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Abstract
Nonsense variations, characterized by premature termination codons, play a major role in human genetic diseases as well as in cancer suscepti-
bility. Despite their high prevalence, effective therapeutic strategies targeting premature termination codons remain a challenge. To understand 
and explore the intricate mechanisms involved, we developed StopKB, a comprehensive knowledgebase aggregating data from multiple sources 
on nonsense variations, associated genes, diseases, and phenotypes. StopKB identifies 637 317 unique nonsense variations, distributed across 
18 022 human genes and linked to 3206 diseases and 7765 phenotypes. Notably, ∼32% of these variations are classified as nonsense-mediated 
mRNA decay-insensitive, potentially representing suitable targets for nonsense suppression therapies. We also provide an interactive web inter-
face to facilitate efficient and intuitive data exploration, enabling researchers and clinicians to navigate the complex landscape of nonsense 
variations. StopKB represents a valuable resource for advancing research in precision medicine and more specifically, the development of 
targeted therapeutic interventions for genetic diseases associated with nonsense variations.
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Introduction
Nonsense variations are responsible for ∼12% of rare human 
genetic diseases [1] and have been observed in ∼10% of tumor 
suppressor genes, including the TP53 gene that is involved in 
more than 50% of human cancers [2]. A nonsense variation 
is defined as the change of a nucleotide in the protein-coding 
sequence of a gene that leads to the appearance of one of the 
three (UAA, UGA, or UAG) premature termination codons 
(PTCs) in the mRNA, thus inducing the premature termina-
tion of the protein synthesis. During translation, an mRNA 
with a PTC has two possible fates: (i) either the mRNA 
is detected and degraded by the cellular surveillance path-
way called nonsense-mediated mRNA decay (NMD) [3–5], 
or (ii) the mRNA escapes the NMD degradation pathway 
and produces a truncated protein that may have deleterious 
effects on the cell and the organism. In both cases, the full-
length protein is not produced, which is the main cause of the
pathology.

PTCs are present in a large range of genetic diseases 
and cancers, and the development of effective therapeutic 
solutions (called nonsense suppression therapies) is a major 
challenge [6]. A diverse array of strategies has emerged that 

aim to suppress translation termination at in-frame PTCs. 
For example, nucleic acid-based approaches have shown 
promising results, encompassing antisense oligonucleotides, 
suppressor tRNAs, ADAR-catalyzed RNA editing, RNA pseu-
douridylation, and the revolutionary CRISPR technology for 
direct genome editing [7]. Small molecule therapies also exist, 
such as aminoglycoside antibiotics and ataluren [8], which 
aim to induce translational readthrough (RT) of PTCs. RT is 
a natural mechanism that can override premature translation 
termination. In fact, when the eukaryotic ribosome terminates 
the translation of an mRNA, a stop codon enters the A site of 
the ribosome, and a competition begins between the transla-
tion termination factors and the aminoacyl-tRNAs responsi-
ble for the elongation of the polypeptide. Since there are no 
tRNAs with anticodons complementary to stop codons, the 
termination factors bind to the stop codon with higher affin-
ity, resulting in a relatively accurate and efficient translation 
termination [7]. Nevertheless, this process is not infallible, and 
RT can take over. During RT, a near-cognate tRNA (whose 
anticodon is complementary to two of the three nucleotides 
of the stop codon) competes with termination factors at the A 
site of the ribosome, leading to misreading of the stop codon, 
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insertion of an amino acid [9], and prolonged translation until 
the ribosome encounters the natural stop codon. It has been 
estimated that a natural RT mechanism occurs with a fre-
quency of <0.1% for natural stop codons, while it can be as 
high as 1% for PTCs [9]. Currently, the most promising ther-
apeutic approaches are RT-inducing molecules that partially 
restore full-length functional protein synthesis [10].

