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PROGRAMACAO

PROGRAMA DA PARTE TEORICA:

Aula 1 —29/08/2016

Introducdo geral e questbes operacionais do curso

Um breve historico e definicdo da area

Padr@es e Processos Evolutivos no Espaco Geogréafico

Aula 2 —30/08/2016

Abordagens geograficamente implicitas

4.1 FST e estatisticas relacionadas ( =
P

4.2 Distancias genéticas ( )\

4.3 Agrupamento e ordenacao 5 9 ), | (4
4.4 “Structure” u é -NO

Aula 3 —31/08/2016
Defini¢des de “espaco” (distancia, networks, barreiras)
Abordagens geograficamente explicitas: teste de Mantel
6.1 Teste de Mantel (simples)
6.2 Mantel parcial e multiplo
Correlograma de Mantel
Autocorrelacdo espacial
7.1 1 de Moran
7.2 Correlogramas e sua interpretagio

Aula 4 —01/09/2016

Correlagéo e Regresséo Espacial

8.1 Correcao de graus de liberdade
8.2 Superficies de tendéncia

8.3 Modelos autoregressivos e SEVM
8.4 Selecdo de Modelos

Aula 5 - 02/09/2016

Descontinuidade espacial (Monmonier, Wombling etc)

Padrdes espaciais, estrutura da paisagem e conservacao da diversidade genética
Avaliacdo 1



PROGRAMA DA PARTE PRATICA:
Aula 6 — 26/09/2016

1. Introducdo a plataforma R

2.  Estatistica geral no R

Aula 7 —27/09/2016

1.  Genética populacional no R

2.  Estrutura geogréafica de dados no R
Aula 8 — 28/09/2016

1.  Mantel e autocorrelagdo no R
Aula 09 —29/09/2016

1. Correlacdo e regressdo espacial no R
Aula 10 — 30/09/2016

1.  Descontinuidade espacial no R

2. Prioridades de conservacdo no R
Avaliacao 2
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“Background”:

Genética
-Teoria Basica de Genética Populacional

-Marcadores moleculares (?)

Estatistica & Analise de Dados
- Estatistica Descritiva & Inferéncia

- Correlacao, Modelos lineares (?) e Analise Multivariada (?)



Genética de Populagoes
(PGMP) ou
Genética Evolutiva (PGBM)

Filogeografia
(EcoEvol)
N\ GENETICA
GEOGRAFICA
Métodos de Analise de
Analise Espacial Fluxo Génico em Plantas

(EcoEvol) V\ (PGMP)
Macroecologia
(EcoEvol) . .
Analise Multivariada Biometria de Marcadores

(EcoEvol) (PGMP)

Microsatelites:
Evolucao & aplicagcoes
(PGBM)

Biologia da
Conservagao
(EcoEvol)




Curso com Enfase em Métodos...

MOLECULAR ECOLOGY

Molecular Ecology (2009) 18, 47344756

INVITED REVIEW

doi: 10.1111/.1365-294X.2009.04410.x

Statistical methods in spatial genetics

GILLES GUILLOT,* RAPHAEL LEBLOIS,t AURELIE COULONt and ALAIN C. FRANTZS
*Department of Informatics and Mathematical Modelling, Technical University of Denmark, Copenhagen, Denmark,
tDépartement Systématique et Ewiuhbn, Muséum National d’Histoire Naturelle, UMR7205 MNHN/CNRS, Paris, France,
tDépartement Ecoiagfe et Gestion de ln Biodiversite, Muséum National d’Histoire Naturelle, UMR 7179 MNHN/CNRS,
Brunoy, France, §Department of Animal & Plant Sciences, University of Sheffield, Sheffield, UK
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© FOCUS ON STATISTICAL ANALYSIS

REVIEWS

Computer programs for population
genetics data analysis: a survival guide

Laurent Excoffier and Gerald Heckel

Abstract | The analysis of genetic diversity within species is vital for understanding
evolutionary processes at the population level and at the genomic level. A large quantity of
data can now be produced at an unprecedented rate, requiring the use of dedicated
computer programs to extract all embedded information. Several statistical packages have
been recently developed, which offer a panel of standard and more sophisticated analyses.
We describe here the functionalities, special features and assumptions of more than 20 such
programs, indicate how they can interoperate, and discuss new directions that could lead to

improved software and analyses.
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INTRODUCAO & BREVE HISTORICO

Estatistica Espacial e Inferéncias
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INTRODUCAO & BREVE HISTORICO

Estatistica Espacial e Inferéncias
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GENETICA POPULACIONAL Asp = (pa / 2w ) (dw/dp)
(Segundo Hedrick)




GENETICA POPULACIONAL Asp = (pa / 2w ) (dw/dp)
(Segundo Hedrick)




MOLECULAR ECOLOGY

Molecular Ecology (2010) 19, 3549-3564 doi: 10.1111/.1365-294X.2010.04678.x

Utility of computer simulations in landscape genetics

BRYAN K. EPPERSON,* BRAD H. MCRAE,+ KIM SCRIBNER,§ SAMUEL A. CUSHMAN,§
MICHAEL S. ROSENBERG, Y MARIE-JOSEE FORTIN,** PATRICK M. A. JAMES,+ MELANIE
MURPHY, 1t STEPHANIE MANEL,§§ PIERRE LEGENDREYY and MARK R. T. DALE***

