F2E
Concept of the Gene




}(::.l

2.1. RERK EKM%JE\\ {%;E—%ﬁ
2.2. FMrTFEH
2.3 MEE 2N

»1,»

3L

<

= gst

{

1
Imll h-nh

3L

2.4 FERIME & 1 2 £

2.5 FE PRI & 1) 22 A 4 -
2.6. 35 PRI M 1) 22 A 4 -

4
] o7 i
Bk R FE

{

>H DH BH [BF

<

L‘L Lii Lii' LF$

>+>+>+'>.-




(Source:http://es.wikipedia.org/wiki/Gregor_Men
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(Source:National Library of Medicine)
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(Hypothesis of the inherited factor 6. . mender 1866.)

(Source:Courtesy of Dept. of Library Services, Neg no. 219467)
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&€ T Hypothesis of the Pangenesis
BisET Theory of particulate inheritance

T  Law of segregation

Law of independent assortment
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1900.
Hugo de VIres 1848-1935 ¢« s st ko

Erich von Tchermark 1871-1962 s + 24
Carl Correns 1864-1933 sf) 4: kol k2

s

Al R IFIESE Mendel BIPE KHLE

Law of segregation

Law of independent assortment
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1910 T.H. Morgan s The law of linkage




(Source:http://es.wikipedia.org/wiki/
Gregor_Mendel)
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(Source:National Library of Medicine)

Theory of the Gene

Thomas Hunt Morgan
1926




(Source:National Library of Medicine)

Theory of the gene
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2.1.2. EHK

X —chromosome

16A
I |

K. AV (2012) ,

AN of
ME%UE‘Z Sturtevent

Position effect

(Source:http:/Awww.nobelprize.org/nobel_prize
s/medicine/laureates/1933/morgan-article.html)

Wild type O 7804

\4

Duplication

\ 4

@ -

Dosage effect

\ 4

Position effect

HFH BE, 2519 11



W

I B VW Redeye
B (W>w o ineuchromatin)

W
Epigenet
W Ww  white eye
I EE—
IS (VY gene besilenced
W in heterochromatin)

Position effect



2.1.3. FEEAL

Multiple alleles

RIS (pseudo alleles)

A g
al
P
al 0
A— a2
\
a2 0 al
alal X a2a2

|

ala2 ( no wild type)



But !

. red eye (w.t)
In Drosophila W8 white eye (mut)
\ W= o amygdaloid eye (mut)

XW= Xwa: X Xw-Y

@ |

XW Y

1/1000 XW- XW- XW- YWY
WT Xwa XW— Xwa XwaY
red eye




Pseudo Alleles
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From 1940°s

Microbe as genetic research material

Phage Group

Single
Simple

Propagation
Population

Genetics developing

(source:http://www.nobelprize.org/nobel_prizes/medicine/laureates/1969/hers
hey-photo.html)
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Theory of cistron
(S.Benzer 1955)
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«1941. Beadle & Tatum IEietii

Nuraspora crassa One gene ----one enzyme

«1944 Oswald Avery (Canada)

Diplococcum pneumonice

DNA as genetic material

(Source:National Academy of Sciences)

Jacob & Monod Escherichiacoli  Lactose operon

« 1955. S.Benzer E.coli T4 phage Cistron



2.1.4. Theory of cistron (S.Benzer 1955)

Plaque

Phage E.coli B E.coli k12
WARY! H, /b, A& H, /b, A&
MULTArll K B, agomEs 0 L —

Mut. T4 Il : 1107, rII105, rlIS1, rl47...... (400)



Recombination assay

ri47s

Sz ri1102
0]

& &

E.coliB plane E.coli B Blotting into plane

E.coli K12

CRIE: 7AW (2007) , HHEE, 55200)



RII 47 104 101 103 105 106 51 102

| CRUs: 2T (2007) , HHHE, 452010) |

l

RII region
Three in one !

How many genes ?!



Complementary assay

ril47 11106
0
S TH— | A
(47 & 11106 & rnnos & st

plane

recombma ion ?!

Functional complementary ss=p propagation ===y recombination
CRIR: 4 FEW= (2007) , XHHE, 210)




#H#E; Onegene —— one enzyme

al B A bl
—o) N
1 ve=r56L .-/\.IQ;P
0 | | 0 |
A b2 A b2

l l

MK N ! T EBER D!

CRIE: o rAEWE (2007) , HAHE, $E217)




al A bl
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1 ve=r16 L e~ T
0 |
YA b2 A h2

CRUE: 737D (2007) , HHEE, 55210)
s bk, WtLERMUL F4EER
TIAE A Git &, 22208 L8 L
A ARRARFLESHLGARRA ML — NN
H, WARRE R4, AxLilne
e, AN RELSHALERAGF a4
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CRIE: 7AW (2007) , HHEE, #5210)
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CRIE: 7 T2 (2007) , HHBE, 2E210)
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rll of T4 phage including two genes

ril4d7 104 101 103 105106 51 102
[ ®&@& @ @ e e e e o |
A gene | B gene
CRIE: 1A% (2007) , XHEE, 5522100)




JIii ;2 T 1% (Theory of cistron)

« Cistron & & & & & 3L+
chA—~NREF A, AZETFANARE L4z, REF(muton)
L~ NREFA, AEFAR®KEL, XEF (recon)

KRR - NETKhEEG, 2 ¥6, A Tod@
Rkt EL threeinone ——— oneinone

KR ATUBMAHELLL LR AG TR, &

e pseudo alleles & £ & A & R ¥4k

e mutl X mut2 mep Wi ELRALEXBGLE S

cCistron b @R e 2t s by LA MAGHIR
& 7t pseudo alleless. & ¢ 44 L.



2.1.5. ZAFE (Allele, Allelomorph) #ESHIK B

Allele A—ApbhaAiRLRARAG LR, £ & Fo#h
24 5%+ 48 (multiplealleles) (A, al,a2..)

| |
Pseudoallele ? #42RA¥4L£LA!

b Allele 247 4a 2t £ £ 6§ DNA & 3%,
TAAAGTAAT TAAAGCAAT

b 4m4%4LE (homoallele)
k4 rm ¥4 48 (heteroallele)



2RAFEELEA AR—KAAZ4L(ocus)F, A—RELE S (site)
QR R F e L+ REFA &G F 42 A& (homoallele)

si'Ee

v
W.TA ATTCTGAGCT
Mut al ATTCGGAGCT
Mut a2 ATTCAGAGCT
Gene locus
Mutal ATTCGGAGCT ATTCAGAGCT (mut2)
X -

Mutaz  ATTCAGAGCT ATTCGGAGCT (mutl)




ke FaAE; aAA—K@A A4 (locus) F, FRAREA
£ (site) LA RFEFAAHRGF LB (heteroallele)

site site
l l
win | ATRCIGAGST:
Mut al
Mut a2 ATTCTGAGAT
Gene locus
Mutal ATTCGGAGCT ATTCGGAGAT (mut)
X X >

Mut a2 ATTCTGAGAT ATTCTGAGCT (W.)




2.1.6. BATHIR
(Lactose operon 1961. Jacob, Monod )

Lac. Operon @ & O [ [ )

Lactose @ — Q

E BB RGEAZELNLERIEGRERE
c ¥ —AEAwRGEA
AETRBAAXGEARLGEAKITA



* One gene — one enzyme

tDNA, rDNA, polymer
one gene — one peptide

one gene — one function

(Ribozyme, Abzyme, rDNA, tDNA..)



2.1.7 FHF A

% transcribed, translatable gene
(Z,Y,A)

transcribed but non-translatable gene
(tDNA, rDNA, small RNA.....)

Non- transcribed, non-translatable gene (?)

( promoter, operator)



¥ cis action factor (&

> D

&

N

KF)

Affects the activity of DNA sequences only on
Its own molecular of DNA, this property
usually implies that the factor does not code for

protein

B BYBA RO REHE
HoeFBRPOLH ARG AL

— B ARG BEaR(AERAHAODNAY 4 E)



% trans action factor EE =% EZEET)

Affects the activity of any gene located on
genome by Its translated product.

Bty agkiAY (&, AV E4)
4 KRG kX

THEZ, T AT EGDNAY &R
T i it 5 Ao 3ok 4 o4 B 20 fh X K



2.1.8. DNA 2 T E K& R

DNAZw S I RT3 15215 B

12§¥; DNAseq. = RNA seq. (codon) ==

=) 34 Sed. == pProtein
phenotype (central dogma)

N
A%

; ¥FEDNAseq. + 4

R

x] 2
&

=
N

%R

EHNEEHKFES = gene on/ off



| 2R 1128

* A A A, N(EFTL2T)E&6E4

* ORF only Helix , Nt seq....

* expression by aa base
DNA—RNA —protein specific binding

c AREAELTHEE  Z sk d A £4/DNAS 3
— K&k L (IR, Box, paracodon...)

v ZHARE D % 4], 84%F 45 (key & lock)

* %4 # (degeneration) 74 # (degeneration)

trans 1 cis 1
Wobble

. / / "
cis 1=—trans 2 ———<cis 2
\ \

Iso-acceptor trans 3 cis 3




» DNAYERBAEY BRI R (B RIEFERINEY)
* Ak AE K

1Ko DNAS 7| memp 4100 £ i 4 45 £,

KX A/T,C/G ZAf wmmp ARt 4 wump H4| $ %
R Y Y3

* A2 -OH i, =wmp L AKFP@GREMHETTFRNA

* THLRE wp KR &R
F 42 ey 2 KA E &



% DNAFFETRUR BRI G R

G/C = G/U HIEERAS GIC
161 =) B U#d C

C —U %%

& INE \E
DNAH I U ﬁgﬁ%ﬁi @gﬁ o
3 SR AT B T fefab

* DNAHFABTHU == B mp AL

DNAY 14




2. 2. SRR

(Source:Molecular Biology(2002),Robert F.\Weaver,Page84 )



2.2.1. ZF ZDNAZ TR A

Nucleic Acid (NA)

l

Polynucleotide chain (poly Nt)

}\tl\

4

Nucleotide (Nt) basic unit

| |
Mono-phosphate (Mp) Nucleoside (Ns)
|
| |
Deoxy-ribose ( Ribose ) Base

« ~
Purine (pu)  Pyrimidine (py)
Adenine (A)  Thymine (T)
Guanine (G)  Uracil (U)
Cytosine (C)



Nucleotide (Nt) basic unit

O
K Hy N/k
Purine Adenine Guanine
O
~CHg
H H
Pyrlmudlne Cytosme Uracil Thymine

(Source:Molecular Biology(2002),Robert F.\Weaver,Pagel7)



2.2.2 ¥ &M % (conformation of nucleoside )

purine pyrimidine

. = C4-N9-C1-04’ X = C2-N1-C1°-04°
0° 0°

CRIE: T4 (2007) , HHLE, 252470)
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G- BT

moU

CRIs: A (2007) , HITEE, 526170)



Pyrimidine (py)

v =180° + 90° v =0° =+ 90°

K. YL (2007) , HHBE, ZH2500)



Purine (pu)

vy =0° £ 90° y =180 ° =+ 90°
CRIs: AW (2007) , HAEE, 5257)



Purine (pu)

vy =0° £ 90° y =180 ° =+ 90°
CRIs: AW (2007) , HAEE, 5257)



2.2.3. DNA X ¥%7¢ 45 #)42 R (DNA Double Helix Model)

1938. W. T. Astbury
X~ ray photograph of DNA

1950. Chargaff

A+G/T+C=1
A+tTG+C
Rich AT form & rich GC form

b 1_:»':':: 1952. Alexander Todd

tz, Austria

Erwin Chargafl
1205, Czernow:

' oy . -
(now Chernovisy, coviel

Union: 3’, 5’ phosphodiester bond

]

Nt~~Nt ~~Nt~~Nt~~Nt



1953. Watson & Crick

HA A
',\-‘- l»",‘.i ] "y N
;T ‘}‘,%:{ Q;_(‘-
=yt f ) |
20T

_’:‘_1 p- v‘:‘

(Source:Corbis/Bettmann Archive.)

