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Hlumina/Solexa I 7 HE A (1) 3 A J5UHH 2 4 5 1
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IR LA DNA SRR, 7E AR R AN, )
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ANRIFIRRE. BT NN ANTP [ R Sifg g w398 [ R4 3k
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TE] 100 Gf3E L. R, B X P (paired-
end, PE)FIAMIGEN, I FE T ] o 281 8y U
1) 2 A%, WpE bz 8. X P oA 2
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WO, DRI A 30 4 FR A Tllumina/Solexa Wl 1
A, IEWAEK, Nlumina/Solexa M J¥ °F & A Wr 7
2%, FHAEHEH T GA(Genome Analyzer). GA IIx.
HiSeq 2000 S& L. 302 0% T mil 0y~ 5 1
e, AT LA B AH DG SCHR9, 14-16].

2 RNA-seq M 73§l &0 F T & &R
iy

AN Tlumina/Solexa W7 F 4, %f RNA
DN S PR 2% B HERN ST 65 T 2 s o 28 Al — A 13 o
[FIA-41.

2.1 RNA-seq 73 EHI&

X T mRNA-seq S5, M RNA F 55 4 (1)
cDNA LR %56 s B 2R LU D], Hk, M
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Fig. 1 FASTQ format examples
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AR R, NIRRT — S5 5 A k. X
HE Ak BR M A B 1 & 511 (spaced-seed
indexing)5¥ Burrows-Wheeler #% #t(Burrows-Wheeler
Transform, BWT)HAR KIS 67 Fh 7R 51k
BB 4y, JRIERIL T — B LB AR A Ay
WM REG, FEdERRT] EEITECR IR
(S R VAN (il U R 3 VR B
(mismatch) () & R BEFIAL EALG. BWT Jjikidnd
B-W b B R 21 44— s N s 4 I F i 2 R
E1ERR B libuRcEs ¥ M NP R DAS A S (s A NI Bl
TS AR S AV EL. 2R 15 T Har]
G BN AL F RIS 0 P A S kA Horb R A

L7 v Be R ik AR & Maq ™), 1 >k H
Burrows-Wheeler % #t [F] 8 £ J& Bowtie. &L [F2k
Ui, K BWT [ A7 AL I TR R 20T
Rrp7 B G VER ., B SR N, Rvrik
B 51 A7 A 4 N MR (indel ) 4 5 A7 A8 45 7] 477111 7
T T BL PRSIV A o I ) A A
Dy AE, TR ANATIIT AR T — e T ik () Smith-
Waterman /) 25 B X 5L 7 41 L T,
BFASTEY, SHRiIMPEI, Mosaik (http://bioinformatics.
be.edu/marthlab/Mosaik) 2%, {H 505 # EF icte, K
2 i K UV SR IFAT G RE AR R AR Y3 A7 I 8] 1)
i) L.

F 1 EMAT Nlumina/Solexa M FF & A% B E ALK
Table 1 Mappers/aligners for Illumina/Solexa sequencing data
MFR SAM? i FEERAIBAR (il
MAQ™ o & AL http://mag.sourceforge.net
Bowtie?” & & BWT http://bowtie-bio.sourceforge.net/index.shtml
BWAM & & BWT http://bio-bwa.sourceforge.net/bwa.shtml
ZOOMP o & AL http://www.bioinformaticssolutions.com/products/zoom
ELAND i o A http://www.illumina.com/software/genome_analyzer software.ilmn
SOAP2: = = BWT http://soap.genomics.org.cn
RazerSP & & q-grams i J€ http://www.seqan.de/projects/razers.html
Novoalign & & Needleman-Wunsch 532 hitp:/www.novocraft.com
LR
SHRiMPF! & & q-grams i J€ http://compbio.cs.toronto.edu/shrimp
Smith-Waterman 5.7
BFAST®R P P Smith-Waterman 5% https://secure.genome.ucla.edu/index.php/BFAST
HAT G e
Mosaik P P Smith-Waterman 5% http://bioinformatics.bc.edu/marthlab/Mosaik
HAT G e
DSAM: JE T AELL SAM i 2 B 15 PR BUE AL R B BWT: Burrows-Wheeler £ 4t

£ RNA e (i EE N AUE AL, —MRERR
(1 i 0 B P A A0 S 1 45 45 X[ 152 B (junction
reads)E 7. FEEAZAED) T, AT mRNA 22 id
T mRNA i A 194 2o BT RE . R
AN EBEE T P AN T IS eR R IEA
SSt AR SR NS o 71PN T il P = ]
NI T B BUAE 73 AT e SRR IR BT R SO 98k
PR P A SR AL O TR L N
ATIR A Aol 1 204 () SRS R R AT 42 45 DX B PR S Ao«
AR TR A R, R T AT AT REY

