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Large-scale Parallelization of Exome Analysis Pipeline on K-computer
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Abstract: Exome analysis, which is a method to analyze only protein coding region, has been used in vari-
ous research fields such as a cancer genome research. Because of the improvement of a high-speed sequencer,
demands of effective sequence analysis on large computational environment have been increased. Genomon-
exome is a useful pipeline software for analyzing exome data but executable on only general PC clusters.
In this study, We attempted to implement the Genomon-exome on the K-computer using a Master-Worker
model task distribution framework implemented MPI. We also evaluated the scalability of the pipeline on

K-computer.
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Fig. 1 Genomon-exome, Exome analyzing work flow
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Fig. 2 Genomon-exome, using softwares
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Table 1 Concurrency on mapping process
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Fig. 5 Genomon-exome: Process work flow on K-computer
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Table 2 Requierd programming languages and K-computer en-

vironment
VB S REREE K-computer
C compiler fcc ver. 1.2.0
Java N/A
Python ver.2.6 LA I | python ver. 2.6.2
Perl perl ver. 5.10.0
R R ver. 3.0.1*%

BRI L e 200, Java OEFEREN (] OFHHK
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DT —H 2% 5 Genomon-exome (Z & 2 AT 1T AZL
PA ML F T — RARETH Y, BELI AT T A
DIFFTFERD =BT 2 Z LITHRF A TH L. 28I, E
BEDM A AN BT 29 THOWS R A DT —2 & »
~[13] 22 HAEEIC 1T 2T S (A (normal: ERX 135969,
ERR160121) & fEf# (tumor: ERX142229, ERR166339)
DZ 7 —4 (lung cancer sample) #iE‘A T — & % H
W5, LFORIIHEN LicT — % O #E 2R~
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Table 3 Exome dataset used in evaluation

small sample lung cancer sample
Type normal/tumor | normal/tumor
Length 100[bp] 100[bp]
Paired yes yes
Platform Simulated Illumina HiSeq 2000
TotalDataSize | 3,548[MB] 74,100[MB]
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Genomon-exome # AW T 5] ETx= 7 Y — AT D
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Table 4 Environment: Riken, K-computer
# nodes 82944
CPU SPARC64 VIIIfx [2.0GHz](8cores)
Memory 16[GB]
oS Linux version 2.6.25.8
C compiler | fcc ver. 1.2.0
Python python ver. 2.6.2
Java N/A
Perl perl ver. 5.10
MPI OpenMPI ver. 1.4.3
FUJITSU MPI Library ver. 1.2.0
JMS Parallel Job Manager
m MappingProcess(Total) = MappingProcess(BWA part)
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1200 1151
o5 1043 980 a59 997
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SR
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~

6 ~ v bEr7MHEOFETEM (small sample)

Fig. 6 Execution time on mapping process(small sample)

my_mergeAlignmentBam.sh | 22
checkLineSizeAlignmentBam.sh [ 203
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bwa_aln.sh | INEEEE 71

split.sh | 26
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B7 v~y ZREDZ X7 RIGFFATRE (small sample)

Fig. 7 Summation time on mapping process(small sample)
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Fig. 8 Execution time on mapping process(lung cancer sam-

ple)
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b AR SND T2, [RY TN D 2 AT
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BORY A7 OFFFETREH O 5 B 45% 03 W5 DR
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T, N TV ) — REUCE DR TR LIZRER,
%/ — RNOFATR DN T D ERH 27 F O X %
A= Ny RPER L7 2 SIS X0 TR I L 7=
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4.3.2 lung cancer sample DEHTEDOEITHER

8 1% lung cancer sample DEHTIZIIT D~ » B2 7L
HOGFFETRR L, 20O BWA Z2fH L~y B
Ty A7 (bwa_aln.sh, bwa_sampe.sh) 3 TIRFH]
Thbd. /—FEN=161Z% L TN =1024 TBWA IZ
KB~y B TEIEN 16.0 5, ARFEITIRFRIITN 1.14
fEOEHEILEER L TN D.

*7, 9 % lung cancer sample % N = 16 THEHT L
TBED X2 A BIEFFETRERTH D, KRE L TEFHZE
ITIFIC 31T B sam2orgbam.sh @ (5 5 A 234 29% &
KREnWboo, WHEDOREWZ A7 Th 5 bwa_aln.sh &
bwa_sampe.sh N 2ED 66% & KD Z HEDTNWD Z L
5, small sample OfFATREL U & RAFRAERIC o7 &5
Zbhbd.
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Fig. 9 Summation time on mapping process(lung cancer sam-

ple)

64
—e—Ideal

=@=MappingProcess(Total)

2 =®=MappingProcess(BWA)
16.05
16
Jaiy 8
aJ
T
i
T -
2
1.0 1.05 1.09 1.11 1.13 1.13 1.14
1d g > > s > ®
16 32 64 128 256 512 1024
A—FE

K 10 /— FEERCHT2EELOAT—F Y T 4 (lung
cancer sample)
Fig. 10 Speedup scalability on mapping process (lung cancer
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