Funkcni genetika



Funkcni genetika

Cilem je propojit konkrétni mutace/geny s fenotypem

,Reverse“ genetika



Fenotypy

Vzniklé pomoci pfirozenych mutaci v pfirodé

» Lidské choroby, adaptace



Fenotypy

Vzniklé pomoci mutageneze

» nahodna mutageneze
- fyzikalni mutageny: UV, rentgenové zareni, y-zareni
- chemické mutageny: ethylnitrosourea (ENU)
- inzercni mutageneze: transpozony, retroviry, vektory

Mutace v Hox genech
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Fenotyp musi byt geneticky podminén

........

fenotypova plasticita
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Forward genetika

Jak v genomu nalézt konkrétni mutace/geny
odpovedné za urcity fenotyp?



Metoda ,kandidatnich genu”

Vytvofeni seznamu kandidatnich genu, které by mohly mit néjakou souvislost

s pozorovanym fenotypem.

Hledani polymorfismu a jejich korelace s fenotypem.

Takto objeveny geny podminujici nékteré
lidské nemoci (napf. geny pro srpkovitou
anémii) i nékteré geny pro adaptivni znaky
(napf. geny podmiriujici riznou barvu srsti
u hlodavcu).

Pytlous skalni, obvykle svétly, na lavovych polich
&erné populace. Cerné zbarveni vznika mutaci v
genu melanocortin-1-receptor gene (Mc17r), ale jen v
nékterych populacich. V jinych populacich
zpusobuje ¢erné zbarveni mutace v jiném genu
zatim neznamém (Nachman et al. PNAS 2003).
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Genetické mapovani

« Cilem nalézt vazbu fenotypu k molekularnim markeriim, jejichz
pozici v genomu zname (geneticka mapa Ci znama sekvence

genomu).

experimentalni kfizeni

rodokmenova analyza

asociacni mapovani v prirodnich populacich

admixture mapovani (v pfirodnich hybridnich populacich)
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Genetické mapovani pomoci experimentalniho krizeni

(QTL mapovani)

« Zkfizenim dvou kmend, které se liSi v nami studovaném znaku, vytvofime
segreqguijici populaci (napf. BC, Ci F,).

» V segreguijici populaci hledame asociaci mezi fenotypem a molekularnimi
markery (polymorfnimi mezi danymi kmeny — SNP, mikrosatelity).
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Zpétné krizeni (backcross)
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F, kfizeni (F, intercross)
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QTL (Quantitative Trait Locus)
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QTL mapovani

NaroCné na pripravu segregujici populace a genotypovani
(v dnesni dobé jiz diky metodam NGS mnohem snadné;jsi).

Nizka rozliSovaci schopnost (cca 10 cM).

Zjistime spiSe pocCet lokusu odpovédnych za dany znak,
interakce mezi nimi, a jejich hrubou lokalizaci v genomu.



Jak vytvorit genetickou mapu?

Recombination frequency (1% = 1cM)

RF (A=) = w.2vd
RF (2-0) = eHh
RE (r=c) = \s5+,

13.2% cuf,

%57,




M|z

3.3

-t

Genetickou mapu muzeme vytvorit pfimo pfi genetickém mapovani

Diky next-generation sekvenaCcnim metodam snadno vytvorime i pro
nemodelové organismy napf. pomoci RAD sekvenovani segregujici
generace.

double digest RADseq =
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Melicilateral stripe (ML)

L. Tanganyika

o Haplochrormis nyererel G

L] H 4 = ] r L] ¥ woom 1@ 13 M 1 M T e LT - L I - Henning et aI- 2014



Konsomické kmeny
(chromosomalné substituc¢ni kmeny)

Iy - 10 generaci zpétného kfizeni

za soucasneé selekce

I Wi ey prenaseneho chromosomu
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C57BL/6J
(M.m.domesticus)

Mouse consomic strains: Exploiting genetic
divergence between Mus m. musculus and Mus m.
domesticus subspecies

Sona Gregorova,' Petr Divina,' Radka Storchova,’-* Zdenek Trachtulec,’
Vladana Fotopulosova,® Karen L. Svenson,? Leah Rae Donahue,? Beverly Paigen,?
and Jiri Forejt'#

!Institute of Molecular Genetics, Department of Mouse Molecular Genetics, Academy of Sciences of the Czech Republic,
Prague 142 20, Czech Republic; “The Jackson Laboratory, Bar Harbor, Maine 04609, USA



Jak vytvorit chromozomalneé substitucni kmen

PWD/Ph C57BL/6J
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Genetické mapovani pomoci konsomickych kment
* Rychlé mapovani na chromosom bez nutnosti genotypovani.

