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Lembremos o quão complexas e ajustadas são as relações  
mútuas dos seres vivos uns aos outros e às suas condições 
físicas de vida. Seria então, improvável, pensar que variações 
úteis de algum modo a cada ser na grande e complexa batalha 
da vida, devam às vezes surgir ao longo de milhares de 
gerações? E se isso ocorre, podemos duvidar (lembrando que 
mais indivíduos nascem do que podem possivelmente 
sobreviver) que indivíduos com qualquer vantagem, por mais 
sutil que seja, sobre os outros, teriam uma melhor chance de 
sobreviver e procriar? Por outro lado, podemos ter certeza que 
qualquer variação minimamente prejudicial seria rigidamente 
rejeitada. Essa preservação das variações favoráveis e a 
rejeição das prejudiciais eu chamo de Seleção Natural. 

Charles Darwin, em A origem das espécies, 1859

Seleção Natural



Visão contemporânea

→ se há variação na população 

→ se essa variação contribui para a 
sobrevivência e reprodução diferencial 

→ se essa variação é herdável 

Haverá seleção natural



Genótipo AA Aa aa
ao nascimento 150 210 140
entre adultos 75 105 70
sobrevivência 50% 50% 50%

Quando há seleção natural?

Não há seleção: probabilidade de sobrevivência é igual para todos 
genótipos



Genótipo AA Aa aa
ao nascimento 150 210 140
entre adultos 100 140 70
sobrevivência 2/3 2/3 1/2
sobrevivência 
normalizada

1 1 3/4

Nesse exemplo: 

• Valores adapativos WAA = 1;   WAa = 1;   Waa = 3/4 

• Coeficiente seletivo é s=0,25 

• “s” Mede decréscimo de sobrevivência devido à seleção

Quando há seleção natural?



Genótipo AA Aa aa
Valor adaptativo WAA WAa Waa

Valor adaptativo relativo WAA /WAA WAa /WAA Waa /WAA

Em função de "s" 1 1 1-s

Um modelo populacional para seleção 
natural (agora em proporções)

Nesse exemplo: 

• Valores adapativos WAA = 1;   WAa = 1;   Waa = 3/4 

• Coeficiente seletivo é s=0,25 

• “s” Mede decréscimo de sobrevivência devido a seleção.



O modelo genético de seleção

Parâmetro do modelo 
evolutivo

No modelo de seleção

Tamanho da população Infinitamente grande

Cruzamento aleatório

Sobrevivência e 
reprodução dos genótipos

Diferente entre genótipos

mutação e migração Não há



Genótipo AA Aa aa

Valor 
adaptativo

1 1 1-s

Um modelo populacional para 
seleção natural



Um modelo populacional para 
seleção natural

Genótipo AA Aa aa

nascimento p2 2pq q2

Aptidão 1 1 1-s

adultos p2 2pq q2 (1-s)

como calcular: 

p ->  p’ 



Exemplo de seleção
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Color Polymorphism
Melanism in Biston betularia. A classic example of a genetic polymorphism influ-
enced by diversifying selection is industrial melanism in the peppered moth, Biston
betularia (Cook 2003, Grant 2005, Kettlewell 1973, Majerus 1998). Industrial melan-
ics were first noticed in England in the mid-nineteenth century and appear to have
rapidly spread from a single source. At a particular location, the increase from a low
frequency to a frequency greater than 90% often took only several decades. The
main selective agent appears to have been differential predation by birds on polluted
and unpolluted resting backgrounds, and extensive gene flow significantly influenced
the spread and distribution of melanics (Cook 2003). The overall case for natural
selection acting on the rise and fall of melanics in peppered moths is indisputable.

Since the introduction of clean air legislation in the 1960s in Great Britain, the
frequency of dominant melanic moths has declined. For example, at Caldy Common,
the frequency of melanics declined from greater than 90% in 1960 to below 5% by
2002 (Figure 1) (Grant 2005). Also given in Figure 1 is the very similar expected
decrease of the melanic phenotype, assuming a 15.3% selective disadvantage for
melanics [that is, the fitnesses for the dominant melanics and recessive typicals are
0.847 and 1.0, respectively (Grant et al. 1996)].

