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Current PCR Methods for the Detection, Identification
and Quantification of Genetically Modified Organisms
(GMOs): a Brief Review*
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Figure 1.
Example of construct for Agrobacterium-mediated plant genetic modification with the different domains for GMO
analysis (LB, left border; RB, right border; CaMV, cauliflower mosaic virus; nos, nopaline synthase; nptII, neomycin
phosphotransferase II; ORF, open reading frame).
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Figure 2.
Example of electropherogram featuring automated nucleotide cycle sequencing and fluorescent detection of the nptII
gene, as generated by the PE Applied Biosystems ABI PRISM® 310 Genetic Analyzer (PE Applied Biosystems, Foster
City, CA) and using the ABI PRISM® BigDyeTM Terminator Cycle Sequencing Ready Reaction Kit with AmpliTaq® DNA
Polymerase (H. PIJNENBURG and G. BINDLER, unpublished). The four colors correspond to four dyes that identify the A, C, G
and T extension reactions. 
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Figure 3. 
Diagram showing the main steps of the real-time quantitative PCR (TaqMan® assay) which exploits the 5’-nuclease
activity of the Taq polymerase. Reactions are performed with all the normal components for PCR, with the addition of the
target-specific TaqMan® probe. TaqMan® fluorogenic oligonucleotide probes consist of an oligonucleotide with a 5'-reporter
dye (FAM or VIC) and a 3'-quencher dye (TAMRA). The 3'-terminus also contains a blocking group to prevent probe extension.
Fluorescence of the reporter group is inhibited by the quencher located at the 3'-end. If hybridization of the TaqMan® probe
to a target sequence occurs, probe cleavage by the Taq polymerase takes place during polymerization of the targeted
amplicon, resulting in separation of the reporter and quencher, and causing the reporter dye fluorescence to increase.
Conversely, when the probe is intact, the proximity of the reporter dye to the quencher dye results in suppression of the
reporter fluorescence. 
(The diagram was kindly provided by Dr. Marc Malandro of PE Celera AgGen.)
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Figure 4.
a) Real-time PCR diagram showing the accumulation of the target analyte 35S-promoter at six different ratios of
GMO/non-GMO material (% w/w). PCR product formation is visualized in real-time by taking fluorescence measurements
(�Rn) at each cycle. The initial template concentration is determined based on the threshold cycle (Ct), i.e. the PCR cycle at
which fluorescence is first detected statistically significant above background. Ct is inversely proportional to the logarithm of
the number of target copies present in the sample. 
b) Linear regression diagram showing the logarithmic relation between the GMO/non-GMO ratios and the Ct-values.
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