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Abstract

Genomic variation between individuals is essential for understanding how differences in the genome sequence affect molecular and cellu-
lar processes. The Impact of Genomic Variation on Function (IGVF) Consortium aims to uncover the relationships among genomic variation,
genome function, and phenotypes by combining experimental techniques, such as single-cell mapping and genomic perturbation assays, with
computational approaches such as machine learning-based predictive modeling. The IGVF Data and Administrative Coordinating Centers collect,
analyze, and disseminate data and results from across the consortium through an open-source platform called the IGVF Catalog. This resource
includes, but is not limited to, data on the effects of coding variants on protein abundance and function, noncoding variants on enhancer activity
(measured by MPRA or predicted computationally), and associations between variants and quantitative traits. All data are organized within a
graph database comprising over 50 types of data collections with nearly 3 billion nodes and over 7.5 billion edges. The Catalog offers public API
endpoints (https://api.catalogkg.igvf.org/) and a userfriendly interface for exploring, querying, and visualizing the data at https://catalog.igvf.org.
We expect that this open-access platform will support the broader scientific community to advance our understanding of how genomic variation

influences biology and disease.
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Introduction

Genomic variation between individuals provides the foun-
dation for understanding how differences in the genome se-
quence influence molecular and cellular processes, ultimately
shaping human phenotypes and disease susceptibility. While
large-scale genomic sequencing projects have cataloged mil-
lions of variants, the functional interpretation of these vari-
ants, particularly in noncoding regions, remains a major chal-
lenge in biological and biomedical sciences [1, 2].

Several widely used resources provide invaluable observa-
tional data. For example, gnomAD characterizes population
allele frequencies [1], GWAS Catalog aggregates genotype—
phenotype associations [3], GTEx links genetic variation to
gene expression across tissues [2], ClinVar curates clinically
observed variant interpretations [4], and Open Targets inte-
grates multi-omic evidence for drug discovery [5]. However,
these databases are primarily descriptive or observational in
nature: they document associations but rarely establish mech-
anistic causality.

The Impact of Genomic Variation on Function (IGVF) Con-
sortium, established by the NHGRI in 2021, was created
to fill this gap by systematically uncovering causal relation-
ships between genomic variation, genome function, and phe-
notypes [6]. IGVF employs a dual strategy: (i) experimental
approaches, including single-cell mapping technologies and
genomic perturbation assays such as Clustered Regularly In-
terspaced Short Palindromic Repeats (CRISPR) gene editing,
massively parallel reporter assays (MPRAs), and saturation
mutagenesis; and (ii) computational modeling, leveraging ma-
chine learning and artificial intelligence to predict the func-
tional consequences of genomic variants.

To coordinate and disseminate these efforts, the Data and
Administrative Coordinating Centers (DACCs) collect, stan-
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dardize, and integrate data generated across the consortium.
These outputs are made available through the IGVF Cata-
log, an open-source, graph-based resource designed to serve
both researchers and computational biologists. The Catalog
contains diverse datasets, including the effects of coding vari-
ants on protein abundance and function, noncoding variants
on enhancer activity (measured experimentally with MPRAs
or inferred computationally), and variant-to-trait associations
derived from integrative analyses.

All data are organized within a large-scale graph database
currently encompassing over 50 types of data collections with
nearly 3 billion nodes and over 7.5 billion edges, enabling
users to explore interconnected layers of genomic informa-
tion. To maximize accessibility, the Catalog provides both a
public APT (https://api.catalogkg.igvf.org) and an interactive
user-friendly interface (https://catalog.igvf.org) for searching,
querying, and visualizing data in real time. By moving be-
yond association-based resources toward a framework built
on causal experimental evidence and predictive modeling,
IGVF aims to accelerate the discovery of mechanisms linking
genomic variation to function and to empower the broader
scientific community in advancing our understanding of hu-
man biology and disease.

