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£\ ¢Cémo nacid el término mutacién?

>

L.
Hugo De Vries (1902): Oenothera lamarckiana.

Individuos con una caracteristica nueva que no estaba en sus antecesores.
-> Cambio en el factor (gen) que determinaba el cardcter y que este cambio se

transmite a la progenie como cualquier otro caracter hereditario.
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gl Somatic mutations occur B _and are passed toother cels |,
opulation
in nonreproductive cels. hrouch mitosis, creating a lone|  POPURTON
3 of cells having the mutant gene.
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Gérm-line ] [ Y
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tissue Germline — e
mutation Al cells No cells
carry mutation carry mutation

passed to approximately half the
members of the next generation,

who will carry the
mutation in all their cels

Germ-line mutations occur in Meiosis and sexual reproduction
cells that give rise to gametes allow germ-line mutations to be

17.2 There are two basic classes of
{ somatic i and g
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¢ Euploidia

%+ Delecion
¢ Duplicacion
«*Aneuploidia

% Inversion

¢ Translocacién
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Mutacidon es una alteracion o
cambio en la informacién
genética (genotipo) de un ser
vivo que se presenta
espontaneamente (o inducida),
y que se puede transmitir a la
descendencia.
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i'\)’ Mutaciones
|
I } }
Gendmicas o Cromosoémicas Génicas
cariotipicas (Estructura) (puntuales)
(Numero) l l

Esta clase

Mutaciones Genémicas

Afecta al conjunto de cromosomas del genoma (set de cromosomas), aumentando el nimero
de juegos cromosémicos (poliploidia) o reduciéndolo a una sola serie (haploidia o
monoploidia).

Aneuploidia:
Afecta el nimero de cromosomas individualmente (1 par de cromosomas).
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Down syndrome: Trisomy 21.
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PN d Mutaciones génicas (puntuales):
N
! Alteracion de una base (o un nimero pequefio de bases adyacentes).

{a) Base substitution

Original DNA sequence

c]

~
One codon changed

A base substitution
alters a single codon.
(<) Deletion

‘W
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An insertion or a deletion alters the reading
frame and may change many codons

(b) Insertion
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f\ A i Mutaciones Cromosémicas
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T translocacién
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PN Tipos de mutaciones génicas
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Cambio de base:
ATG ATG ATG ATG
N G T
ATG ACG ATG ATG : Transicidn
ATG AAG ATG ATG .
ATG AGG ATG ATG Transversion
Transitions Possible Transversions
base changes A—=C
— = — —
Purine Purine Purine Pyrimidine G — = T
C——A
T—=C C——=G
c—=T T—=A
Pyrimidine Pyrimidine Pyrimidine Purine T—C
Eln . .
f\/\\* o Consecuencias de las mutaciones
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A = Consecuencias de las mutaciones
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Mutaciones silenciosas: AGG - CGG

(mismo aa)

Arg Arg
Mutaciones sentido errado “Missense”:
(otro aa)
Conservativa: AAA - AGA
Lys Arg
(basico)  (basico)

No Conservativa: UUA - UCA
Leu Ser
(hidrofébico) (polar)




Consecuencias de las mutaciones

Mutaciones sin sentido “Nonsense”: CAG -> UAG
GIn Stop

DNA

No mutation [ @ Missense mutation | (b) Nonsense mutation | (<) Silent mutation ]

Al G|
DNA 8 &
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The new codk d isastop The new codon encodes the
different amino aci; there s a codon; there is premature same amino acid; there is no.
change in amino acid sequence. termination of translation change in amino acid sequence.

17.7 Base substitutions can cause (a) missense, (b) nonsense,
and () silent mutations.
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Consecuencias de las mutaciones

Mutaciones “Frameshift” (cambio en el marco de lectura):

Adicién: AAG ACT CCT... - AAGAGCTCCT...

Delecion: AAG ACT CCT... -> AAACTCCT...

