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Abstract: An error correcting algorithm is presented for detecting and correcting errors in the sequencing data
before assembly process. The approach maps the sequencing data to an Euler superpath, and simplifies it
dynamically by an equivalent transformation named Merging Transformation. In such a process, the algorithm
isolates the right edges and error ones so that error paths are substituted and the corresponding errors in the
sequencing data are corrected. In two test sets T.tengcongensis and T.whipplei, the algorithm has detected and
corrected 86% and 83% errors on the “corrected” sequences respectively, compared with 71% and 53% errors using
the original error correcting algorithm in the Eulerian path approach.

Key words: error correction; fragment assembly; DNA sequencing; Eulerian superpath; merging transformation

) . ) ’

T.tengcongensis(TT)  T.whipplei(TW) , 86%
83% , 71% 53%.
; ;DNA ; ;
: TP391 A
DNA , read
’ [
CAP3 Phrap “ - - " , ,
, (23], , , , repeat
» Supported by the National Natural Science Foundation of China under Grant No.60273007 ( ); the ChinaGrid (

)
Received 2004-12-30; Accepted 2005-05-18

© R

http:/ www. jos. org. cn




194 Journal of Software Vol.17, No.2, February 2006

1995 ,Waterman,Myers , read

, (45 ,2001 ,
repeats (-8, Euler-Correction, de Bruijn

Euler Correction reads . reads,

.2002 2003 Arachne!®0

,Euler Correction , :

(a) : ,read , , g

(b) : read ,Euler Correction

(c) : read ( ), read ( ).

, Euler Correction

, Euler-Correction

1
11
read: , , DNA 4
ATGC
|-tuple: n read n-1+1 |-tuple A-tuple  read ,
I-tuple . . n=5 read“AGCCT”, 1=3, , I-tuple
{AGC,GCC,CCT}.
deBruijn  G(S): read S SH{RyR...,.R}, S S read
I-tuple . G(S)=(V,E).V G(S) V=S ,.E G(S) iE
E={ele=(uVv),eeS,uveS, u e -1 (1-2)-tuple,
vV e -1 (-1 -tuple},
G(S) de Bruijin . , . read G(S)
(G,P):G=G(9),P read
e S | P={PyPs..P} P read R G(S)
Erroneous —>' / : )
I-tuples S W T , / . , I-tuple
——— P I-tuple, e ; ,
T ——
o, LTI | |
) ) I-tuple, 1 .| l-tuple G(S)
Fig.1 Anerrorinaread affects| I-tuple
1 | I-tuple , 9 o
7 e f e f’ . , ,
(G,P), E(P)={ele ecP}. e,
e , GP),  YIEPI

© PEBREBALTU bt/ www. jos. org. cn



DNA 195

12

P (axy) ,
y .
( 3 )
e —>
% @;@v
Before transformation After transformation

Fig.3 The combination of x-y isan
equivalent transformation.

2 3 xy
X y ) ) ) Xy
1: a Y, Paxy:Paxy Px 3 ;
X' b, Px,y’b‘ Px’,y,b P*y 3
detach!®” , detach , ,
L xy , Xy T
: x-y . B4

!

>d| %< % ,
VRS

® @
Fig.4 Ingraph (1), the edge x can not be combined with edgey, but after we combine (edge c, edge a)

and (edge d, edge a), edge x can be combined with edgey in graph (2)
4 () xvy , Q) c-a da (2) xy

) : :

© DEEREBAAAIFUN bt/ www. jos. org. cn



196 Journal of Software Vol.17, No.2, February 2006

2 : : ,
m(e) e P
M, m(e)<M, e . mEe>=M, e .
(1) , X y ,
m(x),m(y) M .
2 , :
va ’ y’ € G! |Px,y| M |PX,y’|<M1 y' !y y’ ’ le
Xy , X eG, [Piyl2M  |PyeyI<M, X X X , X,y
] m(e) M , ,
e , m(e)<M, , M, :
, , m(e)>M, M
, Euler Correction ,
1.3
e, , :
I , . , e , : 5(a)
, X-€'-y XY . €, |P><,e,y| ) IPx,e,yl>M. e
e , P (x,€y) (x,ey).

