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The quantification of GMOs by real-time PCR relies on an external calibrant. In this paper the suitability
of two DNA calibrants, genomic DNA from plant leaves and plasmidic DNA, was investigated. The
PCR efficiencies, the correlation coefficients of the calibration curves, and the ratios between PCR
efficiencies of transgenic and endogenous sequences were compared for both calibrants using 59
data sets produced by 43 laboratories. There were no significant differences between plasmidic and
genomic DNA except for the PCR efficiencies of the calibration curves for the transgene of the
construct-specific real-time PCR method. In the GM system investigated, PCR efficiencies of plasmidic
calibrants were slightly closer to the PCR efficiencies observed for the unknowns than those of the
genomic DNA calibrant. Therefore, plasmidic DNA was the more suitable calibrant for the PCR
measurements on genomic DNA extracted from MON 810 seeds. It is shown that plasmidic DNA is
an appropriate choice for the calibration of measurements of MON 810 corn with respect to the DNA
copy number ratio.
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INTRODUCTION particular, the equivalence of the behavior of the calibrant and

Metrological traceability of quantitative measurement results the specific analytical sample in a real-time PCR reaction had
of DNA fragments used for the determination of the genetically Still 10 be proven. To assess suitability, the closeness of
modified (GM) content in food and feed is required to achieve 29r€eément between the PCR efficiencies of the potential DNA
a reliable and consequently also comparable quantification of calibrant and the PCR efficiencies obtained for DNA extracted
such fragments. Therefore, the general aim of this publication oM unknown samples has to be analyzed.
series is to describe systematic studies of metrological trace- 1he study had to provide a sufficiently large number of
ability in GM measurements and to assess influencing quantitiesMeéasurement data to establish the basis for testing the statistical
eventually leading to a bias in the measurement results. agmf_mance of various mfluencmg quantities. This also allowed
Metrological traceability refers to “the property of a measure- defining a strategy for the certification of the GM reference
ment result relating the result to a stated metrological referenceMaterials (RMs) with respect to their DNA copy number ratio.
through an unbroken chain of calibrations of a measuring system!n addition, this systematic set of data was exploited for
or comparisons, each contributing to the stated measuremengValuating the expanded combined standard uncertainty associ-
uncertainty” (1). Results reported in part 2 indicated that the ated with a certified value expressed in copy number ratios.
calibrant plays a major role in the real-time Polymerase Chain
Reaction (PCR) measurement of genetically modified organisms MATERIALS AND METHODS
(GMOs). Therefore, this paper aims to assess the effect of the

type Of_ DNA calibrant, namely, plasr_n_ldlc_ DNA (pDNA) or description of the experimental setup and methodology of the inter-
genomic DNA (gDNA), on GM quantification by using them |aporatory study with 43 participating laboratories and a total of 268
for the calibration of real-time PCR measurements. Different real-time PCR experiments. Four seed powder materials, containing
aspects of gDNA and pDNA calibrants have been compared in different mass fractions of the GM event MON 810 cofie& mays)
papers published earlier (2). However, a systematic study of  (mass fractions of 0.8, 1.5, 3.8, and 4.5%), were used in this study as
the suitability of a calibrant was not reported until now. In unknowns and were analyzed using three DNA extraction and two real-
time PCR methods (4).

* Corresponding author (telephore32 14 571 884; faxt32 14 571 The GM content of a sample is determined in real-time PCR relative
548; e-mail diana.charels@ec.europa.eu). to an endogenous reference. Two calibration curves, namely, transgenic
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10.1021/jf0629336 CCC: $37.00 ~ © 2007 American Chemical Society
Published on Web 04/04/2007



Metrological Traceability for DNA Fragment Ratios. 3 J. Agric. Food Chem., Vol. 55, No. 9, 2007 3269

Table 1. Comparison of the PCR Efficiencies (¢) of gDNA Calibrants, pDNA Calibrants, and gDNA Extracted from Unknown Samples (uUDNA) by
Means of Two-Sided t Tests for the Construct-Specific (A) and Event-Specific (B) Real-Time PCR Methods?