* Pro jemné&jSi mapovani potreba dalsi krizeni.

« Z konsomického kmene Ize snadno vytvofit kongenni kmen.

« Podobné metody se vyuzivaji ve Slechtitelstvi
— pfesun urcitého znaku z jednoho druhu rostliny na jiny druh.



Rekombinantné inbredni linie

« Vytvorfeni F, hybridu a nasledné opakované kfizeni
bratr-sestra (alespon 20 generaci)
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Rekombinantné inbredni linie

« samoopyleni (alespon 10 generaci)
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Genetické mapovani pomoci rekombinanté inbrednich linii

» Priprava sice zdlouhava (20 generaci kfrizeni), ale nemusi se
béhem ni genotypovat. Genotypuje se az koneCna generace.

« Jakmile hotové, rychlé mapovani bez genotypovani.

» Vysoka rozliSovaci schopnost 1cM a méné (zalezi na poctu
vytvorenych RIL).



Collaborative cross u mysi

Zvyseni spektra fenotypu, které Ize mapovat
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Mapovani genu podmifiujicich bilou korunku u WSB/EiJ

pomoci collaborative cross R
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Figure 3. White head-spot genome scan. (A) Marker-based (light gray) and eight-allele (black) models implicate an allele on Chr 10. (B) Superimposing
WSB/Ei) homozygous regions from white head-spotted samples reveals two candidate regions from 88.6 to 94.3 Mb and from 96.4 to 101.3 Mb.



MAGIC lines u Arabidopsis thaliana

MAGIC lines

Complete Generations of
diallele intermating
cross
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Databaze QTL

AuinalQTLAD

This Animal Quantitative Trait Locus (QTL) database (AnimalQTLdb) is designed to house all publicly available
QTL data on livestock animal species for easily locating and making comparisons within and between species. The
database tools are also added to link the QTL data to other types of genome information, such as RH maps,
physical maps, and human genome maps. Besides the QTL data from species listed below, we also plan to apply
the tool to other animal species where feasible. JAS, among other journals requires that new (QTL data be entered
into a QTL database as part of the publication requirements.

Pig QTL
There are 6,347 QTLs from 281 publications curated into the database.
Those (JTLs represent 893 different traits (see data summary for details).

Cattle QTL
There are 4,802 QTLs from 285 publications curated into the database.
Those QTLs represent 382 different traits (see data summary for details).

Chicken QTL
There are 2,451 QTLs from 12§ publications curated into the database.
Those QTLs represent 248 different traits (see data summary for details).

Sheep QTL

There are 639 (JTLs from 74 publications curated into the database. Those
QTLs represent 184 different traits (see data summary for most recent
updates).

Release 15
(Sep 22, 2011)

Database summary:

Publications:
Species;
Traits:

QTL:

QTLs
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Fyzikalni mapovani a ovéfovani kandidatnich genu

Vymezeni kritické oblasti na fyzikalni mape (fyzikalni mapovani)
Vytvoreni seznamu kandidatnich genu v kritické oblasti

Hledani polymorfismu korelujicich se sledovanym genotypem

- nesynonymni mutace v kodujicich oblastech

- ZMEény genove exprese

Testovani vlivu jednotlivych genu ¢i SNP na fenotyp pomoci
transgeneze &i genovych knockoutu.

Geneticka mapa Fyzikalni mapa
(cM) (bp)

napr. u mysi 1cM ~ 2 Mb



Genetické mapovani a identifikace genu F1 hybridni sterility

C57BL/6J
(M.m.domesticus)

PWD/Ph
(M.m.musculus)

A Mouse Speciation Gene Encodes a Hstx2
Meiotic Histone H3 Methyltransferase ™

Ondrej Mihola,’* Zdenek Trachtulec, ' Cestmir Vicek,! John €. Schimenti® Jiri Forejt't
I

wwwsciencemag.org  SCIENCE  WOL 323 14 JANMUARY 2009
Hst1 (Prdm9)
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Analyza rodokment

Je tfeba dostatek rodokmendu, ve kterych segreguje studovany
znak (napf. choroba).

