Analyza populacni struktury




Hierarchicka populacni struktura
Druh — populace — subpopulace (demy)

Predpoklady studia populacne-geneticke struktury

lokusy pouzivané pro analyzu populacni struktury jsou
neutralni vuci selekci

mnozstvi adaptivni variability koreluje s neutralni
variabilitou

popsano mnoho vyjimek (rozdily v subpopulacich -
neutralni vs. adaptivni)




Hierarchicka populacni struktura
Druh — populace — subpopulace (demy)

(a) 1.0

* neutralni geneticka teorie:
He=4N_u/[4N_u+1]

|||||

 mutation-drift equilibrium =

|||||




... hemusi to byt pravda

» vliv historického vyvoje populaci
(,bottlenecks™)
* Northern elephant seals Mirounga

angustirostrus — 120 000 jedincu — 50
allozymovych lokusu — zadna variabilita




Indian rhinoceros

29 allozyme loci — vyssi
variabilita nez byla
ocekavana

1960 — 60-80 jedincu v
Nepalu

1980 — narust populace
na nekolik set — max. 2
alely na lokus

mene intenzivni
bottleneck




Hierarchicka populacni struktura
Druh — populace — subpopulace (demy)

Fixacni indexy

AMOVA
Analyza genetické variance

Assignements

Fylogeneze alel, fylogeografie (nekdy priste)




Polymorfismus a heterozygotnost

Polymorfismus

« podil polymorfnich lokusu (znaku) — 95 % nebo 99 %
(napf. 0,8 = 4 z péti zkoumanych mikrosatelitu maji v
populaci alespon 2 alely)

Heterozygotnost
« prumérna Cetnost heterozygotu v jednotlivych lokusech

OdZekavana heterozygotnost: H_x.,.=1-(p?+g?) ..... pro 1 lokus se
2 alelami s Cetnostip a g




Hardy-Weinbergova rovnovaha

Pr. Jeden lokus se 2 alelami

Alela | Cetnost alely
p+q=1
A P p, q - zjistime analyzou tkani
da 9
Genotyp . Ocekavana = Hardy-Weinbergova rovnovaha
cetnost genotypu
AA 02 » Cetnosti genotypll zjistime
analyzou tkani

Aa 2pq » odchylky od ocekavanych
aa q° cetnosti = X2 test




Geneticka struktura populaci
drift, mutace a migrace

[ = J
aa Aa AA < aa A pa
Drift AA O AA
— diferenciace subpopulaci Aa Ag 22 = Aa AA 28
diky fixaci alternativnich alel Aa : Aa
@ drift
Mutace
mohou zvysit diferenciaci =
(odliSit subpopulace) AA  AA \ ™ /aa aa
ale riziko homoplazii AA =~ aa
AA AA/ =\ aa aa
AA — aa
N

Diferenciaci ,pokazi* migrace
1 migrant na generaci mutize stacit k setreni rozdilu!
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Geneticka struktura populaci
drift, mutace a migrace

Generation Generation




Vliv populacni struktury na heterozygotnost

Extrémni priklad
Dvé izolované subpopulace s fixovanymi alelami

Subpopulace v HW, celkové v populaci vSak nedostatek heterozygotu

>AMmMm—2A0> W0




Wahlunduv princip (isolate breaking)

« Pokles homozygotnosti pri slouCeni subpopulaci




F-statistika

* Wright, Nei Fig, Fg1, Fit

* Popisuji heterozygotnost (odchylky od HW) na
ruznych meritkach




Odhad vlivu populacni struktury
na geneticky make-up populace

Celkova populace
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« 3 urovné (T, S, I)

« x subpopulaci (x =1 az
k; zde k=3)

- kazda subpopulace ma
N, jedincu

- AA, Aa, aa — odlisSny
symbol

- pt. I1-13 = 13. jedinec z
prvni subpopulace




Koncept heterozygotnosti

H, — primérna pozorovana heterozygotnost jedince v subpopulaci

H ¢ - ocekavana heterozygotnost jedince v subpopulaci za predpokladu
nahodného pateni

H , - oCekavana heterozygotnost jedince v celé populaci za predpokladu
nahodného pareni

k
H, = Z H. / k H_=pozorovana heterozygotnost v subpopulaci x
x=1

d prumérna ocek.

