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Toxin Biosynthesis History

• Professor Brett Neilan
– School of Biotechnology and 

Biomolecular Sciences, UNSW

– University of Newcastle
• Microcystin

– Tillett et al, 2000

• Nodularin

– Moffitt and Neilan, 2004

• Cylindrospermopsin

– Mihali et al, 2008

• Saxitoxin

– Kellmann et al, 2008

– Jakobsen et al 2011



CyanoDTec qPCR Test Specifics

Simultaneously identifies and quantifies the presence 

of total cyanobacteria along with 3 genes responsible 

for 4 different toxin production;

• Specific Cyanobacteria 16S rRNA gene, IAC

• Pan Microcystin & Nodularin, mcyE/ndaF gene

• Pan Cylindrospermopsin, cyrA gene

• Pan Saxitoxin, sxtA gene

• Certified gene standards (NMI) for quantitation



A perfect storm; Toledo August 2014

Disasters motivate and result in change



Ohio AWWA Technology Conference

September 26, 2017

Heather Raymond

Ohio EPA HAB Coordinator

Ohio’s Use of qPCR as a 
Cyanobacteria Screening Tool



qPCR as Screening Tool for Microcystins

▪ Out of 1850 paired PWS samples:

▪ 100% of microcystins >1.6 µg/L had paired mcyE gene 

detections.

▪ 100% of microcystins >5 µg/L had mcyE detections > 

5,000gc/ml

▪ 90% of microcystins detections >1.6 ug/L had mcyE

detections >5,000 gc/mL



Example: mcyE Detections Precede Microcystins

Detections in Central Lake Erie Basin
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qPCR Data Interpretation

• mcyE

• Any mcyE detection may indicate onset of a bloom, and
could provide early warning. 

• More severe blooms, indicated by microcystins
concentrations >5µg/L, were always associated with mcyE
>5,000 GC/mL.

• sxtA

• sxtA detections were associated with saxitoxins, but in some 
cases low sxtA was associated with higher saxotoxins
concentrations. 





Ohio Monitoring Guidance
http://epa.ohio.gov/Portals/28/documents/habs/2017-18HAB%20monitoring.pdf

http://epa.ohio.gov/Portals/28/documents/habs/2017-18HAB monitoring.pdf






















Timing  is everything, sadly 2021 was quiet year

But!!







Pacific Corp funded study Oregon 2017
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Kramer BJ, Davis TW, Meyer KA, Rosen BH, Goleski JA, et al. (2018) Nitrogen limitation, toxin synthesis potential, and toxicity of 

cyanobacterial populations in Lake Okeechobee and the St. Lucie River Estuary, Florida, during the 2016 state of emergency event. 

PLOS ONE 13(5): e0196278. https://doi.org/10.1371/journal.pone.0196278

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0196278

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0196278


The Netherlands
Risk assessment blue-green algae in bathing 

water



Risk assessment blue-green algae in bathing water; Stowa, Sept 2020









2022



Duan et al; Sci Total Env, 2022



Proactively Monitoring Algal Blooms, 

Taste & Odor, and Cyanotoxins

J. Hunter Adams, M.S. 

hunter.adams@wichitafallstx.gov

Integrated Toolkit

On a need basis 

based on qPCR









Management Implications

Crawford et al, Environ Monit Assess 2017 





Screen Cyanobacteria

Test for Potentially 

toxin-producing 

Cyanobacteria 

Test for Toxins

Confirmed potential 

cyanotoxin producers

Confirmed 

cyanobacteri

a

• Visual Inspection

• Remote Sensing

• Pigment 

measurement

• Microscopy

• Molecular/Genetics

• ELISA

• Chromatography

• Mass Spectrometry

Target Toxins 

for Analysis

Collect 

Water 

Sample

Generalised monitoring steps used to evaluate risk from 

cyanobacteria exposure; Source ITRC

The Interstate Technology and Regulatory Council (ITRC) is a state-led environmental coalition working to 
create innovative solutions and best management practices. ITRC produces documents and training that 
broaden and deepen technical knowledge and expedite quality regulatory decision making while 
protecting human health and the environment



Summary

• There’s good data across the globe, reproducible
• Technology is referenced in guidance documents as an 

option

• But there is a lack consensus for use and interpretation

• Public Water Systems

• Recreational Water

• Lack of momentum for change (only when a crisis 
happens)

• Conversion as principle monitoring test some time 
away
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