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1.   Termine für 3-stündigen Vorlesungen
(13h15 bis 16h) sind: 

23. März and 20. April.

2.   Achtung: Falsches Skript im Umlauf!
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Script download @  
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2. Introduction to Population Genetics
The structure of genetic variation

- Genetic variation
- Mendel‘s laws
- The Hardy-Weinberg law
- Microevolution: 

- Genetic drift
- Selection
- Mutation
- Geneflow
-Genetic recombination

DNA is the basis 
of all genetic information.
Most of modern population
genetics deals with
DNA variation 
across individuals,
populations and species. 

Outline:
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Population genetics investigates the structure of genetic variation across 
space (geographic variation) and time (evolutionary change)

In Europe the
frequency of the B 
allele varies from
effectively zero in 
Basque populations
of northern Spain 
and southern France 
to >20% in Asian 
populations. The 
gradient (cline) 
across Europe is
likely to reflect
historical patterns of
human migration. 

Geographic variation on the B allele 
of ABO blood group system
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Population genetics investigates the structure of genetic variation

Based on genetic 
samples from 
humans from all 
over Europe, one 
can draw a 
geographic map 
of Europe. 

Novembre et al 2008
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Population genetics investigates the structure of genetic variation

Within 
Switzerland 
language groups 
go hand in hand 
with the 
geography of the 
neighbouring 
countries. 

Novembre et al 2008
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% Resistance

Population genetics investigates the structure of genetic variation across 
space (geographic variation) and time (evolutionary change)

Vancomycin-resistant 
Enterococcus in hospitals 

The graph shows the increase in 
the % of resistant bacteria 
(Enterococcus) in the USA 
between 1982 and 2003.  

Important clinical infections 
caused by Enterococcus include 

urinary tract infections, 
bacteremia, bacterial 

endocarditis, diverticulitis, and 
meningitis. Sensitive strains of 

these bacteria can be treated with 
vancomycin.
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Definitions:

Trait designates any feature of an organism. It may be heritable or not. 

Mendelian trait: A trait based on one gene. The trait shows Mendelian
segregation.

Gene: In the narrow sense it is a part of DNA which has information for a 
trait. In a wider sense it refers to every stretch of DNA, even non-coding 
parts.

Locus designates a chromosomal location. In diploids there are 2 alleles at 
each locus.

Alleles designate the states of the gene occupying a locus. In diploid 
organisms each individual has two alleles at each locus (haploids, like 
bacteria, have only one). 

Note: The term gene is often used synonymously with allele.
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Phenotypes of the seven pea traits from Mendel�s studies:
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Definitions:
In diploid organisms each locus has 2 alleles. 

Homozygote: both alleles are the same  (e.g.  AA, aa, BB, bb)

Heterozygote: the two alleles are different (e.g. Aa, Bb)

Polymorphism: Individuals in a population carry different alleles at a locus. 

Polymorphic population: a pop. with variation at a locus

Monomorphic population: a pop. without variation at a given locus. 

There can be more than 2 alleles segregating in a population (e.g. at the blood 
group locus we have the A,B and 0 allele). 
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Phenotype, genotype, dominance and rezecesivity
Perfect dominance: Phenotype of AA and Aa cannot be distinguished.

Codominance: Phenotype of Aa are different from AA and aa. A and a are 
codominant if the heterozygote Aa can clearly be distinguished from AA and aa.

1 Locus, 2 alleles:

AA Aa aa

1 Locus, 2 alleles:      AA or Aa aa

Mendel’s peas:
The allele for being 

‘smooth’ is dominant.

Definitions:
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Quantitative traits and quantitative genetic variation

Many traits are "normally" distributed in a population. Their frequency distributions 
follow a "bell-shaped" curve or Gaussian distribution. Other examples are body 
size, body weight, lifespan, age at maturity, and leaf area (in plants). 

