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Abstract The present study describes an event-specific
quantitative Real-time PCR detection method for the trans-
genic Bt rice line Kemingdao 1 (KMD1). This rice line
which is not approved in any country so far is likely to be
approved in China in the near future. The developed prim-
ers amplify a DNA sequence spanning the integration site
of the genetic construct in KMD1. DNA sequence informa-
tion of this unknown site necessary for primer design was
achieved using SiteFinding-PCR technique. The specificity
of the detection method was shown by testing a number of
different transgenic and conventional plant varieties (e.g.
rice LL 601, LL 62, Bt 63). As alternative to genomic
DNA, we developed double target hybrid amplicons as syn-
thetic calibration standards in Real-time PCR. These ampli-
cons contained both one copy of the KMD1 event-specific
sequence and one copy of a sequence of the rice reference
gene gos9. The limit of quantification (LOQ) of the method
was tested to be 0.05%.
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Introduction

In 2007, transgenic plants were grown in 23 countries on an
estimated area of 114 million ha with soybean, maize, cot-
ton, and canola being the most important crops [1]. Despite
the efforts made in the development of transgenic rice lines,
there has been no large-scale commercial cultivation so far.
The acceptance of the farmers associations, exporting com-
panies and consumers, as well as the public debates and
concerns on safety aspects are still very controversial.

Since the first transformation of rice in 1988 [2] and the
achievement of fertile transgenic rice plants [3], some
genetically modified rice lines were developed with traits
like herbicide tolerance [4, 5], resistance against bacteria
[6, 7] or viruses [8, 9] or nutritional alteration [10-12],
while insect resistance conferred by so called cry-genes
from Bacillus thuringiensis—often referred to as “Bt”
lines—is the most important trait (for excellent overview
see reviews by [13, 14]. A trend in the development of
future genetically modified rice lines is also the generation
of stacked genes for the simultaneous expression of, e.g.
disease and insect resistance [15].

In some important rice producing Asian countries like
the Philippines [16] and India [17, 18], experiments with
transgenic rice are still carried out in the greenhouse. Vari-
ous field trials were already conducted for the evaluation of
field performance and safety assessment of genetically
modified rice lines in China [19-21], Pakistan [22], Iran
[23], Costa Rica [24], and the Mediterranean region
[25, 26]. Furthermore, several studies are carried out on
the risk assessment of Bt rice concerning food safety
aspects [21, 28-30].

At present, only few transgenic rice varieties are
approved for commercial cultivation (LL 62, LL 06 and LL
601 in the USA [31]) and Bt rice in Iran, whereas Iran is the
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only country in which transgenic rice is grown at a semi-
commercial level [1]. China, the world’s major rice pro-
ducer, has approved no transgenic rice variety so far,
although China has made great efforts in the development
of transgenic rice and has conducted extensive field testings
of more than 100 transgenic rice lines during the past
decade [19, 32-34]. China is likely to be the first Asian
country to approve genetically modified (GM) rice, which
would then result in the world’s first large-scale cultivation
of a genetically modified crop for direct human consump-
tion and would have a major impact on the production of
GM rice in other Asian countries [14, 35].

As the area of cultivated transgenic plants is growing
continuously, the risk of contaminations with unauthorised
GM material is increasing as demonstrated by the discovery
of traces of the at that time unauthorised LL601 rice in EU
rice imports from the USA [36] or the transgenic rice line
Shanyou 63 (Bt63) rice from China [37] in the food chain.
The discovery of US rice contaminated with LL rice 601
forced the European Union to take emergency measures
which require that imports of specific rice products be
proved by an accredited laboratory to be free of contamina-
tions with LL rice 601 [38]. Furthermore, there is concern
that seeds from field trials with GM rice were propagated
and are planted illegally by Chinese farmers [39].

In practice, competent authorities in charge of food and
feed control are facing the problem that for routine testing
and surveillance for Genetically Modified Organisms
(GMO) in Europe generally only the detection methods for
approved GMO are available, and that for a rising number
of non-approved (in the EU) GMOs those methods are not
at hand. However, precautionary consumer protection often
demands that also non-approved GMOs can be detected,
e.g. by official control authorities. Therefore, we developed
an event-specific Real-time PCR detection method for the
transgenic Chinese Bt rice line Kemingdao 1 (KMDI)
which is currently tested in extensive field trials in China
[20, 40, 41]. Due to its agronomic performance and resis-
tance to eight lepidopteran pest species like the yellow stem
borer, the striped stem borer and the rice leaf folder [19, 20,
32], KMD1 has the potential to be approved in China in the
near future, as lepidopteran insects frequently cause severe
yield losses in rice producing countries [42, 43].

