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« Genetic variation in natural
population typically
changes over many
generations

« Changes in gene pool

Factors that Govern Microevolution
Source of New Allelic Variation*

Mutation In this section, we will consider allelic variation. Random
mutations within pre-existing genes introduce new
alleles into populations, but at a very low rate. New
mutations may be beneficial, neutral, or deleterious.

For new alleles to rise to a significant percentage in

a population, evolutionary mechanisms (i.e., random
genetic drift, migration, natural selection) must operate
on them.

Mechanisms That Alter Existing Genetic Variation

Random genetic This is a change in genetic variation from generation to

drift generation due to random sampling error. Allele
frequencies may change as a matter of chance from
one generation to the next. This tends to have a greater
impact in a small population.

Migration Migration can occur between two different populations
that have different allele frequencies. The introduction
of migrants into a recipient population may change the
allele frequencies of that population.

Natural selection This is the phenomenon in which the environment
selects for individuals that possess certain traits. Natural
selection can favor the survival of members with
beneficial traits or disfavor the survival of individuals
with unfavorable traits.

Nonrandom mating This is the phenomenon in which individuals select
mates based on their phenotypes or genetic lineage.
This can alter the relative proportion of homozygotes
and heterozygotes predicted by the Hardy-Weinberg
equation but will not change allele frequencies.

*Allelic variation is just one source of new genetic variation. Section 24.3 considers a variety of
mechanisms through which new genetic variation can occur.




MUTATIONS

« Random events that occur spontaneously at a low rate or are caused by
mutagens at a higher rate



MUTATIONS — AN EXAMPLE

« Mutation rate — probability that gene will be altered
by a new mutation

« 10~ to 10¢ per generation



MUTATION — AN EXMPLE

Consider that Ag = up (p decreases as A is converted 1o Q)
Let’'s assume: p = frequency of A = 80%,; g = frequency of a = 20%
Assume pu (rate of conversion of A fo a) = 10

To calculate change in dllele frequency

* (1-p)" = (Pi/Py)
» p,= dllele frequency of A at time t; p, = allele frequency of , af time O; t = fime; u
= mutation rate



AUTATIONS — AN EXAMPLE

« What would be the allele frequency of p after
generation?

. (1-10%)' = p,/0.8

« What would be the allele frequency of p after
generations?

. (1-105)100 = 5./0.8

« Nofice thatf the change in allele frequency is very low.



« Changes in allele
frequencies due to
random fluctuations

« Small sample size

» Large fluctuations
between generations

* Allele eliminated or
fixed at 100% over
fewer generations

« Large sample size

« Random sampling has
smaller effect

Frequency of A

Fixation of allele A

Loss of allele A




" NEW ALLELE FIXATION / ELIMINATION

« Must first calculate the expected number of new
mutations

« Depends on mutation rate (u) and population size (N)
« 2Nu
« Note: New mutation is more likely in a large population

 Probability of fixation = 1/2N
» Probability of elimination = 1- (1/2N)
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W ALLELE FIXATION / ELIMINATION

Probability of fixation = 1/2N
Probability of elimination = 1- (1/2N)

Large population
« Greater likelihood for mutation
« But, greater likelihood that new mutation will be
eliminated from the population
Small population
« Decreased likelihood for mutation

« But, greater likelihood that new mutation will be fixed in
the population



HOW LONG WILL FIXATION TAKE<?

* t = average # of generations to achieve fixation
. £=4N
« Note: Allele fixation takes much longer in larger populations



GENETIC DRIFT = TAKE HOME
MESSAGE

« Operates in random manner with regard to allele frequency

« Regardless of the type of allele
« Deleterious, neutral, beneficial

« Eventually leads to allele fixation or elimination
« Occurs more quickly in smaller population




/’—*‘

GES IN POPULATION SIZE
AND GENETIC DRIFT

« Botftleneck effect

« Decrease in population size because of events such as
earthquake, drought, destruction of habitat

 Eliminafion without regard to genetic composition

 Founder effect

« Migration of small group of individuals to new location

« Small group may not have same genetic composition as
parent population



Large,
genetically
diverse
population

Bottleneck:
Fewer individuals,
less diversity

Large, less
genetically
diverse

population

(a) Bottleneck effect

(b) An African cheetah
Low genetic variation thought to be due
to previous bottleneck




FOUNDER EFFECT

« An example:
« Old Order Amish in Lancaster County, PA
« 1770: 3 couplesimmigrated to US
« 1960: 800 individuals

* Very high prevalence of recessive form of dwarfism

« Thought that one of original ancestors carried recessive mutation or new mutation
occurred early on



MIGRATION

« Between two established populations
* May alter allele frequencies

« New population (after migration) = conglomerate

« Change in allele frequency in conglomerate
Apc = M(Pp-Pg)
m = proportion of migrants that make up conglomerate
Pp = allele frequency in donor population
Pr = dllele frequency in original recipient population




