Lesson 4 Study Guide and Worksheet
Indoor Fungi Through the Lens of DNA Barcodes

Part I. Glossary
Students should be able to define and apply the following terms after completing the lesson.

1. Internal Transcribed Spacer region: A non-coding region within the fungal ribosomal ribonucleic acid gene cluster that is
widely used as a fungal deoxyribonucleic acid barcode because it contains conserved and variable parts.

2. Fungal deoxyribonucleic acid barcode: A selected fungal deoxyribonucleic acid sequence used to identify or compare
fungal organisms.

3. FASTA format: A plain-text sequence format in which each sequence begins with an identifier line starting with a greater-
than symbol, followed by the nucleotide sequence.

4. Multiple sequence alignment: An arrangement of three or more sequences so corresponding nucleotide positions appear in
the same columns for comparison.

5. MAFFT: A computer program used to align nucleotide or amino acid sequences and generate a multiple sequence alignment.

6. Conserved position: An aligned position containing the same or a very similar nucleotide in most sequences.

7. Variable position: An aligned position where nucleotides differ among sequences and may help distinguish fungal groups or
species.

8. Gap: A dash inserted during alignment to represent a possible insertion or deletion and improve positional comparison.

9. Phylogenetic tree: A branching diagram that represents inferred genetic relationships among organisms or sequences.

10. Branch: A line in a phylogenetic tree representing an evolutionary path.

11. Branch length: A measure of genetic difference along a branch when the tree is scaled; longer branches generally indicate
greater sequence difference.

12. Node: A branching point representing a shared common ancestor.

13. Cluster: A group of sequences placed near one another because they are genetically similar.

14. Tree topology: The branching pattern of a phylogenetic tree, independent of how branches are visually rotated.

15. Root: The point that represents the ancestral direction of a phylogenetic tree.

16. Rerooting: Changing the displayed root position using biological knowledge or an appropriate outgroup.

17. Bootstrap value: A numerical estimate of how consistently a grouping appears when the dataset is repeatedly resampled;
values near one hundred indicate strong support.

18. Outgroup: A sequence known to be outside the main group of interest and used to help root and interpret a phylogenetic
tree.

19. Unknown fungal isolate: A fungal sample whose identity has not yet been established and must be inferred from
sequence, tree, database, and literature evidence.

20. Mycoparasitism: A biological interaction in which one fungus attacks or obtains resources from another fungus.

21. Biological control: Use of a living organism or biological agent to reduce the growth or damage caused by another
organism.

22. Mycovirus: A virus that infects fungi and usually remains inside fungal cells.

23. Horizontal transmission: Transfer of a mycovirus between fungal individuals, commonly through fusion of compatible
hyphae.

24. Vertical transmission: Transfer of a mycovirus from a fungus into its spores and then into a new colony.

25. Hyphal fusion: Joining of fungal hyphae that allows cytoplasmic material, including some mycoviruses, to pass between
cells.

26. Vegetative incompatibility: A fungal recognition system that can prevent stable fusion between genetically incompatible
hyphae and limit mycovirus transmission.

27. Hypovirulence: Reduced ability of a pathogen to grow aggressively or cause disease.

28. Peer-reviewed article: A scientific paper evaluated by qualified experts before publication.

29. Primary research article: A peer-reviewed article reporting original methods, results, and conclusions from a scientific
study.

30. Environmental monitoring: Systematic sampling and testing of air, surfaces, water, and other conditions to detect
contamination and protect product quality or health.

Part Il. Study Guide

1. Purpose of the activity: Use fungal Internal Transcribed Spacer barcode sequences to compare indoor fungi, identify
unknown isolates, and interpret genetic relationships.

2. Main workflow: Upload the provided FASTA file to MAFFT, create the alignment, inspect conserved and variable positions,
construct a tree, use the yeast sequences as an outgroup, improve the tree layout, and interpret the unknowns.
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3. Reading the alignment: Matching nucleotides in the same column indicate similarity; differences indicate variation; gaps
represent possible insertions or deletions introduced to improve alignment.

4. Reading the tree: Nearest neighbors, short branch lengths, and strong bootstrap support provide evidence of close genetic
relationships. Tree position alone does not prove every biological trait.

