Spontanni mutace

Cetnost: 105 — 10-10

Priciny:

e faktory vnéjsiho prostredi
e vnitrobunécné mechanismy

R T
4 -
& 5
Wprs . A
N z =
B 9 W
FNBRNO =~ 7 z
7 <
’414'.& ¥




Typy mutaci a jejich odhadované frekvence

\V4
Typ mutace Mechanismus Cetnosti
Bodova mutace 1. chyba pfi replikaci DNA ~ 10719/par bazi/bun. déleni
2. poskozeni DNA zarenim ¢i | ~ 10>/gen/generaci
chemickymi mutageny 0,5/bufiku

. herovnomeérny crossing-over
. vychyleni pfi replikaci
inzerce mobilnich elementd

. poskozeni DNA zarenim ci
chemickymi mutageny

Submikroskopicka
delece Ci inzerce
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i i idi 3 1. nerovnhomeérny crossing- -
Mikroskopicky viditelna el 6 x 104
delece, translokace

. 2. poskozeni DNA zarenim Ci
nebo inverze chemickymi mutageny
" nillia , 1. chyby pfi meidéze, mitdze 1 1 00
Ztrata Ci zisk celého Na

chromozomu

.“‘ <
S g :f
FN BRNO 7 =

&
‘v wﬁj} o
! Fana w¥




Prirozené zdroje ionizujiciho zareni

zareni hornin
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Cosmic Radiation

Table 2

Average Radiation Doses of the Flight
Crews for the Apollo Missions

Apollo Mission Skin Dose, rads

7 0.16

8 16

9 .20

10 48

11 .18

12 .58

To estimate in flight radiation dose, click here. 13 .24
14 1.14

15 .30

16 51

17 55
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Spontanni mutace - ionizujici zareni

e jonizujici zareni — rocni davka
asi 0,0012 - 0, 0023 Gy/rok

e Clovek — asi 10 %
spontannich mutaci/zivot

e sekvoje — celkova davka
zareni az 2,5 Gy/1000 let
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Spontanni mutace - vnitrobunecné

procesy (endogenni mutace)

Priciny:

Chyby pri replikaci DNA

Tautomerni presmyky, kolisavé parovani bazi

Deaminace bazi

Spontanni poskozeni DNA (ztraty bazi, metabolismus kysliku)
Inkorporace uracilu do DNA behem replikace

Chyby pri reparaci DNA

Chyby pri rekombinaci DNA (nerovnhnomeérny crossingover)
Inzerce mobilnich elementu

Chyby pri meidze, mitdze
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e prubé&hu lidského Zivota dojde prumérné k 1017
deleni bunek
e 1014 — pocCet bunék v obdobi dospélosti

e kazdy cyklus DNA replikace vyzaduje inkorporaci
6 x 10° novych nukleotidu

e chyby pri replikaci se vyskytuji s frekvenci
e 10° az 10-11/inkorporovany nukleotid

e v pruméru kazdy gen (1, 5 kb) muze byt cilem
pro 108 az 1019 mutaci
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Spontanni mutace - chyby pri replikaci

chybné zarazeni baze, dislokacni mutace

Double Stranded
DNA

Single Stranded
DNA

DNA Helicase
Chyba DNA polymerazy
Cetnost chybné zarazené baze:
a) teoreticky: 10-1 az 10-2
b) skutec¢né: 10-° az 10-11

Oprava chybné zarazenych
bazi: ,,proofreading*

Normal replication |
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Figure 10.5: Slipped strand mispairing during DNA replication can cause insertions or deletions.

