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Genomicka medicina:
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oucasna predstava o budoucnosti

Highlights
Genome sequencing costs are rapidly

Transcriptomics Metabolomics decreasing; within the coming decade
we might anticipate that whole-gen-
ome sequencing may be affordable
for patients.

Genomics Clinical data Proteomics
Automnated  high-throughput  DMA
seguencing and peptide seguencing
platfiorms are currently creating tera-
¢ bytes of information, referred to as

‘big data’.

Big data are characterized by the three
's: a large volume of data, a high
velocity of data production occurring
in real time, and the variety of data that
can encompass multiple  omic
subfields.

Panomics

The analysis of big data has the poten-

. L. fial to identify novel biomarkers of dis-
Precision medicine ease and targets for therapy. The
analysis of large-scale datasets may

enable the discovery of diagnostic or

prognostic makers that are not readily

apparent.

The complexity and vastness of data
analysis rmay ultimately require the

Ta rgeted the rapy development of computational plat-

forms to aid in the discovery of biclo-
gical pathways underling health and

Trends in Molecular Medicine disease.

Figure 1. Proposed Model of Precision Medicine Approaches. Data from omic subfislds are integrated (panomics)
to guide patient cars in a manner that accounts for the genstic variation of each patisnt. Pamomics for PfeCiSiOﬁ

Charanjit Sandhu,™™ Alia Qureshi,? and Andrew Emil’
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Pripomenuti

v’ Genetika
v’ Genomikg




Genomika a holisticky pristup:
Genom je vic nez souhrn genu

1atgtgccege  cgegeggect cctecttgtg  gecatectgg  tectcctaaa ccacctggac 61
cacctcagtt tggccaggaa cctccccaca gecacaccag geccaggaat gttccagtge 121
ctcaaccact cccaaaacct gctgaggacc gtcagcaaca cgcttcagaa ggccaggcaa 181
accctagaat tctactcctg cacttctgaa gagatcgatc atgaggatat cacaaaagac 241
aagagcagca ccgtggeggce ctgecteeee ctggaactcg ccccgaacga gagttgectg 301
gcttccagag agatctcttt cataactaat gggagttgcc tgacccccgg aaaggcectct 361
tctatgatga cgctgtgect tagcagcatc tatgaggact tgaagatgta ccaggtggag 421
ttcaaggcca tgaatgccaa gctgttgata gatcctcaga ggcagatctt tctggatgag 481
aacatgctga cagccattga caagctgatg caggcecctga acttcaacag tgagactgtg 941
ccacaaaagc cctcecttga aggactggat tittataaaa ctaaagtcaa gctetgcatc 601
cticttcatg ccttcagaat ccgcgcagtg accatcaaca ggatgatggg ctatctgaat 661
gcttectaa

Strukturni a funkcni anotace genomu n‘ A
%Qb



COST PER GENOME (LOG $)

Genomicka medicina: financni dostupnost
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Genomicka medicina:
miniaturizace a automatizace



http://www.humgen.nl/SNP_databases.html

Genomicka medicina v praxi
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Genomicka medicina v praxi
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Priklad: CGES

Clinical Genome and Exome Sequencing

526 @ 5. K. DELANEY ET AL.

LOW TO HIGH EVIDENTIARY THRESHOLDS

Fredictive: Predictive: Diagnosis:
presymptomatic Predictive: Fredictive: Susceptibility undiagnosed
riskassessment | oo t“m;! newbom foradult-onset symptomatic

for complex SCreening genetic single-geneg
dizease condiions disordar

Therapautic:
PGx for
targeted
therapy

'CLINICAL CARE CONTINUUM
Personal Predictive Preventive Diagnostic Therapeutic

Predictive: PGX Diagnosis:
infomation prenatal testing
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Figure 1. Defining CGES use cases along the clinlcal care continuum and appropriate evidentlary threshalds for each.




Vyuziti genetickeho testovani

522 @ 5. K. DELANEY ET AL.

Table 1. Summary of genetic testing.

