DNA®

SIEAEN 2D HTRIT

7R A

—. HIS:

ERR S FEYHRERR 1953 F
Watson K Crick #¥— DNA ZiEH
BERIEREY. E-EaltErRRE8ETS
DNA data #——#R &£ YR HIEEA
HEHAK, E197T0HHIE DNA ZHEMER
E—F R, BRE-FRE ESREE
3 x 107 nuclestides (HF DNA ZHEAK
oF, ENE) FR%ER Los Alamos Na-
tional Laboratory #J GenBank(FEEE
FHE) KERINEE Heidelberg &2 EMBL
databank (European Molecular Biology
H AR I A MFI#H & R}
Rift. HI® DNA BEAEYHMEYIRE. E1b. &
B BREEIEEEVZHME, DNA mffZ
EYNEARNF. MSHEEFERER dataZ
o RE, EVFEHERNSIAIE
Tt AREMERRRICPEREEER, X
% DNA B3| EZHE A nuclestides, Z40
B{E nuclestide FH MR A EZEIFE M,
TIEE R R R R 7. HHBERME
%% ZEEIC, BMEHE—EYEaREA,
TEANEE S RINFRG 2R T BB = K e
Bt /AHE ¥ Tycho Brahe {67 —#F

Laboratory).

R I AT ER AR R SCE RS- A0[RI, 40
SHERER DNA data #EHK, S HEHH
HIThRE. EE. &R, EEETERE, W
(5 7 B B A B R SO I SR MR R A £ H O
Ko B —HBRAEBRRILMAI AL ES R
mSEREBEMEICHE, BiCeE#EG, §
ot SRR

—. EVUER:

F-AVAEREHEX BARE
et  (chromosomes) K#%#E (nu-

cleic acids), — genomeXEAIFHE G

BimES, REEELER (gene), —
gene H#E DNA FIIEHGFI. —
DNA (deoxyribonucleic acid % &&HER
B) =HMERKXE nucleotides (I A
(adenine), G (guanine), C (cytosine),
T(thymine)) 5, HREAFNRZOEE
fiI (H— nucleotide H—E5SF3, HK.
. A AFMK). HifmaenigEl, b
HERIEEE R, RER—GRE, BE, SR
BHE (RE—), SREWME, —f DNA,
5—£ RNA (ribonuclei acid ¥HERER).

RNA 72 H &R HA nucleotides(M A,



2 HEER /B R83F3H

G, C, U(uracil)) #Hp, HRERLRET
{8 B AL T i SE A, TR BRI
ZHTEARAESE (protein). B—&EH
BRH—F7] amino acids(AZER) MK,
REREHEE (BRWER), ®— amino
acid ZH=1E RNA Z nucleotides(El A,
G, C, U) #pk, EHEEAAWY codon, #E2
FIEE 647 codons, HEE FEFEENRE

8% DNA Zh#%i% DNA F&—i,
HS & RIENA b, BRI M EERR S com-
plementary pairs(Ef#¥t). 7£ RNA 7]
W B R, BE R 75 B A

—HEEREETLHN RNA #l72 E. coli
16S RNA, FIAHE 1, F#ER, KE/maRH
FEA LSRN (AEERERE), HER
B EAHHA] (AITEHRTR).

—EfEREERIKER, #H— DNA

207 (R&"). ©HEMA protein FIIERE
E—&FHE, I Protein Identification Re-
sources(PIR) data base, Z4 %7 30001{#
F5ls

HYFEALER S F, nucleotides 1A
B a R —H—HEEE: G ' C #5, A
BT U G, —flT:

[ [ [
-G - A -T - T —--
— —

T
T

BRAIRE—E, TEMEEaHE R EE
Ak, 58 secondary structure( R T ). &
RS TR (3-dimensional, B
¥E) RYIReIEREERMAL

/G — G\
_ \
A Gl
. |
U Gl
\ /
\NG— G/

RERETHES DNA, —& DNA #H
— B8R (transcription) AIE# R Un-
translated RNA(tRNA) K messenger
RNA (mRNA), M messenger RNA AJ#&

H— translation #@RE#E B protein, 7E



DNA FPHIEEESTEN 3

2% cellular RNA H, messenger RNA
R#15%, hmRZH) (#80%) M ribosomal
RNA(rRNA) HIEHETHRER A, EEEEE
HE¥ protein & R FELEER A2 & T B
£ ribosome M EE,
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4—. COMPLETELY SEQUENCED GENOMES



Organism?

Organelles

Mouse mitochondrion
Bovine mitochondrion
Human mitochondrion
X. laevis mitochondrion

Eukaryotic plasmids

S. cerevisiae 2 pm plasmid
K. lactis 2 Kl plasmid

Prokaryotic plasmids

pSN2
pC194
pBR327
pE194
pVH51
pBR329
pJD1
pBR322
pT181
ColE1
RSC13

Animal viruses

Duck hepatitis B virus

Human hepatitis B virus(ayw)
Human hepatitis B virus(adr)
Human hepatitis B virus(adw)
Woodchuck hepatitis virus(WHV1)
Woodchuck hepatitis virus(WHV?2)
Ground squirrel hepatitis virus
Avian sarcoma virus Y73

FBR murine osteosarcoma virus
FBJ murine osteosarcoma virus
Black beetle virus
Adeno-associated virus 2

Fujinami sarcoma virus

Human polyomavirus BK(MM)
Minute virus of mice

Human polyomavirus JC

Human polyomavirus BK(Dunlop)
Parvovirus H1

Simian virus 40

Lymphotropic papovavirus
Polyoma virus (a3)

Polyoma virus (a2)

Simian sarcoma virus

Crawford small-plaque polyomavirus
Abelson murine leukemia virus
Moloney murine sarcoma virus(1)
Moloney murine sarcoma virus(124)
Spleen focus-forming virus