Implementation

Backend database design

The knowledge graph

The IGVF Catalog database is designed as a graph in which
the nodes represent biological entities or concepts, whereas
the edges represent relationships (usually measurements or
predictions) between these nodes (Table 1). Many nodes are
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represented by genomic coordinates (in either GRCh38 for
human or GRCm39 for mouse), e.g. variants, genes, tran-
scripts, and genomic elements. Other biochemical entities,
such as proteins, protein (or other coding) variants, pro-
tein complexes, and drugs, are also represented as nodes.
Finally, biological concepts such as tissues, cells, cell lines,
phenotypes, diseases, biochemical functions, etc., are rep-
resented as nodes derived from common public ontolo-
gies (Supplementary Table 1). Informational entities such as
GWAS studies, pathways, or protein-DNA binding motifs
are also represented as nodes. Edges relate various nodes to-
gether; for example, genes are linked to transcripts, which are
linked to proteins. Edges between ontology terms are loaded
directly from the ontologies themselves, representing parent—
child relationships between concepts. Experimental and pre-
dicted data (from both the public domain and IGVF) are also
represented by edges between nodes; protein—protein interac-
tions from BioGrid [7] and IntAct [8] are edges between two
proteins; expression quantitative trait loci (eQTLs) are edges
between variants and genes; enhancers predicted to affect gene
expression are edges between genomic elements and genes,
while chromatin accessibility QTLs (caQTLs) are edges be-
tween variants and genomic elements. GWAS results and func-
tional effect predictions are edges between variants and phe-
notypes (ontology terms). Supplementary Table 2 provides a
list of IGVF-generated datasets currently integrated into the
knowledgebase.

Graph database implementation

Using a knowledge graph representation has a few advantages
over an object or relational database. While the simple API
functions that return nodes and edges over 1-2 “hops” could
be served from nearly any database, the graph database for-
mulation allows many more deep hop queries and can also
be used as input tokens with a large language model (LLM)
for retrieval-augmented generation (RAG). We have chosen to
implement this graph database in a package called ArangoDB
(https://arangodb.com/), which has several advantages over
other systems. ArangoDB is not a pure graph database; it can
act as an object store or relational database as well, which
gives the system significant flexibility. Foremost is the inclu-
sion of an “MDI” multidimensional index, which allows us
to efficiently query based on chromosomal coordinate ranges.
This is used to find, for example, which genomic elements
overlap the position of a given nucleotide variant, or which
genomic elements are within 10 kb of a given gene. With-
out this feature, we would have to precalculate linkages in
genomic coordinate space for all nodes with a genomic coordi-
nate. The system runs on a cluster of four memory-optimized
cloud computing nodes. We employ node types that are suit-
able for high-performance databases using the NVMe proto-
col for highly parallel data transfers with local storage. Data
ingestion is done by parsing flat text files (usually TSV, or
tab-separated values) using Python scripts into JSONL (https:
/ljsonlines.org/) from all the various data sources, which are
then imported into the database.

Frontend user interface
Unified search bar
The catalog features a unified search bar designed to let users

“search by anything” (Fig. 1A). It supports both free-text
names and structured identifiers across diverse entities such
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as genes, proteins, diseases, and studies. The search system
provides real-time autocomplete with type-aware suggestions,
and a deterministic parser recognizes standard identifiers—
including rsIDs, genomic coordinates, SPDI strings [38],
PMIDs, and more—directly routing users to the appropriate
page. Users can further refine queries with slash commands
(e.g. /genes) to confine results to a specific entity type or enter
a lexical mode for full-text searching. A persistent search his-
tory enables quick re-querying, and the interface showcases
scrollable example queries to guide exploration.

Table-based data display

To effectively organize and present the highly interconnected
information within the IGVF Catalog graph database, we em-
ploy table-based views as the primary mechanism for display-
ing data associated with individual database items, such as
variants (Fig. 1B-E) or genes (Fig. 2). Tables were selected as
the default representation because each item in the underly-
ing graph database is typically linked to many other items,
and a tabular format provides a structured, scalable, and user-
friendly way to summarize these relationships. For example,
on a variant detail page, the Catalog displays enhancer—gene
predictions associated with that variant in a table format (Fig.
1D). Each row corresponds to a prediction within a specific
cell type, while the columns capture key attributes, includ-
ing the predicted target gene(s), prediction score, and links
to the relevant supporting datasets. The table is further en-
hanced with interactive features such as grouping predictions
by cell type, sorting rows by prediction score, and filtering en-
tries by attributes, enabling users to explore the data dynami-
cally. Multiple other types of information related to a variant
are also presented in tabular form. For instance, more infor-
mation about this variant (Fig. 1B and C), GWAS associations
(Fig. 1E), coding variant functional predictions, and allelic ef-
fects on transcription factor (TF) binding, among others. Each
of these tables provides a concise yet comprehensive view of
the associated evidence, allowing users to seamlessly navigate
between data categories. To facilitate access, in-page naviga-
tion controls are provided, enabling users to jump directly
to the table of interest without excessive scrolling. By adopt-
ing this consistent, table-centric display strategy, the Catalog
ensures that diverse and heterogeneous datasets can be ex-
plored within a unified framework, improving both accessibil-
ity for casual exploration and efficiency for hypothesis-driven
research.

