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Abstract

In the era of high throughput sequencing, special software is required for the clinical evaluation of genetic variants. We developed REEV (Review,
Evaluate and Explain Variants), a userfriendly platform for clinicians and researchers in the field of rare disease genetics. Supporting data was
aggregated from public data sources. We compared REEV with seven other tools for clinical variant evaluation. REEV (semi-Jautomatically fills
individual ACMG criteria facilitating variant interpretation. REEV can store disease and phenotype data related to a case to use these for phenotype
similarity measures. Users can create public permanent links for individual variants that can be saved as browser bookmarks and shared. REEV
may help in the fast diagnostic assessment of genetic variants in a clinical as well as in a research context. REEV (https://reev.bihealth.org/) is
free and open to all users and there is no login requirement.

Graphical abstract

REEV Database
Q‘ % 25 Data Storage ClinVar InterVar
rare 16V @ Store ;]_ Uploads "
disease (S A Gene Pathogenicity P ACMG D
researchers S Expression  Predictions ACMG Curate and :
S assessments send ClinVar SNV/indel rule
flexible g EHE rg(;y and bookmarks || API Submissions | | @utomation
© gene / variant Q 1l =
\ query 3 ClinVar Population CADA PubTator 3 AutoCNV
g Assessments  Frequencies ..
Phenotype Semantic ACMG
similarity Literature Gene ||CNV rule
==== Aggregated Predictions Search automation
Gene Infos
icons by OpenMoji | login required | | external API

Introduction

(1,2). Hitherto, clinical geneticists were testing a very limited
number of genes selected depending on a patient’s phenotype.
If a variant with severe consequences was found in the patients

In recent years, high throughput genetic testing has funda-
mentally changed the diagnostic paradigm in clinical genetics
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but not in healthy controls, it was likely deemed pathogenic.
However, by now access to high throughput genetic analyses
such as exome sequencing (ES) or genome sequencing (GS)
could be implemented in standard health care (3,4). Accord-
ingly, clinical geneticists have been faced with new challenges.
One is, they now have to interpret a considerably larger num-
ber of variants from screening assays, hoping to identify the
underlying disease-causing mutation among them (5,6). Spe-
cialized software is required to achieve this goal. Such tools
for variant prioritization usually use two sources of infor-
mation: variant-specific (molecular, evolutionary and popula-
tion genetic) features and gene-to-phenotype associations (7—
9). However, collecting, connecting and integrating these data
about a variant of interest from multiple online sources is
time consuming and individual tools frequently lack an easily
accessible and comprehensive output (10,11). Also, existing
platforms for gathering gene and variant information often
fall short by either missing critical data or predictions, or by
restricting access to these features to their commercial, full-
version offerings (10,12—14). In particular, while several tools
exist for the analysis and interpretation of small coding vari-
ants, albeit with the limitations mentioned above, there are
currently only few platforms for the analysis and evaluation
of structural variants (15). Finally, critical to the process of
clinical variant evaluation is a robust final assessment of the
variant’s pathogenicity. To this end, the American College of
Medical Genetics and Genomics (ACMG) has developed stan-
dardized guidelines for the classification of both sequence and
structural variants (16,17). Although there are tools that of-
fer individual or automated ACMG classification, an easy-to-
use tool that integrates all these needs in a single platform is
lacking.

Here, we introduce such a tool for the analysis, interpre-
tation and ACMG classification of both small and structural
variants. REEV (Review, Evaluate and Explain Variants; https:
/lreev.bihealth.org/) provides an automated classification pro-
posal, which can be easily understood, adapted, and amended.
We also aim to compare REEV with other available web tools
for clinical variant evaluation.

