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Weinreich Method (2006) 
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Weinreich Method (2006) 
•  Experimentally derived fitness nodes 
•  Recapitulate entire mutational networks 
•  Determine the accessibility of pathways 
•  Potentially relates to findings in nature 

Introduction 



Weinreich Method (2006) 
•  IC50 does not equal fitness 
•  Limitations: No environmental dimension 
•  Address in non-SSWM context 
•  Connect, more directly, to the problem of 

treatment 

Introduction 



Aims 
1.  Develop a modified fitness landscape that 

contains information on fitness across 
environments 

a.  Analyze fitness landscape structure by 
environment 

b.  Effects of mutation by environment 
c.  Network properties of alleles by environment 
 

2.  Drug therapy-inspired simulations of 
population dynamics (non-SSWM) 

a.  Model probable trajectories 
b.  Model under standing genetic variation 
c.  Model with drug cycling 
 Aims 



We can combine information from 
the norm of reaction with the fitness 
landscape 

Methods 

+	  

Norm of Reaction  Fitness Landscape 
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16 alleles, 24 
different pathways 

Methods 



The Environment 

Concentrations ranging from 
0 to 100 uM 



Growth rate by environment 
(Pyrimethamine) 
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Growth rate by environment 
(Cycloguanil) 
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24 possible pathways 
towards maximal 
drug resistance  
(0000à1111) 
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Trajectories by Environment  
(No drug) 

Results 
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Trajectories by Environment 
(0.01 ug/L Pyrimethamine)  
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Trajectories by Environment  
(1.0 ug/ML Pyrimethamine) 

Results 
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Trajectories by Environment  
(100 ug/ML Pyrimethamine) 
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Trajectories by Environment 
(0.01 ug/L Cycloguanil)  

Results 
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Trajectories by Environment  
(1.0 ug/ML Cycloguanil) 
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Trajectories by Environment  
(100 ug/ML Cycloguanil) 

Results 
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Effect of mutation by environment 

Results 
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Debate: What is the best way to treat a 
malaria infection? 

Introduction 



Debate: Why are certain resistance 
alleles in the population?  

Wongsrichanalai et al. The Lancet. 2002 

In particular, how do suboptimal alleles 
arise in nature? Introduction 



Non-SSWM Assumption via  
PK/PD Style Models 

•  From IC50 and Drugless growth rate to [R] to the 
Malthusian parameter, [r] 

•  From [r] to exponential growth model 
 R = Ra

1+ D
IC50( )

m

R =1+ r

r = Ra

1+ D
IC50( )

m −1

N(t) = N(t −1)+ Nmut (t −1)[ ]erMethods 



Model Assumptions and Limitations 
•  Growth rates and IC50 values are from model systems 

+ in vitro 
•  DHFR is the sole resistance determinant 
•  High transmission background 
•  No interlocus antagonistic pleiotropy 
•  Limited decay 
•  No competition  

Methods 

Model is necessarily simple, and can be tweaked 
to fit a range of questions 



Scenario I: Trajectories 

•  Examine the preferred trajectories at a range of 
drug concentration, at two drugs 

•  Maximal resistance: 0000à 
•  Reversion: ß1111 
•  Mutations limited to one-step neighbors 
•  Mutation rate: 10-9 mutations per site per 

generation 

Methods 
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No Drug, 0000à 
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Pyrimethamine, 0.01 ug/L 
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Pyrimethamine, 1.0 ug/L 
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Cylcoguanil, 0.01 ug/ML 
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Cylcoguanil, 1.0 ug/ML 
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Trajectory summary 

•  Recapitulate pathways as in the Weinreich 
method, in a non-SSWM setting 

•  Steps occur in sensible order 
•  Unexpected allele (0101) in the reversion 

evolution with no drug 
•  Time to fixation speaks to being trapped on a 

peak	  
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24 possible pathways 
towards maximal 
drug resistance  
(0000à1111) 

Methods 



Scenario 2: Standing genetic variation 

•  Used to basic questions about the dynamics of 
evolution in a mixed population 

•  Equal proportion of each of the resistant 16 
alleles (starting with 10)	  

•  Mutations limited to one-step neighbors 
•  Mutation rate: 10-9 mutations per site per 

generation 

Methods 



Standing Variation: No Drug 
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Standing Variation: No Drug 
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0.01 ug/ML Cycloguanil 
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1.0 ug/ML Cycloguanil 
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Scenario 3: Drug switching 

•  Two treatment kinds: on/off for five 
generations at a time or pyrimethamine/
cycloguanil switching for five generations at a 
time 

•  In clinical terms, analogous to cycling, or to 
varying levels of patient adherence  

	  

Methods 



No drug + 100 ug/ML Pyrimethamine  
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No drug + 0.01 ug/ML Pyrimethamine  
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No drug + 0.01 ug/ML Cycloguanil 
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No drug + 0.01 ug/ML Cycloguanil 
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1.0 ug/ML + 1.0 ug/ML 
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0.01 ug/ML + 0.01 ug/ML 

0"

0.1"

0.2"

0.3"

0.4"

0.5"

0.6"

0.7"

0.8"

0.9"

1"

0" 500"

0000"

0001"

0010"

0011"

0100"

0101"

0110"

0111"

1000"

1001"

1010"

1011"

1100"

1101"

1110"

1111"

0"

0.1"

0.2"

0.3"

0.4"

0.5"

0.6"

0.7"

0.8"

0.9"

1"

0" 500"

0000"

0001"

0010"

0011"

0100"

0101"

0110"

0111"

1000"

1001"

1010"

1011"

1100"

1101"

1110"

1111"

Total"Parasite"



0.001 ug/ML + 0.001 ug/ML 
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Brief summary 

•  Drug resistance is not necessarily drug fitness 
 
•  Less potent drug can be stronger selective 

agent 
 
•  The most fit in changing environment is 

sometimes neither the most resistant or best 
replicsator 

Discussion 



Present and future  

Epidemiological and Immunological details 
– What they do and do not say 
 

Pharmacological details 
– What they do, and do not contribute 
 

Population genetics details 
– Soft sweeps 
– Recombination  
 


