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Development of a fast homology search tool based on FM-index

SuuJ1 Suzukl, ! TakasHI ISHIDAT!
and YUTAKA AKIYAMAT!

In recent years, a lot of biological sequence data can be determined easily and
the size of DNA /protein sequence databases is increasing explosively because
of the improvement of sequencing technologies. However, such a huge sequence
data causes a problem that even general homology search analyses by using
BLAST become difficult in terms of the computation cost. Therefore, we de-
signed a new homology search algorithm that finds alignment candidates based
on the suffix array of queries and the FM-index of a database. As results, the
proposed method achieved about 10-fold speed up than BLAST.
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T=abracadabra$

Suffix Array Thowt
0: abracadabra$ 11: $abracadabr|a
1: bracadabra$a 10: a$abracadab| r
2: racadabra$ab 7: abra$abraca | d
3: acadabra$abr =k 0: abracadabra | $
4: cadabra$abra 3: acadabra$ab| r
5: adabra$abrac ‘ 5: adabra$abra | ¢
6: dabra$abraca 8: bra$abracad | a
7 abra$abracad 1: bracadabra$ | a
8: bra$abracada 4: cadabra$abr|a
9: ra$abracadab 6: dabra$abrac | a
10: a$abracadabr 9: ra$abracada | b
11: $abracadabra 2: racadabra$a | b

0 1 Suffix Array 0 BWT OO
Fig.1 An example of Suffix Array and BWT
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FM-indexSearch(P[1..m], T*"*[1...n])
1 i&<=m
2. sp&=1
3 ep<=n
4: while sp < epand (i > 1) do
5. ¢ < PJi]
6. sp < Cld] + rank. (T, sp—1) + 1
7. ep <= Clc + rank. (T, ep)
8 1<=1—1
9: end while
10: if ep < sp then
11: return PO0OOOO0O
12: else

13: return sp,ep

14: end if
\_ J

0 2 FM-index 0000
Fig.2 Search using FM-index
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Search(wg, wa, maxScore, sscore)
1: if |wg| < Limae then
2: for allce ¥ do
3: wy <= wg +c
4: sp,ep <= SASearch(SAq, wy)
5: if sp < ep then
6: mazScore’ < mazxScore + Slc, ]
7 for all ¢ € ¥ do
8: wh <= wg + ¢
9: sp’,ep’ < SASearch(SAq, w))
10: if sp’ < ep’ then
11: score’ < score + Slc, ]
12: if score’ < Ty then
13: sp,ep,sp’ep’ 00000
14: return
15: else if score’ > maxScore’ — D and score’ > 0 then
16: Searh(wg, wy, mazScore’, score’)
17: end if
18: end if
19: end for
20: end if
21:  end for
22: end if
J

03 0000 DBO Suffix Array 0000000000000 0OOOOOOO
Fig.3 Search for candidate positions of optimum alignment using Suffix Array for Queries and DB
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Fig.4 Number of queries vs. E-value for the DB for Case sensitive matching(10,000 queries)
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01 pdbaa 0000D0D0D0D0DDOO (sec)
Table 1 Calculation time using pdbaa(sec)

oooooo BLAST 0OO0OO ooooo
10 1 1 1.0

100 14 8 1.8

1,000 149 76 2.0
10,000 1,545 689 2.2

02 nr-aa 00000000000 (sec)
Table 2 Calculation time using nr-aa(sec)
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Fig.6 Speed up ratio (Compared to BLAST)
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