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Interpolacéo...

-‘Real’ ?

- Processos ?




Table I, Awernge sample size (), expected and observad
hetemgigosity (H: and Ky ). proponion of polymorphic loc (1)
and average number ofalkeles per keci (A e per polymorphic ki
(A n 10 sam pled populations of Ergenia dyserferiog in Goids
slate, Central Brazil
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ILTTEG 003525 004 0777

G560 02625 001952 OEESO 32220 35000
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Unidade espacial de analise
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Descrever a relacao espacial entre
as observacobes, com base nas
coordenadas X, Y







Distancia Geografica (espacial) entre as unidades amostrais

Latitude (Y)

Longitude (X)

d; = {06 —%)2+(y; — v;)%

(distancia fisica verdadeira)



D, —E ,{63717[)
180

D,., = 6371arccos[sing, sin 8, + cosd, cosd, cos(A, — 4,)]

Distancia em =
corda =

Distancia esférica
(em arco)



= WIJ - 1 / dUz
- Wij = e (o dij)

Distancia

2) Estabelecer distancia de truncamento (d;)
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Barreira geografica...

Rede de Gabriel - este € um dentre os varios critérios possiveis para



(a) Gabriel graph

12 edges form the Gabriel graph:

-2 13 25 34 35 36
56 59 67 68 7-8 89

8 edges form the relative neighbourhood graph

12 1-3 34 35 56 6-8
7-8 89

Point  Coordinates

identifiers X Y 5
A B 3 ‘

19 edges form the Delaunay triangulation:

R=ReciN Ro e R N

PN NFBII0—=O
n
NWOoON P —ioWn
-P-‘

-2 1-3 14 23 25 29 34
3-5 3-6 46 47 5-6 58 59

6-7 68 7-8 79 89
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4. Poligonos de Thiessen (regides)

A B |C D E
A |0
B (1 |0
CcCi/1 00
D1 1,1 0
Matriz W de adjacéncia
E O 10 1 0 entre as regioes




Unidades geopoliticas em
Goias - Brasil

Torre (Rook)

Bispo (Bishop)

Rainha (Queen)




Topologias alternativas e conexoes

Figure 4. Separation distance between points s, and s, can be
| . 2
measured either as the shortest distance between two points, ie

Euclidean distance (d), or as the distance along the network
pathway (d ).

n




- Temos agora uma matriz de distancias
geograficas ou “pesos” ligando as populacoes,
entao...

.

Como podemos associar essas
matrizes geograficas com as
distancias genéticas discutidas
anteriormente (Neli, Fq, etc)?



TESTE DE MANTEL

Nathan Mantel (1919 - 2002)

Mantel, N. (1967). Detection of disease clustering
and a generalized regression approach. Cancer
Research 27 (2P1): 209-220.

SND = [Z - E(2)] / VAR(Z)Y/2

Mielke (Biometrics 34: 277-282, 1978)




Cancer Research

VorLuMme 27 FEBRUARY 1967

NuMBER 2

[CANCER RESEARCH 27 Part 1, 209-220, February 1967

The Detection of Disease Clustering and a Generalized Regression

Approach

NATHAN MANTEL

Biomelry Branch, Nalional Cancer Institute, NIH, Bethesda, Maryland

Summary

The problem of identifying subtle time-space clustering of dis-
ease, as may be occurring in leukemia, is described and reviewed.
Published approaches, generally associated with studies of leuke-
mia, not dependent on knowledge of the underlying population
for their validity, are directed towards identifying clustering by
establishing a relationship between the temporal and the spatial
separations for the n(n — 1) /2 possible pairs which can be formed
from the n observed cases of disease. Here it is proposed that
statistical power can be improved by applying a reciprocal trans-
form to these separations. While a permutational approach can
give valid probability levels for any observed association, for
reasons of practicability, it is suggested that the observed associa-
tion be tested relative to its permutational variance. Formulas
and computational procedures for doing so are given.



