Genetika zivocichu

Genetika domacich zvirat:
komparativni pristupy

Domaci zvire jako model

W NN -

. Domestikace jako ,,evoluce v akci“
. Model lidskych znaku (nemoci)

. Model aplikace zakladni védy

. Model pro S2Z

Domaci zvirata

1. Domaci a hospodarské zvife

2. Postaveni domacich zvirat v systému
klasifikace zivych organismd

Nizsi taxony

NizsSi taxony

1. Plemeno, linie, raz
2. Rozdéleni plemen domacich zvirat

Rozdéleni plemen

—>Podle puvodu

—>Podle morfologie (kraniologie)
—>Podle geografického rozsireni
—>Podle uzitkového zaméreni




Rozdéleni plemen

—>Podle puvodu

—>Podle morfologie (kraniologie)
—>Podle geografického rozsireni
—>Podle uzitkového zaméreni

Nizsi taxony

1. Plemeno, linie, raz
2. Rozdéleni plemen domacich zvifat

Domestikace

1. Nezavislost na fluktuaci prostiedi
2. Soustiedéni na zdroje obzivy

3. Zmény v demografické distribuci
4. Predpoklady pro vzestup civilizace

Plemena

http://www.ca.uky.edu/agripedia/Clas
ses/ASC106/CLASSZ00.asp

#

Domestikace: Neoliticka revoluce

The most important technological development ever to occur in human history was
the domestication of plants (agriculture) and animals (pastoralism). Together these
developments are called the Neolithic Revolution and they allowed the development
of urban centers (fowns and, later, cities), trade and most of the other things we
consider to be components of "civilization."

http:/fwww.rivervalleycivilizations.com/neolithic.php

Domestikace

1. Vzacna udalost v omezeném poctu
lokalit

2. mtDNA: nezavislost ohnisk
domestikace

3. Zpétné krizeni s divokymi predky




Evoluce v akci (Andersson 2011)

» High phenotypic diversity and less extensive
genetic heterogeneity than humans

» Related domesticated, captive and free-
ranging species living in different
environments

» Signatures of natural and artificial selection in
the genomes

Domestikace a geneticka variabilita
jako zaklad Slechténi

- Fenotypova
- Genotypova

Pfiklad: domaci pes

SNPs in 79 dog breeds and their
associations to morphology (in red)

Functional variation: The genomic signature of dog ication reveals to a starch-rich diet.

Erik Axelsson et al.: Nature (2013) 495, 360-364

Boyko et al PLOS Biol 2010

The cost of domestication:
deleterious mutations in dogs

Proportion of Nonsynonymous and Synonymous Changes

Spacies I} Nedy Sy

Dog 03225 493 38.1
0209-05121)  (324-69.2) a77-78.6)

Wolf 0.209% 457 §2.8
0.1947-02365)  (346-57.9) (63.6-103.5)

Cat 0.2093 35156 99893
0.1047-02765)  (IEMEH0IT)  (GEIRE-10TILG)

Cruz et al Mol Biol Evol 2008
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Comparisons of domesticated wild species (left of
each pair) and their never-domesticated close
relatives (right)

