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Executive Summary

In the near future, EU thresholds for adventitipussence of GM in certified seed
will be set and suitable regulatory testing protscoust be adopted. The EC working
group, 'Seed Legislation, Sampling and Detectmm'which Defra is represented, has
identified and addressed several potential probleniise measurement and reporting
of GM presence in seeds. In brief, different tegtimethods can give results that differ
enough to alter the accept/reject decision forea $et where the actual GM content is
near the threshold value. These discrepancies wetal the complex genotype of
some seeds, copy number of GM events, and whetha&litajive or quantitative
molecular methods are used. The potential for nagimmetation of results is
compounded by the units used for thresholds inewdfit legislation. To date,
thresholds for GMO labelling in food (e.g. EC183W3) have been expressed as %
GMO, which for seeds or grain is most likely to ibeerpreted as % GMO seeds in
total seed. However, EC technical guidance docusn@ntropean Commission, 2004)
and future legislation specific to seeds, is likiglydefine units of thresholds as % GM
genomes. The latter is also called % GM DNA.

In its simplest terms, in a diploid crop (havingotwopies of its genome) this means
that if a GM presence has come from cross-pollimatthe GM seeds will have one
genome from the GM parent and one from the non-Gkémt. When this 'F1' seed is
measured as % GM seeds, each GM - containing séleglwe a signal and therefore
count as a 'whole' GM. However, using % GM DNAIlzs tinits, each GM containing
seed only contains 50% GM, because one genomenstfre non-GM parent. The %
GM DNA test result would therefore be half the testrom %GM seed
measurements.

In order to alleviate this problem of % GM seed &dsM DNA interpretation we
have developed and tested a combined protocol@ét fsting of seed (COPSs) based
on the framework described below. This protocokuséial qualitative tests on seed
pools followed by quantitative real-time PCR on guositive pools. When initial seed
pool screening has suggested that the result istheasM threshold in question, and
that the uncertainty of seed pool testing alonelccotesult in an incorrect
labelling/rejection decision, real-time PCR on phasitive pools is used to provide
better resolution. This method is cheaper and raocerrate than using real-time PCR
on a large single analytical sample, and providesendata such as the ability to
detect differences between admixtures of more thraan GM event and GM event
'stacks' (events crossed into the same genome).

This work initially involved growing and genotypimvgth molecular methods oilseed
rape (OSR) plants with different and complex GM @gpes in order to test the
protocol performance. The plant lines were sucodigsinade and sufficient seed for
the tests was generated.



Preliminary statistical analysis provided a tesiotgn with reasonable seed pool size
and numbers of pools. Qualitative and quantitatffeagMan) PCR tests were

optimised and applied to two seed mixtures (0.9%@B% GM seed) for three types
of assay - two event specific and one GM gene Bpeci

Results showed that, as expected, homozygous G gaee the same result for %
GM seed and % GM DNA. Whereas heterozygous GM gagd approximately half
the result for % GM seed compared to %GM DNA in tuases. In general, the real-
time PCR assays always gave the expected resuthvwihdicated %GM DNA was
either lower, higher or the same as the % GM sesdItr but the resolution of the
result varied between assays. Some results shogmeificant deviations from those
expected. Seed pool methods in general exhibitegdga uncertainty and some real-
time PCR results were consistently lower than etqued_ikely causes for problems
in this testing system were found to be: under-ngxof the analytical seed sample
prior to DNA extraction; maintaining efficient DNé&xtraction over many seed pools;
and level/cost of replication necessary to obtaicueate results. All of these factors
can be improved upon for future COPs - type testing

In conclusion, we found that COPs would provide fulsenformation when test
results are close to GM thresholds and could infonre reliable GM labelling
decisions for thresholds based on % GM DNA tham ge®| - type testing alone but
COPS also provides more information about the ggast of GM seed than real-time
PCR alone can.

I ntroduction

Impurity testing in seeds has traditionally beenealasing either single or sequential
seed-pool tests. From an analytical seed samge3@00 seeds) equal seed pools are
made and analysed individually for the trait oeneist. Using binomial statistics, the
number of seed pools positive for the trait carubed to estimate the total number of
positive seeds in the analytical sample. The acguod the method increases with
increasing number of pools (each with smaller numb&f seed) but this also
increases expense of the whole test. Therefore@eséal plan, in which an initial
screen is done on a small number of pools, followgdarger number of pools if a
clear answer is still not obtained, is often usedetluce cost. These semi-quantitative
tests work well because given a known (and lowgeagdositive and negative rate the
binomial statistics give well-defined risks for tlseed lot being falsely accepted
(consumer's riskp) or falsely rejected (producer's rist). Testing plans can be
designed to conform to a specified threshold @mehdf3 risk.

