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Abstract

Motivation: Orthology inference constitutes a common base of many genome-based studies, as a
pre-requisite for annotating new genomes, finding target genes for biotechnological applications
and revealing the evolutionary history of life. Although its importance keeps rising with the ever-
growing number of sequenced genomes, existing tools are computationally demanding and diffi-

cult to employ.

Results: Here, we present SonicParanoid, which is faster than, but comparably accurate to, the
well-established tools with a balanced precision-recall trade-off. Furthermore, SonicParanoid sub-
stantially relieves the difficulties of orthology inference for those who need to construct and main-

tain their own genomic datasets.

Availability and implementation: SonicParanoid is available with a GNU GPLv3 license on the
Python Package Index and BitBucket. Documentation is available at http://iwasakilab.bs.s.u-tokyo.

ac.jp/sonicparanoid.

Contact: salvocos@bs.s.u-tokyo.ac.jp or iwasaki@bs.s.u-tokyo.ac.jp
Supplementary information: Supplementary data are available at Bioinformatics online.

1 Introduction

Due to the recent advancement in DNA sequencing technologies,
the number of completely sequenced genomes is growing at an accel-
erated pace. The accurate inference of orthologous genes encoded
on multiple genomes is the key to various analyses based on those
datasets (Altenhoff and Dessimoz, 2012). For example, comparative
genomics, genome annotation, phylogenomics and the development
of genome databases all depend on reliable orthology inference.
There are dozens of tools available for orthology inference, includ-
ing InParanoid (Sonnhammer and Ostlund, 2015) and its extension
MultiParanoid (Alexeyenko er al., 2006), OrthoMCL (Li, 2003),
Hieranoid (Kaduk and Sonnhammer, 2017), OMA (Train et al.,
2017), Proteinortho (Lechner et al., 2011), OrthoFinder (Emms and
Kelly, 2015) and PANTHER (Mi et al., 2017). InParanoid is one of
the oldest and most popular tools and has the best trade-off between
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specificity and recall (Altenhoff ef al., 2016). Here, we present
SonicParanoid, which is a fast, accurate and easy-to-use tool for
multi-species orthology inference.

2 Materials and methods

SonicParanoid borrows the concepts used in the graph-based algo-
rithm of InParanoid (Remm et al., 2001) because of its reported ac-
curacy (Altenhoff et al., 2016; Chen et al., 2007), but brings changes
to the core algorithm and speeds-up and automates the entire pro-
cess (Supplementary Fig. S1). To reduce the computational time,
second-pass alignments and bootstrapping tests are skipped, and
MMseqs2 (Steinegger and Soding, 2017) is used instead of legacy-
BLAST (Altschul ez al., 1997). Furthermore, SonicParanoid adopts a
new scoring function and a configurable threshold that take into ac-
count sequence-length differences (Supplementary Material and
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Fig. 1. Speed and accuracy of SonicParanoid. (a) Speed-up of SonicParanoid (in the fast, default and sensitive modes) in relation to InParanoid, OrthoFinder2 (on
BLASTP and DIAMOND) and Proteinortho on the complete 2011 version of the QfO dataset (left: complete execution, right: orthology inference step only). The
numbers on the tiles and their colors indicate the speed-up folds. The numbers in the square brackets represent the execution time in hours (left) or minutes
(right). Eight processors were used for each tool. (b) Accuracy of SonicParanoid and other 13 orthology inference tools assessed by the QfO benchmark (general-
ized species tree discordance test at the last universal common ancestor level). The x-axis represents the numbers of completed tree samples out of 50 000 trials
(larger is better), while the y-axis represents the average tree error (smaller is better)

Supplementary Figs S2 and S3). Another difference with the original
InParanoid algorithm is in the way that overlapping groups of
orthologs are clustered.

In Remm et al. (2001), groups are merged or removed based on
comparisons of confidence scores of the grouped orthologs. In con-
trast, SonicParanoid treats groups as elements of numeric sets,
which made the algorithm faster and yet have minimal difference in
terms of accuracy (Supplementary Fig. S4). Finally, because the
multi-species orthology inference step is fully automated, the users
can avoid the cumbersome and error-prone collection of ortholog
tables and configuration files creation required by MultiParanoid.
Details are described in Supplementary Material.

