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+ Jednotky dédi¢nosti se nemisi, jsou materialni povahy, paroveé,

redavaji e na generaci
. gll;? pz\rlngvi?r: ?g:r(:;lagiovéni se muze z kazdého rodice prenést na jeho potomka vzdy QP RASK\ SLESK' Hl gfbml

pouze jedin& alela z paru G.-1. MENGEL
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1. Mendeldv z4kon

Zakon o uniformité F1 hybrida a identité reciprokych krizeni
PFi vzdjemném kfiZzeni 2 homozygotu vznikaji potomci genotypové i
fenotypové jednotni.

Tag tadi mam ten O pokuzech s dedignozti
hrachovi zahnoek

pisu fSude mosné.

2. Mendeltiv zakon
Zakon o ndhodné segregaci genti do gamet
PFi kfizeni 2 heterozygotd mize byt potomkovi pfedana kazda ze

F1 dvou alel (dominantni i recesivni) se stejnou pravdépodobnosti.
PFi kfizeni heterozygotu Ize genotypy a fenotypy vzniklych jedinct
vyjadfit pomérem malych celych Cisel. Vznika genotypovy a A co? S
7 &4 v X No.. vje¢inou si pifpadam... jag dibich hrach
F fenotypovy Stépny pomeér. na stenu hasel
L =
A AA Aa

a Aajsa| 3. Mendellv zdkon

Zakon o nezavislé kombinaci alel
/ Vzajemnym kfizenim polyhybrid( (vicenasobnych heterozygotnich

hybrid() vzniké fenotypové i fenotypové nejednotné potomstvo s
tolika kombinacemi gend, kolik je moznych matematickych
3 1 kombinaci mezi dvéma matematickymi veli¢inami.
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MENDELISTICKA DEDICNOST

1. Zakony plati pro znaky kvalitativni, dédi€nost
jednoho znaku je fizena 1 genem, bez genové
interakce

2. Geny nesmi byt na pohlavnich chromozomech a
semiautonomnich organelach

3. Mezi dvéma geny nesmi existovat genova vazba

4. VSichni jedinci i jejich gamety museji mit shodnou
zivotnost

Introduction
A folding
Asparasus utine
Attached eatlobe
Beeturia

Eent pinkde
Cheel: dimples
Cleft chin
Datwin's tubercle
Earway

Exre color

Hair color

Hair whotl

Hand clasping

Hitchhiker's thumb

Did-digital hair
ETC tasting
Toe length
Tongue rolling
Widow's peak

Introduction to the myths

A fun way to teach the basics of genetics 15 to have students look at
traits on themselves. Just about every biology student has, m one class or
another, been asked to roll their tongue, look at their earlobes, or check their
fingers for hatr. Students can easily collect data on several different traits
and learn about genes, dominant and recesstve alleles, mavhe even Hardy-
Weinberg proportions. Best of all, these data don't require microscopes, petr
dishes, or stinky fly food.

Unfortunately, what texthooks, lab manuals and web pages say about
these human traits 15 mostly wrong. Most of the common, wisthle human
traits that are used in classrooms do NOT have a simple one-locus, two-
allele, dorminant ws. recessive method of mherttance. Rolling your tongue 1s
not dominant to non-rolling, unattached earlobes are not dorminant to
attached, straight thumbs are not dominant to hitchhiker's thumb, etc.

In some cases, the trait doesn't even fall into the two distinct categonies described by the myth. For
example, students are told that they either have a hitchhiker's thumb, which bends backwards at a sharp
angle, or a straight thumb. In fact, the angle of the thumb ranges continuously, with most thumbs
somewhere in the middle. This was clearly shown m the very first paper on the genetics of hitchhiker's
thumb (Glass and Kistler 1953), vet 60 vears later, teachers still ask students which of the two kinds of
thumb they have.

In other cases, the trait really does fall into two categories, but it 1sn't deterrined by genetics, For
example, students are asked to fold their arms, then told that the allele for having the right forearm on top

12 dnrminant Tt e e that mnet nennle fall intn tarn cateonniee fght arm on ton or left arm on ton bt the




ODCHYLKY OD MENDELOVYCH ZAKONU

* letalita, snizena vitalita (vitalni-subvitalni-semiletalni-letalni)

Huntintington. chorea — dom. hom — abort, horsi projevy nemoci
* snizena penetrance (Polydaktylie) a odliSna expresivita BE O O bb
«  dédidnost vazana na pohlavi |

* vazba genu _— " ™~
* genové interakce
OO0 000 000

- epistaze - potlacuji (Hh, fenotyp Bombai - hh epistaticky nhad AB, AB+hh-0)

_ inhibice O00 000 000
- komplementarita (alespori 2 dom. alely) @O0 OX X | O O

- duplicita - jeden znak — rizné geny, k jeho vyjadieni staci jedina dominantni alela

- mnohonéasobny alelismus — polymorfni geny (ABO, HLA)

- kodominance alel — krevni skupiny

- superdominance — heterozygot ma vyssi fenotyp hodnotu nez oba homozygoti (heteroza)

Variable Variable Variable
PENCIFAncE 1.'\|:41'|:.\\i1. i[}' peEfciFance and
ERpressivily

- pI,eiotro.pie — jeden gen vice znak( (metabolické fetézce, Fenylketonurie) ‘m fenotypové
* polygenni dédicnost r
* mitochondrialni_dédi¢nost (cytoplazmaticka dédicnost) — maternalni efekt
* genovy imprinting (transkripce pouze jedné alely) E,,,. ) . -
* dynamické mutace (amplifikace opakovani tripletd) % A
* strukturni balancované chromozomalni aberace - 28

* epigenetika



GENETIKA GENOMI

studium variability a dédi¢nosti GENETICS VERSUS GENOMICS studium struktury a funkci genomu
- vyuzZiva metod genetického mapovani, sekvenovani a funkéni

Genetics is the study of Genomics is the study of
.. . . y of trait an genomes or the complete analvzyv genll
klinicka gene“ka organism & their variations | set of genetic material of yzy g

within a population an organism - snazi se o pochopeni veskeré informace obsazené

* zabyva se genetikou patologickych stav(
o . . i v DNA Zivych organizmu
® Zabyva se dlagI'IOStlkOU, léCenim a Introduced by Gregor Introduced by Tom
, L, , , . Mendel in 1865 Roderick in 1986

prevenci genetickych nemoci (u celé rodiny!) ) _ .
RRLLELRREEEEL LR E] LELLEEEEERRRRLLLLLLL] Strukturnlgenomlka:pochopenlstrukturygenomu

* genetické poradenstvi , o . - - i C oy
g P FOCUSES on the FOCUSES On (e Entire * konstrukce detailnich genetickych, fyzickych a transkripénich

map genomu pfislusnych organizm

behavior of genes genome of an organism

lidska genetika

* studium variability a dédicnost u lovéka Can be studied with the || Can be studied with the * koneé&nym cilem -kompletni znalost DNA sekvence (napf.
. use of biochemistry and use of bioinformatics ;
cytogenetlka biology and molecular biology HUGO pI’Ojekt)
[ ] Studium Chromozomcl [ R AR AR RN RRRRRERR] RRRRRRRRRRRRRRRRERND, O funkéni genomika = StUdium funkce genlj a OstatniCh éa’stl’ genomu
° Onkocytogenetika Involved in the study of Involved in the study of o VinI'Vé modelové organizmy (kvasinka, nematOda, DI’OSOphiIa
-y , JEh A o DL B Bl s o e melanogaster, Mus musculus, Rattus norvegicus,
molekularni genetika . : : oA QoA
Mesocricetus auratus aj.) transkriptomika; proteomika;
* studium struktury a funkce jednotlivych gen Epigenetics and L metabolomika: toxikomika
o ) population genetics are pleiotropy, and the study of o . . . . .
populaéni genetika the two subfields TS EE e O bioinformatika = shromazdovani, analyza a vizualizace biologickych
e studium proménlivosti populaci and alleles are the subfields soubort dat
Visit www pediaa.com * vyuziva metod vypocetni techniky, tvorba databazi a softwart

komparativni a evolu€ni genetika

https://pediaa.com/difference-between-genetics-and-genomics/

* mezidruhové srovnani a studium evoluce druht




gen — zakladni jednotka dédiCnosti
genové rodiny
* sekvencné podobné geny, které vznikly zfejmée duplikaci béhem evoluce
* napf. geny pro hemoglobiny, imunoglobuliny, nékteré enzymy, ...
pseudogeny
* podobné konkrétnim genum ale nefunkéni

lokus pro geny kédujici homologni
barvu srsti pary

kazdy gen je umistén na konkrétnim misté konkrétniho chromozomu = lokus (napf. 12921.5) chromozomd
» lokalizace genu je u vSech lidi stejna, sekvence ale ne! ’

alela — konkrétni varianta genu
« v populaci se pro naprostou vétsinu genu vyskytuje vicero variant (= alel),
které mohou byt rizné ¢asté = geneticky polymorfizmus

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

haplotyp — linearni kombinace genud/alel na jenom z homolognich pari chromozomu, které jsou ve vazbé a
jsou tudiz preferenéné pfedavany rodici potomkiim pohromadé (vyjimeéné dochazi k rekombinaci)

fenotyp — vnéjsi projev (vyjadfeni) genotypu

* znak — jednoduSe méritelna, vétSinou spojita proménna Father  Mother
» fenotyp — sobor znaku ae = Child1 Child2 Child3 Child 4
- intermediarni fenotyp — podobny znaku, ne vzdy musi byt spojity 1IN IEIEIR
N n | | | B | | N | [ |
- . - - -w - e -

Haplotype from Possible haplotype combinations
each parent each child may receive

https://www.invitra.com/en/savior-sibling/inheritance-of-hla-haplotypes/



Promoter Gene
zakladni jednotka dédi¢nosti - tvofi jen 2% DNA (20-25 000) ! I !

- konkrétni isek molekuly DNA nesouci informaci pro tvorbu
proteinu nebo RNA (rRNA, tRNA...)

- |
* geny strukturni

® geny pro RNA Intron Intron Intron Intron
* geny regulaéni (promotory)

O jednoduché - obsahuji pouze exony Promoter Coding Sequence Terminator
O slozené - obsahuji i introny

* Geny, pseudogeny, genove fragmenty

* genoveé rodiny = sekven¢né podobné geny, Bana
které vznikly zfejmé duplikaci béhem evoluce,
napf. geny pro (hemo)globiny, imunoglobuliny...

DNA Alignment Character Coding
Proc¢ prokaryota nemaji introny? 0000000000000000Q00011111111217111211112111111
88888888899999999990000000000111111111122
Intron Ear|y Theory Intron Late Theory 12345678901234567890123456789012345678901 1 23 45 6
Taxon 1 GCCTAGCCAAAGCTCTTCCAAGGTGACTCTCAGTTCAAGCT 29 3 204
LUCA with o UG with no ntran Taxon 2 GCCTAGCCAAAGCTCTTCCAAGCTGACTCTCA====== GCT a B 3 L 05
Taxon 3 GCCTAGCCTAAGCTCAACCAAGGTGTCTCTCAGTTCAAGCT 2 302 34
inton nvasion and Taxon 4 GCCTAGCCTAAGCTCTTCCAAGGTGTCTCTCAGTTCAAGCT a3 3 23 4
spliceosome Taxon 5 GCCTAGCCAAAGCTCTTCCAAGCTGACTCTCA====== GCT 403105
Taxon 6 CCCTAGCCAAAGCTCTTCCAAGCTGACTCTCAGTTCAAGCT 103104
Taxon 7 CCCTAGCCAAAGCTCTTCCAAGCTGACTCTCAGTTCAAGCT 10 3 1 04
Taxon 8 GCCTAGCCTAAGCTCTTCCAAGCTGACTCTCAGTTCAAGCT 223 104
Eukaryotes Archaea Bacteria Eukaryotes Archaea Bacteria

Teorie ,introns early (pdvodné kratké geny-exony a mezi nimi vznikly introny) a ,introns late* (geny pivodné introny nemély, invadovaly pozdéji z organel?)



