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Abstract From the expression point of view, differential expression analysis is one of the basic
research objectives in the transcriptome study. The differential expression analysis of genes is an
important method to understand the function of gene and reveal the gene regulating mechanism.
The differential expression analysis of isoforms also plays an important role in revealing the
change of alternative splicing. Microarray and high-throughput sequencing technology, RNA-
Seq. are the two main technologies for measuring transcriptome expression levels and widely used
in differential expression analysis of transcriptome study. With the development of sequencing
technology and the reduction in the cost of sequencing, many studies usually use multiple experi-
mental platforms to obtain more accurate and reliable results in the transcriptome study. Now

public repositories have accumulated a large amount of microarray and RNA-Seq expression data,
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which provide the possibility of multi-platform expression data analysis. And some researchers
have shown that integrating data from multi-platform can increase the statistical power and
reliability in expression analysis of transcriptome. Although there are some achievements in the
research of the differential expression analysis by integrating expression data from multiple
platforms, most of the studies focus on expression data from various types of microarrays, and little
work considers RNA-Seq data. Moreover, many existing methods ignore useful information, such
as the technical measurement error of expression estimates under different platforms. Currently,
most experiments involve biological or technical replicates for obtaining a level of uncertainty of
the measured expression. Due to the experimental environment, sample preparation and other
factors, the repeated experiments will produce volatility under the same experimental platform.
However, most of existing methods do not consider these problems. This paper proposes a
new model, mpDE (multi-platform Differential Expression model), for differential expression
detection by integrating expression data from multiple platforms. The mpDE method integrates
the expression data and the associated measurement error from different platforms and considers
the variability of biological replicates or technical replicates under different conditions for the same
platform to improve the accuracy of differential expression detection. mpDE can obtain the proba-
bility distribution of gene and isoform expression levels, which is independent of experimental
platforms and repeated experiments. The independent probability distribution of gene and isoform
expression levels can be used in the subsequent gene expression analysis, such as differential
expression detection and clustering. This paper applied mpDE to differential expression analysis
of two human multi-platform datasets which include expression data obtained from Affymetrix’s
traditional 3’ arrays, exon arrays, HTA2.0 (Human Transcriptome Array 2. 0) and RNA-Seq.
The performance of mpDE is verified in terms of the accuracy of differential expression analysis of
genes and isoforms and the calculation efficiency of the method. We compared the performance of
mpDE with each single platform and other multi-platform expression analysis methods, MRS
(Median Rank Score) combined limma and RSP (Ranked-based Semi-Parametric). Results show
that mpDE is more accurate in differential expression analysis compared with other alternatives.
In differential expression analysis of genes, the accuracy of mpDE is increased by 2% —8 % compared
with the previous approaches. In differential expression analysis of isoforms, the accuracy of

mpDE is increased by 1% —15%.
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PR XA i 00 1 504 G o A A A S AR R A4 8
AN EE L T AR 8 MR E R 53 4h . SEQC £
PEERME T £ 4 RT-qPCR (Reverse Transcription
qPCR) 52 5 541 (9 P 7 224> S A 4L [ R ] LFC
Ji X RT-qPCR ¥4 i A7 0 2 . 0 18 45 2R m] 4E
SRS R 25 R AE L. S TR T 1002 A4~
— AL A R R A Y 25 S R Gk AR H A
643 4~ DE SH#J4&F1 359 > non-DE FH44k.
4.3 ANLXBHBESE

SCHRL28 ]2k N 25 & i 804 52 (Human Bone
Marrow, HBMD X2 LS A Al RNA-Seq $EAR JEAT
TR ECHESE I LT R e 4L 5 A B S A0k
WU S & RE (). HBM SR 20 & Tk A %
Hifp A2k 2% RNA (Agilent universal human
reference RNA) FI1E % & # 1 RNA (normal donor
bone marrow RNA). Z¥ £ & HTA2. 0 5 K
Fi% F RNA-Seq £ AR i Hlumina HiSeq 2500 Il 3%
edli, b HTA2. 0 $URTERMEA T #4158 2 41
PAREZ 7 RNA-Seq B LB HEA T A4
N 3 T T A S