*Department Gf Forestry, M fa:higmi State University, East Lansing, MI 48824, LISA, tThe Nature Conservancy, 1917 1st
Avenue, Seattle, WA 98101, USA, $Department of Fisheries & Wildlife and Department of Zoology, Michigan State University,
East Lansing, MI 48824, USA, SUSDA Forest Service, Rocky Mountain Research Station, Missoula, MT, USA, ¥School of Life
Sciences and Center ﬁ::r Evolutionary Medicine and I nfﬂmmtics, The Biodesign Institute, Arizona State University, PO Box
874501, Tempe, AZ 852874501, USA, ™Department ﬂf Ecology & Evolutionary Biology, University Gf Toronto, Toronto,
Ontario, Canada M55 3G5, ttDepartment ﬂf Biological Sciences, University ﬂf Alberta, Edmonton, Alberta Canada T6G 2E9,
t1Biology Department, Colorado State University, 1878 Campus Delivery, Fort Collins, CO 80523-1878, USA, 88UMR 151
UP/IRD, Laboratoire Population—Environnement—Développement, Université de Provence, centre Saint-Charles, Case 10, 3,
place Victor-Hugo, 13331 Marseille Cedex 3, France, '|'|D€partemem de Sciences Biologigues, LIniversité de Montreéal, C.P.
6128, succ. Centre-ville, Montréal, Québec, Canada H3C 3]7, **Office of the Provost, University of Northern British Columbia,
3333 University Way, Prince George, British Columbia, Canada V2N 4Z9



O inicio da biologia molecular ou genética
molecular

Richard Lewontin



A teoria neutra da Evolucao Molecular
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A estrutura do DNA
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Marker/ PCR-  Polymorphism Dominance Repro- Auto- Running

technique based (abundance) ducibility = mation cost

RFLP No Low/medium Codominant High Low High

RAPD Yes Medium/high Dominant Low Medium  Low

SCARS/CAPS  Yes High Codominant  High Medium  Medium

AFLP Yes High Dominant High Medium; Medium
high

SSR Yes High Codominant  High Medium/ Low
high

ISSR Yes High Dominant  High Medium/ Low
high

STS Yes High Codominant/ High Medium/ Low

dominant high

SRAP/EST Yes Medium Codominant  High Medium  Low

IRAP/REMAP  Yes High Codominant  High Medium/ Low
high

SNP Yes Extremely Codominant/ High High Low

high dominant



Perspectivas...

MOLECULAR ECOLOGY

Molecular Ecology (2012) 21, 1542-1544

NEWS AND VIEWS

PERSPECTIVE

Population genomics as a new tool
for wildlife management

ZACHARIAH GOMPERT

Evolutionary Applications

Evolutionary Ag

ORIGINAL ARTICLE

Genomic toolboxes for conservation biologists

Francesco Angeloni, Niels Wagemaker, Philippine Vergeer and Joop Ouborg



GENETICA GEOGRAFICA

Geographical
Genetics

B. K. Epperson




Journal of Biogeography (J. Biogeogr.) (2008) 35, 753-763

g Mapping the evolutionary twilight zone:
bl molecular markers, populations and

geography

José Alexandre Felizola Diniz-Filho'*, Mariana Pires de Campos Telles”,
Sandro L. Hnnatmj, Eduardo Eizirik':‘, Thales Renato O. de Ereitas4,
Paulo de Marco Jr', Fabricio R. Santos’, Antonio Sole-Cava® and
Thannya Nascimento Soares™’

Population Biology
Systematics Biogeography

I Advent of molacular markars I

Leitura
obrigatoria...

Molecular
Biogeography

Figure 1 Schematic relationship among the
research programmes discussed here (solid
arrows) and their relationship with biodi-
versity conservation (conservation biogeog-
raphy and genetics) (dotted arrows). See o -
Table 1 and text for details. Rectangles‘ rep- Conservation : Geggr::tpil::ﬂl
res?nt broad and traditional research held_sl, Blugeouraphy and

which, after the development and populari-
zation of the use of molecular markers,
originated the research programmes dis-
cussed in the text (ellipses).
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Population Population
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I Advent of molecular marksrs I
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Origens da Genética Geogrdfica
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Figure 1, examples of contour and surface plots
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Biological Journal of the Linnean Society, 2012, 107, 721-736. With 1 figure

REVIEW ARTICLE

Thirty-five years of spatial autocorrelation analysis in

population genetics: an essay in honour of Robert Sokal
(1926-2012)

JOSE ALEXANDRE FELIZOLA DINIZ-FILHO* and LUIS MAURICIO BINI

Departamento de Ecologia, Instituto de Ciéncias Biologicas, Universidade Federal de Goids, CP 131
Campus Il 74001-970, Goiania, GO, Brazil

Received 14 May 2012; revised 20 June 2012; accepted for publication 20 June 2012
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Geographical
Genetics

BEYAMN

K. EFPERSON

B. K. Epperson

5 &

Mern's
e &
Lo b by s s vnag |

g

= | gL 1. 20 - ] 1]

Fig. 1 Correlograms of Moranw's [-statishics for simulations with
very low dispersal (N =4.2) for populations with various
myutation rates 1o and mumbers of alkeles. The uppermost double
thick solid line represemts the model with p =0 and five alleles.
The other three upper lines represent cases with L= 107 and the
lower three have p =10-2. The dashed lines are for models with
b alleles, dotted for five allelesand wolid 10 alleles. Bobe thattle
curve for the five allele masdel witl po= 109 45 mearly imvisible,
bBecavse itis oovened by that for the 10-allele model.
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ELSEVIER

