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Homogeneity analysis was performed on four distinctive commercial lots, derived from the 2006 rice
harvest in the United States. Lots that had previously been tested and suspected to have some level
of LL601 were selected to determine lot homogeneity. LL601 infiltration in the lots was low and
estimated to contain <0.01% (o = 0.026), 0.014% (0 = 0.020), 0.054% (o = 0.043), and 0.074%
(0 = 0.031) LL601. Lots were analyzed statistically as a one-way classification, or one-factor
experiment, to assess the presence of strata within the lot. A p value of 0.05 or lower is needed to
declare statistical significance and would suggest significant differences among the samples. The
data revealed p values ranging between 0.105 and 0.607. The calculated p values for all lots were
greater than the critical value of 0.05. Samples taken from different locations throughout these four
commercial lots did not show statistically significant stratifications within the lot.
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INTRODUCTION the trait and its uncertainty. Developing appropriate sampling

. plans can help ensure that the analytical sample is an accurate
Through biotechnology, novel DNA sequences from unrelated representation of the lot. Statistics and probability can be used

species can be inserted into the chromosomes of plants, enablingﬂ timate the likel that le deviates f true lot
them to express new traits that are not normally expressed in 0 estimate the fikely range that a sample deviates from true o
content, provided that minimal stratification exists within the

the plant (). Advances in the agricultural biotechnology industry )
over the past 10 years have produced biotechnology-derived!ot: Although good sampling plans attempt to account for
traits, the characteristics of which must be thoroughly investi- Potential heterogeneity within a bulk lot of grain, sampling
gated prior to authorization for commercialization (2). These continues to be a ubiquitous source of error in the quantitative
innovations necessitated the implementation of control mech- estimation of the trait characteristics of a lot. Statistical
anisms such that no unauthorized biotechnology-derived traits properties of an acceptance sampling plan are characterized by
exist in commercialized lots of grains or when legislative the operating characteristic curve representing the acceptance
mandates implement compulsory labeling on grain (2). The probability and attempts to allay risks of both buyers and sellers
principal analytical procedures used for detecting biotechnology- (8).
derived traits_in grains a}nd oilseedg include (1) antibody-pased Stratification occurs when segments of a lot have different
methods, which detect intact protein products (enzyme-llllnked concentrations of a characteristic trait. Stratification, in a
immunosorbent assays and lateral flow stripS) and (i) sampling context, is not limited to a definition of horizontal
Polymerase Chain Reaction (PCR), which identifies the presence, . lot ' h b bin. Stratificati b
of a DNA sequence unique to the biotechnology-derived trait ayers In a lol, such as a barge or a bin. stratitication can be
(1, 4, 5). Both protein- and DNA-based technologies are widely viewed as hlgh and low conceptrauon; ina row_mg grain stream
accepted methods to measure the presence of biotechnology@S the grain passes a sampling device. Stratification can also
derived traits in consignments of graid, 6, 7). Quantitative D€ Viewed as changes in concentration from one end of a barge
Polymerase Chain Reaction (qPCR) is an established analyticaf® another. The stratification characteristics of a lot will likely
method, accepted worldwide, as a means to measure amount§hange every time a lot is moved from one container to another.
of biotechnology-derived traits in a bulk lot. However, this Despite statistical models of sampling, it is unknown to what
approach implies an inherent knowledge of the distribution of extent stratification affects the accuracy of this process.
Furthermore, stratifications within a lot can contribute to poor
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flexible and economical can ensure that the sample is an accurate
representation of the lot and complies with regulatory mandates
(20).

Biotechnology-derived traits are present within the market-
place in various commodities. The inadvertent release of
unapproved biotechnology-derived traits has become an increas-
ing concern to grain-exporting countries because of the deleteri-
ous consequences with international trade and the devaluation
of the commodity. Such an incident typically requires extensive
sampling and testing for the biotechnology-derived trait)(
Stratification within lots has been of concern to countries that
import large quantities of rice from the United States, due to
the inadvertent release of low levels of Liberty Link 601
(LL601) into its commercial supplies.

LL601 contains a 35S promoter and a phosphinothri¢in-
acetyl transferase (PAT/bar). Thmat/bargenes, isolated from
Streptomyces hygroscopiciisar) and Streptomycesiirido-
chromogenegpat), respectively, have been inserted into plants
to encode PAT protein so that these plants can tolerate the
herbicide glufosinate (12).

