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An Adaptive Suffix Tree Based Algorithm for Repeats Identification
in a DNA Sequence

HUO Hong-Wei WANG Xiao-Wu

(School o f Computer Science and Technology s Xidian University, Xi'an 710071)

Abstract  Many existing methods for repeats identification are based on alignments. Their speed
and time significantly limit their applications. This paper presents the fast Rep(eats) Seeker algo-
rithm for repeats identification based on the adaptive Ukkonen suffix tree construction algorithm.
The RepSeeker algorithm uses the lowest frequency limit to maximize the extension of repeats.
The adaptive improvements to the Ukkonen algorithm are made to increase the efficiency of the
RepSeeker algorithm. The node information required by the RepSeeker algorithm is added during
the suffix tree construction. Because information on leaves and branch nodes are different, the
RepSeeker algorithm directly obtains the needed information from the nodes to find out the fre-
quency and locate the positions of a substring. The improvement is considerable for the repeats
identification at a little extra cost in space. Nine sequences from the National Center for Biotech-
nology Information (NCBID) are used to test the performance of the RepSeeker algorithm. Com-
parisons between before and after improvements of the suffix tree construction show that the run-
ning time of the RepSeeker algorithm is reduced without losing the accuracy. The experimental

results agree with the theoretical expectations.
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SEHAPEHIFZHE TR, Gl 76 AR
LYY 3. 210" A i He X b 8 3 50 06 & BRI K
FKAE R CE L AN X T o BB i 3 R 4
JE Ew B XORE S (D) F AR LS R 5] R
FHIFA MDA B (2) 78 47 W TR A 4k 2 J T
TS S AR BT . M AE S BR b oA & A AR Y
SRR 22 B0HE 52 1A 1 2 BE O R 58 4 i L i A E
SCHS i 5 R W) 2 R A AR A B DR 3R R R S
P A AR Y 5 EE ARG G R
KEZ U E LA BIE0A 1Y B L] A L60] 35
BT BREE XS — 28 A 35 A B 1 A X g £
TRERGAE 7 ST [CAE DA S g B A 5% 2R M R 5
SRR B A S D A

— N A Y B R e PR U1 I
AR R R B R R A AL BT D T A AR
51 J5 15 R BOA Pi 25 : RepeatMasker ™ R 45— 4~ &
28 R I A ORI R X R R AT A R X
AR EAR R R BE b ARO[ 50 1) A A B4 GX
ol 77 VR AN BE ] Ak BT 1) JE DR Y 0 o R o AN
RE Ay 80 00 7 1) 6 PR 20 4 8 i o 1) PR A L. T L X T
BT R 20 L e R A AR T L g g [ D i
5 e SR T ) 4 G B R 4H Y. X RepeatMasker %%
JE 1 DA Sk PR AT 9K S 28 45 8L 2 T i — A Bk T
B REPuter™™ J& o —Fh 7 i B U feoR K
JE 4 i A SR ) AR X IR A R e oy — 4
A B RAS B A BL 7 5 5 0 3k PR 5 YR AR B A
% B IR I LR — RN TE L SE AR A
hoEE RSB Z . B, 7E NI A P Alu
ML 10° WK, 1R S 2% i BE R 2H v 7 e 1 — i el L
T B R ) O v b 4 A T A AR R A R
A

HA A7 SO T S AR Y S L 2 2% 18 T A K
R B AT AR, — U BIF 5 3R B A b o S A AR
AEE Ty, — 2607 g HORE 4k B R 10 AL 7 91 5 R I
HAG P . B ATHE DA A HLBOA 79 8. SR
) — L 77 PR A TR AE U B AR 3 5 b Price %A
P& T RepeatScout 8 LN, % I ik A & AR
L-mer i FoR AR E LKA A, HAI STk R
AL il 22 8o KRy [F] I F 4. Edgar #

Myers il T RILER % {4 4", 8 1 %) ) & &2 &
RFAIE ) B BE X e PR ) B A AT S R A AR

ROE R R . e A LRy
AR B R 2R 25 5 AE T 2 AR 1 8 L. Zheng Fl
Lonardi"™ #5  7 — i 3k F J5 S ok 75 4% DNA 7
HI AR 7 B, HOEF R 2R R O(n® HM.
Zheng il Lonardi 532 i 80K A &, 02 B X F 51
TR X K R DNA 51 B ik A 2% LA 3L
TAE.

