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Abstract

This response addresses the comments raised by Dr. Epain and colleagues in their Letter to the Editor titled ‘On using clustering
statistics for assessing plasmid binning tools accuracy’ in response to our paper ‘Circling in on plasmids: benchmarking plasmid detection
and reconstruction tools for short-read data from diverse species'. In their letter, the authors caution against using homogeneity and
completeness measures to evaluate the accuracy of plasmid binning tools due to issues related to the length and content of contigs. They
also refer to PlasEval, a plasmid binning evaluation tool that they recently developed. In response, we evaluated the impact of contig size
and content on the results of our study, and also repeated the benchmarking of plasmid reconstruction tools using PlasEval. Though the
absolute values of metrics differed across tests, we observed nearly identical rankings among plasmid reconstruction tools as originally
reported in our study, with gplas2 outperforming all other tools. Nevertheless, approaches specifically designed for plasmid data may be

better suited than clustering metrics to evaluate plasmid reconstruction.
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Main

We thank Dr. Epain and colleagues for interest in our publication
[1], and for raising important points that gave us the opportunity
to explore the impact of our choice of metrics on the performance
rankings of various plasmid reconstruction tools.

In their letter, Epain et al. claimed that the well-established clus-
tering metrics [2, 3] that we adopted for our study — homogeneity,
completeness, and normalized mutual information (NMI) — were not
well-suited to evaluate the accuracy of plasmid reconstruction. First,
the authors suggested that abundant short contigs can skew clustering
metrics by giving equal weight to all contigs regardless of size. Second,
they argued that chromosomal contigs are easier to group, and that
including them distorts clustering metrics. Third, the authors pointed
out that adapting clustering metrics to allow for repeat contigs —
contigs that are present in multiple plasmids — could lead to artificially
low scores. Finally, the authors highlighted PlasEval, a tool that they
recently developed to evaluate plasmid reconstruction that addresses
the aforementioned limitations [4].

Our choice of metrics was motivated by the specific goals of our
benchmarking: to evaluate plasmid reconstruction for less well-
characterized organisms, with fewer plasmids in the databases used

by tools, and to investigate the impact of antimicrobial resistance
genes (ARGs) on plasmid reconstruction. Nevertheless, to further
assess our choice of metrics, including their impact on the results
of our published study, we compared the clustering metrics in our
original work to modified versions of these metrics that account for
the limitations pointed out by Epain et al,, as well as to metrics from
PlasEval.

Short contigs. We repeated our benchmarking using modified met-
rics for homogeneity, completeness, and NMI, weighted by the length
of each contig (Supplementary Fig. 1). Though the absolute values of
these metrics varied from our original measures, they did not change
the ranking of tools relative to our original work. Notably, nearly 50%
of contigs (n = 68) with ARGs in our dataset were short (<5000 bp long),
likely due to their proximity to mobile genetic elements that induce
breaks in the assembly [5, 6]. Given the critical importance of ARGs
in plasmid research, particularly for the organisms included in our
benchmarking, we chose to equally weight contigs, regardless of size.

Chromosomal contigs. We repeated our benchmarking removing
unbinned chromosomal contigs. As the authors suggested, the abso-
lute values of metrics decreased. However, the relative performance
of tools was similar to that of our original work (Supplementary Fig. 1).
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Figure 1 Plasmid reconstruction metrics in our original publication (open markers, bottom x-axis) and from PlasEval (filled markers, top x-axis) per
tool for Enterobacterales and enterococcus, with bars representing the 95% confidence interval.

Repeat contigs. We evaluated the impact of repeat contigs by bench-
marking plasmid reconstruction tools using PlasEval, which was not
available at the time we performed our analysis. We found that
the relative performance of plasmid reconstruction tools was similar
regardless of which evaluation metrics were used (Fig. 1). Gplas2 out-
performed all other tools both for Enterobacterales and enterococci,
and the relative ranking of tools remained unchanged. However, we
observed a relative improvement in PlasBin-Flow’s performance for
enterococci when using PlasEval as compared to our original metrics.
This might have been a result of the larger number of enterococcal
contigs assigned to multiple plasmids by PlasBin-Flow (1.0%) relative
to the other tools (<0.2%). Therefore, PlasEval may be better suited for
assemblies with many repeat contigs and when evaluating tools more
susceptible to assigning contigs to multiple plasmid bins.

In conclusion, we observed largely similar results, including a
similar ranking of tools when comparing our original clustering met-
rics with those accounting for contig size, chromosomal contigs, and
repeats (including PlasEval) to evaluate plasmid reconstruction accu-
racy. The highest-scoring tool was the same, regardless of the choice
of metric. Nevertheless, approaches specifically designed for plasmids,
such as PlasEval, may be better suited than clustering metrics to
evaluate plasmid reconstruction.

Key Points

® We repeated the benchmarking of plasmid reconstruction tools
using the clustering metrics in our original work, adapted versions

of these metrics accounting for contig length and chromosomal
contigs, and PlasEval.

® Theranking of tools was nearly identical across metrics, with gplas2
performing the best.

* Nevertheless, approaches specifically designed for plasmid data
may be better suited than clustering metrics to evaluate plasmid
reconstruction.

Supplementary material

Supplementary material is available at Briefings in Bioinformatics
online.
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Data availability

The code used for analysis is available at https://github.com/
broadinstitute/plasmid-detection-benchmark.
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