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Charge Transport in Cancer-Related Genes
and

A Possible Mechanism of Early Carcinogenesis

Student: Yun-yin Cheng Advisor: Dr.Chi-Tin Shin

Department of Physics, Tunghai University, Taichung, Taiwan ROC

Abstract

In this thesis, DNA sequences are approached by tight-binding model. Changes of charge
transport(CT ) of DNA mutations are studied by transfer matrix method. We focus our invest-
igations on all possible point mutations of 20 tumor suppressor genes and other 15 cancer-
associated genes. Our statistical results exhibit that average change charge transport of car-
ciongenic mutations is less than non-carciongenic mutations. Furthermore, experiments showed
that the BER(base excision repair) enzymes can detect damage in DNA sequence by probing
electric change. We conjecture that mutations of smaller changes in CT properties, may circumvent

the DNA repair mechanisms and to be retained, and finally cause cancers.

il



B S e iv
S L A%

o) ?ﬁﬁ -------------------------------------------------------------------------------- 1

O B A R 1

0 )N N — 1

1.3 BER [#3=* DNA ElffF;ET“[‘ﬁf —————————————————————————————————————————————————————— 3

1.4 HGMD ] oeememmeememmeemeeme e 3

U021 S 4

LA PN 7 cormmeerreemne e 5

L DN s g R 6

70— 6

2 B I o 8

2.3 @ﬁlf@(ﬁ* S e 12
e B D 14
3.1 #1- ifﬁ[’l&%‘ﬁq % i charge transport g |~ P - om oo oo 14

3.2 FI AN @ﬁf&ﬁ%ﬁi codon [ IFIEER -=mmmmmmmmmm oo 16
01 T S —— 20
I D B e 1 B 27
AR %ﬁ --------------------------------------------------------------------------------- 32
T N 33

v



61 < AT P IOF 28T codon _E{UEFHERE ) fmmmmrreeeeee
Jit4#2 ¢ pS3 12 W S KAy kR [ PR [ e
I



e Ll LB e 5
< 3.1 p53 A= 14585, "i"fgl'gl’??ﬁfﬁt%&%’fl’?ﬂ [&RY @ﬁﬁaﬁ[{@ﬁlﬁé ------------- 15
Fe 3.2 FELPEEE codon 1V S - mmem e 16
< 3.3 7% pS3 HN[IFlpVATE ) 12 A Y FFZE%@%E?‘%ZE?@E a7 e 21
3.4 pS3 I G 80 5 AL T AAIH A o I FA AL T

N e B A R 23
< 3.5 p53 ||y 12 FE AR F[f] [l ---mmmmmmmmmmmmmemm e 24
4.1 Fﬁff% |5 P 27
% 4.2 Fﬁzlm TR SRR A?‘Jﬁﬁ{@ﬂ N L = P 3 e 29
* 4.3 A [FHJE[ 4‘5“)@%{@% R[N A e 31

vi



N B D 2
i 1.2 BER [k [ 7 DNA FE U fl-wrmmermeemmemmoe e 3
R T L L 6
I D 6
B B N A i R — 7
B D g 8
[fajleDNA B 8
[ 2.6 T 457 DNA IOl omemmeeor e 9
[fif 2.7 DNA 5[ [ 2R A e [ A B oo oo 11
[ 2.8 DN A 4 | e 12
[faﬂ 2,9 DNA =" H[[ AR ¢ I/ Foummmmmmmmmm e 12
[l 210 IR o by AARBRIIOTTE ST A [ g
O 13
[ 3.1 pS3 [ A B I T oo 14
[fsﬁ‘3 2 p53 H-3j|| 14585, HrfF,' o R fED g;}“ By E?X,Hrfﬁl'ﬂ?‘]ﬁ A- S AR [
a0 15
i 3.3 codon _F-FE | B AN AH {1 Fepf e 17
A1 3.4 BRCAL H-3j[[flogaiykignn & iem - > 5 4@%}%@@ codon
I SRR [V (AR [R5 oo 17
[fi' 3.5 NF1 1 /[Jp VR [E F“F“f AR [ &?}%@%ﬂﬁ’r@ﬂﬂ/ codon
B S R R B 18
H 3.6 35 ;‘Tﬁfuquﬂs@*ﬁ&@mzj[ ORI AT TR codon
FEJ Eg‘k%ﬁﬁrd [& & e 2 e R 18

vii



3.7 W1 Aoy i@ [ FEptd (= o 72 RABRE) codon

Ry ﬁ‘&gﬂ\ e [EL L FRTERR (™Y = FEFEE 5T oo 19
q%\[ 3.8 CDH1 H- »\/[JFI\J;;J‘JE%U@E’?EJ[ pJF_, A ™ Tt %Z&@%ﬁﬁ’?@ﬁﬂ/ codon
_FEW%&[!%@FFFJP&I BEERG [ [ = FEPEE ) oo 19
[ﬁl 3.9 35 Jf}@*ﬁ&%ﬁﬂﬁlﬂélguﬁ [4Agh ™ » &SJ}%@%FW&F@W codon
pr FERRR I [T TR [ 2 FEREE 5T (oo 20
q%ﬁ[ 3.10 7= 80 Eﬁ p53 H-3 [Jp\JEJ?EJp’F’jtﬂgﬁ@é’??iﬁﬁz&@ﬁ%[ pJF_, sl
I e D 21
1301 Te R 80 > pS3 HIIAT i AL o A1 T A
A TP [EI IR [ P 53 (oo 22
L W B e 23
[pi 3.13 <% 20 [ > p53 HAIPVETE | e AR POl AR 11 C ARy
E e e 2 B R 24
q%ﬂ3.14 T~ 40 Eﬂﬁ p33 L UAE) ' fe e ﬁﬁ@ﬁ&@“[g[c&@@
L e i 2 B R e 25
[ 3.15 <% 60 [ > p53 HAIPVETE | e AR POl AR 11 C ARy
O e i 2 B B0 25
[H13.16 7% 8O ) » p33 MIAUARE | it A A1 C i
T e [ e #E[m e 26
Q%Ml ) w@3ﬂbﬁjﬁi R 27
[l 4.2 *ﬁ?ﬂ%%@ﬁw Ef»\ T R B A = 1 B e 28
[ 4.3 TSHR 5[ 551 4 Py S ABRER" 1|V AR A e 30

vii



Ve

2]

L.