Method outline

All components of the REEV backend pipeline including
REEV’s specific original code, as well as components using
or referring to third-party software and services (Table 1) are
free to use in academic and commercial settings (open source,
MIT license). All code, tests and data required to run REEV
can be found at https://github.com/bihealth/reev. A compre-
hensive user documentation including a quickstart and a tu-
torial can be found at https:/reev.readthedocs.io/. REEV is
technically designed to speed-up diagnostic variant evaluation
and classification in both research and clinical settings. We of-
fer REEV as a complete open-source software suite including
comprehensive automated tests as well as deployment scripts
following FAIR4RS principles. Thus, REEV can also be indi-
vidually extended and tailored to the specific needs of the lab-
oratory or clinical institution using it. In several jurisdictions,
software used for clinical diagnostics needs to be certified in
accordance with national legal regulations. Any laboratory or
institution using REEV should be aware that REEV has not
been formally certified for diagnostic use in a clinical setting.
Responsibility to use REEV or derivatives of REEV in a clini-
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cal setting and certify them for clinical use lies with the using
institutions.

Data storage and preprocessing

On the server, static data is stored in files. Smaller datasets are
stored in text files or compressed binary Protocol Buffers for-
mat and loaded into memory on startup. To allow for reduced
on-disk storage, low main memory footprint and fast lookup,
larger datasets are generally stored in RocksDB (an embedded
key/value store).

All data is downloaded from public sources using a Snake-
make (18,19) workflow (s. also Data Availability). The result-
ing files are publicly available from our S3 server (see also
Data availability).

Software architecture and backend

REEV is designed to ensure full transparency and re-
producibility of variant analysis in concordance with the
FAIR4RS principles (20) and enable timely updates from
quickly evolving data sources. REEV is actively maintained
with updated releases scheduled once a quarter.

The overall architecture is a typical ‘microservice based’
web application, as roughly depicted in the graphical abstract.
The ‘REEV’ server is a web server consisting of two lay-
ers. The actual user interface consists of a TypeScript/Vue
single-page app (SPA) front-end (served through the web
server) and a Python/FastAPI based backend for the SPA.
The FastAPI server provides functionality for user login and
persisting/managing data of logged-in users in a PostgreSQL
database. It also functions as a reverse proxy to a num-
ber of backend services that provide the actual data and
functionality.

These ‘microservices’ are: Annonars provides access to data
on genes and variants which are stored in RocksDB databases.
Mebhari provides transcript-based variant consequence anno-
tations (i.e. to project a genomic variant to the transcript-
level and compute whether the variant leads to a missense or
frameshift variant at protein level). Viguno provides access to
HPO terms (21-23), a full-text index thereof, and standard
ontology algorithms based on information content. The ser-
vices above are implemented in the Rust programming lan-
guage. The cada-prio service provides phenotype similarity
queries based on the CADA (24) algorithm. The dotty service
provides functionality for transforming variant descriptions
between different notation systems, including HGVS (25), us-
ing the hgvs Python package (26). These two services are im-
plemented in the Python programming language.

These microservices are running (together with utility ser-
vices such as nginx, traefik, PostgreSQL, Redis, and Rab-
bitMQ) in Docker containers and orchestrated with Docker
Compose.

Frontend overview

In the following, we focus on the features of the software from
the perspective of the user.

REEV allows for the search of genes as well as sequence
and structural variants. A short display of supported input
styles is shown on the REEV startpage, while a quickstart and
full tutorial on how to navigate REEV are provided in the
REEV documentation available at https:/reev.readthedocs.io.
Here, we summarize the features implemented in REEV. For a
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Table 1.

Overview of sources and tools integrated with REEV. The REEV backend integrates state-of-the-art databases containing gene and variant

related information including condition/disease/phenotype related information, population frequencies, pathogenicity predictions as well as expression

and cross species conservation

Data Source

Databases Seqvar frequency
Variant and Gene Scores

/ Predictions

gnomAD (gnomad.broadinstitute.org) (6,30)
Variantscores: CADD (57), SpliceAl (58), and many scores from dbNSFP (45),
e.g. REVEL (59)

Gene constraints, e.g. gnomAD pLI/LOEUF/Z-Score (6,30)
ClinGen haploinsufficiency and triplosensitivity scores (31)
DECIPHER haploinsufficiency and triplosensitivity scores (28)