RAGTEREE LRGP EERC A
KR AR A RATS SR 2 — APkl P iy 1 . 3¢
BRCS I T 1 Jmy ¥ 1 1) Lb % 3R g Al A-Bruijn [51€ fi#
HAERA R AL SR, B2 T A-Bruijn B 735 1)
Gy AT AR B 5T 2% R TR M. A L 3R i T AT
G AT RUT 5 Ja 5 bkt I g 32 BEAR T R 38 L
XL R, Gu 58 AR I T — R TR B E 4T
TR AR T R TR A 3 R 40 v T AT A A AR A
22T N H I B R B 2 SE A T R R AT
I3k,

A S Hp 4 BROSCHR (12 ] rpoxd B AR S, X
Ukkonen Ji 25 A% #4 25 8 10 80T 33 7 1 1 o8 4
— e R 5 B A R B 20 RepSeeker. RepSeeker
R R AROR IR, Y R EZ R K EMZ
IR B R A8 5 2R AL 3 o AR v X Y R AT
G5, IO S0 B AR 4 3T s
R SN R L 1 A5 BN TR] L LA RepSeeker
VL RRE 4 DT A 3R AR - AR R AL B
B PP PR R KR & T RepSeeker 535 A PERE L 1M
HZ5 18] JF 8§ A K. RepSeeker 535 i 1ok A NCBI
9 AP AT T PR RR I . I X ek R S Sk
M PEREAE T b, 200 45 SR B, 0 L EIH 25 44 T i
Rk RORFEAIR T RepSeeker 5525 (432 47 I 8] , [7]
BF SCPRAUE T U1 ) RS BE . S50 45 R 5 BEE o A
2  RepSeeker & %

2.1 RRHEREXEX
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i=j=|S].

2% Sli,il=S[i].

L- B (8 L-FHO 22— KK L lFAFE (FH).

AR ATES PRE L L

ARIRA S A FE L.

Ao RAT 8 X ks, Aoy 4 B R
SO AT DA B Al B ATt R R R R R 1 R T A
(A

WER AT ER A R RS i —AF 8, HAE S
Ul B2 R PR A JE S B — D EEAR. 5 T4
Yy, 8O AR I — A B RR A A Gt 8 1A T 2k
LR DL

B {5 2 4 — T RAE— A 51 A IR
B ds 2 Wi/ ME. W E 0 LB D2 A E K
1) AT AILAE.
f[] - F3333311111333333311111331113311111333111

s = B[:anan[:DEEB[:FIDFEEB[:HDHB[:DEww[:DEEB[:EI‘e

U6 7890123456789 012345678901234567890123,

B 1 JREH4 f(L=4,F,=3)

22 ® X

EX L WARSH-AEEKL.(ALA -,
ADREALES PR~ NHAFRARALLESH
M2 @ B m 2 A FES iy B BRE H o m=2.
W BEAMWN—ANTH.(B B, B BES H
I — DA FE k& B TES P B

MR BIE A PN E s TG, I84 B=Als.s—
14+ 1Bl], 0<s<<|A| —|B].

MR k=m HBA B, 7 A, b 389 £ 5 AH
[0k BRZAK—NFEE.(=1.2,.m.

EX 2. ARSH—NEEFNTFH. Y HAY
ARSW—1TIEE B L-FH,0<|A[<[S|.L &
EIWERUNBS YN N

EX 3. WRAZESH-PTHEHARRKKENIE
ENFHR.HAESHEDHEHF, KA WA IE
FHFHEREAN—NTFEE Hp F, 2 ENER
PR R/ B R I FR AR S 19— BEAS A I,

MR WRARESH-NEATEREK, B
WA fIBA AR L-F 8 B 3R /.

IE. W, Z5IR T8 M.

b AR B IR AT AE TR A AR Y B AR
A A BR K Z R T B AR A R
ZEARAE N B A B 25 4 R et BT 45 8 B 1
L~ 5 Ay A 3.