11 PRy e
DNA [ 51 F | FIZ5R0 S s /IVFE'FTJW% [ SRR T E RS R
P RO ] [ [ SRS ORI L] S0 E VRS DNA 9
GIELE HTEFJPE_L‘FU  AGEE2-5] ~ A 6,7]  ERI7-13]H = G410 5
ELVBLEHIE] - DNA 53 iV ﬁﬂ“{ﬁ?li’@ﬁiﬁ@; (I I ]
[1,15] - E‘fﬁ*@? DNApJ I kL IE‘" {EHB@EL’-’J‘#‘AT ﬁ“?ﬁzrgrgggurﬁ%
T g R MUF[[H@{ F p53 ELWEJW‘“HI[M] w Rl ps3 Al
Em?{ﬁaaﬁy ;gﬁﬁimg F' FIJ%FZLE;FIJ&“,&[« 33 Pﬂr{i@m.&guﬁ [EEEz =51
AR AR N R AR T IS JF:, JHEE T %&‘ PR
[EIEABED o 9 FHEUE - (5 B - FoRiR@ i [Ep et da
BSR4 ﬁiﬁi‘)ﬁﬁﬂ\’%ﬁk@qé o A B DNA (SRS pomfiS
il = BURS e Gkl F b - 25 PIRCE RO PRl P R

e -
1.2 DNA [ /i

DNA (DNA —Deoxyribonucleic Acid) = FIZy ¥ 5 (replication ) Elfrﬁ?. ]y
PR ) ZIPsERE | lgijhJﬂ%iﬁlE_l [ ELP € [t 2 o= po et Af)
[ﬁjﬂf’ﬁj & - DNA 7+ % ?UFEE} FIpY(ER] > [ e (transcription ) ﬁ’?&ﬁﬁﬁ
% (RNA —Ribonucleic Acid ) > RNA HEiZE( translation ) Fﬁ' HY &rf ET( protein )
S VI [T 2 P b -

DNA [ SPJUEGREnR > S EA0EL 4 B BT P& (nucleotide ) - £ P&
{170 WP (S) S BRIL (P A1 EURALIAE o - B3 B Cpuring)y

1



it (pyrimidine) - f& PﬁFJ 73 KRR Pﬁ (adenine—A ) %LI/EJJPQPW’—] ( guanine —

G) s [l ERIIREE. (cytosine —C) ZE4wpYEnE. (thymine—T) - J}F{fj

[UDNA )+ T RIPEE] - AR T  C [ G I oy o )b gl
(base pair) -

Qf<ﬁ ............. I

ﬁ%‘ﬂ 1.1 DNA LSRRl e o R I PO RS > Y] Sugar-phosphate
P VRS2 g R B HIRIRY base pairs ;@R o RIS AS[Y base
pairs El?J A-T= G-C i/[[q?ﬂ'f[ .

T FL A ST IR (exon) ZE JF =" (intron) - F {19} & ??‘Vﬁrfgﬁ?
TELPE (Amino Acid) F FTJ 0

éumAwwr’%zﬁ@ﬂ@%mﬁ—@%ﬂmowgmﬁﬁwgp@

A9EL 4 55 (75 > PIF=DNA 325 i ngﬁ%t@ i SEe ’FE“EE*WFEF%:EAE VIR
P& & RS ST IE*TEJF[ (A T R T ﬁjiiwfﬁﬁu > 1y B PO
;FFI o



1.3 BER 3% DNA pufts
BER (base excision repair) k[0 B&af R - BER [Esh A i it

DNA 5] R 1 » $511 L PRt R RISRGOgLEF » 20 JST{17]
° 7k BER JESK [ 1E] Fes™ (VRIS 2 M5 DNA i o Hvtli— [l b
Fes® o TUIfFE G I R TR b BER RIS HIPRE
B Fes™ EEHHIDNA 3= o F FLINHAE Pl (mismatch » YA
C) Py > JRA5 F= T > [l R IR L5 BER S SR
Fes™ - SR HL A - 1% BER [k FERE T SR - R

EE#HEEE = ﬁtjﬁf[qﬁ’b‘gfﬁ

q%)[ 1.2 drf&8= BER (base excision repair ) [#i'l’]
PiEILIR }Z\'ij-l::’ VTGS £ DNA Py ’FF'I'

1.4 HGMD ¥R/
HGMD ( The Human Gene Mutation Database ) [18 ?’ JFFF L1 Cardiff 5%
}-’)—’r_lﬂ'—“%— F E}qH Y 2 [-L#ﬁ, J%;E'ELE}QJF{. F’fr‘ﬁﬁ: ELJ//][FI:J J,\ N ?}gﬁ&ﬂ@rifﬁl{é@
FF'I A | 'J E5 F’?lf_ﬁ‘/ 'ﬂﬁ?’ﬂiﬁ FLPLpudEag > (11 D.N.Cooper » E.V.Ball >
P.D.Stenson » A.D.Phillips » K.Howells I'] » N.S.T.Thomas ¥ fﬁ]?ﬂé% B S
?U'ﬁ?“@ﬁ%@g‘ﬁmg}'ﬂ °
HGMD 5ffiiif-* http://www.hgmd.cf.ac.uk/ac/index.php




1.5 OMIM 'T;"J‘)E‘-I’?[

OMIM ( Online Mendelian Inheritance in Man ) IF“E\-Q et = [ELN SR SR E
IR P ATRL P PR Y A S BB R 70 (Mendelian ) 5H
FPA AT 12000 11 451 P - OMIM 1B 0 A2 BB oy
F119] « ERLESRIPT + iy | o0 £ 58 P51 MBI OB < eVl
BF Ji[F 760 F (&I > i Dr. Victor A. McKusick A~ &2 [fﬁﬁ{'zﬁ?&fﬁ AV il

£5 MIM ( Mendelian Inheritance in Man ) < 37 124%pY MIM ﬁ%‘y' A TR 1966
¥ ﬂl 1998 & V[ o 7L FAVAS A A OMIM > bl pli S gl ol o %__%%qgﬂi'ggﬂl
Welch Medical q%‘[' ' BE 5 i (= > #1985 = A -+ #° Johns Hopkins * 2% » 7%
NCBI ( The National Center for Biotechnology Information ) [ & $4% rﬂ‘ﬁﬁ ELFIT
SR > MIM F S 1987 5 o 70 1995 5 N B 2 SRYFGIHEIAY
OMIM - OMIM {3 Ada Hamosh ]‘ﬁ 4 py fF'IEiW » fl1 Johns Hopkins - % fvy
McKusick-Nathans 3£ (51 F&E’gﬁm}“ ST ”F'jéﬁ [ o