Currently, no studies exist that evaluate lot homogeneity of
U.S. commercial rice and seed supplies containing LL601
infiltration or whether stratifications occur. In the United States,
samples can be taken from flowing or static lat8). Various
probing techniques are used to sample grain from static lots.
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Barge or Bin
(1.8-4.5 x 10° kg)

20 samples taken from different
locations from the barge/bin
(2 kg each)

|

|

Sub-samples A 1-20
250 g each
(10,000 kernels/sample)

Sub-samples B [-20
250 g each
(10,000 kernels/sample)

'

;

Test Samples A 1-20
(2-5g ca. of rice flour)

Test Samples B 1-20
(2-5g ea. of rice flour)

'

;

Analytical Sample
DNA Extract/PCR
(Duplicate)

Analytical Sample
DNA Extract/PCR
(Duplicate)

Depending on the size and shape of the container, multiple
probes of the lot will be combined to obtain the sample from
the lot (14—16). Patterns for probing a lot are prescribed for
various types of containersld, 17). The individual probe
samples are taken sufficiently close to effectively sample across
almost any stratification that may exist. Flowing grain streams
are most often sampled with a mechanical sampler that

periodically cuts the grain streanil3, 18). Some manual  ynij the consistency of flour was obtained. The analytical sample
methods are also used to sample flowing streas17, 18). contained 2—5 g of rice flour. DNA was extracted from the®g

The manual methods attempt to mimic the periodic sampling analytical samples of each 250 g replicate, and two PCR measurements
of the grain stream that occurs with the mechanical sampler. were performed on each extraction. A schematic showing the procedure
Dividers such as the Boerner, Cargo, and Gamet have demon-for sample processing is shown Figure 1.

strated the ability to subdivide a bulk sample and have the Pure LL601 seed, kindly provided by Bayer Crop Science, was
resulting samples conform to distributions expected from a ground to a fine powder, and DNA was extracted as described below.
random processl@, 14, 18). In the present study, we analyzed The extracted LL601 DNA was used as a positive control and to
20 individual samples in duplicate from 4 separate lots of long- generate standard curves in subsequent gPCR experiments. Certified
grain rice that previously tested positive for the trait LL601, 'éference material for Liberty Link 62 (LL62) was obtained through
using quantitative real-time PCR. Statistical analysis of the € American Oil Chemists’ Society (AOCS, Champaign, [29Xin
gPCR data revealed no significant heterogeneity within four the form of ”(_:e genomic DNA’ dgnved from 'ea_VeS @ghvial).
distinctive lots that were tested, and the sampling approach  DNA Isolation and Quantification. DNA was isolated from 2

: 5 g (test sample) of starting material of finely ground rice using a
appeared to be an accurate representation of the lot. hexadecyltrimethylammonium bromide (CTAB) (Sigma-Aldrich, St.

Louis, MO) extraction method2(l). Briefly, rice flour was incubated
MATERIALS AND METHODS in sterile water at 68C and CTAB buffer to lyse the cells. Following

Sample Acquisition. The bins located in Stuttgart, AR, consisted ~Cellular lysis, an extended 60 min treatment with800f 10 mg/mL
of lot 1 (1.8 x 1P kg) and lot 4 (4.5x 10P kg) of rough rice. Lots 2 RNase A at 37C (Fermentas, Hanover, MD) followed by the addition
and 3 were in containers that are commonly referred to as lash bargesOf 100uL of 31.5 mg of protein/mL of proteinase K (Sigma-Aldrich)
These barges were rejected at a European port because an unspecifieas used to divest the DNA product of contaminating RNA and
level of LL601 was detected. The rice in these lots was new-crop rice proteins. The resulting digests were twice extracted with chloroform
(crop year 2006/2007). Lots 1 and 4 contained 40% Cheniere and 60%t0 eliminate PCR-inhibiting polysaccharides and polyphenols, and then
Clearfield 131 as declared by the grower. In the process of drying and incubated in CTAB precipitation buffer at 28 to allow selective
binning the rice, there was significant comingling of material throughout precipitation of DNA (22—24). After precipitation, the samples were
processing, prior to export. No additional blending was performed on resolublized into 17&L of 0.5x TE (5 mM Tris and 0.5 mM EDTA)
the lots. U.S. Department of Agriculture (USDA) employees sampled buffer and treated with kL of RNase A at 37°C for 1 h. An equal
the bins by performing bin transfer and sampling of the rice by an volume (175uL) of 2.4 M NaCl was added to each sample, followed
Ellis cup (19). Twenty samples of approximately 2000 g each, by a chloroform extraction and then ethanol precipitated overnight at
systematically derived from 20 different locations throughout the lot, —20 °C using twice the volume (70@L) of 100% EtOH. After
were sent to the USDA Grain Inspection, Packers and Stockyards overnight precipitation, the samples were washed in 70% EtOH and
Administration, Technical Services Division (GIPSA-TSD), for analysis. dried in a vacuum microfuge (Eppendorf, Westbury, NY). The DNA
The samples were taken at approximately equally spaced incrementspellets were dissolved in 50L of 0.5x TE, pH 8.0, buffer. The
during the movement of the lot. The lash barges were sampled as staticexpected yield of DNA from rice flour was typically-5L5 «g of DNA
lots using a 12 ft probe and a specified pattern to obtain 20 probings from 2 g ofstarting material of rice flour. Typically, DNA stock samples

