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REIEEKITEAISO-seq BUIBIEREARIBE T
WEE EHE KA

(LB AL MR RA T RHLR 2 S EOR 2B, B AT, 2111065 2. f mtbolk R A5 BB HoR 2 Be , B 5t , 210037)

?i%i B EFR,ATES T A AR ISOseq 2380 LA K ik K F M kA S w5 A T 4 Fmar
FHRIAMNARL B TRSEBAR IR AREREE, ZRTFEL2KERAAETR S AR
F  BmBBEEAFELSHAR, A E P, AL ERGELRERGES ERE T AHARE
B RO SF MR M A L A R ) w9 A A L T A S8 F R AR 69 F M k4R M) 5 7R (Dirichlet
sampling for isoform detection and prediction, DSIDP) #= & F & /R A+ K 4% 69 5F M4k 3K m) 5 7 ml (Markov
chain for isoform detection and predition, MCIDP) . # A48 AL 3 A A K3k P 22 5 F Mk Fml 48, 5F &
A A Kk B A AR A KRBT B MR R A . DSIDP 5 BT A7 i Bk sF £ F MR T 4, Sk A
Dirichlet R # # 5 % Rok 41224 ,MCIDP 4 A & RAL K MK RSP F 2 | ag i F 03 by, g AR
AL TAM R P RA A KBTI, AR ABEMBIER L KRB IIET A AR 09 A 2Ol
KA : PacBio;ISO-seq; 3 4L & ik 5 = AR B H AR ;37 & F M kA2l ; %R w4t
FESES: TP391.9 jcﬁﬂ,i,bﬁg:A

Transcriptome Expression Analysis of ISO-seq Data with Non-Full-Length Reads
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Liu Xuejun', Qu Xiyao', Zhang Li°

(1.College of Computer Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing, 211106, China;

2.College of Information Science and Technology, Nanjing Forestry University, Nanjing, 210037, China)

Abstract: ISO-seq data based on single molecule sequencing are widely used in novel isoform detection
due to its long read length in recent years. Most of the current researches only utilize full-length reads, thus
lots of information in the non-full-length reads is lost. To address this problem, two models, DSIDP and
MCIDP, are proposed in this paper to predict the structure of isoforms and calculate their expression levels
with non-full-length reads reserved. Both models establish a predictive isoform set from full-length reads
and calculate their expression levels with all reads including non-full-length reads and full-length reads.
DSIDP maps all reads to the set and solves the multi-mapping problem with Dirichlet sampling. Utilizing
Markov chains to simulate alternative splicing between gene exons, MCIDP can also predict isoforms that
have no supports of full-length reads in raw data. Both models are validated on simulation and real data.
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51

[l

Hi F 36 B4 87 U) (Alternative splicing, AS) I ££7E , — 25 Wi /& mRNA 7] LL57J) H £ 4 mRNA Jf- 48
T2 TR AR B, 3 R R SR 2H — % 22 1 B U0 O AR A W) 2 R Y e R R 22— o T A TUBIE S R
P WL PR 5T U0 B0 G 0 A7 A TR A A A P R i — S S 15 D) X A R B R A IR R
FJOHE R0 1) B B IR 2 — DR AT 5 3k 5 B WD X T R A B L A AR L.

FE PR Ko 5 K R 3R TR 7K P T SRR AR 5 Bk B U0 ) — P IR AR AR, ELA R R 0 5 AR
AR RNA-seq #4455 5 7 B i) 28 Hh AR 3, 78 3k — S8 5 A7 35 22 A3 00 g 20, A8 22 07 155k I RNA-
seq BUOHE TR 5L B DL K S M A 1 2B K o AN, B TR A 43 4 19 PGseq ™ fl NURD(Non-uniform read
distribution)™!, A K 3 F32 B 7= A 309 Cufflinks! O F1 RESMUT 8145, (HJ& i 12 BEK B J LG C i3 22 45 Bl
A7 7E 315 RN A-seq £ RAEUN 2K AR 0 845 0 = 15 540, 8 238 K P38 7 T, RN A-seq
H AR A, T G A 152 B 22 YR I SR Y R (2 25 08 40 i oK d A R IRDUR Y S AR S B B R 2
ALEDYLTEC A R ZHO7 BT ™ FAKR R R B A O, R R BN S8 BRI T R A K
PR . T At A A B B BB R R B T RNA-seq BR 11 5L T K 7 0 (R 3R 35 /K F
A FEAH 0T, BR] ok B SR P AR ) 3 B A B AR TR | AN ] 2 A AT T 38 38 (i B 0 A7 A R 25 R

