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2. Analysis of population subdivision
(mezipopulacni variabilita)
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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)




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 jednom znaku

170/170 170172 1721172  Total P 2pq

(= Ho) (=He)

P¥itok 50 0 (0) 0 50 1.000 0.000
Odtok 1 13 (0.26) 36 50 0.150 0.255
Celé 51 13 (0.13) 36 100 0.575 0.489

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

| |
p2 = 0.5752 92 = 0.425?

Ryman et al. 1979




Factorial correspondence analysis

1
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Fig. 2 A two-dimensional plot of the factorial correspondence
analysis performed using GeNeTIX based on 12 microsatellite
loci. Three geographical groups are bounded by grey lines.

- each locus as one variable, reduction of number of variables
- Genetix — orientacni zjiSténi strukturovanosti populace
- individuals vs. populations




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
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- 3 urovné (T, S, I)

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

- kazda subpopulace
ma N, jedincu

- AA, AB, BB - 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

J

_ 2 = frekvence i-té = __ prumeérna ocek.
H - 1 - 2 P 1,X Iekv
> Z:; Pix alely v subpopulaci x  {1s = Z Hy [k heterozygotnost
l x=1 v populaci (tj.
prumeér ze vSech
_ p, = frekvence alely v subpopulaci)
H =2pyq,

cele populaci

> 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 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.
Locl 10 20 10 0.5 5 10 5 0.5 0.5 H.-W. rovnovaha
Loc Il 16 8 16 0.5 4 4 12 0.3 0.4 deficit heterozygotu
Loc IlI 12 28 0 0.65 6 12 2 0.6 0.625 pfebytek heterozygotl
Loclv | o0 o | 40 | 00 | 20 | o 0 1.0 0.5 | lternativné fixovane
alely
Vypocet alelovych frekvenci
Pozorovana Ocekavana heterozygotnost Wrightova F-statistika
heterozygotnost
Lokus Hig M2 Hi Hs Hr Fis Fsr Firg
Loc | 0.5 0.5 0.5 0.5 0.5 0.0 0.0 0.0
y
Loc Il 0.2 0.2 0.2 0.46 0.48 < 0.565 0.042 0.583
Loc Il 0.7 0.6 0.65 0.4675 0.46875 <. -O.%S) 0.0027 -0.387
Loc IV 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-statistiky

* 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




,Bootstrap” test vyznamnosti Fst

& 2. Slouéeni jedincl 3. 1000 x nahodné vytvorenée
1. Skutecné populace bopulace
o o
o o ©° . ° o o o
(o B o) ° ° o

Absolutni hodnoty zavisi na heterozygotnosti n
Nutno standardizovat: Fq;" = For/Fsna (Hedrick 2005)

Silne ovlivneno nulovymi alelami (napr. software FREENA)

| I
11 = - Fst=0,0013
- 1 Fst= 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

Pritok 50 0 (0) 0 50 1.000 0.000
Odtok 1 13 (0.26) 36 50 0.150 0.255
Celé 91 13 (0.13) 36 100 0.575 0.489
jezero

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

H,-Hs _0.489-0.128
H, 0.489

F, = =0.728

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

Ryman et al. 1979



Zdroje chyb pri analyze Fst

Global vs. pairwise indices

Absolutni hodnoty zavisi na heterozygotnosti !!!
(napr. nelze srovnavat alozymy s mikrosatelity)
Nutno standardizovat: Fo;" = Fo/Fsray (Hedrick 2005)
— napr. GenAlex

Nutno korigovat na pritomnost nulovych alel
(vétsinou umeéle zvysuji Fst — zvySeni homozygotnosti) - FreeNA




Panda velka

(a)

« 192 vzorku trusu — 136 genotypu — k.
53 unikatnich genotypu

« rozdéleni fekou (cca 26 tisic let) a
cestami (recentné)

« | cesty jsou vyznamna bariéra, i kdyz
mensi

1R HI.'H[I.I

Table 3 Pairwise For in the Xiaoxiangling and Daxiangling

popU lations

Patch A B C D
A

B 0033

C 0.107* 0.062*

D 0107 0.0y DA™

B e *Significant level after Bonferroni correction (P < (0L.01).
(Zhu et al., 2011)




Populacni cykly hrabosovitych
hlodavcu (Berthier et al. 20006)

« Vyrazné cyklické zmeny v pocetnosti
populaci — stridaji se obdobi

Jzolovanosti“ s ,kontinualnim rozSifrenim*“

W g . i i i
i t * Nizka hustota — g
I extrémni vliv driftu H 4
;
| * S narustem populacni =
e e hustoty se zvysuje i i
o W intenzita toku genu !
T mezi subpopulacemi a :
v ol - narusta geneticka ;
' | variabilita subpopulaci
(B)
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—
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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




Myoftis 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

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

Zapocitava se ale rozdilnost (mutace)
alel

Program ARLEQUIN

Data:

sekvence

mikrosatelity (jen pfi platnosti SMM
Stepwise mutation model)
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Bombus pascuorum
Widmer & Schmid-Hempel 1999

SE ]

S .

