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Abstract
The genetically modified rice G6H1 expressing a fused protein of Cry1Ab/Vip3H and a 5-enolpyruvylshikimate-3-phosphate
synthase (EPSPS) G6 is a geneticallymodified event that has been approved for preproduction field testing in China. The purpose
of this study was to establish an event-specific qualitative and quantitative detection method that could provide a stable, reliable
system for monitoring this new transgenic event. In this study, event-specific qualitative and quantitative detectionmethods based
on the 3′ integration junction sequence between host plant DNA and the integrated gene were developed. The limit of detection
(LOD) of qualitative PCR was assessed to be 0.1%. The LOD of quantitative PCR was estimated to be ten haploid genome
copies. The quantitative PCR detection method was verified with three mixed rice samples with known G6H1 contents, and the
results agreed with the expected values. Evaluation of specificity and sensitivity indicated that the developed qualitative and
quantitative PCR methods are reliable and can be used for the detection and quantification of G6H1.
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Introduction

To meet the increasing food demand of the growing human
population, genetically modified crops were developed to boost
agricultural productivity despite the lack of arable land. Since
1989, with the government’s support, numerous transgenic rice
lines were developed and tested at various stages based on the
regulatory process for agricultural genetically modified organ-
isms (GMOs) in China (Mäde et al. 2006). Most of these trans-
genic rice lines were genetically modified to express insecticid-
al genes with lepidopteran activity from bacterium Bacillus

thuringiensis (Bt), with single or dual insecticidal genes or
stacked with other types of transgenes (Li et al. 2015). In
2009, China’s Ministry of Agriculture issued biosafety certifi-
cates for the commercial production of two transgenic Bt rice
lines, Huahui 1 and Bt Shanyou 63, in restricted areas, and the
biosafety certificates were renewed in 2014. At the same time,
several other transgenic rice lines have been extensively tested
and are now waiting for approval (Chen et al. 2011). However,
in the face of public opposition to GM rice, the adoption of Bt
rice has been stalled by the Chinese government.

To ensure that consumers have the freedom to choose new
products, several countries have established a mandatory or
voluntary labeling of products containing genetically modified
(GM) material, including specifications of thresholds for label-
ing. For example, in the European Union (EU), the threshold is
set at 0.9%. In Japan, the value is 5%, and in Korea, the value is
3% (Regulation (EC) No. 1829/ 2003; Akiyama et al. 2008;
Ministry of Agriculture and Forestry of South Korea 2000). All
published labeling laws are directed against approved GMOs.
As for unapproved GMOs, they cannot be present in food or
feed at any level. To meet the legislation requirements, there is
consequently a need for effective and accurate analytical
methods for detection, identification, and quantification of
GMOs and other derived products. However, the lack of infor-
mation inevitably makes it challenging to detect and identify
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GMOs, especially the unauthorized GMOs (Fraiture et al.
2013, 2014; Jensen et al. 2012).

Transgenic rice G6H1 was genetically modified by
Zhejiang University to express a fused protein consisting of
Cry1Ab/Vip3H and an EPSPS protein G6. The Cry1Ab and
Vip3Hwere stacked to facilitate a delay in the development of
Bt resistance and to enhance the insecticidal activity of the
transgenic rice. The G6 gene is a glyphosate tolerance gene,
which is a synthetic 5-enolpyruvylshikimate-3-phosphate syn-
thase (EPSPS) gene from Pseudomonas putida (Zhao et al.
2011). Previous studies have shown that G6H1 is highly re-
sistant to the Asiatic rice borer, Chilo suppressalis (Walker)
and the stem borer Sesamia inferens (Walker) (Chen et al.
2010). In addition, it shows higher resistance to Asiatic rice
borer in the field than transgenic rice lines containing a single
gene of Cry1Aa, Cry1Ac, Cry1C, and a fused gene of
Cry1Ab/Cry1Ac and Cry1Ac/CpTI (Chen et al. 2010).
Because of its good performance, G6H1 is one of the several
transgenic rice lines that has been approved for preproduction
field trials and has thus been included in the pipeline for com-
mercialization. The integration flanking sequence of the
G6H1 rice was characterized and provided by the developers.
In this study, event-specific qualitative and quantitative PCR
detection methods were established based on the 3′ flanking
sequence of transgenic rice G6H1. We refer to the Right
Border and the Left Border sequences as 5′ and 3′ regions of
the construct, respectively (Fig. 1).

