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Heritabilita — mira

Pouziti korelacnich koeficienti muze podporovat
hypotézu, ze dana kontinualni vlastnost ma urcity
geneticky zaklad.

Ale, pro kvantifikaci pfispévku genu a prostredi se
pouziva jina mira: heritabilita (dédivost)
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Heritability in the genomics era — concepts and
misconceptions - Peter M. Visscher, William G. Hill & Naomi R. Wray;

Nature Reviews Genetics 9, 255-266 (April 2008)

Heritabilita dovoluje porovnavat relativni vyznamnost
variability gend a prostiredi na zmény vlastnosti v a mezi
populacemi.

Koncept dédivosti a jeho definici jako odhadnutelny, bezrozmérny
parametr populace pfedstavili Sewall Wright a Ronald Fisher
témeér pred sto lety.

Pres neustalé nedorozumeéni a spory o jeho vyuziti a aplikaci,
heritabilita i nadale klicem k odhadu odpovédi na selekci v
evoluéni biologii a zemédélstvi, a na predpovédi rizika
onemocnéni v mediciné.

Nedavné zpravy o vyznamnosti heritability pro expresi genu a nove
metody odhadu pouzivajici data markerl podtrhuji vyznam
heritability v éfe genomiky.
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Historicky zaklad

Stalo se standardem, Ze je pouzivan symbol h? pro heritabilitu.

 Jiz Sewall Wright pouzil h (z heredity) J)ro oznaceni korelace
mezi genotypem a fenotypem v modelu usekovych
koeficientu.

Druha mocnina této korelace (tedy h?) vyjadfuje podil variance
fenotypové, ktery je pri€itan k useku od genotypu k fenotypu.

Ronald Fisher, ve své klasické praci z r. 1918, parametrizoval
podobnost mezi pfibuznymi pomoci terminu korelacnich a_
regresnich koeficientl, coz aava priklad procento celkové
variability vysky u lidi, které Ize pfipsat genotypum a
»Zzakladnim genotypum*

Tato procenta koresponduji s tim, co nyni nazyvame heritabilitou v
Sirokem a heritabilitou v uzkem smyslu. Tento koncept poprvé
formalné pouZzil J. L. Lush pro znaceni pojmu ‘heritability’ k
popisu podilu genetické variance, ktera je zpusobena
dédiénymi faktory.
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J. L. Lush — Animal Breeding Plans (1937,...1943)

CHAPTER 8

Heredity and Environment

In the strictest sense of the word, the question of whether a char-
acteristic is hereditary or environmental has no meaning. Every charac-
teristic is both hereditary and environmental, since it is the end result of
a long chain of interactions of the genes with each other, with the environ-
ment and with the intermediate products at each stage of development.

Nevertheless, it is often convenient to speak of a characteristic as
“hereditary” or “highly hereditary” when we wish to emphasize that most
of the differences we usually see between individuals in that characteristic
are caused by differences in the genes they have, and only a few of the
differences between individuals are caused by differences in the environ-
ments under which they developed. The difference between black and red

With equal logic it is often convenient to call a characteristic “environ-
mental” or “only slightly hereditary” when most of the differences ordi-
narily found between individuals in that population are caused by
differences in the environments under which they developed and only a
small part of those differences between individuals are caused by differ-
ences in the genes they have. Examples of such largely environmental

The whole matter of whether a characteristic is hereditary or environ-
mental, if we find it convenient to state it in that way, is a question of how
much of the variation in that characteristic in that population is caused by
differences in heredity and how much is caused by differences in environ-

ment.
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The question of whether heredity or environment is the more impor-
tant can be phrased precisely and, if the data are available, can be
answered for a particular trait in a particular population. It does not have
a single answer true for all traits in one population nor for the same trait
in all populations. Let 0, = the actually observed variance, 6,° = that
part of the variance caused by differences in the heredity which different
individuals have, and 6,;* = that part of the variance caused by differences
in the environments under which different individuals developed. Then!'

oy” on’
(‘I”:! + l‘iq-_g =a,” and — "
TR LT
variance for which differences in heredity are responsible. When this
fraction is large, we say that the characteristic is highly hereditary; when
this fraction is small, we call the characteristic slightly hereditary or

largely environmental.

