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evaluation of DNA methylation at an individual CpG loci in the human genome based
on Illumina’s bead technology and It is one of the most common techniques used in
epigenome-wide association studies (EWAS). Finding associations between epigenetic
variation and phenotype is a significant challenge in biomedical research. The newest
version, Human Methylation EPIC, quantifies the DNA methylation level of 850k CpG
sites, while the previous versions, HumanMethylation450 and HumanMethylation27,
measured over 450k and 27k loci, respectively. Although a number of bioinformatics
tools have been developed to analyse this assay, they require some programming
skills and experience in order to be usable .Results, We have developed a pipeline for
the Galaxy platform for those without experience aimed at DNA methylation analysis
using the Infinium Human Methylation BeadChip. Our tool is integrated into Galaxy
(http://galaxyproject.org), a web based platform. This allows users to analyse data from
the Infinium Human Methylation BeadChip in the easiest possible way. Conclusions,
The pipeline provides a group of integrated analytical methods wrapped into an easy to
use interface. Our tool is available from the Galaxy toolshed, GitHub repository and
also as a Docker image. The aim of this project is to make Infinium Human Methylation
BeadChip analysis more flexible and accessible to everyone.
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Response to Reviewers: We would like to thank the reviewers and the editors for their careful assessment of the
manuscript and their detailed and constructive comments. We have extended the
manuscript, clarified the methodologies and performed additional new experiments.
Below we provide point-to-point responses with reference to the corresponding
modifications of the manuscript. We believe that addressing these comments has
produced a stronger manuscript that will hold more value for the scientific community.
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#Editor Comments: In addition, please register any new software application in the
bio.tools and SciCrunch.org databases to receive RRID (Research Resource
Identification Initiative ID) and biotoolsID identifiers, and include these in your
manuscript. This will facilitate tracking, reproducibility and re-use of your tool.

Authors:
Thank you for considering our revised manuscript. We have registered our tool in both
bio.tools and in SciCrunch.org, and have provided the identifiers in our manuscript:
biotoolsID identifier: biotools:ewastools, RRID: SCR_018085

 Reviewer #1  Major concern:
The "Potential implications" section is confusing. It reads more of a use case or a proof
of concept illustration of the value of the EWAS-Galaxy tools suite, rather than a
section that discusses the "potential implications" for EWAS-Galaxy. I do like the idea
of providing a use case, but I suggest renaming this section. I also suggest adding a
little more background about the dataset being tested. Why was it chosen (the fact that
there is "interest in skin cancer biomarker identification" doesn't seem like enough of a
reason)? The dataset is published, which leads me to believe the authors are doing a
re-analysis of the study. How do their results of identifying a set of DMRs/DMPs near
transcription start sites and enhancers of the listed genes compare to what the original
authors of the study found? I would love to see this use case expanded as I believe the
goal is to highlight that EWAS-Galaxy can analyze (re-analyze?) methylation array data
to drive hypothesis generation, which is an important point to make.
Authors:
We sincerely thank the reviewer for their thoughtful comments and inspections of our
submission. We have renamed the section as suggested and provided more
background about the dataset being tested (“ …. Compared to genetic studies EWAS
provides a unique opportunity to study dynamic response to treatment. It has been
suggested that DNA methylation is associated with drug resistance.To validate our
suite we have performed analysis of differentially-methylated regions using publicly
available data from the Infinium Human Methylation BeadChip array of melanoma
biopsies pre and post MAPKi treatment….”). The authors cannot agree more with the
reviewer that it would be interesting to compare our results with what the original
authors of the study found. Unfortunately the original study only provides a selected
fragment of the results of the data analysis. Therefore we have created a dedicated
GitHub repository https://github.com/kpbioteam/ewastools-case_study with the results
of re-analysis of the original dataset.

