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bt N SIS DR ZH T ) P 7 RS 268 R 2000 B R ) oty B R AL PR BF 0
ZGARRRTOBOUMERAED, NG TR R RS, Wi s 8k
AT R R A K, BRI AR AR AR 4 558 R R IR ml g AT IEARAE —
AN R S B T AR et e A IR, IO B2 3R SRt OB O R, iR
VARG BRI G Ve e AE 0 7 R T B 5E & A an A BB ROk =, 25 T 1)
B DA 0 b ) ) B8 F2 90 AT 7 5 AR (I BIk dik o AR SCRIE 7 T 1 3 PRI 2L 9 1 5 42
EHOTIE, RIS AR LR AN

(1D BT EERESEIERIRRFE, R T —Fh 2 FREEGE 5
TR 1 F R R TTE « M Ge 8 T B B AR i SRR BR AN REA ROt K
DU A FAARAE B ZE DA, T 2 AR B 1) RS ARVA e R BB B AR (B R AT A
IR o (EL A S TR 5 VAR ey 4 AR e e i R AN g, JF Bt
IR B SR Z AP ARAE o ARSI 1 — ol BE A X 2 [t 10 R A5 A ADUE
FRYPRIHE 72 (B B SEAR, JEAL GI N — b 3 AR 2 30 (1 45 4 — A R SR A
SERRIN T3], Wi — e, KRR e 7 RRIRCR, Jraa it —MiEm
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JIEA I PR REA R
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JA B 5 TN T VE REA R K BLE 81 R SR IERL S, S 1A R 4] B
27 TINHERG %, RFRIEXS CpG By ANHE I8 37 1Tl .
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ABSTRACT

With the completion of the Human Genome Project and the rapid development
of genome sequencing technology, the objects of genome analysis are no longer
limited to a few model organisms. Actually, we have obtained vast amounts of
biological data, including genomic sequence data and gene expression data. Therefore,
we are at the turning point from the accumulation of data to the detailed explanation
to data, which provides many opportunities in data mining research field. However,
due to inherent model complexity of biological systems and lack of complete
organization theory of life at the molecular level, it incurs lots of data mining research
challenges oriented to genome analysis. In this thesis, we conduct research on genome
analysis and propose several novel data mining models and algorithms for use. The
main work and contributions are summarized in the following four aspects:

First, we examined clustering issue on gene expression data, and proposed a
novel pattern-based approach to subspace clustering oriented to the analysis of
gene expression data. Traditional clustering models based on distance similarity are
not always effective in capturing correlation among data objects, while pattern-based
clustering algorithms can do well in identifying correlation hidden among data objects
with long distance. However, the state-of-the-art pattern-based clustering methods are
inefficient and provide no standard metric to measure the quality of clusters found.
This paper proposed a new pattern-based subspace clustering method, which can
tackle the problems mentioned above. Observing the analogy between mining
frequent itemsets and discovering subspace clusters, we apply pattern tree, a structure
used in frequent itemsets mining, to determine the target subspaces by scanning the
database only once, which can be done efficiently in large datasets. Furthermore, we
also introduce a general clustering quality evaluation model to guide the identification
of meaningful clusters. The proposed new method enables the users to set flexibly
proper quality-control parameters to meet different needs. Experimental results on
synthetic and real datasets showed that our proposed method can outperform the
existing methods both in its efficiency and effectiveness.

Second, we analyzed the functionality of the genome noncoding region, and
proposed a novel Patter n-based Nearest Neighbor search algorithm for Promoter
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(PNNP). Core promoter identification is a key clue in understanding gene noncoding
region functionality and gene transcription regulation. However, due to the diverse
nature and complex structures of promoter sequences, the accuracy of existing
prediction approaches for non-CpG island (simply as CGI)-related promoters is not as
high as that for CGl-related promoters. It can easily lead to low prediction accuracy
genome-wide promoter. We first systematically analyze similarities and differences
between these two types of promoters (CGI- and non-CGl-related) from a new
structural perspective, and find that the structural feature values significantly differ
with each other between CGl-related and non-CGl-related promoters, while they
share structural patterns with high similarities. Based on above investigations, we
devised and proposed a unified framework, called PNNP (Pattern-based Nearest
Neighbor search for Promoter), to predict both CGI- and non-CGl-related promoters
based on their structural features. The experimental results demonstrated that the
proposed PNNP approach is effective in capturing the structural patterns of promoters,
and can significantly improve genome-wide prediction performance for promoters,
especially non-CGl-related promoter prediction.

