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Z hlediska genetiky je treba rozliSovat nasledujici pojmy:

e Geneticka onemocnéni
e Dédicha onemocnéni
e Vrozenda onemocneéni

e Rodinna (familialni) onemocnéni
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MENDELISTICKA DEDICNOST



MENDELISTICKA DEDICNOST

« Mendelisticka dédi¢nost = dédi¢nost znaku sleduje pravidla, ktera jsou
odvozena od Mendlovych zakonu

« V rodokmenech lze sledovat typické vzorce dédicnosti

« Monogenni dédicna onemocnéni
« pfitomnost/absence onemocnéni zavisi na genotypu v jednom genu

« To ale neznameng, zZe je dany znak naprogramovan pouze jednim genem.
Nicméné konkrétni genotyp ma dostatecné velky vliv na znak (za predpokladu,
ze genetické vybava a vliv prostredi se pohybuje v normalnim rozmeazi).



MENDELISTICKA DEDICNOST

e Poskozeni genu pro
e Enzym
e Dédicna metabolicka onemocnéni
e Nedostatek produktu, hromadéni substratu, hromadéni toxického (pozménéného) produktu
e Fenyketonurie, hyperfenylalaninémie
Strukturni soucast bunky
« Membranové kanaly (cysticka fibréza), membranové receptory (familiérni hypercholesterolemie)
Strukturni protein
e Poskozeni tkanovych systému (svalové dystrofie)
Srazeci faktor
e Hemofilie

A dalsi



OMIM

Online Mendelian Inheritance in Man

Aktualizovana, nejvétsi databaze
(prevazneé) mendelisticky dédicnych
onemocnéni clovéka

OMIA
Online Mendelian Inheritance in
Animals

OMIM Gene Map Statistics

OMIM Morbid Map Scorecard (Updated April 3rd, 2020) :

Total number of phenotypes* for which the molecular basis is known 6,632

Total number of genes with phenotype-causing mutation 4,252

* Phenotypes include (1) single-gene mendelian disorders and traits; (2) susceptibilities to cancer and complex disease (e.q.,

BRCA1 and familial breast-ovarian cancer susceptibility, 113705.0001, and CFH and macular degeneration, 134370.0008); (3)
variations that lead to abnormal but benign laboratory test values ("nondiseases”™) and blood groups (e.g., lactate
dehydrogenase B deficiency, 150100.0001 and ABO blood group system, 110300.0001); and (4) select somatic cell genetic
disease (e.g., GNAS and McCune-Albright syndrome, 132320.0008 and IDH1 and glicblastoma multiforme, 147700.0001.)

Distribution of Phenotypes across Genes (Updated April 3rd. 2020) :

Number of genes with 1 phenotype 2,050
Number of genes with 2 phenotypes 788
Number of genes with 3 phenotypes 274
Num ber of genes with 4+ phenotypes 240

Dissected OMIM Morbid Map Scorecard (Updated April 3rd, 2020) :

Class of phenotype Phenotype Gene *
Single gene disorders and traits 5,568 3,871
Susceptibility to complex disease or infection 696 502
“Nondiseases” 148 116
Somatic cell genetic disease 229 120

*Some genes may be counted more than once because mutations in a gene may cause more than one phenotype and the
phenotypes may be of different classes (e.g., activating somatic BRAF mutation underlying cancer, 164757.0001. and
germline BRAF mutation in Noonan syndrome, 164757.0022



MENDELISTICKA DEDICNOST

Dle polohy genu rozliSujeme

o Autosomalni

e Gonosomalni
e X-vazana dédic¢nost
o (Y-vazana dédicnost)

Dle interakce alel rozliSujeme
o« Dominantni
o Recesivni



MENDELISTICKA DEDICNOST

Male Female

Q Unaffected
- ‘ Affected
:I O Heterozygous for recessive allele

g Deceased
7/
. ‘ Index case (propositus)

Marriage

Consanguineous marriage
(between close relatives)

Separated or divorced

Nonidentical twin

Identical twin

D688

@ Heterozygous carrier for X-linked recessive allele



e Muzi a zeny — stejny vyskyt onemocneéni.

