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Insect RNA-Seq data analysis pipeline

LIU Jin-Ding"* ZHANG Zan' HUANG Shui-Qing® LI Fei' ™
(1. Department of Entomology, College of Plant Protection, Nanjing Agricultural University, Nanjing 210095, China;
2. College of Information Science and Technology, Nanjing Agricultural University, Nanjing 210095, China)

Abstract With the rapid development of high-throughput RNA sequencing ( RNA-Seq) technology and the rapidly
decreasing cost of this method, RNA-Seq is becoming an important tool for biological research, especially investigating
gene function at the transcriptome level. RNA-Seq typically reads sequences rapidly with a certain percentage of sequence
errors and bias producing a huge amount of data. RNA-Seq data analysis faces lots of challenges. Here, we describe
different RNA sequencing platforms, raw data generation processes and data filtering and introduce short sequence
alignment, transcriptome assembly, functional annotation and gene expression analysis. Finally, we briefly review the
application of RNA-Seq in insects. The prospects of RNA-Seq techniques and their application are also discussed.
Key words high-throughput RNA sequencing, short sequence alignment, transcriptome reconstruction, gene function

annotation, gene expression quantification, gene differential expression
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oy E B R HESNAE ] AR SO i RNA R
( BP RNA-Seq) W 74 e sk L BHE DR TE R
DL K338 3 W 55 4 A J7 T #EAT A 4 T LRk
RNA-Seq 78R 2 0F 58 Hh (1 B2, %F RNA-Seq £2

1.1 SEENFEE

H i, Roche 2% 7l 454 #% AR | Mllumina 2%
Solexa AR ABI /A &) SOLID AR 2 =K F 7wl
PR, o S K 5y, b, umina
Solexa R £ HE 41 1 5, 12 32 SIRLOF A B
B, 2012 4F 2 A 434535085 & 9, llumina 5 32
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AR IR i A B F (sequencing by synthesis,
SBS) (Ruparel et al. ,2005;Seo et al. ,2005), N
PRIEERATE , umina Solexa IR & HEe =4
20 ~30 bp K, LU, M4kHEH T GA 1IX,
HiSeq 1 MiSeq % 2 81 A, I 7 i K A5 2] T
B 30, HiSeq2000 T 2010 4= #E | H 38
5% 600 Gb/run,—WKiz 17 AT LA 7 i 16 4>
FE , HiSeq2000 SEIL T 2447k PN H5e 5 A9 000 7 7= 1
Al fe P BOPE 7 A R, 2012 4R Y
HiSeq2500 FJM 3l e F — 2532 &, v LAZE 1 d
SEAN NFE R AL A E T, MiSeq T 2011 4E4fk
B TAS NP & AU ESCB T
8 I B S B i — R Ak SR P | 2 U R AR
3515 73 BT -4, Roche 454  ABI SOLIiD %5 HiAth
-5 2% HH 5 Sk ( Mardis , 2008 ; Fuller er al. |
2009 ; Shendure et al. ,2011)

1.2 RNA-Seq M

PA Mlumina Solexa $% A -6 4 4], faj 5 15 1A
RNA-Seq /5 5104 (077 A8 2o B ARG 4 0 7 50
FRE I IEANRAE, 7€ Hlumina M F & F#4T
RNA-Seq il /738 % F5 L2 DL LA 5. (1)
RNA $#£HUAT RNA 4lifk; (2) RNA S 5% 5%y WUk
cDNA JP31; (3) 78 i BeAb AL B 5 (4) 38 imiml 42
35 (5)PCR 9738 K J3 5 | BEadk %5 (6) W7 7=/
J¥ 50 3, B I R T DL S 0 Sk
(Wilhelm et al. ,2010) , £ RNA-Seq "4 4>t
FENLIZ I & (1) RNA 2 BRI afifb . 7E $2 B
RNA J& , 75 MR 4507 B A9 & RNA 17 kb 2
TE#HAT mRNA-Seq I}, 7 I 1] Poly (T) #2HUE RNA
H {5 RNA(mRNA) , #H mRNA 5 3CJ% ;0
IR S R/ RNA 77 UL RNA 4325 K
/NF 200 bp f/N B RNA, #9/N RNA SCEE
(2) RNA sk 51911t . 7E#4T ¢DNA 2
e S, AT IR TP AN 514 2 poly (dT) 51 4 FBE AL
519, >k poly (dT) 5l ¥y nl VL it — 25 & 4&
mRNA  (EASF)FIE R 573 7 51 1 5 i 55 5 5% B
PLEI YA T R 5%, AR RN — 25 5 42 mRNA,
{ERT AR R RNA JP8 G S it 35—