Figure 1. Schematic showing the procedure for sampling, grinding,
extracting, and analyzing by gPCR.

from each lot 15). Two subsamples of approximately 10000 kernels
(250 g) were cut from each bulk sample. Each of the 250 g subsamples
were ground using an Osterizer blender for approximately 2 min or
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were solubilized in 5@L of 0.5x TE buffer, pH 8.0, at a concentration
of 100—300 ng/ulL, and stored at°€ until further use (25).

DNA was quantified using a fluorometric assay with a TD-700 -
fluorometer instrument (Turner Biosystems, Inc., Sunnyvale, CA) in  LLE01 Target Reaction
conjunction with a Quant-iT PicoGreen (PG) reagent kit (Invitrogen/ g:ﬁgﬁ :gozfsrg p[:mg[ g%TA%GGGGACTgCCgé :g?é?A TeeT
Molecular Probes, Eugene, OR). The PG reagent binds double-stranded TM098 probe P 6-FAM-CCA CCT CCC AAC AAT AAA
DNA with high specificity 6, 27). Stock DNA samples were diluted AGC GCC TG-TAMRA
1:250, 1:500, or 1:1000 withx TE buffer to a target concentration of Phospholipase D Reference System Reacton
50—800 pg/uL. The PG reagent was prepared according to the X
manufacturer’s protocol; the diluted DNA samples were mixed 1:1 with wm%gg :g%?srg gmg E?g Z?é (CBESTT AT(I gig éﬁg ((:BTTC c
PG reagent to a final volume of 2@4., to produce a 1:500, 1:1000 or ™03 probe 6-FAM-TGT TGT GCT GCC AAT GTG
1:2000 dilution, and assayed in duplicate. A calibration curve was GCC TG-TAMRA
generated fromi phage DNA, supplied by the manufacturer at a stock
concentration of 100 ngL, and diluted to 1000, 500, 250, and
0.0 pg/uL with 1x TE buffer. The calibration slope error ranged from
5 to 9% and was within the tolerance limit of 25% recommended by
the instrument’s manufacturer. Spectral processing was conducted usin

the TD-700 Hyperterminal Software Package. A 90% agreement ere purchased _f_rom _En\_/irol_ogix (Portland, M.E)‘ On the_basis of the
between two diluents was required prior to the “acceptance” of an binomial probability distribution, when sampling a lot with a 0.1%

empirically determined concentration. The mean of replicates provided concentration of LL601, a 3000 kernel sample has a 95% probability

“ ” - o of having one or more LL601 seeds in the sam@&)( A sample of
an “accepted” concentration for a specified sample. Stock DNA samples - - A
were diluted to a working concentration of 20 alg/ 4500 kernels has approximately a 99% probability of having one or

. ) - more LL601 kernels. Because the lateral flow strips were demon-
Gel Electrophoresis. The integrity of the DNA extracts was . .
. S . .. strated to reliably detect at a 2% concentration level, larger samples
determined by electrophoresis in an 0.8% agarose gel, stained with g . ;
g . . . had to be divided into smaller subsamples so that single seeds of LL601
ethidium bromide (28). Approximately 100 ng of DNA, quantified by . .
) h could be detected. Sixty subsamples of 75 kernels each were obtained
the aforementioned techniques, was added to each lapieage was ’ . ;
NN - . . from the excess seeds of the first lot sampled. Sixty replicates of 75
supplied in aqueousx<l TE solution. The presence of an intense, high