 VVyskyt nemoci v rodokmenu
nepreskakuje generace (pozor - de novo
mutace).

o Jestlize jeden z potomkU ma
onemocnéni, pak alespon jeden z rodicu
je také nemocny.

o Jestlize jsou oba rodice nemocni a
potomci zdravi, pak jsou rodice
heterozygoti.




#143890
HYPERCHOLESTEROLEMIA, FAMILIAL, 1; FHCL1

v Clinical Features

Individuals with heterozygous familial hypercholesterolemia develop tendinous xanthomas, corneal
arcus, and coronary artery disease; the last usually becomes evident in the fourth or fifth decade.
Homozygous individuals have a more severe clinical picture with earlier presentation, usually in the
first 2 decades of life (Hobbs et al., 1992). @

The ranges of serum cholesterol and LDL-cholesterol are, in mg per dl, 250-450 and 200-400 in
heterozygotes, greater than 500 and greater than 450 in homozygous affecteds, and 150-250 and 75-
175 in homozygous unaffecteds, with some positive correlation with age (Khachadurian, 1964;
Kwiterovich et al., 1974). ©

v Pathogenesis

By studies of cultured fibroblasts from homozygotes, Goldstein and Brown (1973) and Brown and
Goldstein (1974) showed that thebasic defect concerns the cell membrane receptor for

Normally, LDL is bound at the cell membrane and taken into the cell ending up in lysosomes where
the protein is degraded and the cholesterol is made available for repression of microsomal enzyme 3-
hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase, the rate-limiting step in cholesterol
synthesis. In familial hypercholesterolemia, there is a binding defect due to a dysfunctional receptor.
At the same time, a reciprocal stimulation of cholesterol ester synthesis takes place. Harders-Spengel
et al. (1982) presented evidence that the receptor defect is present on liver membranes.

Neuplna dominance

Zdroj: OMIM



Polycysticka nemoc ledvin

Phenotype-Gene Relationships

Phenotype Phenotype Gene/Locus
Location Phenotype MIM number  Inheritance  mapping key Gene/Locus MIM number
16pl33 Polycystic kidney disease 1 173900 AD 3 PKD1 601313

v Description

PKD1, an autosomal dominant form of polycystic kidney disease (ADPKD), has the cardinal
manifestations of renal cysts, liver cysts, and intracranial aneurysm. Acute and chronic pain and
nephrolithiasis are common complications. The most serious renal complication is end-stage renal
disease, which occurs in approximately 50% of patients by the age of 60 years. The typical age of
onset is in middle life, but the range is from infancy to 80 years (summary by Wu and Somlo, 2000).

(4]

je onemocnéni charakterizované vyskytem cyst v ledvinné klfe a/nebo
parenchymu. Pfitomnosti cyst dochazi k ubytku

funkéniho parenchymu ledviny a muze rezultovat v renalni insuficienci.
Na zakladé dédicnosti muzeme chorobu rozdélit na autosomalné
dominantni a autosomalne recesivni.

Priirez polycystickou ledvinou
Klinicky obraz bolest v bedrech,
hematurie, moc¢ové
infekce

PFicina mutace genu PKD1 (AD)
16. chromozém

Diagnostika CT, USG

Incidenceve 1/1 000


https://www.wikiskripta.eu/w/Cysty
https://www.wikiskripta.eu/index.php?title=Parenchym&action=edit&redlink=1
https://www.wikiskripta.eu/w/Ledvina
https://www.wikiskripta.eu/w/Ren%C3%A1ln%C3%AD_insuficience
https://www.wikiskripta.eu/w/Ren%C3%A1ln%C3%AD_insuficience
https://www.wikiskripta.eu/w/Ren%C3%A1ln%C3%AD_insuficience
https://www.wikiskripta.eu/w/Autosom%C3%A1ln%C4%9B_dominantn%C3%AD_d%C4%9Bdi%C4%8Dnost
https://www.wikiskripta.eu/w/Autosom%C3%A1ln%C4%9B_dominantn%C3%AD_d%C4%9Bdi%C4%8Dnost
https://www.wikiskripta.eu/w/Autosom%C3%A1ln%C4%9B_dominantn%C3%AD_d%C4%9Bdi%C4%8Dnost
https://www.wikiskripta.eu/w/Autosom%C3%A1ln%C4%9B_recesivn%C3%AD_d%C4%9Bdi%C4%8Dnost
https://www.wikiskripta.eu/w/Autosom%C3%A1ln%C4%9B_recesivn%C3%AD_d%C4%9Bdi%C4%8Dnost
https://www.wikiskripta.eu/w/Autosom%C3%A1ln%C4%9B_recesivn%C3%AD_d%C4%9Bdi%C4%8Dnost

