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In this case, isolation via Poly(T)
coated magnetic beads
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NHT—5 DS

SO (CHEIRT —5
B UIJ7 LRGN (EITEH)
— http://support.illumina.com/sequencing/sequencing_software/

igenome.html
= llumina
Saccharomyces cerevisiae (Yeast) Ensembl R64-1-1 EF4
NCBI build2. 1
- = e, UCSC sacCer3 sacCer2
B RO -T2 R5T—45 (Ei77H)
~2- DDHEI Login & Submit Databases | English = Contact

o

Sequence Read Archive
Home Handbook FAQ Search Download Pipeline About DRA

News

201640601 H New: D-way &84 V9 —7 1 —ADEH

DDBJ Sequence Read Archive (DRA) & Roche 454 GS Systema, lllumina Genome Analyzer®, Applied Biosystems SOLID® System
BREDODRERY—IITVUYNSOEAT—IDIDDT—FRX—IXTY, DRA & International Nucleotide Sequence Database
Collaboration (INSDC) @ X > /\—T#& b, NCBI Sequence Read Archive (SRA) & EBI Sequence Read Archive (ERA) & DEEH D H
&, BEIhTWEY, REOFvESUYRY—I TV S5DHAT—4 & DDBJ Trace Archive I SBERL 230\,

=
i © Amelieff Corporation All Rights Reserved 8
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BEOU TP LAY ) £ — S DS

$ 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 build3.1.tar.gz
Saccharomyces cerevisiaedDU I 7 L > AT J L©ZAI)IL=ZFDWebRXR—H
55 T7>0—RUBRTD (E1T5H).

$ 1s -1 /home/iu/genome/sacCer3/

-rwxr-xr-x. 1 iu iu 12400379 5H 23 11:09 genome.fa

-rwxr-xr-x. 1 iu iu 462 5H 23 11:09 genome.fa.fai

/home/iu/genome/sacCer3/(C
RO 7ML (SEHERT 357 —5DH) ZENTHDIDTHERT D,

O m elleff © Amelieff Corporation All Rights Reserved 9
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fasta” 7 1 )LD B OIER

$ less /home/iu/genome/sacCer3/genome.fa

>chrl

CCACACCACACCCACACACCCACACACCACACCACACACCACACCACACC
CACACACACACATCCTAACACTACCCTAACACAGCCCTAATCTAACCCTG
GCCAACCTGTCTCTCAACTTACCCTCCATTACCCTGCCTCCACTCGTTAC
CCTGTCCCATTCAACCATACCACTCCGAACCACCATCCATCCCTCTACTT
ACTACCACTCACCCACCGTTACCCTCCAATTACCCATATCCAACCCACTG

1978 : A>F 4 0%
2177 ¢ EBROEHIIEHR

X [ql CHIEZRTITD

O m elleff © Amelieff Corporation All Rights Reserved 10
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TSRO — T > A5 —SFDEUSHE O
http://trace.ddbj.nig.ac.jp/dra/index.htmINF77 Ot X9 3B,

—

INFHT

~2_ DD.BI Login & Submit | Databases | English = Contact
Sequence Read Archive  (|jck!! L]
Home | Handbook | FAQ Download | Pipeline | About DRA
News

20164068501 H New: D-way &1 v 9 —7 1 —ADEH

DDBJ Sequence Read Archive (DRA) & Roche 454 GS Systeme, lllumina Genome Analyzer®, Applied Biosystems SOLID® System
BREODRERY—IIOUYMNSDEAT—FDIeHDT—FRX—XTY, DRA I International Nucleotide Sequence Database
Collaboration (INSDC) ® X >/\—T&bh, NCBI Sequence Read Archive (SRA) & EBI Sequence Read Archive (ERA) & DEEIRADH
&, BESINTWEY, EOFvESURY—IITVYMSDOHAT—4E DDBJ Trace Archive I SEERL 2SN,
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FRITIIRDS — o > X5 — S DEUSHE @
SRP0589767Z1RZK9 D,

2L DRASearch typel !

Accession : SRP058976

Organism : StudyType :

CenterName : Platform :

Keyword :

Show 20 [ records Sortby study 2 Clear

click!!
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NHT—5 DS

TSRO — T > AT —HDEUSHE @
MR E TR T D

2 DRASearch Send Feedback " Search Home © DRA Home
Study Detail Navigation

Title RNA Proximity Ligation to Resolve Intramolecular RNA Structures in situ Submission SRA271046 FTP

Study Type Other Experiment SRX1046447 SRA

Proof-of-concept of a new method involving the limited digestion and SRX1046448 SRA

Abstract subsequent ligation of intramolecular RNA structures in situ followed by SRX1046449 SRA

deep sequencing Overall design: Proof-of-concept of RPL in S. SRX1046450 SRA

cerevisiae and H. sapiens tissue culture SRX1046451 SRA

Description click!! Grxi046452 SRA

Center Name GEO SRX1046453 SRA

SRX1046454 SRA

SRX1046455 SRA

SRX1046456 SRA

SRX1046457 SRA

SRX1046458 SRA

SRX1046459 SRA

e
i © Amelieff Corporation All Rights Reserved 1
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NHT—5 DS

