
Supplementary Table S1: A summary of studies that systematically investigated the effects of SNPs on regulatory
elements such as TFBSs. The analyses were either done by collecting experimentally supported and published data or by
predicting the SNP’s impact on TF binding using prediction tools.

Name Species DB/
tool Website Characteristics

Experimentally
supported data
or prediction

QBiC-Pred
[1] Human Tool

http:
//qbic.
genome.
duke.edu/
(accessed on
2021-08-16)

• TFBS prediction with regression mod-
els

• Prediction of changes in TF binding
using ordinary least squares and eval-
uation of correlation between the pre-
dicted binding changes and changes
in gene expression

TFBS
prediction

atSNP [2]

atSNP-
Search [3]

Human
(atSNP:
organisms
from
Bioconductor
BSGenome
package [4])

Tool,
DB

http:
//atsnp.
biostat.
wisc.edu/
search
(accessed on
2021-08-16)

• atSNP: R package for TF binding affin-
ity testing for rSNPs (needs a SNP and
motif set as input)

• atSNP Search: DB for human SNP-
motif pairs and the respective signifi-
cance

TFBS
prediction

INFERNO [5] Human Tool

http:
//inferno.
lisanwanglab.
org/index.
php
(accessed on
2021-08-16)

• Inferring causal variants from GWAS
results within annotated regulatory re-
gions as enhancers including tissue
context

• TFBS prediction with HOMER

TFBS
prediction

rSNPBASE
[6],

rSNPBASE
3.0 [7]

Human DB

http:
//rsnp.
psych.ac.
cn/
(accessed on
2021-08-16)
http:
//rsnp3.
psych.ac.
cn
(accessed on
2021-08-16)

• DB of rSNPs with references to regu-
latory elements

• Includes proximal and distal regula-
tory regions, post-transcriptional reg-
ulation, LD, and eQTL information

• rSNPBASE 3.0 includes regulatory
element-target gene pairs for regula-
tory networks

experimentally
supported
regulatory
elements

SNP2TFBS
[8] Human DB

https:
//ccg.
epfl.ch/
snp2tfbs/
(accessed on
2021-08-16)

• DB of human SNPs that affect TFBSs
and prediction of a consequence

• DB can be downloaded as text files or
accessed via the website

TFBS
prediction
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Ensembl
Variant Effect
Predictor [9]

Human,
mouse,
chicken,
cattle, dog,
goat, horse,
pig, sheep,...

DB

https:
//www.
ensembl.
org/info/
docs/
tools/vep
(accessed on
2021-08-16)

• Collection of genomic annotation for
prioritization of genomic variants in
coding and non-coding regions

• Documented impacts of variants on,
e.g., TF binding
(there is almost no information avail-
able for livestock)

TFBS
prediction

HaploReg
[10]

HaploReg v4
[11]

Human DB

http:
//pubs.
broadinstitute.
org/
mammals/
haploreg
(accessed on
2021-08-16)

• Annotation of variants based on chro-
matin states, conservation and reg-
ulatory motif alterations by combin-
ing variants into haplotype blocks and
considering LD information

TFBS
prediction

MotifbreakR
[12]

Human
(organisms
from
Bioconductor
BSGenome
package [4])

Tool No

• R/Bioconductor package intended for
human genome (adaptable to other or-
ganisms)

• Effects (i.e., strong, weak or neutral)
on TFBSs with 3 different algorithms

• documented or custom SNPs, e.g., cre-
ated with package funciSNP [13]

TFBS
prediction

ENlight [14] Human Tool

Not
available
anymore
(access
failed on
2021-08-16)

• Annotation of GWAS variants by ex-
amining the overlays with biologi-
cal annotations such as histone states,
methylation patterns, TFBSs, and
eQTL

• Returning plots for visualization

experimentally
supported
regulatory
elements

FunSeq2 [15] Human Tool

http:
//funseq2.
gersteinlab.
org/
(accessed on
2021-08-16)

• Measurement of TF binding alter-
ation of cancer-associated variants in
non-coding regions of whole tumor
genomes compared to the germline al-
lele

TFBS
prediction

SuRFR [16] Human Tool No

• R package for the prioritization of can-
didate functional SNPs integrating an-
notations from different tools and DBs
(e.g. conservation, chromatin states
and TFBSs)

experimentally
supported
regulatory
elements

GEMINI [17] Human DB
Only on
local
machine

• DB for coding and non-coding variant
annotation by integrating chromatin
information for different cell types

experimentally
supported
regulatory
elements
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SNPnexus
[18] Human Tool

https:
//www.
snp-nexus.
org/v4/
(accessed on
2021-08-16)

• Functional annotation for prioritiza-
tion of novel and publicly known cod-
ing and non-coding SNPs

• Investigation of potential regulatory
role by computing the overlaps with
documented regulatory elements such
as conserved TFBSs or promoter re-
gions

TFBS
prediction

RegulomeDB
[19] Human DB

https://
regulomedb.
org/
(accessed on
2021-08-16)

• Prioritization of functional variants
from genomic sequencing or GWAS
experiments

• prediction of protein binding al-
teration within experimentally sup-
ported regulatory regions based on
e.g., ChIP-seq experiments, chromatin
state information, and eQTLs

experimentally
supported
regulatory
elements and
TFBS prediction

rSNP-
MAPPER
[20]

Human Tool

Not
available
anymore
(access
failed on
2021-08-16)

• Computation of change in TF binding
predictive score for different input se-
quences

• TFBS prediction with PWMs based on
Hidden Markov Models

TFBS
prediction

is-rSNP [21] Human Tool

Not
available
anymore
(access
failed on
2021-08-16)

• Predicting SNPs affecting TFBSs by us-
ing a PWM based statistical algorithm
for the calculation of significant affin-
ity change

• Input SNPs from GWAS is possible

TFBS
prediction

sTRAP [22] Human,
mouse, yeast Tool

http:
//trap.
molgen.
mpg.de/
cgi-bin/
home.cgi
(accessed on
2021-08-16)

• Comparison of two input sequences
and determining the TF which is
mostly affected by a SNP

• TF affinity prediction with TRAP [23]

TFBS
prediction

SNPinfo [24] Human Tool

https://
manticore.
niehs.nih.
gov/
(accessed on
2021-08-16)

• Prioritize SNPs from GWAS by con-
sidering different functional character-
istics (e.g., protein structure for cod-
ing SNPs or changes in TF binding,
splice sites or MicroRNA-binding sites
for non-coding SNPs) gene regulation,
splicing, miRNA) in order to identify
disease-associated SNPs

• TFBS prediction with MATCH [25]

TFBS
prediction
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F-SNP [26] Human DB

Not
available
anymore
(access
failed on
2021-08-16)

• Integration of different tools and
databases to predict the functional ef-
fect of SNPs

• The biomolecular functional cate-
gories splicing, transcription, transla-
tion and post-translation are consid-
ered

• TFBS prediction with TFSearch [27]
and Consite [28]

TFBS
prediction

SNP@Promoter
[29] Human DB

Not
available
anymore
(access
failed on
2021-08-16)

• Identification of SNPs within pre-
dicted TFBSs and integration of con-
servation and gene annotation infor-
mation

• Computation of a conservation score
for each TFBS instead of a binding
score or consequence

• TFBS prediction with MATCH [25]

TFBS
prediction
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