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Estimates have been calculated based on:

• aNeisseria meningitidis: genome size ~2.2 Mb (Bentley et al., 2007)

�16S rRNA length ~1.5kb (Sacchi et al., 2002)

�length of MLST loci ~4kb (Maiden et al., 1998)

•bSalmonella typhi: genome size ~4.8 Mb (Deng et al., 2003)

�SNPs on gene fragments covering ~89 Kb (Roumagnac et al., 2006)

YesYes100Whole-genome

YesYes2bSNPs

NoYes0.2aMLST

NoYes0.07a16s rRNA

Dispensable genesCore genesGenome coverage (%)Method

Methods for Comparative Analysis

Medini, 2008



Algorithm: MAUVE.

1. Identify multiple maximal unique matches (multi-MUMs), i.e. local alignments of exactly 
matching (single-copy) sequences that are shared between 2 or more chromosomes.

2. Calculate a phylogenetic guide tree based on the multi-MUMs sequences.

3. Partition a subset (anchors) of the multi-MUMs into LCBs.

4. Do recursive anchoring to identify new anchors within and outside the LCBs. 

5. Align each LCB based on the guide tree.

Note: Formally, an LCB is a sequence of multi-MUMs that satisfies a total ordering property, 
such that the left end of the ith multi-MUM occurs before the left end of the i+1 multi-
MUM, for all multi-MUMs in the LCB and for all the genomes compared.

Source: (Darling et al., 2004).
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Tree Building Methods
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Number of Tree Topologies (2)

Dopazo 2006



Searching Tree Topologies (1)

Dopazo 2006



Searching Tree Topologies (2)

Dopazo 2006



UPGMA: unweighted pair-group method with 

arithmetic mean
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Maximum Parsimony (1)



Maximum Parsimony (2)
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Bayesian Inference (2)
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Neighbor Joining (2)
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Maximum Likelihood  (3)
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Maximum Likelihood  (5)



Maximum Likelihood  (6)



Maximum Likelihood  Estimation of Branch 
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Nucleotide Substitution Models
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Observed vs Expected

Observed vs. Expected number of DNA substitutions. As time since divergence increases, multiple 
substitutions start to occur, making number of visible substitutions smaller than the number of actual
ones. Eventually, after long-long time there will be substitutions at every site. Two random sequences 
with equal frequencies of base pairs will differ on average in 3/4 of sites. Correction is required to 
compensate for the difference in observed and expected number of substitutions.
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Jukes Cantor (3)
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Parameter Estimation (1)



Parameter Estimation (2)



Parameter Estimation (3)
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