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Abstract

Summary: Understanding the regulatory roles of non-coding genetic variants has become a central
goal for interpreting results of genome-wide association studies. The regulatory significance of the
variants may be interrogated by assessing their influence on transcription factor binding. We have
developed atSNP Search, a comprehensive web database for evaluating motif matches to the
human genome with both reference and variant alleles and assessing the overall significance of
the variant alterations on the motif matches. Convenient search features, comprehensive search
outputs and a useful help menu are key components of atSNP Search. atSNP Search enables con-
venient interpretation of regulatory variants by statistical significance testing and composite logo
plots, which are graphical representations of motif matches with the reference and variant alleles.
Existing motif-based regulatory variant discovery tools only consider a limited pool of variants due
to storage or other limitations. In contrast, atSNP Search users can test more than 37 billion
variant-motif pairs with marginal significance in motif matches or match alteration. Computational
evidence from atSNP Search, when combined with experimental validation, may help with the dis-
covery of underlying disease mechanisms.

Availability and implementation: atSNP Search is freely available at http:/atsnp.biostat.wisc.edu.
Contact: sunyoung.shin@utdallas.edu or keles@stat.wisc.edu

Supplementary information: Supplementary data are available at Bioinformatics online.

1 Introduction

Genome-wide association studies have provided overwhelming evi-
dence that a large number of potential causative genetic variants res-
ide in non-coding regions such as intronic or intergenic regions
(Nishizaki and Boyle, 2017). These variants might be involved in a
variety of regulatory mechanisms such as transcription factor bind-
ing, histone modifications or alternative splicing, and play a key role
in disease-specific regulatory networks. Significant efforts have been
made to identify such regulatory variants especially in the human
genome. Comprehensive web resources such as Haploreg and

regulomeDB explore functional annotations in human genome at
potential regulatory variants (Boyle et al., 2012; Ward and Kellis,
2016). While epigenomic annotations depend on the availability of
experimental data in the relevant experimental systems, annotating
and nominating genetic variants for their potential regulatory effect
on transcription factor binding can be achieved by i silico calcula-
tions (Zuo et al., 2015). In disrupting or enhancing transcription
factor binding to DNA, regulatory variants might modulate expres-
sion levels of disease genes. While the web resources statistically
quantify the transcription factor motif matches with both reference
and variant alleles, they only nominate a set of regulatory variants

©The Author(s) 2018. Published by Oxford University Press. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com 2657

20z Idy 61 uo 1senb Aq 9Z9GE2SG//G9Z/S L/SE/RID1E/SONBULIOJUI0IG/ W00 dNO"OIWSPEDE//:SAYY WO} PAPEO|UMOQ


http://atsnp.biostat.wisc.edu
https://academic.oup.com/bioinformatics/article-lookup/doi/10.1093/bioinformatics/bty1010#supplementary-data
https://academic.oup.com/

2658

S.Shin et al.

passing stringent thresholds and/or do not consider creation of new
binding sites by variants.

We built the atSNP Search web resource motivated by the need
for (i) a more comprehensive motif-based discovery of regulatory var-
iants; (i) statistically well-justified quantification of motif matches
and changes in motif matches and (iii) their convenient graphical de-
piction. All the single nucleotide polymorphisms (SNPs) in dbSNP
build 144 for human genome assembly 38 (Sherry et al., 2001) were
initially examined against motifs from JASPAR (Mathelier et al.,
2014) and ENCODE (Kheradpour and Kellis, 2014) libraries by
atSNP (Zuo et al., 2015) testing. atSNP Search currently encompasses
the results for all SNP-motif combinations having a P-value < 0.05
for either motif matches with the reference or the SNP allele or
variant-led changes in motif matches. These statistical quantifications
are supplemented with composite sequence logo plots that depict the
motif matches with both alleles. None of the existing web databases
or software packages provide such automated visual depiction despite
the fact that rapid and automated access to sequence logos enables
visual exploration of impact of variants on the motif matches.
SNP2TFBS, Raven and OncoCis are existing motif-based web data-
bases that nominate regulatory variants with numerical and graphical
summaries (Andersen et al., 2008; Kumar et al., 2017; Perera et al.,
2014). The Supplementary Material provides a point-by-point com-
parison of the atSNP Search to these resources.

2 Database contents

The current version of the atSNP Search provides statistical testing
results on 37 141 563 102 variant-motif pairs with P-values <0.05 in ei-
ther motif matches or the change in motif matches. SNPs with multiple
alleles are accommodated by comparing each of the alleles with the cor-
responding reference allele. The atSNP Search motif collection consists
of 205 JASPAR motifs and 2065 ENCODE motifs, which represent 792
unique transcription factors with motif lengths between 5 and 30.

