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CRISPR Screening
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CRISPR Screening

* Identify genes or DNA sequences
causing cells to be either resistant or

sensitive to a drug

 Identify genes of DNA sequences
affecting susceptibility to
environmental toxins
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 |dentify components of a cellular
pathway

* Identify genes or DNA sequences
leading to a particular disease state

https://www.idtdna.com/pages/education/decoded/article/overview-what-is-crispr- .
screening#:~:text=CRISPR%20screening%20is%20used%20to,drug%20resistance%20and%20drug%20sensitivity. I | u m I n a i

4 https://haematologica.org/article/view/8891




Natural CRISPR Systems Have 2 Major Components

Repeat Regions —
These are used to create gRNAs - sequences of RNA that direct the CRISPR system to

cut other DNA sequences..
CRISPR complex ‘ ‘
. i % \ i
Cas9 protein

Guide RNA il {
mm’ 1
Target specific '\J\ )‘J
crRNA sequence . |

Nucleases:

Proteins that bind to gRNAs and are directed by the gRNAs to cut
particular DNA sequences. Cas9 is a very commonly used CRISPR
nuclease

5 Costa, Joana R, et al. "Genome editing using engineered nucleases and their use in genomic screening." Assay Guidance Manual [Internet]. Eli Lilly & Company and the | I u I I l I n a
National Center for Advancing Translational Sciences, 2017.
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Pooled CRISPR Screen Overview
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Image sourced from: https://www.idtdna.com/pages/education/decoded/article/overview-what-is-crispr-screening
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Step 1:

Step 2:
sgRNA oligo

Construction of

Step 3:

GeCKO
screening

library design

lentiCRISPR

library
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Genome-Scale CRISPR-Cas9 Knockout
Screening in Human Cells

Ophir Shalem,”?* Neville E. Sanjana,™?* Ella Hartenian,* Xi Shi,**
David A. Scott,™? Tarjei S. Mikkelsen,* Dirk Heckl,* Benjamin L. Ebert,* David E. Root,*
John G. Doench,* Feng Zhang™?t

3 JANUARY 2014 VOL 343 SCIENCE www.sciencemag.org
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NGS Quality Control for Pooled Libraries

N
Verification
Prep DNA —» Prep product —» Next-generation
for sequencing sequencing
Analyze results
Y,

Figure 1. An overview of the pooled library amplification/verification process.
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Hit identification using lllumina Sequencing

sgRNA

je————— |
j———— |
PCR2 REV LentiCRISPRv2 Adapter

FEORTEN |
| B
PCR1 Product
-—# Read 1 -~ Index Read 1
[ b

PCR2 Product (amplicon ~330bp)

Yau, Edwin H., and Tarig M. Rana. "Next-generation sequencing of genome-wide CRISPR Screens." Next
Generation Sequencing. Humana Press, New York, NY, 2018. 203-216.

llumina
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Combining CRISPR and Single Cells

Cell

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

Graphical Abstract Authors
Atray Dixit, Oren Parnas, Biyu Ui, ...,
Jonathan S. Weissman, Nir Friedman,
(V) Pocled CRISPR screens | (3) Single cell RNA-Seq of 4
~ barcoded droplets Aviv Regev
3) Next-Gen sequencng of ibrary
: . . Correspondence
o & Oy ) : aregevibroadinstitute.org
B ;y c y — :
e A 2 3 In Brief
- 5: A technology combining single-cell RNA
{ Y= X p ! sequencing with CRISPR-based
| Reparnns e moswt ) perturbations termed Perturb-seq makes
I analyzing complex phenotypes at a large
: scale possible
—  gae
QxR e T /
g\ L
LAy, o -
¥ | =
Rogulatory inference Epstass Power
L from perturbations GeCOMPORBION aradyss
Highlights
« Pooled CRISPR screen with scANA-seq readout
« Integrated model of perturbations, single cell phenotypes,
and epistatic interactions
« Effect of TFs on genes, programs, and states in LPS
response in immune cells
« Downsampling t of feasibility of g wide or
combinatorial screens
Dixit & al,, 2016, Coll 167, 1853-1866
g!)'vv--w' Decemnber 15, 2016 © 2016 Elsevier Inc. Cell
hitp//dx.dolLorg/10.1018/.cell 2016.11.028