OMIM ,%“eﬁfJiEﬂ* . http://www.ncbi.nlm.nih.gov/sites/entrez?db=omim -



1.6 gL N A

F LA 35 AT A RARL SRS P R APy -

Tumor Suppressor Cancer-associated
Name =R il 2GR Tumor Type Name =~ PGB Tumor Type
p53 20303 122 =T Hﬁ ’*JFEIEE BCAM 12341 14 e %’%E'ﬁéd%
RB 178144 133 T EJE'{LJ’E”%”“? ’ﬁ CDHI1 98250 30 %'J'Jﬁﬁﬂl?”ﬂﬁﬁ
pl6 26740 85 Ko IE‘D D J?’Tf DPYD 843317 25 5-flourouracil toxicity
APC 108353 222 B FUT1 7380 2 AR
PTCH 73984 59 ﬁl’EE/'E'ﬁEU% FUT3 8587 11 %ﬁﬁ%”ﬁﬁ ’ F’J"Eﬁ ’ 5”%
SMAD4 49535 20 ﬁ%ﬁ%’ﬁ“ﬁ*ﬁ"ﬂ%% LDHB 22501 11 79
PTEN 105338 80 RO > i LHCGR - 68951 31 ‘3'*’“ H] TR e fpUge
TSC1 53285 44 Q’E"iwﬁﬁﬁ MCIR 2360 24 %( v I?’?’?E”F]
TSC2 40724 165 %E“iﬁﬁgﬁ MSH6 23872 54 ﬁﬁﬁ%%
NF1 282701 200 ; SRR > BETDH SCN4A 34365 43 BRI 0R F[;#J‘

NF2 95023 72 PREREAPE o BEDE TGFBR2 87641 14 G

WT1 47763 56 Wilm's tumor TSHR 190778 46 P TRV

MSH2 80098 170 ¥ JHEH o Bl WRN 22637 62 TR AE
MLHI 57359 73 PR 0G0 BBl STKIL 140199 22 BEELIAPE B
ATM 146268 169 W'I%{ﬁ%ﬁ%a@ BRIPI 180771 13 T

CHK2 54092 20 Li-Fraumeni % f1%

BRCA1 81155 301 r%’f"ﬁjﬂfﬂ%

BRCA2 84193 163 TN

VHL 10444 172 Eﬁ*’EfEJw?ﬁ“

MENL 7779 175 [T i

ke

1.1



\Tllv

T=f DNA[Y#AHEHT

2.1 DNA 8%

B = SET R PRESY DNA [Erib - 4 DNARDRE (=55 1] PUrEfsi ey -
@[2.1 Eﬁ'ﬁ&ﬁﬂ (1L > one-leg) -~ q\i‘qﬁ'2.2 é—éﬁgﬁlﬂ (2L » two-leg) - q%ﬁ'2.3 F\L”ﬁr
f%] (FB - fish bone) ~ [ 2.4 3+ #1%] (LM - ladder model ) [20] » 57 I
L/

P_

n+1 n+2

o : ln n n+1n+1 n+

[ 2.1 FT4Epm) (1L) FPRLE DNA - 35 i
E@EL F I%ruLﬁ}qg[-‘Eﬁﬁl I—F[J Eé‘f%"_’ £ o

H=), e,c1¢,= 2 1, (e, chathe) (2.1)
IL AR RLES DNA {551 | sl SR L A4 B pupe L= g0 73 (2.1) =
Hioon FLACRED > 0 RLESERLSERD RAVER &R ) ,lﬂ%ﬂ*ﬁ/ 04eV > ¢ = ¢ AL
TEEQE TR e RIS R 1 e =824e8

e,=9.14eV  ~ £.=887eV ~ ;=7.75%V [21] -

n—lt n n+1 n+2

n—1,n,1 E tn,n+],1+l,n+

[ 2.2 98] (2L) HRIDNA v s i
Fopigl o Bl TR L



_ t t !
H—sz:l,z En,lcn,lcn,z_Z:,,,1=1,2 tn,n+1,l(cn,lcn+1,l+h'c)_zn fole, e, the)  (2.2)

2L A ETRLE] DAN R[55I gl LRt eb - (2.2) Z9([1> 1=12 %5 DNA
PV G RLFIEREEL VRV EEE A 5 o AT gl 5
(ex:AT/AT,GC/CG) 2V 035eV > PHTIAYEEEL %] (ex:AT/CG,AT/GC) v
0.17eV. > 1, A FERl VPV RA ) > JV 0leV o

[fi 2.3 FUpHsE] (FB) BRUAR POTIBELTIG > 7| 27

R~ 7t base pair =7 = 1 FGHR[IVIEE LY ©

IRANRDY T
H_Zn Encncn+ n,u=T,l En,ucn,ucn,u

_Zn tn,n+1(Cncz+1+h'c)_zn’u=T’l tn,u(cn C;rl’u'i‘]’l.C) (2.3 )

FB TP RUR TLAARITH - [l 5 0= LT R A il SR
(= VR o (2.3) V11 w=t @ L ST A RS T PRIV
oo [OFRPEELEIE 2 GEVIHPORERA) o e, [T EEIRHREVE R Y

8.5eV o



A1 2.4 ) (LMD S0P oh - 45
R P -

— i _Z i
H_Zn,l=l,2 En,lcn,lcn,l n,1=12 tn,n+1,l(cn,lcn+l,l+h‘c)

_Zn tn,L(cn,lcz,2+h'c)_zn tn,l,T(cn,ch,T-i_h'c)_Zn tn,Z,l(cn,ch,l+h'c) (2.4)
LM BERUECE 9 2L AR F | 2850 2 BRsyses « (24) 25 o, =2

2.2 #*BFHIH (Transfer Matrix Method )
WUBRAE] (IL) SRS S FHT

H=Zn Enczcn_zn tn,n+l(cncjt+l+h'c)

