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ABSTRACT

ClinVar (https://www.ncbi.nim.nih.gov/clinvar/) at the
National Center for Biotechnology Information
(NCBI) is a freely available archive for interpretations
of clinical significance of variants for reported con-
ditions. The database includes germline and somatic
variants of any size, type or genomic location. Inter-
pretations are submitted by clinical testing laborato-
ries, research laboratories, locus-specific databases,
OMIM®, GeneReviews™, UniProt, expert panels and
practice guidelines. In NCBI’s Variation submission
portal, submitters upload batch submissions or use
the Submission Wizard for single submissions. Each
submitted interpretation is assigned an accession
number prefixed with SCV. ClinVar staff review vali-
dation reports with data types such as HGVS (Human
Genome Variation Society) expressions; however,
clinical significance is reported directly from sub-
mitters. Interpretations are aggregated by variant-
condition combination and assigned an accession
number prefixed with RCV. Clinical significance is
calculated for the aggregate record, indicating con-
sensus or conflict in the submitted interpretations.
ClinVar uses data standards, such as HGVS nomen-
clature for variants and MedGen identifiers for con-
ditions. The data are available on the web as variant-
specific views; the entire data set can be downloaded
via ftp. Programmatic access for ClinVar records
is available through NCBI’s E-utilities. Future de-
velopment includes providing a variant-centric XML
archive and a web page for details of SCV submis-
sions.

INTRODUCTION

The widespread use of next-generation sequencing (NGS)
in clinical genetic testing has led to the identification of
many novel variants. Interpretation of the clinical signifi-
cance of variants novel to a clinical testing laboratory may
be challenging. Thus, the benefit of sharing data among
laboratories and standardizing representation is clear. The
ClinVar database at NCBI archives and aggregates sub-
mitted interpretations of the clinical and/or functional sig-
nificance of variants for specified conditions, with oppor-
tunities to provide the supporting evidence. The data are
freely accessible for interactive use on the web (https://www.
ncbi.nlm.nih.gov/clinvar/) and for programmatic access for
incorporation into local pipelines and workflows (https:/
www.ncbi.nlm.nih.gov/clinvar/docs/maintenance_use/).

CONTENT
Scope

ClinVar has a broad scope and includes interpretations of
variants in any region of the human genome, including
mitochondria. Variants in ClinVar may be of any length
or type, ranging from single nucleotide substitutions and
small insertions/deletions to copy number changes and cy-
togenetic rearrangements. These variants may have been
identified in either germline or somatic sources. In gen-
eral, ClinVar variants have been observed in individuals
and families, in either a research or clinical setting, and
interpreted for their clinical significance relative to one or
more disorders or to a set of clinical features and mode
of inheritance. Some research-oriented submissions may
provide functional significance based on experimental ev-
idence, which may inform the clinical interpretation of a
variant by others. ClinVar currently holds >158 000 sub-
mitted interpretations, representing >125 000 variants. In-
terpretations in the database affect more than 26 000 genes,
including structural variants that may include many genes;

“To whom correspondence should be addressed. Tel: +1 301 594 8085; Fax: +1 301 480 5779; Email: landrum@ncbi.nlm.nih.gov

Published by Oxford University Press on behalf of Nucleic Acids Research 2015.

This work is written by (a) US Government employee(s) and is in the public domain in the US.


https://www.ncbi.nlm.nih.gov/clinvar/
https://www.ncbi.nlm.nih.gov/clinvar/
https://www.ncbi.nlm.nih.gov/clinvar/docs/maintenance_use/