Materials and Methods

Plant Materials

GM rice G6H1 and non-transgenic rice Xiushui 110 seeds
were kindly supplied by Zhejiang University. G6H1 and
non-GM rice seeds were sown and cultivated in a greenhouse.
The fresh seedlings leaves were collected for DNA extraction.

Five groups of genetically modified crop seed powder
combinations were selected for determining the specificity
of established method, including six transgenic maize events
(maize lines MON810, MON863, Bt176, Bt11, MIR604, and
TC1507), seven transgenic soybean events (soybean lines
GTS 40-3-2, A2704-12, MON89788, DP356043, A5547-
127, CV127, and DP305423), eight transgenic rapeseed
events (oilseed rape lines MS1, Topas 19/2, OXY-235, MS8,
RF1, RF2, RF3, and T45), five transgenic rice events (rice line
TT51-1, Kefeng6, G281, Keming rice, and M12), and five
transgenic cotton events (cotton lines MON531,
MON88913, MON1445, MON15985, and LLCotton25). In

each transgenic crop seed powder combination, every trans-
genic crop line accounts for 1% of the total weight. All trans-
genic crop line materials were kindly provided by the corre-
sponding developers. The GM samples with 100%, 5%, 1%,
and 0.5% mass ratio of G6H1 event and the same genetic
background of non-transgenic Xiushui 110 seeds powders
were provided by the Chinese Ministry of Agriculture-
certificated GM test lab. The preparation procedure was con-
ducted according to the standard material candidate process
(Chinese Ministry of Agriculture Bulletin No. 1782-Technical
specification of preparation of the GMO standard materials).

DNA Extraction and Purification

Genomic DNAwas extracted using a QIAGEN DNeasy Plant
Mini Kit (QIAGEN, Hilden, Germany) according to the man-
ufacturer’s instructions. DNA samples were quantified by
measuring absorbance at a wavelength of 260 nm using an
ND-2000C spectrophotometer (Thermo Fisher Scientific Inc.,
Wilmington, DE, USA). Rice genome copy numbers were
calculated by the DNA quantity and a rice haploid genome
size of 0.45 pg (Arumuganathan and Earle 1991).

Oligonucleotide Primers and Probes

The genomic structure of the locus in transgenic rice G6H1was
identified by Zhejiang University and shown in Fig. 2. The
qualitative PCR primers were designed based on the obtained
3′ integration flanking sequence of G6H1, with a resulting am-
plification fragment of 247 bp. The rice gene sucrose phosphate
synthase (SPS) was used as the endogenous reference gene for
GM rice detection, and the qualitative PCR detection primers
for the SPS genes were synthesized as previously reported
(Jiang et al. 2009). The PCR primers and a corresponding
TaqMan probe for quantitative real-time PCR targeting event
G6H1 3′ flanking sequence were designed using the Primer
Premier 5.0 software (Premier Biosoft, USA). The primers
were searched against Oryza sativa Nucleotide collection data-
base (nt) and no target templates were found. For the relative
quantification of G6H1, the rice PLD gene was used as the rice
endogenous reference gene (Mazzara et al. 2006). All oligonu-
cleotide probes were labeled with FAM as reporter dye at its 5′
end and Black Hole Quencher-1 (BHQ1) at its 3′ end. The
primers and probes used in this study were synthesized by
Sangon (Sangon, Shanghai, China). All PCR primers and
probes used in this study are listed in Table 1.

