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abstract

PURPOSE Interpretation of genomic variants in tumor samples still presents a challenge in research and the
clinical setting. A major issue is that information for variant interpretation is fragmented across disparate
databases, and aggregation of information from these requires building extensive infrastructure. To this end, we
have developed Genome Nexus, a one-stop shop for variant annotation with a user-friendly interface for cancer
researchers and clinicians.

METHODS Genome Nexus (1) aggregates variant information from sources that are relevant to cancer research
and clinical applications, (2) allows high-performance programmatic access to the aggregated data via a unified
application programming interface, (3) provides a reference page for individual cancer variants, (4) provides
user-friendly tools for annotating variants in patients, and (5) is freely available under an open source license and
can be installed in a private cloud or local environment and integrated with local institutional resources.

RESULTS Genome Nexus is available at https://www.genomenexus.org. It displays annotations frommore than a
dozen resources including those that provide variant effect information (variant effect predictor), protein se-
quence annotation (Uniprot, Pfam, and dbPTM), functional consequence prediction (Polyphen-2, Mutation
Assessor, and SIFT), population prevalences (gnomAD, dbSNP, and ExAC), cancer population prevalences
(Cancer hotspots and SignalDB), and clinical actionability (OncoKB, CIViC, and ClinVar). We describe several
use cases that demonstrate the utility of Genome Nexus to clinicians, researchers, and bioinformaticians. We
cover single-variant annotation, cohort analysis, and programmatic use of the application programming in-
terface. Genome Nexus is unique in providing a user-friendly interface specific to cancer that allows high-
performance annotation of any variant including unknown ones.

CONCLUSION Interpretation of cancer genomic variants is improved tremendously by having an integrated
resource for annotations. Genome Nexus is freely available under an open source license.
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INTRODUCTION

The past decade of molecular profiling of tumor
samples, including national and international projects
such as The Cancer Genome Atlas (TCGA),1 institu-
tional clinical genomics initiatives such as MSK-
IMPACT,2 and cross-institutional consortia such as
AACR Project GENIE,3 has revealed a complex land-
scape of genetic variants across cancer types. There
is a tremendous range in the number of mutations
identified in individual cancer samples, from less than
a handful of mutations per sample in some tumor
samples to several thousand mutations in protein-
coding genes per sample in others. Not all of these
mutations are biologically functional or clinically rel-
evant. Identifying the few functionally relevant muta-
tions that contribute to tumor initiation and progression
(drivers) among the many nononcogenic mutations
(passengers) thus presents a major challenge in

cancer research and in the clinical care of patients
with cancer.

One of the main challenges that a cancer researcher
or physician faces when interpreting variants is
that variant information is fragmented across dis-
parate databases. Many individual resources exist
that aid in the interpretation of cancer variants,
from variant prevalence,4-6 functional impact
prediction,7-9 to manually curated biologic and
clinical implications.10-12 After collecting information
from these various resources, combining and sorting
them poses another challenge as the presentation of
variant information is often inconsistent among dif-
ferent resources. These challenges are amplified in
large cancer genomics research projects when
thousands to millions of cancer variants need to be
programmatically annotated in a high-throughput
manner.
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To address these challenges, there is a need to build a
comprehensive resource that aggregates cancer-relevant
information from individual resources, standardizes and
organizes them consistently, and exposes them through
unified interfaces to support annotation and interpretation
of a single variant, prioritization of variants in a given pa-
tient, and analysis of variants across a cohort. It is essential
that such a resource has a high-performance application
programming interface (API) that supports automated real-
time annotation of cancer variants at scale. It is also de-
sirable to have an intuitive user interface (UI) for querying,
visualizing, and prioritizing sources of information for var-
iant interpretation on the basis of their functional and
clinical relevance to cancer. Although various efforts exist in
this space,13-19 they each have limitations: some lack API
support or do not have a user-friendly web interface and
others lack cancer-specific information or do not support
novel variants not previously annotated, ie, variants that are
unique to a sample (see the comparison of current tools in
Table A1).

