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Next-Generation Sequencing (NGS)
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What is base 1? What is base 2? What is base 37

2016 capacity:

106 — 10° reads/array

Shendure, J. et al. Next-generation DNA sequencing. Nature Biotechnology 26 1135 — 1145 (2008)

http://www.illumina.com/systems/sequencing.html
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Next-Generation Sequencing

AAAACCAGAGTCTAGCACCTTCTCATCAGGAGGA
AAACCAGAGTCTAGCACCTTCTCATCAGGAGAR
AACCAGAGTCTAGCACCTTCTCATCAGGAGARG
ACCAGAGTCTAGCACCTTCTCATCAGCAGREGT
ACCAGAGTCTAGCACCTTCTCATCAGGAGEEGT
CCAGAGTCTAGCACCTTCTCATCAGGAGREGTC
GAGTCTAGCACCTTCTCATCAGGAG@ECGTCTGC
CTAGCACCTTCTCATCAGGAGCECGTCTGCCTTC
TAGCACCTTCTCATCAGAAGCACGTCTGCCTTCG
AGCACCTTCTCATCAGGAGCACGTCTGCCTTCGC
CCCTTCTCATCAGGAGCACGTCTGCCTTCGCTAG
s > 1 0 0 1 0 0 0 ACCTTCTCATCAGTAGCACGTCTGCCTTCGCTAG
> - CTTCTCATCAGGAGCACGTCTGCCTTCGCTAGGC
e q L g 2 2.4 ATCAGGAGCECGTCTGCCTTCGCTAGGCTGACAT
ATCAGGAGCACGTCTGCCTTCGCTAGGCTGACAT
TCAGGAGCACGTCTGCCTTCGCTAGGCTGACATC
GAGCPACGTCTGCCTTCGCTAGGCTGACATCGCGG
GAGCAACGTCTGCCTTCGCTAGGCTGACATCGCGG
AACGTCTGCCTTCGCTAGGCTGACATCGCGGGACC
AACGTCTGCCTTCGCTAGGCTGACATCGCGGGACC

Massively Parallel

AAAACCAGAGTCTAGCACCTTCTCATCAGGAGGEGTCTGCCTTCGCTAGGCTGACATCGCGGGACC

NGS provides “digital” data, each Overlapping reads are aligned together,
read is analysed independently resulting in quantitative and high

and is quantitative confidence variant calling

lumina



Sanger Versus NGS (Analogue Versus Digital)
Sensitivity / Limit of Detection (LOD)

Sanger Sequencing

Limit of Detection ~20%

Molecular Pathology Checklist

“Detection of 20% variant allele frequency, which is typically
equivalent to a 40% proportion of mutation positive cells, is commonly
measured as the LOD for Sanger Sequencing.”

- College of American Pathologists (CAP)

Limit of Detection ~ 3-5%

Coverage 30X 100X 1,000X 10,000X
A 28-29 95-97 950-970 9500-9700
G 1-2 3-5 30-50 300-500
Limit of
. ~3—-6% 3-5% 3-5% 3-5%
Detection
[ |
|
AAAACCAGAGTCTAGCACCTTCT CA(Q
AAACCAGAGTCTAGCACCTTICT CAGE
AACCAGAGTCTAGCACCTTCTCATCAGE
ACCAGAGTCTAGCACCTTCTCHCAG
ACCAGAGTCTAGCACCTTCTCATCAGE
CCAGAGTCTAGCACCTTCTC i CA TC
GAGTCTAGCACCTTCTCA¥CAG @TICTGC
CTAGCACCTTCTC AG( SC@ICTGCCTTC
TAGCACCTTCTC AGZE 'CTGCCTTCG
AGCACCTTCTCATCAGHR TCTGCCTTCGC
CCCTTCTCA!A; TCTGCCTTCGCTAG
ACCTTCTCATCA! TCTGCCTTCGCTAG
CTTCTCATCAGG. TCTGCCTTCGCTAGGC
ATCAGGHAH TCTGCCTTCGCTAGGCTGACAT
ATCAGGA TCTGCCTTCGCTAGGCTGACAT
TCAGGA TCTGCCTTCGCTAGGCTGACATC

TCTGCCTTCGCTAGGCTGACATCGCGG
TCTGCCTTCGCTAGGCTGACATCGCGG
ICTGCCTTCGCTAGGCTGACATCGCGGGACC
[CTGCCTTCGCTAGGCTGACATCGCGGGACC

AAAACCAGAGTCTAGCACCTTCTCATCA( TCTGCCTTCGCTAGGCTGACATCGCGGGACC

Kloss-Brandstatter A., Weissensteiner H., Erhart G., Schafer G., Forer L., et al. (2015) Validation of Next-Generation Sequencing of Entire Mitochondrial Genomes and the Diversity of Mitochondrial
DNA Mutations in Oral Squamous Cell Carcinoma. PLoS One 10: e0135643
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Why do labs use NGS?

