
Species determination –
what’s in my sample?



What is my sample?

• When might you not know what your sample is?

• One species 
• You have a malaria sample but don’t know which species
• Misidentification or no identification from culture/MALDI-TOF

• Metagenomic samples

• Contamination



Taxonomic  Classifiers

• Compare sequence reads against a database and determine 
the species
• BLAST works for a single sequence, too slow for a whole run
• Classifiers use database indexing and k-mer searching
• Similar accuracy to BLAST but much much faster



Kraken taxonomic classifier

was within 2.5 percentage points of Megablast’s. The use
of exact 31-base matches, however, appears to yield a
higher precision for Kraken, as its precision was the high-
est of all classifiers for each of the three metagenomes. As
may be expected, the nonselective classifiers were able to
achieve slightly higher sensitivity than the selective classi-
fiers, but at the cost of a significantly lower precision, ap-
proximately 80% versus close to 100% for Kraken.
We also note the recent publication of a method,

LMAT [12], which uses a k-mer indexing scheme similar
to Kraken’s, but otherwise differs in its classification
strategy. LMAT cannot easily be downloaded and run on
our simulated data (see Additional file 1: Note 1) so in-
stead we ran Kraken on a data set used for LMAT’s pub-
lished results. For that data (the PhymmBL set), Kraken
exceeded LMAT’s accuracy in both identifying read ori-
gin and identifying the presence of species in the sample.
Both methods had essentially perfect (near 100%) preci-
sion, but Kraken correctly labelled the species of 89%
of the reads while LMAT only did so for 74% of the
reads. However, as we note, that data set does not pro-
vide a good basis for comparison because the reads are
simulated without error from genomes included in both
Kraken’s and LMAT’s databases.

Classification speed
Because of the very large size of metagenomic data
sets today, classification speed is critically important, as

demonstrated by the emergence of rapid abundance esti-
mation programs such as MetaPhlAn. To evaluate classifi-
cation speed, we ran each classifier, as well as MetaPhlAn,
against each of the three metagenomes that we used to
test accuracy (Figure 2).
Kraken classified reads much faster than any other classi-

fier, with performance ranging from 150 to 240 times faster
than the closest competitor. Kraken processed data at a rate
of over 1.5 million reads per minute (rpm) for the HiSeq
metagenome, over 1.3 million rpm for the simBA-5 meta-
genome and over 890,000 rpm for the MiSeq metagenome.
The next fastest classifier, Megablast, had speeds of
7,143 rpm for the HiSeq metagenome, 4,511 rpm for the
simBA-5 metagenome and 2,830 rpm for the MiSeq meta-
genome. For all three metagenomes, PhymmBL classified
at a rate of <100 rpm and NBC at <10 rpm. Kraken is
also more than three times as fast as MetaPhlAn (which
only classifies a subset of reads), which had speeds of
445,000 rpm, 371,000 rpm and 276,000 rpm for the HiSeq,
simBA-5 and MiSeq metagenomes, respectively. These re-
sults are shown in Figure 2. As expected, all tools processed
the longer MiSeq reads (mean length μ = 156 bp) more
slowly than the simBA-5 (μ = 100 bp) or HiSeq (μ = 92 bp)
reads. We also performed a speed comparison against
LMAT using one of the real samples discussed in LMAT’s
published results; on this sample Kraken was 38.82 times
faster than LMAT and 7.55 times faster than a version of
LMAT using a smaller database (Additional file 1: Note 1).

Figure 1 The Kraken sequence classification algorithm. To classify a sequence, each k-mer in the sequence is mapped to the lowest
common ancestor (LCA) of the genomes that contain that k-mer in a database. The taxa associated with the sequence’s k-mers, as well as the
taxa’s ancestors, form a pruned subtree of the general taxonomy tree, which is used for classification. In the classification tree, each node has a
weight equal to the number of k-mers in the sequence associated with the node’s taxon. Each root-to-leaf (RTL) path in the classification tree is
scored by adding all weights in the path, and the maximal RTL path in the classification tree is the classification path (nodes highlighted in
yellow). The leaf of this classification path (the orange, leftmost leaf in the classification tree) is the classification used for the query sequence.
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Bacteria

Proteobacteria

Gammaproteobacteria

Enterobacteriales

Enterobacteriaceae

Escherichia

Escherichia coli



0.24   8553    8553    U       0       unclassified

99.76  3553969 0       - 1       root

99.76  3553969 217     - 131567    cellular organisms

65.03  2316784 542     D       2           Bacteria

41.67  1484567 0       P       544448        Tenericutes

41.67  1484567 0       C       31969           Mollicutes

41.67  1484566 0       O       2085              Mycoplasmatales

41.67  1484566 0       F       2092                Mycoplasmataceae

41.67  1484566 822     G       2093                  Mycoplasma

41.65  1483728 1434758 S       2100                    Mycoplasma hyorhinis

0.52  18488   18488   - 936139                    Mycoplasma hyorhinis MCLD

0.33  11708   11708   - 1118964                   Mycoplasma hyorhinis SK76

0.25  9015    9015    - 872331                    Mycoplasma hyorhinis HUB-1

0.20  6995    6995    - 1129369                   Mycoplasma hyorhinis GDL-1

0.08  2764    2764    - 634997                    Mycoplasma hyorhinis DBS 1050

22.81  812626  157     P       1224          Proteobacteria

22.73  809640  0       C       28216           Betaproteobacteria

22.73  809640  0       O       80840             Burkholderiales

22.73  809640  0       F       506                 Alcaligenaceae

22.73  809640  0       G       222                   Achromobacter

22.73  809640  0       S       85698                   Achromobacter xylosoxidans

22.73  809640  809640  - 1216976                   Achromobacter xylosoxidans ATCC 27061



Visualisation

Breitwieser FP, Salzberg SL. Pavian: Interactive analysis of metagenomics data for microbiomics and pathogen identification. bioRxiv 2016: 084715.



Pavian demonstration



Pitfalls of classification

• What is in your database?
• Standard databases are bacterial and viral
• More species, more sequences, bigger databases
• How correct is your database? Draft genomes have contaminants

• Confidence of classification
• What if reads are not in the database?
• Do you look at genus, species, or strain level?
• How confident is each match? Tradeoff sensitivity vs specificity 
• Kraken confidence threshold moves up the tree until confidence is 

met


