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Most population: 
N(blue) = 99% 
N(rosa) =   1%
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Population A 
N(blue) = 80% 
N(rosa) =  20%
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Population A 
N(blue) = 80% 
N(rosa) =  20%

Locus: color 
Allele: A (dominant) and a (recessive)

ATGCGTGT
||||||||
TACGCACT

SNP: C120T

ATGTGTGT
||||||||
TACACACT
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Population A 
N(blue) = 80% 
N(rosa) =  20%

Locus: color 
Allele: A (dominant) and a (recessive)

Phenotype(AA) = 

Phenotype(Aa) = 

Phenotype(aa) = 

80%

20%
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SNP GT Count freq

CC AA 50 0.5

CA Aa 30 0.3

TT aa 20 0.2

100

Observed GT Frequency



Population Genetics

HS20 | UniBS | JCW 7

SNP GT Count freq
CC AA 50 0.5
CA Aa 30 0.3
TT aa 20 0.2

freq(A) = p = 50 + 50 + 30
200

= 0.65

freq(a) = q = 20 + 20 + 30
200

= 0.35
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SNP GT Count freq
CC AA 50 0.5
CA Aa 30 0.3
TT aa 20 0.2

freq(A) = p = 50 + 50 + 30
200

= 0.65

freq(a) = p = 20 + 20 + 30
200

= 0.35

freq(AA) = p2 = 0.652 = 0.4225→ 42.25
freq(Aa) = 2pq = 2 × 0.65 × 0.35 = 0.4550→ 45.50
freq(aa) = q2 = 0.352 = 0.1225→12.25

Expected GT Frequency:
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SNP GT Count freq
CC AA 50 0.5
CA Aa 30 0.3
TT aa 20 0.2

freq(A) = p = 50 + 50 + 30
200

= 0.65

freq(a) = p = 20 + 20 + 30
200

= 0.35

freq(AA) = p2 = 0.652 = 0.4225
freq(Aa) = 2pq = 2 × 0.65 × 0.35 = 0.4550
freq(aa) = q2 = 0.352 = 0.1225

χ 2 = (50 − 42.25)2

42.25
+ (30 − 45.5)2

45.5
+ (20 −12.25)2

12.25
= 11.6 ⇒  p < 0.01
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SNP GT Count freq
CC AA 50 0.5
CA Aa 30 0.3
TT aa 20 0.2

freq(A) = p = 50 + 50 + 30
200

= 0.65

freq(a) = p = 20 + 20 + 30
200

= 0.35

freq(AA) = p2 = 0.652 = 0.4225
freq(Aa) = 2pq = 2 × 0.65 × 0.35 = 0.4550
freq(aa) = q2 = 0.352 = 0.1225

library(HardyWeinberg) 
x <- c(AA = 50, AB = 30, BB = 20)
HWtest <- HWChisq(x, c = 0, verbose = TRUE)

Chi-square test for Hardy-Weinberg equilibrium (autosomal)
Chi2 =  11.60488 DF =  1 p-value =  0.0006577904 D =  -7.75 f =  0.3406593
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Population A Population B Population C

What do you need to safe the right population?
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Population A Population B Population C

n = 110 n = 105 n = 20
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Population A Population B Population C

n(alleles) = 10 n(alleles) = 20 n(alleles) = 8
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Population A Population B Population C

Nm = 60 
Nf = 50

Nm = 105 
Nf = 0

Nm = 1 
Nf = 19
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Population A Population B Population C

There is not a best solution for all. Populations are not 
numbers or markers but much more. The more you know 
about the biology, structure, network of a population the 

better your decision. 
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Ist this population in HWE at this locus?
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Ist this population in HWE at this locus?

p = 1 and q = 0
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Ist this population in HWE at this locus?

p = 1 and q = 0

freq(A1A1) = 1
freq(A1A2) = 0
freq(A2A2) = 0

Expected GT frequency

freq(A1A1) = 1
freq(A1A2) = 0
freq(A2A2) = 0

Observed GT frequency
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Ist this population in HWE at this locus?

p = 1
q = 0
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Ist this population in HWE at this locus?

freq(A1A2) = freq(A1A1)+ freq(A2A2)



Population Genetics

HS20 | UniBS | JCW 21

Ist this population in HWE at this locus?

freq(A1A2) = freq(A1A1)+ freq(A2A2)
2pq = p2 + q2      p + q = 1

2p(1− p) = p2 + (1− p)2

p(1− p) = 0.25⇒ p = 0.5
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Ist this population in HWE at this locus?

