AF2#IR ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2012,23(9):2273-2284 [doi: 10.3724/SP.J.1001.2012.04121] http://www.jos.org.cn
O [E Rk Bt F AT 58 T RSB A7 Tel/Fax: +86-10-62562563

i F RS Analog-Cell FRETIR MRNA BIHE72 MO 55T
BEAHY I BY #EAY FRe

WK THSEHLR S S EOR 2B S b K2R 130012)
AOEMRRY ARSIV AR TR W A E A K 130012)

Simulation and Research on Pre-mRNA Splicing in Analog-Cell

OUYANG Dan-Tong™?, WANG Jue?, HAN Xiao-Song™?, LU Xin-Hua*?*

!(College of Computer Science and Technology, Jilin University, Changchun 130012, China)
%(Key Laboratory of Symbolic Computation and Knowledge Engineering of Ministry of Education, Jilin University, Changchun 130012,
China)

+ Corresponding author: E-mail: luxh@jlu.edu.cn

Ouyang DT, Wang J, Han XS, Lu XH. Simulation and research on pre-mRNA splicing in Analog-Cell.
Journal of Software, 2012,23(9):2273-2284 (in Chinese). http://www.jos.org.cn/1000-9825/4121.htm

Abstract: Pre-mRNA splicing is a key process in the gene expression of eukaryotic cells, which includes two
major procedures: the cutting of introns and the union of exons. This paper proposes a algorithm to simulate the
Pre-mRNA splicing process in the Analog-Cell, which was developed independently. Using the algorithm, the
correct results are consistent with the biological principles. Through simulation of the process, the study has found
that this algorithm has the capacity to make the introns to form the lariat structure efficiently and accurately,
meanwhile to unit the exons selectively. In this way, the Analog-Cell can finish the formation of the mature mRNA.
Key words: electronic cell; Analog-Cell; alternative splicing; pre-mRNA splicing
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Js(electronic cell, faiFk E-Cell) ) 4 it A5 4 D121 3o Tob 35— A6 400 2 40 160 00 U I8 BA R T S LR 2
A M — LIS R R IR B 5 4 7 R T LA AN 1Y) — R A1 A A v 30, 41 DNA f#5E. RNA Bi%.
JEL A 8 S5 45 A W A E-Cell W] ARG 1 R o, - FR A0 M A T B R T E IR L SR R B .

2007 4F AT H 241k T 1 N 5N 7 40 k7 Analog-Cell™). Analog-Cell DAL 4 Jifd i K] 2 34 Ay K4l
G R RAS I FINUHL R > 7 B T EARIE ROl e . sk mRNA I T AEN %, 358 LA 1 R
LR AL T SE R AR L S — R G IS R 3R A A 45 N AR 1T, Analog-Cell FBERLET & mRNA i T X A A5 40
THIR mRNA TFIIE SR, 5 7 F B9 1) e A B 7 3 B ML B4 55 0 A% A0 T v i J 38 e TR < i R 478 11 B 2 1)
A A G B I B BEAT B B LRk R R A, 56 [ ) Virtual Cell. H AR E-Cell BF9T £ 22 2 ZE 41
PSS IR (i 2 7, T AR AT I 2 A0 B v (R BB T A RN R T R B A R A g g R A 455 1O, o 4 A 2R 1
SEILES A IR I B0 SR AR 2226 [ TR A0 K 2% (0 Virtual Cell SR J2EE #2155 7 - JIR 25 2% R G0 451, 2B )
TAEZTTLIAE T Virtual Cell 324 (25 4 BR 55 4 21 101 90 5 11 48 Fob AN i) F69 40 i B 2%l 4 a2 i 35 s 1, A
PR E-Cell St Fb b5 R 1) v 7 40 RS 28, 12 40 I 784 o0 B A3 22 TURMATE i R 491 ol 3 93 26 BRI PR T - 8
TS 4 6 A 6 355 96 A% 6 0 A AL

Sk T RS MR O R 4 P 2B TR B, AR SCHE B Analog-Cell i B i il b 45 T BT % AR 7E 40 i A% o %o
H A& mMRNA BT BI N TR 505, 563% 7 Analog-Cell H T4 mRNA BRI T 7, BLSE i 1750 5748 mRNA 1)
W2 F B DI RIS B B R X AN T R R L.