Here, we present Genome Nexus, a comprehensive one-
stop resource for annotating and interpreting variants in
human cancer (Fig 1). Genome Nexus aggregates variant
information from a large number of sources that are rele-
vant to cancer research and clinical care and integrates
them into a scalable MongoDB NoSQL database. The
unified information is served to researchers and clinicians
through a user-friendly website20 for interpreting variants
and a performant REST API for programmatic annotation of
cancer variants. API clients and command-line tools, such
as a MAF file annotator, are also provided for high-
throughput variant annotation in a cohort. The source
code of Genome Nexus and associated tools is available at
GitHub21 under the open source MIT License. The tool can
be installed in a public or private cloud or local environment
at any institution. Genome Nexus is currently used by the
cBioPortal for Cancer Genomics22-24 for annotating all
mutation files (MAFs), and it serves thousands of daily
users for real-time variant interpretation.

METHODS

Categorization and Integration of Existing

Annotation Resources

Genome Nexus retrieves variant information from a variety
of resources that are used for variant annotation and in-
terpretation. These resources have been selected and
classified on the basis of their relevance for interpreting
cancer variants. For a complete overview, see Table 1.
Annotations retrieved from these sources are heteroge-
neous. They span a great range of different types of an-
notation, from biologic annotation and statistical data to
clinical guidelines, and they are provided in different data
formats. Insufficient standardization and nomenclature in
reporting affect gene identifiers and isoforms (some re-
sources use gene names, and others protein names, with a
variety of different isoforms and identifiers) and variant
notations. To address these challenges, we unify gene,
transcript, and protein identifiers to Ensembl IDs and follow
HGVS nomenclature25 for variant annotation.

A High-Performance Web API for Variant Annotation

Genome Nexus consists of three main components: a
database, a REST API, and a website (Fig 2). TheMongoDB
database can be accessed through a REST API, which is
written in Java. The website’s front end is a single-page app
built using React that connects to the REST API. The
database stores two types of variant annotation sources:
(1) static and (2) dynamic. The static ones are simple
lookups where no computation needs to be performed, for
example, gnomAD and dbSNP. These can be stored in their
entirety in the database. The annotations are versioned,
and scripts have been developed to update them as new
versions become available. Dynamic sources can compute
annotations for new variants on the fly, examples of which
are variant effect predictor (VEP) and Mutation Assessor.
These cannot be stored in their entirety in the database or
precomputed because the number of possible unique
variants is infinite. Therefore, these annotations are ob-
tained from the respective annotation sources on the fly and

CONTEXT

Key Objective
To improve annotation and interpretation of genomic variants in cancer.
Knowledge Generated
Genome Nexus is a comprehensive resource integrating annotations from more than a dozen sources relevant to cancer. The

annotations can be accessed through a performant application programming interface and an intuitive user interface,
supporting various use cases of variant interpretation. It is freely available under an open source license and can be
installed in a private cloud or local environment and integrated with local institutional resources.

Relevance
Genome Nexus is the main annotation service for the popular cancer genomics tool cBioPortal, which serves thousands of

users daily. Now, it is offered as a standalone tool for annotation, allowing researchers, clinicians, and genomic infra-
structure developers to leverage it directly in their own workflows.
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cached in the database. The cache is cleared whenever
new versions of the annotation source become available.

Both annotation sources can be accessed in the same
manner through the REST API. VEP’s output is used as the

core variant JSON format. Annotations from other sources
are integrated by extending this core JSON data (Fig 3C).
The data can be queried by common variant nomencla-
tures and identifiers, including HGVS notation (genomic,
cDNA, or protein change), dbSNP identifiers, and COSMIC
identifiers. Different versions of genome assemblies
(GRCh37 and GRCh38) are supported. The API specifi-
cation of the REST API follows the OpenAPI format, which
allows one to auto-generate clients in a variety of pro-
gramming languages including JavaScript, R, Python, and
Java (Fig 2). Both the front end for Genome Nexus and
cBioPortal use these clients. Documentation is available
that illustrates how to use the Python and R clients in the
form of Jupyter Notebooks. In addition, there are
command-line interfaces available to annotate MAF and
VCF files using Genome Nexus.

A Scalable Cloud Deployment Architecture

Genome Nexus is fully containerized to facilitate easy de-
ployment to any cloud provider. Both the Genome Nexus
Java Spring Boot app and the Mongo database with pre-
loaded data can be found on Docker Hub.38 It is possible to
deploy VEP containers as well, to have a setup that does not
rely on the public VEP service. Configuration files are
provided for both Docker Compose and Kubernetes. For a
single node setup with relatively little traffic, the Docker
Compose configuration is a good option. For a high-traffic,
high-reliability setup with multiple nodes, one can use the
Kubernetes configuration files, which are used in pro-
duction for the public instance of Genome Nexus.