— the portion of the observed
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Heritabilita - Dedivost

Heritabilita (koeficient heritability) - je mirou podilu fenotypové variance
vlastnosti, ktera je nasledkem genotypovych rozdilu.

Cast pozorované variability, ktera je pfimo zplisobena variabilitou genotyp
(rozdilnymi genotypy v populaci).

> Heritabilita v $irsfm smyslu - H2, ktera je pomé&rem genetické
variance k celkové fenotypové:

2 2 2 2
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> Heritabilita v tzkém smyslu - h2, je pomérem aditivni
genetické variance k celkové fenotypove:
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Hlavni body o heritabilite

Odhad heritability je specificky k dané populaci a
prostredi, v kterem byl analyzovan.

Odhaduje se na populaci, ne na jedincich.

Heritabilita neznamena stupen genetickeho
zalozeni vlastnosti, ale meri podil genotypové
variance, ktera je vysledkem kombinaci ruznych
alel ruznych genu.
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Co neni heritabilita?

* nemeéri mnozstvi, kterym geny ovlivauji vlastnost
* neméfi relativni dusledky genu a prostfedi na vlastnost
* nema nemenny podil v druhu

* nezahrnuje jenom geny — nedefinuje kompletni
geneticky zaklad vlastnosti

* neni stejna pro vSechny vlastnosti v populaci

* neni vypovedi o jedincich — vypoCitana z variance na
populaci jedincu -> je charakteristika populace

« Jedinec nema heritabilitu, populace ano
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Co je heritabilita

- je meritkem velikosti variability geneticke
informace determinujici danou vlastnost
v populaci, tzn. fika néco o poctu genu a
ruznorodosti genotypu

- méfi podil fenotypové variance, ktera vyplyva z
genetickych rozdili mezi jedinci ve specifické
populaci

Zavisi na genetické varianci — neni-li (V; = 0), pak nelze
heritabilitu odhadnout
Vysoka hodnota mize znamenat minimalni V¢
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Definice heritability

Heritabilita neboli dédivost je

P7?77°?7°?7°

http://genetika.wz.cz/dedicnost.htm

Heritabilita (dédivost) udava, jak velka Cast

wrws

takze ji Ize vypoditat jako podil variance fenotypu
zpusobeny genetickymi faktory (V) a celkového
rozptylu hodnot fenotypu (Vp).

http://www.wikiskripta.eu/index.php/Heritabilita
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Definice heritability

U kvalitativnich znaku je dédivost
pravdepodobnost, ze se prenesou v nezmeénene
podobé do dalSi generace ?7?7?

U kvantitativnich znaku je dédivost mira, v jaké
se pfenesou z generace na generaci. 2?7
- Podil geneticky podminéné variability v daném
znaku na celkové (tedy i prostredim podminéné)
fenotypové variabilité v tomto znaku.

- Nektere slozky geneticky podminéné variability se
dédi z generace na generaci (V,) a jiné ne.
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Spravnéjsi definice?

Heritability is the proportion of phenotypic
variation in a population that is attributable to
genetic variation among individuals. Phenotypic
variation among individuals may be due to
genetic and/or environmental factors. Heritability
analyses estimate the relative contributions
of differences in genetic and non-genetic

factors to the total phenotypic variance in a
population.

« http://en.wikipedia.org/wiki/Heritability
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Spravneéjsi definice?

Proportion of the total variance that is
attributable to the average effects of genes,
and this is what determines the degree of
resemblance between relatives.

 Falconer, D.S. 1989. Introduction to QG

* Lynch, M. & Walsh, B. 1997. Genetics and Analysis of Quantitative Traits

 Hartl, D.L., Clark, A.G. 2007. Principles of Population Genetics
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MYLNE PREDSTAVY O HERITABILITE (VISSCHER HILL WRAY, 2008)

Heritability is the proportion of a phenotype that is passed on to the
next generation

This is a commonly held misconception; phenotypes are not passed on
but genes are. The definition of narrow-sense heritability contains the
variation in additive genetic effects (A). Half of these effects are
passed on from each parent, but the actual half is unique to each
offspring.

