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%2 4, RNA-seq ¥ 4%, 1# il TopHat X {4 ik TR 5 i 39718 MR s 8y 4w &1, H P4 10584 My

KHEiA

WAL R
EESE
Ly ES
RNA-seq

B A, Fo, BETHHECANTRAE, 4E LRI R WEAET K it ERA H ok, R
WA T 8477 N R W G H R T R W HEE 3922 ), BT REERLEA. TEX
AL E . WAETHEAMNET ok 4 MEA RT-PCR LHIiE T 2 MNRIEE F #8507 &
WHEEN, LT AHFHTERHEE #—F KW, RNA-seq 238 7 A % T4 7] 87 4L & fo
AR WHEENE, HIRNE T TN KT R W A o sk AR AT BB A R

%K 2 B0 A% N G 6 e 51 el A0 - R 5 1
F) B 2 . A S8 7 R0 N B 1 2 TR ) 30 SRR AR B 2 7
R EATHE NS 1 P9 (AL 8 0T 73 R 5TBY A R
BTN EF 8 5, WARIEAAAL SO 378y 47 5
BT W& 300, WRRESZ AN DM, KT
& mRNA 4 s5), Wit 558 = VIR N & 1,
OO L, T — AN AT mRNA, 41 i
1% 3 32 2 90 {5 A B3R AT B0 3. ) A8 BY B2 (alternative
splicing) & & M — A~ mRNA Fij 44 =i ik A [H] (1 By 82 5
S OEBEA N B BB 5415 = ZE AN A ) mRNA B

B, A AT AR A P AN A B RE 1) B
PO R, AT AR YR m SR U AR R R
FURZ R NG 2 —), JEIER AR s e
SRR

BN A3 RS B0 2 7 A 0 S A PR R R 45
(KOG58, H A 22 i 5 ikl TR A8 5 PR 413 [ Y 3R
B BYRERL 5. AR S E R A R O
ST R AR R R EOR, %5 AR BRI
Pa o BT AR R 2% JCi R AR S BT B s (K0 ) PR
EAE R T RO R WK TG . T EST/

HX5IAEX: He T, Wang D Q, Hu Y O, et al. Identification of novel splice sites and alternative splicing events in Drosophila melanogaster using RNA-seq data.
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cDNA JPHILEXHEFIHE T RNA-seq £ 1Hn 55 2 Ff
AR 78 SR TR B3 3 R P S 1 L
R 3 A Oy JR ] R ABE TR OV e 5 Y 44 U AT 8 B i
AL BB R T BT A 0. IR T VA RS AN MK T
ek S, HAERAE AL D A P PR R ) e
BT 5, A HC TR0 RS R O T 20 B R N 2 B Ak
ARIEHE, BPAPEZR I H R . BST HORK I LUk b
A 2Ry 8t 2 SR AR WU R DAL 85 A TR () A% 0 T R
AR UET, R R A LR M B B U e B
B s AR By g A R R R e B, BT
ve B, I ELANIR] e sk X 1) EST/cDNA 7 ifi 5 72
SR RNA-seq FEAJE B3 s Ao 7,
A Eya il T IR B B AR R, G R S vt
TREE, W AT AR () HE AR s S REAT A, I
B BT B AL AT AN AR B A, X SR AR L
M 7 I st B E ¥ RNA-Seq
Fi AR BT N T B B s R ) AR B AR Al
Mortazavi %5 A"l ik RNA-seq H AR M 145000
A/ mRNA BHEIE, ST 3500 MR AL T
AR BT BE, Sultan 25 AE L RNA-seq # AR & 3
94241 N A2 mRNA BIZIEIC, Horf 4096 4> B
B30, Pan 25 N UL RNA-seq $idfs, 764 20%
N2 A0 B 7 LD A 000 OB I By 2 e 2K, IRt
M =18 95% I N K 2 A1 7 R 34 K A mT AR B 2.
Ramani 25 A" 26 dt RNA-seq 08505 H 71%(1 E
PRy By He 07 05, IR B T8 i By 47 s AL A
2K B W R R 0] AR B A