mean € and SD (%) variance (%)
unknown samples calibrant calibrant p for difference in e
target between pDNA  between pDNA  between gDNA
sequence UDNA pDNA gDNA pDNA  gDNA n and gDNA and uDNA and uDNA
(A) Construct-Specific Method
endogenous  zSSlib 96.5+8.0 934+41 91.1+53 0.14 0.23 29 0.05° 0.07¢ 3x107%
transgenic hsp70/crylA(b) 98.0+6.8 943+37 90.6+54 0.07 0.23 29 8x1074¢ 0.01¢ 3x1075¢
(B) Event-Specific Method

endogenous  hmg 96.0+7.7 95.4+37 945+44 0.11 0.13 30 0.3 0.6¢ 0.2
transgenic plant/P35S 92.1+6.9 90.1+53 874%57 015 026 30 0.03° 0.1¢ 6 x1073¢

junction

2DNA refers to the PCR efficiency derived from dilution of the unknown samples; n indicates the number of data sets; p indicates probability. © Two-sided t tests
assuming equal variances were performed as the F tests showed no significant differences between variances. ¢ Two-sided ¢ tests assuming unequal variances were
performed as the F tests revealed significant differences between variances.

and endogenous calibration curves, were set up for each DNA calibrantTable 2. t Tests To Compare R?2 Coefficients of pDNA and gDNA
as a consequence of this relative quantification. To ensure that the value<Calibration Curves for the Construct-Specific (A) and Event-Specific
measured for the unknown samples fall in the range covered by the (B) Real-Time PCR Methods®

calibration curves, low- and high-range dilution series were prepared

with the gDNA extracted from leaves and with pDNA. The slope and mean R ? variance
the PCR efficiency are related according to the equation pDNA  gDNA pDNA gDNA n p
(A) Construct-Specific Method
e =10 Yslope_q (1) 28Slib 0998 0998 1.02x10° 503x10°¢ 29 05b¢
hsp70/crylA(b)  0.997 0998 107x10~5 4.66x10°6 29 05b¢
based on the conventional real-time PCR the6)y(th ¢ = efficiency (B) Event-Specific Method
of the PCR reaction. hmg 0999 0999 4.02x1077 1.10x1076 30 0.5
In a first step, the similarity of the transgenic and the endogenous Plant/P35S 0998 0998 290x10°¢ 204x10°® 30 05

calibration curves obtained with each type of calibrant was investigated ~ junction
by comparing the PCR efficiencies via the slopes of the curves, the
correlation coefficients of the two calibration curves, and the ratio a nindicates the number of data sets and p the probability. © At a 95% confidence
between PCR efficiencies of transgenic and endogenous sequences. Ifevel, two-sided ¢ tests assuming unequal variances were performed as the F tests
a second step, the suitability of the calibrant was investigated by revealed significant differences between variances. At a 99% confidence level,
comparing the PCR efficiencies of the calibration curves with the curves two-sided t tests assuming equal variances were performed as the F tests showed
obtained from the dilution of the unknown samples under investigation. no significant differences between variances.

The PCR efficiencies obtained by diluting the gDNA extracted from . . - . . .
ground seeds were compared with the PCR efficiencies obtained by ~C0mparison of Ratios of PCR EfficienciesThe calibration

