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B OAEE K A

R UL S R AT BHLRL 2 5 5 R £ Be » i 50, 210016)

B E: AT HE TN A5 RNA-Seq(RNA-sequencing) 2 | T 4 F B HF 7 09 — A T H A AP T2 H K
BEHFIAERISHARTBELENERS R ERENISAFRL BB ARt Ta iR
B 7% 7 % LDASeqlI(Improvement of latent Dirichlet allocation for sequencing data) , A2 ] B 3 4 F#
REMBEES SR IFTHRF TR T HBRHA T AR BETHEREN IS H T % R oks
FlA, BENHIREF A BEIR AN EBELSREE AR R, BEA LA AT HEE
.5 5 & LDASeq(Latent Dirichlet allocation for sequencing data) £ & F= B 3] i 47 69 Cufflinks 5
RSEM(RNA-Seq by expectation maximization) 5 ik 3t /75, £ R B, KA FERF T EAHEHG
HEABREREZAKFIHEER,

KEIW: A BE AL ;RNA-Seq; 3R ARk 5 Ru A 4%

HESES: TP391.9 XA R A

Improved Trancriptome Expression Analysis for RNA-Seq Data

Shi Xinxin, Liu Xuejun, Zhang Li

(College of Computer Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing, 210016, China)

Abstract;: RNA-Seq (RNA-sequencing), based on high-throughput sequencing, is a new technique for
transcriptome research. Considering the difficulties in the analysis of transcript expression using RNA-Seq
data, an improved method, improvement of latent dirichlet allocation for sequencing data(LDASeq |l ) is
proposed to calculate the transcript expression. To deal with multi-mappings between reads and isoforms
and non-uniform distribution of reads along reference, LDASeq [l utilizes the known gene-isoform anno-
tation to constrain the hyperparameters and normalizes the read counts by exon length for each individual
exon. By introducing "pseudo-exon” and "pseudo-transcript”, the conjunction reads and noise reads gain
proper treatments. LDASeq]l is validated using two real datasets on gene and transcript expression calcu-
lation and compared with latent dirichlet allocation for sequencing data(I.LDASeq) and other two popular
methods Cufflinks and RNA-Seq by expectation maximization(RSEM). The results show that LDASeq [
obtains more accurate transcript and gene expression measurements than other approaches.

Keywords: gene expression; RNA-Seq; transcript expression; multi-mapping; non-uniformity
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51

il

RNA-Seq(RNA sequencing) f2 F& T 5 38 £ U )7 B AR X 5% st 7 AR s 09— Fpo o s B A (F R L
ol 0 R g T T R AR A S A AT L A A T A AT A 0 Rl ) B S R B T AT R AR B SR AL AR
TG B K . RNA-Seq i 4b #ok 82 22855 R 3 A4S J7 10 = (1) 4 132 B 55 31 2 2% B [N 41 sl 7 st e
(20 ) A UG i 38 ) 3 B X B R mk R SR A R AT A A 5 (3D A TR B DG HC B AL PR s AL SRR R B R H
R A R ml SR AR A . AR SC B A XS — A R AT AT B4 e R A R R L
B SRR 1 338 KF-

RNA-Seq il 2 115V it 1) 3% B 7 14 b 52 B H ok 367 AH O 56 B % Sk Lo T A4 o O [ 35
PRI FIAS () 52 565 T) Aty 11 %) 25 PR 2% 35 0 04 AT L a0 200 % 366 R 3 0l e R 8 A7 00— 4k . e i T 19 —
b J7 & Mortazavi 28 A & Y RPKM(Reads per kilobases per million reads) 53, Bl & & H &Pk A
FE L B o FE DR AR B S B P ST L — A B A SRR 3 S B SR AR 5 R R Y S 4 A
T T B SR AR 1 22 VR R S A — 20 L B Y T B B M — B HOR R SRR,
I RPKM 75 B AN BE B4 0 T4 sk ARG H TR . — B o S8 O mT DUAR 96 2 41 40 b 7 21 B R 4% Sk
BT B ) e SR ST B AT R R S A B B CR R i RAR FRAA . SRR IHR B A B S AR
FRE A SCRERL9 13t 1y Cufflinks #ER1ER R T 7 3 B 8L B o 52 B0 0 432 S 4 I A R HE KT . It
Ah IR SCHERL10-11 142 H i) RSEM (RNA-Seq by expectation maximization) J5 ¥, ik [ 12 ]2 H 19
BitSeq(Bayesian inference of transcripts from sequencing data) JF I, &R T —F FEE M IR £
PRI 1] . RNA-Seq 308 1) 3 Sh— D H¢ RUR L BAE S % 7 51 B o0 Al A & B B — 2o, 2 0
ARBEJPER Cufflinks J7 24807 B i 22 AT 51 i 22 il A B3T3 b B0 T 52 B AR 3 59 SR K 19 Bl AL
. RSEM Jy i3l i — A 7= A sUME S BB A e B = AR i BRI R 0 A S R B 7E — 2 R L THBR
T AR,

