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HiSeq System Performance Parameters

HIGH OUTPUT RUN MODE*

RAPID RUN MODE®*

FRead
Length

1 x 36
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Reads
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Filter

Quality

Single Flow Cell
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sl e e (HiSeq 1500 or

(HiSeq 2500 only)

2500)
95-105 Gb 47-52 Gb
270-300 Gb 135-150 Ghb
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N/ A N/ A

Up to 1.5 billion

single reads or 3

billion paired-end
reads

Up to 3 billion single
reads or & billion
paired-end reads
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Flow
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M/A
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reads
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Flow
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Waddiongton's Epigenetic Landscape
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The two main components
of the epigenetic code

DNA methylation
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- Re-sequencing
1000 genomes project
INAHILTT7ANEIZLSDNAAF )LILfRHT

- Protein-DNA interaction
ChIP-seq(E X FESR)
ChiP-seq(¥z B & F)

- Transcriptome and detection of RNA genes (ex. mIRNA)
RNA-seq

* Protein-RNA interaction

CLIP-seq (cross-linking immunoprecipitation followed by high-throughput sequencing)
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New methods to analyze protein-DNA interaction
IN genome-wide scale

|sclate DMA enriched in

||||||||| =]
e
Microarray Chipchip /l\ chipeseq Next-generation sequencing technology
Hybridize to microarray Sequence and map to
reference genome
= _ =%
ad-out:

_,DHD.,,,.HH.HH,,, ‘ 1‘ Visel et al. 2009
"ChlP-chip" and "ChlIP-seq" v
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f Ac acetylation

G Me| methylation
< H2B tail

Nucleosome “bead” e U b ubiquination

(8 histone molecules +

146 base pairs of DNA) H2A tail

cain e 2 o 4 tail "
DNA H1 histone su Sumﬁylatlon
H2B tail “12
P47 H3 i b @ phosphorylation

»Nudeosome

The figure illustrates nucleosome models and major posttranslational
modifications which play essential roles in gene expression regulation
and disease processes

Core of 8 Histone Molecules
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H_3K4me3

name of the histone

amino acid

position in the sequence

Modification:

acetylation
mono-methylation
di-

tri-
mono-ubiquitination
phosphorylation
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Active

Inactive

Promoters Gene bodies

Enhancers

Large-scale repression

Nature Reviews | Genetics

Zhou et al. Nat. Rev. Genet. 2011.
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" ENCODE * Roadmap Epigenomics Project * International Human Epigenome

mouseENCODE,

Consortium (IHEC)

modENCODE (for drosophila, worm)
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An integrated encyclopedia of DNA
elements in the human genome

\ : ;',:,9'/ o«
The ENCODE Project Consortinm® ) 4‘; "’f;mnum\\‘\::\;g X
\ /.'==-\ <A

The human genome encodes the blueprint of life, but the function of the vast majority of its nearly three billion bases is
unknown. The Encyclopedia of DNA Elements (ENCODE) project has systematically mapped regions of transcription,
transcription factor association, chromatin structure and histone modification. These data enabled us to assign
biochemical functions for 80" of the genome, in particular outside of the well-studied protein-coding regions. Many
discovered candidate regulatory elements are physically associated with one another and with expressed genes,
providing new insights into the mechanisms of gene regulation. The newly identified elements also show a statistical
correspondence to sequence variants linked to human disease, and can thereby guide interpretation of this variation.
Ovwerall, the project provides new insights into the organization and regulation of our genes and genome, and is an
expansive resource of functional annotations for biomedical research.

—E TLV5& "regulome" AN B 4Z

Facts and figures:

71
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Launched by NHGRI in Sept. 2003.

Pilot project|&2007(Z#& T

Oct. 2007|124 FE TS80M®MD F &H T'production phase'& L TR E
1000 Genomes Project&d— &} A—/N\—5 v

32 groups, >440 scientists, 24 standard types of experiment

120 transcription factors, ...



Scientists in the Encyclopedia of DNA Elements Consortium have applied 24 experiment
MAKI N G A GE NU M E MA N UAI_ types (across) to more than 150 cell lines (down) to assign functions to as many DNA
regions as possible — but the project is still far from complete.