VT JUAF S A 1 55 = AR 1R DL 3 B B2 KT8 R G i 5% =X S B (Polymerase chain reaction,
PCR) & #2591 A B 15 22 45 ¢ 50, U A5 B A 58 2 /9 5C, IR T RNA-seq . R ANIE Y 5 5% . 1SO-
seq A I PacBio 28 v ¥ & 19 T 5% S5 200 5 00 5 = AR H AR S i R DA L o 43 25 S mRNA 7
size-selection (1 B ¥E £ ) Z J5 il £ B ISO-seq ST, FH T I 5 3000 5 o AN 0 5k e V5 A %l 1 e B A
AR AR FT 7 Ak L, 53R %) 0 45 SR T A Sk S Y R B SR R B, P ISO-seq AR TEHEAE 2 J5 B K £
BB 5% 35 O FH T A srk 20 T AL R D] 4 20 26 A5 A L, (B R B R A5 R A AR B B R IR R LN T
LRI — A1, R 22 B0 ok W) el F RN A-seq A ISO-seq 808« — 77 1 A1 RN A -seq £ 4f 19 o #ff 4 1F
17 ISO-seq Bds 25, 53— J7 18 R FH RN A-seq B85 19 755 38 5 5l B 95000 53 49 1R 07 11 58 S5 i AR koK 7.
n, IDPUJ5 7k J& 1SO-seq B4l Ak B A AR 07 1k, B0 IR & S mg , LR 28 T7 M RNA-seq B8l Fid: B
JE Fp R H junction(Ah 8 F BT H 45 ), Z2 B I% A junction 3 F5 0 ISO-seq K 3 By B3 2 AR T A 24 8 T
K52 B A S T S A A, TR RN A -seq B8 Eb X 28 T 55 44 1R 5 1430 4% 1 T 2 440 1k 1) 2 38 7K -

IDPFEFR TR A KRB, AU R TR — 82 KB B T 2K Bz i & 1%
LY — FREN A RKERES T &R KK RN, HRBRKMEE . HMNISO-seq 7+ R
JRER T TE T & cDNA SCPERF I3 24725 RNA-seq U 3 AR B BEHLFT W, Pt A SCIA o — 4 4
KA BN — A A 4% 00 R M 32 B o3 st e S M AR, B 245 i B A AR A B0 45 2R . 50 Ah L R
2RI TAE NN ISO-seq Bd 1938 BEAIK, A IS A THE R B K, H 322 5 RAE T 51X 26 pF 58 AR K# %
FE 1 h B A B 5026 ~60% AR K E B AR K Sz B ny e A S i T ORI L S SO0
RGBT B AR 2 K BN R B 1SO-seq BB KB K R, B &4 B E B, fEfg
WA A B S A ) R B, 5 3 AR A K BOKE 2 15 2 ) B RN S A A 2 3R KO I E B 0 B TR O v
K £ K H 1SO-seq B d Al RN A -seq HHs #1145 A 09 77 AT S5 MR F kO 3T 53

