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7.1. Point mutation 2R HEl 5
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7.2/ RRE

7.3. {11

7.4, B[R
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7.1. 1. Point mutation BJ2E
it}



® conversion (BUfR)

transition(¥#t) Py — Py Pu =— Pu
transvertion(Ei#t) Py — Pu

@® dNt deletion or insertion

=3xdNt +nxAmino acid
#3xdNt  Framshift



P B RS KRS R B I A% AT HT L

Nature, doi:10.1038/nature07175, Dacheng Tian, Jian-Qun Chen

NIR'

RATFEBEALH

—, FERHAR

: ) ég%% oI

S0, APl T B SRR AR & NI IRE ST ,

T HIPE I EE AT IR 5B

X IR RBRBAHE, BHRRERIH
%Hﬂ Indel 7 £ &A1 85 B T vk .8

M)A T oRYE EE R HIndeliB 524
, HAREFELLRAKEE L REE N Indel 1% FE 1 52

L]

BRHBEARZHIE.




@® conversion effect

---Samesense mut. GAA(E) — GAG(E)
---Missense mut. GAA(E) — AAA(K)
---Nonsense mut. GAA(E) — TAA(stop)

@ RAMIRIARE
R RZR R ER A2
—-JE&FRISRAE; allelein DNA level (RFLP, RAPD...)
allele in phenotype (4 1t/A7%, #E/dERE...)

ZERIRAY, RAP)IRI = RTZFEFA + &M
e, BHBEAT, Ts,su-...)




e L5375 Null mutation:

@ RENIRIARE

SEATHER T EERZIREMIRALE (S

e IhfiEi e Mg AR (loss-of-function mutation)

o5 A% Bl H A BH 1|

A

I AINERES

« hHESRE M RAE (gain-of-function mutation)
5%%‘5@@ 3R AS 8T 1 D) e

e TERSEAS (silent mutation)

BT W] AR AN AR R AL



7.1.2. R & £ W Pl #H
(HXRRER, BRI




7.1.2.1. B XRZ

7.1.2.1.1. g 1 305 HEDNAR Sl AR M6

-Ee .
a) BEFEFIME
A(amino) —— A(imino) C(a) ——=C(I)
G(keto) ——— G(enol) G(k) =—=G(e,l)

T(keto) < > T(enol-2) or T(enol-4°)




b) P 4 2\ 5 2 DNAK i I 5 ic

CRUE: 1B (2007) , HWHE, 5532170)



AR 5 B DNAK I 45T

CRUE: 73 7Y (2007) , HHEE, 5532100)



P e 25 2 DNAK il I F5 T

RGN A () —7 (k) G(k) —C(a)

HIRBCX  A(a)=— C(i) G(k) —T(e)
A(l) — C(a) G(e) =—T(K)
A(l, anti) =—A(a, syn) A(, anti) —G(k, syn)

G(e,I, anti=G(k, syn) G(e,i, anti))=—=A(a, syn)



P 7 A 2\ 5 | FE DNA ) S5 AL 522

A(a)
A(a) () G(K)
T(K) e
A(a, anti) A@, ant) C(a, anti)
G(k, syn) .
T(k, anti) Gk, anti)




7.1.2.2 BaASFLIR

but

(mutator gene )

be wronged

Wt ey

c mut. ==  FEHLG RS R

I A% R E




R F PRI SR

DNA polymerase #HI<3: &

3’—> 5’ editing function mutation

HILBERARRRIZER

MCE (mismatch correction enzyme)

DNA #1518 B R Gt 2%

HIEBEDRER —— RERARH

S o W 3 0t i ot T (5 R %



7.1.2.3 AXTFRAZ #
PN YR 5 R T

(Retro-transposon,Helitron)

!