Syst. Zool,, 28(2), IV, po. 227232

Testing the significance and nature of
departure from randomness in patterns of
geographic variation is a necessary first
step before interpreting such patterns in
a population systematic study. Such a test
was developed by Royaltey, Astrachan,
and Sokal (1975) for ranked data and has
been applied by various systematists
(e.g., Selander and Kaufman, 1975;
Bryant, 1977; Levin, 1977; Highton,
1977). In a recent note Hubert (1978) has
pointed out that the Royaltey-Astrachan-
Sokal test is a special case of a method
developed: earlier in a somewhat differ-
ent context by Mantel (1967) and that this
latter test would have a wider range of

Sysl. Zool, IKALAT-6IL 1956

Testing Statistical Significance of Geographic Variation Patterns

application. The purpose of the present
note is to bring Mantel’s test to the atten-
tion of systematists, to explore some of
the new applications which this test
makes possible and to report on some of
the experiences gained in my laboratory
with the employment of this test.

MANTEL'S TEST

The test (referred to as time-space clus-
tering in Mantel, 1967) requires the con-
struction of two square matrices, both im-
plying distance in some sense. For a
study of n localities each square matrix
will be of dimension n and contain as
elements the pairwise distance functions

Multiple Regression and Correlation Extensions of the
Mantel Test of Matrix Correspondence

PETER E. SMOUSE," JEFFREY C. LONG,* AND ROBERT R. SOKAL®

'Department of Humarn Genetics and Department of Biology,
University of Michigan, Ann Arbor, Michigan 48109;
"Department of Anthropology, CUNY-Hunter College, New York, New York 10021; and
'Department of Ecology and Evolution, State Umversity of New York,

Story Brook, New York 11794
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0 Genetics and Molecular Biology, 36, 4, 475-485 (2013)
Copyright © 2013, Sociedade Brasileira de Genética. Printed in Brazil
www.sbg.org.br

Review Article

Mantel test in population genetics

José Alexandre F. Diniz-Filho', Thannya N. Soares®, Jacqueline S. Lima®, Ricardo Dobrovolski®,
Victor Lemes Landeiro’, Mariana Pires de Campos Telles®, Thiago F. Rangel' and Luis Mauricio Bini'

!Departamento de Ecologia, Universidade Federal de Goids, Goidnia, GO, Brazil,

’Departamento de Biologia Geral, Universidade Federal de Goids, Goidnia, GO, Brazil.

Programa de Pés-Graduagdo em Ecologia e Evolugdo, Universidade Federal de Goids, Goidnia, GO,
Brazil.

‘Departamento de Zoologia, Universidade Federal da Bahia, Salvador, BA, Brazil.

’Departamento de Botanica e Ecologia, Universidade Federal de Mato Grosso, Cuiabd, MT, Brazil.




TESTE DE MANTEL

p variables

GEN

‘z

Similarity/Dissimilarity (Nei distances,
Identity, F; Rogers, Jaccard, Euclidian,

ZGEN *GEQ;

=l j=1

etc)

Distancias geograficas

GEO




GEO A D
A 0

Distancias B 6 0

geograficas (km) c 15 2 0
D 12 9 11 0
E 1 8 18 13 0
produto A B D
A 0
B 0.5766 0
C 2.3925 0.1294 0
D 1.8504 0.8478 1.1209 0
E 0.0277 0.6872 2.5686 1.9734 0

n n
Z =Y > GEN;*GEOQ, vantel 2 12.175



E) Z-) > GEN,*GEO, h
GEN =1 j=1 GEO

n

-Esse valor de Z depende do numero de elementos a serem
somados e do proprio valor em GEN e em GEO;

-O gue o Mantel fez foi derivar uma formula para o valor esperado e
para a variancia (erro) dessa somatoria, de modo que

SND =Z - E(2) / erro(2)
pode ser testada por um desvio normalizado da distribuicao normal

(standard normal deviate). Mas Mielke mostrou que so funciona bem
em alguns casos...



Sendo X igual a GEO e Y igual a GEN...

