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Populus - Simulac

Como usar o Populus ?
(http://www.cbs.umn.edu/populus/)

Click no icon Populus.

Deve aparecer o seguinte écran:

Simulations of Population Biology

Don Alstad

Department of Ecology, Evolution & Behavior

University of Minnesota

Programming by

Lars Roe, Amos Anderson, Sharareh Noorbaloochi

Click na barra “Model”. Seleccione “Genetic drift”

Single-Species Dynamics: »
Multi-Species Dynamics: 4

Mendelian Genetics: ld  Genetic Drift

Natural Selection: * Inbreeding
Quantitative-Cenetic Models: » Population Structure
Spatial Models: »  Drift and Selection
Interaction Engine

Load Model From File

and Chris Bratteli

Version 6.0

EaCenetic Drift: Input

L ————————————————————————
P View Hrne Q Help | (=) print| $& Close

[ Monte Carlo r Markov WI

rBreeding Parameters
Runtime:

3 3N Cenerations

C Other:

Generations = 38 :‘

] Permit Selfing?

Population Size (N} = 8 é‘

rinitial Conditions:

Number of Loci = 6 é‘

) . B
* set frequencies collectively

Initial Frequency = 8.5 é‘

) set frequencies individually

Locus#1= @.5 :‘m

Locus#2 = 0.5 :‘ .

"
A

Nas opgoes seleccione as condi¢des que quer testar, os valores admitidos sao os

seguintes:

Numero de geracoes = entre 1 e 999.
Autofecundacio = nio.

Dimensao da populagao = entre 1 e 200
Numero de loci = 6.

Frequeéncias iniciais = entre 0 e 1.

Cada cor no grafico pode representar que entidades?

Simulag¢oes de deriva genética

Leia atentamente cada exercicios até ao fim.
Faga simulagoes para um nimero de geragoes 500 para cada um dos exercicios.
Para cada situacao simule 5 ou mais vezes antes de concluir.

Tenha em atengao os seguintes aspectos relacionadas com as simulagdes:
Qual o alelo que mais vezes se fixou nas suas populagoes?

Quantas geragOes foram necessarias para a fixagao dos alelos?
Qual o significado da fixagdo de um dos alelos nas geragdes subsequentes?
A deriva genética poderia levar a fixacao de um alelo deletério?

Rita Castilho - CCMAR - UAlg
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A1l. Considere uma populacido, com efectivos 50. Considere apenas dois alelos, A e B,
com a mesma frequéncias inicial e observe o efeito da deriva genética.

A2. Considere uma populacido, com efectivos 200. Considere apenas dois alelos, A e B,
com a mesma frequéncias inicial e observe o efeito da deriva genética.

Compare o efeito da deriva genética nessas populagoes.

B. Considere duas populagoes dialélicas, com igual niimero de efectivos, n=100, mas
com frequéncias iniciais distintas, respectivamente, A=0.2 e A=0.8. Compare o efeito
da deriva genética nessas populacdes. Maximize a visualiza¢ao simultinea das duas
situacoes usando as capacidades do programa.

Compare as situagoes A e B.

Responda as seguintes questoes:

Suponha que um alelo dum individuo numa populacido de 26 cacholotes, sofre
mutacao para um novo alelo antes nao presente na populacao. Qual a probabilidade
desse alelo se fixar nesta populacao devido ao efeito da deriva genética? Qual a
probabilidade de o alelo se perder devido ao efeito da deriva genética?

100 populagdes de tamanho 10 tém 2 alelos (A e B) num dado locus. O alelo A tem
uma frequéncia de 0.2. Todas as populacoes perderao um dos alelos por deriva
genética e em 32 populagoes fixa-se o alelo A. Diga se o resultado é consistente com a
deriva genética como tnica for¢a evolutiva que opera neste locus.

Estudo do efeito da seleccao

Click no icon Populus.

