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The main concepts discussed today

Genetic Variation:

A There are many ways to generate variation

A There is a huge amount of variation present in populations

Genetic Drift:

A Realpopulations are finite in size (unlike HardyWeinberg populations)
A Genetic drift in real and simulated populations

A Genetic drift removes variation

A The rate of molecular evolution

A Polymorphism as a phase in molecular evolution



Mutations are the engines of variation

Without new variations, evolution would come to a halt:
all individuals would become the same



Evolution requires genetic variation
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Individuals within a population of a given species vary in many
heritable traits. [contrast withthe dead hand of Platp

A There are many ways to generate variation
A There is a huge amount of variation present in populations

A The complicated link between genetic variation and the
phenotype



The sources of Variation

Mutation.

A Definition: A heritable change in the genetic material
A Mutations are the ultimate source of all variation, without which there wo

be no evolution.

Genetic Recombination

A Definition: The mixing of genetic material from different individuals.
A Recombination amplifies variation existing in populations in sexually

reproducing species.
A Other types of recombination are mitotic recombination and lateral gene

transfer.




What is a mutation?

Mutationscome in manyorms:
A Point mutations
A Can lead tanis-sense or be synonymous
A Indels& frameshift
A Inversions



How does a mutation occur?

Sources:
1. Errors in replication
2. Errors in segregation of the replicated genome to the daughter cells

3. Modification of the genome by other processes including
retroposition, DNA damage, and aberrant homologous recombination



The occurrence of mutations is independent
of their consequences for fithess

Mutations are random

Mutations may be beneficial, neutral, or harmful to the
organism, but:

mutations do not "try" to supply what the organism "needs."
In this respect, mutations amr@andom.

Whether a particular mutation happens or not is unrelated to
how useful that mutation would be.
See:

A LuriaDelbruckexperiment(See Figur&2.22in booK)
A Replica platingxperiment (See FigurE2.21in book)



Rates and patterns of mutations

A Different types of mutations occur at different rates

A Same type of mutations can occur at different rates in differen
regions of the genome or in different individuals

A Rates and patters of mutations differ greatly in different specie

A Environmental conditions influence rates and types of mutatio



Mutation rates

Per nucleotide (per replication)

RNA 10>
DNA 10°
Per gene (DNA) 10°-10°
Per trait 103-10°
Per prokaryotic genome 103 (optimal?)
Per eukaryotic genome 0.1-10

Slide from: Evolution, Ecology and Behavior Course, by Stephen C Stearns, Yale



Mutation rates vary among species

Smaller genomes have higher mutation rates than larger ones.
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FIGURE 12.23. Mutation rates versus genome size. Mutation rates are shown for a variety of or-
ganisms relative to genome size. On the bottom portion of the graph, mutation is plotted per base
pair per replication event. Note the downward trend, with mutation rate decreasing as genome
size increases. On the top portion, mutation rate is plotted per genome per replication. Note the
relative uniformity in the values across diverse organisms and genome sizes. RNA viruses (red): rhi-
novirus, poliovirus, vesicular stomatitis virus, and measles virus. DNA viruses (green): MI3, A, T1,
and T2. Archaea (blue): Sac, Sulfolobus acidocaldarius. Bacteria (blue): Eco, Escherichia coli. Eu-
karyotic microbes (purple): Sce, Saccharomyces cerevisiae; Ncr, Neurospora crassa. Metazoa
(black): Cel, Caenorhabditis elegans; Dme, Drosophila melanogaster; Mmu, mouse; Hsa, human.
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Examples of simple genetic basis for natural
polymorphisms are rare

A

L C

Pink unbanded Yellow unbanded

=

Pink banded Yellow banded

Nonmelanic Melanic

FIGURE 13.5. Until the development of molecular markers, there were few
examples of natural polymorphism with a simple genetic basis. Examples
included (A) shell pattern in the snail Cepaea nemoralis and (B) melanism
in the ladybird beetle, Adalia bipunctata.
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Genetic Variation in natural populations

Before1965¢ the concept of wild type

After 1965(electrophoresisMarkert, Lewontin& Hubby) recognition of
pervasive molecular variation, concept of wild type untenable

1980¢ 1995DNA sequence variation

Now ¢ genomics! DNA changes are detected on a massive scale

Slide from: Evolution, Ecology and Behavior Course, by Stephen C Stearns, Yale



A locus Is a region on the chromosome

One locus
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Analleleis a variant at a locus

For example in the same locus we may have:

Allelel: TTTTGATGTTCTBRCACTGTCCTTGTCAAATAGTTTGGAACAGGTAT
Allele2:  TTTTGATGTGCUMICACTGTCCTTGTCAAATAGTTTGGAACAGGTAT

allele frequencyis the proportion
of a certain allele within a population.

