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Lesson 3 Study Guide and Worksheet 
Unknown Microbes and the Tree of Life: Small-Subunit Ribosomal Ribonucleic Acid Alignment and 

Phylogeny 
Name: ______________________________   Date: ______________   Section: ______________ 

Part I. Glossary 
Students should be able to define and apply the following terms after completing the lesson. 
1. Small-subunit ribosomal ribonucleic acid: A ribosomal ribonucleic acid molecule that forms part of the small ribosomal 
subunit and helps the ribosome read messenger ribonucleic acid during protein production. 
2. Small-subunit ribosomal ribonucleic acid gene: The deoxyribonucleic acid sequence that encodes small-subunit 
ribosomal ribonucleic acid; it is widely used to compare organisms because it contains both conserved and variable regions. 
3. Deoxyribonucleic acid barcode: A selected deoxyribonucleic acid sequence used to identify an organism or compare it with 
other organisms. 
4. Sequence: The order of nucleotide bases in deoxyribonucleic acid or ribonucleic acid. 
5. FASTA format: A plain-text sequence format in which each sequence begins with a description line starting with a greater-
than symbol, followed by the nucleotide sequence. 
6. Multiple sequence alignment: An arrangement of three or more biological sequences so that corresponding nucleotide 
positions are placed in the same columns for comparison. 
7. MAFFT: A computer program used to create multiple sequence alignments of nucleotide or amino acid sequences. 
8. Conserved position: An aligned position containing the same or a very similar nucleotide in most sequences, often indicating 
an important or slowly changing region. 
9. Variable position: An aligned position where nucleotides differ among sequences, providing information that can help 
distinguish organisms. 
10. Gap: A dash inserted during alignment to represent a possible insertion or deletion and to improve positional comparison 
among sequences. 
11. Sequence similarity: The degree to which two biological sequences contain the same nucleotides at corresponding 
positions. 
12. Phylogeny: The inferred evolutionary history and relationships among organisms or sequences. 
13. Phylogenetic tree: A branching diagram that represents inferred genetic or evolutionary relationships among organisms or 
sequences. 
14. Taxon: An organism, species, strain, or other biological group represented in a phylogenetic analysis. 
15. Branch: A line in a phylogenetic tree representing an evolutionary path. 
16. Branch length: A measure of the amount of genetic change represented by a branch; longer branches generally indicate 
greater sequence difference when the tree is scaled. 
17. Node: A branching point in a phylogenetic tree that represents a shared common ancestor. 
18. Cluster: A group of sequences positioned near one another in a phylogenetic tree because they are genetically similar. 
19. Tree topology: The branching pattern of a phylogenetic tree, independent of how the branches are visually rotated or 
arranged. 
20. Root: The point that represents the ancestral direction of a phylogenetic tree. 
21. Rerooting: Changing the displayed root position of a tree using prior biological knowledge or an appropriate comparison 
group. 
22. Bootstrap value: A numerical estimate of how consistently a particular grouping appears when the dataset is repeatedly 
resampled; values close to one hundred indicate strong support. 
23. Three domains of life: The broad evolutionary groups Bacteria, Archaea, and Eukarya. 
24. Unknown bacterial isolate: A bacterial sample whose identity has not yet been established and must be inferred from 
sequence and contextual evidence. 
25. Peer-reviewed article: A scientific paper evaluated by qualified experts before publication. 
26. Primary research article: A peer-reviewed article that reports original methods, results, and conclusions from a scientific 
study. 

