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+ Je zplisobenex ﬁah'prGG repetlc v 5'UTR
fragile X mer{tal retﬁrdeOn genu (FMR1, Xq27).

* Prvni ﬁakpﬁahy brllgllad choroby zpusobené
expanzi trinukleotidovych repetic.
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Table 20.1 Genome Sizes and Estimated Numbers of Genes*

Haploid Genome  Number Genes
Organism Size (Mb) of Genes per Mb

Hemophilus influenzae (bacterium) 1.8 1,700 040
Escherichia coli (bacterium) 4.6 4,400 050
Saccharomyces cerevisiae (yeast) 12 5,800 480
Caenorhabditis elegans (nematode) 97 19,000 200
Arabidopsis thaliana (plant) 118 25,500

Drosophila melanogaster (fruit fly) 180

Oryza sativa (rice) 430

Danio rerio (zebrafish) 1,700

Mus musculus (house mouse) 2,600

Homo sapiens (human) 2,900 25,000

Fritillaria assyriaca (plant) 120,000 ND

*Strictly dehned, “genome” refers to the haploid genome ol an organism. Some values given here are
likely 10 be revised as genome analysis continues. Mb = million base pairs. ND = not determined
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« zbytek restrikéni endopukTéaZy»(?SL RNA)
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Klinické projevy
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The CGG repeat in the FMR1 gene Schematic representation of normal, PM
(premutation).and FM (full mutation) alleles of the FMR1 gene and the effect of
the expansion on transcription and translation. Methylation due to extensive
elongation of the CGG repeat in the 5-UTR of the FMR1 gene is depicted as a
lock.

Biochim Biophys Acta. 2009 June; 1790(6): 467-477.



Mutace ve FMR1 genu vedou ke tfrem rozdilnym projevim.
* Normalni lidsky FMR1 gen ma pocet CGG repetic v rozmezi 5=54.

* Rozsahlé expanze na 200x CGG vedou k metylaci CpG ostrovli a
transkripCnimu umiceni FMR1 genu — syndrom fragllnlho X chromozému
(FXS). /

» Expanze CGG repetic mezi 55 az 200 opalg‘bvénl’mi (premutace) je spojena s
progresivnim neurodegenerativnim. onemodnenlm zvanym fragile X-associated
tremor/ataxia syndrome (FXTAS) (Onemocnenl manifestujici se v nebo po paté
dekadé Zivota). U Zen nosicek se piitormnost premutace maze projevit
predéasnou ovarialni msufwi'enc; (FXPOI)

.y

One Gene
(FMR1)

Three Disorders

Primary Owarian
Insufficiency (POI)




Morfologicke projevy. FXS

* normal structure

* broad forehead

* elongated face

* large prominent ears

* strabismus (crossed eyes)
* highly arched palate

* hyperextensible joints —._,._a' =4

* hand calluses —-L-----:- T —
(from self-abuse) '
* pectus excavatum
(indentation of chest)

* mitral valve prolapse

(benign heart condition)
* enlarged testicles

* hypotonia (low muscle tone)
« soft, Neshy skin

* flat feet

* selzures (in about 10 percent)




Psychosocialni projevy FXS

Snizené 1Q. f;’f'*“
Hyperaktivita, hypers;q,’nzﬂwﬂa spOJena se
senzorickymi deﬁ’éty uzkost a zpozdéni
vyvoje. g -

30% pacientti jSOLL aui’lste (2-5%
autistickych'deti ma FXS).

25% pamentu trpl epilepsii.
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Fragile X-assosiated
tremor/ataxia syndrom (FXTAS)

* NejcCastéji se projevuje v pozdejSim vékurcea nad 50 let. Dulezitym
stanovujicim diagnostickym vodlt}«afm" 'mohou” byt - oboustranné
zmeny v oblasti stredniho mozecku V|steIne na I\/IRI (magneticka
rezonance).