—1— 2 . 2= frekvence i-t¢ = _—
Hg =1 Zpi,x Pix : Hs = Z H / k- heterozygotnost

P alely v subpopulaci x — v populaci

H, =2pyq,

> pouze pro dvé alely na jednom lokusu (Wright 1931)

VVVVVV




F statistiky

Hs — H, SniZeni heterozygotnosti jedince kviili

Fis = Ho nenahodnému pareni v subpopulaci
Fo= H; —Hs Vliv rozdéleni populace na subpopulace
> H, (geneticky drift)
HT — H] Celkovy koeficient inbreedingu F,, - méri
F = H redukci heterozygotnosti jedince ve vztahu k
T

celkové populaci

(1-Fir)= (1-Fs7)(1-Fis)

Weir & Cockernam (1984) f, 0, F
Korekce na velikost vzorku a pocCet subpopulaci




Vypocet F statistik - p riklad

Primérna frekvence alely A v celé populaci

Subpopulace 1 (N,=40) Subpopulace 2 (N,=20) /
Lokus AA AB BB P1) AA AB BB Py Pog Pozn.
A 10 20 10 0.5 5 10 5 0.5 0.5 H.-W. rovnovaha
B 16 8 16 0.5 4 4 12 0.3 0.4 deficit heterozygotu
C 12 28 0 0.65 6 12 2 0.6 0.625 prebytek heterozygot
D 0 0 40 0.0 20 0 0 10 05 alternativné fixované
alely
Vypocet alelovych frekvenci
Pozorovana Ocekavana heterozygotnost Wrightova F-statistika
heterozygotnost

Lokus Hig M2 Hi Hs Hr Fis Fsr Firg

A 0.5 0.5 0.5 0.5 0.5 0.0 0.0 0.0

y

B 0.2 0.2 0.2 0.46 0.48 < 0.565 0.042 0.583

C 0.7 0.6 0.65 0.4675 0.46875 <. -O.%S) 0.0027 -0.387

D 0.0 0.0 0.0 0.0 0.5 ( 1.0 > 1.0
Prameér 0.058 0.261 0.300

Primérné hodnoty F statistik mohou maskovat odliSnou evoluéni historii na riznych lokusech




Vypocet
+ Software FSTAT, GENEPOP, GENETIX...
» S.E. - jackknifing

* Prukaznost odchylky od nulové hodnoty —
permutacni (randomizacni) testy




F-statistika

* g snizeni heterozygotnosti v lokalni subpopulaci
vysoke hodnoty — inbreeding

* I souhrnna hodnota, heterozygotnost v cele populaci

. FST mira ,rozdélenosti“ = snizeni toku mezi

subpopulacemi
Vliv driftu — fixuje odlisné alely v subpopulacich




Hodnoty Fgr

0 — 0.05 mala diferenciace (zanedbatelna)
0.05 - 0.15 stredni
0.15 - 0.25 velka

> (.25 velmi velka




temer 600 jedincu, 21 Iokallt 12 m|krosateI|t

[ TR T

Bryja & Reichard, nepubl data







« 7 mikrosatelitovych lokusu, Fg

Prakazné rozdily mezi populacemi

Fmberiza citrinella
Lee et al. 2001

* Ve Velké Britanii neni panmikticka populace
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Populacni cykly hrabosovitych
hlodavcu (Berthier et al. 20006)

 Vyrazne cyklické zmeny v pocetnosti
populaci — stridaji se obdobi
Jzolovanosti“ s ,kontinualnim rozSifrenim*“
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 Nizka hustota —
extrémni vliv driftu

« S narustem populacni
hustoty se zvysSuje
intenzita toku genu
mezi subpopulacemi a
narusta geneticka

Aol 2003 | 1

variabilita subpopulaci
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Myotis bechsteinii
Kerth et al. 2002

Table 2 Genetic differentiation based on nuclear and mitochon-
drial DINA among 10 maternity colonies of the Bechstein's bat