RNA-Seq Ml J3 7= A 114 Ji 46 B8 Ay G SC
HE I B T LGS EIR S (TB) K/, A 4K
PERT LA B G Hh 4R A5 4 11 R 1 A5 5 o B,
RNA J¥H iR 3L , 5524459 8] FASTQ #% X 19 /5 471

A, TE FASTQ A8 XS AR read J7281) (U7
1O AL BUT 5 ) XTI 4 47,55 1.3 178051
BRI, 26 2 4 AT X I B e 47 A o 1 4 4, UL
K1, @Sl A C.G. TN 5 I FREALA,
553 7 50T 2% b B L (0 e BT it 7E BSR4
H N RS AN BE A A2 S WP A LA R L 0 - B, 18
PR 4R B ASCIL T4 7R, ASCIT {H
I, 27 7235 B AT 5 FASTQ #2114 136 B v
2% ik ( Mamanova et al. ,2010) , 4 %] FASTQ
M AR T AT B R RR AR
i) reads FFA , L4 i J 22 03 A 40 i ml S e
PRI A B DR AR VAT < (1) read J7
F AT - B R TR BIE; (2) N
BELE read JE A0 L BRAO A7 B THEHT, it o
B PTARE W5 B A T ek, i i B 9 A v 1Y
& ( Wilhelm e al. ,2010) , %} FASTQ #% = 3¢ 4
AEFR A L RS AR F AL, A0 fastx _toolkit (http: //
hannonlab. cshl. edu/fastx _toolkit/) , FASTQ #% =X
B 3C 4 vT DL 8k & 45 4 SRA ( Sequence Read
Archive ) #& 2 3C 15, £F i AE 2 5 208 JE b
(Kaminuma et al. ,2010 ; Shumway et al. ,2010)

“@ B dreadbipgr  @1_mxdkg408viL/1

<

WALFES, N AAReHEmE NTTCAGECARCCTATGACTCCTGCTTTTIINGT.
“HR AreadbRRRF, WILIER ¢
NG JF R R840 3 R IIAS ClL A DOYVY VY VY XUX Y YYYYUVBBBBBBBBBBBEBEE

BEl1 FASTQ igX&#y
Fig.1 FASTQ format

2 RNA-Seq #iEH T

FIH] RNA-Seq il J5> - 5 $f 45 K = il )3 B 48
J& A A A B SRR DG 2 B TR Y A
AT HT ., RNA-Seq TAEFERE i 25 AN P 1 46
RO R AR X450 Gl H 1 R 22 A e nT LASE AR, T
HAHAR A A B2, BIHERE R K, RNA-Seq T
YRR S T B 0 A, B T R AR I, T 224k
ILAEZ LA A B E . RNA-Seq % 70 #r 3=
PR RS PR R L T BB T R, 22 R R R Y
Bré, Ho B s A PH 2 BT A Je 28 o b T
YERIRTHE . H LAY RNA-Seq K03 20 M ifi 72 40 5] 2
fi7R. BT RNA-Seq /AR RIEF E K, D
WJLE T AT, 20 FACSKHE T H, X e
FNHEAT AT 75 BLAE W A R TR R AR
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SOR L FRISEIX 4 AT T AR TR R i

T HUEAT A,
S WU P
v
R
v
v v
R ATIRER ik BT
v v
COG. GO. PATHWAY R ERRIEST
| |
v
)2 )

2 RNA-Seq #iEHTHRTE
Fig.2 The pipeline of RNA-Seq data analysis

2.1 RNA-Seq read %Lt %

% 51 b X S 4 RNA-Seq Wl 3545 ) read
FE A LU 3 00 e s A B R 21 | R T
DRI ZH ()7 S A DR BE TR 3 8 7 o I 22 3R R 40
i) B K 5 ( Mortazavi et al. 2008 ; Wang
et al. ,2008 ; Cloonan et al. ,2009; Berger et al. ,
2010 ; Griffith et al. ,2010) , %631 L XT A1 EST ke
X7 A2 A 8L ( Kent, 2002 ; Wu and Watanabe,
2005) MHITFE A E &, FEAUT 4 DIy
J5A : (1) RNA-Seq Wl J¥ 4K 45 19 )77 91 5045 (2)
RNA-Seq fF7E—E R PEE TR 5 (3) FETERS M
(1) read , NAEIE L L X 5 (4) RNA-Seq T 3145 1
Feo g AR B R, RIS read J7 512 A E5 40
F S L AT L4 R un-spliced read alignment
F1 spliced read alignment , #1879 (1% b X480 36 T 5L L
F 1,

