
method type of data
of building DNA sequences
trees    distances or other characters

clustering UPGMA 
algorithm

neighbor-joining tree

optimality minimum parsimony
criterion evolution

tree maximum likelihood

Bayesian analysis

Phylogenetic tree building methods



Maximum likelihood (ML) method

The likelihood of an evolutionary tree (L) is the probability that the 
observed DNA sequences will evolve in a given tree topology and in 
a given evolutionary model. 
The goal of the maximum likelihood method is to find a tree with the 
largest possible L. In this method, the starting tree is constructed 
using the parsimony method or the nearest neighbor method, and 
then the nearby trees are searched for a more likely tree than the one 
we have available. 
It is also possible to search all possible trees, but this, as with the 
maximum parsimony trees, is time consuming and realistic only with 
fewer sequences. 



Maximum likelihood (ML) methods

Optimality criterion: ML methods evaluate phylogenetic hypotheses
in terms of the probability that a proposed model of the evolutionary
process and the proposed unrooted tree would give rise to the
observed data.  The tree found to have the highest ML value is
considered to be the preferred tree.

Advantages:
• Are based on explicit model of evolution.
• Usually the most ‘consistent’ of the methods available.
• Can be used for character (can infer the exact substitutions) and rate analysis.
• Can be used to infer the sequences of the extinct (hypothetical) ancestors.
• Can help account for branch-length effects.

Disadvantages:
• Are based on explicit model of evolution.
• Are not as simple and intuitive as many other methods.
• Are computationally very intense (Iimits number of taxa and length of sequence).
• Slow
• Violations of the assumed model can lead to incorrect trees.



Models of the evolution of DNA sequences

Parameters that affect sequence evolution: 
- base frequencies 
- types of substitution (transitions, transversions) 
- heterogeneity of the rate of substitutions 

Classical substitution models:

Jukes-Cantor (1969)

Kimura 2 parameter (1980)

Felsenstein (1981)

Hasegawa, Kishino & Yano (1985)

General time-reversible model (Lavane et al. 1984)

Each model is based on 
different assumptions 
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Substitution models

JC – equal substitution rates;
equal base frequencies
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K2P – two different 
substitution rates;
equal base frequencies

F81 – equal substitution 
rates;
unequal base 
frequencies HKY – two different substitution rates;

unequal base frequencies

GTR – 6 different substitution rates;
unequal base frequencies
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Function of gama distribution (Γ ) f(r) substitution rate on positions
of DNA sequences
α – shape parameter, α ≤ 1 – the function has a L shape, α > 1 – the 
function has a bell-shaped shape 
β – scale parameter 

Substitution rate (r)
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Yang, Z., 1996, Trends
Ecol. Evol. 11: 367-372.



Sequence W: A C G C G T T G G G
Sequence X: A C G C G T T G G G
Sequence Y: A C G C A A T G A A
Sequence Z: A C A C A G G G A A

W X Y Z

Tree1

W Y X Z

Tree 2

W Z X Y

Tree 3

Maximum likelihood (ML) method

Possible trees



Sequence W: A C G C G T T G G G
Sequence X: A C G C G T T G G G
Sequence Y: A C G C A A T G A A
Sequence Z: A C A C A G G G A A

T T A G

Tree 1

T A T G

Tree 2

T G T A

Tree 3

Maximum likelihood (ML) method

Possible trees
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Maximum likelihood (ML) method
Some possible evolutionary paths (to the same tree)



T T A G

AT
GC
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AT
GC

# of Possible Paths / OTU / Position: 

(Number of States)(Number of Nodes)

= (Number of States)(Number of OTU -1)

= 43 = 64

Maximum likelihood (ML) method

Some possible evolutionary paths (to the same tree)



T T A G

GT

G
L(path) = L(root) x Π L(branches)  

=[πG] x [1-u(aπG+bπG+cπG)]2 x [1-u(aπT+bπT+cπT)]2 x 
[ufπG] x [ubπG]

Maximum likelihood (ML) method

One path likelihood

depends on particular model



T T A G

L(one position tree1) = Σ L(all possible Evolutionary Paths to 
tree 1)  

= L(tree1) + L(tree2) + L(tree3) + … + L(tree64)

- trees of the same topology in terms of taxa at the ends of the 
branches but with different nucleotides in the nodes 

Maximum likelihood (ML) method

Likelihood of one tree from one position of the DNA sequence 



W X Y Z

L(Sequence tree) = Π L(tree of particular position)

Choose the tree with the Maximum Likelihood.

(# possible trees)x(seq length)x(# states)^(# OTUs)

Maximum likelihood (ML) method

Likelihood of one tree from the whole DNA sequence 



ML analysis starts with a tree created e.g. NJ and then search the 
nearby trees for those with higher credibility. 

