alleles in a set of well characterized candidate genes in the Framingham Heart Study cohort.  The specific objectives are: a) to use tabulations of genotype-frequencies by age and sex and (where available) deaths be age, sex, and genotype to estimate differences in mortality by genotype; b) to combine detailed data from Framingham with less detailed, published data on the same genotypes, c) to derive more precise estimates and to look for differences in the estimated effects across populations (studies),  and c) to examine the precision of the method for estimating genetic differences in mortality using different subsets of the data (e.g., only the original cohort vs. both the original cohort and the offspring) and for specific alleles and their frequencies of a set of genes.

	
	

	Title
	Genetics of adult height in the Framingham Heart Study

	Principal Investigator
	Joel N. Hirschhorn, MD, PhD (email: joelh@broad.mit.edu)

	Abstract
	We are interested in studying the genetics of adult height in the Framingham Heart Study. Height is a highly heritable phenotype and represents an ideal trait to study the biology of complex traits. Height is also associated with several human diseases (including heart disease and cancer), and variants that affect height must therefore be biologically important and may have additional consequences; it is therefore medically relevant to discover human polymorphisms that affect height.  Our hypothesis is that many variants in the human genome modestly influence adult height, and that large-size cohorts such as the ones available at the Framingham Heart Study provide adequate power to identify these variants.

We are currently conducting the analysis of candidate-gene and genome-wide association studies to identify variants that show preliminary associations with stature. All polymorphisms associated with height in these initial studies will be genotyped in the Framingham DNA sets using the Sequenom platform. Data analysis will be performed using linear regression for the panel of unrelated individuals and Family-Based Association Test (‘FBAT’) statistics for the related DNA set

	
	

	Title
	Evaluation in the Framingham Heart Study of polymorphisms previously reported to be associated with measures of obesity

	Principal Investigator
	Joel N. Hirschhorn, MD, PhD (email: joel.hirschhorn@childrens.harvard.edu)

	Abstract
	Obesity is a public health epidemic, with no effective treatments.  Although the increase in obesity prevalence is due in part to changes in environmental factors the propensity of an individual to become obese varies with their genetic background.  Identifying the genetic factors that predispose individuals to becoming obese may help guide the development of effective interventions for obesity treatment and prevention.  Common variants around more than 90 candidate genes have been reported to be associated with measures of obesity. We propose to assess the validity, generalizability and causal nature of these associations by genotyping variants in genes (including ENPP1, SGIP1, PSARL and INSIG2) reported to have associations with measures of obesity in 1708 DNA samples from subjects in the Offspring cohort of the Framingham Heart Study, testing them and the haplotypes they represent for associations to BMI using regression analysis, and attempting to replicate initially positive associations in a panel of related subjects from the Offspring cohort using QTDT analysis.  The Framingham Heart Study is a carefully collected population cohort with a family-based component which provides an essential data source for performing unbiased association studies to try to identify the complex genetic interactions that predispose to obesity.

	Title
	Candidate Gene Studies of Obesity Guided by Whole Genome Analysis

	Principal Investigator
	Joel N. Hirschhorn, MD, PhD (email: joelh@broad.mit.edu)

	Abstract
	The obesity epidemic in the U.S. continues unabated, and is accompanied by substantial complications, including diabetes, cardiovascular disease, and death. Whole genome association scans offer a potentially powerful method for identifying common variants with modest effects on obesity. These studies, including the 100K scan recently performed in the Framingham Heart Study will identify many potential associations between genetic variants and obesity, representing a mix of largely false positive results interspersed with a smaller number of true associations.  We will combine multiple large well-characterized cohorts (including the Framingham cohorts), high throughput genotyping and robust analytic methods and will thereby rapidly test the preliminary results from whole genome association scans.  Specifically, we will be able to extract from the mass of data those genetic variants that are truly associated with obesity, even if the effects are modest.  We will also characterize the phenotypic consequences of these variants on other obesity-related phenotypes as well as test other genes in pathways involving the associated variant.   We will start this latter type of analysis with INSIG2 and its pathway members.  Successful identification of genes that are convincingly associated with obesity would highlight key pathways that influence obesity in humans, guiding efforts at therapy and prevention.

	
	

	Title
	The genetics of hand osteoarthritis

	Principal Investigator
	David Hunter, MD, PhD  (email: djhunter@bu.edu)

	Abstract
	It is our hypothesis that hand osteoarthritis has a strong genetic component.   To test this hypothesis, we will utilize a two-staged approach.  First (aim 1), we will conduct a genome wide linkage and association study in the Framingham Osteoarthritis Study.  This will enhance our ability to detect or reject linkage as well as to narrow the size of candidate regions. The second phase (aim 2) is to assess whether this aim can be replicated in another dataset (St Thomas Twin Registry) characterized for hand OA phenotype.

In the current study we will perform genome-wide linkage using additional markers from Phase II scan and selected markers from the 100K Affymetrix GeneChip. For association analysis we plan to use all available genotype data from the FHS 100K Affymetrix GeneChip genetic study:  ~100,000 SNPs in 1398 Original and Offspring participants. For our study we will use data in n=928 of the 1398 participants with hand OA data.  Association analyses will be performed using both population-based and family-based methods; the genetic markers will be evaluated individually as well as jointly as haplotypes in regions of high LD.

	
	

	Title
	Genetics of Bone Density and Structural Geometry in Framingham Cohorts II

	Principal Investigators
	Douglas P. Kiel, MD, MPH (email: kiel@hrca.harvard.edu) 
David Karasik, PhD (email: karasik@hrca.harvard.edu)

	Abstract
	NO ABSTRACT listed.

	
	

	Title
	Relations of Common Genetic Variation at the Upstream Stimulatory Factor 1 Locus and Blood Lipids

	Principal Investigator
	Sekar Kathiresan, MD ( email: sekar@broad.mit.edu)

	Abstract
	Upstream stimulatory factor-1 (USF1) is a transcription factor that regulates a host of genes involved in lipid and glucose metabolism and is localized under a linkage signal for metabolic phenotypes including familial combined hyperlipidemia (FCH) and diabetes.  Prior genetic association studies conducted in FCH families have suggested that sequence variants at the USF1 locus are associated with FCH and its component traits including LDL cholesterol and triglycerides.  However, it is unclear whether USF1 variants influence lipid levels in the general population.  We hypothesize that common DNA sequence variants in the USF1 locus influence inter-individual variability in blood lipid phenotypes including:   1) total cholesterol; 2) low-density lipoprotein (LDL) cholesterol; 3) triglycerides; 4) high-density lipoprotein (HDL) cholesterol; 5) apolipoprotein (apo) B; and 6) small LDL particle concentration.  To test this hypothesis in a community-based sample, we have identified 40 tag SNP variants that capture common genetic variation across a 200 kilobase genomic segment spanning the gene.  Our objectives are 1) to genotype tag single nucleotide polymorphisms and 2) relate common USF1 sequence variants to the phenotypes detailed above in the Framingham Heart Study Offspring cohort.  Regression analyses will be used to examine associations of individual polymorphisms and of inferred haplotypes with multivariable-adjusted phenotype values.

	
	

	Title
	Genetics of Bone Density and Structural Geometry in Framingham Cohorts II

	Principal Investigators
	Douglas P. Kiel, MD, MPH (email: kiel@hrca.harvard.edu)

David Karasik, PhD (email: karasik@hrca.harvard.edu)

	Abstract
	This proposed study is an extension of R01 AR050066-01 “Genetics of Bone Structural Geometry: Framingham Cohorts” (to D. Karasik), with a primary aim to identify linkage of bone geometry indices with a set of autosomal microsatellite markers, and R01 AR/AG 41398 “Risk Factors for Aged Related Bone Loss” (to D. P. Kiel), which includes analysis of candidate genes for bone mineral density. 

Osteoporosis is a common, age-related disease with a strong genetic component. With increasing age of the population, Europe is facing a substantial increase in osteoporotic fractures, which account for considerable disease-burden and costs. Early identification and treatment of subjects at risk can help preventing this. Gene polymorphisms which predispose to osteoporosis are the most promising risk factors.  

