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Shoot cultures of cv. Desiree were established from five different
sources and were maintained on MS medium, without phytohormones.
The addition of adenine sulfate provided higher number of internodes.
One of five clones was virus-free, according to FLISA test. That clone,
designed as PKB, was used for transformation. Transformed roots were
obtained by inoculating shoot segments with Agrobacterium rhizogenes
A4MT0 GUS. Hairy roots appeared in 90% of explants. The transforma-
tion was confirmed by assaying the activity of - glucuronidase enzyme.
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INTRODUCTION

Potato (Solamwum tuberosum 1..) is one of the most important food crops in the
world. Some genetic characteristics of potato including polyploidy, self-incompatibility
and high heterozigosity make application of classical breeding methods difficult in this
species. Techniques of genetic engineering via Agrobacterium mediated transformation
offer interesting oportunities according to which certain useful traits can be directly
introduced into economically important potato cultivars.

[tis well known that soil bacteria Agrobacterium tumefaciens and A. rhizogenes,
can induce appearance of crown galls and hairy roots in many plant species. Bacteria
can transfer specific regions of their Ti plasmids, (T-DNA) into the genome of plant
cells (Hoemaka et al., 1984). This natural gene-transferring system, was exploited
to transform many plant species, including potato (Zambryski etal. 1983., An el
al., 1986). In recent years, many reports have been dedicated to transformation of
various potato cultivars.

Ooms etal., (1983) were first to report transformation of potato cv. Moris Bard.
They studied the appearance of tumors which appeared after wounding and inoculation
of potato shoots with A. tumerfaciens. Galls (tumor) tissue could regenerated shoots
and roots. Shoots manifested lysopine dehydrogenase activity (LpDH) which is a
positive sign of transformation. When these shoots were grafted uppon stems of normal
plants they could form stolons and within three months tubers. Among the shoots
regenerated from galls authors detected a number of shoots with abnormal morphology
and chromosome number. In the further study, the same authors (O o ms et al., 1987),
refined transformation method with A. fwmefaciens and obtained morphologicaly
normal transgenic plants of cv. Desiree.

Ooms etal., (1985) also studied transformation of cv. Desiree withA. rhizogenes
and showed that Ri plasmids also can be used as a vector to introduce genes via Ri T-
DNAinto potato. Shoots inoculated with the bacteria developed abundant roots which
were further cultured and studied. Shoots were regenerated from callus which deve-
loped on root cultures. Transformed plants distincly differed from untransformed
potatoes. Growth of the transformed plants was more vigorous but the final size of
plants and tuber vield were similar.

Shahin and Simpson (1986) developed a transformation system in which
lcal dises were cocultivated with disarmed (non oncogenic) LBA4404 A. nunefaciens
contained binary vector pARCS with Nos/Npt gene. Transformed nature of plants was
assayed by neomycin phospho-transferase I activity.

‘Tuber slices were used as explants {or potato transformation with A. rumefaciens
inworkof Sheerman and Bevan (1988). Shoots appeared within 4 weeks without
intervening callus stage. Shoots were first rooted and then screened for transformants
on medium supplemented with kanamycine. They worked with Desiree cultivar and
out of 200 independant transformants only one was morphologicaly different from
parental types. At the same time Stiekama et al, (1988) also presented a study on
transformation of Bintje and Desiree using disarmed binary A. tumefaciens LI3A 4404/
pBi121 vector system. Expilants for inoculation with bacteria were tuber discs from
which shoots were efficiently regenerated and rooted. In this case, transgenic plants
were assayed with GUS test.

Besides the experiments of potato transformation with 4. ftumefaciens strains,
different 4. rhizogenes strains were used too. De Vries-Uijtewaal etal, (1988)
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studied transformation of monohaploid and diploid genotypes with A. tumefaciens
LBA1020 and A. rhizogenes LBA 9402, both containing the Ril1855 plasmid. Transfor-
mation efficiency was generaly higher in diploids than monohaploids. Hanish ten
Catc et al, (1988) obtained transformed root lines of Bintje and Desiree with the
LLIBA 9402 and AR 15834 using leaf segments and tuber discs as explants. Shoots were
induced from roots but even more from compact green callus adjoining roots. However
only 10% of transformed root lines could regenerate shoots. Transgenic Ri-Desiree
plants were all uniform and corresponded to the normal phenotype whilst Ri-Bintje
plants showed a pattern of phenotypic variation.