AICE 1A AT mRNA BY R0 FE R 2B 2% JEEE 55 2 4 S HURR RO A0 f 35 IR B 5l R AV 5 3
F5 4 N IX — 59275 Analog-Cell T 45 31 (R K40 25 5

1 Bk mRNA B0 TF1&m
LW () DNA 2835 55 J5 T O 7 mRNA. BT mRNA S B 37 B 04T B3, 75 B0k Ho k47— 2 41

(R0 L, BAJE A 2 1) mRNASL X — i P 1 58 2 20 1K mRNA (1) 53 01— AN 52 50 0 7 78 33 s i — B g v i

B, 7] I, BY H A 75 B IA (M AM 7 Bk ok L FERT AR mRNA N 7 7 BEAT B U (K47 B A
ST HEAT PR LB B B e ir 20O 55 28 ) B ) mRINA Sy B9 40 A% A7 B it P o — i A an P 1 o

ov T [

b oow Bl o
5 ¥
A
mRNA
# L3k
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L LiESuRLY
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Fig.1 Eukaryotic mRNA processing
Bl 1 B4 mRNA (0 T
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BRI 2-OH Xt 5"y 14 1 I B AT JEAT 1A% ks T B 25" 1ol e — TG Bt 02 2 V) A IR 5 ) 58 2 S i S 8 o 4
BIRMANE T AR 1 IN-OH JEXL 3 7 K I BEIR L 1 e Jei AE 3 140 B 7 BT 3% AR Wi T B
SRR B AN AN By B L B X AR P 2 R,

Y\
20l
P o 22
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Fig 2 Pre-mRNA splicing process
2 WETHYINIERE

1.2 BUEIK
BY Ik AR P B H A B b B R NI Dh e, S B LR 2 R R AL 5T A 1R B R R I RNA 45 &
H(hnRNP). /MUH% RNA 454 8 (SNRNP) %545 . Reed 45 A\l i £ [ T4 2% J5 00F B, S5 AT 44 mRNA BYHEAH ¢
¥4 (TR DR 7 K047 145 B, 8125 RNA B2 R b i S [R5 0100 [ 3 /2 241 j B 42 4 de 2 210 LA B 42
7215 9 5 7 BT U0 211 238 3o 7,

Exonl |pGU A —(Py)n—AGp
. U2A UZA
F65 F35
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U1l
U2A U2AF
U2 F65 35
A —(Py), —AGp Exon2
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Arrangement to spliceosome and catalysis

Fig.3 Process of spliceosome assembly
K3 Bk 0 20 b
T, AR 2 BN X e 1 BT RIS AN S, I LA E AN 0 IR 8N R AR [ BEAT RS T 2 71 Analog-Cell
V1) 20 A% P I Ff o ST R BT R AR I LA S R U R Ay 3 A 49 JBAS JNRH 2 F) J52 R R )
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1.3 EZFMETE

HUA MRNA P 3E B BT 32 5t 2 1T 328 B vk Moot 75 SR AT 3L IR R0k 1 40 B T PR ) mRNA, BILZE [R]
B LR e HC By AN Ty 2T DL oA Y g e I 0 4 £ R A 4 v R ) TR 4 A AR R
— BRI 0] LL7R AR 2 AN TR 0 BR E, DLSE S Ah S PR35 AR A AT A5 R [ () 2E B8 3h g W AN 20 A & B R — L6 S d
D20 M A B FR AR T 0 A R R s A R ST e AR A B 4 R

Pre-mRNA

/ Alternative \
. splicing

Fig.4 Elementary alternative splicing events
(SR 2 UL E AN

PA_EFAT0 B E A0 e rh AT AR mRNA BRI R 1 2R 27 S B REAT T ) S B m] AL TR 4N i B e
(¥ 3= LR AL AHT A mRNA X A 357 (1 BT 4, DA 8 $ E MRy 5 LA T SR DN K 1 A0 78 3 R K.

