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Co je to genetika?

Véda zabyvajici se dédi¢nosti a proménlivosti organismu

klinicka genetika
zabyva se genetikou patologickych stavu

diagnostika, genetické poradenstvi a prevenci genetickych nemoci (nejen u pacienta ale celé rodiny)
cytogenetika
studium chromozom?u
molekularni genetika
studium struktury a funkce jednotlivych gen(
populacni genetika
studium proménlivosti populaci
komparativni a evolucni genetika
mezidruhové srovndani a studium evoluce druh

https://mendel-genetics.cz/rukopis-gregor-johann-mendel/

Nersuche

e

Ptlanzen-Hybriden,




Podstata dedicnosti

It has not escaped our notice that the specific
pairing we have postulated immediately suggests a
possible copying mechanism for the genetic material.

WATSON, J., CRICK, F. Molecular Structure of Nucleic Acids: A Structure for Deoxyribose Nucleic Acid. Nature 171, 737-738 (1953). https://doi.org/10.1038/171737a0



Zavod o popsani struktury DNA

https://pmc.ncbi.nlm.nih.gov/articles/PMC1063734/pdf/pnas01587-0028.pdf



DNA, RNA, proteiny

 DNA nese potfebnou informaci potfebnou pro regulaci vyvoje, rustu, metabolismu a reprodukce
* slozena z nukleotidd (zbytek kyseliny fosfore¢né, deoxyribdza a dusikata baze [A, G, C, T])

DNA kostra — polynukleotidovy fetézec
zbytky deoxyribdzy a kys. fosforecné spojené fosfodiesterovou vazbou

DNA dvojsroubovice - 2 polynukleotidové retézce v opacné orientaci
jedno vlakno v 5 — 3’ sméru, druhé opacné
vodikové vazby mezi pary bazi (A=T, G=C)
» dvojsSroubovice se rozpada pfi replikaci a transkripci




Deoxyribonucleic acid (DNA)

Major groove

Minor groove

Sugar-phosphate
backbone

https://www.genome.gov/genetics-glossary/Deoxyribonucleic-Acid
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Base pairs

Deoxyribonucleic acid (DNA)

Thymine
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https://www.genome.gov/genetics-glossary/Base-Pair



Centralni molekularné-biologické dogma: DNA - RNA — protein
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Transcription

mRNA AUGACGGUACAGCCGCAAUACGAAUUGGCGUUUAAGGCGAAAGCUGGAACCGGGCGCUCAUAAR
STOP

Translation

Protein  — —)—@—8— —@—— —0—9— —O0— —O0—0—0—— —J
Met Thr Asp GInh Pro GIn Tyr Glu Leu Ala Phe Lys Ala Lys Ala Gly Thr Gly Arg Ser

in vitro
translace

DNA (m)RNA
- E-ansknpo:e> + translace _ &%
= reverzni S
transkripce ;
U replikace replikace

http://www.studiumbiochemie.cz/meziobor_na2.html https://www.genome.gov/genetics-glossary/Central-Dogma



Transkripce

RNA pol

Transcription

Cell cytoplasm

Messenger RNA (mRNA)

Nuclear pore

Outside cell

https://www.genome.gov/genetics-glossary/Gene



Sestrih

https://www.genome.gov/genetics-glossary/Gene

Promotor Gene
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Translace

Cell nucleus

Transcription Translation

Growing polypeptide chain

Peptide moves
to the next tRNA

Cell cytoplasm

mRNA
UGAACAUUAMG G GGUCGAUUWUAA
G 4
‘ G
: : e Codons
CC Aqu,,'LLL,f‘J\G/

https://www.genome.gov/genetics-glossary/Translation



tRNA

Common ways of depicting transfer RNA (tRNA)

Alanine Alanine

2

Amino acid
attachment site

T loop

Anticodon loop

. Anticodon Anticodon

C G U CGU

https://www.genome.gov/genetics-glossary/Transfer-RNA

During translation

Growing polypeptide chain

Amino acids

Peptide moves
to next tRNA
Y



Aminokyseliny

mRNA

https://www.genome.gov/genetics-glossary/Amino-Acids

Polypeptide chain
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Amino acids