ABLIAAA
Splice sites Signal for site of
Enhancer CTRAYY, Femd t{irr!ming_ .
Jistal & optional AGGURAGU, or and poly{A) tail al:ﬁdrtlon[
TATA-Box YYYYYY‘I:"‘(NCAG
N
A 'r. ~30bp | / ™~ !

i -

5 END . T A" 3 END:
llll >-____ |II
II'. _______.--"' \‘\I'.

Promoter AUG  Exons Intrans
CCAAT-Box  Startcodon Termination codon

UGA UAA, or UAG

Misto pocatku transkripce: misto kde zaéina syntéza mRNA (pozice 0, -
30bp od TATA boxu) .

Promotor: Oblast genu (5’-konec) upstream od mista pocatku transkripce
slouZici jako templat pro navazani transkripéni jednotky a iniciaci
transkripce. Inducibilni promotor — je zavisly na pfitomnosti induktoru
(nizkomolekularni latka). Konstitutivni promotor — nezavisly (provozni
-house keeping” geny).

Enhancer: Cast sekvence genu ktera interaguje s transkripénimi faktory a
tak zvy3uje uginnost transkripce. Je umist&éna upstream nebo downstream
od kodujici sekvence a muze byt stovky bazi daleko od kodujici sekvence
kterou kontroluje.

Silencer:. Opak enhanceru.

Transkripcni faktory: Proteiny interagujici se specifickou sekvenci DNA,
vétdinou ovlivaujici tercialni strukturu DNA a tak reguluji transkripéni
jednotku. Jsou bud aktivatory nebo represory viz vyse.

Koaktivatory: Proteiny interagujici s transkripénimi faktory (ale ne s DNA)
regulujici transkripci.

Signalni sekvence: kéduje signalni peptid, ktery preduréuje zacileni
proteinu na bun&cné drovni a nasledné se odstépuje.

GE

-
L\

Silencer Enhancer

Insulator

Locus control region

Proximal Core
Promoter Promoter

TATA DPE

Promoter

1.Genes that encode a single protein - hemoglobin gene HBA and HBB
2. Genes that encode many proteins

“A single fruit fly gene can encode 38,000 types of different proteins”
3. Non-protein coding genes — gene regulation

Podle funkce:

Housekeeping genes: code protein products for transcription, translation and replication.

Inducible genes: remain inactive, expressed under the influence of extrinsic factors.

Developmental genes: help in the early stage of the growth and development of organisms.
Tissue-specific genes: express only in some type of tissue, remains inactive in other types of tissues.
Homologous genes: inherited from a common ancestor, share a common function and have sequence
similarities are categorized into homologous genes.

Non-homologous genes: not inherited from a common ancestor instead, it is originated due to some
evolutionary forces are known as non-homologous genes.

Autosomal genes: genes located on autosomal chromosomes are categorized into autosomal genes

Sex-linked genes: Genes located on the X or Y chromosome (in humans) or on sex chromosomes are classified

in this category. These genes are very crucial for the reproductive health of a person.



GENOTYP

soubor vS§ech genu v konkrétnich alelach, které ma organismus k dispozici pro zajisténi svych biochemickych, fyziologickych a
morfologickych znaku

soubor alel specificky usporadanych v genomu - vSechny molekuly DNA + soubor epigenetickych faktort

Genotyp (v uz3im pojeti): Polymorphism
dvojice alel téhoz genu (maternalni x paternalni) — geneticky polymorfismus

gen pro fenylalaninhydroxylasu : 2 alelni formy: dominantni A a recesivni a

- 3 genotypy - AA (dominantni homozygoti), Aa (heterozygoti) a aa (recesivni homozygoti)

vicealelni systemy- krevni skupiny ABO - tfi alely - 6 genotypU

napr. HLA lokus - vysoka variabilita genotypt (vice nez 60 alel) - sada HLA genud na jednom
chromosomu tvofi haplotyp ( jedinec- dva v kazdém 5 determinantt) — vazba genu (| rekombinace) —
-geneticky marker pfi populacnich vyzkumech, uréovani otcovstvi. Krevni skupina

= fenotyp Moznée genotypy
o geny - | A AA, Ao
o pocet kopii gend (rRNA geny) nebo mensich &i vétSich oblasti ’
genomu (CNV — copy number variation) B BB, Bo
o polymorfismy v sekvenci nukleotidl (SNP, indel — insertion or deletion)
o variabilita v délce repetitivnich sekvenci 0 00
AB AB

genotyp ur€uje rozsah, miru fenotypovych moznosti svého nositele
genotypy jedincu téhoz druhu maji odliSné genomické sekvence
(genovych x mimogenové oblasti)



GENETICKA VARIABILITA

Geneticka variabilita vs Geneticka diverzita

* Geneticka variabilita - v populacich, kdyZ se vyskytuje vice nez jedna
alela v lokusu — ¢im variabilné&jSi — rychleji se vyviji a 1épe preziva

*  Geneticka diverzita — riznost mezi organismy (genet. fixovana) —
nutna podminka zivota

U rdznych populaci téhoz druhu mohou byt riizné

poméry zastoupeni mezi jednotlivymi alelami

Vznik novych alel — mutaci (spontanni x indukovana)
cetnost mensi nez alely ptvodni

* polymorfismus x fixace alely

. Alely s nulovym nebo negativnim vlivem na fitness - minimalni $ance na
zachovani v dostate¢né velké panmiktické populaci

. Nové alely se ve vétSich populacich €éasem zafixuji, pokud se jim podafi
pFestat prvni obdobi, kdy je jich velmi malo a kdy jim hrozi vymizeni z ddvodu
prosté smuly.

. Vyjimka - zména okolnich podminek zméni vliv jednotlivych alel na fitness -
vymizeni nové nevyhodnych alel; v malych populacich - vétsi Sance, fixace -
geneticky drift nebo efekt hrdla lahve

. U malych oddélenych populaci nebo kdy je vliv alely na vnéjSi znaky u rdznych
populaci razny - vyskyt alely pro srpkovitou anemii.

Home / News & Opimion

Identical Twins Accumulate Genetic Differences in the
Womb

DNA replication errors during cell division cause monozygotic twins to diverge from
each other even during the earliest stages of development, a new study finds.

Catharina Offord [A PDF VERSION
‘ Jan 7 20211 & min read

I dentical twins are not as identical as previously assumed, according to a study

ABOVE: JON

published teday (Tanuary 7)in Wectere Genztizs. Rather than having exactly the GUSTAFSSON/DECODE
satne DNA sequences, twins start accumulating genetic variation from the earliest
stages of development, researchers at Ieeland-based company deCODE genetics found, meaning that one twin harbors

variants that aren’t present in the other.

Z 381 parl: 38 geneticky identickych
39 vice nez 100 zmén




GENETICKY POLYMORFISMUS, SNP

Polymorfni znaky: barva o¢i, vlasu, kize, ABO
nejvice polymorfni: beta haemoglobin (HBB)- 176 SNVs per kilobase (kb)

Monomorfni znaky: jedna alela je fixovana, vSichni jedinci exprimuji stejny
fenotyp pro dany znak (jsou homozygoti)

*single nucleotide polymorphisms (SNPs)
*small-scale insertions/deletions (INDEL)
*polymorphic repetitive elements
*microsatellite variation

*SNP (Single nucleotide polymorphism) - polymorfizmus jediného
nukleotidu); predstavuje nejcastejsi formu polymorfizmu v lidském
genomu, vyskytujici se asi jedenkrat na 1000 bazi,

HUGO, 2000 - 1.5 milionu SNP, dnes 9 miliont
SNP se vyskytuji v nekddujicich oblastech Castéji

*SNV- jednonukleotidova varianta -zména v jediném

nukleotidu nezavisle na frekvenci vyskytu v populaci a tyto varianty
mohou vzniknout v somatickych burikach. Somaticke jednonukleotidove
varianty (napf. mutace souvisejici s rakovinou), mohou byt také nazyvany
"single-nucleotide alterations".

*VétSina genu - 4 SNVs per kilobase, ~ 97% genu ma alespon 1 SNV, 149
genu-bez SNV nebo INDEL.15

Linked SNPs
outside of gene

oy

no effect on
protein production
or function

Causative SNPs
in gene

Non-coding SNP:
@ changes amount of
protein produced

Coding SNP:
@ changes amino
acid sequence




GENETICKA VARIABILITA (~0.1%)

DNA sekvence kodujicich i nekddujicich usekd genomu je variabilni

v populaci pro dany gen vyskytuje vicero variant (= alel) s riznou populacni frekvenci

i i = geneticka variabilita
1) sexudlni reprodukce TR

2) nezavislé meiotické segregace
23 paru ch. — 223 kombinaci = 8,388,608 riznych gamet
Paramecium Parlor

@ AmocboSisten

- Mom says [ can't
’ ’.. do meiosis until I finish my
Wi interphase.

4) mutageneze de novo
chyba pfi DNA replikaci
3) rekombinace (meioticky c-0)

proof-reading DNA polymerazy ani mismatch DNA repair neni 100%
pusobeni externich mutagenu
kombinaci nez 8 miliénu

The Paramecium Parlor

And when he looked at his strand the next morning...

ONE OF ThE DASES WA GDNU

5) geneticky drift
6) pfirozena selekce

Genetic Dn{’t

with the Amoeba Sisters

Sharing mutation stories was a DNA camping tradition



CHROMATIN x CHROMATIDA x CHROMOZOM

DNA je organizovana v chromozomech

* chromatin + chromozomalni proteiny

(histony)

chromozom = linearni sekvence genl
prerusovanych nekédujicimi useky

v nedélici se burice je chromatin rozprostren

volné v jadre

u délici se organizuje do viditelnych chromozom

struktura chromozomu
e centromera
« telomery (raménka)
* dlouhé - q
* kratké —p

metacentricky a akrocentricky

dvé kopie daného chromozomu po replikaci (pfed

délenim) = sesterské chromatidy

heterochromatin
(konstitutivni a fakultativni)
euchromatin

euchromatin

heterochromatin

nucleolus

Submetacentricky chromozom
Sesterské
chromatldy

Kratké
raménko

Klnetochore
P (As)
<«— Centromera—>
<«— Dlouhe _______ 5
ramenko
Telomery
Chromozom Duplikovany chromozom v metafazi mitézy

(dvouchromatidovy chromozom)

Cesti védci jako prvni na svété zobrazili
strukturu chromozomu v prirozeném stavu

Cesti védci ukazali svétu skuteénou podobu chromozomu, tedy bunééné struktury
obsahujici DNA. Odborniky pritom prekvapilo, Zze vypada jinak, nez se dosud domnivali.

oscinova

Barevny obraz chromozomu v jeho pfirozeném stavu ziskany pomoci nové vyvinuté zobrazovaci metody A-ESEM.
(foto: Akademie veéd CR, CC BY 4.0)

Short region of
DNA double helix

‘Beads on a string" =
form of chromatin

30-nm chromatin
fibre of packed
nucleosomes

Section of 8 8ol §
chromosomeinan 8 & B% ¥
extended form

Condensed section
of chromosome égj é‘

F
O

Entire mitotic
chromosome



KARYOTYP CLOVEKA

kazdy biologicky druh ma svou charakteristickou chrom. vybavu . § wf
(pocet a morfologii) = karyotyp $ ) ., _
* U Clovéka maji somatické diploidni bb. 46 chromozom } g ~ I {
e 22 part homolognich autozomu ¢ s
* 1 par gonozomul (44XX nebo 44XY) “ J N\ ’:,'5 wp o
» gamety (vajicko, spermie) 23 — haploidni l' '

oli _
' r
-
v s
e A
~
g
-
-
'
,0"
:\-
[
[4%]
&
[=2]
~I
[=:]
o
-
(=]
ey

zpracovani vzorku bunék pro karyotyp ‘ PR ( A . ! 88z .
* nejlépe hodnotitelné jsou kondenzované chromozomy v & WA | E E E = E g = ﬁ
metafazi nebo prometafazi mitdézy / l = = ﬁ ﬁ
* lymfocyty perif. krve nutno uvést do mitbzy mitogenem a zastavit v "* \ 13 14 15 16 17 18 19 20 20 22 X Y
metafazi napf. colchicinem \/

* barvenim chromozomu (napi. Giems) se dosahne
charakteristického pruhovani a tim rozliSeni jednotlivych

e Chromozomu

hodnoceni karyotypu

* manualni — obarveny chromozomovy “rozptyl” (nejc.
mitotické lymfocyty nebo bb. plodové vody) se po obarveni
vyfoti, vystfihnou a sefadi do paru

« automatizované (mikroskop + software)




LIDSKY GENOM

Human Genome Project (HUGO)
- James D. Watson 2001
genom obsahuje 3-3.3x10° bp
(3 054 815 472 bp with X, 2 963 015 935 bp with Y)
gen = konkrétni usek molekuly DNA nesouci informaci
pro tvorbu proteinu nebo NA (rRNA, tRNA)
20-25 tisic
pseudogen = sekvence DNA, podobna genu,
nedochazi k translaci
20 tisic
virova DNA — 5-8% endogenni retroviry
2% geny
70% repetitivni sekvence (45% retrotranspozony)

90% identita savcu
99,9% identita mezi lidmi

Vétsina DNA se podili na produkci
enzymu pro tvorbu nebo stépeni cukra ¢i
stavbu bunéénych struktur np. struktura
hemoglobinového pigmentu x
strukturou pigmentu chlorofylu

-
=5 S5SeS /

50% - 60%

Védci oznamili, Ze poprveé rozlustili kompletni
lidsky genom

Mezinarodni tym vyzkumniki predstavil kompletni lidsky genom - je to poprve, kdy byl
sekvenovan ve své aplnosti. Objev by mohl pomoci napiiklad v lékaistvi.

