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Populations & Gene Pools

Evolution occurs in populations over time. So 

what exactly is a population?

• individuals of the same species that interact 

and interbreed with each other

The gene pool of a population is the collection 

of all genetic alleles in the population. 

• for diploid species, each individual has 2 alleles

per gene, thus the gene pool consists of twice

as many alleles per gene as individuals



Evolution requires Genetic Variation

When a population evolves the gene pool 

changes:

• the relative amounts of each allele in the gene 

pool will change over time

If the gene pool is to change over time there 

must be genetic variation:

• genetic variation refers to the variety of alleles 

for a given gene that exist in the population

• genetic variation underlies phenotypic variation, 

and phenotypic variation is what Natural Selection    

actually acts upon in selecting for “fit” individuals



Sources of Genetic Variation

Genetic variation increases when new genetic 

alleles added to the gene pool.  So where do 

new genetic alleles come from?

MUTATION

• changes in coding or regulatory sequences of a gene 

• changes in the genome due to duplication, inversion, 

chromosome rearrangement, polyploidy 

Sexual Reproduction also provides variation:

• new allelic combinations in individuals

New alleles enter the gene pool ONLY through gametes 

(unless the species can reproduce asexually).



Assessing Genetic Variation

How can one determine the degree of genetic 

variation in a population?

Average Heterozygosity

• the average % of loci that are heterozygous (Aa)

• via PCR, RFLP analysis, western blotting…

Nucleotide Variation

• compare genome sequences among individuals

e.g., if on average 2000 out of 20,000 loci are 

heterozygous then the average heterozygosity is 10%

e.g., in Drosophila individual genome sequences 

differ on average at ~1% of their nucleotides



Geographic Variation between

Populations

The gene pools of geographically distinct 

populations of a species may differ due to:

Genetic Drift

• differences in the gene pools due to random chance

Natural Selection

• differences in selective factors (climate, predators, etc)

• graded differences along a geographic axis are 

referred to as clines



Allele Frequencies
The proportion of each allele for a given gene 

in a population is its allele frequency.

e.g., let’s consider sample populations of 100 pea

plants regarding the “flower color” gene:

population

all PP

allele freq.

P = 1.0 or 100%

all Pp P & p each = 0.5 or 50%

1 PP: 2 Pp: 1 pp P & p each = 0.5 or 50%

70% PP, 20% Pp, 10% pp P = 0.8 or 80%; p = 0.2 or 20 %

Remember, changes in allele frequencies 

over time = Evolution!



Determining Allele Frequencies

CRCR

CWCW

CRCW

In this example involving incomplete dominance, 

let’s determine allele frequencies based knowing  

only the percent phenotypes in the population: 

15% red, 36% pink,  49% white  

In a population of 100 you would have:

15 red (CRCR)

36 pink (CRCW)

49 white (CWCW)  

CR CW

TOTAL

30 --

36 36

-- 98

66 134

Allele Freq

CR =  66/200

or 0.33

CW = 134/200

or 0.67



How do Allele Frequencies change?

1) Natural Selection

• external selective pressures determine which

individuals pass on their genetic alleles

2) Genetic Drift

• changes in allele frequencies due to random chance

• loss of alleles due to freak events, natural disasters

• more significant the smaller the population size

• randomness of fertilization (sperm meets egg)

3) Gene Flow

• addition or loss of alleles through immigration of 

individuals (or gametes) or emigration



Examples of Genetic Drift

Founder Effect

• small group of individuals from a population begin 

a new geographically isolated population

• “founders” and their genotypes may be determined 

randomly and thus constitute a new gene pool with 

allele frequencies very different from original pop.

Original

population

Bottlenecking

event

Surviving

population

“Bottlenecks”

• catastrophic event 

kills most of the   

population

• few lucky survivors 

may constitute a very 

different gene pool



5
plants
leave
off-

spring

Generation 1

p (frequency of CR) = 0.7 

q (frequency of CW) = 0.3 

CRCR CRCR

CRCW

CWCW CRCR

CRCW

CRCR CRCW

CRCR CRCW

CRCRCWCW

CRCW

CRCR CWCW

CRCW

CWCW
CRCR

CRCW CRCW

Generation 2

p = 0.5 

q = 0.5 

2
plants
leave
off-

spring

CRCR

CRCR CRCR

CRCRCRCR

CRCR CRCR

CRCR

CRCR CRCR

Generation 3

p = 1.0 

q = 0.0 

Genetic Drift due to Random 

Fertilization of Gametes
• in small populations can have profound effect on gene pool



2. Hardy-Weinberg Equilibrium
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The Hardy-Weinberg Principle

Godfrey Hardy and Wilhelm Weinberg in 1908 

reasoned that the following conditions must be 

met for a population to NOT evolve (i.e., for allele 

frequencies to remain unchanged, at equilibrium):

1) no mutation (i.e., no new genetic alleles are produced)

2) no gene flow (e.g., no immigration or emigration)

3) all mating is random

4) no natural selection (all reproduce with equal success)

5) very large population size (no genetic drift)

