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Abstract. Resequencing genomic DNA from pools of individuals is an
effective strategy to detect new variants in targeted regions and compare
them between cases and controls. There are numerous ways to assign in-
dividuals to the pools on which they are to be sequenced. The naive, dis-
joint pooling scheme (many individuals to one pool) in predominant use
today, offers insight into allele frequencies, but does not offer the identity
of an allele carrier. We present a framework for overlapping pool design,
where each individual sample is resequenced in several pools (many in-
dividuals to many pools). Upon discovering a variant, the set of pools
where this variant is observed reveals the identity of its carrier. We for-
malize the mathematical framework for such pool designs, and list the
requirements from such designs. Next, we build on the theory of error-
correcting codes to design arrangements that overcome pitfalls of pooled
sequencing. Specifically, three practical concerns of low coverage sequenc-
ing are investigated: (1) False positives due to errors introduced during
amplification and sequencing; (2) False negatives due to undersampling
particular alleles aggravated by non-uniform coverage; and consequently
(3) Ambiguous identification of individual carriers in the presence of
errors. We show that in practical parameters of resequencing studies,
our designs guarantee high probability of unambiguous singleton carrier
identification, while maintaining the features of naive pools in terms of
sensitivity, specificity, and the ability to estimate allele frequencies. We
demonstrate the ability of our designs by extracting rare variations on
pooled short read data of 12 individuals from the 1000 Genome Pilot 3
project.
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