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That is the Question.
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Selfish Gene

• Natural selection– a 
fight to the death.

• Can the “selfish gene” 
lead to cooperation?
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Selfish Gene

• Natural selection– a 
fight to the death. 

• Can the “selfish gene” 
lead to cooperation?

• Survival is not a zero‐
sum game.

Courtesy : http://michaelbrooks.org/blog/post/2009/03/09/Challenging‐the‐selfish‐gene.aspx
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Why Yeast?

• Humans  and animals – too 
complex

• Simple “decisions” by yeast 
genes

• More easily interpreted 
results!
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larger payoff than 
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• Both players get 
small payoff. 
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Prisoners’ Dilemma

• Best global 
outcome 
with both 
players 
cooperating.

• Each player 
always better 
off defecting.

<http://www.itsallaboutlappy.com/news1_07.htm>
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Snowdrift Game (Chicken)

Ramamurthy et. al. "Snowdrift Game Dynamics and Facultative Cheating in Yeast." 
Phys 596 Journal Club Presentation. 144 Loomis Lab of Physics, Urbana. 21 Oct. 2011.

• Cooperation is 
beneficial, but 
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beats 
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single 
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better.



Biological Background



Yeast as a model organism to study 
microbial cooperation
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Yeast
• Need Glucose

• Sucrose + Invertase Glucose

• 99% of created Glucose diffuses away

“Cheating”
• Using Glucose produced by other cells

and
• Not producing invertase



Game

• Cooperation cost – invertase production

• Cooperation benefit – Glucose capture 
efficiency 1%

Constant parameters
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Can we vary cost of cooperation?

• Delete gene coding Histidine in the 
“Cooperator” strain

• Decreasing [Histidine] will limit growth of 
“Cooperators”

• Effective increase of cooperation cost
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“Cooperators”
• Produce Invertase
• Cannot produce Histidine
• Express YFP

“Cheaters”
• Do not produce Invertase
• Can produce Histidine
• Express Tdtomato



“Cooperator” and “Cheater” Yeast strains

Adapted from J. Gore et al, Nature. Vol. 459. May 2009. p 253‐256
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Results



Uncommon Strategies Win!

• Large

Time, days

increase in 
cheaters

• Small increase in 
cooperators

Time, days
0 2 4



Uncommon Strategies Win!

• Large

Time, days

increase in 
cheaters

• Small increase in 
cooperators



It’s a Snowdrift Game!
• Steady state is only dependent on [His] ‐ cost of 
cooperation

• Existence of cooperation in steady state implies it’s a 
snowdrift game

Time, days



Linear model doesn’t work!

• A linear model          No snowdrift game.
• We need nonlinearity. 
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Report
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No Quantitative Statistics

Fig. 3.a.



(Minor) Scientific Deficiencies

Gap in data

Error bars only significant at ~1σ
No Quantitative Statistics

No Quantitative Statistics

Fig. 3.c

Fig. 3.a.



Critique

• Clear explanation of fitted model not 
presented.

• Different data points could’ve been 
distinguished better.

• MB and PD are not demonstrated.



Citation report

Paper was cited 44 times since its publication in 
2009



Positive Impact



Conclusions

• Clear example of snowdrift game in 
coexistence of both strains.

• Both strategies survive.
• Hint towards Multicellularity?



Questions





Game Type Comparison

Mutual Beneficence: 
C > W > L > D

Prisoner’s Dilemma: 
C > W > D > L

Snow Drift:                
W > C > L > D



Backup slide #1
Yeast as a model organism to study microbial 

cooperation

• Simplest eucaryote
• Short generation time – 1.25‐2 h
• Easy to culture
• Well studied – genome is sequenced
• Developed genetic techniques



Histidine, Cooperation, and Growth rate
• Less histidine => less cooperation

(more cheaters)

• Less histidine => slower growth rate



Modeling the Game. Linear model
If PD and PC are linear with ɛ and c:      

PD ‐ defector growth rate
PC  ‐ cooperator growth rate
ɛ ‐ glucose capture efficiency
c – cooperation cost 
f ‐ cooperator fraction

No snowdrift 
game 



Modeling the Game. Nonlinear model

PD ‐ defector growth rate
PC  ‐ cooperator growth rate
ɛ ‐ glucose capture efficiency
c – cooperation cost 
f ‐ cooperator fraction

∈ 0.15, 0.1

If PD and PC are nonlinear with ɛ and c: Snowdrift 
game 


