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Cancer is a Clonal Expansion 
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Modeling Cancer Growth 
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Three Strikes to Cancer 

Vogelstein B, Kinzler KW.  
N Engl J Med (2015) 
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Coalescent 
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•  7,032 cancers (30 classes) 

•  Found 20 mutational signatures 

•  Colorectal tumors (n~550) 
   represented a mixture of  
   4 signatures 

Age 

DNA MMR  
deficiency 

Pol ε  
Mutations 

Other (unspecified) 

Colorectum 

(61%) 
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Big Bang Expansion 
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Detectable mutations are old mutations 

Sottoriva et al. Nature Genetics (2015) 

Mutation frequency is a function of time. 

Division # cells 
SNV 
Frequency 

0 1     50% 
1 2     25% 
2 4     12.5% 
3 8       6.25% time 



Tumor Growth Models 
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Tumor Sampling 
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Side A             Side B   

Bulk – Whole Exome Seq 
Bulk – Targeted Ampliseq 
Gland – Targeted Ampliseq 
Gland – WG SNP Array 

Tumor 

Individual glands 

Bulk Adjacent 
Non-tumor tissue 



Identify Trunk Mutations 
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Whole Exome Sequencing 
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264  Somatic Mutations 

3 Exomes/Patient 

Colon  
Cancer 
(~30X) 

Adjacent  
Normal (~15X) 

Average 
3.1 sSNVs/Mb 



Somatic Mutations/ 
Copy Number Alterations 
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Trunk Mutations Overcalled in Single 
Samples 
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Red = Branch mutations 
Black = Trunk mutations 
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Glands are Clonal Populations 
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Mutation Classification 
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RULE:   < 10% frequency on one side identifies branch mutations  
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•  Distinguish Trunk & Branch mutations 

•  Are the mutational signatures different before 
and after tumor initiation? 

What happens at the start? 

16 

Tumor Type #Trunk #Branch 
Adenoma 110 373 
Adenoma 180 282 
Adenoma 122 203 
Adenoma 84 129 

Tumor Type #Trunk #Branch 
MSI 1134 237 
MSS 128 122 
MSS 129 326 
MSS 129 112 



•  Accumulation of mutations from different 
mutational processes 

•  Use Non-negative Matrix Factorization to 
deconvolute individual mutational signatures 

Mutation Catalogs 
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Mutation Catalog 
   [96 x N]                       = 

Signature  
of mut. 
process 
 [96 x S] 

Weight matrix 
     [S x N] 

N tumors N tumors S  Signatures 
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Type (n) #Trunk #Branch 
MSI (1) 1134 237 
MSS (3) 386 560 
Adenoma (4)  496 987 

MSI   Trunk 
        Branch 

MSS  Trunk 
        Branch 

ADN  Trunk 
         Branch 

Signature Contribution 

0                 0.5                  1     

Counts of Variants by Tumor Type 

S1 

S2 



•  Mutational signatures during tumor growth are not different 
than during normal evolution in  
•  MSI tumors 
•  benign adenomas 

•  Mutational signature during tumor growth appears to be 
different in MSS tumors 

Summary 
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•  Tumor initiation provides a unique bottleneck, when passenger 
somatic variants are easily fixed 

•  Mutations that we “see” are from before tumor is clinically 
detectable  (only ~8-16 cells) 

•  Inference based on 1 sample is susceptible to overcalling trunk 
mutations due to spatial structure 

Conclusions 
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