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Facilitators and Impediments of the
Pluripotency Reprogramming Factors’
Initial Engagement with the Genome

Abdenour Soufi,’ Greg Donahue,! and Kenneth S. Zaret!*

"Department of Cell and Developmental Biology, Smilow Center for Translational Research, Perelman School of Medicine,
University of Pennsylvania, Building 421, Rooms 131-132, 3400 Civic Center Boulevard, Philadelphia, PA 19104-5157, USA

*Correspondence: zaret@upenn.edu
http://dx.doi.org/10.1016/j.cell.2012.09.045

SUMMARY

The ectopic expression of transcription factors can
reprogram cell fate, yet it is unknown how the initial
binding of factors to the genome relates functionally
to the binding seen in the minority of cells that
become reprogrammed. We report a map of Oct4,
Sox2, KIf4, and c-Myc (O, S, K, and M) on the human
genome during the first 48 hr of reprogramming fibro-
blasts to pluripotency. Three striking aspects of the
initial chromatin binding events include an unex-
pected role for c-Myc in facilitating OSK chromatin
engagement, the primacy of O, S, and K as pioneer
factors at enhancers of genes that promote reprog-
ramming, and megabase-scale chromatin domains
spanned by H3K9me3, including many genes re-
quired for pluripotency, that prevent initial OSKM
binding and impede the efficiency of reprogramming.
We find diverse aspects of initial factor binding that
must be overcome in the minority of cells that
become reprogrammed.

chromatin and direct the binding of other transcription factors
(Cirillo et al., 2002; Zaret and Carroll, 2011). Other transcription
factors can access their chromatin target sites cooperatively
(Adams and Workman, 1995; Filion et al., 2010). Reprogram-
ming to pluripotency is stepwise, with morphological changes
and apoptosis occurring in the first 48 hr (Samavarchi-Tehrani
et al.,, 2010; Smith et al., 2010), changes in H3K4me2 modi-
fication occurring by one cell division (48 hr) (Koche et al.,
2011), and transcriptional changes occurring at genes whose
promoters were marked by H3K4me3d (Koche et al., 2011;
Mah et al., 2011). Early steps involve a mesenchymal-
to-epithelial transition (MET) via silencing of Snail genes,
suppression of TGF-pB signaling, and upregulating E-cadherin
(CDHT) (Li et al.,, 2010; Mah et al., 2011). The P53 pathway
promotes apoptosis and senescence, and its suppression
enhances reprogramming (Hong et al.,, 2009; Kawamura
et al., 2009; Marion et al., 2009). The timing and extent to which
these genes and pathways are first targeted during reprogram-
ming are unknown.

Genome-wide occupancy maps of embryonic stem (ES) and
iPS cells have revealed that the OSK factors are central to the
core pluripotency network, whereas c-Myc, bound to promoters,
is part of a distinct network (Boyer et al., 2005; Chen et al., 206@;
Kim et al., 2008; Sridharan et al., 2009). Mouse fibroblasts at
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gramming, yet c-Myc ectopic expression, along with OSK,
dramatically enhances the efficiency and the kinetics of the
early steps of the process, particularly in human cells (see
Introduction). Our work provides an explanation for the early
role of c-Myc. We find that c-Myc facilitates, though is not
absolutely required for, the initial engagement of Oct4, Sox2,
and KlIf4 with many chromatin sites, with no indirect effect on
OSK engagement at sites lacking a c-Myc motif and lacking
c-Myc binding (Figures 3C and 3D). Thus, we suggest that
c-Myc has a direct mechanistic role in facilitating the action
of OSK.

A striking difference between the initial OSKM network and the
network seen in pluripotent cells is that, initially, Oct4, Sox2, and
KIf4 bind extensively with c-Myc at distal elements of silent
genes, whereas in pre-iPS and ES cells, c-Myc targets a distinct
network of mainly active genes (see Introduction). Indeed, many
such targets at 48 hr are for genes that promote apoptosis and
senescence (Figures 2B and S3D), which is prominent within
48 hr when c-Myc is used with OSK to reprogram cells (Fig-
ure 3A). Thus, in the bulk population, many ectopic binding
events contribute negatively to reprogramming. We suggest
that the initial binding of ectopic transcription factors to such
genes may serve as a protective mechanism to eliminate
cells in which aberrant transcription factor expression has
occurred, thereby preventing deleterious transdifferentiation
and metaplasia.

In conclusion, the initial binding of OSKM to the fibro-
blast genome has provided diverse insights into the param-
eters that promote and impede the reprogramming process.
By stepwise dissecting the mechanisms of reprogramming,
starting from the initial binding of pioneer-like factors, we
ultimately expect to improve the quality and efficiency of the
process.

1002 Cell 151, 994-1004, November 21, 2012 ©2012 Elsevier Inc.

Bol+3

unintected BJ control cells treated with 1 pg/ml dox tor 48 hr, prior to kS
culture. For ChIP of the OSKM factors in ES/IPS cells, the chromatin was
obtained from hFib-iPS cells at passage 15 and human H1-ES cells (Thomson
et al., 1998) at passage 35 that were expanded under feeder-free conditions
for three passages (Ludwig et al., 2006).

Quantitative PCR Analysis

DNA from ChIP was amplified (ABl 7900HT Real-Time PCR System) with
Power SYBR Green gPCR mix (ABI 4367659) as follows: 50°C for 4 min and
95°C for 10 min and then 45 cycles of 95°C for 15 s, 54°C for 15 s, and
72°C for 45 s. Gene targets and oligonucleotides are in Table S2. PCR spec-
ificity for each primer pair was measured by gel electrophoresis and melting
curve analysis. PCR efficiency for each primer pair was set between 90%
and 100% by generating a standard curve from a 5 log dilution range of input
DNA (slope of ~3.2 and R? > 0.98). Threshold cycle values (Ct) used in our anal-
ysis were from three PCR replicates (SD < 0.15) and fit within the +8%
dynamic range of the standard curve. The enrichment of ChIP DNA over input
DNA was calculated by enrichment = 2(CtChIP DNA —Ctinput DNA)

Identification of OSKM Binding Sites and Computational Analysis
OSKM DNA libraries were sequenced by using an lllumina GA2 Sequencer and
aligned to the human genome (NCBI v36 assembly) by using ELAND (default
parameters). Nonunique sequence tags were removed from consideration.
The remaining tags were used to call peaks with MACS (MFOLD = 16) and
were controlled for a FDR of 0.005 (0.5%). Computational analyses were
performed as described by references in the text and in the Extended Exper-
imental Procedures.

ACCESSION NUMBERS

The GEO repository accession number for the ChiP-sequenced tags, peak
assignments, and DBR locations reported in this paper is GSE36570.

SUPPLEMENTAL INFORMATION

Supplemental Information includes Extended Experimental Procedures, seven
figures, and six tables and can be found with this article online at http://dx.doi.
org/10.1016/j.cell.2012.09.045.
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& NCBI  Resources (¥ How To ¥/ kawashin My NCBI Sign Out
GEO DataSets | GEO DataSet: + || I search
Advanced Help

Getting Started
GEO Documentation
GEO FAQ

About GEO DataSets
Construct a Query
Download Options

GEO DataSets

This database stores curated gene expression DataSets, as well as original Series and Platform records in the Gene
Expression Omnibus (GEO) repository. Enter search terms to locate experiments of interest. DataSet records contain
additional resources including cluster tools and differential expression queries.

GEO Tools More Resources
Submit to GEO GEO Home
Advanced Search GEO Profiles
DataSet Browser Epigenomics
Programmatic Access SRA

GEOZ2R

& NCBI Resources ¥ How To ¥ kawashin My NCBI Sign Out
GEOQO DataSets ' GEO DataSet¢ + |iPS Octd  Search
Save search Advanced Help

Show additional filters

Entry type
DataSets (6)
Series (128)
Samples (402)
Platforms (3)

Organism
Select ...

Study type
Fxores<ion orofilina bv arrav

Display Settings: Summary, 20 per page, Sorted by Default order Send to: Filters: Manage Filters

W Top Organisms [Tree]
Homo sapiens (267)
Mus musculus (260)
Macaca mulatta (71)
Rattus norvegicus (70)
Pan paniscus (1)

Results: 1 to 20 of 539 Page 1 of27 Next> Last>>

Childhood cerebral adrenoleukodystrophy patient-specific iPSC model

1. Analysis of induced pluripotent stem cells (iPSC) derived from childhood cerebral
adrenoleukodystrophy (CCALD) patient dermal fibroblasts. Inflammatory brain demyelination
is observed in CCALD patients. Results provide insight into molecular mechanisms underlying

i More...
CCALD pathogenesis.
Organism: Homo sapiens 18
Type: Expression profiling by array, transformed count, 2 cell type, 2 disease state sets . o
Find related data

Platform: GPL571 Series: GSE34309 18 Samples
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OSKM factors cooperatively engage chromatin to initiate reprogramming

(Submitter supplied) Reprogramming cells from one fate to another, using transcription factors, generates cells
for research and potential therapy, yet little is known about the initial engagement of reprogramming factors
with the genome. We mapped the interactions between Oct4, Sox2, KIf4, and c-Myc (OSKM) and the human
genome during the first 48 hours of cellular reprogramming to pluripotency. Unlike that reported in ES/iPS
cells, we find extensive overlap in the initial binding of OSKM, demonstrating that the initial regulatory network
differs markedly from that in pluripotency. more...

Organism: Homo sapiens

Type: Genome binding/occupancy profiling by high throughput sequencing

Platform: GPL10999 7 Samples

Download data: GEO (BED, BW), SRA SRP011557

Series Accession: GSE36570 ID: 200036570

PubMed Fulltextin PMC  Similar studies

Genome-wide analysis of histone modification, protein-DNA binding, cytosine methylation and
transcriptome data in mouse and human ES cells and pig iPS cells

(Submitter supplied) Genome-wide analysis of histone modification (H2AZ, H3K27ac, H3K27me3, H3K36me3,
H3K4me1, H3K4me2, H3K4me3 and H3K9me3), protein-DNA binding (TAF1, P300, Pou5f1 and Nanog),
cytosine methylation and transcriptome data in mouse and human ES cells and pig iPS cells We generated
histone modification data (H2AZ, H3K27ac, H3K27me3, H3K36me3, H3K4me1, H3K4me2, H3K4me3 and
H3K9me3) and protein-DNA binding data (TAF1, P300, Pou5f1 and Nanog) using Chromatin
Immunoprecipitation followed by short sequencing (ChlP-seq), cytosine methylation data using methylated
DNA immunoprecipitation followed by sequencing (MeDIP-seq) and DNA digestion by methyl-sensitive
restriction enzymes followed by sequencing (MRE-seq), transcriptome data with RNA short sequencing
(RNA-seq) in human embryonic stem cells, mouse embryonic stem cells, pig induced pluripotent stem cells
and mouse embrvonic stem cells under activin-A-induced-differentiation.
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Gene Expression Omnibus

GEO Publications = FAQ = MIAME  Email GEO

NCBI > GEO > Accession Display Contact: kawashin [Z | My submissions [Z] | Logout

Scope: | self ~| Format: IHTML ~| Amount:IQuick ~| GEO accession: [GSE36570 | el

Series GSE36570 Query DataSets for GSE36570
Status Public on Nov 16, 2012

Title OSKM factors cooperatively engage chromatin to initiate reprogramming
Organism Homo sapiens

Experiment type Genome binding/occupancy profiling by high throughput sequencing

Summary Reprogramming cells from one fate to another, using transcription factors,

generates cells for research and potential therapy, yet little is known about the
initial engagement of reprogramming factors with the genome. We mapped the
interactions between Oct4, Sox2, Klf4, and c-Myc (OSKM) and the human
genome during the first 48 hours of cellular reprogramming to pluripotency.
Unlike that reported in ES/iPS cells, we find extensive overlap in the initial
binding of OSKM, demonstrating that the initial regulatory network differs
markedly from that in pluripotency. OSK act as pioneer factors for c-Myc, and
c-Myc enhances the engagement of OSK, including at many genes that are
required for conversion to pluripotency. Distal enhancer sites in closed
chromatin dominate the initial OSKM distribution. Hierarchical chromatin
binding during reprogramming resembles that employed during development.