Deve aparecer o seguinte ecran:

Leia a Box 2

Click na barra “Model”. Seleccione “Natural Selection” e “Selection on a

diallelic Autosomal Locus”

Single-Species Dynamics: 4
Multi-Species Dynamics: 4
Mendelian Genetics: 4
Natural Selection: »
Quantitative-Genetic Models: »

4

Woozleology
Selection on a Diallelic Autosomal Locus
Selection on a Multi-Allelic Locus

Spatial Models:

Interaction Engine Two-Locus Selection
Load Model From File Selection on a Sex-Linked Locus

Selection & Mutation

Interdemic Group Selection

Intrademic Group Selection

Arbitrary Sexual Selection

Handicap Sexual Selection

Frequency-Dependent Selection (Diploid Model)

Frequency-Dependent Selection (ESS Model)
Density-Dependent Selection w/ Genetic Variation

Em “Plot options” mantenha seleccionado p vs t, que lhe permitira visualizar a
alteracao da frequéncia do alelo A (p) ao longo do tempo (t).

Na caixa “Fitness/Selection Coeffs” mantenha a seleccao em fitness, e determine os
diferentes fitness de acordo com a hipétese que pretende testar.

Na caixa “Initial conditions” seleccione 6 frequéncias alélicas iniciais.

Mantenha o namero de gera¢des em 500.

Rita Castilho - CCMAR - UAlg
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Simulacao do efeito da seleccao

A. Tente prever o efeito de vantagem selectiva dos individuos heterozigoticos na
alteracao da frequéncia de um dos alelos ao longo do tempo., com os seguintes
parametros: WAA = 0.9; WAB= 1.0 e WBB = 0.9.

O alelo A torna-se mais comum, mais raro ou mantém-se ao mesmo nivel de
frequéncia ao longo do tempo?

Simule a situacao.

Compare o resultado da sua previsao e o da simulacéo.

Qual o efeito da vantagem selectiva dos heterozigotos na frequéncia alélica ao
longo do tempo.

B. Considere o caso do alelo A ser mais afectado negativamente pela selec¢ao natural.
Tente prever o efeito nas frequéncias alélicas da seleccao simulando os seguintes
parametros: WAA = 0.8; WAB = 0.8 e WBB = 1.0, graficando a alteracao da frequéncia
de um dos alelos ao longo do tempo.

Simule a situacao.

Compare o resultado da sua previsao e o da simulacio.

Qual o efeito da vantagem selectiva de um homozigotico na frequéncia alélica

ao longo do tempo.

Simulacao do efeito da deriva genética com seleccao

EDlif( and Selection: Input

“VIEW H File Q Help @ Print * Close

Population Size (N) = 5@ was = 9.8

Single-Species Dynamics:
Multi-Species Dynamics:
Mendelian Genetics:
Natural Selection:
Quantitative-Genetic Models:
Spatial Models:
Interaction Engine
Load Model From File

Genetic Drift
Inbreeding
Population Structure
Drift and Selection

Initial Allelic Frequency (p) = 8.5 waz = 1

Runtime (generations) = 508 Waz = 9.9

A. Considere uma populagao com n=100, com frequéncia dos dois alelos idéntica, mas
valores de fitness de gen6tipo distintos: 1) seleccao contra um dos homozigotos; 2)

seleccdo a favor de um dos homozigotos; 3) superioridade do heterozigoto; 4) fitness
de gendtipo distintos: AA=1; AB=0.99 e BB=0.999. Compare o efeito da deriva genética
nessas populagoes.

B.Considere duas populagées 1 e 2, com efectivos n1= 50 e n2=300, com a mesma
frequéncia, mas valores de fitness de gen6tipo distintos: 1) seleccao contra um dos
homozigotos; 2) seleccao a favor de um dos homozigoto e 3) superioridade do
heterozigoto. Compare o efeito da deriva genética nessas populagoes.

Rita Castilho - CCMAR - UAlg
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Caixa 1

HELP Populus

Parameters for the Monte Carlo Model of Genetic Drift

The model assumes that population size, N, remains constant, and the gene pool
contains 2N alleles for each locus. The program will accept population sizes from 1 to
200. With higher populations, however, you may wish to lower the number of loci for
faster results.

Independent drift of from 1 to 10 gene loci can be simulated simultaneously, and the
initial frequency of A and B alleles at each locus can be set collectively or
independently (by specifying values ranging from 0 to 1.0).

By default, the simulation will run for 3N generations. Since the average time to
fixation or loss of an allele beginning at 0.5 frequency is near 2.8N generations, this
run length will fix most, but not all loci. Alternate values ranging from 1 to 999 may be
entered in this box.

Genetic Drift: A Monte Carlo Model

This simulation uses a random number generator to sample genes from a small
parental population and pass them on to offspring. Population size is assumed to
remain constant from generation to generation, and allelic frequency changes result
only from the random sampling process. Drift can be simulated for 1 to 10 diallelic
loci simultaneously. To run the model, you must specify a population size, N, and
initial allelic frequencies for each locus.

