1 Supplementary document with a description of
data sources for LCRAnnotationsDB

LCRAnnotationsDB collects data about low complexity regions from 12 source
databases and predictors. In this supplementary file, we describe these sources and
the methods of their integration into LCRAnnotationsDB.

The UniProt Knowledgebase integrates and standardizes data from different
sources about protein functions, structures, mutations, bond types, locations, and
domains [1]. It contains sequences with automatically annotated and manually curated
records. UniProtKB/Swiss-Prot is part of the UniProt Knowledgebase and contains
high-quality, manually curated records only. Therefore, it is one of the databases we
use to annotate LCRs. We downloaded data from UniProtKB in XML format, which
we used for annotations, and in FASTA format, which we used as a source of protein
sequences.

NCBI RefSeq is a database with partially curated, non-redundant genome, tran-
script, and protein databases. NCBI RefSeq contains sequences and annotations from
different sources [2]. Data are generated by different pipelines depending on the class
of sequences and organisms. For example, archaea and bacteria are annotated using
NCBI’s prokaryotic genome annotation pipeline. Data in NCBI RefSeq are stored in
the GenPept format, which may be accessible through FTP. However, we obtained
annotations through the Entrez API (E-utilities) from NCBI RefSeq proteins since it
is the most convenient way.

PDB (Protein Data Bank) is a database containing manually curated pro-
tein structures [3]. Data come from experiments such as X-ray crystal structure
determination, NMR, cryo-electron microscopy, and theoretical modeling from the
AlphaFoldDB [4], and RoseTTAFold [5, 6] tools. PDB is integrated with over 40
resources, for example, UniProtKB and NCBI RefSeq, which allows searching protein
structures by UniProtACC. Data can be accessed via an FTP server and REST API
in many different formats. We collected information on experimental methods from
PDB using the API.

neXtProt is a knowledge base about human proteins [7]. As a source of pro-
tein sequences, it uses UniProtKB/Swiss-Prot. neXtProt enriches proteins with
information about expression, protein-protein binary interactions, functions, post-
translational information, variant information, etc. It integrates high quality data with
an error rate of information below 5%. The error rate is documented for each record in
the metadata and depends on the type of analysis. Records with an error rate between
1% and 5% are marked as silver data [8]. We downloaded neXtProt from neXtProt’s
FTP as XML files, which represent different chromosomes.



InterPro database integrates the classification of proteins into families and pre-
dicts the presence of domains and conserved sites [9]. New versions of InterPro are
released every two months. The entire database is regularly checked for accuracy and
all new entries are manually curated. InterPro integrates signatures from the fol-
lowing databases: Pfam, HAMAP, MobiDB Lite, PRINTS, Prosite, SFLD, SMART,
CATH, CDD, Panther, PIRSF, and SUPERFAMILY [9]. The advantage of InterPro
is that it combines the protein signatures from these databases into a single search-
able resource, creating a large integrated resource. Annotations from InterPro have
GO terms provided for most entries [9]. InterPro allows users to download informa-
tion about domains from FTP server in TSV format. Data can also be downloaded
through the InterPro APIL.

TOPDOM is a database that contains a collection of domains and motifs located
in transmembrane regions of proteins [10]. As input, it uses protein sequences from the
UniProtKB database. Then, the CCTOP algorithm selects sequences that discriminate
between transmembrane proteins and non-transmembrane proteins. Information from
this database can be used in constrained topology prediction methods. An example is
a Bayesian type that determines the location of a certain part of the sequence. The
process of database creation is automated, so it may be updated on demand. The
entries are stored in XML format and may be downloaded from the database website.
We have integrated data from TOPDOM version 3.0.

DisProt is a database that contains manually curated Intrinsically Disordered
Proteins (IDPs) [11]. IDPs are regions that alone do not create a three-dimensional
structure under physiological conditions. However, these regions may still fold while
binding other proteins and ligands. Their functions are described by Gene Ontol-
ogy (GO) or Intrinsically Disordered Protein Ontology (IDPO) [11]. Annotations are
provided by the community and reviewed by biocurators. We downloaded data from
DisProt as a CSV file. We have integrated data from DisProt version 2023_12.

ELM (Eukaryotic Linear Motif) is a resource of short linear motifs
(SLiMs) [12]. These are short motifs that participate in protein-protein binding and
are post-translationally modified. Motifs in ELM are assigned to six classes: cleavage,
degradation, docking, ligand, modification, and targeting motifs. Records in ELM are
highly curated with data from scientific publications. We downloaded data from ELM
as a CSV file using the API of this database. We have integrated data from ELM
version 1.4.

PhaSepDB provides a collection of manually curated Liquid-Liquid Phase Sepa-
ration (LLPS) proteins and membraneless organelles related proteins [13]. Each Phase
Separation (PS) entry represents PS validation experiments of a protein illustrated
in one publication. Each record includes detailed annotations, such as the material
states of the PS droplets, PS verification experiments, regions used in experiments,
phase diagrams, PS partners, and regulation information. The database is available as
a web application or as a set of Excel and CSV files. We used the latter form, which
we then processed to extract information about the regions and domains important
for proteins to undergo PS. We have integrated data from PhaSepDB version 2.1.

PhaSePro is another database of proteins driving LLPS in living cells [14]. This
dataset is manually curated and consists only of experimentally verified cases of LLPS



supported by literature evidence. Each entry in the database provides information
on sequence boundaries and characteristics of the experimentally validated LLPS
driver region(s). Additionally, entries are enriched with details such as the functional
relevance of the LLPS system, types of molecular interactions involved, regulatory
mechanisms of LLPS, etc. Access to the database is available via the online interface
or through the RESTful API. Users also have the option to download data in JSON,
XML, or TSV format. We have integrated data from PhaSePro version 1.1.

Phobius is a predictor that identifies protein topology and signal peptides [15].
Predicted regions are described by the hidden Markov model (HMMs). HMMs reduce
errors caused by cross-prediction between regions of interest. We used the binary
version, which can be downloaded from the official webpage.

IUPred3 is a method that predicts disordered regions in proteins [16]. This
method estimates protein energy to predict protein perturbation. It also uses the
biophysical properties of ordered and unordered regions. IUPred3 calculates the occur-
rence probability of residues in disordered regions. The service is accessible through
the web page and RESTful API. We decided to use the API to obtain disordered
regions for our database.
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