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Classification of phylogenetic analysis methods 
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Summary of strengths and weaknesses 

Yang and Rannala NGR2012
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Máxima parsimonia
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Maxima parsimonia –site 5
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Maxima parsimonia –site 4
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Maxima parsimonia –site 2
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Maxima parsimonia –site 1
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Maxima parsimonia –site 3
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Maxima parsimonia 

site 1 2 3 4 5
Species 1- A T A T T
Species 2- A T C G T
Species 3- G C A G T
Species 4- G C C G T

Total tree lengh ---> L=li

from i=1 to k (nucleotide 
number)
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Sites  1  2  3  4  5  total

Steps  1  1  2  1  0    5

Steps  2  2  1  1  0     6

Steps  2  2  2  1  0     7
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Branch lenght 

Total tree lengh ---> L=li

from i=1 to k (nucleotide 
number)
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Árvores de Consenso
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Árvores de Consenso

Strict – all groups that occur on all trees

Adams - Commom ancestor of a group of taxa in a consensus
tree should be set at the furthest distance from the origin at 
which it occurs in all the initial trees

Semistrict – features that are resolved in all the initial trees 
or are resolved in some of the initial trees and not contradicted
In the others

Majority Rule – all groups  that occur on 50-100% of the trees
M100=strict

Other methods
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Árvores de Consenso - strict

strict problem
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Árvores de Consenso – Majority rule

Majority rule 50%
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Árvores de Consenso – Adams

Adams problem
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Long branch attraction
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Bremer support or Decay Index for parsimony

If the most parsimonious tree that had the group ABC had 138
changes of state, and the most parsimonious  tree that lacked 
that group had 143 changes the Decay index for that group is
143-138=5
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How many tree are there?
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Rooted, Labeled and bifurcated
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Rooted, Labeled and bifurcating 

 
 

  !!32

!22

!32
2








n

n

n
n

Sometimes called



Octavio Paulo  - Filogenética 23

Rooted, Labeled and multifurcating
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Exhaustive Search

Computer algorithms to calculate trees from distance matrices are 
straightforward sequential cluster methods, and consequently fast. But 
for parsimony and maximum likelihood the calculations are more tedious 
because all possible alternatives need to be considered to find the best 
of all solutions and for maximum likelihood it is even worse because for 
each tree a search is involved for the maximum likelihood value (Kuhner 
& Felsenstein 1994). 

Some shortcuts to the exhaustive search have been invented in order to 
save computation time, namely the branch-and-bound technique and the 
heuristic approach. The branch-and-bound method is an exact algorithm 
like the exhaustive search, but instead of analysing all of the possible 
trees, it starts by evaluating a random tree, then follows several 
alternative paths by successive incorporation of taxa, abandoning a 
certain path every time the score obtained is higher than the score of 

the random tree with all the taxa.
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Search
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Heuristic Search

The heuristic approach is used when the data set is too large, and 
consequently too time consuming, to analyse with an exact 
algorithm, but it sacrifices the guarantee of finding the best of all 
trees. Three techniques have been used, the stepwise addition, the 
star decomposition and the branch swapping. 
The stepwise addition functions by successive addiction of taxa to a 
growing tree. In each step the resulting trees are evaluated, and 
only the best ones are kept for the next step. The star 
decomposition begins with all taxa connected in a star-like way and 
by successive pairwise clustering with evaluation, only the optimal 
trees of each step are saved, leading to the final tree. 
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Sequential Addition



Octavio Paulo  - Filogenética 28

Star decomposition
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Search

Both of these techniques usually find local optimum trees, but not 
necessarily the global optimal tree, unless the number of taxa is 
small or the data very simple. The branch swapping method tries to 
increase the chance of finding the global optimum by performing 
sets of predefining rearrangements of the tree branches with the 
respective evaluation. If the branch swapping is not only made on 
the best trees of each step but also on the suboptimal trees it 
increases the chance that the final result is actually the global 
optimal tree (Swofford et al. 1996).
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Nearest-neighbor interchange NNI
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NNI – number of changes of state
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NNI – number of changes of state
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Subtree prunning and regrafting - SPR
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Tree Bisection and Reconnection - TBR
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Branch and Bound
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Branch and Bound Search
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Quartets

Another heuristic tree search procedure for maximum likelihood 
trees has recently been introduced (Strimmer & von Haeseler 1996). 
The method applies maximum-likelihood reconstruction to all 
possible quartets that can be formed from n sequences. These trees 
serve as starting points for the reconstruction of a set of optimal 
trees with all sequences. Improved versions of the original algorithm 
show high accuracy in returning the true tree without compromising 
speed or requiring more computer memory (Strimmer et al. 1997). 
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Métodos de Distancia

site 1 2 3 4 5
Species 1- A T A T T
Species 2- A T C G T
Species 3- G C A G T
Species 4- G C C G T
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Métodos de Distancia II

1    2    3    4

2

3

4

3

2 1

Minimize total tree lengh ---> L=ei

from i=1 to 2n-3 where n is the number of sequences

(2n-3) is the number of branches

ei is the branch lengh
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Métodos de Distancia III
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Clustering Algorithm - UPGMA

1 – Find i and j that have the smallest distance Dij.

2 – Create a new group (ij), which has n(ij)=ni+nj members

3 – Connect i and j on the tree to a new node 

(which corresponds to the new goup ij). 

Give the two branches connecting i to (ij) and j to (ij) each 

Lenght Dij/2.

4 - Compute the distance between the new group and all 

the other groups (except for i and j) by using:

D (ij),k = (ni/(ni+nj)) Dik+(nj/(ni+nj)) Djk
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UPGMA

5- Delete the columns and rows of the data matrix that 

Correspond to groups i and j and add a column and a row 

for group (ij)

6 – If there is only one item in the data matrix ,stop. 

Otherwise return to 1
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UPGMA – exemplo numérico
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UPGMA
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UPGMA
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UPGMA
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UPGMA
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UPGMA
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UPGMA
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UPGMA
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UPGMA
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Similarity vs evolutionary relationship
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NJ algorithm



Octavio Paulo  - Filogenética 55

NJ tree
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UPGMA vs NJ