Kompletni informace o lidském genomu ndm umaini lépe pochopit, jak 5= formujeme jako i
jak se liSime nejen od astatnich lidi, ale i od jinych druhi.

V race 2003 se védei z Projektu lidskeho genomu (Human Genome Project) zapsali do déjin, kdyz se
jim podafilo precist 92 procent lidského genomu. Od té doby se témé: dvé desetileti snazili rozlustit
zhyvajicich osm procent. Nyni badatelé oznamili, 2e se jim to podagilo.

Vyzkum p y ve étvrtek konsorciem T2T v éasopisu Science
dodava do dfive prectene DNA dalsich 400 milionu pismen. Piecteni zbyvajicich osmi procent
lidského genomu trapilo védce dlouha léta kvili své slozitosti. Pralom znila az i

dvou novych metod sekvenovani, z nichz jedna dokaze s uréitou mirou chybovosti pfecist milion
pismen DNA najednou, druha jich sice pfecte ,pouze” 20 000 v kuse, oviem s presnosti 99,9 procenta.

Lidské puzzle

Species Escherichia coli  Gallus gallus Homo sapiens  Daphnia pulex Oryza sativa
Number of Genes ~4,200 ~17,000 ~21,000 ~31,000 ~38,000
‘ ¥
L7 :
Common Name = A
Bacteria Chicken Human Water flea Rice
Drosophila
Species T2 phage Escherichia coli melanogaster Homo sapiens  Paris japonica
Genome Size 170,000 bp 4.6 million bp 130 million bp 3.2 billion bp 150 billion bp
Common Name % x
Virus Bacteria Fruit fly Human Canopy Plant
telomeres (0.1%)
centromeres (1%) origins of replication (0.3%)
SARS (0.3%)
regulatory sequences (0.2%)
pseudogenes (5%)

introns in noncoding

RNA genes (6%)
possible noncoding
RNA genes (0.4%)

™~

/ functional transposons (0.1%)

noncoding RNA genes (0.6%)

defective transposons
and fragments (45%)

protein-coding genes:
introns (22%)

protein-coding genes: /

exons (1%)

nuclear mitochondrial
DNA (Numts) (0.01%)

\ \ virus sequences (0.1%)

defective viral sequences
and fragments (9%)

unknown (9%)

https://sandwalk.blogspot.com/2018/03/whats-in-your-genome-pie-chart.html




REPETITIVNI SEKVENCE

. '/,..l
& :
Repetitivni sekvence = DNA s vysokym mnozstvim kopii —_— I :
| Microsatellite » i Minisatellite
e s vy . , . . ‘ or l D or
« podili se na formovani vys$Sich nukleoproteinovych struktur, jako jsou telomery nebo centromery Short Tandem Reveat| 1 W | Variable Number of
¢ ph ChromozomOVyCh pFeStaVba’Ch Science News from research organizations Tandem Repeats
e, e . , . (VNTR)
* maji vliv na regulaci genove exprese - RNA interference Ancient retroviruses played a key role in the evolution of
« zajistuji ochranu koncu linearnich chromozomu vertebrate brains s
« fidi spravny pribéh mitotického i meiotického déleni buriky Date: February 15, 2024 —
« zfejmé udrzuji strukturu chromozomu, mozna jsou “evoluéni” rezervou Source:  Cell Press
Summarnys  Researchers report that ancient viruses may be to thank for myelin - and, by
. ) extension, our large, complex brains. The team found that a retrovirus-derived
4 I’OZptyl ene — mOhOU se pOhybovat genetic element or 'retrotransposon’ is essential for myelin production in marm-
. v | . « , . mals, amphibians, and fish. The gene sequence, which they dubbed
DNA transpozony (pr ”S eeplng BeaUty - genova teraple) ‘Retrohdyelin,' is likely a result of ancient wiral infection, and comparisons of
° retrotranspozony _ Schopnost kopllrovat Se dl,ky reverznl, transkriptéze Retroltyelin in mammals, amphibians, and fish suggest that retroviral infection

and genome-invasion events occurred separately in each of these groups.

* endogenni retrovity = LTR
e autonomni— LINE — L1-repetice
* neautomni — SINE — Alu-repetice

Share. f & P in &

RELATED TOPICS FULL STORY
7 . Y . 7 - Mind & Brai . .
* tandemové - za sebou jdouci identické repetice, VNTR e Researchers report February 15 in the journal
> Schizophrenia Cell that ancient viruses may be to thank for

* makrosate“ty B centromery > Huntingtor's Disease myelin -- and, by extension, our large, complex

* minisatelity - 5-30bp, které se vice vyskytuji v subtelomerickych brains. The team found that a retrovirus-de-
o . o > Multiple Sclerosis : : u w
oblastech chromozomti, podkladem polymorfisma rived genetic element or “retrotransposon” is
) ) L, Plants & Animals essential for myelin production in mammals,
* mlkrosate“ty - Opakovam 1-5 bp - amphibians, and fish. The gene sequence,
jology

which they dubbed "RetroMyelin," is likely a re-
sult of ancient viral infection, and comparisons

telomerické sekvence

genetické markery - forenzni védy



MITOTICKE HODINY - TELOMERY

» vysoce konzervované nukleoproteinové komplexy - ochrana pro konce chromozomu
* repetice TTAGGG (3000x)
» poslednich 100-200bp- pfesah G-bohaté ss vlakno + proteiny-T-smycka (telozom)

HayflickGv limit - diferencované bunky - kratSi telomery

telomeraza - prodluzuje nejkratsi telomery v burikach! Naturo eviows| Cancer

- v zarodec€nych bunkach
- v nadorovych bunkach (90%)

Homeostaza systému telomery - telomeraza je komplexni a svazana s
. , . . , , . It prevents the telomere ends from being T
genet|Ckym| a enV|r0nmenta|n|m| faktOI’y recognized as break points by the DNA repair g

system.

Nesmrtelnost ve zkumavce? Spanélstivédci Leading strand
prodlouzili mysi Zivot 0 12% 3:

TELOMERAZOVA TERAPIE

Cile:

* immortalizace b. bez maligniho zvrhnuti
* omlazeni darcovské tkané, nebo své vlastni
* genova terapie (imunoterapie)

Lagging strand

Noncoding Hexameric
Sequence

Nature Communications, 2019:
i kmenové buriky - prodlouzeni telomer

i mysi chiméry- o0 12,74% delsi zivota, nez median

. bez fyziologickych rozdill . 3 . o ) o
. . R Snizeni aktivity telomerazy - volné radikaly, diferenciacni Cinidla,
i schopnost nadale prodluzovat si stavajici telomery . ; . . . A
. o ST T o ; epigallocatechin gallate z ¢aje, tamoxifen, antineoplastické latky —
0 20% méné nachyiné k vyvoji nadord, souvisejicich s vékem cisplatina, doxorubicin, protein fosfataza 2, MAPK, androgeny
inhibitory reverzni transkriptazy
Zvyseni aktivity telomerazy - chemické karcinogeny, mutace
telomerickych sekvenci, gamma zareni, PKC, EGF, estrogeny




REPETITIVNI SEKVENCE - PATOLOGIE

DM2

Myotonicka dystrofie

. AD, svalova dystrofie se svalovou slabosti provazenou paradoxné zvySenym svalovym tonem

. patologicka expanze trinukleotidu CTG v 3" neprekladané oblasti genu DMPK

(dystrophia myotonica protein kinase). Mutantni mMRNA ma sama o sobé patogenni potencial

. ANTICIPACE (Paradox Shermanoveé) - zavaznost nemoci se stupnuje (nebo klesa vék nastupu) v nasledujicich generacich

Huntingtonova chorea

. AD, fatalni neurologické onemocnéni s nastupem v dospélosti (4—10/100 000)

. demence s extrapyramidovou poruchou motoriky

. gen pro huntingtin - repetitivni sekvence (CAG)n (9-35x) - kdduje usek bilkoviny tvofeny zbytky

glutaminu (polyglutaminovy Usek), nad 36x- premutace — nepatologicka

nad 40 tripletd, protein nepracuje spravné, mechanismus toxicity neni objasnén

. progresivni odumirani neurond v nucleus caudatus

. NeuUplnd dominance

. Juvenilni forma - rychlejsi progrese

Revealed: Why the fatal
Huntington’s gene takes so long to
cause harm

A mutation in neurons grows for decades before it reaches a deadly limit.

JOURNAL ARTICLE

Homozygosity for CAG mutation in Huntington
disease is associated with a more severe clinical
course

Ferdinando Squitieri ™, Cinzia Gellera, Milena Cannella, Caterina Mariotti,
Giuliana Cislaghi, David C. Rubinsztein, Elisabeth W. Almqvist, David Turner,

Anne-Catherine Bachoud-Lévi, Sheila A. Simpson ... Show more

For about 95% of a neuron's life, the HTT gene doesn't have a toxic effect, which explains why it takes so long for people
with the disease to show symptoms. The neurons seem healthy until they hit the 150-CAG threshold.

Normal brain section

-
o
L

Normal frontal horns
of the lateral ventricles

Huntington’s Disease

~
v
el

1026 CAG

Chromosome 4

HTT gene Htt pvonin

35 or more
CAG repeats

Mutated Mutated
HTT gene hHtt protein

repeals .44
> Ry

Healthy neurons

Neuron
degeneration

Huntington's disease

-
e

Enlargement of the frontal horns
of the lateral ventricles

Atrophy of basal ganglia,
enlargement of lateral ventricles



VLIV PROSTREDI NA LIDSKY GENOM

,Nature versus nurture®

*Geneticka vybava jedince je sice osudové zadana v okamziku
zplozeni, ale neni pro dal$i zivot kone€na, protoze v pribéhu Zivota
se mize meénit jak pod vlivem Cetnych faktorl epigenetickych (vlivy
prostfedi), tak pod vlivem dalSich faktori genetickych (napf.
mutacemi somatickych bunék v priabé&hu maligni transformace).