. lumina



Traditional Genomic Technologies

LY
=

.‘x‘
gqPCR Sanger/CE Sequencing
- First instrument released in 1996 First instrument released in 1987
By — »
7/ / :

Low complexity Single assay Low complexity Low sensitivity
assays reactions assays and detection power

1 B

—

—

Lack of Cumbersome Lack of Missed
discovery power workflow discovery power F‘ calls

The Challenge

How do | cost-effectively expand my research?

. lumina



Cost of Traditional Genomics Technologies

Gene Expression on gPCR & Targeted Resequencing
Sanger/CE

Sanger/CE and qPCR Price per sample
$1,000

$900

$100/sample at 20
amplicons/targets

$400 per sample

Price per sample

Costs increase linearly
with # of targets

0 50 100 150 200

Number of targets (QPCR) or amplicons (Sanger/CE)

Time, cost per sample, and sample input quantity all increase linearly with number of targets:

- L u L
limiting discovery power
Assuming an average cost of $5/reaction/sample based on customer conversations (qPCR and Sanger)

llumina



Ability to Scale
Inherently limited in gPCR & Sanger/CE

Current Capabilities

Surveying a limited number of
targets on Sanger or gPCR

What are you missing out on...

Ability to efficiently run
mid-complexity panels (>20)

Current Outsource Purchase higher Run multiple plates
Options capacity systems on your current qPCR
or Sanger system
Cost of Long wait times for High throughput Substantial time
Solution custom projects systems require a large investment for optimization

Lose control of your
samples and experiment

investment—$100k+

and sample processing

lumina



A Solution To Overcome These
Challenges Would Require...

et ﬁ 6’/ l 4

Ability to ‘ Maintain a Low sample Maintain
simultaneously manageable |nput to conserve sensitivity and B
survey 100s price per sample precious sample  data resolution
of targets as you scale l ‘

lumina




Enhanced discovery of genetic variation
NGS provides a broader understanding of genetics

Qualitative information

- Mutations or changes from a standard reference. SNPs,
insertions, deletions, duplications, inversions.
= Cancer, heritable disorders
- Pairwise differences. What is it about their genetic
makeup makes sample A and sample B different?

= Disease resistance, genetic rick factors, morphological
differences

- Validation. Did my breeding, genetic modification, or

construct come out as planned?
= Genetic engineering, agriculture, synthetic biology, cloning

" llumina



Understanding the genetic drivers of disease
NGS is a highly sensitive method to quantify genetic effects

Quantitative information

- Copy number variation
= Reproductive health, genetic engineering

- Gene expression
= Host/pathogen interactions, drug response

- Gene regulation
=  Small RNA sequencing, antisense expression

- Protein/DNA interactions
= DNA binding sites & regulatory pathways

- Epigenetics
= DNA methylation

- Metagenomics
= Microbial community profiling

1

Resequencing

RNA-Seq

ChiP-Seq

£

16S
Metagenomics

llumina



Next-Generation
Sequencing Workflow

lumina




Common Workflow

Sample Prep Library Prep Sequencing Analysis

B lumina
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Library Preparation
No matter the application, all libraries end up looking similar

Dual Index Library Shown

The aim of library preparation is to obtain nucleic acid

fragments with adapters attached on both ends

y Jumina



How and Why Samples Can Be Mixed Together

<.........then sorted by index

Sample 6 Sample 7 Sample 8 Sample 9 Sample 10

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

; lumina



Sequencing
Sequencing-by-Synthesis (SBS)

DNA
(0.01-1.0 pg)

Sequencing

Image Acquisition Base Calling

. llumina



Data Analysis

Sequencing reads aligned to a reference genome

| CGATTAGTAC
ACTCGATTAG
ACGG CTCGA
ACGACGGACT

Reference Sequence CATACGACGGACTCGATTAGTACTCGTA

Variant/genotype calling 20bp region
6bp @ 1X

Annotation & filtering 8bp @ 2X
6bp @ 3X

Functional effect Average = 2X

. lumina



Analysis and Interpretation of Sequencing Data
Data in, biological knowledge out

| ——.

BaseSpace

Public Databases & Private Data Centres

N

=D ==p "
Elul

Sequencing data Export annotated/filtered variants

Data Analysis

" llumina
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Sequencing Applications

Species

The list of “-Seq” applications
is growing all the time...