2 Analog-Cell FRT{R mRNA 87§E3 12 BI4E L5 5%

FAI7E Analog-Cell Hhfie H— o7 Sk, BHUASCHS 145 ROA T A& mRNA 1187 #d 72.

SR I TF UG 4 1 2 0 25 1 BT B AR 3 BT/ mRNA (¥ 5/ v BT I BY 48244 25 R A I8 I Bt 36 76 i 4
MRNA ] 55y, 98 J5 7E 3% R BE A% 5)), 8% 2)) 3 8T 3 (07 s BEAT BY 52 S .t H I BY 27 a5 P00 50 A FR RS AN
AR PRAR BT LA 2 A P B 0 SN0 B9 AN B AL ST PR 6 1, DR b A AR R TR J 51 $dli J7F GenBank H 42
DML ATBUN L CE S VAN EPSH

WAILERT A mRNA JENBE EO R MEH IR 2> TR — NS 1D (i@ Pk AR IR IR 3 1 E T4
MRNA G A7 E [F] N, 52 BT3RS i — A 1D (B (VIR MEN 0), b N BY B AR M BT /2 AT 48 mRNA {7 . 3
LAPIANER:

o B 1 RBYHMGHEIE F5) 1D (IR /N AR LA R D BE A I 5 B 3/ 7 1 B 505

o i 2 JE4i 4 i) GeneBank BRAF K BT V)AL i A5 S A BT 4 AAE R LA TR mRNA BT 3R A7 i AR EAT B 45

S
2.1 HEBERABHREAN S EE

71 Analog-Cell H1, 5 B B 40 AR A T BATE i R Hh R AR AR T SR L el S 7 A B ) P R A L83 T J i 3,
ok BE A S LFP R R (R 28 B AT, JE R — R ST E S0 B NG AL 50 2, BY B AR 1E 1T & mRNA LI 3)
Ht 2 H1 P4 SN (Reaction2 1 Reaction3) 42 2 a3E 47 A MO B2 44 70 JiE X % 1 B 5 A9 LA B 30 I 11 5 i s

5 91 AR 3 IERACR BT 4, SE AR A T R 43 1 2 ) (1 S B8 42 KL 46 3R W I A B UM 0B 0
2k R IEAE W7 T 1O &0 8. N 45 1 (reaction condition) H e si 35 fir 2 e 8 T 5 B L 46 1 4 A IR B 4% A 2 T S
“Jf Bk R, N 2 )5 (after reaction)HH i 3 A2 S 1R 45 L BT 1 S N AR e 3 AR S 5, i H Celll FiT Cell2
RFH A [ N4 A IR R A S50 T I A8 TR B 2 AR TR RS AL, 45 I BT H2 AR EAT AN TR 1) R . 2 JRUEL 5 v (1 s
D, ) DR 2 4 iS40 BY 2 AR AE TR mRNA B 3 1 500 LA 1.

%1 BRI

1. I RIEB AT mRNA K25 84, 3 H AT & mRNA [0 535 16 2 % 56 B 77 £ BT 4, ) 3E 1T Reaction 1:
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BRFESHY % e AE R Analog-Cell ¥ #T48 mRNA 3741342 494800 5 A 5 2277

1) BYREAA S AT A mRNAB S 5 %R 4 1 8 ST AU B4 %
2) XS5 RN MRS T IPIRE;
3) MBI BARPIRAS, AT HIL SR 2 25,
2. FEI, H 3R ) 3 B AT R
1) BB By B A A 1 P A I NI 1D A1, 32547 Reaction 2:
a) BYHARINI LS 1D (E /N 1 5 0 1) e B e 4
b) A& S5Oy AR PR A HEAT A A 28 2 20
2) BYEMACHI M AT 1D (E AT A T By D) AT
WA B AR IR 3 4
Wk NSRS 34
3) BUEAA M 1D {EAE N & F BT U7 28,3347 Reaction 3:
a) B S T — MR FATE R RV
b) BIEAM 1D {E 0 1;
¢) BT R ARAS Bk Rl B AFIAEE 125
3. BYHEAALE TN BT I B DI A
18 OB B R (IR A, HE N BY D)l 72

