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•  In 1 mL of sea water!
–  106 bacteria!
–  107 phage!

•  36 million km3 of water in 
the top 100m of the sea!

•  Rare events for a single cell 
do not equate to rare 
events for the whole 
population!

•  The evolutionary arms race 
rapidly evolves arsenals of 
largely unexplored 
mechanisms!

Barriers to lytic infection by DNA phage!

Adsorption inhibition!

Restriction enzymes!

CRISPR/Cas!

Host 
competition!

Replication!
Transcription!

Translation!

Abortive infection!

Tiny organisms in large numbers have a large 
impact on our ecosystem!



The Nahant Collection!

•  Largest phylogenetically 
resolved phage-host 
cross-test!

•  241 diverse phage!
–  nontailed (Tecti-)!
–  tailed (Podo-, Myo-, Sipho-)!

•  243 hosts, ecologically 
differentiated!
–  E. norv are free-living!
–  V. cyc, large-particle 

specialists!
–  V. tas are generalists.!

•  1000 phage gene clusters!
•  10,000 host gene clusters!

Kathryn Kauffman!



Thesis Aims!
•  Aim 1: Identify novel mechanisms and 

infection and defense in the coastal ocean!
•  Aim 2: Elucidate the role of phage 2.275.O. 

tRNA during the infection cycle!
•  Aim 3: Develop curricula for engineering/

statistics outreach!



Aim 1: Identifying novel mechanisms and 
infection and defense in the coastal ocean!



Correcting for population structure is important for 
sifting out relevant signals from spurious correlations!
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Generalizing the analysis to the 2D matrix allows 
us to model interacting phage/host systems!
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10,000,000 interaction terms!
•  1000 virus proteins!
•  10,000 host proteins!
•  10,000,000 interaction terms!
•  Y is 243 x 241 ~ 58,000!
•  To calculate M, predictors 

~58,000 x 10,000,000!
•  ~4.7 TB!
•  Sparse encoding is ~4 GB!
•  How do we interpret 

10,000,000 coefficients?!



Generalizing the analysis to the 2D matrix allows 
us to model interacting phage/host systems!



But how do we interpret the 
coefficients?!



Geometric interpretation of projecting phage and 
hosts into the same space!
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Idea from Philippe Rigollet!



Idea: interpret orthogonal 
components?!
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Taking a step back, goal is to generate testable 
hypotheses, so we need still more intuitive ways to 

interact with the data!



Demo!



Summary!
•  Correcting for phylogenetic confounding allows 

us to pick out defense mechanisms that would 
otherwise be lost among spurious correlations!

•  The multivariate model allows us to view the 
problem from a prediction perspective, and 
also helps us think about putative protein 
interactions between phage and host!

•  Visualizing the data and results in an 
interactive manner, allows us to generate 
hypotheses about putative receptors and 
defense mechanisms!
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Aim 3: Developing modules for engineering/
statistical education!



Incorporating statistics into Environmental 
Engineering for 8th Graders!

•  Building simple air quality sensors and 
interpreting the data collected (with Josh 
Moss/Kroll Lab)!

•  Experimental design applied to building wind 
turbines (with Ava Waitz)!

•  Interpreting maps – solar irradiance, rainfall, 
soil types, crop yields!

•  Population modeling using game theory –
prisoner’s dilemma/rock-paper-scissors/etc!

•  Etc.!
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Incorporating statistics into Environmental 
Engineering for 8th Graders!

•  Building simple air quality sensors and 
interpreting the data collected (with Josh 
Moss/Kroll Lab)!

•  Experimental design applied to building wind 
turbines (with Ava Waitz)!

•  Interpreting maps – solar irradiance, rainfall, 
soil types, crop yields!

•  Population modeling using game theory –
prisoner’s dilemma/rock-paper-scissors/etc!

•  Etc. (lots of guidance from Anjuli Jain)!
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