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VzdalengjSi pribuznost jedincu

Sestry, bratri, sestrenice, bratranci
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Pribuzensky koeficient r

Celkova ,identity by descent”

Diploidni organismy
— Rodic — potomek 0,5

— Sourozenci 0,5
— Jednovajecna dvojcata 1 6 ‘ i i
— Nevlastni sourozenci 0,25

— Bratranci a sestrenice 0,125
— Nepribuzni 0

RELATEDNESS, KINSHIP (Mac), ML-
RELATE (WinXP) odhad pomoci ML napr. z
mikrosatelitu

BAYES




Cynopterus =S4 AZ

kalon kratkonosy
Storz et al. 2001

« Kolonie slozené z harému, v harému samec a 1 az 37 samic
* Pfibuzenska struktura kolonie a harému (kin structure)?

« 10 mikrosatelitovych lokusu, r, KINSHIP

* r blizké nule — jedinci v kolonii jsou nepribuzni

« Zasadni role disperze (mladata z kolonie se v dospéelosti nedrzi pospolu)

No.

pair-

Average wise
palrwise 95% confidence combin-

¥ mmterval ations
Mother—offspring pairs 0.494 0.478 to 0.511 185
Father—offspring pairs 0.508 0483 to 0.330 118
Half-siblings 0.298 0.283 to 0.310 7137
Pups (1997 cohort) 0.036 0.027 to 0.044 2211
Pups (1998 cohort) —0.002 —0.006 to 0.003 G003
Adult females —0.008 —0.010to —0.006 21,736

Adult males —0.001 —0.014to 0.013 666




Kolonie, i vice neZ 40 jedinci Cryptomys damarensis

v, . . , . Burland et al. 2004
Mnozi se jen 1 samice (kralovna) a 1 az 2

Samcl

Mark-recapture — minimalni disperze a
vymena mezi koloniemi

Laboratorni experimenty — inbreeding
avoidance

Vysvétluje to, proC se mnozi jen kralovna?
11 kolonii, mikrosatelity, RELATEDNESS

Kralovha ma mladata i se samci, kteri nejsou
v kolonii

V kolonii Casto nepfibuzni jedinci opacného
pohlavi

Inbreeding avoidance nestaci k vysvetleni
sociality

Dominance kralovny




Megaptera

novaeangliae
Valsecchi et al. 2002

« Cestuji v malych skupinach

« Tvori skupiny pribuzni?
Kin selection?

« Mikrosatelity (8 lokusu), KINSHIP,
NEWPAT

« Jedini pribuzni ve skupinach byly
matky a jejich potomci.

« Krome nich hodnoty r stejné jako
pri slouCeni skupin dohromady

* Kin selection skupiny nevysvetluje

1075

— 505




Haplodiploidie

Hamilton (1972) - inkluzivni fitness

« 243 haploidni, @ Q diploidni

4.
X

Jeden otec
— Sestry: 0,75
— Matka — dcera 0,5
Vice otcl
— Sestry: 0,25 -0,75
— Matka — dcera 0,5
Vice matek i otcl r rizné

XXX,




Polistes dominulus
(drive P. gallicus)

vosik francouzsky Queller et al. 2000

» Hnizdo bez ochranného obalu

« Zaklada casto vice
prezimovavsich samic

 Dominantni samice klade
vajicka (>90%), subordinatni
se staraji o potravu

* Kin selection? 00
(Jsou si samice pribuzné?) .
* Ve tfetiné pfipadu jsou samice g
nepfibuzné & o404
(ML 35% nepfribuzné
7% sestrenice o0 E
56(%) SGStrY) Relatedness (centre of range)
« Jedina VyhOda — nahrazeni Figure 3 Observed relatedness distribution of P. dominulus foundresses ffilled squares)
dominantni samice pOkUd and expected distributions for several relationships, grouped into intervals of wicth 0.1.
! The filled squares show the observed distribution for all relatedness estimates of
Za hyne foundress nestimale pairs, from the four foundress collections of Fig. 2. The olher

distributions, used in the likelihood analysis, show the distributions of relatedness

¢ V)'ljlmka u SOCiéI nihO hmyZU! estimates for simulated non-relatives (open squares, true r = 0), cousins (open circles,

true r = 3/16) and full sisters (open triangles; true r = 3/4).




