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Choice of programs to evaluate:

In an attempt to make an unbiased choice of programs to evaluate, we first performed a literature search, choosing a set of eight tools that were either widely used and/or well presented in their publications.  After making efforts to install and run all of these programs, we included in the study the five that we were able to install and run with what we considered to be a reasonable amount of effort.  Programs we were not able to include in our analysis included vipr (Altmann et al., 2011), Syzygy (Rivas et al., 2011), and SNPSeeker (Druley et al., 2009).

Installation and run parameters for evaluated programs:

Genome Analysis Toolkit (GATK) version 2.8-1-g932cd3a and version 2.5 of the UCSC hg19 reference were downloaded from ftp.broadinstitute.org, and the UnifiedGenotyper was run using the “-l INFO” option, restricting regions with the –L option to those targeted by the Illumina TruSeq kit used for the exome capture.  To perform pooled analysis, the “-ploidy” option was set to the number of chromosomes present in each pool. GATK “AddOrReplaceReadGroups” and Picard’s “SortSam” were run on BAM files prior to analysis.

Lofreq version 2.0.0-rc-1 (commit 2.0.0-rc-1-3-g63449f7) was installed and run in “call” mode, restricting regions called to the Illumina TruSeq targets using the “-l” option and using defaults for all other settings.

CRISP version 0.7 was run setting the number of chromosomes in each pool with the “--poolsize” option, and using the “—bed” option to restrict to the Illumina TruSeq reference regions.

SNVer version 0.5.3 was downloaded from http://snver.sourceforge.net/, and run setting the number of haploids and number of samples in a pool configuration file specified with the “-c” option.  Regions were restricted to Illumina TruSeq capture regions using the “-l” option, and dDefault thresholds were used for variant detection.

VarScan version 2.3.6 was installed and “mpileup2snp” was run, restricting output to the Illumina TruSeq targets using the “-l” option of samtools mpileup, and using default thresholds and settings for variant detection.

Whole exome sequencing of 240 256 ClinSeq samples:

Samples from 240 256 individuals from the ClinSeq study were sequenced at the NIH Intramural Sequencing Center in Rockville, Maryland.  DNA samples were enriched for coding regions using Illumina’s “TruSeq” exome enrichment kit protocol and sequenced on Illumina GAII and HiSeq sequencers.  Data were analyzed using Illumina’s CASAVA analysis package, and reads were then aligned to the UCSC hg19 reference sequence using novoalign version 2.08.02 (http://novocraft.com).  PCR duplicate reads were removed using SamTools.

Whole exome sequence datasets from 64 1000 genomes samples:

BAM files for 64 HapMap samples listed in Supplementary Data Table S5 were downloaded from the 1000 Genomes ftp site at the addresses listed in ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp/alignment_indices/20130502.exome.alignment.index on January 29, 2015.  To ensure uniformity of read length and capture type, only sequence reads of length 68 resulting from capture with Broad’s “Solexa-42316” kit were used.

Determination of true variants from individual sample sequences

In order to determine an individual sample’s high confidence variant genotypes, as well as high confidence genomic regions where no variant is present, we ran the program bam2mpg (Teer et al., 2010), which assigns a most probable genotype (MPG), as well as a log posterior probability score, to each base position at which at least one read is aligned.  Positions with an MPG score greater than or equal to 10, as well as an MPG score greater than or equal to 0.5 times the depth of coverage at that position, have been validated against “Genome in a Bottle” genotypes (Zook et al., 2014) for the HapMap sample NA12878 in a separate study and found to have sensitivity of 99.99% (58463 out of 58467 true variants detected in high confidence regions) and false positive rate of 0.17% (100 out of 58563 predicted variants not in the Genome in a Bottle truth set).  This false positive rate corresponds to roughly one single nucleotide variant false discovery every 696,000 bases.

Because we used these same methods to determine high confidence genotypes and locations of high confidence regions for the individual samples in our datasets, we can expect that there will be roughly 2 false positive single nucleotide variants and 1400 true positive single nucleotide variants in the 1.4 million average bases called on chr20 with high confidence in each 1000 genomes sample, and less than one false negative “missed” single nucleotide variant per 1000 genomes sample.  For the ClinSeq samples, there are roughly 3 million average bases called on chr20 per sample, so we can expect closer to 4 false positive variants and 3000 true single nucleotide variants per sample, with still less than one false negative variant per sample.  These accuracy rates make it highly unlikely that a variant predicted by the pooled sequence detection algorithms will be miscategorized as false when it is true, or true when it is false.
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