No.of Fopulation
Lo alleles FST £5E differentiation
Nugclear DN A
* Letni kolonie samic b15 23 0.023 £0.009 P <0.0005
(15-40 jedincu) b22 12 0.008 £0.005 P=0.07
b23 20 0.008 £ 0.007 P=0.02
MM5 10 0,010 £ 0.006 P=0.0
 Vzorky -jen 99 NINE 10 0.031 £0.012 P =0.001
P20 20 0.014 £0.007 P < 0.0005
paur3 10 0.012 £ 0.008 P=0.002
* Nuklearni i mitochondrialni Al 0015 £0.003 P <0.0005
mikrosatelity Mitochondrial DNA
AT-1 10 0.658 £ 0.058 P < 0.0005
AT-2 3 0.941 +0.050 P = (0.0005
o Q9 filopatrie
Wright's fixation index Fo; (£ 5E) was calculated for seven
nuclear and two mitochondrial microsatellite locl. Significant
« 43 disperze deviations from zero, indicating population differentiation, were
assessed using permutation tests (see Materials and methods for
details).




Gg (Nei 1973)

Analogie Fgr

Haploidni (haplodiploidni) organismy,
sekvence mtDNA

Pocita s ,gene diversity” misto heterozygotnosti

Pracuje tedy jen s frekvencemi alel,
ne s procentem heterozygotu




Rgt
Obdoba F4;

Pracuje vsak s velikosti alel
(poCet repeatu u mikrosatelitu)

Predpoklad znamého mutacniho modelu
jen pri platnosti SMM (stepwise mutation model)

,/Pamet” mutaci v minulosti
* Rgr>Fg7 vetsi vliv mutaci
* Rg=Fgyvetsi vliv driftu

Potvrzeni vyznamnosti rozdilu randomizacnimi testy
(Hardy et al. 2003, program SPAGeDi 1.1)




Arlequin ver. 2.000

& software for
population genetics
data analysis

Authors:
Stefan Schneider
David Roessli

Excoffier et al. 1992  comnvun

Contact Arlegquin:

Url: hitp:itanthropologie. unige.chiareguini
Mail: arleguing@@sc2a.unige.ch

Analyza Molekularni Variance

Analogie Rt a spojeni s ANOVA

Analyza variance alelickych frekvenci
(jiz drive Cockerham & Weir
1987,1993)

Zapocitava se ale rozdilnost (mutace)
alel

®gr, Program ARLEQUIN (umi i Fgr)

Data:

sekvence

mikrosatelity (jen pfi platnosti SMM
stepwise mutation model)
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Piertney et al. 1998 a 2000

Mikrosatelity a mtDNA
Rsr, AMOVA

NcDNA strukturovanost

Lagopus lagopus scoficus

s

5 km

% 8 Glen Livet

2
&
4 Allargue &

9 Candacraig % %

12 Glas Choille

% ® % 5MarEstate
1,2 Mar lodge

o 3 Invercauld

o211 Tillypronie

<% 6 Dinnet

BALLATER
+% 7 Glen Muick

10 Airlie

BANCHORY

ABERDEEN

MtDNA neni strukturovanost
Filopatrie samcu, disperze samic, prikazny vztah Rq; a vzdalenosti

Table 3 Unbiased, multilocus estimates of Slathin's (1995) Esrbetween all population pairs. Signaficant values ars undedined

Mar Mar Mar Glen Clen
Lodgel Lodge? Inwercauld]l Inwercauld 2 Allargue  Estate Dinnet  MMusck  Liwet Tillypronie  Candacraigl Candacraig2  Asrlie
Mar Lodge 1
Mar Lodge 2 [.039
Invercauld 1 0227 0.060
Invercauld 2 -0.020 -0.011 017
Allargue 0.0458 017: 0380 0.075
Mar Estate 0152 0285 Q477 0177 0.002
Dinnet g 0137 0353 0.040 -0.018 0049
Glen Muick -0032 0.009 0153 -0.033 0.024 Q110 -0.002
Glen Livet 0181 0309 0491 0204 0.028 -0.012 Q074 Q137
Tillypronie 0.328 448 0619 0334 Qil7 0026 0195 0232 0004
Candacraig 1 0.332 0258 064l 0333 Q100 I 0185 0243 0017  -0.035
Candacraig 2 0.236 0374 0565 0254 0.040 —0.019 0103 0173 -0030  -0023 -5
Aurlie 0249 0384 0574 0263 0.051 —(0.008 0166 0182 -0020 -0012 -0.028 -0.039
Glas Chodle -0l Q040 0208 -0.013 0044 0136 o1y -0.025 0163 02535 0.2 0209 0220




