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Charting a course for genomic medicine
from base pairs to bedside
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Genomicka medicina v praxi

Genetics
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Personalizovana medicina

Highlights
Genome sequencing costs are rapidly

Transcriptomics Metabolomics decreasing; within the coming decade
we might anticipate that whols-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 readity

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 care in a manner that accounts for the genetic variation of each patient. Panomics fOf Precision Medicine
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Genomicka medicina v praxi
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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
porozuméli vyhodam a limitacim genomickych

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




Genomika.
lidsky (savci) genom

v > 1m DNA

v’ 24 chromosomu, mtDNA

v’ > 3,100,000,000 bp

v’ 20,000-25,000 protein kddujicich gentl
v (< 2% genomu)

v’ Junk“ DNA: RNA, repetice, ??




Genomika a holismus

Slide courtesy of Prof. Jamie McLeod, UK Lexington



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



Postgenomic era

Kompletni sekvence lidskeho genomu
(Human genome project 2001)

Anotace genomu



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

Sekvenovani dnes

v DNA Sanger (1-2 kb)

v' DNA NGS (az celé genomy)

v' DNANGS LR: ,HIFi* (50 kb)

v' DNA exom

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




Nova genomika

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



Multiomics

Central dogma

Genome Epigenome

e O

Transcriptome i Proteome

Single cell

BEROBNES CNV  DNA methylation .
SNP Histone modification | ; RNA expression | Protein expression
Chromatin i1 RNAstructure !
Single cell § O P
Multi-omics | N

iDR-Seq (ey et al., 2015 scM&T-Seq scMT-Seq (Hu et al.2016) CITE-seq (Stoeckius et al.,
1G&T-Seq (Angermueller etal,, 2016)  scTrio-Seq (Hou et al,, 2016) 2017 ); REAP-seq
:Macauia\f etal, 2015 (Peterson et al., 2017 )

FIGURE 2 | Strategies for multi-omics profiling of single cells. Three major types of molecules relating to biological central dogma (Top). Single cell genomics methods
profiling the genome, epigenome, transcriptome, and proteome are shown by different shapes with variable colors (Middle). Single cell multi-omics methods are built
by combining different single cell sequencing methods to simultaneously profile multiple types of molecules of a single cell genome wide (Bottom). For example,
G&T-seq was built by combining genome (orange) and transcriptormne (yellow) to simultaneously detect DNA and BNA of the same cell genome wide.

https.//doi.org/10.3389/fcell.2018.00028



Multiomics:

Nemoc definovana na vsech urovnich

Genom
Epigenom
Transkriptom
Proteom
Metabolome
Mikrobiom

SN S 0

Regulacni okruhy u komplexnich fenotypu



Pangenomes
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Figure 2. The development process and construction methods of pan-genomic research. (A) Numer-
ous species have developed pan-genomes, including emiliania huxleyi. (B) Pan-genomes comprise
core genes, dispensable genes, and strain-specific genes. (C) Pan-genome construction strategies
include iterative assembly, de novo assembly, and graphical pan-genomes.



Levy et al. Genome Medicine (2015)7:120 Page 4 of 13
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Fig. 1 Effects of the microbiota on host gene regulation. Examples of epigenetic and transcriptional changes induced by commensal colonization
in the intestine. Arrows denote bacterial signals involved in the genetic reprogramming of immune cell subsets and intestinal epithelial cells.
Question marks indicate unknown microbial signals involved in the regulation of gene expression in macrophages, innate lymphoid cells, and

intestinal epithelial cells. 7,77 T helper 17

Microbiome and immunogenome

Levy et al. Genome Medicine (2015)7:120

Metagenome composition
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Fig. 2 Effects of the innate and adaptive immune system on
metagenome composition. Examples of how the innate and
adaptive immune system controls microbiome compositicn via
effector mechanisms. NOD2-dependent secretion of anti-microbial
peptides is involved in shaping the configuration of the microbiota.
NLRP6 controls mucus secretion by goblet cells, thus having an
effect on the epithelial-proximal bacterial compantment. Regulatory T
cells orchestrate B-cell-mediated IgA secretion. The IgA repertoire, in
turn, controls bacterial targeting by the immune system and thus
metagenomic composition. /gA immunoglobin A

REVIEW Open Access

Metagenomic cross-talk: the regulatory @
interplay between immunogenomics and
the microbiome

Maayan Lewy!, Christoph A Thaiss" and Fran Elinav”
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Nemoc:
reakce organismu ha patogenni noxu

Navrat k homeostaze ovlivneny charakterem
noxy, prostredim, aktualnim stavem
organismu a jeho genetickym zalozenim

Ze sve podstaty je individualne variabilni a
manifestuje se jako individualne variabilni
symptomatologie

Cést této variability je genetick

Potreba personalizované/precizni mediciny



Nemoci a geny

Individualni variabilita genomu:
mutace a polymorfismus

v' Mutace jako pricina dedicnych nemoci

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




Dédicna onemocnéni

(g gy

Uloha genomu ve vzniku nemoci

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

v Jednoducha (mendelisticka)
3000 lokust
v Komplexni
pred 10 lety 900 lokusu, dnes tisice