3 Results and discussion

3.1 Speed evaluation

We ran SonicParanoid, InParanoid (ver 4.1), OrthoFinder (ver
2.1.2) and Proteinortho (ver 5.15) on a benchmark proteome dataset
provided by the Quest for Orthologs (QfO) consortium (Gabaldon
et al., 2009). Details including the hardware and software settings
are described in Supplementary Material. Other than InParanoid,
OrthoFinder and Proteinortho were selected because they were
reported to be fastest among the existing tools (Lechner er al.,
2011). When the complete QfO dataset (including 66 proteomes)
was processed using eight CPUs, InParanoid, OrthoFinder on
BLASTP (Camacho et al., 2009), OrthoFinder on DIAMOND
(Buchfink ez al., 2015) and Proteinortho required 2079.9, 222.1, 8.2

and 212.4 h, respectively, while SonicParanoid in the default mode
reduced the running time to 4.3 h (i.e. 482.8, 51.6, 1.9 and 49.3
times faster, respectively) (Fig. 1a, left). When the execution time
was measured without considering the time required for the all-vs-
all alignments, SonicParanoid was still faster than the other methods
(Fig. 1a, right). This trend was also observed with the eukaryotic
and prokaryotic subsets of the QfO dataset as input (Supplementary
Figs S5 and S6). We also conducted the scalability analysis of
SonicParanoid on large-scale genomic data (Supplementary Fig. S7)
as well as memory usage analysis (Supplementary Fig. S8), which
show that SonicParanoid is applicable to large genomic datasets.

3.2 Accuracy evaluation

The accuracy of SonicParanoid was compared to those of 13 orthol-
ogy inference methods using the benchmark service from the QfO
community (Altenhoff et al., 2016). Details regarding the bench-
mark datasets construction are described in the Supplementary
Material. Overall, the results indicate that SonicParanoid is a good
alternative to the existing methods (Fig. 1b and Supplementary Figs
S9 and S10). SonicParanoid (especially in the default and sensitive
modes) showed accuracy similar to that of InParanoid and near the
Pareto frontiers in most tests.

3.3 Usability

To meet various needs from quick assessment to detailed analysis,
SonicParanoid provides fast, default and sensitive modes that em-
ploy different filtering thresholds for the alignment process. While
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the default mode would suit most studies, the fast and sensitive
modes may be used for evolutionarily close and distant species, re-
spectively (Supplementary Figs S9 and S11).

SonicParanoid only requires users to provide a directory contain-
ing the input proteomes to generate ortholog relationship files be-
tween proteome pairs and the multi-species ortholog table file
(Supplementary Fig. S1). In contrast, InParanoid and MultiParanoid
require users to write programs to generate input files for every
proteome pair, perform the required InParanoid runs and collect the
generated ortholog relationship files for themselves. The entire pro-
cess is considerably error prone if manually performed, and is diffi-
cult to employ for users lacking programing skills.

SonicParanoid also allows seamless addition and deletion of pro-
teomes by reusing the results from previous runs, which is beneficial
to users who need to maintain their own orthology databases. Even
if the run is interrupted before the computation is completed, for ex-
ample by power failure, it can be easily resumed without losing pre-
viously computed results. Multi-species ortholog tables for subsets
of proteomes in a previous run can also be quickly computed.

4 Conclusion

We developed SonicParanoid as a fast, accurate and easy orthology
inference tool and evaluated its speed and accuracy using standar-
dized datasets and benchmark. SonicParanoid also has high scalabil-
ity; it can analyze the 276 proteomes used to build the InParanoid8
orthology database (Sonnhammer and Ostlund, 2015) in less than §
days using only 8 CPUs in the default mode. Considering the ever-
growing number of new genomes (Cochrane et al., 2016), we believe
the speed, scalability, accuracy and ease-of-use of SonicParanoid
will contribute to annotating new genomes, finding target genes in
medical and biotechnological applications and revealing the evolu-
tionary history of life.
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