The goal of this project is for the two grants above that fund the Framingham Osteoporosis Study to contribute data from the study of candidate genes that are genotyped by the Framingham Study Genetics Laboratory to planned meta-analyses from Europe’s largest population studies on osteoporosis.  Phenotypes to be studied include highly heritable bone mineral density, as well as geometric indices of the proximal femur derived from cross-sectional cortical measurements. 

All genotyping will be done by the Framingham Genetics Laboratory.  These meta-analyses will be used to develop sufficient power to detect small, but clinically important risks that would otherwise not be possible using only Framingham Study data. The project will result in a collection of osteoporosis risk-alleles with quantified risks. Such genetic markers will improve clinical risk-assessment for osteoporosis.

	
	

	Title
	Missense and nonsense variants in blood pressure candidate genes in Framingham Heart Study participants with extreme blood pressure phenotypes

	Principal Investigator
	Daniel Levy, MD  (email: Levyd@nih.gov)

	Abstract
	Despite extensive efforts by numerous investigators, the identification of genetic variants that alter blood pressure levels in the general population has proved to be an elusive challenge. This project aims to examine the prevalence of rare variants in several key blood pressure regulatory pathway genes in Framingham Heart Study individuals with extreme blood pressure phenotypes. DNA from 128 Framingham participants with extreme high and 128 participants with extreme low blood pressure values will be extensively resequenced for missense and nonsense variants. These individuals represent approximately the top and bottom 7% of blood pressure values. Resequencing will be performed by the NHLBI Resequencing and Genotyping Service, which offers extensive gene coverage. Chi square tests will be used to compare the prevalence of coding variants between the two extreme phenotype groups. The success of this project, however, is not dependent upon statistically significant results. Rather, the identification of any functional variants that alter blood pressure levels in humans would represent an important step toward identification of new therapeutic targets and will open the door for the development of new treatments for high blood pressure.

	
	

	Title
	Genome-wide association study of QT interval duration in 3 large cohorts

	Principal Investigator
	Christopher Newton-Cheh, MD, MPH (email: cnewtoncheh@partners.org)

	Abstract
	We propose to extend ongoing analyses of the genetic determinants of myocardial repolarization as part of a Doris Duke Clinical Scientist Development Award under co-mentorship of Christopher J. O’Donnell, MD, MPH and Joel N. Hirschhorn, MD, PhD (Broad Institute of Harvard and MIT) in collaboration with Mark Daly, PhD and David Altshuler, MD, PhD (Massachusetts General Hospital, Broad Institute).  This DNA proposal requests existing Framingham Heart Study electrocardiographic QT interval phenotypes and existing Affymetrix 100K genotypes as part of large scale meta-analysis of genome-wide association studies in three cohorts, totaling 6400 participants.  Our study has the potential to identify and validate novel genetic variants that contribute incrementally to inter-individual variation in myocardial repolarization, which would be strong candidates to influence risk of sudden cardiac death and drug-induced QT prolongation and resulting arrhythmias.

	
	

	Title
	Genetics of food preference: Association between taste receptor gene polymorphisms and cardiovascular risk factors

	Principal Investigator
	Jose M. Ordovas, PhD (email: jose.ordovas@tufts.edu)

	Abstract
	Poor diet is thought increase the risk of many prevalent chronic diseases such as diabetes and cardiovascular disease. Research has shown that taste is one of the major determinants of food selection.  Most mammals detect 5 modalities of taste: sweet, sour, salt, bitter, and umami. Electrophysiological studies have shown that sour and salt tastes are mediated through ion channels while sweet, bitter, and umami activates signaling pathways via specific G-coupled receptors (GPCRs).   Recently novel GPCR putative taste receptors for sweet, bitter and umami have been identified. Polymorphisms in these taste receptor genes have been found in animals insensitive to particular tastants.  Further, knockout animals for taste receptor genes have resulted in altered affinity for solution with either sweet or umami tastes.  Based on these studies, it has been suggested that polymorphisms in these taste receptor genes may explain variability in taste preferences in humans. Studies to this hypothesis are warranted. The aim of this proposal is to investigate the associations between polymorphisms in the taste receptor genes and food intake. The secondary objective is to examine the association between these polymorphisms and diet-related phenotypes such as blood lipids, BMI and hypertension.

	
	

	Title
	Use of Machine Learning Techniques to Predict Atherosclerotic Phenotypes from Clinical and Genotypic Data

	Principal Investigators
	Chris O’Donnell, MD (email: odonnellc@nhlbi.nih.gov ) 

Paola Sebastiani, PhD (email: sebas@bu.edu)

	Abstract
	Coronary artery disease and related atherosclerotic diseases are major causes of morbidity and mortality in the United States.  Current risk factors provide clinicians with only limited ability to estimate an individual’s risk of developing atherosclerotic disease.  Recent advances in sequencing technology have made the genotyping of individuals on a large scale feasible for the first time.  SNP genotypes have already been obtained on a large number of phenotypically well-characterized individuals in the Framingham Heart Study.  We hypothesize that this SNP data can be used in conjunction with demographic and clinical risk factor information to better predict risk of atherosclerotic disease.  We will use a machine learning algorithm, Bayesian belief networks, to develop a predictive model of atherosclerosis risk and will test the performance of this predictive model using cross-validation.

	
	

	Title
	Association between Variation in Estrogen-Related Genes and Circulating Steroid Hormone Levels in the Framingham Heart Study.

	Principal Investigators
	Inga Peter, PhD (email: ipeter@tufts-nemc.org)
Daniel Levy, MD  (email: levyd@nih.gov)

	Abstract
	Strong biological evidence supports the beneficial effect of estrogen on the human body. Despite various studies suggesting substantial role of genes involved in estrogen metabolism in the development of complex traits, the molecular mechanisms underlying these associations are still unclear. Given that steroid hormones are heritable traits and that significant background genetic effects may modify their circulating levels, we hypothesize that variations in the estrogen receptor-α and β, aromatase, and nuclear receptor coactivator 1 genes are associated with serum steroid levels in a sex-specific manner. To test this hypothesis we propose to use existing genotypes and test their association with total testosterone, estradiol, and dehydroepiandrosterone sulfate levels measured in the Framingham Heart Study’s (FHS) Offspring cohort of unrelated individuals at  the 3rd and 4th examination cycles. Analysis of covariance will be employed to test the association between the steroid levels and genotypes for the 9 SNPs under study adjusting for age, sex, body mass index, smoking, alcohol intake, and diabetes status.  

Based on the associations between polymorphisms in these genes and cardiovascular endpoints in the FHS cohort detected by our previous studies, differences in steroid levels between carriers of various polymorphisms may help shed light on pathophysiology of cardiovascular disease.

	
	

	Title
	Molecular Basis of High Density Lipoprotein Deficiency

	Principal Investigators
	Ernst J. Schaefer, MD (email: ernst.schaefer@tufts.edu)
Margaret E. Brousseau (email: margaret.brousseau@tufts.edu)

	Abstract
	A low level of (HDL-C is an independent risk factor for coronary heart disease (CHD). It is estimated that more than 50% of the variation in HDL-C levels in humans is genetically determined.  We are proposing to identify allelic variants associated with the low HDL trait, using samples from the Veterans Affairs HDL Intervention Trial (VA-HIT, cases), a study designed to explore the benefits of HDL-raising in men having low HDL-C (<40 mg/dL), normal LDL-C (<140 mg/dL) and known CHD, and the Framingham Offspring Study (FOS, controls). Our Aims are to identify: 1) susceptibility loci for the low HDL trait and 2) allelic variants associated with levels of apoA-I-containing HDL subspecies.  For Aim 1, we will examine 35 biological candidate genes and 1 positional candidate locus. The former will include genes involved in HDL metabolism, insulin resistance and inflammation, while the latter will be selected on the basis of results from genome-wide linkage scans for quantitative trait loci associated with HDL-C levels in FOS. For each candidate, we will use HapMap data in order to select a maximally informative set of SNPs (tagSNPs), which will allow us to resolve >80% of all haplotypes. Based on this algorithm, we will genotype 1 SNP per 2500 bp across each candidate gene/region. To address the issue of population stratification, we will employ a structured association approach, using a set of 250 markers that has the ability to detect modest amounts of stratification. The results of this work will provide important insight into the contribution of allelic variation in the pathways of HDL metabolism, inflammation, and insulin resistance to the complex phenotype of low HDL-C

	
	

	Title
	NHGRI Medical Sequencing Pilot Proposal: Analyses of the Allelic Spectrum of Cardiovascular Disease Genes in the Framingham Heart Study and Jackson Heart Study Cohorts

	Principal Investigator
	Christine Seidman, MD (email: cseidman@genetics.med.harvard.edu) et al.


