HERANRFE (RNA-Seq)

% A #
lyd@zjsu.edu.cn



Topics

LEFeRBF?

RNA-SeqffmRE?




replication
(DNA -> DNA)
DNA Polymerase

transcription
(DNA -> RNA)
RNA Polymerase

WP R R

translation
(RNA -> Protein)
Ribosome

yu=l
Protein EHERAH

AN BEEEEEE

Egiéﬂtranscrlptome

« H—IHAEMIRAEN MR BT EHRRH
P FEEZHRNARN ST, BIFEE
RNA(MRNA) . #Z#E K RNA(rRNA) . 1=
RNA(tRNA)REEIERISRNA(NCRNA)ZE,

-« IRNEERABIBEREAIFTEMRNA,

“A transcriptome is a collection of all the

transcripts (323=2\) present in a given cell.”
(NHGRI factsheet, NIH, US)



RREF

HRAFAFERNMAE, BITEREAE. BR. S[ENASHERAVARERTERNSRERNAD T
HISSEIFNELE.

HERAFHHIRN "BEFKIE(gene expression profiles)” | HMFE—MFERME FHIRNARIXIKYE,

[EURARYOTIC cEnE ExvREssion]

« Gene expression is the process by which information
from a gene is used in the synthesis of a functional

gene product (RNASKEHRRE). P . j\—a o
« Regulation of a gene expression refers to the control -

of the amount and timing of appearance of the /| anscehion g tisien

functional product of a gene. T Feeceming | Fecesing
 Gene expression is the most fundamental level at A f. PP re

which the genotype gives rise to the phenotype, i.e., —— [ 2382 T

observable trait.



What is RNA-seq?

* RNA-seq? BB ENF ARG NAREARRER SR STRERNE R,

RNA-Seq: arevolutionary tool for transcriptomics

Zhong Wang, Mark Gerstein & Michael Snyder &

Nature Reviews Genetics 10, 57-63 (2009) ‘ Cite this article

» Also called “Whole Transcriptome
Shotgun Sequencing (WTSS)
» Refers to the use of high-throughput

sequencing technologies

RNA-Seq s a recently developed approach to transcriptome profiling that uses deep- « Se quen cin gc DNA to g et information
sequencing technologies. Studies using this method have already altered our view of the

209k Accesses ‘ 8172 Citations ‘ 225 Altmetric ‘ Metrics

Abstract

about a sample’s RNA content
» A powerful tool to detect the whole
transcriptome in cell and tissue.

extent and complexity of eukaryotic transcriptomes. RNA-Seq also provides a far more
precise measurement of levels of transcripts and their isoforms than other methods. This
article describes the RNA-Seq approach, the challenges associated with its application, and
the advances made so far in characterizing several eukaryote transcriptomes.

https://www.nature.com/articles/nrqg2484



https://www.nature.com/articles/nrg2484

ERIAREARE

Sequencing-based

* NGS

* 3GS (Long-reads)
* Single cell
* Direct seq (eBNA)

A /

+ RNA-SeqaIL UL BI04 SATIRT B EAOMR, TIDNAT K RASRI BRI RARITIA
+ RNA-SeqtU S HAIRITBRE SRS : BiHEIKE



RNA-SeqillFRIF

* RNA-SeqiR AR RIMARIBIFEERA. IZERENEERSFHRNRIENTE

* RNA-SeqRLIFETERMEM MERERER, RAERATHIERT, NERASKRIERFEIHIR
eSS HENEES

% @ »
l splicing s ANR
¥

alternative

1IN

/ @ 29
HB? . ZATS A§F1 ABF3 ABF4  ANACO32

F3H3| HSFABA, DREB2A ANAC102 - RD2S

spliced 3
. OST1
mRNAs ABIT ABE
p E @ ABIT A SnRKA7 * SnRK2.9
g aBcG31  PYLS PYL&FYR1 C SHAK2S
>, 5 L @ HAI Hal2 HAB .
¥ PMT  RCARGPYLIZ PYLS wr SIRK25 \SnRKZ10 X
® HABY HAB2 LF}
PYLS PYL7RCARY DOR.22 1 SORKAA5
. AHG1 AHG3
protein CPK1 CPK2CPKE

—l -~
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GTEX : Genotype-Tissue Expression

- GTEx (Genotype-Tissue Expression), ERZ-HLIRIAARELR, ARAKRKTRBLEEAR
HNERFRES MIERRIXEX,

» https://gtexportal.org

"! BTE}E PDI’TE]' © About GTEx 8 Pubkications. [l Access Blospecmens @ FAGs I Contact

Resource Overview Explore GTEx
Current Release (V&) (g Browse By gene ID Browse and search all data by gene
Tissue & Sample Statishcs
Tissue Samplng Info (Analomogram) By vartant of rs 1D Browse and search all data by variant

Access & Download Data
Belegss Hitdo By Trisue Browse and search all data by bssue
Hislology Image Viewer Browse and search GTEx hisiology images

How 1o cile GTEx?

