2004; 31 (1) v SEYhETE

Prog. Biochem. Biophys. =TT+

2 FEVESE b T T 5 D rp BT DA i )
Al BiE

(HELRFWHER, FFEEF 0100210

WE  RBERG T SRR R TR, F0PH DAL S AT B 4 SO S BRSE 1, [ 25 B PESR AR A Z ]
Aot A/LEEAEYREE S BTSRRI, RSREHARMA R THAE T AR HE
SRR, WT 438, &H (C degans), U (A thaliana), T8 (D melanogaster) A Chuman),

BEBRATRRAEER 92.5% ~97.1%,

ARBTFRTFHIRA BN 83.7% ~94.5% ,
97.1% . TRIMAETIMT GeneSplicer S BITI A7 SRS 4.

Fr % H 87. 8% ~

Kitim UM SR, BHMEEE, ZRHAE SAET, AET

ZRaEs Q6

EAZ A EE R A6 — - W AR B Fxons
Intron 12 FBE P67 s (IR AT, B4R, FIEZAH
pre-mRNA FIBUPINLHMAELE, By DI SALAFTERF
FURSFIME, #lm & 5 m (R &) 370
CREARAL Y #EREDE GT M AG, —/NEEST A
GC A AG PLE R, EE, HIR{E CT-AC B
GC-AG AN A B 147 S 1537 2 R AIET)
0N =W BT i v 2 || 1518 5B = Ry agcia 18 ) K W
Jera HMAER. S ARNERA, EEC8K
J& T 2P BT AR IRBI A FINAEF. &I, Sk
[2] Ar48 T GeneSplicer, FFF1LAP A A & I 49
BN AL S R I 25 M AT B 8. 40 NetPlantGene™ ,
NetGene2'®,  HSPL'™,  NNSplice'™,  GENIO,
SpliceView %, IF B GeneSplicer B & i1 1R 51 3L
BB TIREMERGEE &, Dl LREEFS
BRI TMEMSE (NNY, BSRES (HMMD, &
KARH T AF (MDD) FE L. BEVEELEE
HEHE g R b, EERE BB ®RE
FEM, —RETFIERIRAAT extrinsic L, — &
ETFFA S5 1 ininsic 175, WEERIFEH
BAEMWE, —EX AEBEN content sensor, —
BHE S HR# ) signal sensor *) . AT — Al T 0 7
MBI & 2 77 TR AN B_E A B A iR A
BRI BRI, —NFREERS
MAIXMEERED. ARG — M NET 24
MISPRA BT DAL RIRA VA, 2R RiR AR R
PR R —MEEREATY, AR EE
MW A R AR Rk, BT

DI R R TN, Erk BaER & TR AT %
HWAELTFFIRILLE, &I s HE T (E
SR T B AR S R TR OB
RATELE RARW S EBRE FASRSNRE
BRSO R R — B 5 MR A AT
BUIAr SRR, BRI RILL GeneSplicer ZF
RIFRIIRA SR

1 eSSk

L1 $iR

ICHETEHE T 2002 AF 12 A 27 B hitp: /s
meh. harvard. edu/gilbert/EID F 3%, Brig & 695
FEF RS EO2FER. MPHUEH 5 B g
EHEIEAUTRXN 2, W =EF R MBELIF AL
T. C. G (EERE, MEEH partial CDS F B F 4 i
KoKFEI FHOER #EFHNEa0ER,
B R & H (C eegans), 185 +22; TFE
{S. pombe>, 203 +20; T TF (A thaliana), 749 +
143; R uE (D melanogaster ), 1 196 + 65; A 2K
Chuman, 1231 +103 (+ SRR ETIFFRHE D)
ATEBYIIN 3R CT/AG MIEEED. KA WM
BEHEE, B IARRERITIES, LD R lgE
s 5 KM 3 MESTITE S BERNEHE.
SPEFMAETHENEL

*EFAARMEESBERIME (90103030).

= EIREERA.

Tel: 04714992676, E-mail: 1fluo@ mail. imu. edu. en
ks B HR: 2003-06-11, ¥ HHH: 200307-31



+ 78 - VML S YRR

Prog. Biochem. Biophys. 2004 31 (1)

Table 1 The number of gene, exon and intren in training

set , test set and non-standard splicing set for five species

Gene Exon  Intron

Train ) 551 436

C. elegans Test 90 587 497
Non_ standard 22 1638 146

Train 121 396 275

S. pombe Test 82 202 210
Non_ standard 20 66 46

Train 387 2094 1707

A. thaliana Test 362 2188 1826
Non_ standard 143 1072 920

Train 619 1890 1271

D melanogaster Test ST 1832 1255
Non_ standard 63 330 265

Train 636 3488 2852

Human Test 595 3347 2752
Non_ standard 103 829 726
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Fig.1 The eight discriminant variables obtained by calculating the increment of diversity
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Table 2 The accuracy of prediction for splice sites in training set

Species £p €x Sn/% Sp/%e Acle) /% Ael0)/% AcCall)/ %
(. elegans (-10, -3> 97.2 97.7 98. 6 97.2 98.0
5. pombe (-5, -5) 90.8 93.6 90. 8 94.8 9L.3
A. thaliana (-6, -5 94.0 95.0 98. 6 97.5 98.2
D. melanogaster (-2,-5) 94,9 97.2 97.6 04.9 96. 8
Human (-4, -1) 86.2 89.9 90. ¢ 04.1 93.5