	Abstract
	In this application, we are responding to a “request for proposals” from the NHGRI for Pilot Medical Sequencing Projects.  Cardiovascular disease (CVD) is the leading cause of death in men and women.  There is a heritable component to CVD and its risk factors, but the role of rare genetic variation as well as common variation in the overall susceptibility ot CVD is not understood.  To provide a comprehensive assessment of the frequency and distribution of rare and common allelic variation in previously defined cardiovascular genes in general populations with defined incident cardiovascular risks and disease, we have assembled a collaborative group that includes investigators with considerable expertise in the study of CVD genes and leading investigators in the FHS and JHS.  The focus of this NHGRI-sponsored pilot project is to define the spectrum of allelic variation in cardiovascular disease genes in unrelated subjects enrolled in the FHS (n= 1800) by gene sequencing, and to then determine their impact singly and in combination on cardiovascular risk factors.  The phenotype domains to be studied will include hypertension, hyperlipidemia, adult onset diabetes mellitus, LV hypertrophy and dilation, and abnormal repolorization on ECG as well as the presence of subclinical atherosclerosis by carotid IMT and clinically apparent cardiovascular disease.  Candidate genes from genes with known mutations leading to one of these conditions will be included as candidate genes for this study.  We will compare results with a similar project proposed for the Jackson Heart Study.  By a comprehensive study of the contribution of rare and common genetic variants to cardiovascular disease risk factors and overall CVD risk, we hope to better understand the genetic architecture underlying complex disease.

	
	

	Title
	Genome scan and LV wall thickness variation in the Framingham Study Offspring

	Principal Investigators
	Jonathan Seidman,,PhD (email: seidman@genetics.med.harvard.edu) 

Emelia Benjamin, MD, ScM (email: emelia@bu.edu)

	Abstract
	We propose to determine if individuals with dramatically increased left ventricular wall thickness share a common genetic locus that may account for their increased LV wall thickness (LVWT> 13 mm).  About 3% of the Framingham Heart Study cohort have unexplained increased LVWT.  Unexplained increased left ventricular hypertrophy is, at least in part, an inherited trait.  Sarcomere protein gene mutations are responsible for increased LVWT in 15% of individuals with unexplained increased LVWT.  We hypothesize that the remaining 85% of individuals with unexplained increased LVWT share a single genetic locus.  To test this hypothesis we will perform genome wide scans in 100 individuals (41 with unexplained increased LVWT and 59 control subjects) testing more than 250,000 loci throughout the genome.  We will identify loci in which an allele is distributed abnormally in the increased LVWT group compared to the normal group.  Genes in the vicinity of such loci will be considered candidates for causing unexplained increased LVWT.

	
	

	Title
	Bivariate Genetic Analysis of Brain MRI measures and the FSRP

	Principal Investigator
	Philip A. Wolf, MD (email: pawolf@bu.edu)

	Abstract
	Substantial heritability of white matter hyperintensity (WMH) volume as well as total and regional brain volume measures has been demonstrated in the Framingham Heart Study.  A genome-wide linkage analysis for WMH volume has identified a significant linkage peak (LOD= 3.69) on chromosome 4.  It is currently unknown whether the gene in this linkage peak, or on other regions of the human genome, influence WMH via the aging process or through genetic influence on cerebrovascular risk or both. 

Bivariate heritability and linkage analysis provide an analytical framework in which to dissect out the distinct mechanisms which may result in WMH.  We, therefore, propose to conduct bivariate heritability and linkage analysis among brain MRI traits (WMH and total and regional brain volume) and the components of the Framingham stroke risk profile (FSRP).  The FSRP includes sex, age, systolic blood pressure, antihypertensive treatment, diabetes, smoking, cardiovascular disease, atrial fibrillation, and left ventricular hypertrophy.  We propose to utilize those components which have a suitable quantitative measure for heritability and linkage analyses such as diabetes (glycemic index or survival residuals for the event trait) and systolic blood pressure.
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	Title
	The Genetics of Obesity

	          Principal

      Investigator
	Larry Atwood, PhD (email: lda@bu.edu)

	Abstract
	We have recently found significant linkage (max lod 3.54) of BMI to the region between 10MB and 30MB on chromosome 16p in the Framingham Heart Study (FHS).  We propose to fine map this 20MB region with polymorphic SNPs at a resolution of 49KB (407 SNPs total).  Using these SNPs we will repeat the linkage analysis in this region.  Our hypothesis is that the size of the linked region will be substantially reduced.

	
	

	Title
	Minor modifications to original project; Access to inflammatory-related genotypes from the CardioGenomics Project 

	Principal

Investigator
	Emelia Benjamin, MD, ScM (email: emelia@bu.edu)

	Abstract
	None given

	
	

	Title
	Machine Learning Methods for Discovering Multiple SNP Associations with Disease Phenotypes

	Principal 

Investigators
	Ralph D’Agostino, PhD (email: ralph@bu.edu) 

Mark A. Kon, PhD (email: mkon@bu.edu)

	Abstract
	Complex diseases such as arteriosclerosis and diabetes are difficult to characterize, as they reflect the interactions of multiple genetic and environmental factors. We propose the use of machine learning, and specifically, two previously tested methods, support vector machines (SVM) and random forests (RF) as methods to infer combinations of previously unlinked chromosomal regions to disease. The disease phenotypes of this project will be a complex of symptoms related to diabetes, and if data permits, to coronary arteriosclerosis. In preliminary work related to DNA-transcription factor binding, both SVM and RF have performed well for high dimensional problems such as this one, yielding accuracy levels of 85% based on small data sets, on the order of several hundred examples in feature spaces of several thousand dimensions. Since both methods are based on feature space embeddings, they have the added advantages of allowing integration of disparate sets of classifiers (e.g., haplotype and SNP information). In particular, we intend to infer the combination of susceptible SNPs for age related diseases such as arteriosclerosis, as well as diabetes, a correlated disease. We will validate the method by using standard statistical techniques and by verifying that it is predictive and accurate with respect to findings from the literature.

	
	

	Title
	LDLR SNPs, Splicing Variants, Cholesterol Homeostasis and Cardiovascular Disease

	Principal Investigator
	Steven Estus, PhD (email: steve.estus@uky.edu)

	Abstract
	We have identified a low-density lipoprotein receptor (LDLR) SNP that associates with (i) quantitative differences in LDLR mRNA splicing and (ii) gender-dependent LDL-cholesterol differences.  Here, we propose to evaluate whether this SNP, as well as related LDLR SNPs, is associated with measures of cardiovascular disease that have been associated with LDL-cholesterol previously. Overall, these studies are significant in that identifying LDLR SNPs that alter LDLR function and disease risk will provide insights into the causes of altered cholesterol homeostasis and disease.

	
	

	Title
	Genome scan for IgE and related asthma phenotypes

	Principal

Investigators
	Lindsay Farrer, PhD (email: farrer@bu.edu) 

George T. O’Connor, MD, MS (goconnor@lung.bumc.bu.edu)

	Abstract
	The genetic basis of asthma and related allergic conditions remains poorly understood, perhaps because these disease endpoints are clinically and genetically heterogeneous.  By focusing on a highly heritable quantitative asthma-related endophenotype, we believe that the problem is more tractable and discoveries will be more reproducible.  To this end, we propose to take advantage of a unique clinical and genetic resource, the Framingham Heart Study (FHS) population, which is a multigeneration cohort of individuals for whom there are prospectively collected information on pulmonary function, banked frozen sera, and genotype data from a recently performed 100,000 SNP scan.  In this project we will (1) perform total and specific IgE assays in 1,398 FHS subjects who were included in the 100 K SNP genotyping project; (2) conduct linkage and association analyses of IgE phenotypes using the 100 K SNP data; (3) perform high density genotyping of gene-based SNPs in regions showing the most significant evidence for linkage and association in order to identify biologically relevant determinants of IgE.