*1 EFILEWNIR
Table 1 RNA-Seq read analysis tools

FE XA
Alignment type

B

Software packages

[ 1
Websites

Unspliced MAQ
Stampy
BWA
Bowtie
Spliced SpliceMap
MapSplice
Tophat
GSNAP
QPALMA

http : //maq. sourceforge. net
http ://www. well. ox. ac. uk/project-stampy
http ://bio-bwa. sourceforge. net/

http : //bowtie. cbcb. umd. edu

http : //www. stanford. edu/ group/wonglab/SpliceMap/

http ://www. netlab. uky. edu/p/bioinfo/ MapSpliceManual

http : //tophat. cbeb. umd. edu/

http : //research-pub. gene. com/gmap/

http ://www2. fml. tuebingen. mpg. de/raetsch/software/qpalma. html

Un-spliced read alignment 45 4E% H [7] — 4>
S read J¥ 41 X B B PR 20 v, 320 25 A
7 & 5] ¥ ( spaced-seed indexing ) 1 Burrows-
Wheeler %t ( Burrows-Wheeler transform, BWT)
PR, NPT 2R S E BB read TR /DA
—ANF RIS 7 5 58 A2 DR E, 38 2o B 7 4 e
XF P A L, SR 5 TE 4 /N8 LY Lo X e 91 v kA7
PR, i 15 read ¥ 5 fiE 0% 5¢ 4 M %) (Jiang and
Wong,2008; Li et al. ,2008a,2008b; Smith et al. ,
2008 ; Homer et al. ,2009 ; Rumble et al. ,2009 ; Rizk

and Lavenier,2010; Lunter and Goodson,2011) , %
#L H % T HA MAQ (Li et al. ,2008a) , Stampy
(Lunter and Goodson,2011) ., Burrows-Wheeler ¥%
ek B S 51 i B — i FUN e 4 0F 1 R
g1, 7E 38 o A R 1m0 7 ¥ Ok 8 A 3 B
(Langmead et al. ,2009; Li and Durbin, 2009 ; Li
et al. ,2009b ), #L AY 49 5 3L 4T BWA (Li and
Durbin,2009 ) , Bowtie ( Langmead et al. ,2009) , —
M Burrows-Wheeler $545032: a5 i 72 511k
T R R R (H2: R B BAIK ( Degner et al. |
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2009) .

Spliced read alignment S35 215 7 i 79 read
A Hoxos 31 22 FE PR 2H v 3R 6T I T T B
APy RNA-Seq Ml 23 A v, ZE B PR 20 5 7
P HME T 1Y reads 7] $i2 3K E HE 3 B T R,
T ELA B T 5 SR AS 0 2 DR 25 44 18931 ( Black , 2003 ;
Guttman et al. ,2010) , fEEFA BN B BT
reads Y7 EEIE B 7 HPIRSE  “ Hh T IL S #
R USRI VRPN N A /w3 A A 0 W AL 2 7.
17: 8 ¢ Al H Un-spliced read alignment 5 72 {2
reads FEXTEIHERR 20 | 5 SR 5 48 BE L XS B 5L R 21
FHY reads 73 F U A Y B Be b AT B L XS, 3%
Tres— 20 B A B s X, ORI
SRS B X RS AR RN T e
FS IR (A | 32 A7 A B A B ) PR £
W5 1Y reads , B8 S Wi R ALY A1
B E 4 MapSplice (Wang et al. ,2010a) |
SpliceMap ( Au et al. ,2010) #1 TopHat ( Trapnell
et al. ,2009) %, ¥ ¥ 7 (De Bona et al.
2008 ; Wu and Nacu,2010) # reads 43 E| i 5 45 1
FhF P80 AL BN A b i/ T 2% 540 Lot
ARG FEL, SR 05 ) BE Oy B 7 I kA DTS
BIFHONS X, fe 280 0 LU XS 7 B, BB ) b1
P75 GSNAP (Wu and Nacu, 2010) £l
QPALMA (De Bona et al. ,2008) ., H T &3 K )
FETE 550 1Y reads TEAE SRR A0 B F 58 /Y
T e Ao 3 Al i B 1 BRI A W A0 S A 1 3k
RPN, SBT3 e ik (H S
BB R B R,

