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Abstract

The DNA analysis is the core of bioinformatics research, and as an important technology to sup-
port bioinformatics, the data mining has been widely applied to the analysis of DNA sequences.
Compared to the transaction sequences in traditional business areas, DNA sequences have the
characteristics that are item-less but length-longer, so the classic sequence mining algorithms are
not perfectly suitable for the DNA sequence pattern mining. Based on the analysis of DNA se-
quence mining demands, we propose an efficient data structure, called Association Matrix. Such a
structure can compress a long DNA sequence into a matrix form which can be effectively analyzed.
Therefore, by making use of the space compactness of this structure, we can deal with DNA se-
quences with a super-long length in a limited memory. Based on the Association Matrix, we design
an efficient mining algorithm to find the key segments from DNA Sequence. Experiments show that
the proposed algorithm performs well in DNA sequence mining.
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DNAZMT RAYIE BB TP ERMTIAZ LRI TAE, MRS EAENSHRENE BENEERAR, C&K
JTZ MR ZDNAFFIKI AT . SEAKREISURKESFFIML, DNAFSIEAM A5 MEFFIK
BRI R, B R TSI SRR AE M DNAR 5 K RIZ I R E . A XFESHTDNAR 5 K324
FRER b, R H T —FBR A SRBRAERE AR 554 o SRIRAE P BE 8 K P 51 B F 48 B PT A AR RE T
Frile K2 ) B et e B R K FIDNAF S e AE A PR A N UL L, BT RERERRG M, Bt
T RMHIDNARF S KRB FFIIEI AL . KR Y T ASCHIAEDNAR S i P R bk

KA
DNAFFSI, MiBiZ, SSBGERE, SCHEFFSIHM

1. 53|

Bt 7> T AEM A ROR I A JE . DNA P9 SR AU (S BALRIZ8 46, 9SG ede fit 1K
ROSELREE. FL b, T ANEMESE I AR ORIR, SR A A D MR I SRS B AL
BEARGIE S, IFRIB T —DH S X e k. DNA ok B Z Y Sl 2 —, sl iz
DNA ¥4I, B Fu# AT LRI SIAEE 15 Ja Bk A I B R e s Al S AR P i b i) AR A [ 1]

YL, > DNA FP A1 AT LA R B e 3] 5 /NI H £ (T BHR) BRI AT H . R T R
2 DEERFR: (OBONESESEAGNANTRE, HURIE (A) BRI TE(T). IR (G) MBI IE(C).
RGBT E R S EE A IR ER . B, £ DNEIERBEEE S, — e T BT
mdi T, PRSI ITH 2L K. (2DNA ol E AR RIS, Flin, ASH%EEHA KL
300 ZHERZIRAL K. 52 ML, S H IS OB B — A 10 1 20 B . X EERS R4S DNA
F7 50 472 9 5 30 S 55 B8 PR A2 48 A AR R 22 5« B 0 BB B P 4248 3%, n ApriorAlll, GSP 4%,
IRMEE S, DNA FFAIFZIRAIESR . AR MRS REIE R EARAAAE R AR, (Kt DNA 51 )42 4 75 2 A2 A
JS2 A2 B AR e A R T Tt — AT e AR

ASCER N DNA FFAIIRE R Wit 17— TR 9 RERAE RS (Association Matrix) I E s 4544 .t T-IX Fh 4
FRERS KB 1) DNA 32 51 s 24 1 22 8] T PR LA o BRLE T UK B T BB IR = R DNA 7 51240 55
e

2. XTI 1E

FEEY(E B0, A DNA 740 rh SRR B B (7P A)) ELp 209t 1995 4, Hirosawa
2T IR R AT JE AR ) R R R SRS [ 2] o 22 S5 VF 2 223 0 DNA A AU BEAT 7 AR SR I 7E[ 3]
[4]. %, 2012 4F, Papapetrou S5\ A = A 07T LLAE D DNA 7 A AR RDEE: (1) T4
B EIEAR; (2) ETEEMGUHSEERIORAGN; (3) & T 2 HHTENHMKR[4]. KLETT A —EHIE
MOE, (EHRFEED RN ENTR )RR RIZ D R ds ik, 1 T AR @ SLAE AN 2 21 ST
SEALAE _E, B DUCATIAPIAS AR (1) DNA FP A1 S AFAE G RN, SR 677 1A 2 A3 B U6IE[3] [4]
F b, A NEKE DNA Folt, SRAAERRIA B X . poly-IX), &A1 A0 ik
DNA JFFI0S A AR LR B . Rk, FE— N EE 28K DNA a1 R ISR 1 17 512

