RNA Seq

2022-06-25

1 P-AEWE 5t
UL BT RIE ALY (AN TALE, RIEHALY), HRAE (S, £5), RN
(chip-seq, FEEIL).

RNA-seq FYTEAET , AN BRI RE LR, T C12 0 mRNA BTk,
i RNA FEATRT DA T3 00 @ MRSe 2 1 A e A T84k, B s L T ). X122 07
BRI 25, VR S ey o B E R 10, XET OIS, (KT PAZE Ensembl 5/ 3
3], HHPIE Ensembl Plant #5if.

E R A TR AR R A A iR 2 (22 itk ), AFEFEA KM 3.1Gbp, Hh
coding- area 1.1%, RNA genes DA regulatory area 3%. Zfiff 16.6Kb,

FATEG O B A~ AR 20000 FEEHEEA, TO00RNA B:H, 6 544 A 4L
HiRZ.

rRNA 18 / 28 5.8 5- 40/ 60. W PAM NCBI F#F| rRNA JFI{EE .

tRNA mapping B Z% FHIFEM CCA, HAMRMNSHITH) + G, A1 tRNA FHNG
T APAM GtRNAdb F#; tRNA J#5

mRNA JF51{5 B PAM Uniprot .
microRNA H]PAM miRbase 1 F%;.

B TRNA(80-90%) tRNA(10%), mRNA(1-5%), B8 % K342 tRNA, {21
mRNA Gl H poly A), i# %% (RNA FII.



2 LI
2.0.1 RNA il 530

mRNA ZtFE

mRNA or total RNA
remove contaminant DNA (remove rRNA or select mRNA?)
fragment RNA

reverse transcrible into cDNA (strand specefic?)

ANl o

ligate sequence adaptors
R PRI Y LA )
o EEB tRNA L2455 mRNA?

poly A+ RNA-seq J5ikiflid 5 mRNA ) poly A JBEFFRIEL 7 EF mRNA(JILX 7 1E
gk, HN overlap , IEFAEEATH REREEN), HREMEH RNA 54 poly A EBE.,

rRNA - RNA-seq L@ %R tRNA,
WA T X R G B 2 A 2= 7.
o AT R EAEERR Y

i3t dUTP method, fiIA dUTP &%, H)E[%HE4.

2.0.2 PFFHA

illumina 7 EH AT AS X L,

readsl/reads2 (/- HAp) + adapater = fragment
readsl /reads) (/- HAP) = insert distance

o illumina AR P A ?

B —RAA TR R (R AR, JEmBoRiE, a5k,
o WBO ARy —7?

FR B A SR flow cell Z56y, FEINHREZIE A B



o AT ATEORFFIEL T 7
150 X flow cell PRI, EEREHARIE]— O A EETTAE .

o adapter fFPHIHBIEAE R T insert 45, ¥ 150bp (R HBIAE 3 i), fasta MZAEF 3L,
HAADAHESR: W2 5 imsl 3 smdtf iy

2.0.3 SR T

total RNA $2BU i : RIN(RNA Integrity Number), Mt 5S, 18, 28S HIS(E 4T
f#, 5l 0-10. (6-6.5, 7)

3 RNASeq Fiiftrim

3.0.1 Quality Control

JidsE R 2 N LA

o E[% adapter

o EBEAFE reads

o K reads H TR X I,

o AT eSS BIANBFFE I 2E 55 Y], 24t reads BHY K .

KT fasta SCHF:

$B—47, Qreads £F (MF %5 lane:tail:x:y)
AT, RS
=47, + (reads HF/1%H)
SPU4T, phred value + 33 XFR ) ASSCI Zih5
Phred("F") = 70 — 33 = 37(Sanger 1)

Phred = —10 * log,(error probability)

Phred40 = 0.0001 error rate
Phred30 = 0.001 error rate
Phred20 = 0.01 error rate
Phred10 = 0.1 error rate



JRAGAR 5 html P2

per base quality: 4 reads &7 B BEAER (FBR 930).
per tile sequence quality: HIRAG LR, IBLEEAS tile W] FEERA )43,
GCcontent: RREYFH GC ik A—H:, FERATRERDG L.
per base N content: Z=, R HHHEEH 4
sequence duplicate level: X reads BN,

adapter content: JF 112 AG M
FiESHC

quality -10

1. Phred - 10
2. Fdm AT ZER N
3. FER M/ MEALIEAT IR, DR P T o

MR

FASTQ(QC, mapping-$& reads 7E:F M B )- SAM (sequence alignment)- BAM (£ 4g
1) sam L)

bam-JFifs (FEXMEIL), T4 e, hEREzL

MO s BPRRCRIN R, PR SS S A% AR mRNA X, RNA 2568 F%E : fastq-bam-
chip-seq 5.