TSRO — T > AT —HDEUSHE @
EEREFE R T Do

. DRASearch Send Feedback " Search Home " DRA Home
-y N
GsrA
-~
<
S
Experiment Detail e Navigation
~
Title GSM1701707: RPL_yeast_imidazole_ligase;%a'ech&romyces cerevisiae; OTHER Submission SRA271046 FTP
Design Description S - Study SRP058976
. L ~ ./ Sample SRS951223

Organism Saccharomyces cerevisiae ~ o= \

S Run SRR2048224 ( SRA/

~
Library Description S o PR
~ -
Name S - PR -
Strategy OTHER Soe”
. “w I

Source TRANSCRIPTOMIC NS > O— RaJge
Selection other
Layout PAIRED

Orientation
Nominal Length
Nominal Sdev

Construction

RNA was extracted using TRIZol and Zymo DirectZOL columns Illumina TruSeq
Protocol

e
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FRITIIRDS — o > R — S DEUSHE ®
TSI IO RITD(EITHEH) o

$ mkdir -p rnaseq/data
T Z 1T S rmaseq> « Lo kU &datas« LD KU ZVERL T B,

$ cd rnaseqg/data/

$ wget ¥

ftp://ftp.ddbj.nig.ac.jp/ddbj database/dra/sralite/ByExp/lites
ra/SRX/SRX104/SRX1046452/SRR2048224/SRR2048224 . sra

SRR2048225. SRR2048228. SRR2048229(C DL\ THBEHRICAY D> O—R
- SRR2048224 : RPL_yeast_imidazole_ligase

- SRR2048225 : RPL_yeast_imidazole_ligase_rep2

- SRR2048228 : RPL_yeast_imidazole_noligase

- SRR2048229 : RPL_yeast_imidazole_noligase_rep2

e
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FRATIISRDS — o > AT —SFDBUSHE ©
SRAT—A%ZFASTQ D 7 A LN B (ZE1T5H) -
$ fastg-dump --split-files SRR2048229.sra

fastg-dump~ > R(&. NCBI SRA toolkit Z1> XA =)L I BEFIHTE S,

$ head -40000 SRR2048224 1.fastq > 10K SRR2048224 1.fastq
$ head -40000 SRR2048224 2.fastq > 10K SRR2048224 2.fastq

BE1R U — Rt I D (E1T5F) » SRR2048225. SRR2048228.
SRR2048229(C DWW CHBREER(ICUIET D,

$ 1s data

10K_SRR52048224 1.fastq 10K _SRR52048228 1.fastq
10K_SRR52048224 2.fastq 10K _SRR52048228 2.fastq
10K_SRR52048225 1.fastq 10K _SRR52048229 1.fastq
10K_SRR52048225 2.fastq 10K _SRR52048229 2.fastq

e
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NET —S DRV

FRATIISRDS — o > AT —SFDBUSHE @
S =R %R T D,
$ less data/10K SRR2048224 1.fastq

@SRR2048224.1 NS500272:29:H2KGHBGXX:1:11101:4753:1025 length=80
NTGGTNCCGAAGCTCCCACTTATTCTACACCCTCTATGTCTCTTCACAATGTCAAACTAGAGTC
AAGCTCAACAGGGTCT
+SRR2048224.1 NS500272:29:H2KGHBGXX:1:11101:4753:1025 length=80
#AAAA#FFFFFFFFFFFFFFFFFFFFFF<FFFFFFFFFFFFFFFFFFFFFFFFFFFFAFFFFFF
FAFFFFF.FFFFFFFF

fastqd 7 1 IILDOHBEZERRT Do

19778 :  @BCHIID & AHhNEER

29778 .  18EES

3178 . +BSHIID &ATNNEER

4TE: DAUTA

X fastq I 7 M ILIE1Y — RHIE D417 TREESND,
-

am elleff © Amelieff Corporation All Rights Reserved 17
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FRMTIIRDS — 4 > A5 —SF DEUEE
U — R T D

$ wc -1 data/10K_SRR2048224 1.fastq
40000 data/10K SRR2048224 1.fastq

40,000fTHHIH SN TVD Z 7R T D,
$ wc -1 data/10K_SRR2048224 2.fastq
40000 data/SRR2048224 2.fastqg

1U— RF41T778DT. U—REUF 40,000/ 4 = 1HJU—RTHD,

$ wc -1 data/*
TAILRA—R (%) TEEHTHERTED,

q melleff © Amelieff Corporation All Rights Reserved 18
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FastQC : > — 50 > X OA VT4 FTv IOV I RNIT)