This Genotype-Trisus Expression (GTEx) progect

collecied from 54 non-diseased kssue sies P Expression Mulbi-Gene Query Browse and search expression by gene and tissue
@Cross nearty 1000 indeaduals, primarity Tor
mclecular asadys inchuding WS, WES, and
FENA- S, Riamcaining samples. aie Svalabiy Top 50 Expressed Genes  Visualize the top 50 expressed genes in each lissue
from e GTEx Becbank. The GTExX Portal

v SRR SICEES K SRl SOl ger Transcripl Browser Visualize transcripl expression and isoform struciures
iic , OTLs, and ¥ images
:IEEEHEK]H‘EM'I ng "

Hews and Events



RNA-SediREE
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2. fRAs

3. EEDT
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S NIHERRE
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—iRERE/DF=IREESL,
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2. 1% oS

H PR AR
Adr) | ) )
J’l*/ V1))
g ZH 21 TGk

ol EE

RERD IS REZFAIZNG;
SNSRAATEe, BEERA
IR 5,

B RNAZHEY
HEEN1~2 yg RNAR]#E
RNA-seqillFFEE=K

RNAZ; 4ty

RNASD B2

Ll BFEZEYIR
MRNA—fZEpoly(A)E, &
Hpoly(MHFETEE:;

73152 RAYSTRRIRNAIR
HHESRNASE, BidER
BEPEARIRNA,

FTWT, HEEDNASE,
FEEETHE , ik

|

cDNANESiE
XHpoly(T)EZHRES
ZmRNARIpoly(A)EE, ZiE
3 imlRE, tHR T
poly(A)EBLEHIMRNAS
ncRNA, BJLAREBETLS |47
ITREFFKAREE.



2. 2 EEASETE

Total RNA I
\ \
2
T — —_— - SRS E
—— —
faomonaton || e = —— N O e e
— DNALESEAR Z s
J - PHERME (strand-specific)
— — — - EERBICFIRCIRES
cDNA R HRINASRER
—— e ——
2

Adaptors ligated
to cDNA

Single/ Paired End
Sequencing



2.3 Rk

PE vs. SE =

Forward Read| i |
SR (Pair-End, PE)SEFIFEEEXER . .
R1SELERIR(Single-End, SE)UFER S s —

HI‘JI:I_/,XT_I-%%O Reconstructed Sequence

MEFRE
- NFREERELRNEARERME, i1, SHENERRESTT, SETERRAEEFZSHNFRE.
- BEXNEREFEESHNERE:
. NIEERIMS, 30MZE35bpHireadsHEZMERRASZEEE (>90%);
« XWARMT, 100M%EreadsAgetilIE] ~ 80%FRIAERE, 300MFreadsABetailIZ] ~ 80%HIERR
XERA,

Reverse Primer

] Reverse Read

IENEFERESHLLIEMNEREEBIMFIESENER,



3RS

* RNA-seq#UR D IT—RIRME

Rawfiles.fastq

\
|r Raw Data QC \ :l Trimming )
|___(FastQC, PRINSEQ) j | (PRINSEQ, Trimmomatic) |
---------------- o — ------'------------d
Ref genome.fasta r_ 5.] IEIH]IE G I P ommmmennccccanens :
------------------ - e T
( Read Alignment E l' Post-Alignment 1
(HISAT2) ) : QC ! ‘
e o Rsecc) _}
G Gene_annotations.bed
------------------ ™ —
Quantification E E '3 113; Iﬁﬂs

|r Differential analysis E %E%i
{ (edgeR, DESeq) I

CSC



3. 1ZUERREIES

@FastQC Report

Summary

@ Basic Statistics

@Per base sequence quality

Per tile sequence quality

@Per sequence quality scores

@Per base sequence content

@Per sequence GC content

@Per base N content

@Sequence Length Distribution

@Sequence Duplication Levels

Overrepresented sequences

Adapter Content

@Kmer Content

40
38
36
a4
32
a0
28
26
24
22
20
18
16
14
12
10
o

(=T ST )

