IEEE TRANSACTIONS ON COMPUTATIONAL BIOLOGY AND BIOINFORMATICS, VOL. 22, NO. 4, JULY/AUGUST 2025

1479

Short Papers

Xsurvey: Web Tool to Query the Set of Homorepeats of all Reference Proteomes

Miguel A. Andrade-Navarro

Abstract—Homorepeats are low complexity regions in protein sequences
composed of repetitions of one specific amino acid residue. There is cur-
rently no automatic way to compare the set of homorepeats between two
or more species. Here we present Xsurvey, a web tool to query the set of
homorepeats of 23,150 completely-sequenced proteomes. The polyX usage
values can be easily compared visually, which simplifies the interpretation
of the results.

Index Terms—Homorepeats, protein sequence analysis, web tool.

I. INTRODUCTION

HOMOREPEATS, or polyX regions, are protein motifs in which one
amino acid type is found many more times than expected by its amino
acid usage. They can be formed by any amino acid, are present in all
taxonomic branches of life, and evolve rapidly [1]. A few polyX types
have been associated with functional roles, such as polyQ in mediating
the assembly of large protein complexes, polyA in modulating protein
function and stability, polyL as part of signal peptides, and polyG and
polyS in aiding protein localization [2], [3], [4], [5], [6]. Other polyX
types may not have yet an associated function, either because they do
not have one, or because they have not been studied in detail.

PolyX regions are selected by applying a threshold on the number
of identical residues (X) found in a sequence window (of length Y),
represented as > = X/Y. Commonly applied thresholds are > = 4/6
(lax) and > = 8/10 (stricter) [7]. There are two web tools available
to search the set of homorepeats of a protein dataset or a proteome;
however, they are limited to one proteome per execution (polyX2 [8]),
or pre-computed for a small dataset of 122 proteomes (HraP [9]). Here
we describe a simple web tool to query the set of polyX regions of all
available completely-sequenced reference proteomes. The results are
presented in a user-friendly format that requires no prior knowledge,
making them accessible to users with limited bioinformatics experi-
ence.

II. IMPLEMENTATION

We downloaded all complete reference proteomes available from
UniProtKB release 2022_01 [10], a total of 23150 proteomes, dis-
tributed as follows: 10561 viruses, 9601 bacteria, 372 archaea, 2616
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eukaryotes. We pre-computed the set of polyX regions for all these
proteomes using the standalone version of the polyX2 tool [8]; it took
approximately 16 hours on a Lenovo Thinkpad 64-bit with 15.3 Gb
of RAM and an Intel Core i7-8665U CPU @ 1.90 GHz X 8, running
Ubuntu 22.04 LTS.

The available thresholds to detect homorepeats are > = 4/6 (default)
and > = 8/10, implying a minimum number of identical residues in
a region of the defined length. To start the execution of Xsurvey, the
tool needs a set of species to look for their homorepeats. There are four
ways to define this set:

A) Provide a list of taxonomic IDs (TaxIDs) separated by semi-
colon, i.e., “83333;9606”, for Escherichia coli K12 and Homo
sapiens.

B) By manual selection of species by name. The user must write
at least three characters and then select a species from the drop-
down list. The list is kept open until the user starts writing again
in the text area.

C) Choose one pre-selected set of reference proteomes, from eu-
karyotes (20 species), fungi (10 species), chordates (15 species),
mammals (15 species) or primates (14 species).

D) Let the tool select a set of 20 random species, from the total
dataset of 23150 complete reference proteomes.

If the user starts the execution having provided information in more
than one option, the order of preference is A > B > C > D, meaning
that only the information with the higher preference will be used. If no
information is provided, option D) is automatically selected. If we do
not have information for a TaxID provided in option A (or the TaxID
does not exist), a warning message will be shown. For options A and
B, species are ordered on the x-axis of the figure in the order in which
they are given. In option C there is a pre-defined order, and in option
D the order is random. There is no limit to the number of input species
in options A and B.

The output presents a table with the following information per
species: TaxID, ProteomelD from UniProtKB, species name, taxonom-
ical information, number of polyX regions, and a tab-separated file
with the polyX regions. The polyX usage per species is then analyzed
and plotted using the ggplot2 package v3.5.1 [11] (Fig. 1). Labels for
species, in the format “Species name (TaxID)”, are presented in the
x-axis of the plot. The polyX usage per type is shown in the y-axis,
with the values alphabetically ordered from top to bottom. The total
number of polyX per species is placed on top of each species’ column.
The raw data used to generate the figure can be downloaded from the
“Download” section above the aforementioned table.

III. CASE STUDIES

Xsurvey can be used to obtain comparative insight into the usage of
polyX regions. Here we illustrate this in a narrow and in a wide taxa,
primates and eukaryotes, respectively.
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Fig. 1. Xsurvey representation of the polyX usage of a pre-selected set of
proteomes from a) primates and b) eukaryotes, with threshold > = 8/10.

The total and relative abundance of most of the homorepeats is very
similar amongst the pre-selected set of 14 primates (data not shown),
with the default threshold of a minimum of four identical residues in
a window of six residues (threshold > = 4/6). With this threshold,
we include in the comparison short and long homorepeats. However,
when we restrict the search to longer homorepeats (threshold > =
8/10), we see two major discrepancies (Fig. 1a). First, polyF in Macaca
mulatta accounts for 5% of the total homorepeats in this species, but
for 0% (human) to 1.7% (Callithrix jacchus) in the rest. A closer
look to the 155 long polyF regions in M. mulatta shows that 49% of
them overlap with transmembrane regions and 24% with signal pep-
tides, using experimental and predicted positionally-located features in
UniProtKB. The presence of these homorepeats in M. mulatta may be
due to genome assembly errors. Second, polyT in H. sapiens accounts
for 4.5% of the total homorepeats in the human proteome, a 3.4-fold
enrichment compared to the rest of the primates. Most of these (101
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out of the 129 polyT regions) are however due to one protein, mucin-2
(UniProtKB:Q02817), which presents a T-rich region that spans over
2300 residues. Without this protein, the polyT usage in human would
be comparable to the polyT usage in the rest of the primates.

PolyF usage in most of the pre-selected set of eukaryotic proteomes is
negligible, as we found in that of primates (Fig. 1b). On the other hand,
polyT values are higher in invertebrates. It has been shown that polyT
regions accelerate calcium carbonate formation [12]. This chemical
compound is used by invertebrates to build their skeletons and shells
[13]. To the best of our knowledge, there are no reports in literature
describing a higher proportion of polyT regions in invertebrate species.

There is much more information that can be extracted from the same
figure, for both known and unknown patterns. From the former, for
example, the enrichment of polyN in P. falciparum and D. discoideum,
and the depletion of polyl in eukaryotes [14]; from the latter, the
enrichment of polyA and the depletion of polyS in V. carteri, compared
to other plants. The comparison of the results obtained for all (threshold
> = 4/6) or just for long (threshold > = 8/10) polyX regions is an
additional level of complexity to be taken into account.

What has been discussed about Fig. 1 is only the tip of the iceberg;
there are many more differences that can be observed, and that could be
further examined by performing, for example, functional enrichments
of the protein sets with each polyX type in each species. Based on
the generated figure, it is up to the users to ask themselves these
questions and query the results accordingly. The selection of species
will decisively influence the conclusions that can be drawn from the
figure that is generated.
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