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Genomic medicine: 2011 prediction

Charting a course for genomic medicine
from base pairs to bedside

Green et al. 2011
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Genomic medicine: clinical practice
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Genomic medicine - from theory to practice:
financial aspects
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Genomic medicine: clinical practice
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for health care providers Outline

v Genomic medicine: motivation for MDs
v' Genomes, genes, genetic variability

v' Genomics and disease: applications

v’ Importance for MDs

i
7. Darvel J. Waggoner, M.D.%4
Krantz. M.D.2#7

Translating and realizing the comprehensive clinical benefits of genomic medicine remains a key
challenge for the current and future care of patients. With the increasing application of CGES. it is
necessary for geneticists and other health care providers to understand its benefits and limitations.
in order to interpret the clinical relevance of genomic variants identified in the context of health
and disease. Establishing new. collaborative working relationships with specialists across diverse
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New philosophy in medicine:
genomics as a holistic approach

Holism and genomics:
Genome is more than the sum of its genes

1atgtgccege cgegeggect ceteettgtg gecatectgg tectectaaa ceacctggac

61 cacctcagtt tggccaggaa cctccccaca gecacaccag geccaggaat
gttccagtge 121 ctcaaccact cccaaaacct gctgaggace gtcagcaaca
cgcttcagaa ggccaggcaa 181 accctagaat ftctactectg cacttctgaa
gagatcgatc atgaggatat cacaaaagac 241 aagagcagca ccgtggegge
ctgectecee  ctggaactcg ccccgaacga gagttgectg 301 gettccagag
agatctcttt cataactaat gggagttgcc tgaccccegg aaaggectet 361
fetatgatga cgctgtgect tageagcate tatgaggact tgaagatgta ccaggtggag
421 ttcaaggcca tgaatgccaa gctgttgata gatcctcaga ggcagatctt
tctggatgag 481 aacatgctga cagccattga caagctgatg caggecctga
acttcaacag tgagactgtg 541 ccacaaaagc ccteccttga aggactggat
fittataaaa ctaaagtcaa gctctgcatc 601 cttcticaty  ccttcagaat
ccgegeagtg accatcaaca ggatgatggg ctatetgaat 661 gettectaa

Slide courtesy of Prof. Jamie McLeod, UK Lexington
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Tools and resources Recent achievements
v" DNA Sanger (1-2 kb)
v' DNANGS (whole genomes) v' T2T genome(s)
v’ DNANGS LR: ,HiFi“ (50 kb) v Multiomics
v DNA exome z
v RNA IsoSeq: full-length cDNA v Pangenomics, pangenomes
13 14
Multiomics Multiomics

o

- DAk 7
Analysis of complex

phenotypes/diseases at all levels

Genome
Epigenome
Transcriptome
Proteome
Metabolome
Microbiome

SERENEEERS

https://doi.org/10.3389/fcell. 2018.00028
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Microbiome and immunogenome

Pangenomes

Figure 2. Tt pment process and construction methods of p: ic research. (A) Numer-
ous species have developed pan-genomes, including emiliania huxleyi. (B) Pan-genomes comprise
core genes, dispensable genes, and pecific genes. (C) Pan-g strategies
include iterative assembly, de novo assembly, and graphical pan-genomes.
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Genetic variability:

Terminology: confusion of languages Titations vs. Aoivmorohisma

> Genetw S v’ Polymorphisms as “established” mutations

> . v' Mutations as causes of disease
genqmzcs b v’ Genetic polymorphisms as causes of the variability
Systematic and complex (holistic) in susceptibility/resistance (resilience) to disease
analysis of the genome
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Genetic variability in disease:

: An example: infectious diseases
different roles P

v’ Inherited diseases: causative genes e
v Genetic susceptibility/resistance to disease Myw Iﬁﬁz Wmi;;;fm 5@3’%:

provoked by environmental factors T == i
Both may be inherited in the Mendelian and/or ey ot e rcs ko e Gons

non-Mendelian way

Picard et al Curr Opin Immunol 2006

21 22

Inherited disease:

