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A}}STMOT. In this study‘we propose“"aﬁexact method that finds all similar pairs from a string pool in terms of edi
istance vnthout any duplication on small memory in O(N). Using an efficient pattern growth algorithm, our metho
iscovers chains of common k-mers to narrow down the search. Compared to existing methods based on single k-mer, ou
method | is more effec‘g'we in reducing the ggl_xfhg: of edit distance calculations. In large short read datasets, our metho
as -20-3000 times faster than the state-of-the-art method, BWA.
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Due to the dramati¢ improvement of DNA sequencing, it required to

Problem setting

Given n strings of similar length (maximal length —minimal length=d),
§,yuSy, the task is to find all pairs whose edit distance is at most d,

evaluate sequence x among a huge amount of fragmmt se-
quences such as short reads¢ Finding similar pairs from a string pool is an
important first step for many biological sequence analyses.

In this work, we would like to address the problem of enumerating all

E={(, )| EditDis«s,,s,) <d,i < j}

neighbor pair in a large string pool in terms of edit distance. This prob- ——
lem is conventionally called “all pairs similarity search”, that will help ... :i —
» Shot reads analyses Input:Stringpool (s1, ... ,sn) s, E—. Output: similar pairs
- preprocess of de nove assenmbly
- Clustering reads. (e.g. online tree construction, greedy clustering etc ...) ({152}, {51, stool, {s2. 510}, . )
P genome analyses Sn-2 I—
- Repeat analyses Sn-1 I—
- Sequence pattern analyses etc... SN -<-_>
d
MethOd cesecscscesscscscscscsscssecsons ceecscscscscscsecesscscscses cecececssesscscscscsccncnns .......
—_— Typical k-mer
Strategy of SLIDESORT N %} comparing — -
Like other method based on k-mer matching, SLIDESORT finds com- = \5 E-:,} J— —
mon substrings and verify the matches. The key idea of SLIDESORT is g~ 7 W s PR
to find longer common substrings to narrow down search space. f— ‘:-:'}
We developed an efficient pattern growth algorithm inspired by multiple - —————oulstrategy
sorting algorithm (Une 2008 PAKDD). T comparing i
—
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Theory of SLIDESORT

How SLIDESORT can find longer common substrings? Given two se-
quences that are divided into k+d blocks, If edit distance of the two se-
quences is at most d, there exist at least k blocks that are the same string
patterns between the two within slide width d/2. Based on this theory,
SLIDESORT regards concatenation of k blocks as a common substring.

. Bock ® @ @& @ ©®
GCT

GTAI= s1 AT|GCT|AGC|GAT|ACT
E]“ s2 AT|GTA|GCT | GAT|GCT

Algorithm of SLIDESORT

A pattern corresponds to a sequence of substrings. The space of all
patterns is organized as a tree and systematically traversed. SLIDE-
SORT uses radix sort to find equivalent strings in pattern growth.
yiel y22
s1,p=(0} ATA XITCATAD
52,p={1} ATA ~ me—)
s p=§1) TAT xietarn)

d=2, wi=w2=w3=3
123456789 -+

s51,p={0,0} TAG X2=[(“ATA"1),(“TAG"2)]
52,p=(1,-1) TAG memmmp
s1,p={0,-1} ATAX

s1,p={0,1} AGC X2=[("ATA",1),("AGC"2)]
52.p={1,0} AGC

s2,p={1,1} GCT X

5,p=(10} TAG
52,p=(0,-1} TAG

s3,p={1,0} TAG %

55, p={L-1} ATA

s3,p={1,-1} ATA %

s, p={L1} AGC .
s2, p:(0,0) AGC X2=[(“TAT™,1),(*AGC"2)]
s,p=(1,1) AGC

10
combination

S1
S2

blockM. @). @ are identical.
three (D -@. D-@. @ -@) out
of the ten are found, by checking
string pattern of selected 2 blocks

s1 GAT|ACT

s2 GAT|6CT with slide width d/2. PO} GoT ¢
d=3 d=5 2 10 Dataset from NCBI SRA
2843 4E+4 285 o~ 8 e ERR1081 : Read length 51
163 3644 o ® L e %+ Allto All SRR020262 : Read length 87
> 2E+4. & 8 - -k c i i
8 S5E+2 1644 S5E+4 o E R ===+ k-mer/nonredundant Implemented by C++
o om0 L3 0E+0 L 0E+0 L8 e § 1646 - s s (ke1) Linux PC with Intel Xeon X5570
£ 1E+4 1E+5 1E+6 1E+7 1E+4 1E+5 1E+6 1E+7 1E+4 1E+5 1E+6 1E+7 V5 1ES —8— SLID-S (k=2)
|:—> Jers aers . _ 5 e Gos(ey  ceeeesessesssssecccsiaaans
SRS 364 1E+5 ko) 'E 1643 = sUDS (k=)
© 2604 2 E} —— 5D k=5)
5E+2 1ea SE+4 T Z a2 -
8 Neighbour pairs
OE+0 0E+0 - OE+0 - 1601
1E+4 1E+5 1E+6 1E+7 1E+4 1E+5 1E+6 1E+7 1E+4 1E+5 1E+6 1E+7 /25 3/12 5/8 7/6 1/43  3/21 s/14 7/10 ) :
] SLIDESORT is available
Number of short reads —o— SLD —¥—BWA —i— AllToAll Edit distance threshold / k-mer length fro
N . . . rom
. X Comparison of number of candidate pairs. The evaluations were done on 100,000 short
Evaluation on two types of short read datasets. The graphs mainly compares reads. The proposed method was examined with k=1,..,.5. 'Neighbor pairs' represent the www.cbrc.jp/~shimizu/
performance difference in size of the dataset. actual number of neighbor pairs in data. 'k-mer/nonredundant' and 'k-mer/redundant' 5|ide5°rt/

represent two variants of the single seed method.

Application

SLIDE-S BWA AllToAll
One of an application of SLIDE-SORT is constructing a tree. d oo iime  Seereh fime
The right graph is a minimum spanning forest of 112,995 short 1 o053 Az s 873146 tecestsecentetcetcencancns
reads that was generated by processing a pair of sequences (an g - 25 D ——
edge) one-by-one Most of the case, computatlon time of each . : ) - This work is supported by Grant-in-Aid for
process is smaller than interval time to find next pair. S 2064 219 19697.67. 38179:5 Young Scientists (22700319) of Japan
7 131.88 2.51 10161.15 50922.8 Society for the Promotion of Science.
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