Figure 2 illustrates examples of table-based displays within
the Gene page of the Catalog. Like the Variant page, in-page
navigation is provided to facilitate quick access to different ta-
bles containing gene-associated information. At the top of the
page, summary tables present coding variants linked to the se-
lected gene, including predicted functional impacts and com-
putational scores (Fig. 2A). Downstream tables provide addi-
tional layers of annotation: predicted enhancer—gene links de-
rived from the ENCODE-rE2G model [23], with each row cor-
responding to a predicted enhancer and its relevant cell type
(Fig. 2B); and variants associated with the gene through multi-
ple lines of evidence, such as eQTL, splicing QTL (sQTL), and
other regulatory relationships (Fig. 2C). Additional resources,
including associated pathways, gene—gene interactions, and
co-expression patterns, are also available, ensuring a com-
prehensive view of the gene’s functional and regulatory land-
scape.
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Table 1. Summary statistics of the data currently loaded into the backend graph database (version 1.0)

Entity Type Arango collection Source v1.0
Variants node variants FAVOR (dbSNP 155) [9, 10]+ 1870783419
dbNSFP [11]
Non-synonymous node coding_variants dbNSFP 942417704
variants
Genes node genes GENCODE (v43) [12] 68881
Transcripts node transcripts GENCODE (v43) 272993
Proteins node proteins UniProtKB/TrEMBL [13, 14] 188013
Protein—protein edge proteins_proteins IntAct, BioGRID 11486365
interactions
Protein complexes node complexes EBI Complex Portal [15] 1687
cCREs node genomic_elements ENCODE [16] 2348854
Accessible elements node genomic_elements E2G elements 81532493
Accessible elements node genomic_elements caQTLs 24 545
Tested elements node genomic_elements ENCODE/IGVF MPRA CRISPR 165978
Ontology terms node ontology_terms Various 620729
Gene annotations edge gene_products_terms GO 2518911
eQTL edge variants_genes eQTL catalogue (30 studies) [17] 13681389
Splice-QTL edge variants_genes eQTL catalogue (30 studies) 5244210
CRISPR variant effects edge variants_genes IGVF Variant-EFFECTS 737
caQTL edge variants_genomic_elements regulomeDB [18] 5597
Variant effect edge variants_genomic_elements BlueSTARR [19] 7553977
predictions
New caQTLs edge variants_genomic_elements AFGR [20], EBI catalogue 460196
Variant effects edge variants_genomic_elements IGVF MPRA (5 datasets) 24287
Element-gene edge variants_biosamples STARR-seq [21] 36481085
LD (4 ancestries) edge variants_variants topLD [22] 5939629733
Gene-transcript edge genes_transcripts GENCODE (v43) 551368
Protein—transcript edge transcripts_proteins GENCODE + UniProtKB 188086
Ontology connections edge ontology_terms_ontology_terms all ontologies 2300978
Element effect on Gex edge genomic_elements_biosamples element level MPRA 10814
Element-gene edge genomic_elements_genes ENCODE-E2G [23] 117039661
Element-gene edge genomic_elements_genes CRISPR derived for training 10412
Element-gene edge genomic_elements_genes Perturb-Seq 1748304
Coding variant edge coding_variants_phenotypes MutPred2 [24] 641276378
prediction
Coding variant edge coding_variants_phenotypes ESM1v 454527037
prediction
Coding variant edge coding_variants_phenotypes VAMP-seq (inc Multi) [25] 183696
prediction
Coding variant effect edge variants_phenotypes_coding_variants SGE [26] 15143
Functional effect edge variants_phenotypes cV2F [27] 2046460
prediction
GWAS edge variants_phenotypes_studies OpenTargets 315159
GWAS studies node studies OpenTargets 22690
eQTL studies node studies EBI QTL catalogue 33
Pathways node pathways Reactome [28] 2711
Pathway hierarchy edge pathways_pathways Reactome 2730
Gene-pathway edge genes_pathways Reactome 146 697
Motifs node motifs HOCOMOCO v11/SEMpl [29] 624
Motif-proteins edge motifs_proteins HOCOMOCO v11/SEMpl 2282
TF allele SB edge variants_proteins AdAstra [30] 1147815
TF allele SB edge variants_proteins GVATdb [31] 4288875
UKBB plasma pQTLs edge variants_proteins PPP [32] 42154
Predicted TF allele SB edge variants_proteins SEMpl [33] 357795432
Co expression edge genes_genes CoXPresdb [34] 3538462
Genetic interactions edge genes_genes BioGrid 15085
Drugs node drugs PharmGKB [35] 4613
Drug-variant edge variants_drugs_genes PharmGKB 24695
Disease—gene edge diseases_genes Orphanet [36] 8218
Disease—gene—variant edge variants_diseases_genes ClinGen [37] 3820

