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Abstract In this study, 3’-flanking sequence between the
host plant DNA and the integrated gene construct of
pHMWI1Dx5 vector in transgenic wheat B73-6-1 was
revealed by means of adaptor PCR; thus, the fragment with
the length of 3.1 kb was obtained, including a 190-bp
wheat genomic DNA, which demonstrates that this HMW-
GS gene was located on the wheat chromosome 3B. And
the event-specific PCR primers were designed based upon
the revealed 3’-flanking sequence; the conventional quali-
tative PCR and quantitative SYBR real-time PCR detection
methods employing these primers were successfully
developed. In conventional qualitative PCR assay, the limit
of detection was 0.1 % for B73-6-1 wheat genomic DNA
for one reaction. In the quantitative SYBR real-time PCR
assay, the limit of detection and limit of quantification were
10 and 100 haploid genome copies, respectively. In addi-
tion, three mixed blind wheat samples with known B73-6-1
contents were detected using the established real-time PCR
systems, and the ideal results indicated that the established
event-specific real-time PCR detection systems were
reliable, sensitive and accurate.
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Introduction

Nowadays, genetically modified organisms (GMOs) have
been widely developed and applied in agriculture, a 94-fold
increase in hectarage from 1.7 million hectares in 1996 to
160 million hectares in 2011 makes biotech crops the
fastest adopted crop technology in the history of modern
agriculture [1]. To strengthen the regulation of GMOs,
more than 50 countries and areas have published a series of
laws and rules for GMO regulation and labeling [2]. Since
labeling of foods containing GMO ingredients is manda-
tory in some countries, the demand to develop easy and
reliable detection methods for GMOs is very high [3].

Wheat is the most important crop in the world in terms
of the area under cultivation, yield and geographic distri-
bution. It is widely used in food processing (e.g., for bread,
pasta, noodles) and as feed for livestock [4]. Wheat flour is
different from other cereal flours, including maize, because
it contains gluten that gives it the elasticity and extensity
required for bread making [5]. Gluten consists mainly of
two types of seed-storage proteins, the glutenin and the
gliadin. Glutenin are classified into high-molecular-weight
(HMW) subunits and low-molecular-weight (LMW) sub-
units. The elasticity of wheat dough depends mainly on the
HMW glutenin, so they are important determinants of
bread-making quality [6].

The transgenic wheat B73-6-1 expressing an increased
amount of a HMW glutenin subunit (HMW-GS gene) was
obtained by co-transformation of the plasmid vectors
pHMW1Dx5 (carrying HMW-GS gene which was driven
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by its own specific promoter) and pAHC25 (carrying
selectable and screenable marker genes Bar and GUS dri-
ven by the ubiquitin promoter), which results in B73-6-1 is
different from other GM crops. The transgenic line B73-6-
1 has been confirmed by large-scale testing of grain grown
in field trials [7] and has passed the intermediate testing
phase followed by the environmental release phase. So, it is
representative of the type of transgenic wheat which may
grow commercially in the future. In this study, based on the
3/-flanking sequence of plasmid pHMW 1Dx5 containing a
8.4-kb genomic fragment composed of the coding sequence
of the Glu-D1-1b Gene, 3.8 kb 5’ UTR and 2.2 kb 3’ UTR
[8], the 3’ integration flanking sequence of pHMW 1Dx5
vector in B73-6-1 was revealed by genome walking, and
the event-specific qualitative and quantitative detection
methods were established.

Materials and methods
Plant materials

GM wheat B73-6-1 and B72-8-11 were kindly supplied by
Heilongjiang Entry-Exit Inspection and Quarantine
Bureau. GM soybean (MON89788 and GTS 40-3-2), GM
maize (MONS810 and MONS863) and GM cotton (MONS531
and MON1445) were developed and supplied by Monsanto
Company. Bt176 was developed and supplied by Syngenta
Seeds, Inc., GM rice (TT51-1 rice and “Kefeng 6”) were
kindly provided by China National Rice Research Institute.
GM canola (MS1, RF3, MSS), Liberty Link soybean
A2704-12 and GM cotton LLCotton25 were developed and
supplied by Bayer BioScience. Non-transgenic wheat and
rice seeds were purchased from local market in Harbin.

Oligonucleotide primers

Sequences of oligonucleotide primers employed in this
study are listed in Table 1 and were designed using Primer
Premier 5 (PREMIER Biosoft Int., Palo Alto, CA).The
specific primers HF6761, HF8323, HFd495, HFd832,
HFd2280 and HFd2438 (Table 1) used in adaptor PCR
were designed based on the sequence of the pHMW 1Dx5
plasmid, and the adaptor primers APl and AP2 were also
selected and used in adaptor PCR. The event-specific PCR
primer pairs (HMW F/R and qgHMW F/R) used for B73-6-1
wheat detection were designed based on the flanking region
between the host DNA and the exogenous sequence
originating from the pHMW1Dx5 vector, one of the two
co-transformation vectors, and the primers HMW F/R were
employed for conventional PCR, that is, qualitative PCR,
and the primers gHMW F/R were employed for SYBR
Green I real-time PCR (Table 1). For the development of
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the event-specific detection method of B73-6-1 wheat,
various endogenous reference genes were used in con-
ventional and real-time PCR [9-14], respectively. All of
the primers were synthesized and purified by Invitrogen
(Beijing, China).