Minor concerns:
Reviewer #1 comment#1
In the Background section the authors mention multiple open source software
packages for analyzing methylation assay data (page 2, line 25). It appears that only
Minfi tools made it into EWAS-Galaxy. It would be great if the authors mentioned
whether there is ongoing work to incorporate these additional tools into EWAS-Galaxy
or why only Minfi tools were included.
Authors:
We thank the reviewer for this comment. For now, we have focused on the
implementation of the Minfi tools in the galaxy. We are happy to add additional tools if
requested by users.
Reviewer #1 comment 2
The sentence starting "The tool suite includes methods…" on page 2, line 31 is weirdly
worded. Bolded names of the tools are inserted into the sentence in a way that makes
the sentence hard to read. The same weird pattern is present on page 2 line 19. I
would suggest re-wording these sentences to match the wording in the "Preprocessing
and Normalization" and "Quality Assessment and Control" sections (where the bolded
tool names make sense in the sentences).
Authors:
We agreed with this comment and changed the sentences accordingly
Reviewer #1 comment 3
There is mention of Illumina Genome Studio (page 2, line 20) before saying what it is
(in Data Loading section). There is mention of Planemo (page 2, line 44) without
mentioning or citing what it is. I would suggest describing these (and any other
specialty) terms the first time they are mentioned.
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Authors:
We agreed with this comment and changed the sentences accordingly
Reviewer #1 comment 4
I am unsure whether mentions of "Illumina Methylation Assay" (page 2, line 11), "450k
assay" (page 2, line 14), "Infinium Methylation Assay" (page 2, line 48), and "Illumina
450k Methylation" (page 3, line 38) are all referring to the same assay type. I would
suggest being consistent with naming or explicit about whether the different terms are
the same assay type.
Authors:
We agreed with this comment and changed the sentences accordingly
Reviewer #1 comment 5
It is unclear what "bad, with sample index" means in the Figure 3 graph legend. Please
clarify.
Authors:
We agreed with this comment and changed the sentences accordingly
Reviewer #1 comment 6
There is duplication of spelling out terms followed by the abbreviation in parentheses.
In one example, "differentially-methylated regions (DMRs)" can be found three times in
the text (page 2 line 62, page 3 line 35, and page 3 line 58). As per author instructions:
"If abbreviations are used in the text they should be defined in the text at first use".
Authors:
We thank the reviewer for their careful inspection and modified accordingly
Reviewer #1 comment 7
An Abbreviations section is missing from the manuscript. As per author instructions: "a
list of abbreviations should be provided in alphabetical order.".
Authors:
We agreed with this comment and provided list of abbreviations
Reviewer #1 comment 8
Figure numbering appears out of order. Figure 5 is called out before Figure 3. I do not
see a call out to Figure 4. I also am not sure what conclusion I am supposed to draw
from Figure 4. I suggest numbering and ordering the figures as they appear in the text
and providing an explanation of what Figure 4 is showing.
Authors:
We thank the reviewer for pointing out this inconsistency, which has now been
corrected.
Reviewer #1 comment 9
The Availability and requirements section is formatted strangely, and the section
header includes "(Availability of source code and requirements (optional, if code is
present))", which looks like it was copied from the author instructions and not removed.
Please check formatting.
Authors:
We agreed with this comment and changed the section title and formatting accordingly
Reviewer #1 comment 10
There is mixed usage of US and UK English spelling (e.g. normalization and
normalisation). Please standardize.
Authors:
We agreed with this comment and changed the spelling accordingly
Reviewer #2: Formatted review attached as PDF. Raw text is below.