AT MAQC,SEQC %4 4 #l HBM # 4l
ALK IE mpDE #5581 (14 25 5 5L PR 0 A9 14 RE L i
MAQC 1 SEQC %45 4£ 55 UE mpDE #5281 i) 22 57 57
P A I ) VERE L OF 5 8P B Y 22 maRB g R,
MRS #l limma 44 DA S RSP BRLYEF T3 b, A S
HGUI133 & F I fa B4 43 17 7 12 08 mmgMOSH#,
HuEx1. 0ST A1 HTA2. 0 35 5 B 04 Bl 20 #r 7 2 0
GMENS ,RNA-Seq 14504547797 80 PGSeqt'™.
X BT AR ARAT AT B B KR 5 4 R 38 7K 1Y
() B 3 75 3 32 2 205 L 1) AR 1 D0 15 2 X BB 5 R
AR 28 6 50 JF B H: 1 T mpDE #8815 25 7
FEIRRI Hh, =R EEPRES R ¥R H PPLR iEMY
22 55 B DH 55 A 14 RNA-Seq SR i PG_bayes™"
T5 .

5 ZER51E

AT S EAIE T mpDE #5815 A B JLk
Bk T mpDE AR ] 3% 38 7K P T 5 09 E A 1 L OF
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L O = E . STV 4 i Ny 7 i BP0 e /N e |
A DR S g A 22 S 3R 3K 43 BT 9 7 IHD 9% IE mpDE
BRI 2% S M B MERE L IR 5 P B 22 SR D 45 2R
MRS FI limma 44 LA B RSP SR 17 %) L. & )5
AL mpDE #5 R (1) B (8] A1 %5 [/ &2 4% B 9F 5 MRS
1 RSP #EA7 4T EE.
501 #HETESEMRIE

A SCRE AL BE B MAQC $# 4 h i) — 4~ RT-
PCR HiF %K ENSG00000152583, 4 qRT-PCR £
Rz N B 22 e K8 fE UHRR &0 &
KA 7E HBRR 2540 F 3R IB K P B, A S
3 AR LY 32 RS [R]SF & 0 4 8 Y D 4 2R 58 KR
G346 A mpDE A& 8L 1548 15 19 °F- 5 AH 5C () AT
B T0 K (o) BYFRIR I3 A7 R 36 TR ASE B 110 45 B L 52
IZERNE 5 s, | 5 Wiy HGU133, HuEx1.0ST,
HTAZ2. 0 Fil RNA-Seq 43 5| 27 38 o) P 3k 7K 7
TFEAR AR I DU A F & 09 J5 06 3Rk 5 (g1 4 &
AR5 5 A& A R 2 A, B g AR 2
mpDETH AR5 1 84> Z 15T 1Y - & A5G HE R 3R ik
IS B gy W9 05 38 50 AL 4 7R mpDE 3155
PAFHT & TC K JE W R GRKF B e 19 )5 55 43
i HIZE T LUE 1 mpDE 8 HEBR 1 HOR PR &
R 25 DL S A S U Sl M A S L i i R 4y EM AR
AT TR A R G A LLLCE & oA
FIBATI A KB T G 27 & SER R 1 H .
AR 6 TR IR K43 A0 v] L T 4% F
REHEFBEEH A T2 R AR RESH. K
SC S SR 53 B I 0 e S 2 1 2 S R GR AR .

""" HGU133
LS | EREERE HuEx1.0ST
&K6f - --- HTA2.0 i
@ ||- - - RNA-Seq
) | e mpDE !
®

10

o | HGU133
RS EREEEE HuEx1.0ST
&6f---=HTA2.0
m o |[= = =RNA-Seq
24 — mpDE )
#® ]
K 2 \
b x
0
-5 5 10
BRRIAE
(b)
A5 ()b 4 JE 3 F ENSG00000152583 7 UHRR Al

