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Genom

_Veskera geneticka informace ulozena v DNA konkrétniho organismu
“lJaderna DNA
“IMitochondrialni DNA
_Plastidova DNA (pouze u ¢ & &)

MUNI



Velikost
genomu

_'Udava se v bp = pary bazi ....... (kb, Mb)

v 7 Ve V eV /

" INejmensi genom: Mycoplasma genitalium — 580 tisic bp
_INejvetsi genom: ménavka Polychaos dubium — 670 miliard bp
"IClovék: 3,2 miliard bp

MUNI



Lidsky genom

_|Jaderny genom
46 chromozomu:

122 par{ chromozom{
+ pohlavni chromozomy
XX (Zena) nebo XY (muz)
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DNA fFetézec

Lidsky genom \ﬂ]?‘([ T
e genom = 3.2 * 10° bp / Gen

~ 20 000 genu
~ nekddujici ¢asti, sekvence

e exom = souhrn exon0 llpmtei“ proteom

~ 1,5 % genomu
vSechny exony = exom
< 2 % celého genomu

e proteom = souhrn protein0
~ 10 000 proteint




Lidsky genom

* lidsky genom
= 3.2*10°bp
~ 20 000 gend

Pocty geni - komplexita
organismu

e Exom = < 2 % lidského
genomu

obsahuje ~ 85 % znamych

mutaci podminujicich
onemocnéni /



Geneticky podminéna onemocneéni u cloveka

* Monogenni choroby

* Chromozomové aberace

* Genetické poruchy somatickych bunék (nadory)

* Choroby s nemendelistickym zplUsobem dédi¢nosti (napf. nestabilni opakovani
trinukleotidu)

* Polygenni choroby

Multifaktoridlni choroby (geny + prostredi)

MUNI



Sekvenovani — vyuziti v diagnostice

» Zejména 1. generace (Sangerovo sekvenovani)
e Zlaty standard
* Sekvenovani genu (resp. jejich casti)

» 2. (nova) generace ¢im dal vice rozsifuje své uplatnéni
* Sekvenovani velkého mnoizstvi genl
* Sekvenovani jednoho genu vice pacient(

Sekvenovani exomu (DNA, ktera kdduje proteiny)

Sekvenovani genomu (veSkera DNA v bunkach)
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130

GAT AAATCTGGTCTTATTTCC

MUNI



2. generace NGS - flexibilita




Sekvenacni metody analyzy DNA

T

1. Sangerovo sekvenovani

2. Panelové sekvenovadni — target NGS odhaleni
~— pfriciny
3. Celoexomové sekvenovani nejriznéjsich
nemoci

4. Celogenomoveé sekvenovani



1. Sangerovo sekvenovani - klasické sekvenovani /\

» W \EA[\

120 130
GAT AAATCTGGTCTTATTTCC

- sekvenace nukleovych kyselin, proteinu

- 1977 — biochemik Frederick Sanger

- 1980 — udélena Nobelova cena za chemii

> slouzi k detekci SNV a kratkych deleci a inzerci

1. Polymerazova
retézova
reakce (PCR)

On

2. Elektroforéza
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500 bp - -




1. Sangerovo sekvenovani - klasické sekvenovani

3. Znacici reakce
4. Sangerovo sekvenovani

4 x PCR (+ one dideoxynucleotide)

88 .

sequencing ' :
ddTTP  ddATP  ddGTP  ddCTP Hackia GACTGAAGECT

INNNNNNNNNE
§

DMA sequence

OCH;, (0] Base

H H
H H

H H
Dideoxynucleotide (ddNTP)

OCHz 0 Base

H H
H H

OH H

Deoxynucleotide (ANTP)

e i i B Separate
with a gel




Ovéreni pomoci Sangerova sekvenovani

120 130
GAT AAATCTGGTCTTATTTCC

T C A C G A A G T cC A G A A G
+ (= 3] Peak Height: 400 Quality: 36
Y360 "A"

(Zdroj obrazki: viastni)

. _ Nemocny clen rodiny
Zdravy clen rodiny s heterozygotni substituci



Kam smeéruje Sangerovo sekvenovani

* pochopeni struktury a fce NK a proteint W |

e postupné nahrazeno pristupy NGS /\

120 130
GAT AAATCT GG TCTTATTTCE

e detekcni metoda u geneticky podminénych onemocneéni:
,kratké” geny (talasémie), hot spot (specifické, cilové) oblasti

e overeni kazdé pravdépodobné kauzalni varianty z NGS
* detekce kauzalni varianty u dalSich pribuznych

> slouzi k detekci SNV a kratkych deleci a inzerci

15



MLPA (Multiplex ligation-dependent probe amplification)

1 — DENATURACE; 2 - HYBRIDIZACE

i ZO I Ova n é D N A PCR sekvence primend

PCR sekvence primert

L
¥ Hybridizalni sekvence
\ L L .

OlovaTebvence DMA

detekce CNV (variant v poctu kopii):
parcialni i rozsahlé delece a duplikace 3- LIGACE

~

4 - AMPLIFIKACE

firma: MRC Holland, pres 300 komercnich kit(
multiplex PCR esePO plastid u rostlin

kvantifikace — kapilarni elektroforéza

online dostupny software Coffalyser 5 — SEPARACE FRAGMENTU A ANALYZA DAT

onemocneni:
talasémie,
hereditarni hemoragicka teleangelektazie

Zare et al., 2017
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Cytogenetika

_IKlasicka cytogenetika — karyotypovani
_IFISH (Fluorescent In Situ Hybridization)
“1Cipy (array CGH)
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- L FISH Test: 3 copies of chromosome 21
p8 & a2 E | ¢

- Trisomy 21 (Down syndrome)
2 copies of chromosome 18




Kazuistika rodiny

-dlouhodoba neplodnost

-zachyt hemoglobinopatie u
rodi¢u v roce 2016
u rodice probandky

> geneticka analyza Legenda:
alfa a beta- talasémie 2 _ probandka

* — pacienti, u nichz byla provedena
D geneticka analyza

— oznaceni muze

— oznaceni Zeny



Talasémie

geneticky podminéna onemocnéni vznikajici poruchou syntézy globinovych
retézcu

naruseni poméru alfa a beta retézct v molekule Hb
postihuje 7 % celosvetové populace
Hemoglobinopatie
vyskyt ve Stredozemi a malarickych oblastech

- selekéni vyhoda prenasecu pred malarii

migrace do Evropy




Charakteristika onemocnéeni talasémie

e Dle typu postizeného retézce:

- oi-talasémie: minima, minor, choroba hemoglobinu H, choroba hemoglobinu Barts

- B-talasémie: minor, intermedia, major

- vzacné formy (y, 0)
* bezpriznakovy pribéh az tézka anémie (transfuzni |écba)

e |é¢ba: transfuze krve, transplantace kostni dfené, genova terapie  _~was

\4 7 \4 . e &\\ o /_;\
- Casto zaména za sideropenii | °A 4 !
\_/\7\ \S/@g

ref. 17



Charakteristika genu talasémie

e geny HBA1, HBA2 a HBB (chromozomy 16 a 11)

e 3 exony, 2 introny, 5- a 3’-neprekladané oblasti pred a za genem

HBA1 4 MM_DD0D558.5 Hoeme sapiens hemeoglobin subunit alpha 1 (HBAT), mRNA.




Elektroforeogramy patogennich mutaci
nalezenych u pacientu pomoci Sangerova
sekvenovani

Varianta ¢c.118C>T v HBB genu Varianta c.20delA v HBB genu
Mutovana alela; pacient I1-2 c.118C>T Mutovand alela; pacient II-1 (mutace nalezena i u pacienta I-1)
: : : 2 : ‘/r : I : c.del20A
Ell i
CTACCCTTGG ACCTAG AGGTTCT

203

190
»‘CCTG ."CTCCT

Referencni alela; pacient I-1 Referenéni alela; pacient I1-2
CTACCCT T TGG ACCCAG AGGT CT ACCTGACTCCTGAGGAGAAGTCT GC




Vysledky Sangerova sekvenovani

Probandka c.20delA (HT); c.9T>C (HZ)

Manzel probandky | ¢.118C>T (HT); c.9T>C (HZ)

Matka probandky | c.20delA (HT); c.9T>C (HZ)

Otec probandky c.9T>C (HZ)

Matka manzela
c.9T>C (HZ)

probandky




Vysledky MLPA analyzy

a*’ - heterozygotni
delece
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Komplexni genotypy analyzovane
rodiny

l.alela: a-3,7 delece (HBA1 + HBA?2);
c.20delA (HBB)
2.alela: a-3,7 delece (HBAI + HBA?2)

* * *
* I-1 ? -2 F I-3 ?14
* *

II-1 I1-2
/

l.alela: a-3,7 delece (HBAI1 + HBA?2); l.alela: a-3,7 delece (HBA1 + HBA?2)
c.20delA (HBB) 2.alela: c.118C>T (HBB)
2.alela: wt

l.alela: wt l.alela: a-3,7 delece (HBAI1 + HBA?2)
2.alela: wt 2.alela: wt




Zaver kazuistiky

u Ctyr z péti pacientl — rizné mutace pro talasémii
probandka (lI-1) s partnerem (ll-2) — zdravymi prenaseci alel pro o- a 3-talasémii
pro budouci potomstvo:
- 100% sance prenosu minimalné 1 talasemické alely
- 25% Sance vzniku B*-/ B°-talasémie
doporuceno podstoupeni IVF (pro prukaz variant v HBB genu)

preimplantacni geneticka diagnostika pro stanoveni a-3,7 delece neni nutna



Sekvenacni metody analyzy DNA

1. Sangerovo sekvenovani

2. Panelové sekvenovdni — target NGS odhaleni
__ priciny
3. Celoexomové sekvenovadni nejruznéjsich
nemoci

4. Celogenomoveé sekvenovani




2. NGS panel BRONCO

- NGS panel pro hereditarni nadorové syndromy

HBOC (Hereditary breast and ovarian cancer)
HNPCC/ Lynchuv syndrom

familiarni adenomatézni polypé6za
neurofibromatdéza 1. a 2. typu

xeroderma pigmentosum

Li-Fraumeniho syndrom

mnohocetna endokrinni neoplazie
hereditarni retinoblastom

maligni melanom aj.

