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& ¥ Cells that lack 7 gene cannot produce
' 4/ thymidine kinase and die in absence of thymidine I S e g e n e I C
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DNA.
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Eukaryotic cells can acquire a new
phenotype as the result of transfection
by added DNA.

e
Calany of 76 ¥ cells B8

NLPE&PGE



NFEMFTRNCLIES,
DNAFZ I T AR PR

T DNABKRNA, #B2H

20

A

LN H aﬁ%ﬁ}ﬂzm@%ﬁt

a1, MEMZERH
F 33B43H i .

NLPE&PGE



21&3&%@&

5* i\ 13" H7#R 7] g

T3 R (B 5 — PR
| — l _ N
silies
!
O"l:‘—O H
4
OH OH

5 Bk

Lo

&/_—lﬁ

it
j*ﬁl:o

B a (BEIS)5' - = BEER
| i
e
- \O-P=0I1O-P=0}110-P=0) +—CH,
- O- O— =
- OH OH

NLPE&PGE



21%@%
9. 1. 1 vt fkh— 1

(3

et ixfEmAE FEEFE T E/EH,
K A 2R ARBE R B dﬂﬁm/z%ﬁu
gufa /K (chromosome) K] AL

Q/‘?ﬁ RFF T F

LM

y:

2,

o HY 2 3

RS E PR AT &

NLPE&PGE



- The nucleus of a nondividing cell
(interphase) Is filled with a diffuse
material called Chromatin, so
called because early microscopists
found that It stained brightly with
certain dyes.
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Chromatin consists of DNA and
proteins bound tightly together and is
the substance of the chromosomes,
which do not condense and become
Individually visible until the cell Is

ready to divide.
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Nucleolus(#Z12) is a specific region of
the nucleus In which DNA Is located.
Before mitosis, the double-helical
DNA of the IS replicated,
then In the first phase of mitosis the
chromatin fibers condense Into
discrete bodies ( ), each
consisting of two identical
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(e
“In the first phase of mitosis the chromatin fibers

condense Into chromosomes.

Mitosis

|

metaphase-to-anaphase transition

Interphase | ... omephese

INTERPHASE

DNA replication

Chromatin Chromosome
(diffused) (condensed)




Mitotic
chromosome
|

—

Chromatid
(~600 nm
in diameter)

Chromosomes

consisting of two
identical

chromatids
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PN Rersms  KE (Mbp)  fETFHIEREL
12 134 1861

13 99 1032
14 87 1283
15 80 1198
16 75 1421
17 /8 1545
18 79 826
19 o8 1675
20 61 986
21 33 449
22 36 835
X 128 1465
Y 19 210
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Mitotic chromosome
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DNA content of the haploid
genome is related to the
morphological complexity of
lower eukaryotes, but varies
extensively among the higher
eukaryotes. The range of DNA
values within a phylum is
indicated by the shaded area.
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Mycoplasma

Flowering plants
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Reptiles

Amphibians

Bony fish
Cartilaginous fish
Echinoderms
Crustaceans
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Gram-positive bacteria
Gram-negative bacteria
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Drosophila satellite DNA repeat
(several million copies)

N

5° _ ATAAACTATAAACTATAAACT| — 3~
3 — TATTTGATATTTGATATTTGA— 5~

ACAAACT, 1.1x107 bp, 25% genome
ATAAACT, 3.6x10° bp, 8% genome
ACAAATT, 3.6x10° bp, 8% genome

AATATAG, cryptic
Satellites comprise more than 40% of the genome
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Nuclecsome repeal
core - linker DNA

~ 200 Bp

“Beads on a string” /
structure ’

Histona H1

F—hucleosome

Linker DNA
<1010 >100 bp
average 35 bp
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Nucleosome (K% /M) J& 4464 )5 'TEI'J Jiéﬁﬁ
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—Nucleosome core (% | VWYY oo saic
/MERZA 146bp) + el
H1— Chromatosome H
(Gt /M 166bp) +

linker DNA — l}m:z-ﬂm
Nucleosome (#% /)M #) o %
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NLPE&PGE