SR B A ) A b e B AR
—. AR B A AR G R Y A7 AE, Stole 25 NPR
I/ 40% 1 L W 55 R ke AR T AR B . BRI, W]
AR B R PR e M AR K B %2
D7 R AE T ZAE . Gan 55 A POJE T RNA-seq HiA
BFF 2 P R P R ) P R A SR AL, IR T — b
22 S ) B R S R AR, ST A R AR W B R A AR R
AR i B b2 A 1) JB 2505 ER. Graveley 55
APUET RNA-seq BiA, #R8T RiE A KT B
IS4, RILT 22965 AN 8T 47 25, 15 i
12295 N2 AN TR, mib 60.7% M) R 5 A
AIAREYEE Rt T, SR S 2 S PR b LG IR AT IRIA
IR W 2, 7520 2 B TAE 7R Rl %
KA E k. ARWFFEE T Hbi s M RNA-seq 24,

BT B AN R 2 B, B 25 ST T AR B PRy
AETT A PP UNSEE, IiRB T 8477 4wl A28y
A fE, e 46.3% B iR gl i T AR BY 2
RT-PCR S50 s D90 E T 2 A SR EE DR F 9 0l il m]
B, KT AUB B R A

1 AR Tk

L1 Bl R 0 SR B 12 A B 4R i A i

Jmig L R 27 71 (dm3 i) R 23 UCSC Mk, S
IS AL RNA-Seq $i4**(SRR054704) F#
NCBI SRA %4 %, /& i1 Solexa XA ¥iij (pair-end) M J 7
IRTFIR 75 bp M AT 41, Heit 32585670 4%, HEDA
HRBAE N4 A FlyBase $di P UCSC M, &9
T FlyBase fl UCSC #riEMIWN & ¥, ZIUR 12
52980 AN AT, PREUHAR RS2 AR, A T R
CL A By 247 5 Bl 4R

1.2 BYERALA AR B

HRT O A 235 T RNA-seq Hodh VR 5 8T8 07 45
(A, Horp TopHat™ & — gl iz N i 45k,
AN O A bR AT R, B S — D Gk Lo 1) 5 R A
B A RE 20 B B B, TR ER 2 L6 R 4
P BRI B e i A AT R L), S A
LG PR BY B 7 . AR AE R T 2R =7 T
X bowtie™ AHFST T4, Fag BT A7 TR
% TopHat(v-0.1.4)F1 bowtie(v-0.12.7) ¥ .

KA TopHat JAT S HUficin N ¥ & : (1) K
W& T REB/E 10 kb LAWY, L& P KRR IR
Y B N 15 kb; (2) TopHat LLX Fh 1+ [X 5t % fovF B
—ANEERE, ELBYREN A5 B R 8 bp IR R R YFA
HEIC; (3) ELXTBIFE DA b1 e 5 Ay

1.3 A BT IR )

R AR B A AT 5 PR AR Y, 43 o) il AR
AT 55 (alternative donor site). 12852 KA 15 (alter-
native acceptor site). P& T £& B ! (intron retention)+
A F B Y (exon skipping) MAM 2 7 H.JF T (mutu-
ally exclusive exon). J34MBA 44 7 BB K, 4
RO 5 AP0 b AR (R dh B R s A e+, TS5 Y
R G W R n AL 5 8 FFIR 4L polyA {7 il
B, WTEAT R TT50 0. i 1 Pos, 456 2y
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f—m a2
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(B) DTS

I
r

©neIRE M
A2
A3
©) ST % ° wff—
D3

B 1 AR R R v SR SR
P rp 2R 007 PR LIRS B 1, 20T PR AT 3RS B, WSy Iy AR AR L SN AR A7 s, B RER NS 1. Hi 41
BIZR T 4 Fin] A2 B2, 55 419528 TopHat PRI BRI ZARAL id 4L, 25 =5 T A7 i AL Ar YU AT £ ) AL B e

A7 55 B SR AN L T RNA-Seq Hod 5 R 50 (1 842247 55,
T LA AR ORI SZ AR B AL, BATEEAL T
VUL 4 Bhoa] AR BB AR (0 v S, HAR R

(1) WIS AR AT BY F2 8 ARG A () 1 52 A4

AN E TR, WE 1A)FTR, 4 DB S A
R AR 55 D1, D2, D3 AR F (1) 3246467 15 AL
Al R 3 MK DI1-AL, D2-Al fil D3-A1, HJ
P 2 A0SR, W ARANE FIX A
D1-D2 fil D1-D3.