HBRR P54 T 19 mpDE #5813 35 7P 70 A 53 45

5.2 FRIEKFITEETHERE

B UE mpDE B AL SR AT 1 7 & T 6 i kR
IRAE Y VAR PE A SO MAQC s 4 h & oRT-
PCR $54IE % 1000 4> [A 5 10 A4~ 52 50 F & 19 7 B SC
PEHEAT DL IE » B 3 3 0O A 52 58 8 & 3 R A I 2
qRT-PCR B uE Ry HE A A 804 A, IfKf qRT-PCR 52
B e 48 R AR S LS R R GR K CE. 43 i A
UHRR # HBRR P~ 4 F B aRT-PCR %4 5
P4~ & il G 5 1) mpDE 358 45 R 2 (8] (9 A1 ¢ &
¥ (squared Pearson correlation coefficient, R*), 3§
5OV 6 FIB AR HEAT XS L. AH DG RBUE T 1,0
FTR AR IR K- B HE R BE R SR A R AR 1
JIE 7R RS AT A G R B0t ) 4 R R AR AR
RIZARTE. NFR 1 AT LU B AN RF & 0 5 3] )
FEIR KK HE A P 22 AR Hoh RNA-Seq 78 5
& O 5 25 3 v B O VE A . T mpDE #8878 3455 25 2R 119
HERA AR T =R L0 k15 T R E R S IR A
= T RNA-Seq. 1l 7] WG 27 & R I5 800 RE 1%
P i IR R HE R 1 A B TR S 2 2
Fe IR A I (RS L
®1 AETFAMTERBRBHIES WA EUR mpDE KEBH

EERIZKTES qRT-PCR HFEHHEXRH

F& HGU133 HuExl.0ST HTA2.0 RNA-Seq mpDE
MAQC.UHRR 0. 8315 0. 6935 0.7204 0.8672 0.8979
MAQC.HBRR 0. 8152 0. 6800 0.7046 0.8646 0.8858

5.3 EEMERRKIESW

AR MAQC #1 SEQC %4 4 55 4F mpDE
B R A 22 S BE PRSI 5 Th0 9 PR RE 50 ] 5 B 5
fill & 21 6 2B B 19 22 SR I O 2 3R AT X e R
305 i BAE LY qRT-PCR 55 Uk JE 5 5 DU > 52 56
& 1 7 R SCF #E AT IC L, HGU133, HuEx1. 0ST,
HTA2. 0,68 i 1 RNA-Seq i % 1 19 5 B %5 H 53 31
J& 152.,305,280.270., PUASF- 65 JE [l A 1 1) qRT-
PCR B Uk A 121 4> 48 17 97 4> DE J [H Al
24 /> non-DE FE [ FfAF 5 JLSL A JE DN 22 S A 0. &
A 121 AP B PO & 1 R A B 3k 1
mpDE B, Xf 52 5 45 2R 2 i #2523 R AE il &
(Receiver Operating Characteristic, ROC), Jf 1R #&
ROC £ 91 FL (Area Under Roc Curve, AUC)
KR LA mpDE K8 5 8- 5 DL KRS ZF 6
PR 22 S R IR M OTIE R IR R AUC (BB
T L, 22 5 D 45 S o o R . e, =R R
B R ¥R PPLR J5 ik 34k 22 5 36 L RN A-Seq &
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H PG_byes JikF 4R 2EFILH. £V 6 2 580 7
W% I 45 M8 MRS 1 limma 75 %6 (9 40 4 DA M2 %
i RSP, S0 25 &l 6 M3k 2 &3k 3 fin. 5
Hb. i F HGU133 i i 5 HE = A7 & I 5 2] 19 5
PR S B I R FRATTHERR T HGU133 it fry
AT A E KR gRT-PCR 5 IE 3 WA

Lor - ST AR R T
Y Sl
i = I
0.8} |
i
2 061 [
N
o4t
0.2k — — HGUI133+PPLR
) + « HuEx1.0ST+PPLR
+ = +HTA2.0+PPLR
ol = RNA- ge(]+P(1 bdyes
0 0.2 0.4 0 6 O 8 1.0
[FEES
(a) AP
1.0F
0.8F
L
06T
=
0.4
= HGU133+HuEx1.0ST
= =HGUI133+HTA2.0
02l -+~ HGU133+ RNA-Seq
+ = -HuEx1.0ST-+HTAZ2.0
——HuEx1.0ST+RNA-Seq
ol - = -HTA2.0 - RNA-Seq
0 0.2 0.4 0.6 0.8 1.0
(RS
(¢) RSP