Going the distance: human population
genetics in a clinal world

Lori J. Lawson Handley'*, Andrea Manica?, Jérome Goudet™* and Francois Balloux'

" Department of Genetics, University of Cambridge, Downing Street, Cambridge CB2 3EH, UK

2De;::lzlrtrnent of Zoology, University of Cambridge, Downing Street, Cambridge CB2 3E.J, UK

3Department of Ecology & Evolution, Biophore, University of Lausanne, CH-1015 Lausanne, Switzerland

4Present address: Molecular ecology and evolution group, Department of Biological Sciences, The University of Hull, Hull HUB
TRX, UK
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Genética em Escala da Paisagem (Landscape Genetics)

ﬁ TRENDS in Ecology end Evolution Vol 18 No.d Aprl 2003
F
.-|.:\...-.'. IER

Landscape genetics: combining
landscape ecology and population
genetics

Stéphanie Manel', Michael K. Schwartz?, Gordon Luikart' and Pierre Taberlet’

"Laboratol re d'Ecologie Alpine, Equips Génomigue des Populations et Biodiversité, UMR CNRS 5553, BP 53, Universite Joseph

Fourier, 38041 Granoble Cedax 9, France
?Rocky Mountain Research Station, US Forest Service, 800 E. Beclwith, Missoula, MT 58801, USA
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Ecography 32: 818-830, 2009

doi: 10.1111/}.1600-0587 .2009.05807.x
C) 2009 The Authors. Journal compilation © 2009 Ecography

Subjea Editor: Thorsten Wiegand. Accepred 15 January 2009

Research

Statistical approaches in landscape genetics: an evaluation
of methods for linking landscape and genetic data

Niko Balkenhol, Lisette P. Waits and Raymond ]. Dezzani

N, Balkenbol (nbalkenhol@pandalsuidaho.edu) and L. P. Waits Depr of Fish and Wildlife Resources, Univ. of Idabo, Moscow, ID
83844-1136, USA. — R J. Dezzani, Dept of Geography, Univ. of Idabo, Moscow, ID 83844-3021, USA



Table 1. Description of simulated scenarios, including expected statistical relationship between landscape and genetic data.

Scenario Description and Statistical Easypop Empirical
ecological expectation Balloux 2002) example
justification simulations
A —null Cenetic differentiation among Measures of genetic Island model with 12 Blank et al.
populations is not influenced  differentiation should not be  populations. 2007
by space or landscape correlated with any spatial or
variables. landscape variables.
B - isolation-by- In species with spatially Measures of genetic Spatial migration model, in Rose et al.
distance (IBD) only  limited dispersal, genetic differentiation should be which gene flow depends on 2006

C - landscape
resistance
D - landscape

resistance and IBD

E — landscape
boundaries

differentiation is influenced
by spatial distances among
populations, and populations
further apart show stronger
genetic differentiation.
The number of migrants
exchanged among
populations often depends on
the landscape between them,
with populations separated by
high resistance landscapes
showing greater genetic
differentiation.
The number of migrants
exchanged among
populations often depends on
the landscape and distance
bhetween them, with
[:upulatiuns separated by

igh resistance landscapes
showing greater genetic
differentiation.
Cenetic differentiation among
populations can be caused by
(linear) landscape boundaries
le.g. roads, changes in habitat
typel, with lower migration
rates across boundaries.

correlated with geographic
distance “B" among
populations.

Measures of genetic
differentiation should be
correlated with least-cost
distance “C", which is not
correlated with geographic
distance.

Measures of genetic
differentiation should

be correlated with least-cost
distance “D", which is
correlated with

geographic distance.

Measures of genetic
differentiation should be
correlated with a “boundary
indicator”, i.e. a categorical
variable indicating whether
populations are on the same
side of a boundary or not.

mean dispersal distance and
geographic distances (B")
among populations.

Spatial migration model,
with coordinates obtained
from nmMDS of least-cost
distance matrix “C". This
least-cost distance is not
correlated with geographic
distance.

Spatial migration model, with
coordinates obtained from
nmMMDS of least-cost distance
matrix “D7. This effective
distance is correlated with
geographic distance.

Hierarchical island model
with higher migration rates
within archipelagos, and
lower migration rates among
archipelagos separated by
landscape boundaries. The
number of archipelagos
ranged from 2 to 5,
representing 1 to 4
boundaries.

Cushman et al.
2006

Spear et al.
2005

Epps et al.
2005
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Landscape Ecology (2006) 21:797-807

© Springer 2006
DOIL 10.1007/s10980-005-5245-9

Research Article

Adaptive vs. neutral genetic diversity: implications for landscape genetics

Rolf Holderegger'*, Urs Kamm'~ and Felix Gugerli’

I Section of Ecological Genetics, WSL Swiss Federal Research Institute, Zircherstrasse 111, CH-8903
Birmensdorf, Switzerland; *Department of Environmental Sciences, ETH Zirich Zentrum, Ramistrasse 101,
CH-8092 Ziivich, Switzerland: *Author for correspondence (e-mail: rolf holderegger@wsl.ch)




Tabie 1. Dos and don’is for landscape ecologists who want to u%@

(1) Do not try to do it all alone: collaborate with population geneticists and invest time in developing a common ground, as it is
necessary in any interdisciplinary project {Holderegger et al. 2006)