IEEHSL I 2 - IEAE T fb 2% B
Reaction 1 Conditions:
J state= =1 and
Reaction 1: Cell 1 ID= =1 && state= =3 and

Cell 1 ID= =1 && state= =3
After Reaction 1:

' J state=2 and
o e Cell 1 state=1 and
Cell 2 state=2 and
J bond with Cell 1 and Cell 2

Reaction 2: Reaction 2 Conditions:
J state= =2 and
N Cell 1.ID< Cell 2.ID
; After Reaction 2:
e e J debond with Cell 1 and
J state=3
Reaction 3: Reaction 3 Conditions:
J state= =3 and

Cell 2.1D==Cell 1.ID+1
After Reaction 3:

(2) Jbond with Cell 2 and
J state=2

?

Fig.5 Reactions of the spliceosome movement
K5 YRR D) SN

22 EEAEFHEYLZREAREZRN S E X

YRR S BN B T 5 R B B A A, B A B S N N N T BT DI R A A T B D)
2 B2 A 32 BEREAT P R B U] S W AT — I 12 SN2 70 J9) S AE AL 31 573 A 3" o7 i A8 EAT — IR BT U, A
AN TS R 0 SR i AT

BYP R RE 58 1 IR B U)RAEAE S T B BY H AT A5 BY HR A A DR B T AR, 2 S B AR DR 1 R
P 3 AZ T IR 70 T RIS R JFAREAE A S 1 R B BT RARAE NS 1 B B 0 SOAL RO BT AR AE AL 23 SO s AR
FIRZH IR 7> 15 W% T R AR AL AR AL 1R 73 1 i SLSUBEXE 42 0 BN 5 1 R G5 M) AT B AR R IR A 1Bk
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MRNA BB 22 2544 1) N & 1
A NS PRI ShfE 2 AT, e Bl GeneBank SR AT EAS R AT A mRNA FIFERE B AN 71
iR B I TR SO A A B X BRI Analog-Cell P /2 R R ELIK STL 25 8%, 72 % vh il 1
STL A& T — AR N ABIRAEA 53 B FEAT 3, N & F 1M 23 307 s L & 3 BY A s 3 AN A 40T
SE— KNS T BIIGE, Z A SR el Fa ) R — A28 88, BT B2 4 T DUAR 4 3 L 00 £ 0 3L R BE b 9 & 1 AT A&
MRNA R 85 31, I B G AE ) 22 SR BRI S R 5 1.
T BRI N BT I R T A B RN R R — B FE R 13 (R AT 8 mRNA, JE A Py B 42
5~11, 95 T 0 SEAL oA 93X — R BT B i A 6. B 7 TR,
gh 1 6 RTEL 7m0 B R RN, AR PR A 8 SRS N 2 B D R I SRR
B2 WETEIDIE
1. BUEAARLEHT & mRNA _E# ) BN & 1110 5% 67 A, 3E4T Reaction 4:
LEEP NG VAR IR SUE R
2. BYE:{RIEAT Reaction 5:
1) B85 ID [HB KM R T N — DR o> T S e+,
2) BYEAR ID fE M 1;
3. 1B, B 2 B HAAH 2 3 4 SCr A
1) BYFEARIEAT Reaction 6:
a) BIE:AL ID HECK—u AL R T 10 F — MR o L EBE
b) BYHERN 1D {EN 1;
2) BRI A5 HT 1D B S h N A F RS
W B HEANTEIREE 3 20,
W R B HEN SRR 408,
3) WIHRASE ST AL B BT Bk 4 31T Reaction 7:
a) BYRAAAINT S AT HTIER R 1D (5 2 KR 7 1 2 18] BOE 2,
b) &R BT AR A B R AR 125,
4. W5y SR R A BB AR A HEAT Reaction 8:
1) BYREAARE T IR (0 P B 7 S ST AU o SR A LI B
2) YRR L N & T3k RUNIE R,
3) BT REACIR A B R B B ZERT /A mRNA B8 5 76 IR, B 20 85 PR RS 5 BN & 1 R R A7 1
AT SRR 5 A,
5. BYEMHE Bl B ) & F KU {7 25, 34T Reaction 9:
1) BURARS S PR SN — AR R A L E R
2) By AR ORI i 5 R — AR AR o T Wi RE
3) BUHARWIZL L K v SN
4) ST T AR AL A BT YL AT SR 6 A
6. BYHAHE1T Reaction 10:
I B B B DNA BEE 2,
7. SE IR A T BTN R 08 ST AR A B B AR HEAT Reaction 2,4k 4L 4E i & mRNA TR 3).
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IEAEREST R -~ IEFEWTR R b

