
Phylogenetic analysis practical



What is a tree?

• A tree is a mathematical structure which represents a model 
of an actual evolutionary history of a group of sequences or 
organisms.

• In other words, it is an evolutionary hypothesis.

One unique internal node:
root of the tree 
ancestor of all the sequences.

Terminal nodes represent sequences or
organisms for which we have data.
Each is tipically called: “Operational 
Taxonomical Unit” or OTU.

Internal nodes: 
represent hypothetical ancestors
speciation events

branch
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Groups

• node and everything arising from 
it is a ‘clade’ or a monophyletic 
group – all members are derived 
from a unique common ancestor

• Paraphyletic group - group 
excluding some of its 
descendents 

• Polyphyletic group – group 
consisting from groups arosed 
from different ancestors – not a 
group at all

doi:10.1016/S0168-9525(03)00112-4



Rates and causes of molecular evolution

• Different parts of the genome are useful for different 
problems.  

• Fast evolving sequences are useful for recent events, 
but become saturated and unrecognizable when 
comparing more distant relatives. 

• Slow evolving sequences are useful around the base 
of the tree, but don’t have any variability at all 
among close relatives.



Different molecular regions, different rates

• DNA distant from genes evolves very quickly (at about 
one substitution per 108 years),

• Flanking regions upstream and downstream from a gene 
evolve less quickly than that,

• Introns evolve less quickly than those, though not much 
less,

• Third positions of codons evolve less quickly than introns,
• First and second positions of codons evolve less quickly 

than that
• Human Y-chromosome point mutation rate

– 8.71 × 10−10 mutations per position per year (PPPY)
– 7.37 × 10−10 PPPY sequence from palindromes (PAL)
– 7.2 × 10−10 PPPY for paternally transmitted autosomes

Helgason et al. Nature Genetics (2015) doi:10.1038/ng.317



Within a protein:
– active sites evolve very slowly,
– sites that bind heme, or interact with other proteins evolve a bit faster but 

also very slowly,
– interior sites evolve less quickly than exterior sites,
– substitutions that involve less radical changes of the amino acid (i.e. that 

change to a rather similar amino acid) happen more readily.

Of base changes, transitions (A -> G or C -> T) happen several times more 
readily than transversions (all other changes).

Between protein-coding loci, some (fibrinopeptide, for example) evolve 
rapidly, some less so (hemoglobins, cytochromes), and some (histones, for 
example) change very slowly.

Different molecular regions, different rates



















The approach

• 1. Conduct a "blind“ study by anonymously coding
blood samples from the defendant and the alleged
victims

• Collin County, TX, samples: CC01 – CC07

• 2. PCR amplify the HIV env and pol genes
• 3. Clone the PCR products into bacterial vectors
• 4. Collect DNA sequences for a representative sample

of the HIV population in each individual (ca. 20
sequences/individual)

• 5. Use BLAST to identify outgroup sequences from
GenBank

• 6. Make an alignment, perform phylogenetic analysis...



Exercise

• Align the fasta file using ClustalX

• Look at the alignment

• Use phylip to create ML and distance tree

• View the tree in  treeview

• Root the tree (outgroup)

• Who did it? 






