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Lecture 2: Mutation and its effect

-Mutation type
-Mutational effect
-Spontaneous Mutation

-Mutagens

Read: Ch 7 p192-193; 196-198. 200-205

Figs: 7.2:7.6.7.7.7.8;7.12; 7.21;
7.22; 8.15; 8.16;
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Mutations

1. Substitution-1 base --> one of the three other bases

Transition: purine --> purine or pyrimidine --> pyrimidine
A--> Gor G--> A T-->CorC-->T

Transvertion: purine --> pyrimidine or vice versa
A-->T,C; G-->T,C; T-->A, G; C-->A,G

causes missense, nonsense, silent, neutral or
splicing mutational effects

2. Deletion or insertion-often causes frameshift mutation

3. Chromosomal rearrangement
inversion or translocation can change multiple genes



Effects of point mutations

tyrosine TAT, TAC

TAT -> CAT  tyr -> his missense

TAT -> TAA  tyr -> stop nonsense

TAT -> TTT  tyr -> phe neutral in many cases
TAT -> TAC  tyr-> tyr silent
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Fig. 8.15
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Splicing removes introns from a primary transcript.
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Fig. 8.16
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(a) Short sequences dictate where splicing occurs.
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Frameshift mutations

(a) The mutagen proflavin can insert between
two base pairs &/Mnlecule of proflavin
m inserted between
oS stacked base pairs
I in
(b.1) Cansaq uences of exposure to proflavin
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Original  Second
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(b.2) Crossing rlIB" revertant with wildtype
yields rliIB" recombinants
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(c) Different sets of mutations generate either a
mutant or a normal phenotype
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(d) Three single base deletions (- —-)

F -~ ol

'
ATG, AAC. AA GCG C G G G GAA GCG GAC .

Three single base insertions ( + + +)

ol L
ATG, ARG AAT OCG CCO 0AG GAA GCG GAC
t

ATG AAC AAT GOCGCTCGOCAG GAA GCG GAC

(e) Single base deletion (=)

'

ATG, AAG. AA GGG CCG GAG GAA GGG GAC

Single base insertion (+)
i

Al AN AAT GLG CLG GAG. GAA BEG GAG
t

ATG, AAG. AAT GOCGCCH GAG GAA GCO GAC

= correct trir
incorrect triplet
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Starting sequence

Fig 7 2 Type of mutation and effect on base sequence

(a) Substitution
Transition: Purine for purine, pyrimiﬂina for pgrrimidina

{e) Insertion

5

{d) Inversion

(e} Reciprocal translocation
Chromosome 1 ~ Chromosome 2




Spontaneous mutations

Spontaneous mutation is rare: 2-12X 106 (per generation per gene)

Spontaneous mutations can be caused by
a. mistakes made during DNA replication (error rate 10-°)
b. environmrntal effect:
UV light: thymidine dimer
X-ray: break sugar-phosphate DNA back bone
Oxidative damages: G --> 8-oxodG (pair with A)
c. chemical changes (hydrolysis):
depurination; A,G--> O

deamination: C--> U
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(c) X rays break the DNA backbone
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(d) UV light produces thymine dimers
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(a) Excision repair
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Mutagens

Mutagen treatment greatly increases the mutation rate

Exposure to X-ray, UV light
Chemical treatment: base analogs 5'-bromouracil (=T or rarely C)

hydroxylating agent (add OH-group to C)

alkylating agent such as EMS (ethylmethane sulfonate)
deaminating agent such as nitrous acid

intercalating agent such as Acridine Orange

Transposons that insert into a gene and disrupt the normal reading frame



Fig. 7.12al

Chemical Mutagens
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Type of mutagen

Chemical action of mutagen

(a) Replace a base:
Base analogs have a
chemical structure
almost identical to
that of a DNA base.

H
Bt o H=N" Br o)y 0
W
H-----G R R H
e} Opeeeees H—N.,
H
5-Bromouracil-normal Adenine 5-Bromouracil-rare state, Guanine
state, behaves like thymine behaves like cytosine

5-Bromouracil: almost identical to thymine. Normally pairs with A; in transient state, pairs with G.




Fig. 7.12a2
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How mutagens induce mutations
Replication Replication
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Type of mutagen Chemical action of mutagen

—-CHgroup added

(b) Alter base structure

and properties: M2
Hydroxylating agents: Hydroxylaming
add a hydroxyl (-OH) e ——"
group
0
Cytosine N-4-Hydroxycylosine (C*) Adenine
Hydroxylamine adds — OH to cytosine; with the —OH, hydroxylated C now pairs with A instead of G.
Alkylating agents:
add ethyl (-CH,~CHa) Ethyl group
or methyl (—~CHa) Hac—GHa
groups Ethyimethane CI (9] CHg
sulfonate
e
~ ----- H B ‘
N_H . [l = e
’ ;N He-O
H H
Guanine O-6-Ethylguanine (G*)  Thymine
Ethylmethane sulfonate adds an ethyl group to guanine or thymine. Modified G pairs with T above,
and modified T pairs with G (not shown).
Deaminating agents: NH; -arw;r
remove amine (—NH;) hlftmus acid
groups
Gytoslne Ur&ml Mamna
NHz g nm-up "H— N
A ==L 0
Fig. 7.12b1 Adening Hypoxanthine Cytosine

Nitrous acid modifies cytosine to uracil, which pairs with A instead of G; modifies adenine to hypoxanthine,
a base that pairs with C instead of T.
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:m]m: i :In]m: G:C— A:T substitution




Fig. 7.12cl
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Type of mutagen Chemical action of mutagen

(c) Insert between bases:
Intercalating agents

HoN

Proflavin Intercalated proflavin
molecules

Proflavin intercalates into the double helix. This disrupts DNA metabolism, eventually resulting in
deletion or addition of a base pair.




Fig. 7.12¢c2
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Insertion of a
Intercalated random base pair
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