*Genetickd proménlivost
(zdroj individualni variability - vytvafi se noveé kombinace alel):

» segregace alel pfi vzniku gamet
« rekombinace pfi crossing-overu
* vznik nahodnych kombinaci alel pfi oplozeni

« Mutace

nahodné zmény genotypu, zména genetickeé informace
- mutace jako evolucni nastroj patogenu (prokaryota),

dlouhodobé evoluéné prospésné

Nature

Genes and Hereditary Factors
physical appearance
personality characteristics

Nurture

Environmental Variables
childhood experiences
how we were raised
social relationships
surrounding culture




MUTACE

Biologické mutageny:
onkogenni viry: lidsky papillomavirus (HPV), virus hepatitidy B (HBV) a C

(HCV), adenoviry, herpes viry, virus Epsteina-Barrové, Rouslv sarkomalni

virus a Rauscheruv virus leukémie; transpozony

bakterie a plisné (Aspergillus, Fusarium)

Fyzikalni mutageny:

zareni (rentgenové, gama, UV - tvorba thymidinovych dimer()
Chemické mutageny:

organické, alkyla¢ni Cinidla (ATB), anorganicke latky, alkaloidy, kationty
téZkych kovu, peroxidy, dusitany, aromatické chlorované derivaty, volné
radikaly (O)

Biologi

Physical

Radiation

Alkylating Intercalating De-aminating o
Base analog agents Agents Metal ions

Ockovani funguje: Australie se stane prvni
zemi bez rakoviny delozniho cipku

Rakovina délozniho ¢ipku zabiji. V Australii uz ale nejspis nebude

11.03.2018 - Stanislav Mihulka

F

é’h—t‘g'

99,9% pfipadl - HPV

Typy mutaci (klasifikace)
1. Dle okolnosti jejich vzniku

spontanni
indukované (Cetnost ~10-7, oprava polymerazou a p53)

2. Dle zasazené buriky

somatické (de novo, prenatalné, aborty, vvv)
germinativni (pfenaseny na potomstvo, aborty, u potomka
pfitomny ve vSech bunkach, maji vliv na vyvoj druhu, ,uspésnost*
germinativni mutace 1:100 000

a. snizena plodnost/neplodnost

b. embryonalni mortalita

c. abort

d. dédi¢na onemocnéni a VVV

3. Dle evoluce: vyhodné, nevyhodné a neutralni

4. Dle alelickych interakci: Gplna dominance, nedplna dominance,

kodominance a recesivita

5. Dle sekvenci v DNA: kédujici a nekddujici sekvence

6. Dle urovné, na kterou pusobi:

genomové
chromozomové
genoveé
dynamické mutace



Epithelial cells

Mucosa

[ Action on gastric epithelial cells:
Oxidative stress
DNA damage
Impairment of DNA repair pati
Endoplasmic reticulum stress

e o o o

\\

( Action through the modulation of i
inflammatory pathways:

2 Smad7
* rRoOS, RNS
Yi-170-21

@ Macrophage

* NEB activity




VZACNE MUTACE A POLYMORFISMUS

MUTACE = vysledek mutageneze - nové vznikla zména v DNA

(pozor, existuje ale zna¢na nejednotnost v terminologii — nékdy se mutaci mysli zaména v kédujici oblasti genu a polymorfizmem
zaména v nekdduijici, jindy napf. mutaci zaména vedouci k rozvoji patologického fenotypu, polymorfizmem zaména bez
patologického dusledku)

vzacné mutace - jsou vyrazné patologické a tudiz jsou z populace odstrariovany selekci, nebo vznikly nedavno a nestacily se v
populaci rozsifit, vyskytuje se v populaci méné nezv 1 %

Vznik mutaci- pravdépodobné genetickym driftem (selekce)

POLYMORFISMUS = existence nékolika (prinejmensim dvou) alel pro dany gen, z nichz

nejméné casta ma populacni frekvenci alespon 1%

- bodovy (SNP) - jednonukleotidovy polymorfismus-substituce vznika nasledkem bodovych mutaci DNA-Casto bialelické
- variabilni poc€et tandemovych repetic- repetitivni- multialelické minisatelitni (VNTR) a mikrosatelitni (STR)polymorfismy

- pritomnost/nepfitomnost spec. sekvence na spec. misté (np.Alu, indel)

Mutation and polymorphism are two terms used to describe DNA variants
Mutation refers to a DNA variant in a particular individual

Polymorphism refers to DNA variants within a population.

Polymorphism is a mutation that occurs in more than 1% of a particular population (minor allele frequency of a particular allele in
the population is more than 1%)

Mutation is an alteration of the nucleotide sequence of a gene. If a mutation occurs in a population with a frequency of more than
1%, the mutation is called a polymorphism.

MUTATION
VERSUS

POLYMORPHISM

Polymorphism is the

Mutation is a permanent

alteration of a nucl presence of more than one
allele at a particular locus

in a particular population

A physical event A population attribute

A single base pair change
in the nucleotide sequence
is called a single
nucleotide polymorphism

A single base pair change
in the nucleotide
sequence of a gene is
called a point mutation

Sickle cell anemia,
hemophilia, cystic fibrosis,
Klinefelter syndrome. and

Turner syndrome are

Human gender, and ABO
blood group are a result
of polymorphism

results of mutations

Natural selection does not
affect alleles that brings
polymorphism

Natural selection selects
the mutations that are best
suited for the environment

Visit www.pediaa.com




GENOVE MUTACE

méni jednotlivé geny (alely), vétSinou jsou indukované
v kédujicich i nekédujicich oblastech

podstata je molekularni, méni se struktura DNA, nenaruSuje se

celistvost stavby chromozomu
v somatickych nebo v pohlavnich bunkach

Podle mechanizmu vzniku:
Substituce = zaména nukleotidu (bazi)
Tranzice (purin-purin: A-G; pyrimidin-pyrimidin: C-T)
Transverze (purin-pyrimidin; A-C, A-T, G-C, G-T...)
Adice (inzerce) = Zafazeni 1/vice nadbyte¢nych nukleotidu.

< 3nt=posun ¢teciho ramce (frameshift mutation) = odliSny polypeptid

= 3nt (nerusujici ORF) = prodlouzeni polypetidu
Delece = ztratu 1/vice nukleotidi ptvodni sekvence
(zkracovani polypeptidoveho fetézce)
Inverze = pfevraceni poradi nukleotidu

Typ dédiénosti - monogenni onemocnéni

a. Mutace nemeénici smysl (silent, synonymous)

Po mutaci zafazena stejna AMK
ZpUsobeny substitucemi na treti pozici tripletu.

b. Mutace ménici smysl (missense, non-synonymous)
Po mutaci zafazena odliSha AMK
Konzervativni = zaména za chemicky podobnou AMK
Nekonzervativni = zaména za AMK s odliSnymi vlastnostmi
(vliv na funkci polypeptidu)

c. Nesmyslné mutace (nonsense, damaging)
vznik pfed€asného terminacniho kodonu v sekvenci DNA

d. Mutace ménici ¢teci ramec (frameshift)
vznik pfed€asného terminacniho kodonu v sekvenci DNA

Substitution Insertion Deletion Inversion

A =
| W
I 1l

)

BEATS



SRPKOVITA ANEMIE

AR

GENOVE MUTACE

missense mutace genu pro hemoglobin na 6. pozici v 3-
fetézci (hydrofébni valin misto hydrofilni glutamové
kyseliny, tvorba shluki Hb a tim zména tvaru ery.)

— HbS
ancestral mutant
DNA -CTC- -CAC-
MRNA -GAG- -GUG-
AA -glu- -val-

Srpkovité Cervené krvinky mnohem huF pfenaseji kyslik.
Lidé se srpkovitou anémii maji proto ve srovnani s
obyCejnymi lidmi ¢ervenych krvinek vic. To jim dava proti
malarii velkou vyhodu, diky niz maji lepSi Sanci prezit.

Infected mosquito bites Infected liver
person who becomes infected

Mosquito bites infected person,
becoming infected

Infected red blood cells



B° THALASEMIE

* AR

GENOVE MUTACE

* nonsense mutace pro Hb — chybna syntéza
jednoho z fetézcu globinu

ancestral mutant
DNA -AGT- -ACT-
MRNA -UCA- -UGA-
AA -ser- -STOP
HUNTINGTONOVA CHOROBA
* AD, trinukleotidova expanze

ancestral mutant

DNA ..TAC-GTC-... ... TAC- -GTC-...
mRNA ...-AUG-CAG-... ...-AUG-(CAG-CAG-CAG),,-CAG-...
AA ...-met-gin-... ...-met-(gln-gln-gin),,-gln-...

Thalassemia

Thalassemia
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Matka
I Otec Zdrava Zdravy R
G E N Ov E M U ACE s hemofilii matka otec prenasecka

hemofilie

Carriers of Hemophilia

‘‘‘‘‘‘‘‘‘‘‘‘

18

XR nebo de novo

e 1/5000-10000

* nedostatek srazeciho faktoru VIII

* velka alelicka heterogenita

* inverze Casti genu F8C (45%)

* inzerce (LINE1) do genu F8 - snizeni
tvorby proteinu

projev nemoci u zen: @@@@ @@@@ @@ @@ @@ @@

1. Mozaika u pfenasecek - v jatrech se exprimuje dysfunkéni chromozom

O O O O
2. Dcera matky pfenasSecCky XhX a otce hemofilika XhY
3. Hemizygot s Turnerovym syndromem XhO

gravidita u Zen pfenaseéek (nizkou aktivitou FVIII/FIX) poe B | W e WL YO s Wit it

syn prenasecka syn prenaSectka shemofilii prenaSecka syn dcera
1. Genetické poradenstvi (prenatalni a preimplantaéni Pels — el
diagnostika)

2. ZvySené krvaceni pfenasecek — v prvnim trimestru - napf. pfi

samovolném potratu, invazivnich prenatalnich diagnostickych

metodach nebo v pripadé ukonceni gravidity + zvysSeneé riziko

peripartalniho krvaceni (substituce koagulaénich faktora)

HEMOFILIE A (HA
with-Hemophilia and
v Hemophilia
o

Carriers of
Hemophilia

!
k.

ppppp




CYSTICKA FIBROZA
* AR /
* dele¢ni mutaci genu

produkujiciho protein CFTR \ // = i
(chloridovy ABC transportér na o
bui. membrané) — nefunkéni

prOteI n Outside cell

* delta F508-delece 3 bp v pozici pr

phe v kodonu 508)

* vice nez 1200 mutaci - selekce
ve prospéch heterozygott?

Healthy
airway

Three candidate agents emerged:

a. Vibrio cholerae. It is geographically incongruent. The original cholera
reservoir existed in the Ganges river in India, and was only spread to Europe
via trade routes in the 19th century. Cholera did not kill enough people to
explain the observed frequency, even if heterozygotes' immunity was 100%.

b. Salmonella typhi.

c. Mpycobacterium tuberculosis (TB). TB was seen as a ‘white plague’. As humans
moved North, hunter-gatherers became farmers. Intimate human contact,
along with the domestication of cattle, accelerated spread. TB comfortably
killed enough people. A heterozygote resistance of just 13% would explain
the observed allele frequency. In vitro, fibroblasts of heterozygotes produce
an excess of hyaluronic acid, a substance with a known role in defence
against TB.

Airflow

Mutant

|CFTR Channel |

(cholera, tyfus, tuberkul6za?) Normal |5
CFTR Channel o
Chloride ionsi
ancestral mutant

DNA -TA A-CCA- -TA A-CCA-

MRNA -AU U-GGU- -AUU-GGU-

AA

-ile- -gly-

-ile-gly-

hypoplasie skloviny

In the case of cystic fibrosis, the evolutionary advantage it confers is still a matter of
debate. One theory is that it may give resistance to cholera or other ilinesses that cause
diarrhea and dehydration. The logic of this theory is that the altered salt and water
balance may protect against dehydration during bouts of severe diarrhea.

Vibrio cholerae, the organism that causes cholera, binds to the cells of the small intestine
and causes all of the transmembrane regulatory proteins, including CFTR, to pour salt and
water out, resulting in diarrhea. A study in mice with cystic fibrosis showed that their
intestines did not secrete fluid when infected with V. cholerae. Those mice carrying only
one copy of mutant CFTR expelled half as much fluid as normal mice.

Another theory points to typhoid as the source of the advantage of the cystic fibrosis
gene. Salmonella typhi, the bacteria that causes typhoid fever, binds to CFTR to gain entry
into intestinal cells. In a study in mice with defective CFTR, 5. typhi bacteria were prevented
from entering the intestinal cells.

However, scientists have subsequently calculated

the effects of such a survival advantage against
cholera and typhoid and determined that a gene
offering protection against those illnesses would
not confer enough of a selective advantage to
drive the prevalence of the gene to its high levels
among Europeans.

The model did show that a gene that was
protective against tuberculosis would give
enough advantage to resultin a 1 in 20 carrier

How to make
hybridoma-based

antibody discovery

more efficient eBook Sphere
Fluidics showcases solutions to
boost hybridoma-based antibody
discovery.

