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Enhancing Development of Genome-wide Association Methods (ENDGAME):

ENDGAME, a consortium (funded by the NHLBI, NIEHS, NCI, NHGRI, and NIGMS) of 11 research groups, brings together expertise in genetics, epidemiology, biostatistics, and bioinformatics to develop and test innovative, informative, and cost-effective study designs and analytical strategies for performing genome-wide association studies on complex diseases.

http://public.nhlbi.nih.gov/GeneticsGenomics/home/endgame.aspx or http://hgmacpro.uchicago.edu/ENDGAME/ 

ENDGAME Resources and Tools for Analysis of Genome-wide Association Data:

Gonçalo Abecasis Group
Tool: MERLIN Association Analysis Modules

Description: MERLIN provides a full suite of tools for pedigree analysis in small and medium sized pedigrees. The association analysis modules in Merlin allow for very rapid quantitative trait association analysis and also include the ability to impute missing genotypes within each family.

Availability: www.sph.umich.edu/csg/abecasis/Merlin/ 

Tool: MaCH - Markov Chain Haplotyping and Genotype Imputation

Description: This tool facilitates haplotyping and genotype imputation in large SNP datasets, such as genome-wide association studies. It uses a computationally efficient Markov Model and rapidly produces high quality haplotypes or estimates of the posterior distribution for missing genotypes.

Companion tools are available to facilitate association testing with imputed SNPs.

Availability: www.sph.umich.edu/csg/abecasis/MaCH/ 

Tool: METAL - Meta-Analysis Tool

Description: This tool facilitates meta-analysis of genome wide association studies. The tool is designed to handle very large numbers of markers, so that it can handle results for millions of imputed SNPs, and automatically checks for common errors in input files, including allele labeling errors, missing columns, and duplicate SNPs entries.

Availability: www.sph.umich.edu/csg/abecasis/Metal/ 

Tool: Gene Expression Browser

Description: This tool allows users to browse a database with the results of a genome-wide association study of global gene-expression.  The database summarizes association analyses between >50,000 transcript levels and >300,000 tag SNPs in lymphocyte cell lines.

Availability: www.sph.umich.edu/csg/liang/asthma/
Andrew Clark Group

Tool: Beadarray

Description: This is an R package for analysis of expression data using the Illumina BeadArray Platform.  Beadarray is a part of the Bioconductor Software (an open source and open development software project for the analysis and comprehension of genomic data).

Availability: http://www.bioconductor.org/workshops/2007/BioC2007/labs/beadarray/
Tool:  Relate

Description:  This method estimates the probability of sharing alleles identity by descent (IBD) across the genome for pairs of individuals and can also be used for mapping disease loci using distantly related individuals. It is implemented as an R packages and as C++ command-line.

Availability:  http://staff.pubhealth.ku.dk/~ande/web/software/relate.html
Tool: BAMSE
A Bayesian method for performing association studies that allows for higher order interactions between SNPs and environmental factors while accounting for the multiple testing problem. The method has high power to detect both effects from single loci and multiple complex interactions. The method is implemented for binary and normally distributed traits using unrelated individuals. Implemented in C++ with a R-package for displaying results

Availability: http://staff.pubhealth.ku.dk/~ande/web/software/bamse.html
Tool: CATS  

R package for power estimation for a two-stage genome-wide association design. This is a modification of the code from Skol et al (2006, Nat Henet.) so that the relative risk, case-control ratios and allele frequencies are allowed to vary between stages.

Availability: http://staff.pubhealth.ku.dk/~ande/web/software/cats.html
Tool: PopPerm
A simple method for detecting population stratification for very large data sets using neighbor joining and permutations testing. Implemented in C++.

Availability: http://staff.pubhealth.ku.dk/~ande/web/software/popperm.html
Tool: NUMSE
A shared Gaussian mixture model approach for multi-loci association studies based on maximum likelihood. primarily develop by Sofie Castella. Currently an R-package.  We also have a Bayesian shared Gaussian mixture model version of NUMSE (called BUMSE).

Availability: Coming soon.

Tool: AssoSim
Simulates genotypes and phenotypes under various genetic models either with no linkage disequilibrium or taking MS (Hudson) output. Implemented in C++.