RozliSovaci schopnost dana poctem meidz zachycenych v
rodokmenech. Obvykle nizka (~1-10cM).

Vhodné pro mapovani znaku s jednoduchou Mendelovskou
dédicnosti, ne vSak kvantitativnich znaku.

Hodi se pro oragnismy, které nelze krizit v laboratori.
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|dentifikace genu odpovédného za cystickou fibrozu
pomoci analyzy rodokmend.

Identification of the Cystic Fibrosis Gene:
Genetic Analysis

BAT-sHEVA KEREM, JOHANNA M. ROMMENS, JANET A. BUCHANAN,
DaNuTtA MARKIEWICZ, TARA K. CoX, ARAVINDA CHAKRAVARTI,
MANUEL BUCHWALD, LAP-CHEE TsUI

Approximately 70 percent of the mutations in cystic
fibrosis patients correspond to a specific deletion of three
base pairs, which results in the loss of a phenylalanine
residue at amino acid position 508 of the putative product
of the cystic fibrosis gene. Extended haplotype data based
on DNA markers closely linked to the putative disease
gene locus suggest that the remainder of the cystic fibrosis

mutant gene pool consists of multiple, different muta-
tions. A small set of these latter mutant alleles (about 8
percent) may confer residual pancreatic exocrine function
in a subgroup of patients who are pancreatic sufficient.
The ability to detect mutations in the cystic fibrosis gene
at the DNA level has important implications for genetic
diagnosis.

Science (1985)



Asociacni mapovani

Mapovani v prirodnich populacich na zakladé vazebné nerovnovahy
(linkage disequilibrium, LD).

Ke zjisténi vazby znaku ke genetickym markerim je potfeba velmi vysoky
poCet markeru (~ 1 mil).

Pfesny poCet markeru zavisi na mife LD v genomu
(€im vétsi LD tim méné je potfeba markeru).



Vazebna nerovnovaha (,linkage disequilibrium®)

« Nenahodné kombinace alel ve dvou ¢&i vice lokusech.

 Vazebna nerovnovaha ¢asto mezi alelami v lezicimi v tésné
blizkosti na chromosomu.

haplotypy AB.... 25%

ab.... 25%

aB.... 25% aB.... 10%

Ab.... 25% Ab.... 10%
VAZEBNA ROVNOVAHA VAZEBNA NEROVNOVAHA

D = pozorované — ocekavané frekvence haplotypu




Low-frequen Indel
A varignt “" polymorphism

S Repeat
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Pro asociacni mapovani je tfeba No corralation
genotypovat ~ 0.5 mil SNP u Evropské
populace a 1 mil SNP u Africké

populace B
(tj. kapacita jednoho SNP - S i
genotypovaciho Cipu ) g :

Nature 437, 1299-1320. 2005




Asociacni mapovani

Ma vysokou rozliSovaci schopnost (~10kb).
Vhodné i pro mapovani kvantitativnhich znaku.
Tfeba analyzovat velky pocet jedinct (~ 1000).

Dulezité mit spravnou kontrolni skupinu
(pozor na populacni strukturu).

Malo ucinné pouze pfi mapovani alel s velmi nizkou frekvenci v
populaci a velmi komplexnich fenotypt podminénych velmi velkym
mnozstvim gend s malymi ucinky.



Published genome-wide association studies (GWA)
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@ Digestive system disease
@ Cardiovascular disease

O Metabolic disease

o

Immune system disease

O Nervous system disease

@ Liver enzyme measurement

O Lipid or lipoprotein measurement

o

Inflammatory marker measurement

© Hematological measurement

© Body measurement

© Cardiovascular measurment

@ Other measurement
O Response to drug

© Biological process

@ Cancer

@ Other disease
@ Other trait

NHGRI GWA Catalog

1es

gov/IGWAStud
uk/fgpt/gwas/

www.genome
www.ebi.ac.
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Asociacni studie sedmi chorob v britske populaci
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Personal Genome Project

Donate

Personal Genome Project: PersonalGenomes.org PersonalGenomes.org ~

Sharing Personal Genomes

The Personal Genome Project was founded in 2005 and is dedicated to creating public genome, health,
and trait data. Sharing data is critical to scientific progress, but has been hampered by traditional
research practices—our approach is to invite willing participants to publicly share their personal data for
the greater good.