dilution of the pDNA and gDNA calibrants: tests were performedto  CuUrves obtained by diluting the transgenic and the endogenous
investigate if variances between groups were similar. Wheif ttest targets for gDNA and pDNA were compared with each other.
revealed significant differences,taest assuming unequal variances To allow this comparison the ratio of the PCR efficiencies for
was performed. Otherwise, two-sidetests assuming equal variances  both targets was calculated. In theory, this ratio is equal to 1 if
were used to investigate if the differences between certain groups werethe PCR efficiencies of both targets are identical. This ratio
significant. In addition, multiple alignment Tukey (_md Ngwma(euls should also be equal to 1 if gDNA and pDNA express similar
tests were performed to compare_the PCR efficiencies of unknown pyanaviors in the measurement process. Variotssts were
samples and pDNA and gDNA calibrants. performed to compare the ratios of PCR efficiencies of the
gDNA calibrants with those of the pDNA calibrants. For both
detection methods, a comparison of the ratios of the PCR
PCR Efficiencies of the Calibrants. Plasmidic calibrants efficiencies did not reveal any significant differences between
yielded slightly higher PCR efficiencies for the construct-specific pDNA and gDNA calibrantsd = 0.2 in both cases). For the
and event-specific real-time PCR detection methods than theconstruct- and event-specific detection methods the transgene
gDNA calibrants extracted from leave$agble 1). The PCR to endogene ratios of PCR efficiencies of the unknown samples
efficiencies estimated for the transgenic targets of both PCR (1.02, 0.96) were slightly closer to the ratios obtained for pDNA
methods were slightly less optimal when using gDNA (90.6 calibrants (1.01, 0.94) than to those of the gDNA calibrant (1.00,
and 87.4% versus 94.3 and 90.1% for the gDNA and pDNA 0.93).
calibration curves of the construct- and event-specific detection Comparison of Correlation Coefficients of DNA Calibra-
methods, respectively). No significant differences between PCR tion Curves. The correlation coefficientR?) provides informa-
efficiencies of gDNA and pDNA calibrants were found for the tion about the fitting of data to a linear calibration curve. A
endogenous targeSSlib(probability p = 0.052) anchmg(p comparison of the correlation coefficients of pPDNA and gDNA
= 0.3) of both real-time PCR detection methodsalfle 1). calibration curves did not show significant differences for both
However, there was a significant influence of the type of the PCR methods (p= 0.5 for all targeted sequences) (Table 2).
DNA calibrant on the PCR efficiency of the transgenic target However, it must be mentioned that entire data sets from single
sequencessp70/crylA(bYp = 8 x 1074 and the plant/P35S  laboratories exhibiting &2 value below 0.98 for one of the
junction (p = 0.03) specific for the construct- and event-specific calibration curves had been excluded beforehand as recom-
detection methods, respectively (Table 1). mended in the method validation guidelines of the Community

RESULTS
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Table 3. Differences in PCR Efficiencies between DNA Calibrants (JDNA, pDNA) and gDNA Extracted from Unknown Samples (uDNA) for the
Construct-Specific (A) and Event-Specific (B) Real-Time PCR Methods?

DNA extraction average difference between average difference between
n method target gDNA and uDNA (%) SD (%) pDNA and uDNA (%) SD (%)
(A) Construct-Specific Method
10 CTAB (1) z5Slib —4.65 8.91 -3.10 10.31
9 Wizard (2) z5Slb -4.30 8.81 -2.85 8.72
10 GENESpin (3) zSSllb -6.96 6.08 -331 6.78
29 all combined zSSlib —-5.34 7.81 -3.09 8.41
10 CTAB (1) hsp70/crylA(b) -5.67 5.17 -2.40 481
9 Wizard (2) hsp70/crylA(b) -7.62 9.17 -2.27 7.24
10 GENESpin (3) hsp70/crylA(b) -8.88 9.30 -6.09 9.04
29 all combined hsp70/crylA(b) -7.38 7.89 -3.63 7.21
(B) Event-Specific Method
10 CTAB (4) hmg -4.21 6.32 -2.34 7.06
10 Wizard (5) hmg 1.87 3.56 2.35 379
10 GENESpin (6) hmg -3.75 12.57 -2.44 11.92
30 all combined hmg -1.96 8.62 -0.76 8.36
10 CTAB (4) plant/P35S junction -2.32 9.80 -0.06 6.08
10 Wizard (5) plant/P35S junction -4.68 4.83 -2.28 5.61
10 GENESpin (6) plant/P35S junction —6.69 11.18 -4.73 11.52
30 all combined plant/P35S junction —4.64 8.85 -2.44 8.19

an, number of data sets; SD, standard deviation. The method combination number (part 2) is indicated in parentheses (column 2).

Table 4. Probability p for Differences in PCR Efficiencies Calculated by Multiple Alignments of PCR Efficiencies (€) of pDNA Calibrants, gDNA
Calibrants, and Unknown Samples (uUDNA)

p for difference in e

Tukey Newman—Keuls
between pDNA between pDNA between gDNA between pDNA between pDNA between gDNA

and gDNA and uDNA and uDNA and gDNA and uDNA and uDNA
zSSlib 03 0.1 2x107° 0.1 0.045 2x1078
hsp70/crylA(b) 0.02 0.03 1x1074 8x107° 0.01 1x1074
hmg 0.6 0.8 0.3 0.4 0.6 0.3
plant/P35S junction 0.3 0.2 6x 1073 0.1 0.1 6x1073