. . S . Sl kernels each were ground into a fine powder using a mortar and pestle.
molecular weight marker band, with minimal degradation, indicated The average weight of an individual rice kernel was calculated to be
high-integrity DNA with minimal RNA contamination. 9 9

b : . . 0.02 g. The flour from the 75 kernel sample was placed into an
Quantitative R.e_aI-Tlme. PCR. Th? m_ethod as described consists extraction vial that was provided by the manufacturer, and 2.25 mL of
of an event-specific, real-time quantitatiVagmanPCR procedure for

. . extraction buffer, included in the kit, was added. The strip was placed
the forlltent of L2L;301PrLeII§1t_|ve to_trmﬁosph?hpasg) (PLD) endogenou(sj th into the extraction vial at room temperature and allowed to develop
control gene (29). IS a rice-specific endogenous gene, an for 10 min. Any clearly discernible pink test line was deemed to be a
method employs gene-specific primers and a sequence-specific 6'Car'positive result
boxyﬂuoresggin/garboxytetramethylrhodamine (FAM/TAMRA) prop e Parboiled Rice. A simulated laboratory procedure for mimicking

For amphﬂcanon Qf the trans:gene, Bayer CTOP Science provided parboiling of rice included soaking four separate 10000 kernel samples
GIPSA with long-grain (rough) rice seeds containing pure LL601 and  «". .o that were manually fortified with 0, 1, 4, and 10 kernels of
an event-specific method for LL601 called “Real-time PCR for selected LL601 rice. in excess water for 3.5 h at l?ﬂ:, 'Iihe 10000 kernel
herbicide tolerant rice (HTR) for rice seed /grain sampl&9)( The samples wére then autoclaved for 10 min at 15 psi and°C21The
gPCR reactions for the target and reference genes were performed i

separate wells (simplexJaqDNA polymerase (Applied Biosystems nsamples were dried f6 h at 60°C and the husks removed using a
Foster City, CA)TagMan Universal PCR Master Mix (containing McGill sheller (Rapsilver, Brookeshire, TX). The dehusked rice was

- . ground into a fine powder by cryogenically grinding the entire sample
gisssc:xleedrei;egfgr?li (?gﬁéztcfgng::éﬁti;t%?]do?wﬁ rs_l{flr:g]e:s t\évrere for 10 min in a Spex Certiprep 6800 freezer mill (Spex Certiprep, Inc.,
mix containedTag DNA polymerase at &, primers at.400 aM. and Metuchen, NJ). DNA was extracted from &2 g sample as previously

] . described.
probe at 200 nM final concentrations. Nuclease-free water was added

: ) : Statistical Analysis. A standard deviation among all subsamples
to adjust the final volume to 20L per reaction. Two separate master . . o
. . ; within a lot was compared with the pooled standard deviation among
mix preparations were required (one for the endogenous control gene

and one for the transgene) per plate using the method. gPCR productsrephcate PCR measurements. Method variability was assessed by

h .. _estimating the pooled standard deviation among duplicate PCR
were measured during each cycle by means of a target-specific measurements on the same analytical sample within the&BHBGgE)
oligonucleotide probe, labeled with two fluorescent dyes: 6-FAM as ’

a reporter dye at the ¥nd and TAMRA as a quencher dye at tHe 3
end. All gPCR reactions were performed in either an ABI 7500 or ABI RESULTS

7900 instrument (Applied Biosystems). Samples were heated t€ 95 . e ) )
for 10 min (activation ofTaq DNA polymerase), cooled to 60C for Eyal_uatlng LL601 M‘?‘”‘Od Specificity. .GIP.SA non trans_
60 s (annealing/extension), and heated t6®3or 15 s (denaturation). ~ 9€Nic rice samples, derived from long-grain rice, were obtained
Annealing/extension and denaturation steps were repeated for a totaffomM GIPSA file samples and used as the control blank. LL62

of 45 cycles. and LL601 rice varieties contain similar gene constructs that
Five microliter aliquots from DNA extracts (at 20 pdy) were loaded confer resistance to glufosinate but express different levels of
individually into a 96-well plate (Applied Biosystems), and each gPCR protein. Both constructs express the same PAT protein, derived
was performed in duplicate for each analytical sample. A standard curve from thebar gene, and have nearly identical DNA sequences,
was generated for the PLD endogenous control using 100 ng of pure put their integration sites are novel. Therefore, specificity studies
LL601 DNA, serially diluteq 1:10, 1:100, 1:1000, and 1:10000 in0.5 were performed on long-grain rice samples that were fortified
TE, and analyzed in duplicate. The slope of the curve was between with either 1% LL62 or 1% LL601 or nonfortified. Each sample

