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Abstract 

RNA central w as f ounded in 2014 to serv e as a comprehensiv e database of non-coding RNA sequences. It began b y pro viding a single unified 
interface to more specialized resources and now contains 45 million sequences. It has grown beyond providing a single interface to many 
specialized resources and now provides several services and analyses. These include secondary str uct ure prediction with R2DT, sequence 
search, and analysis with Rfam. Since its last publication in 2021, RNAcentral has developed two major feat ures. First, literat ure integration 
with the de v elopment of LitScan and LitSumm. LitScan automatically identifies and links rele v ant publications to RNA entries, while LitSumm 

uses natural language processing to generate functional summaries from the literature. Together, these tools address the critical challenge of 
connecting sequence data with scattered functional knowledge across thousands of publications. Second, RNAcentral has created gene-le v el 
entries. Gene-le v el entries represent a large str uct ural change to RNAcentral. While RNAcentral previously organized data exclusively at the 
sequence le v el, w e no w group related transcripts into gene-centric vie ws. T his allo ws researchers to e xplore all isof orms, splice v ariants, and 
related sequences for a gene in a unified interface, better reflecting biological organization and facilitating comparative analyses. RNAcentral is 
freely a v ailable at https://rnacentral.org . 
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Table 1. A summary of the k e y features added since the last publication 
(releases 17–26) 

Release 
Sequences 
(millions) Key features 

17 30 Added piRBase, added Ribovore 
18 30 Finalized improved rRNA RNA types 
19 31 Added PSICQUIC, CPAT based ORF 

prediction 
20 31 Migrated to CC0, Added RiboVision, 

Created LitScan 
21 33 Added PlncDB, Added Expression Atlas, 

Added SwissBioPics 
22 34 Added EVlncRNAs, Added Ribocentre, 

Integrated Expression Atlas Viewer 
23 36 Added MGnify, Added REDIportal, 

Improved genome browser, Added 
LitSumm 

24 35 Added tmRNA Website 2.0, Improved 
Phylogenetic search 

25 45 Added Rfam 15.0, Improved taxonomic 
search 

26 45 Created gene level entries, Added RNA-KG 
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Introduction 

RNAcentral was established in 2014 as a comprehensive
database unifying all non-coding RNA (ncRNA) sequences
into a single, searchable resource [ 1 ]. This was aimed at solv-
ing the issue of fragmentation in the ncRNA field, where there
were many high-quality databases that focused on specific
subtypes of ncRNA. There was no easy-to-use resource that
compiled all ncRNA data and RNAcentral sought to fill that
gap. RNAcentral is designed around an “expert database”
model, where each contributing database provides its exper-
tise and data in a single area, and then RNAcentral combines,
standardizes, and integrates these data into a single resource.
Since its inception it has grown to contain over 45 million se-
quences and has moved from providing sequences and meta-
data to more complex data types, such as Gene Ontology
(GO) annotations [ 2 ], Sequence Ontology (SO) terms [ 3 ], in-
teraction data from resources such as IntAct [ 4 ] and RNA-KG
[ 5 , 6 ], disease assoications from GeneCards [ 7 ], and analysis,
such as Rfam and R2DT predictions [ 8 ]. RNAcentral remains
the primary source of sequence data for ncRNA science, with
tens of thousands of users and hundreds of citations per year.

Since its last publication in 2021 [ 8 ], RNAcentral has had
9 releases, grown from 30 to 45 million sequences, and now
includes 52 expert databases, including 10 new databases and
major updates to existing sources. We also expanded sec-
ondary structure predictions from 13 to 30 million sequences.
Beyond these quantitative changes, we have also updated and
improved how researchers can interact with our ncRNA data.
We extended our search to allow searching by taxonomic de-
scendants (e.g. all primates or all fungi) and transitioned to
CC0 licensing for unrestricted data reuse enabling both aca-
demic and commercial reuse. 

