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Abstract

The genes of eukaryotes are composed of several exons and introns. After transcript process, se-
quences of exons are retained, while sequences of introns are cleaved off. A large number of expe-
riments of molecular biology validate that the splicing sites between exon and intron follow the
rule of GT-AG, only a few GT or AG sequences are true splicing sites, and the accuracy of the pre-
diction still needs to be improved. In this study, the training dataset of splicing site of HS3D was
downloaded, and a statistical analysis of the sequence near the splicing site of the promoter was
carried out. The sequence showed high specificity when the true and false sequence lengths of the
left splicing site side and right splicing site side were both more than seven, which was helpful to
train the sequences characters so as to accurately identify the true and false splicing sites.
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BEDR A A T ST DR P 91 S5 0 DREZ BT AN An A R P SR DR B — 128, i 2 AT B 57 e AR o e o
HERHTITT L — o FAZAENFER S 1 — BB i XA g i X B PP 2 ik A T A 2% X SRR 94k
ZF(exon), BT AN AEGR A5 DX BEFR N N & (Intron), 35 BRI (1 87 04 %5 — B H & — 8 ThRe I AR g i
X, RIFNEEN T A IE T SN PR S TRRNEAE, WE T BREEK TN T B
PSR ONHT mMRNA (B A SR MA & TR a1), SR JE e 90 B 98 1 7 B BR 25 T A 1 A LB
PN REAT) mRNA, XA RN ET 3% (Splicing), WA 1 . By mRNA A =B H IR F il —
ANE T, PR NEEEIR, EATRE TR AR RN . B, R BT Y)AE HER,
N2 b — MEER, NIFERFENESE T IR, REEREERNE AR KESCREIERY
7R 2 BB YL s GT-AG B (H > F A Bom T AT-AC FU), SBT3 7R X R I
PRAp Ik, WHUEAENE TIN5 dm(AIh R IR A S T)RIEY GT, MAEH 37 (A& T L
FISNRTYRHIETY AG, SR i H ik PR AL Fr 408l (2 7= /2 GT-AG MU P A48 K ZHOFAZHN S T 7
Ho FERIBTHEAL S OB 750 . KT MER[1]. B /R AT KRR [2], ShaSHIRI[3]. SCRFEHL
[4]. DUH-H 0 2% [S1FIAT G 3-F8 i [6]4%

2. FEMSH

HS®D (Homo Sapiens Splice Sites Dataset) [7]4 % k| Pollastro M GeneBank DNA J 41| %5 & i #2 B
(1355 (R BY 247 U7 AR 4, BRI AN 25 HC BT UL N B0 2 R I K oA 140 AN 4F 1K) DNA
FPAVEE, BUEAFAE N GT-AG MU, GT A7 T4rsi 71 3 72, AG £ 4751 69 | 70. &5 A4
#4y: F EI (exon to intron). & El. L IE (intron to exon)fI{E IE, E EI FIEL IE 03¢ 0 5 H U Xt
Bb, 350 2796 12880 4>, TR EI AMEL IE K 2% HBUHXIZ . 209307 271,928 A1 329,360 1~. N
T BB S T2 5, AW HE HS®D Bl 4 T s, it 140 M7 SE. R EILATIE
(FIPUFMBRER (AL T Cy GYHISR AT 1 LA, st 2. 18 3 P . Hh B ARFR AR I 7 S AL
AR RN TN B E (L) () ELL IEBREE A (41). T (&), C (#)5k G (3%) H U0 2 1 Z [A]).
M 20 B3 AT ISR, AR, BT RO A B R A A, BB SR R A A 2
PLRE A B AR AR, R AE BURRRE R 2 AN B (AR W 1), TR BRERHEST GT M
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Figure 1. Structure, transcription and splicing of eukaryotic gene
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Table 1. The base frequency comparison in sites from —10 to 10 between true splicing sequences and false splicing se-
quences
F 1 B, BEYMLSFSI-10 B 10 SRHEHIRERLR

HEI & El HIE i IE
(A
A T C G A T C G A T C G A T C G

-10 024 021 027 028 025 026 023 026 008 043 037 012 024 028 025 0.23
-9 027 018 026 028 026 027 023 024 007 048 034 011 025 028 024 0.23
-8 023 022 028 026 027 026 023 023 008 044 038 011 024 028 023 024
-7 024 021 028 026 026 027 024 023 007 043 039 011 025 028 023 024
—6 027 019 027 027 027 026 023 024 009 038 041 012 026 028 022 024
-5 026 023 027 024 027 027 025 021 009 039 042 009 025 028 023 0.24
—4 027 018 030 026 025 026 027 022 006 040 047 007 024 029 024 0.23
-3 033 011 036 019 026 026 024 023 007 047 039 007 022 029 026 0.22
-2 058 014 014 014 029 024 025 022 021 022 035 023 024 027 024 024
-1 009 007 003 081 031 034 008 027 004 019 076 001 026 017 034 0.23
000 000 0.00 100 000 000 000 100 100 0.00 000 000 100 0.00 0.00 0.00
000 100 0.00 o000 000 100 000 0.0 000 000 000 100 0.0 0.00 000 1.00
1 047 003 003 047 019 026 021 034 023 009 014 054 027 022 023 0.29
2 070 0.08 0.08 013 025 030 022 023 023 032 021 024 028 024 024 028
3 0.06 005 005 083 024 028 025 023 022 024 028 025 028 026 022 024
4 015 044 018 023 025 029 023 023 022 024 030 024 026 026 023 025
5 026 016 021 037 025 026 023 026 025 024 029 022 026 026 021 026
6 020 023 028 029 025 029 023 024 022 023 030 025 026 025 022 027
7 019 022 032 028 026 027 023 025 025 022 026 028 026 025 022 0.27
8 018 022 027 033 025 028 022 025 024 022 029 025 026 027 022 0.25
9 020 020 029 031 025 028 024 024 024 023 026 027 026 026 022 0.26