Major concerns
Article Text
Reviewer #2 comment 1
This article, and especially the title, seem to indicate that the described tool suite is
generally applicable to most/all population epigenetic study analysis.
However, the current implementation of this tool suite is limited to only handling
Illumina Infinium methylation arrays, in particular the IlluminaHumanMethylation450
('450k') array.
If your population epigenetic datasets are not from this specific technology iteration,
then you cannot use these Galaxy tool implementation to perform EWAS.
Either the article and title should be adjusted to accurately reflect the abilities of the
described tools, or the tools should be updated to handle additional, including non-
illumina methylation array, dataset types. This tool suite is currently several wrappers
around minfi functions, that has been restricted to working with
IlluminaHumanMethylation450kanno.ilmn12.hg19.
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Authors:
We thank the reviewer for the comment. We have extended the tool suite to support:
HumanMethylationEPIC and HumanMethylation27 methylation arrays. We fully
understand the concerns of the reviewer around usability of the tool suite for population
epigenetic datasets that are not from Illumina Infinium methylation arrays. However, at
this moment the EWAS studies are predominantly generated using Illumina Infinium
methylation arrays. EWAS Atlas (https://bigd.big.ac.cn/ewas)  is one of the most
comprehensive knowledge base of epigenome wide association studies  and among
the 1160 studies reported there we haven’t found a single one that used a platform
different than HumanMethylationEPIC (‘850k’) or IlluminaHumanMethylation450
('450k') [accessed on 20/02/2020] . We are happy to add additional tools if requested
by users.
We have also adjusted the article title to “Ewastools: Infinium Human Methylation
BeadChippipeline for population epigenetics integrated into Galaxy”

Reviewer #2 comment 2
Confirm that all tools e.g. listed in Table 1 are available in the ToolShed, Docker image,
etc. (for example, the minfi_getanno does not exist, etc.)
Authors
We thank the reviewer for their careful inspection. We have not included Table 1 in the
reviewed version of the manuscript as addressing one of the reviewer’s comment
below, the recent version of the suite consists a single ‘tool' with multiple functions.

Software
Reviewer #2 comment 3
Interoperability concerns. Stated purpose of toolset is to increase accessibility to
EWAS methods, but toolset is very specific and not interoperable. 'Rdata' datatype is
used as intermediate and end-pint datasets. Potential security concerns introduced by
tools that consume untrusted serialized datasets, e.g. 'rdata' Rdata datasets cannot be
used as inputs by standard Galaxy tools, so, essentially user gets 'locked in' to this
pipeline implementation.
All outputs are a base 'rdata' datatype, despite containing different objects. This allows
improper input/output dataset mixing. Hierarchical datatypes should be used.
Really, an intermediate filetype that is usable by other standard Galaxy tools (e.g.
tabular files) would be advisable. At the very least, there should be tools to export to
and from these specific binary types and more generalized formats.
Authors:

We agree with the reviewer and have modified the toolset so ‘Rdata’ datatype is no
longer used.

Reviewer #2 comment 4
Majority of tools have an input for datasets and output of another. The interfaces do not
allow configuring other options to the various functions.
Because intermediate datasets are rdata, and there are several steps that are just
input file → output file (no other configurable), I have questions about the need to
actually have them as separate steps. Does it make sense to have a 'tool' consist of
multiple function calls instead?

Authors:
We agree with the reviewer and the recent version of the suite consists of a single tool
with multiple functions.

Reviewer #2 comment 5
Minfi Map to Genome map to genome tool should assign dbkey to output dataset
metadata in Galaxy
Tool should also allow selecting from a list of genomes/annotations
Would allow the other illumina arrays supported by minfi to work in this toolset
Authors:
We thank the reviewer for the comment. The recent version of the suite allows
selecting different types of illumine arrays (>Genome Table option). We removed Minfi
Map to Genome map to genome tool as  the suite consists of a single tool with multiple
functions.
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Reviewer #2 comment 6
A "Galaxy Interactive Tour" is described as being available for the EWAS tools, but the
tour.yaml file contains only a name and a description and not any actual tour content.
(https://github.com/galaxyproject/training-
material/blob/master/topics/epigenetics/tutorials/ewas-suite/tours/tour.yaml)

Authors:
We thank the reviewer for pointing out this inconsistency, which has now been
corrected in the recent version  of the training material
https://github.com/galaxyproject/training-material/pull/1778

Reviewer #2 comment 7
Add license to https://github.com/kpbioteam/ewas_galaxy
Authors:
We thank the reviewer for the comment. We updated as requested.