Right handed B-form DNA
Double helix Model

CRIR: T EWEE (2007) , HAFE, 45281T0)



G-C pair, held together by three hydrogen bonds
A-T pair, held together by two hydrogen bonds

CRIE: 2T EWEE (2007) , HHIE, 452810)



DNAXIUBR i€ H) 45 F %5 -

® AT AHMREALDNA XA A

® T4/ A FE5DNA 4R LR T
KA BE 5 DNA 8] ¢ S48 A

® E /i HFEXALEDNAK T —
HENNEL ZHAMG TENANLES

® k/f‘]éﬁ 'ﬂiﬁﬁ {—5§'é él]/a\:!

CRIE: o TrAEweE (2007) , FBHEE, %52877)



i el X ¥ LX)
5¢ — 3 &4
CF S X -YEE X
£ B
c AL, Bida
B, B e)F it
s WA PaAhth G5

& 4 (B-form)
Right handed B-form DNA - HBAPEL

CRIE: 2 TAW% (2007) , HHEE, #i2810)

Double helix Model X & (2. 20m)

ds a@ (1.2nm)



2.2.4, Hrh) B EMAE T MR E

b BARAR R TR

| &% (Hydrogen bond 4~6 kc / mol)
554k, <T hm ik

CRUE: 5 TAEM (2007) ¥
= - S v , St ﬁ
SAERAR A B HET (B, F ) T A0

| BEERES4E (phosphodiester bond 80~90 ke / mol)

R4t B Anat

| 0.2 mol/L Na* 323 &4

I-P HIRDNAF 4% EAEs X B ) 6980 F 7



| BERARS) AR A IS T)

* BRERE R, B, BB B KT R 69 A A HEF
w Van de waals force (1.7A° /M4 3R 5 msne 3546 F 22 42)

— an

(0.34 nm/BRZEXT H] )
(1 kc/mol—0.6kc/ mol) xn

(#3123 IH #£)




Y BKAE B 7 (Hydrophobic interaction /a~zinteraction)

RIEF KRGS T A KT A8 LA
AR B LEA W BRAKAE R F1, BP A8 Entropy (AS)

DNASFFIERMBEN &, RE. FARRKEAS

AR A BRI R B

BR B B 9] 49 F A

o MENVFE. ELpEEL ARG BANRFH
FHEF) 89 %*mﬂ(mﬁﬁmﬂﬁ&%)




® v IR AR SE M AS R P B &

£4t (Hydrogen bond 4~6 kc / mol)
B B8 Be 4% (phosphodiester bond 80~90 ke / mol)
0.2mol / L Na* A 32 3 54+

BERART) (AR4FA LS T)

BB B 18] 69 ¥ F A

BE R FIE ., AR A G BE A
FHED) 89 R S HER ( 243V s 55 )



2.2.5. DNA%T Z £ ( DNA denaturation )

® DS.DNA sl S S DNA
(Feid, H3HpH, K&, Brhix)

Backbone

‘\»l L
Denaturation B _\
Heatin
—_g,—>

a—

\
Single strands
—
4

3
B. DNA (B conformation)

CRIE: AW (2007) , HBHEE, #5300)



Backbone

Heating =

Major
groove

Double strand

y 4 ::\\\
> |
5 3'
B. DNA (B conformation)

CRIE: 4T (2007) , HFHEE, 253071)

e 2eE AR &

Y S.S. DNAK: E &K,



D.SDNA— S.SDNA :iRERE(E ? /1‘7‘\

Y BORG FEBR T T IR B AR I Y R A RH )
RO TER > BEBER

LRTF > AHNEH > BHEST
D.S. DNA HE8mm, S8 A4F R Double helix

S.S.DNA ¥WEE

B

E S

FH MR e &5 1 TR 3T B M 2 ] 5 P e 2R

D.S DNA

S.S DNA i1



T2 R

CRIE: 2> TAM2E (2007) , XBHHEE, ZHE3010)

Y& S.S.DNA I &% & fnik

S.S.DNASF 4 A 260 nm UV {&_EF+
( Hyperchromicity )




11

OD
A
1.37
.,
220 240 260 280nm 1 . 185
S
F 5-22 1. A4k DNA, 2. 2t DNA,
3. WA ERAY % SMRIL

Chii: 43 T4 (2007) 1.0 A - C

A EE, 3010
) CRIE: 7AW (2007) , AHBE, H5310)

TM (meiting temperature) = midpoint of the temperature range over which DNA is denatured

= ODH4 HNE F) 15 (— % 485-95°C)




11

OD
A
1.37
itz 1.185
-85S
& 5-22 1. X% DNA, 2. ¥ DNA,
3. KRR AT 5 YR
Okii: 40 FAEMI%: (2007) , XBJUBE, 1.0 % . °C

%5300)
CRig: > rEwF (2007) , HHHE, H3170)

TM (meiting temperature) = midpoint of the temperature range over which DNA is denatured

= ODH4 HNE F) 15 (— % 485-95°C)




Concentration S0ug/ml

OD
Optical Density 1.37 1
dNTPs A, =1.60
SSDNA A, =1.37 1.185
D.SDNA A, =1
T EARRAERE 10 L . O

CRig: > rEwF (2007) , HHHE, H3170)

TM (meiting temperature) = midpoint of the temperature range over which DNA is denatured

= ODH4 HNE F) 15 (— % 485-95°C)




Marmur-Doty formula

1x SSC (0.15 M NaCl + 0.015 M Sodium citrate )

GC% = 30-70% Tm=69.3+0.41 X (G+C)%
OD
1.37 | "
s
3 0. 15mol/L NaCl
1.185 N 0. 015mol /LT HEBR 6
__L___L__.__l_-Tllo
1.0 - C
Tm; < Tm, Evaluation GC% of DNA
CRIE: TP (2007) , HHEE, H310) Tm of PCR design

CRIs: AWM (2007) , HHEE, 532770)



1

g\

e 250 . FRT Bk BRI ( Jump of Hyperchromicity )

‘T ERDNAG THEREREIREST, B & ATX I

B LR

=R, RIER DT R, RIVY BN KISk

IR, FER ML REMR.

— | rich AT rich AT 41

|

— O i}

CRIE: 7AW (2007) , HHEE, $3170)

N



® = TmEKRKRE

WA T C, GBI ARERT

GCYhBAE — TmHEAKX

GC%RAE — Tm{EAD

¥ GC%EEHFIRFR T
ATTE AR L, ZRMEINR, Tm g/

WEAFITMEREHERM (BREEZLIM)
(H IR AL AR, 1EAS R RS, ¥R T 2= 57 )




— fEH R

1)

B

=\

A NG

CRIE: A (2007)
HBFHEE, #310)

I o WREA R



A ) R B
A

(DT A2

= \

CRIs: AW (2007) , HAEE, %53377)

] 74 [M] DNA 3 ¥+

B

HER IR R




MSBISTT R, EHERIIHIRD, SESRIBIEMR
= H-NH,, -N=, =0, < R H 5 W LI 75 F P AR

4Tm

o773 | C-G @ 136.12
oo AL
85.97 [ G-C t AT
G_CJ G_CJ 86.44
58.42 [ /r ot
54.50 [ A Ge A J
AT I T.A l 54.71

T|>
>
\ 4

HER e




DNA ] FPIR IR 5

TATABox  ° TA ’

UAA AT,
S—/3
GC
][]
;.6 G .
HERR )

O\




Y KA BD.S. DNAZFF22 8] %
A B RN TmE FIZ i/, 5 A ARSI
Y% /NF100bp ] D.S DNA% T HL%&
ABRAR, AR, TmE&D
KBRS RE, RS (RHER)
RE, BESHEEEREE
B cspansi
Ly TmETRE0CES




W RIRE KR
B DNAE B OB RO
1 LA BRI P T

Bi % B BEDNAI 4 B

Na LB R S L TSR T e
elngeaiicniciar Rl AR




oD ¢%

Na*

0.01M 0.1M 1.0M
A260
. 5_; Tm
i
BHFEN ‘;g .
B
WE (AS) >

CRIg: AW (2007) , HEE, $5347)

YNa VRS w PERAEFD w FHMIE - Tm |

HNaRE R

N

CRRIERK = KI5
Bl v i 1k PG == S (A 5) BT

_ B ZKAVE R 35 n

N\

J

‘TmT



Ye AR pH 454 BRI R i

pH ~ 12 @]ﬁ/__&

BGIER

!

pH~2-3  NH,

NH,* (R 11b)

—UIRSSE R, WIEMRIEE
PREAE T m B R




2.2.6. DNA 43+ T HIE M (anneal or renaturation)

Denaturation A
D.S DNA > S.SDNA

<
V¥ Renaturation

Backbone

aé

Slow cooling

3° <

| J— e
N
- /<
jor
groove
Double strand Single strands

B. DNA (B conformation)

(g . W52 (2007) , ESHFE, F£30m)



ZHDNAR IR R R

- FHETFIRE
0.18 ~ 0.2M Na* H] VB poly-dNt [&] IR B F

- MR NEEE Tm- 25T (60-65C)
PATEERS.S. DNA &+ F A HIFE 53 — Kk 45

« S.S.DNAZGTFHIEKE
S.S.DNARK — o+ F¥HAE — BEHfaE
S.S.DNARHE — 7Vt — EHEAHR



FZMDNAR I ER R E -

» S.S, DNA FI#II8IR E C,

DNA 23+F 5, dNt FIHEFIR I,
(FEVLHEE, R HEF)




