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To the editor
Computational inference of the taxonomic origin of sequence fragments is an essential step
in metagenome analysis1. Assignment of fragments to individual populations or
corresponding higher-level evolutionary clades can be performed with either homology-,
sequence similarity- or sequence composition-based methods2. It is a challenging task,
because for the majority of uncultured micro-organisms reference sequence is unavailable
and large amounts of data have to be processed. With this in mind, we introduce
PhyloPythiaS, a fast and accurate sequence compositional classifier based on the structured
output paradigm3.

We evaluated PhyloPythiaS on simulated and real metagenome data in comparison to four
other methods; PhyloPythia4, MEGAN5, Phymm and PhymmBL6. PhyloPhythiaS
performed particularly well for taxonomic assignment of populations from novel genera,
order or higher-level clades, when limited amounts of reference data were available.
Accurate assignments could be performed based on 100 kb of training data for a sample
population. We observed this for simulated data (Fig. 1a, Supplementary Fig. 1 and Table 1)
and a predominant population of a novel family of the order of Aeromonadales from the
Australian Tammar wallaby gut (Fig. 1b, Supplementary Tables 5 and 9). In this scenario,
alignment-based methods performed poorly. If closely related genomes were available the
performance of all methods became more similar, with a slight advantage for alignment-
based approaches. This is observed for simulated data and the predominant genera of two
human gut metagenomes (Supplementary Tables 1.A and 11-13).

PhyloPythiaS also performed well in fragment assignment of ‘known unknowns’, i.e. for
organisms of taxonomic clades with no available sequence. Here, we observed less
‘overbinning’, meaning assignments to correct higher-level, but incorrect low-level clades,
than for PhymmBL (Supplementary Tables 5 and 8). For short fragments of ‘known
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unknowns’, all methods showed comparably low assignment accuracy, with MEGAN
performing best (Supplementary Fig. 2 and Table 2).

Empirical analysis of execution times determined that PhyloPythiaS requires 0.08-0.1
seconds for the assignment of 0.1-10 kb fragments (Fig. 1c). This corresponds to a three- to
46-fold and five- to 68-fold improvement in comparison to MEGAN and PhymmBL,
respectively (Fig. 1c). For characterization of a 13 MB assembled metagenome sample,
PhyloPythiaS showed 22-fold, 85-fold and 106-fold speed increase in comparison to
PhyloPythia, MEGAN and PhymmBL, respectively (Supplementary Table 14). As
PhyloPythiaS models require only a subsample of the reference data for accurate
assignment, in future, training times will not necessarily be impacted by increases of
sequence data, contrary to alignment-based approaches.

PhyloPythiaS employs an ensemble of linear models whose parameters are identified using
the paradigm of support vector machines (SVM) with structured output spaces to represent
composition-based clade specifics of the taxonomic hierarchy, instead of an ensemble of
multi-class SVMs for different taxonomic ranks and fragment lengths, as our previously
described method PhyloPythia (Supplementary notes). It exhibits considerable gains in
learning and prediction times, while performing similarly by several independent measures
on two real-world metagenome data sets (Supplementary Tables 5-7, 9 and 11-14).
PhyloPythiaS is freely available for academic use.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Comparison of different taxonomic classification methods. (a) Average performance per
contig for the simMC data set (average length 2332 bp) at genus rank in four different
experiments. Each experiment reflects a different scenario in terms of available reference
sequences from closely related organisms for the dominant strains. ‘Known species’ had
complete genome sequences of the same species available as reference; in the other
experiments sequences of the same clades at the respective rank were excluded, while
retaining 100 kb of the dominant strains. (b) Scaffold-contig consistency for the WG-1
population (uncultured Succinivibrionaceae bacterium) of the Tammar wallaby gut
metagenome. Contig coloring reflects taxonomic assignment consistency with respect to
WG-1. Only scaffolds longer than 20 kb are shown. (c) Empirical execution time evaluated
on a Linux machine with 3 GHz processor and 4 GB main memory. Results for MEGAN
and PhymmBL were determined with a reference database of size 2.1 GB.
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