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Abstract         One approach to ensuring coexistence of genetically modified 
(GM) and conventional maize (Zea mays L.) is the understanding of maize 
pollen dispersal in the atmosphere in order to quantify the potential 
contamination of non-GM maize due to pollen-mediated gene flow from GM 
maize. 

For this purpose in our experiments the gene flow in two different 
commercial fields was evaluated. It was also determined that the increasing of 
the distance from the GM source proportionally reduce the GM contamination 
and the necessary distance to decrease the percent below 0.9% is 8.4 m. 
Our results are in accordance with the EU recommendations which proposed 
separation distances of 20 m and 50 m for silage and grain maize 
respectively, values determined based on statistical data of maize areas and 
aerial photographs with geographic information systems. 
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Bt corn is a genetically modified organism 

(GMO) which has been bioengineered to resist to the 

European corn borer, a crop pest which can cause 

significant damage. In many countries the Bt corn is 

cultivated and it is in use in a variety of industries. 

This corn takes advantage of a toxin produced 

by the Bacillus thuringiensis bacterium. The toxin, 

known as Bt, ruptures the intestines of the corn borer 

and related organisms when it is ingested. The pests 

typically die within two to three days of ingesting the 

toxin. As early as the 1930s, farmers were cultivating 

the bacterium as a method of pest control, and spraying 

the toxin on their crops to prevent infestation by the 

European corn borer. 

             In Europe the cultivation of Bt maize has 

increased constantly in recent years, reaching an area 

of 108,000 hectares in 2008, which amounts to around 

1 percent of the total area under maize cultivation. 

Romania was the third European country, after Spain 

and the Czech Republic with a Bt area of 7146 ha 

[1,2,9] . 
One approach to ensuring coexistence of 

genetically modified (GM) and conventional maize 

(Zea mays L.) is the understanding of maize pollen 

dispersal in the atmosphere in order to quantify the 

potential contamination of non-GM maize due to 

pollen-mediated gene flow from GM maize [3, 8, 10]. 

The pollen dispersal was evaluated based on 

molecular analysis which consists in detection and 

quantification of the transgenic construct. 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.  

The aim of our experiments were to evaluate 

the gene flow in two different commercial fields, based 

on the Bt maize sequence information. 

 

Material and Methods 

 

Sampling process 
The samples were collected from commercial 

fields located in pedo-climatic conditions favorable for 

maize cultivation, in South (Calarasi County-Chirnogi) 

and  East (Braila County -Chiciu) of Romania.   

For Calarasi farm the refuge area has been 

interspaced within the genetically modified maize 

strips and samples have been taken from plants 

belonging to rows 3, 9, 12, 18, 24 and 71 representing 

a total width of 50 m. Numbering begins from the row 

at separation point between the two maize types. Five 

cobs from five consecutive plants at a distance of ¼, ½ 

and ¾ of the total field length have been sampled.   

For Chirnogi farm, samples were not taken 

from the refuge area, but from the border row area of 

200 m width surrounding the field, from plants 

belonging to rows 3, 9, 12, 18, 24 and 71. 

 

Molecular analysis 
As biological material maize samples 

collected from different locations, previously 

described, were used. For the standard curve, certified 

http://www.wisegeek.com/what-is-bacillus-thuringiensis.htm
http://www.wisegeek.com/what-is-a-bacterium.htm
http://www.wisegeek.com/what-is-pest-control.htm
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materials with known GMO concentrations were 

analyzed (0,1; 0,5; 1; 2 and 5% GMO). 

 First the maize 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 [9]. Each sample was 

extracted in two copies; beside, an extraction blank 

control (EB) and an environment control (EC) were 

done.  

The DNA samples, quantified by 

spectrophotometrical method was analyzed using the 

following amplifications [8]. Each  amplification was 

performed in two repetitions, thus each sample was 

analyzed in four amplification reactions. 

The specie specific amplification: The 

primers sequences: ZEIN3: 
5’

AGTGCGACCCATATTCCAG
3’

 and ZEIN4: 
5’

GACATTGTGGCATCATCATT
3’

. 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 mg1 
5`

 TAT CTC 

CAC TGA CGT AAG GGA TGA C 
3` 

and mg2  
5`

 

TGC CCT ATA ACA CCA ACA TGT GCT T
3`

. The 

content of the PCR mixture: PCR buffer 1x; MgCl2 

2,5mM; dNTP 0,2mM; primer mg1 0,5μM; primer 

mg2 0,5μM; Taq DNA polymerase 0,025U. The 

amplification program was as follows: Denaturation 

95°C - 10 min; 35 cycles: Denaturation  95°C -45 sec; 

Primer annealing 60°C – 50 sec, DNA synthesis 72°C 

– 50 sec; Final extension 72°C – 3 min.  

For the GMO quantification each sample was 

analyzed in three repetitions and the following reagents 

were necessary [7]: 

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-

AACATCCTTTgCCATTgCCCAgC-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 -120 sec; Pre-PCR: 

DNA polymerase activation and DNA template 

denaturation  95ºC – 600 sec; PCR (45 cycles): Stage 1 

Denaturation 95ºC – 15 sec; Stage 2 Annealing and 

extension  60ºC - 60sec. 

 

Results and Discussions 
 

The first step in our research was the analysis 

of the samples collected from the field. The primers 

ZEIN 3 and ZEIN 4, specific to the maize zein gene 

was used to confirm the presence and quality of DNA 

extracted from the maize samples (Fig. 1).  