[l 2.5 DNA 91 £ & ekl - Pt o+ Yoy (Wt (27 (9 BER [k

il 2.5 &L IL AT {RIER 2 B > 23 2 (22T N W 0f ikl DNA - (Al

STPRAPVIFIFUEEE > 4 3V 824V~ T IV 914V~ C IV 887V -~ G



35V 3 (—o S ITE[ N+, oo ORI HEFIIV 775V < 1,

RLon = onl (D REPOEECE iﬁ?ﬂ?v 0.4eV o

Wave function [¥)=)a,|n) > |n) %3‘%9'7}5‘5 n (b fF{J/FJu » a,
£% Wave function amplitude °
H|y)=El|y)
:>Zn Enan|n>+znan+ltn,n+]|n>+znantn,n+l|n+l>=Eznan|w>
:Enan+an+ltn,n+l+an—ltn—l,n=Ean
E_En tnfln
= = :
a’7+1 tn,n+l tn,n+l an_l
E_En _tn—l,n
ﬁ(a”‘*'l = tn n+1 tn n+1 ( an )= 11( an )=MnMnl(an_l)
a ' ’ a, a,_ a,
n 1 0 n—1 n—1 n—2
Sl4vel=p My MY = P(N) D (2.5)
Ay ag ag
OV I 2.6 T FEAGRVBRFR I F TP IS R T P -
Ae+ikn Ce+ikn
Be kn De*lkn
| DNA |
electrode electrode
ﬁ%ﬁ' 2.6
a,=Ae™+Be ™ A’g[ll n<l (2.6)
a,=Ce""+De ™ Hi n=N (2.7)

?II E=¢ +2t, cosk

. y.r)_ e—ik eik ef;kxvil) D _ e—ik eik efik(NH) Ak(])\”
ay.) V1 L&Y Tl 0o e

e (s)




A (2.8) (2.9) T (2.5)

-1{D|_ B
=50 (C)—P(N)S(A)

D\_ -1 B
=>(C)—@S P(N)S(A)

P(N)=M . MM, MM, £~ ({ 2x2 il |

1
2isink

Jemer

—P, e *—P,+P, +P,e"
—ik —2ik —ik
P,e "+P,—P,e "—Pye

—ik (N+1
e

ik
e

1

—ik
e

1

P12
P22

[k

- T E-li@’ﬂl}[ﬁﬁf[‘* 4t =4=1,B=y,C=t,D=0

(0)_T(N)(Y :(0)= T Te|lY :YT11+T12=0

! ! ! Ty Tyl YTy tTy=t

=12 f=T _leTzl=T22T11_T12T21=det(T)
Y T11) 2 T T Ty

det(T)=det(® S~ ' P(N

=det @H

_ti
Livy =H

0

det M, det(S™")det (S)

E—¢
t

t

im
Z‘Wl

N+1 ti tl _

=>a’et(T)=1_L1:l 1

=l ti+1

i+1 tN+2

1

1 .. .
:°t=T—=> transsmission cofficient °

|711(N)|2

10

P,

Pl2 o
21 P22
P12 (eik eik)=T<N)
P\ 1 1
—P,e"—P,+P, & +P,e"

ik —ik
Pe +P,—P),—Pye




eik(N+1)

EII (2-10) ?CFIJ fJFJ Tll(N)=m(_Pne_ik_P12+P21+Pzzeik)
.2
:>TN(E)= 1 2= —ik 4;111 k ik —ik
|T11(N)| (Pne +P—Py—Pye )(Pne +P,—Py—Pye )
E—c¢, ?
4—(=)
=T y(E)= Z 3 - Z (2.11)
Z,J 12p, ,+2 ( ) P11P21+( )(Pn Pzz)(Pu P21)

o R R 2 e 2SR #ETL"DNA%EL@FIJ&BJ@I L
AR (GC) SEPEETRIFY T SRR AT T(E) SBaBLRLAEA- E
9LHHH@§JEHC§@EMﬁﬁ@§WJTw)o

i

TE

e

8 o
il |

03 \
D2 [ ! \
(!

i Wy

01 - _ h [ Y
Mosg —— I Y

0 ! . . . . . . .

5 5.5 [ B.5 7 TE g E& 3 =Y 10

E

[ 2.7 ISR 30 i GC [IBEF"% 60 [FHSLFT 1Y DNA ] > & SR
i SRR OB R r:FJTU-TT?@»{IJq%ﬁHIj RIS 30 (WERELE 1 C
Al ORI e LA ) TR TR I (A = R o N T

S A G PR

11



2.3 (RS RHC® > %

5B~ AR B N YR DNA UL S=(s,5,.50) , 8 JLSF
DNA e fRLAY R 7 > s, L) DNA 3¥n i fij (R > IEE 4 T
C ~ G o NIRRT > R LEYDNA S GRS, o

(-.:\

S, (m)=S(n—14+m) > Sn’L(m)=S(n—1+m) 0

2000 . 0000

Sn,L

[fil 2.8 8,0 S FYBY) ORGS0k LAY DNA S R -
BT AP R RTS P ESEL T (E) -

(R L A w@&p WIS RIS S, o

ko FORBELE s ARBEL s P PRSI PTEL L ST AR R e
BeEIsE T,.(B) AL TEE) -
Z e

2 J'J JL:>T L(E)

‘Q‘Q‘Q“‘@‘@‘@'@‘ Sprg Sy 1 =T (E)

ﬁ%ﬁ' 2.9 do@p Aoy > BETRIRY T HECE i SEIEHET
AR AR ) R R R O i TR R -

%Eilﬁ%“émﬁz % Eﬁﬁtﬁ} ’?rﬂﬁ"r s;0 AU sk FREPERY T, (E) A

HE) FSTRIIFHRIL Ko O [RURRR) f i e A7

12



=g g U T e e an
FIV) (200 700 FHERIE 2A8 kB fE) > R LUATE ) ]
did (k,s) B9 [Ef CTRB[™ > 25U LD T(k,s,L)
1

k —
Llk,s, L)=7230 A0 (2.12)