Overall design Four chIP-seq data sets (Oct4, Sox2, KIf4, and c-Myc) are included, one lane
per factor, no replicates. Also included is an input lane from the same
conditions and two mock lentiviral controls (no exogenous OSKM factors) 20
treated with Oct4 IP and c-Myc IP.




Platforms (1)

Samples (7) GSM896985 Oct4 ChIP-Seq at 48hrs Post-Induction
# More... GSM896986 Sox2 ChIP-Seq at 48hrs Post-Induction
GSM896987 KIf4 ChIP-Seq at 48hrs Post-Induction

Relations
SRA SRP011557
BioProject PRINA153727
Download family Format
SOFT formatted family file(s) SOFT
MINIML formatted family file(s) MINIML
Series Matrix File(s) TXT

Supplementary file Size J’Download File type/resource
SRP/SRP011/SRP011557 (ftp) SRA Study
GSE36570_All_48hrs_MTFBRs.bed.gz 1.9 Mb (ftp)(http) BED
GSE36570_DBRs.bed.gz 2.9 Kb (ftp)(http) BED
GSE36570_RAW.tar 3.4 Gb (http)(custom) TAR (of BED, BW)

Raw data provided

Processed data provided as supplementary file
Processed data is available on Series record

R TESHT —IDERR

GPL10999 Illumina Genome Analyzer IIx (Homo sapiens)

as supplementary file

NLM | NIH | GEO Help | Disclaimer | Accessibility |21
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Index of ftp://ftp-trace.ncbi.nlm.nih.gov/sra/sra-instant/reads/ByStudy/sra/SRP

/SRPO11/SRP011557/

G Up to higher level directory

Name Size Last Modified

£ sRRa45816 2012/08/12  *F#10:00:00
[ sRR445817 2012/08/12 ##10:00:00
[ srRrR445818 2012/08/12 4 i0:00:00
[ sRR445819 2012/08/12 #F&i0:00:00
(2 sRR445820 2012/08/12 #&10:00:00
[ sRR566752 2012/09/10 #F&i0:00:00
[ sRR566753 2012/09/10 #&i0:00:00
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Platforms (1) GPL10999 Illumina Genome Analyzer IIx (Homo sapiens)
Samples (7) GSM896985 Oct4 ChIP-Seq at 48hrs Post-Induction
# More...

GSM896986 Sox2 ChIP-Seq at 48hrs Post-Induction
GSM896987 KIf4 ChIP-Seq at 48hrs Post-Induction

Relations

SRA SRP011557

BioProject PRINA153727

Download family Format

SOFT formatted family file(s) SOFT

MINIML formatted family file(s) MINIML

Series Matrix File(s) TXT
Supplementary file Size Download File type/resource

SRP/SRP011/SRP011557 (ftp) SRA Study

GSE36570_All_48hrs_MTFBRs.bed.gz 1.9 Mb (ftp)(http) BED

GSE36570_DBRs.bed.gz 2.9 Kb (ftp)(http) BED

GSE36570_RAW.tar 3.4 Gb (http)(custom) TAR (of BED, BW)

Raw data provided as supplementary file
Processed data provided as supplementary file
Processed data is available on Series record

NLM | NIH | GEO Help | Disclaimer | Accessibility |23
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Gene Expression Omnibus

GEOQ Publications FAQ MIAME Email GEO

NCBI > GEO > Accession Display Contact: kawashin 2 | My submissions [Z] | Logout

GEO help: Mouse over screen elements for information.

Scope: | self ~| Format: IHTML ~| Amount:IQuick ~| GEO accession: |GSM896985 | e

Sample GSM896985 Query DataSets for GSM896985
Status Public on Nov 16, 2012

Title Oct4 ChIP-Seq at 48hrs Post-Induction

Sample type SRA

Source name BJ_Oct4 ChIP-Seq_48hr_postinduction

Organism Homo sapiens

Characteristics cell line: B]

cell type: foreskin fibroblast cell

genotype/variation: infected with lentiviruses encoding for dox-inducible Oct4,
Sox2, KIf4, and c-Myc, along with lentiviruses expressing rtTA2M2

time point: 48hrs post-induction with with 1ug/ml dox

chip antibody: Oct4

chip antibody vendor: abcam

chip antibody cat. #: ab19857

Treatment protocol Lentiviral production and titration is described in the Supplemental
Experimental Procedures. BJ cells at passage 10 were infected with lentiviruses
encoding for dox-inducible Oct4, Sox2, KIf4, and c-Myc, along with lentiviruses
expressing rtTA2M2 in the presence of 4.5 ug/ml polybrene. The expression of
the OSKM factors was induced by treating the infected BJ cells with 1ug/mi
dox for 48 hours. Cells were cross-linked with 1% formaldehyde for 10 24
minutes at room temperature. B] cells (MOCK, not-infected) were treated with

- i Ll ¥ - A L




E-mail zaret@upenn.edu

Phone 2155735813

Organization name University of Pennsylvania School of Medicine
Department Cell and Developmental Biology

Lab Zaret lab

Street address 9-131, SCTR, 3400 Civic Center Boulevard
City Philadelphia

State/province PA
ZIP/Postal code 19104-5157

Country USA
Platform ID GPL10999
Series (1) GSE36570 OSKM factors cooperatively engage chromatin to initiate
reprogramming

Relations
SRA SRX130060
BioSample SAMNO00828870

Supplementary file Size Download File type/resource
SRX/SRX130/SRX130060 (ftp) SRA Experiment
GSM896985_0ct4_48hrs.bed.gz 289.0 Mb (ftp)(http) BED
GSM896985_0ct4_48hrs.bw 302.0 Mb (ftp)(http) BW
GSM896985_0ct4_48hrs_peaks.bed.gz 476.0 Kb (ftp)(http) BED

Raw data provided as supplementary file
Processed data provided as supplementary file
Processed data is available on Series record
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* Yahoo! JAPAN
| SRR445820.sra |
. %
1 hour, 21 minutes remaining — 2.2 MB of 1.2 GB
] SRR445816.sra
sra—-instant; h - — Y X
11 minutes remaining — 111 MB of 1.1 GB

@, mmc5.pdf
Size

3.3 MB — cell.com — 49:19
1218427

Show All Downloads
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Index of ftp://ftp-trace.ncbi.nlm.nih.gov/sra/sra-instant/reads/ByExp/sra/SRX
/SRX130/SRX130060/SRR445816/

(& Up to higher level directory

Size Last Modified
1166443 KB 2012/08/12 “4F#f0:00:00

- Open Link in New Tab
Open Link in New Window
Open Link in New Private Window

Bookmark This Link

Save Link As...

Copy Link Location

Search Google for "File: SRR445816..."

-bash-4.1% cd Lecture/
-bash-4.1% 1s

-bash-4.1% wget ftp://ftp-trace.ncbi.nlm.nih.qov/sra/sra-instant/reads/BvExp/sra/SRX%2FS
RX130%2FSRX130060/SRR445816/SRR445816.5ra

—-2014-07-15 14:21:43-—- ftp://ftp-trace.ncbi.nlm.nih.gov/sra/sra-instant/reads/ByExp/sr
a/SRX%2FSRX130%2FSRX130060/SRR445816/SRR445816.sra
=> 'SRR445816.sra'
Resolving ftp-trace.ncbi.nlm.nih.gov... 130.14.250.12, 2607:f220:41e:250::12
Connecting to ftp-trace.ncbi.nlm.nih.gov|130.14.250.12|:21... connected.

Logging in as anonymous ... Logged in!

==> SYST ... done. ==> PWD ... done.

==> TYPE I ... done. ==> CWD (1) /sra/sra-instant/reads/ByExp/sra/SRX/SRX130/SRX130060/
SRR445816 ... done,

==> SIZE SRR445816.sra ... 1194436637

==> PASV ... done. ==> RETR SRR445816.sra ... done.

Length: 1194436637 (1.1G) (unauthoritative)

8% [==> ] 100,512,090 714K/s eta 1lm 5s
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Overview of Input Formats Go to:

General Considerations

The SRA is a “raw data” archive, and requires per-base quality scores for all submitted data. Thus, unlike GenBank
and some other NCBI repositories, FASTA and other sequence-only formats are not sufficient for submission. FASTA
can, however, be submitted as a reference sequence(s) for BAM files or as part of a FASTA/QUAL pair (see below).

The SRA data model has transitioned from “dumps” of whole flowcell lanes or production runs into a semi-curated
database of sample-specific sequencing libraries. This has implications for the types of data that we accept. Most
specifically, barcoded/batch files should be split into per-sample data files (“demultiplexed”). Demultiplexing makes
the sample - data linkage unambiguous in our database and should improve both the clarity and usability of submitted
data. Please email sra@ncbi.nlm.nih.gov if you have specific questions about data requirements vis-a-vis samples.

Conversion to the SRA archive format (described below) is NOT required for submission. However, the SRA Toolkit
can be used to “test load” your files locally if you would like to validate them prior to submission. BAM files can be
evaluated with ‘bam-load’ and FASTQ files can be evaluated with ‘latf-load’ (first released in Toolkit version 2.3.5).
These load utilities are effectively stand-alone and can be run by most submitters. Other SRA loading software, such
as ‘sff-load’, ‘abi-load’, etc. are dependent on SRA XML documents and are only recommended for advanced users.