Nucleosome core

Top view

Side view
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Short region of DNA 237000\

double helix

S EDIAVAR ] Beads on astring”

form of Chormatin

chromosome

30-nm chromatin fiber
of packed nucleosomes

Section of chromosome
In an extended form

Entire metaphase
chromosome
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R2-T M. ZEMKER

B

RIS
(adenine)

IS
(guanine)

H R e
(cytosine)

i i T
(thymine)

PRWEIE
(uracil)

%H

B
(adenosine)

5
(guanosine)

iiINE
(cytidine)

T
(thymidine)

pRAF
(uridine)

ZER

IR E
(adenylic acid)

SR
(guanylic acid)

HEPR
(cytidylic acid)

0 EF PR
(thymidylic
acid)

PRETR
(uridylic acid)

RNA DNA

AMP dAMP

GMP dGMP

CMP dCMP

dTMP

UMP

NLPE&PGE



Deoxyadenosine
(A nucleoside)

Base

Adenine
Guanine
Thymine
Cytosine

Nucleoside
(Deoxy)adenosine
(Deoxy)guanosine
(Deoxy)thymidine
(Deoxy)cytidine

HO H

Deoxyadenosine 5'-triphosphate
(dATP)
(A nucleotide)

Nucleotide

(d)A (mono, di-, tri) phosphate

(d)G (mono, di-, tri) phosphate

(d)T (mono, di-, tri) phosphate

(d)C (mono, di-, tri) phosphate
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Base pairing
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2.2.2 DNAKI R 54
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A .
DNA double helix (DNAXUZES; 1))

e

';-;; *\Watson and Crick , 1953
Y +The genetic material of all

| organisms except for some
*| viruses

*The foundation of the
molecular biology
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2-11 A-, B-, Z-BIDNA=Fh&E# L3

A form B form Z form

NLPE&PGE



: Q

x%2-8 AFEIREEIDNAG T EEZS K

XORGE WS Bkl BiKE R 2 T
/(B (om 42 (nm HH 77 ]

) ) )
A-DNA 20 0.26 2.6 i A
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Z-DNA 7 0.37 1.8 12 T
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2.2. 3DNAKIE R G
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@ The structure of supercolls

ia) (b) ()

Replication

bubbie

(a) Positive supercoils - the front segment of a DNA molecule cross
over the back segment from left to right.
(b) Negative supercoils.

(c) The positive supercoil in bacteria during DNA replication.
NLPE&PGE



.;r'ﬁ'ﬁ;oisomerases(%?l\j%l‘@@ﬁ) exist in cell to regulate the
level of supercoiling of DNA molecules. The major role of
topoisomerases Is to prevent DNA tangling.

Type | topoisomerase: produces transient single-strand breaks in
DNA, removes supercoils from DNA one at a time

Type Il topoisomerase: produces transient double-strand breaks,
removes supercoils two at a time.

Gyrase: to remove the positive supercoils during DNA replication,
(2) to introduce negative supercoils (one supercoil for 15-20 turns of
the DNA helix) so that the DNA molecule can be packed into the cell.

i,

Ethidium bromide (intercalator): |~ <
locally unwinding of bound DNA,

resulting in a reduction in twist - . T /T%
and increase In writhe. -f e ;]




2N

Structure of the Topo I/DNA complex

PDB ID = 1A36
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The function of topo II

(a) To remove supercoils. This involves
a double-strand break (indicated by a

2. — O short line), allowing the tangled segment
to pass through. The break is then
resealed.

gonl B e

(b) To remove catenanes. The topo I
makes a double-strand break in one DNA
molecule (the blue one), allowing the
other molecule to pass through. The
break is then resealed.

(2)

NLPE&PGE
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DNARI &
(DNA Replication)
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2.3 DNAKIE I
A A B8 4% SE B B R Rt /ADNA H I B
R4 R, TEEIADNARE &E%‘L_%zﬁﬁx-
2 LR B B il (Semi-conservative) R SEHLH), £&—
N ELSRAADNAZ T AR & A T HADNA%E B &

e

T DNAR R L E B84k, HER
DNA AR PL E %ﬁ??@@%*ﬁﬂ%A}&%H’Jﬁ?—
—@%i&ﬁ?ﬁlﬁk%/\%ﬂ, H B2 AT AR
M %, AeeHEIETEHREBEEE B
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DNA polymerases are enzymes that synthesize a daughter strand(s) of DNA (under
direction from a DNA template). May be involved in repair or replication.