High heritability implies genetic determination

A high heritability means that most of the variation that is observed in the
present population is caused by variation in genotypes. It means that,
in the current population, the phenotype of an individual is a good
predictor of the genotype. However, it does not mean that the
phenotype is determined once we know the genotype, because the
environment can change or can be manipulated to alter the
phenotype.

Low heritability implies no additive genetic variance

_A low heritability means that of all observed variation, a small proportion _
Is caused by variation in genotypes. It does not mean that the additive
genetic variance is small.

MYLNE PREDSTAVY O HERITABILITE (VISSCHER HILL WRAY, 2008)

Heritability is informative about the nature of between-group
differences

The problem with this suggested paradox is that heritability
should not be used to make predictions about mean changes
in the population over time or about differences between
groups, because in each individual calculation the heritability
is defined for a particular population and says nothing about
environments in other populations.

A large heritability implies genes of large effect

In many gene-mapping experiments, the probability of detecting
a gene of large effect increases with heritability. However, this
does not by itself imply that there is a relationship between
heritability and the number or size of genes affecting the trait.
Mendelian single-gene traits have a broad-sense heritability of
1.0 but these seem to be exceptions. Morphological traits
usually have high heritability, but are polygenic, for although a
few individual genes have been identified that have a large
effect, these do not explain a high proportion of the genetic
variance.




Hodnoty heritability ~ n-%

« VYSOKA HERITABILITA (h2=0,70)
s?; relativné velkd < s?; relativné mala
— Fenotypova selekce pro tuto populaci bude efektivni

— Zmény managementu, v daném prostredi, nemohou byt
efektivni

« NiZKA HERITABILITA (h2 = 0,20)
s?; relativné mald < s?_ relativné velka
— Fenotypova selekce pro tuto populaci nebude efektivni
— Zmény managementu, v daném prostredi, mohou byt

efektivni
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Typ uzitkovosti Dédivost Hodnoty h?
Reprodukce Nizka < 0,30
Vykrmnost Stredni 0,30 — 0,60
JateCna hodnota Vysoka > 0,60
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Hodnoty heritability
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Hodnoty heritability v prirozenych
populacich

Had Chemoreceptivni citlivost 0,32 Arnold 1981
Jelen lesni Plodnost samic 0,46 Kruuk et al. 2000
Hrabo$ polni rist 0,54 Boonstra a Boag 1987
Pénkava Délka zobaku 0,65 Boag 1983
Blejsek Délka zivota samcu 0,15 Marila a Sheldon 2000
Cvréek Doba vyvoje 0,32 Simons a Rof 1994
Drosophila m. Délka kridel 0,69 Hoffmann a Schiffer 1998
Pocet bfidnich Stétin 0,50
Netykavka nedutkliva | vyska 0,08 I?geggington a McGraw
Doba kli¢eni 0,29
Clovék vyska 0,65
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Vysoke hodnoty dedivosti — znaky podminéne
mensim pocétem genu

(nejvyssi — 1 genem - kvalitativni znaky — ALE u
kvalitativnich znaku Vp = Vg -> nema smysl uvazovat o
heritabilité)

Nizka hodnota dedivosti — vice polygenni; u
vlastnosti s vysokym vlivem na biologickou
zdatnost
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Vliv prostredi na hodnoty heritability

_VA_ VA
Vo V,+V,+V +V;

Hodnoty heritability se mohou liSit v riznych prostfedich

Ve se zvysuje (h? se sniZuje), protoze menS$i podil fenotypové variance
je aditivhe geneticka

PF.1%%I€I3<? kridel u Drosophila melanogaster (Hoffmann a Schiffer,

V normalnich podminkach h? = 0,69
V stresujicich podminkach h? = 0,09, i kdyz V, byla jen nepatrné vétsi za stresu

Pri¢ina: vétsi hodnota V¢ v podminkach stresu (Vg = 9,2 oproti V= 0,9
normaini)

Citatel ovliviiuje hodnotu h2 — zejména V¢
Exprese genetické informace muaze byt ovlivnéna prostiedim (interakce G x E)

h2
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HERITABILITA plati pro

danou populaci
dany ¢as
konkrétni podminky

I nema obecnou platnost !
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Hodnota dédivosti zavisi na

strukture populace
podminkach chovu
urovni uzitkovosti
urovni plemenarske prace
sezonnosti vlastnosti
pohlavnim dimorfismu
¢etnosti souboru
metodé vypoctu
presnosti vypoétu

meziplemennych rozdilech (uzitkovém zaméreni)
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Odhadovani V, a h?