Ala  Alanine

Arg Arginine

Asn Asparagine
Asp Aspartic acid
Cys Cysteine

GIn  Glutamine
Glu  Glutamic acid
Gly Glycine

His Histidine

lle Isoleucine
Leu Leucine

Lys Lysine

Met Methionine
Phe Phenylalanine
Pro Proline

Ser Serine

Thr  Threonine
Trp  Tryptophan
Tyr  Tyrosine

Val Valine



Geneticky kod

univerzalni

podobny princip u vSech Zivych organizm(
tripletovy

trojkombinace z celkem 4 nukleotidl (A, C, G, T)
degenerovany

43 = 64, ale aminokyselin jen 21

Valine

Tryptophan :

Argininé

Se(\“e

oo

https://www.genome.gov/genetics-glossary/Genetic-Code



Proteiny

Levels of protein organization

Primary protein structure
is the sequence of a chain of
amino acids.
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https://www.genome.gov/genetics-glossary/Protein

Secondary protein structure
occurs when the sequence of amino
acids folds into a three-dimensional
shape.

Pleated sheet  Alpha helix

N v

Tertiary protein structure
occurs when a mature protein
folds upon itself.

Quaternary protein structure
is a protein consisting of more than
one polypeptide chain.




Histones
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https://www.genome.gov/genetics-glossary/Chromosome



Metaphase chromosome Chromatin fiber Nucleosomes

Histones

https://www.genome.gov/genetics-glossary/Chromatin



Karyotyp
e kazdy biologicky druh ma svou charakteristickou chrom. vybavu (pocet a morfologii) = karyotyp

« u ¢lovéka maji somatické diploidni b. 46 chromozomu
e 22 parl homolognich autozomd
e 1 par gonozomU (44XX nebo 44XY)

- gamety (vajicko, spermie) 23 - haploidni
- standardni klasifikace Cislovanim podle velikosti (22 je ale vétsi nez 21)
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https://www.genome.gov/genetics-glossary/Karyotype



Chromosome

Chromatid Chromatid
centromere
Telocentric Acrocentric Submetacentric

(not in humans)

https://www.genome.gov/genetics-glossary/Telomere

Telomere

Centromere

Telomere

Metacentric

- parm
(short)

- g arm

(long)

group
Group Subgroup Size Relative position
or subclass of centromere
group A 1-3 large metacentric
group B 4-5 large submetacentric
group C 6-12, X medium submetacentric
group D 13-15 medium acrocentric
group E 16-18 relatively short submetacentric
group F 19-20 short metacentric or
submetacentric
group G 21-22, Y short acrocentric

https://ib.bioninja.com.au/standard-level/topic-3-genetics/32-chromosomes/chromosome-types.html



https://www.genome.gov/genetics-glossary/Cytogenetics
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Centriole

Replicating
duplication DNA

Nucleus
Microtubule

S phase entry

Cell cycle entry QF commitment
point

Cell cycle exit so
Mitotic entry 38
commitment 5] 6_".
point 25

Mitotic exit
commitment
point
8 Q@Q
of ce
&
Meta?“a

Duplicated
chromosomes

Cellular
separation

Mitotic spindle

Chromatid
separation

Chromosome
alignment

https://www.nature.com/articles/s41580-021-00404-3/figures/1



Mitoza

Metaphase Anaphase

= Prometaphase

Early mitotic ._._ r / \
spindles | | Telophase Y

4

Prophase , = >

3
\

Centrosome —~=% \

Interphase

Duplicated
chromatin

46 chromosomes 2 daughter cells o 4
46 chromosomes each

https://www.genome.gov/genetics-glossary/Mitosis



Meidza

Telophase | Prophase Il

Meiosis | Meiosis Il

Maternal 2 Haploid cells (2n)

Paternal ™

~ Anaphase Il

Metaphase |

Prophase |

Interphase

Chromatin duplicated (4n)

1 Diploid cell (2n) 4 Haploid cells (1n)

https://www.genome.gov/genetics-glossary/Meiosis



Crossing-over
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)
E
o
%]
o)
£
o
e
c

)
£
o
]
0
=
£

A
)

DNA
replication

Recombined chromosomes

Crossing over

Maternal

Paternal

Homologous chromosomes

TRIVIVOXN"

VDIVIVIVEI VIV VOV VIVGS

https://www.genome.gov/genetics-glossary/homologous-recombination



Zakladni pojmy

* gen — zakladni jednotka dédi¢nosti
e genové rodiny

* sekvencné podobné geny, které vznikly zrejmé duplikaci béhem evoluce

napf. geny pro hemoglobiny, imunoglobuliny, nékteré enzymy, ...