2.3 EHix#ik

RepSeeker H L Ak B AT S h iy r 5
EATEMER AREMBERIRN—NATFR EEHK
TP RICERE DB Rom — A ARTE ] AT
I SRR A SR VA S B PR 0 [ B O N g =R N
) ) ] DA 3 46 o 4R B A2 A 1 i B I . AL
RepSeeker 575 £ 2 iy A ¥ 5 H &AL I 1
—LE RS EEE RN — AR

i RA R EREARRZIRE RV LIRR,
HATE S A OGO FH X FHNKN m T
WA OGn®) A1 5. . AT 1& AP
G S W — BRGSO, B Bl oF AT 00 R g T i B
BT 1, AR R AR S P EAREREERBA A
WA L-F g A|m, 200 F,. TR,
RepSeeker H 1T W A L+ 50 3 3L 2, IF:
MR A A0 E 2 fE R 4 AH 45 H 2= 0y F, B TAE — 3k
ol T R A A RepSeeker 5754 £
X e, IF RN EAE FEE P dE . A
X AR R AR AT R A AT 2R

RepSeeker BiEH AT 5 44 .

B 1L R TR O PR SER.

A ELZ A m/ME LA # 3t 0 858 B, IF
HERKENW R TRERE DR R R E w0 e
WA B8 — L E. SRR f, fLRRENE T
) L- T BB S i+ L— 1]/ MR K 1
ARTHIANFH) S WIBREA £ fE. fEE 1, fLo]=3 %
ANFERLE O FFIR KN 4 M7 H S[0,3]7E S B 3 Ik,
S[0,3]="ABCD”; f[5]=3 R/RI.ENE S HFIHMK I 419
T S[5.8]7 S 3 K.

55 2 . SRR ME .

MRS 125 b S M S 8l L mT DA 53 Hh 3R B
Z/N F, 0 L-F 8 R 46 07 B 25 5K 07 B . £ RepSeeker
Bk A R S BN e B A A 2 RV B A RN 4
RALED. WAk B (B - B WP TR R AT
H1S v for AR ) B AL B R 7 I8 A B AT R (R A S8 ) 6 1
FEPAL] r LD FE TR £ BATIET 5152 5 5L IR
BR A B RE RS X AR ALE R LA L1
ZALE XA SR R G A B R LA L1,
VR R W G L-F B AN E « TG, ok 2 U,
i+ L—1 &M S5 R R A B — AR R B A R
7 B S T X AL R A R LB B Bl b sE R LB
o AT R ZIE BT OREX (B - AP R
HEATHEXS. (L] r LaD SR TRATT AT $R B0 09 55 « A A0 [ 450 8 P
Bl F ([0]=0 H r[0]=9,K 1 g S[0.9]=
“ABCDEEBCAD” & — MR A S8, B EK N 4 1 74T
BB L IS 2 — L X T L R RN T FL, (=3)
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M H G ARSI S[0,9],S[12,21], S[24,28],
S[29.33]F0 S[36,41].

B3 TEEKA.

MIE 2 BRI MR A, KE I D =
Slivsin 1A BEE Ny Length, 1y AHN &, H B A BT A K B2
H LT HRMERN m o e<<m, WD AEAEARETE
H T NAESIGIRKR B D, i KB L 17 58
TES Wi AL E L AR5 6T IR 07 A 4B Y T S 5B
BB P VAT HCE #4776 6 I T B A B R AE 4B L 4y
2 D i, B 1 b, e SLOL 9 M R A, 2, HTES
2RI EE R S FEER A, KW S[1.4]=
“BCDE” ) i LA & 9{1,13,30},S[2,5]=“CDEE” ¢ i 3
FLE N {2,14,36) PRI EE 3 Rl BUAL B AN AR 4B . 8 G4
24BN LB HG 5 A - B X RCAL LD R AR AR
T PR A B A S B AR R A e, i Lh S0, 9]n] 432
B S[0.,41,S[2.71.8[5.9] 3 ~H & 14,

BAY. HERY .