Sex ratio konflikt (Trivers and Hare 1976)

Predpoklady
(,assumptions*): Matka (D) e 1]
» samice je
oplodnéna jen 172 1/2
jednim samcem
> naklady na | Samec (H) <— D¢lnice (D) <— D¢Inice (D)
samce a samice 1/4 3/4

jsou stejné =
» matka produkuje l
vajicka a delnice
se staraji o larvy 3 . 1

— vznika konflikt mezi matkou a délnicemi




Analyza populacni variability a 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)

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

Nachazi se dana populace v obdobi demograficke
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)

pocet pocet podet
lokus populaci vzork( poceot geografické
v 1. vzorku v koordinaty
populac 2.
populaci,
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| 2 |Allele frequency
3D Pop Ppip01  Ppip02  Ppip04  Ppip06  EF1 EF4 EF6 Paurl5  NN18 HNnP217  |NnP219 X Y
/7 TYNT  TYN 174 176 128 128 213 215 120 (132 166 175 236 247 174] 188 249 251 287 291 205 209 140 170 48.76500  17.00750
! | 5 [TYNZ  TYM 167 167 | 132 132 | 207 207 130 (136 169 175 230 245 182| 188 247 249 287 287 205 215 166 166 48.76500  17.00750
| B [TYN3  TYN 176 178 128 128 207 207 130 (130 189 188 O O 184] 190 249 249 283 283 209 213 166 170 4876500 17.00750
| 7 TYN4  TYN 180 180 130 | 132 | 207 207 118 124 171 1730 200) 243 184] 190 247 249 283 285 209 214 140 166 48.76500  17.00750
| 8 [TYN5  TYN 174 174 128 128 207 207 128 (138 179 181 241 241 182] 188 247 253 0 0 208 209 158 162 48.76500  17.00750
| 9 | TYNG TYN 180 | 182 128 130 209 208 136 1360 173 175 241 243 184| 1868 253 253 295 325 209 15 182 170 48.76500 )  17.00750
|10 TYN7  TYM 174 180 128 130 215 215 130 (130 173 1730 241 241 190) 190 249 249 28BS 325 209 213 158 162 48.76500  17.00750
|11 TYNG  TYN 174 175 128 134 207 221 128 (138 171 177 2200 2400 178| 186 249 249 287 293 M3 13 162 166 48.76500  17.00750
|12 TYNS  TYN 186 178 126 | 130 209 209 128 | 148 177 177 2200 2300 184) 188 249 285 287 287 217 215 158 166 48.76500  17.00750
| 13 [ TYN1D  TYN 167 178 128 130 209 208 132 (134 171 175 243 245 184] 186 245 247 28BS 287 208 218 158 174 48.76500  17.00750
| 14 [TYN11  TYN 170 174 130 130 217 217 130 (138 173 175 00 O 182] 190 2&1) 257 2B 281 M3 213 166 170 48.76500  17.00750
| 15 [ TYN12  TYN 174 176 130 (132 0 | O | 134134 175 177 200| 220 186 186 249 251 293 297 203 209 158 162 48.76500  17.00750
O | 16 |'TYN13  TYN 166 | f | : : I / ! 0 5 ! - o . 3 162 170 48.76500 ) 17.00750
17 |[TYN14 | TYN 162 166 166 48.76500  17.00750
p p (18 | TYN15  TYN 156 genOtypy; tj VellkOStI fragmentu \Y popUIaCI 3 166 174 48.76500  17.00750
|19 |TYN16  TYHN == = = = 3 = A = = 1 £ S I N I« e N - N = N P . V- e - s~ e - R = R [y I 48.76500  17.00750
| 20 [ TYN17  TYN 178 178 126 130 207 211 132 (132 171 175 200 238 17| 180 243 285 2B 289 178 209 162 166 48.76500  17.00750
|21 [ TYN18  TYN 161 174 130 130 213 | 213 132 (132 173 177 245 245 178| 178 243 249 2B 289 2058 209 162 182 48.76500  17.00750
22 TYN19  TYN 174 1180 128 | 132 213 | 213 134 134 169 189 2200 2200 174) 182 249 243 MBS 285 209 213 131 131 48.76500 )  17.00750
E TYN20 T¥N 176 176 130 130 | O 0 1138 | 151 171 171 247 247 186 188 249| 256 287 287 209 209 131 166 4876500 17.00750
| 24 ' TYN21 | TYN 178 178 128 134 213 | 213 132 134 171 173 2450 245 180| 188 247 249 RS 287 209 209 144 154 48.76500 )  17.00750
| 256 |[TYNZ2 | TYN 186 | 175 128 132 207 | N7 124 01320 177 NFF ) 2200 2200 180|182 251 253 J57 297 209 17| 1700 170 48.76500 ) 17.00750
| 26 [ TYN23  TYM 168 176 128 128 213 213 120 (153 173 1730 2200 236 17| 180 245 253 28BS 287 209 213 154 162 48.76500  17.00750
| 27 [TYN24  TYN 176 176 130 130 219 119 132 (148 175 175 216 245 182| 184 255 285 23 297 205 209 131 174 48.76500  17.00750
| 28 [ TYN25  TYM 177 179 128 130 209 M3 126 (1260 156 1730 241 241 188| 188 249 255 2B 297 188 213 158 166 48.76500  17.00750
|29 TYN26  TYN 177 0179 126 130 201 201 118 (124 171 179 218 245 174] 184 249 285 205 285 205 205 158 166 4876500 17.00750
| 30 [ TYNZF  TYN 176 176 126 128 207 207 120 | 153 169 173 220 2200 182| 188 249 285 291 281 2068 209 136 162 48.76500  17.00750
| 31 |TYNZ8 | TYN 1688 | 172 128 132 219 | 119 130 1300 1B 175 2430 248 18R] 183 245 253 JBS 283 209 N5 132 170 48.76500 ) 17.00750
\ 32 [TYN29 | TYN 170 180 128 130 218 | 118 130 1300 171 171 2430 243 184| 184 249 255 JBs 289 209 N3] 16B 178 48.76500  17.00750
E TYN30 TYN 170 177 124 1130 215 215 138 (138 171 177 2320 236 184) 186 249 253 28BS 291 209 209 162 174 48.76500  17.00750
34 [NOV1  NOV 172 176 1268 | 134 209 M9 120 (1200 169 175 253 263 182| 184 251 255 289 295 178 209 162 166 48.83320  16.50610
0O | 35 |[NOWZ2  NOVY 178 178 130 | 130 209 209 128 (132 173 1730 238 243 182] 184 249 251 285 287 205 209 136 170 4883320 16.50610
p p | 36 |[NOV3  NOV 163 165 | 126 126 207 213 122 (124 173 175 200 245 178| 186 247 247 28BS 285 208 213 133 179 4883320 16.50610
| 57 |[NOV4  NOV 167 178 128 134 | 205 205 118 124 173 177 220 2200 186| 188 253 285 287 289 205 213 162 166 48.83320  16.50610
| 38 |[NOV5 ~ NOVY 176 178 128 130 201 201 130 (130 173 177 243 245 174) 184 247 249 2B 293 201 209 162 170 48.83320  16.50610
A0 | MO LITaLE} 17 170 170 120 L ana o mME 170 124 1CE 173 n n 104 104 A4S WAL QT AT InEl 13 1E7 1RE AQ 07N 16 EnE1n




