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Abstract

Summary: To address the difficulty in assessing the implication of regulatory variants in diseases, a scoring scheme
previously published allows the calculation of the Regulatory Variant Evidence score (RVE-score). The score repre-
sents the accumulated evidence for a causative role of a regulatory variant in a disease. Regulatory Evidence for
Variants Underlying Phenotypes was built to calculate the RVE-score of regulatory variants, based on the 24 criteria,
with a hybrid approach combining information retrieved from public databases and user input.

Availability and implementation: RevUP is freely available at http://www.revup-classifier.ca. The source code is

available at https://github.com/wassermanlab/revup.
Contact: wyeth@cmmt.ubc.ca

Supplementary information: Supplementary data are available at Bioinformatics online.

1 Introduction

To date, several DNA variant classifiers are available and most are
aligned to the American College of Medical Genetics and Genomics
(ACMG) consensus recommendations (Richards et al., 2015).
Recently, recommendations were proposed for changes to the
ACMG guidelines for clinical interpretation of variants to include
variants found in non-coding regions of the genome, showing
the relevance of such variants for genetic conditions (Ellingford
et al., 2021; Turner and Eichler, 2019).

With the growing use of clinical whole-genome sequencing, there
is a need for extension of the classification systems suitable for regu-
latory sequence variants. Diverse regulatory variant prediction
methods have been developed, such as PRVCS (Li et al., 2016) or
GREEN-VARAN (Giacopuzzi et al., 2020), have begun to aggregate
predictions and prioritize variants expected to disrupt gene regula-
tion. Such bioinformatics tools generally draw upon genomics data-
bases for information, but often the strongest evidence is found in
gene-specific publications. Furthermore, the focus on regulatory dys-
function does not necessarily relate to pathogenic impact, which is
critical for clinical classification. In 2020, a review of 46 regulatory
disease variants reported to disrupt the expression of 40 transcrip-
tion factor genes generated a semiquantitative classification scheme
that incorporates both functional and clinical evidence (van der Lee
et al., 2020). The scheme allows the calculation of the Regulatory
Variant Evidence score (RVE-score), based on 24 criteria, which
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summarizes the accumulated evidence for a regulatory variant to
have a causative role in a rare disease.

Regulatory Evidence for Variants Underlying Phenotypes (RevUP,
http://www.revup-classifier.ca), a web-based classifier, was built to cal-
culate the RVE-score of regulatory variants, based on the 24 criteria
presented in van der Lee et al. (2020). Some previously released classi-
fiers (not regulation focused) rely on user input only (Kleinberger et al.,
2016), while others rely uniquely on information available in public
databases (Li and Wang, 2017), RevUP relies on both. The result page
is a user-friendly display, downloadable and suitable for inclusion in a
scientific report, together with a FAQ on the use of RevUP.

2 Materials and methods

2.1 Architecture and hosting

RevUP is a web application composed of a front end written in React,
and a backend framework written in Flask. It is hosted on Amazon
Web Services using a t2.medium elastic compute (EC2) instance with
Nginx being used as the web server to route traffic. All code for RevUP
is available on GitHub https://github.com/wassermanlab/revup.

2.2 Scoring scheme
The scoring scheme presented in van der Lee ez al. (2020) is com-
posed of a clinical component ‘Is there a causal link between
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Fig. 1. RevUP report obtained for the scoring of the non-coding variant in the
NOTCHI1 gene reported by Wang et al. (2020) in proband 1. (A) Summary infor-
mation for the variant; (B) clinical and functional information compiled from user
input and external databases used to generate the RevUP score

genotype and phenotype?” and a functional component ‘Does the
variant have a damaging effect on the gene?’. Each evidence is given
a score of 0 or 1 (0: The evidence does not apply to the variant or it
is unknown; 1: The evidence applies to the variant, pondered based
on the evidence weight). From the evidence, three scores are calcu-
lated: (i) the C-score, reflecting the clinical evidence available; (ii)
the F-score, reflecting the functional evidence available and (iii) the
RVE-score which is the accumulated evidence for a causative role of
a regulatory variant in a disease. For some of the evidence, the infor-
mation can be retrieved from public databases while other evidence
requires user input (ex: C3.1, ‘Variant shows familial segregation
with the disease’).

2.3 User input on the variant and target gene (Step 1)

and databases queried by the webserver

For RevUP to query external databases, the user must input the vari-
ant details and the suspected target gene. Six external resources are
then queried: PhyloP (Cooper et al., 2005), PhastCons (Siepel et al.,
2005), gnomAD (Karczewski et al., 2020), CADD (Rentzsch et al.,
2019), ReMap (Cheéneby ez al., 2020) and ENCODE (Davis et al.,
2018). The details on the versions used and the information
retrieved can be found in Supplementary Table S1.