B. betularia is also found in North America, and in some areas the frequency of
melanics once was quite high (Grant et al. 1996). In the 1960s, clean air legislation
also began to result in better air quality in North America, and the frequency of
melanics dropped (Grant & Wiseman 2002). Presumably, similar reversals in selec-
tion pressures that occurred on both continents were responsible for this remarkable
parallel decline. On the basis of crosses between American and British moths, re-
searchers concluded that the melanic variants from the two continents are alleles at
the same locus (Grant 2004). When the gene that determines melanism in B. betularia
is discovered, then DNA data should be able to determine the cause and relationship
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Figure 1
The observed decline in the
frequency of melanics from
1959 to 2002 at Caldy
Common in England
(magenta squares) (Grant
2005) and the expected
decline when there is 15.3%
selection against the
melanics (dark gray line).
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linha baseada 
em s=0,153 e 
dominância da 
melânica

Redução de forma melânica de biston betularia em regiões sem 
poluição, na Inglaterra.

Forma melânica

Forma não melânica



CHAPTER 1. SELEÇÃO NATURAL 2

1.2 O modelo básico
Iniciaremos nossa análise apresentando um modelo propositalmente simples, que
trata da ação da seleção natural sobre um único lócus bialélico. Para tornar esse
modelo mais acessível apresentamos um exemplo hipotético.

AA Aa aa
Ao nascimento 150 210 140
Entre adultos 100 140 70
Sobrevivência 2/3 2/3 1/2

Sobrevivência normalizada 1 1 3/4
Repare que houve mortalidade em todas as classes genotípicas, mas a inten-

sidade de mortalidade foi diferente entre os genótipos. Uma forma conveniente
de expressar isso é dividir as frações de sobrevivência pelo valor da sobrevivência
mais elevada (nesse caso, 2/3), resultando nos valores de sobrevivência normal-
izada. Em palavras, podemos dizer que indivíduos com os genótipos AA e Aa
sobrevivem proporcionalmente mais do que os indivíduos aa, esses últimos tendo
uma sobrevivência 25% menor.

Podemos agora definir alguns termos que serão usados posteriormente.

• A proporção de indivíduos de cada genótipo que sobrevive até a repro-
dução é o valor adaptativo associado àquele genótipo (que serão tratados
como W

AA

,W

Aa

, Waa.

• Valores adaptativos podem também ser expressos em função da intensi-
dade da seleção contra cada genótipo, medido pelo coeficiente de seleção
(s). Nesse exemplo temos s = 1/4, que descreve a redução em sobrevivên-
cia de aa em relação aos outros genótipos.

Para tornar o modelo mais geral, podemos expressar as frequências dos genótipos
como valores esperadosp ara uma população em equilíbrio de Hardy-Weinberg.
Desta forma, a tabela anterior poderia ser re-escrita da seguinte forma:

AA Aa aa
Ao nascimento p

2 2pq q

2

Valor adaptativo W

AA

W

Aa

W

aa

Entre adultos p

2
W

AA

2pqW
Aa

q

2
W

aa

Entre adultos normalizado p

2
WAA

W̄

2pqWAa

W̄

q

2
Waa

W̄

As frequências genotípicas após a seleção precisam ser normalizadas, pois elas
agoram não somam 1. Essa normalizadação é feita dividindo cada frequência
após a seleção pela soma das frequências totais. Essa soma total é definida como
o valor adaptativo médio:

W̄ = p

2
W

AA

+ 2pqW
Aa

+ q

2
W

aa

(1.1)

O valor adaptativo médio pode ser visto de duas formas. Sob um ponto de
vista, é o fator de normalização para o cálculo das frequências genotípicas após
a seleção. Uma segunda forma de vê-lo é como o quão distante a população está
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W

AA

W

Aa

W

aa

Interpretação biológica Trajetória para s=0.1 e p inicial 0,05

1 1 1-s Dominante para valor adaptativo maior
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1-s 1 1-s Vantagem de heterozigot
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Figure 1.1: Três modelos de seleção natural

da condição "ótima", que é definida pela situação em que todos os indivíduos
possuem o valor adaptativo mais elevado.

As frequências genotípicas podem agora ser usadas para calcular as frequên-
cias alélicas após a seleção.

p

0
= p

2
WAA+pqWAa

W̄

q

0
= q

2
Waa+pqWAa

W̄

Essas fórmulas descrevem a frequência alélica esperada numa geração em
função dos valores adaptativos (W) e da frequência alélica da geração anterior.
A aplicação reiterada dessa expressão permite calcular a trajetória temporal de
frequência alélicas. A figura 1.1mostramos três formas de atribuir valores a W
e o seu impacto sobre as trajetórias de frequências alélicas ao longo do tempo.