£ X RNA-Seq 32 B 19 58 1K 2 05 Be 58 5 43 A0 A B 57 5 A4Sk o, SCHRL17 142 T LDASeq(Latent
Dirichilet allocation for sequencing) #5 %I 3 55 R AR F KK F ., LDASeq FLRIE o 5] ARS8 5, 51T
B 7 B AR A1 i A M Z R G . RSk AR R B i AVIFAE LA R B o A T e
BB, RIS X B RN MR P S B X A5 R B, [A]B %NAh IR SR B BB H I — 1k L
TAM LS AR B 0 A R AN RN R — A REF R E B R O BB 5 R TR R ROR R
SEAR I AEAE X T H 55 5% 7R 3R G5 8 M 4 W7 7= 2B 2w, & X LDASeq #5587 £ 193X 26 [m] &, A S X
LDASeq Fik AT ottt . Bili ik & 5 W IR " H X A B F A7 K B 0 — 14k, /N T8 E 51 AT
WOk M5 B &R IF BRI T X4 A DX 32 B oFn MR 75 2 B i A B . AR S A SR R A L S B S R T 4
H P B VR A B D R S A R e ik K P T RORS B B AT T BRIE

1 DASeqll Fiki&it
1.1 LDASeq &%

BT RNA-Seq $0H 1 SCA KA TE 4548 B A9 AL SCRRCL7 182 ) T LDASeq 281, LDASeq /2 %
T LDA(Latent Dirichlet allocation) % 1™ ity — A~ 3 2 D1 i 37 P 4 45 380, & 1 7/ . LDASeq £ %1 5|
T K BE AR ET B REE 0 SR M A X L R BT S B C IS B A B R AR SORY bl B AR R R
AT E T — AR N A REE B BB W — R SCR o T SR A SCR R B A A R —
SRR 5] AR E R 0.0 & — L AT G SO o BR300 1 . 0 1 % A4 i S T S i 1A
IR AR IR SS . BOR T B K XV AR B, Hrh K 3RO 5E KB iU 59 90 5 (R 580 V3RO B R
A IIRE B S Q<G<KOATER jA<G<WAD B RR S DTSR MR & &A% 7 DR Wit
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B A BE IR B — A~ BAE R . B B AT U — A AE B R R A SCHRL L7 T e 458 1 B B 1 7 A
T

LDASeq #5 8 X 454> 5k AL RNA-Seq 4i 19 7 4R i BRI R < (1) AR 6 2K A1 58 & 20 A O 45 41> T8 1E
7oH4 0, ~ Dirichlet(e); (2) Xf T il 8 [, ¥ £ W 4 fi 77 4 B 4 /K isoform,. isoform, ~
Multinomial(4,); (3) £ % ¥ & isoform, &4 F, B ¥ £ W 4 4 7= 4 ¥ 4 probe,, probe, ~
Multinomial($) ,

1 LDASeq FIHRIFK R
Fig. 1 Graphic model representation of LDASeq

SCHRL L7 TXF 2 A5 74 AR 43 B KII BR 35 1k (Expectation maximization, EM) i[5, 15 B K ff 15 )
Z 41 0(0 ~ Dirichlet(o)) . B3 BACKE — > F A PR IK LU L 985 K 56 DX 4 PR AT b e St iy 332 Bt
B X A HOHE 53 TC 25 %0 I B S A A . SR TSRS T 9 RPKM S 4 K 22 3k s 58 A S 4 AR SR G 1
A DRI XS L E A7 S5 ) K 3 3 0 SR 0 D AT A ) 92 PR R M

