
Glossary of Technical Terms
Rank: the program provided by Neher et al. ranks the strands 
of the virus according to the shape of a genealogical tree, and 
ranks the strands based on fitness
Fitness: the fitness of the virus is the likelihood that it will 
survive and reproduce itself

Project Description
• Purpose: Our project is to validate an existing study from Neher et al.  

about using genealogical trees to predict virus evolution [1].
• Motivation: Neher et al. uses their own secondary model to validate 

their primary model; we wanted to test their primary model on real 
influenza data.

• Literature: Neher et al. provides the mathematical model we are 
validating, termed the Inferred Fitness Model (IFM, Equation (1)) [1].
○ The IFM determines the fitness of a virus strain.
○ The IFM uses the shape of the genealogical tree of a virus to 

determine it's fitness, without understanding the genetic components 
[1,2].

Equation (1): The IFM equation. The x-variables give the fitness of each node. Higher 
fitness is related to the branching patterns in the genealogical tree, which is related to 
how many offspring (or in this case, future strains) a given strain should be able to 
produce.

• The need for a model: The flu vaccine is a prediction of the virus, but 
because of the random virus mutate, prediction of the strains can be 
difficult and the vaccine may not be an accurate predictor of the most 
prominent flu viruses [3].
○ Genealogical trees can provide us with substantial knowledge about 

the evolution of a virus without requiring an in depth knowledge of 
its DNA [2].

• Project Goal: We want to determine the efficacy of the IFM by testing 
it on several decades’ influenza data and recording its accuracy [1].

Scientific Challenges
• While this method does not require an understanding of how genetic 

mutations affect fitness, genetic data for the virus is still required to 
create a genealogical tree.

Project Challenges
• Neher et al. states in their paper that they slightly alter a portion of the 

code to account for small branching [1], but do not specify how it was 
modified so we could not recreate it. 

• We had to create our own method for validating the IFM’s prediction of 
the most fit virus strain.

Potential Applications 
• We are currently facing a outbreak of a new virus, COVID-19, which is 

an evolved form of the SARS virus [4]. 
○ This method of virus evolution prediction could assist in vaccine 

making for these types of situations, or any situation where we do 
not have an in depth understanding of the genetic code.

• Also, this model can help the improvement of the vaccine every year.
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Methodology
1. We used the program provided by Neher et al. to rank the viruses in 

terms of fitness [1].
a. We ranked the HA genetic portion of influenza AH3N2 virus from the 

years 1968 to 2014 of 40 states.
b. The highest ranked virus is considered the progenitor virus for the 

next year.
2. We created a phylogenetic tree [5] to determine if the top ranked virus 

strain was a likely progenitor for the virus strains present in 2015 (Figure 
1, 2).
a. The phylogenetic tree was created using the HA genetic portion of  

influenza AH3N2 virus strains from the years 1968 to 2015 of the 
same 40 states.

3. Each state’s phylogenetic tree was observed and the genealogical 
distance from the top ranked strain and the 2015 strains was recorded 
(Figure 1, 2)

Results
1. The code provided by Neher et al. made a high accuracy prediction (zero 

or one generation away) for 65% of the samples (Figure 3).
2. The code provided by Neher et al. made a medium accuracy prediction 

(two generations away) for 10% of the samples (Figure 3).
3. The code provided by Neher et al. made a low accuracy prediction 

(three or four generations away) for 25% of the samples (Figure 3).
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Figure 1: The top ranked virus strain for New Hampshire is highlighted 
in green. This strain is zero generations from the 2015 mutations, 
giving this prediction a high accuracy.

Figure 3: Results of the comparison between top ranked virus strain and it's place in 
the phylogenetic tree. Strains that are zero generations indicate a high accuracy 
prediction, whereas strains that four generations away indicate a low accuracy 
prediction.

Figure 2: The top ranked virus strain for Arizona is highlighted in 
green. This strain is three generations from a connection to the 
2015 mutations, giving this prediction a low accuracy.
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