HOW DOES THE PRESENCE OF CYANOBACTERIAL TOXINS AND NITROGENFIXING GENES VARY SEASONALLY IN AN OLIGOTROPHIC WATERSHED?
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1. Harmful Cyanobacterial Blooms
Harmful cyanobacterial blooms (cHABs) pose challenges to safe
drinking water globally. As the only toxin regulated in Canada,
microcystin damages the liver and other organs by disrupting
intracellular protein regulation; while lipid A, a toxic component of
lipopolysaccharides (endotoxins produced by gram-negative
bacteria) initiates dangerous immune responses. Nitrogen-fixation
provides ongoing N2 supplies, resulting in optimal conditions
for proliferation and toxin expression throughout all seasons.
If undetected, untreated toxins threaten drinking water security,
hence the demand for water treatability.
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4. Methods
Sample Collection

Vacuum Filtration

5. Genes of Interest: Community Compositions

Metagenomic Shotgun Sequencing
§ Six environmental DNA samples obtained between July 2018 –
January 2020 were sent for metagenomic shotgun sequencing
to screen for toxin and N2-fixing gene marker presence.
§ This research characterized seasonal distribution over six
months of two toxin gene families: microcystin (mcyA, C-E, H, J)
and lipoxygenase (lpxA-D, K), and three N2-fixing
genes: cyanase (cynS), nitrogenase (nifJ, K, S, U), and a global
nitrogen regulator (ntcA).

DNA Extraction
Figure 4. Metagenomic community compositions of nitrogen-fixing and
lipoxygenase genes of interest.
Relative community abundance that genes of interest were observed in. Green bars
highlight the percentage of genes observed in cyanobacteria.
Note: No genes of interest were observed in cyanobacteria during May 2019.

Research outcomes highlight significant trends between the
seasonal distribution of toxin genes and nitrogen-fixation potential
in oligotrophic lakes which may threaten future water security.
Metagenomic Shotgun
Sequencing

6. Genes of Interest: Seasonality

Figure 1. Forested ecozones of interest to forWater. Shown in purple is the
Boreal Shield ecozone containing the Turkey Lakes forested watershed.

2. Turkey Lakes Watershed (TLW)
§ Found in northern Ontario, Canada (Boreal Shield forested
ecozone, see Figure 1 above)
§ Established in 1979 by Environment Canada, Natural Resources
Canada, Department of Fisheries and Oceans Canada
§ Vast research site focused on improving our current knowledge
of how natural and climate-change induced disasters affect low
nutrient, temperate water systems
§ Typically remains undisturbed and free of visual cyanobacterial
blooms

3. Research Objectives
Characterize the seasonality of gene markers from
TLW using shotgun metagenomic sequencing for:
§ Toxins microcystin (mcy) and lipoxygenase (lpx)
§ Nitrogen-fixation genes nitrogenase
(nif), cyanase (cynS), and a global nitrogen
regulator (ntcA)

Bioinformatic Data Analytics
and Visualization

Community Composition
and Evolutionary Analysis

7. Key Research Findings

Figure 3. Overview of methods. 1L water
samples were collected at Secchi depth**
from Big Turkey Lake and vacuum filtered
and stored onto filters for DNA
extractions. Extracted DNA was shotgun
sequenced by the University of Toronto
(CAGEF), raw metagenomic data was
assembled using Metagenome ATLAS, and
bioinformatic analysis was done using R
Studio, Geneious Prime and MEGA.
Figure 2. Map of Turkey Lakes Watershed.
Shown are each of the interconnected
oligotrophic lakes:
(Big) Turkey, Little Turkey, Wishart, Batchawana

Figure 5. Heatmap depicting gene of interest seasonal variability. Number of
gene observations found within the metagenomic dataset (higher gene
observations denoted by warmer colors). Nitrogen-fixation genes were observed in
all samples excluding May 2019. Microcystin and lipoxygenase genes were
observed during warm sampling months and were not observed during the winter.

**Note: July 2018 was collected 1m
below
Secchi
&
January
2020
was collected just below surface ice.

§ Nitrogenase biosynthesis gene nifJ observed in Jan 2020
§ This suggests nitrogen-fixation can occur in colder seasons and under
ice cover
§ Both toxin gene families (mcy, lpx) were observed in similar patterns during
the summer seasons
§ Neither toxin gene was observed during winter (as expected of toxic
cyanobacterial blooms)
§ Similar gene observations could suggest co-influencing drivers
§ Gene observations vary greatly between July 2018 and July 2019
§ Potential drivers: sampling depth, sampling year, weather conditions

8. Future Research & Implications
§ Continuous monitoring and additional field
sampling at TLW in 2022 (and years to come...)
§ Nitrogen-fixation occurring under ice may
have significant implications on cyanobacterial
proliferation in colder months and nitrogen nutrient
input in oligotrophic water systems
§ Better understanding of which genes are present
throughout the year and what potential threats they
hold