1.2 LDASeq[ #& %Y

£ X LDASeq #5877 8 1) — S8 i 5, A SO L E AT T B0k, B ki S W 5 758 S8 LDASeq 11
(Improment of latent Dirichilet allocation for sequencing data) , BR#E /S B UNE 2 iR, 5 R A HAUAH
Fo: (1) & 5 IR B IR R A&, 9 A0 (7 55 B3R X o ﬂﬂT?)ﬁ/J\Klﬁl&l\ﬁ?KEXﬁiEﬁﬁﬁH’Mﬁﬁ?,ﬂﬁl
HE 7 2 R B B H e RO A BE H — Ak B A K R B B BV Sy i) s B IR B
R T A 3 E A R SR A RN A 1 A 7 AR B R R 1 BRI A T S ST (R B AR A X B, XTEk/I\ﬁ.
JIT ) S K R 5 A AT 4 S L 1 B S 4 A B A1 B F

@ Y

Kl 2 LDASeqll KI#RIZR
Fig. 2 Graphic model representation of LDASeq [l
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B SEA 1 AT LN R F o) H5ANRT o) ZREA BT, FHIWTE e 5e, ZHWE—-MZAKX
N e NMENIINB T IMAES FoXHREHE GHBTERAF=1{e, 20 55 €15 ;75 HFEFA2
AT, BEHAEAN T oo 5ANE T oo ZISMNE T e, H5INE T e, Z MR ERFEENE, HILDFNTE e 5
e, ZMa) e, 5 e, ZEMEHEGX e-e,s e BB FHAREHITEK e1-e, Fl e, -e, , XM ATTRAE
HINEFIMAES FoXHFES FERN e, ey €55 €5 €€55 7€, e,7€, ),

BB BBl
RFEG —
e e, e, e,

L A S =

AU — e ——
B3 AhEFREEZ R

Fig. 3 Relationship between exons and reads

BT ARMIEB R RA G E TBIN KRR . PHERENIE TES F={e, er es es e -
eor erers eey . MABTERMGE AT ERA T WEIE T TERIEN 1=, e e-e) JFEER
2HEIE T THEIEN fL={ers ers s e17ess er-e b XFE TR RN G MBS A S % 454
W A Frs . MG TP B IR B 1L S R VEAEAN BT e B IR AKS e LBREECH N1
XS T 3B 2. 9 (AN BT e HANE T oo A4 NI A5 Dh M B T ey e BB BOBOI 1. HoA 352 BE
ER PG
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_________________________________________

thRfrs —
B4 SO o 5 O A A5 e D 2 [

Fig. 4 Gene structure of adding "pseudo-exon” and "pseudo-transcript”
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H T LA S DR B A R A A A T A 5 R S 1 R R BLH R A7 AR I B SR AR 53 Ah L RNA-Seq
Kot P A A T R B R AR AR B LA S 5 B P B B I A IS MR A R B X T R AR R kKR
P8 ) 3 AR PR UG AE o e RO A R DT X L Y B A0 B L RO X T A R I 2
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X F B 4 h YA S R GRS T AN BT XE R 7 A e, O TNl AR
KA T EAN T T E BB 890 &5 8 A B B e BB H R LOZAN B B2 OB R BE B Y
BB KO S B X TR GURA AN BT Bl ey e e e ) A BRI IR
JE - BOR B 6 T B T B BE /NS B R b T R B B g BIAH AR B B XL TR H
s X TR RN M T {ei-ess er-ers eomey | T — AR BE U BEAC BE o X T UK i 152 BEECH - i 7
BB BREAE LI P UL B K

2 IXWEBRRER

2.1 HIREKLERE
HY TR T X A DX B L M R e B A Ak B L B S s 1A B BOH Ak PR AR 5 LDASeq Jr RN A
JIr AN [R) B ASAb B R AN IAT S B .

SEFI. TR
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1. FPBILERS

A
2 I R AT
RIS
' 4 BB IS
3 5 HERA, S o
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ERELE

B 5 LDASeq I 4k 2 i 72
Fig.5 Processing of LDASeq [l

A FRAE AR B 1 2D IR B RS BB 5 BE LU B B s Al b5 2R 2 20, MRS B 9 se Sk A
VS HRALES 5 3 MR TS AL I A Al L5 R DX LAY B R O 0T — A 2R 4 L Bt
FE &AL O A T R BRGSO KE A 3 B S 4 P R B AT B R A LT
AL PR R IR (A .