Beside those authors, Visser et al, (1989) transformed potato using a binary
vector in virulent 4. rhizogenes strains (AM8703/ pRi1855 and pBil21). The transfor-
mation efficiency was much higher with 4. rhizogenes then A. tumefaciens.

De Block (1988) transformed Desiree, Bintje, Berolina and Russet Burbank
by co-cultivation of leaves in bacterial suspension of C58C1 strain carring nptll and bar
genes. The bar gen codes for the enzyme phosphinotricin acetyltranslerase (PAT)
which inactivates herbicide phosphinotricin (glufosinate). Thus transformed plants
were resistant to commercial herbicide Basta at high concentration (20 1/ha). Almost
recently Figuera Filho et al, (1994) reported upon transformation of several
Brazilian potato cultivats with A. frmefaciens carrying the pGV 1040bar confering the
resistance to phosphinotricin herbicides.

Newell etal, (1991) transfered potao virus X and Y coat protein genes into
Russet Burbank, using A. tumefaciens pMON 9809 vector containing the PVX coat
protein gene. The levels of PVX coat protein in transformed shoots were detected by
an ELISA assay.

One of the last reports on potato transformationwas Nadolska-Orczyk et
al., 1995 who reported successfull transformation of 12 polish potato cultivars. The
authors used well known strains of A. tumefaciens LBA 4404/ pBil121 and C58C1/
pVUI04, carrying the NPT and GUS genes. They regenerated plants from leaf ex-
plants, which rooted well.

In our country Desiree is the leading potato cultivar presenting 80% of the total
potato production. We therefore decided to use cultivar Desiree as a standard model
system in our investigation on potato. In this paper we present preliminary research on
the use of in vitro methods and Agrobacteritun mediated transformation in the breeding
of new. improved potato cultivars.

For transformation studies we used Agrobacterium rhizogenes, strain
A4M7T0GUS, which induces hairy roots. This strain carries gene coding for enzyme
B-glucuronidase, whose activity can be detected histochemically in the transformed
tissues.

MATERIAL AND METHODS

Plant culture: Shoot cultures of cv Desiree were established from etiolated tuber
sprouts. Surface sterilization was performed for 20 minutes in 10% solution of com-
mercial bleach containing 4-6% NaOCL MS (Murashige & Skoog, 1962)
medium which was used in all experiments was supplemented with 3% sucrose.
Subculturing was performed by segmentation at regular 3-4 week intervals. Segments
containing single axillary bud were at least 5 mm long. Cultures were maintained in 100
mlwide neck Lirlenmayer flasks or 150 ml blod transfusion bottles. Both types of culture
vessels were stopped with cotton wool plugs. Clone PKB which we used for transfor-
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mation studies was virus-free according to ELISA test (Sigma enzyme immunoassay
kit for potato virus A, M, S, X, Y, detection). Test was performed in Center for potato,
Guca by Dr D. Milogevic.

Conditions in the growth room: Photoperiod was 18/6 hoyrs light to darknes,
pl()g/ldt d by cool white fluorescent lamps, irradiance 5.0-7.2 Wm’ % and lcmpemlurc
+2°C.

The transformation procedure: The A. rhizogenes, AAM70GUS (Tepfer, M.
andDelbart, C. IF. 1987) was maintained on agar (1,5%) solidified YEB medium
(Van Larebeke etal, 1977), with antibiotic neomycine. The density of bacterial
suspension was about 10° bacteria/ml. The 2 cm long shoot segments were inoculated
by wounding with a sterile needle, shortly dipped in the bacterial suspension. The
explants were then left on the same media in the growth room, and after 2 days
transferred to a medium supplemented with cefotaxime, 100 mg/l. Culture were
screened after four weeks. About 50 pieces of potato shoots were inoculated in one
experiment.