Download the latest edition

rate. Tuberculosis was very common in Europe in the 17th, 18th, and 19th centuries.
During that time, 20 percent of all deaths were caused by tuberculosis. A gene that gave
an advantage against tuberculosis could mathematically have increased in prevalence to
the current levels.
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GENOVE MUTACE

DUCHENNOVA SVALOVA DYSTROFIE

,frameshift" mutace = posun cCteciho ramce

v genu pro protein dystrofin

nejzavazneéjsi a nejagresivnéjsi svalovou
s (o] . 7 s

dystrofii -zpusobuje ochabnuti a ztratu

aktivni svalové hmoty.

ancestral mutant
DNA -CAC-TGT -CAC-1TG-T..-
MRNA -GUG-ACA- -GUG-AAC-U..-
AA -val-thr- -ile-gly-

C-terminus—,
Dystrophin




CHROMOZOMOVE MUTACE - ABERACE

neméni strukturu samotnych gen, ale méni strukturu chromozomd _Single chromosome mutations

daji pozorovat ve svételném mikroskopu

mohou byt pfekazkou normalniho prabéhu meidzy a jimi postizené gamety mohou byt sterilni
nebo mohou po splynuti vznikat nezivota schopné zygoty. A
& | | :[:: .
! i E: _ H A
' '.

Deletion Cuplication Inversion

Délime na: strukturni x numerické (genomové mutace) - ‘:
balancované x nebalanované b
autosomalni x gonosomalni

STRUKTURNI CHROMOZOMOVE ABERACE

balancované

Insertion
(kdy je zachovano puvodni mnozstvi genetického materialu)

Inzerce - Cast chromozomu vystépena z pavodniho chromozomu a pfipojena k jinému
chromozomu

inverze = prevraceni ¢asti chromozomu o 180°
translokace = pfesun €asti chromozomu na jiny chromozom,
muze veést k vytvofeni nového znaku (pfimé x Robertsonovské)

v

__-_.i F —

’___‘_.r" |
Chramosame 20 i
Chromosamed Chromosame 20

119

-

O

~
/

Chromosomed

nebalancované (kdy ¢ast genetického materialu chybi ¢i pfebyva) Translocation

deficience = ztrata koncové ¢asti chromozomu, oddéleny kousek se rozpadne v cytoplazmé, Chromosome 20 pgrimte
dochazi ke ztraté genu, ztrata dalezitych gent vede ke smirti

v s v

delece = ztrata vnitini ¢asti chromozomu.

duplikace = zdvojeni nékterych ¢asti chromozomu /-‘ »
fragmentace = rozpad na malé ¢asti (burika se nedéli) Robertsonska | —J
ring chromozom = spojeni koncti chromozomu (po deleci telomer) translokace

. , ~ ;s , , L, Dierivative chramosamed
izochromozom = chromozom, ktery ma pouze dlouhd, ¢ naopak pouze kratka raménka

Chn:-r;w:-:-.med.



GENOMOVE MUTACE

NUMERICKE CHROMOZOMOVE ABERACE — ANEUPLOIDIE

*abnormalni pocet chromozomu v karyotypu
sstruktura chromozomu je neporusena, patologie - nestandardni mnozstvi genu

*vznik: pfi rozchodu chromozom( do dcefinych bunék béhem buné&ného déleni
(nondisjunkce) nebo abnormalitami fertilizace €i Casna embryogeneze atd.

*aneuplodie - numerickd odchylka se tyka pouze urcitého chromozomu nebo
chromozomu, ne v8ak celé sady. Konkrétni chromozom muaze byt bud znasoben -
trisomie (3x - tfi kopie chromozomu), tetrasomie (4x - Ctyfi kopie chromozomu),
nebo naopak ztracen - monosomie (1x - jedna kopie chromozomu), nulisomie (0x -
zadna kopie chromozomu) (nadory)

Aneuplodie pohlavnich chromozému (Gonozomy)

*Turnertv syndrom (Zena: 45, X0) 1: 2500

*Klinefelterdv syndrom (muz: 47, XXY) 1:1000 %
XXX syndrom (zZena: 47, XXX) — ,Superfemale® 1:1000 2
*XYY syndrom (muz: 47, XYY) — ,Supemale” 1:1000 15

Aneuplodie somatickych chromozému (Autozomy)
*Downlv syndrom (Zena/muz: 47, + 21) 1:2500

10 +

*Edwardslv syndrom (Zena/muz: 47, + 18) 1:6000 ]
*Patautv syndrom (Zena/muz: 47, + 18)1:5000 0

30 -+

Diagnostikované vrozené chromozomové aberace v CR
v roce 2015

Celkem

@ Downdv syndrom
0 Edwardshv syndrom
B Pataulv syndrom

@ jiné autozomové Ukonceno
aberace

B gonozomové aberace

na 10 000 Zivé narozenych mnarozeni m prenatélni diagnostika

1994

wn w r~ -] [-1] (= -~ o ] g w w r~ -3 [-1] (=) -— ) L] =+ w
o [=2] [=2] =1 [-1] (= (=] (=] =] (=3 (=] [=] [=3 [=] ~— - - - - -
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http://www.vrozene-vady.cz



Downlv syndrom 47, 21+

1. Non-disjunkce 2. Translokace 3. Mozaicismus

meiotickeho déleni | nebo II. (béhem formace reprod. b.) jen nékteré bunky
,<franslocation Down syndrome“

MOSAIC CELL DIVISION
Translocation Down Syndrome EGG SPERM
“

TRISOMY 21 (NONDISJUNCTION CELL DIVISION)
EGG SPERM

shuttersteck



GENOMOVE MUTACE

Common polyploid plants

NUMERICKE CHROMOZOMOVE ABERACE - POLYPLOIDIE NN riptoid "TTT ——
- < \
*polyploidie - znasobena je celd chromozomova sada - porucha rozdéleni v
celych sad nebo oplozeni spermiemi (dispermie]), u Clovéka pfichazi v avahu 7
zejména triploidie (3n = 69 chromozom) a tetraploidie (4n = 92 chromozom), Seedless watermelon Banana
vétSinou ale: 2
«  t&hotenstvi je potraceno KKNXKN Hexaptoid KKNXXXKN octoptoia
* molla hydatidosa (a pak t€hotenstvi nutno ukoncit potratem) Vi
*  porod novorozence s triploidii — velmi ¢asna letalita '
Polyploidie lidskych bunék ‘
(vznik endoreplikaci — endomitézou, fazib., cytokiny...)
ronom CropScience
1. vyvoj tkané (jatra, svaly, srdce, placenta, mozek, kostni dreri) ’ o
2. patologické procesy - hyperthyroidoza (thyroidni b.), hypertenze (VSMC),
4 Complete cytokinesis
nadory .0:'8'
— ¢ ° §°
O it KO\. ( ;+'_(O'I o \.‘.‘).
*Nuliploidie — erytrocyt _/ [2“/ - kgn)] [4@ (8_)/ = 5.»- (g
. . . o , 728 2 = L 4L
*Tetraploidie, oktaploidie - jaterni b. (vicejaderne) ©O) = -, N
jadro muze byt 2n nebo polyploidni + aneuploidie s_”l " i @9 ------- °Q_9 -------- > QQ
- . iploi
*Endopolyploidie - megakaryocyty (8-16ploidie)-128 sad chrom. hepatocytes in 4n n 16n
newborn liver Cytokinesis failure

*Embryonicky trofoblast - tertraploidni Adult liver

Insulin signal, E2F8/E2F1, miR-122, etc.



KLASIFIKACE GENETICKY PODMINENYCH

NEMOCI

1. Z hlediska etiologie nemoci - Monofaktorialni (gen.x negen. charakter) x multifaktorialni

monogenni nemaoci
jedna kriticka “chyba” (ij. alela) konkrétniho genu je sama o sobé nebo v

homozygotni kombinaci témeér vyhradné zodpovédna za rozvoj nemoci (fenotypu)
nebo prenaseéstvi a tedy zvySenému riziku pro potomky

chromozomalni poruchy

nejedna se o konkrétni chybu ale o nadbytek/nedostatek genu obsazenych v celych
chromozomech nebo jejich segmentech (“gene dosage” efekt)

komplexni (poly-, multigenni) nemoci
geneticka dispozice podminéna kombinaci alel nékolika genu je vyrazné
manifestovana prostredim a komorbiditami

2. Podle typu dédi¢nosti — mendelistické - dom/rec- monogenni, autozomalni (nezavisla
segregace, volna kombinovatelnost)
nemendelisticke — multifaktorialni, mitochondrialni, imprinting,
expanze trin. repetic (HD, fraX)

I'I‘IDI'I'DQEHI'Ii nemoc

zdravi . nemocni A

® o.o JILSNS
O O A A A AN
@ 0% A" “aAn

mono-/oligogenni dispozice k nemoci

zdravi nemEni..&
O A A
..‘ﬂL ® @ .ﬂ.& A @®
LN @9 1L ©
multigenni nemoc
zdravi I:”:I. nemocni |
Eooo0| (Moel g
O O
0550t Bglg By
- 000 ("a"s .

bEing patalogicka alela I:I .
O {wétdinowva) alela [= mutace) polymorfismus



MONOGENNI NEMOCI

mendelisticka dédi¢nost (charakteristicky zpasob prenosu v rodinach)

dédi¢ény podklad se uplathuje jako velky faktor, tj. je pfitomen prakticky u vSech
nemocnych a jedna se prokazatelné o faktor pficinny + pfidatné faktory geneticke i faktory
zevniho prostredi.

pFiCinou téchto nemoci byvaji pfedevSim tzv. vzacné alely - variantni alela, ktera vznikla
mutaci nékdy v nedavné nebo vzdalené minulosti a je vétSinou relativné malo Casta,
nahrazuje pavodni ,divokou® alelu na jednom nebo obou chromozomech

determinovaya alelami v jednom lokusu

choroby détského véku (méné nez 10% -po puberté, 1% po skonceni reprodukeniho véku)
Casto vyrazné patologické

V populaéni studii na 1 milionu Zivé narozenych déti byla incidence vaznych
monogennich chorob odhadnuta na 0,36%, u 6-8% hospitalizovanych déti se uvazuje o
monogennich chorobach.

doposud znamé shrnuje OMIM (On-line Mendelian Inheritance in Man) ~6000 klinicky
vyznamnych fenotypu

Ctyfi zakladni typy dédi¢nosti:

dominantni recesivni
autosomalni autosomalné dominantni (AD) autosomalné recesivni (AR)
X-vazany X-dominantni (XD) X-recesivni (XR)

Pedigree

#%JZP %

noom o O mmo

|:| male [ atfected male Edeoeased mala

O female @ affected 1eumle/@’ueceased female

neuplné dominantni - odstupfiovana tize nemoci u
heterozygota a mutovaného homozygota
kodominantni - jak normalni tak patologicka alela jsou
vyjadfeny ve fenotypu

PLEIOTROPIE- fenylketonurie -rec. alela ovliviiuje vic
fenotypovych znaku



MONOGENNI NEMOCI - AR

nemoc jen u mutovaného homozygota, u heterozygotl s 1 mutovanou
alelou staci produkt k udrzeni normalni funkce

manifestni onemocnéni u heterozygota je dusledkem:

- haploinsuficience - pro normalni funkci je potfeba >50% aktivniho
genového produktu

- dominanté negativniho efektu - syntéza abnormalniho proteinu, ktery

“soutézi” s normalnim a ovliviiuje fenotyp (napf. osteogenesis imperfecta)

- zesileni funkce (“gain-of-function”) - mutaci je posilena pfirozena
vlastnost proteinu

- ztraty heterozygozity (loss-of-heterozigosity, LOH) v somatické bunce -
napf. familiarni predispozice k nadorimv dasledku mutaci v supresorovych
genech (napf. retinoblastom)

velmi ¢asto enzymoveé defekty

postizen je mutovany homozygot (popf. sourozenci), heterozygotni rodiCe
jsou prenaseci (asymptomaticti) - riziko 0.50 x 0.50 = 0.25,
frekvence prenaseci nemoci v populaci >>> frekvence nemocnych

