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Co je mutace?
« Mutace je zména genetické informa
« Mutace je evolucCni proces, ktery je ja

geneticke variability

Rozdéleni mutaci

1) Dle pri€iny jejich vzniku

« Spontanni — vznik mutace bez pfitomnosti indukénich faktord, resp.
takové mutace, u nichz nejsou znamy pfriciny jejich vzniku

* Indukované — mutace vyvolané pusobenim indukénich faktord, tzv.




Rozdéleni mutaci
3) Dle urovné, na niz pusobi
« Genové (bodové) — tykaji se jednotlivych
nebo jejich poradi
« Chromozomové — tykajici se struktury chromozomu,
chromozomu na vétSim useku
« Genomové — zmény v poCtech chromozému

4) Podle vlivu na zivotaschopnost organismu

« Letalni — zpusobuji smrt organismu ve stadiu vyvoje pred
sazenim pohlavni dospelosti

Ini — zpUsobuji snizeni vitality (zZivotaschopnosti, fitness)




Rozdéleni mutaci

5) Podle arovné, na niz pusobi

« Dominantni — plné se projevi jiz pfi vy
heterozygotni sestave)

 Recesivni — projevi se pouze v homozygotni sesta
dvou alel)

« Jiné typy interakci — projevi se jiz pfi vyskytu jedné alely, ale pro
takové mutace je méné vyrazny nez pfi jejim vyskytu v homozygotni
sestave

smeéru pusobeni
rward) — mutace ve sméru od standardniho k mutovanému

tace ve sméru od mutovaného k standardnimu

<y JIHOCESKA UNIVERZITAV CESKYCH BUDEJOVICICH  FAKULTA RYBARSTVI A OCHRANY VOD



Rozdeleni mutaci
7) Podle charakteru projevu

Morfologické — zpusobuji napadnou zmén
Fyziologické — zpusobuji zmény ve fyz
(metabolismu, fci nékterych vnitfnich tkani €i orga
pozadavcich, reakcich organismu na vnéjSi vlivy), kdy tyto
nejsou na prvni pohled pozorovatelné

Kombinované - zpusobuji jak zménu fenotypu, tak zmény
fyziologickych funkci

kolnosti projevu
Inéné — mutace se projevi vzdy (za vSech okolnosti)
utace se projevi jen za urCitych okolnosti (za



1) Mutace spontanni

Common forms Rare forms Common forms Rare forms

Proton shift
i‘:
N
|
H
*NL

Standard base-pairing arrangements Anomalous base-pairing arrangements
H

H3C QesscsscsccssssscHH— N....coooounoooa" N/ H
N—Heooss0s000scesseN —Heosssssssesnssss N N
N ? 4 o
/% H
Thymine (common form) Adenlne (common form) Cytosine (rare form) Adenine (commom form)

H

- \N Hesooososssensee 0 Qeceessscnsscscses H—-0

Qevcecsvvovvccnvvses H— N QO esvsssvsssnsnns H—-N

Guanine

Fig_17-11a Genetics, Second Edition © 2005 W H. Freeman and Company

Cytosine (common form) Guanlne (common form) Thymine (common form) Guanlne (rare form)

Fig_17-1101 Gometics, Secome Efioon © 2008 Wi Fresman and Company Pig 74102 Genosicy, Second Ealsion © 2004 Wi Mreenes and Compary
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1) Mutace spontanni

-

A
A

G
-

TC
AG ﬁ
1 lg»

g

DNA
replication

First-generation
progeny
(c) Second-generation
progeny
(d)
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1) Mutace spontanni

Non-Watson-Crick base pairing

N—Heeeoecsocoooscceoscnee()

Qecccoseccnncscsccsncse H—N
H—N

\H

Thymine-guanine wobble

N—H
H

Neocosoceossooeossscsose H—N

Ooooooooooooooooool—-&

N

H
Cytosine-adenine protonated wobble

Fig_17-12 Genetics, Second Edition © 2005 WH, Freeman and Company
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1) Mutace spontanni

Deamination Deamination

Cytosine Uracil 5-Methylcytosine Thymine
(5mQC)

Fig_17-17 Genetics, Second Edition © 2005 W.H. Freeman and Company
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1) Mutace spontanni

\

During replication, the apurinic A nucleotide with the At the next round of ...leading to
site cannot provide a template incorrect base (most often replication, this incorrectly | | a permament
for a complementary base on A) is incorporated into the incorporated base will be mutation,

the newly synthesized strand. newly synthesized strand. used as a template, ... \l

