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   1. Mutations are the sources of all genetic variation.  A single mutation 
can have a large effect, but in many cases, evolutionary change is based 
on the accumulation of many mutations. 

   2. Gene flow (migration) is any movement of genes from one 
population to another and is an important source of genetic variation. 

   3. Sex can introduce new gene combinations into a population. This 
genetic shuffling is another important source of genetic variation.
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There are three primary sources of genetic variation:
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Irreversible Mutation

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

µ = 0→ pt = pt−1
µ = 1→ pt = 0
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Irreversible Mutation

pt = p0 1− µ( )t

pt = p0e
−µt

pt = pt−1 1− µ( )
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For one generation

For many generation

Alternative
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What does it need for a mutation to 
survive in a population?
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The concepts and models of genetic drift can be employed to predict the frequency of a new 
mutations over time in a population. The first criterial observation is to recognize that the initial 
frequency of any new mutation is ...

p0(new mutation)= 
 1 ___ 
2Ne

Because a new mutation is present as a single allele copy in a population of Ne alleles copies. If 
the frequency of the new mutation is determined strictly by genetic drift, then each new mutation 
has a probability of 1/(2Ne) of going to fixation and a probability of 1-1/(2Ne) of going to loss. 
Under the assumption that the effective population size is large, those alleles that eventually fix 
do so in average of 4Ne generations (Kimura & Ohta 1969 and Nei 1987).

-
t = 4Ne
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MORE 
T H I N G S 

CONSIDERED
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http://insects.eugenes.org/DroSpeGe/

http://insects.eugenes.org/DroSpeGe/
http://insects.eugenes.org/DroSpeGe/
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D. melanogaster

D. virilis

n=4

n=6
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Telomeres are integral in understanding chromosome biology, structure and 
function. Acting as specialized DNA–protein complexes that cap the ends of 
eukaryotic chromosomes, telomeres are necessary for complete 
chromosomal end replication and provide chromosomal stability by 
protecting chromosome ends from degradation and fusion.
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“The similarity between human and chimpanzee DNA is really in the eye of the beholder. If 
you look for similarities, you can find them. But if you look for differences, you can find those 
as well. There are significant differences between the human and chimpanzee genomes that 
are not easily accounted for in an evolutionary scenario.”

David DeWitt (2014)
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Perhaps one of the most often quoted scientific facts has been the one highlighting how genetically close 
humans are to chimpanzees. “More than 98% of our genes are identical” is typical of the kind of statement 
found in both popular and scientific literature. Indeed, the sequence homology of both coding and 
noncoding DNA in humans is very similar to chimpanzee, as it is to bonobo, gorilla and orangutang. This is 
hardly surprising, however. Considering that perhaps as much as 40% of the genome in every living 
organism codes for proteins that are essential for general intracellular function, it is little wonder that a 
group of closely related mammals should have a very high percentage of common genes. 

Chr2: A telomere-telomere fusion of 
ancestral chromosomes 2 & 3

There is another even simpler, numeric, genetic 
fact about humans and chimpanzees that is not 
so often cited. Instead of emphasizing our 
similarities it actually differentiates Homo 
sapiens from the other hominoids: It is the 
number of chromosomes. 

Chr5: A pericentric inversion and a 
reciprocal translocation

Chr6: A small terminal deletion

Strickberger (2000) and Yunis and Prakash (1982)
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L Carbone et al. Nature 513, 195-201 (2014) doi:10.1038/nature13679
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L Carbone et al. Nature 513, 195-201 (2014) doi:10.1038/nature13679

Analysis of gibbon–human synteny and breakpoints.
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“Mutation” is a change in DNA, the hereditary material of life.  An organism’s DNA 
affects how it looks, how it behaves, and its physiologys. So a change in an 
organism’s DNA can cause changes in all aspects of its life.

Mutations are random - Mutations can be beneficial, neutral, or harmful for 
the organism, but mutations do not “try” to supply what the organism “needs.” In 
this respect, mutations are random—whether a particular mutation happens or not 
is unrelated to how useful that mutation would be.

Not all mutations matter to evolution - Since all cells in our body contain 
DNA, there are lots of places for mutations to occur; however, not all mutations 
matter for evolution. Somatic mutations occur in non-reproductive cells and won’t 
be passed onto offspring.
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The only mutations that matter to large-scale evolution are those that can be passed on to 
offspring. These occur in reproductive cells like eggs and sperm and are called germ line 
mutations.

No change occurs in phenotype - Some mutations don't have any 
noticeable effect on the phenotype of an organism. This can happen in 
many situations: perhaps the mutation occurs in a stretch of DNA with no 
function, or perhaps the mutation occurs in a protein-coding region, but 
ends up not affecting the amino acid sequence of the protein.

Small change occurs in phenotype - A single mutation caused this 
cat’s ears to curl backwards slightly.

Big change occurs in phenotype - Some really important phenotypic 
changes, like DDT resistance in insects are sometimes caused by single 
mutations (Williamson et al., 1996). A single mutation can also have strong 
negative effects for the organism. Mutations that cause the death of an 
organism are called lethal—and it doesn't get more negative than that. 