Dedicnost nemoci

a vhimavosti k nemocem

v Mendelisticka: jednotlivé mutace se
silnym ucinkem na fenotyp

v' Komplexni: interakce polymorfnich
variant (SNP) mnoha genu




Molekularni podstata:

Single nucleotide polymorphisms (SNPs)

v" Nukleotidova sekvence

cgcgceggcctcttgtggcecatectggtectcctaaaccacctggac

cgcgcegqcctcttgtggteatectggtectectaaaccacctggac

v Alely
C, T

v' Genotypy
CC,CILTT



cgcgcggcctcttgtggcecatcctggtectcctaaaccacctggac
cgcgcggcctcttgtggtcatcctggtcctcctaaaccacctggac

1

o\

Silny ucinek, projev ve fenotypu

Mendelisticka dédicnost

Mendelisticka vs. nemendelisticka dédicnost,
jednoduche vs. komplexni znaky:
molekularni podstata

cgcgaggcgtcttgtggccatcctggtcctcctaaaccacctggac
cgcgcggcctcttgtggtcatccttgatcctcctaag ccacctggac

Slabé individudlni ucmky bez fenotypoveho projevu

——
2N

Silny ucinek, projev ve fenotypu

Nemendelisticka dédicnost



Nove trendy

v’ Genomy a nemoci: genomicka medicina

v' Mendelisticka dedicna onemocnéeni: masivni
geneticka testovani

v'Komplexni znaky a jejich dedicnost v medicine:
molekularni disekce, markery

v’ Geneticka odolnost/vnimavost k onemocnénim:
infekcni choroby



Genomicka medicina:
miniaturizace a automatizace



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

Hledani kauzalnich genu a polymorfismu:
GWAS

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

Moznost reseni komplexnich
problému:

Priciny a patogeneze nemoci



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/

Genove drahy
a mechanismus nemoci (patogeneze

Late-onset Alzheimer's disease is a prevalent age-related polygenic disease that accounts for 50-70% of dementia cases.
e Currently, only a fraction of the genetic variants underlying Alzheimer's disease have been identified. Here we show that
increased sample sizes allowed identification of seven previously unidentified genetic loci contributing to Alzheimer's disease.
This study highlights microglia, immune cells and protein catabolism as relevant to late-onset Alzheimer's disease, while iden-
tifying and prioritizing previously unidentified genes of potential interest. We anticipate that these results can be included in
larger meta-analyses of Alzheimer's disease to identify further genetic variants that contribute to Alzheimer's pathology.
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Fig. 1] A Manhattan plot of the meta-analysis results highlighting 38 loci, including seven previously unidentified regions. Only variants with
P<0.0005 are displayed. The APOE region cannot be fully observed because the y axis is limited to the top variant in the second most significant locus,




nature
https://doi.org/10.1038/541588-021-00921-z genetlcs

ARTICLES

M) Check for updates

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

Table 1| The 38 genomic risk loci identified from 90,338 (46,613 proxy) cases and 1,036,225 (318,246 proxy) controls

Genomic locus Gene Position (GRCh37) Lead variant Al Alfrequency Pvalue N

1 AGRN 1:985,377 rs113020870 T 0.0041 3.83x10°* 776,379
2 CR1 1:207,750,568 rs679515 C 0.82 242x107* 762176

3 NCK2 2:106,235,428 rs115186657 C 0.0035 133x10-® 727537
4 BINT 2:127,891,427 rs4663105 c 04 392x10-% 1,078,540
5 INPPDS 2:234,082,577 rs7597763 © 045 465x1077 819,541