Gene Information

HGNC (https://www.genenames.org/)

NCBI Entrez (http://www.ncbi.nlm.nih.gov/Entrez/) (27)
NCBI Gene (https://www.ncbi.nlm.nih.gov/gene/) (27)

Gene-Condition

OMIM (26)

OrphaData (Orphanet) (32)
PanelApp (33)

MONDO (60)

HPO (21-23)
Gene Expression GTEx (34)
Clinical databases ClinVar (35)

ClinGen (31)
DECIPHER (28)

Annonars

Mehari

Viguno

Cada-prio

Dotty

ACMG criteria seqvar
ACMG criteria strucvar
Phenotype Similarity
PubMed

Various

Internal Services

Interface with

Link-Outs

https://github.com/varfish-org/annonars
https://github.com/varfish-org/mehari
https://github.com/varfish-org/viguno
https://github.com/varfish-org/cada-prio
https://github.com/bihealth/dotty
InterVar (52)

AutoCNV (53)

CADA (24) and Exomiser (7)

PubTator 3 API (36,37)

See user manual for further details

REEV frontend allows to interface with semi-automated ACMG scoring tools, phenotype similarity applications and pubmed interfaces. To further support
variant evaluation, validation and interpretation REEV also links out to many additional external resources, e.g. to the GA4GH beacon network, VariantVal-
idator or MutationTaster. Current versions of the sources and tools integrated with REEV can be found at https://reev.cubi.bihealth.org/info#data-versions.

complete list of integrated sources see Table 1. An overview of
the REEV frontend for the query of sequence and structural
variants can also be found in Supplementary Figures S1 and
S2, respectively.

Genes

At first, REEV provides basic information about a selected
gene, including a short summary from NCBI Gene (27), a list
of and link-outs to alternative identifiers for this gene, and
link-outs to useful resources on gene level, e.g. DECIPHER
(28), OMIM (29), pubmed (27), etc. If applicable for the
gene of interest, REEV offers links to locus-specific databases,
and NCBDI’s References Into Functions (RIFs). Next, REEV
gives an overview about the gene’s potential pathogenicity by
providing haploinsufficiency and triplosensitivity scores, e.g.
ClinGen (30) DECIPHER (28), gnomAD pLI and pLOEUF
(6,30). The user is shown information about associated phe-
notypes (HPO terms (21-23)) and diseases (OMIM (29), Or-
phanet (32), Genomics England PanelApp (33)). In the case
of a gene with an — as of yet — unknown disease associa-
tion, REEV also displays gene expression data from the GTEx
project (34). Also, REEV offers aggregated ClinVar variant
statistics (35). This includes a summary of variant counts,
a visualization of variant population frequencies separated
by their ACMG class (16), and a plot of the variants’ po-
sitions and their ACMG classes. Finally, REEV summarizes
available information of the gene of interest from the liter-
ature providing the ten most relevant hits from PubTator3

(36,37); (full data are available via link-outs to PubTator3 and
PubMed).

Sequence variants

When querying a sequence variant, REEV first provides the
above-mentioned details on the respective gene. Following this
gene information, the user is presented with a table show-
ing the impact of the variant on different transcripts (ac-
cording to NCBI GenBank (27,38)). REEV also provides an
overview about the variant’s ClinVar (35) entries, including
whether the variant is present, its respective ClinVar refer-
ence assertion, its most pathogenic significance, and its re-
view status. Users can also fold out this ClinVar card and
look at the individual reference assertion. Furthermore, in this
section REEV provides gnomAD v4 (6) population frequen-
cies of the queried variant in different populations as well
as the different sexes (XX vs. XY genotype) and the vari-
ant’s UCSC 100 vertebrate conservation on protein level (39).
Additionally, link-outs to genome browsers (ENSEMBL (40),
UCSC (41)) and various external tools (DGV (42), Genoox
Franklin (franklin.genoox.com), gnomAD (6,30), Mutation-
Taster (43,44), Varsome (12)) help the user to further assess
their variant of interest. REEV not only comes with an inte-
grated display of variant pathogenicity scores from different
tools (aggregated by dbNSFP (45)) but also provides a color
coded suggestion of the ACMG criterion PP3 as well as raw
pathogenicity scores calibrated following Pejaver et al. (46)
(see also ACMG classification). Finally, users can query the
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GA4GH Beacon network (47) for entries of the variant by
other institutions. Users may also submit the variant to Vari-
antValidator (48) to obtain gold standard HGVS representa-
tion. We provide an example query for the sequence variant
chr7:42012159:T:G (i.e. GLI3(NM_000168.6):c.1880A>C,
p-(His627Pro)) using REEV in Figure 2, and online in our
REEV tutorial (reev.readthedocs.io).