(2) W AR SZARAL R A5 BY 8 AT A [F (1) 52 44
A7 1 R [R) () BEAARAT A, ASTR) IR 52 AR A i e A 7 3
FWANE TR, WE 1B)FR, 4 DB A A
A I EARAT 55 D1 AU (52 AR A7 55 AL, A2
A3, W44 00 3 MEyEE S D1-A1, D1-A2 fil D1-A3,
BRI 2 ASATAR B2 i, AR AR 8 1 X 40 ) ok
Al1-A3 Fll A2-A3.
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3) W TIRE A AR BN G T4
29 I AE A2 0 — B R B B B R i, 2
PRFNARAL ST SV LE [ — A7 E. B 1(0)
Jios, D1 A1 AL 43500 R 85 45 A R A AR R0 52 A4 A,
FEMI NG — AT F L, BRI — A ar AR
By, nIARAR T IX O D1-AL.

(4) AT E R AT AR BT B R I — e A
Tl RE A IR BT B S 1 R A W B 7 BRI
BIREE, Wi 1D)FTR, 6 DB S S ANH K
LAY £ D1, D2, D3 AR 52 R 07 45 AL, A2 AT A3,
FIZEAL A D1 A3 Z WA AT RE AN 7, 193]
A1-D2, A1-D3 #1 A2-D3 3 MEGERIANE 7, Hofd
A1-D3 A CAIAM 213 Fr, MG 3 AN n] AR By 4
ff, AIARAN T A1-D2, A2-D3 Al A1-D3; #5
A1-D3 A4 38, T IR A 5780 384
PF 5, ARG AN IE AR E (4 B F AAFAE, TR
B 2 ANTARBTEERAE, TR E O A1-D2 F
A2-D3.
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L4 ey s FmT AR BY 4 i i S IR 0k

A TR e R e e R AR K 2 A R R A
HE. R H R Trizol E$EHUE RNA, cDNA 2 —4% (1)
G M-MLV 4% 5 (Takara)5¢ . {f /] LaTaq
P4 (Takara) LA ) cDNA SH#EARHEST PCR 3
W RN 94 CHIAZME 5 min; 94°CAEE 30 s,
54°CiEBk 30 s, 72°CIEMH 2.5 min, BE4T 31 MG,
72°C FLEH 10 min. DL I BT R ALK DNA [FIBGR
FEL(TIANGEN, JbrO)mfeaift,. PCR =9, ¥i%™
Y5 pMD18-T %44 (Takara) 317344, 16°C v 5 h,
HAL 2 KA DHSa, W FAIBEIHIE 31T PCR %552,
19 G B i Ak 5t SR W) R B B AT A R 58 K.
W7t b5 R — M AR R A IR A = EAT . S8 F
SEUS AT 514040 R - CG5450_F: 5'-CAAGAGCCGGA-
TAGACAGAGC-3', CG5450_R: 5"-TTGGCAGCAGA-
GTGGCTAAGT-3"; CG9008_F: 5-AGTTTCAATCG-
GTCGCTCGTT-3', CG9008-R: 5'- TACAACTTCTTG-
ATTGGGTGC-3'; CG31601_F: 5'-TGTCCAGTTCAC-
AATCATCAG-3', CG31601-R: 5-TTCTCTATTTGC-
TGCTCTACG-3'.

2 iR

2.1 TR0 RNA-Seq Hi i 4 2k PR A Y Bl 5T 4%
AL AR
i F TopHat 5 Sl 52 A, RNA-seq 28 LL X 21 3L

# 1 TopHat tXI S5 HUMBYEAL ARG RGETH

SN (dm3), TEBREIFN T X 5 2 e ir L — MRS,
I H BT S E R 8 bp XN AN fo VF A A I,
28038277(86.04%) 5 i sk N read 78 55— %6 Lb
PR EL X 3 56 IR ZH M A7 ', 2078497(6.38%) 4% read
YR RS I DCC 3 BY B A7 s 46 6 DX, 1R 39718 AN BY
AT .

W 1w, [RIR g ) SR e 0 B 207 A B 4
HEAT LR, IR B2 s TR A 29134 AN LA
BB, A T ORI S 55.0%, AT
ER I 8201 MNEEDM b FE bRy 1) AN BT A7 fi
read CHFFHOKT 5 194 250(69.16%); RAECAIB £
D7 25K AR P I BT B AT 10584 A4S, IR SBAT p
SR S AL sy e TR R (R B B A L R B
{7 fiH, read SCRFEUNT-55T 5 1145 2186 1~(20.66%),
BB AT R reads SCHRFPEICH B O B0 BY A7 10385 3 (g
%, K% KR /D% reads 32 #F. Ramani 25 A7 5T
RNA-Seq R AT AR BT 1) T AR, XAUH —4
read SCFF IR B B A E— 20 b, RILE I 90%
(1 A 38 n I 7 56 P R 3 AF B, S0k
A4 read SCRFM BB 55 F0m] AR 8y 2 FAF) 2
EEAD