Mutations vs. polymorphisms two types of inheritance

AT AT

- bk - bk

v’ Strong mutations: simple Mendelian inheritance v Mendelian: individual strong mutations

v Single nucleotide polymorphisms: underlie _ . _
complex (quantitative) variability of traits/diseases v’ Complex: interactions of multiple gene

variants (SNPs) with moderate effects

23 24



Reminder: individual variability
of the human genome

Single nucleotide polymorphisms (SNPs): 10 M throughout the genome

25

cgegceggcctectecttgtggecatectggtectectaaaccacctggac

cgegeggcctectecttgtggtcateetggtectectaaaccacctggac
Insertions/deletions (indels)
cgegeggcctectecttgtggecatectggtcectectaaaccacctggac

cgcgceggcctectecttgtgg----- ctggtectcctaaaccacctggac

Genomic medicine - from theory to practice:
technical advances

27

Miniaturization and automation:
chips and arrays

High Density (HD) Single Nucleotide Polymorphism
(SNP) chips

Single nucleotide polymorphisms
(SNPs)

Nucleotide sequence

cgcgeggcctcttgtggcecatectggtectectaaaccacctggac

cgcgceggcctcttgtggteatectggtectcctaaaccacctggac

v’ Alleles
C, T
v’ Genotypes

CC,CT TT

26

Mendelian vs. non-Mendelian inheritance,
simple vs. complex traits

- bk

cgcgaggcatettgtagecotectggtectcctaoccacctggoe

cgegeggeetettgtggecatectggtectectaaaccacctggac vt

? tgat
cgegeggecetettgtggteatectggtectectaaaccacctggac | | [ | l
henol

Strong effect on the phenotype| —
Mendelian inheritance

Strong effect on the phenotype|
Non-Mendelian inheritance

28



A tool:
Genome-wide association studies (GWAS)

Genetics in complex diseases

[0}

Genomes in disease
L,
N ) 1414
v 0.6% chromosome abnormalities it T fide
v 8% Mendefan diseases, compemag s

SNPs across genome

Sinilae frequency in
healthy versus affected
—_

v’ 90% Multifac forial (complex) disease,
v’ 1.4% other than genetic problem

=]

A R

Lower frequencyinHigher fraquency In

—— affected indiiduals _ affected indwiduals ——
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51 rsi0082657 E.xample. of a really comp!ex disease: :
144 S Genes associated with atherosclerosis/hypercholesterolemia
L} . .
134 . and Alzheimer's disease
124 ° . . 1511086015
11 1510484761 L
+ rs11066280
. . X, T Gene
152074356
& °] 2274223 ' A2M, ABCA1, APOA1, APOA4, APOC1,
5 8 * b 5 APOC2, APOC3, APOE, CD36, CETP,

Cholesterol and lipoprotein-related HMGCR, LDLR, LIPA, LRP1, LRP6, LPA, LPL,

OLR1, SREBF1
CCL2, CCR2, IL1B, ILIRN, IL6,IL18, TGFB1,

Cytokines

TNF
ML ALDH2, GSTM1, GSTT1, HFE, MPO, NOS3,
PON1, PON2
Nuclear receptor and related CYP19A1, ESR1, PPARA
Proteases ACE, CST3, MMP1, MMP3, SERPINEL
BCHE, CBS, CD14, CRP, GNB3, HLA-A2,
Miscellaneous HTR6, ICAM1, MEF2A, MTHFR, PTGS2,
B Chri BChr2 BChr3 O Chré B Chr5 WChré B Chr7 B Chra EChra WChr10 @Chr11 MChr12 MChr13 WChri4 TLR4

EChr15 @Chri6 MChr17 lChri8 M Chr19 @ Chr20 B Chr21 @ Chr22
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http://www.polygenicpathways.co.uk/

ARTICLES

namre
genetics

association study with 1,126,563

Outline

v' Genomic medicine: motivation for MDs
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v' Genomics and disease: applications

v’ Importance for MDs
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Applications

Genomics and diagnostics

N N

- DAk
v Cytogenetic diagnostics

; (karyotype, FISH, CGH)
v Genetic prevention: prenatal screening

v Genetic counselling

= v'Molecular diagnostics (sequencing,
v Genetic diagnostics

candidate gene and GWAS markers)