Reference Laboratory for GM Food and Fe&Jl Such a low In addition, PCR efficiencies of each DNA calibrant and the

correlation coefficient was not accepted within this study as it unknown samples were compared usingests. With the
may reflect erroneous dilutions or inappropriate PCR amplifica- exception of the transgenic targlesp70/crylA(b)(p = 0.01)
tion (part 2). pDNA and gDNA calibrants provided the same no significant differences were found between PCR efficiencies
good linearity of calibration curves. of pDNA calibrants and unknown samplegs= 0.07, 0.6, and
Totals of 58 and 60 calibration curves were compared for 0.1 for zSSIlh hmg and plant/P35S junction, respectively)
the construct- and event-specific detection methods, respectively(Table 1). The PCR efficiencies of gDNA calibrants and
95% (pDNA) and 93% (gDNA) of the calibration curves were unknown samples differed significantly for the target sequences
linear for the construct-specific detection method in the con- zSSlIb(p = 3 x 1073), hsp70/crylA(b)(p = 3 x 10°°), and
centration ranges of 2040000 and 55000 cp for pDNA and plant/P35S junction (p= 6 x 1073), but not for thehmg
gDNA calibrants, respectively. The calibration curves for gDNA sequence (= 0.2) (Table 1). Subsequent multiple alignments
were linear for higher dilution levels compared to pDNA for of the PCR efficiencies of pDNA, gDNA, and unknown samples
the event-specific method. However, such an observation shouldare depicted inTable 4. Tukey and NewmanKeuls tests
be interpreted with care as the nominal copy numbers are proneconfirmed the observations of the two-sidddsts summarized
to error due to, for example, mistakes in the estimation of the in Table 1 except for two comparisons. For the endogenous
genome size and the DNA quantification. zSSllbsequence Newman—Keuls showed a significant differ-
Comparison of PCR Efficiencies of Unknown Samples  €nce between the pDNA calibrant and the unknown samples (
with gDNA and pDNA Calibrants. The average difference of = 0.045), whereas Tukey (= 0.1) and thet test (p= 0.07)
PCR efficiencies between pDNA/gDNA calibrants and unknown did not give such an indicatiof@bles 1and4). There was no
seed powder samples was compared for each method combinagffect of the type of calibrant on the PCR efficiency for the
tion of DNA extraction and real-time PCR. The differences in transgenic plant/P35S junction target sequemnce=(0.3 and
PCR efficiencies of the calibration curves between gDNA 0.1 for Tukey and NewmarKeuls, respectively), but a
calibrants and the unknown powder samples were with one Significant difference between both calibrants was noted for the
exception always slightly larger compared to the difference t test (p= 0.03).
between the pDNA calibrants and the unknown powder samples The average DNA copy number ratio was determined for each
(Table 3). When two-sided tests were applied, the differences method combination of DNA extraction and real-time PCR.
of the PCR efficiencies of each type of calibrant to the unknown Calibration with gDNA extracted from leaves yielded average
powder samples were statistically not significant (results not values that were }#27% higher than those obtained with
shown). pDNA (Table 5). Moreover, it was reported in part 2 of this
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Table 5. Overview of the Difference in Copy Number Ratios Obtained with k = coverage factonjchar = uncertainty contribution from
with pDNA and gDNA Calibrants for Each PCR Method the characterizationy,, = uncertainty contribution from the
homogeneity study, angks = uncertainty contribution from the
A mass gDNA pDNA difference® stability study.
detectionmethod _ fraction (%) _ (eplep)  (cplcp) (o) Different matrix powder GM materials from corn have been
construct-specific 08 059 0.46 2 produced at IRMM and are undergoing regular long-term
é;g ;é (2):?7 ig stability monitoring. It turned out that they possess identical
45 30 26 17 stability properties. Therefore, the uncertainty contribution for
event-specific 08 055 0.45 21 the long-term st.ability coulq be taken frqm a previous cgrtifica—
15 0.99 081 2 tion study (relative uncertainty contribution of-8% for a time
38 24 2.1 17 interval of 24 months and GM fractions between 0.8 and 4.5%
45 29 24 18 m/m) (9). A further contribution to the combined uncertainty
comes from the homogeneity assessment. Its relative value was
2 The difference in copy number ratios was calculated according to the following estimated between 9.8 and 3.2% for GM mass fractions between
formula: difference = (copy number ratio gDNA) — copy number ratio pDNA/copy 1 and 10% {0). Therefore, the expanded uncertaibiygy for

number ratio pDNA (eq 2). certified values can be expected to be-6023, which corre-

sponds to a relative uncertainty of-27% for the different GM
series that the measurement results originating from the concentrations (Table 6).