Um modelo populacional para 
seleção natural



Diversos regimes seletivos

AA Aa aa Alelo vantajoso Alelo deletério

1 1 1-s dominante recessivo

1 1-s 1-s recessivo dominante

1 1-(s/2) 1-s aditivo

1-s 1 1-t vantagem do heterozigoto



Exemplos de seleção natural



1. Diversidade reduzida

GE47CH05-Sabeti ARI 29 October 2013 12:12

Ancestral: an allele
that was pre-existing
in a population and
from which a derived
allele may arise

alleles inflates the latter value disproportion-
ately to the former value. Thus, smaller (i.e.,
more negative) values of D suggest a surplus of
rare alleles, which may be indicative of positive
selection or population expansion (see section,

Challenges in Applying Statistical Tests for Se-
lection). Several variations on this method have
been developed to take into account the polarity
of each allele (i.e., which one is derived or ances-
tral based on comparisons with an evolutionary

a  Population diversity

Genomic position

Complete sweep de novo

Complete sweep from standing variation

Incomplete sweep

Soft sweep

d  Population differentiationc  Linkage disequilibriumb  Frequency spectrum

e  Composite methods
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Bersaglieri et al.: Signatures of Selection at Lactase 1117

Figure 2 Long-range extended homozygosity for the core hap-
lotype containing the persistence-associated alleles at LCT at various
distances from LCT. The extent to which the common core haplotypes
remains intact is shown for each chromosome in cM. The core region
containing !13910C/T is shown as a black bar, and the LCT gene is
oriented from left to right. Core haplotypes containing the persistence-
associated allele (!13910T) are shown in red, and those containing
the non-persistence–associated allele (!13910C) are shown in blue.
Haplotypes are from European-derived U.S. pedigrees; all chromo-
somes with core haplotypes having a frequency "5% in this population
are depicted.

Figure 3 REHH, a measure of extended haplotype homozygos-
ity, plotted for the persistence-associated haplotype at LCT, in com-
parison with REHH from haplotypes in 10,000 sets of simulated data
(Sabeti et al. 2002). Data are shown using markers (a) 5′ and (b) 3′

to the core region. Data for the LCT-persistence-associated haplotype
are indicated by red symbols, and data from simulations are indicated
by gray symbols. REHH distributions from actual genotypes for 12
control regions were consistent with the simulated distributions (data
not shown).

and Methods” section). As confirmation, we compared
the LCT haplotype to actual genotype data from 12
control regions spanning 500 kb each. The distribution
of REHH was similar for the control regions and the
simulations, and the LCT haplotype had a higher
REHH than any of the matched control haplotypes. It
is notable that the signal for selection is much stronger
for LCT than for the well-established case of G6PD—
although higher haplotype frequencies are in general
associated with lower REHH values (Sabeti et al. 2002)
(fig. 3), we observe a larger REHH statistic for the 77%
LCT haplotype ( ) than for the 18%REHH p 13.2
G6PD haplotype ( ) (see Sabeti et al. 2002).REHH p 7
Although we cannot rule out the possibility that the
extended homozygosity of the high-frequency LCT hap-
lotype is due to dominant suppression of recombination
over Mb distances because of an allele on this haplotype,
positive selection seems to be a more biologically plau-
sible phenomenon, especially since the haplotype has
such a strikingly wide spread of frequencies across Eu-
ropean populations. Furthermore, the parental core
haplotype on which the persistence-associated alleles
arose is present in Asian and African American popu-
lations, and it does not have an elevated REHH value
(data not shown).

We next estimated the age of the lactase-persistence–
associated haplotype, on the basis of the decay of hap-

lotypes in either direction from the LCT core region
(Reich and Goldstein 1998; Stephens et al. 1998). On
the basis of our analysis of European-derived U.S. ped-
igrees, the best estimates of the time at which the per-
sistence-associated haplotype began to rise rapidly in
frequency are between 2,188 and 20,650 years ago,
consistent with the estimated origin of dairy farming in
northern Europe ∼9,000 years ago (Simoons 1970;
Kretchmer 1971; Scrimshaw and Murray 1988). Even
more recent estimates (1,625–3,188 years ago) were ob-
tained by analyzing a Scandinavian population of par-
ent-offspring trios, suggesting stronger and more recent
selection in this population. On the basis of these ranges
of ages, we estimate the coefficient of selection associ-
ated with carrying at least one copy of the lactase-per-
sistence allele to be between 0.014 and 0.15 for the
CEPH population and between 0.09 and 0.19 for the
Scandinavian population (see the “Subjects and Meth-
ods” section for details). By comparison, the selective
advantage in a region endemic for malaria has been
estimated at 0.02–0.05 for G6PD deficiency (Tishkoff