In Japan, Bt rice DNA with a construct similar to the
Kemingdao line could be detected in rice vermicelli (rice
noodles) products imported from China [44]. A clear iden-
tification of the corresponding GMO, however, was not
possible.

Due to the lack of available information about the
sequence of the genetic construct in KMDI, we used the
SiteFinding-PCR method [45] for gene walking. This tech-
nique allowed the amplification of unknown DNA
sequences and the characterisation of the DNA flanking the
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insertion site of the newly introduced gene construct. The
DNA sequence data obtained were used for the develop-
ment of an event-specific Real-time PCR detection method
for the transgenic rice line KMD1.

Material and methods
Plant material

Seeds of the transgenic rice line Kemingdao 1 (KMD1)
and the non-modified isogenic line Xiushui 11 (X11) were
kindly provided by Prof. Dr. Qingyao Shu (Zhejiang-
University, Hangzhou, China). KMD1 line was derived
from the commercial japonica rice variety Xiushui 11 by
Agrobacterium transformation [46]. The gene construct
contains a synthetic cryIA(b) gene from B. thuringiensis
under the control of the maize ubiquitin promoter, the
regulatory elements P35S from Cauliflower Mosaic Virus
(CaMV), Tnos from Agrobacterium tumefaciens and the
selection marker genes nptll (neomycin phosphotransfer-
ase gene) and hpt (hygromycin phosphotransferase gene)
linked in tandem [47, 48]. Molecular characterisation via
Southern blot showed that KMDI1 is homozygous for the
transgene and has one single insertion of the gene construct
[32, 40, 49].

DNA extraction

Rice grains were mechanically disrupted with sterile pestle
and mortar. DNA was extracted with the Wizard Kit
(Promega) according to the manufacturer’s protocol. Purity
and quantity of the DNA were measured by UV spectro-
photometer (Ultraspec 3000, Pharmacia Biotech) and Pico-
Green® analysis (Genios Plus, Tecan).

Determination of unknown DNA sequences
by SiteFinding-PCR

No sequence information was available concerning the
insertion site of the genetic construct in KMDI. For
sequence determination, unknown DNA fragments flanking
the insert had to be amplified. For that purpose the Site-
Finding-PCR was used. SiteFinding-PCR is a fast method
for gene or chromosome walking [45]. The so called Site-
Finder is a single-stranded molecule of 61 bp in length
comprising a GCGC nucleotide sequence motive at its 3'-
end followed by six degenerated bases for unspecific bind-
ing (Table 1). The SiteFinder anneals to unknown DNA
regions and serves as target for the SiteFinder Primers
(SFP) which together with gene-specific primers (GSP),
binding to a known sequence, allow the amplification of an
unknown DNA fragment.
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Table 1 Sequences of primers and probes used in this study

Primer name Sequence 5'-3' Product Source
length
Ha-nos118-f GCATGACGTTATTTATGAGATGGG 704 bp [50]
Binv5 AGTGAGACGGGCAACAGCT Qingyao Shu, personal
communication
SiteFinder CACGACACGCTACTCAACACACCACCTCGCACAGCGTCCTCA [45]
AGCGGCCGCNNNNNNGCGC
SiteFinder CACGACACGCTACTCAACAC [45]
Primerl (SFP1)
SiteFinder ACTCAACACACCACCTCGCACAGC [45]
Primer2 (SFP2)
GSP1 TGGAACAACACTCAACCCTATCTCGG this study
GSP2 GGGATTTTGCCGATTTCGGAACCAC this study
GSP3 GTGGACCGCTTGCTGCAACTC this study
KM2_for TCCGCAATGTGTTATTAAGTTGTCTAA 78 bp this study
KMI1_rev CCGATATGCCTGCCCATCT
KM-p FAM-CGTCAATTTGTTTACACCACAATATATCCCG-TAMRA
orgl TTAGCCTCCCGCTGCAGA 68 bp [51]
org2 AGAGTCCACAAGTGCTCCCG
orgp VIC-CGGCAGTGTGGTTGGTTTCTTCGG-TAMRA
orgl_ov AATGCGTCGAGCTCAACTGTAGAGTCCACAAGTGCTCCCG [51,52]
KM2_f ov ACAGTTGAGCTCGACGCATTTCCGCAATGTGTTATTAAGTTGTCTAA This study/adapter sequence
derived from [52]
KVMI159 TGGTGAGCGTTTTGCAGTCT 68 bp [53]
KVM160 CTGATCCACTAGCAGGAGGTCC
T™MO013 VIC-TGTTGTGCTGCCAATGTGGCCTG-TAMRA