Reaction 4:

Reaction 4 Conditions:
J.state= =3 and
9 @3 1.1D==Splice site
@ ’ ® ® @0 After Reaction 4:
Cell 1 debond with Cell 2 and
J.state=4
Reaction 5 Conditions:
J.state= =4 and
Cell 1.ID==J.ID+1 and
Cell 2.ID==Cell 1.ID+1
After Reaction 5:
J bond with Cell 2 and
J.state=5
Reaction 6 Conditions:
J.state= =5 and
Cell 1.ID==J.ID+1 and
Cell 2.1D==Cell 1.ID+1
After Reaction 6:
J bond with Cell 2 and
J.state=6
Reaction 7: Reaction 7 Conditions:
J.state= =6 and
@ Cell 1.ID<Cell 2.1D
After Reaction 7:

@
@ % ® @ J debond with Cell 1 and

J.state=5

Reaction 5:

Fig.6 Reactions of spliceosome’s first splicing and moving on intron
Kl 6 BIEARGEATER 1 IRBY D) MAEN S T L)

IEfER R - IEAE TR R
Regetion 8: Reaction 8 Conditions:

Cell 2.1D= =branch site  and
J.state= =5

After Reaction 8:

Cell 1 bond with Cell 2 and
J debond with Cell 1 and
J.state=3

Reaction 9 Conditions:

Cell 1.1D= =Splice site  and
Cell 2.1D==Cell 1.ID+1
After Reaction 9:

J bond with Cell 2 and
J.state=7 and
Cell 1 debond with Cell 2 and
J debond with Cell 1

Reaction 10:

Reaction 10 Conditions:

J.state= =7 and
SelectList[i]= =1

After Reaction 10:

Cell 1 bond with Cell 2 and

9 @ J.state=2

®
®

Fig.7 Reactions of spliceosome’s second splicing and formation of the lariat structure
K7 BUREARES 2 IRBTUIRNA & T E R A RTE B
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23 BRAVNEFRBEMREIBOREZRAN S EE

A, A= 40 2% 00 40 i 1) 85 DR R 1 IR AT R 24O N T IR AR R 1 2 Fhay R ik e 0, H Tk
SRBEAT RT3 Bk 1 — B 1) 45 1 T8 BRI A6 38 TG A S ME A T A0 S8 (R B PR B Ol T R S
FRIASELLRE 6 88, TR AT 1SR FH 0 S e R P 1) P 7 4L A S 7 P 3o 3 B 4.

BArTE XA BT IR ) B2 — M A 1R O M By i &, 3L e

o O RN N IS B F Fr BEAZRIE BN — B A B FANTE BUA T mRNA 1,

o 1 MRTZAMNE T RIE BB INTE R mRNA A0 73 B 1) &2 (104K SRR 3 A0 S 7~ AN 230 a2 5k

B IS, AT R 5 B SCXAS ) A R

fil4n,

SelectList=(010110...).

TP 7 ] ULk S50 5 M 4 75 2, 0w UM B B ) s R AL AN [R] (1) S D 2k AT AT DO Al B i 2
ANFERN ) 22 T 6 2 7 26 Bk i S8 00 B0 H5c 0 R SR 4 R T LAAR B 18 5 E A T A B 5 R 4N AR R R 5Kk R
AN )40 73 Bk v e T 7 AR A ) ) 8 R T A A A i B A 5 A 7 SR ) 1 T T AL

BT S LR A 1P BT 2 PR 6 DI S A AT AN B B I i, A 1,
Mgk L AT 5 2; Rk 0, 4% AR 3 BT /M BT I 85 V). 5505 3 KITis I i I N L1 3(n 18l 8 ).

