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Analyza populacni variability a struktury
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Hierarchicka populacni struktura
Druh — populace — subpopulace (demy)

Hlavni otazky populacne-genetické analyzy:
Jak je variabilni dana populace a jaka je jeji efektivni
velikost (neutralni geneticka teorie: He=4N_p/[4N_u+1])

Nachazi se dana populace v obdobi demografické
expanze nebo poklesu?

Existuje mezi dvéma subpopulacemi bariéra toku genu a
jak je silna? Jaka je prostorova geneticka struktura®?

Vyskytuji se v populacich imigranti nebo jejich potomci
(hybridi)?



Diploidni single-locus markery (mikrosatelity)
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Velke mnozstvi populacne-
enetickych programu

> File Creation/Conversion
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Figure 1 |Flow chart of possible data exchange between different population genetics programs. Although many
programs have their own input-file specification, data files can still be exchanged between mast programs (black
arrows), avoiding tedious reformatting processes. The red stars are recommended starting points to format an initial

data set. Blue ellipses represent multi-purpose packages, whereas individual-centred programs are shown invielet. The
two conversion programs are shown in yellow. Specialized programs are shown in green, and light grey ellipses
represent programs that are not reviewed here, but the data formats of which are used by other programs allowing
indirect data exchange (white arrows). The data files associated with the programs listed on the bottom row cannot be
exchanged directly with the other programs.
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Ugel populaéné-genetické analyzy

Table 5 | List of computer programs suited for a given analysis and genetic marker

Multi-allelic markers* STR Dominant SNP DNA sequences
markers (AFLP)
Descriptive statistics SPAGeD; Arlequin, DnaSP, MEGA
Linkage disequilibrium
Analysis of population Hickory Arlequin, DnaSP, MEGA

subdivision

Detection of new immigrants:

k

Detection of new immigrants:
inferred populations

Demographic expansion or Arlequin, DnaSP, IM,

decline LAMARC, Migrate

Population size IM, LAMARC, Migrate

Divergence time DnaSE IM, LAMARC,
Migrate

Migration rates DnaSE IM, LAMARC,
Migrate

Neutrality tests Arlequin, DnaSP, MEGA

patially explicit analyses
, . we mean loci for which no specific mutation model is assum 2d. In the latter case, computations

are based on allele frequencies onl are assumg frekvence alel + A sequence, STR and SNP allele
frequencies, as well as nucleotide f frekvence alel | packagess« 1e disequilibrium, and to detect new
immigrants, AFLF, amplified fragm ndem repe; mutaénl’ mOdel




1. Vnitropopulacni variabilita
(popis ziskanych dat)

Polymorfismus

« podil polymorfnich lokusu (znaku) — 95 %
nebo 99 % (napf. 0,8 = 4 z péti zkoumanych
mikrosatelitu maji v populaci alespon 2 alely,
Z nichz ta vzacnéjSi dosahuje frekvence
alespon 1% nebo 5%)

S0

Pocet alel (number of alleles) —s
« pocet alel na lokus 3 ~—--—- Gelldlum
2 —-—0-—  Perumytilus
©
L . 5 g L
Alelicka bohatost (allelic richness) 5 £
* pocet alel na lokus vztazeny k velikosti E
vzorku (metodou ,rarefaction”) - FSTAT =
. 0 ' : -
Pozorovana heterozygotnost (observed 0 500 1000 1500
heterozygosity) Sample size

« prumérna Cetnost heterozygota v
jednotlivych lokusech



Hardy-Weinbergova rovnovaha (HWE)

Pr. Jeden lokus se 2 alelami

Alela | Cetnost alely
A P
a q
Genotyp Ocekavana
cetnost genotypu

AA p?
Aa 2pQ
aa g2

prq=1
P, q - zjistime analyzou svych vzorkl

= Hardy-Weinbergova rovnovaha

» Cetnosti genotypil zjistime
analyzou svych vzorki
» odchylky od ocekavanych
¢etnosti = napr. y? test

Ocekavana heterozygotnost (expected heterozyqgosity, HE) pri HWE

H.=1-(p?+q?)

pro 1 lokus se 2 alelami s Cetnosti p a g



Predpoklady HWE

* nahodné parovani (panmixia)

« zanedbatelny efekt mutaci a migraci (,closed populations®)
* nekonecné velka populace

