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Differential Expression Analysis of Genes and Isoforms Based on Model Selection

Wang Lili, Liu Xuejun, Zhang Li

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

Abstract: Differential expression analysis of genes and isoforms is important in obtaining the function of
genes and isoforms, thus becoming an essential research focus of bioinformatics. RNA-seq is a new ex-
perimental technique based on high-throughput sequencing and is increasingly used in transcriptome re-
search. Read-isoform multi-mappings make it difficult to detect differential expression of isoforms.
Here, we proposed a new method, called PG _bayes, to detect differential expression for both genes and
isoforms. PG_bayes, based on expressions estimation method PGseq, uses a Bayes factor model selection
method to detect differential expression. We applied PG_bayes to three human datasets and one mouse
dataset, and compared its performance with popular alternatives. Results show that PG_bayes performs
favorably in sensitivity and specificity at both gene and isoform levels.

Key words: RNA-seq; differential expression analysis; multi-mapping; model selection; Bayes factor
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Tab. 1 Sensitivities from different methods for mouse dataset

ik PG _bayes PG _exact test MMDiff BitSeq Cuffdiff
P EL 1170 1099 1083 1037 1018
REE/% 99. 32 93. 29 91. 94 88. 04 86. 42

3.1.2 SEQC & #ELEIKIELR
Xf T SEQC ¥l £ i %t th H A gRT-PCR ARfERY 305 > A& K FI T 22 5 A DA AG I o 36 TE A [) 22 5 4G
W05 e i R 60 R RN oE B . X S2 B8 &5 R 24 il ROC fh £k, 31 55 il 28 1 1 #2 C Area under the curve .
AUC) . ROC figenlal 1 fros . it & mA I sL 2 fros .
®2 FRFEESEQCHEE LR AUCER
Tab.2 Area under ROC curves from different methods for SEQC dataset

VRS PG _bayes PG _exact test MMDiff BitSeq Cuffdiff
AUC 0.965 0 0.963 7 0.955 6 0.851 0 0.807 0

B 1M 2 BRTAFEREN kML Rss RS gRT-PCR L5 45 - — B2 )E . ROC £ T
A AUC BB T 1, 32 AR 10 45 S B35 3F qRT-PCR 5216 285 5L, 22 58 M6 00 1 V0 0 38l v . S &
R B /R . PG_bayes J7 ik B HER BB 5 . 2 T PGseq B PG_exact test J7 ¥ F1 MMDiff t5 B4 5 5 1Y 1
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Fig. 1 ROC curves from different methods
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SEQC datase with low expression

®3 AEFEESEQCHIEERRIZXE LK AUCHR
Tab.3 Area under ROC curves from different methods for SEQC dataset with low expression

DRy PG_bayes PG _exact test MMDiff

BitSeq Cuffdiff

AUC 0.926 5 0.912 0 0.916 4

0.853 3 0.726 8
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3.1.3 Griffith 3 £ i 4 %
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34 A A R AT 2 S 2 DRI R 0 I A (W) 22 S R O ik Y
RGEMWESE ., RS LR 4 B2z Ja il gy kX b, 4
il ROC £k, ki e~ | AR . 5 Flor ik Griffich #5454k
R ROC g nlsl 4 fra . AUC K/hnEk 4 s,
MSERZ5 R TR Griffith £ % |, PG_bayes Jy %

HH MR

——PG_bayes
AT B M PR B . 5 A7 KT A 07 PG - PG exat e
exact test F I HEM E 5 PG _bayes FEE®R ML, N N BitSeq1

——-CuffDiff

ROC it £ bl DL . 3% 07 ¥ 19 R 0% W] 2 KT PG
bayes J7 s 2 SEQC B 45 1= 26 90 th B0 HE E 9 MM-
Diff 77 3 712 % P 52 b A v sl J3E R SR 8 U A A1 B4 L Geiffith SO 1 1 ROC 12
NE A 8 Gritlit ‘ Z
3.2 ZRFMEGRN LN Fig. 4 R()C( curves from different rrjethods for
3.2.1 HBC ## &£ 5iE 2 R Griffith dataset
Xf T HBC 464k . 78 qRT-PCR L5 5 E ) 8 > 544
R b 04T 22 S S AR ARG I, 36 E S ] 22 S A 00 vk ) RO . S M AARTE PR AN TR A5 1R T 22 S A L 52 5
BERANZR S s, Hop X A AR5 22 = B 3% B9 FR O DE (Differential expression) , A i 35 1 4
NDE(None differential expression) , 3 HARTE 1 B0 A AL T7 0], 47 275 76 AH LAY b 8L 5% 1 b 53 4
k%35 F 8 (Up-regulation) ,“ — 7 & /8 F ## (Down-regulation) , qRT-PCR 52 5 25 S L W 3% 8 4~ 5 4 1
Yok BRI 22 3Rk B) MCE-7 2604 F S M A4 ) 35 K F & T HME. BitSeq J5 5 2k ] PPLR {8 i 4
ZE L, 24 PPLR>0. 95 B}, iZ F AN N RMAIE 22 R E K, PG_exact test, Cuffdiff DL &z MMDiff J5 ¥ %
p-value F 78 DE 89 5 Z1E ,PG_exact test fl Cuffdiff TAH Y p-value<<0. 05 B} K 2= & 3k, 1 MMDiffiA
i p-value>>0. 95 Iy 22 52 K0k . MEER 1 . PG_bayes J7 7k i) R $5U% 5 & - BE 1E R 0] 42 38 22 5 7 1
& MMDI{f 1 BitSeq Jy i 52 % 45 8 Ho B3 ARG I 1 7 4% 22 5 3R GK A S Al AL 17 Culfdiff Jr ¥ i R
JE B AT, B RE U 22 S e i A
® 4 AREIFELE Griffith HIEE LB AUCHR
Tab.4 Area under ROC curves from different methods for Griffith dataset

0 02 04 06 08 10
fRFR MR

I7 ik PG_bayes PG _exact test MMDif{ BitSeq Cuffdiff
AUC 0. 846 4 0.810 7 0.696 4 0.533 9 0.557 1

£S5 HBCHEEMERFHMERNER

Tab.5 Results of isofroms between two conditons in HBC dataset

LS ALNN qRT-PCR PG_bayes PG _exact test MMDiff BitSeq Cuffdiff
uc002cvt. 2 DE+ DE+(2) DE- (0. 00) DE- (0. 96) DE+ (0. 99) NDE(0. 99)
uc002cvs. 1 DE+ DE+(1.3) NDE(0. 46) NDE(0. 71) NDE(0. 84) NDE(1. 00)
uc002qlq. 1 DE-+ DE+(1.7) DE-+ (0. 00) DE- (0. 98) DE-+ (0. 99) NDE(C0. 99)
uc002qlp. 1 DE-+ DE-+(32) DE-+ (0. 00) DE-+ (0. 99 DE- (0. 98) NDE(C0. 99)

uc002xmn. 1 DE+ DE-+(>100) DE-+(0.00) DE- (1. 00) DE-+ (1. 00) NDE(1. 00)
uc002xmo. 1 DE+ DE+(>100) DE-(0.00) DE- (1. 00) DE+ (1. 00) NDEC(0. 85)
uc003ngr. 1 DE+ DE+(1.3) NDEC(0. 21) DE+ (0. 96) DE-+ (1. 00) NDE(0. 24)
uc003ngs. 1 DE+ DE+(>100) DE-(0.00) DE-+ (1. 00) DE+ (1. 00) NDE(0. 64)

P A%k — 8 6 7 7 0
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