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Estimation of transcription variant expression level based on
multi-condition multi-sample RNA-Seq data

ZHANG Li', MA Yue®, WU Dongyang'

(1. College of Information Science and Technology, Nanjing Forest University, Nanjing 210016, China; 2. College of Integrated
Chinese and Western Medicine, Jiangsu Health Vocational College, Nanjing 210018, China)

Abstract: When analyzing multi-condition multi-sample RNA-sequencing (MCMS RNA-Seq) data, the existing meth-
ods for estimating transcription variant expression levels ignore the high similarity between read distribution samples.
Thus, this study proposes a method for estimating transcription variant expression levels based on MCMS-Seq data. A
joint bias estimation model was developed to extract read distribution similarity between samples, considering the influ-
ence of both global and local biases on read distribution at the same time. In addition, two regularization items, L,/L
and L sparse constraints, were added to reflect sparsity characteristics between genes and transcription variants and to
eliminate the influence of technical errors and data noise. This method allows a more accurate estimation of transcrip-

tion variant expression levels based on MCMS-Seq data and provides more meaningful biological interpretations.
Keywords: RNA-Seq; multi-condition; multi-sample; isoform; expression estimation; sparsity; read bias; data noise
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Fig. 6 Local bias distribution of genes
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MCMS-Seq 77 %4k B2 26 11 22 B AR B30 S it
Je TR G P AEA (] I 4 3L, S Ao 38 A B 29 2R, A
ASCRT LA B 5k W 7 2, () Bt A R PR A
STUISAIR Z B AE AR R o 1B/ RS 4R
5L LA Nph2 SR SIE, I AL R A & 3 YIS A A

TE/N BB SE T8l —A> 85 1) S K A A ] —
MEM TR ZAEEREA T, HER XKV %
FHIL A o A5 — A BT U] S A A B A2 R AS o R
BRI, D) a5 D7) S5 A 1 1) 3R K F 32 B KR
PR RYSER o %585 1: Cufflinks #RAE R A

MU oAb B, AR TRIKHE AN 1 r7n . NM_001
364736 F ik K F-7E Muscle 514 Wi 8 2 FEA h
il T RE A2 2 B MR 7 B B2, NM_157294 7£ Liv-
er 251 FWAFTERIAE B BL . 3R 2 o XAEM Jf
AR NM_001364736 Fl NM 157294 335 /K-
HB AR ARAEL, B K AT BE A 52 B HCHE MR RS 1 T 4R
MCMS-Seq J7 Bk A b B 2 55 1 A AR B d 2 .
M 3 [ LA H, NM_001364736 1E 3 414
PR #2635, NM_157294 16 K ik A5 8% L 2H 22
ST BA B AR ER IR, MAEFIEH L 51T
RARIK, BEA R bR B W P 1952 0
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% 1 Cufflinks {1+ 2 E Nhp2 1 3 M H P R ERIEKF
Table 1 Expression level of three isoforms in Nph2 gene estimated using cufflinks
Cufflinks Brain.1 Brain.2 Liver.1 Liver.2 Muscle. 1 Muscle.2
NM_001364736 0.3765 0.6261 0.0000 0.0000 0.0000 0.9089
NM_026631 34.6739 42.0154 23.3440 28.2050 23.9741 25.7665
NM_157294 2.6096 0.7230 0.0006 0.0000 1.0197 0.9718
&2 XAEM fliitEE Nhp2 # 3 N1 R RIEKFE
Table 2 Expression level of three isoforms in Nph2 gene estimated using XAEM
XAEM Brain.1 Brain.2 Liver.1 Liver.2 Muscle.1 Muscle.2
NM_001364736 0.0003 0.0113 0.0000 0.0000 0.0000 0.0000
NM_ 026631 417.2680 250.9886 155.9998 132.9998 133.9997 156.9997
NM_157294 26.7317 0.0001 0.0002 0.0003 0.0003 0.0002
& 3 MCMS-Seq ffi i+ E E Nhp2 # 3 MBI Rk R ik ok F
Table 3 Expression level of three isoforms in Nph2 gene estimated using MCMS-Seq
MCMS-Seq Brain.1 Brain.2 Liver.1 Liver.2 Muscle.1 Muscle.2
NM_001364736 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
NM_026631 40.4611 53.5541 28.0047 35.0090 28.5695 30.9546
NM_157294 3.4900 0.4127 0.0000 0.0000 1.1322 0.2745