Indel
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S

25 A -

- 2 -

S - ¢.~ 3
ce:Stanley N. Cohen/Photo Researchers,Inc

-

Gene Mutation
&

Crossing-Over

(Source:Lyer,V,The transcriptional program in the response o:
human fibroblasts to serum.Science 283(1 Jan 1999)f.1,p.83)



7.2.1. YIEFR
a) FEMESAEE;

Co% ()(y) ray

Cs¥(y) (v) ray
H:3 () ray
P32,’ SBS('}) ray

BEBEHFE;

O(y) ray F &M
(HhFR b B

() (B) raydEZFZE
(AR ICALED

REZ, WIEN, e

]

ey

dNtEEfey B 45 F 53R
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e
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b) FEEHEIELS—UIltra Violet light (U.V)

A
-—-pyrimidine dimer (TT dimer )is generated by
covalent links between adjacent TT

0,

J

X5

.CTTA... /=t e
“ 7\\ <)‘—‘\\
O s Bighe 4-{1\{

A
<

/

I\
\
\ ¢
\ /
|

CRIE: o rAEWE (2007) , HBHHEE, 55309M0)



U.V.
>

deamination—oxidation

U.V.

depurination

CRIE: 1AW (2007) , FMHEE, #530911)




b

BiA% 25 TP M=
(genetic polymorphism / hetergeneity)

Allele (&3 H, DNAKXI...)
Multiple alleles

Allele iIn DNA
Point mutation INvVersion
deletion Insertion

Repetitive copies......



Testing allele in DNA

electrophoresis pattern

1980 Botstein PR i B E R £ B
RFLP (Restrictin Fragment Length Polymorphism)

VNTR(various number of tandem repeats)

1985 K.B.Mullis T2 & B8 2\ = M. 2 B i
PCR-based polymorphism

1996 E.Lander Bz H R 2o BRIP4
SNP(single nucleotide polymorphism)




[.2.2.

EX7/ LN

~ activate UAS-gene
expression by

- Y
Y4
\-\F\ genetic crossing *

CRIE: ATF)



BRI E RBR

- oligo-dNt /S i) & 528

A RS BinZERE

FHERES 4

*

X B H A

W R R oligo-dNt

TR ACAL RANBETE3 -end

renaturation

replication two times

CRkIs: o1 HEY (2007)

HHEE, ZH314T)



- 5| Y E B EHFIPCRIFBAR

BHFHRZESY (mut.P1& mut.P2)
FEABI® (commonPl1 & commonP2)

} 85 I B

ey
.c.;)\,‘_'.__.._--, -

FE—IRPFIPCRE=YIRE, ok, B
AR —X S F A RT3 —IRPCR
I —%F W4 FHIPCRAE Y A AR E H




DNA shuffling 3 A K3 Rl 525

*
* )¢ )¢
N Digestion e L %
rA\ I- t- * *
Igation
Mutants. & n n

selection transformation



AR ERIE

BB RERHEY R A
HETF I RHIR TiF R IR
A5 B ) ) 7 AR FE ) 6 7

} }
5E [H) 3% FE E W] PR

RRILEHAIMS... | | REKE + ofp...




T-DNA-mediated Gene trap

LB Gene trap RB

2NN ANy AN S S s S N B S R
MLRIEREZERETREER, B EAAEH R EEZERER
IE B BARRIORST PR A IE AL R IF 7 B .

« RIWESHNRIL BB BHIFEAALR:
W38 TBEBE (enhancer trap)
B3 FFaBF (promoter trap)

F DRI FE B (gene trap)




Ti FURLS T3 R N R AR
() -
Ervianzer  TATA W_— Genomic DNA

=~

=

e ———

2 e

B '""_—ﬁ_—*—luvquk Enhancer Trap
Vo .

Erhancer  TATA S0 I Gene Trap

Echarcer  TATA = _ Promoter Trap
Vg v

n V
Ol 4 TAEMZE (2007) , FFIEE, 531870



GUS assay in rice flower organs (I)

CRIE: W (2007) , HHEE, $531910)



GUS assay in rice flower organs (II)

CRUE: ATF)



Mutant Information:

Result: 015045407

B2

CRUE: AF)



Ac/Ds

CRIE: - TAHM% (2007) , XHHE, H8170)
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7.2.3. YLEFHER

a) TIHREE S A AL

5-Amino Uracil 6-Mercalto purine
O SH
| |
H,N—
No

T PUHEE 5 R




b) base anologs leads base mispairing

Deatyribose

5 Bromouracil!

(rare encl state)
o o ® 5 -

CRIgE: AW (2007) , HHAHE, Z5309M0)



replication error

M%f(’l:)xrmm e AlT G/C
S—=——— BrU s

|
)
l
I
-
’

.
(. |
.