A SCE AR IALH H ISO-seq £ 85, H 0% B8 AR 2 4 132 Br b 47 58 7 2R 52 75 >R FF 19 3800 55 o i)
(Dirichlet sampling for isoform detection and prediction, DSIDP) 5%, [Al ], &5 =0 5 £ R Bk
AR R Y A TG v LR UE 4 1 132 B B8 A 55 0T AT 2R 38 AR AT — e A A KO B EOE 1 R
AT 7] R, AR SCHE A FH DSIDP Flil 5 #4 ( EVAR AY BE il 22 b i 4R il 1 — A T B B R A S 4 A4
B 5 71 (Markov chain for isoform detection and prediction, MCIDP) J5 ik o 9 Fl 455 74 15 75 455 451 B0 4l
A6 LSRR R T A AR IE .
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1 FELWHE

1.1 HiEsE

Bl 1R T I1SO-seq £ 4l 4 K sz B AR 2 K sz BoK B2 20 A B 5 B, I8 b 808 ok 3 PacBio 28\l 2
JF B 4 MCF-7 (http://www.pach.com/blog/data-release-human-mcf-7-transcriptome/) . A< X4t 7T 6
A~ cell B9 JE IR Bl (A0 1 TR ), Hodh 4% B8 1SO-seq % R Y size-selection J M , X FEA K B 1~2 Kb, 2~3
Kb fI™>3 Kb = A5 H A Cell £ 2 B4~ o G245 SR ] LLE K S BEANE & KRB A K BE o A B
A AL BLE KA 2 B i 7E R B Sy 1~3 Kb 19 DX ] P, 3 156 W 9F 42 32 B i o B A i i i RNA-seq
B R USRS = A R R K B KX — A BRI R B AE A K R S A KR WA KT
SRR RE B o JF BB FEAS T S0 B2 i 3G, JE K s Bot B 2 3G L 38 B4R 60 % . dn ik
TE 5 K R 8 K el v O 25 sk B 4 B H A Y T RS T ORI S A o DR K 1SO-seq R A I H T i
SRR U R K B A A R L.

20 20
15F 15F
¢ ¢
= =
Z 10y S 10
5 5
o =]
&) &)
S5t 5
0 L L 1 1 0 L L L 1
4 6 g§ 10 12 14 0 2 4 6 8 10 12 14
Base pair / 10° Base pair / 10°
(a) &KL (b) KB
(a) Full-length reads (b) Non-full-length reads
[E1  ISO-seq & i B B 43 A 277 8]
Fig.1 Histograms of ISO-seq reads
#1 MCFTH#E&£EESIT
Tab.1 Read statistics of MCF-7 data set
Cell %i 5 K /Kb SR B/ H A/ % e KB/ |t/ % Bt
Cell 1 1~2 56 085/56.63 42 960/43.37 99 045
Cell 2 1~2 60 805/60.11 40 352/39.89 101 157
Cell 3 2~3 43 139/47.51 47 665/52.49 90 804
Cell 4 2~3 42 831/48.27 45897/51.73 88 728
Cell 5 >3 39892/41.36 56 565/58.64 96 457
Cell 6 >3 6 333/40.82 9182/59.18 15515

H T UL 1SO-seq B FH T H 5 R A K0 Al A7 BEFLIE B T 4 D B KIOF eih A4
ISO-seq B4 Al RNA-seq £0 4 A0 2 F L3 B A 15 00, 45 3 & 2 i 7m , 55 — 47 878 7 RNA-seq 21
P s R 5 AT R T ISO-seq B 45 5 o I 2 f i) LU H ISO-seq 45 5 RNA-seq H4ls AT % K 41
LA 73 A S, X BE A ISO-seq #5045 RNA-seq B4 —FF , BB 18 152 B 1850 et A A v AR Ry 7 S AR 11
WP R AT LA Ofe 1153 4 S Al 1) 3R KT
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P g
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(a) ENSG00000101146 (b) ENSG00000110955 (c) ENSG00000172270 (d) ENSG00000221947

Kl 2 44BEH 7 1SO-seq ¥4 Al RNA-seq ¥4 i 4k . F b (19 32 BE A i
Fig.2 Distribution of reads on exons of four genes in ISO-seq data and RNA-seq data