Template Mutant

strands " 4
= : Strand
@[ Apurinic . 3 separation

j site
3 o Strand Eli&aﬁi—oﬂ

' >3 separation S st

‘Depurination s T A
L"'WMWMW'J Y, e % A nucleotide is incorporated

: ; into the newly synthesized
Normal DNA molecule strand opposite the apurinic site.

kFig_17-16b Genetics, Second Edition © 2005 W.H. Freeman and Company (no mutation)

/
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1) Mutace spontanni

Newly synthesized strand 5’ e dd S FVV.VI 3’
Template strand 3’ LN I Xk mn i a9V Xd 5’

n Newly synthesized | Template strand
strand loops out,... loops out,...

. N I —

\

)
A /

MACGGACTGAAIAEY AACGGACTGAAAAKE TN

edTGCCTGACTTTTTGCGAARAEEY TGCCTGACTT_P‘TGCGAA 5’

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

L V
A

HMACGGACTGAAAAACGCTTEMR-WACGGACTGAAAACGCTTEY
ERTGCCTGACTTTTTGCGAARTE. 3 TGCCTGACT'I_'{_'I'TGCGAA 5'

Fig_17-14 Genetics, Second Edition © 2005 WH. Freeman and Company
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1) Mutace indukovane - chem. fak

Normal pairing M

Normal base Base analog

/
ODesvssnnss H—N

N=Hessowsowvee

Thymine 5-Bromouracil S-Bromouracil Adenine

T A0 Gty Bawwndt it 8008 WA Fawmn wrollaromy

Mispairing

sesvenwwel—

/ Oo-oooooocH—N\

H
S-Bromouracil (ionized) Cuanine
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Nitrogenous

bases
Intercalated
P

——mmms MOlecule

e\ 5 = p—
mt " 7 ¢
o))

Acridine orange 1

Fig_17-22 Genetics, Second Edilion © 2005 W.H. Freeman and Conpany \ 4



1) Mutace indukované - chem. fakigs

Oxidative

radicals
N—H —

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

Fig 17-21 Genetics, Second Edition © 2005W.H. Freeman and Company
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F) Alkylaéni latky

elektrofilni latky s afinitou k DNA, ktera ma neg
negativni naboj na fosfatu a parcialni negativni naboj
alkylacni latky reaguji s takovymi misty a zanechavaji n
(alkylace DNA)

na bazich jsou nejvice nachylné k alkylacim N’ guaninu a N°® a
destabilizace — vznik apurinniho mista — mutace

alkylovany mohou byt rovnéz vSechny atomy N a O podilejici se na tvorbe
vodikovych mustki — nespravné parovani takové baze — mutace

déli se na:

onofunkcni (EMS — etylmetansulfonat; MMS - metylmetansulfonat; ENU —
itrosomocovina; MNNS — metylnitronitrosoguanidin)

usobuji hodné chromozomdévych mutaci — zlomuU = klastogeni
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Guanine Cytosine
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O-6-Ethylguanine Thymine

Thymine O-4-Ethylthymine Guanine
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1) Mutace indukované - chem. faktsis

Guanine Aflatoxin B,

O O

DNA
backbone
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UV light

Thymine
hases

2YL1IDVVIOL

Sugar-phosphate
backbone

Fig 17-24 Genetics, Second Ediion 2 2205 W.H. Freeman and Company
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B) lonizujici zareni

* ma vysokou energii — vysoce pronikave

« zpusobuje tvorbu volnych radikald a reaktivnich
vedou nejCastéji k dvouretézcovym zlomum = jedna s
zpusobujici zlomy — nepfimy ucinek

« prfimy ucinek — pfimy zasah molekuly DNA a jeji zZlomeni (rozstépe

C) DalSi typy zareni

« zareni X (rentgenové)
Gama zareni

icemi mobilnich genetickych elementd nebo
T-DNA

€ a epigenetické zmény v rostlinnych a

oy JIHOCESKA UNIVERZITAV CESKYCH BUDEJOVICICH  FAKULTA RYBARSTVI A OCHRANY VOD



Somatic mutations occur ...and are passed 1o other cells Population
in nonreproductive cells. .. through mitosis, creating a clone

Somatic
mutation ___—<3

of cells having the mutant gene. of mutant cells

Somatic
tissue

Germ-line % :
tissue o N | T TS
All cells No cells
Meiosis and sexual reproduction | carry mutation carry mutation
allow germ-line mutations to be

passed to approximately half the ...who will carry the
members of the next generation,.|. mutation in all their cells.

