Lesson 4: Indoor Fungi Through
the Lens of DNA Barcodes

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



Bioinformatics Activity 2
Revealing Genetic Relationships with MAFFT: Aligning Fungal ITS
Barcode Sequences.
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In this exercise, you will use a curated dataset of barcode sequences from fungi commonly detected in
indoor environments. The sequences are stored in the file shown below.
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SUNKNOWN ISOLATE 3
ATCATTACCGAGTGTAGGGTTCCTAGCGAGCCCAACCTCCCACCCGTGTTTACTGTACCTTAGTTGCTTCGGCGGGCCCGCCATTCATGGCCGCCGGGGGCTCTCAGCCCCGGGLCCGCGCCCGCCGGAGACACCACG
AACTCTGTCTGATCTAGTGAAGTCTGAGTTGATTGTATCGCAATCAGTTAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAACTAGTGTGAATTGCAGAATTCCGTGA
ATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCATCAAGCACGGCTTGTGTGTTGGGTCGTCGTCCCCTCTCCGGGGGGGACGGGLCCCAAAGGC
AGCGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGGCGCTTGCCGAACGCAAATCAATCTTTTTCCAGGTTGACCTCGGATCAGG

>UNKNOWN ISOLATE 4
ATCATTACCGAGTGAGGGCCCTCTGGGTCCAACCTCCCACCCGTGTTTATTTTACCTTGTTGCTTCGGCGGGCCCGCCTTAACTGGLCOCLGEGEGGLTTACGCCCCCGGGCCCGCGCCCGCCGAAGACACCCTCGAA
CTCTGTCTGAAGATTGTAGTCTGAGTGAAAATATAAATTATTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAAATTCAGTGAATCATCG
AGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGEGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCCCGTCCTCCGATCCCGGGGGACGGGCCCGAAAGGCAGCGGCGGT
ACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGGCGCTTGCCGATCAACCCAAATTTTTATCCAGGTTGACCTCGGATCAGG

SUNKNOWN ISOLATE 5
ATCATTACAAGTGACCCCCGGCTCCGGCCGGGGATGTTCATAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTTTCACGGGCGGGGGCCCCGGGTGGACACATCAAAACTCTTGCGTAACTTTG
CAGTCTGAGTAAATTTAATTAATAAAT TAAAACT TTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAAT TGCAGAATTCAGTGAATCATCGAATCTTTGAACGCA
CATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTATTGGGCGACGCGGTCCGCCGCGCGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTCAGCGTTGT
GGAAACTATTCGCTAAAGGGTGCCACGGGAGGCCACGCCGAAAAACAAACCCATTTCTAAGGTTGACCTCGGATCAGG

>KC305356.1 stachybotrys chartarum
ATCATTACCGAGTTTACAACTCCCAAACCCTTATGTGAACCGTACCTATCGTTGCTTCGGCGGGAACGCCCCGGCGCCLCTGCGCCCGGATCCAGGCGCCCGCCGGAGACCCCAAACTCTTGTGTTGTTTTCAGTATTC
TCTGAGTGGCAAACGCAAAAATAAATCAAAACTTTTAACAACGGATCTCTTGGCTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCAC
ATTGCGCCCGTTAGCATTCTAGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCAGGGTCCCCGTTCCGGCGGGGAACCTGGTGTTGGGGATCGGCCCGLCCCGLGCGGCGCCGTCCCCCAAATTCAGTGGCGGTC
TCGCTGCAGCCTCCCCTGCGTAGTAGTTACAACCTCGCATCGGAGCTCAGCGCGGCCACGCCGTAAAACCCCCGACTTTCTGAACGTTGACCTCGGATCAGG

>AF081474.2 Stachybotrys eucylindrospora

ATCATTACCGAGT TAACAACTCCCAAACCCCTATGTGAACCTATACCAAACGTTGCTTCGGCGGGAACGCCCCGGCTCAGCCCGGAACCAGGCGCCCGCCGAGGACCCCCAAACTCATGTTTTCTTACAGTTTTTTTC
TGAGTGGCAAACGCAAAATAAATTAAAACTTTTAACAACGGATCTCTTGGC TCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAAT TGCAGAAT TCAGTGAATCATCGAATCTTTGAACGCACATT
GCGCCCGCCAGCATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCAGGGTCCCTCCGCCTCGCGCGGTCGGAGCCTGGTGTTGGEGATCGGCCCGCCCCCGCGCGGCGCCGTCCCCCAAATACAGTGGLG
GTCCCGCCGCAGCCTCCCCTGCGCAGTAGTTATCAACTCGCACTGGAGCGCGGCGCGGCCACGCCGTAAAACCCCCGACTTTCTGAACGTTGACCTCGGATCAGG

Ln12. Col1 11,344 characters Plain text 00% Windows (CRLF

Upload the file in MAFFT, then construct the
multiple sequence alighment and phylogenetic tree
following the procedure explained in Lesson 3.

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.

Microbes from—
@ Human shedding
@ Pet shedding

@ Outdoor air/soil

@ Indoor mold growth

https://www.epa.gov/indoor-air-quality-iag/indoor-microbiome

MAFFT alignment
https:/mafft.cbrcjp &

MAFFT alignment and NJ / UPGMA phylogeny

Multiple alignment program for amino acid or nucleotide sequences - Multiple sequence alignment and
NJ / UPGMA phylogeny - Advanced settings - References. Katoh ...




Fungal Phylogenetic tree discussion workflow
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Trichoderma harzianum: a fungus that attacks fungi
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2023 May 3;14:1160551.



From Fungi that Attack Fungi to Intracellular Viral Parasites: The Hidden World of
Mycoviruses

Mycovirus: a virus that infects fungi.

