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CpG island feature generator is designed to generate LIBSVM formatted feature files for existing
DNA methylation datasets, that allows users to distinguish between methylated and unmethylated
CpG islands. This application can be used to read genomic locations with assigned numeric values.
For example, read probe locations and intensities from DNA methylation experiments. Furthermore, the application can map the probes to overlapping CpG islands and lift locations between
multiple human genome builds. For each of these locations, a LIBSVM compatible feature string
is generated, that may include features, representing up to 15 categories. The user may choose the
categories to generate features for. Furthermore, the application can generate support vector regression compatible files (by including the actual methylation values) or support vector classification
compatible files (by converting given methylation intensities to binary states).
Afterwards, any machine learning approach can be applied to the generated features to create a
model on those. The generated model can then be applied to novel data to predict, e.g., unknown
methylation states of CpG islands.
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1 Installation
CpG island feature generator comes as a Java JAR file. It can run out-of-the-box on all systems
where a Java virtual machine is installed and does not require any further installations.

1.1 Requirements
1.1.1 Software
TM

CpG island feature generator is entirely written in Java and runs on any operating system where
a suitable Java Virtual Machine (JDK version 1.6 or newer) is installed. See, for example, the Java
SE download page1 .
It is recommended to download the histone modification data from Barski et al. (2007)2 and place
them in a subdirectory, relative to the applications JAR file, called “res/HistoneMeth/”. If features
based on “Evolutionary conservation (PhastCons)” should be included, you have to download them
from the UCSC download page3 and place them in the directory “res/Phastcons/”, relative to the
applications executable (see Section 2 for more information). Further data, e.g., from Ensembl or
pre-calculated features, will be downloaded automatically as required by the application.

1.1.2 Hardware
With at least 1 GB main memory, you should be able to perform most tasks without any problem.
For large datasets, you should have at least 2 GB of main memory.
An active internet connection is required. It is not possible to run this application without an
internet connection.

1.2 Starting the application
Please download the applications JAR file and start the application by typing
java - jar - Xms128m - Xmx1024m CGIFtGen . jar -- input < Input file > -- organism
< Organism >
1 http://www.oracle.com/technetwork/java/javase/downloads/index.html
2 http://dir.nhlbi.nih.gov/papers/lmi/epigenomes/hgtcell.aspx

- please download all “Tag coordinate

bed files”
3 http://hgdownload.cse.ucsc.edu/
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1 Installation
on your command prompt. In this example, a minimum of 128 MB and a maximum of 1024 MB
of memory will be available for the program. In most cases, CpG island feature generator needs
more than 128 MB memory, so it might be convenient to create a shortcut and start the application
with as much memory as available. If you have 2 GB RAM, for example, you might want to start
the application with the following command:
java - Xms128m - Xmx1400M - jar CGIFtGen . jar -- input < Input file > -- organism
< Organism >