Bombus pascuorum
Widmer & Schmid-Hempel 1999

SE ]

S .

A

am »

S

Variance % Total

F/@ dif  S5Df component  variance®
Among populations F 17 7771 0.07 4.51*

DO 17 5198.20  5.02 B.74
Among regions F 4 2615  0.08 2.1e"

@ 4 346494 458 749
Among populations F 1 2435 0.02 -
within regions O 1 177371 216 3.33"
Between north and F 1 3857 011 712"
south of Alps oy 1 2622.89 725 11.74*
Among populations north and F 16 3914 0.02 146"
south of the Alps, respectively @ 16 257231 218 3.33

t5um of squarad deviations.
* P <0001,

Mikrosatelity, AMOVA
Nejvic vysvetluji Alpy




Neighbour-joining

Balzers (BA) [A]
202 Prutz (PR) [A]
Soyhiéres (SO)
338 Blauen/Nenzlingen (BN) [A]
J6t Rothenfluh (RO) [A]
Silwood (SW) [A] North
W36 T0/56 Gran (GN) of
39159 Senja (SE) [A] Alps
65151 ; -
i . Andselv (AD) [A] Scandinavia
2641 Tydal (TY) [A]
Jambon (JL) [A]
2515 340 Vicques (VI) [A]
Viktorsberg (VB) [A]
- Latsch (LA) [A, B) —
Piacenza (Pl) [B]
B5/%9 - South
4 Glalpaugna (CA) [B] of Alps
63/67 Casalino (CS) [B]
Monte S. Giorgio (MG) [B]

Fig. 2 Neighbourqjoining (NT) dendrogram based on the chord distance of microsatellite data (Cavalli->forza & Edwards 1967) connect-
ing 18 populations of Bombus pascuorum. Bootstrap values (percentages) were computed over 2000 replications by resampling individuals
within populations (lett values) and by resampling loct (right values). Letters in parentheses denote mtDNA haplotypes.




PC1 z alelickych frekvenci vs. zemeépisna délka

1.5 T
North of Alps
5 #
14 AD ¢
TY *
ay *
0.5 + Scandinavia
n .
O
o
_{}E = .
South of Alps
-1 +
-1_5 i
-2 4 4 : ! - | |
30 35 40 45 50 55 60 65 70 75

Latitude (*N)

Fig. 3 The first principal components (PC1) for microsatellite allele frequencies vs. latitude. Identification codes refer to populations,
see Fig. 1.




AMOVA a F statistika

popis vysledku nikoliv priCin — mozna alternativni vysvetleni

Recent separation, Old separation, but
no gene flow continuous (low)
cene flow
a d b a d b

N >

Time




o)
Modely toku genu (alel)
 Island model (Wright)
Stejne velké subpopulace
Symetricky tok genu
Stejna pravdépodobnost vymeény
mezi jakymikoliv subpopulacemi

« Stepping-stone model

(Kimura) plleT oo he

Vymena jen mezi sousednimi
subpopulacemi

 |Isolation by distance

Tok slabne se vzrustajici
vzdalenosti subpopulaci O O - O =) O O




Isolation by distance

rozumne geografické meritko
(zavisi na schopnosti disperze)

musi byt ustanovena rovnovaha mezi migraci a driftem

IBD (isolation-by-distance) nebude

— u velmi recentné izolovanych populaci
— u zcela izolovanych populaci

— pri znacné migraci




Isolation by distance

Crotaphytus collaris
Hutchinson & Templeton 1999

(a)

desitky tisic let
nejsou bariéery
rovhovaha
mezi driftem

a migraci

(c)

postglacialné
fragmentace
vliv driftu

Ft

Fst

Texas lizards

Geographic distance

North-eastern Ozark
lizards

Geographic distance

(b)

