
Population: a group of individuals of 
the same species living in the same place 
at the same time. 

Species: a group of similar organisms 
that are capable of reproducing and 
producing viable and fertile offspring. 



•  Darwin hypothesized: 



Individuals with heritable traits best adapted to a local 
environment generally compete better so they survive & reproduce 

to leave a larger number of surviving, fertile offspring 

Observations: competition exists within populations &  
individual variation in heritable traits accounts for 

some of the differences among individuals  



Abiotic factors Biotic factors 

Climate 

Availability of soil water 
or minerals 

Drugs (antibiotics) 

Chemicals (pesticides) 

Competition 
for scarce resources 

Predators & prey 

Mates & sexual selection 
 (a form of natural selection in 
which individuals with certain 
traits are more likely than other 
individuals to obtain mates) 
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Predation: an agent of natural selection 

When one evolves a new feature or modifies an old 
one, the other typically evolves new adaptations in 

response! 

Activity A: Predator/Prey Simulation 
Predation causes a decrease in the # of prey that reach 

reproductive success, but we will see what happens over 
several generations. 



the change in the genetic 
composition or the frequency of 
alleles of a population over time 

•  A very slow process that occurs over     
 several generations 

•  Occurs in populations, not individuals 



A gene: a sequence of DNA that is transcribed and translated 
into a protein (a heritable feature or character) 

Alleles (traits): are alternative forms of a gene 

Have a few nucleotides that are different 

Encode slightly different proteins 

Individuals carry two alleles for every gene 
Found on homologous chromosomes 
One is inherited from the egg and one from the sperm 
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- Individuals carry 2 alleles for every gene 
- In a population there are 2 or more alleles for every gene 

•  Gene Pool: the sum of alleles in a population at any one 
time  

•  Allele Frequencies: the relative proportion of each 
allele in a population   

•  Evolution (microevolution): is a generation to 
generation change in a population’s frequencies of 
heritable alleles (gene pool) 



•  Alleles of a gene can be symbolized by 

p = relative frequency of the dominant allele in the population, 

q = frequency of the recessive allele in the population 

p + q = 1 

•  Note: if we know the frequency of either allele in the gene 
pool, we can subtract it from 1 to calculate the frequency 
of the other allele. 

Analyzing Gene Pools 



p  + q = 1 

Frequency of R (red) allele in the population, p = 80% = 80/100= .80  

What is the Frequency of r (white) allele in the population, q = ? 

Calculating  frequencies of alleles: 

q = 1 - p 

q = 1 - .80 

q = .20 



•  Genotype frequencies can be calculated from allele 
frequencies 

Analyzing Gene Pools 

p2 + 2pq + q2 = 1 

Using the Hardy-Weinberg equation: 

Frequency of RR genotype in the population, pp or p2 

   
Frequency of Rr genotype in the population, pq or qp, or 2pq 

Frequency of rr genotype in the population, qq  or q2 

RR + 2Rr + rr = 1 

If studying wildflower flower color:    R (red) = p and r (white) = q 



p (.8) 

p (.8) 

q (.2) 

q (.2) 

pp (.64) pq (.16) 

pq (.16) qq (.04) 

64%   32%   4% 
RR     Rr      rr 

     p2     +    2pq     +     q2      = 1 
    pp    +    2pq     +    qq     = 1 
(.8)(.8) + 2(.8)(.2) + (.2)(.2) = 1 

       2(.16) 
   .64    +    .32     +    .04    = 1 

   64%        32%          4% 

Hardy–Weinberg formula 
R r 

R 

r 

RR Rr 

Rr rr 

If the allele frequencies: 

And you cross two  
Heterozygotes... 

p = 0.8 
(R) 

q = 0.2 
(r) 

R= dominant allele (red flower color) 
r= recessive allele (white flower color) 

Genotype frequencies .64     .32     .04 



•  The major forces of evolutionary change are: 

–  Natural selection (primary force because it promotes 
adaptation) 

–  Random DNA mutations (produces genetic variation 
via new alleles in gametes) 

–  Genetic drift (in a small population) 

–  Gene flow (the genetic exchange with another population) 

–  may result in the gain or loss of alleles, and 

–  tends to reduce genetic differences between populations 



•  DNA mutations: foundation of evolutionary change 

•  Sexual recombination (the shuffling of alleles during 
meiosis) & random DNA mutations are sources of 
genetic variation in populations.  



•  Genetic drift: a change in the gene pool of a 
small population due to chance or random 
events (not due to your traits/alleles!) 

Can prevent some members of a population from 
reproducing: allele frequencies can change quickly 

and randomly over the next few generations 



Randomly choose a small # of plants that can reproduce: 
Repeat for F1 and F2 

*
*

Only 5 of 10 
plants leave 

offspring 
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Generation 1 
p = 0.7 
q = 0.3 

Generation 2 
p = 0.5 
q = 0.5 

Generation 3 
p = 1.0 
q = 0.0 



- The gene pool remains constant over time 
- The frequencies of alleles & genotypes are unchanged 

-  No random genetic mutations (that are inherited via the gametes) 
-  No gene flow between populations 
-  No genetic drift 
-  No selective mating (mating is random) 
-  No natural selection (all genotypes survive & reproduce equally well)  

•  Genetic Equilibrium - a non-evolving population 

How can we tell if a population is evolving?  
The Hardy-Weinberg Theory says that allele frequencies in a 

population will not change in the absence of selective pressure   

Useful as a basis of comparison to see when 
evolution occurs 

Due To: 



We will simulate random mating via a chance event: 
If there are 2 alleles (R & r) in a population (red & clear beads) 

Start with a population that is in genetic equilibrium, where 
allele frequency is R = .50 and r = .50 (generation 0):  

   50 red and  50 clear beads 

Now, introduce genetic drift – random selection of alleles   
 Do 50 random pairings* of beads & tally as RR, Rr, or rr  

Count  # of RR, Rr, and rr  ; use to calculate freq. of alleles: 

For Gen. 1 determine frequency of R = [ (2 x RR) + (1 x Rr)] /100 

For Gen. 1 determine frequency of r  = 1 – R 
Now, repeat pairings starting with the new # of red & clear beads  


