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The two main components
of the epigenetic code

DNA methylation

Methyl marks added to certain
DNA bases repress gene activity.
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(Qui, Nature 2006)

}\ Histone modification
A combination of different
molecules can attach to the ‘tails’
Histones of proteins called histones, These

alter the activity of the DNA
wrapped around them.

Chromosome




TS/ LEIGIREE

EX k2t

DNAX FILL



E A k2l EEFFHIR
KEDY—ITHS

H3K4me3, active

H3K27me3, repressive
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Need to Re-try?




Only Good Clones!




- Taking a long time to test differentiation

- Big labor to test of iPSC clones for multiple
cell type

- Heterogeniety in cell populations of iPSC
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® Wait for's 1 month?y
Examine > 100 test?




Differentiation

30 days
10-50 clones

Epigenome typing

2-4 days
>100 clones
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Epigenome Makes 220 cell types!

Waddington’s Model
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Waddington’s Model



How to Break the Epigenetic
Barrier?

5T IPSC
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Waddington’s Model
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Nature 2010

Epigenetic memory in induced pluripotent
stem cells

K. Kim', A. Doi’, B. Wen?, K. Ng', R. Zhao', P. Cahan', J. Kim®, M. J. Aryee®, H. Ji°, L. . R. Ehrlich’f, A. Yabuuchi',
A. Takeuchi', K. C. Cunniff’, H. Hongguang', S. Mckinney-Freeman’, O. Naveiras', T. J. Yoon®%, R. A. Irizarry’,

N.Jung’, J. Seita’, J. Hanna', P. Murakami’, R. Jaenisch’, R. Weissleder®, S. H. Orkin’, |. L. Weissman’, A. P. Feinberg”
& G. Q. Daley’
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ESHRNRBDDH?

infinium assay
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Infinium DNA methylation assay 27K (illumina%t)
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Infinium Assay

by illumina

genotype-based assay
using microarray

450K probes




HumanMethylation 450K
Beads Chip

Methylated DNA Locus
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Gene Set Enrichment Analysis
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Registered
6769 gene sets

2 INSTITUTE

Enrichment plot: VENKX25_01
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Gene expression by microarray FLADKERDLDLEENS,
DNA methylation measured by Infinium
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Differentiation into Renal Lineage
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Cap mesenchyme

\) /Metanephric ’

mesenchyme
Ectoderm Stromal progenitor
Intermedlate
mesoderm

Nephric duct Ureteric bud
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Posterior foregut Pancreatic
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PCA Analysis

iIPSC

bad method

bad methoci

Fibroblast

Bladder

2 Kidney
good method

40

-30 -20 -10

Comp1
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sequence-capture-based deep seq.
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Methyl-Seq for Deep Seq. of DMR
S Q.

DMR C

Adaptor ligation

Hybridize the target region
with Methyl-Seq probes

p - : Cto U/T
Bisulfite conversion mC to mC
Capture the hybridized
DNA using Strep. beads \

Deep sequencing by
HISeq20%O (lOOpr2)




Methyl-Seq

1. Capture the target.

ENeeEeeeeo CECEEeOn
IO CXTO

2. Bisulfite conversion

3. Deep sequencing




Feature of Methyl-Seq

Site Classification

Covered regions (bp) CpGs covered by baits
CpG Islands 19,605,556 1,679,870
Cancer- and Tissue- Specific DMRs 9,773,047 293,619
GENCODE promoters 36,974,007 1,272,026
CpG Island shores/shelves
Enhancer
Conserved Undermethylated regions 48,021,626 2 057,280

(UMR; Straussman et al. 2009)
Ensemble regulatory features
Dnase | hypersensitive sites




IPSC

fibroblast

Reproducible Detection of DNA
Methylation at NANOG Promoter

NANOG

(11110}
LI
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IPSC

fibroblast

converted cytocine (C=T)

unconverted nucleotide
(A, T, G, mC)

(AR




Methyl-Seq

IPSC, Methyl-§m§q Vs 45OK

Correlation score =
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(freq. of methylation)

illumina 450K



Fibroblast vs iPSC, Methyl-Seq

(freq. of methylation)

Fibroblast
beta-value
o

beta-value
(freq. of methylation)

201B6
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Bernstein et al, Cell 2006
Mikkelsen et al, Nature 2007
Ku, Koche, Rheinbay et al, PLOS Genetics 2009
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Diagnosis

