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An Algorithm for Identification of Repeats with Accurate Boundaries

HUO Hong-Wei BAI Fan
(School of Computer Science and Technology . Xidian University , Xi'an 710071)

Abstract  Most existing methods of repeat identification either rely on annotated repeat databas-
es or limit repeats to pairs of similar sequences that are maximal in length. And there is no an ex-
act definition to correctly balances the importance of the length and the frequency. For these
shortages, a fast method for repeats identification of repeat families via extension of consensus
seed is proposed in this paper, which enables a rigorous definition of repeat boundaries and is
based on the variant of BLAST algorithm. The known C.briggsae is used for testing the Repeat-
Searcher. RepeatSearcher is compared with RECON, the most popular repeats identification algo-
rithm, and the newly developed RepeatScout. The experimental results indicate that Repeat-
Searcher has more accurate boundaries for each repeats, and the time of RepeatSearcher is re-

duced as compared with other methods with guaranteed accuracy.
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Algorithm RepeatSearcher(S.l,m,b)

Input: string S of length n, seed length /, minimum

repeat frequency m, banding constraint b

Output; every repeat family’s consensus sequence

1. [-mer_table <= Build_l-mer_table(S.l,m)

2. l-mer_seed <—most frequency seed in [-mer_table

3. while (there exists [-mer_seed satisfying the condi-
tion) do / /P H I R Al S

4. FExtend_right(S. l-mer_seed . b, Q)

5. Extend_left(S, l-mer_seed b, Q)

6. if (Qright —Q.left=LENGTH)

7 then write Q into the output file

8 Updata_l-mer_table(Q, [-mer_table)

9. else

10. Updata_l-mer_table(Q, [-mer_table) ;

11. return output file
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Subroutine Extend_right(S,l-mer_seed ;b,Q)

A H S IR n, TSR Lmer FHF AR FEL K 0

< A SR A 9 Y B

1. for y<=1 to L do

. fori<=1to4 do

for j<=1 to N do
for k<~ —b to +b do

bestscore=ma ofse: (s(Qy7 5S;))

2
3
4
5
6. bestscore_i<—bestscore_i—+bestscore
7 best_i<—maux the bestscore_i
8. master[ y]<best_a
9. if the total score has not increased after 200 inter-
vals then break

10. Q< master

I Extend_left(S,[-mer_seed b, Q) Fl1d ##
Extend_right (S, [-mer_seed , b, Q) W) & ¥ it 72 4H

L DO R R TR ZE i B A A B 22T R



218 it " Bl 2 Eire 2008 4
4.2 R

4 X I§ HTH I~ 3 SR g B, AT M E %
U T A 245 SR LA A I () 7 A T o S 1 2

4.1 IWHER HEAT 43 B

F2&F RepeatSearcher 7F FreeBSD £ 85 | i 1
Cifs JH. Bao Fl Eddy @A TP KE (=
[logi L+1] . XAMATEZ R LB E A %54 TH
UE. L-mer =55 22 [ {8 F1 85 5 (000 % (6 4 Oy 3.
PASJCRVC RS 1 43 AN TC RS — 1 43 4 A — 1
A —5 43— DI AR SE 2 IC R4S — 20 43,
X lF SEL) A b B 5. AR E FE 17 BT i Bl )
AR T 200 W A H AR R g AQ; Sy
Sy s s SOMEEAF LY SR BB JLF A EE
PRI 1 I R0 7 H1 K BE 7E 50~10000 2Z [A] , JF DA 45
HOASAL S R R B B /N T 50 19 E AR, AR S
HLES N Intel 8 3. 66GHz, 8GB WNIERI IR 55 #5.

SEIGfd ] 108M 1) C.briggsaet™ 3 PR 26 1 Jy il
i, RepeatSearcher ¥ #&. [F] i i1 % RECON & ¥ |
RepeatScout Sk I H 45 K . SR 53X 3 DR IL
i th 45 R RepeatMasker B2 5 O fi A L LA EA ]
PERE. Koy RECON Sk iy i RS Sk 1 3
WHGHE I 10 IR EE K, IrL) RepeatSearcher 5
il RepeatScout 4 i 45 R h HE WH /N T 10 1y
\EEMRFH L. 3R 101 T X 3 R L s 17 I
[B). 2% 2 F13& 3 It T ffi F RepeatMasker 8 ¥ %} i%
3 P Y 3 A g R v g R] B 43 B (min).

#*& 1 RepeatSearcher , RECON 7l RepeatScout £ HiZ{TE R

Sk E’EVF ‘AE’EW iéﬁﬁjl‘ﬂl/
FIGEAEL KK/ MB min
RepeatSearcher 1391 0. 65 340
RECON 723 0.43 3370
RepeatScout 1401 0. 69 455

% 2 RepeatMasker 7£ C.briggsae E E 20 F 49547
RepeatSearcher 1 RECON i H 45 R

RepeatSearcher RepeatSearcher &4 & K/N/

BRMK/N/MB  EHEHR/N/ MB MB

RECON
#3519/ MB 22.9 2.1 25.0
RECON %4 N
5K/ MB L7 78.7 83. 4
BR/N/MB 27.6 80. 8 108. 4

#& 3 RepeatMasker & i% 7£ C.briggsae EF4H F 454
RepeatSearcher 1 RepeatScout % H B 25

RepeatSearcher RepeatSearcher ¥4 B Ak/N/

HER KN/ MB  EER KRN/ MB MB

RepeatScout -
26.8 1.¢ 28.3

Bk /N /MB ’