$ fastqc -v
FastOC vO.10.1
IN—23 > %R T D (&=FhRIZv0.11.5),

$ fastgc -h

FastQC - A high throughput sequence QC analysis tool
SYNOPSIS
fastqc seqfilel seqgfile2 .. seqfileN

fastqc [-o output dir] [--(no)extract] [-f fastq|bam]|sam]
[-c contaminant file] seqfilel .. seqgfileN

fastqBdH T .sam¥>.bamEBigERIEE. EBE T 71 ILDIBEELRIGEE TH D,
S

O m elleff © Amelieff Corporation All Rights Reserved 19



- ________________________________________________________________
AU« > bO—)L

FastQCDOZELT

$ mkdir fastqgc_res
$ fastqc -o fastqc_res -f fastq --nogroup ¥

data/10K SRR2048224 1.fastq data/10K SRR2048224 2.fastq
$ 1s fastqc_res

10K_SRR2048224 1 _fastqc 10K_SRR2048224 2 fastqc
10K_SRR2048224 1 fastqc.zip 10K_SRR2048224 2 fastqc.zip

FRATHESRDOhtmI D 7 )L %Z2 J SO (firefox) THEER T D,

$ firefox ¥
fastqc _res/10K SRR2048224 1 fastqc/fastqc_report.html ¥
fastqc_res/10K _SRR2048224 2 fastqc/fastqc_report.html

WEBTJ ST LT, OAUT 4 FI v IDENIERNER TED,
SRR2048225. SRR2048228. SRR2048229(C DWW CHBEHKRICUIET B,

I EEEEEEEEEEEEEEEEEE————
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AU« > bO—)L

FastQCOfERIESRE O

Summary

Q9 Basic Statistics

@ Basic Statistics
@ Per base sequence quali

. Basic Statistics
@ Per sequence quality scores Filename 10K_SRR2048224_1 .fastq - A 7_\’ &
@ Per base sequence content File type Conventional base calls j / ’I/) I/ODEZKE’] * !ﬁ$E° "
I7AIWIAT, U—R

@ Per base GC content Encoding Sanger / lllumina 1.9 ;yk&\ U _ I\Efd: &@;l%ﬁﬁb\
Per sequence GC content Total Sequences 10000 i‘%/_.l_T é ;h. 5
[o]
€ per base N content Filtered Sequences 0 Z C Cldwarning, failure
@ Sequence Length Distribution Sequence length 80 (j:ll:l:ll Td: L \ .

@ Sequence Duplication Levels

%GC 45
Overrepresented sequences

Kmer Content

I EEEEEEEEEEEEEEEEEE————
am elleff © Amelieff Corporation All Rights Reserved 21
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FastQCODHERHEER

Per Base Sequence Quality

fEEh (XD — RR. fitih(EIquality valueZzx 9,

U — ROALEICHITDIEERDOIAY S OPRSIUYEDIEITZMHR TS D. TRfRlE
hofE, FHR(IFIE. BEOMNRY TX(F25%~75%DMEEgZxRT . LT (CH
OTEEW/(—H'10%~90% DnElgZz EK T B,

@ Per base sequence quality

Pasition in read (bp)

© Amelieff Corporation All Rights Reserved 22
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FastQCOOFERIESR O

(7 Per sequence quality scores

Quality score distribution over all sequences

2250 Average Quality per read
2000
1750

1500

Per Sequence Quality Scores
ftEmHt L — R, 1EERA Phred
quality score®d¥1I1E,

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Mean Sequence Quality (Phred Score)

e
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FastQCOOFERIER @
Per Base Sequence Content
) — RICHBITDMUE TCORIEEDEISZRT,
WINHDMET. AETORIGEDZE. HULIFGECDEIED
ZM10%LBL 12 Ewarning,20% LA _E Tfailure & 733,

(%) Per base sequence content

Sequence content across all bases
100

%C

90

80

70

60

50

40

30

20

123456789 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79
Pasition in read (bp)

am elleff © Amelieff Corporation All Rights Reserved 24
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FastQCODHERHEER

Per sequence GC content

GC distribution over all sequences

S00 GC count per read
Theoretical Distribution

800

Per Base GC Content
) — RICHIFTBDMUE TDOCCE=
Z=XKI,

700

WINHDET. EAETDGC
SEDFEIELDS5%U EDER
i < &warning, 10% Cfailure

200 &Tdtg o

100

0

02468 11 15 19 23 27 31 35 39 43 47 51 55 59 63 67 71 75 79 83 87 91 95 99
Mean GC content (%)

I EEEEEEEEEEEEEEEEEE————
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FastQCOOFERIER ®
Per Base N Content
“N'F2— > H—DREIRE TCATGCLWYWI NDIERE (CEHEREL RN/
BECEIRENd. JU— ROWITNHDAIE T5% LU ENITFIET S
&Ewarning, 20% L _ECfailure& 7835,

@ Per base N content

Pasition in read (bp)

I EEEEEEEEEEEEEEEEEE————
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FastQCODHERHEER

o Sequence Length Distribution

Distribution of sequence lengths over all sequences
00000

Sequence Length

Sequence Length Distribution
U — REDEAERDDT,
ECOU—RDODESHAECTHDZ
EZEBIHRELTHD. —ETRITN
(Fwarning. CODOEDOHMNEFENT
LB Efailurell7d B,

am elleff © Amelieff Corporation All Rights Reserved 27
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FastQCOFERIEER ®