RESULTS

To demonstrate the utility of Genome Nexus, we describe
several use cases: (1) annotating a single variant, (2) cohort
analysis in cBioPortal, (3) annotating a list of variants in a
mutations file, and (4) using the API programmatically.

Interpreting a Single Variant—ERBB2 L755S

A common use case for clinicians and researchers is to
gather information about a single variant and interpret it in
the disease context. Genome Nexus allows users to search
a variant and access, visualize, and analyze the integrated
information described above through an intuitive web in-
terface that is specifically designed for interpreting variants

{API}

Variant report

Patient report

Annotation
tools and clients

Researchers

Clinicians

Genomics websites
eg, cBioPortal

FIG 1. Genome Nexus overview. Genome Nexus is a comprehensive one-stop resource for annotating and interpreting variants in human cancer.
The API allows for easy integration into variant and patient reports as well as existing genomics websites such as cBioPortal. API, application
programming interface.

TABLE 1. Annotation Sources
Type of Service Database or Service

Variant effect HGVS25

VEP13

Functional consequence prediction Mutation Assessor9

SIFT8

Polyphen-27

FATHMM26

Protein sequence annotation UniProt27

PDB28

dbPTM29

G2S30

Gene knowledge database NCBI31

Prevalence in cancer Cancer Hotspots5

3D Hotspots32

SignalDB33

Prevalence in population dbSNP34

ExAC6

Gnomad6

Experimental functional data, clinical actionability OncoKB12

ClinGen, ClinVar11,35

CIViC10

Nomenclature CCDS36

Functional consequence prediction CADD37

NOTE. These are the annotation sources integrated into Genome Nexus. They have
been selected and classified on the basis of their relevance for interpreting cancer variants.
Abbreviations: CADD,Combined Annotation Dependent Depletion; CCDS,

Consensus Coding Sequence; CIViC, Clinical Interpretation of Variants in Cancer;
dbPTM, database for protein Post-Translational Modifications; dbSNP, database
for Single Nucleotide Polymorphisms; ExAC, Exome Aggregation Consortium;
FATHMM, Functional Analysis through Hidden Markov Models; HGVS, Human
Genome Variation Society; NCBI, National Center for Biotechnology Information;
OncoKB, Oncology Knowledge Base; PDB, Protein Data Bank; SIFT, Sorting
Tolerant From Intolerant; VEP, variant effect predictor.
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FIG 2. Technical architecture over-
view. The left side of the figure shows
the full stack from the UIs at the top to
the database at the bottom. The right
side describes the stack in more de-
tail. The top shows several ways that
end users can access the annotations
including the GenomeNexus Website,
cBioPortal, potential other genomics
websites, and the command-line in-
terface. The middle shows what pro-
grammatic clients the end UIs
leverage to request annotations from
the REST API, and the bottom details
the annotation retrieval from the da-
tabase and external annotation sour-
ces. API, application programming
interface; MAF, Mutation Annotation
Format; REST, Representational State
Transfer; UI, user interface; VCF,
Variant Call Format.