Cell

A Multiplexed Single-Cell CRISPR Screening
Platform Enables Systematic Dissection of the

Unfolded Protein Response
Graphical Abstract
Lentrviral pool of Perturtaton Gentty
CRISPR perturbations [:- encoded » Yanscrot
s:~
‘ Sngle-ced Ca-a.u:w

n;mcrc«w

% —[-F

D'rxlel
RNA-seq

Perturb-seq

ER stross
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Systomatc dasecton

- of mammahan undolded oo
LT S protesn resgonse g o
T —
Highlights

« Perturb-seq allows parallel screening with rich phenotypic
output from single cells

« Simultaneous delivery and identification of up to three
CRISPR perturbations

+ Genome-scale screens di the mammak.
protein response

« Analytical methods separate perturbation responses from
confounding effects

Adamscn et al, 2016, Cell 167, 1867-1882
(!}"'-""" December 15, 2016 © 2016 Elsevier Inc.
http/fdx.dolorg/10.10168/ cell 2016.11.048

Authors
Brtt Adamson, Thomas M. Norman,

Marco Jost, ..., Oren Parnas, Aviv Regev,

Jonathan S. Weissman

Correspondence
jonathan. weissman@ucst.edu

In Brief
A strategy for barcoding CRISPR-
mediated perturbations allows pooled
expression profiling via single-cell RNA
sequencing. Application to the

lian unfolded protein resp
then enabled systematic delineation of
the transcriptional arms of the response
and functional clustering of genes
affecting ER homeostasis.

Cell
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Perturb-Seq:

Genetic Screening with CRISPR
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as the effect on gene expression phenotype.
» Dixit et al 2016 Cell 167, 1853-1866 ”unllna’



ATAC-seq or sequencing



Epigenetics — Epi = on top of

Chromatin accessible Histone
gene regulatory elements modifications

polymerase

L /
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@j Long range S%D'O)

é;;% interactions \ ‘\ff& '
N o mRNA and ncRNA
\ | i D‘U s Expression
“\Ragesgdfild / RNA-seq
Transcription DNA/RNA methylation and
Factors DNA hydroxymethylation
Methyl-Seq

llumina

Image via: https://genome.duke.edu
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ATAC-Seq — Why study chromatin accessibility”?
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Closed chromatin

What Why?
could be

Heterochromatin ~97%

Humina

14
DOI:10.1038/s41576-018-0089-8



ATAC-Seq: Studying gene regulation through chromatin accessibility

Tightly packed, closed Loosely packed, open
Transcriptionally inactive Transcriptionally
chromatin active chromatin
M/
ATAC-Seq makes libraries Hyperactive @gED
) transposase A f
from o pe n/accessible homodimer , japtor Simultaneous fragmentation

DNA and tagging of accessible DNA

chromatin

Y
- Nextera-based library M
preparation o= % \

Simple two step protocol W T NN N B

Wlth an inpUt Of 500 tO Purify fragmented DNA and PCR
50 OOO Ce”S amplify using tag sequence

Next-generation
sequencing

M
. .
Sequencing peaks
ATAC-Seq 31 ||I|||| IIII““"IIII“ i
corresponding to
. Peaks (kb) . ) u 2 l|||||l open chromatin “ I ”na

Image sourced from Wikimedia

For Research Use Only. Not for use in diagnostic procedures.
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Bulk ATAC-seq has been improved: Omni-ATAC

Fewer Cells, Frozen tissue
compatible

- Open to more samples

Better signal, cleaner data

2018

An improved ATAC-

seq protocol reduces
background and enables
interrogation of frozen
tissues

M Ryan Corces' 2@ Alexandro E Trevino' 4,

Emily G Hamilton®, Peyton G Greenside'®,
Nicholas A Sinnott-Armstrong*©, Sam Vesuna®,
Ansuman T Satpathy’”, Adam | Rubin?,

