RNA-seq 76 &

HiE 5hE

2018-03-23

RNA-seq &&

TANT—=X%ZHAWT, RNA-seq fiffi 2 ZEIZP>THASD. TAMT—XE LT, Sac-
charomyces cerevisiae % NEIZIEINzT — X 2 fHHT 5 L.

V=KD~ vyl BEFRELEE CREEHOANT Y ETITFS. ZOHDHNT
X, B—AVBETHEISEER?2 (cammeRbund?) ZFHT 5 Z & T, &EHKETEDHA
Bk, b= by TREDIER, BEADD > 2B EFHOMELRENAEETH 5.

BB, SEORETHAT S HEIC S, SEETOY — FEIC D7 5 5
{pINTWE, VI T Te b"cai’ HTSGq4, [)Eseq57 DESGqQG, edgeR7 VAN tf)"%":g
Fons.

F—Y#EfFQR/N Y

Wik, G LT — R EEEHANT Y ETHTT 272012, ATV EAT— RS
%/

G|
il
ExiTS. SEE, ARV ETT—2%X 7 run— KU, LU CTEEZEDS.

7 7 1 )ERE

BBIF AR AT T — R 2k T 5.

1. FileZilla, WinScp 2 & D7 7 1 VgtV 7 M &k o T, T—XIRE%1TS.
2. scp AX Y RIZLK BT 71 )ViRiE
BEHR/ROAQTA Y

Windows D561, TeraTerm 72 &% W 5. Mac, Linux D% 1%, Uik z H) L T5E
179 5.



$ ssh user@gw.ddbj.nig.ac.jp
$ qlogin

Y—N—Asq ik

#VEZEIG T DHER
$ pwd
/home/hi-takah

#7—RDX Y a—F
curl -0 http://bioinfo.pf.chiba-u. jp/rna-seq-nig/rna-seq_20180323.zip

#7714 A SDHER
$ 1s

#lLAG T — X DR
$ unzip rna-seq_20180323.zip

#ER G~ E)
$ cd rna-seq_20180323

#155 T DR
$ pwd
/home/hi-takah/rna-seq_20180323

#7 7 A IV OER
$ 1s
fastq genes.gtf idx

fastq D HFEER

$ less fastq/SRR453566_1.fq

@SRR453566.2151832 HWI-ST167:4:2107:11419:39607 length=101
CCAGAATCTAGAAAGTTGTTTGCTGCTACTGTTGCAAAGGCTAAGACCATTGTCTGGAACGGTCCACCAGGTGTTTTCGAATTCG
+
CCCFFFFFHGHHHJJHIJIJJJIJI1JJJIIIIIIIIIIITIIIIIIIIIIIIIIIIGIJIIBHICECGGHTA=@@DDDCEDDDD
@SRR453566.4926005 HWI-ST167:7:2107:20424:50062 length=101
CGCCATTCTCTTGAAGTACTTGACACAAGTAGAGATGTTTTCTTCATCGGTTTCTTCAGACAAATCCAACATGTGGGAGGAGAAT
+

CCCFFFFFHHHHHJJJIJIJJJIJIJIIIHIIIIIIIIIIIIIIIFGIJIGBHHIJIIGGIIIITIJIJTAHHTIHHIGACEFBA ; @0



F—4 DS

AELET—XIZETRO 7 7AILNREETN TNV S,

rna-seq_20180323/

}— fastq

—— SRR453566_1.fq
—— SRR453566_2.fq
—— SRR453567_1.fq
—— SRR453567_2.fq
—— SRR453569_1.fq
—— SRR453569 _2.fq
—— SRR453570_1.fq
—— SRR453570_2.fq
— genes.gtf

L

idx

—— Bowtie2Index
}— genome.1.bt2
— genome.2.bt2
}— genome.3.bt2
— genome.4.bt2
}— genome.fa

— genome.rev.1l.bt2
L genome.rev.2.bt2

77 ANV condition # of reads
SRR453566_1.fq batch 1 100,000
SRR453566_ 2.fq 100,000
SRR453567 _1.fq batch 2 100,000
SRR453567_2.fq 100,000
SRR453569 1.fq chemo 1 100,000
SRR453569  2.fq 100,000
SRR453570 1.fq chemo 2 100,000
SRR453570_2.fq 100,000

TvEVY

%A% TopHat2 2 VT, RNA-seq U —RZ VI 7 L VAT ) LAIZIXY YT T 5, IV
U TIZBEWTESRT ) L BIETHER7 74V (gtf 77 00V) BBEL LS.