DNA extraction and construction of genome walking
libraries

Total genomic DNA was isolated from seeds by the CTAB
method. The quantity of DNA samples was calculated
using absorbance measurements at 260 nm wavelength.
Four experimental libraries (Pvu I, Dra 1, Stu 1 and EcoRV)
were constructed using Genome Walker™ Universal Kit
according to the procedures described in the manufacturer
instructions.

Genome walking and verification of the wheat DNA
fragment in flanking sequence

The 3'-flanking sequence of pHMW 1Dx5 vector in B73-6-
1 wheat was identified following the instruction manual
(CLONTECH). The sequences of all primers are shown in
Table 1.

The amplified fragments in the adaptor PCR amplifica-
tions were purified and cloned into pMDI18-T vector
(TaKaRa Biotechnology Co., Ltd.). Fully sequencing anal-
ysis of the PCR products was performed by BGI (Beijing
Genomics Institute, China).

In order to validate the wheat genomic DNA fragment
derived from wheat B73-6-1 3’-flanking sequence, the
primers of WG (wheat genome) F/R (Table 1) were
designed according to the 3’-flanking sequence obtained
from the libraries. In PCR assay, the amplifications were
carried out in 20 pL volume reactions, with 50 ng of
genomic DNA, 1 x PCR buffer, 0.25 mM dNTP mix,
0.2 uM WG F/R primer and 1 unit of rTaqg DNA poly-
merase (TaKaRa Biotechnology Co., Ltd.). The PCR
amplifications were performed in Tgradient (Biometra,
Gottingen, Germany) with the program as follows: one step
of 5 min at 95 °C, 35 cycles of 30s at 95 °C, 30 s at
58 °C, 30 s at 72 °C; one step of 5 min at 72 °C. Ampli-
fication products were electrophoresed in 2 % agarose gels
for approximately 20 min at 100 V. Figure 1 shows the
primer location within the B73-6-1 3’-flanking sequence.

Qualitative PCR assay

In qualitative PCR assays, all of the amplifications were
carried out in 20 pL volume reactions, with 100 ng of
genomic DNA, 1 x PCR buffer, 0.25 mM dNTP mix,
0.2 uM GAG56D F/GAG56D R (house-keeping gene)
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Table 1 The oligonucleotide primers used in the genome walking and event-specific detection

Target Name Sequence 5'-3' Amplicon Reference

Genome walking

Flanking sequence AP1 GTAATACGACTCACTATAGGGC CLONTECH
AP2 ACTATAGGGCACGCGTGGT CLONTECH
HF6761 GTTTGAGACCTATCATCATCCAAGCAAGCC This study
HF8323 ATGCCACTCGGTTCTTTACAAGATCATCTC 1.2 kb This study
HFd495 GTCAGAGGTGGCGAAACCCGACAGGACTAT This study
HFd832 AGGCGGTGCTACAGAGTTCTTGAAGTGGTG 2.0 kb This study
HFd2280 AAATCTTCATATCTTTCAATGGACGGCACA 500 bp This study
HFd2438 TGTATTCTGTAGGTTGCTAATTTCCGAGTT This study

Wheat genomic DNA WGF AGGAACTCAAGTCTACACG 169 bp This study
WG R GGGTCGGAGTCGGTGTCG

Qualitative PCR/convention PCR

Event-specific gene HMW F TCTTACGCCCATAGTAGTTG 388 bp This study
HMW R ATCGTCCAGGAAGTGTTT

Endogenous genes GAGS56D F CCCAACAACAACCACCGTTCA 319 bp [9]
GAG56D R TGGCCCTGGACGAGAGTACCT
zSSIIb F CGGTGGATGCTAAGGCTGATG 88 bp [10]
zSSIIb R AAAGGGCCAGGTTCATTATCCTC
lectin F GCCCTCTACTCCACCCCCATCC 118 bp [11]
lectin R GCCCATCTGCAAGCCTTTTTGTG
SPS F TTGCGCCTGAACGGATAT 277 bp [12]
SPS R GGAGAAGCACTGGACGAGG
Sadl F CCAAAGGAGGTGCCTGTTCA 107 bp [13]
Sadl R TTGAGGTGAGTCAGAATGTTGTTC
HMG I/Y F TCCTTCCGTTTCCTCGCC 206 bp [14]
HMG I’'Y R TTCCACGCCCTCTCCGCT

Quantitative PCR/real-time PCR

Endogenous gene wx012 F GTCGCGGGAACAGAGGTGT 102 bp [15]
wx012 R GGTGTTCCTCCATTGCGAAA

Event-specific gene qHMW F CAACGACAACGACCTTAC 163 bp This study
qHMW R TCTCCCGTGAATACTCCT

HMW F/R (event-specific gene) (Table 1) and 1U rTaq
DNA polymerase. All the qualitative PCR and electro-
phoresis were conducted as described above in Tgradient.
Each reaction of one test was repeated three times and each
time with triple replications.