Kathleen S Montine’, Beijing Wu', Arwa Kathiria®,
Seung Woo Cho'+#, Maxwell R Mumbach'+,

Ava C Carter'2, Maya Kasowski'”, Lisa A Orloff¥,

Viviana [ Risca®, Anshul Kundaje* 9, Paul A Khavari*©,

Thomas ] Montine’, William ) Greenleaf! 1190 &
Howard Y Chang'~€

https://www.nature.com/articles/nmeth.4396

llumina



Single Cell ATAC seq

One quick protocol — multiple readouts

Peaks for open chromatin Cell state classification/clustering DNA binding motifs
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Coverage Recommendations for ATAC-Seq

The minimum required sequencing

coverage for ATAC-Seq varies according Research Goal Recommended Depth
to research objectives. |dentification of open >50M paired-end reads
chromatin differences in
Paired-end reads are recommended as human samples
they offer: Transcription factor foot | >200M paired-end reads
Higher unique alignment rates printing to construct
f i gene regulatory
Removal o PCR dup |C§tes networks
More cpmplete information about 50K paired-end reads
accessible sequences Single-cell analysis per nucleus/cell
Ability to categorize reads as
nUC|eosome'free, mOnO-nUCIGOSC)maI, *read depth may vary depending on experimental conditions

or di-nucleosomal

https://emea.illumina.com/techniques/popular-applications/epigenetics/atac-seq-chromatin-accessibility.html

18 For Research Use Only. Not for use in diagnostic procedures. | | u I I l I n a



Mapping Protein DNA Inter %
ChIP-Seq |



Epigenetics — Epi = on top of

Image via: https://genome.duke.edu
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Chromatin accessible Histone
gene regulatory elements modifications

Long range ?%‘0) |

interactions \

!
'

polymerase

MRNA and ncRNA

~— Expression
/ RNA-seq

D»((J
Transcription DNA/RNA methylation and
Factors DNA hydroxymethylation
Methyl-Seq
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ChIP (Chromatin Immunoprecipitation)

- ldentifies the genome-wide
binding sites of DNA-associated

proteins.

- Widely used to map histone
modifications and transcription
factor binding on a genome-wide

level

Image sourced from: https://www.france-genomique.org/technological-expertises/regulome/chip-sec

21

Sample fragmentation
Immunoprecipitation
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x Cross-linkage

Non-histone ChIP / / Histone ChiIP
x DNA purification
End repair 1
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l

Sequence reads
AV INNIINL®:
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ChIP (Chromatin Immunoprecipitation)

Cells
/ %’ Lysis

Cross-linking

/W’ - - }\
Crosslink Wash steps 3\12\ Immunoprecipitation &
reversal \‘

Ny Y
N V% — DNA and protein analysis

DNA purification and
quantitative PCR

Image sourced from: https://www.sigmaaldrich.com/technical-documents/articles/biology/chromatin-immunoprecipitation-chip.html

llumina



ChiIP-Seq Recommended Read Depths

Transcription Factor ChIP-Seq:
Each replicate should have 20 million reads
Histone ChIP-Seq:
narrow-peak histone experiments: each replicate should

have 20 million reads.
le: H3F3A, H3K27me3, H3K36me3, etc.

broad-peak histone experiments: each replicate should have
45 million reads.
le: H2AFZ, H3ac, H3K27ac, etc.

https://www.encodeproject.org/chip-seqg/transcription_factor/
http://twww.roadmapepigenomics.org/files/protocols/data/histone-modification/REMC_ChlP-seqStandardsFINAL.pdf

23
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CUT&RUN (Cleavage Under Targets and
Release Using Nuclease)

« Epigenomic profiling strategy in which antibody-targeted controlled cleavage
by micrococcal nuclease releases specific protein-DNA complexes into the

24

supernatant

ConA
Bead

ConA
Bead

« Only the targeted fragments enter
| _ into solution, and the vast

CJ e maijority of DNA is left behind

Living cells

N S Yy . » Exceptionally low background
p':\nrn|1bNo’iil?fr 1«Zin ‘f"‘* MN |eVG|S
R (ﬁ\
‘\mﬁ N « Does not require isolation of
W N ® ® nuclei
8 e e . —
CQ ~ > @;@ * 100 cells for histone modification
Extract DNA / 1000 cells for TF binding

