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The influence of plant growth regulators on callus induction
in pumpkin (Cucurbita pepo L.) hairy roots
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ABSTRACT

Following in vitro infection with Agrobacterium rhizogenes wild strain (mannopine,

8196) and two A. tumefaciens transconjugant strains (C58C1 pArA4abc and C58C1 pArA4b) trans-
formed (hairy) roots were induced in pumpkin (C. pepo L.} cotyledons. The presence of pRi T-DNA in
pumpkin long-term hairy root cultures was determined by Southern hybridization. The influence of
plant growth regulators on callus induction in root explants from hairy root lines, which differed
mutually in morphology and growth rate, was tested by the addition of growth regulators to basal
nutrient medium; while 2.4-D inhibited root proliferation in all hairy root lines tested, callus induction
depended both on plant growth regulators and the root line.
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Introduction

The unique trait of different bacterial strains in the genus
Agrobacterium to genetically transform plant cells causing tumor-
ous diseases is due to pathogenic plasmids: tumor-inducing (Ti)
plasmid of Agrobacterium tumefaciens and root-inducing (Ri) plasmid
of Agrobacterium rhizogenes (White and Nester, 1980; Gheysen et
al., 1985). Inthe case of A. rhizogenesthe expression in plant cells
of DNA (T-DNA) sequences originally located on the Ri plasmid
results in organized cell proliferation leading to abundant root
production andthe so-called «hairy root» disease (Riker and Banfield,
1932). The relative ease of establishing axenic culture lines from
hairy roots and their specific physiological and phenotypic charac-
teristics make them an interesting object for fundamental research
(Hanisch ten Cate et al., 1987; De Vries-Uijtewaal et al., 1988,
Ottaviani et al., 1990), as well as plant biotechnology (Rhodes et
al., 1987). The hairy root system and Ri-plasmid-derived gene
vectors are nowadays widely used in genetic manipulations with
many dicot species and especially for the improvement of agricul-
tural plants (Trulson et al., 1986; David and Tempe, 1988; Visser
et al., 1989). In our research we have followed the transformation
of pumpkin cells with two A. rhizogenes wild strains and two A.
tumefaciens transconjugant strains bearing Ri plasmids. We report
here our data on the virulence of these bacterial strains with regard
to their ability to infect pumpkin cells and induce hairy root
proliferation, physiological and phenotypic characteristics of long-
term hairy root lines cultivated on hormone-free nutrient medium,
and the influence of different plant growth regulators on callus
induction in pumpkin hairy root cultures.

Results

In the axenic culture of pumpkin (Cucurbita pepo L.) cotyledons
hairy roots were induced with A. rhizogenes strain 8196 and both
A. tumefaciens transconjugant strains, while strain 15834 did not
promote root development (Table 1).

The long-term (more than two years in culture) pumpkin hairy root
lines differed mutually in morphology and growth rate but compared
to normal pumpkin roots (control) they all grew vigorously on nutrient
medium without hormones, with a high accumulation of rootmass
in a short time (2-3 weeks). The analyses of opine content were
positive for all strains tested (Katavic et al., 1990), while Southern
hybridization analysis proved the presence of pRi T-DNA in pumpkin
hairy-root genomic DNA (Fig. 1).

Fig. 2 (A,B) shows the influence of different plant growth
regulators on root growth and on callus induction in three different
long-term pumpkin hairy root lines. It is obvious that 2.4-D alone in
different concentrations or in combination with cytokinins entirely
inhibited elongation and lateral branching of root explants from all
linestested, while the intensity of callus induction differed depending
ontherootline. In explants cultured on nutrient media supplemented
with 2.4-D callus formation spread over the entire explant; calli
proliferated but in a short time turned necrotic.

