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Abstract       The aim of our reseach was to validate the procedure of 
genetically modified (GM) soybean detection in different food and feed 
products. This a standardized method (SR EN ISO 21571-2006 and SR EN 
ISO 21569-200) which was used for the proper purpose, on similar matrices, 
in conditions of our own laboratory. 
The limit of detection for the applied procedure was determined to 40 
transgene copies (0.1% GM) after at least ten amplification for each sample, 
similar with the value mentioned in standard. The repetability was 
emphasized through analysis of samples extracted from very different types 
of matrices. Each sample was analyzed in five weekly series, four repetions 
for series, showing very similar results. Considering that GM soybean 
detection is a qualitative procedure the results were evaluated as 
negative/positive.   
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The detection of the genetically modified 

(GM) soybean is a qualitative analysis, with 

negative/positive result. It was developed based on the 

sequence specificity of the transgene fragment. It is 

known that in the GM soybean genome it was 

transferred a fragment comprising the EPSPS gene (5-

enolpyruvylshikimate-3-phosphate synthase) under the 

regulation of a strong constitutive promotor from 

Cauliflower Mozaic Virus (P-35S) and terminates with 

the nopaline synthase terminator (T-nos) derived from 

Agrobacterium tumefaciens. Besides, it contain a 

sequence named CTP4, derived from Petunia hybrida 

encoding a chloroplast transit protein which facilitates 

the import of EPSPS enzyme to chloroplast. For the 

GM soybean detection two different procedures are 

posible, both based on PCR (Polymerase Chain 

Reaction) considering either the promoter P-35S or the 

T-nos terminal sequence [2,6,7,8, 10, 11]. 

In our research the standardized method based 

on T-nos detection was applied (SR EN ISO 21569-

2005). In general, the laboratory validation assumed 

the evaluation of the specificity, limit of detection, bias 

and repetability, meaning the precision obtained in the 

same conditions.  

Considering that the selected method was 

standardized, the reaction specifity was already 

demonstrated.  Therefore, the method validation needs 

to determine the limit of detection and to emphasize 

the repetability when different matrices are used. 

According to the standard SR EN ISO 21569-

2005, for the method described "no absolute detection 

limit was determined, but it was demonstrated that this 

method detects 50 copies of GTS 40-3-2 soybean DNA" 

[3].  

Taking in account  the literature data it is known that 

there is only one copy of the genetic construct on the 

haploid genome [1] and the size of the soybean haploid 

genome is 1.13 x 10
9
 bp, which is equivalent to 1.13 μg 

DNA (1000 bp fragment is equivalent to 10
6
 μg of 

DNA). Therefore, a quantity of 50ng of DNA contains 

about 40x10
3
 soybean genomes. The number of the 

transgene copies, depending on the concentration of the 

GMO is shown in the table below (Table 1).

Table 1  

The concordance between percentage concentration and the transgene copy number 

% GM Transgene copy number 

(in 50ng ADN) 

10% 4000 

5% 2000 

1% 400 

0,5% 200 

0,1% 40 
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The detection limit can be set when samples 

containing decreasing concentrations of GM are 

analyzed with the  

T-nos specific primers. The minimum GM 

concentration which show a postive results in at least 

ten repetitions can be considered the limit of detection 

determined in the own laboratory conditions [5]. 

If the same detection method applied on 

identical test entities, in the same laboratory, by the 

same operator using the same measuring equipment 

within a short time provide independent test results 

similar in proportion of 95% it can be considered that 

the repetability conditions were met. 

 

Materials and Methods 
 

Biological Materials 

 

As biological materials different types were used:  

 Certified references materials (CRM) - 

Roundup Ready genetically modified soybean with 

different GM concentrations (ERM-BF 410 a < 0,03%, 

ERM-BF 410 b – 0.1%, ERM-BF 410 c – 0.5%, ERM-

BF 410 d – 1.0%, ERM-BF 410 e – 5% and ERM-BF 

410 f – 10%), provided by Institute for Reference 

Materials and Measurements (IRMM). 

 Food products from different matrices 

purchased from the supermarket: granules textured 

soybean (1),  schnitzel textured soybean (2), vegetal 

pate with red pepper (3), spicy vegetal pate (4), 

soybean mayonnaise sauce (5), soybean vanilla dessert 

(6), soybean yogurt (7), soybean drink with chocolate 

(8), smoked tofu (9). 

