Special Session : HI0|2QI= 319‘

S A wHF v AE ¢35 RNA-seq £4 To|Zael A
RNA—seq Analysis Pipeline for Differential Gene Expression

Moot 4% Jung Minah, Kim Dae—soo
57 |[=HSHHSHRIC S, ShEMEISIqT1e] University of Science and Technology,
Korea Research Institute of Bioscience and
Biotechnology
fodel;

ofe] AE A4 oFolXE RNAseq B4 H4L

3 Wol A2fe 5 ghe shel script Sfolelole Pt APAES

lels trimming, quality control, mapping, assembly, quantification & 7 IS AXA] &3, 3 = A= =kl

(command line) P02 $i2} wledw} Al Wk Aol

I A&

DNAS] 3 AHE  RNAY  BAlEE A}
(transcription) A& AAA T, A= 44
21 B ohjzk B4 23le] ols) 2Asketl, fAt
o A% e f, A, wol 5 mAYel Aol 1}
Ep7|% gt mebs RNA-seq #45 S3f ke
W Rol® Ao Wyl wlo] B fuAE
s, tid-E este] B3Rl A5E AAleke
ToZ $EEH

2t D714 EEAJ(Next  Generation  Sequencing,
NGS)o&2 F7A|e] A7M &S w2 Adstar A Hst
Al A =QITHLL o] I3l i F-4F HiolH
£ QL 571 Qo] A¥ s /ol 5 STk NG
2 A= dlolEE ©]83Fe] RNA-seq 41 ZI38gh
o} RNA-seq> o8] @AIE AXA EAsk=d], o] #A4
o sol Teodle ik, 27 e B4t 3
"ol glerz AxpaEisio] Agai Zol PsalA,
2 meage v 9E Mg 2 A8 e
Yeokshe 9] 27] 12 ofelgol lor, whil o) w
Al Agkel =2 a8 Aegs)jo} = HARgo] St

WP EHE 2 A oIS Blshiy] B
o] quc}, ATy} vz, 7RI 3}, o2l gk
whg Aol o el el W Aole
namsfe] £ o B el 7 Aol o
H|wate], 1 fol& ek Ae ue &
o} NGS ZH]oflx = ¢ Hlo[E & o] 83t F 1

R

ojft

m)

:
jud r
B

1

N
Ir

oX,
o
;

e
s
o
o
Wi

1
i
i

F1te] W zpolE Hlushs AiE EEshe gho)ze}
Q1S shell script® 733}

I. RNA-seq &4 mo]zZ gl

ERIE 4= Sl fold change(FC) #7HA] 28 4+ == 33t
E B EEN E EEEN

1. RNA-seq &4 ™

NGS #24] A3} ko] readE 47 €}, raw read?]
& B Ao} dojxrg, el Bk oF 2o 1)
olElE AlAsh= timmimg®] FS Xt timming
E-of|= Trimmomatic, sickle, cutadapt 5] It} trim%
read®] HEEE ERIsH7] $l8te] quality control(QC)
T2wg AFgE IO FasQC T2IAE B
o] o]83hH, A= 2=} phred(Q) score2 ERIgH
t}, £H]E readZ reference genomeol| &0 mapping
ZJo] o]ojZlt}, mapping E2i= Bowtie, TopHat,
BWA, HISAT2 5°] Jt}. human®] genome reference
9} annotation datai= iGenome(https://support. illumina,
com/  sequencing/sequencing_software/igenome. html)
A L& 4 Aok mapping HYPOE A2 sam IS
AEate], binary 21| bam 22 WEksith bam I}
S o]83}¢], exon, intron, CDS 59| gene 7+Z& &
olel= assembly S A% 3, read®] depthE o]
sto] A=K (quantification)sl= A& Zlggic}, AJ=ka}
of A= wEER M olel A} o hE
Z o 2 FPKM(paired end)3} read count7} 2AQItH2],

2. RNA-seq 2A mlo|=Zzlol M

RNA-seq Tjo|Zz}ele CentOS 6.79] &2 734
A FEING, (18 D BAesh 24 ol 4]
88 20 9 1 ae Aed wAwold

trimming tool- java Bl|©]2~2] Trimmomatico] 224 #
) readE & Waor 812 paired end, EEE Q
score 3302 7] AHEo] girt, Helg <1 nixrt
A2 java W|o]2=9] FastQC7} A€t HEH readES
reference genome®l| mapping 3H= 2FL HISAT2E
0|83kt samtoolsE APAIA sam LS bam L



| 2018

=S

B 320

2 WEsl 3 suingtie®] assembly ZAS A3t} o]o]
4] cuffnorm, featureCounts jelﬂo 2 o] zt
Z} FPKM#} read count® S Fx]8}stl3),

e o2 cuffnorm 213 Ad} WS FPKM 2|2

olgsle] F AMZ wES v & Qe fold
change(FO s ARk, oy AP AFtella 2Jm|g)

Al B7ERE logo(FC) #k 2 o]l

o] A3E AlEgit,
( inputs )