5-CACGACACGCTACTCAACACACCACCTCGCACAGCGTCCTCAAGCGGCCGCNNNNNNGCGC -3

SFP1 >
SFP2

Fig. 1 Sequence of the SiteFinder molecule and the binding sites of the SiteFinder Primers SFP1 and SFP2 [45]

orgl orgP

org2

1 TTAGCCTCCCGCTGCAGAGCGGCAGTGTGGTTGGTTTCTTCGGACGCGCGGGAGCACTTGTGGACTCT

KM2_for

KM_P

69  ACAGTTGAGCTCGACGCA TTI'CCGCAATGTGTTATTAAGTTGTCTAVAGCGTCAATI'I'GﬂTACACCACAA

P KM1_rev
135 TATATCCCGAGATGGGCAGGCATATCGG

Fig. 2 Sequence of the hybrid amplicon gos9-KM and primers and probes for the Real-time PCR method. Reference gene gos9 target sequence
(1-68 bp), adapter sequence (69-88 bp), and GMO target sequence (89-166 bp)

The binding position of the used Sitefinder primers 1 and
2 (SFP1 and SFP2) at the SiteFinder molecule is shown in
Fig. 1.

Since the transformation of KMDI rice line is based on
the transformation vector pKUB [47] and thus on the binary
vector pBinl9 [46], the Binv5 primer, which is suited for
the amplification of pBin19 based T-DNA inserts (Qingyao

Shu, personal communication), was used as starting point
for the amplification of an unknown sequence near the pre-
sumed integration site of the gene construct.

For the determination of the region spanning, the 3’-end
of the inserted DNA and the host plant DNA and the design
of the gene-specific primers (GSP) for the SiteFinding-
PCR, in a first step a PCR was performed with the primer
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HA-nos

118-f ?215 KM‘P
Pnos ” nptll “ nosT “ Pubi “ cry1A(b) “ nosT “ P35S “ hpt “ nosT “ P35S “ gus “ nosT pBin19 || Rice
— <
KM2for KM1rev
(a) (b)

Fig. 3 Schematic illustration of the genetic construct in KMDI1
according to [47] (a) and the transition range from rice host DNA to the
transformation vector pBinl19 determined in this study (b). The posi-
tion of the primer/probe system KM2_for, KM1_rev and KM-p used

pair Binv5/HA-nos118-f (Table 1) binding in the pBinl9
binary vector and in the Tnos sequence of the gene con-
struct, respectively (Fig. 3).

The PCR was run in a total volume of 25 pl with 12.5 pl
HotStarTaq Mastermix (Qiagen), 0.4 uM of each Primer
(Binv5 and HA-nos118-f) and 40 ng DNA with the follow-
ing cycling conditions: 95 °C for 15 min, 39 cycles with
95 °C for 30 s, 60 °C for 30s., 72 °C for 45 s, and a final
elongation step at 72 °C for 3 min. After visualisation of
the PCR fragments by agarose gel electrophoresis and ethi-
dium bromide staining for 20 min, the PCR product was
purified with the PCR Product Purification Kit (Qiagen)
and sequenced. DNA sequencing was performed on an ABI
Prism™ 310 Genetic Analyzer platform (Applied Biosys-
tems) using the Big Dye Terminator Kit (Applied Biosys-
tems). Sequence analysis and alignment were made using
the software SeqMan (DNASTAR, Madison, USA).

Sequence data were used for the design of gene-specific
primers GSP1 and GSP2 for the SiteFinding-PCR.