* Mendelovska dédi¢nost pouzitych markert

* neutralni znaky — zadna selekce

« znaky nejsou ve vazbé — kontrola na ,linkage disequilibrium® (vazebna

nerovnovaha)
[ Q]
2 lokusy ve fyzickeé blizkosti | T
(snizena pravdépodobnost rekombinace
[ O ——

linkage disequilibrium)

2 lokusy fyzicky vzdalené
(pravdépodobnost rekombinace neni ovlivnéna
linkage equilibrium)



Odchylky od HW rovnovahy

Test HWE — nejlepe Genepop (,exact probability
tests”) — pokud jsou odchylky, tak nektery
predpoklad HWE nebyl splnén

nadbytek heterozygotu = negativni asortativni pafeni (4.

cilené rozmnozovani nepodobnych jedincu) — pouZzité lokusy mohou
byt vyhodné v heterozygotnim stavu (napf. geny MHC)

nedostatek heterozygotu

inbreeding (postihuje vSechny lokusy stejné)
nulové alely (jen na nékterych lokusech bude deficit heterozygotu)



Priklad — stanoveni variability populace

Ind 1 170/170 223/227 116/116 316/316

Ind 2 170/172 223/225 112/112 316/316

Ind 3 172/172 223/225 112/112 316/316

Ind 4 170/172 223/227 112/112 316/316

Pocet alel 2 3 2 1 2

Ho 0,5 1,00 0 0 0,375
o) 0,5 p=0, 0,75 1,00

q 0,5 q=025r=025 (.25 0

He 0,5 0,625 0,375 0 0,375

H=1-(p*+q?)

He=1-(p*+qg*+r?)

Polymorfismus = 0,75




Pouziti udaju o geneticke variabilite

(a) 1.0

* neutralni geneticka teorie:
H,=4N_u/[4N u+1]

|||||

 mutation-drift equilibrium =

» srovnani riiznych populaci @ e 1
a jejich Ne (Hev AR atd.) EREE ; RN




N ~ H, ... nemusi to byt pravda

« vliv historického vyvoje populaci (,bottlenecks®)

* Northern elephant seals Mirounga angustirostrus — 120
000 jedincu — 50 allozymovych lokusu — Zadna variabilita

rypous severni



Efektivni velikost populace (N,)

* N, = velikost idealni populace (nahodné pareni, rovhomerny
pomér pohlavi), ktera ztraci genetickou diverzitu stejnou rychlosti
jako aktualni populace (vlivem nahodného driftu)

« ovlivnéna genetickou a vékovou strukturou, pomérem pohlavi,
intenzitou inbreedingu atd.

Ne
< @
X A

* vyvoj geneticke variability v malych populacich
zavisi na N, vice nez na N



Geneticky drift

Population n=20
Ra sampli d genetic_drift =
030 1 | | ]
Z 050 + L 1 r 1 ’ 1
g |’I II
A gag | . '. !
= o R
020 &
| .
Q00 4 s e
40

e ke Treq ue ne

;
« Nahodné zmény ve frekvencich alel i
 Intenzita driftu zavisi na velikosti ) T A ==
populace (viz ochranarska genetika) s
« Specifické pripady — founder effect, e
bottleneck o



Founder effect (,jev zakladatele®)

Originating population

2n
Criginal 0.50 0.50|

Founder population




5th generation
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Frequency

Detekce bottlenecku

04

0.3

0.z

0.1

0.0

A B C F G H 1 I

o E
Allele

Reduction in
population size

Frequency

0.5

0.4

03

0.z

0.0
A B C D E F G H I 1

Allele

50% reduction in no. of alleles
20% reduction in size range

Pri bottlenecku vymizi nejdrive vzacne alely,
rychleji nez se snizi rozsah alel nebo
heterozygotnost

Nutno znat (pfedpokladat) mutacni model —
pak se nasimuluje ,mutation-drift* rovnovaha a
srovnava se se skuteCnym stavem

Program M Ratio: pocCet alel vs. rozsah alel

Program BOTTLENECK: pocet alel vs.
heterozygotnost

Predpoklad testu: Populace v HW rovnovaze



Bottleneck

 P¥i bottlenecku
—  redukce poctu alel
—  ovlivnéni heterozygotnostl neni tak rychlé
—  vice heterozygotu nez by vyplyvalo z populaéniho modelu
(IAM, TPM, SMM)

