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With the development of transgenic crops, many countries have issued regulations to label the
genetically modified organisms (GMOs) and their derived products. Polymerase Chain Reaction (PCR)
methods are thought to be reliable and useful techniques for qualitative and quantitative detection of
GMOs. These methods generally need to amplify the transgene and compare the amplified result
with that of the corresponding reference gene to obtain reliable results. In this article, we reported
the development of specific primers and probe for the rice (Oryza sativa) sucrose phosphate synthase
(SPS) gene and PCR cycling conditions suitable for the use of this sequence as an endogenous
reference gene in both qualitative and quantitative PCR assays. Both methods were assayed with
13 different rice varieties, and identical amplification products were obtained with all of them. No
amplification products were observed when DNA samples from other species, such as wheat, maize,
barley, tobacco, soybean, rapeseed, tomato, sunflower, carrot, pepper, eggplant, lupine, mung bean,
plum, and Arabidopsis thaliana, were used as templates, which demonstrated that this system was
specific for rice. In addition, the results of the Southern blot analysis confirmed that the SPS gene
was a single copy in the tested rice varieties. In qualitative and quantitative PCR analyses, the detection
sensitivities were 0.05 and 0.005 ng of rice genomic DNA, respectively. To test the practical use of
this SPS gene as an endogenous reference gene, we have also quantified the 3-glucuronidase (GUS)
gene in transgenic rice using this reference gene. These results indicated that the SPS gene was
species specific, had one copy number, and had a low heterogeneity among the tested cultivars.
Therefore, this gene could be used as an endogenous reference gene of rice and the optimized
PCR systems could be used for practical qualitative and quantitative detection of transgenic rice.

KEYWORDS: Oryza sativa ; rice; sucrose phosphate synthase ; qualitative PCR; quantitative PCR;
endogenous reference gene; GMOs detection

INTRODUCTION mosaic virus resistant tomato, shelf life-altered tomato, and
Attempts are being made to solve more and more agricultural polor-altered petunia, have been approved for commercialization

production problems with genetically modified (GM) plants. The " China 8—5). Moreover, GM soybean, maize, and rapeseed

number of licensed GM plants worldwide is growing rapidly products are being imported from other countries to China.

(1). Twenty-six GM crops were approved worldwide at the end Pressures from consumer groups and public demands have led

of 2002 @). Up to now, six GM crops, such as two kinds of several countries, including China, to require labeling for the

insect resistant cottons, virus resistant sweet pepper, cauliflowerP’éSence of GM organisms (GMOs) in foods.

In conjunction with these labeling policies, polymerase chain

* To whom correspondence should be addressed. Tel/f&6 21 6220 reaction (PCR) methods are considered to be the most common

87§%hE-mﬁiI:_ ;dbgooo@%/aAhOQ-clttJm-clns- ) DNA detection method for identifying the presence of GMOs.
 Shanghai University. oo e =CIences. They are very sensitive, and very small aliquots of vegetal
8 Nanjing University. material are required for the analysis. PCR methods are not only
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Table 1. Primer Pairs and Fluorogenic Probes for Qualitative and Quantitative PCR

name orientation sequence (5'-3') length (bp) position (bp)
SPSF forward primer TTGCGCCTGAACGGATAT 18 1055-1072
SPSR reverse primer CGGTTGATCTTTTCGGGATG 20 1116-1135
SPSP forward probe GACGCACGGACGGCTCGGA 19 1096-1114
GUSF forward primer TTTCTTTAACTATGCCGGAATCCATC 26 697-722
GUSR reverse primer CACCACGGTGATATCGTCCAC 21 758778
GUSP forward probe AATGCTCTACACCACGCCGAACACCTG 27 730-756

used for identification of GM products but also for quantification Nonghu No. 6, 9520, Xiushui 04, Taihunuo, 20566, and P2C1 Huayu
purposes (6). To make the screen procedure more normativeNo. 1. Six of them were cultivars dd. sativa L. ssp.indica, for
one should detect the target sequences and plant species specifRxample, D5 Heiheaihui, C43/ig94-1, C26 PR106, D20 BaSmati, C21
endogenous reference gene. Among the PCR detection methodg,hon_gyuzao 18, and D57 _kholt mars_hl. Other I_DNA samples of different
real-time quantitative PCR is considered to be an easy-to-use,P¢ies such as whedtrticum aestioum), maize (Zea mays), barley
accurate, specific, quantitative method 7%, A unique feature (Hordeum_ulgare), tobacco Nicotiana tabacum), soybealycine