Test type

Purpose description Current example(s)

Diagrostle testing

Predictive testing
Cartler testing

Prenatal testing

Newborn screening

Pharmacogenomics
(PGx) testing

Research testing

To precisely Identify a disease and asdst In clinical Creatine kinase (CK) level testing for Duchenne muscular dystrophy
dedision-making

To predict the likellhood of developing a disease  HTT gene test for Huntington disease; BRCA gene testing for breast cancer
To understand the likelihood of passing a genetic  CFTR gene testing for cystic fibrosis

disease to a child

To Identify disease In a fetus Expanded alphafetoprotein (AFP) for risk of neural tube defects, such as spina bifida
and Down syndrome

To determine If a newborn has a disease known to Al states must screen for at least 21 disorders by law, and some states test for 30 or

cause problems In health and development more. Metabolic (e.q. classle galactosemia (GALT)), endocrine (e.q. congenital

hypathyroldism) and other disorders tested
To determine the optimal drug therapy and dose  The vitamin K epoxide reductase complex subunit 1 (VKORCT) test for likely response
given a person's metabolic response to the anticoagulant warfarin. TRMT gene testing for likely response to thiapurine
Immunosuppressive theraples
To contribute to our understanding of underlying  Genome-wide assoclation studies (GWAS) to determine the assodlation of a varlant
cause of disease with a tralt




Doporuceni pro lekare

Bowdin S et al.: Recommendations for the integration of genomics into clinical practice.
Genet Med. 2016 May 12. doi: 10.1038/gim.2016.17. [Epub ahead of print]

Jednim z téchto doporuceni je, aby nejen klinicti
genetici, ale i dalsi poskytovatelé lékarské péce
porozumeéli vyhodam a limitacim CGES natolik, aby
dokazali korektné interpretovat klinicky vyznam
diagnostikovanych genomickych variant

:NE



Odborna interpretace jako zaklad aplikaci

Dédi¢na onemocnéni

»Jednoducha (mendelisticka)

3000 lokusu
» Komplexni
900 lokusu




Jednoduchy vs. komplexni

v’ Stejna mutace v rtiznych genomech

v’ Stejny genom v rtiznych prostredich/obdobich vyvoje
v’ Rizné genomy v riznych prostfedich

v' Genom vs. mikrobiom




Ruzné genomy v ruznych prostredich

v’ RozSifrovani komplexniho znaku: molekularni disekce
v’ Interpretace a aplikace ziskanych dat




Rozsifrovani komplexniho znaku:

Holisticky pristup

Molekularni disekce komplexnich znaku

Genetickeé Negenetické

<z



Molekularni disekce komplexnich znaku

OD FENOTYPU KE GENOTYPU

< Transkripce>
Reversni transkripce
Fenotypovy

TRANSLA CE> F 701 gi” ~ projev

OD GENOTYPU K FENOTYPU‘




GWAS a komplexni znaky

Essays In Biochemistry (2018) 62 643723
https://doi.org/10.1042/EBC201 70053
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GWAS

v Princip: hledani rozdilu v polymorfnich mistech
genomu (markerech)

v Markery: SNP

v Postup: Srovnani skupin extrémnich fenotypu
v Vysledky: kandidatni chromosomalni oblasti

v Dalsi postup: mapovani oblasti, kandidatni geny

— Biologicka validace: analyza funkce identifikovanych gent n<



Fenotyp

Genové drahy
(custom arrays)

GWAS a

molekularni disekce komplexnich znaku

Kandidatni geny

GWAS

o
éz’\“\ge
\
cDNA microarray

Kandidatni geny

.

Mechanismus
vzniku znaku

nemoci® g
(nemoci A




Genove drahy
a mechanismus nemoci (patogeneze)

Family fes

A2M, ABCA1, APOA1, APOA4, APOC1, APOC2,
Cholesterol and lipoprotein-related APOC3, APOE, CD36, CETP, HMGCR, LDLR, LIPA,
LRP1, LRP6, LPA, LPL, OLR1, SREBF1

Cytokines CET2, @ GRS hE LBl =RIN' § T O3 MR TG RB Bl
ks ALDH2, GSTM1, GSTT1, HFE, MPO, NOS3, PONI,
Oxidative stress
PON2
Nuclear receptor and related CYP19A1, ESR1, PPARA
Proteases ACE, CST3, MMP1, MMP3, SERPINE]1

BCHE, CBS, CD14, CRP, GNB3, HLA-A2, HTRS6,

Miscellaneous ICAM1, MEF2A, MTHFR, PTGS2, TLR4

Genes associated with both atherosclerosis/hypercholesterolaemia and Alzheimer's



http://www.polygenicpathways.co.uk/

HOLISTICKY PRISTUP

Moznost reseni komplexnich
problému

PATOGENEZE NEMOCI



Nemoc

Reakce organismu na patogenni noxu

Ovlivnena charakterem noxy, prostredim a
aktualnim stavem organismu a jeho genetickym
zalozenim