p = q = 0.5
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Ist this population in HWE at this locus?

freq(A1A1) = freq(A2A2) > freq(A1A2)



Population Genetics

HS20 | UniBS | JCW 24

Ist this population in HWE at this locus?

freq(A1A1) = freq(A2A2) > freq(A1A2)
p2 = q2 > 2pq        p + q = 1
p2 = (1− p)2

p = 0.5→ freq(A1A2) = 0.5
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Ist this population in HWE at this locus?
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 Long-Term Storage Solution 

Tanum Rock Art 
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 Long-Term Storage Solution 

Data

Paper, Book 

Micofilm 

Magnetic Tape 

Floppy Drive 

Compact Disc 

SecureDigital Card / microSD 

Hard Disk 

SSD 

Cloud
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 Long-Term Storage Solution 

Data

Paper, Book 

Micofilm 

Magnetic Tape 

Floppy Drive 

Compact Disc 

SecureDigital Card / microSD 

Hard Disk 

SSD 

Cloud 

DNA digital data storage
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Extinction vortex is caused by 
a positive feedback loop 
(Gilpin and Soule, 1986).  

Gilpin ME, Soulé ME (1986). "Minimum Viable 

Populations: Processes of Species Extinction". In M. E. 

Soulé. Conservation Biology: The Science of Scarcity and 

Diversity. Sinauer, Sunderland, Mass. pp. 19–34.

29
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Ne
“The number of breeding individuals in an idealised 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.”

Ronald Fisher and Sewall Wright

30

https://en.wikipedia.org/wiki/Idealised_population
https://en.wikipedia.org/wiki/Allele_frequency
https://en.wikipedia.org/wiki/Genetic_drift
https://en.wikipedia.org/wiki/Inbreeding
https://en.wikipedia.org/wiki/Idealised_population
https://en.wikipedia.org/wiki/Allele_frequency
https://en.wikipedia.org/wiki/Genetic_drift
https://en.wikipedia.org/wiki/Inbreeding
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Nc=Ne
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unequal sex-ratios 

chromosome (organelle) linkage 

number of progeny (k≠2) 

variance in offsprings (Vk≠2) 

fluctuation in population size

32

Ne
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The inbreeding coefficient (F) of an individual is the probability that an 
individual has two alleles at a locus that are identical by descent. It 
measures the amount of inbreeding by comparing the observed frequency of 
heterozygotes (Ho) in the population to the frequency expected under 
random mating - Hardy-Weinberg (He).

33

Ho ≈ He → F = 0

In a panmixic population the observed (Ho) and the expected  frequency of 
heterozygosity is not significantly different.

F = 1− Ho

He
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inbreeding coefficient

FI = ?
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In the irreversible mutation model the allele frequency decreases 
over time depending on the mutation rate.

pt : frequency of allele A after t generations
p0 : starting frequency of allele A
µ : muation ratept = p0 1− µ( )t

35

The mutation rate in an ideal the population equals zero and the 
allele frequency does not change from one generation to the next.

µ = 0→ pt = p0
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mutation_rates <- c(0.001, 0.005, 0.01, 0.015)

res.mutation <- data.frame(
  mu = rep(mutation_rates, each = 100),
  Generation = rep(1:100, times = 4),
  p = NA
)

for (mu in mutation_rates) {
  py <- 1
  res.mutation$p[res.mutation$mu == mu] <- py
  for (t in 2:100) {
    p.0 <-
      res.mutation$p[res.mutation$mu == mu &
                       res.mutation$Generation == (t - 1)]
    p.1 <- p.0 * (1 - mu)
    res.mutation$p[res.mutation$mu == mu &
                     res.mutation$Generation == t] <- p.1
  }
}
res.mutation$mu <- factor(res.mutation$mu)
ggplot(data = res.mutation, aes(x = Generation, y = p)) + 
       geom_line(aes(colour = mu), size = 1.5)
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pt = p0 1− µ( )t

Generation

p

µ=0.001

µ=0.005

µ=0.01

µ=0.015
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In the irreversible mutation model the allele frequency decreases 
over time depending on the mutation rate.

pt : frequency of allele A after t generations
p0 :starting frequency of allele A
µ :muation rate
e : Euler's number

38

The mutation rate in an ideal the population equals zero and the 
allele frequency does not change from one generation to the next.

