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The Development and Validation of a Multiplex qPCR Assay 
for the Detection of Toxin-Producing Cyanobacteria 

Toxic bloom-forming cyanobacteria are a global health hazard (Fig. 1). These 
photosynthetic microorganisms produce a suite of secondary metabolite toxins 
including hepatotoxins such as microcystin, nodularin and cylindrospermopsin and 
neurotoxins such as saxitoxin. These toxins can threaten the safety of drinking water 
supplies and in the case of saxitoxin, can accumulate to dangerous levels in shellfish, 
affecting the seafood industry. 
 

Cyanotoxins are produced by many strains of cyanobacteria spanning multiple genera, 
however, as toxicity is not uniform among strains or morphotypes, conventional 
bacteriological classification methods are unable to accurately predict toxicity (Fig. 
2). Despite the challenges faced by pioneering researchers in this field, it has long 
since been realized that early detection methods for toxic cyanobacteria are critical 
as the consumption of cyanotoxins can lead to a myriad of serious health effects and 
can be fatal in high doses. 
 
 
 
 
 
 
 
 
 
 
Direct measurements of cyanotoxins in water or seafood samples using bioassays and 
chemo-analytical methods are often laborious, costly and require specialised 
equipment. Furthermore, they are only applicable once the toxins are already present 
in the water above a certain detection threshold. Molecular methods, on the other 
hand, are able to detect toxigenic cyanobacteria before they produce and release 
their toxins into a water body. Thus, molecular methods may be employed as an early 
warning system capable of predicting the composition and potential toxicity of a 
bloom before it becomes problematic. 
 

Molecular methods have been described for the detection and quantification of 
toxigenic cyanobacteria, however, to date there is no method for the simultaneous 
detection and quantification of hepatotoxin and neurotoxin producing genera.  
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Conclusions	  

•  The amplification efficiencies for the four target toxin genes were high and 
relatively uniform ranging from 0.93 to 1.01. In the final quadruplex PCR assay, 
both the specificity and the sensitivity were equivalent to the individual uniplex 
assays (Table 1, Fig. 3). 

•  Analysis of 51 cyanobacterial isolates (34 toxic and 17 non-toxic) using the new 
multiplex qPCR showed 100% specificity for their predicted targets with no 
observed cross-reactivity. 

•  The sensitivity of the reaction for the toxin genes ranged from 102 to 106 gene 
copies per reaction. 

•  The synthetic reference DNA and internal control experiments indicated that the 
qPCR had a linear response and significant ruggedness, including a variation in 
reagents up to 20% (Fig. 4). Accurate cycling temperatures were shown, by 
Plackett-Burman factorial design, to be the major determinant for assay reliability. 

•  The 2009 bloom in the Murray River was the first time that the potential 
production of three major cyanotoxins has been shown to be possible 
simultaneously within a single bloom event. Using the multiplex qPCR technology 
we were able to determine the toxigenicity of the Murray River bloom, based on 
the sxtA, cyrA and mcyE gene copy number per mL of sample (Table 2). Water 
management authorities implemented control strategies to avoid human and 
livestock exposure to the cyanobacterial in this major river system. 
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•  Develop a novel multiplex qPCR assay targeting four different cyanotoxin gene 

clusters: mcy (microcystin), nda (nodularin), cyr (cylindrospermopsin), and sxt 
(saxitoxin). The assay, utilizing TaqMan technology, targets all the major 
cyanotoxin-producing species. 

•  Validate the qPCR against independent synthetic DNA reference material 
(engineered clones of the modified target sequences) and  an internal control 
based on the 16S rRNA gene present in toxic and non-toxic cyanobacterial species. 

•  Use the quadruplex qPCR for the rapid assessment of the distribution and 
concentration of toxic cyanobacterial species in environmental samples from a 
complex harmful algal bloom population.  

Figure 2 Anabaena, Microcystis, Cylindrospermopsis (left to right) 

 
Figure 1 Cyanobacterial bloom on the Murray River 

Primer and Probe Design: Conserved regions with at least 90% sequence identity 
among 29 strains belonging to 11 toxic genera were examined using Primer Express 
Software V2.0 from Applied Biosystems and BLASTn (NCBI). The targets ultimately 
selected were the aminotransferase (AMT) domains of the microcystin and nodularin 
synthetases, respectively; the amidinotransferase (cyrA) gene involved in 
cylindrospermopsin synthesis; and the aspartate aminotransferase domain of sxtA for 
saxitoxin synthesis. These enzymes are responsible for the initial steps in forming 
each toxin’s structural backbone. 
 

qPCR Validation: Gravimetric dilutions and digital droplet PCR was used to quantify 
the copy number ratio of toxin and 16S rRNA gene sequences in cyanobacterial 
genomic and the synthetic reference material DNA. All PCRs were performed using 
the BioGX lyophilised master mix and Stratagene Mx3005P RT-PCR system. 
 

Murray River Bloom Assessment: Integrated (surface to 6 m deep) bloom samples were 
collected fortnightly over the summer months. Cell counts and biovolume, algal 
identification, and toxicity data were also collected. Converntional and qPCR of toxin 
genes was performed to detect and quantify the potential hazard posed by the 
bloom. 
 

