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— http://support.illumina.com/sequencing/sequencing_software/igenome.html

= llumina
Saccharomyces cerevisiae (Yeast) Ensembl RE4-1-1 EF4
NCBI build2.1
UCSsC saclCerd sacCer?

B BITNROS —T > RXFT—4 (175

& NCBI Resources ) How To

SRA SRA ) ERR1231585] Search
Advanced Help

SRA

Sequence Read Archive (SRA) makes biological sequence data available to the
research community to enhance reproducibility and allow for new discoveries by

comparing data sets. The SRA stores raw sequencing data and alignment information
from high-throughput sequencing platforms, including Roche 454 GS System®, lllumina
Gannmea Anabezenf Annliad Binsvstams S0 iN Svetami® Helicns Haliscnne®

© Amelieff Corporation All Rights Reserved 14
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$ wget ftp://igenome:G3nom3s4u@ussd-
ftp.illumina.com/Saccharomyces cerevisiae/NCBI/build3.1/Saccha
romyces cerevisiae NCBI build3.1.tar.gz

$ tar zxvf Saccharomyces cerevisiae NCBI build3.1l.tar.gz

Saccharomyces cerevisiaeDU I 7 L >RG5 J L&A IL=FDWebR—H
550> 00— RUBRR(ZEITHEH)
$ 1s -1 /home/1—1 %4 /Desktop/amelieff/sacCer3/

-rwxr-xr-x. 1 root root 12400379 5H 23 11:09 2016 genome.fa
-rwxr-xr-x. 1 root root 462 5H 23 11:09 2016

genome.fa.fai
-rwxr--r--. 1 root root 19041 5H 23 11:10 2016 mask.gtf
-rwxr-xr-x. 1 root root 643818 5H 23 11:09 2016 refGene.txt

/home/ 11— % /Desktop/amelieff/Scerevisiae/®dD

RUIED7AIL (SEERYT 3EDDG) 7ZhEsR
_______________________________________________________
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NHT—H DEUE

fastaJd 7 1)L DOF B DOHER

$ less /home/1—1 %4 /Desktop/amelieff/Scerevisiae/genome.fa

>chrI

CCACACCACACCCACACACCCACACACCACACCACACACCACACCACACC
CACACACACACATCCTAACACTACCCTAACACAGCCCTAATCTAACCCTG
GCCAACCTGTCTCTCAACTTACCCTCCATTACCCTGCCTCCACTCGTTAC
CCTGTCCCATTCAACCATACCACTCCGAACCACCATCCATCCCTCTACTT
ACTACCACTCACCCACCGTTACCCTCCAATTACCCATATCCAACCCACTG

1978 : A5+ 0%
277BLE . EERoBchIIEER

X [q] CHEZRTITD
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BT SRDS — 0 > AT —SHDBESE
NCBI SRA (http://www.ncbi.nlm.nih.gov/sra) N7t X935,

& NCBI Resources ) How To [¥)

SRA SRA I ERR1231585) Search
Advanced Help

SRA

Sequence Read Archive (SRA) makes biological sequence data available to the
research community to enhance reproducibility and allow for new discoveries by

comparing data sets. The SRA stores raw sequencing data and alignment information
from high-throughput sequencing platforms, including Roche 454 GS System®, lllumina
Genome Analyzer®, Applied Biosystems SOLID System®, Helicos Heliscope®,

Getting Started Tools and Software Related Resources
How to Submit Download SRA Toolkit Submission Portal

Login to SRA SRA Toolkit Documentation Trace Archive

Login to Submission Portal SRA-BLAST dbGaP Home

SRA Handbook SEA Run Browser BioProject

I EEEEEEEEEEEEEEEEE—————
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NHET—YDEIS | T—HDELTS

X PR EMNSI/TEENIZ Oty S 3 2B SDERR1231585% %9 D

-

SRA SRA I ERR1231585)
Advanced Help

& NCBI  Resources ) How To (¥

Sequence Read Archive (SRA) makes biological sequence data available to the

research community to enhance reproducibility and allow for new discoveries by
comparing data sets. The SRA stores raw sequencing data and alignment information
from high-throughput sequencing platforms, including Roche 454 GS System®, lllumina
Genome Analyzer®, Applied Biosystems SOLID System®, Helicos Heliscope®,

Getting Started Tools and Software Related Resources
How to Submit Download SRA Toolkit Submission Portal

Login to SRA SRA Toolkit Documentation Trace Archive

Login to Submission Portal SRA-BLAST dbGaP Home

SRA Handbook SEA Run Browser BioProject

I EEEEEEEEEEEEEEEEE—————
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NHET—YDEIS | T—HFDELT

&= NCBI Resources ™ How To ¥/ Sign in to NCBI
SRA SRA ) ERR1231585 | | search
Create alert Advanced Help
Full = Send to: =
Related information =
BioProject
BioSample

ERX1303524: lllumina HiSeq 2500 paired end sequencing
1 ILLUMINA {lllumina HiSeq 2500) run: 2.6M spots, 262.3M bases, 138 5Mb downloads Taxonomy

Submitted by: WEIZMANN INSTITUE OF SCIENCE

Eﬂ%,l\ﬁ $|§ Studg}:qf;grf;ﬁs_i{aﬁn-HEoF?;%(:s‘:gzi; fi:ﬂri[?;f:ﬁlz.;zliitlilo::”EES)NNCth-seq data alpha-factor] Search details =
T ERR1231585[All Fields]
BUTIVIRIR | o e tecronso- st - tans
Organism: Saccharomyces cerevisiae .
SATSUIBIR | ramo- e
B Wame: unspecified Search See more...