This article details the advances in RNAcentral release 26:
new database integrations and major updates to existing re-
sources; the implementation of our literature integration sys-
tem (LitScan and LitSumm); the creation of gene-level entries;
technical infrastructure improvements; and future develop-
ment priorities. 

Database content and growth 

Since our 2021 publication, RNAcentral has grown from
30 to 45 million sequences (50% increase) across 52 expert
databases. This expansion includes 10 new database integra-
tions, major updates to three core resources, and the retire-
ment of one database, VEGA. Table 1 summarizes the major 
changes across releases 17–26. 

New database integrations 

We integrated ten new expert databases to expand both taxo- 
nomic coverage and functional annotations. piRBase [ 9 ] con- 
tributes 200 000 piRNA sequences from 21 organisms for 
studying transposon silencing. PSICQUIC [ 10 ] provides 4420 

manually curated RNA–protein interactions to expand our 
coverage of RNA interactions. PLncDB [ 11 ] adds plant lncR- 
NAs from 80 species, while linking to EVlncRNAs [ 12 ] pro- 
vides a connection to their experimentally validated lncR- 
NAs from 19 000 publications with disease associations. Ri- 
bocentre and Ribocentre-switch [ 13 , 14 ] provide structural 
data for ribozymes and riboswitches, respectively, enabling 
structure–function studies. MGnify [ 15 ] expands environmen- 
tal coverage with sequences from over 28 000 metagenome- 
assembled genomes spanning 1132 isolates. RiboVision [ 16 ] 
provides templates to R2DT, allows secondary structure edit- 
ing, and connects sequences to 3D structures and detailed an- 
notations. REDIportal [ 17 ] adds RNA editing events for post- 
transcriptional modification analysis. Expression Atlas [ 18 ] 
provides tissue-specific expression profiles with interactive vi- 
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ualizations, expanding sequence data with functional infor-
ation. RNA-KG [ 5 , 6 ] integrates around 100 M interactions

nvolving RNAs from 91 linked open data repositories and
ntologies. Relationships are characterized by standardized
roperties that capture the specific context (e.g. cell line, tis-
ue, pathological state) in which they have been identified. 

A key database RNAcentral now incorporates is Expression
tlas [ 18 ]. This resource hosts gene and protein expression at
ulk and single-cell levels for a range of species. The data pro-
ided is often at the tissue level. RNAcentral has imported the
ulk expression data and mapped their gene-level entries to
ur sequence pages. We have also integrated the visualization
rovided by Expression Atlas to allow users to explore the
xpression of their sequence of interest. 

Overall, RNAcentral increased the range of ncRNAs in-
luded, adding piRNAs with piRBase, and expanded to new
rganisms, e.g. plants and metagenomes from PLncDB and
Gnify, but also enriched the data included by adding expres-

ion and modification data via Expression Atlas and REDI-
ortal. Users interested in exploring data from any of these
esources can use our text search to filter by database. 

ajor database updates 

n addition to adding new resources, we have also had sev-
ral resources undergo major changes. First, Rfam updated to
ersion 15.0 [ 19 ]. This was a major update to Rfam, which in-
luded updating the matches to all families. This led to increas-
ng the size of Rfam from 1.88 M to 5.9 M sequences, with
efreshed genomes and updated alignments for all RNA fam-
lies, substantially improving family coverage and annotation
uality. Second, TarBase is now at version 9.0 [ 20 ]. TarBase
ow contains experimentally validated miRNA–gene interac-
ions from a range of species, including virally encoded miR-
As. Finally, we are now the primary site hosting Transfer-
essenger (tmRNA) Website data [ 21 ]. The site has been dis-

ontinued, but the data has been updated in RNAcentral. This
ow expands RNAcentral to include an archival role for ex-
ert databases, where the data can continue to be publicly
ccessible after resources become unavailable. In release 24,
e updated the data and included detailed annotations of se-
uence features within tmRNAs [ 22 ]. 

nhanced analysis pipelines 

ince release 17, RNAcentral has added two new analyses.
irst, we now use Ribovore to analyze all sequences from ENA
 1 ] prior to import [ 23 ]. Ribovore is a tool that can quickly
nd accurately detect complete and fragmentary rRNAs. We
ound that the rate of fragmentary rRNAs was doubling the
ize of RNAcentral but provided little value to users as these
re generally poorly annotated sequences. Thus, we sought to
xclude them from future import and used Ribovore to detect
uch sequences. This does not prevent the import of complete
RNAs or non-metagenomic rRNAs. 