SR TFHAEXITY), HERA P —IAE R A
ZHEILNM; —RAUMGILENERE, M2 %A e
TE 4 E AL B R0 1) B B A SR IS 1) A0 1 X 3
IG5 BT PP AR ER AT RER BY A AL, SRS
K ANRE TEHEE AL B B oy Boe A B ANFh k1 AT g
(F 4545 X35, Tllumina/Solexa - 4 1L 1] RNA- seq
A5y BT GApipeline K T 5 —Fh5mg. KA
SRR S K B TophatP9F1 G-Mo.R-Sel4%,
5B 1) Tophat BAF8G i 1 FIH © A4k v 1 549t
FEAR R IT.
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AN RN 6, DU Hh AR AN A Tk e b A7
E—E MR, FERA h ARE AL IR 2 A5 PR 4
SURIIFFAARA, BT DA B A 38 e —
B ARG, AT DI AN [R] AR S VRS G R R
FE. Si—J5ii, TR A b R AR A AL RS
FEHIRI e, b Bros thBIE 7 2L R 4] 2 A7
BEIEOL. XD F M T AN B D A
RLie, (B SRS BoE M Sk, RN GG B
ANEBC SRR AN R, @G ST, A
T2 e AL BRI o, A A S5 a4
HMEAZ B AL B “ e B RO R,

B BOE AL B BE P 2 )5 18 H SR FH SAM(Sequence
Alignment/Map) #% 20 85 H — ZE il A BAM A% 52
KAifil. BRI KRR A e m), HANRE
HEHE AR THER. KT SAM k1)
TEAN A 44, W] 2% [ (http://samtools.sourceforge.net/
SAMI.pdf).

3.2 EREFEKFEEIT

TR R AR B 1, 38 S ) AN [
PRIk KA 2 BT BOR HR DL e, AR BRIl AT
DA AN [R) 2 2R B85 AN () B B B 10 ks DRl i 2 e
P T 20T, mRNA-seq Z03H 5 3 A 1H) W FH A &
R D) R GA K, 5 R BES  HollE AR LG
RNA WP 22 A REE S, BRARE
FEw A3 HEA s TR S 3A0-42),

RNA U i S 0 PRI ) RNA e s A b
BMUEAT B Bolll Fe, an R — AN s AR I F=
DU i 5 A 380 HERT 7 ) s DR] 20 DX 338 Py 155z BB A gt
%, WL A7 BRI AR X T Bt ek
fTHEE ALK, IR, BB T S AR
FLRIBAKP B, SRR SIEL,  [FR
0, 55 W0 3 BI04 281 1 s 52 B e AH
o AT RIS AN [) 5 DR RIAS () S 56 (A o1 P 5 A
FISER AT, A4t T RPM H1 RPKM (1)
. RPM(reads per million reads) B[l 4 7 J5 32 Bt 1
kBT RIS BEL, 08 T PR BN s Bt
P % W . RPKM (reads per kilo bases per million
reads) & B 7 BB PR F T AR N Tk
B, AXERN:

HERI BB 0
DR S s P R B2
RPKM AU WU PR BEAE T U4k, T HG

RPKM=

DR REARAE T4k, AASAS R P R R DR AN [
DR TS T A3 2 (15 R R IA KPS THEEAT T ATt
PE, & H AR 0SS R R Al T k. R
rSeq™®. DEGseq A ELMAT Cufflinks* 155 HR 4t T
R 7R AT R R IE AL ) D R

5 RNA-seq SCIE il & b, 76 A% & 5L
SR EAREOL R, B S M A R A I
T SERR b, 38 I 0] S BR800 () ] ARG 23 AT AR 5 2 R
W, BBUEEE B A B S ), B
ARSI (E 3). X — B LA TR 224
(RO, 3 Jl i3 B A AT H IR O 407 1) Jist DAL mT g
ZANJTI: AEHI5 cDNASCEERE, [ s % I
BEHLDI PR RNA 3 51 AT — 5 I i 4 1, 845
cDNA J BEAR RS se A3 5 ML [ 5 e A 1
PCR #34h, 34205 5P 51K GC % &5 FFEAH
5, T9E GC &8 cDNA B SO %
O It B S 2 i i B T g
BB ARSI A A A, AR RERE B A A I
AP PEAT BT I DR IE, 7] LA & RNA-seq
HEIRTHE DR B0k (v 5. (EUAR el 52 B 0 1 W
8, WTRKE A, BRBEAEYA A R R 2
IRRHFERE EnAHE AW, F RPKM SR Adivh 2k R 1)
FARKP ] DA B LA i 2 2R
33 EFEMEEBEAILNNEERMERIEKTE
HEWT