T reads JF ¥ 5m E K, KL reads 7%
ot 25251 o T A AR O, #7642 LA KRG 3%
S5 RAATTAE . HFTRL reads J37 51 L X 45 2R
1% A SAM ( Sequence Alignment/Map ) % 2 5 2
FE4E ) — ) BAM A% X OR A7 46 (Li et al.
2009a) . XF SAM mi#r BAM #2445 5 A 21
A2k A samtools (http ; // samtools. sourceforge. net)

T HABh e

2.2 HREAPE

5 S 4 PR32 2 DN RNA-Seq I 77 3K 15 1 4
reads [P PHE SR AS . H TR Skl PFE 714 7T
O3 M FE L T R R Sk A ek L R 2 R ) vk
AT reads 7625 FER 4 LA B A5 B L PHE

Bl S T DS 2R 23 1 AR T reads 22 [B] Y B &
X i 17 J¥ 5 PF # ( Zerbino and Birney, 2008 ;
Guttman et al. ,2010 ; Martin et al. ,2010 ; Robertson
et al. ,2010; Trapnell et al. ,2010; Garber et al. ,
2011 ; Grabherr et al. ,2011)

FEPR 21 S 0] 753 RNA-Seq U7 Y reads 551
STIPON 1By R7~ n s I SN W o 7 2 S e M o )
e Sy DX, AR 0 R AN B 3% 8 Ho o 3] B B PR 2
DX Y reads PR s DXHRAV G R R A — 1> H
e SR DX IS AT ) (BT, i I AR AR i AR 4 A 24
DR AR R AR, BT A I R B X I A
PRI S, BT ) B A X I e R A b Y —
A, R P 535 A Cufflinks ( Trapnell
et al. ,2010) F1 Seripture ( Guttman et al. ,2010)
IXPAFPSA S R TP 4 LU X 1Y reads 13 45 & B
FRAH AL A (B4 X : Cufflinks 3K i 4% 5%
AHT /D8 Y A 7 55 AT T Seripture
DR it P e 42, LG, Seriputre DRFE )
Bl EABRE L Cufflinks 22 {5 B 7 , (5 R BUEE
RvE S b AP DU s AR i I A, o5 —
MNREHH S W A PR G Mor. Se ( Denoeud
et al. ,2008 ) , %5 FIH read H XA 51 X
B ARG A reads BUALEHF BAEAM 01 & H2 ke ok
MR SEA, G. Mor. Se Bk L E A TR
RNA-Seq I 17 1 45 Jod 04) S5 6, O 30 12 PR 4 1 o
(R AT AR S8 HETAR DT

ML 1 R reads 741 (0] 14 56 8 X B 4%
PHEDAG e A, 1 T3R5 reads Z A AY 5 K
RRBEA reads BN PR K S BOTR E
AR EE LTy, H AT PR 2 R — R R de
Bruijn &K f# ( Pevzner, 1989 ; Zerbino and Birney,
2008 ; Surget-Groba and Montoya-Burgos,2010) , -
DA AR B e E A T Y reads JEANIH 2R
& E B k-mers , S8 J5 A H k-mers 2 [8] 1 k-1 4>
TR E S EME N T de Bruijn K, 5 7E de
Bruijn |8 SR8 27 R %72, 454> de Bruijn 4]
ST A LB L £E de Braijn 8] 1 5 7 19 B £ X4 137
¥k, AE de Bruijn & PSR SRART, A H
H 328 B 4% 8 H SR P8 A I vead F179 i 51
(PE) reads 7 5 1% DURA E e s AS B ) Sk 20
B A transAbyss ( Robertson et al. , 2010),
Trinity ( Grabherr et al. ,2011) , Velvet ( Zerbino and
Birney,2008 ) , CAP3 ( Huang and Madan, 1999 ),
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Newbler( Margulies et al. ,2005) %%,