* lokus — konkrétni umisténi genu (napf. 12g21.5)

 alela — konkrétni varianta genu

» v populaci se pro naprostou vétsinu gent vyskytuje vicero variant (= alel), které
mohou byt rGzné Casté = geneticky polymorfizmus

* genotyp — kombinace alel v urcitém lokusu na paternalnim a maternalnim
chromozomu diploidniho genomu

* fenotyp — vnéjsi projev (vyjadreni) genotypu
* penetrance — pravdépodobnost, s jakou se varianta genu projevi ve fenotypu

* expresivita — mira vyjadreni daného genotypu ve fenotypu.

https://www.savemyexams.co.uk/a-level/biology/aga/17/revision-notes/7-genetics-populations-evolution--
ecosystems-a-level-only/7-1-inheritance-a-level-only/7-1-1-key-terms-in-genetics/

Homologous

chromosomes
—
Allele for Allele for
blue eyes brown eyes
(b) (B)

Gene for eye color

LOCUS (POSITION)

GENE OCCUPYING |Tﬂ_\ﬂ (O CHROMOSOME
D
7—4

ALLELES: DIFFERENT FORMS
OF THE SAME GENE

> CENTROMERE

AT THIS LOCUS THE ALLELES
ARE HOMOZYGOUS: FF

AT THIS LOCUS THE ALLELES
ARE HETEROZYGOUS: Hh

HOMOLOGOUS CHROMOSOMES
EXIST IN PAIRS




>3 2 s _ 2 S b 3 > <
Alleles----- B pt------- BB B b b= mB— b p=------ = b -- Alleles
_/ / / / (S / / J
Genotype Homozygous BB Heterozygous Bb Homozygous bb

Phenotype Normal wings Normal wings Normal wings Wrinkled wings

https://www.genome.gov/genetics-glossary/genotype



Typy DNA zameén

na zakladé populacni frekvence se tradi¢né rozlisuji polymorfizmus a mutace

polymorfizmus = existence nékolika (prinejmensim dvou) alel pro dany gen, z nichz nejméné ¢asta ma populacni
frekvenci alespon 1%,
mutace (vzacna alela) = méné Casta alela majici populacni frekvenci <1%

typy zameén

1) genomové
zména poctu chromozomu (trisomie, monosomie) — zavinéna nondisjunkci v meidze

zmeény celych sad (aneuploidie, polyploidie)
2) chromozomové (aberace)

vyraznd zmeéna struktury jednotlivych chromozomu (duplikace, delece, inzerce, inverze, translokace)
3) genové

podili se na genetické variabilité v populaci

kratSi zmény (1 — tisice bazi) = mutace a polymorfizmy v pravém slova smyslu

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



Starting sequence

.GTCGAGTCTA@CGCTATCGCT. . . DNA

Deletion .GTCGAGTCTA‘:CGCTATCGCT...
Substitution .GTCGAGTCTAACGCTATCGCT. ..
Insertion .. .GTCGAGTCTAT|GCGCTATCGCT. ..
Deletion Duplication Inversion Insertion Translocation
: ' " Before After Before After
M N M M M M N @) N M
' M) (2
PR K P P P PER 4 7 < > < P K ﬂ P P
B | ‘ ‘ - } _____ ' - l = ‘ U .
- 20 : 20
! d ; =
\_ 7, ] 20
4 4 20 %
4
-/ / / / / /
4 4 4 4 4 4

& ¢

https://www.genome.gov/genetics-glossary/Mutation



Normal

Open reading frame

Met Thr Asp GIn Pro GIn Tyr Glu Leu Ala Phe Lys Ala
I I I I I I I I ] I I I

mRNA AUGACGGAUCAGCCGCAAUACGAAUUGGCGUUUAAGGCG

Codons

Amino acids

Antisense strand (Non-coding strand)

TACTGCCTAGTCGGCGTTATGCTTAACCGCAAATTCCGC
ATGACGGATCAGCCGCAAT/AICGAATTGGCGTTTAAGGCSG

Sense strand (Coding strand)

7,
L1111

DNA

/ﬁlllll

Missense mutation

Open reading frame

Amino acids Met Thr Asp GIn Pro Gin ) Glu Leu Ala Phe Lys Ala
I 1 I I I I ‘ I I I I I e

mRNA

Codons

Antisense strand (Non-coding strand)

