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Genome-wide DNA methylation profiling using

Infinium® assay

Aims: Bisulfite sequence analysis of individual CpG sites within genomic DNA is a powerful approach for
methylation analysis in the genome. The major limitation of bisulfite-based methods is parallelization.
Both array and next-generation sequencing technology are capable of addressing this bottleneck. In this
report, we describe the application of Infinium® genotyping technology to analyze bisulfite-converted
DNA to simultaneously query the methylation state of over 27,000 CpG sites from promoters of consensus
coding sequences (CCDS) genes. Materials & methods: We adapted the Infinium genotyping assay to
readout an array of over 27,000 pairs of CpG methylation-specific query probes complementary to bisulfite-
converted DNA. Two probes were designed to each CpG site: a ‘methylated’ and an ‘'unmethylated’ query
probe. The probe design assumed that all underlying CpG sites were ‘in phase’ with the queried CpG site
due to their close proximity. Bisulfite conversion was performed with a modified version of the Zymo EZ
DNA Methylation™ kit. Results: We applied this technology to measuring methylation levels across a panel
of 14 different human tissues, four Coriell cell lines and six cancer cell lines. We observed that CpG sites
within CpG islands (CGls) were largely unmethylated across all tissues (~80% sites unmethylated, § < 0.2),
whereas CpG sites in non-CGls were moderately to highly methylated (only ~12% sites unmethylated,
B < 0.2). Within CGls, only approximately 3-6% of the loci were highly methylated; in contrast, outside
of CGls approximately 25-40% of loci were highly methylated. Moreover, tissue-specific methylation
(variation in methylation across tissues) was much more prevalent in non-CGls than within CGls. Conclusion:
Our results demonstrate a genome-wide scalable array-based methylation readout platform that is both
highly reproducible and quantitative. In the near future, this platform should enable the analysis of

hundreds of thousands to millions of CpG sites per sample.
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In the recent years, the Human Epigenome
Project (HEP) was initiated with one of the
major goals to identify, catalogue and interpret
genome-wide DNA methylation patterns of all
human genes in all major tissues [101]. The suc-
cess of this project depends on the development
of novel strategies to analyze DNA methylation
state across the human genome and generate
detailed maps of the DNA methylome.
Changes in patterns of the cytosine methyl-
ation play a critical role in the regulation of gene
expression [1.2], and may play an important role in
cell fate specifications. Methylation in the human
genome is generally limited to 5-methyl cytosine
in the context of CpG sites. Various techniques
for DNA methylation profiling were developed
in the last two decades. These methods can be
broadly divided into three main categories based
on how the methylation status is interrogated: dis-
crimination of bisulfite-induced C to T transition
(3-91; cleavage of genomic DNA by methylation-
sensitive restriction enzymes [10-14]; and immuno-
precipitation with methyl-binding protein or
antibodies against methylated cytosines [15.16].
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Each of these applications has its limitations.
Methylation-sensitive restriction enzymes do
not allow random access to specific sequences
and cannot interrogate every CpG site; how-
ever, approximately a third of all CpGs in the
genome can be assayed using a combination of
enzymes [13] and, in combination with a high-
density array readout can provide a powerful
approach for genome-wide methylation profiling,
The immunoprecipitation method overcomes the
sequence-dependent limitation of all restriction
digestion-based approaches, but cannot provide
methylation information at single-base resolution
for any targeted sequence. The challenges for the
bisulfite-based approach lies in dealing effec-
tively with the reduced genome complexity of the
bisulfite-converted genome. The main remain-
ing technical hurdles are the target-specific probe
selection and hybridization specificity, which can
be improved by incorporation of an enzymatic
discrimination step, such as oligo ligation 17] and
allele-specific extension (18], thus allowing mul-
tiplexed profiling of CpG methylation status in
several hundred genes. Recent technical advances
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in array and genotyping technology are leading
to development of more comprehensive, high-
resolution genome-wide methods for epigenomic
analysis [19-22]. Microarray-based DNA methyla-
tion profiling technologies have been developed to
access the methylation status for a large number
of genes or the entire genome. In this report, we
describe the application of the Infinium® (East
Sussex, UK) assay and BeadArray™ technology
to the development of the Infinium Methylation
assay, which enables a genome-wide high-
throughput quantitative methylation profiling
of the human genome.

Materials & methods

We analyzed 14 normal tissues, six human can-
cer cell lines and four B-lymphocyte noncancer
cell lines. DNA from normal breast, ovary, pros-
tate, kidney, liver, spleen, testis, stomach, lung,
heart, brain, pancreas, skeletal muscle, colon
and human cancer cell lines A431, HeLa, Jurkat,
K-562, MCF-7 and Raji were purchased from
BioChain Institute (CA, USA). DNA samples
NA06999, NA07033, NA10923 and NA10924,
were purchased from the Coriell Institute for
Medical Research (NJ, USA).

Mung bean nuclease (Cat. No. M0250L)
and CpG methyltransferase (M.SssI, Cat.
No. M0226L) were purchased from New
England BioLabs® (MA, USA). The EZ DNA
Methylation™ kit for bisulfite conversion of
genomic DNA (Cat. No. D5001) was from
Zymo Research (CA, USA). REPLI-g® Mini
Kit (Cat. No. 150025) from QIAGEN (Hilden,
Germany) was used for the whole-genome ampli-
fication. We used the TOPO® TA Cloning® Kit
for Sequencing (Cat. No. K457501, Invitrogen,
CA, USA) for cloning and amplification of

fragments used in bisulfite sequencing.

Bisulfite conversion of

genomic DNA

For bisulfite conversion, we used the EZ DNA
Methylation kit from Zymo Research. We
tracked the bisulfite conversion efficiency by
monitoring BS-conversion controls on our
Infinium Methylation 27k BeadChip. These
controls were designed to monitor the conver-
sion efficiency of a C to U base in a defined
genomic HindIII site. This site was originally
chosen to provide a gel-based quality control
of bisulfite conversion efficiency. This site is
flanked by PCR primer sites devoid of cytosines
enabling an agnostic PCR amplification and
simple HindIII restriction digest to evaluate BS
conversion efficiency. Similarly, the Infinium
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query probe hybridized to a genomic sequence
devoid of Cs. The genomic sequence is: AGAT-
ATGGGTATTATTTTGGAGAGCATAGG
ACTAGAATGTAATCaagcttGAGGAAGAG
AGTAAAGAAATGGTGGAATGGAGATG
ATAG. The corresponding PCR primers are:
(5'-AGATATGGGTATTATTTTGGAGA-3’
and 5 -CTATCATCTCCATTCCAC-
CATT-3’), and the Infinium Methylation query
probes are: TCTTTATACTATCATCTCCAT
TCCACCATTTCTTTACTCTCTTCCTCA
A[A/G].

For optimized bisulfite conversion, we
employed 500 ng of genomic DNA and fol-
lowed the manufacturer’s protocol for the Zymo
EZ DNA Methylation kit (kit #D5001) [102].
Namely, DNA was denatured by the addition of
Zymo M-Dilution buffer (contains NaOH) and
incubated for 15 min at 37°C. CT-conversion
reagent (bisulfite-containing) was added to the
denatured DNA and incubated for 16 h at 50°C
in a thermocycler and denatured every 60 min
by heating to 95°C for 30 s (please note: the
manufacturer’s current protocol is based upon
[lumina’s feedback to Zymo Research that
bisulfite conversion efficiency can be improved
by incorporating a cyclic denaturation protocol
during the process of conversion).

After bisulfite conversion, the DNA was
bound to a Zymo spin column and desulfonated
on the column using M-desulfonation reagent
per manufacturer’s protocol. The bisulfite-
converted DNA was eluted from the column in
10 pl of elution buffer.

For the Infinium Methylation Assay, 4 pl of
converted product (~150 ng) was used in the
whole-genome amplification (WGA) reaction.
The Infinium Methylation Assay amplification
and BeadArray protocols followed the Infinium
Methylation Assay Experienced User Cards
protocols. In brief, bisulfite-converted DNA
was transferred to a new plate, denatured, neu-
tralized and incubated at 37°C overnight for
amplification. After amplification, the DNA
was fragmented enzymatically, precipitated
and resuspended in RA1 hybridization buffer.
All subsequent steps were performed following
the standard Infinium protocol. Fragmented
DNA was dispensed onto the multisample
HumanMethylation27 BeadChips, and hybrid-
ization performed in an Illumina Hybridization
oven for 20 h. BeadChips were washed, primer
extended, and stained per instructions. Finally,
BeadChips were coated and then imaged
on an Illumina BeadArray Reader. Images
were processed with BeadStudio software
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(version 3.1.3.0) and methylation module (ver-
sion 3.2.5) using the HumanMethylation27
270596 manifest (internal version).

Generation of genomic
DNA reference standards for
methylation analysis
Unmethylated (U), hemi-methylated (H) and
methylated (M) genomic reference standards
were created from standard Coriell genomic
DNA (gDNA; see Materials section). A total
of 50 ng of gDNA (Coriell NA06999 and
NA10924) was 100-fold amplified with the
REPLI-g Mini Kit (Part No. 150023, QIAGEN)
following manufacturer’s recommendations.
Several reactions were carried out in parallel to
generate enough material for the downstream
processes. Amplified material was ethanol pre-
cipitated and re-suspended in TE buffer, followed
by mung bean nuclease treatment to remove
single-stranded DNA. Briefly, 2 pg of amplified
DNA was incubated with 16 units of mung bean
nuclease (New England Biolabs) in 1x NEB-2
buffer in a total reaction volume of 20 pl at 30°C
for 1 h. The reaction was stopped by adding 0.5
M EDTA to 10 mM final concentration, heating
to 65°C for 15 min and then ethanol precipitat-
ing. This whole-genome amplified, mung bean
nuclease-treated NA06999 DNA served as the
U reference. The NA10924 DNA was similarly
processed and then methylated with M.Sssl
(CpG methyltransferase from New England
Biolabs). Namely, 2 pg of whole-genome ampli-
fied, mung bean nuclease-treated NA10924
DNA was incubated with 6 units of M.Sssl
and 640 pM S-adenosylmethionine (SAM) in
NEB-2 buffer (w/o MgCl,) in total reaction vol-
ume of 50 pl at 37°C for 2 h. 10x NEB-2 buffer
consists of 500 mM NaCl, 100 mM Tris-Cl (pH
7.9), 10 mM MgCl,, and 10 mM dithiothreitol.
M. Sssl was inactivated by heating to 65°C for
15 min, and the sample was ethanol precipitated
and re-suspended in TE buffer. The H reference
was created by mixing U (NA06999) and M
(NA10924) in a 1:1 stoichiometric ratio.

