
         
        

       

        
     

        
         
      

       
         

 
        

     
      

         
    

       
       
        

      
  

   
      

     
        

    
E - ElXcidaWe Whe H\SRWheViV

Ɣ OYerall Research Question: HoZ does the eYolution, genetic basis (mutations),
and cost of resistance against different phages targeting the same or different
bacterial surface receptors change depending on the e[posure to phages
simultaneousl\ or in succession (and the order of phages applied in succession)?

Ɣ E[periments and H\potheses
ż E[periment 1: simultaneous e[posure of phages - resistance

Ŷ T\pe: e[perimental test
Ŷ H\pothesis: Since the use of multiple phages together is thought to

combat the deYelopment of resistance to phages, if multiple phages
are effectiYe in limiting deYelopment of resistance in bacteria, then
simultaneous addition of phages to strain PAO1 Zill result in mutant
bacteria Zith limited resistance to either phage applied.



ż E[periment 2: sequential e[posure of phages - resistance
Ŷ T\pe: e[perimental test
Ŷ H\pothesis: Since preYious studies haYe shoZn that sequential

e[posure of phages can be as effectiYe at limiting resistance as
simultaneous application of phages, if sequential application of
phages to a bacterial population is effectiYe in limiting deYelopment
of phage-resistance, then sequential addition of phages to strain
PAO1 Zill result in mutant bacteria Zith limited resistance to either
phage applied.

ż E[periment 3: e[posure of phages targeting the same cell surface
molecule

Ŷ T\pe: e[perimental test
Ŷ H\pothesis: Since cross-resistance ma\ occur more easil\ if

multiple phages selecting for resistance target the same cell
surface molecule, if cross-resistance occurs more often Zhen
bacteria are e[posed to multiple phages targeting the same cell
surface molecule, then Zhen strain PAO1 is e[posed to multiple
phages targeting the same molecule, cross-resistance mutations
Zill occur.

ż E[periment 4: e[posure of phages targeting different cell surface
molecules

Ŷ T\pe: e[perimental test
Ŷ H\pothesis: Since cross-resistance ma\ occur more easil\ if

multiple phages selecting for resistance target the same cell
surface molecule, if cross-resistance is deterred Zhen bacteria are
e[posed to multiple phages targeting different cell surface
molecule, then Zhen strain PAO1 is e[posed to multiple phages
targeting different molecules, cross-resistance mutations Zill not
occur.

ż E[periment 5: simultaneous e[posure of phages targeting different cell
surface molecules - fitness cost

Ŷ T\pe: e[perimental test
Ŷ H\pothesis: Since mutations of cell surface molecules are

associated Zith high fitness cost and since resistance to multiple
phages likel\ requires multiple mutations, if resistance to multiple
phages is associated Zith high fitness cost, then bacteria Zith
resistance to multiple phages Zill haYe highl\ reduced fitness
compared to bacteria Zith no resistance.

ż E[periment 6: Zhat / hoZ man\ mutations accumulated in response to
e[posure to multiple phages



Ŷ T\pe: descriptiYe test
Ŷ H\pothesis: Since mutations are required for bacteria to gain

resistance to phages, if a bacteria that is resistant to multiple
phages e[ists, then bacteria resistant to multiple phages Zill shoZ
multiple mutations Zhich mutate the targets of the phages the
bacteria is resistant to.

ż E[periment 7: Zhat / hoZ man\ mutations accumulated in response to
e[posure of a bacteria to a single phage

Ŷ T\pe: descriptiYe test
Ŷ H\pothesis: Since mutations are required for bacteria to gain

resistance to phages, if a single mutation is responsible for a
bacteria that is resistant to a single phage, then the bacteria
resistant to single phages Zill shoZ limited (eYen single) mutations
Zhich proYide resistance to the phage the bacteria is resistant to.

ż E[periment 8: Zhat / hoZ man\ mutations accumulated in response to
simultaneous e[posure of phages

Ŷ T\pe: descriptiYe test
Ŷ H\pothesis: Since cross-resistance mutations proYide resistance

against multiple phages more quickl\, Zith a single mutation eYent,
if cross-resistance mutations are more common in bacteria
e[posed to multiple phages simultaneousl\, then bacteria Zith
resistance to phages applied simultaneousl\ Zill haYe single
cross-resistance mutations.

ż E[periment 9: Zhat / hoZ man\ mutations accumulated in response to
sequential e[posure of phages

Ŷ T\pe: descriptiYe test
Ŷ H\pothesis: Since sequential e[posure of phages proYides more

opportunit\ for bacteria to accumulate multiple, specific mutations,
if bacteria e[posed to phages sequentiall\ gain resistance to those
phages through multiple mutations, then those bacteria Zill haYe
multiple mutations, each specific for a certain phage target.

ż E[periment 10: hoZ do specific mutations affect the fitness of the
bacteria?

Ŷ T\pe: descriptiYe test
Ŷ H\pothesis: Since different mutations impose different leYels of

strain on a bacteria¶s fitness, if multiple resistance mutations haYe
an additiYe or s\nergistic negatiYe effect on bacterial fitness, then
bacteria Zith multiple resistance mutations Zill haYe a higher fitness
cost than bacteria Zith single resistance mutations.

  


