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Abstract A standard plasmid containing eight targets was
developed for quantitative detection of genetically modified
(GM) soybeans and cotton. These eight targets were joined
in tandem to form the pTLES8 plasmid with a length of
3,680 bp. This plasmid contains part of the endogenous
soybean Lecl gene, the Cauliflower mosaic virus (CaMV)
35S promoter, the Agrobacterium tumefaciens nopaline
synthase (NOS) terminator, the PAT gene of the soybean
line A2704-12, the event-specific 5'-junction region of
Roundup-Ready Soya (RRS, 35SG), the CrylA(c) gene
from Bacillus thuringiensis (Bt), the endogenous cotton
Sadl gene, and a part of RRS EPSPS gene. The PCR
efficiencies with pTLES as a calibrator ranged from 99.4%
to 100.2% for the standard curves of the RRS EPSPS gene
and the taxon-specific Lec/ gene (R*>0.996). The limits of
detection and quantification were nine and 15 copies,
respectively. The standard deviation (SD) and relative
standard deviation (RSD) values of repeatability were from
0.09 to 0.52 and from 0.28% to 2.11%, and those for
reproducibility were from 0.12 to 1.15 and 0.42% to 3.85%,
respectively. The average conversion factor (Cf) for the
CRMs RRS quantification was 0.91. The RSD of the mean
values for known samples ranged from 3.09% to 18.53%,
and the biases were from 0.5% to 40%. These results show
that our method using the pTLE8 plasmid as a reference
material (RM) is reliable and feasible in the identification of
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GM soybeans, thus paving the way for the establishment of
identification management systems for various products
containing GMO components.
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Introduction

The production of approved GM crops and derived products
continues to increase in more and more countries. In an attempt
to regulate the increasing consumption of genetically modified
organism (GMO)-derived products, a uniform traceability
system for the documentation of the flow of GMO-derived
commodities has been established in the European Community
(EC 50/European Commission Regulation EC 2000; EC
1830/European Commission Regulation EC 2003). Regula-
tion (EC) number 1829/European Commission Regulation
EC 2003 on GM food and feed regulates the placement on
the market of food and feed products containing GMOs and
mandates the labeling of such products.

To enforce the GMO labeling regulations, the application
of reference molecules as calibrators is becoming essential
for practical identification of GMOs (Huang and Pan 2005).
Because of the advantages of plasmid standards in terms of
easy preparation, low cost, universal applicability, and
long-term stability, plasmid DNA calibrators are preferred
over genomic DNA calibrators from certified reference
materials (CRMs). Validated plasmid calibrators are widely
used for GMO quantification. At present, single- or multiple-
target plasmids, containing either one GM-specific sequence
or endogenous sequence or several specific GM sequences
from one species, have been developed as RMs (Kuribara et
al. 2002; Yang et al. 2005; Burns et al. 2006; Toyota et al.
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2006; Sivaganesan et al. 2008; Wang et al. 2009; Koppel et
al. 2010; Lievens et al. 2010; Scholtens et al. 2010).

In this study, a new multiplex calibrator was constructed by
integrating eight fragments [1, the endogenous soybean gene
(Lecl); 2, the 35S promoter; 3, the NOS terminator; 4, the PAT
gene of the soybean line A2704-12; 5, the RRS event-specific
5'-junction (35SG); 6, the CrylA(c) gene modified from Bt; 7,
the endogenous cotton reference control gene (Sadl); and 8,
the RRS EPSPS gene] into the same plasmid. The above eight
DNA fragments were spliced together and subsequently
cloned into an appropriate vector for GM detection based on
previous protocols (Kuribara et al. 2002; Yu et al. 2004; Lu
2005; Hong et al. 2006; Charels et al. 2007; Pang et al. 2007,
Sivaganesan et al. 2008). We also developed a quantitative
PCR assay for GM soybean detection using the above
plasmid as a reference molecule in place of CRMs, and we
further evaluated the established method, including determi-
nation of the Cf value calculated by the copy number ratios
of exogenous to endogenous DNA sequences of genuine
RRS (Arumuganathan and Earle 1991).

Materials and methods
Soybean samples

Non-GM soybeans (ERM-BF410a) and CRM RRS (ERM-
BF410e, containing 20 g/kg GMO) were purchased from the
EU Joint Research Centre, IRMM (Institute for Reference
Materials and Measurements, Belgium). The RRS flours were
initially mixed with non-GM soybean flour to obtain samples
containing 0.25, 0.5, 1, and 2 g/kg RRS [0.25%, 0.5%, 1%,
and 2% RRS (w/w), respectively]. Genomic DNA was isolated
from powdered CRMs according to a SDS-based method
(Ogunkanmi et al. 2008). The DNA pellets were dissolved in
100 pl nuclease-free water. The samples were further diluted
to give 50 ng/ul working stock solutions with sterile distilled
water. The gDNA was stored in aliquots at —80 °C.