(2) Be aware of what genetic data mean; do not confound neutral and adaptive genetic varation (Holderegger et al. 2006)

(3) Population genetics offers the possibility to investigate different time scales (from evolutionary time spans to the current year);
do not confound recent and historic gene flow (Latta 2006; Pannell and Dorken 2006; Sork and Smouse 2006)

(4) Distinguish between biparentally inherited DNA and uniparentally inherited DNA that come from either the father, the mother
or both, and consider their respective mode of dispersal by seed and/or pollen (Latta 2006; Sork and Smouse 2006)

(5) Test hypotheses; make it a truly landscape-related hypothesis, e.g., the effect of landscape structure or landscape dynamics on
connectivity (Meville et al. 2006; Wagner et al. 2006)

(6) Make sure you choose the appropriate landscape and organism to test your hypothesis; check whether suitable genetic markers
already exist or can easily be developed (Antolin et al. 2006; Latta 2006)

Tahle 2. Landscape ecological advice for population gtntliD

(1y A GIS is more than a ool for mapping populatons; GIS combines a spatial data base with tools for data management,
analysis and visualsation. For example, it contains flexible methods for calculating cost-distance functions, 1.e., modifying
Euclidean distance estimates with information on matrix traversability or resistance based on environmental data
( Broguet et al. 2006)

(2y A landscape approach should go beyond testing the effect of distance (e.g., solation by distance); use pure distance as a null
model and then test for quantitative or qualitative matnx effects (Antolin et al. 2006; MNewlle et al. 2006)

(3) Landscapes can rarely be assumed constant; disturbance and landscape change can be incorporated into the study design
(Holzhauer et al. 2006; Wagner et al. 2006)

(4) Replication at the landscape level 15 often problematic or simply not possible; simulation modeling may help establishing a
mechamstic link (Wagner et al. 2006)

(5) The spatial and temporal variability of site conditions may be as important for explaining quantitative traits as are differences
in their mean (Antolin et al. 2006; Holzhauer et al. 2006)




Conserv Genet
DOI 10.1007/s10592-012-0391-5

RESEARCH ARTICLE

A conceptual framework for the spatial analysis of landscape
genetic data

Helene H. Wagner - Marie-Josée Fortin
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FILOGEOGRAFIA

Sentido amplo — relacao entre padrdes espaciais e estruturas
filogenéticas

Sentido estrito — padrdes espaciais em linhagens uni-parentais (e.g.
mtDNA)
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John Avise's new textbook is the first in the field of phylogeography, which developed from his research
at UGA over the past two decades. Photo by Peter Frey
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Journal of Biogeography ). Biogeogr) (2006) 33, 1851-1865

M d Phylogeographic information systems:
putting the geography into
phylogeography

David M. Kidd*t and Michael G. Ritchie

EDITORIAL

LGM (18Kya) Current

e

Figure 3 Combining palacoclimate and

phyvlogeographic data, an example. BIOCLIM
habitat suitability distribution models for the
Australian Wet Tropics rain forest land snail ‘

N

Gnarosophia bellendenkerensis (Brazier 1875)

for (a) the last glacial maximum (LGM) and Desview

(b) current distribution, with mtDNA hapl- o Survey son 3‘
ulypuv p?\,\'lugujn)‘x .sho\.s'mg the gcngruplnc;{l BIOCLIM suitability :
association of the major clades. Letters refer - Paluma
to regions discussed in the original paper. - ?;:vtabie

Figure adapted from Fig. 1 in Hugall ef al 3 9%

(2002); copyright (2002) National Academy = 05% %00 m

of Sciences, USA.
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Three ambitious (and rather unorthodox) assignments
for the field of biodiversity genetics

John C. Avise*

Department of Ecolegy and Evolutionary Biology, University of California, Irvine, CA 92697

The field of molecular genetics has many roles in biodiversity
assessment and conservation. | summarize three of those standard
roles and propose logical extensions of each. First, many biologists
suppose that a comprehensive picture of the Tree of Life will soon
emerge from multilocus DNA sequence data interpreted in concert
with fossils and other evidence. If nonreticulate trees are indeed

vast majority of empirical data for biodiversity research. Only in
the last half-century have biologists gained extensive direct
access to the hereditary information embedded in the molecular
structures of nucleic acids and proteins (7, 8). What have these
molecular penetic data added to the evolutionary synthesis and
to conservation efforts?

Biological Conservation 143 (2010) 1919-1927

A importancia da genética

para a conservagao da
biodiversidade...

Contents lists available at ScienceDirect
Biological Conservation

journal homepage: www.elsevier.com/locate/biocon

“ BIBLOGICAL

CONSERVATION

Review

Challenges and opportunities of genetic approaches to biological conservation

Richard Frankham *

Department of Biological Scences, Maocquarie University, NSW 2109, Australia
Australion Museumn, 6 College Street, Sydney, NSW 2010, Australia

Conserv Genet (2010) 11:375-385
DOI 10.1007/510592-009-0044-5

REVIEW

Applications of landscape genetics in conservation biology:

concepts and challenges

Gernot Segelbacher + Samuel A. Cushman * Bryan K. Epperson *
Marie-Josée Fortin + Olivier Francois - Olivier J. Hardy - Rolf Holderegger -
Pierre Taberlet - Lisette P. Waits - Stéphanie Manel



Spatial Autocorrelation Analysis and the
Identification of Operational Units for Conservation
in Continuous Populations