Autosomalne recesivni dedicnost

o Muzi a zeny — stejny vyskyt
onemocneéni.

o Vyskyt nemoci v rodokmenu muze
preskakovat generace.

o Jestlize jsou oba rodice nemocni,
potom i vSichni jejich potomci
budou nemocni.

A

o Jestlize je potomek nemocny a
rodiCe zdravi, pak jsou oba rodice
heterozygoti. AA Aa aa



Autosomalne recesivni dedicnost

« Recesivni mutace jsou vétsSinou ztratové — zpusobuiji ztratu funkce
genu

e Ztrata funkce poloviny produktt genu je u heterozygotu
kompenzovana funkénimi produkty dominantni alely (napr. u
enzymatickych poruch vystaci aktivita enzymu produkovaného
dominantni alelou k pokryti potfeb organismu) a nedochazi tak k

projevim onemocneéni.



CYSTIC FIBROSIS; CF

v Description

Cystic fibrosis (CF) is classically described as a triad of chronic obstructive pulmonary disease,
exocrine pancreatic insufficiency, and elevation of sodium and chloride concentration in sweat.
Almost all males with CF are infertile due to congenital bilateral absence of the vas deferens. The
disorder is associated with decreased longevity (summary by Cutting, 2002).

Pri¢inou onemocnéni je porucha transportu
iontd. CFTR je chloridovy kanal, poskozeny
nasledkem mutace v CFTR genu.

V dychacich cestach, GIT a reprodukénim
systému vede zvySend koncentrace
chloridovych aniontd k excesivni reabsorbci
sodiku. Sodik je pasivhé nasledovan vodou a
tim dochazi k dehydrataci hlenu a tedy ke
zvyseni jeho viskozity.

Zahusténim hlenu lze zjednoduSené vysvétlit
vétSinu klinickych projevl CF.

Periciliarni tekutina ma byt normalné
hypotonicka, u CF je izotonicka, coz poruSuje
schopnost baktericidie a pUsobeni
antimikrobialnich peptidd. Timto se vysvétluje
inicialni bakterialni kolonizace. Infekce stimuluje
buriky k dalSi tvorbé hlenu, a tim zhorSuje
obstrukci dychacich cest.

Zdroj: OMIM, Genetika
(Snusatd, Simmons)



v

Autosomalné recesivni dedicnost

SRPKOVITA ANEMIE

jedna se o tézkou hemolytickou anémii, spojenou s poruchami prospivani, dysfunkci sleziny a
tzv. vazookluzivnimi krizemi — ty jsou vyvolany ucpanim kapilar erytrocyty v koncetinach, ve
sleziné a plicich. Bez patricné |ékarské péce je choroba letalni. Heterozygoti jsou klinicky
zdravi (nebo maji velmi malé klinické projevy), pfi vysetfeni jevi pouze Cast erytrocytu
srpkovitost.

Mutace zpUlsobuje zdménu AMK v polypeptidu v B-globinovém fetézci. Na Sesté pozici je
zarazen valin misto kys. glutamové. Zménény hemoglobin oznacujeme jako HbS.

Pricinou zameény je zména jednoho nukleotidu (bodova mutace), kterd zplsobi zménu
isoelektrického bodu hemoglobinu (misto zaporné nabité kys. glutamové je zde nepolarni
valin).

@ Normal red blood cells

Normal
red blood

(RBC)
[ \: /\n
(4

RBCs flow freely
within blood vessel

@ Abnormal, sickled, red blood cells
(sickle cells) ,
Sickle cells \
blocking / /
blood flow & Z -
S = Cross-section of sickle cell

Abnormal

hemoglobin
form strands

Vyskyt srpkovité anemie

ve svéteé




Gonosomalni dedicnost

Dédicnost vazana na pohlavi (pohlavni chromosomy) = Sex-linked

| Odlisovat !

