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Unravelling the processes of bacterial 
evolution 

• Processes 
– Mutation 

– Homologous recombination 

– HGT 

 

• Data is available at multiple levels of resolution 
– Gene presence / absence 

– Allele profile 

– Sequence data 



Talk structure 

• Compatibility concepts  

• Allele profile data  

• Range of recombination models 

• Fit of Campylobacter data to models 

• To do list 



Compatibility 

Given a character C and a tree T we can ask if the 
character is compatible with the tree. 



Compatibility 

Given a character C and a tree T we can ask if the 
character is compatible with the tree. 

A compatible character 



Incompatibility 



Incompatibility 

An incompatible character 



Compatible pairs of characters 

• Two characters are said to be compatible with each 
other if there exists a tree which they are both 
compatible with. 

 



Cliques 

• Two possible definitions 
– A set of characters that are all pairwise compatible 

– A set of characters for which there exists a tree that they 
are all compatible with 

 

• These two are equivalent for binary characters but 
not for characters with 3 or more states. 



Allele profile data 

• Multi-level data 
– Strain type 

– Allele profile 

– Sequence 

 

e.g. MLST data  

locus L1 L2 L3 L4 L5 L6 L7 

ST1 1 1 1 1 1 1 1 

ST2 
…. 

1 1 2 1 1 1 1 

1 CCCTTGTTTAGTCCAAATTCACACCAATTTCA 

2 
… 

CCCTTATTTAGTCCAAATTCACACCAATTTCA 
… 

L3 



Allele profile data 

• Multi-level data 
– Strain type 

– Allele profile 

– Sequence 

 

e.g. MLST data  

locus L1 L2 L3 L4 L5 L6 L7 

ST1 1 1 1 1 1 1 1 

ST2 
…. 

1 1 2 1 1 1 1 

1 CCCTTGTTTAGTCCAAATTCACACCAATTTCA 

2 
… 

CCCTTATCTGGCTCAAATTCACACCAATTTCA 
… 

L3 



Clonal Frame 

Evolution of a single locus along a clonal frame by 
mutation (M) and recombination (R) events. A 
locus is a contiguous stretch of  DNA – it will be 
represented by one column in an allele profile.  

R 

M 

1 1 2 3 3 Allele Profile 

1 ACCGATATAGGATCGTTCGTCA 
2 ACCGTTGCAGGACTGCTAGCCA 
3 ACCGTTGCAGGTCTGCTAGCCA 

Allele type 2 and 3 differ from each other in a single 
position due to a mutation event. Allele type 1 and 2 
differ from each other in many positions due to a 
recombination event. This locus makes up a single 
column (bold) of the allele profile below. 

Allele types 

A B C D E 

A 11111… 
B 11212… 
C 12113… 
D 23114… 
E 23114… 



Recombinant 
DNA 

(A) ClonalFrame model: 
Recombination always 
introduces novel genetic 
material.  

(B) Intermediate model (C) ClonalOrigin model: 
Recombination always 
occurs within a closed 
population.  

Recombinant 
DNA 

A range of recombination models 

Open system Closed system 



Clonal Frame model – Infinite Alleles Model? 

Recombinant 
DNA Pool 



Loci that haven’t undergone parallel 
recombination will produce a character 
(i.e. a column in the allele profile) that is 
compatible with the clonal frame. 

Blocks that have undergone parallel 
recombination (or parallel mutation) may 
produce characters that are not 
compatible with the clonal frame. 

A compatible character An incompatible character 



The Campylobacter jejuni data 

• 46 C. jejuni genomes 

• 686 genes in common across all 46 genomes 
– Total length over 686 alignments: 190595bp 

– min length: 44bp 

– max length: 1200bp  

– median length:  243.5 bp 

 

 



#alleles 
Min : 1 
Max : 29 
Median: 11 



Initial analysis 



One of the Most Parsimonious Trees 

Why parsimony? 
 
(Steel & Penny 2004) 



Consensus network of 100 parsimony btsp 
trees showing splits with > 20% support 
 
Edge length proportional to support 

Tree is well supported 



Excess 

• The Excess   of a character is its cost on the 
tree minus its minimum possible cost, or in 
other words it is the number of extra 
mutations required to explain the character. 