A

B

C D

FIG 3. Interpretation of a single cancer variant using Genome Nexus. The ERBB2 L755S variant is used as an example. The homepage allows one to
search for (A) a variant, which then leads the user to (B) the Variant Page. This page includes a lollipop diagram, showing the domains (PFAM) and
annotations from several other resources (Cancer Hotspots, OncoKB, dbPTM,Uniprot, and variant effect predictor). Each of these annotation sources is
hyperlinked when hovering and can be investigated inmore detail. Below the lollipop plot, there is a summary of information for each annotation source.
They are grouped by higher-level categories, such as clinical implication, biologic function, functional prediction, and population prevalence. The
displayed transcript is ENST00000269571. One can investigate any transcript for ERBB2 by clicking on (C) the All transcripts dropdown.
The raw data from the application programming interface can be seen in (D). CIViC, Clinical Interpretation of Variants in Cancer; dbPTM, database for
protein Post-Translational Modifications; dbSNP, database for Single Nucleotide Polymorphisms; NA, not applicable; OncoKB, Oncology Knowledge
Base; PTM, Post-Translational Modification; SIFT, Sorting Tolerant From Intolerant.
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in cancer. Figure 3 shows an example of the interpretation
of ERBB2 L755S using Genome Nexus. First, the user
searches for a variant (Fig 3A), which takes them to the
Variant Page (Fig 3B) where all annotations about ERBB2
L755S from various sources are presented and organized
on the basis of their relevance to cancer. From the lollipop
diagram of ERBB2, one can see that the variant occurs in
the kinase domain, that it is a mutational hotspot in cancer,
and that it is oncogenic and a biomarker of drug sensitivity
on the basis of both OncoKB and CIViC. There are also
ubiquitination and phosphorylation sites adjacent to the
variant. One can see that several sources are in agreement,
that is, both the functional prediction sources, PolyPhen-2
and SIFT, predict this event to have the highest impact on
their respective scales. OncoKB also annotates this variant
as oncogenic and as gain-of-function. At first sight, there
seems to be discordance between the population data-
bases dbSNP and gnomAD. There is an ID for dbSNP, but
not for gnomAD. Using the link to directly go to dbSNP
helps clarify this discrepancy: there are no frequency data
in dbSNP, indicating that the variant is not a common
germline variant. For each gene, the canonical transcript is
annotated by default, in this case ENST00000269571. One
can, however, investigate any transcript for ERBB2 in
addition to the default one by clicking on the All transcripts
dropdown (Fig 3D). A common issue is that people refer to
variants only by their amino acid change, which can differ
across transcripts. For example, in two RefSeq IDs (NM_
001005862.1 and NM_004448.2), the amino acid change
is L725S instead of L755S. To further investigate a different
transcript, one can click on the ID and see the lollipop
representation and other associated annotations. Finally, to
get the data for each annotation source in a format easily
used in any programming language, one can click on the
JSON link to retrieve the raw representation from the API in
JSON.

Interpreting Variants in a Cohort in cBioPortal

A common use case in cancer genomics is to analyze all
mutations in a gene that occurred in a patient cohort
(Fig 4), for example, to study the landscape of somatic
driver mutations to the gene in the cohort. Although one can
identify potential driver mutations on the basis of their
frequencies (ie, hotspot mutations), less frequent muta-
tions are more difficult to interpret and therefore would
require additional annotations for their interpretation.
Figure 4 shows an example of the analysis of 799 EGFR
mutations in a cohort of 10,945 patients sequenced using
the MSK-IMPACT2 assay and visualized in the cBioPortal.
All mutations are annotated by the Genome Nexus API in
real time when the mutations are visualized, providing
relevant information from various sources to help users
interpret the mutations (Figs 4A-4E). In this example, 548
mutations occur in identified cancer mutational hotspots in
EGFR.5 The most frequent EGFR mutations in this cohort
(eg, L858R, T790M, and E746_A750del) occur in the

kinase domain. Five hundred eighty-six mutations were
annotated as oncogenic or likely oncogenic (driver) by
OncoKB, including the majority of hotspot mutations (540)
and 46 less frequent mutations. The remaining mutations
(213) were annotated as likely neutral or of unknown
significance. Figure A1 shows another example of analysis
of 74 CCND1 (cyclin D1) mutations in TCGA samples.
Missense mutations in 19 samples were identified as
hotspot mutations on residues T286 and P287. As
shown in Figure A1, T286 is a ubiquitination site and
phosphorylation site. It is known that T286 ubiquitination
is dependent on its phosphorylation, and mutations of
T286 reduce ubiquitination and subsequent degradation
of the oncoprotein.39 Since the kinase GSK-3β, which
phosphorylates T286, is proline-directed kinase,40 mu-
tations of P287 will inhibit the phosphorylation of T286 by
disrupting the interaction between GSK-3β and cyclin D1.
In addition to the two hotspots, OncoKB annotated five
nonsense mutations and two in-frame deletions as drivers,
all of which are near the C-terminal end adjacent to T286.
This implies, consistent with the literature, that disrupting
the ubiquitination of CCND1 is the predominant mecha-
nism in tumors to stabilize this oncoprotein.

Annotating Mutations in a User-Supplied Cohort

Genome Nexus allows annotating a user-supplied cohort
via a command-line interface. This is useful when trying to
annotate larger data sets or when looking to annotate co-
horts programmatically. Common mutation formats in both
MAF and VCF are supported. The output is a MAF file with
all desired annotations from Genome Nexus included in
separate columns. Optional parameters can be used to
choose which annotations to include or exclude.

