Uvod do populaéni genetiky




Terminy

Gene
Locus (loci)

Allele — alternative forms of a gene

Genome - single copy of all of the genes

Diploid - 2 alely pro kazdy gen (vyjimka Chr Y, coDNA a mtDNA) — 2 genomy
Soubor alel jednoho genu u jedince (na jednom lokusu) — genotyp (AA, Aa, aa)
Stejné alely na lokusu — homozygote (AA aa)

Ruzné alely — heterozygote (Aa)

Haplotype — array of alleles of linked genes, DNA sequence



Heterozygosity

» Podil heterozygotnich lokusu

» Vice lokusu jedince, jeden lokus u vice jedincu

 Whole genome



* Frekvence alel
« A9/20=0.45 (p)
« a11/20=0.55 (q)

* Frekvence genotypu
« AA2/10
« aad3/10

« Aa5/10
— observed heterozygosity (Hy) = 0.5




ldealni populace

Population - group of interbreeding individuals that exist together in time and space

Idealni populace = nulovy model

Realna populace neodpovida idealni — néco se déje (selekce, demografické zmény...)
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Geometr méd pfed sebou list papiru po-
kresleny ¢arami rozmanitych tvart, rovoymi i
k¥ivymi, vzdjemné propletenymi a protinajicimi
se v riznych bodech. Jeho zrak spo&inul na
obrazku, jeho pohled vSak pronikl skrze obrazek,
ven z redlného svéta do svéta geometrického.
Tak napriklad za rovnou carou uvidél geometric-
kou useCku, uvidé@l ji v jeji aplné Cistoté a spolu
8 ni uvidél dokonalou primost. Od okamZiku
tohoto prohlédnuti je pro n&j navZdy uGsecka
1iseCkou geometrickou, a ne Carou narysovanou
podle pravitka.



« Slavni zakladatelé moderni syntézy, tficata léta
« Matematické modely spojujici genetiku a evolucni teorii
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Vlastnosti idealni populace
Fischer Wright model

 Random mating — depends on the trait

— Mating = kfizeni
— Krevni skupiny versus pohlavni chromosomy

 Nonoverlaping generations

— Casto realné

— Tazni ptaci, rostliny



Predpoklady

 Mendel’s laws

 Random mating

* Nonoverlaping generations

« Diploid (Casto i haploidni)

« Sexual reproduction

« Two alleles (di-allelic model)

« Allele frequencies identical in males and females

« Neékdy i infinite population size

M popul?t/l‘m@cture

. lecti



/" "FATHER OF GENETICS" .

Mendel’s first “law” 3
Predicts independent segregation of alleles at a single locus:

two members of a gene pair (alleles) segregate separately

: GREGOR JOHANN MENDEL

into gametes so that halt of the gametes carry one allele L

and the other half carry the other allele.

Aa
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Frekvence a 0.25 — a bude ve Ctvrtine gamet
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Hardy-Weinberg principle (equilibrium)

Male gametes

Allele A
Frequency p
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Summed frequencies in zygotes:
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Joint probability

Genotypy ruSeny a znovu
sestavovany v kazdé generaci

Vztah mezi frekvenci alel
a genotypu

AA:p? Aa:2pqg aa: g?

Expected heterozygosity
He = 2pq

Béhem jedné generace




Expected heterozygosity 2pq

2 x 0.45 x 0.55 = 0.495

* Frekvence alel
« A9/20=0.45 (p)
« a11/20=0.55 (q)

* Frekvence genotypu
- AA2/10
« aa3/10

« Aa5/10
— observed heterozygosity (Hy) = 0.5
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Zobecneéni

Vice alel — gene diversity (= oCekavana heterozygotnost)

Rozdilné frekvence alel mezi pohlavimi Rozoty
ozp

Hodnota
12 13 14 15 16 17 18
|

Pofadi hodnoty

Odpovida rozptylu (variance)

— Haplodiploidie, geny na pohlavnich chromosomech
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Genotype frequency

Rare recessive alleles

1.0

=
o

0.6 |

0.4

Frequency of A.(q)

Nizka frekvence alely

— alela ,schovana®“
v heterozygotech

Cystic fibrosis

— Homozygous recessive
genotype
1in 1700

— Heterozygous carrier
1in 24




Fixacni index

popisuje odchylku od ocekavani

THE GENETICAL STRUCTURE OF POPULATIONS

By SEWALL WRIGHT, University of Chicago
Galton Lecture at University College, London, 1950

the inbreeding coefficient F

The coefficient ¥ measures the degree of approach toward fixation
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H-W neplatl' (neodpovida podet heterozygotu)

« — scoring errors

— Null alleles
— Allele dropout
— Duplications AA aa

« — porusen néktery z predpokladu

— Decrease

« Selection against heterozygotes underdominance
* Inbreeding

» Positive-assortative mating

» Population structure

— Increase

« Selection favoring heterozygotes overdominance
« Qutbreeding

* Negative-assortative mating

+ Gene flow




HW Znacéné robustni, snese mala poruseni pfedpokladu
HW = nulovy model

Odchylky frekvenci — vyznamné poruseny predpoklady

TABLE 2.4 The observed numbers and the numbers expected from
Hardy-Weinberg proportions for the M N blood group locus in an
English sample of 1000 blood donors (from Cleghorn, 1960).

