
Results
SNPbrowser™ Software Visualization and Query Tools
The visualization panel consists of a chromosome map viewer representing the location in the 
physical map of over 4 million SNPs, including those validated by the HapMap Project and 
about 160,000 SNPs previously validated by us in four populations (De La Vega et al., 2002). 
The display differentiates between coding SNPs, which can be prioritized in some studies, and 
validated vs. candidate SNPs, indicating double-hit status for the latter, if available. Details of 
SNP allele frequency on each of the populations and other SNP and gene annotations can 
be easily visualized, and link-outs to NCBI are provided. A number of fi lters are available to 
select subsets of SNPs of interest, including fi ltering by minor allele frequency in one or more 
the populations. SNPs and genes can be easily located by searching by a number of keyword 
terms, including SNP, gene, and transcript identifi ers, as well as assembly coordinates. A 
powerful batch search feature provided in the software is very useful when large candidate 
gene lists are being considered for SNP selection — a click on the search result window 
immediately pans and zooms the viewer on the region of interest. Also, previously visited 
locations can be remembered through bookmarks for easy access in subsequent sessions. 
To expedite the set-up of genetic studies, SNPs are fi ltered by their conversion to a specifi c 
genotyping platform by clicking on the appropriate tab. The platforms supported are the 
TaqMan® SNP Genotyping Assays and the SNPlex™ Genotyping System. The platform 
database includes over 160,000 TaqMan Validated and millions of TaqMan Predesigned SNP 
Genotyping Assays. Also, over four million SNPs were pre-screened for their compatibility with 
the SNPlex assay format.

Figure 1. SNPbrowser™ Software main panel provides visualization of SNP and 
gene annotations, and simple query and navigation tools.
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Measuring Linkage Disequilibrium
SNPbrowser™ Software provides the location of the SNPs on the physical (kb) map, and its 
relationship with the linkage disequilibrium map for the population of interest, while horizontal 
lines indicate the spans of blocks of high LD determined by two methods. The metric LD maps  
provide information on how to best position SNPs across the genes or regions of interest in 
an association study taking into account the population-specifi c patterns of LD (Maniatis et 
al, 2002). The pattern of estimated fi ne-scale recombination rates (derived by the coalescent 
method described in McVean et al. (2004) and obtained from the HapMap web site) is highly 
similar to the pattern of LDU in each of the populations (see Fig 2). One explanation for this 
consistency is that the LDU patterns are largely driven by the underlying recombination 
rate in humans. Nevertheless, the recombination map is not suffi cient to select markers for 
association studies as the population demography effects, which greatly impact the extent of 
LD, are ignored, whereas the LDU map is scaled to the population-specifi c extent of useful 
LD (Zhang et al, 2002).  

Figure 2. Comparison between the population-specific metric LD maps and the 
recombination map inferred by a coalescent method  for chromosome 6.

Selecting Markers for Uniform Coverage
A SNP Density Selection Wizard allows the selection of subsets of SNPs in a picket-fence 
pattern. The SNP density selection can be performed either on the physical (kb) or on the 
population-specifi c LD maps (LDUs). The latter allows distributing markers taking into account 
the changing pattern of LD across the genome for a given reference population, and it is 
recommended that SNPs should be separated no more than one LDU, the maximum extent 
of useful LD (Maniatis, 2002). Additionally, the SNP Wizard allows prioritizing SNPs based 
on their validation or confi dence status (e.g. HapMap validated, double-hit), minor allele 
frequency, and validated assay availability (e.g. TaqMan Validated Assay availability).

Figure 3. SNP Wizard – Density Selection.
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Selection of Haplotype Tagging SNPs
SNPbrowser™ Software incorporates three algorithms to facilitate the selection of tagging 
SNPs and to eliminate redundant SNPs: (a) Genotype correlation; (b) Pair-wise r2; and (c) 
Haplotype R2. The software includes an easy-to-use “SNP Wizard” that displays algorithm 
results and allows easy refi nement of the tagging SNP method and parameter selections, 
including the selected metric minimum threshold, and minor allele frequency of markers. All 
calculations are carried out on-the-fl y and are recalculated when a parameter is changed. 
Selected markers are highlighted, can be added to the SNP list by the click of a button, 
and arcs show the relationship between tagged and tagging SNPs in the fi rst two methods. 
The latter information can also be exported as a text fi le for further reference  for all three 
methods.

Figure 4. SNP Wizard – Tagging SNPs

By using the tagging SNP Wizard, we observe that the full genetic diversity of the HapMap 
phase I data can be captured with a tagging SNPs subset comprising 63–48% of the total 
SNPs, depending on the method,  by removing fully redundant SNPs (cf. Table 1). If one is 
willing to accept some loss in power and to compensate with an increase in sample size, the 
genotyping burden can be reduced even further to 43–25%, depending on the method, by 
reducing the informativeness threshold to 0.8. The multiloci tagging SNP method, haplotype 
R2, always produces the largest genotyping savings and, as expected, in the out-of-Africa 
populations the compression is always substantially higher.