— A EHE BT
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MEHEZHR AU B KT , A —> DNA JF 51 i R SCHE 717 51 1 1 J8m] DA 5 — 26 3 S B AT
o B B AR A () A2 . 1995 4F, Agrawal 55— k4R H T8 1 4 5l S5 4 1M
&, JE IR EIE IR SR HE AprioriAll R AprioriSome, N IX R EIEME T HISERE[5]. 1996
4, Srikant $EHH T R AR GSP Hvk, X2 EME I E T LR, i H B Ar gl R
BRI EEZ —[6]. 2000 45, Han S542H T 59 7 — b 2k e S 042 48 59 Free-Span [7]. 2 J& Han
e FCM S S 0 ik 3ok B B e 325 5 i idt— 2D kst , K PrefixSpan %5 574[8] [9]. HuTMiE, S4Bl
TIRZ 7 A 230 5L [10]-[12] . Mao 55 3 5172400 (S AR AR RN SR SR 45 T BT R A 43 13]
SR, X LERF 58 8 2 DA R PR 5 55 50 PE A 5, A2 R T1EEXT DNA T 4111

FNARSCAE J7 v b e FEAR DRI 5 — /N K 7 41 v 2908 D881 1 71 1) 7 VAR 9T Mannila AR 1) 8] <
CLATEIX — U 7 8t DUk ARATTIOBIF T A2 DA DRI I b 0 s o S 7 51 9 1S Sk AT 16, B ) DL
M5 7 VR SRR ST [14]: K7 FI AR 3 5 R B (episode) K BR[15]: K5 1 s 3 P2 31
RIL[16]. AATHITEFE A S DNA FFEHIE 3R At 7 T U4 JEAR,

XA ST VEA T Ja AR F 3L e 50 AT« K 8] 3 AR 2R 48 5[ 171 56 FH B AR g 2 R i R A
BRI I SIL18]; RO V@ FL R 22 5B AR Z P 51 R DU [19]: Wang 5 1 NS B4
P B P AR IR 5 [20]

3. KREXFEMIZ T DNA FFFIF X FIZ IR E %

ARPE R, AHE T DNA SRAFAE AL (5 BT, T DNA W2 H 9 2% £ SE7E XUR e 45 4 b i 2k B 4l
o BFARHETT AE A HUBRIEIS (A), IR NE(T), JIWEE (C) RIS RS (G) T I et PP A1) o T 2 2 1
PR RATIRAE RO N, BN A S T, C 5 G X HBL. #ln, —2% DNA FSI<ATGTC...>, 52X
FP8l—E -<TACAG...>. X THUREWH RS, #4555 101 DNA 58— B AR SR A, Rl
R 2% LA SRR, B A EATHIAT DLBERHIE N 5 A .

3.1. XERRERE

FE X 1 (DNA FF): 47/ ES E={AGCT}, —1 DNA FAIHERN S =<er,e,e>. BIXf
£ i e {1,2,++,L}, eicE.

FE X 2 (RERFERE): 45 7E /> DNA 551 s = <ey,ep, 60> B MIREHEREE SCN(Pyvear EFIERK
/NH 4, KER{AG,CTHE 4 MR BERATHIR/NZ SIS, BATHE s M—A 8 e KB 17 st
iy ERIFERETCER Py AT AT R s B 53 AR ZUK A AR A A . Rl i, 24T 0T R [ T R
KIEN K, SRR R (Py) ARy K B SRIBAE R o

#] 1: #F&—/> DNA JF%l s = <ATGTCGTGATTGCATTACTACT>, ‘B 1 B BEMIES 1 .

3.2. XETFFH

B X 3(ERETFFF): 478 —A DNA JFHI s FIE 10— A KIKFEBE(Pimxas BRUTHESCERAERE I EE § 5106
R FARFPHELE S | ATR L 247 8 2 JE T LLIRAS s (I— 7881, 1d8 iooj. B — /N REE
BIH Min-Ass, ZCIEHFEH I FEAS Py > Min-Ass I, B2 ioof #AE 453 20 2R A s B —4> K8
FIEH. FElHh, (R0 o] MKER K, A ZFHBIN s B—MEEN K BT R

Bl 2: 0F T 1) DNA AU —Rr SCIBRRERE, 2R Min— Ass = 2, JUFRATTAT EAFREIHC Ry 2 [958
BFIFH). <AT>, <AC>, <TA>, <TT>, <TG>, <CT>FI<GT>.

TN AERRBER): 48— DNA B4 s, B — KRBT PR — N R KT P51,
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Figure 1. The first level association matrix of the
DNA sequence s in Example 1

[Z 1. 1 1 & DNA F%1 s B9 1 My <EkFERE

B HAH R R TP FHEA R A TP A T 5
3.3. DNA FFAlF KB FRFIHZIRE A

He b, 7E DNA A R IOCHE (F) 7 FIAEAUE DNA AT — AN EE HAR. R SCHRAE PR,
FATAT DL 1) S8 7 51 s AR UK R G B 1 17 41

B 3: 7Ef 2 (AL b, FRATATCAZ AR E] 2 By 3 BRI 4 B ORIBRAERE, Wl 2(a). Kl 2(b) R 2(c)
Fr7R o

Rl 1 B 3, XTI 1 45 R R 4G DNA 741, HAZ88 081 e 2 2 i #2840y Jiid 1 B
KRR, 1338 s MKEN 2 K77 HEAZ{<AT>, <AC>, <TA>, <TT>, <TG>, <CT>, <GT>}; HK
FER 2 W57 B AR G AR i 2 B () SR IR B2, 38 T 15 B FE R 3 B SGBRET IR B4R G2 {<ATT>, <ACT>,
<TAC>}: HKFEN 3 MR TP AIEA AR 3 MR AERE, e 2y 4 MORB T P56 2
{<TACT>}; B, BARKIKE NS FIRETFH. JeAh, SRR AR T 7 A ] LAy &30,
BI{<TG>, <GT>, <ATT>, <TACT>}.

