(Optional) III. ENVIRONMENTAL DNA (eDNA) LAB ANALYSIS - qPCR

Quantitative PCR, or qPCR (also referred to as Real-time or RT-PCR) is a method similar to regular PCR. The main difference is that a fluorescent dye is added to the mastermix and the qPCR is able to detect the fluorescence and quantify the number of copies of DNA that are made through the polymerase chain reaction.

In qPCR, DNA amplification is monitored at each cycle of the PCR.  At a certain point in the PCR process, with increased amplification, the amount of fluorescence increases above background detection levels. This point is the threshold cycle (CT) or crossing point. Generally, you tell the machine how much DNA can be made for your PCR by making a serial dilution of DNA from extracted DNA or by using a synthetic standard based on a larger fragment of DNA from your animal or plant of interest. The amount of DNA in an unknown sample can then be calculated from its CT value.

Because imperfect amplification can still happen with qPCR, a positive detection generally needs to meet the following criteria: [1] a logarithmic amplification curve and [2] a melting curve peak in the same location as seen for the positive PCR controls (Figure 5).  Samples that are positive detections are usually sent to another lab for Sanger Sequencing to confirm that they contain the sequence of interest (Figure 1). 

Many labs also use a probe, which is an additional binding sequence, like a primer, that binds specifically to the DNA fragment of interest. In these cases, the samples may or may not be sequenced for additional confirmation.

Links to additional readings are provided to guide development of this optional component: 
· Short video on qPCR:
[https://www.youtube.com/watch?v=1kvy17ugI4w]
· This reference about the development and use of qPCR assays for detecting dreissenid mussels is also useful:
[https://www.reabic.net/journals/mbi/2017/3/MBI_2017_Gingera_etal.pdf]
· General guidelines for eDNA using qPCR:
[https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/2041-210X.12595] 
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Figure 1 - Three requirements for scoring a positive DNA amplification from an eDNA sample. Top left, a logarithmic amplification curve. Top right, melting curve peak in the expected location. Bottom, Sanger sequencing confirmation of putative amplification, identified to target species. For the two images on the top, the black lines correspond to the standard, the red lines are negative eDNA samples, and the green lines are positive eDNA samples.
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