Bisulfite sequencing
Methylation status of selected CpG sites was
examined by bisulfite sequencing. Primers
for the CD44 gene (forward: 5-GAAA-
GGAGAGGTTAAAGGTTGAATT-3";
reverse: 5- AATTTTAAAAAATAACAACC-
CTCCC-3") were designed flanking the CpG
sites of interest (cg08530414, cgl7640322,
cg01879488 and c¢g08606356) using
MethPrimer software [103]. The PCR amplified
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fragments were cloned into the pCR4-TOPO
Vector (Invitrogen) followed by transforma-
tion into Escherichia coli TOP10 competent cells
(Invitrogen). Transformants containing recom-
binant plasmids were selected by blue/white
colony screening. PCR inserts were directly
amplified from the white colonies in the reac-
tion mixture (35 pl) containing 3.5 pl GeneAmp
10x PCR buffer (Applied Biosystems), 1.5 units
of AmpliTaq Gold® (Applied Biosystems),
1.5 mM MgCl?, 200 nM of dNTP and
200 nM each of M13 primers (Forward:
5-GTAAAACGACGGCCAGT-3" and Reverse:
5-CAGGAAACAGCTATGAC-3"). The PCR
reaction was subject to an initial heat denatur-
ation step of 94°C for 10 min followed by 35
PCR cycles with each cycle consisting of 30 s
at 94°C, 30 s at 50°C and 30 s at 72°C. After
completion of the 35 amplification cycles, a final
5 min extension at 72°C was performed. The
PCR products were sequenced by Agencourt
Bioscience Corporation (MA, USA).

Results
Array content selection

There are over 28 million CpG sites in the
human genome. Using a set of empirical
rules, we bioinformatically designed Infinium
methylation probes to over 16 million of these
CpG loci. For an initial demonstration of the
Infinium Methylation assay, we selected a set
of 27,578 CpG sites located within the proxi-
mal promoter regions (1 kb upstream and 500
bases downstream of transcription start sites
(TSSs) of 14,475 consensus coding sequences
(CCDS) genes and well-known cancer genes
(104]. In addition, we included 254 assays across
110 miRNA promoters. On average, we selected
two assays per CCDS gene and from 3-20 CpG
sites for over 200 cancer-related and imprinted
genes (SureLementary Tasee 1). Within promoter
regions, assays were preferentially designed to
sites within CpG islands whenever possible. We
employed a NCBI ‘relaxed’ definition for CpG
islands (CGlIs) identified bioinformatically as
DNA sequences (200 base window) with a GC
base composition greater than 50% and a CpG
observed/expected ratio [o/e] of more than 0.6
(23,24,105]. Using this relaxed definition, 60% of
CCDS genes contain one or more CGI, and
40% contained no CGI.

Probe design
There are several challenges in designing

Infinium assay probes to query the state of a
CpG site in bisulfite-converted DNA. Since
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most of the cytosines in the genome are con-
verted to uracils, the uniqueness of any given
sequence within the bisulfite converted genome
decreases dramatically, potentially affecting
specificity, and the fact that opposite strands are
no longer complementary reduces the effective
concentration of any given locus by a factor of
2. Nonetheless, we found that, in general, the
specificity and sensitivity of the Infinium assay
was sufficient to read out the requisite loci.

We adapted the Illumina Infinium I Whole
Genome Genotyping (WGG) assay for measur-
ing CpG methylation using quantitative ‘geno-
typing’ of bisulfite-converted genomic DNA.
Bisulfite treatment of DNA converts unmethyl-
ated cytosines into uracil, and methylated cyto-
sines remain unchanged. This C/T variant in the
bisulfite-converted DNA can be queried using a
standard methylation-specific assay design con-
sisting of two probes per CpG locus: an ‘unmeth-
ylated” and ‘methylated” query probe (Ficure1). The
3’ terminus of the probe was designed to match
either the protected cytosine (methylated design)
or the uracil base resulting from bisulfite conver-
sion (unmethylated design). The major challenge
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with locus-specific probe or array-based methyla-
tion assays is how to design the probe sequence
to accommodate underlying CpG sites. For our
current probe design, we assumed methylation
is regionally correlated, and resolved underlying
CpG sites to be in phase with the ‘methylated’
(cytosine) or unmethylated” (uracil) query site
(25]. The co-methylation assumption is based on
the paper by Eckhardt ez a/. in which they bisul-
fite sequenced chromosomes 6, 20 and 22 [25.26].
Our probes have a span of 50 bases, and within
this distance, methylation should be highly cor-
related. There are likely to be exceptions to this
regional methylation rule. Nonetheless, although
deviations from this hypothesis may affect the
accuracy of the quantitative measurement, dif-
ferential methylation measurements should still

be valid.

Methylation controls
To assess the overall functionality of the 27k
assays and to generate a standard curve, we cre-
ated three gDNA methylation reference stan-
dards: unmethylated (U), 50% hemi-methylated
(H), and a 100% methylated (M) gDNA control.
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Figure 1. Infinium Methylation assay scheme. Nonmethylated cytosines (C) are converted to uracil
(U) when treated with bisulfite, while methylated cytosines remain unchanged. Genomic DNA is
bisulfite converted and whole-genome amplified using Infinium protocol. We make an assumption
that adjacent CpG sites tend to be co-methylated or co-demethylated. Each CpG locus is represented
by two bead types. One bead type (U) presents a probe that is designed to match to the unmethylated
site; the second bead type (M) matches the methylated state. (A) On the left side of this figure, the
locus of interest is unmethylated. It matches perfectly with U probe, enabling single-base extension
and detection. The unmethylated locus has a single-base mismatch to the M probe, inhibiting
extension that results in low signal on the array. (B) If the CpG locus of interest is methylated, the
reverse occurs: the M bead type will display a signal, and the bead type will show a low signal on the
array. If the locus has an intermediate methylation state, both probes will match the target site and will
be extended. Methylation status of the CpG site is determined by the B-value calculation, which is the
ratio of the fluorescent signals from the methylated probe to the total locus intensity.
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U, H and M data across 27k CpG loci
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Figure 2. Reference samples for methylation analysis. Unmethylated (U), hemi-methylated (H),
and methylated (M) reference standards were created from Coriell genomic DNA samples.
Unmethylated gDNA was created by 100-fold whole-genome amplification of gDNA NA06999 and
NA10924. The NA10924 amplified sample was treated with mung bean nuclease to remove
single-stranded DNA, and then methylated with Sssl methylase (M). The hemi-methylated reference
was created by mixing U (NA06999) and M (NA10924) in a 1:1 ratio, and validated by genotyping.

These three reference standards were created by
in vitro demethylation (amplification-based)
and methylation (M.Sssl) of standard Coriell
gDNA. Unmethylated gDNA was created by
subjecting approximately 50 ng of Coriell gDNA
to 100-fold whole-genome amplification (with
Repli-G Mini kit) resulting in an output of
5-8 pg of amplified sample. Limiting the whole-
genome amplification reaction to 100-fold ampli-
fication minimized representation bias (data not
shown). The whole-genome amplified DNA
from Coriell cell lines NA06999 and NA10924
was subjected to mung bean nuclease treatment
to remove single-stranded DNA and create the
unmethylated reference sample (U). The resul-
tant NA10924 unmethylated DNA was treated
with SssI methylase, which globally methylates
all double-stranded CpG sites, to create a nearly
completely methylated reference standard (M).
The hemi-methylated reference standard was cre-
ated by mixing equal proportions of U (NA0999)
and M (NA10924) reference standards. These
three validation standards were run on the
Infinium 27k methylation array, and the corre-
sponding methylation values (B = intensity[M]
/(intensity[U] + intensity[M]) extracted. The
distribution of B-values are consistent with the
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three reference standards with the unmethylated
(U) standard showing low B-values, the hemi-
methylated (H) standard showing intermedi-
ate PB-values, and the methylated (M) standard
having high B-values (Ficure 2).

Bisulfite conversion optimization

The Infinium assay employs whole-genome
amplification and requires relatively intact DNA.
Since all DNA present in the reaction will be
amplified, it is important that bisulfite conversion
is efficient yet minimizes DNA fragmentation.
We evaluated several commercial bisulfite conver-
sion kits and assessed the efficiency of conversion
by monitoring a cytosine located in a HindIII
site within the genome (see Methods section).
We chose this particular HindIII site to enable a
simple restriction enzyme (HindIII) digestion of
a PCR product to monitor conversion efficiency.
Furthermore, the PCR primers to this site were
designed to be agnostic to the conversion effi-
ciency. The upstream primer has no Gs, and the
reverse complement downstream primer has no
Cs. During the assay optimization we also moni-
tored conversion efficiency by using a large set
of probes complementary to bisulfite-converted
DNA or unconverted gDNA.
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We compared conversion efficiency
between the standard protocol for the EZ
DNA Methylation kit (Zymo Research) and
the revised protocol using a precursor to the
HumanMethylation27 array that contained
a large number of probes to unconverted
¢gDNA (data not shown). We also tested a
number of other bisulfite conversion kits, but
chose the optimized protocol for the EZ DNA
Methylation kit based upon the array intensities
and ratio of bisulfite-converted to unconverted
signal intensities. The signal from the uncon-
verted DNA may be elevated due to its enhanced
amplification in the Infinium WGA assay, since
more intact DNA amplifies more efficiently than
degraded DNA.

In summary, we optimized the efficiency
of the EZ DNA Methylation bisulfite conver-
sion kit from Zymo Research using a cyclic
denaturation protocol in which the gDNA was
denatured at 95°C every hour for 30 s during
the 16 h 50°C treatment process. Surprisingly,
we found that this limited heat treatment did
not significantly degrade the DNA relative to
the non-heat denaturing treatment (data not
shown). In general, bisulfite-treated DNA was
relatively intact, ranging in size from a few hun-
dred bases to several thousand bases, serving as
a suitable substrate for the WGA reaction used
in the Infinium assay. In the final product, we
estimated that the conversion efficiency was
over 99% by monitoring the ratio of the Cto T

signal from probes to the HindIII control site.
The fact that this particular site converts with
high efficiency does not suggest all Cs in the
genome convert with similar efficiency. GC-rich
regions that don’t denature as well may show
poorer bisulfite conversion.

To test whether the presence of residual
unconverted gDNA affects the assay, we spiked
unconverted gDNA into bisulfite-converted
DNA in various proportions (Ficure 3). We com-
puted the B-value and observed that for over
96.8% of the loci, the B-values were unaffected
by the presence of unconverted DNA . However,
we observed that for approximately 3.2% of the
loci the PB-values were sensitive to the presence
of as little as 5% of unconverted DNA; thus,
it is paramount to ensure the bisulfite conver-
sion is complete to prevent these artifacts from
occurring. Alternatively in future array designs,
this spike experiment can be used to function-
ally screen for loci robust to trace amounts of
unconverted DNA.

Methylation status of 27k CpG sites

across normal human tissues

To assess the biological performance of the assay,
we analyzed the methylation profile of a panel of
14 different human tissues (male unless otherwise
specified): brain (female), breast (female), colon,
heart, kidney, liver, lung, ovary (female), pan-
creas (female), prostate, skeletal muscle, spleen,
stomach and testis. In addition, we profiled four
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Figure 3. Effect of unconverted DNA presence in the Infinium Methylation assay. (A) This plot shows reproducibility between
technical replicates of bisulfite-converted Coriell DNA sample NA10923. (B) This plot shows correlation between fully converted
NA10923 and the same sample spiked with 5% of unconverted DNA prior to the Infinium whole-genome amplification. Approximately
3.2% of CpG loci exhibit various shifts in B-values, resulting in a significant number of false-positive ‘differentially methylated’ loci.
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normal lymphoblastoid cell lines and six cancer
cell lines of different origin (see Materials &
methods section) (SupPLEMENTARY FIGURE 1).

The average correlation R? of B-values across
a subset of 24 technical replicates was 0.992
(Ficure 44). Based upon the standard deviation of
the B-values across the replicates and the average
B-values of the control samples, we estimate a
AP detection sensitivity of 0.2 (95% confidence
level) across greater than 90% of the loci for any
given pair of samples (Fiure 4B). The AP sensi-
tivity is higher at both the unmethylated state

A Assay reproducibility

and highly methylated state. At unmethylated
promoters, we can detect a change in B-value,
on average, of approximately 0.07.