HAEITRET 74 7744 fs 3%

fastq 7 7 1)V R fastq, *** 1q, paired, single \Z 3 315D RNA-seq
*** fastq.gz, T =&
X L.z

gtf 7 7 1V genes.gtf T/ T—=arvI7 A (S
(Saccharomyces iGenomes® & D HUf)

cerevisiae (Yeast)

Ensembl R64-1-1)
V757 L YA/ L Bowtie2lndex WA 1 bowtie2-build TIEK T %
DAVTVIAT T
1L

< v EY Y (TopHat2)
RNA-seq D v EVZIZBLTI, < DY 7 I T7HEFEINTVWS. WINEHE
B ERRIZFEEINT VS,

« TopHat?
« TopHat2'®
« STARM
« HISAT2!?

FEREY OGS, 77 LY — v Ak bowtie2!3 72 & &2 FH\\ 5

av Y ROMESR

ANRAVNIA VAN =IVFEADY 7 v 7 —E U 2SM8T 5L, TopHat2 IZBILT6
DON—=Y a VHIMEHARETH 5.

R N—Yarv PATH
TopHat2 2.1.1 Jusr/local/pkg/tophat2/2.1.1
Jusr/local/pkg/tophat2/current
2.1.0 /usr/local/pkg/tophat2/2.1.0
2.0.13 /usr/local /pkg/tophat2/2.0.13
2.0.11 /usr/local/pkg/tophat2/2.0.11
2.0.5 /usr/local /pkg/tophat2/2.0.5
2.04 /usr/local/pkg/tophat2/2.0.4
Cufflinks 2.2.1 Jusr/local/pkg/Cufflinks/2.2.1
Jusr/local /pkg/Cufflinks/current
/usr/local /bin



B4y N— 3y PATH

2.1.1 Jusr/local/pkg/Cufflinks/2.1.1
2.0.1 Jusr/local /pkg/Cufflinks/2.0.1
2.0.0 /usr/local /pkg/Cufflinks/2.0.0

IV REHERLTAS.

$ /usr/local/pkg/tophat2/2.1.1/tophat2
tophat:
TopHat maps short sequences from spliced transcripts to whole genomes.

Usage:
tophat [options] <bowtie_index> <readsl[,reads2,...]> [readsl[,reads2,...]] \
[qualsl, [quals2,...]] [qualsl[,quals2,...]]
Options:
-v/--version
-o/--output-dir <string> [ default: ./tophat_out ]
--bowtiel [ default: bowtie2 ]

S475Y—IkonT

strand specific DY > FIVFHEE X v M2 HH L TW55451%, “library-type” & 7> 3 ~
EHWAZ LT, V—ROMAEE2EZELETY Y IDWHEGELE 5. RO cuffdiff IZH W
THEMOA T a vEBETIE L.

Library Type Examples Description

fr- Standard Reads from the left-most end of the fragment (in

unstranded [llumina transcript coordinates) map to the transcript strand,

(default) and the right-most end maps to the opposite strand.

fr-firststrand dUTP, NSR, Same as above except we enforce the rule that the
NNSR right-most end of the fragment (in transcript

coordinates) is the first sequenced (or only sequenced
for single-end reads). Equivalently, it is assumed that
only the strand generated during first strand synthesis

is sequenced.