3.0.2 mapping

o alignment ({XilH&E, Wis/£F4)) pairwise multiple
pairwise: &5, JuEP (needleman-wunch, smith-waterman )
blast: one vs many JEFYE, FHLIEY R,

o mapping (reads [AI#iE[HZH) many vs one(bwt H¥E-bwa bowtie)

1. mapping [ mRNA % 540, KNRHAFERTAR Y], NEEL PUHT R RA .
2. mapping #|ZHEFA, WTLARIHAIERA, 17 isoform ZR I E &, (2 NEEM
Mz Hi) DNA mapping #{%.



mapping [1)A] 25 5 4] [ 151 :

1. exon-first approach(pseudogene-mRNA #i%%45% cDNA i AR KF 4, MEEMERERX)
2. seed-extend approch

3. potential limitations of exon-first approches,

SEENA (F5)) TH:
UCSC genome broswer /download /human/sequence data by chromsome

HIROMFIEE:
chr2.fa.gz cat chrl.fa.gz chr2.fa.gz > ref_hg38.fa

>chrl
NNNNNNNNNN (i i 5 6745)
ATCGGGGGGGG
>chr2
NNNNNNNNNN
ATCGGGGGGGG

Ensembl: ensembl species list/human/gene assemble/download DNA sequence
NCBI: refseq/

SHEBENERC (GTF,GFF-JF IR LE A7 Bt £ 1 25) -

ussc/tools/table browser
ERESUH RIS 0 5
Note: JERESCHAIZHE N4 match

BWT (burrows wheeler transform)

RE: ref- ACAACG
ACAACG& 1E¥F

1. &ACAACG
G&ACAAC
CG&ACAA
ACG&ACA
AACG&AC
CAACG&A



2. WA MRS — I T (LACCT), (BB Hy A
3. index fEEHHFIFAEMERITLS 51

HEF IS A A AT T AP

o AT ARG — AT AR ORI LR — 7 P PR
A

o BRI (A1 A.) ERIRIIOF A RS A IR
B A S LRAFAIR A A

Index £ mapping HH/EHI AT :

1. AR index I S HEF J5 A0 245 HE R R 1) 26— 271
2. FRAE LA s reference.
3. WARHEF RS — G —F e, WFEFGTE, FEMH— I RS R

TG AL - suffix tree

- [A] bwt 32 ARHARFP A AR -

- I AT AR AT

. M suffix tree (FEAERIMFERASARXIAEAF S, index RE[IEHK)
- AR R

=~ W N =

b BJSEBAEE TP R R BT A I RENE, BIANE—FAFh A, SRS EE T
S A JETH A FAFR T REHORAT TR, XA 23 T et .

—4 mapping Fk {4
tophat/tophat2 #4#25|: bowtie2-build --threds 6 ref_hg38.fa ref_hg38.fa
star-JEF J5 2R

1. reads Y]/ seed, FF| seed L E:
2. fFEHY seed Pf—ifd

hisat2(tophat [JFFEMR) - 2EEFH Index, HJEH 55000 /5377 index, FeE MAEHE /NG
index, SRIGTERLY index #Z. (WI)ZHY bwt 454 HALGFET HIET SNP {55 (mapping HfnJ
DA )



F4 % hisat2 index: SNP {5 & : dbSNP commom (ucsc genome/annotation/sql/common.txt.gz)
nANYIER: GTF
ZHHEHNHAE R Genome FASTA

sam flag {5 5
samtool sort PG bam (WFLLifE)

bam M AF#EST RE | HAF mapping {5 B . samtool index, {F&E —E samtool view -h

3.0.3 RNA seq &

3.0.3.0.1 @ISEERRA#TER FANRIETL

BRDAFEREE (reads 20H ), HEKEE (bp), TR, 4 FRLA 10° (45 F 7 reads), I
PA 103 (B H K JE 1000bp), 1 BAL; rpkm 5 Ui f2 4 H 7 reads K JE 1kb HELPIH reads %
HA 1.

r-reads, f-fragments, p-per, k-kilobase, m-million.,
RPM or CPM: O 7 I BEHEA T B AL .