3’-ATCTATGCTGTCAT-S’

3’-ATCTATGCTGTCAT-S’
5°-TAGATACGACAGTA-3’

5¢--TAGATACGACAGTA-3

3-ATATATATATAT-5’
3-ATATATATATAT-5’ S-TATATATATATA-3

3’-ATATATATATAT-S’
S-TATATATATATA-3’

S5¢-TATATATATATA-3’
3’-ATATATATATAT-S’

5¢-TATATATATATA-3’
CRIE: o TrAEWE (2007) , HBHHEE, 25357)



Hydroxyapatite column g&%ﬂjﬁ@
Ny
2 A ‘\ 7
R le absorb
\ D.S. DNA
release D.S. DNA _




SR AESER TS

.« WIS

—

H

JE(/MNTF20dND)EIS.S. DNA, ZEE it #Ep

TE BRI BR 73 I X AT R 1

» BEEDNAKIFEN AT

Sof)

P

& (randomly collision )

I TR

1 ffEsecond — order kinetics formula (=% Nizh f1%)

RNAIE t =

dC,/d, = -kC2

RINVIE t B

0
4% DNAWKREE = C,

HEDNAYRE = C,



dC,/d,=-kC2 4

{E—DNAS Fi=Z|
C,/C, = YVRYIEE

EEH

C,/C,=1/(1+kCyt)
¥ C./C,=1/2

C,/ Cy=1/2=11(1+kCqtyy)

k (L/mol. Sec)=1/Ct

!

Coliapy = Yk (mol. Sec /L)




11 1 1 Fraction reassociated
C,/C,

.................................... Cot{ELH X 4t 28 45 &

COt(1/2) COt(1/2)
CRIE: 7AW (2007) , HHEE, $310)

2 8 R B4 A AR R BT3R T, BIFFDNAZ FHIC s

B T-dNt RHEFI B 244 - (Elﬁ@bﬁ?ﬂﬁﬁzﬁ‘ﬁ
Kinetic complexity, K.C) B—HFZERKKE

AAAAAAAA K.C.=1  Cglyy =2X10°
ATCGATCGATCG K.C.=4
K.C.=5 X105 Cgt,, =1



22.7. BERROTHIZE S0

— i giM); DNAZFHRIEIRA K SHES] (sequence)
1977 F. Sanger ox174 12 F5 0¥t
— 2R eER), D.S.DNA Double Helix model

A, B, Z.... Linear, circle...
T. S. DNA (Triplex Strands)
Tet. S DNA (Tetraplex Strands)

=HKEWM; (BREH)

superhelix DNA (Negative , Positive)



@ _REMKIES

HKls: ATE

.~ polymer
e 7 0 T 0OC - L 1.00
-~ “i— DS.0C 1.4
e . S ss.L 130
— D.S.CCC 1.41
«— Collapsed 3.00

K AT KU ANTE



BB F R 2R EE ] orasnaonas, #%, #a258)

BRa TR R4

L type (£2%) DNA

B type (ﬁ}ﬁ@) _TIIAD Inverted repeat

Y type (X&) T Replication

D type (D Z§) ;g::@ﬂ: @) Replication

CRIE: 1AW (2007) , AHFE, 553810)




1‘%@5}?3@:@?%% A B RAEDNAZH, 4%, TAFHE

C type (3F %)

H type (X¥FH)

K type (A55%Y)

R type (F5%)

=HRARE, YR i

CRIE: 7AW (2007) , HHEE, $3810)



FEMZ TiE 55 - DNA

Y% K2 BEZ Y FIDNA w4 DS IR 5 F 551

Hx”

g tafk = RS TFDNA 4 AE

!

% BIRTE

!

4=|

SARBA R S50



® IRV ES FIDNA

B-DNA overwinding (4 Jig)

Overwind linsar DNA by several helical turns

SOCOO OIS OCOCOTONAIRRIOSOSOTOIOOCCAX

Ieads to P " Link free onds
left-handed
superhelix

oo
4.2 bF
l@ r

—~
-

Right-handed spiral

Ovarwound circular DNA Lett-handed superhalix

CRUE: A (2007) , HAHE, *’“4658
positive supercolle



B-DNA unwinding (Z2 i)

\"\‘\'\\\\\\’\’\N’\O\'\x\xxxx DO
Leads to -
right-handed
superhelix
;56?‘$
- i /'\) @
Negative qi\
Supercoiled L Lot handed s

CkE: 1Y% (2007) , FHHE, H4700)
i AP HIDNAJLF F5%4 Negative Superhelix @



T

FEUR A LE I

Vinograd. J (1968)

Vinograd equation

L Linking number

Non-breaking

( SEEDNARIAZ X H) Non-unwinding L AE(E, BB

Non-overwinding

T  Twisting number

(UEEDNARIESEE, HWIZRIEReB S, 74/

ARl I \V= i (negative superhelix)

(B iR IR sk W = IE{E ( positive superhelix)
AR /NEY)




W=0

WV AAAAAAANAA, WAVAAAAAA,

FATT 6 8 4R i
AL=—6




CRE: 4T (2007) , HHEE, 547750)

L (linking Num.) A28

A T (Twisting Num. )b
(-26°/helix / One of EB inserted)

L=T+W
W=L-T=IE

FRIEEDNAR B 45

In vitro
EB inserted

Neg. — Pos.
Superhelix change

base base
3.4
| % FEm» 7.01%
base
bz;se
& 48
base base




conclusion

® DNAZEKBHET, A EBELRE

® DNALL10.5 bp/helixk B 5a e &

® /NT10.5bp/helix [ IEFBIRTE R B (B4

® KT10.5bp/helix [ ABERE R FE (FA T A)



TEH B P (in vivo)

® DNAZ ¥ 75 AR R EUF HBIRBOIRZ, B vz /Ma
Git IR e AE 4 B Y

® ESATKIR

X 38, 5 T

DLYH B fBEEr= AR R B 7, 4

® B-DNA — Z-DNA — B-DNA {F#:3HP

DNAZ
RNA%E 3%

F DNAZT-HJ7

E, TE 7 B B SR R T,

R IRAR

N

IR

mmp = .S - S.S.RE



® it AIEE
(topoisomerase I, 11) & 5HRI K2

Kl ATE



RS Al
(topoisomerase I, 11) 5 & KA

Top | (swivelase or @ enzyme

or niking-closing enzyme)

Top Il (gyrase)

Cutting & ligation
of D. S. DNA



o it e
(topoisomerase 1) & 5T Kok

The reaction of Top-1 changes the
linking Number in steps of 1. Each
time one strand is passed through
the break in the other, thereis a AL
of +1...the interchange ability of W
and T should let the change in
Linking number be taken up by
change of /W=+1, that is, by one
less turn of negative supercoiling

L=T+W  36= 42+(-6)
top-1 s 36+1=42+(-6+1)
5




Top | (swivelase, niking-closing enzyme)

Breakage & rejoining of S.S. DNA at phospho-diester bonds

ﬁ&ALOf'l“l (EEEBRIVER T, DNABREENKRD
aracn Qe I S AR

Negative
supercoil . \
Get energ mgt&ﬁﬁﬁ%&
y
from [ B- SR Ji

Negative
supercoil
b CCC —- 0C
only
No ATP, NAD

K AP



Top Il (gyrase)

A
ATP needed tetramer b
A

Cutting & ligation

Bk ALof-2 of D. S. DNA
FI TR e ) ;
) oy Cut @,/’

l { T~"}) D->-DNA 8,

B Y5 B-XVE g I~ P

CRIE: 7AW (2007) , HHEE, 49 7)



Assay for a DNA topoisomerase.

relaxed circular ColE1 DNA with varying
amounts of E. coil DNA gyrase, plus ATP,
spermidine, and MgCl2,

1; supercoiled ColE1 DNA

2; no DNA gyrase

3-10; DNA gyrase increasing
24 ng, 48 ng, 72 rig, 96 ng,
120 ng, 240 ng, and 360 ng.

relaxed circular ColE1 DNA

supercoiled ColE1 DNA

DNA gyrase increasing |

Gelled et al.
DNA gyrase: An enzyme that introduces superhelical turns into DNA. PNAS 73 (976) p. 3873




o LA

RN EAY IR

Top | ~Top 1l &

1

R FE A P S B AR e

W AES %K F

{RIEDNAJK) &-F

Top Il up mut.

4

More Neg.supercoiling

-

Top | up mut.

-

5% Neg. Supercoiling

-

Top | mut ~ Top Il mut.




superhelix density

o=y p=F—BIHIRIEHE (10bp,360° ) HIBERTEE

|
T

ZNEGi
FERJLF-#

EWIIDNA T I K/

=]

H

SV40 5226bp T=522 SEFRIEW=-26 (L=496) o=-0.05
E.Coli 42X106bp T=4.2X105 Z#HifEMl W=4.2X105X-0.05

=-2X104

— R RIRDNA S FH o =-0.05 = 5% 5 7] 8 R e




2.2.8. z7e ¥ DNA  Z-DNA

( Left-Handed Double Helix)

1953. Watson, Crick & Wilkins

® HARLKFHRINRR (25)E)
® FrAMRMHF M (FTFEMER?)