5  6  7  8  9 10 11 12

120
100
80
60
40
20
0

Number 
of

clutches

Clutch size

Example:
Clutch size
of great tits
(Kohlmeise).

Quantitative trait: A trait based on many genes. 
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Monozygotic twins
arephenotypically very similar, 

because they share 100% of their
genes. They are natural 'clones'.

160 165 170 175 180 185
Midparent (cm)

170

180

190

200

Relatives resemble each other: The concept of inheritance

[ (father height + mother height)/2]

Sons (cm)

Darwin’s ideas are based on heritability in a quantitative sense.

Quantitative traits and quantitative genetic variation
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1. Nucleotide variation

CACCAGGCGTTGATTCTGCCTGGTGTAGATGCTAGTTTCTAA

CACCAGG  TTGATTCTGCCTGGTGTAGATGCTAGTTTCTAA

CACCAGG  TTGATTCTACCTGGT_____TGCTAGTTTCTAA

Indel SNP              Indel

(insertion/deletion)

Measuring genetic variation:

There is about 1 SNP in 1000 bps in the human geneome.

Single Nucleotide Polymorphism.
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2. Aminoacid variation

… Phe Tyr Ala …
…_UUA_UAC_GCA_…
…_UUC_UAC_GAA_…
… Phe Tyr Glu …

There are silent (synonymous)
and non-silent (nonsynonymous)
mutations.

Measuring genetic variation:
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This form of genetic variation is mostly (but not only) found in the non-coding (junk) 
part of the genome. Under certain definitions, they are not considered to be genes. 

Because they are highly polymorphic, microsatellites are commonly used for genetic 
identification of individuals (e.g. forensics), for paternity analysis (e.g. extra pair 
copulations) or to determine coefficients of relatedness and inbreeding.  

Microsats are a form of VNTR (variable number of tandem repeats).

3. Microsatellites
Small repeated sequences with a variable number of tandem repeates (=VNTR). They are 

highly polymorphic in most populations, because these loci have high mutation rates.

Forward primer                               backwards primer
TTGTCAAGAGGAGGCATCG …... (CA)8…... CAGAATGGGAAATGGGTCC

2 base pair repeat
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<- IndividualsMolecular weight ->

Molecular
weight

low

Individuals

Example of the genetic diversity observed between 26 individuals
of caccoa trees by PCR (polymerase chain reaction) amplification of the 
same microsatellite region.

Microsatellites:
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The high variability of VNTRs 
makes them especially useful 
for typing individuals, because 
there is a high probability that 
individuals will vary in their 
alleles at such a locus. The 
Figure shows an extreme case 
in which two individuals 
(parents 1 and 2) both are 
heterozygous at a 
microsatellite locus, and all 
four alleles are different. All 
progeny gain one allele from 
each parent in the usual way, 
and it is possible to 
unambiguously determine the 
source of every allele in the 
progeny. Used in forensic 
sciences and to determine 
fathers of children. 

Microsatellites:
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The concept of a gene in molecular biology

A gene is the segment of DNA involved in producing a chain of amino acids, a 
protein; it includes regions preceding and following the coding region (leader and 
trailer) as well as intervening sequences (introns) between individual coding segments 
(exons). 

A regulatory gene codes for an RNA or protein product whose function is to control 
the expression of other genes (e.g. Silencer, Promoter).

Microsatellites, minisatellites and many other types of sequences (which are often 
called junk DNA) are neither transcribed nor translated. 

The concept of a gene in evolutionary biology

G.C. Williams: "A gene is a unit of DNA which segregates and recombines with 
appreciable frequency."  (It needs not be a coding sequence).

=> It is the length of this unit that has sufficient permanence for natural selection 
to adjust its frequency. Williams gene is a statistical reality. 

R. Dawkins: "William's gene is a replicator". .... "In the most extreme case, the 
replicator is a nucleotide". 
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Population genetics is the study of the distributions and changes of allele 
frequencies in populations. The changes are interpreted with regard of the 
four main evolutionary processes: natural selection, genetic drift, mutation 
and gene flow, and furthermore in the light of genetic recombination. 