Short tandem repeats are thought to be particularly prone to slipped strand mispairing, i.e. mispairing of the complementary DNA
strands of a single DNA double helix. The examples show how slipped strand mispairing can occur during replication, with the lower
strand representing a parental DNA strand and the upper strand representing the newly synthesized complementary strand. In such
cases, slippage involves a region of nonpairing (shown as a bubble) containing one or more repeats of the newly synthesized strand
(backward slippage) or of the parental strand (forward slippage), causing, respectively, an insertion or a deletion on the newly
synthesized strand. Note that it is conceivable that slipped strand mispairing can also cause insertions/deletions in nonreplicating DNA.
In such cases, two regions of nonpairing are required, one containing repeats from one DNA strand and the other containing repeats
from the complementary strand (see Levinson and Gutman, 1987).
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Figure 5.27 “Proofreading” by the 3'—-5" exonuclease exonuclease activity, an integral part of many DNA poly-
activity of DNA polymerases during DNA replication If DNA merases, will cleave off the terminal mismatched nucleotide

polymerase is presented with a template and primer contain- (b). Then, presented with a correctly base-paired primer
ing a 3" primer terminal mismatch (a),- it will not catalyze . terminus, DNA polymerase will catalyze 5—3' covalent
covalent extension (“polymerization™). Instead, the 3~—5' extension of the primer strand (c).




Mutatorové mutace u bakteérii

|
TABLE 1
GENE‘TIC CONTROL OF SPONTANEOUS MUTAGENESIS IN BACTERIA *

Mutation or Defect(s) Effect on Mutation Reference
treatment spontaneous assay
| mutagenesis -

Increases (mutator) g b i
Rebeck and Samson, 1991

ada ogt methyl transferases 1-fold (growth) his~ — His™
3-fold (no growth)
dam-4 DNA adenine methylase, 20-fold lacl — Lac™ Glickman, 1979
| mismatch repair
dnaE(Ts) DNA polymerase 111 3-15-fold azal® — azaU”" Hall and Brammar, 1973
mutD(dnaQ) e-subunit of Pol 111 12-fold (MM) * Nal* =+ Nal" Schaaper, 1988
= 4400-fold (RM) ©
130-fold (MM) Rif® — Rif"
3000-fold (RM)
mutH,L,§ methyl-directed 260-fold lacl Schaaper and Dunn, 1991
e mismatch repair
mutM 8-oxoguanine 14-fold lacZ — Lac™ Cabrera et al., 1988
DNA glycosylase .
muwtT dGTP triphosphatase ~ 160-fold Nal® — Nal" Bhatnagar and Bessman, 1988
~ 1090-fold Str® — Str” .
mutY adenine glycosylase ~ 175-fold Lac™ — Lac™ Nghiem et al., 1988
(Au et al., 1989) ~ 23-fold Rif®* — Rif"
AoxyR regulon for 10-55-fold ¢ his~ — His™ Storz et al., 1987
oxidative stress defenses
polAl DNA polymerase 1 100-fold His* — his™ Jankovic et al., 1990
sodA sodB superoxide dismutases 5-fold Thy* — Thy™ Farr et al., 1986
ssb-113 single-strand binding protein 10-fold trp — Trp™ reviewed in Meyer and
argE — Arg”* Laine, 1990
uvrBS nucleotide excision repair 2-fold trpE9777(fs)
- Trp™* Sargentini and Smith, 1981
6-fold lacZ53(UAG)
— Lac™
AuvrD helicase 11 100-fold Spc® — Spc’ Washburn and Kushner, 1991
xth nth nfo base excision 5-fold argE3 — Arg* Cunningham et al., 1986
| repair, AP sites ‘
Decreases (antimutator)
anoxial oxidative metabolism ~2-fold several assays R.G. Fowler, 1991, personal
* . ‘communication
0.3-fold 4 his™ — His™* Storz et al., 1987
auxotrophy Pur™ 13-fold Val*® Quinones and Piechocki, 1985
’ Thr~ 3-fold
. Ser™ 14-fold
lexA101 repressor of SOS functions 2-fold lacZ53(UAG)
. — Lac™ Sargentini and Smith, 1981
umuC36 UYV radiation mutagenesis 11-fold © lacZ53(UAG) :
| — Lac™* Sargentini and Smith, 1981
uvrD3 | helicase IT 6-fold © lacZ53\UAG) Sargentini and Smith, 1981
| — Lac*
recAS56 recombination, SOS response 2-fold lacZ53(UAG) Sargentini and Smith, 1981
— Lac™*
16-fold © *
25-fold lac™ — Lac™* Albertini et al., 1982

(long deletion)




Tautomerni presmyky

N
H (amino) l!l (imino)
Cytosine

= N
c—H
- o o

(amino) H (imino) H
i _Adenine

FIGURE 13.7 :
Rare tautomeric shifts which occur in the chemical
structure of the four nitrogenous.bases of DNA.