T

CEITEC MU
+ IHOK FNB



BRONCO21 - seznam genli

ACD CASP8 DPYD FANCI MEN1 PALBZ2 RADS4L SDHB VHL
AlP CCND1 EFL1 FANCL MET PARP1 RB1 SLC37A4 |VPS13B
AK2 CDC73 EGFR FANCM MLH1 PCCA RBMS8A SLX4 VPS45
ALK CDH1 EIF2AK3 |FH MLH3 PCCB RECQL SMAD4 WAS
ANKRD26 |CDK12 ELANE G6PC3 MPL PCNA RECQL4 |SMARCA4 |WIPF1
AP3B1 CDK4 EPCAM GATA1 MRE11A PHB RET SMARCAZ2 |WRAP53
APC CDKN1B |ERCC1 GATAZ2 MRP PHOX2B |RFWD3 SMARCB1 |WRN
ATGZ2B CDKN1C |ERCC2 GFI1 MSH2 PLA2G2A |RHBDF2 |SMARCE1 |WTT1
ATM CDKN2A |ERCC3 GPC3 MSH3 PMS1 RMRP SRP72 XPA
ATR CEBPA ERCCH4 GSKIP MSHS PMS2 RNF168 STK4 XPC
AURKA CHEK1 ERCCS HAX1 MSH6 POLD1 RPS7 STK11 XRCC2
BAP1 CHEK?Z2 ERCC6 HNF1A MSR1 POLE RPS10 SUFU XRCC3
BARD1 chr9:215121|ESR1 HOXB13  |MUT POLH RPS15 TAZ

BCOR CLPB ESR2 HRAS MUTYH POT1 RPS17 TCIRG1

BLM COH1 ETV6 IKZF1 MYD88 PPM1D RPS19 TINF2

BMPR1A |CSF3R EXO1 IVD NBN PRKAR1A |RPS24 TNFSF5

BRAF CTC1 EXT1 JAGNT NF1 PTCH1 RPS26 TERC

BRAP CTNNB1  |FANT1 KATS NF2 PTEN RPS27A TERT

BRCA1 CXCR2 FANCA KIT NHEJ1 RADS0 RPL5 TLRZ2

BRCAZ2 CXCR4 FANCB KRAS NHP2 RADb&1 RPL11 TP53

BRCC3 DCLRE1C |FANCC LAMTOR2 [NOP10 RAD51AP1 |RPL27 7SC1

BRIP1 DDB2 FANCD2 |LIG4 NRAS RADS51B RPL35a 7SC2

BTK DDX41 FANCE LYST NTHL1 RADS1C  |RTEL1 TSHR

BUB1B DICER1 FANCF MDM?2 OGG1 RADS51D RUNX1 UBE2T

CALR DKC1 FANCG MAD2L2 P2RY8 RADS4B SBDS USB1

298 genu

- predispozice k
malignitam
(onkogeny,
nadorové
supresory)

- zapojené do
opravnych drah
DNA

- ddalezité u
hematologickych
malignit



SureSelect*"Hs

The SureSelectXT Reagent Kits provide DNA library
prep solutions with hybrid capture-based target
enrichment.

The kits are compatible with FFPE samples and high-
quality libraries can be generated from 3 pg DNA input
or lower 200 ng input. This kit provides high-complexity
libraries for rare allele detection.




Genomic DNA sample
(150 ng DNA per sample)

SureSelect XT HS2 DNA Mechanical shearing
NGS Target Enrichment
Workflow DNA fragments

SureSelect XT H52 DNA Library

Prepare samples using
Preparation Kit

Duplex molecular barcoded
DNA libraries

¢ Design probes against target i PCR amplify using unique dual

Genomic locations of interest

sequences in SureDesign indexing primer pair

Probe Capture Library

Prepared DNA libraries

Hybridize using SureSelect XT HS2
DNA Target Enrichment reagents

Probe Library/prepared DNA library hybrids

¢Capture hybrids on magnetic beads

Captured libraries

l PCR amplify

Pool captured samples
Y (Optional)

SureSelect-enriched, dual-indexed,
duplex molecular barcoded NGS libraries

SureSelect”

mm Target Enrichment System
000000000000C Capture Process

ls-urq&nh:z“xn
=+

wreselect
GEMOMIC SAMPLE [PREPPED] SuraSelect HYE BUFFER BAOTINYLATED RNA LIER ARY

€ J

(il
i

Hybridization

STREPTAVIDNM COATED MAGMETIC BEADS

00C 900g V0000
9000¢ doapé
% 90000 + Q{‘E}LQQ

Lmnum FRACTION ‘Wash Beads
DASCARDED l

Amplify/

WAVAVEV,. VAW M_’mmmm“ Sequencing

W WEqmmular poaling

of muliplaxed samples



ANALYZA

bioinformaticky tym
in-house pipeline

Zobrazeni

Obecny - || B3 Podminéné farmatovani =

all_ | HBoC | GIT | melanom | @

< 2 - 95 000 [ Formatovat jako tabulku = % Odstranit ~
Viozit B I U- o = - i .
~ G0 3,0 Z# Styly buriky - =] Format ~
Schranka % Pismo I Zarownani I Cisla (] Styly Buiky
N116 T Bl 1
A B C | D E F G | H J
1 |var_nam :curanca:-',inisampl : :userﬁannq{ mmmenti': alarm ' full_annoi ~ | var_gen Gene_sym ¥
2 |3 10088407 . 369 multiple {5+ FANCD2
3 |3 10088408 529 multiple (5+] FANCD2:NM, Chr3(GRCh3jdeletion  FANCD2
5 |5 79950725 142 multiple {5+ MSH3:NM_0(Chr5{GRCh37insertion  MSH3
8 |1 43804340 54 multiple (5+ MPL:NM_00% Chr1{GRCh37 SNV MPL
10 |1_a5795084_ 15 multiple (54) MUTYH:NM_ Chr1{GRCh33 SNV MUTYH
111 45797505_ 343 multiple {5+ MUTYH:NM_| Chr1{GRCh37 SNV MUTYH
12 |1 92948938 113 multiple (54 GFI1:NM_00: Chr1{GRCh37 SNV GFI1
13 |1_155106227, 19 multiple {5+] EFNAL:NM_C Chrl{GRCh33SNV EFNAL
14 [1_242042301 564 multiple (5+] EXO1:NM_13 Chr1{GRCh33 SNV EXO1
15: 10 27303605 219 multiple (5+] ANKRD26:NA Chr10{GRChISNV ANKRD26
17 |10_27317840, 218 multiple (5+] ANKRD26:NR Chr10{GRCh3 SNV ANKRD26
19 |10_43610119 312 multiple {5+ RET:NM_020! Chr10{GRCh3 SNV RET
27 |12 12141665 540 multiple (54) HNFLA:NM_( Chr12(GRCha SNV HNF1A
28 1212143542 474 multiple {5+] HNF1A:NM_(Chr12{GRCh3SNV HNF1A
30 |12 13325399, 220 multiple (54 POLE:NM_00 Chr12{GRCh3 SNV POLE
31|13_32906729. 394 multiple (54 BRCAZENST( Chr13(GRCh3 SNV BRCAZ
3 BR-1523,BR-1 PCCA:NM_0C Chrl13(GRChZ SNV PCCA
¢ 2 H-0363,BR-1: FANCM:NM_ Chr14(GRCh3ISNV FANCM
39 |14_45658024, 41 multiple (5+ FANCM:NM_ Chr14(GRCha SNV FANCM
41 14 81610583 915 multiple {5+ TSHR:NM_00 Chr14{GRChI SNV TSHR
43 |14 96777468, 605 multiple {5+ ATG28:NM_C Chr14(GRChISNY ATG2B
_asl nlefsel  FANT'NM O1ChriS(GRChISNW._ FAN1

<

—_—

*g'am




VysSetreno celkem 1398 pacientu

- Karcinom prsu (408)- 31%

- Karcinom vajecniku (210)- 16% SOUBOR PACIENTU DLE DIAGNOZ

- Karcinom endometria a délohy (C54- 99) — 7,5 %

- Kolorektalni karcinom (C18-59, C20-32, celkem
91)- 7%

- Karcinom slinivky (43) — 3%

- Karcinom prostaty (14)- 1%

- Zhoubny melanom (21) — 1,2 %

- Karcinom stitné Zlazy (19) - 1,3 %

- Ostatni (karcinom Zaludku, neurofibromatoza
retinoblastom, osteosarkom, meduloblastom,
onkologicka zatéz v rodé aj.) (424) -32 %