• Counts and frequencies: phenotype, gene and allele frequencies.

• Mendel’s laws

• Hardy – Weinberg law

• Microevolutionary processes

Population genetics: 
From individuals to populations



21

Counts and frequencies
In population genetics we often work with gene and allele frequencies.
Example:  1 locus, 2 alleles: Genotype- and allele frequencies

Phenotype: red pink white
Genotype: AA Aa aa Sum
Counts 10 12 24 46
Frequencies 10/46 12/46 24/46 1

0.217 0.261 0.521 1
Percent: 21.7% 26.1% 52.1%

Allele: A a Sum
Counts 10+10+12 24+24+12 92
Frequencies: 32/92 60/92 1

0.348 + 0.652         = 1
Percent: 34.8% + 65.2%        = 100%

For a 
codominante 

locus, genotype 
and phenotype 
frequencies are 

the same. 
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Counts and frequencies

Example: 1 locus with 3 alleles

Genotypes: AA AB AC BB BC CC Sum
Counts: 17 86 5 61 9 0 178
Frequencies 0.096 0.48 0.028 0.34 0.05 0 1

Allele frequencies:
A = 0.096 + 0.5 * (0.48 + 0.028) = 0.351  => 35.1%
B = 0.343 + 0.5 * (0.05 + 0.483) = 0.609 => 60.9%
C = 0 + 0.5 * (0.05 + 0.028) = 0.039 =>   3.9%

+
1.0
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Counts and frequencies

Example: Phenylketonurie
PKU is a recessive autosomal disease. Variation in the human populations is 
caused by 2 alleles at 1 locus. The enzyme Phenyl-alanin-hydroxylase is not 
functioning in people who are homozygote for the mutated allele. The mutant allele 
is recessive:

Phenotype: PKU- (healthy) PKU+ (sick)
Phenotype counts: 55710 5
Phenotype frequencies: 0.99991 0.000089
Genotypes AA,  Aa aa

But we neither know how many AA nor how many Aa genotypes exist in the 
population? To calculate the proportion of AA and Aa, we need a MODEL relating 
allele frequencies to genotype frequencies.

=> Mendel's laws and The Hardy-Weinberg model.

Other examples of human traits with single locus recessive inheritance: albinism, 
cystic fibrosis, sickle cell anemia
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Gregor Mendel's First Law of Genetics:
Law of Segregation

(1823-1884)

In cross-pollinating plants that either produce yellow or green peas 
exclusively (they were homozygote), Mendel found that the first 
offspring generation (f1) always has yellow peas.  However, the 
following generation (f2) consistently has a  3:1 ratio of yellow to green. 
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Gregor Mendel's First Law of Genetics:
Law of Segregation

Parents

F1

F2

The allele causing the purple colour is dominante.  
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Gregor Mendel`s 2. Law
Rule of independent assortment

What do we expect in the F2 generation?

Parental genotypes RRYY rryy

Parental gameten RY ry

F1 Genotypes RrYy

F1 Gametes RY     Ry rY ry

Alleles:
- R, r   round, dented
- Y, y   yellow, green
R and Y are dominant

round,yellow dented, green
round, yellow

dented, green
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F2 generation:

Total:     301 96 102 30
Ratio: 9 : 3 : 3 : 1

Phenotypes:
Genotypes:

4 possible Phenotypes:
- round & yellow
- dented & yellow
- round & green
- dented & green

round, yellow dented, yellow round, green dented, green
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Gregor Mendel‘s laws: Summary

• Each parent contributes one allele to each locus of the offspring.
• Males and females contribute equally to the traits of their offspring.
• The two members of each pair of alleles segregate from each other during 
gamete production (gametogenesis).

• The blending theory of inheritance was discounted.
• Acquired traits are not inherited.