	
	

	Title
	Heritability and Linkage to Markers of Liver Function:  the Framingham Heart Study

	Principal Investigator
	Caroline S. Fox, MD, MPH (email: foxca@nhlbi.nih.gov)

	Abstract
	Goals:  To identify chromosomal regions linked to liver function, a component of the metabolic syndrome

Phenotypes:  ALT, AST, alkaline phosphatase (offspring examination 1, 2)

Laboratory Methods:  the existing Framingham genome scan data will be used

Analytical Approach:  Heritability for measures of liver function will be calculated using SOLAR.  The established genome-wide linkage analysis at Framingham will be used for linkage analysis.  



	
	

	Title
	Heritability and Linkage to Measures of Renal Function:  Serum creatinine, GFR, cystatin-C, and UACR in the Offspring and Third Generation 



	Principal 

Invesigator
	Caroline S. Fox, MD, MPH (email: foxca@nhlbi.nih.gov)

	Abstract
	Goals:  To identify chromosomal regions linked to renal function in the Offspring and Third generation samples.

Phenotypes:  measures of kidney filtration (serum creatinine, glomerular filtration rate as estimated via MDRD equation, cystatin-C, eGFR via cystatin-C), microalbuminuria indexed to urinary creatinine

Laboratory Methods:  the existing Framingham genome scan data will be used

Analytical Approach:  Heritability for measures of kidney filtration, microalbuminuria, and cystatin-C will be calculated using variance component methods.  Variance component methods will also be used for genome-wide linkage analyses.  



	
	

	Title
	Testing for association between ESR1, ESR2, CYP19A1, and NCOA1   

	Principal 

Investigator
	Caroline S. Fox, MD, MPH (email: foxca@nhlbi.nih.gov)

	Abstract
	Goals:  To identify whether associations exist among genes in ESR1, ESR2, CYP19A1, and NCOA1 and obesity-related phenotypes.  

Phenotypes:  BMI, waist circumference, weight change, radiologic measures of adiposity (VAT, SAT, sagittal diameter, waist circumference) 

Laboratory Methods:  Existing genotype data will be used

Analytical Approach:  SAS will be used to look for association in related and unrelated subjects.  SAS PROC GLM will be used to assess associations of each polymorphism with the obesity phenotypes. SAS PROC MIXED and FBAT will be used to examine associations among related individuals.  


	
	

	Title
	Analysis of cryptic inbreeding in the Framingham Heart Study

population

	Principal 

Investigators
	Diddahally R. Govindaraju, PhD (email: drgraju@bu.edu)

Karen L. Ayers, PhD (email: k.l.ayers@reading.ac.uk)



	Abstract
	The deleterious effects of inbreeding on human fertility and Mendelian and complex genetic disorders have been well recognized.  It is generally held that because consanguinity is not a major factor in contemporary western societies, inbreeding may not affect genetic disequilibria of populations.  On the contrary, recent reports indicate that inbreeding in the remote and recent past may lead to cryptic inbreeding. Past inbreeding could retain stretches of homozygous DNA in the human genome which in turn might affect human health, even in the outbred modern human populations. Furthermore, cryptic inbreeding has been demonstrated to results in excessive rates of false positives, thus it could be a far more important factor than structure or admixture in case-control association studies. The levels of inbreeding are generally estimated using information on consanguinity and isonymy. In circumstances where it is difficult or impossible to obtain such information, methods to use molecular markers such as microsatellites have been developed. Microsatellite data have rarely been used to detect inbreeding levels (cryptic or otherwise) on any outbred western human populations.  We propose to use the microsatellite data available on the multigenerational Framingham Heart Study cohort to detect cryptic inbreeding levels using Markov chain Monte Carlo methods. The objectives of the study are to: a) estimate relative levels of cryptic inbreeding among generations, b) to understand the levels of cryptic inbreeding among different ethnic groups participating in the study, and c) compare these levels with the published inbreeding levels in more well-known U. S. populations such as Hutterites and Menonites as well as some European populations. 

	
	

	Title
	A cladistic analysis of the ontogenetic architecture of quantitative traits in humans: The Framingham Heart Study population

	Principal

Investigator
	Diddahally R. Govindaraju, PhD (email: drgraju@bu.edu)



	Abstract
	The phenotypic architecture (see, page four) represents a coordinated sequential, spatial, hierarchical and temporal organization as well as interaction among the underlying genes during development of tissues and organs, in all organisms, including humans.  Inheritance, maintenance and variation of these innate phenotypic properties of individuals in populations are measured using heritability as well as phenotypic and genetic correlations. Heritability and genetic correlations in humans are traditionally estimated on single traits, such as height and weight, or a limited set of few related “suite” of characters. While this approach is useful to examine the genetic variation and covariation of either individual or a small set of characters in isolation, it imposes a limitation toward gaining a global understanding of the genetic, developmental, morphological, functional relationships as well as the genetic architecture of complex phenotypes.  In this study, we propose to extend the modular concept of phenotype study the variation and covariation of a large number of phenotypes measured on the Framingham Heart Study cohort, using developmental and evolutionary quantitative genetic approaches.  Simultaneous analysis of numerous traits and their components would help elucidate the maintenance and evolution of coadapted allelic complexes of sets of genes which influence complex phenotypic traits that share common developmental pathways, their products, interactions, and their functional effects that result in a character complex and ultimately organs and organ systems.  

	
	

	Title
	Genetics of adult height in the Framingham Heart Study

	Principle 

Investigator
	Joel N. Hirschhorn, PhD (email: joelh@broad.mit.edu)

	Abstract
	    We are interested in studying the genetics of adult height in the Framingham Heart Study. Height is a highly heritable phenotype and represents an ideal trait to study the biology of complex traits. Height is also associated with several human diseases (including heart disease and cancer), and variants that affect height must therefore be biologically important and may have additional consequences; it is therefore medically relevant to discover human polymorphisms that affect height.  Our hypothesis is that many variants in the human genome modestly influence adult height, and that large-size cohorts such as the ones available at the Framingham Heart Study provide adequate power to identify these variants.

    We are currently conducting the analysis of candidate-gene and genome-wide association studies to identify variants that show preliminary associations with stature. All polymorphisms associated with height in these initial studies will be genotyped in the Framingham DNA sets using the Sequenom platform. Data analysis will be performed using linear regression for the panel of unrelated individuals and Family-Based Association Test (‘FBAT’) statistics for the related DNA set.



	
	

	Title
	Measuring the strength of phenotypic selection in the Framingham Heart Study Population

	Principal 

Investigators
	David Houle, PhD (email: dhoule@bio.fsu.edu)

Diddahally R. Govindaraju, PhD (email: drgraju@bu.edu)

	Abstract
	Natural selection constitutes differential multiplication and transmission of individuals, genes, alleles and allelic complexes and has been documented in numerous organisms, including humans. Genetic variation is sine qua non for both selection and fitness of individuals in populations.  The selection response of a phenotype is determined by the strength of selection on it, and the amount of genetic variation that would allow the response.  Application of selection gradient approaches has yielded very important insights on phenotypic evolution in natural populations of animals and plants. These approaches have not been extended to study strength of selection in modern human populations. We propose to study strength of selection on a limited number of morphological, biochemical and reproductive traits available on the Framingham Heart Study population. This study will help elucidate not only the role selection in modern human population, affected by numerous changes brought about by advances in medicine, nutritional and demographic changes, but also help extend these insights toward understanding differential mortality as well as age related manifestation of complex disorders in contemporary  human populations. 

	
	

	Title
	Analysis of Genetics of Vasorelaxation and Cardiovascular

Responses Using Genotype Data Available from Affymetrix 100K
SNP Chip

	Principal

Investigators
	David Housman, PhD (email: dhousman@mit.edu)

Gordon Huggins, MD (email: Ghuggins@tufts-nemc.org)

	Abstract
	None given.