Regulation

Various
Targets

Genome Panels

Protein

TF/chromatin- Ribosomal

Methylation SmallRNA o o
binding binding

" lumina



Next Generation
Sequencing
Applications

For Research Use Only. Not for use in diagnostic procedures. I IU mina




For Research Use Only. Not for use in diagnostic procedures. | Iluml na.




RNA-Seq is Impacting Cancer

Genomic Expression makes Red Herring “Top 100” for
disprupting cancer care with RNA-Seq

Using big data, scientists discover biomarkers that could
help give cancer patients better survival estimates

“In cancer, sometimes a single gene produces two isoforms, one of which promotes metastasis
‘ ‘ and one of which represses metastasis,” he said, adding that understanding the differences

between the two is extremely important in combatting cancer.

“We have just scratched the surface,” Xing said. “We will apply the method to much larger data

sets, and we expect to learn a lot more.” Yi Xing, UCLA, RNASeqgBlog.com

. lumina
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RNA-Seq is Impacting Genetic Disease Research

RNA-Seq identifies novel myocardial gene expression
signatures of heart failure '

Genome-wide RNA-Seq of Human Motor Neurons Implicates Selective
ER Stress Activation in Spinal Muscular Atrophy

RNA-Seq reveals genetic link between two chronic lung
diseases

Single-cell RNA sequencing reveals human brain house
diverse populations of neurons

. lumina
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RNA-Seq is Impacting Our Environment

Researchers use RNA-Seq to assess how a tiny
dinoflagellate could have a big impact on the pacific food

Cham University of Hawai'i Manoa Siak

Gene expression analysis of bud and leaf color in tea.

RNA-Seq bulked segregant analysis enables the
identification of high-resolution genetic markers for
breeding in hexaploid wheat S

9 llumina
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Consortium RNA-seq studies

oemEEN

Multi-platfo
using RNA.  Acomprehensive assessment of RNA-seq

sequencing  accuracy, reproducibility and information content
snengLi,sconwt DY the Sequencing Quality Control Consortium

Farmerie, Agnes Vi
Boland, Belynda Hi SEQC/MAQC-III Consortium
Raghavachari, Jorg

[ \
Roberson, Jeffrey F Affiliations | Contributions | Corresponding authors

Affiliations | Contril Nature Biotechnology 32, 903-914 (2014) | doi:10.1038/nbt.2957
Received 13 June 2013 | Accepted 11 May 2014 | Published online 24 August 2014 | Corrected
online 09 September 2014

Nature Biotechnolog)
Received 14 May 20

Key Take away from Studies:
1. RNA-Seq is how about as inexpensive as microarrays, and comes with the

advantages of higher reproducibility and a broader dynamic range.
2. All of the sequencing platforms are producing high-quality, consistent data

3. Library prep methods matter more than you might /think.

. llumina
For ReSedRebddss OsdyOrNotNorfusesinirthamosticrprostdses.


http://cofactorgenomics.com/advantages-rna-seq-over-microarray-technology/
http://cofactorgenomics.com/lates-rna-seq-need-know

How RNA-Seq Works

w
,\_/\_/ Input RNA

_———.\’/—'\
i Fragmentation
— ———— .
— — — Fragmented
Convert to cDNA and
add sequencing adapters
- _ Library
. llumina
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How RNA-Seq Works RNA-Seq reads

' - (- (s SR = -

Sequencing and Analysise_=o o= oo= o &
o oPRRT oo

= e p— :

- - oo O .
Align reads to
genome
O 0 M O
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0 0—OAO O 0O r—m 0o,
— | — v | o - # | | —
(- o e N s | | | s e N s s
— o COo—oOoOoOeae o— oo
[

. Genome

Assemble transcripts
from spliced alignments

C Bl | More abundant
C—_{—]
] Less abundant

|

. Humina
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RNA-Seq | Key Benefits

Limitless: Most organisms, even unsequenced

Precise: Can reveal location of transcriptome boundaries (single-
base resolution) and SNPs, fusions, splicing, etc

Flexible: Large dynamic range (5-6 orders of magnitude)

. llumina
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Considerations for RNA-Seq Library Preparation

% What is the integrity of the RNA?

— T - T 7 How much Total RNA is available?

Remaove rRNA?
Select mRNA?

—=.= Which RNA-Seq application is planned

O tevmete (counting, discovery)?

1 Strand-specific RNA-seq?

@ Ligate sequence adaptors

From: Martin, J. A., and Z. Wang, 2011 Next-generation
transcriptome assembly. Nat Rev Genet 12: 671-682.