Finding Validation

ien

50 sample/2weeks 100 sample/2days
depth >50 depth >10,000



Strategy for BS-Deep Seqg

Method A, Bisulfite-converted DNA was amplified with locus specific primers,
followed by PCR with adaptor-sequence

Blsulfll'e Locus-specific PCR W|th

Partial sequence of odopto

Method B, Bisulfite-converted DNA was amplified with locus specific primers,
followed by ligation with adaptor-sequence

Blsulflte Locus-specific Adaptor
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Deep Bisulfite Seq

,fibroblast

ceccccoccoceccoe
eCCeCCCeoo®0C
eCCeCCCeeeeC
eCCeCCCeeeeC

NANOG

fibroblast

" iPSC

|‘ | ] fibroblast

T——0ee00e000000

||l e

OCT4
fibroblast

coccococcocccecoe
cocococCccocCcocCCco
coccoccoccocCcCco
cocococccocococecocoe

iPSC

cocococcccecocoocoe
cococcccococococoo
ccccccoccococcoe
cococccccocococoece
coccccccococococe

iPSC



High-throughput analysis of
DNA methylation available

Screening by HiSeq

Validation by MiSeq



DNA Methylation
Predicts The Future



DNA Methylation can be used as
a sleeping mark



Only Good Clones!
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pico-level transcriptome



Linear Amplification of

DNA/RNA by SPIA.

Mondrian (NuGEN)

Ribo-SPIA® Whole Transcriptome Amplification Process

DNA
Total RNA @@ e sannannnAA RN I—
NNNNNN—— NNNNNN-— 77777  cDNA Primer (DNA/RNA)
random and polyT
Step 1 ) ;
First Strand cDNA Synthesis RT  Reverse Transcriptase
First-Strand cDNA
RT
RT NNNNNN\ TTTTTT\
Step 2 )
Second Strand cDNA Synthesis poL DNA Polymerase
Double-Stranded cDNA
N
~ —
Stopi H RNaseH
: : POL DNA Polymerase
Amplification Cycle SPIA® Primer (DNAIRNA)
SPIA®” Amplification
POL_F POL _.POL_POL_POL POL\POLM
\\ POL,M
\ .‘
'{' ' | POL -~~~
. POL<"POL e .

NuGEN Technologies, Inc.



Moving Reactant by
Electrode




Good Correlations in Mondrian

15
15
15

10
10
10

1 ng start

10 ng start
100 ng start

RNA-seq by
Mondrian
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10 ng start
0
100 ng start

Microarray
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Cell line, 201B6 0.5 ng start
Microarray, 8X60K (Agilent)

0.5 ng start

Yumi Inoue, Yuji Hashimoto & Naoki Amano



istogram of Transcription Level
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RNA-seq by
Mondrian

Microarray

khES3

khES3

15

High Dynamic Range

15

10

TIG120*

5
1

10

TIG120*

*HDF1388 was not available.



Good Correlation:
ifferent Reagent for RNA-seq
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Microarray TruSeq RNA-seq



Save the Cost and Time

15

10

100bp X PE

201B6

50bp SR

100bp Paired end (total 200bp), 1 1 days
. I

50bp SR by TruSeq RNA-seq
100bp PE by TruSeq RNA-seq

50bp Single Read, 3 days

—
I
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single cell transcriptome



Single Cell Analysis

Specific Transcript Analysis
1076 cells Whole Transcript Analysis
Whole Genome Analysis
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High Reproducibility

96 targets

96 cells

Validated by BioMark



HiSeq2000 x2
600Gb / 2weeks

Genome seq., exome,
WGBS

Server
GAI IX 12cores / 96Gb mem. X12

40cores / 1Tb X1
60Gb / Tweeks 500Tb storage
ChIP-seq

MiSeq
7Gb/27hrs

Amplicon seq.

SOLID5500xL
454 FLX



NGSIRIZD=

2013.9.4-5
HAERZ SRR

Rk —REE E (GB{LFWHZEFR CDB)
BIXzRk EZ %= (R#MAKXZF CiRA)

Next Generation Society

’T..'\i\]é"sﬁeld hitp://ngs-field.org/



More...
Visit our website

hitp://www.cira.kyoto-u.ac.jp/watanabe

GOL)S[C iPS genome epigenome “ _
Google PSS /L TEHJL Ca

hitps://www.facebook.com/epigenomecira

Eivnal

a.watanabe@cira.kyoto-u.ac.jp