Nucleic Acids Research, 2016, Vol. 44, Database issue D863

S NCBI  Resources () How To @ Sign in to NCBI
CIinVar ClinVar B’Search ClinVar for gene symbols, HGVS expressions, conditions, and more ‘ Search
Advanced Help
Home About ¥ | Access ¥ | Using the website ¥ | Howtosubmit ¥ | Statistcs ¥ | FTPsite ¥
NM_002834.3(PTPN11):c.214G>T (p.Ala72Ser)
Variation ID: € 13324 1 Affected gene =
Review status: € criteria provided, multiple submitters, no conflicts protein tyrosine phosphatase, non-receptor type 11
(PTPN11) [Gene - OMIM - Variation Viewer]
Haploinsufficiency - Sufficient evidence for dosage pathogenicity
I i Goi @ (Mar 22, 2012)
o to: (¥
nterpretatlon 0 Triplosensitivity - No evidence available (Mar 22, 2012)
. o ) Q_ Search ClinVar for variants within PTPN11
Clinicsl signihoancs: “abngeal Q, Search ClinVar for variants including PTPN11
Last evaluated: Oct 13, 2014
Number of submission(s): 5
Condition(s): Noonan syndrome 1 [MedGen - OMIM Variant frequency in dbGaP 0 &
Noonan's syndrome [MedGen - Orphanet] 3 F .
Rasopathy [MedGen No dbGaP data has been submitted for this variant.
See supporting ClinVar records
Browser views -
RefSeqGene
Allele(s) © Goto: (¥

NM_002834.3(PTPN11):c.214G>T (p.Ala72Ser)

Allele ID: 28363

Variant type: single nucleotide variant

Cytogenetic location: 129241

Genomic location: Chr12:112450394 (on Assembly GRCh38)

Chr12:112888198 (on Assembly GRCh37)

Protein change: A72S

HGVS: NG_007459.1:9.36663G>T
NM_002834.3:c.214G>T
NC_000012.12:9.112450394G>T (GRCh38)
...more
Links: OMIM: 176876.0001

dbSNP: 121918453
NCBI 1000 Genomes Browser: rs121918453

Molecular consequence:

Variation Viewer [GRCh38 - GRCh37]
UCSC [GRCh38/hg38 - GRCh37/hg19]

Related information =
dbSNP

Gene

MedGen

OMIM

PMC

PubMed

NM_002834.3:c.214G>T. missense variant [Sequence Ontology SO:0001583]

Figure 1. The default web display in ClinVar is the variation-specific page. The top section of the page describes the variant or set of variants being
interpreted and highlights the aggregate clinical significance that was calculated. It also includes summary information about conditions reported for the

variant and genes that are affected by the variant.

for variants that affect a single gene, almost 4800 genes are
represented in ClinVar.

Submissions are accessioned and versioned (SCV)

In its initial release (2013), ClinVar was largely seeded with
records based on allelic variants described in OMIM®;
variants described in GeneReviews ™ variants submitted
with clinical information to dbSNP; and variants sub-
mitted by a small number of clinical testing laboratories.
Today, ClinVar staff continue to process variants from
OMIM® and GeneReviews™; they also regularly process
direct submissions from clinical testing laboratories, re-
search groups, UniProt and locus-specific databases (LS-
DBs). Each variant-condition interpretation from a submit-
ter is assigned an accession number with the prefix SCV.
ClinVar is an archival database, maintaining a history of up-
dates from a single submitter, as well as retaining a distinc-
tion among content from different submitters for the same
variant or variant-condition interpretation, each with its

own interpretation and supporting evidence. This archival
function uniquely allows any user to retrieve how a variant
was interpreted at any point in time.

Each submission to ClinVar has five major categories of
data: submitter, variation, condition, interpretation and ev-
idence (1). The interpretation of the variant is the focus of
the ClinVar database and therefore it is a required field.
However, we accept a value of ‘not provided’ for submit-
ters such as LSDBs, those providing reports from the liter-
ature and those providing experimental results with func-
tional effect but not clinical significance. There are sev-
eral kinds of evidence that may be provided. Evidence for
the interpretations may be general aggregate observations,
such as the total number of individuals with the variant,
or they may be broken down into more specific aggregates,
such as number of affected females with the variant. Ob-
servations from single individuals may also be submitted;
specific data such as age and ethnicity can be provided
but the individual should not be identifiable according to
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NIH guidelines (http://www.hhs.gov/ohrp/humansubjects/
guidance/45cfr46.html#46.102). Additionally, experimen-
tal evidence demonstrating the functional consequence of
clinically relevant variants is welcomed.