GUS assay: Roots were cut from the stems and B- Glucuromdasc enzyme activity

was detected, using X-gluc at pH 7.0, after overnight incubation at 37°C (Je fferson
et al, 1987).

RESULTS AND DISCUSSION
Establishment and maintenance of shoot cultures

Shoot cultures of cv. Desiree were established from five different sources. Only
one of them, designated clone PKB, was found to be virus free. This clone was used in
further experiments, while the others was eliminated. Clone PKB from the beginning
had more sturdy shoots than the other four introductions.

In a preliminary study on the maintenance of potato shoot cultures we showed
that addition of cytokinins to the medium offers no improvement in standard growth
parameters. Thus on the hormone free medium the mean number of internodes per
explant was 8.6 0.2 and the shoot length 81.6 £ 2.9 mm. Only the addition of adenine
sulfate was benefitial providing higher number of internodes per explant 9.7 £ 0.2 and
somewhat longer shoots 89.4 = 2.5 mm at 100 mg/l. Growth of shoot cultures on the
hormone free medium was stable and here was no visible variation in growth pathern
of successive subcultures.

In transformation studies on potato in which shoots were used as explanis for
inoculation (Ooms et al, 1983, 1985, 1987 and others) shoots were previously
cultured on the hormone free medium. In contrast, the use of leaf and tuber tissue
requires presence of both eytokinin and auxin type growth regulators.

{ransformation

The appearance of hairy roots after transformation was fast. First root could be
observed in the inoculation zone within ten days. This hairy roots could be easily
distinguished from adventitious roots which developed on the cut end of shoot explants.
Production of roots was not accompanied by formation of callus.

After four weeks on the cefotaxime supplemented transformation medium
development of hairy roots was registered in 90% explants i.e 45 out of 50 inoculated
shoots.
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To investigate the ability of hairy roots for individual growth they were excised
and re-cultured on the same type medium. Roots not only elongated well but also
produced numerous laterals which enabled us to establish true root cultures. Sponta-
neous regeneration of shoots was not recorded.

Rapid growth associated with high branching of roots obtained after inoculation
of plants with A. rhizogenes is a good preliminary indication of successfull transforma-
tion (Dobigny, A. et al, 1995). The hairy roots tested for GUS activity were
coloured uniformly blue (Fig. 1, Fig. 2). This can be accepted as a proof for positive
transformation of potato roots.

Fig. 1. = Detection of B-glucuronidase activity by histological assay: transformcd root
becomes blue (a), while control root remains white (b).

Iig. 2. — Phenotypes of root lines: most of the transformed root are highly branched
and exhibited a high growth rate
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GUS positive roots were fixed in FAA fixative and prepared for hystological
investigation which we plan to perform in due course.

The A. tumefaciens strain A4 is agropine type, whose Ri plasmid contains two
fragments of T-DNA, a TL-DNA carrying the rol genes and a TR- DNA carrying genes
encoding for opine and auxine synthesis. So, the presence of TL- DNA in translormed
tissues can not be detected only by opine marker, and that is the reason we did not
performed that analysis.

In this study, a protocol for genetic transformation in potato using a A. rhizogenes
A4 M70GUS was successfully developed. This transformation method can be used as
a routine method lor introducing foreign genes into local potato cultivars.
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Kulture pupoljaka cv. Desiree uspostavljene su iz pet razlicitih klonova i
odrzavane na MS medijumu bez fitohormona. Primeceno je da dodavanje adenin
sulfata dovodido povecanja broja internodija. Jedan od pet klonova, oznacen kao PKB,
koji je koriséen za tr dnsl()rmdum bio je slobodan od virusa, prema ELIZA testu.
Transformisani korenovi su dobijeni inokulacijom sa Agrobacterium rhizogenes sojem
A4M70GUIS. Korenovi su se pojavili na 90% eksplantata. Transformacija je potvrdena
testom za odredivanje aktivnosti B-glukuronidaze.