Open
chromatin Se(?ur:ﬁces
DNA
methy\atior‘ RNA
: : > Tier 1

EXPERIMENTAL TARGETS CELL LINES Tier ™
DNA methylation: regions Tiers 1 and 2: w ¥ 537, 3%’
layered with chemical methyl widely used cell 1Ak )
groups, which regulate gene lines that were So far, scientists have & 7 7,
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The results of the ENCODE project (30 papers)

September, 2012
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() Biomed central

Journ:
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The ENCODE project

The Encyclopedia of DNA Elements (ENCODE) Consortium's mission statement was to comprehensively annotate functional
elements in the human genome. Following nearly ten years of data generation by over 400 researchers across the globe, the
project's findings have now been published as a group of 30+ articles in a multi-publisher collaboration. The ENCODE articles
published by BioMed Central are presented below, and the publication effort is discussed in further detail on the BMC Blog.

Voleme 22 Number 9

I

For more information on ENCODE, please see the ENCODE web portal. The ENCODE articles from all three publishers can also
be downloaded as an iPad app, or browsed in the ENCODE Explorer.

Collection published: 5 September 2012

Research

Modeling gene expression using chromatin features in various cellular contexts

Xianjun Dong, Melissa C Greven, Anshul Kundaje, Sarah Djebali, James B Brown, Chao Cheng, Thomas R Gingeras, Mark
Gerstein, Roderic Guigé, Ewan Birney, Zhiping Weng

Genome Biology 2012, 13:R53 (5 September 2012)

Abstract | Full text | PDF | PubMed | Editor's summary

Research Highly accessed
Cell type-specific binding patterns reveal that TCF7L2 can be tethered to the genome by association with
GATA3

Seth Frietze, Rui Wang, Lijing Yao, Yu Tak, Zhenaing Ye, Malaina Gaddis, Heather Witt, Peagy J Farnham, Victor X Jin
Genome Biology 2012, 13:R52 (5 September 2012)
Abstract | Full text | PDF | PubMed | > Editor's summary

Research

The GENCODE pseudogene resource

Baikang Fei, Cristina Sisu, Adam Frankish, Cédric Howald, Lukas Habegger, Xinmeng Mu, Rachel Harte, Suganthi
Balasubramanian, Andrea Tanzer, Mark Diekhans, Alexandre Reymend, Tim 1 Hubbard, Jennifer Harrow, Mark & Gerstein
Genome Biology 2012, 13:R51 (5 September 2012)

Abstract | Full text | PDF | PubMed | > Editor’s summary
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Roadmap Epigenomics
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Blueprint Epigenomics
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€ C' [ ihec-epigenomes.net

About  Research  Outcomes

Internationsl Human Epigenome Consortium

E [

Welcome to IHEC

Research

By setting quality standards and providing

efficient communication structures IHEC fosters
continuous exchange among scientists. It
promotes rapid data sharing and minimizes
redundancy between different individual research

Voices of IHEC

Epigenomics  News+Events  Links
int USER LOGIN
lc Epis
celving close to 30 million euro funding from the EU. 41 leading Uiyiia 8
The International Human Epigenome b bl
Consortium (IHEC) unites scientists from Password *
all over the world working together to
achieve one common goal: G Remember me
ing 1000 epigenomes. —

Epigenomics research and human health are
closely linked to each other. Progress in this field
of research will thus add to an improved
understanding of diseases, and how to better
treat and prevent them. Find out what makes

IHEC Protocols

Annual Meeting

News+Events

Be itinternational conferences, workshops,

meetings or latest articles: The world of IHEC and
epigenomics research keeps rolling fast.

Stay on top of latest news and events from this

vibrant research community. -

IHEC: International Human Epigenome Consortium
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Huff et al. Nat. Struct. Mol. Biol. 2010.
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I RNA-Seq reads

Exon RNAFII 'Exon | e RNAPII

m xﬂn‘—H“AF” Exon RNAPIE

B Fast
B slow

Brown et al. Hum. Mol. Genet. 2012.
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structure

Chromatin-adaptor ____—»
complex

RNA

Luco et al. Cell, 2011
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Activator protein

Enhancer sequence Promoter sequence Transcription


http://www.nature.com/scitable/topicpage/gene-expression-14121669
http://www.nature.com/scitable/topicpage/gene-expression-14121669
http://www.nature.com/scitable/topicpage/gene-expression-14121669
http://www.nature.com/scitable/topicpage/gene-expression-14121669
http://www.nature.com/scitable/topicpage/gene-expression-14121669
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Current Opinion in Immunology
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Centrosomes PP F
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envelope