2.4 User input for additional evidence (Step 2)

Some evidence cannot be found online. Others can be found using
public databases but are too complicated to query automatically as
they require interpretation by a human expert (ex: C2.1, ‘Suspected
target gene has been implicated in the same or a similar disease
phenotype, or is otherwise relevant’). Therefore, the user will have
the ability to answer ‘Yes’ or ‘No’ to these questions in order for the
tool to calculate the score.

2.5 Results modification and comments (Step 3)

Users may have additional evidence that was not available in the
queried public databases, therefore, the user can modify the score
for each evidence level as well as add comments. Comments were
created to allow citations to relevant publications, or specific figures
within publications (i.e. free text). It is not advised to change the
scores unless the user has strong evidence to justify it.

3 Results

Based on the user input and on the values retrieved from the external
databases, RevUP calculates the C-score, the F-score and the RVE-
score for the submitted variant. The result page is composed of two
parts. The top portion (Fig. 1A) presents the information concerning
the variant, the RVE-score and the strength of this score relative to
the distribution of a curated collection of 46 regulatory variants
(van der Lee et al., 2020). This can indicate to the user if the score
is high or low compared to published variants. Then, the C- and F-
scores are displayed separately for the user to assess the strength and
weakness of their analysis. The bottom portion (Fig. 1B) indicates,
for each evidence level, the score, the information outputted from
public databases and the comments added by the user (if any). The
results are downloadable in PDF or png formats to present as-is or
in modified form.

An example is shown in Figure 1, based on a recently published
variant located in a regulatory region upstream of NOTCH1 and
implicated in the tetralogy of Fallot (Wang et al., 2020). We input
the variant characteristics and the information found in the paper in
RevUP. The tool allowed for a quick scoring of the variant, and the
creation of the displayed figure.

4 Conclusions and outlook

RevUP is a strong addition to the available variant classifier tools, as
it will allow users to assess properties specific to regulatory variants.
This scoring system does not conflict with the ACMG classification
guidelines; rather it can be used as additional information when
studying regulatory variants. The tool will save time for the user as
it is able to query databases rapidly.
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Evidence Description Score Comments/Additional Information

C1.1 - hg19.chr8:139444944 is evolution- 1
arily conserved

phyloP Score: 1.64169
phastCons Score: 0.0

C1.2 - hg19.chr9:139444949.C>A is rare 1
in unaffected individuals in specific sets of
controls or reference population databas-

es

gnomAD AF : 3.2847E-05

C1.3-hg19.chr8:139444949.C>A or locus 0 -
previously statistically associated with the
same or a similar disease phenotype

C2.1 - NOTCH1 has been implicated in the 1
same or a similar disease phenotype, or is
otherwise relevant

NOTCH1 was reported as a transmem-
brane receptor and played an important
role in differentiating into cardiaomyocyles
(Rones et al., 2000, High and Epstein,
2008). Lack of NOTCH1 expression was
associated with structural abnormalities
of heart, such as bicuspid aortic valve
(Garg et al., 2005) and NOTCH1 knock:
out mouse embryos had specific defects
in heart formation (Grego-Bessa et al.

2007).

C2.2 - NOTCH1 does not contain coding 1 NOTCH?1 contains one coding varaint

variants in the same individual which fits the compound heterozygous
model

C2.3 - hg19.chr9:139444949.C>A is con- 0 CADD Score: 3.685

sidered deleterious by computational pre-

diction methods

C2.4 - hg19.chr9:139444949.C>A is simi- 0 -

lar to another regulatory variant associat-
ed to NOTCH1 and implicated in the same
or a similar disease phenotype

C2.5 - hg19.chr9:139444949.C>Ais a 0 =
striking noncoding event

C3.1 - hg19.chr2:139444949.C>A shows 1
familial segregation with the disease

Compound heterozygous, variant inherit-
ed from an unaffected parent

Variant segregates as expected in a trio
(parents and proband)

C4.1 - hg19.chr9:139444949.C>A ob- 0 -

served in multiple, unrelated families with

the same disease phenotype

C4.2 - hg19.chr9:139444949.C>A intro 0

duction in a cell line leads to a cellular phe-

notype consistent with the disease pheno-

type

C5.1 - hg19.chr9:139444949.C>A neu- 0 =

tralization, in a model organism or cell line

rescues or reverses the phenotype

C5.2 - hg19.chr9:139444949.C>A intro- 0 =

duction, in a model arganism or a cell line,

results in a phenotype that is consistent
with the human disease

Fig. 1. (continued)
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