How much memory you actually need strongly depends on your input dataset and the features
you are generating. If you are using Histone modification data, for example, CpG island feature
generator will need at least 1 GB memory just to read the input data.
It is strongly recommended to start the program with at least 512 MB memory (-Xmx512M).
The application offers the following command-line arguments to process your input data and generate features:
input Path and name of your input file. The file format is automatically detected. In doubt, please
use either a BED-formatted file4 or a tab-separated text file with four columns: chromosome,
start, end and methylation value.
organism Specify the organism. One of human (Homo sapiens), rat (Rattus norvegicus) or mouse
(Mus musculus).
genomerelease Optional parameter, only available for Homo sapiens. Settings this parameter to
any other than HG18, will result in automatically lifting all genome coordinates to HG18.
One of HG16, HG17, HG18, HG19.
nomap Optional parameter that requires no value. If this parameter is specified, the input dataset
will not be mapped to CpG islands. The application will treat each location in the input file
as CpG island.
flanking Optional parameter. By default, each CpG island is extended by ±500 bp to catch flanking sequence effects. This default behaviour may be changed by specifying this parameter,
together with the desired flanking sequence width.
features Optional parameter that allows you to set the categories for generating features. If the
parameter is not set, default values will be used. Else, please supply feature numbers as given
in Section 3.1. A feature number of 0 will generate features for all categories. For example,
--features 3,5,6 will generate features for genomic attributes, SNPs, and closest CpGs.
4 http://genome.ucsc.edu/FAQ/FAQformat.html
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1.2 Starting the application
svr Optional parameter that requires no value. If this option is set, DNA methylation will be
quantified and the result feature file will be support vector regression compatible. If this
option is not set, CpG islands will be classified as methylated or unmethylated.
debug Optional parameter that requires no value. This will show more messages during the execution of the application.
For example, running the application on a human DNA methylation dataset in BED-format, called
input.BED would result in the following command:
java - Xms128m - Xmx2G - jar CGIFtGen . jar -- input input . BED -- organism human
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2 Step 1: Read existing DNA methylation data
Since CpG island feature generator generates features for existing datasets, you first have to specify
your DNA methylation dataset. There exist a lot of data formats for this purpose. For example,
the BED-format1 (used, e.g., by the ENCODE project) or the PAIR format. The last one is usually
a probe based data format, which has to be mapped to CpG islands with mean probe intensities.
Furthermore, the Human Epigenome Project2 has an own format and many other groups use their
self-created files (e.g., excel) to store their experimental results. We implemented parsers for all
these data formats. To account for self-created files, we put some effort in creating a custom datafile
parser, which autodetects, e.g., the column separator and if the file contains a location column or
separate columns for chromosome, start and end.
To address different genome releases and data files, containing general DNA methylation information but not CpG island specific data (e.g., probe intensities), we added several features to the
application. We included a liftOver tool that automatically lifts genome coordinates to the required
human genome release to use this application. Moreover, we implemented a mapper that maps
each given methylation intensity to a CpG island. With these tools in hand, almost any file format
can be used with this application.

2.1 Processing input datasets
The application will proceed with processing your data as follows:
1. Reading your input file and mapping to an internal data structure.
2. Lifting to another genome release, if necessary.
3. Downloading and mapping to UCSC CpG islands (can be deactivated by specifying “nomap”).
4. Reading DNA sequences for CpG islands from Ensembl.
The last step is the most time-consuming step, but absolutely necessary to proceed with step 2.
1 http://genome.ucsc.edu/FAQ/FAQformat.html
2 http://www.epigenome.org/
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2.1 Processing input datasets

2.1.1 Using BED-files
The application required BED-files in the format, described at http://genome.ucsc.edu/FAQ/
FAQformat#format1. Required columns are 1 to 3 and 5. The first column should contain chromosomal information, always starting with “chr” (e.g., “chr1”). The second column should contain
the start location, the third the end location and the fifth a score from 0 to 1000, whereas 0 denotes
fully unmethylated and 1000 fully methylated.
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3 Step 2: Generate features, representing
existing DNA methylation data
This step is for generating various numeric values, characterizing each CpG island. If all features
are selected, 948 values per CpG island are generated. You can choose which features should be
generated by using the command-line option “-features”. Some features require additional data
files, which have to be downloaded from various sources:
1. The “Histone modification data” feature is tailored for a dataset from Barski et al. (2007),
which can be obtained from http://dir.nhlbi.nih.gov/papers/lmi/epigenomes/
hgtcell.aspx. On this homepage, please download all “Tag coordinate bed files” and
place them in the directory “res/HistoneMeth/”, relative to the applications executable (JAR
file). Please note that you should start the application with at least 1 GB memory to use this
feature.
2. The “Evolutionary conservation (PhastCons)” feature is tailored for PhastCon files from the
UCSC downloads section at http://hgdownload.cse.ucsc.edu/. For example, human
PhastCon files are obtainable from http://hgdownload.cse.ucsc.edu/goldenPath/
hg18/phastCons44way/vertebrate/. These files have been generated by Siepel et al.
(2005) . please download all files, ending with “.wigFix.gz” and place them in the directory
“res/Phastcons/”, relative to the applications executable (JAR file). Please note that you
should start the application with at least 1.5 GB memory to use this feature.