(a) Ideal status 1
(a 1

(b) 1deal status 2
(b) 1

(c) The correct edges haven’t been combined together

(©
Fig.5 Threeerror correcting methods in different status
5 3

© PEBSFERSAIIFT hipd/ www. jos. org. cn



DNA

197
e . , e ; . 5b)
e x-€ X , e [Pxel . |Pxe”M, P (x,€)
(x,e); e e-y ,
read , reads ,
5(c) € e , (€,8+1s---,6-1,6) .
’ (aaa+lv---1ej—llq)1 | Px,g (E41re0€) 1,8 |> M ' (a!a+lv"'!ej—llq) HUple
¢ I-tuple A4 e ) 1 P
(x.e.y) (X.8,841,---,6-1,6,Y)-
6 € ) X y (¥ )y
, - m(y)>M.
3 , , X y
X-€'-y , z ,
Py > Py >
(€] 2
Fig.6 Solving error edge hidden problem through an combination transformation
6

14

@ ,

(b) e, m(e)<M, b
2
21

, read , read ,
T. tengcongensis(TT)  T.whipplei (TW) ,
DNA ; Sanger
I-tuple 28, ( EPC), Euler Correction( 1
EC) , 7 1

© DEEREBAAAIFUN bt/ www. jos. org. cn



198 Journal of Software Vol.17, No.2, February 2006
100%
EC
50% W EPC
0%
TT TW
Fig.7 EPC error correcting rate and EC error correcting rate
7 EC
Tablel Comparison of EPC and EC
1 Euler Correction
. EC error EPC error
Total read Original error Error count Error count : .
length count after EC after EPC RegT coly Cf’;:‘(’f)'/g‘)g Cf’;:‘(’f)'/:)g
TT 1610 878 5509 1599 760 2942 71 86
TW 7 724 433 33017 15516 5508 16 324 53 83
2.2
n read, LyLs,....L, L J-tuple T. ,
T=Y(L-1+D)=L-n*(1-1).
i=1
| 20~30, T=~L.
X Y, X y , ,
Xy ) , read, n
' o(n).
Xy ) ) n ,
O(n).
, , jIF T~L,
O(nxL).
I-tuple
) O(L).
gL 3 , read :
read )
3
Euler Correction , reads I-tuple, I-tuple ,
, I-tuple ,
detach

© rhEf

HOFIFFIT hetps/ www. jos. org. cn



DNA 199

Euler Correction

) . , Euler Correction.

read, read,

Haixu Tang

References:

[1]
[2
[3
4
(5]
(6]

[

[8l
(9]

[10]

Weber J, Myers G. Whole genome shotgun sequencing. Genome Research, 1997,5(7):401—-4009.

Huang X, Madan A. CAP3: A DNA sequence assembly program. Genome Research, 1999,9(9):868-877.

Green P. PHRAP documentation: ALGORITHMS. 1994. http://www.phrap.org

ldury R, Waterman M. A new algorithm for DNA sequence assembly. Journal of Computational Biology, 1995,2(2):291-306.
Boneld JK, Smith KF, Staden R. A new DNA sequence assembly program. Nucleic Acids Research, 1995,23(24):4992—-4999.
Pevzner PA, Tang H, Waterman MS. A new approach to fragment assembly in DNA sequencing. In: Proc. of the 5th Annual Int’|
Conf. on Computational Molecular Biology. Montreal, 2001. 256-267.

Pevzner PA, Tang H, Waterman MS. An Eulerian path approach to DNA fragment assembly. Proc. of the National Academy of
Sciences of the USA, 2001,98(17):9748-9753.

Pevzner PA, Tang H. Fragment assembly with double-barreled data. Bioinformatics, 2001,6(17):225-233.

Jaffe DB, Butler J, Gnerre S, Mauceli E, Lindblad-Toh K, Mesirov JP, Zody MC, Lander ES. Whole-Genome seguence assembly
for mammalian genomes: Arachne 2. Genome Research, 2003,1(13):91-96.

Batzoglou S, Jaffe DB, Stanley K, Butler J, Gnerre S, Mauceli E, Berger B, Mesirov JP, Lander ES. ARACHNE: A whole-genome
shotgun assembler. Genome Research, 2002,1(12):177-189.

(1941 ), s
,CCF ,

(1978 ), , :

1979 ), , ,

LRSI httpy/ www. jos. org. cn



	欧拉超路纠错
	问题定义
	动态分支构造
	替换纠错过程
	欧拉超路法纠错的流程

	结果分析
	实验结果
	复杂度分析

	总  结