Even so, restoration of the functional protein was only 
observed for some nonsense variations and for a small por-
tion of the tested cohorts [11]. Moreover, the toxicity of 
these approaches hinders their consideration as long-term 
treatments. Thus, the development of new therapies remains 
necessary for long-term administration, which is inherent to 
the chronic treatment of a genetic disease.

Several critical factors should be taken into account, in 
the study of therapeutic strategies for nonsense mutations. 
These include the presence of the NMD mechanism, which 
can influence the effectiveness of such therapies [10]. In fact, 
the position of the PTC within the mRNA is crucial, as its loca-
tion will determine whether the NMD mechanism is triggered 
or not. If the PTC is situated less than 150 nucleotides down-
stream from the start codon, less than 50 nucleotides upstream 
of the last exon–exon junction, or within the last exon, the 
NMD mechanism will not be activated [12]. Additionally, the 
minor allele frequency (MAF), which refers to the frequency 
at which the second most prevalent allele appears in a popu-
lation, of nonsense variations across global populations and 
within specific ethnic groups highlights the genetic diversity 
and its pathogenicity. Other factors such as the identity of the 
PTC and the nucleotide context have been shown to affect the 
efficiency of RT and the identity of the amino acid restored in 
place of the PTC [11, 13]. Indeed, it has been reported [14, 15] 
that in the context of natural or gentamicin-induced RT, RT 
rates were higher for the UGA codon, followed by UAG and 
then UAA. Furthermore, the nucleotide immediately following 
the stop codon appears to exert a significant influence on RT, 
the C nucleotide being the most favorable. Other nucleotides 
further from the stop codon also seem to have a subtle yet 
discernible impact on RT [16].

The information required to address these different fac-
tors is scattered across multiple databases, and is difficult 
to access for researchers and clinicians studying nonsense 
variations and diseases suitable for nonsense suppression ther-
apies. Therefore, we have developed a public knowledgebase 
named StopKB. StopKB aims to bring together all known 
nonsense variations and their associated genes, diseases and 
phenotypes, combined with NMD sensitivity, nucleotide con-
text and MAF data to facilitate the analysis, evaluation and 
prioritization of PTCs and associated diseases.

Material and methods
Data processing
The construction of the dataset for StopKB involves three key 
steps: data collection, filtering, and annotation (Fig. 1a).

Data collection
In the initial version of StopKB, we collected data from multi-
ple sources. First, we extracted the nonsense variations from 
ClinVar (latest release, 2024–04), COSMIC (v99) and gno-
mAD (v4.0.0) [17–19], with their coordinates corresponding 
to the latest version of the human genome (GRCh38). We used 

the Matched Annotation from NCBI and EMBL-EBI (MANE) 
[20] project as a source to match transcripts and proteins 
from the ENSEMBL [21] database (which COSMIC and gno-
mAD are based on) to those from RefSeq [22] (the basis for 
ClinVar).

Data filtering
After merging the variations from the different sources, we 
applied filters to retain only: (i) variations that are caused by 
a single-nucleotide change and (ii) nonsense variations (Name 
column ending with “Ter” or “*”). This processing led to a 
total of 637 317 variations associated with 18 022 genes.

Data annotation
The retained nonsense variations were processed to: (i) cre-
ate a unique identifier corresponding to the HGVS (Human 
Genome Variation Society) standard [23], and (ii) merge 
the clinical status information into five unique categories: 
Pathogenic, Likely pathogenic, Uncertain significance, Likely 
benign, and Benign.

MAFs for different populations (worldwide, African, 
admixed American, Ashkenazi Jewish, East Asian, Finnish, 
Middle Eastern, non-Finnish European, South Asian, and 
Remaining) were obtained from gnomAD. For variations from 
gnomAD and COSMIC without pathogenicity status, we 
classified them as “Benign” if they had a worldwide MAF 
>0.005 [according to American College of Medical Genetics 
and Genomics (ACMG) guidelines] [24] and “Uncertain sig-
nificance” otherwise. This led to the reclassification of 235 
nonsense variations as “Benign.”