During the submission process, ClinVar staff review
reports generated from steps validating HGVS descrip-
tions, condition names, gene-condition relationships and
database identifiers, but they do not curate interpre-
tations of clinical significance or arbitrate conflicts in
interpretation. Instead, ClinVar, in collaboration with
ClinGen (https://www.ncbi.nlm.nih.gov/clinvar/docs/
assertion_criteria/), invites the clinical genetics commu-
nity to form expert panels which perform high-level
curation of variant interpretations. Expert panels may
review the primary data submissions in ClinVar along
with other available evidence. Primary data submissions
to ClinVar can help expert groups focus their curation
efforts on variants of uncertain significance or those with
conflicts in interpretation. The resulting interpretations
from expert panels as well as from groups that provide
practice guidelines may then be submitted to ClinVar.
Interpretations from expert panels and practice guidelines
take precedence over individual submissions in aggregate
records and can resolve conflicts in classification. ClinVar
currently includes 3620 interpreted variants from the
expert panels InSiGHT (2), CFTR2 (3) and ENIGMA
(http://fenigmaconsortium.org/) and 23 CFTR variants
from the American College of Medical Genetics’ (ACMG)
recommendation for carrier testing (4).

Submission portal and submission wizard

ClinVar accepts submissions from clinical testing labs,
researchers, locus-specific databases, other databases, ex-
pert panels and groups establishing professional guidelines
from all countries (http://www.ncbi.nlm.nih.gov/clinvar/
submitters/). Submitting groups may register their organi-
zation and personnel on NCBI’s Variation Submission Por-
tal (https://submit.ncbi.nlm.nih.gov/subs/variation/). Once
the organization submission has been reviewed by NCBI
staff, its personnel can submit data through the Submis-
sion Portal. Two options are available for data submission
by that portal. First, files for batch submissions of interpre-
tations for many variants and conditions may be uploaded
to the Submission Portal; file formats include ClinVar’s Ex-
cel spreadsheet templates, tab-separated (tsv) or comma-
separated (csv) files based on the columns in the spread-
sheet, or XML. More information about these formats,
including links to the spreadsheet templates, is available
on the ClinVar site (https://www.ncbi.nlm.nih.gov/clinvar/
docs/submit/). Second, submissions of a single interpreta-
tion may be entered with ClinVar’s Submission Wizard, also
available in the Submission Portal. The ClinVar Submission
Wizard guides the submitter through the process of describ-
ing the variant, condition, interpretation and the observa-
tions that are the evidence for the interpretation.

Reports to submitters

After each submission is made publicly available, the
submitter receives a summary report of the submission,

including the submitted variant, the mapped condition
term, and the SCV and RCV accessions (see Mainte-
nance). Each month a global report of conflicting interpre-
tations in ClinVar (ftp:/ftp.ncbi.nlm.nih.gov/pub/clinvar/
tab_delimited/summary_of conflicting_data.txt) is gener-
ated as part of the monthly release. Interested submitters
may use this or other files to review their variant interpreta-
tions that conflict with classifications made by other Clin-
Var submitters.

Updates

SCV records in ClinVar may be updated by the submitter at
any time, but only by the submitter. For example, interpreta-
tions of clinical significance or condition may be refined or
more observations of the variant may be registered. Each
SCYV accession is versioned so that updates to content are
tracked.

