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ABSTRACT. Despite the controversy about genetically modified (GM) 
plants, they are still incrementally cultivated. In recent years, many 
food and feed products produced by genetic engineering technology 
have appeared on store shelves. Controlling the production and legal 
presentation of GM crops are very important for the environment and 
human health, especially in terms of long-term consumption. In this 
study, 11 kinds of feed obtained from different regions of Turkey were 
used for genetic analysis based on foreign gene determination. All 
samples were screened by conventional polymerase chain reaction (PCR) 
technique for widely used genetic elements; cauliflower mosaic virus 
35S promoter (CaMV35S promoter), and nopaline synthase terminator 
(T-NOS) sequences for GM plants. After determination of GM plant-
containing samples, nested PCR and conventional PCR analysis were 
performed to find out whether the samples contained Bt176 or GTS-
40-3-2 for maize and soy, respectively. As a result of PCR-based GM 
plant analysis, all samples were found to be transgenic. Both 35S- and 
NOS-containing feed samples or potentially Bt176-containing samples, 
in other words, were analyzed with Bt176 insect resistant cryIAb gene-
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specific primers via nested PCR. Eventually, none of them were found 
Bt176-positive. On the other hand, when we applied conventional 
PCR to the same samples with the herbicide resistance CTP4-EPSPS 
construct-specific primers for transgenic soy variety GTS-40-3-2, we 
found that all samples were positive for GTS-40-3-2.

Key words: Genetically modified organism; PCR; Feed; 
Maize; Soybean

INTRODUCTION

In the past two decades, recombinant DNA technology has been widely used in mo-
dern agriculture. Advances in molecular biology and recombinant DNA techniques have made 
it possible to manipulate plant genomes. Nowadays this technology is used in changing and 
improving plants for different purposes. A genetically modified (GM) plant is a plant whose 
genetic material has been altered. GM plants are created to possess several desirable traits such 
as herbicide tolerance (Block et al., 1987), insect resistance (Moellenbeck et al., 2001), virus 
resistance (Abel et al., 1986; Register and Nelson, 1992; Baulcombe, 1994), disease tolerance, 
stress tolerance (Cushman and Bohnert, 2000; Zhang et al., 2005), improvement of nutritional 
content (al-Babili et al., 2001), and delayed ripening (Redenbaugh et al., 1992; Kramer et al., 
1992). The total global areas planted with GM crops increased rapidly from 1.7 to 160 million 
ha during the period of 1996-2011 (James, 2011). Maize, soybean, canola, cotton, potato, and 
papaya are commercially the most popular transgenic crops for field trials in the world. Es-
pecially, maize (24% of total maize crops) and soybean (60% of total soybean crops) are two 
main GM crops. Maize (Zea mays L.) is one of the three major cereal crops in the world. Soy-
bean is one of most important protein sources used in feed and food. Due to their importance, 
maize and soybean are among the first crops to be genetically engineered and commercially 
used. There are several registered GM maize and soybean plants available worldwide (Aulrich 
et al., 2001; Tony et al., 2003; Greiner et al., 2005; Ujhelyi et al., 2008).

GM maize and soybean crops, which have an important place in agriculture, are 
increasingly used in the production of food and feed (Flachowsky et al., 2005; Sieradzki 
et al., 2006; Vain, 2006; Yoke-Kqueen et al., 2011). Herbicide-tolerant, insect-resistant, vi-
rus-resistant, disease-tolerant plants have taken a place in the world’s food and feed market. 
Particularly, GM feed products have received more interest during the last few years. This 
increase in GM plant-derived feed causes more concern in biosafety and health. As a result of 
these international concerns about the possible potential risks of GM products, many count-
ries have set several regulations regarding their production, import and risk assessments. 
Turkey is one of these countries that declared GM organism regulations under a biosafety law 
in 2010 (Official Gazette of the Republic of Turkey, 2010). Within the biosafety law, none 
of the GM events (i.e., varieties or lines) have been approved for use as food, but certain 
events [Bt11, GA21, NK603, DAS1507, DAS59122, MON89034, MON40-3-2 (GTS-40-3-
2), MON89788, A2704-12] of GM plants have been approved for use as feed (Official Gazete 
of the Republic of Turkey, 2011a,b).