Instrument: lllumina HiSeq 2500
Strategy: ChlP-Seg
Source: GENOMIC

Selection: ChIP Recent activity =
Layout: PAIRED Turn Off  Clear
Runs: 1 run, 2.6M spots, 262.3M bases, 138.5Mb Q, ERR1231585 (1)
Run #of Spots  # of Bases Size Published SRA
ERR1231585 2,571,570 262.3M 138.5Mb 2016-02-10 Q, ERP014063 (47)
SRA
ID: 2220688 B Grapevine powdery mildew

resistance and suscepti PubMed

|dentification of loci governing

O m e ||ef'|: © Amelieff Corporation All Rights Reserved 19



NHET—YDEIS | T—HFDELT

= NCBI Resources ¥/ How To (%)

Sign in to NCBI

SRA SRA k) ERR1231585

Create alert Advanced

All runs ZER
BEU Study T>—U > AUZETDT —F =R

Related information =
SioProject

JioSample

ERX1303524: lllumina F||§eq 2500 pairer,nd sequencing
1 ILLUMINA {lllumina HiSeq 2500) run: 7 atg, 252.3M bases, 138 .5Mb downloads

Submitted by: WEIZMANN INSTITUE OF

Study: Expression Homeostasis during DN/, on [DMNA/ChIP-seq data alpha-factor]
PRJEB12575 - ERP014063 - All experiments = All runs
show Abstract

Sample: Saccharomyces cerevisiae; WT alpha-factor input 39
SAMEA3860169 » ERS1047303 » All experiments « All runs
Organism: Saccharomyces cerevisiae

Library:

Wame: unspecified

Instrument: lllumina HiSeqg 2500
Strategy: ChlP-Seg

Source: GENOMIC

Selection: ChIP

Layout: PAIRED
Runs: 1 run, 2.6M spots, 262.3M bases, 138.5Mb
Run #of Spots  # of Bases Size Published
ERR1231585 2,571,570 262.3M 138.5Mb 2016-02-10
ID: 2220688

O m elleff © Amelieff Corporation All Rights Reserved

Taxonomy

Search details =
ERR1231585[All Fields]

£

Search See more. ..

Fs

Recent activity

Turn &ff Clear

Q_ ERR1231585 (1)
SRA

Q, ERP014063 (47)
SRA

B Grapevine powdery mildew
resistance and suscepti PubMed

|dentification of loci governing

20



NHET—YDEIS | T—HDELTS

SRA Run Selector TF—4A %29 D

= NCBI SRARun Selector @ Help ™ Permalink

Search: £rro14083 | X
v Facats i w Hide common fields
i Assay Type: ChlP-Seq
~ Run BioProject: PRJEB12575
— BioSample Center Name: WEIZMANN INSTITUE OF SCIENCE
~ Sample name Consent: public
- LibrarySelection: ChiP — “

MBases . . ANE — =
. LibrarySource: GENOMIC —-I- DT — Q

MBytes Library Name: unspecified 47 Ru NS =& 4 - 4 ZG B =
—| Experiment LoadDate: 2016-02-10
| InsertSize Organism: Saccharomyces cerevisiae
~| LibraryLayout Platform: ILLUMINA
~ SRA Sample ReleaseDate: 2016-02-10
) antibedy SRA Study: ERP014063
i strain: MATa, his371, leu2?0, met1570, ura3?0

ime time course repeat: WT (DNA content experiment)

Runs ﬁytes Bases =l Download
Total: 47 4.42 Gb 8.06 G Runinfo Table Accession List
Selected:

47 Runs found

@I@ Run BioSample Sample name MBases MBytes Experim
| ERR1231588 SAMEA3860172 WT alpha-factor input 30 215 118 ERX1303
| ERR1231589 SAMEA3860173 WT alpha-factor input 27 266 146 ERX1303
| ERR1231590 SAMEA3860174 WT alpha-factor input 24 349 191 ERX1303
~|  ERR1231591 SAMEA3860175 WT alpha-factor input 21 289 158 ERX1303
| ERR1231592 SAMEA3860176 WT alpha-factor input 18 251 137 ERX1303

ERR1231593 SAMEA3860177 WT alpha-factor input 15

am elleff © Amelieff Corporation All Rights Reserved 21
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ERR1231585 (input) &£ERR1231597 (sample) %=iZEiR

Total:
2 Selected:

47 Runs found

[#][=) Run
ERR1231585
| ERR1231586
| ERR1231587
| ERR1231588
| ERR1231589
| ERR1231580
| ERR1231581
| ERR1231592
| ERR1231593
| ERR12315%94
| ERR1231585
| ERR1231598
ERR1231597

o 1231598
21231599
31600

Runs Bytes Bases
47 442 Gb 8.06 G
2 255.00 Mb 464.00 M
BioSample Sample name

SAMEA3860169 WT alpha-factar input 39
SAMEA3860170 WT alpha-factar input 36
SAMEA3860171 WT alpha-factar input 33
SAMEA3B60172 WT alpha-factar input 30
SAMEA3860173 WT alpha-factor input 27
SAMEA3860174 WT alpha-factar input 24
SAMEA3BB0175 WT alpha-factor input 21
SAMEA3BB0176 WT alpha-factor input 18
SAMEA3BE0177 WT alpha-factor input 15
SAMEA3BGB0178 WT alpha-factor input 12
SAMEA3BG0179 WT alpha-factor input 9
SAMEA3BGE0180 WT alpha-factor input sync
SAMEA3BE0181 WT alpha-factor H3K56ac 39
SAMEA3BE60182 WT alpha-factor H3K56ac 36
SAMEA3B60183 WT alpha-factor H3K56ac 33
SAMEA3B60184 WT alpha-factor H3K56ac 30

Runinfo Table

Runinfo Table

[=] Download

MBases MBytes Experiment InsertSize LibraryLayout SRA

250
282
290
215
266
349
289
251
239
332
226
214
214
233
305
288

DAY O-RIBT—HCFIVY

Accession List

> tO—J)L (input)

Accession List

138 ERX1303524
153 ERX1303525
159 ERX1303526
118 ERX1303527
146 ERX1303528

250 PAIRED
250 PAIRED
250 PAIRED
250 PAIRED
250 PAIRED

ERS1047303 input
ERS1047304 input
ERS1047305 input
ERS1047306 input
ERS1047307 input

s el T FIL (H3K56ac) |

137 ERX1503331
131 ERX1303532
182 ERX1303533
125 ERX1303534
118 ERX1303535
117 ERX1303536
128 ERX1303537
165 ERX1303538
159 ERX1303539