MAINTENANCE

Submissions for the same variant and condition from mul-
tiple submitters are aggregated into a reference ClinVar
record which is assigned an accession number beginning
with the prefix RCV. An aggregate-level value for clinical
significance is calculated to indicate whether or not there are
conflicts in the interpretation among submitters. Conflicts
are calculated only within the five terms recommended by
ACMG for interpretations for Mendelian disorders (5). In
other words, if a variant has been submitted as Pathogenic,
risk factor and drug response, the clinical significance is re-
ported as ‘Pathogenic, risk factor and drug response’, rather
than as a conflict. Variants that do have a conflict within
the scale of pathogenicity are reported with a clinical sig-
nificance of ‘conflicting interpretations of pathogenicity’.
It is anticipated that more distinctions in clinical signifi-
cance values will be added to the database; for example,
clinical significance values specific for somatic variants and
functional significance values for pharmacogenomic vari-
ants are under consideration.

Submitted data are archived and mapped to ontolo-
gies and controlled vocabularies when available. Sequence
variants submitted as Human Genome Variation Soci-
ety (HGVS) expressions (6) are validated; once validated,
HGVS expressions are calculated for a subset of other refer-
ence sequences that align to the variant’s location. Diseases
and phenotypes may be submitted using several vocabular-
ies, including Unified Medical Language System (UMLS)
(7), Online Mendelian Inheritance in Man (OMIM) (8),
Human Phenotype Ontology (HPO) (9) and Orphanet (10),
which are mapped to common records in NCBI’s MedGen
database (11). A disease or phenotype that has no identifier
in an existing database may be submitted as a name, which
will be assigned an identifier in MedGen. Clinical signifi-
cance terms include the five terms recommended by ACMG
for Mendelian diseases (5). Recommendations for appro-
priate terms for somatic variants and pharmacogenomic
variants are anticipated and will be incorporated into the
database when available. ClinVar also uses terms from Se-
quence Ontology (SO) (12) and Variation Ontology (VariO)
(13) to characterize variant type, molecular consequence
and functional consequence.
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Figure 2. The lower portion of the ClinVar variation page presents the details of submitted interpretations in three tabs. The first tab displays a summary
of the interpretations asserted by each submitter, including the submitted clinical significance, the date the significance was last evaluated, the reported

condition, and the submitting organization.

All variants in ClinVar that can be localized on the
genome are also accessioned in NCBI’s archives for varia-
tion, dbSNP (11) for short variants and dbVar (14) for large
variants. Thus, submitters only need to submit to ClinVar
and their data will also be submitted to the appropriate vari-
ant archive. Short variants are submitted from ClinVar to
dbSNP weekly; a dataflow to send large variants from Clin-
Var to dbVar at regular intervals is being tested. ClinVar
and dbSNP maintain data checks to ensure synchronization
between the two databases; checks include consistent repre-
sentation of accession numbers for both resources, genomic
location, HGVS expressions and calculation of molecular
consequence.

ACCESS
Web display

ClinVar’s web display is designed to support the medical
professional who wants to determine, at a glance, the level
of confidence in any interpretation, what interpretations
have been submitted for an allele, whether different submit-
ters agree in their assessments, what disorders may or may
not result, what frequency data have been discovered from
large-scale population studies or submissions to dbGaP
(15), and whether there are reports that the copy number of
the gene in which the variant is located is dosage-sensitive.