µ = 0→ pt = p0

pt = p0e
−µt
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e = (1+ 1
n
)n

e = 2.7182818284590452353...

e = 1
0!
+ 1
1!
+ 1
2!
+ 1
3!
+ 1
4!

+ 1
5!
+ ...

The number e is an important numbers in mathematics.

There are different ways to calculate the value of e, but none of them ever 
give an exact answer, because e is irrational and its digits go on forever 
without repeating.
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exp(1)

e <- sum(1/factorial(0:100)) 

sprintf("%.10f", exp(1))

Euler number in R:

Do it yourself:
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Island Mainland Model

An island-mainland model is a simple formulation of a population model. There is a 

large mainland with allele frequency (px) and a small island population with allele 

frequency py. For each generation, a fraction m of the alleles from the mainland 

arrive on the island. The island population is composed of the fraction of alleles that 

stay on the island (1-m) and the ones that newly arrive from the mainland (m).
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p1 = p0 1− m( ) + mpm
m: proportion of migrants (migration rate)
⇒  1-m( ) :  proportion of non-migrants

alleles that did not migrate new alleles

42

m = 0→ p1 = p0

Island Mainland Model
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migration_rates <- c(.01, .05, .10, .15)

res.migration <- data.frame(
  m = rep(migration_rates, each = 100),
  Generation = rep(1:100, times = 4),
  p = NA
)

for (m in migration_rates) {
  py <- 1
  pm <- 0 # frequency mainland
  res.migration$p[res.migration$m == m] <- py
  for (t in 2:100) {
    p.0 <-
      res.migration$p[res.migration$m == m &
                        res.migration$Generation == (t - 1)]
    p.1 <- (1 - m) * p.0 + pm * m
    res.migration$p[res.migration$m == m &
                      res.migration$Generation == t] <- p.1
  }
}

res.migration$m <- factor(res.migration$m)
ggplot(data = res.migration, aes(x = Generation, y = p)) +
  geom_line(aes(coour = m), size = 1.5)
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"Populations inhabiting novel environments, such as at range limits, 
should be considered collectively for their potential to produce novel, 
adaptive genetic combinations. In the race to facilitate species tracking of 
rapidly changing climates, prescriptive gene flow among range limit 
populations may represent a form of genetic rescue that increases the 
evolutionary capacity of range limit populations to respond to 
rapidly changing selective regimes." 



Population Genetics ▷ Migration (Gene flow)

HS20 | UniBS | JCW 46

Hout  >  Hin
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Heterozygosity Genetic Distance

Genetic Drift ? ?
Imbreeding ? ?

Mutation ? ?
Migration ? ?

47
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Heterozygosity Genetic Distance

Genetic Drift ↓ ↑ 

Imbreeding ↓ ↑ 

Mutation ↑ ↑
Migration ↑ ↓ ↑ ↓ no 

48
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Kakadu Plums (5300mg/100g) 

Blackcurrants (181mg/100g) 

Green Chili Pepper (109mg/100g) 

Kiwis (93mg/100g) 

Broccoli (89mg/100g) 

Brussels sprouts (85mg/100g) 

Lemon (77mg/100g) 

Lychees (72mg/100g) 

Strawberries (57mg/100g) 

Orange (53mg/100g)

50
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Phylogenetic distribution of the ability to 

synthesize vitamin C in mammals. Lineages able 

to synthesize vitamin C are in black, those 

incapable are in gray.

 Drouin et al. (2011) The Genetics of Vitamin C Loss in Vertebrates. Curr Genomics 12(5): 371-378
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Biochemical pathway of vitamin C synthesis in 
vertebrates. 

1.UDP-glucose pyrophos- phorylase (EC 2.7.7.9) 

2.UDP-glucose dehydrogenase (EC 1.1.1.22) 

3.UDP-glucuronidase (EC 3.2.1.31) 

4.Glucoronate reductase (EC 1.1.1.19) 

5.Gluconolactonase (EC 3.1.1.17) 

6.L-gulonolactone oxidase (GLO, EC 1.1.3.8) 
7.L-gulonate 3-dehydrogenase (EC 1.1.1.45)

Source: Drouin et al. (2011) The Genetics of Vitamin C Loss in Vertebrates 
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?