6 CLNK 4:11,014,822 rs4504245 G 0.79 523x10-2 1,080,458
7 TNIP1 5:150,432,388 rs871269 T 0.32 1.37x10° 1,089,904
8 HAVCR2 5:156,526,331 rs6891966 G 0.77 791x10° 1,089,230
9 HLA-DRB1 6:32,583,813 rs1846190 A 0.30 266x107* 754,040
10 TREMZ 6:40,942196 rs187370608 G 0.997 1.26x10-* 791,668
n CD2AP 6:47,552,180 rs9369716 T 0.27 1.70x10°7 1,052,285
12 TMEM106B 7:12,268,758 rs5011436 C 0.4 2.70x10-° 1,123,678
13 ZCWPWI/NYAP] 7:99,932,049 rs7384878 T 0.69 9.41x107* 1,084,138
14 EPHAI-AS] 7:143,104,331 rs3935067 G 0.62 4.69x107" 1,117,025
15 CL 8:27,466,315 rs1532278 T 0.39 157 %107 1126,563
16 SHARPIN 8:145,108,151 rs61732533 G 095 314x107° 1,122,653
17 USPENL/ECHDC3 101,718,713 rs7912495 G 0.46 7.68x10°" 1,120,367
18 CCDCe 10:61,738,152 rs7902657 T 0.54 368x10°° 1,126,388
19 MADD/SPI 1:47,380,340 rs3740688 T 054 8.78x10-° 1,123,185
20 MS4A4A 11:60,021,948 rs1582763 G 0.62 3.40x%10-% 1,125,804
21 PICALM 1:85,800,279 rs561655 G 0.35 1.24x10-% 1,126,563
22 SORL1 1:121,435,587 rs11218343 T 0.96 1.33x10-2 1,125,100
23 FERMT2 14:53,298,853 rs7146179 G 0.89 699x10°" 1,089,904
24 RIN3 14:92,938,855 rs12590654 G 0.67 6.63x107" 116,967
25 ADAMI0 15:59,057,023 rs602602 T 0.70 6.22x107 1,124,268
26 APHIB 15:63,569,902 rs117618017 T 013 7.00x10-" 889,854
27 SCIMB/RABEP1 17:4,969,940 rs7209200 T 033 318x10°® 1,125,637
28 GRN 17:42,442,344 rs708382 T 0.61 1.98x10~* 1,125,622
29 ABI3 17:47,450,775 rs28394864 G 0.54 490x10™° 1,084,218
30 TSPOAPI-AST 17:56,409,089 rs2632516 G 0.54 746x107° 1,082,451
31 ACE 17:61,545,779 rs6504163 T 0.6e1 1.23x10~° 1,083,145
32 ABCA7 19:1,050,874 rs12151021 G 0.68 28110 1,082,434
33 APOE 19:45,411,941 rs429358 T 0.84 <1.0x10-3%° 1,126,190
34 NTNS 19:49,213,504 rs2452170 G 0.47 1.72x10-® 1,088,626
£ CD33 19:51,737.991 rs1354106 G 0.37 2.21x10-% 716,038
36 LILRB2 19:54,825,174 rs1761461 C 0.49 1.56x10~* 1,116,336
37 CASS4 20:54,995,699 rs6069737 T 0.083 673x107" 1,087,703
38 APP 21:27,520,931 rs2154482 T 0.44 766x107° 1,124,606

The P values were identified through a meta-analysis (two-sided test) of summary statistics generated by linear/logistic regressions (two-sided test) and were not adjusted for multiple testing. The

previously unidentified loci are highlighted in bold. The genes were assigned on the basis of colocalization results, fine-mapping results and previous literature. Al, tested allele; N, sample size. _



Moznosti genomiky
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COST PER GENOME (LOG $)

Genomicka medicina: financni dostupnost
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Vyuziti genetickeho testovani

522 @ 5. K. DELANEY ET AL,

Table 1. Summary of genetic testing.

Test type Purpose description Current examples)
Diagnostic testing  To precisely Identify a disease and asdst In clinical Creatine kinase ((K) level testing for Duchenne muscular dystrophy
declsion-making

Predictive testing  To predict the likelihood of developing a disease  HTT gene test for Hutington disease; BRCA gene testing for breast cancer
Carrler testing To understand the likelihood of passing a genetic  CFTR gene testing for cystic fibrosls
disease to a child
Prenatal testing  To Identify disease In a fetus Expanded alphafetoprotein (AFF) for risk of neural tube defects, such as spina bifida
and Down syndrome
Newborn screening  To determine If a newborn has a disease known to  All 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. classlc galactosemia (GALT)), endocrine (e.q. congenital
hypothyroldism) and other disorders tested
Pharmacogenomics  To determine the optimal drug therapy and dose  The vitamin K epoxide reductase complex subunit 1 (VKORCT) test for likely response
(PGx) testing glven a person’s metabolic response to the anticoagulant warfarin. TPMT gene testing for likely response to thiopurine
Immunosuppressive theraples
Research testing  To contrbute to our understanding of underlying  Genome-wlde assoclation studies (GWAS) to determine the assoclation of a varlant
cause of disease with a tralt

Eticka vychodiska: jak naloZit s informacemi ziskanymi genomickymi metodami



Genomicka diagnostika

v’ Masivni vy3etfeni heterozygotnosti u AR DO (carrier test):
Prenasecstvi vice nez 830 nejcastejSich mutaci 77 genu
zpusobujicich pres 60 AR DO (cysticka fibroza, spinalni svalova
atrofie, vrozené vady metabolismu, poruchy zraku a sluchu,
choroby pohybového aparatu a kuze.

v' panel ,CZECANCA" (CZEch CAncer paNel for Clinical
Application 226 genu asociovanych s dédiCnymi nadorovymi
onemocnenimi)

v' Exomové sekvenovani, celogenomove sekvenovani



Molekularni diagnostika:
neinvazivni vysetreni plodu

v Vysetreni volne fetalni DNA v
materske krvi

v'Alternativa kK aminocenteze a vysetreni
choriovych klku na zaklade vysledku
prenatalniho skriningu

v'"Moznost celogenomoveho
sekvenovani plodu




Molekularni diagnostika:

neinvazivni vysetreni plodu

JAMA | Original Investigation

Rapid Whole-Genomic Sequencing and a Targeted Neonatal Gene Panel
in Infants With a Suspected Genetic Disorder

