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TSR AL NAH 1 - DNA S2EZH VMM deletions) M1 18 % (amplifications) » &5 &,
HyzE88 ( TCGA Research Network, 2011 ) [3] o 15 EL R0 AFFfEEL R —%f(copies
or alleles) » "] F—{il &/ 2 AYFIE (2,2,2,...,2,2) R - T8 R AANE R A & (copy
number profile) A N FfE CNP - [K DNA EEGHMIECRIME S » BRI SR s
CNP st~ &4k 2 Z41 (3,2,5, ...,1,3)  FERARLHA 2R EY CNP - IR HE
LR - HEIN MR RV R R RERVE R A -

CA % J7A 0 DI N R E AR S A ER CNP - G REFEIA(G-
banding) ~ YEIEAT HEE R T (Fluorescence in situ hybridization, FISH) ~ ZLjAfHfE
HIHYELE BRI AH AR (array CGH) ~ 5% E Fp(deep sequencing) o (AL JE G EEE RS
PRIZHEY CNP SIAS PREE - B SR 2R i R A LB AR - (7R (AR T

%Eo

FHEZ R IERERIRES: » DALEE R R ERAH MR AL RZH CNP HYES - F
AEHIE R 5 =0 ¢ B AV 75 A2 W E A Euclidean fEEE ( Schwarz et al,,
2014) [2] - Chowdhury et al. Z]5E FISH CNP =~ B4R 88 EEHE(edit distance) > 4RiH
FEH S B AL A ~ B (R Ay g s E RS RAH B e e 2. ( Chowdhury et al.,
2013, 2014, 2015) [4][5][6] > (HEFRE(EEERERT(EAVIFE > FEEREE - 255
BIRER AR - TuMult JE BUE R DA B8R R0 5T 5 W {E CNP FERYEERE( Letouzé
etal, 2010) [7] -

Schwartz et al. {YEEFEREAY » A R FELECHIMIEEGE RS (Schwarz et al., 2014)
[2]°BE41 CNP (2,2,2, ...,2,2) BVFE— 250 = (8 BEEA 1> 8 5(1,1,1, ...,2,2)
f e tat ez FERER Y E A MEDICC [2] » (BRI rat BAEFEE - AR
BT EEiE8AIRE - 1% Zeira et al FRHEHREREDAG T HaLpERE - WAE—D
B2 B SR R R VB A 1] -
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— - BERERNEEIREE
CNP Sy —[RIR V = (1, vz, .., vs) » fRFRFA M SBR[ -

WMEEREEEFc=Chw) HPf1l<f<h<n we{l, -1} KFER
DNA FEECHIMREE L  Horp > (4, h, 1)/Z2457¢ CNP FYLE € BAZEE] h 455
(EEER RN 1 (8 5 (6, h, —1) Z451¢ £ FAAE] h 45751 - FEEREE0R 1

CTHER) o Z2A I T 3 [EZEEM: > # CNP S 5 CNPT -

S =(1,1,1[1)1)
¢, = (4,4,-1)
¢ (8) = (1[1)1,0,1)

T 5 (F 48) E 1 8
A AL,

c; = (1,5,+1)
T = c3(c2(c1(5))) = (2,0,2,0,2)

— RAIHyZEe B R - MR FARE ® m & ( Copy Number
Transformation » f§f% CNT ) - &£ CNP S ##pk CNPT » & f#Eu]gERY CNT » Hh
/D BERYZE S B (EEET By S B T AYBEEE » 300 dist(S, T) - AP4HZE BB
#ri /Uy CONT (FBEIEME— ) > FITE B BN - 40 Ef dist(S, T) =3 -
CNP (2,0,2,0,2) » 55 BB VUEE F £ 0 » ARFRZEATHMIER - PRI A R
SERIY A RS - ZALERIKER 0 © 550 - AN ugEH— P IZE SR AT - 41
T = (2,0,2,0,2) #RE S = (1,1,1,1,1) » E4F dist(T,S) = o -

