of the inward and outward primers on
the anchor; a footprint of the restriction
enzyme in both the anchor and the
flanking genomic DNA (reconstituting a
restriction site); and the intervening
anchor 35S DNA between the primer site
and the restriction site. The frequency at
which the enzyme used cuts maize DNA
indicates that products should average
2,000-4,000 bases.

It would also be expected that some,
probably all, of the i-PCR products would
contain  further transgene sequences
adjacent to the 35S promoter. We found
that no product contained any transgene
sequences. As proof that “introgressed
DNA [has] retained its integrity”?, two
sequences are designated by Chapela and
Quist as adhl sequences, “similar to
synthetic constructs ... in transgenic maize
... such as Novartis Bt11"” These sequences
show no similarity to the adhl intron
sequences used in some synthetic con-
structs, and probably represent retrotrans-
poson DNA.

Several mechanisms may have led to the
production of i-PCR artefacts. The sequen-
ces of the authors’ primer pairs partially
match several genomic sequences, which
in turn show high sequence similarity to
the amplified fragments (Fig. 1). Spurious
products could have been generated
depending on the (undisclosed) conditions
of the i-PCR; for example, the 3’ ends of
the primers used to amplify sequence
AF434756 can directly base-pair with the
genomic sequence that was amplified (Fig.
1). There was no negative control to address
the possibility of i-PCR amplification from
maize samples containing no transgenic
DNA,; furthermore, the restriction enzyme
EcoRV generates blunt ends on digested
DNA, providing no mechanism for prefer-
ential ligation of the anchor to digested
DNA, rather than to random pieces of
sheared DNA.

To consider any of the i-PCR products as
legitimate flanking regions requires verifica-
tion that the anchor is truly adjacent in the
genome to the retrieved sequence. Confirm-
ation entails a very simple experiment: PCR
using a new outward primer on the anchor
and a primer that is specific to the putative
adjacent genomic DNA will amplify the
same DNA as the i-PCR reaction, as long as
the original was legitimate.

An empirical inference from Quist and
Chapela’s results is that transgenic corn
may be being grown illegally in Mexico, a
situation that has already occurred with
soybean in Brazil® and cotton in India®.
However, the approach used by the
authors provides no mechanism for quan-
tifying possible F, hybridization between
traditional and transgenic varieties. The
possibility that the 35S signal they detect
by PCR in their five samples is due to
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contamination cannot be ruled out. No
indication is given of the number of
repetitions in which each sample produced
a positive or negative result, and results
from the historical negative control sample
are omitted as data not shown, with two
lanes of data being excised from the gel in
the authors’ Fig. 1.

Transgenic corn may or may not be
hybridizing to traditional maize cultivars in
Mexico. Whether these events will result in
introgression of traits, and whether such
introgression could have a negative effect
on crop diversity, is pure speculation — so
far, there is no evidence of transgenes
fragmenting and scattering throughout
genomes.
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Maize transgene results
in Mexico are artefacts

uist and Chapela’s conclusion' that

the transgenes they claim to have

detected in native maize in Oaxaca,
MeXico, are predominantly reassorted and
inserted into a “diversity of genomic
contexts” seems to be based on an artefact
arising from the inverse polymerase chain
reaction (i-PCR) they used to amplify
sequences flanking 35S transgenes from
cauliflower mosaic virus (CaMV).

After i-PCR, the authors determined
eight flanking sequences, two of which (K1
and A3) they claim contained transgenic
sequences which they identified as homolo-
gous to adhl. The adhl region, one of the
first large regions of the maize genome to
be sequenced, is composed mainly of retro-
transposons®. Adh1l introns are commonly
used to increase expression of transgenes
in maize®*.

Quist and Chapela may have confused a
hit to the 160-kilobase (kb) adhl genomic
region with a hit to an intron of the gene.
The adhl-homologous regions that flank
their amplification products K1 and A3 are
located about 40 kb from the adhl gene.
This sequence is a repetitive element that is
also present in two other large maize
genomic sequences, and is not an adhl
intron or coding sequence. In fact, a search
of GenBank reveals that K1 is more similar
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to an element within the bronzel genomic
sequence than to the adhl sequence.

The eight i-PCR products probably
resulted from incorrect PCR priming,
because 13 of the 15 base pairs of the
authors’ primer iCMV?2 can be found in the
bronzel genomic region (GenBank acces-
sion no. AF391808.2) as well as the adhl
genomic region (GenBank AF123535.1). In
addition, the 10 base pairs at the 3’ end of
the second primer used, iCMV1, are found
within the same adhl genomic region.
These represent the false priming sites
amplified by Quist and Chapela as K1 and
A3 (GenBank AF434754, AF434755).

Finally, the final seven base pairs of the
primer iCMV2 are identical to a maize
Opie retro-element (GenBank U68408.1),
which is the third i-PCR sequence ampli-
fied, A2 (GenBank AF434756). These false
priming sites are found at the boundaries
between the primers used and the genomic
sequences amplified, suggesting that
mobile elements exist in the maize genome
that have limited sequence similarity to
CaMV. However, this does not show that
transgenes are scattered throughout the
genome.

Given the following facts — none of the
flanking sequences contains an obvious
transgene (or any expected CaMV sequence
apart from the primers used), i-PCR is
prone to generating artefacts®, and multiple
false priming sites are present in the maize
genome — it is likely that the i-PCR
sequences are all artefacts and not genuine
transgenes.

Southern blots of individual kernels
could provide much more reliable infor-
mation about introgression of transgenes
into native populations. Transgenic corn
may be being grown illegally in Mexico,
but Quist and Chapela’s claim that these
transgenes have pervaded the entire native
maize genome is unfounded. It is impor-
tant for information about genetically
modified organisms to be reliable and
accurate, as important policy decisions are
at stake.

Nick Kaplinsky*, David Braun*,

Damon Lisch*, Angela Hay*t,

Sarah Hake*t, Michael Freeling*
*Department of Plant and Microbial Biology,
University of California, Berkeley,

California 94720, USA

tPlant Gene Expression Center, Agricultural
Research Service, US Department of Agriculture,
Albany, California 94710, USA

e-mail: nkaplins@nature.berkeley.edu

1. Quist, D. & Chapela, I. H. Nature 414, 541-543 (2001).

2. Sanmiguel, P. et al. Science 274, 765-768 (1996).

3. Callis, J., Fromm, M. & Walbot, V. Genes Dev. 1,
1183-1200 (1987).

4. Chiueh, L., Chen, Y., Yu, J. & Shih, D. Y. J. Food Drug Anal. 9,
50-57 (2001).

5. Zimmerman, A., Luthy, L. & Pauli, U. Lebensm-Wiss. Technol.
33, 210-216 (2000).

Competing financial interests: declared none.

Published online 4 April 2002; DOI 10.1038/nature739

601




