chromatin fiber

HPC-Core

Internet
Router

Hacking the Epigenome: Reprogramming at its best
- Chromatin, iPS cells and HPC -

Christian Pfluger, Cairis Lab THE“
HUNTSMAN : ; | & UNIVERSITY
R University of Utah, Hunksman Cancer °F UTAH

Monday, December 10, 12



Embryonic stem cells (ES cells) and applications
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Cells and Parallel Computing

Riken Research, Invitrogen
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Cells and Parallel Computing

. Chromosome
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Riken Research, Invitrogen, Rodriquez-Gil, PNAS 2010
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Central Dogma in molecular biology:

An mRNA copy of the gene is
made in the nucleus.

|\ \ Nuclear
2 envelope

f: Transcription ’y Nuclear pore Translation

-~

":;ﬁ \\\ |
__ mRNA

Ribosome
Cytoplasm

Amino acids are linked to one another

at the ribosome to form the protein
Nd&d by the mRNA.
/

T

—~

Figure 13-2 Discover Biology 3/e
© 2006 W.W. Norton & Company, Inc.

Monday, December 10, 12 6



Chromaktin pa&kmg&hg i the nucleus

Core Histone dimers:
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DNA is packaging, accessibility and readability
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DNA is packaging, accessibility and readability
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DNA is packaging, accessibility and readability
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DNA is packaging, accessibility and readability
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DNA is packaging, accessibility and readability

v
L X TR € 7

y :
| -+

Monday, December 10, 12



DNA is packaging, accessibility and readability

v
L X TR € 7

y :
| -+

Monday, December 10, 12



DNA is packaging, accessibility and readability
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Active and repressive epigenetic marks at the
nucleosome mediatbe %ransariy%émmat conkrol
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DNA
|
ackivakin
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-

Grargalonis, INCBC 2012
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s-methyl-cytosine (8mC) acts as a
repressive chromatin mark

5-me.&hjttonsme

Klose and Bird,Trends Blochem Sci (R006)
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$mmewvim£fj&‘”m¢ (8mC) acts as a
repressive chromatin mark

5-me&hjt«c~jﬁosme

Klose and Bird,Trends Biochem Sci (2004&)
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Eimbrja d@.vei.opmemﬁ and
DNA remodeler involvemenk

Activation of
development

Zygote

CHD: CHD1(D)

Zygote genome Blastocyst

(™ ()
—> >
) O)

SWI/SNF (BAF): SWI/SNF (BAF):

Gastrulation and
germ-layer formation

Peri-implantation
activation outgrowth and development

ESC activation

Ectoderm Mesoderm
Two-cell Blastocyst

embryo ’ |
ICM spele A8 Ty,
%@, U g

A\ &
\"‘o-

SWI/SNF (BAF):

ISWI (NURF): BPTF
BRG1 BRG;AI?:/Z?SS, BRG1, BAF155, BAF47 ’CHD (NURD): MBD?3

ISWI: SNF2H

INO8O (TIP60-
p400): TRRAP

ISWI: SNF2H

!

Adult fertility and
gametogenesis

SWI/SNF (BAP): BRM,
MOR, BAP60, SNR1 (D)

ISWI (NURF): ISWI,
NURF301 (D)

CHD: CHD1(D)
CHD (NURD): MI-2 (D)

! ! ! !

Neurulation and Heart-tube Muscle Thymocyte
CNS development development differentiation development

SWI/SNF (BAF): SWI/SNF (BAF): SWI/SNF (BAF): SWI/SNF (BAF): |

BRGT, BAF53A, polybromo, BAF60C, BRG1 BRG1, BAF57
BAF45A, BAF53B BAF45C
CHD (NURD): CHD4

ISWI (CERF): CECR2
CHD: CHD7 |
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Sumwmary: Modes of Eranscriptional
and translational requlation
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distribution of C&, CHG, and CHH cvﬁaséne
ma&hvta&mh i humain cells

a [ImCG EmCHG [JmCHH

R

All mC sites

Fibroblasts

IMRO0 mC 4.5 x 107

———

7.2%

75.5%
mCG = 4. 7)(1%
ES ceIIs

mC =6.2 x 107

Information content

Genome average

Lister, R. et al., Nature (2009)
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Bisulfite Sequencing

me me

)
8 AT TA GGTG T GA 3

Bisulfite break
DNA

$’ ATTTTTA G GTGTTTTGA 3’