An entity refers to a specific type of data entry, where an “element” denotes a genomic region. Type indicates whether the entry is represented as a node or an edge in the graph
database, with nodes corresponding to individual data entries and edges representing connections between nodes. Arango collection specifies the identifier of the collection in the
Arango database, analogous to a table in a relational database. Source denotes the origin of the data, with IGVF-generated datasets highlighted in bold. The final column reports the

total counts of each data entity.

Other visualization components

The IGVF Catalog provides a diverse suite of interactive,
HTML canvas-based visualizations designed to facilitate in-
tuitive exploration of genomic data (Fig. 3A-D). All visualiza-
tions retrieve data dynamically from the IGVF API and render
responsively to the user’s screen, allowing real-time interac-
tion with large datasets. Complementing the tabular displays
of gene- and variant-related information (Figs 1 and 2), these
visual modules provide an integrated, graphical perspective

that highlights functional and mechanistic relationships. On
variant pages, users can view an animated edit diagram that
depicts nucleotide substitutions, along with a population al-
lele frequency bar chart enhanced with hover-enabled meta-
data for each population (Fig. 3A). A linkage disequilibrium
(LD) [39] heatmap is also available (Fig. 3B), enabling users to
assess correlation structures between variants within the same
genomic region. On gene pages, multiple complementary vi-
sualization modules are provided. These include distribution
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Target Gene & Score Dataset Model Element Class Distance (Variant to Gene)

WNTOB 0.986 ENCFF269DKY ENCODE Accessible dna elements 49,174

RPRML 0.904 ENCFF649IUQ ENCODE Accessible dna elements 42,251

Genomic coordinate mapping/transcript 61GWAS Associations
pping/ Pt NC.00001711:46935904:T:C C
(sPDI) Which phenotypes are associated with this variant through genome-wide association studies?
intron_variant, 3_prime_UTR_variant,
downstream_gene_variant, Searchiintable
Variant consequence non_coding_transcript_variant,
NMD_transcript_variant,
upstream_gene_variant
Lead Variant Study ID Source Trait Effect Allele Lead Variant P-value Beta 95% Confidence Interval PMID
gnomAD allele frequency 0.09M1
1746935904 TC GCSTO01235.2  GCST  pulse pressure measurement C 6.00e-15 0534 [0.400, 0.668] PMID:21909110
ClinVar class N/A
1746935904 T.C GCST004775.2  GCST  pulse pressure measurement C 2.00e-15 0554 [0.417,0.691 PMID:28739976
rsiD 1517608766 17.46935004 T.C GCSTO07097.3 ~ GCST  pulse pressure measurement C 7.00e-10 0.364  [0.248, 0.480] PMID:27841878
HGVS NC_000017.11:9.46935905T>C 1746935904 T.C GCST90018970 ~ GCST  pulse pressure measurement C 4.00e-35 0.037  [0.031,0.043] PMID:34594039
Ref/Alt TIC 17.46935904 T.C  GCST007096 GCST  pulse pressure measurement C 3.00e-40 0506 [0.431,0.581 PMID:27841878
1746935904 T.C  GCST007097 GCST  pulse pressure measurement C 2.00e-12 0397 [0.286, 0.508] PMID:27841878
CADD Raw 2.0538
17.46935904 T.C  GCST90000061 ~ GCST  pulse pressure measurement C 3.58e-79 0042 [0.037,0.046] PMID:33230300
CADD Phred 19.0700
1746935904 T.C GCST010796.291 GCST electrocardiography c 1.00e-30 -0.093  [-0109, -0.077) PMID:32916098
Nearest Gena ENSG00000262633 (dist: 12772 bp) 1746935904 T.C GCSTO10796.213 GCST electrocardiography c 3.00e-17 -0.066 [-0.081,-0.051] PMID:32916098
Nearest Coding Gene ENSG00000262633 (dist: 12772 bp) 17.46935904 T.C GCST010796_202 GCST electrocardiography c 3.00e-16 -0.064 [-0.080, -0.049] PMID:32916098