TEERZAEYh, IEREE B G A . AR
DR 5% T2 0K mRNA 44 (pre-mRNA) 71 85 42 1 74
H DA ZS4RUAN [ (1) P 25 - X B AN R R 40 7 X
B, RS RN BT SR AR . R RNA-seq it
o, B R R ER, BRI B P e s AR
AR a, Ak ARG XINE Y. P
JERIEEA X L BUE A 715, AT AT RE R G 5T
SR 5 AT IR DRI ek By e A

FTH 238, Tophat &5 81 5 A7 BT 42 4
DX T2 B 1) SR e o tH B B A b (R P BY AT
i AT SRS L R E A A AT A2
ARG, sRREONIE BV B e i, K] 3
AL T E R BT BN — AN . 3,
T AR SZ AR S BT, 4 A4 I
i IR SR B, R e LR R B Y
PE 2 T B g osn,

ST — AR, RNA-seq 3l fie /e —
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SEFEJE FHEWTILIIA K. B, T DUOARE C A
BT UL BRI A0 551K ) BY 2 S A At N B A
R, AR B R A B A A s N, A
FAE T AR BN B X 3 BEHOR A S A4 A4 )
FakAH . Jiang 55 W) 7 5 B AT Tsolnfer B A
cufflinks 1R HI T 3 A JEL 6 ok S B B 42 e ) AR 1)
FALHEWT. FREIRHE, LB N8 R
FIRACPAEIX T ITIERESE A n] RS
3.4 FEREBEN

7EXS RNA-seq s 1704 oh, AATREL, 1%
AT BB AE e M 2 DA R IR X, i
BB T A S 7 il A A SR s A, AT RE IR AT
FEMARME R IR . X, FRAT R i AR R
(R R A S DA, B 1) A 1 o el R DS R R
Zifih RNA LA REASIIDRr BE D, G HRAGR A AL
[A J& RNA-seq AR TS558 B i iz —, B
N EAN T BRI CUANSE R R R U VA IR A

RNA-seq $iARRBE S, (HAES TG WPHS
BREFATY AT BT R SR A MR DRI R R X A
RNA 7 13 B AR 5 vk T 2k D2 SR A 5 ke
DI . ey 423 S 7 5 DR Rl 1 1% I 22 (FDR) &
Rrl 75 0 8. Useq AR AL54 ChIP-seq 245
S HTHI T R M 5] RNA-seq B4l b, FWE & (1005
RV 52 BOE 7w AR I DRI, 45 s g
FITAE X 0152 B 4R W 5 FEFE IR P AEL(P-value) [z T 5
BRI, B e PR R A, 7]
326 H 2 B s AR DI, PR AH 48 X S8l I sl AR 4
BY B O X UL B AH Y XSO B2, 58 R SR R 1)
.

3.5 BRI RIER

XTI A s, BEJ AT RE T T U
SR T 0 M AR R AR R 2, X —
AR P 5 6 o] WA R AE B st — N B
BN BRI . AR BRI, 1
FEL TR I GE v 20 AT, A vl s I
LW R BANRX, T B0 AT AL T e
WX AR IR XL R 2 A TS T
RNA-seq ## (1) 4 A0 s, Hoh He s AR
#£ M 1 5 UCSC Genome Browser-
Browser FIl IGV(Integrative Genomics Viewer)%. X
S A B R A a0 BRAEANFRUE R BRI
AL BAE AN OSBRI T8
BRI LB b BEAEANREUEE T R AN m X
BRI B RE,  DASCREAN ] DX I A s /K1 sl e
s e BRI RIE ALK BT R M AR RS
d. few R HoAh AR R, 90 T v i PRI 20 e 471
TRFPE PP GC &858 e, BEE B4 S
SAM/BAM Bk Bt & A s A2 fifiks 2. UCSC Genome
Browser!™ J& T~ 5 T+ 09 25 45 X 1 4 2 DA 4 ) D 2
PIRCE R e = e b uw i S U (S E S
BB 1% i s B3 A 53t 2 N UCSC
Genome Browser ] \i 7~ 1Y [¥). CisGenome Browser'™
Jee Y PR A I P BE PR ZH B0 8% AT B BB L v
AR A T A, RIATR M g5, T
161 A 1 2% A B0d 1. IGV (http://www.broadinstitute.
org/igv) AJ LA LA PRI i R, BT BAA
MR S5 ddin BB AR B, AT BLAAA N
BUERAE R

