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 |dealni populace (Fischer Wright model)

« Hardy-Weinberg principle

odchylky: inbreeding, asortativni kfiZzeni, pop. struktura

 Drift (nahoda)

- Effective population size




Selection
Mutace preci nemusi byt jen neutralni

« Mohou ovlivnit fitness

« Alela — fenotyp — fitness (W)

— Fitness: schopnost prezit a dozit se reprodukéniho véku, najit si partnera,
plodnost a pocet potomki

— Components of fitness: viability, mating success, fertility and fecundity

* Mutace neutralni, vyhodné, nevyhodné

* Fundamental theorem of natural selection aneb
bez rozdilu neCekejme vylepseni

The rate of increase in fitness of any organism at any time is equal to its
genetic variance in fitness at that time (Fisher 1930)
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Diploidni model

Fitness vztazena ke genotypu.

(Jaka je fitness jedincu s konkrétnim genotypem VZHLEDEM k jinym
genotypum?)

Zaclenime fitness mutaci (genotypu) do jednoduchych modelu klasické
populacni genetiky

Genotyp, ktery zanecha nejvice potomkd w = 1, letalni genotyp w =0
Ostatni genotypy: wmezi 0 do 1, w =1 — s, s je selekCni koeficient

Diploidni organismy:

S mira selekce proti homozygotum

h mira dominance

hs mira selekce proti heterozygotum
Alternativné wyq, wy,, Wy,



TABLE 6.2 DIPLOID SELECTION FOR SURVIVORSHIP (VIABILITY)

Genotype Total
Generation t - 1 AA Aa aa
Frequency before selection P 2pg q l=p"+2pg+g
Relative fitness (viability) Wi Wiy 29
After selection Py 2pquv;; g wWaz W= p-wy + 2pqua+g 1wy
. P, 2pqiv q W
Normalized - — -
I [{I
P + paiv;

(Generation t

Dosadime do HW rovnovahy

Zname-li frekvence alel a fithess genotypu (s a h),
muzeme predikovat zmény frekvenci v dalSich generacich.

Pozor! Soucasné ma vliv i drift!



Modes of selection

* Positive (adaptive Darwinian) selection

* Negative (purifying) selection



Positivni selekce

Simulovano 10 populaci
i | Nova mutace
. N je 100

P{A) 05 —

Pouze drift

Fitness
- heterozygota pro novou alelu o 10 % vySsSi
- homozygota o 20 % vysSi
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D. melanogaster a rezistence vuci DDT

Stejny gen u riznych populaci
Stejna alela s globalnim rozSifenim
Zvysena transkripce

Transposon v 5’ oblasti
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Industrialni melanismus a Biston betularia

drsnokfidlec brezovy

Figure 1. The development of industry. A view of Manchester from the surrounding
countryside in (a) 1730, (b) 1860 and (c¢) 1954. (a) and (b) were made from the same
spot, and (c) is a photo of the same district.
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FIGURE 2. DECLINE IN CARBONARIA FREQUENCY IN THE 20TH CENTURY
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pytlous
Chaetodipus intermedius

Arizona
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« Gradient frekvenci
« Korelace s prostredim

9J0UBAMOI)

Klina

prostredi
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Drosophila melanogaster,
rezistence k alkoholu a Adh

Alkohol podavany v malych davkach
neskodi v jakémkoli mnozstvi
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Vznik kliny jinymi mechanismy

a Isolation by distance b Secondary contact c Direction of expansion
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Figure 3 | Neutral scenarios that produce clines in allele frequencies. a | Isoclation by distance. Under models of
isolation by distance, many neutral alleles will show cline patterns, especially along gecgraphic axes with the least
gene flow. b | S5econdary contact between twe populations. With secondary contact. neutral alleles will transiently
show a cline pattern at the contact zone between the two populations. Note that the allele frequency in the two
source populations need not be 0 and 1, as shown here; clines along the secendary contact zone will form even if
the allele frequency difference between the two populations is more modest. ¢ | Expansion into new territory giving
rise to serial founder effects and ‘allele surfing’. In this extreme allele surfing scenario. the allele frequency has
increased to fixation immediately after expansion. In each case. arrows indicate that none of these patterns is stable
— dispersal and drift will erode the clines over time. In all three models, cline patterns that arise can potentially be

confused with cline patterns that are expected as a result of zelection.
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Isolation by distance