In addition to the command-line tool, there is a web in-
terface to annotate mutations. This offers the same func-
tionality as described in the section of cohort analysis in
cBioPortal, but on a user-supplied cohort instead. In
Figure 5, mutations in a cohort of the lung, breast, and
ovarian cancer samples from the TCGA are supplied.
Genome Nexus annotates the mutations and then displays
lollipop diagrams for each gene. Navigating through each of
them shows that there are 122 mutations in EGFR, 85 in
BRCA1, 113 inBRCA2, and 136 in PTEN. Using the search
field to filter the mutations in the lollipop diagram helps to
compare mutational patterns in the lollipop across the
protein. For instance, the ratio of truncating mutations in
BRCA1 is much higher in serous ovarian cancer than in
invasive breast carcinoma and lung adenocarcinoma.

Programmatic Access to the API

The use cases described above are examples that leverage
the Genome Nexus API programmatically. Tool builders
can do the same thing by using one of the OpenAPI clients
generated in their preferred programming language. We
provide documentation on using the OpenAPI-generated
clients41 and notebook examples describing how to perform

Genome Nexus: Annotation and Interpretation of Genomic Variants in Cancer
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Genome Nexus Supported Features

B

C D E

A

FIG 4. Interpreting variants in a cohort in cBioPortal (EGFR). (A) Users can switch between different transcripts and see how the mutations affect their
transcript of choice. (B) Protein-level annotations, such as PTM sites, can be seen along with the protein representation of the transcript. In addition, one
can see (C-E) many of the variant-specific annotations provided by Genome Nexus as columns in the mutation table, including Hotspots, Functional
Impact, gnomAD, and ClinVar. dbSNP, database for Single Nucleotide Polymorphisms; OncoKB, Oncology Knowledge Base; PTM, Post-Translational
Modification; VUS, Variant of Unknown Significance.

Genome Nexus Annotates User Provided Mutation Files

Web Interface

Command Line Interface

genome – nexus annotate maf input.maf

FIG 5. Annotating mutations in a user-supplied cohort. At the top, mutations in a cohort are supplied through the web interface. Genome Nexus
annotates the mutations, and subsequently, lollipop diagrams for each gene are displayed. At the bottom, a mutations file is supplied to the command-
line client, which outputs a mutations file with several new columns, including protein change, exon, and variant classification. OncoKB, Oncology
Knowledge Base; PTM, Post-Translational Modification.
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an analysis that leverages the API. The high-performance
API allows any bioinformatics application to connect and
perform variant annotation.

Using container technologies such as Docker and
Kubernetes, the Genome Nexus API can be easily installed
on local servers or in a cloud environment. This will ensure
that sensitive patient variant data can stay within institu-
tional firewalls when required.

DISCUSSION

The development of Genome Nexus originated from the
increasing need to annotate and interpret cancer variants in
cBioPortal with information from various sources. In 2015,
we carefully reviewed existing tools available in the space
and concluded that none would satisfy the requirements of
cBioPortal, specifically (1) comprehensive annotations rel-
evant and specific to cancer, (2) a performant API to support
real-time annotation for thousands of users, and (3) an API
architecture that can be easily extended to incorporate new
sources. The development of Genome Nexus started shortly
after that and picked up speed in 2017. Since 2019, the
Genome Nexus API has been supporting all annotation
needs of the data import pipeline (batch annotation) and the
UI (real-time annotation) of cBioPortal. Although the de-
velopment of Genome Nexus originally stemmed from the
needs of cBioPortal, it was designed from the beginning as a
standalone tool and resource. With its performant API,
flexible architecture, and cloud-friendly deployment, Ge-
nome Nexus is ready to support variant annotation needs for
bioinformatics pipelines and tools beyond cBioPortal.

Moreover, geared with a user-friendly interface to query and
interpret variants, the public instance of GenomeNexus20 is
positioned to become a reference resource for variant
annotation and interpretation. We would like to emphasize
that Genome Nexus was not developed to replace inter-
pretation by experts (cancer researchers and clinicians) but
rather to support them. It was designed to organize and
visualize variant information in a form that can be quickly
understood by users and therefore help improve and ac-
celerate their interpretation of variants. For example, when
there is conflicting information from different sources, it is
especially important for users to carefully interpret the
provided information in the context of their use cases with
their domain knowledge and expertise.