There are some sorts of changes that a single mutation, or even a lot of mutations, could not 
cause. Neither mutations nor wishful thinking will make pigs have wings.

A single germ line mutation can have a range of effects:
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Mutations may be caused by external factors (UV light, chemical agents, etc.) or 
spontaneous cellular processes (replication errors, accidental deamination,  etc.).

Replication errors are the main source of mutations. It has been estimated that 
uncorrected replication errors occur with a frequency of 10-9 - 10-11 for each 
nucleotide added by DNA polymerases.  

21
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Mutations may be caused by external factors (UV light, chemical agents, etc.) or 
spontaneous cellular processes (replication errors, accidental deamination,  
etc.).

Replication errors are the main source of mutations. It has been estimated that 
uncorrected replication errors occur with a frequency of 10-9 - 10-11 for each 
nucleotide added by DNA polymerases.  

On some occasions, DNA damage is not repaired, or is repaired by an error-
prone mechanism which results in a change from the original sequence. When 
this occurs, mutations may propagate into the genomes of the cell's progeny. The 
rate of evolution in a particular species (or, more narrowly, in a particular gene) is 
a function of the rate of mutation. Consequently, the rate and accuracy of DNA 
repair mechanisms have an influence over the process of evolutionary change.

A commonly observed replication error is the replication slippage, which occurs 
at the repetitive sequences when the new strand mispairs with the template 
strand. The microsatellite polymorphism is mainly caused by the replication 
slippage. If the mutation occurs in a coding region, it could produce abnormal 
proteins, leading to diseases.  The Huntington's disease is a well known example.

UniBas HS201522
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Source: Indiani et al. (2005) Molecular Cell 19, 805-815.

β sliding clamp of E.coli binds high- and low-fidelity DNA polymerases at the same time

vPol III = ~ 400 bp/sec (E. coli replicates its entire genome in ~40 minutes => ~15,000 bp/sec)
vPol IV = ~   10 bp/sec

Sliding-clamp tool-belt
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Rattray & Strathern (2003) Error-prone DNA polymerases: When making a mistake is the only 
way to get ahead. Annu Rev Gen, 13(1): 23-30.

Goodman (2001) Error-prone repair DNA polymerases in prokaryotes and eukaryotes. Annu Rev 
Biochem, 71: 17-50.

Yang (2003) Damage repair DNA polymerases Y. Curr Opin Struct Biol, 71: 17-50.

Eukaryotic DNA polymerase

Family Example Fidelity on undamaged DNA

A POLG

    10-4 - 10-6 B POL5

X POLL, TDT

Y POLI ~ 2x10-1
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The human immunodeficiency virus is one of the fastest 
evolving entities known. It reproduces sloppily, accumulating 
lots of mutations when it copies its genetic material. It also 
reproduces at a lightning-fast rate — a single virus can spawn 
billions of copies in just one day. To fight HIV, one must 
understand its evolution within the human body and then 
ultimately find a way to control its evolution. 

HIV is by no means the first plague that human populations have 
weathered. Many pathogens have deeply affected our 
evolutionary history. In fact, the human genome is littered with 
the remnants of our past battles with pathogens — and one of 
these remnants, a mutation to a gene called CCR5, may lead 
researchers to a new treatment for HIV. 

The mutant CCR5 allele probably began to spread in northern 
Europe during the past 700 years when the population was 
ravaged by a plague. (It may have been bubonic plague or some 
other pathogen; research on this topic continues.) The mutant 
CCR5 probably made its bearers resistant to the disease, and so 
its frequency increased. We now know that the mutant CCR5 
allele has an unexpected side effect: it confers resistance to HIV.
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In an inversion, a piece of chromosome is lifted out, turned 
around and reinserted. If this includes the centromere then the 
inversion is termed pericentric. If it excludes the centromere then 
it is a paracentric inversion. The two have slightly different 
genetic consequences. 1% of the UK population are heterozygous 
for a pericentric inversion of chromosome 9. This is absolutely 
without genetic consequences.

In a balanced translocation there is no net gain or loss of 
chromosomal material, two chromosomes have been broken and 
rejoined in the wrong combination. The figure shows a 
translocation between the imaginary chromosomes. Balanced 
reciprocal translocation is unlikely to have any severe 
consequence for the cell because, even if one of the breakpoints 
lies within a gene, most mutations are recessive

Transposable elements are sequences of DNA that can move 
around to different positions within the genome of a single cell, 
a process called (retro)transposition. In the process, they can 
cause mutations and change the amount of DNA in the 
genome. Transposons were also once called jumping genes, 
and are examples of mobile genetic elements. They were 
discovered by Barbara McClintock early in her career, for which 
she was awarded a Nobel prize in 1983.
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Type II
DNA transposons
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Retrotransposons
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gag pol > LTR >> LTR >

ORF1 ORF2 3’UTR5’UTR

Type I - Retrotransposon

LTR

Non-LTR

LTR - Long terminal repeats
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Rice
430 MB

Maize
~2,500 MB

Barley
~4,800 MB

~14% 50-60% >70%
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3% DNA Transposons

8% LTR

35% nonLTR LINE:  21%
SINE: 14%

Total: 46%
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Data Source: Repbase, Genetic Information Research Institute
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