Daimond Nature 2002




Domestikace a geneticka variabilita
jako zaklad Slechténi

- Fenotypova
- Genotypova

GENOTYPOVA SELEKCE
Zdrojem genotypoveé
selekce je

geneticky podminéna
promeénlivost

DEDICNOST KVANTITATIVNIHO ZNAKU

Rozklad fenotypové variance:
Vp=Vg +V,
V=V, +V,+V,
Ve = Vg, + Vi

DEDICNOST KVANTITATIVNIHO ZNAKU

Geneticka variabilita
Vg=Vp+V,+V,

Koeficient heritability

h2

Domestikace a geneticka variabilita
jako zaklad Slechténi

Od fenotypové ke genotypové
selekci




Art of Breeding

Old Norway Sheep bl A A

Soay sheep

SLECHTENI

Cilevédomy vyhér zviFat vedouci

ke genetické fixacl viastnosti,
které jsou soucasti
chovatelského cile

mZakon ¢. 154/2000 Sb
ENavazujici vyhlasky

CHOVATELSKY CiL

xVlastnosti zdravi
xVlastnosti uzitkove

Znaky: kvalitativni a kvantitativni

> Genetika normalnich znaku
> Genetika zdravi




GENETIKA VE SLECHTENI

> Genetika normalnich
makii: exteriér, uzitkovost

> Genetika zdravi: 20, Wi,
resistence, reakce naléchu,
environmentilni mutageny,
genové manipulace

GENETIKA ZDRAVI VE SLECHTENI ZVIRAT

xPfednokiad napinéni $lechtitelského cile

xISoutdst Slechtitelského cile

SLECHTENI

xSelekce
xPlemenitba

SLECHTENI

xSelekce

xPlemenitba

Eprirodni/uméla
mnegativni/pozitivni

®na jeden znak/na vice znakd
mfenotypova/genotypova

Epfirodni/uméla

Enegativni/pozitivni
®na jeden znak/na vice znakii
mfenotypova/genotypova




Eprirodni/uméla

®negativni/pozitivni
®na jeden znak/na vice znak
mfenotypova/genotypova

Eprirodni/uméla
®negativni/pozitivni

®na jeden znak/na vice znak
mfenotypova/genotypova

xDirekcionalni
xStabilizac¢ni
EDisruptivni

Korelace mezi znaky

ncy of individuals —»|

e
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Phenotypes (fur color)
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(b) Disruptive selection (c) Stabilizing selection
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KTandemova
xNezavislé vyrazovani

xSimultanni — selekéni
indexy

Selekcni index

Selekeni indexy

Table% Features of a seleetion index for sheep

Predicted  Relative Economic Contribution to
average Valie economic response

Eprirodni/uméla

mnegativni/pozitivni
®na jeden znak/na vice znak
mfenotypova/genotypova

Trait genetic gain (REV) (percentage)
(1) (2) &)
No. lambs bom (NLE) 0.05 lambs 354 63
Weaning wt (WWT) 05 kg 4 a8
Hogget ivewt (HLW) 12 kg 0 0
Hopgetfleecewt(HFW) 003 kg 2 7
Genotypova selekce
plemenné hodnoty

xHybridologicka analyza
xMolekularni analyza
xAnalyza in silico




ODHAD PLEMENNE HODNOTY

xPodle pribuzenstva
mPodle markeru

ODHAD PLEMENNE HODNOTY

mPodle pribuzenstva
xPodle markeru

PH podie piihuzenstva

mVlastni uzitkovost

mPredkové a kolateralni
pribuzni

xPotomci

xIMetoda vrstevnic

ESkupiny potomstva

Integrované metody

*BLUP
Animal model

ODHAD PLEMENNE HODNOTY

xPodle potomku
xPodle markeru

Identifikace molekularniho markeru

Cilena analyza

X Celogenomova analyza




Identifikace genl - markert
pro zdravi a uzitkovost

= Redukcionismus

VS.
= Holismus

Holismus v biologii a genetice

OMIKY
29

Relative Perspective (Field of Corn)

Slide courtesy of Prof. Jamie McLeod, UK Lexington

Relative Perspective (Field of Corn)

Slide courtesy of Prof. Jamie McLeod, UK Lexington

Relative Perspective (Equine Genome)

Chromosome

CTGATCTGCGATTACTAGCGACH

Targeted DNA

Slide courtesy of Prof. Jamie McLeod, UK Lexington, KY Sequencing

Relative Perspective (Equine Genome)

Ghomosome
. — Genomic DNA Southern Blot

' — s

Targeted Region

Slide courtesy of Prof. Jamie McLeod, UK Lexington, KY




Relative Perspective (Equine Genome)

Chromosome Analysis
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Slide courtesy of Prof. Jamie McLeod, UK Lexington, KY

Relative Perspective (Equine Genome)

Whole Genome Analysis

Slide courtesy of Prof. Jamie McLeod, UK Lexington, KY

Relative Perspective (Equine Genome)

Whole Genome Analysis

Slide courtesy of Prof. Jamie McLeod, UK Lexington, KY

Gene discovery
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Functional validation

Genome-wide approaches

> Simple traits (coat color, disease...)
> Complex traits (production, disease,
predisposition to disease.....)