Observed
Phenotype Genolype number
M MM 208
MN MN 489
N NN 213
Total 1000
Allele size Het Het
Locus n K range (exp)® (obs)®
LOX2 98 22 166-282 (0.905 0.867
LOX7 95 70 130-357 (0,985 ).968

LOXS 98 73 200-439 (0.980 0.949




Inbreeding

Inbreeding
— VetSi Sance, Ze se potkaji stejné alely na lokusu

@ b [ 15(1+FA) \
U 1( a a \
‘ 2

O--gs B
|
Identical by state ° E ; EJ

d e
Identical by descent o I é @ o

Inbreeding coefficient f

The probability that two alleles in a homozygous genotype are identical by descent.

Pokud neni heterozygotnost ovlivnéna i néCim jinym: f= F = (Hz — Hp)/H
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Inbreeding
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Inbreeding coefficient f
The probability that two alleles in a homozygous genotype are identical by descent.

Pokud neni heterozygotnost ovlivnéna i néCim jinym: f = F = (Hz — Hp)/Hg



Inbreeding

Inbreeding depression

Dominance hypothesis

Percent survival
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Expression of recessive alleles with deleterious effects

Ovedominance hypothesis

Heterozygotes have higher fitness
Inbreeding — decrease in the frequency of heterozygotes

— 30-Day survival

- 1-Year survival
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(Negative-)assortative mating

« Kilasicky priklad MHC u mysSi (mozna i lidi)
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MHC

»
. a volba partnera

— Qdar

Box

—— Petri Dish
Contatning
Urine

* Vyhodna by méla byt volba partnera s odliSnym MHC
(dissortative or negative-assortative preference) ©
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Coat color genotypes, frequency of the recessive white allele, and expected number of heterozygotes, by locality.

Mc1r genotype™® Expected
Frequency Number of
AA AG GG of G heterozygotes

Island localities
Hawkesbury 24 1 0 0.02 0.98
Gribbell 7 6 10 0.56 11.33
Princess Royal 26 17 9 0.33 22.99
Roderick 9 1 2 0.21 3.98
Fooley 8 2 0 0.10 1.80
Yeo 9 1 0 0.05 0.95
Mainland localities
West of Hawkesbury 5 1 0 0.08 0.88
East of Princess Royal 25 0 0 0.00 0.00
North of Roderick 10 1 1 0.13 2.71
Don Peninsula 22 2 0 0.04 1.84
Terrace 19 2 0 0.05 2.00

*GG is white, AA & AG are black.
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Inbreeding versus assortative mating

* Ovlivnéni konkrétniho lokusu ¢i nenahodné skupiny lokusu

» Versus ovlivnéni mnoha genu
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Dispersal limitation — population structure

I\/nb}a(population size,wmating

Demes — local interbreeding units

(Subpopulations, local populations)

Table 6.1. Isolation by Distance in Ina Valley, Japan, as Measured by
Location of Spouse’s Birthplace for 2022 Marriages

Spouse’s birthplace Percentage of marriages

Within Buraku (hamlet) 49.6

Within village but outside Buraku 19.5
Neighboring villages 19.1
Within Gun (county) 6.4
Within Prefecture (state) but outside Gun 29

Outside Prefecture 2.5

Suorce: Sekiguchi and Sekiguchi (1951).




Zmeny frekvence alel - drift

 Nahodny proces
— Omezena velikost populace
— Neékteré alely se ,vytahnou® Castéji
— Binomicke rozdéleni

« Jsou vsak i jiné priciny zmeén frekvenci!
— Mutace
— Migrace

— Selekce
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Random walk
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* Napr PopG

Simulace
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Allele [requency

Random Genetic Drift .
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Frequency of bw?”? alleles

Frequency of bw?”? alleles



(a)

Number of populations

(b)

Expected number of populations
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Drift

Nahodné zmény frekvence alely

Stejna pravdépodobnost snizeni i zvySeni frekvence

Neni zadna tendence se vracet k vychozim hodnotam

Vétsi zmeny v malych populacich

S Casem rostou rozdily mezi izolovanymi populacemi

S Casem roste pravdépodobnost fixace (nebo vymizeni) alely

Vymizeni nebo fixace dany pocatecni frekvenci alely

33



Drift

— diferenciace subpopulaci
diky zméné frekvence alel
(az fixaci alternativnich alel)