* NejCastéejsimi priznaky one Qné'f\rﬂ" sou tr&mor (tfes) a atakticka
chuze (nejista, vravorava, Firovhava se k- chizi opilecke). Dalsich
pfiznaki muze byt rada, nejcastejl pordacha funkce mozecku,
demence, duse\g%}(r t;rpade “ztrata .~ Kratkodobé paméti, Ztréta
matematické i praVofisné ‘dovednosti, parkinsonsky syndrom (tfes
casti téla, svalovd ztuhlost; m|m0voln| pohyby, zpomalena recC),
neuropatle necitlivost‘nebod naopak preC|tI|veIost az paleni rukou a
nohou, m;ky ‘krevii«tlak,” zmény nalad, zvy3ena podrazdénost az
vybuchy vztekuﬁ nevhodne |mpuIS|vn| chovani, obtize s
organizovanim, planova'nl'm a provadenim béinych ukolu
kazdodenniho . zivota, “autonomni dysfunkce (ztrata ovladani
nekterych organu napr. svéracu strev, mocového méchyre).

o



Fragile X associted primary
ovarian insufficiency:(FXPOI)

» Approximately 20-28%,6fWomen with an
FMR1 premutation (55-200 CGG-repeats)
experience fragllep( ’pﬁ%ary ovarian
|nsuff|C|ency ahother 23% experience
early meno ause’ 1 é ,menopause before
the age of(fbrty fr’ve)

(https//www.fragilex-org/html/menopause.htm) '-..'
# ¥



Premutace — casovana bomba v .
genomu s~

« Nemetylované expanzp55 200 Jednotek
CGG jsou nestabilni lyhem melozy a
mohou expandové't do plne mutace.

« Kvelkym e;p,anz;lm docha2| pouze pfi

maternalnlm prenosuf .-
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The simplest explanation of an repeat expansion — an slippage of
DNA polymerase during DNA replication.

.
.



Trinucleotide repeat sequences (TRS) -
dynamic mutations - the number of repeats
tends to increase in size over generations.
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» Several factors contribute to mutational ( =t
dynamics - number of repeats, compositioh’ | =
and length of the repeating motif, presence é- E
of interruptions within the sequence and.” g‘“’ E |ﬂ*wtﬂh NWJJK
the rate of intracellular processes suchr as i 4 S\
. - ulhhfﬂ&»ll&dj
replication, transcription, repalr or, 'S
; : = Sticky DNA
recombination. fr P B 2 TR =
- %
A significant feature;of tandemy “"mmm;ﬁ NN
repeats is ability to,form unusual DNA B o
structures (left-handed Z-DNA, < ‘é;
cruciforms, slipped-stranded DNA, €
triplexes, andtetraplexes). Such non-B- N e m,m:wm;u T
DNA structures potentially may be Stipped DNA " €

hazardous for genome stability if not
removed by repair mechanisms.
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Schematic representation of
the chromatin structure of the
FMR1 gene

In the normal situation the active

“gene has an-open.chromatin
' structure. When the CGG

fepeat (red line) is expanded,
dedcetylation and methylation
of the promoter and CGG
re'éion takes place leading to
a-packaged and less

-accessible chromatin

structure causing inactivation
of the FMR1 gene. Treatment
with 5-azadC results in
demethylation and acetylation
leading to an open chromatin
structure and transcription will
be (partly) restored.

Biochim Biophys Acta. 2009; 1790(6):
467-477.




H3K27

Silent chromatin
i T =
http://www.nature.com/emboj/journal/v24/n15/images/7600743f6.jpg
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Kumari D , Usdin K Hum. Mol. Genet. 2010;hmg.ddq394




e
"z~ Excess, expanded
CGG repeat FMR1

igure 1. Schematic of the two separate pathogenic mechanizms leading to FXTAS
CRMA toxicity™) and fragil yrdrome (absence of FMRT pratein). Gold, CGG
epeat region in DNA and RNA; marcon, protein coding portion of the gene; pink,
ndicates hypermethylation and silencing, also involving upstream promoter region.

http://www.ucdmc.ucdavis.edu/ntri/images/body/figure1.gif



Matune Reviews | Heurosciemncs

The figure shows a hypéthetlca'I mechanism through which the absence of fragile X mental
retardation protein (FMRP) could lead 1o failure of synapse pruning and, as a
consequence, dendrite pruning, in a.typlcal spiny stellate neuron in a whisker barrel
(centre). The model assumes'that FMRP.fegulates the synthesis of structural proteins (for
example, pqStsyna£|c density proteir 95 (PSD-95)) or signalling proteins that form part of
a complexthat is |mportant for stabilizing and maturing developing synapses (see next fig.
for one possible conceptualization/ofithis process). When FMRP is present, this
stabilization complex (carried by‘the transport granule) is selectively targeted to active
synapses (upper left), which results in selective maturation and stabilization of spines
(upper right) and pruning of non-stabilized synapses. In the absence of FMRP (lower left),
the stabilization complex is equally targeted to active and inactive synapses, which results
in a weaker form of maturation and stabilization, and gives rise to greater numbers of
synapses and’an immature morphology (lower right).