German
1.Uniformitätsregel

2. Spaltungsregel

3. Gesetz d. unabhäng. Kombination

English, American

1. Rule of segregation

2. Rule of independent assortment
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The allele frequencies add up to 1.
For 2 alleles we use p and q
to indicate allele frequencies:

p + q = 1

The genotype frequencies are:
Homozygote  AA and aa =>    p2 and q2

Heterozygote Aa and aA =>    pq and qp => 2pq

p2 + 2pq + q2 = 1

The Hardy-Weinberg Law
for 1 locus with 2 alleles A and a

A       a
p       q

A AA      Aa
p pp      pq

a Aa      aa
q qp      qq

Sperm or pollen

Egg
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Phenotype: PKU- (healthy) PKU+(sick)
Phenotype counts: 55710 5
Phenotype frequencies: 0.99991 0.000089
Genotypes AA,  Aa aa

q2 = 5/55715  (about 1/11000)   =>   q = 0.0095

p = 1 - q =>    p = 1 - 0.0095 = 0.9905

2pq =  2 * 0.0095 * 0.9905 = 0.0188

Rule of thumb:
If one allele is rare, the frequency of the heterozygotes 
is approximately: 2 x √q2 = 2q

For the PKU example:  2 x √q2 = 2q =  0.0189.

Using the Hardy-Weinberg law:   p2 + 2pq + q2 = 1
to calculate Phenylketonurie (PKU) allele frequencies
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Hardy-Weinberg law with 1 locus and 2 alleles: 
Genotype- and Allele-frequencies and counts

Genotype: AA Aa aa Sum
Counts 10 12 24 46
Frequencies 10/46 12/46 24/46 1

0.217 0.261 0.521 1

Alleles: A a Sum
Counts 10+10+12 24+24+12 92
Frequencies 32/92 60/92 1

0.348 0.652 1

Calculation of the expected genotype frequencies and expected counts:
AA p2 = 0.348 * 0.348 = 0.121 => 0.121 * 46 = 5.56
aa q2 = 0.652 * 0.652 = 0.425 => 0.425 * 46 = 19.3
Aa 1 - 0.121 - 0.425  = 0.454

or   2pq = 2 * 0.348 * 0.652 = 0.454 => 0.45 * 46 = 20.7

Genotype AA Aa aa Sum
Observed counts: 10 12 24 46
Expected counts: 5.56 20.7 19.3 46
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Hardy-Weinberg law: The MN blood group system in humans

Genotypes
MM MN NN Total

Number individuals 1787 3037 1305 6129

Number M alleles 3574 3037 0 6611
Number N alleles 0 3037 2610 5647
N + M alleles 3574 6074 2610 12258

Allele frequency of M = 6611/12258 = 0.53932 = p
Allele frequency of N = 5647/12258 = 0.46068 = q (= 1 - 0.53932) 

Expected genotype frequencies:
p2 = 0.29087 2pq = 0.49691 q2 = 0.21222 1.000

Expected numbers (frequency * 6129):
1782.7 3045.6 1300.7 6129

A Chi-square test makes it possible to statistically test whether the expected number of genotypes is in 
agreement with the Hardy-Weinberg expectations. For this example this is the case.
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1. Diploid organism
2. Sexual reproduction
3. Non-overlapping generations
4. Random mating (Panmixie)
5. No migration (no gene flow)
6. Large population (no genetic drift)
7. No mutations
8. No selection 

Points 5 to 8 state that the population should not evolve. No microevolution!

What if the assumptions are not satisfied?

The H-W law has 2 important applications:
1. Calculation of unknown allele- and genotype-frequencies  (Example: PKU).  
In this case it is assumed that the populations are in H-W equilibrium.

2. Testing whether a population is in H-W equilibrium. 
Examples: AB0  blood groups. This is done with a statistical test, which 
compares the observed with the expected genotype frequencies. 