Desigi bisulfite Ampti{v region of
primers nterest b-j PCR

Sequencing
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Bisulfi&e S@.qu@.v\ci.,ma Alighment

Multiple Sequence Alignment of the sequences included:

Include Number Sequence_id Sequence

Reference CCATCGTTTCGAGCGCGTTTCGGTTTAATGIGAA'
P04_37_051_new5_HEK293_M13 CGTTTTGAGCGCGTTTCGGTTTAATGTGAA
P04_39_05]1_new5_HEKZ293_M13 CCATCGTTTTGAGCGTGTTTCGGTTTRAATGTGAR”
P04_40_051_new5_HEK293_M13 CETTTCCAGUGOCETTTCGGTTTAACETGAGT
P04_41_051_new5_HEK293_M13 CGTTTCGAGCGCGTTTCGGTTTAACGTGAA'
P04_42_051_new5_HEKZ293_M13 CCATCGTTTTGAGCGCGTTTTGGTTTAATGTGAR”
P04_43_051_new5_HEK293_M13 CGTTTTGAGCGCGTTTTGGTTTAATGIGAA
P04_44_051_new5_HEK293_M13 CETTTCCAGUGCGTTTCGGTTTAACETGAGS
P04_45_051_new5_HEK293_M13 CCATCGTTTCCAGCGCGTTTCGGTTTAATGTGRA'
P04_47_051_new5_HEK293_M13 CGTTTCG CETTTTGGTTTAATGTGAAS
P04_48_05]1_new5_HEKZ293_M13 CCATCGTTTCGAGUGCGTTTCGGTTTAATGTGAR”
P04_50_051_new5_HEK293_M13 CGTTTCGAGCGCGTTTCGGTTTAATGTGAA
P04_52_051_new5_HEK293_M13 CGTTTCGAGTGCGTTTTGGTTTAATGTGAA'
P04_53_051_new5_HEK293_M13 CCATCGTTTTGAGCGCCGTTTTGGTTTAATGTGRR'
P04_54_051_new5_HEK293_M13 CCATCGTTTTGAGCCTGTTTCGGTTTAATGTGRAR”
P04_55_05]1_newbS_HEKZ293_M13 CCATCGTTTCGAGCGCGTTTO! sGTTTAApGTGAA’
P04_56_051_new5_HEK293_M13 CGTTTCGAGTGCGTTTTGGTTTAATGTGAA'
P04_57_05]1_new5_HEKZ293_M13 CCATCGTTTCGAGCGCGTTTO sGTTTAAMGI GAA

H O oo -Jo U b= w N+

ol e e e
S o )T 1 Y S 'S T o
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Bisulfi&e S@.qu@.v\ci.,ma Alighment

Multiple Sequence Alignment of the sequences included:

Include Number Sequence_id Sequence

Reference cGA R GYTTCGAGCGCGTTTCGGTTTAATGTGAR'
P04_37_051_new5_HEK293_M13 §G CGCGTTTCGGTTTAATGTGAR'
P04_39_051_new5_HEK293_M13 CGARCT CGTGTTTCGGTTTAATGTGAA’
P04_40_051_new5_HEK293_M13 eley CECETTTCCGTTTARCGTGAG
P04_41_051_new5_HEK293_M13 docl CGCGTTTCGGTTTAACGTGAA'
P04_42_051_new5_HEK293_M13 ccrfoct CGCGTTTTGGTTTAATGTGAA’
P04_43_051_new5_HEK293_M13 koG f CGCGTTTTGGTTTAATGTGAA’
P04_44_051_new5_HEK293_M13 J oG T TCGAGCGCGTTTCGGTTTAACGTGAG'
P04_45_051_new5_HEK293_M13 ccAP GiTTCGAGCGCGTTTCGGTTTAATGTGRA'
P04_47_051_new5_HEK293_M13 f-ciTTCG CGTTTTGGTTTAATGTGAA'
P04_48_051_new5_HEK293_M13 ccARGRTTCGAGCGCGTTTCGGTTTAATGTGAR'
P04_50_051_new5_HEK293_M13 f G TTCGRAGCGOGTTTCGGTTTAATGTGAR
P04_52_051_new5_HEK293_M13 b G TTCGAGTGCGTTTTGGTTTAATGTGAR!
P04_53_051_new5_HEK293_M13 CGABCGYTTTGAGCGCGTTTTGGTTTAATGTGRR'
P04_54_051_new5_HEK293_M13 CGACGETTTGAGCGTGTTTCGGTTTAATGTGAR'
P04_55_051_new5_HEK293_M13 CGAR GYTTCGAGCGCGTTTCGGTTTARGTGAR'
P04_56_051_new5_HEK293_1113 { G TTCGAGTGCGTTTTGGTTTAATGTGAR!
P04_57_051_new5_HEK293_M13 CGARCGYTTCGAGCGCGTTTCGGTTTARTGIGRA'

