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Blending inheritance

• In the 1800s the most widely accepted explanation of heredity was blending inheritance. 
• This idea suggests that the genetic material contributed by each parent mixes just as blue and 

yellow paint would blend to green. 
• This hypothesis predicts that over generations a freely mating population will give rise to a 

uniform population of individuals. 
• The blending hypothesis fails to explain the reappearance of traits that skipping a generation. 
• Darwin believed in blending inheritance, these and other related issues were difficulties for his 

theory. 
• Blending inheritance was the idea that features in the child resulted from combining or blending 

qualities of both parents, this was thought to occur in the blood. 

Particulate inheritance 

• Gregor Mendel (1822–84) third from the right, 
holding a fuchsia sprig. Mendel proposed a 
mechanism of inheritance in which organisms 
transmit discrete units (genes) to their offspring. 

Alleles alternative versions of a gene 

The paternally inherited chromosome (blue) has 
an allele which codes for a protein that is involved 
in the synthesis of red pigment (incomplete 
dominance). 

Phenotypic Variation

In horses coat colour varies along a continuum 
and is influenced by multiple genes (polygenic 
inheritance

A simple model for polygenic inheritance of skin 
colour in humans, environmental factors can help 
to smooth the curve

Initially Mendel's work was used to argue against 
the importance of natural selection. Mutation was 
regarded as the only force capable of evolutionary change, including the origin of new forms or 
species

Neo-Darwinism

RA Fisher, JBS Haldane and Sewall Wright were the architects of the Neo-Darwinism. Neo 
Darwinism combined the principles of Darwinian evolution and Mendelian genetics. 

Neo-Darwinism (The modern Synthesis)

The modern synthesis can be summarised in five basic principles

1. Ample genetic variation arises and is contained in populations by the random process of 
mutation recombination and chromosomal changes

2. Evolution in populations is influenced by natural selection and is characterised by changes in 
gene frequencies
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3. Adaptive genetic variation produces small stepwise changes in phenotypes, which accumulate 

gradually over long periods of time
4. The divergence of geographically isolated populations gradually leads to speciation
5. The continued gradual accumulation of genetic differences, vie natural selection, results in new 

genera and families of organisms (macroevolution)

Evolution, populations & gene pools 

• Evolution – changes in allele frequencies in a population. 
• Population – a group of individuals of the same species that live in the same area and 

interbreed. 
• Gene pool – is the sum of all the alleles of all genes of all individuals in the population. 

• If only one allele exists at a particular locus or gene in a population, the allele is said to be fixed. 

• But if there are two or more alleles for a gene in a population, individuals will be either 
homozygous or heterozygous.

Calculation of allele frequencies

Hardy- Weinberg Equilibrium

• Population genetics defines evolution as 
changes in allele frequencies. 

• In a population that is not evolving, allele and 
genotype frequencies will remain constant from 
one generation to the next. 

• A non-changing population is said to be in 
Hardy- Weinberg equilibrium. 

• The Hardy-Weinberg equation allows us to 
calculate the expected genotype frequencies 
given the observed allele frequencies
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Derivation of H-W equations

Conditions for Hardy-Weinberg

1. No mutations. The gene pool is modified if 
mutations change alleles. 

2. Mating occurs at random. If individuals 
mate with a subset of the population, 
genotype frequencies change. 

3. No natural selection. Differences in 
survival and reproduction of individuals with 
different genotypes can alter allele frequencies. 

4. Extremely large population size. The smaller the population, the more likely that allele 
frequencies will fluctuate by change. 

5. No gene flow. Movement of individuals (alleles) in and out of a population can alter allele 
frequencies. 

Phenylketonuria (PKU)

• PKU is a homozygous recessive metabolic disorder (build up of phenylalanine) and occurs in one 
in 10,000 babies born. If untreated, PKU results in mental disability and other problems. 

Applying the H-W equation
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What Darwin did not see in the Galápagos Islands

The Grant’s long-term study of the medium ground finch has documented changes in beak size in 
response to climate change. 