20U PAIRCD
250 PAIRED
250 PAIRED
250 PAIRED
250 PAIRED
250 PAIRED
250 PAIRED
250 PAIRED
250 PAIRED

input
input
nput
nput
nput

ERS1047315 H3K56ac
ERS1047316 H3K56ac
ERS1047317 H3K56ac
ERS1047318 H3KS56ac

antibody time

39
36
33
30
27
24
21
18
15
12
9
sync
39
36
33
30

amelieftf

© Amelieff Corporation All Rights Reserved
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NET—HFDHIE | T—HDELUTS

Accession List #4545 > 00— R

Runs Bytes Bases =l Download
Total: 47 4.42 Gb 8.06 G Runinfo Table Accessic

@ Selected: 2 255.00 Mb 464.00 M Runinfo Table Accession List
[ NON | | SRR_Acc_List.txt
ERR1231585

ERR1231587

2 N

7OottwaglBESDOIURAL (FFANTF7AIL) AP O>0O0—REnsd

¥
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SRA DA > O— RIC(F. SRA-Tools=ERI D

m SRA-Tools (http://ncbi.github.io/sra-tools/)

SRA-Tools Download Download View On
ZIP File TAR Ball GitHub

The SRA Toolkit and SDK from NCBI is a collection of tools and libraries for using data in the INSDC
Sequence Read Archives.

B AR (ETIOVYR]
— NCBI SRA 5D 7—4452>0— K [prefetch]
— SRA—S>FASTQD I A4 —<w hE#H [fastg-dump]

e
am elleff © Amelieff Corporation All Rights Reserved 24


http://ncbi.github.io/sra-tools/
http://ncbi.github.io/sra-tools/
http://ncbi.github.io/sra-tools/
http://ncbi.github.io/sra-tools/

NHET—HDOEIE | D> 00— KI5k

B SRA-ToolsDO1 > X =)L
- RKHEFT—AAZ=ZRABBHFDHEMUEFTEA

wget http://ftp-trace.ncbi.nlm.nih.gov/sra/sdk/2.6.3/sratoolkit.2.6.3-centos linux64.tar.gz

$ tar xf sratoolkit.2.6.3-centos linux64.tar.gz

$ 1n -s sratoolkit.2.6.3-centos _linux64/bin/prefetch ¥
/usr/local/bin/

$ 1n -s sratoolkit.2.6.3-centos_linux64/bin/fastg-dump ¥
/usr/local/bin/

B Z=Z : http://ncbi.github.io/sra-tools/install config.html

am elleff © Amelieff Corporation All Rights Reserved 25
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http://ncbi.github.io/sra-tools/install_config.html
http://ncbi.github.io/sra-tools/install_config.html
http://ncbi.github.io/sra-tools/install_config.html
http://ftp-trace.ncbi.nlm.nih.gov/sra/sdk/2.6.3/sratoolkit.2.6.3-centos_linux64.tar.gz
http://ftp-trace.ncbi.nlm.nih.gov/sra/sdk/2.6.3/sratoolkit.2.6.3-centos_linux64.tar.gz
http://ftp-trace.ncbi.nlm.nih.gov/sra/sdk/2.6.3/sratoolkit.2.6.3-centos_linux64.tar.gz
http://ftp-trace.ncbi.nlm.nih.gov/sra/sdk/2.6.3/sratoolkit.2.6.3-centos_linux64.tar.gz
http://ftp-trace.ncbi.nlm.nih.gov/sra/sdk/2.6.3/sratoolkit.2.6.3-centos_linux64.tar.gz
http://ftp-trace.ncbi.nlm.nih.gov/sra/sdk/2.6.3/sratoolkit.2.6.3-centos_linux64.tar.gz
http://ftp-trace.ncbi.nlm.nih.gov/sra/sdk/2.6.3/sratoolkit.2.6.3-centos_linux64.tar.gz
http://ftp-trace.ncbi.nlm.nih.gov/sra/sdk/2.6.3/sratoolkit.2.6.3-centos_linux64.tar.gz
http://ftp-trace.ncbi.nlm.nih.gov/sra/sdk/2.6.3/sratoolkit.2.6.3-centos_linux64.tar.gz

NHET—HDOEIE | D> 00— KI5k

SRA-Tools @ prefetch ON¥> RTHESHTSRAZAS > O—R

A>0— RUJ=Accession List (SRR _Acc List.txt) #
--option-file TIEE

$ prefetch --option-file SRR _Acc_ List.txt

T JAJL R TSRA(L ~/ncbi/public/sra/ [CIRFFEND

$ 1s ~/ncbi/public/sra/
ERR1231585.sra ERR1231597.sra

am elleff © Amelieff Corporation All Rights Reserved 26
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SRA-Tools @ fastg-dump ZfEAL T SRA 5 FASTQ NZH#ET D

BT —YZ2REFEI DT 1 LU hU(data)Z2ERk 3 D (E1TH )

$ mkdir data
$ cd data

--split-files Z{IFT TR I ROIT 71 )LZDE| U SFASTQICEIRT B
(EITBH)

ECTRVIRNSUIVIY RhvEiEZR T DD
URDASA R THEER)

$ fastg-dump ~/ncbi/public/sra/ERR1231585.sra --split-files
$ fastg-dump ~/ncbi/public/sra/ERR1231597.sra --split-files

I EEEEEEEEEEEEEEEEE—————
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Run selector @ LibraryLayout TRV I> RTHDICEZMHERTED

Runs Bytes Bases [=] Download
e | ABHEAY 3T —HEETXPI R (PAIRED)