Assumptions of the Hardy-Weinberg-law:

important

less important in the 
context of most studies
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Microevolution:
Microevolution: The process of evolution within populations, 

including adaptive and neutral evolution. The smallest 
microevolutionary events are changes in gene frequency. Key 
players in microevolution are: 

1. mutations (also horizontal gene transfer)
2. genetic drift, 
3. selection and
4. gene flow

Microevolutionary changes are typically described at the level of 
allele frequency changes within populations (or species). 

Macroevolution: This is not a process, but a pattern of evolution at 
and above the species level. It includes fossil history and much  
of systematics. Paleontology, evolutionary developmental 
biology and comparative genomics contribute most of the 
evidence for the patterns that are described as macroevolution.
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Microevolution: Mutations
Mutations introduce new genetic variation into populations. Although mutations are rare 

events, in the long run this is a very important source of genetic variation and novelty.

Notes:
• DNA has lower mutation rates than RNA, because of the DNA repair systems.
• Mutation rates differ for males and females. In humans it is lower in the female germ line 

than in the male germ line (sperm undergoes more cell divisions than eggs).
• Mutation rates in higher eukaryotes are roughly 0.1–100 /genome/generation (1.6 in humans).

Group Mutation rate
Eukaryotes roughly 10−8 per base pair per generation

Bacteria roughly 10−8 per base pair per generation

DNA viruses 10−6 to 10−8 per base per generation

RNA viruses 10−3 to 10−5 per base per generation

Human genomic DNA 1×10−8 to 2.5×10−8 per base per generation
Human mitochondrial DNA 3×10−6 to 3×10−5 per base per generation
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Microevolution: Horizontal gene transfer
Horizontal (or lateral) gene transfer (HGT) refers to the transfer of genes (or streches of 
DNA) between organisms in a manner different from normal reproduction (normal 
reproduction refers to vertical transfer of genes). HGT has been found in various 
organisms, but most importantly it plays a role in bacterial evolution, e.g. antibiotic 
resistance genes are transferred among species of bacteria.

The acquisition of mitochondria and chloroplasts (endosymbionts) are HGT events. The 
transfer of genes from these endosymbionts to the hosts nuclear genome are also HGT 
events. 

In the human genome are about 100 000 fragments of viruses (~ 8% of total DNA). They 
arrived by HGT after infecting cells of humans or our ancestors. Typically they are 
without function, but some of them code for proteins. One of them is syncytin a gene 
essential for the function of the placenta.

HGT played a role in the evolution of many organisms, but the number of functional genes 
in a genome that resulted from HGT is very small. Typically we observe HGT if the gene 
was beneficial to the receiver. HGT among very closely related species is hard to detect 
and may result from introgression (= hybridization among closely related species).
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Aphids (Blattläuse) got the gene for red 
colour (carotinoid gene, phylogeny is 
shown here) by HGT from fungi. Plants 
have also gotten their carotinoid genes by 
HGT (from bacteria). 

Microevolution: Horizontal gene transfere (HGT)

Moran & Jarvik 2010. Science
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The Hardy-Weinberg Law assumes that populations are large. Therefore, there is no variation 
resulting from the process of sampling gametes which will produce the next generation. 
Genotypic frequencies remain constant from generation to generation because gene 
frequencies are representative samples of frequencies in the prior generation. 

Populations, however, are often small. Because of sampling error (variation due to chance 
events in the sampling process), a set of gametes drawn from a parental population will rarely, 
if ever, have exactly the same gene frequency as the parental population. Thus, in all 
populations there are some chance fluctuations in gene and genotype frequencies from 
generation to generation. Genetic drift may, therefore, be defined as changes in gene 
frequencies due to sampling error in finite populations. 

Chance variations in allelic and genotypic frequencies depend upon population size. Expected 
variations in these frequencies in progeny populations increase with decreases in parental 
population size. In small populations, there may be large, unpredictable fluctuations in gene 
frequency owing to chance events during the production of the next generation. These chance 
events occur when genes are in effect sampled from the gene pool to produce the zygotes of 
the next generation. 