construct-specific detection method showed for each type of

DNA calibrant a dependence of the DNA extraction method. 5 5-yssion

As there was no detectable influence from the DNA extraction

method for the event-specific detection method, it was possible Higher copy number ratios were obtained in several cases
to combine the measurement results of the three correspondingvhen gDNA was used for the calibration of real-time PCR
DNA extraction methods. It was also reported in part 2 that the measurements. Therefore, it has been investigated which type
results obtained by using plasmids for calibration showed of calibrant has properties that are closest to the properties of
frequently a smaller standard deviation than those originating the DNA extracted from the unknown samples. As there are
from genomic calibration curves. Because measurements on thecurrently no matrix RMs available that are certified for their
same extracts from the unknowns were calibrated with the two DNA copy number ratio, the absolute true copy number cannot
types of DNA, a smaller standard deviation on the results using be determined and can be approached only in an iterative
pDNA calibrants indicates better reproducibility of calibration process. An estimation of copy number ratios in different corn
curves based on pDNA calibrants compared to gDNA calibrants. varieties has been publishet?). These data are based on one

The type of DNA calibrant used in this study had a significant DNA extraction method. Therefore, the assumptions made
impact on the PCR efficiency of the transgenic taragp70/ cannot be generalized as the application of a different DNA
crylA(b) in the MON 810 model Tables 1and4). However, extraction method may influence the relative extractability of
there is no evidence that these findings can be generalized. Thélifferent tissue types and could therefore shift the estimated
calibrant has to behave similarly to the specific analytical sample COPY number ratio. As it has been shown in our study (part 2)
to obtain measurement results that are close to the true valuethat the copy number ratio determined by PCR may depend on
The PCR efficiencies of pDNA calibrants were closer to the theé DNA extraction method applied when different DNA
PCR efficiencies of the unknown sample than the ones for €xtraction methods are used, a bias cannot be excluded. In the
gDNA calibrants (Table 1). For the event-specific method, the MON 810 corn model, calibration with pDNA provided values
pDNA calibrant and the unknown sample behave similarly closer to the estimated copy nur_nber_ ratlo_accordlng to Holst-
because no statistically significant differences were observedJensen et al1@) compared to calibration with gDNA (part 2).
(Tables 1 and 4). On the contrary, there was a significant The question of whether a certain calibrant leads to measure-
difference between the PCR efficiencies of the transgenic targetment results close to the true value can be answered only on
hsp70/crylA(bfor the pDNA calibrant and the unknown sample the basis of an investigation of .well-characterlzed known
for the construct-specific method (Tablesahd 4). samples. In the classic metrological approach for complex

Certification of Materials for Their DNA Copy Number samples (e.g., for element quantifications in foodstuff) the
Ratio. The expanded combined standard uncertainty of the trueness \_Nould preferably be assessed thr_ough the use of more
certified value is an important quality parameter of certified than one independent method based on different measurement
reference materials. Therefore, the uncertainty, which can bePrinciples for quantification. This is, however, not possible in
expected for certified values of copy number ratios in matrix the case of measurements for the MON 810 corn model as it
RMs, was calculated in a theoretical exercise on the basis of @S been shown here that only one quantitative event-specific
results obtained during this and other studies. As pDNA seemed'€@/-time PCR method can be used. Consequently, the true value
to be the most suitable calibrant for the MON 810 corn model, ¢@n be approached only in a stepwise manner by trying to
the average copy number ratios and their uncertainties wereldentify and eliminate any bias. A suitable DNA calibrant has

calculated from the data of the event-specific detection method 1© Pe€have similarly to the sample under investigation, which is
calibrated with pDNA and using all three DNA extraction @ Prerequisite for correct measurement results. For GM quan-
methods (Table 6). tification by real-time PCR, suitability of the calibrant can be

assessed, on the one hand, by comparing the calibration curves
with the curves obtained for the diluted unknown samples. On
the other hand, several characteristics such as the slope,
correlation coefficient, and ratios of PCR efficiencies of
calibration curves need to be compared. Through the use of a
5 2 12 multiparametric approach the properties of the DNA calibrant
Ucrm = K(Wgpg + Uy + U (3) can be determined. A comparison of the aforementioned