Ostatni Karcinom prsu

~\

MUDr. Trizuljak — FN Brno,

ambulance IHOK (Obilni

Tl"h) Zhoubny melano

MUDr. Beharka — FN [CATEGORY NAME

Jihlava, ambulance |ékarské [CATEGORY NAME

genetiky [CATEGORY NAME]
MUDr. Drabova (Soukalova,

Kalina) - ULGG Karcinom endometria a

délohy



Vyznam a vyuziti

- vybér optimalni I¢Cebné strategie
v ramci personalizované
mediciny

- dosSetfeni ostatnich zdravych
Clent rodiny

- nabidnuti adekvatni profylaxe,
screeningu a poradenstvi

,,,,,,,
Y

L}" npa rza

Hartkapseln/gél! affiord ¢

Olnparib,‘ﬂ'dpu"b g -
..................... wtmintm L

7 Einnehme ::_:;...FI- paf Ll
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Olaparib
(Lynparza)




Pacient, rocnik 1995

 zraly novorozenec z lll. gravidity , 3500g / 50 cm

* po porodu zjisténa rozstépova vada — rozstéep mekkého
patra

* PMV: prumérny az mirné opozdény — sedél v 7-8 mésicich,
chuze po 12. mésici, prvni slova v 1.5 roce, dvouslovné véty
az ve dvou letech

* ve 2 letech plasticka korekce rozstépové vady

* v 6 letech stomatologicka operace

* opakované luxace levého loketniho kloubu

MUNI



e v déetstvi opakované infekce v ORL oblasti - rhinitis, sinusitis, otitis media

e po 10. roku zivota postupna ztrata sluchu — hypakuse, t&7k4
nedoslychavost vpravo, prakticka hluchota vlevo (kochlearni implantat)

e od 15. roku rozvoj epilepsie - zichvaty charakteru zatéti + sou¢asné

myoklonie DKK, délka jednotlivych zadchvatl cca 3 s, denné 1-2x, po zachvatu Unava,
bolesti hlavy, zavedeny antiepileptika (Lamotrigin) s dobrym efektem

mentalni retardace: v popredi vyrazna vyvojova dysfazie expresivniho, &asteené |
receptivniho typu; mentalni schopnosti celkové podprimérné az hranicni, s
disharmoniemi, slabsi vykony zejména u verbalizovanych ukolU, lepsi vykony v testech s
jasnou vizualni podporou, dysgrafie

MUNI



Nadorové onemocnéni u probanda

e ve 25 letech (1/2021)
diagnostikovan
Schwannom akustiku

* nalez pouze parcialné
resekabilni,
terapeutické pokusy
1/2021 vpravo,

3/2021 vlevo nelspésné

e residudlni tézka paresa
VII. |. dx

MUnN1



8 2 e

(P ] e Q

| Mentalni retardace
. Hluchota, epilepsie
Bilateralni
/' Schwannom

MUNI



Rodinna anamnéza

matka nar. 1960 — prodélala Lymeskou borelidézu
matka matky- ca lymf. uzlin, zemrela
otec matky- DM, zemrel

otec nar. 1971 - zaludecni potize
matka otce — zaludecni vredy
otec otce - DM, potize s jatry

sourozenci: bratr nar. 1985- astma bronchiale, sestra nar. 1990
zdrava

v rodiné jinak bez anamnézy vrozenych vyvojovych vad,
poruchy sluchu, dalsich nadorovych onemocnéni MUN 1



Fenotyp pacienta

vyska 160 cm, vaha 52 kg

pyknicky habitus, hypotrofie svalstva,
zplostélad hrudni kyféza, zdGraznéna
bederni lordéza, genua vaga

mnohocetné fibromy klize, pozménény
sekundarnim akné, konglomata

asymetrie obliceje z divody parézy
facialniho nervu, ptdza vicek,
divergentni strabizmus,,
hypertelorismus, epikanty, Siroky koren
nosu, uzké rty, usni boltce polozené
dize a dorsalné rotované, nize
poloZena hranice vlasl

sekundarni pohlavni charakteristiky

méné vyvinuté, gynekomastie, zevni
genital muzsky I\II U I\I I



Karyotyp (1995): 46,XY; normalni muzsky karyotyp

metabolické nemoci /DPM UDMP VFN Praha/:
negativni vysledek screeningovych vysetreni

syndrom Cornelia de Lange: /laborator pro studium mitochondrialnich poruch
KDDL, VFN Praha — izoelektricka fokusace séra s naslednou imunofixaci
prokazala fyziol. spektrum sialovanych forem transferinu

Rok 2023 - vysetifeni BRONCO /NGS sekvenovani, nadorovy panel/:
- detekce SNV: negativni sekvencni patogenni varianta pro nadorovou
susceptibilitu nenalezena

MUNI
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* Array CGH: rozsahla delece o velikosti 3.8 Mb: 22g12.1- 22g12.3
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Rozdily a shody u publikovanych pripadu

22p13
22p12
22p11.2

22p11.1

22q11.1
22q11.21
22q11.22
22q11.23
22q12.1
22q12.2
22q12.3

22q13.1
22q13.2

22q13.31

22q13.32
22q13.33

TTC28
CHEK2
HSCB
XBP1
KREMEN1
EWSR1
AP1B1
NEFH
NF2
TCN2
MORC2
PISD
DEPDC5

elece NF2 genu - rozvoj oboustranného Schwannomu —
1edian nastupu priznakt byl 17-22 let. Penetrance
nemocnéni >95%.

fiznak velkych deleci 22912 - rozstép patra, rozstép
vuly, vysoké klenuté patro nebo velofaryngealni
isuficience.

elece 22912 - rozvoj epilepsie. VSichni byli nositeli
wutace v genu DEPDC5 gene (at the distal part of the
eletion in present case). Ztratové mutace DEPDC5
yUsobuji familidrni fokalni epilepsii charakterizovanou
kdlnimi zadchvaty vznikajicimi v rdznych kortikalnich
blastech.

MUNI



il A1 e

delece nepritomna delece nepritomna

(P ] e Q

| de novo delece 22q12.1 - 22q12.3
Mentalni retardace
Hluchota, epilepsie

Bilateralni
/' Schwannom

MUNI



2. NGS panel LYNX

(LYmphoid NeXt-Generation Sequencing) diagnostic tool

IvSestranny nastroj ureny pro diagnostické i vyzkumné hematoonkologické laboratore (CLL, ALL,
AML, lymfomy)

_lumoznuje v jednom testu analyzovat ruzné typy molekuldrnich biomarkerd u nejbéznéjSich typu
lymfoproliferativnich onemocnéni

(CR: > 2000 lidi / rok)

g Wit - 'i'/
- .
SLII L

MUNI Innovation Award 2023 I\II U I\I I
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Moderni laboratorni postup (NGS)
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Gene variants

[ ] 2000000

recurrent CNVs

@ Genomic backbone

List of genes

ARID1A &7

BIRC3'5
CD79A"*
CREBBP
EP300"**
FOXor1*
JAKT:2
KRAS'*
NFT"2
NSD2*
PTEN**
RUNX1?
STATE*"

XPOT'

|exon-proximal probes

ASXL'?
BRAF
CD79B" %%
CRLF2?
ETVE*
1D3*°
JAK2":2
MEF2B*=
MNFKBIE
P2RY8?
PTPNT1"2
SAMHD1'
TCF348

ZMYM3'

|ATM"5
BTG
CDKN2A™
CXCR4%7
EZH2**
IKZF1?
JAK3?
MGA'
NOTCH1 %%
PAGT?
poTI
SETD2"?

TNFRSF1434

|3°UTR region included

CNVs/cnLOH

o SNP probes
BCL2"** BCL6"
CARD11'35  CCNDI
CDKN2B**  CHDX'
EBF13 EGR2'
FBXW?' FLT3?
IKZF3' IL7R
KMT2A'2  KMT2D"%5
IMYC4s MYDB8"*S7
NOTCH2*5  NRAS"?
PAX5'2 PIMT"3
RB1'? RPS15"
SF3B1" SH2B3?
TP53' UBRS®

introns included

Y

A'IA

IG/TR + transloc

@ Probes of various density

Rearrangements’”’

IGH locus 79 genes
IGK locus 45 genes
IGL locus 42 genes
TRA locus 96 genes
TRB locus 64 genes
TRG locus 13 genes
TRD locus 11 genes

Translocations?®

CCND1/IGH t(11;14)
BCL2/IGH t(14;18)
BCL&/IGH t(3;14)
MYC/IGH t(8;14)

> 300 kb/1 Mb

Del17p |[@ICED
Delllq @IDCIEEED
Del13q OCIEEIEID

Genome wide CNVs'’

> 6 MB across whole genome

cnLOH'™
according to SNP probe density

'CLL  *ALL *DLBCL  *FL °*MCL  “BL  "WM

MUNI



Nove vytvoreny software

< C ¢ @ lynxceitecmunicz o e x O N 0O e

G Gmail [B) PubMed S Seznam § IDNES @; IDOS % SeznamSlovnk {§ ISMuni M PrihldgeninaMU ) Facebook PLAY €4 My UniCredit Banki.. @3 YouTube BB Geocaching

% LYNX Analysis Results cmbgtfnbrno [ Lelelell};

Sele(:t the run hg38 |chr11 v chr11:108,312,426-108,312,5 93 bp Cursor Guide ] Center Line ] Track Labels
Q
Run56
16 bp 108,312,450 bp 108312475 bp 108,312,500 bp
Summary SNVs ‘ CNVs Rei \GAAGGAAGCCAGAGTACAACTATTTCTAGCTTGAGTGAAAAAAGTAAAGAAGAAACTGGAATAAGTTTACAGGTAAATATTAGAGGCTCTAT oy
i
T A R OO AR Y ?
A R A R v
1 2 3 i
2 [+ i
1
g adbantiing T
T (bbbl 00 b c e ——
e sy gy T
o -1 c
s
-2 . c
L Summary ‘ SNVs ‘ CNVs  Re o - —
08 ¢
gor | O
© 04 ¥ IGV comments gene_s 2 *
;:n_ ATM
e 02 CHiores
0 dee e T e B
~» ATM 1 108312467 missense_variant SNV A C ¢5975A>C p.Lys1992Thr  Transcript
" - _—
B - RPS15 19 1440146 missense_variant SNV C T €.238C>T p.Prog0Ser  Transcript — 240.000.000
~» RUNX1 21 34792308 missense_variant SNV A G c.1270T>C p.Serd24Pro  Transcript
~» RUNX1 21 34792310 missense_variant SNV C G c.1268G>C p.Argd23Pro  Transcript
~» EP300 22 41146776 missense_variant SNV T G c2091T>G p.Ser697Arg  Transcript
Vad POT1 7 124858948 missense_variant substitution AT CA ¢.200 201delin... p.Tyr67Leu Transcript

