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1. Changes in G during short-term selection 

 

2. Interactions between loci 

 

3. Changes by drift - finite populations 

 

4. Variation between populations 
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1. MULTIVARIATE SELECTION WITH GAUSSIAN SELECTION/FITNESS FUNCTIONS   
 

Fitness function 

 

W(z) = exp(ααααT
z - ½( z - θθθθ)T
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(1) Directional selection occurs when αααα ≠ 0 and/or  µµµµz ≠ θθθθ 

(2) Stabilising selection occurs, for example, when W is a diagonal matrix and 

Wii > 0 

(3) Disruptive selection occurs when W is a diagonal matrix and Wii < 0 

 

These types of selection can occur jointly! 
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Selection modifies the distribution of phenotypes 

 

 

 p(z)  the probability distribution of phenotypes before selection,  

p
*(z) the probability distribution of phenotypes after selection 
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If p*(z) is MVN, then we can write it as 
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Given this assumption, we can derive the mean and variance after selection 

 

)++(= z

-1**

z µµµµααααθθθθµµµµ PWP  
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Mean fitness will be 
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business as usual: 

 

P* is normal g* is normal, ... is normal, ..... is normal, ... 

 

The selection differential s = µµµµ z

* - µµµµ z   

 

)+)(( z

* ααααµµµµθθθθ −= WPs   

 

and 

 

G
*  =  G - G(P + W-1)-1

G  

G
*  =  G (P + W-1)-1 (E + W-1)  
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and  

 

G(t + 1) = G(t)/2 + G(t)(P(t)  + W-1)-1(E + W-1)/2 

 

or 

 

G(t + 1) = 3G(t)/2 - G(t)(P(t)  + W-1)-1
G/2 

 

 

• The genetic variance changes after selection, values in W determine whether it 

will become wider or narrower for a trait. 

 

• The genetic variance after selection can increase for one trait and decrease for 

another 
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Disruptive selection and then what? (Rueffler et al. 2006) 
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The other side of the same coin: 

 

Change in environmental variance (Gavrilets and Hastings 1994) 

 

The strength of susceptibility to environmental variation  

shows genetic variation 
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εγ ggz +=
 

 

Quadratic fitness function  

 

W(z) = 1 - s(z - θ)
2
   

 

Expected fitness of a genotype is  

 

( )222)(1)()( εσγθεε ggszwfd +−−=∫  

 

 

There is selection on environmental sensitivity 

 

s < 0 it will increase 

s > 0 it will decrease 
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2. LINKAGE – EFFECTS OF COMBINATIONS OF LOCI 

 

The famous infinitesimal model: 

 

Huge number of loci, each with very small effects, negligible changes in allele 

frequencies due to selection. 

 

 

With random mating, equal selection on both sexes, traits in parents and 

offspring multivariate normal distributions 

 

∆G = G* - G = GP
-1(P*- P)P-1

G 
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Infinitesimal model : A does not change! The change in G is due to interactions 

between loci – effects of gametic-phase linkage disequilibrium 
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2. LINKAGE – EFFECTS OF COMBINATIONS OF LOCI 

 

 

Other genetic architectures:  

 

intricate effects expected 

 

'conversions' between variance components 
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Waddington (1957) The Strategy of the Genes 

 

 

 

The epigenetic landscape 

 

Developmental switches and variation between very similar trajectories 

 

Many dimensions, one for each trait 
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Waddington (1957) The Strategy of the Genes 

 

 
 

- gene (pegs) and gene products determine the epigenetic landscape 

- there are many interactions 
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Huang S. (2012) Tumor progression: Chance and necessity in Darwinian and Lamarckian somatic 

(mutationless) evolution. doi: 10.1016/j.pbiomolbio.2012.05.001. 
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3. FINITE POPULATIONS - DRIFT  

 

A concept to preserve an ideal (Wright 1931, 1938): 

 

"the number of breeding individuals in an idealized population that would show 

the same amount of dispersion of allele frequencies under random genetic drift 

or the same amount of inbreeding as the population under consideration" 

 

idealized population: monoecious, diploid, random mating 

 

 

Inbreeding effective population size Ne
(i) 

 

 

Variance effective population size Ne
(v) 

 

 

Often identical or very similar 
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Inbreeding coefficient f 

 

 
panmictic - random mating - selfing allowed- no selection 
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f0 = 0 gives 
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Variance per locus within populations - no selection 

 

Diallel loci, two alleles with effects 0 (frequency 1-pi) and ai (frequency pi)
 

 

(Lynch and Walsh 1997) 
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The standing genetic variance decreases per generation due to drift 
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Symmetric mutation 
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a squared heterozygotic effect of mutant in locus i 
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Purely additive genetics, no selection 

 

mutation replenishes variation 
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The equilibrium genetic variance is 
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(substitute it in as a trial solution) 
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Variation between populations – no mutation – no selection 
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Additive gene action – random genetic drift 

 

 

Diallel loci, two alleles with effects 0 (frequency 1-pi) and ai (frequency pi) 

 

Average genotypic value at each locus is 2aipi 

  

 

Variance among populations per locus is  
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Variance of allele frequencies 
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Total additive genetic variance between populations 
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with mutation 

 

Variation within populations has equilibrium value 
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The mean of a population changes per generation with variance 
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Brownian motion: the variance of the mean increases linearly with time 
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• Independent of Ne
(v) 
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Conclusions 

 

 

We can build an intuition based on some idealized models 

 

 

Additional concepts help us translate the results from these models 

to a broader range of situations 

 

In reality, things seem more in a messy interaction:  
 

 
(Pearson 2006) 
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