Jill L. Maron, MD, MPH; Stephen Kingsmore, MD; Bruce D. Gelb, MD; Jerry Vockley, MD, PhD; Kristen Wigby, MD;
Jennifer Bragg, MD; Annemarie Stroustrup, MD, MPH; Brenda Poindexter, MD, MS; Kristen Suhrie, MD;

Jae H. Kim, MD, PhD; Thomas Diacovo, MD, PhD; Cynthia M. Powell, MD, MS; Andrea Trembath, MD, MPH;

Lucia Guidugli, PhD; Katarzyna A. Ellsworth, PhD; Dallas Reed, MD; Anne Kurfiss, MPH; Janis L. Breeze, MPH;
Ludovic Tringuart, PhD; Jonathan M. Davis, MD

Multimedia
IMPORTANCE Genomic testing in infancy guides medical decisions and can improve health
outcomes. However, it is unclear whether genomic sequencing or a targeted neonatal
gene-sequencing test provides comparable molecular diagnostic yields and times to return
of results.

Supplemental content

AN IEATNIE T e e e b b il iy va skl bl A b A -



Preimplantacni geneticka diagnostika

v'V kontextu asistovane reprodukce (punkce
blastocysty po IVF)

v Diagnostika u embryi: cilena na zaklade
rodinné anamnéezy nebo skrining
nejcastejsich mutaci u darovanych embryi

v' Selekce embryi




ADR mechanisms

ADR phenotype

Farmakogenetika: ADR

On-target Off-target
Less common [often <5%
More common (often =5% of
those taking the drug | i Haidng the )
Fhenotype is
predictable based on ¥ : & Pure T-cell Antibody or non-
pharmacological action Non-immunological presumed mediated ntibod h-m d
o~ r- activation of off-  immunolegically (Type IV) - W NISChR
::‘:El d;‘rm"'p““rﬁml target receptor m bBut WA risk allele present) (Type 111}
o and dr
) s .ﬁnnh: genes .:qn;-nuu:‘unn“ {with or without T-cell haip]
I J '-""‘“"“':""' effects contribute
Pharmacologically
mediated




Farmakogenetika v praxi

Inhibitory protonové pumpy: Dexlansoprazol (A02BC06), Lansoprazol (A02BC03), Omeprazol (A02BCO01), Pantoprazol (A02ZBC02),
Rabeprazol (A02BCO04); Antiemetika: Dronabinol (A04AD10), Metoklopramid (AO03FAO1), Ondansetron (A0O4AAD1), Tropisetron
(AD4AA03), Peroralni antidiabetika: Glibenklamid (A1T0BBO1); Antiagregancia/Antikeagulancia: Avatrombopag (BO2BX08),
Klopidogrel (BO1ACO04), Warfarin (BO1AAD3); Antiarytmika: Flecainid (C01BCO04), Propafenon (C0O1BCO03); Hypotenziva: ACE
Inhibitory (C09AA), Hydrochlorothiazid (CO3EAOQ1); Inhibitory HMG-COA reduktazy (statiny): Atorvastatin (C10AA05), Pravastatin
(C10AA03), Rosuvastatin (C10AAQT), Simvastatin (C10AA01); Gynekologika: Flibanserin (G02CX02), Hormonalni antikoncepce
(GO3A);, Antiinfekéni latky: Flucloxacillin (JO1CF05), Vorikonazol (JO2ZAC0D3); Tuberkulostatika: Ethambutol (JO4AK02), Isoniazid
(JO4ACO1), Pyrazinamid (JO4AMOS), Rifampicin (JO4ABO03); Antivirotika: Abacavir (JOSAF0G), Efavirenz (JO5SAGO03), Nevirapin
(JOSAGO1), Peginterferon alfa-2a/b (LO3AB11), Ribavirin (JOSAP01), Telaprevir (JOSAFPD2), Cytostatika: Asparaginasa (LO1XX02),
Erdafitinib (LO1EX16), Fluorouracil (LO1BCO02), Gefitinib (LO1EBO1), Gemcitabin (LO1BCO05), Irinotecan (L0O1CED2), Kapecitabin
(LOMBCOG), Lapatinib (LO1EHO01), Merkaptopurin (LO1BBE02), Methotrexat (LO1BAO1), Platinové preparaty (LO1XL01X), Tamoxifen
(LOZBADT), Tegafur (LO1BCO3), Tioguanin (LO1BB03); Imunoterapeutika: Azathioprin (LO4AX01), Etanercept (LO4AB01), Siponimod
(LO4AA42), Takrolimus (LO4AD02), Takrolimus (LO4AD0Z), Ustekinubab (LO4ACO0S); Nesteroidni protizanétlivé léky (NSAID):
Celekoxib (MO1AHO1), Flurbiprofen (MO1AEQ9), lbuprofen (MO1AEQ1), Lomoxicam (MO1ACO0S), Meloxikam (MO1ACO06), Piroxikam
(MO1ACO1), Tenoxicam (MO1AC02); Urikostatika: Allopurinol (MO4AAD1), Rasburicasa (V0O3AF07); Inhalaéni anestetika: Inhalatni
anestetika (NO1AB), Mivacurium {(MO3AC10), Succinylcholin (M03ABO1); Analgetika: Dihydrokodein (NO2AAO0B), Fentanyl (NO1AHD1),
Fentanyl {(NO1AHO1), Kodein (N02AJ09), Lofexidin (NO7BCO04), Oxykodon (NO2AADS), Tramadol (N02AX02Z). Antiepileptika:
Brivaracetam (N03AX23), Fenytoin (NO3AB02), Fenytoin (NO3AB02), Karbamazepin (NO3AF01), Oxcarbazepin (NO3AF02), Jina
psychofarmaka: Aripiprazol (N05AX12), Brexpiprazal (NO5AX16), Clobazam (NO5BA09), Clozapin (N05AHO0Z2), lloperidon (NOSAX14),
Thioridazin (NO5ACO02), Venlafaxin (NOGAX16), Vortioxetin (NOBAXZ26); Tricyklicka antidepresiva: Amitriptylin (N06AADD), Clomipramin
(NO6AAQD4), Doxepin (NOBAA1Z), Imipramin (NOBAADZ), Nortriptylin (NOSAA10), Trimipramin (NOGAAODS); Selektivni inhibitory
zpétneho vychytavani serotoninu (SSRI): Citalopram (NOGABO4), Escitalopram (NOSAB10), Sertralin (NOBABOBS), Fluvoxamin
(NOBABOR), Paroxetin (NOBABOS), Jind lééiva nervového systému: Amifampridin (NO7XX05), Atomoxetin (NOGBADY), Fimozid
(NOSAGOD2), Tetrabenazin (NO7XX06), Valbenazin (NO7XX13); Antimalarika: Primachin (PO1BAO3), Tafenochin (PO1BAOT)
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The Era of the Genome and
Dental Medicine
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Discovery that
A chremosomes carry
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journals sagepub.comhame/jdr
RTTR Studies of heritability e 1010

