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ABSTRACT

large genome data have been exploded recently. To analyze such data effectively, the

assistance of HPC technique is necessary. In this paper, we organized a genome analysis pipeline to call SNP from NGS data. To organize
the pipeline efficiently under HPC environment, we analyzed the CPU utilization pattern of each pipeline steps. We found that sequence
alignment is computing centric and suitable for parallelization. We also analyzed the performance of parallel open source alignment tools

and found that alignment method utilizing many-core processor can improve the performance of genome analysis pipeline.
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A FHA A S F NGS 7]e9 2ax d&F F4A4 vold L4 dig e77F Soistsirh. NGS dlolEe t8Fe diAd
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A B4 ol melg PEAYTE 7 B4 wAlel CPU o848 BAS Fa) B4 Wi T AL Y woAsl 2 2919 vigo] A %
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IIHME:NGS 24, MY HE, 145 AFE, M58
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7t DNA #|So] digt #Halo] Zols)a thakst fa4 54 gEoRe] dde 99E ez Udiddh ol we
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LA e oz el 2[10038768, frdAl BAE ¥ ETFE o o o1 -
NES-I ) CNV(Copy Number Variation)s< 2& & dth 24
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A 3 j{_:d#ﬂx{iﬂd—ﬁ% u}o}gg]gngggyg ENER A golZepele FHA B4 erzqoﬂ EgE e JAH 2
T A g 9 JAHEA 9] o RITGTe LA _
AN B 1 BE o BB btk R N &g 9 $4e Jae QoE, ¥4 B0 ue A4g
””* :3;;;;;;31: e sk 4, Mol 3E, TR 2 gUd FAdsR PAED,
A 9013 20139 19 249 gH GPU, MICS} Z2 vlyzo](Many core) ZZAA
AAbeEE 120134 19 249 il e o .
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SNP Calling

BAM Converting

samtools samtools

BWA, SOAP3-dp

Ref. Sequence Short Reads
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S bwa flagstat vefutils,
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|
J soap3-d|
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Fig. 1. NGS Analysis Pipeline
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#1/bin/bash
REF=/home/hyj/Datasindex/chr2l/chr2i. fa

4. begin samtools index"
== 4.1. begin samtools index"
bam
4.1. end samtools index"
4. end samtools index"

echo —= 5. begin samtools flagstat"
echo == 5.1. begin samtools flagstat"
time bam = readi.ban. flagstat

5.1. end samtools flagstat™
== 5. end samtools flagstat"

in samtools mergefindex"
readl.ban read2.ban
~bam
6. end samtools megefindex"
7. beg:m samtools mpileup variation:
rged.bam | bcftools view -bveg - > read.beof

-0 158 = read.vcf
nd samtools mpileup variation®

= begin samtools mpileup oversll”
time samtools mpileup —C58 —gf $REF read  merged.ban > read. all.bef
tine beftools view read.all.bef > read.all.ve

ho Mommemteiom oD samtools mp:lleup overall"

Fig. 2. NGS Analysis Pipeline Script
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@A CPU ¢ &&& FA43% A3+ Fig. 49 2t 35bpY
36154877 YAAMEE 450MBE  TAE  BGI(Beijing
Genome Institute) dlo]E o] tis] (a)xAd A2l (b=
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Fig. 3. NGS Analysis Job Manager
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AMde] dolel A delH g wE Ad 48 4%
H3lE =487 98] SAM Toolsell A #&38t= wesim &
TE o]&3te] Table 13} #Zo] A|EHIA A4 HolE&
skl A9 ol 50bp, 100bp, 150bpel™ F 714
do] Zoli= Ztzbe] dis) 200Mbpet 2Ghp F 74 A7E
T €Tk

H
o
g

3, AA RIZE FHA dlelEd] W de A4S 9
3l PGI(Personal Genome Institute)2] Human Genome Hlo]
HE AMESISh o] dlolElw 7/ #lddlA FE¥ 90bpe
77N 471 #(paired-end) & 642= Table 29} 2°] T4
Hrh. sA Aoy E AHstr] g FERAELS 293GB
°] NCBI hgl9 44 tlolelE Al&3a3itt.

Ado] Abg" MW Intel Xeon E5640 2.67GHz, 48G
wEelel 2719 2TB HDDZ T4 = 1lem GPUE NVidia
Tesla C2070& 27] &3l Utk

Table 1. Simulation Dataset

502 1001 | 150,066 5020 10010 15066
Num. of Seqs. | 4000000 | 1999.9% | 1333338 | 40,000,002 20000002 13333338
Seqs. Length | 30 100 150 ) 100 150
Total Length | 200Mbp | 200Mbp | 200Mbp 2Ghp 2Gbp 2Ghp