H O oo -Jo U b= w N+

ol e e e
S o )T 1 Y S 'S T o

17/17 cytosines are me&kjla&
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Bisulfi&e S@.qu@.v\ci.,ma Alighment

Multiple Sequence Alignment of the sequences included:

Include Number Sequence_id Sequence
Reference cGA R GYTTCGRGCGCGTTTCGGTTTARTGH
P04_37_051_new5_HEK293_M13 CGCGTTTCGGTTTARTG]
P04_39_051_new5_HEK293_M13 CGRECG’ CGTGTTTCGGTTTARTGY
P04_40_051_new5_HEK293_1M13 icct CGCGTTTCGGTTTARCGHE
P04_41 051 new5 HEK293_1M13 docl CGCGTTTCGGTTTARCGH
P04_42_051_new5_HEK293_M13 ccrfoct CGCGTTTTGGTTTAK
P04_43_051_new5_HEK293_1M13 koG f CGCGTTTTGGTTTARTGE
P04_44_051_new5_HEK293_M13 b oG TTCGAGCGCGTTTCGGTTTARCGE
P04_45_051_new5_HEK293_M13 ccARcciTTCCAGCGOGTTTCGGTTTAR
P04_47_051_new5_HEK293_M13 CGTTTTGGTTTAR
P04_48_051_new5_HEK293_M13 ccrfciTTCCAGCGCGTTTCGGTTTAY
P04_50_051_new5_HEK293_M13 fCCETTCGAGCGCGTTTCGGTTTA i
P04_52_051_new5_HEK293_M13 §-GTTCGRGTGCGTTTTGGTTTAN
P04_53_051_new5_HEK293_M13 cGARCITTTGAGCGCGTTTTGGTTTAR
P04_54_051_new5_HEK293_M13 CGRAE GETTTGAGCGTGTTTCGGTTTAR
P04_55_051_new5_HEK293_M13 CGAR GYTTCGAGCGCGTTTCGGTTTAR
P04_56_051_new5_ HEK293 M13 § - CITTCGAGTGCGTTTTGGTTTAR
P04_57_051_new5_HEK293_M13 cGARCGYTTCGAGCGCGTTTCGGTTTAR

H O oo -Jo U b= w N+

ol e e e
S o )T 1 Y S 'S T o

17/17 cytosines are me&kjla&
f 3/17 cytosines are mebhylaked
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CHPC, University of Utah

o Ewber Cluster Hardware Overview

o 262 Dual Sockeb-Six Core Nodes
(3144 total cores), 14 Nodes
dedicated for Bioinformatics Core

o R.%¥ GHz Inkel Xeon (Wesktmere
X5660) processors

o 24 Gbytes memory per node (2
Gbytes per processor core)

o Mellanox @DPR Infiniband
interconnect

o CGrigabit Ethernet interconnect for
manhagement
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Stats on bioinformatics

o Bisulfite Sequencing alignment: 4-5 days straight
computation on 14 nodes, @ 2.¥CGhz 12 core Weskmere
for each experiment

o 101bp paired end read per lane “"¥0GB of data

o oulpul: 160-1%0 million reads, §x human genome
coverage

o aboubk 20x-30x coverage is heeded to get enough
statistical power

o reads are independent from each other and can be
processed in parallel

o split into Y40 files, 2-3h computing time for each file
10-20x coverage needed

o Amazon Cloud computing: “$600-$1000 per bisulfite run

Monday, December 10, 12



Stats on bioinformatics

o ChIT seq or RNA seq heed only
few hours to align to back to the
reference genome, provided the
splice Junction file is reaciv

o Sequenhcing cost: $2000 per lane +
Library preparation $200

o 2-3 jobs for alignment per week
Just from one person (Sue
Hammoud)
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Spi.i;«ce Juincktion File Greneration