Understanding that ®, 1920
chromosomes carry genes

DMA is found in cell nucleus 8 1930
“one gene-one enzyme” ° 1040

Hereditary component of dental caries suggested

Hereditary component of dentinogenesis imperfecta,
dentin dysplasia, enamel hypoplasia, tooth agenesis,
® 1950 Ehlers-Danlos syndrome and ankyloglossia suggested

DNA suggested as the agent
concerned with transmission
of inherited properties

Trisomy 21 linked to Down Syndrome 1060 Genetic basis of 3rd molar agenesis
L demonstrated

Hereditary component of periodontal
@) 1970 diseases suggested

Discovery of double-helix DNA structure
Genetic code identified

DNA (5anger) sequencing
_ . @ 1980 Genetic analyses of orofacial clefts
Huntington’s disease mapped to chromosome 4

) . AMELX identified as cause of
Development of polymerase chain reaction X-linked amelogenesis imperfecta
® 1990

Genomics term emerges CFTR linked with enamel defects

Human genome project launches PAX9 linked to palatogenesis

and tooth organ development

First draft of the human genome ® 2000

Human genome project completed

HapMap project First GWAS of periodontal disease
i @ 0

1000 genomes project First GWAS of dental caries

Haplotype Reference Consortium
Report of in utero EDA replacement

TOPMed Consortium therapy for X-linked anhidrotic
. ) ) o ectodermal dysplasia including
>24,000 unique variant-trait associations in GWAS catalogue ® 2020 tooth development effects

Figure 2. Timeline of genome research (left side) and oral health—specific landmark
evolvements and illustrative reports (right side) since 1900.



Zubni lekarstvi a genomika

UNTREATED

DENTAL
SNP CARIES
SEVERE/UNTREATED MISSING
TOOTHLOSS SURFACES
|
CHRONIC MOST SEVERE/ | 'l

PERIODONTITIS

AGGRESSIVE |
FORMS OR TOOTH LOSS §

UNTREATED

x ;
\ DMEFS index

A\

REVIEW ARTICLE

Genomics of periodontal disease and tooth morbidity

Thiago Morelli' | CaryS.Agler’* | Kimon Divaris®*

Department of Periodontology, School of Dentistry, University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA

witey

FIGURE 1 Theorized pathways
contributing to the tooth morbidity
(DMFS) index, emanating from dental
caries and periodontitis. SNP, single
nucleotide polymorphism

TABLE 3 Association results of the four loci that were prioritized from the tooth morbidity genome-wide association study with

edentulousness and chrenic periodentitis traits among the Atherosclerosis Risk in Communities study participants. P values were based on
logistic regression models for the edentulous and chronic periodontitis traits, and a linear regression model for the number of remaining

natural teeth

Chromosome

18
2

18
10

Edentulous vs

Number of natural

Severe chronic

Moderate chronic periodontitis vs

Locus SNP dentate® (n = 8103)  teeth®(0-32) (n=5538)  periodontitis vs healthy® healthy®
PMAIP1 rs11664212 0.18 0.0004% 0.21 0.22
SPC25 rs477309 0.97 0.0087 0.26 0.06
MC4R rs752720 0.22 0.00082 0.53 0.17
MPP7 rs1262024 0.34 0.24 0.10 0.09
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Zubni lékarstvi a genomika
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TABLE 1 Some candidate genes and
loci that play roles in the etiology of non-
syndromic clefts and the techniques used
in their discoveries