Fig_17-02 Genetics, Second Edition © 2005 W.H, Freeman and Company
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3) Mutace genove

Transitions Possible Transversions
base changes

=% | 00—@

Purine Pyrimidine G — T

C = A

T —C G N ¢ —— G
" C—T Ti— A

Pyrimidine Pyrimidine Pyrimidine Purine T —=(C

Fig_1704 Genetics, Second Edition (3 2006 W.H. Freaman end Company
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3) Mutace genove

No mutation (a) Missense mutation (b) Nonsense mutation (c) Silent mutation

e
s

MRNA SR s

——— ——————

The new codonis 3 $109 ??h‘; new codon encodes the:

Wild:1yoe traten . ‘
produced. - | codon; thete 15 premature i same amino aad; thee sng - |
Lerrranation of trandation. | change i 2ming 2 ssquence




iutace genoveé

U
uuu

fenylalanin

serin

tyrosin

cystein

uuc

fenylalanin

Serin

tyrosin

cystein

UUA

leucin

Serin

stop

stop

UUG

leucin

sSerin

stop

tryptofan

cuu

leucin

prolin

histidin

arginin

cuc

leucin

prolin

histidin

arginin

CUA

leucin

prolin

glutamin

arginin

CUG

leucin

prolin

glutamin

arginin

AUU

izoleucin

treonin

asparagin

Serin

AUC

izoleucin

treonin

asparagin

Serin

AUA

izoleucin

treonin

lysin

arginin

AUG

metionin

treonin

lysin

arginin

GuUu

valin

alanin

GucC

valin

alanin

kys.

asparagova

glycin

glycin

GUA

valin

alanin

GUG

valin

alanin

kys.

glutamova

glycin

glycin
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3) Mutace genove

Deletion

mm *|AUG  CGA|UUA UAC|GGG|AAA |
et | ag |t | e Cwet | ag | e T | ay | iy

¥ mmmn *|° Aue mmmm ¥
Leu Met
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3) Mutace genove

ThtS DNA malecule: |
has eight copies of
a CAG repeat. =

The two strands
=== separate.

IGTCCTCETCCTCCTCGTCGTCCIC

l o regﬁnc:te l

(C)
rﬁ'f‘:iﬁi..l’fr CAG CE X’iﬁ' - CAG -’

(d) l
G SERRELN %fﬁ CTCGTCCTCGTC
ICAGCAC AL g

Mispaired
bases

ln the course of replication, 2

“I —== hairpin forms on the newly
\ synthes:zed strand

A Fig_17-064 Genetics, Second Edition ® 2005 WH, Freeman and Company

..causing part of the template
strand 10 be replicated twice and
increasing the number of repeats
on the newiy symheslzed strand.

The two strands of the new DNA
o moleule separate, ... Sk

e L GTOGTE
m“{ t?I'i'"‘P’Y%‘W YW W\@W Tﬁﬁ;{?ﬁ?«ﬁiﬁgﬁﬁ g@?

...and the sxrand with extra CAG
i cop«es Serues as a 1empla1e :
for replication.

T G . C{ j
3
The resuu\n—go—_mmm

“ contains five ad&it»onai copnes
of the CAG repeat.

Fig _1708-2 Genetics, Second Edition © 2005 WH. Freeman 2nd Company




« Balancované - zachovano puvod
 Nebalancované - puvodni mnozstvi
neni

Podle mechanizmu vzniku klasifikujeme chromozomalni pres
« Duplikace — znasobeni useku chromozomu. Muze byt zpusobe
nerovnomernym crossing-overem

* Delece — ztrata ¢asti chromozomu. Deletovan muze byt konec raménka
(potom jde o terminalni deleci) nebo stfedni ¢ast nékterého z ramének
chromozomu (intersticialni delece). Delece vznikaji jako nasledek
chromozomalni nestability nebo nerovhomérného crossing-overu.

e — vystepeni casti chromosomu, jeji prevraceni a zpétnemu
kud je na invertované cCasti chromozomu centromera, je
a jako pericentricka; pokud na invertovaném useku
inverzi paracentrickou.

ek minimalné 3 chromozomalnich zlomd,
omozomu (vystépené z urcitého




3) Mutace chromozomové (aberace}'

Insertion

j:;} \

Chromosome 20

Chramamame 2

Deletion Duplication Inversion Ghramasams 4

Chramosame 4

Translocation

Chromosome 20

K Ji:::-

Desivative
Chromonome 4

Shromosome &
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* |zochromozom - chromozom
naopak pouze kratka ramenka. Vzni
rozestupem chromozomu, kdy nedoj
chromatid, ale do jedné dcerineé bunky se do
kratka raménka a do druhé obe raménka dlouha.