 Feed for poultry, purchased from market (10) 

 Different mixtures of soybean flour obtained 

from conventional and GM soybean: 1% GM soybean 

flour (99g conventional  +  1g MG 100%) (11), 100% 

GM soybean flour (12), 0.1%  GM soybean flour (90g 

conventional   + 10g GM 1%) (13), 0.1% GM soybean 

textured (90g soybean textured + 10g GM 1%) (14). 

The mixtures from soybean with different GM 

concentration were obtained in our laboratory, because 

it was not possible to obtain products with similar 

concentration on the market. 

 

Working methodology 

All the materials were ground,  according to 

standard methodology and two laboratory samples with 

the same granulation  were weighed (100mg). 

The DNA was extracted following the 

standardizated method (SR EN ISO 21571-2006) both 

from analyzed samples  and control ones: EC- 

environment control, EB – extraction blank, PDT – 

positive DNA target,  NDT – negative DNA target [4]. 

After extraction, the DNA was spectrophotometric 

quantified and then, all the samples were diluted to the 

same concentration of 25ng/µl. 

The samples were amplified with the primers 

specie specific (lectin), to demonstrate the quality, 

integrity and replicability of the extracted DNA and 

also for specie confirmation. The sequences of the 

lectin primers were  GMO3 
5’

GCCCTCTACTCCACCCCCATCC
3’ 

and GMO4 
5
GCCCATCTGCAAGCCTTTTTGTG

3’.
. The working 

variants included both the samples to be analyzed and 

the control ones: analyzed samples - two repetition of 

each laboratory sample, EC - environment control, EB 

– extraction blank, NDT - negative DNA template 

(maize DNA), PDT - positive DNA template (Soybean 

DNA) and NTC – non-template control. 

For amplification the GoTaq Green Master 

Mix 2X (Promega) was used, with the following 

composition: GoTaq DNA Polymerase, 2X  Buffer 

GoTaq Green, 400µM dATP, 400µM dTTP, 400µM 

dCTP, 400µM dGTP and 3mM MgCl2., nuclease free 

water and specific primers. 

The amplification mixture consisted of 50ng 

DNA, 12,5µl GoTaq Green Master Mix 2X, primer 1 – 

0.5μM and Primer 2 -  0.5μM. For the amplification 

reaction the CORBETT Termocycler, respecting the 

program mentioned in standard SR EN ISO 21569 was 

used [3]. The amplification products were separated 

through 1.5% agarose gel electrophoresis.  The 

primers pair GMO3 / GMO4 for lectin gene detection 

was used as a control system. The presence of a 118 bp 

band confirmed whether the quality of the extracted 

DNA was proper for PCR amplification. 

Further on, the DNA samples were analyzed 

to detect the possible sequences originated from GMO, 

based on the screening method for the detection of 

genetically modified plants namely detection of the 

terminal region T-nos. The sequences of the specific 

primers were HA-nos118-f: 
5’ 

GCATGACGTTATTTATGAGATGGG
3’ 

and HA-

nos118-r: 
5’

GACACCGCGCGCGATAATTTATCC
3’

. 

The working variants included also both the samples to 

be analyzed and the control ones: analyzed samples - 

two repetition of each, EC - environment control, EB – 

extraction blank, NDT - negative DNA template 

(conventional soybean DNA), PDT - positive DNA 

template (GM Soybean DNA) and NTC – non-

template control. 

The reagents and the amplification composition were 

identical to those used for lectin amplification. The 

HA-nos118-f / HA-nos118-r primers pair was used for 

the detection of the T-nos terminal  region, resulting a 

118bp  fragment. 

 
Results and Discussions 

 

First, certified reference materials, with different GM 

concentrations (0.1; 0.5; 1; 5 and 10% ) were 

evaluated. In each amplification reaction 50 ng of 

extracted DNA (2 μl of DNA at a concentration of 25 

ng/μl) were analyzed. The transgene sequence was 

visualized for all of the certified reference materials 

and all the bands had the expected size of 118bp (Fig. 