2.2 BTG RNA-Seq £ ity 45k R A Y nf 28
By R
S84 RN BT SR R AL T RNA-Seq £#s
BRI BY B A5, L B AR AR B2 AR A

of L R B A R i 4 SR Read FI By 47 2 50 H LE 451
L 52, RNA-Seq & read 31 32585670
LSt 38 0k — 47 & 1 read 28038277 86.04%
Eb 3% 2 By A7 4511 read 2078497 6.38%
HAh read(iﬂlﬂf?)ﬁ%ﬁ\ttxﬁu%Mﬁ%ﬁaﬁz&tt 2468896 7 58%
*F ¥ read)
U HE PR BY B2 47 39718
T hRTE O 50 By EAT A 29134
BY A 25 (S FF read<S ) 8986 30.84%
YR 1 G read>5 ) 4832 16.59%
BYREAT 8 CLEF read>10) 2819 9.68%
BB 15 (2 read>15 ) 1853 6.36%
B 5 G read>20 ) 10644 36.53%
BRI IR B AL 10584
BT 1 CLFF read<5 ) 8398 79.34%
BYHEAT 1L G HF read>5 ) 950 8.98%
BY AT 2 G FF read>10 ) 377 3.56%
BY AT 1 G FF read>15) 186 1.76%
BYHEAT 2L GCFF read>20 ) 673 6.36%
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ML, FATTER %o 28 0 ] AR BT R i T & H R
vk, I 8477 AN AT AR B R AR (2 A n] AR BY
FEFAE 4555 MRV ] AR B FAE 39224, T LK 2),
AL AR PEARAT 55 AR SZARAT A TR B AAL
T E G 4 PR A,

BT L 52 4 RNA-Seq £ 12001 1) 8477 AN ] 4%
BT, RAAEILTE 3705 AN IR B(Z) 2 AL
] 25.8%, 3705/14381), " Al Hr 1) 3922 /> nf A
B — 0w TR E O Y. R
W Cdlc2 LN A2 P R AP, B2 5k 74
PR BRSO A A A 7. 4% uese
BHs PR R (B 2(D)), i3RI 2 Bl E 50 BY 2 5 44
A, AT N AEZIE R R A 1 ASHT 6 ] AR 52 A4

LD 5'-UTR 45 %0. RT-PCR S256 5 30F H 2 A S A1
BYRE SRR, RIGUE H b AR 2 AR A, ATREAE T
Witk /N ZE (12 n)fE HIKk A&7 EASHERE X 4, AT
FHORPRIE B A 1% 0T AL S AR A R 5 AT
J¥ . AR AT AR 52 R4 f A9 B O e EST 741
(AT946956) 12 FF. JilE CG9008 KN % L /R Fe Ak
TG 7 R R AL 8 A UCSC $idis P v B (i &
2C)FTR), EFEIAT 2 P E AN BT B A 4K, ARESY
NARAZIE R AR TR O R e AR B
fF, AL CDS X IFAM G 73801 T 207 nt, M3 EX
b B H N T 69 AN =R, RT-PCR & PCR
WP DB T % AN & TR BT AR By B g, K&
LT — Bh 4= 8 1 BY B2 3 M A& CG9008_N1. K #i#
UCSC ¥ FEF R (1 2(B) T, Al CG31601 Ak
ISR AT AR B B, AT 1%L N 0] T 35w
TR AR B A, AT CDS XA T
W0 T 54 nt, TS EGRAS IS A T T 18 MR
LR, RT-PCR & PCR JllJ3 s S50 AIE T 1% N 7% 1R
RN AR By B i AE, R T — P A T 10 BY B A 4K

# 2 RAIM C R AT AR BN I AR B

CG31601_N1, [AK 240 R EST F#4(BT125056)
SCRRIZ AT AR B A

3 i

RNA-Seq +3 A BB K Aff b J) 7 2 S A 1 11 T 1X
s, RIVNOANE T RURIE B RT IE H e
38 7R 5 R 9 1K) 28 Ak dn ap AR B U g DL
RNA-Seq $A e S A WF 98 4 i v T 1L A
WFFTHE T o 52 H, RNA-Seq 2085, B 39718
AR BTEA L, Hoh T 10584 ASEsT AL . KT
BN AR AL G, VO T T AR AR 55, T
ARSZARAL . A ORISR B PR 4 FRRAT
8477 MR BB FE, Mo 3922 ANy Hi ] AR By B
4. RT-PCR SEZEGEGUE T 2 AN S b KL K E g iR 5 i ]
AR, RO T AR B e A AR AR Sy gk
— AT PR L B AL T S T AR B A ) o ) e
BEE T oAl