SiteFinding-PCR

The hybridisation of the SiteFinder molecule to the tem-
plate DNA of KMD1 was performed in a total volume of
20 pl with the following reagents: 12.5 ul HotStarTaq Mas-
terMix (Qiagen), 50 nM SiteFinder primer and 40 ng geno-
mic KMD1 DNA. One single PCR cycle was performed as
follows: 94 °C for 15 min, 92 °C for 2 min, 95 °C for
1 min, 25 °C for 1 min, ramping to 72 °C over 3 min, and
72 °C for 10 min.

After the first PCR cycle, 1.0 pl HotstarTaq Mastermix
(Qiagen), 1 pl GSP1 (10 pmol/ul), 1 pl SFP1 (50 pmol/pl),
and 2 pl H,O were added to the PCR mix on ice. The PCR
conditions for the subsequent amplification of the region
between GSP1 and SFP1 were as follows: 1 min at 94 °C,
30 cycles with 95 °C for 10 s, 58 °C for 3 min and a final
elongation at 72 °C for 5 min. The PCR product was
diluted 1:100 with 1 x TE buffer (pH 8.0) and subsequently
used as template in a nested PCR. The nested PCR was per-
formed in a total volume of 50 pl with 25 pl HotstarTaq
Mastermix (Qiagen), 0.2 uM GSP2, 0.2 uM SFP2, and 2 pl
template DNA. A nested PCR was run in parallel with the
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for the event-specific detection of KMDI1 is shown by arrows. Primers
HA-nos 118-f and Binv5 was used to amplify and determine a se-
quence near the integration site for the design of gene-specific primers
for the SiteFinding PCR

same PCR conditions, but using GSP3 instead of GSP2.
The cycling conditions of the nested PCR were: 94 °C for
15 min, 30 cycles 95 °C for 10's, 58 °C for 3 min, and a
final elongation at 72 °C for 5 min. PCR products were
purified using the PCR Product Purification Kit (Qiagen)
according to the manufacturer’s protocol and subsequently
sequenced.

Generation of genomic DNA standards and samples

For quantification of GMO ratios in DNA samples by quan-
titative Real-time PCR genomic standards were generated
by serial dilution of KMD1 DNA with 0.2 x TE buffer. The
calibration standards nominally contained 10,000, 1,000,
250, 50, and 20 copies for the transgene detection method
of KMDI1 (KM) and 40,000, 20,000, 10,000, 5,000, and
1,000 copies for the reference gene gos9, respectively.

DNA Samples for quantification were prepared by dilu-
tion of KMD1 DNA with DNA from non-modified (con-
ventional) rice. The samples nominally contained 5.0, 1.0,
0.5, 0.1, and 0.05% of genetically modified genomic DNA
from rice line KMD1.

Production of hybrid amplicons

In order to circumvent the problem of limited supply of
genomic reference DNA of KMDI, double target hybrid
amplicons containing both one copy of the KMDI event-
specific transition sequence and one copy of a sequence of
the rice reference gene gos9 were generated for use as syn-
thetic standard in Real-time PCR [52, 54].

To generate hybrid amplicons, the reference gene gos9
[51] and the target sequence of the transgene construct were
first amplified in separate PCR runs using 25 pl Hotstart
Mastermix (Qiagen), 0.2 pM of each primer (orgl/org2_ov
and KM2_f_ov/KM1_rev) and 20 ng KMD]1 rice DNA in a
total volume of 50 pl. PCR conditions were: 15 min heat
activation at 96 °C, 39 cycles with 30s at 94 °C, 30 s at
61.6 °C, 30 s at 72 °C, and a final elongation step at 72 °C
for 3 min. The adapter primers (org2_ov and KM2_f_ov)
thereby generated an elongation of 20 bp on the PCR prod-
ucts with complementary sequences.
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Fig. 4 DNA sequence of the
pBinl19 and rice host genome