2.2 ZWHIEE
A% LA FH A S 0HE 45 X LDASeqlT 1 3155 0 BE IR 17 50 UE « 43 51 S A 28 R AU i K30 i 40
25 ZL I g B4 4k (Human breast cancer, HBO) ™. A R 0406 46 0k 1 95 [ €3 4 245 8 3 R K 15
AR 2 GBS HL 26 I 1 B [RS8 B 45 i ( Mlicroarray quality control. MAQO) 5 H'™' . % B #ii 4
51000 &S B o B A 5% 20 ) W (Quantificational real-time polymerase chain reaction,
qRT-PCR) 5 5 56 i 14 K& P, i3 26 25 0T DU Sy 6 PR 3R 58 7K1 3 55 45 R A9 F 0 b v o N 28 2L it i 90
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A0 A A S I 2% 1, B R 9% 40 8 ( Human breast cancer cell line, MCF-7) #1 1F & 2L B¢ 41 it
(Normal cell line, HME) . SCHERL21 4 R A T 8cdE 4 IR 82 08 T & 300k 1Y 4 A 2 57 4 1A 0 IR
8 NG SEARTE R ) 25 18 R M 380K TR B (B . X S A5 SR ] DUAE O I8 UE B R AR R s T A M RE A — A
b
2.3 BERKFEMNBIEER

TE N 28 KM WU St 4545 4 B LDASeq [ 363150 740 D2 M R IE R I 388, R R 8 T Rk A
55 qRT-PCR 25 5 (A1 5C R H0 8 25 51— 5 kAT 9 LDASeq, Cufflinks F1 RSEM X 3 B 7 153K Hh (19 41 ¢
FREE LR &R I A SR 1 B . ISR AT LAFE Y, LDASeq 1 AH Fe A 3 FJ7 24045 1
15 AH O R e A R TR UK AR AT T B HE A T S 2

F1 AREAFEEMAQCHIIEE FHAELERILE
Table 1 Results of all methods using MAQC dataset

PIRES 5 qRT-PCR £ A K R %L
LDASeq Il 0.832 1
Cufflinks 0.810 8
RSEM 0.829 1
LDASeq 0.827 8

2.4 BHFRAKFELHWIELER

NN BESE I LDAseq Il » Cufflinks, RSEM 1 LDASeq X 4 Ff 7 2: 48 W38, 438 qRT-
PCR K 85 E /9 8 AN s AR E HME il MCF-7 A~ 45 11 F A9 3% 15 7K 7 i1 3 2k A8 Ak D 1) 98 45 {2 . 7 4%
R Y5 qRT-PCR 5 R A7 % L . 3% 2 FiR .

F2 AEIABEHEESHFEITEER
Table 2 Results of all methods using HBC dataset

H %% 420 qRT-PCR Cufflinks ~ RSEM LDASeq LDASeq[]
TRAP1 uc002cvt. 2 HME vs. MCF-7 —(0.4) —(0.6) —0.4) —0.9 —0.9
TRAP1 uc002cvs. 1 HME vs. MCF-7 — (0.5 —(1.1) —0.8) —(0.6) —0.6
TRAPI1 HME uc002cvt. 2 vs. uc002cvs. 1 —(0.9) +&.8) +.9 —0.8) —0.3
TRAPI1 MCF-7 uc002cvt. 2 vs. uc002cvs. 1 —(1.0) +(4.3) +4.4) —0.6) —0.04
ZNF581/0 uc002qlq. 1 HME vs. MCF-7 —(0.3) —(.2) —0.9 —.D —2.4
ZNF581/0 uc002qlp. 1 HME vs. MCF-7 —(1.0) —(.2) —0.7) —.D —1.4
ZNF581/0 HME uc002qlq. 1 vs. uc002qlp. 1 +(1.2) +(1.9) +(1.3) +(0.7) +0.37
ZNF581/0 MCF-7 uc002qlg. 1 vs. uc002qlp. 1 +(1.0) 4.9 +.5 4.8 +1.30
WISP2 uc002xmn. 1 HME vs. MCF-7 —(5.6) —(6.9) —(.4) —(@8.3) —7.80
WISP2 uc002xmo. 1 HME vs. MCF-7 — (4.5 —(G.4) —¢. 7 —(6.0)  —5.60
WISP2 HME uc002xmn. 1 vs. uc002xmo. 1 +(0.4) (0.0) (0.0) —(0.4) +0.26
WISP2 MCF-7 uc002xmn. 1 vs. uc002xmo. 1 +(1.5) +(1.5) +(0.8 +1.9) +2.40
HIST1H2BD  uc003ngr. 1 HME vs. MCF-7 —.7 =@ —@2.9 —@2.4 —1.10
HIST1H2BD uc003ngs. 1 HME vs. MCF-7 —(5.2) —(4.2) —4.5 —(3.9 —4.30
HIST1H2BD HME uc003ngr. 1 vs. uc003ngs. 1  —(5.4) +(2.4) +(.8 —(2.4) —0.20
HIST1H2BD MCF-7 uc003ngr. 1 vs. uc003ngs. 1 —(5.9) +(1.8) +(0.2) —(3.9 —3.30
PR T 18] 4 R A 4 5 1 0

