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We are delighted to have assembled papers for this Special Issue on Computa�onal Resources for 
Molecular Biology 2024. The range of topics highlights the reach of computa�onal methodology 
across bioscience and biomedical research.  Several of the reported resources exploit the added 
value of data integra�on while others focus on the applica�on of a range of machine learning 
approaches. As in last year’s issue, we report several resources that exploit the vast expansion in the 
number of available protein structures resul�ng from predic�ons using advanced machine learning. 

Enricherator [1] addresses the ques�on as to when a signal of interest arises genome-wide with “a 
Bayesan method for inferring regularised genome-wide enrichment from sequencing count data”. 
NucMap 2.0 [2]is a webserver that provide nucleosome posi�on data across animal, plant, fungal, 
and pro�st species.  This updated version provides pre-processed human data and informa�on is 
summarized in a genome browser based on JBrowse.  Analysis of genomic data o�en employs 
pathway enrichment analysis and considera�on of the network structure of the interac�ng genes. 
XGRm [3]is a web server to enable users to perform such analyses on mouse genomic data thereby 
extending the developers’ resource XGR, which considers human genomic data. MVAR [4] is a 
registry of mouse single nucleo�de variants, indels, and their annota�ons comprising some 99 
million canonical single nucleo�de variants for 581 strains of mice, and this should also prove useful 
for biomedical human variant annota�on. 

Two papers report web servers that provide transcriptomic data. LogoMo�f [5] provides predicted 
transcrip�on factor binding sites from Ac�nobacteria.  Genome-wide predic�ons and visualiza�ons 
can be browsed for Streptomyces. BeetleAtlas [6] is a transcrip�on atlas of �ssues from the red flour 
beetle Tribolium castaneum.  When homologs are known, expression informa�on is also provided for 
Drosophila transcripts.         

We present two resources that focus on RNA sequence data.  scRNA-Explorer [7] provides a web-
based tool for processing and analyzing single-cell RNA (scRNA) data.  Users upload their own 
datasets for processing, and the server automates tasks such as clustering cell types and iden�fying 
gene correla�ons. EVPsort [8] provides a database of small non-coding RNAs found in extracellular 
vesicles.  The data encompass over 3,000 sequence datasets and provides extensive analysis the 
small RNAs, including abundance and RNA family assignment.     
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Several contribu�ons report methodologies to model the folding and stability of RNA. RNA3DB [9] is 
a browsable dataset of structured RNAs derived from the Protein Data Bank (PDB), designed for 
training and benchmarking deep learning models. NNDB [10]  is a Nearest Neighbor Database to 
assist in modeling thermodynamic ensembles of secondary structures with direct applica�on to the 
predic�on of RNA and DNA secondary structure.  The database provides the 1999 and 2004 sets of 
RNA folding nearest neighbor parameters and recent parameters that include the folding stability of 
sequences with N6-methyadenonosine. LinearAlifold [11] predicts the consensus structure of a set 
of aligned RNA homologs with an efficient algorithm which allows folding even of long nucleo�de 
sequences, scaling linearly with the sequence length and the number of sequences. In this, it 
successfully complements the previous RNAalifold. Ribovision2 [12] provides an interac�ve web 
server that demonstrates the evolu�onary rela�onships between ribosomal RNA sequences. Users 
can interac�vely browse a sequence alignment, a secondary structure, or a ter�ary structure; a 
chosen residue in one is highlighted in the others.  Comprehensive alignments of bacterial, 
eukaryo�c, and archaeal sequences are available.     

As in previous years, many resources focus on protein analysis. Two papers report web servers for 
the enhanced predic�on of structural features of proteins. The E-pRSA server[13] employs 
embedding to improve the predic�on of residue rela�ve solvent accessibility from protein sequence 
while flDPnn2 [14] provides an accurate and fast predictor of intrinsic disorder in proteins. We also 
report the mACPpred 2.0 server [15] which considers the primary sequence of a naturally-occurring 
pep�de to evaluate if it is predicted to have an�cancer proper�es.  The approach uses deep-stacked 
learning on a set of features together with natural language processing embeddings.  