Mouse

No

No

Yes

Yes

Yes

Yes



HS20 | UniBas | JCW 

Population Genetics ▷ Selection

54



HS20 | UniBas | JCW 

Population Genetics ▷ Selection
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Population Genetics ▷ Selection

56
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A recent genetic association study identified a gene cluster on chromosome 3 as a 
risk locus for respiratory failure after infection with severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). A separate study (COVID-19 Host Genetics 
Initiative) comprising 3,199 hospitalized patients with coronavirus disease 2019 
(COVID-19) and control individuals showed that this cluster is the major genetic risk 
factor for severe symptoms after SARS-CoV-2 infection and hospitalization. Here we 
show that the risk is conferred by a genomic segment of around 50 kilobases in size 
that is inherited from Neanderthals and is carried by around 50% of people in south 
Asia and around 16% of people in Europe.
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The new Vindija genome allowed the researchers to better 
calculate how much Neandertal DNA different groups of humans 
outside of Africa have inherited. East Asians, with 2.3%–2.6% of 
Neandertal DNA, topped people from western Asia and Europe, 
who had 1.8%–2.4%. Prüfer and his colleagues confirmed that 
the ancestors of the 122,000-year-old Altai Neandertal had also 
interbred with H. sapiens in a much earlier encounter that took 
place more than 130,000 years ago.

The Altai and Vindija genomes are remarkably similar and 
that limited genetic diversity suggests that Neandertals lived 
in small, isolated populations of about 3000 individuals of 
reproductive age, Prüfer says. “This speaks to debates about 
why they went extinct,” Capra says. “They probably were less 
robust in their response to disease, starvation, and changes in 
climate.”
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Source: Gibbons (2015) Revolution in human evolution. Science Vol. 349, Issue 6246, pp. 362-366.
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Source: Meyer et al (2012) A High-Coverage Genome Sequence from an Archaic Denisovan Individual. Science Vol. 338, Issue 6104, pp. 222-226.
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Population Genetics ▷ Selection

64
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Population Genetics ▷ Selection
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Sometimes variability increases when a trait lost its importance for 
survival. That has happened to some extent with our receptors for 
smell. We have about 1,000 genes that encode our smelling ability 
but only about half of them work - a different half in each person.

Darwinian evolution is driving the 
maintenance of diversity. This pro-diversity 
force is called "balancing selection". It can 
happen when multiple types of a gene offer 
different advantages.

Note: Selection > Positive Selection > Balancing Selection 
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Balancing selection refers to a number of selective processes by which multiple alleles are actively 
maintained in the gene pool of a population at frequencies above that of gene mutation. There are several 
mechanisms by which balancing selection works to maintain polymorphism. The two major and most studied 
are heterozygote advantage and frequency-dependent selection. 

Heterozygote advantage - A situation in which a single disadvantageous allele is not selected out of a 
population, because, when a individual is heterozygous for that allele, it gains some sort of local advantage 
by having the disadvantageous allele. For example, the allele for sickle-cell anemia offers “resistance” to 
malaria. If a person in an area high in malaria is heterozygous for sickle-cell anemia, the “resistance” they 
gain to malaria outweighs the disadvantage of having heterozygous sickle-cell anemia. A person 
homozygote for the mutant allele will not have a greater advantage, even if they are completely resistant to 
malaria. What's the use of being resistant to malaria if you're blood can't carry oxygen?

Frequency-dependent selection occurs when the fitness of a trait depends on its frequency in a population. 
It is possible for the fitness of a genotype to increase (positively frequency-dependent) or decrease 
(negatively frequency-dependent) as the genotype frequency in the population increases. Positive frequency 
dependent selection occurs when a trait has higher fitness when it is common than when it is rare. Negative 
frequency dependent selection occurs when a trait has higher fitness when it is rare than when it is common. 
Negative frequency dependent selection will turn out to have some important implications for evolution of 
other traits.

67
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Heterozygote Advantage - Selection for the heterozygote and 
against the homozygotes. Allele frequencies move toward an 
equilibrium defined by the fitness values of the two homozygotes.

With balancing selection, polymorphisms 
would be maintained for a longer time than 
under the pure drift model.

With genetic drift alone polymorphisms is 
decreasing over time.
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• Natural selection may favor non-poisonous butterflies that have the same color pattern as 
poisonous butterflies. This system is called Batesian mimicry. When they are rare, birds will 
tend to avoid the mimics, because they will have already have encountered a poisonous 
butterfly of the same appearance. But when the non-poisonous type is common, the previous 
encounters of birds with butterflies of their appearance are more likely to have been rewarding; 
the birds will not avoid eating them, and their fitness will be lower. The fitness of the mimics is 
negatively frequency-dependent. 