Microevolution: Genetic drift
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Microevolution: Genetic drift

The net effect of genetic drift on a small population's gene pool can be 
rapid evolution, as illustrated in the hypothetical inheritance patterns 
shown above.  The red allele increases from generation 1 to generation 2 
from 8.3 to 12.5 %.  This is because the red/green individual in generation 
1 had 5 offspring and – by chance – three inherited the red allele . It is 
important to remember that this can occur without natural selection, just by 
chance.

1 of 12 = 8.3%

3 of 24 = 12.5%

Red alleles occurs:Generation 1

Generation 2
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Simulations of genetic 
drift for 20 independent 
populations (each 
shown in a different 
colour) with each an 
initial frequency of the A 
allele of 0.5. Population 
sizes are 10 and 100. In 
general, alleles drift to 
fixation (frequency of 1), 
or go extinct (frequency 
of 0) significantly faster 
in smaller populations. 

Large pop: N = 100

Small pop.: N = 10

(from www.wikipedia.org)

Microevolution: 
Genetic drift
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Microevolution: Genetic drift
Founder effects, bottlenecks

Another important small population effect is the founder effect or founder principle.  This occurs 
when a few individuals have many descendants surviving after a number of generations.  The 
result for a population is often high frequencies of specific genetic traits inherited from the few 
common ancestors who first had them. Recessive deleterious alleles raise in frequency. 

Proportion 
of

allele:
1:10

1:10

1:10'000
Ti

m
e

Large population

Large population

Small
population



Microevolution: Genetic drift
The bottleneck of the northern elephant seal 

(Mirounga angustirostris) 

In the 18th century the northern elephant seals were intensively hunted, 
because the oil made from their blubber was highly prized. By ~1900 
the population was ~ 20. Numbers have now recovered to over 150,000.

Todays distribution of the 
northern elephant seal (dark 
blue: breeding colonies; light 

blue: non-breeding) 

(Weber et al. Current Biology 2000)

Before       After
bottleneck

Genetic diversity

Nevertheless, a signature of a genetic bottleneck exists in todays population, which could make it 
more susceptible to disease and pollution. A genetic study found 4 different mitochondrial 
genotypes in a sample of 5 individuals from before the bottleneck (left pie chart), but only 2 
genotypes in more than 150 individuals in a sample after the bottleneck (right chart). Genetic 
diversity (haplotype heterozygosity) was estimated to be 0.9 before the bottleneck and 0.41 today.  

n=5

N>150



Microevolution: Genetic drift
Founder effects, bottlenecks

Founder effects and bottlenecks occur in man-made situations, 
but also in ecologically relevant setting.

• New or re-colonization of empty habitat patches, islands, etc.
• Catastrophic population crashes (single events or frequently) (e.g. volcanic 

eruptions, fires, natural enemies reducing populations (e.g. Rinderpest in 
Africa, childhood diseases in South America))

• Endangered species (many endangered species have gone down to 
population size of a few individuals)

• Animal and plant breeding (breeders often use only few animals for the 
next generation)

• Strong selection may cause bottlenecks (e.g. one mutant is antibiotic 
resistant)
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Microevolution: Genetic drift leads to species divergence
If populations are separated in space, their gene pools drift apart. Over time differences accumulate 
(quantified as nucleotide substitutions detected in gene sequences). For many genes substitution 
rates are relatively constant and can be used to construct phylogenetic trees.  ( -> molecular clock)

Phylogeny based on nucleotide differences
in the gene for cytochrome c. The numbers in 
the tree are estimates of nucleotide substitutions 
that have occurred along the lineage in the gene.
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Microevolution: Selection. Some examples
Many species of moths in the British Isles began to become darker
in color in the 19th century, for example, the peppered moth, Biston
betularia. In 1849, a coal-black mutant was found near Manchester, 
England. Within a century, this black form increased to 90% of the
population in this region.  The moth flies at night and rests by day
on tree trunks. The advantage of being black was estimated to be
about 5 to 10%. 