Z =3 Y GEN, *GEO,

j
i=1 j=1

O Z de Mantel é uma
parte do coeficiente de
correlacédo de Pearson
entre as matrizes;

A correlacéo r entre as
matrizes € uma teste Z
de Mantel “padronizado”
guando as matrizes sao
normalizadas (meédia O e
sd=1)

Mas e diferente
correlacionar um vetor Y
e X e matrizes de
distancias  euclidianas
entre Xe Y



0,0000

0,0647 0,0000

0,0942 0,1019 0,0000

0,0859 0,1428 0,1518 0,0000

0.0647 2
0.0942 9
0.0859 8
0.1019 <:> 11
0.1428 18
0.1518 13

Pearson r =0.903

Mas como testar essa correlagéo?




Teste de aleatorizacao

Z =3 GEN, *GEO, h
n ‘ ZZ j j GEO

GEN =1 =1
n
[

i Texts in Statistical Science
-Embaralhar linhas e colunas; Randomization,
Bootstrap and

) Monte Carlo

-Recalcular o Z; Methods in

Biology

Third Edition

-Repetir 1000 vezes ou mais;

-Contar quantas vezes 0 Z
observado foi maior do que os
1000 valores de Z (isso € o valor

Bryan F. J. Manly

de P, ou erro tipo |) o Ougmn s e




2.4 Matrix permutation

Instead of randomly reamangoing the elements m the matx only the labels of the colmms and
the comespondmg rows are permied Suppose for example that we have the following 3 x 3
AT

1 3
1 [all al3
2 |a?l a3
3 |a3l [a32 |a33

The vales of mberest (lower tmangular matrx) are in black Note that these are the valwes that
will be effectively nsed for computations.

The mufial order of the labels 15 {1.23} Affer random pernmation the order will be for
example {312} Elements m the matrix will thws be rearranged according to the new order.

3 1 2

a3 (a3l |a32
ald [all |al2
2 |a23 [a?]l |a22

el T2

Note-se gue ndo é a mesma coisa embaralhar os elementos da matriz e
as linhas e colunas;




Constantes sob a permutacao de
linhas e colunas

-Sob essas aleatorizacbes (permutacdes), a média e a
variancia sao constantes, de modo que isso nao afeta a
estandardizacao do Z para a correlacao de Pearson entre
as matrizes
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Depende:
-Do n (para 0 maximo)

-Do P-valor desejado (para 0 minimo)



Conservation Geaetics 4 685-695, 2003,
© 2003 Kiuwer Academic Publishers. Printed in the Netheriands.

Genetic diversity and population structure of Eugenia dysenterica DC.
(“cagaiteira’ — Myrtaceae) in Central Brazil: Spatial analysis and
implications for conservation and management

Mariana Pires de Campos Telles!. Alexandre Siqueira Guedes Coelho?, Lizaro José Chaves”,
José Alexandre Felizola Diniz-Filho™* & Fabrizio D’ Ayala Valva?

1Depamrm=nm de Zootecnia, Universidade Catdlica de Goids. CP. 86, 74603-010, Goidnia, GO, Brasil; EDepan—
amento de Biologia Geral, ICB, Universidade Federal de Goids. CF 131, 74.001-970, Goidnia, GO, Brasil;
AEscola de Agronomia, Universidade Federal de Goids, 74.001-970, GO, Brasil (*Author for correspondence:
E-mail: diniz@icbhl.ufg.br)
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Figure 3. Comparison of pairwise MNei's (1972) genetic distances and geographic distances, among the 10 local populations of £, dvsenterica.
Significance of matrix correlation (= standardized Mantel’s test) was obtained by 5000 random permutations.
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Figura 6. Representacdo esquematica da estrutura de
correlacdes lineares simples entre as matrizes de distancias
genética, geografica, edafica e fenotipica a partir de dados
das arvores, dos frutos e das progénies.
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Landscape genetics of the blotched tiger salamander
(Ambystoma tigrinum melanostictum)

STEPHEN F.SPEAR *CHARLES R.PETERSON,*MARJORIE D. MATOCQ*and ANDREW STORFER*
*Department of Biological Sciences, Idaho State University, Pocatello, Idaho 83209, USA, tSchool of Biological Sciences, Washington
State University, Pullman, Washington 99164, LUSA
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Overall ~ Distance  Model