Fusion PCR
Primers

Primers were designed for the endogenous soybean Lec/ gene
and for segments of the sequences of 35S, NOS, PAT, 35SG,
CrylA(c), Sadl, and EPSPS from GenBank (Table 1). The
two primers in the overlapping primer pairs of Lec1-R/35S-F,
35S-R/NOS-F, NOS-R/Pat-F, 35G-R/Cry-F, Cry-R/Sad-F,
and Sad-R/Eps-F were complementary to each other. Four
restriction enzyme sites, Nofl, Sall, EcoRl, and Xbal, were
introduced at the ends of the primers for the Lec!, Pat, 355G,
and EPSPS genes. All primers were synthesized and purified
by Shanghai Sangon Biotech.
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First-round PCR

Eight parallel PCRs were performed to amplify eight
individual DNA fragments in a reaction volume of 50 pl
containing 2.5 U of Tag DNA polymerase and 1x buffer in
the presence of 200 pM dNTP, 0.8 mmol of corresponding
primers (Table 1), and 10 ng of genomic DNA from GM
soybean or cotton. The optimized PCR program for Lecl
was as follows: 94 °C for 5 min; then 30 cycles of 94°C for
30 s for denaturation, 58.6°C for 30 s, and 72°C for 1 min;
followed by 72°C for 10 min. The reaction conditions for
the other genes were similar except for the annealing
temperature and the extension time. The annealing temper-
atures used for fragments 2—8 were 56.8 °C, 58.8 °C, 59.5 °C,
55.1°C, 56.5 °C, 58.6 °C, and 58.6 °C, respectively, and the
extension times used for fragments 2—8 were 50 s, 30 s, 30 s,
305s,40s,30s, and 60 s, respectively. The amplified products
were separated on a 1.5% agarose electrophoresis gel and
purified using the TIANgel Midi Gel Extraction Kit (Tiangen
Biotech, Beijing, China).

Second-round PCR

The 3,680-bp full-length fragment containing the eight
genes was assembled step-by-step (Fig. 1). Firstly,
equimolar aliquots of every two or three adjacent DNA
fragments (70 ng for each) were mixed in the presence of
Tag DNA polymerase (2.5 U), 1x buffer, and 200 umol of
each dANTP in a final volume of 50 ul. The reaction
program consisted of 15 cycles of PCR without primers
with denaturation at 94 °C for 20 s and annealing and
extension conditions as follows: 59.6 °C for 1 min 25 s for
the Lecl and 35S fragments; 58.8 °C for 1 min 25 s for the
NOS and PAT fragments; 59.5 °C for 1 min 25 s for the
358G and Cry fragments; and 60 °C for 1 min 20 s for the
358G, Cry, Sadl, and EPSPS fragments. Then, 20 pl each
of two or three products from the above step were mixed
together and 20 cycles of 94 °C for 20 s and 72 °C for 30 s
run without primers. Finally, both outer primers (40 pmol
for each) were added into the reaction system, and PCR
was conducted using the following cycles: 94 °C for 30 s
followed by 28 cycles of 94 °C for 30 s, 58.6 °C for 1 min,
and 72 °C for 3 min. Then, the 3,680-bp DNA band was
excised and recovered from an agarose gel with the
TIANgel Mini Purification Kit (Tiangen Biotech).

Construction of a multiple-target plasmid DNA reference
molecule

The 3,680-bp full-length fragment containing the amplified
segments of the eight genes was cloned into the pMD'™19-T
Simple Vector (Takara, China) and transformed to Escher-
ichia coli DH5«. Three positive clones were selected and
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Table 1 PCR primer sequences of the eight targets in construction of the reference molecule

Target fragments PCR primers  Sequence (5'-3") Insert size (bp)

(GenBank accession no.)

1 Lecl (KO0821) Lecl-F ATAAGAATGCGGCCGCGGCTTGCCTTCTTTCTC 530
Lecl-R CAATGGAATCCGAGGAGTC-CCTTCGATCTGTCACATTT

2 355 (AB472846.1) 35S-F AAATGTGACAGATCGAAGG-GACTCCTCGGATTCCATTG 311
35S8-R CCAAATGTTTGAACGATC-CCTCTCCAAATGAAATGAAC

3 NOS (AB209952.1) NOS-F GTTCATTTCATTTGGAGAGG-GATCGTTCAAACATTTGG 253
NOS-R ACTCTTGTGGTGTTTGTGGC-GATCTAGTAACATAGATGA

4 PAT (GQ497217.1) Pat-F TCATCTATGTTACTAGATC-GCCACAAACACCACAAGAGT 371
Pat-R GCGTCGACAACCAACATCATGCCATCCAC

5 355G (AJ308514.1) 35G-F GCGTCGACGATAGTGGGATTGTGCGTCAT 369
35G-R GATGTTTGGGTTGTTGTCCA-CCCTTCAATTTAACCGATGCT

6  CrylA(c) (Y09787.1) Cry-F AGCATCGGTTAAATTGAAGGG-TGGACAACAACCCAAACATC 312
Cry-R CATCTTTAGCTAGTTGAATT-TGCTCAATCCTTCCGACCTA