The ClinVar web display for the RCV described previously
(1) is still available; namely the view specific to the com-
bination of variant and condition represented by an RCV.
However, a new variant-specific view has been added as the
default web display (https://www.ncbi.nlm.nih.gov/clinvar/
docs/compare_displays/). For this view, submitted data are
aggregated only by the single allele or set of alleles being in-
terpreted; interpretations of the same variant for different
conditions are thus viewed together. The variation report
has a similar layout to the record (RCV) page; the top sec-
tion (Figure 1) describes the variant, HGVS expressions in
several coordinate systems, alternate names, allele frequen-
cies from several large studies, and variant identifiers such as
rs numbers, OMIM allelic variant identifiers and identifiers
from LSDB. The top section highlights the aggregate clini-
cal significance that is calculated for the variant. This clini-
cal significance may differ from the values on corresponding
RCYV records because the clinical significance for the vari-
ant is aggregated across different conditions, whereas for
the RCV the aggregation is specific to the condition. Ad-
ditionally, when the variant-level clinical significance is cal-
culated, conflicts are not reported for differences of ‘likeli-
hood’. In other words, if a variant has been reported as both
Pathogenic and Likely pathogenic, the variant-level clinical
significance is ‘Pathogenic/Likely pathogenic’ rather than
‘conflicting values of pathogenicity’.
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Clinical assertions Summary evidence Supporting observations
Help
Filter:
Submitter Families Individuals  Allele origin  Ethnicity Ceogzaphic e eand Description
origin Databases
Total for all submitters 12 15 germline, Asian/Oriental; not provided
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ARUP Laboratories, Molecular Genetics not 2 germline Asian/Oriental; not provided not provided not provided
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Baylor Miraca Genetics Laboratories not not provided unknown not provided not provided PubMed not provided
provided
GeneDx not not provided germline not provided not provided not provided
provided
Laboratory for Molecular Medicine, Partners 12 13 germline not provided not provided PubMed not provided
HealthCare Personalized Medicine
OMIM not not provided germline not provided not provided PubMed not provided
provided
Assertion and evidence details Goto: (v (&)
Clinical assertions Summary evidence Supporting observations
Help
Filter:
" Allele L Phenotypes - Geographic - —
Submitter origin Individuals (Affected status) Ethnicity origin Citations Description
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Webbed neck (yes)
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face (yes)
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ARUP Laboratories germline 1 Noonan's syndrome Caucasian not provided not not provided
Molecular Genetics (yes) provided
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Abnormality of the
cardiovascular system
(ves)
Abnormality of the
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coagulation (yes)
Baylor Miraca Genetics unknown not provided Rasopathy (yes) not provided not provided PubMed Variant classified using ACMG guidelines
Laboratories
GeneDx germline not provided Rasopathy (yes) not provided not provided The A72S missense mutation in the PTPN11 gene
has been reported previously in association with
Noonan syndrome (Tartaglia et al., 2001). This
mutation...Full description
Laboratory for Molecular germline 13 Noonan syndrome 1 not provided not provided PubMed The Ala72Ser variant has been reported in the
Medicine, Partners (not provided) literature in many individuals with clinical features
HealthCare Personalized of Noonan syndrome (Zenker 2004, Tartaglia 2006,
Medicine K...Full description
OMIM germline not provided Noonan syndrome 1 not provided not provided PubMed In a family with Noonan syndrome (NS1; 163950),
(not provided) Tartaglia et al. (2001) found that affected members
had a G-to-T transversion at position 214 in exon
...Full description

Figure 3. (A) The evidence submitted to ClinVar is presented on two tabs. The Summary Evidence tab provides a summary of the evidence provided by
each submitting organization, including the number of families and individuals observed with the variant, and summary values for allele origin, ethnicity
and geographic origin. (B) The Supporting Observations tab provides the details of each observation submitted by each organization. The observation
may be specific to an individual or to an aggregate group of individuals, and includes specific values for allele origin, ethnicity and geographic origin, as

well as observed phenotypes.



Also similar to the RCV page, the lower section of the
variant page has details of the submitted interpretations and
observations provided as evidence. The Clinical Assertions
tab (Figure 2) provides a summary of the interpretation pro-
vided by each submitter, including the clinical significance,
the asserted condition, the date the variant was last eval-
uated, and the name of the submitting organization. The
evidence is presented in two tabs. The Summary Evidence
tab (Figure 3A) displays a table with a summary of evidence
provided by each submitting organization. This includes the
total number of observations of the variant by that group,
the observed allele origins for the variant, and reported eth-
nicity and geographic origin for individuals with the vari-
ant. The Supporting Observations tab (Figure 3B) displays
a table with details for each observation submitted by each
group, including observed phenotypes. For example, a sub-
mitter may provide details for five different observations of
a variant. The Summary Evidence tab would display a sin-
gle row with summary values for the five observations; the
Supporting Observations tab would display five rows with
distinct values for each of the five observations.