Route Variable r model 2 AIC, AlC,
Null straight line distance*** 0.581  0.337 —84.82 —84.82
Topo straight line distance™** 0587  (.828 —85.05 -103.53

elevation** 0422

open shrub** —0.397

rivers** —.384
Topo stepping stone  distance™* 0495  0.618 —82.27 —90.63

dry meadow™* —0.517

wetland likelihood* —0.325
Topo least slope path  distance™* 0.527 0422 —-83.02 —84.97

dry meadow™* 0.381
Topo wetland distance*** 0542 0.675 —83.59 -93.8
likelihood path rivers™* —0.558

open shrub* —.265
Topo least slope Distance™* 0.530  0.632 —83.08 -91.37
+ wetland Rivers** —.546

open shrub* —0.231

Table 3 Partial Mantel test results for the

best model (based on AIC) for each route
simulating tiger salamander movement
across the northern range of Yellowstone.
The statistic r represents the partial correla-
tion coefficient for each variable and the
model 12 is the total variance explained by
the model. Topo indicates that routes were
adjusted to represent true topographical
distance. Asterisks beside each wvariable

represent the significance level (* indicates
P < 0.05, ** indicates P < 0.01, *** indicates
P <0.001). AIC, values represent a Mantel
test comparing Fe with only distance (dis-
tance AIC) and a partial Mantel incor-
porating all model variables (model AIC c)




Elevando-se O r ao
guadrado, tem-se que cerca
de 23.7% da variacdo nas
distancias geneticas pode ser
explicadas pelas distancias
geogréaficas

Fst/(1-Fst)

e . .: .
1’ ™ 1: ..‘/‘, : | N

500 1000 1500

Distances (km)
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- O valor observado de r = 0.487 é maior
dos que os 4999 valores aleatorizados,
400 — de modo que a probabilidade encontrar

esse valor ao acaso é 1/5000;
-Separando-se os 125 valores maiores e
300 — os 125 valores menores (5%), tem-se 0s
limites de 0.259 e -0.192 (esse é o
2 intervalo de confianca ndo paramétrico a
0,
IS 95%).
fd
S -O IC95 paramétrico esta entre -0.236 e
5 200 - 0.235.
&
| -
b
al
100 -
D D D O PO D D D O D
0% o7 o o o o o ¢ o o®

Mantel correlation



Teste de Mantel e “Isolamento-por-distancia” (IBD)

Copyright © 1997 by the Genetics Society of America

Genetic Differentiation and Estimation of Gene Flow from F-Statistics
Under Isolation by Distance

Francois Rousset

Laboratoire Génétique et Environnement, Institut des Sciences de ! Fvolution, Université de Montpellier I, 34095 Montpellier, France

Manuscript received September 17, 1996
Accepted for publication December 20, 1996

Genetic Structure and
Selection in Subdivided
Populations

FRANCOIS ROUSSET




IMPLICATIONS FOR DATA ANALYSIS

The previous results show that an appropriate repre-
sentation of data is a plot of estimates of Fyr/ (1 — Fgp)
against the distance in one dimension or logarithm of
distance in two dimensions. In the latter case, the ex-
pected relationship is approximately linear, y = a + bx
with slope b = 1/ (4Nro*) and intercept a = —In (o)
+v.— In (2) + 2w A,. The slope of the regression may
be used to estimate 1/(4Nro”). The quantity

e =90 TV = 1,1280e T (11)

would be independent of subpopulation size. If we
could somehow discard A,, it would be poss1ble to esti-
mate both ¢ and N, for example, by & = ¢ “”’/ 1.123
and N = 1/ (47b6?), if A, = 0. This would be a very
poor method for most examples in Figure 2, and there
is no reason to consider A, negligible in real situations,
hence o and N cannot be estimated separately.

