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Toxic cyanobacterial bloom 

º Rapid growth of cyanobacterial population.

º Commonly encountered in many eutrophic fresh and brackish 

waters 

º Have the ability to produce neurotoxic, hepatotoxic, and 

tumour promoting secondary metabolites

º Prevalence: Temperate lakes, rivers, dams, and reservoirs

º Factors promoting bloom formation 

-high nutrient loads  - high light 

-temperate to high temperatures   -thermal stratification of a 

water column



Aims of this work

º Development of PCR and quantitative PCR (q-PCR) methods for 

detection of toxic cyanobacteriafrom environmental water 

samples. 

º Determine the presence of cyanotoxin-genes

º Determine sample toxigenicity

º Uniplexq-PCR 

º Multiplex q-PCR 



Targets 

1- Saxitoxin (stx) biosynthesis gene

ºSTX is neurotoxic alkaloid, also known as PSTôs (paralytic 
shell fish toxins) 

º Causes neurotoxic effects, blocks sodium channels in nerve 
cells

º Highly toxic with LD50's as low as 10 µg kg-1 (i.p.) in mice

º Guidelines suggest alert level of STX-equivalents is 3 µg/l  

Species location 

Anabaena circinalis Australia

Aphanizomenon flos-aquae USA

Cylindrospermopsis raciborskii Brazil

Lyngbya wollei USA



Targets continue 

2- Cylindrospermopsin (CYN) gene

º CYN is cyclic alkaloid hepatotoxins

º Primarily affects liver, as well as other major organs. 

º Itôs LD50 (i.p., mice) is 200 µg kg-1

º Guideline suggest alert level of CYN-equivalents is 1-15 µg/l

Species location

Cylindrospermopsis 
raciborskii

Australia, Hungary and 
Brazil 

Aphanizomenon 
ovalisporum

Israel 

Umezakia natans Japan



Targets continue 

3- Microcystins (MCY) and nodularian (nda) genes

º Produced by mcy gene and nda gene respectively

º Hepatotoxins, and both are cyclic hepatopeptides 

º Inhibitors of eukaryotic serine/threonine protein phosphatase 
1 & 2A and act as tumour promoters

º LD50 of 50 µg kg-1(i.p., mice)

º Guidelines suggest alert level of mcy-equivalent is1.3µg/l

Species Location

Microcystis aeruginosa 7806 Australia

Microcystis aeruginosa K139 Japan

Planktothrix 128/6 Germany

Anabaena 90 Finland

species location

Nodularia 
spumigena 
NSOR10

Australia, Baltic Sea, 
and New Zealand 



Cyanobacterial samples 

Cultured strains

1. Anabaena circinalisstrains

2. Microcystis aeruginosa strains

3. Cylindrospermopsis racaborskii strains

4. Anabaena strains

5. Planktothrixstrains

6. Nodularia spumigena strains

Bloom samples

º More than 10 location of Murray river 



Methods

1. Chemical analysis for cyanotoxin  determination 

2. DNA extraction

3. Nucleic acid:   

A.   PCR screening 

B.   Q-PCR uniplex (SYBR-Green assay and TaqMan probe) 

optimised multiplex assay



Multiplex qPCR

ÅMultiplex assaysallow thedetectionof severaltargetswithin asinglesample.

ÅThe useof multiple fluorescentdyespermitsdetectionof signal in up to four

channelsatonetime on theSmartCyclersystem.



Conditions for multiplex qPCR

º Targeting four different genes that are responsible for producing 
saxitoxin, cylindrospermopsin, microcystin & nodularian, as well as 
the 16S rRNA gene 

º Primer Express software has been used for designing the primers 
and the probes

º Probes are labeled with reporter dye at the 5ô-end and quencher dye 
at the 3ô-end

º In this work we have four different probes labeled with four 
different dyes



Gene sequences alignment 

º Alignment performed for :

1. species producing  stx

2. species producing  cyn

3. species  producing  mcy and nod

4. 16S gene (internal control) all cyanobacterial species

º This process has been done successfully with 100% base matches.

º Mcy-nod  aligned sequences were used to designed degenerate 

primers and TaqMan probe



Testing the sensitivity of the primers 

º For each gene primers were tested separately in PCR, and qPCR.

º Positive results were obtained from the toxic trains only.

º Primers amplification efficiency was high >95%

º Probes were then designed and tested 



How TaqMan work?

º 1                                                   2

º 3                                                 4 



Optimised multiplex assay in single tube 

1. Fam

2. CY3

3. TXR

4. CY5Cy5CY
5cC



Specificity of primers and TaqMan probes

species 16S gene stx gene mcy-nda gene cyn gene toxin

A. circinalis + + - - stx

C. racaborskii T3 + + - - stx

L. wollei + + - - stx

A. flos-aquae NH5 + + - - stx

C. raciborskii + - - + cyn

Umezakia natans + - - + cyn

A. ovalisporumAPH028A + - - + cyn

M. aeruginosaPCC 7806 + - + - mcy

A. flos-aquaNIVA -CYA 83/1 + - + - mcy

P. agardhiiCYA 126/8 + - + - mcy

N. spumigenaNSOR10 + - + - nod





Murray river results 

º 60 sample were tested over one month 25-march to 22-April -2009

º PCR 

º 3 location were selected for following the bloom formation and  

determining the toxigenicity by multiplex qPCR



PCR screening 

sample date 16S MCY CYN STX

Yarrawonga 25-3-09 + + + +

Tocumwal 25-3-09 + + + -

Corowa 25-3-09 + + + -

Yarrawonga 1-4-09 + + + +

Tocumwal 1-4-09 + + + +

Corowa 1-4-09 + + + +

Yarrawonga 13-4-09 + + + +

Tocumwal 13-4-09 + - + +

Corowa 13-4-09 + + + +

Yarrawonga 20-4-09 + - + +

Tocumwal 20-4-09 + + + +

Corowa 20-4-09 + + + +



Multiplex qPCRresults 
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Toxigenicity of samples

ºPercentage toxigenicity of samples were determined 

including cyn+stx+mcy-nod genes copy number/mL
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Cyanobacterial toxin genes distributions 

ºCyn gene copy number were dominant in the early time 

of the bloom formation 

ºStx gene copy number were low in the early and became 

higher in the late time of this study

ºMcy gene copy number stayed low in the early and late 

time of the study 



Correlation between qPCR and ELIZA results 

ºQPCR results correlated directly to cyanotoxin 

concentrations obtained by ELIZA analysis

ºSignificantly; cyn and cyn gene copy number 

were the highest in the Murray river bloom.  

ºExample 

location cyn gene copy /mL µg cyn /L

Yarrawonga 1.97E+05 0.56

Tocumwal 8.97E+04 0.48

Corowa 1.10E+04 0.33



Conclusions 

1. The Q-PCR technology is able to detect and quantify 

cyanobacterial toxin biosynthesis genes from environmental 

samples

2. Multiplex assay able to distinguish between different 

cyanobacterial toxin genes 

3. High gene copy number             high level of toxin

4. Environmental factors some time affect the production of toxin 

from the organism

5. For that it is better to rely on copy number assuming that all 

produce the toxin

Å So that will be better for management authority for water 

quality assessment



Yarrawonga-lake Mulwala