Identifikace molekularniho markeru

Cilena analyza

X Celogenomova analyza




Frequency of variants and their effects in the
framework of genome-wide association studies based
on genotyping by NGS

Effect size

High Mendelian
(OR>5) disease

Common variants of
o effect

large

nmm
effe

Moderate
(1.1<OR<5)

Low Most variants identiied.
(OR<11) by GWAS

Very rare (<0.1%) Rare (<1%) Common (>5%)
Manry and Quintana-Murci, Cold Spring Harb Perspect Med 2013;

Simple traits: search for causative mutations

igh throughput methods - next generation sequencing
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Serial translocation by means of circular
intermediates underlies colour sidedness in cattle
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Simple traits are not always simple

y mutation
ity to me

os premature hair
in the horse

4.8-kb duplication

ST B+ nvsH—}
NA4A3 TXNDCS i< H-<—H—<—]
352 kb interval

Charlier et al. Science 2008 T —
Greying and melanoma
Old Kladruber horse

= the same mutation

= markers associated with melanoma
(greying, IR gene SNPs, msats)

| explain additional variation

Futas et al., Tissue Antigen 2013

Identifikace molekularniho markeru

Cilena analyza

Celogenomova analyza

GENOMIKA A PROTEOMIKA

Systematicka a
komplexni analyza
genomu a proteomu




Postgenomicka éra

Obdobi, kdy jsou znamy kompletni
sekvence genomi vyznamnych
organismd (lidsky genom 2001)

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

Genomika a
postgenomika
Genom domacich zvirat

» Struktura
> Variabilita
»Funkce
»>Vyuziti

METODICKY POTENCIAL
‘Sekvenace

Genom; =

TransKriptomy e

»Celogenomové sekvence

http://www.ensembl.org/

Kompletni sekvence genomd

1atgtgccege cgegeggect cetecttgtg gecateetgg tectectaaa ceacctggac
61 cacctcagtt tggccaggaa cctccccaca gecacaccag geccaggaat
gttccagtge 121 ctcaaccact cccaaaacct getgaggace gtcagcaaca
cgcticagaa ggccaggcaa 181 accctagaat tetactcetg  cacttctgaa

atgaggatat 241 aagagcagca ccgtggegge
ctgcctecee  ctggaactcg ccccgaacga  gagttgecty 301 gettecagag
agatctcttt cataactaat gggagttgcc tgaccccegg aaaggectct 361
tetatgatga cgctgtgect tagcageate tatgaggact tgaagatgta ccaggtggag
421 ttcaaggcca tgaatgccaa gctgttgata gatcctcaga ggcagatett
tctggatgag 481 aacatgctga cagcecattga caagetgatg caggecctga
acticaacag tgagactgty 541 ccacaaaagc cctccctiga aggactggat
fittataaaa ctaaagtcaa gctctgcatc 601 cttcttcatg  ccttcagaat

cogegeagtg accatcaaca ggatgatggg ctatctgaat 661 gettectaa

Strukturni a funkéni anotace genomu ‘




Genom domacich zvirat

> Struktura
> Variabilita
> Funkce
»>Vyuziti

Priklad:
variabilita konského genomu

The September 2007 Equus caballus draft assembly EquCab2 (UCSC version
equCab2) produced by The Broad Institute: http://genome.ucsc.edulcgi-
bin/hgGateway?hgsid=141394813&clade=mammal&org=Horse&db=0