5 qRT-PCR Z5 R M & 28 0.4899 0.5279 0.8596 0.7338
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2 BoR TR B R ARTEA R LI A5 TR — S A A A [R] % S A A TR) — S A% 1R R R IR E I A Al
Jrtan. 3t 16 PRI R . TR AEM N B HE R AR AT R AR RIS B RN T AL RS Y
B FoR R BUE R R 2 WIRIGPIAT B8 T AT 51 BRI 4R J5 5 gRT-PCR 45 R A
— B BB L S 16 SRR RS aRT-PCR S5 R A AH ¢ R B0, 45 T 1) Jse A R0 A 7 1330 I
5 qRT-PCR 5 R 1 — 2tk WL ] KU A LDASeq IL 357 19 16 4S9 #7517 Al gRT-PCR
8 75 1) 58 42— ELL T Cufflinks. RSEM #1 LDASeq J7 ¥ B9 ¥4 4% 77 ) 48 45 802 9 o 4.5 A1,
LDASeq [l 7 i #E R FE 42 05 7] 45 gRT-PCR 45 R — BN B0 F A SC R BA# 0. 733 8. Hidknl LIA
s ek e 9 75 % B LDAseq Il 76 A FUNR S 2ot S AR AT 1 AH HE LAt Dy 3 B0 Oy v 1 119 e o AR e koK
AR .

3 HERIE

ASCER X A 9 LDASeq #8RUA7 7 By — 28 ik i JE AT 20k, $2 11 1 LDASeq Il J5 35 8 31530 2 [H e 5%
FARRIKE . BRITHE 3 BAE S5 P 4 B 50 o Al X — W B il 5 GE T SR N AR B 7 A X
PEBCRCH A G SR AR B S5 A 5 B ARG R0 U610 B oA e X 8 0 2 B AT 20O AR A AN ) e SR AR & AN B
T RIRDR R AAGTH R F SEAR RE HH  BAF H R OR TR AR RGR AT R, LDASeq Il Jr 2
15 LDASeq (20l I ek 1 35 B H I — A7 3 O 1 X He 45 DX B MR 78 3 B A b B S 2 B
e e PR AR A T LI R AR . AR A R 2 RO B e SRR SRR BT TR I BB 2 AR AE T R o
T A S35 AR A M A T/ T MR P BB X R S A R 3 Sk 5 2R A S AT AR Dy 4 v e AR SRR T
FEVERER) — D5 S o A SCHEM G FR R AN S 7 (BB & A 2 I B Ah 87 A 5 5 AR R T L 22
1Bt BIL 70 BE A1 2 1 B AR A 2 D A T R BT AR B R B S ) RN B SR ARG . Ji A 1S
DX Bl 1 e 5 1 B U0 1O B A R 0 R 2 DX B Ak B T LB g S A AR AR R KT Y B 0
P AR SCT7 R 5 X B BOR A B SE 20 IR B T R IX B B A B e MR TR F R . T RS K
JEE S5 R ] — A B B Rt AT RUAR B 5 X g ) Ah L IR R L0 B B R R L AR S
AR 2 Bk — B B R %7 5 I SEPR AR

S %3k

[1] Wang Z, Gerstein M, Snyder M. RNA-Seq: A revolutionary tool for transcriptomics []]. Nature Reviews Genetics, 2009, 10
(1): 57-63.

[2] Denoeud F, Aury ] M, Da Silva C, et al. Annotating genomes with massive scale RNA sequencing[ J]. Genome Biol, 2008, 9
(12):R175.