10-O-O-0O-0O~0O
Zvyseni frekvence
noveé alely driftem
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Secondary contact
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Vznik kliny jinymi mechanismy

Secondary contact - Direction of expansion
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Figure 3 | Neutral scenarios that produce clines in allele frequencies. a | Isolation by distance. Under models of
isolation by distance, many neutral alleles will show cline patterns, especially along geographic axes with the least
gene flow. b | Secondary contact between two populations. With secondary contact. neutral alleles will transiently
show a cline pattern at the contact zone between the two populations. Note that the allele frequency in the two
source populations need not be 0 and 1, as shown here: clines along the secondary contact zene will form evenif
the allele frequency difference between the two populations is more modest. ¢ | Expansion into new territory giving
rise to serial founder effects and ‘allele surfing’. In this extreme allele surfing scenario, the allele frequency has
increased to fixation immediately after expansion. In each case, arrows indicate that none of these patterns is stable
— dispersal and drift will erode the clines over time. In all three models. cline patterns that arise can potentially be
confused with cline patterns that are expected as a result of selection.
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Selekce a drift
Shifting balace theory (Sewall Wright)

 Malé populace
— teoreticky moznost fixace i selekCné nevyhodnych mutaci

Pfekonani nevyhodnych mezistavu
— crossing walleys in adaptive landscape

Dale Sireni pomoci Interdemic selection

T Gobal opfimum ___

Fitness

21



Shifting balace theory (Sewall Wright)

Controversy, little support from nature

DisTriBuTION ofF GEnE FREQUENCIES

Svymaols
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m
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C.Qualitative Change
of Environment
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D. Close Inbreeding E..Sli(bh‘r Inbreeding
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E. Division into !oca! Races
4nm medim
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Negativni (purifikujici) selekce

23



Selekce jen proti recesivnim homozygotiim
pokles frekvence alely
pro rizna s

W fitness
S selekéni koeficient
W=1-s

Asymptoticky tvar
— eliminace alely muze trvat velmi dlouho
alela schovana v heterozygotech
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o
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o
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Genotype frequency
=
B

0.2

0.4 0.6 1.0

Frequency of Ay(g)
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Vv rekurentnich mutaci

A opakované mutuje do a
Zpétné mutace malo pravdépodobné
— rovnovaha mezi selekci a mutacemi

— stala frekvence recesivni skodlive (i letalni) alely v populaci
\/L
S
Priklad: aa letalni, s = 1, yp = 10°® — rovnovazna frekvence a = 0.001

— kazdy si zfejmé neseme nékolik recesivnich hodné skodlivych alel (odhad 3-8)

25



Role heterozygotu
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2.0+ .
Fithesses
AA; Wy
Selection for A, APy Wy,
AA, 1
f1.0
Selection for A,
0.0 :
0.0 1.0 2.0
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Role heterozygotu

« Against

— heterozygotes (heterozygote disadvantage, underdominance), nestabilni
— homozygotes (heterozygote advantage, overdominance), stabilni

— frekvence alel odpovida w homozygotu
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Fixed: 4
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__________________________________________________ Fixed: 0
__________ ru.___....__-r_-,..._-u.m..r-u_..-u._-_l....__-......,.u.l Lost O
] 20 40 60 80 100
Generation
overdominance
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overdominance

Priklady (uCebnicové):

srpkova anémie a vyskyt malarie
— hemoglobin B locus
— normal (A), sickle-cell (S) allele

— (jei C alela, rezistence a CC bez problém) 3 €~
Warfarin a potkani: ’ 2 G
— Warfarin — jed, antikoagulant g - ’

— Dominantni alela rezistence

T, oy () r
— Rychlé Siteni S - -t
— Homozygoti potfebuji 20x vice vitaminu K P p 5
— (Nékdy asi nepotrebuiji) ¢ ] . B B @
G N Y W %
©Milos Andéra 3 21 22 23 24 25
RFARIN 3 £ ™Y
i J'I,@.‘
WARFARIN L
: BAI.I. \ 26 27 28 29 30
: S S pLasmopim FALCIPARUM M,//WJ‘”‘W
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Balancing selection

Overdominance je jen jednim z pfikladu

Balancing selection = selekce udrzujici polymorfismus
Jsou i jiné pficiny

Casto — Frequency-dependent selection

The fitness of a genotype depends on the genotype frequencies in
the population.