@Per base sequence quality

1234567891213 18-18 24-25 30-31 36-37 42-43 48-49 54-55 60-61 66-67 72-73 78-79 B84-85 20-91 96-97

Position in rea

d (bp)

M R EERY R

 FastQC—lIFREITH
FASTP, Trimmomatic—[hm&E#

RNA-SeQC

rRNA rate
Duplicated rate

Coverage

2l

HiE DI ERRRERE

Aligned rate

J



3.2iZEz[ElMg(mapping)

RNA-seq#IED IR =FhoRHE

@ zaEs O zoppma
FEE BEE

BYFE L0 g'II'SAAg JEBr X | Bowtie
v A 4

Fooxt 2 A2 WS eIk

Cufflinks,

StringTie RSEM,
GPP;?:—‘E‘V W}PP&% Kallisto
AL E FESRARLEE SR AL E
NGE R RGE i R B

FIVRECXT | Blast2GO
v
DReRE

LB A HRNA

TRt

De Bruijnl%]

Y

Trinity

Mk

Pz

AR EELLRS ‘

r

Bowtie

B ER LY

HTGCTRER

A

HTSeq-count,
RSEM

W a4

E

r
=1
1528

EFSES)

Blast2GO

h 4
REERE




3.2iZEz[ElMg(mapping)

EEXITREE mexmma) — _

J5ix—: Bttt (spliced aligning)

. U7k qB0 V= —— —— — f i Bowtie’freads
JcHmapped readsiE 3 BTERIBI YIRS = == = Boutiireac
(Exon-first), [§fEunmapped readssFEl adt == - ‘ -

| | —_— UCHC AVCHE
splice junction(Tophat/HISAT); l i
« Seed-and-extend —_— S S S g i A UL fidreads

F|AreadshyaBs 5 (k-mers)FHIRELRTITRE,

BEfE XS AT BERILLXI IR (hits) BURE(RSREIBS ] Py

i=} — e — M 0 i U seed R
= — KreadsHxt 51

GT AG AG B X 3

TopHat T{F/RIE



3.2iZEz[ElMg(mapping)

ELXITRAR (mexeamn)

FiE=: FEEEIEEXS (unspliced aligning)
 JEFrEexonTREMEI— B ERA T
REUERE, BEreadstbITIXNEUREE.

- ERA. NEFEIRERERBENTENEI
=Y

@1 sermEg (b)

CLEE - 00)

A

HISAT,
STAR

y

oS Ed

HEAH

Cufflinks,

StringTie

GFFE‘V Qﬁpmﬂ%

e AR 45 5E
MOER:

o AR E
MoER

[ E oS

Blast2GO

v
hREER: |

ANHD

SRR

JRB R RT

B

v

HEX 25 w4

h 4

Bowtie

RSEM,
Kallisto

R A ERE

Mg

O ki

FNH

BE

De Bruijn#
¥

BB

Trinity

y

MEkHE

4%&?&&[:5@

Bowtie

Hﬁxifﬁ FEx

HTGTRER

E

v

HTSeq-count,
RSEM

Blast2GO

A A

EE

&ﬁé\




3.2iZEz[ElMg(mapping)

RNA-seqEE oAV =FH5RHES

ELXITRAR mozzma) o

2B 3R O sz R L
iE—:
ARG R BITAIFRRIE R, [t | B R
E;ﬁ: BT H X g.ll.iAR;r ’ JETgHELLX] | Bowtie De Bruiin | Trinity
v v v
}~A§k(de no VO)ZE% (j:;fﬁg) i?igﬂ Feobr 21 AL R ZH ES LSS MR
. . Cufflinks, . .
Trlnlty StringTie RSEM, AEBY 4 L xS ! Bowtie
GPEJERE JCGRRIE R Kallisto EEis e
¥ e | HTSeg-count,
BRI | | A WA EIGTFIER | RsEM
KO FE & B b @ E
R LA | Blast2GO FIVEEC AT | Blast2GO