Bersaglieri et al., 2004

its background level by mutation and genetic drift at a
rate on the order of Ne generations (Przeworski 2002).
The dynamic balance between sweep and restoration,
extended to the genomic scale, should result in reduc-
tions in neutral polymorphism that are intermittent
both in space and in time.

Figure 1 illustrates how the effect of recurrent selec-
tive sweeps may be recorded in the level of neutral poly-
morphism along a chromosomal section, at a particular
instant in time. Within this section, one can observe the
reductions in polymorphism caused by several selective
sweeps in comparison with background levels. For ex-
ample, the sweep labeled 1 has been associated with a
strong selective coefficient and has occurred very re-
cently. Sweep 2 has been associated with a similarly strong
selective coefficient, but because it occurred further in
the past the levels of polymorphism surrounding it have
had some time to recover. Sweep 3 has occurred recently,
but because it was associated with a weaker selective
coefficient it reduced polymorphism in a smaller spatial
region. Thus, from the spatial pattern of neutral poly-
morphism at a given point in time, i.e., the number and
width of depressions in neutral polymorphism, one may
be able to infer how frequent and how intense selected
adaptations are. This approach is hindered, however, by
the presence of evolutionary forces other than adapta-
tion, perhaps most importantly demographic processes,
which can also produce spatial heterogeneity in neutral
polymorphism (Thorntonand Jensen 2007; Thornton
et al. 2007).

The confounding effects of evolutionary processes
other than adaptation might be reduced if polymor-
phism data were to be considered in combination with
divergence data. Specifically, because a substantial num-
ber of adaptive substitutions that cause selective sweeps
will appear as nonsynonymous divergences, those ge-

nomic regions that exhibit both reduced neutral poly-
morphism and elevated nonsynonymous divergence
should more reliably indicate the presence of adapta-
tion than would a signal of reduced polymorphism alone.
Consequently, an analysis of the spatial pattern of the
correspondence between neutral polymorphism and
nonsynonymous divergence, as opposed to the spatial
pattern of neutral polymorphism alone, might yield new
insight into the adaptive process.

In this article, we explore this idea using genomewide
polymorphism data from six Drosophila simulans strains
and divergence data between D. simulans and D. mela-
nogaster. Our analysis is divided into two separable parts.
The first part describes how we build and verify a map,
which estimates the levels of neutral polymorphism along
a chromosome on the basis of polymorphism data, for
the autosomes of D. simulans. The construction of such a
map raises a number of statistical issues that bear on its
accuracy and on its spatial resolution. Addressing these
issues is important if we wish to rely on this map to study
adaptation. After we develop a method for the construc-
tion of the map, we analyze its performance, eventually
obtaining a map that provides an accurate representa-
tion of the variability in neutral polymorphism on the
scale of !20 kb. Although we rely on the veracity of this
map in the second part of this article, the first part is
concerned solely with the problems of map building and
may therefore be skipped without compromising the
ability to understand the arguments that follow.

In the second part of this article we analyze the spatial
correspondence between neutral polymorphism and
nonsynonymous divergence in the highly recombining
regions of the autosomal arms. The map of neutral poly-
morphism exhibits extensive spatial heterogeneity at
a spatial scale of 20–200 kb, consistent with but not
uniquely demonstrative of frequent, relatively strong se-
lective sweeps. To better discern the effect of recurrent
selective sweeps from that of other evolutionary forces,
we examine the association between neutral polymor-
phism and nonsynonymous divergence in 100-kb sliding
windows. Neutral polymorphism in 100-kb windows is
characterized by two summary statistics: the average
polymorphism in a window and a measure of the ho-
mogeneity of polymorphism within a window, QS, which
is introduced for this purpose. We find that both sta-
tistics are significantly negatively correlated with the non-
synonymous divergence, where the negative correlation
with QS is especially strong. On the basis of these and
other analyses, we argue that these correlations are most
plausibly explained as the outcome of recurrent selec-
tive sweeps.