7 Sadl (AJ132636.1) Sad-F TAGGTCGGAAGGATTGAGCA-AATTCAACTAGCTAAAGATG 335
Sad-R GGAATTCCCTCAGCTTACCCACTTCAG-GAGACCGCCGAACATGAA

8  EPSPS (AF464188.1)  Eps-F TTCATGTTCGGCGGTCTC-CTGAAGTGGGTAAGCTGAGGGAATTCC 1,199
Eps-R GCTCTAGAATCATCGTGGCATCGTCC

[TIRIN

: joint of the two adjacent genes

sequenced. Plasmid DNA was extracted using a Beijing
TIANprep Mini Plasmid Kit and was digested with Notl and
Xbal. Purified plasmids were then linearized with EcoRI for
3 h at 37 °C and purified with the TIANquick Midi
Purification Kit.

Fig. 1 Schematic illustration of
fragments of eight genes fused by
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Table 2 Primers and probes for real-time quantitative PCR

Primer/probe Final conc. (uM) Sequence (5'-3") Amplicon GenBank
accession no.
Soy Lecl K00821
Lecl-F 0.2 CTTTCTCGCACCAATTGACA
Lecl-R 0.2 TCAAACTCAACAGCGACGAC 102 bp
Lecl-P 0.25 FAM-CCACAAACACATGCAGGTTATCTTGG-BHQ
EPSPS AF464188
Eps-F 0.2 TTCGATGATCGACGAATATCC
Eps-R 0.2 AATCCACGCCATTGAGCTTG 149 bp
Eps-P 0.25 TET-CTCGCTGTCGCCGCCGCCTTC-Eclipse

dye (TET/FAM) at the 5’ end and a quencher dye (BHQ/
Eclipse) at the 3’ end.

TagMan Universal PCRs were performed in a 15 pl final
volume containing 7.5 ul of Premix Ex Taq™ Mix
(Takara), 0.3 ul of ROX Dye II (50%), 200 nM of each
primer, 250 nM of the probe for Lec! or EPSPS, and 1.5 pl
DNA extracts (50 ng/ul). The PCRs were all run on an ABI
PRISM 7500 Sequence Detection System (Applied Bio-
systems, USA) using the following program: 50 °C for
2 min, 95 °C for 10 min, and 45 cycles of 95 °C for 15 s
and 60 °C for 1 min. The fluorescence signals were
measured once during each cycle at the extension step,
and the data were then analyzed using the Detection System
V2.03 (Applied Biosystems). Each reaction was repeated
three times in triplicate.

Standard curves, repeatability, and sensitivity

Five serially diluted plasmid DNA samples (54.9, 549,
5,490, 54,900, and 549,000 copies per reaction in
1.5 pl) were used as a calibrators for the construction
of a standard curve. The standard curve was constructed
by plotting the Ct values against the logarithm of the
DNA copy number.

To test the repeatability and reproducibility, three
independent real-time PCR runs completed at different
times over a period of 30 days with three replicates per
run were performed for each sample dilution. The
sensitivity of the method was also assessed by deter-
mining the limit of detection (LOD) and the limit of
quantification (LOQ) with the lower dilution of 6 copies/ul
of pTLES DNA.

Determination of conversion factors (Cf) for the reference
molecule

A gradient of 25, 50, 75, 100, and 150 ng DNA from
2% (w/w) RRS CRM per reaction was prepared to
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determine the Cf value. The Cf value was calculated by
Eq. 1:

Cf — copies of CRM target gene
~ copies of CRM endogenous gene x 2%

(1)

The copy numbers were estimated by standard curves
based on the reference molecule pTLES. The final Cf value
was the average of five calculated Cfs.

Real-time quantitative PCR of sample unknowns

To validate the real-time PCR systems based on pTLES,
four samples containing 0.25%, 0.5%, 1.0%, and 2.0%
(w/w) RRS were treated as unknown genomic samples.
Quantification was performed by linear interpolation
using a standard regression curve of cycle threshold
(Ct) values generated from DNA samples of known
concentrations. The GM contents of the samples were
calculated according to Eq. 2:

copies of sample target gene

GM tent(%) — 100%
content(%) copies of sample endogenous gene x Cf ) '
(2)
Results
Fusion PCR