)4 \ 4
T [ ik |




3.3 BERTEE

iZ£EZ#(reads counts)
. R{REBK—ITEreads

HTSeqg-count, featureCounts

- (REAZEEireads, FAFRIHMREIGESELIRNreadsTEMNRIIIMNAVERANFHA L

Cufflinks, StringTie, RSEM

Sample A Reads
"o "o
-'-'--...':::::::.'.."".—" PSR .
Bgps ma m- - - — — — — B ) - g e by " o
T b T 1y

e
el T



3.3 BERTEE

EStEN
(Normalization) ——
- RIENRFRE. HEKE

RPKM: Reads Per Kilobase of exon model per
Million mapped reads (B8 reads[BILZEIET R,

HINEFHIreadsEiH)
RPKMHE AU T
total exon reads
RPKM =

mapped reads(millions) * exon length(KB)

Horr, total exon reads J& & fir. 21| 5= £ K 41 . T~ (exon) f{) 3¢
EX %5, mapped readstg a1l £ 3 K 2 1 S LB A, S A
# 42 E 73 (millions)

22



RNA-SeqlIBEFREES=ITR

« RPKMIREWTTIA:
* Step LB NMERNFREHITIREN. HlalGeneATEiEAreplAIRPM: 10/3.5=2.86
o Step 29BN ERNKEHITINENW. Hla0GeneATErEARreplAIRPKM: 2.86/2=1.43

RPKM —step 1: normalize for read depth

M BT RO ER ], #f1] A total readsfi10, 7ERPKM(per million reads) [/ 1,000,000

RPM-scaled
using the “per
million” factors

Gene Name Repl Counts Rep2 Counts Rep3 Counts
Gene A (2kb) | 10 12 30

Gene B (4kb) | 20 25 60

Gene C (1kb) |5 8 15

Gene D (10kb) | O 0 |

Total reads 35 45 106

Tens of reads 3.5 4.5 10.6

Gene Name Repl RPM Rep2 RPM Rep3 RPM
Gene A (2kb) | 2.86 2.67 2.83
Gene B (4kb) | 5.71 5.56 5.66
Gene C (1kb) | 1.43 1.78 1.43
Gene D (10kb) | O 0 0.09

RPKM —step 2: normalize for read length

Now we need to'scale per kb

Reads are scaled

for depth (M) and
gene length (K).

/Gene Name \ Repl RPM Rep2 RPM Rep3 RPM
Gene A (2kb) }2.86 2.67 2.83

Gene B (4kb) \5.71 5.56 5.66

Gene C (1kb) |/1.43 1.78 1.43

Gene D (10kb) | 0 0 0.09

Gene Name Repl RPKM Rep2 RPKM Rep3 RPKM

Gene A (2kb) | 1.43 1.33 1.42

Gene B (4kb) | 1.43 1.39 1.42

Gene C (1kb) | 1.43 1.78 1.43

Gene D (10kb) | 0 0 0.009




3.3 ERAIES

iR ERER

. RPKM, FPKM, TPM
- BEIA:

Cufflinks, StringTie

RPKM vs TPM

[Gene Name ’ Repl RPKM

Rep2 RPKM

Rep3 RPKM

A (2kb) 1.43

1.33

1.42

B (4kb) 1.43

1.39

1.42

RPKM

C (1kb) 1.43

D (10kb) 0
.. the sums of each : -

1.78
0

1.42
0.009

column are very

45

4.25

different.

’ Gene Name | Repl TPM

Rep2 TPM

Rep3TPM |

A (2kb) 3.33

2.96

3.326

TPM

B (4kb) 3.33

3.09

3.326

C (1kb) 3.33

3.95

3.326

D (10kb) 0

0.02

<Tow: 10

10

0 >

FPKM: Fragments Per Kilobase of exon model per Million mapped

fragments(8 8 AreadsENSEIETF MEEINEFHIfragmentsE B)

FragmentsigXCRimll R IRECT FER, FPKME—
fragmentfyfiMreadsitE—X, EE5RPKMEE
TPM: Transcripts Per Million mapped reads (8 Jreads[E]lfLAY
Transcripts)

- TPMSFPKMHYEIFEAR, SERKE, ElFRE.

X,
TPM = li : — = - .
2/ I Z/ L

X | =

L

FPKM = -~ x = '
L %X XX

X ARELENRIERE LaSreadsEl, B IMillions:
Lﬁ%%EIG’I*L?E’JUttF“ EA{y/5Kilobase,

MNABID F=EERY, lfﬁi‘%’;“'bm?td;jalr(bﬂ’\]
%lﬁ’ﬂreads;&ﬁ, BPERAERE,

24



JAERFED

. ERFESIT(Differential expression analysis) isEIEEF—HITHER, WAREAINES
HTHEEREERHAITON, KoXMERRRTNERNIAZEBTIRE.
»  ERFREDTTHER—IRAZEREE(fold change)F ISt H0I0 B E (B (p-value) KfEiA,

Expression value

Significant
difference

Q Group A sample

No significant
difference

I Group A mean
() Group B sample
I Group B mean

D Global mean

The average expression of a gene in group A with the average expression of this gene in group B.