To obtain comprehensive protein and transcript informa-
tion, we utilized the EDirect tool from the National Center for 
Biotechnology Information (NCBI). Specifically, we retrieved 
the total protein lengths corresponding to genes with non-
sense variations using canonical protein identifiers. Identifying 
the position of the amino acid variation enabled us to calcu-
late additional metrics, such as its relative position in relation 
to the total protein length. We also retrieved the Coding 
DNA Sequence (CDS) for each canonical transcript (MANE 
Select), to determine the PTC identity (UGA, UAG, or UAA) 
and the three nucleotides upstream and downstream of this
codon.

From the RefSeq General Feature Format (GFF) file con-
taining human genome annotations (GRCh38 assembly), we 
extracted information about the number of exons and their 
respective lengths for the canonical transcript. These data 
were crucial for assessing exon sensitivity to NMD according 
to the three NMD insensitivity zones: 150 nucleotides down-
stream of the start codon, 50 nucleotides upstream of the last 
exon–exon junction, and within the last exon.

By correlating the RefSeq canonical transcript identi-
fier with its corresponding UniProt identifier [25], we also 
retrieved representative protein domains from the InterPro 
database [26].

To further characterize the nonsense variations, we 
extracted disease information from the Orphanet database 
(latest release, 2024–04) corresponding to a detailed descrip-
tion of the disease, clinical manifestations and symptoms, 
associated genes, and epidemiological data (prevalence) 
[27]. We identified 3206 diseases linked to genes with 
pathogenic nonsense variations. Finally, we retrieved the 
phenotypic description of 7765 phenotypes associated with 
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Figure 1. StopKB workflow. (a) Nonsense variations and genes are collected and filtered from three main data sources: ClinVar, gnomAD, and COSMIC. 
Links to diseases and related phenotypes are retrieved from Orphanet and HPO, respectively. (b) The data are integrated in a graph knowledge base 
using Neo4j, and are accessible through an interactive web interface. StopKB is updated monthly.

the diseases from the Human Phenotype Ontology (HPO;
v2024-04) [28].

Database and web interface implementation
The architecture of StopKB is shown in Fig. 1b.

StopKB is a graph knowledgebase based on Neo4J (v4.4.3). 
Cypher is used as the query language for data import and 
retrieval processes, ensuring efficient management of the 
database. StopKB is structured around four primary types of 
nodes: nonsense variations, genes, diseases, and phenotypes. 
First, each nonsense variation node is linked to its corre-
sponding gene node, characterizing the genetic basis of these 
variations. Second, the gene nodes are in turn connected to 
specific disease nodes to represent the genetic contributions 
to various medical conditions. Finally, the disease nodes are 
linked to their associated phenotype nodes, providing a com-
prehensive view of the clinical manifestations related to the 
genetic abnormalities. This graph-based structured approach 
allows an intuitive interpretation of the associations between 
genetic variations and their phenotypic outcomes.

To provide easy access via the web, we developed a user-
friendly interface using Dash (version 2.7.0). Plotly (version 
5.9.0) was also adopted to generate interactive charts. StopKB 

is freely available, and the content of the knowledgebase is 
available for download.

Results
To enhance our understanding of the factors charac-
terizing nonsense variations, we developed the StopKB 
knowledgebase. The database aggregates comprehensive 
information related to nonsense variations, including asso-
ciated genes, resultant diseases, phenotypic manifestations 
as well as additional information/features that are either 
retrieved from existing databases or calculated in-house 
(nucleotide context, MAF, NMD sensitivity, etc.).

The public databases that provide the raw data for 
StopKB are subject to regular updates and continuous growth. 
Therefore, StopKB is updated monthly to ensure that it 
reflects the most current and comprehensive data avail-
able in the field. This frequent update process is vital to 
maintain the relevance and accuracy of the information
provided.