» llumina
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RNA Input Quality and Quantity

ooyt lity should | | with 2 BioAnal - ¢
Analvzer

- Some kits do not work on degraded samples
- Some kits optimized specifically for FFPE

| | ity should | | with a fl | thod
- mMRNA and Total RNA preps require 100ng

- RNA Access kits can go as low as 10ng

Input quality and quantity will guide you to the correct RNA-
Seq Library Prep Solution

Library Prep

30 Ilum|na
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Many different RNAs exist
Ribosomal RNA is most abundant RNA species

P e i 1" T . -" S ] 1 ™ Al N
EV:de] ~ Rilhnc -l‘ll,v.-
_YtOSC D0SOME NA

(285, 18S, 5.85 and 55 rRNA)

Data Analysis

RNA Isolation Library Prep

. Tumina
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lllumina’s Suite of RNA Library Prep Solutions

Transcriptome
<
i -

TruSeq TruSeq TruSeq
Stranded Stranded Stranded
Total RNA mRNA RNA Access

* Coding + ncRNA  + Coding RNA * RNA Exome
* FFPE compatible + High quality RNA « FFPE /low input
» Many species « Mammals * Humans

32

For ReSgaRebddst OndyOriNotNorrfusesindifgmosiitcppsostaeses.
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RNA Library Prep Chemistries

AAAAA

AAAAAL

TruSeq mRNA ~ TruSeqRNA Access | TruSeq Total RNA

Capture mRNA Remove rRNA

@ °~

4 4

Fragment, Make cDNA, Add Adapters

\ ¢ {

————— - L ee——
 e—  ee—

-

Capture mRNA
*_ii
Sequence
RNA Isolation Library Prep Data Analysis
. llumina
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Sequencing costs vary by method/project

RNA Isolation Library Prep Data Analysis

Humina

For ReSgaRebddst OndyOriNotNorrfusesindifgmosiitcppsostaeses.



Single-Cell Sequencing
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The importance of single cell sequencing

504

TSNE 2

o

-100 -50 0

u Ewan Birney
Sewarbr—ey

The single cell ‘omics revolution is
firmly underway. Nearly every
expression study worth doing will
be worth doing at single cell level

Macosko et al, Cell: May, 2-15

. lumina



Single-Cell: Atlas or Characterize

et e e e Massively Parallel Single-Cell
SCAI.EIIP B S S LB et A Gyt e St RNA-Seq for Marker-Free Decompaosition
: of Tissues into Cell Types

In the past decade, biologists have moved from
analysing a few genes in a handful of cells, one
cell at a ime, 10 surveying thousands of genes
in hundreds of thousands of cells, in parallel.

B A . | A Sag— S T, " Vo St
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g 1000,
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- Regutstors of Th17 Cell Pathogenscity

é 100, ———— . e hippocampus revealed by

3 = e e single-cell RNA-seq

104 ey
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2009 2011 2013 2015 »
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Amir Giladi and Ido Amit
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Why single cells?

1. Assess cell-to-cell 2. Map cell trajectories
heterogeneity

00899 Tragmetery A
Comporent 1

3. Dissect transcriptional mechanics

4. Infer gene regulatory networks m
-::-

38

3!‘

A from Liu and Trapnell (2016)
. researcn. .
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https://dx.doi.org/10.12688/f1000research.7223.1

Assessing Cell-to-Cell Heterogeneity

39

Understand composition of
complex cell mixtures

Discover rare cell types

Determine ratios of cell types
within a complex tissue or

tumor

Determine specific cell types
driving a disease pathology

Trapnell, et. al. F1000 Research, 2016

Q9

@950
08309790
00O0FS T

Component 2



Scaence JUrTp——

Cite ax ). Purk of o Sclence
1011 26hckence anel 1 )1 (200N
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Classified >57K cells by scRNA-Seq

Compared genetics of human disease to
transcriptional readout of single cells - in

several cases, the genes indicative of a
particular disease are only expressed in a

single cell type
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Hot Single-Cell Applications

Single-Cell Pooled CRISPR Screens

Single-Nuclei sequencing

Single-Cell T Cell or B Cell Receptor Sequencing

Single-Cell Epitope Detection

Single-Cell Multiplexing, Multiplet Detection, and Batch Effect

Single-Cell Preservation methods and considerations

Single-Cell ATAC-seq

SNV detection in Single Cell DNA
llumina



Single-Cell Pooled CRISPR Screens

Cell il
Voiume 67 lsaue 718 Decemter 2016, Pages 1883 1008 o148

Fh. e

Dissecting Immune Circuits by Linking CRISPR-Pooled

Diego Adhemar Jalin™ %, Assal Weiner™ % %, ido Yole" %, Duwid Lara-Astiaso’, Madas Kesen-Shau', Eywl f. ‘:‘ e 6‘.’ &s