—3.05 and—3.20, and the linearityR?) was between 0.99 and 1.0. A L - ) : ) o
standard curve was generated for the LL601 transgene using 10 ng ofVas amplified as a simplex format using (i) event-specific

pure LL601 DNA that was serially diluted 1:10, 1:100, 1:1000, and LL601 primers/probe and (ii) endogenous control PLD primers/

1:10000. The slope was betweer8.05 and—3.40, and the linearity ~ Probe. Specificity testing resulted in suitable amplification of
(R?) was between 0.97 and 0.99. Primers and probes for both the bOth the PLD endogenous control and taxon-specific (LL601)

reference-specific PLD and target-specific LL601 genes are shown PCR products for the 1% LL601 gravimetrically fortified sam-
below (30): ples. As expected, the 1% LL62 sample exhibited suitable

name description 5'=3' sequence

Qualitative Protein Test (Lateral Flow Strip). Lateral flow strips,
pecifically designed to detect the PAT protein in bulk rice samples,
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Table 1. Fortification Levels of GIPSA and Bayer Crop Science enous control gene (Ct value of25.9) and unacceptable
Supplied Samples amplification of the LL601 target gene (Ct value &f39.5).
All detect and nondetect results were assigned a quantitative
level <0)f 'e"e")of PCR result result based upon Ct values in comparison with a 100% LL601
samf"e LL62 (%) LGOI (%) (L"sol'Spec'f.'c method) reference (20 ng/uL DNA), serially diluted to generate a
non-transgenic (GIPSA) 0.0 0.0 negative standard curve as described under Materials and Methods.
1% LL62 (GIPSA) 1.0 0.0 negative ) .
1% LL601 (GIPSA) 0.0 1.0 positive For purposes of evaluating the homogeneity of each lot, all
P1 (Bayer Crop Science) 0.0 0.02 positive valid measurements were retained. It is understood that some
P2 (Bayer Crop Science)  0.01 0.0 negative of these measurements were below an estimated LOD and may
P3 (Bayer Crop Science) 0.1 0.0 negative tt iti fal it | ith thi
P4 (Bayer Crop Science) 0.0 0.03 positive represent true positives or false positives. In either case, this

additional variation was included in the statistical analysis.
Inconclusive results were not included in subsequent statistical

a_lmplification of the PLD_e_ndogenous control, but no amplifica- analyses. The first lot tested, lot 1, was a bin of long-grain rough
tion for the taxon-specific product was detectetalfle 1). rice. All 40 analytical samples from lot 1 were assessed as

Furthermore, Bayer Crop Science provided GIPSA with samples yo:ats for the ;
. presence of LL601 with acceptable endogenous
P1, P2, P3, and P4 that contained 6-0110% LL62 or 0.02— control amplification of the PLD gene (gﬁo — 175_269,

0.03% LL601 (Table 1). Samples P1 and P4 contained LL601, Ctyans = 30.2—36.8). The data were analyzed as a one-way

whereas samples P2 and P3 contained LL62. LL601 Was ¢1assification or one-factor experimeByy. Statistically declared

detected.in samples P1 and P4, whergas.sar.nples P2. gr)d F.)?’ di fferences among samples imply that samples were taken from
not amplify for the LL601 transgene, indicating specificity in different strata within the lot. Ao value of<0.05 is needed to

the outlined method. These data demonstrated that the primers,, ., tatistical sianifi d I t significant
and probe used in this study distinguished between LL601 and dﬁ‘fceﬁéﬁczs :’TII((:)?'I gstlgg ;;ﬂ;%;gl e V;Opli ovsjlégsggﬁ asvlgrnégl](;an

LL62. calculated estimate of LL601 rice for individual analytical

Evaluating LL601 Method Sensitivity (Limit of Detection, : : - .
. samples (analyzed in duplicate). Each alphanumeric result is
LOD). From three separate experiments, a LOD for the method the average of two gPCR reactions (i.e., analytical sample 1A,

was empirically estimated. First, 100% LL601 DNA was serially n=2; 1B,n = 2, etc.). The test for differences among the

diluted into non-transgenic long-grain rice DNA at levels . . :
. samples had pvalue of 0.61. As shown in analysis of variance
0,
between 1.0 and 0.00%. The total rice DNA content was (seeTable 4), no differences among samples were declared.