Mutaciones “Frameshift”

NN .
P (cambio en el marco de lectura):
THE CAT SAW THE DOG '
Change of Loss of Gain of
one letter one letter one letter

Deletion
THE BAT SAW THE DOG THE ATS AWT HED OG THE CMA TSAWTH EDO G
THE CAT SAW THE HOG I

THE CAT SAT THE DOG Loss of C Insertion of M

Point mutation Frameshift mutation Frameshift mutation

Mutaciones supresoras

A forward mutation A reverse mutation
changes the wild type restores the wild-type
into:a mutant phenotype.| | gene and the phenotype.

A suppressor mutation occurs
at a site different from that

of the original mutation

rorvan Suppressor and produces an
Genotype: Wild type _Mutation Mutation mutation B~ _ 'Mutations. kil e e
A SRaverse of A AB both the original
mutation A~ mutation and the
suppressor mutation,

(] ; F . but has the
f \ ‘wild-type phenotype.
Red eyes White eyes Red eyes

17.8 Relation of forward, reverse, and suppressor mutations.
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Intragénicas Intergénicas

Mutaciones supresoras: Intragénica

\
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| |

MRNA

E) . may restore the
original amino acid

| |
roer QOCO® eoze0 eoce0

17.9 An intragenic suppressor mutation occurs in the same
gene that contains the mutation being suppressed.

Mutaciones supresoras: Intergénica

(@ ERVth thewia (b ©
‘type sequence,
oNA

A base substitation
at one site produces
a premature

5t0p codon,

52 gene
encoding tyrosine(RNA.

Site 1
(first mutation) Site 2

RNA
an
A

Second base

5 E |substitutien mutation

Normal transcription
produces a tRNA with an
anticodon AUA (which
weould pair with th

codon UA in transiation).

g1 o base substtution
introduces an

incorrect base (G)
Rgaome e The resuling mutant

Transiation

TRNA fas anticodon
AUC (instead of AUA,

8 hich can pair with
the stop codon UAG

@ Transaton continues

FLeu - ncorporated
into a protein.

Tyr s incorporated
into the proten.

Fulllength, Shortened, Full-length,
functional nonfunctional functional

protein protein protein
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Espontaneas

Causas de las mutaciones

Inducidas
(mutageno fisico o quimico)
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QY™ Mutaciones espontaneas o inducidas
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L g
Table 14-1 Mutation Frequencies Obtained with Various Mutagens in Neurospora
Number of
Exposure time ad-3 mutants per
Mutagenic treatment (minutes) Survival (%) 10° survivors
No treatment (spontaneous rate) - 100 ~0.4
Amino purine (1-5 mg/ml) During growth 100 3
Ethylmethanesulfonate (1%) 90 56 25
Nitrous acid (0.05 m) 160 23 128
X rays (2000 t/min) 18 16 259
Methyl methanesulfonate (20 mM) 300 26 350
UV rays (600 erg/mm?/min) 6 18 375
Nitrosoguanidine (25 mM) 240 65 1500
ICR-170 acridine mustard (5 mg/ml) 480 28 2287
Note: The assay measures the frequency of ad-3 mutants. It so happens that such mutants are red, so they can be
detected against a background of white ad-3 colonies

Qe Mutaciones espontaneas
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Luria y Delbriick (1943) “test de la fluctuacién”:

Con cierta frecuencia aparecian bacterias resistentes al fago T1:

¢Fago T1 induce un cambio fisiolégico que produce la resistencia? o ¢La resistencia en
las bacterias se produce de forma aleatoria?

20 cultivos independientes de E. coli > plaqueo en presencia de fago T1:
Variacion en el numero de colonias resistentes a T1 en los
distintos cultivos.