47 Runs found

Q1g Run BioSample Sample name MBases MBytes Experiment Inse -ibraryLayout SRA Sample antibody time
ERR1231585 SAMEA3860169 WT alpha-factor input 38 250 138 ERX1303524 250 PAIRED ERS1047303 input 39
~| ERR1231586 SAMEA3B60170 WT alpha-factar input 36 282 153 ERX1303525 250 PAIRED ERS1047304 input 36
~| ERR1231587 SAMEA3860171 WT alpha-factor input 33 290 159 ERX1303526 250 PAIRED ERS1047305 input a3
~| ERR1231588 SAMEA3860172 WT alpha-factor input 30 215 118 ERX1303527 250 PAIRED ERS1047306 input 30
~| ERR1231589 SAMEA3860173 WT alpha-factor input 27 266 146 ERX1303528 250 PAIRED ERS1047307 input 27
~| ERR1231590 SAMEA3860174 WT alpha-factor input 24 349 191 ERX1303529 250 PAIRED ERS1047308 input 24
| ERR1231591 SAMEA3880175 WT alpha-factor input 21 289 158 ERX1303530 250 PAIRED ERS1047309 input 21
~| ERR1231592 SAMEA3B60176 WT alpha-factor input 18 251 137 ERX1303531 250 PAIRED ERS1047310 input 18
| ERR1231593 SAMEA3BB0177 WT alpha-factor input 15 239 131 ERX1303532 250 PAIRED ERS1047311 input 15
| ERR1231584 SAMEA3B80178 WT alpha-factor input 12 332 182 ERX1303533 250 PAIRED ERS1047312 input 12
| ERR1231585 SAMEA3B60179 WT alpha-factor input 9 226 125 ERX1303534 250 PAIRED ERS1047313 input a
| ERR1231596 SAMEA3B80180 WT alpha-factor input sync 214 118 ERX1303535 250 PAIRED ERS1047314 input sync
ERR1231597 SAMEA3860181 WT alpha-factor H3K56ac 39 214 117 ERX1303536 250 PAIRED ERS1047315 H3K56ac 39
| ERR1231598 SAMEA3B80182 WT alpha-factor H3K56ac 36 233 128 ERX1303537 250 PAIRED ERS1047316 H3K5Bac 36
| ERR1231599 SAMEA3B60183 WT alpha-factor H3K56ac 33 305 165 ERX1303538 250 PAIRED ERS1047317 H3K5Bac 33
| ERR1231600 SAMEA3860184 WT alpha-factor H3K56ac 30 288 159 ERX1303539 250 PAIRED ERS1047318 H3KS56ac 30

Pt I d

e T

440 COW4IN2IR4AN

ARN_DAIDCY

CDCANAT240

HAKER ~ e~

3F

e
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SRA-Tools @ fastg-dump ZfEAL T SRA 5 FASTQ NZH#ET D

ZHLUTZFASTQZ MR T D

$ 1s

ERR1231585 1.fastq ERR1231597 1.fastq
ERR1231585 2.fastq ERR1231597 2.fastq

am elleff © Amelieff Corporation All Rights Reserved 29
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seqtk (https://github.com/lh3/seqtk) Z{ERL.
EEACFASTQ ST —FD—EZik%R T D

seqtk M1 > XA =)L (SEIEERLUFEEA)

$ wget https://github.com/1h3/seqtk/archive/vl.2.tar.gz

$ tar xf vi.2.tar.gz

$ cd seqtk-1.2

$ make

$ 1n -s ~/src/seqtk-1.2/seqtk /usr/local/bin/

am elleff © Amelieff Corporation All Rights Reserved 30
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R REREEEE———————————————————————
NHT—YDHIS | EBRAT — T DIERK

seqtk Z{FERA L. EBRAICFASTQH\SFT—SD—E%IkrT D

seqtk ME1T

$ seqtk sample -s 100 ERR1231585 1.fastqg 500000 > input 1.fastq
$ seqtk sample -s 100 ERR1231585 2.fastqg 500000 > input 2.fastq
$ seqtk sample -s 100 ERR1231597 1.fastqg 500000 > sample 1.fastq
$ seqtk sample -s 100 ERR1231597 2.fastq 500000 > sample 2.fastq

-5 100: >— RfEZ100(C18%E
R7CERUS—MEZFES LT,
SOAMIHET R — RORFERERDENTED

500000 : 505U — Rt

I EEEEEEEEEEEEEEEEE—————
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- ________________________________________________________________
NHT—H DEUE

TSRO — T > AT —H OIS E  (FE1TEH)
A> 00— . SRA>FASTQZ#A

$ prefetch --option-file SRR _Acc List.txt

$ fastg-dump ~/ncbi/public/sra/ERR12315*.sra --split-files

RBROEEIRT —HZF (E1T5E)

seqtk sample -s 100 ERR1231585 1.fastq 500000 > input 1.fastq
seqtk sample -s 100 ERR1231585 2.fastq 500000 > input 2.fastq
seqtk sample -s 100 ERR1231597 1.fastq 500000 > sample 1.fastq

A A A A

seqtk sample -s 100 ERR1231597 2.fastq 500000 > sample 2.fastq
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NET—5DOHE

BT SRD > — 4 > T — 5 DHERR

$ cd /home/iu/chipseq

$ 1s data

input_1.fastq.gz input_2.fastq.gz
sample 1.fastq.gz sample 2.fastqg.gz

7oty 3 ESEOMIG

input_1 — ERR1231585_1.fastqg.gz
input_2 — ERR1231585_2.fastqg.gz
sample_1 — ERR1231597_1.fastg.gz
sample_2 — ERR1231597_2.fastqg.gz

ZNEN500,0000 — RDT—4
.,
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IAUF4 2> hO—)L | QCHIDGREESR

SO ROA VT4 FTv OV T M1 FastQC DET

$ mkdir fastgc_before

$ fastgc --nogroup -t 2 -o ./fastqc _before ¥
data/input_1.fastq.gz ¥
data/input_2.fastq.gz ¥
data/sample 1.fastq.gz ¥
data/sample 2.fastq.gz

$ 1s fastqc_before

input_1 fastqc input 2 fastqc.zip sample 2 fastqc
input 1 fastqc.zip sample 1 fastqc sample 2 fastqc.zip
input_2 fastqc sample 1 fastqc.zip
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e
IAUF4 2> hO—)L | QCHIDGREESR

FastQCOO#EERMESE (QCHI)
FEMTRSERDOhtmI D 7 1)L 2T S OY (firefox) THEER

$ firefox ¥
fastqc_before/input 1 fastqc/fastqc_report.html ¥
fastqc_before/input 2 fastqc/fastqc_report.html ¥
fastqc_before/sample 1 fastqc/fastqc_report.html ¥
fastqc_before/sample 2 fastqc/fastqc_report.html