JOSE ALEXANDRE FELIZOLA DINIZ-FILHO* AND MARIANA PIRES DE CAMPOS TELLESt
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Modelando o Nicho Ecoldgico e a Distribuicao
das Espeécies
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Figura 1: Esquema da defini¢gdo de nicho ecoldgico proposta por Hutchinson (1957),
para uma (1a), duas (1b) ¢ tr€s (1¢) dimensdes (variaveis).
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PADROES & PROCESSOS

- Teoria basica em genetlca de populagoes

PRINCIPLES OF
POPULATION
_ GENETICS
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Teoria sintética

Darwinismo

\Neodarwinismo
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Principios da Genética Populacional
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Teorema fundamental da selegéo natural

Asp = (pa / 2w ) (dw/dp)

Vi
P

- ;". 1 £ H L '-.L\ H\;;.‘
A.lncreased Mutation  B.lncreased Seiection C.Quulitq‘rive Change
or reduced selection or reduced mutation of environment
4Nu, 4Ns very large 4 Nu, 4Ns very large 4Nu, 4Ns very large
. Lo : 2 P T

3

s

D.Close Inbreeding E.Slight Inbreeding F. Division into locai Races
4Nu, 4Ns very smali  4Nu, 4Ns medium 4nm medium

Teoria do equilibrio deslocante (paisagem adaptativa)



TEOREMA DE HARDY-WEINBERG
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Figure 2.5 Hardy—Weinberg expected genotype frequencies
for AA, Aa, and aa genotypes (i axis) for any given value of
the allele frequency (x axis). Note that the value of the allele

frequency not graphed can be determinedbyg= 1 — p.
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Godfréy

PP+ 2pg+ gt =1

Aas
Harold Hardy (1877-1947)

Nature Raviews | Ganetics

Wilhelm Weinberg (1862-1937)



O equilibrio de H-W é um modelo nulo contra o qual sao contrastados
os efeitos dos diferentes processos evolutivos:

-Selecao Natural; Efeitos deterministicos ou extrinsecos

-Mutacao;

Efeitos estocasticos ou intrinsicos

-Deriva genética; B (a estrutura)

-Fluxo génico.

Os balancos entre 0s processos estocasticos sdo mais importantes aqui,
pois envolvem processos neutros, dados os marcadores moleculares mais
frequentemente utilizados para descrever a estrutura genética populacional



Dadas as frequencias alélicas,

p=Np/2N
e
g=Nq/2N

Onde Np e Nq sao o numero de copias dos
alelos p e q, pode-se definir a
heterozigose esperada (He) sob H-W por

2pq

3

PF+2pg+gt=1

Contando-se 0s heterozigotos na
populacbes, obtem a heterozigose
observada (Ho)

H - H
H,

Sob H-W, o indice
de fixacao F =0



Se o F >0, é porque ha um déficit de heterozigotos (ha mais
homozigotos)

H-H
P e T T
H.

pr+2pg+g=1

Varios alelos...e média de locus

— 1 _ 2 _ ¥y
H,=1-) _ Z PPy He é uma medida da
i=1 1=1 j=i+1 diversidade genética



Alele frequency (p)
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Figure 3.3 The results of genetic drift continued every generation in populationsof N = 4 and N = 20. In the top panels, the
six lines represent independent replicates or independent populations experiencing genetic drift starting at the same initial allele
frequency (p = (0.5). The random nature of genetic drift can be seen by the zig-zag changes in allele frequency that have no
apparent direction. Allele frequencies that reach the upper or lower axes represent cases of fixation or loss. In the bottom panels,
the genotype frequencies are shown for the allele frequencies represented by the black and blue lines under the assumption of
random mating within each generation. The changes in genotype frequencies are a consequence of changes in allele frequencies
due to genetic drift.

The standard deviation [G=Jp_q ) and standard
error of the allele frequency,

sg= P4 (3.6)
2N



N =25, initial allele frequency p,=0.2 N = 25, initial allele frequency p,= 0.8
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Figure 3.4 The results of genetic drift with different initial allele frequencies. The two panels have identical population sizes
(N = 25) but initial allele frequency is p= (0.2 on the right and p= (0.8 on the left. The chances of fixation are equal to the initial
allele frequency, a generalization that can be seen by examining a large number ol replicates of genetic drift. Consistent with this
expectation, more replicates go to loss on the left and more reach fixation on the right. Even with the difference in initial allele

frequencies. the random trajectory of allele frequencies is apparent.
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Figure 3.13 Probability densities of allele frequency for many replicate populations predicted using the diffusion equation. The
initial allele frequency iz (0.5 on the left and (0.1 on the right. Each curve represents the probability that a single population would
have a given allele frequency after some interval of time has passed. The area under each curve is the proportion of alleles that are
not fixed. Time is scaled in multiples of the effective population size, N, Both small and large populations have identically shaped
distributions, although small populations reach fixation and loss in less time than large populations. The populations that have
reached fixation or loss are not shown for each curve. For a color version of this image see Plate 3.1 3.
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Figure 3.19 Thedecline in heterozygosity as a consequence of genetic drift in finite populations. The solid lines show expected

1
heterozygosity over ime according to H, = [l— N ]Ht_l.Thﬂdﬂcreaseinhetemqrgusitjrmualmbe thought of as an increase in

[3
autozyzosity or the fixation index (F) through time under genetic drift. The dotted lines in each panel are levels of heterozyvgosity
{ 2pq) in six replicate finite populations experiencing genetic drift. There is substantial random fluctuation around the expected
value for any individual population.