Availability: http://staff.pubhealth.ku.dk/~ande/web/software/assosim.html
Tool: MKPRF

This program samples from the posterior distribution of parameters in the MKPRF models of Bustamante et. al (2002) and Barrier et. al (2003) using a Markov Chain Monte Carlo algorithm. The results are summarized via summary statistics of the posterior distribution. There is also an option for receiving the complete MCMC samples for plotting posterior distributions.  

Availability: http://cbsuapps.tc.cornell.edu/mkprf.aspx
Nancy Cox Group

Tool: IdCoef 

Description: Compute pedigree based identity coefficients, particularly for very large and possibly complex pedigrees. The identity coefficients can be used to correct for relatedness in family based studies.

Availability: http://home.uchicago.edu/~abney/Software.html
Tool: RAPID - Rapid Assessment of Pairwise Identity by Descent 
Description: RAPID is a software package that allows one to compute pairwise identity by  

descent (IBD) probabilities in very large pedigrees. This software can compute the proportion of alleles shared IBD between a pair of individuals at a marker given all genotypes at that marker (i.e.  

singlepoint) and the entire, unbroken, pedigree. The method implemented here is particularly useful for pedigrees that are very deep and there are multiple generations with missing genotype data.  

The method is very fast and can estimate IBD between all pairs given hundreds of individuals and hundreds of thousands of SNPs.
Availability: http://home.uchicago.edu/~abney/Software.html
Tool: GEL

Description: This is an allele calling algorithm written in R.

Availability: available on request from Dan Nicolae (nicolae@galton.uchicago.edu).  

Tool: TUNA

Description: TUNA is an approach for testing association in untyped alleles.  This program is written in C++.

Availability:  http://www.stat.uchicago.edu/~wen/tuna/
Tool: SCAN: SNP and CNV Annotation Network

Description: SCAN (newscan) is a data base to serve information on multi-locus LD as well as expression phenotype associations (developed using Affymetrix exon arrays on LCLs from HapMap CEU and YRI trios).  It can be used for annotating SNPs in the context of GWAS.
For each SNP, the SCAN database is able to provide:

1. Summary information from analyses conducted to characterize HapMap SNP associations to gene expression in the full set of HapMap lymphoblastoid cell lines (LCLs) derived from individuals of European (CEU) and African (YRI) ancestry for over 13,000 transcript clusters evaluated using the Affymetrix GeneChip ® Human Exon 1.0 ST Array. This information is summarized both globally (all transcript clusters showing association at a user-specified threshold with the chosen variant) and locally (associations to local transcript clusters with at least nominal significance, including information on rank for local associations)

2. LD information, including what genes have variation in strong LD (pairwise or multilocus LD) with the variant, how well the SNP is interrogated (i.e. multilocus LD measure) by SNPs on each of the commonly used high-throughput genotyping platforms

3. Summary information available from public databases such as physical and functional annotations, frequencies in HapMap reference samples, ancestral and derived alleles, FST values, and whether the SNP is on (or tags) a haplotype implicated in genomic studies identifying the signature of natural selection

4. Summary information from other genome-wide association studies (e.g. all phenotypes showing association at a user-specified threshold)

For each gene, SCAN provides annotations on:

1. All SNPs showing association with the transcript cluster relevant for the gene (user-specified thresholds for cis- and trans-regulators)

2. How well all variants in the HapMap at that gene are interrogated on each high-throughput platform (using several multilocus LD coefficients for each SNP within and up to 2 kb from the gene)

For each genomic region, SCAN provides annotations on:

1. Physical and functional annotations of all SNPs, genes, and known CNVs within the region

2. All genes regulated by the expression quantitative trait loci (eQTLs) within the region at a user-specified threshold 

Availability: http://genemed1.bsd.uchicago.edu/newinterface/about.html/ 

Tool: MQLS

Description: MQLS is a method for case-control association testing in samples that contain related individuals.  

Availability: http://stat.uchicago.edu/~mcpeek/software/ 
David Craig Group

Tool: GenePool

Description: GenePool is a software program for analysis of pooling-based genome- wide SNP association studies.  GenePool also contains libraries for handling probe-level data for high-density SNP genotyping arrays within other analysis methods/programs. Both Affymetrix and Illumina genotyping arrays are supported.