TF cormr .ﬂe
diffuses ou Prepare sequencing libraries

Skene, Peter J., Jorja G. Henikoff, and Steven Henikoff. "Targeted in situ genome-wide profiling with high efficiency for
low cell numbers." Nature protocols 13.5 (2018): 1006.

llumina



CUT&RUN Transcription Occupancy Profiles

H3K27me3 requires only 100 CTCF peaks requires only 1000 cells
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Skene, Peter J., Jorja G. Henikoff, and Steven Henikoff. "Targeted in situ genome-wide profiling with high
efficiency for low cell numbers." Nature protocols 13.5 (2018): 1006.
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CUT&TAG:

Cleavage Under Targets and Tagmentation

+ Ultilizes antibodies to bind to specific

26

chromatin proteins in situ

Lower background signals when
compared to CHiP-seq libraries
Protein A(pA)-Tn5 transposase is
utilized in place of pA-Mnase from
CUT&RUN-seq allowing for single
cell resolution

Kaya-Okur et al., Nature Communications 2019

DNA library

llumina
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But Standard ChIP-Seq Still has its place...

Transcription factors that are...
not abundantly expressed
weakly or transiently bind to DNA
indirectly bind to chromatin

Most ChlIP-validated antibodies are
validated to work with fixed samples

The Tnb transposase used in Cut&Tag has
a high affinity to open-chromatin regions

~ NEW IS ALWAYS ™~

Oris

it?

BETTEII

Snemegenerato net

llumina



Mapping Long Range DNA
with Hi-C '



Why is Chromatin Conformation important?
Expression is regulated by interaction

Promoters

- for Expression to start

Enhancers

- Distal non-coding elements that interact
and amplify expression

Silencers and insulators

- Adjacent sequences that help “temper”
expression signals

Transcription Factors

- DNA binding proteins that can assist in
turning on and off gene expression

promoter RNA transcript

Repressors

- Proteins that inhibit expression through Image source: http://www.mun.ca/biology/desmid/brian/BIOL3530/DEVO_10/devo_10.html
silencer binding

. llumina



Prominent Structures of 3D Nuclear Organization

.

Genome-wide scale Chromosomal scale Intra-chromosomal scale
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30 Lupianez, et al., 2019 I | U m I na




Hi-C

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

W 4

N
O
nl_i_l
1

IN CELL
NUCLEUS

L

Image sourced from: https://www.jove.com/t/1869/hi-c-a-method-to-study-the-three-dimensional-architecture-of-genomes

llumina
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Hi-C: Whole
Contactome Sequencing

Hi-C
Biotin fill-in of restriction Sonicstion ¢ B
enzyme cut sites é J
~ B& S ¢gmT
En’wan«.aé 1 B B {
Enhancer 28 Promoter
B
Streptavidin bead
Blunt ligation pull-down o
Enhancer 1 B
5 = ~B

-~
Enhancer

8
——
Promote o
‘g Promoter A

De-cross-linking and
DNA extraction

M
S——————.
E g —_ g =
Promoter

S —

Highest Sequencing requirements

Best for raw discovery

Capture-C: Targeted
Contactome Sequencing

Formaldehyde
fixation £nhancer 1 Capture-C
§ - Sonication and addition of
Enhancer — i
"o sequencing adaptors
T—
Lot > —_—
Restriction enzyme !
digestion CGATG]
Enhancer 1 indexing barcode
Enhancer 2 Promoter | Hybridization with biotinylated
pligonucleotides
*
E
Ligation
ﬂ—
Enhancer 1
Enhancer =