® FTHRAISKRERZERR K (oligo-dNtfragment)

® X% 7 DNAfiber graphic of X-ray



1979. Alecxander Rich (MIT)

® AT 4&m6bp (GIC) MERH B

o K& ERMFBMcrystal graphic of x-ray
® [ % 43 E X 2 0.94 (0.09 nm)

® % T KT EeBondangle

Distance
Ring pucker

(G/C), == | eft-handed double helix

1T > 6 bp py-pu X & HEF|F 7 yDNAF B HH
7% B Z-DNA, 1B % & F 1 [F



DNASH £ 4 A Bl
ifﬁmﬁf‘? I%IJ?S%

A (2007) , FRHIE,



DNAKY2F A (B, Z, A) th3k

Form B Z A
Helix Direction Right Left Right
Bp / circle 10 12 10.7
Distance / bp ~0.34nm ~0.38nm ~0.25nm
Distance / helix 3.4nm 4.46nm 2.8nm
Diameter / helix 2.0 nm 1.8nm 1.9nm
Sequence Any Poly G-C Any
Poly C-A
Poly T-G

Poly T-A



Form B Z A
Condition Normal 4M Na* DNA-Na crytic
D.S RNA
DNA/RNA
Conformation A,G-anti A, G-syn A, G-anti
( dGMP, dAMP ) C, T-anti T, C-anti T, C-anti
C,, C,/Pu C,-endo C,-endo
Groove Minor N.,C; outer Minor Major
Major Minor
deeper deeper
Antigen No Yes Yes

(check RNA virus)



DNAW - FHM A (B,Z) b

dGMP in B-DNA dGI\/IPan DNA




-~ KZDNA \
*X. \'\/'

/ wgﬁﬂﬁﬁwz\

CpG
' B-DNA /

o g
> .\

iy
?
3]
il
il
=4
B

CRIE: o TrAEWE (2007) , HBHHEE, $E41770)



Z-DNA iy 183

% Bound

Antibody (nM)

0.2 M Nacl 1.5M Nacl 4.0M Nacl
Br.poly(dG-dC)  Br.poly(dG-dC)  Br.poly(dG-dC)

poly(dG-dm°C)  poly(dG-dm-C)
poly(dG-dC)



Z-DNA 1y 46 30

4M Nacl Br*
B-DNA Z-DNA Z-DNA(BrG)

0.2 M Nacl Z-DNA (BréG) # F i<

|

rabbit

Antibody of Z-DNA *




* Antibody of Z-DNA

|
A ‘
) | %mf&lﬂm%

18 Bx K L ARIE € —_—
L iy -

%, 9]




Z-DNA In Drosophila chromosome

proved by anti-Z antibody

Immunological

slide

Cytological
slide

CRIE: W (2007) , HHEE, 5400)



% Z-DNAR E By B & (in vivo)

1, mC
el GATMC—G (G--C), # I F R Z-DNAFK
GmSCTA___GmSC EZA %%%%{ﬁk

2, Z-DNA # GH C,-NH,ZE X % W 5 H,0--H,0/ ik 8 # %

3, Z-DNAHGHIN,, CH &, B 54 R EH &BnE 4
Histone H1 =) & ¥ B-DNA
H2A, H2B, H3, H4 =) & € Z-DNA

4, B-DNA mmp R 1M %  mmdp [ =m) Z-DNA



? —
A] BB ThRE 7 "g‘
W
3 &k a

Z-DNA  wmmp (N, 425 8 /p) e B 5k ]

l

B-DNA mmm) (K {Z K %) mmmp xRk



745

ATRER T A

o 3t F it A2 P AR DNAM 4% 69 Unwinding -
Sl R Ry )= » FHERNAR S B
Z G L -DNAF B, —» FAEEBERRIER
1T 42 &4 18] FR

L - DNARFER T Z —FRBEE T LM, &
El eyt F 2K TZ-DNABHE R, REHR
Z-DNAGEBF AR | ?




2.2.9. = ¥E 5 DNA (Triple Helix DNA, T.S DNA)

¥ T.SDNAWERINEIESE DNA%E #i35% 5 Watson
4, YTHIER?

® 1953 4 Pl EyPauling (Chemist} ®
# B T.SDNA F W T b

® 1953 4 Watson & Crick D.S DNA model
MHBARAFES RWERSERE TR
! |
BENE—5DNA (BER) &EWRY

1 2

% R T.S DNA ¥ &k 1t



® 19574FDavis, Felsenfeld , Rich & .

poly(U) + poly(U) + poly(A) ==mmp T.S RNA

. 3

T.S DNAM AR &

® 19664 Miller & Sobell
923”_. RNA + D.S DNA

1B & E BH Lacl

Triple polyNt = A
PIEPoY Repressor T $
| z

as Repressor % F 2 H o®




® 19754F Perlgut
AL &R T.SDNAJFEHE Tm {E, VL £ $(S)

® 19874 Mirkin.S.M Nature 330 (495)
i B plasmid DNA 7 pH= 438y & ¥,
HTSDNAWFE
® 19874 Dervan . Moser Science 238 (645)
& S.SDNA + D.SDNA — T.SDNA

- SLH.DNAK E LT3
« B %% X-ray photograph
- BHFER — T




# Davis (1957) & 3048
kT T.S DNA T& A& Mk 1y th 75

CRIE: o TrAEWE (2007) , HHEE, E42770)




¥ T.S.DNAK XA

® D.S. DNA + D.S.DNA

By 75 DNA+SS DNA

PolyT/A TTTTTTTTTTT

TTTTTTTTTITI

PAVAVAVAVIVAVIVAVAV.N

PolyT/A TTTTTTTTTTT TTTTTTTTTT
AVAVAVAVIVAVIVAVIV.N



® Homologous palindromic sequence ina D. S. DNA

(mirror image structure)

Mirkin (1987) pGG332 plasmid DNA

"""" TTGGCTCTITCCC—CCCTTTCTOoCT
------- AAGGGAGAAAGGG--GGGAAAGAGGGAA -

"""" LT T

-------- GAGAAAG
||||||||||||||

- TTCCCTCTTTCCC-mmmem ..., .“f?
-------- AAGGGAGAAAGGG-- ... free DNA




Homologous palindromic sequence in a D. S. DNA

Nodule DNA or Hinged DNA

! ||||||||||| 7 /'/
|
f
\’
o 4
-."

N

.)'

\." g
\ .'4
Q

CRIE: 7AW (2007) , HHHE, H437)



o S.S5.DNA+D. S. DNA === T 5 DNA

Y¢  PU + PUIPY (fRBEMEA R E)
Y PY + PU/IPY (RERHEA FRPIEE) B WRE

';; 35 = 4 A7 TB-DNAK
W Major grooveHH

- -
......

.............

CRUE: AT



T. S. DNA Rz R

Watson bonding
A=T G=C
(D. S. DNA)

Hoogsteen bonding

BN pu 6, T 5 =5 pyd’, 3T AL H 5
G = C*(pH/ITD
F=8 BT
Gen=Gag2y A=A
(BT, RFFAT)

G= A*?2A=T
& 4T C |Im¥E4T, =T

CRIE: TP (2007) , HHEE, H440)



= AR BEDNATE BLH) & I R R

B HEEDNAST T
* f2FB-DNAKIHN

- 5B-DNAPLA

Major : Hoogsteen $&i%#

groove : * fE Py / Pu: Py £
A=T, G =CHE@ERx

CHRTHL

ARG

« ¥ Py/ Pu (A,G): Pu (A,G)

Trible helix . py - St A 2 M ECxTT 3

CALES Y ANE AR s

WA At

CRIE: o rAEWeE (2007) , HBHHEE, 53070)



O L it M AP L ) =R e DNA, 28— |d]
IR Purinet:

® F=R#EE/>KT8dNt

o EAEMERAN, A1%ELGHIFFIHN
KNF100 bp yhomologous cluster (& &
5|5 FF) T. S. DNAZ AT HH

h -



T. S. DNAH] e H) Zh e

a) AJPE

b) 53

1B

% I

(rml

N

c) MIAE

TEEH5 DNAG &, k%

A

micro—RNA Epigenetic!
3 =4%S. S. DNA 1E 44387 J](molecular scissors),

7 RPIEIDNAZ T

d) IR X I =4%% (anti-sence polydNt) £ -3t




2.2.10. VQRZHZEDNA

(tetraplex DNA, tetrable Helix DNA,

g BREE B IR

Y &) 1958. Poly(l) X-ray photograph

N

=

Tetrable Helix DNA

Bl \A(C) N (e[€)

Bme

» Rett ik R E R K DNAFS

5’---TTAGGGTTAGGGTTAGGG-3’

quadruplex DNA)

3’---AATCCCAATCCC-5’

B2 RN REE

R 75

)

—

IR Y R
AR HEDNA
R




CRIE: 7AW (2007) , HHEE, H450)

2
Iid +
24

R

Linked by
Hoogsteen
Bonding

6—1
[—2



EREE: I

2 X poly(T,G,) 2 Xpoly(G,C,)
o, ! |
67\ e
Ry Tk

———— ..‘ i "N
oHY K £,
| -\‘. l.* ! IJ f»s

St BT

Ny )
\“"'\ﬁ < |
ToprT |

CRIE: 74 (2007) , KHEE, 5450)



A% EY G AR s HLDNAS )

GGGGTTTGGGGTTTGGGGTTT

P

1‘

G-quadruplex

- \\K\

‘i’
3‘
CRUE: 2> 1M (2007) , HHIHE, 554510)



] HE K Zh e
A R b

5 TTAGGGTTAGGGTTAGGGT =
3-—-AATCCCAATCCC GGG A

Hoogsteen Bonding

B fR{FDNAZK b HERf B
C 5DNAZFHRIAIH X
D 5uf& ik Kimeiosis & mitosis H &




A RERI T e

E. G-quadruplexBH 1F 3 B b DNA K FEfH
(B A G-quadruplexAs 2 S B i) i)

5 TTAGGGTTAGGGTTAGGGT 7
3 AATCCCAATCCC GGG A

G-quadruplex K47 B #
M H S M A E 1 |




2. 3. &35 (&) (8 &=
D) & &3 EFEImay




=ik AL  C

H 7 J& (C value paradox of nucleotide)

BN C

B (Maximum C value)

The total amount of DNA in the genome of haploid

Is a characteristic of each living species known as its

Maximum C value  (BfE{EZED

N

HEDNAKIEE)

®/NC

(Minimum c value)

The total amount of DNA for encoding the genes

information is termed its Minimum c value (ZRi8EE

E R EDNASE)




C value paradox of nucleotide

A YRR B SR
5XCEAEHE
R (FEZRME)

B R RAMIRAE
YIKCIEMER K

C —MAEYHNKRCEE
/NAEFZERK
(Euk. A& c=C/10)
(Prok. ®x174 ¢ >C)

CRIE: - THW¥ (2007) , HHHE, 5070)



B SRR

(overlapping gene)

F. Sanger 1977
75 X174 dnt sequencing

C=5387bp c¢=11 X 2000 bp



2.3.1 ZEFEBH A

» Mis-reading for stop codon

( @FRNAVirus 1973. A. Weiner)
400Nt 800Nt

14Kd eoooeeeoeeeee® CpIi/'%

38Kd o000 TOOSVeeeeee® |p 3%

UGA, UAG Gl EE, 451
UAA BEF=f& £k



 Choose different reading frame

D X174 (F. Sanger, 1977)

V ey C = 5387 bp

5387 bp

11 genes c =11 X 2000 bp

3 MRNA
9 peptides

CRIE: 7 T4 (2007) , HBHHHE,

S5 G-nnnl[------AATGCC ---//---ATAACG---//--TAA----
A I I | | | I || | | |

OCOTOTOTOTOTOTOTOOOOOOOO0O00
,lATG|(|3CN|————I\|INA|'I'|AA |
OTOTOTOTOO




Choose different reading frame

- stop

f ]F““F \ 4
s2:1111] Al A A a A aaaaadaaaanuaananeen

CRIg: AW (2007) , HHHE, $E51770)