Cysticka fibréza - (f nemocnych 1/2000, f prenasecu 1/22)
Enzymopatie - Fenylketonurie, Galaktosemie, Tay-Sachsova choroba
Spinalni muskularni dystrofie

Srpkovita anémie

Thalasémie

Imunideficience: Hyper-IgE syndrom (Jobuv syndrom),

WHIM syndrom, DiGeorgav syndrom

o
c
O

"+ @

Carrier father Carrier mother
o 25%
w bl chance
Sick child

A& |

Fanconi  B-Thalassemia Spinal muscular
anemia atrophy

A

Cystic
fibrosis



MONOGENNI NEMOCI - AD

Mendelisticka dédi¢nost, dominantni alela je na autozomu

nemoc se projevuje v_kazdé generaci - postizeny jedinec ma postiZzeného jednoho rodice (a prarodice)

nemocnijsou i heterozygoti
riziko opakovani pro potomky a sourozence postizeného je 50%
nemoci jsou dusledkem i nové vzniklych mutaci

Familiarni hypercholesterolemie - nejéastéjsi dédiéné metabolické
onemocnéni (1/200 - 500)

homozygoti pro mutovanou alelu jsou obzvlasté tézce postizeni

- neuplna dominance

Myotonicka svalova dystrofie (1/1000), Huntingtonova chorea (1/3000)
Marfaniv syndrom, EDS

Neurofibromat6za

Achondroplasie

Brachydaktylie, Syndaktylie

Osteogenesis imperfekta

Tézké kombinované imunodeficity (SCID), Chronicka granulomatézni
choroba, Deficity adenosindeaminazy

MHC |l deficit, Deficit adhezivity leukocytt

Leidenska mutace: (Faktor V Leiden) - heterozygoti maji riziko zilni
tromboézy 5-10x vysSi, homozygoti 80-100x vysSi!!! (neuplna dominance)

W ]
Sick father Healthy mother
T I
w' iy chance
Sick child

v

Myotonic dystrophy Huntington'’s Marfan
(Steinert disease) disease syndrome




MARFANUY SYNDROM

AD Wlaetieds Syaclegeoies
porucha pojivove tkané

— mutace genu pro fibrilin-1
maxilarni/mandibulkarni retrognacie
mikrognacie

dolichocephaly

malar hypoplasia

long and narrow face

frontal bossing

prominent supraorbital ridges

maxillary and mandibular retrognathia
skeletal malocclusion

hypermobility of the temporomandibular joint

LRt -
ey Mrdvihe ( agae o Kabouraph dvms ot b
mrgtabon 160N - proanae unbatead o bl




MONOGENNI NEMOCI - X-VAZANE

. nemendelisticka dédi€nost - neni identita reciprokych k¥izeni

. Zeny 3 genotypy, muzi pouze 2

. X-vazané nemoci se manifestuji u vSech muzu, kteri zdédili mutaci, a pouze u
homozygotnich Zen

. inaktivace X-chromozomu u zen (16 dni po oplozeni)

. kompenzace davky a exprese X-vazanych genu

. ma pocatek inaktivace (blizko centromery), nepodléha 20 genu

. hypotéza Lyonové (“lyonizace”) -v somatickych bb. je 1 X inaktivovany a v interfazi se
zobrazuje jako “Barrovo” télisko (viz sporné identifikace pohlavi)

. proces je ndhodny, mize se tykat jak otcovského tak matefského X

* disledkem je variabilni exprese X-vazanych genl u heterozygotek (“manifestujici
prfenasecka”)

*  funkéni mozaicismus

XD - Hypertrychoza
Parcialni barvoslepost
Deficience GGPH
Ichtyosis
Lesh-Nhyantiv syndrom
XR - Hemofilie A
Duchenneova muskularni dystrofie
Wiskott-Aldrichtv syndrom
Imunodeficience

1,\‘
= -

Retinitis Fragile X
pigmentosa syndrome

nehomologni | || humulngm
lseky

Dystrophin

Duchenne and Becker Hemophilia
muscular dystrophies



KOMPLEXNI NEMOCI

Polygenic

* multifaktorialni, multigenni
disease

* kombinace genu a faktoru zevniho prostfedi (genotyp-genotyp+genotyp-prostredi) Envirorument _—
. . e . B . . B . . . Gene expression Mi 'i.s e
« choroba ma prokazatelné familiarni vyskyt- musime odekavat podil genetického podkladu na B il immune system
.., ) ) Methylation afammation
jeji manifestaci
* své genetické pozadi maji i tak relativné vzdalené proximalni fenotypy, jako je napf. kvalita Zivota
u nemocnych s chronickym kardiovaskularnim onemocnénim. monogenni nemoc
zdravi . . nemucniﬂ
. . s . . . &‘& &'&
Hledani genetické determinace: ® 0 ® JaN A
- ., ., e "y p T P o /- . . &&&
1. zvySeny vyskyt v rodinach - familiarni agregace- pfibuzni sdileji vétsi podil gent navzajem @ O ® A A A

nez s nepfibuznymi (obracené to neplati!)

i e . . . . ) mono-/oligogenni dispozice k nemoci
2. zvySena incidence u dvojéat MZ vetSi nez DZ (stupen fenotypove shody, konkordance, odhad

zdravi nemocni
O .. ..ﬂ.

heritabilit A®
R ) : o . (@) A @ ® AN VAN
3. dédi€énost intermedialnich fenotypu @ A
- heritabilita — relativni podil variability podminéné geneticky na celkové variabilité znaku multigenni nemoc

zdravi DD. nemocni i

v , ) , , Bonng) (Wogs mg

Az 80% populace onemocni do konce zivota komplexni nemoci |:|.|:|l:| O 1= m I:I.
DEI. ] B0

O s

.=.IDI

béing patologicka alela .
. : | 3
O (wétdinova) alela [= mutace) D palymorfismus




KOMPLEXNI CHOROBY

cetnost (%) cetnost (%)

cetnost (%)

fyziologicka populacni variabilita

optimum riziko

polygenni nebo
monogenni
porucha

glukéza (mmol/I)
fyziologickd populaéni variabilita
optimum riziko

polygenni porucha

normotenze

hypertenze

krevni tlak (mmHg)

fyziologicka populaéni variabilita

optimum riziko
hypecholesterolemie
polygenni porucha

monogenni

normolipidemie porucha

cholesterol (mmol/I)

fenotyp nevykazuje klasickou mendelistickou dominantni &i recesivni dédi¢nost jako dusledek
zmeén v jediném lokusu (tzv. jednolokusovych)

genova slozka neni homogenni, vztah gentd neni aditivni — multiplikativni model
predisponujici “geny” zvySuji pravdépodobnost onemocnéni, ale nedeterminuje

jednoznacné jeho pritomnost

» je nutné spolupusobeni negenetickych faktorl (prostfedi)
* dieta, fyzicka aktivita, koureni, ....

» ainterakci genl mezi sebou

nejcastéjsi komplexni nemoci
« diabetes (1.1 2. typu)
» dyslipidemie
« celiakie
« esencialni hypertenze
* schizofrenie
« astma, alergie
* nadory

Genetics Environmental Drivers
Unknown
molecular mechanisms of 222 o chemicals, smoking,
disease, diet, alcohol,
susceptibility (risk) or Genetics — ﬁ sun exposure,
modifier ; infection/infectious
genes/variants, . Environment disease
genomic & somatic Complex Disease bl |
variants, phenotypes, symptoms, e @ Y
SNPs, CNV, INdels, endotypes m
mode of inheritance,
g”ocl’;‘gc’g:ig'c o @ Other Host
disease features & Host D
Epigenetics nomenclature may change = time, age,
Epigenetics over time 'I' w microbiome,
methylation, obesity, nutrition,
; : inflammation,
miRNA, retroviruses, m Social @R

regulatory events,
gene rearrangements,
gene expression

Social Determinants of Health

immune system,

immune response,

stage of development at
exposure

090

S0

social setting, communication barriers, access to healthcare,
cultural, economic status, adverse childhood experiences



KOMPLEXNI NEMOCI

komplexni onemocnéni jsou charakterizovana:
* neuplnou penetranci patologického fenotypu

* u urcité ¢asti osob, prestoze zdédi nevyhodny genotyp (zde ve smyslu souboru vicero genu) se patologicky fenotyp
nerozvine

» existenci fenokopii

* patologicky fenotyp muze byt pfitomen u lidi, ktefi nejsou nosi¢i zminéného genotypu (somaticka mutace, teratogen)
« existenci genokopii

* genotyp determinujici velmi podobny fenotyp determinovany odliSnym genotypem
« genetickou heterogenitou (lokusovou a alelickou)

* klinicky obraz neni specificky, ale mize se rozvinout v disledku zamén v genech lezicich na riznych lokusech (=
lokusova heterogenita) hluchota, v jednotlivych genech muize byt pfitom vicero mutaci & polymorfizmu (= alelicka
heterogenita)

* polygenni dédi¢nosti
* 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
* alely priznivé, nepriznivé a neutralni
» pleiotropie
* mnohocetné fenotypové efekty jednoho genu nebo paru genu
» spoluplsobenim dalSich mechanizmu pfenosu -mitochondrialni dédi¢nost, imprinting (patern./matern.)




GENETICKE STUDIE

Hledani markeru/kandidatnich genu (jednodus$si u mendelisticky dédénych nemaoci)
s klinickou manifestaci nemoci
s klinickou zavaznosti nemaoci

s intermedialnim fenotypem Age, sex and

s odpovidavosti nemoci na IéEbu pnpulation \Ial'iation
Markery - neexprimované a exprimované (vazané) .
as Genetic marker

Chromosome o N ,
This triad of age, sex, and population variation as genetic markers

forms the cornerstone of personalized medicine, allowing for
interventions tailored to an individual's unique genetic makeup. Future
research in this area will continue to unravel the profound influence of
these markers on our health, longevity, and biological diversity.

T = www.anthroholic.com

Bt Gene Marker
Gene

Systematické hledani genut (sekvenace) nebo komplexni analyza (chipy)
Celogenomové asociacni studie (GWAS=Genome-Wide Association Study) vyhledavaji polymorfismus jednotlivych nukleotidll nebo bézné genové
variace, které se typicky chovaji jako ukazatelé genovych oblasti s malym efektem u stoupajiciho rizika nemoci (u komplexnich nemoci)

Genome-wide association studies have identified various strong associations between genetic polymorphisms and susceptibility to common infectious
disease phenotypes, such as HIV-1, hepatitis B and C viruses, dengue, malaria, tuberculosis, leprosy, meningococcal disease and prion disease

Dalsim vyznamnym momentem je vybér statistické metodologie, ktera zhodnoti silu asociace genl s chorobami. Moznosti jsou v zasadé dvé: linkage
(vazebna) analyza a asociaéni studie. K detekci specifickych genetickych oblasti a genu, které se u€astni v transmisi nemoci, je v principu mozné
pouzit obé& metody.



GENETICKE STUDIE

LINKAGE (VAZEBNA) ANALYZA

vztah mezi lokusy

Testuje kosegregaci genového markeru a fenotypu
nemoci v rodiné,. ¢ili marker a nemoc se v dané
rodiné maji vzdy vyskytovat spolu.

ASOCIACNI STUDIE

Spolecny vyskyt alel €i fenotypu

(vztah mezi alelami/fenotypy)

VySetfuji souvyskyt markeru a nemoci na populaéni
arovni, tj. u nepfibuznych jedincu, obvykle srovnanim
frekvenci markeru u nepfibuznych nemocnych a
kontrolnich subjektd (studie case-control)

Statistickou silu asociace je mozno déle zvysit
obohacenim o dalsi kritéria, jako jsou klinické

subtypy nemoci (studie case-case), zavaznost nemaoci,
Casny zacatek nemoci, rizikové faktory pro nemoc
v€etné pohlavi a vhodné biologické znaky

(napf. plasmatické hladiny cytokinl pfi asociaci
genetickych polymorfismu v cytokinovych genech;
studie genotyp-fenotyp).