(%) Sequence Duplication Levels

Sequence Duplication Levels
) — ROEELN)ZRETULD,
1~10(FENENEEDLNIL T,
PRD20% U LN T =—DTTRWE
Dz Ewarning, 50% U EHV 11— —
O TIrL\ Efailure&EiR D,

eeeeeeeeeeeeeeeeeeeeeeee
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FastQCOFERIESR ©

Overrepresented sequences

CTCAAACTTCCATCGGCTTGAAACCGATAGTCCCTCTAAGAAGTGGATAA 0.89 No Hit
CTAACGTCTATGCGAGTGTTTGGGTGTAAAACCCATACGCGTAATGAAAG 43 0.43 No Hit
CTAACTTTCGTTCTTGATTAATGAAAACGTCCTTGGCAAATGCTTTCGCA 42 0.42 No Hit
CAGGTCCAGACACAATAAGGATTGACAGATTGAGAGCTCTTTCTTGATTT 40 0.4 No Hit
CAGAAAGTGATGTTGACGCAATGTGATTTCTGCCCAGTGCTCTGAATGTC 37 0.37 No Hit

CTCTTTTCAAAGTTCTTTTCATCTTTCCATCACTGTACTTGTTCGCTATC 36 0.36 No Hit Overl‘epl‘esentEd Seq uences
GCTGAACTTAAGCATATCAATAAGCGGAGGAAAAGAAACCAACCGGGATT 36 0.36 No Hit E%g L/ t L) 5 @E §|J t % O) "'i"u AN j& ie g— o

ACCAGGTCCAGACACAATAAGGATTGACAGATTGAGAGCTCTTTCTTGAT 33 0.33 No Hit

CTCACCAGGTCCAGACACAATAAGGATTGACAGATTGAGAGCTCTTTCTT 32 0.32 No Hit Ef% & d) @E §IJ 73 é IJ |\ d) O 10/ 0 73._: iL
CCAGAACCCAAAGACTTTGATTTCTCGTAAGGTGCCGAGTGGGTCATTAA 31 0.31 No Hit i 5 t warn | N g 10 /0 % ﬂgﬁ i 5 C‘:
N

CTTCCCTTTCAACAATTTCACGTAC CACTCTCTTTTCAAAGTTCT 29 0.29 No Hit
failure& 72
CCCTGTGGTAACTTTTCTGGCACCTCTAGCCTC, TTCCGAGGGACTAA 29 0.29 No Hit a I u re d\ [e]
CTAAGGGGGGCTCATGGAGAACAGAAATCTCCAGTAGAACAAAAGGGTAA 28 0.27999999999999997 No Hit
CTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTCTAAG 27 0.27 No Hit
CTCTCTTTTCAAAGTTCTTTTCATCTTTCCATCACTGTACTTGTTCGCTA 26 0.26 No Hit
CTGAACTTAAGCATATCAATAAGCGGAGGAAAAGAAACCAACCGGGATTG 25 0.25 No Hit
CTCAAACAGGCATGCCCCCTGGAATACCAAGGGGCGCAATGTGCGTTCAA 24 0.24 No Hit

e
O m elleff © Amelieff Corporation All Rights Reserved 29



- ________________________________________________________________
AU« > bO—)L

PRINSEQ : AU« > bO—ILY I DTV
PR I N S E Q Home FAQ Manual Downloads SF Project Page Use PRINSEQ

Easy and rapid quality control and
data preprocessing.

PRINSEQ can be used to filter, reformat, or trim your genomic and metagenomic

sequence data. It generates summary statistics of your sequences in graphical
and tabular format. It is easily configurable and provides a user-friendly interface.

- http://prinseq.sourceforge.net
PEE

B PolyA/T tailDBRZE

B AU MEWY — RXKRIgD MU= D
B AL EAEWVD — RDERE

B HFEIDHDY — RDBRZE

e
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PRINSEQD - > XA b—)L(ZE1TiEH)
$ wget ¥

https://sourceforge.net/projects/prinseq/files/standalone/prin
seg-lite-0.20.4.tar.gz #V—XI—RZ5FDO>0O—RK

tar zxvf prinseq-lite-0.20.4.tar.gz #REH

cd prinseg-lite-0.20.4 #JOUSLADAD TWVWDT LT KUICHEE)
chmod +x prinseq-lite.pl #FETIERZHS

ln -s /path/to/prinseq-1lite-0.20.4/prinseq-lite.pl ¥
/usr/local/bin #PATHZIEY

A A A A

PRINSEQMfEL 5 DHEER
$ prinseq-lite.pl -h

am elleff © Amelieff Corporation All Rights Reserved 31
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HISAT2 : XwvE>DOYVYI NI T
http://ccb.jhu.edu/software/hisat2/index.shtml

50

B XTSA2>20%ZBEUTCT ) LRIV E> DTS
B TopHat2&KDEBIEE - EEEEB(CMELTWD
B AFEUHEEEHNDRRL)