Velke mnozstvi populacne-
ramu

£~ File Creation/Conversion

genetickych prog

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 most 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 in violet. 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.

‘Computer programs for population
genetics data analysis: a survival guide

‘ Laurent Excofficr and Gerald Heckel

vert Existing
Format

l Create From
Raw Data

=D [bATA] A« ] [reseces

R59AX-STRUCTURE txt

=101 x]

ad:\ R3PAX-STRUCTURE-POPULATIOM MAMES 1t
{_YSTRUCTURER 2

Convert from: [FINTaWIIN] M

Convert to: |FSTAT Al
GDA
(Can multi- GENECLASS
select by using
the shift and GENEPOP
control keys) GENETIX
IDENTIX

M =

Output Folder: Change
|

Output Filename:

Cancel | CONVERT |
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Ugel populadné-genetické analyzy

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

Multi-allelic markers*®

@riptive statiD

Linkage disequilibrium

nalysis of population
subdivision

Detection of new immigrants:

k

Detection of new immigrants:
inferred populations

Demographic expansion or
decline

Population size
Divergence time

Migration rates

Neutrality tests

Arlequin, FSTAT, GDA, Genepop,
GENETIX, MSA, SPAGeDi, Hickory

Arlequin, FSTAT, GDA, Genepop,
GENETIX, Structure

Arlequin, FSTAT, GDA, Genepop,
GENETIEX, M5A, SPAGDI, Hickory,
Structure, E,ﬁ.PS, Geneland