Overview of knowledgebase content
StopKB encompasses a comprehensive collection of nonsense 
variations, aggregating data from multiple reputable sources. 
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Specifically, it contains 223 140 nonsense variations from 
COSMIC, 387 150 from gnomAD, and 64 348 from ClinVar. 
The relative overlap is illustrated with a Venn diagram in 
the Documentation section of the web interface. This results 
in a total of 637 317 unique nonsense variations. Among 
these, 45 255 are classified as “Pathogenic,” 9262 as “Likely 
pathogenic,” 582 189 as “Uncertain significance,” 274 as 
“Likely benign,” and 337 as “Benign.”

The nonsense variations are distributed across 18 022 
genes. Of these genes, 3673 are implicated in 3206 diseases 
listed in Orphanet. Furthermore, these 3206 diseases have 
been associated with 7765 distinct phenotypes, providing a 
rich dataset for analysis.

The most crucial criterion to consider when prioritizing a 
nonsense variation is the PTC’s sensitivity to NMD as it pro-
vides information about the presence of mRNAs potentially 
coding for a truncated protein and/or accessible to nonsense 
suppression therapies. Considering the NMD insensitivity 
zones, we categorized 204 600 (∼32%) nonsense variations 
as NMD-insensitive. We also observed that 351 604 (∼55%) 
nonsense variations are located outside of any known protein 
domains as annotated in the InterPro database. Among these 
variations, 182 131 (∼29%) are found after the last represen-
tative domains in InterPro, thus leaving all domains of the 
proteins with these PTCs intact.

Web user interface
To facilitate the exploration of StopKB, we developed an 
interactive web interface (Fig. 2) with dynamic graphical visu-
alizations. The web application enhances the utility of StopKB 
by facilitating data exploration at various levels of granularity 
and providing access to summary statistics.

Accessibility to the knowledgebase is ensured for differ-
ent research uses. A dump of the knowledgebase is available 
for download on the “Download” page of the web inter-
face. This allows researchers to execute intensive queries 
locally. The database is also available in the form of flat 
files. This dual availability—as a downloadable backup and 
in flat file format—ensures that researchers have flexible 
options for integrating the data in their own research envi-
ronment and analyses. Finally, from the “Search” page of 
StopKB, the user can submit four types of queries: database-
wise, gene-wise, disease-wise, and phenotype-wise. The results 
of queries can be further filtered based on several features, 
such as the database source of the variants, pathogenic-
ity status, absolute or relative position of the amino acid 
variation within the protein sequence, PTC identity, sensitiv-
ity to NMD, allelic frequency, or presence within a protein
domain.

Database-wise query
The database-wise query (Fig. 2a) provides an overview of 
total counts of variants, genes, diseases, and phenotypes 
present in the current StopKB database. Upon submission 
with the keyword “StopKB,” it generates summary statistics 
encompassing the entire database. This query mode, comple-
mented by dynamic filtering, enables users to explore the most 
common genes, diseases, and phenotypes within the knowl-
edgebase. Additionally, users can quickly assess genes with the 
highest occurrences of NMD-insensitive variations.

Gene-wise query
The primary advantage of the gene-wise query (Fig. 2b) lies in 
its ability to map variants to protein sequences. Upon select-
ing “Gene” and submitting a HGNC gene symbol, users are 
directed to a corresponding summary statistic page detail-
ing all annotated nonsense variations within the specified 
gene. Users can explore gene-specific variant statistics, such 
as the number of clinical phenotypes linked to a particular 
gene or the distribution of pathogenic versus benign vari-
ants within the protein. For instance, querying “FOXRED1” 
reveals 45 nonsense variations associated with a single genetic 
disease. The interface displays variants mapped onto the pro-
tein sequence, accompanied by domain information sourced 
from InterPro. In regions with dense annotations or large pro-
teins, users can zoom in on the protein sequence for enhanced 
visualization.