 

	  	   	  	   	  	   	  	   Isola.on	   	  	   	  	   	  	   	  	   Bio-‐ac.vity	   	  	   	  	  
Isolate	   Bee	  Sp.	   Bee	  Type	   Origin	   Media	   Order	   Genus	   PKS	   NRPS	   S.	  aureus	   C.	  albicans	   P.	  auriginosa	  
TM	  04	   A.	  australis	   Forager	   Gut	   MRS	  25%	   Lactobacillales	   Leuconostoc	  	   ✕
 ✕
 ND	   ND	   ND	  
TM	  08	   A.	  australis	   Forager	   Gut	   ME	  100%	   Pleosporales	   ND	   ✕
 ✕
 ✔
 ✔
 ✔


AG	  11.2	   A.	  australis	   Forager	   Gut	   NA	  100%	   Enterobacteriales	   ND	   ✕
 ✕
 ✔
 ✕
 ✕


TM	  47	   A.	  australis	   Forager	   Body	   PDA	  100%	   Sachromycetales	   Zygosaccharomyces	  	   ✔
 ✕
 ✕
 ✕
 ✔


TM	  44	   A.	  australis	   Egg	   	  	   WYE	   Hypocreales	   Acremonium	  	   ✕
 ✕
 ND	   ND	   ND	  
TM	  16	   T.	  carbonaria	   Forager	   Gut	   PD	  100%	   Tremellales	   ND	   ✕
 ✕
 ✔
 ✕
 ✕


TM	  20	   T.	  carbonaria	   Forager	   Body	   MRS	  25%	   Bacillales	   Bacillus	  	   ✕
 ✕
 ✕
 ✕
 ✔


TM	  21	  	   T.	  carbonaria	   Forager	   Gut	   ME	  100%	   Tremellales	   ND	   ✕
 ✕
 ✔
 ✔
 ✕


TM	  41	   T.	  carbonaria	   Forager	   Gut	   PD	  25%	   Capnodiales	   Cladosporium	  	   ✕
 ✕
 ND	   ND	   ND	  
TM	  45	   T.	  carbonaria	   Forager	   Body	   ME	  25%	   Euro.ales	   Penicillium	  	   ✕
 ✕
 ND	   ND	   ND	  
CG37.4	   T.	  carbonaria	   Forager	   Gut	   MRS	  100%	   Enterobacteriales	   Enterobacter	  	   ✕
 ✕
 ✕
 ✕
 ✔


CG33.2	   T.	  carbonaria	   Forager	   Gut	   PDA	  100%	   Sachromycetales	   Clavispora	   ✕
 ✕
 ✔
 ✕
 ✕


CG36.2	   T.	  carbonaria	   Forager	   Gut	   MRS	  6-‐	   Bacillales	   Bacillus	   ✕
 ✕
 ✔
 ✔
 ✔


TM	  19	   T.	  carbonaria	   Callo	   Body	   PD	  100%	   Euro.ales	   Penicillium	  	   ✕
 ✕
 ✕
 ✕
 ✔


TM	  29	   T.	  carbonaria	   Callo	   Body	   PD	  25%	   Ac.nomycetales	   Microbacterium	  	   ✕
 ✕
 ND	   ND	   ND	  
TM	  30	   T.	  carbonaria	   Callo	   Body	   PD	  25%	   Ac.nomycetales	   Williamsia	  	   ✕
 ✕
 ND	   ND	   ND	  
TM	  46	   T.	  carbonaria	   Callo	   Body	   PDA	  25%	   Euro.ales	   Penicillium	  	   ✔
 ✔
 ND	   ND	   ND	  

Contact:	  mark.vanasten@diagnos4ctechnology.com.au	  

Results	  	  

Methodology	  

	  aDiagnostic Technology P/L, bNational Measurement Institute and cSchool of Biotechnology and Biomolecular Sciences, 
University of New South Wales, Australia 

 Mark van Astena, Leo Pinheirob, Kerry Emslieb and  Brett Neilanc 

1.  Dittmann E, Fewer DP, Neilan BA (2013) Cyanobacterial toxins: biosynthetic routes and evolutionary roots. 
FEMS Microbiology Reviews 37, 23-43. 

2.  Al-Tebrineh J, Pearson LA, Yasar SA, Neilan BA (2012) A multiplex qPCR targeting hepato- and neurotoxigenic 
cyanobacteria of global significance. Harmful Algae 15, 19-25. 

3.  Al-Tebrineh J, Merrick C, Ryan D, Humpage A, Bowling L, Neilan BA (2012) Community composition, 
toxigenicity, and environmental conditions during a cyanobacterial bloom occurring along 1,100 kilometres of 
the Murray River. Applied and Environmental Microbiology 78, 263-272. 

 

References	  

 

  
 

16S 

sxtA 
cyrA 

mcyE 

NTC 

sxtA  target assays using BioGX 8 master mix 
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mcyE target assays using BioGX 8 master mix 
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16S rRNA  target assays using BioGX 8 master mix 

y = -3.3561x + 38.296
R2 = 0.9992
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cyrA  target assays using BioGX 8 master mix 

y = -3.3627x + 40.468
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Figure 3 Amplification of toxin genes,16S 
rDNA and no template (NTC) controls 

Figure 4 Amplification signal of DNA reference material copy number against CT values for the four target assays 

Table 1 CT values for test assays 