If you elect to test load your data file(s) and encounter problems, please email sra@ncbi.nlm.nih.gov if you have

questions.
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S fastg-dump [XIER 7 7 1 JL]

—bash—4.1$ fastq-dump SRR445816.sra &
[1] 57805

-bash-4.1%

-pasn-4.1%

-bash-4.1% Read 58571678 spots for SRR445820.sra
Written 58571678 spots for SRR445820.sra

[1]1+ #T fastg-dump SRR445820.sra

-bash-4.1%

—-bash-4.1% 1s

SRR445816.fastq SRR445816.sra SRR445820.fastq SRR445820.sra memo
-bash-4.1$% -
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FT J7'§_%>_&75\'C%%>

» FoN-EIDIRIEIA) T4 HELGZY DS

« Z|ZoverrepresentSNLAECFIHVEELNH ?

 uni.fastgZFHT S
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S fastqc [ X ZFfastq7 71 /L]

({51) S fastqc SRR445816.fastq
—>SRR445816 fastqc.zipM TE5

@ Basic Statistics @ Basic Statistics
Measure Value Measure Value

Filename SRR445816.fastq Filename uni.fastqg

File type Conventional base calls File type Conventional base calls
E di S Illumi 1.9

Encoding sanger / Illumina 1.9 —needan cl anger / umina
Total Sequences 25000

Total Sequences 56616764

Filtered Sequences 0
Filtered Sequences 0

Sequence length 36
Sequence length 36

%GC 43

3GC 43
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1 2 3 4 5 6 7 8 % 101112131415 1617 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36

Position in read (b
esition in read (bp) 123456 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 25 30 31 32 33 34 35 36

Position in read (bp)

SRR445816.fastq uni.fastq
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Quality score distribution over all sequences Quality score distribution over all sequences

1.8E7 Awerage Quality per read Average Quality per read
9000
16E7
8000
LAET
7000
L.2E7 000
1.OE7 $000
8000000 4000
5000000 3000
4000000 2000
2000000 1000
0
o 2345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

23456785810 12 14 16 18 20 22 24 6 28 30 32 34 36 38 40

Mean Sequence Quality (Phred Score) Mean Sequence Quality (Phred Score)

SRR445816.fastq uni.fastq
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Sequence Duplication Level >= 11.35%

Duplication level

% Duplicate relative to unigue

3 4 5 4 7
Seguence Duplication Level

SRR445816.fastq
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Sequence Duplication Level >= 0.38%
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Overrepresented sequences

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 222515 0.39301963637483767 No Hit
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) L~NDIYETY (Bowtie2)

Usage

bowtie2

Main arguments

<bt2-idx>

<ml>

<m2>

<r>

<hit>

[options]* -x <bt2-idx> {-1 <ml> -2 <m2> | -U <r>} -S [<hit>]

The basename of the index for the reference genome. The basename is the name of any of the index files up to
but not including the final .1.bt2 / .rev.1.bt2 / etc. bowtie2 looks for the specified index first in the current

directory, then in the directory specified in the BOWTIE2 INDEXES environment variable.

Comma-separated list of files containing mate 1s (filename usually includes 1), e.g. -

flyA 1.fq, f1yB 1.fq. Sequences specified with this option must correspond file-for-file and read-for-read
with those specified in <m2>. Reads may be a mix of different lengths. If - is specified, bowtie2 will read the
mate 1s from the "standard in" or "stdin" filehandle.

Comma-separated list of files containing mate 2s (filename usually includes _2), e.g. -

flyA 2.fq, £1yB 2.fq. Sequences specified with this option must correspond file-for-file and read-for-read
with those specified in <m1>. Reads may be a mix of different lengths. If - is specified, bowtie2 will read the
mate 2s from the "standard in" or "stdin" filehandle.

Comma-separated list of files containing unpaired reads to be aligned, e.q.
lanel.fq, lane2.fq,lane3.fq, lane4.fq. Reads may be a mix of different lengths. If - is specified, bowtie2

gets the reads from the "standard in" or "stdin" filehandle.

File to write SAM alignments to. By default, alignments are written to the "standard out" or "stdout" filehandle
(i.e. the console).
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) L~NDIYETY (Bowtie2)

Sbowtie2 —x [T/ L] —q [fastq 7 71 L]
-N [0 or 1] =S [.sam]

S nohup bowtie2 —x [/ L]
—q [fastg 7 71 JL]
-N [0 or 1] =S [.sam] &

Multiseed heuristic

To rapidly narrow the number of possible alignments that must be considered, Bowtie 2 begins by extracting substrings ("seeds")
from the read and its reverse complement and aligning them in an ungapped fashion with the help of the FM Index. This is
"multiseed alignment" and it is similar to what Bowtie 1 does, except Bowtie 1 attempts to align the entire read this way.

This initial step makes Bowtie 2 much faster than it would be without such a filter, but at the expense of missing some valid
alignments. For instance, it is possible for a read to have a valid overall alignment but to have no valid seed alignments because

each potential seed alignment is interruped by too many mismatches or gaps.
42

The tradeoff between speed and sensitivity/accuracy can be adjusted by setting the seed length (-L), the interval between extracted
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(hohuplXoptional T9")

S hohup bowtie2 —x chr17/chrl7 base
—g uni.fastg
-N O =S uni.sam &

chrl7M HIZT v T
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SAMZ774ILDE

@sQ SN:chrl7 LN:8119521@
@PG ID:bowtie2 PN:bowtie2 VN:2.2.3 CL:"/home/skawaoka/seqtools/bowtie2-2.2.3/bowtie2-align-s —-wrapper basic-8 -x /home/skawaoka/seqtools/hgl8/chrl7/chrl7_base -q /home/skawaoka/Lectur
@ -S uni.sam"
SRR445816.24975006 16 chri7 6299100 31 36M * [“] “] AGTTAATGGGTGTAGCACACCAACATGGCACATGTA IIITIGIGIIIIIIIIHIIIIIIIIIFIIIIIIIII AS:i:@ XS:i:-6 XN:i:@0 XM:i:@ X0:i:
i:@ MD:Z:36 YT:Z:UU
SRR445816.24975018 16 chri7 19873930 1 36M * GTTCGAGACCAGCCTTGCCAACATGGTGAAACACTG EGFBG<HHHGHEGGGDED>BGHDHHHGGFDGFHGBH AS:i:=5 XS:i:-5 XN:i:0 XM:i:
i:® NM:i:1 MD:Z:32C3 YT:Z:UU
SRR445816.24975025 ] chrl7 19028273 ] 36M * [*] [*] TGCCTGCTCTGACCTCCCAAAGTGCTGGGATTACAG IIIIIIIIHHHIIIIIIIIIIIIIIIDHIIIGIGHI AS:i:-11 XS:i:i-11
i12 X0:i:@ XG:1:@ NM:i:2 MD:Z:7CQT27 YT:Z:UU
SRR445816.24975031 16 chri7 58871704 31 36M * TGTCACCCAGGCTGGAGTGCAGTGGCGTGATCTTAG GIEGDIHDIIGIIIIIIHIHIIIIIEIIIHIIHIII AS:i:@ XS:i:-5 XN:i:0 XM:i:
i:@ NM:i:@ MD:Z:36 YT:Z:UU
SRR445816.24975039 "] chrl7 57227680 42 36M * [*] /] AATTCATATTTTTTAAAAGTGATGAATCCACACTAT IIIIIIIGIIIIIIIITIIGHIIIHIIIIIIIIIIIL AS:i:@ XN:i:@ XM:i:@ X0:i:
i:@ MD:Z:36 YT:Z:UU
SRR445816.24975062 %] chri7 33529565 1 36M * [’] ’] ATCCCTTTACCATTATGTAATGGCCTTCTTTGTCTC HHHHHHHHHHHHHHHGHHHHHHHHHHHGHHHHHHHH AS:i:@ XS:i:@ XN:i:@ XM:i
i:@ NM:i:@ MD:Z:36 YT:Z:UU
SRR445816.24975066 "] chril7 14571190 42 36M * [*] /] AAGTTTTGTAGATGGGTAAAACTGTGATGGGACAAG GGGEGGGGDDHHGHHHFHHHGGGGEGGGGGHFGBHH AS:i:@ XN:i:@ XM:i:@ XO0:i
1:@ MD:Z:36 YT:Z:UU
SRR445816.24975072 16 chrl? 18721302 /] 36M * 0 0 CGCACGCACACACACACACACACACACACACACCCC EBF?E?GADGGCFEFCFADAFGGGGGFBF@BAGEFF AS:i:-10 XS:i:-10
i:2 X0:i:@ XG:i:@ NM:i:2 MD:Z:33A1A0 YT:Z:Uu
SRR445816.24975086 ] chrl7? 2394978 1 36M * 0 0 GCTAACACGGTGAAACCCCGTCTCTATTAAAAATGC IIIIIIIIIIIIIITHIIIIIIIIHIIIIIIIIIHI AS:i:-5 XS:i:-5 XN:i:@ XM:i:1l XO0:i:
i:1 MD:Z:34A1 YT:Z:UU
SRR445816.24975089 16 chrl7 9289301 1 36M * 0 0 GGCTGGTCTTGAACTCCTAACCTCAGGTGATCCACC GGDGGGGGGGGG6G<GGGGFGGBGGGGGGGGEEADE AS:i:@ XS:i:@ XN:i:@ XM:i:@ XO0:i:
i:®@ MD:Z:36 YT:Z:UU
SRR445816.24975093 ] chrl7 39202292 40 36M * 0 0 CATGGATGAACCTGGGGGACATTACGCTCAGTGAAA AS:i:-6 XN:i:@ XM:i:3 XO0:i:
i:3 MD:Z:24T1T1A7 YT:Z:UU
SRR445816.24975096 16 chrl? 22148590 6 36M * 0 0 TATTTCTGTGGGATCGGTGGTGATATCTCCTTTATC AS:i:@ XS:i:-2 XN:i:@ XM:i:
i:@ NM:i:@ MD:Z:36 YT:Z:UU
SRR445816.24975098 ] chrl? 79806777 1 36M * 0 0 CTGGGTGTGGTGGAGCACACCTGTAATCCCAGCTGC IFIHIIIIIIHIIIIIIIIII@GIIIIIIIGIIBII AS:i:-6 XS:i:i-6 XN:i:@ XM:i:
i:® NM:i:1 MD:Z:13T22 YT:Z:UU
SRR445816.24975099 16 chrl? 49141936 e 36M * 0 0 GAAAGAAGCCAGTCACAAAAGAATATATACTGTATG AIIGEIGIHHHIIIHIIIIIHIIIIIIIIIIIIIII AS:i:-18 XN:i:0 XM:i:
i:® NM:i:3 MD:Z:22C0C5T6  YT:Z:UU
SRR445816.24975112 16 chrl? 79439657 1 36M * 0 0 ATCCTCCCACCTCAGCCTCCCAAGTAGCTGGGATTA I>DGDGIIBIIIIIHITIIIIIITIIIIIIIIIIIIII AS:i:@ XS:i:@ XN:i:@ XM:i:
i:@ NM:i:@ MD:Z:36 YT:Z:UU
SRR445816.24975117 -] chrl? 72651301 8 36M * 0 0 TTGTGCGATCTCGGCTCACTACAACCTTCACCTCCC DB9BBB>?>>D@: 8DB?1>074; : 7DD>BD>D39>; AS:i:-13 XN:i:0 XM:i:
i:®@ NM:i:3 MD:Z:1G4A5A23  YT:Z:UU
SRR445816.24975132 16 chrl? 32410897 24 36M * 0 0 TTATTTATTAATTTGTTTGAGTTCATTGTGGATTCT B S e ST AS:i:-8 XN:i:@ XM:i:4 XO0:i:
ir4 MD:Z:2T@C2G1A27 YT:Z:UU
SRR445816.24975166 -] chrl? 13580924 8 36M * 0 0 TGTAACAGAATAGAGAACCCAGAAATACACCCAAAT HIIIIIIIHIIIIIIIIIIIIHIIHHIIIIIIHIII AS:i:-12 XN:i:@0 XM:i:
i:@ NM:i:2 MD:Z:27A1G6 YT:Z:UU
SRR445816.24975167 ] chrl7 53441039 ] 36M * 0 0 CGTGACCCAGTCAAGTTGATACATAAAATTAACTGT GDGDGGGGGGHGHHBGGGGEGDGEGBGDGGDGGEGE AS:i:-20 XN:i:@0 XM:i:

- O N

' \) T )
L \ o
ﬁ 5 S ; I :
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<N> Alignment score for the best-scoring alignment found other than the alignment reported. Can be negative.
Can be greater than 0 in --1ocal mode (but not in --end-to-end mode). Only present if the SAM record is

for an aligned read and more than one alignment was found for the read. Note that, when the read is part
of a concordantly-aligned pair, this score could be greater than As:i.