Processed products (e.g., foods and feeds) derived from GM crops can be identified 
by testing for the presence of a transgene or by detecting expressed novel proteins encoded by 
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the genetic material. Polymerase chain reaction (PCR) (Mullis and Faloona, 1987) techniques, 
which have become essential for many common procedures such as cloning specific DNA 
fragments have allowed the investigation of new fields such as the control of the presence of 
genetically modified DNA. PCR is used in the growing analytical approach for GM organism 
detection (Holst-Jensen and Berdal, 2004). Among DNA-based methods, PCR technology is 
preferred by many analytical laboratories interested in the detection of GM organisms because of 
its high sensitivity, specificity, and wide range of gene constructs (Ahmed, 2002; Anklam et al., 
2002; Holst-Jensen et al., 2003). PCR-based detection can be evaluated in at least four categories 
related to the level of specificity namely screen-specific, gene-specific, construct-specific, and 
event-specific evaluation. The first category targets the cauliflower mosaic virus (CaMV) 35S 
promoter (P-35S) regions, T-NOS (nopaline synthase terminator) regions and/or gene encoding 
resistance to ampicillin (bla) and neomycin/kanamycin (nptII) antibiotics used in selection. In the 
second category, detection is achieved by the amplification of specific genes such as cryIA(b). In 
category 3, the junctions between the adjacent elements of gene construct, for example, promoter 
and genes and in category 4, the junction between the gene and its integration locus are targeted 
for PCR amplification (Holst-Jensen et al., 2003).

The objectives of our study were to collect comprehensive qualitative analytical data 
by identifiying GM plants using gene- and construct-specific screening methods and to survey 
the status of GM feed in Turkey. 

MATERIAL AND METHODS

Feed samples

This study included 11 kinds of feed, which are obtained from different regions 
in Turkey (Aegean, Anatolian, Black Sea, Central Anatolian, Marmara, Mediterranean, 
Southeastern, Thracian regions). Feed samples were kindly obtained from Turkish Feed 
Manufacturers’ Association.

Reference samples

Powdered certified reference material (CRMs) ERM-BF411 (Bt176) and ERM-
BF410k (GTS-40-3-2) containing 0 and 5% GM maize and 0 and 5% GM soybean, respectively, 
were purchased. These samples were used for screen-specific, gene- and construct-specific 
PCR analysis. In this study, 100 ng/μL genomic DNA from Bt176 maize and GTS-40-3-
2 soybean lines were prepared as positive control samples for PCR. DNA extracted from 
blank reference materials was used as a non-GM control. Hordeum vulgare L. (barley) DNA 
(Istanbul University, Molecular Biology Laboratory DNA bank) was used as negative control 
for species-specific PCR. 

Genomic DNA isolation

All feed and reference material DNAs were extracted from 100 mg samples by the cetylt-
rimethylammonium bromide (CTAB) method (Lipp et al., 1999; Somma, 2006) with minor modifi-
cation. A homogeneous sample of 100 mg was transferred to a sterile 1.5 mL microcentrifuge tube, 
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with 300 μL sterile deionized water and mixed with a loop. CTAB buffer, 500 μL, was added and 
mixed. Proteinase K (20 μL 20 mg/mL) was added, shaken and incubated at 65°C for 60-90 min. 20 
μL RNase A (10 mg/mL) was added, shaked and incubated at 65°C for 15-20 min. Following centri-
fugation for 10 min at 16000 g, the supernatant was transferred to a microcentrifuge tube containing 
500 μL chloroform and shaken for 30 s. After additional centrifugation for 10 min, 500 μL of upper 
layer was transferred to a new microcentrifuge tube containing 500 μL chloroform and shaked. 
After centrifugation for 5 min, the upper layer was transferred to a new microcentrifuge tube. Two 
volumes of CTAB precipitation solution was added and mixed by pipetting and the tube incubated at 
room temperature for 60 min. The supernatant was discarded after centrifugation, and 350 μL NaCl 
(1.2 M) and a 0.6 volume of isopropanol were then added, followed by mixing and centrifugation 
for 10 min. Upper layer was transferred to a new microcentrifuge and 0.6 volume of isopropanol was 
added. Samples were centrifuged for 10 min. The supernatant was discarded and pellet was washed 
with 70% ethanol, air-dried and dissolved again in 50 μL sterile deionized water. DNA concentra-
tions and quantities were measured using a spectrophotometer. Genomic DNA samples and DNA 
marker were separated on an EtBr-stained 1% agarose gel to estimate their quality.

Polymerase chain reaction (PCR)

The total volume of the PCR mixture was 25 μL and contained: 50 ng DNA extracted 
from feed samples (2 μL), 2.5 μL 10 X buffer, 2.5 μL 25 mM MgCl2, dNTPs, primers, 0.1 
μL 5 U/μL Taq DNA polymerase and nuclease-free water. The primers and their sequences 
used in the PCR amplification experiments are given in Table 1. Variable contents of primers, 
dNTPs and the amount of water are shown in Table 2. The reaction was carried out using the 
PCR instrument.