HTRAREATRMEEZE. RMNEIFAEENE
BRI EMEEEBMER DN F,. BAABE RN
HEEDABRE TR MM EL ARG R SEL
WAMB &HES, EEYHKA C ITIFMH L KN
mF:

mero/)(A,B):ﬁ X 100% = OP

H
frequency(AUB)>F,,,

Horh merop HEZA,OP N8 ER/PDESER,AUDB HIHIF
A 5 B ZJRWEER, frequency JVAIF )5 T B9 BUBE.

flhn, 7E K 2 b R E AR A R B 4y I TEf AT 51
B3 YR 2 k. 8] 2 AT AR ALK B A E S e 2R
AMBWESZER/DHOP, HHIFZEWNE Rk M, 20
W F I A B AT HEAT A I o RIS 1 9 . W) A 9 9F
A T B 455 M. 3x 2, By Rl Bo 43 B4 2 MR M.

B, B,
M A M,

1

K2 ®EEKYRE.F,=2

B5. mEMKRAL.
M AR IR 1) T A2 A4 H Dl — 2K
2.4 RepSeeker &%
RepSeeker BT,
RepSeeker(S,L,F,,)
Input: string S with length 7, minimum length L of
repeat, minimum frequency F,
Output: classification list of all repeats in S that ap-

pears at least F,, times

0. create a suffix tree for the string S

1. fori<0 to n—L do

2 fLi]<frequency of the ith L-substring in S

3. create D: an array of repeat blocks in S

4. if f[0]=F,, then add 0 in [ array

5. fori<1 to n—L—1 do

6. if f[i{]>F, then

7 if fli]## fLi—1] then add i in [/ array as a
starting position

8. if flil#fLi+1] then add i+L—1 in r array
as an ending position

9. fori<=0 to [/|—1 do

10. D[]« [, r[iD

11. D<{D[0],D[1],*-,D[k—1]}, sum=<|D]|

12. Check(D)

13. Extend(D)

14. Classify(D)

Check(D: an array of blocks of equal frequency)

1. for i<=0 to sum—1 do

2. if fLLLi]]# f(D[i]) then

3. for j<—0 to |D[i]| —L do

4 P[j]<sorted list of positions of occurrences of
j-th L-substring in D[]

5 for k<=0 to |D[i{]|—L—1 do

6 for m<=0 to f[I[i]]—1 do

7. if PLk+1,m]#P[k.m]+1 then

8 insert /[i]+k+1 into [ and keep its order

9 insert /[ i]4+%+L—1 into r and keep its order

10. sum=<—sum—+1

Extend(D: an array of elementary repeats)

1. for i<=1 to sum—1 do

2. if merop(i,i+1)=0P and frequency of merged
sequence= F,,

3. then
4. D[i]< L], r[i+1D
5. i<—i—1, sum=<sum—1

Classify(D: an array of extended repeats)

1. fori<0 to sum—1 do

2. class[i]<repeats equal to D[]

RepSeeker L TAEMT. 5 1~2 17115 S Y
Py L-F 8 R, 4 A~8 FT i iR =/ F,
fY BT AT B A2 B R A 0 B RN 45 SR AL B 9~ 10 A7
Xb LR B P OCR XS 5 Bl Check 5 4
WD RGEETIETHEL. FHIFE Extend HI 2
AR E R LSRR H Y. 7017 Classify
X H SR I S i i
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2.5 SR RepSeeker % f1HI{E

Je B8 B 45 K X T RepSeeker B8 (AR5 5
EA R BE R BREEMIEM. 72 3, Al
T WA F 25 5 AT AR B 8 — A Ja 4L
WP P&k A G B0 SERT R . A T8 A7 5
Kl P BT & O XAEIAT AT LU i s A —
CETTRRMFEE R E X E TS P

HOBEE R %, B 45 3. RepSeeker B ¥k i & 3 72
55 2~3 47 FH e S SR A5 R A

1

K3 JRBW T

FEAE 1 ) f85

(DR TEFH P S, A58 ] N
TR 4 A RIS - ECH . X T DNA R4
SR 3 T o AR IO R A R A A R) R RO TE ik
2z,

(2) Ukkonen #4 £ 1 5 88 B, 45 25002 $ T 43
Be (1) A X I 45 5ORI 43 S 45 i i X ). RATTAS g
L 0 RS M A5 ) I A AR B L RS 3
B ERA p, BW ak KMPYY R g e, 25 5
A E R R 2R, B E B R AR
OGn®) W5k 52 1.

