...and are passed to new cells

!\ in nonreproductive cells... through mitosis, creating a clone

Population
of mutant cells

EB Somatic mutations OCCUW

) i utant gene.
Somatic of cells having the m g A
@ 4 > N 5 M
mutation s W - 4
Somatic —— = == o=

tissue

Germ-line > &

tissue Germ-line T
mutation ' No cells
Bl Germ-line mutationm 3 Meiosis and sexual reproduction carry mutation carry mutation

uells that give rise to gametes. allow germ-line mutations to be A

passed to approximately half the 1A.who will carry the

members of the next generation,...

|
Al I
mutation in all their cells. |

181 The two basic classes of mutations are somatic mutations and germ-line mutations.

i
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Transitions Possible
base changes

\;/\ > A — (G
\/‘\/: C—A

Purine Purine

£ty T ——>C

gy —~ € i
Pyrimidine Pyrimidine

/

18.3 A transition is the substitution of a purine for a purine or of a pyrimidine for a pyrimidine;

Transversions

Purine

Pyrimidine

A
A
e

TO—Q ==

G

C
O—i=
T = A

T

Pyrimidine

Purine

a transversion is the substitution of a pyrimidine for a purine or of a purine for a pyrimidine.
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DNA
sequence
\
A base SUbstitutiop
P alters a single coggy
(a) R — .
itution '
substitu One codon changed
(b)

Nucleotide

L GGG A GTT A LG i
insertion e !
‘\ An insertion or a

deletion altersthe |
reading frame and may’

| change many codons. |
| PR ahst

(c)
Nucleotide
deletion
18.2 Three basic types of gene mutations are base
substitutions, insertions, and deletions.

Scanned by CamScanner



Examples of human genetic diseases caused by expanding nucleotide repeats

Number of Copies of Repeat

Disease Repeated Sequence Normal Range Disease Range
Spinal and bulbar muscular atrophy CAG 11-33 40-62
Fragie-X syndrome - GG 6-54 50-1500
'acobsen syndrome - CGG “11?7*_ ~ 100-1000
SDlnocerebellarataxra (several types) - CAG S 444 214130
Autosomal dominant cerebellar ataxra i CAG e 37—3%9 B
Myotonic dystrophy - CTG 53 . 443000
Mintington disease CAG 9w 374121
Fredreich ataxia N s 6-29 209-900
IDentatorubraI pallldoluy5|an atrophy , - CA_GW B 7-25 Tjjj
' Myoclonus epilepsy of the Unvemcht—Lundborg type R CCCCGCCCCGCG o 23 , ) .
GGGGCC 2-23 700-1600

AmVOtrOphlc lateral sclerosis
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v

Gene mutations are changes in a single gene. They can be
hase substitutions (in which a single pair of nucleotides is
Jtered) or insertions or deletions (in which nucleotide§ are
2dded or removed). A base substitution can be a tran5|t!on
substitution of like bases) or a transversion (substitution
of unlike bases). Insertions and deletions often lead to a

thange in the reading frame of a gene.

vV CONCEPT CHECK 1 N S
Which of the following changes is a transition base substitution:
% Adenine is replaced by thymine.
0. Cytosine is replaced by adenine.

~ Guanine is replaced by adenine.
U Three nucleotide pairs are inserted Into DNA.
\
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DNA T

o mutation l

- QODOO

Wild-type protein
produced.

~N

/

The new codon encodes a
different amino acid; there is a

change in amino acid sequence.

The new codon is a stop
codon; there is premature
termination of translation.

B8 Base substitutions can cause (a) missense, (b) nonsense, or (c) silent mutations.

(c) Silent mutation

.

/

TCG

AGC E

COEee®

\

The new codon encodes the

same amino acid; there is no

change in amino acid sequence.
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A forward mutation TA reverse mutation A suppressor mutation occurs |
pe. |

;hanges the wild type restores the wild-type at a site different from that
into a mutant phenoty gene and the phenotype. of the original mutation...
N Y
, Forward _/ Suppressor o I
Genotype: Wild type _mutation A,t Mutation mutation B~ Mutations {r','diavr;dugrﬂigiefin
| + + < -/ ise + > ! Fe e : la
el Reverse of AmB SIATB | both the original
mutation A” | mutation and the
| suppressor mutation...

e
B .. but has the

———wild-type phenotype.