Part II. Study Guide 
1. Why this gene is useful: Small-subunit ribosomal ribonucleic acid genes occur across cellular life. Conserved regions 
support broad comparisons among organisms, while variable regions help distinguish different groups and closely related 
organisms. 
2. Main analysis workflow: Prepare or obtain sequences in FASTA format, upload them to MAFFT, generate the multiple 
sequence alignment, inspect conserved and variable positions, construct a phylogenetic tree, improve the tree display, and 
interpret the clustering pattern. 
3. Reading an alignment: Nucleotides placed in the same column are treated as corresponding positions. Conserved columns 
show similarity, variable columns show differences, and gaps indicate possible insertions or deletions introduced to improve 
alignment. 
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4. Reading a phylogenetic tree: The branching pattern shows which sequences are grouped most closely. Branch lengths 
indicate genetic difference when the tree is scaled. Nodes represent shared ancestors, and bootstrap values estimate support 
for specific groupings. 
5. Tree appearance versus relationships: Rotating branches at a node changes only the visual arrangement. It does not 
change the topology or the inferred relationships. Rerooting changes the displayed ancestral direction and should be guided by 
accepted biological knowledge. 
6. Identifying the unknown isolate: The unknown sequence should be evaluated using several lines of evidence: its nearest 
neighbors in the tree, branch length, bootstrap support, direct sequence-search results, and evidence from peer-reviewed 
literature. 
7. Limits of interpretation: A close match for one barcode region supports identification but may not always prove species 
identity. Sequence quality, database accuracy, gene resolution, contamination, and incomplete reference sampling can affect 
conclusions. 

Part III. Practice Questions 
A. Multiple Choice 
1. Why are small-subunit ribosomal ribonucleic acid genes useful for broad comparisons among organisms? 

A. They are found only in bacteria. 
B. They contain both conserved and variable regions. 
C. They change completely in every generation. 
D. They directly encode all cellular proteins. 

2. What is the main purpose of a multiple sequence alignment? 
A. To grow microorganisms in pure culture. 
B. To calculate the mass of a ribosome. 
C. To place corresponding sequence positions in the same columns. 
D. To remove all variable nucleotides. 

3. What does a variable position in an alignment provide? 
A. Evidence that all sequences are identical. 
B. Information that can help distinguish organisms. 
C. Proof that the sequence is contaminated. 
D. A measurement of cell size. 

4. What does a node represent in a phylogenetic tree? 
A. A shared common ancestor. 
B. A laboratory instrument. 
C. A nucleotide deletion only. 
D. A database record number. 

5. What does a bootstrap value close to one hundred generally indicate? 
A. Weak support for a grouping. 
B. Strong support for a grouping. 
C. A sequence length of one hundred nucleotides. 
D. One hundred species were sampled. 

6. What happens when branches are rotated around an internal node? 
A. The underlying relationships change. 
B. The sequences are edited. 
C. Only the visual arrangement changes. 
D. The root is automatically proven. 

7. Which sequence would usually be considered most closely related to an unknown sequence? 
A. The sequence that shares the nearest well-supported node and shortest genetic distance. 
B. The sequence with the longest name. 
C. The sequence located highest on the page. 
D. The sequence from the largest organism. 

8. Why should identification of an unknown isolate include peer-reviewed literature? 
A. To replace sequence analysis completely. 
B. To understand the organism’s biology, health relevance, and limitations of the identification. 
C. To avoid reporting evidence. 
D. To ensure every source gives the same conclusion. 

9. Which statement best describes rerooting? 
A. It changes the nucleotide sequence. 
B. It changes the displayed ancestral direction of the tree. 
C. It removes all unsupported branches. 
D. It guarantees species identification. 

10. What is the most appropriate conclusion from a very close barcode match? 
A. The organism is certainly identical in every biological trait. 
B. The sequence strongly supports a close relationship, but additional evidence may be needed for definitive identification. 



Page 3 

C. The database sequence must be incorrect. 
D. The organism belongs to a different domain of life. 

B. Matching 
Match each numbered term with the best lettered description. Each letter is used once. 
1. Multiple sequence alignment 
2. Conserved position 
3. Variable position 
4. Node 
5. Branch length 
6. Bootstrap value 
7. Rerooting 
8. Tree topology 
9. MAFFT 
10. Peer-reviewed article 

A. A measure of genetic difference represented along a branch. 
B. A scientific publication evaluated by experts before publication. 
C. A program used to align biological sequences. 
D. The branching pattern that describes relationships in a tree. 
E. A position that differs among aligned sequences. 
F. A branching point representing a shared common ancestor. 
G. A numerical estimate of support for a grouping. 
H. The process of placing corresponding sequence positions into shared columns. 
I. A position that is the same or very similar among sequences. 
J. Changing the displayed ancestral direction of a tree. 