Stop

I T I O I I
Start




» Selection different start codon or stop codon

Vp3
Vp2

(Simian Virus 40 SV40) Vpl(

Vpl Start I N B A |
Vp2 Start | I I I
Vp3 Start




X BHIA

1B

IC

1D

]jjﬁb?l

1% F)7?)

|




X 113K,

—

H

BIE

B

(EBENRN 5 MLE R —DNAX K A —E4E )

A

1B

[1C

11D




s BEE AR X

(i

2.3.3.

a) BAn 4 tht e & Rn

(BRI Cihm o % LRME L)

b) & #FLFHR~AK

REMEBGER ALALGEALE

O+ FHLLT AR GHMA
(o985 C=C()



2. 4. ¢33 () {8 &
B B G FFERER

(Repetitive gene)




Fraction reassociated

0.5

1.0

Lirmly
juu

731 i) L5 U 5E

Nucleotide pairs

1 l 10 102 10° 104 105 108 107 108 10° 1010
EE U T T S S S § Tl
1 3500 1.7 X10° 4.2X10° bp K.C
l | l | I O DU ET
Why? - &
Poly U
Poly A .
I l I l l I | » |
| | | | R -
\ _
Mouse Calf %
satellite (nonrepetitive % —
fraction) \fm
0O e N A 0 1 A | W 10
1076 107° 1074 1078 102 0.1 1 10 102 108 104 '
2X 10 8X 102 3X101 9 Cot
A A

ClUs: ANTE)



I

i— A KER/D (BEEEAR)
kinetic complexity(K.C.) &/

CotupfEAD (BRI

poly(A ) K.C.=1
Cotin =2 X 10°
T,DNA K.C.=17 X 10°
Cotin = 0.3
E.coli DNAK.C.=4.2X10° bp
Coliary) =9



*poly(A )K.C.=1; Cytyp=2 X 10°

B HH K = K.C./Cytyp= 1/ 2 X 109
=5 X 10°

+T,DNA K.C.=17 X 105 ; Cgty=0.3

b E K<1.7 X 105 / 0.3

=5 X 10°
» E.coliDNA K.C.=4.2X10° bp ; Cytyn =9
Ll B8 K=4.2X10% / 9

=5 X 10°



K.C. 5Ct,,ERIE

Bp=(bp X L/ M X S) X (M XS/L)

R E I SER A T

REA

gl

Jp

[RIDNAZFK.CAEAF, Cot ) HAAHE
(LA AT B L 1 e AR TR D

K=5X10°

£—DNASF




K.C. 5Cyt,,ERIE

Kinetic Complexity of E.coli

Cotiy) Of E.Coli DNA
Kinetic Complexity of any genome DNA

C,t(1/2) of any genome DNA

Cyt(1/2) of any genome DNA
Cotiy) Of E.Coli DNA

Kinetic Comlexit of any genome DNA
Kinetic Complexity of E.coli




il
N
Ly

/R IPIE 25/

C/C, 1 ﬁﬁ EH%CO‘:(]_/Z):].
576 o K.C.=K XCot
=5 X 105 X Cot (4,
SR [ — - e 1o
(Britten & Kohne 1968)
1] [ — ..........................
0
011 10 Cot
CRIE: 2y 7AW (2007) , XHHEE, Z53010)
116 cic,=Cott )

516 cr=Cott ()



AN R M) 10t

C/C, 1

i

E.Coli DNA

5/6
Calf thymus DNA
3/6
1/6 g
O | ‘IV .I | | | | | | | | | | | | | | m
102003 6 1003000 Co'l

CRIg: A (2007) , FHHEE £30770)

1/6 C/Cy= COt(1/6)

5/6 CICy)= COt(S/G)

102 Calf thymus DNA &H B LA ER
K.C. NE BRI 53



bhD

COt(1/2) 1L
40% X 0.03=0.012 60%0 X 3000 = 1800

Cotiyn) Of any genome DNA
Coti1p) OF E.COli DNA

Kinetic Complexity of any genome DNA
Kinetic Complexity of E.coli

Cot) Of E.COll DNA=6
Kinetic Complexity of E.coli=4.6 X 10°



60%DNAR] B K = B—F%)FIKinetic complexity

1800 X
E— X =13.8 X 108bp
6 4.6 X 106

409%DNA KK E (chemical complexity)

13.8X 108bp X 4/6 =9.2X 108hp



40%DNAH F.— 7% K] Kinetic complexity

0.012 %
= - Y = 9200 bp

6 4.6 X 106

40%DNAJFF| 1 B —FrFI K ERIKE (F)

Repetitive frequency = C.C / K.C =9.2X 108bp /9200 bp

= 100,000 copies




Cotar) #r 1L
409X 0.03=0.012 609 X 3000 = 1800

60%DNARK] R K E = B—FF /) Kinetic complexity

Xy c=1800 X 5 X10°bp =9 X 108hp

40%DNA HJ B K (chemical complexity)

9X 108bp X 4/6 = 6X 108bp




b

Cot(1/2) Sl
409% X 0.03=0.012 60%0 X 3000 = 1800

40%DNAH E—FEF ] Kinetic complexity

Y, c=0.012 X 5 X 105bp = 6000bp

40%DNAJFF| 1 B —FrFI K ERIKE (F)

Repetitive frequency = C.C/ Y -.=6X 10%bp /6000 bp

= 100,000 copies




242 EBERFRHELE

D.S.DNA 94°C >

IR

S.S5.DNA How?

-

1 Renature at low Cgt,y )

' Hydroxyapatite column

S.S.DNA
l Renature at middle
COt(1/2)



Tm1

S.S.DNA
1 Renature at high Cyt ;)

TR o 51
KRR - D.S.DNA
DNA




BRI __ YV sarps A TmESERR

S.S.DNA N DNA D.SDNAKTm
COt(1/2)

Lrmdl

ESRENIN Y A TmEFRRA
—— EJI‘%DS —— »
S.S.DNA 1&%Cot(1/2) DNA D.SDNAKITmM



GiIRRN:

a) Non-repetitive S.S. DNA =) Renatured by exactly pairing

b) Repetitive S.S. DNA =) More renatured by partially pairing

—_

More inexactly pairing and mis-pairing

RARDNA L & H:DNAZ [A] EL 3
ATmHZE1—15ER, FFAFE 1% KSR




’ ﬁlﬁkﬂtj‘ Tm

A%

PCR, #+ FHAH, FTWE (M) —&H
Tm — (25~30°C) =55~ 65°C
R T55~65°C, ARMEERAT &M
(AT B3I
K F55~65C, MR iR &1

(HTE

L B FPHIERED)

} Why ?




2.4.3.

Ll

LR P8 3R

a) mEERRF (High repetitive sequence)

2-10 bp / copy )
10°>-10° copies / genome Microsatellite
Cotiyy < 0.001 % 4 FBE T 5T 5] ~ DNA

DM TELR, WX, SHEREN

heterochromatin

i

5-50 copies / genome —> Minisatellite DNA

( Variable number tandem repeats . VNTR )



10%bp fragment  ==mp CsCl gradient centrifugation

MOUSE CALF

Eukaryote 34 \e e Prokaryote e
(GC%) 55—

Sequence in satellite DNA

bp of repeat unit sequence
Seacrab 2 ATATAT.....
Drosophila 5 JANWAVAN .\ V. V.V s

Mouse 9 (CYAVAVAVAVAN KCTANCYAVAVAVAVAN HETAN




EEEHEFF (micro-satellite)

-

AgLER  (ThEE? )

Tk FEE T

(multiple allele A {R B EREAH)
(BRWIZTFHid, SSR simple sequence repeat)

CNV (copy number variation) !



=Bl

( middle repetitive sequence )

Liphy

D)

0.1-1 Kb / copy

10-10% copies / genome

Cotiyp) ~ 0.001-0.1
rDNA  tDNA
Alu family

Histone gene cluster



rDNA gene family

. 28s |\IT185 T 585

T 18s, T 5.8§ T
I I I I

h~—

458 N NGl LR ENE
S
205 35 KBSk E
18s g 285 AFEERT
5s rDNA

5s 5s 5s 5s 5s LARER




middle repeat gene

{4

ff":)f,‘
YJ /v

N,
=HHIRS

/‘

HQTG (B%, WR? HFE? i)
AETHEERER

HBIER, 2B

rDNA
FeFI % AN

tDNA
HEB ok |

Histone
e |

HA RN, RBRRE




Structure of repetitive sequence of DNA

DR direct repeats

ATCGATCGATCG

TAGCTAGCTAGC
— — —
Tandem direct repeats

ATCGNNNATCGNNNNNNATCG
> > —

TAGCNNNTAGCNNNNNNTAGC
C— — —
Dispersed direct repeats

IR Inverted repeats

~--AAGCTT----
—--TTCGAA----

Hindlll RE

ATCGNNNNNCGAT
TAGCNNNNNGCTA

Stem-loop palindrome

ATCGGCTA | mirror Structure  ATCGNNNNNGCTA

———)  <(E——

TAGCCGAT

—

AGCNNNNNCGAT

Bilateral symmetry Bilateral symmetry




Structure of Inverted repetitive sequence (IR) of DNA

ATCGNNNNNNNNCGAT When S.S. DNA
dNts contains
1 two sequences
that are
ATCG complementary,
TAGC and form a

hairpin or stem-
loop structure.



In D.S. DNA
such structure
consist of two
copies of an
identical
sequence
present in the
inverted
orientation

ATCGNNNNNCGAT
TAGCNNNNNGCTA



c) H¥EIFS

(single copy sequence, 1-3 copies)

Z NG EE

REEZEY)  10-20%
REEY 80% repetitive sequence

REEY 50%



2.4.4. BEREFPAIE AT ER
a) WP —ZF ( Amplification-Mutation)

cycling amplification l

Mutation | insertion

CRIE: 274 (2007) , HHHE, #5550)



b) REEEEIGE A (retro-transposition )

DNA — RNA — DNA




c) BkERE &l saltatory replication

9 bp repeat

27 bp repeat

58 bp repeat

58 bp repeat

116 bp repeat

GAAAAATGT

GAAAAATGTGAAAAATGTGAAAAATGT

l eotrnz— l Mutation in 4 site
Q.AAAAAY(,:.AAAAY(,‘AAAA& AC

GAAAAACGTGAAAAATGAGAAAAACTGAAAAACGTGAAAAATGAGAAAAACT

Insert C Insert triple

o (28 bp) P {30 bp)

< e

mutation

<x & - 4 c =

Saltatory replication

Amplaty 234 bp wunht tor prese~t saotsliite

CRIE: ATE)



FER R ER A LB R =~

(duplication)
Bl J5 B#E Nk R RR AR B

(divergence)

!

