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USGS Ohio Water Microbiology Laboratory - Cyanobacteria and toxin gene qPCR assays
Toxic freshwater cyanobacterial blooms are of concern in many parts of the world because of their effects on drinking water, water-based recreation, and watershed ecology.   Microcystins are one of the most frequently detected hepatotoxins in freshwaters and are generally produced by strains of the genera Microcystis, Planktothrix and Anabaena (Rantala and others, 2006; Sivonen, 2008). For toxin production to occur, the microcystin synthetase (mcy)  genes must be present in the genome of toxic strains. Known microcystin-producing genera include both toxic strains (with the mcy genes) and nontoxic strains (without the mcy genes), which can be differentiated only by molecular detection methods such as quantitative polymerase chain reaction (qPCR).  
To better understand cyanobacteria toxin production at recreational sites in Ohio and elsewhere, the Ohio Water Microbiology Laboratory (OWML) developed the capability to analyze samples by several cyanobacterial molecular assays.   Using quantitative polymerase chain reaction (qPCR), a targeted genetic sequence of DNA or RNA is amplified into an amount that can be quantified.  Whereas DNA-based qPCR methods reveal the presence of toxin genes (irrespective of whether they are actively producing toxin), RNA-based methods can detect microcystin-producing cyanobacteria that are actively expressing the toxin genes (Sipari et al., 2010).  The OWML has the capability to run qPCR assays on four levels:  (1) general cyanobacteria, (2) general Microcystis or Anabaena, (3) genus-specific microcystin toxin gene assays for DNA, and (4) genus-specific microcystin toxin gene assays for RNA.  These assays can infer the abundance of target gene copies per volume of sample and are expressed as copies per 100 milliliters (copies/100 mL).  
General cyanobacteria are detected as described in Rinta-Kanto and others (2005). This DNA-based assay targets general cyanobacterial genes using the primers CYAN108F and CYAN377R and probe CYAN328P.   The assay developers confirmed that this assay can detect different cyanobacterial cultures including Microcystis, Planktothrix, Anabaena, Synechococcus, and Synechocystis.     
General  Microcystis are detected as described in Rinta-Kanto and others (2005).  This DNA-based assay targets genes present in the genus Microsystis using the primers MICR184F and MICR431R and probe MICR228P.  This assay detects both toxic and non-toxic strains of Microcystis.  
General  Anabaena are detected as described in Doblin and others (2007).  This DNA-based assay targets genes present in the genus Anabaena using the primers Ana573F and Ana780R and a SYBR® Green probe (Applied Biosystems, Carlsbad, Cal.).  This assay detects both toxic and non-toxic strains of Anabaena.
The following assays can be used to identify the frequency of occurrence and compositions of potential microcystin-producing cyanobacteria.  
General mcyE toxin genes are detected as described in Rantala and others (2004). This DNA-based assay targets a portion of the mcyE toxin gene that is conserved by all the genera using the primers mcyE-F2 and mcyE-R4 and a SYBR® Green probe (Applied Biosystems, Carlsbad, Cal.). 
Microsystis-, Anabaena-, and Planktothrix- specific mcyE toxin gene assays can be used for both DNA and RNA detection.  These assays target the following primers and probes:  
· Microcystis-specific  primers 127F, 247R, and probe 186P (Sipari and others, 2010)
· Anabaena-specific primers 611F, 737R, and probe 672P (Sipari and others, 2010)

· Planktothrix-specific primers mcyE-F2, mcyE-plaR3, and SYBR® Green probe (Applied Biosystems, Carlsbad, Cal.) (Vaitomaa and others, 2003; Rantala and others, 2006).
The OWML will continue to test and apply new assays for cyanobacteria , such as those for general and microcystin-producing Cylindrospermopsis, and genes for other types of toxins, such as saxitoxin and anatoxin-a.  
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