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Abstract      In this work the validated methods were applied in our lab 
conditions for GM detection and quantification in corn seeds. To determine if 
the extracted DNA is amplifiable an endogenous gene for corn (zein) was 
analyzed. Then, for GMO screening the 35 S promoter was identified as 
target sequence. All of the positive samples were analyzed by quantitative 
PCR to determine the GM content as a relative value % GMO = GM 
DNA/Species DNA. The GM content for the analyzed samples was higher 
than 0.9% for four samples (E1, E2, E3 and E4) thus they have to be labeled 
as GM containing product. For the others two samples E5 and E6 the GM 
content was lower than 0,9%. 
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Bt corn is a variant of maize, genetically 

modified to express the bacterial Bt toxin, which 
protect the plants against European Corn Borer. 
Expressing the toxin was achieved by inserting a gene 
– cry IA (b) from the lepidoptera pathogen micro-
organism Bacillus thuringiensis into the corn genome.  

 The cry IA (b) coding sequence from Bacillus 
thuringiensis was modified to optimize and maximize 
the expression of the δ-endotoxin CRYIA (b) protein in 
plants. The protein becomes toxic for lepidopterean 
larvae following cleavage to a bio-active trypsin-
resistant core. The insecticidal activity is considered to 
be depend on the binding of the active fragment to 
specific receptors present on the midgut epithelial cells 
of susceptible insects and eventually resulting in cell 
lysis. The aminoacid sequence of the toxin expressed 
in the modified maize was found to be identical to that 
occurring naturally, and equivalent to the protein 
produced as a biopesticide being widely used by the 
organic food industry [9].  

 The construct used in the transformation of Bt 
corn - MON 810 include the enhanced CaMV 35S-
promoter, the maize hsp70 intron 1 and the synthetic δ-
endotoxin cry IA (b) gene followed by the nos 
terminator. Based on the construct sequence the 
identification and quantification methods were 
developed [6]. 

The first step in identification process is the 
DNA extraction from seeds [5]. The primers ZEIN 3 
and ZEIN 4  specific to the maize zein gene will be 
used to confirm the presence and quality of DNA 
extracted from the corn samples. If the extracted DNA 
is present, intact and amplifiable a band of 277 bp will 
be amplified. 

 

 
Then, for GMO screening the 35 S promoter 

will be identified as target sequence. For its specific 
detection, primers p35S-cf3 and p35S-cr4 will be used.  

The expected amplicon is a 123 bp fragment 
where the primers have been positioned in the 
corresponding region of the CaMV 35S promoter 
sequence [3]. 

Once a sample has been found to be positive for 
one or more GM events the next step consist of 
assessing compliance with the Legislation in force 
(Regulation 1829/2003, 1830/2003) by measuring the 
amount of GMO event present in the sample. The 
above mentioned Regulations establish that all 
products consisting of, or containing GMO, or 
produced from GMOs must be labeled as such if the 
content is higher then 0,9% [7,8]. 

The GMO content of a sample can be expressed 
as the amount of genetically modified material in the 
total material amount. In order to determine this value 
in a real-time PCR based system it is necessary to 
measure the number of DNA sequences of an 
endogenous reference gene (for use as a “normaliser”) 
as well as the number of GMO specific target DNA 
sequences. The reference gene should be chosen in 
order to be species specific, being present as a single 
copy per haploid genome, being stably represented as 
such in different lines of the same species and being as 
amplifiable as the GMO traits in analysis. For relative 
quantitation of MON 810 maize, a 79 bp fragment of 
the taxon specific maize (Zea mays) high mobility 
group protein gene (hmg) gene using a gene specific 
combination of primers and probe is amplified. 

As MON 810 specific target a 92 bp fragment of 
the single copy DNA integration-border region of the 
genomic sequence and the inserted sequence element 
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originating from CaMV (35S promoter) is amplified in 
TaqMan PCR [1, 4].  

The TaqMan assay exploits the 5’-3’ 
exonuclease activity of Taq DNA Polymerase to cleave 
and degradation probe during PCR. The TaqMan probe 
is typically a 20-30 base long oligonucleotide that 
contains a reporter fluorescent dye at the 5’ and a 
quenching dye at the 3’ end. Since the 3’ end is 
blocked, the probe cannot be extended like a primer. 
During the PCR reaction, in the presence of a target, 
the probe specifically anneals between the forward and 
reverse primer sites. When the probe is intact, the 
proximity of the reporter dye to the quencher dye 
results in suppression of the reporter. During the 
reaction, the 5’-3’ exonuclease activity of the Taq 
DNA Polymerase degrades the probe between the 
reporter and the quencher dyes only if the probe 
hybridizes to the target. This results in an increase of 
the fluorescence as amplification proceeds. 
Accumulation of PCR product is detected by 
monitoring the increase in fluorescence of the reporter 
dye. This process occurs in every cycle and does not 
interfere with the exponential accumulation of product.  