S wc uni.sam

S 25003

S grep “XS” uni.sam > hoge
S wc hoge

S2515
Sgrep —v “XS” uni.sam >

chrl7 uni_unig.sam
Swc chrl7 uni _unig.sam
S 22488 -




Bowtie2MD)iR—r,ZF v 09 5

25000 reads; of these:
25000 (100.00%) were unpaired; of these:
21630 (86.52%) aligned 0O times
855 (3.42%) aligned exactly 1 time
2515 (10.06%) aligned >1 times
13.48% overall alignment rate

25003-22488=2515

(;E1) wec uni.samT25003&31T%<%EAD I, uni.samDEwFD31TIZbowtie2
MNoDHANUTOESIZHTLNS=8

@HD VN:1.0 SO:unsorted
@SQ SN:chrl7 LN:81195210
@PG ID:bowtie2  PN:bowtie2 VN:2.2.3

(GE2) RYEV D ENETHEVNESIZHZBDIE., chr17iZFIZTvE S L
TWSAMNSTY
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NgsplotZ{ED>TH KD
@ngsplot

Quick mining and visualization of next-generation sequencing data by integrating genomic databases Search projects

Project Home Downloads Wiki Issues Source

Summary People

INTRODUCTION

Project Information

Starred by 12 users
Project feeds

Code license
GNU GPL v3

Labels

R, Academic, Bioinformatics,
NGS, Sequencing, ChIP-seq,
RNA-seq, Visualization,
Webserver, Datamining,
Database

4% Members

shenli.sam,
shaonin...@gmail.com
1 committer

1 contributor

Featured

" Wiki pages
HowAreYaxisValsCalculated
HowToCreateBed
HowToUseConfiguration
HowtoMakeThingsRight
ProgramArguments101
RunlitABitFaster
SupportedGenomes
UseFurtherinfo
webngsplot

ngs.plot is a program that allows you to easily visualize your next-generation sequencing (NGS) samples at functional genomic
regions.

DNA sequencing is at the core of genomics. The NGS technology has been tremendously improved in the past few years. It can now determine
more than a billion DNA sequences within a week, generating terabytes of data. Applications include but are not limited to: 1. ChiP-seq which
profiles genome-wide protein-DNA interactions; 2. RNA-seq which measures the gene expression levels. It is very helpful to look at the
enrichment of those sequences at various functional regions. Although a genome browser (such as the UCSC genome browser) allows a
researcher to visualize these data, it limits the view to a slice of the genome. While the genome is like a huge collection of functional elements
that can be classified into different categories. Each category of elements may perform distinct functions and they might further contain modules.

The signature advantage of ngs.plot is that it collects a large database of functional elements for many genomes. A user can ask for a
functionally important region to be displayed in one command. It handles large sequencing data efficiently and has only modest memory
requirement. For example, ngs.plot was used to draw a plot for all the genes on the mouse genome from 71GB of ChIP-seq data in 25 min, with
a memory footprint of 2.7GB using 4 x 2.4GHz CPU cores. ngs.plot is also easy to use. A user only needs to create a very small text file called
configuration, telling the program which samples to look at and how they should be combined with different regions, and then run the program
with one command. A web-based version (integrated into Galaxy) is also available for the ones who are allergic to terminals.

Program Download Location

Since Google canceled the download function on Google code, we have to move all of our future program download files to this Google drive
folder:

https://drive.google.com/folderview?id=0B1PVLadG dCKN1IliNFYOMVYM1Ulk&usp=sharing

The last release on the download page is v2.08. For more recent releases, please visit the above link.

Supported Genomes

ngs.plot has an approach to install genomes on demand. It can support for any genome. All you need to do is to download an archive file and
install it by yourself. The genome files can be found in this Google drive folder:
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« #FJ .NGSPLOTEHZIVRAR—KLIDLENHAHDT, Z—=
FILEREHLT, BB TEODITURFEETLTESL
o export NGSPLOT=/usr/local/src/ngsplot

* #NGSPLOTAMKTFT SRV T =AU AM—ILT OBENHY
FJ.REEFLT. UTZIER

> source("http://bioconductor.org/biocLite.R")
« > biocLite("ShortRead")
> biocLite("BSgenome")
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chrl7 Input.sam. chrl7 Oct4.sam,
chrl7 _cMyc.sam
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l. ngs.plot.r

Rat

Use ngs.plot.r to choose a genomic region of interest and create enrichment plots of any ChlP-seq or RNA-seq samples.

Type "ngs.plot.r 2>&1|1less" at console will give you a brief usage summary for online
reference. Here is just a truncated output:

Usage: ngs.plot.r -G genome -R region -C [covlconfig]file
-0 name [Options]

## Mandatory parameters:
-G Genome name. Use ngsplotdb.py list to show available genomes.

-R  Genomic regions to plot: tss, tes, genebody, exon, cgi, enhancer, dhs or bed
-C  Indexed bam file or a configuration file for multiplot
-0 Name for output: multiple files will be generated
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Bam D ZEHE: samtools

S samtools view =S —b [sam 77 A
JL]>[bamT 74 )L]

S samtools view -S -b
chrl7 Oct4 unig.sam >
chrl7 Oct4 unig.bam




BamZ7Z7A L&Y —k

S samtools sort
[bamZ 74 JL] [...sorted]

S samtools sort
chrl7 Oct4 unig.bam
chrl7 Oct4 unig sorted




V— k LTzbamIP7AMILEATYIR
e

S samtools index [sorted.bam]

S samtools index
chrl7 Oct4 uniq sorted.bam
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B Z [EXTSSE B D cMycD 7L ?

* ngs.plot.r -G hgl9 -R tss -C
chrl7 _cMyc_uniq_sorted.bam -O
chrl7_cMyc_unig.tss -T chrl7_cMyc_unig-L -
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cMyc GenebodyZi s ?

* ngs.plot.r -G hgl9 -R genebody -C
chrl7 _cMyc uniq sorted.bam -O
chrl7 cMyc unig.genebody -T chrl7 cMyc uniq
-L 3000 -FL 300

chrl7_cMyc_uniq
(o]
d f

«
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Input genebody (TA T/\T/\75)

FEITAREFRIF2E, VW EDD, [E5DEDKE
So ST=DOM, HtED X7, HEERDTE R D
AAT7 & H5HE. Input(Z)&EcMyc(B)T3ELLE
DENHHENTMND, EHTUTILDER
HhHEIZEELTI

-3000 TSS 33% 66% ~  TES 3000  -—3000
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100 kbl |

mm9
| 127,850,000 | 127,900,000 | 127,950,000 | 128,000,000 | 128,050,000 | 128,100,000 | 128,150,000 |
Extended tag pileup from MACS version 1.4.1 20110627 for every 10 bp
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Extended tag pileup from MACS version 1.4.1 20110627 for every 10 bp
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Readme

Install

Model-based Analysis for ChIP-Seq Download
Contributions
FAQ

Changelog

About

Next generation parallel sequencing technologies made chromatin immunoprecipitation followed by sequencing (ChIP-Seq) a popular strategy to

study genome-wide protein-DNA interactions, while creating challenges for analysis algorithms. We present Model-based Analysis of ChlP-Seq (MACS) on short
reads sequencers such as Genome Analyzer (lllumina / Solexa). MACS empirically models the length of the sequenced ChIP fragments, which tends to be shorter
than sonication or library construction size estimates, and uses it to improve the spatial resolution of predicted binding sites. MACS also uses a dynamic Poisson
distribution to effectively capture local biases in the genome sequence, allowing for more sensitive and robust prediction. MACS compares favorably to existing
ChIP-Seq peak-finding algorithms, is publicly available c e ' ’ oo R C ’

) HOMER 4.5, 3-20-2014)

P
|, Software for motif discovery and next generation sequencing analysis

Now, the newest version is version 1.4.2

Author

MACS is written by Yong Zhang and Tao Liu from Xiaol HOMER (Hypergeometric Optimization of Motif EnRichment) is a suite of tools for Motif Discovery and next-gen sequencing analysis. It is a collection
of command line programs for unix-style operating systems written in Perl and C++. HOMER was primarily written as a de novo motif discovery
algorithm and is well suited for finding 8-20 bp motifs in large scale genomics data. HOMER contains many useful tools for analyzing ChIP-Seq,

Source Code GRO-Seq, RNA-Seq, DNase-Seq, Hi-C and humerous other types of functional genomics sequencing data sets.

On Github
m News

(3-29-2014) New version v4.6. Better super enhancer code, plus lots of other minor upgrades.
(1-27-2014) New version v4.5 with updated genome packages too - Last version did not correctly assign priority assignments in annotations (i.e.
TSS > exons > introns > intergenic was not honored in last version - fixed now). Problems with some of the update scripts too. Website updates

are ongoing.

(1-23-2014) Updated All Organism Packages to v1.1 - latest packages lacked the org2gene.tsv file (i.e. human2gene.tsv). Users that updated
from the older version of HOMER probably didn't notice since the old files would have still been there - new users probably got an error.

(1-15-2014) Welcome to homer.salk.edu - new host for HOMER!

(1-15-2014) Lots of new documentation. More new documentation will probably be added to the site over the next week or so, azgnew PDF's
will be created once that gets in good shape.
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chrl7 Oct4d peaks.xls
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This file is generated by MACS version 1.4.2 20120305

ARGUMENTS LIST:

name = chrl7_0ct4

format = BAM

ChIP-seq file = chrl7_0ct4_uniq.bam

control file = chrl7_Input_uniq.bam

effective genome size = 2.70e+09

band width = 300

model fold = 10,30

pvalue cutoff = 1.00e-85

Large dataset will be scaled towards smaller dataset.

Range for calculating regional lambda is: 100@ bps and 10000 bps
tag size is determined as 36 bps

total tags in treatment: 921098

tags after filtering in treatment: 869959

maximum duplicate tags at the same position in treatment =1
Redundant rate in treatment: ©.06

total tags in control: 900922

tags after filtering in control: 815189

maximum duplicate tags at the same position in control =

Redundant rate in control: ©.10

d = 63
hr start end length summit tags -10%1log1@(pvalue) fold_enrichment FDR(%)
hrl7 33 499 458 145 21 58.43 10.58 20.54
hrl7 38626 39453 828 376 43 91.07 7.94 3.32
hri7 259596 260107 512 245 31 50.52 6.10 33.86
hri7 260483 261182 700 394 38 55.25 6.67 24.31
hrl7 429501 430762 1262 471 66 143.12 7.38 0.33
hrl7 432099 432809 711 296 29 56.47 7.90 23.16
hrl7 491128 491315 188 130 15 77.31 11.90 6.82
hrl7 499501 500827 1327 963 65 111.84 11.49 1.35
hri7 517039 517428 390 115 30 108.90 11.35 1.56
hri7 594217 595034 818 738 49 76.09 7.93 7.41
hrl7 614406 615079 674 363 36 76.79 9.73 7.01 75
hrl7 653439 654648 1210 770 69 75.45 5.08 7.59

hrl7 654673 655139 467 298 24 63.61 10.20 15.01
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#d=57
chr
chrl?
chrl?
chrl?7
chrl?
chrl?
chrl?
chrl?7
chrl?
chr17
chrl?
chr17
chrl?
chrl?
chrl?
chrl?
chrl?
chrl?
chrl?
chrl?
chr17
chrl?
chr17
chrl?
chrl?
chrl?