 
• Excess = parsimony cost – (rl – 1) 

 
• A character is compatible with a tree if and 

only if it has excess zero on the tree.  
 



Fit of characters in the Allele Profile 
 to the Most Parsimonious Tree 

 
Under the infinite alleles model all characters should have 
excess 0. 
 
Here there were 213 compatible (excess 0) characters 
 
And 473 characters that required at least 1 extra mutation 
 
 
 



Anything interesting about the ones 
with highest excess? 

100087noOut.fa  
100106noOut.fa  
100423noOut.fa  
100464noOut.fa  
100591noOut.fa  
100625noOut.fa  
100676noOut.fa  
100782noOut.fa  
100832noOut.fa  
100930noOut.fa  
100971noOut.fa 
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Call: 
glm(formula = excess ~ length + alleles, family = poisson()) 
 
Coefficients: 
                Estimate       Std. Error     z value     Pr(>|z|)     
(Intercept)   0.6637431  0.0710336   9.344       < 2e-16 *** 
length   -0.0012571   0.0002396  -5.248     1.54e-07 *** 
alleles   0.0197115    0.0069552   2.834      0.0046 **  
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 



Diagnostics 
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Big cliques of compatible characters? 

• Largest clique comprises the 213 characters that fit on 
the MPT 

• Are there any larger than expected cliques of (pairwise) 
compatible characters amongst the rest of the 
characters? 
 

• Have a look with a greedy algorithm 
• [1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 2, 

2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 
3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 
4, 4, 4, 4, 4, 4, 5, 5, 5, 5, 5, 5, 6, 6, 6, 6, 7, 7, 8, 8, 8, 9, 9, 
10, 11, 12, 13, 14, 14, 14, 18, 22, 29, 32] 



Work in progress 

• In Holland et al 2010  (cormorants and shags) we 
developed a method to test if a clique of 
compatible characters is larger than expected by 
chance. 
 

• We developed a “shuffle” that gave a random 
character with the same parsimony score as an 
unshuffled character. 
 

• On further consideration, it seems better to 
create a random character with the same excess 



Focus on transitions from allele to allele 

• Find the clonal frame by looking for the biggest clique 
of compatible characters. 
 

• Use parsimony to work out all the transitions from one 
allele to another – look at the distribution of 
differences between pairs of alleles. 
 

• For all the characters that are incompatible with the 
clonal frame – reconstruct their history on the clonal 
frame. Identify all the parallel transitions – look at the 
distribution of differences between pairs of alleles. 
 



Parallel changes versus All changes 
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Can identify clear cases of parallel recombination 

100 

S107c - 0 
S85b - 0 

P553b - 0 
S251a - 0 

76062a - 1 
P164a - 0 

S331b - 0 
H742 - 0 
S264a - 0 

H798 - 0 
P28a - 1 
M28127 - 1 
H22082 -  0 
P110b - 0 
569a - 0 

H704 
P179a - 1 
M73020 - 1 
P694a - 0 

H892 - 7 
H773 - 6 

M880a - 6 
S22b - 0 

M28548 - 0 
S263c - 14 

N3d - 8 
W83a - 15 

ST2381 -15 
W135a - 17 

W120a - 16 
W63b - 9 

N53 - 9 
B1432b - 5 

R42b - 13 
B1410 - 4 

R31f - 12 
R52c - 12 

P104a - 10 
P544b - 11 

S150a - 0 
P722b - 11 

R68c - 4 
B1031a - 2 

B1395b  - 2 
B1367b - 3 

R75a - 3 

Allele 0 and 1 
differ at 20 sites 

100185noOut.fa 
18 alleles 
Excess of 3 



Conclusions 

• Overall AP data is very consistent, i.e. highly 
compatible, consistency index > 0.85 
 

• Some evidence that parallel mutation is more 
common than parallel recombination but both do 
occur. 
 

• Clonal Frame wastes a lot of computational effort 
on finding the clonal frame but its model predicts 
(close to) perfect phylogenies. 



Future work 

• Use simMLST to create data under a mutation 
only model and compare levels of compatibility. 
 

• Improve statistical test of whether or not cliques 
of compatible characters are bigger than 
expected by chance. 
 

• Better way to do ancestral state reconstruction 
than parsimony? i.e. something that accounts for 
branch lengths. 
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