MUNI Innovation Award 2023



Praktické vyuziti 6- N3

Diagnostika a vyzkum: > 400 vzorku

IHOK FNB: > 100 diagnostickych vzorku

vysetrované diagnozy: lymfoidni leukémie, lymfomy, mnohocetny myelom, ...

material: krev, kostni dren, zamrazena tkan, parafinové blocky, ...

projekty:
- klonalni evoluce chronické lymfocytarni leukémie
- analyza volné DNA u pacientd s lymfomy

- adalsi

MUN I

MUNI Innova tion Award 2023



3. Celoexomové sekvenovani (WES)
u familiarnich onemocnéni krvetvorby

» vzacna a heterogenni onemocnéni: variabilni klinickd expresivita
nekompletni penetrance fenotypu
razny typ dédic¢nosti

e obtizné stanoveni diagnodzy — prekryv klinickych projevl, mirné formy

VvV VvV

* dospély vék, tézsi symptomy - organové dysfunkce, postizeni tkani, rozvoj syndromu

e pres 300 genu — nékteré geny predisponuji ke vzniku hematologické malignity (AML,
ALL, MDS) ¢i solidnich nadort

* molekularni zaklad — bunécny rust, checkpoint aktivace bunécného cyklu, biogeneze
ribozdmu, nerovnovaha telomer, homologni rekombinace, procesy DNA reparace

51



1. Vrozené anemie

diagnostika krevniho obrazu: MCV (erytrocyty), pocet retikulocytll, anemicky syndrom

Normal Amount of Red Blood Cells Anemic Amount of Red Blood Cells

e anemicky syndrom: o =
- pokles koncentrace Hb < 130 g/l u muzd, "'.’ Normal blood
v X 4
<120g/luzen ‘. (

slabost, celkova unava, bledost, dychavicnost,
tachykardie ...

Q ‘=
e 70 genul (produkce a struktura erytrocytl — = J /-—/
v . .. . . 0 NORMAL ANEMIA
zmeny v Hb, diferenciaci a proliferaci erytrocytu,
bun. stény, JEJICh enzymﬁ) Krevni desticky leukocyty erytrocyty

https://www.practo.com/health-wiki/anemia-meaning-symptoms-and-
nekorelace mezi genotypem a fenotypem types/93/article

- AD, AR dédicnost

v’ talasémie, Diamond-Blackfan, Fanconi A, Dyskeratosis congenita, aplastickd anémie, hereditdrni

sférocytdza, xerocytdza, stomatocytdza .



2. Dédicné trombocytopenie (IT)

* Nizkd hodnota krevnich desti¢ek: mirna 100 — 150 x10°/L
stredné tézka 50 — 100 x10°/L
tézka < 50 x10°%/L
— zadna - mirné zvysSena krvacivost — tézké stavy

* 40 genl: megakaryopoetickych a trombopoetickych procesech

Diferenciace a dozravani megakaryocytu Produkce krevnich desticek
I SIS e TR mepimetys

7\ 7\ N . - Uvolnéni
\ { \ 5 : y
@ @ © o @ krevnich
' ' ) destiek
: w Il ¥ I ¥ do
e e i i krevniho
MPL FLI RUNXT v
RBMsA it e i obéhu,
THPO v Vev, Vv
b i relisté
. . . GRS vWE
osteoblastic niche -————---————————— vascular niche ITGAZE  was

ITGAB3 Stario Kozubik et5gl., 2021



3. Vrozené neutropenie (CN)

e Krevni obraz: poskozend maturace neutrofilnich granulocyt(

s AD, AR, X-vazana dédi¢nost

v’ sy, Fanconi A, GATA2 syndrom

* sklon k infekcim, rizné organové dysfunkce,
» predispozice k leukémiim (MDS, AML), ke vzniku

(pocet neutrofill < 2,0 x 10%/1)

Genetic Distribution of Congenital
Neutropenia in Europe 10/2019

WAS; 8; 1,5% CXCR; 4;08%  _ rcr3p. 3. 0,6%

P14; 4; 0,8% SRPS4; 3; 0,6 other mutations; 8; 1,5%
TAZ; 6, 1,1% '\ /'/’6/‘
e N

ELANE ;139; 26,6%

G6PT; 32, 6,1%

CN unclassified; 123;

lymfom

e asociovano 24 gen(:

ELANE — téZka CN / cyklicka CN

HAX1 - Kostmannova nemoc (CNS, MR)
SBDS - Schwachman-Bodian-Diamond sy
GATA2 sy — mirnd forma CN

23,5% B

HAX1; 65; 12,4%

N=523

Welte et al., 2020

54



v' Fanconi anemie i
v’ Dysceratosis congenita -

4. Syndromy selhani kostni dfené (BMFS)

podminéné selhanim funkce jedné nebo vice hematopoetickych linii
jedna nebo vice abnormalit jinych orgdni
zvysené riziko rakoviny (predispozice k leukémii nebo solidnim nddorum - krku a hlavy)

BMFS = dedicné cytopenie - odlisna klasifikace detstvi e

vice neZ 60 genii e

v' Shwachman-Bodian-Diamond sy

v Diamond-Blackfan anemie, s B

RPS26

(CN) Diamond-Blackfan anemia (DBA)

/ téél ka, CN Erythroblastopenia

Soulier et al., 2018
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Kudy vede cesta ke celoexomovému sekvenovani ?

/7

** indikace k vysetreni zarodecnych variant: klinicky genetik

FN Brno - IHOK: prof. MUDr. Michael Doubek, CSc.
MUDr. Jakub Trizuljak
- I8kari z Ustavu lékarské genetiky a genomiky

» zadanka k vySetieni, informovany souhlas (FNB / CEITEC MU)

* odbér biologického materialu — periferni krev (2 — 5 ml), bukalni stér
- kostni dren, jiny odbér (pfi rozvoji malignity)

* vybér pacientl + sdileni informaci o projevech nemoci + vysledky z vysetreni
,presny fenotyp — cileny genotyp”
- minimdlné 2 postiZeni a 2 zdravi jedinci v rodiné
- trio-analyzy



Workflow pro metodiku WES Whole exome capture

Sequencing pipeline

izolace DNA ,stupni koncentrace od 100 ng) g 1
i e

priprava sekvenacni knihovny WES: KAPA HyperCap workflow 3.3 (Roche) e

Hybridize 1 Whole exome

- vice vzorku najednou
capture array

- laborator ~ 3 dny

: ' ‘ o ﬂ . = s ona ®
¢ - ' ; — P
o ' "! ‘ | E‘?. nh - —_— L] ——
pri— EEEFEEE o B —
. ==
www.sequencing.roche.com www.sequencing.roche.com Wash/Elute l
.
E——1
vlastni proces sekvenovani — CF CEITEC: [ J——

sekvendtor ,NextSeq 500”
- hloubka ¢teni 30 x (pro 90 % dat)

Next-generation -

www.nextseq500.illumina.com sequencing

Gerald Goh et al., 2018



https://genominfo.org/articles/search_result.php?term=author&f_name=Gerald&l_name=Goh
https://genominfo.org/articles/search_result.php?term=author&f_name=Gerald&l_name=Goh
https://genominfo.org/articles/search_result.php?term=author&f_name=Gerald&l_name=Goh
https://genominfo.org/articles/search_result.php?term=author&f_name=Gerald&l_name=Goh

Computational pipeline
Cluster images
Basecalling

Read data

Human genome
Read mapping

Aligned reads

Read trimming

Exomic reads

SNVs/Indel
calling

SNVs/indels

Filtering and
Annotation

Disease associated

novel variants

Gerald Goh et al., 2018

Bioinformaticka analyza WES dat

- zisk hodnotitelnych genovych dat — soubor dat ve formatu MS Excell

1/ jednonukleotidové zdmény/kratké del, inzerce (SNV/ indel)
- DESITKY az STOVKY tisic variant