Third, we examined the characteristics of genome sequences, and proposed
a feature selection framework that is employed to select structural features
correlative with promoter sequences. Based on the comparison on the structural
features of CGI- and non-CGl-related promoters, we observed that there are different
structural features and structural profiles between promoter regions and non promoter
sequences. Therefore, these structural features have different capability of promoters
and non promoter identification. We applied the Filter method with four different
kinds of feature metric standards, including information gain, CHI, CFS and ReliefF,
and Wrapper method based on two different classifiers (Support Vector Machine,
SVM and K-Nearest Neighbors, KNN) to select those structural features correlative
with promoter identification. Comparing to existing methods for promoter prediction,
our proposed method can significantly improve the accuracy of promoter prediction
by the property selection of structural features.

Fourth, we investigated the genome sequences, and proposed a feature
selection framework that is employed to select structural features correlative
with promoter sequences. Under the complete analysis of twelve structural features
on Nucleosome distribution along chromatin and genomic DNA accessibility, we
systematically explored nucleosome formation potential of genomic sequences and

v
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the effect on chromatin organization and gene expression in S. cerevisiae. By the
computation of correlation of nucleosome distributions in genome and pearson
correlation of structural profiles, we classified these features into two classes, one
positively and the other negatively correlated with nucleosome occupancy. These two
kinds of structural features facilitated nucleosome binding in centromere regions and
repressed nucleosome formation in the promoter regions of protein-coding genes to
mediate transcriptional regulation. Based on correlations of structural profiles and
nucleosome distributions, we integrated all twelve structural features in a model to
predict accurate nucleosome occupancy. The experimental results showed that the
proposed structural features based model can greatly improve the accuracy of
nucleosome prediction. Through the peak detection of structural profiles, we further
developed a novel approach, called DLaNe, which is used to locate specific position
of nucleosome. As a comparison, DLaNe can demonstrate its power in predicting
nucleosome positions using structural features.

Key Words: Genome analysis, Gene expression clustering, Promoter prediction,
Nucleosome location
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bE & bt 2d )\ AR AR 4 &I (Human genome project) /530, 4=
Y& % (Bioinformatics) —HHAEM) %% THENURF: DL N #0552 RHH B A
XM — T TR R AN, O 44 BRI H R A dr kL
PRIV AIE FL AR — o AEME B E L HEE BT R I 75 B4 L& sl —
R, AEE BTG BRRE. B s, B8/ i AR
FETMP—T 178, el ERHEY Y, HEVEEAE BEARER
KT B2 2% (R A 3808 P 2 3 I A ) 2 B A . IR 8 LA E I & L —
sl BRI, RIEIE SR . A SRS o XTI i B AR 1 4y
T ERE, WP RIUH . BRTERE FU B2 b AW E Bk 5 A
(Computational biology) £ K55 ¥ A, (HSZPr b —EHAAAEF IR R ZR . it
AR AR EAL RGN EATT RN A T A I R R 5 T
VG B DI BN N AT B TR, AR Gt s
B BEFOTERG AR = B R, ORI THENLERE . S,
e 2 R R AE XIS A AE B 5 B R R BR A T-IX 2822k}, [Rl iy X
SO RN IX B 2R SR A ET IR A 7 A e 12 LR

FE N H BRI AH TH R 58 B B+ 4F, DNA U FF B0 AR A BLR St FR 10 1Y
Sanger V£ 9 A2 1 5 — AR 5 4 R R R 21 vyl & 1 AR AR B R, ANMY
SEIL T E R E B AT R A, 1 5 B AR R BOR I
K&, HEEYFIEE (5 DNA. RNA fIE AR &4 7 HRIEEKE K.
FE20114E4H, BIEFATML4E 52K T ~250 Fi B AZ AP A~ 4000 Fb 21 B A9 75 1)
M TAE, GenBank #4fs B b P40 B F 1 135,440,924 %, Bt 5T
126,551,501,141 MRS 21, JF HA T (80 78 DL+ )\ H Bt iRy
— (I LA K, 7R AR b YR AR RN R H SR 1 - Fh o AR W) S B P Lk
1,000 2> ¥l T i SURUBZ K e ok — A IR 1 1) R, AR B e i, B
3B SEWE A P&, AT R A A7 ARt — 25 0 TR i AR B o
B R . [F EE = B ORA R AT 2 5 RAE R I AT e, X N
PEAZIE T IESRAE 7B B R A, FRATT IEAE AN — AR R R 0 B A ) A R o
PIRHAREEAS . $u 54288 (Data mining), /& MAFBUERCHE 22, H0ds 6 P2 sl At
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B R R SR R BB TR R R R EL R A A
AR LR B d248 77 Bt 2 2 T E M EBEE i, JF
BAS 7T RENKI. H2, HTAEMRGEARR ERERE M LA 77 58
b ar B SR, 45 1 A AR (5 B N BRI AT TS TR (1 RN
Phdlo AT B TR ZIR B TR LA LE YR S o A R IR

AT SR G B AR RIS, AR AV E B LR A
7, ULRCHRT SR IZ I A A E R U i — e N, Ha g A
S FT A AN T T A

1.1 EYEEEME

Fe T NREEFHEE 8 3T 2001 4E 2 A 7E Nature ERIIEREE, #5
SHEA MR CEH A KRR« J5 ZE R AR, Bl & BE R 4
MFFHA BRI e, B PR SRR T AR H LMD,
ELZE SE R T AN I [ 2 B0 B AR JE DR 4 ) R BR DY, [RI), DNA 5 /7, RNA
FP, BOESEETH AR IR, #5005 B2 0050 8 25 DA DR 40 o
LAWY R, fEEETILER, CEERT 2 M uk.

