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Abstract During the initial field evaluation of transgenic
plants, it is usual to isolate them genetically from other
plants of the same species. Several field experiments on
potatoes, using transgenes as markers, have shown that
transgene dispersal by pollen to other potato plants is lim-
ited and very unlikely at distances over 10 m. In a recent
study in Sweden, a frequency of transgene-containing
progeny of over 30% is reported from non-transgenic po-
tato plants grown at distances of 10-1000 m from trans-
genic plants containing nptll and gus marker genes. Data
from the Swedish study is discussed along with other rel-
evant observations, and it is concluded that the high fre-
quency of gene dispersal in that study results from a high
frequency of false positives during PCR analysis of the
nptll gene. From the data available in potato, it is con-
cluded that a distance of 20 m is generally adequate for the
initial field evaluation of transgenic potatoes containing
novel gene constructs.

Key words Solanum tuberosum - Transformation -
Transgene dispersal - Pollination distance -
Risk assessment

Introduction

The initial small-scale field testing of transgenic crop
plants is usually performed under semi-contained condi-
tions to minimise the dispersal of transgenes into the en-
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vironment. One of the concerns is transgene transfer by
pollen to neighbouring crops of the same or closely related
species (Dale 1993). When granting permits for field test-
ing transgenic crops, regulatory authorities generally spec-
ify isolation distances from other plants of the same spe-
cies. For this reason, it is important to determine the dis-
tances over which effective gene transfer can occur. From
many years of experience of the production of seeds from
traditional plant cultivars, isolation distances have become
well established for most crops, and these are rigidly ob-
served to maintain seed purity to defined legal specifica-
tions (Frankel and Galun 1977). However, for asexually
propagated clonal crops, true seed production under field
conditions is unimportant, and therefore there is compar-
ably little experience and information.

Potatoes are one of the crops at the forefront of trans-
genic plant development, with many field trials having
been performed around the world (Dale et al. 1993). Be-
cause it is an asexually propagated crop, there is very lit-
tle accurate information on effective pollination distances
(Conner 1994). Anecdotal information is available from
plant breeders and farmers who occasionally observe berry
formation on male-sterile cultivars growing beside a male-
fertile cultivar. Such observations suggest that effective
pollen dispersal in potato occurs over a few meters only.
However, in the absence of quantitative data, regulatory
authorities were initially very conservative when specify-
ing isolation distances. During the first field trials on trans-
genic potatoes in the mid-late 1980s, isolation distances of
600 m and/or flower removal were required. In response
to data on transgene dispersal by pollen, obtained during
some of these trials, isolation distances have since been
substantially reduced to 50 m and less (Dale et al. 1992).
However, a recent report has concluded that transgene dis-
persal via pollen can occur at high frequencies at up to 1000
m from field trials of transgenic potato. In this brief paper,
we critically compare and assess the reported data on pol-
len dispersal from field-grown transgenic potato plants. We
also recommend isolation distances to avoid or reduce
transgene dispersal by pollen during the initial evaluation
of new transgenic lines of potato.
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Review of data on transgene dispersal by potato pollen

There have recently been several published reports that
quantify the frequency and distance of transgene dispersal
during potato field trials (Table 1). These studies have been
performed independently in several different countries, us-
ing different cultivars and different transgenic phenotypes.
All of the studies involved the screening of progeny, ob-
tained from non-transgenic potato plants growing at set
distances surrounding the transgenic plants, for the expres-
sion of dominant genetic markers transferred from the
transgenic potatoes. The majority of these independently
performed studies have reported very similar results; the
very limited dispersal of pollen over very short distances
near the edge of a trial (Tynan et al. 1990; Dale et al. 1992;
Conner 1993; McPartlan and Dale 1994). In all of these
studies, considerable care was taken to develop stringent
screening methods to avoid the appearance of false posi-
tives and false negatives when assessing large progeny
populations. Large populations of non-transgenic seed-
lings were screened to confirm-the virtual absence of es-
capes through the selection schemes (false positives), and

transgenic seedlings were used as positive controls to con-
firm the reliability of selection protocols (absence of false
negatives) (Tynan et al. 1990; Dale et al. 1992; Conner
1993). Furthermore, the transgenic status of positive seed-
lings was verified by independent biochemical and molec-
ular tests (sec Table 1). In these studies, care was also taken
to synchronise flowering of the transgenic plants and the
non-transgenic pollen-trap plants by either using the same
potato cultivar and/or the removal of flowers.