Property of mapping approach
Data type studied
Relevant parameter

Range of effect detected
(linkage or association)

Number of markers required for
genome-wide coverage
Statistics used

Dealing with correlated markers

Biological basis of approach

Dealing with allelic heterogeneity

Detecting genotyping errors

Most suitable application

Al O—{]ca)

o o

BC BeG

Linkage analysis
Relatives

Recombination fraction

Long (<5 Mb)
Moderate (500-1,000)

Cumbersome (requires tailor-made

likelihood methods)

Pose problems in presence of
ungenotyped individuals

Observe (or infer) recombination in
pedigree data

Not & problem

Potentially detected as Mendelian
inconsistencies

Rare, dominant traits

AR O (GG)

Association analysis
Unrelated or related individuals

Association statistic

Short (€100 kb)
Large (>100,000)

Elegant: can use the range of classical
statistical tools

Can be handled efficiently

Exploit unobserved recombination
events in past generations

Reduces power

Potentially detected only in family
data, but not in case-control data

Common traits

Nature Reviews | Genetics



KLINICKA GENETIKA

zabyva se diagnostikou, Ié¢enim a prevenci genetickych nemoci

genetické poradenstvi CLINICAL GHEIE:ETICS
vrozené vady - poruchy utvareni organu, které vznikly v obdobi nitrodélozniho Zivota, i poruchy ridiculously
funkéni (napf. duSevni opozdéni) a poruchy na urovni biochemické a molekularni (napf. vrozenée simple

vady metabolismu)
Prenatalni, preimplantaéni, postnatalni

Skupina Pricina Zastoupeni
chromozomalni 10 %
Primarne (geneticky) aberace

monogenni
dédic¢nost

20 %

léky, infekce, zareni 5 %

Sekundarné (prostredi) S o
porodni poranéni 12 % \ _ :
. , on  MIDAIN
infekce po narozeni 7 % [ N ;
Nezndmé v o 2= M K3\ 4 w
(multifaktorialni) geny + prostredi 46 % | \\ \\j



KLINICKA GENETIKA - DIAGNOSTIKA

Prenatalni diagnostika Stanoveni pohlavi plodu of

v )
ezahrnuje vySetfovaci postupy smérfujici k vyhledavani statisticky » volné fetalni DNA kolujici v krvi matky ‘\(,44
vyznamné odchylky ve struktufe nebo funkci, ktera pfesahuje hranice * neinvazivni s pfesnosti ~98 % et
fenotypové variability « 0d 10. tydne téhotenstvi
umozfiuje v zévaznych pfipadech ukongeni gravidity, u dalich je ~ * DNAploduz venozni krve matky o
moZno v predstihu planovat optimalni perinatalni pédi. * zklinického hlediska je ur€eni pohlavi plodu dulezité v

pfipadé rizika néjaké genetické choroby vazané na urcité

hlavi f. h filie).
Rizikové faktory: pohlavi (napf. hemofilie)

*veék matky v dobé pOI’Odu je Vyééi Jak 35 let Preimplantaéni diagnostika
*pozitivni biochemicky screening z krve matky
eultrazvukovy néalez, ktery zvySuje riziko pfitomnosti chromozomalni

metodu ¢asné prenatalni diagnostiky, ktera je vazana na

aberace (nahromadéni tekutiny v podkoZi, nepfitomnost nosni kdstky, techniky umeélého oplodnéni.
srde¢ni vada plodu aj.) * za uCelem minimalizace chyby genetického vySetreni je tfeba
«pfitomnost chromozomalni aberace v rodiné I;poep)rlr(:“zsvanl vajiCek pouzit metody intracytoplazmatické injekce

* buriky pro genetické vySetfeni jsou odebirany z embrya nejCastéji ve
stadiu 8 bunék nebo blastocysty
- ) 'i» ¥
" | T N-.

e e e e
————




PRENATALNI DIAGNOSTIKA

*  Vysetieni karyotypu - cytogenetické vysetieni

FISH — fluoresceéni hybridizace in situ - vazba denaturované sDNA se specifickou sondou

AmnioPCR (Quantitative fluorescent PCR (QF-PCR) - genetické vySetfeni plodu -
porovnani DNA marker matky i plodu - stanoveni poctu jednotlivych chromozom u
plodu; potvrzeni klasickym cytogenetickym vySetfenim; vySetfeni 21. chromozomu -
amnioPCR, nebo sada vySetfujici chromozomy 13,18, 21, X a Y- tzv.

multiamnioPCR.
PRENATAL TESTING Chorionic villus

Invazivni metody Non-invasive and invasive tests used during pregnancy sampling (CVS)

for the identification of Ol and other birth anomalies. . :
An Invasive sampling

of the placental
tissue for further
genetic analysis of

- amniocentéza,
- biopsie choriovych klku

- kordocentéza ol.
Used from 10th-12th
weeks of gestation.

NIPT - Neinvazivni prenatalni testovani - vySetfeni volné DNA plodu, ktera koluje v krvi Non-invasive

C g wewr , tal testi i
matky - Cell-free fetal DNA (cffDNA) — nejcitlivéj§i dostupny test pro stanoveni rizika '(’I:IT;:)“ o Cordocentesis
, , , . An invasive sampling
Downova, Edwardsova a Patauova syndromu, stanoveni pohlavi, RH krevni skupiny NIPT uses fetal DNA of umbilical cord
b | seni d bo dédiénvch ich ch b from the mother's blood for further Ol
nebo vylou€eni de novo nebo dédi¢nych monogennich choro BiseAitiaarh for genetic analysis.
. . . . prenatal testing of Ol Used on 22nd-24th
. CffDNA - fragmentovana DNA pochazejici z plodu a cirkulujici v krvi matky Used from 7th-10th weeks of gestation.

- . co  wiw: L oy, o . . ; weeks of gestation.
-pochazi z rdznych zdroja, vétsSina z odumirajicich fetalnich bunék, jako jsou bunky placenty, které

se aktivné uvolnuji do krevniho obéhu matky Amniocentesis

- pfitomna v malych mnozZstvich, cca 10-15 % celkové cfDNA v t&le matky (ve druhém a tfetim Ultrasound An invasive sampling
. ee Y awe L Allows to discover of amniotic fluid for
trimestru mize byt vyrazné vyssi nez v prvnim trimestru) Mgt e gt further Ol genetic
from 20th weeks of analysis.

- zdroje fetalni cfDNA zahrnuji: Placentu (béhem téhotenstvi je placenta silné metabolicky aktivni) et

apoptoza fetalnich bunék nebo mikroskopické fragmenty DNA aktivné transportovany non-invasively.

Used from 15th-20th
weeks of gestation.

nro<tradnictvim nlacentarnich hiindk



KLINICKA GENETIKA

* Trombofilie - pfi¢inou riznych komplikaci v téhotenstvi, genetické vySetfeni u: gravidnich,
pfed zaCatkem uzivani hormonalni antikoncepce, pred chirurgickym zakrokem

* Leidenska mutace — mutace genu pro inhibitor koagulace faktor V
- riziko trombembolie ~30 %,AD (5-10% vyskyt)

* Hyperhomocysteinemie - mutace enzymu konvertujiciho kyselinu listovou — projevi pfi
nedostatku vitaminu B6, B12 a kyseliny listové, AR

e Defekt antitrombinu (FIl) - mutace koagulacniho faktoru II- riziko trombembolie ~70 — 90 %

Postnatalni diagnostika

Examination resasons:
*suspected clinical disease
*parents' relationship

Cysticka fibroza *repeated abortions
- vice nez 30 mutaci, které zpusobuji toto onemocnéni *treated infertility
- 2074 variants listed in the CFTR mutation database with wide variability in phenotype expression E:J AS ANNALS OF
- classical CF or CF-like diseases -congenital absence of the vas deferens, bronchiectasis, : SAUDI MEDICINE

or chronic pancreatitis. Study identifies 10 CFTR mutations
in 7 out of 50 Saudi men with infertility

Prospective, cross-sectional CFTR gene variations assessed 10 CFTR variants identified in 7 men
study at a hospital in Jeddah =
2017-2019

6 men, =2 heterozygous mutations
1 man, homozygous mutations

c1408G=A  ValdTOMet 3
€43BIG-A Glnl463GIn 3
Blood sample 2562156 ThigsaThr 2
cAA+11C=T  Intron ]
Defect types No protein No traffic No function Less Less protein  Less stable Genomic DNA it L 1
function . } . J’ IERE5C=A  Intron 1
G85E 50 '“fl’!mle Saudi e PCR c1210-6delT  Intron, splicing 1
Mutation G542X Al507 V520F R117H A455E rAF508 27 with azoospermia c1N0-6T=A  Intron, deletion 1
examples R553X AF508 S549R R334W 1680-886A>G Q1412X 23 with oligoasthencteratozoospermia ,I, c2008+1G-8  Intron 1
W1282X N1303K Gs51D S1235R 2657+5G>A Age range, 26-46 years Direct sequencing £1210-13GT>TG  Intron, splicing 1
Required Rescue Correct Restore Restore Maturation / Promote
approaches pratein protein channel channel Correct protein T. AlMagharmsi, ef al., Cystic fibrosis gene mutations and palymorphisms in Saudi men with infertility. Arn, Soudi Med, 2020; 40(4):
synthesis folding conductance conductance misplicing stability

321-326 DOl 10.5144/0256-4947.2020.321.



EPIGENETIKA

Geneticka vybava kazdé bunky jedince je identicka, profil proteint nikoliv

Histone modification
J 'Jr_/'J-‘) 3
/J’_J-J.J‘.\ jJ g9 \
“Histone  H3 \
tail >
/ﬂulj ) |
P J ! gﬁtone DNA methylation

*  Zabyva se studiem reverzibilnich dédicnych zmén ve funkci genu
(zmény v genové expresi), které nejsou zpusobeny zménami v
nukleotidové sekvenci DNA.

* Conrad Waddingtonem r. 1940 - Néco ,navic®, ,mimo“ v porovnani s
mendelistickou genetikou

* Epigenom - tvofen béhem bunécné diferenciace v embryonalni
fazi, kdy se z pluripotetnich bunék vyvijeji bunky specializované
* Diferenciacni proces je ve zméné exprese genu, aktivni geny se

Chromosome

mohou vypnout a neaktivni geny zapnout, vysledkem je ,\ 7BeY
diferencovana burika - nese tzv. ,vzor‘ genové exprese - : Y/ RNA intérfarence
a specificky pro dany bunéény typ. e i il
Histones /Wv
Metylace DNA - 5-metylcytosin (5mC) - v tzv. CpG ostravcich X
promotorovych oblasti genu
Modifikace histonl - metylace, acetylace, fosforylace, sumoylace, ubiquitinace, Srotein

deaminace, ADP ribosylace, prolinova izomerace
Adenovirus E1A - regulace genové exprese hostitele
cause global epigenetic reprogramming accopanied
by erasure of histone accetylation marks by
modulation of acetyltransferase activity a
cell-cycle-represor RB1

RNA interference

) ‘

| QA'@'@nowr us



JADERNA A MIMOJADERNA DEDICNOST

There are two kinds of genetics — ,nuclear and unclear” Boris Ephrussi (1901 -1979)

Jadro Mitochondrie ,Exklusome"
a infekcni castice

Mitochondria

koo &)
LTy

Nucleus Chromosome

3 200 000 000 pb 16 569 pb
Cell-free DNA

Organelova dédi€nost — cytoplazmaticka dédi¢nost
nemendelisticka segregace, rozdil v reciprokém kfizeni, vyStépovani v pribéhu ontogeneze



MITOCHONDRIALNI DNA

aproteobakterie pohlcena eukaryotickou burikou

mnoho gend béhem evoluce bylo z mtDNA horizontalné preneseno do bunécného jadra (geny v jadie kédujici rdzné

mitochondrialni proteiny silné pfipominaji bakterialni proteiny)
~ 16,5 tisice bp, H a L vlakno, nema histony, nema introny, 93% kodujici DNA
nema repetitivné sekvence, kéduje 37 gent

o 24 genu - nekddujici RNA

o 13 genu - vlastni mitochondrialni polypeptidy zapojené v mitochondrialnich procesech (oxidativni fosforylace)

maternalni dédi¢nost
genetické analyzy: na zakladé mtDNA uréena migrace lidstva - ,mitochondrialni Eva“

(bez rekombinace-pfrenos ,en bloc* - haplotypy, haploskupiny, vysoka mutabilita)

Caontrol region
ar "d-loop

125 rANA wrar I Cytochrome b
wr gl T NADH
) P ! W P Dehydrogenase
65 rRNA A Frd P subunits
4

.".f-"lf
-..‘{.j
e 22 tRANA-encoding genes A Loaw
B 2 rRNA-encoding genes o e
NADH om 13 protein-encoding regions - S
Dehydrogenase
subunits

RSy, NADH
RN AT Dahydrogenasa
.
B s subunits

Cytochrome Oxidase
subunits

ATP Synihase
subunits

Cylochrome Oxidase
subunits



MITOCHONDRIALNI NEMOCI

* pocet mitochondrii v bunce - variabilni az 2000

. 8-10 DNA v kazdé mitochondrii, mnozi se autonomné, nahodné rozdéleni do ruznych tkani

*  Mutacni rychlost 10x vy$Si nez jadro (delece a bodové mutace)

Mutace homoplazmické - ve vSech molekulach mt — recesivni
Mutace heteroplazmické - ¢astéjsi - v nékterych mt

Hladina Heteroplazmie - pro kazdou buriku jina

m.8993T>G v genu MT-ATP6

heteroplazmie nad 90 % - diagnostikovan Leightv syndrom (LS)
heteroplazmie 70 az 90 % - projev neuropatie, ataxie a

retinitis pigmentosa (NARP)

Déti jedné matky tak mohou mit odliSné fenotypy v zavislosti
na mnozstvi mutantni mtDNA v jednotlivych tkanich!