1.2 JFiR#EELE

ISO-seq #Y T HLEL i v 4 4 R AE 4 4 52 BOR TR G 76 — B 10, 75 28 3 IR — o A o U)K JHE X4 I
PacBio 24wl $& i (1) SMRT Analysis 814 HE 4l 132 B &R W9 o S A5 Y9 A7 75 45 K 7 90 8 o S e K s B Al
e KB H X R Y 7 375 28 D 0 1 BOEOHE 22 8] i e, i3 e s i Ak . 16l 3 Jé R T PacBio
T“JE[IE ISO-seq £ 4 (19 cDNA SC PR 2 1 o 422 b 422 3k 1 W28 R 45 4, I I Isf 25 76 B A 25 0 T 706 35 3

0T, MR AR 3 R 0 e D B AR SO — b R B A R X R K AR e KB, Y F T
& (Zero mode waveguide, ZMW ) i1 H B £ 4% Subread B, W it B K I BRI r B KiZEE S
WU, B O — 1) — 2% Subread ¥ 7y BAE 2K LB E S . BAOL AKX T 2K AHESK B, 8 i
T £ % Subread Y TUAR L BL .

ISO-seq ¥4 (9 7 — R AE 2 85 m A0 7 5 1 %2, B Y R 2 800 98 AR 24 8 F RNA-seq 2040 %

Polymerase read: I

Subreads:

K3 PacBio ¢ J5i B
Fig.3 PacBio sequencing principle
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HEAT AL IE AR SO LoRDECH R Ak U/ 132 Be (AL 45 4 K i B AR 4 K 3 B ) A7 20 R b L, S8 k i
By 21, sBE N 3. SIS IS B [T BWA-MEMUSIHE X 28 225 5L PR 20, A Bl 5 DR T R PR 45 JEMA LX)
S5 AR ICE B B B AN T T A . AT RNA-seq BOHE A5 B0, TR RE AT LR AU T 1SO-seq 4
W REAT F2BE 9 J5 15 0 Chen SOV T S 1< 9 152 B AR S b1 R e 48 G b Br A 3 B, 0 7 v B8 A A 14
B

1.3 EXHEFEIERIE 100F

MCF -7 4 4 #h 354 119 4> Cell, B J3 5 7]
TR S DA SR A W E TR B T
ARE . BEHC6 AN Cell B9 LT RRR , 43 A WT41 45 41 2
¥4 & Size-selection [ 3 4~ K B [l , BP Cell 1, g 501
Cell 3, Cell 5 —41ic N Group 1, Cell 2, Cell 4, %
Cell 6 % % —41ie W Group 2. WP ALBIE Py 3 25
5 665 4>~ b A 3 i T 5 RPKMPOUE 15 31| 32 1K 7K
S HE X B 2 B I UE T 2 B AR A Y 3 PR SR A K . . , |
T b 25 R 4 B R A R ECH 0.900 6. O ke otaont
AT LU sk 2 AT S T P SRR R AR B4 MCF-7 8504 2 S 4% St Lk
M) — 20t I 2 & 49 3] i) e By A I n] Fig.d  Comparison of repeated experiment results of
R, DB A i A RS LU IE MCF-7 data set

1.4 DSIDP %!

PacBio il J5 # A M 41 i o 42 B2 mRNA J5 8 A #4743 F BEALFT W7, B A S0k 285 3 R HLIE 4
B Y b B AR B0 09 AT AR T A 4 1 T B s B O AN i v 3Rk 0 SRR R A TR X AN S AR
TP S AL A T 5 4