Table 1 | Sensitivity and precision of leading spliced aligners

No. of splice sites No. of true splice Sensitivity Precision

Program reported sites reported (%) (%)
HISATx1 91,904 85,546 97.3 93.1
HISATx2 90,331 85,603 97.3 94.8
HISAT 90,300 85,587 97.3 94.8
STAR 95,892 84,678 96.3 88.3
STARx2 92,254 84,734 96.3 91.8
GSNAP 92,547 85,598 97.3 92.5
OLego 86,779 82,879 94.2 95.5
TopHat2 96,474 79,705 90.6 82.6

Table 2 | Run times and memory usage for HISAT and

other spliced aligners

Program Run time (min) Memory usage (GB)
HISATx1 22.7 4.3
HISATx2 47.7 4.3
HISAT 26.7 4.3
STAR 25 28
STARx2 50.5 28
GSNAP 291.9 20.2
OLego 989.5 3.7
TopHat2 1,170 4.3

amelieff

Kim et al., Nature Methods, 2015

-
© Amelieff Corporation All Rights Reserved
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HISAT2DA > X b—)U(ZE1TiE)

$ wget ¥
ftp://ftp.ccb.jhu.edu/pub/infphilo/hisat2/downloads/hisat2-
2.0.4-Linux_x86_64.zip #YV—XI—R&EAI>O—R

$ unzip hisat2-2.0.4-Linux_x86 64.zip # EH

$ 1n -s /path/to/hisat2-2.0.4/hisat2 /usr/local/bin #PATHZIEY

e
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HISAT2DIndex T 7 1 )LDAF D> O— R(ZEITHEH)
$ wget ftp://ftp.ccb.jhu.edu/pub/infphilo/hisat2/data/sc3.tar.gz

$ tar zxvf sc3.tar.gz

$ 1s /home/iu/genome/sacCer3/Hisat2Index/

genome.l.ht2 genome.3.ht2 genome.5.ht2 genome.7.ht2
genome.2.ht2 genome.4.ht2 genome.6.ht2 genome.8.ht2

HISAT20DEL S DR
$ hisat2 -h

HISAT2 version 2.0.4 by Daehwan Kim (infphilo@gmail.com,
www.ccb.jhu.edu/people/infphilo)

Usage:hisat2 [options]* -x <ht2-idx> {-1 <m1> -2 <m2> | -U <r>
--sra-acc <SRA accession number>} [-S <sam>]

I EEEEEEEEEEEEEEEEEE————
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HRIES
BEFORERE 2 BEFLICYYITEINZY— R

B ROLELGTFEEIYYTEINDY—REZEL<LIRD (BnFRD/IN1T7R)
B HTILEDZNS U EFENYTND I —REZLIRD (DI A7 R)

= INBD/\A T RAZMEL T SRIREZ LR T DHEN DD

B BIREE U TR FBEONDIEE
RPKM (Reads Per Kilobase per Million mapped reads)

FPKM (Fragments Per Kilobase of exon per Million mapped fragments)

EE5E, BIREZT UV REEVYETHTHIEULZIE
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Cufflinks : B FFREIRENY I D)7
http://cole-trapnell-lab.github.io/cufflinks

cufflinksDfEU NS DHESR
$ cufflinks

cufflinks v2.2.1
linked against Boost version 105400

Usage: cufflinks [options] <hits.sam>

General Options:
-o/--output-dir write all output files to this directory
-p/--num-threads number of threads used during analysis
--seed value of random number generator seed
-G/--GTF quantitate against reference transcript annotations
-g/--GTF-guide use reference transcript annotation to guide assembly
-M/--mask-file ignore all alignment within transcripts in this file

-g: 72 IJILDHA REUTBIHIDOELFIBRZERITDIZENTED,
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T DAMDRNA-seqf#tfr

B UJ7 L ANSDEYEDIGS
— SNP - InDelt&i (GATK, freebays)
- mi&EEFRE (Chimerascan, TopHat-Fusion)
— circular RNA#&HE (DCC, CIRI)
— 2 >7J)LE)LRNAEEMT (Cell Ranger (10x Genomics))

B UIJ7LARNRWENBDRS :
— De novo7tz>JYU (Trinity)
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KEBECCHBNITB/I\ATS1>

:07rU?4:|> m—u/: PRINSEQ
=z HISAT2
RATE Cufflinks
T Cuffdiff

[ EH;EA b CummeRbund
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GEEEERD oo

[ TvE>S ] HISAT2
AR Cufflinks
T Cuffdiff

[ EH‘;M b CummeRbund
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AU« > bO—)L

PRINSEQICKDUOAVUF > ~O—I)L
$ mkdir 1 _gc

$ prinseqg-lite.pl -fastqg data/10K _SRR2048224 1.fastq ¥
-fastg2 data/10K _SRR2048224 2.fastq ¥
-out_good 1 qc/10K _SRR2048224.notail ¥
-out_bad null -out _format 3 -trim_left 5 -trim_tail right 5 ¥
-trim_qual_right 30 -ns max _p 20 -min_len 30

-fastq AFDFASTQTI 7 1)L

-fastg2 ATDFASTQI 7AIL (RFP I RDizE

-out_good J A )L —7=@E Uiz — %]