Inverse frequency - dependent selection

the rarer a phenotype — the greater its fithess

30



Frequency dependent selectiqn

L0

0.5

Freguency of lefi-jawed individuals

Loxia curvirostra

kfivka obecna (i jiné druhy)
dva typy prekrizeni zobaku
(neni to zalezitost jednoho genu, nizka heritabilita)

Perissodus microlepis T
cichlida z jezera Tanganyika " |
zere Supiny jinych ryb

dva typy natocCeni tlamy
stabilni rovnovazna frekvence
? dominant (lefty) allele - homozygous lethal
versus Van Dooren et al.

— asymetrie je plasticka, vic genu

Frequency
5K

+
..l|l|l|“”"ll. o .
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Differences in Angles



The evolution of the sex ratio by frequency-dependent selection

« Sexratio 0.25 (1 male to 3 females)
« Each female — 4 offspring
« — male — 12 offspring

« Grandchildern
(3*4) through daughters + (1*12) through sons = 24

 Mutation — sex ratio 0.5

 — Grandchildern
(2*4) through daughters + (2*12) through sons = 32

« — allele will increase in frequency

« — sexratio 0.5 = evolutionary stable strategy (ESS)
32



Pleiotropie

Epistaze

Linkage

Doposud modely s jednim genem (lokusem)

Selekce na vice (mnoho) genu soucasné

33



Mendel’s second “law”

Predicts independent assortment of multiple loci:

during gamete formation, the segregation of alleles of one gene is
independent of the segregation of alleles of another gene.
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Linkage disequilibrium

= gamete disequilibrium
= gametic phase disequilibrium

Nonrandom association of alleles at
different loci into gametes

Linkage versus epistasis

Linkage

= co-inheritance caused by physical location

Synapsis: Pairing of
humn]uguus chromosomes

Pate rnmrdaternal

Crossing I:w'er

AR

—iHE B
EHEEE E B

'

—HE-

—iHE-E—aa
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Rekombinace

Meiotic crossovers — chiasmata
* Nové kombinace alel chee.or

» QOdstranéni Skodlivych mutaci
(z blizkosti vyhodnych alel)

« Spravna disjunkce

« obligate crossover

* crossover interference
= nebyvaji blizko sebe

CO decreases the likelihood
that another forms nearby on the same chromosome

« — malé Chr —jeden CO
— velké vic ale daleko od sebe
36



Mira rekombinace

LiSi se mezi druhy 1000

Sheep @ @ Human

3,500+
Cate

Cattle
3,000 e

@ Baboon
o

2,500+
Rhesus macaque

Hamster

2,000+ Rat @

Mouse
1,500 1

Wallaby &

1,000 -
Opossum

Sex-averaged genetic map (cM)

500

I T
0 10 20 30 40 50
Number of chromosome arms

* Druhy s vice malymi chromosomy rekombinuji vice nez druhy
s malo velkymi chromosomy.

« Korelace miry rekombinace s celkovym po¢tem ramen chromosomu
(dokonce Iépe nez s celkovym poétem chromosomu)

» Vyjadfuje nutnost jednoho crossing-overu na chromosomalni rameno, aby bylo
zabranéno aneuploidiim?
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Rozdily mezi pohlavimi

extrémni pripad:

Haldane-Huxley rule

Pokud jedno pohlavi nerekombinuje vibec,
je to pohlavi heterogametickée

Vedlejsi produkt omezeni rekombinace
pohlavnich chromosomu?

male-female difference in gametic selection
= vétsSi selekce — vétsSi snaha zachovat
uspesné haplotypy

Species Frm rP Heterogametic Sex
Drosophila 0 ~° Male

Bombyx + 0 Female

Apotettix — — Male

Paratettix — + Male

Mus/Rattus — + Male

Listed are the data available to Haldane [4] when he proposed the Haldane-Huxley rule.

? r represents recombination in males.

bt represents recombination in females.

€ Plus and minus symbols indicate the direction of heterochiasmy, and zero indicates achiasmy.

