Koalescence



Initially (time 0) the population Most of the copies become
has 15 copies of gene A. extinct over several generations.
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Coalesce
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Koalescence

« Matematicky model, ktery popisuje pribéh genealogii.

« Postupujeme opacné v Case nez u klasickych modelt populaéni
genetiky (Wright-Fisher model)



Teorie koalescence

koalescence = splynuti linii
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Teorie koalescence

koalescence = splynuti linii
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Genové genealogie (gene trees)

Popisuji cestu jakou se jednotlivé geny dédily z generace na generaci
Geny, které nejsou ve vazbé, maji jiné genealogie
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Genoveé genealogie

Geny které majl' spolec“:ného pFedka |ldentical by descent”
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MRCA - priklad

Stolar z Rawengisburgu Jan Montclinger
Anna Skobrtalin (vdova Skobrtalova)

*11.2.1793 Josef Munclinger
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MRCA

FrantiSek Jan j0<
FrantiSek Method\Jo‘sef Vaclav Fran@ﬁan Ignac Antonin
Method Miloslavésefic\ha@\\ \\\\ \ JosefAdﬁch Miloslav
Method Vaclav Karel Ladislav
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MecC a preslice

Rodokmen odpovida historii chromosomu Y
(pokud ovSem Zeny nebyly nevérné)

Rodokmen pres matky (a pro mtDNA) by byl dpiné jiny!

A jiny bude pro jiné geny
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Mitochondrialni Eva

Adam pro chromosom Y
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Pretrvani ancestralniho polymorfismu
(species tree # gene tree)
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Pravdepodobnost koalescence v predchozi generaci 1/N

MtDNA

A, A
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Pozor! Casto se pracuje s velikosti populace 2N jako aproximaci diploidniho modelu.
Pravdépodobnost pak bude 1/2N

Pramérny Cas koalescence paru alel N (2N) generaci
Rozptyl (variance) (2N)?, s.d. 2N

Koalescence vSech alel 4N generaci, opét velky rozptyl!

Vzorek n alel — 4N(1-1/n) 21
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Koalescence

organismal generations

Lineage sorting
preZije jen jedna linie

sekvence vSak nejsou identickeé diky
mutacim!

Koalescence
,Splynuti“ soucasnych linii v MRCA
Most Recent Common Ancestor

Cas k MCRA ~4N, generaci
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N (N.) muze byt ruzné pro ruzné geny

A, Y A Y
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Y a Ng

* N_je Ctvrtinova vzhledem k autosomum,
srovnatelna s mtDNA

« VétsSi nachylnost k driftu

* Rozdil ve varianci reprodukéniho uspéchu muzd (samcu) a zen (samic)
— nizsi N, nedavné koalescence
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mutace

Gene copies (a€ maji spoleéného predka)

ev s . Mutation ———
se liSi mutacemi

© scaled mutation rate, expected number
of mutations separating gene copies

R —— RO
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RO —— RO

Mutation ——
© = 4Nu U mutacni rychlost 2 @j\ﬁ
Zavislost na N 3 @j <a{—lfutatun
Malé populace — méne variability Mutation /,/
(kratSi Cas koalescence, tedy k MRCA l E 2 @j <2> e
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Lze odhadnout frekvenéni spektrum mutaci!
Neutralni model
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Figure 3.9 The expected site frequency spectrum (SFS) for a sample of n = 10
haploid individuals under the standard neutral coalescence model with infinite
sites mutation.
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Nezakorenéné stromy,
Haplotype network, sit’ haplotypu (€asto nevime, co bylo dfiv)
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Konkrétni zjistény haplotyp 32
Velikost krouzku = pocet jedincu s timto haplotypem
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JOHN C. AVISE

Phylogeography
Geomys pinetis (pytlonos) Avise et al. 1979

maximum parsimony network

Alabama Georgia

Florida



Pro vysledné haplotypoveé stromy (sit€) je zasadni i mutacni rychlost

Time (generations)

. Vicariant events
Diiant detectable with mtDNA
pas or nuclear sequences
—4N,
Sampled
coalescent
trees
—Ne Vicariant events not
detectable with
Present —
mtDNA mtDNA Muclear Nuclear Sampled
control region  coding gene intron microsatellite locus
ra ™,
v v v v Haplotype
Actual inferred trees
tree
Greater Lesser Lesser Very great Haplﬂtf,fpe
_/ resolution
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mitochondrial DNA cytochrome b

t 5

Rutilus frisii Plotice perletova
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Rekombinace meni genealogie podel chromosomu

Vystopovat spoleCného prfedka pro autosomalni lokusy je obtizné, protoze
rekombinuji. Rekombinace méni genealogie.

Na autosomech maji geny, které nejsou ve vazbé rtizné genealogie. Cim bliZe jsou u
sebe na chromosomu, tim maji podobnéjSi genealogii.

Jak rychle se genealogie podél genomu méni zalezi na mife vazebné nerovnovahy
(u druht s velkou Ne a vysokou mirou rekombinace mohou byt nerekobinujici oblasti
velmi kratké — nékolik desitek az stovek bp, tj. méné nez délka genu!)
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Recombination

JUU{_J Coalescence
generations



K odhadu MRCA stacCi maly vzorek

Replication

Generation 1
Pravdepodobnost zachyceni 0 | |
MRCA Celé pOpUlaCe Generation 2 3
vzorkem o n jedincich: s
Generation 3 %
\
(n — 1)/(n + 1) Generation 4 g 2
' - g B
n=3 — 0,5
n = 20 N > 0’9 Generation & E 2
\ \
Generation 7 2 2 ﬁ |
Ve rsus Generation 8 S g E
Klasicka populacni (frekventisticka) genetika yd
Odhad frekvence — velky vzorek L g % ® ® %
e |
Generation 10 % 3 E g 'E § Y



Koalescence

Nahodné genealogicke stromy
Takto muzou vypadat genealogie vzniklé nahodnym slu¢ovanim linii.

