Methods and results of the estimation of empirical error rate for Ion PGM amplicon sequencing, based on an E. coli control library
In light of concerns about high error rates for amplicon data generated on the Ion PGM [1], we determined the empirical error rate for Ion PGM amplicon sequencing by including a sample from a pure culture of the fully sequenced E. coli strain in our library construction and Ion PGM sequencing run.   
Methods: 

We used a pure culture from a single colony of Escherichia coli K12 substrain DH10B (TOP10) competent cells (Life Technologies), a line which has been fully sequenced [2], in order to determine sequencing error rates empirically. We prepared gDNA, digested the gDNA and resultant amplicons with PacI, created a barcoded library (as described above), and sequenced the library during the same sequencing run as all other samples. As detailed below (see Variant analysis), we then aligned reads against the known 16S rRNA sequence for this strain. We assessed the platform’s proclivity for indel and substitution errors and empirically calculated the per-base error rate.  Any observed errors in the E. coli sample reflect those introduced during both PCR and Ion PGM sequencing, which was performed exactly as for our experimental (ant) samples.

All E. coli reads were stripped of barcodes and forward and reverse primers, and were aligned to the 16S rDNA gene of the K12 substrain DH10B [GenBank:CP000948] using the default parameters for –very-sensitive-local alignments in Bowtie2 [3]. Samtools was used to process all alignment files and create the variant-identified .pileup files [4]. Variants were analyzed using Varscan 2.2.3 [5]. 

Results: 

 
Based on aligning all resulting E. coli reads >50 bp long (2,676 reads) to the known 16S rDNA sequence of this strain (one operon along V4-V5), we estimated the empirical error frequency at 0.00061 base substitution errors per site, and 0.006 indel errors per site (Additional file 2).  We evaluated the frequency of both error types (base substitutions and indels) across reads. While most errors were unique, some errors were abundant in the dataset, with a maximal read frequency of 0.022 for a given substitution error and a maximal read frequency of 0.624 for a given indel error. This high incidence likely reflects a systematic error profile inherent to Ion Torrent pyrosequencing, as previously suggested [1]. 

We found that length-based thresholds (universal trimming of reads to 360 bp) followed by run-specific expected error filtering [6] proved to be the most effective way to reduce sequencing errors. In addition to mitigating OTU inflation derived from terminal alignment gaps [6], this strategy truncates the section of pyrosequencing reads with the highest error incidence [7]. For 400bp Ion PGM data, a precipitous increase in error rate characteristically occurs around flow 380 [8]. Accordingly, our approach reduced the total per-base error rate by an order of magnitude as compared to more standard length- and average Q score-based filtering strategies, while retaining up to 4-fold more reads than said strategies (Additional file 2). Our parameters for error filtering (1.5 expected errors per read) were experiment-specific and selected on the ability to maximize reads and successfully call a single OTU in the E. coli dataset.
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