T R BRI 7% gene cluster

!

TUESAT AR

L3

ThRE FIZE B




Fﬁ]ﬁ;
>

AR

Gene duplication
is a major force in
evolution

CRUE: ATE)



d) PXTFRAS H

(unequal crossing-over)

abhbcdeda

-Lb«bn‘.cd- '
cbbbbbodode

aLbbb:\cdcdc 0
bbbt dode

bbbb b.:dcor.l 8

bbObbodc

:)b!Lb(dCd 10
bbbbbbbede

b:»bbbbbahl

CRIE: ATE)

T




unequal crossing-over

5 Units | =T%<= |
5 Units I I I I

6 Units l | | l |

4 Units | | |



F: A LB

CRIR: ATE)



@ A LSRR H;

5 X Rice genome < Maize genome

40 X Rice genome < Wheat genome

B ERAR, HFIFRRFEARAEM
= R LI T repetitive sequence




2.5. 23 ) (i =
D) & &3 EHRIEEE

] {5

(splitting gene)




: 18] [k 3 PR ) A B,

(mini revolution)

(Source:
http://www.nndb.com/pe
ople/128/000133726/)

Richard J. Roberts Phillip A. Sharp

(Source: Nobel Prize 1993
http://www.nndb.com/people/088/

000133686/)




E
:
:
=
”
;

Phillip A. Sharp
NobeliPrize 1993
T

2006.2.13 #ifH44 Philip Sharp ik B XR %=
GIARBAT i, HEAN LIRS (EER =R, RECEPER.
EEEEHAP. EETEFR




(Source:
http://www.nndb.com/people/478/0
00131085/)

® [RH|HXIRA VB &I
1965 Arber. W

efficiency of plat

eop =1




Werner Arber
Nobel Prize 1978

a) E.coli restriction alien DNA

with restriction endonuclease (RE)

b) Modification enzyme in host

c) Alien DNA fate of be restricted or
be modified

d) There are different RE

IN different host of bacterial



Restriction Endonuclease jFhk&

* Type Il Enzyme Type lll Enzyme Type | Enzyms

Protein structure Separate endonuclease Bifunctional enzyme Bifunctional ends .'
& methylase of 2 subunits of 3 subunits

Hecognition site 4-6 bp sequencs, 57 bp Bipartite
often palindromic Asymmetric sequence & asymmetric

Cleavage site Same as or close to 24-26 bp Nonspecific
recognition site Downstream of >1000 bp from
recognition site recognition Sie

Restriction & mathylation Separate reactions Simultaneous Mutually exclusw:

ATP needed for réstriction? NO Yes Yos

CRIE: ANTE)



P

@® Splitting gene HIES

Oviduct Erythrocyte
DNA DNA

l ECOR]
HindIII

1977 Pierre Chambon

Ovalbumin cDNA

as probe

cDNA F¥EFHindlll, EcoRIYIR! ?



N (Source: http://www.nndb.com/people/128/000133726/)

Sharp group

Roberts group
1977

I Splitting seq. in the 5’ end of
Hexon cp gene of Ad2

=

: f
N (Source: http://www.nndb.com/people/088/000133686/)

DNA of Ad2

mRNA of Hexon cp

And

presentationin CSH
PNAS 74: 3173, 1977

CRIE: 7T % (2007) , FBHEE, #55910)



™ " Wahe % A
W Sk )
AR .J.r..,vn

,,..7.

%
-).
A

oy Vel 4
e, A
P Arace s

Total DNA of chicken

X

cDNA

7 DNA loop

(2007) , *EHIHE, ZH5910)

iy
N
H
ZJ
R
X .W.
o]
(<5
L
2
wd
<5
(@)
| .
Q
m
>
O
©

ire

Chambon was insp

; 3171-3175

1977. PNAS 74

P. Sharp

M., C. Moore, and

Berget, S



Ovalbumin cDNA RE map

Hinfl Hinf I Healll Hinflll Pstl Hinf IV
| | | | | |

l l l l l l

( No EcoRI Hind Il RE site)

the cDNA probe be digested by Hinf 111 and Pstl

\ Labeling with p32 Y,
—~
Probe A Probe B Probe C

——— = S—i-



Probe cDNA JA B C

Oviduct total
DNA Digested
with EcoR | and
Hind 11

presume




presume

|

cDNA —l l

Hinfl Hinf Il Healll Hinflll Pst |

MRNA

Hinf IV

R &

DNA Hinfl Hinf Il

HeaIII H|anII Pst

Spacer

Pl

1 Yy,

Zpul

EcoRI, Hindll |

|
l

Spacer

{Hiip 1

—
La
b




1978 Gilbert EZAYEE P&

Exon (4} 2F)

IS any segment of an interrupted gene that is

represented in the mature RNA product

DNA 5 BeRRNATR] 555 B, X 35

IR HI 2B

X (amino acid coding region)

JEMRIFE X (unspacer)




Intron (& F)

Is a segment of DNA that is transcribed, but

removed from within the transcript by splicing

together the sequences (exons) on either side of it.

DNA 5 Bt RNAE] B FEXT R

X 35

RIERIIELABX. (non-codi

[ BB X (spacer)

ng region)



A

a ﬂfﬂ ).r\n. rc\ :
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..

AN ASRY
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L
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e
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(R

A

Ll

Pairs

_ : at yf ﬁ
e ﬁ.ﬁ.

bos

-ﬁwr ’a
..v.._.k\ .

w

=4
(@)
Lo
R
tr%
HE
X
H
~
(@)
()
<
i
N
H
Mo
R
5

-MICroscope

7 introns

Ovalbumin
Electro




AR EVER RN

Splitting gene

[ RRZE R, Wi

F A% AEYFE DR B sk SRR A

Interrupted gene

Precursor mRNA (pre-mRNA)

Heterogeneous nuclear RNA (HNRNA)

HIAMRNA, ZAAE—RNA




5 Regulatory region Exon | Intron 1

Splitting
gene

LA AN A AL S LT

"~ v

i A e b S el S—— D - RNA

Ends of exons

are brought together

Introns

Removed

Introns are removed
& exon junctions are
spliced together

1!
il
1 i

Exons
junctions

CRIE: o TrAEWE (2007) , HBFHEE, 55977)



Splitting Gene

4

) P31 25 RS F) 8] P 2

S/ [iEY A3

SpesiEae

~exon Flintron A8 8] & HE)

N

| Splitting Gene F{)3&3&

a) In Eukaryotes

most of structural gene
tDNA, rDNA
MtDNA, cpDNA



tDNAalso iIs
Interrupted gene

l

Pre-tRNA

l

Mature tRNA

2

The intron In yeast tHNA “base pairs with the
anticodon to change the structure of the
anticodon arm, Fairing between an exciuded
base in the stem and the intron loop In the
precursor may be required tor splicing.

Mature tRNA Precursor tRNA
CG CG
CG CG
AU AU
G CIY1
AY

Intron pairs with

anticodan loop



R-loop mapping of the
mouse minor ($globin gene

MRNA X D.S DNA

R- Ioop IS the structure formed when a RNA strand hybrldlzed with its
complementary strand in a DNA duplex, thereby displacing the original
strand of DNA In the form of a loop extending over the region of
hybridization (Genes V1)

DNA The hybrid duplex
>3 and the displaced

w / -
v{ MRNA/ssDNA BEUEER i ale]E
strand DNA are

called an R-loop
(intrOn) \ From Mol. Cell biology

CRIE: ANTE)

Intervening seq.




Introns are transcribed Introns are removed

H

R

CRIE: 4T (2007) , HHEE, 25617510)

a; R-looping in which mouse globin pre-mRNA was hybridized to a clone of mouse f3-
globin gene . A smooth hybrid formed ( introns are represented in pre-mRNA )

b; R-looping in which mature mouse globin mRNA was used to hybridized to a clone of

mouse fB-globin gene. A large intron in the gene looped out ( the intron no longer present
in the mRNA)




St BT FRFI R ST

AT PRS2
(B4 BT 5 P98 TR R R R A

gl

B A RPN R EE )]



2. 6. &3 (& {8 &=

SAENETHIRER
BBk B

(Jumping gene /
Transposable element)




BBk

(Jumping gene / Transposable element)

CRUE: ANE)



2.6.1. FEREFREIS K

A B

« 1914 A. Emerson Cornell university

FRR B PERAR pvV— p"

« 1936 Marcus. M. Rhoades Indiana University

5 (Dotted Dt) ZRAR

Dt'\ Vv Dt

| \ Al | (I>

A— a a— A



« 1947 Barbara McClintock CSH

A
b) £ Ac (Activator) R T FEZERT

il
iy
==

AR

FARBE B EBEA
a) ARG E

74|

At~
[l

JIII“I

C! — c¢' — spots in aleurone layer

gufaik —» BFBC
( Breakage — Fusion — Bridge — Cycle )

I

site named Ds ( Dissociator)




Ds A B C®

Break ot Ds

BFBC HIFE & A BCH

Replication

CRIE: 7AW (2007) , HHHE, $681)




Sacond fusion bridge breakege cycle
First fusion bridge breokage cycle

iy
R
o

Sister chromatid fusion

A BCH

ABCH

s

$csa assch

|
]

die  Breakage
i1

$ceAaa 8CH a bceech

Chromosome with I Chromosome with Chromosome with Chromosome with
duplication of A deletion of A duplication of B deletion of 8

CRIE: 7AW (2007) , HHEE, $681)




c) transposable element & 5|#2 £ KW ETETEA TS RE
M BB E T

chr.9 C! SH Bz Wx v

Ac ~ — Ds 1 large colored sectors







2.6.2. ZRNFEEEIRE KBRS UES

AR R R KBS H1E
Operon & Polarity Mutation

NRAELIERZ R, BT B

5

I3

E—ANBRATH, SHRAEFNMERSHE

A A5

YIRS, RS ST EED

N

BE, FFHERRMHRE R,

eIV



CRUE: AF)



Initiotion Termmgtion Intigtion
.J-—-'_‘ —  — -—

.-
-

F 4

' .'_ » '
E

Second coding reglon

CRIE: 7AW (2007) , KHEE, 5681)




I p 0 Z A
o o R XA LS o
ABRTE
O gene Z F R 2 1E5RAR AL
RO BR R
I p o Z Y A
S
-

—

CRIE: o TrAEWE (2007) , HAHE, 5671)