248 A ML U AN 5 1 121 A 3 ] 3 R B A B 4
AR, FRATTOR X 248 A& B i — 2
E mpDE BRI PERE L I 5 B B ME S 26K

SRR A0 % SR J7 X 52 0 58 )
K7 Fi 4 J 3k 5 .
1.0} g r——r
0.8
— HGUI133-+HuEx1.0ST
5 061 £ |- - HGUI33+HTA2.0
m 4 HGU133-+RNA-Seq
E/ B - HuEx1.0ST+HTAZ2.0
~0.4 . — - HuEx1.0ST+RNA-Seq
- |-—- HTA2.0-+RNA-Seq
|- --HGUI33+HuEx1.0ST+HTAZ2.0
0.2} ----HGU133+HuExl .0ST+RNA-Seq
- =- HGU133+HTA2.0-+RNA-Seq
— - HuEx1.0ST+HTAZ2.0 +RNA-Seq
ok = = HGUI133+HuEx1.0ST+HTA2.0-+RNA-Seq
0 0.2 0.4 0.6 0.8 1.0
(FIGES
(b) MRS-+limma
1.0F
0.8F
. — HGU133+HuEx1.0ST
MO.(} - - - HGUI133+HTA2.0
o HGUI133+RNA-Seq
E, : - - HuEx1.0ST+HTAZ2.0
DORS o — = HuEx1.0ST+RNA-Seq
: -—- HTA2.0+RNA-Seq
- - - HGU133+HuEx1.0ST+HTA2.0
0.2 -+ -HGU133+HuEx1.0ST+RNA-Seq
- = - HGUI133+HTA2.0+RNA-Seq
— - HuEx1.0ST+HTAZ2.0+RNA-Seq
ol = =HGUI133+HuEx1.0ST+HTAZ2. O+RNA Seq
0 0.2 0.4 0.6 0.8 1.0
FLeEs
(d) mpDE

B 6 MAQC Fl SEQC ##E4 T mpDE 5 A B 5 ) MRS #l limma 414 RSP 19 121 4~ 6] 3 B 22 5460 9 ROC il 2k

R 2 MAQCHI SEQCHEETHANREAW
RINMEBFAERZERKRUMN AUC &
& HGU133  HuExl.0ST  HTAZ2.0
AUC 0. 9283 0. 9249 0.9188

RNA-Seq
0. 9669

& 3 MAQCHISEQC#)#& & T mpDE 5 MRS limma B & .
RSPy 21 M EFEEERKNM AUC E

&5+ MRS-+limma RSP  mpDE

HGU133+ HuExl1. 0ST 0.9566 0.9502 0.9712
HGU133+HTAZ2.0 0.9334 0.9369 0.9472
HGU133+RNA-Seq 0. 9467 0.9312 0.9802
HuEx1. 0ST+HTAZ2. 0 0. 9329 0. 9349 0.9442
HuEx1. 0ST+RNA-Seq 0. 9639 0.9691 0.9948
HTA2. 0+RNA-Seq 0.9678 0.9626 0.9957
HGU133+ HuEx1. 0ST+HTA2. 0 0. 9592 0. 9764
HGU133+ HuEx1. 0ST+RNA-Seq 0. 9665 — 0. 9909
HGU133+HTAZ2. 0+RNA-Seq 0.9622 — 0. 9926
HuEx1. 0ST+HTAZ2. 0+RNA-Seq 0. 9725 0.9953
All Platforms 0.9721 — 0. 9944

FIEE R W, 5O 6 22 5 A 45 R MRS
Al limma 214 DA &% RSP A b, mpDE 3813 T 5
W I 22 SR I 45 R b mil A R SR R
mpDE 3515 it 22 S A6 I i i 3% = T = Fh L OIS
. BT RNA-Seq ¥l 78 57 &t k15 T i o
T 0 G 0 55 SR, = R 3L RS 43 5 5 RNA-Seq £
P4 mpDE 28 545 iy AUC ¥135 8] T 99%
PLEL, RIS qRT-PCR 88 vy & & 2 8 R 5
I HE R BE. 3 40, FRATT R BB SR HuEx1L. 0ST Al
HTAZ2. 0 5 R 3 H KKK 5 qRT-PCR 9456
FEEARANE 1 FrR) AH 2 mpDE BRI g A Y
IR IO 1 F A T 0 5 25 L A R b B o T 22 S O
G0 o B