Kansas lizards
postglacialné
nejsou bariéery
vliv migrace

Geographic distance postglacialné
vzrustajici
South-western Ozark fragmentace
lizards vliv driftu
na velkych
meéfritkach
rovnovaha

na malych
méfitkach

Geographic distance




Myotis myotis

Ruedi & Castella 2003

Regrese ®4/(1- @47) nebo
F</(1-F41) oproti logaritmu
geograficke vzdalenosti

Prukaznost testovana
permutacemi

Manteltv test (FSTAT)

Lepe vysly mikrosatelity nez
MmtDNA

Isolation by distance
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Tok genu — metody

Nm = pocCet migrantu / subpopulace / generace
Jde o hruby odhad ve skale: malo, stredne, hodnée!

* Privatni alely (Slatkin)
Alely vyskytujici se jen v jedné subpopulaci

p(1) frekvence privatnich alel
Inp(1) = -0,505 In(Nm) - 2.44

 F statistika




Co ale rozhodné NE!

Dveé hodne vzdalené populace

FST

Vyjde nenulové Nm
— v minulosti doSlo k vyméné jedincu

| populace, ktere si nikdy nevymenily migranty
mohou mit nenulovée Nm.
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Odobenus rosmarus

.I'\“—’ 1

Andersen et al. 1998

* Mikrosatelity

* Nejvice izolovane SZ Gronsko

* Nizké hodnoty FST (okolo 0.05)

* Nékolik migrantu za generaci (asi 4)
« Shodne vysla i mtDNA




CE (20)

EX120) & Ymm MT (10)

ey, SM (18)

Mikrosatelity (a mtDNA), Fgr,
GENETIX, GENEPOP

Prukazné rozdily, hlavné Donana a
zbytek

Prukazné vyslo Isolation by distance

Asi rychly drift, malé N,
rozdily v reprodukénim uspéechu

Aquila adalberti

Martinez-Cruz et al. 2004

Table 3 Dhifferenbiation mdexes among the fve br-r:-r:-ding nuclet

CE EX MT PND SM
CE 0.0227* 0.0078 01100 Q0274
EX (0.0025% =001 0.0790* Q0263
MT (.0644 02364 0.0657% 0008
PND  0.0001=  0.0001% 0.0031+% 01005

S 0.0008=  0.0021* 0.2441 0.0002%

CE, Centro; EX, Extremadura; bT, Montes de Toledo; PND,
Parque Macional de Dofiana; SM, Sierra Morena.
Feq probability values above the diagonal and for the exact test of

differentiation under the diagonal.
Levels of sipnificance are *F < 0.05, **F < 0.0] and ***F < (0.001.

3.0

2.8 4

2.6

2.4

2.2

Ferl/{1=Fg1)

20 4

1.8

P =001

1.6 1

1.4

0.00 0.02 0.04 0.08 0,08 0.10 012
Ln distance

Fig. 3 Mantel test showing the correlation between genetic and
geographical distances among the five nuclei (r = 078, P =0.01).




Detekce bottlenecku

* Pri bottlenecku vymizi nejdrive vzacné alely
— Alely rozdéleny do kategorii podle frekvence
— Relativni nedostatek alel s nizkou frekveci — bottleneck

« Zvysena heterozygotnost — program BOTTLENECK
— Nutny predpoklad mutacniho modelu (SSM, TPM, IAM)
— Testuje ,mutation-drift equilibrium”

« Bayesiansky pristup (zalozen na koalescencni teorii)
— Detekce bottlenecku | expanze
— Predpoklad rovnovahy
— Vhodné pri dlouhodobegjsich zmenach
— Markov chain Monte Carlo simulations
— Beaumont MA — napf. program MSVAR




Bottleneck

Pri bottlenecku

—  redukce poctu alel

— ovlivneni heterozygotnostl neni tak rychlé E T

—  vice heterozygotu nez by vyplyvalo z populacniho modelu
(IAM, TPM, SMM)