The measured fluorescence signal passes a 
threshold value. For quantitation of the amount of 
event MON 810 maize in a test sample, event MON 
810 and hmg Ct values are determined for the sample. 
A standard curve procedure is then used to calculate 
the relative number of MON 810 specific genome 
copies to total maize genome copies [2, 4]. 

 
Biological Material and Method 

 
 As biological material 6 maize samples, with 

different GMO content were used. For the standard 
curve, certified materials with known GMO 
concentrations were used (0,1; 0,5; 1; 2 and 5% GMO). 

 First the corn seeds were grinded, the flour 
was homogenized and then the analytical samples were 
prepared (100 mg for each sample). 

 The DNA was extracted using CTAB method 
[5]. Each sample was extracted in two copies; beside, 
an extraction blank control (EB) and an environment 
control (EC) were done. The DNA was quantified by 
spectrophotometry  method and then it was analysed. 

The DNA was anlysed using the following 
amplifications [3]: 
The specie specific amplification: The primers 
sequences: ZEIN3: AGTGCGACCCATATTCCAG 
and ZEIN4: GACATTGTGGCATCATCATT 

The content of the PCR mixture: PCR buffer 1x; 
MgCl2 2,5mM; dNTP 0,2mM; ZEIN3 0,5µM;  ZEIN4  
0,5µM; Taq DNA polymerase 0,025U. The 
amplification program was as follows: denaturation 
95°C - 3 min; 50 cycles: denaturation  95°C -1 min; 
Primer annealing 60°C - 1 min, DNA synthesis 72°C - 
1 min; Final extension 72°C - 3 min.  
The GMO specific amplification: The primers 
sequences: p-35S-cf3:-5’- CCACGTCTTCAAA 

GCAAGTGG-3’and p35S-cr4:-5’- TCCTCTCCAAAT 
GAAATGAACTTCC - 3’. 

The content of the PCR mixture: PCR buffer 1x; 
MgCl2 2,5mM; dNTP 0,64mM; p35S-cf3 0,6µM;  
p35S-cr4  0,6µM; Taq polymerase ADN 0,1U.     The 
amplification program was as follows: denaturation 
95°C - 10 min; 50 cycles: denaturation  95°C -25 sec; 
Primer annealing 62°C – 30 sec, DNA synthesis 72°C 
– 45 sec; Final extension 72°C – 7 min.  
For the GMO quantification the following reagents 
were necessary [4]. 

The specie specific primers (hmg gene) ZM1-F 
5´-TTg gAC TAg AAA TCT CgT gCT gA-3‘  and 
ZM1-R 5´-gCT ACA TAg ggA gCC TTg TCC T-3‘  
and a TaqMan probe ZM 5´-FAM—CAA TCC ACA 
CAA ACg CAC gCg TA-TAMRA-3‘ . 

The GMO specific primers Mail-F1 5´-TCg 
AAg gAC gAA ggA CTCTAACgT-3´ and Mail-R1 
5´-gCC ACCTTCCTTTTCCAC TAT CTT-3´ and a 
TaqMan probe Mail-S2 5´-FAM-AACATCCTTT 
gCCATTgCCCAgC-TAMRA -3´ . 

The content of the qPCR  for hmg gene; 
TaqMan Universal Mastermix 1x; ZM1-F  300 nM, 
ZM1-R  300 nM, Taqman probe ZM 160nM; DNA 50 
ng. The content of the qPCR  for transgene: TaqMan 
Universal Mastermix 1x; Primer Mail-F1- 300nM; 
Primer Mail-R1-300 nM; Probe Mail-S2 180nM; DNA 
50 ng. 

The amplification program was as follows: Pre-
PCR: decontamination 50°C -120sec; Pre-PCR: DNA 
polymerase activation and DNA template denaturation  
95ºC - 600sec; PCR (45 cycles): Stage 1 Denaturation 
95ºC - 15sec; Stage  2 Annealing and extension  60ºC - 
60sec. 