Individual

— ?:::;es o’
Clovék
T T T T T
20 30 40 50 60

Mean number of crossovers
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Rozdily

Mezi jedinci ’
— pod selekci
— malo rekombinaci — snizeni fertility

Clovék Chr 3

recombination rate (cM/Mb)

Mezi chromosomy

Centromere

Uvnitf chromosomu

10 50 100 150 200

Hotspots Vo
— 1-2kb
— Myers motif: 13-mer CCNCCNTNNCCNC
— zinc finger array of PRDM9

— Jiné hotspots u Clovéka a Simpanze

— Hotspoty u lidi jsou polymorfni 39
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Linkage disequilibrium

= gamete disequilibrium
= gametic phase disequilibrium

Nonrandom association of alleles at
different loci into gametes

Linkage versus epistasis

41



Two loci genotypes Aa Bb

locus 1 locus 2

AB/ab

Nonrecombinant gametes AB ab

Recombinant gametes Ab aB

Recombination fraction
r (c) = rate of recombination

I
&
I

Geny daleko (nebo na jinych Chr) r=0.5
y ( ny ) Nonrecombinant gametes AB ab

Geny Vellce bll’zko r= O .....................................................................

Recombinant gametes Ab aB
42




A B
Linkage (dis)equilibrium _a b
g frekvence gamet, D = 9,50, - 9an9ar

Frekvence gamet Alely gonu
A a
p1 p2
AB aB
B 1
q gAB=p1q1 9= p2q1
Alely genu 2
Ab ab
b 2
K 9 =P192 J., =P292
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K ustaveni linkage equilibrium (vymizeni LD) je tfeba nékolika (mnoha) generaci

Srovnej s jednou generaci pro HW equilibrium

0.25 T : - - ) ) r=0.001
— - —
f —
02 H
: T~ _r=0.01
L —— —
I B
L T ——
0.15 H T
=) I
i ~
I ~ r=0.05
e
r S~ -
0.05 L ~ r;{}i ~
!_ m-\q.._._ — —— —
= S —

Number of generations, f

r (c) = rate of recombination, D = gABgab - gAbgaB = LD parameter
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V praxi vypocet z genotypu

Normalized linkage disequilibrium
D’, Déleno maximalni teoretickou hodnotou (od 0 do 1)

R? (od 0 do 1), odchylky se dobfe testuji

)
D' = s

SN NN
min(ff,, f.fz)

= =i if D<0
wnlf fe ) / LD klesa se vzdalenosti \

Clovék Chr 21

1r-
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Laurie et al. 2007

90 Asian humans

SNP pairs
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— Mean
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Sources of linkage disequilibrium

Mutation (nové alely)

Finite population size (stochaticky proces, drift)
Nonrandom mating (inbreeding)

Gene flow (admixture, hybridization)

Selection - Multilocus selection (epistasis, supergenes, coadapted gene
complex)
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Nonrandom mating (inbreeding)

Selfing
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Gene flow (hybridization)
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linkage disequilibrium

Lokus ovlivnén selekci na jiné lokusy
background selection
genetic hitchhiking

selective sweep
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Allele frequency

genetic hitchhiking

Zmeéna (vzrust) frekvence neutralni alely diky asociaci s alelou
jiného lokusu pod selekci
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Selective sweep,
hitchhiking
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Clovék a ,selective sweeps*

genes in pigmentation pathways
components of the dystrophin protein complex
clusters of olfactory receptors

genes involved in nervous system development and function

immune system genes

LCT gene MCM6 gene
heat shock genes -+ +—+—+—+—+—+H+H—+HH+H+
centromeric regions /'//A/

(a) Eurasian C/T -13910 (D) African G/C —14010

—1000 =500 0 500 1000 1500
position (kb)

~1000 —500 0 500 1000 1500
position (kb)
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Background selection

Asociace s alelami jinych lokusu, na které pusobi selekce
Odstranéni Skodlivych mutaci

— zdanlivé rozdily fitness genotypu neutralniho lokusu
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Background selection

Odstranovani Skodlivych mutaci

Zanik linii (i téch v blizkosti, co nesou neutralni nebo slabé vyhodné mutace)

Snizeni Nz — rychlejSi fixace

(a) Genetic hitchhiking
@ Advantageous mutation

Positive
selection

(b) Background selection
X Deleterious mutation

|

Negative
selection

TRENDS in Genetics
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Pozor existuje |

Sexual selection

— Assortative mating

— Male competition

— Female choice

— Sexually antagonistic genes

Gametic selection

— Drive
— Self-incompatibility alleles
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Zaver
Evoluce = (nékdy) zména frekvence alel (a genotypu)

|dealni populace
— HW (jedna generace)
— Linkage equilibrium (delSi doba)

Realna populace

— Hierarchicka struktura

— Drift

— Mutace

— Migrace

— Odchylky od ,random mating”
* inbreeding, assortative mating

— Selekce
« ovlivni i dalSi lokusy
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