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Genomika:

Doporuceni pro lékare lidsky (savéi) genom

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]

v > 1m DNA

v’ 24 chromosomti, mtDNA

v’ > 3,100,000,000 bp

v' 20,000-25,000 protein kodujicich gent
v (< 2% genomu)

v’ Junk” DNA: RNA, repetice, ??

Jednim z téchto doporuceni je, aby nejen klinicti
genetici, ale i dalsi poskytovatelé Iékarské péce
porozuméli vyhodam a limitacim genomickych

vysetreni natolik, aby dokazali korektné interpretovat
klinicky vyznam diagnostikovanych genomickych
variant




Genomika a holisticky pfistup:
Genom je vic nez souhrn gend

1atgtgccege cgegeggect cetecttgty  gecateetgg  tectectaaa ccacctggac 61
cacctcagtt tggccaggaa cetceccaca gecacaccag geccaggaat gttccagtge 121
ctcaaccact cccaaaacct getgaggace gtcagcaaca cgettcagaa ggccaggeaa 181
accctagaat tctactcetg cactictgaa gagatcgatc atgaggatat cacaaaagac 241
aagagcagca ccgtggegge ctgecteeee ctggaactcg ccecgaacga gagttgeetg 301
gettccagag agatctcttt cataactaat gggagttgce tgaccccegg aaaggectct 361
tctatgatga cgctgtgect tagcageatc tatgaggact tgaagatgta ccaggtggag 421
ftcaaggcca tgaatgccaa gotgttgata gatcctcaga ggcagatett tctggatgag 481
aacatgctga cagccattga caagctgatg caggccctga acttcaacag tgagactgty 541
ccacaaaage cctcecttga aggactggat tittataaaa ctaaagtcaa gctctgcatc 601
cticttcatg ccttcagaat ccgcgcagtg accatcaaca ggatgatggg ctatctgaat 661
gettectaa

Strukturni a funkéni anotace genomu

Sekvenovani dnes
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v DNA Sanger (1-2 kb)

v DNA NGS (azZ celé genomy)

v DNANGS LR: ,HiFi* (50 kb)

v DNA exom

v RNA Iso seq: full-length cDNA,
PacBio SMRT sekvenovani

Postgenomic era
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Kompletni sekvence lidského genomu
(Human genome project 2001)

Anotace genomu

Nova genomika

o

- bk

12

v’ T2T genome(s)
v Multi omics
v’ Pangenomics, pangenomes



http://www.ncbi.nlm.nih.gov/Genomes/

Multiomics Multiomics:

il ouhra vSech biologickych urovni

SELY. v' Genom

v Epigenom

. v' Transkriptom
v Proteom

we. © 0 @ O v' Metabolome
v' Mikrobiom

f;tt;;a-//do:.a;/m.3389/fce//.2018.00028 Regulacni okruhy u komplexnich fenotypEI
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Pangenomes & Microbiome and immunogenome

) St
Y e = Crn 5 coe

Figure 2. T} process and ? ic research. (A) Numer-
ous species have developed pan-genomes, including emiliania huxleyi. (B) Pan-genomes comprise
core genes, disp genes, and strain-specific genes. (C) Pan-g on strategies
include iterative assembly, de novo assembly, and graphical pan-genomes.
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Nemoc:
% reakce organismu na patogenni noxu

v' Navrat k homeostaze ovlivnény charakterem
noxy, prostredim, aktualnim stavem
organismu a jeho genetickym zaloZenim

v’ Ze své podstaty je individualné variabilni a
manifestuje se jako individualné variabilni
symptomatologie

v’ Cést této variability je geneticka

v’ Potfeba personalizované/precizni mediciny

17

Dédiéna onemocnéni

o

et

Uloha genomu ve vzniku nemoci

0.6% VCHA, 8% Mendelisticka DO, 90%
Multifaktorialni DO, 1.4% jiny nez geneticky
problém

v" Jednoducha (mendelisticka)
3000 lokusu
v' Komplexni
pied 10 lety 900 lokusd, dnes tisice
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Nemoci a geny

Individualni variabilita genomu:
mutace a polymorfismus

v' Mutace jako pfi¢ina dédi¢nych nemoci

v' Geneticky polymorfismus jako pricina variability v
odolnosti a vnimavosti k nemocem
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Dédiénost nemoci
a vnimavosti k nemocem

o

- bk

v Mendelisticka: jednotlivé mutace se
Silnym ucinkem na fenotyp

v" Komplexni: interakce polymorfnich
variant (SNP) mnoha gent

20



Polymorfismus genomu:
Single nucleotide polymorphisms (SNPs)