—@—@—@

~% L (exL=4)
Ak 34I

Ak 24 I :
Ak 14 o | |

A1 2.10 [ILERTre s 574 RS - 5 R0k 40 ) S RIE I AT

13



9I=H AREREHN O

3.0 H1- & fﬁf ZRF| 2V charge transport R (™ P4

LY DNA RS (e el o J 0 E = A IR - B phea
f“’gﬁét%’ﬁ'ﬂjﬁsnjgﬁ&%ﬂp R ZG p53 H~Z “H[Em 14585, l[ﬁ{ﬁ{ﬁﬁij‘?ﬁlmﬁﬂ
M A E i %C’EﬁﬁHM@@Tﬁ?fﬁM%’&p$@ﬁﬂﬁﬁ
- FEATB G EEEL I S IO IR 2

1200 ¢

1000

800

600

14585,

400

200 .I
0 1 Mal.-_‘

12800 13000 13200 13400 13600 13800 14000 14200 14400 14600 14800
ﬁ%l 3.1 $ﬁ%%)ﬁgﬁﬂ[[ﬂﬁjﬁﬂ p33 % U I—jLa@EJﬁ‘ r:FJTU’EI 57 F[JH%WI/
FLELI BTN > FABIRL pS3 (58 % B ) -

Z5 PR e 1 1R 1L 20 O AL T 2R B
TR SR O R R SRR g R ] 3.2
FUAEHN o

14



=}

[l 3.2 7 oo SR BRI 14585, 6o ) gl e C R
= AR [ (R o PR T2 RU L C 1 iy el B ]

E['ﬁ%‘ﬂ&z zg]t[lixmjgﬁ{,@ﬂ?rj p’Jf‘H‘lﬁjJ (R (T) ‘“Eé[%@@ﬁ%f@ﬂ’?ﬂ[@ﬁ@
IR D o T PRI Y o TS A RSP D A 3T -

8 L 1L
C— A 20 23.1
C—G 20 37.6
Cc—=1T 20 5.63
C— A 30 15.7
C—=G 30 21.4
=T 30 9.14
C— A 40 1.16
C—G 40 2.21

C—T 10 0.40

%f‘u 3.1% [ 14585,;, FIJHLEI[ -, ::ylruﬂﬁvj ff[ FI :’% , L[ljﬁ‘ﬁ[&ﬁp Hb{ﬂ@
E[E‘EJ ILEI:HE#E,TE{@I%@EI ) HTE,:IF/\I%J—] PF[ Pﬁljﬁgﬁ&T@Fjﬁﬂ‘}gﬁ&T@ngl
@E{fj glﬁf;?gﬁl?ﬁ@ﬁ} T :F[fj ,J\ o

P25 (R (e PeE 2R e R PEERICT (charge transport)
%[me@ﬁ% %ﬂm% S SN = mmwﬁﬁ@%ﬁ%@oﬁ
P S =10, 1608 > 75 IR E PR -
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3.2 WZ&@]}J f@ﬁ‘ THrt codon FlIFVEEE,

5 PR B O] Tl S S AR codon 19
BrE] I o DNA Fpy= filfEfl £~ fi# codon » — i codon i J’ﬁ? [k S A9 LA
ELE&ﬂ £ s H 3.2 50 ’ﬁ;ﬁlfﬁ “;,FjﬁF qiﬁlfﬁpjcodonﬁrﬁij‘ﬁf{ °

TGT CCA
TGC CCT

Lys AAA

AGT

Lys AAG AGC
-AAT TCA Glu CAA CCC
AAC TCT Glu CAG CCG
le ATA TCC Gl GAA
le ATT TCG Glu  GAG
le ATC Term TAA GTA
-ATG Term TAG GTT
ACA Term TGA GTC
Thr ACT TTT GTG
Thr  ACC TTC Asp GAT

Thr ACG Len TTA
AGA Len TTG
AGG Len CTA

GAC
GCA
GCT

CGA Len CTIT GCC
CGT Len CTC GCG
CGC CTG Gly GGA

g CGG -TGG Gly GGT

Tyr TAT His CAT Gly GGC
Tyr TAC His CAC Gly GGG

< 3.2 codon [lU= 4 £, 3 4 % J64?E‘{”F’} » H ?’.15]5520??
TWELE - ﬂLcodonﬁA ﬁ?ﬁlﬂ VLT -

FHS— i codon?ﬂﬁ%- ([t EL P& > PIF=Hi codon FfU— flfkl 58 & Zﬁ%"ﬁ ’
AR PR -~ codon 1612 WSS - Y = ]

[HJF”H H":La@ l?\l[[—%ﬂ’fﬁ'li[ E| JurE 2 Ag ]uﬁll}\ﬂ@ﬁl r :’:MFE‘[E[[ |- Tu—kﬂ“\ﬁ_ }‘1[5”
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%5 PP @ T R R - B T codon HHRE| R AABAVERE, -
I} BRCAL ~ NF1ERf] > HE] [H13.4 ~ [l 3.5 -

BRCA1 Cancer Mutation Rank(9) Distribution
90 .

Rank:1 —e—

80 I Rank2 —s— |
Rank:3 ——
Rank4 —&—
70 - Rank:5
Rank:6
B Rank:7 J
60 Rank:8 —=—
Rank:
-l )/\//A\\\- 3
40 7

c
§=]
=
o
G
[m]
2
c -
0
= ﬁﬁ :
30 F SoER |
r’—{‘l:><;/':
20 | -
10 | | | | 1 |
0 20 40 60 80 100 120

17



NF1 Cancer Mutation Rank(9) Distribution

60 T T T T
.
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Length

q.%ﬂ' 3.5

HWW%?%#&Sﬁ%@ﬁ%@ﬁﬁﬁmﬁmﬁq?%%%“@@MW36O

All Cancer Mutation Rank(9) Distribution
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Rank:1 —e—
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a
i
c
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300 :
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Length

1 3.6 = 112903 [WFpAR@f1s T > Tt codon H{UE; T ) -

SPE A [ 5 100 2779 DNA H-5) > 25 [ £EE 55 55 = 3
HIE1~3 EI9EL- BT 4~6 - B 759 HufT- B 1) L WTL - CDHI

[T > [ 3.7~ [ 3.8 -
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WT1 Cancer Mutation Rank(3) Distribution

35 . .
Rank:1-3 ——
Rank:4-6 —=—

30 + Rank:7-9 —— |

25

Rank Distribution
]
o

15 -
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5 | | | | | |
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Length
q;%}' 3.7
CDH1 Cancer Mutation Rank(3) Distribution
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Length
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ALL Cancer Mutation Rank(3) Distribution
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RIS ITRERIR B P IRIFOR L GRS T o 8
SO T 7 codon HIY EHIRL H{E BT 0L % « 5 PRI -N BRI
B T o] R S I DNA TR (R AR - A
(8 ARSI S o

3.3 PR [ R (I VRS

I} p53 AR » 2 R 20303 U pS3 ] » HLF] 60909 FE i LR -
ERRTEE T U ESEERES < RN 0~10% 0 0 90~100% i
Elﬁﬁﬁ ) EIE:EJF'EE[* =DaN J F[ [[—{E,J_-,F H] ) {E Uﬁal 3. IOELJ:TT Ll'l%,%[ﬁi .

