
The phylogenetic pipeline guide 
Marc W Cadotte 

Spring 2025 
 

 



This guide will cover the basics of constructing and manipulating phylogenies. There are 
ways to build the entirety of these pipelines in programming language or with APIs, but we 
will use web interfaces in a step-by-step approach that aids in understanding how to 
construct a phylogeny. 
 
You can make a phylogeny if you have a backbone tree by matching taxonomic labels 
(family or genus) using phylo.maker in R 
https://rdrr.io/github/jinyizju/V.PhyloMaker/man/phylo.maker.html 
This is particularly robust for plants and birds, but less so for other taxa. 
 
To do these steps in R, you will need to download separate executables that R packages 
will call to.  
 
Step 1: Download nucleotide sequences 
We can generate sequence data in a number of ways, but we will simply download 
sequences for two genes, a conserved one and a neutral one. We will do this for a small 
group of plants for rbcl (conserved gene) and ITS1 (neutral marker) – we will discuss some 
subtle issues as we look at the genes. 
 
Here are the list of species (I often use taxa codes, I’ll explain why): 
Rudbeckia hirta (RUHI) 
Solidago canadensis (SOCA) 
Helianthus divaricatus (HEDI) 
Leucanthemum vulgare (LEVU) 
Rudbeckia laciniata (RULA) 
Monarda fistulosa (MOFI)  
Bromus inermis (BRIN) -outgroup 
 
For each species, we will copy an rbcl and ITS1 sequence into a text file (you should always 
record accession numbers for repeatability), like this: 
 

Taxa Taxa code rbcl Its1 
Rudbeckia hirta RUHI AY215173.1 KX671869.1 
Monarda fistulosa MOFI MK526203.1 AF369200.1 

 
 
Go to https://www.ncbi.nlm.nih.gov/ and change “All databases” to “nucleotides” (Fig. 1). 
Then, to keep it simple, enter one species name at a time with one gene like this:  
 
Rudbeckia hirta and rbcl 
 
Then click on Genomes: Nucleotide (Fig. 2). You will then usually see more than one rbcl 
sequence, and you can click on any one of them, I will select the first (Fig. 3), but we can 
discuss subtle issues. The you get the full accession record and we can click on “FASTA” 



(Fig. 4). This gives you the sequence in a FASTA format. Copy the text from >….to the end of 
the sequence and copy it and paste it into a text file, and remove the descriptive text 
except for the species name (Fig. 5).  
 
We will be using a species code, like RUHI, because some software cuts names down to a 
minimum number of characters.  
 
Now repeat this for the other species, and then for ITS1 and in a separate text file. Now that 
we have two files, one for each gene, and each file contains the sequences for five species, 
we can move on to the next step. 
 
 
Step 2: Align sequences 
The individual sequences in our text files are of different lengths and can also contain 
repeats and deletions, so we need to align the sequences so that analyses can determine 
probabilities of changing A to G, etc. There are a number of algorithms to do this, but we 
will use a classic one, Muscle: 
https://www.ebi.ac.uk/jdispatcher/msa/muscle?stype=protein 
 
Here we just copy and paste our sequences (separate for each gene) and let the algorithm 
run. I prefer the output “Fasta”. Save each aligned file with a meaningful name like 
“rbcl_aligned_fasta”. 
 
 
Step 3: Determine nucleotide substitution model 
A nucleotide substitution model describes the process by which one nucleotide in a 
sequence is replaced by another over time (e.g., A to T). These models are essential for 
understanding evolutionary relationships and constructing phylogenetic trees. They 
assume that nucleotide substitutions happen at different rates depending on factors like 
the type of substitution (e.g., purine to purine) and the underlying evolutionary pressures 
on the DNA sequence. The analyses in the next step will do this automatically, but some 
phylogenetic analyses want/allow you to enter a preferred model. 

Common models include: 

• Jukes-Cantor (JC69): Assumes equal substitution rates for all nucleotides. (A-T = T-
A = C-G = G-C) 

• Kimura two-parameter (K2P): Differentiates between transitions (purine-to-purine 
or pyrimidine-to-pyrimidine) and transversions (purine-to-pyrimidine or vice versa). 

• General Time Reversible (GTR): A more complex model that allows for different 
rates of substitution between each pair of nucleotides. 

• Transition model (TIM): Variable frequencies and transition rates and two 
tansversion rates 



But there are many many versions of models (Fig 6). Choosing the right model helps in 
accurately estimating evolutionary distances and constructing reliable phylogenies. 

We will use IQ-Tree server: http://iqtree.cibiv.univie.ac.at/ 

And we upload the alignment file and run it. The output (Fig. 7) lists model in order of 
support.  

For rbcl, my best model was HKY+F+G4; and for ITS1 it was JC (not surprising, fewest 
parameters). These are now used for the tree. Importantly, yours could be different if you 
include different sequences. 

Step 4: Run trees 

We will run maximum likelihood analysis to determine phylogenies. Here we will do it 
separately on the two sequences. We would optimally want to combine the sequences 
(concatenate), but we’ll skip this for now so we can compare. 

Again, we will use IQ-Tree server: http://iqtree.cibiv.univie.ac.at/ but there are many other 
options out there (NJ, ML, Bayesian, etc.). The default settings are fine, but I’ll explain 
some options, we just need to upload aligned files (Fig. 8). 

 

Step 5: Examine and manipulate trees in R 

We can root the trees and make them ultrametric (Fig. 9 & 10). We will switch to R script, 
then concatenate and redo tree in iqtree and do rooting etc in R (Fig. 11). 

Then we can prune the outgroup (Fig. 12) 
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Step 6: do analyses! 

We will do this in R with example files.
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Fig. 5 
 



 

 
Fig. 6 
 
 



 
Fig. 7 
 
 



 

 
Fig. 8 
 



 

 
Fig. 9 rbcl tree 
 
 

 
Fig. 10 its1 tree 
 
 



 

 
Fig. 11 full tree 
 

 
Fig. 12: outgroup pruned 