Centrioles Centrosome Kinetochore

Chromatin

Nuclear Plasma Chromosome, Centromere
envelope  membrane consisting of two
sister chromatids

Spindle
microtubules

©2012 Pearson Education, Inc.
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Chromosome Conformation Capture (3C)

A B
Linesr gQenome Sequence. . . Chrormesorme Cenformation Capture
— - —— j‘/\/ Cross-inkng
L
;':1 Digestion
I-dmensienal organization. .. |

CR, oo
i trans
b
L= — 243 Detection by PCR
30 template

Figure 1. (a) Genes (blue rectangles) and regulatory elements {red circles) are
linearly organized along chromosomes (top), but as a result of specific interactions
between elements (indicated by arrows, both in cis and in trans) a complex three-
dimensional network is formed inside the cell (bottom). (b) Schematic
representation of the 3C assay. Chromatin is cross-linked, digested with a
restriction enzyme and then ligated. Specific ligation products can be detected by
PCR. [Figure from Dekker (2006), Nature Methods, 3(1): 17-21].
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DNase | sensitivity

Hi-CiEIZ K DB {ADinteraction map

Mouse chromosome 18 20Mb F—"
B B

Interaction
depletion
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enrichment
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RefSeq genes

Dekker et al., Nat. Rev. Genet., 2013.
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Lieberman-Aiden et al. (2011) Science
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New Technology
Reveals the Genome’s
3D Shape

Try taking a human hair as long as
Manhattan and cramming it—
unsnarled—inside a marble. This is the
challenge faced by a 2-meter-long
strand of DNA as it folds into its com-
pact array of 23 chromosomes within a
cell’s nucleus. Previously, scientists
only theorized about how DNA
squeezes inside a nucleus without
becoming a hopelessly tangled mass.
Now a new technique called Hi-C
reveals that DNA packs knot-free into
its chromosomal patterns by assuming a
rare geometric shape observed in
snowflakes, crystals and broccoli.

“We've developed

'sBytes

a powerful new technique to look at
chromosomes at an unprecedented reso-
lution,” says Job Dekker, PhD, cell biol-
ogist at the University of Massachusetts
and coauthor of the study in the October
9, 2009 issue of Science. “What we found
constitutes a breakthrough in our under-
standing of chromosome folding.”

At the small scale, DNA wraps
around proteins called histones and
assumes its classical double-helix
shape. At the large scale, chromosomes
cluster in discrete sections within the
nucleus called “territories.” “Between
the scale of chromosome territories and
the scale of histones, effectively noth-
ing has been known about the structure
of the genome,” says first author Erez
Lieberman-Aiden, a graduate student
in the lab of Eric Lander, PhD, profes-
sor of biology at the Broad Institute in
Cambridge, Massachusetts.

Hi-C reconstructs an unbiased
3-D map of the entire genome.

First, scientists soak a complete
set of chromosomes in
formaldehyde, which
acts like glue to stick
together parts of the
genome that are
close in 3-D space.
Then they chop the

DNA into a mil-
lion pieces and

In the fractal
globule (above left), nearby
regions on a chain of DNA—indicated using similar colors—are packed into nearby regions in 3D
space. The accessible DNA chain unravels easily (above right) because the globule lacks knots. Images
courtesy of Leonid A. Mimny and Maxim lnakaev, reprinted from Lieberman-Aiden, E., et al.,
Comprehensive Mapping of Long-Range Interactions Reveal Folding Principles of the Human
Genome, Science, 326(5950): 289-293 (2009), with permission from AAAS.
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perform massive parallel sequencing on
the interacting fragments. Mapping soft-
ware compares the sequences of attached
fragments with a human genome refer-
ence sequence; based on the results, the
scientists compute which parts of the
foldled DNA physically interact with
each other.

The team found that active, gene-
rich and inactive, gene-poor sections
cluster in separate parts of the nucleus.
The active chromatin segments are like
easily accessible papers spread out
across a desk, whereas the inactive por-
tions are densely packed, like folders in
a file cabinet.

