Genetika vnimavosti k
onemocnenim u lidi.
Interakce hostitel vs. patogen



FAKTORY OVLIVNUJ |’g|' RIZIKO VZNIKU A
PRUBEH ONEMOCNEN]

e Aktualni stav

* Vakcinace

* Medikamentodzni |écba

* Faktory vnéjsiho prostredi
* Hygiena prostredi

* Geneticka variabilita



INTERAKCE HOSTITELE A PATOGENA

* Patogen x hostitel — boj o preziti
e Ruzné evolucni strategie
e Rozdilna patogeneze onemocnéni



INTERAKCE HOSTITELE A PATOGENA

PROSTREDI

HOSTITEL

Variabilita




PATOGEN — mechanismy preziti

* Zmeéena antigennich struktur
* Mutace
e Antigenni variace (Trypanosoma)

* Indukce imunosuprese
* Omezeni exprese MHC |

e Zabranéni apoptoze
* Modulace imunitni odpovédi (Thl vs.Th2)
* Interference s cytokiny



PATOGEN — mechanismy preziti

* Mutace — evolucni nastroj patogen

 Selekcni prostredi a reakce na néj na genetické urovni = analogie
infekéniho a nadorového onemocnéni



VIRY

* Mutace RNA vs. DNA

e Zdroj variability RNA viru
* Mutace (antigenni posun, drift)
* Preskupovani gent (antigenni zvrat, shift)

Zeela novy weus obsahujicd RNA

* Zdroj variability DNA viru T
* Mutace
 Rekombinace



VIRY — ANTIVIROVA CHEMOTERAPIE

* Provazanost virové replikace s metabolickymi drahami hostitelské
bunky

« U&innost na virovou replikaci = toxicita pro buriku

* Potreba identifikace specifickych virovych gent/proteind a
mechanismu



BAKTERIE

 Antibioticka rezistence
* Prirozena
e Ziskana



BAKTERIE — ANTIBIOTICKA REZISTENCE

MOLEKULARNI MECHANISMY ATB REZISTENCE:

e Zabraneéeni pristupu k cilové molekule

* Snizena propustnost
e Zvyseny eflux

* Zména cilové molekuly mutaci
* Ochrana cilové molekuly
* Prima inaktivace antibiotik



BAKTERIE — ANTIBIOTICKA REZISTENCE

LOKALIZACE GENU PRO REZISTENCI SOUVISI SE
ZPUSOBEM SIRENI REZISTENCE s

00000000

1) Chromozomalni é{
e Klonalni, vertikalni dédicnost

* Zisk rezistence je vicestupnovy proces

Cytoplasm
* Selekecni tlak antibiotik e
 Zmeéna (mutace) genetické /
informace jiz v genomu existujici o \

Cell
membranes

http://images.slideplayer.com/26/8706357/slides/slide_2.jpg



BAKTERIE — ANTIBIOTICKA REZISTENCE

2) Extra-chromozomalni
 Vertikalni i horizontalni prenos
* Rezistence vznika jednostupnové
* Plazmidy, transpozony, integrony
* Horizontalni prenos DNA:
konjugace, transformace, transdukce
* Ziskani nového genetického materialu

Figure 1 An electron microscope picture of a small bacterial plasmid.

Benett, 2008



BAKTERIE — ANTIBIOTICKA REZISTENCE

* Multirezistence

 Geny ve vazbe — dédi se
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Sequencing method 454
Generated Contigs 227
Assembled Contigs 8

Assembled Contig Length | 162,778

Annotated genes using:

CRITICA 169
glimmer2 186
(manually) 147

Functional Categories

| Replication, partitioning, and termination
Conjugative transfer

Antimicrobial resistance

Heavy metal resistance

Integration, transposition

DNA processing

structural

Cellular processes

Hypothetical proteins

0

|

1-GC content (blue-GC+, red-GC-)

2-Reverse CDs of pR148

3-Forward CDs of pR148

4-Nucleotide position (relative to repA gene)

5-Region homologous to E. coli pNDM-1_Dok01

6-Region homologous to E. coli pNDM102337

7-Region homologous to S. enterica (Newport)
pSN254

8-Inserts found in pNDM-1_Dok01

9-Inserts found in pPNDM102337

10-Inserts found in pSN254




HOSTITEL - IMUNOGENETIKA

e Zdroj variability — mutace a rekombinace, ale diky delsimu
generacnimu intervalu je to zejména v dlouhodobé evolucni
perspektive

 \/yrovnani se s moznostmi patogenu:
» Diferenciace imunitniho systému, rozvoj komplexnich imunitnich reakci
* Lymfocyty — schopnost rychle se mnozit a do jisté miry se geneticky meénit
 Fyzikdlni bariéry, pfitomnost/absence receptoru
» Etologické charakteristiky



VARIABILITA VE VNIMAVOSTI / RESISTENCI

* Mezidruhova
e Populacni (plemenna)

* Individualni

* Obecna — multifaktorialni dédicnost, nizka heritabilita

 Specificka — heritabilita radove vyssi nez u obecné rezistence, dédicnost muze
byt az monogenni



IDENTIFIKACE GENU SPOJEN\?CH S -
VNIMAVOSTI / RESISTENCI K ONEMOCNENIM

 UzZiti zvirecich modell (€asto neni moznda extrapolace na ¢lovéka)

* Knockout mysi
* Linkage studie

e Asociacni studie — case- control
* GWAS — vyuziti SNPs
* Whole genome sequencing — celogenomové sekvenovani
e Candidade gene studies — analyza kandidatnich genu