3 Search features

The atSNP Search input form has search options with the following
queries: (i) a set of SNP rs numbers (RSIDs), (ii) an RSID with a
choice of window size around the variant for an extended search re-
gion, (iii) genomic coordinates (iv) a gene symbol with a choice of
window size for an extended search region around the gene and (v)
a transcription factor (Fig. 1). While the first four search types take
genomic regions as input, the transcription factor query performs
genome-wide searches, and identifies all variants that alter motif
matches for the query transcription factor. Prior to submitting a
search request, users can specify P-value thresholds for the changes
in motif matches, and motif matches with the SNP and reference
alleles. atSNP Search also allows the user to designate multi-level
sorting based on the P-values and the genomic coordinates to an
output table. Both the user-defined P-value cutoffs and sorting
options make the atSNP Search more flexible and convenient com-
pared to existing resources. Further, users may restrict searches to
variants that either enhance or disrupt binding, and filter out records
based on information contents of the motifs.

The atSNP Search output table provides summary statistics and
composite logo plots for variant-motif pairs that meet the search crite-
ria (Fig. 1). Each SNP ID is linked to its dbSNP webpage (Sherry et al.,
2001) and the UCSC Genome Browser webpage (Casper et al., 2017)
to display the genomic region around the variant position. Users can
also access the webpages for transcription factors curated in

SNP Q Saarch ¥ Hulg O Fan

H# PP

Sasweh for sfects of BNPa on transeripton Mcter bindeg
Salect & pearcs Bpe:

| Pl Lt [ swawmaow || Genomiciecasen | Gome Tranmcription Factar

Pisase type SMPics of intarest in the box o upioad & taxt fie containing a Bt of BMPids.
apacin, o rawines.

I merm tan 1 oty the it 1 the saarch.
SHPis

4TI, SISO, rIaT2S1SE

File of SNPYds Cheosa e Na file chosan

your
Feyniue NP impact” ans
o stsutee. | et
| P S0 vt
BN imamt pe Spocity sort order Pvmion e
HEE.OR M Gernom Coaminale B
Povaive Aeterence | > | o0 Piltae by ot degenerscy T Lo ddndrain Mg ¢ g
Pt SNP T 5 o
nm o e s

Quary reburnad 5 [SNP, TF) pairs.
aweid™ rs141738071
Ceoruinme: Ch1 : 167,763,253
Transesiption Facter " MESP1

Punles BNP impact ' 2. 2848-03
Pounes snp 7: 9.186e-04
Pounbee reterence T: 7.4880-02
Changs in functien : gain

View Result Detalls ==
swew” rs141738071

Coordinmie: Ch1 @ 167,763,253
Transcription Factor 't SNALZ

Fovalee SNF impact ' B.4878-04
Pomtes 50 7; 8.295e-04
Pyniee reternce ™1 7.71048-02
Change in function : Galin

'View Result Details Lo

snpd® 5141738071
Coariinmen ©h1 : 167,763,253
Transcription Factor " TGF4

Puuaten NP impact ": 0.0002+00
Foaee sne 'y 3.9450-05
Poyaten reterence *; 1.0586-01
Crange in function : Gjalln

View Result Details ===

Fig. 1. The atSNP Search input form and output table. atSNP Search evalu-
ates both strands of the reference and variant alleles around each SNP loca-
tion given a motif. The composite sequence logo plot depicts the best
matches of both alleles to the motif along with the strand information

Factorbook (Wang et al., 2013). Testing results for each variant-motif
pair are summarized with three P-values for motif matches with the
reference and SNP alleles (P-value Reference, P-value SNP) and the
changes in motif matches (P-value SNP Impact) along with the direc-
tion of the change. Corresponding composite logo plots display se-
quence logos aligned to best motif matches with the reference and SNP
alleles, and visually reveal the direction of the change in motif match.
Composite logo plots are especially useful to validate or reject matches
to nearly degenerate motifs. Both the tables and logo plots are down-
loadable in csv and png formats, respectively. atSNP Search further
provides detail pages displaying all statistical results of variant-motif
pairs, and hypertext links for JASPAR motifs (Mathelier et al., 2014).
In Supplementary Material, we provide a general purpose use-case
for the atSNP Search using variants in the UK Biobank Axiom Array
(Allen et al., 2012). This application showcases how such an analysis
can identify main transcription factors affected by regulatory SNPs.
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