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Abstract

Motivation: In recent years, many disorder predictors have been developed to identify intrinsically disordered regions (IDRs) in proteins, achiev-
ing high accuracy. However, it may be difficult to interpret differences in predictions across methods. Consensus methods offer a simple solu-
tion, highlighting reliable predictions while filtering out uncertain positions. Here, we present a new version of MobiDB-lite, a consensus method
designed to predict long IDRs and classify them based on compositional biases and conformational properties.

Results: MobiDB-lite 4.0 pipeline was optimized to be ten times faster than the previous version. It now provides compactness annotations
based on predicted apparent scaling exponent. The newly added features and disorder subclassifications allow the users to get a comprehen-
sive insight into the protein’s function and characteristics. MobiDB-lite 4.0 is integrated into the MobiDB and DisProt databases. A version with-
out the compactness predictor is integrated into InterProScan, propagating MobiDB-lite annotations to UniProtKB.

Availability and implementation: The MobiDB-lite 4.0 source code and a Docker container are available from the GitHub repository: https://

github.com/BioComputingUP/MobiDB-lite.

1 Introduction

Intrinsically disordered proteins and regions (IDPs/IDRs) are
characterized by their lack of stable folded structures and
their adoption of various rapidly interchanging conforma-
tions described by a conformational ensemble (Forman-Kay
and Mittag 2013). Despite having structural flexibility, IDPs/
IDRs exhibit local and global ordering, influencing their size,
shape, interactions with other proteins, and overall biological
function (Wright and Dyson 2015). These regions may be
critical for the formation and dynamics of biomolecular con-
densates within cells (Pappu et al. 2023) and play a key role
in physiological and pathological processes associated with
misfolding and aggregation (Silva et al. 2017).

Many computational tools have been developed to predict
disordered regions, but most were per-residue based, result-
ing in fragmented predictions that failed to accurately capture
long IDRs (Necci et al. 2017). MobiDB-lite was developed to
improve the prediction of long intrinsic disorder regions by
combining predictions from multiple tools to address these
limitations (Necci et al. 2017, 2021a,b). The consensus was
optimized on a PDB X-ray missing residue dataset. This ap-
proach minimized over- and under-prediction of disordered

regions, achieving a balance that allowed MobiDB-lite to be
effectively used for large-scale proteome annotation as
available in the MobiDB database (Piovesan et al. 2025). The
previous release, MobiDB-lite 3.0, added the classification of
disorder subtypes based on sequence features (Das and Pappu
2013, Holehouse et al. 2017, Necci et al. 2021a,b). MobiDB-
lite has been integrated into InterProScan (Jones et al. 2014)
to maintain synchronization with major databases such as
UniProtKB, InterPro, DisProt, and PDBe-KB (PDBe-KB
Consortium 2022, Aspromonte et al. 2024, Blum et al. 20235,
The UniProt Consortium 2025).

Recent research has shown that the ensemble properties of
IDRs are linked to the biological function of the protein and
may be predicted from the sequence (Lotthammer et al.
2024, Tesei et al. 2024). In the cellular context, the chain
compaction and charge properties of IDRs may play central
roles in function and affect interactions both within and be-
tween proteins.

MobiDB-lite 4.0 integrates the prediction of IDR compact-
ness based on the apparent scaling exponent (v) using a sup-
port vector regression (SVR) model developed by (Tesei et al.
2024). The software was used to generate predictions for the

Received: 6 March 2025; Revised: 18 April 2025; Editorial Decision: 5 May 2025; Accepted: 9 May 2025

© The Author(s) 2025. Published by Oxford University Press.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https:/creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.


https://orcid.org/0009-0007-2044-541X
https://orcid.org/0000-0001-5773-4724
https://orcid.org/0000-0003-4525-7793
https://orcid.org/0000-0001-8210-2390
https://github.com/BioComputingUP/MobiDB-lite
https://github.com/BioComputingUP/MobiDB-lite

A ¥ MobiDB-lite Disorder

Structure
D MobiDB-lite
¥ Prediction (majority) [Disorder

D ESpritz-DisProt

D ESpritz-NMR Disorder
D ESpritz-Xray Disorder
D IUPred-Long Disorder
D IUPred-Short

D DisEMBL-465

D DisEMBL-HotLoops

D GlobPlot
D Ensemble

D Comp. bias

Mehdiabadi et al.

-
S
.:“'
ey
a
Py
] &M
Lok R,
A RN
Disorder ¥ o R Mk
: e U B
Disorder IR %
Disorder

Figure 1. MobiDB-lite 4.0 predictions for protein CONWB2 provided by the MobiDB database. (A) The MobiDB-lite's results for protein CONWB2.
The disorder predictor takes the majority consensus among eight methods. The “Ensemble” track provides extended/compact annotations, while the
"Comp. bias” track indicates sub-regions identified by MobiDB-lite. (B) The MobiDB-lite predictions on the AlphaFold2 structure of the same protein.

(C) The extended and compact regions, colored green and blue, respectively.

latest version of the MobiDB database (Piovesan et al. 2025).
About 1.3 million proteins in MobiDB were found to have
compact IDRs covering 15.9% of their residues, and 26 mil-
lion proteins had extended IDRs covering 11.4% of their
sequences. The MobiDB-lite 4.0 package was rewritten en-
tirely to optimize execution time, making it ten times faster
than the previous versions.

