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Abstract

Sequence alignment which maps DNA sequence fragment into reference genome sequence
composed of 3 billion nucleotides is basic and fundamental problem in genomic. With the advent
of next generation sequencing(NGS) machine and developing the technology, the researches which
can fast and accurately align a large amount of short reads into reference genome have been
studied. Because an alignment method has to map short reads into reference fast and accurately,
both of speed and accuracy are major factor. However, they are in the trade-off relation and it is
difficult to make an algorithm which satisfies both two factors. In this paper, we propose the novel
hash method which can present the genomic fragment composed of A, C, G, T and N with prime
number. We also propose the clustering approach which can consider the mis-match and bit
transformation approach for enhancing alignment speed. To verify the superiority of our method,
we used the real genome sequence published by NCBI as a reference data and obtained the
simulated data from that. We compared the performance with BWA algorithm using the simulated
data. The results showed that our method had higher accuracy and lower error rate than the ones

of comparative method.

Keywords: Next Generation Sequencing, Genome Alignment, Hash Algorithm, Bit Transformation, Twin Prime, Cousin Prime, Big Data,
Pattern
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A c G T N A

C G T N
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(RERN| (AND)
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N

o] Ae HZEE fEA 2 AFelAE
NCBI[19]°14 Al-&%+ hs_alt_HuRef_Chr21 &4}
A(31.4M byte) 5 #HA2 AJFAE AMESACH
A3 Mule] AYe 2.0GHz Intel CPU, 16GB
memory ©|3L OSEE Windows 7= AH&-3}3IT}
AEe 93k HAE = SAMtools[20]9]
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Number Set Bucket Collision
1-2-3-8-9 257 465
1-2-7-8-9 257 465
1-3-4-6-8 222 678
1-3-5-6-8 222 1,143
1-3-5-7-9 120 1,143
2-3-4-5-6 129 678
2-4-6-7-9 222 678
3-4-5-6-7 222 1,143
4-5-6-7-8 129 1,143
5-6-7-8-9 129 1,143
(Collision)
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30

0 Prime
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20
15 4
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5 | “l
. Il
2 3 8 5 6 7

(H—|“EI_|:)1 & 9 10 11 12 13 14 15
(Collision Depth)

s 94 48 23
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SUM 35,961,112 49,397,096 77.204722
. [Range of Percentage)
129. %ﬁ
E: aa 02
| 14 B2
| % B3
0% 1| :
51200 016713

{Range of Collision Depth)

(238 7] 2228 gHolgd T3 43 243

4.5 ol= gl Bl=o SAmjA] 3 ZejxH |

o]

3w A

A WA AP o= ARbe=

DR E RS ESTES

i)
[
il
o
oo
ol
ol
2
ol
ok
ot
i)
12
ok
o
=2
>
i)

f
__n'l_‘((
o,
e

fze

W3&3 oFEolA BWA Bt

=Y 2714 @Aste] BWA
24, 28, 32 basesoll
T2 A7

&

=8 [% 219 (29 8] 24 249 28

basesi= BWA thH] exact mapping®] 50% °]A &=

gkom 32 basesol| A= 28] o)A} U] e
t}. &3 BWAoI A= gl=9] 7] what
| B AsHA Yehda glon,

hy2 o]
vajﬂr 9—%‘5

= 0 O
LEEs



48

glo]Eje|o] AN A|28H A|25(2012.8)