	
	

	Title
	Candidate Gene Association Studies in Osteoarthritis

	Principal

Investigator
	David Hunter, MD (email: djhunter@bu.edu)

	Abstract
	It is our hypothesis that osteoarthritis has a strong genetic component.   To test this hypothesis, we will utilize a two-staged approach.  First (aim 1), we will conduct a genome wide linkage and association study in the Framingham Osteoarthritis Study.  This will enhance our ability to detect or reject linkage as well as to narrow the size of candidate regions. As part of this approach we will investigate candidate gene association for the osteoarthritis phenotype. The second phase (aim 2) is to assess whether this aim can be replicated in another dataset (St Thomas Twin Registry) characterized for hand OA phenotype.

In the current study we will perform genome-wide linkage using additional markers from Phase II scan and selected markers from the 100K Affymetrix GeneChip. For association analysis we plan to use all available genotype data from the FHS 100K Affymetrix GeneChip genetic study:  ~100,000 SNPs in 1398 Original and Offspring participants. For our study we will use data in n=928 of the 1398 participants with hand OA data.  Association analyses will be performed using both population-based and family-based methods; the genetic markers will be evaluated individually as well as jointly as haplotypes in regions of high LD. 

In addition we will also investigate the association of the OA phenotype with the following candidate genes: Annexin A2, Fibrillin 1,Interleukin 6 (IL6), Interleukin 6 receptor, Calmodulin 2, Calmodulin 3, Bone Morphogenetic Protein, Interleukin 1 beta, Estrogen receptor.

	
	

	Title
	GENETICS OF BONE DENSITY AND STRUCTURAL GEOMETRY IN FRAMINGHAM COHORTS II

	Principal

Investigators 
	Douglas P. Kiel, MD, MPH (email: kiel@hrca.harvard.edu)

David Karasik, PhD (email: karasik@hrca.harvard.edu)

	Abstract
	Not applicable (same as the abstract in the de novo application)

	
	

	Title
	FHS – HSPH Collaboration for the development of new statistical tools for the analysis of genome-wide association studies

	Principal

Investigators
	Christoph Lange, PhD (email: clange@hsph.harvard.edu)
Nan M. Laird, PhD (email: laird@hsph.harvard.edu)

	Abstract
	We will develop new statistical analysis methods for genome-wide association studies and apply them to the 100k-scan in Framingham Family plate set (n=1400). We will report back interesting findings to the investigators of the Framingham Heart Study. The analysis will be published as part of our methodology papers. The methods will be implemented in our freely available software packages. 



	
	

	Title
	Minor modifications to original project

	Principal

Investigator
	Daniel Levy, MD (email: levyD@nih.gov)

	Abstract
	Despite extensive efforts by numerous investigators, the identification of genetic variants that alter blood pressure levels in the general population has proved to be an elusive challenge. This project aims to examine the prevalence of rare variants in several key blood pressure regulatory pathway genes in Framingham Heart Study individuals with extreme blood pressure phenotypes. DNA from 141 Framingham participants with extreme high and 141 participants with extreme low blood pressure values will be extensively resequenced for missense and nonsense variants. These individuals represent approximately the top and bottom 5% of blood pressure values. Resequencing will be performed by the NHLBI Resequencing and Genotyping Service, which offers extensive gene coverage. Chi square tests will be used to compare the prevalence of coding variants between the two extreme phenotype groups. The success of this project, however, is not dependent upon statistically significant results. Rather, the identification of any functional variants that alter blood pressure levels in humans would represent an important step toward identification of new therapeutic targets and will open the door for the development of new treatments for high blood pressure.

	
	

	Title
	CardioGenomics Program in Genomics Applications: The Genetics of Hypertension, Arterial Stiffness, Kidney Disease and Natriuretic Peptide Levels

	Principal

Investigator
	Daniel Levy, MD (email: levyD@nih.gov)

	Abstract
	This project seeks to perform replication genotyping and fine mapping of association results obtained in unrelated Framingham Offspring participants. Four traits groups will be studied: Blood pressure, arterial stiffness measures by arterial waveform recordings, chronic kidney disease measures, and circulating natriuretic peptide levels. Decisions about genotyping will be guided by results of the primary association analyses in conjunction with results from analyses of the 100k genome-wide association study and available insights from the published literature. It is hoped that insights from this project will provide new evidence for the relations of biologically plausible candidate genes and pathways to the development of hypertension and closely related traits.



	
	

	Title
	Hematocrit, red blood cell size and count candidate genes association studies

	Principal

Investigator 
	Dr. JingPing Lin, PhD (email: linj@nhlbi.nih.gov)

	Abstract
	Studies revealed that hematocrit levels are associated with vascular diseases as well as all cause mortality. We carried out a genome-wide scan for quantitative trait loci of hematocrit and identified a major locus at the 6q23-24 where an important candidate gene, protein 4.1G, is harbored. We further carried out genome scans on red blood cell (RBC) count and size, hematocrit related traits, which are major criteria for anemia and related hematology disease diagnoses. We identified a major locus at the19p13 for the RBC count and another one at 11p15.5 for RBC size. Under each linkage peak there lie a few important candidate genes, including erythropoietin receptor and erythroid Krüppel-like factor for the RBC count and hemoglobin β-like gene cluster for RBC size. No association studies between those traits and the corresponding candidate genes in the general population have been reported. We plan to conduct linkage analyses on each gene to confirm the linkage we identified first and association studies for each candidate gene with these traits. 

	
	

	Title
	Association of genetic polymorphisms in novel Drosophila 

candidate genes with alcohol-related traits in humans 



	Principal

Investigators
	Trudy F. C. Mackay, Ph.D (email: trudy_mackay@ncsu.edu ) et al.

	Abstract
	Alcoholism causes widespread social and health problems in industrialized societies. Although alcoholism has a strong genetic component, polymorphisms in only a few genes have been associated with variation in alcohol sensitivity in human populations. The genetic architecture of alcohol sensitivity and the development of physiological tolerance are more readily dissected in Drosophila melanogaster. We have identified four candidate genes affecting alcohol sensitivity and tolerance in Drosophila that all play a role in pyruvate metabolism. We propose to test whether molecular polymorphisms in the human orthologues of these candidate genes (PC, ME1, PDK3 and PPCS) are associated with alcohol-related phenotypes in the ~1700 unrelated individuals of the Framingham Heart Study. We will use Pyrosequencing to genotype 71 tagging single nucleotide polymorphisms (SNPs) in all 1700 individuals, chosen to serve as proxies for all variants in these candidate genes. We will collate the available phenotypic data on alcohol consumption for these individuals into a quantitative scale of alcohol abuse, ranging from total abstainers, through non-abusive drinkers to individuals with evidence of alcohol abuse. We will assess association of SNPs and haplotypes with variation in alcohol-related phenotypes using linear ANOVA models, followed by permutation tests to determine the appropriate significance thresholds.     

	
	

	Title
	Insulin resistance, obesity, and endothelial dysfunction in the pathogenesis of type 2 diabetes

	Principal

Investigator 
	James Meigs, MD, MPH (email: jmeigs@partners.org)

	Abstract
	None given.


	
	

	Title
	Genome Wide Association Studies of Cardiovascular Risk Traits: A Comparison of the Women’s Health Study (WHS) and the Framingham Heart Study (FHS)

	Principal Investigators
	Paul M Ridker, MD, MPH  (email: pridker@partners.org)

Daniel Chasman, PhD (email: dchasman@rics.bwh.harvard.edu)


	Abstract
	In parallel efforts to elucidate genetic contributions to cardiovascular risk, the Women’s Health Study (WHS) and the Framingham Heart Study (FHS) have completed genotype determinations using the Affymetrix 100K GeneChip platform, each on 1000 or more study participants.  In both studies, risk traits including total, LDL, HDL, and non-HDL cholesterol, triglycerides, apolipoproteins A-1 and B-100, lipoprotein(a), CRP, fibrinogen, sICAM-1, homocysteine, height, weight, BMI, and blood pressure are available. As a means for rapid and cost-effective replication of the most promising candidates for genetic effects, this research plan proposes identification of SNPs in the two studies that are mutually associated with these cardiovascular risk traits.  The project will involve assessment of genetic associations with risk factors using a model-free statistical approach both in the absence and presence of adjustment for clinical covariates.  All of the data collection and genotyping for the project is already complete in the WHS; the project will involve only analysis of pre-existing data so that replication and comparison can be made to similar data in the FHS. The primary outcome of this research will be a prioritized list of candidate SNPs for each risk trait that can be considered more informative in future validation and functional studies.