Simulations revealed that DNA
assembles into dense fractal globules—
structures that look alike at different
levels of magnification, such as the intri-
cate geometrical form of a crystal. Genes
are easily accessible, but when they're
not in use, the structure spontaneously
collapses into a tight, knot-free bundle.

“This is the first spatial map of the
genome,” says Tom Misteli, PhD, cell
biologist at the National Cancer Institute
in Bethesda, Maryland. “It’s a technical
breakthrough that opens the doors to
doing all sorts of interesting experiments.”

Future experiments will investigate
how the 3-D shape of DNA morphs
depending on the activity of genes and
disease states, like cancer. As genome
sequencing becomes cheaper, Dekker
says, it should be possible to obtain high-
er spatial resolution and even to recon-
struct the shapes of individual genes.
—By Janelle Weaver, PhD

How DNA
Goes A’Courtin’

Until now, scientists have known lit-
tle about how complementary single
strands of DNA court one another
before binding to form the classical dou-
ble helix. But now, molecular dynamics
simulations have identified that the
binding—or hybridization—mechanism
depends largely on the sequence of the
DNA: Ordered sequences will meet and
then slither lengthwise to find the cor-
rect match; but sequences that are ran-
dom will connect at key sites then rapid-
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Breaking the second genetic code
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Tissue-specific alternative splicing predictions

Ramoén Tejedor and Valcércel, Nature, 2010

(Comment on Barash et al., Nature, 2010)
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GTPase activating Rap/RanGAP domain-like 1 protein (GARNL1)

human chrl4 - 35087341 ACATTTCAGAAATTGTCACTAAATTTITTTCC--AGTATTA--TACTGACTAACCC-AGGTCTGCATGAAACACTAACA-T
chimpanzee chrlb - 34251985 ACATTTCAGAAATTGTCACTAATTTTITTTCC--AGTATTA--TACTGACTAACCC-AGGTCTGCATGAAACACTAACA-T
macaque chr? - 98506834 ACATTTCAGAAATTGTCACTAAATTTTTTCC--AGTATTA--TACTGACTAACCC-AGGTCTGCATGAAACACTAACA-T
rat chro - 75858765 ACATTTCAAAAATTATCACTAAATTTTTTCCCCAGAATTG--TACTAACTAACCC-AGGTCTGCATGAAACACTAACA-T
mouse chrilz - 56530084 ACATTTCAAAAATTATCACTAAATTGTTCCCCGAGAACTG--TGCTAACTAACCC-AGGTCTGCATGAAACACTAACC-C
rabbit scaffold 178393 - 17945 ACATGGCAGAAATTGTCACTACATTTITTITCC--AGATTTA--TACTAACCAACCC-AGGTCTGCATGAAACACTAACA-T
cow chr21 - 30280498 ACATTTCAGAAATTGTCACTAAATTTCTTCC--AGAATTC--TACTTACTAACCT-AGGTCTGCATGAAACACTAACATT
dog chr8 - 17234636 ACATTTCAGAAATTGTCACTAAATTTCTTCC--GGAATTA--TACTTACTAACCC-AGGTCTGCATGAAACACTAACACT
armadillo scaffold 3577 - 24577 ACATTTCAGAAATTGTC-CTAAATT-CTTCC--AAAATTG--TTCTTACTAACAC-AGGTCTGCATGAAACACTAACACT
tenrec scaffold 299940 + 3914 ATATTTCAGAAATTGTCACTAAATTTTTTTC---CAGTTA--TACTTACTAACCC-AGGTCTGCATGAAACACTAACA-C
opossum chrl - 286030148 ACATTTCAGAAGTTTTTACTAAATTTTTTCC--AAAGTTAGTTTTTTACTAACCCCAGGTCTGCATGAAA-ACTAACA-C
Kk okk kk kk kk Kk Kkk KKk K K * * ok kk kkk Kok ok kok ok ok kok ok ok ok ok ok kok ok ok ko
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Suyama et al. Nucleic Acids Res., 2010



A network of co-occurring motifs

AAGAT 19

TTTCT 41

DARFOHAEDHOEICLYSHREZEALT,

Suyama et al. Nucleic Acids Res., 2010
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The 3rd exon of the ENST00000256858 transcript.
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We randomly selected 10 predictions, and confirmed the skipping in 3 cases.

Suyama et al. Nucleic Acids Res., 2010
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