O componente espacial...

Tima
O =33 genatype . = 43 genotype .= AA genotype

Figure 4.1 Anexample of population structure and allele-frequency divergence produced by limited gene flow. The total
population (large owvals) is initially in panmixia and has Hardy—Weinberg expected penotype frequencies. Then the stream that
runs through the population grows into a large river, restricting gene flow between the two sides of the total population. Owver
time allele frequencies diverge in the two subpopulations through genetic drift. In this example, you can imagine that the two
subpopulations drift toward fixation for different alleles but neither reaches fixation due to an occasional individual that is able

to cross the river and mate. Note that there is random mating (panmixia) within each subpopulation so that Hardy—Weinbergs
expected genotype frequencies are maintained within subpopulations. However. after the initial time period genotype frequencies
in the total population do not meet Hardy—Weinberg expectations.

O efeito combinado dos 3 processos estocasticos: mutacao, deriva e fluxo



THE WAHLUND EFFECT

deme 1 deme 2

If you sampled from two reproductively 1solated
demes, allelic frequencies would equal the average of
those 1 the two demes.

Wahlund (1928) determined the heterozygosity in the
pooled (7)) population as

H, =2p(-p)-20,.

You would see deficiency of heterozygotes and a corresponding excess of homozygotes:

AA Aa aa
Population 1: P, 2pg, a,
Population 2: P’zﬁ 2p,q, q ;
Average: pi=(pl+p2)/2  2pa=0pa+27a.)2 & =(al +dl)2
Wahlund's equation: 7+ or; 2p(l-p)-2 a; 7+ r:r;
Wright's equation: 5 (1-F) + BF 29g(1- F) g (- F)+gF

Pooled HW 2 257 g’




If you solve for F from the Wahlund and Wright equations,

7°+0.=p(1-F)+pF=p"-p'F+pF

LTI R

=pF+-pF=F(®-p)=Fp(1-D) .

a

A less extreme case

Genotypic frequencies Allelic frequencies

Ad Aa ad PA da
Population 1 0.25 0.50 0.25 0.50 0.50
Population 2 0.81 0.18 0.01 0.90 0.10
Pooled HW 0.49 0.42 0.09 0.70 0.30
Wahlund 0.53 0.34 0.13
Wright 0.53 0.34 0.13

I . . 2,_- . . 4 -

e - =20 07 2053-0.49=0.04.

H, = 25G - 25, =2(0.7-0.3) = 2(0.04) = 0.42 - 0.08 = 0.34.
F,;=0.04/0.21=0.19. Wright's heterozygosity would be <——
2pq(1- F)=2(0.7)(0.3)(1-0.19)=0.42(0.81) = 0.34



N-islard or migration rmatrix

Sewall Wright
1931

<—>

Table 4.5 The mathematical and biclogical definitions of heterozygosity for three levels of population
organization. In the summations, i refers to each subpopulation 1, 2, 3 . . . nand p, and g, are the frequencies
of the two alleles at a diallelic locus in subpopulation i.

n
H, = %E H. The average observed heterozygosity within each subpopulation.
i=1
. _ li 2 The average expected heterozygosity of subpopulations assuming random mating within
n = 9 each subpopulation.
H.=2pg The expected heterozygosity of the total population assuming random mating within

subpopulations and no divergence of allele frequencies among subpopulations.




Subpopulation 1

@

Figure 4.6 llustration of the hierarchical nature of
3
heterozygosity in a subdivided population. H, = Eand

H, = %tn give an average observed heterozyzosity of

1731707 10

{open circles) and g the frequency of the alternate allele

(filled circles), thenp, = 13/20=0.65andg, = 1 - p, =0.35
whilep,=7/20=0.35andg, =1 — p, = (.65. The average
expected heterozygosity in the two subpopulations is then
Ho=1/2[2(0.65)0.35) + (2(0.35)(0.65)] = 0.455.In

the total population the average allele frequencies are
f="/200.65+0.35)= 0.50 and §= "/2(0.35 + 0.65) = 0.50
giving an expected heterozyvgosity in the total population

of H. = 2pg = 2{0.5)(0.5} = 0.5.

1{ 3 3
—[— + —] = (0.30. If pis the frequency of one allele



Table 4.6 The mathematical and biological definitions of fixation indices for two levels of population

organization.

Hs_Hr

The average difference between observed and Hardy—\Weinberg expected heterozygosity
within each subpopulation due to non-random mating. The correlation between the
states of two alleles in a genotype sampled at random from any subpopulation.

The reduction in heterozygosity due to subpopulation divergence in allele frequency.
The difference between the average expected heterozygosity of subpopulations and the
expected heterozygosity of the total population. Alternately, the probability that two
alleles sampled at random from a single subpopulation are identical given the probability
that two alleles sampled from the total population are identical.

The correlation between the states of two alleles in a genotype sampled at random from
a single subpopulation given the possibility of non-random mating within populations
and allele frequency divergence among populations.

| - Fp=(1-F)(1-Fy)

N-island or migration rmatrix —_

<>

/

1y 1
Nm=——-1
1" 1

Foy



Estatisticas-F e estrutura genética populacional

Valor=0

Valor=1




Table 4.9 Estimates of the fixation index among subpopulations (.IEET) for diverse species based on molecular
genetic marker data for nuclear loci. Different estimators were employed depending on the typeof .
genetic marker and study design. Each F;;was used to determine the effective number of migrants (N,m)
that would produce an identical level of population structure under the assumptions of the infinite island

model according to equation 4.63.