Allele
Genotype Frequency (%) Frequency
Population MM MN NN | M N
U.5. whites 29.16 49.38 21.26 0.540 0.460
U.5. blacks 28.42 49.64 21.94 0.532 0.468
U.5. Indians 60.00 . 35.12 4.88 0.776 0.224
Eskimos (Greenland) 83.48 15.64 0.88 0.913 0.087
Ainus (Japan) 17.86 50.20 31.94 | 0.430 0.570
Aborigines (Australia) |  3.00 29.60 67.40 0.178 0.522
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http://www.micro.utexas.edu/courses/levin/bid04/popgen/popgen.html



The gene pool

The gene poadk
the set of all alleles at all loci inp@pulation.

Imagine that this is the gene pool for one locus containing two alleles:



What is the distribution of genotypes

For two alleles@ an®© ) we have three genotypeé?O e o0
A a AA  Aa aa

Let p = the frequency of &, and
g = the frequency of @ .
(p+q=1)

What is the frequencyof@®@ @0 ©0 ?
AA Aa aa

@@ =y
AA

@0, _
aa -0

OO0 =pg+qp=2pq
Aa



HardyWeinberg equilibrium in just one generation

2

‘ Next generation

88888888
£ 88888888

Q
QO

Not in equilibrium

AA Aa aa
0.6 0 0.4
In equilibrium
AA Aa aa

0.36 0.48 0.16
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HardyWeinberg equilibrium

Assumptions of thatandard randommating model
random mating

no mutation

no migration

no selection

the population size is infinitely large

EeEgeEeEeE

Frequencies for some alleles can be very close tethelibrium values:

Table 25-11. Comparison between Observed
Frequencies of Genotypes for the MIN Blood-Group
Locus and the Frequencies Expected from Random Mating

Observed Expected
Population MM MN NN MM MN NN

Eskimo 0.835 0.156 0.009 0.834 0.159 0.008

Egyptian 0.278 0.489 0.233 0.274 0499 0.228

Chinese 0.332 0486 0.182 0.331 0.4838 0.181

Australian  0.024 0.304 0.672 0.031 0.290 0.679
aborigine

Note: The expected frequencies are computed according to the
Hardy-Weinberg equilibrium, using the values of p and g computed
from the observed frequencies.

http://www.micro.utexas.edu/courses/levin/bid04/popgen/popgen.html
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Genetic drift in a small population
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Wright-Fisher Model is a standard representation of drif

N individuals in a finite population (stays constant)

Next generation is a composition of previous population
According to random sampling with replacement

See pagd16in book .
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100

304

0

40

204

200trials with a population of siz&00
and an initial frequency d@.01

fixation of allele

loss of allele &

50 100 150
Generation

200 250




frequency

Genetic drift removes variation from the population
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Genetic drift In the number of bristles rosophila

40
[72)
g
5
ks
5 35
o]
E
=
Z
0 10 20

FIGURE 15.4. Random drift of the mean bristle number in five replicate populations of Drosophila
melanogaster. There were N = 20 breeding individuals per generation. The additive genetic vari-
ance in the base population was V, = 6.0, and so random drift is expected to generate variance
between lines of ~V,/N = 0.3 per generation. Over the first ten generations, the rate of increase
of variance between line means is greater than this (~0.5 per generation). This may be because the
effective population size is smaller than the actual (cf. Fig. 15.3C), but the number of populations
is so small that the difference is not significant. The shaded area indicates unscored generations.

15.4, redrawn from Clayton G.A. et al., J. Genet. 55: 131-151, © 1957 Indian Academy of Sciences

© biol.org
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Genetic drift in simulated populations
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Frequency of allele A

Probability distribution of A allele in a populationd¥0and random sampling each generatio
Initial frequency of A was sét5.
The histograms summaria®,000 simulations.

(A good metaphor is that of a drunken walk along a train platform) =



Genetic drift in experimental populations
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Frequency of bw”3 alleles

Random drift in experimental populations of Drosopimialanogasterpropagated witt8 males and females.
The distribution of allele frequencies acrd€30replicates populations all started at p35. Populations that
had fixed one or the other allele are shown at left and right

Figurel5.3A in the Evolution textbook °
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Analogy with family names

The passing on of family names is analogous to that of alleles.
In China, family names have been passed for 2y¥#i0years:

w Entire small villages sometimes have same last name.

w Although there are a billion people, there are oti0names
Family names with a small frequency are in danger of extinction.

http://www.ucl.ac.uk/~ucbhjow/241/b 3popl.htm



What is the probabillity that a new mutation
will be fixed in the population?

Population 22N (assuming a diploid population)
Initial frequency /2N

Probability of fixation = ???



Genetic drift iIs more pronounced in small populations
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There are&2N/mew mutations per generations

Given a mutation rates7 of one mutation ) per genome per generation
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Each person has two There are f e ——
genomes, thu® new ere are five people in this population,
10 new mutations

mutations per person.

Mutations per generation2N//mew mutations per generation

(Actual mutation rate is 60 mutations per genome per generation)