3 ARTEERFILEH

HEIFREIKEZMEE(Fold Change): log,(samplel/sample2)

Gene X in samples ZFRiX/KIEE800/200(stress/control)
« L0g2(800/200) = log2(4) = 2, T{L{EZ£ 84, 1EVEFEE(Up-regulated), FALIE(red)ZRo<,
Gene Y in samples FiX7K¥Z200/800(stress/control)
« Log2(200/800) = log2(1/4) = -2, TL{EE09-2, TaEfE(Down-regulated), FAEE(green)z&o~,

Gene Z in samples i€i$7j<$,—?5400/400(stress/control)
* Log2(400/400) = log2(1) = 0, ZHIfEEN0, RIXFTZM, AEB(black)F .

Genel 0
Gene2 0.01 5.3 0.002
Gene3 4.6 999.34 1.2



3 ARTEERFILEH

. P-value: FESHHRINT, pERISSEBISAER, SRMASTERERHERONE,

« Adjusted p-value: corrected for multiple genes testing. In the result, we can say that all
genes with adjusted p-value < 0.05 are significantly differentially expressed in these two

samples.

More likely observation

Y
2 A —~ P-value
o
« Statistical hypothesis testing 2 | very un-likely Very un-likely
(ﬁiﬂﬁiiﬁ‘ﬁgﬁ) ;; observations observations
« Each test has a known :é Y Jobasried ,L
distribution : IEZNH7E. SHHA e
AN < * >
ZJ ﬁ """ Set of possible results

A p-value (shaded green area) is the probability of an observed
(or more extreme) result assuming that the null hypothesis is true.

https://biocorecrg.github.io/CRG_Bioinformatics_for_ Biologists/differential _gene expression.html



JARTEERTIR

E[F

SHRERS \1‘)?/%%‘

« XIS ITE (counts)BUBMN A
Binomial) 2 fh&1HREY

DESeq2, edgeR

o SHREWEURFEPKM/TPM)FHTZLT

Cuffdiff2 (T+23%)

, Ballgown

m (Negative

variance

Negative Binomial

Poisson

{a)

10° 10' 10% 10° 10* 10°

mean

RNA-Seq#EAUE E S0



3 ARTEERFILEH

RNA-SeqEREEFRIADITEE:

@ HFrEREBEERAIINAreadsIT4L;

@ Xreadsit#UHITINEN, (EREARERMFEARBZRIAKFEERHI TSR,

® XMtnEtiareadsDmE THRITFRENS, FAFKIIFRETLERNESRRX, 5
ZIXINBIP{E(p-value)FIZEF{EE(fold change), H>ERZERIGIRIE;

@ RIEEREHINRERNPENSEREREEEEFREER,

Differential Expressed Genes (DEGS):
* Log2(Fold Change) > 1
« Adjusted P-value < 0.05



3.5 ERFRAEENIIsE R

- BHENEERIIEE TR EREUERE:
* Gene Ontology (GO): ERANAEUERE, SHEZMERNEFIAIRINERR, B 7 H
BED. PFUERENFEIRE=1SH.
« Kyoto Encyclopedia of Genes and Genomes(KEGG): KEGGUENBIEZUEZE, B3R T
g, BEEEINL. REEEINL. ERERE. £EIRRR. ASEFRNSYTAEZTHD
FHEE{ERFIR RILE,

s Lasktng o TAITRALL Blones ek s desskmame it 440

o _.77.._;|I||||/ \

DAVID WEGO clusterProfiler MetaScape

ERme, - EESETNMC - SR BE - SESR oM
pEAm e SRR, RES SR, MR



http://david.ncifcrf.gov/home.jsp
http://wego.genomics.org.cn/
http://www.bioconductor.org/packages/release/bioc/html/clusterProfiler.html
http://metascape.org/gp/index.html

3.5 ERFAEEMINEESHr

INeEEEE(Enrichment) 934 :
- FIFAEAMNERTIEEEREEIEALEAR, XBERERSEHITIEES

< ()
p=1- ) ~Lot BILAS TR AT,
=0 (k)
Fisher' s¥5tfaLe
4S5 ELNEE HthIngese SEEEN
BirEH X k-x k
BaEE M N-M N

23X MNTMEEFREHHEKTNER, HEPEXNRETTEEEREMATHR, WiaieP<0.05
R NMEERSE, AmEERNERRAERBEEETIXITEDREE.