C. Fill in the Blank 
1. A sequence file in which each entry begins with a greater-than symbol is written in ____________________ format. 
2. MAFFT is used to generate a ____________________ sequence alignment. 
3. Positions that are similar across many organisms are called ____________________ positions. 
4. Positions that differ among organisms are called ____________________ positions. 
5. A branching diagram that represents genetic relationships is a ____________________ tree. 
6. A branching point in a tree is called a ____________________. 
7. Numbers that estimate support for groupings are called ____________________ values. 
8. Rotating branches changes the appearance of a tree but not its ____________________. 
9. Bacteria, Archaea, and Eukarya are the three ____________________ of life. 
10. Scientific papers evaluated by experts are described as ____________________ reviewed. 

D. Sequence of Events 
Number the following steps from 1 through 8 to show the correct workflow for the activity. 
_____ Inspect the alignment for conserved positions, variable positions, and gaps. 
_____ Interpret the unknown isolate using its nearest neighbors and branch lengths. 
_____ Upload the FASTA sequence file to MAFFT. 
_____ Review peer-reviewed literature about the most likely organism. 
_____ Generate and open the phylogenetic tree. 
_____ Submit the sequences for alignment. 
_____ Reroot and rotate branches as needed to improve biological interpretation and visualization. 
_____ Record a final identification statement with supporting evidence and limitations. 

Part IV. Systematic Identification of the Unknown Bacterial Sequence 
Complete each step in order. Use the sequence alignment, phylogenetic tree, a reputable nucleotide sequence database, and 
peer-reviewed scientific literature. Record enough detail that another student could understand and evaluate your conclusion. 

Step 1. Initial Tree-Based Observation 
1. What label is used for the unknown sequence in the dataset? 
________________________________________________________________________________ 
2. Which known sequence or sequences are positioned closest to the unknown isolate? 
________________________________________________________________________________ 
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3. What is the bootstrap value supporting the nearest grouping? 
________________________________________________________________________________ 
4. Are the connecting branches short, long, or not visibly different? What does this suggest? 
________________________________________________________________________________ 
5. Based only on the tree, what genus is the unknown isolate most likely to belong to? 
________________________________________________________________________________ 

Step 2. Search Peer-Reviewed Scientific Literature 
Find at least two peer-reviewed articles. At least one should address health or clinical relevance, and at least one should 
address biology, ecology, transmission, resistance, or another important characteristic. Prefer primary research articles when 
possible. 

Article Complete citation Research question or 
purpose 

Key finding relevant to the 
unknown Why this source is credible 

1     
2     
3 (optional)     

Step 4. Biological and Health Significance 
9. Where is this bacterium commonly found? 
________________________________________________________________________________ 
________________________________________________________________________________ 
10. Is it normally harmless, beneficial, opportunistic, or pathogenic? Explain using evidence. 
________________________________________________________________________________ 
________________________________________________________________________________ 
11. What infections or health effects, if any, are associated with it? 
________________________________________________________________________________ 
________________________________________________________________________________ 
12. Which populations or conditions increase the risk of disease? 
________________________________________________________________________________ 
________________________________________________________________________________ 
13. Does the literature describe antibiotic resistance, biofilm formation, toxin production, transmission, or persistence? 
Summarize the most relevant feature. 
________________________________________________________________________________ 
________________________________________________________________________________ 
14. Why might identifying this organism matter in a patient, environmental, or public-health setting? 
________________________________________________________________________________ 
________________________________________________________________________________ 

Step 5. Final Evidence-Based Conclusion 
Write one well-supported paragraph that includes: the most likely identity of the unknown isolate; the tree and sequence-search 
evidence; an important biological or health implication; at least one limitation; and one appropriate next step for confirmation or 
further study. 
________________________________________________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 
  



Page 5 

Part V. Instructor Answer Key and Guidance 
A. Multiple Choice Key 
1. B   2. C   3. B   4. A   5. B   6. C   7. A   8. B   9. B   10. B 