32541401 A C exonic TMEM39B nonsynonymous SNV TMEM39B:NM_018 o
34066567 G A exonic CSMD2 nonsynonymous SNV CSMD2:NM_00128 bp 12008770 bp ﬁ 12009780 bp. w2408 750 bp
35227466 A C exonic GBa nonsynonymous SNV GJB4:NM_153212:¢] L L L L L .
35334404 T G exonic DLGAP3 nonsynonymous SNV DLGAP3:NM_00108|
36752687 A €} exonic THRAP3 nonsynonymous SNV THRAP3:NM_00132] . .
39775303 A G exonic MACF1 nonsynonymous SNV MACF1:NM_01209 6 GG G6TGGCCG6 T TC cchh ot oo AAGCCAACECTG G
42660679 C A exonic FOXI3 nonsynonymous SNV FOXI3:NM_001198: h e T et TC R LR, my
46751369 G A exonic LRRC41 nonsynonymous SNV LRRC41:NM_00636 g g g g } g g g g g g } } g : E } } g : : g : : — ca : g E } g g
47717094 G A exonic STIL nonsynonymous SNV STIL:NM_00104816 g g g g '13 g g g g g g } } E : g } I g : : g : : g g A E g 1 g g
54433431 AA - exonic LRRCA42 frameshift deletion LRRC42:NM_05294( 6666 T66CCGG6TTC G CfT T GAAGAAGC CCA €T 66
67390438 C T exonic WDR78 nonsynonymous SNV WDR78:NM_02476 Gooecertcoccoaerichknanclitonnennceccanc ' e
87038327 € T exonic CLCA4 nonsynonymous SNV CLCA4:NM_012128 cocctocccocticfochrenncnnsceanncer °©
100661842 T C exonic DBT nonsynonymous SNV DBT:NM_001918:ex = .
. G 666 T66G6GCCGGTTC G CPQT T G A A G A AGCCAACCT G G
111861985 A G exonic CHIA nonsynonymous CHIA:NM_00 ¢oeeT6GccceoeTTchccfi TOARGARGECARALCTGGS
143767778 T A exonic PPIALAG nonsynonymous SNV PETRETETINTeO0 T e — G?} T I o L i g
144853248 G [ exonic PDE4DIP nonsynonymous SNV PDE4DIP:NM_00129 _——— =
145562938 G A exonic ANKRD35 nonsynonymous SNV ANKRD35:NM_0012| 6 66 6T 6GGCCG6TTC G CQPT T G A A G AAGCCAACCTG G
146398387 G C exonic NBPF12 nonsynonymous SNV NBPF12:NM_00127 6 GG 6 T 6G6CCG6 G T T.C G CRI T G A A G A B GCCGACCTCGG
146398425 C A exonic NBPF12 nonsynonymous SNV NBPF12:NM_00127 W
146400208 A C exonic NBPF12 nonsynonymous SNV NBPF12:NM_00127.

Vystup z IGV (Intergrative Genomics Viewer)

2/ varianty v poctu kopii — rozsahlé delece, inzerce (CNV)

chris 60500
chrls 22137
chr2 10500
chr2 91403011
chean s0s00
chean 30812398
chear sa11776
cheaz 10510500
heaz 21384368
ched 10500
chea 5521083
chr3 196217828
chea 197287755
chrd 105600
chea 43708600
ches 10500
ches ase10214
chrs 176244
chrs 60230434
chr7 10500
7 ssa7a07
chrs 60500
ches ama61s3s
o 1813

chr3 60519058

24448480 ORAF17,CCDS12024.1, PLPP2 MIERZ, CCDS12025.1, THEG, C2C04C, SHCZ, ODFILZ MADCAMLECD -0.0716486 25,8706 6196 578,16 pa3.dpla.
SBS07115 rs719366,UQCRFS1,VSTM28,POP, PLEKHF1,C190r12,ACVO00305089,CC0512419. LURIL,CCDS1-0.0848897 27,1737 7531 7009.65_ q11q12q1
90402011 FAMLI0C,TSB75724, SHIYLL,CCOSA2646.2,CCOS 1639, LFAMLS08,CCDSB6815.1, TMEMIS,SNTG2, -0.067363 258808 7233 657995 pES.IpaS.

247183029 AP11-407P15.2, ANKRD20ASP, TEXTA,CCDS2006.1, MRPSS,ZNF514,CC0542712.1, AC0I2835.2,PRC-0.0778446 25,6154 13377122028 pi13p11
30256738 DEFB125,DEFR126,0EF8127,DEFB128, DEFE129, DEFB132, CCDS12994.1, ZCCHC3,SOK1Z,NRSNZ2,T -0, 102997 w232 2100 190458 pazp1zap
54313667 DEFB115, DEFB115,0EF 8118, DEFB119,CCDS13178.1, DEFB121,0EFB123, DEFB124 REMLCCDS1T1 -0.0579013 27,6077 425030264 qi121g11
46693483 FPSG5260.4,FP565260.3, GATD3B, FPS65260.1, FS65260.6,L0C 102724219, H28FS SIK18,CCDS826 -0.0916326 26,8285 2816 256139 pazpiLy;
21225562 OR11H1,POTEH,CCTEL2, XXR3,GABS,CCOS13739.1,ILLTRA, TMEM1 218, HOHDS, CECRL,CECR2,SLC-0.0388298 249613 833 749645 p11.2p11
50307368 RIMBP3E, HIC2, TMEM191C, UBE2L3,CCDS13790.1, YDIC, CODS13791.1,CCOC116,S0F241,CC05137 -0.0724246 27,6808 4596 424642 qu121G1
75235529 CCDS2556.1,r31357617,CNTWG, CCOS2557.Liclinvar_rev, CNTNA,CCDS2558,1,CCDS2559.1ILSRA, -0.0866071. 26,106 7562 634197 p26.3p26.

196214520 FRG2C,ZNF717,CCDSTT773.1,ROB02,CCDS43103.1, REVO0367636,CC0S54610.1,ROBO1,CCDS -0, 100597 264249 5163 7389.48 [p12.3p10

1,97E+08 SLC51A,CCDS3315.1;clinvar_rcv,PCYT1A,TCTEX1D2, -1.38856 14.52¢

191 172.9q29

198038677 BOH1,CC0S43195.1, RUBCN, FYTTD1, CCDS3329.1,CC0S3230.1,LRCH3, IOCG,CC0S3331.1,APLISA, -0.0438%63  30.4774 106 97.1%61 29
48336424 CCDS75075,1,2NF595,CCDS75076. LINFT18,CCDST5078.1, INFT32,CCD833931 LINFI4LINFT2: -0.079642 3617 3335 301043 p16.3p16.
190204055 DCUN1D4,LRRC C8,CC053489.1, SPATALS, CCDSATOS3,1,US1-0.108515 26,9924 7906 7143.06 _pilqliqh
47300085 PLEKHG48,LRACI4B,CCDC127,CCDS3853.1,CC0ST7992 LCCDS5341.1, PDCDA, CCDS59940.1,CCI-0,0736269 29,6285 2545 230267 p15.33p15
181477759 EMB,CCDS3954.1,CC0554849.1,PARPS, 511, PELO), ITGAL, ITGAZ, CCDSISS7. Liclinvar_rov, MOCS2 -0,100951 22,5637 10044 91472 qIlagqll:
55829434 CCOS4466. 1,OUSP22, IRFA,EXOCL HUS1E,F OXF 2,ACVO00L73256,CCDSA4T4, LGMOS MYLKA,CCO -0.08056845 27,2067 6751 6249.17  p25.3p25.
170745473 MTRNR2LS,KHDRBS2, FKBP1C, LGS, CCDS4964.1,PTPAAL CCOSA966.1, PHFS EYS,CCOSATAAS. LR -0.0511381  27.2154 6955 6269.88  q1l1qll;
65557536 CCDSATS22. Liclinvar_rev,F AM20C, RCVD0O01062,RCWOD0486633, W12-237311.1, PDGF A, CCDS34 -0,123441 25,285 4272 38285 paaipz.
159335473 VKORCIL1,CCDS5529.1,6USB, CONS5530.1, AOVODOL 78055,CONSA7557.1,CCDS5531.1,CRCP, TPS1-0.107266 26,3437 8597 7788.01 q11.21q11
46964270 ORAF21,ZNF596,CC0S5952.1,FEX025,CC0S5953.1, TORP, CCDS47759.1, ERICH1, DLGAPZ.RCVOO0.-0.0823043  27.422 15 307295 paiapaa.
145078135 CCDSA3737.1,SPIDR,CCDSA4890.1,CCOSBA591.1, CCDSTST34. LPRKDC MCNA, RCVO00IS0595,RC -0.109296 77.4195 5936 5350.37  q11.21q11
45518058 WASHCLFOXD4,CCDS6438.1,CBWDL, DOCKS, RCV 00350034, CCDS6440.2, KANKL CCDSG441. 1, [-0.0789011. 27,2937 2945 2663.47  pad.3p24.
138122007 SPATA31AS. SPATAILAT.CH17-206N19. L ANKRD20AA. FOXDALS. CEWDS.CCDST5844. LFOKDALA -0.0939655  27.3844 7835 717156 alzaliez

Clipy ratio (log2)

WO~ 0O A NMS N D~SOROHAN X >
=1 o o NN

Vystup z CNVKkit


https://genominfo.org/articles/search_result.php?term=author&f_name=Gerald&l_name=Goh
https://genominfo.org/articles/search_result.php?term=author&f_name=Gerald&l_name=Goh
https://genominfo.org/articles/search_result.php?term=author&f_name=Gerald&l_name=Goh
https://genominfo.org/articles/search_result.php?term=author&f_name=Gerald&l_name=Goh

Hledani variant pro dané onemocnéni

Ktera varianta je ta, kterd zptsobi nemoc?

