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This implies 
that we need 
computers
and clever 

algorithms to 
compare 

hypotheses 
when we 

compare many 
species 



COMPUTERS IN DATA 
GENERATION AND STORING

Human genome has 3,000,000,000 base pairs

Storing a compressed human genome takes O(GB) of data

Obviously, we can’t sort through all this data by hand

Even accessing it efficiently on a computer requires clever 
storage 



ACTIVITY: USING COMPUTATION TO 
UNDERSTAND HUMAN ADAPTATION



HOW CAN WE TEST WHETHER SELECTION 
ON HEIGHT MAY HAVE OCCURRED?

Hypothesis: “Natural selection acted to increase height as 
Europeans entered Europe”

Alternate hypothesis: “Changes in mean height across Europe are 
not due to natural selection, but instead some combination of 
random genetic fluctuations (genetic drift) and environmental 
effects”



WHAT PATTERNS MIGHT 
SELECTION GENERATE?



THINK-PAIR-SHARE

What factors would affect the 
rate of change of a trait in each 
population (e.g., do you expect 
genetic factors to be 
important? Environmental 
factors? The amount of time?)

If selection has not acted on 
the trait in either population, 
do we expect the trait to differ 
between populations over time?



TESTING OUR INTUITION

I created a simple simulator of this model for alleles and traits, 
which allows us to vary:

Time since divergence

Population size

Fraction of alleles under selection

Number of alleles that affect the trait



TESTING OUR INTUITION 2

Now that you have seen the allele simulator, how do we expect 
the following factors to affect the rate of divergence of the trait:

Time since divergence

Population size

Fraction of alleles under selection

Number of alleles that affect the trait



TESTING THIS HYPOTHESIS IN 
REAL DATA

Since we know some of the alleles that affect height, we can ask 
whether these alleles are systematically at higher frequencies 
among northern Europeans than southern Europeans



CONCLUSIONS

Computation is increasingly important in solving evolutionary mysteries because 

1) even designing ways to test hypotheses requires clever algorithms and 

2) Generating, storing, and accessing (large) genetic datasets also requires sophisticated 
algorithms

Computation/simulations can also be used to gain intuition about evolutionary processes 

We made a simple simulation to show how traits change over time with and without selection

When there is no selection, the trait can change randomly over time.  How rapidly it changes 
depends on factors like the number of alleles that change the trait

When selection acts, these changes occur more rapidly and in a concerted way (e.g., by 
systematically increasing the frequencies of certain types of alleles).


