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Kvantitativni genetika

kvantitativni znaky — spojité

fenotypova variance (V,) =
variance zpusobena rozdily v prostredi (V)

Number of individuals

+ zplUsobena genetickymi rozdily (V)
+ interakce mezi rozdily v prostredi
a genetickymi rozdily (V .,z)

Height (in)

vP = vE + VG+ vExG
Slozky V.

V, = aditivni slozka
V, = dominancni slozka (interakce mezi alelami v jednom lokusu)

V,= epistaticka slozka (interakce mezi lokusy)

VG=VA+VD+‘/I



Dédivost v Sirokém smyslu (H,):

Vo _VatVotV;
Ve Vo

Hp=

Dédivost v uzkém smyslu (H,, nebo h?):

h2 = HN _ V.
Ve

- odhad pomoci selekCniho experimentu:

R = odpoved na selekci
S = sila selekce (selekcni diferencial)
H, = dédivost (v uzkém smyslu)

R=H,S

vP=VE+vG+vExG
VP=VE+VA+VD+‘/I



Dédivost

- odhad pomoci regrese hodnoty znaku rodi¢u a potomku
Regrese pro znak u rodi¢t a potomku

PF.: velikost zobaku: H,, = 0.98 (smérnice pfimky)
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The genetics of maternal care: Direct and indirect
genetic effects on phenotype in the dung beetle
Onthophagus taurus

Dédivost

-odhad pomoci ,breeding” experimentu

John Hunt* and Leigh W. Simmons

(ANOVA)
6828-6832 | PNAS | May 14, 2002 vol. 99 no. 10

Source df M5 F ratio Variance % of total h? = 5E

Pronotum width
Sire 19 0.14629 1.24 1.565 = 104 0.20 0.008 = 0.070
Dam[5ire] 154 0.13015 209 1.750 = 102 21.91 0.876 = 0.195%
Progeny 22 0.06221 B0.221 = 102 77.89
Total 695 0.07987 7.987 = 102 100.00

Brood mass weight
Sire 19 0.11693 210 1.632 x 103 3.36 0.134 = 0.0
Dam[5ire] 154 0.05854 137~ 4,034 = 103 8.31 0.332 = 0.165
Progeny 522 0.04288 4.288 = 102 B8.313
Total &95 0.04863 4.854 = 102 100.00

Brood mass number
Sire 19 A6 8207 0.69 —0.B72 —1.65 —0.066 = 0.037
Dam[5ire] 154 72.6513 1.54** 6.541 12.36 0.494 + 0.044
Progeny 22 47 2514 47.251 B9.29
Total 695 L3.6843 L2.921 100.00

- u vypoctu dédivosti z breeding experimentl se zanedbava epistaticka slozka




Problémy s odhalenim genetické kontroly znaku:

- nalezeny lokus muze kontrolovat znak jen na jednom genetickém pozadi

- epistatické interakce: Kolik moznosti je nutno testovat pro dva lokusy s dvéma
alelami ke zjisténi epistatickych interakci?

AA, Aa, aa

BB, Bb, bb



Propojeni kvantitativni genetiky a molekularnich pfistupu (QTL)
Sizing up human height variation

priklad genomové analyzy komplexniho znaku

Peter M Visscher

— vySKky u Clovéka VOLUME 40 | NUMBER 5 | MAY 2008 | NATURE GENETICS

- v rodinach podobna vyska: polygenné kontrolovany znak (aditivni variance?)
- dédivost asi 0.8

- 3 ,genome-wide association studies”: SNP Cipy, dohromady 63 000 lidi, hledani
asociaci znaku s lokusem (nalezeno 94 asociovanych SNPs) a validace na dalSim
vzorku (prezilo 54 lokusu, kazdy vysvétli 0.3% az 0.5% fenotypové variability)

o =
Shody: n -
- potvrzena role dfive nalezenych gent HMGA2 ; i
a GDF5-UQCC — n-40,000

Powar of ditiscrtion [3&)

- SNPs ve tfech genech (ZBTB38, HHIP, HMGA?2)
asociovana s vyskou ve vSech trech studiich, i
dohromady v sedmi genech ve dvou ze tfi studii

Effect sme (% wvarance explaned)

- prﬁmérny VliV na V}Iléku u jeantlivyCh genl°J by| Figure 1 Statistical pcwerf:-: detection in GWAS

. . . . . for variants that explain 0.1-0.5% of the variation
kolem 0.4 - 0.8 cm mezi dvéma skupinami homozygotu atatye | error rate of 5 x 107 (calculated using
the Genetic Power Calculator!®). Shown is the
power to detect a variant with a given effect size,
assuming this type | error rate, which is typical for
a GWAS with a sample size of 0 = 5,000-40,000.