Minor concerns
Reviewer #2 comment 8
Docker container is using Galaxy 18.05 and the pre-loaded EWAS tools are out-of-date
Should update to a newer version of Galaxy and update the contained EWAS-Galaxy
tools. (docker run -it -p 8080:80 --rm kpbioteam/galaxy-ewas)
Logged in as an admin, and updated tools from ToolShed for the purpose of this
review
Output of minfi dmr and minfi dmr tools creates an 'interval' type dataset. But these
outputs have non-commented header lines, and cannot be displayed at UCSC as
shown in tutorial without additional manual processing. This should be fixed at the tool
output.
Authors:
We agree with the reviewer and have updated the docker container to Galaxy 19:09
and updated the contained tools from ToolShed. We have modified the tool to output
‘dmr’ and ‘dmp’ datasets as a ‘bed’ type
Reviewer #2 comment 9
The "Minfi Read 450k load .IDAT files" tool requires the datasets in the history to have
names that have specific '_Red.idat' and '_Grn.idat' pattern matching. This is not
explained in the tool, and if dataset names do not match, no warning or error is
displayed to the user. This should be fixed as part of the tool.
Authors:
We thank the reviewer for the comment.  We have explained now in the tool, the
requirements for the datasets in the history to have names that have specific
'_Red.idat' and '_Grn.idat' pattern matching i.e (“*Inputs*Series of .IDAT files: matching
red and green .idat file for each sample on the chip intensity data”). This format follows
the standard raw input for Illumina Methylation arrays as each sample have two files:
one for red and green channels respectively.
Reviewer #2 comment 10
Authors:
Training material tutorial (https://training.galaxyproject.org/training-
material/topics/epigenetics/tutorials/ewas-suite/tutorial.htm) has several errors, with
described tool configurations/interfaces lacking the declared options, etc (e.g. minfi dmr
tool, etc).
Also some missing steps (e.g. removing first lines of 'fake' interval files). Recommend
walking through tutorial again and confirming all steps are listed and clear

We thank the reviewer for their careful inspection, which has now been corrected in the
recent version  of the training material https://github.com/galaxyproject/training-
material/pull/1778.

Additional Information:

Question Response

Are you submitting this manuscript to a
special series or article collection?

No

Experimental design and statistics Yes
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Full details of the experimental design and
statistical methods used should be given
in the Methods section, as detailed in our
Minimum Standards Reporting Checklist.
Information essential to interpreting the
data presented should be made available
in the figure legends.

Have you included all the information
requested in your manuscript?

Resources

A description of all resources used,
including antibodies, cell lines, animals
and software tools, with enough
information to allow them to be uniquely
identified, should be included in the
Methods section. Authors are strongly
encouraged to cite Research Resource
Identifiers (RRIDs) for antibodies, model
organisms and tools, where possible.

Have you included the information
requested as detailed in our Minimum
Standards Reporting Checklist?

Yes

Availability of data and materials

All datasets and code on which the
conclusions of the paper rely must be
either included in your submission or
deposited in publicly available repositories
(where available and ethically
appropriate), referencing such data using
a unique identifier in the references and in
the “Availability of Data and Materials”
section of your manuscript.

Have you have met the above
requirement as detailed in our Minimum
Standards Reporting Checklist?

Yes
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Ewastools: In�nium Human Methylation BeadChip
pipeline for population epigenetics integrated into
Galaxy
Katarzyna Murat1, Björn Grüning2, Paulina Wiktoria Poterlowicz3, Gillian
Westgate1, Desmond J Tobin4,1 and Krzysztof Poterlowicz1,�
1Center for Skin Sciences, University of Bradford,Bradford, BD7 1DP, United Kingdom and 2Freiburg Galaxy
Team, University of Freiburg, Fahnenbergplatz, 79085 Freiburg im Breisgau, Germany and 3Hull York
Medical School, University of York, York, Y010 5DD, United Kingdom and 4The Charles Institute for
Dermatology, School of Medicine, University College , Dublin, Ireland
�k.poterlowicz1@bradford.ac.uk

