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An optimized DNA extraction protocol for animal tissues coupled with sensitive PCR methods was
used to determine whether trace levels of feed-derived DNA fragments, plant and/or transgenic, are
detectable in animal tissue samples including dairy milk and samples of muscle (meat) from chickens,
swine, and beef steers. Assays were developed to detect DNA fragments of both the high copy number
chloroplast-encoded maize rubisco gene (rbcL) and single copy nuclear-encoded transgenic elements
(p35S and a MON 810-specific gene fragment). The specificities of the two rbcL PCR assays and
two transgenic DNA PCR assays were established by testing against a range of conventional plant
species and genetically modified maize crops. The sensitivities of the two rbcL PCR assays (resulting
in 173 and 500 bp amplicons) were similar, detecting as little as 0.08 and 0.02 genomic equivalents,
respectively. The sensitivities of the p35S and MON 810 PCR assays were approximately 5 and 10
genomic equivalents for 123 bp and 149 bp amplicons, respectively, which were considerably less
than the sensitivity of the rbcL assays in terms of plant cell equivalents, but approximately similar
when the higher numbers of copies of the chloroplast genome per cell are taken into account. The
173 bp rbcL assay detected the target plant chloroplast DNA fragment in 5%, 15%, and 53% of the
muscle samples from beef steers, broiler chickens, and swine, respectively, and in 86% of the milk
samples from dairy cows. Reanalysis of new aliquots of 31 of the pork samples that were positive in
the 173 bp rbcL PCR showed that 58% of these samples were reproducibly positive in this same
PCR assay. The 500 bp rbcL assay detected DNA fragments in 43% of the swine muscle samples
and 79% of the milk samples. By comparison, no statistically significant detections of transgenic
DNA fragments by the p35S PCR assay occurred with any of these animal tissue samples.
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INTRODUCTION dietary components after ingestion. Questions about the digestive

Modern plant biotechnology applies cellular and molecular fat€ of transgenic DNA present in GM crops have been raised,
biology techniques to transfer DNA into the germline of a crop, €SPecially in regard to whether fragments are detectable in
providing plant breeders with access to an array of traits for Products from animals fed those crops (4).
cultivars with new characteristics. These crops are variously The application of sensitive molecular detection techniques
termed biotechnology-derived, transgenic, or genetically modi- using Polymerase Chain Reaction (PCR) methods can address
fied (GM). Maize is a major source of animal nutrition with  the question of whether plant-derived DNA fragments are
more than 60% of global maize production (80% of US- detectable in animal tissues. Some of these PCR studies have
produced maize) being used as animal feed (1). In the U.S. inpeen recently reviewed (5—7). Without exception, published
2003, 40% of the maize planted was GM cultivagj, (and studies have shown that fragments of single copy plant
worldwide in 2002, 21% of the maize cultivars planted were transgenes were not detectable in tissues from animals fed GM
GM (3). DNA, a component of all living plant cells, is present  crops. Of interest, however, are some reports describing
in plant products fed to animals and is digested along with other jetection of DNA fragments of abundant chloroplast-encoded
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Table 1. Number of Samples Collected and Extracted for DNA from two extraction negative controls (buffer only). The data set was accepted
Various Species only when the negative extraction controls were negative by PCR. If
a positive PCR result was obtained with one or more extraction-negative
sample type MON 810 fed (no.)? control fed (no.) ref control(s), the extraction of the whole set was repeated. Frozen muscle
pork loin muscle 59 59 2 subsampl_es from chicken, pork, and beefl(g_) were thoroughly
beef brisket muscle 10 10 23 homogenized with a mortar and pestle and incubated overnight at
chicken breast muscle 10 10 24 60 °C under agitation with 7.5 mL of CTAB buffer [1.4 M NaCl,
dairy milk 7 7 25 2% (w/v) CTAB (hexadecyltrimethylammonium bromide), 100 mM

Tris, 15 mM EDTA, pH 8.0] and 3@L of Proteinase K (20 mg/mL).
Milk samples (2.5 mL) were directly mixed with CTAB buffer and
Proteinase K and incubated as described above. Samples were then
digested with 25L of RNase A (100 mg/mL) for 30 min at 66C
pigs (10) using conventional PCR methods. A recent study of under agitation. After centrifugation for 5 min at 3@)€he supernatants
samples collected from throughout the digestive tract of swine were used for DNA extraction.

