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__= Gen je jednotka‘infoermace, dle niz je

———

-~ vytvarena podoba organismu = fenotyp

= Kazdy gen je tvoren jednou nebo vice
alelami.

etni forma genu.. .
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__- maji velky eT‘ktﬂa fenotyp
- zevni-vlivy jejich expresi ovlivauji jen nepatrne
- koduiji kvalitativni znaky

(barva ocCli, tvar boltce, struktura hemoglebinu)™

| otny gen ma obvykle maly'vyznam
- slozite mezialelove interakce
- koduji' kvantitativni znaky (napr.velikost tela)



VIE DVC IILCIANLC

-Uplna dominance a uplna recesivitz

Dominantni (A) x recesivni (a)

Pritomnost dominantni alely jednoznacne urcuje
vysledny fenotypovy projev "A"

YPOVY projev "a -

Napr. AA, Aa, aA = cerveny kvet, aa = bily kvet

(fenotypove nelze odlisit heterozygota Aa, aA od homozygota AA)



W SieVeldniehakee

. Netiplna dominance a neuplna recesivita
. ———

Dominantni (A) x recesivni (a)

Pritomnost dominantni alely zeela nepotlaci
fenotypovy projev alely recesivni

ad — b|Iy kvet
(fenotypove Ize odliSit heterozygota Aa, aA od homozygota AA)



NMezigleloyes

"3 Kodominance
e —

Kazda alela se projevuje fenotypove

nezavisle na druhe -

v

mpEkiadem jsou kreyil




A. spontanni
- vznik chybou v replikacnim a reparaénim_mé'ghanismu
DNA

- vznik pusobenim mutagenu



= zmény v molekule DNA

= chromozomove
= zmeny Struktury a tvaru chromozomu
Chromozomove aberace),

= genomove
= Zmeny poctu chromozomu



s==Chybenijednoho ci vice po sobe nasledujicich
paru bazi

Pred mutacr —
A-A-A-G-G-A-T-T-A-C-C - T ..........
PHENYLALANIN PROLIN ASPARAGIN GLYCIN

Po mutacl
A-A-A-G-A-T-T-A-C-C-T .cco.eern.....

PHENYLALANIN LEUCIN METHIONIN
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- = |nzerce =

w==clenenitjednoho ci vice po sobe nasledujicich
paru bazi

Pred mutaci —
A-A-A-G-G-A-T-T-A-C-C - T ..........
PHENYLALANIN PROLIN ASPARAGIN GLYCIN

Inzercni mutace

Po mutacl
A-A-A-G-G-G-A-T-T-A-C-C-T..........

PHENYLALANIN PROLIN LEUCIN TRYPTOFAN



=== sutrstltu e
s =Tnahrada jednoho ci vice po sobe hasledujicich
paru bazi bazemi jinymi

Pred mutaci —
A-A-A-G-G-A-T-T-A-C-C - T ..........
PHENYLALANIN PROLIN ASPARAGIN GLYCIN

Po mutacl
A-A-A-C-A-G-T-T-A-C-C-T ..........

PHENYLALANIN ASPARAGIN GLYCIN
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- = nverze =

= ameénarporadi jednoho 6i vice po sobé nasledujicich
paru bazi
Pred mutaci —
A-A-A-G-G-A-T-T-A-C-C - T ..........

PHENYLALANIN PROLIN ASPARAGIN GLYCIN

Po mutacl
A-A-A-G-A-G-T-T-A-C-C-T..........

