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Abstract

Summary: DNAshapeR predicts DNA shape features in an ultra-fast, high-throughput manner from
genomic sequencing data. The package takes either nucleotide sequence or genomic coordinates
as input and generates various graphical representations for visualization and further analysis.
DNAshapeR further encodes DNA sequence and shape features as user-defined combinations of
k-mer and DNA shape features. The resulting feature matrices can be readily used as input of vari-
ous machine learning software packages for further modeling studies.

Availability and implementation: The DNAshapeR software package was implemented in the stat-
istical programming language R and is freely available through the Bioconductor project at https:/
www.bioconductor.org/packages/devel/bioc/html/DNAshapeR.html and at the GitHub developer

site, http://tsupeichiu.github.io/DNAshapeR/.
Contact: rohs@usc.edu

Supplementary information: Supplementary data are available at Bioinformatics online.

1 Introduction

Two distinct readout modes have emerged as crucial components of
protein-DNA recognition (Abe et al., 2015). These modes include
sequence-based readout of direct contacts with the functional groups
of the bases (base readout) and structure-based readout of intrinsic
deviations from a canonical double helix (shape readout). DNA
shape readout was originally described based on the analysis of co-
crystal structures of protein-DNA complexes. Studies of DNA
shape readout were then extended to massive datasets of protein-
interacting DNA sequences via the use of DNAshape, a method for
the high-throughput prediction of DNA structural features (Zhou
et al., 2013). Using DNAshape as the underlying tool, a motif
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database for transcription factor (TF) binding sites, TFBSshape
(Yang et al., 2014) and a genome browser database for DNA shape
annotations, GBshape (Chiu et al., 2015), were developed.

Rules that determine the binding affinity between TFs and
their binding sites can be statistically learned from the data
derived from in vitro high-throughput binding assays. Although
sequence-based methods have long been used to model TF binding
specificities, high-throughput prediction of DNA shape enabled us
to develop methods that leverage both DNA sequence and
shape information. Trained with either linear regression or sup-
port vector regression algorithms, shape-augmented models were
consistently shown to outperform sequence-based methods in

1211

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact

journals.permissions@oup.com

9T0Z ‘9 Ae |\ U0 BILIOLIED UBYINGS JO Al T /B10°S[euIN0 I X0'So1IewIo U0 10//:dny WoJ) papeojumod


https://www.bioconductor.org/packages/devel/bioc/html/DNAshapeR.html
https://www.bioconductor.org/packages/devel/bioc/html/DNAshapeR.html
http://tsupeichiu.github.io/DNAshapeR/
http://bioinformatics.oxfordjournals.org/lookup/suppl/doi:10.1093/bioinformatics/btv735/-/DC1
Deleted Text: BIOINFORMATICS<article-title>DNAshapeR: a package for DNA shape prediction and feature encoding [AQ]</article-title>
Deleted Text: i
Deleted Text: -
Deleted Text: -
Deleted Text: ,
Deleted Text: Whereas
http://www.oxfordjournals.org/
http://bioinformatics.oxfordjournals.org/

1212 T.P.Chiu et al.
Ensemble
DMAshape -
(C++) g
=3
> Visualization __ B
sequence
ATCGCG... DNAshapeR E .
>sequence? g

CGCGGCT...

FASTA file

Feature encoding

o
>

imer[G]c

>rangel

2mer |GC|CC| CA[AC| ..
3mar B

TICGTGCC...

=range2
AATCAAAT..

Strong TF hinding

E Public domain projects H
i [ AnnotationHub)
[ ENCODE, Roadmap, GEO, ... E

PraT[F]  MGW [A]
131848 13

-

Weak TF binding
| nnnnnnnnnnnnnnnnnnnn

£i 1L« 0111

5 i ™=y

% FRITT el
Ay T £
AN & i

Fig. 1. Flowchart of DNAshapeR analysis. The input data can be either nucleotide sequence(s) in FASTA file format or genomic intervals, provided by the user in
BED format or derived from public databases. The core of DNAshapeR includes a high-throughput approach for the prediction of DNA shape features. MGW,
HelT, ProT and Roll can then be visualized in the form of plots, heat maps or genome browser tracks or used for the assembly of feature vectors of user-defined

combinations of k-mer and shape features

modeling the in vitro binding of TFs quantitatively (Zhou et al.,
2015).

DNAshape is currently released as a stand-alone web service
(Zhou et al., 2013). Its pre-defined functionality and internet band-
width-bounded performance made it difficult to use in genome-wide
studies. To address these issues, we developed DNAshapeR, an
R/Bioconductor package that can generate DNA shape predictions
in an easy-to-use, easy-to-integrate and easy-to-extend manner. The
output can be readily integrated into other high-throughput genomic
analysis platforms.

2 High-throughput DNA shape prediction

The core of DNAshapeR is the DNAshape prediction method (Zhou
et al., 2013), which uses a sliding pentamer window to derive the
structural features minor groove width (MGW), helix twist (HelT),
propeller twist (ProT) and Roll (Fig. 1) from all-atom Monte Carlo
simulations. These DNA shape features were observed in various
cocrystal structures as playing an important role in achieving pro-
tein-DNA binding specificity. High-throughput predictions of DNA
shape have shed light on the DNA binding specificity of TFs (He
et al., 2015; Murphy et al., 2015) and were shown to be predictive
of replication origins (Comoglio et al., 2015).

The DNAshapeR package enables ultra-fast, high-throughput
predictions of shape features for thousands of genomic sequences
and generates various graphical outputs of the data (Fig. 1;
Supplementary Data). The modular design of DNAshapeR enables
the expansion to additional features, such as conformational flexi-
bility, biophysical properties and methylation status, to be added in
future releases of the DNAshapeR package.

3 DNA shape and k-mer feature encoding

Besides DNA shape predictions and data visualization, DNAshapeR
can also be used to generate feature vectors for user-defined models.
These models consist of sequence features (1mer, 2mer, 3mer),
shape features (MGW, Roll, ProT, HelT) or any combination of
those features (Fig. 1; Supplementary Data). DNAshapeR encodes
sequence as binary features. DNA shape features are normalized by
default and can include second-order shape features. The detailed
definitions of sequence and shape features were provided in an ear-
lier study (Zhou et al., 2015).

The feature encoding function of DNAshapeR enables the gener-
ation of any user-defined subset of these features. The result of the
feature encoding for each sequence is a chimera feature vector.
Feature encoding of multiple sequences thus results in a feature ma-
trix, which can be used as input for a variety of statistical machine
learning methods.
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