Learn more >

Participation Open Data Global Network

Donating your genome and health data to science is Open data is a critical component of the scientific We are a member of the Global Network of Personal
a great way to enable advances in understanding method, but genomes are both identifiable and Genome Projects. Since the Personal Genome
human genetics, biology, and health. We seek predictive. As a result, many studies choose to Project was launched at Harvard Medical School in
volunteers willing to donate diverse personal withhold data from participants and restrict access 2005, the network has grown to include researchers
information to become a public resource. to researchers. The PGP's public data is a common at many leading institutions around the globe.

ground to collaborate and improve our
understanding of genomes.

Learn about participating > Use PGP data > Find out about the network »

Risk of participation

» infer paternity or other features of the participant's genealogy

» claim statistical evidence that could affect employment or insurance or the ability to
obtain financial services for the participant

» claim relatedness to criminals or incriminate relatives

* make synthetic DNA corresponding to the participant and plant it at a crime scene

» reveal propensity for a disease currently lacking effective treatment options



Admixture mapovani

« Genetické mapovani v pfirodnich
hybridnich populacich.

» VySSi rozliSovaci schopnost nez

klasické mapovani pomoci .
i oo i oo, . arental taxa X
laboratorniho krizeni, ale nizSi nez

asociacni mapovani.

 Potreba ~ 1000 - 5000 markeru. Y
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PocCet markeru ~100 ~1 000 ~1 000 000

RozliSovaci ~10 cM ~1cM, ~1 Mb ~10 kb
schopnost

Idealni kombinace vice pfistupu

1. Laboratorni kfizeni > 2. asociacni mapovani
Hrubé genetické mapovani Jemné genetické mapovani
- na Urovni celého genomu - Ize omezit jen na urcitou

predem vybranou oblast



Expression (e) QTL mapovani

* Rozdil v genove expresi jako kvantitativni znak.

« Pomoci eQTL mapovani lze identifikovat regulacni oblasti
odpovédné za zmeénu v expresi daného genu (cis i trans).

" NS

—-— s U ——

cis regulace trans regulace
promotory, transkripCni faktory,
enhancery, siRNA, miRNA

MiRNA vazebna mista
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Referaty:

https://docs.google.com/spreadsheets/d/1Y2r09rUQWf5erQOQXVqDhknjzR
_Q8IbO_4Pv2BaGYo/edit#gid=0
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Meioticky tah Marek Valt
Fenotypova plasticita, geneticka asimilace Gesa-Maret Neitzert
Vitamin C a reprogramovani DNA metylace v germinalni lini Nikola Sejgunovova
Transpozony a Cervena jablka Markéta Janouskova?

Asortativni kfiZzeni a balancujici selekce u amady gouldoveé
Asortativni kfizeni a MHC
Genova konverze Sara Simandlova

Neutralni teorie a pfirodni vybér

Mito-nuklearni koevoluce

Selective sweeps v lidské populaci

Geneticka podstata industrialniho melanismu Natalia Mitkova

Lokalni adaptace lovecko-sbéracskych populaci v Africe



Reverse genetika

Metody cilené mutageneze

Genovy knockout

« Jedinec u ktereho byl
urcity gen inaktivovan Ci
odstranen.

* Vyuziva homologni
rekombinaci v
embryonalnich
kmenovych bunkach.

« Zmeéna ve fenotypu
takového jedince
poskytuje informaci o
funkci genu.