The fusion of the eight targets is illustrated in Fig. 1. First,
eight individual target segments were PCR-amplified
(Fig. 2). The lengths of the amplified fragments were in
agreement with the predicted lengths of 530 bp, 311 bp,
253 bp, 371 bp, 369 bp, 312 bp, 335 bp, and 1,199 bp
corresponding to sequences of Lecl, 35S, NOS, PAT, 355G,
Cry, Sadl, and EPSPS, respectively. These products were
purified and assembled step-by-step to form four fusion
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Fig. 2 Agarose (1.5%) gel electrophoresis of the eight-gene fusion
constructed by overlap PCR. M1 DNA marker II, M2 DNA marker III,
lane I Lecl gene (530 bp), lane 2 35S promoter (311 bp), lane 3 NOS
terminator (253 bp), lane 4 PAT gene (371 bp), lane 5 355G fragment
(369 bp), lane 6 Cry gene (312 bp), lane 7 Sadl gene (335 bp), lane

fragments: 355G-Cry (681 bp), NOS-PAT (624 bp), Lecl-
35 S (841 bp), and 35SG-Cry-Sadl-EPSPS (2,215 bp)
(Fig. 2). Next, the LecI-35S and NOS-PAT segments was
fused into a four-target segment, Lec/-35S-NOS-PAT (data
not shown), which was then merged with another four-
target segment, 35SG-Cry-Sadl-EPSPS, to form a 3,680-bp
full-length fragment (Fig. 2). As estimated by agarose gel
electrophoresis, the final PCR product reached a level of
566.7 ng/50 pl.

Construction of a new plasmid as a reference molecule

The 3,680-bp full-length fragment was ligated into the
pMD™19-T Simple Vector and transformed into E. coli
DHS5«. The inserted DNA and the correct structure of the
3,680-bp recombinant product were confirmed by DNA
sequencing and restriction enzyme digestion. The sequence
of the pTLES plasmid contained the DNA sequences of a
part of the soybean taxon-specific Lec! gene, the 35S
promoter, the NOS terminator, the PAT gene of the event
A2702-12, the RRS event-specific 5'-junction (355G), a
part of the CrylA(c) gene modified from Bt, a part of the
endogenous cotton reference control gene (Sadl), and a
part of the RRS EPSPS gene (Fig. 3). The sequence of this
3,680-bp recombinant was consistent with the designed
sequencing as determined by Blast via NCBI.

The double-stranded plasmid DNA template was sub-
jected to restriction endonuclease digestion, and the DNA
fragments were analyzed by agarose gel electrophoresis.
The pTLES plasmid DNA digested with Notl and Xbal was
resolved into two visible bands corresponding to the
expected 2,692-bp vector and the 3,680-bp DNA insert
fragment, while only one 6,372-bp visible band containing
vector and insert DNA was observed when the pTLES8
plasmid DNA was digested with EcoRI (data not shown),
showing that the three constructs contained the 3,680-bp
region of interest.

8 EPSPS gene (1,199 bp), lane 10 355G+Cry (681 bp), lane 11 NOS
+PAT (624 bp), lane 12 Lecl+35S (841 bp), lane 13 35SG+Cry+
Sadl+EPSPS (2,215 bp), lanes 9 and 14 Lecl+35S+NOS+PAT+
358G+Cry+Sadl+EPSPS (3,680 bp)

Based on the known length of the plasmid vector
(2,692 bp), the inserted fragment (3,680 bp), and the
molecular mass of single-stranded DNA, the concentration
(ng/ul) was used to calculate the number of target copies
per PCR reaction (1.5 pl DNA template). For each plasmid
DNA marker, 10-fold dilution series were then made from
100,000 to 10 copies. Linearized plasmid solutions con-
taining 36.6, 366, 3,660, 36,600, and 366,000 copies
(absolute amounts in 1.0 pl) were prepared as one set.

Calibration curves and sensitivity of the test

For the generation of standard curves, purified plasmid
DNA was used as a calibrator. Figure 4 shows two
typical standard curves in one of three real-time PCR runs.
The regression correlation coefficient (R?) values of the
standard curves were from 0.996 to 0.999 in three PCR
runs, indicating excellent linearity between the DNA copy
numbers in the template and the fluorescence values (Ct).
The PCR reaction efficiencies were from 99.4% to 100.2%
for the standard curves of the RRS EPSPS fragment and
the taxon-specific Lec/ gene, indicating highly efficient
reactions.

In this study, the LOD was determined using four
serially diluted pTLE8 DNA samples as calibrators. These
solutions included 9, 15, 30, and 60 copies per reaction and
were analyzed three times, each time with three parallel
replicates. The LOD and LOQ of the qualitative PCR were
nine and 15 copies of pTLE8 DNA, respectively (Table 3).
SD values were in the acceptable range, from 0.13 to 0.34.
Based on the lengths of the pTLES plasmid (6,392 bp) and
the soybean genome (Lievens et al. 2010), we deduced that
copy numbers between 15 and 549,000 for pTLES would
be sufficient to quantify GM soybean DNA representing
0.01% to 100% of a 75 ng genomic DNA sample.
Moreover, this range should be sufficient to meet the
requirements of the GMO labeling regulations.
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TGAAGAACATTGAAATGATTACGCCAGGTTTGCACGCCTGCCGTTCGACGATT-ATAAGAATGCGGCCGCGGCTTGCCTTICTTTCTCGC

