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SNPS	
  are	
  clustered	
  along	
  chromosome	
  

K-­‐12	
  vs	
  UMNF18	
  diverged	
  by	
  ~0.18%	
  



•  32 strains of E. coli 

•  5 main evolutionary 
groups A, B1, B2, D, E 
 

•  Basic genome = 3.95Mb 
or ~4000 1kb segments  

•  Sequence divergence: 
0.06%-2.5% 
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Neutral	
  evolu,onary	
  model	
  
•  Follow	
  divergence	
  of	
  2	
  strains	
  	
  
•  Muta,on	
  rate	
  μ	
  =6.3	
  x	
  10-­‐10	
  /bp/genera,on	
  
•  Recombina,on	
  rate	
  ρ	
  =1.7	
  x	
  10-­‐10/bp/genera,on	
  
•  lR=10kb	
  -­‐	
  average	
  length	
  of	
  recombined	
  segments	
  
•  δqc=1%	
  defining	
  probability	
  of	
  successful	
  transfer	
  +	
  
recombina,on:	
  	
  precomb	
  ~	
  exp(-­‐δ/δqc)	
  	
  

 Dixit P, Pang TY, Studier FW, Maslov S, submitted (2014); arXiv:1405.2548 

Strain 1 
Strain 2 

SNPs 

X 

X 

X 

X 



 Dixit P, Pang TY, Studier FW, Maslov S, submitted (2014); arXiv:1405.2548 



Δc=1.25% 



Slope ~1/10 









Phages	
  are	
  likely	
  responsible	
  for	
  HT	
  
•  In	
  6	
  closest	
  pairs	
  of	
  strains	
  HT	
  segments	
  are	
  	
  
42kb	
  to	
  115	
  kb	
  long	
  –	
  a	
  good	
  match	
  for	
  phage	
  
capsids.	
  Above	
  it	
  ~10kbp	
  likely	
  due	
  to	
  RM	
  system.	
  

•  What	
  defines	
  bacterial	
  species?	
  
– NOT	
  common	
  clonal	
  ancestor	
  (disappears	
  at	
  ~1%)	
  
– Same	
  as	
  in	
  animals/plants	
  it	
  is	
  SEX:	
  the	
  ability	
  to	
  
exchange	
  gene,c	
  material	
  with	
  each	
  other	
  

– Biophysics	
  of	
  homologous	
  recombina,on:	
  	
  
“Quality	
  control”	
  

– Phage-­‐Bacteria	
  Infec,on	
  Networks:	
  	
  	
  
biological	
  “BitTorrent”	
  



Take	
  home	
  messages	
  for	
  	
  
E.	
  coli	
  strain	
  evolu,on	
  

n  HGT	
  +	
  Recombina,on	
  brings	
  10	
  ,mes	
  more	
  	
  
varia,on	
  than	
  clonal	
  muta,ons	
  

n  Clonal	
  segments	
  disappear	
  when	
  genomes	
  
diverge	
  above	
  	
  ~1%	
  

n  Recombined	
  segments	
  are	
  long:	
  100	
  kb	
  -­‐10kb	
  
and	
  likely	
  carried	
  by	
  phages	
  

n  Genome	
  divergence	
  brought	
  by	
  HGT	
  is	
  
exponen,ally	
  distributed	
  



Why	
  exponen,al	
  tail?	
  

•  Time	
  to	
  coalescence:	
  	
  
Prob(t)=	
  1/Ne	
  (1-­‐1/Ne)t-­‐1=exp(-­‐t/Ne)	
  

•  δ=	
  2μt	
  	
  à	
  Prob(δ)=exp(-­‐	
  δ	
  /2μNe)	
  	
  
à	
  exponen,al	
  slope	
  =1/2μNe	
  or	
  1/θ	
  

•  θ=60	
  or	
  popula,on	
  size	
  Ne=1	
  x	
  109	
  
consistent	
  with	
  earlier	
  es,mates	
  

•  Alterna,ve	
  explana,on:	
  biophysics	
  of	
  
homologous	
  recombina,on.	
  

•  Prob(δ)=(1-­‐	
  δ)2L=exp(-­‐	
  δ·∙2L).	
  L=30	
  
	
  



SNP-SNP correlations in B. subtilis sp168 vs BEST195 



O-antigen 
region 

LipoPoly 
Saccharide  

(LPS) region 

yad Fimbrial 
operon 

yfc Fimbrial operon 

ribosomal  
proteins 

ribosomal  
proteins 

Above/Below 3 std 
•  27 hypervariable 
•  36 conserved 
Only 1.5% of all  
genes disagree with 
neutral model 

Hypervariable	
  and	
  conserved	
  genes	
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