With negatively frequency-dependent fitnesses (as in Batesian mimicry), it is possible for natural selection to 
maintain a polymorphism. When a genotype is rare, it is relatively favored by selection and it will increase in 
frequency; as it becomes more common, its fitness decreases and there may come a point at which it is no 
longer favored. At that point, the fitnesses of the different genotypes are equal and natural selection will not alter 
their frequencies: they are at equilibrium. 

• In other butterflies, such as in central and south American Heliconius, there are several 
morphs within a species, each morph having a different color pattern. All the morphs are 
poisonous. When a morph is common, it will be more likely that birds will have already learned 
to avoid them, whereas birds will not yet have learned to avoid a rare morph. An individual of a 
rare morph is therefore more likely to be the unlucky prey that educates the bird, and gets 
killed in the process. The fitness of each morph is positively frequency-dependent.

69
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A different example of negative frequency dependent selection occurs in fruit flies 
and is called the "rare male advantage”. Female fruit flies in a population prefer to 
mate with a male with an unusual phenotype. Suppose for example that most individuals 
in the population have red eyes, but a few have white eyes. White eyed males will 
attract more females. This is not just because females like white eyes. If most males in 
the population have white eyes but a few have red eyes, females will mate preferentially 
with the red-eyed males.

70
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Directional selection

Stabilising selection

Disruptive selection

Medium Tails

Long OR Short Tails

Long AND Short Tails
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 The mean fitness of the population is the sum of the relative 
contribution of the different genotypes:

ω = p2ω11 + 2pqω12 + q
2ω22

The relative contribution of the three genotypes to the next generation is 
determined by the product of the relative fitness and the frequency 
before selection of that genotype.

72

f (A2A2 ) =
q2ω22
ω

f (A1A1) =
p2ω11
ω

f (A1A2 ) =
2 pqω12

ω

′p = p2ω11 + pqω12

ω

′q = pqω12 + q
2ω 22

ω
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′p =
(p2ω11 + pqω12 + prω13)

ω

′q =
(q2ω22 + pqω12 + qrω23)

ω

′r =
(r2ω 33 + prω13 + qrω23)

ω

73
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In a population, there may be just one coadapted gene complex, or there might be several different 
combinations of traits, each of which could have high fitness. This latter possibility gives rise to another 
concept: that of an adaptive landscape. An adaptive landscape is the description of the fitnesses of all 
possible combinations of different traits in a population. Adaptive landscapes are frequently represented 
graphically; fitness is plotted on a vertical axis and trait values for different genes are plotted on other axes. 
Combinations of traits that have high fitness thus appears as peaks, and combinations that have low fitness 
appear as valleys. Here is an example of an adaptive landscape: 

This example shows two traits, and a situation in which there are two combinations of traits, the peaks in the 
graph, shown in purple, that have high fitness, while other combinations of the traits have low fitness. These 
peaks in the adaptive landscape can be called adaptive peaks; note that they are also combinations of 
different genetic traits that, together, have high fitness, so they are coadapted gene complexes. An adaptive 
peak and a coadaptive gene complex are thus basically the same thing. 

76
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FST = 1−
HS

HT

HS =
2piqi
n∑

Expected Heterozygosity

HT = 2pq

Expected average heterozygosity assuming HWE

Heterozygosity expected without subdivision

The fixation index (FST) is a measure of population 
differentiation due to genetic structure. 
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f(A1)=0.6

f(A1)=1

f(A1)=0.5

f(A1)=0.3
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f(A1)=0.6

p = 0.6
q = 1− p = 0.4

HT = 2pq = 2*0.6*0.4 = 0.48

Heterozygosity expected without subdivision
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f(A1)=1

f(A1)=0.5

f(A1)=0.3

HS =
2piqi
n

=∑ 2 ×1× 0
3

+ 2 × 0.5 × 0.5
3

+ 2 × 0.3× 0.7
3

Expected average heterozygosity assuming HWE

HS = 0.307
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f(A1)=0.6

f(A1)=1

f(A1)=0.5

f(A1)=0.3

FST = 1−
HS

HT

= 1− 0.307
0.48

= 0.36



Population Genetics ▷ Subdivision

HS20 | UniBas | JCW 83

f(A1)=0.6

f(A1)=1

f(A1)=0.4

FST = 1−
HS

HT

= 1− 0.24
0.48

= 0.5
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The deficit of heterozygotes relative to HW proportions caused by the 
subdivision of a population into separate demes is often referred to as the 
“Wahlund effect”.

