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Abstract. We present an analysis of subspecies diversity of the bacterial genera
Xanthomonas, Acinetobacter, and Stenotrophomonas present in the MetaSUB
metagenomic dataset. We used the simulated rarefaction curve technique along
with the non-parametrics estimators Chaol, Chao2, Jackknife, ICE, and ACE,
to estimate the total number of subspecies (subgroups) within the MetaSUB
dataset. Subgroup is an operational concept that can be used to distinguish
between genomes from the same species. For Xanthomonas, our results suggest
that MetaSUB may have more subgroups than currently known; for
Acinetobacter, the number of estimated subgroups is lower than the known
number; and for Stenotrophomonas, the estimates and the known number are
the same. A comparison of the pangenomes of Xanthomonas obtained from our
genome database and that from MetaSUB showed that the genic diversity in
MetaSUB is much lower than the database diversity, suggesting that urban
environments constrain the genic diversity compared to the biosphere as a
whole.

1. Introduction

The concept of Microbial Dark Matter [Rinke et al., 2013] is based on the observation
that the vast majority of bacterial and archaeal species in the biosphere have not yet
been cultivated in the laboratory [Steen et al., 2019]. The investigation of the
biodiversity of these bacteria became possible thanks to metagenomics. The
metagenomic surveys that have been conducted over the last 20 years have shed some
light on microbial dark matter, and at the same time generated a large amount of data.
Therefore, there is an opportunity to explore such datasets to obtain new knowledge.
Among the possible explorations, we consider that the survey of the biodiversity of a
given bacterial genus, as well as the exploration of its gene diversity, can bring
significant contributions to scientists interested in that genus.

Due to space constraints, we present results from a single metagenomic dataset and
three target genera. The metagenome dataset that we explored is MetaSUB [Danko et
al., 2021], and is composed of 4,728 samples collected from train and subway stations
in 60 cities around the world, with the aim of characterizing and exploring the diversity
of the urban microbiome. The number of contigs with a size of at least 500 bp in this
dataset is almost 80 million. We understand the MetaSUB dataset as a model for global
datasets; the same methodology described here could be applied to other metagenomic
datasets of large geographic scale (such as TARA Oceans [Sunagawa et al., 2020]).
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The chosen genera (which we call the target genera) are Xanthomonas, Acinetobacter,
and Stenotrophomonas. These choices were motivated mainly by the fact that these
genera are already known to be abundant in the MetaSUB project samples [Danko et al.,
2021]. The Xanthomonas biodiversity explored in the metagenomic data was
complemented by the reconstruction of the pangenome, which is defined as the set of all
gene families present in a given group of genomes belonging to a specific taxon [Tettelin
et al., 2008].

2. Methodology
2.1. Defining the genome collection

In order to classify metagenomic sequences, we used a Genome Reference Set (GRS)
[Solano & Setubal (2024)]. For each target genus, the number of genomes contained in
the GRS and the corresponding number of species are shown in Table 1. The GRS is an
economical way to represent the genome diversity of a given target genus; at the same
time, it gives us a certain independence from taxonomic labels (which may be wrong or
vary over time) and allows us to distinguish between genomes of the same species at the
subspecies level. We use the term subgroups to refer to genomes from the same species
that share greater similarity amongst each other than with other genomes of the same
species. Each genome in the GRS belongs to a subgroup, i.e. could be grouped into a
cluster of genomes that on average share 98% ANI to each other; every subgroup of the
genus is represented by at least one genome in the GRS. This structure allows for
classifying contigs with greater resolution while preserving the full extent of the known
genome diversity. Contig taxonomic classification was done by the tool described by
Solano and Setubal (2024).

Table 1: Genomes and species for each target genus

Total species Number of genomes in the
Target genus GRS
Xanthomonas 46 226
Acinetobacter 93 1010
Stenotrophomonas 34 183

2.2. Subgroup estimation

We used the simulated sampling method to obtain estimates for the total number of
subgroups for a given target genus and the MetaSUB contigs. This method is based on
the methodology described by Gotelli, N. & Colwell, Robert (2011), and it uses
non-parametric estimators to obtain total diversity values. Since the data used in this
study belong to a single database (MetaSUB), there is the limitation that the inference of
subgroup diversity can only be made for the environments sampled by MetaSUB.

In order to estimate the total diversity of the target genera sampled in the MetaSUB set,
we used the rarefaction curve technique, as well as total richness estimators (estimated



asymptotic value of the rarefaction curve). There are different ways to obtain the
asymptotic value, described and compared in the literature [Gotelli & Colwell, 2011].
According to them, the estimation of the asymptotic value can be done with parametric
estimators (asymptotic curve fitting and extrapolation) or nonparametric estimators.
However, comparative analyses between the two techniques indicate that parametric
methods perform worse than non-parametric ones. This is due to the following reason:
different asymptotic curves can be fitted to the same species accumulation curve (or
subgroups), arriving, however, at variable conclusions about the asymptotic value.

