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The seven major transi*ons 



   Obstacles to major transi*ons: 
Why is it so hard? 

• Most of the major transi*ons are rare, or even singular. 
• How do the fitness interests of lower and higher levels of biological 
replica*on become aligned? 

• Or, what keeps selec*on ac*ng on the ancestral level of biological 
organiza*on (within‐group selec*on) from disrup*ng the integra*on of 
the derived level? 

• Gene*c conflicts within and 
across levels of biological 
organiza*on oppose selec*on 
favoring increased levels of 
biological complexity. 



  THE EVOLUTION OF MULTICELLULARITY: 
Why is it so easy (in eukaryotes)? 



   Why be mul*cellular? 

1.  Coopera*ve feeding 
2.  Size‐related defense against predators or compe*tors 

3.  Storage of resources 
4.  Func*onal specializa*on/division of labor 

Invertase + 

Invertase ‐  

Koschwanez, Foster & Murray (2011) PLoS Biology 9: 1‐10. 



  How to make a mul*cellular organism 
1.  CLONAL (UNICELLULAR) DEVELOPMENT 
                      (staying together) 

2.  AGGREGATIVE DEVELOPMENT 
              (gecng together) 



3.  VEGETATIVE (MULTICELLULAR) DEVELOPMENT 

•  Life cycles almost always involve regular passage through a unicellular 
stage (either a spore or a zygote). 



4.  MATT’S TALK (all the other stuff) 



Myxobacteria  No  Yes 

Cellular slime 
molds 

No  Yes 

Pseudomonads  No  Yes 

Ascomycetes  Yes + Vegeta*ve  No 

Basidiomycetes  Yes + Vegeta*ve  No 

Red algae  Yes + Vegeta*ve  No 

Sponges  Yes + Vegeta*ve  No 

Cnidarians  Yes + Vegeta*ve  No 

Bryozoans  Yes + Vegeta*ve  No 

Colonial                
ascidians 

Yes + Vegeta*ve  No 

Everyone else  Yes + Vegeta*ve  No 

  Modes of development in mul*cellular organisms 



   Sources of gene*c conflict in the  
mul*cellular transi*on 

• Gene*c conflicts arise when 
there is within‐organism/
individual gene*c varia*on and 
some variants can proliferate at 
the expense of others. 

• Defector or parasi*c variants 
(aka CHEATERS) can disrupt the 
integrity of the mul*cellular 
organism (the public good or 
commons) and de‐stabilize the 
transi*on to mul*cellularity. 

Pseudomonas aeruginosa 



   Where do cheaters come from? 

CHEATER 

SOMATIC MUTATION  CO‐AGGREGATION 

COLONY FUSION (another form of ge>ng together) 



   Life cycles of mul*cellular organisms:  
Fates of cheaters 

CLONAL (UNICELLULAR) DEVELOPMENT 
(staying together) 

+ Policing/ 
Recogni*on 

‐ Policing/ 
Recogni*on 



   Controlling cheaters 

•  GERM‐LINE SEQUESTRATION  
− Buss, the “young” Michod? 

•  BOTTLENECKS/UNICELLULAR 
DEVELOPMENT 
− Hamilton, Maynard Smith, 
Dawkins,  Price 

•  ALLORECOGNITION/POLICING  
− Buss, Frank, & many others 

•  HUMILIATION? 



   Sequestra*on of a germ line... 

•  Once a group of cells is set aside for reproduc*on, only muta*ons in that 
popula*on can be transmiied to the next genera*on. 

GERM  GERM  GERM 

SOMA  SOMA  SOMA 

•  (1) The earlier a germ line is sequestered, (2) the fewer cells the # of cells 
that ini*ate that line, & (3) the fewer mito*c divisions that occur in that line, 
the less likely it is that defector cells will arise and come to dominate the 
pool of gametes. 