	
	

	Title
	100K genome scan of individuals with increased LV wall thickness in the Framingham Study Offspring

	Principal

Investigators
	Jonathan Seidman, PhD (email: seidman@genetics.med.harvard.edu)
Emelia Benjamin, MD, ScM (email: emelia@bu.edu)

	Abstract
	We propose to determine if individuals with dramatically increased left ventricular wall thickness share a common genetic locus that may account for their increased LV wall thickness (LVWT> 13 mm).  About 3% of the Framingham Heart Study cohort have unexplained increased LVWT.  Unexplained increased left ventricular hypertrophy is, at least in part, an inherited trait.  Sarcomere protein gene mutations are responsible for increased LVWT in 15% of individuals with unexplained increased LVWT.  We hypothesize that the remaining 85% of individuals with unexplained increased LVWT share a single genetic locus.  To test this hypothesis we request data from the 100K Affymetrix SNP genome wide scans performed in 130 individuals (30 affected with unexplained increased LVWT and 100 control subjects).  This study will identify loci in which an allele is distributed abnormally in the increased LVWT group compared to the normal group.  Genes in the vicinity of such loci will be considered candidates for causing unexplained increased LVWT.

	
	

	Title
	Genetic Studies of Myopia and Age Related Macular Degeneration

	Principal 

Investigator
	Dwight Stambolian M.D., Ph.D. (email:stamboli@mail.med.upenn.edu)



	Abstract
	This proposal seeks to collect data on two eye disorders-age related macular degeneration and refractive error.  Both disorders will be analyzed for linkage to the STRPs and SNPs present in the Framingham database.  Refractive error will be analyzed as a qualitative (myopia) and quantitative trait.  Association studies for the qualitative trait (myopia) and quantitative trait will be family based if there is adequate information in the families.  If adequate information does not exist on families, a case control analyses will be done.  For AMD, association studies will be done on cases and controls since AMD has not been reported to be familial in the Framingham group.  Providing significant loci are detected, an application will be made for Framingham DNA samples for the purpose of doing fine mapping studies with additional SNPs.  
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	Title
	National Heart Lung Blood Institute’s Candidate Gene Association Resource (CARE)

	          Principal    

   Investigators
	Larry Atwood, PhD (email: lda@bu.edu)
Stacey B. Gabriel, PhD (email: stacey@broad.mit.edu)

	Abstract
	The National Heart Lung and Blood Institute’s Candidate Gene 

Association Resource (CARE) seeks to develop a data resource 
that combines extensive, high-quality genotyping with meticulously 
standardized phenotyping and rigorous informatic approaches to i
identify genetic variants related to heart, lung, blood and sleep 
(HLBS) disorders and their risk factors.  The major objectives of the 
CARE project are three-fold: 1) establish comparable, resource-
wide standardized phenotypes, controlled vocabularies including 
metathesaurus, thesaurus, and defined data elements mapped 
across eight participating population studies; 2) in-depth 
characterization of more than 1700 candidate genes on 
approximately 50,000 study members in 8 HLBS studies; and 3) 
create a data enclave that supports analysis and use by external 
investigators after appropriate approvals and data distribution 
agreements are in place.  Participant confidentiality and the 
potential concerns of minority communities will be a primary concern 
in pooling data to develop a central data resource.  We seek to pilot 
the CARE project by: 1) collecting and curating a set of test 
phenotypes across 8 HLBS studies; 2) conducting candidate gene 
genotyping across the following genes:  PCSK9, CETP, and 
APOA5; 3) studying the association of common sequence variants 
in these three genes with blood lipid traits.



	
	

	Title
	 Request to follow-up 100K results with additional genotyping.

	Principal

Investigator
	Emelia Benjamin, MD, ScM (email: emelia@bu.edu) et al.

	Abstract
	Recent experimental and clinical studies have established that vascular inflammation is central to the development of atherosclerosis, and that inflammatory biomarkers predict a wide array of cardiovascular (CVD) events.  The central hypothesis of our proposal is that systemic vascular inflammation represents a complex phenotype that evolves over a lifetime, is influenced by both environmental and genetic factors, and can be monitored through systemic levels of biomarkers.  We further postulate that variations in the inflammatory phenotype (biomarker levels) and genotype predispose to the development of CVD.  For the present addendum we seek to follow-up interesting results from the Affymetrix 100K FHS family plate scan in the FHS unrelated plates.  In particular, we are focusing on inflammatory and hypertension phenotypes.

	
	

	Title
	Assessment of linkage and association of 100k genotypes returned to the Framingham Heart Study:  Application of alternative methods of Analysis



	Principal 

Investigator
	L. Adrienne Cupples, PhD (email: adrienne@bu.edu)

	Abstract
	We propose to apply several published statistical methods to the analysis of 100k SNP genome-wide scan. This application represents an addendum to the previously approved proposal to conduct association and linkage analyses using, Project 2003-36, “Assessment of linkage and association of genotypes returned to the Framingham Heart Study with a range of phenotypes measured in the Framingham Heart Study.” The propsed methods are as follows:  

1. Analysis of linkage and/or association of longitudinal phenotypes. 

2. Conditional Screening for multivariate traits. 

3. Weighted FDR methods for multiple testing.

4. Haplotype analyses using multimarker haplotypes constructed from the 100k 

As with the approved project 2003-36, we intend to post results of analyses from the current application on the world-wide web for open access to the scientific community.



	
	

	Title
	Application of novel statistical methods for the identification of SNPs explaining a linkage signal

	Principal Investigators
	Josèe Dupuis, PhD (email: dupuis@bu.edu)

Emelia Benjamin, MD, ScM (email: emelia@bu.edu)

	Abstract
	The purpose of the present addendum to the inflammation-genetics project is to have permission to apply novel statistical methods for the identification of SNPs explaining previously identified linkage signals to inflammation phenotypes.  Many statistical methods have been proposed to identify SNPs explaining a linkage signal in the context of disease phenotypes.  However, equivalent methodology is not available for quantitative traits.  We will extend methods conditional on parental genotypes in the context of disease phenotypes to quantitative trait analysis; these methods will be extended in the context of both variance component analysis and regression based approach for quantitative trait linkage analysis.  The novel methods will be contrasted by applying them to SNPs genotyped under two previously identified linkage peak to inflammation biomarkers (MCP-1 and sICAM-1).


	
	

	Title
	Heritability, Linkage, and 100K Association Analyses to Additional Radiologic Measures of Adiposity:  Pericardial fat and Fatty liver in the Offspring and Third Generation 

	Principal

Investigators
	Caroline S. Fox, MD, MPH (email: foxca@nhlbi.nih.gov)

Joel N. Hirschhorn, MD, PhD (email: joelh@broad.mit.edu)

	Abstract
	Goals:  To identify chromosomal regions linked to radiographic measures of adiposity in the Offspring and Third generation samples.

Phenotypes:  Pericardial fat, liver fat

Laboratory Methods:  the existing Framingham genome scan and 100K data will be used

Analytical Approach:  Heritability for measures of pericardial and liver fat will be calculated using variance component methods.  Variance component methods will also be used for genome-wide linkage analyses.  Linear and longitudinal regression techniques with permutation or using generalized estimating equations (to account for relatedness)  will be used for 100K association analyses.