. . . o max), rapeseedfassica napus), tomatd.ycopersicon esculentum),
of this PCR technique is that the amplification of the target ¢ fower Helianthus annuys carrot Daucus carotl pepper

DNA sequence can be followed during the whole reaction by (capsicum annum), eggplarSglanum melongena), lupineupinus
indirect monitoring of the products accumulation. Using this albus), mung bearPhaseolus aureus), plunP(unus domestica), and
method, a target gene can be quantified by preparing a standardhrabidopsis thalianavere collected by our laboratory. Transgenic rice
curve from known quantities of additional endogenous gene andplants used in this work containifgUSgenes were conserved by our
extrapolation from the linear regression line. This system laboratory.

requires both the primers specific for the transgene and the DNA Extraction. The plant genomic DNA samples used for
species specific primers for an endogenous reference gene. Irflualitative and quantitative PCR detection were extracted and purified
practice, accurate relative quantification can be achieved by aUsing @ DNA extraction kit, which was developed by Shanghai Ruifeng
combination of two absolute quantification reactions: one for Agro-tech Co. Ltd. (Shanghai, China). The plant genomic DNA samples

. sed for the Southern blot analysis were extracted and purified from
the target specific gene and a second for the crop reference gen§resh leaves according to the c1¥AB meth@2), Genomic E?NA was
(6, 8). '

. . quantified spectrophotometrically using a DUR 640 DNA/Protein

For this purpose, much effort has been made to obtain cacyjator (Beckman Company) and analyzed by 1% agarose gel
reference genes from crops. Now some genes have been useglectrophoresis in 0.5 TBE with ethidium bromide staining.
as the reference gene of some crops, for examplentieetase Southern Blot. Ten micrograms of each DNA from seven different
I (9, 10, 18), 10 kDa zein, andmg-Agenes (11—1418) for nontransgenic rice varieties (Hanfeng, Nonghu No. 6, 9520, Xiushui04,
maize;lectin (9, 11,15, 18) ands-actin (16) genes for soybean; D5 Heiheaihui, C48g94-1, and C26 PR106) were completely digested
and cruciferin (16) and BnACCg8(18) genes for rapeseed. with Hindlll and EcoR, respectively. The digested DNA was resolved
However, there has been no report about the endogenougn a 0.8% agarose gel electrophoresis and then transferred onto a
reference gene for the detection of GM rice. As an important Nitrocellulose membrane, which was purchased from Gene Company
foodstuff, rice varieties have been widely planted in the world, €9 Ltd. (Shanghai, China). A 1026 bp DNA fragment (from 1058 to
especially in Asia. Up to now, there are two GM rice varieties 200 Of theSPSgene was used as the hybridized probe. This DNA

. S . fragment was labeled by[**P]dCTP using the Random primer DNA

that have been authorized for commercialization. One is from

L . . D labeling kit ver. 2 from TaKaRa Biotechnology Co., Ltd. (Dalian,
BASF Inc., which is tolerant to the imidazolinone herbicide, ching). Hybridization was performed at 62 for 24 h, and the filter

imazethapyr, induced by chemical mutagenesis ofateto-  was washed at room temperature with2SSC/0.1% SDS and &

lactate synthaseenzyme using ethyl methanesulfonate. This SSC/0.1% SDS for 10 min each and at €D with 0.2 x SSC/0.1%

variety has three lines, i.e., Event CL121, CL141, and CFX51. SDS for 30 min. DNA markersi(DNA digested withHindIll and

The other is from Aventis Crop Science, is glufosinate am- EcoRI) were run on the same gel.

