e 2l=o 8AA Mg 7IgteZ st CNV dM ¢e|s 661

DOI: 10.3745/KIPSTD.2009.16D.5.661

aan

O
07
El}
o
OHt
lg—y
Ho
Rl
‘il;
N
<
Z
o
07
ro

2 o

17kl FAA MAoe fFAA G9ukEE(copy number variation, CNV)E ¥3+8}= tjokst f424 Fzx Wol(genetic structural
variation)”} EAI8HH, ol& 7ITH oz AW it A, Azl gk v, A 54 T3 dAE #Rlo] gtk B =ielAE 7|7t Al
A (giga sequencing)] A¥} A& dlFe] #-2> Zoje] DNA AMd H]O]H;é o] &g MZE CNV A WS Agtatt. Algtshe ity
ol M= A A2 @2l DNA Mg dolElE XY FEAIA Z- bz Adz 9o digt A4 dlolge 28 Nx ARE 9L 5,
S8 T AR HuE 2] TAH FGE 2= lkbp ol 1 FAE ONV TR JYgor FEHer) ek Aokd dugss &
X o® AYsr] Qg Ad AE WAl digh v B 2AE el AdE 7IHe f-8A4E sy st thdd Ads sk
vl AE A ofatd, ArE VES vnA e AR 77F AlFA HlolHE o] &38te] R ALY A= thddk FEe CNV o
q9& i%z—?ii': Az, ek 22 Afo] 29| CNV JAo AR E & Ale]z2e] CNV 974 thedst A7]9 CNV 949 8502 A&
a5 e AoR et

7|9I= - REA CRIEHEMI(CNVY), 717t AIEA, MY FE, SHF R4

A CNV detection algorithm based on statistical analysis of the
aligned reads
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Sang-Kyoon Hong' - Dong-Wan Hong" - Jee-Hee Yoon™ - Baek-Sop Kim™" - Sang-Hyun Park

ABSTRACT

Recently it was found that various genetic structural variations such as CNV(copy number variation) exist in the human genome, and
these variations are closely related with disease susceptibility, reaction to treatment, and genetic characteristics. In this paper we propose a
new CNV detection algorithm using millions of short DNA sequences generated by giga-sequencing technology. Our method maps the
DNA sequences onto the reference sequence, and obtains the occurrence frequency of each read in the reference sequence. And then it
detects the statistically significant regions which are longer than 1Kbp as the candidate CNV regions by analyzing the distribution of the
occurrence frequency. To select a proper read alignment method, several methods are employed in our algorithm, and the performances are
compared. To verify the superiority of our approach, we performed extensive experiments. The result of simulation experiments (using a
reference sequence, build 35 of NCBI) revealed that our approach successfully finds all the CNV regions that have various shapes and

arbitrary length (small, intermediate, or large size).

Keywords : Copy Number Variation(CNV), Giga-Sequencing, Sequence Alignment, Statistical Significancy
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Read | Expected Throughput
Company Format Length MB(million
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Bioscience ligation
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e Fzehn vk GEA Vel olpRe AUz
A 7+E = Celera Genomics® oJAEd] A2 (R27c)9
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My, (FL.9)9] #*e ®Xo tste] p—wdue = 0.055 T3k
o2 AAsle] AAXE (threshold) A3 dE KT} o
oo oshd A& CNV 49 .. gl YR8t 3l
W Alekd 3 e CNV 31 oﬂjgi Sle ... f1& F

A At & F59 CNV 38 g9 CNV 99 2§
EH, S oS Slf.ogle
£ 2A37] A%t max #F min & ol&ste] o}
201, (2 208 2ol bk o FE FATCE B9 AT
oo mUEY 9 B4E Adse &

B} Ags 2T 4 9ok

F

lo

o

—

i

threshold—maxf—kmm
b=c— - 2D
max —1min
m
mi
threshold— w
g=f+ - (A2)
max —1min
m
/,F_S
- — mas,
4 s threshold
s i i 1\

10 N RN v M (F9)
_I;I i i i i |4\—min
| i L i i : : 1 |
0 a becd e.\f—/‘gh Len(3)-1

m

32 CNV g9 A oma|&E

CNV o9& AAs7] 9s gy
Algorithm 1ol ¥t} Algorithm 12 2
d2 Afs SE YEor wol CNV 99&
Algorithm 19] 52 A4S WAE= disid o33

3 ] 2t}

A, Ea Alf o] ZF Ao diF Bl=e &9
345 71537 A% 8lY FreqArrays AAs L, o8 %
718} ck(line 1). o]w) FreqArray #1999 Z7& #@ddx
Al 2= Aolot 2t th, BE A T&H0R 59
at7] 9ate] 34 Sort&Count)E Este] F¥o| AAH
Z=9 A3 RCE Fatthline 2). Yo & Folx =9
A Relle FBL gurt 59 don, 1 Fole F5¥
b EAF F Qlvh wEkd FEFHo Uehde s
e

H4& HH3se7] fstel 4 Sort&Count()oll
o tistel AH(sorting)S FHste] FTH Fdste @

A, T8 FEEY &8 IFE JheHste] A
t}, o7]9) 4 RCLHLSRS FEo] AA" =& ek
, RCHINum< RCliI.SRY & %3 342 Yo

Hood 0 o2
r?l“ﬂl\m [ oot |

Algorithm 1: FIND_CNV : 99 A4 ¢2gF

Input : set of reads R, reference sequence S, similarity e,

align type T1, repeat type T2, p-value P_V, moving average

coefficient M
Output * set of CNV regions CNV

1. Initialize frequency array FregArray ;
2. RC := Sort&Count(R) ;
3. for each short read RC[i].SR of the RC do

4. aligned position set P := AlignRead(S, RCl[i].SR, e, T1);

5. for each aligned position P[j] of the P do

6. L CalculateFreq(FregArray, RC[i].Num, P[j], ReadLen,
T2);

7. MV_FreqArray := Transform(FreqArray, M);
8. Signal := Find_Signal(MV_FreqArray, P_V);
9. CNV := FindCNV_region(Signal);

10. return CNV;

the line 3-62 7 #|=o diste] ANE HE
gato] AH s A2 AE 94 PIE T38h,
718ko 2 Wi FreqArray?] #& A& AL et
A &4 AlignRead)Z Z&3ho] 2l=9 g A
4ol A9 YA Pl dEthline 4). 97]dA A4
4 AlignReadO)E= =9 X4 AE Ass Fdsts §F
& UEhH, AR e AE B8 B4 Tl 9ste] M=
e Ad A A4Es 4 3
oz A vl k-mismatch %
o o= all-match & best-matchS & Stk
47104 all-match® TS ¢ olshe] FAEE 2t RE
A B AIR2E HAste] ol AE A XF Al
£ AL 9udty, best-matche =9 7P FA13E B
A2 AAE] ol AE Ad X3 AT A
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ot} o2 Sof eo FOE k=1 ul*uﬂilﬂ Folx
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9 Y 29 o EFFE +
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%) ZHP[i] ~P[1] +ReadLen71H
FreqArray W€ o= Aol ol RCI.Numet Pli].Count
9] e ol g3t HESE AAgt) o] wf vHE Ed3=
gro gigte] RIESFE AbEste WHES #g T2 93}
of A AT} T2 Z S 2 ‘read eliminate, ‘random select’,
‘weighted method &< A74& 4 Utk ‘read eliminate'=
A =Tt g8 o] ALHAE AF o] v A9
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of o3 QFE H1 WX kAo
t}. ‘random Select% AEd o o
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