Mendelisticka vs. nemendelisticka dédicnost,
jednoduché vs. komplexni znaky

v Nukleotidova sekvence cacaagacitettatagecotectggtectectanaccacciaga
cgegeggectcttgiggecateetggtectectagaccacctggac

cgcgeggcctcttgtggecatectggtectectaaaccacctggac cocgeggeetcttgtagtcatcctygtectectaaaccacctggac

cgegeggectettgtogteatecttga rccrctmm[ccnctrggar

Slabe individudlni Ucinky bez fenotypoveha projevu

cgcgeggcctcttgtggteatectggtectcctaaaccacctggac @ \ \ \ / /
v A/ l Silny Uéinek, projev ve fenotypu —
C 7.ey Mendelisticka dédichost @
J
v Genotypy Silny tcinek, projev ve fenotypu

Nemendelisticka dédifnost
CC,CT TT
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Genomicka medicina:
miniaturizace a automatizace

Nové trendy

TR
v' Genomy a nemoci: genomicka medicina
v’ Mendelisticka dédi¢na onemocnéni: masivni
geneticka testovani
v’ Komplexni znaky a jejich dédicnost v mediciné:
molekularni disekce, markery

v Geneticka odolnost/vnimavost k onemocnénim:
infekéni choroby
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http://www.humgen.nl/SNP_databases.html

Hledani kauzalnich gent a polymorfisma:
GWAS
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Compare MAF for thousands of
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HOLISTICKY PRISTUP

MoZnost feSeni komplexnich
problému:

PfiCiny a patogeneze nemoci
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Genové drahy
a mechanismus nemoci (patogeneze)

Gene

Family

/A2M, ABCAL, APOAL, APOA4, APOC1, APOC2,
APOC3, APOE, CD36, CETP, HMGCR, LDLR, LIPA,
LRP1, LRP6, LPA, LPL, OLR1, SREBF1

Cholesterol and lipoprotein-related

Cytokines CCL2, CCRY, IL1B, IL1RN, IL6,IL18, TGFB1, TNF

ALDH2, GSTM1, GSTT1, HFE, MPO, NOS3, PON1,
PON2

CYP19AL, ESR1, PPARA

Oxidative stress

Nuclear receptor and related

Proteases ACE, CST3, MMP1, MMP3, SERPINEL

BCHE, CBS, CD14, CRP, GNB3, HLA-A2, HTR6,

Py ICAML, MEF2A, MTHFR, PTGS2, TLR4

‘ Genes associated with both atherosclerosis/hypercholesterolaemia and Alzheimer's

28


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

ARTICLES

A genome-wide association study with 1,126,563
individuals identifies new risk loci for Alzheimer's
disease

Moznosti genomiky

Mechanismy/ Geny =3 Markery
- A

Drahy
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Genomicka medicina: finan¢ni dostupnost Viyuziti genetického testovani
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R Eticka vychodiska: jak naloZit s informacemi ziskanymi genomickymi metodami

31 32



Molekularni diagnostika:
neinvazivni vySetreni plodu

Genomicka diagnostika

v’ Masivni vy3etfeni heterozygotnosti u AR DO (carrier test): v Vysetfeni volné fetalni DNA v
PrenaSecstvi vice nez 830 nejcastéjsich mutaci 77 gend materske krvi
zpusobujicich pfes 60 AR DO (cysticka fibroza, spinalni svalova ; ; : AV
atrofie, vrozené vady metabolismu, poruchy zraku a sluchu, v'Alternativa k aminocentéze a vysetreni
S0 el choriovych klkii na zakladé vysledkd

v panel ,CZECANCA" (CZEch CAncer paNel for Clinical e .
Application 226 genl asociovanych s dédi¢nymi nadorovymi prenatalmho Sk”nlngu

el daye v'MozZnost celogenomového
v Exomové sekvenovani, celogenomove sekvenovani sekvenovani pI odu
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Molekularni diagnostika:
neinvazivni vySetreni plodu

o o

Preimplantacni geneticka diagnostika

- bk - bk
B v'V kontextu asistované reprodukce (punkce
Rapid Whole-Genomic Sequencing and a Targeted Neonatal Gene Panel blastocysty po |VF)
in Infants With a Suspected Genetic Disorder
e g 0 g 0 1 v Diagnostika u embryi: cilena na zaklade

JseH. 1D, PhD; Thomas Diacovo, MD, PD; Cynthia M. Powell, MD, MS: Andrea Trembath, MD, MPH;

T e T rodinné anamnézy nebo skrining
o — nejCastéjSich mutaci u darovanych embryi