TACTGCCTAGTCGGCGTTAGGCTTAACCGCAAATTCCGC
ATGACGGATCAGCCGCAATECGAATTGGCGTTTAAGGCG

Sense strand (Coding strand) Substitution

I’Illll
DNA

,ﬁlun

https://www.genome.gov/genetics-glossary/Missense-Mutation

Protein

Protein



Normal Protein

Open reading frame

Amino acids Met Thr Asp Gin Pro Gin Tyr Glu Leu Ala Phe Lys Ala —
| | | | | | | | | | I 1 I

AUGACGGAUCAGCCGCAAUACGAAUUGGCGUUUAAGGCG
mRNAW:‘"III

Codons

Antisense strand (Non-coding strand)
,IIIII

—
TACTGCCTAGTCGGCGTTATGCTTAACCGCAAATTCCGC

ATGACGGATCAGCCGCAATACGAATTGGCGTTTAAGGCGA
—Illll

DNA

Sense strand (Coding strand)

Frameshift mutation Protein

Open reading frame

Met - Thr - Asp ~ GIn ~ Pro Clie )—Arg )~ lle )—Gly »~(Val ) | sTOP — pe
| | | | | Jiil |
RNA AUGACGGAUCAGCCGCAEAUACGAAUUGGCGUUUAAGGCGm"

Codons

Amino acids

Antisense strand (Non-coding strand) ,

TACTGCCTAGTCGGCGT TATGCTTAACCGCAAATTCCGEC
ATGACGGATCAGCCGCAATACGAATTGGCGTTTAAGGCG{‘

Sense strand (Coding strand)

DNA

Insertion

https://www.genome.gov/genetics-glossary/Frameshift-Mutation



Normal Protein

‘Open reading frame e
Amino acids Met Thr Asp GIn Pro GIn Tyr Glu Leu Ala Phe Lys Ala —
I I I [ I I I I I I I I I
AUGACGGAUCAGCCGCAAUA;GAAUUGGCGUUUAAGGCG
mRNA 7 LT
Codons
Antisense strand (Non-coding strand) )
ONA TACTGCCTAGTCGGCGTTATGCTTAACCGCAAATTCCGC
ATGACGGATCAGCCGCAATA[CIGAATTGGCGTTTAAGGCG
Sense strand (Coding strand) E -
Nonsense mutation Protein
‘ Open reading frame
Amino acids Met Thr Asp GIn Pro GIn STOP | —
I I | | I I l
mRNAAUGACGGAUCAGCCGCAAUA GAAUUGGCGUUUAAGGCG -
Codons
Antisense strand (Non-coding strand) )
S TACTGCCTAGTCGGCGTTATCCTTAACCGCAAATTCCGC
ATGACGGATCAGCCGCAATAEGAATTGGCGTTTAAGGCG L

Sense strand (Coding strand) Substitution

https://www.genome.gov/genetics-glossary/Nonsense-Mutation



Klasifikace geneticky podminénych onemocnéni

prakticky kazda nemoc je u daného jedince modifikovana genetickou vybavou, avsak s riznym podilem na finalnim fenotypu
* chromozomalni poruchy

* nejedna se o konkrétni chybu ale o nadbytek/nedostatek genli obsazenych v celych chromozomech nebo jejich
segmentech

* monogenni nemoci

* jedna kriticka “chyba” (tj. alela) konkrétniho genu je sama o sobé nebo v homozygotni kombinaci témér vyhradné
zodpovédna za rozvoj nemoci (fenotypu) nebo prenasecstvi a tedy zvySenému riziku pro potomky

* komplexni (poly-, multigenni) nemoci

» genetickd dispozice podminéna kombinaci alel nékolika genU je vyrazné manifestovana prostredim a
komorbiditami



Chromozomalni poruchy

* aneuploidie (zména poctu chromosomu v sadé)
porucha rozdéleni sesterskych chromozomU [meiotickd non-disjunkce]
monosomie
gonozomalni
Turner(v sy. (45, X0)
trisomie

autozomalni
Downl(v sy. (47, XX/XY + 21)
Edwardsav sy. (47, XX/XY +18)
Pataulv sy. (47, XX/XY +13)
gonozomalni
KlinefelterQv sy. (47, XXY)

* polyploidie (porucha rozdéleni celych sad nebo oplozeni 2 spermiemi [dispermie] 3n, 4n)
u Clovéka neslucitelné se Zivotem

*  mikrodelecni syndromy (delece mensiho rozsahu, chybi ¢asti chromozom)

Pradertv-Williho syndrom a Angelmantv syndrom (del del 15q11-13), Syndrom Cri du chat (del 5p15), DiGeorglv
syndrom (del 22g11).