Abbreviations wsed in this paper: AS, adenine sullate; BA, benzyladenine; 2.4-D,
2. 4-dichlorophenoxyacetic acid; IBA, indole-3-butyric acid; KN, kinetin;
NAA, I-naphthalencacetic acid: TOH, indole-3-cthanol (uyptophol); Z,
zeatin,
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TABLE 1

VIRULENCE OF AGROBACTERIUM STRAINS USED FOR INOCULA-
TION IN PUMPKIN (C. PEPOL.) COTYLEDON CULTURE

Strain Plasmid content Opine-type Virulence
on C pepo
cotyledons

Agrobacterium

rhizogenes

8196 pAr8196a mannopine +++

pAr8196b=pRi8196
pAr8196¢

15834 pAr15834a agropine -

pAr15834b=pRi15834
pAr15834c

Agrobactenum

tumefaciens

CEBC1 (pArAdabcl  pArAda,b.c transconjugant +++4

strain (agropine)

C58C1 (pArAdb) pArAdb=pRiA4 transconjugant e

strain (agropine)

++++, VEry strong; +++, strong; —, no response

Onmedia supplemented with other auxins (IBA, NAA, TOH), alone
or in combination with cytokinins, the growth of root explants
depended on the root line. In the case where lateral branching was
not suppressed (e.g. line 4 on IBA; NAA + AS; TOH) calli developed
only at the cut (end) sides of explants and they proliferated poorly.

Discussion

Ourresults show that induction of hairy roots on excised pumpkin
cotyledons depended on the bacterial strain used. Both A.
tumefaciens transconjugant strains caused more abundant hairy
root induction and proliferation than the A. rhizogenes strain 8196.
This could be explained by differences in chromoesomal virulence
regions (chv genes), as well as specific organization of pRi T-DNA
regions (agropine-type pRi T-DNA versus mannopinetype pRi T-
DNA). In contrast to normal pumpkin roots, the transformed root
cultures were easily established and maintained on MS hormone-
free medium. Because of the relative ease of maintenance in simple
nutrient medium without hormones, enhanced biomass production
and genetic stability, hairy root cultures have recently been inten-
sively investigated as a suitable system for the production of
secondary metabolites (Constabel et al., 1988; Davioud et al.,
1989). Pumpkin cells synthesize atetracylic terpenoid — cucurbitacin
(Lavie and Glotter, 1971) that could be of interest to the pharma-
ceutical industry. Hairy root cultures are equally interesting for
fundamental research of transformation events, as well as the role
and metabolic pathways of plant hormones (auxin) in root tissue
differentiation, growth and development (Shen et al., 1988: Croes
et al., 1989). The appearance of each transformed root has been
attributed to a unique transformation event (Tepfer, 1984). Perceived
differences in growth rate and pattern among pumpkin long-term
hairy root lines might be caused by the variation in length, copy
number and site of insertion of pRi T-DNA. This could cause different

endogenous hormonal levels in each transformed root line, which
might influence the sensitivity to exogenous hormones leading to
variations in the response of each root line to plant growth
regulators and their ability to produce callus.

The regeneration in the pumpkin juvenile (seedling) tissues
through somatic embryogenesis (SE) has already been reported
(Jelaska, 1972, 1974, 19886). In pumpkin, hairy root regeneration
of SE or shoots was achieved neither spontaneously nor via callus
formation. Furtherinvestigations will be necessary before it becomes
possible to state the conditions for SE or caulogenesis in pumpkin
hairy root tissue.

Materials and Methods

Plant material
Excised cotyledons of pumpkin (Cucurbita pepo L.) from 6-8-day-old
seedlings germinated /n vitro were used in this study.

Bacterial strains

Agrobacterium rhizogenes wild strains: 8196 (mannopine-type) and
15834 (agropine-type) as well as two A, tumefaciens transconjugant strains
bearing Ri plasmids: C58C1 (pArAdabc) and C58C1 (pArA4db) were used for
plant inoculation.

N 4 8 12 19 kpb

1.6

Fig. 1. Southern blot analysis of DNA prepared from hairy root
(pRi8196) cultures. BamH/ digests from lines 4, 8, 12, 19 and from normal
pumpkin roots (N) were hybridized with a clone 118. The size (kpb) of
fragments is indicated.
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Fig. 2. (A) The influence of growth regulators on elongation and lateral branching of root explants from pumpkin hairy root (pRi8196) lines. (B) The influence
of growth regulators on callus induction in root explants from pumpkin hairy root (pR18196) lines.
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