QTL a ,genotype-to-phenotype problem*

Polygenné kontrolované znaky:
analyza QTLs:

- zachyti jen polymorfni lokusy

- statisticka asociace fenotypoveho

projevu s QTL zavisi na jejim efektu
na fenotyp, ale i na frekvenci alely v
populaci a funkci daného lokusu

- vysledek specificky pro zkoumany
vzorek

- problémy s interakcemi v ramci
lokusu i mezi lokusy

From Genotype to Phenotype: Systems
Biology Meets Natural Variation

Philip N. Benfey™* and Thomas Mitchell-Olds"

SCIENCE WVOL 320 25 APRIL 2008

Fig. 1. Ways in which a hypothetical network could control flower form and color among Mimu(us
species. The widespread species M. guttatus (A) has large, yellow flowers. In contrast, the flowers of
M. laciniatus (B) are typically 75% smaller than those of M. guttotus. Other species show elevated
expression of red anthocyanin pigments (€}, as in this hybrid between subspecies of M. luteus. Changes at
various points in the network (represented by differing widths of the connections [arrows] between
network nodes [circles]) could be responsible for this natural variation. [Photos by ]. Modliszewski]



- odhady dédivosti jen u
blizce pfibuznych

=23 (pofad podobné
Zamrzl4 evoluce N genetické pozadi)

- chybi odhady
napriklad pres vic
generaci

- epistatické interakce
zpusobuiji stazi
(zamrznuti)

- zména fenotypu napf.
PO homogenizaci
genetického pozadi
(po inbreedingu)
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VétSina znaku zalezi na interakcich ¢lenu regulacnich siti...

... pro€ tedy €asto zména asociovana se zménou v jednom lokusu? (a pro¢ ¢asto
paralelné v tom jednom lokusu (hotspots)?)
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ZMENY SITE, KTERE
JSOU VSEM STEJNE
SROZUMITELNE

FicUre 4.6. The epigenetic landscape. An illustration of the gene’s modu-
lation of the landscape’s form. (After Waddington 1957, see n. 65.)




. pro€ tedy Casto zména asociovana se zménou v jednom lokusu? (a proC Casto
paralelné v tom jednom lokusu?) — €asto input/output gen regulujici expresi modulu

Is Genetic Evolution Predictable?

David L. Stern** and Virginie Orgogozo™
6 FEBRUARY 2009 VOL 323 SCIENCE
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Fig. 1. Morphological divergence between species has been caused by repeated  gene integrates extensive information from developmental patterning genes to
evolution at an input-output gene. (A) D. melanogaster and D. sechellio differ in  generate a pattern of Shavenbaby protein expression that prefigures the pattem
the pattern of fine frichomes decorating the dorsal and lateral surfaces of the  of trichomes on the firstinstar larva. Cells accumulating Shavenbaby will dif-
larvae. This difference is caused entirely by evolution of the ds-regulatory region  ferentiate a trichome because Shavenbaby protein regulates a large battery of
of the shavenbaby gene (9). (B) The ds+egulatory region of the shavenbaby  genes that act together fo transform an epithelial cell into a trichome (11).



A D. melanogaster
natural variant D. quadirilineata

D. melanogaster

: poils au dos (pad) |: scute

29bp deletion
B
wingless decapentaplegic
extra macrochaete \ Bar Ry
; lroquois
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complex Notch Delta
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senseless neuromuscullin CG32392
hindsight quail
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snail
spineless
Sensory cell Cell adhesion Actin and microtubule
fate determination distribution
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Differentiation into a sensory organ precursor cell

Fig. 2. Bristle patterns on the dorsal thorax of Drosophila species have evolved within spedes and between
species because of different kinds of mutations. (A) A mutation generating a null allele of the poils au dos gene
within a population of D. melanogaster increases the number of large bristles on the dorsal thorax (white
triangles indicate normal bristles and green triangles indicate extra bristles) (13). In contrast, the increased
number of bristles in D. quadrilineats results at least in part from changes in the cis-regulatory region of the scute
gene (12). The extra bristles caused by the poils au dos mutation are not as predisely positioned as the extra bristles
caused by the scufe mutation (indicated by purple friangles). (B) The two evolving genes, poils au dos and scute,
occupy different locations in the genetic network that generates the pattern of bristles. The scute gene is an input-
oufput gene, whereas the poils au dos gene is a developmental patterning gene. The null mutation in poils ou dos
increases sensory organ numbers not only in the thorax but also in the wing.