	
	

	Title
	 Candidate Gene Studies of Obesity Guided by Whole Genome Analysis

	Principal Investigator
	 Joel N. Hirschhorn, MD, PhD (email: joelh@broad.mit.edu)

	Abstract
	 Obesity is a world-wide epidemic, with no effective treatments, triggering increases in diabetes, cardiovascular disease, and mortality.  The susceptibility to obesity for an individual living in our environment of plentiful calories and sedentary behavior varies with their genetic background.  Identifying the genetic factors that predispose individuals to becoming obese may help guide the development of effective interventions. Whole genome association scans offer a powerful method to identify common variants with modest effects on obesity. We have analyzed data from a modified whole genome scan of 100,000 SNPs performed in the Framingham Heart Study, and have identified preliminary evidence of association between genetic variants and obesity.  We will combine this data with that of multiple large well-characterized populations, and use high throughput genotyping and robust analytic methods to rapidly test the preliminary results from whole genome association scans.  Specifically, we will be able to extract from the mass of data those genetic variants that are truly associated with obesity, even if the effects are modest.  We will also characterize the phenotypic consequences of these variants on other obesity-related phenotypes as well as test other genes in pathways involving the associated variant. Successful identification of genes that are convincingly associated with obesity would highlight key pathways that influence obesity in humans, guiding efforts at therapy and prevention.

	
	

	Title
	 A genome-wide association study to identify common genetic variants related to blood lipids

	Principal 

Invesigator
	 Sekar Kathiresan, MD (email: sekar@broad.mit.edu)

	Abstract
	Blood lipid and lipoprotein traits [low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), triglycerides, apoliprotein B (apoB), and small LDL particle concentration] are highly heritable.  We hypothesize that common single nucleotide polymorphisms (SNPs) explain a substantial proportion of the inter-individual variability in lipid and lipoprotein levels in the general population.  To discover gene variants associated with blood lipid traits, we aim to test a set of candidate SNPs identified by prior biologic knowledge and from statistical evidence in a genome-wide association screen.  Specifically, we will test 40 tag SNPs from the upstream stimulatory factor-1 (USF1) gene, a transcription factor that regulates a host of genes involved in lipid and glucose metabolism.  In addition, we will test 342 candidate SNPs from a genome-wide association screen using the Affymetrix 100K GeneChip.  Our objectives are to genotype 382 candidate SNPs and relate these common sequence variants to the phenotypes detailed above in the Framingham Heart Study Offspring cohort.  Regression analyses will be used to examine associations of individual polymorphisms and of inferred haplotypes with multivariable-adjusted phenotype values.

	
	

	Title
	Using genome-wide association to identify trans-acting SNP variants that influence plasma level of hemostatic factors

	Principal 

Investigator
	Sekar Kathiresan, MD (email: sekar@broad.mit.edu)



	Abstract
	Genetic sequence variants proximate to a gene (a cis-acting sequence variant) or physically distant from a gene (a trans-acting sequence variant) may influence gene expression and consequently, influence phenotypes.  In the past 5 years under the auspices of the prior approved project 2001-03, we have studied cis-acting sequence variants that influence circulating protein level phenotypes.  We now seek to extend our prior work and evaluate the hypotheses that trans-acting SNPs: 1) are associated with plasma levels of hemostatic factors; and 2) explain a substantial proportion of inter-individual variability in circulating levels of hemostatic factors.  To test these hypotheses, we propose to utilize the existing genetic data on a genome-wide set of SNPs (Affymetrix 100K) in the Framingham related panel.  Specifically, in Stage I of a two-stage design, we will analyze the association between Affymetrix 100K polymorphisms and hemostatic protein level phenotypes and identify the top 250 SNP associations for these phenotypes.  In Stage II, we will genotype these 250 SNPs in the Framingham unrelated plate set and jointly analyze Stages I and II to identify variants associated with plasma hemostatic protein level.  The successful identification of the full panel of SNPs (cis- and trans-acting) that are related to protein level phenotypes may uncover novel regulators of hemostatic protein level and explain more fully the genetic component to the inter-individual variability in these phenotypes.  

	
	

	Title
	Identification of Common DNA Sequence Variants Associated with Aortic and Mitral Valve Calcification through a Genome-wide Association Scan

	Principal 

Investigators
	Sekar Kathiresan, MD (email: sekar@broad.mit.edu)

Christopher J. O’Donnell, MD, MPH (email: odonnellc@nhlbi.nih.gov)

	Abstract
	 We hypothesize that common DNA variants influence valve calcification.  To define the genetic determinants of aortic valve calcification (AVC) and mitral valve calcification (MVC), we seek to estimate the genetic contribution to the variance in AVC and MVC via a heritability analysis.  In addition, we request to study the linkage and association of an existing set of polymorphisms (Affymetrix 100K) and presence of AVC and MVC.  AVC and MVC will be modeled as dichotomous traits and we will utilize logistic regression to test the association between marker genotype and valve calcification status.  Our study has the potential to identify and validate novel genetic variants that contribute to valve calcification, which may reveal new pathways to target for the treatment of valvular heart disease.

	
	

	Title
	Genetics of Bone Density and Structural Geometry in

Framingham Cohorts II

	Principal 

Investigators
	Douglas P. Keil, MD, MPH (email: kiel@hrca.harvard.edu)

David Karasik, PhD (email: karasik@hrca.harvard.edu)

	Abstract
	 None given

	
	

	Title
	Cholesterol Homeostasis in Framingham Offspring Study

	Principal

Investigator
	Alice H. Lichtenstein, DSc (email: alice.lichtenstein@tufts.edu)



	Abstract
	Endogenous cholesterol synthesis and intestinal cholesterol absorption are key contributors to plasma cholesterol homeostasis and subsequently CVD risk. Our aim is to relate polymorphisms in candidate genes demonstrating functional involvement in cholesterol homeostasis and cholesterol synthesis/absorption markers in Framingham Offspring Study (FOS) cycle 6 participants. Specific genotype associations that will be assessed include apo E (2/2, 2/3, 3/3, 3/4 and 4/4), apo A-IV/360His (1/1, 1/2, and 2/2), SRB1 (exon 1, intron 5 and exon 8-1/1, 1/2 and 2/2 genotypes within each polymorphism), ABCG5 (Q604E variants), ABCG8 (Y54C, T400K, A632V and D19H variants) and NPC1L1 (133A>G, 28650A>G) . Levels of phytosterols and cholestanol (surrogate measures of cholesterol absorption) and cholesterol precursors (surrogate measures of cholesterol synthetic rates) are being quantified in plasma from FOS participants using an established gas chromatographic method as part of an NIH funded grant. These data will be assessed relative to the genotype data currently available (apo A-IV, apo E, ABCG5/Q604E, ABCG8/Y54C, ABCG8/T400K, ABC8/A632V) or being generated (SRB1) for the FOS cohort. Variants in ABCG8/D19H and NPC1L1 will be determined using the standard unrelated plate set. The results of the proposed work will help understand the genetic basis of cholesterol homeostasis in the regulation of plasma cholesterol levels and the incidence and outcome of CVD.

	
	

	Title
	 Whole genome association studies on blood liver function tests

	Principle 

Investigator
	 JingPing Lin, PhD (email:linj@nhlbi.nih.gov)

	Abstract
	Serum bilirubin concentration is an important liver function blood test. We carried out a genome scan for quantitative trait loci (QTL) of bilirubin and identified a locus with significant linkage on chromosome 2q telomere. In addition, many other biochemical liver function tests such as alanine aminotransferase (ALT), alkaline phosphatase (ALP), lactate dehydrogenase (LDH), gammer-glutamyl-transferase (GGT) and serum albumin are all have substantial genetic influences with heritabilities of 35-60%. Many environmental factors that influence biochemical liver tests are known. However, the genetic components in controlling the variations of liver function tests in the general population remain unknown. No genome scan on those liver function tests (except for serum bilirubin) has been reported in the humans. There was a genome scan done in mice on ALP and several chromosomal regions of significant linkage were identified. We have carried out genome-wide linkage analyses on a few liver function traits and identified a chromosomal region, 11p, with suggestive linkage for ALP. We plan to combine the results of whole genome association studies using the 100K SNPs with that of genome-wide linkage studies to better identify chromosomal regions harboring possible QTLs controlling the variation of blood liver function traits.