(11) showed frequent detection of fragments of both transgenic ~ For the chloroform extraction method, 9@ of supernatant was
(Bacillus thuringiensis, Bt, 211 bp) and an endogenous maize extracted with 60GiL of c_hloroform. The aqueous phase was recovered,
chloroplast gene (tRNA, 532 bp) for up to 24 h after feeding and DNA precipitated with 0.8 vol of 2-propanol angll of_glycogen
(11). This report showed that the 211 bp fragment of Bte feztr?a?cﬂlgﬁ)' dZg(t))lsvee%ui?}n]t.z[’]_tgfeopgl(l?IEEV\gSmVI\\I/la'SI'?ieSdecvlllthO 725§<"M(V/V)
\?v?trllerry)a:;%upr;gsmcg?\%;{%v gé%gi:gazmSILe: éigﬁgﬁ{;ebid?zg’EDTA, pH 8.0). For milk, the whole supernatant was extracted with

. . 5 mL of chloroform, and the subsequent steps were performed as
h. Also, none of the 324 swine tissue samples collected from gegcribed above.

nine tissues and taken throughout the 72 h period after feeding  For the CTAB precipitation method, 2 vol of CTAB precipitation
showed detectable fragments of transgenic DNA. In contrast, buffer (40 mM NaCl, 0.5% (w/v) CTAB) were added to 6@Q of

this study showed that a 140 bp fragment of the high copy supernatant, mixed thoroughly, and incubated for approximately 60 min
number plantbcL gene was detectable in several liver, ovary, atroom temperature prior to centrifugation for 5 min at 2afi0the

and muscle tissue samples. These positive detections of chloellet was dissolved in 350L of 1.2 M NaCl and then mixed with
roplast DNA fragments are possibly due to the 560000 350 uL of chloroform. The aqueous phase was recovered, and DNA
copies (root versus leaves, respectively) of the chloroplast Preciitated with 1 vol of 2-propanol ar;dy’iL of glycogen. Subse-
genome (12) relative to the single copy per haploid genome of quently, the pellet was washed with 75% (v/v) ethanol and dissolved

: DNA in 100uL of 0.2x TE.
a genomic transgene target. For the silica gel purification method, the DNeasy Plant Mini Kit

The present study was conducted to obtain additional data qjagen) was used according to manufacturer’s instructions with slight
as to whether fragments of plant DNA are detectable in animal modifications.

products, and to corroborate the observations that high copy Aliquots of each DNA sample were loaded on a 1.5% (w/v) agarose
number chloroplast plant DNA fragments are more detectable gel, and the DNA yield was estimated by comparison with known
than fragments of single copy nuclear-encoded transgenesamounts of high molecular weight calf thymus DNA.
Important to the present studies was the development of MON_810 reference DNA was isolated from as_ingle kernel of MQN
appropriate procedures that included proper controls to avoid 810 maize according to the chloroform extraction method for milk
false-positive and false-negative results, safeguards to avoid biasgﬁlscr'bed above but with the addition of a phenol extraction step before
- . . oroform extraction. After measurement of the DNA concentration
SUCh_ as analysis of samples in a_double-bllnd manner, andby UV spectroscopy, the relative copy number was calculated assuming
application of PCR and DNA extraction methods optimized for 5"hapi0id genome weight of 2.6 pg for maizet].

2100% of the corn in the diet was the indicated type of corn grain under study.

sensitivity. PCR Methodology. Two methods that resulted in different amplicon
sizes were developed for the detection of the maize chloroplast gene
MATERIALS AND METHODS encoding the large subunit of ribulose bisphosphate carboxytask; (

. ) . . GenBank Accession No. Z11973). The reverse primer (rbcl-rt: 5
Sample Collection and ProcessingSamples for this experiment  TGGTATCCATCGCTTTG AAACCA-3) for both methods was derived
were collected from four independent animal performance studies, eachfom the 3-end of the gene that is maize-specific da@t bpinsertion.