3 Xt Ukkonen & % Y& b7 14 B it

3.1 Ukkonen F&##i&E 378

Ukkonen JiF 25 B #4) 3 55 1500170 Aty 3 A B A8 J2:
PP SHEIHSLL . i — 1 RE%
T N TR 55800 i RN 580 T, 1 3
i=1 . n HFR R S KR, WAL 5 F5 53 1R n
B AT L LAY R AR
RET S[L . i+1IW i+ 1 ARSI —A 5% 1
B 1B YR B e AR B AR
TFIRPRIE T SLy. - i BRI 25 AL AR )
KT SGHDmAZ 78R ey 8. Rk
SGHDE LA Wi, 725 « +1 2, F#4F &
S[laeeesi 1 e bldl AR AR EHEA SL2, -,
i+11,S[3, i 11, RS R 78 i+ 1 B 158

LAY R SO . i I %S 5 SETT 1T R L i R
AR T AT SGHD (BRIE SGHDEZ
FETE) . M TORFRIC N SO Ry B 50, 76 )5 S 5
PN L SIA TV R IEEM R 3 AR 2L K&
J5 SR AT SRR I [A) 2 2% o OGo) L SRR I TR 40 4
UL SCHRL16-17 ]

3.2 Ukkonen B E451E 547

XA BIEA JUA 35 PR s — HL— 45
1 Ry 45 A5 A B AR A2 45 AN
S T INES S T R TE B UK — A AT SR A
SR b g LB — A A R ) TR R R — A
i 1] 45 A5 300 o T 3K A A A0 AR R BT S R Y
G — A
3.3 MEEEME R BGE

JG WX RepSeeker F3k 1) EZ T E T, &
BE M SR K T P AE S T R
SR A AR TR P s 25K

el 3., R a5 RO AR e 0 T i
S (DR AR R, Se 4k B 5 P AH VT B 09 4 19
T3 (2038 Dy LAGS 2L N AR BT A 45 450 BT AR 1Y
W25 S EO R R P SRR B 1 2B T AR ZR
PERFE] R3] NG5S 2 28 2800 I LA N AR i
Xf F RepSeeker S 11, FHFS 8l i 1 SRR B4, B
LZE Iy [ S| — L A>3 A

7 25 % 7 &2 AR (% Bl AR A3 &, Ukkonen #4 # 1 J5
25 JC T 35 M.

H T ERCE I RepSeeker B, F 1% Ukkonen
P I SRR B SRR IR AT T3 PR e R R
TEATE AT 45 5 A5 B AL P A

(1) 7 g I ZBARS B 6F i - 485 500 43 32 45 4
HEAT DX 0 s AOAS TR] 1) di 5. 285 0 BAS Bw) B Ak ok 2 X
| S| 450 F g T2 N O TFIR BRI 1, 245 43 3045 05
Ui 5 BT IF U - A U0 1.

(2) 7843 345 SR I A 45 f A5 B A5 24 1 25
RUFWM 8 ot F)p 5. BL2.3 iR R
W E e B P B — A A parent A
IR AL ES B G . AL parent, 458 T 45 A
JIA AL 45 UMK 48 s A5 B Bt 50 1, IR 1
g5 m 5 B M AK M T S5

K4 B8 T 745 agagageagagt B X N Y 24
HEJ5 3 NV Y . S5 05 5 ERfEE 3138 %K
B %45 ST A 3 A 455 B G BETFF R
BRI E R 1,3 Fi 8.
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X Ukkonen J5 2844 Bicdk 5 . afv ok TR s B 1
J R B v A R IR P U I

(1) HI%% 8l 67 SRR B L SR B — 1 1 A
FHER R A AE OCL) I [E] P9 58 18 L 8 0 58 %
BPanp 3 o ok P MRS T RERI ET P W
Z kg5 8 N B 5 s BUE B RN AT L B PO it
FEEfE HASH Rrp i fry, R #ATE T P B2
NSO D =W v @Y Gl T I 9 AN o T =0 5 e
Onlog(n) &R O(n).