Availability:  http://genepool.tgen.org 
Mark Daly/Shaun Purcell Group

Tool:  PLINK

Description:  PLINK is a free, open-source analysis toolset for genome-wide association genotype and phenotype data, designed to perform a range of basic, large-scale analyses in a computationally efficient manner.

Availability:  http://pngu.mgh.harvard.edu/~purcell/plink/ 
Tool:  GRAIL

Description:  Gene Relationships Among Implicated Loci - is a web application which takes a list of disease regions (e.g., list of associated SNPs, CNV intervals, etc.) and automatically assesses the degree of relatedness of implicated genes (e.g., those in LD with SNP, disrupted by CNV, etc.) using PubMed abstracts.  Genes from genomically distinct associated regions are defined as related based on similarity in word use in abstracts describing them.  This is specifically quantified using established text mining methods which examine a vocabulary of 23,594 words within a reference database of more than 250,000 published abstracts on human and orthologous model organism genes.  Both clearly recognizable gene relationships, as well as statistically robust connections between genes without a single co-citation are recognized.  Careful evaluation of null distributions of SNPs and regions enables a robust estimate of the probability of a gene being connected to genes in the remaining unlinked regions by chance is provided.  
Availability:  (http://www.broad.mit.edu/mpg/GRAIL) - submitted manuscript available from Soumya Raychaudhuri (soumya@broad.mit.edu) or Mark Daly (mjdaly@broad.mit.edu)

Tool:  SNAP

Description:  SNAP is a web server for finding and annotating proxy SNPs based on linkage disequilibrium, genomic location, and coverage by commercial 

genotyping arrays.   
Availability:  http://www.broad.mit.edu/mpg/snap
Tool:  Haploview

Description:  Continued updates to Haploview include an interface to HapMap Phase 3 genotype data for LD browsing, analysis and tagging and augmented interfaces to genome-wide association analysis results and PLINK.

Availability:  http://www.broad.mit.edu/science/software/software
Donnelly/Marchini Group

Tool: GTOOL

Description: GTOOL allows for the conversion of files in different formats.  It is a program for (a) generating subsets of genotype data, and (b) converting genotype data between the PED file format and the FILE FORMAT used by SNPTEST and IMPUTE.

Availability:  http://www.stats.ox.ac.uk/~cfreeman/software/gwas/gtool.html

Tool: SNPTEST

Description: SNPTEST is a program for the analysis of single SNP association in genome-wide studies. The tests implemented can cater for binary (case-control) and quantitative phenotypes, can condition upon an arbitrary set of covariates and properly account for the uncertainty in genotypes. Both Bayesian And Frequentist tests of association are implemented. The program is designed to work seamlessly with the output of both the genotype calling program CHIAMO, the genotype imputation program IMPUTE and the program GTOOL. 
Availability: http://www.stats.ox.ac.uk/~marchini/software/gwas/snptest.html 
Tool: IMPUTE 

Description: IMPUTE is a program for imputing unobserved genotypes in genome-wide case-control studies based on a set of known haplotypes (like the HapMap Phase II haplotypes). The program is designed to work seamlessly with the output of both the genotype calling program CHIAMO and HAPGEN and produce output that can be analyzed using the program  SNPTEST. IMPUTE v2 will be available on the website soon.

Availability: http://www.stats.ox.ac.uk/~marchini/software/gwas/impute.html 
Tool: HAPGEN

Description: is a program thats simulates case control datasets at SNP markers and can output data in the FILE FORMAT used by IMPUTE, SNPTEST and GTOOL.

Availability: http://www.stats.ox.ac.uk/~marchini/software/gwas/hapgen.html 
Tool: CHIAMO

Description: is a program for calling genotypes from the Affymetrix 500K Mapping chip. The program allows for multiple cohorts which have potentially different intensity characteristics that can lead to elevated false-positive rates in genome-wide studies. The underlying model has a hierarchical structure that allows for correlation between the parameters of each cohort. The output files produced by CHIAMO feed directly into both the programs SNPTEST and IMPUTE.