88



Jeden priklad za vsechny:
genetika vnimavosti k infekcim

Exposure to infection  Diet Socioeconomic status Exercise Lifestyle choices
HOST FACTORS

EPIGENOME GENOME pe—

Early development Lifestyle
Differentiation Physiology
Response to enviranment Pathalogy

Ageing
Pathology Demographic Genome ~ 7
History Evolution

N T/

AFRICAN POPULATIONS
High genetic diversity

Human
Differential gene Microblome
expressio
High population structure
Low linkage disequilibrium Metabolism

" " Immune response '

Mediators of the Phenotype
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&

Ramsay FE ‘Z 12
%ca




Vnimavost K infekci jako komplexni znak

DISEASE
SEVERITY

IMMUNE
EFFECTIVENESS

Mortality Incubation
period
Reproductive Duration of

effects infection

Likelihood of
re-infection _

~ Variation in
\ susceptibility

Vaccine
Geographic development

range

Lifetime risk
_ of infection

Pathogen
classification

Historical
record
EPIDEMIOLOGICAL
SCOPE

Transmission
mode

Baker, Antonovics 2012



Vyznam definice fenotypu

*Resistence: schopnost omezit replikaci

patogena v hostitelskem organismu
VS.

Tolerance: schopnost udrzet homeostazu za

pritomnosti patogena v organismu

Susceptibilita Tolerance, nosicstvi Resistence

< ' Negenetické vlivy, pfirodni a uméla selekce : > ‘E



Geneticka odolnost/vnimavost
(resistence/susceptibilita) k onemocnenim

v" Geny ovliviujici zdravotni stav (v interakci s
prostredim)

v Jejich polymorfismy nejsou pricinou onemocneni,
ale ovlivnuji reakci na (environmentalni) patogenni
faktory

v' Evolucni kontext a vyznam
v/ praxi vetsinou relativni pojem




Infekéni onemocneni

PATOGEN HOSTITEL

Prost‘r"ed |’

ARIABILITA
v VARIABILITA

i ——

ek AL S S
NEMOC

= % —

A
00"\

Individualni variabilita v manifestaci onemocnéni




InfekCni nemoc jako vysledek interakce

hostitele a patogena

v Nemoc jako obranna reakce

v’ Casto jedineéné kombinace hostitele a
patogena

v Individualni rozdily v pouZiti riiznych
iImunologickych mechanismu v reakci na
tehoz patogena

v’ Symptomatologie uréena prevazné
patogenem nebo prevazne hostitelem

:NE



InfekCni nemoc jako vysledek interakce
hostitele a patogena

The infection must be seen in the
context of the countermeasures
produced by the parasite, and judged as
a dynamic interaction of host and
parasite rather than the clearance of an
Inert antigen by the host immune

response”
Riffkin et al., :‘E



Nejednoznacny vyznam variability v imunitni
odpoved:: silna nebo slaba?

Skylla and Charybda
odolnosti/vhimavosti k nemocem

Protektivni imunita Autoimunita, alergie
Resistence k infekci Zanét




Geny obranyschopnosti

Imunogenom: 5% genomu
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Imunogenom: definice

(g gy

v'Geny Ucastnici se obrany organismu, geny
Imunitni odpovedi, IR geny

v Imunom: soubor produktu IR genu

v' (Geny stejného biologickeho vyznamu, ale
mnoha ruznych funkci

:NE



Genomicka analyza imunogenomu

v' Imunitni funkce jako jednoduché nebo
komplexni znak(y)

v' Imunitni funkce jako zaklad obrany proti
Infekcnim nemocem




Typy dédi¢nosti vnimavosti k infekcim

Genetics of infectious diseases
J-L Casanova and L Abel

Conventional

Number of infectious agents

Pol ic
P

g Number of genes * Casanova, Abel EMBO J 2“



Mendelisticka dedichost

Mendealian disorders of immunity to infection associated with predieposition or resistance to spacific infections

Infectious agent Clinlcal phenctype Immunalogical phenotype G
Nefssarla Invashive disease MAC defldency C5, C8, C7, C8A,
C8B, (3G, Co

Invashee disease Propardin deflclency PRC

Mycobactara MSMD |L=12/23=IF M-~ deficiency IFNGRT, IFNGR2,
Dissaminated STATT, NEMO, L7128,
tubgrculosis IL12RB1T