DNases are enzymes that attack bonds in DNA.

Endonucleases cleave bonds within a nucleic acid chain; they may be specific for RNA
or for single-stranded or double-stranded DNA.

Exonucleases cleave nucleotides one at a time from the end of a polynucleotide chain;
they may be specific for either the 5 or 3’ end of DNA or RNA.

Parental strands of DNA are the two complementary strands of duplex DNA before
replication.

Replication fork is the point at which strands of parental duplex DNA are separated so
that replication can proceed.

Ribonucleases are enzymes that degrade RNA. Exo(ribo)nucleases work progressively,
typically degrading one base at a time from the 3’ end toward the 5 ' end.
Endo(ribo)nucleases make single cuts within the RNA chain.

RNA polymerases are enzymes that synthesize RNA using a DNA template (formally
described as DNA-dependent RNA polymerases).

RNAases are enzymes that degrade RNA.

Semiconservative replication is accomplished by separation of the strands of a parental
duplex, each then acting as a template for synthesis of a complementary strand.

NLPE&PGE
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DNAHR] -k B &l
(semi-conservative replication)
DNAZEB FIEES, FEETAEN
FI‘E?F&ABBZ”%Z“ rEAE B AN PR AR, IXRE
B LRI -DNASF %E%DNM}?H’J
WEMFEe—k . BFik, 8N FR9F
[ — 4R BER E LﬁDNA, 7 — &5 N & Hr
AR, X E T AR A DNAR) 47

o B o

NLPE&PGE



o DN AE@&&{% 57 E%’J
Semi-conservative mechanism

izeneation
ishylrid density

LN labeling experiment

IO - § 19584, Meselson FIStahlf 5% T £
;& BNFRIC3 M HEACH K AT FDNA,
S UGIER] T DNAR S OR B A
b ’

|
DNAT=F- 08 8 & Hll PRtk 1
DNAZEACH ErfaeEt:, 5
DNA 4% DI REAHAT 5

RN
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Lagaing strand synthesis

Fl

revious fragment Last fragment Single strand Farental DA

EI
3I

5I
HI

Leading strand ?.|.|.|.|.|.|.|.| q'

Leading strand synthesis
Mucleotides added continuously to 3" end

NLPE&PGE
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DNAHR] AL T

(semidiscontinuous replication)
T DNAXUIZ i€ B PR 5% 55 A2 I [ AT /Y
Al POAE R 1 XM T % I FIDNASE— %% 2
5> 3 HH, BH—%&RE3—=5HH, HIE
AR AR TI_J [10¥z] E%DDNA%A? 1:0key
7 M #2537, WA EETLIE A I AT
HHl. AT HEBDNAKIZSHEEHIIE,
A% FE XIE (Okazaki) 232 H 7 DNAFK)
FAELER IR,
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NSEXs

— (j

= il Semi-discontinuous replication :

/HL

X - Bt Okazaki fragment
Matsn of
= raclcation
3 — tark
- - Faar ~ B
Leading strand A IN A
\ ..__. '.__. \ J Pt U
Lagging strand [Okazaki fragmanis) J W U
q - - - 5 ;” Parental strands

-

- -

T P R R T e T B ]

[*H] Thymidine pulse-chase labeling and alkaline sucrose
gradient: discovery of semi-discontinous reﬁﬂﬁgg aF
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4 Synthesis of Okazaki fragments requires priming,
“extension, removal of RNA, gap filling, and nick ligation
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T eI T e T

Primase
serthesizres RN A

DA polymerase 1]
extends FMN A primer

imta O kazaki frag ment

M et Ok azmaki
fradment i=
symithesized

DA polyme s e |
L=zes nick tranzlati on
toreplace RM A prim er
ity Dl 2,

Ligasse sealsthe nick
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RepliCOn iS a unit Of the Monreplicated ‘ Replication eye EEJTEDHEEEH
. i LI A,
genome in which DNA Appearance
IS replicated; contains
an origin for initiation

of replication.