10 019 022 028 031 025 029 022 023 024 021 027 029 026 026 023 0.25
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Figure 2. The base statistical frequency comparison of sequence close to splicing site between true El data-
set and false EI dataset
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Figure 3. The base appearance frequency comparison of sequence close to splicing site between true IE da-
taset and false IE dataset
3. B\ R IE S s M F R A B SRR L 4R

&2 MAG GT RAG (M: A/C, R: AIG)E. IE FAIFEBTHEAL i —FUF 412 YYNC AG RN (Y: T/C, N:
AITICIG).

ZHH Bl IE B, ABTFN LB VIR IERT(GT AG) Ay Hh L B S 7N AR I 11 70 S AT
Tauit, EHESEA 1, WE EN A IE SRS N A B IE B0 5E rh EBT 07 5 2 SR g
B2 B0 2 FN 2 3 Fo , IR Se NIRRT 5 B ELRN B 1E S &2 b REA R 46 K 240, 7099 8 82.53%
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Table 2. The top 24 frequency statistic of 6-mer base close to splicing sites in true El dataset
7 2. B El 308 s 7~ BR O B H BUSRER GE v ( 24 1)
B EI AR IR S
ha=2 R WIS 7S VAL L R BETIE SIS 5 R H A

1 5-AGGTGA-3' 0.1516 9 5-AGGTAC-3' 0.0393 17 5-AAGTGA-3 0.0132
2 5-AGGTAA-3' 0.1195 10 5-GGGTAA-3' 0.0368 18 5-AAGTAA-3 0.0129
3 5-TGGTGA-3' 0.0497 11 5-AGGTAT-3' 0.0315 19 5-CAGTGA-3' 0.0129
4 5-AGGTAG-3' 0.0490 12 5-AGGTGC-3' 0.0190 20 5-CTGTGA-3' 0.0125
5 5-AGGTGG-3' 0.0476 13 5-AGGTCA-3' 0.0154 21 5-AGGTGT-3' 0.0104
6 5-GGGTGA-3' 0.0465 14 5-CTGTAA-3' 0.0154 22 5-ATGTAA-3' 0.0097
7 5-CGGTGA-3' 0.0454 15 5-CGGTAA-3' 0.0143 23 5-CAGTAA-3' 0.0097
8 5-TGGTAA-3' 0.0401 16 5-ATGTGA-3' 0.0136 24 5-TGGTAT-3' 0.0093

Table 3. The top 63 frequency statistic of 6-mer close to splicing sites in true IE dataset

7 3. B IE S~ BRI B ERSi (7T 63 1)