Streptococous praumaortias Invasive disease IRAK-4 deficiency IRAK4

Epstein-Barr virus X-linkad SAP deficiency SH201A
Iymphoproliferative
disease

Human papillomavirus Epidemodysplasia EVER1 or EVER2 deflciency EVERT, EVERZ
verruciformis

Plasmodium vivax Matural resistance Lack of receptor for pathogen DARC

Human immunodaficieancy virs-1 Matural resistance Lack of receptor for pathogen CCRS

Mo virus Matural resistance Lack of receptor for pathogen FUT2

Picard et al Curr Opin Immunol 2006

:NE



Komplexni dedicnhost:
GWAS a infekce u lidi

Table 1 Genetic koci identified by genome-wide association studies for host susceptibility to infectious diseases

Disease Pathogen Gene or locus Biological mechanism
AIDS! Human immunodeficiency  Major histocompatibil ity Acquired immunity,
virus-1 complex, class | deletion of viral co-receptor

(HLA-B-HLA-C), CCRS

Hepatitis B2 Hepatitis B virus (HBY) Major histocompatibility Acquired immunity
complex, class || {HLA-DF

Hepatitis C34 Hepatitis C virus (HCVY) (288 Innate immunity

Leprosy® Mycobacterium leprae Major histocompatibility Acquired and innate

Tuberculosis®

Meningococcal
disease’

Mycobactarium
tuberculosis

Neissaria meningitidis

complex, class || {(HLA-
DR-DQ), NOD2, TNFSFIE,
RIPK2, CCDE122 and
C13orf31)

18q11.2 (GATAS, CTAGE],
REEBPS, CABLESI)

CEH, CFHR3, CFHR1

immunity, and unknown
mechanisms

Unknown

Innate immunity

"
De Bakker, Telenti 2010



Netranslatovany genom
a vnimavost k infekcim

(g gy

v Vétsina hitt GWAS mimo protein kédujici
oblasti

v'Rada SNPs v regulaénich oblastech gent

v Vliv na expresi a nemoci, véetné infekci



Netranslatovany genom
a vnimavost k infekcim

Ramsuran et al. Role of the Untranslated Genome in Infections and Immunity
Transcriptional regulation \ Post-Transcriptional regulation
| Polymarphism in Tr:nscnptT:n factor binding site \ Alternative splicing
TF binding
Polymorphism affects methylation
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FIGURE 1 | Untranslated gene varations influence regulation of gene expression. Disease associated polymorphisms may alter methylation, transcription factor
binding in the gene promoter regicns, recruitment of repressor or activators, 3 dimensional chromatin structure, splicing, miBMNA binding to 3UTR, transcriptional and
post-transcriptional regulation of target genes through variation in IncRMA expression and function.




Mechanismy nemoci

(g gy

v’ Infekce

v Alergie

v" Autoimunita

v Komplexni imunopatologie




PFiklady

(g gy

v'Noroviry, rotaviry (FUT2)
v'AIDS (CCRS)

v'Malarie (Dufty)

v COVID 19 (ABO, IFN typ 1)
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INVITED REVIEW I I WILEY

The role of host genetics in the immune response to SARS-

CoV-2 and COVID-12 susceptibility and severity

Inna G. Ovsyannikova | lana H. Haralambieva | Stephen N. Crooke |
Gregory A. Poland | Richard B. Kennedy

\ SNPs in S protein:
« Altered B cell epitopes
= Immune escape

SNPs in S protein:

° ® ® : i - Modulate ACE2 binding
] SNPs in non-structural proteins:
. » Antiviral resistance
E g * Modulate host immune response
R R )
GCTG A GCCG A SARS-CoV-2
CGACT CGG6C T variants

SNPs: ACE2, TMPRSS2, HLA,
CD147, MIF, IFNG, IL6...

' Disease susceptibility l Disease susceptibility

' Disease severity l Disease severity
l Protective immunity t Protective immunity