The estimation of the specificity was carried out on
different crops (including B73-6-1), 16 kinds of GM crops
and 2 kinds of non-GM crops using the HMW F/R primers
for exogenous gene and different house-keeping genes
(Table 1).

For LOD tests, the seeds of B73-6-1 wheat and the non-
transgenic wheat were mixed to produce the mixed sample
containing relative amounts of B73-6-1 of 10, 5, 2, 1, 0.5,
0.1, 0.05 and 0.01 % (m/m). The mixed samples were used
to extract DNA, and each sample was independently
divided in quadruplicate for DNA extraction. DNA extracts

containing different percentage of transgenic materials
were used for assessing the limit of detection with the pair
of primer HMW F/R.

The reproducibility of the developed method was vali-
dated by three researchers.

Quantitative PCR assay

For event-specific PCR assay, primers gHMW F/R lead-
ing to a 163-bp product were used. PCR contained
1 x SYBR® Premix Ex TaqTM II (Takara, Otsu, Japan),
200nM primers, 1 x ROX reference dye and 1 pl of the
DNA solution. Real-time PCR were performed using the
following program: 30 s 95 °C, 40 cycles of 5 s at 95 °C
and 31 s at 60 °C. After PCR amplification, Tm curve
analysis was performed described as followed: the PCR
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Fig. 1 Digestion of wheat genome using four restriction enzymes of
Pvul, Dral, Stul and EcoR V. I DL2000 DNA marker, 2—5 the B73-
6-1 wheat genome were completely digested by the restriction
enzymes of Pvu 1, Dra 1, Stu 1 and EcoR V, respectively

products were heated to 95 °C during 15 s, cooled at
60 °C for 20 s and then slowly heated to 95 °C at a rate
of 0.2 °C/s. Standard curves for event specific and wx012
assays were established with five dilutions of DNA from
B73-6-1 wheat. Genomic DNA of 100 % B73-6-1 wheat
was serially tenfold diluted with ddH,O to final concen-
trations equivalent to 100,000, 10,000, 1,000, 100, 10 and
1 copies of haploid genome/pL, 1 pL of diluted DNA
sample was added, and all reactions were repeated three
times, each time with triple parallels for each template
DNA.

Result

Characterization of the 3’-flanking sequence
of pHMW1Dx5 vector in B73-6-1 wheat

Quality of the purity of genomic DNA by restriction
endonuclease digestion

To check the digestion products by restriction endonucle-
ases of Stu I, Dra 1, Pvu 1 and EcoR V, 5 ul of each
reaction mixture was loaded on 1 % agarose gel in
1 x TAE, and the smear indicated that the DNA could be
digested completely by restriction enzymes (Fig. 1) and be
used for genome walking.
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Characterization and cloning of 3'-flanking sequence
of the B73-6-1 wheat

In order to obtain the 3’-flanking sequence pHMW 1Dx5
vector in B73-6-1, a modified adaptor PCR method based on
the 3’ junction characterization method described by Genome
Walking Kit user manual was used. Adaptor PCR amplifi-
cations were performed with combinations of different
primers of the HMW-GS gene using B73-6-1 and non-GM
wheat genomic DNA as templates. In the three nested PCR, 3
discrete flanking fragments were amplified by the combina-
tion of the primers AP1/GSP1 (the gene-specific primers for
primary PCR) and AP2/GSP2 (the gene-specific primer for
secondary PCR) (Table 1, Fig. 2), and the amplification
results are shown in Fig. 3.