. Claudia Bagni & William T. Greenough
Nature Reviews Neuroscience 6, 376-387 (May 2005)


http://www.nature.com/nrn/journal/v6/n5/full/nrn1667.html

Nature Reviews | Noeuroscience
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At synapsess pro,tei-n{yntheéis is Tritfated by different cellular stimuli, and this leads to an independent response of a single synapse that can
influence synaptic plasti€ity. a | In"a wild-type spine, stimulation of metabotropic glutamate receptors enhances the synthesis of fragile X mental retardation
protein (FMRP), which cotlld act td negatively regilate the translation of proteins that are involved in ionotropic receptor internalization during long-term
depression and of proteins that régulate the cytoskeleton' (suéh s microtubule-associated protein 1B (MAP1B), activity-regulated cytoskeletal-associated
protein (ARC), arginine-binding protein 2 (ARGBP2), postsynaptic density protein 95 (PSD-95) and Rac1). This receptor-coupled signalling pathway might also
be responsible for FMRP-phosphorylation and the consequent release of mMRNAs from translational inhibition and/or the activation of translation of other
specific depdritic nRNAs. The correct balance between synthesis and degradation of these proteins would promote and maintain the mature shape of the
synapse. b | In a spine of a patient with fragile X syndrome, or in the mouse model of the syndrome, the absence of FMRP would lead to an increase and/or
decrease in the translation of protein regulators of the cytoskeleton, both of which might have an effect on the lengthening of dendritic spines. ¢ | The absence
of FMRP could also lead to an increase in the translation of proteins that are involved in ionotropic (AMPA (  -amino-3-hydroxy-5-methyl-4-isoxazole propionic
acid) and NMDA (N-methyl-D-aspartate)) receptor internalization (INT.) during hippocampal long-term depression, which could lead to fewer receptors being
present on the postsynaptic membrane and to thinner spines. mGluR, metabotropic glutamate receptor.

. Claudia Bagni & William T. Greenough
Nature Reviews Neuroscience 6, 376-387 (May 2005)


http://www.nature.com/nrn/journal/v6/n5/full/nrn1667.html
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unaffected control.

Abnormal dendritic spine morpholl'(')gy in patients with FRAXA (an increased density of long,
immature dendritic spines). During transport FMRP-mRNA, FMRP suppresses translation.
Stimulation of postsynaptic glutamate receptors (mGIluRs) results in increased protein synthesis.

FMRP, which is also,dpregulated by mGIuRs, serves to dampen this process. The absence of
FMRP.in FRAXA results in over-amplification of this response.

Dendritic Spine Structural Anomalies in Fragile-X Mental Retardation Syndrome: Scott A. Irwin, Roberto Galvez and William T. Greenough.
Cereb. Cortex (2000) 10 (10): 1038-1044.
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GC-rich PCR sys rr;,mw
Metylacné ;pe?cmc;ka PCR

Repeat Prlmed PCR Asuragen)
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Home-made metody

VétSinou zalozeny na prosté
amplifikaci daného useku

VeétSinou odhali pouze alely
o normalni velikosti

Nutno pouzit polymerazy s
proof reading aktivitou



GC rlch PCR systemy
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. Ampllfrkace GC rich templatu slozita —
specialni pufry, specialnipolymerazy, specialni
PCR programy -

« " VeétSinou pouze-alely-o normalni velikosti, dolni
. hranice premutaci

F



Metylacne specific!(é PCR

Methylated DNA Unmethylated DNA

Bisulfite

Amplification Mo Amplification Mo Amplification Amplification



Repeat primed PCR
(Asuragen):

Malé vstupni mnozstvi DNA i
PCR + fragmentacni analyza (5 + 1 h) .
Robustni, rychla, jednoducha

Draha

Applied
Biosystems 27-6-2014 lukas
GeneMapper 4.1

0 200 ; 400 600 800 ) 1000 1200

‘ Sample File Name Size Height Area
1 . 1 2014-06-30 08-30-22.fsa 329.06 4720 70380
2 ’ . 1 2014-06-30 08-30-22 fsa 1057.26 877 18272




Southern blotting

stack of paper towels remave nitrocellulose

paper with tightly bound DNA

icl

af known si
size markers

sponge o LABELED DNA PROBE
alkali solution - HYBRIDIZED TO
! SEPARATED DNA
DA FRAGMENTS SEPARATED SEPARATED DNA FRAGMENTS BLOTTED
BY AGAROSE GEL ELECTROFHORESIS ONTO MITROCELLULOSE PAFER

http:/ /www.accessexcellence.org/f

AB /GG fsouthBlotg.html .
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