BayesAss+, GeneClass

BAPS, NewHybrids, Structure,
Geneland

Migrate

Arlequin, FSTAT, GDA, Genepop,
GEMETIX

Arlequin, FSTAT, Genepop,
BayesAss+, COLONISE, Migrate

Arlequin, FDISTZ
SPAGeDi, Geneland, COLONISE

< §pat|'ally explicit analyses >
BV T e 1 5, we mean loci for which no specific mutation medel is assun:

are based on allele frequencies onlf§ Uthenwize, spec
frequencies, as well as nucleotide fiop) ? 7\ y
i el

immigrants. AFLF, amplified fragm

WATATION Mmoo e

1t engtit ALY I OT LIRS

are assumed

STR

Arlequin, FSTAT,
GDA, Genepop,
MSA, SPAGeDH

BATWING,
iM, LAMARC,
MSVAR

BATWING,
iM, LAMARC,
Migrate, MSVAR

BATWING, iM

BATWING,
iM, LAMARC,
Migrate, MSVAR

BATWING,
iM, LAMARC,
Migrate, MSVAR

ekvence a

“r1 iindem FEPEL*E‘mutaénl’ mOdeI

Dominant SNP

markers (AFLP)
SPAGeDi

Hickory

BATWING,
LAMARC,
Migrate

BATWING,
LAMARC,
Migrate
BATWING,

LAMARC,
Migrate

BATWING,
LAMARC,

Migrate

mutations i nb s

Tics 2

DMA sequences

Arlequin, DnaSP, MEGA

Arlequin, DnaSP, MEGA

Arlequin, DnaSF, IM,
LAMARC, Migrate

IM, LAMARC, Migrate

DnaSP, IM, LAMARC,
Migrate

DnaSP IM, LAMARC,
Migrate

Arlequin, DnaSP, MEGA

zd. In the latter case, computations
A sequence, STR and SNFP allele
kade disequilibrium, and to detect new




1. Vnitropopulacni variabilita
(popis ziskanych dat)

Polymorfismus

podil polymorfnich lokusu (znakd) — 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%)

Pocet alel (hnumber of alleles)

Alelicka bohatost (allelic richness)

pocet alel na lokus

pocet alel na lokus vztazeny k velikosti
vzorku (metodou ,rarefaction®)

Number of alleles

Pozorovana heterozygotnost (observed

heterozygosity)

prumérna Cetnost heterozygotl v
jednotlivych lokusech

50

25 |

—_—— -
—_— -

Corallina
Gastoclonium
Gelidium
Perumytilus

500 1000 1500

Sample size




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 - zZjistime analyzou svych vzorkul

= Hardy-Weinbergova rovnovaha

» Cetnosti genotypil zjistime
analyzou svych vzorki
» odchylky od o¢ekavanych
¢etnosti = napi. X test

Ocekavana heterozygotnost (expected heterozygosity, Hg) pri HWE

HezdI '(p2+q2)

pro 1 lokus se 2 alelami s Cetnostip a g




Predpoklady HWE

« nahodné parovani (panmixia)

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

« Mendelovska dédi¢nost pouzitych markeru

* neutralni znaky — zadna selekce

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

nerovnovaha)
(@ Q]
2 lokusy ve fyzické blizkosti | T
(snizena pravdépodobnost rekombinace
[ |

linkage disequilibrium)

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




Odchylky od HW rovnovahy

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

nadbytek heterozygotfj = negativni asortativni pareni (j.

cilené rozmnozovani nepodobnych jedincl) — pouzité lokusy mohou
byt vyhodné v heterozygotnim stavu (napr. 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
0,5 p=0,5 0,75 1,00
0,5 q=0,25r=0,25 0,25 0

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

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

Polymorfismus = 0,75
H.=1-(p?+q?+r?)

e




Pouziti udaju o genetické variabilité

(a) 1.0

* neutralni geneticka teorie:
Ho=4N p/[4N p+1]

|||||

 mutation-drift equilibrium - 3

+ srovnani riznych populaci = ;% |-
a jejich Ne (He’ AR atd.) SRR R R




N L 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 (nahodne pareni, rovhomerny
pomeér pohlavi), ktera ztraci genetickou diverzitu stejnou rychlosti
jako aktualni populace (vlivem nahodného driftu)

« ovlivhéna genetickou a vekovou strukturou, pomérem pohlavi,
Intenzitou inbreedingu atd.