85 5% RNA-seq 308 718 % 25K B Ge o @7 132 BERCR 9 05 50, A SO B AT 1SO-seq 152 B 5 His
Wi S5F 28 S5 A R TR 45 L O 5 145 TR S A A S B AR A R B AT — A A B L A KO . i
SRR ISO-seq B4 o 1 I AR ) 36 B 224> S 40 4 22 18] 1 22 5 e 23 ) 8, MICF-7 040 52 19 6 4
Cell H1, 35% 1 132 Bt A7 7 22 U5 B S5 A 4% 00, s e IR T AR EiE 7006 32 Be iy Z2 IR e S 1 ). i LAY
ISO-seq H 4l 2 W W S 2 48 — 45k 2 K B2 B W 56 28 22 25 0000 S 4 4, Qe 43 i ik B A9l 4 K 2 B S 3T
BT S5 A AR 3 3 KT HP B R A A0 I R Ol T DRI A ) R, AR SCHR T DSIDP A, DSIDP & —
A3 F Dirichlet 43 #i , %12 ] 8547 AR SR e (0 5505 60 FH B AL SR A 7 T8 K A 22 U5 e S Al 4 K e B
ke G 380 A 6 e KA S A IR 3 O ik R 19 O SR R AR e K e B AT R A R R R e iy 1A LR GEvA
FWE .

k1 DSIDP

A A KR BOEOHRE X, A A K BRE X DA B SR A A A T, X R X AR R A
BOBAE , T ARER— WK, T = ks

i HH T S R AR 1 2 R AT i A — A R T S A AR A 2 R K

(1) 5 132 BEECHR A0 PR X700 X i S A S R A TN 4R A R B T, e T R A S A b — e S 152 B
AR B — A e e & I X B — YA T A 4R AU —4kiE R 7.

(2) ¥ & A= 22 U5 W 55T 1 12 B A 5 O 12 o X, R — A4S X B — A 1, © TR —A>¢(r; 1),
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7 — b 45 2% | Isoform~Dirichlet (rj)o

(3) M Isoform~Dirichlet (z'j») HRORBE A 3 AR i isoform , H A £ 4 BE T B9 A SR AH R R B T R R S R AR
AR REME I PR R R K 0 SR R A L BB B —

(4) 3 Jy 78 T AT X[ 2Z 05 A5 BI04 5940 A4 132 Be v H 4o a0 — AR b 325 il S R IB K E .
1.5 MCIDP##

TE RNA-seq 8 94 BE P | LeGault 25 PUAE FI A % 3% 42 & (Probabilistic splice graphs, PSGs) J7 ¥ Xf
S A R 25 R AT T o A [ R DR A A 0T B A R DR A R R B 4 R DA R b 4k B S
F A (4 junction, 38 i junction 22 8] (4 Bk 5 450 S 0 R 285 0 B T 000 . AR SR SR ) S AR i FH 1056 3 AR
Fe s, S i T MCIDP BERY . il T 1SO-seq % dk 1< 132 BE A9 4E 23, 78 junction 25 AR 1 A DX, 1 fig
BB S, R R 4R 2 1 junction 82 LeGault 55 {11 ] RN A-seq B0 22 58 0 R 6 Fl 42 1 -

MCIDP i ] 5 7R Bk 5% 4 4 544 4% junction 22 ] (4 Bk AT JEBE . — AN AR (1 B /R B R4 41 7% 37T
R REW A (V) 0 RS MR i (o) R MR B (A), e, BEARL AT DL R OR R
G=(V,A,m). Hr R &k B 250 e ¥ RS0 7 10 g5 /N8I R 3047 HES , T FE % HES 1Y
Wi RS V=0 AL Vy=M(M=|V|— 1), Bl RENEEEG A, RRREN S B
BREW A MM EME, HA A,€[0,1],V,
DVA = 1o Foom th R AT A0 E B AR R A A

[Vi—1

ML EAT 7 € [0,1], 3 m— 1. M B 7 1 A4

ST AR th MCTDP J7 ok P %8 038 38 19 1 7 4 BI5 MCIDP KR
B, AN R R R RS R . B 5 o MC- Fig.5 Modeling diagram of MCIDP
IDP BN B .

