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... except  in  the  light  of  evolution"
"Nothing  in  biology  makes  sense...

but  is  it  for  FUNCTIONAL  reason ?? 

or  is  it  because  they  CANNOT  be  random
by  CONSTRUCTION ?? 

Then  what  sense  does  it  make  to  compare  them  to  randomized  graphs ??

Very  Preliminary  Conclusion

Theodosius  Dobzhansky  (1973)

Biological  Networks  are  NOT  Random  Graphs !
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Mechanisms  of  Genome  Evolution

Long  suspected... recently  proved!

shuffling  of  protein  domains



Implies  important  genetic  modifications!!

Mechanisms  of  Genome  Evolution

shuffling  of  protein  domains



Kellis et al. 2004
Whole  Genome  Duplication  in Yeast  Genome
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Evolution  by  Duplication  Divergence



Evolution  by  Duplication  Divergence
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Conservation  of  Network  Motifs

This  is  in  broad  agreement  with  empirical  observations !

Eventually:    structural  orthology                     functional  orthology
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γγγ 23

Motif  conservation  index

s/o

s/o

s/o

Network  Motifs  are  NOT  Conserved  under
While  Proteins  are  typically  Conserved (if M>1)

Long−term  Duplication−Divergence  Evolution
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Genome  and  PPI  Network  Evolution
under  Protein  Domain  Shuffling

Domain−Domain Interaction Network

Direct interaction bwn protein domains
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protein1=
domain1

Genome  and  PPI  Network  Evolution
under  Protein  Domain  Shuffling

Domain−Domain Interaction Network

Indirect interaction within complexes

Direct interaction bwn protein domains

Multidomain proteins (random shuffling)

Adding  some  "combinatorial  logic"  through  multidomain  proteins

Redefining  PPI  Networks  as  Domain  Interaction  Networks

protein2=

AND

domain2A + domain2B
XOR

XOR
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Evolution  and  Topology  of  Transcription  Networks

E.coli  shallow  Transcription  Network

No  large  scale  feedbacks

but  60%  autoregulators (AR)



Transcription  Factor  Families

Babu  et al.,  NAR  2006



Babu  et al.,  NAR  2006

TF  Family  Expansion  by  Duplication
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crp / fnr example

elimination  of  crosstalks

AR  duplication

Evolutionary  decoupling  of  duplicated  ARs?

Regulatory
conflict !

Duplication / Divergence  Asymmetry

Cosentino−Lagomarsino,  Jona,  Bassetti  &  Isambert,
PNAS, 104, 5516 (2007)     arxiv.org/abs/q.bio/0701035


Hierarchy  and  Feedback  in  the  Evolution
of  Bacterial  Transcription  Networks
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Bacteria  versus  Eukaryote  Transcriptional  Hierarchy  

Cosentino−Lagomarsino et al.  PNAS  2007 Sellerio et al.,  submitted  2008

S. cerevisiae  has  long  transcriptional  cascades  

while  bacteria  have  short  ones

S.  cerevisiaeEscherichia  coli Bacillus  subtilis

> 50%  of  TF ~ 10%  of  TF
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Bacteria  versus  Eukaryote  Transcriptional  Hierarchy  

Cosentino−Lagomarsino et al.  PNAS  2007 Sellerio et al.,  submitted  2008

S. cerevisiae  has  long  transcriptional  cascades  

while  bacteria  have  short  ones

S.  cerevisiaeEscherichia  coli Bacillus  subtilis
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OR  non−adaptative  constraints  on  bacterial  genomes ?? Isambert & Stein,  Biol  Direct  (2009)

Bacteria  versus  Eukaryote  Transcriptional  Hierarchy  

S. cerevisiae  has  long  transcriptional  cascades  

while  bacteria  have  short  ones

S.  cerevisiaeEscherichia  coli Bacillus  subtilis

Adaptative  Selection ? Random  drift ?

Population
Dynamics

N.s > 1 N.s << 1N  population  size
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Transcription / translation  coupling  versus  mRNA  export  out  of  the  nucleus

Apparent  genome  size  constraint ?

Alternatively...  Specific  Evolutionary  Constraints  of  Bacteria?

but  gene  conservation  required                  "mutualized"  gene  pool  +  gene  transfers
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but  gene  conservation  required                  "mutualized"  gene  pool  +  gene  transfers
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but  gene  conservation  required                  "mutualized"  gene  pool  +  gene  transfers

Gene  duplications  +  genome  size  constraint                  gene  turnover

Transcription / translation  coupling  versus  mRNA  export  out  of  the  nucleus

Bacterial  genome  structure : Apparent  genome  size  constraint ?

Alternatively...  Specific  Evolutionary  Constraints  of  Bacteria?



RNA  Dynamics  and  Biomolecular  Systems  Lab
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II.  Evolution  of  Biological  Networks
Modeling  biological  networks  under  duplication−divergence  evolution

Self−assembly  of  ncRNARNA  switches  and  networks

I.  RNA  Regulatory  and  Physical  Networks
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