monium herbicide tolerant, and is produced by inserting a  Oligonucleotide Primers and ProbesThe oligonucleotide primers

modified phosphinothricin acetyltransferagacoding gene from  and TagMan fluorescent dye-labeled probes between the primers were

the soil bacteriunstreptomyces hygroscopic{ls). This variety designed by using Primer Premier 5.0 software and Beacon Designer

has two transgenic lines, i.e., Event LLRICEO6 and LLRICE62. 2:0 software (PREMIER Biosoft International). The corresponding
In this article, we reported the specific primers and the probe guglleogdiﬁeggsncgs of tﬁspigleane and t_hGUigene are I'Stehd n q

for the rice Qryza sativa)sucrose phosphate syntha&&PS) avie - primers and fiuorogenic probes were synihesize

i . itable for th f thi from Shanghai Shenyou Co., Ltd. (Shanghai, China). SiR&andGUS
gene and PCR cycling conditions suitable for the use of this probes were labeled with the fluorescent reporter dyes 5-hexachloro-

sequence as an endogenous reference gene in both qualitativgyorescein and 6-carboxy-fluoroscein, respectively, on thenl and

and quantitative PCR assaBPS(EC 2.4.1.14), a key enzyme  poth of the fluorescent quencher dyes 6-carboxytetramethylrhodamine
in the sucrose biosynthetic pathway, catalyzes the formation of were located on the %nd of the probes.

sucrose phosphate from UDP-glucose and fructose 6-phosphate. we used primers SPSR and SPSF &PSqualitative PCR and

A growing body of evidence indicates th8PStogether with primer pair SPSR/SPSF in combination with the SPSP probe for
fructose 1,6-bisphosphatase regulates the synthesis of sucrosguantitative PCR. Both qualitative and quantitative PCR gave rise to
in plants (19). In addition, we showed that this optimal an8&l bp amplif_ication product. In addition, tszSquantitativ_e PCR
guantitative PCR condition could be used for practical detection gsed primer pair GUSF/GUSR and the GUSP probe gave rise to a 149

of the GUS gene in transgenic rice. p product. o _
PCR Conditions. Qualitative PCR was run in a PTC-100 (MJ

Research, Waltham, MA) thermocycler. Each reaction mixture had 1
MATERIALS AND METHODS x PCR buffer, 0.2 mM dNTP, M each primer, 5 ng of each DNA
Materials. The 13 nontransgenic rice varieties were provided by sample, and 1.5 units of Tag DNA Polymerase; the final volume was
The Crop Research Institute of Agriculture Science (SAAS). Seven of 30uL. All reagents were from TaKaRa Biotechnology Co., Ltd. except
them were cultivars 0D. satival. ssp.Japonica, such as Hanfeng, for the primers. This reaction ran using the following cycle condi-
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tions: denaturing of DNA at 94C for 10 min, 35 cycles of 30 s at 94 N, Flicen
°C, 30 s at 56°C, 30 s at 72C, and a final extension at 7Z for 5

min. Amplification products were analyzed by 2% agarose gel
electrophoresis (in 0.5 TBE) and stained with ethidium bromide.

Quantitative PCR was carried out in a fluorometric thermal cycler
(Rotor Gene 2000; Corbett Research, Australia) using the TagMan
system. Each reaction mixture contained PCR buffer, 5 mM MgGj,

0.2 mM each of dATP, dCTP, and dGTP, 0.4 mM dUTP, 5 ng of each
DNA sample,1.5 units of Taqg DNA Polymerase, 0.2 unit of Amperase 0
uracil N-glycosylase (UNG), 750 nM each SPSF and SPSR primers,
and 300 nM fluorogenic SPSP probe. The final volume of the PCR
reaction was 2%L. The amplification conditions were 5 min at 95
°C, 50 cycles of 30 s at 92C, 30 s at 56'C, and 30 s at 72C. Each
sample was quantified in triplicates. The PCR reactants were purchased
from Gene Company Co., Ltd. The results were analyzed using a 0 0 2 ] (7 50 Oycke

sequence detection system provided by the Software Rotorgene 4.6 . . . . o
(Corbett Research). In addition, to test the sensitivity of the 8RS Figure 1. Specificity analysis of the rice SPS gene using quantitative

PCR assays and to generate a standard curve, the extracted DNA waBCR: amplification plot generated from 15 kinds of different plants (such
serially diluted to a final concentration of 500, 50, 5, 0.5, 0.05, 0.005, as wheat, maize, barley, tobacco, soybean, rapeseed, tomato, sunflower,

and 0.0005 ngdL. The amount of DNA per reaction is 500, 50, 5, 0.5,  carrot, pepper, eggplant, lupine, mung bean, plum, and A. thaliana) and

0.05, 0.005, and 0.0005 ng. Using the quantitative PCR assay, theserice with the SPSF/SPSR primer pair and the SPSP probe.

plots were analyzed repeatedly and reproducibly.