Structural variants

Besides sequence variants, REEV also allows users to exam-
ine structural variants. These can be provided either in gno-
mAD (6,30) (GRCh37 or GRCh38 coordinates) or ISCN style
(49). As for the sequence variants, REEV first shows general
information on the affected gene followed by variant spe-
cific information. Here, REEV depicts an overview of the af-
fected genes in the form of a list of genes that are overlap-
ping with or are close to the structural variant. REEV dis-
plays how the variant affects every gene (i.e. gene fully or
only partially contained; breakpoints exonic, intronic or ex-
tragenic). In the case of multiple overlapping genes, users may
sort this list of genes by, e.g. gnomAD (6,30) pLI score or
the ClinGen (31) haploinsufficiency or triplosensitivity assess-
ment. REEV also depicts details on overlapping variants in
ClinVar (35) and the individual reference ClinVar assertions.
ClinVar variants will be sorted by reciprocal overlap (the frac-
tion of overlap between the variant studied and the ClinVar
variant). Users can see the genomic location of the variant in
an integrated IGV genome browser (50) with tracks for inter-
preting the variant. Users are again provided with link-outs
to known external genome browsers (ENSEMBL (40), UCSC
(41)) and other external tools (DGV (42), Genoox Franklin
(franklin.genoox.com), gnomAD (6,30), Varsome (12)) for
further analysis. For an example query in REEV invoking the
structural variant DEL:chr14:37131998:371338135, see also
Figure 3 as well as the REEV tutorial (reev.readthedocs.io).

ACMG classification

REEV provides tools for the fast interpretation of sequence
and structural variants using the ACMG guidelines for variant
interpretation including commonly used modifications. For
semi-automated variant classification, REEV considers three
rule systems: the original ACMG 2015 guidelines (16), the
ACGS 2020 rules (17) and the 2020 point system described
by Tavtigian et al. (51). REEV offers a short explanation of
the definition and application of every of their criteria. For
the classification of sequence variants, REEV uses a semi-
automated ACMG variant class assessment based on the In-
terVar (52) tool (Figure 1A, see also below for details). Users
can modify and complete this by checking and unchecking ev-
ery single criterion or altering its level of evidence (support-
ing, moderate, strong, or very strong), clear all criteria or re-
set to auto-fill (Figure 1A, B). Users can customize the appli-
cation of the PP3-criterion (e.g. adapt the level of evidence
according to the applied pathogenicity prediction tool) (Fig-
ure 1C). Semi-automated classification of structural variants
is performed following ACMG and ClinGen standards (17)
using the AutoCNV (53) tool (see below for details). As for se-
quence variants, users can modify each criterion by checking
and unchecking or adapting the points given for the respective
criterion (Figure 1D). Since both, InterVar and AutoCNV, can
provide inaccurate pathogenicity predictions not only manual
completion of unassigned ACMG criteria but also checking of
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prefilled ACMG criteria is crucial for the correct assessment
of a variant. Therefore, we designed REEV as a diagnostic de-
cision support system putting a focus on the semi-automated
classification by the user themself. To this end, REEV assists
the user with the aforementioned explanation of the definition
and application of every ACMG criterion and the easy option
to adapt them.