Target sequence	 Primer name	 Sequence (5ꞌ-3ꞌ)	 Products length (bp)

Zein region	 Zein_1-L	 5ꞌ-GCCATTGGGTACCATGAACC-3ꞌ	 104
	 Zein_1-R	 5ꞌ-AGGCCAACAGTTGCTGCAG-3ꞌ
35S promotor region	 P35S-cf3	 5ꞌ-CCACGTCTTCAAAGCAAGTGG-3ꞌ	 123
	 P35S-cr4	 5ꞌ-TCCTCTCCAAATGAAATGAACTTCC-3ꞌ
NOS terminator region	 tNOS 2-5ꞌ	 5ꞌ-GTCTTGCGATGATTATCATATAATTTCTG-3ꞌ	 151
	 tNOS 2-3ꞌ	 5ꞌ-CGCTATATTTTGTTTTCTATCGCGT-3ꞌ
Bt176        nested 1	 CRYIA1	 5ꞌ-CGG CCC CGA GTT CAC CTT-3ꞌ	 430
	 CRYIA2	 5ꞌ-CTG CTG GGG ATG ATG TTG TTG-3ꞌ
CryIAb      nested 2	 CRYIA3	 5ꞌ-CCG CAC CCT GAG CAG CAC-3ꞌ	 189
	 CRYIA4	 5ꞌ-GGT GGC ACG TTG TTG TTC TGA-3ꞌ
Lectin region	 GMO3	 5ꞌ-GCCCTCTACTCCACCCCCATCC-3ꞌ	 118
	 GMO4	 5ꞌ-GCCCATCTGCAAGCCTTTTTGTG-3ꞌ
CTP4/EPSPS	 RRS01-5	 5ꞌ-CCTTTAGGATTTCAGCATCAGTG-3ꞌ	 121
	 RRS01-3	 5ꞌ-GACTTGTCGCCGGGAATG-3ꞌ

Table 1. Primers used in study and their sequences.

	 CaMV 35S PCR	 NOS PCR	 Zein PCR	 Lectin PCR	 GTS4/EPSPS PCR

10 μM forward primers	   0.5 μL	   0.4 μL	   0.5 μL	   0.6 μL	   0.6 μL
10 μM reverse primers	   0.5 μL	   0.4 μL	   0.5 μL	   0.6 μL	   0.6 μL
2 mM dNTP	 1 μL	   0.4 μL	   0.5 μL	   0.5 μL	 1 μL
Nuclease free water	 15.9 μL	 16.7 μL	 16.4 μL	 16.2 μL	 15.7 μL

Table 2. Different contents for primers and dNTPs.
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The conditions for PCR amplification of CaMV 35S promoter, NOS terminator, 
maize-specific gene (zein) and soy-specific gene (lectin) are summarized in Table 3, and PCR 
products were analyzed by 2% agarose gel electrophoresis.

	 CaMV 35S PCR	 NOS PCR	 Zein PCR	 Lectin PCR	 GTS4/EPSPS PCR

	 Temperature					     Time	 No. of cycle

Initial denaturation	 95°C	 95°C	 95°C	 95°C	 95°C	 5 min	 1
Denaturation	 95°C	 95°C	 95°C	 95°C	 95°C	 30 s (40 s)*	 35 (30)**
Annealing 	 60°C	 61°C	 60°C	 63°C	 58°C	 30 s (40 s)*	
Extention	 72°C	 72°C	 72°C	 72°C	 72°C	 30 s (40 s)*	
Final extention	 72°C	 72°C	 72°C	 72°C	 72°C	 5 min	 1
Waiting	   4°C	   4°C	   4°C	   4°C	   4°C	 ∞

*GTS4/EPSPS PCR, **Zein PCR.

Table 3. PCR programs.

Nested PCR

For testing maize content of the feed samples in terms of Bt176 event CRYIA1/CRY-
IA2 (nested 1) and CRYIA3/CRYIA4 (nested 2) primer pairs were chosen for the detection of 
synthetic cryIA(b) gene (Studer et al., 1997). CRYIA1/CRYIA2 external primers and CRY-
IA3/CRYIA4 internal primers are complementary to the cryIA(b) gene sequence. All DNAs 
extracted from feed samples were analyzed using these primer pairs via nested PCR.

The total volume of nested 1 and nested 2 PCR mixtures was 25 μL and contained: 50 
ng DNA (2 μL), 2.5 μL 10 X buffer, 2.5 μL 25 mM MgCl2, 1 μL 2 mM dNTP, 0.6 μL 10 μM of 
each primer, 0.1 μL 1 U/mL Taq DNA polymerase and 15.7 μL nuclease free water.