In general, the expanded combined uncertainty is calculated
according to the following formula and comprises contributions
from the value assignment (characterization), the homogeneity,
and the stability (8)
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Table 6. Average Copy Number Ratios and Expanded Combined Uncertainties (Ucru, kK = 2) for the Event-Specific Detection Method, Obtained
with a pDNA Calibrant?

mass average copy relative standard uncertainty contribution Ucrn®
fraction (%) no. ratio homogeneity? (%) stability® (%) characterization® (%) Urel (%) (copy no. ratio)
038 0.45 9.8 8.3 39 27 0.2
15 0.81 9.8 44 27 22 0.2
38 21 32 18 34 10 0.2
45 24 32 15 29 9 03

a U refers to the relative expanded combined uncertainty. ® The uncertainty contribution from the homogeneity is relative to a mass fraction and was determined using
data from a previous study (10). ¢ This uncertainty contribution was estimated using data from previous long-term stability studies (9) and is expressed relative to a mass
fraction. @ The uncertainty contribution was assessed using data from this study and is expressed relative to a copy number ratio. € Ucry is calculated according to the
following formula: Ucrm = k(Uenar + U2 + Uis)"? (e 3), with k = 2 corresponding to a level of confidence of about 95% (11).

characteristics of DNA calibration curves has been performed dilution of DNA calibrants. The presence of background DNA
previously by Taverniers et al2), but their finding that the for pDNA calibrants could prevent the unspecific interaction
test did not reveal any significant differences related to the of target DNA sequences with the walls of the vial, whereas
comparison of slopey,intercepts, and correlation coefficients gDNA diluted in nuclease-free water could be prone to such
between gDNA and pDNA calibration curves may not be effects for the lower concentration levels.
representative due to the limited number of calibration curves  Acknowledging the significance of the PCR efficiencies for
compared (n= 4). the quantification by real-time PCR, the PCR efficiencies of
In the study reported here, statistical analyses have shownthe two types of DNA calibrants were compared with the PCR
that pDNA and gDNA calibrants behave in a similar way for efficiencies of the gDNA extracted from unknown seed powder
the parameters studiedgbles 2and3) with the exception of ~ samples (Tables and4). The PCR efficiencies of the extracts
the PCR efficiency of the transgenic target sequemsg’0/ from the unknowns were estimated from a dilution series of
crylA(b) (Tables 1and4). However, the DNA copy number the extracts (2 and 5«< dilutions). The differences in PCR
ratio of transgenic to endogenous target sequences needs alsefficiencies between the pDNA calibrant and unknown samples
to be taken into account because the GM content is expressedvere with one exception smaller than those between gDNA and
relative to an endogenous reference. There was no significantthe unknowns. The smallest difference between the PCR
difference between both calibrants with respect to the ratios of efficiencies of the calibrant and the analytical sample is likely
PCR efficiencies of the transgenic to the endogenous targetto give copy number ratios close to the true value. Although
sequence. However, even though the ratios of the PCR efficien-tempting, it is not possible to select the best-suited DNA
cies for the two target sequences might be identical, the extraction method on the basis of the results displayddbie
individual PCR efficiency of each target sequence has a 3. Judging from the smallest difference in PCR efficiencies,
significant impact on GM quantification by real-time PCR. one would choose the cetyl trimethyl ammonium bromide
There is a significant difference, with respect to the PCR (CTAB) DNA extraction method ¥6) for the extraction of
efficiency of the transgenic target sequences, between gDNAgDNA from unknown samples when the event-specific real-
and pDNA calibrants for the construct-specific real-time PCR time PCR detection method and the pDNA calibrant are applied
detection method (Tables &nd 4). The effect of just a 4%  (Table 3). A comparison of the copy number ratios for this
difference in PCR efficiencies of the transgenic target sequencePCR method obtained with each DNA extraction method,
on GM quantification by real-time PCR can generate a much however, shows that all three DNA extraction methods perform
larger difference in copy number due to the exponential nature equally well (part 2). It is not possible to select the “ideal” DNA
of the amplification within PCR measurements3). Conse- extraction method that gives copy number ratios closest to the
quently, such a small difference in PCR efficiencies of pPDNA true value on the basis of the difference between the PCR
and gDNA calibrants may explain the range of overestimation efficiencies of the calibrant and the unknown sample within
(17—27%) observed when the average values obtained arethe measurement variability. Because the number of data sets
compared (Table 5). There are, however, two prerequisites to for each DNA extraction methoch(= 9—10) is too limited,
identify the impact of the PCR efficiency on the measurement the differences in PCR efficiencies between the pDNA calibrant
results. A large systematic set of data has to be available forand the unknown sample are statistically not significant. One
calculations, and the calibration curves should be linear. would have to investigate the suitability of the different
Nogva and Rudi 14) hypothesized that the copy number calibrants and extraction methods on a case by case basis.
quantification could be influenced by a difference in PCR Considering all data from one PCR method, the differences in
