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Amelioration

ATTCGCCGTTT 1Myr

ATTTGCCGTTT 5Myr

ATTTACCGTTT 20Myr

ATTTATCGTTT 50Myr

ATTTATAGTTT 100Myr



Transition vs Transversion
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G+C1,2,3

Lawrence 1997

GC contents of 1,294 E. 
coli genes. GC contents 
at each codon position 
are shown. Gray bars
represent native (i.e., 
ancestral) genes; black 
bars represent genes 
inferred to have been 
acquired by horizontal 
transfer.
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Distance ~ Time

Doolittle 1996

1. D = -lnS x 100

2. Extrapolate on 
vertebrate fossil 
records



Divergence of Salmonella and E.coli
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Substitution Rate (S)

Lawrence 1997



Amelioration: Shigella
flexneri spa genes

Lawrence 1997
inv/spa genes of Salmonella enterica are required for bacterial 
entry into mammalian intestinal cells



Shigella & Salmonella
spa genes

Lawrence 1997
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IV ratio: transition/transversion rate

All transition
mutations, and 
half of the 
transversions, 
change the GC 
content of DNA



Amelioration equations (2)
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Amelioration equations (3)

Lawrence 1997

the change in the GC content over 
time can be expressed as the gain in 
GC nucleotides minus the loss of GC 
nucleotides



Amelioration equations (4)

Lawrence 1997

(∆GC) the rate of change in GC 
content of horizontally transferred 
DNA is proportional both to the 
substitution rate (S) and to the 
magnitude of the difference in 
nucleotide composition between 
horizontally transferred DNA and 
equilibrium values.



Summary of findings

Lawrence 1997

�600 kb

�31 kb / Myr

�3Mb

�Average time of introgression 25.2 Myr



Amelioration in reverse (demo)