BEAb, B R AN 7E 2 B3 F e th A i b 4k
BY U] A A P2 Y, DR DROR B 1) S5 4 A 22 T
FEAEM BRI . 7E3 4 1, PGSeq 7 75 2 Y
3 A BY ) 7 A R Gk K - AR A R e 1 SRR A,
TC AR B & 45 M o 17 Cufflinks Al XAEM Z %
Pang s sz, [ REAR XA B B R R . MCMS-
Seq HIEHIN T Ly/L ARG B Ly B 5 29 ROk %

T A B R A K P, BB L Nph2 19 3R
ik 2 NM_02663 fiiikiE . NM_001364736 7£
3ANH BN TR R GR, 078 I E 240 214 1
T NM_157294 Fll NM_001364736 [f] iif K &3k, X
F W Nph2 78 I E v HA 5 U 57 44 & NM_
026631 Z 5 R H Rk, KK, MCMS-Seq 5 i fig
AL PR 3Rk 2 vl /D BT D) S A 4 i e S 1) A= )

& FRAEYIERE . NM 026631 75 BT A 4 41 414

& 4 PGSeq f&itEE Nhp2 /1 3 NI RHERIEKTE

Table 4 Expression level of three isoforms in Nph2 gene estimated using PGSeq

Fith, St 1 Sy A Ay Al AR

PGSeq Brain.1 Brain.2 Liver.1 Liver.2 Muscle.1 Muscle.2
NM 001364736 8.1342 8.3407 4.8802 5.0227 6.0254 5.9947
NM_026631 9.6987 10.0773 9.3418 9.6317 9.3863 9.4907
NM_157294 5.8697 3.5547 —6.3199 —6.0304 43553 3.0167

{E: PGSeq 7 AR ML BTV G (AR KK T B Zead X e

24 FYIRMERTTES HRIE

TEZ S5 2 HEAR T 256, [/l — A4 F
Wt Z E R EFEAR N T bk S B AR 1R 22 iy >k
(RS o XA A5 (] — > BT U1 S A AR AR [l — > S5 1
TR EE A ZE )RR K RAMHIER . /DAL
it S B8 R 46 T1E 5 V) S A4 AR R 3R K AERE A 2Z 1]
RTT EE 2 . SR Person AH ¢ R BORITAR 7 &
P, HC{R R 150 WY R T A A8 T R R R MR 25
Fr i B 2% o BT RNA-Seq I ¢ 5 AR 15 31 3
I 7K LR B2 5 AR K, Person A ¢ RS 57 ]

DGR FRIR BB U) AR I PR AE AR G
BT, WA B Y1) 548 A 2R 58 7K OF AT X 4
SR, TN a8, 3 5 P R R R 7 ik
/N BB SE AR S N A C R B . 3R
Rl LA H, MCMS-Seq J7 ¥ 76 I . K i A
L 3 A4 T ARIRAS T HeHAh 3 N AR
g, 5 MCMS-Seq J7 i 2 i A BR 2 55 £
BEAKE 4L, (HATS SR T DLARIE 5Y 1) 53 48 1A 7 ] —
NEPTIREARZ B EA SEN T EE M, X
6 RNA-Seq Iy 52 4 h it 8 &2 SC 50 i B 1Y .
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x5 HEMRBESEEARFEMGITHEISAEKRIX
KEEHERZ BREXRE
Table 5 Correlation coefficients between isoform expres-
sion levels estimated using various methods in the
mouse dataset

Jid: Cufflinks PGSeq XAEM  MCMS-Seq

Liver 0.9502 09215  0.9620 0.9824

Brain 0.9475 09153  0.9660 0.9854
Muscle  0.9446 09080  0.9528 0.9574
FEIE 09474 09149 0.9603 0.9751