Library Type Examples Description

fr- Directional Same as above except we enforce the rule that the

secondstrand  Illumina left-most end of the fragment (in transcript
(Ligation), coordinates) is the first sequenced (or only sequenced
Standard for single-end reads). Equivalently, it is assumed that
SOLiD only the strand generated during second strand

synthesis is sequenced.

tophatl.sh

SRR453566 7 — X % TopHat2 TY Y ¥ 7 %175,

#!/bin/bash

#$ -S /bin/bash
#$ -N enshu_tophat
#$ -pe def_slot 8
#$ -cwd

f=("SRR453566")
tophat="/usr/local/pkg/tophat2/2.1.1/tophat2"

${tophat} -p 8 -o ${f} --GTF genes.gtf \
idx/Bowtie2Index/genome \
fastq/${f}_1.fq \
fastq/${f}_2.fq

$ gsub -1 short -1 s_vmem=1G -1 mem_req=1G tophatl.sh
$ gstat

FHEMNKD B &, SRR453566 7 1« L7 bV BERRE I, < DFERT 7 1 VDK S
TW5.

SRR453566/

}— accepted_hits.bam
— align summary.txt
}— deletions.bed
—— insertions.bed
}— junctions.bed



F———— logs
— bam_merge_um.log

F———— bowtie.
—— bowtie.
F———— bowtie.
—— bowtie.
F———— bowtie.
F———— bowtie.

left_kept_reads.

left_kept_reads
left_kept_reads
left_kept_reads
left_kept_reads
left_kept_reads

log

.m2g_um.log

.m2g_um_segl.log
.m2g_um_seg2.log
.m2g_um_seg3.log
.m2g_um_segd.log

|

|

|

|

|

|

|

| —— bowtie.
| F———— bowtie.
| —— bowtie.
| F———— bowtie.
| —— bowtie.
| F———— bowtie.
| — bowtie_
| F———— g2f.err
|

|

|

|

|

|

|

|

|

|

|

|

|

|

right_kept_reads.log
right_kept_reads.m2g_um.log
right_kept_reads.m2g um_segl.log
right_kept_reads.m2g_um_seg2.log
right_kept_reads.m2g um_seg3.log
right kept_reads.m2g um_seg4.log
build.log

— g2f .out

— gtf juncs.log

— juncs_db.log

— long_spanning reads.segs.log
— m2g left kept_reads.err
— m2g_left_kept_reads.out
— m2g right kept_reads.err
— m2g _right kept_reads.out
— prep_reads.log

F———— reports.log

— reports.samtools_sort.log0

F———— run.log

— segment_juncs.log
L tophat.log

— prep_reads.info

L unmapped. bam

tophat.sh

BOD3DDT—RIZDOWTH TopHat2 2Ef73 5. YV IO~y vy 7z,
for V=T %I BHIENTES,



#$ -cwd
f=("SRR453567" "SRR453569" "SRR453570")
tophat="/usr/local/pkg/tophat2/2.1.1/tophat2"

for sample in ${f[e]}

do
${tophat} -p 8 -o ${sample} --GTF genes.gtf \
idx/Bowtie2Index/genome \
fastq/${sample}_1.fq \
fastq/${sample}_2.fq
done
=17

$ gsub -1 short -1 s_vmem=1G -1 mem_req=1G tophat.sh
$ gstat

cuffdiff

TopHat2 (ZNHUMNDY 7 b7 THH]) THRONZY Y Y THER (TopHat2 D
&%, accepted hits.bam) (ZFDWT, ZBEMLEFDORBELREZITS.

av Y ROwERR

$ cuffdiff
cuffdiff v2.2.1 (4237)
Usage: cuffdiff [options] <transcripts.gtf> <samplel hits.sam> <sample2_hits.sam> [
Supply replicate SAMs as comma separated lists for each condition: samplel_repl.sa
General Options:
-o/--output-dir write all output files to this directory
-L/--labels comma-separated list of condition labels



cuffdiff.sh

XYV IREREAWT, cuffdiff IZ & 2BETRELEZITS. “L/--labels” + 7 =
VT, BV TINOHAFTE XYY (AR—AEIAE) THETS. bam 7 71V
i, “L/--labels” A 7Y a VY E[F U TR T 2 M ENH LD THET S, KEFEBRD
F—RFHVTEY Y LT, $ I EAR—ATELS, (n=1 [+ D @i 05
ETH, plEPBAHEINEINIZEACEERZ LRI RWV.)