Qualitative PCR Assay for the Presence
of the Transgene

All PCR reactions were set up in 25 μl volume, using 50 ng of
genomic DNA, 1× PCR buffer (Takara, Japan), 1.5 mMMgCl2,
200 mM of each dNTP, 0.4 μM each primer, and 0.6 U of Taq

Fig. 1 Schematic diagram of the construct integrated in rice genome
(provided by Zhejiang University)
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DNAPolymerase (Takara, Japan). All reactions were performed
in the T3000 Thermocycler (Biometra), with the following pro-
gram: 94 °C for 5 min, followed by 35 cycles of 94 °C for 30 s,
58 °C for 45 s, and 72 °C for 60 s, and then a final elongation
step of 72 °C for 7 min. Amplification products were electro-
phoresed in 2% agarose gels for approximately 30 min at 120 V
and stained with ethidium bromide for visualization.

Quantitative Real-time PCR

In the development of the method, quantitative real-time PCR
was carried out on a 7500 real-time PCR cycler (Life

Technologies AB) using the FastStart Universal Probe
Master (Roche) with ROX reference dye according to the
manufacturer’s instructions. Reactions contained the follow-
ing: 12.5 μL of the FastStart universal probe master mix
(ROX), 0.25 μL of the probe (25 μM), 0.25 μL of the forward
primer (90 μM), 0.25 μL of the reverse primer (90 μM),
9.25 μL of water, and 2.5 μL of the genomic DNA. The
samples were amplified in semi-skirted 96-well plates sealing
with adhesive optical film. The following temperature profile
was used for real-time PCR: 50 °C for 120 s (UNG incuba-
tion), 95 °C for 120 s, and 50 cycles of 95 °C for 15 s, and
60 °C for 30 s. Data were analyzed with 7500 System SDS

Fig. 2 Primers design for G6H1
event. The nucleotide sequence of
the 3′ junction sequence between
rice genome and integrated event
was used for designing the
primers. Primers and probes used
for conventional and quantitative
PCR amplification are indicated
by arrows. Arrow head defines 3′
end. Lowercase letters are the
genome flanking sequence, and
uppercase letters are the sequence
of exogenous vector

Table 1 Primers and fluorogenic
probes used in this study Primer name Primer sequence (5′-3′) Product size

(bp)
Source

SPS-F 5′-TTGCGCCTGAACGGATAT-3′ 279 Jiang et al. 2009
SPS-R 5′-GGAGAAGCACTGGACGAGG-3′

PLD-F 5′-TGGTGAGCGTTTTGCAGTCT-3′ 68 Mazzara et al.
2006PLD-R 5′-CTGATCCACTAGCAGGAGGTCC-3′

PLD-P 5′-FAM-TGTTGTGCTGCCAATGTGGC
CTG-3′-BHQ1

G6H1-R 5′-GCTGGTGGCGATACATCC-3′ 247 This study
G6H1-F 5′-GTTTCGCTCATGTGTTGAGCATATA-3′

G6H1L-F98 5′-AAGCGTCAATTTGTTTACACC-3′ 90 This study
G6H1L-R187 5′-TCGATCTGCTGCAGCTTG −3′
qG6H1L-P142 5′-FAM-ATGGATGTATCGCCACCAGC

ACC-3′-BHQ1
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Software version 1.4.0.25 (Applied Biosystems). For robust-
ness tests, CFX 96 (Bio-Rad, Munich, Germany) and Fast
Advanced Master Mix (Applied Biosystems, Waltham, MA,
USA) were used with the PCR cycling conditions as men-
tioned above.

Inter-lab Applicability of the Developed Methods

The developed qualitative PCR method was validated by six
GMO detection laboratories (from the Ministry of
Agriculture). Each laboratory received ten genomic samples:
one sample labeled as PC was used as positive control, one
sample labeled NC was used as negative control, other sam-
ples labeled with number from S1–S8 were used as blind
samples, samples labeled with S1–S5 representing five groups
of genetically modified crop seed powder combinations which
were selected for determining the specificity of the developed
method as mentioned above, samples labeled with S6–S8
representing G6H1 content levels of 1% and 0.1% and
autoclaved G6H1 flour (1%) respectively.