Disease-wise query
By selecting the “Disease” query (Fig. 2c) and inputting a dis-
ease name, users are directed to a summary statistic page that 
outlines all annotated nonsense variations linked to the spec-
ified disease. Within the StopKB interface, users can address 
fundamental questions specific to the selected disease, such 
as determining the total number of genes or nonsense varia-
tions linked to a specific disorder. For instance, a disease query 
for “Seckel syndrome” highlights a total of 1273 nonsense 
variations distributed across 9 genes, and associated with 131 
distinct phenotypes.

Phenotype-wise query
The phenotype-wise query (Fig. 2d) allows users to explore 
annotated nonsense variations based on specific HPO terms. 
By selecting the “Phenotype” query and providing a pheno-
typic term, users are provided with a summary statistic page, 
presenting a detailed account of all annotated nonsense vari-
ations associated with the specified phenotype. The interface 
allows users to investigate phenotype-specific questions, such 
as identifying the predominant genes associated with the cho-
sen phenotype. For example, searching for “Abnormality of 
the skin” reveals a diverse array of 79 578 nonsense variations 
dispersed across 1296 genes and 614 diseases.

Example use case
There are numerous use cases for StopKB. For example, one 
might be interested in how the exon structure of an mRNA 
impacts NMD sensitivity. By grouping transcripts by the 
number of exons, we observed that the NMD insensitivity 
decreases as the number of exons increases (Fig. 3), consis-
tent with what one might expect based on NMD insensitivity 
zones [12]. These results indicate that transcripts with a small 
number of exons are potential candidates for therapeutic 
approaches to restore a full-length functional protein.

Discussion and future developments
The development of the StopKB knowledgebase represents a 
significant step towards consolidating and organizing infor-
mation related to nonsense variations, genes, diseases, and 
phenotypes. By integrating data from multiple sources and 
providing a user-friendly interface, StopKB offers researchers 
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Figure 2. The “Search” results and Filter sections of the StopKB interface. Examples of StopKB outputs according to (a) database-wise query, (b) 
gene-wise query, (c) disease-wise query, and (d) phenotype-wise query. The user can dynamically filter the data using the filter panel on the left.

and clinicians a valuable resource for exploring the genetic 
basis of diseases associated with PTCs. The monthly updates 
ensure that StopKB remains current and reflects the latest 
advancements in the field.

The extensive information contained in StopKB provides 
valuable insights into the landscape of nonsense variations 
and their implications. Notably, the categorization of non-
sense variations based on their sensitivity to NMD is crucial 
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Figure 3. Violin plot of the percentage of NMD insensitivity according to the number of exons per gene.

for prioritizing targets for nonsense suppression therapies. 
The identification of NMD-insensitive variants, comprising 
approximately one-third of the dataset, suggests potential 
candidates for therapeutic intervention.

The interactive web interface of StopKB enhances its utility 
by providing researchers and clinicians with intuitive tools for 
data exploration. The ability to filter and extract specific data 
points based on various criteria facilitates targeted analyses. 
The database-wise, gene-wise, disease-wise, and phenotype-
wise query functionalities enable users to navigate the vast 
knowledgebase efficiently in order to gain valuable insights 
into the relationships between genetic variations, diseases, and 
phenotypes.

The architecture and flexibility of StopKB is designed to 
enable its evolution beyond the initial application in genetic 
diseases. Although the knowledgebase is currently organized 
around four types of nodes: nonsense variations, genes, dis-
eases, and phenotypes, a “Drugs” node could be defined 
to incorporate information on nonsense suppression thera-
pies. Adding this type of data would not only allow for 
comparisons between different therapeutic approaches but 
also provide a framework for evaluating the efficacy of new 
molecules.