In addition, we now analyze sequences from four
rganisms—human, fly, zebrafish, and mouse—with CPAT,
hich detects open reading frames [ 24 ]. Results indicate that
6% of sequences contain detectable ORFs, providing qual-

ty metrics that help distinguish coding transcripts from legit-
mate ncRNAs. These sequences are given a QC warning as
ontaining an open reading frame. Finally, we used the exist-
ng Rfam analysis pipeline to reanalyze all sequences with all
fam families after each major release of Rfam. This will keep
the annotations up-to-date with the latest families and meta-
data. 

Lit er ature int egr ation: connecting RNA 

sequences with scientific kno wledg e 

A longstanding challenge for RNAcentral has been providing
users with comprehensive, up-to-date connections between
RNA sequences and their functional descriptions in the sci-
entific literature. To address this need, RNAcentral has de-
veloped two complementary tools to automatically extract
and synthesize information from the vast corpus of RNA re-
search: LitScan for literature mining and LitSumm for au-
tomated summarization [ 25 ] that work with any ncRNA in
RNAcentral. 

LitScan: mining the literature for RNA mentions 

LitScan systematically identifies and extracts literature men-
tions of RNA identifiers in the open access literature. The sys-
tem queries the EuropePMC [ 2 ] API using RNAcentral’s com-
prehensive collection of identifiers and their aliases. 

For each matching article, LitScan extracts the complete
sentences with the mentioned RNA. It uses RNAcentral’s
cross-references to capture alternative names, e.g. the lncRNA
THRIL is also known as ‘Linc1992’ and ‘NR_110375.’ Re-
sults are stored in RNAcentral’s database and displayed
through an interactive widget allowing filtering by journal,
publication year, article section, and publication type (Fig. 1 ).
Additionally, some expert databases provide annotations for
key papers that discuss an RNA. RNAcentral captures this in-
formation and provides it as a filter in the viewer. 

As of release 26, RNAcentral has processed 40 million
papers with 13.6 million identifiers, resulting in 1.5 million
ncRNA sequences connected to at least one paper. Most RNAs
have very few papers with well-studied RNAs such as human
XIST and MALAT1 appearing in over 5000 publications. 

LitSumm: LLM-powered literature summarization 

LitSumm addresses the challenge of synthesizing scattered
functional knowledge by generating structured summaries
from LitScan-extracted sentences. The system employs a
multi-stage pipeline, where sentences from LitScan are se-
lected via topic modeling, an initial summary is generated
using ChatGPT4, and then checked for self-consistency and
sufficient citations [ 25 ]. We then utilize GPT-4-turbo (gpt-
4-1106-preview) to summarize and validate the summaries.
Expert review of summaries showed that 94% of the sum-
maries were rated good or excellent. Where the summary was
rated poorly, the main reason was a failure to properly syn-
thesize facts from multiple sources. This issue, which auto-
mated checking could not catch, has also been observed in
other work [ 26 ]. The other most common issue was references
being either irrelevant or assigned to the incorrect sentence.
A detailed analysis of the limitations of LitSumm is given in
[ 25 ]. 