Turneriv syndrom

Monosomie chromosomu X

1 z 2500 narozenych divek

* Dysgeneze ovarii s deficitem estrogen(

» Castéjsi kardiovaskularni problémy, vyssi riziko kardiovaskularni

mortality

e vyvojové poruchy ledvin

* hormondlni terapie estrogenem, somatotropinem (nizky vzrust)

https://medical-dictionary.thefreedictionary.com/Turner%27s+syndrome

Short stature

Low posterior f _;:?\I
:"' — v

hairline Heart-shaped
Webbing of face
neck

Coarctation
Broad chest of aorta
with widely
spaced

nipples Cubitus

valgus

Streak ovaries,
amenorrhea,
infertility



Downuv syndrom

trisomie chromosomu 21

e 12ze 700 (stoupaijici riziko s vékem matky)

e poruchy vyvoje srdce

* pomalejsi rist, pomalejsi mentalni a motoricky vyvoj

* zvySené riziko leukemie a Alzheimerovy choroby

https://www.medicoverhospitals.in/diseases/down-syndrome/

DOWN SYNDROME
PHYSICAL CHARACTERISTICS

Single Palmer Croaso,
Short Fifth Finger that

Curves Inward Wido, Short Hands

with Short Fingers

Flattened Nose and Face, ()
Upward Slanting Eyos

Secparated Joints

White Spots on the between the Bonos
Colored Part of the Skull
of the Eye
!
Small Ears Excess Skin at the
Small Mouth Hipa of taek

Docroased Muscle
Tone at Birth

Widely Separated First
and Second Toes and
Increased Skin Creases




Edwardsiv syndrom

trisomie chromosomu 18

* 1ze 7000

* tézké vyvojové poruchy

e vrozené malformace vSech soustav, rozstepy

* primérna délka Zivota v radech tydnia/mésicu

https://my.clevelandclinic.org/health/diseases/22172-edwards-syndrome

Trisomy 18
(Edward’s Syndrome)

Overlappin y
i PRINg / Low-set
fingers | ears
*F .
- : Decreased
\ % / - muscle tone

Heart/lung /
abnormalities — <

Small
physical size

r
bl

Cleveland
Clinic

02022



Patautliv syndrom

Trisomy 13

trisomie chromosomu 13

e 1 ze 14000 Small head

* tézké vyvojové poruchy
* vrozené malformace vsech soustav, rozstépy LoW:sel eals

v

* primérna délka zivota v radech tydnd/mésicu

Cleft palate

r1
Baell

Cleveland
Clinic
©2022

https://my.clevelandclinic.org/health/diseases/24647-trisomy-13-patau-syndrome
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Acta Prediatr Scand 75:507-510, 1986
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https://www.sciencephoto.com/media/266745



vliv prostredi

KOMPLEXNi

POLYMORFSMUSéﬁ)@“@)) [\?

z»)» @gy)) -




Monogenni onemocneéni

* onemocnéni je disledkem mutace v jediném genu

* prenos odpovida Mendelovym zakonim

Riziko prenosu onemocnéni do dalSich generaci je u monogennich onemocnéni obvykle vyssi nez u onemocnéni multifaktorialnich a obvykle se
da urcit podle konkrétnich vzorcd prenosu.

Zakladni zplisoby dédicnosti monogennich onemocnéni jsou:
1. Recsivni
2. Dominantni

3. X-vazané



Autozomalni recesivni nemoci

mutované proteiny chybi nebo nefunguiji (k zajisténi funkce ale staCi 50% fungujiciho proteinu)
* obvykle enzymy nebo transportni kanaly

Recesivni mutace

* u heterozygota se ve fenotypu neprojevi, aby se projevila ve fenotypu, musi byt mutované obé alely daného genu

(recesivni homozygot)

https://www.nhlbi.nih.gov/health/cystic-fibrosis/causes

Cysticka fibroza
Fenylketonurie
Srpkovita anémie

Key
‘ Normal
CFTR
gene
i Mutated
s CFIR
Parents gene
Cystic Fibrosis carrier I; ii Cystic Fibrosis carrier
Children ( J J 1
i i i i
No Cystic Fibrosis Cystic Fibrosis carrier Cystic Fibrosis