Human rhinovirus type 14
Polivirus type 3

Polivirus type 3 attenuated

Genome type®

ds-DNA, circular
ds-DNA, circular
ds-DNA, circular
ds-DNA, circular

ds-DNA, circular
ds-DNA, circular

ds-DNA, circular
ds-DNA, circular
ds-DNA, circular
ds-DNA, circular
ds-DNA, circular
ds-DNA, circular
ds-DNA, circular
ds-DNA, circular
ds-DNA, circular
ds-DNA, circular
ds-DNA, circular

ms-DNA, circular
ms-DNA, circular
ms-DNA, circular
ms-DNA, circular
ms-DNA, circular
ms-DNA, circular
ms-DNA, circular
ss-RNA, linear

ss-RNA, linear

ss-RNA, linear

ss-RNA, 2 linear segments

ss-RNA, linear
ss-RNA, linear
ds-DNA, circular
ss-DNA, linear
ds-DNA, circular
ds-DNA, circular
ss-DNA, linear
ds-DNA, circular
ds-DNA, circular
ds-DNA, circular
ds-DNA, circular
ss-RNA, linear
ds-DNA, circular
ss-RNA, linear
ss-RNA, linear
ss-RNA| linear
ss-RNA| linear
ss-RNA, linear
ss-RNA, linear
ss-RNA, linear

DNA F5IEgEB oM/

Sequence
length®

16295
16338
16569
17553

6318
8874

1288
2910
3273
3728
3847
4150
4207
4363
4437
6646
7894

3021
3182
3188
3200
3308
3320
3311
3718
3791°
4026°
4504
4675
4788°
4963
5081
5130
5153
5176
5243
5270
5296
5297
5319°¢
5350
5659°
5828°
5833°
6296°
7212
7431
7432

Accession

IlO.d

J01420
J01394
J01415
M10217

J01347
X00762

J01763
JO01754
J02549
J01755
K03114
JO1753
M10316
J01749
J01764
J01566
JO01783

K01834
J02203
V00867
V00866
J02442
M11082
K02715
J02027
K02712
J02084
K02560
J01901
J02194
J02039
J02275
J02226
J02038
J02198
J02400
K02562
J02289
J02288
J02394
Ko02737
J02009
J02266
J02263
K00021
Ko02121
K01392
K00043

5
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ds: double stranded

ms: mixed (single+double)

ss: single stranded

4 —. COMPLETELY SEQUENCED GENOMES



Organism?
Poliovirus type 1
Poliovirus type 1 attenuated
Human hepatitis A virus
Human papillomavirus 1A
Cottontail rabbit papillomavirus
Human papillomavirus 6b
Human papillomavirus type 16
Bovine papillomavirus type 1
Maloney murine leukemia virus
AKYV murine leukemia virus
Bovine leukemia virus
Human T-cell leukemia virus type 11
Human T-cell leukemia virus type I
Lymphadenopathy-associated virus
Visna lentivirus
Rous sarcoma virus
AlDS-associated virus-2/
Human T-cell leukemia virus type 1117
Yellow fever virus
Vesicular stomatitis virus
Sindbis virus
Influenza type A
Adenovirus 2
Epstein-Barr virus

Plant viruses

Coconut cadang-cadang viroid (fast)
Avocado sunblotch viroid

Coconut cadang-cadang viroid (slow)
Hop stunt viroid

Cucumber pale fruit viroid
Chrysanthemum stunt viroid (CSV2)
Chrysanthemum stunt viroid (CSVI)
Potato spindle tuber viroid

Tomato apical stunt viroid

Tomato planta macho viroid

Citrus exocortis viroid (C)

Citrus exocortis viroid (DE25)
Citrus exocortis viroid (DE26)
Satellite tobacco necrosis virus
Maize streak virus

Tomato golden mosaic virus

Bean golden mosaic virus

Cassava latent virus

Tobacco mosaic virus (vulgare)
Cauliflower mosaic virus (D/H Hungary)
Cauliflowver mosaic virus (Strasbourg)
Cauliflower mosaic virus (CM1841)
Brome mosaic virus

Alfalfa mosaic virus

Cowpea mosaic virus

Bacteriophage

MS2
X174

DNA F5IEgEB oM/

Sequence

Genome type® length®
ss-RNA, linear 7440
ss-RNA, linear 7441
ss-RNA, linear 7478
ds-DNA, circular 7811
ds-DNA, circular 7868
ds-DNA, circular 7902
ds-DNA, circular 7904
ds-DNA, circular 7945
ss-RNA, linear 8332
ss-RNA, linear 8371
ss-RNA, linear 8714
ss-RNA, linear 8952°¢
ss-RNA, linear 9032¢
ss-RNA, lincar 9193
ss-RNA, lincar 9202
ss-RNA, linear 9625°¢
ss-RNA, linear 9737°¢
ss-RNA, linear 9751¢
ss-RNA, linear 10862
ss-RNA, linear 11162
ss-RNA, linear 11703
ss-RNA, 8 linear segments 13588
ds-DNA, linear 35937
ds-DNA, linear 172282
ss-RNA, circular 246
ss-RNA, circular 247
ss-RNA, circular 287
ss-RNA, circular 297
ss-RNA, circular 303
ss-RNA, circular 354
ss-RNA, circular 356
ss-RNA, circular 359
ss-RNA, circular 360
ss-RNA, circular 360
ss-RNA, circular 371
ss-RNA, circular 371
ss-RNA, circular 371
ss-RNA, linear 1239
ss-DNA, circular 2687
ss-DNA, 2 circular segments 5096
ss-DNA| 2 circular segments 5233
ss-DNA| 2 circular segments 5503
ss-RNA, linear 6395
ds-DNA, circular 8016
ds-DNA, circular 8024
ds-DNA, circular 8031
ss-RNA, 3 linear segments 8213
ss-RNA, 3 linear segments 8274
ss-RNA, 2 linear segments 9370
ss-RNA, linear 3569
ss-DNA, circular 5386

Accession
no.?
J02281
V01150
K02990
V01116
K02708
X00203
K02718
J02044
J02255
J01998
K02120
M10060
J02029
K02013
M10608
J02342
K02007
K02083
K02749
J02428
J02363
J02143
JO1917
V01555

J02050
J02020
J02051
X00009
X00524
M19506
M19505
J02287
KO00818
K00817
J02053
K00964
K00965
J02399
K02026
K02030
M10070
J02057
J02415
J02047
J02048
J02046
K02706
J02000
X00206