The amplification conditions of nested PCR experiments were modified by Querci and 
Mazzara (2006). Parameters for PCR amplification experiments for specific primers CRYIA1/
CRYIA2 and CRYIA3/CRYIA4 were used for the detection of the specific genetic event. 
Reaction conditions for CRYIA1/CRYIA2 primers were as follows: 5 min initial denaturation 
at 95°C followed by 35 cycles of 40 s denaturation at 95°C, 35 s annealing at 63°C and 30 s 
extension at 72°C, and a final 5 min extension at 72°C. In order to amplify CRYIA3/CRYIA4, 
35 cycles of 35 s denaturation at 95°C, 30 s annealing at 63°C, and 35 s extension at 72°C, and 
a final 5 min extension at 72°C was applied.

RESULTS

By using the CTAB method, good quality DNA was extracted from all feed samples. 
The lowest yield of extracted DNA was 106.7 ng/μL, whereas the highest yield was 657.2 
ng/μL. The purity of extracted DNA showed variations between 1.64 (A260/A280) and 1.91 
(A260/A280). 

Specific primers were used to detect species-specific genes of maize and soybean; 
these tests were performed for confirming the plant origin of the feed products. Species-spe-
cific gene (zein) for maize was identified in all feed samples. The size of the detected DNA 
fragment by primers ZEIN_1-L/ZEIN_1-R was 104 bp (Figure 1), whereas species-specific 
gene (lectin) for soybean was identified in all feed samples by primers GM03F/GM04R, with 
the size of the amplified DNA fragment of 118 bp (Figure 2).
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Figure 1. PCR amplification of zein sequences by Zein_1-L/Zein_1-R primers. Lane 1 = Feed 1; lane 2 = Feed 2; 
lane 3 = Feed 3; lane 4 = Feed 4; lane 5 = Feed 5; lane 6 = Feed 6; lane 7 = Feed 7; lane 8 = Feed 8; lane 9 = Feed 
9; lane 10 = Feed 10; lane 11 = Feed 11; lane P = 0.1% CRM (positive control); NT = no template; N = negative 
control (Hordeum vulgare L.); lane M = marker (100-bp DNA ladder, 100-1000 bp).

Figure 2. PCR amplification of lectin sequences by GMO3/GMO4 primers. Lane 1 = Feed 1; lane 2 = Feed 2; lane 
3 = Feed 3; lane 4 = Feed 4; lane 5 = Feed 5; lane 6 = Feed 6; lane 7 = Feed 7; lane 8 = Feed 8; lane 9 = Feed 9; 
lane 10 = Feed 10; lane 11 = Feed 11; NT = no template; N = negative control (CRM Blank); lane M = marker 
(100-bp DNA ladder, 100-1000 bp).

All feed samples were found to be GM according to the transgene abundance (Table 
4). The DNA fragment for the NOS terminator (151 bp) and 35S promoter (123 bp) were 
identified in all feed samples (Figure 3 and 4). The results of nested PCR assays showed that 
GM feed samples did not contain the cry1A(b) region of maize event Bt176. On the other hand 
the results of PCR also showed that GM feed samples were contained Cp4-EPSPS region of 
the soybean event GTS-40-3-2. This region was identified in all feed samples tested, and the 
size of the amplified DNA fragment by the primers RRS01-3/RRS01-5 was 121 bp (Figure 5).

Samples	 Zein	 Lectin	 35S	 NOS	 Bt176 Cry1A(b)	 CP4-EPSPS	 Presence of transgene

Feed 1	 +	 +	 +	 +	 -	 +	 +
Feed 2	 +	 +	 +	 +	 -	 +	 +
Feed 3	 +	 +	 +	 +	 -	 +	 +
Feed 4	 +	 +	 +	 +	 -	 +	 +
Feed 5	 +	 +	 +	 +	 -	 +	 +
Feed 6	 +	 +	 +	 +	 -	 +	 +
Feed 7	 +	 +	 +	 +	 -	 +	 +
Feed 8	 +	 +	 +	 +	 -	 +	 +
Feed 9	 +	 +	 +	 +	 -	 +	 +
Feed 10	 +	 +	 +	 +	 -	 +	 +
Feed 11	 +	 +	 +	 +	 -	 +	 +

(+) = possitive; (-) = negative.