Dkttt

18.7 Relation of forward, reverse, 4
and suppressor mutations. Red eyes White eyes Red eyes
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R

One-nucleotide deletiop

rd

mRNA 5-UUU GUG AAC CGC AUG Uy-y

Amino acids  Phe Val Asn Arg Met

If a single nucleotide is added to the third codon (the sup-
pressor mutation), the reading frame is restored, although
two of the amino acids differ from those specified by the

original sequence:

One-nucleotide insertion

Y

DNA 3_AAA CAC TTT GGC GTA CAA-S

mRNA  5-UUU GUG AAA CCG CAU GUU-¥

Amino acids Phe Val Lys Pro His Val

o _ d
Similarly, a mutation due to an insertion may be suppPr £

by a subsequent deletion in the same gene.
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(@) Wild-type Sequence

( [Translation

G Y Ribosome

@4

< e

Leu is incorporated
into a protein.

Y
Y Yo
200000009T 0

‘ . Full-length,
| functional

(b) Base substitution

S

| A > - N
Transcription |

Stop codon

| SRR U A G R ewom v 2o

!fl'i;arislatiorﬂ

Protein synthesis
is halted, resulting
in a nonfunctional
protein.

Termination of
translation |

Shortened,

nonfunctional

18.'9,A" intergenic suppressor mutation o
%iginal mutation that it suppresses. (
Plotein. (b) A base substitution at a site in t
Matruncated, nonfunctional protein. (c) A base su

a) A wild-type sequenc
hat gene produces a pre
bstitution at a sl

(c) Base substitution at a second site
( Site 1 At site 2 is a gene
(first mutation) Site 2 ————— encoding tyrosine tRNA.

I AG " N ATA ]
AT I TAT .”
c tRNA
} Second base- ’l
_substitution mutation Normal transcription
produces a tRNA with an
anticodon AUA (which
would pair with the tyrosine
R codon UAU in translation).
| Tra scriptionj Introduction of an incorrect
N E— base (G), results in a mutant
* tRNA that has anticodon
AUC (instead of AUA),...
tRNA

" IGAT

kS BYA G s

®) s
(]

i Translation

e —

...which can pair with
the stop codon UAG.

A UCH J -
Uy Translation continues
past the stop codon, and
Tyr is incorporated into
the protein.

0©®%2ea0®%0g ‘
Full-length,
functional

protein

-

ccurs in a gene other than the one bearing the

e produces a full-length, functional
premature stop codon, resulting
te in another gene, which in
AW tRNAT can then pair with the stop codon

s case encodes tRNA, alters the anticodon of tRN
?rod“@d by the original mutation, allowing tyrosine
“slation to continue.

to be incorporated into the protein and

Scanned by CamScanner



A missense mutation
alters a single codon.

Intragenicwg
DNA — supressor —»
‘mutation
mRNA =~

Protein ..@.‘ ‘.@"

18.8 An intragenic suppressor mutation occurs in the gene containing the mutation
being suppressed.

A second mutation
at a different sitein
the same gene...

i
|

l

...may restore the_
A original amino acid.

L
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E 1 | Characteristics of different types of mutations JE— —
Type of Mutatlon Definition
trde

Base substrtutlon Changes the base of a smgle DNA nucleo

Base substrtutlon in whrch a purrne replaces a purine or a pyrimidine replaces a Dyrlmrdme |

Transmon
Trarrs;/er5|on* T Basest subs’ututron in Whlch a purrne replaces a pyrrmldlne or a pyrimidine replavceia PUrine
Insertlon S “mﬂAddmon of one or more nucleotldes S —— R 4-—-»,‘__,,‘:
eletlon D Deletlon of one or more nucleotldes 7 o \'\' ‘
FfameSHTf{‘;J{é}lOﬂ'WWMMNM- - Insert|on or delet|on that alters the readlng f"ame Of a 9ﬁ”ﬁ o » |
rﬁé&?éﬁélenon or msl?rigp o mlseletlon or rnsert|on of a mult|ple of three nuc'?gtl(ujisjbfzggeihm alter rie—rea@g“fmﬂ
EXF;a—r;dl‘ngﬁnUCk-;t&ldﬂ‘;répt;fi;; - Increases the number »o4f wcopres of a set of nUCIeOtI.d?SMMM o __W_H;_\\
'Eg;\r‘v/é‘"gmiﬂaaa;“w‘mM»W Changes the wrr&”t}}{éwﬁﬁéﬁa{y“ﬁefo a mutant phenOE}m/“rw)immw o o