Spontanni mutace - tautomerni presmyky
zmeéna parovani bazi
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Zmeéna paru bazi v dusledku

tautomerniho presmyku

1270 PART 3 | GENETIC VARIATION

FIGURE 13.9

Formation of an A-Ttoa  (aA)""*"
G-C base pair transition as a ‘ o """ o
result of a tautomeric shift in N
A during replication and o ----- 0
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Spontanni mutace - disledek ztraty bazi

- vznik AP mist

- ztraty bazi — depyrimidinace,
depurinace

» spontanne, silné kyseliny, vysoka
teplota

 depurinace CastéjSi — 1000/hod/na
molekulu DNA

* AP mista — preferencne zaplnovana
adeninem — zamena bazi GC na AT
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Spontanni mutace - dusledky
deaminace zména parovani bazi

Mispaired DNA: deamination

MNHz le] N
Cytosine 3%y s — > HN3451 " Uracil U-A(GC AT
246 2 —
0)\‘ H G)\,‘qﬁ H ( na )
H H
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H N, H . N xanthine
H H
O O
HNT o7 HNT 6o
Guanine 2ail g —H —> )éaﬁl H»—H  Xanthine X-0
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Spontanni mutace - plisobeni volnych

kyslikovych radikalti (OFR)

FORMATION OF FREE RADICALS

ol ...
. o aa
@ .y @ - Modifikace DNA OFR
& . - . 3
ﬁ - - V4 - r
4 Oxidativni poskozeni —
X nejvice -OH radikal

OH”

m{;ﬁP Existuje asi 100 rtiznych
cotlon I! & reakcnich produktu s DNA

8-oxodeoxyguanozin —
zmeéna parovani bazi

8-OxodG C,A
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8-oxodeoxyguanozin

8-oxodeoxyguanozin

NH

Obr. 361
8-oxodeoxyguanozin a jeho parovani




Spontanni mutace - reparacni chyby

SOS Response

.!' uvrB —+

e Error-free reparace .
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Spontanni mutace - rekombinacni
chyby

Unequal sister
chromatid
exchange at B

Unequal
crossover
atA
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Otazka, zda nove dedic¢né vlastnosti organismu vznikaji spontanné a
nezavisle na pusobeni vnéjsich podminek a vhodné pozmenéni
jedinci jsou pouze selektovani, anebo zda je vznik techto
vlastnosti pusobenim vnejsiho prostredi indukovan, patri k
nejzavaznejsim otazkam biologie

1937 - 1950: synteticka teorie evoluce -
predpoklad nahodneho vzniku mutaci

Praktické ovéreni: Luria a Delbruck (1943)
a) fluktuacni test

Lederberg a Lederberg (1952)
b) razitkovaci metoda
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Rezistence baktérii E.coli vici fagu T1

Mutacni hypotéza - kazda butika mdze s urcitou malou pravdépodobnosti ziskat

béhem jednoho bunécného cyklu rezistenci flici fagu, a to nezavisle na jeho
pritomnosti

MnoZstvi rezistentu v kultufe po selekci je zavislé nejen na poétu baktérii a )
pravdepodobnosti vzniku mutace za generacni dobu, ale i na poctu deleni, ktera
probehla behem kultivace az do aplikace selekcniho tlaku

Adaptacni hypoteza - kazda bufika mize s uréitou malou konstantni
pravdépodobnosti ziskat rezistenci jako odpovéd’ na vystaveni Gcinku fagu. Pocet
rezistentu(j'g: Y tomtooprlgadg zavislé na poctu bakteril a pravdepodobnosti vzniku
mutace v dusledku pusobeni bakteriofaga

Fluktuacni test - vychdzi z pouziti velkého poétu malych vzorky kultury

u MH - Ize oéekavat velké fluktuace v poctu rezistentu ve vzorcich (zéleZi na tom,
kdy pred pridanim faga doslo k mutaci)

u AH - malé fluktuace v poctu rezistentd ve vzorcich — poissonovska distribuce
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Obr. 1. Schema fluktuaéniho testu,
A. vysledek piedpoklddany adaptacni hypotézou,
B. vysledek ocekdvany mutaéni hypotézou,

1. inokulum, 2. odebrané alikvoty, 3. pfidani figa, 4.

vysev na plotny.