Searching for ClinVar data

ClinVar supports both general and advanced query inter-
faces. Common search terms include official gene symbols,
HGVS expressions, rs numbers and disease names. Search
results are returned as the variant pages described above;
note that more than one condition may have been reported
for a variant. The advanced search function helps users
search for terms in specific fields such as study name or sub-
mitter. Search results are ordered by genomic location; this
sort order may be changed by selecting ‘Sorted by Loca-
tion” above the search results table. Strategies for effective
searching are documented in ClinVar’s Help documentation
(https://www.ncbi.nlm.nih.gov/clinvar/docs/help/).

ClinVar records of interest can also be identified with
NCBI’s Variation Viewer (https://www.ncbi.nlm.nih.gov/
variation/view/) (11). Variation Viewer is a genome browser
displaying all public variation data at NCBI, including Clin-
Var variants. It is particularly useful for searches by loca-
tion. One example is a search for a region of structural vari-
ation; the graphical browser makes it easier to view relation-
ships between structural variants that may be overlapping
but not identical. A second example is a search for all vari-
ants within or encompassing an exon; a graphical view of
the exon and all variants within or near that exon can be
more informative than a text search for the same results.

ClinVar data are also accessible via NCBI’s Variation
Reporter  (https://www.ncbi.nlm.nih.gov/variation/tools/
reporter) (1). Variation Reporter allows the user to upload
a list of genomic locations or variants of interest. It returns
a summary of information from dbSNP, dbVar and ClinVar
for each location or allele. If a variant is not present in any
of these databases, Variation Reporter predicts molecular
consequence based on the location of the variant relative
to NCBI’s genome annotation. The summary information
for variants in ClinVar includes RCV accession, asserted
condition and clinical significance. Variation Reporter is
available on the web and as an APL.
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FTP

Data in ClinVar are freely accessible for download (ftp://
ftp.ncbi.nlm.nih.gov/pub/clinvar/). The full archive of data
is the ClinVar XML file, which is produced as part of a
monthly release cycle. The XML is organized around the
RCYV record, or variant-condition relationship. Each RCV
section includes the aggregate data for that RCV, as well as
the full set of data (SCV) provided by each submitting group
for that variant-condition.

The FTP site also includes summary files for genes
(gene_summary.txt) and variants (variant_summary.txt);
conflicts in clinical significance or condition (sum-
mary_of_conflicting_data.txt); and citations for variants
(var_citations.txt).

ClinVar data are also available as a VCF file. This file cur-
rently includes only ClinVar data that are also in dbSNP;
in other words, many variants that are larger than 50 nu-
cleotides are excluded from the file. An improved process to
generate ClinVar’s file in a more comprehensive fashion is
under development.

Application programming interfaces (APIs)

ClinVar data may also be accessed programmatically
with E-utilities (https://www.ncbi.nlm.nih.gov/clinvar/docs/
maintenance_use/#api). ClinVar currently supports es-
earch, esummary, elink and efetch. efetch can be used to
access either RCV records or variation records.

FUTURE DIRECTIONS

ClinVar’s XML file is being used increasingly; however,
we have received several requests for an XML file that
is organized around the set of variants being interpreted,
represented by the VariationID, rather than the variant-
condition relationship (RCV). Therefore, development on
a VariationID-centric XML is underway. This report will
also be comprehensive, including all RCV and SCV data,
along with data aggregated at the variation level.

Many ClinVar users interact with the data primarily
through the website, where they can view summary data for
the variant or RCV and a subset of the many fields that may
be provided on an SCV submission. A new view to display
all of the data submitted on an SCV will be developed to
improve access to this rich set of information.

Development continues to improve support for access
to ClinVar from EHRs through Infobutton (http://www.
openinfobutton.org/).

FEEDBACK

ClinVar staff welcome your feedback on the submission
process, use of the website and downloadable data. Please
contact us at clinvar@ncb.nlm.nih.gov.
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