Candidate genes
and genomic loci

SHH
TP63
GLI2
MSX2
SPRY2
SPRY1
SULT2A1
CTNNAZ
PDGFRA
TBX1
CTNNB1
PAX9
PVRL1
TBX22
CTNND1
RARA
FGF10
WNT?B
KRT18
TFAPZA
IRF6

FOXEL
MSX1
BMP4
FGFRL
FGFR2
CRISPLD2
SUMO1
TFGp
MAFB
PAX7
VAX1
ARHGAP29
Chrgq.24
Chri6p13.3
VAX1,
NOG
GRHL3
CDH1
MGAM
ADAM3A
ZFHX4
Chr21q22
ADAMSA

Technology and Methodology

Association, Mutation screen, Targeted sequencing
Mutation screen, Targeted sequencing, Whole-exome sequencing
Targeted sequencing

Mutation screen, Targeted sequencing, Linkage
Mutation screen, Targeted sequencing

GWAS

GWAS

GWAS

Mutation screen, Targeted sequencing, Epigenetics
Mutation screen, Copy number variation, Epigenetics
Association, Mutation screen

Targeted sequencing

Targeted sequencing, Mutation screen

Targeted sequencing, Mutation screen

Mutation screen, Exome sequencing, Targeted sequencing
Association

GWAS, Mutation screen

GWAS, Mutation screen

GWAS

GWAS, Mutation screen, Whole-genome sequencing

Linkage, Association, Targeted sequencing, GWAS, Exome sequencing,
Copy number variation, whole-genome sequencing

Linkage, Association, Targeted sequencing, GWAS
Animal models, Targeted sequencing

Animal models, Targeted sequencing

GWAS, Targeted sequencing

Targeted sequencing

Linkage and Association FOIate
FISH pathway
Association

GWAS

GWAS

GWAS

GWAS, Mutation Screen, Whole-exome sequencing
GWAS

GWAS

GWAS

GWAS

Linkage, Exome sequencing

Exome sequencing, Targeted sequencing

Copy number variation

Copy number variation

Whole-genome sequencing

Whole-genome sequencing

Copy number variation

DOI-10.1111/0di 14146

INVITED REVIEW o et e e e WILEY

Genetic and epigenetic studies in non-syndromic oral clefts

Azeez Alade®*® | Waheed Awotoye'? | Azeez Butali':?

IRF6 —Gene
Regulatory
Network (GRN)

g
pathway

Tafb
pathway FIGURE 1 Critical pathways and the
IRFé gene-regulatory network relevant to
craniofacial development and reported for
non-syndromic orofacial clefts (NSOFCs).
Some cleft candidate genes in black fonts
within the pathways and network. The
gene list, pathways, and network are
not exhaustive but represent current
knowledge and a starting point for further
investigations



Budoucnost genomiky a zubni lékarstvi:
editace genomu

The Era of the Genome and Dental Medicine

953

Oral Immune
cancer cell - o B
patient isolation = -l .

B = Edit bacterial

genome

<~°°
@
0

CRISPR local delivery

Conventional iPSCs
induction

Somatic cell

isolation
>
=

Craniofacial defect
~ and tissue englneermg/

CRISPRa driven
iPSCs induction

stemcell B
isolation < MSCs -
o (~MSCs - S

_——

Alter pathogenicity
Alter microbiome

Edit host
regulatory

CRISPR Ll

Develop antibiotics
that are specific to
certain bacteria

Craniofacial

w defect patient
e
\‘B

apply to tissue engineering for

and

Figure 4. lllustration of applications of the clustered, regularly interspaced short palindromic repeats (CRISPR) / CRISPR-associated nucleases
(CRISPR/Cas) system in oral and craniofacial biology, as reported by Yu et al. 2019 (reprinted with permission). iPSCs, induced pluripotent stem cell

MSCs, mesenchymal stem cells.



Odolnost/vnimavost k onemocnénim

\' <4

Modelovy priklad - genetika vnimavosti k infekcim

Sources of variation p Ty Variable outcomes
Pathogen 0
strain )
Mortality (death)
Exposure %
Host genetics (dose)

|
Morbidity (illness)

Life history

« Diet/lifestyle/comorbidities
« Immunological memaory

« Sociceconomic status

- Host microbiome

Asymptomatic
or subclinical
Current
environment
+ Social support
+ Mutrition
+ Stress

Figure 1

Sources of variable infection outcomes. Host genetics, which is fixed at conception; life history; and current environment generate
differing susceptibilities in exposed individuals. Beyond host suscepubility, pathogen genetics (virulence) as well as dose also contributes

to a wide range of clinical outcomes from most infectious diseases. —






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., 1996



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



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

Skylla and Charybda
odolnosti/vhimavosti k nemocem

Protektivni imunita Autoimunita, alergie
Resistence k infekci Zanet




Genetika: vyznam definice fenotypu

*Resistence: schopnost omezit replikaci

patogena v hostitelskem organismu
VS.