Trimmomatic
(0.36)

R ar==2 ujre s}

| trimming

: FastQC

| quality control i |
: HISAT2

| mapping 2 ‘
: samtools

| sorting e ‘

| assembly stringtie |

(1.3.3b)

cuffnorm(2.2.1),
featureCounts(1.5.3)

| quantification

R
(3.2.5)

calculating FC

gene expression

( outputs ) ° loeFC
. DEG

P> 13 1. RNA-seq B4 OMOJZ2}Q1 Al
o

am g

3. RNA-seq 24 mo|=Zztol A3l

gtolzelels APstr] s Al JHe] AAHE,
RNA_2sets,sh, sample_sheet sh, cuffnorm FCR7} E&
3t} RNA_2sets.shi=  mapping¥  differential
expression gene(DEG)E AT & IS AA|el= Tol
ZelQl  shell 2FAYEO|T:  Fo|ZiQl  UjhellA]
sample_sheet sh 2~THE7} A E=t)], vHE-213] o)A
A7)+ replication data® IFHEE £7] 9t 2o|r},
E90 2 cuffnorm FC.RE cuffnorm® 2 & FPKM Zr<
o]l g3t FCE AlRkstal, DEGE A|383%= R 23 HEZ
gho]Zal ujFollx] At

g2 344 (2" 1o Z2I3(Ttrimmomatic,
FastQC, HISAT2, samtools, stringtie, cuffnorm,
featureCounts, R)S A3t} & dlo]El= reference
genome(_fa), annotation(,gth ¥} FX5}1A} = A

Q( fastg)olct, 28} RNA_2sets.sh, sample_sheet,sh,
cuffnorm_FC.R¥} /raw_data ZTIE &FH|sl, ¢ U
= BABA Fa fasig HUS )

(D)} 22 A= 2RI E RNA 2sets.sh scriptE 4
R

$bash RNA_2sets.sh (1)

A Aylzs ol Y Zr], /wimmed_data,
/fastqe, ./bam_sam_gtf, ./hisat2_summary, ./cuffnorm,
J/foldchange7} AYAJET}, /trimmed data= trm]mlmg
A} YA E fastq Y, /fastqeol= read?] HEE|S
FRNE T e P )
J/bam_sam_gtf ET| o= mappingo] Fo]=  sam,
bam, gif IUo] Z&A3PH, /hisat2_summaryolxe
assembly A= 3ol 4= Qlt} | /cuffnormolls= FPKM
Zko] Qar, featureCounts.txt 3PS E read count Ho]
HE 42 < Q) vixete g2 ffoldchange ZH o=
cuffnorm 7—2131} AAFE FPKM 3k 2 38k fold change
#xol Utk logy(FO) #k 2 ol A& w= st
o] W& S| cuffnorm 1og2FC_over2 txt SAZE #]
sk, o] uwe HFAAE  cuffnorm_log2FC_
over2_genelist xt2 #J5te] dake] Heols =3t

Intel(R) Xeon(R) CPU E5-4607 v2 @ 2.60GHz,
207GB RAM 3FHoA human®| 27 paired end
datasets(5,0 ~ 5.3 GB, 471¢] fastq FL)E o]g3f] 1
o|AEe st Ax AFE A77HA] 247 10045
o] Agto] 8wl

NGS #4 A7} AYAH raw reads o83k, F-72}
A APKslaL, 2 2olE Wl #A48}7] ffske]
ofg] S 7ZI I el vk Z2a9S A

S5, Sk T

sl Aius Sl AgA fd

‘;-< R 7F 9 W 453 - sl sl

S5, FC Gk 719 2ol opd

AXIERIAL, FPKMI} FC 3Eo= D‘r—ro}ﬂl
SEblo] St An Ao e o B 7
Zo] 227339 cufflinks protocol A¥}e} HIWFFIS
o, cuidite] 43 Afke] 2R S o] vl 5,
cuffnorm FCRE& % w9 AlZFCZ FC9} DEGE 4L
% slo] AAHoI,

" Stopzzzlel 4 2t e WA A 1 olek
G o R A5 W el sFseitt gl
ztole] w2 13 ‘?iﬂ—‘ whste] AW el =
Bol| ol H7IE gt} mgk 270 o} 1-*«1 i3
A vl 23 w2, Y= 5 A 7§E Zﬂo T
2 gete] AFAp) vs HehA JHE dE F %
= & Zlojt.

| QAR

[1] Martin J., Wang Z., “Next-generation transcriptome
assembly”, Nat Rev Genet, Vol, 12, pp. 671-682, 2011,

[2] Griffith M et al, “Informatics for RNA Sequencing: A
Web Resource for Analysis on the Cloud’, PLoS
Comput Biol. Vol 11(8), 2015,

(3] Trapnell C. et al, “Differential gene and transcript
expression analysis of RNA-seq experiments with
TopHat and Cufflinks”, Nat, Protoc, Vol, 7, pp. 562-
578, 2012.