1

GSP1 GSP2
TGGAACAACACTCAACCCTATCTCGGGCTATTCTTTTGATTTATAAGGGATTTTG

transition range found in rice 56 CCGATTTCGGAACCACCATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGCQ
line KMD1. Gene-specific prim- Binv5
ers GSP1. GSP2 and GSP3 are 110 TGGACCGCTTGCTGCAACTCTCTCAGGGCCAGGCGGTGAAGGGCAAT_Q ____________________________
underlined. The primers for the 164 TGCCCGTCTCACTGGTGAAAAGAAAAACCACCCCAGTACATTAAAAACGTCCGC
ovent.specific Real-time PCR 1 FSSECGTCIC CTGG
method (KM2_ for and 218 AATGTGTTATTAAGTTGTCTAAGCGTCAATTTGTITACA CCACAATATATCCCGAGA
- KM1_rev

KMI_rev) are boxed, the probe 275  TGGGCAGGCATATCGGCGTACGCACGCAGCCCGGTGAGACCCGCCGCAGTTGGA
(KM-p) is written in italics. The
Binv5 Primer is underlined with 329 GCGCGCATCGCCATCGCCGCGAGCCCGCGAAGTCCACGGCGCCCTCGTCGGCGG
dots. Vector DNA sequence 383  AACACCCCAGTTGCTGACGAGACTGACAGGTGACAGCCGAGACAGCCAGAAAA
(red) ranges from 1-269 bp, host
rice DNA sequence starts from 436 GAAAAACGAAGCCGGCTGTACTAACGACATCAAAAAGAAATGGGAGCCCCGTC
270 to 556 b

© P 489 TGTTTCAGACGTAATGGCAATGGTAATACTAATTAGTAATAAGATAAGCTCCCA

543 GTTGACGCTCCACA

After purification with the QIAquick PCR Purification
Kit (Qiagen), the gos9 and KM PCR products were diluted
1:100 with 1 x TE and mixed 1:1. Two microlitres of the
mixture served as template in the subsequent PCR for the
generation of the hybrid amplicons using the primer combi-
nation orgl and KM1_rev. With the adapter sequence of
these two primers, the two PCR products (KM and gos9)
were connected to form one molecule. To reduce the
amount of single PCR amplicons that have not been assem-
bled, the amplified hybrid amplicon was purified as
described above and used subsequently as template for a
reamplification with the same primers and reaction condi-
tions. The theoretically expected length of the hybrid
amplicon of 166 bp (reference gene gos9, 68 bp; gene con-
struct KM, 78 bp; adapter sequence, 20 bp) was experimen-
tally confirmed by sequence analysis (Fig. 2).

Before their use as calibration standards, the hybrid
amplicons were diluted with 0.2 x TE buffer to a concen-
tration of 10,000, 1,000, 250, 50, 20, and 10 copies for KM
and 40,000, 10,000, 1,000, 250, and 50 copies for gos9,
respectively.

Real-time PCR

Based on the DNA sequence of the identified integration
site of the construct into the rice genome, an event-specific
Real-time PCR method for the detection of KMD1 was
designed. The positions of primers and probe are shown in
Fig. 4. PCR Primers and probe were designed using the
software Primer Express 2.0 (Applied Biosystems). As ref-
erence method for the quantification of GMOs, the rice spe-
cific genes gos9 [51] and RPD (Rice Phospholipase D) [53]
were used.

Real-time PCR reactions were run on an ABI PRISM
7900 HT (Applied Biosystems) using the following pro-
gramme: 2 min at 50 °C, 10 min at 95 °C, 45 cycles of 20 s
at 95 °C and 1 min at 60 °C. PCR reactions were performed
in a 25 pl reaction mix with 12.5 pl 2 x TagMan Universal

Mastermix (Applied Biosystems), 5 ul DNA (20 ng/pl),
300 nM of each of the primers orgl and org2, 100 nM
probe orgp for the quantification of gos9 and 300 nM
KM2_for, 900 nM KM1_rev and 100 nM probe KM_p for
the detection of KMDI1, respectively. For the amplification
of the RPD gene, 200 nM of each of the primers KVM159
and KVM160 and the probe TMO013 were used. All samples
were measured in triplicates.

Results and discussion

Amplification of unknown DNA from rice line KMDI1 and
sequence analysis

Due to the lack of sequence information concerning the
integration site of the genetic construct in KMD1, unknown
DNA sequences had to be characterised. Using the primers
HA-nos118-f and Binv5, a 704-bp fragment of the transi-
tion range from the Tnos sequence to the transformation
vector was generated. Based on the sequence information
of this PCR fragment, the gene-specific primers (GSPI1,
GSP2 and GSP3) for the subsequent SiteFinding-PCR were
designed. The application of the SiteFinding-PCR facili-
tated the amplification of unknown DNA sequences and a
step-by-step approaching towards the integration site and
the rice (host) DNA.