In marked contrast to these reports of negligible disper-
sal of transgenic pollen, a more recent study from Sweden
has reported high frequencies of transgenic pollen disper-
sal up to 1000 m from a field trial of transgenic potato
(Skogsmyr 1994). The Swedish report includes elaborate
explanations, involving sexual selection in plants and se-
lective foraging behaviour of pollinating beetles, to ac-
count for the much higher than expected frequency of pol-
len dispersal over very long distances. However, a close
examination of the experimental methods used in this lat-
ter study raises serious doubts over the validity of the data.
Since this study was published in a reputable international
scientific journal, authorities in regulatory agencies may
accept the conclusions without question. A critical assess-

Table 1 Summary of studies on transgene dispersal from field trials of transgenic potatoes

Reference Tynan et al. Conner 1993 Conner 1993 Dale et al 1992  Skogsmyr 1994  Erjefilt
1990 McPartlan and unpublished®
Dale 1994
Details of field trial
Location Lincoln, NZ Lincoln, NZ Lincoln, NZ Cambridge, UK Svaldv, Sweden  Svaldv, Sweden
Year 1988/89 1988/89 1989/90 1989 1991 1991
Transgenic cultivar Iwa Rua, Iwa, Iwa Désirée Désirée Désirée
Ilam Hardy
Transgenes nptll, gus, als® nptll nptll, gus, als nptll, gus nptll, gus nptll, gus
Non-transgenic Iwa Mixed breeding Mixed breeding  Désirée Stina Stina
pollen-trap cultivar lines lines
Genetic marker Chlorsulfuron  Kanamycin Chlorsulfuron Kanamycin PCR for nptil Tuber colour
screened resistance resistance resistance resistance
Confirmation of GUS activity NPTl enzyme  GUS activity Southern Not performed  Not performed
transgenic status assay analysis
Frequency of transgenic
progeny in pollen-trap cultivar
Distance from transgenic
plants:
Adjacent rows 1.14% 0.19% 0.046% 23.64% 72% 1.3%
(less than 1 m)
Upto3m 0.04% 0.00% 0.000% 2.07% 34% 0.5%
3-9m 0.02% 0.00% 0.008% - - -
10 m 0.00% - 0.000% 0.02% 34% -
20 m - - - 0.00% - -
100 m - - - - 36% -
1000 m - - - - 31% 0.00%
Total number of 61,381 45,640 306,532 29,412 291 523

progeny screened

2 The data from Erjefilt was from a naturally occurring tuber-colour marker gene present in the transgenic variety ‘Désirée’ used in the
study
b uprtll, Neomycin phosphotransferase; gus, beta-glucuronidase; als, chlorsulfuron resistance



ment of this paper is therefore important, as the results may
be used to establish government policy and guidelines for
isolation distances of field trials with transgenic potatoes.

Assessment of the Swedish study

In the study by Skogsmyr (1994), there are a number of
features associated with the experimental design, and the
assay used for screening the potato seedlings that suggest
the results are incorrectly interpreted. Some of these points
are not apparent in the paper, but have become evident upon
subsequent communications with the author and with the
company that developed the transgenic potatoes and per-
formed the field trial.

During the Swedish study, the ‘Stina’ non-transgenic
potato cultivar used as a pollen-trap (or pollen recipient)
flowered for a period of 27 days, of which the last 20 days
coincided with flowering of the transgenic ‘Désirée’
plants. Since the field trial was isolated 2000 m from the
nearest other potatoes, all of the berries forming on *Stina’
during the first 26% of its flowering period would be ex-
pected to result from self pollination within this cultivar.
Assuming an even spread of flowering and seed set during
the season, this would amount to 26% of all the seeds de-
veloping on ‘Stina’ plants. On the basis of this reasoning,
the maximum possible frequency of ‘Stina’ derived seeds
resulting from pollination by transgenic ‘Désirée’ plants is
estimated to be 74%. The Skogsmyr (1994} study reports
a frequency of 72% transgenic progeny from the poilen-
trap ‘Stina’ plants within 1 m of the transgenic plants. This
means that virtually every seed developing on the ’Stina’
plants during the period of synchronised flowering would
have arisen from the transgenic ‘Désirée’ pollen. Since
‘Stina’ is highly self-fertile, this seems exceedingly un-
likely; even for elaborate hypotheses involving specific
foraging behaviour by pollinating insects, or highly selec-
tive pollen competition of outcrossed over selfed pollen.

The transgenic ‘Désirée’ plants growing in the field trial
were maintained clonally since transformation. Conse-
quently, the plants in the field trial would have been hem-
izygous for the transgenic loci, and the progeny derived
from these plants would segregate for the transgenic trait.
Neither Southern analysis nor inheritance studies were per-
formed on the transgenic ‘Désirée’ plants, so the number
of T-DNA inserts in the field-grown plants is unknown.
However, the simplest model involves a single insertion
locus into an autotetraploid potato cultivar to give an alle-
lic configuration in the simplex state (Conner 1994). Upon
outcrossing this would result in 50% of the progeny with-
out the transgenes. The comparable figures for two, three
and four unlinked transgene copies would be in 25%,
12.5% and 6.25% respectively, of progeny without the
transgene. When this is coupled with the calculated 74%
of “Stina’ progeny that could have resulted from outcross-
ing with transgenic ‘Désirée’, the maximum possible fre-
quency of transgenic progeny in the pollen-trap cultivar is
37% (one copy), 56% (two copies), 65% (three copies) and

507

69% (four copies). In each case, this is a lower percentage
than the reported 72% of transgenic progeny from the pol-
len-trap plants growing close to the transgenic ‘Désirée’
plants.

