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How can we accomodate a chromosome into a E.coli container  
with 0.5‐0.75 μM diameter?  



Localiza2on of certain groups of genes along structured chromosomes creates spa2al 
chromosomal subregions in which genes can be accessed by limited diffusion of RNA 
polymerase or RNA polymerase fixed in factories. 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Genomic evidence for E.coli 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Search for periodicity from core genes 



Core genes are selected to have high Self‐Consistent Codon Index (SCCI) values.  
SCCI is highly correlated to Codon Adapta2on Index (CAI) in E.coli. 

Core genes 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(2003) 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19:2005‐2015. 



The most biased set of 
genes found in E.coli 

SC
CI
 (a
lg
or
ith

m
) 



SCCI(g) > µ+σ = 0.42 

We look at the tail 
Core genes 



‐ Genes with uncharacterised func2on 
‐  Genes dependent on specific environmental condi2ons 
‐  Stress response genes 
‐  Highly expressed genes (belonging to most species) 
‐  Non‐orthologous genes 

SCCI(g) > µ+σ 

Core genes 



E.coli 

EcoCyc network, P.Karp et al. A.  Carbone, R. Madden, Journal of Molecular EvoluCon, 2005. 

SCCI can be 
used to detect 
essential 
metabolic 
networks 



Rela've  
Pathway  
Index 

RPI(P) = (PI(P)‐μM)/σM 

Pathway Index 

PI(P) = mean SCCI(g) 
      g∈P 

E.coli 



TCA cycle 
aerobic respira2on 

Glycolysis 

Non‐oxida2ve branch  
of the pentose  
phosphate pathway 

His2dine+purine+ 
pyrimidine biosynthesis 

...and also : 

L‐serine degrada'on 
(Pizer&Potochny 1964) 

Ammonia assimila'on  
Pathway 

(Reitzer 1986,  
Helling 1994) 



Circular chromosome 



             Lagging      Leading    Total 

Number of genes       1931      2364    4295 
Number of core genes    223      340      563 
Top 100 core genes     24       76      100 
Core genes near to ORI    122      207      329 
Core genes near to TER    101      133      234 

A bias appears on the Leading strand around the Origin of replica2on (ORI) 

Chromosomal localiza2on of core genes 



Models 



On Arc‐based model : 

Fourier Analysis: histogram and periodogram 



On Arc‐based model : 

Fourier Analysis: histogram and periodogram 



 0

 1e+06

 2e+06

 3e+06

 4e+06

 5e+06

 6e+06

 7e+06

 8e+06

4800000 50000 20000 15000 10000

s
p
e
c
tr

u
m

periods (nt)

Theoretical distribution

 0
 100
 200
 300
 400
 500
 600

0 2e+06

o
c
c
u
rr

e
n
c
e
s

distance between genes (nt)

Theore2cal: 

On Arc‐based model : 

Fourier Analysis: histogram and periodogram 



On Arc‐based model : 

Fourier Analysis: histogram and periodogram 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 Circular model       Arc‐based model 
    Pour c=3         33566 (P<10‐4) 228571    33566(P<10‐4) 228571 

Periods  Core genes tend to be separated by a periodic distance of 33kb 



Core genes along the chromosomal arcs  



Core genes on leading and lagging strands & LGT 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(French, 1992) and (Touchon et al. 2009) 





Tatusov RL et al. (2003) The COG database: an updated  
version includes eukaryotes. BMC BioinformaCcs 

Search for periodicity from  
Clusters of Orthologous Groups 



     metabolism    
      energy produc2on and conver2on, carbohydrate/amino‐acid/nucleo2de  transport  
      and metabolism, coenzyme/lipid metabolism 

     informa'on storage and processing 
      transla2on, transcrip2on, DNA replica2on, recombina2on, repair 

     cellular processing and signaling  
      cell division and chromosome par22oning, posoransla2onal modifica2on, cell  
      envelop biogenesis, cell mobility and secre2on 

There are three main COGs classes: 

COGs func2onal classes of genes 



Func2onal organiza2on of genes along the chromosome 

Two posi2onal networks 

lep arc:  
metabolism 
informa2on storage and processing 

right arc:  
cellular processing and signaling  
Informa2on storage and processing 

metabolism: first peak at 33kb (P=0.0041) 

Other classes: 33kb but not as first. 



Func2onal organiza2on of all genes 



SCCI vs transcrip2on data 

Correla2on between SCCI and log‐phase transcript data  
(global Pearson correla2on R=0.59, and P< 2.2e‐16). 



SCCI vs acid‐shock ‐ SCCI vs heat‐shock 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Local Pearson correla2on coefficient 



Local Pearson correla2on coefficient 



        A     B     C     D     E     F     G     A 
Sector size (kb)   330    605    593    127    429    87     650    1304 
#Peaks in strip   8     12     9     3     8     3     9     18 
#Total peaks    9     19     17     3     16     3     18     42  

Posi2on of SCCI* peaks, sectors and strips 

        A     B     C     D     E     F     G     A 
Sector size (kb)   330    605    593    127    429    87     650    1304 
#Peaks in strip   0     7     4     0     1     0     4     9 
#Total peaks    2     8     5     0     1     0     6     13  

Posi2on of   SCCI*> μ + σ     peaks, sectors and strips 

For all sectors, at least 50% of the peaks are covered by a sector 

For all sectors, at least 60% of the peaks are covered by a sector 



7 sectors for E.coli 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No random genome with at most 8 sectors displays all sectors where strips cover  
at least 50% of peaks 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Bounds of Boccard's domains and sectors bounds. 

Sectors and Boccard's domains 



Conclusions 

o   E. coli periodic gene distribu2on is iden2fied for a periodic interval of 33 kb. 

o  Two posi2onal networks of genes are discovered by studying gene periodic   
    distribu2on: one is driven by metabolic genes and the other by genes involved  
    in cellular processing and signaling. 

o  A func2onal core of E.coli genes drives gene periodic distribu2on. 

o  A few chromosomal regions that preserve gene transcrip2on profiles across  
    environmental changes are iden2fied. 

o  This single genome analysis approach can be taken as a footprint for a large‐ 
    scale bacterial and archaeal periodic distribu2on analysis. 



Consider the largest point‐to‐point distance of the solenoid with 33kb  turn,  
and assume 50 nm persistence length of DNA. Such solenoid perfectly accommodates  

in a E. coli container with 0.5‐0.75 μM diameter.  

How can we accomodate a chromosome into a E.coli container  
with 0.5‐0.75 μM diameter? 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