Replication fork is the
pOint at Wthh S’[randS holecular structure
of parental duplex
DNA are separated so
that replication can
proceed.
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Collaboration of Proteins
at the Replication Fork

Leading strand DMa polymerase |1

an leading strand

He]i&aae 37
Lagqing strand FH& pri "?{'3 a
template RN& primer =

Parent D&

5?

| 5,-:%“ 4

\. Single-stranded DNA

Okazaki gy i
DMa polymerase (1] fragment binding proteins

an lagging strand

PGE



M

@eneral Model for DNA Replication

|
¥

1. The DNA molecule is unwound and prepared for synthesis by the action of DNA
gyrase, DNA helicase and the single-stranded DNA binding proteins.

2. A free 3'OH group is required for replication, but when the two chains separate no
group of thatnature exists. RNA primers are synthesized, and the free 3'OH of the
primer is used to begin replication.

3. The replication fork moves in one direction, but DNA replication only goes in the 5'
to 3' direction. This paradox is resolved by the use of Okazaki fragments. These are
short, discontinuous replication products that are produced off the lagging strand. This
IS In comparison to the continuous strand that is made off the leading strand.

4. The final product does not have RNA stretches in it. These are removed by the 5’ to
3' exonuclease action of Polymerase I.

5. The final product does not have any gaps in the DNA that result from the removal of
the RNA primer. These are filled in by the 5’ to 3’ polymerase action of DNA
Polymerase I.

6. DNA polymerase does not have the ability to form the final bond.Wﬁ&mE
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-~ DNA Replication Bubble .

— &
—_—

DNA

Leading Strand Lagqing Strand
* \ il
Lagkiing Strand — Leading Strand

= pol-lll DNA
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Multiple eukaryotic replicons

&— Rp| —>i€— Ra—>i€— Rz —>

o1 02 03

01, 02, and O3 are replication

' origins, each serving a region

called replicon (R1, R2, and
R3).

DNA replication involves
unwinding of the double helix.
New strands are synthesized by
DNA polymerases using the old
strands as template. Unwinding
of a DNA molecule looks like a
"fork™ growing in one direction.
The region being replicated looks
like a bubble called the
"replication bubble" (in red).
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.,; Pulse with radiolabeled nucleotide; chase with cold
2 nucleotide. Then do autoradiography

(a) Predicted fiber autoradiographic pattern
Hot Warm

Bidirectional growth

(b) Actual fiber autoradiographic pattern
e (O — e (O
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2.3.3 Bl LM EE T

2.3.3.1 2L /- DNAXUHEF
2.3.3.2 IR DNASUEE T
(1) 6 Y
(2) &2 (rolling circle)

(3) D-# 1 (D-loop)

N0 RO

=1y =1y

Rl e
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Linear single-
stranded tail

E

A rolling circle

bl P eArs as a circular
s molecule with a

linear tail by electron

microscopy

| \ :
y
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taplication st
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o HICIEBN SRR T 4%
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7 e DNA B il 2 45 /=
(0riC) 1R5FR%4Ah &K

3X13bp HEEEFY DnaA&i& 4L, 4x9bp
el E =
PR 74 RReRd
GATCTNTTNTTT TTATCCACA
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OriC In E. coli chromosomal DNA

Tandem array of Binding sites for dnaA protein
13-mer sequences _d___-——--"'”_,.'”‘_\'(:————__

s ! e TTT—
===t B e EEE———
\ __“'"':'-"—th_ﬁ_l:‘»_a ———a

GATCTNTTNTTTT __gmmeest
\ CONSEnsus R
sequence T

_—"'_'_'_F_F-
_I—--'_'_'_'_'-_'-

_—"_-'_'_F-
\ oG

—

13 17 29 32 44
|GATCTNTTTATTT GATCTNTTNTATTGATCTCTTATTAG}—

58 66
[TGTGGATAA] i
166 174 201 209 240

—{TTATACACA}—//—{TTTGGATAA}—//—] TTATCCACA |
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& SV40: a polyomavirus that is very useful for
studying eukaryotic replication enzymes
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Replication of SV40 DNA

]

SV40 Origin
. 5I
@) Binding of T
{ antigen at origin

|

T-antigen

Unwinding of duplex
and binding of RFA
v to template strand.