EFREECINEEREELD

GTEx Top 50 Expressed Genes “s

Brain - Putamen (basal ganglia)

AR S AR SRIE R R

Mitochondrial genes are excluded

3.1e+2 2.1e+3 1.de+d

6.8 46

10

genes, HKG)
- FMUFHER (Tissue-
specific genes, TSG)

- EEMFE (House-keeping
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Circadian gene (HEER)

SLC2A2 (mouse liver)

« Circadian genes are defined as genes whose
protein products are necessary components for the
generation and regulation of circadian rhythms. '

3,000

2,000

18 24 30 36 42 48 54 60

- REVERBa gene is linked to obesity in humans.

« disordered feeding caused a major change in the
expression of REVERBa genes that control fat
metabolism

Mistimed feeding_

&

Fasted State

Feeding drives rhythms in Hepatic Reverba buffers
liver metabolism misaligned feeding



RNA-SGQ%HEQ*EEE*Z

Sz

"‘ﬁEﬂE:}? ﬁ@ﬁ:@@?lr ANERREFEPIEFEH TMRNANFRIEUE.
- YWHRH: ERFZNAE—RRIEFRE THRAZE (REATERR, ~=5ENCRKAL) ;
- SOIGYH: ERaRIE—RIENEFFE THREALE (GRaRERSEINREFERIE, S5 ENCRRAL) ;
« MFFES: lllumina HiSeq2500, XRimilllEE(2x%100 nt);
- NFEEE: TR (unstranded) , BIAHAEreadsZELLITEIXEEDNARIBR—REE.

RNA-SeqoiriIEEESE

= 4 ERER
SEZEEFHAFFINREREE* genome.fa/genes.gtf EREEENERAFRERF
FESH(GTF)
lJE==e=4 scer_arg_R1.fg/scer_arg R2.fq S ANSRER
scer_urea_R1.fg/scer_urea_R2. FRENFIEAIES
fq
el adapter.fa luminailll 3L =%

2 EHRBFFINGTF4E NENSEMBLEUREEESAS : http://ensembl.org/info/data/ftp/index.html
b—NFAIRNA-SeqsSLIIRITEVFEEINMENZFEE ., WEHIBMMERRE—NEE, LUNRERETEE.
EEZXTREELFIEE, A& fEhttps:/support.illumina.com/sequencing/documentation.htm



1. EFNFREIE

BRI FhEEEE 4 &R EHZE— 1N ERch16RNAseq

$ cd chl6RNAseq
$ Ll -h #BFEEHZ FHIXH

$ cat scer arg R1.fq |grep ""@" |wc —1
1441645 #scer arg Rl.fqd—HE1441645% reads

SEXMHEFZ Preads

cat | ERNHHNARE
we -1 @ EBRSUEITEL
grep “7@" : FASTQHFE readfIFFESEELL@FL



2. ZEERELXY

#Z&xTophat
$ sudo apt install tophat

RNA-Seqpo T EIERIAReads 5y SE F B GE
HURERERSXH

iéﬂéf‘%}'%ﬂﬁﬁltbiﬂ“o '—5DNA1)HUF¥_§&TEZ:|§J, )i% $ bowtie2-build genome.fa genome
HERANFEIELCSRISEERAEH LT, EEE #517Tophat

R ER IS T (intron) KIS RILLIHS AR A8/, PIVAN fEs amm e

HE ISR B A TR RS (gap), FITFES ey yPe ILiniranded N MIRUREES
T ERAERHNS FXE, -0 tophat arg \ #%&HA9EZ

genome \ #ERERSNERARS
scer_arg Rl1.fq.gz scer _arg R2.fq.gz

#Tophati@ZfTefE, KERHER

$ L1 tophat arg

accepted hits.bam #bamigz{Z{HRFFFILEITERE
insertion.bed #bedi&H LHRFENRETER
deletions.bed #bedigz{ I RFHERLTER
junction.bed #bedfEz X {H{R{FEEexon-exon45E



