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Abstract: Cooperation is ubiquitous in nature. Intuitively, the behavior is easy to be exploited by
selfish cheaters unless a specific mechanism is at work. Cooperation has also been found in microbial
world and intrigues many evolutionary biologists. Here, we provide a conceptual overview of several
cooperation mechanisms based on microbial population models, including kin selection, Simpson’s
paradox, repression of competition, evolutionary game theory and so on.

Keywords: Cooperation, Microbial population, Kin selection, Simpson’s paradox, Repression of
competition, Evolutionary game theory

MM SR T o — BRI S AR
FRYZ IR, VR AR, BRI R
FINZE, BRREMMIAGRIER] A0SR T R |
FARTIRAC M IRk IR SO & LR A 1AL B AR A
fEREZ AR A PO SRR, 356
YRR AR AURRIREAT HH—E AU, SR X
MOREARI, XS A AR BRI T AR

AR R BRI AR SRR A RAINMA, ST
B HI NG VSIS AR IR 25, T g Hh R A
o, IXFERRFA S BOU A T 5 S 54
TR . IXURTE A2 AT Erye s ik
Jil(Common tragedy)”. 1o £ [m)8 o BERHCR]
U BCERRE RS RE < AHCIERIT B BIRES, AR
LAVEAT R WMl FE AR BE R AR b 2 R X O

*BIWAEE: Tel: 86-21-60873181; <. sinson26@vip.163.com
is BHA: 2014-08-02; $EZHHER: 2014-11-25; 5k F A BHI(www.cnki.net): 2014-12-11



750 A %8R Microbiol. China

2015, Vol.42, No.4

FILHRINE? XARERIN S| TIFZ RS
WA AR T Z ST, otk
MIEIR ISR RR AR, X2 U (R T I SR T 2
B A W 1) 2 A A A S AR R R ST
FH 2 —3h
VFEZRAEYIRY . R YRR, T
Ty {7 A AR A A T AR, X
BT MR MR Z — iU . SR T RI4E
RS A& AR 22 289 6 (Public good).
X LE LS AR AT A IR, B PE
PIURIIERI . 3R 1 5028 T — S5 e a 1 T o
B E A FE b
A 6 VA D Ry St 14 Bl A A 8 S
Ay R Bt TARMF RO FERT G o AU i T
AW A R, AR, AR T
AR, BRI 2R TR, MR R MR ER
BATEED, RISV S AR RN 2R
FREE LU HA AR i, R B2 5 R BRI AL
HERARZ AR R, I HAT LR B
R o B 45 DR R R A,
RTEAEMRER AL, BRI A P2r K
P TARZ G, [ T2 AR AR B RIS

Al HAJC LAY SRR O I, 2518
WA VR ST o ASORE X — LY L AR A BT 7
T RE LRI S A T R,
1 4% (Kin selection)H i

3 G 0 B H S SRR DU SR 1 5 ] (Hamilton’s
rule), FHVUE/RITAE 1964 4E4RH . H RN,
FG KR, S A VR AR A AT R
(Altruistic behavior) L RS ; RE MG, WAAE
ftri s N SR AR AR AT R TR
A AR S R A R A7 45, R X ALk E)
¥ H S BEEEEE T L H M, REERIS
RIERS, AN L2500 B LIRS HE st
RABERE, MR ILRIHESE, B3RS
s T PR MARRA LR A 25 2, B
FARFA IS, FEAE TR 1T,
<4451 (Green beard)JE FIHESP | B4 Myl
TEMURR AR W) R RO B BRI, R X L
LA B MAEA BRI GVEh 32 45

RZBUEOL T RGP R GAR D
RIVBk SR SR e B L S SRt O ik P
SR RGP R AR BRI D BT T . IRk
WA A A AT R 4 2 A b 236 A 25 2R (1)

®1 WEVESETATHLHEYS

Table 1 Public goods involved in microbial cooperation

Ak TEM
Public good Role
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BERIR 4> T Quorum-sensing molecules ! FTF Al 551 5
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W CEEZ Shiga toxins™ W18 FHH

MY [ Al Nitrogen fixation!”
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Figure 1 A microbial cooperation-cheating model composed of Rhl-producer (Arg ) and nonproducer (Arg*)I25I
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Figure 2 Principle of Simpson’s paradox in microbial cooperation system
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Figure 3 Schematic of the iron-scavenging siderophore molecules in the bacterium Pseudomonas aeruginosa

Pepression of competition Control
First group Second group Third group  First group Second group Third group

aoe w@ DR OO
se@ @@0 a6 COG

& 8
AN N \ LN AN

Select random plates with replacement ~ Select random plates with replacement
v ooy N Y

Select randomly one colony Select randomly one colony
from those two plates from those two plates

v

T

B4 FEHRATFRETHRBRBENSE-RRRGEHIRREZR™

Figure 4 Repression of competition between a siderophore-producing cooperator and nonsiderophore-producing cheater of
the bacterium Pseudomonas aeruginosa™!
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Figure 5 Scale of competition and kin selection theoryl6l
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Figure 6 Design of experiment and sucrose metabolism in the yeast Saccharomyces cerevisiag!”!
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