Devid'. Tomer Mer Satame’. Amos Tarary’, Aesander van Oudenaarder’, ido Ame™ * & @ T | g A

Pooled CRISPR screening with single-cell
transcriptome readout

Paul Datlinger, Andrd F Rendeiro, Cheistian Schmidl, Thomas Krausgruber, Peter Traxier,
Joh Wugh , Linda C Schunter, Amalie Kuchler, Donat Alpar & Christoph Bock

AMillstions Comtriastions  Corresponding author

Nature Methods 14, 257-201 (2017) | doc10. 1038 nmeth 4177
Roceived 11 Ockoter 2016 | Accepted 10 January 2017 | Publahed cnine 18 January 2017

Resourct

Perturb-Seq: Dissecting Molecular Circuits
with Scalable Single-Cell RNA Profiing
of Pooled Genetic Screens

Aty Dhet. " “ Owen Pgrman, * L dewy O, O P Pyon. * Usnat Sty Amon,
Somrargs L Maraen _L T Bama L - p
Thomes M. Mormen, G & Lance " Jonetes . Senaman, e st et A Bagew

Perturb-seq

Jumina
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Combining CRISPR and Single Cells

Resource Resource

Cell Cel

Perturb-Seq: Dissecting Molecular Circuits with A Multiplexed Single-Cell CRISPR Screening
Scalable Single-Cell RNA Profiling of Pooled Genetic Platform Enables Systematic Dissection of the
Screens Unfolded Protein Response
Authors Gragprucal Abstract Authors
Atray Do, Oven Parnas, B U B Acameon. Thomas M horman.
Jorahan S Weasran Nr Frecran Marco Jost, . Osen Parmas. Avis Ragev.
A e o e oo P X" TURSSUL N Lonathan . Wenurar
Correspondence 3N Correspondence
egevetruadratrae oy b S W Cmgttars Jorahan wetuTan @ucal ety
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Single-Cell Epitope Detection

Simultaneous epitope and transcriptome
measurement in single cells

Marion Stoeckius, Christoph Hatemeister, Willlam Stephenson, Brian Houck-Loomis, Pratip K
Chattopadhyay, Harold Swerdiow, Rahul Satija & Peter Smiben

Affiliations ' Contributions ' Corresponding author

Nature Methods 14, B65-868 (2017) | cor10 1038nmeth 4380
Received 02 March 2017 | Accepled O7 July 2017 | Publshed online 31 July 2017

Abseq: Ultrahigh-throughput single cell BTN S
protein profiling with droplet microfluidic | “*®ese 7T & :2’
barcoding = —

Payam Shahi, Samuel C im, John R Haliburton, Zev J. Gantner & Adam R Abate @ % %}
e

Screntiic Reports 7, Artiacle number: 44447 Received 02 November 2016

(2017) Accepted 08 February 2017 1 T  —

dot10.1038/srepaseds? Pubhp:'wdoﬁﬁt 14 March 2017 g'g -‘_.i l-! :'.‘.'..'_ )
Multiplexed quantification et e o
of proteins and transcripts o s
In single cells

Vanessa M Peterson'S, Kelvin Xi Zhang™5,
Namit Kumar', Jerelyn Wong®, Lixia Li', Douglas
C Wilson’, Renee Moore*, Terrill K McClanahan’,
Svetlana Sadekova’ & Joel A Klappenbach'

REAP-seq

Tumina
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CITE-seq workflow

Cellular Indexing of Jranscriptomes and_Epitopes by sequencing

N

1. Antibody binding

2. Wash cells

1) \ Cells

5. Cell lysis in droplet,
antibody-oligo release

6. mRNA and oligo»
hybridization on bead

7

,',.‘
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'RT and template swit
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in bulk
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4 [ 8a. Size selected cDNA

) ( 3. Single cell <glroplet encapsulation\' 4.

for further library prep
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8b. Size selected antibody |
oligo products for further

library prep
s —
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Concordance between Flow and CITE-seq

Flow
CBMCs cytometry

CITE-seq

47

Stoeckius NATURE METHODS | VOL.14 N0.9 | SEPTEMBER 2017 | 865
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Hi-C Sequencing
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Hi-C Sequencing

Chromatin conformation capture sequencing

Used to analyze chromatin interactions

- DNA/protein complexes are crosslinked

- sample is fragmented and DNA ligated and digested
- DNA fragments are PCR-amplified and sequenced

Cut with Fill ends -
restriction and mark Purify and shear DNA; Sequence using
Crosslink DNA enzyme with biotin Ligate pull down biotin paired-ends