The 3' site of B73-6-1 event integration locus on wheat
genome sequence

The 3’-flanking sequence in wheat B73-6-1 was determined
using the adaptor PCR method, which is comprised of nested
PCR. In the first nested PCR, one discrete PCR product
named as “73-29” of 1.2 kb length was amplified using Dra
I-digested DNA as template with the primers AP1/HF6761
and AP2/HF8323 (Fig. 3), which originated from backbone
sequence of cloning vector pVLG6 and has no homologous to
wheat chromosome through blast search in NCBI database.
The 1,286-bp DNA sequence consisted of two parts, one was
a 134-bp sequence of NOS terminator region and the other
was an 1,152-bp sequence of cloning vector (Fig. 4a). Since
“73-29” could not locate the HMW-GS insertion site on the
wheat chromosome, the second nested PCR was performed
using the primers AP1/HFd495 and AP2/HFd832; conse-
quently, PCR product named as “73-35” of approximately
1.9 kb length was amplified with Pvu I-digested DNA
(Fig. 3). The sequencing result showed that one 1,878-bp
DNA fragment encompassing the 3’ junction region was
obtained, which consisted of one 742-bp sequence of cloning
vector and one 1,136-bp sequence (Fig. 4a) of which was
identical to the sequences of E. coli str. K12 substr. DH10B
genome and showed 100 % homology with its sequence. But
the blast search of this fragment still showed no homologous
sequence existed on the wheat genomic DNA. Furthermore,
the third nested PCR primers (AP1 and HFd2280, AP2 and
HFd2438) were designed according to the sequence of
“73-35” to amplify the third discrete sequences. And the
third discrete product “73-37” was amplified with the length
of about 500 bp using the genomic DNA digested by EcoR V
astemplate (Fig. 3). The result of sequence analysis indicated
that one 536-bp fragment was obtained, of which 263 bp
originated from E. coli str. K12 substr. DH10B genome,
190 bp originated from wheat genomic DNA and 83-bp DNA
fragment with low homology to known sequences (Fig. 4a).
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pHMW-1Dx5
5" wheat DNA plasmid HMW-GS plasmid
— ]
HF6761
HF8323

Fig. 2 Schematic diagram of GM wheat B73-6-1-integrated DNA.
“73-29” of 1.2 kb length was amplified in the first nested PCR using
Dra 1-digested DNA as template with the primers AP1/HF6761 and
AP2/HF8323. In the second nested PCR, “73-35" of approximately
2.0 kb length was amplified with Pvu I-digested DNA using the
primers AP1/HFd495 and AP2/HFd832. And the third discrete

Fig. 3 PCR amplification bp
results of identification of
HMW-GS 3'-flanking sequence
with B73-6-1 DNA. M, DL2000
marker; / product of 73-29 with
primers of AP2/HF8323, 2
product of 73-35 with primers
of AP2/HFd832, 3 product of
73-37 with primers of AP2 and
HFd2438
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This 190-bp DNA fragment showed 82 % homology with the
sequence in the untranslated region (UTR) of BAC library
from wheat chromosome 3B (Genbank accession number
FN5644289) (Fig. 4b).

Identification of the wheat genomic DNA in the flanking
fragment

To further identify the wheat chromosome 3B DNA of the
flanking sequence, we continued to design the primers WG F/R
(Table 1) to amplify the product directly from B73-6-1, B72-8-
11 and non-GM wheat flour. The 169-bp fragment was
amplified from all the wheat materials (Fig. 5), and the loca-
tion of the primer WG F/R is shown in Figs. 2 and 4a. These
results demonstrated that the flanking sequence indeed con-
tained the sequence of wheat chromosome 3B genome DNA.

Qualitative detection of B73-6-1 wheat by conventional
PCR

Development of the event-specific PCR detection method
for B73-6-1 wheat

The primers HMW F/R were designed based on the
3/-flanking sequence described above and employed to

HMWF/R qHMW F/IR

) t
Opal Pv| EcoRV wheatDNA 3

AP1 wéT:/R
9
HFd495 AP2 AP1 732
HFd832 AP2 7335
HFd2240 AP1
HFd2438 AP2 7337

product “73-37” with the length of about 500 bp was amplified
using the genomic DNA digested by EcoR V as the template. The
primer pairs of HMW F/R, gHMW F/R and WG F/R were used to
amplify the GM wheat B73-6-1 event-specific fragment and wheat
genomic conservative fragment, respectively

bp bp
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1000

750 500
500

250 250
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establish the qualitative event-specific PCR assay for B73-
6-1 wheat (Fig.5). A specific amplification product of
388 bp was obtained as expected when using B73-6-1
genomic DNA as a template, but no amplification was
observed with the non-GM wheat DNA and B72-8-11
template (Fig. 6).