FIGURE 1 The impact of host genetics and viral variation on SARS-CaoV-2 infection and COVID-19 severity. Individuals in the population
harbor single nucleotide polymorphisms (SNPs) across a variety of genes (eg, ACEZ, TMPRSS52, HLA, CD147, MIF, IFNG, IL6) that have been
implicated in the pathology and immunology of SARS-CoV-2 and other pathogenic coronaviruses. These and other genetic variants may
modulate disease susceptibility, increase or decrease disease severity, alter the variety of symptoms developed, and affect the magnitude
and/or quality of the immune responses against SARS-CoV-2. In addition to host genetic variation, genetic variants of SARS-CoV-2 (and
other pathogenic coronaviruses) can exhibit differences in biological activity. Single amino acid mutations in the spike glycoprotein can
modulate ACE2 binding or alter B cell epitopes to promote immune escape or render monoclonal antibodies ineffective, while mutations

in non-structural/accessory proteins can promote the development of resistance to antivirals, alter T cell epitopes, disrupt cell mediated
immunity, and modulate host cellular interactions with viral particles
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Vakcinace a genetika

v’ Individualni variabilita imunitni
odpovedi po vakcinaci

v Wuziti genetickych principd pfi
produkci hovych vakcin,
farmakogenomika

:NE



Postvakcinacni imunitni odpoved:
Gaussovska distribuce
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POSTVAKCINACN TITRY

NEUTRALIZACNICT PROTILATEK
(N=61)




Genetics of vaccination

[m g m g n

Table 3. Heritability estimates of vaccination responses in twin studies
Vaccine Parameter DZ* MZ* Population Age Study Herita- 95% CI  Refer-
bility, % % ences

Measles antibody 55 45 USAP 2-18 years cross-sectional 89 =52° 18
Mumps antibody 55 45 USAP 2-18 years cross-sectional 39 =2 18
Rubella antibody 55 45 USAP 2-18 years cross-sectional 46 =5° 18
HAV antibody 95 96 Germany 18-65 years prospective 36 -2-73 15
HBsAg antibody 95 96 Germany 18-65 years prospective 61 41-81 15
HBsAg antibody 159 48 Gambia 5 months prospective 77 63-85 124
Polio antibody 159 48 Gambia 5 months prospective 60 43-73 12
Tetanus antibody 159 48 Gambia 5 months prospective 44 16-70 12
Tetanus IL-13 159 48 Gambia 5 months prospective 64 50-75 12
Diphtheria antibody 159 48 Gambia 5 months prospective 49 17-77 12
Hib antibody 147 43 Gambia 5 months prospective 51 32-66 14
Pertussis

Pertactin IFN-y 159 48 Gambia 5 months prospective 53 35-67 12

FHA [FN-vy 159 48 Gambia 5 months prospective 65 50-76 12

Toxin IL-13 159 48 Gambia 5 months prospective 57 40- 12
BCG

PPD IEN-y 159 48 Gambia 5 months prospective 41 10-71

KMTB IEN-vy 159 48 Gambia 5 months prospective 39 3-71

PPD IL-13 159 48 Gambia 5 months prospective 46 5-75

Hsp65 IL-13 159 48 Gambia 5 months prospective 50 29-67
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Infectogenomics: Insights from the Host
Genome into Infectious Diseases

Paul Kellam' and Robin A. Weiss"*

"MRCAUCL Centre for Medical Molecular Virology, Division of Infection & Immunity, University College London, London W1T 4JF, UK
*Contact: rweiss@ucl.ac.uk

DOI 10.1018/].cell.2006.02.003

Five years into the human postgenomic era, we are gaining considerable knowledge about
host-pathogen interactions through host genomes. This “infectogenomics” approach
should yield further insights into both diagnostic and therapeutic advances, as well as

normal cellular function. . ‘,
Cell 124, February 24, 2006 ©2006 Elsevier | ‘ <
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Genetika infekénich nemoci u lidi

(Quintana-Murci et al. Nature Immunology 8, 2007: 1165-1171

v Klinicka: definice genu a alel zodpovédnych za
individualni vnimavost k infekci: PIDs

v Epidemiologicka:definice genu a alel zodpovédnych
za vnimavost populace k infekci: asociace, GWAS

v Evolucni: studium genu selektovanych predchozimi
infekcemi: evoluce/speciace, diverzita populaci




Viyvoj cloveka, imunogenom, selekce

v' Migrace a sympatrie
R hominoidnich populaci, odlisné
A infekce
> v' NiZsi diversita genomu i vétSiny
IR genu u Neandrtalcu
e, Y VYSSI diversita MHC
v' Archaické neandrtalské haplotypy
TLR6-TLR1-TLR10
v' Balancovana selekce v lokusech
OAS




Odborna interpretace jako zaklad aplikaci

Eticka vychodiska: jak nalozit s informacemi
ziskanymi genomickymi metodami
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Vyuzitelnost v praxi

Minimalni variania

v' Kdy a kam referovat pacienita ke genetickému
vysetreni - indikace a interprelace

v’ Kdy nereferovat pacienta ke genetickému
vysetreni
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