amplification efficiencies of different lengths of fragments PCR efficiencies between the gDNA calibrant and the unknown
during the first cycles of PCR. They suggested that smaller DNA sample are always larger-p.3 versus—3.1%, —7.4 versus
fragments generated during the amplification are more easily —3.6%, —2.0 versus—0.8%, and—4.6 versus—2.4% for the
accessible for the polymerase. This is apparently not the casezSSllIb,hsp70/crylA(b),hmg, and plant/P35S junction targets
in the current study. Indeed, the PCR efficiencies obtained from of the construct- and event-specific methods, respectively] than
dilution of gDNA extracted from unknown seed powder samples those between the pDNA calibrant and the unknown sample
were higher than the PCR efficiencies of the similarly sized (Table 3).
gDNA calibrant extracted from leave3dble 1). The lower In this study a significant difference between the PCR
PCR efficiency noted for the gDNA calibrant extracted from efficiencies of the transgenic target sequence from pDNA and
leaves may be due to the influence of substances coextractedyDNA calibrants was encountered when all data sets from the
with DNA and/or components of DNA isolation buffer$). construct-specific PCR method were pooldalfle 1). More-
A possible reason for the difference in PCR efficiencies of over, it was shown that the gDNA calibrant behaves in a
gDNA and pDNA calibrants could be the solution used for the different way compared to the sample under investigation for
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three of four target sequencéaple 4). Altogether our results ~ from the cauliflower mosaic virus 35S promoter; pDNA,
indicate that pDNA is a suitable calibrant for the event-specific plasmidic DNA; k, coverage factor;p, probability; PCR,
PCR method for the MON 810 corn model. The data from the Polymerase Chain Reaction; RM, reference mateRal;cor-
construct-specific method were not taken into account becauserelation coefficient, SD, standard deviatiom;,, uncertainty
of the dependence of the copy number ratio on the DNA contribution from the homogeneity studyihas uncertainty
extraction method applied and the significant difference between contribution from the characterizationss, uncertainty contribu-
the PCR efficiencies of the pDNA calibrant and the analytical tion from the stability study;Ucrm, expanded combined
sample for the transgenic target sequertsp70/crylA(b) uncertainty; uDNA, gDNA extracted from unknown samples;
(Tables 1and4). Consequently, the uncertainty on the DNA zSSllb,Zeastarch synthase Ilb gene.
copy number ratio to be expected for a MON 810 certified
reference material was estimated by applying the data obtainedaACKNOWLEDGMENT
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of existing GM RMs is currently expressed as a mass fraction. Middlesex, United Kingdom; Institute of Chemical Technology,
After characterization and certification of the existing RMs with Prague, Czech Republic; Istituto Superiore di Sanita-Laboratorio
respect to their copy number ratio, the corresponding CRMs di chimica dei cereali, Rome, Italy; Canadian Food Inspection
will carry information about their GM content expressed in both Agency, Ottawa, Canada; Niederséchsisches Landesamt fu
measurement units. This would support also the European©Okologie, Hildesheim, Germany; NEOTRON S.p.A-R&D-
Commission Recommendation 2004/787/EC (17). Biotechnolqgies testing Qnd _innovations-GMO-GeneticaIIy Modi-
There are various reasons why the values for the DNA copy fied Organisms, S. Maria Di Mugnano, Modena, Italy; Landes-
number ratio will need to be established for each RM on a case Untersuchungsanstalt fir das Gesundheits- und Veterindrwesen
by case basis. For instance, there is a dependence of the GMPachsen, Dresden, Germany; Behérde flir Umwelt und Gesund-
content of corn expressed as a mass fraction on the genetid'€it, Hamburg, Germany; National Food Research Institute,
composition of the seed samplek8(19). The endosperm of ~ Tsukuba, Japan; DEFRA-Central Science Laboratory, York,
com is a triploid tissue. The GM content of this tissue will United Kingdom; Veterineerinstituttet Seksjon fofrfoog
depend on the parental origin of the donor (idgr 9) of the naeringsmiddelmikrobiologi, Oslo, Norv_vay; Danish Plgnf Di-
GM trait. In addition, the DNA content of the endosperm Tectorate, Lyngby, Denmark; Lebensmlttel- unq Veterinarunt-
changes during the ripening process of the kerr2).( ersuchungsamt 'des Landes Schleswig-Holstein, NeumUnste'r,
Moreover, it has been shown that processing of the materials Germany; Nestlé Research Center Lausanne, Lausanne, Swit-
can cause DNA degradation resulting in the measurement ofZerland; National Veterinary Laboratory of the Republic of
different copy number ratios (222). Anyhow, the results of L|thuan|a,. V|In|ys, L|t[huan|a; Blotechnology. Branch Chief,
the current study have revealed the influence of the type of DNA Kansas _Clty, Missouri; Korean Res_earch Institute of Stand_{?\rds
calibrant on the measurement result of GM quantification by @nd Science, Yuseong-Gu, Daejeon, South Korea; Rijks-
real-time PCR. The data are used to define a detailed S»[ra»[egwaal|te|tS|nstltuut voor Land- en Tuinbouwproducten, Wagenin-
for the certification of GM RMs with respect to their copy 9eN. The Netherlands; EC-JRC-IHCP, Ispra (VA), ltaly; Lab-
number ratio. Moreover, the data indicate that studies have tooratoire National de Santé-Division du Controle des Desre
be carried out for each RM and its associated real-time PCR Alimentaires, Luxembourg; Scottish Agricultural Science Agency,
detection method, to allow the selection of an appropriate DNA Edinburgh, United Kingdom; Research Institute of Crop Pro-