HE PRI 2H e 1) A A %o ik PR 2 471 8 R
PEATHE SR 2 PR PR3 S A ) ot AR R AR &
T L A Y A, AN2R 25 R AL 58
IR G EPHER R AR R Rk
WS T Wb 0 e S 2H P4 | (H 2500/ 4 iR

FIIFHASR Z[A]F) SNP AR 2005 DSk 2 e 4 50
AR, AT S 2 DR T S, P BF
HITEASA DL L, A2 23 B o 7 v AR 9 52 56 H
AR AR B R | L s — A B AT AN 58 Rk [ 2
PRI HEA T e S PR | SR AP RR T 1k AR 25 5 02
— AFERYERE, IR SRR T AR 2,

Fx2 ENHEREAEXETE

Table 2 The softwares used for transcriptome assembly

LNERU)

Software packages

[EFilS
Websites

transAbyss
Trinity
Velvet
CAP3
Newbler
Scripture
Cufflinks

G. Mor. Se

http; // www. begse. ca/platform/bioinfo/ software/ trans-abyss
http ; / trinityrnaseq. sourceforge. net/

http : // www. ebi. ac. uk/ ~ zerbino/velvet/

http; /Y seq. cs. iastate. edu/

http; //454. com/products/ analysis-software/index. asp

http : // www. broadinstitute. org/software/scripture/

http: // cufflinks. cbeb. umd. edu/

http ; // genomebiology. com/ content/9/12/R175#B45

2.3 EQMER

T RETE R 5 0 [R5 X 1 O poke e
KA FFHNIEATRETERE . [ L X HEAT D RETE B
RIS R G P B DR e St S5 TR ETIRE” ,
ZW K3 ATII (1) WY 5 (2) 2% 751 8
5 (3) A SHL, R L X HvL AR £ Forh blast
(Altschul et al. ,1990) f& &% 5 2 T e v B b e
MBRRRE . AT IR 2% 7 98006 2 A NCBL 9k
TUAYHE F1 B8 )% (non-redundant protein database ,
nr database) \Swiss-Prot 45, ™50 B 45 G B
e B R P RSB 2 (H R R A
A Swiss-Prot Ef%?;Swiss-Prot ﬁ%@qu?ﬁu//l\,fﬂ
SEINRETERE AT SEPE R, FH A JLBCHE P X i ik 2H
FroyRE R, — ) 1E-5 44 E-VALUE 2:%(
(R AL, 9K I SR A3 L T P 9] 1 T RE AR R e st e
FEAIRYIIREERE . Hh T 2B % b e 4] S
R, PR e 5 e A0 i b i 45 SR AR S 3 9 D RE T
BREER— T L2, 2R H e XS B E,
M ARERELIR AR, TR N A L
SRR PE T T 8 SED BOE AR 4R )
ATREANTES B ] s D, M At b i 2% )7

FIXS LAY E-VALUE {EAR T35 € BIE , R4S R AT
Tt — A . Bt 78 A 2 LS H 8RR,
XA B RN % J& E-VALUE {8, B ZEPPAG I
MSH, AT B A543 55, 3L 20 WA T R
AR RN

W& 7% SR B S A HEAT DD REE REZAh, W i
KA M EBAE A COG I B, GO I B LK
PATHWAY 88, COG VERE AT LU 48 2k X D fE A
PRI FN e 5 20 v i e 90 AT 432 kT AT LA
Tn WA PR LE AL YR (0 SR M . COG T
AT LI i 7E 2R IR 45 (http: / www. ncbi. nlm. nih.
2ov/COG/ ) SEBL, v LR 4% COG #5413, A H
blast 76 A< # 52 B (- Tatusov et al. , 1997 ; Koonin
et al. ,1998) ., GO FERIEM N FIIEE 4D
P R DL K A0 LA 0 3 A4S T i R PR AT T R
GO TR R | T L RUA R ER G 23 BT 4 7 4
P PRAE T 0F e PR B2 R 1 — Bk, BT
Zf Y GO 1 B F A BLAST2GO ( Conesa
et al. ,2005) . GOstat ( Beissbharth and Speed,2004 )
A1 Annot8r ( Schmid and Blaxter, 2008 ) ¢,
PATHWAY {8 3 B 05K e S A0 35 (9 A= W A
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ECRPE AT AL I 0 £, AT 2R A7 56 PRI TR] 1) AH
YERIS T, HETHEAT pathway 43 BT (19 54k 1 £ 22
A KEGG ( Ogata et al. ,1998 ; Kanehisa,2002) , PID
(Schaefer et al. ,2009) , BioCyc ( Karp et al. ,2005)
45, LU KEGG M, KEGG {17 T Al §EH) B % 5
S AR S I R SRV A i 2 LR
FNIS% A5 50l P b, DT R A s 20 P 4 1Y
pathway , 3XFP 75 ik JAT B9 A B8 42 H ag e it =
2 VIR A A 530 B T AR Y ik, TR Y
COG 18 GO FERELL S PATHWAY MR AT L 2%
SCHk ( Tatusov et al. , 1997 ; Koonin et al. , 1998 ;
Ogata et al. , 1998 ; Kanehisa, 2002 ; Karp et al. ,
2005 ; Beissbarth and Speed, 2004 ; Conesa et al. ,
2005 ; Schmid and Blaxter, 2008 ; Schaefer et al. ,
2009 ) AR T H Mk