[ACCAATTGACA|CTAAGICCACAAACACATGCAGGTTATCTTGGITCTTTTCAACGAAAACGAGTCTGGTGATCAA|GTCGTCGCTGTTGA)
Lecl-F Lecl-P Lecl-R
GTTTGA|CACTTTCCGGAACTCTTGGGATCCACCAAATCCACACATCGGAATTAACGTCAATTCTATCAGATCCATCAAAACGACGTCT

TGGGATTTGGCCAACAATAAAGTAGCCAAGGTTCTCATTACCTATGATGCCCCCACCAGCCTCTTGGTTGCTTCTTTGGTCTACCCTTC
ACAGAGAACCAGCAATATCCTCTCCGATGTGGTCGATTTGAAGACTTCTCTTCCCGAGTGGGTGAGGATAGGGTTCTCTGCTGCCACG
GGACTCGACATACCTGGGGAATCGCATGACGTGCTTTCTTGGTCTTTTGCTTCCAATTTGCCACACGCTAGCAGTAACATTGATCCTTT
GGATCTTACAAGCTTTGTGTTGCATGAGGCCATCTAAATGTGACAGATCGAAGG-GACTCCTCGGATTCCATTGCCCAGCTATCTGTCAC
TTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCCCCTACAAATGCCATCATTGCGATAAAGGAAAGGCCATCGTTGAAGATGCCTCTG
CCGACAGTGGTCCCAAAGATGGACCCCCACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTG
GATTGATGTGATATCTCCACTGACGTAAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCTCTATATAAGGAAGGTCATT
TCATCTGGAGAGG-GATCGTTCAAACATTTGGCAATAAAGTTTCTTAAGATTGAATCCTGTTGCCGGTCTTGCGATGATTATCATATAATT
TCTGTTGAATTACGTTAAGCATGTAATAATTAACATGTAATGCATGACGTTATTTATGAGATGGGTTTTATGATTAGAGTCCCGCAATTAT
ACATTTAATACGCGATAGAAAACAAAATATAGCGCGCAAACTAGGATAAATTATTCCGCGCCGCTGTCATCTATGTTACTAGATC-GCCA
CAAACACCACAAGAGTGGATTGATGATCTAGAGAGGTTGCAAGATAGATACCCTTGGTTGGTTGCTGAGGTTGAGGGTGTTGTGGCTG
GTACTGCTTACGCTGGGCCCTGGAAGGCTAGGAACGCTTACGATTGGACAGTTGAGAGTACTGTTTACGTGTCACATAGGCATCAAAG
GTTGGGCCTAGGATCCACATTGTACACACATTTGCTTAAGTCTATGGAGGCGCAAGGTTTTAAGTCTGTGGTTGCTGTTATAGGCCTTC
CAAACGATCCATCTGTTAGGTTGCATGAGGCTTTGGGATACACAGCCCGGGGTACATTGCGCGCAGCTGGATACAAGCATGGTGGATG
GCATGATGTTGGTT-GTCGACGATAGTGGGATTGTGCGTCATCCCTTACGTCAGTGGAGATATCACATCAATCCACTTGCTTTGAAGACG
TGGTTGGAACGTCTTCTTTTTCCACGATGCTCCTCGTGGGTGGGGGTCCATCTTTGGGACCACTGTCGGCAGAGGCATCTTCAACGAT
GGCCTTTCCTTTATCGCAATGATGGCATTTGTAGGAGCCACCTTCCTTTTCCATTTGGGTTCCCTATGTTTATTTTAACCTGTATGTATGA
TCTTATTTTGAATGAAATGCAATAAGTTATTTCTAGTAAAAAAAAATAAACATTTGATAGAAACAAATTAAAGCATGCAAAAATAACTC
ATCAGCATCGGTTAAATTGAAGGG-TGGACAACAACCCAAACATCAACGAATGCACTCCATACAACTGCTTGAGTAACCCAGAAGTTGA
AGTACTTGGTGGAGAACGCATTGAAACCGGTTACACTCCCATCGACATCTCCTTGTCCTTGACACAGTTTCTGCTCAGCGAGTTCGTG
CCAGGTGCTGGGTTCGTTCTCGGACTAGTTGACATCATCTGGGGTATCTTTGGTCCATCTCAATGGGATGCATTCCTGGTGCAAATTGA
GCAGTTGATCAACCAGAGGATCGAAGAGTTCGCCAGGAACCAGGCCATCTCTAGGTCGGAAGGATTGAGCA-AATTCAACTAGCTAAA
GATGTTTATTTTGGGTAAAAACATTGACTTGGTAGATCGAAGTGCTACAAAGACCCCCTTAGAAATGCTAGAGGTGAAAAAAACCAAT
ATAAAGCTTGTTGAGTTATCAGTGAGGTTACCACTTATGAGAGAGGTGGGTTGTGTATTGGGCTTCGTGGGAAAAGTGGTGATGCAAG
TTGGACAGTTAAATCAAGTAAATGTTACAAGCAAGGTACATCTCAAACACTTTCTTAGTGTTCTACATTATGACTTACTGTTGTCTTGG
AAAAAACACATGAACCCTTTTTCAGTTCTGAAGTGGGTAAGCTGAGG-GAATTCTTCATGTTCGGCGGTCTCGCGAGCGGTGAAACGC
GCATCACCGGCCTTCTGGAAGGCGAGGACGTCATCAATACGGGCAAGGCCATGCAGGCCATGGGCGCCAGGATCCGTAAGGAAGGC
GACACCTGGATCATCGATGGCGTCGGCAATGGCGGCCTCCTGGCGCCTGAGGCGCCGCTCGATTTCGGCAATGCCGCCACGGGCTGC
CGCCTGACCATGGGCCTCGTCGGGGTCTACGATTTCGACAGCACCTTCATCGGCGACGCCTCGCTCACAAAGCGCCCGATGGGCCGC
GTGTTGAACCCGCTGCGCGAAATGGGCGTGCAGGTGAAATCGGAAGACGGTGACCGTCTTCCCGTTACCTTGCGCGGGCCGAAGAC
GCCGACGCCGATCACCTACCGCGTGCCGATGGCCTCCGCACAGGTGAAGTCCGCCGTGCTGCTCGCCGGCCTCAACACGCCCGGCAT
CACGACGGTCATCGAGCCGATCATGACGCGCGATCATACGGAAAAGATGCTGCAGGGCTTTGGCGCCAACCTTACCGTCGAGACGGA
TGCGGACGGCGTGCGCACCATCCGCCTGGAAGGCCGCGGCAAGCTCACCGGCCAAGTCATCGACGTGCCGGGCGACCCGTCCTCGA
CGGCCTTCCCGCTGGTTGCGGCCCTGCTTGTTCCGGGCTCCGACGTCACCATCCTCAACGTGCTGATGAACCCCACCCGCACCGGCCT