Razitkovaci meto

(Some cells stick)
Velvet

Second, pre.Qs a plate
with streptomycin onto
the imprinted velvet

First, imprint colonies
from a plate without -
streptomycin onto the velvet ¥

% T N SR .
Plate with no streptomycin Plate with str eptomycin
& '~ Fourth, transfer to

streptomycin medium e
a colony identified as ¥
resistant and one
identified as sensitive -

Third, only one

of the four v
imprinted

colonias grows

The responsible colony from
the plate without streptomycin
was streptomycin-resistant;
the control colony was not

Tubes with streptomycin

Figure 11.1 Diagram illustrating the use of the replica-
plating technique to demonstrate the random or nondi-
rected nature of mutation. For simplicity, only four colonies
are shown on each plate, and only two are tested for strep-
tomycin resistance in step 4. Actually, each plate will contain
50-100 colonies, and a large number of plates may be used
to find one mutant colony. Also, many colonies are tested in

step 4. The definitive result is that all the colonies from the
nonselective plates that give rise to colonies on the selective
plates are found to contain streptomycin-resistant mutants,

-and all the colonies on the nonselective plates that do not

grow on the selective plates contain only streptomycin-
sensitive cells. (After R. Sager and F. J. Ryan, Cell Heredity,
Wiley, New York, 1961.)
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Higher mutation rates in males are likely to be related to the
greater number of germ cell division

Mutation and instability of human DNA

(A)

Primordial female germ cell .
Timetable Number of

cells divisions

5 months

& =
of gestation 6.8x10° =22

Birth 2.6 x 108

Meiosis | Sexual

maturity

1st polar body 1.3
Fertilization Meiotic divisions
Meiosis Il 2
2nd polar body —
Sum total ( 24
Timetable Number of
|- cells divisions
15 years 1.2x10° =30
16 days
16 days
9 days
9 days -
19 days
=23 cycles
S SpeImatezoa Sumtotal ~ 30 +23n + 5

(where n = age in years — 15)

Figure 10.4:  The number of cell divisions that are required to produce a human sperm cell is much greater than the number required to
produce an egg cell.

(A) Human oogenesis occurs only during felal life and ceases by the time of birth. The total population of germ cells in the human embryo rises
to an estimated maximum of 6.8 x 10€ during the fifth month. The expected number of binary divisions required to generate this number would be
about 22 (222 = ~4 x 10°). At sexual maturity, two subsequent meiolic divisions are required to produce an egg cell. TCell atrophy.

(B) Human spermatogenesis continues through adult life. From the early embryonic stage up to the age of puberty, the seminiferous tubules
continue to become populated by so-called Ad spermatogonia (dark-staining A-type spermatogonia) and spermatogenesis is fully established by
puberty. The number of Ad spermatogonia is estimated to be about 6 x 108 per testis, i.e. a total of about 1.2 x 10°, a value which can be

reached by about 30 successive cell divisions. The Ad spermatogonia then undergo a series of cell divisions, lasting 16 days. Of the two

i products of cell division, one prepares for the next division into two Ad cells. Because each Ad division cycle is 16 days long, following puberty a
NERS, total of 23 cycles occur each year (365/16) — see bottom left. The other product of an Ad cell division divides to give two Ap (pale-staining A type
At ?q spermatogonia) cells which are precursors of sperm cells (red cells on bottom right). The Ap cells give rise to B spermatogonia and then
.-b < spermatocytes, which finally undergo two meiotic divisions to generate sperm cells. Modified from Vogel and Motulsky (1986) with permission
z w from Springer Verlag.
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