Seed pool testing can only work when the unitstife threshold in question is the
seed. When the tested unit is a variable fractibore seed, then the associated
statistics and results are no longer valid. EC giue@ for testing of GM presence in
food (European Commission, 2004) specifies theofismits as % GM DNA. In order
to maintain comparable results throughout the fobdin, it seems likely that any
future EU thresholds for adventitious presence Bf i@ seeds will also be specified
in terms of % GM DNA, determined by methods suchea$-time PCR (see review in



Lipp et al., 2005). For seeds which are always homozygous beaafutheir species'
mating system (such as soybeans), this is not gy because seeds with 100%
GM DNA (both haploid genomes GM) will also be 10@M seeds. However, for
heterozygous GM seeds and seeds with more compeleanges (e.g. maize) results
will be inconsistent using different units. Figuteshows how these inconsistencies
can arise in a simple system. In practice, morepticated mixtures of genotypes
may result in a continuously variable ratio of % GMA to % GM seed in a sample.
The most likely current outcome of these problerinseed pools alone were used, is
that % GM would be overestimated by a factor of tiwo heterozygous species,
increasing thex risk of the testf risk could also be increased, but this would be
dependent on the definition of the GM events umesstion. For example if the test
used was not sufficiently specific to an individ@1 event and more than one event
were present in the tested seed, either as a mirgtua 'stack’ (i.e. more than one GM
event in the same genome), then the % GM seed resuld be considerably lower
than a real-time PCR % GM DNA result (increagedisk). Although cheap and
effective in some circumstances, it would therefgppear prudent to not rely entirely
on seed-pool testing for GM threshold enforcemert o employ real-time PCR
when initial screens indicate that results areeclmsough to the threshold for the unit
used (% GM seed or % GM DNA) to alter any decidiased on the result. Real-time
PCR alone could be used for GM testing of seed,ewewmany labs still lack the
expensive equipment necessary to carry it out melyti Also, real-time PCR has a
more variable uncertainty associated with its itestilan seed-pool testing, especially
when performed on large single seed bulks and tlkeseme question of the limit of
detection being sufficiently low with real-time PGR standard seed samples (often
3000 seeds or more).

The objective of the COPs design presented hdrepsovide more information with
which to inform GM threshold enforcement decisidhan either seed pool or real-
time PCR tests alone, by providing an estimatehefdverage GM genotype of the
tested seed. In brief, an initial seed pool tegpagformed by standard, qualitative
PCR on DNA extracted from each pool. If the ressltwithin half to twice the
threshold (as % GM seed) then real-time PCR isezhiout on the seed pools that
were positive. A significant deviation between #he5M seed and % GM DNA result
indicates the genotype of the GM event may affieettést decision. If more than one
event is tested by COPs then the co-occurrendeeoévents in the positive pools can
distinguish between event mixtures (which underrenr interpretation of EU
guidelines, would be summed to give the total % BNIA) and event stacks (which
may not be authorised). COPs is intended to be usddwing GM event
identification screens so the number of GM eventantjffied by COPs would be
determined by such screens beforehand.

Oilseed rape (OSR) was chosen for this work becaus@n important economic UK
crop and it is an opportunistic outcrosser andetioee capable of different GM
genotypes. OSR is an allotetraploid but effectivadhaves as a diploid species (the
genotype of both parent species remaining stablatia-specific crosses) and it is
treated as a simple diploid in this study.

It is not the scope of this report to review seedl@and real-time PCR methods for
GM testing, but rather to examine the specificagitns which may benefit from the
COPs type of protocol. Testing statistics have keggplied elsewhere specifically to



seed tests (Redmunet,al., 2001) and real-time PCR (Laffost al., 2005). Here we
examine only the empirical statistics of the CO#$st performed.

Figure 1. lllustrating the inconsistency betweerG¥ DNA and % GM seed. Each line represents a
haploid genome in a single seed. The green boyeegent targets of real-time PCR control genes i.e.
guantifying total target taxon DNA. The red boxepresent PCR (seed pool and real-time PCR) GM
targets.