Dédicnost pohlavim podminéna = Sex limited
e Kryptorchismus

Dédicnost pohlavim ovlivhéna = Sex influenced
« PleSatost



Gonosomalni dedicnost

X Y
PAR1 PAR1 . Y -
H O m O | Og I C ke u Se ky — Dosage-sensitive
sex reversal (DAX-1) gene
PAR
’ ’ ’ — Sex-determining
neuplna vazba na pohlavi region (SAY) gene
Centromere *** waw PAR2
Heterologické useky
/7 /7 A4 [V 4 v
X — Va Za n a d ed IC n OSt X chromosome Y chromosome

Y —vazana déedicnost = holandricka

PAR2
Ll

https://ars.els-cdn.com/content/image/3-52.0-B9780123821843000052-f05-03-9780123821843.jpg



X- vazana recesivni dedichost

e Casté&jsi vyskyt u muzl nei u Zen:

XXy XoX, X X, X,Y X.Y

zdrava nemocna zdravy nemocny
o Jestlize je matka nemocna, vsichni jeji synové budou nemocni.

« Onemocnéni se nepredava po otcovskeé linii (z otce na syna).



X- vazana recesivni dedichost




\"

X- vazana recesivni dedichost

HEMOPHILIA A; HEMA

Alternative titles; symbols

HEMOPHILIA, CLASSIC

Zdroj: OMIM

Phenotype-Gene Relationships

Phenotype Phenotype Gene/Locus
Location Phenotype MIM number Inheritance mapping key Gene/Locus MIM number
Xq28 Hemophilia A 306700 XLR 3 F$ 300841

v Description

Hemophilia A is an X-linked recessive bleeding disorder caused by a deficiency in the activity of
coagulation factor VIII. The disorder is clinically heterogeneous with variable severity, depending on
the plasma levels of coagulation factor VIII: mild, with levels 6 to 30% of normal; moderate, with
levels 2 to 5% of normal; and severe, with levels less than 1% of normal. Patients with mild
hemophilia usually bleed excessively only after trauma or surgery, whereas those with severe
hemophilia have an annual average of 20 to 30 episodes of spontaneous or excessive bleeding after
minor trauma, particularly into joints and muscles. These symptoms differ substantially from those
of bleeding disorders due to platelet defects or von Willebrand disease (193400), in which mucosal
bleeding predominates (review by Mannucci and Tuddenham, 2001). [

v Nomenclature

The term 'hemophilia’ is used in reference to hemophilia A (factor VIII deficiency); hemophilia B or
Christmas disease (factor IX deficiency; 306900) and von Willebrand disease (von Willebrand factor
deficiency; 193400). Hemophilia A and B are X-linked recessive disorders; von Willebrand disease
has an autosomal dominant, or in some cases, an autosomal recessive mode of inheritance (review
by Mannucci and Tuddenham, 2001). 4+
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Dédicna metabolickd onemocnéni -
diagnostika

« V pfipadé dédi¢né metabolické poruchy zplsobené deficitem enzymu nebo transportniho proteinu dochdzi v
misté metabolického bloku k hromadéni specifickych metabolitli. Podezfeni na uréitou DMP Ize pak vyslovit
bud' na zakladé stanoveni zvySené koncentrace metabolitli hromadicich se nad metabolickym blokem nebo
stanovenim sniZzené koncentrace (event. nepfitomnosti) metabolitd pod timto blokem. Podezieni na DMP pak
musi byt ovéreno, coz je mozné provést na urovni enzymu nebo genu.

« Metodika tandemové hmotnostni spektrometrie

« Sekundarni prevence predevsim metabolickych onemocnéni- Novorozenecky laboratorni screening:

« vrozenad snizend funkce stitné Zlazy (kongenitdlni hypotyredza - CH), vrozend nedostatec¢nost tvorby hormon( v
nadledvindch (kongenitalni adrendlni hyperplazie - CAH), vrozena porucha tvorby hlenu (cysticka fibréza - CF), dédicné
poruchy latkové vymeény aminokyselin*, vrozena porucha latkové vymény aminokyseliny fenylalaninu (fenylketonurie -
PKU a hyperfenylalaninemie - HPA), argininémie (ARG), citrulinémie I. typu (CIT), vrozena porucha latkové vymény
vétvenych aminokyselin (leucindza, nemoc javorového sirupu - MSUD), homocystinurie z deficitu cystathionin beta-
syntazy (CBS), pyridoxin non-responzivni forma, homocystinurie z deficitu methylentetrahydrofolatreduktazy (MTHFR),
glutarova acidurie typ | (GA 1), izovalerova acidurie (IVA), dédi¢né poruchy latkové vymény mastnych kyselin*, deficit
acyl-CoA dehydrogenazy mastnych kyselin se stfredné dlouhym rfetézcem (deficit MCAD), deficit 3-hydroxyacyl-CoA
dehydrogenazy mastnych kyselin s dlouhym retézcem (deficit LCHAD), deficit acyl-CoA dehydrogenazy mastnych kyselin
s velmi dlouhym retézcem (deficit VLCAD), deficit karnitinpalmitoyltransferazy | (deficit CPT 1), deficit
karnitinpalmitoyltransferazy Il (deficit CPT Il), deficit karnitinacylkarnitintranslokdzy (deficit CACT), dédi¢nd porucha
premény vitamin(*, deficit biotinidazy (BTD)



Mendelisticka dédi¢cna onemocnéni -
diagnostika

e« PCR-RFLP

e PCR-sekvenovani
e Real time PCR

e NGS



MENDELISTICKA DEDICNOST

KOMPLIKACE PRI DIAGNOSTICE A ELIMINACI ONEMOCNENI



Heterozygotnost u recesivhich onemocnéni

U recesivnich onemocnéni
jsou heterozygoti zdravi, ale
prenaseji recesivni alelu do
dalSich generaci.

Hardy- Weinberglv zdkon
udava vztah mezi frekvenci alel
a frekvenci genotypd.
Umoznuje odvodit frekvenci
heterozygotl (Aa) z frekvence
nemocnych (aa).
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Penetrance a expresivita

Ackoliv je vliv prostredi a ostatnich gen u mendelistické (monogenni) dédi¢nosti maly a Re
vétSinou zanedbatelny, existuji vyjimky, které popisujeme pomoci téchto velicin —
penetrance a expresivita alad

PENETRANCE rJv{uttifactorial with sing
« Definuje pravdépodobnost s jakou bude dany fenotyp manifestova major locus
ve fenotypu.
o Pokud je u autosomalné recesivniho (AR) onemocnéni penetran . _
Multif@etorial

90% znamena to, Ze 90% z recesivnich homozygotl bude

nemocnych a u 10% se nemoc neprojevi.

EXPRESIVITA olygeni

« Se pouziva pouze pokud je penetrance 100%. Udava variaci ve
fenotypu mezi jedinci se stejnym genotypem.

« AR onemocnéni: penetrance 100%, vSichni nositelé genotypu aa
jsou nemocni. Ale existuji rozdily v zavaznosti onemocnéni a projevu
mezi jednotlivymi nemocnymi.



Geneticka heterogenita a mikroheterogenita

« Genetickd heterogenita popisuje situaci, kdy stejny/podobny fenotypovy projev
(onemocnéni) muze byt zplisoben mutacemi v riznych genech.

(Také nazyvano lokusova heterogenita).

« Genetickd mikroheterogenita — stejny/podobny fenotypovy projev
(onemocnéni) muze byt zpusoben riznymi mutacemi ve stejném genu.
MUzeme také nalézt pod oznacenim alelicka heterogenita.

« Fenokopie - stejny/podobny fenotypovy projev je zplsoben vlivy prostredi



Geneticka heterogenita a mikroheterogenita

Phenotype-Gene Relationships

Phenotype Phenotype Gene/Locus
Location Phenotype MIM number Inheritance mapping key Gene/Locus MIM number
16p13.3 Polycystic kidney disease 1 173900 AD 3 PKD1 601313

v Description

PKD1, an autosomal dominant form of polycystic kidney disease (ADPKD), has the cardinal
manifestations of renal cysts, liver cysts, and intracranial aneurysm. Acute and chronic pain and
nephrolithiasis are common complications. The most serious renal complication is end-stage renal
disease, which occurs in approximately 50% of patients by the age of 60 years. The typical age of
onset is in middle life, but the range is from infancy to 80 years (summary by Wu and Somlo, 2000).