BERL ) — 2R e AE o IR — A T BEAF AE A9 S A 1A, i an 181 5 Y B A2 V VI VL VsV TEAR R — 2%
BEAT KU B AR b A0 SR A A H A 19 52 B B 5 BF 12 2 AR, IR 20 12 A A R 408 A% B A DL
WMo o) Rom AR TP BES AR A R Z AT BERE , 01 = Vo, 00 = Vi, e e = o], RR B T (2
RS OB, I AR R B AR AL, AR AR AU AR o AR T B RS MR R 9 R B Expr (o) AT KR

ol —1

Expr(s')= [ Assi., (1)
i=0

il AR AR AR T HE B IR B SRR ) S8 LA A N, R RS A5 1 SR AT 42 Z 181 junc-
tion A B, WIS T A il e, B9 B RAU R A T4

N, N,
A= Ny .= 4 (2)

ij s
ENU N,

MCIDP # 1 T DSIDP M\ 44 332 B v 37 S A4 1A Tt il 4% ity S8 AR B B A A T0 A 2 K s BOBUIE A
AR T S KA R R0 B AR G o PR T R Y PRI R A S AR 11 Junction 25 R B R AL, BT L BEAT & OF
THE, BT LA X BT A oAt o] 58 A7 76 19 S5 A A AR 0 s SC I B A 3 0 JEL I A8 ARE A B0 ) 45 A e 3 1) T
SRR X BB 20 TR 2% S8 2 T A junction 22 (0] J&) B #5 X 48 (%) 22 5 A1 T A3 junction
Z I BREER AR 2SS, BRI .

L SRR FRE S B FIP I B AN RS T S =1, /0 S =0,S=
M. X F WA RSB T F A S",S", 47 Si =S¢, S0 1) 7 SEy 1,0 << i << M, WA T 5 i kb A7 AR 3%
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AN SR B AR L junction, HORMFF IR AL B 45 S = S7,i << j << M, WA A5 45 j &b i A1 {8 junction fY
SERNIE . FIE, B SR PR FR AR AL junction A 00 A B B E LR T, (ST, S™), TR IR

y—
JU(S’I,Srz):eXp|:(ln/11)Z]|S;elS;ez:| (3)

JCEPA AR AE TR RO B A S R IS ) 25 S XA T BE B s, & [ RO SRR AR
AN F R EE L (S)RARF AR S B B, W4 junction AY 22 5F X 8% K B2 X6 BE B 1% 52 g ml DL E X
ﬁlzy(sl',slg),ﬂ?%ﬂ?j'ﬂ

ils;‘— SEl,
IU(S[I,SIZ):Miil "
L(SY
2 2, AT A 5 DR, BT LA A 5348 P AT {80 junction O £ 2B B8 5 XU D, (S",S), AT %R K
D, (S"8%) = 7,(8".8") +1,(5".5") (5)

WU 9 A T RE A AE I SR IR I R S D (S", S™) Il KRl

- 2\5 sS4,

D(s".s")= ZD (s".8%) = > exp{(lnil )EBQJ— Sk|}+/l(5/)al (6)

o T 1Y B 7 L ) T A £ 5 A 1A, 3ot LA Kmeans 2403, BE B 24 50 B2 (6) , Jfoff SR 26

R Sy T 6 T S5 A o S A U B £ TN S A ) 2 3K H RS T A R AL i

Fir A AT REAT 6 B S b A B AR AR A e 26 LA i o) S A (R T 4R 5 SR B 0 R A5 A IR A 1%
ABE AR AEL B Ay 2 ik DR 53 A T AT A 19 74 1 19 3k EE B

2 KBWERSHW

2.1 LIGEE
AR ST T — AR RICHE 2 R — A B2 B A R 56 T S B R 0 ot o BB AR L Rk T
— A 10440 8 F 4 A TR PR A L R, 15 B M IR 0 2R 3K Lt 14390 R £,=0.3, ,=0.3,,=0.2 FI
6=0.2, W 6 Fim . He IRBEE M B, SRARAE T 100 4% 2 K e BB , AR 5 5 42 52 56 19 75 SR M b B HIL
P n S 2 KB VEREALFT AL B, A IR 2 K B . FLSE B 42 5 [ PacBio 22 JF $diE MCF-7, A 3L
BRI T Horp 64 Cell B9 8 , 4% Cell BRI BER ST B W& 1.
1 2 3 4 5 6 7 8 9 10