With the introduction of chlorpyrifos in 1968, mosquitos evolved 
the ability to survive in the presence of the pesticide. Selection 
was very strong (possibly around 50% or higher) and the 
resistance alleles reached high levels within only a few years. 

Lactose tolerance evolved during the last 10’000 years in human 
populations breeding milk cows. People being able to digest 
lactose had an estimated increase in fitness of about 5%. 



46

Distribution of lactose intolerance worldwide.

Microevolution: Selection
The Evolution of lactose tolerance

Newborn humans digest milk sugar with the help of an enzyme called lactase. In former 
times after an age of 5 years, lactase was not expressed any more by humans. Lactose 
digestion is not possible. With increased milk consumption by adults, carriers of a mutant 
gained an advantage. The people disabled the blocking of lactose expression; they are 
lactose tolerant. Digesting lactose as adults gave them a survival advantage.

Lactase splits lactose sugar into
Galactose (1) und Glucose (2). 

Lactose

Ötzi was lactose intolerant
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Selection against recessive alleles
For traits that are controlled by a single gene that has two alleles, selection against one of the 
homozygotes (AA or aa) will result in a progressive decrease in the allele of which that 
unsuccessful homozygote consists.  For example, if aa is selected against while AA and Aa have 
normal fitness. There will be a progressive decrease in the frequency of the a allele and a 
corresponding increase in the A allele with every generation in which aa genotypes are selected 
against (as shown in the graph).

The graph on the left was produced with 
the following Fitness (w) parameters:

Fitness of AA   w11 = 1.1   (1.0)
Fitness of Aa    w12 = 1.1   (1.0)
Fitness of aa     w22 = 1.0   (0.9)

Starting from a frequency of 0.01 (=1%) of 
the dominant and advantagous A allele, 
within about 100 generations its frequency 
is above 80%. 

0

0.2

0.4

0.6

0.8

1

1 21 41 61 81 101 121 141 161 181 201
Generations pt+1 = pt(ptw11 + qtw12) / meanW

meanW = p2w11 + 2pqw12 + q2w22
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Sometimes the heterozygotes (Aa) may have the highest fitness, i.e. there is selection 
against both homozygotes (AA and aa). Such conditions can result in a balanced 
polymorphism (both alleles will stay in the populations).  

Fitness in Europe and Afrika

AA AS SS
Europe: 1 1 0.2
Afrika: 0.8 1 0.2

Microevolution: Selection
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Sickle-cell anemia in malaria endemic areas
There is a high frequency of an inherited condition known as sickle-cell trait in African 
malarial zones (see map).  Homozygous recessive sicklers (aa) are resistance to malaria 
because their misshapen (deflated red cells) are poor hosts.  However, these individuals 
often die in childhood from sickle-cell anemia.
People who are heterozygous (Aa) for sickle-cell trait also have moderately good 
resistance to malaria because some of their red cells are misshapen and deflated, but they 
rarely develop anemia.  Those who are homozygous dominant (AA) produce normal red 
blood cells, which makes them excellent hosts for malaria.  Therefore, in malarial 
environments, nature selects for heterozygous sicklers.  At the same time, it selects against 
homozygous sicklers and people who produce normal red blood cells.

The sickling allele occurs periodically as a random mutation, and, unless it is selected 
for, its frequency remains very low within a population's gene pool (< 1% allele 
frequency) because it results in a selective disadvantage for those who inherit it.  
However, the presence of endemic malaria changes the situation.  The otherwise harmful 
sickling allele provides an advantage for heterozygous people. In central Africa its 
frequency can reach 15%. 