We evaluated the correlation of our Infinium
Methylation assay with the absolute methylation
state of a locus by comparing methylation f3-val-
ues with methylation levels computed by clonal
bisulfite sequencing across three genes and six
samples. The Infinium Methylation results cor-
relate favorably with bisulfite sequencing with an
R? of approximately 0.82 (Ficure 54). Similarly, we
compared the correlation between GoldenGate®
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Figure 4. Infinium Methylation assay performance. (A) Correlation between technical replicates
(starting from whole-genome amplification) in Infinium Methylation assay. (B) Sensitivity in detecting

differential methylation depends on the B-value. Six DNA samples from various cell lines were analyzed

in replicate on a 27k BeadChip. The average R? was 0.986. From the noise in the replicates, the

detectable AB is computed across the range of B-

detectable with 95% confidence.
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values. On average, a AB of 0.136 or larger is
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A CD44 (four CpG sites in six samples) B 113 CpG sites in Jurkat cell line
1 4 1 -
R2 = 0.854 %o R? = 0.8604 o®
> 0.8 ® 0.8 - ° ® o w.
£ 50 o 0o . %0¢
= - e @ 3 ° o 0
0.6 = | ). [ )
[ c 0.6 ® ‘
S . 7 ® o o
g 04 = ® o o '
o ‘ ’ E 0.4- ) ®. 0 ® P
3 021 ° = ¢ e
(17} ’
omwe T ———— ,' & 8o o
g 0.2 0.4 06 08 1 1.2 0 ———
02 4 .1 02 03 04 05 06 07 08 09 1

B-value (Infinium)

GoldenGate B-values

Figure 5. Infinium Methylation assay validation. (A) This plot shows the correlation between Infinium array and bisulfite sequencing
data for four CpG sites in the CD44 gene in six different DNA samples (20 clones per data point) (B) This plot lllustrates the correlation
of B-values between Infinium and GoldenGate methylation assays across 113 different CpG sites in a Jurkat DNA sample.
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methylation and Infinium Methylation, show-
ing an R? of 0.86 (Ficure 5B). In addition, we
have compared results with data from over
2700 CpG sites on the same samples analyzed on
the HumanMethylation27 BeadChip, and also
sequenced on the Genome Analyzer (Illumina)
using next-generation sequencing technol-
ogy. We achieved correlation of B-values R?
of 0.85-0.87 (data not shown; manuscript in
preparation). In another validation study, pyro-
sequencing was used for nine different genes
across 72 tissue samples and three technical
controls. The highly quantitative pyrosequenc-
ing data showed strong correlation with data
obtained using the Infinium Methylation assay
across the spectrum of B methylation values
(average r* = 0.91, range = 0.82-0.98) [106].

These results all indicate that the B-values
from the Infinium Methylation assay reproduc-
ibly and accurately reflect the methylation state
of the queried CpG loci.

We observed a significant difference in methyl-
ation states within a CGI versus outside of a CGI
(TABLE 1 & TABLE 2, SUPPLEMENTARY FIGURE 2). In normal
human tissues, the B average was 0.16 within
a CGI and 0.58 outside of CGI (Ficure 64). The
CpG sites within CGIs were largely unmethyl-
ated across all tissues (~80% sites unmethylated,
B <0.2), whereas CpG sites outside of CGIs were
moderately to highly methylated (only ~12% sites
unmethylated, B < 0.2) (Tae 2). Within CGlIs,
only approximately 3—6% of the loci were highly
methylated, in contrast to outside of CGIs where
approximately 25—-40% of loci were highly meth-
ylated. Moreover, tissue-specific methylation
(variation in methylation across tissues) was much

Epigenomics (2009) 1(1)

more prevalent in non-CGls than within CGIs.
The overall methylation level of CpG sites within
a CGI, increased and outside of CGI slightly
decreased, in several cancer cell lines that we ana-
lyzed for comparison, with the average B-value
of 0.26 within a CGI and 0.53 outside of CGI
(Ficure 6B). In particular, the Raji cell line showed
a gain of methylation across CpG sites and the
K562 showed a loss of methylation. In general,
only a small fraction of promoters/ CGls in tumor
cells exhibit gain or loss of methylation. This is
consistent with the change in distributions shown
in Ficure 6. In addition, Tasie 1 shows that methyla-
tion levels of CGI loci were higher on average in
cancer cell lines versus normal tissues.

The definition of tissue-specific methyla-
tion is that certain loci are either methylated in
some tissues and not in others or vice versa. To
look for such loci, we filtered the data by look-
ing for loci that exhibited a range greater than
0.4 and standard deviation greater than 0.15
across the 14 different tissues. These thresholds
were set based upon maximal enrichment for
X-chromosomal loci. We observed 504 CGI and
909 non-CGI sites out of 25,483 non-X chromo-
somal loci passing this threshold. This set was
highly enriched for non-CGI loci, constituting
62.5% of the loci in the tissue-specific set versus
27.5% in the 27k set. Correspondingly, the aver-
age methylation level of this set was 0.47, in con-
trast to the global average of 0.15. This suggests
that a significant fraction of the tissue-specific
methylation occurs in non-CGI promoters. As a
positive control, 19% of the loci on the X chro-
mosome were contained in this enriched class,
compared with 3.9% in the 27k set (females

future science group
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Tissue CGl Non-CGlI
Brain 0.144 0.579
Breast 0.190 0.571
Colon 0.168 0.602
Heart 0.137 0.593
Kidney 0.159 0.578
Liver 0.163 0.580
Lung 0.145 0.607
Ovary 0.167 0.560
Pancreas 0.163 0.554
Prostate 0.155 0.576
Skeletal 0.142 0.573
Spleen 0.155 0.619
Stomach 0.167 0.560
Testis 0.129 0.620
Average 0.156 0.584
normal

Hela 0.200 0.509
Raji 0.389 0.645
Jurkat 0.305 0.597
A431 0.257 0.507
K562 0.173 0.282
MCF7 0.259 0.652

Methylation levels were higher on average in cancer cell
lines versus normal tissues, as shown above.
CGl: CpG island.

randomly inactivate one of the X chromosomes
by methylating one of the parental chromo-
somes [27]). We also assayed the methylation sta-
tus of 110 different miRNA promoters. Almost
all miRNA promoters were unmethylated across
the normal tissue panel. We observed that most
miRNA promoters contained CGls and were
unmethylated. Only mir-254, mir-52, mir-135,
mir-675 and mir-523 were highly methylated in

normal tissues (SUPPLEMENTARY FIGURE 3).

Methylation in tumor cell lines

versus normal tissues

To illustrate the utility of differential methylation
between tumor and normal samples, we exam-
ined the methylation state of four different classes
of genes: germ-line specific genes [28]; Polycomb
group (PcG) genes (targets of PRC2) [295;
Homeobox genes [30] and ribosomal housekeep-
ing genes. We examined 55 germline-specific
genes described by Koslowski ez a/. [28]. These are
genes that are expressed only in germline cells and
than repressed in somatic cells. Consistent with
this classification, we observed that most genes
were highly methylated across all normal tissues
(SurPLEMENTARY FIGURE 4). In contrast, the tumor cell
lines exhibited a highly variegated expression

future science group

pattern, many exhibiting loss of methylation. This
is consistent with the global demethylation com-
monly observed in tumor cell lines. We exam-
ined a subset of 175 PcG target genes described
by Widschwendter ez 4., and observed that most
were relatively unmethylated in normal tissues but
highly methylated in at least one or more tumor
cell lines [29] (SurPLEMENTARY FIGURE 5). Similarly, the
homeobox genes were mostly unmethylated in
normal tissues, with only a small subset exhib-
iting moderate to full methylation (SurrLeventary
Ficure 6). [n contrast a large fraction of unmethyl-
ated and intermediate methylated loci became
fully methylated in one or more tumor cell lines.
Interestingly, most homeobox genes fully methyl-
ated in normal tissues remained fully methylated
in the tumor cell lines. The only exception was
the K562 cell line, which exhibited demethyl-
ation in the PAXS8, PAX4, CDX4, POUFG6A,
HOXA3, TGIF2LX and ALX3 genes. As a con-
trol, we examined the ribosomal housekeeping
genes (RPL family) and observed minimal basal
methylation across all normal tissues, as well as
the cancer cell lines (SUPPLEMENTARY FIGURE 7). This
observation is expected, since most housekeeping
genes remain relatively unchanged during cancer
cell growth and evolution.

Discussion

This is the first report of a scalable array-based
genome-wide site-specific methylation assay
that allows almost any set of CpG sites in the
genome to be queried. We explored the use of
the Infinium assay to read out the methylation
state of CpG sites by generating a ‘pseudo-SNP’
via bisulfite conversion. Specifically, we demon-
strate an array format supporting the analysis of
over 27,000 loci across 12 samples on a single
BeadChip. For this initial demonstration of
the Infinium Methylation assay (design imple-
mented in April 2007), we chose to analyze CpG
sites in the proximal promoter of the CCDS
gene set, particularly in CGIs near the TSS of
CCDS genes, due to their potential biological
significance [31].

In the future, the Infinium Methylation assay
can be scaled to support over 4 million assays on
a single BeadChip, and optimal array CpG con-
tent would ideally be generated by understanding
which CpG sites are the most biologically infor-
mative, such as being highly correlated or anti-
correlated with gene expression, histone marks,
nucleosome positioning and so on. In addition,
one can screen for differentially methylated CpG
sites that serve as markers for a disease processes
such as cancer. For instance if a CpG site is
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A Average methylation in normal tissues B Average methylation in six cancer cell lines

invariant across a large number of normal and
tumor samples, it is probably not very useful site
to include on the array. The goals of the HEP are
to collect these methylation variable CpG sites,
and upon completion of the project they can be
included on a Beadchip, much like tag SNPs in
our genotyping products.

One distinct advantage of the Infinium
Methylation assay is that discrete CpG sites
anywhere in the genome can be targeted in
contrast to alternate array-based assays such
as methylated-CpG island recovery assay
(MIRA), methylated DNA immunoprecipi-
tation (MeDIP), and methylation-sensitive
restriction enzyme approaches that are limited
to CpG-rich regions or restriction sites [15,16,32].
This is particularly limiting since many bio-
logically important CpG sites may lie outside
of CGIs. In a recent paper by Irizzary ez al.,
they describe tissue specific methylation in CGI
shores, regions flanking CGls, but not within
CGIs [33], whose methylation state is associated
with evolutionary conservation, gene expression,
sensitivity to demethylating agents and suscep-
tibility to change in cancer. In a limited panel
of three tissues including brain, liver and spleen,
they identified over 16,000 tissue-specific dif-
ferentially methylated regions. These CpG ‘poor’
regions could easily be adapted to the Infinium
Methylation assay in future array designs.