N\ N 4

>/ I @ ¢ ) =
i | \ \ LT
4 T
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Hi-C Sequencing in Metagenomics

Species-Level Deconvolution of Metagenome Assemblies with Hi-C-
Based Contact Probability Maps

- - 2 = 2
Joshua N Bunon.” van Lachikn. " Matreya ) Dunham.© and Jay Shencure”

« Demonstrated that Hi-C provides a signal of contiguity that is intracellular and
contains intra and inter chromosomal information

« Signal from Hi-C can be used to reconstruct individual genomes of microbial
species present within a metagenomic sample

» Results of the clustering of fungal, bacterial, and archaelal species were 99%
concordant with published reference genomes

« Hi-C can also be used to create scaffolded genome assemblies of individual
species present in the community

Burton, J. N., Liachko, I., Dunham, M. J. & Shendure, J. Species-Level Deconvolution of
Metagenome Assemblies with Hi-C—Based Contact Probability Maps. G3&#58;
Genes|Genomes|Genetics 4, 1339-1346 (2014).
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Hi-C Sequencing in Metagenomics

= \r\ e—c
» Library prep done with lllumina Nextera @ =1 @ —
and lllumina Nextera Mate Pair — 3 L
« 2 x100 bp read length 4 S
« Sequenced on HiSeq S_(_‘<

» 81-85M Reads per sample (Yeast
Mixture sample) for Hi-C library

* 92M Reads from shotgun library
« Shotgun and mate-pair libraries used to

generate a draft de novo metagenome
assembly

Shotgun
Mate-pair ™

Burton, J. N., Liachko, I., Dunham, M. J. & Shendure, J. Species-Level Deconvolution of
Metagenome Assemblies with Hi-C—Based Contact Probability Maps. G3&#58;

Genes|Genomes|Genetics 4, 1339-1346 (2014).
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Hi-C Sequencing in Metagenomics

A N. castellii (o]
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Contact probability maps from
Hi-C enable deconvolution of
shotgun metagenomic
assemblies

Hi-C enables two different
signals

Intracellularity of each pair
which enables species

level deconvolution
Correlation of Hi-C linkage

it / , Log link
density

with chromosomal B porenc : o ) It:
distance, which enbales .32--1 ?Sa,:’:’i??m Z : ,/ :
scaffolding of de novo " Bl < '
assemblies 3353*5; e

Draft contigs

Burton, J. N., Liachko, I., Dunham, M. J. & Shendure, J. Species-Level Deconvolution of
Metagenome Assemblies with Hi-C—Based Contact Probability Maps. G3&#58;

Genes|Genomes|Genetics 4, 1339-1346 (2014). ”
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Epigenetics
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Epigenetics

The study of changes in organisms caused by modification
of gene expression rather than alteration of the genetic code

itself.

Rainbow Rainbow's
clone

} llumina



How does DNA Methylation affect gene
expression?

« Chemical modification to our DNA (typically cytosine) that compacts
chromatin and effects gene expression.

Methylated Unmethylated
Cp(i‘..&' g
<> W-DJ
Silenced gene Active gene
. llumina
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Why Is Methylation Important?

Methylation affects it all: Cancer, development, Alzheimer's, aging,
ADHD, obesity, diabetes, addiction, infection...

New Approaches for Breast Tumor Diagnostics: )
Epigenetic PrOﬁleS Huffinaton Post Aoril 2015 LiveSf:ience January 2015
Posted: 02/26/2015 9:45 am EST | Updated: 02/26/2015 9:59 am EST 9 p HOW Genes and EﬂVII’Oﬂmeﬂt

Conspire to Trigger Diabetes
Endurance training alters skeletal muscle 'at an epi

WhatlsEpige

genetic level'

tics.com January 2015

Twins Data Reshaping Nature Versus Nurture
Debate NPR.org January 2012

- llumina
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Why Is Studying Methylation Important?

Methylation can be changed
Medicine can alter methylation

Exercise, your environment and actions can alter methylation

Methylation changes before DNA in tumors, giving us earlier
warnings

Epigenetic Therapy of Cancer With 5-Aza-2'-Deoxycytidine
(dGCltablne) Momparler Seminars in oncology 2005

Effects of the Social Environment and Stress on Glucocorticoid
Receptor Gene Methylation: A Systematic Review "

Turecki et al., Biological psychiatry 2016

llumina
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DNA methylation dynamics during B cell maturation
underlie a continuum of disease phenotypes in
chronic lymphocytic leukemia

Combined analysis of
|dentified methylation dysregulation during CLL (chronic lymphocytic leukemia).