XF Rl G 2T & 3R 08 B 1 25 AN 25 AR L AT
DL & 3 mpDE £5 B (1) fE £ %2 3 5 T MRS il limma
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1.0 e — —— — — — o Sl (ST 1.0F e s ST, Wt ¢ W e\ e et W
- e e ;-g'.'.;o--'-- ._"'-..--_-----
I..'.-n-r. ,r'..-"-_-
o .
L I A
0.8 rl 0.8 Eg
. s
|
0.6 h v 0.6
0o £ |
= |} = |
HDKOA* WOJI L
021 ‘ 0.2} — —HuEx1.0ST +HTAZ2.0
4 + =« HuEx1.0ST+PPLR + = +HuEx1.0ST+RNA-Seq
l - = HTA2.0+PPLR « = HTA2.0+RNA-Seq
of ! ‘ ‘ == RNA-Seq+PG_bayes ot ! ‘ = HuEx1.0ST+HTA2.0+RNA-Seq
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
RS [F1ES
(a) ZA BT R (b) MRS+limma
1.0 J O e . Wt ——
0.8 0.8+ <
-
L 0.6F L 0.6F
= =
HD:(OA 3 ok 0.4F
0.2f 0.2r == HuEx1L.OST+HTA2.0
==HuEx1.0ST+HTA2.0 + =+ HuEx1.0ST+RNA-Seq
+ =+ HuEx1.0ST+RNA-Seq + =+ HTA2.0--FRNA-Seq
of | ‘ ‘ + = HTA2.0+RNA-Seq op ! ‘ = HuEx1.0ST+HTAZ2.0+RNA-Seq
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
ez ETAES
(c) RSP (d) mpDE

& 7 MAQC i SEQC ##4E4E F mpDE 5 =A~HF- & J¢ MRS #l limma 245 RSP 1§ 248 4~k ] 36 8 22 F 4 5 ROC £k

Fz4 MAQCHI SEQCHIEET=NHLFEH 248 1N £E
EFRZERHRNM AUC E
T4 HuExl. 0ST
AUC 0.9453

HTA2.0
0.9249

RNA-Seq
0.9784

% 5 MAQC#1 SEQC ##& £ T mpDE 5 MRS #0 limma 25
& RSP 248 M HEEFZRRNMAAUC &

FEE MRS—+limma RSP  mpDE

HuEx1. 0ST+HTAZ2. 0 0.9144 0.9353 0.9530
HuEx1. 0ST+ RNA-Seq 0. 9525 0.9702 0.9911
HTAZ. 0+ RNA-Seq 0.9565  0.9691 0.9915
HuEx1. 0ST+HTA2. 0+RNA-Seq 0.9658 — 0. 9907

A I RSP. MRS Jrik BAR RIS Al A 2V 5 RIBH
it o AF R FHHE R (8 7 vk » B8 1 36 DR 22 TR) ) R O
117 L BESF- 5 110 2 % A 25 5 ) Ji5 2 25 7 R 40 AT 1
HERR PE. RSP #5BAV BE 4% il 5 5 - & 1Y 3R 38 808
HEAT 22 S BE DA 1 mpDE #28 a] DLgh 454 & £
A B FR IR S N Y B oA R L
FAEFL S SR rh B 5T N DUTE A B DG T B BH R A
N 25 S TR 45 SR L N TEL 6 FIEL 7 PRl L L FE IR
FHA/N T 0. 1 19398 [l mpDE B 345 1) ROC 5

F G MRS Hl limma 415 & RSP &%,

A SCHEHLEFE MAQC Bl &£ iy — 48 qRT-
PCR 5256 B ik % /F 22 53 3k 1Y 2 [N ENSG00000-
141570, %F Tz AL B L limma J7 K 2] 1) p-value
0. 66, RSP # | 2] 1y IDR (Irreproducible Discovery
Rate)P U (H K 0. 23, L limma F1 RSP 3] Wri% 3 A
KR 3 2% 5 3K, mpDE J5 i 4815 ) PPLR {4
0. 03, H B iZ Ak X & AR B3 22 ¢ & 38 . mpDE it
FERNE 8 Fron. qRT-PCR 5255 45 3] 3% 5& 4 1)
LFEC{H 2 2. 3, AR 45 SClk (27 109 LEC §ii 8 75 ¥ » 1t
B 12 B DR ) 2 S 788 A AR X 54T o TR a1 S 32 B T
KA 2RI EA — & MEEE. 1 mpDE & TR
[F]°F & B HOAR P 6 130 22 DL R ] —F & 78 AN [ 52
B 25T 00 A W T A2 R ROR AR I B L R 2R
15 7 BN R - 5 T8 1Y 223K K- FI B & B
IR 2% L B T 28 S ARG 0 BT AR A B R R B
PRI AR T 8 ) AUC fA.