. Bﬁzné lokusy predstavuji nezavislé replikaty spoleCné historie.
Cim vic nezavislych lokusu studujeme, tim lepSi odhady o historii
populace dostaneme.
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,Coalescent”
Koalescencni teorie

* Interpretace Casu ke spoleCnému predku alel
pomoci evoluénich procesu

« Procesy: drift, migrace, selekce, zména populacni velikosti

TINTUTY| eIReyy T




K cemu to teda vlastne je dobre?

Odhad ¢asu k MRCA

Pozorované odchylky (hodnoty parametru)
— biologicky zajimavé déje (demografie, selekce, migrace)

Konkrétni Stépeni stromu nas vlastné ani nezajima
(rozdil oproti fylogenetickym metodam)

Detekce:

— Historie Sifeni druhd, migrace

— Demografickych udalosti (expanze, bottlenecky)
— Selekce

Problém:

— Selekce i demografické udalosti — podobny signal

42



Rozdil mezi fylogenetickym a populaéné genetickym (koalescen€énim) pristupem

Data, strom, mutacni model

Basic\statistics malkes the distinction between|phylogenetic and coalescent approaches
appardnt. The fyndamental equation for likelihood inference in phylogenetics is™

L= P(DIG, 1), (1)

where Lis the likelihood (the probability of the data, given the parameters), Dis the
data (typically DNA sequences), G is the tree and w is the collection of parameters in
the mutation model. The objective of the analysis is to estimate the parameter |G = strom

The analogous equation in the coalescent fsetting is*>*>%*

L= ) P(DIG,u)P(G, ), (2)

where «is the collection of pyrameters (such agpopulation sizes and migration rates)
for the population process. Thg objective of the analysis 1s typically to estimate these
parameters. The tree or genealogy, G, is a so-called nuisance parameter, which we
remove by averaging the likelihood over all possible values.

Data, strom, mutacni model, parametry 43



Population size (N) x 10°

o — 1 1 1
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ThY
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0 L 1 ! . )
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r
L
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Figure 3.29 The effects of exponential population growth or shrinkage on coalescent genealogies. The upper panels show
change in population size over time with exponential growth according to N(t) = Nye " with r = £0.1, yielding relatively slow
exponential population growth. The two genealogies illustrate examples of waiting times that might be seen under strong
exponential population growth (left) and shrinkage (right). With strong exponential population growth coalescent times are
longest in the present when the population is the largest, leading to genealogies characterized by long branches near the present
and very short branches in the past around the time of the MCRA. With exponential population shrinkage, coalescence times are
greatest in the past near the MRCA when the population was larger and shortest near the present when the population is at its
smallest size. The genealogy on the left was obtained using equation 3.91 with r = 100.
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Figure 3.28 The effects of a population bottleneck on gene genealogies. During the bottleneck the chance that two randomly

' : . 5 I 1 3
sampled gene copies are derived from one copy in the previous generation [W] increases. This can also be thought of as a
#
reduction in the overall height of a genealogical tree caused by the bottleneck since lineages that find their ancestors during the
bottleneck lead to short branches. The overall effect of a bottleneck on coalescence among gene copies sampled in the present
depends on the reduction in the effective population size and the duration. The arrows indicate the point in time when gene copies
were sampled from the population.
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Mutace

Mutace se akumuluji nezavisle
v jednotlivych liniich

u mutacni rychlost

© (scaled mutation rate) 4Ny

Ruzné délky vétvi stromu —
rizné pocty mutaci

1T nucleotide site diversity

U<<l— m =6

T umime spocitat z dat

Pokud zname u, dokazeme
odhadnout N a dokonce
odhadnout treba celkovou délku
vetvi Ci hloubku jednotlivych
koalescencnich udalosti
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(a) (b) ©)

LRI L

Bayesian Skyline Plot
Zmeny velikosti populaci

TRENDS in Ecology & Evolution

Figure 2. Growth signature in genealogies. Genealogies sampled from (a) constant-size, (b) exponentially shrinking and (c) exponentially growing populations.
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(A) Old divergence, little gene flow (B) Strong gene-flow, panmixia,
very recent divergence
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Figure 5.8 Coalescence trees produced by different demographic and histori-
cal processes.



Model ,lsolation with Migration®
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Fig. 4 Estimated haplotype network of human- and bat-associated bedbug populations based on cytochrome oxidase subunit T and 168 rRNA
gene. The populations marked as “probably from bats” with uncertain host association were shown by DFA to be oniginally from bats
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Positivni selekce

Simulovano 10 populaci
Nova mutace
N je 100

Pouze drift
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Selective sweep,
hitchhiking
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Positive selection

&as neutral positive
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Background selection
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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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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
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Balancing selection

as neutral balancing
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Trans-species polymorfismus:

Microtus
Arvicola
Clethrionomys

7-8 milionu let 2E
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Selekce a variabilita

« Positivni i negativni snizuji variabilitu

« Balancing zvySuje variabilitu

— udrzeni vice linii
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Zasadni problem

Vliv selekce Casto tézko odlisitelny od jinych vliva.

DD PP PPV DVDVVPPVPPPVVPV?D?V?V??7?7777

Vidim vysledek:
Selekce
Demografické zmény
Populacni struktury

Migrace ...
v P P b b b b e b e b b )

Pozor na analyzy zalozené na malém poctu genu.
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