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VH clone frequencies 
VL clone frequencies 

How to barcode an army of cancer survivors 

A peripheral sample of human blood will only recover a few hundred 
thousand memory clones and plasmablasts, with a set of less than 
10,000 that dominate the sample. The top 100k expanded clones can  
be captured in a 10^7 sub-library with excellent chain pairing. 
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How to catch the repertoire at the right time 

Relevant immune memory 
is only transiently available in  
the periphery. A) vaccine at 
day 0 results in an expansion 
at day 7 that peaks and  
becomes undetectable by day 
14. B & C) Expansion of 
vaccine-specific shared clones 
are found in secondary 
lymphoid organs outside of 
the acute activation period. 

The population genetics of good scaffold selection 

How to effectively cover light chain diversity 

In humans, the light chain really 
isn’t that diverse. In an example 
set of five unrelated individuals 
P1-P5, we see high correlations 
in usage of the same set of 
roughly 5000 common light 
chains, and a total repertoire of 
less than 500k SHM variants. 
 
In “How to barcode an army of 
cancer survivors,” this feature 
is exploited in calculating H/L 
coverage of immune response 
events.   

Some V-genes are only found in a subset of individuals. These will look 
Non-human in individuals without them. 

Most V-genes have some allele variants, and these variants often have 
different frequencies in different racial groups. To avoid racist medicine,  
it is better to select V-gene scaffolds with a single dominant allele. 

An example V-gene IGHV1-3, with two dominant alleles that differ by three 
non-synonymous mutations in the framework. 

Human Scaffold diversity 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

How diverse is the human repertoire? 
High throughput sequencing has shown the human 
repertoire, as sampled by peripheral blood draw, to be 
biased and limited by clonal expansion and homeostatic 
proliferation. It also has nearly no overlap in clones 
between different individuals. This argues for natural 
libraries to be constructed from sorted cells, with diversity 
for each CDR sourced from naive for CDR-H3, but 
memory for all others.   

What’s so great about natural repertoires? 

Natural repertoires have been sculpted by evolutionary forces to be 
populated by diversity that can fold up and recognize antigen.  

Our previous research has shown that mimicking nature’s fitness 
landscapes can dramatically improve synthetic libraries 

New analysis reveals complex rules of fitness that are encoded in the 
Natural repertoire but not available elsewhere. 