(2) #EFid & Classify H1, TFH 4T —HAGH X
4 L AEE s FSR A B 50 2l — FF R R8> i d &2 AR 1Y
SEOREE S, PRI, S A BRI AT 2 i e S
R A A A B I A 3 A L L I R B 2% BT
O R On).

(3) THH TS, A S S5 2 BT A s ) K
JE AR T B A 45 A5 parent A2 i 45 RUEUAH )
Kyl AL S ny IR 52 2% B2y OC1) X AL 45 ji4>
. Btk J5 1) Ukkonen 835 76 4 1 3 52 5 T
JUT A Z 35,

4 BHEINZEERESH

XM ERE R B Ed R
RepSeeker(S,L.F,) M5 1~3 2, 16 J5 80 LA &
KRR L ¥ 8 J2 e Hash & #4709, B Lt
B R B AW A O G, ik FE IR
RepSeeker(S, L, F,) 1) i} [8] & 4% B KO T+ 2o 72
Check fyBF A &2 24 B, F i #2 Check & — 1 Z H
Wal 55 1 2906 R Dy A 00 %A 45 5K T R e

AR F, AR5 2 JRIE SN L (2 s
HR B AN gt AT 70 B, 56 3 TR R 6 B9 98 2R 80 24
HIRE 2N NI RU AN S VAT IE T S g TR
WA EO) N B aid D B sk By M, &\ 0N
TR R AR f I8 A4 T DL G A 1 AR
BRI N NXMX fo i3 E N OCN X
MOX . 43 A 580 1 i ) 52 2% B2 ol OCMIND.

Pk AR s AT R P A A iR B BB R
XAFRIR D — AL [ S| X 2. 1. 45w A7 i 120
PR RN ST 10 i T X Ukkonen J& 281
HOBRYIVA L@ P D N YR ) SRV N1 | DN RE0 )
TS ] ) EESR. BT I 45 TS B 3 2 1 R R
| Xl T R AR S A T 4 5 R i 1
L5 5 T 23 8] O [ ML B A4 L R Y 2 TE) B
([SI+D XX+ M| X([S][+1)/2.

5 X Iy
5.1 LESHEE

B RepSeeker 7£ Microsoft Visual C+-+6. 0
WhE bt C++18 5 S8 Bk sh i 1 98
L 2y 20 S ARBR BN 3.5 I S 75 I 3 & R
il 1 2 25 %6, A% 5256 3K AL 2% K Intel 3GHz,
1GB WA TR HIL.

5.2 LWHER

SCES Al K /NS S5 19 DNA 5 804 Sy 38 %
G5 LAV H 0 i 5 MRS B0 i R o A A e K
BRI IEZEERAE I 0 25 L. IF 5 ek ) 4
FRbdT 7TXF M. 3R 1 3 T SE 0 4



4 FELL T4 . DNA JF 3 b 5 T3 1 J5 00 1Y B 2 (R B vk 7
1 ESHRNEZEREN BN EERE
R A4 K R il 451 % % 8 B S BT IEAT el =p=Xry EMELENAE  ERKREEMKE

- F, KB Kt/ % i il /s fif il /s A K
X14112 152261 3 20 25 125.473 10. 297 45 299
AL593853 223276 3 20 25 231. 506 20.172 739 147
AC008583 122493 3 20 25 72.323 6.937 78 41
CU210914 31433 3 20 25 28.921 0.921 8 37
NC_007410 366354 3 20 25 201. 937 71.578 26 1547
DOG 1308479 3 20 25 10214. 687 2880. 469 3999 207
HUMAN3M 2900010 3 20 25 35007. 182 15609. 390 32759 513

5.3 %%ﬁ*ﬁ puters, 2008, 31(2): 214-219(in Chinese)

FT R 1ML 0 N R ARG 4
B A I 18] PN J7 T BE AT 20 . %) T H 2 AU 45
H LIS HRORTE Bk )S B 5 28 X RepSeeker
EARAE T8 A ) 0 SR O A TR R A 3
TARKAR L 48 . % T4 8 B/ 1 Fe 51 k18] 1 g
(42 5 7 R K i DNA JF 31 3CfF AC008583 , iz
Ayt 6] A S AE 100s LA s 1 XS F K ¥ 51, 40 DNA
Fe 51 30 HUMANSM, jz 47 B [0 1 5 A4S/ i
FEAr. NIBATIN ] - RepSeeker Rk A8t T )5
SR i 0 T SO T Y Bk L X R R W] T Bk AE I ]
SLABE b A i SCHE 1 43 AT R — 25 B R A A ] s
AR I S 8] i SR ABCECHE R A T TAHT 8 R 2
b Al — P MR ER.