Future perspective

The parallelization of both array and sequenc-
ing technology is having a transforming impact
on both genome and epigenome science. In this

Epigenomics (2009) 1(1)
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Figure 6. Methylation in and outside of CpG islands. Distribution of methylation levels in 14 normal tissues (A) and six cancer cell
lines (B) in CpG sites located in (20,006) and outside (7572) of CpG islands.

report, we describe the use of highly parallelized
Bead Array technology to measure CpG methyl-
ation states. However, next-generation sequenc-
ing technology is also enabling highly parallel-
ized bisulfite-based genome-wide methylation
analysis [34-37]. To date, most sequencing
approaches have employed a restriction enzyme-
based reduced representation approach that can
query up to several million CpG sites; the caveat
is that the reduced representation is biased to
CpG-rich regions due to the use of CG-rich
restriction sites. As an alternative, bisulfite shot-
gun sequencing of the entire genome would
eliminate this bias, but currently the approach
is relatively expensive and bioinformatically
complex. Nonetheless, within the next several
years, decreasing next-generation sequencing
prices should enable the platform to serve as
an extremely useful epigenomic discovery tool.
By comparison, array-based methylation ana-
lysis offers several distinct advantages over
sequencing, including: access to low-density
CpG regions, reduced gDNA input require-
ments, simpler sample preparation protocols,
lower running costs, higher sample through-
put and simpler data storage and analysis. In
summary, the Infinium Methylation assay is an
ideal screening tool providing a powerful array-
based assay for simple and rapid genome-wide
methylation analysis of thousands to millions
of CpG sites across large sample numbers. In
conclusion, sequencing and array technologies
can be effectively used in combination for vari-
ous phases of an epigenome project, wherein
sequencing might be applied to the discovery

future science group
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portion of a project and arrays applied to the

screening portion.
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hundreds of thousands of CpG sites across dozens to thousands of samples.

The current array assays over 27,000 CpG sites selected from proximal promoter regions of over 14,000 consensus coding

sequences genes.

Low-input gDNA requirements (~500 ng), coupled with high reproducibility between technical replicates ( > 0.98 B R?) and high
accuracy (> 0.85 B R?) with bisulfite sequencing or GoldenGate® assay results are advantages of this technology.
There are two probes per CpG assay. Probes query either ‘methylated’ or ‘unmethylated’ CpG state, with underlying CpG sites assumed

to be in phase with each other.

It is important to identify the biologically most informative CpG sites to generate optimal content for future versions of Infinium

Methylation products.

= The Infinium® Methylation assay is a scalable, highly parallel, cost-effective approach to screening the state of tens of thousands to

Bibliography

1

Bestor TH: Gene silencing. Methylation
meets acetylation. Nature 393, 311-312
(1998).

Herman JG, Baylin SB: Gene silencing in
cancer in association with promoter
hypermethylation. N. Engl. J. Med. 349,
2042-2054 (2003).

Adorjan P, Distler J, Lipscher E ez a/.: Tumour
class prediction and discovery by microarray-
based DNA methylation analysis. Nucleic
Acids Res. 30, €21 (2002).

Bibikova M, Lin Z, Zhou L ez al.: High-
throughput DNA methylation profiling using
universal bead arrays. Genome Res. 16,

383-393 (2000).

Clark SJ, Harrison J, Paul CL, Frommer M:
High sensitivity mapping of methylated
cytosines. Nucleic Acids Res. 22, 2990-2997
(1994).

Colella S, Shen L, Baggerly KA, Issa JP,
Krahe R: Sensitive and quantitative universal
Pyrosequencing methylation analysis of CpG
sites. Biotechniques 35, 146150 (2003).

Dupont JM, Tost J, Jammes H, Gut IG:
De novo quantitative bisulfite sequencing
using the pyrosequencing technology. Anal.
Biochem. 333, 119-127 (2004).

Frommer M, McDonald LE, Millar DS ez al.:
A genomic sequencing protocol that yields a
positive display of 5-methylcytosine residues
in individual DNA strands. Proc. Natl Acad.
Sci. USA 89, 1827-1831 (1992).

10

11

12

13

14

15

Gitan RS, Shi H, Chen CM, Yan PS,
Huang TH: Methylation-specific
oligonucleotide microarray: a new potential
for high-throughput methylation analysis.
Genome Res. 12, 158—164 (2002).

Singer-Sam J, LeBon JM, Tanguay RL,

Riggs AD: A quantitative HpalI-PCR assay to
measure methylation of DNA from a small
number of cells. Nucleic Acids Res. 18, 687
(1990).

Kawai J, Hirotsune S, Hirose K, Fushiki S,
Watanabe S, Hayashizaki Y: Methylation
profiles of genomic DNA of mouse
developmental brain detected by restriction

landmark genomic scanning (RLGS) method.

Nucleic Acids Res. 21, 5604-5608 (1993).

Khulan B, Thompson RF, Ye K ¢z al.:
Comparative isoschizomer profiling of
cytosine methylation: the HELP assay.
Genome Res. 16, 1046—1055 (2006).

Schumacher A, Kapranov P, Kaminsky Z
et al.: Microarray-based DNA methylation
profiling: technology and applications.
Nucleic Acids Res. 34, 528—542 (2006).

Ordway JM, Budiman MA, Korshunova Y
et al.: Identification of novel high-frequency
DNA methylation changes in breast cancer.
PLoS ONE 2, e1314 (2007).

Weber M, Davies JJ, Wittig D ez al.:
Chromosome-wide and promoter-specific
analyses identify sites of differential DNA
methylation in normal and transformed
human cells. Nat. Genet. 37, 853862
(2005).

20

21

22

Rauch T, Pfeifer GP: Methylated-CpG
island recovery assay: a new technique for
the rapid detection of methylated-CpG
islands in cancer. Lab. Invest. 85, 1172—-1180
(2005).

Cheng YW, Shawber C, Notterman D,

Paty P, Barany F: Multiplexed profiling of
candidate genes for CpG island methylation
status using a flexible PCR/LDR/Universal
Array assay. Genome Res. 16, 282-289
(20006).

Bibikova M, Lin Z, Zhou L et al.:
High-throughput DNA methylation
profiling using universal bead arrays.
Genome Res. 16, (20006).

Gunderson KL, Steemers FJ, Lee G,
Mendoza LG, Chee MS: A genome-wide
scalable SNP genotyping assay using
microarray technology. Nazt. Genet. 37,
549-554 (2005).

Kuang SQ, Tong WG, Yang H ¢z al.:
Genome-wide identification of aberrantly
methylated promoter associated CpG islands
in acute lymphocytic leukemia. Leukemia

22, 1529-1538 (2008).

Omura N, Li CP, Li A ez al.: Genome-wide
profiling of methylated promoters in
pancreatic adenocarcinoma. Cancer Biol.

Ther. 7, 1146-1156 (2008).

Ordway JM, Bedell JA, Citek RW et al.:
Comprehensive DNA methylation profiling
in a human cancer genome identifies novel

epigenetic targets. Carcinogenesis 27,

2409-2423 (2006).

future science group

www.futuremedicine.com

187



TeEcHNOLOGY REPORT Bibikova, Le, Barnes ez a/.

23 Takai D, Jones PA: Comprehensive analysis of 31  Illingworth R, Kerr A, Desousa D ez al.: u Websites
CpG islands in human chromosomes 21 and A novel CpG island set identifies tissue-
22. Proc. Natl Acad. Sci. USA 99, 3740-3745 specific methylation at developmental gene 101 Human Epigenome Project (HEP) website
(2002). loci. PLoS Biol. 6, €22 (2008). www.epigenome.org/

24 Takai D, Jones PA: The CpG island searcher: 32 Yan PS, Wei SH, Huang TH: Differential 102 Instruction manual for the Zymo EZ DNA
anew WWW resource. I Silico Biol. 3, methylation hybridization using CpG island Methylation™ Kit
235-240 (2003). arrays. Methods Mol. Biol. 200, 87-100 www.zymoresearch.com/zrc/pdf/D5001i.

df

25 Eckhardt F, Lewin J, Cortese R ez al.: DNA (2002). P
methylation profiling of human chromosomes 33  Irizarry RA, Ladd-Acosta C, Wen B ¢z al.: 103 MethPrimer design website
6, 20 and 22. Nat. Genet. 38, 1378-1385 The human colon cancer methylome shows www.urogene.org/methprimer/index1.html
(20006). similar hypo- and hypermethylation at 104 CCDS Database website at NCBI

26 Rakyan VK, Hildmann T, Novik KL e al.: conserved tissue-specific CpG island shores. www.ncbi.nlm.nih.gov/projects/ CCDS/
DNA methylation profiling of the human Nat. Gener. 41, 178-186 (2009). CedsBrowse.cgi
major histocompatibility complex: a pilot 34  Meissner A, Gnirke A, Bell GW, 105 NCBI MapViewer help document describing
study for the human epigenome project. PLoS Ramsahoye B, Lander ES, Jaenisch R: relaxed vs strict definition of CpG islands
Biol. 2, €405 (2004). Reduced representation bisulfite sequencing www.ncbi.nlm.nih.gov/projects/mapview/

27 Li HP, Leu YW Chang YS: Epigenetic for comparative high-resolution DNA s[atic/humansearch_html#cpg
changes in virus-associated human cancers. methylation analysis. Nucleic Acids Res. 33, 106 Illumina’s iCommunity February 2008
Cell Res. 15, 262-271 (2005). 5868-5877 (2005). newsletter. Describes application of the

28 Koslowski M, Sahin U, Huber C, Tureci O: 35 Meissner A, Mikkelsen TS, Gu H ez al.: HumanMethylation27 BeadChip to the
The human X chromosome is enriched for Genome-scale DNA methylation maps of study of Barett’s esophagus DNA samples.
germline genes expressed in premeiotic germ pluripotent and differentiated cells. Nature The study also validates the performance of
cells of both sexes. Hum. Mol. Genet. 15, 454, 766770 (2008). the Infinium Methylation assay using
2392-2399 (2000). 36 Smith ZD, Gu H, Bock C, Gnirke A, pyrosequencing

i . Hi i .illumina.com/icommunity/
5 idsch M, Fiegl H, Egle D et al.: Meissner A: High-throughput bisulfite WwWw.1 y
? Wl'dsc vsfendter 8 g el ine i li Method. February2008/iC_INMethylationv7.pdf

Epigenetic stem cell signature in cancer. Nat. sequencing in mammalian genomes. Metods
Genet. 39, 157-158 (2007). 37(13), 4331-4340 (2009).