Rephcaﬂon =23 . =
5-BrU(k) —— 5-BrU(e)

A
;\\fﬁ.’,mf > nten T Lo Lo
o ,

r_\_D-_C_,\: Wm\\:mmfmm“ ] ]
BT incorporation error

. -
TOOOTOED Efmx\mmxx- G /C A/T

T R
BN .

CRis: 2> 1M (2007) , HHEE, 553110)



Replication error

0|

A(a) r 5-BrU(k)

Aa)

Incorporation error

‘ C(e)

oSEFU(K)

mispairing

{nﬂ@ {

5-BrU(e)

— A(a)
T(k)

ISpairing




ORI -

oA (2007)

c) Base modifying

chemical mutagen

(O) Deonyribos

Cytorine

HNO, (Nitrous acid NA)

YA
c L HNO,
deamination
G
Inosine —— C
*>3Y Uracil —/ A
Xanthine—— C

FRHIEE, 2831210)



Base modifying chemical mutagen

NH,OH (Hydroxylamine HA 2 i%)

HNH HNH

H
HA H A

> >

=0 oA /=0
| =N
Y

HO




d) Alkylation agent mutagens
O
EMS (Ethyl methane sulfonate)  cH,—S—0O--CH,CH,

O
O

O

SM (Sulfur Mustards gas i+ <) HS—CH,CH,CI
CH,CH,CI



e) Mutagen—insertion--framshift

AO (Acridine Orange)

EB (Ethidium Bromide) LR

A TholT
A TTTCG- _, -ATTTCG -
ATTTTTCG- AO | -T AAAGC- -TAAAGC-
-TAAAAAGC-
EB- -ATEBTTTTCG- _ -ATX’TTTTCG-

TA X AAAAGC ™ -TAX AAAAGC-



Targeting Induced Local Lesions In Genome

TILLING

8 ) 5 A

ST Y LI

w5 [11] U7 128 S AR FE

j<

H )RR
s e
g LI R 5T




FEARFK:

Wi TRIE L 51953 4 P ol

A1 404 B2 mmmp 700nmM/800nmMFE
KEHR - R 5 R Jttnic, PCRY 1

RAZE 519 l

U A8, 35 1k CEL 145 ECHR PCRM=Y)3e M, &

PAGER) 4w 5 UJEEY) 4mmmtt:, mutBgE 5w
] B Yk F YR X B BT B IR




CRUE: AF)



HFEIdETHRFEEER  DNAR#GEE
B B 5 5 EER R
HFL A Sk

7.3.1. BHEEFREREENH (§ =101

TR —

MRS
Mismatch

DNApol (§ =1079)

S C--- Repair
System
DNA mismatch
L» £ _IRKIES =101




7.3.1.1. Mismatch repair system

DNA polymerase

ligase

dam gene wmmp mMSAFZEALES

MCE (mismatch correct enzyme)

3 subunits mutH, L, S
CFEAFTEFEPIEMSA FIGATCFRSY

Scanning Fr4EE F FE HohRIE
- B V)& B BChREE 18T AZDNA

A

||

Bt



DNAF

HJGATC(palindromic seq.)
A mSA B EAVBURRAL i

=

A:[ggr

p

$2kbZe 5 —GATC seq.




* ——
GATC

MCE scanning CTAG

)
GATC™
CTAG

endonuclease

* ——
GATC

Polymerase CTAG

ligase




7.3.1.2. ung system (JREETE-N-PHEEH R S)

—-TAGC--- —— ---TAGC---

- TAGC--- AUCG ung-ase  —AUCG---
---ATCG--- ¥ )
Apurinase
(W)

---TAGC--- DNApol  -—TAGC---

e B
ATCG ligase A



7.3.2. DNARKI#GiBE

7.3.2.1. photo reactivation

 Before replication & Error-free
« 400 nm Blue light & phR gene

N o -ﬂ— (photo-reactivation enzyme)
”ﬁ'ﬁi%fdﬁl

T T----
‘ ‘ ----AA----

phR 47laa




7.3.2.2.

