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A LIRERT —H KT DALY ) M EITAREE T2 L2 HME LT, (D EERT I BRECSIFE
MR T LT ) X ADOEZ, (2)graphic processing unit (GPU) IZ L 2 @ l, (3) KEELEEEAZFH L=
FIFEATIZOWTHIET 5.

R L7272 BERCS & FE o Z LR BRI RBREN H Y, DI KB EEEEZ > Z M5
nNTWs., Zoizd, FHU LEEAOERZ WD Z LT U BOMELZ FHITHZ ENTE, 7)) L
HEURTEDOT ) BEES LT ARSI EE R T — X R_R—= 2O H N5 BT 2 BRECSIAR R SR
X, AmERETORB L 22 FELR->TND.

ITAF, DNA Bil%l % G I A3 T 5 DNA & — 7 U O BENHEA TS Z LI L0, ERFREIZIKED Y DNA By
WhZ2BDLZLENTELLIIT otz ZD72), KREOERIIEREZFF L2470 20 e v ) RN E £
STW5D. L, MEHOEMNLETE 2R IIZER: DNA BeH 2 HAT > THTT D X 2 7 ) LENTOSE
WHD DNA o — YR IT 5T NRBEVICHLRETH D70, ICRAVWONTETZRBRBEOEHWT
J BAFCFIFRIRIMEM SR T B BLASTX TiX, £ < OUEEEMANE L /25, Z D72, 7 2/ BRESIEEMERROE
AL OE L 72> T D.

(D) o@EERT 2 BESFEERZE T LY XLAORETIL, suffix array (2 & 2 AIERECFHI I E A=
TNIY AL T —ERX—=2ADEG LTI T AZERERN T NVTY XAEREE LT, Suffix array IZX 5
AR XTI A W=7 3 ) AT, USRI ORI 2 EYEIZ LT o = ) O STFHI ISR
TAREKRLFINOE S HZEF L, BLASTX K0 LN E WY TSIz @I mBET 5. S5, 7=V &
T —HAR—=ZADMJFTT —Z L LT suffix array Z VW5 2 & T, #HERIHB T 285 CFANCEE L TiLE
LOTHRBEEITH. ZOT7 /NI Y X L% GHOSTX & LTHEEL, MR AENSLTEDORA X7 ) 2OT—2 % H
W BLASTX &Ll L7 & 2 ARRHI 165 fE O E M EnEon b Z 2R Lz, F, T— 2 X—ANELXE KR
L TNDDITENTTE RS ST LTS, ZONERES TFEINCH L CRhRN 727 I/ LY
FIMRBEIT I 12012, T—F_X—=ZADEHXFINETH I TAZ ) T LTEE, 2077 AXERE, XF
FIRIIEEEC RS9 2 = AR EREZFH U CEEMAR A a 7HE 21T ) BIEAHIR L CTEdb 27030 R ARERE
L7z, ZOT7NAAY Rh% GHOSTZ & LTHEEL, BEOAXY ) AT —F % T GHOSTX Ll L= & Z Ak
KR 2 fEoEEM ENESNDZ 2R LT

FIRRT 2 BRECSIFEREPERRZE 7L T X ADIRRERITIN Z, (2) D GPUIZ & 5 & b T, GHOSTZ o7 /L =Y X
LZEFIZ LT GPU & AW THRE Z1T 9 GHOSTZ-GPU % BA%E L7=. GHOSTZ-GPU |X GPU D AE Y 7 7 & A D b=
CPU & GPU OFERME OFIHIZ L Y, S 525 Ems b Z1TVy, 12 CPU threads & 3 GPUs ZFH L7854, GHOSTZ
@ 12 CPU threads FIHEF L 0 bR TREOHE R ENXGOND Z EEFEBEORA LT ) AT —HEHNTURLTE.

F72, ) OKRMIBEHEM AR L= 55T TlX, Message Passing Interface MPI) ZF|f L, L L7-EHE
TR BERSIFRIME R 2%k ) — FETHEITARES Lz, EBEORA X7 ) A5 —F % FAT TSUBAME2. 5 @
128 /— RZFIHALTEBR L& 2 A, BLASTX & MPT 12 X - CTFHI91T9 % mpiBLAST & kb, GHOSTX & MPT 12 &
- CAFHNFELTT 5D GHOST-MP 1349 89 5 DEE M LG oND Z & /R L. ZHUC LY, TSUBAME2.5 <2 R 72
COAR—NR—arEa—XEFHAL, KEKZ2T =2 %R UzEd# 27 2/ BRECAIFIRIPER RS FEAT AT HE & 7
>7-.

AWFFENC LB D DNA > —4o 0NN T2 8T — 2 2RI LT KRR A 2 7 ) MM FIREL 720, B
BEh oA OREER TR & & FENCHT T B 72O OB R Y — L E LTEL A ENS Z E s n
5.

%« FRSCEE BRI, FI3L 2000 2 & 9532 300 354 1 M9 ORI 572, b L<ITTEL 800 5% 1 FRH L T 723wy,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).

HE  ASTE R, LRI —FURTN (T2R2) (12T Z— Ry MARIIET O T, AR ATRERHIPH O N TIERL TIZEW,
Attention: Thesis Summary will be published on Tokyo Tech Research Repository ~Website (T2R2).




(5 L3Fe)

Doctoral Program

wm X EE

THESIS SUMMARY

B Sl s HREhr FUody) © it .
Department of p+ﬁl% EIQ Academic Degree Requested Doctor of (I%)
FERA fREHE (F) :

A feE NI S

Student’ s Name Academic Advisor(main)

AR () -

Academic Advisor(sub)

S (FEIC 300 GEFEEE)
Thesis Summary (approx.300 English Words )

Sequence homology search is an approach for establishing structural and functional similarity with existing
genes or proteins using a variety of databases containing a large number of DNA and protein sequences
and the associated biological information. Sequence homology search is used in metagenomics. However,
because of improvements in DNA sequencing technology, the volume of sequence data and the number of queries
used in this analysis have been increasing rapidly in recent years, and the speed of sequence homology

search has become insufficient.

In this dissertation, we propose fast protein sequence homology search algorithms that can be applied
to metagenomics using the latest DNA sequencing output. We used three approaches: development of novel
protein sequence homology search algorithms, acceleration of protein sequence homology search with
graphics processing unit (GPU), and parallelization of protein sequence homology search using modern

supercomputing environments.

We propose a novel protein sequence homology search algorithm that finds similarities between a query
and database sequences based on the suffix arrays of these sequences. We used a subsequence search method
relying on a similarity-based optimal length. This algorithm designated as GHOSTX provides approximately
165 times faster protein sequence homology search than BLASTX in the analysis of metagenomic data. In
addition, we propose a novel protein sequence homology search method based on database subsequence
clustering, designated as GHOSTZ. This method clusters similar subsequences retrieved from a database
to reduce alignment candidates based on triangle inequality, and its performance in the analysis of
metagenomic data is approximately two times faster than that of GHOSTX.

In addition, we applied the GPUs and massively parallel computing systems, TSUBAME and the K computer
for protein sequence homology search and show that these approaches provide a significant acceleration
of protein sequence homology search.

DNA sequencing technology is constantly improving, resulting in generation of vast amounts of sequence
data. This explosion of sequence volume makes computational analysis with contemporary tools more
difficult. Here, we offer the algorithms, which may provide a potential solution to this problem.
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