=
Aa o
aa AA w= 22
AA 0
Aa Aa aa = Aa
Aa : Aa
@ drift
[ = 3
AA AA : aa
AA D
AA AA/ =\ aa
AA =
- N

da
dad

da

dd
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Drift

Bottleneck

Founder effect

Allele frequency

Allele frequency
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Figure 2.3 An illustration of the effect of a bottleneck in population size on ge-
netic variability. The initial population has a high degree of variability, illustrated
by the variety of colors of the balls in the box. The population goes through a
bottleneck—a temporary decrease in size—and after the bottleneck, there are
many fewer different alleles present.
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Figure 2.3 An illustration of the effect of a bottleneck in population size on ge-
netic variability. The initial population has a high degree of variability, illustrated
by the variety of colors of the balls in the box. The population goes through a
bottleneck—a temporary decrease in size—and after the bottleneck, there are
many fewer different alleles present.

Table 1 Allelic frequencies of uncommon alleles estimated from electroghoretic data for introduced European starlings
(S&emies vilsans) in North America and Mew Zealand, and from their native range in Great Britain (data from Mew

Fealand and Great Britain pooled over localities, from Ross, 1983; additional data from Great Britain from Evans, 1980)

MNew Creat
USA Fealand Britain
Locus Allele Virginia Vermont Colorado California pooled (N =209) (N = 298)
Esi-l ar 0.0200 — 0.0500 00217 0.0219 — 0.oolT
(0.0405)"
i 0.026T 0.0526 00250 0.0435 0.0219 00217 0.0067
(0.0378)"
Lt 2 o — — — — — 01582 0.0GE4
{n.0z2z)*
105 00424 — 011l 0.0455 0.0408 0.1400 0.0516
(0031}
ldh-2 144 — — — — — 0.0318 0oLy
Ldh-1 133 — — — — — 0.0060 —
Ldh-2 57 — — — — — 0.0083 —
i — — — — — — 0oLy
181 — — — — — — 0oLy
Mpi &3 — — — — — — 0.0050
Fep-A &4 — — — — — 0.oolT
o5 0.0833 0.0789 00455 0.D6EZ 0.0745 0.1129 01347
T — — — — — — 0.0067
Pop O &2 — — — — — — 0.0034
L] — — — — — — 0.ooly
hay 0.125% 01316 0.1000 0.06E2 01160 00468 0.0803
FPodh 143 — — — — — 00600 0.o1lG
{0.016)
FPem-1 150 — 00263 0.0250 0 0.0072 00150 0.0DE4
170 — — — — — 0.0084 nolE4
FPem-2 i 0.0574 0.07E9 0.2250 D.02ET 01014 0.0100 0.0DE3
150 — — — — — — 0.0DE3
210 — — — — — — 0.0050

Cabe 1998

0 km 1000km
| —

Spadéci v severni Americe
Vysazeni 1890
Prezilo asi 15 paru
Expanze
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Austria

veww. N atimioto.cz

=
W hirl Bohdal

Locality Karlovy Vary Letnany Hradek Trhovky Kyjov Vyskoy Bratislava

Locus allele

IGS-110b 137 0.880 (.3438 0.7917 0.0417 0.4286 0.5600 0.3519
140 0.110 0.2656 - - (0.3393 0.3400 0.2593
143 - - - - - - (.2222
146 - 0.3906 0.2083 0.9583 0.2321 0.1000 0.1667

Hulova & Sedlacek 2008 38



* Mutace
mohou zvySit diferenciaci
(odlisit subpopulace)

39



Migrace

* Migrace
homogenizuje
1 migrant na generaci — znacny vliv!

40



Drift versus mutace

« Ztrata versus zvysovani variability v populaci

Drift a mutace versus migrace

« diferenciace versus homogenizace populaci
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Modely populacni struktury
(toku genu)

Continent-island
Island
Stepping-stone

Metapopulation
extinction and recolonization

42
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IBDL Isolation by dispersal limitation
— |BD Isolation by distance

Table 6.1. Isolation by Distance in Ina Valley, Japan, as Measured by
Location of Spouse’s Birthplace for 2022 Marriages
\ —\ Spouse’s birthplace Percentage of marriages

Q/' Within Buraku (hamlet) 49.6
'\‘ Within village but outside Buraku 19.5
/_ Neighboring villages 19.1
N \, Within Gun (county) 6.4
C/ Within Prefecture (state) but outside Gun 29
Outside Prefecture 2.5

Suorce: Sekiguchi and Sekiguchi (1951).
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Wahlunduv princip

* Rozdéleni na subpopulace — snizeni celkové heterozygotnosti
» |solate breaking — vzrust heterozygotnosti pfi slou¢eni subpopulaci