Moving forward, with the continual growth of genomic 
and clinical data, updating and expanding StopKB will be 
crucial. Integrating data on the efficacy of tested molecules, 
including outcomes from clinical trials and preclinical stud-
ies, would further enrich the knowledgebase. This should 
facilitate the discovery of new therapeutic targets and sig-
nificantly contribute to personalized medicine by enabling 
researchers and clinicians to select the most promising 

treatments for specific patients based on their unique genetic
profiles.

In conclusion, StopKB is more than just a collection of data 
on nonsense variations: it is an evolving platform that will 
adapt and grow with advances in research and gene therapy, 
offering exciting new perspectives in the field of personalized 
medicine.

Acknowledgements
We thank the members of the BiGEst-ICube platform for their 
assistance.

Conflict of interest
J.-P.R. is President & CSO and a shareholder of Urania Ther-
apeutics, a private company developing new readthrough 
compounds for the treatment of monogenic diseases caused 
by nonsense mutations.

Funding
This work was funded by the Agence Nationale de la 
Recherche (ANR), the 80 | Prime CNRS (MYO-xIA Project), 
the INSERM and AVIESAN (CIL-RET PASS project; ANR 
PIA AGE21001MSA), and the University of Strasbourg.

Data availability
StopKB is available in the GitHub repository https://github.
com/Dichopsis/StopKB.

D
ow

nloaded from
 https://academ

ic.oup.com
/database/article/doi/10.1093/database/baae108/7819843 by guest on 24 O

ctober 2024

https://github.com/Dichopsis/StopKB
https://github.com/Dichopsis/StopKB


StopKB 7

References
1. Mort M, Ivanov D, Cooper DN et al. A meta-analysis of non-

sense mutations causing human genetic disease. Human Mutation
2008;29:1037–47. https://doi.org/10.1002/humu.20763

2. Bidou L, Bugaud O, Belakhov V et al. Characterization of 
new-generation aminoglycoside promoting premature termination 
codon readthrough in cancer cells. RNA Biol 2017;14:378–88. 
https://doi.org/10.1080/15476286.2017.1285480

3. Karousis ED, Nasif S, Mühlemann O. Nonsense-mediated mRNA 
decay: novel mechanistic insights and biological impact. Wiley 
Interdiscip Rev RNA 2016;7:661–82. https://doi.org/10.1002/
wrna.1357

4. Kurosaki T, Popp MW, Maquat LE. Quality and quantity control 
of gene expression by nonsense-mediated mRNA decay. Nat Rev 
Mol Cell Biol 2019;20:406–20. https://doi.org/10.1038/s41580-
019-0126-2

5. Carrard J, Lejeune F. Nonsense-mediated mRNA decay, a simpli-
fied view of a complex mechanism. BMB Rep 2023;56:625–32. 
https://doi.org/10.5483/BMBRep.2023-0190

6. Wagner RN, Wießner M, Friedrich A et al. Emerging personal-
ized opportunities for enhancing translational readthrough in rare 
genetic diseases and beyond. Int J Mol Sci 2023;24:6101. https://
doi.org/10.3390/ijms24076101

7. Martins-Dias P, Romão L. Nonsense suppression therapies in 
human genetic diseases. Cell Mol Life Sci 2021;78:4677–701.

8. Temaj G, Telkoparan-Akillilar P, Nuhii N et al. Recoding of 
nonsense mutation as a pharmacological strategy. Biomedicines
2023;11:659. https://doi.org/10.3390/biomedicines11030659

9. Keeling KM, Xue X, Gunn G et al. Therapeutics based on 
stop codon readthrough. Annu Rev Genomics Hum Genet
2014;15:371–94. https://doi.org/10.1146/annurev-genom-0912
12-153527

10. Morais P, Adachi H, Yu Y-T. Suppression of nonsense mutations by 
new emerging technologies. Int J Mol Sci 2020;21:4394. https://
doi.org/10.3390/ijms21124394

11. Nagel-Wolfrum K, Möller F, Penner I et al. Targeting nonsense 
mutations in diseases with translational read-through-inducing 
drugs (TRIDs). BioDrugs 2016;30:49–74. https://doi.org/10.1007/
s40259-016-0157-6