-out_bad Ja)LZUu>JdEnizyU—Rogai (nullidtin Liguy)

-out_format 1 (FASTA only), 2 (FASTA and QUAL), 3 (FASTQ),
4 (FASTQ and FASTA), or 5 (FASTQ, FASTA and QUAL)
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OAUZF« 2> bO-)L

PRINSEQICKDUOAVUF > ~O—I)L
$ mkdir 1 _gc

$ prinseqg-lite.pl -fastqg data/10K _SRR2048224 1.fastq ¥
-fastg2 data/10K _SRR2048224 2.fastq ¥
-out_good 1 qc/10K _SRR2048224.notail ¥
-out_bad null -out _format 3 -trim_left 5 -trim_tail right 5 ¥
-trim_qual_right 30 -ns max _p 20 -min_len 30

SRR2048225. SRR2048228. SRR2048229(C DWW CHEEHRICAIET B,

-trim_tail_right | 3'RIDRUF—ILH 5 U E DK EIRE
-tim_qual_right | 3FELS5I4 U7 30U TOEREREA
-NS_mMax_p *ﬁﬂwﬁE(N)b“’}lﬂ-U— RigZE (20%BL L)
-min_len ' EREAEU— RBE (30bpUF)

PRINSEQ(3HBsH CEHEEIRN T DT 7 THD. OAUFTA4FIT VD
WMo NJU=>T. TAIILFYUZTRTHRRIRTOEAN A]EE
e
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AU« > bO—)L

FastQCDOZELT
$ fastqc -o fastqc_res -f fastqg --nogroup ¥
1 gc/10K _SRR2048224.notail 1.fastq ¥
1 _qc/10K_SRR2048224.notail 2.fastq
FEMTREER DhtmMI T 7 1 )LZ2 T S5 OY (firefox) TR T Do
$ firefox fastqgc res/10K SRR2048224.notail 1 fastqgc.html

@ Basic Statistics @ Basic Statistics
s Vs I hossre | oo
Filename 10K_SRR2048224_1.fastq Filename 10K_SRR2048224.notail_1.fastq
File type Conventional base calls File type Conventional base calls
Encoding Sanger / lllumina 1.9 ‘ Encoding Sanger / lllumina 1.9
Total Sequences 10000 Ll 2 el HEZ

Filtered Sequences 0 Filtered Sequences O

Sequence length 80 Sequence length  46-75

%GC 45 %GC 45

) ——>/JH] D)——>J%%
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AV« d>2 bO-)L
U— ROAUT 1 DHER

@ Per base sequence quality @ Per base sequence quality
Quality scores across all bases (Sanger / lllumina 1.9 encoding) Quality scores across all bases (Sanger / lllumina 1.9 encoding)
36 36
34 I B 1R SRR saf U DAL 091 L
32 N LI] ] 1 0 o 0 3 32 N 10O O 0 8 o i ]
0[] 30
28 28
26 B 26 [ ]
24 24
22 = =~ = 22 — —] = = -
20 20
18 18
16 16
14 14
12 ‘N B 12 0B B
10 10
8 8
6 6
4 a
2 2
o 123456789 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79 o 123456789 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75
Position in read (bp) Position in read (bp)

) ——> /08 IV)——>7J%%
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OAUZF« 2> bO-)L

BIEEDSHBERDOMHER

(%} Per base sequence content Q Per base sequence content
Sequence content across all bases Sequence content across all bases

100 100
%T %T
%G %G

90 WA 90 A
%G WG

80 80

70 70

80 60

123456789 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75
Position in read (bp)

123456789 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79
Position in read (bp)

) ——> /08 o) ——>77%%
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[07rU?4:|> m—u/] PRINSEQ
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’ RInES | Cufflinks
FIREES | Cuffdiff
[ EIEiE] ‘ CummeRbund
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HISATD 7))L X s
B TSA2>20%ZBLULTT ) LR
(CRYE>TTS a
B hierarchical indexingzFAL\S & T
SR CEBREDT 1 A MOV O]EE
b

4444444444

I
4= Global Search @ @
4= Local Search | el | e2

4= Extension @) I

2 .
24,447,287 | - I
* —
: m
B (]
— -

Kim et al., Nature Methods, 2015
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$ mkdir 2_mapping

$ hisat2 -x /home/iu/genome/sacCer3/Hisat2Index/genome --dta ¥
--dta-cufflinks -1 1 gc/10K SRR2048224.notail 1.fastq ¥

-2 1 qc/10K _SRR2048224.notail 2.fastq ¥
-S 2 mapping/10K _SRR2048224.sam

--dta JYEIERMNS 7T UERTDS
--dta-cufflinks cufflinks®DizsbD 7> T UHEITDS
-S SAMTJ 7 A )LICEZTH I &)

SRR2048225. SRR2048228. SRR2048229(C DWW CHEHRICAIET B,
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SweE>D

$ mkdir 2_mapping

$ hisat2 -x /home/iu/genome/sacCer3/Hisat2Index/genome --dta ¥
--dta-cufflinks -1 1 gc/10K SRR2048224.notail 1.fastq ¥