Figure 1. Unified search interface and table-based variant data visualization in the IGVF Catalog. (A) The unified search bar on the Catalog homepage
provides a centralized entry point for querying any data stored in the Catalog backend database, supporting both variant- and gene-centric searches. (B)
Start of a variant page, which begins with basic descriptive information about the variant, followed by a navigation panel linking to all associated data
tables on the page. (C) Example of a variant detail table. (D) The table displayed is the enhancer—-gene predictions table, which summarizes predicted
regulatory interactions. (E) The GWAS associations table, which displays which phenotypes are associated with this variant from genome-wide

association studies.

plots of functional and predictive scores across diverse anno-
tation sources, a fully zoomable and interactive gene-to-gene
interaction network that captures co-expression and regula-
tory relationships (Fig. 3C), and a tree-like plot highlighting
pathway enrichments (Fig. 3D).

Feedback and glossary system

The Catalog includes a glossary that provides clear contex-
tual definitions for scientific terms used throughout the appli-
cation. Users can access additional details via hover-enabled
tooltips, and each glossary entry includes a “Suggest an Edit”
option that opens a prepopulated form, allowing users to
propose updated definitions, add notes, and share contact
information. Submissions are stored in a database for re-
view, and their status can be tracked as feedback is pro-
cessed (Supplementary Fig. S1). A password-protected Glos-
sary Editor enables approved maintainers to incorporate up-
dates directly, ensuring that definitions remain current and
community-informed. This system not only enhances user
comprehension but also serves as a collaborative platform, en-
gaging sister consortia and researchers worldwide in refining
and standardizing scientific terminology within the Catalog.

API service and information

The preferred way to access the data in the backend Graph
Database is via the API. The IGVF Catalog API exposes ac-

cess to the data from the Graph Database using internal op-
timized queries. We provide an HTTP access and a TRPC-
based access. The HTTP access is made public using the Ope-
nAPI specification, allowing REST calls from several clients.
The TRPC-based access is made available using the tRPC
(typescript remote protocol call) protocol written in Type-
script. This allows direct RPC calls using the Typescript lan-
guage as a client, a widely used language to build fron-
tend applications, speeding up development and ingestion of
a fully type-safe API. Direct access to the backend Graph
Database is supported through the Arango query language
(AQL), with a demonstration provided in a Jupyter notebook
(Supplementary File 1).

In addition to backend APIs, the IGVF Catalog’s fron-
tend includes an “X-ray” feature that exposes the underly-
ing API calls used to generate each table, providing users with
full transparency into how data are retrieved and displayed
(Fig. 3E). For every supported table, users can toggle an X-
ray panel to view the fully resolved query URL (including pa-
rameters, pagination, and filters), alongside ready-to-use ex-
amples such as a cURL command and a JavaScript “fetch()”
snippet for reproducing the query externally. When client-side
filtering or transformations are applied, the panel further doc-
uments the processing pipeline, showing how raw data are
mapped, filtered, enriched, or otherwise transformed before
display. Because the table data fetcher and X-ray panel share
the same data source, consistency is ensured between what
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Figure 2. Table-based displays in the Gene page of the IGVF Catalog. (A) Summary of coding variants associated with the selected gene, including
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Figure 3. Interactive visualization components and the X-Ray feature in the IGVF Catalog. (A) Dynamic population allele frequency bar chart, where
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is shown and what is retrieved. This design makes IGVF not
only a data exploration platform but also a developer- and
researcher-friendly resource, lowering barriers to reusing and
integrating its data into external workflows, something rarely
offered by other genomic databases.

For users working in R, the riguf package (https://igvf.
github.io/rigvf/) offers a convenient interface to explore and
analyze Catalog data directly within R/Bioconductor. Users
can query the Catalog by variants, genomic elements, and
genes using several accepted identifiers, and retrieve the other
nodes that are connected in the graph database, with vari-
ants, elements, and genes represented using standard Biocon-
ductor classes such as GenomicRanges. Genomic elements,
which tend not to have stable identifiers as do variants
or genes, may be queried by specifying an extent of the
genome.