T3 8 A SCR Fl HBM 34 42 i0F — 25 Xt mpDE
5P 5 28 5 BRI J7 5 \MRS F limma 205 K&
RSP # A1 i P RE. H + HBM % 4 R Rt qRT-
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PCR 52 56 56 §iF B8« 0 2% $2 1l 2601 28 WA 42 356 [A) i B 5
K22 IR T HLAS [ 22 5K O R AN TR
M GE IOk ) 0 22 AR R, B AT Z M JE s R
B PR A SRR SRR CL7 I e i 36 0F 75 3% R 24>
22 S AN J7 v BRA 1Y e AR B 1Y 22 S R DR O 4
PR s 5 43 B 45 SR 4E S MAQC 548 58 4iF 25 2R 11
— b T A SO S B R R 25 S R I U kA
1000 A8 15 BE f5 i 19 22 55 38 L 6 ) R AS [R) O 3k -
2 () I W] 22 S FE R A 48 BK (Venn diagram) 37w,
g 9 FrR. | 9 BT HTA2. 0 f1 RNA-Seq #
it BASF- £5 22 S AG I J5 3 L L & MRS Al limma 24 4 .
RSP #l mpDE =F il & 21 & £k 5l 19 2 5

& 3[C - HGUI33 4
R HuEx1.0ST
@ | - HTAZ2.0 i
&) 4f— - RNA-Seq i
W |==mpDE 'x
2 i
9 0 it
0 2 4 6 8
SRS
(a)
e — - HGU133
R HuEx1.0ST
Fo - ETQZ.QO
)4 — - RNA-Seq
E /\ — mpDE
2 \
% 0 N I
0 2 4 6 8
BEDH FA

(b)

B8 (a)FI(b) 4 B2 3 ENSG00000141570 7£ UHRR I
HBRR Pj A~ PF B9 mpDEARAL KK P o3 A b 5455

mpDE

____________________

o7/ 67 S
RSP P T B e

A 121

563

TTreeeens . “PG_baycs

MRS+limm

Bl 9 HBM B E T AR Tk 3 808 22 57 3k i 4k B
PR A A 16 2 7 A O vk 4G T B A T 1000 A R
15 BE 1) 2 e KL DR AT T8 28] R0 5 DX 3o 1) 5 3R R
152 Xof i F) 7 5 A6 [ 4 3 #) 22 57 2 I

W75k WEL AT DUB A 121 AR B 7 ik
[ ) 7 Oy 2 S TR L ELA R v 1 A B TR U AR S
HEX 121 A HE DY 1 BLOE /) 25 5 36 L LAt 3k R 24
fEAE 2 7 I A. i ROC fh &k 1 AUC P45 AS R 7
TSI AR, SR RS T 5 MAQC
SEQC #uf 5 — B % Fb 25 5L, 52 56 25 S n &) 10 AN
7 6 fiin. f1E 10 A LA H mpDE BLR ) ROC
A SR YA R L R W] mpDE #E 8 HAT 805 19 R
FE. f 3 6 WA, mpDE BERVIRAS T 5 5 i AUC 14,
FW] mpDE [ fE 7 R 3 & T H0F & 2 5 80 7
2L % MRS Hl limma 24 \RSP 7,

1.0
08}
0.6 |
5 i
= N
m i
0.4f I
i
'5 h
02b kY
[ ---HTA2.0+PPLR
L RS RNA-Seq+PG_bayes
W ----HTA2.0+RNA-Séq+MPS+limma
I@ —--HTA2.0+RNA-Seq+RSP
0 -—=--HTA2.0+RNA-Seq+mpDE
0 0.2 0.4 0.6 0.8 1.0
RS

Kl 10 HBM 44 T mpDE 5#A~#F- & K MRS F
limma 44 RSP [ 22 5 3 KK I ) ROC iy £k

X 6 HBM #HIFEET mpDE 5F A EF & MRS #1 limma
HE.RSPHEREEKWNAM AUC &
FE+ Ak AUC

HTA2. 0+PPLR 0. 8499
RNA-Seq+PG_bayes 0.9362
HTA2. 0+RNA-Seq+ MRS+ limma 0.8728
HTA2. 0+RNA-Seq+ RSP 0. 9023
HTAZ. 0+RNA-Seq+mpDE 0.9611