Polarity Mutation discovered in galactose operon

James. Shapiro 1966, Jodan E. 1968

E. coli galactose operon I p o E

Galactose fL#ff  gal |K— kinase> p-1-galactose

T

K

UDP-glt

t mut. — U-transferase &it>

P-1-galactose # &—— [~ ¥l IE

R, wdE, EoRZE ) LARE R
~

T

U - transferase

N

UDP- galactose




Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
CH,OH CH,OH

OH / O\_ OH

/’ \‘\ |
/‘ \\;

\

¢ ) - > ‘
| f-galactosidase OH

% /
\ OH /

\
\
H OH

/ //
\, OH /
|
\
O

Lactose Galactose Glucose




E.coli[t"]

‘ lactose
medium
genotype of survival
Et-K - ETK
Et-K - Et-k-
Et-K — e~t- K(e~- polarity mutation)

I p o e~ t-
o o R XA LS o




AN

e 3 SE IR 5

c E1°K ~ ETK
c Et-K = Et-k-

- e~ gene polarity mutation ———Kinase #/b>

® ¢ [FERTHRER —— e~ ARGBRRE
o FHAGARER e REME —— e - ARKZIERE

® )dgal e - flndgal E 43FCsCl #8550



—_— o R
Ultracentrifuge o Collect
i fractions

DNA phage concentration

High
density

Insertion

SIS

CRis: T (2007) , HAEE, H7170)

Low
density



| Adgal e - /Adgal E 4> F %A%

Adgal e - j? — 768 bpinsert

Adgal E

CRE: 4T (2007) , HHEE, 57270)

R YIS RDNAF BL i 5 BE H] 5[5
AR RAR




2.6.3. DNA%: FEIN 5 ) — R IR AR ST M

a) A Donor site 5 Target site [8] /741 1 [l & 14
, KR recA §)

(FEFVRE
b) %5 REHE N

c) FEEE KT (Tn3) X [EIZKREERERE

Irrrll

:éﬂj\_/

VASY;

Hotspots (# &)

Regional preference ( Z£3kb!

Hrftb i (Bt

d)

e) ¥ REN T HIVIBR 5% BEXS =4

L5 7E B

N

N7 P = T2 AIE
R AL F RN

1]

hul

FIESEERENL (AT 1Y)

X 35 Y B BERLIEAN)
THEARRT

B X (DR)



JIRSTE VPR SER LR 2 AR ERS e A0 EE

Transposition Inversion & Translocation
e 2R R A B W R BEAL I AE R DNA B
A B R R SE [R

U.V BB AR B3 U.V Bk 227 AT $& m
R ) B R AR ANBer= 4 BB RAR
& FX mutable gene

10

2 BE T transposase Rec.A, B, D
inverted repeat (IR) X(chi) site,

5EHIH <R DNABE R Wi R 5 5 1T

HO




2.6.4 %% BRI HIFH R K AL
BRASAE M BE B TR
1S
TnA family

Composite transposon
Transposable phage k
B | % BT

(replicating transposable element)

=1\




L A% AL 3 JEE D] 1 o 2R

f

e

b =\Fe B IR

N\

F (cut- paste )

REEFEEREEF (Retro-transposon )

KA e IR =




2.0.4.1

R YRR T
) PR 2R K ¥R PO




a) FHAJFF Cinsertion sequence IS )

| 700 —— 2000 base pair (bp)
e (0] {3 — GACGATC
03 \c 1]\ N —— CTGCTAG
" "

IR IR

PR CY.\ (o] [+ — GACGATC

Stem.|oop 5 GATCGTC
3’ CTAGCAG

CRIE: o TrAEWE (2007) , HHHEE, $5737)



® |Sff Atargetsitef5 — target sequence repeats directly
flanked the IS

€9%9¢9%¢9%¢9%6¢9 .
| 23456769 987654321
€362¢5¢5¢)

€%€9%¢%¢%¢)

0262626963 £321

Target ' riex ransg ’ v od  Torget
repeat repcd oot repeot

CRIs: AW (2007) , HAHEE, $737)




Individual elements comprise transposable units or
modules of composite transposons

IR DR
Inverted Torminal Repeats Diroct Roponts ot Target Target Selection

23 by 90p Random

41 bp 9 0p Hotspots

16 bp 110r120p AMAN g TTT
16 bp 4bp Hotspots

22 bp 90p NGCTNAGCN
9 bp 90p Hotspots

18 0p gbp Not known

CRIE: ANE)



b) Transposon (Tn/ TnpA family)

®@ 25kb — 20kb

o HAIR. HERENR. AWEN. fiAERPIHRERE

Tn3 IR  TnpA Res TnpR AmpR IR
T E——————————

37bp l l l 37bp
transposase regulator - lactamase
CRi: o TEY: (2007) , MABE, H740)
® Tnl (AmpR) Tn2 (AmpR)
Tn3 (AmpR) Tnd (AmpR StrR)
Tn5 (KanR) Tn6 (kanR)
Tn7 (St TmpR) Tn9 (CamR)

Tnl0 (TetR)



C) E& KT

(composite element / composite tansposon)

o ISTHAZITHREEN Pidn, FIREEHRE S8 ERT
N
—
|
1S 1S N
— €=~ transposition
|
IS L ISR |
m— G- Mutation

B hpR —

CRIE: 274 (2007) , HHEE, H750)




o HEWKET—HEH, HEBIIGZBRELHEFHE
® SiffF

|5105 Tn10 (9.3 kb) IS10R
< ——— > >
F‘
IR IR IR IR
— 1R 1R -

IS1L Tn9(2.5 kb) ISIR
<4 <)
IR IR IR IR
DR - bR

CRIE: 7AW (2007) , HHEE, H750)



2y
il
R

EXxcise or
Deletion

DRZ! (Instable)

CRIE: 7AW (2007) , HHEE, H76 1)



IREY (Stable)

A B
Excise
-5__ -6
10 10 A
B A
— -
Inversion

CRIE: 7AW (2007) , HHEE, H76 1)



e BE AL A

replicating transposition in prokaryote

donor

S Staggered cut — || receptor
Tn ™\ /?rget
| e
g 4 Ommmn
Strands
transfer
O..ccvvenns <
i;; .........

CRIE: T4 (2007) , HHEE, H770)



copying of Tn & target seq. l

cointegrater
& >
resolution )

Donor l receptor

—=—1 ==

Tn DR Tn DR




Conclusion

a) ¥ R FE R FHDonor 4t Tn copy® target site, ¥ X E§
Pl. B#l. EHRBEEITE,

I‘rrrl

b) HEESFER)E, FETnHIFimHBtarget site F 51

2, HKERHTstaggered cutting K &

c) ¥ EEETFH IR 752!

e e T ) E

UIZSEES

R/

DAZVEEST

- [ E

S}




d) Cointegrater &% BRI A& (R BBHA Tn A

REMEK TnAETMR, BXresolution5g K,

\i

replicon), &

Fe BT AE.

Cointegrater AJBE 32 Tn MPHEKIFRE .

The evolution of plasmids with multiple-resistance to
antibiotic is made easy by the ability of transposons to
recombine without homology and thus to gather
together in a single plasmid



2.6.4.2

T Y e B
A1 K R AL

. i
' ]

Mar. 9, 2004




| #4, BINLEERERRF (cut - paste )

Two components system

Ac/Ds, Spm/dspm, Dt Mu in maize
IR, transposase, needed

1 B, REEFHEET (Retro-transposon Rk 5%k F

Copia in drosophila
Tyl In yeast
Alu family

y



Two components system of type |

® Autonomous controlling element &
Non-autonomous controlling element

@ Transposition with chromosome replication

® Lead to insertion mutation (a::Tn) & back
mutation, but cause BFBC under Ac/Ds only

® Autonomous element create autonomous mutable gene
eg am, bzm

non-autonomous element create non-autonomous mutable
gene under autonomous element activation only



® Autonomous element ----- Trans-action factor

Regulator
Signal

Deleted mutant from Auto. Elem.

Non-autonomous element ----- Receptor

@ Identifying the two components system by interaction

between autonomous & non-autonomous elements



AL TOMNMOMOoOus NOOOUTONOIMOWUS

Requiras
trans-activartion QUTONOMOLUS

alomrmoent

Transposas
independantly

Movas 1O Mmow site MOovyes 1O new simte

|dentifying the two components system

Ac (acrivaror) D=z (dissociation)
Mp (modulator)

Sprm (suppressor-mutator) dS5pm (defective Spem)

Eny (enhoncer) I (inhibitor)

Lotted Unnomed

Mes (mautator)

SRR (2007) , HFIEE, H57910)



El2 ,ient

| [Genome Procucts Repeats

wAC | ~9 1583 b | g bp
Mu1 . 4 g bp
' J bp

CRIE: 714 (2007) , HHBE, 5580M1)



b) Ac/Ds system
o 1EMJI=\

AC
v
. . or
C — cm
Ac/‘v
i i or
cm_, C

(Source:F.W.Goro,form Fedoroff,N., Transposable genetic elements in maize.Scientific American 86(June 1984))



)

K BE, ZR81IL

YR (2007)

G/

Ac/Ds



A A
1@; N

Ac A TEH RSN

m°C

AC* <

de-m°C

AcE DsiES 5t

B{E B 2RI

%

ACy Dsy

gy, Ac V

Dsy




CRE: 7 74w (2007) , HHEE, 2£8111)



Ac/Ds5| & I 5RAZRE

Y3

EAEAL, EESER

RiXKPHE

P

BRRRAL AC




<A ( Dsl1, Ds2...)