2 Implementation

As detailed in Necci et al. (2021a,b), MobiDB-lite is imple-
mented in a two-step process. First, it computes a strict ma-
jority consensus among state-of-the-art predictors (i.e. more
than 5 out of 8), namely ESpritz (DisProt, NMR, X-ray fla-
vors), IUPred (short, long flavors), DisEMBL (HotLoop,
Remarks465 flavors), and GlobPlot (Linding et al. 2003a,b,
Dosztényi et al. 2005, Walsh et al. 2012). This consensus is
then refined using a process similar to dilation-erosion mor-
phological operations. The process iteratively refines disor-
dered and ordered regions by converting short stretches (1-3
residues) based on their surrounding context. Structured
stretches of up to 10 residues are reclassified as disordered if
flanked by disordered regions of at least 20 residues on both
sides. Finally, a length cutoff is applied to IDRs, and only
those of at least 20 residues are kept. In the next stage, the
predicted disordered regions are classified based on their
structural and potential functional properties (i.e. polyam-
pholyte, positive polyelectrolyte, and negative polyelectro-
lyte) (Das and Pappu 2013), enrichment in specific residues
(i.e. cysteine-rich, proline-rich, glycine-rich, polar), or exhib-
iting low complexity (Wootton and Federhen 1993). This
classification uses a sliding window of nine residues, with
sub-regions reported if they are at least nine residues long.
MobiDB-lite 4.0 was enhanced to include annotations for
“compact” and “extended” IDRs, corresponding to the en-
semble compactness of disordered regions. This classification
is based on the apparent scaling exponent (v), predicted by a
support vector regression (SVR) model developed by (Tesei
et al. 2024). IDRs with v <0.475 are labeled as “compact,”
while those with v>0.55 are labeled as “extended.” These
thresholds correspond to those separating the 5% most

compact and 32% most expanded IDRs in the human prote-
ome, respectively (Tesei et al. 2024).

In collaboration with InterPro, the MobiDB-lite package
was rewritten for improved performance. Python2.7 depen-
dency was removed, software design was simplified, and par-
allelization was shifted from individual disorder predictors to
the protein level using multithreading instead of multipro-
cessing library. MobiDB-lite 4.0 was benchmarked against
previous versions on five proteomes using single and multi-
threading (results at https://github.com/matthiasblum/
idrpred). Processing the human proteome took 5h and
45 min using a single thread and 42 min using eight threads
with MobiDB-lite 4.0. Furthermore, the execution time for
one million random UniParc (The UniProt Consortium 2025)
sequences using 16 threads dropped from 80h (v3.2.4) to 4h
and 42 min (v4.0). The time complexity of v4.0 using a single
thread remains linear. The integration of the new “compact”
and “extended” labels does not significantly impact execu-
tion time, as the classification is efficient and applied only to
MobiDB-lite’s IDRs that contain at least 30 residues.

In the third edition of the Critical Assessment of Protein
Intrinsic Disorder (CAID3) (Necci et al. 2021a,b, Del Conte
et al. 2023), MobiDBlite 4.0 achieved an AUC of 0.797 in
the Disorder-NOX category, placing it ahead of AlphaFold-
pLDDT (AUC=0.789) (Piovesan et al. 2022). The method
displayed high precision in highly confident predictions. The
full results of CAID3 are available at https://caid.idpcentral.
org/challenge/results. Users can execute the software directly
from the CAID prediction portal (Del Conte et al. 2023).

3 Use case

MobiDB-lite 4.0 was used to predict disordered regions in
the MobiDB database v6.1 (2024_07 release). Figure 1 illus-
trates the predictions for CONWB2 (transcription factor
SnfSp) in MobiDB. This protein is poorly characterized, and
its only positional annotations in UniProtKB originate from
MobiDB-lite. Among the 245 482 527 proteins in MobiDB,
57 172 035 (23.28%) contained at least one IDR covering
33.72% of their sequences. About 1.3 million proteins in
MobiDB were found to have compact IDRs covering 15.9%
of their residues, and 26 million proteins had extended IDRs
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covering 11.4% of their sequences. With the new ensemble
feature, we find examples such as the C-terminal domain of
CTRY (Q6PD62, v = 0.412) and the N-terminal domain of
FUS (P35637, v = 0.467), whereas among the expanded
ones, we find BASP1 (P80723, v = 0.552) and prothymosin-
a (P06454, v = 0.592).

In addition to identifying and characterizing the regions,
MobiDB-lite 4.0 outputs were used to predict functional an-
notation for IDRs. This resulted in annotating 16 827 365
proteins with molecular function terms from Gene Ontology
and 44 598 417 proteins with disorder function terms from
Intrinsically Disordered Proteins Ontology (IDPO) (Aleksander
et al. 2023, Aspromonte et al. 2024).

4 Conclusions

In this work, we described MobiDB-lite 4.0, which predicts
intrinsic disordered regions and annotates them based on
their compactness and sequence features. This functionality
gives users profound insights into the biological roles of pro-
teins. The software was restructured and the execution time
is now ten times faster. MobiDB-lite is available as a docker
container and integrated within InterProScan, making it a
powerful tool for large-scale proteome-wide disorder annota-
tion. It is periodically executed on all known protein sequen-
ces, and its predictions are integrated into MobiDB, InterPro,
DisProt, PDBe-KB, and UniProtKB databases, among others.
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