E-!Formation of
prepriming com

Synthesis of primer 1
and 5’ end of
leading strand

Binding of Primase-Pola
Primer synthesis
Binding of RFC

DNA synthesis

PCNA inhibits elongation
and displaces primase-Pola

°GE



Interruption of leading
strand synthesis

‘ SR

Binding of Pol 6 to PCNA/RFC
complex and leading strand

(5) synthesis; Binding of primase-
Pola and RFC to lagging strand
¥ and synthesis of lagging strand
8 dlscontlnuously

L_eading

strand Okazakl/ |

2, fragment
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KA B EDNARMR b & pli— EﬁRNA%I%
DNAZ & MRNAG |93’ i 455 BLET HY
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) s 5 Old strands
93V Legging strand — 3" uy,
. J b 2 3

5]
Leeding strand —> 5'_——’;’/;—
8' Movement of

growing fork

Old strand {lagging strand templeat

{bj 5' /
Primese syntheslzes 3.m q

@ new primer 3|—|.5|

New primer

(c)

DNA polymerase elongeates
the new primer based on the
temnplete sequence

(d)

DNA polymerase (wth 5'to 3' &'
exonuclease activity) removes 3'\ .

a primer and fllis the gap

(o) by
DNA ligase Joins adacent a' \
fragments <\ 3

5I
SI
SI
5I
Okazeld fragment

Steps In the synthesis
of the lagging strand

b) &7t 5 Yl & ) 108Z H R K/
TS . IS S| W IE] 1P R S AE 4T
H 2] °41000-2000 M % H R, 7F H
% 40 i o 25 5 100-200/MZ 1

(c) DNA polymerase 1112415°-3" 7 |7
ST 514, B RE R R
YIRS . X8 & P DNAF B

772 Okazaki fragment.

(d) £ E. coli*}*, DNA polymerase | H
A 5° 2l 37 ANUIER RNETE, Rk 2:
BR5 14

(e) DNA %42 il 32 2 AH A 1 X] g 7

W o 284N o B 1 5 R 2 P ER (b)
Fl(e).
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Primase
swrithesizes KM A

DA polyme ase |
extends FMN LA primer

imta O karaki fradg mert

M et Ok azaki
fragment i=
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DA polyme ra o= |
L=ze=s nick translsti on
toreplace RMNA prim er
wi T D)

Liga=se =ealzthe nick
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Rl X AR, BT 5EDNA.
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BRI E (Termination)

DMA accessible LA blocked
Feplication proceeds Eeplication terminates

:*(ma I

YL MR
Lnab
ter

*Terminus: containing several terminator sites (ter)
approximately 180° opposite oirC.

«Tus protein: ter binding protein, an inhibitor of the
DnaB helicase
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Arthur Kornberg

Discovered an enzyme in E. coli that
could catalyse the synthesis of DNA
e He called it DNA Polymerase
 Now known as DNA polymerase |
 Four other DNA polymerase
enzymes In E. coli

* 1959 - Nobel prize in Physiology or
Medicine

NLPE&PGE
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(A) 5'—3" DNA synthesis

Primer New DNA

\Ls
I P
3’ 5’

——

Template
DNA polymerase

(B) 3’5" exonuclease activity

e ]

5!’

O P I
3’ 5’

DNA polymerase

reverses its direction

(C) 5'—3' exonuclease activity

Displaced nucleotides

N

™
5f

3’ 5’
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X-ray structure of Klenow fragment
FINGERS THUMBE FINCERSE THUME
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DNA Polymerase Il

DNA polymerase 111 is thought to function as
an :

One monomer consisting of the core subunits,
two B subunits and two T subunits

LEADING STRAND SYNTHESIS

The other monomer consisting of the core

subunits, two B subunits and two copies of
the v complex polypeptides

LAGGING STRAND SYNTHESIS

NLPE&PGE
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HZAEYIDNAR E H TR A ARS
Cautonomously replicating
sequences) , KZJ150bpLt, HAFE
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[b) Yeast replication ongin (ARST)
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"end-replication problem"”

Synthesis of the lagging strand

requires a short primer which

will be removed. At the Leading Strand Lagging Strand
extreme end of a chromosome, >
there is no way to synthesize
this region when the last —_
primer is removed. Therefore,
the lagging strand is always Lagging Strand Leading Strand
shorter than its template by at

least the length of the primer.