PHENYLALANIN ASPARAGIN GLYCIN



A-~zdravy-dominantni gen
a ... vadny recesivni gen













1 prenasec + 1 rodic s vadou




Oba rodice s vadou

da ada




acnove vaay
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————11 Ioluchigy__ - normalni nalez
- typ Mondiniho

- typ Scheibeho

Geneticky podminene
syndromalini
- - nesyndromailni

= Nehereditarni



areditarni-=-d

e — o D —

.—j_. : — . _,_‘_:: —
~ _histologicky. - normalni nalez
- typ Mondiniho

1.5 turns of cochl
with cystic apex

- http://luwmsk.org/temporal
bone/congenital.html -

enlarged vestibular aquaduct



acnove vaay
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————11 Ioluchigy__ - normalni nalez
- typ Mondiniho

- typ Scheibeho

Geneticky podminene
syndromalini
- - nesyndromailni

= Nehereditarni



Negeneticke priciny vady sl sluchu

= extrémné nizka porodni hmotnost

= pre-, peri- a postnatalni infekce

= krvaceni do CNS -

= novorozenecky ikterus il
matass..

= ototoxicke latky




= monogenni (cca 50%)

= polygenni
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- Syndromlcke vady sluchu

= Pendredtiv sy (75 : 100 000)
= Goldenharuv sy (17 : 100 000)
= Charge (8 : 100 000)

: Waardenburguv SV (5 100 0/0/0) i

er-Collins (2 : 100 000)
= Alportuv sy (0,5 : 100 000)




Vyskyt sluchove vady udeti

p——

?-

-—

'E:-—-EEESWO vrozenych sluch.vad ma genetickou
etiologii
= vyskyt cca 1/1000 deti -
= Autosomalne recesivni 75%

Autosomalne dominantni 20%

—-\ — .

‘a.:na NGO MOS0 40
: alni 1% —_—

VTG ONC



donogenni sluchova vada

gt W |

—_— e —~<1 — T PN ol | 3 = - -
— IPG e .‘»,._'.— .'E-. INESSES
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DFNA = autosomalne dominantni
DFNB = autosomalne recesivni

X DFN = recesivné vazané na X - —
- Bezecne identifikovano | jIZ vice nez 100 i

26 genu (42 lokusu) DFNA
40 genu (74 lokusu) DFNB
3 geny (5 lokusu) X



Smith & van Camp (1999)

.=-5A-R..ty.py_nedoslychavost|
- prelingualni
- tezke

= AD typy nedoslychavosti
- ﬁﬁmnguaml







http://www.answers.com/topic/scala-vestibuli?cat=health
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Engstrom, H., Engstrorffegys The Ear. Uppsala
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M. Eybalin, M. Lavigne-Rebillard, M. Lenoir, J.L. Puel,
G. Rebillard, J. Ruel, N. Trigueiros-Cunha, J. Wang
INSERM Unit 254 (up to 2002), now INSERM Unit 583



-A"v

transduction

channels

M. Eybalin,

M. Lavigne-Rebillard,
M. Lenoir, J.L. Puel,
G. Rebillard, J. Ruel,
N. Trigueiros-Cunha,
J. Wang:

INSERM Unit 254 (up
to 2002), now INSERM
Unit 583




~ADICce

transduction

channels

M. Eybalin,

M. Lavigne-Rebillard,
M. Lenoir, J.L. Puel,
G. Rebillard, J. Ruel,
N. Trigueiros-Cunha,
J. Wang:

INSERM Unit 254 (up
to 2002), now INSERM
Unit 583




transduction
WELNWES

M. Eybalin,
M. Lavigne-Rebillard,

M. Lenoir, J.L. Puel,
G. Rebillard, J. Ruel,
N. Trigueiros-Cunha,
J. Wang:

INSERM Unit 254 (up
to 2002), now INSERM
Unit 583




transduction
WELNWES

M. Eybalin,
M. Lavigne-Rebillard,

M. Lenoir, J.L. Puel,
G. Rebillard, J. Ruel,
N. Trigueiros-Cunha,
J. Wang:

INSERM Unit 254 (up
to 2002), now INSERM
Unit 583




transduction
WELNWES
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ENDOLYMPH