On the basis of these considerations and others to be
considered later, the reported results are likely to be a con-
sequence of a high frequency of false positives. This is not
uncommon when using such a highly sensitive assay as the
polymerase chain reaction (PCR). When performing PCR
reactions molecular biologists generally recognise the ab-
solute care required to avoid false positives arising from
contamination of solutions, the sample, or the environ-
ment.

Unfortunately, there were no controls in the Skogsmyr
(1994) study to determine the frequency of false positives
in the PCR reactions. In particular, the screening of a.large
number of self-pollinated pollen-trap seedlings would have
been a critical control. False positives could have easily
arisen from the samples, since many of the seeds were con-
taminated with microbes (Skogsmyr 1994), and the nptll
gene is widespread in many microbe communities (Nap et
al. 1992). This is highly possible given the extremely sen-
sitive nature of PCR, and the fact that the npt/I primers
used for the PCR reaction were the 821 and 822 sequences
described by Hamill et al. (1991), which are based on the
coding region of the nptll gene.

Of the 291 potato seedlings screened by Skogsmyr
(1994) for the nptll gene by PCR, 68 were reported to be
positive. However, there was no confirmation of the trans-
genic status of these seedlings using a different indepen-
dent assay such as Southern analysis or gene expression.
This could have been very simply performed by a histo-
chemical assay for GUS expression or assessment of tuber
colour (see below). Eight seedlings containing the nptll
gene were also found by PCR to contain the gus gene. How-
ever, these seedlings arose from the transgenic ‘Désirée’
plants, and not from the pollen-trap ‘Stina’ plants.

Re-interpretation of the Swedish results

Given the above arguments, we propose that the frequency
of false positives in the Skogsmyr (1994) study is likely to
be about the level reported at 101,000 m from the trans-
genic plants (31-36%). If this background level is sub-
tracted from the reported figures, then the Skogsmyr (1994)
data can be corrected as follows: approximately 38% of
potato progeny in rows adjacent to the transgenic plants
resulted from transgenic pollen, with no effective gene
flow by transgenic pollen dispersal over longer distances.
When the experimental error associated with the very small
sample sizes used by Skogsmyr (1994) is taken into con-
sideration, this corrected result is not dissimilar to the re-
sults reported in other studies (see Table 1).

This interpretation of the published results is supported
by the unpublished data of Lennart Erjefilt from Svalsf
Weibull (see Table 1), which were obtained from the same
field experiment and seed samples used by Skogsmyr
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(1994). These data were based on the red-skinned tuber
colour in ‘Désirée’ as a dominant genetic marker. In con-
trast, the pollen-trap cultivar Stina has yellow-skinned tu-
bers, and self pollinated Stina plants never have red-
skinned tubers. Controlled crosses between ‘Stina’ (seed
parent) and ‘Désirée’ (pollen parent) resulted in 332 prog-
eny with red-skinned tubers and 352 progeny with yellow-
skinned tubers (chi square=0.58, P~0.5 for a 1:1 segrega-
tion ratio; L. Erjefilt, unpublished results). These segre-
gation results confirm the value of using red-skinned tu-
bers as a dominant genetic marker for gene flow in pota-
toes. They also confirm the heterozygous basis of the tu-
ber colour locus in ‘Désirée’, which is present in the sim-
plex state (Aaaa). This is the same allelic configuration ex-
pected for asingle transgenic locus in clonal potatoes (Con-
ner 1994).

The use of red-skinned tuber colour as a genetic marker
to monitor pollen flow from the Swedish field trial on trans-
genic ‘Désirée’ produced virtually identical results to the
other studies from New Zealand and the United Kingdom
(Table 1). Since these results are based on the same seed
samples used in the Skogsmyr (1994) study, they substan-
tiate our assertion that this latter study is based on a high
frequency of false positives rather than on actual gene flow.

Conclusion

After careful consideration of the published data on effec-
tive pollen dispersal of transgenes from field trials of trans-
genic potatoes, we recommend that isolation distances of
20 m are sufficient to mimimise pollen-mediated escape of
transgenes from potato. We anticipate that once initial field
trials have established that the transgenic phenotype has
negligible environmental impact, this recommended dis-
tance can be further relaxed during scale-up field trials and
commercial release of transgenic cultivars.
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