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Improvement of a fast homology search tool
on GPUs with suffix array

SuuJt Suzukl, ! TakasHr IsHIDAT!
and YUTAKA AKIYAMAT!

We had developed a homology search tool for metagenomics as GHOSTM.
However, the tool is designed for a search for short query sequences, and unsuit-
able to search for long query sequences. Also, the tool uses the same number
of CPU cores and GPUs. However a node has more CPU cores than GPUs
on most of computer system. Therefore, GHOSTM does not utilize the all
resources of a node. To solve these problems, we improved the previously de-
veloped system, which uses suffix array for the seed search, and accelerated the
seed extension part based on Smith Waterman algorithm by using GPUs cal-
culation. As results, the tool can use all calculation resources of a computation
node and efficiently works even for long query sequences.
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SeedSearch(wg, wq, mazxScore, sscore) R

1: if |wg| < Limaee then

2: for allce ¥ do

3: w; <= wq + ¢

4: sp,ep < SASearch(SAq, wy)

5: if sp <ep then

6: mazScore’ < mazxScore + Slc,

7 for all ¢ € ¥ do

8: wh <= wq + ¢

9: sp’,ep’ < SASearch(SAaq, wy)

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
%

03 00000000000 suffixarray 000000000000 seed 00
Fig.3 Search for candidate positions of optimum alignment using suffix arrays for queries and
database
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Fig.4 The maximum width of extension
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Fig.5 The flow of processing with CPU only (above) and CPU + GPU (below)
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01 1thread 00000 (sec)
Table 1 Computation time of 1 thread(sec)
ooo Solexa L500 L1000
0000 0000 (Ts=24,D=4) 1thread 1,565 16,549 38,273
0000 0000 (Ts=24,D=4) 1thread + 1GPU 1,711 10,538 22,583
0000 0000 (Ts=30,D=1) 1thread 329 2,994 7,524
0000 0000 (Ts=30,D=1) 1thread + 1GPU 274 1,547 2,918
BLAST 1thread 36,641 353,743 749,265
BLAT 1thread 799 6,370 13,240

0 2 12thread 00000 (sec)
Table 2 Computation time of 12 threads(sec)
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0000 0000 (Ts=24,D=4) 12 threads + 3 GPUs 232 1,544 3,082
0000 0000 (Ts=30,D=1) 12 threads 105 360 757
0000 0000 (Ts=30,D=1) 12 threads + 3 GPUs 85 310 557
BLAST 12 threads 3,627 33,855 72,251
BLAT 12 threads - -0 -0
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Fig.7 Speed up ratio Compared to BLAST(1 thread)
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Fig.8 Speed up ratio Compared to BLAST(12 threads)
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