\ \‘ \ gated calcium channels
LR B LR =S —e
) =\ \\R Vstup kalciovych iontl z perilymfy
\ do OHC ma 2 efekty:
' Hepoiaaon H voltage-gated
” / \ ” calcium channel == -
s 1. Uvolneni neurotransmiteru
Ca%/“jF\ (glutamat)
| &

\ @m\ 2w
® o

2. Otevreni calcium activated
neurotransmitter
|09 "/~

_potassium channels _—
';;_T‘——lleurotmnsnllitwr K+ VYStUpUJe yA OHC
ﬁ:: t:/ \\‘|'q
.\ 7}1"\— afferent
PERILYMPH . (¢ nerve

http://openlearn.open.ac.uk/mod/reso
urce/view.php?id=263162



M. Eybalin, M. Lavigne-
Rebillard, M. Lenoir, J.L.
Puel, G. Rebillard, J. Ruel, N.
Trigueiros-Cunha, J. Wang
INSERM Unit 254 (up to
2002), now INSERM Unit 583
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M. Eybalin, M. Lavigne-Rebillard, M.
Lenoir, J.L. Puel, G. Rebillard, J.

Ruel, N. Trigueiros-Cunha, J. Wang
INSERM Unit 254 (up to 2002), now

INSERM Unit 583
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voltage- ligand-gated ligand-gated mechanically
gated (extracellular (intracellular gated
ligand) ligand)

N ‘“' i ”
| |

]
.. 00 b

iqure 11-21. Molecular Biology of the Cell, 4th Edition,




Autosomaliné dominantni (DFNA)

- ‘

Gen Protein Lokalizace

e —— —
DFENA1 Diaphanous 5031

DENA2 Connexin 31 a KCNQ4 1p34
DENA — - o'l 5

DENASH
DFENAQ COCH 14q11-130.
DFNA15 POU4F3 5031



Autosomalné recesivni (DFNB)

Gen Protein Lokalizace

. — —
DFENB1 Connexin 26 13912.11

DFNB9 Otoferlin 2p23.1
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VIeSTN®rATa 15A - motoricka molekula
- prelingualni tezka nedoslychavost

- snizena nebo chybegjici funkce vestibularniho aparatu

- alelicka identita s Usherovym syndromem typu 1B

Pendrin - transportni protein aniontu
- prellngualnl S tezkym postlzenlm vysokych frekvenCI

Otaererin - komponentarsynapt. vesikulu
- prelingualni, tézka nedoslychavost
- auditory neuropathy




X-vazane recesnvnl (DFN)

Gen Protein |_okalizace e
- F—

DDP — Xg22
POU3F4
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~_ podminéna sluchova va

e
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Connexint26 i



Celosvetovy vys kyt

—— e

0% AR AR pripadu vroz-egﬁza nesyndromove hereditarni
sluchoveé vady zplusobeno mutaci 13g12.11 (DFNB1)

= Gen GJB2 koéduje protein Connexin 26 (Cx26)

= Popsano 1997

cionarni kongenitalni percep

ady je extrémné variabilni a nemutize byt predikovana

= Vyskyt mutace v genofondu evropské populace 1:30 — 1:60



——

p

- _kongenitalni percepcni sluchovou vadou

~ = \/'CRbialelicka mutace v. GJB2 u 43%apa‘6ientl‘] s

— Euro-kavkazska populace: c.35delG (82,8%)

— Romska populace: p.Trp24Stop (9,7%)

— Askenazove: p.dell67T
; —

13g11-12
Od paru bazi 20,761,601 po par 20,767,113

13p12

13q12.12
13q13.1

13q14.12

139211

13q21.33

13931.1
13932.2
13933.3

13p13-€0




gap junction

CONNexon transmembrane domains (M1-M4)
(cell A} extracellular loops (E1 and E2)
Cytoplasm cytoplasmec loop (CL)
S e minsldomans L bhand Oy
extracellular

Fl.-.,_- ..E.__'. ‘.l..‘-..ii':- E

 Se—

Cytoplasm

Connexorn
(¢l B)

