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Novy muta¢ni mechanismus - expanze
trinukleotidu -

Genomova nestabilita spojena s opakovanim
trinukleotidu, (tetra -, penta.. ...dodekanukleotidu)
Pocet dosud znamych chorob spojeny s expanzi

cca 15
Rozdilna fyziologicka a patologicka hladina poctu opakovani



Charakteristicky rys dynamickych
mutaci -

prodluzovani expandované repetice
béhem mezigeneracnich transmisi

Exprese patologie dynamickych mutaci
pouze u Clovéka



Spole¢ny prvek dynamickych mutaci :

na misté prislusného lokusu - genu nebo jeho blizkého
okoli existuje tandemova repetice tripletu ( tetra .. penta ---)
bazi, pficemz zvySeni aktualniho poctu repetici vede az ke
vzniku choroby, nestability genomu

Patologie spojené s expanzi trinukleotidu:
a) dédicné

b) v navaznosti s genetickou nestabilitou somatickych
nadorovych bunék ( poruchy reparaCnich mechanismu —
napf. nukleotidova exciznioprava , reparace chybneho
parovani

c) geneticka nestabilita v somatickych bunkach v zavislosti
na véku



Unstable CTG repeats in the DM family
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Family pedigree. Numbers of CTG repeats on both alleles
are shown. EXP denoted long range pathological CTG
repeats determined by TP- PCR. Individuals I1I/1, 1/3,4 are
with DM phenotype. Mother II/2 is healthy. Arrows
represented investigated member of the family.



Molekularni priciny genetické nestability dynamickych
mutaci:

Trinukleotidové repetice - specifickd podskupina STR-
mikrosatelit, vysoka frekvence (1/300- 500 kb) v lidském

genomu

Sekvencni homogennost, symetrie repetitivnich tisekil -
tandemovy motiv [NNN] n = poCet opakovani

tvorba non B struktur dvousSroubovice DNA:
napt. vlasenky ( hairpins),
lokalni posun ( klouzani) fetézcu

Hoogsteenovo pdrovani - triplex, kvadruplexy



Mutace zpuisobené expanzi trinukleotidovych repetici

Expanze trinukleotidovych repetici predstavuje novy mutacni
mechanismus, jehoZz kauzalni role v oblasti vylu¢né lidskych chorob se
dotyka stale se rozSifujiciho poctu onemocnéni, jejichz spoleCnym
znakem je primarni zasazeni nervove tkane .

Podle typu sekvence trinukleotidil na patologické alele mohou byt
choroby rozdé€leny na skupiny s expanzi v kodonu (CAG)_ pro
glutamin, choroby polyglutaminového traktu a na skupinu chorob

s velkymi1 expanzemi v nekddujicich oblastech genu ( SyFraX,
Myotonicka dystrofie, Friedreichova ataxie).

Puvod mutaci expandujicich trinukleotidii dosud neni spolehlivé
vysvétlen. Bylo prokdzano, Ze nepierusovana sekvence CAG repetic je
vice nachylna k expanzi, nez sekvence se vsuvkou CAT.



Faktory ovliviiujici molekularni podstatu  nestability
dynamickych mutaci trinuklectidového opakovani

1) typ sekvence 2) pocdet opakovani 3) prerusSeni

4) oreintace sekvence ve sméru k pocatku replikace

Navrzeny a diskutovany model expanze/delece
trinukleotidovych repetici b&hem replikace v zavislosti na
vyskytu pseudosekundamich vlasenkovych struktur ve

fragmentech DNA bohatych na CGG, CTG a CAG sekvence
(R-D. Wells, Nature Gen. 10 (1995) 213)

a, delece je zpaisobena pieskofenim vytvorené vlasenkové
struktury na opozd’ujicim se DNA fet€zci DNA polymerazou

b, expanze je zpusobena opakujici se replikaci vytvofené
vldsenkové struktury v Okazaki fragmentu



Model chybného parovani sklouznutim retézce (SSM)

béhem DNA replikace v repetitivnich sekvencich muze
zpusobit zejména v dlouhych sekvencich inzerci az expanzi
alely vedouci k patologii nebo deleci v dceriném retézci

v zavislosti na tom, na kterém retézci se ,, bublina®
chybného parovani nachazi.

Je-li ,,bublina® na dceriném retézci, tak dojde k inzerci,
jeli na rodicovském, tak dochazi k deleci.

Normalni alely vykazuji urcitou variabilitu v poctu
opakovani repetic ve fyziologickém rozhrani.



Mutation and instability of human DNA
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Figure 10.5: Slipped strand mispairing during DNA replication can cause insertions or deletions.
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Fyziologické zastoupenti alel (CTG), v genu pro myotonickou
dystrofu (19q13.3)



Table ). Newsalogical disorders duc to unstable trinucleotide repeats.

Trans  Chromo-

Implicated

Trinucleotide repeat

Nor- Pre-mu-

Disorders ~ mission  some lo- one mal  lalion i:::aie instability
mode cus § Twpe Localisation rahge range §
Fragile X Dominant Xq27.3 FMR-1  CGG Non coding  6-54 54.200 200-4000 Maternal
syndrome region
Spinal and bulbar Recessive Xq21.3 Androgen CAG Coding region 11-33  Un.  40-62 Paternal
muscular atrophy receptor known
Myotonic Dominant 199133 Myotonin CTG  Non coding  5-30  Un-  45-3000  Paternal
dystrophy protein region known maternal for
kinace congenital
DM

Hunlington's Dominant  4pi6.] IT15 CAG Coding region 11-34  _? 37-121 Paternal
disease
Spinacercbellar  Dominant  6p24 SCAI  AG Coding re-  25-36 Un-  43-8] Paternal
ataxia type | gion? known
Dentatorubral-  Dominant 2p12-ter  DRPLA  CAG  Coding rc: 725 Un- 49-68 Patcrnal
pallidlusian gion? known

alrophy




FraX

b

transcription

Absence of FMR 1 protein

Disruption of RNA processing
in brain and testes



DM

A 4

Altered expression of RNA
CUG-binding proteins

Altered processing of CUG
containing mRNAs in skeletal
muscle, heart, brain, and testes




Myotonicka dystrofie typu 2 — DM?2

— (3921), expanze (CCTG), v intronu 1 ( ZNF9)
genu —

protein zinkoveho prstu

Normalni alela — pocet opakovani tetranukleotidu
don =30

Patologicka alela - expanze n = (75 -11 000)
CCTG



Replikace v tetranukleotidovych opakujicich se sekvencich
(CCTG) :

disociace retézcu - nasledna syntéza opozdujiciho fetézce
pomoci Okazakiho fragmentd.

Sekundarni pseudostruktury - hlavni pfi¢ina geneticke
nestability TR

vznik expanzi nebo deleci
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FiG. 8. Model for the orientation dependent instability of (CCTG-CAGQ),, repeats in mammalian cells. A, the presence of the CAGG
repeats on the leading strand template and on the newly synthesized products of the lagging strand template (orientation 1I) can give rise to
expansions because the CAGG repeats on the nascent strand can form folded-back secondary structures by strand slippage and thus generate
expansions. B, the presence of the CCTG repeats on the leading strand template and on the newly synthesized product of the lagging strand
template (orientation I) preferentially give rise to deletions because the CAGG repeats on the lagging strand template can form slipped structures
that may be bypassed during synthesis (see “Discussion”).



PriCiny nestability dynamickych mutaci v
nékolikanasobné se opakujicich sekvencich
tri, tetra, penta .... nukleotidu :

replikace, rekombinace, reparace

Klouzani ( slippage) v repeticich vytvari non B-
DNA struktury
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