HoE 3. R

1 Y EYEAR BT D)4 — AN 5 1 Fr B B 2 B A I B R T A4 mRNA (19 Sk 5 ], 40 B >4 17 328 £ 1) £

e, 4 T 45 R ) B AR B Y, IR R R BA
Wik 1 NSRS 2 08
WAy 0, NEESS 3 4
2. WMAHETANE T I = R 1
BYHAAEAT Reaction 1084 20 47 P o IR U RE IRk 1% 44 1
3. WA HHTAN G T s A E D 0,85 #:44 HE1T Reaction 11:
BREAR 5T — (AR IR 7 1 AL E 4,
4. 1IN, H 2B BT 3) BT A mRNA 11 3" 53 0 571 373
1) BYyFEABEST Reaction 12:
AR W R AT HOIEHSE I 1D (E58 2 R TR 71 L A £,
2) BIP:{AHEAT Reaction 13:
BRI o T T,
3) BUEAARIMT A O ID EREEET T — BN 7 BT i A s
a) WM EATEIREE 125,
b) Wik NSESE 4 08
c) W BTELANY ID {HE T 1A mRNA K B AE, W BT 57558 5 2,
5. WIRBTEAARM ID T T —B A& T Az &L, WEET Reaction 14:
1) BYFEAR 5 A B R i 7 mL T — A% T R 4 L
2) BUAAIIER S Ah BT R w0 s (AR 4
3) BYRRAKMI AN BT AR u A s R LT — A R 4 7 2 [ ) % 2
4) A& S BARIRES AT NS B D) RN
6. YA T AR BIHT4 mRNA 12, 55 B4 0 2 T4 mRNA, FIVESE K.
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BRFESHY % e AE R Analog-Cell ¥ #T48 mRNA 3741342 494800 5 A 5 2281

e - IELEWT ) 4%

Reaction 11: Reaction 11 Conditions:
SelectList[i]= =0 and

9 . J.state= =7 and
Cell 2.1D= =Cell 1.ID+1

@ @ After Reaction 11:
J bond with Cell 2 and
J.state=8

Reaction 12:
Reaction 12 Conditions:
J.state= =8 and
S Cell 1.1D<Cell 2.ID
9 @ @ After Reaction 12:
J debond with Cell 1 and
J.state=9

Reaction 13: i .
Reaction 13 Conditions:

a5 J.state= =9 and
Cell 2.1D==Cell 1.ID+1
9 é After Reaction 13:
J bond with Cell 2 and
J.state=8
Reaction 14: Reaction 14 Conditions:
J.state= =9 and
Cell 1.1D= =The next Splice site

. After Reaction 14:
J debond with Cell 1 and

J.state=4 and
Cell 2 debond with Cell 1

Fig.8 Reactions of spliceosome in alternative splice process
K8 BIHRARS 5 ik R BT R 1 RO
3 Analog-Cell FRT{K mRNA 5753 12 B98Il 45 R
AL Analog-Cell #5E T —NEG IR PR AR S TR, A5 Y S 4 3 £ SR A 40 S A% 40 M 1 66 A1 B 2 3o

FEALIXA AN AR A — K0 25 T 1A mRNA BERT AN 29 1 BT HAR, I 0078 mRINA 1R B8] 45 44
Kl 9 P,

| ENSEEE RS

3 8 10 16 20 22 25

W T I S

Fig.9 Structure of pre-mRNA in experiment

Bl S (T P& mRNA 45

1t Analog-Cell H iy N FE B 7241 Ja , -4 b S0 rpodie 210 1 S B R0 43 e N B S AT R, v] LA 31 BT 92 4
TEHTA MRNA E A% 3 IFHEAT 36 D8 8 42 1 A e 78 By 44 s 7E 2R Rk 0 2y i 4 W > i 67 3 70 2 B 4 o7
A0 SR N 3R R, T 10(a) B s T 10(b)~ &1 10(d) A P9 BT R, BT AR YR AT b S B AR
BBV KE NS LR mRNA %5 FBT4L 1K 10(e). K 10(F) 2 BI R AR R R IE i b B 738
oy WEE DRI BE BB HEAT T B 45 R NI FR 5 B AR SS TE TR mRNA £ — B3 T 25, B 37 5 PR 8 1 R o it
T 2 DR b I i R B i R 4 o, T ) mRNALTE 10(a)~ & 10(F)J2: 4 4k 1 (R e B 35 1 2 (102) I 1)
FEFIB AT .