36 37



Genomics in Mendelian diseases:
Examples of practical applications

Massive molecular testing: panels

m @ scomera v’ The carrier status (heterozygosity)
e .Sy g g v Infertility, donors of sexual cells and embryos

Tt npe Purpose desrption Cument examplel)
Diaqrostc tesing  To predsely identfy 2 disezse and asst in dlinicel Creatine Kinase () leve testing for Duchenne muscular dysroghy

Preitve testing mﬁw@ﬁmmm of developing 2 disexse  HIT gene test for Hurtington disease; ERCA gene testing for breest cancer ¥ More than 830 mOSt common mUtationS in 77 genes
Grierteang o indertand the ikeihood of pessig 2 genetic  CFTR gene testing for ystc fibross

gt causing more than 60 AR DO

Prenaaltesting T idertify disease in a fers Expanded alpha fetoprotein (AFF) for rik of neural tube defects, surh a5 spina bifda
de ine i oo 2w, and some states test for 30 or i @
R e ™™ ey e ™ ¥ Oncological panel ,CZECANCA" (CZEch CAncer paNel
Phamacogpramics To deternie the optna dng erepy an dose Img'mKQMmdumsemjmu‘mzlclmnulmmmme for CI|n|CaI Appllcatlon: 226 geneS aSSOClated Wlth
(PGx) testing given 2 person’s k quiant warkrin, TRMT gene testing for [ikely response to tHopurine 7 7 3 brizs o hid _
et teing T b st o f G s e s G o et e v inherited predisposition (population specific again)
cause of dsezse with a trakt
v Whole exome sequencing
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Molecular diagnostics in

Prenatal genetic testing reproductive medicine

o

- bk

n2 Human Genetics (2020) 139:1121-1130

— v Fetal cell free cfDNA in maternal
T i bt blood: non-invasive testing NIPT

1967: First prenatal Down syndrome diagnoses
1970's: Amniocentesis trials: US, Canada, UK Limited

1980's - early 1990's: ch ic vill ling (CVS) trial Number of ' N ’ 5
Lo 0 000w WEAFE, ot ot 121,16 condiias v Karyomapping: in vitro testing of
Late 1990's-2000's: First trimester screening T21, T18, (T13)

P ———— 2 embryos

2012: NICHD CMA trial & emergence of cfDNA screening ~ High resolution
2010's: Expanded carrier screening More conditions

Sty oo gt otk v High-resolution non-invasive fetal
exome screening and WGS

FUTURE: Non-invasive fetal genome analysis?

40 41



Preimplantation genetic diagnostics
(PGD)

v During assisted reproduction procedures -
IVF

v'Diagnostics of embryos: targeted or
screening

v'PCR and linkage analysis using STR
markers

v'Selection of embryos
v Opportunity to get rid of a familiar burden

42

Variability related to side-effects of drugs

Ak
“On-target”
Is due to polymorphisms in genes encoding proteins
involved in mechanisms of drug action, e.g. signaling
molecules and/or cell metabolism pathways

“Off-target”

Is due to polymorphisms in genes affecting reactions of
the organism to a drug. However, these reactions are not
related to its curative effects. They are mostly represented
by undesirable immune reactions (hypersensitivity) to the
drug and associated with underlying immune response

genes —

44
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Pharmacogenetics: ADR

On-target Off-target
Less common foften <%
More common (often >5% of
‘those taking the drug ) of those taking the drug)
Phenotype is =
-
predcable becedon. o e o
Dose and /PO Pgs ADME activation of off-  immunologically. ml?dv nnlllnlmd
enes, drug transport target receptor MUy ikl present) pel]
f-':w:) - mechanism  ADME genes and drug of drug (with or without T-cell help)

metabolite concentration
effects contribute.