Table 4. Screening of various feed samples for transgene content.
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Figure 3. PCR amplification of NOS terminator sequences by tNOS 2-5′/tNOS 2-3 primers. Lane 1 = Feed 1; lane 
2 = Feed 2; lane 3 = Feed 3; lane 4 = Feed 4; lane 5 = Feed 5; lane 6 = Feed 6; lane 7 = Feed 7; lane 8 = Feed 8; 
lane 9 = Feed 9; lane 10 = Feed 10; lane 11 = Feed 11; lane P = 1% CRM (positive control); NT = no template; N 
= negative control (CRM Blank); lane M = marker (100-bp DNA ladder, 100-1000 bp).

Figure 4. PCR amplification of 35S promotor sequences by P35S-cf3/P35Scr4 primers. Lane 1 = Feed 1; lane 2 = 
Feed 2; lane 3 = Feed 3; lane 4 = Feed 4; lane 5 = Feed 5; lane 6 = Feed 6; lane 7 = Feed 7; lane 8 = Feed 8; lane 
9 = Feed 9; lane 10 = Feed 10; lane 11 = Feed 11; lane P = 1% CRM (positive control); NT = no template; N = 
negative control (CRM Blank); lane M = marker (100-bp DNA ladder, 100-1000 bp).

Figure 5. PCR amplification for Round up Ready soy lines by RRS01-5/RRS01-3 primers. Lane 1 = Feed 1; lane 
2 = Feed 2; lane 3 = Feed 3; lane 4 = Feed 4; lane 5 = Feed 5; lane 6 = Feed 6; lane 7 = Feed 7; lane 8 = Feed 8; 
lane 9 = Feed 9; lane 10 = Feed 10; lane 11 = Feed 11; lane P = 1% CRM (positive control); NT = no template; N 
= negative control (CRM Blank); lane M = marker (100-bp DNA ladder, 100-1000 bp).

DISCUSSION

PCR methods are considered to be the most commonly used techniques for detection of 
GM organisms. The specific DNA sequences in GM products are targeted and amplified using 
this technique. This procedure can be carried out by selecting the target DNA sequences and 
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the appropriate PCR conditions; hence either general or specific detection of GM organisms 
can be achieved (Holst-Jensen and Berdal, 2004).

In this study, we performed an operative routine analysis for detection of GM plants in 
feed samples. We used qualitative PCR based on a three-step analysis technique to determine 
the GM plant content and to estimate the GM plant type. The first step involved the amplifica-
tion of specific maize and soy gene sequence from feed DNA. The second step entailed ampli-
fication of GM plant-specific sequences, represented by the 35S promoter and NOS termina-
tor, to screen for the presence of transgenics in the samples. All GM plant containing samples 
were subjected to analysis of the specific transgenic event, Bt176 for maize and GTS-40-3-2 
for soy in the third step. 

Our results showed that all 11 samples contained lectin and zein genes. This confirmed 
that the samples tested contained both maize and soybean. The feed samples analyzed were 
found to be transgenic. All of them were positive for 35S and NOS regulatory elements. To 
test the specificity of the transgenic event, we applied nested PCR for Bt176 by using specific 
primers for nested 1 (CRYIA1/CRYIA2) and for nested 2 (CRYIA3/CRYIA4) (Querci and 
Mazzara, 2006), and they did not contain Bt176. However, we found that 100% of feed samples 
included GTS-40-3-2 soy. Regarding the evaluation of the risk assessment of GTS-40-3-2 soy 
by the Turkish Biosafety Committee, the use of this soybean event is allowed in feed and related 
products with the particular requirements (Official Gazette of the Republic of Turkey, 2011a). 

In other countries, e.g., Malaysia, although GM plants are not produced, a related 
study found that all 24 feed samples analyzed were positive for 35S and NOS regulatory 
elements (Tung Nguyen et al., 2008). In another study conducted in Jordan, 100% of soy 
and 18.18% of maize used in feed production were found to be positive for GM organisms 
(Al-Rousan et al., 2010). These results indicate that GM products are frequently being used 
worldwide in feed material. Although the feed samples analyzed in this study were found to be 
transgenic, none of them contained Bt176 maize event. There is no permission for using Bt176 
event in food or feed in Turkey (Official Gazette of the Republic of Turkey, 2011b), and thus, 
the results showed compliance with the law. On the other hand, our findings demonstrated that 
100% of the feed samples included GTS-40-3-2 soy also appeared to be consistent with the 
law because this GM event used in the feed samples tested in this study is on the approved 
list of the Turkish Biosafety Committee. In conclusion, all of our findings showed compliance 
with the Biosafety Law of Turkey (Official Gazete of the Republic of Turkey, 2010). 
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