3.LEE R ot

Inspect with samtools
#Ed samt oo 1§ —#Hllbam3 {4 A A K AT sami& =l
$ samtools view tophat_arg/accepted hits.bam |more

#H EEXI R TIE
$ samtools view tophat_arg/accepted_hits.bam |wc

#RHEDME— T read b FNERABRUBEMNread pairsiiE
$ samtools view tophat arg/accepted hits.bam |cut -fl |sort -u|wc

#¥XFsamtools H S < H XL LESS ST
$ samtools flagstat tophat arg/accepted hits.bam

690294 + 0 in total (QC-passed reads + QC-failed reads)
0 + 0 duplicates

690294 + 0 mapped (100.00%:-nan%)

690294 + 0 paired <pan class="hljs-keyword">in<span> sequencing
345086 + 0 readl

345208 + 0 read2

659560 + O properly paired (95.55%:-nan%)

662574 + 0 with itself and mate mapped

27720 + 0 singletons (4.02%:-nan%)
2702 + 0 with mate mapped to a different chr
1104 + O with mate mapped to a different chr (

##&5laccepted hits.bam, BANNIRTFEEY, 7§%Flaccepted hits.bam.bai
$ samtools index tophat arg/accepted hits.bam



3.LEE R ot

View alignment in IGV

A

|R)RR: B CARZ/ GATIREE BB readsBS? ©aLE/MESIMtranscript isoforms&T?

BEIIGV, Wigv.batfializ{TIGV,
BIRIGVE LR REEREZE "SacCer3” ,
IGV3ZE2 "View->Preferences" 5% "Alignments"Hig & "visibility range threshold (kb)"79100kb,
IS EIGVHEEHZ KA Brreads St 3B =& (coverage),

WES N .bam3Z{&(File->Load from File...),

RIGVEURE, SR SROMBTRNFreads, ﬁ?ﬂuﬁﬁzﬂﬁua“g”me”t track, F=EHR,
KEFE"View as pairs”, BIA EAErulerpdiRE 48]y, MEREIERAIERS. BRIREEIE M readsaILA
EREZEXLXTRIESE, B "Pair orientation' }ET,)\J}"readst “stranded” #f “unstranded”
EEREEREtrackBIAHEFERIERE "Expanded” BAILABEIESHIERETER.



4 BERPBARSTE

#BcuffLinksATHITIREFHNBEMARSAIEST
$ export PATH=$PATH:/mnt/c/test/cuffllnks-Z.2.1.Linux_x86_64/

#zfTcufflinks
$ cufflinks -p 4 -G genes.gtf -o cufflinks arg tophat arg/accepted hits.bam

#EFWMEXMG
$ 1Ll cufflinks arg

HEBRRILEEIE
$ less -S cufflinks arg/genes.fpkm tracking

#IRERPREREAENER
$ sort -n -k 10 cufflinks arg/genes.fpkm tracking

#EEBCATINERATRAE
$ cat cufflinks _arg/isoforms.fpkm tracking | grep -w "GAT1"

GATIEREFRXAE

YFLO21W - - YFLO21W GAT1 TSS6346 VI:95965-97498 1533 4.75909 76.9045 50.5672 103.242 OK

[ERT A R A R ERNREEAN? AR S dreadsERIMREREE B0
(B ER BT RRAOE FRERIK? )



5. EEFRRAER

$ cuffdiff -p 4 \
--library-type fr-unstranded \
-0 cuffdiff out \
-L urine,arg \ #-LEAAEERIZIR
genes.gtf \
tophat uri/accepted hits.bam \#&JEE4EAYEEIT 24

tophat_arg/accepted hits.bam #SCIG4EAYEEFT S5

#EERMLER
$ L1 cuffdiff out

$ less -S cuffdiff out/gene exp.diff

#ETEEERREANERHRBMREFBL, RF2IXH (DE_genes. txt)
$ grep “yes” cuffdiff out/gene exp.diff |cut -f1,10,12|sort -n -k 1

$ awk ‘{if($14 == “yes”) print $0}’ cuffdiff out/gene exp.diff > DE_genes.txt

DR XA MR E RS AR ERE R EFEEEIERE? SRR LRAERE?