conducted with diets containing MON 810 hybrid maize. In each of | combination with two different forward primers (shown below), the
those animal studies, nontransgenic maize was fed to control animals,ipcl-r1 reverse primer gave rise to 173 and 500 bp amplicons:

and samples were harvested as control material. The total number of

samples collected and analyzed by species is listtaisle 1. The rbel-f1: 5'-AGCTAATCGTGTGGCTTTAGAAGCC-3(173 bp product)
pork, beef, and poultry muscle samples were collected at the time of
slaughter, bagged, and immediately placed on crushed dry ice prior to
storage at-80 °C until subsampled. Milk samples were collected into
sterile tubes using aseptic techniques and quickly frozen on crushed
dry ice prior to storage at80 °C until subsampled. All samples were
shipped on dry ice to a laboratory for subsampling where no PCR
products or plasmids had previously been handlER).(The frozen
mu_scle sampl_es were cut into subsamples weighing about 1 g (wetp358 PCR primers (123 bp product)

weight), ensuring that all external surfaces of the muscle samples were

excised prior to collecting subsamples. Samples were kept on dry ice p35S-cf3: 5'-ccacgtcttcaaagcaagtgg-3
during the subsampling procedure. All tissue subsamples were placed
in sterile polypropylene tubes pretreated with UV light and stored at
—20 °C until analysis. Before DNA analysis, samples were assigned MON 810-specific PCR primers (149 bp product)
new sample IDs resulting in a double-blind sequence of samples. The

rbel-f2: 5'-GCATTTCCGTGTATTAGCTAAAGCATTG-3(500 bp product)

Two methods were characterized for the detection of transgenic DNA
fragments. The primers for these two PCR methods gave rise to a 123
bp amplicon p35S-PCR (15)] and a 149 bp ampliconMON 810-
specific PCR; 16)], as indicated next.

p35S-cr4: 5'-tcctctccaaatgaaatgaacttce-3

Clinical Core Laboratory at Washington University, St. Louis, retained mg3: 5'-actatccticgcaagacccticete-3

the key to the double-blind samples as an independent third party until mg4: 5'-gcattcagagaaacgtggcagtaac-3

PCR analysis was completed and they could match the results to the

sample code. DNA amplification was carried out in a final volume of 2& with

DNA Extraction. All samples were extracted in duplicate. Each set 1x AmpliTaq Gold buffer (Applied Biosystems), 160M of each
of extractions was monitored for possible contamination by at least dNTP, 0.6uM of each Primer, 0.8 U of AmpliTag Gold Polymerase
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(Applied Biosystems), and 5L of DNA. The cycling conditions on a establish PCR methods with optimized sensitivity for trace levels

GeneAmp 9700 thermal cycler (Applied Biosystems) were as follows: of plant DNA fragments in animal tissue homogenates. A

10 min at 95°C for initial denaturation, 50 cycles of amplification (25 nymber of key assay parameters, including specificity, sensitiv-

s at 95 °C, 30 s at 62C, and 45 s at 72C), and final extension for i, 4 detection limit, needed to be determined for each PCR

7 min at 72°IC.|AI|quqtt?]of ea'(;thl)Cglle:re exkamlned on a 2.5% (w/v) assay to ensure interpretable results.

ag'la'rrs;-5 eegteragtzzgt\)lvl\llA asjrl::pellese incIudTna;]r tehré extraction negative Two PCR.assays were Qevgloped for_ the chioroplast-encoded
' large subunit gene for maize ribulose bisphosphate carboxylase

controls, were tested in the different PCR systems. To exclude false
negative PCR results due to inhibition, spiked PCR reactions were set(rbCL)' One PCR assay tested for a 173 bp fragment of the

up in parallel to the analytical PCR whereby each sample extract was €0ding region of thebcL gene, while the second PCR assay
spiked with a fixed amount of positive DNA which was twice the tested for a 500 bp fragment. To evaluate assay specificity of
number of target copies that were reproducibly detected during theserbcL PCR assays, genomic DNA from several plant
characterization of the PCR systems (see Results and Discussion). If aspecies (potato, wheat, soy, sorghum, and rice) and one animal
spiked reaction showed inhibition, both the analytical and the spiked source (calf thymus) were investigated. It was found that both
PCR were repeated with both diluted and undiluted sample DNA. yhe| primer sets were specific for maize because they both
AIt_ernatlver, an addltlonal purification step of the_DNA was performed produced their respective PCR amplicons only when DNA from
using a MicroSpin SH-300 column (Pharmacia) according 10 the o560 \yag added to the PCR (data not shown). However, as
manufacturer’s instructions. However, if a sample was positive in the Lot .
rbcL gene sequences are ubiquitous throughout photosynthetic

analytical reaction but the spiked reaction failed, it was scored positive ) 1 -~ .
With())/ut a repeat analysis. P P bacteria, fungi, and algae, the possibility of amplifyingriaoL