IDENTIFIKACE GENU SPOJENYCH S

VNIMAVOSTI / RESISTENCI K ONEMOCNENIM

Table 1. “The Big Sx’ of human infectious disease genetics. All six genetic variants have a substantial impact {odds ratio = 3)
onrisk of an important infectious disease and all are prevalent in at least one major human population group.

infectous disease

year reported

reference

genetic variant/condition gene
sickle haemoglobin HER
the Duffy blood group DARC
prion protem gene varant PRNP
Melanesian ovalocytosis SLC4AlL
CC chemokine receptor-5 A32 CCRS
blood group non-secreton FUTZ

Flasmodiwm faloiparum malaria
Plasmodiwem vivax malaria
Creutzfeldt—Jakob disease

P falciparwm malaria

HIV-1 infection

Morwalk virus diarthoea

1954
1976
1991
1995
1996
2003

(1]
(4]
(29]
[30]
(2]
(31]

Table 2. Lod strongly associated with infectious disecase susceptibility. For each gene-—disease pair the table mdicates
whether the association was identified by, or confirmed by, a genome-wide associaton smudy (GWAS), whether the
association should be detectable by exome sequencing studies and whether the minor allele is associated with protection or
susceptibility (or whether different alleles are associated with protection and susceptibility = ‘both’).

MBL2 PREUMOCOCcus yes suscepuble
C130131 leprosy Ves suscepuble
cCchCi22 leprosy yes protective

gene disease GWAS? exomic? minor allele reference
haemoglobin S malaria yes protective [1]
SLC4A1 (ovalocytosis) malaria yes protective [30]
CCR5 HIV/AIDS yes protectve (2]
FPRPN vC]D yes protective [29]
FUT2 norovirus yes protective [31]
Duffy blood group vivax malaria no protective (4]
HIA-DR/DOQ leprosy confirmatory yes both (32
HILA-B HIV/AIDS confirmatory yes both [33]
HILA-DQDP HBV yes yes both [34]
HLA-C HIV/AIDS confirmatory yes both [33]
blood group O malaria yes protectve [35]
GorPD malaria yes protective [36]
CFH MeMngococcus confirmatory yes protective [37]
MAL bacteraemia yes protective [38]
TLRI leprosy confirmatory yes protective [39]
I1-288 HCV yes yes susceptible [40]

[

[

[

Hill, 2012



PERSONALIZOVANA MEDICINA

* Personalized medicine (PM) has the potential to tailor therapy with
the best response and highest safety margin to ensure better patient
care. By enabling each patient to receive earlier diagnoses, risk
assessments, and optimal treatments, PM holds promise for

improving health care while also lowering costs (Vogenberg et al.,
2010).

* Personalised medicine is an emerging approach to patient care in
which an individual’s characteristics, including their genetic profile,
guide clinical decisions, aiming for the right treatment for the right
patient at the right time. It is an evolving field in medicine with many
resources dedicated to searching for diagnostic, prognostic and
predictive biomarkers (Jackson and Chester, 2015).



PERSONALIZOVANA MEDICINA & GENOMIKA

* 2001 Human genome project
* Lidsky genom velikost: 3x10° bp

* NGS = next generation sequencing: Pokrok v sekvenacnich
technologiich umoznuje sekvenovat (a analyzovat) cely genom v
radech dni (tydnu)

* WGS, WES — celogenomoveé, celoexonové sekvenovani
* 100,000 Genomes Project



PERSONALIZOVANA MEDICINA & GENOMIKA

Table 1. A comparison of whole genome sequencing, whole exome sequencing and static gene panel technigues

Approach

Whaole
genome
seguencing
IWGS)

Whole exome
sequencing
(WES) or
clinical exome
sequencing

Targeted gene
sequencing via
a static gene
panel

Definition Advantages

Sequencing of the =
entire genome »

Comprehensive

Even coverage enabling identification
of dosage abnormalities/structural
reamangements

> Detects non-coding variants

» Potential to detect disorders caused
by DMA repeats, including Fragile X,
myotonic dystrophy
» Able to detect mitochondrial mutations
Cheaper than WG5S

Analysis not restricted to genes known
to cause a given condition

W

Sequencing of
the exons (coding 5
region) of genes or
sequencing of the
exons of known
disease genes

» Fewer variants than WG5S so easier to
interpret

* Deep sequencing increases sensitivity
> Able to detect mitochondrial mutations

Sequencing of a > (ost effective
specific list of pre-
determined genes
that are known to

cause a particular
phenotype

Very deep sequencing
> Fewer variants detected so data easier
to interpret

Disadvantages

>

>

Expensive
Millions of variants, which can be difficult to
interpret

Relatively shallow sequencing (fewer reads per
gene), which can affect sensitivity; however, this is
improving as technology advances

Meed a clear system to deal with additional
findings

Less even coverage of the genome, therefore
dosage abnormmalities are more difficult to detect
Only 1-2 % of the genome is covered

Meed a clear system to deal with additional
findings

Difficult to add new genes to the panel as they
are discovered as this requires a redesign of the
capture process

Less even coverage of the subset of genes, therefore
dosage abnormalities are harder to detect

Patients do not benefit from additional health
findings



PERSONALIZOVANA MEDICINA

Intelligent treatment Disease detected
pathways informed Improved 2-8 years before
by personalised population onset and symptoms
assessment of become obvious
clinical effectiveness

and adverse

drug reactions
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Diagnosis based on Identification
underlying cause and Cutting edge of predisposition
incidental findings research and markers or underlying
- rather than just applied science processes to predict
grouped symptoms future disease