The inter-lab applicability of the developed qPCR method
was tested by two other GMO detection laboratories (Oil
Crops Research Institute, Chinese Academy of Agricultural
Sciences and National Center for the Molecular
Characterization of Genetically Modified Organisms, School
of Life Sciences and Biotechnology, Shanghai Jiao Tong
University), where the CFX96 Real-Time PCR Detection
System (Bio-Rad, USA) and the ABI 7900 (Applied
Biosystems, Carlsbad, CA, USA) were used respectively. In
their assays, the genomic DNA samples were diluted to dif-
ferent concentrations (100.0, 10.0, 1.0, 0.1, and 0.01 ng/μL)
and used as calibrators for constructing the standard curve and
evaluating the sensitivity in G6H1 event real-time PCR anal-
ysis. The specificity of G6H1 event real-time PCR assay was
tested employing other GM events.

Results and Discussion

Qualitative Detection of the G6H1 Rice
by Conventional PCR

The event-specific primers G6H1F/R were designed based on
the G6H1 3′ junction site and used for developing convention-
al PCR detection assay for the G6H1 rice. The primer G6H1-
R targets the flanking rice genome, and the primer G6H1-F
targets the inserted DNA sequence of the event G6H1, yield-
ing a 247-bp amplicon (Fig. 2). The rice SPS gene was select-
ed as endogenous reference gene, and the primers SPS F/R
were used for rice characterization (PCR primers are shown in
Table 1). As expected, a specific 247-bp amplicon was obtain-
ed from G6H1 rice, and no fragment was detected with non-
transgenic rice and water as templates (Fig. 3). To study the

specificity of established conventional PCRmethod, the prim-
er pair G6H1F/G6H1R were tested by amplifying the geno-
mic DNA samples of five groups of genetically modified crop
seed powder combinations, including six transgenic maize
events (maize lines MON810, MON863, Bt176, Bt11,
MIR604, and TC1507), seven transgenic soybean events
(soybean lines GTS 40-3-2, A2704-12, MON89788,
DP356043, A5547-127, CV127, and DP305423), eight trans-
genic rapeseed events (oilseed rape lines MS1, Topas 19/2,
OXY-235, MS8, RF1, RF2, RF3, and T45), five transgenic
rice events (rice lines TT51-1, Kefeng6, G281, Keming rice,
and M12), and five transgenic cotton events (Cotton Line
MON531, MON88913, MON1445, MON15985, and
LLCotton25). As expected, no amplification fragment was
observed from any of those samples except for G6H1 rice
(Fig. 3). These data confirmed the fragment obtained was
unique to G6H1 rice and from the G6H1 event-specific region
between 3′ end of exogenous integration and rice genomic
DNA.

Sensitivity of the Qualitative PCR Method

The sensitivity of the established G6H1 event-specific PCR
assay was measured by the limit of detection (LOD). The
G6H1 rice powder was mixed with non-transgenic rice pow-
der with 10%, 5%, 1%, 0.5%, 0.1%, and 0.05% of GMO
content. Genomic DNAwas extracted from these mixed rice
powder sample respectively and used as template. The ampli-
fication result showed that the target fragment was detected in
all mixtures (Fig. 4). Twenty rice powder samples with 0.1%
G6H1 content were used for the assay LOD determination.

1 2 3 4 5 6 7 8 9 10

Fig. 3 Validation of the event-specific detection system of G6H1 with
primer pair G6H1F/R. Lane 1, 100 bpDNA ladder; Lane 2, blank control;
Lane 3, negative control; Lane 4, 1%G6H1; Lane5, 0.1%G6H1; Lane 6,
other transgenic rice combination; Lane 7, transgenic maize combination;
Lane 8, transgenic soybean combination; Lane 9, transgenic oilseed
combination; Lane 10, transgenic cotton combination

1 2 3 4 5 6 7 8 9

Fig. 4 Sensitivity of the event-specific detection system of G6H1 with
different amounts of G6H1. Lane 1, 100 bp DNA ladder; Lane 2, blank
control; Lane 3, negative control; Lane 4, relative amounts of G6H1 with
10%; Lane 5, relative amounts of G6H1 with 5%; Lane 6, relative
amounts of G6H1 with 1%; Lane 7, relative amounts of G6H1 with
0.5%; Lane 8, relative amounts of G6H1 with 0.1%; Lane 9, relative
amounts of G6H1 with 0.05%

Food Anal. Methods (2019) 12:440–447 443



Each sample was amplified with three replicates. The result
showed that the expected fragment could be detected from all
60 reactions, i.e., the LOD was 0.1% (data was not shown).