Var(q) = 1
S

(qi − q )
2∑

When Var(q)=0, all subpopulations have the same allele frequencies and the 
population is in H-W proportion.

Genotype H-W Wahlund

A1A1 p2 p2 + Var(q)

A1A2 2pd 2pq - 2Var(q)

A2A2 q2 q2 + Var(q)
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The Wahlund effect refers to reduction of heterozygosity in a population caused by 
subpopulation structure. Namely, if two or more subpopulations have different allele 
frequencies then the overall heterozygosity is reduced, even if the subpopulations themselves 
are in a Hardy-Weinberg equilibrium. The underlying causes of this population subdivision could 
be geographic barriers to gene flow followed by genetic drift in the subpopulations.

Wahlund, S. (1928). Zusammensetzung von Population und Korrelationserscheinung vom Standpunkt 
der Vererbungslehre aus betrachtet. Hereditas 11:65–106.

The Wahlund effect has a number of important consequences: 

• We have to know about the structure of a population when applying the Hardy-Weinberg 
principle to it, otherwise there may seem to be more homozygotes than expected from the Hardy-
Weinberg principle. We might then suspect that selection, or some other factor, was favouring 
homozygotes. In fact both sub-populations are in perfectly good Hardy-Weinberg equilibrium and the 
deviation is due to the unwitting pooling of the separate populations. 

• A second consequence of the Wahlund effect is that when a number of previously subdivided 
populations merge together, the frequency of homozygotes will decrease. In humans, this can 
lead to a decrease in the incidence of rare recessive genetic diseases when a previously isolated 
population comes into contact with a larger population. The recessive disease is only expressed in the 
homozygous condition, and when the two populations start to interbreed, the frequency of those 
homozygotes goes down. 
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H1 = 2pq = 2*0.1*0.9 = 0.18→ P1 +Q1 = 1− 0.18 = 0.82

H2 = 2pq = 2*0.8*0.2 = 0.32→ P2 +Q2 = 1− 0.32 = 0.68

Ht = 2pq = 2*0.45*0.55 = 0.495→ Pt +Qt = 1− 0.495 = 0.505

frequency of homozygotes 
will decrease
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Source: Lemopoulos et al. (2018) Comparing RADseq and microsatellites for estimating genetic diversity and relatedness - 
Implications for brown trout conservation.

The conservation and management of endangered species requires information 

on their genetic diversity, relatedness and population structure. The main genetic 

markers applied for these questions are microsatellites and single nucleotide 

polymorphisms (SNPs), the latter of which remain the more resource demanding 

approach in most cases.
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Source: Lemopoulos et al. (2018) Comparing RADseq and microsatellites for estimating genetic 
diversity and relatedness - Implications for brown trout conservation.

Poh: Pohjajoki 
Tuh: Tuhkajoki 
Vaa: Vaarainjoki 
Ouv: Hatchery

Grouping of Salmo trutta samples on DAPC based on RADseq data (b) and 
microsatellite data (c) from the same individuals.
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Advances in high-throughput genotyping technology have markedly improved our understanding of 
global patterns of human genetic variation and suggest the potential to use large samples to uncover 
variation among closely spaced populations.

Population structure within Europe. a, A 

statistical summary of genetic data from 

1,387 Europeans based on principal 

component axis one (PC1) and axis two 

(PC2). Small coloured labels represent 

individuals and large coloured points 

represent median PC1 and PC2 values for 

each country. The inset map provides a key 

to the labels. The PC axes are rotated to 

emphasize the similarity to the geographic 

map of Europe.
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Heterozygosity has been associated with components of fitness in 

numerous studies across a wide range of taxa. Because heterozygosity is 

associated with individual performance it is also expected to be associated 

with population dynamics. However, investigations into the association 

between heterozygosity and population dynamics have been rare because of 

difficulties in linking evolutionary and ecological processes. The choice of 

heterozygosity measure is a further issue confounding such studies as it can 

be biased by individual differences in the frequencies of the alleles studied, 

the number of alleles at each locus as well as the total number of loci typed.

Source: Di Fonzo et al. (2011) The Population Growth Consequences of Variation in Individual Heterozygosity.