J SO TYIHWA4DRN L
DAVFT 4 FTVIDENERMERTED

I EEEEEEEEEEEEEEEEE—————
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IDAIFT o Z

I~

=

fastqgc summary (QCgi)

inputl

Summary

@ Basic Statistics
@ Per base sequence gualit

@ Per sequence quality scores

./-_-
l\_jl Per base sequence content

@ Per base GC content

@ Per sequence GC content
@ Per base N content

@ Sequence Length Distribution

./-_-
l\_jl Sequence Duplication Levels

@ Overrepresented sequences

@ Kmer Content

amelieftf

Input2

Summary

@ Basic Statistics

@ Per base sequence quality

@ Per sequence quality scores

l:_:l Per base seguence content
@ Per base GC content

Q Per sequence GC content

@ Per base N content

@ Sequence Length Distribution

':_:1 Sequence Duplication Levels

@ Overrepresented sequences

a Kmer Content

—)L | QCRIDmEER

samplel
Summary

@ Basic Statistics

@ Per base sequence guality

@ Per sequence guality scores

@ Per base sequence content
Q_) Per base GC content

@ Per sequence GC content

@ Per base N content

(1] M)

sample2
Summary

@ Basic Statistics

@ Per base sequence quality

@ Per seguence guality scores

Q Per base sequence content

l:\_:) Per base GC content

Q Per sequence GC content

@ Per base N content

@ Seguence Length Distribution @ Sequence Length Distribution

(hjl Seguence Duplication Levels

@ Overrepresented sequences

@ Kmer Content

© Amelieff Corporation All Rights Reserved

@ Seqguence Duplication Levels

@ Overrepresented seguences

Q Kmer Content
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AT > rO—)L | QCALIE

SEIDT—4A(Cxdd DU (Trimmomaticz AL\ e—iEIEQD)

$ mkdir trimmed data

$ java -jar /usr/local/bin/trimmomatic-0.36.jar PE ¥

-threads 2 -phred33 ¥

data/input_1.fastq.gz ¥

data/input_2.fastq.gz ¥

trimmed_data/input_1 paired.fastq ¥

trimmed data/input_1 unpaired.fastq ¥
trimmed_data/input_2 paired.fastq ¥
trimmed_data/input_2 unpaired.fastq ¥

LEADING:20 TRAILING:20 SLIDINGWINDOW:4:15 MINLEN:36

[sample~] TEEEROUIEZET
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AT > rO—)L | QCALIE

SEIDT—4A(Cxdd DU (Trimmomaticz AL\ e—iEIEQR)

$ java -jar /usr/local/bin/trimmomatic-0.36.jar PE ¥

-threads 2 -phred33 ¥

data/sample 1.fastq.gz ¥

data/sample 2.fastq.gz ¥
trimmed_data/sample 1 paired.fastq ¥

trimmed data/sample_1 unpaired.fastq ¥

trimmed data/sample 2 paired.fastq ¥

trimmed data/sample_ 2 unpaired.fastq ¥

LEADING:20 TRAILING:20 SLIDINGWINDOW:4:15 MINLEN:36

CPUD I 77EUCHFEBNBNIL —-threads ODEEZKETLKITBZET
KXDSR(CAUIBT B ENHTJEE
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R REREEEE———————————————————————
TIPS | CPUOV7E &R L CTHD

$ cat /proc/cpuinfo

processor -1

vendor id : GenuineIntel

cpu family 1 6

model 1 70

model name : Intel(R) Core(TM) i7-4980HQ CPU @ 2.80GHz
stepping 1

cpu MHz 1 2793.532

cache size : 6144 KB =
Shysical id . @ cpu cores ZhER
siblings : 2

core id : 1 TTTE2 ERDTVS
Ccpu cores : 2

apicid i1

initial apicid : 1

fpu 1 yes

fpu exception : yes

cpuid level ;13

wp : yes

flags : fpu vme de pse tsc msr pae mce cx8 apic sep

11 nx rdtscp lm constant tsc rep good nopl xtopology nonstop

ECOOA7=FERHUTGIELEDET DL

MR D CELRBEFEEHDDT, IV RERITE(IRFZRAN SEPT
! |
e —

am elleff © Amelieff Corporation All Rights Reserved 40




e
AT 2> hO—)L | QCRDGREHESR

FastQCofEERME:R (QCE)

$ mkdir fastgc_after

$ fastgc --nogroup -t 2 -o fastqc_after ¥

trimmed data/input_1 paired.fastq ¥
trimmed data/input_2 paired.fastq ¥
trimmed data/sample 1 paired.fastqg ¥
trimmed_data/sample 2 paired.fastq

$ firefox ¥

fastqc_after/input_1 paired fastqc/fastqc _report.html ¥
fastqc_after/input_2 paired fastqc/fastqc_report.html ¥
fastqc_after/sample 1 paired fastqc/fastqc_report.html ¥
fastqc_after/sample 2 paired fastqc/fastqc_report.html

I EEEEEEEEEEEEEEEEE—————
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IDAIFT o Z

I~

=

FastQC summary (QC#&)

inputl

Summary

@ Basic Statistics

@ Per base sequence quality

@ Per segquence guality scores

./-_-
l\_> Per base sequence content

@ Per base GC content

lf\_jl Per sequence GC content
@ Per base N content

lf\_jl Sequence Length Distribution

l;:l Sequence Duplication Levels

@ Overrepresented sequences

@ Kmer Content

amelieftf

Input2

Summary

@ Basic Statistics

@ Per base sequence qualit

@ Per sequence guality scores

l;_) Per base sequence content
@ Per base GC content

li_) Per sequence GC content

@ Per base N content

';_:3 Sequence Length Distribution

l\_) Sequence Duplication Levels

@ Overrepresented sequences

@ Kmer Content

—)L | QCRIDmEER

samplel
Summary

@ Basic Statistics
@ Per base sequence qualit

@ Per sequence quality scores

./l_.
L) Per base sequence content

@ Per base GC content

@ Per sequence GC content

@ Per base N content

(1] M)

sample2

Summary

@ Basic Statistics
@ Per base seguence qualit

@ Per sequence quality scores

l;) Per base sequence content
@ Per base GC content

@ Per seguence GC content
@ Per base N content

@) sequence Length Distribution C:l Sequence Length Distribution

@ Sequence Duplication Levels

@ Overrepresented sequences

@ Kmer Content

© Amelieff Corporation All Rights Reserved

@ Sequence Duplication Levels

@ Overrepresented seguences

@ Kmer Content
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R REREEEE———————————————————————
AUF > ~O—)L | QCRID MBS

input_1 input2 samplel  sample2

Summary Summary Summary Summary
@ Basic Statistics @ Basic statistics @ Basic statistics @ Basic statistics
@ Per base sequence qualit @ Per base sequence qualit: @ Per base sequence gqualit @ Per base sequence qualit