CATCCTGACGCTGCAGGAAATGGGCGCCGACATCGAAGTCATCAACCCGCGCCTTGCCGGCGGCGAAGACGTGGCGGACCTGCGCG

TTCGCTCCTCCACGCTGAAGGGCGTCACGGTGCCGGAAGACCGCGCGCCTTCGATGATCGACGAATATCCGIATTICTCGCTGTCGCCH|

Eps-F Eps-P
ICCGCCTTCIGCGGAAGGGGCGACCGTGATGAACGGTCTGGAAGAACTCCGCGTCAAGGAAAGCGACCGCCTCTCGGCCGTCGCCAAT

GGCCTICAAGCTCAATGGCGTGGATTIGCGATGAGGGCGAGACGTCGCTCGTCGTGCGTGGCCGCCCTGACGGCAAGGGGCTCGGCAA

Eps-R
CGCCTCGGGCGCCGC(?GTCGCCACCCATCTCGATCACCGCATCGCCATGAGCTTCCTCGTCATGGGCCTCGTGTCGGAAAACCCTGTC
ACGGTGGACGATGCCACGATGATTCTAGAGCAATCTCTGGAAGATCCGCGCGTACCGAGTCTAATCACGGCCCTGTTTC
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«Fig. 3 Sequences of the integrated fragments in the standard pTLE8
plasmid. Bold italic letters indicate the sequences of the overlapping
primers of two genes, and boxes indicate the sequences of primers and

TagMan probes. Restriction endonuclease enzyme (Notl, Sall, EcoRl,  The repeatability and reproducibility of the reactions for the

and Xbal) sites are underlined and were inserted into the eight genes real-time PCR system were calculated using data for

in the pTLES plasmid reference molecule .. . . .
triplicate reactions obtained from the five concentration
levels of pTLES. The Lecl and EPSPS genes of the pTLES
plasmid were repeatedly amplified three times a day. Table 4

Repeatability and reproducibility of the method

= . Lecl: ¥= 3336x437216 | 1111 Al
R’=0.996, Eff%: 99.416 i o o oE

a4g

a2

1

1a 20 30 100 200 1000 10000 100000 100K
Quantity

EPSPS: Y=-3.318X+37.469 B
R?=0.999, Eff%: 100.46

28
27 4

26

24

23

21 A

10 20 30 100 2000 1000 ple s s} hls e e e al OO

Quantity

B standard ] unknown

Fig. 4 Calibration curves for the soybean Lec! and EPSPS genes. The of the calibration curve and estimation of the amplification efficiency
dilutions contained approximately 6.83x10%, 6.83x10%, 6.83x 10%, for the Lecl gene; b construction of the calibration curve and estimation
6.83x107, and 6.83x 10 initial template copies per PCR. a Construction of the amplification efficiency for the EPSPS gene
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Table 3 Amplification data used to determine the absolute LOD and
LOQ