Interpretar Mantel e IBD conjuntamente requer modificacdes (néao e
s6 a correlacdo, mas sim transformar FST/(1-FST) e log (distancias)



=5.672 + 1.314*x
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MOLECULAR ECOLOGY

Molecular Ecology (2012) 21, 2839-2846

NEWS AND VIEWS

OPINION
The trouble with isolation by distance

PATRICK G. MEIEM ANS

Institute for Biodiversity and Ecosystem Dynamics (IBED),
University of Amsterdam, P.O. Box 94248, 1090GE Amsterdam,
The Netherlands

Abstract

The genetic population structure of many species is char-
acterised by a pattem of isolation by distance (IBD): due
to limited dispersal, individuals that are geographically
close tend to be genetically more similar than individuals
that are far apart. Despite the ubiquity of IBD in nature,
many commonly used statistical tests are based on a null
model that is completely non-spatial, the Island model
Here, 1 argue that patterns of spatial autocorrelation
deriving from IBD present a problem for such tests as it

of the mother plant (Tackenberg ef al. 2003). This limited
dispersal has important consequences on the spatial distri-
bution of genetic variation. If dispersal distances are small,
a pattern of spatial autocorrelation emerges in the distribu-
tion of genetic variation: individuals that are close to each
other are likely to be more related, and therefore geneti-
cally more similar, than individuals that are farther apart.
Therefore, within populations a positive relationship is
expected between relatedness and geographic distance, and
this has been observed frequently in nature (Vekemans é&
Hardy 2004). The same principle works at larger geo-
graphic scales: limited dispersal leads to a positive relation-
ship between genetic distance and geographic distance
among populations.

Such processes of isolation by distance (IBD; Wright
1943) are very well understood theoretically and there is a
large body of literature describing how patterns of IBD
emerge and how IBD affects the distribution of variation
over populations (e.g. Rousset 1997). Following these theo-
retical results, most studies on the population structure of




MOLECULAR ECOLOGY

Molecular Ecology Resources (2010) 10, 831-844 doi: 10,1111 /j.1755-0998.2010.02866.x

METHODOLOGICAL ADVANCES -INFERENCE OF SPATIAL STRUCTURE
Comparison of the Mantel test and alternative approaches
for detecting complex multivariate relationships in the
spatial analysis of genetic data

PIERRE LEGENDRE* and MARIE-JOSEE FORTIN
*Département de sciences biologiques, Université de Montréal, C.P. 6128, succursale Centre-ville, Montréal, QC H3C 3]7, Canada,
tDepartment of Ecology & Evelutionary Biology, University of Toronte, Toronto, ON M5S 3G5, Canada

Abstract

The Mantel test is widely used to test the linear or monotonic independence of the elements
in two distance matrices. It is one of the few appropriate tests when the hypothesis under
study can only be formulated in terms of distances; this is often the case with genetic data. In
particular, the Mantel test has been widely used to test for spatial relationship between
genetic data and spatial layout of the sampling locations. We describe the domain of applica-
tion of the Mantel test and derived forms. Formula development demonstrates that the sum-
of-squares (55) partitioned in Mantel tests and regression on distance matrices differs from
the 55 partitioned in linear correlation, regression and canonical analysis. Numerical simula-
tions show that in tests of significance of the relationship between simple variables and mul-
tivariate data tables, the power of linear correlation, regression and canonical analysis is far
greater than that of the Mantel test and derived forms, meaning that the former methods are
much more likely than the latter to detect a relationship when one is present in the data.
Examples of difference in power are given for the detection of spatial gradients. Furthermore,
the Mantel test does not correctly estimate the proportion of the original data variation
explained by spatial structures. The Mantel test should not be used as a general method for
the investigation of linear relationships or spatial structures in univariate or multivariate data.
Its use should be restricted to tests of hypotheses that can only be formulated in terms of
distance Marie Jose Fortin




Matrix correlation (Mantel's test)
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(P=10.0002)
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Figure 4. Multivariate: correlogram obtained after partitioning geographic distances into 4 connectivity matrices, linking lacal populations
at increasing geographic distances. Numbers in parentheses are the Type T errors of each matrix correlation. obtained by 5.000 random
pemmutations, and dashed line indicates expected matrix correlation undar the ull hypothesis absence: of spatial autocorrelation, equal to

zero,
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W matrices
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W

100 — 200 km

b WNPE

0,0000 W

0,0961  0,0000

0,1595  0,0647 0,0000

0,1542  0,0942 0,1019 0,0000

0,0277  0,0859 0,1428 0,1518 0,0000

200 - 300 km
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A matriz de distancias geograficas (simeétrica e com n (n-1) / 2 observacoes)
pode ser desdobrada em diversas matrizes de conectividade W,, cada uma
delas ligando pares sucessivos e exclusivos de locais de coleta distantes uns
dos outros por um intervalo crescente.