Homozygous seed Heterozygous seed
100% GM SEED 100% GM SEED
100% GM DNA 50% GM DNA

Methods

The basis of COPs is the ability of the seed pesi &nd real-time PCR test to give
different results for heterozygous GM seed dowodiacentrations approximately half
of a specified GM threshold. For our purposes 0% 0.3% (as % GM seed) were
chosen as upper an lower limits for a thresholdiealThe limiting factors in the

COPs testing plan design were: (i) an analyticaiga capable of 95% probability of

detection of 0.1% GM seeds (= 3000 seeds); (iipst effective number of seed
pools, allowing replicate tests in standard 96-W&IIR plate format; and (iii) the

expected relative standard deviation (RSD) of egpecific real-time PCR methods.
Note that (i) and (iii) are interdependent becaasethe number of seed pools
increases, the number of seeds in each decreaddbearnfore the RSD of the real-
time PCR on each pool decreases. Preliminary stalisnalyses showed that for 24
seed pools with 125 seeds in each, the 'overlapreél-time PCR uncertainty and the
seed pool test uncertainty should be less than &% freal-time PCR method with

RSD <15% with heterozygous GM seeds. The testtplas devised is show in Figure
2. Although 15% RSD is lower than expected for messl-time PCR methods, we
have found it achievable with the methods and peedisize used here.



Figure 2. Diagram of COPs plan.

Accept Lot

<3 +ve

Mean < Threshold

3000 seed
analytical sample

v

Make 24 pools of
125 seeds

v

24 x PCR tests

>22 +ve

e

Reject / label
Lot

3-22
real-time PCRs

Mean > Threshold

A




In order to evaluate the COPs plan shown in Fi@u@SR plants containing two GM
events, MS8 and RF3, as used in the UK Farm Scadu&tions, were grown in
glasshouse conditions and crossed to produce apsegdny which consisted solely
of a single genotype (Figure 3). This genotype exgsected to give different COPs
results, depending on the PCR tests used.

Figure 3. Generation of test GM OSR seed. N.B. fEmeale parent is male sterile and therefore all
seed produced must be from cross with male parent.

Female parent X Male parent
MMrr MMRR
F1 progeny
MMRr

MMRr = 100% GM DNA, 100% GM seed MS8
MMRr = 50% GM DNA, 100% GM seed RF3
MMRr = 150% GM DNA, 100% GM seed BAR

PCR and real-time (TagMan) PCR used in this woekdmscribed in detail elsewhere.
The event specific tests, RF3 and MS8 are desciibédinutt et al., 2005a; and the
BAR PCR test, which detects both MS8 and RF3 isrilesd in Weekest al., 2005.
The MMRr genotype seed used was therefore expeatgive equivalent results for
MS8 seed pool and real-time PCR, whereas RF3 sefuitseed pools would be
double those for real-time PCR and BAR results rimal-time PCR would be 1.5
times those of BAR for seed pools. This single sessburce therefore provided
several seed testing scenarios depending on thesed.

Two analytical samples of 0.9% and 0.3% MMRr seedawnade by counting 27 and
9 seeds into 2973 and 2991 non-GM seeds (Acrolatyprespectively. These were
mixed by shaking and dispensed into 24 seed pddl2®seeds each in 5ml nalgene
tubes. DNA was extracted from each pool using tle¢hod for OSR seeds and leaf
and standard PCR performed as described in Aletadt, 2005b. PCR products from
seed pool tests were run on agarose gels, stainethldium bromide and scored as
positive or negative for the GM target. Normally weuld expect the COPs to
operate by testing only the positive PCR seed-pattls real-time PCR, but at this
developmental stage all pools were tested withtreed PCR. Each standard and real-
time PCR was performed in duplicate. Because tla¢time PCR methods two
assays, an endogenous control and the GM targpticdtion of each gives four
potential quantification results. These four reswere used to calculate the RSD and
mean for each real-time test overall result.



Results and Discussion

The real-time PCR tests had variable RSDs whichewealculated from four
replicates and the distribution of which was asslineebe normal. Results from all
tests are summarised in Table 1. The uncertaintythef seed pool tests was
determined by the binomial distribution and the bemof positive pools observed.
Real-time PCR RSD varied from 4% to 30%, this emsdes the importance of
empirical determination of the uncertainty by repte tests, only by doing this could
the power of any comparison between the real-timentfication and the seed pool
guantification be determined. One real-time PCRiltesxhibited a downward bias.
The 0.9% GM seed sample gave 0.66% for MS8 whichexpected to be 0.9%. The
reason for this is not known, although in genehnal accuracy of the real-time PCRs
was good. A more significant problem was evidenthe number of positive seed
pools obtained from the 0.9% analytical sample. déiection limit of the qualitative
PCR test used is well below the minimum GM seedterdnper pool (0.4% GM
DNA) however, the observed number of positive pools 11 compared to the
expected 16. A possible explanation for this isaradixing of the analytical sample
and subsequent clumping of GM seed in the poolss iBhevident from individual
pools' real-time PCR results, some of which weghér than expected for a random
distribution of seeds (not shown). This problem dat seem to occur for the 0.3%
analytical sample where 7 or 8 positive pools vdrgerved and 7 were expected.