Cystic Fibrosis

[ ]
e N
Male Male Male
unaffected carrier affected
®
Female Female Genotypes
unaffected carrier
Phenotypes

https://www.genome.gov/genetics-glossary/Autosomal-Recessive-Disorder

Chromosome 7

e M
> < Pl
Alleles D —fe ]
U u
@ 6 @ @ & & G @

AR K ¢ ANE K AR R
D=t f=i-D Dt jmmi-d d el =D (o B o e
O U & @ O U o U
Homozygous DD Heterozygous Dd Homozygous dd

I J
Unffected Affected



Cysticka fibrdoza
* frekvence v populaci 1:2500

* mutace v genu CFTR (cystic fibrosis transmembrane
conductance regulator), ktery kdduje chloridovy kanal v
membrané bunék

* naruseni osmozy — husty hlen na povrchu vnitfnich epitelii,
mnozeni bakterii, dychaci problémy, travici problémy,
diabetes, osteopordza, neplodnost

e prumeérny vék doziti 25 let

https://www.yourgenome.org/facts/what-is-cystic-fibrosis/

Cross section of
normal airway

airway wall
thin layer
of mucus

inside cell

"ch.loride
, e ionse

Normal CFTR channel

Cross section of airway
with cystic fibrosis

thick layer
of mucus

Mutant CFTR channel



Fenylketonurie

PKU PATIENT
* 1:5250
* mutace v genu pro jaterni enzym fenylalanin | BN ’t.:"p/iﬂ/ol;t/jzn%:e
hydroxylazu (PAH) {7 ™
* Narusend preména aminokyseliny fenylalaninu Lwa (,- VYA P ising o B
v v v Veers 7 v . ’ , ‘ ! 7 7 - - P > ineffective g
bézné prijimané v potrave tyrozin : , \ P
/i ';:, P . \ . ’.“ ) ?nzyme J
* nahromadéni fenylalaninu vede nasledné k P) 77 T 7 A

postizeni ¢innosti mozku.
* nutna prisna nizkofenylalaninova dieta [ “ Phenylalanine
S (amino acid)
e prispravné vedené lécbé je psychomotoricky
vyvoj normalni

* syndrom maternalni fenylketonurie => fenokopie

Serotonin

Phenylalanine Tyrosine
(amino acid) (enzyme) (amino acid)

https://www.hbely.com/work/pkuposter



Autosomalné dominantni nemoci

* aberantni aktivace signalni drahy (bez potreby ligandu)

* haploinsuficience

pro normalni funkci je potfeba >50% aktivniho genového produktu (jen jedna kopie genu nestaci)

* dominanté negativni efekt

syntéza abnormalniho proteinu ktery interaguje s normalnim produktem a ovliviuje jeho funkci (napf. oligomerizace

receptord, neaktivita)

Dominantni mutace

- U heterozygota se ve fenotypu projevi

Achondroplasie

Familiarni hypercholesterolemie

Huntingtonova chorea
Marfanlv syndrom

https://medlineplus.gov/genetics/condition/familial-hypercholesterolemia/#inheritance

Autosomal Dominant

Parents

Affected Unaffected
Children o= 1
!
i t n i | ‘Bi
Affected Affected Unaffected Unaffected

m U.S. National Library of Medicine



Huntington’s disease Chromosome 4

Alleles D= = d

= > S B J L s B s B

Male Male Female Female Genotypes Homozygous DD Heterozygous Dd Homozygous dd
unaffected affected unaffected affected | | | |

Phenotypes Affected Unaffected
Dominant

https://www.genome.gov/genetics-glossary/Autosomal-Dominant-Disorder



Huntingtonova choroba

e 1:20000
* muce v genu pro protein huntingtin (HTT, zmnozZeni opakujici se sekvence tfi nukleotidd CAG kddujici glutamin, tripletova porucha,

polyglutaminova porucha)
* porucha motoriky, kognice, zmény osobnosti, psychdzy, deprese, progradujici demence

HTT HTT Healthy neuron Healthy brain
g <35CAG % '
repetitions .°..$
\ \ v .
I/\\) J
g 35 CAG 30T,
¢ repetitions “z.’.'g - \\ » ‘o
; ’ "; ) Vo & 4
\ v O
Mutated HTT Mutated HTT Neuron Pathological
degeneration brain

https://www.cisbio.eu/content/new-hope-for-huntingtons-disease-drug-discovery/



Achondroplazie
* mutace v genu kédujicim receptor fibroblastového rlistového faktoru 3 (FGF3)
» Skeletalni dysplazie, porucha pfemeény chrupavky na kost, postizeny dlouhé kosti

https://abcnews.go.com/Entertainment/life-family-call-real-life-dwarfs/story?id=30193325



Familiarni hypercholesterolémie

* 1:500
* Vysoké hladiny cholesterolu s nizkou hustotou (LDL), v krvi a ¢asny
rozvoj kardiovaskularnich onemocnéni.