Table 2. Human Genome Data of PGl
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Table 4. Experimental Result of PGl s__1 Data

sl s .3 s4 ) s bwa
Num. of Seqs| 1092552 | 10590048 | 14384412 | 16031772 | 146TI008 | 137709818 Num. of Thread | 1 | 8 | 16 | 32 | Pamacuda fsoap3-dp
Segs. Length]| 15295711680 | 14363284301 13894397 080 144285480 13209307 560] 12,398 883620 Time(min) | 1057| 281 | 229 | 226 | 450 49
File Size 3H4GB 332GB 321GB 334GB 305GB LGB Performance ratio| 1 | 3.76 | 461 | 467 2.34 21.57

42 MY HE M5 24
NGS M¥E AE HrFE ¢8 BWA 061, Barracuda
062, SOAP3-dp 225 A}&3l¥ o™, Table 32 AlEHo

>

|
A dlojefo] it Azl ¥ P L P &S 4T
Axteltt, BWAE 16719 dHEx =R Asign
SOAP3-dp= ©IGPUE A&atidh 3t oA
BWAE 50bp¥ wl 132%oA4 150bp¥ w 142%= Z7}3
wh - SOAP3-dpE 152%0A4 118% &, Barracuda®™ 43901
A 21522 AT F ALY A7 sdd A&l A
BWAS| 8zt AHdY Ade AFrnt Ade] 2o
of 9gke | W= ¥hH Barracuda$t SOAP3-dp= A <9
Agel o dFS v Aow gokgtt i Ade] Zo]
7F &3 F Ad 37178 AL 4% CPU 7|Hke] BWAZF wh
2y, A delrt da & Ade] Azt & 44 GPU 7
Hko] SOAP3 ¥ Barracuda’} © w2A4Y /AEH = S5
Hol=tl, o] GPU %7]8 % ARl HAlF 522 Q3 &
W =7F 212 dlolHd e FdAIzt 2 HFS 24X
7] o ® Aotdnh vigEe Al 2wl A 98% o]Ate]
qess Bolon, BWAY 4 9% oldo = LAashA <t
B9 A5S YeEr

Table 3. Experimental Result of Simulation Data

02 | 1000 | 150066 | 5020 | 10010 | 15066
b Time(sec) 132 140 142 1202 13% 1403
Wa
Mapping rate | 910 | 9951 9933 995 9969 995
Time 439 8 15 4405 2141 2182
barracuda -
Mapping rate | 9948 041 913 %48 042 99.13
Time 152 18 118 615 49 b
soap3-dp - —
Mapping rate | 9827 Ry 011 RB.2% R 911

Table 4= 17GB¢] PGI s_1 dlolge] tjg APz =
4 Adoltt. BWAY A% HEzHY g B4E 94

KR

2= Fo w2 FPAZ WeE 4890 1 A9 16
el ~u=S A3 BWAZF 220802 FHA FaA
Hyom o]fo] Ayt Frte] mE AR W7t min|
o 16 2H=d o HY 73 J5& Holv FoF ddt
At} Barracuda® @Y 2~dE=E ALE-3 BWA HlE 2.34
W wE 3 eSS B, SOAP3-dpe ©¢ ¥ =
BWA® ula] oF 21574, A<l HE]~g= BWAS| djsf
A779) w2 S8 TS B AT Barracudat AE A Ho
GPUWHS Alg3le= ¥ soap3-dpe CPUSF GPUE EF
g8t 52 Aes UEe o2 e

AHE-E=GPU el o Ao WskE 54317 9139

671 S WY GPUZ olg3te] wAHoR 4AF A3
3} 3714 270 GPUSl Alo] AEs Askel A HSAM

Table 5. Experimental Result of SOAP3-dp using Multi-GPU

Num. of Time(min)
GPU s_1 s_2 s_3 s 4 s_b s_6

Total

1 30 | 33 | 4 | 4 | 29 | 31 | 213
2 | 40 | 53 | 47 | 4 | 38 | 137

AZHAIZE A 91)2 Table 59 2t} ths GPU AHE Al 71
shde] APt ST e WER FYchs &
= ]l oF 1.55u) o) AAIRE &= gakE Bl

5 2 B

2 ATedME 1T AFY FAAM e KA &
A 99 FAA 24 gzl s FHekal sholxedl
of 7z wAE A} A LAtk 1 A3 MEdE
@Al CPU ol-g&o] B #sdel Hla] zol WEstdl 3
g Zlow BAFHNen, off wgor ¥/ Ad HE Al
25e Ao THF A o] ZRANE 283 A
d A4 7|Hel 7P mME dTE Roli Sle AR 3o}
A0tk oS Fol Al 24 ool mjvsiel 7]&9
48 7hedE AT 4 A%lew, ETRIOIA /i F<1 o]
71% Wyl ZRAA uke] FHAFE AlAFe] Ikt
FAA EA 718 = e Ao AlRdE

A AA solZeil T HEFE dAN WA} 7]
Agd Asolv we dite] aHE vddrIvEd A
B FEHY Solk viyzo] 3 ugFao] yute] yHs)
Zleg ALtk Hoh we At fxA 4 das
ds T UE Aol
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