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Abstract Field performance was assessed in 13
transgenic potato (Solanum tuberosum L.) lines
from three cultivars expressing a selectable marker
gene conferring kanamycin resistance. All lines
developed unexpected changes in the phenotypic
appearance of shoots, and/or poor tuber yield
generally involving a reduced number of small
tubers. Each independently selected transgenic line
showed distinctly different changes in phenotypic
appearance or yield performance. The observed
changes were very uniform within each clonally
propagated transgenic line, and were consistent in
appearance over two seasons in the field. These
changes were attributed to either epigenetic or
genetic events occurring during the tissue culture
phase of transformation. Efficient systems for the
rapid selection and regeneration of transformed
plant cells are therefore required to minimise the
frequency of tissue culture induced variation in
plant performance.
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INTRODUCTION

Genetic engineering of plants offers considerable
potential for the improvement of crops for traits
such as resistance to diseases, pests, herbicides, and
environmental stress, as well as various quality
parameters (Fraley 1992). The most commonly
used transformation techniques for the introduction
of foreign genes into plant cells areAgrobacterium-
mediated gene transfer (Grant et al. 1991), direct
uptake of DNA into protoplasts (Rathus & Birch
1991), and bombardment of plant tissues with
microprojectiles coated with DNA (Klein et al.
1992). The techniques of plant cell and tissue culture
are then used to regenerate complete plants from the
individually transformed cells. In order to identify
the rare transformed plant cells, genes conferring
resistance to specific phytotoxic chemicals (e.g.,
antibiotics) are incorporated into the vectors used
for the transfer of the targeted gene. Transformed
cells are then selected in cell culture by their
resistance to normally phytotoxic concentrations of
the appropriate chemical (Grant et al. 1991).

The most commonly used selectable marker
gene for plant transformation is NPTII (neomycin
phosphotransferase II), which confers resistance to
kanamycin and related antibiotics when transferred
to and expressed in plant cells (Flavell et al. 1992;
Nap et al. 1992). For genetic engineering to have
value in crop improvement, it has been assumed
that this selectable marker gene, and the trans-
formation procedures using it, have no effect on
crop performance in the field. In this paper we test
this assumption by reporting on the field performance
of transgenic kanamycin-resistant potato lines. We
discuss reasons for observed changes in plant
phenotype and poor tuber yield, and describe
strategies to circumvent these problems.



362 New Zealand Journal of Crop and Horticultural Science, 1994, Vol. 22

MATERIALS AND METHODS

Plant material

The origin of the transgenic potato (Solarium
tuberosum) lines used in this study has been
previously reported (Conner et al. 1991b). This
involved Agrobacterium-mediated transformation
of three cultivars ('Ham Hardy', 'Iwa', and 'Rua')
using the binary vector pCGN200 (Deroles &
Gardner 1988). The T-DNA of this vector contains
two chimeric genes (35S-NPTII-TML and OCS-
NPTII-OCS) that act as selectable markers for
transformation by conferring resistance to kana-
mycin after integration and expression in plant
cells. Following co-cultivation of leaf segments
with the disarmed Agrobacterium tumefaciens
strain LBA4404 (Hoekema et al. 1983) containing
pCGN200,13 kanamycin-resistant cell cultures were
independently selected and regenerated into
complete plants. These lines were confirmed as
being transgenic via Southern analysis and enzyme
assays (Conner et al. 1991b), and included three
lines of 'Ilam Hardy' (SKIH 1-3), four of 'Iwa'

), and six of 'Rua' (SKR1-6).

Micropropagation

Plants of the 13 transgenic lines and the three
parental cultivars were multiplied in vitro on MS
salts and vitamins (Murashige & Skoog 1962), plus
40 mg/litre ascorbic acid, 500 mg/litre casein
hydrolysate, 30 g/litre sucrose, and 7 g/litre Davis
agar at pH 5.8. All medium components were
prepared to their final concentration and autoclaved
for 15 min at 103 kPa before c. 50 ml was dispensed
into pre-sterilised plastic pottles (80 mm diameter x
58 mm high). Every 3-4 weeks stem cuttings of
1-2 nodes were excised from in vitro plants and
transferred to fresh medium. Cultures of 10 plants/
pottle were incubated at 25°C under cool-white
fluorescent lamps (80-110 \xmo\lm2 per s; 16 h
photoperiod).

Plant transfer from in vitro culture

Plants were transferred to soil 3-4 weeks after their
last subculture. The gelled medium was washed
from their roots in tepid water, and they were
planted into plastic 12-plug cavity trays (Flight
Plastics, Wellington, New Zealand) with individual
cells of 3 cm2 x 5 cm deep. The soil mix consisted
of 3 parts shredded bark (Pinus rddiata) : 2 parts
sand (washed crusher dust), supplemented with
6.4 kg/m3 dolomite lime, 3.32 kg/m3 "Osmocote

14-16.1-11.6" (Sierra), 1.4 kg/m3 superphosphate,
120 g/m3 calcium nitrate, 56 g/m3 "Fetrilon Combi 1"
(BASF), and 1 kg/m3 "Micromax" (Sierra). The
plants were thoroughly watered and placed in the
shade under the benches of a containment green-
house maintained with heating <18°C and ventil-
ation >22°C. After 1 week plants were transferred
to the top of the benches for a further 2 weeks. They
were then transferred outdoors to a sheltered position
in direct sunlight for 2 weeks hardening-off in
preparation for field planting. Other plants were
transferred into PB5 Planta bags for continued
growth in the containment greenhouse.

Field trial approval

Regulatory approval for the two field trials
reported in this study was received from the
Minister for the Environment on 8 September 1988
and on 27 October 1989. In both instances this
followed submissions to the Interim Assessment
Group for the Field Testing and Release of
Genetically Modified Organisms, administered by
the Ministry for the Environment, Wellington, New
Zealand.

Field trial establishment

The field trials were conducted at Lincoln, New
Zealand on a Paparua silt loam in 1988/89 and a
Wakanui silt loam in 1989/90. They involved
standard agronomic practice for land preparation,
plant spacing, and husbandry used for growing
potato crops. Rows were planted in a north/south
orientation and were spaced 75 cm apart. There was
30 cm between plants within rows, with 1 m gaps
between replicate plots of each potato line. Each
trial was completely surrounded by 2-5 buffer rows
of wild-type potatoes to prevent edge effects. The
trial sites were isolated by at least 500 m from other
potato crops. Weed control involved hand weeding
when necessary, and sprinkler irrigation was
provided as required.

The 1988/89 field trial was established with
micropropagated plants hardened-off as described
above. It involved 1-12 replicate plots of 16 plants
for each potato line. The trial was planted on 18
November 1988 and harvested on 20 April 1989.

The 1989/90 field trial was established with
tubers harvested from the previous season's trial
and stored at 4°C in darkness. It consisted of 1-5
replicate plots of 10 plants for each potato line
tested. This trial was planted on 23 November 1989
and harvested on 18 May 1990.