Suppose that a population consists of one male and one female, and that both are
heterozygous at a locus with two mutant alleles. There are four alleles in the total gene
pool, 2 A alleles and 2 B alleles, so p = q = 0.5. The female will produce A and a eggs
in equal frequency, and the male will produce half A and half a sperm. The probability
of two independent events occurring together is the product of their individual
probabilities, so if gametes are chosen at random and fused to form a filial population
of two individuals, the probability that the first individual will be an AA is (0.5*0.5) =
0.25, and the probability that both progeny will be AA's is (0.5*0.5)*(0.5*0.5) =
0.0625. Thus if N = 2, there is 1 chance in 16 that allelic frequency will change from p
= 0.5 to p = 1.0 in a single generation simply through the random sampling of
gametes.

In addition to the drift from p = 0.5 to p = 1.0, there are other possible outcomes;
p could change to 0, 0.25, or 0.75, and the likelihood of these events is calculated
similarly (you should be able to do it). A computer model which uses random
numbers to mimic this stochastic sampling process is called a "Monte Carlo
Simulation."

The process of genetic drift and its implications are discussed in most treatments of
population genetics or evolutionary biology.
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Caixa 2

HELP Populus

Parameters for Autosomal Selection

wAA, wAB, and wBB are the relative fitnesses of the three genotypes. Specify a real
number ranging from 0 to 1. By convention, the most fit of the three genotypes is
given a relative fitness of 1. A genotype with wxx = 0.25 will contribute 1/4 as many
progeny per capita as the best-fit genotype to the next generation. If wxx = 0, the
genotype is lethal; all such individuals fail to survive or reproduce.

How many generations should you simulate? The answer will depend on the strength
of the selection process specified by your choice of relative fitnesses. Reasonable values
might range from 10 to 1000 generations.

By default, the program automatically runs the simulation from six different initial
allelic frequencies. Sometimes in cases of heterozygote advantage (WAA < wAB > wBB)
or disadvantage (WAA > wAB < wBB) it is interesting to specify a precise starting
frequency. If so, set this box to "y" and enter some starting frequency between 0 and 1.

Selection on a Single Autosomal Locus

The process of evolution has two components, natural selection, and the
inheritance mechanisms that make each individual genetically unique. This Populus
simulation offers a deterministic model of selection with few complications of
inheritance; it assumes that population size is infinite so that there are no effects of
sampling chance, that the selection regime remains constant, and that the phenotype is
determined directly by a single autosomal gene locus, without environmental effects.

There are several points in a life cycle where selection might operate. If we begin
with newly fertilized zygotes, there may be individual differences (a) in survival to
reproductive age, (b) mating ability, (c) the number of gametes produced, or (d) the
probability that those gametes will fuse to form successful zygotes. Here we will
assume that selection is manifested in viability and fecundity differences between
genotypes, ignoring the complications of sexual selection, mating systems, meiotic
drive, etc.

Suppose that two different alleles (A and B) of a gene that affects viability and
fecundity are present in a population. We say that the population is polymorphic at
this gene locus, and individuals can therefore have diploid genotypes of AA, AB, or BB.
If these genotypes survive and reproduce themselves at different rates, population
composition will change over time as the frequency of the more fit allele increases.

If the frequency of A alleles is p and the frequency of a alleles is (1-p) = q, and if
mating is random so that the alleles combine in proportion to their frequencies, then
the expected frequencies of AA's and BB's are p2 and q2, respectively. Heterozygotes
might be either AB or BA, so their expected frequency is 2pq. If each genotype has a
different relative probability of survival and reproduction called its relative fitness
(WAA, wAB, and wBB), we can formulate an equation to project the increasing
frequency of the most fit genotype as

P Waa + Qs Wae
(pt)2 Waa +2p, g Wpg + (qt)2 Was

P = (Py)

This is called a recursion equation because pt+1 can be repeatedly substituted for pt to
give a recursive prediction of allelic frequency as far into the future as we wish. It helps
the intuition to note that this equation multiplies current allelic frequency (pt) by a
ratio of weighted averages. The numerator is a weighted average giving mean fitness
among the A-carrying genotypes, and the denominator is the weighted average fitness
among all three genotypes.
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