
Abstract
Cyanobacteria, common name blue-green algae, are 
small single cell organism that have in recent years 
become an important topic of discussion in Florida. 

This is largely due to their ability to produce a class of 
toxins called cyanotoxins which include potent 

neurotoxins, hepatotoxins, cytotoxins, and 
endotoxins. To characterize the threat to human 

health we worked on two aspects of understanding 
and characterizing the nature of freshwater 

cyanobacteria blooms and we believe that early 
detection of toxin genes could be used in conjunction 

with control methods before a bloom becomes too 
difficult to treat. In addition to getting morphical data 
we aimed to identify the gene complexes responsible 
for producing specific cyanotoxins and use Molecular 
detection methods to test for the specific genes in the 
samples, even though the sample may not have been 

currently producing the toxin at time of collection. 
This is due to toxins being released during cell lysis. To 
achieve this, we tested samples from three different 

points in lake Trafford monthly over the span of a year 
and used qPCR to test for the presence or absence of 

the gene complexes responsible for four different 
cyanotoxins; Microsystin (mcyE gene) Saxitoxin (sxtA 

gene), Anatoxin (anaC gene), Cylindrospermopsin 
(cyrA gene).
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Introduction
Human health risks from cyanobacterial blooms are 

primarily related to cyanotoxins that some 
cyanobacteria produce. Not all species of 

cyanobacteria can produce toxins and those that do, 
often do not produce toxins at levels harmful to 

human health. Due to these factors, we hypothesized 
that there is no pattern between the cyanotoxin gene 

presence and the presence of toxins in the water. 
Monitoring programs that are currently in use can 
overestimate risk and lead to unnecessary health 

advisories. To characterize the true threat to human 
health we focused on two aspects of understanding 

and characterizing the nature of freshwater 
cyanobacteria blooms and we believe that early 

molecular detection of toxin genes could be used in 
conjunction with control methods before a bloom 

becomes too difficult to treat.

Materials and Methods
 Approximately 500 ml of water were collected in sterile polyethylene bottles from each of the three locations 

around lake Trafford, they were collected at approximately one foot deep in the water column, collections were 
conducted by collier county once a month over the span of one year. The samples were filtered through 

0.45-micron cellulose filter and once all of the cells transferred over to the filter membrane they were frozen at 
-80°C until they were ready to be processed. To extract DNA from cyanobacterial cells on the filters, they were then 

processed by starting with three rounds of the freeze-thaw process that was performed using the -80d°C freezer 
and a 65°C heating block for the lysis of cyanobacterial cells then followed the protocol provided by the 

manufacturer. (DNeasy PowerLyzer PowerSoil Kit) the extracted DNA was tested using qPCR (AriaMx Real-Time PCR 
System) to test for the presence of the gene complexes responsible for four different cyanotoxins. Each of the 
developed qPCR systems was performed individually and separately with a qPCR device. For the Microcystis 

system, primer set MicrF/MicrR was used to target the 16S rRNA region unique to Microcystis cells, while 
mcyF/mcyR were used to specifically target the microcystin synthetase (mcyE) region unique to potentially toxic 
Microcystis cells. Samples were also tested individually and separately for Saxitoxin (sxtA gene), Anatoxin (anaC 

gene), and Cylindrospermopsin (cyrA gene). All Primers and TaqMan probes used in this study were from IDT and 
the information and sequences can be found in [Table 1]. The qPCR cycling protocol for each primer pair was 

applied as previously described by the authors.

                   [Table 1]

Results 

The data was tested in order of how samples were received from 
November 2020 – October 2021, and we can see in the figure to the 
right that the presence of these gene complexes do not follow a specific 
pattern or trend, but we can see presence of at least one toxin gene in 
every sample throughout the year. I was unable to analyze every 
sample for all four gene complexes as I originally intended, this was due 
to time constraints as well as challenges throughout this research, one 
of which trying to optimize all of the qPCR methods. This took time, 
research, and some trial and error. 

Discussion/Conclusions
The qPCR systems were successfully optimized and 

developed for quantifying commonly observed harmful 
cyanobacteria in this study; both the MICR and mcyE 
primers and protocols established in the literature [J. 

Al-Tebrineh et al., 2012] proved successful. For the sxtA 
primers it was difficult to find a positive control that we 

already knew was producing the saxitoxins, one the 
positive control was found we still had trouble getting 

specific binding of the primers, so we switched to using 
the primers and probe (sxtP) which proved to be much 
more successful. A lot of time was also spent trying to 

establish a positive control for anatoxin and optimize the 
protocols using the anaC primer but was unable to 

achieve consistent results before I ran out of time. While 
this information is important to understanding and 

characterizing the nature of freshwater cyanobacteria 
blooms, it only focuses on the molecular presence of 

toxin genes, the research needs to be continued 
specifically with the toxin analysis testing to see if the 
samples that were positive for the gene complex are 
currently producing the toxins at time of collection. 

Testing for known toxin producers in combination with 
toxin analysis testing can improve our understanding of 

the effect they have as well as our response to HABs. 
Overall, the results support our hypothesis and by 

analyzing our data we see no observable pattern or 
statistical trend present.
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