Specificity of the qualification assays

When used in an event-specific PCR with B73-6-1 DNA as
a template, a single fragment of approximately 388 bp was
observed as expected (Fig. 6). No amplification was
detected using B72-8-11, Bt176, MON810, MONS863,
GTS40-3-2, MON89788, A2704-12, TT51-1, Kefeng 6,
non-GM rice, MON531, MON1445, LLCOTTON?25, MS1,
MS8, RF1 and non-GMO wheat DNA as templates in the
assay, indicating the specificity of the PCR. In this study,
six primer pairs of different house-keeping genes of the
crops were performed and were successfully used to
amplify all the selected GM crops (Fig. 7). The product
length of the house-keeping genes were as follows: 319 bp
GAGS56D gene for wheat, 88 bp zSSIIb gene for maize,
118 bp lectin gene for soybean, 277 bp SPS gene for rice,
107 bp Sadl gene for cotton, and 206 bp HMG 1/Y gene for
canola.
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1 AACAGTTAGA AGGAAAAAAG AACAGACCAA AMATGGCTTC TTGGITTGAG ACCTATCATC ATOCAAGCAA GCCTOCAAGG
- HF6761
1601  AGTATATGOC ACTCGGTTCT TTACAAGATC ATCTOCTAGG TAATACAGAA TAATAATGIT GTGGTTCTCG AACATATTCC
HF8323
2241  GICAGAGGTG GOGAAACOCG ACAGGACTAT AAAGATACCA GGCGTTTCCC CCTGGAAGCT CCCTOGTGCG CTCTCCTGIT
HFa495
2561  AGCAGAGCGA GGTATGTAGG OGGTGCTACA GAGTTCTIGA AGTGGTGGCC TAACTACGGC TACACTAGAA GAACAGTATT
HFAd832
3921 CAATTTACTC GTAAAGCTAT ATCTCCATTA GIGCTGCCCA AAAGGAATAA GCACTTGATA CCTTCAAATT TCITACGOCC
4001  ATAGIAGTIG TCAATTGAAG ACATAAAATC TTCATATCTT TCAATOGACG GCACACCGTA ATCACGACGA ATGGCAAATT

HMW F HFd2280
4081 TAACCTGCCC GGTCATTACA TCTGCGAAAT GGTCCAGGTC AGCATCATTG ATATGATCTG AGAACGCTTT TACCTGCTTA
4161 ACCATTTCTC TCCAGAAACT TAATGTATTC TGTAGGTTGC TAATTTCOGA GTTGATCTTT TCAATTTTCA ACTTCGCATC
- HFd2438
4321 AACGCTCGCC ACCAGGGATT TCATCACCCT GCTGCGTGAC w_cggc_wzcc TTTCCTGATT ATTCAACGCA
HMWR

4401 OCAACGACAA CGACCTTACA GCOGTCAGAA AGAAATTTAG TTTCCaggaa catggagctt gaagaggaac tcaagtctac

ssssssssnsnsnsnnnnnnnnn @ ﬂ _‘—m?°_°‘

QHMW F QHMW R
4481 a_eg.cgat.gga tatgaggagg aaatcgcagl gitactggag aagaatgaag acclgaagat mc%.%m"“
4561 EREACCCCEC GCCAREAREA gatgacgacc atcccgagga ctacatcatc atcgaeﬁa _u::Weﬂ:
WGR

Distnbution of 39 Blast Hits on the Query Sequence &

Mouse-over 1o show defline and scores. chck to show alignments

Color key for alignment scores

<40 40-50 50-80 £0-200 >=200
Query
1 100 200 300 400 500
——e —
Sequences producmq_ﬂthcant alignments: ~ — =
Max Query ] | Ha
Accessio Descriptio

n | ption - | oot oy ident

Eschenchia coh str. K12 substr. DH10B, complete genome
Triticum aestivum chromosome 3B-specific BAC library, con
Triticum aestivum chromosome 3B-specific BAC library, con

Fig. 4 The sequence of B73-6-1 3'-flanking sequence and the
locations of all primers. Capital letters represent the sequence from
the cloning vector sequence and E. coli str. K12 substr. DH10B
genome, and lowercase letters show the flanking wheat genomic
sequence (FN564428). The position of the GSP1, GSP2, event
specific and wheat genomic DNA primers are highlighted in bold and

Assessment of the LOD

In qualitative PCR, the testing sensitivity was mea-
sured by the LOD method. The results showed that
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indicated by arrows. The hollow arrow shows the junction sites
between the insert and the host DNA. The ellipsis represents the
omitted sequence of the 3'-flanking sequence. Dotted arrows indicate
the positions of primers WG F/R, HMW F/R and qHMW F/R,
respectively

the target fragment was detected at all of the testing
levels tested except the 0.05 % and 0.01 % levels,
which meant that the lowest testing level was 0.1 %
(Fig. 8).
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Reproducibility of the qualification PCR assays

Repeatability and reproducibility of the qualification PCR
was determined using the B73-6-1 DNA three parallels and

2000

1000
750
500

250
100

three replications (Fig. 9), and the results of the repeat-
ability and reproducibility tests indicated that the B73-6-1
event-specific qualitative PCR assay was reliable in B73-6-
1 wheat qualification.