Table 1. Percentages of SNPs selected genome-wide as tags for different 
thresholds and methods and for each population of the HapMap project

Genotype Correlation Pair-wise r2 Haplotype R2

100% 80% 1.0 0.8 1.0 0.8

CEU 63% 25% 63% 43% 48% 34%

HCB 59% 23% 59% 41% 46% 33%

JPT 58% 25% 58% 40% 45% 33%

YRI 80% 39% 80% 64% 65% 51%

Complementing Selection with Coding SNPs and Obtaining 
Genotyping Assays
SNPbrowser also allows the researcher to complement a set of tagging SNPs with non-
synonymous coding SNPs in the genes of interest by the click of a button. Included in the 
SNPbrowser database are over 30,000 TaqMan Coding SNP Genotyping Assays, many 
representing novel SNPs discovered by the re-sequencing of 23,000 human genes performed 
by Celera Genomics, and made available exclusively as TaqMan assays. Finally, once the 
SNPbrowser™ Software wizards identify the ideal set of SNPs for an association study, it 
is easy to add the SNP assays to the researcher’s SNP list (“shopping basket”), and one 
additional click calls the Applied Biosystems myScience™ Research Environment for easy 
ordering of ready to use TaqMan® SNP Genotyping Assays. The selected SNP list can also 
be imported on the assay design submission tool of the SNPlex™ Genotyping System for the 
ordering of multiplexed oligonucleotide ligation-based assays.
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Introduction
A major issue for the successful design of disease association studies using SNPs as 
surrogate markers is the selection of a cost effective subset of the available variants 
that would provide high statistical power to detect the association. A number of 
strategies have been proposed for the selection of SNPs based on empirical patterns 
of LD. Integrating all these criteria and methods can be challenging: the algorithms 
required are complex to deploy and all the necessary annotations are deposited in 
heterogeneous databases. To simplify this process, we have developed SNPbrowser™ 
Software, a freely available tool to assist in the knowledge-based selection of markers 
for association studies.

Material and Methods
Genotype data
We utilized HapMap project genotypes from the public release #16 (Phase I data freeze) 
ignoring the children on the CEU and YRB populations. Only SNPs having MAF values 
> 5% and that have passed Hardy Weinberg Equilibrium test at a p-value > 0.05 were 
used for the construction of metric LD maps and for power calculations (see below). We 
also genotyped DNAs from 45 African-Americans, 46 Caucasians, 45 Chinese, and 45 
Japanese, all unrelated individuals. Over 160,000 TaqMan® SNP Genotyping Assays 
were used to genotype these samples (De La Vega et al., 2002).

Analysis of linkage disequilibrium
We constructed metric maps from diplotypes independently for each of the populations 
sampled by the HapMap Project or by us. Linkage disequilibrium units (LDUs) defi ne a 
metric coordinate system where locations are additive and distances are proportional 
to the allelic association between markers. The LDMAP software v 1.0 developed by 
Andrew Collins was applied separately to each chromosome and population (http://
cedar.genetics.soton.ac.uk/public_html/helpld.html). For more information on the 
theory and procedure for constructing LD maps, see Maniatis et al., 2002. Haplotype 
blocks were estimated as intervals of user-specifi ed LDUs, or by the algorithm of 
Gabriel et al. (2002), optimized through a dynamic programming algorithm (Schwartz 
et al, 2003).

Software Development and Availability
SNPbrowser is developed using the Microsoft® Visual C++ IDE and compiler, and 
currently is available as a native Windows application requiring a system with 512 
Mbytes of RAM. The latest version of SNPbrowser is always freely available for 
download at http://www.allsnps.com/snpbrowser/. Once installed, the software checks 
for updated versions either automatically or manually.

Selection of Tagging SNPs
We implemented three algorithms to select minimum informative subsets of SNPs, 
so-called “tagging SNPs”: (i) Genotype Correlation; (ii) Pair-wise r2 (Carlson et al., 
2004); and (iii) Haplotype R2 (Weale et al., 2003). In the current version of SNPbrowser, 
all these algorithms are computed on-the-fl y for the user-selected window, up to an 
entire single chromosome. In the case of Haplotype R2, haplotypes are inferred from 
the genotype data loaded in memory utilizing an implementation of the Expectation-
Maximization algorithm with partition-ligation to allow inferring phases for larger number 
of SNPs in a reasonable time (up to 20). 

Power Calculations
We calculated power for a fi xed sample size of cases and controls on a per gene 
basis. For each gene, power is calculated using a haplotype based test, for each of 
the common haplotypes in the window, and entering in the calculation the empirically 
observed average LD on the gene region. Using a multiplicative genetic model with 
relative risk ratio of 3 and prevalence of 1.5%, power is calculated for each haplotype 
and a frequency weighted average is provided as the summary. This is repeated 
separately for each population and visualized using a color scale as a background to 
each gene region (De La Vega, et al., 2005)
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Conclusions
SNPbrowser™ Software is a freely available tool to facilitate the selection of 
SNPs for genetic association studies utilizing prior empirical knowledge of the 
profi le of linkage disequilibrium across the genome generated by the HapMap 
Project. It includes a library of over four million human SNPs, facilitating the 
knowledge-driven design of association and fi ne mapping studies through 
the selection of the most informative SNPs for studies of higher probability of 
success. The easy-to-use SNP Wizard simplifi es the selection of SNP marker 
sets with either tagging SNP or SNP density selection workfl ows. Finally, 
the software provides an easy interface for ordering ready-to-use TaqMan® 
SNP Genotyping Assays or submitting a list of SNPs for the design of custom 
SNPlex™ Genotyping System multiplex OLA assays.


