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Optional parts of the assembly stage included manual gap joining curation for scaffolding in the absence of paired-end reads, and frameshift detection for homopolymer-induced frameshifts.
The manual gap joining stage involved the layout of contigs according to their aligned position on the reference using the AMOS package and manual examination of each gap, adjacent contig alignments and reference annotation in the MAUVE visualization tool. We then recorded all gaps considered safe to join on the basis of this information into a gap fill specification file, which is a tabulated file in the format “contig 1 name, contig 1 end position, reference start position, gap length, reference end position, contig 2 name, contig 2 start position”, with one gap fill description per line. A script was then used to produce the final FASTA formatted output, with gaps filled with N (unknown nucleotides) by default, or optionally with sequence from the reference strain.
The homopolymer-induced frameshift stage used the FSFind package from (Kislyuk et al., 2009). Briefly, this package creates a GeneMark model of the genome, makes gene predictions, and then scans the genome for possible frameshift positions on the basis of ORF configuration and coding potential. Once the possible frameshift sites are identified, a putative translation of the protein possibly encoded by the broken gene is compared against a protein database (SwissProt by default). The predicted frameshift site is also scanned for adjacent homopolymers. A heuristic set of confidence score cutoffs is then used to provide a set of frameshift predictions while minimizing the false positive rate. The resulting homopolymer error predictions can be used for either targeted re-sequencing or predictive correction using a supplied script. The output can be manually run through the gene prediction and annotation stages of the pipeline again.
To demonstrate the overall accuracy of the prediction stage, we ran it on the genome of E. coli K12, one of the best-annotated bacterial genomes. Our stage was able to detect 95.7% of intact ORFs annotated as protein-coding, and exactly predict starts in 85.5% of those.  50% of the predictions that do report incorrect start codons report starts within 35 nt of the true start, and all reported starts are within 200 nt of the true start.

The complete genome of Escherichia coli K12, accession number NC_000913.2, was downloaded from GenBank and its DNA sequence extracted into a FASTA file. The file was then given as input to the prediction component of the pipeline, which utilized the combination of de novo predictors GeneMark and Glimmer3.  We note that the validation on the E. coli genome was performed without the BLAST gene prediction component, because all accurately annotated E. coli genes and genes of close relatives are present in the SwissProt database, so using that component would have made the trial biased.  This is why the analysis proceeded with only the two de novo predictors, which impacted accuracy.
GenBank-formatted output of the prediction component was tabulated to include only CDS sequence annotation boundaries.  The same procedure was done for the reference E. coli annotation from the original file.  Sequences with frameshifted and interrupted CDS (i.e. non-intact ORFs) were omitted from the comparison due to lack of capability in our prediction component to detect such structures at this time.