Sequence Analysego confirm the sequence of the PCR amplicons, DNA fragment present in a sample due to microbial origin
some reactions were separated by agarose gel electrophoresis, and tHe2nnot be completely ruled out.
amplification products were excised and purified using the QIAquick ~ As shown inFigure 1, an estimate of the detection limit (a
Gel Extraction Kit (Qiagen) according to the manufacturer’s instruc- measure of assay sensitivity) for bathcL PCR assays was
tions. Direct sequencing of the purified PCR products was performed obtained by analyzing duplicate serial dilutions of MON 810

at GATC Biotech AG, Konstanz, Germany. maize genomic DNA. To facilitate comparison of the detection
limit for the different PCR methods, the amount of DNA per
RESULTS AND DISCUSSION PCR is shown irFigure 1 as the number of haploid genomic
o o ) ] copies of MON 810 (“genome equivalents” or GE). It should
Optimization of DNA Purification from Animal Tissues. be noted, however, that because each plant cell contains between

Identifying an efficient DNA extraction method that provides 500 and 50000 copies of the chloroplast genome depending upon
the maximum amount of input DNA per PCR is critical to the the plant tissue, the actual target copy number of chloroplast
present studies of whether feed-derived plant and/or transgenicgenomes per reaction would exceed the indicated value by a
DNA fragments are detectable in muscle and milk samples. It comparable factor (12). For this and all subsequent PCR
is reasonable to expect that the vast majority of DNA extracted experiments, observation of visible PCR products of the
from animal tissue samples will be of animal origin, with only  expected size with the duplicate samples was scored as a
a small percentage of total extracted DNA having the possibility «positive” result, the lack of visible specific amplicons with both
of being from dietary origin. Thus, efﬁmgnt extraction method_s duplicates was scored a “negative” result, and if only one of
are needed, and the methods have to yield very pure DNA with the two duplicates yielded a visible product, it was scored an
a minimum amount of PCR inhibitors. Three different DNA  “jndeterminate” result. The 173 bp PCR is capable of detecting
extraction methods (silica gel purification, CTAB precipitation,  the rbcL gene in a quantity of DNA equivalent to 0.02 GE.
and chloroform extraction) were compared for muscle and milk |ndeterminate results were obtained at 0.005 GE. The 500 bp
samples. The same sample homogenization and lysis methodpc| assay was slightly less sensitive at 0.08 GE. Indeterminate
was used in all cases. results were obtained at 0.02 and 0.005 GE. Thus, the sensitivity
Estimations of DNA vyield by agarose gel electrophoresis of the 173 bp and 500 bp assays appears to be similar.
showed that the best results were obtained using the chloroform  ThecrylAbtransgene in MON 810 maize is under the control
extraction method (data not shown). Using this method, the of the CaMV 35S promoter and includes a part of tisp70
DNA yield was in the range of20 ug per 100 mg of muscle  (heat shock protein 70) intron. An element-specific PCR system
tissue. However, none of the extraction methods producedfor the CaMV 35S promoter (f35SPCR”) was chosen for
visible amounts of DNA from milk as determined by agarose screening the animal samples for the single copy transgene. In
gel electrophoresis. For this reason, the two methods mostaddition, samples with a positive or indeterminp85Sresult
amenable to being scaled up (CTAB precipitation and chloro- were also tested with a MON 810 construct-specific PCR
form extraction) were adapted to process approximately 10- method that detects the combination of the CaMV 35S promoter
fold larger volumes of milk and retested. Using these methods, and thehsp70intron (“MON 810 PCR”).
DNA extracted with both methods was visible by agarose gel  The p35SPCR assay produced the expected 123 bp ampli-
electrophoresis. Considerably higher yields in the range of fication product with genomic DNA isolated from a range of
approximately 2ug per mL of milk were obtained with the ~ GM maize products known to contain tp85Selement (e.g.,
chloroform extraction method, although the milk yields were MON 810, Bt11, Bt176, Bt-Xtra, and StarLink) but not with
more variable from sample to sample than those for muscle. DNA from Roundup Ready maize event GA21 that lacks the
The quality of the extracted DNA and its suitability for PCR  p35Selement (data not shown). By comparison, the MON 810
were assessed by testing the undiluted sample DNA in spikedPCR produced the expected 149 bp amplicon only with genomic
p35Sreactions. No appreciable PCR inhibition was observed DNA from MON 810 maize. Furthermore, neither PCR assay
for any of the DNA extracts even when relatively large amounts produced specific amplification bands when DNA from soy,

of genomic DNA ¢-1 ug of muscle-derived or-0.2g of milk- brassica, wheat, rice, or nontransgenic maize was present, or
derived DNA) were used in the PCR, indicating that the isolated using DNA from several animal species including chicken, pork,
DNA was of high purity and lacked noteworthy inhibitors. and cattle (data not shown).