J02467
J02482

7
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DNA FFIEBENHEN 9

U C A G
UUU Phenyl- | UCU UAU . . uGU .
t
g LUIC alanine | UCC g ;. |UAC TSI e Oysteine
| TUA . UCA UAA . UGA TERMINATE
: L E [ vJL 1itavmLovrtL |
BT B e uaGCRMINAT " UGG_Tryptophan
e | Gy Mistidine | G
C | Leucine (1) | Proline ! i Arginine (3)
} CUA . CCA CAA Glutamine (2) CGA
(CUG | CCG | CAG | GG
L AUU | ACU | AAU : AGU :
4 | AUC Isoleucine | ACC ... aac 'SPeregine  ygp Serine
| AUA | ACA | AdA Lysine AGA Arginine (3)
AUG Methionine | ACG | AAG 1 AGG ]
GUU GCU GAU Aspartic GGU
GUC : GCC : | GAC acid 6GC :
G Val Al 1
gua o-ine GeA A€ erd Glutamic (2) | Goa Ciyeime
GUG GG GAG  acid GGG |

F3IHEE (Sequence
Aligments):

YRR ERIFENEE, ARER
Bt TR Z 5> FROEAL. KRR INEE. Th
RMHERANE S FMFRTREYES BER £
BUESFMEEEEEE-BERENRE
5, THANE R EFE & E LR BRRETT N, Th
REREMFFIM (A hemoglobin & my-
globin) %% ZHFE—IHEFFI5 =R E
HRHY, TEMEER P H T EER AL B A
DB (RETIR

(3.1) Bt _:

TREFIER o = war...q, K
b = biby...by, B4 B b B A, G,
C, T z—fE (E&MFE DNA F); 5
R 20k Z— (B%E protein ),

% —=. Codons and their amino acids. The coodons are shown in their mRNA form.

=] fi# ay = b1, Qg = bz, as = b3, H

as = bs, as = bg, ag

= arp, (Eﬂ n = 6,

m = 7) &M b RH o FEA by TR
a £ b MR by T, WHLELLE MFS
R BT A 22 TR PR A R SR o
BT PEE P H RS

k% *
a,laz...(IL

bibs ... by,

a; & by RHIEXR o K b HEAZME ¢ T
®n+m > L > max{n,m}. BlF:
a = ATAAGC, b = AAAAACG, Ak
Hz—T:

a* = ATAAGC¢
b = AAAAAGCG,
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SERPHOBEAST (B% 0 > m >
1000). FBCEMAS: () ThFHE,
(59) B (52) Bmusm () —He. mptaTae
PR BE

2n

~ o (4/m)

as 1N — Qo

g(nv n) =

% n = m = 1000 B, ¢(100,100) ~
10800 KRR RE——HE 2 HESE! RuE—2
REE—-EREHBEATTFERAZE, R
FEZREBE (B ¢ £ ar £ b0 # ¢), Bl
#E AT E—FHE N

EER L PyIPEEEE, M EHTEE
HHBEEER. & fu(n) B k FY (HR
B n) <HEAEE, RIRTEAH for k£ >

lim log fi.(n)/n = log C,

where O}, = (2% —1)7F ~ L = g2] 4
n = 1000, k = 3 B, f5(1000) ~ 101755,

AKTo

(3.2) FENREREMMEIIZHE#:
ﬁfﬂ%kh%ﬁ%ﬂﬁﬁ%&%%%ﬁ%
W32 BEREERE D © D(a,b) = min ¢§1
d(a?,b) B minimum &% EHE Al6E
HEE, BEARTTRERIBEH BIR R A, (HEM AT A
e E (Dynamic Programming) K
PRI, HEERKNE d MNFE AR
2 ifal=¢orb =¢
d(af,b;) = 1 otherwise (af =0b; = ¢
NRFFEE).

HIRA ZE AT e #:

EIE]_‘ %Q:a1a2...anﬂb:b1,b2...
bm, %%% Dij = D(a1a2 ... Ay, blbg .. .bj)o

il 5%
J
Dy, =0, Doj = Zd(¢abk)7
k:='1
EDiO - Zd(aka¢)°
k=1

il

D;; = min{Di_jvj + d(as, 9), Diy

+d(ai, bj), Dz‘7j—1 + d(¢a bj)}"

It BT B & E R K T ' da;, b)) =
L, d(¢,bj) = d(ai,¢) = 2 F, EHEEE
AIEAFFEEHE O(nm). —EHIF=Z, K
BEE R {E Escherichia coli tRNA FE3:
threonine tRNA(El a) & valine tRNA
(B0 D). FIMEH 1 BAMIFE] 72 E R ETEH,
Hrpe —BURIT (72 &EFR @D
S TR HERC R ):

ACCA| CCC|ACTASCTGCCCTAGCTTGGC
ACCA| C2G| ACTATCCGTCTAAGCTTGAC

GGCTGGGGGAGGAA| C2A| TTCCC|TCCA
GGCTGGAGTGGGAA |TGG| TCCCC|PACG

CGAGAGGGTCGACTGCAT®TAGT| GGG
CGAGATGGTTGACTCGATATAGT | CeG

EEEHKH D(a, b) HREEBENEK
&N D —H%RAE. B—FHEIRER
MEEREL S(a,b), S(ai,b;) <0 % a; # b,
H S(a;, b;) > 0% a; = bjo WHEMATHE



SEE 1M 2 DR d 2 ST minimum
B maximnm (Bl AP ),

RANESeha € —EEE o, FMEEK
HTE b AL RSN a0 CRIER] BB
T Ko (< )E

S(Q, bibi-l—l ce bj—lbj)

= IE%} S(Q, bkbk—I—l e bg)o

fEEM R FE R B EREFAFEL—T
MITT. BHMT: & E
moter sequence M, A TATAAT
RCHERERENRARIE M5 ¢« =
TATAAT.S(a,a) =1, S(a,b) = —1 for
a # b, and S(a,¢) = —2, % b =E. coli
promoter sequence, F|FBRERE KA
PHITE (6,43) (7E BB &ETEY:

coli pro-

TATAAT
CATGAT,

ItEE CATGAT % b N, B— canonical
—10 pattern, 7£ (6,13) fiiiE LA:

TATAAT
TCGAAT,

HiE TCGAAT % b /9, EIDREERH e,
TBLEDEE Fl— A

2 BN B, A7
BH— s B HIBIRA, HIOZE viral
(%) R host DNA HE% A FERS

DNA FHEEESTEN 11

HIREFIFEH AU DL (EBER B, Bk
Hj Qg1 - - - Ay & bkbk+1 Ce bg 1%

max S(a;a;eq...a;,bebriq... b
1<ici<n ( 141 7 VEVE+1 ﬁ)o
1<k<t<m

(Rl A5t BT R PR M i e ) Y R A S 2R R L
o EABBAT: RER

HZ] = maX{O, S(axaxﬂ ... Qg byberl Ce

1<x<i, 1<y <jl

kT Ry. 4 Hip = Hyy =0 for 1 <i <
n, 1 <j<me Sor=S(¢,b1...b) =
— ko G
Hij = maX{O, Hz;l,jfl —+ S(CLZ', bj),
maX'{Hi,k,j — gk},

1<k<i

max { H;j ¢ — Ge}}o

1<0<;

MBETE (4, j)MERIELEES (4, 5) B

H;; = max Hyy,

1<k<n
1<t<m

B (4, 7) REBERCE TR o,y BI&EER
TRERARELEY A B

HRH LERARRFAER 7 i
BT BER 75 4k R B P X A IE e 3t
KRR LB ATF A BRI
IERERERT AL B, BOBCA B EE, AL a)
HE L, H—T R AR REN
PEBIZR, BLRNE H AR FEES 17 H 2 FERY A 2L
7 BEAERAERUD B E— BN, W
KBRS PR A RS —EAN G P AR B
R TR IR RERY B S R B DA LR A8
R E AR EE#RZIEE (pointer) K&
HIEEHE (traceback)s
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A nucleotides Z[H#EE R R K E)
RAERMATIREHAMSE RNA & sec-
ondary structure, EREEWELEH T
YRR, AEBHANTESEER,

(3.3) bbl2 LEFFIRIHEE:

LEFHINPEE T B FFIHES I E
BRI B T AR MR 2, (EHETEEH
Bt O(28n), REBFFIEEL BEHEE
R, R > 3 K, SEERK, TUEE,
A —HriY, fEEE T R R, 5 B BAAN
T: 4 R=6K6FFIHEST:

Seql -+ A---
Seq2 - A--
Seq3 ---T--
Seqd - A--
Seq5 -
Seq6 ---C -

BE—MITER— vector, AREFE T
A HBEBIRERRLL6, CHBRBRE R L
6, GHIRBHIRHBERLL6, THIEHRREERLL
6, DAROHIRREBRU 6, MLEE o =
(PasPes Piss Prs D, )o BATTERR HHESS BE IR
D = >

over
R-sequences

(p,logp, +p,logp,

E\U%f%f aj ... a;; blbj, cey 7’1...7“332
HE, HER—1TR:

€10a;

€9 bj
€RTx

WEE ¢, = 08 1, H oa; = ¢o SFEEEKE
D i EEE, AR g7

DZ]:B = maX[Dl-,ehj,Q
€#0

) +d<€1CLZ’, €2bj, cey ERT’m)}o

ERATHIEMEER 0(2""), RiEE
O(nf),

PO. #Eto#T (Statistical
Analysis):
Mt TR B R — R IR KA
B, P R, o

(4.1) MEIPHERELEFRZREMET:
BB R R IR BRI RE
Bt PSR R, BREGEEER —
M, HHERABRAIRERESZ po RIEE IR AR
HIRERH R, G
P(lim R,/log,/,(n)=1)=1. (41)
TRFMPIEMEEE—, Bl a; = b; B

+pelogpe +prlogp, +p,108D,) pgesmim < A, s

B, WHAHRRHEERE & o =

ai...ap, b=">by...by, -+, 1

r...Tgo

p=p>+p> 4+’ +ps (4.2)

HERMAICFRIRE R, WE (4.1) K,
mE p EWE (4.2) Ko EREMOHERA



FHHK, FMFIIRER n & m H
log(m)/log(n) — 1. BIEZRMEERE
(& k THREN) BERE M EmET
W

E(M) = log(gmn) + kloglog(gmn)

+klog(q/p) — log(k!) + rlog(e)

—0.5

Mg BRIALE; ¢ = 1 — p; log = logy ,;

r =0.577--- £ Euler constant; ¢ & ex-

ponential constant= 2.718 - - -, R
Var(M(n,m)) ~ [rlog(e)]?/6+1/12,

(4.2) $BRDHA:

AEME glutamine ATH CAG 2 CAA
R, [HHBED I #HE CAG codon £
— S BN B AERIIRARIEE & A codon
TR AR TTBUE oligomers FLARETRE
HE < KE#, codon fRIFEREE E. coli
kR BRI REE MR, codon #HZER
H¥EZ tRNA BZVEREMM. £EH
BEiRERFYIT oligonucleotide PR EE
HIREARG =, EREEEIERE T
HANF LR,

£ DNA 39, & nucleotides
AT HEES, REKRHEERITIN
P HISpy R E R # R, AR EER
AEB TS THEE, £ eukaryotes W
CG —ERHBREGEE P, TE—KFFT
H PuPu & PyPy tt PuPy 8 PyPu &
fREFHEE (Pu B purine base (A or G),

DNA FRFIEEESTEN 13

Py pyrimidine base (C or T)). 55— un-
cleotide ordering FIFEBFFIHF A ZERKE,
TERFH RNA K DNA BE—RE A 1K
BULHIE (REBERHER) B2, HARITE
B A (runs of A), A0 AAA, HIEREIRE
HEAZHE S, G B C —BHBEREERD,
BE—H G K C, k GG, CC HBRREH
HEMNES, Ry G REH C RELHY
REMLEDRS . R DNA (JFERN)
A E &R (palindrom, AIEREARE D
—E2 4], Ml eye, madam) Z IR ELEAZE Y
D, EERRA, WFEFY G e — SRR
#if (twofold axis of symmetry) 21 AGCT,
Rt ER - FIRER B CRBER, EFED
EHIAEHEELR DNA BFER secondary
structure B (constraints) B,
(4.3) /IAXDH:

HFTHE—KFS] DNA/RNA EK
— B AREE (Markov chain)e ¥ A = 1,
C=2G=3T=4 E% order k &
ARSES {(Xit=1,1,--- N} W2

P{Xn-‘,-l = 'l.n+1|Xn = lny---y
Xn—k+1 = lnkt1, .-, Xo = o}
— P{Xn+1 :in+1|Xn :in,...’