Multiplex quantitative PCR with two primer pairs, SPSF/SPSR and were no amplification products observed with any of the species
GUSF/GUSR, and probes, SPSP and GUSP, labeled with different tasted other than rice and also there were no fluorescent signals
f[uorescent dyes were also performed to.detecF the. amount of tranSg',en'Cdetected with any of the species tested other than rice in
rice. We performed the multiplex PCR with serial dilution of transgenic quantitative PCRRigure 1). These indicated that t&PSDNA

rice ranging from 0.005 to 50 ng, with each dilution containing 50 ng fragment was hiahlv specific for rice in both qualitative and
of total rice DNA. Besides, each reaction mixture also contained 1 g gnhly sp a

PCR buffer, 5 mM MgG}, 0.2 mM each of dATP, dCTP, and dGTP, ~guantitative PCR in the tested species.
0.4 mM dUTP, 1.5 units of Tag DNA Polymerase, 0.2 units of Additionally, as an ideal reference gene, 8f@Sgene should
Amperase UNG, 750 nM each SPSF and SPSR primer, 300 nM not exhibit allelic variation and should have a consistent copy
fluorogenic SPSP probe, 500 nM each GUSF and GUSR primer, and number among different rice varieties. To test the nonspecificity
150 nM GUSP probe. The final volume of the PCR reaction was 25 f the SPSgene in different rice varieties, we used 10 ng of
uL. The amplification conditions were 5 min at 96, 50 cycles of S0 pNA from 13 different rice varieties mentioned above as
isnattri?a Allic(;tes.o Sat56C, and 30 s at 72C. Bach sample was quantified templates to run qualitative.and quant.itative PCR..As ;howq in
Figure 2, PCR products of identical size and relative intensity
were obtained for all of these tested varieties in quantitative
RESULTS PCR. This indicated that there were no major sequence

Selection of a Suitable DNA Fragment as a Specific Gene  differences among the different varieties in this amplified region.
for Qualitative and Quantitative PCR Detection of Rice.To Likewise, quantitative PCR analysis performed with DNA
make the GMO detection more reliable and precise, a referenceext_racted _from these rice varieties gxh|b|ted similar Ct values,
gene is indispensable. A reference gene has three require¥hich varied from 28.62 to 29.2%{gure 3). These results
ments: species specific, low copy number (to obtain high indicated that the copy number of ti&PSgene was similar
sensitivity, a single copy reference gene is the best), and low and without allelic variation among these different rice varieties.
heterogeneity among cultivars. To select a suitable endogenous Sensitivities of both Qualitative and Quantitative PCR
reference gene of rice for quantitative and qualitative PCR Assays.To test the sensitivities of the tWBPSPCR assays,
amplification, we searched the public gene databanks (EMBL) we carried out a PCR reaction using the known DNA amounts
for DNA sequences with a single copy gene in the rice genome. ranging from 500 ng to 0.5 pg. Qualitative PCR allowed
After selection of several candidate genes, we chose a DNA detection of theSPSDNA fragment in 50 pg of rice genomic
fragment encodinggPS(GeneBank No. U33175), which can DNA (Figure 4). This meant that 50 pg of rice genomic DNA
catalyze the formation of sucrose phosphate from UDP-glucosecould be detected using the SPSF/SPSR primer pair in qualita-
and fructose 6-phosphate. Then, we designed the specifictive PCR. On the basis of the rice genome size of 0.52 pg per
primers and probe on this DNA sequence and tested them forhaploid genome (21), the sensitivity of qualitative PCR corre-
species specificity in both qualitative and quantitative PCR sponds to an average of 100 copies in the templates. As to
assays. guantitative PCR assay, the fluorescent signal could be detected