1).
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Fig. 1   Amplification of DNA samples, extracted and purified from reference materials (CRMs), with primers specific 

for T-nos terminal sequence 

1- blank, 2 - 0.1% GM, 3 - 0.5% GM, 4 - 1% GM, 5 - 5% GM, 6 - 10% GM, 7- NTC (non-template control),  

8 - PCR marker (Promega) 

 

Thus, the analyses performed in the laboratory 

detected a total of 40 GM copies (0.1% GM – 50ng), a 

value comparable with the one mentioned in the 

standard (50 copies). 

In order to verify the detection limit, the 

following materials were analyzed: 0.1% CRM (1 

sample), 0.1%  GM soybean flour (3 samples) and 

0.1% textured soybean (2 samples). The six samples 

were analyzed in five experimental series, starting with 

sample preparation. Thus, DNA extractions for the six 

above-mentioned samples were performed in five 

experimental series at one week interval. 

The obtained DNA was spectophotometrically 

quantified, determining its quality and concentration. 

The DNA concentration extracted from CRM was 

82.68 ng/μl, ranging from 66 to 67 ng/μl for soybean 

flour  and 28-29 ng/μl for textured soybean. 

Concentration values for all experimental series, mean 

values and OD260/280 ratios were shown in Table 2. 

To have a uniform DNA concentration all samples 

were diluted to a concentration of 25ng/μl and then 

analyzed for lectin and T-nos sequences detection. 

All the DNA samples extracted from different 

matrices (CRM, mixtures of soybean and textured) 

were analysed in 5 experimental series by amplifing 

with lectin primers and also with the transgene specific 

primers (Fig. 2 ). 

All the anlyzed samples, with a content of aproximate 

0.1% GM (40 transgene copies) showed positive 

results. Of the 30 analyzed samples (6x5 variants), with 

a content of 40 transgene copies all had positive results 

(100%).

 

Table 2 

The concentration and quality of the samples used to establish  the limit of detection 

 Analyzed sample Conc  

(ng/ μl)/ 

OD 260/280 

Series I 

 

Series 

II 

 

Series  

III 

 

Series  

IV 

 

Series 

V 

 

Xm±Sd 

1 CRM 0,1%  Conc (ng/μl) 85.89 89.25 80.12 78.89 79.25 82.68±4.64 

OD 260/280 1.825 1.856 1.842 1.830 1.860 1.843±0.02 

2 0.1%  GM soybean 

flour 

Conc (ng/μl) 65.54 62.87 59.85 78.28 69.56 67.22±7.14 

OD 260/280 1.803 1.796 1.803 1.831 1.829 1.812±0.02 

3 0.1%  GM soybean 

flour 

Conc (ng/μl) 60.74 68.84 70.25 68.20 65.69 66.74±3.74 

OD 260/280 1.828 1.817 1.798 1.821 1.797 1.812±0.01 

4 0.1%  GM soybean 

flour 

Conc (ng/μl) 62.76 68.65 65.74 71.49 69.63 67.65±3.44 

OD 260/280 1.812 1.780 1.831 1.794 1.810 1.80±0.02 

5 0.1% GM soybean 

textured 

Conc (ng/μl) 28.89 27.35 26.82 30.45 28.54 28.41±1.42 

OD 260/280 1.710 1.744 1.774 1.738 1.715 1.736±0.03 

6 0.1% GM soybean 

textured 

Conc (ng/μl) 30.65 29.65 28.74 31.76 28.56 29.87±1.34 

OD 260/280 1.703 1.764 1.784 1.702 1.761 1.742±0.04 
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Fig. 2. The results of the amplifications for the five experimental series, with the primers specific for GM 

sequence 

 

1- PCR marker (Promega), 2- CRM -0.1%, 3, 4,5 - 0.1%  GM soybean flour, 6,7- 0.1% GM soybean textured, 8- 

extraction control (CE), 9- environment control, 10- non template control (NTC), 11- negative DNA control (NDT), 12- 

positive DNA control (PDT) 

 
In conclusion we can say that the limit of 

detection for the applied method was 40 copies of 

transgene or 0.1%  GM content, considering that a 

quantity of 50ng of DNA was introduced in each 

amplification reaction. 

Experiments with concentrations lower than 

the stated value have not been performed, because 

European legislation requires product labeling only for 

GM concentrations higher than 0.9% [9]. 