[+

Genetic Heterogeneity of Polycystic Kidney Disease

Also see polycystic kidney disease-2 (PKD2; 613095), caused by mutation in the PKD2 gene (173910)
on chromosome 4q22; PKD3 (600666), caused by mutation in the GANAB gene (104160) on
chromosome 11q13; PKD4 (263200), caused by mutation in the PKHDI1 gene (606702) on
chromosome 6p12; PKD5 (617610), caused by mutation in the DZIP1L gene (617570) on chromosome
3q22; and PKD6 (618061), caused by mutation in the DNAJB11 gene (611341) on chromosome 3q27.
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Na vysledném fenotypu se podili vice riznych gent spolecné s faktory prostredi.

Single gene

Faktory prostredi:
Dieta, zivotni styl, toxiny, chemické latky, teratogeny,
vliv starnuti organismu, ...

Celiakie

Autoimunitni onemocnéni
Rakovina

Alzheimerova choroba
Vysoky krevni tlak

Diabetes

Ischemicka choroba srdec¢ni
VVV (rozstép patra)
Schizofrenie

Genetic

Polygenic Environmental



Gregor Mendel

Znak je dan jednim
genem

Znaky maiji diskrétni,
diskontinuitni
charakter

Barva kvétu, krevni
skupiny

Qualitative
Discontinuous variation
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Francis Galton

Komplikované
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vlivem prostredi

Znaky maji kontinuitni
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Continuous variation
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(A) One locus

80

(C) Three loci

aabbee
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(B) Two loci
AAbb
AaBb
aaBB
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aaBb
aabb AABB
1 L 1 1 1
AaBBcc 70 80 20 100 120
(D) Many loci

~

Mnoho alel mnoha gent vytvar
velké mnozstvi moznych
kombinaci.

Na urovni populace nalezneme
kontinualni variabilitu
genotypd, ktera sleduje
gaussovské rozdéleni Cetnosti.



(A) One locus Aa (B) Two loci
AAbb
AaBb
aaBB
aa AA Aabb AABb
aaBb AaBB
| aabb | anBB
L s 1 J 1 1 1 X: 1 I8 A 1 L
70 80 20 100 10 120 130 AaBBCC 70 80 920 100 10 120 130
(C) Three loci (D) Many loci

Aabbec
aaBbcc
aabbCe

aabbee

70 80

90 100 110 120 130

Kontinualni genotypova variabilita

Kontinualni fenotypova variabilita

Diskontinuitni fenotypova variabilita




Appros. %5 of affected popalation
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Threshold value

Distribution of liability in | £l
of liability

the general population |

B Affected people

Liability -

Nachylnost k onemocnéni (liability) a je u
kazdého jedince definovana unikatni kombinaci
jeho genotypu a na néj plsobicich faktor(
prostredi.

Fenotypova variabilita je diskontinuitni a
kvalitativni: Zdravi vs. Nemoc

Souvislost mezi kontinuitni genotypovou a
diskontinuitni fenotypovou variabilitou
vysvétluje prahovy model.

Predpoklada existenci prahové hodnoty
(treshold value).

Pokud se soucet genetickych faktoru a vlivu
prostredi pohybuje za touto prahovou
hodnotou, projevi se fenotypové jako
onemocnéni (¢i vrozena vada).



Distribution of liability in Threshold value
the general population of liability

W Affected people

Liability !

Fenotypova variabilita je diskontinuitni a
kvalitativni: Zdravi vs. Nemoc

Nemocni vykazuji kontinuitni variabilitu.

2 c* ’Q_, =

Normal lip Unilateral cleft lip
and palate incomplete

Bilateral cleft lip and Unilateral incomplete
palate incomplete

Cleft lip Bilateral cleft lip

Cleft palate Unilateral cleft Bilateral cleft lip
lip and palate with full palate

https://media.healthdirect.org.au/images/inline/original/cleft-lip-and-cleft-palate-examples-f2ce6a.jpg



Geny (jejich konkrétni varianty) pfimo nedeterminuji dané onemocnéni,
tak jako u mendelistické dédicnosti, ale jsou zodpovédné za predispozici

(vhimavost) k
Lehka genetic
stejny efekt ja
zatéz a na zak

situace nelze rozlisit.

danému onemocneéni.

ka predispozice + tézka environmentalni zatéz muze mit
ko vazna geneticka predispozice + lehka environmentalni

adé fenotypu (pritomnosti onemocnéni, VVV) tyto dvé
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Mitochondrialni dédicnost

V mitochondrialnim genomu (mtDNA) je kédovano 37
strukturnich gend, z nichz 1/3 kéduje podjednotky
ucastnici se tvorby ATP v respiracnim retézci.