Automated ACMG classification by InterVar and AutoCNV

InterVar (52) implements an automated evaluation of the
ACMG criteria (16) including the pathogenic PVS1, PS1, PS4,
PM1, PM2, PM4, PMS5, PP2, PP3, PP5 criteria and the benign
BA1,BS1,BS2, BP1, BP3, BP4, BP6, BP7 criteria. InterVar uses
ESP6500, 1000 Genomes and ExAC for evaluating population
frequency data. Prediction scores are obtained through db-
NSFP and dbSCNV, with MetaSVM used as a score for dele-
teriousness and GERP++ used for conservation. Splice predic-
tions use ADA and RF scores. Pathogenicity information is
determined through ClinVar variants.

AutoCNV (53) automatically classifies CNVs using the
ACMG/ClinGen CNV criteria (17). AutoCNV implements
automated evaluation of all criteria in Section 1 and 3, as well
as most of Section 2 (excluding 2] and 2K) and criteria 40
in Section 4. DGV (42) and gnomAD (6,30) were used to ob-
tain frequency information. Haploinsufficiency and triplosen-
sitivity information were obtained through Decipher (28). Au-
toPVS1 (54) is used to evaluate the impact of gene-level dupli-
cations and deletions. All sections and criteria concerned with
phenotype specificity, segregation or patient phenotyping re-
quire manual evaluation by the user.

Additional features for logged-in users
While REEV is fully functional without login, there are a few
features only available after login. Storing ACMG assessment
and bookmarks on the server requires a login to be uniquely
assigned to users and across computers. Users can always store
the persistent URLs into the REEV server as browser book-
marks and share these URLs without registration, e.g. via
Email. ClinVar (35) uploads can only be made available af-
ter login as this requires depositing the institution’s ClinVar
API key on the server which should be protected by login.
Logging in is possible via an ORCID account (55) or Life-
Science RI (56) (which allows researchers in the European
Union to use their home institution accounts).

Storing bookmarks and ACMG assessments

Logged-in users can store bookmarks on genes and variants on
the server. In addition, they can store the phenotype informa-
tion they entered for their case as well as the ACMG variant
assessment scores (both the automated analysis results as well
as their adjustments).

ClinVar upload

Logged-in users can deposit their ClinVar (35) API key and use
it to submit their clinical variant assessments to ClinVar. To
the best of our knowledge, REEV is the first graphical tool to
allow for such uploads via the API. Submission via the API has
the advantage that ClinVar submission accession identifiers
can be obtained within a few hours.

We plan to add further functionality for logged-in users
such as publicly sharing comments on variants.
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A Clinical Significance ®

SEMI-AUTOMATED PATHOGENICITY PREDICTION

Classification of variants is based on InterVar (Li & Wang, 2017) which follows the ACMG 2015 criteria (Richards et al., 2015).
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Figure 1. Semi-automated ACMG Classification. Overview of semi-automated variant classification using REEV. (A—C) ACMG classification of a
sequence variant. (A) Semi-automated classification based on the InterVar tool. The user can (de)activate a terse mode (1), show or hide failed ACMG
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setting of the level of confidence for the variable pathogenicity prediction criterion PP3. (C) Overview of variant pathogenicity scores from different tools
(aggregated by doNSFP) as well as color coding and calibrated scores where applicable for an easy and correct usage of the modified PP3 criterion
following Pejaver et al. (46). (D) Semi-automated ACMG classification of a structural variant based on AutoCNV (applicable for ACMG/ClinGen CNV
criteria 1-3 of 5 (17)), which can also be reset (7), (de)selected manually (8) and set at the chosen level of confidence (9).
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Benchmarking and software testing

We benchmarked REEV’s performance with regard to accu-
racy and speed using a defined set of 10 different variants in-
vestigated independently by six different clinicians. These ten
variants comprise two null variants, two missense variants,
two splice site variants, two deletions and two duplications
(Supplementary Table S1). Correctness of displayed informa-
tion (e.g. gnomAD frequencies, ClinVar entries, pathogenicity
predictions, etc.) was checked. Classification of variants was
carried out according to current ACMG and ACGS guide-
lines (16,17,51). Time until reaching final ACMG classifi-
cation was measured and compared between using REEV
and single look-up of information required for classification.
Statistical analysis was performed using a one-sided paired
t-test.