Nutno definovat model, nepfedpokladam HW rovnovahu
Program BOTTLENECK

Table 4 Departures from mutation-drift equilibrium in yellow-
hammer samples
Strnadi Sampling sites IAM TPM SMM
Zalezi na zvolenem
modelu DEV 0.0039** 0.0078** 0.3438
_ i GWE 0.0039** 0.0391* 0.7656
Ale SMM asi neplati CUM 00039+ 0.0391" 0.8125
stoprocentné 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

Bayesiansky pristup (zalozen na koalescencni teorii)
Detekce bottlenecku i expanze
Vhodné pri dlouhodobégjSich zmenach
Markov chain Monte Carlo simulations

Beaumont MA — program Msvar




Shrnuti

 Kilasicke fixacni indexy (Fgy)
— Znacne robustni
— Mutacniho model neni nutny
— Nutno mit rozumnou Skalu (geografickou vzdalenost)

- AMOVA
— Jemnejsi rozliseni
— Mozno pouzit i na sekvence (napr. mtDNA)
— Predpoklad modelu (SMM)
— Platnost modelu vétsinou neni znama




Geneticka struktura populaci . L _
drift, mutace a migrace Wahlunduv princip (isolate breaking)

Drift » Pokles homozygotnosti pfi slouceni subpopulaci
e ri
— diferenciace subpopulaci
diky fixaci alternativnich alel

@ drift
+ Mutace
mohou zvysit diferenciaci B
(odlisit subpopulace) AA AAN 2 /aa aa
ale riziko homoplazii AA '.‘ aa
AA AA /e \ aa aa
AA R aa
A

« Diferenciaci ,pokazi“ migrace
1 migrant na generaci mtzZe stadit k setfeni rozdil(!

AN

F-statistika

- Wright, Nei F, Fsp, Fir

RST

» Obdoba Fgq;

* Weir & Cockerham (1984)f, @, F e i o _ ’
Korekce na velikost vzorku a poc€et subpopulaci by =Y + Pracuje viak s velikosti alel

(pocet repeatu u mikrosatelitu)

— ol

» Popisuji heterozygotnost (odchylky od HW) na riznych méfitkach
+ Predpoklad znamého mutacéniho modelu

. ) o ) jen pri platnosti SMM (stepwise mutation model)
° F,S shiZzeni heterozygotnosti v lokalni subpopulaci

vysokeé hodnoty —inbreeding « ,Pamét* mutaci v minulosti

° F,T souhrnna hodnota, heterozygotnost v celé populaci * Rgr>Fgp vetsi vliv mutaci

. . . . . . * Rgr=Fgy vEtsi vliv driftu
* F + Mmira ,rozdélenosti* = sniZzeni toku mezi subpopulacemi
Vliv driftu — fixuje odliSné alely v subpopulacich
+ Potvrzeni vyznamnosti rozdilu randomizacnimi testy
F=1-(h,,./h

exp) (Hardy et al. 2003, program SPAGeDi 1.1)

(1-F7)= (1-Fs1)(1-Fg)

8N AN




Tok genl — metody

Nm = pocet migrant( / subpopulace / generace

Modely toku genu (alel)

—~ a Jde o hruby odhad ve Skale: malo, stfedné, hodné!
- Island model (Wright) O
Stejné velké subpopulace \
Symetricky tok genu . . ivatni
Stejna pravdépodobnost vymeény L () zgllv?/tgl(y?l!?lyse jen v jedné subpopulaci
mezi jakymikoliv subpopulacemi \/ D /\J y vy ) J J pop
. \-/\('\, p(1) frekvence privatnich alel
+ Stepping-stone model ) N Inp(1) = -0,505 In(Nm) - 2.44
(Kimura) | () |
Separay o e : Fstatistika Fy =
m