* Lécba statiny, sekvestranty zlu¢ovych kyselin nebo jinymi pripravky
pro snizeni hhladiny cholesterolu. U zavaznych forem se provadi LDL
aferéza, asto byva nutna transplantace jater.

* Cholesterol se mize ukladat na rliznych mistech v téle
* nazloutld policka okolo ocnich vicek (xanthelasma palpebrarum),
*  kolem vnéjsiho obvodu duhovky (arcus senilis corneae)
* ve formé bulek na Slachach rukou, nohou, lokte, zejména v oblasti Achillovy

Slachy (xantom Slachy).

https://www.ccjm.org/content/87/2/109

A. Normal
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LDL-C

Dysfunctional
ApoB

Dysfunctional ApoB
results in limited binding
of LDL-C to LDL receptor

}
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B. LDLR mutation
@ o

LDL-C does not bind
to mutated LDLR

|

Accumulation of
LDL-C in circulation
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D. PCSK9 gain of function

No LDL receptor
recycling

|
LDL receptor degradation \
due to PCSK9 increased activity

Accumulation of
lCCF LDL-C in circulation
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X-vazané nemoci

- Zeny - trpi X-vazanymi recesivnimi chorobami pouze kdyz jsou mutované obé kopie jednoho genu

- muzi - trpi X-vazanymi recesivnimi chorobami kdyz je mutovana jejich jedina kopie prislusného X-vazaného genu

- Zeny jsou vétsSinou prenasecky, nemocni jsou jejich synové, synové predavaji mutovanou alelu dcerdm a opét z nich

délaji prenasecky

—> X-vazana recesivni onemocnéni se mnohem castéji vyskytuji u muzu

https://www.genome.gov/about-genomics/fact-sheets/X-Chromosome-facts

Duchennova muskularni dystrofie
Hemofilie A, B
Daltonismus (barvoslepost)

Mother

Children
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Hemophilia

XY XX
F— o)

x| ooex ol

XY |

xy|  xx| xv]
[ J
Male Female Male Female
unaffected unaffected carrier carrier

https://www.genome.gov/genetics-glossary/hemophilia

XX

Male
affected

CxXx

Female
affected

Hemophilia

Parents
2 ‘ ' 2 (
XY X' X2
Father Mother
(Carrier)
X2y X' X X'y X X2

Son Daughter Son Daughter
(Carrier) (with
Hemophilia)

Parents

)‘ '
XY X! X2

Father Mother

(with Hemophilia)
X=°Y,

}(

Son Daughter Son  Daughter
(Carrier) (Carrier)

X X! X X2



Duchennova muskularni dystrofie

e 1:3600 narozenych chlapcu

* mutace genu DMD kddujiciho protein dystrofin (nejvétsi znamy gen)

* (lehci forma [Cast DMD se exprimuje] = Beckerova muskularni dystrofie, méné castd, mirnéjsi prtibéh)

» dystrofin je cytoskeletarni protein umoznujici interakce mezi cytoskeletem, b. membranou a extracelularni matrix

* hlavni vyskyt ve svalech, nedostatek => narusena struktura membrany, deregulace signalizace (naruSsena homeostaza
Ca?*, permeabilita), zvyseny oxidativni stres => chronicky zanét, nekréza svalovych vlaken, fibréza

* pfi narozeni bez priznakd, posléze postupujici ochabovani svalstva, naruseni motorického vyvoje od cca 10 let
upoutani na vozik

e zasazen i srdec¢ni sval (kardiomyopatie), respiracni potize (dychaci svaly, kaslani => infekce) => vyrazné snizena doba
doziti (~ 30 let)