Xp—gt1 = tn_gr1} forall ne

TEH9 2] J6 7] K 98 v RS M 2 O B I P 2
WH pe = 3-4F RMSBEERT (i, =
1,2,3,4)0 4 n(iy,do, . . ., 1,) BEE i —
— i, E—FHIHEEEHIREL
AR AR BRI OMEEHAT

7:2 — ...

Pi1, 92, . oy Tk Tht1)
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= P{XkJrl = i@ﬂ\Xk = g, - -
n<217 e Uk ZkJrl)
n(il, e ,’ik, +)

)

4
BUBE n(iy, g, .. ., ig, +) = Zln(ll,'lg, i,

7)o BB AT — e i 2. T FE
KB R (BIC) 2R¥E order ko, H 1L
I SEEHE log-likelihood L(k)

Lk) = > n(i,..

log (i1, ..

ks Tht1)

. 7,“4?’ 'L.k?-l-l))

WERANEE 3= REATE nir, ... ik, lke1) >
0 ZHEE dy,ia,...,0k110 Al BIC(K)
—2L(k) +prlogn, HE n(< N)
B on() BFRTHEE. 25 b B2
BIC(k) B/ k.

WHEEE DNA BYIRR AR 1~
ORER RN FIIRIETE#, ME
i high order BFAIRAMAITEEENF
5 (HR pr BKR), EEEBTUIER. B
1& pr 28EH, Raftery fH—EA:

hli

k
p(ih cee 7Zk7 ik+1) = Z A]Q(Zja ik+1)
=1

B Q = {qli,§),1 < i,j < 4} B 4x4
row-stochastic matrix E|EEE, A1, ..., A
RAZHEEME—, FTUEMGETH2EE
BOREE pr = 11+ k, b 3 x4F DT KR%,
RER T AR ERE R B2 H G,

BRI Rz BIFUIT:
phage AFRFIEKEE 48502 nucleotides,
RFFISE 5 B, SEREHAELMESR, Y

bacterio-

., X, =i} Late, Early 1, Early 2, Control, Silent,

B RO RRE Late BIRE order 2, H
fiis order 1,

B #E—4 A Fourier Transform,
Walsh Transform, &k Correlation coef-
ficient FRHGERMECEE, ERE—7
ERFEENG—7 8. ERARERE SN
Ry PR Bt BARE RS 1, B b5 ik R
28 H [ E AR A

(4.4) #HEt CRAZRIREL:

i E — Fp 51 B A 7] 18 B B — Le it at
&, (BN E T B RS
EMFEEAAE T ERENAUREN, BE
B R PERE AT £ 2R R, A S A
SR BB R T RARKERE R AL, S.
Karlin Mt# DNA F50# T R,
S—¥ERIRERRREAL % (Data Shuffling
Methods), HAIE—FFIHE A K G #9147
B LI ¢ &k T WAETE., B
HHRMEE 100 £ 500 permutations,
STEAIEE—R permuted data HiHi, AIFE
FRIHET &= (%4 permutation) H#T15
W —HERET B R RAE Ry, R ORI &
B F R

SEE— k-word BE—FF ) E
# k E¥E, HME—T k-word E#EH
BHEE, T fulv) BHEHER v R
k-words HIE#E, Bl N} = ;2 frlv) B
ARIEHR k-words HIHEEL 7%_%2%3651‘?
mAE. BREY #HE FREFEE kar-
lin BIRFSEERE. SEBIA0T, B=(E papo-
vavirus genomes: Simian virus-40 (SV-

40, = 5243), polyoma (f= 5293) Kk
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human BKV Dunlop strain (£= 5153), REBH] k-words HAEBREREE, EF &
H fi(v), k=6, 8 i RE=. HIHRA
SV-40 k BKV Z3R#Ef, ERRMFZ
genomes EfHM M Polyoma 7ERHI K HIE k, 4 <k <15 BEHOL

SHIEE SV-40 k BKV Z7[A, &Lt

#=. REPEAT-OCCURRENCE DISTRIBUTION OF
OLIGONUCLEOTIDES (WORDS) OF LENGTH 6 AND 8

fe(v)

v 1 2 3 4 5 6 7 8 9 10 11 12 13 14 18
BKV-Dun 898 628 361 175 87 57 30 14 7 1 0O 0O 2 0 1
SV-40 943 627 363 183 90 47 29 11 7 5 1 3 1 2 0
Polyoma 1174 740 421 198 78 22 5 2 1 O O O O 0 O
Random 1391 899 423 132 42 11 3 1 0 O O O O 0 O
Polyoma

fs(v)
v 1 2 3 4 5 6

BKV-Dun 4158 383 57 12 2 0
SV-40 4198 434 46 7 1
Polyoma 4709 269 11 3 0 0

—_

Note: The entries indicate the number of distinct k-words that occurred exactly
v-times for the specified sequence. The row labeled random is obtained from
the pointwise minimum of the cumulative distribution derived from 10 random

permutations of the polyoma sequence.

% L, BERED r ROREFHNE L, = max{k : § folv) > 1},
. B )
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EFRERFIINEET, L, Z#EHESE R U
R, B LU R P ZE— M e 51 A
Kz L, REHEZE (H#R). £ E. coli
phages, T7 phage BET~A—HEZENEHN
HEF, MA phage SrHFEHNRAER
o

SERA RO, B> DNA &
BB ARER, BMAZEEE AC
A—-T, T —- A G— C,C— G; K&
H,(f): inverse permutation on k-words, B[l
EE FRBEE k+1—i (8. B AY &
1) 775 —ERI% (dyad relation). HAl
i b-word: ATTCG &k CGAAT B _{ER
e © gpr(v, 1) BEE k & k-words pair
(W, W*) B8 2 T 5 W ke W™
EEZERFIEE W B3 v X W H
B ou Ko —BIFIERME = 8, FFIE SV-
40, polyoma, HPV k& BPV(human and
bovine papilloma viruses). #f polyoma
K SV-40 TE gps ZEEGTHrnH 8 =
MELR%, 2 Polyoma REED, BELRK
HE gpg permutation range f&H¥5ER
viruses gps(1,1) & gps(1,2) EMBHIEAL
4 (shuffled sets EEEE 30 permuta-
tions) WERAME, EIFEFE SV-40 RZFr
A gps(i,j), i =1,2,3;j=1,---,6 —
RiER, ERFELEMETRREE. HPV Kk
BPV RN R, &6t & i 4
{LRA R T A HE—F 5T,