Characterization of PCR Performance. To adequately The sensitivity of both theg35Sand the MON 810 PCR

address the primary objective of this study, it was important to assays was evaluated using multiple serial dilutions of MON
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Figure 1. Sensitivity test of the 500 bp rbcL PCR system as compared to the 173 bp rbcL PCR system. Serial dilutions of MON 810 DNA were tested
in both rbcL PCR systems. To compare the sensitivity results with other PCR systems, the amount of DNA is depicted in genome equivalents (GE) per
reaction, which corresponds to haploid genomic copies of MON 810 DNA. M (DNA molecular weight marker): 501/498, 409, 325, 242, 190, 147, 110,
and 67 bp.

810 maize genomic DNARigure 2). Plant DNA samples were  results with the MON 810 PCR method was calculated to be
tested in duplicate at concentrations ranging from 50 to 1 GE <1% at the 95% confidence level as estimated by the proportion
of MON 810 DNA per reaction. As with thebcL assays, associated with a binomial distribution (17).
observation of visible PCR products of the expected size with  To evaluate the rate of false negative results with the MON
the duplicate samples was scored as a “positive” result, the lack810 PCR method, 300 reactions were each spiked with ap-
of visible specific amplicons with both duplicates was scored a proximately 10 GE of MON 810 DNA (26 pg) and assessed in
“negative” result, and if only one of the two duplicates yielded the presence of background porcine DNA (about 800 ng/
a visible product, it was scored an “indeterminate” result. The reaction). In approximately 97% (290) of these 300 reactions,
p35SPCR gave a positive result with 5 GE of MON 810 DNA the expected 149 bp PCR amplified product was produced, with
and an indeterminate result with 1 GE of MON 810 DNA. By only 10 reactions failing to yield an amplified product. Thus,
comparison, the MON 810 PCR was less sensitive, showing at this very low spiking level of approximately 10 GE of MON
positive results only with 10 GE, and indeterminate results with 810 DNA per reaction, the rate of false negatives was ap-
5 and 2.5 GE. Thus, the detection limits for both g&5Sand proximately 3%. The limit of detection (LOD) of an assay is
the MON 810 PCR methods were 5 and 10 GE, respectively. defined as the measured level of analyte at which a true positive
Determination of Error Rates for the MON 810 PCR. To sample gives a positive result 95% of the time. Therefore, this
better understand the false positive and false negative error rate8% false negative rate supports the conclusion that the estimated
with sensitive PCR analyses such as those used in the presentOD of the PCR is close to the true LOD of the method.
studies, the MON 810 PCR method was chosen as a representa- Analysis of Animal Tissue Samples.Due to the high
tive test case. To assess the rate of false positive results withsensitivity of the PCR assays used for this study, all analyses
the MON 810 PCR method, 300 reactions were performed in were carried out using extensive precautions to avoid any
the presence of background, known negative, porcine DNA laboratory-derived sample contamination during tissue handling,
(about 800 ng/reaction). For this purpose, 15 individual porcine DNA extraction, and PCR. DNA extractions were carried out
extractions were performed, and each extraction was tested inin duplicate. Two negative (buffer only) control extractions
20 replicates using the MON 810 PCR method. No amplification accompanied each set of DNA extractions to monitor for any
bands were produced in 93% (278) of these 300 reactions.contamination that could possibly have occurred during the
Amplification products in the size range of 90 to 500 bp were DNA extraction procedure. If a positive PCR result was obtained
observed in 22 of the reactions (7%). Closer examination of with one or more extraction-negative control(s), the extraction
the PCR results with these 22 runs revealed that none of theof the whole set was repeated. In addition to these DNA
amplification products was a legitimate positive of the correct extraction negative controls, all PCR analyses also included
size of 149 bp. Consequently, the error rate for false positive negative (buffer only) controls. To exclude false negative results
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Figure 3. Maize rbcL PCR assay results: (black) positive (+/+), (white)
MON 810 PCR System negative (—/-), (gray) indeterminate (+/-).