12. Lindeboom RGH, Vermeulen M, Lehner B et al. The impact of 
nonsense-mediated mRNA decay on genetic disease, gene editing 
and cancer immunotherapy. Nat Genet 2019;51:1645–51. https://
doi.org/10.1038/s41588-019-0517-5

13. Lombardi S, Testa MF, Pinotti M et al. Molecular insights into 
determinants of translational readthrough and implications for 
nonsense suppression approaches. Int J Mol Sci 2020;21:9449. 
https://doi.org/10.3390/ijms21249449

14. Manuvakhova M, Keeling K, Bedwell DM. Aminoglycoside 
antibiotics mediate context-dependent suppression of termination 

codons in a mammalian translation system. RNA 2000;6:1044–55. 
https://doi.org/10.1017/S1355838200000716

15. Wangen JR, Green R. Stop codon context influences genome-wide 
stimulation of termination codon readthrough by aminoglyco-
sides. eLife 2020;9:e52611. https://doi.org/10.7554/eLife.52611

16. Floquet C, Hatin I, Rousset J-P et al. Statistical analysis of 
readthrough levels for nonsense mutations in mammalian cells 
reveals a major determinant of response to gentamicin. PLoS Genet
2012;8:e1002608. https://doi.org/10.1371/journal.pgen.1002608

17. Landrum MJ, Lee JM, Riley GR et al. ClinVar: public archive 
of relationships among sequence variation and human phenotype. 
Nucleic Acids Res 2014;42:D980–D985. 10.1093/nar/gkt1113

18. Tate JG, Bamford S, Jubb HC et al. COSMIC: the cat-
alogue of somatic mutations in cancer. Nucleic Acids Res
2019;47:D941–D947. https://doi.org/10.1093/nar/gky1015

19. Chen S, Francioli LC, Goodrich JK et al. A genomic mutational 
constraint map using variation in 76,156 human genomes. Nature
2024;625:92–100. https://doi.org/10.1038/s41586-023-06045-0

20. Morales J, Pujar S, Loveland JE et al. A joint NCBI and EMBL-
EBI transcript set for clinical genomics and research. Nature
2022;604:310–15. 10.1038/s41586-022-04558-8

21. Martin FJ, Amode MR, Aneja A et al. Ensembl 2023. Nucleic Acids 
Res 2023;51:D933–D941. https://doi.org/10.1093/nar/gkac958

22. O’Leary NA, Wright MW, Brister JR et al. Reference sequence 
(RefSeq) database at NCBI: current status, taxonomic expansion, 
and functional annotation. Nucleic Acids Res 2016;44:D733–745. 
https://doi.org/10.1093/nar/gkv1189

23. den Dunnen JT, Dalgleish R, Maglott DR et al. HGVS rec-
ommendations for the description of sequence variants: 2016 
Update. Human Mutation 2016;37:564–69. https://doi.org/10.
1002/humu.22981

24. Richards S, Aziz N, Bale S et al. Standards and guidelines for 
the interpretation of sequence variants: a joint consensus rec-
ommendation of the American College of Medical Genetics and 
Genomics and the Association for Molecular Pathology. Genet 
Med 2015;17:405–24. https://doi.org/10.1038/gim.2015.30

25. Bateman A, Martin M-J, Orchard S. The UniProt Consor-
tium. UniProt: the Universal Protein Knowledgebase in 2023. 
Nucleic Acids Res 2023;51:D523–D531. https://doi.org/10.1093/
nar/gkac1052

26. Paysan-Lafosse T, Blum M, Chuguransky S et al. InterPro in 2022. 
Nucleic Acids Res 2023;51:D418–D427. https://doi.org/10.1093/
nar/gkac993

27. Rath A, Olry A, Dhombres F et al. Representation of rare diseases 
in health information systems: the Orphanet approach to serve a 
wide range of end users. Hum Mutat 2012;33:803–08. https://doi.
org/10.1002/humu.22078

28. Köhler S, Gargano M, Matentzoglu N et al. The human pheno-
type ontology in 2021. Nucleic Acids Res 2021;49:D1207–D1217. 
https://doi.org/10.1093/nar/gkaa1043

Database, 2024, 00, baae108, DOI: https://doi.org/10.1093/database/baae108, Original article
© The Author(s) 2024. 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.