Currently, LitSumm has generated summaries for ∼4600
human ncRNAs prioritized by community interest (HGNC
[ 3 ], miRBase [ 4 ], mirGeneDB [ 5 ], and snoDB [ 6 ] entries). For
miRNAs, we restrict to species-specific identifiers (e.g. “hsa-
mir -21” rather than “mir -21”) to prevent cross-species con-
fusion. The LitSumm summaries are displayed on each se-
quence page accompanied by a warning about AI-generated
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Figure 1. Image of an RNAcentral sequence page for human MT-RNR2 (URS0 0 0 047A7F4_9606) with the LitScan widget displayed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/54/D

1/D
303/8382359 by guest on 09 April 2026
content and a link to provide feedback (Fig. 2 ). Entries
with summaries are available on RNAcentral by search-
ing for ‘has_litsumm:“True”’ ( https:// rnacentral.org/ search?
q=has _ litsumm:%22True%22 ) or can be fetched at https:
// huggingface.co/ datasets/ RNAcentral/ litsumm- v1.5, and the
code is available at https:// github.com/ RNAcentral/ litscan-
summarization . 

Development of LitSumm is ongoing, aiming to alleviate
the limitations of the original. Among these is the sensitivity
of the original system to mentions “in passing,” where a pa-
per merely mentions an ncRNA but is not the main focus of
the study. We are developing an agentic approach, including
literature triaging and prioritization to filter out such men-
tions, and provide much better initial context for the summary.
The second version of LitSumm will continue to prioritize in-
formation provenance above all else and is expected to enter
production in mid-2026. 

RNA centr al g ene building 

In release 26 of RNAcentral, we have created the first set of
genes for all sequences that could be found in a genome, ex-
cluding piRNAs, in 204 organisms. Until now RNAcentral has
been a sequence-based resource, which means each unique se-
quence is given a Unique RNA Sequence identifier (URS id)
[ 1 ] and treated as a separate entry. There are many examples
of sequences that may differ in only a few nucleotides. When
these sequences are present in the genome, they often represent
variants in sequence of the same transcript. For example, they
include cases of one transcript a single nucleotide longer than
another being treated as separate, unrelated entries. For genes
that are commonly used for fingerprinting, such as rRNAs,
there will be thousands of examples of sequences that dif-
fer slightly in overall length and have a few changes between 

them. Conversely, for some ncRNAs, such as miRNAs, there 
may be several identical copies in a genome, which are merged 

into a single URS entry. Both of these situations can also be 
confusing to users. Additionally, many biological experiments 
and data are at the gene, not transcript level. These issues have 
led us to build gene-level entries into RNAcentral. 

We could not simply use gene objects from existing re- 
sources, such as Ensembl [ 8 ], because RNAcentral’s data in- 
cludes many sequences that are absent from other collections.
However, the goal was to produce gene objects that are com- 
parable to those in Ensembl for all organisms in RNAcen- 
tral without human intervention. Finally, the gene-building 
pipeline must be able to accommodate the changes that oc- 
cur between RNAcentral releases. 

As each RNAcentral release may add thousands of new se- 
quences to an organism the pipeline must be able to detect 
when two genes in two different releases are similar enough 

to be revised versions of the same gene. RNAcentral genes 
should have stable identifiers across releases even in the pres- 
ence of changes. We note that in RNAcentral a single release 
adds around 1 million new sequences and may add several 
thousand new ones to highly studied organisms such as hu- 
mans. The pipeline must tolerate large changes in the number 
of transcripts within a gene. 

Gene building pipeline 

The new RNAcentral gene building pipeline solves these prob- 
lems using two major steps. First, for each release we run a 
graph clustering algorithm to build transcript clusters, and 

then we compare transcript clusters to the previous release to 

assign gene identifiers. Each transcript is treated as a node, and 

https://rnacentral.org/search?q=has_litsumm:%22True%22
https://huggingface.co/datasets/RNAcentral/litsumm-v1.5
https://github.com/RNAcentral/litscan-summarization
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Figure 2. Image of an RNAcentral sequence page for human MT-RNR2 (URS0 0 0 047A7F4_9606), with the LitSumm summary highlighted. 

