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



O
ML
LRGN

OO
Il
Y

N
R Y

Solenoi

Rosettes

Localization of certain groups of genes along structured chromosomes creates spatial
chromosomal subregions in which genes can be accessed by limited diffusion of RNA

polymerase or RNA polymerase fixed in factories.



Experimental evidence for E.coli
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Genomic evidence for E.coli

Targets of transcription factors
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Search for periodicity from core genes



Core genes are selected to have high Self-Consistent Codon Index (SCCI) values.
SCCl is highly correlated to Codon Adaptation Index (CAl) in E.coli.

A.Carbone, A.Zinovyev and F.Képés (2003)
Bioinformatics, 19:2005-2015.



The most biased set of
genes found in E.coli
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Gene Annotation

" tufA | protein chain elongation factor EF-Tu
tufB protein chain elongation factor EF-Ta
tsf protein chain elongation factor EF-Ts
fusA GTP-binding protein chain elongation factor EF-G
mopA chaperonin GroEL
dualk heat shock protein DnaK
espA cold shock protein 7.4
tig trigger factor
lompA outer membrane protein
ompX onter membrane protein
ompC outer membrane protein
Ipp murein lipoprotein
pal peptidoglyean-associated lipoprotein
vaill putative fagellin structural protein
viD putative formate acetyltransferase
1o diadenosine tetraphosphatase
tpiA tricsephosphate isomerase
pek phosphoglycerate kinase
gapA glyeeraldehyde-3-phosphate dehydrogenase A
fha fructose-hisphosphate aldolase class 11
pykF pyruvate kinase I
phB formate acetyltransferase 1
ahpC alkyl hydroperoxide reductase C22 subunit
- sodA superoxide dismutase SodA
thtA transketolase 1/2 isozyme
rpoC RNA polvmerase beta prime subunit
rpsl 308 ribosomal subunit protein S9
rpsA 308 ribosomal subunit protein S1
rp=i3 308 ribosomal subunit protein S2
rpsC 308 ribosomal subunit protein S3
rpsU 308 ribosomal subunit protein 521
rplA 508 ribosomal subunit protein L1
rplY 508 ribosomal subunit protein L25
rpll 508 ribosomal subunit protein LY
rplL A0S ribosomal subunit protein L7/L12
rplC 508 ribosomal subunit protein L3
rpmE 508 ribosomal subunit protein Li1
plB 508 ribosomal subunit protein L2
rplK 508 ribosomal subunit protein L11
rpml 508 ribosomal subnnit protein A
rpmA 508 ribosomal subunit protein L27

rplD 508 ribosomal subunit protein L4, regulates expression of S10 operon
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We look at the tail
Core genes

SCCI(g) > u+o =0.42



SCCI(g) > u+o

- Genes with uncharacterised function

- Genes dependent on specific environmental conditions
- Stress response genes

- Highly expressed genes (belonging to most species)

- Non-orthologous genes



SCCI can be E.coli
used to detect
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E.coli

NET MEAN CAICLASS 028 029 031 033 035 037 043 045 escherichia coli
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NET MEAN CAICLASS 028 029 031 033 035 037 043 045 eschetichia coli
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Circular chromosome
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Number of genes
Number of core genes
Top 100 core genes
Core genes near to ORI
Core genes near to TER

Lagging

1931
223
24
122
101

Leading

2364
340
76
207
133

Total

4295
563
100
329
234

A bias appears on the Leading strand around the Origin of replication (ORI)
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Circular model Arc-based model



Escherichia coli str. K-12 substr. MG1655
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Escherichia coli str. K-12 substr. MG1655
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Escherichia coli str. K-12 substr. MG1655
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Core genes tend to be separated by a periodic distance of 33kb

Circular model Arc-based model
Pour c=3 33566 (P<10+%) 228571 33566(P<10%) 228571
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Core genes on leading and lagging strands & LGT
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(French, 1992) and (Touchon et al. 2009)



Number of genes in window
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Search for periodicity from
Clusters of Orthologous Groups

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



COGs functional classes of genes

There are three main COGs classes:

= metabolism
energy production and convertion, carbohydrate/amino-acid/nucleotide transport
and metabolism, coenzyme/lipid metabolism

= information storage and processing
translation, transcription, DNA replication, recombination, repair

= cellular processing and signaling
cell division and chromosome partitioning, posttranslational modification, cell
envelop biogenesis, cell mobility and secretion



Functional organization of genes along the chromosome
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Functional organization of all genes
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SCCI*

U0 Expression*

SCCI vs transcription data

Left Arc Terminus Right Arc

Origin
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Correlation between SCCI and log-phase transcript data
(global Pearson correlation R=0.59, and P< 2.2e16),



SCCI vs acid-shock - SCCI vs heat-shock

Origin Left Arc Terminus Right Arc Origin
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Clockwise position from origin (kb)

Global Pearson correlation between
SCCI and acid-shock transcript data : R=0.54
SCCI and heat-shock transcript data: R=0.47



Local Pearson correlation coefficient
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Local Pearson correlation coefficient
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Position 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 8 12 9 3 8 3 9 18
#Total peaks 9 19 17 3 16 3 18 42

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

Position of SCCI*>u+ o0 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

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



Sector analysis of 1000 randomly generated genomes
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7 sectors for E.coli
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genomes with at most 15 sectors
150 | genomes with at most 11 sectors 7
genomes with at most 8 sectors 1
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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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o E. coli periodic gene distribution is identified for a periodic interval of 33 kb.

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

o A functional core of E.coli genes drives gene periodic distribution.

o A few chromosomal regions that preserve gene transcription profiles across
environmental changes are identified.

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



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

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 uM diameter.
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