Questoes:

- NUmero de classes?

n=20 » K=4 ou 5 classes

- Regra de Sturge — No. de classes = 1 + 3.3log,,[(n*n-1)/2]
(n = 20— 8 classes)

- Como dividir a matriz de distancias e criar as matrizes
W ?



1) Classes de distancias iguais (mesmo intervalo);
Ex.: 0-100; 100-200; 200-300 km; etc

2) Numero aproximadamente igual de conexoes (W)
(I de Moran mais comparaveis e mais estaveis...);

W()=[n(n-1)]/k
onde k é o numero de classes

Ex: classes irregulares - 0-100; 100-250; 250-500; 500-980
km



TESTE GLOBAL DO CORRELOGRAMA — critérios de Bonferroni

Para estabelecer a significancia total do correlograma mantendo-se a Probabilidade
de Erro Tipo | a um nivel de 5 % (por exemplo), € necessario utilizar o critério de
Bonferroni:

1) Testar a significancia de cada um dos indices | a um nivel de 0,05/k. Assim, o

correlograma como um todo sera significativo se pelo menos um dos valores de |
for significativo a 0,05/k.

2) Usar o critério de Bonferroni sequencial:

r(1) = 0.05/1
r(2) = 0.05/2
r(3) = 0.05/3

r(k) = 0.05/k



Importante:

Note-se que a matriz W é uma matriz de similaridade, no qual o valor alto
(no caso 1) indica que as populacoes estao LIGADAS, ou seja, estao juntas.
Por outro lado, as matrizes de FST ou Nei etc, sdo matrizes de distancia, no
qgual o valor alto indica diferenca!

Entao, no caso de comparar uma matriz de SIMILARIDADE qualquer e uma
matriz de DISTANCIA, o Mantel dara uma correlacéo negativa quando
houver de fato uma “relagao” positiva entre as matrizes (dependendo do
software, pode ser preciso inverter o sinal do Mantel). Por exemplo, se ao
invés de usar distancia geografica utilizar 1/D?, o Mantel dara uma forte
relacao “NEGATIVA’
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Distancia de Tanimoto
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Figura 4. Distograma (Tanimoto) construido a partir das distancias genéticas médias entre 32 plantas
(Dipteryx alata), coletadas em Icém - SP, distribuidas em nove classes de distancias geograficas.




O uso do teste de Mantel a partir de uma matriz binaria W de conexao abre
a possibilidade de utilizar o Mantel para testar qualquer efeito de variacao
entre as localidades

Funciona assim como uma Analise de Variancia nao-parametrica
multivariada (AMOVA), na qual o teste (hipotese nula) € que as distancias
entre 0s grupos sao iguais as distancias dentro dos grupos. A idéia é que 1
indica que as populacdes estdo N0 mesmo grupo e zero o que estao em
grupos diferentes



TESTE DE MANTEL PARCIAL

CorrelacOes parciais

-Correlacéao parcial de 1& Ordem (ou ordens superiores)
-Correlacao entre as variaveis 1 e 2 mantendo fixo o efeito da

variavel 3 (I';» 3) (controle estatistico)
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Causa e Correlacao

“This view is summed up in the mantra that is learnedt by almost every student
who has ever taken an elementary couse in statistics: correlation does not imply
causation. In fact, with few exceptions, correlation does imply causation...A
more accurate sound bite for introductory statistics would be that a simple
correlation implies an unresolved causal structure...” (Pat Shipley, 2000)

-Dados experimentais versus dados observacionais

— T b
e 0

e pdey

'

Cause and Correlation
in Bxalogy
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-Controle Estatistico versus Controle Fisico
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Definicoes de ‘causa’ e ‘causalidade’

wiod ~

Aristoteles

Conceitos operacionais: o que seriam relacdes causais?