* Ring chromozom - pokud dojde u chromozomu k deleci

koncl obou ramének (telomer), muze se tento chromozom

stoCit, koncove casti se spoji a vznikne "koleCko" - tedy
hovy chromozom (ring chromosome).

hromozom - maly chromozomalni fragment, ktery

st existovat samotne jako chromozom 1 v

0 deleni. Musi mit tedy funkcni

Iv jiny chromozom.




Aneuploidie

nulizomie

2 - 2

monozomie

2 -1

trizomie

2n+1

tetrazomie, pentazomie

2n + 2; 2n + 3 atd.

Euploidie

Nasobeni n

diploidie

21

polyploidie
triploidie

autopolyploidie
alloploidie

tetraploidie, pentaploidie, atd.

3n, 4n, an

* 3N

& 40, 5n atd.

s znasobeni steneho genomu
(napr. AAAA)
znasobeni odlisnych genomi
(napf. AABB)
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(a) Loss-of-function mutation ()

L ]
-‘. L
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Co je reparace ?

 Enzymatické odstranéni chyb v
prubéhu replikace, rekombinace nebo pu
vlivd

« DNA je jedina molekula, ktera je opravovana, ostatni jsou
vyméneny! Oprav DNA se ucastni asi 130 genu

cim dochazi nejcastéji behem proliferace. Vetsina je
a uz v prubéhu replikace DNA ,kontrolnim
erazou - korektura.
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Reparace DNA

DAMAGE TO
TOP STRAND

EXCISION OF
DAMAGED REGION

DNA POLYMERASE MAKES
NEW TOP STRAND USING
BOTTOM STRAND AS

A TEMPLATE

Y Yoo p- WY
w 9 O (Q

DNA LIGASE
SEALS NICK

FAKULTA RYBARSTVi A OCHRANY VOD NET RESULT: REPAIRED DNA




Typy reparaci

1) Prima reparace
2) Nepfima reparace (Excizni)
3) Reparace dvouretézcovych zlomu
4) SOS reparace

1) Prima reparace
Oprava alkylaci a metylaci — neni potfeba zlomu

eaktivace - opravy (Stépeni) pyrimidinovych dimeru
ant viditelného zareni — poruseni kovalentnich
CPD photolyaza — neni u savcu!ll Je
ve delky 340-400 nm
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Reparace DNA - prima

% Methyltransferase %

0O%-Methylguanine Guanine

Fig_17-28 Genetics, Second Edition & 2005'W = Freeman and Company

Thymine [
Thymine

DMNA backbong

Photodimer

UV light




BER -Base excision repair

V kazdé b naseho téla probéhne

asi 20000 x denné. Opravy
dusledkd oxidaéniho stresu

Odstranéni porusené baze
DNA glykosylazou

Odstranéni deoxyribdza
fosfatu (endonukleaza a
fosfodiesteraza)

Vyména za sprdvny nukleotid -
DNA- polymerdza B (1z11
polymerdz)

Spojeni ligaza (ATP)

(A) BASE EXCISION REPAIR

= hydrogen-honded
_ . base pairs

CGAGTAGSG

URACIL DNA
u GLYCOSYLASE

4 DNA helix
with missing
= base

s AP ENDONUCLEASE AND
F PHOSPHODIESTERASE

REMOVE SUGAR PHDSPHATE

wr— DNA helix
with single
m nuclaotide gap

CGAGTAGEG

DNA POLYMERASE ADDS NEW
NUCLEQTIDES, DNA LIGASE
SEALS NICK

GCT 'T":‘A T C___CH

-"'t ‘--'.‘_.','- .“.‘-:

S R O BV S Y B
CGAGTAGG




NER - Nucleotide Excision Repair
Rozdily od BER

Pouzivd jiné enzymy. Prestoze je
spatnd jen 1 bdze, je jich
vystrizeno a opraveno vice
(12). Opravuje napr.
thyminové dimery nebo
dusledky oxidaéniho stresu,
modifikované baze.