= Coverage: 6.8x (7.3x)

= Genome size: 2.67 GB (2.40 GB)

= SNP rate: ~1/1500 (~1/1700)

= Anchored: 96% (98%)

= 46% repetitive (SINEs, LINEs), but not duplicated

= Current gene set: 20,322 protein coding genes

= 15,027 one-to-one orthologous to human

= 87% of the 18,039 human overlapping genes predicted by
ENSEMBL were confirmed Wade et al. Science 2009

>SNP
»Repetice: msats
»>CNV

Single nucleotide polymorphisms (SNPs)

‘http://www.humgen.nl/SNP databases.html

CNV - copy number variation

nnnnn oms

o
‘Eizz range of structural genomic variation

Wain et al., Lancet, 2009

Viyuziti znalosti kompletni sekvence
genom

1. Identifikace gend a genovych drah ,in
silico*

2. Komparativni  genomika,  vyznam
modeld




Viyuziti znalosti kompletni sekvence
genom

> Hybridologicka analyza
> Molekularni analyza
> Analyza in silico

1. ldentifikace genu a genovych drah ,in
silico”

2. Komparativni _genomika,  vyznam
modelU

KOMPARATIVNI GENOMIKA

> Evoluce: fylogeneze, speciace

» Strukturni: sekvenéni podobnost,
homologie, ortologie

> Geny pro nemoci: biomodely

3333333

Mys jako model lidskych onemocnéni

»-

> http://www.cmhd.ca/databases/index.html
> http://www.informatics.jax.org/
> http://www.mouseclinic.de/




Genom domacich zvirat

> Struktura
> Variabilita
> Funkce
»>Vyuziti

METODICKY POTENCIAL
'Sekuenace "

=

EST
Aranskeiptom e

(Perou et al, 2000)

METODICKY POTENCIAL
i ‘Sokwonace
SNP
BT

Transkriptom:  sewos

PROTEOMIKA

Studium proteini exprimovanych v
huiice

Genom domacich zvirat

> Struktura
> Variabilita
> Funkce

> Vyuziti




“ v-l’ gennm-k

> Celogenomovy pristup
»Kandidatni geny

Molekularni lliSBl(Goﬂ komplexnich
maku

OD FENOTYPU KE GENOTYPU

DNA RNA

Protein |

OD GENOTYPU K FENOTYPU

Molekularni disekce komplexnich znakl

1. Fenotypizace

2. Genome wide association study (GWAS)
3. Analyza genové exprese: RNA, proteiny
4. Analyza drah (pathway analysis)

GWAS

® Princip: markery ve vazbé k dosud neznamym
vyznamnym gentim

®= Markery: SNP,mikrosatelity,

= Postup: srovnani skupin extrémnich fenotypt

® Vysledky: kandidatni chromosomalni oblasti

= Dal$i postup: mapovani oblasti, kandidatni geny

‘ Analyza funkce identifikovanych genu ‘

Molekularni disekce komplexnich znaki
&&\%ﬂ

cDNA microarray

Mechanismus

Genové drah ; g
y vzniku nemoci

(custom arrays)

Genové drahy
(regulacni, signalni metabolické etc.)

‘ http://www.polvqenicpathwavs.co.uk/‘




Genové drahy
a mechanismus nemoci (patogeneze) Genomika v chovu zvirat

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

Gene
Family

»Molecular breeding value (MBV)
Cholesterol and lipoprotein-related &gﬁz?tz%aﬁgﬁ?;%Zguﬁigc LiPA, > P arentita’ doh Iedatelno st
PP p— »Monogenni dédi¢na onemocnéni