5.4 RMBHERRESW

BT HGU133 it5 J JC 2 I 3 55 44 44 119 3 3K K
- AT SR ] MAQC %46 % i) HuEx1. 0ST,
HTAZ2. 0 5 H LA K SEQC %% 4 i) RNA-Seq Y
FE IR B B E mpDE AR 22 5 5 R (AR 0 5 T Y
PERE. A SORE G 1 9 1002 4~ B 45 B # RT-gPCR
B E ) o — S A A, 5 HuEx1. 0ST.HTAZ2. 0 5 B
PL K RNA-Seq # 13 B SCOF#EAT L BC . =4 F & 4k
] 46 90 %) () RT-qPCR 55 9F 9 5% (& 4 529 14~
HuEx1. 0ST fl HTA2.0 ¥ % ] PPLR Jr ik 3 4%
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75 5 MR RNA-Seq 2k ] PG _bayes J5 & 3 &
2SS, 5 it ROC Mgk 5 AUC X H A
mpDE 5 5 B & 22 ok i 5 vk L & MRS Al

1.0r o -
— — - - llt
e s
0.8}F - .'....-"‘.
-
PR
L . ."

Jﬁ)i{-o'() l: .
= n
L

0.4F

021 [' - =+ HuEx1.0ST+PPLR
+ = HTA2.0+PPLR

' = RNA-Seq+PG_bayes

| |
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B P 2
(a) =M a
1.0r
0.8F
o 0.6F
=
a 0.4F
0.2+
= —=HuEx1.0ST+HTA2.0
+ « «HuEx1.0ST-+RNA-Seq
of | ‘ ‘ + = HTA2.0+RNA-Seq
0 0.2 0.4 0.6 0.8 1.0
(ELEES
(¢) RSP

limma 2 & RSP #5501y 22 53 S5 0 (46 0 A 1
ST EE RN 11 Ff1EE 7 M 8 iR,

1.0» o g — T
P ek
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0.6 -
e r
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-
WM r ﬁ
|
02} = =HuEx1.0ST+HTA2.0
’ * * *HuEx1.0ST+RNA-Seq
« = HTA2.0+RNA-Seq
ol e HuEx1.0ST+HTAZ2.0+RNA-Seq
! ! I I I I
0 0.2 0.4 0.6 0.8 1.0
A=
(b) MRS+limma
1.0 — ot S~y
v___._,.-ﬂ#"‘- e -
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0.8k gl -
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of° -
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%0.6» + .
= l ’
s C
0.l
0.2¢ = = HuEx1.0ST+HTA2.0
« = « HuEx1.0ST+RNA-Seq
o = HTA2.0+RNA-Seq
U ‘ = HuEx1.0STTHTAZ2.0 FRNA-Seg
0 0.2 0.4 0.6 0.8 1.0
I
(d) mpDE

Kl 11 MAQC Fil SEQC ¥4l 4 T mpDE 5§ =457 & K MRS #il limma 414 (RSP 11y 529 544 {4 22 5 0l 1) ROC il £k

z7 MAQCHFISEQCHIEET=1EFEHN 52910 HF

SMEERKENM AUC &
N HuExl. 0ST HTA2. 0 RNA-Seq
AUC 0.8228 07659 0. 8987

% 8 MAQC 1 SEQC ##E £ % T mpDE 5 MRS #1 limma
HE RSP ) 529 M HERMEERENH AUC &

FEE MRS—+limma RSP  mpDE

HuEx1. 0ST+HTAZ2. 0 0. 7881 0. 8056 0.8491

HuEx1. 0ST+RNA-Seq 0. 8879 0.9083 0.9266
HTAZ2. 0+RNA-Seq 0. 8799 0.9049 0.9106
HuEx1. 0ST+HTAZ2. 0+RNA-Seq 0.8913 — 0.9021

P E SRS R s B Al Ry il A
mpDE R 22 5 57 b (A I 149 2R S0 0 M 2 24 A4
Frg g, a4 HuEx1L. 0ST 1 RNA-Seq fy 3 ik
KOl 1 mpDE A5 1) 22 56 0 v 6 e v - HL B
1T AN B 5 25 S D0 4 SR Y A L. 0 G P Rl
il 45 221 5 2 3k Bt 22 5 K U5 35 mpDE 14 7 Ay
5T MRS Al limma 475 & RSP #84. iy F 5244
(L3 S R B NP 32 S S g W R P 1D