2.4 RIEEEMREERSHF

2.4.1 RIZEE HEFSHHEARRAER R,
AR S, 8 T M T A Y, H
R B A I 2 A9 (Wang et al. ,2009;
Marguerat and Bahler,2010) ;1) 4 & 144 51 #4)
AR, A RERIN 1 A 2 A0 0 R R 3R GA
(2) MR GAF &, P BUI R IK 1 5 BRE LA I
RNA-Seq HYEER FRIB T H AR IEHE TXF read BT
B HIRER IS 1 B W e e A I, B A R =
SRR TC M A IX S5 AR A48 (Hoen et al. ,2008;
Shendure ,2008 ; Wang et al. ,2009) ,

RNA-Seq F T3IXE I N % JE A R 48
225 . 1) read K 3L R K BN R A [R] 5 2)
RNA-Seq W JFIRBEA ], WP 3R 45 1) reads S 2504
AN] 38 SR RPKM 58 bR TH BR X R £ 4t 22
5o RPKM ( Reads Per KilobasesPer Million reads)
FRIIERE 1 FT T reads 7, LEXTEIEE 1 kb GEESH
B E#Y reads $0, 4 reads R H T PE Il 7 £ 4
B, 250l B9 IH — 4k 5 74 FPKM ( Fragments Per
Kilobase Per million reads) ( Mortazavi et al. ,2008 ;
Trapnell et al. ,2010) , ZH—ALb B 5§ # AR
FEIR TN AN 23 32 3 I e TR 38 R 6 PR B 1 52
NS AR AN [l BE A [ 00 % B8 ) 6 PR ek
HEAT A

MDY BT 2 SR
B AFAESE R AN, #8) reads AT REBY M X 2 £
A SEAREE 2 FE A b SR LG X 8 AN A

S IR A R T ERR M. T B R Oy
e R X 8 — D257 B reads BUE T
Tk g, MR E LA Alexa-seq ( Griffith et al. |
2010) o XFPFIAE L BARTE — & TR EE b
T reads IHJEANHH & PERY A1 R (H R XHIRLE A
FEAAMNE (BB ST 7 B I R X
P50 T 10 i e sk AR Y Rk B e, —
MG 3 AR, TR R A 3 A
FERA R T AN R T 1.2 PHER B 5 54
2 AR 1 3 PHESSR], MFE A3 bR T2,
3 PHERR, EHIEOLT ok AIZIER AT read
AR ME— HE X B A5 S AR | Alexa-seq B3k
WTEEPHAL X 3 N RAN LB, 5 —RKKIA
TR T IL R FALLUER R B T2 b 3 reads A Tiff
EPE Y [A) B, AR B 5 Cufflinks ( Trapnell
et al. ,2010) , MISO ( Katz et al. ,2010) 1 RSEM
(Wang et al. ,2010c), {HJ2&, B FRXAEREKILTF
Gt orMr ik, 21 8k R 3 A i A I 25 5 o 6 ]
FAR AT

2.4.2 ERRESH HEHNREZEDTEIEHL
HEAS [T ESF [] AN (] 4 2 A [ b B2 1 T
A ZE SRR AR, AT RS BOR R A7 Rk
255 T FE R i B9 AF w4
JR A TE R 43 A1 1) B AL 7% & fn LA 43 #fr . BT RNA-
Seq TEARIET read THEL, 32 ¥ 58152 I 1 fiv 414
DL R PRI B2 ) 52 ), PR a2 T R DRLES e R 1)
it Jr i ANiE A T RNA-Seq 7347 .