@ Per sequence guality scores @ Per sequence quality scores @Per sequence guality scores @ Per sequence quality scores

23 G
k) Per base sequence content L) Per base sequence content @ Per base sequence content @ Per base sequence content

L 3 Py
QC H I_I @ Per base GC content @ Per base GC content k) Per base GC content L> Per base GC content
@ Per sequence GC content @ Per sequence GC content @ Per sequence GC content @ Per sequence GC content
@ Per base N content @ Per base N content @ Per base N content @ Per base N content

@ Sequence Length Distribution @ Sequence Length Distribution @ Sequence Length Distribution @ Sequence Length Distribution

() Sequence Duplication Levels L) Sequence Duplication Levels k) Seguence Duplication Levels @ Sequence Duplication Levels

@ Overrepresented sequences @ Overrepresented sequences @ Overrepresented sequences @ Overrepresented sequences

@ Kmer Content @ Kmer Content @ Kmer Content @ Kmer Content

Summary Summary Summary Summary
€ Basic statistics @ Basic Statistics @ Basic statistics @ Basic statistics
@ Per base sequence gualit; @ Per base sequence gualit @ Per base sequence qualit @ Per base sequence qualit

@ Per sequence quality scores @ Per sequence quality scores @ Per sequence quality scores @ Per sequence quality scores

&) Per base sequence content k) Per base sequence content L) Per base sequence content Q) Per base sequence content

QC?% @ Per base GC content @ Per base GC content @ Per base GC content @ Per base GC content

/ ) Per sequence GC content L) Per sequence GC content @ Per sequence GC content @ Per sequence GC content
@ Per base N content @ Per base N content @ Per base N content @ Per base N content

&) Sequence Length Distribution L) Sequence Length Distribution L) Sequence Length Distribution &) Sequence Length Distribution

. 3
&) Sequence Duplication Levels (&) sequence Duplication Levels @ Sequence Duplication Levels @ Sequence Duplication Levels
@ Overrepresented sequences @ Overrepresented sequences @ Overrepresented sequences @ Overrepresented sequences

@ Kmer Content @ Kmer Content @ Kmer Content @ Kmer Content

e
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<wvE>D

Bowtie2(CLBDYWVE>ZT (input77-1)JL)
$ mkdir mapping

$ bowtie2 -p 2 -x /home/iu/genome/sacCer3/Bowtie2Index/genome ¥
-1 trimmed _data/input_1 paired.fastq ¥
-2 trimmed_data/input_2_paired.fastq | ¥
samtools view -Sb - > mapping/input.bam

$ samtools sort mapping/input.bam -o mapping/input.sorted.bam
B bowtie2dd AT 3>

-p: ERT DAL W REX

-X bowtie2 TYER UTeS ) AT 7 AILA > 7w IR

-1,-2: AAfastqo 7 1)L
B SamtoolsAT= 3>

view: SAME U L (ZBAMOHF B Z# KR
-Sb: SAMH'SBAMAZ A
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<wvE>D

Bowtie2(CLBDYwVE>ZT (sampleJ7-1)JL)

$ bowtie2 -p 2 -x /home/iu/genome/sacCer3/Bowtie2Index/genome ¥

-1 trimmed _data/sample 1 paired.fastq ¥
-2 trimmed_data/sample 2 paired.fastq | ¥
samtools view -Sb - > mapping/sample.bam

$ samtools sort mapping/sample.bam -o mapping/sample.sorted.bam
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E— &k

MACS2(C LD E—DRHH

$ macs2 callpeak ¥
-t mapping/sample.sorted.bam ¥
-c mapping/input.sorted.bam ¥
--outdir macs2 res ¥
-f BAMPE -n handson2016 -B -q 0.01 -g 1.2e+7

-t F—Tw NIV (IP) T 7))L

-C tIZx9 33> ~O—JL (input) H>TFILDT71IL
--outdir #ERZHHIBDT LI KUY

-f tCTIEELED 7LD T 71 )LER

BAM. SAM. BEDMUR4Z IR T A —<w MOMEEA]RE
BAMPE(dpaired-end readZz~<w E>ZJ Ulcbam T 7 1L
(OX > ROFRBIIRRS A RICkHRETEIT—)
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- ________________________________________________________________
E— Rt

MACS2(C KD E—DRH

$ macs2 callpeak ¥
-t mapping/sample.sorted.bam ¥
-c mapping/input.sorted.bam ¥
--outdir macs2 res ¥
-f BAMPE -n handson2016 -B -q 0.01 -g 1.2e+7

-n AT 7 AILORTENF

-B IS A> kdpileup. control lambdafigil & & BedGraphfZz CIRTF
) peakcall 33 E—2UDEHME (Benjamini-Hochberg(Z kX3 FDRMDGIE)
9 [ZT4)Lk0.01)

RiEMEIEERW\NZS ) LAY A X
-g —EIOEFILEMTEEFTIFRLK,. Ebihs. ¥OXX:mmidEDERE
Hia] g

I EEEEEEEEEEEEEEEEE—————
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- ________________________________________________________________
E— it

MACS2(C LD E—DRHH

$ 1s macs2 res

handson2016 control lambda.bdg handson2016 summits.bed
handson2016_ peaks.narrowPeak handson2016_treat pileup.bdg
handson2016 peaks.xls

BT 71 )ILDEESR (L. NGS Surfer's Wikin'&Z (/3
https://cell-innovation.nig.ac.jp/wiki/tiki-index.php?page=MACS

