
Genetic drift , Gene flow, and the 
maintenance of genetic diversity
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Agents of micro-evolution (i.e. causes 
for changes in allele frequency)

Mutation

Gene flow

Selection 
Genetic drift



Genetic drift

• Genetic drift: a change 
in the gene pool of a 
population due to chance. 

• Gene pool: All the 
alleles for all the genes in 
the population



%% = 65%= 35%



Genetic drift & 
population size

• The effect of drift on allele 
frequency is more pronounced 
in small populations
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Bottleneck effect
Population bottleneck: drastic 
reduction in population size

Bottleneck effect: Genetic drift 
resulting from a drastic reduction in 
population size.  Typically the resulting 
population is no longer genetically 
representative of the original 
population.

What can cause a 
population bottleneck?



Prairie habitat in Illinois

Population bottleneck 
due to habitat loss

Decline again?

Recovery due to 
habitat restoration



Population bottleneck, genetic 
drift, and species conservation

In small populations 
genetic drift lead to loss 
of genetic diversity 
(i.e. in the number of 
allele at one locus)



• Reduction of genetic variation: less 
material for selection to act upon and thus 
less potential for adaptations to evolve

• Inbreeding (reproduction with blood 
relative) : Blood relatives are more likely 
to carry the same deleterious 
recessive alleles than unrelated 
individuals. Inbreeding lead to a higher 
probability that deleterious recessive 
alleles will be expressed 

Reduced genetic diversity and 
small population size
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Inbreeding and recessive alleles
Charles II of Spain

individuals (a partial pedigree including only a few generations is
represented by chains of descent in Fig. 1). Computation of
inbreeding coefficients on extended pedigrees is critical in the
present study since remote or ancestral consanguinity can make a
substantial contribution to the inbreeding of a given individual and
the exploration of pedigrees limited to a shallow depth carries the
risk of considerably underestimating the degree to which
individuals are inbred [19–20]. In addition to the Spanish
Habsburgs, our extended pedigree includes a number of
individuals from many other different European royal houses
such as the Austrian Habsburgs, the Avis dynasty of Portugal and
the Valois and Bourbon dynasties of France since most of the
European dynasties of that time were closely interconnected as a
consequence of political alliances. As shown in Table 2, the
inbreeding coefficient of the Spanish Habsburg kings increased
strongly along generations from 0.025 (Philip I) to 0.254 (Charles
II) and the average F value is 0.129 (Figure 2). The inbreeding
coefficients of the kings’ wives are clearly lower since they vary
between 0.001 (Elizabeth of Valois) and 0.155 (Mariana of Austria)
with an average of 0.070. The highest values of the inbreeding

coefficient in the Spanish Habsburgs correspond to kings Charles
II (0.254) and Philip III (0.218), and the crown prince Charles
(Don Carlos, 0.211), son of Philip II and his first wife Mary of
Portugal. It is not surprising that these three individuals present
the highest values of inbreeding coefficient among the Spanish
Habsburgs since they are sons of either uncle-niece (Charles II and
Philip III) or double first cousin (prince Charles) marriages.
However, the inbreeding coefficient for these three individuals is
practically twice the expected value for those types of consan-
guineous marriages (F=0.125 in both cases) and very close to the
expected value in an incestuous union as parent-child or brother-
sister (F=0.250 in both cases). The development of the inbreeding
coefficients with increasing pedigree depth shows that the
inbreeding levels for most Spanish Habsburg kings are not
definitely established until pedigrees of at least 10 generations
depth are analyzed (Fig. 3). This means that ancestral consan-
guinity from multiple remote ancestors makes a substantial
contribution to the inbreeding coefficient of the Spanish Habsburg
kings and the contribution of this remote consanguinity is very
similar in magnitude to that due to close consanguinity (uncle-

Figure 1. Pedigree of the Spanish Habsburg kings (in capital letters).
doi:10.1371/journal.pone.0005174.g001

Inbreeding in a Royal Dynasty

PLoS ONE | www.plosone.org 3 April 2009 | Volume 4 | Issue 4 | e5174

His maternal 
grandmother was also 

his aunt

His mom was his 
father’s niece

His paternal great 
grandmother was also 

his grandmother

All 8 great grand parents were 
descendant of these two

Alvarez et al. 2010. The role of inbreeding in the extinction of a European royal dynasty. Plos One. 

Homozygote for 
~25% of his alleles!



Inbreeding and recessive alleles

Population bottleneck due to 
habitat loss

Decline due to 
inbreeding



• Huntington chorea: lethal disease caused by a 
mutated dominant allele

• Normal incidence: 30-70 cases per million person

Founder effect, genetic drift, 
and genetic disease



Founder effect, genetic drift, 
and genetic disease

•Barranquitas, Venezuela

•Huntington Disease affects close to 50% of 
the population

•Brought to the area by a single women who 
had 10 children and drifted to a high 
frequency

•The founder effect can increase the 
frequency of rare alleles to high frequency 
(through drift)



QUESTION

•Huntington disease is an heritable, 
lethal disease. Why was it not 
eliminated by selection?



Gene flow

• Gene flow: the transfer of 
alleles among populations as a 
results of movement of 
individuals or their gametes

• Gene flow usually increases 
genetic diversity within 
populations

• Gene flow decreases genetic 
differences among populations

Gene flow



A

B

C

Which population has the highest 
genetic diversity?

Which population is the most 
subjected to change through 

genetic drift?

Which population share the 
greatest number of alleles with 

population A?



Gene flow and conservation
Reintroduction

Allowing gene flow among 
populations introduce 

genetic diversity and reduce 
the negative effects of drift 

and inbreeding



Gene flow and conservation



Genetic variation

• Mutations create new alleles but other 
mechanisms contribute to the maintenance of 
existing alleles i.e. the maintenance of genetic 
variation



Genetic recombination (sexually reproducing organisms) 
creates new combinations of alleles

1. Independent orientation 
of chromosomes (meiosis)

2. Crossing over (meiosis)

3. Random fertilization

see pages 136 to 142 of textbook for review + animation posted on webCT

New combinations of alleles: 
genetic recombination



Paternal 
chromosome

Maternal 
chromosome

1. Crossing 
over

2. Random 
segregation



3. Alternative 
combinations

Gametes



Female’s 
gametes

Male’s
gametes

Random 
fertilization

(many potential combinations)



Maintenance of genetic 
variation: gene flow

Gene flow



Maintenance of genetic variation: 
Heterozygote advantage
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• Balancing selection

• If heterozygotes have a 
higher fitness under 
some circumstances, 
both alleles will persists 
in the population

• Ex: sickle-cell anemia



• Balancing selection

• Two or more phenotypes 
are maintained in stable 
proportions because they 
have the same fitness

Maintenance of genetic variation: 
Balanced polymorphism





• Balancing 
selection

• Selection acting against 
the most common 
phenotype

• Scale eating fish in lake 
Tanganyika

Maintenance of genetic variation: 
Frequency dependent selection



Genetic variation summary

• Mutations create new alleles

• Genetic recombination reshuffles alleles and 
creates new combination of existing alleles

• Gene flow and balancing selection maintain 
existing variation 

• Inbreeding and genetic drift reduce genetic 
variation