PCR Analysis of Animal Samples forrbcL DNA Frag-
ments.Using the 173 bpbcL PCR method, fragments of maize-

wo|lw | w | w | ow Wy specific chloroplast DNA were detectable in at least some
- clE2lal2|ale]|® g % samples of all tested animal tissue types, although there was a
o o~ - -— o -

wide range for the percentage of samples that were positive
(Figure 3). For the beef samples, one out of 20 samples was
positive (5%), and for the chicken samples, three out of 20
samples were positive (15%). By comparison, 53% of the pork
samples (63 of 118) and 86% of the milk samples (12 of 14)
were positive for the maize-specific 173 bpcL PCR ampli-
fication product. The identity of 10 of the 173 bpcL PCR
products (derived from across the various sample types) was
verified by sequence analysis, showing them to be identical with
the known maizebcL reference sequence (data not shown).
To better understand the size of the DNA fragments being
detected in the pork and milk samples by the chloroplast
PCR assay, a subset of the positive pork samples (30) and all
14 of the milk samples were analyzed with the 500rbpL
PCR method (Figure 3). The 500 bpbcL amplicon was
positively detected in 79% of the milk samples (11 of 14) and
in 43% of the pork samples (13 of 30). Thus, it appears that
the 173 bprbcL PCR method detected DNA fragments in a
higher percentage of the pork samples than the 50@bbhp
PCR. This result could be due to the different sensitivity levels

Figure 2. Sensitivity tests of the 123 bp p35S and the 149 bp MON 810
PCR systems. Serial dilutions of MON 810 DNA were tested. To compare
the sensitivity results with other PCR systems, the amount of DNA is
depicted in genome equivalents (GE) per reaction, which corresponds to
haploid genomic copies of MON 810 DNA. NTC: no template control. M
(DNA molecular weight marker): 501/498, 409, 325, 242, 190, 147, 110,
and 67 bp.

Table 2. Number of Samples Analyzed by Various PCR Assays

total rbel rbel p35S MON 810 of these twarbcL PCR assays, but it is also consistent with an
samples  (173bp)  (500bp) (123 bp) (149 bp) expectation that DNA is undergoing degradation during diges-
(no.) (no.) (no.) (no.) (no.) tion and smaller fragments are more prevalent than larger ones.
pork 118 118 20 118 1 To determine the repeatability of thesecL results, new
beef 20 20 0 20 0 subsamples of 31 previously tested positive pork samples were
Ch:Eken ig ig 12 ig (1) subjected to DNA extraction and analysis with bdticL PCR
mi

assays. As shown ifigure 4, 58% of the samples that had
previously tested positive in the 173 bipcL PCR were again
o ) positive in this assay when new aliquots were subjected to DNA
due to PCR inhibition, each sample PCR was run in parallel extraction and analysis. This repeat analysis also showed 23%
with a PCR spiked with positive DNA. The number and type of the samples gave indeterminate results and 19% were
of animal tissue samples initially analyzed by each of the four negative. Because different aliquots of the same pork samples
PCR methods used in this study are showTable 2. were used in the two PCR analyses, it is possible that unequal
If a pair of duplicates yielded indeterminate/(-) results, distribution of the plant DNA fragments in the pork muscle
repeat PCRs were performed on the same duplicate DNA tissues explains the differing results. These differing results
extracts. If the repeat PCR results were again indeterminate,could also reflect the difficulty to repeatedly detect rare plant
repeat DNA extractions were prepared from two other sub- DNA fragments in animal tissues. It is noteworthy, however,
samples, and the resulting duplicate DNA preparations were that the 500 bpbcL amplification product was detectable only
analyzed by PCR. If this repeated DNA extraction/PCR analysis in samples in which the 173 bppcL PCR method had also
still yielded unmatched duplicate results/¢), the result of shown positive results. In addition, all of the samples that were
the analysis of that particular tissue sample was recorded asnegative with the 173 bp method were also negative with the
indeterminate. It is worth noting that repeated indeterminate 500 bprbcL PCR method.
results are foreseeable when the level of the target DNA in a The detection of fragments of the maideL gene in some
sample is slightly below the LOD of the assay8(-20). animal tissue types by PCR is generally consistent with
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sensitive PCR methods could detect transgenic plant DNA
Pork fragments in tissue samples from animals fed these GM
products. Therefore, all animal samples were analyzed by PCR
for a 123 bp DNA fragment of the CaMV 35S promot&able
b 2). In case of a positive or indeterminate result, the samples
173 b +H also were tested with a PCR method using a completely different
S 56 set of primers specific for MON 810 (the “MON 810 PCR”).
All of the 14 milk and 20 beef samples tested negative for
31 Samples the 123 bp fragment g§35S. One chicken sample (C18) out of
the 20 tested samples repeatedly produced an indeterminate
(+/=) PCR result for the 123 bp DNA fragment @35S.
Because the C18 sample was from a chicken fed conventional,
500 bp 6 nonGM maize, this indeterminate result should not be interpreted
iy to suggest the presence of DNA fragments from ingesting MON
810 maize. This is supported by the fact that further analysis