Ea LFUW'EI M| TARC(Internationl Agency for Resesrch on Cancer),%“:[ﬁifﬁ_# p53 =5[]
=z < It TR ° =57 oy 4 . o
pJ2003 (& F’E‘ﬁi@&ﬁtu}%aﬂ[zz] p53 /[Jlelg’jiﬂvgapJZO% [
]E[ » BTEER ) J \J?L’:u%)[ 3.10 Flfj,'—“hf cﬁ'lj'%l’r;{ug)[ o E“E‘“F{JJ §6[530%?§ﬁ%§§ -
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I All Mutation
ALL , Length =80 I Cancer Mutation

0.30
0.28
0.26
0.24
0.22
0.20
0.18 3
0.16
0.14
0.12
0.10 4
0.08
0.06 -
0.04 3
0.02
0.00

Percent

20 40 60 a0 100
I' Rank (%)

[ﬁ'3.10§f§',r ' p53 3 /[J60909fﬁﬁ’ﬂ“4 By I o) g
o TSN AGRpy TOPRED M ENERD ST > (T 30%
F‘szﬁ’ﬁ"ﬁﬁiﬁ%"‘ﬁﬁ I #iPEL ] 10% -

(AT Rl Y TR TS PTAZIBET » (I AGRBE[C > ...,
H1GRABE C 712 P8RS o g (] o 12 FERABRAVIEIEL i° fj A 15l AR
OBt A 33

Nﬁﬁgi ARy E PRl TERT e AR B F‘*ﬁ%{%gu SHe
T 5246

137
A C 5246 113
A G 5246 158
T A 4980 121
T C 4980 142
T G 4980 109
C A 4970 165
C T 4970 284
C G 4970 156
G A 5107 252
G T 5107 202
G C 5107 164

F< 3.3 % pS3 1) 12T AT FAATE (BY -
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JR] pS3 T[RRI R R 127 (A = ﬁfﬁ%@ﬂ IHEE
iffs3 0 DI T ZRBEL A > = 80 £L{F] > HE] 3.11 pUSEHH ©

. - I Al Mutation
Mutation T to A, Length = 80 I Cancer Mutation

0.32
0.30
0.28
0.26 3
0.24

Percent

20 40 60 80 100
I' Rank (%)

[l 3. 11 53 -ty s i [ 3.2 0 (RSl 25 P e
Ry 2 BRI T R A RS 53 -

R 55 P ’ﬁ%ElBﬁ‘%&: » FHIRE 3.1 BT > o) e e
[ 50% » KBEH (=1 FEIFUZS 0 [ 312+ 1) S5%f0 i ln L Bl [fy 2 3o
2 10% > [F[J‘F,;ﬁﬁl:iu 100% > 55 ELJIBF o I & [laflih fi] o L3y 2055 A F 1)
F Deancer ﬂ'*jﬁi@;} METE po MW - F 7] | BHEED BIAY- S [0 A
FIEnE [t [l SRl R b T O] el » A A 3.4 i i
(et AT RSB TR rE e PIIPERAT > B 2] 14.23 fuBle > 25 TR e
CALMpIE A o CEESELFEF PSS -

10
A=Y (pomes = py)X(35—=10n), n=1,...,10 (3.1)
n=1
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. - I All Mutation
Mutation T to A, Length = 80 I Cancer Mutation

0.32
0.30 3
0.28
0.26 3
0.24 ]
0.22 ]
0.20
0.18 J
0.16 3
0.14 3
0.12
0.10 -Jv A
0.08

0.06 |
0.04 ]

0.02 ]
non ]l

[l 3.12 1) & & [l oy Ry 153 P sk
ﬂ@lﬂdy} l:‘* ’ %J I Eﬁ)", b PF"E'EQ, %!ﬂé[fjglfig%]’ﬁ}ijl]@ .

HEEE Tt o zed Y o 2 A2 L i
0~10% ( 3.14E-001 — 0.09 X (55— 10% 12.59
10~20% ( 8 26E-002 — 0.09 X(55-20) = -0.46
20~30% ( 9.92E-002 — 0.1 x(55—-30) = 0.02
30~40%  ( 6.61E-002 - 0.1 x(55—40) =  -1.68
40~50% ( 5 79E-002 — 0.1 yx(55—50) = 257
50~60%  ( 9.92E-002 - 0.1 x(s5—-60) =  0.26
60~70% ( 9 92E-002 — 0.11 X(55—70) = -0.58
70-80% 9.09E-002 - 0.1 x(55—80) =  0.74
80~90% ( 3.31E-002 — 0.11 x(55—-90) = 4.4
90~100%  ( 5 79E-002 - 0.09 x(55—100)=  -1.93

Sum=14.23
% 3.4

PIE 205 fee TPS3 1 1278 2@y [l R pubetfi > affl I 4 3.5
T EE R A KR PV PR g PR 5

o

4
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A—T A—C A—G

Length A Length B¢ Length A
20 1.41 20 3.36 20 4.05
40 4.04 40 4.94 40 5.56
60 3.48 60 4.38 60 4.45
80 5.54 80 7.45 80 6.07

T—>A T—->C T->G

Length A Length B¢ Length A

20 10.91 20 12.66 20 13.6
40 13.89 40 13.39 40 14.26
60 15.45 60 14.28 60 14.61
80 14.23 80 13.21 80 12.15

C—A C—>T C—>G
Length A Length A Length A
20 5.49 20 0.17 20 3.05
40 9.37 40 -0.95 40 6.62
60 9.96 60 -1.39 60 6.18

80 12.54 80 2.96 80 12.69

G—>A G—->T G —>C
Length A Length A Length A
20 4.58 20 3.66 20 7.94
40 3.07 40 2.39 40 6.55
60 2.58 60 1.11 60 6.2
80 1.31 80 2.95 80 5.83
#* 3.5