47, COUNT OCCURRENCE

DISTRIBUTION OF gj s FOR SV-40,

POLYOMA, HPV, AND BPV

COMPARED WITH gpg FOR
CORRESPONDING PERMITES

SEQUENCES?
SV40
1 2 3 4 5 6
1 276 68 9 3 0 1
(195,260) (0,25) (0,3)
2 15 9 1 0 0
(04) (0,1
3 0O 0 0 O
(0,0)
Polyoma
1 2 3
1 248 36 0
(192,229) (0,16) (0,3)
2 2 0
(0,2)  (0,0)
3 0
(0,0)
HPV
1 2 3 4
1 478 114 11 1
(341,407) (40,92) (0,7) (0,2)
2 12 1 0
(0,6)  (0,1) (0,0)
3 2 0
(0,0) (0,0)




BPV
1 2 3 4 5

1 486 115 10 0 0
(327,418) (43,101) (0,8) (0,1)
2 17 2 0 1
(0:8)  (0,1) (0,0)

3 3 0 0
(070) (070)

# The range of counts for 30 permuta-
tions are shown in parentheses for

each (i, 7).

h.DNA Z&OkAEGRE:

WA ZEPEREAEEE DNA 8
B he SRR A B 7T 3 PR o — 1R B Y BRI
TEHBEHFAMEETR DNA HEE T —#REK
B8y DNA B R CEHE FEERE
A, EEMEES RIT IR, HifE
(1) i8££ DNA Z&#gEEE R m B A —
# (linking number) Lk, (2) Lk EZEX
Btk (a) Lk 7€ DNA #f&BEERTE TER
BN (b) Lk RHEMAMEINER, twist
(he#) Tw, K writhing (¥8) Wr, 8l

Lk =Tw+ Wr,

EMRER] JERER£5 G, HMEsbtiG
BB A & 5347, topisomerases & & &l
B R BRI,
(5.1) MIZCRIEIPARNIR Z SES L L:

o O K Co ZREEE R E R
(fE3EZEMF ). SEBERPEIPH L, Hf

DNA FHIEBENHE, 17

Z—GLE S — R B, LNt 2 E
—B, —HEWAE, A —R MR, HEF—
REREE—FER +1 B0 —1, EERE L
ARV E (tangent vector) JAZEIEZE
TH R R T ATE, ARERR
JERFEt, BIER —1, RAIS +1. 7EMEEEL
Lk B2BELia R (HhEE)
FERLL2, WTH LE(CY, Cy) FmiZ. Wk,
—iZER Lk = -1+ (-1)]/2 = —1,
Mm#ERE Lk = [(—1) + (1) + (-1) +
(=D)]/2 = =2, —(AFBET2EHE 3,
—REBE +1, H Lk = +4. EFIFH#
78 H P R e 2U T PA R AL MR e (15 T4k
A in right-handed sense) &— DNA
RN, B 42—RFENHT, AW +1
RHE W —1 E, A Lk = 0, EHR
ZREAERN R E— R H ORI, B
HfER Lk = 0 Em iR T aE B, E6IF
B trapped figure 8,

EECEAEIME LR (1) HEEH
—&FH (HUEEE) ), SR REER
% Lk REROFENAZREZER; (2) &
ME—dEE B ETERZR, ] Lk 2
& (2RE 5); (3) BRUE—dRZ M
BIRGEAA] Lk < RSt i 6 frx;
(4) BRAnEE eh AR A R SR mE R, /I Lk 2
B RFE, A0 7R,

RA4& LE thv] FZER A E R A 8 75 vk
Bl Gauss D HHERER, BHREBHAGFER
BEER.
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(&) Cq

El2. Linking numbers of pairs of curves

using the index approach.

)
K

+ +

o

+

3. Linking of helically intertwined

curves with a circular axis.

B4. The trapped figure 8:a pair of
curves with Lk = 0.

B 5. The invariance of Lk under defor-

mation.

+
Q
Lk =+1

X

Bl6. The reversal of the sign of Lk when

one of the curves is reversed in orienta-

tion.
Lk=-1 Lk = +1
Reflecting
Plance
Edge On

7. The reversal of the sign of Lk of

two curves when refleeted in a plane.

(5.2) ZEEIIEAMIRAVIER (Writhing):

ZefE—E AR ¢ BREFTH L, B
g thEr & B CEEE SR, HE—fHEE
AL, FEE—fE% +1 80 —1, LANT Lk
Z B, LELEBRINERANE C ER
BH (directed writhing number), H A2
MR RS BEIENEE, X Wr(C) %
Wr R, REZMIEATEREZNERE
BT E, AMLTEE 8 o RTliHR A AT F
BREER—H, BREHD AR -1 K
+1, Jllt Wr =—-1 k +1.

B Lk A~NFE, R C WARKT, B
FAEEAL AU, HRSE W ERE
MR AT, A W Migdis,
E—F o, Mr Lk, & C Bk Wr 2
FEEUE T, LAFERE 8, (EMAT REHHh



M B R — B, W Wr =0, B 9%
Z RV BT FZRER AR W

Co)

Wr ~ -1 Wr ~ +1

E8. The writhing number of curves

with one coil.

oD
Wr ~ =3 Wr ~ 43
) 0000 OO OWw
Wr ~ —5 Wr ~ +4

B9. The writhing number of curves

with multiple coils.