Connexan

C-term
(COOH)

Connexin structure

upload.wikimedia.org/wikipedia/commons/thumb



Endolymph
with l?rlgh K™ ™~

. r
Supporting
cells

http://www.nature.com/nrn/journal/vl/nl/images/nrn1000_021a_f4.gif
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-:—Hﬁduk%em—e*pfese tohoto genu je protein pendrin
= Pendrin = prenasec¢ aniontu pres bunéénou sténu
= Vrozena porucha sluchu a pozdeji porucha funkce stitné

yAr-VAY
= Typickymi anomaliemi je rozsSireni kanalku vestibularniho
akvaduktu (EVA - enlarged vestibular aqueduct) a/nebo

ni po§redn|ho zavitu hlemy



1.5 turns of cochl
with cystic apex

dilated vestibule

enlarged vestibular aguaduct



Goldenharuv syndrom

e T)FedpoRlada se-kmﬁm@e-genetlckych faktord a zevnich
- vlivl plisobicich na dité v d&loze

= deformace s narusenym vyvojem nosu, ocCi, Celisti, rtd,
mekkeého patra a usi typicky na jedné polovine obliceje

= Casto jsou pritomny rozstepy patra, poruchy zraku a
deformity patere

https://www.genetickesyndromy.sk/syndromy/goldenharov-syndrom/



Syndrom CHARGE

— —

B — —
———

—=- -0loboma.of the eye
= eart defects
= tresia of the choanae —
= etardation of the growth/development '
= enital/urinal abnormalities

normalities




Syndrom CHARGE

https://www.chargeacrosseurope.com/cms/pages/pictures-charge-syndrome.php?lang=EN



Waardenburguv syndrom

= porucha sluchu
= deformace obliCeje
= narusena pigmentace kuze, oc€i a viasu



Waardenburguv syndrom

i

https://www.medweiser.com/healthfeed/heterochromia-iridis/

https://en.wikipedia.org/wiki/Waardenburg_syndrome



Usheruv syndrom

= |-|II autosomalné recesivni
V vazba na X chromozom

= Percepcni nedoslychavost + ret|n|t|s
pigmentosa T

https://www.ncbi.nIm.nih.gov/books/NBK1155
3/figure/ch36clinicalerg.F12b/




Treacher CoIIins syndrom

gé’bva mutacev
"""'_EDFTgenu na chromozomu 5932-933.1

= zeSikmeneé ocCi
= zapadla brada =

= orofacialni rozstep dle stupne postizeni (rozstep
atra, cellstl rtu nebo kombinace), Celistni 3

- &

—




Treacher Collins syndrom

https://cs.wikipedia.org/wiki/Treacher_Collins%C5%AFv_syndrom
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_=_Typicky mutace genu COL4A5 na X chromozomu

Vysledkem je defektni kolagen

Dédiénost muze byt X-vazana, autosomalné
recesivni | autosomalne dominantni

Progresivni porucha funkce ledvin — mikrohematurie,
proteinurie, hypertenze, renalni insuficience

sivni porucha sluchu — percepcni nedoslychavost
' akularni

e

=

o
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_Typicky mutace genu COL4A5 na X chromozomu

i Vysledkem je defektni kolagen
= Dédiénost muze byt X-vazana, autosomalné

recesivni | autosomalné dominantni -
= Progresivni porucha funkce ledviz% &% .

proteinurie, hypertenze, renalni § ,,H"" '
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esivni porucha sluchu — pe 3, 4 ¢ S, N R
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“Dva dleconihd gomercly. Barvead 1obuidizovl medl. Zwitlenl negativ 300z,
foto 700x



LEOPARD syndrom

”— — — :__‘

= |ectrocardiographic conduction defects
= cular hypertelorism
= ulmonary stenosis

= bnormalities of the genitalia

 ———— R —

B

= Autosomalné dominantni, vice typu postizeni, vice genu



LEOPARD syndrom

https://www.semanticscholar.org/paper/LEOPARD-Syndrome%3A-Clinical-Features-and-Gene-Mart%C3%ADnez-Quintana-
Rodr%C4%B1%CC%81guez-Gonz%C3%A1llez/3932eb367c379e114a385bcle79ab8c61ce9349¢/figure/l



«==§Syndromalni- x nesyndromalni

= Prognéza (Pendreduyv sy, Alportuv sy, Usheruv sy ...)