Template copies Total repeats/ Mean Ct SD of
(positive signals) observed Ct
Lecl
60 9/9 33.39 0.31
30 9/9 34.35 0.34
15 9/9 34.98 0.21
9 9/7 36.25 NA
EPSPS
60 9/9 33.32 0.23
30 9/9 34.70 0.13
15 9/9 35.71 0.23
9 9/7 37.34 NA

NA not applicable

shows the results of this reproducibility study of the pTLE8
plasmid for the same day and for three different days using
the established method. The values of SD and RSD were all
in the acceptable range according to ENGL (ENGL
Definition of minimum performance requirements for
analytical methods for GMO testing; European Network
of GMO Laboratories ENGL 2008) and were from 0.09 to
0.52 and from 0.28% to 2.11% for 1 day, respectively. The
SD and RSD values obtained were in the range of 0.12 to
1.15 and 0.42% to 3.85% for the three different days,
respectively.

Measurement of Cf

Five different levels of Matrix-CRM DNA for GM
soybeans (RRS) were analyzed three times, each time in
triplicate, to validate the Cf values. As shown in Table 5,
the average Cf value for the RRS quantification was 0.91.
The relative standard deviation (RSD) value of the Cf was
11.91%. Theoretically, the transgenic EPSPS sequence and
the endogenous Lec/ gene in a haploid RRS genome are
both only present as a single copy (Holst-Jensen et al.
2003); therefore, the theoretical Cf of soybeans, including
the single copy of the transgene per genome, should be 1.0
for each real-time PCR assay. The discrepancy between the
experimental and theoretical Cf values might be the result
of deviations in the DNA copy number, variations of the
mass-based GM content, and differences in the PCR
amplification efficiencies that resulted from the amounts
of the non-target sequences in the plasmid and genomic
DNA, although no considerable homology to the sequences
used for detection by using the DNA database of target
crops was found (Holst-Jensen et al. 2003; Huang and Pan
2005; Yang et al. 2007a, b; Wang et al. 2009).

Quantitative analysis of the GM soybean samples
using pTLE8 DNA as a calibrator

To investigate the suitability of our calibrator for relative
quantification, a series of four samples with well-known
GMO contents (in %) were analyzed as unknowns; these

Table 4 Repeatability and reproducibility of the method based on pTLES as a calibrator in real-time PCR

Copy number  Ct (different days) SD* RSD®  Copy number  Ct (one day) SD*  RSD®
T1 T2 T3 Mean S1 S2 S3 Mean

EPSPS
36.6 30.58 29.43 3172 3058 115 374 36.6 3376 3362 3457 3398 051 151
366 2731 2744 2754 2743 012 042 366 30.83  31.01 3092 3092 009 029
3,660 2392 2271 2393 2352 070 298 3,660 28.10 2775 2779 2788 0.19  0.69
36,600 2043 19.68 1996 20.02 038 1.89 36,600 2524 2468 2420 2471 052 211
366,000 1695 1598 16.18 1637 051 3.13 366,000 21.51 2132 2132 2138 0.11 0.51

Lecl
36.6 3194 3296 3349 246 079  3.20 36.6 3538 3479 3497 3505 030 0.86
366 28.54  29.70  30.07 22.08 080 3.62 366 31.30 3124 31.13 3122 0.09 0.28
3,660 2529 2655 2664 1962 075 3.85 3,660 2871 2859 2828 2853 022 0.78
36,600 21.78 2250 2297 1681 0.60 3.57 36,600 2505 2522 2497 2508 0.13 051
366,000 1830 1932 1886 14.12 051 3.62 366,000 21.99 2209 2191 2200 0.09 041

T1, T2, and T3 were three real-time PCR runs completed on three different days by different operators; S1, S2, and S3 were three runs completed

on the same day
48D standard deviation

® RSD relative standard deviation
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Table 5 Cf estimation of the
reference molecule pTLES by Quality of genomic GMO% (w/w) Mean copy number Cf Mean Cf  SD RSD
quantitative PCR using 2% DNA (ng)
(w/w) RRS CRM EPSPS Lecl
25 2% 6.09 275.14 1.1 0.91 0.11 11.91
50 10.1 593.03 0.85
75 16.27 965.16 0.85
100 21.53 1,171.39 0.9
150 28.81 1,705.28 0.85

samples were 0.25%, 0.5%, 1%, and 2% RRS. Table 6
shows the quantitative data obtained after all runs, and
mean relative values of 0.35, 0.66, 1.18, and 2.01 were
obtained with the pTLES calibrator. The SD values were
reasonable, ranging from 0.03 to 0.22, and the RSD values
were between 3.09% and 18.53%. The biases for the 2%,
1%, 0.5%, and 0.25% RRS samples were 0.5%, 18%, 32%,
and 40%, respectively.