2.5 PCR B VIR FRiE K T8 IE
SEQC B4 A 9 R 50 UEAS [ 7 A0 F 55 1) S+
FAI R FE TR KT B MER I o IR B AR FE AL T 16 603
A Zad qRT-PCR Btk i 55 U] S A9 14, X 2L 5§ 7] 57
FA R M FE O o TR A D7 45 21 55 ) 5+
FAk 2235 7K 55 qRT-PCR {22 6] i AH 5 2250, M
F 6 g AT LI H, MCMS-Seq J7 ¥ 7F UHRR
M LRSI T PGSeq J5 5, Mi#E HBRR 544 I
RGN T, R XAEM ik 22
ARAb PR, (HARAS B 22 MR RE, H AT R SR 0% 7 IR R
B w22 75 JEAS AN GE . B4R U, MCMS-Seq J7
DAl T B 55 1) S 48 R 3 5 7K B BT 55 R MR 1Y)
EAT O
F 6 FESEQCHIEBE ERREFES qRT-PCR IIEE]
SHWEZEMNEXRY
Table 6 Correlation coefficients between qRT-PCR values

and isoform expression levels estimated using
various methods in SEQC dataset

Ji¥k Cufflinks PGSeq XAEM  MCMS-Seq
HBRR  0.7332  0.7540  0.7287 0.7735
UHRR 07975  0.8061  0.7948 0.8136
Mean 0.7654  0.7801  0.7618 0.7936

2.6 PCR EEMIFRIEKFEIE

IS R4 qRT-PCR B0 3iF 19 59 1) 5 44 14 %
P AEAR A, T F PR A 3k 7K 2 P LT 0 B 1Y B
YIS M AR B e g 19, R B ] DLl o 38 IE qRT-
PCR 55 ik 3 PR 1) 2R 38 7K 1 SF [1] 422 565 1iF 55 D7) 57 44 4%
Tk A B HER T . MAQC-IT B4 A0k ) 12 b1
FHF VA A 8] J7 38 4% 11 258 PR 3 38 /K OF 19 1 66
MAQC-II ¥4 it T 838 4~ qRT-PCR K IiE 1Y
FEH, S IER B S T 6927 AN B DI SRR
Cufflinks Fl PGSeq 77 ik #4317 3L K ) R B K,
XAEM HI MCMS-Seq J5 i 1) 38 A & 38 7K - /i B
X7 B B ) S A AR ek KSR FAR B, % 7 R
T Ay A5 3] () 2 ik K F 5 qRT-PCR {H
ZIE A SE R, I 7 W Rl LLE 1, A H H A

75 1%, MCMS-Seq 75 15159 2 T B 4F A HERf 1

=7 7 MAQC-II HIEE LARE A XS qRT-PCR IiiE
ERZENEXRY
Table 7 Correlation coefficients between qRT-PCR values
and isoform expression levels estimated using
various methods in the MAQC-II dataset

Ji#: Cufflinks  PGSeq XAEM  MCMS-Seq
HBRR  0.8454  0.8296  0.7443 0.8603
UHRR  0.8483  0.8308  0.8081 0.8683
Mean 0.8469  0.8302  0.7762 0.8643

27 WRSHERIEE

MCMS-Seq Ik & T Lo/Li 4% 5 29 51
Ly F B 29 S WA 1E WIAR I, AN AN FH ok 25 i 58 R
59U S 44 A 2 T) A A s e, ) I FH A T I I
R R By P SR R s . 725X (6) Y, &
A A S IR Ly/Ly A SR 2R Ly
B 2 o, LA ) 398 B R 52 M 2] 5 U S5 4 AR e 3A K
SERHERITE . Y A B 4 - +oo B, AR T EBTY)
SR AN R IRTE DL, K HFE T, 4 - +o0 &5
o [m]— A5y V) S A R AE A TR S5 4 T # AT Feik .
24— 0 B, By U] AR 1 Rk KV b 52 B
P e s 52, 7 AR R RN AR IE . T A BRI
B, 3 PR 5 5 1) 5 6 1A 2 [ ) i o R e 5
EHE SEQC £idi 4 i HBRR 45442k 40 Hr S Bk 4%
X BY ) S K8 PR 3k AT e R A B2 o (RIS HL
A H A, A BESE 0.1, 1,10 AT 100 3X 4 AME, Kl 7
WoR T AEBUR R B 8E 1, MCMS-Seq J5 At 1
B 5 1) 5 44 R 22 38 7K SF-55 qRT-PCR %5 3iE ) 55 1)
SR Z A RS WK 7 TLUE ), 24 A
F A [ B3 R, AR OC R B0 3 TR, IR
AR FLE R A 5 U1 S5 A IR B Al 1T Bk ik o
M A F A FEHUE 1T BERAT 4 AR e i 45 2,
PR LA SO Ir A SE B AR R R E A AT 4l 1
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Fig. 7 Effect of isoform expression levels by parameters
A and 4,
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