Seed pool tests in the first phase of the COPs gifanved that the RF3, MS8 and
BAR positive pools did not segregate, i.e. the spo@s were always positive. As

expected, this demonstrates that the events wewkest (crossed into the same
genome) with a high statistical power (the probgbof this occurring by chance is

very small, P << 0.001). In 'real' situations agknpool in which the MS8 and RF3

events did not occur together would prove that atumeé of events was present
(although stacks could also be present as a mjxture

Table 1. COPs results for 0.9% and 0.3% GM seelytaoa samples. P = probability of actual % GM
being the equal given the observed distributiomsnfireal-time and seed pool tests. Z = observed
zygosity: expected zygosity

Real-time PCR Seed Pools
Test| % GM Mean RSD Tests % GM Z P
seed % GM % +vel 24 seeds
DNA
RF3 0.9 0.45 5.20 11 0.54 0.8:0.5 | 0.27
RF3 0.3 0.17 4.10 7 0.32 0.53:0.5| 0.08
MS8 0.9 0.66 9.41 11 0.54 1.2:1 | 0.40
MS8 0.3 0.34 30.0 8 0.37 0.91:1 | 0.91
BAR 0.9 1.22 14.0 11 0.54 2.23:1.5/ 0.05
BAR 0.3 0.47 14.0 7 0.32 1.47:1.5|/ 0.34

Despite these problems, the disparity between tm@a&l-and seed pool PCRs was
consistently in the direction expected, i.e. forBRFo GM DNA was lower than %
GM seed; for BAR, % GM DNA was higher than % GM &eand for MS8, % GM



DNA was very similar to % GM seed. Figures 4, ADdllustrate the disparity of %
GM DNA and % GM seed revealed by COPs. In all thees examined COPs would
have successfully shown-up potential errors in % @Géfermination by seed-pool
testing alone due to the genotype of the GM seetwiih varying confidence (see P
values in Table 1).

Figure 4. Probability distributions of COPs resiitis A = 0.9% GM seed, RF3; B = 0.3% GM seed,
RF3; C = 0.3% GM seed, MS8; and D = 0.9% GM seéR B° = probability of observation. The blue
line is the normal distribution for observed reaté PCR means. The red line is the binomial
distribution for the expected % GM seeds. In pafelthe dashed line is the expected binomial
distribution (with 16 positive tests, rather thhe tL1 actually observed).
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The tests for RF3 with the 0.9% GM seed analyteahple (Figure 4A) gave a 27%
probability that the % GM seed and % GM DNA were same, but as shown, a
lower 'overlap’ would have been expected if the emmdixing of seed had not

occurred (dashed line). Figure 4B illustrates tbheeptially very different probability

characteristics of the real-time and seed pool atsththe result for real-time PCR
having a very low standard deviation, and theretoiEharp curve, compared to the
seed-pool binomial distribution which is more digeel - despite this a good degree
of confidence (P = 8%) could be placed on the tesobt being the same and a




zygosity of 0.53 being estimated for the GM seethensample. Figure 4C illustrates
the situation where the GM is homozygous and % GNADand % GM seed are

expected to be the same: both distributions almostpletely overlap (P = 91%).

Figure 4D shows the effect of a stacked GM and emsmnit specific tests (MS8 plus
RF3 detected by the BAR assay), where the % GM D8\gignificantly greater than

the % GM seeds (P = 5%).

Some pools which were scored as negative in tse@OPs stage were subsequently
found to have levels of GM equivalent to less tbae heterozygous seed (<<0.4%)
but significantly above zero, by the real-time P@ssay. These pools would not
normally be tested in COPs and they would not doumtie a significant proportion of
GM to the overall real-time PCR mean (includingipes pools). However, they do
indicate a potential problem with seed pool quadtfon of GM, that broken seeds,
or chaff, can give a positive GM signal. This wolddd to over-estimated GM from
the seed pool tests. This did not occur to a proate level in this study because
only lower numbers than expected of positive semispwere observed. However, we
also suspect that under-mixing of the 0.9% GM smwlytical sample had occurred.
If more vigorous mixing had been used it is possthht chaff and broken seed could
have been a bigger problem. Further experimentddimirequired to investigate this
problem - which would vary between species, varstg age/condition of seed.

This development work has shown that the combimed $esting protocol presented
here (and other protocols which use a similar aggtp can provide invaluable
information on the genotypic make-up of adventiideiM presence in a seed sample.
The protocol could prevent GM labelling mistakesnstances close to thresholds of
0.15 to 1.35% GM DNA. Further optimisation and depenent work is required to
determine the limits of such a protocol, not laestpplication to other species with
more complex genotypes than OSR.
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