Study of Potential Food Processing Impact

As food processing is well-known to cause DNA damage, the
developed qualification PCR assay was carried out on proc-
essed rice flour. Rice powder containing 1% G6H1 was
autoclaved at 121 °C for 30 min. DNA was extracted from
the processed rice powder sample and used as PCR template.
PCR results indicated that the expected 247-bp fragment
could be amplified from the processed rice powder using the
developed qualitative PCR method (Fig. 5). The assay indi-
cated that the developed qualitative PCR method can be ap-
plied for processed food GMO detection.

Inter-lab Applicability of the Qualitative PCR Method

Six GMO detection laboratories were invited to validate the
developed qualitative PCRmethod. The results were shown in
Table S1. All test samples are the same as samples used in our
in-house validation experiments. The amplification results
were consistent with our in-house experiment, and the limit
of detection of 0.1% was confirmed. This collaborative trial
proved that our developed qualitative PCR method produces
reliable and reproducible results for a given sample set and can
be adopted for testing laboratories.

G6H1 Rice Event-Specific Quantitative Real-time PCR

The event-specific primers and probe for quantitative detect-
ing G6H1 were designed based on the 3′ flanking sequence in
G6H1 event using the software Primer Premier 5. The primers
and probe locations in the junction sequence are shown in
Fig. 2, and the sequences were shown in Table 1. The primer
F98 targets the inserted DNA sequence of event G6H1. The
primer R187 and the probe were located at the G6H1 genomic
DNA region. The rice PLD gene was selected as endogenous
reference gene in quantitative real-time PCR detection assay,
and the primers PLD-F/R and the probe PLD-P were used for
rice characterization. The specificity of the developed quanti-
tative assay was evaluated on non-transgenic rice and other
transgenic crops. The primer pair and probe G6H1-F98/

G6H1-R187/G6H1-P were tested by amplifying the genomic
DNA samples of five groups of genetically modified crop seed
powder combinations and non-transgenic rice used in qualita-
tive PCR specificity investigation. The test results showed that

1 2 3 4 5 6 7 8 9

Fig. 5 Validation of the event-specific detection system on processed rice
powder containing 1% G6H1. Lane 1, 100 bp DNA ladder; Lanes 2–3,
blank control; Lanes 4–5, negative control; Lanes 6–7, 1%G6H1 without
processing; Lanes 8–9, autoclaved rice powder containing 1% G6H1

Table 2 Specificity test of the developed qPCR assay

Samples* Amplification Expected result

Rice – –

Maize – –

Soybean – –

Oilseed rape – –

Cotton – –

Xiushui 110△ – –

G6H1 + +

* Five groups of genetically modified crop seed powder combinations
were selected for determining the specificity of established method, in-
cluding six transgenic maize events (maize lines MON810, MON863,
Bt176, Bt11, MIR604, and TC1507), seven transgenic soybean events
(soybean lines GTS 40-3-2, A2704-12, MON89788, DP356043, A5547-
127, CV127, and DP305423), eight transgenic rapeseed events (oilseed
rape lines MS1, Topas 19/2, OXY-235, MS8, RF1, RF2, RF3, and T45),
five transgenic rice events (rice line TT51-1, Kefeng6, G281, Keming
rice, and M12), and five transgenic cotton events (cotton lines MON531,
MON88913, MON1445, MON15985, and LLCotton25)
△Xiushui 110 is the recipient cultivar of G6H1

(+) or (−) represents the positive or negative results

Table 3 The dynamic range and linearity of G6H1 event-specific real-
time PCR assay