A sequence alignment of the SiteFinding-PCR products
by BLAST search (http://www.ncbi.nlm.nih.gov, BLASTN
2.2.18+) identified the integration site of the genetic con-
struct in KMDI. This transition sequence was deposited in
GenBank (EU980363.1). Figure 4 illustrates the sequence
of the adjacent Oryza sativa DNA (AP008208.1) and the
binary transformation vector pBinl9 (AY995145.1) on
which the transformation vector of KMD1 pKUB is based
[47].

SiteFinding-PCR has previously been demonstrated by
other authors to be a suitable method for the amplification
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Table 2 Specificity test of the Real-time PCR detection method

Species Line/variety Amplification

Rice KMD1 +
X11 -
Bt 63 —
LL 62 —
LL 601 -
R1 —
R2 -
R3 —
R4 -
RS -
Bt 10 -
Bt 11 -
Bt 176 -
MON 810 -
MON 863 -
GA21 -
GS 40/90 -
GT 73 —
MSI x RF1 -
MS8 x RF3 -
GTS 40-3-2 Roundup Ready -

Maize

Oilseed rape

Soybean

The KM primer/probe system only revealed a positive signal with
KMD1 genomic DNA. The rice samples R 1-R 5 were taken from rou-
tine food analysis

of unknown DNA sequences [45, 58]. Due to its unspecific
binding site the SiteFinder primer anneals at frequently
occurring short repetitive GCGC segments. However,
different from a potential amplification length of up to 4 kb
in Arabidopsis [45] PCR fragments obtained in rice only
reached an average length of approximately 300 bp. Due to
this limitation in fragment length the SiteFinding-PCR had
to be repeated several times with new gene-specific primers.

Specificity of the Real-time PCR

For the event-specific detection of KMDI, the region span-
ning the transition from rice DNA to the binary vector
pBinl19 was chosen for the development of a Real-time
PCR method.

The PCR primers KM2-f and KM1-rev amplify a 78-bp
fragment, thus also allowing the amplification of strongly
fragmented DNA, e.g. in processed food and feed. To
increase the specificity of the Real-time PCR, the probe was
placed exactly at the junction location of the inserted con-
struct. PCR analysis with DNA from different transgenic
and conventional plant varieties (rice, maize, oilseed rape,
and soybean) showed that the Real-time PCR is specific
for the detection of KMDI (Table 2), as no amplification
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signals were obtained with any other tested DNA sample.
The amplifiability of the tested DNA was previously
checked by PCR using plant specific primers (detection of
reference genes, data not shown).

Real-time PCR analysis

All calibration standards prepared with genomic DNA
(gDNA) for the detection of KMD1 (KM) and the reference
genes gos9 and RPD and the standards prepared with the
hybrid amplicon containing the KM and gos9 target
sequence showed PCR efficiencies ranging from 90 to
97.8%. The calibration standards resulted in calibration
lines with a regression coefficient R> of about 0.99 (Table 3;
Fig. 5).

Accuracy and precision

Rice DNA samples with different ratios (5, 1, 0.5, 0.1,
0.05%) of KMD1 were used in order to determine the accu-
racy and precision of the quantitative Real-time PCR.
Accuracy was calculated as the deviation of the detected
mean values from the expected values (Table 4). Precision
was estimated by the relative standard deviation (rel. SD,
standard deviation divided by the mean value, given in %).
The calculated accuracy is in accordance with the method
performance requirements of the European Network of
GMO Laboratories [55], which demand that the accuracy
should be within £25% of the accepted reference value
over the whole dynamic range (Table 5).

Determinations of GMO contents in DNA samples with
different GMO ratios were carried out using calibration
standards prepared from genomic DNA (gDNA). The rice
specific genes gos9 and RPD were used as reference genes
for calibration. Additionally, a hybrid amplicon containing
the sequence of the event-specific detection method KM for
KMD1 and the target sequence of gos9 was developed and
tested for its suitability for quantification. Other studies
have already shown that the rice reference genes gos9 and
RPD can be used for accurate quantification of transgenic
rice [51, 53].