.

start

18472963
36452859
20558089
18747024
19015258
18585469
45579521
36631025
15492114
15752486
79961226
18684460
18312831
43528559
42147867
27438437
61510584
62926001
15466705

5342003
56326867
81009032
76210087
79935282
49230534

“AnAAACA -

end

18473117
36452997
20558183
18747112
19015335
18585739
45579668
36631209
15492194
15752586
79962127
18684647
18312953
43528687
42148849
27439184
61510837
62926137
15466827

5343033
56327530
81009796
76210603
79935592
49232193

=AanAAaAAAT

155
139
95
89
78
271
148
185
81
101
902
188
123
129
983
748
254
137
123
1031
664
765
517
311
1660

A==y

107
55
47
44
39

124
50
65
40
50

453
60
35
76

206

551

144

100
86

397

381

593

116

203

391

an=

16

B

10
16

146

(2 RNV, B o]

212
121
76

106
141
91
67
62
363

A

¥ #NAME?

142.9
236.3
160.71
94.08
116.49
116.02
117.93
171.35
103.47
53.71
960.53
91.12
66.74
65.73
1203.24
644.02
634.37
92.09
50.63
444.59
817.3
473.48
455.29
420.69
1395.42

-~ Aan -

=—2 74 )LMDfold enrichment&tagsa
iREZTHD

\%

=

fold_enrichr FDR(%)

307.02
292.4
233.92
232.43
232.43
140.35
112.78
96.49
87.72
77.97
70.18
70.18
70.18
70.18
70
66.81
55.56
52.63
52.63
51.83
50.83
50.78
50.44
49.71
47.95

A= =

0.17
0

0.2
1.05
0.39
0.39
0.39
0.22
0.65
17.69

1.19
5.54
5.69

111
22.22

) 000 0O0O0
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U SC Genome Bioinformatics

Genomes Blat - Tables Gene Sorter PCR VisiGene Session FAQ Help

Genome About the UCSC Genome Bioinformatics Site

Srowser Welcome to the UCSC Genome Browser website. This site contains the reference sequence and working draft assemblies for a large collection of genomes. It also

ENCODE provides portals to the ENCODE and Neandertal projects.

Neandertal We encourage you to explore these sequences with our tools. The Genome Browser zooms and scrolls over chromosomes, showing the work of annotators worldwide.
- The Gene Sorter shows expression, homology and other information on groups of genes that can be related in many ways. Blat quickly maps your sequence to the
Blat genome. The Table Browser provides convenient access to the underlying database. VisiGene lets you browse through a large collection of in situ mouse and frog
S images to examine expression patterns. Genome Graphs allows you to upload and display genome-wide data sets.
Table
Browser The UCSC Genome Browser is developed and maintained by the Genome Bioinformatics Group, a cross-departmental team within the Center for Biomolecular Science
Gene Sorter and Engineering (CBSE) at the University of California Santa Cruz (UCSC). If you have feedback or questions concerning the tools or data on this website, feel free to
contact us on our public mailing list.
In Silico PCR . ) . . . ) "
The Genome Browser project team relies on public funding to support our work. Donations are welcome -- we have many more ideas than our funding
Genome supports!
Graphs
Galaxy News g News Archives b
VisiGene To receive announcements of new genome assembly releases, new software features, updates and training seminars by email, subscribe to the genome-announce
S mailing list.
Utilities
Downloads 15 July 2014 - New Shrew (sorAra2) Assembly Now Available in the Genome Browser
SO We are pleased to announce the release of a Genome Browser for the August 2008 assembly of shrew, Sorex araneus (Broad SorAra2.0, UCSC version sorAra2). The
Custom whole genome shotgun assembly was provided by The Broad Institute. There are 12,845 scaffolds with a total size of 2,423,158,183 bases.
Track
— Bulk downloads of the sequence and annotation data are available via the Genome Browser ETP server or the Downloads page. These data have specific conditions
Cancer for use. The shrew (sorAra2) browser annotation tracks were generated by UCSC and collaborators worldwide. See the Credits page for a detailed list of the
Browser organizations and individuals who contributed to this release.
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Genome Browser Tools Mirrors Downloads My Data Help About Us

Human (Homo sapiens) Genome Browser Gateway

The UCSC Genome Browser was created by the Genome Bioinformatics Group of UC Santa Cruz.
Software Copyright (c) The Regents of the University of California. All rights reserved.

group genome assembly position search term

Mammal v | Human 3 | Feb. 2009 (GRCh37/hg19) =+ c¢hr1:53,971,906-54,199,877 | enter position, gene symbol or search terms

Click here to reset the browser user interface settings to their defaults.

track search add custom tracks track hubs configure tracks and display

submit

Human Genome Browser — hg19 assembly (sequences)

The February 2009 human reference sequence (GRCh37) was produced by the Genome Reference Consortium. For more information about this
assembly, see GRCh37 in the NCBI Assembly database.

Sample position queries

A genome position can be specified by the accession number of a sequenced genomic clone, an mRNA or EST or STS marker, a chromosomal

coordinate range, or keywords from the GenBank description of an mRNA. The following list shows examples of valid position queries for the
human genome. See the User's Guide for more information.

Request:

chr7
chrUn_gl000212
20p13
chr3:1-1000000
chr3:1000000+2000

RH12NR1-RHRN17R

Genome Browser Response:

Displays all of chromosome 7

Displays all of the unplaced contig gl000212

Displays region for band p13 on chr 20

Displays first million bases of chr 3, counting from p-arm telomere

Displays a region of chr3 that spans 2000 bases, starting with position 1000000

Nienlave raninn hahavaan nannma landmarke ciirh ac tha QTQ markare RH12NAR1 and RHRN178 Ar rhramnenma hande

Homo sapiens
(Graphic courtesy of CBSE)
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i'i Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us

Human (Homo sapiens) Genome Browser Gateway

The UCSC Genome Browser was created by the Genome Bioinformatics Group of UC Santa Cruz.
Software Copyright (c) The Regents of the University of California. All rights reserved.

group genome assembly position search term
Mammal * | Human % | Feb. 2009 (GRCh37/hg19) + chr1:53,971,906-54,199,877 | cGLis1| submit

GLIS1 (Homo sapiens GLIS family zinc finger 1 (GLIS1), mRNA.)

Click here to reset the browser user interface settings to their defaults.

track search add custom tracks track hubs configure tracks and display

Human Genome Browser — hg19 assembly (sequences)

The February 2009 human reference sequence (GRCh37) was produced by the Genome Reference Consortium. For more information about this
assembly, see GRCh37 in the NCBI Assembly database.

Sample position queries

A genome position can be specified by the accession number of a sequenced genomic clone, an mRNA or EST or STS marker, a chromosomal
coordinate range, or keywords from the GenBank description of an mRNA. The following list shows examples of valid position queries for the
human genome. See the User's Guide for more information.

Request: Genome Browser Response:

chr7 Displays all of chromosome 7

chrUn_gl000212 Displays all of the unplaced contig gl000212

20p13 Displays region for band p13 on chr 20 Homo seniens
chr3:1-1000000 Displays first million bases of chr 3, counting from p-arm telomere (Graphic courtesy of,@)

chr3:1000000+2000 Displays a region of chr3 that spans 2000 bases, starting with position 1000000

RH18061;RH80175 Displays region between genome landmarks, such as the STS markers RH18061 and RH80175, or chromosome bands
15q11;15g013 15911 to 15q13, or SNPs rs1042522 and rs1800370. This syntax may also be used for other range queries, such as
rs1042522;rs1800370 between uniquely determined ESTs, mRNAs, refSegs, etc.
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UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move | <<< || << |[ < /[ > |[ >> || >>> |zoomin | 1.5x || 3x || 10x || base | zoom out | 1.5x || 3x || 10x || 100x

chr1 153,971 ,906-54,199,877 227,972 bp. enter position, gene symbol or search terms | go |
chri . 53] 313 0351, [} qiz [T T T ] N ic4i D W o4S EER)
Scale 188 kb | hgig
chrl S4, 6080, 008| 54,856, 604| 54,168, 608| 54,158, 608|
. ) o ) UCSC Genes (RefSeq, GenBanf, CCDS, Rfam, tRNAS & Comparative Genomics)
H-—t freedeer B

B Huan mRENAS from GenBank

FAK B3T474 bt fesipere ¥

AX 745158

FAK B9 B534 thesteeet feeipree &

AXT4E558

BC184311 fedfrect dercfeced '

BC191799 fepeeet deeibeced H

EU44E558 Heddeeed ek 3

DREBBISI |

AF 653122 |

AKB24568 -

DG536754 |
move start Click on a feature for details. Click or drag in the base positioh track to zoom in. Click side bars for track options. Drag ~___move end
| <]20 > side bars or labels up or down to reorder tracks. Drag tracksvﬂ or right to new position. L <]20 L > ]

| track search | | default tracks | | default order | | hide all | | add custom tracks | | track hubs | | configure | | reverse | | resize || refresh |

Use drop-down controls below and press refresh to alter tracks displayed.

| expand all |

| collapse all |

Tracks with lots of items will automatically be displayed in more compact modes.
[ + | Mapping and Sequencing
[ - | Genes and Gene Predictions

Ensembl Genes @ EvoFold

|fu|| =l Ihide | Ihide =l hide  ~| hide  ~| Ihide =l

UCSC Genes RefSeq Genes AceView Genes CCDS

Exoniphy GENCODE... Geneid Genes Genscan Genes H-Inv 7.0 W
[hide ~| [hide  ~] [hide  ~] [hide -] |hide x| |—m‘elp_j
lincRNAs... LRG Transcripts ~MGC Genes N-SCAN Old UCSC Genes W
[hide -] [hide -] [hide -] [hide -] [hide -] [hide. -
Other RefSeq Pfam in UCSC Retroposed Genes SGP Genes SIB Genes sno/miRNA

hide | %ﬁ [hide =] [hide -] [hide =] [hide -]
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Add Custom Tracks

clade| Mammal : genome| Human : assembly Feb. 2009 (GRCh37/hg19) 3

Display your own data as custom annotation tracks in the browser. Data must be formatted in BED, bigBed, bedGraph, GFF, GTF, WIG, bigWig, MAF, BAM, BED detail, Personal Genome
SNP, VCF, broadPeak, narrowPeak, or PSL formats. To configure the display, set track and browser line attributes as described in the User's Guide. Data in the bigBed, bigWig, BAM and
VCF formats can be provided via only a URL or embedded in a track line in the box below. Publicly available custom tracks are listed here. Examples are here.