— komparativni pfistup indivualné nastaveny dle pripadu

rodiny

segregacni analyza v rodinach
- porovnani variant postizenych pacient( a zdravych pribuznych

predpoklad dédicnosti — autozomalné dominantni
- autozomalné recesivni
- X-vazana
- varianta ,,de novo”

virtuadlni panely genu:

1/ virtualni panely podle diagnézy

2/ klinicky exom (témér 7000 genl

hodnoceni v ramci celého exomu (20 000 genu)

ABCA12
ABCB4
ABCC4
ABCGS5
ACSL4

ANKRD12
ANKRD18A
ANKRD188B

ANKRD33

AP3D1

AP3M1

AP3S1
APC

ARHGAP1
ARHGAP17
ARHGAP32

ARHGAPG

ARHGDIA

ARHGDIB
ARHGEF12

ARHGEF3

ARRB1
ASPN
BAK1

BCL2L1
BET1L

BLOC1S1

BLOC1S2

BLOC154

BMP4

BTBD9

Cl40rf133

C190rf55

C200rf42

Cé6orf25

CD226

Virtudlni panel gend pro FHD
(668 genl)

CLEC1B
CLEC4F
CNO

CTTN
DAAM1
DIAPH2
DIAPH3
DNAH11
DNM1L
DNM2
DNM3
EFNB1
EPHA4
EPHB1
ERG
EXOC1
F2R
F2RL3
FARP2
FCER1G
FERMT1
FGD3
FGR
FHOD1
FLII
FMNL1
FMNL3
FRMPD1
FYB
FYN
GDI2
GFI1
GNA12
GNA13
GNAI1
GNAI2
GNAQ
GNAZ
GNB2
GNB3
GNE
GNG11
GNG12
GNG13
GNG5
GP5
GRAP2

GRB2 NAPG
GRKS NBEA
GRK6 NFE2
GUCY1A3 NIPSNAP3A
GUCY1B3  NOX1
HOOK3 NRG3
HPS1 NSF
HTR2A NXF1
CHD3 P2RX1
INPPSD  P2RY1
ITGAS P2RY13
ITGB1 PADI2
ITPRL PDE2A
KIAA1109  PDE3A
KIAA2018  PDE4D
LAIRL PDESA
LPAR1 PDPK1
LTBPL PDZD3
LY6GEF PDZK1
LYN PEAR1
MAP2K2  PECAM1
MAP2K4 PGM3
MAP3K9  PHOX2A
MAPK1  PIK3CA
MAPK13 PIK3CB
MAPK14 PIK3R1
MAPK8 PIK3R3
MDS1 PIK3RS
MKL1  PLA2GAC
MLK1 PLCB2
MLPH PLCB3
MMP17  PLCG2
MNX1 PLDN
MRPS34  PPP1CA
MUC16 PPP1CB
Muc2 PPP1CC
MUTED  PPPIR12A
MYB PPP1R12C
MYH10 PPP1R14A
MYH13  PPP1R2
MYL9 PRKACA
MYLK PRKACB
MYLK2 ~ PRKAR2A
MYO018B PRKCA
MYO3A  PRKCB
MYOS5A PRKCQ
MYO5B PRKD1
NAPA PRKG1

PRKG2
PTEN
PTGIR
PTGS1
PTK2
PTPN1
PTPN12
PTPN18
PTPN2
PTPN6
PTPN7
PTPNS
PTPRA
PTPRC
PTPR)
RAB27A
RAB278B
RAB38
RAB4A
RABGGTA
RACL
RAIL
RAP1B
RAP1GAP
RAP1GAP2
RAP1GDS1
RGS10
RGS18
RGS19

SELP
SERPINE2
SIRPA
SLC35D3
SLC9A3R1
SLC9A3R2
SMAD1
SMAD6
SNAP23

SNAP25

SNAP29

SNAPIN
SNX1
SRAL

TAOK1
TEC
TGFBR3
TLN1

VPS39
VPS4l
VPS4B
VPS52
VPS8
WDR66
ZFPMI
ATG2B
ATM
BLM
CDAN1
CEBPA
DDX41
EPCAM
GSKIP
HAX1
CHEK2
MLH1
MSH2
MSH6
NBS1
NF1
PAXS
PMS2
RBBP6
RECQL2
RECQL4
RPL23
RPL36
RPS15
RPS27A
SLC25A38
SRP72
STN1

ACPS  CLCN7 GUCYIAL
ADA  CLPB  HEATR3
ADA2  COGL HELLPAR
ADAR  COG4  HIRA
ADH5 COG6 HLA-B
AFG2A  COL4AS HLA-DQAL
AGK  COMT HLA-DGB1
ALG12  CORIN HLA-DRB1
ALGS CR2 HLCS
AMN cTLA4  HMGCL

ANKRD11 CTNNBL1 HMOX1
APOE  CusnN  HPS3

ARHGAP31 DCLRE1C  HPSS

ARHGEF1  DEfs  HPS6
ARPC1IB  DGKE  HSCB
ARVCF  DGUOK  '€OS
AsaH1  DHFR  FIHL
Asxt1  pua  IFNG

ATP6AP1 DNAJC21 !PNGR1

ATPGV1B2 DNAsgL 'GHOL
ATP7B DOCK2 IKZF5
ATRX  pocks 10
ANkl Dz LEST
BCR EFL1 IL7R
BLK ELpa IRAKL
BRAF ENPP1 IRF28P2
BINL2  EOGT :ii;
c3 EpBa2 o
CaA EPHB2 K
c48  ERBB3 o
CA2 ERCCBL2
CALR ESCO2 JAZF1
CASPIO  FARS2 \aoc:
D109 FAS et
019 FASLG  ycnna
CDAOLG  FCGR2B yoyren
CD46 FCGR2C KIAAO319L
CDS5  FCGR3B 15
[ TS TE R
CDC40  FLTL  yurop
CDC42  FOCAD  ypas
CFB FOXP3  |acc1
CFH FYBL  (ARs2
CFHR1  GALC  (gg
CFHR3  GBA1 LCK
CFl GIMAPS  [jpp
CITA  GNA14 _\vBRD1
CIsb2 GNAS

PHGDH

RASGRP1
RBPJ
RECQL
REL
RFX5
RFXANK
RFXAP
RIT1
RNASEH2A
RNASEH2B
RNASEH2C
RNU7-1
RPL18

RPS15A
RPS20
RPSA
RRAS
RRAS2

RREB1  TBL1XR1
RYR1 TBX1
SALL4  TBXAS1
SAMHD1  TCIRG1
SARS2  TCN2
SASH3  TET2
SAT1 TFRC
SCSD  TGFB1
SCARB2  THBD
SCN10A TLR7
SCN11A TLR8
SCN9A  TMEM165
SEC24C  TNFAIP3
SF3B1 TNFRSF13B
SH2D1A TNFRSF13C
SKIC2  TNFSF11
SKIC3  TNFSF12
SLC19A2  TNFSF4
SLC20A2  TNIP1
SLC35A1  TOM1
SLC37A4  TPP2
SLC39A7  TREX1
SLC46A1  TRNT1
SLC7A7  TTC7A
SLF2 TUBA8
SMARCAL1  TYMS
SMARCD2  UBA1
SMC5  UBE2L3
SMPD1  UFD1
SNX10  UNC13D
SOCS1  UQCRFS1
S0S1 UROS
S0S2 UsB1
SP110 usP18
SPP1 VPsS45
SPRED2  WARS2
SRPS54 WDR1
SRSF2 WFS1
STAT1 WIPF1
STAT2 XIAP
STAT3 XPR1
STAT4  ZAP70
STATSB  ZBTB16
STINGL  ZNFX1
STOXL
STT3B
TALDO1
TBC1D24



Hodnoceni a klasifikace WES variant

e vybrané varianty hodnotime v populaci: GmoAD, ClinVar,
A-C-G-T cCeské genomy (https://database.acgt.cz/)

* insilico analyza variant pomoci nastroju: T¥ida 1 - benigni

- prediktory (Align GVGD, REVEL, SIFT, ...) Trida 2 - pravdepodobné benigni
- softwary, databaze (Alamut, VarSome, HGMD, OMIM)

- krystalograficka analyza

* klasifikace klinického vyznamu variant (ACMG/AMP) Trida 4 - pravdépodobné patogenni

Trida 5 - patogenni

- klinicky vyznamna zarodecna varianta
- verifikace dalsi nezavislou metodou



Kazuistika — dédi¢na neutropenie u sourozencu

*

Sestra probanda: 4, roénik 1 (*1942)
1979

od 12 let Casté zdnéty

strredniho ucha, kozni

infekce a zane‘ry ddsni S
stomatologické obtiZe -

kariézni chrup s nutnosti

vucece‘rnych extrakci a 4 (*1979)
ndhrad implantdtem Vrozend
KO: stredné téZkd az neutropeme. o
téZzkd neutropenie neutrofilni
granulocyty

2 ¢

O‘i:'

2 (*1944)

3 (*1983)
Vrozena
neutropenie
0,67 x10%/1
neutrofilni
granulocyty

» WES analyza: obou sourozencu a jejich rodicu

VvV

>
>
>

Proband: 3, roénik 1983

od 10 let sledovdn pro neutropenii
opakované zdnéty stredniho ucha
- ve 14 letech operace levého
ucha,

v 15 letech pravého ucha

v 18 letech incize pro hyzd'ovy
absces I.sin.

v 19 letech mononukledza

ve 23 letech po terapii AIHA v
disledku epizod autoimunitni
hemolytické anémie

recidivujici infekty ORL oblasti
kariézni chrup, spodni mlstky
nekurak

Defektni chrup
probanda -
gingividita,
stomatitida



Kazuistika — dédi¢na neutropenie u sourozencu

» WES: segregacni analyza - virtualni panel genl pro neutropenie
segregacCni analyza - cely exom

—

- zachyt v SBDS genu: c.355T>C / ¢c.536C>T

maternalni alela / paternalni alela

varianta ¢.355T>C;p.(Cys119Arg)
pravdépodobné patogenni

* pacienti: infekce, neutropenie

SHWACHMAN-BODIAN-DIAMOND sy

(AR onemocnéni — insuficience pankreatu, kostni
malformace, anomalie jater)

varianta ¢.536C>T; p.(Prol79Leu)
nova, raritni varianta typu

—) funkcni testovani SBDS

* az 30 % riziko rozvoje hematol. malignit (MDS/AML)

> upresneni diagnézy

variant na urovni proteinu

> pravidelné hematologické sledovdni na THOKu: kvili riziku rozvoje MDS i akutni

leukémie

> analyza rodinnych prislusnikl - potomci jsou zdravi prenaseci této nemoci



Kde lze dale vyuzit WES

< rlzné diagndzy - genetickad pracovisté: mentdlni retardace, svalové dystrofie,
epilepsie, syndromy, neznamé priciny onemocnéni