S T [ E I+ 2 (P TPS3 A1 C 200 T SRR, 53 )i - [ 3.13
> [ﬁ' 3.14 ~ u%‘[' 3.15~ q‘Eﬂ' 3.16 -

Mutation C to T, Length = 20

Al Mutation
I Cancer Mutation

Percent

20 40 60 80 100
[' Rank (%)

q%ﬁ' 3.13
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Percent

Percent

] - I All Mutation
Mutation C to T, Length = 40 I Cancer Mutation

0.16 A

0.14 4

0.12 4

0.10

0.08

0.06

0.04

0.02 4

0.00 -
[ Rank (%)

1 3.14

. _ I All Mutation
Mutation C to T, Length = 60 I Cancer Mutation

0.16 A

[' Rank (%)

q%j' 3.15



I All Mutation

Mutation Cto T, Length = 80 | pumm Cancer Mutation

0.28
0.26
0.24
0.22
0.20
0.18

Percent

20 40 60 80 100
I' Rank (%)

@%’3.16

@Wpl JE I TPS3 B3l Rl C dddny T Rk pielivgpy 1o H
leﬂﬂwm@ﬁﬂ@ » PRIF P SR R PR E | PHER Y

PR C AR TS IR MR ] 2 75 (PR ERALIN GG C2 THO R f2 5L

LT BTG C AR T o e Y fa FERR [ S0 D [N
CHRRTHY T 28 FFIITE] -
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S Fo DNA AT

ST L AR ’:fET:i e R 2“““‘ R RE T
ME TS - POk R T B - MWW*W A EE R Y

correlation °
INE R R A EI”HJ o lﬁlpﬂﬂ‘ A e ] 4°=64 €1 > Y1 AAA ~ AAT ~
AAG...GGC ~ GGG =™ -

_’_'l

A=C—@1C—8B-C—A—C—T—BG—A—-B—C—-GC

=)

4.1 0) - (9208 3 PO EEIEIE A 00 P
H-3[kL ACT ~ CTG ~ TGA ~ GAC ~ ACA ~ CAC ~ ACT -~ CTG ~ TGA -
GAA ~ AAC ~ ACG > EJ[J?E[FE ACT £52°% > CTG K5 2% » TCA K, 2% >
GACHEL 1% » ACAEL 1% > CACEL 1% » GAAEL 1% > AACE, 1% >

ACG £} 175 -

a1

)
B
L1

B - R AT BEE DNA B R 5 o 0
S AR X YA 4.1 B o

AR e
AAC 1
ACA
ACT
ACG
TGA
CAC
CTG
GAA
GAC

% 4.1

2 A NN -_2DN -
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{ﬁjﬁﬁﬂ fFEjﬂu?rngﬁp ;gscvf“c @Eﬁu FERF R ey o Enjgg‘fi_ =
r%@fﬁ@?i"ﬁ ARBRIT =T b [ IR SRR T B AR
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U B AL tﬂ?ﬁ?‘? KBGO Y Y . :rm%mc
Ty 5 VRS SEA S P R 2 )
2ol HEHFW'*/UW?F?T%'J/‘?i"ﬁ/*@'jfp'\/f 5
Fp ) EREOAR R 2 R RN IR v

v =1y =1 v, =1
yCi=1 ycz_z yci=2
ym’,i=1 ymz_3 ym,,i=2

/. N/ '\ / N\
A=C—@—-G—B—-C—A—C—-T-B6-A-@B—-C-C

l A 1 1

© 00 O ©

ﬁ‘42f‘%{@&ﬁ R s 2 Eﬂ?f}%u{@ﬁ?ﬁﬁi THRBIVZ
Uﬁlfiﬁr’*}‘”ﬂ 5y~ ﬁl@u@*uuiACT T[RRI )
IR Yo AR PERE B 5 WA T :%"*’IJF“ Ve AAEY
e RS E|J Uf‘f‘%étﬁ@%ﬁ FIE %4&?@#4;@, T ISSIRY y,, AR
il s [ﬁﬁlfi,”[%?fﬂﬁ Y CTC A [] 3 7 5= fibi! ﬁ%‘f LIE JTGA A > [
FLEYE PR TSI v AEEET L PRL E B R (AR
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SR LN EFORKR DR DT ¢ DRk ),
1

AAC 1 1

ACA 1 1 2
ACT 1 1 1
ACG 1 1 1
TGA 2 3 4
CTG 2 2 2
GAA 1 2 2
GAC 1 1 2

*.4.2
(230 (40) o ST R R 3 ) v o BHIE

Uiy BT correlation fifl F[HH alVEy ¢ v o v o, o

4+

2. lxm
correl (x, y)= = = (4.1)
-2
it (4.1) Py L ERTS FPRRSVEU R A )—C=Z"f v oy=e i sEE R
+ g g L L A

fci_fiﬁﬁfﬁlﬁdﬁ’?ﬁﬂﬁﬁ P R o A /IJEJfFE'Ej%JIi EL ] A
[
—1<correl(x, y)<1
E%'Flﬁ'%’l*%ﬂﬁ T/IJFIIE'FE‘LJAE‘)“"%%@%IJ” AT 3]
FLIS  F B P AR IRL R R IO SRR A BhaE
F $'L"FE'W P B0 = & ﬁ?g‘«@"ﬁk@%ﬂfﬂg AR I =3
Eh | I SEN A?‘?ﬁi@ AR b ﬂ:}gﬁlﬁfyuf[IHEFJEIT»’Q@% » Bl Ry B
fﬂ*}@“ﬁd:%’\pﬁgkf%ﬁ il

PIF=H R BT 1~7 iV correlation » I') TSHR ERf] » ' 25 [ 4.2 0 R1 %
i N ﬁ%‘)ffﬁifgﬁ%&} °
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TSHR
0.1 .