CDEDEF—IERICIE. E—DDMEEIEHRNNEEEH NI
handson2016_peaks.narrowPeak ZFHUL\3

I EEEEEEEEEEEEEEEEE—————
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https://cell-innovation.nig.ac.jp/wiki/tiki-index.php?page=MACS
https://cell-innovation.nig.ac.jp/wiki/tiki-index.php?page=MACS

E— &k

JCRAMDSI T HERR

$ head -5 handson2016 peaks.narrowPeak

chrl 114052 114468 handson2016 peak 1 46 . 3.84001 8.16057
4.66642 252

chrII 3563036056 handson2016_peak 2 64 . 4.27147 10.05951 6.44232
198

chriv427318 427670 handson2016_peak_3 560 . 4.41420  61.01538
56.00628 186

chriVv769592 769918 handson2016_peak_4 29 . 3.31637  6.20275
2.95610 157

chriv991149 991514 handson2016_peak_5 40 . 2.81939  7.45001
4.05226 235
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E— Otk

handson2016_peaks.narrowPeakDIEBE#Z:H

1 : EihEs chrl
2 E—UBRMIE 114052
3 E—OTHE 114468
4 : E—DD%&HI handson2016_peak_1
5:E—0ODXa7 46
6 : AT R .
7 : fold-change 3.84001
8 : -log10pvalue 8.16057
9 : -log10gvalue 4.66642
Elﬁ*oﬁ: E—ORIBAENSIERETD | 252

3

e
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R REREEEE———————————————————————
oJfj1t | IGVCTE—DU =R T D

B REUZE—DZIGVTHHIET D

BAMZD 7 A )LD > 5w I X %= VER

$ cd mapping
$ samtools index input.sorted.bam

$ samtools index sample.sorted.bam

IGVC DI 7 1)L =Z=R

1. handson2016_peaks.narrowPeak
2. input.sorted.bam
3. sample.sorted.bam

I EEEEEEEEEEEEEEEEE—————
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oJfj1t | IGVCTE—DU =R T D

S. cerevisiae (sacCe... E chrlV

B chrivia2e,152-428,826

IGV

Go| #t « r@[ﬂ]:n:m | E=RERRERRRRN! IRRRRRRER
F9 (ETrackZz R T VKD ICHUOERD
| I |
Gene
handson2016_peaks.narrowPeak E——
= w T — T [ ey LTI T 1 _——
RN
é‘ ! ‘-llh-l LA o
input.sorted.bam —\ L =
2 B
| I |
4 1 4 1 | I
| - ]
e |
— | |
sample.sorted.bam ! |
|
-

- __________________________________________________
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R REREEEE———————————————————————
oJfj1t | IGVCTE—DU =R T D

AAT7DOEW\WE—0 %R

$ cd macs2 res

$ cat handson2016 summits.bed | sort -k 5n

HE25EEEWVWR 7 ZRUEE—DUZZIGVORREEICATUEER

i
visiae (sacCe... a chrlV a handson2016_peak_3| Co ﬁ 4 » @
Jhandson2016_peak_3} —

n Jump to gene or locus —

I EEEEEEEEEEEEEEEEE—————
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oJfj1t | IGVCTE—DU =R T D

[ XN ] IGV
5. cerevisiae (sacCe... g | chrlv B chrivia2e,152-428,826 Go Bt « » @& O = 2 | =R IR
u
o b M
BRRUTCE—DDFEBIN RSN TS
s [ o o e o > s o o N
|
handson2016_peaks.narrowPeak 016 poss 2
el = -k ~— -
== | - -
=¢. ‘ - .
input.sorted.bam —\ ! .
-
- ||
| | - |
| 1 1 4 | I
| = [ )
- I
— | |
sample.sorted.bam | ‘
[ |
-
7 tracks hriV:428,618 5M of 432M
- __________________________________________________
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oJfj1t | IGVCTE—DU =R T D

[ XN ] IGV
5. cerevisiae (sacCe... g | chrlv chrlV:426,152-428,826 Go Bt « » @& O = 2 | =R IR
o —_— .
E—2ODIER(FZOFR (summit)
427,000 bp 428,000 bp
| | . | |
e |
YDLO1SC YDLO14W
0-41)
input.sorted.bam Coverage
-7
sample.sorted.bam Coverags
|
handson2016_peaks.narrowPeak st pooe 5
T 7 T ™ —— o | - —— TR T, ] —_——
i .i‘=|‘ .\H IS‘ “‘.‘ ——
el = e
- ‘
input.sorted.bam j\ ! —
—
- =
1 -
[ 1 q 1 |
-
[ ] I
[
sample.sorted.bam ‘
[ ]
I
7 tracks hriV:428,618 5M of 432M

amelieftf
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oJfj{t | IGVCTE—DU =R T D

. -

§ sample.sorted.bam

handson2016_peaks.namowl

Rename Track...
Copy read details to clipboard

Group alignments by >
Sort alignments by >
- Color alignments by >

Gendinput.sorted bam

Re-pack alignments

inpu v Shade base by quality

=

«

IGV

r @O = & |

= RRRRRARRAN] ARRRARN S

2,672 bp

428,000 bp

YDLO14W

v Show mismatched base
Show all bases

hand

View as pairs
Go to mate
View mate region in split screen
Set insert size options ...

Collapsed
Expanded

v Squished

Select by name...
Clear selections

sample.soted bam

Copy read sequence
Blat read sequence
Copy consensus sequence

-3 Sashimi Plot

+ Show Coverage Track
Show Splice Junction Track
Hide Track

TNETND SV ODZRIZEETIYYIU

Sqwshed’a‘:b}R

|

Save image...
Export Alignments...

7 tracks hrlv.428 618

amelieftf

5M of 432M

N
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R REREEEE———————————————————————
oJfj1t | IGVCTE—DU =R I D

S. cerevisiae (sacCe... ¢ chrlv . chrlv:425,319-429,670 B_A
I [BERDAIENZER(CIRD TULBRIES(IE
— NRT7 DY — RTEFNTUVDEE SR END
|
handson2016_peaks.namowPea handson2016_peak_3
- = W TR T T - 1 _— ol R W

input.sorted.bam

"= i P - ‘_ S
sample sorted bam
I7 tracks [enrivaz8, 715 I |204m of 43am

e
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oJfj1t | IGVCTE—DU =R I D

—
andson2016_peaks.nam

put.sorted bam

handsq

input.sf

ample_sorted bam

sample

tracks

sample.sorted.bam

Rename Track...