20 muestras de 1 cultivo de E. coli -> plaqueo en presencia de fago T1:
Nuamero similar de colonias resistentes a T1 en las distintas

Qe Mutaciones espontaneas

>

Si T1 induce un cambio fisiolégico: No debiera existir una alta variacién de resistencia en
los distintos cultivos.
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muestras.
g\f{’"ﬁv Demostracion de la exi ia de en la poblacion antes de
LSS la seleccién (presencia de fago T1). Joshua y Esther Lederberg (1952).
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Mutaciones espontaneas:

« Errores en la replicacion
* Tautémeros
*“Balanceo”
* Deslizamiento de la hebra de DNA

* Cambios quimicos espontaneos
* Depurinacién
* Desaminacion
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‘6\\\’ **” Tautomerismo de las bases nitrogenadas.
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Tautémeros: isdmeros que se diferencian sélo en la posicion de sus dtomos.
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PN L Tautomerismo de las bases nitrogenadas.
N

Table 12.4 Ppairing Relationships of DNA Bases in
the Normal and Tautomeric Forms

In Normal State

In Tautomeric State

Adenine
i HyC
0.
f‘k{ Y -
N_ N, ,"‘Y"
P o e,
y LY T
Rare imino form "H\N Cytosine v N
MO e’ e | ' e i i !
Adening  1TYmRe(Th - Guanine o adonine (A1) e cocl o

Figure 14-6 Mismatched bases. Rare tautomeric forms of bases result in mismatches.

Base Pairs with Pairs with
A i @
1 A G
G c T
c G A
DNA -
A T replication G
replication A
> T - ¢
- -
— —_
- replication
- —_ > G - -
. G e
—
. c
S -
T
A A
. T
1
-~ - -
e A G
T c
1 I
Template transition—tautomerization of adenine in the template Substrate of incoming adenine

(e “Balanceo” por flexibilidad en la estructura del DNA.
N

Non-Watson-Crick base pai

17.12 Nonstandard base pairings can occur as
a result of the flex in DNA structure. Thymine
and guanine can pair through wobble between normal
bases. Cytosine and adenine can pair through wobble
when adenine is protonated (has an extra hydrogen).

Cytosine-adenine protonated wobble
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Deslizamiento de la hebra de DNA.

DNA strands separate Thymine on the original template strand base pairs with
for replication guanine through wobble, leading to an incorporated error.

- _ Wwild type
~

_ Mutant

) At the next round of replication, the
guanine nudleotide pairs with cytosi
leading to a transition mutation

DNA Wild type

iy

_ Wild type

17.13 Wobble base pairing leads to a replicated error.

Addition
Direction of DNA synthesis

[Nowly synihesized srand sips
JExtra base loops out

i
5 —ga T
3'—GC ARRAACGTAG —

repetiive sequences

1meswamnmaw

i
5'—CG TTTTTGCATG
3'—GC AARAACGTAC—

Deletion
Direction of DNA synthesis

5' —CTGAGAGA

3' —GACTCTCTGTGTGCA—

ernplate strand sips
[Ex7a bases oop out

5' —CT GAGAGA
3'—GA CTCTCTCTGCA—
L}
Loop stabilzed by
opetitve sequences

5 —CT GAGAGAGACGT
3 —GA_CTCTCTCTGCA—
(-]

Next ound of Next round of
opheaton roplcation
5 —CGITTTTTGCATG— 5" —CGTTITIGOATE— 5 — 5
Ed 3 —GACTCT 3'—GACTCTC
AT base pair added G=Cand A +T basa pairs doleted

Figure 14-21 A model for indel mutations resulting in frameshitts. dr = deoxyribose.

Na e Depurinizacién y Desaminacién:

17.17 Deamination alters DNA bases.

(@)
DNA - R
sugar-phosphate ; " B
baclg@e =N Deamination N
[ € —Poemnaton . Juy
5 g W N o N o
ases I ‘
——
Cytosine Uracil
Pyrimidine
(b)
p NHz [
‘Purine Lo
IC\/L Deamination
H N o H
|
5-Methylcytosine Thymine
OH (5mCy
3

17.16 Depurination, loss of a purine base from the nucleotide,
produces an apurinic site

« Fisicos (radiacién):

Mutaciones inducidas:

* Radiacidn ionizante (Rayos X y gamma)

UV

* Quimicos:
* Andlogos de Base

* Agentes modificadores de base:

« Alquilantes

* Deaminacion

* Hydroxylamina
* Reacciones oxidativas
 Agentes Intercalantes

Concepts

Chemicals can produce mutations by a number of
mechanisms. Base analogs are inserted into DNA
and frequently pair with the wrong base
Alkylating agents, deaminating chemicals,
hydroxylamine, and oxidative radicals change the
structure of DNA bases, thereby altering their
pairing properties. Intercalating agents wedge
between the bases and cause single-base
insertions and deletions in replication
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f\/\\f = Radiacidon: Cosmmic rays/Gamma rays
b |
Concepts - | Wavelength (am)
’ « | | AN

=

lonizing radiation such as X-rays and gamma rays ra
damage DNA by dislodging electrons from atems;
these electrons then break phosphodiester bonds
and alter the structure of bases. Ultraviolet light
causes mutatiens primarily by producing
pyrimidine dimers that disrupt replication and
transcription. The SOS system enables bacteria to
overcome replication blocks but introduces

H

Shorter wavelengths are
more energetic
' 400

Violet

mistakes in replication Ultraviolet (V) . Bive
500 A
@ Visible light reen
1ot Vellow green
Vellow
500 Orange
ek
Red
700
Infrared (IR}
I ol
Longer wavelengihs are
Jess energetic.
L
17.23 n the electromagnetic spectrum, as 108
wavelength decreases, energy increases. (Adapted
from Life 6e, figure 8.5). Microwaves/Radio waves

£ Fotodimeros:

¢ Sistema de reparacién SOS

Figre 14-12 UV light-
Lo generated photoproducts.
Photopraducts that unite
adjacent pyrimidines in
DNA are strangly correlated
with mutagenesis.

Leit panel adapted from

TET

©) 64 Phtoproduct E, . Friedberg, DNA
Repair. Copyright 1985
oy Vi H, Freeman and
Company. Right panel
from J. §. Taylor et al.]

(2) Cyclobutans pyrimidine dimer

Andlogos de base
Quimicos con estructura similar a una base estandar de DNA.

Common kelo Adenine Rare Guanine
form of 5.BU ionized form

of 5-BU

5-BU=T - 5BU
5BU* -

Analogos de base

nucleotide pairs with cytosine,

become incorporated into DNA i place of
leading to a permanent mutation.

5-Bromouradil may mispair
with guanine in the next
thymine, producing an incorporated error.

round of replication.

T;n replication, 5-bromouracil may Tm the next replication, this guanine’

9 .. » 3 5 Replicated
3 s s 3 erc\r
. — ¥ - ' W T
b $ 5 a 3 separation 3 8 - ¥
Mutant
- A Incorporated _, ’ 3 5 Auand
3 51 Strand i s waw y— 3 55

1 5 3= separation
5 3 separation
\ Replication N 5

3 5 s g 33— 3

3 5-bromouracil pairs.
replication error occurs.

nclusion: Incorporation of bromouracil followed by
‘mispairing leads to a TA— CG transition mutation.

17.19 s-Bromouracil can lead to a replicated error.

Andlogos de base

24P Thymine Protonated  Cytosine
2-AP
(O] ()

Figure 14-8 Alternative pairings for 2-aminopurine (2-AP).
This analog of adenine can pair with cytosine in its protonated
state (b}.

2AP* - C

N o
e Agentes alquilantes: quimicos que donan un grupo alquilo.

HaC — CHp
S

= metilo

= etilo

EMS: etilmetanosulfonato (-etil) H3C — CHy
NTG: nitrosoguanidine (-metil) HiC o EMS_ e \o o N