This is the so-called "end-

replication problem®.
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"end-replication problem”

Bacteria do not have the end-replication problem,
because its DNA is circular.

In eukaryotes, the chromosome ends are called
telomeres which have at least two functions:

e To protect chromosomes from fusing with each other.
e To solve the end-replication problem.
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What happens in the "End™?

Leading Strand Lagging Strand

e
— o — —

s ———
Lagging Strand Laading Strand

Telomerase

Telomerase Is a reverse transcriptase together with a template RNA
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The mechanism of
telomere extension
l Telomerase extends the 3'-overhang by telomerase

New DNA

N N I I /

o=
3f

5

a new Okazaki fragment can be primed

l When enough DNA has been synthesized,

Okazaki fragment

Sf

= __—Primer

II !
5’ 3’

To extend the length of a telomere, the telomerase first
extends its longer strand. Then, using the same mechanism as

synthesizing the lagging strand, the shorter strandis sxtgnsjeg:




 The mechanism of telomere extension by telomerase

A A GG AR T 0D EEELHECCCLH:U
FHAAFT T HHAFT T FHHAHFT THAST T

Reverse transcription catalyzed by

Elongation l 5 telomerase to position 35 of RNA template
P\‘a' \c’
"Izr% g Dissociation of 3’ end of DNA and
b, base pairing to a downstream region

of telomerase RNA

Translocation l ﬁ \d'
Reverse transcription to position

Uﬁﬁh 'L[T'r
RO C DT B T ARSCCCART
HFGGT T HAASETT AT T HASST T AT T HA-TTE

Translocation and hybridization
-
Elongation l C\z' \c,
o] &

S5, iU
ool L L o o - U el B CCC R R
AT T HAAZZTT AT T AT T A A AT T A A AT REELT T
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supplementary
DNA Polymerase |

DNA polymerase | Is a 928 amino-acid
nolypeptide (MW=103,118) encoded by the

00lA gene.

DNA polymerase | has three distinct
enzymatic activities:

ea b’ --> 3" polymerase activity

e a2 3’ --> 5’ exonuclease activity
a5’ --> 37 exonuclease activity
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l supplementary
DNA Polymerase |

p E R T =il
Small ]
IragImiEnt 2 Tragmn
3 -5 G .
|£@&’I ol l potmore |
3320
e
ziibhEhgin

= Structurally, the enzyme has bwo domainas which can be
separated by proteolyais with trypsin or subtilisin

= Both enzymes cleave at the ammo aced 324
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supplementary
DNA Polymerase ||

The polymerase subunit is 89,921 kD In size
and is coded by the polB gene (aka dinB)

Synthesis of DNA polymerase Il is induced
during the stationary phase of cell growth

It Is likely that this enzyme is involved In
DNA repair systems
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6y supplementary

DNA Polymerase I

DNA polymerase 111 holoenzyme is the principal
replicative enzyme in E. coli

It catalyses polymerization at a high rate

The enzyme Is highly processive

ne enzyme Is a complex of 10 polypeptides
nere are two forms of the enzyme:

e Core Enzyme

e Holoenzyme

NLPE&PGE
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5-3 supplementary
DNA Polymerase 1V

Synthesis of DNA polymerase 1V is also induced during the stationary
phase of cell growth

o

It “competes’ with DNA polymerase |1
DNA polymerase IV is an error prone DNA polymerase

DNA polymerase 1V is thought to be responsible for 50% of the adaptive
mutations that arise during stationary phase

* When IS exposed to high levels of radiation or high levels of a
mutagen, major damage to the bacterial DNA can occur

» The cell responds by inducing a special “last-resort” repair pathway
called the SOS repair pathway

* Two SOS genes, umuC and umuD, code for DNA PolymeraselV

(UmuD'2C)
NLPE&PGE
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supplementary

DNA Polymerase V

DNA Polymerase V replicates past gaps in the DNA

DNA Polymerase V Is an error prone DNA polymerase,
there are no proofreading functions associated with it.