Rozpozndni proteinovymi
faktory (podjednotky I
endonukledzy - UvrAB,C) - ng -

zdkladé deformace DNA ,

B e A R N RN dc. oz o o e ity gDt

deisoimabe, and o ke [Pof-TROA dligh) jeeen| aomphes i Rrmeal, Livl fhiugd sesciates. o b Live B oand gnabbiz Lwedl

pratcin o pick the DA, o, the et mucl cotides 3 1o the yile of damags, Folowing the 3 insisan, Lol proscie ealslyss mck g

S0 ko | fm vV O b ou sm é rec h T e TR T Ty T e T
(nukleaza).




Reparace DNA - neprima

NER - Nucleotide Excision Repair

3. Rozmofdni DNA = [8) NUCLEOTIDEEXCISlONZf:I::':iW(1”"”
bublina (transkripéni o oo
faktory ITH, TFIIH) Ta¥UUgraniaEy
DNA_he'ikéza GATGCCAGATGATACC

NUCLEASE |

g CTACGGTCTAC T

] hydrogen-bondead
base pairs

4. Syntéza na zdkladé R ﬁ
komplementdrniho It L
vldkna (DNA
polymerdza d a ¢) Pefease

5. Spojeni DNA ligazou

& - ..;-". 2 ' -
ChYby = er"Oder‘mO GATGCCAGATGATAC c'
Pigmentosum oA Liase
g

CTACGGTCTACTATGG

st et kit

GATGCCAGATGATACC




MMR - Mismatch Repair

Opravuje chyby v parovani,
spatne zarazené nukleotidy

Existuje cely komplex proteinu
pro tyto opravy -Mut$S protein
nasedd s MutL na spatné

zarazenou bdzi a aktivuji MutH,

ktery vytvori stérbinu v nové
vznikajicim retezci. Takto
poruseny retézec je vysTepen
exonukleazou, resyntetizovdn
DNA olymerazou a spojen
DNA Ilgazou U eukaryont
homology MutS=MSH,
MutL=MLH

Chyby - predispozice k
nadorim strev

l Exonuclease 1

sy Mt
G

S S AV et

l DMA polymerase [Il

ILAARRERRRER IR RRARNENAE]
el Ll LU UL LLLLLLLLLLLL




Reparace DNA — dvoufetézcové zigih

Existuji dva zakladni mechanismy opravy:

1) homologni rekombinace (jako templat pro opravu DSB vyuZiva
totozne nebo velmi podobné sekvence DNA)

i) nelegitimni rekombinace (NHEJ — nonhomologous end joining;
rekombinuje zcela odlisSné sekvence)

Homologni rekombinace (HR)

- je dulezita pfi opravé DNA v somatickych burikach a pfi meioze

- existuji 3 modely HR (zaloZzené ovsem predevsim na studiich na
kvasinkach)

Nelegitimni rekombinace (NHEJ)

- nejéastéjsi zpusob opravy DSB v eukaryotnich burikach

- inicia¢ni rozpoznani zlomu je zprostfedkovano komplexem
KU70 a KU80

- nasleduje opracovani koncu DNA molekuly (komplex
MRN), aby byly substratem pro DNA ligazu

- zaverecna ligace je katalyzovana komplexem DNA ligazy IV a
proteinu XRCC4

FAKULTA RYBARSTVI A OCHRANY VOD



Reparace DNA - dvouretézcové zl

o
é TP

!

Non Homologous End Joining

Artemis

3‘
5!

Processing of the DNA ends

S

XRCC4
Ligase IV

Fig. 4. Mechanism of non-homologous end jomng (NHEJ).
Recogmtion of and binding to damaged DNA occurs by the
Ku70-Ku80 complex Thereafter. the Ku hetercdimer binds to
DNA-PKcs, formung the DNA-PK holoenzyme. DNA-PK acti-
vates XRCC4-ligase IV. which links the broken DNA cnds to-
gether. Before re-ligation by XRCC4-ligase IV, the DNA ends
are processed by the MRE11-RadSO-NBS1 complex, presumably
unvolving FEN1 and Artenus.
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Reparace DNA - SOS ‘_A’m -~

- dovoluje prekonat replikacni blok i za cenu vneseniéetnych chyb
do DNA (coZ muze byt mesi zlo neZ nedokonéena replikace
DNA, ktera je fatalni)

- komplexni proces zahrnujici nejméné 25 gent
RecA

UV light
Cleaved LexA

Rec A protease
LexA /——N“ RNA polymerase

umuDC operon (repressed) Active umuDC operon

UmuC and UmuD

GCATTCGA l GCATTCG

vee W = ve e 40
CGT Replication continues  CGTGTGCT
B B — ALl Ll

Replication
stalled
at dimer
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