Abstract
Background, In�nium Human Methylation BeadChip is an array platform for complex evaluation of DNA methylation at an
individual CpG loci in the human genome based on Illumina’s bead technology and It is one of the most common
techniques used in epigenome-wide association studies (EWAS). Finding associations between epigenetic variation and
phenotype is a signi�cant challenge in biomedical research. The newest version, HumanMethylationEPIC, quanti�es the
DNA methylation level of 850k CpG sites, while the previous versions, HumanMethylation450 and HumanMethylation27,
measured over 450k and 27k loci, respectively. Although a number of bioinformatics tools have been developed to analyse
this assay, they require some programming skills and experience in order to be usable. Results, We have developed a
pipeline for the Galaxy platform for those without experience aimed at DNA methylation analysis using the In�nium
Human Methylation BeadChip. Our tool is integrated into Galaxy (http://galaxyproject.org), a web based platform. This
allows users to analyse data from the In�nium Human Methylation BeadChip in the easiest possible way. Conclusions, The
pipeline provides a group of integrated analytical methods wrapped into an easy to use interface. Our tool is available from
the Galaxy toolshed, GitHub repository and also as a Docker image. The aim of this project is to make In�nium Human
Methylation BeadChip analysis more �exible and accessible to everyone.
Key words: In�nium Human Methylation BeadChip; Epigenome-Wide Association Studies (EWAS); DNA methylation;
Galaxy Project; Pipeline; Sequence analysis

Background

Over the last several years comprehensive sequencing data sets
have been generated, allowing analysis of genome-wide activ-
ity in cohorts of di�erent individuals to be increasingly avail-
able. In�nium Human Methylation BeadChip requires only a
few days to produce methylome pro�les of human samples
with low sample input requirement (as low as 500 ng of ge-

nomic DNA) as the starting material [1]. Studies performed
recently have identi�ed variation naturally occurring in the
genome associated with disease risk and prognosis, includ-
ing tumour pathogenesis [2]. This raised interest in the con-
cept of epigenome-wide association studies (EWAS). The term
Epigenomemeans "on top of" the genome and refers to speci�c
changes in genome regulatory activity occurring in response
to environmental stimuli [3]. Epigenetic modi�cations do not
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Draft manuscript prepared by the author.
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Figure 1. Simpli�ed work�ow for analysing epigenetics data

change the underlying DNA sequence, but can cause multiple
changes in gene expression and cellular function [4]. In hu-
mans, DNA methylation occurs by attaching a methyl group to
the cytosine residue. This has been suggested as a suppressor
of gene expression [5]. Multiple methods for DNA methyla-
tion analysis were developed, including the polymerase chain
reaction (PCR) and pyrosequencing of bisul�te converted DNA,
dedicated to study a small number of methylation sites across
a number of samples [6]. Assays like whole genome bisul-
�te sequencing (WGBS) and reduced representation bisul�te
sequencing (RRBS) allow global quanti�cation of DNAmethyla-
tion levels. However, running this type of analysis for a larger
number of samples can be prohibitively laborious and expen-
sive [7]. The In�nium Human Methylation BeadChip [1] of-
fers unprecedented applicability and a�ordability due to the
low costs of reagents, short time of processing, high accu-
racy and low input DNA requirements. It determines quan-
titative array-based methylation measurements at the single-
CpG-site level of over 850k loci [8] covering most of the pro-
moters and also numerous other loci. The makes this assay
suitable for systematic investigation of methylation changes
in normal and diseased cells [3]. As such it has become one
of the most comprehensive solutions on the market [9]. How-
ever, Illumina commercial software generates additional costs
and it is not suitable for everyone. Therefore there is a need to
create freely available software able to perform comprehensive
analysis including quality control, normalisation and detection
of di�erential-methylated regions [9]. Open-source software
packages (e.g. DMRcate [10], Min� [11], ChAMP [12], methy-
lumi [13], RnBeads [14]) require high performance computa-
tional hardware as well as command line experience in order to
run the analysis. This is why one of aims of the our In�nium
Human Methylation BeadChip pipeline was to set and imple-
ment these methods into a user-friendly environment. The
tool have been developed to provide users with an enhanced
understanding of the In�nium Human Methylation BeadChip
analysis. Work�ow includes methods for preprocessing with
strati�ed quantile normalisation preprocess. Quantile or ex-
tended implementation of functional normalisation preprocess
Funnorm with unwanted variation removal, sample speci�c
quality assessment and methodology for calling di�erentially-
methylated regions and sites (DMR) and positions detection
(DMP). Scripts were combined and published on the web based
platform - Galaxy, a graphical interface with tools, ready to run
work�ows providing a solution for non-programmer scientists
to analyse their data and share their experience with others [15].
Con�guration �les are publicly shared on our GitHub repository
[16] with code and dependency settings also available to down-
load and install via the Galaxy toolshed [17]. Our tool was cre-
ated and tested using a Planemo [18] an integrated workspace
for Galaxy tools development with a default con�guration and
shed tool setup available via Docker (operating-system-level
virtualization) [16].