Number of reads mapped to gene * 10°
Total number of mapped reads

RPKM, FPKM: [R] Bl > R 3 DA S 5 PR B B AT BR Ak . 6FF 00 57, fragment e [F]— X
reads, FAEHNF FPKM ZF RPKM,

Number of reads mapped to gene * 10% x 103
Total number of mapped reads * gene length in bp

TPM:
TPM BEAEAEA R FBAE AR, HR B R A R Fpkm (77434 *10°,

FEA ) b fiE A

AL
o -

J Dj

Hor Dy WFEA j MFEREE, C; NFEA j RIERE . XM ITIES 5 32 BN E K 3 -



quantile:
N
exp (4 5, log(D,QY))
(p)
D;Q;

J
BRI BB 55 MR BB E. b D, SRR J IFREE, QP kA
J 1 p AR, O HRER §IIRE R
RLE (relative log expression) - cufdiff; Deseq2 BRI\
AT, WA,
L. AGATHLAT TR,

2. FHATBRAZATI LAy 8, 520 AR
3. BRSO RS HEA A IE A T

K
C’j = median, (Ngjl)
(lel I{gl>W

TMM(edge R) Trimmed mean of M-values:
XA total reads &2 RIKFEN M . RELGEHNFRILEAE.

RNA-seq [5E A MA plot W2k, 1) KREHUGMAZIEET M = 0 IXEAMIT. 2) mEiE
FHBRZMGET M = 0 % H LM B RN Uy R () Ble (A1) H
i o

MA plot: X-A: PHAFEA LT3 %K

A= %logQ(RG)

M-Y: PidiREAEY) fold change,
M =logy(R/G)

AR I PR DA R o 2k ) i DR 4 T T 3

3.0.4 RSEM #:53%/K g &

reads F#% mapping #| mRNA |, fFoen] 2885 JJRg )@, reads >k H T4 isoform? MARK
IRAETTE] EM BYE, A A H A isoform [y count % H .



4 RNASeq FiigsHr i

4.0.1 Z5F0Hr

FH M E F— MR 455 RNA-cDNA-RNA

RNA-Seq [ HiHE

o AREZESEHMFRILREAL

o RFBERENIE AL

o WERTFFEANE R, A4 E =N Z (spike-ins), ERCC countrol,

XtT cell line JEATZESF T, FHE 2-3 4> repeat, M TAMAIATEF T L 3-1> repeat,
PRI, T A LT repeate.

. pvalue KiiE
p HF — ¥ p = p* I m — REEEA T (F—RKHDTFEER) 50T
BH ®KI1E: p H#HF — #1 p = p * B5kEk / 55 — SRAFEA T RE p (E.

o RNA-Seq & &Y/ itz

RNA-Seq gl Hisrfi: RN, HEAERA—#. IBAER A H K
BT

RNA-Seq sk i - FG—NEEHBOMERAUL, p ARUK, I raEaE T s
i

RNA-Seq s #05 __5isr i :

Skr b RNA-seq MR A IRMIARS 201, 1A IHEE 5 225, AT RNA-Seq K14
2 over-dispersion 1. PBEISMEIGN, FEWAE K., XFIEFRA short noise,

HEL/ATAEITE
E(K,) =Var(K,) = A

RNA-seq short noise B XHANA 71 A2 1L 4 .



B(K,) =X, Var(K,) = A + ¢\?

ﬁ:lﬁéj\mﬁ‘ﬁﬁti#llﬁfo E?ﬁ RNA—Seq gﬁ/ﬂﬁ\%ﬁ,f@ﬂzﬂgﬁ:lﬁﬁ\%ﬁo
2 SR e ) BRI :

A= X\,B
AR T A, ¢, IXARENUAY estimate dispersion, AN[RJFRARIMESE AT .

PARTRIGEV R S R, SR RO R ek fisher A6r46 . BEPH )01 HG , fisher X RECTHHUR,
XN AU

o RNA-seq [A4a%}5E 5
o ERCC #EMAEEMTH ERCC spike-in mRNA

+ house kepping(3000-4000) [ 7 &4 A\ U@ R LI BIER count il , A AZZ R ELR
list (spike in) % H @ A IE 2 A ASCH0E -

b BNERS E £

fidi: GO kegg WERERL 2SR R kg .
AN — N EOGEERE, EETEREER.
Wiy BEREEEEE - RIREE .
T BEN N G BIEE PR SR 17 IS
GESA: ffde N\ R B LR . A SRR EE, — MBS P& ) 5
4 (GESA msi).
B B SR EOGERI T A O

FRAA (155)
LM EEMT A5, IS

annotationhub,
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5.0.1 AL

TCGA ZMEEdE, Al firebrowser NP AEdE. GTex J21EH AFIEE .

KT pearson MK FREPAS spearman MK FEL: spearman #l 5 BB AGE R L O HER I
AT pearson MK MHTIILEHR «

WGCONA: FUR R ARSI T R, il e 2 R ARRCR RN Fa AR U B T B R 5 40

logp,; = xiB, + logN;

Hor logug; RHH g TEREAS @ BOUIIME, o] SRR, N, RFEARRITFRE. 250500
KR By BN 0 HIKE .
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