T 1 25 50 ) S5 f 1K 2 S 3R R A BT 5 L P D) ik 1
2% S e AR A DN ) M A AR T 2% S R AL A I L H R
2 G 8 LA Be A — B R AR S 22 e R A AR
0 ) K B
5.5 RRERMEMERREDT

H T i 5 mpDE £ B 7E f5 o 3 5 R A%
Fh X ] b2 5 5 0 MR T A Mk BE L AR SO AR
RT-qPCR Wl &1 . ¥ 529 1~ RT-qPCR 5 ik ) 55 44
P43 S e oI = A XL % RT-qPCR & {8 /N T
0. 02 B S A4 A4 4] 73 Sy A 3k IXCTA] L S0 8t 270 4>
RFR A SRR, FIFARZR B X 270 4> 540 1A %
XS LEPE Al mpDE #7557 & 22 F Ak I 25 R
P& MRS Fl limma 41 & . RSP #5#1, 52 55 25 53 40
Bl 12 Fk 9 M3k 10 fiw.

SEE 25 R s TE AR 38 X E] . HuEx1. 0ST #1
HTAZ2. 0t i A S RSP A5 R (1 22 S5 46 00 o 1 2%
F TR, MRS Ml limma 24 & #Efl & HuEx1. 0ST Al
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% 11 mpDE 5 MRS % RSP it &/ 85 RN 7FE A ER T
va MRS RSP mpDE

- Time/s MEM/MB Time/s MEM/MB Time/s MEM/MB
HGU133+ HuEx1. 0ST 4.3 95 5.3 48 150.0 232
HGUI133+HTA2.0 4.3 95 5.0 48 216.0 231
HGU133+RNA-Seq 4.3 95 50. 1 48 108.0 231
HuEx1. 0ST+HTAZ2. 0 4.2 95 90. 0 46 348.0 233
HuEx1. 0ST+ RNA-Seq 4.3 95 168.0 48 108.0 233
HTA2. 0+RNA-Seq 4.0 95 13.0 48 138.0 235
HGU133+HuEx1. 0ST+HTA2.0 5.4 96 — — 150.0 234
HGU133+ HuExl. 0ST+RNA-Seq 5.6 95 112.0 240
HGU133+HTA2. 0+RNA-Seq 5.5 96 — — 102.0 247
HuEx1. 0ST+HTA 2. 0+ RNA-Seq 5.5 96 113.0 243
All Platforms 6.8 101 90. 0 252
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Background

Expression analysis is an important way for transcriptome
study. Nowadays, public repositories have accumulated a
large amount of microarray and RNA-Seq expression data,
which provide the possibility of multi-platform expression
data analysis. Some researchers have shown that integrating
data from multi-platform can increase the statistical power

of

Microarray and RNA-Seq are the two main technologies for

and reliability in expression analysis transcriptome.
measuring transcriptome expression and have been widely
used in expression analysis of transcriptome. Due to the
inherent limitation of microarray, the background noise is
while the repeated
the

microarray original data is continuous real probe intensities,

large and difficult to be eliminated.
experiments for RNA-Seq data are few. In addition,
and the primary RNA-Seq data is discrete read counts.
Therefore, the scales of measurements on the two platforms
make them incomparable directly. Combining the characteristics
of these platforms and integrating multi-platform expression
data involve many intricate issues.

Currently, there are two categories of methods for
integrating transcriptome expression data; one is meta-analysis,
the other is integrating methods combined with some high-

level analysis method, such as differential expression (DE)

detection methods. However. both categories ignore useful

information, such as the technical measurement error of
expression measurement under different platforms. In addition,
many experiments involve biological or technical replicates for
obtaining the certainty of the measured expression. We aim
at developing a new method to integrate expression data from
multiple platforms to improve expression calculation accuracy
from a single platform. We apply this method to the
detection of differential expression to verify its performance.
This paper proposes a new model, mpDE ( multi-platform
Differential Expression modeD) . for DE detection by integra-
ting expression data from multiple platforms. This method
integrates the expression data and the associated measure-
ment error from different platforms and considers the varia-
bility of biological or technical replicates under different
conditions for the same platform. Results show that mpDE
outperforms the other alternatives in terms of the accuracy of
DE detection, manifesting the usefulness of our strategy for
integrating expression data from multiple platforms.
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