1. If the life cycle involves a unicellular bo:leneck, cheaters would either...  
•  not have to pay any soma*c cost of being cheaters (they always prosper) 

•  or find new vic*ms each genera*on 

   Sequestra*on of a germ line: problems 



Myxobacteria  +  No 

Cellular slime molds  +  No 

Pseudomonads  +  No 

Ascomycetes  +  No 

Basidiomycetes  +  No 

Red algae  ?  No 

Sponges  ?  No 

Cnidarians  ?  No 

Bryozoans  ?  No 

Colonial ascidians  +  No 

   2. Lots of mul*cellular organisms face cheaters 
 but don’t sequester a germ line 



   Controlling cheaters 

•  SequestraNon of a germ line:  

•  May be very important for the evolu*on of complex 
development, but NOT mul*cellularity per se 

•  BoPlenecks/Unicellular Development: 

•  AllorecogniNon/Policing:  



CLONAL (UNICELLULAR) DEVELOPMENT 

•  KIN SELECTION: Kinship reset to r=1 every genera*on. 

   How boilenecks control chea*ng 

• GROUP SELECTION: Gene*c variance re‐distributed EVERY genera*on from 
within to between organisms. 

• How can cheaters prosper across genera*ons (if there’s any cost to chea*ng)? 



   Controlling cheaters 

•  Sequestra*on of a germ line 
•  May be very important for the evolu*on of complex development & 
differen*a*on, but NOT mul*cellularity per se 

•  Boilenecks/Unicellular Development 
•  All mul*cellular organisms with complex development regularly pass 
through a unicellular phase 

•  Promotes evolu*on of coopera*on through clone/kin selec*on 
•  Severely handicaps cheaters by forcing them to make it on their own 
each genera*on 

•  AllorecogniNon/Policing  



   Allorecogni*on/Policing (Detec*ng Cheaters) 



   Mechanisms that control cheaters 

•  SequestraNon of a germ line 
•  May be very important for the evolu*on of complex development & 
differen*a*on, but NOT mul*cellularity per se 

•  BoPlenecks/Unicellular Development 
•  All mul*cellular organisms with complex development regularly pass 
through a unicellular phase 

•  Promotes evolu*on of coopera*on through clone/kin selec*on 
•  Or, promotes coopera*on by transferring within‐group variance to 
among‐group variance 

•  Severely handicaps cheaters by forcing them to make a go of it on 
their own each genera*on 

•  Kin recogniNon/Policing  
•  Limits aggrega*on &/or fusion to clonemates and close rela*ves, 
controlling opportuni*es for, & costs of, chea*ng 

•  Widespread in taxa that have evolved socie*es of mul*cellular 
individuals 



Myxobacteria  No  Yes  ?  +  +  No 

Cellular slime 
molds 

No  Yes  ?  +  +  No 

Pseudomonads  No  Yes  ?  +  ?/+  No 

Ascomycetes  Yes + Vegeta*ve  No  +  +  +  No 

Basidiomycetes  Yes + Vegeta*ve  No  +  +  +  No 

Red algae  Yes + Vegeta*ve  No  +  ?  +/?  No 

Sponges  Yes + Vegeta*ve  No  +  ?  +  No 

Cnidarians  Yes + Vegeta*ve  No  +  ?  +  No 

Bryozoans  Yes + Vegeta*ve  No  +  ?  +  No 

Colonial                
ascidians 

Yes + Vegeta*ve  No  +  +  +  No 

Everyone else  Yes + Vegeta*ve  No  ‐  (pathogens)  + (social groups)  Yes 

   Development, defectors, & controls 



   The boiom line:  
The transi*on to mul*cellularity 

•  Mul/cellular organisms that develop by 
aggrega/on or fusion rely primarily on 
allorecogni*on or policing to limit the impacts 
of cheaters 

•  All mulNcellular organisms must control intraorganismal geneNc conflicts 

•  Mul/cellular organisms that develop clonally 
from a unicell limit the impacts of cheaters 
through (1) kin (or group) selec*on and 
(2)allorecogni*on/policing 



The evolu*on of mul*cellular complexity 

•  A unicellular boileneck may be essen*al for the 
evolu*on of morphologies more complex than 
those observed in slime molds, etc. 
 Not clear why... 

•  Alignment of fitness interests? 
•  Epigene*c/developmental coordina*on? 

•  Germ line sequestra*on appears to be associated 
with the evolu*on of complex mul*cellular 
organiza*on (but NOT mul*cellularity per se) 
•  Is it important dis*nguish among terms like germ‐
soma, germ line sequestra?on, gametes, etc.? 

•  Allorecogni*on & policing favor the evolu*on of 
persistent social coopera*on, especially when 
coopera*on involves reproduc*ve altruism 