ma:iq:t::geg” ‘?rt]r elg(r)e nl?ca?[:;, ;fglcélgno ﬁyﬂe\?;ﬁe?rt?\glgﬁger;g Therefore, the lot stratification was statistically insignificant and
P : P 270 considered to be homogeneous.

as described in the subsequent section for detection using the ) .
The second lot, lot 2, consisted of a lash barge of long-grain

gPCR method. Second, 20 rice flour samples gravimetrically > : - :
brown rice. The lot was sampled with a probe using a systematic

fortified to 0.01% (w/w) were analyzed, and 20 of 20 samples . -
provided detections according to the criteria as outlined in the 20 POint probe pattern (15). One analytical sample was deemed
to be inconclusive, with low amplification for the endogenous

method. Two nonfortified control samples provided nondetection )
according to the criteria. Finally, a single kernel of LL601 was C¢ONtrol PLD gene (Ghdo = 36.5, Cians > 40.0). This datum
combined with 10000 non-transgenic kernels (i.e., 0.01%) and Was not included in the statistical analyses. Twenty-nine of 39
treated by a laboratory-simulated parboiling procedure. The @nalytical samples were evaluated as nondetects for LL601
10000 kernel sample was dehusked and ground to a fine powder(Clendo = 16.3—20.4, Gfans > 40.0). Nine analytical samples
DNA was extracted, and a 100 ng sample was used in qPCR tot€Sted as detects (Géo= 18.0-20.4, Clans= 30.9-39.5). The
assess the sensitivity of the method. Sensitivity testing, per- °bserved low levels of LLE01 created a more challenging
formed in triplicate, resulted in suitable amplification of both @ssessment of homogeneity because the data probably do not
the PLD endogenous control and taxon-specific LL601 gPCR have a normal dlstrlb_utlc_)rj. Skewed distributions can potentially
products at the 0.01% LL601 level for parboiled rice samples. Produce too many significant test resultspvalues that are
The reagent blank did not amplify for either the PLD endog- <005 (33). Because the assomated_ statistical test was not
enous gene or the LL601 specific gene. Non-transgenic control Significant, the conclusion that no differences exist among
samples amplified sufficiently for the PLD endogenous control, S@mples was considered to be a conservative estimate. A best
but the LL601 transgene was not detected. Collectively, these @PProximation of g value for differences among samples in
data suggested that a 0.01% LOD was appropriate for thelot 2 was determined to be 0.177 (séable 4) and>0.05,
method. These data are summarized @ble 2. suggesting homogeneity exists in lot 2. An analysis of variance
LL601 Homogeneity. The lots were chosen to be analyzed for testing Qifferences among s_amples frqm lot 2 was performed
because they were previously identified as containing LL601. On the basis of a best approximation using statistics that were
To obtain an indication of the prevalence of LL601 infiltration ~9generated from the gPCR method. Regardless of the limitations
and whether stratification occurrence is a routine phenomenon,of estimating ap value calculation, the gPCR results showed
samples from four distinctive lots were collected and analyzed With 95% confidence that the LL601 content in lot 2 was
for the presence of LL601 using qPCR as previously described. between 0.00 and 0.018%.
To properly assign a gPCR result, the following criteria were ~ The third lot tested, lot 3, was also a lash barge of long-
implemented: (i) LL601 detectior acceptable amplification  grain brown rice. The lot was sampled in the same manner as
of the PLD endogenous control gene [crossing threshold (Ct) the previous lash barge. Three analytical samples provided
value of 16.6-25.9] and acceptable amplification of the LL601 unacceptably low amplification for the PLD endogenous control
target gene (Ct value of 2789.5); (ii) LL601 nondetec- gene (Cingo = 25.9—>40.0, Gfans > 40) and thus were
tion = acceptable amplification of the PLD endogenous control eliminated from the analysis of variance calculations. Ten of
gene (Ct value of 16:625.9) and unacceptable amplification 37 analytical samples were assessed as nondetegtg,(€t
of the LL601 target gene (Ct value of39.5); (iii) LL601 19.1-21.7, Ctans> 40). Twenty-seven analytical samples tested
inconclusive= unacceptable amplification of the PLD endog- as detects (Gtg— 16.21—21.5, Glans = 29.1—36.4). Similar
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Table 2. Estimation of Limit of Detection for LL601 Rice
serially diluted endogene transgene parboiled endogene transgene 0.01% endogene transgene
DNA sample (PLD) (LL601) DNA sample (PLD) (LL601) gravimetric (PLD) (LL601)
(n=3) + - + - (n=23) + - + - sample + - + -
1% LL601 3 0 3 0 1% LL601 3 0 3 0 0.01% LL601 20 0 20 0
0.1% LL601 3 0 3 0 0.1% LL601 3 0 3 0 (n=20)
0.01% LL601 3 0 3 0 0.05% LL601 3 0 3 0 0.0% LL601 2 0 0 2
0.005% LL601 3 0 1 2 0.01% LL601 3 0 3 0 (n=2)
0.00% LL601 3 0 0 3 0.00% LL601 3 0 0 3