Our experiments showed that the use of hybrid ampli-
cons as calibration material for the quantification of KMD1
is a good alternative to genomic reference material. The
advantage of hybrid amplicons is that they in general can
easily be produced and handled by any GMO laboratory.
Furthermore, it can help in cases where reference material
(genomic DNA) is in short supply.

Limit of quantification

For the determination of the limit of quantification (LOQ),
DNA of non-transgenic rice was spiked with DNA of
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Fig. 5 Amplification plot of the event-specific Real-time PCR method
for the detection of KMDI1 with a dilution series of genomic KMD1
DNA. Standards were diluted to a concentration of 10,000, 1,000, 250,
50, and 20 copies (nominal) per reaction. Calibration curves were pro-

Table 3 Regression coefficient R? and PCR efficiency E of the differ-
ent calibration standards for the Real-time PCR detection methods
KM, gos9 and RPD

PCR gDNA Hybrid amplicon
parameters

KM g0s9 RPD KM 20s9
R? 0.994 0.994 0.997 0.990 0.995
E (%) 93.14 92.66 97.82 95.60 90.02

KMD1 rice in concentrations of 5-0.05%. With a total of
35 ng DNA per reaction, the limit of quantification was at
least 0.05% as this GMO ratio could still be quantified cor-
rectly. The limit of detection (LOD) was not determined
but is presumably below 0.05% and depends on the quality
of the extracted DNA and the food or feed matrix investi-
gated [56]. Therefore, the Real-time PCR method complies
with the Definition of Minimum Performance Requirements
for Analytical Methods of GMO testing of the European
Network of GMO Laboratories [55] concerning the LOQ
and LOD which should currently be in the range of 0.09

0 25 30 35 40 45

duced by plotting the Ct-values determined for the KM-specific target
against the logarithm of the copy numbers in the respective standard
dilution and used for the quantification of unknown samples

Table 4 Accuracy and precision of the quantitative Real-time PCR
method

Accuracy Precision

Nominal Mean Deviation SD rel.

value (%) GMO (%) from nominal SD (%)
value (%)

5 5.01 0.2 0.56 11.23

1 1.03 34 0.09 9.01

0.5 0.52 39 0.05 10.32

0.1 0.11 8.6 0.03 23.37

0.5 0.05 6.5 0.002 3.52

GMO ratios were determined using the rice reference gene gos9 and
calibration standards prepared with genomic DNA

SD standard deviation, rel. SD relative standard deviation

and 0.045%, respectively. Taking into consideration that
35 ng of DNA was used per PCR reaction and the molecu-
lar mass of one haploid rice genome copy is 0.44 pg [57], a
GMO ratio of 0.05% corresponds to approximately 40 cop-
ies of the transgene.
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Table 5 Calculated mean GMO ratios (%) with different calibration
standards made from genomic DNA (gDNA) using the reference genes
go0s9 and RPD and a calibration standard made from the hybrid ampli-
con with the reference gene gos9

Nominal gDNA gDNA Hybrid amplicon
value (%) gos9 RPD g0s9

5.0 4.98 5.23 4.54

1.0 1.03 0.83 0.86

0.5 0.52 0.47 0.44

0.1 0.11 0.12 0.08

0.05 0.05 0.05 0.05
Conclusions

The present study describes a sensitive and reliable Real-
time PCR method for the event-specific detection of the
transgenic Bt rice line KMD1. Together with each of the
two tested rice reference genes gos9 and RPD, the assay is
suited to detect and quantify traces of KMD1 in rice DNA
samples. The production of a hybrid amplicon containing
both the transgenic and a reference gene target sequence for
the use as calibration standard may provide a helpful alter-
native to genomic DNA standards. For GMO screening,
however, the hybrid amplicons cannot replace reference
material like genomic DNA or multi-target plasmids, as
they contain one transgenic sequence only. For general
screening purposes, different PCR detection systems like
for P35S and Tnos [59] were successfully tested with
KMD1 DNA (data not shown).

SiteFinding-PCR proved to be a successful method for
the amplification of unknown DNA sequences and the
detection of the integration site of the KMD1 gene con-
struct. Further studies have to be carried out in order to
receive valuable statistical data on the method performance
in terms of LOQ and LOD.
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