< analyza somatického exomu u pacientl s B-prekurzorovou akutni lymfoblastickou
leukemii (standardni CELL chemoterap. protokoly, Blina-CELL, Pona-CELL)

mmm) AZV (5) CR - projekt v letech 2022 - 2025 (UHKT / THOK FNB / ULGG MU)

AGENTURA PRO ZDRAVOTNICKY

VYZKUM CESKE REPUBLIKY

« vstupni vzorky: z data diagndézy x vzorku z remise (MRD negativni)

* nastaveni metodiky pro rozsirené sledovdni pacientl s rozvojem ALL



4. Celogenomové sekvenovani



Analysis of Czech Genomes for Theranostics
(A-C-G-T)

Plan: 1,500 healthy
Czechs from all regions

ACCTOCTACCT

Reality: 1,325

blood sample collection, TTTAAGCGCCC
DNA isolation AATTGGCCAAT

a_»

Plan: 1,000+ genomes

naire and

Database of variant frequencies at

sequencing individual positions in the genome

(gnomAD-like browser)



¥ > Y
S 40

A\

&

N
¢

<

[ |
{

Healthy
(No genetic disorders)

Father comes from the same Czech

30 to 55 years old, male & female
region as mother

NOT a recipient of blood transfusion (in

NOT a transplant recipient NOT a pregnant woman

last 6 months)



Priprava knihoven

PCR-free (minimalni technicky bias, bez PCR chimér a chyb)
* 1000 ng DNA na vstupu

KAPA Hyperprep kit nebo Illumina TruSeq DNA PCR-free
Kvantifikace pomoci gPCR (KAPA Library Quantification Kit)

Elektroforéza produktu z gPCR i__ T |
-eee 7 S |
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Library preparation and sequencing

* PCR-free library preparation
(minimal technical bias)

* [l[lumina NovaSeq

* Paired-end 2x150 bp

* Average coverage: 30x




Tym feSiteld

Jak se zapaojit

Genografic

Analyza ¢eskych genomd pro teranostiku
(Z.02.1.01/0.0/0.0/16_026/0008448

Projekt Analyza Ceskych genomul pro teranostiku (zkracené A-C-G-T; teranostika = terapie + diagnostika) je zaméfen
na sestaveni kontrolni databaze genetické informace typické pro ¢eskou populaci. Cilem projektu je prispét k véasné
a presné diagnostice genetickych onemocnéni a v jejich dal3im vyzkumu.

Za timto Gi¢elem shirame vzorky jedincil ze viech kraji Ceské republiky s cllem prozkoumat genetickou informaci
1000 Cecha.

Informace o tom, jak se z(&astnit, najdete v sekci "Informace pro Gastniky projektu", "Jak se zapojit", "Odbérova
mista” a "Formuléfe ke stazeni".

www.ACGT.cz IUN I



Variant search

Vyhledej varianty Select columns to display
chr3:100600000-100665000 Q. HLEDAT

Variant data
Position
@ Reference

Show column filtering

@ Alternate

Position Reference Alternate rs ID ACGT Czech Repu... Gene Consequence Hlavni mésto Praha Jihomora... ®rsD

. ACGT Czech Republic frequency

chr3:100663297 T A rs1185983 100 % ADGRG7 intron_variant 0 100 @ o0nomAD global frequency
chr3:100663657 C T rs1184855597  2.08 % ADGRG7 intron_variant 0 2.44 @ onomAD Non-Finnish European frequency
chr3:100663664 C G rs1165536 89.58 % ADGRG7 intron_variant 0 92.68 ® Gene
chr3:100663699 G [ rs1165535 100 % ADGRG7 intron_variant 0 100 @ Consequence
chr3:100664080 A T rs149091956  2.08 % ADGRG7  intron_variant 0 2.44 B Region
chr3:100664091 T A rs143120819  2.08 % ADGRG7  intron_variant 0 2.44 B Sex frequency
chr3:100664325 G A rs556952085  2.08 % ADGRG7  intron_variant 0 2.44 ® Genotype
chr3:100664363 C G rs752177664  2.08 % ADGRG7  intron_variant 0 2.44 B Annotation
Region frequencies

chr3:100664458 C G rs1165534 43.75 % ADGRG7 intron_variant 0 46.34

W Hlavni mésto Praha
chr3:100664507 A G rs115180805  2.08 % ADGRG?7  intron_variant 0 2.44
chr3:100664852 A T rs143384523 417 % ADGRG7 intron_variant 0 4.88

W Zlinsky kraj
chr3:100664895 A

C rs2449250 100 % ADGRG7 intron_variant 0 100



W ACGT database BAck  ABouT

€

Basic information

positon chr 1146739505 F2:prothrombin mutation c.*97G>A
Aemate : A-C-G-T AF: 1.23%
rs ID rs1799963&CRY61726 gnomAD AF V2.1.1: 1.24%

ACGT Czech Republic frequency 0.0123
gnomAD global frequency
gnomAD Non-Finnish European frequency Region frequency info X
Consequence 3_prime_UTR_variant
Total alleles count 2032 Total alleles: 2032
) ) ) Region Frequency Allele count Total alleles
"
Hlavni mé&sto Praha 0.0139 3 216
Jino&esky kraj 0.0208 1 48
Jihomoravsky kraj 0.00599 2 334
Frequency charts Karlovarsky kraj 0 0 30
Kralovehradecky kraj 000748 1 134
Variant occurence by sex Global allele frequency Liberecky kraj 0.0385 2 52
@ female @G (Rei) Moravskoslezsky kraj  0.0229 5 218
® male L2 Olomoucky kraj 0.00575 1 174
Pardubicky kraj 0 0 76
Plzefisky kraj 0.0377 4 106
Stredocesky kraj 0 0 234
S Ustecky kraj 0.0208 3 144
Vysocina 0.008909 1 110
Zlinsky kraj 0.00658 1 152
92.8%




W ACGT database BAck  ABouT

€

Basic information . .
F5: Leiden mutation c.1601G>A
Position chr1:169549811 . o
o . A-C-G-T AF: 6.00%
Alternate T
rs D rs6025&CM940389 gnOmAD AF V2.1.1: 8.40%
ACGT Czech Republic frequency 0.0379
gnomAD global frequency
gnomAD Non-Finnish European frequency Region frequency info X
Consequence missense_variant
Total alleles count 2032 Total alleles: 2032
Region Frequency Allele count Total alleles
Hlavni mésto Praha 0.0648 14 216
Jihocesky kraj 0.0208 1 48
Jihomoravsky kraj 0.0329 11 334
Karlovarsky kraj 0.0667 2 30
F req uen Cy Ch a rts Kralovehradecky kraj 0.0224 3 134
Liberecky kraj 0.0577 3 52
Variant occurence by sex Global allele frequency Moravskoslezsky kraj ~ 0.0321 7 218
@ female @ C (Re) Olomoucky kraj 0.0115 2 174
® male or Pardubicky kraj 0.0395 3 76
Plzefisky kraj 0.0377 4 106
Stiedocesky kraj 0.0513 12 234
Ustecky kraj 0.0347 5 144
Vysocina 0.0364 4 110

Zlinsky kraj 0.0329 5 152



Iniciativa ,,Milion evropskych genom do roku 2022
tzv. ,1+ Million Genomes” & ,,.Beyond 1 Million Genomes”

10. dubna 2018 se CR stala jednim z 13 zakladajicich
signatara deklarace o spolupraci,, Towards access to
at least 1 million sequenced genomes in the EU by
2022“.

Cilem iniciativy je zlepsit genetickou diagnostiku v celé
Evropé, a to nastavenim jednotnych pravidel a vytvofenim
podrobného referencniho souboru dat. V soucasné dobé
napr. pacientskou DNA mlZeme srovndavat pouze s
celoevropskou referenc¢ni databazi, ve které je
stfedoevropska populace jen velmi malo zastoupena.

K dnesku deklaraci podepsalo 22 élenskych stata EU,
Velka Britanie a Norsko. Aktudlné se spole¢nymi silami
pfipravuji pravidla a technickd infrastruktura, ktera od
roku 2022 umozni sdilet hladce, legalné a bezpecné a cely
1 milion genom{.

Bohuzel, prlizkumy v jednotlivych zemich ukazaly, ze
genom v Evropé nemame osekvenovano dost — tedy
pouze polovinu cile. Naptiklad CR dosud mize prispét
pouze cca 1 5000 genomy z projektu ,,A-C-G-T“. Proto
byl zahdjen mezinarodni projekt Genome of Europe,
jehoz cilem je precist pal milionu chybéjicich genoma.

Ocekava se, Ze kazda z ¢lenskych zemi se bude na
projektu podilet proporéné dle poctu obyvatel. Pro CR to
znamena precist DNA dalSich 16 775 lidi.

Pocitdme-li, Ze osekvenovani genomu stoji cca 40 000 K¢
(+ personalni a provozni naklady), znamena to investici
cca 750 miliond K¢.

.Nww.blmg-project.eu

Velka Britanie: JiZ prec¢teno 100
tisic genomu spolec¢nosti
Genomics England (zaloZena a
vlastnéna Ministerstvem
zdravotnictvi a socialni péce UK).
Projekt byl financovdn z vice
zdrojU, zejména z NIHR a NHS
England.

Litva: Dosud osekvenovano 1570
genomu, v novém projektu
osekvenuji dalSich 1 500
genomu, podporeno
Ministerstvem zdravotnicvi Litvy,
financovano z RRF.

Dansko: Funguje zde tzv. ,Danish
National Genome Center”, coz je
instituce spadajici pod
Ministerstvo zdravotnictvi. Do
roku 2024 planuji osekvenovat
64 tisic genomd.