[3] Garber M, Grabherr M G, Guttman M, et al. Computational methods for transcriptome annotation and quantification using
RNA-Seq[ ]]. Nature Methods, 2011, 8(6): 469-477.

[4] Marguerat S, Bahler J. RNA-seq: From technology to biology[J]. Cell Mol Life Sci, 2010, 67 569-579.

[5] Mortazavi A, Williams B A, Mccue K, et al. Mapping and quantifying mammalian transcriptomes by RNA-Seq[ J]. Nature
Methods, 2008, 5(7): 621-628.

[6] Pan Q. Shai O, Lee L J, et al. Deep surveying of alternative splicing complexity in the human transcriptome by high-
throughput sequencing [J]. Nature Genetices. 2008, 40(12) . 1413-1415.

[7] Turro E, SuS Y, Goncalves A, et al. Haplotype and isoform specific expression estimation using multi-mapping RNA-Seq
reads [J]. Genome Biology, 2011, 12; R13.

[8] Jiang Hui, Wong Winghung. Statistical inferences for isoform expression in RNA-Seq [J]. Bioinformatics, 2009, 25(8):
1026-1032.

[9] Trapnell C, Williams B A, Pertea G, Transcript assembly and quantification by RNA-Seq reveals unannotated transcripts
and isoform switching during cell differentiation[J]. Nat Biotechnol, 2010(5); 511-515.

[10] Li B, Ruotti V, Stewart R M, et al. RNA-Seq gene expression estimation with read mapping uncertainty [ J].
Bioinformatics, 2010, 26(4) . 493-500.



B # G ) RNA-Seq #45 # F Rk 5 HAF A 1035

[11]

(12]

[13]

(14]

[15]
[16]

[17]

(18]
[19]

[20]

[21]

Li B, Dewey C N. RSEM: Accurate transcript quantification from RNA-Seq data with or without a reference genomel[ J].
BMC Bioinformatics. 2011, 12 323.

Glaus P, Honkela A, Rattray M. Identifying differentially expressed transcripts from RNA-Seq data with biological variation
[J]. Bioinformatics, 2012, 28(3): 1721-1728.

Pepke S, Wold B, Mortazavi A. Computation for ChIP-Seq and RNA-Seq studies[ J]. Nature Methods Supplement, 2009, 6
S22-S32.

Dohm ] C, Lottaz C, Borodina T, Substantial biases in ultra-short read data sets from high-throughput DNA sequencing[]].
Nucleic Acids Res, 2008(16): el05.

LiJ, Jiang H, Wong W H. Modeling non-uniformity inshort-read rates in RNA-Seq data[ J]. Genome Biol, 2010(5): R50.
Hansen K D, Brenner S E, Dudoit S. Biases in illumina transcriptome sequencing caused by random hexamer priming[]J].
Nucleic Acids Research, 2010, 38(12): el31.

X7 2258 Bk AL, — R EF X RNA-Seq B4 19 K PR 5 4 0K 32 35 KOF1H 58 5 2 LT 0. b [ A W 5 2 DR % 4. 2013, 7 (4)
454-463.

Liu Xuejun, Li Meng, Zhang Li. A method of isoform expression calculation for RNA-Seq data[ J]. Chinese Journal of
Biomedical Engineering,2013,7(4); 454-463.

Blei D M, Ng A Y, Jordan M 1. Latent Dirichlet allocation[ J]. Journal of Machine Learning Research, 2003, 3. 993-1022.
Shi L, Reid L H, Jones W D, et al. The microarry quality control (MAQC) project shows inter- and intraplatform
reproducibility of gene expression measurements[ J ]. Nat Biotechnol, 2006, 24(9). 1151-1161.

Wang E T, Sandberg R, Luo SJ, et al. Alternative isoform regulation in human tissue transcriptomes[ J]. Nature, 2008, 456
(7221): 470-476.

Kim H. Bi Y T, Pal S, et al. IsoformEx: Isoform level gene expression estimation using weighted non-negative least squares

from mRNA-Seq data[ ] ]. BMC Bioinformatics, 2011, 12 305.

EE®IT:

A (1989-) . 4, il + HF X E (1976-), 4. H 1+, S#L (1985-), Y, &, BF
JUE VBRI T AR B B W )T ) Bl A 2 S EYE B,
*# , E-mail: shixinxin61 @ 549E8%.

126. com,



1036 HERE LS L Journal of Data Acquisition and Processing Vol. 30,No. 5, 2015