{-6 : P o AEE

o G =
) i - z -
o 7 o-H-N
N
H
Thymine O-4-Ethyithymine Guanine

Figure 14-9 Alkylation-induced specific mispairings.
Treatment with EMS alters the structure of guanine and
thymine and leads to mispairings.
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P\ it Modificadores de base: €N sitios AP:
A \/ A \/
- Original base Mutagen Modified base | Pairing partner Type of -1
mutation Guanine Ailatoxin By
HiC—CH, o
[
oo
! HO
™ s u C—=TA °
—2 .
T:ﬁ:’,\) 07 o OCH,4
N N .. .
Thymine N Rompe la unidn entre el azicar y la base
DNA ini
M NH; 7 backbone (purinica)
42_< H=N N M
Nitrous acid
® n—d, cn (N0 el AN CG—=TA
i = ol
n of 0 &&398 9
DNA DNA remains Intact 0
Cytosine Uracil Adenine A
Depuinaion G O IEL IE
o —Deputnaten Replcation
= Hydroxylamine | = o s 9
H—QG2N (NH,0H) W=, In—nesesal A LN i c
@ D - & IggI6% I¢
£ / R gafaglq
3 [
Figure 14-14 The loss of a purine residue fram e}
Cytosine Hydroxylamino- Adenine a single strand of DNA. c
cytosine

< “
£ Reacciones oxidativas: o . . N
FANS Agentes intercalantes: oy CHECHE
e | |
~CHy
. . . Axi, _CH
0, +e -> 0, : Superéxido He _op ®
L o HyC W Nitroganous.
0, +e +2H* > H,0, : Peréxido de hidrégeno o NH; /L ocH, Sases
: . - HsC Intercalated
H,0,,e +H* > H,0 +OH: : Radical hidroxilo ~ L~ : “ ol molecule
OH- +e + H* > H,0 Proflavin Acridine orange ICR-191
@ ®
Figure 14-10 Intercalating agents. (a) Structures of common intercalating agents and
(b) their interaction with DNA. [From L. S. Lerman, Proc. Natl. Acad. Sci. USA 39, 1963, 94.
"
P o. ! o
Oxidative N @ ®
radicals Vs
- — ) " H H H
pesed
i [
e HoN N NH,
Guanine 8-0xy-7,8-dihydrodeoxyguanine H H InDel
(may mispair with adenine) Proflavin Nitrogenous
bases
17.21 oxidative radicals convert guanine into WoHow tercalated
8-oxy-7,3-dil oxyguanine, which fi Glicol de timidina H. H molecule
mispairs with adenine instead of cytosine, i
HiCny N - CHs
Lo Mo 17.22 ntercatating agents such as profiavin and
CHs CHs acridine orange insert themselves hetween adjacent
Acridine orange bases i istorting the three-dimensional
structure of the helix and causing single nucieotide
Insertions and deletions in replication.
N .
N Algunos casos de mutaciones en humanos:
(cca),
TAA
. < Gen FMR-1: 1 234567 8 9 10 11 121314 1516 17
Sindrome X-fragil: retraso mental. A
1 cada 1500 hombresy 1 cada 2500 mujeres
)
FMA-1 gene Phenotype | Transmission Methylation | Transcription
Normal
(CGG)s.50 ATG Normal Stable No Yes
Pa¥a¥a =
Premutation . Unstable,
. argely d
(CGG), : se transcribe, pero no se traduce (CGG)oo00 __ATE nomal Tonele. No Yes
ANNNANN-
Full mutation &
17.5 The fragileX chromosome is associated (€CG).0 ATG Affected Unstable ves No
with a characteristic constriction (fragile site) on —my Ll
the lona arm. (visuals Unlimited.) ANKN
Figure 14-24 The FMR-1 gene involved in fragile X syndrome. (a) Exon structure and upstream
CGG repeat. (b) Transcription and methylation in normal, premutation, and full mutation
alleles. The red circles are methyl groups. [W. T. 0'Donnell and S. T. Warren, Ann. Rev. Neuroscience
25, 2002, 315-338, Figure 1.]
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Enfermedad de Huntington: trastorno
genético hereditario, trastorno
neuropsiquidtrico. Degeneracion
neuronal constante y progresiva.

Gen de la huntingtina: expansién de
repeticiones del trinucleétido CAG

(GIn).
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Normal mRNA

Poly-glutamine

.
| _SSeeeise

Protein product

L
QNP (@

N 1 2 3 4 5 6 7 8
[ ol e o oy A oy P A ey

Rl This DNA molecule
has eight copies of
a CAG repeat.