Qualitative and Real-Time Quantitative PCR Assay when the amount of the DNA template was lowered to 5 pg,
Detection. We used the primer pair SPSF/SPSR in qualitative i-€., 10 copies of rice genomic DNAF{gure 5A). Also, to test
PCR and the combination of SPSF/SPSR primers and the SPSphe accuracy of the quantification system for relative quantitative
probe in quantitative PCR. The primer pair gave rise to an 81 analysis, we constructed a standard curve ofSRSgene by
bp amplification product. To test the specificity of t82Sgene, using the quantitative PCR system. A linear relationsR=
we ran the qualitative and quantitative PCR reaction by using 0.9990) with a slope 0f-0.287 was obtained between the Ct
5 ng of DNA from 15 different plant species, which included Vvalue and the starting DNA quantityFigure 5B). This
three gramineous varieties such as wheat, maize, and barleylemonstrated that there was a high correlation between the tested
and other dicotyledon species such as tobacco, soybean'ice DNA amounts and their corresponding Ct values.
rapeseed, tomato, sunflower, carrot, pepper, eggplant, lupine, Reproducibility of Quantitative PCR. To further validate
mung bean, plum, ard. thaliang respectively, as the templates. the quantification accuracy, we generated the standard curve
The electrophoresis results of qualitative PCR showed that therethree times, and each time, we had three repetitions. The
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Figure 2. Nonspecific detection of the SPS DNA sequence of the 13 tested different rice cultivars using qualitative PCR: lanes 1-13 corresponded to
Hanfeng, Nonghu No. 6, 9520, Xiushui04, Taihunuo, 20566, P2C1 Huayuyihao, D5 Heiheaihui, C433g94-1, C26 PR106, D20 BaSmati, C21 Zhongyuzao
18, D57 kholt marshi, and M:pGEM-7Z(f).

o i

Figure 3. Allelic variation of the SPS gene among rice cultivars:
amplification plot generated from 13 kinds of different rice cultivars
described in Figure 2 with the SPSR/SPSF primer pair and the SPSP
probe.
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Figure 5. Sensitivity detection of the rice SPS DNA fragment using
“'—8|bp quantitative PCR. (A) Amplification plot generated by serial dilution of
rice DNA ranging from 50 to 0.005 ng with the SPSF/SPSR primer pairs

. o ] . ) and the SPSP probe. (B) Standard curve generated from the amplification
Figure 4. Sensitivity detection of the rice SPS DNA fragment using

e data given in A.
qualitative PCR: lanes 1-6 corresponded to 500, 50, 5, 0.5, 0.05, and

0.005 ng, and line 7 was a negative control; M, DL2000 marker. Table 2. Reproducibility of the Ct Measurements of Replicate

o . o . Standards from 50 to 0.005 ng of the Nontransgenic Rice DNA
reproducibility of this quantitative PCR system was estimated g tant Using the TagMan Assay System

with five rice DNA dilutions ranging from 50 to 0.005 ng. As

b Bl — R - |

the result, the Ct values ranged from 28.20 to 42.29, the Ct value for reaction

coefficient of variation (CV%) values varied from 0.76 to 5.46,  pNA amount (ng) 1 2 3 mean  SD?  CV%b
and the_standard deviation (SD) values ranged from 0.00 to 0.16, 50 2825 2820 2837 2827 007 412
respectively (Table 2). These data showed that the CV values 5 316 3199 318 3180 016  1.03
and the SD values derived from these tests were relatively small 0.5 3521 3521 3523 3522 001 540
and that this quantitative PCR detection system worked stably 0.05 3875 3890 3893 3886 008 546
and reliably. 0.005 4228 4228 4229 4228 000 076

Copy Number of the Rice SPS Gene Confirmed by
Southern Blot. To analyze the copy number of ti&PSgene
in different rice varieties, we performed a Southern blot analysis multiplex quantitative PCR to detect the amount GUS
in which the rice genomic DNA was digested wilttoRI or transgenic riceKigure 6). We performed the multiplex PCR
Hindlll and hybridized with the 1026 bp (from 1058 to 2084 with serial dilution of transgenic rice ranging from 50 to 0.005
bp) SPSDNA probe. Only one hybridized band was detected ng with each dilution containing 50 ng of total rice DNA, and
in the EcoRI- orHindllI-digested rice genomic DNA (data not  the results of relative quantification were achieved withAl@t
shown), which confirmed that th®PSgene was a single copy  method (23). Therefore, the transgenic amount ofdkkSgene
gene per rice haploid genome. was calculated based on the difference between the Ct values