Bl 10 o, 5 HE bR AR 1K) 3 ARER B4, 35 2 AN B0 o2 B2 A e It (RPIR S AL, 555 — 57 1R B0 2 BT AR 19 >4 i
ID 15 & 10(a) /2 4 — A~ By £ (407 25 2 17 1 mRNA [ 3k 350 B, BY 428 40 45 70 106 BE AT 8 mRINA 193k 358, 1 53 4h— A
B REACIR A B R A T AR ] 10(b) AL B AR B B T 88 1AW TR 5 A BT B0 o5, IR TT LA HEAT N & T B 1),
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& 10(c) A BY AT 3 A& TR ST IR 20 T 5 1% N T I 00 SO sV S IE R PR A & T E R &5 1. B
10(d) /2 3244 T4 mRNA _E BT T — Bty & 1.1 10(e)H il Fak £k A 5 10 56 2 472 0,5 LU B A 74
MHTHR mRNA _F B3k B 10(f) /& By Bk st B A & 7 By B, R FFRAREAT 56 2 BEIN % T BT 1713 /> JIL 7Y [ 48
AL R WE 11 Fros.

C: Pre-mRNA’s Cap; T: Pre-mRNA’s Tail; L.S.: lariat structure; 1.C.: The intron cut; E.C: The exon cut

Fig.10 Process of pre-mRNA splicing in experiment
10 SEEPFHT & mRNA IR By B2l f2

Fig.11 Three typical examples of pre-mRNA splicing result in experiment
11 fifA mRNA BIERHU LR 1 3 A ML 7R ]

10(a) R 26 48 1 1 6k Dk (102) IS AT [ 45 L, Hh 1D P 40 S8 7 it ) 10 (b) A PR 17 k4 (L12) IS AT
G55 3NA S 1 A T AR B A B FK) mRNA T A P 5 1 B 4 ) 10(c) AL 28 P BY 2 17 B8 D (100) IN 38 4T 1) 45
B G PEAS BT RPN N T BT B
4 MEXIE

H T I PR 2 T 9 B A TR ML AR i el A DL R T SR O HL AR ) 2 SR A R A B e R A At A
FEARAIE, 21 H T 24 1E3 AT B0 T 40 32k D B 45 (1 AR DGR S0k A8 — 2 40 b i Smart Cell A1
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Table 1 Contrast between several major electronic cells
F 1 JLAN IR T A0 TR Y B R

Simulate mMRNA Simulate Graphical Nation & -~
E-Cells - ) : X . Application
splice process eukaryotic cell interface birth time
. . A software environment for
Virtual cell No Yes No America, 2004 computational cell biology
~ A computational system for
E-Cell es es No Japan, 1998 constructing whole cell models
Cyber cell No Yes Yes Canada, 2003 Simulator for complex metabolic

and chemical pathways
VICE cell No No No Italy, 2005 Success to s_imulate proka_ryotic cell to
survive in normal environment

A framework to simulate cellular processes

Smart cell No No No Germany, 2004 that combines stochastic approximation
with diffusion and localisation

Permit user to observe the stochastic

activities of cell in molecular level

Analog-Cell Yes Yes Yes China, 2007

ARSCHE T — B B 2E T i 4R Analog-Cell A0 ECHZ 41 L i 44 mRNA B #2 1 5505 2 5005 A
AT AR (L) A0 2 B0 TR RO L B 5, 5 R SR B e A K BT B R T TR I R S
BF5(2) BN T FLRZAN M B BT H2, O Analog-Cell T — 35 BED L T PR 55 A8 4 (¥ 5L DR R 4% 4T F kit
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