Exision—Repair

&

*Before Replication
* Error-free

*UVrA, B, C gene

—

Endonucleases 15
Exonuclease =
* DNA pol
* Ligase

CRUE: A7)



7.3.2.3. Recombinative—Repair
E.coli fFi5%

A

w.t. UvrA* RecA*

Rec A* uvr a-

reca uvr a

» UVit=E

Rec-A. gene PEMFT XS E5DNATIRGER




D.S. DNA A /\

—TTF—TT——
e & o=
S.S. DNA A A T
T TTIr”
TT TT AR
AA—AA MTTTTTITT ]
AA AA
8k 4 55 41
A A A
TT—T7 TT

AA—AA—AA



E.coli k12

VAN
Genotype (JR¥/mm?) TTHE/107 bp

w.t. 500 3200
uvr-a/Rec-A 8 (0]
Uvr-Alrec-a 3 20
uvr-a/rec-a 0.2 1.3

FIERAXNRIT%EUVITE

® FELSEAHFRFBBEENE
® 5Rec-ARAB|#E K strand transferfg ><

@® TTdimerRk#EBE, NEIEBREAEFTT dimer
W IR

@ HHIFEIRER, BRI

.



Recombinative—Repair

(strand transfer repair)

«After replication repair
*Error-prone

*RecA, DNA polymerae

*[igase genes be needed

CRi: ) [ ——



7.3.2.4. SOS repair (u.v. reactivation or W reactivation)

Jean Weigle
I DR R
E.coli E.coli E.coli
A 80 10 100
mut. 100% 50% 10%0

« Damaged DNA of phage be repaired in E.coli A
» SOS repair in E. coli have to be induced by U.V. (A & B)

« High frequency mutation by SOS repair (Error-prone)




l 11—1

NN » ARY A AR YARNTAS
.,‘m"\.\ AN AL *a ‘,"'\'L\\ .' \"."_“’ \\/N
Twget pere  _ (a2 Jene o parlially

|>“ nl ;1)

opres l]l

I

.’\\/\\ /\(

prossed by ".
epi ,7{_‘1>' eyl

\\/

NN

notemn

"~ RecA cleaves LexAM B - DNA damaaed

UmuC mutation ‘ ‘ > g

SOS
O) 0 — () |

T ‘ i signal

WANTZNZNNANAN \\J\\/‘ QAN N\\G\\&\M\\O\\/ﬂ «
Targel gene expressed 1 expressed, bul CA highly expressed
: i inaclivaled 300 X

-

---Before inducing. LexA-p

Neg. repression

» Rec-A,UmuC...11genes

---U.V. — damage DNA ~— Signal (S.S. DNAtail or 5Nt S.5.DNA)




umuDC promoter is UV-inducible

| | |
2 cells with the lac
- genes under
© ‘é 100 = control of the
_ = umuDC promoter
withaUVof10J/m2. § g
measured the f3- 2 8
galactosidase activity £ a -
S = -
TS
o
A 251 |
0 A with a UV
1

(Source:Bagg et al. P.N.A.S. 78:5751,
1981)



CI CI434

CRO-like

CRIE: ANTE)



MH.H‘J—PRM— - P cl434 egfp @

LexA




<

O €B-an— 00 —10)-

LexA

F%ﬂ; o -11!'-

CRIE: ATF)



<

€488 0-

LexA._

Clli: i)



RecA-P; =#IhaE

@ DNA EHJEH
® 5S.S.DNAZESEM
® /DI HWproteinaseys

Y DNAIE & & Hlif

(EREHIZMH, IDNA#E, FETTdimer)
RecA-pAFE I proteinaseyi



S DNAR Il 5Z FE

/| DNA damaged

A R D

BE it

FIEMRecA-p mmp 5SS, DNAL S

HiERecA-piproteinaseyd 4

l

LexA-pPEfiE

|

RecA-pEIFRIL <= SOS open

!

300 times up ReE K

EE




SIDNAR Hll B X< G

RecA-pIR R VH 25 mmmmp LexA gene on smmmp SOS Off

SOS repair J&—Fiterror-prone Az 38 1115 S ML

RFWT R “JRET, \REAN” BHIE]
(EHWRET, SOSERMK)




DNA

7.3.2.5. R

AW
o

Jomox, wrwy arss
DNA damaged / mispairing

| |
REBE B E | BIE
| | |
V1% W ZBBE e BEERBE e
(EHBE, SOS) CtBE, TIxMER)
SR AR R [

RERABRIARES)

SR (JRAE

B R 52

HRBRE)
TG IR



0Oh
>>

7.3.3. &

i)

0|5 &A% (back mutation / reverse mutation)

7.3.3.1.

wild type

7.3.3.2.

