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What can these molecules do?  
How can they evolve? 

Evolution in the lab
A method called “In vitro evolution” allows us to
observe the evolution of molecules in a test tube. 

Molecules that have been studied using in vitro evolution: 

Proteins 

Ribonucleic acids (RNAs) 

Non-biological RNA-like molecules
(like RNA, but with different backbone or different base-pairs)



Start with ~1015 (1,000,000,000,000,000)
unique sequences of protein, RNA, or RNA-like molecules
Isolate molecules that have the desired function

In vitro evolution
How does it work?

Examples of functions
Carry out chemical reactions
Ligation, transfer of functional groups, 
oxidation/reduction, isomerization, etc

Bind other biomolecules
Wide variety of metabolites and proteins   
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In vitro evolution
How does it work?
Use a series of enzymatic steps to produce many copies of the
selected molecules



In vitro evolution
How does it work?
Isolate molecules that have the desired function collecting more
copies of the better sequences.

Examples of functions
Carry out chemical reactions
Ligation, transfer of functional groups, 
oxidation/reduction, isomerization, etc

Bind other biomolecules
Wide variety of metabolites and proteins   

Use a series of enzymatic steps to produce many copies of the
selected molecules



In vitro evolution
How does it work?

Generate
diversity 

Repeat.

Select 
fit

individuals

Produce 
offspring 



• What can these molecules do? 
• Very simple proteins can carry out chemical reactions 1

• RNA can catalyze many classes of chemical reactions 2
• RNA can bind a wide variety of biomolecules 3

• RNA-like molecules can do many of the same functions as RNA 4,5

• How can they evolve? 
• Proteins evolved in vitro look different than proteins in modern biology6

• Highly active molecules with complex functions are extremely rare 
among random sequences 7

• Neutral point-mutations may play a smaller role in evolution of new 
structures and functions  than we previously thought 8,9

In vitro evolution
What has it shown us?



Suggested Reading
This is an excellent review of the history of in vitro evolution as told by 
one of its most accomplished practitioners. 
Joyce, Gerald F. "Forty years of in vitro evolution." Angewandte Chemie

International Edition 46, no. 34 (2007): 6420-6436.

This paper is an excellent example of the in vitro evolution of a protein. 
Seelig, Burckhard, and Jack W. Szostak. "Selection and evolution of 

enzymes from a partially randomized non-catalytic scaffold." Nature 
448, no. 7155 (2007): 828.

This is a very well-written patent filed in 1991 by one of the pioneers of in 
vitro evolution for a specific form of in vitro evolution known as SELEX. 
Gold, Larry and Tuerk, Craig. US Patent # US53642890A. Nucleic acid 

ligands.  
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