extraction method and to choose the suitable type of DNA duction, Prague-Ruzyne, Czech Republic; Landesamt fiir Ge-
calibrant. sundheit und Lebensmittelsicherheit, Oberschleissheim, Ger-

many; ENSE Laboratorio Analisi Sementi, Tavazzano (LO),
Italy; Chemisches und Veterindruntersuchungsamt Freiburg,
Freiburg, Germany; Eurofins/WEJ Dept Biology 135, Hamburg,
CRM, Certified Reference Material; CTAB, cetyl trimethyl Germany; Landesbetrieb Hessiches Landeslabor, Kassel, Ger-
ammonium bromide; Ct, cycle threshold; DNA, deoxyribo- many; National Food Administration, Uppsala, Sweden; Finnish
nucleic acidg, efficiency of the PCR reaction; gDNA, genomic  Customs Laboratory—Tullilaboratorio, Espoo, Finland; Nied-
DNA; GM, genetically modified; GMO, genetically modified ersdchsisches Landesamt fiir Verbraucherschutz und Lebens-
organism(s);hmg, high mobility group genehsp70/crylA(b), mittelsicherheit, Braunschweig, Germany; Institut Scientifique
junction region between the no. 1 intron sequence of the heatde la Santé Publique-Section de Biosecurité et Biotechnologie,
shock protein 70 gene and thgacillus thuringiensisgene Bruxelles, Belgium; Instituut voor Landbouw- en Visserijonder-
encoding CrylA(b); IRMM, Institute for Reference Materials zoek, Melle, Belgium; National Public Health Center-National
and Measurements; number of data sets; plant/P35S junction, Institute of Food Hygiene and Nutrition, Budapest, Hungary;
junction between the integration-border region of the plant TNO Nutrition and Food Research, Zeist, The Netherlands;
genomic sequence and the inserted sequence element originatinnstitut Provencial D’Hygiene et de Bactériologie du Hainaut,
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Mons, Belgium; Laboratoire National de la Protection des
Végéaaux d'Orleans, Fleury les Aubrais, France; National
Institute of Biology, Ljubljana, Slovenia; BioGEVES, Surgeres,
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