We then proceed to show that the spatial correspon-
dence between neutral polymorphism and nonsynon-
ymous divergence bears information on both the strength
and the rate of selective sweeps. First, we conduct a spa-
tial randomization test that suggests that the correla-
tions between neutral polymorphism and nonsynonymous

Figure 1.—An illustration of the spatial effect of recurrent
selective sweeps on the level of neutral polymorphism. The ef-
fects of three sweeps are shown on the background of the poly-
morphism level generated by mutation and random genetic
drift. Sweeps 1 and 2 are of similarly strong selective advantage,
but sweep 1 has taken place much more recently than sweep 2.
Like sweep 1, sweep 3 has taken place recently, but is of lesser
selective advantage.
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Um exemplo de homogeneidade: 
lactase em humanos



2. Diferenciação aumentada

GE47CH05-Sabeti ARI 29 October 2013 12:12

Ancestral: an allele
that was pre-existing
in a population and
from which a derived
allele may arise

alleles inflates the latter value disproportion-
ately to the former value. Thus, smaller (i.e.,
more negative) values of D suggest a surplus of
rare alleles, which may be indicative of positive
selection or population expansion (see section,

Challenges in Applying Statistical Tests for Se-
lection). Several variations on this method have
been developed to take into account the polarity
of each allele (i.e., which one is derived or ances-
tral based on comparisons with an evolutionary
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Seleção natural em populações 
humanas 

!  Comparando Tibetanos e Chineses: 
Gene EPAS1: 
 
Frequência do alelo A em Chineses:  10 % 
Frequência do alelo A em Tibetanos: 90% 
 
Como saber se diferença resulta de seleção? 

Diferenciação aumentada

Seleção com s=0.01 Deriva com 2N=1000



Signature of  positive selection

Under neutrality

Quintana-Murci

Só com deriva

Signature of  positive selection

In a structured population: Selective sweeps generates high FST under local adaptation

Quintana-Murci

Com seleção

Diferenciação aumentada



Seleção natural em populações 
humanas 

!  Comparando Tibetanos e Chineses: 

Média 
genômica EPAS1 

Yi et al., 2010 

Gene EPAS1: 
 
Frequência do alelo A em Chineses:  10 % 
Frequência do alelo A em Tibetanos: 90% 
 
Como saber se diferença resulta de seleção? 
→ ver se deriva explicaria tamanha diferença 



Alta diferenciação: gene SLC24A5

non-Europeans for the MATP 374*G and SLC24A5 111*A
alleles (both derived alleles associated with lighter pigmen-
tation) were even more striking (MATPEuropean 5 87%;
MATPnon-European 5 17%; SLC24A5European 5 100%;
SLC24A5non-European 5 46%). The frequency of the
SLC24A5 111*A allele outside of Europe is largely ac-
counted for by high frequencies in geographically proxi-
mate populations in northern Africa, the Middle East, and
Pakistan (ranging from 62% to 100%).

Signatures of Selection in Pigmentation Genes Using
HapMap Data

To supplement our analyses, we also examined the
global diversity of our 6 pigmentation genes using data
from the International HapMap project. Three potential
indicators of directional positive selection (LSBL, Tajima’s
D, and lnRH) were calculated in 25-kb overlapping win-
dows in European (CEU), East Asian (EAS), and West Af-
rican (YRI) populations separately and their significance
gauged by an empirical genome-wide distribution.

The first statistic, LSBL (Shriver et al. 2004), decom-
poses FST among 3 populations into population-specific
components and provides a means to quantify the degree
to which a SNP (or group of SNPs in this case) has changed
in allele frequency in one population relative to the other 2.
Second, Tajima’s D was used to summarize the allele fre-
quency spectrum in each genomic window. Under neutral-
ity, Tajima’s D will take on values close to zero.
Significantly negative values indicate an excess of rare al-
leles that is consistent with recent positive directional selec-
tion or a population expansion (Tajima 1989). Although
Tajima’s D is normally used in cases of full ascertainment
(i.e., resequencing), previous studies have established a cor-
relation between resequencing and dense genotyping data
(Carlson et al. 2005; Voight et al. 2006). Although the Hap-
Map data set does suffer from an ascertainment bias toward

common SNPs, this should result in a skew of Tajima D
values against negative values that are indicative of direc-
tional selection.

