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Prophage

Bacteriophages that are temperate (as compared to
lytic) can exist inside host cells in a stable and
relatively inactive state as prophages.

¢ The host cell, with a prophage, is called a lysogen.

* Some prophages express virulence determinants,
such as toxins ( = lysogenic conversion). eg. Shiga
toxin

* Some prophages exist as plasmids, but most
integrate into the genome.

+ If the prophage becomes damaged.... ?
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E.coli genome sequences

STRAIN SIZE DATE

E.coli K12 4639221 bp, Oct 13 1998
E.coli O157:H7 (USA) 5528970 bp, Jan 25, 2001
E.coli O157:H7 (Japanese) 5498450 bp, Mar 7, 2001

*about 4.1Mb in common

Data from NCBI:
http://www.ncbi.nlm.nih. gov:80/PMGifs/Genomes/eub.html
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E.coli O157:H7 - K12
genome comparison

+ Unexpected complex segmented relationship

* Share a common 4.1 Mb ‘backbone’ or common,
and generally colinear sequence (only 1 inversion)

+ Homologous sequences are interspersed with
HUNDREDS of ISLANDS of INTROGRESSED

DNA 1
ABCD ABCD

A B CD A B CcC D
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+ The specific DNA segments for each strain were
named ‘O islands’ , ie O157:H7-specific DNA
segments, or ‘K islands’

+ Backbone of 4.1 Mb common sequence. Not
identical (eg 75% of proteins differ by one aa).

* O-islands total 1.34 Mb (about 26% of genes !)
¢ Largest O-island is 106 gene region (not small!)
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E.coli O157:H7 - K12
genome comparison

* Virulence genes do not seem to be concentrated in
one particular ‘island’; appear to be several

* Often (189 cases), the backbone-island junction is
WITHIN an ORF.

AUG O-island UGA

Protein coding ORF

What does this pattern suggest?
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E.coli O157:H7 - K12
genome comparison

* Suggests that incoming DNA recombined with
the genome (somehow?) rather than inserted.

AUG O-island UGA

Protein coding ORF
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Comparative Genome Map
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Distribution of O-islands of
EDL933 specific sequence
(red), ‘K-islands’ of K12
specific sequence (green)
and common ‘backbone’

1 sequence (blue)
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Genome sequence - Figure 2

O-specific ‘islands’

ole1
OMP usner

HHAJ' nhaR -
s

gel rpsT

K-specific ‘islands’

0157:H7
genes and their
orientation

waz iz
aok v0aQ ybaT

fsr ybaRt

Scale (10kb/tick)

Dr M. D5, 2007

Genome sequence - Figure
2
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CP-933 = Cryptic Prophage. Also an O island
How many kb is this phage genome?
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E.coli 0157:H7 genome sequence..

Summary of main findings:
1. Many insertions of DNA around chromosome
2. Inserted DNA is foreign (HGT or Lateral GT)
3. Several virulence gene clusters; widely spread
4. Prophage genomes prominent

5. Systematic variations base composition
- coding strand, GC skew, chi seqs
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E.coli 0157:H7 genome sequence..

Summary of main findings:

6. E.coli O157:H7 undergoes relatively high rates
of recombination and mutation.

- where is the DNA coming from ?

unknown, phage, mobile elements (eg. transposons)
- what is the main method of transfer ?
- is defective DNA mismatch repair important ?
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E.coli 0157:H7 genome sequence... :

Summary of main findings:
These large differences can be exploited:
+ Diagnostic tools (discriminate b/n E.coli strains)

+ New virulence gene candidates can be tested for
function, and new drugs developed

+ Effects of antibiotics on toxin synthesis examined

+ Note in the genome sequences of many microbes,
the percentage of ORFs that cannot be identified is
often > 20%
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