30 Holland PW, Booth HA, Bruford EA: 37 Pomraning KR, Smith KM, Freitag M:
Classification and nomenclature of all human Genome-wide high throughput analysis of
homeobox genes. BMC Biol. 5, 47 (2007). DNA methylation in eukaryotes. Methods 47,

142-150 (2009).
188 Epigenomics (2009) 1(1) future science group



Genome-wide DNA methylation profiling using Infinium® assay TECHNOLOGY REPORT

Supplementary Material

82/ D07 uRi0ld [edaylodAy

YZr87D01 utRloid [eonayiodAy

91¥£87D07 utRjoid |ednaylodAy

20667207 UR104d [edl1ay10dAH

L'E-1DVO0LV Y4 Wiojost utaioid | DV0LY Y

1 9Uab uoIedO|SURIY ||9D-g

[1-G1Q-1VDYg WIojos| 19SUo Ajies !| Jadued 1sealq
19 bojowoy auabodUO |eliA BUIODIeS SULINW Jel-A
| ulpnuoseg

131 bundesslul-z1og

wi0jos! » 7 uieiold ewoydwA| ||93-9

€ bunoelsul-plodiq ‘culg

L€ uIS104d palenosse-101dadal ||93-9

L ol|-uioeiy
V0| 9dA3 IA sse|D ‘asedlv

| wJojos! uivloid pajeinw eisedsibueal eixely
aI-01 Abeydoine 019dv

9 WJojos! ase|AxolpAy-g areredsy

g wJojosl

7 u1930.4d BuluieIuod-X0q $HOS pue 1eadss uuAyuy
9 Jo1oe} Uoie|Asoqu-day

| wlojos! J0rdadas usboipuy

1103 sisodAjod sisolewouspy

Z Jaquisw

'y Ajwey ‘buipuig-uisoad Josindaid py g plrojAuy
| Jaquaw

v Ajiwiey ‘buipuig-uisioad Josindaid vy g plrojAuy
3 Jaquiswl

‘Aiwey ze uigyosdoydsoyd Jeappnu (Yo1-auidna)) JIpy
 XOQO3WOY Y1|-559[PISLIY

€| aseusbolpAysp apAysp|v

g wJojosl

7 Jaquiaw ‘g Ajlwegns [9139ssed bulpulg-d 1y

}dnpoid

1'GE0ESL NN
TLYevLL NN
T'S68SLLTINN
'00€€L0" AN
T0rYE0T AN
T'68GLL07 INN
G1'SSZ0L0 LN
TEEEYO0 NN
TL1L1007 INN
€/61100 NN
T°€€9000° AN
7909610 NN
9'G/S00 NN

L'€0€£0C" INN
206t7720 NN

€'150000" INN
€78¥1€0 NN
791020 AN

1'2/8571 NN
°€99100° INN

770000 AN
€'8€0000 INN

°€05500 AN

°€91100° INN

7°0760€0° INN
L1'L£T600 LN
1’€69000" AN

1'678810° INN

"OU UO0Issaddy

Y285/ vdY ‘6916E1H “TLLZENTH
q14SDd ‘el4SDd ‘14SDd

065524

v/C6/NSH

II-1°1129Z4 /IDV0LV Y4
E00EEDDIN '9€Dd

ESINY ‘12049 ‘IvDY¥g ‘dDSd ‘SIyl
v8Z8ELDDWN '9089Z1DDWN I jei-g 1g4vY ‘14vyg
LvY611SH 'INSE DNE

1dig '1>89 &N ‘tddg

-Pg

/£5c0¢rid

J/SELSXA 'DV-9D9 '1EdVE ‘WaD

1'0Z5LEG-LLdY
LPZHYSYYq [LLLISEEV] (PESOVYIN ‘ryESYITH dTV

9950VVIX 'D0LdLY DALY ‘'VAdLY

£5€0v18/d74Ma
‘B/9V/DOW 1791 DALY ‘ALY ‘ALY DIV VIV 1Y

81r0I1985dZ4)d ‘¥S6ELITH ‘919z1dd “701DdY
1dgz0OSVD ‘undunf NIDf ‘HYVYH ‘Hvd

r-asv

VYVYIWNNH

IXVINS “EDEYN WINGS ‘YLHA ‘WAL SIV ‘A
5'7dd Ddd4 ‘dv4 ‘€40 ‘2dd 'SD

L60¥L:DDN 381515510

'80S66DDN LZ89LISH “0L-NIT ‘ZLNIW “TLLX
VHATVLLX FL1rS6d LININ VILX 'LIX

‘0SESDDN T-dNVT TdNV'T
'88/IVVIN ‘TN LNAd ‘WHd ‘ddd
OVIHATY ‘€HATVY 'OHATY

EDlHd '€/24AN 12DV 'EADC ‘€4AN

wAuouAs

8¢vLel:AlvusD
1444 A EEED)
9l¥EBC-AIBURD
2066¢:dIsU=H
726811:Alsu=sH
99/vS:d|suUsH
2,9:dIsus5
€£9:dIsu=5
9r9:dIsusH
8€9:QIsusH
965:dIsusH
£5795:AISU=H
7€L0L:Alsu=H

€€09¢:Ql_usH
¥61/5:dISUsH

[AAAEEED]
Y€£€8:AIBUSDH
Yyy:deusd

99915:dlPU=H
Z8€:dIsusH

L9€:QIsUsD
e dIsusn

LZe:dIsusn

0ce:dIsusn

11918:dIsusH
6¢509:dIpusH
0c¢:Aalsu=H

Y¥¢S:dIeusH

dl euapn
sauab pajyuridwi pue pajejal-iadue) | ajqel Aseyuswajddng

l L
6l 6
zl €
4} v
ol S
Ll v
Ll 6
/ /
gl L
44 9
8l Gl
/ 9
X v
ol €
sl 9l
Ll S
S v
8 €
/ v
vl £
X Ll
S 9
sl v
6 v
l S
Ll €z
sl L
/ £
S91IS
od>

uyd  oN

£8401D
0410610
1944021>
va440zLD
7410010
ro19
LvoHdg
4vydg
LONE
A4

and
ENIADE
LEDVOE

LVINYLY
voLdIlV

WLV
0LB1v
HdSY

rasv
944V

4y
2dv

cvadv
LVadv

JCEINY
vX1v
EVIHATY

ra>av

loquiAs

189

www.futuremedicine.com

future science group




@R INO N/ N0 M Bibikova, Le, Barnes ez 4/,

| @seuny uiaold pajenosse-yieaq

Z wl0jos! uiero.d bunoessiul zgvda

| apndadAjod 'y Ajlwegns [ Ajlwey {0Gd woiyd01h)
uta104doidaid 7 uisdayred

| wJojos! | asereydsoyd jjews (v aprdadAjod

‘|| osesswAjod yNY ‘ulewop |eurulal-Axoqied) gl

| uteiold Buipuig pIde dIounal Jejnjed
uiaoidoidaud vy asepidadAxoqied
Z A1ungns ‘xs|dwod ule104d Jawoleo)

0699G6D07 uRj04d [B312Y10dAH

sulewop Jabuly bull pue pesayyios Yim uioddayd
B WI0JOS! ZXHD 95euy U191old

Z uia104d Buipuig YNQ 958213y Uleuopowolyd

| WJo4os! gz Jougiyul aseury yuspuadap-ulpAd

 WI0JOSI \/Z Jougiyul aseury Juspuadap-ulpAd
D1 JogIyul 3seury Juapuadap-ulpAd

V| JoygIyul aseupy Juspuadap-ulpAd
| WJOJOSI Z aseupy Juspuadap-ulpAd
uir0idoidald €1 ulsyped
uir0idoidald | adAy ! ullayped

£ 3PS UOISINIP |93 £DAD

Josindaud | wiojos usbnue yad

za uipho

L@ upPAD

LY uphd

| WJojos! 180%8D07 uieroid |ediaylodAH
| uljoaned

Vv WJojos| g asedse)

| WIOJOS| | uowsap|ed

utaoidoidaid vy D WIojos uluoded
/ WJojos|

HuNgns | 0 [dUURYD WnId[ed juspuadap-a6e1|oA

1onpoud

1’86700 AN
81°0/7800" LN
2667000 INN
T'9EEL00 AN

1861120 AN
1'8/E¥00° N
7°7S€910 NN
TEELZLO NN

1’68610 AN
L'€2Z810° NN
€761/00° AN
1'1£2100" AN
€9€6¥00 NN

7°S61850 AN
LL'LE€7600 LN

L'Z9%8.0 NN
LL'6LY620 LN
€/52100 NN
°09€700 AN

°€0S€00 NN

€0L9000" INN
765100 NN
1'9G0€50 NN
T¥16£00° NN
TlyLZed NN
71'E€6£00 LN
€'822100 NN
T'8ELEED NN
L1'LET600 LN

YL'€8/0L0 LN

"OU UO0IssS9ddyY

G€0118/d7450 Ndvd

ELIVYYIN T/LdId 'YEOBAY LIV

XA0Std “D-05td ‘05v-Id ‘LdAD ‘L1dD "Y4HV "HHY
XS1D

AN ‘1dDS

1-dgVED ‘1dgvYD ‘dgvyD ‘Gdgy
EVdD

18/1LIT4 'd0D-T

29v0dy9SdZ4Nd
'St/E-XNID ‘000908d v/ 1DdSH ‘t410€D

96/01(74 “961INY ‘9L LINY

SZldd ‘ISPONH '€5AVY ‘ZS4T ‘ZAHD ‘1SAD
£2/1d18/974Xa

GUINI ‘SLd1 ‘ZSIN 'SLd

erdINI9LD ‘EINI9LD 4y Ld “eEdNI lZNMAD (IPNAD

‘91dL ISIN EINT 2D ‘61d ‘91d prd INTIN 48V

ZdIX "4OMG £5d 'SaM 'SME

LdibLed

'9-YaW {INXAD ‘0ZdVD ‘14YM ‘LIdS ‘LdID ‘1Zd
(z3ad)eed

HHaD

pZEAD (1DIV INVDT \AVDI [IHAD ‘0NN
8EZITIDODN LEZIZLDON

'L9ELLIDDW /DADNY /DADSH ‘17/2AD ‘INSH
89L0LDDN “III-4NDT ‘I-HDLNN

‘EMad ‘1dbd 'LOIN (ENAN 'ZNAN “9SDN “YHT ‘NI
8S/Z01DDN ‘Z000AVIN

1q uipA> '3/82S1La LEFLZN 1avyd (1108

LZYINYEYdZANA 'S60DdSH

S80dLSN ‘LZdIN ‘AVD

ELY8/DDW ‘DI 'SHOW "HOVIN ‘td VD
ZSELZODW ‘ZZDYN ‘avD-1avD-H ‘Wadd
8199Z1DDN “I-d¥DD Id¥DD /I1DTVD dYDD DN /1D

YETLLIDDW ‘1L(N)€D ‘ELYGN

wAuouAs

Z191:dIsusH
060€5L:dIsus5
EVS§l:aleuso
esl:gRrusy

06185:dIsUsH

L8EL:dIsusH
00<15:dIpus5
8569¢:dIsUsH

05995:dIpuUsH
I ZAENEEEED)]
00¢LL:dizusH
90LL:dIeusH
0€01-alsusn

6¢01:aldusn
8¢01:dIpusH

9¢01:dIpusH
£101:dl_usH
ZloL:dieusH

666:Q°UsH

£1€8:QIsUsD

096:dIsu=H
768:dIsusH
§65:QIsUsH
0068:dlsu=sH
180178 :dlpus5H
£58:dIsUs5
L¥8:QlsusD
008:dI|su=H
96/:QIsusH

€168:QIsusH

dl susH

Sl
0¢

Zl
ac
Sl

Zl
9l
9l

4
L
€l
Ll

L

Ll

gUb)

0 O

0 O ™~ O

€l
8l

0O M WOW W N

9
sayIs
od)

“ON

IdVa
dlcava
LVLdAD

Z51D

1dSd1D
1davHd
rvdD
Zbd0D

Lanaimn
d4HD
ZAIHD
ZaHD
gCNXAD

VZNXdD
DINXAD

VINAD
(€D
ELHAD
LHdD

/20>

/44€D)
ZaNDD
LdNDD
LVYNDD
§80020
IAVD
8dSVD
Laivo
vOI1vD

DIVNDOVD

|oquwiAs

*(3u09) sauab pajuridwi pue paje|as-iadue) °| a|gel Asejuswajddng

future science group

Epigenomics (2009) 1(1)

190



Genome-wide DNA methylation profiling using Infinium® assay TECHNOLOGY REPORT

Z dndeuAs uivi01dodA|H
£g| Joydadal pajdnod-uisoid o
aselajsuelyAyiaw-p aupA|n

e wiojos! | apndadAjod Ajanoe
Buneinuwns o ‘uvlold buipuiq aprOPNU duluen
95e19YuAs auiwein|n