STEMI{IE CNP HYEEREE > B Ry CNTP -

é‘éiﬁﬁij{ CNPS ’ S = (Slr SZI LLLR] Sn) ’ T = (tl; t2! ey tn) > ﬁtpﬁ%jiﬂ/ﬂﬁﬁgaﬁﬁ

B = max{max]-,{s;}, maxL {t;}} - EEu; =t;—5; °

457 CNT € = (c1,¢2, i 0m) » 1< j <n > w e {1,—1} > HICNT C FI55 j (&
T BT w NEEREECHL op(C,w, ) ©
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3.1 Zeira et al. FBHEERYVO{EME]1] -

T 1.
457 CNT C = (c4,€3, .y Cpy) > IR S EHAERTH - MER 2 HEER
1A FefMFE C B ordered -

C = (cq, ¢y, C3,Ca, Cs, Cg)
’@E 1. deletions amplifications

TAF—{lE 5 EAY ordered CNT o

EE 2.

AEEIRTT > MERAHZEEE T (ALOGRED) > TLIa R R —(EZEE H M
(BLO&RFL) - BEHEERT/D 1 - BEBHIERE & elongated -

HE 2.
{Ffe] e fEHY ordered CNT #BE elongated ©

X
1 2 3 45 6 7 8
o

E#E 3.

GECNTC » FE1<i<j<n HEPFANI<r<j t=0 M
op(C,—1,j) = max{max{s, }, op(C,—1,i)} H op(C,1,j) = op(C,1,i) - F(fEE
fii % By zero-skipping

; S =(21,3,1,2)
rig ° T = (1;0;0;0)3)

{FAE LA CNT J2 zero-skipping H. ordered - max{s,} = 3
EE 4.

AR op(C,w,j) < B - #afsEai @A L5 B - T IEERE A
bounded -

HE 4.
{FAfa]—(E f% (£ zero-skipping ~ ordered FJ CNT )£ bounded °



19

3.2 Zeira et al. £ CNTP FYEIREFHE]E DpCntpAlg
B A48 DpCntpAlg » GG 5 ELL > 5% Ky NewDpCntpAlg

sFERIE CNP S = (51,82, -, Sp) BLT = (84, ty, .., ty) HYEEHE - DpCntpAlg
sPRE—EnfT ~ B+ D HIHYER M » Hr > M[j,d] /2 @ TEMEFEEH d {EffTE
PIRTHET > 7 = (s1, 520 vy 5;) 1TV = (4, by, ..o, ) HREERE - d AYERE Y
0F1B Zfi - M FZ(TETE - FE M), d] 2R ATE FA TR E Y
M[i,d] & » Hfi<j - 0<d<B -4 CNT ~FAE > Bl M[j,d] =00 - f}
EERTHU{E S (ordered ~ elongated ~ zero-skipping ~ bounded ) » S EFFFEILE
ZEfH o B RR M HYRI T[] -

SO0 AR T ARy 0 HYE% » MR 3 iV&E - R T Q; (RZEHEK
Hs {E ) - FAEEA DpCntpAlg #17 max{d — d’,0} &0 - A S BT I - 5
e EEES zero-skipping {E1E £ (Q;,0) B A > iSHERERIEATET > RAHEEINT
= max{Qj —max{d,d'}, O} °

zero-skipping # £ &t =0 8937 -

S=(421,31285) | _ | 5=(43}5)
T =(2,0,0,0,0,0{4) T=(2{0i4) | max{s,}=3
M([j,d]
j 1 2 3~9 10 oo ER A AJFEREE] o
S 5 3 3 BN : (s, t,) & d = 3 HF > By
T 9 6 0 e 1 mESCE o BE T B
d=0 4 4 > 9 0 st Fth i A3 - (RibE d =3
d=1 6 5 © 10 [ > SRSt =6 -
d=2 8 7 oo 11 .
J=3~98t =0 Ji/caE 3 i
4=3 | 10 - ! 2 G R B - W
d=4 12 0o 8 13 ‘ \/\ P =] =5 Q]
BFE - Hla Q=3¢
d=B o 0 B+4 | M[10,B] d ix KMEE B 0 i@ max(S) -