ADR phenotype  ADR mechanisms

Pharmacologically
mediated

Pharmacogenetics: a commercial offer

AT

- bk

Inhibitory protonové pumpy: Dexdansoprazol (A02BC06)/ Lansoprazol (A02BC03); Omeprazol (AD2BCO1), Pantoprazol (A02BC02),
Rabeprazol (AD2BC04); Antiemetika: Dronabinol (AC4AD10), Metoklopramid: (A03FA01), Ondansetron’ (AD4AAO1), Tropisetron
(AQ4AAD3)] Perordini (A10BB01); (B02BX08),
Kiopidogrel (BO1AC04), Warfarin® (BO1AAD3), Antiarytmika: Flecainid (CO1BCO04),| Propafenon (C01BCO3), Hypotenziva: ACE

Inhibitory’ (CO9AA), Hydrochiorothiazid (CO3EADT); Inhibitory| HMG-COA reduktazy (statiny): Atorvastatin’ (C10AADS), Pravastatio
(C10AA03); (C10AAO7), (C10AAO1)] Flibanserin) (G02CX02),] Hormondini’ antikoncepca
(o3 latky: (JO1CF05), (J02AC03); Ethambutol, (JO4AK02)] Isoniazid
(J04ACO1)] Pyrazinamid, (JO4AMOS)] Rifampicin (JO4ABO3), Antivirotika:| Abacavirl (JOSAF06), Efavirenz| (JO5AGO03), Nevirapin
(JOSAGO1)] Peginterferon alfa-2ab| (LO3AB11),| Ribavirin (JOSAPO1), Telaprévir (JOSAP02); Cytostatika:] Asparaginasa, (LO1XX02);
Erdafitinib, (LOTEX16), Fluorouracil (LO1BC02), Gefitnib (LO1EBO1),| Gemcitabin (LO1BCOS),| Irinotecan (LOTCE02)! Kapecitabin
(LO1BC06)! Lapatinib; (LOTEH01)! Merkaptopurin (LO1BBO2),’ Methotrexat (LO1BAO1), Platinové preparéty (LO1XLO1X)| Tamoxifen
(LO2BAO1); Tegafur (LO1BCO3), Tioguanin (LO1BBO3); Imunoterapeutika: Azathioprn (LO4AX01), Etanercept! (LO4ABO1), Siponimod
(LO4AA42)] Takrolimus! (LO4ADD2), Takrolimus! (LO4ADO2); Ustekinubab (LO4ACOS); Iéky, (NSAID):
Celekoxib. (MO1AHO1), Flurbiprofen (MO1AE0D), Ibuprofen (MOTAED1),| Lomoxicam! (MOTACDS), Meloxikem (MO1ACOG), Piroxikam
(MOTACD1), Tenoxicam (MO1ACO2){ Urikostatika:| Allopurinol, (MO4AAD); Rasburicasa, (VOJAF07); Inhalaéni anestetikas Inhalacni
anestetika (NOTAB); (MO3AC10), (MO3ABO1); ika: D (NO2AA08)] Fentanyl (NOTAHO1),
Fentanyll (NO1AHO1), Kodein' (NO2AJ09). Lofexidin| (NO7BCO4)] Oxykodon (NO2AADS), Tramadol (NO2AX02); Antiepileptika:
Brivaracetam| (NO3AX23), Fenytoin| (NO3ABO2),| Fenytoin| (NO3AB02), Karbamazepin (NOSAFO1), Oxcarbazepin (NO3AF02)] Jina

farmakas Aripiprazol (NO5AX12), Brexpiprazol (NOSAX16), Clobazam (NOSBA0S), Clozapin (NOSAH02); lloperidon (NOSAX14),
‘Thioridazin (NOSACD2); Venlafaxin (NOBAX16), Vortioxetin (NOBAX26); Tricyklicka antidepresiva: Amitriptylin (NOGAAOS), Clomipramin
(NOGAAD4)! Doxepinl (NOBAA12), Imipramin (NOBAAD2)] Nortriptylint (NOGAA10),) Trimipramin' (NOGAADG),| Selektivni. Inhibitory
zpétného vychytavani. serotoninu (SSRI): Citalopram (NOBABOA), Escitaloprami (NOBAB10)] Sertralin (NOGABOB),! Fluvoxamin
(NOGABO8)] Paroxetin| (NOGABOS); Jina létiva nervového. systému: Amifampridinl (NO7XX05),! Atomoxotin (NOGBA0S), Pimozid
(NOSAG02), Tetrabenazin (NO7XX06), Valbenazin (NO7XX13)] Antimalarikas Primachin (PO1BA03), Tafenochin (PO1BA07)
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The future of genome editing (?)