B R RIS

mutation (low F.)

<

> mutant (in phenotype)

back mutation (very low F.)

1)

BRI F B

a) AGC (Ser) - ACC (Thr) »> AGC (Ser)
b) AGC (Ser) — AGG (Arg) > AGT (Ser)
c) AGC (Ser) - AGG (Arg) > AAG (Lys)

If Ser =~ Lys

d) Intragenic suppression
(35 AL pRSEZR B R I EE R P4 X IE /3 1 1 [ P R s URZB [ B4



lys) (Gly)
e.g. trp.A (
J- 1P Ul cTcECm— GGA20--(w.t.)
UGC T4 GGA2L0
(Cys) (Gly)
ToIE 451 @ UGG A GAA2L0____
(Lys) (Glu)

JIEEP
dNtH]

i

XA

H

] 1] B B AL 2 5 R X )
0| 53 R 2% Hintragenic mutation?!

5 5457

Syl ivied

—
PR AN

5 RN =i
v

i



Intergenic suppression—2 (Sut)

Nonsense

suppressor

NN X Y, Y ‘.“(-\.' ",-"'f-"f'\"’":" "I‘rv“‘r-';;'
g uu LU , gy v 9| ‘

0000000 ) L530) tactar
J T

v V VvV ¥V ¥ v -

Vo |
1 !
chr)

CRIs: AW (2007) , HAHE, %5329M0)



Intergenic

suppression—2

Missense

suppressor

uCcu
\ /'

J | -
T \

CRIE: 7 T4 (2007) , HHEE, #33010)



« Intergenic suppresion-3 (£ R A BRI KIYIE)

A

B
‘ Active
+ form

*Subunit-1 Subunit-2

Inactive
———
eform
Back
mut
Active
—
form

CRIs: AW (2007) , HAEE, %53320)



Al g
i . N S . S - -
. 4 » P S N ; s
" ; @ ® € - LR S CE IR
. ¥ BT e »

- 2

s'oQ}ce:'Stanley'N. Coher 7 | 4 | @ ﬁzﬁ‘&#& m o

een ST o3

Crossing-Over

LD e ) 200] o0 e

'.. 3 ) e e °

$A L - . U
¢ fn_oo L 5 v a0y g -ckq K
(Source:Lyer,V,The transcriptional program in the response o:
human fibroblasts to serum.Science 283(1 Jan 1999)f.1,p.83)



7.4.1. HARFKIDNAZ T2

[yl
[}

AR

(recombinant)

B e

1 A
.
= N he ¢
S N

Q%ﬁﬂ%%ﬁmﬁ%
=P i L)

NRLZ—




AR AR K12 57

RE (RRZE, REMZRR)

MR, REBR

BRI EHATH
REAKBRAS
Jeta FLA TH] B AT #R

ST IR R R R E A (in vitro)

Fp

Eij‘izgpn = (1_p0)n

i KA
HARFDNAS T
Y REH A




7.4.2. AL EH RTY

S

a) Homologous Recombination

 occur between Homo-chromosome / Homo-seq.
sister & non-sister chromatids
transformation, transduction

conjugation, transfection...

» large fragment exchange
« Recombination site is in hotspot mostly

« Recombinase be needed (RecA, BC)



Copyright © Tha McGraw-Hill Companies, Inc. Permission required tor reproduction or display.

[ ] L ] ( j=———————)|
lnterrqolecular: = 5 +
(a) Single crossover: L —

(b) Double crossover: 5 E S +
C—)
S — S
Intramplecular. | |

(a) Direct repeats: 5

> > = > << <

(b) Inverted repeats: CIEET———— ——> m})/ —> CEEE———

(Source:Molecular Biology(2002),Robert F.Weaver,Page719)



7.4.3. Homologous recombination

7.4.3.1. BUEARIBI AR

a) Breakage—rejoining (1930 Darlington)

Q)

<N - A b




b) copy-choice (1931 Belling)