B E NRAK LIRS
ha=2 R WIS 7S NEA BB SIS 2 NI H A

1 5-CCAGGT-3' 0.0469 22 5-CTAGGT-3' 0.0128 43 5-ATAGGA-3' 0.0073
2 5'-CCAGGC-3' 0.0410 23 5-GCAGAC-3' 0.0128 44 5-TCAGAG-3' 0.0073
3 5'-CCAGGG-3' 0.0392 24 5-GCAGGC-3' 0.0128 45 5-TCAGCT-3' 0.0073
4 5'-CCAGGA-3' 0.0313 25 5'-GCAGCT-3' 0.0125 46 5'-GCAGCA-3' 0.0073
5 5'-GCAGGT-3' 0.0281 26 5'-ACAGAT-3' 0.0118 47 5-ATAGGT-3' 0.0069
6 5-ACAGGT-3' 0.0271 27 5-TCAGAT-3' 0.0115 48 5-CTAGGC-3' 0.0069
7 5-TCAGGA-3' 0.0229 28 5-TCAGGC-3' 0.0115 49 5'-CCAGTG-3' 0.0069
8 5-GCAGGG-3' 0.0226 29 5'-GCAGAA-3' 0.0115 50 5-CCAGAA-3' 0.0066
9 5-TCAGGT-3' 0.0212 30 5-TTAGGA-3' 0.0108 51 5-TCAGTG-3' 0.0063
10 5-TCAGGG-3' 0.0208 31 5-ACAGAA-3' 0.0101 52 5-CTAGAA-3' 0.0063
11 5-ACAGGG-3' 0.0205 32 5-ACAGCC-3' 0.0097 53 5-ACAGTG-3' 0.0059
12 5-GCAGGA-3' 0.0205 33 5-CCAGCC-3' 0.0097 54 5'-CCAGCA-3' 0.0059
13 5-CCAGAG-3' 0.0177 34 5-ACAGCT-3' 0.0094 55 5-ATAGGG-3' 0.0056
14 5-ACAGGA-3' 0.0174 35 5-TTAGGT-3' 0.0094 56 5-TTAGAT-3' 0.0056
15 5'-CCAGAC-3' 0.0160 36 5'-GCAGCC-3' 0.0094 57 5-TTAGGC-3' 0.0056
16 5'-CCAGCT-3' 0.0160 37 5-TCAGAA-3' 0.0090 58 5-TCAGCC-3' 0.0056
17 5'-GCAGAG-3' 0.0153 38 5-TCAGAC-3' 0.0083 59 5-CTAGGG-3' 0.0056
18 5-ACAGGC-3' 0.0149 39 5'-ACAGAG-3' 0.0080 60 5'-CCAGTT-3' 0.0056
19 5-CCAGAT-3' 0.0146 40 5-TTAGGG-3' 0.0076 61 5-GTAGGA-3' 0.0056
20 5-GCAGAT-3' 0.0146 41 5-GCAGTT-3' 0.0076 62 5-ACAGAC-3' 0.0049
21 5-CTAGGA-3' 0.0142 42 5-GCAGTG-3' 0.0076 63 5-ACAGTT-3' 0.0049
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F182.65%. Giit RIL, BIUIMIFFAEFF A4 B A S LR, NAT 4 1 4 K07 (256) F nl BET:, s
E, EIATIE BIR N BARE A B — k430 118 A1 181 FhaT gk, 1M EI A IE 8IS RIKE BT H
(17 256 FhrTRetE, Sl BYHEAL RUIGIL P9 BRE 1 o AT FUAR IR L IE SRR B RN i 2 5
WEAES, A4 6 Rk, 8 Rk (4096 Ml fEM:, RFEFFAT = /5 =) 10 F/4k(65,536 FhrlREM:, HFE
FFRTUY S DY) 12 Z44(1,048,576 FhnT Retd:, HFAERT T 1) 1) A 14 ZEAR(16,777,216 FlATRetE, HFRAERFHT
NIEZN), W 4 FiR. BRI 6 Bk, 8 BARM 12 Bk, AEITBERANESEREESEE,
AL F BB s 2 T, B BEdREREHE DB LB, WZRAES), SRIEEETINRIE
BT IR 2= S = I RR R, 1 14 AL LB BERAT 0 E G RIEE R, RS R s,
A RIF CACAREAE EAT VI SRR AT FL BT 207 a5 R 31 T

2B KA R R, ARPFBER TR, SXESREHAEME? R T —AE%, XL
RARBKARE, EIEBEAHER GT 5 AG G IEIUIZHRB EAR, REgitE. BERAENES
R, SRE 4 s, HAoRGl] BN A IE SRR R BB ST S R 2 B AR A LU 4 Sl
5 1K 6 . + Bk, TR 6 J5 4 (7T 6 GT J& 4)7E EI B A4 3RS R 1 S,
BT 2 J5 8 (A 2 AG J5 8)1E IE B AR L IR AR E SR . PR, BT AT 8 J5 4 (AT 8 GT
JG 4)TE El B BERETRERRNESE, 713 )5 9 (31 3 AG J5 9)7E IE K. EEHE 4 3RS HAR K
HER, FERKESEN T RAMVES FUREZL, A+ REESRE S THIURE, R
T R RREREAT B RBTRA AT, BARRRIERE S H D R, Ha A m AR,
DR b BB B A R 0 I R 3 26 DY SR Ak DA AR R A

Table 4. The overlap rate comparison between true and false dataset of 12-mer and 14-mer close to splicing sites by different
selection methods

4. HEIEL+ AT ARFETRERAR TE, BEEENEBRIER

el El E&% IE E &%
M1/E9 35.59% 39.12%
258 36.10% 38.01%
M3E7 35.01% 41.58%
MajEe 34.90% 43.29%
TRk H5JE5 34.81% 45.61%
B 6 )5 4 34.31% 48.68%
W7/E3 36.82% 48.59%
il 8 J& 2 35.11% 52.12%
Ri9JE 1 37.94% 54,75%
A1 JE 11 5.54% 5.92%
72 )5 10 4.99% 5.04%
359 5.08% 5.00%
A 458 4.99% 5.93%
W5 JE7 4.49% 6.73%
TG A il 6 5 6 4.42% 6.85%
M7JE5 4.70% 6.60%
A 8 )5 4 4.21% 6.98%
A9 JE 3 477% 7.81%
A 10 /5 2 5.30% 8.70%
1151 5.67% 10.55%
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Figure 4. The N-mer overlap rate statistic of true and false splicing site in El and IE dataset
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Figure 5. The N-mer (five before and five after GT site) distribution comparison between
true and false splicing site in El dataset
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Figure 6. The N-mer (five before and five after AG site) distribution comparison be-

tween true and false splicing site in IE dataset
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