Figure 3. Illustration of feature calculation based on mapped transcript 
coordinates. Distance metrics primarily focus on the 5 ′ exon and are 
simply the distance in number of nucleotides between the two 
transcripts. Overlap metrics consider the 5 ′ exon as well as the global 
e x on str uct ure, measuring the o v erlap of the 5 ′ e x ons of tw o transcripts 
and the number of e x ons within the transcripts having > 90% overlap. 
Finally, the type similarity uses a Node2Vec model trained on the 
sequence ontology terms to con v ert types into normalized vectors, then 
calculates the inner product to give a numerical similarity between RNA 

types. 
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Table 2. Cross validation performance of the gene building model built and 
tested on human genes from Ensembl 

Fold Accuracy F1 AUC AP 

1 0.968 0.989 0.994 0.998 
2 0.970 0.989 0.995 0.998 
3 0.970 0.989 0.995 0.998 
4 0.968 0.989 0.994 0.998 
5 0.968 0.989 0.994 0.997 
Average 0.969 0.989 0.994 0.997 
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ll pairs of transcripts whose start site is within 1 kb are com-
ared using a random forest model to determine which pairs
hould be connected. We then find communities [ 27 ] in the
esulting graph and treat those communities as genes. Com-
unities were used to prevent the tendency of rare but large

ranscripts to join several otherwise distinct genes. We exclude
piRNAs from this gene-building effort, as these ncRNAs have
a unique biogenesis pathway [ 28 ]. 

To guide the development of the random forest model,
we asked ∼30 consortium members to manually cluster 10–
20 transcripts in three example regions. We then discussed
with them why certain transcripts were clustered together and
what features they considered. We used these features and
trained a random forest on the existing Ensembl/GENCODE
[ 9 ] transcripts from the human genome. We selected the hu-
man genome as this has undergone the most manual curation.
We use three classes of measures: distance, overlap, and sim-
ilarity. The distance measures the proximity of the start and
end of the 5 

′ most exon. For overlap we look at how many
exons have > 90% overlap and the percentage overlap of the
5 

′ most exon. Finally , for similarity , we use node2vec [ 29 ] to
compute similarity between the SO RNA types between tran-
scripts as assigned by the source expert databases. Node2vec
is a method that allows the calculation of vector similarity
within a graph structure. As the SO is a directed acyclic graph
this allows us to easily compute similarity between any pair
of SO terms. 

The random forest model is used to infer the probability
that any given pair of transcripts come from the same gene.
This pairwise comparison is then used to provide an edge
weight between nodes in the graph, which is used when cal-
culating the communities that become genes. 

We used five-fold cross validation when training the proce-
dure on human genes and found excellent performance, with
an average Area Under the Receiver-Operator Curve (AUC)
of 0.994 (Table 2 )—where an AUC of 1.0 would be a perfect
classifier. As this performance could be due to imperfect splits
in the data, we applied the model to Ensembl annotations of
a similar well-annotated species, mouse, and observed consis-
tently high performance (average AUC 0.974, Table 3 ). 
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Table 3. Cross validation performance of the gene building model built on 
human genes but on mouse genes from Ensembl 

Fold Accuracy F1 AUC AP 

1 0.887 0.959 0.975 0.989 
2 0.887 0.959 0.975 0.989 
3 0.887 0.959 0.975 0.990 
4 0.888 0.960 0.976 0.990 
5 0.888 0.960 0.969 0.980 
Average 0.887 0.959 0.974 0.988 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/54/D

1/D
30
Inspecting the random forest model, we find the feature im-
portances behave as expected from our discussions with con-
sortium members (Fig. 4 ); the most important features are
to do with the distances between 5 

′ coordinates of the tran-
scripts, both the simple distance between the two 5 

′ transcript
start coordinates, and the distance between the coordinates of
the 3 

′ end of the 5 

′ exon. Transcripts being located on the same
strand was obviously also important, but sequence ontology
type similarity was less crucial than we expected. The relative
unimportance of sequence type similarity may be a reflection
of the training data used (coming from known genes) having
relatively low diversity. 

We then developed logic to merge clusters between releases.
Because the build pipeline uses only data available from RNA-
central’s GFF files, we were able to run it for all sequences
from release 12, from September 2019, onward. This allowed
us to inspect how different merging criteria would change the
resulting genes. After inspecting the data, we found that treat-
ing clusters with a start site within 1 kb between two releases
as being the same gene produced stable results. 