21 Samples of sample C18 by the MON 810 PCR method testing for a 149
Figure 4. Repeat maize rbcL PCR assays results for pork muscle bp amplicon was also negative. One pork sample (P13) of 118
samples: (black) positive (+/+), (white) negative (=/-), (gray) indeterminate samples produced a positive result in f85SPCR assay. The
(+-). P13 sample was from one of 59 animals that had been fed MON

810 maize. For additional confirmation of the positp@5SPCR
previously published results, although there are some notableresult of pork sample P13, the analysis was repeated with new
differences in the number of detects for some tissue types. Intissue subsamples, which again showed positive results. Further
two previous reports9, 10), a 199 bp fragment of a highly  analysis of pork sample P13 with the MON 810 PCR method
abundant chloroplast gene, tRNAwas detectable in different  yielded indeterminatet{/—) results, suggesting that the number
chicken tissue samples and not significantly detectable in muscleof target copies in the sample were below the detection limit of
tissue samples from beef steers, which is similar to the findings the method.
of the present study. It has also been reported that a 140 bp Because these PCR data show a binomial distribution (e.g.,
fragment of the'bcL gene was detected by PCR in 33%, 54%, either positive or negative for the test DNA) with a modest
and 23% of samples from the musculus gluteus maximus, number of samples, the Pearson Chi-Square Exact statistical
musculus longissimus dorsi, and musculus trapezius, respectest (17) was used to further understand pe&SPCR assay
tively, of swine fed Bt or conventional maiz&X). In contrast for the control (conventional maize) and the test (MON 810
to the present results with milk samples, in which nearly all of maize). This statistical analysis showed that the probabMigy (
the samples were positive for both the 173 and 500 bp DNA that thep35SPCR results for the pork samples from animals
targets, one prior report had only marginally detected DNA fed conventional maize and samples from animals fed MON
fragments of a chloroplast gene in mill®)( One simple 810 maize were similar was 1.000. This indicates that the
explanation for the dissimilar results could be differences in positive detection with sample P13 was not statistically signifi-
analytical methodology (e.g., DNA extraction methods, PCR cant, becausp < 0.05 for 59 total samples indicates that2
primers, and PCR conditions). positive results can be observed by random chance alone.

Second, for dairy milk samples, the extreme difficulty in The identity of thep35SPCR products of chicken sample
collecting samples free of plant-derived dust, abundant in the C18 and pork sample P13 was verified by sequence analysis,
dairy environment and on the cows, is acknowledged, especially showing them to be identical with the CaMV 35S promoter
given the extreme sensitivity of the present PCR methods for reference sequence (GenBank Accession No. V00141) except
high copy number genes suchrasL. Because of the potential ~ for one mismatch in the sequence of C18 (data not shown).
for laboratory-derived contamination, in this study both the PCR  Summary. Transgenic DNA fragments were not detected in
analyses and also the extraction procedures were controlled byany of the tested animal tissue samples, including dairy milk
inclusion of extraction-negative and PCR-negative controls. The and samples of muscle (meat) from chickens and beef steers
importance of stringently controlled experimental procedures by thep35SPCR. The large number of muscle samples collected
during analyses of high copy number genes was described in afrom 118 swine for PCR analysis was of sufficient size to
recent report Z1). The authors showed that, working under conclude that no statistically significant detections of transgenic
standard laboratory conditions, PCR methods similar to those DNA occurred with this set of tissue samples €p0.05). By
used in this study detectedlacL gene fragment in 48% of the  comparison, the 173 brbcL assay detected the target plant
tested bovine tissue samples. By comparison, using stringentlychloroplast DNA fragment in 5%, 15%, and 53% of the muscle
controlled laboratory conditions, the same PCR methods samples from beef steers, broiler chickens, and swine, respec-
detected the plant-derived DNA fragment in only 3% of the tively, and in 86% of the dairy milk samples. The 500rbgL
same samples. assay detected DNA fragments in 43% of the swine muscle