Tools Description

The work�ow combines 5 main steps (see Figure 1), starting
with raw intensity data loading (/.idat) and then preprocessing
and optional normalisation of the data. The next quality con-
trol step performs an additional sample check to remove low-

quality data, which normalisation cannot detect. The work�ow
gives the user the opportunity to perform any of these prepara-
tion and data cleaning steps, including the next highly recom-
mended genetic variation annotation step resulting in single
nucleotide polymorphism identi�cation and removal. Finally,
the dataset generated through all of these steps can be used to
�nd DMPs and regions DMRs with respect to a phenotype co-
variate. All the steps as well as single preparation and analysis
options are shown in Figure 2 and explained in detail below.

Data Loading

The In�nium Human Methylation BeadChip assay interrogates
�uorescent signals (qreen and red) from the methylated and
unmethylated sites into binary values which can be read di-
rectly as IDAT �les [1]. Illumina’s GenomeStudio solution
converts the data into plain-text ASCII �les losing a large
amount of information during this process [19]. To prevent
this kind of data loss we introduced an R based .IDAT �les
loading method which is a combination of illuminaio readIDAT
and min� RGChannelSet functions. It reads intensity informa-
tion from both treatment and control data and based on this it
builds up a speci�c joined data set.

Preprocessing and Normalisation

Green and red channel signals from .IDAT �les can be con-
verted into methylated and unmethylated signals assigned to
methylation levels or Beta values. Betas are build in RatioSet
object, and estimate the methylation level using channel ratios
in a range between 0 and 1 with 0 being unmethylated and 1 be-
ing fully methylated [19]. However, these two classes can also
be preprocessed and normalised with two methods available
[19]. Preprocess Quantile implements strati�ed quantile nor-
malisation preprocessing and is supported for small changes
like in one-type samples e.g. blood datasets. In contrast,
preprocess Funnorm is aimed at global biological di�erences
such as healthy and occurred datasets with di�erent tissue
and cell types. This is called the between-array normalisa-
tion method and removes unwanted variation [19]. In addition
unwanted probes containing either an SNP at the CpG inter-
rogation or at the single nucleotide extension can be removed
(recommended)[19].

Quality Assessment and Control

Data quality assurance is an important step in In�niumHuman
Methylation BeadChip analysis. The quality control function
extracts and plots the data frame with two columns mMed and
uMed which are the medians of MethylSet signals (Meth and
Unmeth). Comparing these against one another allows users
to detect and remove low-quality samples that normalisation
cannot correct [11].

Annotating probes a�ected by genetic variation

Single nucleotide polymorphism (SNP) regions may a�ect re-
sults of downstream analysis. Remove SNPs step returns data
frames containing the SNP information of unwanted probes
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and removes them from the data set [19].