=

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




Geneticke distance pocitané z
mikrosatelitu

| | | |

e Cavali-Sforza distance

n [ |
* Nei distance

BAB BOS CHU CIZ HOY LIB RUS SNM SOL STO ZOF

BAB 0
BOS 0.17998 1]
CHU 0.08554 0.08577 4]
ClZ 0.111386 0.20013 0.10766 ]
HOY .134350 0.24225 0.14540 0.11834 0
LIB 0.10217 0.20261 0.10440 0.10788 0.08338 0
RUS 0.16936 0.30052 0.18397 0.14058 0.15678 0.15849 0
SINM 011112 0.21954 0.12681 0.11694 0.14152 0.12954 0.13172 0
SOL 0.07938 0.16033 0.07327 0.12089 0.14451 0.12927 0.18082 0.12236 4]
STO 0.35150 0.45493 0.34786 0.31332 0.24435 0.15538 0.35630 0.34219 0.33740 ]
ZOF 0.42645 0.53505 0.42230 0.38181 0.42714 0.41567 0.41956 0.41053 0.40468 0.61480 1]

* matice vzdalenosti
pouzita jako
podklad pro
shlukovou analyzu

* dendrogram




Genetic distance - Neighbour-joining

Balzers (BA) [A]
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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




2. Neprime metody stanoveni toku
genu — populacne-genetické 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) Texas lizards

desitky tisic let
nejsou bariéery
rovhovaha '
mezi driftem

a migraci

Geographic distance




Detekce IBD

» korelace mezi matici genetickych a
geografickych vzdalenosti

« Manteluv test

* napr. Genepop




Priklad: IBD u netopyru rodu Pipistrellus

(a) o1
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Mechanisms of radiation in a bat group from the genus
Pipistrellus inferred by phylogeography, demography
and population genetics

P. HULVA,* A. FORNUSKOVA,+ A. CHUDARKOVA,* A. EVIN,}B. ALLEGRINILS P. BENDA*{ and
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Fig. 5 Correlation between genetic Feyopr{l — Foroe! and geographic (o scale) distances for Proastrelis pipstellis ssir (o) ad
Pigitrelhs mprmeeus 2o, (b Black squames, population pais inchiding Iran (both speciesh and central Asia {only P. pipgsf rellus sstr ),
Grey triang ks, populabion paies including Cosdea.




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

« v ramcijedné feky — rizné mikrohabitaty obyvané (1) demy
nebo (2) metapopulacemi?

« dvouleté sledovani, mikrosatelity, hierarchicka AMOVA

* lokalné 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) struktura

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 IBD (KonecCny et al.
2012




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)




Pr.. 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

Redeni: (1) pouziti vice genetickych znaka, (2) studium
DNA parazitu (napf. avian malaria) — maiji rychlejsi
evoluci, jsou vice diferencovani




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 migrantu nebo zvirat
neznameho puvodu (pytlactvi)

= can combine data from multiple genetic marker types
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5 microsatellite loci
F.=0.14

99.9% assigned correctly

5 microsatellite loci
F,.=0.04

90.2% assigned correctly




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, SINE), AFLP







Dendrogram
zalozeny na
mikrosatelitovych
distancich
(Cavali-Sforza)

Muaze byt ,biased”
pokud mame malo
znaku




Log {likelihood)

Bayesian clustering approach
STRUCTURE = Pritchard et al. 2000

Neznamy pocet populaci charakterizovanych rtznymi frekvencemi alel —
pocet populaci a frekvence zjist'uji

Soucasné pfirfazuji individua do populaci

éokus)y, které nejsou ve vazbé, HW uvnitf subpopulaci (napf. mikrosatelity,
NPs

Model se snazi vylozit HW nebo vazebnou nerovnovahu zavedenim
populacni struktury

Misto primého vypoctu — odhad pomoci Markov chain Monte Carlo

nutno opakovat nékolik béhu pro kazdy model




* Fragmenty destného
pralesa

« Lokality Chawia,
Ngangao, Mbololo, Yale
(Kenya)
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Shlukovaci analyza na zakladé mikrosatelitovych distanci




Program STRUCTURE - Bayesiansky pristup

Inferring the value of K, the number of populations,

for the T. hellert data Ngangao

e
e
e LT
i S

K log P(XIK) P(KLX)

] —3144 r() CChawia
2 2769 ~0 @ Mbololo
3 —2678 0.993 P ——
| —2683

a —2688

recentni migranti

Q-values
(pravdépodobnost
prifazeni k danému
clusteru)

hybrid?

Chawia Mbololo




Q-value

,JAdmixture”™ model — umoznuje zarazeni
jedince do vice klastru

,Barplot“ pro K=7

Proporce genomu kazdého jedince nalezejici urCitému ,clusteru”




Ln Likelihood

Stanoveni poctu ,prirozenych
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Molecular Ecology (2005) 14, 2611-2620 doi: 10.1111/j.1365-294X.2005.02553.x

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 Evolution, Biology building, University of Lausanne, CH 1015 Lausanne, Switzerland
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Alternativni

vizualizace
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NewHYBRIDS
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Mustela lutreola Mustela putorius ~ Putative

hybrids




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)

44

435

43

425 F

42+

$MEF

411

| | |
18 18.5 19 19.5 20 205 21 2158

Pr. program BAPS

Best Partition:

Cluster 1: {C9, C13}
Cluster 2: {S6}

Cluster 3: {C8, C14}
Cluster 4: {C4}
Cluster 5: {C1, C2}
Cluster 6: {S1, S2, S3, S4}
Cluster 7: {C6}
Cluster 8: {C3, C15}
Cluster 9: {C5, C7}
Cluster 10: {C10}
Cluster 11: {C11, C12}
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Cluster 13: {C16}
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R platform

Posterior
probability maps

y coordinates
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Map of posterior probability to belong to class 4
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Atlantic waters

Bilack Sea

Spatial population genetics Fontaine et al. 2007
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