RO #E R A K




c) Breakage —rejoining model FJuEHE-1

E.coli growing in a medium of C'2 & N'#infected with phage of ABC & abc

EEE

C13 N15 ClZ Nl4

DNAZ} ¥ I 3T #e 2 Wil —4

CRIE: > 7AW (2007) , HHE, %6334M0)




Breakage —rejoining model HJiE#E-2

E.coli growing in a medium of C'2 & N'#infected with phage of AB & ab

most

§ % rare | 5%

DNAZ}; T HIZL 5 i P A R KL

CRIE: 7AW (2007) , HHHE, %6334M0)

b




7432, [FFEEHK S TFEI
a) lllegitimate segregation BR % — H X

Ny

¥ (gene conversion)

— gk gL i fhk b iE 8 IR T A 2 DRI 4 R YR gL B 4 B )
8 A R AR A AR T T IR ﬂ
A{ AVA JA a a
Al al| a A a JAN
Al Al a A a A
Al a| a | A A
all al a a A A
meiosis all all a al | A a
] 7 ) \ \7 all a \7 O
A X

— AN \ﬁg

5/3 3/5 2/6 4/4



Drosophila (ry 351 il S 58)
ry4l-ry5—(2) X ryx—ryx—(4)

|

a few w.t.

ryx= ryx—(2) X rydl—ry5—(8)

|

no w.l.

FEEFRFAERN
AFRAL RHIE W ?

[B] 5 584F ?
TRl [E) B Xb 2

B ARy ZEH
5 ) 3 ER ) AT e !

HER R R EARN R AT !
FERNATH



b) [RIVEE A KA RFAE
o« 1B J% [F]UR Be i 4A 1 [R]YR R 5 18] T Bk & e Xt

» ¥ K DNAZ TR R FIATBAL R A B

MR AT E

» FLEEDNAZ T B EEDNAR b AT # K A
MERFS

c) FIYREH 5 F R

3

1964. Holliday. R Holliday Intermediate
1965. Whitehouse Polaron Hybrid DNA model



b

AT R R R A

Synapsis ; paired DNA duplexes

RecBCD ; nicks made in homologous strands
between two DNA

RecA:; leads to broken ends move and cross-over
to pair with complement in other duplex



Holliday Intermediate structure

R -

2

TAEWE: (2007) , FFEE, #533611)



Q; AIT q: CIG
Q; AT g: C/G

Nicks are sealed

Cross-over point moves

by branch migration

Isomerization

Generate planar molecular

by rotation

CRIE: 1745 (2007) , KHEE, #33610)



Resolution
in two

directions

Heteroduplex

region made

inm (CIT)

# U

—f)

?\"}Ol;tll;('\

il
S— N

fegolulion

RlE: 4 TAEE (2007) , XBHHEE,

R,r
RAT
Q.q
& CIT &)




Heteroduplex region replication correct
and illegitimate segregation

) -»>
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ZY &5 DNAX N C/ITHRIRIES &
5 A )LL) ) 7 4 B B F

- R SRS <R B/ AYE RN CIT R IET BE
NC/TRIEAEE C/IT>AT C/IT— C/G R IE

C/T—> AT AAAAAACC AACCAACC AAACAACC
TTTTTTGG TTGGTTGG TTTGTTGG

(6:2) (4:4) (5:3)
C/IT = CIG AACCCCCC AAACCCCC
TTGGGGGG TTTGGGGG

(2:6) (3:5)
R IE AAACACCC
TTTGTGGG

(4:4)




palaron hybrid DNA model conclusion
» WHRAR MR KAELEL bpZ 8] ) Wil —s8 34

o ATHW R Pi4<D.S. DNAZ [B] jholliday intermediate,
branch migration, isomerization, resolution &— %

H| B3R E

- Xk AER, HFmMSHILPt: Rt= L1IKIEE
4355 LL )
o IR EMNEEN, HRA AT EE

X5, TaFEEheteroduplex regionZ A, M
T 5| A FE R ¥

« FLERIFEH (conversion) KA RIPLER, FESRAR AL FUES
DNA crossover pointfJEE B8, TR ILZE BT 2R /)N
AR R 1A A B XD R N
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e.g. yeast Arg4 gene ( 19894, Jack Szostak )

7 multip—alleles (FE£L R

=

£y

-2

N)

A

Nsph I, Acc-1, R-V, Bel-I, Dra-111, Aha-11, Bgl-II

G EET, EREHRRE NS > 3 Wik

Why?