***Since NO natural populations meet all these conditions, 

ALL populations must evolve!***



The Hardy-Weinberg Equation

When a population is in Hardy-Weinberg 

equilibrium with regard to a particular gene 

and there are only 2 alleles, the following 

equation reflects the genotype frequencies:

p2 +  2pq  +  q2 =  1

p  =  frequency of one allele for a gene 

q  =  frequency of other allele for that gene 

e.g. “A” frequency = 0.6

“a” frequency = 0.4

AA =  (0.6)2 =  0.36 or 36%

Aa = 2(0.6 x 0.4) = 0.48 or 48%

aa = (0.4)2 =  0.16 or 16%



80% CR (p = 0.8)

(80%) (20%)
Sperm

20% CW (q = 0.2)

CR CW

(80%)

(20%)

CR

CW

Eggs
64% (p2)

CRCR

16% (pq)

CRCW

16% (qp)

CRCW

4% (q2)

CWCW

64% CRCR, 32% CRCW, and 4% CWCW

Gametes of this generation:

64% CR

(from CRCR plants)

4% CW

(from CWCW plants)

16% CR

(from CRCW plants)
+

+

Genotypes in the next generation:

16% CW

(from CRCW plants)

=

=

80% CR = 0.8 = p

20% CW = 0.2 = q

64% CRCR, 32% CRCW, and 4% CWCW plants

Hardy-Weinberg 

equation & the 

Punnett Square

• multiplying frequencies

for each allele indicates 

the expected frequency   

of each genotype in the 

population

Instead of a specific 

cross the square is

used to reflect all 

gametes in a population



Using the Hardy-Weinberg Equation

Imagine a human genetic illness due to an 

autosomal recessive allele which occurs in 

~1 in every million people:

AA  =  homozygous normal Aa =  normal carrier

aa =  1 in 1,000,000 with genetic illness  =  q2

p2 +  2pq  +  q2 = p2 +  2pq  +  0.000001  =  1 

a  =    a2 =    0.000001  =  0.001

A  = 1 – a  =  1 – 0.001 =  0.999

AA  = A2 = 0.9992 =  0.998 or 99.8%

Aa = 2pq = 2(0.999)(0.001)  =  0.001998 or ~1 in 500



3. A Closer Look at 

Natural Selection

Chapter Reading – pp. 491-498



Natural Selection drives Evolution

While Genetic Drift and Gene Flow can cause 

changes in gene pools, their effects are more 

or less random.

• Natural Selection is the only real mechanism

of adaptive evolution, evolution that results in 

individuals well adapted to their environment

Natural Selection however causes changes in 

gene pools that that favor certain phenotypes 

and thus select for alleles producing that 

phenotype .



Original population

Phenotypes (fur color)
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Original 

population

Evolved 

population

(a) Directional selection (b) Disruptive selection (c) Stabilizing selection

3 Consequences of Natural Selection



Directional Selection
Original 

population

Evolved 

population

(a) Directional selection

• a more extreme 

phenotype is favored 

in the current 

environment

• generally occurs 

following a 

significant change in 

environmental 

conditions



Original 

population

Evolved 

population

(b) Disruptive selection

Disruptive Selection
• selection against 

intermediate phenotype 

and selection for either 

extreme phenotype

• e.g., finches in habitat 

with hard & soft seeds

• finches with large beaks

can crack hard seeds

• finches with small beaks

do well with soft seeds

• those with medium beaks

are not good with either



Original 

population

Evolved 

population

(c) Stabilizing selection

Stabilizing Selection

• extreme phenotypes 

are selected against 

and intermediate 

phenotypes are 

favored

• generally observed 

with populations in 

stable habitats 



Sexual 

Selection

Intrasexual Selection

• members of same sex

compete for access to 

mates

Intersexual Selection

• one sex (females usually) 

chooses mates based on 

opposite sex phenotypes

Both types of sexual 

selection can produce 

sexual dimorphism.

EXPERIMENT

Recording of SC 

male’s call

Recording of LC 

male’s call

LC male gray 
tree frog

SC male gray 
tree frog

Female gray 
tree frog

SC sperm    Eggs   LC sperm

Offspring of     Offspring of
SC father          LC father

Survival and growth of these half-sibling offspring compared

RESULTS

Time to metamorphosis

Larval survival

Larval growth

NSD = no significant difference; LC better = offspring of LC males superior to 
offspring of SC males.  

Offspring Performance 1995 1996

LC better NSD

NSD

LC better 
(shorter)

LC better 
(shorter)

LC better



Heterozygote Advantage

As the name implies, heterozygote advantage 

results in selection for phenotypes unique to 

heterozygous individuals:

• requires codominance or incomplete dominance 

• e.g., plants with pink flowers are more likely to survive 

& reproduce than plants with red or white flowers 

• e.g., if humans with blood type AB were more likely to 

survive & reproduce than those with other blood types

• sickle-cell trait (Ss) in regions with malaria

This is a type of selection that maintains 2 different 

alleles in a population. 



Key Terms for Chapter 23

• genetic drift, gene flow

• population, gene pool, allele frequency

• average heterozygosity, nucleotide variation

• Hardy-Weinberg equilibrium & equation

• directional, disruptive, stabilizing selection

• intrasexual & intersexual selection

• founder effect, bottleneck

• sexual dimorphism, heterozygote advantage

Relevant 

Chapter 

Questions 
1-5