Table 3. Representative Quantitative LL601 Measurements for 20

Analytical Samples (Lot 1)?

Table 5. Average Lot Content and Standard Deviations for Each Lot
As Estimated by qPCR

A Ct(n=2) B Ct(n=2) pooled standard deviation
sample measurement endo  trans  measurement endo  trans lot av all subsamples? within sample? method®
1 0.105 20.28 30.10 0.088 20.83  30.90 1 0.074 0.031 0.031 0.017
2 0.024 2121 3347 0.021 2290 35.30 2 0.008 0.026 0.023 0.017
3 0.072 2107 3152 0.051 21.09  32.05 3 0.014 0.020 0.017 0.004
4 0.101 20.50 30.40 0.056 20.26  31.04 4 0.054 0.043 0.036 0.042
5 0.092 2050 30.54 0.064 2045 31.04
6 0.157 2093 30.17 0.087 2069 30.83 @ Standard deviation among all subsample measurements within a lot (n =
7 0.103 21.46 3137 0.032 2145 3316 ) . L
40). P Pooled standard deviation among subsamples within a sample. ¢ Pooled
8 0.078 2241 3278 0.100 20.15  30.05 > : .
9 0.057 2061 3137 0.050 2089 3186 standard deviation among duplicate PCR measurements on the same analytical
10 0.069 2203 3218 0.071 21.09 3119 samples within a lot.
11 0.094 2177 3147 0.073 20.53 3058
g 8322 gg?g g%g 8'228 ggg gég among samples were declared. Therefore, the lot stratification
14 0034 2208 3327 0077 2136 3134 was shown to be statistically insignificant and considered to be
15 0.128 20.95 30.18 0.045 2219 3294 homogeneous.
16 0.084 2247 3232 0.036 2213 3324 Lateral Flow Strip Testing. The qPCR data were cor-
17 0.089 2696 36.76 0.069 17.54 2942 roborated on a single sample from lot 1 (for which qPCR
18 0.076 2328 33.29 0.057 2349 3391 o - f
19 0.066 2115 3178 0.072 204 3071 revealed a level of 0.074% LL601) using lateral flow strip
20 0.038 2169 3311 0.094 2470  34.03 technology. Testing was conducted as described under Materials

@ Each measurement was obtained from the mean of two gPCR results.

Table 4. Analysis of Variance for Testing Differences among Samples

on Lots 1-4

lot  source of variation SS df MS F pvalue

1  betweensamples  0.016345 19 0.000860 0.88  0.6079
within sample 0.019545 20  0.000977
total 0.035890 39

2 betweensamples  0.015048 19 0.000792 154 0.1765
within sample 0.009755 19  0.000513
total 0.024803 38

3 between samples 0.009941 19 0.000523 1.75  0.125259
within sample 0.005077 17  0.000299
total 0.015018 36

4 betweensamples  0.044514 19  0.002343 1.78  0.105085
within sample 0.026347 20  0.001317
total 0.070862 39

to lot 2 results, the observed low levels of LL601 created a

more challenging assessment of homogeneity because the dat%

were probably not normally distributed. As shownTiable 4,

thep value for the test of differences among samples was 0.125

and>0.05, suggesting homogeneity existed in lot 3. The gPCR
results showed with 95% confidence that the content of LL601
in lot 3 was between 0.008 and 0.020%.