Tolerance: schopnost udrzet homeostazu za

pritomnosti patogena v organismu

Susceptibilita Tolerance, nosic¢stvi Resistence

< ' Negenetické vlivy, prirodni a uméla selekce




Geny odolnosti a vnimavosti k onemocnenim

v' Geny ovliviiujici 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' V/ praxi vetsinou relativni pojem



Geny obranyschopnosti

Imunogenom: 5% genomu
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Komplexni dedicnost:
enomika a infekce u lidi

SNP-hased heritahility

19.9%

Tuberculosis

HI CQovID-19

(viral load) (severe)

|c|:114‘.nn;):-s Allpsels Jure 3,21

' ANNUAL
I REVIEWS

Figure 3

= Aniraal Revivar of Genric
Herirability estimation based on genome-wide SINPs for five different infectious diseases. Estimates are for ‘The Awesome Power of 1 luman
malaria (92), leprosy (141), tuberculosis (87), HIV-1 (95}, and severe COVID-19 (111). Abbreviations: Geneties of Infectious Discase
COVID-19, coronavirus disease 2019; HIV-1, human immunodeficiency virus 1; SNP, single-nucleotide Ko 1. G Benonsi (1, Sehore
and Dennis C, Ko™

polymorphism.
.




k Infekcim

Mendelisticka dédicnost vnimavost

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



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



Mechanismy nemoci

v’ Infekce

v Alergie, ADR

v" Autoimunita

v Komplexni imunopatologie



PFiklady

(g gy

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

v'Malarie (Dufty)

v COVID 19
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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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Table 3

Covid 19 a genetika hostitele

Candidste genes, their polymorphisms and their association with COVID-19 sevesity and susceptbility in select populations
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Table 3 [conanmed)
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EFIFE4: BP] fold containing family B member 4, CORS: O matf chemokine receptar 5, CERS: GG motif chemakine receptor 9, CXCAG: C-X mabif chemokine eceptor &,
[3F7: dipeptidyl peptidase 7, DORT: discoddin domain receptar fyrosine kinase 1, GOLGAS: Golgin A3, TMFRSSZ: mansmembrane protease, serioe 2, FA0 gamma.
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ceptar superfamily member 14, CYP2R2: cytochrome P450 gamily 2 subfamily # member 1, TiRAS TIR Domain Containing Adaptor Frotein
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TasLe 1: Candidate genes studied for erosion in humans.

Genes Function Results and conclusion

Reference

Analysis based on differences in allele
frequency showed a statistically
significant association with dental
erosion and the ENAM rs12640848
marker. The frequency of the G allele
of ENAM rs12640848 was
significantly higher in the erosion
group than in the nonerosion group.

Enamel formation gene.
Enamelin (ENAM) rs12640848 Mineralization and structural
organization of the enamel [16].

Sovik et al. [31]

‘When erosion severity was
considered, statistically significant
differences in allele frequency were
observed for the AMELX rs946252

marker, with the C allele suggesting a
protective role. An over-
representation of the TT genotype of
the AMELX marker was seen in cases
with severe erosion. AMELX was also
associated with severe erosion when
the recessive model was considered;
the TT genotype was significantly
more frequent in the affected group
than in the unaffected group.
Association with severe dental erosion
and the AMELX rs946252
‘When analyzing the terciles,
significant associations were found
between enamel loss and the AMELX
rs946252. When comparing allele and
genotype distributions between
individuals more and less susceptible
to enamel loss, no statistically
significant differences were found.

Enamel formation gene.
Amelogenin (AMELX) rs946252 Mineralization during tooth enamel
development [16].

Sovik et al. [31]

Uhlen et al. [28]
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TasLe 2: Candidate genes studied for dental caries in humans.

Enamel formation gene. Involved in
Ameloblastin (AMBN) rs4694075 enamel matrix formation and No evidence of association
mineralization [16].

Sovik et al. [31]

L T T

Genes Function Results and conclusion Reference
Patir et al. [54]; Shimizu
. Mineralization and structural Associated with higher caries et al. [49]; Jeremias et al.
Enamelin (ENAM) organization of the enamel experience [55]; Gerreth at al. [56];

Amelogenin (AMELX)

Ameloblastin (AMBN)

Associated with higher caries
experience

Mineralization during tooth enamel  Associated with lower caries
development experience

No evidence of association

Associated with higher caries
experience
Involved in enamel matrix Protective effect for caries
formation and mineralization
No evidence of association

Wang et al. [57]
Deeley et al. [58]; Kang
et al. [53]; Shimizu et al.
[49]; Jeremias et al. [55]

Kang et al. [53]

Slayton et al. [59];
Olszowski et al. [60]; Ergoz
et al. [61]; Gasse et al. [62]

Patir et al. [54]; Shimizu
et al. [49]; Ergoz et al. [61]

Gerreth at al. [63]