Ne
< o
..: o

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




el
COLe
e L
0O e
Ce Lo

Original population

« Nahodné zmeény ve frekvencich alel E

- Intenzita driftu zavisi na velikosti ]
populace (viz ochranarska genetika) )

« Specifické pripady — founder effect, by
bottleneck :

Geneticky drift

Ale ke TFeque
L]

Ra sampli d genetic_drift i

Population =20




Founder effect (,jev zakladatele™)

Originating population

Founder population




Initial frequency

distribution | |

5th generation | _
= | frequency distribution | —

"J | 0.20

J D.#L’!

~ 10th generation
frequency distribution

0.20

J 0.20

0.20

0.06

J 0.20

0.00

0.20

|
J 0.20

0.10

. 0414

J
J 0.20

~ 0.00

0.70




Frequency

Detekce bottlenecku

0.4

[k

0.2

0.1

0.0

F G H 1 I

D E
Allele

A B C

Reduction in
population size

Frequency

[LE]

0.4

03

0.z

LK1}
A° B C D E F G H 1 J

Allele

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

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

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

Program BOTTLENECK: pocet alel vs.
heterozygotnost

Program M Ratio: pocCet alel vs. rozsah alel

Pfedpoklad testl: Populace v HW rovnovaze




Bottleneck

Pri bottlenecku
—  redukce poctu alel

— ovlivneni heterozygotnosti neni tak rychle
—  vice heterozygotu nez by vyplyvalo z populaén

(IAM, TPM, SMM)

Nutno definovat mutacni model, pfedpokladem je HW rovnovaha,

testuje se mutation-drift equilibrium

Program BOTTLENECK

e Zalezi na zvoleném

 Ale SMM asi neplati

modelu

stoprocentné

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

Sampling sites IAM TPM SMM

DEV 0.0039** 0.0078** 0.3438
GWE 0.0039** 0.0391* 0.7656
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 koalescencni teorii)
— Detekce bottlenecku i expanze
— Vhodné pri dlouhodobéjsich zménach
— Markov chain Monte Carlo simulations
— Beaumont M. — napr. program MSVAR nebo DIY ABC

Lnglsl'lc regression = Scenaro |

: : & Scenarie 2
4 Scenario 3
O Scenario 4
4 Scenario 5
= Scenario §

1.1

w
[N N NN R
m o oo =1

0.9
0.8 4
07}---
0.6 ]
0.5
0.4
0.3

0
[ N R
meZeawoms
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g
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Testovani alternativnich scénaru vyvoje
populaci v programu DIY ABC




Otters in central Europe

« strong decline of l | S
: : ova
population numbers in |
' Czech
last century ) o
A ;
g 1 .IE{J ’ ", W , g
o _ u] | : - Do Pa ‘: ‘lllmkﬂlll
. | E h ] n [ ] L]
» fragmentation of e ‘o
L] u [ B ) ]
distribution area
B 0
Table 3 Simulated data from five replicate runs of the MSVAR programme
Population Model Mo M mu Xa (generations) Xa (years)
CZE EXP 66.1 257.0 1.6 <10° 5.9 17.7
{1.7; 245470.9) (12.6; 7079.5) (6.6 = 107% 4.2 < 1077 (0.2; 549.5)
LIN 28.2 281.8 1.3 <103 7.2 21.6
(0.4; 93 325.4) (13.6;74°3.1) (4.3 x107% 3.7 %1079 (0.2; 660.7)
SVK EXP 147.9 588.8 11107 4.3 12.9
(2.6; 323 593.6) (26.9; 14 791.1) (4.4 % 107" 231077 (0.1;162.2)
LIN 123.0 575.4 1.0 <10°° 4.7 14.1
(0.5; 363078.1) (29.6; 16 218.1) (4.1 %107% 2.1 1079 (0.1;173.8)

mg,estimated mode (and limits) of current effective population size; my, estimated modz (and limits) of past efective population size; mu,
estimated mode (and limits) of mutation rate; Xa, estimated mode (znd limits) o time between current and past population size in generations and
years, CZE, Czech population; SVK, Slovak population; EXP, exponzntial 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 pouzivane pro analyzu populacni struktury jsou
neutralni vuci selekci

 klasicky populacne-geneticky pristup = jednotlive
populace jsou predem znamy (napr. chceme zjistit
uroven genetickych rozdili mezi dvéma lokalitami =
populacemi)