DMPs and DMRs Identi�cation

The main goal of the In�nium Human Methylation BeadChip
tool is to simplify the way di�erentially-methylated loci sites
are detected. The work�ow contains a function detecting DMPs
with respect to the phenotype covariate, and method for �nd-
ing DMRs [11]. DMRs can be tracked using a bump hunting al-
gorithm. The algorithm �rst implements a t-statistic at each
methylated loci location, with optional smoothing, then groups
probes into clusters with a maximum location gap and a cut-
o� size to refer the lowest possible value of genomic pro�le
hunted by our tool [20].

Functional Annotation and Visualisation

In addition to downstream analysis, users can access annota-
tions provided via Illumina by ChIPpeakAnno annoPeaks tool
[19] or perform additional functional annotations using the
Gene Ontology (GO) via Cluster Pro�ler GO tool. The GO tool
provides a very detailed representation of functional relation-
ships between biological processes, molecular function and cel-
lular components across data [21]. Once speci�c regions have
been chosen, Cluster Pro�ler GO visualises enrichment results
(see Figure 4). Many researchers use annotation analysis to
characterise the function of genes, which highlights the poten-
tial for Galaxy to be a solution for wide-ranging multi-omics
research.

Documentation and Training

We have also provided training sessions and interactive tours
for user self-learning. The training materials are freely acces-
sible at the Galaxy project Github repository [22]. Such training
and tours guide users through an entire analysis. The following
steps and notes help users to explore and better understand the
concept. Slides and hands-on instruction describes the anal-
ysis work�ow, all necessary input �les are ready-to-use via
Zenodo [23], as well as a Galaxy Interactive Tour, and a tailor-
made Galaxy Docker image for the corresponding data analysis.

Case Study

Compared to genetic studies EWAS provides a unique oppor-
tunity to study dynamic response to treatment. It has been
suggested that DNA methylation is associated with drug resis-
tance [24].To validate our suite we have performed analysis
of di�erentially-methylated regions using publicly available
data from the In�nium Human Methylation BeadChip array
of melanoma biopsies pre and post MAPKi treatment [25], ob-
tained from the Gene Expression Omnibus (GEO) (GSE65183).
Methylation pro�ling by genome tiling array in melanoma can
help us understand how non-genomic and immune changes
can have an impact on treatment e�ciency and disease pro-
gression. Raw image IDAT �les were loaded into the Galaxy
environment using Data Libraries. EWAS work�ow was run
on Red and Green dataset collections of patient-matched
melanoma tumours biopsied before therapy and during dis-
ease progression. The IDAT �les, pre-de�ned phenotype ta-
bles and up-to-date genome tables (UCSC Main on Human
hg19 Methyl450) [16] were used as inputs. In order to detect
poorly performing samples we ran quality diagnostics. The
provided samples passed the quality control test (on �gure
3) as they clustered together with higher median intensities

con�rming their good quality [19]. Di�erentially-methylated
loci were identi�ed using single probe analysis implemented
by our tool with the following parameters: phenotype set as
categorical and qCuto� size set to 0.05. The bump hunting
algorithm was applied to identify DMRs with maximum loca-
tion gap parameter set to 250, genomic pro�le above the cuto�
equal to 0.1, number of resamples set to 0, null method set to
permutation and verbose equal FALSE which means that no
additional progress information will be printed. Di�erentially-
Methylated Regions and Positions revealed the need for fur-
ther investigation of tissue diversity in response to environ-
mental changes [26]. Nearest transcription start sites (TSS)
found in the gene set can be listed as follows: PITX1, SFRP2,
MSX1, MIR21, AXIN2, GREM1, WT1, CBX2, HCK, GTSE1, SNCG,
PDPN, PDGFRA, NAF1, FGF5, FOXE1, THBS1, DLK1 and HOX
gene family. The results of the re-analysis are available in the
GitHub repository (https://github.com/kpbioteam/ewastools-
case_study)