Reverse mutatlon

Missense mutation Changes a sense codon into a different sense cod
different amino acid in the protein

Changes a mutant phenotype back to the wrld -type phenotype

on, resulting in the mcorporatron of a

Nonsense mutation Changes a sense codon into a nonsense (stop) codon, causing premature termination of

translation
Silent mutation Changes a sense codon into a synonymous codon, leaving the amino acid sequence of the
protein unchanged
Neutral mutation - Changes the amino acid sequence of a protein without altering its abrlrt)r to fijinctIO-n‘q/ |
| Loss-of-function mUtathﬂ Causes a complete or partial loss of function T
Galn of functron mutatron Causes the appearance of a new trait or function or causes the appearance 8?5 rr;{]f o
inappropriate tissue or at an inappropriate time v
Lethal mu‘tatron dl Causes premature death —
SUDpressor mutatlon Suppresses the effect of‘an earlier mu"t;iiéﬁa} a drfferen{sne -
Intragenlc suppressor mUtatlorI_.__m-s-E_Lf@sres%s_‘fhifeﬁe‘:t of an earll“errrrrrtatmn Wlthm the — g;;‘; e —
Intergenic suppressor mutation Suppresses the effect of an earlier mutation i in ano;cper genﬂe S -
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DNA strands 7sepz;rraitié Thymine on the original template strand base pairs with
; for replication. guanine through wobble, leading to an incorporated error.

A S ————> S wild type

DNA wild type —_— \GC

Wwild type At the next round of replication, the guanine nucleotide
pairs with cytosine, leading to a transition mutation.

Mutant

—_—

1811 Wobble base pairing may lead to a replicated error.
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Non-Watson-and-Crick base pairing

4 H~C 0

3

H-z/;(-— ©00000000000000000
N_<N H 0 N’“ﬁ

/

N Cytosine-adenine protonated wobble )
18.10 Nonstandard base pairings can occur as a result of the
flexibility in DNA structure. Thymine and guanine in their normal
forms can pair through wobble. Cytosine and adenine can pair through
wobble when adenine is protonated (has an extra hydrogen atom).
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Newly synthesized strand 57
Template strand 37 [:isela v e

] Newly synthesized l

Template strand
strand loops out, ... loops out, ...

g sl i gk kAR
JWACGGACTGAAAE YACGGACTGAAAS
3' %ﬂi’ » .. e, Bt R, 3’ %:%F{ l. G 5 .’-v‘ rl?

..resulting in the
addition of one
nucleotide on the
new strand.

..resulting in the |
omission of one
nucleotide on the |

E

g

i

new strand. E

g , J
%){Q%ﬁ%f‘% 3' 5' gﬁﬁ"@g §§ g%:“ﬁ*\\\\ ‘§;\v~ V\:Mg 3 s

(\\

18.12 Insertions and deletions may result from strand slippage.
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st BB I homologous
" chromosomes
misalign during

Crossing over,...

7

...one crossover
product contains
an insertion...

...and the other

“““*“g has a deletion.

18.13 Unequal crossing over produces insertions and deletions.
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(b)

@
DNA —
sugar-phosphate In rephcatlor), the apurinic site A nucleotide with the At the next round of B3 .. \eading to
backbone cannot provide a template for incorrect base (most often replication, this incorrectly a permament
a complement’ary base on the A) is incorporated into the incorporated base will be mutation.
5  Bases newly synthesized strand. newly synthesized strand. used as a template, ...
~—
Template Mutant
strands
imidi b AACG / TAACG
Pyrimidine
. Strand e
Apurinic separation {Rephcanon
Q@ site
" S j Strand
urine || EIIIH /, SHEEE < S [Reptiation]
YXddes < XU "\ separation
o [Depurination|
. 6 T ACGCG B A nucleotide is incorporated
. TGGC into the newly synthesized
OH Normal DNA molecule strand opposite the apurinic site.
L 3¢ (no mutation)

base from a nucleotide) may lead to a base
the covalent bond connecting a purine to the
y dotted red line). (b) Replication of a template strand

18.14 Depurination (the loss of a purine
substitution. (a) Depurination occurs when
1 carbon of the sugar is broken (indicated b
With an apurinic site may lead to an incorporated error.
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18.15 Deamination
dlters DNA bases.

