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Week 8 look ahead

Evolution as algorithm

Evolution as service

<Evolutionary algorithm sandbox>

CONCEPT
SKILL

Evolution 2.0?



 survival of the fittest 

genotypes influence phenotypes  

Evolution as algorithm

Competition among 
individuals whose behaviors 

vary (i.e., phenotypes).

Random changes in the 
heritable material passed from 

survivors to their offspring 
(i.e., genotypes) 



E.g., I wish for a string of 100 bits 
that sum to the highest value

Here you go!

Evolution as a service



Practical Power of Evolution

0010101010 0110101011
1010101100 1010101011
1010100101 1010111011
0110101100 1011010101
0011001101 0000110111

sum of bits = 54
max. sum = 100

2^100 ~ 1.3E30 combinations 

Jon Calle’s evolutionary 
sandbox demo.  How many 

combinations needed to get to 
best answer?

Evolutionary algorithm only required ~500 generations w/ a 
population of 10,000 individuals, so only 5E6 attempts total 

(much less than the entire 1.3E30 search space)!



Evolution as a service
I wish BIOLOGY did the 

following for me!

Here you go!
Massive Caveat!

Requires mapping your wish 
into an evolutionary process



Massive Caveat!

Requires mapping your wish 
into an evolutionary process

Challenge 1 — linking desired behavior 
  to heritable material that can mutate

Challenge 2 — ensuring that selective 
  pressure (i.e., survival of the fittest) is 
  actually selecting for the specific 
  property you care about 



Historically practiced, limited to biological wishes 
in which both challenges implicitly addressed…



21st-century bioengineering continues in this 
tradition, but with an significant expansion in 
scope via “directing” & “sculpting” evolution

https://www.sciencedirect.com/science/article/pii/S1389034407000664



https://www.sciencedirect.com/science/article/pii/S1389034407000664

SELEX implements a general-purpose system by which DNA or 
RNA sequences can be selected for interactions with other stuff…



Second case study — Yeast Surface Display…

https://link.springer.com/protocol/10.1007/978-1-4939-2748-7_8



https://link.springer.com/protocol/10.1007/978-1-4939-2748-7_8

Create a general-purpose system by which any protein of interest 
can be made by a yeast cell and presented on outside of the cell…



https://link.springer.com/protocol/10.1007/978-1-4939-2748-7_8

Use to select for any behavior of the protein that you can 
implement a selection for… (e.g., binding, stability, enzyme activity)



Third case study — 
Phage-Assisted Continuous Evolution (PACE)…

https://www.nature.com/articles/nature09929



https://www.nature.com/articles/nature09929

PACE can be used to automatically select for anything that can be 
turned into something to activate gene expression….



https://www.nature.com/articles/nature09929

PACE can be used to automatically select for anything that can be 
turned into something to activate gene expression….



 survival of the fittest 

genotypes influence phenotypes  

Gene Drive Example…

Random changes in the 
heritable material passed from 

survivors to their offspring 
(i.e., genotypes) 

https://www.nature.com/articles/nature14181

https://en.wikipedia.org/wiki/Darwin%27s_finches



Note — all preceding examples 
maintain randomness of mutations 
and normal inheritance…

https://en.wikipedia.org/wiki/Gene_drive



What if bioengineers changed these 
fundamental aspects of the evolutionary 
process?  GENE DRIVES!!!

https://en.wikipedia.org/wiki/Gene_drive



Group # First assessment Second assessment
Group-1
Group-2
Group-3
Group-4
Group-5
Group-6
Group-7
Group-8
Group-9

Group-10
Group-11
Group-12
Group-13
Group-14
Group-15
Group-16
Group-17

Bioe Baddies

TBD 1 5

In-progress project assessments