6 % it

AR SCAR A1 22 i B S A TR B3 1k o A T Y ) 4R
T —FhJEF Ukkonen 5 2% 8% 532 (1) o ) B2 &2 14
o M 3R 51 28 1 RepSeeker. RepSeeker 5 3 ¥4 Xt
AT DA A AR i A2 5 A 1 TR AR SR A T 10 SR
S AE PR U S AR [ L T R R AR
Fe o A AT 1 5 IR 40 A — > H S AR AR L Y 2.
BT REIT AR A FER EREAGIFU
Foh Ja B B S VAR 78 43 is T et i i 3 1 IS
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Background

A genome is an organism’s complete set of DNA. Ge-
nomes vary widely in size: the smallest known genome for a
free-living organism (a bacterium) contains about 600000
DNA base pairs (bps), while mouse and human genomes
have about 3 billions base pairs. A genome has a lot of re-
peats. For example, more than 50% of a human genome is
various kinds of repeats. Repeats identification play a critical
part in the analysis of a newly sequenced genome, because
both repeats drive genome evolution in various ways and be-
cause of pragmatic needs for thorough repeat mask before do-
ing homology searches. There are various kinds of repeats.
Unfortunately, many functions of the repeats are not yet well
understood and defined. Current studies show that some re-
peats play an important role in the gene expression and tran-
scription regulations. The base composition of regions with
repeats may lead to genome recombination which causes great
changes of the genome. These repeats fall into different
types, which contain from a few to several hundreds of base
pairs, some up to ten thousands of base pairs. Some human
genetic diseases such as the fragile-X chromosome syn-
drome, Huntington’s disease, and Friedreich’s ataxia are all
related to irregularities of the length of repeats.

An important bioinformatics problem is how to recognize
fast and represent efficiently repeats in a genome. There are
two major approaches to solve the repeats identification prob-
lems. RepeatMasker uses an annotated library of repeats,
which largely depends on similarity to consensus sequences
for known repeat classes. This approach is not capable of
treating new genomes whose libraries of regions are not avail-

able, because RepeatMasker does not build such libraries for
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new sequenced genomes. Moreover, the repeat libraries have
to be manually compiled for any new genome because they are
genome-specific. De novo compilation of the RepeatMasker
libraries remains a challenging bioinformatics problem. The
other approach, such as REPuter, is to extract all pairs of
similar repeated regions with maximal length. Recently,
more approaches are concerned on the detection of repeat
boundaries. Price et al. presented the RepeatScout algorithm
to find repeat boundaries by using high-frequency /-mer as
seeds and greedily extends each seed to a progressively longer
consensus sequence. Edgar and Myers developed the RILER
package to identify repeats with reliable boundaries by con-
sidering characteristics repeats and tandem arrays of local
alignments.

Some work uses the local sequence alignment strategy
and the A-Bruijn graph to solve the problem. Gu et al. pro-
posed an approach based on exact word counts to evaluate, de
novo, the presents of a repeat structure within large eukary-
otic genomes. In this method. clusters of related oligonucle-
otides that occur more often than expected by chance are
grouped. Zheng and Lonardi give a suffix tree construction
algorithm based algorithm for finding the repeats in DNA se-
quences with time complexity O(»* f), where n is the length
of the sequence and f is the minimum frequency requirement.

This paper presents the RepSeeker algorithm for repeats
identification based on the adaptive Ukkonen algorithm for a
suffix tree construction. Experimental results show that the
improvements reduce the running time of the RepSeeker algo-
rithm without losing the accuracy. The experimental results

coincide with the theoretical expectations.



