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including  Pseudoknots  and  Knots

RNA  Folding  Path  Simulations

Harlepp  et  al.,  EPJE  (2003)

Xayaphoummine  et  al.,  PNAS  (2003)

Xayaphoummine  et  al.,  NAR  (2005)

Online  RNA  folding  server http://kinefold.curie.fr > 21,000  online  simulations  so  far
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DNA / RNA  Folding / Unfolding  Kinetics 

k+

k+

is  slow  compare  to  typical  molecular  time  scales,  local  heat  diffusion, etc

DNA  switch  under  folding  kinetics  control

is  fast  compare  to  transcription  rate  < 1 base/ms

RNA  switch  under  co−transcriptional  folding  control

k− can  be  arbitrary  slow  

ek+ = ko = ko 

k+  = 10  − 10   sec( s = 4 − 20 bases )
−7

−1

3ν
−1 −5 −4

Σ
s

s

ν = 0.5−0.6



4

stochasticformation

of entire helices

following  theby

and  dissociation

k k1 3k2

choose one  transition stochastically :
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k  =  k exp(−   G  /kT)all rates :

along  the  folding  path :each  configurationAt

Efficient speed−up using

Stochastic Simulations"

"Exactly Clustered

PNAS 100, 15310 (2003)PNAS 97, 6515 (2000)

Modeling  RNA  Folding  Kinetics
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Pseudoknot  proportion

predicted

known

Tetrahymena  Group I  Intron

predicted

known

Hepatitis  delta

50−base−long  random  sequence  

100−base−long  random  sequence  

150−base−long  random  sequence  

virus  ribozyme

88 bases

394 bases

100−base−long  Random  Sequences

Average  Pseudoknot  Proportion :

Pseudoknot  Prevalence  in  RNA  Structures

PNAS, 100, 15310 (2003)
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BA

Pseudoknots  versus  knots  (‘entangled  helices’)
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Pseudoknot Entangled
helix

PseudoknotPseudoknot

BA

Pseudoknots  versus  knots  (‘entangled  helices’)

5’ 5’

3’ 3’

Topologically
entangled  helix

Self−induced
counter−twist

constraint
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BA

Pseudoknots  versus  knots  (‘entangled  helices’)
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entangled  helix

Self−induced
counter−twist
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"Tangle"
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BA

Pseudoknots  versus  knots  (‘entangled  helices’)
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Topologically
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Encoding  Folding  Paths  of  RNA  Switches

under  Antisense  Regulation

Viasnoff  et  al.,  NanoLett.  (2006)

Xayaphoummine  et  al.,  NAR  (2007)

Dawid,  Cayrol,  Arluison
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Riboswitches  (metabolite−induced conformational change)

Breaker et al.
2002−2004
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tRNA−mediated antitermination in vitro
Putzer et al, NAR 2002

Antiterminator/terminator
switch  regulating  thrS

Thr

T

AT

T

threonyl−tRNA synthetase (thrS) of Bacillus subtilis

Escherichia  coli Bacillus  subtilis

(Post)−transcriptional  regulation  through  RNA  switch  control

combine :  antisense  interaction  +  structural switching
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structure 1
structure 2

Fig 4     Example of a simple design of RNA switch (both structures have equivalent energy here)
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Example of simple RNA switch design (both structures have equivalent energy here)

Transcription−guided  vs  equilibrium  folding
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Evlampiev  &  Isambert,    arxiv.org/abs/q−bio.MN/0606036

Evlampiev  &  Isambert,    arxiv.org/abs/q−bio.MN/0611070

Evolution  of  Large  Biological  Networks

under  General  Duplication−Divergence  Models
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within  some  species  families
Even  multimodal  distribution

5 decades   (8 including viruses)

Genome  size  distribution

what  was  known  before  sequencing

Sparrow 1976
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Human 20,000−25,000

Arabidopsis 29,000

Gallus 20,000−23,000

Paramecium 39,000

Wheat 75,000 ?
(allohexaploid)

6,000

19,000

13,000

Ten  Years  of  Genome  Sequencing:

Tetraodon 22,000

1 cell

100,000 cells

1,000 cells

Evolution  through  Duplication−Divergence  of  Genes  and  Genomes

few  genes...  same  genes...
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protein1 protein2

interaction

Combinatorial  Gene  Expression

Detailed  interaction  logic  (AND/OR/NOT)

Combinatorics

Network−like schematic representations :

without logic !!
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Mechanisms  of  Genome  Evolution

Long  suspected... recently  proved!

shuffling  of  protein  domains
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Implies  important  genetic  modifications!!

Mechanisms  of  Genome  Evolution

shuffling  of  protein  domains
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Kellis et al. 2004
Whole  Genome  Duplication  in Yeast  Genome



28

Kellis et al. 2004
Whole  Genome  Duplication  in Yeast  Genome
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Cosentino−Lagomarsino,  Jona,  Bassetti  &  Isambert,

arxiv.org/abs/q.bio/0701035,    PNAS  (2007),  in  press


Hierarchy  and  Feedback  in  the  Evolution

of  Bacterial  Transcription  Networks
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Replication  pressure  on  bacterial  genome  evolution
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Yersinia  pseudotuberculosis  versus  Yersinia  pestis
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Transcription  in  Bacteria

Regulatory  Interactions

?
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Transcription  Factor  Families

Babu  et al.,  NAR  2006
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Babu  et al.,  NAR  2006

TF  Family  Expansion  by  Duplication
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