RepeatScout ¥ .
21 J/h/MB 0.8 79.3 80. 1
BN/ MB 27.6 80. 8 108. 4

B K H G 45 5. RepeatSearcher & ¥ 7F
C.briggsae KPR o U500k T 1391 D E AR
15 .t Z T RECON U 25 21 723 A8 ARk
1M H.#1 RepeatScout [ 1401 4> 5 & {4 5 Jik 45 2R AH
2. I RepeatMasker ® & & 4 #F T H 4 #r 3
ANRIE A R AT LU . RepeatSearcher 4L 41 5
T 27.6 MB 9 E E & £ 5, ] RECON Fl Repeat-
Scout &% 35 T 25 MB fi1 28. 3MB. RepeatSearcher
H 2t BB B AT RECON 45 5, 1fif il RepeatScout
B 28 A 224 0. 7 MB. AR 4 5 3k 19 5 A fn g R
S35 3K 26 X AE T R G Z 1] X R EE A
RF R A 5. EAR EoRE Bl 27.6
5 0. 65 B9 HLE RS KT 28.3 5 0.69 By HLAH, BT LA
RepeatSearcher & ¥ A% 8084 3 1% = T RepeatScout
Bk, M s T RECON. 1 H RepeatSearcher 55 i
e Hh A s — > T S AR G0 e 9 24 A RS T 1 32 AL

s AT [E]. RECON 55 B 2 %) % A 3 R 4 1
B S ELTE BT L BT DA BUR R A S
PR 20 43510 R K/ Ry SMB IR K /N K ZINBY 5715 94
JEBATHE I SR A k. AR 1 AT LR
H , RepeatSearcher, RECON FlI RepeatScout [ iz
AT E 4 340 min, 3370 min F1 455 min. M iZ 47 B [A]
= RepeatSearcher S i i i T HE P EE, X
WUE] T AT ) 52 2 B A Fr gtk T — 2B 5
R TE AT 4R o B 1 RS E B AR e, O ST AHE
Rt Iy ok ik — 0§ 5 S 2 RO,

i#

5 4

AR SCAR 24 i A AR 0 Bk R A AR Y ) A
T —Fh 5T BLAST 728 B8 ok H B A K5 w54
T A AR P I ] 575 RepeatSearcher. 535 75
T Z 7 51 Jm 8B L i [ i e S0 T A — A A R
PN R RE T B — N EE KT I A
K B 0 300 . SR 4 PR S B A 25 7 4 A Tk
BE$2 55 1 32 47 3R 3G i T 45 SR ORS A b 7 IR
S0 A T B B AR ok T R IR KR A
FF 5. SE 50 45 R R W] RepeatSearcher 5% [ 12 55
AR e B AR B TR K 4R T L A PR IE
T AR RS M S — o s A IR B
k.



2 LT

— b ELARG  1 5 R 5 A MR Bk 219

2 £ x #

[1] Kurtz S, Schleiermacher C. REPuter: Fast computation of
maximal repeats in complete genomes. Bioinformatics, 1999,
15(5) . 426-427

[2] Volfovsky N, Haas B J, Salzberg S L.. A clustering method
for repeat analysis in DNA sequences. Genome Biology. »
2001, 2(8): research0027.1-0027. 11

[3] Bao Z, Eddy SR. Automated de novo identification of repeat
sequence families in sequenced genomes. Genome Research,
2002, 12(8): 1269-1276

[4] Pevzner P A, Tang H, Tesler G. De novo repeat classifica-
tion and fragment assembly. Genome Research, 2004, 14
(9). 1786-1796

[5] Price AL, Jones N C, Pevzner P A. De novo identification of
repeat families in large genomes. Bioinformatics, 2005, 21
(Supplement) ; 351-358

[6] Edgar R C, Myers E W. PILER: Identification and classifi-

cation of genomic repeats. Bioinformatics, 2005, 1(1). 1-7

HUO Hong-Wei, born in 1963,
Ph. D. , professor. Her research inter-
ests include algorithm design and analy-
sis, bioinformatics algorithms, and par-

allel computing.

Background

Repetitive DNA comprises a significant fraction of eu-
karyotic genomes, e. g. about 20% of Caenorhabdits elegans
and Caenorhabditis briggsae genomes and about 50% of the
human genome have been identified as repetitive DNA. Re-
peat identification is a critical part of the analysis of a newly
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tion in diverse ways and because of a pragmatic need for thor-
ough repeat masking prior to performing homology searches.
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of biological data. Novel techniques are called for to process
these data and extract useful information. Several fundamen-
tal questions remains unanswered in Genomics. Some of the
most intriguing questions are the roles of non-coding DNA,
and in particular the role of repetitive sequences.
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significantly extended and improved the single linage cluste-
ring approach. The RepeatGluter algorithm is the distinct
method to glue pairwise similarities into repeat families, in
which A-Bruijn graph is proposed to explore the block struc-
ture of the repeat sequences. The PILER algorithm is also
the deserved algorithm, which achieves high specificity in
identifying different types of repeats at the cost of some sen-
sitivity. There are two drawbacks using a set of pairwise
similarities as the basic to construct the set of repeat fami-
lies. First it is a tough work to define the true element
boundary. Second, exact constructing a set of pairwise simi-
larities involves computationally intensive tasks for the large
repeat-rich genomes. For example, there are over 10° copies
Alu repeats in human genome and these copies can lead to
about 10 pairwise alignments, thus constructing such a set
of pairwise similarities makes it computationally infeasible.
A fast method for repeats identification of repeat families
via extension of consensus seed is proposed in this paper,
which enables a rigorous definition of repeat boundaries and is
based on the variant of BLAST algorithm. the scoring function
is given and the exact boundary function is defined. The exper-

imental results indicate the feasibility of the given algorithm.