#!/bin/bash

#$ -S /bin/bash

#$ -N enshu_cuffdiff
#$ -pe def_slot 8

#$ -cwd

bam="accepted_hits.bam"
f=("SRR453566" "SRR453567" "SRR453569" "SRR453570")

cuffdiff -p 8 -o yeast -L batch,chemo \
genes.gtf \

${£[0]}/${bam}, ${f [1]1}/${bam} ${f[2]}/${bam},${f [3]}/${bam}

$ gsub -1 short -1 s_vmem=1G -1 mem req=1G cuffdiff.sh
$ gstat

R

TRDOLSIZ, ZLDFERT 7 ANVDBHIINS. IROAT v 7L LTIE, R(cummeRbund)
ZHWS Z L TAHUER ENEBTE 5. yeast T4 L2 MV ZDH D% cummeRbund
DASIEUTHERAT 5.

77 ANV NA
isoforms.fpkm__tracking Transcript FPKMs
genes.fpkm_ tracking Gene FPKMs. Tracks the summed FPKM of

transcripts sharing each gene id

cds.fpkm_ tracking Coding sequence FPKMs. Tracks the summed
FPKM of transcripts sharing each p_ id,
independent of tss_id

tss_ groups.fpkm__ tracking Primary transcript FPKMs. Tracks the summed
FPKM of transcripts sharing each tss_id



T 7 AN NA

isoforms.count_ tracking Transcript counts

genes.count_ tracking Gene counts. Tracks the summed counts of
transcripts sharing each gene id

cds.count_ tracking Coding sequence counts. Tracks the summed
counts of transcripts sharing each p_ id,
independent of tss_id

tss_groups.count_ tracking Primary transcript counts. Tracks the summed
counts of transcripts sharing each tss_id

isoforms.read__group__ tracking Transcript read group tracking

genes.read_ group_ tracking Gene read group tracking. Tracks the summed

expression and counts of transcripts sharing each
gene_id in each replicate

cds.read__group_ tracking Coding sequence FPKMs. Tracks the summed
expression and counts of transcripts sharing each
p_id, independent of tss_id in each replicate

tss_groups.read_group_ tracking Primary transcript FPKMs. Tracks the summed
expression and counts of transcripts sharing each
tss_id in each replicate

isoform__exp.diff Transcript-level differential expression.

gene_exp.diff Gene-level differential expression. Tests
differences in the summed FPKM of transcripts
sharing each gene id

tss_group_ exp.diff Primary transcript differential expression. Tests
differences in the summed FPKM of transcripts
sharing each tss_ id

cds_exp.diff Coding sequence differential expression. Tests
differences in the summed FPKM of transcripts
sharing each p_id independent of tss_id

gene__exp.diff

gene_exp.diff IZHFHREREVEN I TWVWDE. ATy 6 XYy —FLT, =7
VTR Y 5.

$ less yeast/gene_exp.diff
test_id gene_id gene locus sample_1 sample_2 status value_ 1 value

p_value q_value significant

155 rRNA 155 rRNA 155 rRNA MT:6545-8194 batch chemo NOTES
inf 0 1
1 no

10



215_rRNA 21S_rRNA 21S_rRNA MT:58008-62447 batch chemo  NOTES

1 no
HRA1 HRA1 HRA1 1:94686-99868  batch chemo NOTEST 41.7801 49.416 0.242
ICR1 ICR1 ICR1 IX:393883-397082 batch  chemo  NOTEST 7.4821 3.437
1.12192 0 1 1

no
LSR1 LSR1 LSR1 I1:680687-681862 batch chemo  NOTEST 15.346 47.18
NME1 NME1 NME1 XIV:585586-585926 batch  chemo NOTEST O 0
PWR1 PWR1 PWR1 IX:393883-397082 batch  chemo  NOTEST 10.1823 0
inf 0 1 1 no
Q0010 Q0010 Q0010  MT:3951-4415 batch  chemo NOTEST O 0 0

Z DAt

RO T — ZERIZHWZY — )L,

1. seqtk!®: V—=FRDH 7Y 7
2. SRA Toolkit'®: SRA 75 sra 7 — X OHUfS, fastq ~NDZE

&
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