Microevolution: Selection
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Microevolution: Gene flow
Gene flow describes the genetic consequences of migration of population members (and 

their genes!) into or out of populations. If immigrants contribute to the gene pool they 
may influence the local genetic variation. 

- introduces new variation
- may destroy local adaptation 
and population divergence
- counteracts genetic drift

Gene flow is typically used to describes migration of genes among existing populations. 
Migration is also important in the colonization of new habitats. At the forefront of the 
migration wave, alleles have a high chance to get lost, leaving a particular population 
structure during the spread of a species. This is used to trace migration history ->



Oppenheimer, Phil. Trans. R. Soc. B 2012, vol: 367

*

*

*

*
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Overview of microevolutionary processes and their consequences
(Note: this overview is strongly simplified)

Process Expected change in 
allele frequency

This process is 
important for

Leads to 
population 
divergence

Selection Very slow to very fast
(fast after env. Change)

adaptation, genetic 
polymorphisms

Yes

Genetic Drift Slow (slower in larger 
populations)

neutral evolution Yes

bottlenecks
(extreme drift)

Fast neutral evolution, 
fixation of 
deleterious alleles

Yes

Gene flow Slow to fast maintaining genetic 
diversity

No (homogenizes 
populations)

Mutation Very slow novelty Yes



53

Microevolution: Genetic recombination

Genetic recombination is the production of offspring with genetic combinations 
of alleles that may differ from those found in either parent. Genetic recombination 
has two consequences: segregation and recombination.   

aa

Aa

aa

Aa

Aa

mutation

Diploid asexuals:

aa
Aa

aa

mutation

Diploid sexuals:

aa aa

aa

Aa

Aa Aa

AA

aa

Aa

Segregation:

Segregation creates and destroys genotypes at a locus. It does not change 
allele frequencies, but it can change the frequencies of genotypes.
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Microevolution: Genetic recombination

Recombination:

ab

AB

AaBb

AB

ab

Ab

aB

2 gamete
types

4 gamete
types

Recombination creates and 
destroys allele 
combinations between 
loci. It does not change 
allele frequencies, but it 
can change the frequencies 
of allele combinations.
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Microevolution: Genetic recombination
Inbreeding

Inbreeding is the sexual production of offspring by 
individuals which are related genetically (e.g. father –
daughter, brother sister, cousins). 
Outcrossing is the production of offspring by 
unrelated individuals.

Inbreeding (relative to random mating or outcrossing) 
leads to an increase in the number of homozygote loci 
in the genome. This increases the chances of offspring 
being affected by recessive, deleterious alleles. This is 
called inbreeding depression. 

Inbreeding depression is of disadvantage for the 
affected offspring, but can be harmful for entire 
populations when every individual in the population is 
inbreed (e.g. after bottlenecks).

Example with 2 parents being 
heterozygote for a deleterious 

recessive allele (r).
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Microevolution: Genetic recombination
Inbreeding depression

Inbreeding depression in maize (Zea mays L.)

(= proportion of loci homozygote, which were 
heterozygote in the outbreed parents)
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Population genetics summary: Basics of microevolutionary change

1. The Hardy-Weinberg law predicts the distribution of genotypes in the absence of 
genetic drift, selection, geneflow and mutations.

2. Mutations (and horizontal gene transfer) are the basis of genetic novelty. They 
happen independent of the phenotype. Mutations and HGT are rare events.

3. Random genetic drift causes small deviations from Hardy-Weinberg expectations. 
These deviations can accumulate to produce strong effects, including the extinction 
and fixation of alleles (substitutions). Bottle necks can produce very rapid changes.

4. Natural selection can change allele frequencies in response to differential survival 
and reproduction. Selection for heterozygotes can maintain genetic polymorphisms. 

5. Geneflow connects the gene pools of populations. It increases the effective 
population size (less genetic drift) and acts against population divergence.

6. Genetic recombination destroys and creates combinations of alleles. It plays 
furthermore a role with regard to inbreeding and inbreeding depression. 