In this study, the most notable differences in detectability of samples and 79% of the milk samples.
the maizerbcL gene did not occur between ruminants and  Taken together, these analyses suggest that the gene copy
monogastric animals, as anticipated, but within these groups.number might be a significant factor influencing the detectability
While rbcL fragments were detected in muscle tissue from two of plant DNA sequences in animal tissues. A single plant cell
monogastric species (chickens and swine), the frequency ofcontains up to 500—50000 copies (roots versus leaves, respec-
detection in pork samples was significantly greater than that in tively) of the chloroplast genome (12) as compared to the single
chicken samples. This difference may be due to the differencescopy per haploid genome of the transgenic DNA in the nuclear
in the digestive physiology of the two species or due to genome of MON 810 maize. The considerably greater abun-
differences in muscle samples, time of feeding, or other factors. dance of copies of the target chloroplast DNA relative to the

PCR Analysis of Animal Samples for Transgenic DNA target genomic DNA in plant cells essentially providesrihel
Fragments. A key question for this study was to determine if PCR assays with a proportional increase in probability of larger
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or intact fragments of the more abundant DNA target surviving (10) Klotz, A.; Mayer, J.; Einspanier, R. Degradation and possible
the digestive tract of animals. It should be noted, however, that, carry over of feed DNA monitored in pigs and poultgur.
on a mass basis, total nuclear genomic DNA is much more Food Res. Techno2002,214, 271-175.
abundant than chloroplast DNA, suggesting that methods to (11) Reuter, T.; Aulrich, K. Investigations on genetically modified
detect high copy number, nuclear-encoded sequences may also ~ Maize (Bt:maize) in pig nutrition: fate of feed ingested foreign
yield positive detects. ?&I)\IZA in pig bodies Eur. Food Res. Techna2003,216, 185—

A recent report showed that a PCR assay failed to detect a (12) Bendich, A. Why do chloroplasts and mitochondria contain so
211 bp fragment of the Bt gene in 324 samples collected from many copies of their genomeHoEssaysl987,6, 279—282
nine tissues that had been collected over a 72 h period after P ;

. A . . (13) Jennings, J. C.; Albee, L. D.; Kolwyck, D. C.; Surber, J. B.;
feeding swine Bt maize, but a high percentage of these samples Taylor, M. L.; Hartnell, G. F.; Lirette, R. P.; Glenn, K. C.

were positive for a high copy number plant chloroplast gene Attempts to detect transgenic and endogenous plant DNA and

(11). Together, the present data plus the data from these other transgenic protein in muscle from broilers fed YieldGard Corn

reported studies show that the presence of DNA fragments of Borer corn.Poult. Sci.2003,82, 371—380.

high copy number plant sequences in some animal tissues (14) Arumuganathan, K.; Earle, E. D. Nuclear DNA content of some

appears to be a normal metabolic occurrence that is variable important plant specie$lant Mol. Biol. Rep.1991,9, 208—

between different animal species and between tissues types 218.

within animal species. (15) Lipp, M.; Bluth, A.; Eyquem, F.; Kruse, L.; Schimmel, H.; Van
The variability of the detection of the high copy number Den Eede, G.; Anklam, E. Validation of a method based on

targets and the absence of significant detection of single copy polymerase chain reaction for the detection of genetically

modified organisms in various processed foodstiEisr. Food
Res. Technol001,212, 497—504.

(16) Zimmermann, A.; Hemmer, W.; Liniger, M.; Lithy, J.; Pauli,
U. A sensitive detection method for genetically modified
MaisGard corn using a nested PCR-systé&wod Sci. Technol

DNA targets is consistent with the expectation that DNA is
undergoing rapid degradation in the digestive tract of animals.
Follow-up studies could be designed to further elucidate the
mechanism that results in the presence of detectable levels of

high copy number plant DNA fragments in tissues from some 1998,31, 664—667.

animals. (17) Snedecor, G. W.; Cochran, W. Gtatistical methods, 7th ed.;
The lowa State University Press: Ames, IA, 1980.
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