 

 

 

 

 

 

 

 

 

 

Fig. 1. The agarose gel analysis of the amplication products for the samples, using the primers specific for zein gene 

2, 3 – Chiciu R71, 4,5 – Chiciu R24, 6,7 – Chiciu R18, 8,9 – Chiciu R12, 10,11 – Chiciu R6, 12,13- Chiciu R3; 18,19 – 

Chirnogi R71, 20,21 – Chirnogi R24, 22,23 – Chirnogi R18, 24,25 – Chirnogi R12, 26,27 – Chirnogi R6, 28,29- 

Chirnogi R3; 14- Extraction blank; 15 - Environmental control; 30 - Negative DNA target; 31 - Non template control, 

PE 16, 32- Positive extraction control; 1, 17 – molecular markers 
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The gel analysis confirmed that the cross 

contamination was avoided in the DNA extraction and 

amplification procedures. All of the negative and 

positive controls were as expected and the amplified 

bands for the samples were similar (277 bp) with the 

positive control. It turned out that all of the DNA 

samples were amplifiable and they were further on 

analyzed. 

Then, for GMO screening the 35S promoter was 

identified as target sequence. For its specific detection, 

primers mg1 and mg2, positioned in the corresponding 

region of the CaMV 35S- hsp 70 intron sequence were 

used (Fig. 2 and Fig. 3). 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2 The agarose gel analysis of the amplication products, using the primers specific  

for 35 S promoter - hsp 70 intron snequence 

1, 2, 3, 4 – Chiciu R71, 5,6,7,8  – Chiciu R24, 9,10,11,12 – Chiciu R18,  

16,17,18,19 – Chiciu R12, 20,21,22,23 – Chiciu R6, 24,25,26,27- Chiciu R3;  

13- Negative DNA target; 28 - Non template control, 14, 29- Positive extraction control;  

15,30 – molecular markers 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3 The agarose gel analysis of the amplication products, using the primers specific 

 for 35 S promoter - hsp 70 intron snequence 

1, 2, 3, 4 – Chirnogi 50m, 5,6,7,8  – Chirnogi R24, 9,10,11,12 – Chirnogi R18,  

16,17,18,19 – Chirnogi R12, 20,21,22,23 – Chirnogi R6, 24,25,26,27- Chirnogi R3;  

13- Negative DNA target; 28 - Non template control, 14, 29- Positive extraction control;  

15,30 – molecular markers 

 
The expected amplicon was a 418 bp fragment 

where the primers have been positioned in the 

corresponding region of the CaMV 35S-hsp intron 

sequence. 

Once a sample has been found to be positive 

for the 35S promoter, the next step was to quantify the 

amount of GMO event present in the sample. This 

value was determined as a ratio between the number of 

GMO specific target DNA sequences and the number 

of DNA sequences of an endogenous reference gene. 

The reference gene was chosen in order to be species 

specific, being present as a single copy per haploid 
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genome, being stably represented in different lines of 

the same species and being as amplifiable as the GMO 

traits in analysis. 

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: 0.1%, 0.5%, 1%, 5% 

and 10% and the standard curve were established (Fig. 4).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 The standard curve for the certified reference materials (CRM)  

 

The ΔCt values for the unknown samples were 

compared with the standard curve and the GM content for 

the field samples were determined (Table 1). 

When the samples collected from the two 

comercial fields, Chiciu and Chirnogi were analyzed 

and the GM contents were determined it was pointed 

out that the highest concentration was 9.62% (4.2 m) 

and the lowest 0.11%. The results pointed out that 

distances of 8.4 m were enough to reduce the GM 

concentration below 0.9% (Fig. 5). 

For the Chiciu location the samples collected 

from 50 m distance was positive (0.28%) because the 

refuge was interspaced within two genetically modified 

maize strips. For the other location, Chirnogi the 

samples collected from 50 m distance was GM 

negative.

 

  
Table 1  

The GM content in the conventional maize samples collected from  

commercial fields (2008) correlated with the distance from the Bt plot 
 

No. Samples Distance (m) C±U [%] 

1 Chirnogi/R 71 50 negativ 

2 Chirnogi/R24 16.8 0,39±0,06 

3 Chirnogi/R18 12.6 0,21±0,03 

4 Chirnogi/R12 8.4 0,11±0,01 

5 Chirnogi/R6 4.2 9,62±1,37 

6 Chirnogi/R3 2.1 4,08±0,58 

7 Chiciu/ R71 50 0,28±0,04 

8 Chiciu/R24 16.8 0,82±0,12 

9 Chiciu/R18 12.6 0,48±0,07 

10 Chiciu/R12 8.4 0,38±0,05 

11 Chiciu/R6 4.2 1,08±0,15 

12 Chiciu/R3 2.1 2,02±0,29 
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Fig. 5 The GM content (%) for the samples collected from two locations,  

at different distances from the Bt plot 

 

Conclusions 
 

The samples collected from commercial 

fields, in two different locations – Chiciu (East) and 

Chirnogi (south) presented a lower content of GM in 

the refuge, the distance identified as necessary to 

decrease the percent below 0.9% is 8.4 m. 

 The results obtained pointed out a decreasing 

of the GM contamination if the distance from the GM 

source is higher.  
Our results are in accordance with the EU 

recommendations which proposed separation distances 

of 20 m and 50 m for silage and grain maize 

respectively, values determined based on statistical 

data of maize areas and aerial photographs with 

geographic information systems [9]. 
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