FEA TAE RN H RO 57 BY 447 sy, ik 1

BAR, TTRE A B 11X B B LA 5B AE () e sk R AR 5
(1) 53 32 BEAR, B BY 447 A B (9 BT 30 IR,
8 e S B0 B BRI, A 36T 8 — AR P B AR
IR PEAZ A B P00 H ok A AR YU 380 1) © %0 BY 42
A7 AN A C AN BY AT S I 55%, — 5 T ] fE 2
WAL RO 2 2w B BT IR, 5 — U7 T nT e R
e 5 PR R A A LA 1k S R b S, B AR TR
BT D4t W P B R BEAS e, AT A R R Bl B 2 &
AR R 5. A VRT3 R i rT AR BY 4
1B —Ph BB TF B, &0 SERAEIT I 0 Z AN A
2 A S 06 R TR FE. HAT3E T RNA-Seq A
(1 AT AR BRI 7 U — AN o, I H P2 EA R R
Fesedk sy

B A A =4 1) read [t cDNA/EST 54

FHRE O 50 AT AR B R A

IR B T AR B R A

REE il Y HF read>s % F¥ read>10 Rl Y HF read>s 3 read>10
] AR R AT A 1274 368(28.9%) 260(20.4%) 1158 273(23.6%) 147(12.7%)
] AR B AR 1664 495(29.7%) 370(22.2%) 1176 291(24.7) 165(14%)
W& TR 684 464(67.8%) 353(51.6%) 1344 316(23.5%) 191(14.2%)
LTRSS 933% 295(63.9%) 222(48%) 244 52(21.3%) 24(9.8%)
Mt 4555 3922

a) AME T HR I AR BT BT ARt O AN BOE SR RNA-seq 3078 55 I VLS read SCHFEL, 15 44.6% (416/933)
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2 SSRIHF 3 AMREER LB RS
(A) RT-PCR ¥ #8 {8 38 RUAS [A) BY 92 5 A AR 1) FL VK B (B) CG31601 JE A ) RT-PCR &5 S5 %4k 72 (FlyBase 1 GenBank)britifs & (C)
CG9008 H: A (i1 RT-PCR 45 5 A5 47 B4 /% (FlyBase)bRiA: £ &L (D) Cdlc2 #:[A 1) RT-PCR 45 $ 15 43§03 12 (FlyBase Fil GenBank)RiE {5 &

MR Z, W H TR KA REDHH) read K
FEAE 30 nt Aoy, e Ak s SR S — 20 N T8y
FEAL RN AR B AR IR, — D7 i o i B
AT 20~30 MRAEI, oK H By BB X AR BT
EEBIAR /N, o5 —J71i, HihE T RNA-Seq i iRl
BT AR AT S8 oL S LU B R 41 1 read
Bk, W TopHat #RIAHE read YIk 25 nt K24

%3k

FBCEAT O HORE, W LA Y T B A TR )
(1) RNA-Seq BB IR /N Ay 75 e BRAE 31 &
A SZFE XA w I, 724 reads K 0] ik 2x100 bp,
BE A X — ORI R, Bl =K P, 25
BUBRE A X read HE 2, KA TRAT AR BT AL HY
S N B 52 = A R A DT B 2 e A AR ) SR IR K, ROR
HERE AT 7] AR B H2 [T

W R W N =
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Identification of Novel Splice Sites and Alternative Splicing Events in
Drosophila melanogaster Using RNA-seq Data
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Gene structure prediction is the first and most fundamental step to genome analysis and annotation. Splice site and
alternative splicing (AS) prediction is particularly challenging for eukaryotes. With the Next Generation sequencing
technologies, RNA-seq has been used in identification of splice site and alternative splicing. In this work, 39718 fruit
fly splice sites were identified based on Drosophila melanogaster testis RNA-seq data by using Tophat software, of
which 10584 were new discoveries. By different donor/acceptor splice site combinations, a computational identification
method has been developed and applied to predict 8477 alternative splicing events (containing four distinct classes of
AS events: alternative donor site, alternative acceptor site, intron retention and exon skipping). RT-PCR successfully
validated novel alternative splicing events and new isoforms in two genes. Our result indicates that RNA-seq was not
only an effective and accurate method for splice site and AS event detection, but also a new technique for deciphering
molecular mechanism of RNA splicing further.
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