-

Deamination

Cytosine

=

NH,

Uracil

a NH, o]
HsC H3C.
~N Deamination L N7
| C/K >~ | T/K
H N o \ H N
| NH, I
5-Methylcytosine Thymine
k (5mCQC)
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(@) (b)
Normal base Base analog 4 Normal pairing H Mispanring
'_H3C 0 Br 0 eoco0o0o0c00 e —/ H
Br 0 H—N, NY
H /T N—H H /Bu N—H H‘%B_U<N—H""""'N>:\§/N\
/N _< /N N\_< >=N "
0 o / [e] H / Ooco..---tH—N\
5-Bromouracil Adenine HGuanine

Q-Bromouracil 5-Bromouracil (ionized)

Thymine
A Y L
18.16 5-Bromouracil (a base analog) resembles thymine, except that it has a bromine atom
in place of a methyl group on the 5-carbon atom. Because of the similarity in their structures
5-bromouracil may be incorporated into DNA in place of thymine. Like thymine, 5-bromo y
pairs with adenine, but when ionized, it may pair with guanine through wobble.

uracil normally
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In replication, 5-bromouracil may
become incorporated into DNA in place of
thymine, producing an incorporation error.

g GAC
Atrand

S GAC mmea- s GAC Sy _
5 “l&_‘ 3’ \:eparatlon
3 WA 5 Arand Incorporated ., srmar 3—» 3,
5/ HaidE 3’ separation error R 3
|Replication|

|

. CBG ¥ Neparation

In the next replication, this guanine
nucleotide pairs with cytosine,
leading to a permanent mutation,

5 Replicated
3 error
? rmparmge - ’ 3! "E@g: 5,
3 IR 55— o i Y
GGC Mutant
_GGC Wy /gtrand

5 Waldal 33— E GAC 5’ - 5’ wEBE‘ 5’ CRG
AL 3'— 5 Wi 3’ 5-Bromouracil may mispair Resican]
i,R?F?'ic_at,i°T"l with guanine in the next Bl ittt

round of replication.

If 5-bromouracil pairs

18.17 Incorporation of

can lead to a replicated error.

5-bromouracil into a DNA strand | conclusion: Incorporation of bromouracil followed by
mispairing leads to a TA — CG transition mutation.

with adenine, n0
replicated error oCeurs.

e
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\ N

(@

(b)

(c)

: ool base M Type of W
Original b3 Utagen Modified base Pairing partner mutation
H3C=CH;
0
H\(N H?N e 0 CH;
Ny N—H ~ :
- NE_ __EMS /N\?_\<N.....---H—N>:g*” cG—>TA
i = N TA—>CG
/H " AlkYIatlon N—Heeeeoe00e0 \
H /
H
Guanine O%-Ethylguanine Thymine
H NH;
H)%_C_<N Nitrous acid i CC—>TA
(HNOZ) 2 o
N;< —{ TA—>CG
/ 0 Deamination / 5 "
Cytosine Uracil Adenine
NH ) EHO'.\ H__N/H !
H 2 H Neeee NY
A\ Hydroxylamine ST | . N G -
Hg/_c{” (NH,0H) w—d - N ﬁN ~ ’
- ,
N—< N—<
/% Hydroxylation /% H
- Hydroxylamino- Adenine
Cytosine L/ cytosine | )

18.18 Chemicals may
alter DNA bases.
Shown here are some
examples of mutations
produced by chemical
agents.
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Y Oxidative
/N\z/'gﬁN_H radicals

H
Guanine 8-Oxy-7,8-dihydrodeoxyguanine
(may mispair with adenine)

1 G , _
n?{w Oxidative radicals convert guanine
08-0xy-7,8-dihydrodeoxyguanine.

N o
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