Results and discussion

Here we present REEV, a free and open tool for the user-
friendly automated clinical evaluation of genetic variants.

Accuracy and performance in comparison to single
tools

Testing REEV’s accuracy using ten different benchmarking
variants showed a correct presentation of this information.
When this information was used to classify the respective
variant with the help of the semi-automated ACMG classi-
fication offered by REEV this classification overall matched
the clinician’s classification reached without using REEV. For
small variants, REEV significantly reduced the time required
to reach final ACMG classification (compared to single look-
up of information). For structural variants we could only de-
tect a significant reduction of the time required for classifica-
tion for deletions (Supplementary Figure S3).

Comparison to existing integrative tools

To benchmark REEV’s potential use in the clinical routine,
we compared REEV and ten similar state-of-the-art web tools
(Table 2). Of the ten evaluated tools gathering variant effect
prediction, only five provide (detailed) information on gene-
disease-associations. The only other tool enabling the annota-
tion with case specific phenotype information and returning
gene-to-phenotype ranks is the commercial platform Genoox
Franklin. A frequent short-coming of existing variant interpre-
tation platforms is their restriction to coding small variants.
Apart from REEV, we found only DECIPHER and the two
merely commercial services, Genoox Franklin and Varsome,
supporting both small variants and structural variants. The
ability to submit variants directly to the ClinVar database is
only available in one other software: the commercial offering
Varsome.

Distinctive features and use cases

With REEV we present a free and open easy-to-use, versa-
tile web application that integrates all relevant information on
genes, sequence, and structural variants into one single plat-
form. By combining extensive information on genes and their
clinical relevance (gene-disease associations, dosage sensitivity
scores, etc.) as well as compiling variant specific pathogenic-
ity predictions and database information (gnomAD v4, Clin-
Var, etc.) REEV sets the basis for the rapid and thorough


https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gkae366#supplementary-data
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gkae366#supplementary-data

Nucleic Acids Research, 2024 7

A

Case Information 'LE)Cada—prio gene ranking for current HPO:

You can store information about your current case here. The HPO terms will be used to prioritize genes