Genome Nexus is under active development, and there are
still many challenges and limitations that need to be

addressed. First of all, Genome Nexus relies on variant in-
formation from external resources (Table 1), whose quality
and stability can vary. The quality of information was ensured
by 1) careful review of the resource's annotations for common
variants in cancer or 2) the resource being in use by the
cancer genomics community for many years. As the stability
of these resources varies, it is inevitable that some of them go
offline from time to time. The caching implementation alle-
viates this issue (the annotation will be retrieved from the
cache first even if a resource is offline), but does not fully
address it for new variants. For some web services, we,
therefore, either import a local copy of the data (PFAM) or run
a Docker image of the service (VEP). When possible,
we include multiple resources for the same type of annota-
tion, for example, OncoKB and CIViC for clinical interpretation
and Uniprot and dbPTM for PTM sites, so that when one
service is down, others can be used. For future work, we will
improve detection and error handling of unstable services.

A second related challenge around aggregating many re-
sources is versioning. For clinical decision support systems,
it is essential to have controlled data updates. Resources
that are imported or run locally are already versioned. In an
ideal scenario, one would be able to run a local instance for
all annotation sources, but this is unfortunately not always
possible. The difficulty with external resources that are
pulled on the fly and cached is that the version might
change over time. We, therefore, plan to add timestamps,
such that users will be able to determine when the an-
notation was generated.

Third, there is a lack of standardization at the API level
across annotation sources, which requires developers to
write a lot of custom code to handle each individual source.
We plan to alleviate this burden by evolving the software
architecture to an extensible plug-in framework such that
anyone can write API plug-ins to integrate other resources
of interest for the open source community and proprietary
annotation sources for their local installations.

Besides the plans to address the previous challenges
mentioned, we also aim to extend Genome Nexus beyond
its current scope. Genome Nexus currently only supports
single-nucleotide variants and insertions and deletions. We
plan to expand it to support other alteration types such as
structural variants and copy number alterations. In addi-
tion, we would like to support model organisms in the
future.
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APPENDIX

FIG A1. Interpreting CCND1 mutations in the TCGA cohort. The example shows 74 CCND1 (cyclin D1) mutations in the TCGA PanCan Atlas cohort.
Missense mutations in 19 samples were identified as hotspot mutations on residues T286 and P287. The former is a ubiquitination site and
phosphorylation site. In addition to the two hotspots, OncoKB annotated five nonsense mutations and two in-frame deletions as drivers, all of which are
near the C-terminal end adjacent to T286. OncoKB, Oncology Knowledge Base; PTM, Post-Translational Modification; SV, Structural Variant; TCGA, The
Cancer Genome Atlas; VUS, Variant of Unknown Significance.
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TABLE A1. Feature Comparison of Variant Annotation Services
Annotation
Service

Genome
Nexus20 myvariant.info42 VEP43

Ensembl
VEP REST44 Open CRAVAT45 Funcotator46 ANNOVAR47 SnpEff48

Cancer Genome
Interpreter49

Allele
Registry50

MAF input ×

VCF input × × × × × × ×

REST API × × × × ×

API client × × × × ×

Command-line
tool

× × × × × ×

Open source × × × × × × × ×

Standalone
license

Free Nonprofit free or
for-profit for a
fee

Nonprofit free
or for-profit
for a fee

LGPLv3 Creative Commons
Attribution-
NonCommercial 4.0
(BY-NC)

Active
development

Very active
(last
update
days ago)

Very active (last
update days
ago)

Active (last
update
months
ago)

Active (last
update
months
ago)

Very active (last
update days ago)

Active (last update 3
months ago)

Active (last
update 2
months
ago)

Last update
in June
2019

Storage
requirements

Couples , 1
GB at start,
grows per
variant

∼2 TB Depends on which
databases one
chooses to
install, but pulls
all variants

Prepackaged data
source is 14 GB, but
only includes a
subset of gnomAD

45 MB zip file,
4 Gb of
memory for
large
genomes

Cohort web
report

× × × × ×

Prioritized
annotation
resources

×

Variant search
UI

× × ×

Single-variant
page UI

× ×

Cancer-focused
UI

× ×

Local
installation

× × × × × × × ×

Support
unknown
variants

× × × × × × ×

Abbreviations: API, application programming interface; MAF, Mutation Annotation Format; REST, Representational State Transfer; UI, user interface; VCF, Variant Call Format; VEP, variant effect
predictor.
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