BT 1 B 3 (AR L, R R R I g PR EAR, BE AM 4 T A —A> DNA
FE oI R IR T 7 S B A I I R A A

Hik: AM, DNA P ke T F o EE
fiA: DNAJFFs: f/NRELEE Min-Ass
fidi: s WS T FAIEES KS.
1. ke—1; M«—4; row-set—{A,T,G,C};
2. WHEN row-set is not null DO
generate the s” Association Matrix with size k: (pi))m+a;
row-set—{}
FORi=1TOM
FORj=1TO4
IF pj>= Min-Ass THEN insert icoj into row-set;
add all elements of row-set into KS;
updating M with the size of row-set; k++;
10. ENDDOQ;
11. Return KS.

4. EWE S

N T VPG AR SCEE A 2, BRATANE [ [ A4 AR A B H L 1R 9 35 (http://www. nebi.nim.nih.gov)
TE T B ZEE AR A T A4 £-6 ) DNA F3(FFR IL-6), %54 K2 12139,

SEUEAE— & 4GB NAE 1 HTER RIEE i3. 1.40 GHz ALFRES AT BN L EAT A . SR FH % B 3092
2 H AT 5| 2R B 07 S50 GSP [6]. S50 1) H A 22 B2 G I AR ST 5092 1A R0 (0458 B [ 280 2%
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SEW 1. (RFERIE/NIREE T RHATI R R IL-6 BHE4E, 208 B B/ N B (O B B 4G GSP
BRI BN SRR N 2%~10%, MHAA SCHEH I AM BN GSP BEREAT AR . 14l 3 4hH T XTI
SLIGLE R,

3 KW Bl B/ N SRIERE (/N SCRFEE) A8 N, AM AT GSP Sy ST IN TR R E T BE . XN
BB ORI B /N ORI P (/N SRR ) R AR S /D (R OGP 1. SR, AM BEEAE AL 3 DNA 3418 20
KU E T GSP &k,

SEW 2 (ANFARB/NREEE R RIPNAEAE) . R IL-6 $dEdE, 49 i B i/ N SRR (4 B R 4G GSP
B B /N ST ) 2%~10%,  DIRAS SCHR H ) AM B00EFT GSP B0k (1 N AE A B L. 19 4 45 T Xt
JS7 P S e 45 R

4 W Bl BN SRIEEE (/N SCRFEE) A8 0, AM FT GSP 9% U 77 25 ) 45 FH R AE R B& . X f2:
DAL A9 B K i /N SR IR FBE (B /N SRR ) RO e A TR /D B R T 17 81 o AT, AM BVETEAL B DNA J7 F1 i
7z 18] &5 B AR GSP Bvk, JCILRTE = A5 2 S =N o

K5 3: (A DNA JFHIKE T AT D) . R 1P-6 ZHi 4R, FoATHEICA 25 & 1 DNA 751,
SR AT 52 1 I/ N RIS 5%, AM 5 GSP SVEIISATIN [ (B T . <] 5 45 T S5 I AR S B 4
R

ATCGQG
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AC|0 2 0 O ATCG
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Figure 2. The 2nd, 3rd and 4th level association matrixes of the DNA sequence
in Example 1
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Figure 3. Curve: executing time changes of AM and GSP with increasing
minimum association degrees
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Figure 4. Curve: space changes of AM and GSP with increasing
minimum association degrees
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Figure 5. Curve: executing time changes of AM and GSP with increasing
sizes of DNA sequences

[# 5. BEE DNA FHIHEE e AM 5 GSP $#4TR a ad bk 5

5 M. 7 E MR N (R R, B DNA A ER N, AM F GSP &2 i3 (T i
2 BTN, AR AT A R i T . 48R, AM BVEBEA R T GSP I,
5. &g

ASCEF ST DNA FHIEA0 R 3R, Bt T — AN B e ISR S5 . 8 025 ) S B 4 o o
ST “NTEEERER” BFES. 215, DNA KI8T e A 5, SR, fEPIseit
b, XPEMIFFLEAIRS, e AEWIE B0 R R 20 N2 REAT DL R B I AR Ak 1
BB B (FT DA L S0y Py Bk 3 RIRRAS) 2. BRI /NI H B KA BRI A7 R R AR i — A
LA AR A F S0 R0 S B 4 32 0 S SORIF 0 160 10 BSR4 60 779 PR B i — 2840 kb i 2 T4
FEP— R E.

ELmAB
BB 5% [ AR 27 5 4 R T B0l 49 A0 DPA AN SR ) B ML 7 92 1) 0 A OB s a2 4 A5 2 RN BV 98 (No.
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