DNA template (copies/reaction) Repeat Mean Ct value SD

75,556 1 22.76 0.04

2 22.44 0.13

3 22.39 0.21

18,889 1 24.41 0.13

2 24.42 0.14

3 24.42 0.17

4722 1 26.40 0.05

2 26.60 0.03

3 26.45 0.02

1181 1 28.40 0.09

2 28.64 0.03

3 28.33 0.08

295 1 30.66 0.06

2 30.36 0.12

3 30.73 0.04

74 1 32.64 0.15

2 33.00 0.13

3 33.00 0.05

18 1 34.59 0.28

2 35.05 0.60

3 35.00 0.15
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no signals were detected in other GM plants, which confirmed
that our quantitative PCR assay is specific for characterizing
G6H1 event (Table 2).

Construction of Standard Curves

To evaluate the G6H1 event-specific real time PCR assay,
standard curves were established. Genomic DNA of the
G6H1 was serially four-fold diluted with ddH2O to a final
concentration equivalent to 6.8 ng/μL, 1.7 ng/μL, 0.425 ng/
μL, 0.106 ng/μL, 0.027 ng/μL, and 0.007 ng/μL in a solution.
Five microliters was used for each reaction, so each amplifi-
cation reaction contained roughly 75,556, 18,889, 4722, 1181,
295, and 74 copies of the transgenic haploid genome, consid-
ering the Japonica rice genomic size to be 0.45 pg per haploid
genome (Arumuganathan and Earle 1991). The assays were
repeated three times, each time with triple parallels. The
threshold of cycle (Ct) value for each standard sample was

listed in Table 3, and standard curves for the three replicates
were generated by plotting the Ct values against the common
logarithm of the copy number as illustrated in Fig. S1. Two
parameters, R2 coefficient and the amplification efficiency,
which were calculated from the slopes of the standard curve,
were employed to evaluate the standard curves. The R2 values
were all > 0.99 and ranged from 0.997 to 0.998, which
showed good linearity between the amount of Ct values.
Based on the slope of the standard curves, the event-specific
quantitative amplification efficiencies in all experiments were
close to 100% (Fig. S1). The acceptable linearity and the high
efficiency of the standard curves indicated that the established
real-time PCR method could be used for ingredient identifica-
tion and quantification of the G6H1 rice.

In-house and Inter-lab Validation of the Quantitative
PCR Method

The robustness of the developed quantitative assay was tested
on CFX 96 (Bio-Rad, Munich, Germany) with Fast Advanced
Master Mix (Applied Biosystems, Waltham, MA, USA). The
genomic DNA samples were diluted to approximately 20,000,
4000, 800, 160, 32, and 6.4 copies per reaction and used as
calibrators for constructing the standard curve. The assays
were repeated three times, each time with five parallels. The
results were showed in Supplementary Fig. S2. In three re-
peats, the R2 values were all > 0.99 and the PCR amplification
efficiencies ranging from 96.1 to 101.1%, In consequence, the
method performance is not influenced by the choice of the

Table 4 Real-time PCR results of the series-diluted DNA solution for
LOD determination

Calculated transgenic
haploid genomic copies
(per reaction)

No. of positive
signals

Mean
Ct values

SD of observed
Ct values

20 20/20 36.55 0.40

10 20/20 37.45 0.51

5 18/20 – –

1 3/20 – –

Table 5 Trueness and precision data for the G6H1 event-specific quantitative PCR method

Theoretical
contents

Repeat Method Experimental
copy number

Mean
copies

SD
(copies)

RSD
(%)

Experimental
GM contents

Mean
GM
content

Bias
(%)

RSDr
(%)