Nsph 1 Acc-l R-V Bel-l1 Dra-lll

Aha-11  Bgl-I1

96% 74 6.2 3.4

2.8

1.5 0.4



d) FHREER RATHI R

RecA-p;
« 40kd monomer 2000 / cell
+ U.V. bleomycin, mitomycin - l
==p RecA-p to 5000/ cell —
» RecA-p binding with S.S.DNA ifm
« ATPase activity lb'mmgrw

(S.S.DNA—dependent ATPase activity) [ ‘

(d)

CRIE: o rAEWeE (2007) , FBHHEE, %5339M0)



Cross secnon of both The strands swich 10
ssDNA Sl o

_ _ _ ~fronds ot a double orm a heteroduplex and
binding with hefix hometogous 1o a disolocad tinale strand
" v w ivA O

v

Rec A in Prok.

CRUE: A7)




Rec.A-p

Hydrogen bond reform
—p- Neterodulpex

{lour-sirondad DNA helix)

Direclion of branch nigro‘ion



Rec A in Euk.

- E—————



RecB. C ,.D—P

20 R T %100 X ‘

Ll

« Rec-b,c,d mut. = [F]JH
« RecBCD complex 300kd
- BEREEELE (ATPase) & RAMIEETEME

BEHEHBCODEA A RERKNIIEE. AR
i%%?ﬁ_iéﬂ"a HA (RecA protein) (recA
NrEY)) B2, FNEHEFEHABCDHEBR
RecAE H3E#:3)3-DNAR L.




. f#D.S.DNA == nick == releaseS.S. DNA(#RecA-p& &)

¥ crossover point ¥5D.S.DNA f& g i 5 | B 4w (migration)
ffheteroduplex region EF & B IE i

 RecBCD-pHtRIRHGCTGGTGGT £
FAEH T UF4-6bpAb P TS.S.DNA

x (chi)—sequence Chiasma AZ#eH

Homologous Recombination

RecBCD pathway




S < P TP 5 T )
5 s s ey
GCTGGTGG T i s
" n R
X
, , < FEmmrre—ee e
(a) 1 Nick near ¥ (RecBCD) and unwind DNA
(RecBC) (f) l Seal nicks.
< ey (Holliday junction)
%— 3 e 5
(b) l Coat with RecA § 3
and SSB. 5' 3;

_
Veee—ee——————reme————ran 1
oot o
m (9) L Branch migration (RuvA + RuvB)

(c) 1 Strand invasion; D-loop formation

B B OB |
m.
B e SiS S S Sasas
(d) 1 Scan for homology. (h)i Resolution (RuvC)

—
e e R e
< e

(e) l Nick (RecBCD?)
Strand exchange (RecA + SSB)

(Source:Molecular Biology(2002),Robert F.Weaver,Page720 )



X(chi)—seq EF Y91 B B 47 0

C
::m RecBCD

DNAE i U2 e

k 4-6bp

OH




(@) X site

5' :
3' 5'
80Nt
(b) XEEL O[O |+ + [+ + |+
RecBCD:| — | + | = + |=| + | +
Product boiled: + + +| + |-| — |- || JESSBA%E
Pre-existing
bands
Chi-specific nicking of - e w— 30Nt

DNA by RecBCD.

1 2 8 4 & 6 7

(Source:Ponticelli,A.S.,Chi-dependent DNA strand cleavage by recBC enzyme.Cell 41(May 1985) f.2,p. 146.)



Jack Szostak BT ik
KEE IS, th TSR iT 2

&

2P

2N

A

5"

-HBH /') Yeast Argd ff i )

iy X0 B

DNAR] 734 (DSB Double-Strand Break)

Fr5| K HE

—n
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I (a) Double-strand broak

(d) DMNA repair syrilhasis

T 0 e

| () Branch migration

{f) Resolution (noncrossover) o~ (g} Resolution (crossover)

D

Moncrossover recombinants Crossover recombdinants

(Source:Molecular Biology(2002),Robert F.\Weaver,Page732 )
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ource:Molecular Biology(2002),Robert F.\Weaver,Page735)
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(Source:Molecular Biology(2002),Robert F.Weaver,Page737)
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