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1 Introduction.

Existing software for automated SNP discovery in diploid resequencing data requires manual
review to achieve high sensitivity and specificity. Thus, essentially all studies to date have required
manual review of trace data, limiting throughput and introducing subjectivity into the analyses. We
set out to develop an automated system for SNP discovery by creating a novel algorithm,
PolyDhan, and by overlapping the results of our novel method with an existing method, PolyPhred

(1]

This poster will focus on the novel algorithm we developed, how we combined its output
computationally with PolyPhred to achieve superior overall performance, a summary of current
results from our system, and future directions for algorithm development for automated variation
detection in resequencing data.

2 Novel algorithm and method.

We developed a novel algorithm, PolyDhan. This algorithm does not depend on base calls; instead,
raw sequence traces are aligned to an artificially generated reference trace. Following alignment,
sequencing artifacts that meet several characteristic thresholds are detected and flagged. Then, in a
process similar to the Neighborhood Quality Standard [2,3] (but not implemented using Phred [4]
quality scores), positions within each trace are removed from evaluation if their local sequence
neighborhood contains any flagged artifacts. High quality passing positions are then examined for
polymorphisms by comparison among traces from different samples. A SNP is declared at a
position if one or more individuals are polymorphic at the position, and the traces for those
individuals pass appropriate heuristically defined quality thresholds.

The second step in our computational method is to combine the results of PolyPhred and PolyDhan.
For each unique position, we tally the total number of SNP calls made by each automated method
(a call at a position only counts once, regardless of the predicted number of variants at the
position). Multiple calls may be made by the same program at the same position because
sequencing is conducted bidirectionally, and because sequencing amplicons are designed in a tiled
overlapping manner. Any site with more than one SNP call (either by the same program twice, or
by two programs, or any combination thereof) is considered a putative high quality SNP. This
method takes advantage of the fact that if the two methods are relatively independent, then the
probability of both methods making a false positive call at the same position is relatively low.

3 Evaluation of the novel system.
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To determine rigorously and objectively the false positive and false negative rates, we evaluated
performance on a large resequencing data set (500,000 sequencing traces representing 120 Mb of
total sequence: 2.5 Mb in each of 48 individuals) by genotyping all SNPs discovered, as well as
those SNPs already in dbSNP, as part of the HapMap ENCODE Project.

We find that both PolyPhred and PolyDhan perform extremely well on the data set, although each
individual program misses some true SNPs, and the lower SNP quality categories in PolyPhred
have high rates of false positive calls if not manually reviewed. The combination of the two
programs, however, is able to produce very high quality results without human review: we detected
over 3,000 novel SNPs (in addition to 2,500 already in dbSNP) with a false positive rate of 9.3%,
and, in comparison to SNPs from dbSNP confirmed by genotyping, a false negative rate of 5.9%.

All data from the HapMap ENCODE Project are publicly available. Polymorphism and genotyping
data are available on the HapMap website, http://www.hapmap.org. Sequencing traces are available
at the NCBI Trace Archive, http://www.ncbi.nlm.nih.gov/Traces/trace.cqi.

4 Future directions for algorithm development.

To our knowledge, no previous evaluation of SNP discovery efforts has integrated SNPs discovered
by resequencing with objective verification by genotyping and comparison to dbSNP. Thus, we
now have available for the first time a large data set for evaluation of SNP discovery algorithms,
and we are provided with an opportunity for continued development and testing.

Going forward, we would like to reduce the dependence of PolyDhan on explicitly determined
thresholds, and move towards a more probabilistic system. We will define a set of test statistics to
evaluate on trace data (for example, peak height ratios), and, using the existing ENCODE data as a
training set, evaluate these test statistics for true SNPs sites and artifactual SNP sites. We can then
compute the test statistics on novel data, evaluate them in the context of their distributions from the
training data, and therefore produce usable measures of the likelihood that a potential novel SNP
position is real.
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