Dysfunkce mitochondrialniho respiracniho retézce -
tkané a organy, s vysokymi naroky na prisun energie
jsou postizeny prednostné:

Neuromuskularni a centralni nervovy systém, oko, srdce, ucho

Matroklinni dédi¢nost.
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CO = cytochrome oxidase (COX) subunit genes

CYT b = cytochrome b

ND = complex | subunit genes

0= = origin of heavy strand replication

O. = origin of light strand replication

D-loop = non-coding displacement loop or control region



Mitochondrialni dédicnost

V kazdé bunce se nachazi stovky az tisice kopii mitochondrii.

O homoplazii mluvime v pripadé, ze se u daného jedince (v dané bunce)
vyskytuji pouze mitochondrie jednoho typu.

Jedinci s mitochondrialnim onemocnénim vykazuji heteroplazii - v jejich
bunkach nachazime smés ,,zdravych, normalnich® mitochondrii a
mitochondrii mutovanych.

Onemocnéni se projevi teprve v pripadé, ze pomér mutantnich
mitochondrii prekroci urcity prah. Tento prah muze byt ruzny pro ruzné
jedince ¢i tkané.



Mitochondrialni dédicnost

LHON
Leber Hereditary Optic Neuropathy

Oboustranna, bezbolestna porucha zraku, ve vétsiné pripadd vedouci k
uplné slepoté.

U muzu je riziko vzniku onemocnéni 5x vyssi, ale nemohou ho predat na
potomky.

Mechanismus: selektivni degenerace zrakového nervu a gangliovych
bunék sitnice



Expanse trinukleotidovych repetici (dynamické mutace)

Mutace je definovana jako nahla, neusmérnéna a trvala zména
genetického materialu.

Oproti ,klasickym® mutacim se dynamické mutace mohou z generace na
generaci €i v zavislosti na typu tkané ménit.

Pri replikaci dochazi k expansi nestabilniho elementu, kterym je
nej€astéji trinukleotidova repetice.



Expanse trinukleotidovych repetici (dynamické mutace)

U jednotlivych nemoci existuje ruzny pocet opakovani, pri kterém je jedinec jesté
zdravy. Pri prekroceni této hranice se vyviji onemocnéni. Jedince s hrani¢ni
hodnotou opakovani oznacujeme jako nositele premutace.

S narustajicim poctem opakovani souvisi pozorovany jev anticipace - zhorsovani
priznaku a zkracovani doby nastupu onemocnéni z generace na generaci.

Okamzikem, kdy je dosazeno daného prahu, se onemocnéni dédi v rodinach
mendelisticky jako autosomalné dominantni.



Expanse trinukleotidovych repetici (dynamické mutace)

Popsano jiz vice nez 40 neurodegenerativnich a
neuromuskularnich onemocnéni.

Syndrom fragilniho X

Druha nejcastéjsi pricina vrozené mentalni retardace hned za Downovym syndromem

Huntingtonova choroba

Poskozeni neuront v bazalnich gangliich, chorea - mimovolni pohyby, zaskuby + progresivni demence
Friedreichova ataxie

Bez poruchy kognitivnich funkci, ataxie - porucha koordinace pohybd, vétSinou zasazen mozecek

Myotonicka dystrofie

Myotonie - svalova slabost + srdecni vady, ...



Expanse trinukleotidovych repetici (dynamické mutace)

Trinucleotide repeat diseases

Huntington's

Fragile-X disease and || Friedreich Myotonic
Syndrome || many SCAs ataxia dystrophy

CGG CAG GAA CTG

UTR Exon Intron Exon UTR 3¢
B Full mutation
B Premutation range (may expand to a UTR = untranslated region

full mutation in the next generation) SCA = spinocerebellar ataxia

B Normal alleles



Genomovy imprinting

Parentalni (téZ nazyvany genomovy nebo gameticky) imprinting je
definovan jako reverzibilni proces, kdy specifickd modifikace gent v
parentalni generaci vede k funkénim rozdilim mezi paternalnimi a
maternalnimi genomy v diploidnich bunkach potomstva.