N,m

Species Fer : Reference
Amphibians
Alytes muletansis (Mallorcan midwife toad) 0.12-0.53 1.8-0.2 Kraaijeveld-Smit et al. 2005
Birds
Gallus gallus (broiler chicken breed) 0.19 1.0 Emara et al. 2002
Mammals
Capreolus capreolus (roe deer) 0.097-0.146 2.2-1.4  Wang and Schreiber 2001
Homo sapiens (human) 0.03-0.05 7.8-4.6  Rosenbergetal. 2002
Microtus arvalis (common vole) 0.17 1.2 Heckel et al. 2005
Plants
Arabidopsis thaliana (mouse-ear cress) 0.643 0.1 Bergelson et al. 1998
Oryza officinalis (wild rice) 0.44 0.3 Gao 2005
Phlox drummondii (annual phlox) 0.17 1.2 Levin 1977
Prunus armeniaca (apricot) 0.32 0.5 Romero etal. 2003
Fish
Morone saxatilis (striped bass) 0.002 11.8 Brown et al. 2005
Sparisoma viride (stoplight parrotfish) 0.019 12.4 Geertjes et al. 2004
Insects
Drosophila melanogaster (fruit fly) 0.112 2.0 Singh and Rhomberg 1987
Glossina pallidipes (tsetse fly) 0.18 1.1 Ouma et al. 2005
Heliconius charithonia (butterfly) 0.003 79.8 Kronforst and Flemming 2001
Corals
Seriatopora hystrix 0.089-0.136 26-1.6  Maieretal 200
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Uma outra abordagem..

Considere dados de 3 alelos em 1 locus para 2 populacdes
(subpopulacbes 1 e 2)

Table 5.4 Hypothetical allele frequendcies in two subpopulations used to compute the standard genetic
distance, 0. This example assumes three alleles at one locus, but locd with any number of alleles can be used.
[ for multiple locl uses the averages of |y 4, /55, and Jy; for all locl to compute the genetic identity [.

Allele Subpopulation 1 Subpopulation 2
Frequency [ Frequency P

1 0.60 pi1 =0.36 0.40 p3 =016

2 0.30 by, =0.09 0.60 p5;=0.36

3 0.10 ph:ﬂ.m 0.00 P4y = 0.00




A probabilidade de dois alelos iguais serem amostrados dentro de uma
populacdo 1 é

allefas
Jyy = Z Py, = (0.6)° +10.3)% + (0.1)*

=
= (.46 (3.13)

A probabilidade de dois alelos iguais serem amostrados dentro de uma
populacéo 2 é

J22= E .'-*_T'L:I:I.—'.:-'—l'l.-'-u-'+|l:_:|.-'
=
=052 (5.14)

A probabilidade total de dois alelos iguais serem amostrados entre as 2
populacdes &

I2= Z Dy Py = (DLBH0.4) + (0.3)(0.6)
k=1
+ (L 1){0.0) =042 i(3.15)



Assim, a identidade genética entre 2 populacdes é dada pela
probabilidade de amostrar o mesmo alelo nas 2 dividida pelo
produto das probabilidades de encontrar o mesmo alelo em
cada uma delas independentemente

I (1.42

[ = — — — — (1.LE3R9
JIila  A0.46H0.52)

O logaritmo das identidade € a chamada Distancia Genética de
Nei (1973, 1978)

D=-Inil=-In{ (0. 8589 =(0.152 (3.17)
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UMA ABORDAGEM EVOLUTIVA

para as distancias genéticas de

Neli

Modelos heuristicos que “capturam’
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Movimento Browniano

No Excel, na célula A1=0...

:A1+(ALEATOR|O()'O-5)b Distribuicdo uniforme (0-1)

W
5|
| Nﬁ 10 -
> | f > 0
thi 10
4 I [ I [ I [ I [ I | -20 | [ [ [ [ |
OO 40 P S P ¢ S P O 0 200 400 600 800 1000 1200
time tme

15 réplicas do mesmo processo ao longo do tempo



The standard deviation [G=Jp_q ) and standard
300 error of the allele frequency,

- | P1
SE—J; (3.6)

40 -30 -20 10 0 10 20 30 40
Y at time 1000



Divisao de populacoes (gerando
uma estrutura filogenética)

50 time-steps

50 time-steps

50 time-steps
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Index of Case
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Figure 1 A hypothetical phylogeny representing the evolutionary relationships among
five species, and its consequences at the level of phenotypic variation. The tips of the
phylogenetic tree represent extant species and nodes depict the most recent common
ancestor of a clade, that is, a hierarchically arranged, monophyletic group of species.
For illustrative purposes, only the separation between clades A and B are shown, but
note that these two clades belong to a larger clade that encompasses all species in
the phylogeny, with @ common ancestor known as the roof node of the tree. Given
the hierarchical patterns of relatedness among species, phenotypic data in comparative
studies may not necessarily provide independent sources of information, as shown for
the two pairs of closely related species that are phenotypically very similar. Consequently,
patterns of phenotypic resemblance may be interpreted as evidence of evolutionary
convergence (adaptation) when in fact they reflect common ancestry. For this particular
example, phenotypic evolution proceeded as a random walk (i.e., a Brownian motion
model of evolution).