 
Results and Discussions 

 
The first step in the analysis was the DNA 

extraction from the certified reference materials-corn 
flour with known GM content. Then, the ZEIN primers 
were used for PCR to determine if the DNA is 
amplifiable (data not shown). In the second reaction 
the 35 S promoter was amplified (Fig. 1). 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 The agarose gel analysis for the amplification 
products of the certified reference materials (CRM) 

with the primers p-35S-cf3 and p35S-cr4  
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1-6 CRM samples; 7 – Extraction blank (EB), 8- environment control 
(EC); 9– positive control, 10 – negative control; 11 – non-template 
control (NTC); 12 – PCR marker (Promega) 

 
The gel analysis confirmed that the cross 

contamination was avoided in the DNA extraction 
procedure. For the blank sample (0% GM content) the 
amplification reaction was negative. The same results 
were pointed out for the extraction blank, a sample 
which was generated by performing all steps of the 
extraction procedure, except addition of the test portion 
(test portion was substituted by equal amount of water) 
and for the environment control which is a tube 
containing a suitable volume of nucleic acid free water 
that is left open to the air throughout the entire sample 
analysis process.  

The PCR controls were also as expected. The 
non template control (NTC) was negative, confirming 
that the contamination was avoided during the PCR 
reagents manipulation. For the negative control there 
was no amplification and for the positive control the 
expected band (123 bp) was visualized. 

All the amplified fragments for the certified 
reference materials were at the same size as the 
positive control, confirming that the expected DNA 
fragment was amplified. Besides, the differences 
between the band intensities were visible and they were 
correlated with the GM content.  

Further on each corn samples with unknown 
GM concentrations was processed separately to avoid 
the cross contamination between samples. 

After grinding and DNA extraction the Zein 
amplification was performed. It turned out that the 
DNA was amplifiable and the 35 S primers were used 
for PCR. The 2% agarose gel electrophoresis of the 
amplification products pointed out that all of the 
controls samples were as we expected, confirming that 
the cross contamination was avoided during the 
samples grinding, DNA extraction and PCR reagents 
manipulation (Fig. 2). 

As already was mentioned each analyzed sample 
was extracted in two copies and to increase the 
certainty of the results, each DNA sample was 
analyzed in two repetitions. Thus, each original sample 
was analyzed in four amplifications. The four bands, 
representatives for each sample had the same 
intensities and they could be compare with the certified 
reference materials to evaluate the GM concentration. 
It was visible that the concentrations for the samples 
EP5 and EP6 were very low, but the bands were still 
visible. Thus, for all of the samples the quantitative 
PCR was performed. 

 
 
 

  
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
For GM quantification the samples were 

analyzed further on by qPCR amplification. The 
quantification is a relative process thus: % GMO = GM 
DNA/Species DNA. In practice it is not possible to 
directly determine the gene copies in the samples and for 
this reason the Δ Ct method was applied.  

For each sample the amplification was detected 
by monitoring the increase in fluorescence of the 
reporter dye. The threshold cycle (Ct) was determined as 
the PCR cycle at which the fluorescence signal of the 
samples raises the same value. 

 
Because two different reactions were performed (GM and 
endogenous specific) it was possible to determine two 
different Ct values namely  Ct GMO and Ct Endogenous . The 
difference between these two values is  
ΔCt = Ct GMO - Ct Endogenous . 
 All of these analyses were performed using the 
certified reference materials to determine the ΔCt values 
for the known GM concentrations. The standard curve was 
the relation between the lg GM concentrations (%) and 
ΔCt values for each concentration (Fig. 3). 

Fig.  2 The agarose gel electrophoresis of the amplification products with the primers p35S-
cf3 and p35S-cr4 

EP1-EP6 – analyzed samples; EB – extraction blank control; EC-environment control; NDT- negative control; NTC 
– non template control; PE – positive control 

Primer dimer 
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Fig. 3 The standard curve for GM concentration 
 
Then, the ΔCt values for all of the unknown samples was 
evaluated. These values were compared with the standard 
curve and the GM percent was determined (Table 1). 
  

Table 1 
The GM concentration for different corn samples 

 
 
 
 
 
 
 
 
 
 
 
 The qPCR analysis pointed out that the GM 
content for two of the six samples was below 0,9%. In this 
case, the first samples E1, E2, E3 and E4 have to be 
labeled as GM products. 
 
Conclusions 

 
1. The DNA extracted from corn seeds using the 

CTAB method had a good quality and it was 
amplifiable. 

2. The results obtained by 35S amplification 
were confirmed by the quantitative results and 
could be use a detection method for the GM 
products. 

3. The GM content determination using ΔCt 
method could be successfully applied in our 
lab conditions. 

4. The GM content for the analyzed samples was 
higher than 0,9% for four samples (E1, E2, E3 
and E4) thus they have to be labeled as GM 
containing product. 
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Code Concentration 
 

 

E 1 6% 
E 2 8,6% 
E 3 2,4% 
E 4 1,8% 

> 0,9% 

E 5 0,8 % 
E 6 0,5 % 

<0,9% 

 