-2 1 qc/10K _SRR2048224.notail 2.fastq ¥
-S 2 mapping/10K _SRR2048224.sam

9992 reads; of these:
9992 (100.00%) were paired; of these:
2174 (21.76%) aligned concordantly @ times
193 (1.93%) aligned concordantly exactly 1 time
7625 (76.31%) aligned concordantly >1 times

2174 pairs aligned concordantly © times; of these:
3 (0.14%) aligned discordantly 1 time

2171 pairs aligned © times concordantly or discordantly; of these:
4342 mates make up the pairs; of these:
2925 (67.37%) aligned © times
99 (2.28%) aligned exactly 1 time
1318 (30.35%) aligned >1 times
85.36% overall alignment rate
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SAM T 7 1 )L%ZBAM D 7 1 ) LICZHA

$ samtools view -b 2 mapping/10K _SRR2048224.sam ¥
> 2_mapping/10K _SRR2048224.bam
$ 1s -1lh

-rw-rw-r-- 1 iu iu 1.7M 5H 31 13:52 2016 10K _SRR2048224.bam
-rw-rw-r-- 1 iu iu 13M G5H 31 14:54 2016 10K _SRR2048224.sam

13MDSAM T 7 A )L 1.7MD)\AF U T 7 A )LICEB=EN D,

BAMD 71 )lL=ZY — b

$ samtools sort 2 mapping/10K _SRR2048224.bam ¥
-0 2 _mapping/10K _SRR2048224.sorted.bam

$ 1s

10K _SRR2048224.bam 10K SRR2048224.sorted.bam
10K _SRR2048224.sam

SRR2048225. SRR2048228. SRR2048229(C DWW CHHEHRICUIET B,
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N ESTEROBEEIL

BAMZD 7 A )LD > 5w D R & AFRk

$ samtools index 2 mapping/10K SRR2048224.sorted.bam
$ 1s 2 mapping

10K _SRR2048224.bam

10K _SRR2048224.sam

10K _SRR2048224.sorted.bam

10K _SRR2048224.sorted.bam.bai

SRR2048225. SRR2048228. SRR2048229(C DWW CHEERICUIET D,
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N ESTEROBEEIL

Integrative Genomics Viewer (IGV)%Z AU \ZAETIER O O

$ igv.sh

File Genomes\yiew Tracks Regions Tools GenomeSpace Help

Load Genome from File...

ger
Load Genome from URL...

v

IGVEIEEN L.

Load Genome From Server...

Create .genome File...

Manage Genome List...

1% v vl X Xl KV
v M vl Vil Xl X

[»

Genomes’&d I h'5
Load Genomes from

p8Y

File... %z 1843R,

I»fle]

27 I-DIgF(): ’Ij sacCer3

1z
MIEEIEIEES

I Bowtie2index [ genes.gtf
[ Bowtielndex [} genome dict
] EWAIndex [} genome fa

] Hisat2Index D genome. fa.ann
D ensGene.txt D genome. fa.bwt
D ensGeneMma.fa D gencme fa fai

3 byChr D genome fa.amb D refGene. txt

D genome.fa.pac

D genome.fa.sa

) mask gt /home/iu/geno
[) refGonebma.fa me/sacCer3d
FZHdD

Z7PAILA(N): I

- genome.fa%ziE

ZPAIDEAT(T): |§"\"(0377~r)|/

- RUR L,

[~

I I

|[Bo3m of 1,504m |
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Integrative Genomics Viewer (IGV)%Z AU \ZAETIER O @

Fil jew Tracks

Regions

Tools GenomeSpace Help

Load from File... i l All

|

Load from DAS... | k”
o from omaan.. ||| CHCKE

File 5
— " . . " 1l Load from File...

T EIEIR

V— NBHD
bam”J 71 )L%&
EIRUA <,

amelieff
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N ESTEROBEEIL

Integrative Genomics Viewer (IGV)%Z RV \ZAETIER O G

IGV
File Genomes View Tracks Regions Tools GencmeSpace Help
genome fa v | [chrx ~ | |chrx:139,767-139,933] Go T « @ O = 2 | =REREARRRRRERE] RRREE!
. =
167 bp
139.780 bp 139,800 bp 139.820 bp 139,840 bp 139.860 bp 139,880 bp 139,900 bp 139,920 bp

| [

10K_SRR2048224 sarted bam o | | B98%
Be

I
I
I
I
I
10K_SRR2048224. scrted bam I I
I
i
i

3 tracks loaded ” ”

H—FJ > RDI(CchrX:139,767-139,933& A7,

|H37M of 768M
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HIEE=

cufflinksd=E1T

$ cufflinks -o SRR2048224 --min-frags-per-transfrag 2 ¥
2 _mapping/10K _SRR2048224.sorted.bam