5. Unknown sequence interpretation: Each unknown should be evaluated using tree placement, branch length, bootstrap
support, database searches, and peer-reviewed literature.

6. Fungal interactions: Trichoderma harzianum can suppress other fungi by competition, antifungal enzymes, and direct attack
on fungal hyphae.

7. Mycovirus transmission: Mycoviruses can spread through connected hyphae within a colony, horizontally through hyphal
fusion, and vertically through spores. Vegetative incompatibility can limit spread.

8. Biocontrol example: Cryphonectria hypovirus 1 reduces the virulence of Cryphonectria parasitica and has been used to help
control chestnut blight in Europe.

9. Sequencing and discovery: Deoxyribonucleic acid barcoding identifies the fungal host, while ribonucleic acid sequencing
can reveal mycoviruses living inside the fungus.

10. Career connection: Environmental monitoring and microbial identification are important in cleanrooms, laboratories,
pharmaceutical manufacturing, biotechnology, and other regulated facilities.

Part Ill. Practice Questions

A. Multiple Choice
1. Why is the Internal Transcribed Spacer region useful for identifying fungi?
A. It is found only in viruses.
B. It contains conserved and variable regions.
C. It directly produces fungal toxins.
D. It is identical in every fungus.
2. What is the purpose of a multiple sequence alignment?
A. To grow fungi on culture media.
B. To place corresponding nucleotide positions in the same columns.
C. To remove all sequence variation.
D. To measure colony diameter.
3. What does an outgroup help researchers do?
A. ldentify fungal pigments.
B. Root and interpret the tree.
C. Eliminate gaps from the alignment.
D. Increase sequence length.
4. Which evidence best supports a close relationship between an unknown and a known sequence?
A. They appear near each other on the page.
B. They share a near node, short branches, and strong bootstrap support.
C. Their names have the same number of letters.
D. They were collected on the same day.
5. What is mycoparasitism?
A. A fungus attacking another fungus.
B. A virus infecting a bacterium.
C. A bacterium producing antibiotics.
D. A plant making fungal spores.
6. How do many mycoviruses spread horizontally?
A. Through airborne virus particles released after cell lysis.
B. Through fusion of compatible fungal hyphae.
C. Through bacterial conjugation.
D. Through sunlight exposure.
7. What can vegetative incompatibility do?
A. Increase fungal barcode length.
B. Limit mycovirus movement between fungi.
C. Convert ribonucleic acid into protein.
D. Guarantee biological control.
8. What does hypovirulence mean?
A. Greater ability to cause disease.
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B. Reduced growth or disease-causing ability.
C. Complete death of the host fungus.
D. Loss of all fungal chromosomes.
9. Why should students examine peer-reviewed articles after identifying an unknown?
A. To understand biological importance, health relevance, and limitations.
B. To replace sequence analysis.
C. To prove all database records are correct.
D. To avoid comparing multiple sources.
10. Which statement best describes the role of environmental monitoring in biomanufacturing?
A. It helps detect contamination and protect product quality.
B. It replaces all cleaning procedures.
C. Itis used only outdoors.
D. It identifies products by color.
11. Which type of sequencing is most useful for detecting hidden ribonucleic acid mycoviruses?
A. Ribonucleic acid sequencing.
B. Protein sequencing only.
C. Microscopy alone.
D. Colony counting only.
12. Which conclusion is most scientifically appropriate from a close Internal Transcribed Spacer match?
A. The isolate has every trait of the reference strain.
B. The match supports identification, but additional evidence may be needed.
C. The unknown must be a virus.
D. No literature search is needed.

B. Matching

Match each numbered term with the best lettered description. Each letter is used once.
. Internal Transcribed Spacer region

. MAFFT

. Outgroup

. Bootstrap value

. Mycoparasitism

. Mycovirus

. Horizontal transmission

. Vertical transmission

9. Vegetative incompatibility

10. Hypovirulence

11. Biological control

12. Environmental monitoring

A. Reduced ability of a pathogen to grow aggressively or cause disease.

B. A program used to align biological sequences.

C. Use of a living organism or biological agent to reduce another organism.
D. A virus that infects fungi.

E. A fungal barcode region with conserved and variable parts.

F. Transfer of a mycovirus through spores to a new colony.

G. A comparison sequence used to help root a tree.

H. A fungal system that can block fusion and restrict virus spread.

I. A fungus attacking another fungus.

J. A numerical estimate of support for a tree grouping.

K. Transfer of a mycovirus between fungal individuals through hyphal fusion.
L. Testing air, surfaces, water, or other conditions to detect contamination.