FEE BN EAE

Nl
i
a3
ey
e
i
g
;.l
/

EHF

IV B

Al multiple allele

o Xt O3 DX 2 BB AS
» 5 B R AR I TR AN

RRKDER)

» 5 B R RARHIIRA

RREPER

‘I»'l gl

‘Ill




)

Ac/Ds [E ?E"J%Fﬁ&?ﬁﬂﬁﬂﬁ

. .,} q\ p'!ﬂ_[ﬂ!,
W} ;.g\ »7 B ﬁ

Wx* DNA
clone
i‘, s e
Wx cDNA probe Ef}- X i
SR
clone

I

wx - 2*Ac/ Ds DNA

Ac / Ds isolated from Waxy

“WAXY LOCLS

(5[%()? g frEW)EE (2007) , HSHEE, 558010)



I he Ac sleomeant has two open reading frames;
De alements have intermal deletions.

v
[
\

11bp IR — | e

Exom |

Ac element——

Ds IR

T rosmrscription

500 bp

CRIg: AW (2007) , HEE, 58177)

R % B

=
A3

R

N




2 BEAL 51

Cut-paste transposition in eukaryote

lDR IR Ac IR DR

= ==

DR IR

Excision by

Staggered cut ()



replication =~ ®——=»! |

nuclease digestion

A
( A
footprint Tn without drag
Oy ——>
—em

OR §



Transposition target
by Integrate e

staggered cut

J

Integrate

replication

J

transposition




Euk. 5 Prok. # B K 7

FLLAE

* BEAT f A stagger cut FEF1] ADRIE R, i B2

* 52 BB N T T IRFP 51 2 4% BE B RS

* B BT HIHERR DI BR AT BE &

513

E% =

T

N\

i

o]

EAR

2 FI1E FH 14

]

e B

9—‘&

DA

i3

T A



ZNEGIDEY
EZAEY)

(replication form)

copy HIE | 5 ¥

AR

=SS Y N
IR

FRAER DIBRR I
WK, BN

A% EY)

(cut & paste form)

L HIRRAVIR G HES

’vJJIJ’é* BE—FEREA
—HARARTRE

]

1]" |

EHER DI B BRI
footprint ¢V




EY 5 E

L% &

SR H T

REEFHE BT (retro-transposon )
R R

bE




® EXEBETHSR

W EDNAG 1 I [ 3 3 B FIDNARIFR S (43 833K )
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species retrotransposonclass  copy number
Zea mays LINE 50-100
Nicotianatabacum Tyl-copia >100
Oryza sativa Tyl-copia 1000
Arabidopsis Tyl-copia 0.1% of C
Zea mays Tyl-copia Ty3-gypsy 50% of C

N, BmEEDERANDC)HER
I-> FEE/H retro-transposons ¥ M Epr & Bk




Most of the human genome is repetitive DNA

CRIE: ATF)

The largest
component of
the human
genome
consists of
transposons



CRIgE: o rAEWE (2007) , HHEE, $5877)

Tens of Mbp of satellite repeat sequence interspersed with RTE

(PNAS,1998,p395-406)

RTE prefer to insert within each other, resulting in nested groups
of transposons in between genes.

(Science 1996,274:p765-768)

Mutator(Mu), Miniature inverted-repeat tranposable elements
(MITES), insert preferentially into genes.

(Genome Res. 2000,10:p982-990)
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Source:PNAS July 17.2001.
v0l.98.n0.15 p8163-8164

form a tetraploid

repeated bursts of
retrotranspison

RTE about 80% of the

maize genome
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described a new type of DNA transposon, called a Helitron ,
by computational analysis of genomic sequences from
Arabidopsis, Maize, barley, wheat, rice, C. elegans,
droshophila, fungi, fish



(source:Kapitonov V.V. and Jurka (2001) )

Helitron

Insertion hotspot: btw A and T,

Struction: 5° TC and 3’ CTRR termini, and a palindromic
sequence capable of forming a hairpin loop near
the 3 terminus (11Nt) .



‘ Two components system ‘

Target site : AT
20bp

aTC CTRRt

l ORF \ S Y
. Y

Helend structural

By rolling circle mechanism

1. Autonomous Helitrons encode a DNA / RNA
helicase and one or two copies of a nuclease / ligase,
similar to genes encoded by known prokaryotic rolling
circle replicons.

2. Most Helitrons were classified as non- autonomous
because they did not encode the complete set of
proteins found in the consensus elements and they
shared only the common structural hallmarks with the
“autonomous” Helitrons



‘ Functions ‘

Target site : AT

20bp
aTC CTRRt
/—\ \ J
""""" Y
By rolling circle mechanism Helend structural

Gene amplification
Translocation with structural gene

Exon suffling...
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Gene islands also vary among lines
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Where are the “missing”’ genes in B73?

cdll hyproZ2 hypro3 rlkl

—R—<U— e —I -

Blast—-N analysis of maize GSS database (mostly B73)

Annotation of sequenced b0511112 clone

30 40 50 60 70 80 90 100 kb
|||||I|||||||||I|||||||||I||||I||||I||||I||||I||||I||||I|||||||||I|||||||||I||||I||||I||||I||||I||||I

Aldehyde oxidase

cdil hypo2 / Chro. 5

| -

* Present elsewhere in the genome
e Some are adjacent to each other
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ADH-1

Capsite  AUG Intron Exon

Mul S3034 40% 4455 &
Mul S4477 0% &%
Mul S4478 13% &3¢ H

(Source: Osterman JC , 1981, Genetics,

99)




ﬁ]%%{&(excision)
a) precisely excision
== back mutation
b) 1mprecisely excision
== DNA deletion & inversion

C) excision
== antibiotic-resistance lose
footprinting



genetype events DNAseq.

Protein

Wx (maize) w.t aaG TTc aac

wW.i

wx-8: :spml1l8 mut. a1G TT---Spm---GTT iaa C  mut.

Germinal excision
Wix+t-1 back mut. aaG TT.
Wixt-2 back mut. aaG T

Somatic excision
In leaf DNA aaG
aaG T
In endosperm DNA aaG TT
aaG TTc
aaG
aac

C aaC
C aaC

Caa C
C aaC
C aaC
aacC
Caa C

+leu
+Ser

HEST
+Cys
+Leu
W.1
HES T
ALys, APhe
Thr mut.




A & F B4 exon shuffling

ExonlA E 2A E 3A
] | || | || ]
intron 1 intron 2
“——— exision
N e e
ExonlB | E 2B
|
Integrate
ExonlB E 2B
I I 2 T
Exon 2A

exon shuffling

CRIE: 7AW (2007) , HHHE, $8810)
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* Retro-transposon with Enhancer
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» Composite transposon with promoter

A BhEEAL R EERE K RE




#RERYE transposition burst
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e RE TR SEHEA o

1 H.5 DNA superhelix , DNA 5 protein [8] i



Insertion hotspot

Adh1 | o | /

---- CGTAACTGGTGAGGGACTGAGGTCTCGG-------
8 bp staggered cut |

Ds-c (Adhl-Fm335) ‘

- CGTAACTGGTGAGGGACTGATAGGGATGAAA...Ds-c...

................. TTTCATCCCTAGGGACTGAGGTCTCGG----
11bp IR 8 bp DR




Insertion hotspot
Ac (wt-m7)

-- GGGGCGCGTTGCGTGACCTAGGGATGAAA----AC---
------- TTTCATCCCTGGCGTGACCCGGCCGCGCGLTGL----

8bp staggered cut'

Mul (Adh-1)

---ATCTGACTAATCTTGGTTTATGATTCGTTGACTAA

TTTTGGGGA-------Mu------TTTGGGGAAAGC----
9bp staggered cut




Insertion hotspot

Spm (wx-m8)

---ATGAGCGCCGAGAAAGTTCCTAGGCAAGGTGAG

CGCCGTGGTCAAGT T-----Spm-------G T TCr---------
3bp staggered cut
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2.6.6. FHREIFHFEHLE

a) Tn family % )8R 41 2

3066bp 558bp
Tn3 r ThpA Res ThpR AmpR IR
== My
37bp J 37bp
B -Lactamase
Transposase (@ requlator
1021aa, 120 kd . 185aa 23 kd repressor

CRIs: T (2007) , HAEE, H747)



3066bp 558bp

Tn3 IR TnpA Res TnpR AmpR IR
37bp . L 37hp
| | B -Lactamase
Transposase @ requlator
1021aa, 120 kd . 185aa 23 kd repressor
GAT resolution region ATG

-58 105

repression gene expression




b) 245 DAL 1% e U P L L

e.g.1 Tnl0
IS10L ‘ Tn10 (9.3 kb) ‘ IS10R
IR IR or other marker ‘s IR IR
~ IR — IR
IR X L X X

CRIE: T (2007) , HHEE, H750)
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» Dam ( DNA Adenine methylase ) FF 340 4E FH R

dam - mutant IS10R
. ? T ﬁ> 4_
Tn10 transposition up 1000X ¢
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c) conclusion
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d) FeBEATHIN AR

@ FIHHEETFHMmARERMN, HREFRPSEHEINREX
S B
X BERBURS, 52 M B Ds-F11
Ds-a Fm335 —
|
ADH-1

Capsite  AUG Intron Exon

Mul S3034 40% ¥ 5
Mul S4477 0% #&5kH

Mul S4478 13% 5 5tE (Source: Osterman JC , 1981, Genetics, 99)



d) % ReRTFHINHTA
® AT, LR
BB Bb::Tn X bb
T A

( )

Tn Bb bb : : Tn (unstable)
l — Tn probe

F, 3:1 Mu-TALL
SAFF

Identifying target gene  DLA

Cloning gene from cDNA Lib.



FKT-CMS Rf2 Z: A 1) e, [
178300 Rf2 plants
l Mul

6 of rf2-mutant

probe l
cDNA Lib.

|

2.2kb cDNA

|

Sequencing(ALDH)

CRUE: AT



Mutant Information:

Result: 015045407
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A B Tl exon shufflingTE BegT 2 &

ExonlA E 2A E 3A
] | || | || ]
intron 1 intron 2
——— exision
N e e
ExonlB | E 2B
|
Integrate
ExonlB E 2B
I I 2 T
Exon 2A

exon shuffling



Retro-transposon create chimeric new gene
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intron 1 intron 2
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2.6.7. EBEAYRERERE (pseudo gene)

a) B
5 IEH E R 4t 1L

{H3%2 5K IE ¥ T REIDNAFF3)
FEEFAETEREYR S ZEE KR

b) Fh2R
o IhReEN BRI
JEWM)TViE 5s DNA family A o-globin ya-1
3 MR X B
ZNBERAR
intron K6 B FrFI iz




Hemoglobin expression changes during development

Embryonic (<8 weeks)

]
o i ) l i

Adult (from birth) ¥, 14,
. : . l"‘ Pseudogene in
| Hemoglobin
. ”I onal Pseudogene ”-I- family




e TR (processed gene, retrogene)
725 F IR retro-transposon

1980. Leder &3 rat a-globin, yo-3 FREH G intron

1982. Temin iESE
chicken B-tubulin family H4F#7E processed gene

1B R ------ promoter----GCTGAm AGC —446
codon-

o
N TEE GCTGAGGTGTC-lead seq.---ATG AGC---
446codon-

1E & Z K] ----some introns----AATAAA----terminator

n T # K ----no introns-------- AATAAA----poly(A) GCTGAGGTGTC



pre-RNA
RNA
cDNA
Insertion XS] ~ U3 pseudo gene

stagger



d) BAFIRLE

RNApol I /25 mRNA 5[#
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Most of the human genome is repetitive DNA

The largest
component of
the human
genome
consists of
transposons



N value paradox of nucleotide
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