89dV4 WI0JOSsI UlInWo|S

G urejoud bulpuig v1vVD

¥ uistoud buipulq v1vo

| J01d@daJ ulueen

265791007 usioud [ednayodAy
£9108207 utao1d |e2133y10dAH

2uab pely auipnsiy 9|ibelq

| 9seappnuopua dijdads-ain1dnays deld

8¢ uia104d X0Qg-4

4 dnoub uonelusws|dwod ‘elwsue |uodue
> WJ0J0s! 7 Judsqe soA3

| Jordadal usboaysy

e WJoJos| Z-9qJ

e WJ0josI

€ J10ydadal ayjI|-upnw Bujuieuod-snpow a31|-463
Z 1] u19304d Pa1eIDOSSE 3INQNI0IDIW WIdpOoUIyd]
Josindaud | g-ulyd]

Z Wiojos| g adAy sordadas uijpyiopul

Z wlojos ¢ asereydsoyd A1diypads |eng

| asereydsoyd Aypiypads |eng

(9BISINDIDD *S [ LININS) I|-Z 9SeYIUAS suipunolpAyiq
€ WlojosI Z ulweukq

8| Jaqwiaw 1D Ajlwegns ‘bojowoy (0tdsH) reuq
G X0Q 03Woy ssa|-|eisid

Z wlojosi bojowoy | a31|-Q

€ I|-SvY buipuig-d19 'Ajiwey SwyIa

78d wuojosi /| spndadAjod xoq gvid
BUIOUIDIED |£12310|0D Ul Pa13Ja(Q

3dNpoid

¥10S8€L” AN

1'0LEL0C NN
¥°0968L0 NN

6'79€LL0 IN
1'9G0€€01L00° N
L'¥/2€50° NN
€'€/7080 NN
€'1€SLL07IN
€1'700520 LN
7719751 NN
1’60520 INN
1’21000 INN
7111700 N
1'9/15107 AN
7'STLTZ0 NN
YLLYLG20 LN

2'STL000 AN
'8vv¥00 AN

T'1LSTEO INN

1'SSLZLOT NN
€'6Z7700" NN
€1'¥25¥20 IN
'851/50 NN
TLLyYP00 NN
€°€0841L0 NN
'Sv6700 AN
T°989751 INN
¥°122500° INN
LL'ZEY9Z0 LN

8'//62£0 IN
€98€900 AN
€1'996010 LN

"OU UO0Issaddy

Y31 ‘20S
0122929/074)a *145d

£E0ZN908/P ‘1L'L 0TI60EIP SPTX 'SELEEDDN
51440020 'S5dSIN “TXSYND ‘gLdHd ‘VIdHd

/ISYND ‘dSAN ‘VSdD ‘ZTX 'HOd ‘dSD ‘vSD ‘OHV ‘IX

SNTD 'SH

WOTONA ‘dvdgd ‘8vdvd '899v4 “TNTD ‘WAD
L'vc06.,£489

6299C1ODW

LYNTVD “YNTVD

oseyEdY 9V

1-N34 ‘Zavd ‘14N

E8YOVVIN 99/011TH ‘82Xq4

A4

OLVYN4Q TLanD

£T1EZN9S9AZING

YO J0few YN vYST [ei [4ST 14T

nau/Z-YIH ‘29 G49-D 'Z-4YIH ‘LYML ‘Z¥IH “TON ‘NIN

Z-dVYW3 ‘ZdvINg ‘0/d77

Z8/8DDW “ZHYIT 1417 '2DTdT ‘€743 “SNAD “ANAD
ZYDSH 'Sadgv ‘9DSH ‘9413 ‘913

Z-dAIN ZdIW ‘THAH ‘dAL

OLNdLd ‘L-dXW ‘001D ‘LHAH

66£02174 ‘874N 'LWWS “ZSNAd

IINAQ ‘ZNAQ

E9Y6CODON

1+31d /14394 ‘z5d 'D0OZ ‘14
ZAION ‘IHYY
910ZHL9/074a ‘0/HY ‘T/d
LYDYD '81D4D

wAuouAs

7¢56:dIsusH
605/8€:QIsusH
cecLediRush

8/,7:AI3UsH
¢S/¢:AlvusH
oLl dleusH
8¢90vL:dIsusH
9¢9¢:dIzusH
£85¢:AIuUsH
¢651791:dlRrusH
£9108:QlsusH
[Axa4leEEED)
LE¢C:dIvUsD
6lcec:dIdusd
88lc:dIsusH
0£0¢:dIsus5

660¢:QlsusD
¥90¢:dIsusH

85918:dIsusH
6ELrC:dIdusn
JAZICEEED)
olel:AalsusH
9r8L:dlsusH
EV8L:alsusH
0¢6v5:dIzusH
§8/1:dIeusH
¢50¢0¢:alzusn
[ ZANCEEED)
88/8:dIsUsH
££06:QISU=H
1ZS0L:dIsusD
0€91:alsusH

dl auap
*(qu09) sauab payuldwi pue pajejal-iadue) | ajqel Asejuswajddng

6l ol
l %
9 L

0z Ot
l %
l %
07 3
8 3l
8l L
44 £
% £
€ 6
Ll 8
l L
Ll 9
9 3
9 L
LL Ll
6l %
6l S
X 6
€l 8
8 %
S L
9l L
6l L
g 9
L 8l
vl %
l vl
44 v
8l Sl
So)IS
od)

uy>  OoN

ZNSdD
ESLYdD
1NND

SVND
nis
NWT5
SYLVD
rv.LvVD
LY1VD
9r09Ertd
ooLLerid
1IH4
LNF4
8COX494
4ONVH
rVA3

1453
cq944

E9N
[4I4E
LEN43
gYNad
rdsSna
dsna
1zsna
JNNT
8LOrvNad
sxXi1a
g
ESvHla
/lxdaa
20d

loquiAs

191

www.futuremedicine.com

future science group



TecHNOLOGY REPORT Bibikova, Le, Barnes ez 4/,

utayoldoudaid asepixo |AsA]
GLELSDOT uRto.d [eonaylodAy
75188€D07 utz0.d [ednayrodAH

A-LINS
WOJOSI | | uleyd AAeay UISOAW dasnw Yioows

| WI0JOs! 3X1|-1qui(€)|

g WJ040s! ula104d 7sei-y-D

Josindaud Q| uaayijey

Joqubiau weassumop |ONDM

| WIOJOS! | Jaquiaw

‘Ajwesgns ox1)- 1O ‘[puueyd paieb-abeljon wnisseiod
Z 2dAy 101dadal a1eydsoydi-giy!| [01SOU|

LV 9seyiuAs s1eydsoyd-| |0rsoul-0A|A

Josindaid ulnsulold

g wJ040s! | aseusboipAysp areydsoydouow suisoul
|"€ Wi040s! urao.d Bundeaul |

Josandaud

e WlIo4os! € uiv10id Buipuiq 103108} Yyrmouh axij-ulnsuy
9SUSSIIUE 7 J03DB} YIMOID a1|-ulnsul

7 10128} Yimoub ax1j-ulnsu|

| WJojos! | usbrueoine |33 13Js|

16£GL D07 uts1oud [ednayjodAy

Z u1r04d e@0/ P0Ys 1esH

Hojowoy sseusboipAysp ploiaiH

#Q XOQOSWOH

GD XOQO3WOH

g X0q 03WOH

B WI0JOS! gY UI910Id XOQOSWOH

| 19oued ul parejAyrawisdAy

L1 9se|A192e3p SUOISIH

dseJajsuel} auolyiein|n

B WI0J0S!I 0| U1910d punog-101dsdal J01de) YIMOID
Josindaid g asepixolad auolyiein|b ewse|d

1onpoud

€/1€200 NN
1'819910" IAN
L'9ZvE0T" INN

¥66251 NN

¥'8/¥SL0T AN

€586700 AN
€9//700° AN
LL'L€7600 IN

LI'LET600 IN
91'¥1/600 LN
€'89€910° AN
1'£02000" N
L'EVCESL AN
L'€EL9L0T NN

91'618400 LN
L1'L€7600 LN
7°719000° AN
L'L0ETZ0 NN
L'796/61 NN
LL'ZEVIZO LN
L'ZrL910 N
L7910 AN
7°€56810 NN
€'510¥Z0 NN
T6ELZ51 NN
'L6¥900 NN
VAWARY44 VNI
1'961200 ¥N
L'€06€€0 LN
G'896E€0 LN
780700 AN

"OU UO0IssS9ddyY

CLISOLDDW

£610905N

7251d985A744a

‘E/88€ELP LAN(E)T-H 'L8IOVVIN L TLINET
ISV VESVY-Y ‘GZSvyN

WISV 'SYYAD 'SYY-IN ‘TASYY ‘TSVEN (ISVHN
17SS¥d “LSIN

£19v0rYSH LG

LLIOTAN LM

6L BYNDY VNI 1G41Y 1LOT 'SYM ‘SMY 10T

cy&dl

8/90N18£974%A '809ZSSMS ‘LAdNI “AdiNI
LSOLEr4

£5-d9 ‘€44l
853d
vELYITH
694D/ '69vDI

4

Z'7-XOH /I'G-XOH “€1D°OHH ‘9vXOH ‘zXOH
JEXOH ‘EXOH “L1dD

9°'Z-XOH '4ZXOH ‘ZXOH

vEGLDDN /" IXOH 'DIXOH ‘9-dgV 'IXOH

629187 121y

Z&ceerd

JE18SLLd 'S09Z0Y4d “S8 DD “LNSY ‘SME WSV
£S3FvH '€1SD /NAQ ‘Id

£020VYIX ‘4I-94D ‘1DIN ‘dgY] 'SSY

wAuouAs

SLOP:AlsusH
GlLeLs:aIsusH
Z§188¢€:QlsusH

§8¢6¢L:dIsusH

€109¢:dIsusH

S8E:dIsusH
§595:dIzusH
6€955:dIPUSH

78.€:QIsUsH
60/£:dIvusH
LLy1S:AISU=DH
0€9€:dIsu=H
719€:dIsusH
LSplZl:dieusH

98r€e:dIausH
1¢15:dl_pusH
L8YE dIausD
8ec:dIvusH
L647SL:Alsu=sH
90€€:dIsusH
14415 HEEEED)
g€eceidiausn
[a44aeEEED)
lce:aiesusH
§0ce:dIsusd
060€:dIzusH
§886,:dIsUs5H
0cle8¢:AdIruUsH
056¢:QlvuUsH
£88¢:AIuUsH
8/8¢:AIduUsH

ai susp
*(‘'3u02) sauab pojulidwi pue pajejai-iadue) | 3jqel Aieyuswalddns

S L
4 S
Gl 1%
4 S
0¢ 14
4" 9
6l L
Ll 9
Ll ¢
45 6
6l 14
Ll 1%
L S
4" €
L S
Ll Ll
Ll S
L €
L 8
7l 8
Ll 14
4 S
4} €
Ll 8
L 9
Ll €
€ L
Ll 9l
Ll L
L 4
S S
salis
od)

YD ON

XO1
§LELSDOT
25188001

§8¢621001
TLEWET

SV
OLATA
NGLONDX

LONDY
cyd1l
LYNASI
SNI
LHadwI
diil

&48451
SvZ451
2451
el
89¢DdSH
CVdSH
cLq/1dsH
yaXOH
SOXOH
Y9XOH
6YXOH
LDIH
LIDVAH
6LH
1d1SH
0L845
EXdD

|oquwiAs

future science group

Epigenomics (2009) 1(1)