Gene identifiers and metadata 

RNAcentral genes are given accessions with the following pat-
tern: ̀RNACG < species-prefix >< 11-digit hash > .< version > ̀.
Figure 4. Feature importances from the random forest model, averaged across
using the mean decrease in Gini impurity, aggregated o v er all trees in the fores
importance across folds. These match what was expected from discussions w
most inf ormativ e, alongside the transcripts being mapped to the same strand. 
reflecting a lack of diversity in the types contained in the training data. 
This allows tracking the organism, identity, and version of 
these genes over time. The species prefix is the same as the En- 
sembl species prefix, and for Homo sapiens there is no species 
prefix. The 11-digit hash is computed using SHA256 from the 
gene coordinates, chromosome, and assembly ID and is in- 
tended to be similar to gene names from Ensembl. The version 

number of each gene increments by one each time there is any 
change to the gene. These changes include adding or removing 
transcripts, or changing the start or end points of a gene. If no 

changes are made, then a gene will retain the same accession 

between releases. Some genes have remained unchanged since 
creation in release 12, while others have changed with every 
release. 

Alongside the identifier, each gene is given an RNA type 
based on SO terms and a description. These are assigned from 

the RNA types and descriptions provided by expert databases 
and the Rfam and R2DT annotations. The R2DT template 
assignments supplemented Rfam family annotations to iden- 
tify specific SO types, such as tRNA and rRNA types. We 
used a weighted voting system where data from curated re- 
sources such as HGNC [ 3 ], FlyBase [ 10 ], and GENCODE are 
weighted more than non-curated resources such as ENA. Sim- 
ilarly, we only consider results from Rfam or R2DT if they 
match over 90% of the longest sequence in the gene. Manual 
inspection of the gene names and types indicates this system 

performs well overall; however, we plan to continue to im- 
prove and extend the system to better deal with edge cases 
and uncertainty. 

Current human gene set 

RNAcentral contains 103 814 human ncRNA genes from 600 

225 transcripts. These genes cover 56 different SO terms,
with the most common being lncRNA, 65 187, and anti- 
sense lncRNA, 16 790, followed by pre-miRNA, 8560. The 
remaining 13 277 genes are SRP RNA, generic ncRNAs,
 the five folds of cross-validation. Feature importances were calculated 
t, with confidence intervals derived from the standard deviation of 
ith experts, with measures of distance at the 5 ′ end of transcripts being 
SO t ype similarit y w as relativ ely unimportant f or the model, possibly 

3/8382359 by guest on 09 April 2026
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Figure 5. An example of a search for all subspecies of Esc heric hia coli in RNAcentral. 
https:// rnacentral.org/ search?q=(TAXONOMY:%22562%22%20OR%20lineage _ path:%22562%22 ) 

a  

e  

w  

a  

C  

R  

p  

s
 

N  

U  

N  

o  

s  

9  

i  

fl  

r  

fi  

p  

t  

n  

s  

w
 

F  

“  

r  

q  

o  

d

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/54/D

1/D
303/8382359 by guest on 09 April 2026
nd a variety of specific terms, e.g. tRNA subtypes. The av-
rage ncRNA gene in RNAcentral contains 6 transcripts,
ith the minimum being 2 and maximum being 4001 for
 mitochondrial small subunit rRNA with many fragments.
omparing the genes to Ensembl shows that, on average,
NAcentral genes map to 1.6 Ensembl genes, indicating our
ipeline will, on average, merge genes that Ensembl considers
eparate. 