Honouring
Gregor Johann Mendel
legacy

-
1.



Popis projektu

* Unikatni multidisciplinarni spoluprace mezi
laboratoremi archeologie, antropologie a
genetiky Masarykovy univerzity za podpory
Mendelova muzea, augustinianského opatstvi a
dalsich subjektu.

* Projekt zahrnuje archeologickou a
antropologickou dokumentaci, 3D skenovani
ostatku, oblicejovou superprojekci, sekvenovani
genomu...
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RFU

Ancient (starovéka) DNA

so00- o “lizolovany v laboratori LBMA

se00- S /lidska DNA

5500:

o ( - _vytézek v jednotlivych nanogramech

e ' “Idélka fragmenti aDNA koreluje s velikosti
e DA nukleozomu

' aDNA je vétSinou zachovana v tvrdych

tkanich - kosti, zuby

MUNI



sample Name B4 Library 1D B4 Lane B4 colourRd seqType B Organism B4 strandedness B UDG Treatment B4 R1

GIM GIMP2 1 2 PE Human double Full /mnt/shared/GIJM/ra /mnt/st NA
GIM GIMP2 2 2 PE Human double Full /mnt/shared/GIM/ra /mnt/st NA
GIM GIMP4 1 2 PE Human double Full /mnt/shared/GIJM/ra /mnt/st NA
GIM GIMP4 2 2 PE Human double Full /mnt/shared/GIM/ra /mnt/st NA
GIM GIMPS 1 2 PE Human double Full /mnt/shared/GIJM/ra /mnt/st NA
GIM GIMPS 2 2 PE Human double Full /mnt/shared/GIJM/ra /mnt/st NA
GIM Aug zub2 1 2 PE Human double none /mnt/shared/GIM/ra /mnt/st NA |

> untreated
T Human genome

/ enrichment
- WGS

Gmp2 1 Zub_ | Tienovy levy dolni
GimMP4a 00 00| Zub Rezak pravy dolni

* Pre-CR treated

Gwmps 00000000 Zub Kofen horni
Aug_zub2 Zub Spicak levy dolni

MUN I



MmtDNA sekvenovani

pro potvrzeni totoZznosti kosternich pozUstatk

pro kontrolu kontaminace vzorku
Hair vs teetl/\

Cell

Mitochondria

Mitochondrial DNA

s ergibl
o der
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Eupedia map of miDNA haplogroups
- r

e Zdédéno v materskeé linii
* Mitochondrialni genom
|ze pouzit ke sledovani

nasich predku

 Mendeltv haplotyp: Hlc

MUNI



Al

Priprava knihovny W

* Pouzité sady a chemie

* VVzorky izolované pomoci PrepFiler Forensic DNA extrakcni soupravy
(ThermoFisher), koncentrované pomoci odstredivych kolon Amicon

 Swift 2S, adaptéry UMI (IDT), EvaGreen gPCR (aby se zabranilo
precyklovani)

* NGS panely: xGen Human mtDNA panel (IDT), obohaceni celého

genomu MyBaits (Arbor biosciences)

MUN I

Science for Society 2021



Analyza surovych dat

Mendel’s genome variants

from ancient DNA

Healthy men’s genome variants

Number of variant 4055755
SNP 3451370
INDEL 616443

from project ACGT
Number of variant 5011574
SNP 4074195
INDEL 942417

* Intron variants in majority, ~30K variant in gene coding regions

MUNI



Mendel’s variant evaluation

» setting parameters for evaluation of variants:

variant coverage = 3 reads

variant present in at least 2 unique DNA molecules
variant allele frequency (VAF) = 30%

relevance in ClinVar, dbSNP (rs), PubMed

variant effect prediction software: Alamut, VarSome, etc.

disease related variants: HGMD, OMIM

MUNI



His prescriptions include
Digitalis and Cremor
Tartari (as a diuretic),
Salicylate, Morphium,
Chinin, Potassium

Mendel‘s medical condition

*character: ,silent, shy, timid, psychically unstable”
Suffering from depressions? (DeCastro 2016)
*prone to obesity, smoker (>20 cigars/day)

*in his last years, he was suffering from , Bright's
disease” (a kidney disease in 19th century)

*swelling of lower limbs (edema)
*hypertension

e cardiac hypertrophy proven by autopsy
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Autozomalné dominantni dédi¢nost @ @
1

KCNJ2 gene: c.431G>C; p.(G144A): NM_000891.3

_ o 6 o o
heterozygous state ﬁﬁ ﬁﬁ

disease-causing variant associated with Andersen-Tawil syndrome

varying degrees of cardiac and muscle involvement, variable phenotype

(cardiac arrhythmia, long QT syndrome)

(Ballester LY et al. 2006, Hum Mutat)

ttps:
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ABO Blood Group System

* ABO gene (99g34.2) — 7 exons
* O PHENOTYPE - deletion of guanine at nucleotide 261 of ABO gene
A/B POLYMORPHISM - several nucleotide differences between the alleles that code for the A and B glycosyltransferase enzymes

Yamamoto et al., 1990, J. Biol. Chem.
Exon 6 | 7
Nucleotide

Position

261
297
467
526
646
657
681
703
771
796
802
803
829
871
930
1054
1060

A alleles
A101
A102
A201
A301
Ax01

B alleles
B101 * G * G b T 4 A ¥ A " C * "
B301 * G * G B T ¥ A ¥ A * C b *
AB alleles
c"s _ABO1 x L] T L x " x L] x L} L] C x ® x
B(A)01 x G x G x L] x L] x A L] C x x
002 A

003

2w a x 0)
>

=440

| # o <3
A =0

9]

0
=D 2 =0
B
A
(9]

*
=

> >

>

== 001 homozygot

[oYfo)
>
« >
« =
>

*
*
o
*
»
»

"
>
*
.
"
,
"
"

e
id

Possibl
Change
Frameshift
No change
P156L
R176G
F2161
No change
No change
G235S
No change
L266M
G268R
G268A
V277TM
D291N

Amino Ac

No change
R352

Frameshift

RH FACTOR

* RHD gene (1p36.11)
* results: RHD gene without genetic variations was detected — Rh positive



DNA-based hair and skin colour prediction

The HirisPlex-5 System

e according to HlrisPlex-S Eye, Hair, and Skin Colour DNA Phenotyping Webtool

SNP

(erasmusmc.nl) 1 MC1R 15312262006 A Q121
2 MCIR 1511547464 A 0 1 2ua
. . s 3 MC1R 15885479 T 0 1 1A
* the assay consists of 24 SNPs: 6 for eye colour prediction iMCIR  mleosos T o1 ois
. 5 MC1R 151805005 T 01 20A
6 MC1R rs1805006 A 01 2HA
(not available - low coverage for HERC2 gene) ERE R o 12
; .. 8 TUBB3 1=1805009 C @ 1 20A
9 MC1R rs201326893 A 01 2HA
18 used for hair colour and shade prediction 2 Wi 20126853 A 01 21s
11 MC1R E1110400 C 0 1 20A
12 SLC45A2 rs28777 C 01 2HA
14 KITLG 1512821256 G 0 1 21A
p-value AUC Loss 15 LOCT05374875 14950270 A 0 1 2 0A
- - P 16 IRF4 1512203592 T @ 1 2MA
LE1EE : 17 TYR 51042602 T 01 2 NA
intermediate eye o 0.137 18 OCA2 rs1800407 A 01 2NA
19 S5LC24A4 rs2402130 G 01 2NA
Slls L e 20 HERCZ 1s12013832 T 0 1 2NA
lond hair 0.052 21 PIGU 152378249 C 0/l 21IA
brown hair 0.038 22 LOCT05370627 rs12896399 T 0 1 214
= 23 TYR rs1393350 T 01 2HA
red hair 0.005 002 24 TYRP1 15633 G 01z2nA
= 0.00 0042 25 ANKRD11 153114308 T 01 2ua
A a 26 OCAZ rs1800414 C 01 2HNA
( light hair 0.052 27 BNC2 510756818 G 0 1 2NA
d air 0.278 0.063 28 HERCZ 152238280 C 0 1 2NA
. 29 SLC24A4 517128291 C a1 21a
::l']" pale skin ' g'gi 30 HERC2 ;6497292 C 01 20A
DE2 | 31 HERC2 151129038 G 0 1 2HA
43 diate skin 0.025 32 HERC2 151667394 C 0 1 2HA
: 33 TYR 151126800 A a1 20A
dark skin 113 0.m 34 OCA2 51470608 A 0120
dark to black skin 0244 01001 35 SLC24A5 rs1426654 G 01 2HA
36 ASIP 156119471 C 0 1 20A
37 OCA2 rs1545397 T 01 2ZNA
38 RALY rs6059655 T 01 2HA
39 OCA2 1512441727 A 0 1 21A
. . - . . .s . 40 MC1R 153212355 A 0 1 20A
— hair colour prEdlctlon. with probablllty 57.3% BROWN; 33.1% BLOND 41 DEF8 ;8051733 € 01 20a

with probability 72.4% LIGHT HAIR
— skin shade prediction: with probability 56.6% INTERMEDIATE skin (average amount of skin pigment)



Y - haploskupina

+5%

D Sparsely populated

+20% +10%

+30%

0,
+40% +o0%

+20% +60%
+60%

e +40% +20%

+15%

+2.5%

+5% +15%

Eupedia map of haplogroup

+2.5%

Determined by variants in the
Y chromosome

Y chromosome is one of two
sex determining chromosomes
Inherited in the paternal
lineage

Mendel‘s Y-haplogroup: R1a

MUNI



Monument -,,peas” by Jaromir Gargulak
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Mendel’s birth

Meet Mendel Mendel today
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