The vast expansion in the number of accurately predicted protein structures resul�ng from using 
machine learning has s�mulated the development of the updated version of CATH 2024 [16] which 
classifies domain structures from experimental PDB structures and predicted structures in the 
DeepMind’s AlphaFold Database thereby increasing the number of CATH rela�ves in the protein 
structure landscape. Comparison of different predic�ons of a protein structure provides an 
important guide to the accuracies of the models.  Accordingly, the server Alpha&ESMhFolds [17] 
enables a user to compare models for human proteins provided by AlphaFold2 and ESM,  two recent 
predic�on approaches based on machine learning. A complementary method for model accuracy 
assessment is provided by the ModFOLD9 server [18] . Experimentally-based evalua�on of protein 
stability is provided by the TPPU_DSF server[19]  which calculates thermodynamic parameters using 
differen�al scanning fluorimetry (DSF) data.  

Increasing protein structures of complexes are determined by a mixture of experimental and 
computa�onal methods.  This issue includes a paper repor�ng the development from the PDB team 
and their collaborators of IHMCIF [20], which is a data informa�on framework for macromolecular 
structures determined by Integra�ve Hybrid Modelling (IHM).  The framework is an extension of the 
mmCIF (macromolecular Crystallographic Informa�on Framework) data representa�on. The aim is to 
provide a unified framework to archive and disseminate complexes solved by an integra�ve approach 
through the PDB. We also report two specialist databases documen�ng structural features of protein 
interac�ng with ligands. AHoJ-DB [21]  provides a comprehensive resource for apo-holo pairs of PDB 
structures for 468,293 biologically relevant protein–ligand interac�ons across 27,983 proteins. This 
resource addresses the problem that because proteins undergo conforma�onal rearrangement on 
ligand docking, a single protein structure is o�en insufficient to capture conforma�onal diversity.  
One applica�on of this database would be to provide alternate templates for homology modelling. 
The PPInterface [22] provides details of 680,442 protein/protein interfaces from over 190,000 
structures in the PDB. Users can visualise the interface and download details. CAPRI-Q [23] provides 



a resource to enable users to evaluate the quality of predicted protein complexes using the same 
metrics as employed in the interna�onal blind assessment of protein docking known as CAPRI 
(Cri�cal Assessment of PRedicted Interac�ons). 

Addi�onal informa�on about protein/protein interac�ons can be obtained from crosslinking mass 
spectroscopy (MS) and the xiVIEW [24] resource provides users with an interface to access a range of 
data from the MS crosslinking community including spectra, 2D and 3D informa�on. Focussing on the 
implica�ons for the role of protein interac�ons in disease, AmyloComp [25] analyses amyloid co-
aggrega�on with the aim of helping the iden�fica�on of microbial proteins capable of triggering 
amyloidosis in humans. 

The docking of low molecular weight molecules into proteins is a central strategy in computer-aided 
drug discovery. DockThor-VS [26] uses high performance compu�ng to assist virtual screening for 
drug development. The @TOME 3.0 [27] server provides an extensive pipeline where a user can 
input a sequence, generate a predicted protein structure by homology modeling, then iden�fy 
probable binding sites, and finally perform virtual docking.  The web server GalaxySagitarius-AF [28] 
tackles the inverse modelling task and enables users to iden�fy possible target protein structures for 
a given drug-like small molecule searching both experimentally-determined structures and those 
predicted by AlphaFold. The server has applica�ons for drug repurposing and the iden�fica�on of 
possible drug side effects.   

Molecular dynamics is a widely-used technique to study protein dynamics and interac�ons. We 
report an extension to the CHARMM-GUI [29] toolkit that facilitates input and modelling of a range 
of protein-ligand linkages and has been benchmarked on over 1,000 covalent ligand structures in the 
PDB. The resource should prove valuable in studies of covalently bound drugs.  

Some resources are directly focussed on plant biology. Fung�on [30] is a web server for predic�ng 
fungal effectors of plant fungal pathogens. Zhao et al. report the Leaf senescence database v5.0 [31], 
which provides a repository of senescence-related genes and associated data.  It includes over 
31,000 genes from 148 species.  The informa�on is searchable with a web interface and includes 
phenotype informa�on, homologies between genes, and high-throughput datasets such a proteomic 
and transcriptomic data.   

Finally we would like to thank all the authors and the reviewers for their contribu�ons that have 
enabled us to assemble this Special Issue. 
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