Galápagos finches 

• Darwin collected specimens of finches during his visit in 1835 to the Galápagos Islands. 
• The Galápagos are relatively young volcanic islands and it is thought that the finches diversified 

from a common ancestor. 
• It is thought that the beaks of different finch species are adapted to different food sources. 
• Among the seed-eaters, the heavier beaks are better at cracking large seeds with strong coats, 

while the slender beaks are better at picking up small seeds. 
• It is argued that occasional strong selection of heritable characteristics in a variable environment 

are the keys to understanding the radiation of the Galápagos finches.

Beaks as tools

The Galápagos finches are all darkly 
coloured and have similar body 
proportions, but they vary in length from 
about 7–12 cm and in the shape of their 
bills.

Medium ground finch

• The medium ground finch (Geospiza fortis) is a seed eating bird that inhabits the Galápagos 
Islands. 

• In 1977 the medium ground finch population on Daphne Major was decimated by a long period of 
drought. 

• During the drought both the number and the types of seeds available to finches changed. 
• Seeds range from small and soft to large and hard, the small soft seeds are the birds preferred 

food. 
• Only birds with deep, narrow beaks can crack and eat the large / hard seeds. 
• After the drought the average survivor had a deeper beak than the non-survivor.

The medium ground finch
a) Male
b) Female
c) Daphne Major, Galapagos Islands
d) Ground finch habitat

Natural Selection

Changes in beak depth of the medium group 
finch as the result of selective mortality during 
repeated droughts
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LECTURE 4: Origin, maintenance and loss of genetic variation

Origin of genetic variation 

Genetic variation in the alcohol 
dehydrogenases (Adh) gene in Drosophila. 
Much of the variation occurs in introns and 
most exon variation does not change the 
amino acid sequence (neutral) – no phenotypic 
effect

Mutation 

• Genetic variation originates when mutation, 
gene duplication or other processes produce 
new alleles or genes. 

• A mutation is a change in an organism’s DNA. 
• A new germline mutation immediately changes the gene pool of a population by creating a new 

allele. 
• Mutations are random, in that they occur in any gene in any cell without regard to the benefit of 

that cell. 
• Mutations are the source of genetic novelty and are thus the raw material for natural selection. 
• Mutations are rare at least for coding 

genes, reflecting the generally high fidelity 
of DNA replication

Somatic and germline mutations

Somatic mutations are not transmitted to 
progeny, but germinal mutations are 
transmitted to some or all progeny

Mutation & genetic disorders 

• Most mutations are neutral (silent). 

• However some mutations effect function, if this has an adverse effect on the phenotype it is 
referred to as a genetic disorder / hereditary disease. 

• For example, sickle-cell disease is caused by the substitution of a single amino acid in the 
haemoglobin protein of red blood cells (RBC). 

• When the oxygen content of an affected individual’s blood is low the sickle-cell haemoglobin 
protein aggregates into long fibres and deforms the RBC. 

• Symptoms include physical weakness, pain, organ damage and even paralysis as sickle-cells 
block and clog small blood vessels. 

Sickle-cell disease (anaemia) 
•
• Sickle-cell disease is the most common inherited 

disorder among people of African descent (1/400 
African-Americans). 

• The allele that causes sickle-cell disease (a point 
mutation) differs from the wild-type allele by a single 
DNA nucleotide pair and causes a change in function. 
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Individuals with two copies of the sickle-cell allele manifest the full-blown disease, heterozygous 
individuals show some symptoms and are said to have the sickle-cell trait. 

Maintenance of genetic variation

In diploid organisms sexual reproduction is the most important factor promoting genetic variability. 

Sexual reproduction is the most important factor promoting genetic variability in diploid organisms. 
Variability is preserved by diploidy, which shelters rare, recessive alleles. In some cases, this 
creates a ‘recessive refuge’ for deleterious alleles, some of which are the cause of serious disease 
in humans. Non random mating causes changes in the proportion of the genotypes by may or may 
not affect allele frequencies in the population. Mechanisms that promote outbreeding further 
increase variability 

Diploidy & recessive refuge

• Diploidy also preserves variation by sheltering recessive alleles from selection (recessive refuge) 
which can cause serious human diseases e.g. haemophilia. 