Engineering a Knock-out Mouse

I’ "N FY )

Embryonic Sterm (ES)

cells from black mouse

mutation

Introduce DNA
containing mutant gene

Mormal
chromosaome
Introdu ced Inject altered ES

cells into

blastocyst stage
of embryo from
brown mouse

Implant embryo
into surrogate

’N\mi: mother mouse

> >

Surrogate mother gives
birth to chimeric pup; this pup
has cells from the black
strain and cells from the
brown strain



Podmineny genovy knockout

« Umoznuje inaktivovat urcCity gen pouze v urcite tkani.
* Vyuziva Cre-lox systém.

Cre Mouse LoxP Mouse

In tissue only | In all cells

loxP loxP

e ] [«

1
@5@ I M P C Conditional Knockout

International Mouse Phenotyping Consortium o </

In target tissue - In all other cells

loxP loxP loxP



Genovy knockdown

* Snizeni exprese urcitého genu.
» Vyuziti mechanismu RNA interference.

EXOGENOUS (outside origin)
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Referat: Vyuziti RNAI v lidské mediciné

Appl Microbiol Biotechnol (2017) 101:7091-7111 @ CrossMark
DOI 10.1007/500253-017-8433-z

MINI-REVIEW

Therapeutic potentials of short interfering RNAs

Chit Tam" + Jack Ho Wong' - Randy Chi Fai Cheung' + Tao Zuo® - Tzi Bun Ng'

Critical Reviews in Oncology/ Hematology 98 (2016) 159-169

Contents lists available at ScienceDirect

Critical Reviews in Oncology/Hematology

journal homepage: www.elsevier.com/locate/critrevonc

Nanoparticle-siRNA: A potential cancer therapy? @Cmmk

Samuel Wang Sherng Young?, Martina Stenzel?, Jia-Lin Yang**

3 Adult Cancer Program, Lowy Cancer Research Centre, Prince of Wales Clinical Scheol, Faculty of Medicine, University of New South Wales, Sydney, NSW,
Australia

b Centre for Advanced Macromolecular Design, Faculty of Science, University of New South Wales, Sydney, NSW, Australia



Genovy knockin

« Pomoci homologni rekombinace dojde k upravé sekvence genu.
Vytvoreni nove funkce.

Transgen

* Vlozeni jedné Ci vice kopii urcCitého genu do genomu.
Integrace je nahodna.



CRISPR-Cas

CRISPER (Clusters of
Regularly Interspaced
Short Palindromic Repeats.

Cas (CRISPER-associated)
genes. Nukleazy.

Bakterialni imunitni systém

cas genes

CRISPR
locus

Bacterial/archaeal
chromosome

. Palindromic

sequence

Foreign
DNA

| 1. Adaptation o b

CRISPR RNA

CRISPR-associated CRISPR
(Cas) genes




Editovani genomu pomoci Crisper-Cas9
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* V jednom kroku Ize upravit sekvenci mnoha genu.
« Staci dodat Cas9 + gRNA pro jeden ¢i vice gend.
» Lze provest knock-out i knock-in.



Technologie umoznujici cilené editovani genomu.
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Védci zadaji EU o zménu predpisu pro
moderni upravy genomu rostlin




AP NEWS
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AP Exclusive: US scientists try 1st gene editing in the body

MARILYNN MARCHIONE ~ November 15, 2017

Lécba Hunterova syndromu pomoci editace DNA




CRISPR’d babies: human germline
genome editing in the ‘He Jiankui affair™

Henry T. Greely (0

Corresponding author. E-mail: hgreely@stanford.edu

ABSTRACT

The world was shocked in Nov. 25, 2018 by the revelation that He

Jiankui had used clustered regularly interspaced short palindromic repeats
(‘CRISPR’) to edit embryos—two of which had, sometime in October, be-
come living babies. This article is an effort to provide some deep context
for the He Jiankui affair and to begin analyzing it. It focuses on He's ex-
periment, without delving into the broader ethical issues around *human
germline genome editing’ in the abstract. It begins by carefully defining ‘hu-
man germline genome editing . It then describes the little we know about
the experiment before providing background on CRISPR, the pre-He ethi-
cal and legal status of human germline genome editing, and on He himself.
The fourth, and longest, section provides a detailed narrative of the reve-
lation of the He experiment and its fallout. The fifth section critiques the
experiment, which I believe merits unequivocal condemnation on several
grounds. The last section suggests some important immediate reactions, by
‘Science’ and by China.