(5.3) —HA#RE S —EIRAVIER (Twist):

EA L, —Hif Co HA—H C) 1
8, LA Tw(Cy, C1) B Tw FFz, BHl
& O, #5% C) ek, BB fT =
— AR (helix) #E DHTEE, Tw 2T
Tk E DR KB, BRI, B
e R AT, BRIS & HRAETE, &
BIF TR E 105,

e AR O 355 C, ol
SRR, 7EE 11 R, FRAEE T 2 R,
HEBRETHAE R DL 2, S —BEAE T i
57— A P, e St PSR P 1 2
freE S, —BIAE 12, [BREE L
BIFH, Hi O, TRESSE—TFHLE, i
B EEREEET, HESTBEATEN

DNA FPFIEEESTEN 19

JEFERT. BRE C B Oy HFRATHK
WURFIRERTE (20 11, 12), AU rEdhTE, 2k
R, BB EAERSTE O 7R
5 (B8), WENE ¢ EeEREE—1]
7 e B FE il T AR YT, FEE] 13— AR e
HERERHR & T 2 C) 1 « B EAL
YiRE, & V 28 T EENEMEE (E17F
v #) HEEAYIMmER Cy M. A,
T RV REMEEISHEE v BHIYIFHE,
RBEHENE T x V BHIHEE (£ « 3
), MHEH Tw BIREERK V £ T x V
Fm LSRR E o IWEEGR O, EBE
Ko Tw BIERAT:
1

Tw:TwK&CQZEEAxTXV)MG

W B AR, MHEERE C) B E
PBLEFRTw(CL, Co)o GHBIATT:

Ci Cy Ca Ch o, O
) \ S

" 8!
e

Tw=+1/2 Tw=-+ Tw=+2

Cz C] Cl Cz Cl CZ
\ 1/ ]/
%
Tw=-1/2 Tw=-1 Tw=-2

B 10. The twist of helices and about a

linear axis.
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Cs Ch

A
—
-

4
7
P
—
=

-
-—

Tw=+1

Bl11. The spinning arrow approach to

the twist of a helix with linear axis.

Tw = +1

Bl 12. The spinning arrow approach to
the twist of a helical curve with circular

axis.

T
X X
TXV
Ca Ca Ch

B 13. A is a graphical representation of
a correspondence surface. B pictures the
spanning vectors 7" and V' to the corre-

spondence surface at a point x of Cf.

(5.3.1) EEERBMERR: < O, i

ke, HESEE r, 8 O, 2—EHEE
B L (RE14). TEE ¢ 2% » - 8k,
it

HHRCy - y(s)=

R y(s) RIEFEBTER C, E—BiZAE,
a=2rn/L, s RIBEHBHRE, 0<s<
Lo & s 18 0 &3 L, ERfeiks® C #
n R with pitch 27p, Bl 27mpn = Lo
B2E Tw(Cy, C) BRAEEREH EE,
%l C E—% (0,0, pas) 5@ Cy Lk
BIEEE (r cos(as), rsin(as), pas), MM
218 (rcos(as), rsm(as) 0) R FER
B, EAHEREE S N HEME, (EE 14
ERT = (0,01), HV =
sin(as),0)e ATLL T x V =
(s),0) &

av

ds
At

(rcos(as), rsin(as), pas),

(cos(as),

(—sin(as), cos

= (—asin(as), acos(as),0)

av
T °
(T'xV)- =

it
Tw(Cy, C)) = i/C(Txv)-dv

2w 1 y
1
- / (TxV)- —Vds

— —/ ads = — /ds-no

BRIREGRIE Tw(C),Cy), K—
HEE (FEAL) T8 Tw(Cy,C) =
7, FAE Tw(Cy, C).

(5.3.2) HEBIRIEIR: CIEKIA (1
PSR TR AR, B RER e G
SETREEREG O, BIHEW O fREE R,



BFRERIER Cy, T Cy B Cy ZIEE,
Tw(Ch, Cy) B—HEER Tw(C), Cy) HS
HirmeE V BEEZHEE T &N (RE
15), it

"
(,,,2 +p2)1/2°
RN — IR R e BB RO AR AR 0 K, 2R
MHREBAAR n; SRHEE L RH2
B R R 28R B, 202R pitch &
(Bl p 888 0) Bl Tw(Cy, Cy) B/, R
K, 1 p BA (¢ ) B Tw(Ch, Cy)

Tw(C, Cy) = (5.1)

Ch

(r cos(as), r sin (as), pas)

(0,0,0)

Bl14. A circular helix of radius r and
pitch 27p about a linear axis.

Ci Cs

B 15. Symmetric solenoidal or circular

or circular helixes about a linear axis.
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N\

Cy

B 16. A helical curve wrapping around

a torus of radius r whose axis is a circle.

(5.3.3) ERiIFER#MZIRRR: & C)
e—hFRE-HHEEH C) WEBER (R
16).Cy HPE2E R, KHIt#hzE k= 1/R,
RE L = 2rR BHE—REmKE, HPK
r < R HLL C) Bl #hig Cy 2—
12 hERR, uniform pitch RS E. & O,
#CLn R B Lk = (Cy,Cy) = no X
BRETEN S

TU}(CQ, Cl) = To

FELt, —HERREIRR O, 2—8 v 2] O,
tbz—&, B%E O £ v ZROAEHEE
E C) FHZEEFHEBKRZER . tEm
AR (5.3.1) THCEAREE R —BERHEIR
e,

FGARER Tw(Cy, Cy) SURKEE, H
AR

TU}(Cl, CQ)

1 2mn

= — {(1 —rkcosf)? + (rnk;)2}%d00

27 Jo
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ER—-WEgNBEERS, BEEST. BE
rk < 1B (BB RRIE O 248-
INGHKS), rk cos 0 FT RS TS

1
Tw(01702) ~ %

= n(1+rnk)?)H/2,

EMEL Tw(Cy, C1) = n BARBABEE L.
BRAEZE pitch B 27p, Bl 27pn = L =
2R = 27 [k, HI
~ np
T’lU(Cl, CQ) ~ Wc
It B T T A SR —
R rk < 1 {BERFEHE/DN, H

2
Tw(C1, Co) = (Z2)Ee),
TH
i
% = ((FPK(n® +1) +1)% — 42212,

1
& = 5(1 —((n* = D)r?k* +1)
(n® + )72k +1)% — 4r2K*)V2,

K E(e) 2B complete elliptical in-
tegral, JE72 AI THRY SRR, {B/EER RANFE
A M.