For larger data files, heuristic ML analysis is very computer 
intensive, in addition, support for individual clades should be verified 
by the bootstrap method, which multiplies the time required for 
analysis. 

If the ML analysis finds a local optimum, it does not mean that it is 
also a global optimum in the tree space. 

Maximum likelihood (ML) method



- program for calculation and comparison of log likelihood scores of tested models, selection 
of a suitable evolutionary model for a given data set 

Darriba D, Taboada GL, Doallo R, Posada D. 2012. jModelTest 2: more models, new 
heuristics and parallel computing. Nature Methods 9(8), 772. 

Guindon S and Gascuel O (2003). A simple, fast and accurate method to estimate large 
phylogenies by maximum-likelihood". Systematic Biology 52: 696-704. 

jmodeltest2 (https://github.com/ddarriba/jmodeltest2/releases)

Maximum likelihood, ML method
ML analysis includes: 
- testing of evolutionary models for a given data set, calculation of scores (log likelihood 
scores) with respect to the model and data - jmodeltest2
- selection of a suitable model based on log likelihood scores according to certain test criteria -
jmodeltest2 
- calculation (search) of the most probable tree according to selected model - PAUP 



models are expressed by parameters: - base frequencies, - types of substitution and their 
rates, - homogeneity / heterogeneity of mutation rates at different positions, - proportion 
of invariable positions 

Mutation rates a(A-C), b(A-G), c(A-T), d(C-G), e(C-T), f(G-T)







https://github.com/ddarriba/jmodeltest2/releases/tag/v2.1.10r20160303



1. Execute the script for the Graphical User Interface (runjmodeltest-
gui.sh). The main jModelTest frame should pop up on the screen: 



2. Load an input alignment file using the File/Load Alignment option. 



3. Go to Analysis/Compute Likelihood Scores and select the 
candidate models and the options for model optimization 
(optionally you can set a base topology from a file). Press Enter or 
the "Compute Likelihoods" button. 







mutual testing of models based on log likelihood scores, selection 
of a suitable model according to testing criteria - AIC (Akaike 
information criterion), hLRT (hierarchical likelihood ratio test), 
BIC (Bayesian information criterion) 

AIC - simultaneous comparison of all models 

hLRT - mutual comparison of two models 

BIC - calculation by Bayes method using MCMC 

not the model with the highest score, but with the most optimal (i.e. if 
adding parameters, increasing complexity only slightly increases the 
score, a less complex model is chosen) 

sometimes they design different models, it is up to the user who 
chooses (the preferred is usually AIC) 



BIC



BEGIN PAUP;
Lset base=equal nst=6  rmat=(0.4421 1.2723 1.0000 0.4421 
3.0879 1.0000) rates=gamma shape=0.7800 ncat=4 pinvar=0;
END;

lset ... specification of the selected model 
Base ... frequency of bases A, C, G (T) 
Nst ... number of types of substitutions 
Rmat ... rates of mutations a (AC), b (AG), c (AT), d (CG), e (CT ), f (GT) 
Rates ... gamma distribution function (rate of mutations at nucleotide positions) 
Shape ... function shape parameter 
Pinvar ... proportion of invariable positions 



5. nexus file with added specification of selected model and commands for ML calculation 



6. calculation of the ML analysis in the PAUP program 



6. calculation of the ML analysis in the PAUP program 



6. calculation of the ML analysis in the PAUP program 



http://code.google.com/p/garli/



http://sco.h-its.org/exelixis/web/software/raxml/



http://sco.h-its.org/exelixis/resource/download/NewManual.pdf





http://sourceforge.net/projects/raxmlgui/



program TCS
http://bioresearch.byu.edu/tcs

Clement M, Posada D and Crandall K. 2000. TCS: a computer program to estimate gene 
genealogies. Molecular Ecology 9(10): 1657-1660

Templeton, A.R., Crandall, K.A., Sing, C.F., 1992. A cladistic analysis of the phenotypic 
associations with haplotypes inferred from restriction endonuclease mapping and DNA 
sequence data. III. Cladogram estimation. Genetics 132, 619–633

Templeton, A.R., 1998. Nested clade analyses of phylogeographic data: testing hypotheses 
about gene flow and population history. Mol. Ecol. 7, 381–397.

haplotype network formation (cpDNA data) - statistical parsimony



program TCS
http://bioresearch.byu.edu/tcs/



program TCS
http://bioresearch.byu.edu/tcs/





program TCS



TCS

Connection limit: percentage 90-95%
number of mutation steps

Gaps =  missing
Gaps = 5th state



TCS



TCS



TCS



TCSSaving haplotype network as - *.gml file
as - *.ai file



TCSlog file:
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