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1. NON-PHOTOSYNTHETIC CYANOBACTERIA

• Harmful algal blooms (HABs) are colonies of algae that produce toxins resulting in decreased water quality.4

• Climate change has exacerbated anthropogenic events and increased water's nutrients and temperatures, creating prime environments 
for cyanobacteria proliferation.5

• Blooms are found on the surface of the water and within the water column in low light conditions.6

• The proliferation of these cyanobacteria resulting in HABs reduces water quality by producing harmful toxins, unpleased odours and tastes,
and can cause an anoxic environment.6

• Buoyant cyanobacteria favour thermal stratification as they have better access to light, while the non-buoyant cyanobacteria can thrive
below due to their non-photosynthetic nature.7

• Non-photosynthetic cyanobacteria within the water column have not been emphasized in research and pose a risk to wildlife and 
human health. 

4. STUDY SITE: TURKEY LAKES WATERSHED

• Characterizing the genes within NCY genomes will aid in our understanding of biogeochemical cycles within the water 
column, the biosynthesis of BMAA, and microbial communities. 

• Future studies should  perform RT-qPCR to investigate the abundance of NCY within the water column and investigate NCY 
within lake sediment. 

• Thank you, Dr. Kirsten Müller, Dr. Monica Emelko, Dr, Michael Stone, Dr. Kara Webster, and Jamie Broad for guidance 
during the project planning process and field sampling. 

• Thank you, Anjali Krishna, Hadeel Abed, Timothy Shardlow, Jessica Panchaud, Emmanuelle Roy, and Isaac Padilla for aiding 
in field sampling. 

6. FUTURE DIRECTIONS 
1. Soo, R. M. et al. Genome Biol Evol 6, 1031–1045 (2014).

2. Monchamp, M. E. et al. Front Microbiol 10, (2019).

3. Di Rienzi, S. C. et al. Elife 2, (2013).

4. Wells, M. L. et al. Harmful Algae 49, 68–93 (2015).

5. Paerl, H. W. et al. Water Res 46, 1349–1363 (2012).

6. Cameron, E. S. UWSpace. PhD Thesis. (2021).

7. Visser, P. M. et al. 54 145–159 (2016).

8. Hu, C. et al. Life 12, 476 (2022).

9. Nunn, P. B. et al. Phytochemistry 144 253–270 (2017).

10. Chernoff, N. et al. J Toxicol Environ Health B Crit Rev 20,
183–229 (2017).

11. Dunlop, R. et al. Neurotox Res 39, 81–106 (2021).

12. Mantas, M. J. Q. et al. Phytochemistry 200, (2022).

13. Cox, P. A. et al. Proc Natl Acad Sci U S A 100, 13380–13383
(2003).

14. Abbes, S. et al. Toxins (Basel) 14, (2022).

15. Mantas, M. J. et al. Phytochemistry 200, (2022).

16. Jeffries, D. S. et al. Ecosystems 4 501–502 (2001).

17. Jeffries, D. S. et al. Can. J. Fish. Aquat. Sci. (1988).

REFERENCES

5. METHODS: CHARACTERIZING NCY COMMUNITIES AND GENOME

1. Sampling at LTL and WL
• May 2022-April 2023
• 1L replicates at three depths 

at the deepest point in the 
lakes

2. Filtering of Samples
• 47mm GF/C 1.2 um pore 

filter

3. DNA extraction 
• DNeasy PowerSoil Kit  

(QIAGEN Inc., Venlo, 
Netherlands)

4. 16S rRNA (V4 region) 
amplicon sequencing

• Illumina MiSeq platform 

5. Cyanobacterial Community 
analysis

• QIIME2 and DADA2: 
bioinformatic processing

• SILVA138: sequencing library 
database

6. Shotgun metagenomic 
sequencing and Genome 

Annotation
• ATLAS snakemake workflow

7. Confirm toxin and 
functional genes

• Compare environmental 
sequence with reference 
sequence within a 
phylogenetic tree (MEGA X) 

• Cyanobacteria (blue-green algae) consist of organisms that can perform photosynthesis. The discovery 
of the 16S rRNA V4 region gene led to the discovery of non-photosynthetic cyanobacteria (NCY).1

• NCY are unable to photosynthesize and few genomes have been sequenced  and annotated within the 
phylum Cyanobacteria.1

• The respiration and fermentation processes of Melainabacteria and Sericytochromatia are 
hypothesized to play a role in the biogeochemistry of lakes, however these groups are understudied.2

Table 1: Characteristics of Non-photosynthetic Cyanobacteria

Class Orders Environment Information
Melainabacteria Gastranaerophilales, 

Caenarcaniphilales, 
Obscuribacterales, 
Vampirovibrionales, 

Fecal samples, soil samples, 
aquifers, freshwater lakes, 
wastewater1–3

• Obligate fermenters, aerobic 
and anerobic respiration is 
used depending on the order.