IMPORTANCE Genormic Supplemental content

outcomes. However, it is unclear whether genomic sequencing or a targeted neonatal
8 quencing test provides diagnostic yields and times to retum S I k b T
ofresuls v’ Selekce emoryi
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Farmakogenetika: ADR

On-target Off-target
Less common (often <5%
More common (often >5% of
‘those taking the drug ) of those taking the drug)

Phenotype is
.
predictable hsed"o‘n b Pure T-cell Antibody or non-
action presumed mediated i
X i antibody mediated
activation of off- m:mdog;‘ W (Type V) (Type I-1Hl)

b ADNE s ot . (i )
i conenaion
G

Pharmacologically
mediated

ADR phenotype  ADR mechanisms
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Odolnost/vnimavost k onemocnénim
Modelovy priklad - genetika vnimavosti k infekcim

AT

- bk

Sources of variation %:} Variable outcomes
¥ L
ﬁk Mosbiity liness)
s
e
«Social support

Sources of variable infection autcomes. ot genctics, which is fixed at conception; life history; and current environment generate
differing susceptibilities in exposed individuals. Beyond hast suscepability, pathogen genetics (virulence) as well as dose also contributes

wide range of clinical outcomes from most infectious discascs.

Farmakogenetika v praxi

Inhibitory protonové pumpy: Dexiansoprazol (AD2BC06), Lansoprazol (AO2BCO3), Omeprazol (AD2BCO1), Pantoprazol (AD25C02)
Rabeprazol (AQZBCO4); Antlemetika: Dronabinol (AD4AD10), Metoklopramid (AO3FAO1), Ondansetron (AG4AAO1), Tropisetron
(AC4AAD3), Perordini antidiabetika: Gibenklamid (A10BBOT), Anti i i (B02BX08),
Kiopidogrel (BOTACD4), Warfarin (BOTAAD3); Antiarytmika: Flecainid (CO1BCO4), Propafenon (CO1BCO3); Hypotenziva: ACE
Inhibitory (COSAA), Hydrochlorothiazid (CO3EAD1), Inhibitory HMG-COA reduktizy (statiny): Atorvastatin (C10AA05), Pravastatin
(C10AAQ3), Rosuvastatin (C10AAD7), Simvastatin (C10AAO1); Gynekologika: Fibanserin (G02CX02), Hormondini antikoncepce
(GO3A); Antlinfekéni lstky: Flucloxaclin (JO1CFOS), Vorkonazol (JO2ACO3); Tuberkulostatika: Ethambutol (JO4AKO
(JO4ACO1), Pyrazinamid (JOJAMOS), Rifampicin (JOJABO3), Antivirotika: Abacavir (JOSAFOB), Efavirenz (JOSAG

(JOSAGO1), Peginterferon alfa-2alb (LO3AB11), Ribavirin (JO Telaprevir (J05
Erdafitinid (LO1EX16), Fluorouracil (LO1BCO2), Gefit 01EBO1), Gemcitabin (LOTBCOS), Irinotecan (LOICE02), Kapecitabin

(LOTBCO8), Lapatinib (LOTEHD1), Merkaptopurin (LD1BB02), Methotrexat {LO1BAO1), Platinové prepardty (LO1XLO1X), Tamoxifen
(L02BAD1), Tegafur (LO1BC03), Tioguanin (LOTBB03); Imunoterapeutika: Azathioprin (LO4AX01), Etanercept (LO4ABD1), Siponimod
(L04AA42), Takrolimus (LO4ADO2), Takrolimus (LO4ADO2) {LO4ACD:
Celekoxib (MOTAHO1), Flurbiprofen (MO1AEDS), Ibuprofen (MO1AED1), Lomoxicam (M
(MO1ACO1), Tenoxicam (MO1ACO2); Urikostatika: Allopurinol (MO4AAD1), Rasburica:
anestetika (ND1AB), Mivacurium (MO3AC10), Succinyicholin (MO3ABOT), Analgetika: Dihydrokodein (NO2AA0S), Fentanyl (NOTAHO1)
Fentanyl (NOTAHO1), Kodein (NO2AJ09), Lofexidin (NOTBCO4), Oxykodon (NO2AADS), Tramadol (NO2AX02), Antiepileptika:
Brivaracetam (NO3AX23), Fenytoin (N03AB02), Fenytoin (NO3AB02), Karbamazepin (NO3AFD1), Oxcarbazepin (NO3AI
psychofarmaka: Aripiprazol (NOSAX12), Brexpiprazol (NOSAX16), Clobazam (NOSBAS), Clozapin (NOSAHO2), lloperidon (NOSAX14)
Thioridazin (NOSAC02), Ves I06AX16), Vortioxetin (NOBAX26), Trieyklicks antidepresiva: Amiriptylin (NOBAAOS), Clomipramin
(NOGAAD4), Doxepin (NOBAA1Z), Imipramin (NUGAAD2) 0BAA10), Trimipramin (NOGAAOG), Selektivni inhibitory
zpétného vychytivani serotoninu (SSRI): Citalopram Escitalopram (NOBAB10), Sertralin (NOSABOS), Fluvoxamin
(NOBABOB), Paroxetin (NOBABOS), Jind 1é&iva nervevého systému: Amifampridin (NOTXXDS), Atomoxetin (NOGBADS), Pimozid
(NO5AGO2), Tetrabenazin (NO7XX06), Valbenazin (NO7XX13), Antimalarika: Primachin (PO1BA03), Tafenochin (PO1BA07)
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Vyznam definice fenotypu