Paste URLSs or data: Or upload: | Browse... | No file selected. | Submit |
0.0 0 File Upload
(<[> |(zz JEN m | mm [ & v ][ 4 skawaoka $ (@
FAVORITES Name Date Modified v Size
{C] Dropbox » ([ Desktop F$2:31 --
_@: IL TP Oct4_iPS_treat_a...ting_chrl.wig.gz FH2:21 26.7 MB
\ .o Oct4_iPS_control...ting_chrl.wig.gz
N FTVT—vay ™ Oct4_iPS_peaks.xls ] 4.2 MB
. . ] Deskt 3 i
Optional track documentation: Or upload: | Browse... | 1 LA mz Input_uniq.genebody.avgprof.paf e 7K
@ =5 "X Oct4_uniq.genebody.avgprof.pdf i3S 7 KB
. X Oct4_uniq.tss.avgprof.pdf HEE 7 KB
O syvo-r > [ SRR445816_fastqc (= -
DEVICES 1) SRR445816_fastqc.zip HEE 125 KB
= > @ F¥oro—-R fEH -
UE—bT1RY
@ 4 "X Oct4.cgi.avgprof.pdf —iEH 7 KB
Q AnyConnect VPN... £ "X Input.genebody.avgprof.pdf —HieH 7 KB
VA "X Input.tss.avgprof.pdf —HiEH 7 KB
_ . "% Input.tss.heatmap.pdf (=] 1.1 MB
Click here for an HTML document template that may be used for Genc J3 Music % Oct4.genebody.avgprof.pdf —MEH 7 KB
Photos "L Oct4.genebody.heatmap.pdf —REB 1.7 MB
- | Movies o - o T
Loading Custom Tracks
[_J Hide extension | Cancel | [ Open ]
An annotation data file in one of the supported custom track formats m

» (Preferred) Enter one or more URLs for custom tracks (one per line) in the data text box. The Genome Browser supports both the HTTP and FTP (passive-only) protocols. 83
* Click the "Browse" button directly above the URL/data text box, then choose a custom track file from your local computer, or type the pathname of the file into the "upload" text box
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chrl7_Oct4 MACS_wiggle 74 JLZ D H(Z. control&treat&lLy
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Input. treatlZ A>TUL\S D H & L& (1P)

chrl7 Oct4 _control_afterfiting chrl17.wig.gz (415 nput)
chrl7 Oct4 treat_afterfiting chr17.wig.gz (C4ALHVIP)

A Inputz I b & !
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UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move | <<< << < > >> >>> | zoomin [ 1.5x |[ 3x 10x || base | zoom out | 1.5x || 3x 10x 100x

chr1:53,971,906-54,199,877 227,972 bp.

enter position, gene symbol or search terms ’ go

Tcale 188 kb| { h2ig
chri: 54,066, 6a6| 54,858, age| 54,168, asa| 54,158, aas|
| Extended taz pileup from MAGS version 1.4.2 26126365 for everd 18 bp
hide Extended tag pileup from MACS version 1.4.2 20129385 for every 18 bp
7 dense UCSC Gehes ¢RefSeq, GenBank, CCDS, Rfam, tRNAS & Comparative Genomics)
Y

__ M T ITITTT

? Configure Oct4_iPS_control_chrl

Ll L L L o

» Jump to highlighted region !

i
L @& View image n |
move start Click on a feature for details. Click or drag in the base position track to zoom in. Click side bars for track options. Drag ~__move end
<20 [>] side bars or labels up or down to reorder tracks. Drag tracks left or right to new position. <J20 [ >]
| track search | | default tracks | | default order | | hide all | | manage custom tracks | | track hubs | | configure | | reverse | | resize | | refresh |
[ collanseall. Use drop-down controls below and press refresh to alter tracks displayed. —
collapse all | . . X . X ) | expand all |
- Tracks with lots of items will automatically be displayed in more compact modes. -
[ - | Custom Tracks
Oct4 iPS_control chri Oct4 iPS treat chr1
|dense j |dense j
Mapping and Sequencing
[ - | Genes and Gene Predictions
UCSC Genes RefSeq Genes AceView Genes CCDS Ensembl Genes @ EvoFold
|fu|| =l Ihide =l Ihide ~| Ihide ~| Ihide ~| Ihide =l
Exoniphy GENCODE... Geneid Genes Genscan Genes H-Inv 7.0 Llle coinee

[hide  ~| [hide =] [hide =] [hide — ~| |hide  ~| %
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UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move | <<< || << [ < | > || >> |[ >>> |zoomin | 1.5x || 3x || 10x || base | ZOOM out | 1.5x J[ 3x || 10x |[ 100x |

chr17:7,552,571-7,610,017 57,447 bp. enter position, gene symbol or search terms ] | go |
chri? (p13.1) [p13.5 1p13. 1 17p11.2 e 17q11.2 1712 | ] 17922
+
Scale 28 kb | hais
| chri7: 7,560, 008 7,565, eaal 7,570, eanl 7,575, eanl 7,580, oon| 7,585, oon| 7,590, eaa| 7,595, eae| 7,600,000 7,605, 008 7.618, 000
18 _ Extended tag pileup from MACE wersion 1.4.2 281203685 for ewery 14 bp

Oct4_iFS_contraol_

I “uu bl e 4 Iiu A0l ok W HM T Y mlh

Extended tag DHE-UD from MACS wersion 1.4.2 2012083685 for everd 18 bp

Oct4_iF3S_treat_chi

Ill“hlﬂﬂ'“ll . ﬂ nJ|LIJ|“1| dﬂ I‘MJW“ WnE | | /]

ucsc Genes (RefSeq, GenBank, CCDS, RFam tRNﬁS & COmparative Genomicsy
ATF1B2 e —

TPSS| | e A0
TFSS . -~
TFS3
TPS3
TPS3
TPS3
TPS3
TPS3
TPS3
TFS3

HU941431
HY941433

HY941425

HiaAd ATa
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UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

cMyc_iFS_treat_ch

act4_iFS_treat_chi

1_
ATF1B2
TFS3
TFS3
TFS3

M s dad L Lo

Extended tag pileup from MACE version 1.4.2 2681268365 for everd 18 bp

,JuJi,ﬁll an omo ll‘Ll; l,,ld,,, I'n

ol

Ex<tended tag pileup from MACE version 1.4.2 201268365 for everd 16 bp

TR P PR T T W R TR ¥ R I.AII.IJMJL,,

UCEC Genes (Refieq,

GenBank,

CcCchE,

Ffam,

tRMAs & Comparative Genomics)

e}

Chl’17:7,552,571-7,610,017 57,447 bp. enter position, gene symbol or search terms l | go |
M
chri? (pi3.1) P13 LR eis I IERN 17pii.2 - i7qil.2
¥
Scale 28 kbt | haig
chri7: | 7,568, 0a8| 7,565, aaa| 7,578, 888| 7,575, 808| 7,588, 88| 7,585, aea| 7,598, aea| 7,595, 8a8| 7,688, 008| 7,665, 6as| 7,618,880
Extended tag pileup from MACS wersion 1.4.2 28128385 for everd 16 bp
yc_iFS_treat_chri
41 _ Extended tag pileup from MACE wersion 1.4.2 29126385 for ewvery 16 bp
Oct4_iPS_contral_
i_ ll.lJlL JLL‘LJJ _aah iﬁl TR JA,, -k lllu, wll L R Y BT L B LLLL JLMJ“..II.HhJ Y T Y PP R I TR 1 llLL, 1k

ASTRRRERE Y ,All ik sk i‘ﬂL‘L

donoh | fabo|n) dod ] O[R ;,,,‘LLJ .
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BedA BB TLVNSIGE

E-mail
Phone
Organization name

zaret@upenn.edu
2155735813
University of Pennsylvania School of Medicine

Department Cell and Developmental Biology
Lab Zaret lab
Street address 9-131, SCTR, 3400 Civic Center Boulevard
City Philadelphia
State/province PA
ZIP/Postal code 19104-5157
Country USA
Platform ID GPL10999
Series (1) GSE36570 OSKM factors cooperatively engage chromatin to initiate
reprogramming
Relations
SRA SRX130060
BioSample SAMNO00828870
Supplementary file Size Download File type/resource
SRX/SRX130/SRX130060 (ftp) RA Experiment
GSMB96985_0ct4_48hrs.bed.gz 289.0 Mb (ftp)(http) BED
GSMB896985_0ct4_48hrs.bw 302.0 Mb (ftp)(http) BW
GSM896985_0ct4_48hrs_peaks.bed.gz 476.0 Kb (ftp)(http) BED

Raw data provided as supplementary file

Processed data provided as supplementary file

Processed data is available on Series record
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 bedtools bamtobed -i Oct4.bam > Oct4.bed
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MACS14lEbedtbERKLET

o ***peak.bed (chrl7_Oct4_peaks.bed)

c SUXILT.EOITIKIEEEDE VLD
FITEZEARYLTHTERL (>FDIHZEIE.
My T7100ENERBEMITBATZI7AILEAE
9 B1=17)




TILITZDHICHITTHS

Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us

Manage Custom Tracks

genome | Human :  assembly| Feb.2009 (GRCh37/hg19) :  [hg19]

Description Type Doc Items Pos \ add custom tracks \
User Track User Supplied Track bed 54826|chr1:[ () \ go to genome browser \
cMyc iPS_treat chr1 |Extended tag pileup from MACS version 1.4.2 20120305 for every 10 bp|wiggle_0 O \ go to table browser |
cMyc_iPS_treat chr17 [Extended tag pileup from MACS version 1.4.2 20120305 for every 10 bp|wiggle_0 O | go to variant annotation integrator]

Oct4_iPS_control chr17|Extended tag pileup from MACS version 1.4.2 20120305 for every 10 bp|wiggle_0 O
Oct4_iPS treat chr17 |Extended tag pileup from MACS version 1.4.2 20120305 for every 10 bp|wiggle_0 O
Oct4_iPS treat chr1 Extended tag pileup from MACS version 1.4.2 20120305 for every 10 bp|wiggle_0 O
Oct4_iPS control chr1 |Extended tag pileup from MACS version 1.4.2 20120305 for every 10 bp|wiggle_0 O

check all / clear all || + ||| -

A Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us

Update Custom Track: User Supplied Track [hg19]

Update your custom track configuration, data, and/or documentation. Data must be formatted in BED, bigBed, bedGraph, GFF, GTF, WIG, bigWig, MAF, BAM, BED detail, Personal
Genome SNP, VCF, broadPeak, narrowPeak, or PSL formats. To configure the display, set track and browser line attributes as described in the User's Guide. Data in the bigBed, bigWig,
BAM and VCF formats can be provided via only a URL or embedded in a track line in the box below. Publicly available custom tracks are listed here. Examples are here.

Edit configuration: Submit

track name='User Track' description='User Supplied Track'

Paste in replacement data: Or upload: | Browse... | No file selected.

Clear

Optional track documentation: Or upload: | Browse... | No file selected. 94



NYRIT7A I HTHBHE

Genomes Genome Browser Tools Mirrors Downloads My Data View Help

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move [ <<< |[ << J[ <] > | >> || >>> |zoomin | 1.5x | 3x | 10x || base | zoom out [ 1f5x || 3x || 10x || 100x |

Chl’17:7,552,571-7,610,017 57,447 bp. enter position, gene symbol or search terms l\ go |
chrl? (p13.1) [p13.3 1{pis. 1 17pil.2 -] i7oi1.2 712 : 7 3.2 ] o251 ] 17q25.5 |
L
Scale 28 kb} | hgiga
_ chr17: 7,568, 08| 7,565, aea| 7,578, 608| 7,575, a88| 7,588, 86| 7,585, a68| ?,599,aaalv 7,595, aga| 7,600, 88| 7,585, agel 7,618,888
cMyC
chyc I L]
41 _ Extended tag pileup from MACS wersion 1.4.2 208128385 for everd 18 bp

Oct4_iFS_control_

1o JLJ.JJ,UA bk w b J,,, P N PP T T TS ST ST O A 17 31 AT 1 S U ST PR UL R T YO BPUN

41 _ Extended tag pileup from MACS wersion 1.4.2 2681268385 for everd 18 bp

cMuc_iFS_treat_chi

1 nuumh,,,.l Y BT O VRV R FURY TR At el ook ak Ll um..lj,..,

oct4
oct4 1

Extended tag pileup from MACS wersioh 1.4.2 2081283085 for everd 18 bp

[T

wc_iFS_treat_chri

UCSC Gehes (RefSed, GenBank, CCDS, RFam, tRMAS & COMParative Genomics)

ATF1E2

TPSS  EI
TPES
PSS
PSS
TFSS
TPES
PSS
PSS
TPSS
TPES
TEE

E—7 &L Ta—JLESnf-EEMN
[ZIR Yy O R & L T nd -
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IP/Input
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IP/Input
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0.007

0.006
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Summit.bed&ngsplotDFEA S H

e SummitDES (E—VDIER)
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cMycDE—1Z0ctdZERTH 5

o FIMZITBHED—MACSTI—ILLT-
summit.bed7 71 JL
(chrl7 _cMyc summits.bed )

S hEeEhE=LED—

chrl7 Oct4 uniq_sorted.bam
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EEDAT R ngs.plot.r

* ngs.plot.r -G hgl19 -R bed -C
chrl7 Oct4 uniq_sorted.bam -E
chrl7 _cMyc _summits.bed -O
Oct4 cMyc_centered -T Oct4 -L 1000 -FL 150

* ngs.plot.r -G hgl9 -R bed -C
chrl7 Input_uniq_sorted.bam -E

chrl7 cMyc summits.bed -O
Input_cMyc_centered -T Oct4 -L 1000 -FL 150
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Colorkey
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abO—)LIEEDT S ? Input!!