Mitochondrialni nemoci (1/5000) - AR nebo AD nebo de novo
Sekundarni mitochondrialni nemoci (AD, DM1, MD, MS, nador)

« Porucha oxidativni fosforylace

« Variabilita - stejna mutace se jinak manifestuje
* Neurometabolicka onemocnéni, myopatie

+ ,Common deletion“ cca 500bp - cancerogeneze

Leberova hereditarni opticka neuropatie (LHON), LeighGv syndrom,

0%

Mitochondrial disease in children

Encephalopathy - strokes,
seizures, regression

Blindness

Hormone
deficiencies

Liver failure

Enteropathy

Myopathy

Journal of
Internal Medicine
Founded in 1863

NARP, MELAS, MERRF, Maternalné dédicny diabetes a hluchota (MIDD),

Pearsonuv syndrom, Syndrom Kearns-Sayre

~

Deafness

Cardiomyopathy

Diabetes

Renal disease

Anaemia

Neuropathy

// .l

Gastrointestinal dysmotility
Chronic villous atrophy
Malabsorption

Diarrhoea

Infertility
Premature menopause
Recurrent pregnancy loss

y,

\\

ool o 3 CH S .. ® e o
° ° O e
500 ® 5 0 ° 50 2 ° oo °
30 % 50 % 70 % 100 %
\ J
Y
dysfunkcia respiraéného retazca
Ptosis Sensorineural Neurodegeneration
Oftalmoplegia hearing loss Seizures
Optic atrophy Hearing deficit Stroke like episodes
Retinis pigmentosa 1 Tremors
Retinopathy Demyelination
Cataracts Myoclonus
Blurry vision Epilepsy
Cardiomyopathy Aiule

Migraine
Dementia

Conduction defect
Wolff-Parkinson-White ..

syndrome Parkinsonism
Arrythmia Autism ,
Cognitive decline
Liver failure Learning disabilities
Hepatopathy 3 Language delay

Psychiatric symptoms
Developmental
regression and delay
Noise, light or

smell sensitivity

Fanconi syndrome
Renal tubular acidosis
Focal segmental
glomerulosclerosis
Glomerulopathy
Renal failure

Adrenal insufficiency

- Respiratory failure

e Eailure to thrive
Diabetes mellitus

Pancreatitis \F/:V(:gkness

Acid reflux C?z;r%\l:)es

Vomiting -, Muscle pain
Pseudoobstruction Myopathy

Neuropathy
Excercise intolerance
Myoglobinuria

Peripheral neuropathy
- Sensory or motor
neuropathies

Pearson’s syndrome
Anaemia
Immunological defects
Lactacidemia

Kyphoskoliosis i
Bone marrow failure -
Short stature




DEDICNOST INFEKCNICH CASTIC

Infekéni dédicnost - symbiotické nebo parazitické asociace mikroorganizmu s eukaryotni bufikou
-zahrnuje vlozenou cizorodou genetickou informaci riiznych patogenu, virQ, bakteriofagu €i baktérii do genomu eukaryotni
bunky
-forma nemendelistické dédi¢nosti, infekéni Castice v burice hostitele muze zpUsobit zmény ve fenotypu hostitelského organismu a
poté prenést zménény fenotyp na své potomky.

Reverse-transcribed SARS-Cov-2 RNA can inegrate into genome
of cultured human cells and can be expressed as chimeric transcripts

»1he latent human herpesvirus-6A genome specifically integrates . ) : )
in patient-derived tissues

in telomeres of human chromosomes in vivo and in vitro”

Further evidence supports controversial claim that SARS-

Lt specifically and efficiently integrates into CoV-2 genes can integrate with human DNA

telomeres Of Ch romosomes d u I'Ing latency rather After being challenged, research team provides more data to back its controversial hypothesis but the relevance to

human health is unclear

than forming episomes, and the integrated viral
genome is capable of producing virions.“
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ZDROJE NUKLEOWCH KYSELIN

INTRACELULARNI

* DNA - jadro, mitochondrie, ,exclusome®
* RNA a ncRNA (miRNA, siRNA)

Cancer diagnosis and early

screening

Monitoring disease progression

I

I

|

I

I

I

I

I

I

|
Predicting treatment response :
I

I

I
Cancer prognostic biomarker |
I

|

I

I

I

EXTRACELULARNI i
cirkulujici cell-free DNA g oo

* NncRNA cTC

« extracelularni vezikuly 8. mRNA
— exozomy, mikrovezikuly, apopticka téliska \} oo

— nesou gDNA, mtDNA, RNA, proteiny, lipidy



EXCLUSOME

"It's one of the key hygiene functions“cells perform to protect the
chromosomes.

Some of the plasmids that end up in the exclusome originate from
outside the cell, while others—known as telomeric rings—come from
the capped ends of chromosomes, the telomeres.

1. Plasmids that can't be separated off could theoretically embed
themselves in the chromosomes.

2. More likely is that the nuclear plasmid genes of viruses or
bacteria are translated into proteins, which disrupts the cell

physiology

This proves that cells are capable of differentiating between both
DNA that is their own and still needed and DNA that is foreign or
presumably no longer required, which they then eject from the
nucleus.

Does the exclusome trigger autoimmune responses?
(cellular immmunological memory)

Cell biologists identify new organelle present
in mammalian cells made of rings of DNA

Almost like a moon in a planet, the exclusome (yellow-green dot) lies in the cytoplasm near the nucleus {blu

Researchers at ETH Zurich recently identified a previously unknown compartment in
mammalian cells. They have named it the exclusome. It is made up of DNA rings
known as plasmids. The researchers have published details of their discovery in the
journal Molecular Biology of the Cell.
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Cell-free DNA NET6za

cirkulating cell-free DNA — cfDNA « uvolnéni pasti (NETs, neutrophil extracellular traps) po kontaktu s patogenem,
NK pFitomny v t&Inich tekutinach protilatkou, cytokinem, nadorovou b., (hyperglykémie, alkohol)

- volné fragmenty « dekondenzovany chromatin, histony + proteiny z granul (myeloperoxidaza—

- v extracelularnich vezikulach * aktivni zdroj cfDNA

endogenous nuclear DNA (gDNA)
mitochondrial DNA (mtDNA)
bacteria (bDNA)

viral (vDNA)

zdroj - apoptdza, nekroza, NETo6za

vliv - pohlavi, dieta, infekce, oxidacéni stres a téhotenstvi
fyziologicka koncentrace cfDNA v plazmé pod 10 ng/ml
zvysena - Uraz, zanét, nadorové a systémové n, n. srdce
bézné pouzivany biomarker - prenatalni analyza, onkologie

NETosis Neutrophil Extracellular Traps (NETSs)

Nucloosomu Activated platelet Sacterna Viruses

, H4 M3
Neutrophil

Thrombus formation
S IR Oy e o K Rat

Endothelial damage

06 OS P

Multiorgan dysfunction

NET-mediated thrombosis, inflammation, tissue damage, or autoimmune responses
* NETs function as scaffolds for platelets and adhesion factors, NETs mechanistically activate platelets
* NETs activates macrophages, dendritic cells, and T cells — cytokines
* NETs can trigger autoimmunity - revealing phospholipids and autoantigens to the immune system.
B cells are stimulated by NET components to produce autoantibodies against the exposed autoantigen
* RA, SLE, antiphospholipid.syndr.,kawasaki d., dm1
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suicidal NETosis ®
cell death NETs
Histones trigger cytokines and platelets aggregation - leads to inflammation
Histones could be inflammatory biomarkers
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Impact of Circulating Cell-Free DNA (cfDNA) as a Biomarker of the
Development and Evolution of Periodontitis

by @) Gaia Viglianisi ! &, ) Simona Santonocito ! B2 ) Alessandro Polizzi1 &
© Giuseppe Troiano 2 B9 € Mariacristina Amato 1 “, §§ Khrystyna Zhurakivska 2 B
© Paolo Pesce 3@ and § Gaetano Isola! &2

1 Department of General Surgery and Surgical-Medical Specialties, School of Dentistry, University of Catania, 95124
Catania, ltaly

2 Department of Clinical and Experimental Medicine, University of Foggia, 71122 Foggia, ltaly

3 Department of Surgical Sciences and Integrated Diagnostics (DISC), University of Genoa, Ospedale 5. Martina,
16148 Genoa, Italy

* Author to whom correspondence should be addressed.

Int S Mol Sl 2023, 24012), 99581, hitps://doi.org/10.3390/ijms24 129981

. The presence of hyperactive polymorph nucleate neutrophils
(PNMs), which characterize periodontitis, induces the NETs
system’s overstimulation.

. cfDNA actively participates in alveolar bone resorption

. dysfunction of mitochondria participates in the pathogenesis of
the periodontis

. bDNA and mtDNA presence in the extracellular environment
stimulates inflammation in many inflammation-related diseases

. MtDNA outside the cells leads to bone resorption

. therapy - nanoparticle to remove the cfDNA in the
periodontal pockets

. periodontal cfDNA is present in different biomaterials — serum,
atherosclerotic plaque, synovial fluid and intrauterine environment
- possible relationship between periodontitis and systemic
disease (P.gingivalis cfDNA in saliva, serum in AMI)

SOURCES OF cfDNA

blood-derived
~ cell-free DNA
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MIKROBIOM - DRUHY LIDSKY GENO

Epigenetic modifications
10 krat vice bakterii, plisni a jinych mikroorganism nez lidskych bunak dﬁ'rﬂag".’,ﬁgﬁﬂzn Qﬂ
2011 - Human Microbiome Project, viz http://commonfund.ih.gov/hmp/

stfevni mikrobiom — individualni - stfevni skupiny“ neboli enterotypy
stfevo ma po mozku nejvice nervovych bunék - ,,druhy mozek*

stfevni mikroorganismy pfimo interaguji s enterickym NS - chovani (psychotika)

# ey
Host—pathogen %
mteractlons Vs
O
.>| « !~

Host Pathogen
MICROBIOME oA metyaon E""Q“ oNA meimaton
Histone modification . Histone modification
3 induced by pathogens :
By the Numbers Noncoding RNAs Noncoding RNAs
{, 10-100 trillion 90%
’ Number of symbiotic microbial cells

harbored by each person, primarily
bacteria in the gut, that make up
the human microbiota

>10,000

Number of different microbe species

Up to 90% of all disease can be reached in
some way back to the gut and health of
microbiome

10X

There are 10 times as

researchers have identified living in many outside organisms
the human body as there are human cells
in the human body

100

100 to 1

‘The genes in our microbiome
outnumber the genes in our
genome by about 100 to 1

22,000

Approximate number genes in the human
gene catalog

99-9% Percentage individual humans
are identical to one another in
terms of host genome

&

3.3 million

Number of non-redundant genes in the
human gut microbiome

80%- 90%

Percentage individual humans are different
from another in terms of the microbiome
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