A Comparison of DNA Fragment Assembly Consensus Accuracies:SeqManII, Phrap, TIGR, and SequencherCarolyn F. AllexFrederick R. BlattnerJude W. ShavlikU. of Wisconsin, C.S. Dept.U. of Wisconsin, Genetics Dept.U. of Wisconsin, C.S. Dept.DNASTAR Inc.DNASTAR Inc.shavlik@cs.wisc.eduallex@cs.wisc.edufred@genetics.wisc.eduSince the mutation, insertion, or deletion of even a single base can result in crucial changes in the character of apredicted protein, accuracy in consensus sequences is critically important. Currently, accuracy is still usuallydependent upon careful human examination and editing of consensus sequences in fragment assemblies. The handprocess is time-consuming and error-prone, making it unsuitable for large-scale sequencing projects. Automaticmethods that produce highly accurate consensus calls reduce errors and alleviate the need for manual editing.We compare the accuracy of three automatic consensus calling methods: Trace-EvidenceII, Mosaic, andMajority. In the Trace-EvidenceIImethod used in SeqManII, ABI fluorescent traces are examined and evidence foreach base and gap is gathered and summed for use in determining consensus calls (Allex et al. 1997). In a Phrapalignment, one base call chosen per aligned column forms a consensus Mosaic (Green 1997). The base call chosenis the one with the highest quality score as initially assigned by Phredand adjusted by Phrap. The Majoritymethodsimply counts the number of each kind of base and gaps in an aligned column and uses thresholds with the counts tocall a base, gap, or ambiguity. The Majoritymethod with different thresholding schemes is implemented in theTIGRAssembler(Sutton et al. 1995) and Sequencher (Sequencherdocumentation). All three methods identify low-confidence calls. Phrapreturns lower-case calls and Majorityand Trace-EvidenceIImake ambiguous calls. For one set of tests, we interpret lower-case Phrapcalls as definitive and setthresholds for Trace-EvidenceIIand Majoritysuch that no ambiguous calls are made. For other tests, we interpretlower-case Mosaiccalls as ambiguous and set the thresholds for the other methods to default values that allowambiguous calls. We report the accuracy of about 680 kb consensus calls from E. coliassemblies that are alignedwith the GenBank entry. The table lists accuracies for aligned columns with a coverage of four or more reads.The top three rows of the table report accuracies when no ambiguous calls are made and lower-case Mosaiccallsare interpreted as definitive calls. The Trace-EvidenceIImethod is the most accurate; it produces one incorrectconsensus call per 20 kb, compared to less than one in 13 kb using Mosaicand less than one per 4 kb for Majority.The last four rows in the table report accuracies when thresholding allows ambiguities and lower-case Mosaiccallsare considered ambiguous. The error rate for Trace-EvidenceII, Mosaic, and TIGRMajorityare extremely low; allmake three or fewer errors per 100 kb. However, the number of ambiguous calls is far less for Trace-EvidenceII.Respectively, the TIGRMajorityand Mosaicmethod output 1059 and 472 ambiguous calls per 100 kb, comparedto 8 for Trace-EvidenceII. This is a significant reduction in the number of calls that must be examined manuallywhen using Trace-EvidenceII. In addition, note that when ambiguous calls are allowed, Trace-EvidenceIIis the onlymethod that produces an accuracy that (all but) meets the NHGRI accuracy standard of 99.99% without hand editing.MethodCorrect / kbIncorrect / kbAmbiguous / kbTrace-EvidenceII (SeqManII)999.95 0.05naMosaic (Phrap)999.920.08naMajority 999.770.23naTrace-EvidenceII (SeqManII)999.89 0.030.08Mosaic (Phrap)995.270.014.72Majority (TIGR)989.380.0310.59Majority (Sequencher)996.080.143.77ReferencesAllex, CF, Baldwin, SF, Shavlik, JW, and Blattner, FR (1997). Proceedings, Fifth International Conference onIntelligent Systems for Molecular Biology, 3-14. Halkidiki, Greece: AAAI Press.Green, P. (1997). Program and Abstract Book,First Annual Conference on Computational Genomics, 15. Herndon,VA: TIGR Science Education Foundation, Inc., Genomic Science Series.Sutton, G, White, O, Adams, M, and Kerlavage, A (1995). Genome Science & Technology, 1: 9-19.