L4 FIH RNA-Seq s dE47 56 [H % 35 22 5+
3BT 38 SR TR 23 A B B0 26 8 170 A D
ARIFY reads, JAAN I A BB AE 22> RNA-Seq 5
5 A5 2K 5 ( Marioni et al. ,2008 ; Bullard et al. |
2010; Wang et al. ,2010b) , JL H:3E & F Ilumina
GA W7 77 A= W 08 0, BL B Y AT DEGseq
(Wang et al. ,2010b) , B IRIANA 7 A B AU AE F7 R
R T ARG S B (AR A W 2
SRS, S I S RIS AR R I Y 25 S R A
PRI BE P i v, G 3 4 Dt R 2 P BB 22 e 1
F(( Langmead et al. ,2010; Oshlack et al. ,2010)
PR bt B 2 i A o A AT DL IRORE B R
RAGE ST E R B RNA-Seq LA, N
Ty R AR S T B2 S R R 0 B TR
TR, by — SRR PR AR 0 Sy A A AR AR
BIARA A RS [ ISR ) 2 2 80k i Oy s
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TTRIRZE SO0 HT  TEAR RAFREE Boks 7AW &
R A7 ok B9 1% 22 (Anders and Huber, 20105
Robinson et al. ,2010; Trapnell et al. ,2010; Wang
et al. ,2010b ), HL A [ 5> 7 B B EdgeR
( Robinson et al. ,2010) , DESeq ( Wang et al. ,

2010b) . Cuffdiff( Anders and Huber,2010) 4§, % U
FRHE PR 22 S R IR e A i TR W36 3. 53 4k,
BitSeq >R J1] D1 I 307 4 K 07 15 i TR veads AN E 1
FR ) L, R P T RO B 52 A )2 H1 5 ) RNA-
seq BHE 3T (Glaus et al. ,2012)

®3 ERRBEEBMERRESTRGE

Table 3 Common used software for gene expression analysis
FIRIIHTIERY L/ CUR N 1l
Expression analysis type Software packages Websites
E T Alexa-seq http . //www. alexaplatform. org/alexa_seq/
Expression Cufflinks http : //cufflinks. cbeb. umd. edu/manual. html
quantification analysis MISO http :// genes. mit. edu/burgelab/miso/
RSEM http://deweylab. biostat. wisc. edu/rsem/
ZRRIRIHT EdgeR http . //www. bioconductor. org/packages/release/bioc/html/edgeR. html
Differential expression DESeq http ://bioconductor. org/packages/release/bioc/html/DESeq. html
analysis Cuffdiff http : // cufflinks. cbeb. umd. edu/
BitSeq http ://code. google. com/ p/bitseq/downloads/list

2.5 RNA-Seq ##75 th TEREFEFER

TE%F—> RNA-Seq £i45 5 2L B #8G Z2
AT AT R, Sk B R I A S AR
SR A, B F I RNA-Seq 2038 77 A= OB AR i 7
AR RBME, HIL, /21T RNA-Seq B4 5
BT, X R B e B B T, B0y T FR AR R 0
FE FAT G, AR AR B T B BB Y AR
SFRBURE T R AT S AN, A BT K
PFREAER Z2 S50, XS S 5UH 1Y 1T DLy o b ik
SRR S5, RS EEE 12 P e it
(FEAS S, anfs A b SO 4 DL R SO ag X4
S8, MRS BN 48 s 17, R B H
B2 FP PR REFE AR I B2k, — B &, Bk
M TR S B9 BON S8, A &
BHELER RSP RES bR o BB, 7ESEPRAl
A S S fb S50 3 BRI T &5, 7F
ANEAREABEL T, 0 HEEERIASH
., PRPAFRE S0 OUF A3 X /N R 5
AT Z R B, VPG AT 45 R PR BRI S5
.