C. Fill in the Blank
1. A FASTA entry begins with an identifier line starting with a symbol.

2. The most widely used fungal barcode is the Transcribed Spacer region.
3. MAFFT produces a multiple sequence
4. A yeast sequence used outside the main group can serve as an
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5. Numbers near tree nodes that estimate support are called values.
6. A virus that infects fungi is called a
7. Transfer of a mycovirus through spores is called transmission.
8. Fusion between fungal hyphae is called hyphal
9. Reduced disease-causing ability is called
10. Scientific articles evaluated by experts are described as reviewed.

11. Deoxyribonucleic acid barcoding identifies the fungal , while ribonucleic acid sequencing can reveal
viruses inside it.

12. Sampling air and surfaces in a cleanroom is an example of environmental

D. Sequence of Events
Number each set of steps in the correct order.
1. Fungal barcode analysis workflow
Interpret the unknown using tree, database, and literature evidence.
Upload the FASTA file to MAFFT.
Inspect conserved positions, variable positions, and gaps.
Generate and open the phylogenetic tree.
Submit the sequences for alignment.
Reroot and rotate branches to improve interpretation and visualization.
2. Mycovirus-based biological control workflow
Test whether the infected fungus shows reduced growth or virulence.
Identify a mycovirus in a fungal host.
Introduce or transfer the mycovirus into a target fungus.
Confirm that the mycovirus becomes established.
Compare the infected fungus with an uninfected control.

Part IV. Systematic Identification and Research of the Unknown Fungal Sequences

Complete the following steps for Unknown Isolates 1 through 5. Use the alignment, phylogenetic tree, a reputable nucleotide
sequence database, and peer-reviewed scientific literature. The tree suggests the following preliminary nearest matches:
Unknown 1 near Stachybotrys chartarum; Unknown 2 near Trichoderma harzianum; Unknown 3 near Aspergillus flavus;
Unknown 4 near Penicillium chrysogenum; Unknown 5 near Cladosporium sphaerospermum. Treat these as hypotheses to
evaluate, not final answers.

Step 1. Tree-Based Evidence

Unknown L LT Bootstrap support | Branch length Likely genus Prelu.mnary ST i
sequence species reason
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1. Which unknown has the strongest tree-based support for a species-level identification? Explain.

Step 3. Peer-Reviewed Literature Investigation

For each unknown, find two peer-reviewed articles. One article must address the assigned context, and the second should
address biology, ecology, health, biotechnology, resistance, environmental behavior, or another important characteristic. Prefer
primary research articles when possible.

Unknown and context Article citation Research purpose Key finding Why it matters
1: Environmental health

and indoor
microbiology

Second article

2: Fungal biological
control

Second article

3: Environmental health
and indoor
microbiology

Second article

4: Medicine and
biotechnology
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Second article

5: Space and radiation
biology

Second article

Yeast outgroup:
Industrial applications

Second article

Step 4. Biological Importance, Health Relevance, and Further Exploration

1. Unknown 1: Where is the likely fungus commonly found indoors? What moisture or building conditions favor it? What health
concerns are supported by peer-reviewed evidence?

2. Unknown 2: How does the likely fungus attack or suppress other fungi? What makes it useful for biological control, and what
limitations or risks should be considered?

3. Unknown 3: What toxins, allergens, infections, or food and indoor-environment concerns are associated with the likely
fungus? Which claims require strain-level confirmation?

4. Unknown 4: How has the likely fungus contributed to medicine or biotechnology? What products or enzymes are associated
with it, and what indoor relevance does it have?

5. Unknown 5: What evidence connects the likely fungus with radiation tolerance, space-associated environments, or extreme
conditions? What remains uncertain?

6. Yeast outgroup: Why is Saccharomyces useful as an outgroup in this dataset? What major industrial applications make this
yeast important?