3.1 Available feature classes
The following descriptions are an overview of all available feature classes. It is recommended to
download the histone modification data as described in number 1. In doubt, the default selection
of features is a good choice and should be kept (simply omit the “-features” option). Most
features are calculated from data that is retrieved online from the Ensembl database via an included
MySQL adapter. Thus, if the Ensembl database is offline for maintenance, some features can not
be calculated. Figure 3.1 gives hints, which features are correlated to DNA methylation and thus,
should be included into the prediction. This figure is taken from a manuscript that is currently
prepared for publication. The documentation will be updated with a link to the publication for
more information on different feature classes and their correlation to DNA methylation, as soon as
the manuscript is published.
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3.1 Available feature classes

Figure 3.1: Different feature classes and their correlation to DNA methylation.
1. Distances to transcription start sites (4 features) This option adds features that represent the
distance to the closest gene and closest protein coding gene, based on the Ensembl database.
It is known from several studies that the region around a TSS is unmethylated (see Zhang
et al. (2009); Eckhardt et al. (2006)).
2. CpG island-specific attributes (7 features) CG content, CG ratio, CG observed/ expected ratio (see Gardiner-Garden and Frommer (1987)), CG/TG ratio (with and without the reverse
strand), AT/CG ratio and a boolean flag, if the CpG island is in a coding region.
3. Genomic attributes (11 features) Percentage of repetitive base pairs (CpG island length / total
length of all self-alignments), number of genes overlapping with the CpG island, total length
of all overlapping genes, number of exons overlapping with the CpG island, total and average
length of all overlapping exons, number of transcripts for all overlapping genes and number
of transcripts divided by number of overlapping genes. For completeness: CpG island length,
percentage of CpGs in the whole CpG island and average distance between CpGs are features
for this category. All data comes from Ensembl.
4. Repeat, Alu-Y and DNA/DNA alignment features (19 features) DNA/DNA self alignments
in the CpG island region, various features covering repetitive elements in the CpG island
region (e.g., total number of repeats, length of repeats) and multiple features analyzing the
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3 Step 2: Generate features, representing existing DNA methylation data
Alu-Y repeat. This special AGCT-repeat has been found to occur often in methylated CpG
islands (see Fang et al. (2006); Kochanek et al. (1993)). All features are calculated for
three different window sizes: ±900 bp, ±400 bp and exactly covering the CpG island. The
Ensembl database is used to calculate the feature values.
5. Single nucleotide polymorphism (8 features) Number or known single nucleotide polymorphisms (SNPs) in the CpG island and the distance to the closest SNP from the center of the
CpG island are retrieved from the Ensembl database and added as features. In addition, using
the same formulas, two special features for the T/C SNPs are added because of its special
role in bisulfite sequencing (see Hajkova et al. (2002); Bock and Lengauer (2008)).
6. Periodic CpG distances (15 features) Based on the hypothesis that CpGs at distances of eight
to ten base pairs, relative to other CpGs, are more likely methylated than others (see Jia
et al. (2007); Zhang et al. (2009)), this feature class will add distance scores for multiples
of nine from 9 to 45 bps in both directions of a CpG. While studying the flanking sequences
of methylated CpGs, we realized a significant difference in CpG occurrence at a distance
of 48 bps (CpGs occur almost twice as frequently as on other positions). For this reason,
features representing the CpG occurrence at a distance of 48 bp on both strands, are included
in addition to the multiples of nine. All values are averaged for all CpGs in the CpG island
and three additional features are added, which represent sums of the multiples of nine, of the
two 48 bps features and a sum of these two sums.
7. Closest CpGs (6 features) These features represent the distances to the three closest CpGs for
all CpGs in a CpG island. The three smallest and the average of all values are added as
features. This feature category is mainly an extension for the “Periodic CpG distances”