# Gene Symbol Score
using the CADA algorithm. On the right, you will see all known disease genes ranked by their CADA i
score. Also, you will see the rank in the details section of each gene. 1 LMBR1 87.83
Pseudonym f?) 2 HOXD13 84.07
SeqVar N
3 BHLHAS 75.59
HPO Terms
4 GLI3 69.86
Preaxial hand polydactyly (HP.0001177) €  Macrocephaly (HP.0000256) € -
(i - -
Preaxil fool polydactyly (HP.0001841) € Postaxial foot polydactyly (HP.0001830) € L\‘2> 5 DYNC2H1 64.58
Finger syndactyly (HP.0008101) € Toe syndactyly (HP.0001770) € 6 WNT7A 63.89
Start typing 1o search for OMIM diseases 7 DDX59 60.59
SAVE CHANGES 8 GRIP1 59.09
Consequences @
VARIANT CONSEQUENCES ON OVERLAPPING TRANSCRIPTS
Gene Transcript Consequence HGVS.p HGVS.t Exon/Intron
GLI3 NM_000168.6 (Coding) ~ MANE Select missense_variant ©.1880A>C p.HE2TP 13115
Associated Conditions @
PHENOTYPES AND DISORDERS ASSOCIATED WITH GENE
— sort by — —
e /4 \ Ceieh GENE-TO-PHENOTYPE
Associated Diseases (3 of 8) » show all 5 =
S RANK
Acrocallosal syndrome
Arare by agenesis of corpus callosum (CC), distal anomalies of limbs, M
minor and disability.
Confidence: ¢ yr ¥ * Sources: Orphanet aut of 5 130 genes
Additional Information + CADA score: 69.86
Clinical Significance @
SEMI-AUTOMATED PATHOGENICITY PREDICTION
Classification of variants is based on Inter¥ar (Li & Wang, 2017) which follows the ACMG 2015 criteria (Richards et al , 2015)
(@ InterVar provides prediction SEMI-AUTOMATED ACMG PATHOGENICITY PREDICTION B BAVE T GRRVER
= @ LOAD FROM SERVER
5x HIDE TERSE MODE = = =
@ SHOW FAILED CRITERIA Uncerlaln SIgnlﬁcance QUIRELETEPROMSERYER
D CLEAR RESET TO INTERVAR B DOCUMENTATION
BENIGH
@ © @ @ wr @ @
Pathogen... ~ Pathogen... ~ Pathogen... ~ BemgnS.. -
E Clinical Significance o]
SEMI-AUTOMATED PATHOGENICITY PREDICTION
Classification of variants is based on InterVar (Li & Wang, 2017) which fallows the ACMG 2015 criteria (Richards et al | 2015),
@ InterVar provides prediction SEMI-AUTOMATED ACMG PATHOGENICITY PREDICTION @ SAVE TO SERVER
_ @ LOAD FROM SERVER
% HIDE TERSE MODE = =
® SHOW FAILED GRITERIA Likely pathogenic &3 DELETE FROM SERVER
D CLEAR B RESET TOINTERVAR [ DOCUMENTATION
BEHIGH *
_ 12Ul [i ] . rm2 [i] - res 0 BP1 [ ] ClinVar
Pathogen_.. = Pathogen... = Pathogen... = Benign .. = Significance likely pathogenic