Discussion

A novel reference molecule, pTLES, containing screen-,
event-, and taxon-specific sequences for two major GM
crops (soybean and cotton) was constructed in this work.
Eight target genes were fused together by overlap extension
PCR and then inserted into a destination vector.

Overlap extension PCR was described initially for site-
directed mutagenesis by Higuchi et al. (1988) and was then
used to splice two short DNA fragments (Yolov and
Shabarova 1990). The novelty of the method proposed in
this work includes the following. (1) An overlapping
sequence between 18 to 25 bp in length was introduced
into the adjacent ends of eight target DNA fragments. The
desired PCR results were only obtained when these over-
lapping sequences were included, as reported previously
(Zheng et al. 2004; An et al. 2005; Peng et al. 2006), but no
amplification products were observed when using over-
lapping sequences longer than 25 bp (data not shown). (2)
In contrast to previous observations (Shevchuk et al. 2004;
Taverniers et al. 2004; Simionatto et al. 2009), the fusion of
the eight fragments via this overlap extension PCR was
more easily performed by 7ag DNA polymerase than Pfu
DNA polymerase; a higher yield of PCR product and less

smearing were observed for 7ag (data not shown). (3)
Fewer cycles of PCR, 28 instead of 30-35 as used
previously (Higuchi et al. 1988; Kuwayama et al. 2002;
Yu et al. 2004; An et al. 2005), were sufficient to obtain a
high yield of target DNA without non-target bands, and an
additional three to five cycles (31-33 total) would have
resulted in heavier non-target bands (data not shown).

Quantitative PCR systems based on the pTLE8 plasmid
RM described above were developed, and our results
showed that the amplification efficiency of 99.4% to
100.2% was within the range of the ENGL criterion of
89.6% to 110.2%, and the values of the R* coefficient for
all reactions were at least 0.996. The efficiencies of the
other quantification systems using the plasmid DNA as a
calibrator ranged from 77.0 to 110.0%, and their R*
coefficients ranged from 0.95 to 0.999 (Taverniers et al.
2004; Huang and Pan 2005; Burns et al. 2006; Toyota et al.
2006; Zhang et al. 2008; Koppel et al. 2010; Lievens et al.
2010). High PCR efficiencies and the linear relationship
between copy number and Ct value proved that the real-time
PCR assay based on standard calibration plasmids is well
suited for quantitative measurements.

In addition, the standard deviations of repeatability and
reproducibility (Table 4) were far below the ENGL criterion
of 25% and 35%. Values of SD and RSD with similar
ranges have been reported for other quantitative detection
assays using various plasmid constructs as calibrators
(Toyota et al. 2006; Yang et al. 2007a, b; Zhang et al.
2008). The above results indicate that this real-time PCR
assay can be used for quantitative nucleic acid analysis.

In a previous study, the RSD and the bias of the
quantitative results of known samples were 0.83% to 26.2%
and 0.60% to 28%, respectively (Burns et al. 2006; Yang et
al. 2007a, b; Zhang et al. 2008). In this study, the RSD

Table 6 Sample analyses for

GMO content (%) using True value Repeats Mean SD RSD Bias (%)
pTLES (Cf=0.91)
A B C D
2 2.10 1.98 1.96 2.00 2.01 0.06 3.09 0.5
1 1.04 1.4 1.33 0.95 1.18 0.22 18.53 18
0.5 0.65 0.69 0.77 0.52 0.66 0.10 15.81 32
0.25 0.31 0.37 0.36 0.34 0.35 0.03 7.56 40
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ranged from 3.09% to 18.53% for different GM soybean
percentages. A bias between 0.5% and 40% was found, and
it is possible that mixing affected the bias. The calculated
contents of these samples were very close to the expected
theoretical values and were reasonable. The results indicate
that the method of quantification for practical samples
based on the pTLE8 plasmid has sufficient levels of
accuracy and precision.

The reference molecule pTLES is particularly suitable
for the rapid identification of GMO components in
unknown samples and can reduce cross contamination
(Kuribara et al. 2002; Yang et al. 2007a, b; Wang et al.
2009). CRMs of different species are not needed when the
CRMs are used for the quantification of mixed samples.
Furthermore, cross contamination resulting from multiple-
species genomic DNA of different CRMs can be avoided in
the detection of different GM crops in mixed food/feed
samples with our protocol based on a plasmid containing
multiple genes. Therefore, this plasmid can be used as a
calibrator for the identification and quantification of GM
soybean or derivates. At the same time, the quantitative
assay established in this work can also be applied in
management of the labeling of GMO products with a high
accuracy and precision. This work provides the essential
technical basis for developing this method into an official
standard method.
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