 

Mechanism Description of mechanism

Mutation Mutation is the original source of all variation and is 
very rare

Crossing over Shuffles genes within a chromosome, individuals 
carrying genes derived from two different parents

Independent assortment Each pair of alleles or chromosome pair assort 
independently during gamete formation, 8 million 
combinations of chromosomes in humans

Random fertilisation At fertilisation any male gamete can fuse with any 
other female gamete and produce a zygote with any 
of a possible `64 trillion diploid combinations of 
parental chromosomes
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Haemophilia 
• Haemophilia A & B are X-linked recessive disorders caused by nonfunctional / absence of certain 

blood clotting proteins. 
• When a person with haemophilia is injured bleeding 

is prolonged because a firm clot is slow to form. 
• Small cuts in the skin are usually not a problem but 

bleeding in the muscles or joints can be painful and 
lead to serious injury. 

• Today haemophiliacs are treated as needed with 
intravenous injections of the clotting factors 
(proteins). 

• In the 1800s haemophilia was common among 
European royalty as a result of inbreeding. 

• Queen Victoria is known to have passed the illness 
to several of her descendants. 

• Intermarriage spread the disease to the Spanish 
and Russian royal families

Loss of genetic variation

1. Nonrandom mating 

• Nonrandom mating affects the way alleles combine 
to form genotypes and alters the genotype 
frequency of a population. 

• Outbreeding promotes variability while inbreeding – 
preferential mating between related individuals – 
results in loss of variation and increased 
homozygosity. 

• Matings between second cousins or closer are more 
likely to produce homozygous genotypes for 
otherwise rare autosomal recessive genes. 

• For example, a child resulting from mating between 
first cousins has a ~7-fold greater risk of being 
affected by cystic fibrosis (homozygous). 

• Cystic fibrosis is the most common life threatening 
genetic disorder affecting New Zealand children. 

2. Genetic drift 

• Genetic drift is the change in allele frequencies as a result of chance events. 
• The overall affect of drift is a loss of genetic variation. 
• Drift has major effects under certain circumstances including the founder effect or population 

bottlenecks. 
• Founder effect results when a small population branches off from a larger one, by chance the 

small population may not have all the alleles present in the larger population. 
• Population bottlenecks occur when a population is drastically reduced in numbers, consequently 

chance effects can result in the loss or fixation of 
alleles. 

This small wild flower population has a stable size of 
ten plants. By chance only five plants of generation 1 
produce fertile offspring and two in generation 2. By 
chance the frequency of the CW allele increases then 
decreases to zero
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Extreme examples of of genetic drift:
• Founder effect 
• Population bottle neck

The founder effect

The North American Amish were founded by a small number of European immigrants in the 1700s. 
Dozens of genetic diseases that are rare elsewhere are relatively 
common in this community

Bottleneck Effect

By chance, blue marbles are overrepresented in the surviving 
population & gold marbles are absent. 

Summary of effects of Genetic Drift

A case study
A genetic study of the little spotted kiwi (Apteryx owenii) identified 
limited genetic diversity resulting from genetic drift and ongoing 
erosion of that diversity from long term pair bonding and 
inbreeding. 

Gene flow 
• Selection and genetic drift are not the only phenomena 

affecting allele frequencies. 
• Gene flow is the movement of alleles into or out of a 

population due to the movement of individuals or their 
gametes. 

• Can introduce new allele or alter the proportion of alleles 
already present

• Because alleles are transferred between populations, 
gene flow tends to reduce differences. 

• If gene flow is great enough it can result in two 
populations combining into a single common gene pool. 

• Gene flow tends to homogenise allele frequencies among 
populations, thus maintaining variation within populations.

• Often has the effect of counteracting natural selection and 
tends to restore genetic variation to a population  

Effect of Genetic Drift Why?

Genetic drift is significant in small populations Chance events can cause alleles to be 
disproportionally over or under represented in the 
next generation

Genetic drift can cause allele frequencies to change 
at random

Unlike selection which in a given environment 
consistently favours some alleles over others, 
genetic drift causes alleles to change at random 
over time

Genetic drift can lead to a loss of genetic variation 
within populations

By causing allele frequencies to fluctuate genetic 
drift will tend to eliminate low-frequency alleles from 
a population 

Genetic drift can cause harmful alleles to become 
fixed in a population

When this occurs the population survival can be 
threatened