Quantitative detection of B73-6-1 by SYBR real-rime
PCR

Construction of standard curves

To evaluate the B73-6-1 event-specific real-time PCR
assay and GM B73-6-1 wheat sample quantification, a
series of B73-6-1 wheat genomic DNA dilutions were
used for the test of reproducibility and repeatability,
determination of the limits of detection and quantification
(LOD and LOQ) and construction of standard curves. The
real-time PCR amplified results showed that the PCR
efficiency was = 0.96, and the squared regression coeffi-
cient (R®) of the standard curve was 0.996 (Fig. 10). The
high PCR efficiency indicated that this real-time PCR
assay was suitable for B73-6-1 genomic DNA quantification.
The good linearity between DNA quantities and fluores-
cence values (Ct) indicated that these assays were well

Flg 5 Verification of the flanking fragment using WG F/WG R suitable for quantitative measurements. y = —2.246x +
primers. / DL2000 marker, 2 NTC, 3 non-GM wheat, 4 B73-6-1, 5 38.233
B72-8-11 . .

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

bp
2000

1000
750
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100

Fig. 6 Specificity detection of the event-specific qualitative PCR
method. / DL2000 DNA marker, 2 non-GM wheat, 3 B73-6-1, 4 B72-
8-1, 5 Bt176, 6 MONS810, 7 MON863, 8§ Roundup Ready soy, 9

1 2 3 4 5 6 7 8 9
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1000
750
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100

Fig. 7 PCR amplification among the 6 kinds of house-keeping genes.
1 DL2000 marker, 2—4 the primers of GAG56D for non-GM wheat,
B73-6-1, B72-8-1, 5-7 the primers of zSSIIb for Bt176, MONS810,
MONS863 maize, 8-10 the primers of lectin for Roundup Ready soy,

10 1

388bp

MONS89788, 10 A2704-12, 11 TT51-1, 12 Kefeng 6, 13 non-GM rice,

14 MON531, 15 MON1445, 16 LLCOTTON2S, 17 MS1, 18 MS8, 19

RF1

12 13 14 15 16 17 18 19

MONS89788, A2704-12 soy, 11-13 the primers of SPS for TT51-1,
Kefeng 6, non-GM rice, 1416 the primers of Sadl for MONS531,
MON1445, LLCOTTON2S5 cotton, /7-19 the primers of HMG I/'Y
for MS1, MS8, RF1
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Fig. 8 Sensitivity of B73-6-1 event-specific qualitative detection. /
DL2000 DNA marker, 2-9 10, 5, 2, 1, 0.5, 0.1, 0.05, 0.01 % B73-6-1
contents, respectively, /0 NTC
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Fig. 9 Reproducibility of B73-6-1 event-specific qualitative detec-
tion. / DL2000 DNA marker, 2—4 the 3 samples of the first
amplification, 5-7 the 3 samples of the second amplification, §—/0 the
3 samples of the third amplification

Repeatability and reproducibility

The reproducibility and repeatability of real-time PCR
assays can be analyzed by the data shown in Table 2. For
the real-time PCR assay for event-specific gene detection,
the mean Ct values varied from 24.76 to 33.61 with a
standard deviation (SD) value from 0.20 to 0.48 and
coefficient of variation (CV) value from 0.79 to 1.40 %.

Fig. 10 Amplification plots and 10.0

standard curve for B73-6-1 )
event-specific real-time PCR e
assay. a Amplification curves 7.5 30.0

(serial DNA dilutions b
corresponding to 100,000,

10,000, 1,000, 100 and 10 5.0 | b
copies of B73-6-1 haploid S s
genome per reaction) were

ARn
N
N
[-]

\\

0 200

Starting amount of DNA molecules {cp;'PCR)

These results indicating that quantitative PCR assays
established were stable and reliable.

Limits of detection and quantification (LOD and LOQ)

As expected, the ability to detect B73-6-1 wheat decreased
with decreasing genomic DNA copy numbers, and 10
copies of B73-6-1 genomic DNA have been detected seven
times in a total of nine repeated reactions. However, when
the template copy number was 1, no amplicons could be
detected in 9 replicates. The results indicated that the LOD
value was about 10 copies. The data also showed that the
SD values of the nine reactions with the same template
concentration increased with decreasing copy number. To
obtain reliable quantization results under ideal conditions,
approximately 100 initial template copies were required,
and we concluded that the LOQ of the event-specific real-
time PCR assay was 100 copies of the haploid genome.