* Nutno definovat mutacni model, predpokladem je HW rovnovaha,
testuje se mutation-drift equilibrium

* Program BOTTLENECK Table 4 Departures from mutation-drift equilibrium in yellow-
hammer samples

e Z3lezi na zvoleném Sampling sites IAM PM SMM

modelu DEV 0.0039** 0.0078* 03438

* Ale SMM asi neplati GWE 0.0039** 0.0391* 0.7656

stoprocentné CUM 0.0039** 0.0391* 0.8125

OXO 0.0039** 0.0117* 0.3438

YOR 0.0039** 0.0117* 0.7656

T&W 0.0078** 0.1875 0.8125

LEI 0.0195% 0.2891 0.6563

SUF 0.0039** 0.0195% 0.6563




Detekce bottlenecku nebo expanze —

Bayesiansky pristup

« Komplexni Bayesiansky pristup (zalozen na koalescencéni teorii)
— Detekce bottlenecku i expanze
— Vhodné pfi dlouhodobéjSich zménach
— Markov chain Monte Carlo simulations
— Beaumont M. — napf. program MSVAR nebo DIY ABC
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Otters in central Europe

 strong decline of

2.
- - Slovak
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Czech
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Table 3 Simulated data from five replicate runs of the MSVAR programme
Population Model Mg m mu Xa (generations) Xa lyears)
CZE EXP 66.1 257.0 1.6 210 5.9 17.7
(1.7, 245 470.9) (12.6; 7079.56) (.6 =107 4.2:x1077) {0.2; 549 5)
LIN 28.2 281.8 1.3 <103 7.2 216
(0.4; 93 325.4) (13.5; 7413.1) (4.3 107% 3.7 %1077 (0.2; 660.7)
SVEK EXP 147.9 588.8 1.1 1077 4.3 12.9
(2.6, 323593.6) (26.9; 14 791.1] (4.4 x107%2.3x1077) (0.1; 162.2)
LIN 123.0 575.4 1.0 <107 4.7 14.1
{0.5; 363 078.1) (29.5; 16 218.1) (4.1 2107%2.11077) {0.1;173.8)

ng.estimated mode (and limits) of current effective population size; m, estimated mode (and limits) of past effective population size; mu,
estimated mode (andlimits) of mutation rate; Xa, estimated mode (and limits) of time between current and past population size in generations and
years; CZE, Czech population; SVK, Slovak population; EXP, exponential model; LIN, linear model.

Hajkova et al. 2006, J. Zoology



2. Analysis of population subdivision
(mezipopulacni variabilita)




Hierarchicka populacni struktura
Druh — populace — subpopulace (demy)

Predpoklady studia populacne-geneticke struktury

» lokusy pouzivané pro analyzu populacni struktury jsou
neutralni vuci selekci

 klasicky populacne-geneticky pristup = jednotlivé
populace jsou predem znamy (napf. chceme zjistit
uroven genetickych rozdilu mezi dvéma lokalitami =
populacemi)



Geneticka struktura populaci
drift, mutace

=
aa Aa AA = aa
+ Drift AA )
— diferenciace subpopulaci Aa Ag 2 = Aa
diky zménam frekvenci (az fixaci) Aa ™= Aa
alternativnich alel ais
@ drift
* Mutace =
mohou zvysit diferenciaci AB  AA N\ ™ /aa
(nebo ne — homoplazii) ':‘
AA AA )/ =\ aa
=
- N

Migrace (genovy tok)

- pusobi proti diferenciaci subpopulaci

Aa
AA
aa

AA



Vliv populacni struktury na heterozygotnost

« Wahlunduv princip
« Dveé izolované subpopulace s fixovanymi alelami

« Subpopulace v HW, celkové v populaci vSak nedostatek heterozygotu

>AM—20> W




Wahlunduv princip (isolate breaking)

« Pokles homozygotnosti pri slouceni subpopulaci




Wahlunduv princip - priklad

. Jezero Bunnersjdarna (severni Svédsko) — brown trout
« 2 alely na alozymovem markeru

Pritok 50 0 0 50 1.000 0.000
Odtok 1 13 36 50 0.150 0.255
Celé 51 13 36 100 0.575 0.489
jezero

(expected) (33.1) (48.9) (18.1)

Ryman et al. 1979



Jak zjistovat strukturovanost populaci?

...................................................................................
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Factorial correspondence analysis
(Genetix)