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
0,5 p=0,5 0,75 1,00
0,5 q=0,25r=0,25 0,25 0

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

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

Polymorfismus = 0,75
H.=1-(p?+q?+r?)

e




Geneticka struktura populaci
drift, mutace

[ = 3
aa Aa AA < aa Aa pa
* Drift AA O AA
— diferenciace subpopulaci Aa Ag 22 = Aa AA 28
diky zmenam frekvenci (az fixaci) Aa = Aa
alternativnich alel >
@ drift
* Mutace =
mohou zvysit diferenciaci AB AA \ ™ /a3 aa
(nebo ne — homoplazii) AA =~ aa
AA AA aa
AA f_ aa °°
AN

Migrace (genovy tok)

- pusobi proti diferenciaci subpopulaci




Vliv populacni struktury na heterozygotnost

Wahlunduv princip
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




Wahlunduv princip - pfiklad

« 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
Cele 51 13 36 100 0.575 0.489

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

Ryman et al. 1979




Jak zjistovat strukturovanost populaci?

__________________________________________________________________________________

P ST el N S S SRR SRR
. Slovensko ' ' :
Nizky Jesenik
S ;

Factorial correspondence analysis
(Genetix)




F-statistiky

Masatoshi Nei
*1931

« Wright, Nei Fis, Fsr, Fir

Sewall Wright
1889 - 1988

* Popisuji heterozygotnost (odchylky od HW) na

ruznych meéritkach




Odhad vlivu populacni struktury
na geneticky make-up populace

Celkova populace

@@

114 @
@@@
QA

S1

© @

©)
EICN
© @

S2

ORE

& ®
@GP

- 3 urovné (T, S, I)

« X subpopulaci (x = 1
az k; zde k = 3)

- kazda subpopulace
ma N, jedincu

- AA, Aa, aa — odlisny
symbol

- pf. 11-13 = 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
H nenahodnému pareni v subpopulaci (~ HWE)

Vliv rozdéleni populace na subpopulace

H. — H, Celkovy Kkoeficient inbreedingu F,,. - méri
T 1
o 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 odliSnosti od nuly — nejCastéji permutace (FSTAT, Genetix, Genepop etc.)




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




F-statistika

* g snizeni heterozygotnosti v lokalni subpopulaci
vysoke hodnoty — inbreeding

* I souhrnna hodnota, heterozygotnost v cele populaci

* Fg7 mira ,rozdélenosti“ = snizeni toku mezi
subpopulacemi (ij. existence bariéry — Wahlunduv

princip)
Vliv driftu — fixuje odlisneé alely v subpopulacich




Hodnoty Fgr

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

> (.25 velmi velka

Absolutni hodnoty zavisi na heterozygotnosti !!!
Nutno testovat odlisnost od nuly !




,Bootstrap” test vyznamnosti Fst

.y 2. Slougeni jedinct 3. 1000 x nahodné vytvorené
1. Skute€né populace populace
o o o o o
° o °°o )
o o0 o o o

Absolutni hodnoty zavisi na heterozygotnost n
Nutno standardizovat: Fq;" = FST/FSTmaX(Hedrlck 2005) t

o o o
= Fst=0,0013
| - gt =0,072 == |

0,80 % simulovanych hodnot vétSich nez skute¢né Fst 35.40 % simulovanych hodnot vétSich nez skute¢né Fst
p = 0,008 (tj. vyznamny rozdil) p = 0,354 (tj. nevyznamny rozdil)




Vypocet Fq; - 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)

_H,-Hs 0.489-0.128
o S T 049
] .

=0.728

V dusledku bariéry toku genu je heterozygotnost o 72.8%
nizSi nez by byla v panmiktické populaci

Ryman et al. 1979




Panda velka

(Zhu et al., 2011)
« 192 vzorku trusu — 136

genotypu — 53 unikatnich
genotypu

» rozdeéleni rekou (cca 26 tisic
let) a cestami (recentné)

* icesty jsou vyznamna bariera,
| KdyZ mensi

Table 3 Pairwise For in the Xiaowiangling and Daxiangling
populations

Patch A B D
A

B 0.033*

C 0107+ 0.062"

B 007 0.0 7= 0.037*

*Cignificant level after Bonferroni correction (P < (L01).