*Resistence: schopnost omezit replikaci

patogena v hostitelském organismu
vs.

Tolerance: schopnost udrzet homeostazu za

pritomnosti patogena v organismu

| susceptibilita Tol iGsti Resi |

vy, prirodnia umél selekce =

40
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Odolnost vs. vnimavost (resistence vs.
susceptibilita) k onemocnénim

Geny obranyschopnosti

v’ Geny ovliviiujici zdravotni stav v interakci s L

prostfedim -

v’ Jejich polymorfismy nejsou pficinou onemocnéni, E;i:“; EEgpaw
ale oviivriuji reakci na (environmentélni) patogenni ZiT % 5 Eqc
faktory Tt T TR
v' Evolucni kontext a vyznam i 1; Iy :i :

v V praxi vétSinou relativni pojem
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Komplexni dédi¢nost:
GWAS a infekce u lidi

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

Mendelisticka dédic¢nost

o

- bk
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with or

Mendelian disorders of Immunity to nfection to spacific infections Disease Pathogen Gene or locus Biological mechanism
Infactious agent Clinical phenotype Immunclogical phenotypa Gene AIDS! Human i Maior Acquired immunity,
Neisseria Invasive disease MAC defidency C5,C6, C7, C8A, virus-1 complex, class | deletion of viral co-receptor
CaB, C4G, C9 (HLA-B-HLA-0), CCRS
Invasie disaass Properdin deficiency. PFC . A - L _— .
T Izt oI . Hepatitis B Hepatitis B virus (HBY) &ﬁ;&hﬁ;ﬂ:ﬁﬂ(ﬂﬁm Acquired immunity
Disseminated STATI, NEMO, L128, 4
\uberculosis IL12R51 Hepalitis C34  Hepatitis Cvirus (HOV)  [L288 Innate immunity
e pEOEEE EEReE el Leprosy Mycobactorium ieprae  Maijor histocompatibility  Acquired and innate
D complex, class Il (HLA- immunity, and unknown
s DR-DQ), NOD2, TNFSF15,  mechanisms
Human papilomavins Epidemodysplasa  EVER! or EVERZ deflciancy EVERI, EVER2 g;g‘;f;ﬁcwm and
varruciformis )
Plasmodim vivax Natural resistance  Lack of raceplor for pathogen  DARG Tuberculosis®  Mycobacterium 18q11.2 (GATAG, CTAGE],  Unknown
Human immunodeficlency irus-1  Natural esistance  Lack of mceptor for pathogen  CCRS tubsrcutosis RBEPS, CABLESI)
Nomvirus Natural resistance Lack of receptor for pathogen  FUT2.

Picard et al Curr Opin Immunol 2006

44

Meningoceccal
disease?

Neisseria meningitidis

CFH, CFHR3, CFHR1

Innate immunity

De Bakker, Telenti 2010

11



Mechanismy nemoci

v Infekce

v Alergie, ADR

v Autoimunita

v Komplexni imunopatologie

45

celiakie

Komplexni patogeneze:

47

Pfiklady

v'Noroviry, rotaviry (FUT2)
v'AIDS (CCR5)

v'Malarie (Duffy)

v COVID 19

46

Vakcinace a genetika

o

Ll
Individualni variabilita imunitni
odpovédi po vakcinaci

.

L

48
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Genetika vakcinace Vyuitelnost v praxi

nature medicine e s
4| Accelerated ArticiePreview

Minimalni varianta

with COVID-19 vaccine immunogenicity and
risk ofbreakthroughinfection

A 0 e ki 00 v’ Kdy a kam referovat pacienta ke genetickému
vyselfeni - indikace a interpretace

v’ Kady nereferovat pacienta ke genetickému

49

; |
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£, ' h " l “ ‘ vysetreni
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