category.
8. Sequence - dinucleotides (16 features) The occurrences of all possible 16 dinucleotides in the
CpG island sequence is counted, divided by the CpG island length and added as features.
Correlation between DNA methylation and sequence in general has been proposed by Bock
et al. (2006).
9. Sequence - tetranucleotides (257 features) The occurrences of all possible 256 tetranucleotides
in the CpG island sequence is counted, divided by the CpG island length and added as features. This also covers the four bp long Alu repeat (for which an additional feature is included
that represents the total (not averaged) count of Alu repeats).
10. CpG flanking sequence (4 features) The flanking sequences ±4 bp and ±20 bp for all CpGs
in the current dataset are collected and separated into methylated and unmethylated instances.
Afterwards, position frequency matrices (PFMs) (see Stormo (2000)) for all these sequences
are calculated as follows: Calculate a PFM for all methylated instances and a PFM for all
unmethylated instances. Divide the PFM of methylated instances (by dividing the frequency
of each nucleotide in each position) by the PFM of unmethylated instances. These PFMs
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3.1 Available feature classes
are then applied to the CpG island sequences and a weight score, covering the quality of
the match and the significance, based on the frequency of the actual sequence in the whole
genome (see Aerts et al. (2003)), is used as a feature. Data and classes from ModuleMaster
(see Wrzodek et al. (2010)) are used to apply the PFMs to the sequences and calculate the
weight scores. This feature category has been added because several authors have found
flanking sequence preferences for DNA methyltransferases (for more information on CpG
flanking sequences, see Vikas and Albert (2005); Kim et al. (2008); Zhang et al. (2009)).
This category is for human datasets only!
11. Splice sites (5 features) All four PFMs, generated from SpliceDB (Burset et al. (2001)) are
integrated into CpG island feature generator and are used to identify splice sites. The four
PFMs correspond to mammalian frequency matrices of splice sites for GT-AG and GC-AG
pairs for donor and acceptor sites respectively. These four features are integrated as weight
scores (as described in CpG flanking sequence). Additionally, the number of hits from all
PFMs is added as fifth feature. This category is for human datasets only!
12. Transcription factor binding sites (457 features) Correlation between DNA methylation and
transcription factor binding sites (TFBSs) has already been reported by several groups (see,
for example, Fang et al. (2006); Bock et al. (2006); Das et al. (2006); Eckhardt et al. (2006)).
Data and methods from ModuleMaster are applied to calculate weight scores for transcription factors as described in CpG flanking sequence. The transcription factors have been
selected among a large PFM database, consisting of transcription factor binding information
from TRANSFAC professional, NUBIScan and predicted TFBSs. This dataset is described
in more detail by Wrzodek et al. (see Wrzodek et al. (2010)). We took all CpG island sequences from the NAME21 dataset (see Zhang et al. (2009)) and performed a matrix scan
with all PFMs on those. All PFMs which had a weight score below one were removed,
because of lack of significance (good matches should have weight scores of at least five.
Smaller scores indicate that either the putative TFBS is not well recognized by the PFM or
that the putative TFBS occurs very often by chance throughout the human genome). This
resulted in a total of 456 PFMs. All those PFMs are encrypted and included in this application. In addition to these 456 features, the logarithm of the sum of all TFBSs is included as
feature.
13. DNA structure (43 features) Data from Gardiner et al., who measured and published DNA
energies of octamers, is used to calculate sequence dependent DNA structure energies (7th
order hidden Markov models – see Gardiner et al. (2003)). A strong correlation of these
energies and DNA methylation has been reported by Bock et al. (2006). This category is for
human datasets only!
14. Evolutionary conservation (PhastCons) (4 features) Data from the UCSC Genome Browser
(see Rhead et al. (2010)) is used to calculate several features, representing the evolutionary
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3 Step 2: Generate features, representing existing DNA methylation data
conservation of the CpG island. This feature class requires at least 1.5 GB memory and