V, je zapricinéna podobnosti mezi pribuznymi
cil: odhad V, a oddélit ji od Va neaditivni genetické
variance

Statistické metody

Analyza regrese (rodi¢-potomek, ...)

Analyza variance ANOVA (rodiny vlastnich sourozencu a
plosourozencu)

Moderni metody:
Maximalni vérohodnosti (maximum likelihood), REML
* nebalancovana data
« maximilizuje pravdépodobnost pozorovanych dat danych parametr(
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Zpusoby odhadovani heritability

. . I:‘)z AG
Odpovéd’ na selekci: = d
Regrese potomek — rodic: L2
v ‘v o Sewall Wright
Regrese potomek — stfed rodicu: r2
h _ bP—OM
ANOVA (R. A. Fisher)
Korelace polosourozencu: h*=4p
' : h*=2/
Korelace vlastnich sourozencu: =<4p
~2
2 =24
VCE s AM: T a2
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Odhad heritability na zaklade regrese
potomul na prumeér rodicu

a h’=02 b
3 y =0.2x y = 0.8x

3 ; . E
E 2 it E L
) -y )

o A B .

2 b 2 =5
0 0 1
i @

r 1 = r L T 1
= 3 a -3 -2 wid 3
=] =]

c c

= g 4
& &

Midparent phenotypic value Midparent phenotypic value

Figure 2 | Estimation of heritability from the regression of offspring phenotype on the average phenotype of
the parents. The slope of the regression line is an estimate of the narrow-sense heritability for traits with a heritability
of 0.2 (a) and 0.8 (b) and phenotypic variance of 1. The variances of the observations about the regression line are 0.98
(a) and 0.68 (b), demonstrating that the average phenotypic value of the parents (midparent phenotypic value) is a
better predictor of the offspring phenotypic value if heritability is high.
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Predpoved efektu selekce
- realizovana dédivost

~ selekéni zisk, geneticky zisk, odpovéd na selekci

Populace ma priimérnou hodnotu vlastnosti X , a budeme
selektovat skupinu jedinct, ktefi maji primeér x

Zakladni populace d= )_(5 — X

Populace potomku
AG
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Odhadovani fenotypu potomku

Odhad fenotypu potomku z kfizeni dvou rodicu
selektovanych ze zakladni populace

= primér populace

x| X|

m = fenotypova hodnota populace otcl

x|

= fenotypova hodnota populace matek

s = prameérna hodnota obou populaci rodiCu = (X/\/I + X,_— ) / 2

x|

= pfedpovidana fenotypova hodnota potomku

x|

1

* Vzorec pro predpovéd hodnoty fenotypu potomku:

2 J— P
AG=dh  X,=X+h (X, —X)
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Priklad predpovédi hodnoty potomku

Jestlize primérna hodnota 1Q ve vybrané populaci otct je 120 a
matek 110, h2=0,40 a pramér celé populace je 100, pak :

X, =(120+110)/2=115

- Jak se odli$uji rodi¢e od populace? X, —x=115-100=15
- Jak moc je tato odchylka dedi¢na? h* (x; —x)=0,4.(15)=6

- Jak se budou potomci odliSovat od populace?
Primérna hodnota IQ u potomk?

X,=h*(x, —x)=100+6 =106
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Kolik % proménlivosti mizeme Slechtit ?

E namérend uZitkovost j
100 % proménlivosti (fenotypova)
=1

krmeni, vlhkost, ustijeni,...
= systematické vlivy prostiedi

ndhodné prostredi pfi h?=0,25
30 % proménlivosti o

—) genetickd informace
G {genotyp jedince)
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