Lopy read detalis to clipboard

Group alignments by
Sort alignments by
Color alignments by
Re-pack alignments

v Shade base by quality
v Show mismatched bases
Show all bases

View as pairs

Set insert size options ...

Collapsed
v Expanded
Squished

Select by name...
Clear selections

Lop

ead se CE

Copy consensus sequence

Sashimi Plot

v Show Coverage Track

Ce junction

Hide Track

Save image...
Export Alignments...
Export track names...

Remove Track

» @ [0 ox 2 |

= ERRRRRNEN] RN

> 4,346 bp

470 ann by
| Click and drag to zoom in.

handson2016_peak_3

W W, ' AR = — TR,
iR

=
L S

eaion in solit scr

SEIFHILALUTRFD — Rz

ExpandedZ &R
.

|7 tracks

[enrivazs 715

|204m of 43am

T,
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e
_HEAB | IGVTE—O %R

IGV
S. cerevisiae (sacCe... 3| chrlV S chriV:426,663-428,306 o Bt « » &M x5 2 | =EERRERNARRN] RRRARNES
||
1,642 bp
426,800 bp 000 bp 427,200 bp 400 bp 427,600 bp 427,800 bp 000 bp 428,200 bp

i
S
|
3
§
J
.
6\]
dt
S
H
>
<

o

sample sortad bam

|7 tracks hrlV:427,853 [180M of 472M

e
am elleff © Amelieff Corporation All Rights Reserved 59



V) or—=>3 >

handson2016_summits.bed(C3Xt U CsnpEfflCckDI7/) 77— 3 > ==

V)T ARERDT Lo N EER L
7 )T—> 3> i d 7 1)Lz

$ mkdir annotation

$ cd annotation

$ cat ../macs2 _res/handson2016 summits.bed

I EEEEEEEEEEEEEEEEE—————
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V) or—=>3 >

handson2016_summits.bed(CXt U CsnpEfflc kD)7 /) FT—> 3> %FMI D

$ java -jar /usr/local/bin/snpEff.jar eff ¥
-csvStats stats.txt -c /usr/local/bin/snpEff.config ¥
-i bed -0 bedAnn R64-1-1.82 ¥
../macs2_res/handson2016 summits.bed > ¥
handson2016 summits.annotated.bed

eff ANT7AIVCT )F7—>3>%Z17TD
-csvStats csVIERDBY YU —TJ 7 AILZVERRT D
e SNpEffDi%E J 7 1)L = EE

-1 ANT7AIDIA =YY b

-0 HHI7AILDITA - W b

(OY> ROFRRIFIRRAS A R CHEFIT—)
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V) or—=>3 >

handson2016_summits.bed(CXt U CsnpEfflc kD)7 /) FT—> 3> %FMI D

$ mkdir annotation

$ cd annotation

$ java -jar /usr/local/bin/snpEff.jar eff ¥
-csvStats stats.txt -c /usr/local/bin/snpEff.config ¥
-i bed -o bedAnn R64-1-1.82 ¥
../macs2_res/handson2016 summits.bed > ¥
handson2016 summits.annotated.bed

R64-1-1.82 V)= 3> I ERTRT ) LA)IN—>3

../mgcsz_res/handson2@16_ AP TF7AIL
summits.bed

I EEEEEEEEEEEEEEEEE—————
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)V )Tr—=>3z

snpEffz W)’ JF7—> 3> A%k

$ less handson2016 summits.annotated.bed

# Chromo Start End Variant;Annotation Score

I 113613 114615 1I:114304;EXON:ATS1

I 114249 114819 1I1:114304;GENE:YALO19W-A
I 109918 114918 1I1:114304;UPSTREAM:FUN30
I

113563 118563 1:114304;DOWNSTREAM:LDS1

R ESNIZE—2OsummitlC DUV T. Bl F&ETDELFICHLTIOY
> - BR - TRIREDBIHmMISEND
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- ________________________________________________________________
EF— IR

R Bioconductor package ‘rGADEM’ ZF\\/zde novo EF — J&RXD

$ mkdir ../motif
$ cd ../motif

$ R

R version 3.2.0 (2015-04-16) -- "Full of Ingredients"
Copyright (C) 2015 The R Foundation for Statistical Computing
Platform: x86 64-pc-linux-gnu (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.
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EF— JRE

R Bioconductor package ‘rGADEM’ ZF\\/zde novo EF — JIRXEQ

> library(rGADEM)
> library("BSgenome.Scerevisiae.UCSC.sacCer3")

> BED <- read.table("../macs2 res/handson2016 peaks.narrowPeak",
header=FALSE, sep="¥t")

> BED <-

data.frame(chr=as.factor(BED[,1]),
start=as.numeric(BED[,2]), end=as.numeric(BED[,3]))

MACS2Mh\SHHESNZBED D 71 IL%&E. —FJL—AEUTHERMHAD

B, handson2016_peaks.narrowPeak % {#F3

am elleff © Amelieff Corporation All Rights Reserved 65



- ________________________________________________________________
EF— IR

R Bioconductor package ‘rGADEM’ ZF\\/zde novo EF — JIRXEG

> rgBED <- IRanges(start = BED[, 2], end = BED[, 3])

> Sequences <- RangedData(rgBED, space = BED[, 1])

> gadem <- GADEM(Sequences, verbose = 1, genome = Scerevisiae)
> pdf("motif.pdf")

> plot(gadem)

> dev.off()

> q()

E— o5 (CHEE I3 EF—TJFEE L. PDFICTOY b
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EF— JRE

HH UIZEF— D =R

$ evince motif.pdf

COBES(C. MotlvirEw@EAaL., P
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MotlIV: https://www.bioconductor.org/packages/release/bioc/html/MotIV.html
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