D
ow

nloaded from
 https://academ

ic.oup.com
/database/article/doi/10.1093/database/baae108/7819843 by guest on 24 O

ctober 2024

https://doi.org/https://doi.org/10.1002/humu.20763
https://doi.org/https://doi.org/10.1080/15476286.2017.1285480
https://doi.org/https://doi.org/10.1002/wrna.1357
https://doi.org/https://doi.org/10.1002/wrna.1357
https://doi.org/https://doi.org/10.1038/s41580-019-0126-2
https://doi.org/https://doi.org/10.1038/s41580-019-0126-2
https://doi.org/https://doi.org/10.5483/BMBRep.2023-0190
https://doi.org/https://doi.org/10.3390/ijms24076101
https://doi.org/https://doi.org/10.3390/ijms24076101
https://doi.org/https://doi.org/10.3390/biomedicines11030659
https://doi.org/https://doi.org/10.1146/annurev-genom-091212-153527
https://doi.org/https://doi.org/10.1146/annurev-genom-091212-153527
https://doi.org/https://doi.org/10.3390/ijms21124394
https://doi.org/https://doi.org/10.3390/ijms21124394
https://doi.org/https://doi.org/10.1007/s40259-016-0157-6
https://doi.org/https://doi.org/10.1007/s40259-016-0157-6
https://doi.org/https://doi.org/10.1038/s41588-019-0517-5
https://doi.org/https://doi.org/10.1038/s41588-019-0517-5
https://doi.org/https://doi.org/10.3390/ijms21249449
https://doi.org/https://doi.org/10.1017/S1355838200000716
https://doi.org/https://doi.org/10.7554/eLife.52611
https://doi.org/https://doi.org/10.1371/journal.pgen.1002608
https://doi.org/10.1093/nar/gkt1113
https://doi.org/https://doi.org/10.1093/nar/gky1015
https://doi.org/https://doi.org/10.1038/s41586-023-06045-0
https://doi.org/10.1038/s41586-022-04558-8
https://doi.org/https://doi.org/10.1093/nar/gkac958
https://doi.org/https://doi.org/10.1093/nar/gkv1189
https://doi.org/https://doi.org/10.1002/humu.22981
https://doi.org/https://doi.org/10.1002/humu.22981
https://doi.org/https://doi.org/10.1038/gim.2015.30
https://doi.org/https://doi.org/10.1093/nar/gkac1052
https://doi.org/https://doi.org/10.1093/nar/gkac1052
https://doi.org/https://doi.org/10.1093/nar/gkac993
https://doi.org/https://doi.org/10.1093/nar/gkac993
https://doi.org/https://doi.org/10.1002/humu.22078
https://doi.org/https://doi.org/10.1002/humu.22078
https://doi.org/https://doi.org/10.1093/nar/gkaa1043
https://creativecommons.org/licenses/by/4.0/

	StopKB: a comprehensive knowledgebase for nonsense suppression therapies
	 Introduction
	 Material and methods
	 Data processing
	 Data collection
	 Data filtering
	 Data annotation
	 Database and web interface implementation

	 Results
	 Overview of knowledgebase content
	 Web user interface
	 Database-wise query
	 Gene-wise query
	 Disease-wise query
	 Phenotype-wise query
	 Example use case

	 Discussion and future developments
	Acknowledgements
	Conflict of interest
	Funding
	 Data availability
	References