PYOmD0S Streptavidin bead

~10 kb concatamers | pyll-down

De-cross-linking and 5
Enhancer 1 " Enhancer 2 6

P;moter

DNA extraction
Highest Resolution, focused

Less sequencing depth ||um|na’



tagHi-C

A Restriction Biotin pull down,
enzyme cutting, PCR amplification
Crosslinking  biotin labeling Ligation Tn5 tagmentation and sequencing
\ :
\ O © -
\ )( / \ & / I A o
’Tns transposaes ¢ Biotin TStreptavudm T1 beads
Cluster Dendrogram
B C o
— =
Rao et al. (41M) - ;g e
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'. oJf TTT 1808
1k 1(31M e DN eNNS NS Ny
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1k_rep1(28M) B ‘& Low-C (Diza et al.)
§0.75' 2 i ® sisHi-C (Du et al.)
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T 0251 . e ¢
500 _rep2(36M) 8 o . .
500_rep3(33IM) ,Z‘ﬁ\&“ " c_.poaqu A A¥ gp AV ‘Eﬂo
33 chr1:55-65Mb  chr1-63-85Mb GM12878 HeLa mESC

Contact matrix

Small numbers of cells

(200 ~ 1,000) tagHi-C
D> -
e s

high efficiency
tagmentation-based

Low input: 200-1000 cells

Incorporates tagmentation
into the fragmentation step
to simultaneously add on
anchor adapters

2-day workflow
llumina

Cheng, et al., 2020



Gerome Resictonsbes ] — . ]
PE RAD-Seq e — —————
s tuceded staptes s vty o
ddRADseq = — - E R
" A borcoded adgiens  Secaed restsction de adar Aty e
s e
Genere Sttt surcton e
2b-RAD - — - - -
e ge ein I reicen PR Y e—— o
ity n e s et ety
e
Gencrra Paticson sten e
SLAF-seq e — — ~ - wa—
Soechiciccn argtbe Dot Nsel A Mo DhestwinAd | RRwObIoGS  Puiyand Adieemorg  FGL onn
feqriverpioes ) okipemer o b
Gonerra Hgh quaty N 2% ONAmReapues A
hyRAD L R - - S - A - -
Pordtion AD RACY T T — Sogintay  Hyinamiopubn reptavn o
ity ey ard e whoct s ek b i R oo che (=
g pae2 =
G Rt st R — —_ £ ol > =
p— o el e o ST - B P
Resmicionsesiocnss  Dogeswth  AdWEE pech ooty T — Tt Wt dounied  Swgdn  ONA
BNA marer et e Marteass s s P A e ton s
A Cagrure oprs, ey
Dige- Geneere s .- ~ =+ ~ —
Q
nome-seq nset
o Cart-Agmted whale e [————— Soan aignun
qeenea (Daueame sl e
Absceotites o
Gncrme : 2 s
HydEn-seq § »> - . -
e cns seercing PydEr et esealesicae v Alaien P arire.
e peche e f o e iy DOH) Sshorphacas o) TEmniiedch o PR and equence
Comcrrn aath sbsmaceatdes ] A
R v " x " i . 4 ) )
Ribose-seq m—iie  met L mmto | ot % FgE ) ) PSL 0 o
Omechomcsotdes  Fragmereas iy [os——— e t— Degationol  RemowZghes  OWAGr
i N preic Rt phesd  Sequencng
hbose suct
Ganerme Potersial & quadrpes e
Gd-seq g olaadbymtets 5 -+ - - S
PSS
Cuterer the bocusen o Tages sequence Fragmr " e [
PONETING auspws e ibayon  seenon Shavrcng  sabias G egons e s
i Rt A e
LpG sand Muthrdsted Cpis P
CAP-seq - . ——
e S
O ety purticasen s T ona
Geep soenn) P 160 ety o agems
- = _‘ - >
Gerome - - - e
- -
CPT-Seq - N - R
e e e R - e
Combgutysrmeniy  Diédesangle  ndordinnego  ETA s g
e~ ppiic Sl S - 1 R
s
preT— osanpazn —
Porrsen evres g s _ o Pr—
RC-Seq - -+ - - -
e =
Ioegtutrompeazn  GemnkONA  Focane DN [ — =y
Gantine sequendng togments bindng shes -
Tanpasen Tavssasen i
TN-Seq I o ,.. & >
quercing (e meilind - ired dgestion g PCRand sequence rarmpoion.
INSeq S B v > " ey i 8
s woa
TC-Seq .
"o
TC-Sug baralocaon Genomic OMA irdect |-Sol -
Gagnue sequences
Ig-seq DR juncten regon VD ) conmam 5
o =gt
RED-SEq (o squeeingfimmmegcbutn gmes  Etrcted it N i rex ety o
F D500l repertone saquencing Fep-Seqh and
oL ATGHICHGA MAPOPTING WP
S stand bresk it S
SSB-Seq “» - - - 3 P
[ — APl - aan o o
b (53850 i giasperin swbody
- S
BLESS - T - g P e—