Quantitative Detection of the GUS Gene in Transgenic of the targetGUS and the endogenous referen8®Sgene
Rice.To ensure the practical use of t8@Sgene, we performed  (Figure 6D). Additionally, in this multiplex PCR using primer

a Standard deviation.  Coefficient of variation.
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Figure 6. Multiplex quantitative PCR to detect the SPS and GUS genes using serial dilutions (10-fold) of transgenic rice. (A) Amplification plot of the
endogenous SPS gene. Each dilution contains 50 ng of total rice DNA. (B) Amplification plot of the transgenic GUS gene and serial dilutions of transgenic
rice ranging from 50 to 0.005 ng. (C) Initial transgenic DNA concentration vs Ct standard curve. (D) Standard curve, plotting log(GMO amount) vs ACt
(R? = 0.9972, reaction efficiency = 0.95, three replicates per dilution).

pairs of theSPSand GUS genes, we were able to detect the amount of DNA was lowered to 5 pg or less, the Ct value would

GUSgene using 5 pg of initial transgenic rice genomic DNA, slightly separate from the calculated standard curve, which
i.e., about 10 copies of the targ@tySgene (Figure 6C). These indicated that in such a quantitative PCR system using a
results proved that th&PSgene could be used as the rice combination of the SPSF/SPSR primer pair with the SPSP probe

endogenous reference gene for GM rice detection. at such levels of DNA, quantification was not accurate. So to
obtain the precise quantification results, the starting DNA
DISCUSSION template amount should not be less than 5 pg.

Additionally, to test the stability of the quantitative PCR

In this article, we successfully validatedSPSgene as an system, we tripled all of the quantitative experiments. Compar-
endogenous reference gene of rice. All of the results in this ing the Ct values of the three reactions, we got similar results.
paper demonstrated that thi8PS DNA fragment met the The CV values just varied from 0.76 to 5.46%, and the SD
requirements of the reference gene, i.e., rice species specificity values were between 0 and 0.16. So the quantitative PCR system
one copy number in the rice genome, and low heterogeneity could be considered to work reliably and stably.
among the different tested rice cultivars. For practical use of th8PSgene as an endogenous reference

To set up the qualitative and quantitative PCR detection gene of rice, we detected the amount@f S transgenic rice
system using this endogenous reference gene, we designed ay using multiplex quantitative PCR. The multiplex system is
primer pair (SPSF/SPSR) to be used in the two PCR assays.useful because one primer set can be used to detect the amount
The amplicons for the PCR products with an 81 bp length and of a transgene that is variable and another can be used to detect
its related qualitative and quantitative PCR cycling conditions an endogenous gene that is relatively constant, used as a
were suitable for GMOs detection, which were similar to those reference, and has the advantage of not requiring the construc-
of other widely used endogenous genes, such as nzasne tion of standard curves for both genes of the endogenous
and soybearectinin GMOs detection 11). In addition, the reference gene and transgene. Instead, it requires a validation
sensitivities of 50 pg of rice genomic DNA for qualitative PCR  experiment to demonstrate that reaction efficiencies for the
and 5 pg of DNA for quantitative PCR were acceptable in transgene and the endogenous reference gene are identical or
GMOs detection®). Similar results were also reported for GM  very close 24). A sensitive method for assessing if two
soybean, maize, and rapeseed detection usg#atjn (20), Zein amplicons have the same efficiency is to examine ho@t
(14), andBnACCg8as endogenous reference genes (18). varies (Ct target- Ct reference) with template dilutions (23).

To assay the accuracy of the quantification system, we Because the reaction efficiencies of the ta@etSgene (0.95)
generated a standard curve by Ct value against initial rice DNA and referencé&SPSgene (0.94) in our tests were similar, the
quality. TheR? of the standard curve was 0.9990. When the ACt calculation for the relative quantification of tleJSgene
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ferase geneH{PT) in transgenic rice, and similar quantification food: detection of soya in processed meat productsebensm.

Unters. Forsch1996,203, 339—344.

(16) Delano, J.; Schmidt, A.-M.; Wall, E.; Green, M.; Masri, S.
Reliable detection and identification of genetically modified
maize, soybean and canola by multiplex PCR analysi&gric.

results as that of th&USgene detection were obtained (data
not shown). All of these results demonstrated thatSR&gene
could be used as the endogenous reference gene for GM rice

detection. Food Chem2003,51, 5839—5834.
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