[£ 2] =] Qie Y=o SHna] T Ze2H dHold B43 BWA Hm
Single 24bpread 28 bp read 32 bp read
. #of mapped  # of exact , #of mapped  # of exact . #of mapped # of exact
Time (5) read mapping Err (%) Time (s) read mapping Err (%) Time (s) read mapping Err (%)
BWA 234 001617 4598342 3363 2812 001611 468,863 3272 3139 001462 951193 4.06
Prime 56.41 002036 937690 355 3361 203084 966401 269 5440 003148 973109 202
Cousin 3089 000056  937.49%0 355 5146 903084 966401 269 5414 003,148 075,100 202
Twin 3019 002036 937690 35 in 003084 966,401 269 404 903,148 973,100 20m
60 993,200 1,000,000 -
55 -)__.*____L______;._n 993,600 — >
e e
T el oo
30 ) e d ggggg +P”"""T ) 700,000 Cousin prime
5107 Lo o LI g | T
ig Cousin prime S50 et 500,000
5 Twin prime 991,200 —
- . 991,000 400,000
Time(s) 24 28 32 M# OfEd 24 28 32 Ei oft 24 28 32
Ifé)ar‘::l Mapa;ing
[2¥ 8] xo|= & T=9 SHWX + Z22F HolE 47 BWA H|&
[ 3] o2 gle F=9 E82H HeolE §43 BWA Hu
Single 24 bp read 28 bp read 32 bp read
. #of mapped # of exact . #of mapped # of exact . #of mapped # of exact
Time (s reads mapping Err (%) Time (5 reads mapping Err (%) Time (s) reads mapping —_
BWA 254 901617 430842 3363 282 901611 468863 3272 3139 901460 931,193 406
Prime 138192 002956 991936 0 76379 003084 903084 0 1037 0031438 903148 0
Cousin 63397 002956 991936 0 4303 003084 903084 0 M43 0031438 903148 0
Twin 53923 002956 991936 0 4202 003084 903084 0 32039 0031438 903148 0
1600 n 994,000 1000,000 - - "
gel N T g 7
rime ’ 900,000 - /
1300 o 993200 ——8WA
1100 cousin prime 53000 —_— 800,000 - —=—prime
1.000 Twin prime 992,800 TBWA i ;
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300 soLe00 Y 500.000 - R,
200 991,200 *
100 -— 991,000 400,000
Timels) 24 28 32 M:chEd 24 28 32 ;aocft 24 28 32
Read Mapping
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[E 4] =o|2= gle F=9] AR F Z22H HolE 943 BWA vlu

Single 24 bp read 28 bpread 32 bpread

#of mapped  # of exact
reads mapping

#of mapped  # of exact
reads mapping

#of mapped  # of exact

Time (5 reads mapping

Err (%) Time (s) Err(%) Time (s) Err (%)

BWA 139 140051 64312 35632 13.03 106434 48284 3463 1534 15750 70123 143
Prime 106932 T14.667 683,941 402 420 624062 606,133 287 3204 335,165 523368 22
Cousin 28638 114667 683,941 402 13696 624062 606,133 287 1489 335,163 323368 22

Twin 2102 114,667 683,941 402 17361 624062 606,133 287 1451 335,165 323368 He

1,100 -+ n 800,000 -~ 800,000 -
1,000 - ) —+BWA
200 —8— P
o | . e oo | \ 600,000 -
700 1 ™ Cousin prime
\ Y
600 - Twin prime BWA —*— BWA
N 400,000 | —=—prime 400,000 |
500 A | —E—-Prime
a00 | — Cousin prime Cousin prime
300 = 200,000 Twin prime 200,000 - ——Twin prime
200 | —_— — .
100 +* —— .
. # of 24 28 32 # of 24 28 32
24 28 32
Time(s) Mapped Exact
Read Mapping

[2¥ 10] xo]2 Sle =9 SAvA] & FH2H HolE B3 BWA Hla

[£ 5] o] Sl& H=9 Zel2F HolE 43 BWA Hlm

Single 24 bpread 18 bp read 32 bpread

#of mapped  # of exact
reads mapping

#of mapped  # of exact
reads mapping

BWA 139 140051 64312 3632 1503 106434 48284 3463 1334 15,750 70125 743

#of mapped # of exact

Time (5 reads mapping

Err (%) Time (s) Err (%) Time (s) Err (%)

Prime 1332.44 T14667 700249 202 37909 624062 613886 163 37260 535165 527519 143
Cousin 43379 TI4667 700249 202 2413 624062 613336 163 180.77 335165 527519 143
Twin 336.28 T14667 700249 202 22753 624062 613,886 163 176.06 335,163 527319 143
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