The fourth lot tested, lot 4, was a bin of long-grain rough
rice. This lot was sampled in the same manner as lot 1. All 40 offer potential to provide a safe, wholesome, and unadulterated
analytical samples from lot 4 provided detects for the presence food product for future generations. As life science companies
of LL601 (Ctengo = 18.9—26.6, Gfans= 28.5—37.3). The test
for differences among the samples had zalue of 0.105. As
shown in the analysis of variance (sE&ble 4), no differences

and Methods. Detecting the presence of LL601 at the 0.1%
detection level with a 95% confidence required 60 replicate
analyses from a subsample (i.e., 10000 kernels) that was divided
into 75 rice kernels per subsample. The data revealed that 3 of
60 samples (or a minimum of 3/4500 kernels) tested positive
for the LL601 trait. The estimated probability of a positive is
5% (3/60). A lot concentration of 0.068% has a 5% probability
of testing positive with a 75 kernel sample. The 95% confidence
interval for the estimated probability of a positive, based on 60
tests, is from 1.8 to 13.9%. The corresponding lot concentrations
for the confidence interval are from 0.024 to 0.19RB4)( The
gPCR results clearly fall within the expected range of these data
(34).

Concentration of LL601 in Lots 1—4. Table 5provides a
summary of the average concentration and standard deviation
of LL601 in lots 1-4. The concentration of LL601 ranged
between 0.008 and 0.074%. Two of the four lots contained
average concentration levels that were in close proximity to the
LOD for the method. Because no heterogeneity was confirmed
within the lots, the standard deviation for samples was computed
cross all subsample measurements for a lot. A pooled standard
eviation for the variability among PCR measurements on
replicates was computed and is shownTable 5 as method
variability.

DISCUSSION
Innovations and production of biotechnology-derived crops

continue to develop biotechnology-derived traits in grains and
oilseeds to provide a more manageable crop for farmers and
food processors, an international consensus on sampling and
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testing procedures is necessary to demonstrate compliance wittABBREVIATIONS USED
distinctive regulatory mandates for each individual importing gPCR, quantitative PCR; Ct, crossing threshdidr/pat,

country. This continues to be a major challenge for reseamhers’phosphinothricim-acetyl transferase: USDA-GIPSA-TSD. U.S.
growers, producers, manufacturers, regulators, and legislatorspenariment of Agriculture Grain Inspection, Packers and
Organizations within the scientific community, |r_1_clud|ng gov- Stockyards Administration, Technical Services Division; PLD,
ernment and manufacturers, havg a_responsmlllty to ensure @hospholipase D; LL601, Liberty Link 601; LL62, Liberty Link
premiere quality food supply, maintain consumer confidence, 62; FAM/TAMRA, 6-carboxyfluorescein/carboxytetramethyl-
and educate the public as the biotechnology industry advances,qamine: LOD. limit of detection: CTAB hexadecyltri-
these_ products. . . methylammonium bromide; EU, European Union; HTR, her-
This study evaluated the homogeneity of four unique lots of e tolerant rice; df, degrees of freedom; PG, PicoGreen

rice that previously tested positive for LL601. When random reagent; SS, sum of squares; MS, mean squares; endo, endog-
samples are not practical, a sampling procedure known asg . s: t,rans, transgene ' ' ' '

systematic sampling is often used. The sample is taken by
advancing through the lot systgmatically and_selecting !tems ACKNOWLEDGMENT
on equal intervals (1318). The diverter sample is very similar
to the systematic sample. Systematic samples are usuallywe thank Ray Shilito with Bayer Crop Science for providing
assumed to be equivalent to random samples 1¥318). If pure LL601 rough rice, Eddie Clark and Lynn Polston for
kernels are randomly distributed in the lot, the systematic sampletechnical assistance, and Steve Tanner, Don Kendall, and Dave
is a random sample. When kernels are randomly distributed Funk for editorial advice.
throughout the lot, almost any method of sampling will produce
a random sample. Concern arises when the lot may not be
thoroughly mixed (35).

For detection purposes, PCR has distinct advantages over (1) Namuth, D. J. R. Real-time PGRome basic principles. Nat.
protein-based testing in that DNA-based methods can distinguish Resour. Life Sci. EQu@005,34, 124—125.
between two traits (i.e., LL601 vs LL62), irrespective of the  (2) 1138/98 ACREN. Commission Regulation (EC), 2000; pp-13
fact that they express the same protein and contain nearly 14. _ _
identical inserted gene sequences. European Union regulations (3) Urbanek-Karlowska, B.; Jedra, M.; Badowski, P. Detection of
require detailed information concerning the specificity and ?eiqetpﬁigoﬁgﬁ?&znz'ng?fgeo%gdsrf%egﬂrgﬂ%?; by ELISA-
competency of PCR-based methods that are used in the detection ' ' ' ' ! ' i
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