Populacni cykly hrabosovitych
hlodavcu (Berthier et al. 20006)

« Vyrazné cyklické zmeny v pocetnosti
populaci — stridaji se obdobi

Jzolovanosti“ s ,kontinualnim rozSifrenim*“
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i 080 —
(k)
r OJB|
075
ot
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ocl.02 oct.03

 Nizka hustota —
extrémni vliv driftu

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

Sampling session

Min. pairwise Fo.
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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




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).




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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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




Genetic distance - Neighbour-joining

Balzers (BA) [A]
Prutz (PR) [A]

362

436

43138

Soyhieres (SO)
Blauen/Nenzlingen (BN) [A]

Rothenfluh (RO) [A]

TV 56

Silwood (SW) [A]

Bt

20615

2511

S5

Gran (GN)

GA51

Senja (SE) [A]

A

Andselv (AD) [A] Scandinavia
Tydal (TY) [A]

Jambon (JL) [A]

3842

Vicques (V1) [A]
Viktorsberg (VB) [A]

=50

Latsch (LA) [A, B]
Piacenza (P!) [B]

4504

63167

Calpiogna (CA) [B]

Casalino (CS) [B]

Monte S. Giorgio (MG) [B]

North

Alps

South
of Alps

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.




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




Tok genu — metody

1. Primeé metody: Capture-Mark-Recapture + parentage analyzy




Neprimé metody stanoveni toku genu —
populacne-geneticke modely

* Island model (Wright)

Stejné velké subpopulace
Symetricky tok genu
Stejna pravdepodobnost vymeny

mezi jakymikoliv subpopulacemi

+ Stepping-stone model

(Kimura) Rk -0 ™ ¢ Vo Rig

Vymena jen mezi sousednimi
subpopulacemi




Tok genu — metody

1. Primeé metody: Capture-Mark-Recapture + parentage analyzy

2. Neprimé metody — na zakladé distribuce geneticke variability

N_m = poc€et migrantt / subpopulace / generace (,island model*!)
Jde o hruby odhad ve Skale: malo, stfedné&, hodné!

* Privatni alely (Slatkin 1985) — vhodné pro vysoce polymorfni znaky
Alely vyskytujici se jen v jedné subpopulaci

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

 F statistika FST = 1 41N
+ R

(jen pro Fst > 0.05-0.10)




Predpoklady pouziti Ngm:

« island model” (= infinite number of populations, absence of
selection, the same size of all populations etc.)

« migration-drift equilibrium (= no range expansions, habitat
fragmentation or population bottlenecks)

Co ale rozhodné NE!

 Dve hodne vzdalene populace

* Fgr— vzdy bude nenulove Nom — v minulosti
doSlo k vyméné jedincu

* | populace, které si nikdy nevymenily migranty
mohou mit nenulove N,m




BayesASS

 Panda velka

Legend
¢ Panda
Mlaln River

? — Mational Rﬂud I
/ -

l«ll rru-!

- Bayesian estimates of gene flow
- doporuceni pro ochranarsky management — stavba koridoru




Modely toku genu (alel)

 Island model (Wright)

Stejne velké subpopulace
Symetricky tok genu

Stejna pravdépodobnost vymeény
mezi jakymikoliv subpopulacemi

« Stepping-stone model

(Kimura)
Vymeéna jen mezi sousednimi
subpopulacemi

Isolation by distance
Tok slabne se vzrustajici

vzdalenosti subpopulaci




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




Genetika metapopulaci

Metapopulace: Casté lokalni
extinkce a kolonizace

« Jednoducha populacni struktura vs.
metapopulace — populacni genetika

» stabilni vs. nestabilni populacne-geneticky
pattern




Atlantic salmon — Sainte Marguerite river (Quebec)

(Garant et al. 2000)

vyrazna populacni struktura mezi rekami

dvouleté sledovani, mikrosatelity, hierarchicka AMOVA

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

v ramci jedné feky — rlzné mikrohabitaty obyvané (1) demy nebo (2)
metapopulacemi?

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

Variance component D.f. % of total variance F-statistic P
Mezi pfitoky 1 0,1 0,0014 0,167
Mezi lokalitami 6 0,9 0,0085 0,001
Mezi roky uvnitf 7 2,5 0,0255 < 00,0001
lokality

Uvnitf vzorku 1352 96,6 0,0337 <0,0001




Ktery typ metapopulacni struktury?