SARES
I

sv 1
PATIENT AGE
(YEARS)
' ! \ L \ \
Within the first 3 years of life, affected infants By aged 5, prominent By age 10-12, Many patients require Advanced respiratory
and young boys with DMD show measurable ~ muscle weakness is >70% of boys noninvasive ventilator and/or cardiac complications
deficits in gross and fine motor function’® observed’ lose ambulation”  support at night by age 157 lead to mortality™>”

https://takeonduchenne.eu/what-is-duchenne-muscular-dystrophy/



Hemofilie A, B

nedostatecnd tvorba koagulacnich faktort
VIll (Hemofilie A) nebo IX (Hemofilie B).

spontanni krvaceni

krvaceni po drobnych traumatech)
krvaceni do kloub

krvaceni do GIT, URO (hematurie)

|écba aplikaci srazeciho faktoru

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

Victoria
(1819-1901)

Haemophilia in the descendants of Queen Victoria

Princess

Alice of the
United
Kingdom
(1843-1878)

(ALY

Prince Princess
Leopold, Beatrice of
Duke of the United
Albany Kingdom
(1853-1884) (1857-1944)

t. , . Victoria =
Princess Prince Eugenie of
Irene of Friedrich of Alexandra Princess Battenberg Prince Prince
Hesse and Hesse and Feodorovna Alice of queen of Leopold of Maurice of
by Rhine by Rhine of Russia Albany Spain Battenberg Battenberg
(1866-1953) (1870-1873) (1872-1918) (1883-1981) (1887-1969) (1889-1922) (1891-1914)
U S— |

Alexey Prince Spain, Infante
Waldemar off Heinrich of Nikolaevich Rupert of Prince of Gonzalo of
Prussia Prussia of Russia Teck Asturias Spain
(1889-1945) (1900-1904) (1904-1918) (1907-1928) (1907-1938) (1914-1934)

Alfonso of




Mitochondridlni DNA

Nucleus

Cytoplasm

&

Mitochondrion

Nucleolus

Qutside cell

https://www.genome.gov/genetics-glossary/Mitochondrial-DNA7



mitochondrialni DNA se dedi pouze od matky

mtDNA - cirkularni DNA, 37 gen(, 13 protein( (geny pro enzymy dychaciho retézce, geny pro tRNA a rRNA)
jedna mitochondrie obvykle obsahuje nékolik kopii DNA

MmtDNA mutuje Castéji nez jaderna DNA

defekt se projevi v metabolicky narocnych tkanich (nervova soustava, svaly)

* myopatie, neuropatie, hluchota, o¢ni vady...

ne kazda patologie mitochondrii je zpGsobena mutacemi v mtDNA



Komplexni nemoci

» choroby, na jejichZ vzniku a progresi se podili ,komplex” genetickych, epigenetickych a vnéjsich faktor(
fenotyp nevykazuje klasickou mendelistickou dominantni ¢i recesivni dédi¢nost jako disledek zmén v jediném
lokusu (tzv. jednolokusovych)

» predisponujici geny (geny malého ucinku, polygeny) zvysuji pravdépodobnost onemocnéni, ale nedeterminuji
jednoznacné jeho pritomnost
je nutné spoluptisobeni negenetickych faktora (prostredi)
dieta, fyzicka aktivita, koureni, komorbidity, a interakci geni mezi sebou



komplexni onemocnéni jsou charakterizovana:
neuplnou penetranci patologického fenotypu
u urcité ¢asti osob, prestoze zdédi nevyhodny genotyp (tedy soubor vicero alel) se patologicky fenotyp nerozvine
existenci fenokopii
patologicky fenotyp mize byt pfitomen u lidi, ktefi nejsou nosi¢i zminéného genotypu
genetickou heterogenitou (lokusovou a alelickou)
klinicky obraz neni specificky, ale m{iZe se rozvinout v dlsledku zamén v genech leZicich na riznych lokusech (= lokusova
heterogenita), v jednotlivych genech mize byt pfitom vicero mutaci ¢i polymorfizm (= alelickd heterogenita)
polygenni dédicnosti
predispozice k rozvoji patologického fenotypu se zvySuje pouze pfi simultannim vyskytu urcitého souboru alel
vysokou populacni frekvenci alel zodpovédnych za rozvoj patologického fenotypu
kazda jednotliva predisponujici alela pravdépodobné neni sama o sobé vyrazné patogenni
spoluplisobenim dalSich mechanizm prenosu
mitochondrialni dédi¢nost, imprinting

nejCastéjSi komplexni nemoci
esencialni hypertenze
porucha glukozové tolerance
dyslipidemie
atopie