6. EFEE AL

#LZ % cummeRbund &
>source(“https://www.bioconductor.org/biocLite.R")
>options(BioC mirror="http://mirrors.ustc.edu.cn/bioc/*)
>biocLite("“cummeRbund”)

HEBTERE
>setwd (“C:/test/chl6RNAseq”)

#SAE
>library(cummeRbund)

#HENcuffdiffEREIcuff_dataZEEH
>cuff_data <- readCufflinks(“cuffdiff_out”)

#EBBIERE
>cuff data

>gene diff <- diffData(genes(cuff data))

#WAROTERREENEE

>gene_diff top <- gene diff[order(gene diff$p vaule),][1:20,]

#HSEERAMNID
>myGeneIds <- gene diff top$gene id

#RIEEAIDEIIERERE
>myGenes <- getGenes(cuff data, myGenelds)

#ERHIFE
>csHeatmap(myGenes, cluster = “both”)

YPS1YLR120C
HATZ2YMRO11W
PUMNTYLR414C

LYS1|YIR034C
CARZ[YLR438W
FHOS9|YBR29E6C
OPT2[YPR194C
DUR1 2[YBR208C
GLTIYDLATAC
ARGE B[YEROBOW
YOLOSTW[YOLOSTW

FIR3[YKL163W
ARGA[YOLOSSW
MEP2[YML142W

DALZ[YIRO29W
DUR3YHLOT1EC
DALS|YJRAE2W

YPRA145C-AYPR145C-4

HXT7[YDR242C

FAISIYMRAT4C

[
=
s
L1:]

FAcummeRbund&HINERERFTIA

file

logyg FPKM + 1

A2

_—



RNA-Seq is still evolving

* Single cell
 Longer reads

 Direct sequencing

“‘RNA-Seq Is not a mature technology. It iIs undergoing rapid
evolution of biochemistry of sample preparation; of sequencing
platforms; of computational pipelines; and of subsequent analysis
methods that include statistical treatments and transcript model
building.” —from ENCODE RNA-Seq analysis guidelines



RNA-seqillFEHAHE

g w52 =llF RNAE
(Short Reads) (Long Reads) (Direct Sequencing)

Illumina Oxford Nanopore
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Stark, R., Grzelak, M. & Hadfield, J. RNA sequencing: the teenage years. Nat Rev Genet 20, 631-656 (2019).



Single-cell transcriptomics (scRNA-Seq)

« Single-cell transcriptomics is ety e ologod!

Tissues | > 4

a powerful way for high- ‘ (ou®
throughput, high-resolution

transcriptomic analysis of cell
] A Single-cell RNA-seq
states and dynamics. bicrae v
¢ Slng|e-Ce” RNA'Seq (SCRNA' v - Expression profile clustering v
Seq) captures transcriptional o g
. . © , ‘
profiles in each cell type to = m‘%% 0 © 0250
. . . O O ) "_:“ : ©
describe the genetic basis of [ 00 T G
. . . . OO w oo
their identity and function. ©o TN
\/1 OO O&) S;‘ﬁ;aov'aobublaadd

Entering the era of single-cell transcriptomics in biology and medicine. Nature Methods 2014



Spatial Transcriptomics (STM)

Spatial transcriptomics is a method for assigning cell types to their locations in the histological sections
and can also be used to determine subcellular localization of mMRNA molecules.
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Exploring tissue architecture using spatial transcriptomics: https://www.nature.com/articles/s41586-021-03634-9



https://www.nature.com/articles/s41586-021-03634-9
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Single-cell multi-omics applications

- BERERASARERSEY S ATEERA, MSFRE0ESHINE, Fh M
BT RSCHL s

DNA RNA
@\Y}“(}“(}\<:"/\/\/\/—"Cf0%7

Single-cell omics

Genome, exome Transcriptome, Proteome,

SNP, CNV epitranscriptome phosphoproteome,
. mRNAs, microRNAs, metabolome

Epigenome tRNAs, IncRNAs, etc.

¢« DNA methylation
e Chromatin accessibility
e Histone modifications

Single-cell multi-omics applications

Discovery of Tissue and tumour Atlas Biomarker Insights into Novel pathways
novel cell types heterogeneity generation discovery complex diseases and networks

Baysoy, A., Bai, Z., Satija, R. et al., Nat Rev Mol Cell Biol 24, 695-713 (2023).
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1. BEIWARPKM, FPKMESTPMEIEELSSITEGIZE.

2. TEFLETophat2, Bowtie2, CUFFLINKSSEEY, FFRIMHMARIEUIRHITRNA-Seq o,
EEHNERSE, RERSHFRIEIL

3. SRERESPLECUMMRbUNdE, FHLHIESRAEFTINE.
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