,classical® ,mainland-island”

(b)

,source and sinks”

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 (no isolation-by-distance
in genetic differentiation)




ad b) Mainland-island model

Bufo calamita (Rowe et al. 2000) — ruzné rybniky maji razny reprodukcni

uspech

klasické subpopulace (Area 1) i metapopulace (Area 2); kfizek — vySSi tok
genu nez by se pfedpokladalo (jsou v nich obsazeny vysoce uspésné

rybniky = ,mainland®)

Area 1

Klasicka subpopulacni
struktura + IBD

5 30 45
Mean distance to other sites (km)

Area 2
" Mainland-island
metapopulace

-

Island—®

7[ 9 1|1 1l3
Mean distance to other sites (km)

Fsr = 0.06-0.22

1
> F —
' 1+4N,




Populacni struktura - shrnuti

Connected populations Isolated populations
(gene flow) (no gene flow)

N

e

Genetic drift

Genetic diversity

Population
differentiation




1. vnitropopulacni variabilita — deskriptivni statistiky
2. popis populaéné-genetické struktury, bariéry toku genu

3. Population assignments

Klasické problémy populacni genetiky

* Populace dany, jedinci predem zarazeni do
populaci, zajimaji nas vlastnosti populaci (F-
statistiky) — ad (1) nebo (2)

* Populace sice definovany, ale chceme k nim
priradit jedince neznamého puvodu

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




Unraveling migratory connectivity

(a) strong vs. (b) weak connectivity




A. 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, not useful for small animals

B. Biogeochemical 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




C. 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




Population assignment tests

= program GeneClass (Piry et al. 2004)

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

particular population — identifikace recentnich migranti
= can combine data from multiple genetic marker types
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Individual-based assignments

Krypticka populacni struktura

Neznamy pocet skupin (klastra)

Uroven jedince

Vytvorit klastry a souCasné k nim pfiradit jedince

K dispozici mame individualni genotypy (pfipadné i souradnice)

Data: msat (jiné kodominantni lokusy, Alu), AFLP










Molecular Ecology (2009) 18, 1034-1047 doi: 10.1111 /4.1365-294X.2008.04059.x

INVITED REVIEW

Statistical inferences in phylogeography

RASMUS NIELSEN*t and MARK A. BEAUMONTZ}

*Departments of Integrative Biology and Statistics, University of California, Berkeley, 4096 VLSB, Berkeley, CA 94720, USA,
tDepartment of Biology, University of Copenhagen, Universitetsparken 15, 2100 Kbh O, Denmark, 1School of Biological Sciences,
University of Reading, PO Box 68, Whiteknights, Reading RG6 6BX, UK

* Therein lies the fundamental difference between
phylogeographic and theoretical population genetic
thinking: phylogeographic studies traditionally assume
that ancestral history can be directly deduced from
estimated gene trees, whereas population genetic theory
asserts that gene trees are random outcomes of
stochastic population-level processes.




Lag (likelihood)

Bayesian clustering approach
STRUCTURE = Pritchard et al. 2000

Neznamy pocet populaci charakterizovanych riznymi frekvencemi alel — pocet populaci a
frekvence zjistuji

Soucasneé pfifazuji individua do populaci

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

MozZno pfedem zahrnout geografickou polohu individui

Model se snazi vylozit HW nebo vazebnou nerovnovahu zavedenim populacni struktury

Misto pfimého vypoc¢tu — odhad pomoci Markov chain Monte Carlo
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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)
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Chawia Mbololo
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Stanoveni poctu ,prirozenych
subpopulaci
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Molecular Ecology (2005) 14, 2611-2620

doi: 10.1111/§.1365-294X.2005.02553 .

Detecting the number of clusters of individuals using
the software STRUCTURE: a simulation study

G. EVANNO,S. REGNAUT and ]J. GOUDET

Department of Ecology and Evelution, Biology building, University of Lausanne, CH 1015 Lausanne, Switzerland
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NewHYBRIDS
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4. Spatially explicit analyses = spatial
genetics = landscape genetics

« vychazi z Bayesian clustering approach (typu
STRUCTURE) - individual-based models

* do modelovani geneticke informace pridava i
geografické koordinaty

« napr. programy BAPS, TESS, Geneland
(automaticky stanovuji nejlepsSi pocCet populaci K)




Spatial models — tesselation, Voronoi polygons




The example of very fragmented populations: the best model in BAPs
for Central and Southern Dinaromys populations (spatial clustering of
groups of individuals): K=13 (i.e. evidence of very high structuration)
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Atlantic waters

Black Sea

Spatial population genetics Fontaine et al. 2007
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