= Geneticke riziko prenosu na potomstvo

B

A

ES e

problematicky)

*“Terapeutické moznosti

A,

i

= Vysvetleni priciny postizeni



Moznosti genetickeho vysetreni

T —— . -

. | —

. E -~ - —— iy
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“» Viz prednaska paﬁf prim.Gaillyova

— .
Vyznam informace pro indikaci kochlearni
implantace u malych deti ???




eneticke riziko hiuchoty pri

e

——

Postizeny pribuzny RIZIKG
Jediné dite 1:10 =
Jedno dité pribuznych rodicu 154

Dvé déti nepribuznych rodicu 1:4

‘odic #'jedno dite 2
SENFZY

Prarodice ev. pribuzni 1:100

Pribuzni vic nez 1:100




~KEISEllDIP et al.s Connexin 26 mutations in-Rereaitary non=s Jrummju_.._

o S
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£ —sensermeuralﬁeafness— Nature 387, 1997, 80-83 -— a—

LB

e

| _Kopp, P. et al: Pendred syndrome and iodide transport in the thyroid. Trends
“ Endocrinol.Metab.TEM 19, 2008, 260-268

= Lalani, S.R. et al: SEMA3E mutation in a patient with CHARGE syndrome.
J.Med.Genet. 41, 2004, 94

= Pourova, R.: Molekularné geneticka vysetreni u ceskych pacientu a rodin s .
vrozenou ztratou sluchu a bez mutaci v GJB2 genu. Disertacni'prace, 2014,
135s

= Seeman, P. et al.: Spectrum and frequencies of mutations in th GJB2 (Cx26)
gene among 156 Czech patients with pre-lingua deafness. Clin.Genet.66,

, 152-157 "‘—z_

: Iinkage and cloning. Int.

= Zelante,L. et al: Connexin26 mutations associated with the most common form
of non-syndromic neurosensory autosomal recessive deafness (DFNB1) in
Mediterraneans. Hum. Mol. Genet. 6, 1997, 1605-1609
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- = hitp//librarythinkquest.ord/C006dBB/hasics/pictures e ——

&_f
= hitpd//librany:thinkguest.org/C004535/media

= Nhttp://en.wikibooks.org/wiki/Human Physiology/Genetics and inheritance

= http://blog-di-j.blogspot.com/2007/09/effect-of-sequence-level-mutations=en.htmls

——— o

= http://academic.brooklyn.cuny.edu

= http://ghr.nlm.nih.gov/handbook/illustrations

= http://commons.wikimedia.org/wiki/lmage:Connexon and connexin Sstructure cs.svg



http://www.dsch.univ.trieste.it/
http://ghr.nlm.nih.gov/handbook/illustrations
http://library.thinkquest.org/C006188/basics/pictures
http://library.thinkquest.org/C004535/media
http://en.wikibooks.org/wiki/Human_Physiology/Genetics_and_inheritance
http://blog-di-j.blogspot.com/2007/09/effect-of-sequence-level-mutations-on.html
http://academic.brooklyn.cuny.edu/
http://www.molecularstation.com/molecular-biology-images/500-member-galleries/65-gene
http://en.wikipedia.org/wiki/Gene
http://ghr.nlm.nih.gov/handbook/illustrations
http://commons.wikimedia.org/wiki/Image:Connexon_and_connexin_structure_cs.svg

Deku Ji za pozornost—

a oteviram dlSkUSI

e