Conducted RNA-Seq on methylation-mapped cell phylogenies
Mapped the dysregulated pathway based on expression changes

7 5460 71 40

56 intMBC
574 SMGZ 65 nimec
loMBC 77
NBC’: —— g 20
GCF 52
51 42
63 \ 45
59
34
64 52 33
46 73 58
30 48 98 35

Nature Genetics 48, 253—264 (2016)
. llumina
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DNA Methylation affects Breast Cancer Treatment

Weigel, Christoph, et al. "Epigenetic regulation of diacylglycerol kinase alpha promotes radiation-induced fibrosis." Nature

Radiation (_)f b_reast cancer
can result in tissue fibrosis,

limiting treatment

Researchers used a large
scale

correlated with
and

Identified DGKA, an enhancer
involved in profibrotic

transcription factor activation,
as a key regulator of fibrosis

and potential therapeutic
target

communications 7 (2016).
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Methylation Analysis Technology

The bang for your buck model
TruSeq DNA

$5,000 Methylation

(WGBS)

Qo
£
S TruSeq
ol Capture
(O]
Je
0. Infinium®
- EPIC Array
<
$50

Amplicon
Nextera ®

10s 500K 1M 2M 5M  20M oM

Sequencing Array # of CpG sites

o llumina
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How does this technology work?
Methylation Analysis With Bisulfite Conversion

Methylation Arrays:
|dentify the difference between a

Cand T at~850,000 discreet
sites of interest

bisulfite
¢

PCR
y
-—0—0—06—"0— Methylation Sequencing:

|dentify the difference between a

A A sp Ay G o C o C and T in targeted regions up

to 38M+ CpG sites in complete

regions
. llumina
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Methylation Arrays or Sequencing

LH CH, CH ,CH.CH

cpGTargets O QO OO 68\8}8\ @606@

Microarray

Data Calls | Unmethylated region  Methylated region  Methylated region

Methyl-Seq

DataCalls | Y-U-U-U-U M-M-M-M-M U-M-U-M-U

CpG U Unmethylated sequencing call
O CpG target on aray M Methylated sequencing call

for large scale screens
across CpG rich regions

and can call SNPs, indels within the region covered

o llumina
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Chromosome

Histones

Chromatin

Nucleosome

o
@
P

ATAC

DNA helix

lumina
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What is ATAC-seq?

Assay for [ransposase-Accessible Chromatin sequencing

64

October 2015

iCommunity

NEWSLETTER

Surveying the Chromatin Landscape with
Next-Generation Sequencing

Researchers develop novel sequencing methods with the MiSeq® and HiSeq® Systems to
understand the epigenome and its impact on cancer and immune disease.

Introduction

Every csll in the human body has long strands of deaxyribonucieic
acid [DNA) compactly folded inside its nucikeus. That folding is made
possible by chromatin, the complex of macromolecules that package
each cel's DNA into that small, condensed volume—an architecture
necessary 10 protect its structure and sequence. Understanding
chvomstin and this dynamic archtecture are crucial to understanding
how the genome works. Its tightly pecked grooves and folds provide
a unicue physical landscape for gene transcripfion—one that has
profound implications for our understanding of gene regulation,
replication, and expression. Scientists are now finding new ways 1o
dehve into chromatin's mary biochermical mysteries.

Wiliam Greeniead, PhD, an assistant professor in Stanford University's
renouned genetics is focused on g how
the 2 meters of DNA in each call nudeus are fokded and stored.
“About 95% of the genome is fokded and saquestersd swey in the
chromatin,” Dr. Greenieaf said. “Orly a smal percentage is acosssible
10 the transcripion machinery. Deciphering how that all works is
intriguing and important *

iCommunity spoke with Dr. Greenkeaf about his team's development
of 2 new next-generation sequencing (NGS) methods to better survey
the enigmatic chromatin landscape: sssay for transposase-acoessible

chromatin sequencing (ATAC-seq)' and single-cell ATAC-Seq (scATAC-

=50).* He believes that thess spproaches might cne day provide
new nsights into the development and trestment of cancer and
autoimmune disesse.

Q: What sparked your interest in applied physics?

Wiliam Greenleaf (WG): | was alvways nerested in molecutar

biology —particulrly DNA and the melecular machinery of the
genome. But a an undergrad, | wented to aveid chemistry, 50|
studied physics instead. | ended up getting my PHD in appiied physics
with a focus on single-mokecule biophysics, because | was inerested
in el by ¥ camy
out tasks within the osl. During my postdoc, | was bitten by the high-
throughput saquencing bug. We were thinking a lot about new ways
1o spproach thess difierent complex biclogicl questions. A sequencer
can make hundreds of milions or even bilions of measurements
acrass the genome and that's what is needed to understard the
‘complexity of this biclogy.

