
Lesson 3: Unknown Microbes and 

the Tree of Life: Revealing Genetic 

Relationships with MAFFT

This presentation and the associated lesson plan were developed by Dr. Carlos M. Rodríguez Minguela 



Lesson 3: Bioinformatics Activity 1
Revealing Genetic Relationships with MAFFT: Aligning small subunit 
RNA (ssRNA) Barcode Sequences (Bacteria, Archaea and Fungi). 



•Use the provided ssRNA sequence* file containing a 
curated dataset of bacteria, archaea, and fungi. 
•Upload the sequence file into MAFFT to generate a 
multiple sequence alignment. 
•Compare conserved and variable regions across the 
aligned sequences. 
•Use the alignment to construct a phylogenetic tree 
representing the three domains of life. 
•Identify major clusters corresponding to Bacteria, 
Archaea, and Eukarya. 
•Use the tree to discuss genetic relationships among 
organisms based on barcode sequence similarity and the 
identification of an unknown bacterial isolate. 

*Small subunit rRNA helps build ribosomes, so its genes are found across all life. 
They are useful barcodes because conserved regions allow broad comparison, 
while variable regions help distinguish organisms.

Note: The sequence file is already in FASTA format, a standard format where each 
sequence begins with an identifier line starting with ">", followed by the DNA 
sequence using the letters A, T, C, and G. Simply upload the file to MAFFT, no 
editing is required.

Bioinformatics Activity 1



MAFFT alignment and NJ / UPGMA phylogeny
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Ctrl + click to follow link to MAFFT website
I. Having  your sequences loaded and aligned.

https://mafft.cbrc.jp/alignment/server/index.html


1. click here

2. click here

II. Accessing and visualizing the multiple sequence alignment.



II. Accessing and visualizing the multiple sequence alignment.

1. scroll bar Multiple sequence alignments can be used for:
•building  phylogenetic trees
•finding  conserved regions
•designing primers / probes for DNA analyses
• infer function of unknown DNA, RNA or Protein Sequences

✓ 2. close alignment window



3. click here

2. scroll down

1. click here

4. click here

5. click here

III. Accessing and visualizing the phylogenetic tree constructed from the multiple sequence alignment.



• The tree construction method  used 
here is limited to inferring which taxa 
are more closely related, but it does not 
determine the position of the common 
ancestor. Therefore, the tree must be 
manually rooted using prior knowledge 
of well-established evolutionary 
relationships.

• To reroot the tree, hover the mouse pointer over the 
desired branch. A pop-up menu will appear with the 
Reroot option. Click Reroot, and the tree will be 
redrawn using that branch (or group) as the new root.

IV. Adjusting the Appearance of the Phylogenetic Tree to Improve Cluster Visualization



IV. Adjusting the Appearance of the Phylogenetic Tree to Improve Cluster Visualization

Rerooted tree

• Clicking on an internal node opens a menu that lets you 
rotate the connected branches. This changes the tree's 
appearance without altering the genetic relationships, 
making clustering patterns easier to visualize while 
optimizing spacing.



IV. Adjusting the Appearance of the Phylogenetic Tree to Improve Cluster Visualization

1. Rotate branches at internal nodes to 
improve the visual arrangement of the tree 
without changing the evolutionary 
relationships (tree topology).
 
2. Branch swapping groups closely related 
organisms together, making major 
evolutionary clusters easier to recognize and 
interpret. 

3. Arrange the tree to resemble benchmark 
phylogenies, such as Carl Woese's Tree of 
Life, which separates organisms into the 
three domains: Bacteria, Archaea, and 
Eukarya. 

4. Highlight major groups with transparent 
colored shapes to emphasize taxonomic or 
evolutionary groups using transparent boxes 
(Select the shape box → Shape Format → 
Shape Fill → More Fill Colors → Transparency 
→ set to 79% → OK)

5. An optimized tree layout improves 
communication, allowing genetic 
relationships and clustering patterns to be 
understood quickly by students and 
researchers alike. 

Adjusting the Appearance of the Phylogenetic Tree to Improve Cluster Visualization

By organizing your sequences into evolutionary clusters, you construct your own simplified 
"Tree of Life," following the same principles Carl Woese used when he analyzed small-subunit 
ribosomal RNA sequences to uncover the three domains of life.

Glombitza, Clemens. (2010). New Zealand coals - A potential 
feedstock for deep microbial life. 10.14279/depositonce-2755. 



1. Each branch represents an evolutionary path connecting 
organisms that share a common ancestor. 

2. Branch length shows the amount of genetic difference. 
Longer branches mean the DNA sequences are more 
different, while shorter branches mean they are more similar. 

3. Very short or no visible branch length means the DNA 
sequences are identical or almost identical for the gene being 
analyzed. 

4. Each node (branching point) represents a common ancestor. 
Organisms that meet at the same node are more closely 
related than organisms connected farther down the tree. 

5. Sequences that cluster together are more closely related 
genetically than sequences found in different clusters. 

6. Numbers at the nodes (bootstrap values) show how 
confident the computer is in each grouping. Values close to 
100 indicate very strong support for that relationship. 

7. The branches can be rotated to make clusters easier to see. 
Rotating branches does not change the evolutionary 
relationships—it only changes how the tree looks. 

V. How to Read a Phylogenetic Tree

Take-Home Message
The branching pattern tells you who is most closely related, while the branch lengths show how much genetic 
change separates those organisms.



IV. Interpreting the clustering patterns depicted in the tree

Using the genetic relationships shown in the tree, infer the identity and likely biological characteristics of 
unknow  patient isolate 5 (highlighted in red). Which known strain is it most closely related to?

Proceed to the worksheet and complete the background 
exercises. Then, complete the section that asks you to 
conduct an internet search using peer-reviewed articles to 
learn more about your unknown bacterial sequence and 
explain the implications of your results.
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