Table 3 The accuracy of prediction for splice sites in test set

Species £péa Sn/% Sp/% Ae(e) /% AcCo) /% Al all) /%
€. elegans (=10, -3 93.2 96. 3 97.0 96.6 96. 8
S. pomnbe (-5,-5) 79.8 87.9 84.3 80.1 84.9
A. thaliana (-6, -5 91.3 93.4 96. 8 97.6 97.1
1. melanogaster -2, -5 94. 5 97.1 96. 7 96.3 96. 6
Human C -4, -1 83.7 87.8 89.4 931 92.5

Table 4 The accuracy of prediction for splice sites in non-standard splicing set

Species £p €x Sn/% Sp/%e Acle) /% Ael0)/% AcCall)/ %
(. elegans (-10, -3> 78.0 79. 4 97.9 96.9 97.5
S. pomnbe (-5,-5) 48.5 50.0 73.1 82.4 76. 6
A. thaliana (-6, -5) 75.5 78.5 93.7 01.7 92.7
D. melanogaster (-2,-5) 66. 2 72.4 84.1 03.1 87.0
Human (-4, -1) 69. 8 74.5 83.9 94.0 92.1
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Table 5 False negative and false positive rates for acceptor and donor site detection on three disjoint
partitions of a 749 gene A. thaliana data set

True site False positive/ %
missed/ % Part 1 Part 2 Part 3 Average Contrast
Acceptor site (ag) detection 3 8.21 4.79 6.94 6. 65 11.7
(3 533 true, 91 525 false) 5 3.45 2.55 2.66 2.89 4.9
Pogitive: Part 1 1 251 7 2.11 1.81 1.85 1.02 3.3
Part2 1201 3 1.85 1.50 1.59 1.65 2.9
Part3 1081 10 1.43 1.17 114 1.25 2.4
Negative: Part T 30 206 15 0. 82 0.71 0. 69 0.74 1.6
Part 2 32373 20 0.61 0.55 0.46 0.54 1.1
Part 3 28 946 30 0.31 0.31 0. 31 0.31 0.7
Donor site (gt) detection 3 5.16 3.59 3.03 3.93 4.7
(3 333 true, 141 830 false) 5 3.14 211 1.85 2,37 2.8
Pogitive: Part 1 1 251 7 2.05 1.51 1.52 1. 69 1.9
Part2 1201 8 1. 87 1.33 1. 36 1.52 1.7
Part3 1081 10 1.45 1.16 1.19 1.27 1.4
Negative: Part T 47 315 15 0.98 0.76 0.76 0. 83 0.9
Part 2 49 494 20 0.73 0.58 0.52 0. 61 0.6
Part 3 45 041 30 0.42 0.34 0.34 0.37 0.4

Table 6 False negative and false positive rates for acceptor and donor site detection on three disjoint
partitions of a 1 231 gene human data set

True site False positive/ %
missed/ % Part 1 Part 2 Part 3 Average Contrast
Acceptor site (ag) detection 3 5.16 3.84 4.55 4.52 9.3
(5 604 true, 511 333 false) 5 2.52 1.98 2.28 2.26 5.8
Positive: Part 1 1 843 7 1.55 1.28 1.55 1.46 4.7
Part 2 1 841 8 1.25 1.05 1.37 1.22 4.3
Part 3 1920 10 0. 86 0. 30 109 0.92 3.7
Negative: Part 1 159 645 15 0.45 0.43 0.38 0.49 2.6
Part 2 196 136 20 0.30 0.26 0.33 0.30 1.9
Part 3 155 352 40 0. 09 0.09 0.10 0. 09 0.8
Donor site (gt) detection 3 10. 18 12.20 7.84 10. 07 14.7
(5 604 true, false 765 291) 5 7.05 8.04 5.92 7.00 6.4
Negative: Part 1 1 843 7 5.53 5.87 4.41 5.28 4.8
Part 2 1 841 8 5.11 5.45 4.02 4. 86 4.1
Part 3 1920 10 4.33 4. 30 3.28 3.97 3.5
Negative: Part 1 233 681 15 2.89 2.52 1.90 2.44 2.5
Part 2 295 501 20 1.91 1.62 1. 18 1.57 1.8
Part 3 236 109 40 0.32 0.32 0.30 0.31 0.7
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Recognition of Splice Sites in Genes by Use of Diversity Measure Method *

ZHANG Li-Rong, LUO Liao-Fu™
(Department of Physics, Inner Mongolia University, Hohhot 010021, China)

Abstract The conservation of nucleotides at splicing sites and the characteristics of base composition and base

correlation in the adjacent segment sequences have been investigated by use of the method of diversity measure

combined with quadratic diseriminant analysis. About 4 000 genes in five model genomes have been studied. The

splicing sites and the exon/intron boundaries are recognized and predicted. The preliminary caleulation shows that,

through this simple and unified approach the prediction accuracy on the nucleotide basis is from 92. 5% to 97. 1%

for C. elegans, A. thaliana, D. melanogaster and human. The prediction sensitivity and specificity on the exon basis

are 83. 7% ~94. 5% and 87. 8% ~97.1% respectively for these genomes. Non-canonical splicing has also been

analyzed. The prediction capacity of the present method is comparable with GeneSplicer and other current splice

site detectors.
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