
Lines of Evidence for Evolution

Evolution

A cumulative change in the characteristics of organisms or
populations from generation to generation.
(Academic Press Dictionary)

Natural selection

The process whereby some individuals contribute more
offspring to the next generation as a consequence of their
carrying a trait or traits favorable to survival or
reproduction.

Artificial selection

The process of selection whereby traits in an organism are
deemed favorable and are selectively bred by humans.
(Humans specify who survives and reproduces.)

Homology

A similarity between species that is not functionally necessary
but that results from inheritance from a common ancestor.

Vestige

A bodily part or organ that is degenerate or imperfectly
developed in comparison to one more fully developed in
closely related forms.  (Webster’s Dictionary)



Numerous lines of evidence exist for evolution.  These
may be categorized as follows (following Ridley):

1. Direct observation of change in natural populations
- HIV
- Blackcap migratory patterns
- Seed morphology on islands

2. Direct observation of change under artificial selection
- Habitat selection in Drosophila
- Oil content in corn
- Abdominal bristle number in Drosophila
- Thorax length in Drosophila
- Weight in mice

3. Homologous traits
- Genetic code
- Cell structure
- Pentadactyl limbs
- Stingers and ovipositors
- Vestigial organs

4. Homologies may be hierarchically classified (nested)
- Primates
- Birds

5. Evidence for evolutionary change in fossil record
- Trilobites
- Foraminiferans



1. Evolution in Natural Populations.

Human Immunodeficiency Virus (HIV)

HIV is the retrovirus that causes acquired immune
deficiency syndrome (AIDS) in humans.

As a retrovirus, the virus particle (called a virion) contains
RNA not DNA. When a retrovirus infects a host cell (1),
the RNA becomes translated into DNA (2-3) by a protein
called "reverse transcriptase" that is encoded in the viral RNA.

This DNA then enters the nucleus and integrates into the
host cell’s nuclear genome at a site that is actively
transcribed (4). The DNA of the virus is subsequently
transcribed and translated by the host cell (5), producing
both the RNA and proteins needed to produce new virions (6).

Finally, new virions burst out of the host cell (7).



HIV contains only nine genes. We’ll discuss the evolution
of two of these genes: env (the gene that produces the
outer surface glycoproteins of HIV) and pol (the gene that
produces reverse transcriptase).

HIV has a high mutation rate and evolves very rapidly,
thwarting the defenses of the immune system and the
efficacy of drug therapy.



Ganeshan et al. (1997) sequenced regions of the env
gene from six children who were infected with HIV during
pregnancy. Sequences were determined at four different
time points from ~12 viral clones each time.

Initially, all viruses within a child were similar. Over time,
however, the viral sequences changed.

Ganeshan et al. illustrated these changes using a
phylogenetic tree, which places sequences that are similar
to one another close together. [Branch distances between
two sequences on the tree is related to the number of
sequence differences between them.]



Observations:

• Sequences from within all six children (letters A-F)
clustered together,

• Sequences within a child changed over time rather
than remaining constant, leading to the branching
patterns.

This phylogeny demonstrates that each child was infected
by a slightly different HIV virus and that the viral
population then changed and diverged within each child
(=evolution).

But why?

Interestingly, children D-F were slow to progress to
disease, suggesting that they had mounted an adequate
immune response to the virus.

In these children, the virus appears to have evolved at a
higher rate (witness the longer branches).

Two possible explanations: 

Selection.

How could we tease these apart?

A higher mutation rate.



Genetics review:

Mutations within a gene can be classified as:

• Synonymous (silent) = A mutation to a new codon that
codes for the SAME amino acid

• Non-synonymous = A mutation to a new codon that
codes for a DIFFERENT amino acid

If originally a DNA codon is CTC (coding for glutamic
acid), a mutation in the third position to CTT would still
code for glutamic acid (SYNONYMOUS), but a mutation to
CTA would code for aspartic acid (NON-SYNONYMOUS).

If all mutations are neutral (not selected), then
synonymous and non-synonymous mutations should
occur at the rate expected given the genetic code.

If changing the amino acid of a protein is detrimental to
the functioning of the protein, however, non-synonymous
mutations would be eliminated by selection and would be
less likely to remain within the population.

 Non-synonymous mutations less frequently observed.

If changing the amino acid of a protein is beneficial,
however, non-synonymous mutations would be promoted
by selection and would be more likely to remain within the
population.

 Non-synonymous mutations more frequently observed.



Ganeshan et al. found that the rate of non-synonymous
mutations in children D-F was significantly higher than the
rate of synonymous mutations.

This suggests that, in these children, natural selection
actively favored mutations in the env gene that changed
the amino acid sequence of the viral surface proteins.

This is consistent with the hypothesis that children who
are slow to progress to AIDS have an active immune
system.

Active immune systems strongly select for HIV viruses
that evolve different surface proteins, thus evading the
immune system.

In the children who progressed to AIDS rapidly, Ganeshan
et al. observed the opposite pattern. This suggests that
the virus was already capable of evading the immune
system and was not under selection to change.