We examined several specific cases, including MALAT1,
EAT1, XIST, and the clustering of a miRNA sequence
RS000075CC93_9606. We found that both MALAT1 and
EAT1 were each built into a single gene as expected. On the
ther hand, the miRNA URS000075CC93_9606 represents
everal different miRNAs, hsa-mir-1302-2 and hsa-mir-1302
 to 11. Ensembl and miRBase list this sequence as occurring
n four different genes, and RNAcentral’s gene building re-
ects that. On the other hand, some genes are not built cor-
ectly. For example XIST, ENSG00000229807, is split across
ve different genes in RNAcentral. This is due to XIST’s com-
lex splicing structure, where there is a large distance be-
ween possible 5 

′ exons of XIST. In general, the RNAs that are
ot built correctly are lncRNAs with this complex alternative
plicing pattern. We are looking into correcting this issue, as
ell as alternative approaches to solving this problem. 
RNAcentral provides access to the genes in several ways.

irst, the text search now includes genes; users can select the
Genes” value in the Entry Type facet and see only gene-level
esults. Users are able to use any facet. Additionally, all se-
uence pages link to the genes, if any, the sequence is a part
f. Finally, genes have been added to our GFF files as a “pre-
icted_gene” entry. 
 

Continued development 

The gene pipeline performs well overall; however, there is
scope for improvement. The identified feature importances
indicate that the model will group ncRNA clusters into sin-
gle genes, rather than as might be expected grouping each
ncRNA into its own gene. ncRNA clusters occur for several
types, including miRNA, tRNA, and snoRNA; we are working
with type-specific expert databases to refine the gene model
for these types. Another limitation arises for the “inside-out”
genes such as SNHG1, where the ncRNA product is coded in
an intron. For these RNAs, our model is unlikely to perform
well, due to limitations in the training data. For training, we
use genes and their transcripts from Ensembl, but these do not
split ncRNAs in transcript introns into their own transcript; as
a result the random forest model has not seen how to handle
these correctly. We are working to improve the preprocessing
of our training data to remove this limitation. 

The set of genes identified by the system now can be con-
sidered a superset of the ncRNA genes that exist; this method
has high recall, but relatively low precision. While we cannot
know for sure which of the predicted genes are real and there-
fore cannot train directly to improve precision, we can apply
further methods to improve precision by filtering out predic-
tions that are demonstrably wrong. We are exploring the use
of sequence homology within the predicted gene set to filter
out genes we predict have no evidence of evolutionary conser-
vation; we expect this additional filtering will remove many
genes and improve the quality of those that remain. Along-
side these post-prediction filtering steps, we are implementing
measures to exclude transcripts with excess protein coding po-
tential from being considered for gene building by incorporat-

https://rnacentral.org/search?q=(TAXONOMY:%22562%22%20OR%20lineage_path:%22562%22
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Figure 6. Examples of visualization impro v ements in RNAcentral. ( A ) The expression atlas viewer for TSHR-AS1 (URS0 0 0 0D622CE_9606). ( B ) The 
igv.js -based genome browser for TSHR-AS1 (URS0 0 0 0D622CE_9606). ( C ) The annotated localization of SNORA73A (URS0 0 0 0 0DE3E2_9606). 
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ng additional QA steps at import, such as Pfam, stopFree [ 11 ],
nd tcode [ 11 ]. 

ec hnical infr astructure and t ools 

ince its last publication, RNAcentral has improved several
ey components: we extended phylogenetic search function-
lity, migrated to a modern genome browser, updated R2DT
o version 2.1, integrated SwissBioPics visualization, and in-
orporated the Expression Atlas viewer. 

earch and discovery enhancements 

n release 24, RNAcentral extended phylogenetic search func-
ionality to include subspecies filtering. Users can now toggle
etween searching only the selected species (e.g. Esc heric hia
oli , NCBI taxonomy ID 562) or including all subspecies vari-
nts. Now, the user is able to select “Include subspecies” to
lso find subspecies of E. coli . An example of using this feature
s shown in Fig. 5 . This enhancement addresses user requests
or more granular taxonomic control and has been applied to
ll taxonomic entries in RNAcentral. 

mproved visualization 

e have improved several aspects of our visualizations. First,
ur genome browser was migrated from Genoverse to igv.js
Fig. 6 B) [ 30 ]. This modern genome browser allows users to
rack uploads, is faster, is less error-prone, and is easier to de-
elop with. 