4 7 9

-1000 -500 Center 500

Read count Per Million mapped reads

34

3.2

3.0

2.8

2.6

Oct4

Center 500 1000

Genomic Region (5' —=> 3')
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BT —I3ZFbICTEREDLE
ER SN DT A ILE DIEHZ8H Havgprof.ixt

A

MIEET—ALED T, CNEROI VLI T
HIAATERNIZELY

||‘r

. Input_cMyc_centered "

(B m ) (=) (2] ($-)(2](am] (@ )
Al A ¥EH b4X B
% avgprof.RData 2014%E7A31H F#11:10 2KB R

B avgprof.txt 201447H31H ##11:10

% heatmap.RData 2014478318 F#11:10 203KB R
| hml.txt 2014478310 F#11:10 3.4MB 1
| sem.txt 2014478310 F#11:10 2KB #
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2T L 7= ULVER 2 D multifasta
D<K B

» BEAIMEYZENIEATHLRL

e MACSTO—IJLLI-E—9 77/ ILEES

e blast+MDblastdbcmdZ{FD (R VY THESA
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blastdbecmdIZIAEL £ D

o ZEIKFIDhg19MDchr17 DEE ]

o FE2Zmakeblastdb TIOA—< VT 5



blastdbcmd

makeblastdb -in chrl17.fa -dbtype nucl -
hash_index

blastdbcmd -db chrl7.fa -entry all -range
5000000-5000100

NZERHR>TEE—VITXRLTELT
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t Font Alignment

L Fill v Calibri (Body)  |v |12 == abcv [ JWrapText~v General

Jcerv | B I U] i~ Merge =" %

v fx| # This file is generated by MACS version 1.4.2 20120305
B G D E F G H I J

e is generated by MACS version 1.4.2 20120305

MENTS LIST:

=chrl7_cMyc

t = BAM

eq file = chr17_cMyc_unig.bam

| file = chrl7_Input_unig.bam

ve genome size = 2.70e+09

vidth = 300

fold = 10,30

» cutoff = 1.00e-05

dataset will be scaled towards smaller dataset.

for calculating regional lambda is: 1000 bps and 10000 bps

e is determined as 36 bps

ags in treatment: 1012926

fter filtering in treatment: 937654

wum duplicate tags at the same position in treatment =1

dant rate in treatment: 0.07

ags in control: 900922

fter filtering in control: 815189

wum duplicate tags at the same position in control =1

dant rate in control: 0.10

start end length summit tags #NAME? fold_enrichrr FDR(%)

18472963 18473117 155 107 9 142.9 307.02 0.17 Peak001
36452859 36452997 139 55 16 236.3 292.4 0 Peak002
20558089 20558183 95 47 8 160.71 233.92 0.2 Peak003
18747024 18747112 89 44 4 94.08 232.43 1.05 Peak004
19015258 19015335 78 39 4 116.49 232.43 0.39 Peak005
18585469 18585739 271 124 9 116.02 140.35 0.39 Peak006
45579521 45579668 148 50 10 117.93 112.78 0.39 Peak007
36631025 36631209 185 65 16 171.35 96.49 0.22 Peak008
15492114 15492194 81 40 5 103.47 87.72 0.65 Peak009
15752486 15752586 101 50 4 53.71 77.97 17.69 Peak010
79961226 79962127 902 453 146 960.53 70.18 0 Peak011
18684460 18684647 188 60 9 91.12 70.18 1.19 Peak012
18312831 18312953 123 35 5 66.74 70.18 5.54 Peak013
43528559 43528687 129 76 5 65.73 70.18 5.69 Peak014
42147867 42148849 983 206 212 1203.24 70 0 Peak015
27438437 27439184 748 551 121 644.02 66.81 0 Peak016
61510584 61510837 254 144 76 634.37 5556 0 Peak017

Nu

BINZT74)L
27BN
Z3)

tag o
fold _enrichm
ent TAi U H
AnlE, £

XXX{&

DE—

7s tl'\afs\a
IZ2TEH



KFI[Z...

 ="blastdbcmd -db "&A25&".fa -entry all -range
"&B25&"-"&C25&" > "&J25&" txt”

o ZATERLIZ7E A blastdbecmd -db chr7.fa -entry
all -range 1513589-1514175 > Peak001.txt

A B Cc D = F G H | J K L M N (o] P

# This file is generated by MACS version 1.4.2 20120305
# ARGUMENTS LIST:

# name =chr17_cMyc

# format = BAM

# ChIP-seq file = chrl7_cMyc_unig.bam

# control file = chrl7_Input_unig.bam

# effective genome size = 2.70e+09

# band width = 300

# model fold = 10,30

# pvalue cutoff = 1.00e-05

# Large dataset will be scaled towards smaller dataset.
# Range for calculating regional lambda is: 1000 bps and 10000 bps

} tag size is determined as 36 bps

# total tags in treatment: 1012926

# tags after filtering in treatment: 937654

# maximum duplicate tags at the same position in treatment = 1
# Redundant rate in treatment: 0.07

# total tags in control: 900922

i tags after filtering in control: 815189

# maximum duplicate tags at the same position in control =

# Redundant rate in control: 0.10

#d=57

chr start end length summit tags #NAME? fold_enrichn FDR(%)

chr17 18472963 18473117 155 107 9 1429 307.02 0.17 Peak001 blastdbcmd -db chri7.fa -entry all - range 18472963-18473117;> Peak00L.txt
chr17 36452859 36452997 139 55 16 236.3 292.4 OPeakoo2 [ 1

chrl? 20558089 20558183 95 47 8 160.71 233.92 0.2 Peak003
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A B C D E
# This file is generated by MACS version 1.4.2 20120305
# ARGUMENTS LIST:
# name =chrl7_cMyc
# format = BAM
# ChIP-seq file = chr17_cMyc_unig.bam
# control file = chrl7_Input_unig.bam
# effective genome size = 2.70e+09
# band width = 300
# model fold = 10,30
# pvalue cutoff = 1.00e-05
# Large dataset will be scaled towards smaller dataset.
# Range for calculating regional lambda is: 1000 bps and 10000 bps

# tag size is determined as 36 bps

# total tags in treatment: 1012926

# tags after filtering in treatment: 937654

# maximum duplicate tags at the same position in treatment = 1
# Redundant rate in treatment: 0.07

# total tags in control: 900922

# tags after filtering in control: 815189

# maximum duplicate tags at the same position in control = 1

146

vl w

212
121
76

#NAME?
142.9
236.3

160.71
94.08
116.49
116.02
117.93
171.35
103.47
53.71
960.53
91.12
66.74
65.73
1203.24
644.02
634.37

I J

fold_enrichn FDR(%)

307.02
292.4
233.92
232.43
232.43
140.35
112.78
96.49
87.72
77.97
70.18
70.18
70.18
70.18
70
66.81
55.56

0.17 PeakO|ff=

0 PeakObz—
0.2 Peak003
1.05 Peak004
0.39 Peak005
0.39 Peak006
0.39 Peak007
0.22 Peak008
0.65 Peak009
17.69 Peak010
0 Peak011
1.19 Peak012
5.54 Peak013
5.69 Peak014
0 Peak015
0 Peak016
0 Peak017

# Redundant rate in control: 0.10

#d=57

chr start end length summit tags
chri7 18472963 18473117 155 107
chrl7 36452859 36452997 139 55
chr17 20558089 20558183 95 a7
chrl? 18747024 18747112 89 44
chri7 19015258 19015335 78 39
chri7 18585469 18585739 271 124
chri7 45579521 45579668 148 50
chri7 36631025 36631209 185 65
chri7 15492114 15492194 81 40
chrl7 15752486 15752586 101 50
chrl? 79961226 79962127 902 453
chr17 18684460 18684647 188 60
chri7 18312831 18312953 123 35
chri7 43528559 43528687 129 76
chri7 42147867 42148849 983 206
chri7 27438437 27439184 748 551
chr17 61510584 61510837 254 144

blastdbcmd -db chr17.fa -entry all - range 18472963-18473117 > Peak001.txt
blastdbecmd -db chr17.fa -entry all - range 36452859-36452997 > Peak002.txt
blastdbecmd -db chr17.fa -entry all - range 20558089-20558183 > Peak003.txt
blastdbcmd -db chr17.fa -entry all - range 18747024-18747112 > Peak004.txt
blastdbcmd -db chrl7.fa -entry all - range 19015258-19015335 > Peak005.txt
blastdbcmd -db chrl7.fa -entry all - range 18585469-18585739 > Peak006.txt
blastdbcmd -db chrl7.fa -entry all - range 45579521-45579668 > Peak007.txt
blastdbcmd -db chr17.fa -entry all - range 36631025-36631209 > Peak008.txt
blastdbcmd -db chr17.fa -entry all - range 15492114-15492194 > Peak009.txt
blastdbecmd -db chr17.fa -entry all - range 15752486-15752586 > Peak010.txt
blastdbcmd -db chr17.fa -entry all - range 79961226-79962127 > Peak011.txt
blastdbcmd -db chrl7.fa -entry all - range 18684460-18684647 > Peak012.txt
blastdbcmd -db chrl7.fa -entry all - range 18312831-18312953 > Peak013.txt
blastdbcmd -db chrl7.fa -entry all - range 43528559-43528687 > Peak014.txt
blastdbcmd -db chr17.fa -entry all - range 42147867-42148849 > Peak015.txt
blastdbcmd -db chr17.fa -entry all - range 27438437-27439184 > Peak016.txt
blastdbemd -db chrl7.fa -entry all - range 61510584-6151083515%kOl?.txt
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* vi extractseq.sh
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* sh extractseq.sh



cat Peak™ > peak_all.txt
[C&K2>TI7AMILZHEE > multifastalk

>gnl|BL_ORD_ID |0:67846234-67846991 chr6
AGTGAAGTCTGCACCACTGCCCTGCAGCCTGAATGACAGAGCTTCCAAATATATACATATATACACACACACATATTTCT
TTTAAAATATATATACTTCCCTCCAAACATATGTGTAAGCATGTATACATATATGCACATATGTATATGCTTGCATACAT
GTTTGCACATATGCATATGCATACATGCATGCATGTACAAATGTATATGCATGCTTACATGCACATATACATATGCACAT
ATAAATATATGCACATATGCATATGCATACATGCATGCATGTACAAATGTATATGCATGCTTACATGCACATATACATAT
GCACATATAAATATACGCACATATGCATATTCATGCATATATGTACATATGCAAGTGCATACATGCATATATGTATGCTT
ACATATGTGTGTGCATGCATGCACATATGCATATGCATACAGACATACATGTACATGTATATGCATGTACACATACATCC
ACACATGTGTATGCATGCATACATATATGTATGTATGTCTACGTGTGTATGTGTATATATGTGTACTTGCATATATGCAT
GCATATGTGTATGTATACACATATGCATGTATGTGTATGAATACATGTATGAATGCATGTGTATGTGTGTATACATATAT
GTGTGTATGTGTGTATGTCTATATGTTTATGTATGCATGTGTATATGTGTGTATGTGTGCATATGTGTATATATGTGTAT
GTATGTATACATATAAGTATATATATATTCCCCCCTCC

