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Por que estudar variacao em biologia?

Quais as origens de variacao fenotipica e genética?
Como a variacao ¢ organizada e representada em populagoes?

Quais sdo as consequéncias evolutivas de como a variagao ¢

organizada nas populagoes?



Multiplas dimensdes: como representar?
Porto et al. 2009
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Matriz Fenotipica = matriz de variancia e
covariancia
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Tem que haver varia¢do nos valores dos caracteres na populacao!



Matriz Fenotipica = matriz de correlacao

nasal frontoparietal squamosal
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Teoria de Integracao Morfologica/Modularidade
(1958, 1960)

Photo by Ruth O. Hotton

Raissa Berg



Integracao dentro de unidades

"It seemed evident . . . that character changes occurring in
evolution of species could not be considered to be independent
of each other and that studies which did not consider this

dependency ignored a significant aspect of change . . ."
(Olson and Miller, 1958).



Berg ¢ Independéncia entre pl€iades de

correlacao
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Modulardade: Semi-independéncia das
unidades

‘In all the 1nstances of existence of pleiades 1t was the
flower that had become free of the correlation
interdependences within the plant organism’.

(Berg 1960)



Padrao e Magnitude de Integracao

Porto et al. 2009



Mesmo padrao, diferentes magnitudes de

Integracao
Porto et al. 2009
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Integracao e Modularidade

Como se conectam os padroes medidos com os
processos subjacentes?

PADROES
PROCESSOS DENTRO DE
INDIVIDUAIS POPULACOES/
ESPECIES
PROCESSOS PADROES
POPULACIONAIS ENTRE

ESPECIES
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Developmental Variation in Remodeling

modification development

-
f—
Selection
within
population
Evolution by Performance
selection, drift, etc. selection
PADROES PROCESSOS
ENTRE POPULACIONAIS
ESPECIES

) Cheverud 1996
Evolutionary modularity Klingenberg 2008
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2. Neural Crest Patterning and Proliferation

3. Facial Process Fusion
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Developmental Variation in Remodeling
modification development

-
f—
Selection
within
population
Evolution by Performance
selection, drift, etc. selection
PADROES PROCESSOS
ENTRE POPULACIONAIS
ESPECIES

) Cheverud 1996
Evolutionary modularity Klingenberg 2008




Selecao em desempenho:
Modularidade funcional para evolutiva

Opercular four bar lever

Jamnickzy et al. 2014



Diferencas biomecanicas na alavanca
opercular de 4 elementos

>

Residuals of mean link length

0.150

o
o
ST

-0.075
-0.150
-0.225

-0.300

M Btn=31 " BP n=32 B

marine ancestral

ab c abb a b b a b b 7 00 abeb

dyite

1.75

opercular  ventral jaw fixed Bt BP RS

transmission coeficient (mechanical efficiency)



Variacao na forma explica variacao em Kr

unpooled

pooled by population
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Estabilidade do padrdao e magnitude entre populacoes

Table 1. Covariance matrix comparison among popula-
tions for the whole-skull dataset

Boot Bear Paw Rabbit
Lake Lake Slough
Boot Lake 0.8153 0.8817 0.9021
Bear Paw Lake 0.7366 0.8570 0.7931
Rabbit Slough 0.6491 0.5850 0.6349

Scaled variance of

Population Eigenvalues SD

Rabbit Slough 0.0012 0.0002
Boot Lake 0.0013 0.0001
Bear Paw Lake 0.0013 0.0002

As relagoes de forma e funcao podem mudar mesmo
que o padrao modular e a integracao sejam estaveis!
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Evolucao por selecao:
Modularidade funcional para genética para evolutiva

LF: /Biting feeder

MZ.: Suction feeder

Albertson et al.2005



Base gen¢tica para abertura e fechamento da boca

oeaiie QTL mapping
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Out-lever and closing in-lever
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and
Opening
in-lever

Out-lever and opening in-lever



Out-lever and closing in-lever
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Expressao divergente de bmp4
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Divergéncia na biomecanica do forrageamento
Selecao dentro
de populagdes
Desacoplamento genético de
modulos funcionais
Modificacao do
desenvolvimento
Expressao diferencial de bmp4
(30% da variagao fenotipica)
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EVOlUQﬁO por selegﬁo: Young and Hallgrimsson 2005

Modularidade funcional para desenvolvimento para
evolutiva




Limb Development

Fetal/Postnatal Growth

Embryonic Patterning

Systemic factors: GH, IGF1 (etc)
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Phenotype




Functional units

Serial homologues

0.31

Forelimb Hindlimb
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Quantitative Genetics and Developmental Constraints
on Evolution by Selection

JAMES M. CHEVERUD
J. theor. Biol. (1984)
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Stabilizing Selection!




Quantitative genetics models:
Riedl’s hypothesis

Fitness topography

Trait 1

Trait2 Trait 2

Base genética do desenvolvimento ¢ moldada por selecao
estabilizadora multivariada (correlational selection) vinda
de associacoes funcionais entre caracteres.

Riedl 1977; Lande 1980; Cheverud 1984



Mapa Genotipo-Fenotipo e
Modularidade/Integracao

APl P2 P3 BPlL P2

..... .....Phenotype

WBT | WU i

O 0 000 O 900000 Geneticfactors

Gl G2 G3 G4 G5 G6 Gl G2 G3 G4 G5 G6

Porto et al. 2013



Mapa Genotipo-Fenotipo e
Modularidade/Integracao
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