» F statistika Fgr, O57




Fixacni index

popisuje odchylku od ocekavani
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F-statistika

» Hgaverage expected heterozygosity of subpopulations

» H; expected heterozygosity of the total population

- H F Vliv rozdéleni populace na subpopulace
21 ST (geneticky drift)
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Obvykle nemame genotypy vSech jedincu
Frekvence odhadujeme (estimates)

— vypocet je slozitéjsi
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Census population size
# Effective population size

fluctuations

Spadci v severni Americe
Vysazeni 1890

PreZilo asi 15 paru
Expanze
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Figure 2.3 An illustration of the effect of a bottleneck in population size on ge-
netic variability. The initial population has a high degree of variability, illustrated
by the variety of colors of the balls in the box. The population goes through a
bottleneck—a temporary decrease in size—and after the bottleneck, there are
many fewer different alleles present.
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European Starling

1000km
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_| Year-round [_| spring Migration
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49



Census population size
# Effective population size
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Effective population size

= number of individuals in an ideal population (in which every adult reproduces)
in which the rate of genetic drift (measured by the rate of decline in
heterozygosity) would be the same as it is in the actual population

= the size of an ideal Wright-Fisher population that maintains as much genetic
variation or experiences as much genetic drift as an actual population
regardless of census size

= the size of an idealized population that would show the same amount of
genetic diversity as the population of interest

Census population size # Effective population size

Variation in the number of progeny
Sex ration different from 1:1
Natural selection

Generation overlap

. : : . 51
Fluctuations in population size



N_/N averages about 0.10 to 0.14
N, > 50 to minimize inbreeding depression

N, > 500 to maintain sufficient evolutionary potential

Sice krasné ale ve skutec¢nosti totalni hausnumera ©
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4N, N;

m

Priklad:

N, = 100, N_, = 100 — N, = 200
N, = 100, N_ = 10 — N, = 20
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Figure 9-3. Changes in the abundance of the lynx and the snowshoe hare, as indicated by the num-
ber of pelts received by the Hudson’s Bay Company. This is a classic case of cyclic oscillation in popula-
tion density. (Redrawn from MacLulich 1937.)

* Fluctuating size

* N, — harmonic mean

r=n/(

1
X1 L9

Ln

 Dominated by the smallest terms
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Arctocephalus australis
Lachtan jihoamericky
Rosa de Oliveira et al. 2006

The census population size 8223 individuals: 337 breeding males, 3215 breeding females

prior to the EI Nifio
24,481 individuals: 2903 reproductive males and 10,720 reproductive females.

_ 4NefNem N :L
® N + Nop * Y 1/N

— Ne 2153 55



Vypocet Ne

neutral genetic diversity estimates (i.e., 6 = 4Ny; where pJ is the
mutation rate and N is the effective population size)

— ‘Lewontin’s paradox’ — the discrepancy between
the many orders of magnitude of variation in population size
and the much narrower distribution of diversity levels.

linkage disequilibrium (LD), heterozygote excess, molecular
coancestry and sibship frequency

12

Koalescencni pristupy 10 ¢ white-tailed eagle
Ne
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10* 10° 10° 107
Time since present (years)
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N, je ruzné pro ruzné casti genomu

MtDNA

Pohlavni chromosomy
Ne of A, X and Y should scale 4:3:1

Ale! Vliv variance v reprodukCnim uspéchu

When the variance in reproductive success among males is higher than among females, as is often the
case with sexual selection, organisms with male heterogamety should show X:A > 0.75 and organisms
with female heterogamety should show Z:A < 0.75

Y



a.Northern
Rough-winged
Swallow

e. Ovenbird

Purple Martin Black-throated

1. ’ Blue Warbler
i i
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Fig. 1 Ratios of F-associated and autosomal effective population sizes. Matched pairs of sexually dichromatic {red dots) and monochromatic
(black dots) bird species are plotted together. Short horizontal lines represent species averages across individuals. The top panel shows the
phylogenetic relationship among studied species (grey line represents the position of Zebra Finch). Five of the specdies pairs are illustrated in
surrounding plates with upper right dichromatic species {males in front) and lower left monochromatic species. The three pairs not shown are:
Williams' Sapsucker vs. Red-breasted Sapsucker, Red-bellied Woodpecker vs. Red-headed Woodpecker, and Red-breasted Nuthatch vs. Pygmy
Nuthatch. Monochromatic species have reduced genetic variation on the Z chromosome compared to its matching dichromatic species
(Wilcoxon test p= 0.008; mixed-effect linear regression p < 0.001; PGLS regression p < 0.001; see Additional file & for details). Grey dotted line

| represents the null expectation that F-associated effective population size is 3 of autosomal effective population size

Huang & Rabovski 2015
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Clovek

Odhady N, zhruba desitky tisic
Duvody:
— Bottleneck

— Populaéni struktura
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