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Cyanobacteria and the Great 
Oxidation Event (GOE)



There are competing hypotheses about 
the timing of the origin of oxygenic 
photosynthesis and the GOE

?



Hypothesis 1: Oxygenic photosynthesis 
evolved just prior the GOE



Hypothesis 2: Oxygenic photosynthesis 
evolved well before the GOE but was 
ecologically restricted



The transition from terrestrial to marine 
environments has been posited as a 
major constraint

Sánchez-Baracaldo et. al. 2005



Research questions

Does habitat 

predict salinity 

tolerance?

Is salinity tolerance 

discrete?
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We surveyed the literature to develop a 
database of cyanobacterial responses to 
changes in salinity



We surveyed the literature to develop a 
database of cyanobacterial responses to 
changes in salinity

Papers Species Growth 

rates

Salinity 

range

> 20 > 75 > 1000 0 – 230 ppt



Does habitat predict salinity tolerance?
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Does habitat predict salinity tolerance?



Is salinity tolerance discrete?



    

    

    

    

    

      

              

 
 
  

 
   
 
 
  
  
 
  
  
 
  

Is salinity tolerance discrete?



            

              

 
  

 
 
 
 
 
  
  
 
   
  
 
  
 

                    

           
        
      
           

 
 
   

 
  
 
   
   

Is salinity tolerance discrete?
1. Sánchez-Baracaldo et. al. 2005

2. Uyeda et. al. 2016

3. Sánchez-Baracaldo et. al. 2017



            

              

 
  
 
 
 
 
 
  
  
 
   
  
 
  
 

                    

           
        
      
           

 
 
   

 
  
 
   
   

Is salinity tolerance discrete?
1. Sánchez-Baracaldo et. al. 2005

2. Uyeda et. al. 2016

3. Sánchez-Baracaldo et. al. 2017



            

              

 
  
 
 
 
 
 
  
  
 
   
  
 
  
 

                    

           
        
      
           

 
 
   

 
  
 
   
   

Is salinity tolerance discrete?
1. Sánchez-Baracaldo et. al. 2005

2. Uyeda et. al. 2016

3. Sánchez-Baracaldo et. al. 2017

      

              

Expected terrestrial reaction norm



            

              

 
  
 
 
 
 
 
  
  
 
   
  
 
  
 

                    

           
        
      
           

 
 
   

 
  
 
   
   

Is salinity tolerance discrete?
1. Sánchez-Baracaldo et. al. 2005

2. Uyeda et. al. 2016

3. Sánchez-Baracaldo et. al. 2017

          

              

Expected brackish reaction norm



            

              

 
  
 
 
 
 
 
  
  
 
   
  
 
  
 

                    

           
        
      
           

 
 
   

 
  
 
   
   

Is salinity tolerance discrete?
1. Sánchez-Baracaldo et. al. 2005

2. Uyeda et. al. 2016

3. Sánchez-Baracaldo et. al. 2017

        

              

Expected marine reaction norm



            

              

 
  
 
 
 
 
 
  
  
 
   
  
 
  
 

                    

           
        
      
           

 
 
   

 
  
 
   
   

Is salinity tolerance discrete?
1. Sánchez-Baracaldo et. al. 2005

2. Uyeda et. al. 2016

3. Sánchez-Baracaldo et. al. 2017

          

              

Low salt tolerance marine reaction norm



            

              

 
  
 
 
 
 
 
  
  
 
   
  
 
  
 

                    

           
        
      
           

 
 
   

 
  
 
   
   

Is salinity tolerance discrete?
1. Sánchez-Baracaldo et. al. 2005

2. Uyeda et. al. 2016

3. Sánchez-Baracaldo et. al. 2017

       

              

High salt tolerance terrestrial reaction norm



            

              

 
  
 
 
 
 
 
  
  
 
   
  
 
  
 

                    

           
        
      
           

 
 
   

 
  
 
   
   

Is salinity tolerance discrete?
1. Sánchez-Baracaldo et. al. 2005

2. Uyeda et. al. 2016

3. Sánchez-Baracaldo et. al. 2017

             

              

High salt tolerance terrestrial reaction norm



Research answers

Does habitat 

predict salinity 

tolerance?
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Research answers

Does habitat 

predict salinity 

tolerance?

Is salinity tolerance 

discrete?

Sometimes but not 

always
No



Future question: Can we identify 
molecular mechanisms behind the 
different response shapes?
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Future question: How do these 
reaction norms evolve?

                         

                                

                                 

                                        

                             

                                    

                                 

                                        



Future question: How do these 
reaction norms evolve?

                         

                                

                                 

                                        

                             

                                    

                                 

                                        

Ancestral state 
reconstruction



Future question: How do these 
reaction norms evolve?

                         

                                

                                 

                                        

                             

                                    

                                 

                                        

Experimental 
evolution
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Questions?