$ 1s SRR2048224

genes.fpkm_tracking skipped.gtf
isoforms.fpkm _tracking transcripts.gtf

genes.fpkm_tracking DR

$ less genes.fpkm_ tracking
458 (CGene ID. 105IB(CFPKMMEESH =N TLD,

SRR2048225. SRR2048228. SRR2048229(C DWW CHEEHRICAIET B,
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HIEE=

transcripts.gtf.txtDVERk

$ vim transcripts.gtf.txt

BAE—K (i) TUTZEA

SRR2048224/transcripts.gtf
SRR2048225/transcripts.gtf
SRR2048228/transcripts.gtf
SRR2048229/transcripts.gtf

BAT—RDET : TR -7 (ESC)
aN>RE-R: 0> ()

RF : OY> RE—RT w + Enter

BT . ON> RE—RT q + Enter
REFEEI(CHT . OV RE—RT q! + Enter
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=z HISAT2

| RATE ] Cufflinks

Cuffdiff

[ o] fR1b ] CummeRbund
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FEIRLEER

cuffmerge®3E1T

$ cuffmerge -o COMPARE ¥

-g /home/iu/genome/sacCer3/genes.gtf ¥
-s /home/iu/genome/sacCer3/genome.fa ¥
transcripts.gtf.txt

-0/--output-dir HHT7a Lo KU

-g/--ref-gtf )= > RADgtf 7 A)L
-s/--ref-sequence U7 L >RTJ ILFASTAD 7 1)L
-p/--num-threads ALY RE (IJA)b=1)
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FEIRLEER

cuffdiffdd3E1T

$ cuffdiff -o COMPARE -L Groupl,Group2 COMPARE/merged.gtf ¥
2 _mapping/10K_SRR2048224.sorted.bam,¥
2 _mapping/10K _SRR2048225.sorted.bam ¥
2 _mapping/10K _SRR2048228.sorted.bam,¥
2 _mapping/10K _SRR2048229.sorted.bam

-0/--output-dir )= > RADgtf 7 A)L
-L/--labels TI—TDIEE (BXEXID)
-p/--num-threads ALY RE (IOA)K=1)

e
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=z HISAT2
AR Cufflinks
T | Cuffdiff
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cummeRbund DB
http://compbio.mit.edu/cummeRbund/index.html

CufflinksDfgRzZH\TCajfR{ItZ 1T DRI\ o —=

$ R #Cufflinks®DEITT« LU ~J (COMPARE) THEHNT D
> library(cummeRbund)
> cuff <- readCufflinks()

> cuff
CuffSet instance with:
2 samples # B> T)LER
6935 genes # 1BEL T
7077 isoforms # ILEEY)ER
7052 TSS # RGBS
6643 CDS # 1— RoBigER
6935 promoters # JOE—5—%
7052 splicing # XTS5 J5EEER
6534 relCDS # FEEN ] — RoBig

e
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cummeRbundD#B7

> s <- csScatter(genes(cuff), "Groupl", "Group2", smooth=T)
> S

genes

Scatter Plot
i IIL—TREICBITD
i B CFRROROETRY

p2
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CIE:A

cummeRbund®#B7T

> dens <- csDensity(genes(cuff))

> dens

> densRep <- csDensity(genes(cuff),replicates=T)
> densRep

genes genes

a

=

o
a
=3
o

N
9 9
o
£ e
N
99909
EEE -
T T T O

Iog1 0(fpkm) Iog1 O(fpkm)

I EEEEEEEEEEEEEEEEEE————
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NHEFT—FDAF
-
FastQCIC KD IAVUFT 4 FIT VD
-
PRINSEQICKDTIAVUF > ~O—)L
|
HISAT2(CKDYwvE>D
|
IGVICKB YV E>TERDRIHAE
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Cufflinks(C K BDFIRTE=
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|
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REER CTRBNMUILRNE. #FREDO—HITT,
HDFEA. BEDT—HI(CE

W—)LO&ERIC [1ERZ] (&
BUTZY —IV2&ERLU. KD RUVEETFIRZ L

LTl TLEELY,
(a) Pre-analysls
Experimental design Sequencing design Quality control
A A A
'd N O B C A
"',::" m""’"’ Joplicate rumber - Spike-ine? R‘mkmf‘ bt m: Rawreass P Quantiicaton  Reproducuiiy
_ante Lomu*:m 3 nptm For qual*y control *Avokb eorlfwm* smni quality, Rid «L Correlation,
vs better for isoform  or power analysis  and library-size axperimental factors GC content, uniformity, biotypes, PCA,
palred-end analys's software with technical factors K-mers, duplicates GC contont  low-counts  batch effects
(b) Core-analysis
Transcriptome profifing Differential expression Interpretation
A A A
C ) d ) A
Bl Wity Quarniicition  Quanifioato  Preprocessing  Differential expression mu".‘g"“"“l . Functional profiling
P
anthg Comimo * c:nh. Low-eo?lﬁlllr * swdn? events *
or existing gene-level, RPKM/FPKM, bias removal, vs. isoform functions, GSEA,
assembly exon-level TPM normalization pathway analysis
{c) Advanced-analysis
Visualization Other ANA-seq integration
N A A
d A L N A
B L e e Taee
s b S b b s b $ & d-
Conesa et al., Genome Biology, 2016
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