20

DpCntpAlg fz NewDpCntpAlg Y757 -

prev(j) <j H prev()) Zi35E1T j HYIREIEIH -

d 255 j TR -

d' 756 prev(j) TTHIMIE -

a(j,d) &5 j 17 d {EEEE -

a(prev(j),d’) 25 prev(j) 17 d'{EMTEHYE SR -

Q; = max{s,} » Hf1/Z& s, % j {7Hl prev(j) #Y zero-skipping

DpCntpAlg -

M[l,d]=d+a (1,d)
M[j,d] = Ozrél;le{M[prev(j), d'l + max{d — d’, 0} + max{a(j,d) — a(prev(j),d’), 0}
+ max{Qj —max{d,d'}, O}}

i.e.
M= min {Mlprev(),d'] + (M) + (i)
prev(HYE—IE
+ (¥ zero skipping I} }
NewDpCntpAlg :

M[l,d]=d+a (1,d)
Ml[j,d] = Ozr‘lil;rslB{M[prev(j), d'] + max{d — d', 0} + max{a(j,d) — a(prev(j),d’), 0}}
i.e.
Mlj,dl=  min  {Mlprev(j),d'] + (siM) + (eiress)}
prev(HDHVE—IH
ZEEEFEE R 0(B)
JHA - s M[j, d] BYETR - (BT IRFFLE prev() FUA—1T » Kt > 2%
Mg Ry 0(B) -

SPREREER 0(nB?)

FA - ZM AT (B+ D5 Hf B R S BERAE - HILHA n(B + DIE
By HRETE - BEEBTEN A —THETRE > 5 E (B + 1) KgEE] -
Kt BB R B Bt RSy 0(nB?) -
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3.3 Zeira et al. £ CNTP BY4RMBFREIEEE LinearCntpAlg

LinearCntpAlg j##f DpCntpAlg 3= M hiJ&E—1T » F—{F piecewise linear
function ZKFIR » [HETEMEHEE VDR 0(n) - HIRFIEEIR R S[R30
{7 Eg i M[i, d] > M[j, d'] AR - HaSam R el ge AR o R HRE R
o2 B AT AR » BT E DL GreedyCntpAlg « £ 4556 HH
B 1H best; RE e E(H best; » HH1 i = prev(j) » #H)5ESREITHY AR EEA K
HAT—{THYEE(E

TEBRIBEFAZE B ARl - Be(MI9eHIA Excel B85 AZ=C[ [T 8] - M HPEM(E
(random value) A= FKFEMAY S FIT » #{T DpCntpAlg FIE 2L HEE XA (Greedy
algorithm) SRELESAE IR - FRAFIREFIRBITEERAAEE - HILHRE(E best; 2K E &
{H1H best; AYA[AEMHIRA |

LLI<Sr<nfEfGT, 20 5% C = (c1,¢p ., ) Iy CNT > 1S C(S) =
T > Alu, = op(C,1,7) —op(C,—1,7) = u, > 0 AIFRRANEIE N » L2 TRk

//I\ o
GreedyCntpAlg :

best; = best; + max(max(—w;,0) — max(—u;,0),0)

+ max(max(v;,0) — max(y;,0),0)

iE(E=1GtL DpCntpAlg FHEZHYHET - HAVER IETEAE(, )
(sp,t;) Z BRI - BT u > 05 u < 0 k2 HIBT% R EEEREURIE I
Bk D (u =0 AFNAFE) - BEE R DIHTER 3 e DA o AHIR - st e ]
ETE S TERPREINE % © N2 HEE S EERTER V E % -



