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S T R E S S E D  T I M E  

A N D  I N D I V I D U A L I T Y

Svenningsen, Mikkel Skjoldan, et al. "Birth and resuscitation of (p) ppGpp induced 

antibiotic tolerant persister cells." Scientific reports 9.1 (2019): 1-13.



E M E R G E N C E  O F  

S L O W  D Y N A M I C S ?

Himeoka, Yusuke, and Namiko Mitarai. "Emergence of growth and dormancy from a 
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1 0 3 1 P H A G E  

P A R T I C L E S  O N  

E A R T H

From Sulcius et al. Oceanologia (2011)



B A C T E R I A L  N E M E S I S :  ( V I R U L E N T )  P H A G E

From: Sabehi et al PNAS 109, 2037-2042 (2012)



P H A G E  D R I V E S  D I V E R S I T Y  B Y  C O M P E T I T I O N  

N O  P H A G E

#  O F  B - T Y P E S  ~  #  O F  R E S O U R C E S  

• Competitive exclusion

W I T H  P H A G E  –

#  O F  B - T Y P S ~ # O F  R E S O U R C E  +  #  O F  P - T Y P E S   
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Haerter, Jan O., Namiko Mitarai, and Kim Sneppen. "Phage and bacteria support mutual diversity in a narrowing staircase of coexistence." The ISME journal 8.11 (2014): 2317-2326.



P H A G E  D R I V E S  D I V E R S I T Y  B Y  A R M S  R A C E

T Y P I C A L  R E S I S T A N T  M U T A N T

• The loss of phage receptor – phage 

cannot infect any more

• Typically costs the growth rate

P H A G E  D E F E N S E  M E C H A N I S M S

• Extracellular matrix trap phages

• Restriction-Modification System

• Abortive infection, TA systems

• CRISPR immune system



P H A G E  M A Y  D R I V E S  S P A T I A L  S T R U C T U R E

Eriksen RS, Svenningsen SL, Sneppen K, Mitarai N. A growing microcolony can survive and support persistent propagation of virulent phages. Proceedings of the National 

Academy of Sciences. 2018 Jan 9;115(2):337-42.



P H A G E S  A R E  A L S O  

D I V E R S :

T E M P E R A T E  P H A G E



P I R A T E  P H A G E

( P A R T  O F  M O B I L E  

G E N E T I C  

E L E M E N T S )

Cf. NM, J. Thor. Biol. (2020)



S U R P R I S I N G  

R O B U S T N E S S  

A N D  D I V E R S I T Y  

I N  U N S E E N  

M A J O R I T Y

• good time and bad time: surviving bad 

time is relevant for survival

• parasites (phage) drive/accelerate 

microbiome diversitifaction/evolution

• Eager to learn and think more about what 

they can do in different environment and 

to the planet