B. Matching Key 
1. H 
2. I 
3. E 
4. F 
5. A 
6. G 
7. J 
8. D 
9. C 
10. B 

C. Fill-in-the-Blank Key 
1. FASTA 
2. multiple 
3. conserved 
4. variable 
5. phylogenetic 
6. node 
7. bootstrap 
8. topology 
9. domains 
10. peer 

D. Sequence-of-Events Key 
1. Upload the FASTA sequence file to MAFFT. 
2. Submit the sequences for alignment. 
3. Inspect the alignment for conserved positions, variable positions, and gaps. 
4. Generate and open the phylogenetic tree. 
5. Reroot and rotate branches as needed to improve biological interpretation and visualization. 
6. Interpret the unknown isolate using its nearest neighbors and branch lengths. 
7. Review peer-reviewed literature about the most likely organism. 
8. Record a final identification statement with supporting evidence and limitations. 

E. Expected Interpretation of the Unknown Isolate 
Tree-based interpretation: In the lesson tree, the unknown patient isolate clusters within the Staphylococcus group and is 
positioned most closely with the sequence labeled Staphylococcus aureus, with strong bootstrap support. The appropriate 
preliminary conclusion is that the isolate is most consistent with Staphylococcus aureus or a very closely related Staphylococcus 
sequence. 
Important caution: Students should not claim that a single small-subunit ribosomal ribonucleic acid sequence proves strain 
identity, antibiotic resistance, virulence, or clinical outcome. These characteristics require additional evidence. 
Acceptable confirmation evidence: A strong response records the top database matches, percent identity, query coverage, 
accession numbers, and whether several closely related species have nearly identical results. 
Health-relevance research: Students may find that Staphylococcus aureus can colonize human skin and nasal passages and 
can also cause disease, especially when barriers are disrupted or risk factors are present. Claims about methicillin resistance 
must be supported by resistance testing or resistance-gene evidence and should not be inferred from the ribosomal sequence 
alone. 
Suggested additional tests: species-specific molecular testing, whole-genome sequencing, biochemical identification, matrix-
assisted laser desorption ionization time-of-flight mass spectrometry, antimicrobial susceptibility testing, or detection of relevant 
resistance and virulence genes. 
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F. Research Section Scoring Guide 
Criterion Strong Developing Needs revision 

Sequence evidence 
Uses tree placement, bootstrap 
support, sequence-search results, 
accession numbers, percent 
identity, and query coverage. 

Uses some sequence evidence 
but omits important details. 

Provides an unsupported 
identification. 

Scientific literature 
Uses at least two relevant peer-
reviewed sources and accurately 
summarizes findings. 

Uses limited or partly relevant 
sources. 

Uses non-scientific sources or 
misrepresents evidence. 

Health and biological relevance 
Explains habitat, health 
significance, risk factors, and 
another important trait with 
evidence. 

Provides a general explanation 
with limited evidence. 

Makes unsupported or inaccurate 
claims. 

Limitations and next steps 
Clearly identifies limitations and 
proposes an appropriate 
confirmation step. 

Mentions a limitation or next step 
but not both. 

Treats the identification as certain 
and gives no next step. 

Final conclusion 
Integrates evidence, significance, 
uncertainty, and next step in a 
clear paragraph. 

Conclusion is partly complete or 
weakly connected to evidence. 

Conclusion is unclear or 
unsupported. 

G. Instructor Notes for Evaluating Sources 
1. Accept sources from established scientific journals, university library databases, PubMed, or Google Scholar when the article 
itself is peer reviewed. 
2. Require students to distinguish primary research articles from review articles and general websites. 
3. Encourage students to verify that the organism discussed in the article matches the identification level supported by the 
sequence evidence. 
4. Do not award full credit for claims about antibiotic resistance, virulence, or patient outcome unless the cited article and the 
student’s evidence directly support the claim. 
5. Accept different well-reasoned conclusions when students clearly explain database ambiguity or limited species-level 
resolution. 