Reference Grenome
TACG

Cassette Exon

Mutually Exclusive
Exons

Intron Retention :@:

Alternative 5'
or 3' Splice Sites

Alternative Promoters

Alternative Splicing
and Polyadenlyation

wormboolk.org
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SPLE«C@. Juincktion File Greneration

Reference Grenome
TACG

Cassette Exon

Mutually Exclusive
Exons

I NA spuﬁed resulks
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SPLE«C@. Juincktion File Greneration

Reference Grenome
TACG

Cassette Exon

Mutually Exclusive
Exons

I NA spuﬁed resulks

Intron Retention

Alt tive 5' ;
or 3'eSr:IaicI:§ites :@: - TA C«G
Pl P2

Alternative Promoters E-@:e:— TA CG

AI o S I. . AAAA... AAAA... Ll o
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Using the power of bisulfite
sequencing and analysis to
investiqate problems of infertility




DNA methylation is patterns are abnormal in
infertile patients
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DNA methylation is patterns are abnormal in
infertile patients
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Mebhod: Chi

Cross-link whole cells
with formaldehyde

Isolate

genomic ‘

protein-specific
antibody

T S@.q

Sonicate DNA to
produce sheared,
soluble chromatin

Immunoprecipitate
and purify
immunocomplexes

Reverse cross-links,
purify DNA and
prepare for sequencing

Elaine R Mardis ek al.,
Nakure methods 2007
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Fertile wales rebainn nucleocsomwes

ak d@.\/et@ymemﬁat Loct sperm

TN
L ]

HOXD Locus | miR-10b

HOXD13 HOXD11 HOXD4 HO.XD2

HOXD12 HOXDS
650,000 176,700,000 176,750,000

.................

FDR 20 = 0,01, 26 = 0,003, Hammoud et al. Nakure 2009
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Regions of severe hypomethylation
pumc:%ua&e the sperm genome

HOXD Cluster

U LR B B B

KIAAT715

Hammoud ek al. Nakure 2009
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Reqgions of severe
hvpameﬁhviﬁmm Pum&wﬁe Fhe
sperm qenowme
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Induced Fluripmﬁev\% skem
cells (iPS) generation and
a[pptwa&ons
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iPSC colonies
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Inkroduction - induced neurons require NBAF aompi.ex

b Neuronal progenitors

npBAF complex

C Synaptic activity

BRG1 Samass

nBAF complex

Yoo, A. S. et al., Nature 476 (2011),
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Inkroduction - induced neurons require NBAF camptex

b Neuronal progenitors

X

miR-9* + miR-124

npBAF complex BAF53a

C Synaptic activity | 1 \

BAF53b BAF53b
Proliferation \ Dendritic
outgrowth

< amrom Neural progenitors Neurons
)\ BRG1 e

nBAF complex Differentiation

miR-9* site
BAF53a 3’ UTR | miR-9 site

-X-X—X_H I miR-124 site

Yoo, A. S. et al., Nature 476 (2011),
Monday, December 10, 12 28




Induced Neurowns can be derived from

miR-9/9*-124

Monday, December 10, 12

miR-9/9*
-124
only

miR-9/9*
-124
NeuroD2

miR-NS
only

MmiR-NS
NeuroD2

fibroblasts

Post-infection
Day 3

Yoo, A. S. ek al., Nature 476 (2011),
29



Induced neurons exhibit positive staining for
MAP2 and show repetitive action potential

~UROD2

u -1 n’;’/ ‘\l‘
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miR-9/9*-124

miR-9/9*-124
+NEUROD2
miR-NS
miR-NS
+NEUROD2 0 20 20 60

MAP2-positive cells/DAPI (%)

after 30 days

Yoo, A. S. et al., Nature 476 (2011),
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Induced neurons exhibit positive staining for
MAP2 and show repetitive action potential

miR-9/9*-124 only
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miR-9/9*-124
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+NEUROD2
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MAP2-positive cells/DAPI (%)

after 30 days

Yoo, A. S. et al., Nature 476 (2011),
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Hacking the Epigenome will
Erememdwusbj ?u,r&ker our
understanding of £S5 cells and
help us reprogram differentioted
cells into new healthy tissue.




Hacking the Epigenome will
tremendously ?u.r&her our
understanding of £S5 cells and
help us reprogram differentioted
cells into new healthy tissue.

I'M BUSY
HACKING!
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