100 time-steps

50 time-steps

100 time-steps

50 time-steps

100 time-steps

50 time-steps

50 time-steps

50 time-steps

Expected VCV matrix

1

0.333 1

0 0 1

0 0 0.333 1

0 0 0.333 0.666 1



100 time-steps

50 time-steps
100 time-steps
50 time-steps

100 time-steps

50time-steps
50 time-steps

S0time-steps




'20 [ | | I [ 1
0 200 400 600 800 1000 1200
me

Aqui as populacoes divergem
iIndependentemente

10

-
o

0 S0 100 150 200

Aqui h& subdivisdao de
populacoes



100 lime-steps

S0time-steps
100time-steps

50time-steps

50time-steps

Expected covanance among species (0° = 1.0):
A 0.0 0.0 20 00 00
Co|00 vy4vy Vae (=00 20 10
00  vu Vet Vuol |00 1O 20

Observed covanance among species
(N=100 simulations):

Se esse 185 011 -024

0 Processo € C=| o1 208 084
- T | | l repetido muitas ~0.24

0 50 100 150 200 yezes... BA1 A% P



spl sp2 sp3 sp4 sp5
traitl -0.928 -3.010 0.246 -0.433 -0.422
trait2 -2.914 0.788 2.486 3.308 1.628
trait3 6.631 2.590 4.200 2.394 3.227
trait4 -6.380 -5.593 -2.074 1.013 -0.208
trait5 -0.593 9.725 0.968 3.546 2.101
traité 2.627 -4.549 1.953 -1.208 3.152
trait7 4.411 -2.070 0.513 5.043 6.609
trait8 -1.565 -9.055 -1.118 2.523 -3.547
trait9 1.329 1.315 5.062 -1.551 -0.145
trait10 -0.292 -1.601 -2.935 -5.727 -5.107
traitll -1.430 -3.896 -2.494 0.280 -0.925
traitl2 -0.585 2413 -1.444 -1.901 -0.052
traitl3 -2.029 -2.192 -3.938 -2.575 -5.659
traitl4 -1.281 -1.863 3.187 -0.340 -1.974
traitl5 4.104 9.415 -0.205 4.210 7.856
traitl6 -2.212 -3.050 -4.495 -6.210 -6.638
traitl?7 -0.649 -7.015 -0.971 -2.823 2.670
traitl8 -3.046 0.229 -4.418 -1.767 1.183
traitl9 1.134 1.465 0.842 -2.105 0.011
trait20 1.241 -1.303 -0.091 4.491 0.607
traitl000 -3.246 0.329 -4.418 -2.767 -1.827

Each line is a simulation
that gives Y values for

each species...

e —

10+

Matriz “Observada” (10000 “loci”)

1

0.539
0.341
0.354
0.274

0.350
0.360
0.285

1
0.333
0.333

1
0.666

1



D = -In (|) Nei's genetic distances
Where

| = 2xy; [ (2x? Zy;)°°

Masatoshi Nei

A identidade de Nei 6§,
portanto, a correlacdo de
Pearson entre as
populacdes “ao longo” das
frequencias alélicas...

0.539 1
0.341 0.350 1
0.354 0.360 0.333 1

0.274 0.285 0.333 0.666 1



Expected VCV
(standardized) matrix

1
0.333 1
0 0 1
0 0 0.333 1
0 0 0.333 0.666 1 0.7 - .
0.6 )
0.5_ o
o
4 0.4
o {
0.2
0.1
0.0 T T T T T T |
_ o 00 01 02 03 04 05 06 07
Observed matrix (10000 “traits”) EXPECTED
1
0.539 1
0.341 0.350 1
0.354 0.360 0.333 1

0.274 0.285 0.333 0.666 1




Mais estruturacao na
subdivisao...

95 time-steps

100 time-steps

5 time-steps

_—

100 time-steps

95 time-steps

Expected VCV
(standardized) matrix

1

0.487 1

0 0 1

0 0 0.487
0 0 0.487

100 time-steps

75 time-steps

25 time-steps

0.872 1



Expected VCV

(standardized) matrix

1
0.487

Observed matrix (10000 “traits”)

0.425
0.042
0.044
0.061

0.046
0.098
0.095

1
0.487
0.487

1
0.569
0.497

1
0.872

1
0.861

1

OBSERVED

0.9
0.8
0.7 1
0.6
0.5
0.4
0.3
0.2
0.1-

t
0.0 T T T T T T T

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
EXPECTED

A identidade genética (1)
apresenta uma relacéo
LINEAR com o tempo de
subdivisao...



Wright's Fg;
N-islard or migration rratrix

Andlise de Variancia de Frequencias Alélicas (6p)

<>
f AMOVA Rg;
A Holsinger’s Bayesian ¢g;
Valor “global” Ggr

__ Qg (fenotipo)

HETEROGENEIDADE ESPACIAL



Modelos de estrutura populacional
espacialmente explicitos

Contirent-Island N-island or migration rmatrix

> ® f( >
7

>»9<—>®

Stepping Stane

P<E—>P <




ISOLAMENTO-POR-DISTANCIA em
populacdes continuas

035
0.3
0.25
0.2
015
0.1
005

Frequency of gamete dispersal

1 2 3 4 5 G 7 B 9
m/(no.of demes - 1) Geographic distance (meters)

—
0

/

035
0.3
0