1 2 3

5.00% 1 G6H1 1960 1555 2083 1866 276 14.79 4.33% 4.48% − 10.40 6.07
PLD 40,014 45,165 44,227 43,135 2744 6.36

2 G6H1 1647 1657 1950 1751 172 9.82 4.79%
PLD 32,932 36,959 39,801 36,564 3451 9.44

3 G6H1 1476 1611 2314 1800 450 25.00 4.31%
PLD 38,423 43,669 43,291 41,794 2925 7.00

1.00% 1 G6H1 605 575 618 599 22 3.67 1.11% 1.05% 5.00 4.68
PLD 50,927 52,649 57,310 53,628 3302 6.16

2 G6H1 490 515 518 508 15 2.95 1.03%
PLD 45,365 48,312 53,734 49,137 4245 8.64

3 G6H1 596 573 566 578 16 2.77 1.02%
PLD 53,787 56,297 60,135 56,740 3197 5.63

0.50% 1 G6H1 255 225 240 240 15 6.25 0.41% 0.48% −0.40 14.58
PLD 60,245 56,576 59,034 58,618 1869 3.19

2 G6H1 224 329 351 301 68 22.59 0.55%
PLD 55,801 55,502 53,355 54,886 1334 2.43

3 G6H1 278 284 246 269 20 7.43 0.48%
PLD 52,713 59,693 56,898 56,435 3513 6.22
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qPCR instrument, or the master mix product used. Assays at
two other GMO detection laboratories also demonstrated the
high specificity and sensitivity of the G6H1 event real-time
PCR assay. And this quantitativemethod has been used for the
development of certified matrix-based reference material of
G6H1 (Yang et al. 2018).

Sensitivity of the Quantitative PCR Method

The sensitivity of theG6H1 quantificationmethodwas evaluated
by determining the limit of detection (LOD). TheG6H1 genomic
DNA dilution series containing approximately 20, 10, 5, and 1
haploid genomic copies (copy) of G6H1 genomic DNA per
reaction were analyzed with 20 repeats. With the template copy
number decreasing, the developed quantitative method’s ability
to detect G6H1 decreased.Amplification signalswere detected in
all reactionswhen the template decreased down to approximately
20 or 10 haploid copies (Table 4). When approximately five
haploid copy of G6H1 DNA sample was used, amplification
was detected with the mean Ct value > 38 and the test positive
signals appeared 18 out of 20 reactions (Table 4). Based on the
results, the LOD of the G6H1 event-specific quantification de-
tection was estimated to be 10 haploid copies.

Accuracy and Precision

The accuracy of the G6H1 quantification method was
assessed using the prepared test samples with 0.5%, 1.0%,
and 5.0%GM levels. The PCR assay was repeated three times
for precision estimation. The samples were prepared with seed
powder of G6H1 and its non-GM control by mass/mass. The
relative content of G6H1 was calculated as (mean copy num-
ber of G6H1 of three replicates)/(mean copy number of rice
DNA of three replicates) × 100. The results were shown in
Table 5. The calculated GM contents corresponding to 5.0%,
1.0%, and 0.5%were 4.48%, 1.05%, and 0.48%, respectively,
with the bias ranging from − 10.40 to 5.00%, and the RSDr
ranged from 4.68 to 14.58%. These results showed that the
trueness and precision of the quantification were within the
ENGL method acceptance criteria that the bias% should be
within 25% of the target value over the entire dynamic range
and the relative standard deviation of repeatability (RSDr)
should be ≤ 25% over the entire dynamic range (ENGL 2015).

Conclusions

In this study, we established sensitive and reliable qualitative
and quantitative PCR detection methods for event-specific
detection of the G6H1 rice line. For the event-specific quali-
tative method, a 247-bp fragment was specified amplified
from the G6H1 event. The detection limit of the developed
qualitative PCR method was 0.1%. The event-specific

quantitative PCR method was evaluated with construction of
standard curves. The assay results indicated amplification ef-
ficiencies in all experiments were close to 100% and accept-
able linearity between copy numbers and fluorescent values.
The absolute LOD of the event quantitative PCR method for
the G6H1 was estimated to be about ten haploid copies. The
accuracy of the quantitative method was evaluated as the %
bias of the experimental mean value from the theoretical val-
ue, and the calculated average G6H1 event was close to the
expected value. All results demonstrate the developed event-
specific qualitative and quantitative PCR method is creditable
and suitable for the detection and quantification of G6H1 and
its derivatives.
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