Blind sample quantification

Mixed samples were prepared to evaluate the accuracy and
precision of the established real-time PCR methods in this
study. GM B73-6-1 wheat DNA samples S1, S2 and S3
with 6, 3 and 1 %, respectively, were artificially prepared
by mixing the pure B73-6-1 DNA with non-GM wheat
genomic DNA on a genome/genome basis and were used
for quantification in developed B73-6-1 event-specific PCR
assay. The mean values of three replicates for each sample
as provided by all participants are shown in Table 3. The
mean quantitative results of these three DNA samples (S1,
S2, and S3) were 5.95, 3.10 and 1.03 %, respectively. The
average bias between quantified values and true values of
blind samples were 0.88, 3.20 and 3.39 %, respectively.
These results showed that the bias values of practical
samples were lower than the acceptance threshold of 25 %
of one GMO detection method [16], indicating that the
developed B73-6-1 real-time PCR assay is creditable and

=/,
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0 200 1 W0
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Table 2 Repeatability and reproducibility of the developed B73-6-1
event-specific quantitative PCR assays

Target copies (cp/  Ct values Mean
PCR)
1 2 3 Mean SD CV
Ct (%)
wx012 assay
100,000 2537 2550 2530 2539 0.10 0.40
10,000 28.59 2834 2821 2838 0.19 0.68
1,000 30.90 30.79 30.63 30.77 0.14 0.44
100 3370 3336 33.83 33,63 024 0.72
10 36.10 3571 36.59 36.14 044 121
Event-specific assay
100,000 2454 2488 24.88 2476 020 0.79
10,000 27.13 27.07 26.85 27.01 0.15 0.54
1,000 29.48 29.07 2933 2929 021 0.71
100 31.20 31.22 31.66 3136 026 0.82
10 33.12 33.65 34.08 3361 048 1.40

suitable for the quantification of GM B73-6-1 wheat and its
derivates.

Discussion

Various PCR-based methods are available for chromosome
walking from a known sequence to an unknown region
[17]. Several PCR-based methodologies are available for
walking from a known region to cloned or uncloned
genomic DNA, including inverse PCR (IPCR), adaptor
ligation-mediated PCR (LM-PCR) and randomly primed
PCR [18]. In addition, the flanking sequences of more and
more GM crops are also being identified for the develop-
ment of event-specific detection method. In this study,
adaptor ligation-mediated PCR was performed to identify
the flanking sequence of B73-6-1, and three junction
regions of 73-29, 73-35 and 73-37 were isolated. After the

Table 3 Quantitative analysis of the B73-6-1 blind samples

splicing of 73-29, 73-35 and 73-37, a discrete product of
approximately 3.1 kb was obtained (Fig. 4). The search
result using blast in the NCBI database showed that the
3.1-kb assembled sequence of the 3’-flanking sequence
contained 134 bp originating from the NOS terminator,
1.6 kb originating from the universal sequence of cloning
vector, 1.1 kb originating from E. coli DNA and 190 bp
originating from endogenous wheat genomic DNA. This
190-bp sequence was identified as a part of the loci from
1291474 to 1291675 in the wheat 3B-specific chromosome
(Genbank Accession number FN564428). No amplification
product was observed in parallel experiments using B72-8-
11 and non-GM wheat as templates, which showed that the
event specificity of this flanking sequence. But we have no
idea how to explain the existence of E. coli genome, and
we speculate that it is the result of homologous recombi-
nation. To further demonstrate that this 190-bp fragment
did indeed correspond to wheat flanking sequences, we
used this wheat genomic sequence to design primer WG
F/R and performed standard PCR with this primer pair
using non-GM wheat, B73-6-1 and B72-8-11 DNA as
templates. As shown in Fig. 5, an amplification product of
approximate size 169 bp was obtained with non-GM wheat
DNA, B73-6-1 and B72-8-11. The PCR product was
cloned into the pMD18T vector and sequenced. These data
suggested that a unique transgene element of about 3.1 kb
was present in the genome of wheat B73-6-1.

PCR-based GMO tests can be grouped into at least four
categories, such as screening, gene-, construct- and event-
specific PCR [2]. The four PCR detection systems were
developed based on the four different kinds of target DNA
fragments of exogenous integration corresponding to their
level of specificity. Each category corresponds to the
composition of the DNA fragment that is amplified in the
PCR. The flanking sequence is the only unique signature of
a transformation event (within the limitations of present
day technology), which is the junction at the integration
locus between the recipient genome and the inserted DNA.

True value (%) Sample wx012 assay

Event-specific assay

Content (%) Mean Content (%) SD CV (%) Bias (%)

mean Ct Copy number Mean Ct Copy number

6.0 S1 1 25.15 114,216 29.64 6,729 5.89 5.95 0.06 0.98 0.88
2 25.06 122,954 29.55 7,307 5.94
3 2511 118,397 29.58 7,113 6.01

3.0 S2 1 2472 162,415 29.90 5,109 3.15 3.10 0.05 1.61 3.20
2 24.88 142,239 30.06 4,332 3.05
3 2474 160,874 29.93 4,981 3.10