Review Status 9 ¥ ¥ ¥r ¥ criteria provided, single submitter

Accession [ VCV001120242

SHOW REFERENCE ASSERTIONS

Figure 2. Use case: sequence variant. Example query for the sequence variant chr7:42012159:T:G. Variants can be either entered as genomic variant or
on cDNA level providing the corresponding GenBank transcript variant, e.g. NM_000168.6(GL/3):c.1880A>C. Here, we highlight key features provided by
REEV; for a full use case demonstration, e.g. including an example on the overview given to the affected gene, see the REEV quickstart and tutorial at
reev.readthedocs.io. (A) Logged-in users can provide a case specific pseudonym/id (1) and phenotype information in the form of HPO terms or OMIM
diseases (2). In our example, we provided a patient phenotype which is a preaxial hand and foot polydactyly, foot postaxial polydactyly, syndactyly and
macrocephaly. REEV automatically suggests possible genes linked to the given phenotype, as well as genes, variants in which might be likely to be
causative of this phenotype (as provided by CADA-prio HPO-gene-ranking) (note, that this phenotypic information does not influence automated variant
predictions by InterVar and AutoCNV, but the results of these gene-to-phenotype rankings can be taken into account by the user for the manual
completion of variant classification according to ACMG guidelines.) (3) GLI3, the gene affected by the likely causative variant, is listed in 4th position and
possible differential diagnoses: LMBR1, HOXD13, etc. are also shown. (B) Overview of the variant and its consequences summarized by REEV. (C)
Associated conditions (shown here: Orphanet; but OMIM, HPO and Genomics England PanelApp are also available in REEV) for the gene affected by the
respective variant. This list can also be sorted either by name or level of confidence (4). Note, when logged-in users have provided case specific
phenotype information (see A), here they are shown a gene-to-phenotype rank (according to CADA ranking) (5). (D) Semi-automated ACMG classification
based on InterVar which classifies this variant as of uncertain significance. (E) Manual input of further information allows for the final classification as
likely pathogenic: REEV shows that this variant is listed once in the ClinVar database as likely pathogenic (*). We thus can additionally assign the ACMG
criterion PS4 on supporting level. Using REVEL as our reference pathogenicity prediction tool and this variant yielding a REVEL score of 0.96 we can use
the PP3 criterion at strong level according to Pejaver et al. (46) (see also Figure 1A-C).
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Figure 3. Use case: structural variant. Example query of the structural variant DEL:chr14:37131998:37133815. Again, here we demonstrate the unique
features provided by REEV; for a full use case demonstration see the REEV quickstart and tutorial at reev.readthedocs.io. (A) Logged-in users can
provide case specific phenotype information (here we provided our patient’s phenotype which is oligodontia). Again, REEV suggests possible genes
linked to the given phenotype (as provided by CADA-prio HPO-gene-ranking) (PAX9, the gene affected by our variant is listed 1st). (B) Full list of genes
affected by our variant as well as different dosage sensitivity scores (provided by ClinGen, gnomAD, RCNV) of the respective gene. This list can also be
sorted either by gene symbol or score of interest. (C) Associated conditions for the gene affected by the respective variant. This list can be sorted either
by name or level of confidence. Again, when a logged-in user has provided case specific phenotype information (see A), they are shown a
gene-to-phenotype rank (according to CADA ranking), in our example rank for a variant in PAX9. (D) Semi-automated ACMG classification of our
structural variant based on AutoCNV (see also Figure 1D) yields a variant of uncertain significance with the CNV criteria L1A true (deletion contains part
of a protein coding gene), L2E true with 0.45 points (corresponding to the PVS1 criterion; our variant abrogates >10% of the protein and PVS1 is to be
used at strong level, equaling 0.45 points for L2E) and L3A true (for number of contained genes is 0-24). (E) Manual input of further information allows
for the final classification as pathogenic: ClinVar information of this variant provided by REEV revealed several (likely) pathogenic loss of function
sequence variants in PAX9, therefore criterion LAE is true with 0.3 points. Also, we identified this variant in a trio-genome sequencing as a de novo
variant, so criterion L5A is true with 0.45 points.
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evaluation of a variant of interest. As described above, a stand-
alone feature of REEV amongst further academic variant in-
terpretation platforms is its capability of taking case spe-
cific phenotype information and returning gene-to-phenotype
ranking, helping the user to rate a variant’s significance. To
achieve this, we implemented semi-automated predictions for
small (InterVar) and structural (AutoCNV) variants and com-
bined them with a flexible, easy-to-use interactive system for
manual interpretation and completion of ACMG criteria (Fig-
ure 1). However, REEV does not only aim to support the daily
work of assessing a variant’s relevance in routine NGS diag-
nostics but also wants to provide valuable additional informa-
tion when it comes to rating a variant’s possible significance in
a research setting. We summarize and demonstrate these fea-
tures in two use cases, one for a sequence (Figure 2) and one
for a structural variant (Figure 3).

Conclusion

REEV is a free versatile web tool that implements all the
information needed for a fast and complete assessment of
sequence as well as structural variants. By allowing for
case specific phenotype-to-gene ranking, REEV assists the
user in a fast prioritization of clinically relevant variants.
With a special focus on ACMG classification and an user-
friendly way of submitting the evaluated variant to the Clin-
Var database, REEV is useful in a clinical geneticist’s daily
routine. REEV also provides valuable additional informa-
tion necessary when further evaluating variants in a research
context.

REEV is used in the authors’ daily work and actively main-
tained. We welcome questions, comments, and suggestions via
email or the GitHub project’s issue tracker and discussion
forum.

Data availability

All data is available for download as described in the software
manual attached as Supplementary Data, in particular soft-
ware available on GitHub under permissive MIT license and
also deposited with Zenodo (https://doi.org/10.5281/zenodo.
10424214). This also includes all pipelines and software to
download and preprocess the data as well as test code and
deployment scripts. All data has been aggregated and gener-
ated from freely available sources. Instructions for download-
ing the data from our S3 server are available in the software
manual as well.

Supplementary data
Supplementary Data are available at NAR Online.
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