Availability: http://www.stats.ox.ac.uk/~marchini/software/gwas/chiamo.html 
Tool: GENECLUSTER

Description: is a program for location and detection of unobserved causal loci in fine-mapping experiments and genome-wide association studies. The program works with unphased genotype data and allows for allelic heterogeniety at the causal locus.

Availability: http://www.stats.ox.ac.uk/~marchini/software/gwas/genecluster.html 
Tool: POPGEN

Description: An R package that specifically focuses on statistical and population genetics methods. The motivation behind the package is to produce an easy to use interface to many of the commonly used methods and models used in statistical and population genetics and an alternative interface for some of the methodology produced by our group.

Availability: http://www.stats.ox.ac.uk/~marchini/software.html#popgen 
Tool: GWApower

Description: an R package for assessing the power of genome-wide association studies using commercially available genotyping chips. The package encapsulates extensive simulation results generated by our program HAPGEN and described fully in the paper that is currently in submission:

Availability: http://www.stats.ox.ac.uk/~marchini/software.html#GWApower 
Tool: PHASElink

Description: a program for linking together haplotypes from adjacent regions that have been estimated using the program PHASE. This program was used to help phase the unrelated individuals in the phase 1 and phase 2 versions of the HapMap data.

Availability: available on request from Dr. Jonathan Marchini marchini@stats.ox.ac.uk 
Charles Kooperberg Group

Tool:  power.GWA.interaction

Description:  Software for approximate power calculations for identification of gene x gene interactions in genome-wide association studies using a two-stage analysis.

Availability: http://bear.fhcrc.org/_clk/soft.html 

Tool:  AWAS: Adaptively Weighted Association Statistics

Description:  This program implements adaptive selection and weighting to improve the power of association testing of genetic factors with disease outcome. The strategy is based on the often plausible assumption that genetic associations may be stronger within subgroups of subjects in epidemiologic or clinical studies. The least angle regression (LAR) method (Efron et al, 2004) is used to adaptively select or weight the score test statistics.

Availability:  Software will be available shortly.

Tool:  SHARE: SNP-Haplotype Adaptive Regression
Description:  Routines to perform multi-locus analysis in order to account for LD patterns observed in human genome. The challenge is to choose a model that exploits the local dependence of SNPs without incurring too many parameters. SHARE uses novel strategy to select an optimal set of SNPs that captures the genetic association in the targeted region using statistical learning framework. The model searching process resembles CART. Depending on the evolutionary history of the disease mutation and the markers, the optimal set may contain a single SNP, or several SNPs that lay foundation for a haplotype analysis.

Availability:  Software will be available shortly.

Tool:  SABER: SNP-based Ancestry Block Estimation and Reconstruction
Description:  A computationally efficient program that infers locus-specific ancestry in admixed individuals, taking into account background LD within ancestral populations.

Availability:  Software available from http://www.fhcrc.org/labs/tang 

Tool:  hybrid.r

Description:  Simultaneous estimation of environmental risk factors, candidate genes, and their interactions using data on cases, unrelated controls, and case parents. The program outputs log-odds ratio estimates, standard error estimates, and p-values for all covariates using data on case families only, case-unrelated controls only, and combined case families and unrelated controls.
Availability:  http://phsweb.fhcrc.org/stat/documents/hybridr.html 
Tool:  Frappe

Description:  A frequentist approach for estimating individual ancestry proportion.  This tool is implemented particularly for high-density GWAS data.

Availability:  http://smstaging.stanford.edu/tanglab/software/frappe.html
Jeff O’Connell Group
Tool:  PROFILER/PedCheck

Description:  PedCheck is a program for identification of genotype incompatibilities in linkage analysis

Availability:  joconnel@medicine.umaryland.edu
Tool:  ZAPLO

Description:  This software presents algorithms that find all possible haplotype configurations of the pedigree data under the assumption that there are no recombinants between the markers. These configurations can be used to estimate the haplotype frequencies, and identify the most common haplotypes in the data.
Availability:  joconnel@medicine.umaryland.edu
Tool:  MMAP (Mixed Model Analysis for Pedigrees)

Description:  This software implements an efficient mixed model for analysis of pedigrees that incorporates environmental covariates and genotypes/haplotypes as fixed effects and a polygenic component to account for residual correlation. The software incorporates standard genetic models for genome-wide association testing and is optimized to handle large pedigrees. Additional features include genotype error detection, multi-SNP model building for association and genetic prediction. Software is written in C. 