22

Mo - =BI7D 4
SR TR MR - R IR best; 2 5 RefE (8 best, » BRIt
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(us ) e ﬁ;:: T (< )
(-, +) A (w = uj)
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(+,-) E— -
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o ,t=20

t ,t+0
© ,t=

éé?u<O’EUF=—u,E={ ’%{%E—F+1={

sk =w —u; > FARFORRIATEIMI M EVEE -

i Dy = M[r,d + 1] — M[r,d]> FIZRF R £ NIREAZE | Dylo TR Dy = a HYfIEEL
(sE:B5F<r<E - >[la=1or2-> HD, =1H&SE D, = 2 AYEIZ )



(+,+) ERATEERE © (u; ~u; > 0)

1.

SRR (w < ) ~ RS (w > w)

ul<u]
a. E;<E;
f
o +K M[i,d] + k = M[j,d] ,d <s;
l . .
Sj M[],d]+2=M[],d+1] ,Si<dSSj
M[],d]=00 ,Sj<d
2
,U,+ = best; = best; + k
b. E;>E;

+é_> s, {M[i,d]+k=M[j,d] ,d <5

= best; = best; + k
u; > u]
rgﬁ—’\ e
. +0 " +0 1141 s M[i, 1] = M[j, 1]
‘ 12 s 27 Ipdy - ke =D
Ji S 1
L M[], d] = ) Sj <d
b = best; = best;
J
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(-,-) HRDHIREE * (w; ~u; <0)
Sy BRI (> ) ~ R (< )
Lou>u

,
t; QM[l,d]_k=M[],d—k] ,_UdeSSi—k
t \ M[j,d] = ot <d
ﬂ+2 = best; = best; — k
b. E,>2E;—k
T s M[j,d] = oo Jd < —u
w\ M[l,d]_kzM[],d—k] ,_u]‘SdSSi—k
. M[j,d] = o ,si—k<d
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N
Il wu; <

(
|
1 1y 4||DL-I1+k=|D,-|1
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(-, +) FoRmEmanEeE © (w; < 0,u; > 0)
wowE s (u; < )

u; < u]
a. Ei < E] 4
N
+k
+1 .
ti +2 7

(+,-) SRRV © (u; > 0,u; < 0)

HREREMIR (w > w))
I. u; > u]
a. E; <E; ’

+1
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|,
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MIi, —u;] + k = M[j, 1]

IDily —u; = | Dy,

= best; = best; + k

,Sj<d

M[i, 1] — k = M[j, —w]

IDils +u; = [y,

Mlj,d] = ,t;<d

= best; = best; — k

(us ) (++) (=) (= +) (+,-)

u; > U best; = best; best; = best; — k best; = best; — u;
U = U best; = best; best; = best;

u; <u; | best; = best; +k best; = best; best; = best; + u;

i.e. bast; = bast; + (M) + (%)
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STEEEE R 0(n)
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2. JFEROCHY LinearCntpAlg SA T2 RAE - MAERE IR HY A 5
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sotH best; HEE K H best; ©

IEH A BLZe SRRy EERE - MEERESE R MEIF AR - BEEEA AR &%
PHBERE AT - AR — D HEEEE T -
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Correction of the linear-time alogorithm for the
Copy Number Transformation Problem

Dun-Siang Yang* Tsung-Yi Yang®* Wei-Hua Hsieh*

Abstract

Schwarz et al. set the distance between copy number profiles to explore the
gap between normal genome and tumor genome. They proposed the MEDICC
algorithm for calculating distance[2], but did not analyze its complexity.
However, in some cases, MEDICC would be exponential time. After that,
Zeira et al. proposed a linear time algorithm [ 1], but we found the process that
leading out the result has something wrong. So we propose a new algorithm

and make some changes to the original method.

Keywords: Cancer, Genome rearrangement, Copy number profile
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