MIGRATION — AN EXAMPLE

« A donor population has an “A" allele frequency of 0.7. A recipient
population has an “A” dllele frequency of 0.3. 20 people join the recipient
population which originally had 80 members. What is the allele frequency in
the conglomeratee¢



MIGRATION — AN EXAMPLE

Apc = M(Pp-Pg)

« m = 20/(20+80)

* pp=0.7

* Pp =0.3

Ap-=0.2(0.7-0.3) = 0.08

pc = dllele frequency in conglomerate
Pc=pPrt AP-=0.3+0.08 =0.038
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MIGRATION

« Often bidirectional flow

« Tends to reduce differences in allele frequencies between neighboring
populations



NATURAL SELECTION

« Conditions found in nature result in the selective survival and reproduction of
individuals whose characteristics make them well adapted to their
environment

 Surviving individuals are more likely to reproduce and contribute offspring to
the next generation



'consider Darwinian fithess

« Relative likelihood that a phenotype will survive and contribute
to the gene pool of the next generation

« measure of reproductive superiority
« Not same as physical fithess

« Consider a gene with two alleles, A and a

« The three genotypic classes can be assigned fithess values
according to their reproductive potential



JVerage reproductive success is ‘

"« AA S 5 offspring
« Aa 2 4 offspring
« aa > 1 offspring

« By convention, the gene with the highest reproductive
ability is given fithess value of 1.0

» The fitness values of the other genotypes are assigned relative
to 1

» Fithess values are denoted by the variable W
» Fitness of AA:W,,=1.0
» Fitness of Aa: W,,=4/5=0.8
» Fitnessof aa: W,,=1/5=0.2



«+ Differences in reproductive achievement could be due to the
« 1. Fittest phenotype is more likely to survive
« 2. Fittest phenotype is more likely to mate
« 3. Fittest phenotype is more fertile



~» Natural selection oc’rs on phenotypes (which are derived
from an individual’s genotype)

« With regard to quantitative traits, there are four ways that
natural selection may operate

1. Directional selection

« Favors the survival of one extreme phenotype that is better
adapted to an environmental condition

2. Stabilizing selection
« Favors the survival of individuals with infermediate phenotypes

3. Disruptive (or diversifying) selection
» Favors the survival of two (or more) different phenotypes

« 4. Balancing
 Favors the maintenance of two or more alleles



selection favor extreme phenotype

* A gene exist in two alleles A and a

* The three fitness values are
c W,,=1.0
¢ W,,=0.8
« W, =0.2

* In the next generation, the HW equilibrium will be in the
following way by directional selection:

« Frequency of AA: p?W,,
« Frequency of Aa: 2pgW ,,
« Frequency of aa: g?W,,



1ese three terms may not add up to 1.0, as they would in the

HW equilibrium

* Instead, they sum to a value known as the mean fitness of the
population

¢ pZWAA+ quWAa+ qZWaa = W

— Divide both sides of the equation by the mean fithess of
the population

pZWAA + 2pq\NAa + qzwaa =1

W W W

— Now, calculate the expected genotype and allele
frequencies after one generation of natural selection



P?Wan

W

* Frequency of AA genotype =

2pq\NAa
— Frequency of Aa genotype = _

W

— Frequency of aa genotype =

— Allele frequency of A: p, =

— Allele frequency of a: g, =



=xample:
« Starting allele frequencies are A =0.5and a =0.5

» Fitness values are 1.0, 0.8 and 0.2 for genotypes AA, Aa and
aq, respectively

° p2WAA+ quWAa+ qZWaa = W

W = (0.5)%(1) + 2(0.5)(0.5)(0.8) + (0.5)%(0.2)

=0.25+0.4+ 0.05

=0.7

— After one generation of selection:




PWa  (0.5)(1) ‘

requency of AA genotype =——— = 0.36

W 0.7
2pqW,, 2(0.5)(0.5)(0.8)
— Frequency of Aa genotype = __ = =0.57
W 0.7
.5)?(0.2)
q2W ~ (0.5)%(0 ~
— Frequency of aa genotype = —— = 0.7 =0.07
w
p°W pqw
— Allele frequency of A: py= —— + ——3
w w

=0.36 + 0.57/2 = 0.64
ZWaa + quAa

W W
=0.07 + 0.57/2 = 0.36

@)

— Allele frequency of a: g, =



SRm— rone generation
» f(A) has increased from 0.5 to 0.64
» f(a) has decreased from 0.5 to 0.36
 This is because the AA genotype has the highest fithess

« Natural selection of the population
« Assuming the individual fithess values are constant

W = pZWAA'l' 2PaWy, + qZWaa
= (0.64)2(1) + 2(0.64)(0.36)(0.8) + (0.36)%(0.2)

= 0.80



General trend

e increase A, decrease a, and increase the mean fithess of the
population