Unlike fungal parasites such as Trichoderma, which Contrary to many viruses that infect and break open host cells (A),
attack other fungi externally, mycoviruses take mycoviruses (B) usually remain inside fungal cells and keep the
parasitism one step further by living inside fungal cells. host alive.
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Panel B. Depiction of two morphotypes of mycovirus particles from partially
purified fungal extracts. Adapted from Encyclopedia of Mycology Volume 1,
2021, Pages 134-141

After 10 days, both Trichoderma species suppressed the growth of
Fusarium solani (a pathogen of tomato, banana, wheat, corn, and bean
plants).




How mycoviruses spread among fungi
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Most mycoviruses are not known to spread by lysing fungal "!
cells and infecting new cells from outside. Instead, they
|

| usually spread through fungal growth, hyphal fusion, and spores. |

Many mycoviruses do not kill their fungal host,
but they can reduce fungal growth, reproduction,

or virulence.




Can naturally occurring mycoviruses be harnessed as biocontrols to reduce the growth and
virulence of harmful fungi in the built environment?

Successful applications already exist in agriculture and forestry.

Example: Mycovirus-Based Biological Control of
Chestnut Blight in European Chestnut Trees (valuable
for timber and edible nuts)

1. Chestnut blight is caused by the fungus
Cryphonectria parasitica.

2. Some fungal strains are naturally infected with
Cryphonectria hypovirus 1 (CHV1), which reduces
fungal growth and virulence (hypovirulence).

3. Scientistsintroduce CHV1-infected fungal strains
into infected forests.

4. The mycovirus spreads to compatible fungal strains
through hyphal fusion (anastomosis).

5. The infected fungal population becomes less
aggressive, slowing canker growth and improving
tree survival.

6. Biocontrolsuccess depends on fungal
compatibility, since vegetative incompatibility can
limit virus transmission.

Visual Symptoms of Chestnut Blight: Decline, Cankers and Fungal Growth

= R s

* Persistsinside fungal cells without

Cryphonectria hypovirus 1 (CHV1):

Naked (+)ssRNA virus with no
capsid or envelope.

leaving the host.

Reduces fungal growth and
virulence without killing the
fungus (hypovirulence).

Vesicles containing the Cryphonectria hypovirus 1 (CHV 1) virus within fungal tissue. Adapted from: Fermin et al.
2018. Viruses, Academic Press,Pages 217-244




Hidden Viral Allies: Using Sequencing to Discover Mycoviruses in Indoor Fungi

The Biocontrol Potential Is Real—Now We Need to
Find the Right Mycoviruses

* Mycoviruses can reduce fungal virulence.

e CHV1 shows that a virus can weaken a harmful
fungus without killing it.

* Indoor fungi may also carry hidden mycoviruses.
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How Sequencing Reveals Hidden Mycoviruses

DNA identifies the fungus * RNA reveals the viruses inside it

e DNA barcode 9 RNA sequencing

o Indoor fungal sample
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DNA barcoding identifies the fungus; RNA sequencing reveals hidden mycoviruses

Inspired by Lu et al., BMC Genomics (2024)



Challenges Scientists Face: Getting a mycovirus into the right fungus is the hard part

e Toward future biocontrol

Potential future biocontrol
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Finding a mycovirus is only the first step. Sequencing can show that a mycovirus exists, but scientists still need to
move itinto the target fungus and test whether it weakens fungal growth or virulence.

Delivery is difficult. Many mycoviruses do not spread by leaving one cell and infecting another from the outside. They
often move only when fungal hyphae connect.

RNA viruses need an extra step. Because many mycoviruses have RNA genomes, scientists may first copy the viral
RNA into cDNA, a DNA version that is easier to work with in the lab.

A possible delivery tool is Agrobacterium. Scientists can engineer Agrobacterium tumefaciens to carry the viral cDNA
and transferitinto fungal cells.

The final test is function. After delivery, researchers must confirm that the mycovirus becomes established and that the
infected fungus grows less or becomes less aggressive.

4 Conceptual Experimental Strategy:
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Fungal Phylogenetic tree discussion workflow

Using the workflow presented in the
worksheet and the case of Trichoderma
harzianum as an example,

analyze the remaining unknown
sequences and the yeast outgroup in the
context shown in the phylogenetic tree.
Prepare a summary table thatincludes
each species, its relevance to the
indicated context, and a link to two peer-
reviewed scientific articles that supports
the explanation.
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Career Pathway Connection: Microbiomes in Biomanufacturing Facilities

*Environmental monitoring protects product
quality.

Air, surfaces, water, humidity, and gases must
be monitored in facilities that manufacture
biologics and pharmaceuticals.

*Built environments have microbiomes.
Cleanrooms, labs, offices, production areas,
water systems, and ventilation systems can all
contain microbial communities.

*Microbial data support decision-making.
Sampling, culturing, DNA-based detection, and
bioinformatics can help identify microbial risks
and track contamination sources.

*This connects to local workforce training.
BioWork and biomanufacturing programs
prepare students for entry-level roles where
understanding microbes, contamination
control, and regulated production
environments is valuable.

BioWork Career Fair Course Catalog Degree Programs STEM Outreach Learn Now Sam Taylor Scholarship

Home

The BioWork certificate program will teach you the foundational skills you
need to begin a career as a process technician for a biotechnology,
pharmaceutical, or chemical manufacturing company.

SPB0WoRK

https://www.ncbionetwork.org/biowork

"Of all the teachers and courses I've taken, |
would say that BioWork impacted my life the
most. | went from minimum wage to making
a great living surrounded by people who
actually enjoy coming to work for a company
that actually cares."

CE RTI FI CATIO N s -RYAN KENNEDY, MERCK EMPLOYEE
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