Bisulfite conwersion
X ij’

Cytasine $-Methyl Cysosre
+ +

.

e,

b

.

Display mesthods on
mobile device

»
oMy

"
S-carboylcytosive (5<aC)

Ve

k

Pyridostatin (PDS)

SCMAT-seq

ScMT-seq

scTrio-seq

scBS-seq

scAba-seq

ScRC-Seq

SCATAC-Seq
(Cell index)

Seglecer ‘::ﬂ'mx-a‘(. = )
m‘*“_ a4 v s “. %:4 s~ a

Siglecll ppun s Cnbeud imcrptome _—
o e, R W emeaton wih St seq2 =
) o Whoke gevome bsutie
— B s
Metrplame and e Sclowirge Ly cel Sictatcds magrasc bt
eyt s & W TANA Cagtn pimer
Singe col MY 69
Sogecl iy o Onbead tnnscrptome _
e, ” ‘ R SO WHh S sea2 =
i ans o & - -
Meylome and manscrp- Cel beimesnge Ly cel Stegeamtain mogresic best Sepacae the DAA and the A peece NS0 BNA an
firrrentidiie) S TN gt s emisne

Singh ceb 5T sect

St B, TP, e - - =

-~ sl Swpermatant - Add camier BNA Mybridmeobgo  CONA mpthen Add poly A with TOF PR and wguence
Flachill TN, 1 Wy - » —

3 nreimn WY - JIPR- S #Nard nce

- Nodes L Mttyld ONA
yidorh s % asisss £
S il pomic, € e tymund oWy S e A R
RINTESE e T RS S e Y NI mue
R S -> 4 == » —

S cotines std pe Membesdonn  Bme Ao e i B

oot
Sevening lcESES sec) gl el conseiiicn rban mciecuin 1y

tigoct b
sooecs P e —
PR TN o Tamsnctn o
i1
. eeupen
S R, _
T e - o e
R e I ) Wabpree  Guumeeiy’  Semoses  ktediey
bt i 0 Dt B ot =
Sngece
- . e % " s
O el = g 3 @ = H 3 ==
N ! z 2 % =4 ¢ 2 =
PO Climpoen it St i s Ko Aty O
e, o S, b e

SCATAC-
(MierofUIgics) s co oy e manpese —
fracani AT, o R R L
sogeces <
Drop-ChIP » _ i, Pl @ X - ’ . .
scChIP-seq - ~*% O - ®
rptucitgeat ol Load e s ip g ae s tolidioes  Overtalne
B Do SR i S =
P &0 &0
SMDB b e nd e IR S
. P e o
e e
Epigenetics voodo
BS-Seq B = o T ——
BISUIILR-SQ piuuree conversien e geromic ONADE 56yl Methylnd DRA Shear ONA [vr— oboda ona
WGBS s b e
ooodo
- cdode + T— o+ = — -
HELP-Seq  mommprmsimers sty wevens o Eor e Tl
Tt CR e S
—
- ks
> e\ - ‘ -
PBAT
ot gl MehyredTNA B pr—— [rpv—
i) — =
E 0
BSPP — st b e "F E R = B o

RRBS
ScRRBS

Methvl-Sea

P e R
> 5 " B
it M Wt Mnd | Mt e s -
Sl g e 5 S ] %
o
Boeickn  dtyeiion O Nt ICsmcomichs  dwios e Sy -
adoo et a3 oo —
- oeo e 2o oo T == —
P = . —

’}.