Important Findings

Although hyper-methylated genes identi�ed by ’EWAS-suite’
have been previously associated with cancer, this is the �rst
time a link between them and MAPKi treatment resistance
is reported. This data demonstrates that PDGFR, which is
suggested to be responsible for RAS/MAPK pathway signaling.
Trough activation may regulate the MAPKi mechanism in non
responsive tumours. The methylation regulation of this altered
status of PDGFR requires additional studies [25]. The PITX1
suppressor gene was found as one of the factors decreasing
gene expression in human cutaneousmalignant melanoma and
might contribute to progression and resistance via promoting
cell proliferative activity [27]. It has been found that the home-
odomain transcription factor MSX1 and the CBX2 polycomb
group protein are likely to be treatment resistance factors and
are reported as downregulated and inactivated in melanoma
tumours [28]. Previous published studies are limited to local
surveys and serial biopsies. Thus, the stimulus of innate or ac-
quired MAPKi resistance may be linked to epigenetics. GO an-
notation, provides information regarding the function of genes
[29]. GO analysis identi�ed :the pattern speci�cation process
(GO:0007389), skeletal system development (GO:0001501) and
regionalisation (GO:000300) as signi�cantly over-represented
categories within the above DMR’s, suggesting that melanoma
MAPKi resistance could be related to the cells developmental
process within speci�c environments.

Conclusion

With the rapidly increasing volume of epigenetics data avail-
able, computer-based analysis of heritable changes in gene ex-
pression becomesmore andmore feasible. Many genome-wide
epigenetics studies have focused on generation of data, with
data interpretation now being the challenge. Risk evaluation,
disease management and novel therapeutic development are
prompting researchers to �nd new bioinformatic frameworks
and approaches. In this regard we propose a user friendly tool
suite available via Galaxy platform. Ewastools allows life sci-
entists to run complex epigenetics analysis. [16]. The case
study presented provides a tangible example how the popula-
tion epigenetics analysis can provide additional insights into
melanoma therapeutic resistance.
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Figure 2. Screenshot from the Galaxy interface, showing In�nium Human Methylation BeadChip work�ow as discussed in the analyses section.

Figure 3. Quality control plot represent median intensity of melanoma pre and post MAPKi treatment samples. Plot compare median total intensity (Log2) of the
methylated channel (x-axis) and unmethylated channel (y-axis). Bad-quality samples fall under the threshold and are colored red. There is no bad quality sample
in this study.

Availability of source code and requirements

• Project name: Ewastools: In�nium Human Methylation
BeadChip pipeline for population epigenetics integrated into

Galaxy
• Project home page: https://github.com/kpbioteam/ewas_

https://github.com/kpbioteam/ewas_galaxy
https://github.com/kpbioteam/ewas_galaxy
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Figure 4. Functional Annotation of DMR’s found in melanoma biopsies pre and post MAPKi treatment.

galaxy
• Operating system(s): Linux (recommended), Mac
• Programming language: R programming language (version
3.3.2, x86 64bit)

• Other requirements: Galaxy [22], Docker [30]
• License: MIT License
• biotoolsID identi�er: biotools:ewastools
• RRID: SCR_018085

Availability of supporting data and materials

Test dataset in this article is available in the GEO database
under accession GSE65186. The results of the re-analysis of
the GSE65186 dataset are available in the GitHub repository
(https://github.com/kpbioteam/ewastools-case_study). All
tools described here are available in the Galaxy Toolshed
(https://toolshed.g2.bx.psu.edu). The Docker�le required to
automatically deploy the pre-built Docker image is available
at (https://galaxyproject.org/use/ewas-galaxy/).

List of Abbreviations

• DMP Di�erentially methylated positions
• DMR Di�erentially methylated regions
• EWAS Epigenome-wide association study
• GO Gene Ontology
• PCR Polymerase Chain Reaction
• RRBS Reduced Representation Bisul�te Sequencing
• SNP Single nucleotide polymorphism
• SNP Transcription Start Site
• WGBS Whole Genome Bisul-�te Sequencing
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