P2 The two strands
separate. ..

Expansion mRNA
s
P Mutant protein
Toxic . .
Huntington's
N Disease
Expanded poly-glutamine
e) v
® 3 3 4 5 6 7 8
12 100002 1
S 210 3
LA AY causing part of the template.
strand to be replicated twice and
increasing the number of repeats
A on the newly synthesized strand.
[ The two strands of the new DNA
) molecule separate,

1 2 3 4 5 6 7 8,9 10 11 12 13

and the strand with extra CAG
copies serves as a template

for replication

@, 23 45 6 7 8 5 1011 1213

9 10 11 12 13

[3 The resulting DNA molecule
contains five additional copies
of the CAG repeat

17.6 The number of copies of a trinucleotide
may increase by strand slippage in replication.

(b}
E] . and
replicate.
©
() l
Mis-
paired
bases
Y During replication, a hairpin forms.
an the newly synthesized stran
Number of Copies
of Repeat
Repeated Normal  Disease
Disease Sequence Range Range
Spinal and bulbar muscular atrophy €AG 11-33 40-62
Fragile-X syndrome €GG 6-54 50-1500
Jacobsen syndrome [<ed 1 100-1000
Spinocerebellar ataxia (several types) CAG 4-44 21-130
Autosomal dominant cerebellar ataxia  CAG 7-19 37-~220
Myotonic dystraphy cTG 5-37 44-3000
Huntington disease CAG 9-37 37-121
Friedreich ataxia GAA 6-29 200-900
Dentatorubral-pallidoluysian atrophy CAG 7-25 49-75
Myaclonus epilepsy of the CCeeeeeseo 2-3 12-13

Unverricht-Lundborg type*

“Technically not a trinucleotide repeat but does entail a multiple of three nucleatides that expands and

contracts in similar fashion to trinucleatide repeats,

Concepts

Expanding trinucleotide repeats are regions of
DNA that consist of repeated copies of three
nucleotides. Increased numbers of trinucleotide
repeats are associated with several genetic
diseases.

|

Transversion

Base substitutian
Transition

Table 17.2.

Type of Mutation

Defnition
Changes the base of 4 single DNA nucleotie

Base subsULULIon in which & purine replaces & purine of &
Byrimiding replaces a pyrimidi

Base substirution in which & purine replaces 3 pyrimiding of 3
pyrimiging replaces a purine

Insertion Addition of ane or more nucleotides
Deletion Deletion of one ar more nucleotides

Frameshifc mutation
In-frame deletion

oF insertion.

Expanding trinucleotide
repeats

Forward mutation
Reverse mutation
Missense mutation
Nonsense mutation

Silent mutation

Neutral mutation

Loss-of function mutation

Gainof function mutation

Lethal mutation
Supgressor mutation
Intragenie suppressor
fmutation

Intergenic suppressar

Insertion or Geletion that afters the reading frame of a gene
Insertion or deletion of a multiple of three nucleotides

that does not alter the reading frame

Repeated sequence of three nucleotides (rinuclestide)

in which the number of copies of the trinucleotide

Changes the wild-type phenorype (o a mutant

phenctype

Changes a mutant phenotype back o the wild-type

phenotype

Changes a sense cadon into a different sense codon. resulting
in the incorporation of  different amino acid in the protein
Changes a sense cadon into a nonsense codon. causing
premature termination of translaticn

Changes a sense cadon into a synenymaus codon, leaving
unchanged the amino acid sequence of the protein

Changes the amino acid sequence of a protein without aliering
its abiliy to function

Causes a complete or partial loss of function

Causes the appearance of a new trait or function ar causes the
appearance of a trait in inappropriate tissues or at
inappropriate times

Causes premature death

Suppresses the effect of an sarfier mu dilferent site

Suppresses the effect of an earlier mutation within the.
same gend
Suppresses the effect of an earller mutation in

mutation anather gene
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