+ Isolation by distance
Tok slabne se vzrustajici
vzdalenosti subpopulaci

* Fylogeneze alel

|solation by distance

leguanovec obojkovy

Myotis bechsteinii
Kerth et al. 2002

Crotaphytus collaris
Hutchinson & Templeton 1999

(a) Texas lizards b) Kainsas izards TabicDZ]\]ienetic diff)erenriatiun balsed on ;n;cle;}ar 'Imd mitochon-
y o n ic ¢ | aternity c ies stein’s ba
desitky tisic let postglacialng ‘ 7 3 dria among 10 maternity colonies of the Bechstein’s bat
nejsou bariéry nejsou bariéry A e R & —_— —
TOV"_'OV_aha Fat Fet vliv migrace « Letni kolonie samic Loci alleles FST + SE differentiation
o i | | (15-40 jedincu)
a migraci ' I Nuclear DNA
b15 23 0.023 £ 0.009 P < 0.0005
g — . Vzorky - jen b22 12 0.003 +0.005 P=0.07
-k
Geographic distance Geographic distance b23 20 0.008 + 0.007 P=0.02
o MM5 10 0.010 £ 0.006 P=0.01
( North-eastern Ozark () south-western Ozark posﬂtgla9|arlne « Nuklearni i NN8 10 0.031 £0.012 P =0.001
postglacialné lizards lizards vzrustajici mitochondrialni p20 20 0.014 +0.007 P < 0.0005
fragmentace fragmentace mikrosatelity paur3 10 0.012 £0.008 P =0.002
vlivdriftu  Fu £ vliv driftu All 0.015 +0.003 P < 0.0005
| na velkych méfitkach Mitochondrial DNA
, - o0 fIIO atrie 1tochondria
;;"‘I’T[]’;,‘;ihr:émkéch ++ Top AT-1 10 0.658 % 0.058 P < 0.0005
y AT-2 3 0.961 £0.050 P < 0.0005
Geographic distance Geographic distance e d|sperze




Genetika metapopulaci

,classical® ,mainland-island”

(b)

O

O O

« Jednoducha populacni struktura vs.
metapopulace — populacni genetika

 stable pattern of genetic differentiation vs.
pattern vary over time




Atlantic salmon — Sainte Marguerite river (Quebec)
(Garant et al. 2000)

« vyrazna populacni struktura mezi rekami

« vramci jedné feky — ruzné mikrohabitaty
obyvané (1) demy nebo (2)
metapopulacemi?

» dvoulete sledovani, mikrosatelity,
hierarchicka AMOVA

* lokalne adaptované demy, ale i
metapopulace (napf. po povodnich je
mikrohabitat obsazen nahodné a ne
jedinci z puvodniho demu)

long-term (stable) vs. short-term
(metapopulations) substructures




Ktery typ metapopulacni struktury?

,classical® ,mainland-island”

(b)

O

,source and sinks”

O O

* ad a) Cristatella mucedo - Bryozoa (Freeland et
al. 2000) — long-distance migration (birds), no
IBD, 5 ms for clone identification

* black rats in Senegal — transport by traffic




ad b) Mainland-island model

Bufo calamita (Rowe et al. 2000) — different ponds have
different breeding success

klasické subpopulace (Area 1) i metapopulace (Area 2);
krfizek — vySSi tok genu nez by se predpokladalo

37 Area 1 87 Area 2
. +
: Klasicka subpopulaéni 61 B Mainland-island
i u
24 metapopulace
= struktura + IBD 5 POp
% c 4
«p] (b} ® [ ] +
E '] . E [a) =]
2_
» ® .®
O T 1 0 T T T 1
1% 30 45 5 7 9 11 13

Mean distance to other sites (km) Mean distance to other sites (km)




Population assignments
Klasické problémy populacni genetiky

— Populace dany, jedinci predem zarazeni do
populaci, zajimaji nas vlastnosti populaci

— Populace sice definovany, ale chceme k nim
priradit jedince neznameho puvodu

— Krypticka populacni struktura = predem neni dano
nic — chci zjistit klastry (tj. pfirozené populace) a
rozfadit individua do klastru (population
assignments)




Unraveling migratory connectivity

(a) strong vs. (b) weak connectivity




1. Direct methods

* morphological variation (geographical
races)