Therefore, this work aims to construct rarefaction curves and obtain from them the total
richness values with non-parametric estimators. We used two types of estimators,
considering the differences between the types of data used in the analysis, dividing them
into incidence data (with information on the presence of a given subgroup in the
sample) and abundance data (with information on the relative abundances of the
subgroups found in the sample). The estimators used were: Chaol, ACE and Jackknife
(for abundance data) and Chao2, ICE and Jackknife (for incidence data) [Gotelli &
Colwell, 2011 and Elena Schmitz & Rahmann, 2025].

2.3. Pangenome reconstruction for Xanthomonas

The tool chosen to reconstruct the pangenome of Xanthomonas was Panaroo version
1.5.2 [Tonkin-Hill et al., 2020]. The reconstruction of the pangenome was performed
from the list of genomes present in the GRS and the set of MetaSUB contigs classified
as Xanthomonas by the tool described by Solano and Setubal (2024). The genomes and
the contigs were annotated with Prokka [Seemann, 2014].

3. Results and Discussion
3.1. Subgroup estimation

The observed and estimated subgroup values in the MetaSUB dataset for the target
genera are shown in Table 2.

Table 2: Subgroup estimates for target genera in MetaSUB.

Abundance Estimators Incidence Estimators

GRS observed | Chaol | Jackknife | ACE | Chao | Jackknife | ICE

Target genus subgroups | subgroup 2
S 1 2 1 2
Xanthomonas 210 203 217 216 | 223 | 210 217 216 | 222 | 209
Acinetobacter 807 793 796 | 803 [ 795 | 797 796 | 803 [ 795 | 795
Stenotrgzsﬂhomm 170 170 170 | 170 [ 170 | 170 | 170 | 170 [ 170 | 170




Of 46 Xanthomonas species present in its GRS, we found 42 in the MetaSUB dataset.
This is surprising, given that this genus is known to be mostly plant-associated [An et
al., 2019]. On the other hand, Table 2 shows that 96.7% (203/210) of the Xanthomonas
subgroups were observed. The estimated numbers of subgroups suggest that, if
additional MetaSUB samples were obtained, between 210 and 223 Xanthomonas
subgroups would be found, indicating a minimum detection rate with current samples of
91.0% (203/223). These results suggest that new Xanthomonas subgroups could be
found in urban environments, but it appears unlikely that new Xanthomonas species
could be detected, even with additional sampling.

Of 93 Acinetobacter species present in its GRS, we found 92 in the MetaSUB dataset
(in 1,552,960 contigs). In terms of subgroups, we found 98.3% (793/807). The number
of estimated subgroups present in the dataset reached a maximum of 803, below the
total in the GRS, suggesting that the urban environments sampled by MetaSUB have a
lower subgroup diversity than environments in general, for the Acinetobacter genus.

Of 34 Stenotrophomonas species present in its GRS, we found 32 in the MetaSUB
dataset (in 681,401 contigs). The subgroup simulation results in this case yielded a
single number, which is the same as the number of observed subgroups (170). This
result suggests that the subgroup diversity of Stenotrophomonas was exhausted by the
sampling done.

3.2. Pangenome reconstruction for the Xanthomonas genus

In addition to exploring the genomic diversity of target genera in the MetaSUB dataset,
we also wanted to explore the genic diversity. We did this only for Xanthomonas, and
we chose the technique of pangenome reconstruction. We computed the GRS
pangenome and the MetaSUB pangenome (using the 75,192 contigs classified as
Xanthomonas). We then compared the two results, and obtained the Venn diagram
shown in Figure 1.
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Figure 1: Venn diagram of Xanthomonas gene families found in the GRS and in the
MetaSUB contigs.



This result shows that no MetaSUB-specific gene families were found; moreover, the
the genic diversity found in MetaSUB corresponds to only 9,7% of the genic diversity
found in the GRS, despite the fact that we could find in MetaSUB 42 out of 46 species
and 96,7% of its subgroups. This result can be explained in part due to the fragmented
nature of metagenomic data, but another reason might be related to constraints of the
urban environments sampled by MetaSUB: Xanthomonas species found there may have
a more limited gene repertoire compared to Xanthomonas in general.

4. Conclusions

The main results of this work are: 1) The MetaSUB dataset has a high number of
species and subgroups for all the target genera explored; 2) Urban environments may
contain novel Xanthomonas subgroups; 3) The genic diversity of Xanthomonas found in
urban environments is much lower than for environments in general, in contrast to
conclusion (1).
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