Finally, we calculated the related natural log of the ra-
tio of heterozygosities (lnRH) between all pairwise popu-
lation comparisons (Schlotterer 2002). Strongly negative
values (i.e., a low ratio) indicate a reduced heterozygosity in
one population relative to another and points to population-
specific effect (not necessarily the case with significant
Tajima D values). A simple case of strong and population-
specific positive selection is expected to result in strongly
negative Tajima’s D, high LSBL, and negative lnRH val-
ues. Although these are relatively simple metrics, when
used together, they may provide nuanced insight in the tim-
ing and place of more complex selective events. The full set
of results can be found in supplementary table 3 (Supple-
mentary Material online).

These data confirm the unusual European-specific pat-
terns at MATP and SLC24A5. Both genes display long
range (consecutive windows) and significant indications
of positive selection for all 3 statistics. In contrast, there
is little evidence of a European-specific pattern in the
TYR locus although the nonsynonymous TYR A192C
SNP does individually show a strongly significant CEU-
LSBL (P , 0.003) in the HapMap data as in our original
findings. The contrast may be explained by the limitations
of our HapMap sliding window analyses, whereby adjacent
SNPs are averaged using a method that does not consider
haplotype structure.

A more complex pattern of evolution is indicated in
the HapMap data for the OCA2 gene. In line with the
FST-based survey, it shows consistently strong and signif-
icant European LSBL and somewhat more erratic signifi-
cance in other measures. However, it also reveals
a similar if slightly weaker pattern of significance in the
East Asian population consistent with our original observa-
tion of a role in lightly versus darkly pigmented

FIG. 3. Continued
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Alta diferenciação: evidência de evolução adaptativa da 
pigmentação (Northon et al., 2007). Nesse caso o alelo 
comum na Europa e parte da Ásia contribui para a 
pigmentação cara, e foi favorecido nessas regiões.



Valor adaptativo em 
zonas de malária 

WAA = 0,88 
WSS = 0,14 
WAS = 1,00 

Frequência 
do alelo S 
da 
hemoglobina

Regiões 
com malária

3. Distribuição geográfica de alelos 



Desafios para estudar a seleção 
natural

O modelo que vimos é muito simples! 

O mundo real tem várias complicações.



Complicação: ligação física

Antes da seleção Depois da seleção

Região influenciado por carona genética



Complicação: pleiotropia

Com antibiótico: 

Com alelos de resistência: W=1 
Sem alelo de resistência W=0 

Sem antibiótico: 

Com alelos de resistência: W=0,5 
Sem alelo de resistência W=1

Pleiotropia: um mesmo gene influencia vários fenótipos

Valor adaptativo em gene que influencia resistência a antibiótico



Complicação: carga genética

AA Aa aa

1-s 1 1-t vantagem do heterozigoto

A população com valor adaptativo médio máximo seria 
uma só de heterozigotos. 

Mas ela nunca se manterá, pois sempre se formam 
homozigotos, apesar deles serem menos vantajosos.



Quando há vantagem de 
heterozigoto

- mutação S é mantida, apesar 
do homozigoto SS ter aptidão 
baixa. 
- Gera indivíduos com anemia 
falciforme (SS).



Desafio: qual traço é selecionado? 

 Sobrevivência nem sempre é favorecida
A seleção incide sobre histórias de vida complexas. 

Há “tradeoffs”: 

Fecundidade alta    + longevidade baixa (r) 
Fecundidade baixa + longevidade alta (k) 

Exemplo: 

ambiente com alta predação: seleção favorece alta 
fecundidade, baixa longevidade. 

ambiente com baixa predação: muitos lebistes, muita 
competição, seleção favorece fecundidade baixa, alta 
longevidade. 



bl/bl bl/BL BL/BL

td/td 0.79 1 0.83

td/TD 0.67 1 0.9

TD/TD 0.66 0.66 1.1

Complicação: epistasia



Complicação: dependência de frequência

Traço é mais vantajoso quando raro, menos vantajoso quando comum



Conceitos chave

- Há diferentes tipos de seleção: 
- direcional (com diferentes padrões de dominância) 
- vantagem de heterozigoto 

- Podemos estabelecer um model determinístico de seleção, 
que prevê mudança de p 

- Usamos várias abordagens para detectar seleção 

- Há importantes complicações: carona, pleiotropia, 
epistasia, dependência de frequência.