Therefore detection of concentrations less 

than 0.1% (40 copies) are not useful, the value for 

detection limit mentioned in the standard being 50 

copies. 

 Further on the analysis in repetability 

conditions were performed. Thus, five identical 

experimental series were carried using the working 

methods previous described, with test entities 

originating from different matrices, namely the 

samples described in the material and methods chapter, 

numbered from 1 to 12. 

All the analyses were performed in the same 

laboratory, using the same measurment equipments, by 

the same persons at weekly intervals. 

The concentration for all of the DNA samples 

were higher than 28 ng/μl, the OD 260/280 ratio being 

approximately 1.8 for soybean flour and ranging 

between 1.7 and 1.8 for the different food products. 

Even if the DNA extracted from food had a lower 

purity it was shown that they were amplifiable. All the 

samples were diluted to a concentration of 25ng/µl and 

further on analysed. 

First, the quality, integrity, and replicability of 

extracted DNA were highlighted and specie specificity 

was confirmed by amplification with lectin primers. 

All the samples were positive emphasizing that DNA 

previously extracted and purified was amplifiable. 

Positive and negative controls had shown the expected 

results. The resulted fragment had the expected size 

(118 bp), for all the analyzed samples, being identical 

with the positive control (CRM). 

Further on, the detection of the GM was performed by 

amplification with the T-nos terminal specific primers. 

The analysed samples had similar results for all of the 

five experimental series (Fig. 3). The negative and 

positive controls had the expected results, all the four 

repetitions for each sample having identical 

amplification.
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Fig. 3 The results of the amplification for one experimental series, with the primers specific for GM sequence 

 

1- PCR marker (Promega, 2,3,4, 5 - granules textured soybean,  6,7,8, 9 -  schnitzel textured soybean, 10,11,12,13 - 

vegetal pate with red pepper, 14- extraction control (CE), 15- environment control (EC), 16- positive template control 

(PDT), 17- PCR marker (Promega) 18,19,20.21- spicy vegetal pate, 22,23,24.25- soybean mayonnaise sauce, 

26,27,28,29- soybean vanilla dessert, 30- negative DNA template (NDT), 31- non template control (NTC), 32- positive 

DNA template (PDT), 33- PCR marker (Promega), 34,35,36.37- soybean yogurt, 38, 39,40,41- soybean drink with 

chocolate, 42,43,44,45- smoked tofu, 46- positive DNA template (PDT), 47- PCR marker (Promega),  48,49,50,51 - 

Feed for poultry, purchased from market, 52,53,54,55 - 1% GM soybean flour, 56,57,58,59 -100% GM soybean flour, 

60- positive DNA template (PDT) 

 
The resulted band obtained after amplification 

had the expected size (118 bp), for all of the analyzed 

samples, identical with the positive control (CRM). 

Gels analysis revealed that all 9 types of soybean food 

(textured, pate, milk, cheese, mayonnaise sauce, 

dessert, etc.) had negative results. The poultry feed 

contained GM soybean, but it was appropriate labeled 

by the manufacturer. Positive results were given also 

by the flour samples, namely 100% and 1% GM 

soybean flour (prepared in the laboratory). The 

difference between band intensities for 100 and 1% 

GM was visible in all 5 experimental series, in 

accordance with their concentration. 

In conclusion we can say that the results were 

similar for all the five experimental series, by carrying 

out the tests under repeatability conditions, on different 

matrices: agricultural products, food and feed. 

 

Conclusions 
In our experiments the validation in laboratory 

of the standardized method for GM soybean detection 

was performed.The limit of detection for the applied 

procedure was determined to 40 transgene copies 

(0.1% GM) after at least ten amplification for each 

sample. To avoid the laboratory errors the samples 

were analyzed in five experimental series, starting with 

sample preparation developed weekly. 

To emphasize the repetability of the 

procedure, DNA samples extracted from very different 

matrices were analyzed in five identical experimental 

series performed in the same laboratory, using the 

same measurment equipments, by the same persons at 

weekly intervals. Each sample was analyzed in four 

repetitions in each series, resulting a number of 20 

analysis from each originate sample. The results 

obtained for each sample were similar in each 

repetition, emphasizing the acuracy and the repetability 

of the GM detection procedure. 
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