Single —+—
Covegl =

Correl

7
Length

[fi! 4.3 5t-Single ~ 384F4-Cover » FFS-Multiple 5 jJ£2

¢, ~ C

c

Cp TEIVT] [ﬁJ:‘%@ Eﬁ FIUF]:@T(HE‘"II%/ o

R %55 P ’% FfER= o Y £ TSHR > S5V RE 1~7
[ TﬂﬁﬁdtﬁﬁFfTU%%EZFQE?VHF“L R RAREE > BRLES SR EI A
M= 1 = f[ﬁ'”gﬁﬁﬁ'%&ﬂ[ﬂﬁﬁ correlation [ » £V ¢,
Evﬁﬁmﬂ\,gigygr?A\ofuﬁagA%<43F[

T A A3 IS ME R A
c, TR /ﬁj%lf

c. Y cu f‘&[ﬁl
AL P
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Length\Name APC ATM BCAM BRCA1 BRCA2 BRIP1 CHK2

1 -0.76 -0.63 1 -0.93 -0.66 -0.91 -9.13E-001

2 -0.14 -0.03 -0.06 0.25 0.19 -0.59  -7.87E-001

3 0.12 0.34 0.06 0.43 0.45 -0.19 -3.76E-001

4 0.2 0.4 0.07 0.42 0.47 -0.02 -1.51E-001

5 0.22 0.29 0.06 0.3 0.42 0.03 -1.99E-003

6 0.19 0.21 0.07 0.2 0.32 0.03 2.58E-002

7 0.14 0.14 0.08 0.14 0.21 0.01 4.22E-002
Length\Name CDH1 DPYD FUT1 FUT3 LDHB LHCGR MC1R

1 -0.73 -0.28 9.99E-001 9.96E-001 9.79E-001 8.30E-002 0.89

2 -0.6 -0.28 2.28E-001 -3.10E-001 -7.88E-002 1.29E-001 0.09

3 -0.24 -0.1 2.92E-001 -1.28E-001 1.60E-001 2.53E-001 0.24

4 -0.02 0.04 1.98E-001 1.19E-002 9.30E-002 1.84E-001 0.31

5 0.06 0.06 1.76E-001 4.18E-002 3.24E-002 1.33E-001 0.24

6 0.07 0.04 1.38E-001 4.65E-002 2.62E-002 8.15E-002 0.25

7 0.06 0.02 1.07E-001 6.51E-002 3.71E-002 5.83E-002 0.27
Length\Name MEN1 MLH1 MSH2 MSH6 NF1 NF2 p16

1 9.81E-001 -0.97 -0.81 -0.93 -0.5 -0.92 -0.95

2 7.20E-001 -0.23 -0.21 -0.74 0.02 -0.07 0.77

3 7.69E-001 0.1 0.05 -0.21 0.16 0.15 -0.52

4 6.93E-001 0.15 0.13 -0.07 0.18 0.14 0.31

5 5.28E-001 0.14 0.12 0.01 0.17 0.12 -0.14

6 4.09E-001 0.1 0.09 0.05 0.12 0.1 -0.03

7 3.42E-001 0.07 0.06 0.07 0.07 0.07 0.04
Length\Name p53 PTCH PTEN RB SCN4A SMAD4 STK11

1 -0.27 -0.69 -0.09 -8.48E-001 8.35E-001 -0.94 0.9

2 0.58 0.01 0.17 -1.59E-001 -1.34E-001 -0.54 0.5

3 0.63 0.1 0.31 1.36E-001 9.42E-002 -0.14 0.4

4 0.54 0.13 0.23 2.17E-001 8.65E-002 -0.06 0.3

5 0.41 0.12 0.16 2.01E-001  9.54E-002 0 0.23

6 0.28 0.09 0.1 1.56E-001  1.04E-001 0.02 0.15

7 0.19 0.08 0.07 1.12E-001 9.26E-002 0.03 0.11
Length\Name  TGFBR2 TSC1 TSC2 TSHR VHL WRN WT1

1 -9.15E-001 -0.82 0.67 0.77 0.26 -0.57 0.71

2 -8.77E-001 -0.4 0.41 -0.48 -0.12 -0.38 -0.43

3 -5.45E-001 -0.06 0.5 -0.25 0.06 -0.01 -0.12

4 -2.62E-001 0.05 0.48 0.11 0.12 0.08 0.03

5 -1.15E-001 0.07 0.41 -0.04 0.14 0.08 0.06

6 -4.23E-002 0.06 0.31 -0.01 0.11 0.06 0.06

7 -7.32E-003 0.05 0.22 0.01 0.1 0.04 0.05

Fe 4.3 = A TR c géﬁ@j/%g&[fh@ :
I, e FEl o Z5Per g des

o35 A Y 1R 24 20 correlationii_ﬁéﬁigjﬁl%% B
R R AR AR AR R L LR DR -
FOE > FI T AR B PT  RE T O E [ RRLE I AL L

lﬁlﬁrj M=% 2 Eﬁ | 23 21714 correlation kLI L E J;[:EIEP% , iﬁﬁ‘x‘?ﬁlPﬁF’?ﬁ‘fﬂJ
Rk TR R e S e T A el I R L L T R E L AR
J\FI\JHJ—FJ Tk &y £ ¥ Z J@“ﬁ&;@r* PF' o

]Il

_ﬂ
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ASAN: (W=
S MSEEpR g Sy sl 5l 3 " R DNA FE SRR
e v R 9y~ Fhial A Fﬁ#?@“ﬁ{@?} codon [lIfVEEE T 7
PRy T F HHIRL codon ] FEARAE FIL RO T il > F PRI
TP A@ R 2 A8 o H R SRR L A
[ codon AT = 13 » A0S FR] AL RIRA I B L PRpv &Aear) * #RCIVE R
[ F2RAdfY I 5 codon TRLGPER [y ATl E PSR okLIR % @ 75 5Y
= Fi8Y= Al TPS3 H5[| b o Sl Adpy T FE[,I+F FIEE R 1@*Hl
RLMRIRPEC R 5T ) 25 o iRy T Rl A o s 128 TR
(AFVERT ST I EIEE PRV e gl il ﬁ?@fﬁji‘& M TSRS > 5

[
SR fzf | B5rH] DNA B = pﬂ[;%aﬁfﬂpﬂﬁ—‘@,% J T RLE S /A_/Elk

SV E L R 1Eﬁ*é 68.6%[1 DNA -3 [Jiyfﬁpﬁﬁ% ~
E?*]”EJ 65.7%[1y DNA H-3 iﬁf‘%‘pﬁ'w IEFIE RRE - WV R
SR EL PNV R EOAL A o IR T L S SRR JM%F 0 e
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