3 RNA-Seq FEREHRFEMRHWEE
W A

RNA-Seq 1F # >k 8 2 Hb v F T B B0 5%
SN R A R R W E AR LU T 3
AT,

(1) P LR UEHE, 56 35 B A JE 9 21 7 R
RNA-Seq 7] LLJa H2 20 i PN AT 5 e 38 KO- i JE 1A
ARAT A 5 B 2 i DR 2 3R 0 B LR U . AN )
I AR RIZH 23 ) RNA-Seq 7 91 B3 F Xt 21) & (4]
41 1, AT LSS L DA A0 T R, L A& 1 S PR G 4
P BT ) R R SRS 1 o B B A A
A RNA-Seq i Hoxh 21 R SR S R 4 I,
FRIE FEXF 45 HAE 1E T 309% 1) 2 S S5 8 5 X 25 44
BRIT 319 AN A U T K&l AR 5y 5
4 (Daines et al. ,2011) , 74k d 5 R 200y 5€ 7Y,
5 4FJE , FHUCFIFH RNA-seq B0H X6 ik i 3 R 41 1 ¢
GER AT BT 58 % (Kolev et al. ,2010), H7F
2004 4F, R A HE 5 N T R A TR, 2012 4
FIIF RNA-Seq ZHg 2 1E T 1 140 /> 2805 2 [H 45
¥, BT ILTASF AT 28 85482 . RNA-Seq ib 7]
D32 FH T 5 0 2 R 4 A R R R R R, /N3
I A U Ak A L AL A Y 1 B ( Zhan
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et al. ,2011; You et al. ,2013), Z5HRZFRH], RNA-
Seq B Ay 3 P AU T3 K 4 1B, AT L
PER RS R T SR

(2) FEHEFF R, e HE R HE s, AT R
A 43 PR AR SE R I & R (i T K
A ) o KT B O T, S P AL AT v oA
AESEIN, et BRI FE 4 A0 & s 5 B
F& TEHE, H RNA-Seq 2R HUR S 2L 1) B AR IR &%
R, o H AT IR S e g i A o X, o
RNA-Seq 25 At B e i i R o et e %) s SR 2
Bl , kT 25K BRI DL K — L E
LA I [, Sk B IR A ST BEE T 4K
PEFERE (Chen et al. ,2010) , —ARHE iz e S 2 8%
P NI O T H L R P AN R R, A
TARSE R A AR ST AR A T A U (Ma et al.
2012) , 7ERAGIERASE 5 i, AR 3 LA R
(14 B 2 [V 32 P4 4 i ok a0 A 2 2 i b 2
[i] PR 2 G 2R T AR R 4 i 2 A 43 B 45 L 1) ]
P, 0, Jimenez-Guri 45 (2013 ) F| %% s 414 11
BRI R HEAT T 24k 40T, i bR JLANHE
JEME R0 H R A E TR

(3) Z LR, B N Thig, i T
RIRIALEE AR ZAE T AN ) 20 2] f 6 R 2 3k 2%
St AT ORI S B 2 25 S Ak 1 B N e g
V1D RE SRR R, DT R IR AIF 5T B A4 P A
KMo T E Y 2E ML B8 Femly . Bian, 43 0 % 45
RN DA B ) R [R] & B Bl T AT
RNA-Seq T, #4725 5 #3B 00, kA8 T RS
REB BN B A B £R2EF WA ( Xue
et al. ,2010;Li et al. ,2012) XS0 Hy % 74
PR T EHE S5 2011 47, Bonizzoni 55 X}
Y5 B AP SO 1 22 S A [ i ] BB %) 35 R 6 5k ik A7
T AT, KBS W I A AR T R R R G B 9 s
PRl 33K 76 3595 154 2 1 0F 5 v LA 143 T B2 1
H#HE.

4 BEMEE

RNA-Seq M5 k4l 2t o8 42486 T — MR 1)
S, AORAE T SRR 43, i B4R T
FERFIXAGF R, EZ P BN R U FAEYE R
MEZETH, EERFRERT ks 11, T R
5 000 Fi H A SN P 0t 35 R A S P Y
Ui, AR TP AR, R AR E L

RNA-Seq /388 B AR B R B2 iy £ 7, WA
RNA-Seq $E AR — 25 & | H I 332 4 F 0
B PERE 2515 2 00, mT DL IR A HL AR b i 9% R
(45 A 2 A A BR 42, o 3 S Bl 3 R 9% U IR B
MR EZAHESIE- ., 1A, T RNA-Seq 2L
o3BT T B0 A B R A S5 8 AR OG R TR
RNA-Seq £ ARAS Wi Bl 29 ) 12 0 B, 75 2268
20 B A R B AT Ak B A AT R K 4
VG B2 E AL a2 ]
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