pre-downloaded PhastCon files as described in number 2 on page 6.
15. Histone modification data (92 features) The correlation between histone modification and
DNA methylation has already been reported by several authors (for example Ting et al.
(2006); Bird (2002); Cedar and Bergman (2009); Ooi et al. (2007); Fan et al. (2008)). Barski
et al. (2007) generated 23 genome-wide datasets, covering 20 different histone modification
variants (H3K4me1, H3K4me2, H3K4me3, H3K9me1, H3K9me2, H3K9me3, H3K27me1,
H3K27me2, H3K27me3, H3K36me1, H3K36me3, H3K79me1, H3K79me2, H3K79me3,
H3R2me1, H3R2me2, H4K20me1, H4K20me3, H4R3me2, H2BK5me1) and the distribution of H2A.Z, RNA polymerase II, and the insulator binding protein CTCF. This data is
mapped onto each CpG island and four numerical features for each histone modification
dataset are generated per CpG island. It has been shown that, e.g., H3K4me prevents DNA
methyltransferase enzymes from de novo methylating CpG islands (see Cedar and Bergman
(2009)). Thus, some histone modifications dictate DNA methylation in the embryo and taking one dataset for any cell types is feasible. This feature class requires at least 1 GB memory
and pre-downloaded files as described in number 1 on page 6. This category is for human
datasets only!
In addition to the feature classes, the user may choose to generate binary data or quantify DNA
methylation. If DNA methylation is quantified, a support vector regression may be performed.
Therefore, the predicted results also have a quantified DNA methylation value but may fail to separate methylated from unmethylated CpG islands. Else, the application will treat each CpG island
with a methylation value higher than 60 % as methylated and CpG islands with methylation values
lower or equal than 40 % as unmethylated. Differentially methylated CpG islands (methylation
values between those thresholds) will be skipped.
The generated features will be saved to a file called “lastFeatures.txt”. The coordinates of
all CpG islands extracted in step 1 will be saved to “lastCoords.txt”. Each line in the coordinates file corresponds to the same line number in the feature file.
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4 FAQ / Troubleshooting
Warning messages, saying that something has been deleted in liftOver target, appear.
This message tells you that something has been deleted or changed in the new genome build. It
occurs, if you read an input datasets and specify a genome release, other than hg18. It means, that
the old coordinates could not be mapped to the new genome release. Usually you can simply ignore
this error.
“Could not connect to the Ensembl database.”
This is a critical error. The application needs to connect to the Ensembl MySQL Server for retrieving DNA sequences in step 1 and for generating various features in step 2. These steps can not be
performed without a connection to the Ensembl database. Please check your internet connection
to resolve this issue. If you have an active internet connection, the Ensembl database is probably
offline for maintenance – just try again later.
Warning messages, saying that methylation state of a CpG island could not be determined.
This warning is issued if a dataset, consisting of several amplicons from several cell types, has been
loaded and applied to only one cell type. In this case, it may happen that an amplicon for a specific
CpG island is missing in a cell type and this warning is issued. This happens, e.g., if using this
application to predict CpG island methylation for the NAME21 data (see Zhang et al. (2009)).
”CpG island is differentially methylated [...]”.
This warning is issued for CpG islands that are between the defined “is methylated” and “is not
methylated” threshold (see Section 3.1).
I’m getting a “java.lang.OutOfMemoryError: Java heap space”
Some operations need a lot of memory. If you simply start CpG island feature generator, without any JVM parameters, only 64 MB of memory are available. Please append the argument Xmx1024M to start the application with 1 GB of main memory. See Section 1.2 for a more detailed
description of how to start the application with additional memory. If possible, you should give the
application 2 GB of memory. A minimum of 1 GB memory should be available to the application.
Is an internet connection required to run CpG island feature generator?
An internet connection is required for step1 and for certain feature classes in step 2.
Which organisms are supported? Currently mouse, human and rat are supported.
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