>gn'l|BL_ORD_ID|0:88511167-88511701 chrl@
GCTCCACATGCTGGATTTCTGGACTACTAGCTCCAAAGGAATTCTTGAGTAGAATCAGTGTTTAGGGATACTAAGAAGAA
TCAGACATGGGTCTTTTCATTTTTGAATGTATGTATGGGTTTTTTGTGTGTATACACACAAACATATGTACATGCATACG
TACATATATGTACATATGTGTACATGCATACTTACATATGCACACATATGCACGCATACACATGTGCACATATGCGTGCG
CACATGCACATGTGCGCACATACGCATATATGCACGTGTGCACATACGCATATGCGCACGTGTGCGCACATACGCATATG
CGCACATATGTGTGCACACATACGCATATGCGCACATATGTGTGCACACATACGCATATGCGCACATATGTGTGCACACA
TATGCATATTTGTGTGTACATATATACATATATGCATATACTTACATATGTACACAAACACCTACACACACACACAAAGT
TCAGACTAGAAATCTATTTGAATTATATTCAATAGATTATATACACACACACCCC
>gn'l|BL_ORD_ID|0:84427298-84428017 chr6
TGTGTATACACACATACGTATATACGTATGTACACATATACATATATACGTATATATACACATATACACCTATATACACA
CATATACATATATGTACATATACGCACATATACATATATGTGTACATATATACACATACATATATGCACATATATACACA
CATGTACACTATATACACACATGTACACCTATGCACATATATACACACATGCACACACGTACACACACGCACACATATGT

121



Summit(E—2VNIER)=EITERY H 9
5

chr start end length summit tags " HNAME? fold_enrich FDR(%)
chr7 1513589 1514175 587 278 139 1183.26 92.59
chr5 154133800 154134796 997 740 243 1798.41 71.52
chrl9 56151219 56152489 1271 354 264 1809.34 70.86
chrl5 55818703 55819145 443 166 100 826.24 68.42
chr22 21983060 21984583 1524 550 280 1925.75 68.34
chrl6 75267757 75268793 1037 224 185 1182.99 68.07
chrll 69451031 69451660 630 390 138 1049.97 67.06
chr2 68589115 68589553 439 214 148 1289.82 66.62
chr22 41418420 41418939 520 271 111 899.41 66.27
chrl0 88726173 88726879 707 306 131 951.96 64.52
chrl9 2391267 2391794 528 271 100 770.82 64.45

[start+summit-1] = XXX base
DFIFELT, ZIEREL
(o> THTL=LY)

O OO OO 00O 0O o0 o o
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Top100

A B C D E
# This file is generated by MACS version 1.4.2 20120305
# ARGUMENTS LIST:
# name =chrl7_cMyc
# format = BAM
# ChIP-seq file = chrl7_cMyc_unig.bam
# control file = chrl7_Input_unig.bam
# effective genome size = 2.70e+09
# band width = 300
# model fold = 10,30
# pvalue cutoff = 1.00e-05
# Large dataset will be scaled towards smaller dataset.
# Range for calculating regional lambda is: 1000 bps and 10000 bps

# tag size is determined as 36 bps

# total tags in treatment: 1012926

# tags after filtering in treatment: 937654

# maximum duplicate tags at the same position in treatment = 1
# Redundant rate in treatment: 0.07

# total tags in control; 900922

# tags after filtering in control: 815189

# maximum duplicate tags at the same position in control = 1

# Redundant rate in control: 0.10

- [THA-W\GE X

#d=57

chr start end length summit tags #NAME? fold_enrichr FDR(%)

chrl? 18472963 18473117 155 107 9 142.9 307.02 0.17 Peakc‘ﬂj
chr17 36452859 36452997 139 55 16 236.3 292.4 0 PeakOb=—
chri7 20558089 20558183 95 47 8 160.71 233.92 0.2 Peak003
chri7 18747024 18747112 89 44 4 94.08 232.43 1.05 Peak004
chri7 19015258 19015335 78 39 4 116.49 232.43 0.39 Peak005
chri7 18585469 18585739 271 124 9 116.02 140.35 0.39 Peak006
chrl7 45579521 45579668 148 50 10 117.93 112.78 0.39 Peak007
chrl? 36631025 36631209 185 65 16 171.35 96.49 0.22 Peak008
chr17 15482114 15492194 81 40 5 103.47 87.72 0.65 Peak009
chri7 15752486 15752586 101 50 4 53.71 77.97 17.69 Peak010
chri7 79961226 79962127 902 453 146 960.53 70.18 0 Peak011
chri7 18684460 18684647 188 60 9 91.12 70.18 1.19 Peak012
chri7 18312831 18312953 123 35 5 66.74 70.18 5.54 Peak013
chrl7 43528559 43528687 129 76 5 65.73 70.18 5.69 Peak014
chrl? 42147867 42148849 983 206 212 1203.24 70 0 Peak015
chr17 27438437 27439184 748 551 121 644.02 66.81 0 Peak016
chri7 61510584 61510837 254 144 76 634.37 55.56 0 Peak017

blastdbcmd -db chr17.fa -entry all - range 18472963-18473117 > Peak001.txt
blastdbcmd -db chrl7.fa -entry all - range 36452859-36452997 > Peak002.txt
blastdbcmd -db chrl7.fa -entry all - range 20558089-20558183 > Peak003.txt
blastdbcmd -db chrl7.fa -entry all - range 18747024-18747112 > Peak004.txt
blastdbcmd -db chr17.fa -entry all - range 19015258-19015335 > Peak005.txt
blastdbcmd -db chr17.fa -entry all - range 18585469-18585739 > Peak006.txt
blastdbecmd -db chr17.fa -entry all - range 45579521-45579668 > Peak007.txt
blastdbcmd -db chr17.fa -entry all - range 36631025-36631209 > Peak008.txt
blastdbcmd -db chrl7.fa -entry all - range 15492114-15492194 > Peak009.txt
blastdbcmd -db chrl7.fa -entry all - range 15752486-15752586 > Peak010.txt
blastdbcmd -db chrl7.fa -entry all - range 79961226-79962127 > Peak011.txt
blastdbcmd -db chr17.fa -entry all - range 18684460-18684647 > Peak012.txt
blastdbcmd -db chr17.fa -entry all - range 18312831-18312953 > Peak013.txt
blastdbecmd -db chr17.fa -entry all - range 43528559-43528687 > Peak014.txt
blastdbcmd -db chr17.fa -entry all - range 42147867-42148849 > Peak015.txt
blastdbcmd -db chr17.fa -entry all - range 27438437-27439181> Ezakms.txt
blastdbcmd -db chr17.fa -entry all - range 61510584-6151083 2 ak017.txt
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enrichment/tags TV —k9 5717

I A [ B [ C [ D | E [ G H | ] | J K [ L [ M | N | o [ P

1 |chr start end length summit tags #NAME?  fold_enrichr FDR(%)

Z chr1? 18472963 18473117 155 107 9 142.9 307.02 0.17 Peak001 blastdbcmd -db chr17.fa -entry all - range 18472963-18473117 > Peak001.txt
3 |chri7 36452859 36452997 139 55 16 236.3 292.4 0 Peak002 blastdbcmd -db chrl7.fa -entry all - range 36452859-36452997 > Peak002.txt
4 |[chr17 20558089 20558183 95 47 8 160.71 233.92 0.2 Peak003 blastdbcmd -db chr17.fa -entry all - range 20558089-20558183 > Peak003.txt
5 |chr17 18747024 18747112 89 44 4 94.08 232.43 1.05 Peak004 blastdbemd -db chr17.fa -entry all - range 18747024-18747112 > Peak004.txt
I chr1? 19015258 19015335 78 39 4 116.49 232.43 0.39 Peak005 blastdbcmd -db chr17.fa -entry all - range 19015258-19015335 > Peak005.txt
7 |chr17 18585469 18585739 271 124 9 116.02 140.35 0.39 Peak006 blastdbcmd -db chr17.fa -entry all - range 18585469-18585739 > Peak006.txt
8 |chr17 45579521 45579668 148 50 10 117.93 112.78 0.39 Peak007 blastdbcmd -db chr17.fa -entry all - range 45579521-45579668 > Peak007.txt
9 |[chr17 36631025 36631209 185 65 16 171.35 96.49 0.22 Peak008 blastdbemd -db chr17.fa -entry all - range 36631025-36631209 > Peak008.txt
10 |chr17 15492114 15492194 81 40 5 103.47 87.72 0.65 Peak009 blastdbcmd -db chr17.fa -entry all - range 15492114-15492194 > Peak009.txt
11 |chr17 15752486 15752586 101 50 4 53.71 77.97 17.69 Peak010 blastdbcmd -db chr17.fa -entry all - range 15752486-15752586 > Peak010.txt
12 |[chr17 79961226 79962127 902 453 146 960.53 70.18 0 Peak011 blastdbcmd -db chr17.fa -entry all - range 79961226-79962127 > Peak011.txt
13 |[chr17 18684460 18684647 188 60 9 91.12 70.18 1.19 Peak012 blastdbemd -db chr17.fa -entry all - range 18684460-18684647 > Peak012.txt
14 |chr17 18312831 18312953 123 35 5 66.74 70.18 5.54 Peak013 blastdbcmd -db chr17.fa -entry all - range 18312831-18312953 > Peak013.txt
15 |chr17 43528559 43528687 129 76 5 65.73 70.18 5.69 Peak014 blastdbcmd -db chr17.fa -entry all - range 43528559-43528687 > Peak014.txt
16 |chr17 42147867 42148849 983 206 212 1203.24 70 0 Peak015 blastdbemd -db chrl7.fa -entry all - range 42147867-42148849 > Peak015.txt
17 |chr17 27438437 27439184 748 551 121 644.02 66.81 0 Peak016 blastdbemd -db chr17.fa -entry all - range 27438437-27439184 > Peak016.txt
E chri? 61510584 61510837 254 144 76 634.37 55.56 0 Peak017 blastdbcmd -db chr17.fa -entry all - range 61510584-61510837 > Peak017.txt
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If you use MEME-ChIP in your research, please cite the following paper:
Philip Machanick and Timothy L. Bailey, "MEME-ChIP: motif analysis of large DNA datasets", Bioinformatics, 2712, 1696-1697, 2011.

MoTIFS | PROGRAMS | INPUTFILES | PROGRAM INFORMATION

The full MEME-ChIP analysis can be downloaded as a gzipped tar file from here.

MOTIFS

The motifs found by the programs MEME, DREME and CentriMo; clustered by similarity and ordered by E-value.

Motif Found Discovery/Enrichment Program E-value Known or Similar Motifs
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