Azidothymidine (AZT) is a drug designed to combat HIV
by mimicking the nucleotide thymidine (T).

Reverse transcriptase uses AZT instead of T when
translating RNA into DNA, which then blocks the growing
DNA chain.

Initially, AZT was quite effective at halting the deterioration
of the immune system in people with AIDS.

Within a few years, however, AZT stopped working in
many of these patients.

Researchers found that the gene that encodes reverse
transcriptase (pol) had changed over time (= evolved)
within these patients.

The changes conferring resistance to AZT altered amino
acids in the active site of the reverse transcriptase enzyme.

Often, the same changes occurred in different patients (=
convergent evolution).



HIV replicates about 300 times per year, producing a large
population of virus particles, many of which carry new
mutations.

Viruses that contain mutations that decrease the affinity of
reverse transcriptase for AZT are much more likely to replicate.

 In the presence of AZT, natural selection favors
those variants of HIV that are least likely to use AZT when
translating RNA into DNA.

We can’t stop HIV from evolving, but what might slow
down the evolution of HIV?

SOURCES:

• Ganeshan et al. (1997) Human immunodeficiency
virus type 1 genetic evolution in children with different
rates of development of disease. J. of Virology 71:663-677.

• Freeman and Herron (1998) Evolutionary Analysis. Prentice Hall.



1. Evolution in Natural Populations

Migration Patterns in the Blackcap

Since then, about 10% of blackcaps from Germany and
Austria have changed their migratory routes and have
begun to overwinter in Britain.

Now, several thousand blackcaps migrate each winter in a
northwesterly direction from Continental Europe to the UK.

While this information alone is enough to know that
change has occurred, it does not demonstrate the basis of
this change nor the mechanisms causing the change.

The blackcap (Sylvia atricapilla) is a
European songbird that, until the
1950’s, migrated exclusively to the
Mediterranean during the winter
months.



Berthold et al. (1992) took overwintering birds from the UK
and brought them to a part of Germany where the local
birds migrate to Spain. They mated the captive UK birds
and hand-raised their offspring (= F1) as well as some
local nestlings.

In the autumn, they placed the different birds in cages
exposed to the night sky and marked where the birds
attempted to fly.

Both the British caught birds and their offspring raised in
Germany moved to the WNW, whereas the German birds
moved towards the SW.

(B)  F offspring of British Adults1

 (C)  Young from SW Germany

(mean 273  )o

(mean 227  )o

(A)  Adults from Britain
(mean 279  )o



These directions correspond to the new British migration
route and the old Mediterranean route, respectively.



Furthermore, of the F1 birds, siblings were more likely to
fly in a similar direction than non-sibling birds, providing
additional evidence that the changes in migratory behavior
are genetic.

Although Berthold et al. do not know what forces have
caused this evolutionary change, they suggest that natural
selection has favored those blackcaps that have taken
advantage of the warmer winters (climate change) and
lowered competition in Britain.

SOURCES:

• Berthold et al. (1992) Rapid microevolution of migratory
behaviour in a wild bird species. Nature 360: 668-670.

• Blackcap picture:http://www.univ-lehavre.fr/cybernat/pages/faunoi.htm



1. Evolution in Natural Populations
Dispersal in Island Plant Populations

Cody and Overton (1996) studied changes in seed size
and shape that occurred in weedy, wind-dispersed plants
located on the islands off the westcoast of Vancouver Island.

For eight summers between 1981 and 1991, Cody and
Overton censused the plant populations of 200 islands
and a region of the mainland.



Extinction and recolonization events occurred frequently
on the islands.

For a wind-dispersed plant, how might seeds that
successfully colonize an island differ from the majority of
seeds on the mainland?

After a plant has colonized an island, how might seed
morphology evolve over time?

Cody and Overton studied two species that were common
and whose seed dispersal was directly related to seed
morphology: Hypochaeris radicata and Lactuca muralis.

Dispersal ability of the achenes in these two 
species isrelated to the volume of the pappus (VP) 
divided by thevolume of the achene (VA).

Both are asteraceae that produce achenes
consisting of a feathery pappus and a seed.

Old island populations of Hypochaeris
radicata have a significantly (p<0.01)
lower dispersal ability than mainland
populations.

Achene of Hypochaeris

seed

pappus

(Mean +/- SD)



studied by Cody and Overton have evolved in a manner
consistent with strong natural selection for dispersal ability
among colonists and against dispersal ability among
residents of these islands.

SOURCES:

• Cody and Overton (1996) Short-term evolution of reduced
dispersal in island plant populations. J. of Ecology 84:53-61.

• Achene picture: Pojar and MacKinnon (1994) Plants of
Coastal British Columbia. Lone Pine Publishing.

For Lactuca muralis, enough extinction and recolonization
events have been observed to break down the changes in
seed shape by the number of years that the plant has
been on an island.

As predicted, plants that have recently arrived on an
island produce seeds with greater dispersal ability than
the mainland, but dispersal ability significantly decreases
(p<0.01) as the age of the population increases.

The seed morphology of the island plant populations

(Mean +/- SD)