Je vyznamnym faktorem v embryonalnim vyvinu savcl a jeho
jednoznacnymi dukazy jsou geny, jejichz alely jsou aktivhi pouze
paternalniho nebo maternalniho puvodu, tj. jejich exprese zavisi vyhradné
na pohlavi rodice, od kterého byla prislusna alela zdédéna.

Imprinting = inaktivace mechanismem methylace CpG ostruvku.



Genomovy imprinting
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Genomovy imprinting

manipulate
germ cells

pathologic
nterpretation

Normal zygote Gynogenetxe ‘zygoxd

Surani, McGrath and Solter, 1984-1987

Androgenctx “zygoxd

Pokusy s transplantaci jader
V rané zygoté u mysi.

Na zakladé téchto (a dalsich)
pokusu vyslovena teorie
parentalniho konfliktu,
vysvetlujici davod existence
rozdilné exprimovanych
genu.



Genomovy imprinting

Tradicné uvadéni priklad imprintingu:
Neekvivalentni reciproka krizeni mezi
oslem a koném.

Efekt I1ze vSak vysvétlit i dalSimi
hypotézami.




Genomovy imprinting

N ael

Nejcastéjsi pricinou poruchy genomového imprintingu je
uniparentalni disomie.

V normalni bunce musi byt pritomen v kazdém paru chromozém vzdy jeden
paternalni a jeden maternalni, protoze jsou odliSné imprintovany. Po meiotické
nondisjunkci a fertilizaci nastava trisomie s moznosti nasledné mitotické ztraty
nadpocetného chromozdému, coz muze vést k uniparentalni disomii s chybnou
(pouze paternalni nebo maternalni) expresi gend.

Uniparentalni disomie

Normalni
jeden chromosom od matky, jeden od otce



Genomovy imprinting

Imprintované lokusy nejsou v genomu nahodné rozptyleny, ale naopak
se casto vyskytuji ve shlucich.

U clovéka se nachazeji nejznaméjsi shluky imprintovanych genu na
chromozomech 15 a 11.

Chromozom 15 spojen s onemocnénimi: Prader-Williv a Angelmanuv
syndrom.

Chromozom 11 - Beckwith-Wiedemannuv syndrom.



Genomovy imprinting

o Beckwith-Wiedemannuv syndrom

« Nadmérny fetalni rdst nasledovany %
nadorovym bujenim v détském P __ b N Cormal
veku. M —-— -
e Chybny imprinting - nadmérna
exprese paternalniho IGFII (Insulin
like growth factor). J —-_—
e Chybny imprinting - inaktivace M —i - —
exprese maternalniho H19 Isf? H19

(potlac¢ovani rastu embrya).

Zdroj: prof. Vyskot



Genomovy imprinting
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Zdroj: prof. Vyskot
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|# mother's egg

gonadal sex germ cell fertilization blastocyst : germ cell gonadal sex
determination  development implantation migration determination

Fig. 1. There are multiple periods during which environmental exposures could affect the F, individual’'s methylation status, potentially affecting the F, phenotype. The
first window is during Fo (parental) germ cell development when methylation is reprogrammed following imprint erasure in the father's sperm (solid blue line) and the
mother’s egg (solid red line) The second window is post-conception, during F1 embryonic development, when all but imprinted genes are demethylated, with the male
germ line (dashed blue line) demethylating more quickly, followed by the female germ line (dashed red line). Imprinted genes (purple line) maintain their methylation
marks throughout this reprogramming, allowing for the inheritance of parental-specific monoallelic expression in somatic tissues throughout adulthood [203]. All of the
non-imprinted genes are subsequently remethylated once the embryo reaches the early blastocyst stage. During the gonadal sex determination of the Fi embryo, primordial
germ cells undergo epigenetic reprogramming, where parental imprinting is erased, as the germ cells of the F; individual mature (solid light blue or pink line). To determine
whether epigenetic alterations are transmitted transgenerationally, the Fz generation must be studied (see text and Fig. 2) [7]. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of the article.)

Perera and Herbstman, 2011