192



Genome-wide DNA methylation profiling using Infinium® assay TECHNOLOGY REPORT

|-9sesarsojAyiaw asereydsoyd uisiold

#DdY Hungns ey € ||| dsesswAhjod YNy
D opndadAjod || aserswAjod wNY pe1daIIp VNG

Z Wlojos| | ayI|-auab ewouape diydiowors|d

| Wlojos! O sse|d ‘uedA|b jousoulApneydsoyd

Z Jsquisw v Ajiwey utewop aX1-Abojowoy uLisyda|d
€ passaudxa Ajjeusaled

01 passaldxa Ajjeussied

1| | dseuny| bunsesdul LIAI1Ad

g WJo40s! ula104d

pa1eIDOSSE-UDI-0/aulwein|b [z 1015ej0D SAINSOd
uisloid buipuiq | |-OAO

Z wJojos! uisioid 4 Buiuleuod urewop N10

e Wlojos! g uisrold axi-uisroid buipulg-|0Is1sAXQ
G€06.£D07 usiod [ednayodAH

Jauypled Jawipoulay 1oys

0 WJOJOS! UIIBUOIN3N

| uluaboinan

UIpo9N

| uonenualapp d1usboA

Josindald | wiojos| unnw | DNIA
(HdQWwN) 25e31onpai 21e|0j0ipAyel1a1auslAyiaw-0L's
| bojowoy xoq oawoy ysw

Z17 uia104d [PWOSOQL [BLIPUOYDOUIA

| bojowoy utazoid TINN

€ ‘ug04d Jabuyy Bull ‘uLode|N
aselajsuelyAyiaw wNQg-auluenbjAyaw-9-0
L£9G7D07 uR304d e212Y10dAH

q WJo40s! 1dudsuely d141Dads WIIPOSa|A|

Z uR04d Y-3OVIN

3dNpoid

L'/71910 NN
T'TTL1007 AN
1'969200" N

7'814900° INN

TYEITED INN
€1LEE00 NN
1'0LZ900" INN
YL'EE6£00 LN
1'SE8ZSL AN

£688510 NN
'195700" AN
¥'E€6VLL07 NN
2°968020 NN
7'890¥20 NN
1'696120 INN
7°98€500 AN
SCTLLYEQIN
'L8%200 NN
€'8/¥200" AN

¥°95200 N
81/€6120 LN
£1'150900 LN

6¥6200 NN
LL'/1STTOTIN
799500 INN
G1'818800 LN
1’84425 NN
71'€€6£00 LN
LL'ZEVIZO LN
2990610 NN

"OU UO0Issaddy

L-INd
IGNESL “LISNE ‘TDdY
£8d4sY '61949Y /94Y

£101d18/074Xa
'9/29Z1DDW 'S/Z9ZIDDWN (1DVZ (1107 DVZ

V'CCNC8L-LLdY
222N EFAZNT ‘9ES0ZDDN 'SELOOITH ‘6L0£DDN

EDSSL 'ZVATIH D1YME DIMYS TdI
S60V18/4744A L1820V VIN ‘YZNVISZ ‘LM

v'ri196-L1dY TIMITD

91z1929/47440 ‘¥122v989d74d
'SOLDYY ZDYNL ‘1-DIL ‘SIAIN ‘V/DLD 'v/DVD LDl

LOAOH
LZL01EELAZANA ‘9L0LYVIN INIHSH “LNIH
LHdEF0 'Sd40O

LELTZODW

LdHS “dHS

6€71DDN 'sbad

£QOYNIN Dryiepy ‘Lubu v yy

8TE9IISH

AOAN ‘€AW ‘WNd
unpnw
'DVEZH /22dD “LNId “9NYIN ‘WNd ‘W3d 'vINT

5240 /LAAH ‘/XOH
vE/ILET-dIN

TUILTdEN {0L98DDN ‘ZLINGY L TdYN IWZLT '2-G05

CLISDODW “ZDDdNH 'LHTNY “DDdNH ‘Z¥20D ‘2224
88Z88DDN /ZI4NZ */Z1d4Z '€94NY ‘65510

vEZ81T7989474XQ ‘0L LLIDOW '€0/8DDN /1D3d

LINGN “SLu

wAuouAfs

00715:Aldusn
199:dIpus5
9EV S dIsusd

§¢eS:dIzusH

0¢/y8:dIsusH
29¢/:Aal_vusH
8.15:QldusH
680€C:AIRUSH
0crevl:alsusn

98G15:dIRuUsH
£105:AIsu=sH
9¢/YS:dIsusD
(FAAANEEEED)
§e06/:dIRUsH
LEYB:dI2usH
9¢81:dIsusH
9/P:AIsusH
¢691:dIxusH
I CEEED)

857:QlsusH
IS4 UEEED]
[8YP:dIsusH

¢819:QIsusH
6¢y:dIdusH
189/:QIsusH
§G¢P-AlsusH
YAZSITACAEEED)
ce¢ydieusH
78€55:AIsUsH
LSGYSidIsusH

dl susp
*(‘'3u02) sauab pojulidwi pue pajejas-iadue) | djqel Aieyuswalddns

Ll 6
8 %
Ll 9
9 3
6 9
Ll L
6l S
L €l
l €
Y44 €
Ll %
% %
Ll 3
4} L
l %
0T L
g 9
Sl 9
Ll %
l S
l 9
v sl
Ll 3
€ 9
sl %
oL 92
% 3
L ol
vl L
gl %
saMis
od)

YD oN

LINdd
aeydiod
Bcy10d

LI5Vd

O5id
CVATHd
£53d
0153d
TIdd

dv0Dd
L10N0
ranio
§1d4s0
g20490
Z404N
1VNN
LBOYNIN
NON
LAOAN

LONW
HIHIN
LXSW

cllddn
LHTWN
ENSAN
1WNDW
C0EEEDDN
1SIN
EDIN
2135V

[oquiAs

193

www.futuremedicine.com

future science group



TeEcHNOLOGY REPORT Bibikova, Le, Barnes ez a/.

uojisds ‘uedA|bodles

Z Yo1-aunes/auluibie iodey bupids

G ulo104d pale|RI-pajzzil) PalaIdas

¥ u1910.4d pale[RI-Pa|ZZI) PRIBIIDS

Josundaud 7 uiloid palejai-pajzzily palaides

| uiR104d pale|al-pa|zzi) PRlaIdds

G Jagqwiaw (Ulwng|eno)

g 9pe)d 10NqgIyul aseulsloud (U1R1sAd 10) aULIDS
Josindaud | wiojos! g€ uLioydewss

| unoe jo yossaiddng

6V u19104d BuIpuIg-wWNIdEd 00LS

Z WJ0J0S| € J032ey uondidsuel) pajejal-uny
| wlojos! |7 uterold uabuly bury

Gg| uierold uabuly bury

| uteyold uabuly bury

Je[njjed {1 usloud Buipuiq jouney

| PWO}SE|qOUNRY

q
WJ0j0s! G Ajilue) UleWOp (9-4/SAD|eY) UOIIeIdosse sey

V WI0JOS| | Ajley) Ulewop UOIBIDOSSe Sey

| wioyos! ¢ ‘101dadal pioe diouilay

Ajlwey 3Usb0dUO Sy J9qUIBW ‘ZegVY

e WJ0J0s!| buluieluod urewop ayyD pue dAd

Josindaud g

wJojosi O asereydsoyd auisolAy uieiold adA3-103daday
Josindald | s1ensgns

9dA1 Jordadaiuou ‘asejeydsoyd auisolAy uiRi0id

Josundaud z aseyiuAs spixosadopus-uipue|belsoid
Hojowoy uisusy pue asereydsoyd

1ungns 9 g awoses04d

uia10.4d Bulpuiqg Q ‘D aseuly uIs10ld

e WJoJOs|

utayold Jabuiy duiz buipuig-uisiold ewolse|qounay

| WIoJOs! V6

Hungns (Jouqiyur) Aloyeinbai ! aseyeydsoyd uiaoid

1onpoud

1’61600 N
Z°910€00" INN
Z1'6G00€0 LN
91'618400 LN
81'¥GE9L0 LN
71666400 LN

€1'870520 N
°9€9%700° NN
910710 NN

7°596200 NN
81°0L9700 LN
7°S8/500 NN
T'L9TTSLINN
€'1€6200 NN
7668700 NN
€1'¥2S¥20 IN

81°//8170 IN
¥'Z81L00 INN
2°596000 NN
YLlv/SC0TIN
€'85Z€L0 NN

1'062100 ¥N

7'878200  INN

1'26£080" INN
L’€96000" NN
Z1'6G00€0 LN
1'86£200 NN
0v0SrL NN

€1€TTI0 NN

YL'EE6L00 LN

"OU UO0IssS9ddyY

LILAQ 'DST

qOEdYS 'SEDS 9z¥d 'SEDS
EJYVS

8619ZDDN “IHdY t-d44

ZdYVS ‘I-d¥d 'vZi 'Id¥d ‘dy4

uidsew ‘g4

E98YENT '1-¥DNT ‘Newss “yNIS ‘SYNAS ‘ywsas
LE20Y989d744d 1S8OVVIN ‘1DVS

L8EDVIN 'DV8G09 ‘tLdYN

DVITDV11 /919D 'DV4D ‘dDVD ‘vid HIN HIN
Dezdgid ‘€v48D ‘TTINY

82ZSrIDWN '€0198S 'LdTYN

8798EIMH

LANY

1-d8v¥D Ldg¥D DdgY ‘494D

DYSO ‘qY

ET80LDDN '€4SSVYH ‘1FHON ‘Ldxen “Tdvy
1ZdEHTY 'VI4SSYY YZIHON ‘2EVAY ‘Z4ETL
Z9LYN ‘7944 ‘dVH

ZEE0LDDW “SAYVD 'ISWL DSV
S8-I1gH ‘113d

ZN-d1d ‘Idd315 ‘ZNd1d
L-VHdTV-dYIS “Z0dYIS PdYIS 'I-SdHS

VZ/1aD VYIS 'ISAHS ‘1-TAN YIS ‘t8d ‘44N ‘L1ig

Z-XODY 'Z-SHOd ‘SH/D5d ‘Z-SHd ‘Z-X0D ‘ZX0D
£ZZLIDDW INALd IOV ‘LdIL WYHW 'SZg
6915DDW V1730 AT “A
0070225 “DFYSH D84S

LAXOHWNH ‘4Z-81W ‘2ZI4 ‘1714 ‘714

wAuouAs

0168:dIsusD
Ly9:AIsusH
Ser9:disusH
YZy9:dIsusH
E€¢r9:disusH
[44°HeEEED)

89¢5:dIsuUsH
698/:QIsUsH
806¢¢:dIPuUsH

08¢9:dIsusH
798:dIsusH
€610L:dIsu=H
Srvle:disusH
§L09:dIsusH
[¥65:dIsuUsD
§¢65:dIsUsH