7. Choose one identified fungus and propose a new research question that could be investigated using deoxyribonucleic acid
barcoding, ribonucleic acid sequencing, culture experiments, or environmental sampling.

8. Explain how identifying fungi in cleanrooms, laboratories, or production areas could support contamination control and product
quality.
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Part V. Instructor Answer Key and Guidance

A. Multiple Choice Key
1.B 2B 3.B 4B 5 A 6.B 7.B 8B 9.A 10.A 11.A 12.B

. Matching Key
.E 2.B 3.G 4.J 51 6D 7.K 8F 9H 10.A 11.C 12.L

. Fill-in-the-Blank Key
. greater-than

. Internal

. alignment

. outgroup

. bootstrap

. mycovirus

. vertical

. fusion

9. hypovirulence
10. peer

11. host

12. monitoring
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D. Sequence-of-Events Key

I. Fungal barcode analysis workflow

. Upload the FASTA file to MAFFT.

. Submit the sequences for alignment.

. Inspect conserved positions, variable positions, and gaps.

. Generate and open the phylogenetic tree.

. Reroot and rotate branches to improve interpretation and visualization.
. Interpret the unknown using tree, database, and literature evidence.

o O WN -

. Mycovirus-based biological control workflow

. Identify a mycovirus in a fungal host.

. Introduce or transfer the mycovirus into a target fungus.

. Confirm that the mycovirus becomes established.

. Compare the infected fungus with an uninfected control.

. Test whether the infected fungus shows reduced growth or virulence.

a b wWwN =

E. Expected Preliminary Interpretation of the Unknowns

1. Unknown 1: Most consistent with Stachybotrys chartarum or a very closely related Stachybotrys sequence. Students should
discuss damp-building ecology and avoid unsupported claims that all exposure produces disease.

2. Unknown 2: Most consistent with Trichoderma harzianum or a closely related Trichoderma sequence. Students should
describe mycoparasitism and biological control through competition, enzymes, and hyphal attack.

3. Unknown 3: Most consistent with Aspergillus flavus or a closely related Aspergillus sequence. Students may discuss
aflatoxin and health relevance but must not infer toxin production from the barcode alone.

4. Unknown 4: Most consistent with Penicillium chrysogenum or a closely related Penicillium sequence. Students may discuss
penicillin production and biotechnology while recognizing current taxonomic complexities and barcode limitations.

5. Unknown 5: Most consistent with Cladosporium sphaerospermum or a closely related Cladosporium sequence. Students
may examine melanization, radiation tolerance, and space-related studies but should distinguish demonstrated findings from
speculation.

6. Yeast outgroup: Saccharomyces species are outside the main filamentous-fungus group and help root the tree.
Saccharomyces cerevisiae is important in baking, brewing, fermentation, and biotechnology.

Important caution: A close Internal Transcribed Spacer sequence match supports identification but does not prove strain identity,
toxin production, virulence, resistance, biocontrol performance, or industrial productivity. These traits require additional testing.

F. Research Section Scoring Guide

Criterion Strong Developing Needs Revision
Sequence evidence Uses tree placement, bootstrap Uses some evidence but omits Provides an unsupported identification
q support, branch length, database important details. PP )
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matches, accession numbers, percent
identity, and query coverage.

Scientific literature

Uses two relevant peer-reviewed
sources per assigned organism or
context and summarizes them
accurately.

Uses limited or partly relevant sources.

Uses non-scientific sources or
misrepresents evidence.

Biological and health relevance

Explains habitat, significance, health or
biotechnology relevance, and an
additional important trait with evidence.

Provides a general explanation with
limited evidence.

Makes unsupported or inaccurate
claims.

Final conclusion

Integrates identity, evidence,
significance, limitation, and next step
clearly.

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. Confirm that the organism discussed in each article matches the identification level supported by the sequence evidence.
4. Do not award full credit for claims about toxins, pathogenicity, resistance, radiation protection, or biocontrol effectiveness
unless the cited evidence directly supports the claim.
5. Accept different well-reasoned conclusions when students explain database ambiguity or limited species-level resolution.

6. Encourage students to identify what evidence would be needed before applying a mycovirus or fungal biological-control
organism in an indoor environment.
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