46

- bk

Reaction of an organism to pathogenic insults

Affected by the nature of the insults,
environmental factors, current condition of the
organism and its genetic make-up

48

The near future in genomic medicine

v’ Inherited diseases: causative genes

v Genetic susceptibility/resistance to disease
provoked by environmental factors

47

2 Mechanisms of immunity-related
% diseases studied with genomic tools

N N

- bk

v Infections

v Allergies

v Autoimmunity

v' Complex immunopathologies

49
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A model example:
genetics of susceptibility to infections

Sources of variation 8 Variable outcomes

f
=a

«Dietestylalcomortdities
 Immunological memary
Socioeconomic status
+ Host microbiome
Asymptomatic
or subclinical

Figure |

Sources of variable infection autcomes. Host genetics, which is fixed at conception; life history; and current environment generate
differing susceptibilities in exposed individuals. Beyond host suscepability, pathogen genetics
o wide range of clinical outcomes from mast infectious discases. —

lence) as wel as dose also contributes.

50

Genetics of vaccination

Table 3. Heritability estimates of vaccination responses in twin studies
-
Vaceine Parameter ~ DZ* MZ' Population  Age Study Herita) 95% Cl Refer
bility, ences
Measles 55 45 USAP 2-18 years cross-section: 89 =51 18
Mumps 55 45 USA® 2-18 years cross-section: 39 =2° 18
Rubella 55 45 USA® 2-18 years cross-section: 46 = 5 18
HAV 95 9  Germany 18-G5 years prospective 36 27315
HBsAg 95 9  Germany  18-65years prospective 61 1-81 15
HBsAg 15 48  Gambia 5 months Pprospective 77 385 1
Polio 159 48 Gambia 5 months prospective &0 373 12
Tetanus 159 48 Gambia 5 manths i 4 6-70 12
Tetanus 159 48 Gambia 5 months prospective 64 -75 12
Diphtheria 159 48 Gambia 5 months Pprospective 49 7-77 12
Hib 147 43 Gambia 5 months prospective 51 j2-66 14
Pertussis
Pertactin IFN-y 159 48 Gambia 5 months 53 5-67 12
FHA IFN -y 159 48 Gambia 5 months 65 -76 12
Toxin 113 159 48 Gambia 5 months 57 71 12
BCG
PPD IFN-y 159 48 Gambia 5 months 10-71 12
KMTB 159 48 Gambia 5 manths 371 12
. —— e

57

51

Genetic susceptibility to disease
as a complex trait

Leading Edge
Essay

Infectogenomics: Insights from the Host
Genome into Infectious Diseases

Paul Kellam' and Robin A. Weiss'*
MACAICL

Vrobogy, London WIT &5, UK
oct: rweiss@uclac e

001 10.1010008.2006.02.003

Five years into the human era, we aro gaining about

host-pathogen interactions through host genomes. This 'mleclogenumu:s approach
should yield further insights into both diagnostic and therapeutic advances, as well as
normal cellular function.

Cell 124, February 24, 2008 ©2008 Elsevier Ine. 695
——

Genetics of vaccination: Covid-19

58

nature medicine
Accelerated Article Preview

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

A

ARID Chramareal Manhatian amd 0 M Beiomal Avuiaivn Pt
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Ethical issues: how to cope with information
generated by genomic techniques

Examples
v" Mendelian diseases:
e.g. carrier tests, PGD

v Complex diseases
e.g. interpretation of GWAS, DTC

Only people understanding principles can cope with this problem

59

Practical applications

- bk

61

Minimum variant for you

v’ To know, when and where to refer a patient for
a genetic consultation

v’ To know how to interpret clinical geneticist’s
reports

v' To know when not to refer a patient for a
genetic consultation

Outline

v Genomic medicine: motivation for MDs
v' Genomes, genes, genetic variability

v' Genomics and disease: applications

v’ Importance for MDs

60

Questions even at this moment?

62
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