YR AEYE BRI B T TR R T AL R R A%
WERAEtE . 328, RO H. — 2L R4 DNA (EZEZIR) FF5)
G IERR 7 H R H R s, R R A & A T gmts X8k, JF B T AR A+
KE ARG iSX B2 & 115 5, B DNA P8 iR ar st e i, [FRE T
flR LR 7 B 2 T ) e s . RIBANIE G R, TR BT 51 18] (1 R 45 A |
TERSR &, BT mEam/RE. RE. o, — R UERERIE
B kA, HH SRR AR I GO DG () SR R, 3 T A X e B A ) T
REAAE M S, DAL IE PR 2 (R O AH B4 4% . DA (R A4 — S R 2
W57 1A .

1.1.1 EEERFH S

BEE K EYIR I e R NI PP e B, Ja ik DAL AQ LT e 2k R A D0 T 78
7, WORRRE Y P A P A G . — DN EIRRIEE I (Genome) A2 TR )
EAEIZAYII) DNA (B3 95 8572 RNA) R i (5 08 . ZE A2 2R [ 1)
RS, EAFEEFAEES Y DNA, JF HEATRE WA S5 M AE B 454,
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EM SR A A AR = A1, DR RN R IR DIRE T b A 2 3
B AR B A B ROV I RF € DNA 41, RIEE Rl 2 e g f 5 25 1 5T () DNA
FrBr. WREEH DR nT 3 N T 2R ] (Regulator gene) A5 44 2E [ (Structure gene).
VAT EE N S B R2 AB AR A0 — b 8 6 18 775 Bl B 1) G 8 2 DRV A ) — SR R A
— AL R AR EE R 2 5 R DNE Y R R, anfH e SR R A . 4
Py L R 2 FR B 1 1R 15 BR DX AAM ) g b5 AE A7) RNA B H 5 = P A2 . B S bl
DNA J& & AN Be il 7 S W18 e B 1 BT ) DNA Fr Bt 63K DNA R AITE JAZ W)
PRI A K2, @E IR A R ERKENEN. BT AEREE
5B E 2R I, B0 A ar A I H R R AL TR 7 5], X 26 DR 4
DNA J7HIIE4T 73 A i B An e 7 71 2 i SR B R LRk (5 B, it
TRFEN AL S A D RE . X DNA ¥ 31 (1) 53 A1 75 ZEAR I8 AN [\ ) 75 K 47 A [F)
RIAEEE, FEAAEAE A8 090 05

(1) Z PRI

DR IR TS RAAEYDIRER 2 KBS B 5 T I AT A% H R 7 81
b 7S mSEE T, SRR KT . DNA FAHhE
J53 G R XA AR RR 8 BB UG B 65 1 A T4, AEZIRB R AL S5, G
5121 2% 1F % 051 2 18] (1) — BX DNA 78I FR N H S AE (Open Reading Frame,
{61 FR JYORF) o K I HE R 1) B AT 55 il A& A8 2 DR 20 vh 4 U1 BT A AT e 1) T T80 B
ME,  Fdk— X IX B FF JEOS A AE o 8 Fp 54T RO, AR e il
Ji. FAZAAE) DNA 720 v E 5 g h DX 380 K 25 1) BU TR A A 0 i B [X 3k 485 1)
BR1GZ, HEARGR X — NS T R T 5 B BT R, #
SRS T 5 BRI . TRtk JEBRUR I — AME S R R AR A
A H N & RSN, TR A0 S AP B AR S ) R AR ) B AT TR Y
ISRl BB R

(2) PR ARG AL X 35 1) 407

R, bR 7 4mtS AR IX I, A A7E REMAEG D IX I, XX
I H P E T DNA 5 AR ai#E DNA 5 RNA B EAEH . i DNA %5tk
e E U R E X IOE 2 — SR E IR T A AE, 78 I RNA
G SR A 45 SR X AL TR F 5 L, 512 DNA 7 U R EE 5%, XLk
R 58 1R DX S R N 3k R JE 37 (Promoter) . A8 245 B X I8 i4 45 1E 9 1
(Enhancer). #fIfl] ¥ (Inhibitor). J&[K % 1E)J¥ %1 (Terminator sequence). % 3% X1