Sericytochromatia Not Applicable Marine and lacustrine 
sediments, soil samples, 
freshwater lakes, marine 
surface samples, subsurface 
groundwater1–3

• Anerobic and aerobic
• Ancestor to photosynthetic 

cyanobacteria and 
melainabacteria

• Least understood non-
photosynthetic cyanobacteria 
group

1. Use 16S (V4 region) amplicon 
sequencing to determine if 
Sericytochromatia and Melainabacteria 
composition differ spatially, seasonally, 
and between lakes within Turkey Lakes 
Watershed (TLW).

2. Investigate if hypothesized 
BMAA/isomers-producing genes are 
found in the metagenome of the 
cyanobacteria community in TLW.

3. Determine if Sericytochromatia and 
Melainabacteria environmental 
samples contain genes responsible for 
aerobic respiration, anaerobic 
respiration, fermentation, 
photosynthesis, and flagella 
development. 

3. OBJECTIVES

• The Turkey lakes Watershed is located 50 km north of Sault Ste Marie, Ontario.16,17

• Previous studies included determining the spatial and seasonal distribution of potentially toxic 
cyanobacteria in Big Turkey Lake (BTL), Little Turkey Lake (LTL), and Wishart Lake (WL).6 

• BTL was investigated to determine if the cyanobacteria communities contain toxin genes. 
• LTL and WL samples have not undergone metagenomic sequencing to identify the potential toxin 

genes. 
• Cyanobacterial communities were found to have persisted year-round in oligotrophic northern 

temperate lakes. 
• During ice-covered months cyanobacterial communities remained.6

• Gastranaerophilales, Vampirovibrionales, and Caenarcaniphilales were observed throughout the 
year. 

• Growing seasons have increased with climate change, leading to larger blooms. 
• Warmer climates extend the growing season and thermal stratification resulting in large blooms.7  

• As a result, warming waters have impacted the hydrological cycle and potentially extended 
vernal and autumn windows at TLW.6

Figure 2: Illustration of the lake outflow and 
connectivity in the Turkey Lakes Watershed.16

Figure 3: Wishart Lake (dimictic lake)
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2. NON-PHOTOSYNTHETIC CYANOBACTERIA IMPACT ON HEALTH

Figure 1: Impact of gut cyanobacteria on human health8

• Melainabacteria is associated with having a role in food 
digestion, obesity, irritable bowel syndrome, and the 
health of the gut microbiome in immune-compromised 
patients.8 

• Melainabacteria can aid in vitamin biosynthesis, which 
could be beneficial to the host.8

Figure 4: Little Turkey Lake (oligotrophic dimictic 
lake, thermal stratification)

Figure 5: Schematic illustrating proposed methods to characterize non-photosynthetic cyanobacterial communities and determine toxin/functional genes

• BMAA is hypothesized to be a causative agent in 

Amyotrophic lateral sclerosis and Parkinson- dementia 

complex (ALS/PDC).9–12

• BMAA has been found in various freshwater and 

marine environments and has been detected in 

multiple organisms via biomagnification and in many 

cyanobacteria species.9,13,14

• Gastranaerophilales were found to play a role in BMAA 

toxin biosynthesis.8

• BMAA toxin was detected in the brains of ALS/PDC 

patients in Canada as the toxin was able to cross the 

blood-brain barrier.13

• The biosynthesis of BMAA and its isomers is unknown, 

and hypothesized pathways within the literature have 

not been identified in many environmental samples. 

• Genes involved in the purine degradation pathway and 

β-N- oxalyl-2,3-diaminopropanoic acid (β-ODAP) 

pathway have been hypothesized to play a role in 

BMAA biosynthesis.15

Neurotoxin: b-methylamino-L-alanine (BMAA)