Slayton et al. [59]; Deeley
et al. [58]; Jeremias et al.
[55]
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Analysis based on differences in allele
frequency showed a statistically
Enamel formation gene significant association with dental
. erosion and the ENAM rs12640848

Enamelin (ENAM) rs12640848 Mineralization and structural ‘marker. The frequency of the G allele Sovik et al. [31]
organization of the enamel [16]. of EN. AM(:'le Gzos 18 ms‘ TasLE 2: Candidate genes studied fof dental carieg in humans.

significantly higher in the erosion

. Genes Function Results and conclusion Reference
group than in the nonerosion group.
‘When erosion severity was Patir et al. [54]; Shimizu
considered, statistically significant B lin (ENAM Mineralization and structural Associated with higher caries et al. [49]; Jeremias et al.
differences in allele frequency were namelin ( M) organization of the enamel experience [55]; Gerreth at al. [56];

observed for the AMELX rs946252
‘marker, with the C allele suggesting a

protective role. An over- . N . .
representation of the TT genotype of Associated with higher caries

the AMELX marker was seen in cases ¢ o o0 0 B3] experience
with severe erosion. AMELX was also -

associated with severe erosion when Amelogenin (AMELX)

‘Wang et al. [57]
Deeley et al. [58]; Kang
et al. [53]; Shimizu et al.
[49]; Jeremias et al. [55]

Mineralization during tooth enamel ~ Associated with lower caries
Kang et al. [53]

Enamel formation gene, t}:z ;e;"f'ssgfuxnogi E:a:ic:inﬁsciil:;]ed; development experience
Amelogenin (AMELX) rs946252 Mineralization during tooth enamel & genotyp e ffg s ’ Slayton et al. [59];
development [16]. more frequent in the affected group No evidence of association ~ Olszowski et al. [60]; Ergoz
3 than in the unaffected group. L [61]; G - ’l [il]
Association with severe dental erosion et al. ; Gasse et al.
and the AMELX rs946252 Associated with higher caries  Patir et al. [54]; Shimizu
 When analyzing the terciles, experience et al. [49]; Ergoz et al. [61]
significant associations were found . . . .
between enamel loss and the AMELX Améloblastin (AMBN) Involved in enamel matrix Protective effect for caries Gerreth at al. [63]
rs946252. When comparing alleleand 1z o 1 rg) formation and mineralization Slayton et al. [59]; Deeley
genotype distributions between - No evidence of association et al. [58]; Jeremias et al.
individuals more and less susceptible [55]

to enamel loss, no statistically
igni d were found.

Enamel formation gene. Involved in

Améloblastin (AMBN) rs4694075 enamel matrix formation and No evidence of association  Sovik et al. [31] [

‘mineralization [16].
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Ramsuran et al. Role of the Untranslated Genome in Infections and Immunity
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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.
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Fig. 1. (A) POIR IncRNA is decreased in pericdontitis. This IncRNA acts as a sponge for miR-182. miR-182 binds with the 3" UTR of FOXO1. FOXO1 inhibits canonical
Wat, thus supressing expression of Cyclin D1, Axin and c-Myc. Suppression of canonical Wnt inhibits proliferation and differentiation of ostecblasts [23]. (B) In the
nucleus, MALATI binds with miR-20a, thus inhibiting its export from the nucleus and its effects on TLR4. Therefore, MALATI enhances expression of TLR4. TLR4
promotes expression of inflammatory cytokines [22].
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Genetika vakcinace
a personalizovana medicina

Table 3. Heritability estimates of vaccination responses in twin studies

‘nature medicine

hitpa: ldoi.ong 104038/41501-022-02070-6

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 e 16-70 12
Tetanus IL-13 15 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 IFN-y 159 48 Gambia 5 months prospective 65 50-76 12
Toxin IL-13 159 48 Gambia 5 months prospective 57 40-71 2
BCG
PPD IFN-y 159 48 Gambia 5 months prospective 41 10-71 12
KMTB IFN-y 159 48 Gambia 5 months prospective 39 3-71 12
PPD IL-13 159 48 Gambia 5 months prospective 46 5-75 12
Hsp65 IL-13 159 48 Gambia 5 months prospective 50 29-67 12

Accelerated Article Preview

Human leukocyte antigen alleles associate
with COVID-19 vaccineimmunogenicity and
risk of breakthrough infection

Anti-RBD Chromosomal Manhattan and QQ

10
-]
. | /

=logilp)

1 2 3 4 5 6 7 809
Chromosome



Doporuceni pro lekare a vyuzitelnost v praxi

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
porozuméli vyhodam a limitacim genomickych

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




Vyuzitelnost v praxi:

odborna interpretace jako zaklad aplikaci

v' Pochopeni podstaty pouzivanych pfistupu:
umet tridit informace a soustredit se na

podstatu
v' Eticka vychodiska: jak naloZit s informacemi

ziskanymi genomickymi metodami




Vyuzitelnost v praxi

Minimalni variania

v' Kdy a kam referovat pacienta ke
genetickemu vysetreni - indikace a
Interpretace

v' Kdy nereferovat pacienta ke genetickému
vysetreni




Dotazy i v tomto stavu?