CisGenome

=2 EAT mRNA-seq HiERI S E R AR T2

Table 2 The genome browsers/viewers applicable to mRNA-seq data viewing

e SCREI B X

EE

GV GFF/GFF3, BED, SAM/BAM, WIG,
UCSC Genome Browser™ BED, bigBed, BEDGRAPH, GFF, GTF,
WIG, bigWig, BAM, --*

CisGenome Browser™  BAR, BED, refFlat, FA, ---

MochiView Wig, BED, GFF, FASTA, ---
SeqMonk ELAND, GFF, BED, MAQ, SAM
Gambit BAM, BED, GFF2, GFF3, FASTA, VCF
GenomeGraphs?” Expression data, Annotation tracks

http://www.broadinstitute.org/igv

http://genome.ucsc.edu

http://biogibbs.stanford.edu/~ jiangh/browser
http://johnsonlab.ucsf.edu/sj/mochiview-start
http://www.bioinformatics.bbsrc.ac.uk/projects/seqmonk
http://code.google.com/p/gambit-viewer

http://bioconductor.org/packages/release/bioc/html/GenomeGraphs.html

PL b2 S B A R DR 4 30 283 AT 7E Windows. Linux FISERE A H] ) Mac OS 255N & N igqT.
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Scale 10 kbt
chr22: 378600001 378650001 37870000 | 378750001
b
YA X e m—————— |
LT ISOSSISR LSO ey
LS G
FAA S0r
QMR AR 51505
ARG
. 0
WA oottt @ Py 5 TR I AR L L
| 50t
H4 B O WIENTE A B REAI ERE L
ARG
o L bbdbntdil bt g A |
SEE R » :

B3 mRNA-seq £ ] 1R LR 151
Fig. 3 An example for mRNA-seq data visualization
BRI AL CBXT. B AL (R RFEAR A 5, W (R IRFEA B, S 80 (track) KRN : ZERIALAR bR . FEAR A BT BB A XL FEA
A BB FEA B MBS X . FEA B MBI . UCSC BERRERE. Bl hr il T . © B SZ AL st AN IR T T IR L PP BT 4 @ 2
DRI 53t L B Al 3 ) 43 A1 @ AEPIAMREAS o, 22 e OB BE DM (K1 B A5 5 s AN IRD; @ FEFE DRI ARTE 19 9 5 (intron) X 387 75 /b B AN HE LI

BB

B0 EE B nT AL AL, R GE v 27 iR sk
WHAR AT TN G L B, Geih ik
BUE&A G0k B o3 A W ORI LR B (R A0 8
W BIEEE X BRI P mE g B
W, O S TIPSR A d s B
4, el SAMtools™. BEDtools™%%, {H i1+l /3
FORR R, PRI, &I
TN T5 K 'S — 2 I FE P B A 58 i El o6 3510 R
SINTEATSS . 0T RGRIEE H P S N,
B AT LA F UCSC Table Browse!™ fil Galaxy!™ 15k
it A 58 FE R4 M. i1 T UCSC Table Browser 42
BT RSN AR ERER{E R, 1 Galaxy X
SOH P HEHE T S A B2 T BRI B £ Ak
PR, R IE T T, WONIRZ A
JE RTINS PR H

PLESIA 10 T2 A Ak 4T RNA-
seq B b EIEAGRFE, K 2a 45 i TR EUDIR.
FEFTUR G AR SE B R 2 e, D)5 2R 1 B
11 M Sk PE 25 (de novo assembly)® 625k AR 5 152 B o
B, e SRR RSO PR R 4. 45 RNA-seq S
UOAE SCPE I IR B T RNA 5 45 8, RN 73
LT e = M3 L a = aat// P S BU R -2
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A Review on The Processing and Analysis of Next-generation RNA-seq Data
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Abstract
RNA sequencing or RNA-seq is becoming a key experimental approach in the study of gene expression and

With the rapid development of the next-generation sequencing (NGS) technology, high-throughput

transcriptome. The overwhelming amount of RNA-seq data brings new opportunities and challenges for
bioinformatics. The efficient and effective processing and analysis of RNA-seq data is becoming the bottleneck for
turning the possibilities provided by the new technology into real scientific discovery. A general description of the
typical RNA-seq protocol was given. A complete review of major methods and available software in the processing
and analysis of RNA-seq data were presented, using the [llumina/Solexa platform as an example. Questions that are
still open and awaiting further research are also discussed.
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