Q: What does high-throughput sequencing provide over the other
methods you used previously?

WG: As a grad student, | periormed experiments on indhidusl
molecues. It's lsbor-ntensive work—and you have 1o desl with a bt
of handcrafied data. After a few years, | wanted 1o fnd a dilerentt
way. | warited 10 do the exact opposite —take an enarmous number

For Rasearch Use Only. Not for use in diagnoatic procedures.

of messurements very quickl. So we've been working to repurpose
the nfrastructure associated with high-throughput sequencers to do
massive scale biochemistry on nuckic adds.

Q: What inspired you to develop new tools to study chromatin?
WG: We have a grest understanding of the structure of DNA—and

2 good understanding of a single nuceosome. However, that's where
our high-resoluion undenstanding of the nudeus ends. The question
of how DNA zed at length scak a
fundamental question 10 be answered. We dont krow al that much
about how the nucksosomes that bind 1o DNA tightly are shifling
around, how the rnscription factor bnding sites might be competing
for DNA, and how cifferent transeription factors may coopere fo
buld entencers. These things touch and interact mechanically 1o
make things happen. We need 10 understand the logic of the physical
reguistory landscape—the regulome, if you wil —to see what makes.
a gene fire o not.

One of the sigrificant quesSions is how a cell can mark and use these
different elements 1o change their bickogical state. We know that dl
the different cells in a body have the same genome effectively, yet they
do incredibly cifferent things. | lice to think of chromatin as a physical
endscape that tells the cell which perts of the DNA 1o use and

which parts o ignore. b & sense, it's a major organizational principle
of bickgy.

Q: Has the data from the Encyclopedia of DNA Elements (ENCODE)
Consortium and Epigenetics Aoadmap provided a gimpse into

the regulome?

WG: Recent work from the ENCODE consortium and the Epigenomics
Roadmap have tried to ikistrate how diflerent elements in DNA

are functional, and how they can be marked and used. That initial

Dr. William Greenleaf is an assistant professor in the Stanford
University Genetics Department.

a

Closed
chromatin

Amplify
> = nd

sequence

Open
chromatin

Figure 1. Scheme for ATAC-seq technic. Transposase enzyme (green), bearing sequencing adaptors (red and blue), is
incorporated only in regions of open chromatin (between nucleosomes in grey). Allowing to amplify those open regions
by PCR. | Credit: Buenrostro et al. 2013. Nat. Methods 10, 1213-8

- 2015

Single cell

° 2013 ATAC-seq

Bulk ATAC-seq

* Prof Greenleaf co-founded Epinomics company
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Why do researchers want to look at chromatin
structures?

Gene Histone tail

Methylation of DNA and
histones causes nucleosomes
to pack tightly together.
Transcription factors cannot
bind the DNA, and genes are
not expressed.

Histone

DNA inaccessible, gene inactive

Histone tail . )
Histone acetylation results

in loose packing of nucleo-
somes. Transcription factors
can bind the DNA and genes
are expressed.

Acetyl group

DNA accessible, gene active

. lumina



Application examples using ATAC-seq

Nucleosome
mapping

Application

Identify changes in
nucleosome position
btwn experimental

Transcription factor
occupancy analysis

in specific cell
types

Find lineage-specific

factors during

Identify novel
enhancers during
development

Explore evolution
of neural crest cis-
regulatory element

Explore various
pathological
conditions

Identify ectopically-
active regions

b . . i

Exarpplg and conditions and hematopoesis. y comparing . during Ras

publication . . ] human and chimp dependent
correlation with Lara-Astiaso et al. .
sequence context (2014) development. oncogenesis.
Scc:1e ot al (201;5) Prescott et al. Davie et al. (2015)

p et al. (2015)

Market
Cell biolo Immunogenetics Cell biolo Oncolo

segment gy g gy gy
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Sequencing Power for Virtually Every Scale

67

Increasing system price & output

Small Genomes
Targeted

16s Meta
QC

.ll

MiniSeq™

iSeq™
1.2 Gb |4M
2x150

7.5 Gb | 25M
2x150

RNA-seq
Exomes

WGS
Methylation

Shotgun Meta a_
E HiSeq® 4000
1500 Gb | 5B

NextSeq® 2x150
120 Gb | 400M
2x150
MiSeq®
15 Gb | 25M
2x300
Decreasing price per GB

Large-Scale
Omics

NovaSeq” 6000

167 — 6000 Gb | 1.6 — 20B

2x150

llumina



Thank You!

mangel@illumina.com
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