- urcité mutace v
nékterych Castech site
maiji vetsi pleiotropni
ucinky (potencialné
negativni) nez v jinych



B Cis-regulatory mutations causing morphological variation
B Null coding mutations causing phenotypic variation
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Fig. 3. Different kinds of mutations occur with different frequency during
shori-term and long-term evolution. Among all mutations causing mor-
phological variation identified fo date, the proportion of cis-regulatory
mutations (black bars) is higher for long-term evolution than for short-term
evolution. For all mutations that have been reported to cause phenofypic
variation in either morphology or physiology, the proportion caused by null
coding mutations (red bars) is higher for short-term evolution than for long-
term evolution. The numbers above the bars refer to the total number of
examples in each category. The number of cases of morphological evolution
(black bars) is a subset of the number of cases of phenotypic evolution (red
bars). Data are from (1).

- urCité mutace v nékterych
Castech sité maiji vétsi pleiotropni
ucinky (potencialné negativni) nez
Vv jinych

- i pleiotropni mutace se muze
prosadit pfi slabé selekci

- typy pozorovanych mutaci se
meéni podle urovné srovnani
fenotypu (vnitrodruhova versus
mezidruhova a vyssi) — efekt
dlouhodobé selekce?

- mezi lokusy zodpovédnymi za
rozdily mezi blizce pribuznymi
druhy méneé epistatickych
interakci (mikroevoluce a
makroevoluce ,jiné"
mechanismy)



A Simple Genetic Architecture Underlies Morphological
Variation in Dogs

Adam R. Boyko'??, Pascale Quignon®®, Lin Li?®, Jeffrey J. Schoenebeck?, Jeremiah D. Degenhardt?,
Kirk E. Lohmueller?, Keyan Zhao'?, Abra Brisbin?, Heidi G. Parker®, Bridgett M. vonHoldt®, Michele
CargillE, Adam Autnnl, Andy Reynnldsl, Abdel G. Elkahlnun3, Marta Castelhannﬁ, Dana 5. Mnsher3,
Nathan B. Sutter?®, Gary S. Johnson’, John Novembre®, Melissa J. Hubisz?, Adam Siepel?, Robert K.
Wayne?, Carlos D. Bustamante'?"", Elaine A. Ostrander®

... a small number of quantitative trait loci (<=3) explain the majority of
phenotypic variation for most of the traits we studied.
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Linnaeus: novy druh
Hugo de Vries: peloricka forma je mutace
Coen a Innes: epimutace

LINARIA VULGARIS
FORMA PELORICA

LINARIA
VULGARIS

FORMA TIPICA




Jednolokusové zmény vedouci k rozdilnym fenotypum

- zména v sekvenci kddujici protein

- duplikace genu

- zmeéna v promotoru

- dalSi alternativy

Chromatin remodelling
and memory systems

Enhancer regulation

The molecular elements that underlie

developmental evolution

Basal promater
specificity

Claudio R. Alonso and Adam S. Wilkins

NATURE REVIEWS | GENETICS
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Problémy s odhalenim genetické kontroly znaku:

* Nalezeny lokus muze ,kontrolovat® znak jen v jednom prostfedi — v€etné
vnitfniho prostredi (napfr. samec vs. samice)
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QUANTITATIVE GENETIC ANALYSES
OF COMPLEX BEHAVIOURS IN
DROSOPHILA

Robert R. H. Anholt** and Trudy F. C. Mackay*



- odhalit zpusob genetické kontroly fenotypu pomoci kombinace kvantitativni
genetiky a QTL je slozité az nemozné u znakl podminénych mnoha lokusy

- znaky jsou podminény chovanim genovych regulacnich siti, zména jejich
chovani muze byt docilena zménou v jediném lokusu (bodu sité)

- pozorované genetické zmény sité vedouci k riznym fenotypum se liSi podle
urovne, na které variabilitu studujeme, patrné kvuli Cetnosti jednotlivych typu
mutaci a jejich zachovani pod dlouhodobou selekci

- do regulace sité vstupuji i epigenetické a environmentalni faktory
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