\/
-y

Ul

4

Methidiumpro-
oyHEDTA IMPE)

- Ol

} Acylation
pr

~
} DIBO-biotin “dick”

o
e,
[

Freparation of acylated
BNA for biotin-streptavidin
purifcation.

DIBO, dibenzocydooxtyne

DNA-Protein Interactions

Wl - A - BB - g - —
ChIP-exo — — - —
HT-ChIP cpseqs T — ‘:.g:,..,., o oma
Mint-ChIP chrenaia s aspmors iction
oese SO O IN - WM - g - -
DNIS!]'S!Q ONA satraction oNA
sy ikt
SNesa S M ‘ Supegrasant Wdes, il i i ii i i ” i B
Oraselumifiodinmcns il ot - Ot dmiion Tomieae O gy o o
el e s free Dhcton
Mhiase-ceg . L =
Nucleo-Seq O chomatn - f— ol trmed complens DA i o
M ° >
- - %0 ™ & - S s
FiT-seq 4 e -
AR o) dmaty Oweunfiraien puata3Cin$os  frraek ey PRI gl Comctn fudfiction DN
e weamercing e Sirerin gl N et :
- - - "e Q\ - o A pae
PAT-ChIP . A3
FrEtasd | Degsainaten  Nhuse dgmtion P inmupgedgrpe augrkard
T N 3 Huf o B k)
- - - - - > * - =
X-ChIP ‘ (m m_ m »a ﬁ
ok ipmclh  Cravlrkedsheamitn Mrlse dgestin P e
- it ool
- » -» - 5 Q\ . =
— B - - e
o Fry—— wetnes hvonatin Welae digsin P inmunep
U e
i N
ATAC-Seq
b P— o3 Varaponcma et eghor of cpan chrsrmati Frugmerieddperad | ONApusfeaion DA
Pl en
Lt
THS-seq - —~ === - = - =
st OpenDnh TS Tonsposeme  Ira oy
M ‘ - ‘ - o - w =
CATCH-IT - a5
- Meise dgestin ou o
Turmoves (CATOHT: e
[— g
s e —
MINCE-seq _M_.A. V-9 .M; 2 ._uf ._M—‘ o
Mapphginshosmct  Labolwih byl Chusewth Cronink th omabebyce Gk maction sontatonemd  Siwptnadn © O o
e e ey i i o
F 15
FAIRE-seq | 4 o A £ - #f 4 *
Sono-Seq Opentn PR ———— P— —_— o
resins po)
NOMe-Seq ) e - : !& am'-«;‘- s e e
’“:”Fxrl‘,‘t‘:;w:"‘ b g St WSt d e VT TTRERTTTREST
Histone e iy i j ﬁ - y‘ .
methylation -~ — -— -—

o suqcfmepindbtmes DK st campien Gtk peas inmopedgtis ONAcsucten  ONA
Hutone metivpation z: - DA
o —_— | A—
ChIPmenta- ii - i’i * i’ = R
tion i
G o omsin  Cvematisinmunepedsiution Ao setion et Onan o
Lorpilricp g s N o R A S
e RS

Chia-PET & & » TR -.'i..c.:.. R~ A



We are here for you!

[llumina:

Lauren Robinson
Sequencing and Informatics Specialist

Robin Ball
Territory Account Manager

lllumina Technical Support
+1 800 809 4566

Indiana University Center for Genomics & Bioinformatics:

Matthew Hahn, PhD, Director

Indiana School of Medicine Center for Medical Genomics:

Yunlong Liu, PhD, Director

Notre Dame Genomics & Bioinformatics Core Facility

Michael Pfrender, PhD, Director

Purdue University Bindley Core for Genomics

Phillip SanMiguel, PhD, Director P

llumina


mailto:lrobinson@illumina.com
mailto:rball@illumina.com
mailto:techsupport@illumina.com
mailto:lmwh@Indiana.edu
mailto:yunliu@iu.edu
mailto:Michael.Pfrender.1@nd.edu
mailto:pmiguel@purdue.edu

Questions?

Irobinson@illumina.com