Availability:  joconnel@medicine.umaryland.edu
David Reich Group

Tool:  ANCESTRYMAP Version 2.0
Description:  ANCESTRYMAP screens through the genome in a recently mixed population such as African Americans, searching for segments with increased ancestry from one of the ancestral populations, which can indicate the position of disease genes (Patterson et al 2004). ANCESTRYMAP (like the similar Markov Chain Monte Carlo admixture mapping programs ADMIXMAP and MALDSOFT) requires genotyping data from individuals of recently mixed ancestry. An online tutorial and detailed documentation are available online / PDF. Source code and executables for running ANCESTRYMAP can be downloaded for either the UNIX or Linux operating systems. For questions write to Arti Tandon (atandon@broad.mit.edu) or Nick Patterson (nickp@broad.mit.edu). 

Tool:  EIGENSOFT 

Description:  The EIGENSOFT package combines functionality from our population genetics methods (Patterson et al. 2006) and our EIGENSTRAT stratification correction method (Price et al. 2006). The EIGENSTRAT method uses principal components analysis to explicitly model ancestry differences between cases and controls along continuous axes of variation; the resulting correction is specific to a candidate marker's variation in frequency across ancestral populations, minimizing spurious associations while maximizing power to detect true associations. The EIGENSOFT package has a built-in plotting script and supports multiple file formats and quantitative phenotypes. Source code, documentation and executables for using EIGENSOFT 2.0 on a Linux platform can be downloaded. For any questions about the population genetics methodology write to

(nickp@broad.mit.edu) and about EIGENSTRAT write to Alkes Price.

Availability:  ANCESTRYMAP and EIGENSOFT packages can be found at:  http://genepath.med.harvard.edu/~reich/Software.htm
Matthew Stephens Group

Tool:  BIMBAM

Description:  BIMBAM is software for Bayesian IMputation-Based Association Mapping,
applicable to both genome-wide association scans, and candidate gene studies.  In addition to standard single-SNP tests, an important feature of BIMBAM is its ability to perform multi-SNP analyses, which allows it to assess the evidence for multiple variants in a given region being associated with phenotype. This can both increase power to detect associations, and improves interpretation of association findings. The software uses imputation techniques to allow both typed and untyped SNPs (eg HapMap SNPs not included on the genotyping platform used in a genome scan) to be analyzed, also increasing power and improving interpretability.

Availability:  http://stephenslab.uchicago.edu/software.html
Duncan Thomas/Dan Stram/Jim Gauderman Group

Tool:  KAAT

Description:  A preliminary (beta) version of software (tentatively titled KAAT) for computing, on a genome-wide basis, the Kinship-Adjusted Armitage Test

Availability:  http://www-rcf.usc.edu/~stram/ 
Tool:  QUANTO

Description:  QUANTO is a freely-available Windows-based program that computes power and sample size for targeted hypotheses of genetic and environmental factors, as well as GxE and GxG interactions.  The program supports both population- and family-based designs of disease and quantitative traits.  The most recent version now includes power calculations for the Kraft et al. two-degree of freedom test for gene and gene x environment interactions. 

Availability:  http://hydra.usc.edu/gxe/
Tool: Snagger

Description: An extension to the existing open-source software, Haploview, which uses pairwise r2 linkage disequilibrium between single nucleotide polymorphisms (SNPs) to select tagSNPs. Snagger distinguishes itself from existing SNP selection algorithms, including Tagger, by providing user options that allow for:
(1) Prioritization of tagSNPs based on certain characteristics, including platform-specific design scores, functionality (i.e. coding status), and chromosomal position
(2) Efficient selection of SNPs across multiple populations
(3) Selection of tagSNPs outside defined genomic regions to improve coverage and genotyping success
(4) Picking of surrogate tagSNPs that serve as backups for tagSNPs whose failure would result in a significant loss of data

Availability:  http://snagger.sourceforge.net/
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