€65£8:dIsU=H
98LLL:alsusH
§165:QlsusH
18601:AlsusD
8016¢:AlvuUsH
896€£9:dIsU=H

0085:dIpus5H

§880v%1:dlpusH
EV/L5:AISULH
8¢,5:dI_PuUsH
7695:dIsusH

Yoveilidisuso

66//:dI2UsH

£099G:dI3Us5H

al ausp
*(3u09) sauab pajuridwi pue paje|as-iadue) °| a|gel Asejuswajddng

L €
Ll €
ol S

L 9

14 S

8 S
8l L

€ vl

€ 6

l €

L 6l
4} 14
(44 14

9 14

€ L
el ¥4

L 6

€ 6

€ 1%

9 9
9l 9
Gl 14
4} 6
0¢ €

L 9
ol 8
Ll 9
Ll 14

L 14

L L

salis
od)
YD ON

EBDN
[AYEN
Sdy¥4S
vydy4S
Zdy4S
Ld¥4S

SANIdY3S
qEviNgS
TLNDVS

6V00LS
EXNNY
LVANY
S8IINY
LONIY
Ldg9Y
L84

S4SSvY
14SSVY
g9vy
zeavy
QYVOAd
L4OMd

0Yd1d

LSNd1d
ZS51d
N3Ld
99NSd
d9adXdd

anNayd

V6dlddd

|oquwiAs

future science group

Epigenomics (2009) 1(1)

194



Genome-wide DNA methylation profiling using Infinium® assay TECHNOLOGY REPORT

| wlojos! Jossaiddns Jowny nepulq-jaddiH UOA

g1 aseajo.d diydads uninbign

aseuabolpAysp asodn|b-dan

| WJ0j0s! Y3 asebi| uisiold uiinbign

1SIML

0 7-JawJoysuel|

¢/d uia104d Jown|

| uielold pareande €641

Josindaud po|

Jaquiaw ‘Ajiwepsadns 103dada1 10308} SIS0IdBU Jown]

Josindaid oo
Jaquiaw ‘Ajiwepsadns 103dadas J03de) SIS0IdBU Jown]

7t u1R104d auelquiswsuel|
Josindaud ¢ aseursjoldojielaw Jo Joygiyul anssi|

g ‘101dsdal suowoy plosAyL

Josindaud | uipuodsoquiody

Josindaud v wiojos! Joyrdadal || 9dAy g-40]

Z Jouqiyul Aemyied 101de} aNssI |

D¢ apndadAjod g io1oey uonebuojs uondudsuel|
aseupy| auIsolAy uss|ds

Z bojowoy oz-1 uonebaren jo Jossaiddng

|1 9Seury uisioid aulUOaIy3/aUulIRS

(101oe} UOndDSURI} bulpulq

-JUBWISI 9SU0dSa) WNJSS SO4D) 101Dk} ASUOASaI WNJSS
Z-buieubis su014> jo Jossaiddng

| Buijeubis suro1Ad jo Jossaiddng

N opndadAjod uisioidospnuogu Jeappnu jjews

V€ aselarsalpoydsoyd ayi|-aseurpAwobuiyds ppy
auelquiaw

[eJInau ‘g asesaysalpoydsoyd uipAwobulyds

€e ullewoJyd jo Joiejnbal

JUSpUIdaP-UIIDE P3ILIDOSSE-XII1eW Pale[ai-dNS/IMS
8 Jaquiaw !(Jarodsuely apIpol) G Ajiuiey JaLiied 91n|os

G a1epipued a|qeiajsuengns buissaiddns jowny

3dNpoid

7’55000 N
L'ELE900 AN
T'6SEE00 NN
L'8E80EL” NN
€¥/7000 NN
T°E6CEL0 INN
L'£Z7S00" N

L'EETL00™ INN

£078€00 AN

£1"999€70 IN
L'8E9¥ 1L AN
¥°79€000" NN

197000 NN
9Z€00 NN
LL'L1STTOTIN
7°875900 NN
€957 AN
81°0/¥800 LN
T'10LZEO AN
¥'GG7000" NN

T'LELEOO AN
GL'9YS6L0 LN
L'SPLE00" N
€1'9%%¥970 LN
714900 INN

T'£99810 INN

'1L0€00 NN
CELBSYLTINN

LV'LET600 LN

"OU UO0Iss9addy

LYDYH LTHA 1V DY

Y584/ DD 6250V VIN ‘YHAINN
H@25-ddn ‘Has4an ‘asn ‘Haos
dV93NdT 'V9INdH ‘dV-97 “YONV 'SV
LSIML '€S3d9 ‘253d9 £SOV 'SDOS
60CESNSH

&/d

Q-1D1E5d '1D1ESdL “IDLIES

vY1IVYL ‘AANNYL '292dD ‘24Dd

EYTIVYL '€92aD ‘iYL ‘14Da ‘L1
9566205
ZTTNYWSH ‘2v1Zze ‘zze ‘adS

0L19ZIDDN '6019Z1DDN V138
-VgY3 ‘Z9YHL CLGYHL “ZVIYN 2V gYT [IYHL ‘HLYD

LdS1 ‘SGHL ‘dSL

11Y-9491 ‘=445 “9DDdNH DIIY ‘TSI ‘E1vY
Z-ld4L ‘Sdd

ESE6LIDDN ‘ZT€G3D1 ‘6281SH

S0LZODOW
LG4 'SId

ZILVLS ‘2-SD0S ‘T-ISS ‘2ysiD “ZISS ‘ZSID
1-SDOS 1-ISS “LHSID ‘€dIL ‘LISS ‘1SID ‘gvr

NJYNS-YNNS ‘N-dNINS “‘ENYIDH 1LY ‘T-NS “NINS

L'EHDIEYA /2102114 ‘eETNSY VEWSY
£652214 ‘Z3SYINSN

VOLLdIH ‘€1ZANS ‘9LLdIH ‘084NY ‘I41TH 'INGZ HLTH
YSESTIDOWN LIV
v81v/990744d 'V 1¥/ME-Std 11vZzD1S

VIYDOSME ‘CTLDYO “SDSSL ‘LLIdNI “V18/ME ‘WL LIH

wAuouAs

8¢/ AldusH
8566:d[9UsH
85E/:QIsuUsH
LEEL:AIPUSD
L6¢/:dIsusH
9686¢:AIPUsH
L912:dIzusH
£S¢11:Ql’usH

€6£8:dI2UsH

¥76/8:d|9UsH
9l91€l:dIsusd
8,0/:AIsU=DH

890/:AQlsusH
£S0/:QIsuUsH
870/:AlsusD
086/:QlsuUsH
669¢91:QlsusH
0589:dIsusH
[8/¥8:dI2UsD
76/9:dI2UsH

¢L9:QlsusH
§E88:dIsUsH
1698:QIsusH
8€99:dIsusH
7¢601:dleusH

21555:dIsusH

9659:4IsUsH
8¢/091:QlsusH

2005:QlsusH

dl auapn

44

Sl

8l

6l
6l

Zl
9l
Sl

9l

L

gll)

o~
N «— 1N M~ 00 0 1n ™~

< <

< NSNS N O S 0

sl
S9)Is
od>

‘0N

THA
Sidsn
Hasn
vean
LLSIML
Vvl
&/dL
LdVESdL

JOL4SYINL

D0L4SYINL
CYWINL
EAWIL

qYHL
LSGH1
248451
ClddL
D€&4301
JAS
cHOCYANS
LIXLS

44S
25008
1SD0S
NdYNS
VETAdNS

EAdNS

EVOUVINS
8vsI1S

8Lvcedils

loquiAs

*(-qu09) sauab payuldwi pue pajejal-iadue) | ajqel Asejuswajddng

195

www.futuremedicine.com

future science group



TECHNOLOGY REPORT BN RN

e wlojos! 889 uiaoid Jsbuiy durz

Z1G u1aioad Jabuiy duiz

9 u1ayoid Jabuly duiz

g wJ0jos! £0z uido4d Jabuyy duiz
(25-ZHd) gL ui04d 126Ul dUlZ

0l Bululeluod-urewop aNAIN ‘abulj duiz
Z pajundwi 4sbuly dulz

D WI0JOSI | JOwN} SWIIAA

urao.d g urewop eadal g

/€ utewop 1eadal g

1onpoud

€14257L AN
TYEVTED INN
ZL1rE00 AN
L’€62Z€0L00° N
L'796120" AN
79685107 AN
GL'60LLLOT LN
L1'LET600 LN
T'818LL0 AN
€'€20¥10 NN

"OU UO0IssS9ddyY

9t0LLIDODON 'SO8LVVIN

Z0ZN19/dz4Ma
V139-1H ‘25-ZHd 'St1d47 '68-d97 /110049 ‘1-4439
N ‘nig

Z-LIM “EELM “YDVM “dND

6956625 ‘0€¥02( T4
Z°817625-L1dY ‘Z860VVIN ‘tSE0H T4

wAuouAfs

rS9vL:alsusD
0SvPr8:dIsusH
v6:QldusH
9G//:QIsusH
£0££:AQISUSD
79€15:QlsusD
619€¢:dIsusH
06v/:QlsusD
9686¥%:AQIPUsDH
¥788¢¢-AIsUsH

dl susH

*('Ju02) sauab pajulidwi pue pajeja.-i1adue) | 3jqel Aieyuswalddns

9l 4l
z 6
6l 9
Al S
3 €
3 %
6l 4}
Loz
l £
ol L
sa}Is
od)

YD ON

8894NZ
CLS4INZ
v9ZINZ
£0Z4NZ
8vIINZ
OLANAWZ
4474

LIM
8YaM
£EYAM

loquiAs

fsg

future science group

Epigenomics (2009) 1(1)

196



Genome-wide DNA methylation profiling using Infinium® assay TECHNOLOGY REPORT

_h
E
]
]
]
|

Skeletal mustie -|

Ovary
NA07033

Jurkat
Hela
A431
MCF7
Pancreas
Liver
Testis
Colon
Spleen
Breast
Brain
Lung
Heart
Kidney
Stomach
Prostate
NA10923
NA10924
NA06999

[s\)
s
X o

U
M
H

B-value for over 27K CpG sites

| |1 Il Il |
Cancer cell lines Normal tissues Normal  Reference samples
cell lines

Supplementary Figure 1. Global overview of the methylation profiles for 14 normal tissues,
four normal lymphoblastoid cell lines, six cancer cell lines and methylation reference samples.
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Supplementary Figure 2. Distribution of methylation states across DNA samples.
(A) Distribution of unmethylated loci (B < 0.2) across normal tissues and tumor cell lines.
(B) Distribution of methylated loci (B > 0.75) across normal tissues and tumor cell lines.
CGl: CpG islands; Meth: Methylated; Unmeth: Unmethylated.
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Supplementary Figure 3. Heatmap of the methylation profiles for the 254 CpG sites in 110
promoters of microRNA genes.
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Supplementary Figure 4. Heatmap of the methylation profiles for the 93 CpG sites in
55 germline genes.

Raji
Jurkat
K562

Hela
A431
MCFT
MADGS9S)|
MA10924)]
NAOT033
MNA10923
Spleen

Colon

Stomach
Kidney

Tests

Heart

Lung

Liver|

Pancreas
Prostate

Breast|

Brain

Owvary

Skeletal Muscle
u
H
M

Cancer

Normal

[p—

Supplementary Figure 5. Heatmap of the methylation profiles for 686 CpG sites located in
the promoter regions of 175 PolyComb gene targets.
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Supplementary Figure 6. Heatmap of the methylation profiles for 361 CpG sites in the
Homeobox gene family.
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Supplementary Figure 7. Heatmap of the methylation profiles for the 146 CpG sites in the
ribosomal RNA gene family (RPS and RPL genes).
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