R2DT version 2.1 includes several new templates, including
itochondrial tRNAs, tmRNAs, and new rRNA models [ 31 ].
s a result of the update, our coverage increased to 30 million

equences from 13 million previously, now covering 55% of
equences. 

Third, we have added SwissBioPic integration, which is a
isualization of the subcellular localization of molecules (Fig.
 C) [ 32 ]. The locations use the “located_in” Gene Ontology
nnotations imported into RNAcentral. This provides users a
imple way to see where a molecule is found in the cell. 

The Expression Atlas integration queries data for RNA ex-
ression across 4000 + studies and 60 + species as represented
n Expression Atlas. Users can access tissue-specific and devel-
pmental stage expression data where available, with direct
inks to source experiments. The integration covers nearly 300
00 sequences in RNAcentral. This visualization is developed
nd maintained by the Expression Atlas team at EMBL-EBI.
e reuse it to allow users easy access to browse and visualize

he expression of RNAs in a well-tested and familiar tool, as
hown in Fig. 6 A. 

PI and programmatic access 

NAcentral continues to provide programmatic access to
ur data and services. As previously, we have an FTP site
ith data dumps, an API for programmatic access, and a
ublicly accessible Postgres database. Since our last publica-
ion, we have added a Swagger UI to our API documenta-
ion at https:// rnacentral.org/ api/ schema/ swagger-ui/ . We note
hat LitSumm summaries are also now available via the API.

e now provide complete PostgreSQL database dumps via
g_dump, updated each release and compressed to ∼42 Gb.
hese dumps enable local installations and high-throughput
nalyses without API rate limits. We would like to emphasize
hat in the future it may be necessary to remove old dumps if
the overall size grows too large; we will only commit to pro-
viding the previous release’s data dump. We encourage any
users who are interested in our data at scale, particularly those
who scrape our pages to use this resource. 

Additionally, our services provide APIs for programmatic
use. For example, sequence search and R2DT both allow auto-
mated submissions. Interested parties may find the documen-
tation in our help pages. 

Finally, RNAcentral provides a series of embeddable wid-
gets for our services, including the sequence search, R2DT, and
LitScan. These widgets have been embedded into several exter-
nal resources, including Rfam (LitScan, sequence search), Fly-
Base (R2DT), GtRNAdb (sequence search), NAKB (R2DT),
PomBase (R2DT), Ribocentre, Ribocentre-switch (sequence
search), and SGD (R2DT). Documentation for how to inte-
grate resources is available in our help pages, and we invite
any interested resources to contact us ( https://rnacentral.org/
contact ) to discuss integrating our widgets into their site. 

Licensing and data accessibility 

In release 20, RNAcentral transitioned to a CC0 license. The
CC0 license allows reuse without any attribution and is con-
sidered best practice for biological knowledgebases. We wel-
come anyone to reuse our data as they see fit, as we place
our data into the public domain as much as possible. While
CC0 licensing requires no attribution, we encourage citations
when RNAcentral data contributes to published research, as
these metrics support continued funding and development. 

Futur e dir ections 

RNAcentral plans to continue its growth in sequences and
number of data types. Our focus in the near future is to inte-
grate more useful data types, provide more tools for commu-
nity use, and continue to develop our gene model and enhance
our gene-level annotations. To support this, we will expand
the quality assurance pipeline, applying additional testing for
coding potential using tools such as Pfam [ 12 ] at each re-
lease. Data we are particularly interested in is RNA modifica-
tions, and so we plan to integrate thousands of nCRNA tran-
scripts with information about posttranscriptionally modified
residues from MODOMICS [ 33 ], following the integration
of high-throughput modification mapping data from the Sci-
ModoM database [ 34 ]. One such tool will be an MCP server
for LLM access to RNAcentral data. Additionally, we plan
to extend LitSumm summaries to all sequences with publica-
tions. Users interested in particular data types or researchers
who are interested in collaborating are encouraged to contact
us at https:// rnacentral.org/ contact and discuss their needs. 
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