We have also implemented an experimental “free text”
query endpoint within the API. This system employs an LLM~
RAG (LLM with RAG) framework via LangChain (https:
/lwww.langchain.com/). Specifically, input text is first classi-
fied to infer a reduced graph database schema, which is then
passed as additional tokens to the ArangoGraphQAChain.
This process generates AQL queries that are executed on the
database, with the resulting output returned to the LLM to
produce a plain-text response (in addition to a data table).
The current implementation uses OpenAl’s GPT-4.1 (https:
/lopenai.com/) to generate both the graph queries and the
final output. While results can be further enhanced by em-
ploying larger models or incorporating a broader represen-
tation of the graph schema, these approaches require sub-
stantially greater computational resources. To facilitate easier
navigation of the IGVF Catalog resources, we implemented a
chatbot (https://catalog.igvf.org/chat). The chatbot attempts
to translate users’ questions into AQL queries whenever pos-
sible and returns results directly from our knowledge graph
database. This provides a more intuitive interface for users
who may not be familiar with query languages. An exam-
ple of such a query and its corresponding output is shown
in Supplementary Fig. S2.

Relationship to the IGVF data portal

The IGVF Data Portal (https:/data.igvf.org/) hosts the raw
and processed datasets generated by the IGVF consortium,
while the IGVF Catalog provides a user-facing interface for
querying, visualizing, and integrating the analyzed results pro-
duced by consortium working groups alongside public an-
notations from external databases. IGVF data on the portal
is organized primarily around Files and FileSets (represent-
ing raw experimental data, processed results, analytical out-
puts, predictions, and models) covered by extensive metadata.
Release files from AnalysisSets, along with data from pub-
lic sources, are the raw material that is loaded into the Cat-
alog Knowledge Graph. Metadata is explored via a faceted
search interface where results, resources, and metadata can be
viewed and files downloaded. Results are presented in a con-
figurable, paginated table with adjustable columns, ontology-
linked references, and export options in JSON or CSV. In
addition to serving as the basis for the IGVF Catalog, the
IGVF data portal is a web application that enables the ex-
ploration of raw data, integrated annotations, and stream-
lines access to the diverse experimental outputs generated by
IGVE
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Comparison with other similar databases

Most widely used genomic resources, such as gnomAD
[1] (population-scale variant frequencies), GWAS Catalog
[3] (variant—trait associations), GTEx [2] (expression QTLs
across tissues), ClinVar [4] (clinical variant annotations), and
Open Targets Platform [5, 40] (integration of genetic associ-
ations with functional genomics to prioritize causal variants
and genes), focus on different sets of data or user groups.
These databases provide critical insights about naturally oc-
curring human genetic variants and their associations with
molecular phenotypes or disease.

The IGVF Catalog builds on some of these resources and in-
corporates unique experimental datasets and predictive mod-
els generated by the IGVF Consortium. These datasets include
genomic perturbation experiments that build on observational
resources to directly probe causal mechanisms of genomic
variation.

While MaveDB [41] focuses on results from multiplexed as-
says of variant effects, which experimentally assess the func-
tional consequences of thousands of variants in parallel, IGVF
expands on this concept with a broader suite of experimental
strategies—including CRISPR-based perturbations, single-cell
transcriptomics, and chromatin accessibility profiling. By inte-
grating these complementary methods, IGVF is uniquely posi-
tioned to move beyond single-variant effects and uncover the
regulatory architecture and gene networks that shape pheno-
typic outcomes.

All this information is organized into a unified, graph-based
framework that connects functional, genetic, and genomic re-
sources, enabling cross-linked exploration across data types.
In this way, the IGVF Catalog enables linking genomic vari-
ation to molecular and cellular phenotypes through both ex-
perimental and predictive insights.

Limitations and outlook

The IGVF Catalog is an actively evolving resource, and sev-
eral limitations remain. Data coverage is still incomplete, with
ongoing integration of multiple datasets (e.g. Biobank OR re-
sults and MaveDB-derived assays). Some interactive features
and autocomplete functionality, are being refined to improve
performance and search accuracy. Clearer labeling of IGVF-
generated versus public data is also needed to enhance in-
terpretability. Finally, documentation and user guidance are
under active development and revision, and feedback mech-
anisms have only recently been expanded to accommodate
broader community participation.

The DACCs are continually enhancing both the backend
database and frontend interface of the IGVF Catalog; thus,
future updates will address these limitations by incorporating
additional datasets (including both new datasets generated by
IGVF consortium and other resources from the community),
optimizing query and visualization performance, implement-
ing explicit data source labels, embedding contextual docu-
mentation, and refining feedback and glossary systems. Regu-
lar updates and subsequent publications will ensure the Cat-
alog remains an up-to-date, comprehensive, and user-friendly
resource.
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