\ A N |

to | \ T l L

A S P H —
2 Sy W

L I
6 BEEE A5

Fig.6  Structure of simulation data
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2.2 EEKIEBAERERIE

M TH] DUE Y B K B K i JE R KB B i i 2 . P AR SCAE R R0 4 i T
R BOR ]  LGA XT BESES B 100 454 K Bk 255,50 % F 75 % 1y L ) BE LA E, OF VR REALET
W, 7 2B AR N B Y AR A S B R A SR B 0 IR A, AR B AR K B TR A
TE 4% Le A B0 %ok BE Sz 86 ohy , S2 06 20 5 ) BR 4 2 4 F DSIDP 7 ¥ 35 45 51, 9F R B 5 B S22 18] 19
W B VE N IR 25 B . ANk 2 AR 3FTR  FE N AIE K B BB I L 4% HL A9 S 56 1 2k K OF 3 L
F 1 FA 4R e B BOH S A RS A, % b FL(Full length) %78 2 K 32 B, nFL (non-full length) %75 4E 4
KB, (EARE M 7R 3R K BB b7 75 % (9 L B, % 254 O B2 1 R B L (IR 22 AR B SR 2L
Fb Al B ) 5 4 4K 52 BRSO 45 SR K, a3 U W A T BR S b A FR R K S I AR B A A K BB BE 1S
R A P R s Beda i no i H 3R 22 o 0 A B ADLRCHE 2 A At ) A T R 2 0 R TR I BT A S R 34 ok
4 A PN Y T2 A HBI T B mRNA 4r -, 5 B R v i {5 8T O, TR wT DL A X 40 9 B R
SR A At BE B DSIDP BU S o Bl 4n B 15 2 o0 B 8 S Al 44, HL 100 %352 Be s Hh AL & 4 20, T 23 9
DSIDP Fuil] i 345 14 F £ A 15 .

R2 EUMBESLEGAEERKERITESER

Tab.2 Calculation results on simulation data with different nFL read proportions

nFL B/ % ELSERA L) FL 555 45 A nFL 2%
25 (0.3,0.3,0.2,0.2) (0.243 2,0.324 3,0.243 3,0.189 2) (0.272 8,0.2929,0.242 4,0.191 9)
50 (0.3,0.3,0.2,0.2) (0.2857,0.2857,0.204 1,0.224 5) (0.293 0,0.303 0,0.196 7,0.207 3)
75 (0.3,0.3,0.2,0.2) (0.291 6,0.208 4,0.375 0,0.125 0) (0.252 6,0.272 7,0.232 3,0.242 4)
2.3 MCIDP #ill B 43 4k 18 iF xI EMHESLAEEKEIRITERE

Tab.3 Calculation error on simulation data with

MCIDP 9 #2 2 Jy 1 B0 3 Bodls b A7 4
R B M SR A MR, AR SORE AR AU RO TP 4

different nFL read proportions

nFL FL 5l JiAnFL .
PR P AT 2 KB BEREALIT W, X F o MR o or pama o R
P R B A A 1 B R K S A 30 A5 7Y 1 Tt 25 0.076 2 0.0515 —0.024 7
MEE 7. S L AN R 4 fros , ol DL H B 7 B 50 0.032 0 0.011 1 —0.020 9
T HR ¢ 3R A R K R A A B 7E R A KR (& 0.2111 0.076 3 —0.1347

I ,DSIDP # It MCIDP B A5 8, RN E TR T 5
IRBERAE 1) MCIDP £ 77 H: 558 Z2 IR A 2% (1) 7] R
o WX Be IR ME R A2 A IF & KL Sk
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