MRCREFEE, HILE(C,, C) =
—n, H Tw(Cy,C)) = —Tw(Cy Cy),
Tw(Cy,Cy) = —Tw(Ch, Cs)o

(5.4) BXRALE =Tw+ Tr:
fE— RGN T =& Lk, Tw, Tr
eHEANEE—&, MRS XTE

2mn
/ (1 + (rnk)*)"/2d6
0

DNA S ERAMER. &+ 2 BB R
2 C) 8 Cy BramiREaE—HiRY
FEffiE, mth# MR B (7 Cy E;
C, RER), EER TEZEERE TH
8- /N

Lk(Cy,Cy) = Tw(Cy, Cy) + Wr(Ch)s

— & FMELTH, (a) & (b) & Lk =
Tw=Wr=0Ti (c) ¥ Lk = Tw = +1,
Wr(Ch) = 0,

BN AR — B B R T LA AER 2 AN
T #ER LE(Cy, C) =HEBELTE, |
Tw(Cy, C1) & Wr(Cy) A2, TiEE
Errg®, ARE ¢, C, TEH, RlfE
Tw BEMSER, £ Wr h—ERHFR
B HERRMEN, R/AI—5, e 18
H, MRBMBERFZ Eim, A Wr(Ch)
BB Tw(Cy, Cy) BRI, R
RESBVREE 17(c) FRKT. FEEBEF
Lk(Cy,Cy) = +1 1 Wr(Cy) # +1 %
B 0, Tw(Cy, Cy) #E 0 BRL +1 (KK

EAXEZJERWT: REREE17(a)
mr, Hg A Oy B—FH0O. RO
W7, A Lk = Tw = Wr = 0, ATERW
By —iguy O, BT —@ (BTE) RERHEH
B, J Tw £ 0 B 1, Lk h—5. B
Cy &, Wr(Cy) —#&5B 0. WAL
FETE SR IR EE S ANIE 17(c)o

BEFERAT: RIFERE 18 fF T B
SR BR i B A UK T 2B M (R ER S T ERAS
LR R BEEIR, RS
T, BIFEIGERE Wr(Ch) #8 +1 (KE)
R —1 (KK, T Tw ERLAE H Lk
BT 20 WAL —RHEE R



C@
Ch

Lk=Tw=Wr=0

e

kaTw—W'r—O

o

Lk =Tw=+1, Wr(C)) =
(c)

Bl 17. Pictorial examples demonstrating

Lk = Tw + Wr for ribbon models.

a»

Lk =+1, Tw ~ 0, WTCl

B 18. A ribbon model with Lk = +1,

DNA FFIEEESTEN 23
Tw~ 0, Wr ~ +1.

(5.5) BAKRDNAS:

wEtew Lk, Tw, Wr ZJERK, &
MERER: (1) Y2EERX, (2) Y4w
B, 2EANMEGRZ C, Cy f
F, 7£ phosphodiester-sugar backbone
chains /1, EFfF552 C #H— base HEH|
Ak W iz complementary base (4l
& 15). At Lk BE LE(W,C), Tw B
Tw(W,C), Wr Bk Wr(C),

PHEAERZWT: £ Crick-Watson
R B AR e g, Hoa—h, 1Y
A, EREFRERF, A B—EHTE C
ERR e, EEPESF, A 2—EEm
C i, PrEARENEite C & Cs
SRIER A K C (8 W), 25E 14, 16,
Tw B Tw(C,A), Wr B Wr(A). 4
R DNA ZHPABTERI Lk 85 Lk(C, A).

HAREmME DNA, 7 Crick-
Watson DNA . 1 C #& A n XK,
Tw(C,A) = n, At DNA Z2RE B
bp(base-pair), ‘E# Tw = B/10.5, A
% 10.5bp KiE—HE. BE W H# C HHY
g Tw(W,C) BMATHAR (5.1) K&
B Tw(W,C) = np/(r® + p*)'/2, fedist
WL, 2mp = 3.36nm, r = 1.0nm. Bl
p = 0.54nm. A0k

.b4dn

% DNA £ B bp, Tw(W,C) =
04T | eI B B — i B A Tw
AN —RE N Tw Z2—%. TEXRF,
p/(r?p?)V? Ll sina FR, o BiEfkEs

Tw(W,C) = = 0.47n,
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pitch angle, EFIFH sina = 0.47 HI
o~ 28%

HRFwmEHER DNA (HEsE
¥). B DNA C ## A n X, H
Tw(C,A) = no XH A BT HE, &
Wr(A) = 0, fllt Lk(C, A) = n(Hifa
AR)e Bl Lk(C, A) = Tw(C, A). FEILIE
¥ LEE Lk, £rZ. £, B—ENE
10.5bp . EMNREFAEY DNA (RER
B bp) BIEFMAREE, Al Lk, = B/10.5. t
1— DNA & 2100bp &, B Lk, = 200,
SEE Tw(W,C), 4 R 2 C NPK,
r & DNA 24 B& r < R, HHl
giEtama Tw(W,C) = np/(r* + p*)'7?,
p = R/n. HRKZH DNA &, r < R,
WRAR%L DNA FEHE K. ERPEHBILER
HiHM. IHEH Tw(W,C) = 0.47n, X
LK(C,A) = LE(W,C) = n, B
Wr(C) =n—0.47n = 0.53n, WEHE—
IEE—ER DNA B, H#E Tw < BERZE
0.47 ¥ Wr & 0.53, W1 r < R HA
RANRILZE FRTE R B EEES AT 5
HTw, —HEH AT Wr=n—-Tw &
H Wr 2k, BB DNA REEE, E&EIFHN
RAME,

HAERR S, Hal—g ekt — IR
#) DNA i LR BERIITEE) (enzymatic
activity, REc# DNA ZiE#EME Lk dUE),
BEBHNF2REER,

J\. HEam

Ooff .

DNA RYBEEE R T AV E AR Eap s
R S RMTATIRER AR BN, E&X
£ DNA ERHE LU A R PR AN
7T HRBIRARN — L EREEERE, T
qnAfLe DNA USRI A2 st i Thse
PE TERA R RILHRZE EJBERR, MAHER
FRNEICAT. RIE—IRARERAAE
AR R R AT — L, HEARER
e —VIERE /1. MELHERNEREKR
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