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3. Results 
 
A variety of genes were studied in relation to their specific pollutants. The 
results indicated that gene expression can be measured in polluted sites. An 
idea of which can be seen below. The expression of the Metallothienin gene 
which has been identified as being an indicator of metal contamination can be 
seen as being up regulated when compared to the blank and calibrator used 
as controls. This is indicative of metal contamination.  No up regulation can 
be seen within the Garnock and Colintraive therefore indicating that heavy 
metals are not present. Colintraive was classed as being the ‘clean’ site so no 
change in the gene expression was expected.  

 

For many years, the Scottish Environment Protection Agency (SEPA) has 
used an integrated approach (physical, chemical and biological) to monitor the 
state of the aqueous environment but it now recognises the potential benefits 
that Molecular Biology technologies offer in terms of improved sensitivity and 
specificity of response.  SEPA is involved in a NERC-funded research project 
in collaboration with Glasgow Caledonian University to promote understanding 
and uptake of Molecular Biology methods (“genomics”) in environmental 
monitoring and assessment.  
 
The project focussed on studying the three-spined stickleback (Gasterostreus 
aculateus) as a sentinel species for the freshwater environment and the 
mussel (Mytilus edulis) for the marine environment. Genes identified from 
previous research as being either up or down regulated when exposed to 
certain contaminants will be of importance. The contaminants of study relate 
to metals, polyhydrocarbons and oestradiols. Fish and mussels collected from 
sites thought to contain either of these contaminants will be monitored using 
real- time PCR. This study will hopefully determine that genes exposed to their 
related contaminant will alter in gene expression therefore giving an indication 
of environmental strain on the organism due to external issues. 

2. Methodology 
Quantitative, Real-time PCR (qPCR) is a Molecular Biology technique 
based on Polymerase Chain Reaction. PCR is a technique that allows 
us to amplify a piece of DNA and detect its presence at the end point of 
the reaction. Real-time PCR allows for the detection of PCR 
amplification during the reaction my measuring the exponential growth 
phase. 
 
During the process, mRNA is isolated from the organism of interest. The 
mRNA then goes through a technique known as Reverse Transcription. 
This is where specialised complimentary strands of nucleic acids known 
as Primers bind to the mRNA. This allows the initiation of extension to 
produce complimentary strands of DNA known as cDNA.  The double 
stranded cDNA is then separated during the PCR reaction to again allow 
the Primers to bind and enable a DNA polymerase to anneal and extend 
to produce more copies of complimentary DNA. This process is repeated 
for many cycles therefore producing billions of copies of the gene of 
interest. 
 
In PCR, the gene of interest is identified by running the PCR end product 
on an Agarose gel. We can then determine that the correct size of DNA 
fragment has been isolated. What it doesn’t allow us to do though is 
quantify the amount we have. This is where we use qPCR and its ability 
to measure the kinetics of the reaction at early stages.  
 
A fluorescent dye that binds to the DNA as it is being formed is 
measured by the Real-time PCR machine. The more DNA produced in 
the reaction, the more the dye fluoresces. This fluorescence is what is 
measured by the machine as the DNA is produced exponentially in each 
cycle. From the results produced we can then measure against a known 
value to determine a value of expression of a required gene. This can 
give us an idea of the amount of mRNA we initially started with therefore 
indicating if the gene has been up or down regulated in relation to an 
external stressor. 
 
 
 
 
 
 

Figure 1. Three-spined Stickleback 

Figure 3. Overview of Polymerase Chain Reaction 

Figure 4. Results from Real-Time Polymerase Chain Reaction  Machine 

Figure 2. A Perfect Mussel! 

Figure 4. Real-Time PCR Results 

1. Introduction 

4. Conclusion 
 
Overall, the genes studied that showed induction matched the 
contamination present. There is the potential to infer pollution from the 
levels of genes measured. If genes have been identified in other 
organisms as being environmental stressors then there is potential to 
apply the method over other genera. 
 
 
 

Figure 5. Catalase and MT20ll gene expression in Mussels collected from various sites. 