It Is a relatively poor polymerase that synthesises DNA
distributively

DNA Polymerase V also requires both the B subunit
(sliding clamp) and the y complex (clamp loader) of
DNA polymerase 11 for optimal function
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DNAKI#1T 5B R
(DNA Mutation & Repair)
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A UNF

DNAK#1G (Mutation )

e Small-scale mutations

a. substitutation ()
b. deletion (LK)

c. insertion (HA)

d. exon skipping

e The chromosome abnormality

a. Numerical abnormality: Triploidy, Monosomy,
Trisomy

b. Structural abnormality: Two breaks in a single
chromosome can cause inversion, deletion or ring

structure.
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®)

Silent mutation

T6T —> T5C
Lys = (s

(b) Examples of

A A

4 ¥

v

A

e

Missense mutation

TGT —> TGG
Cys — Imp

The substitution mutation

(a) Illustration of transition (blue) and

transversion (red) mutations. In the
transition mutation, a pyrimidine (C or T) Is
substituted by another pyrimidine, or a purine
(A or G) is substituted by another purine. The
transversion mutation involves the change
from a pyrimidine to a purine, or vice versa.

MNonserse mutaion

TGT — TGA
Cys —> Stop

mutations. The silent mutation does

not produce any change in the amino acid sequence, the missense mutation results in
a different amino acid, and the nonsense mutation generates a stop signal.
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N Deletion mutation

The deletion mutation involves elimination of one or more
nucleotides from a DNA sequence. It may cause frameshift,
producing a non-functional protein.

prT

() 141 142 143 144 148 (b) = Fal- - N e skt
AR S N e O g N e S AN et o S L N ol i
CC ATT TTYT <GC CTT TCA GAC ATR TAC CAA.
In CFTR gene ‘l Delsis T In CFTR gene \L Delste AT
141 142 143 144 1458 S L
L e e 0 e | B I S 1 e s g e
GCC ATY TTg aCC TT TCA GAC ATAR CCh A
(c) 320 330 3 332 335 () 108 108 170 171 172
| i e I e i are B R B e BT L T s e e
CCA OCT'T 8TT BAC CRA &AA ATR AAT RAT OTT. ..
In FIX gene J Delote TTG In APC gene Dalate ATAG
990 951 582 108 108 170 §71
e (5 s P e B e 1 e
CCA CTT @AC CGA... el ATR &TC TT...

Real examples of deletion mutations which cause diseases



R Insertion

One or more nucleotides are inserted into a sequence. If
the number of inserted bases Is not a multiple of 3, it will
cause frameshift, resulting in serious consequences.

EGEHE Hepeat Mormal ' Mutated

;Disease ELIJI:atil:ln sgqugncg Hepeat Number : Hepeat Numher

Huntingtondisease  4plg3  CAG i @-35 | 37-100 ]
Kennedydiseass X2t KAG i 1.2 40-85
SEAT L s | dAs B
DRF"—"‘ : [P ‘3"“3? 23 » 48
FragleXsteA  Xq273 066 @54 1 »200
FragleXsteE  Xq:  CCG i B2 > zﬂﬂ.........é

FraglexsteF  xg®  sec 1 8-28 i >a00

Myotonic dystrophy 1913 CT6 | 5.35 : _ 50.4000
VE Eﬁ@f]




Exon skipping

A
-~
LS FLa

Exon 1 .-

~._.Exon .. Exon 3
EEES X S
Intron 1 Intron 2
lA to C mutation
Exon 1" Exon2 .. Exon3
- %8 SHE
Intron 1 Intron 2

Splicing of an intron requires an essential signal: "GT........ AG". If the
splice acceptor site AG is mutated (e.g., A to C in this figure), the
splicing machinery will look for the next acceptor site. As a result,

the exon between two Introns iIs also removed.
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25.1 55 ER

(mismatch repair)

B i 15 2 X DNAR il 76 SE % B STk
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(Base-excision repair)
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254 DNAKEZEE
(direct repair)
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@ 2.6 DNAM#: BB

(DNA Transposition)

DNA W] %% JE , ;HMWLL (

transposition) , & T?Vh[l
+ (transposable element) 4t
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the transposon.
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