	
	

	Title
	Whole genome association studies on hematocrit, hemoglobin, red blood cell size and count 

	Principal 

Investigator
	JingPing Lin, PhD (email:linj@nhlbi.nih.gov)

	Abstract
	Studies revealed that hematocrit levels are associated with vascular diseases as well as all cause mortality. We carried out a genome-wide scan for quantitative trait loci of hematocrit and hemoglobin and identified a major locus for hematocrit at the 6q23-24 where an important candidate gene, protein 4.1G, is harbored. Bivariate linkage analysis on hematocrit and hemoglobin revealed a LOD score of 3.1 on 9q11 suggesting pleiotropy in this region for hematocrit and hemoglobin. We further carried out genome scans on red blood cell (RBC) count and size, hematocrit related traits, which are major criteria for anemia and related hematology disease diagnoses. We identified a major locus at the19p13 for the RBC count and another one at 11p15.5 for RBC size. Under each linkage peak there lie a few important candidate genes, including erythropoietin receptor and erythroid Krüppel-like factor for the RBC count and hemoglobin β-like gene cluster for RBC size. No association studies between those traits and the corresponding candidate genes in the general population have been reported. We plan to conduct linkage analyses on each gene to confirm the linkage we identified and candidate gene association studies. With the availability of 100K SNPs in the Framingham family sample, we also plan to carry out whole genome association studies on those RBC related traits using family-based designs first. This will provide useful information on genotyping density markers within or close to each gene for candidate gene association studies.

	
	

	Title
	Diabetes-Related 100k SNP Replication In Unrelated FHS Subjects

	Principal

Investigators
	James Meigs, MD, MPH (email: jmeigs@ partners.org)

	Abstract
	Genome-wide association (GWA) studies are an innovative strategy to identify common alleles contributing to variation in complex phenotypes like type 2 diabetes. The Framingham Heart Study

(FHS) has collected multiple diabetes-related quantitative traits and incident cases of diabetes over 28 years of observation in the Offspring cohort. We used data from the Affymetrix 100K GeneChip

Mapping Set to identify 213 SNPs significantly (p<0.01) and simultaneously associated with three glucose traits (Offspring exam 5 fasting plasma glucose, hemoglobin A1c, and 28-year mean FPG) or

three insulin traits (exam 5 fasting insulin, insulin resistance assessed by HOMA-IR, insulin sensitivity assessed by Gutt’s ISI) or any two glucose and two insulin traits. The majority of SNPs were in or near

genes, many with plausible roles in metabolic regulation. In addition, 57 of 213 SNPs were also significantly associated with the 28-year incidence of diabetes. In this application we propose to type

213 SNPs in the independent sample of unrelated FHS subjects. Replication of SNPs discovered by GWA analysis is critical to confirm apparently significant associations with diabetes-related traits, to

direct future fine-mapping studies identifying rare or causal variants, and to guide future in vitro studies assessing the functional role of putative diabetes susceptibly SNPs.

	
	

	Title
	Genetics of Exceptional Longevity

	Principal

Investigator
	Joanne Murabito, MD (email: murabito@bu.edu)

	Abstract
	Elucidation of the factors involved in the variation in the human life span may provide insights into the aging process and in turn permit investigators to develop interventions to reduce age-related physical and cognitive decline. In the present proposal, we seek to examine the contribution of genetic and environmental factors to longevity. We plan to estimate the genetic contribution to the variance in longevity, defined as age at death, using a heritability analysis. All original cohort participants included in one of the Framingham families will be eligible for this study as well as Offspring participants age 70 years and older. Surviving original cohort members will be censored at the date of last contact. The FCOR procedure in SAGE will be used to calculate intraclass correlations for age at death. Heritability will also be calculated using SOLAR, first crudely and then using the residuals from SAS after adjustment for covariates.  Finally if longevity is heritable, we will examine extreme longevity (survival past pre-specified age or percentile distribution in the source population) and excess longevity (the difference between the individual’s attained age and the age to which the individual was expected to live). 

	
	

	Title
	Attempted validation of variants identified in QT interval genomewide association study

	Principal

Investigator
	Christopher Newton-Cheh, MD (email: cnewtoncheh@partners.org)

	Abstract
	We propose to extend association analyses that have been ongoing in the Framingham Heart Study Unrelated Plates (2004-08) in candidate genes to the strongest associations identified by genomewide association study in the Related Plates (2006-12).  This DNA addendum requests to genotype in the Unrelated Plates the top 150 associations from analysis of the FHS Related Plate 100K genomewide association study to attempt to validate associations with electrocardiographic QT interval phenotypes. Our study has the potential to identify and validate novel genetic variants that contribute incrementally to inter-individual variation in myocardial repolarization, which would be strong candidates to influence risk of sudden cardiac death and drug-induced QT prolongation and resulting arrhythmias.

	
	

	Title
	Genome-wide linkage and association of cardiac magnetic resonance imaging measures in the Framingham Heart Study

	Principal

Investigators 
	Christopher J. O’Donnell, MD, MPH (email: odonnellc@nhlbi.nih.gov)

Warren Manning, MD (email: wmanning@bidmc.harvard.edu)

	Abstract
	The Framingham Heart Study and other epidemiological populations have previously demonstrated that LV hypertrophy and dilation, aortic dilation and aortic plaque predict future risk of cardiovascular disease.  Recently, we have completed high resolution imaging of LV structure and function, aortic dimensions and aortic plaque using cardiac magnetic resonance imaging.  Many of these quantitative measures have been shown to have a heritable component.  In the present proposal, we seek to conduct genome-wide assessment for genetic linkage using genotyping of microsatellite markers in the available 10 cM genome-wide scan and assessment for genome-wide association using genotyping of SNPs from the available 100,000 SNP scan and SNPs from the program for genomic applications.  

	
	

	Title
	Neurotrophic Factors in Brain Aging and Dementia 

	Principal

Investigators
	Sudha Seshadri, MD (email: suseshad@bu.edu)

	Abstract
	Neurotrophic factors have emerged as possible key determinants of cognitive reserve and of the physiological and pathological changes associated with brain aging. Specific growth factor genes have been associated with variation in brain structure, memory and executive function in animal models and in humans. Case-control studies have also linked genetic variation in neuronal growth factors with the risk of developing Alzheimer’s pathology and clinical disease. We propose to relate variation in the DNA sequence of the specified candidate genes [listed neurotrophic factors and their receptors] with subject characteristics (prespecified MRI and cognitive endophenotypes) defining cognitive reserve, vascular cognitive impairment and the mild cognitive impairment that precedes the development of Alzheimer disease, in the community-based Framingham Study sample using an population-based association study design. The results of this work will provide important insight into the contribution of neurotrophic factors to (i) determining cognitive reserve and (ii) determining the magnitude of aging-related brain changes in structure and function in a community-based population of middle-aged adults.

	
	

	Title
	Population substructure in the Framingham Heart Study using a set of genome wide SNPs selected for allele frequency differences across Hapmap populations

	Principal

Investigator
	Jemma B. Wilk, PhD (email: jwilk@bu.edu)

	Abstract
	Population stratification continues to be a concern for genetic association studies, but often limited information is known about the structure of the sample.  The Framingham Heart Study original and offspring cohorts consist of white Americans of European descent.  The most frequent self-reported ancestry of participants was western European, which included individuals of mixed ancestry, and ancestry specifically from Great Britain, Italy, and Ireland was also commonly reported.  We seek to use genome-wide microsatellite data and genome-wide SNP data from the Affymetrix 100K chip to detect population substructure, hypothesizing that we might detect evidence of subpopulations reflecting ancestral European geography.  We will study 416-420 randomly selected unrelated participants using the Structure v.2.1 software implementing an admixture model, which allows individuals to have ancestry from multiple subpopulations.  We will use independent sets of 601 microsatellites and 4775 SNPs on all autosomes, a model that allows linked markers, and the assumption of correlated allele frequencies in subpopulations.  The MCMC algorithm will be run to independently test the fit of the assumption of (K) between 1 and 3 subpopulations, with 100,000 burn-in and 1 million replicates.  These results will indicate whether the geographically and racially homogeneous Framingham sample has detectable genetic substructure using these markers.