* leg-bands or similar markers (ex. over one
million Ficedula hypoleuca have been
ringed in UK and Sweden — only six
recaptured on wintering grounds in Africa

 satellite telemetry — expensive




2. Bilogeochemical approaches

* ratios of stable isotopes of naturally occurring elements
(C, H, N, Sr) vary across the landscape

« determined by the relative frequency of C3 and C4
plants, climate, and bedrock

(1) geographical structure of isotopic ratio distributions
(2) knowledge about where animals incorporate isotopes

(3) tissue samples from individuals at different parts of their
annual cycle




3. Genetic approaches

« very few birds have bands, but all have
genotypes »

genetic data on population structure

problems: (1) week genetic differentiation
among populations (widespread dispersal), (2)
lack of differentiation in northern temperate zone
— recent postglaciation expansion

solution: (1) more genetic markers, (2) study of
avian parasites DNA




Useful (and used) genetic markers

« mtDNA — smaller efective population size,
population specific markers arise quickly, often
fixed differences

* microsatellites — pronounced polymorphism,;
rare in the avian genome

 dominant nuclear markers (RAPD, AFLP) —
almost infinite number of markers




Population assignment tests

= program GeneClass (Piry et al. 2004)

= calculates the probability that an individual’s genotype might exist in a
particular population

= can combine data from multiple genetic marker types

(8 —1 - % - b)) s
44 @ ', -':... ”,' h ?ﬁ
@ LR - @ e
i -84 * ® s B o 5 7 “ 5 .:. I‘rl-.
& g a2 s e T &
g —i0 4 - [ g -7 -: J.. - @
E .«” l} E 2 n :‘#,.-t-.
. S o : > g
3 2 B s e 8
g 17 d I‘w £ y oo e
3 o @ I 10 - ®
T 151 L @ R L. &
— . ® '{ 3 ;"’ )]
-18 . 12 y
rFa ’ rFa -
-20 +° T T T T T T T 1 -13 T T T | T T T T |
-20 -18 -18 -14 -12 -0 -8 -6 -4 -3 -12 <11 -0 -8 -8 -7 -6 -5 -4
Log hkelihood from population A Log hikelihood from population A
5 microsatellite loci 5 microsatellite loci
F, =0.14 F, =0.04

99.9% assigned correctly  90.2% assigned correctly




Klastrovani

Distance based methods

Matice parovych vzdalenosti

(vzdalenosti mezi kazdym parem individui)
Znazornéni mnohorozmérnym grafem —
Klastry

Exploracni metoda!

Duvéryhodnost klastr neni znama
Zavislost na distan¢ni mire i na grafickém
zobrazeni

Napfr. neighbour-joining

Model based methods

Pouziji parametricky model

Soucasné hledam parametry pro klastry a
urcuji ¢leny klastru

Uréim vérohodnost vysledku

(Maximum likelihood, Bayesianska
metoda)




Bayesian clustering approach
STRUCTURE = Pritchard et al. 2000

Neznamy pocet populaci charakterizovanych ruznymi frekvencemi
alel — pocCet populaci a frekvence zjistu;ji

Soucasné prifazuji individua do populaci

Lokusy, které nejsou ve vazbé, HW uvnitr subpopulaci
(mikrosatelity, RFLPs, SNPs)

Mozno pfedem zahrnout geografickou polohu individui

Model se snazi vylozit HW nebo vazebnou nerovnovahu zavedenim
populacni struktury

Misto primého vypoctu — odhad pomoci Markov chain Monte Carlo




Turdus helleri
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Fragmenty destneho
pralesa

Lokality Chawia,
Ngangao, Mbololo, Yale
(Kenya)

/ mikrosatelitovych
lokusu

Neighbour-joining

* Spatne zarazeni jedinci




Program STRUCTURE - Bayesiansky pristup

Inferring the value of K, the number of populations,

for the T. hellert data Ngangao

K log P(X|K) PKX)

| 3144 0 ki

i ‘gégg ~0 # Mbololo
M

4 2683 abia

5 —2688

Chawia Mbololo
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Bryja & Reichard, nepubl data
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Stanoveni poctu ,prirozenych
subpopulaci
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Ln Likelihood
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