ALDH2, GSTMI, GSTTI, HFE, MPO, NOS3, PON1,

»Komplexni nemoci a geneticka

or and related CYPI9AI, ESRI, PPARA

ACE, CST3, MMP1, MMP3, SERPINEL p red is pOZi ce

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

Miscellancous ICAM1, MEF2A, MTHFR, PTGS2, TLR4

Genes associated with both atherosclerosis/hypercholesterolaemia and Alzheimer's

Vyuiiti genomiky STRUKTURNI GENOMIKA

»>Celogenomovy pfistup Mapy fyzické
Mapy genetické

> Kandidatni geny Mapy cytologické

Mapy integrované

Mapy cytologické
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INSTITUT NATIONAL DE LA RECHERCHE AGRONOMIQUE

Laboratoire de Généti iochimi et de Cy de Jouy-en-Josas

/‘Mapping the Equine Genome B

Entry of the Horsemap database - click here

SUBMIT DATA FOR HORSEMAP
ART FOR ANIMAL GENOME MAPPING

Around HORSEMAP database
A Chpetnks )

termaldatabases referencedin Horsemsy

Other Equine Genome Ressources

Institut National de Recherche Agronomique
Laboratoire de génétique biochimique - Jouy-en-Josas

Welcome to Horsemap Database

World Wide Web Version 2.00
Last code change : 20 Feb2003

Main Menu

SUMMARY 'REQUST ON LOCI ‘GENE LIST
LoCI usT IST REQUEST
REQUEST 'HOMOLOGY QUERY
PHENES LIST

The WWW version of Horsemap was developped by Delphine & Franck Samson, and the last one,

ernard Weiss
For bugs reporting and feedback : G. Guerin , B. Weiss
Kandidatni geny ovliviaujici
«- i
uzitkovost - priklady

-

Candidate genes for meat production:

Quantitative traits Candidate genes

% of lean meat, PSE meat  HAL, RYR1, CRC, c-myc

MHS ==> QTG ™—=> CRC

stress RYR + HSP70 + Triad
Muscle building capacity MYOD family, MYF4
Muscle mass MYOST

Birth weight POU1F1

Weight gain GH

Fat percentage LEP

% IMF H-FABP

Feed conversion CCK

*skot: kappa-kasein
eprase: ESR, RN, myostatin
«ovce: Boorola

locus/ gene trait chromosome
ESR Litter size 1
QTL Age in first heat 1
FSHB Litter size 2
QTL Ovulation rate 4,3
QTL Number of embryos 8
Ovulation ratio
uterus size
QTL Length of pregnancy 9
StAR reproduction 15
PRLR Litter size 16
OPN Litter size 8




2 CAHE

APLIKACE VE SLECHTENI

x MAS: Ipiesnéni odhadu plemenné
hodnoty, MBY, EBY

Genomicka selekce: Odhad plemenné
hodnoty na zakladé SNP chipu

SLECHTENI

xSelekce
xPlemenitba

Rozdéleni metod
plemenitby

xPodle podobnosti
rodié¢t a potomkii
xHeteroza

Rozdéleni metod
plemenitby

xPodle podobnosti
rodi€u a potomkii
KHeteroza

Rozdéleni metod
plemenitby

Podle podobnosti rodicu a
potomka:

- Cistokrevna plemenitba
- Pozménovaci krizeni




Cistokrevna plemenitha

> Cistokrevna plemenitba s.s.
> OsvéZeni krve
> Liniova plemenitba

> Pribuzenska plemenitba

Rozdéleni metod
plemenitby

xPodle podobnosti
rodié¢a a potomkii
xHeteroza

> Selekce linii
> Rekurentni selekce

> Reciproka rekurentni
selekce

»ZusSlechtovaci kfizeni
> Prevodné krizeni

»Kombinac¢ni krizeni

Rozdéleni metod
plemenitby

Heteroza:
- Specificka kombinacni navaznost

- Nahodna kombinace — uzitkova
kriZeni

>Jednoduché
> Vicenasobné

> Mezidruhové




SLECHTENI

®Slechtitelské programy

xIHybridizaéni programy