1.0 S3 1 2507 121,851 31.36 1,154 0.95 1.03 0.08 8.13 3.39
2 2511 118,194 31.23 1,318 1.11
3 2524 106,024 31.40 1,103 1.04
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This junction is the target of category of event-specific
method. Currently, the event-specific PCR method has
been the key trends for GMO identification and quantifi-
cation because of its high specificity based on the flanking
sequence [19, 20]. Nowadays, only screening PCR of
qualitative PCR [9] and quantitative PCR [21] was devel-
oped for amplification of the endogenesis genes of
GAG56D and wx012 and extrinsic genes of ubiquitin
promotor, NOS terminator, Bar and GUS reporter gene,
and no event-specific PCR method was used to detect B73-
6-1 as far as we know. Currently, the qualitative or quan-
titative event-specific detection methods have been used in
the detection of GM crops, such as the GTS 40-3-2 soybean
[22-24], MONS810 [25], MON863 [26, 27], MON89788
[2], MONS88913 [28], NK603 [29], GT73 [30], GA21 [31],
T25 [32], Carnation Moonlite [33], Maize 59122 [34],
Kefeng 6 [35] and so on.

The event-specific qualitative PCR system was devel-
oped to detect the wheat B73-6-1, and the primer HMW F/R
was located at the B73-6-1 3’-flanking sequence (Figs.2 and
4a). The wheat GAG56D gene was selected as an endoge-
nous control gene, and the primer pair GAG56D F/R was
employed in PCR assay of wheat identification. As expec-
ted, in the established qualitative PCR assay, one single
388-bp DNA fragment was obtained using the B73-6-1
wheat DNA as template, and no fragment was detected in
other GMOs and no template control (NTC) (Fig. 6). The
target fragments of endogenous genes were individually
detected in all GM wheat, maize, soy, rice, cotton, canola
and non-GM crops except for NTC (Fig. 7). These data
confirmed that the obtained DNA fragment was a B73-6-1
event-specific region between the exogenous DNA and the
wheat genomic DNA and indicated that the sequence was
unique to B73-6-1 and thus could be suitable for use in
event-specific PCR assay. The two controls of non-GM
wheat and B72-8-11 are important, as rearrangements are
known to occur during insertion of transgenic DNA in
plants. The HMW F/R primer pair may form the basis for a
qualitative test for presence or absence of B73-6-1 wheat
DNA. So the method developed in this article is directly
detect the HMW gene (target gene) in the pHMW1Dx5
vector with more feasibility and rationality than the event-
specific qualitative detection method, which was con-
structed for the Bargene (marker gene) in the pAHC25 based
on the 3’-flanking sequence of Bar gene [36]. Additionally,
the quantitative PCR detection technique was established for
enriching the event-specific method of B73-6-1.

For one ideal qualitative PCR assay, a high LOD is very
important and necessary, especially for the PCR assays of
GMO detection. To test the LOD of the established event-
specific PCR assay, DNAs extracted from different B73-6-1
wheat mixed with non-GM wheat flours were used as tem-
plates. The results indicate that the established qualitative

@ Springer

event-specific PCR detection assay of GM wheat B73-6-1 is
suitable for the practical detection of GM wheat samples.
These LODs were similar to those of GM soybean [23] and
GM maize [26], which indicates that the established quali-
tative event-specific PCR detection system of GM wheat
B73-6-1 is suitable for the practical detection of GM wheat
samples with high specificity and little labor.

The SYBR primers (qHMW F/R) based on the revealed
3/-flanking sequence were designed and employed to
develop the event-specific real-time PCR assay for B73-6-1
wheat (Figs. 2 and 4a). Considering the haploid genome
size of wheat was estimated to be 16,000 Mbp, corre-
sponding to a molecular weight of 16.6 pg (assuming that
965 Mb weigh 1 pg) [25], the range of copy numbers from
100,000 to 1 was sufficient to quantify GMOs from 0.01 to
100 % in the 200 ng of the template for one reaction. The
range was supposed to be sufficient to quantify GMOs
because of the quantified threshold values of labeling
regulations in EU (0.9 %), Korea (3 %) and Japan (5.0 %).
For development of the B73-6-1 event-specific real-time
PCR assay, the quantitative standard curve, repeatability
and reproducibility, and LOD or LOQ were performed
using six serial diluted concentrations of B73-6-1 wheat
genomic DNA were used for the preparation of standard
curves, containing approximately 100,000-10 copies of
haploid genome per reaction, while when the template
copy number was 1, no amplicons could be detected in the
template with one copy haploid genomes in nine repeated
reactions. To obtain reliable quantification results under
ideal conditions, approximately 100 initial template copies
were required, and we concluded that the LOQ of the
event-specific real-time PCR assay was 100 copies of
haploid genome.

In conclusion, we reported the 3’-flanking sequence of
GM wheat B73-6-1 and located the HMW-GS gene on the
wheat genome. Based on this sequence, we established the
event-specific qualitative and quantitative PCR systems for
the reliable and accurate detection of B73-6-1 wheat. Due
to the specificity of the established systems, we believe that
this method is a new contribution to the labeling system for
GMOs and also suitable for qualitative and quantitative
detection of food and feed products in the future.
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