AXIOMAS:

1. RelacOes transitivas — se o evento A causa o0 evento B, que por
sua vez causa o evento C, entao A causa C;

2. As relacoes devem ser locais (condicao Markoviana) — se A
causa C apenas por meio de B, entao a influéncia de A sobre C
é bloqueada se 0 evento B é impedido de responder a A;

3. As relacOes devem ser irreflexivas — um evento nao causa a ele
mesmo (exceto em ‘loops’temporais);

4. As relacOes devem ser assimétricas — se A causa B, entdao B

nao ser a causa de A simultaneamente.
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Divergéncia entre subpopulacoes de cagaiteira (Eugenia dysenterica)
em resposta a padroes edaficos e distribuicao espacialt

Mariana Pires de Campos Telles®, Rossana Serrato Mendonga Silva®™, Lazaro Jose Chaves™,
Alexandre Sigueira Guedes Coelho™ & José Alexandre Felizola Diniz Filho™

Resumo — A domesticagiio e a wtilizagiio de espécies nativas em sistemas de produgiio muitas vezes siio
inviabilizadas pela falta de conhecimento prévio sobre a vanabilidade genética. Uma vez quantificada,
esta variabilidade pode ser atil tanto para o melhoramento genético da espécie quanto em programas de
conservagio. O objetivo deste trabalho foi avaliar a diferenciagfo, com base em caracteres genéticos ¢
fenotipicos, entre dez subpopulagies de Eugenia dysenterica DU, nativas daregido sudeste do Estado
de Goias, Foram utilizados testes de Mantel a fim de comparar os padries de variagio genética, com
base em oito locos isoenzimdticos, ¢ caracteres fenotipicos (caracteres morfologicos e demograficos),
entre as subpopulagies, ¢ estabelecer suas relagdes com as diferengas geogrificas e edaficas entre as
regides. Os testes de Mantel sugeriram que o principal fator determinando a divergéneia genética ¢ a
distribuigio geografica das subpopulagdes, em um modelo no gual existe um balango entre deriva
genética atuando dentro das subpopulagdes e fluxo génico em curtas distncias ligando as subpopulagies.
A variagiio fenotipica, por sua vez, € melhor explicada pelos padroes edaficos e pela distribuigio
espacial, Esses resultados podem servir de guia para a coleta de germoplasma visando a sua utilizagio
em programa de melhoramento genético desta espéae.

Termos para indexagio: isoenzimas, fendtipos, variagio genética, fatores ambientais.

Pesg. agropec. bras, Brasilia, v 36, n 11, p. 1387-13% nov 2001




Figura 6. Representagio esquematica da estrutura de
correlagties lineares simples entre as matrizes de distiincias
genética, peogrifica, edafica e fenotipicaa partir de dados
das drvores, dos frutos ¢ das progénics.

4 Arvore Genética
Matriz 4 *"“E}_Z‘-E;Q ----- > Matriz 1

Figura 7. Representacdo esquematica das correlacdes
parciais de primeira ordem entre as matrizes de distancias
genética, geogralica, fenotipica e de solo. Foramrealizados
dois conjuntos de analise, representados pelas diferentes
setas, calculando-se a correlagcdo entre duas matrizes
mantendo-se a terceira matriz de cada conjunto constante.
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ARE PARTIAL MANTEL TESTS ADEQUATE?
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TESTE DE MANTEL E REGRESSAO PARCIAL

A idéia central é ‘desdobrar’ a variacdo em diferentes componentes:

a = componente “puro”de variacao em Y definido somente por X (historia,
ambiente, etc);

b = componente de variacdo da sobreposicéo entre X e espaco;

c = componente “puro” de variacao espacial;

d = residuo



a =componente de variacao em Y definido somente por X;
b = componente de variacao da sobreposicdo X e espaco;
Cc = componente de variacao espacial;

d =residuo

Para realizar o desdobramento, sao necessarios os coeficientes de
determinacao (R?) de 3 modelos:

1) Mantel com as variaveis preditoras (X) (R?,) (a + b);

2) Mantel geografico (R?s) (b + c);

3) Mantel geografica + preditoras (R%;) (a + b + c)

A fracdo residual é dada por 1 — R?;. A fragdo ‘b’ (sobreposicao) é dada por
b=R?, + R%; - R?%;

De modo que...
a=R?-b
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Multiple Mantel tests and isolation-by-
distance, taking into account long-term
historical divergence

Mariana Pires de Campos Telles' and
José Alexandre Felizola Diniz-Filho*?

Figure . Resulis of partial Mantel analyses using long-term historical divergence (western and eastern groups) and
Isolation-by-distance (IBDY) as predictors of genetic divergence among the 10 local populations of Exgenia dvsenterica.
The unexplained variation (d) is 1 - RII of a multiple Mantel test, using both effects as predictors, and this ]Lf also
corresponds o the portion (a + b+ ¢). The overlap tetween history and IBD is equal to (a + B + (b + ¢ - (a + b + ¢, where
{2 + b} is given by the R ? of the regression using history, and (b + ¢} is given by the B ? of the geographic distances (IBD).
We can then partition variation explained by history alone (a) and IBD alone ().
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Phylogeography and species limits in the Gymnodactylus
darwinii complex (Gekkonidae, Squamata): genetic
structure coincides with river systems in the Brazilian
Atlantic Forest

KATIA C. M. PELLEGRINO"**, MIGUEL T. RODRIGUES?, AARON N. WAITE*,
MARIANA MORANDO?®, YATIYO Y. YASSUDA® and JACK W. SITES JR*®

PHYLOGEOGRAPHY OF THE GYMNODACTYLUS DARWINII COMPLEX 17

Figure 1. Map of eastern Brazil with the geographical location of populations of Gymnodactylus darwnit sampled for this
study, relative to the major river systems of the Atlantic coast. See Table 1 for details of localities. Black dots and squares
represent the distributions of Cytotype A (2n= 38) and Cytotype B (2Zn = 40), respectively.
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Total: 64.7%
“IBD”: 4%
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RANDOMIZATION AND REGRESSION METHODS FOR

TESTING FOR ASSOCIATIONS WITH GEOGRAPHICAL,

ENVIRONMENTAL AND BIOLOGICAL DISTANCES
BETWEEN POPULATIONS

Bryan F. J. ManLY

Department of Mathematics and Statistics, University of Otago,
P. O. Box 56, Dunedin, New Zealand

Delineamento do Mantel como regressao multipla
(R?, coeficientes etc)
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Multiple regression on distance matrices: a multivariate spatial analysis tool
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Multiple Regression on Distance Matrices (MRM)
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Re-Evaluating Causal Modeling with Mantel Tests in
Landscape Genetics
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DISENTANGLING THE EFFECTS OF
GEOGRAPHIC AND ECOLOGICAL ISOLATION
ON GENETIC DIFFERENTIATION
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Populations can be genetically isolated both by geographic distance and by differences in their ecology or environment that de-
crease the rate of successful migration. Empirical studies often seek to investigate the relationship between genetic differentiation
and some ecological variable(s) while accounting for geographic distance, but common approaches to this problem (such as the
partial Mantel test) have a number of drawbacks. In this article, we present a Bayesian method that enables users to quantify
the relative contributions of geographic distance and ecological distance to genetic differentiation between sampled populations
or individuals. We model the allele frequencies in a set of populations at a set of unlinked loci as spatially correlated Gaussian
processes, in which the covariance structure is a decreasing function of both geographic and ecological distance. Parameters of

the model are estimated using a Markov chainlonte Carlo algqrithm. We call this method Bayesian Estimation of Differentiation
gy (BEDASSLE), and

and empirical applications to human and teosinte data sets.

have implemented it in a user-friendly format in the statistical

in Alleles by Spatial Structure and Local Ecol
platform R. We demonstrate its utility with a sim
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