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Summary 

Solanum nigrum protoplasts were co-culti- 
vated with Agrobacterium rhizogenes harboring 
agropine-type Ri plasmid (pRi15834). A large 
number of transformed calli were obtained on 
Murashige and SMoog's (MS) medium lacking 
plant growth regulators. Freguency of trans- 
formation was about 3.5 x 10-% In most of 
the calli, hairy roots appeared on MS medium 
without plant growth regulator. When the 
hairy roots were cut into segments and 
subcultured on MS medium lacking plant growth 
regulators, calli were readily formed. 
Plantlets were regenerated by transferring 
those calli to MS medium supplemented with I 
mg/l zeatin and 0.2 mg/l naphthaleneacetic 
acid. Frequency of plant regeneration was 
about 70 %. 

daltons), and pRi15834c (258 x 106 daltons). 
The largest constituent plasmid is a cointe- 
grate of the two smaller ones (White and 
Nester, 1980). 
In vitro transformation of plant cells by 

co-cultivation and transfer of foreign genes 
into plant cells using A. tumefaciens Ti 
plasmid as a vector are now becoming routine 
in many plants, including some crop plants, 
such as potato and tomato. However, the i_~n 
vitro transformation of protoplasts and in- 
troduction of foreign genes into the plant 
genome using A. rhizogenes Ri plasmid as a 
vector have not yet been established. We 
report here stable transformation of Solanum 
nigrum L. protoplasts by co-cultivation with 
A. rhizogenes strain 15834. 

Material and Methods 

Introduction 

Agrobacterium rhizogenes causes hairy root 
disease in many dicotyledonous plants 
(Elliot, 1951). A. rhizogenes is closely 
related to the members of biotype 2 group of 
A. tumefaciens by physiological and DNA 
homology criteria (White and Nester, 1980). 
However, A. rhizogenes is distinguished from 
A. tumefaciens because it induces hairy root 
disease. Interestingly, when spheroplasts of 
A. tumefaciens strain harboring the virulence 
Ri plasmid that originated from A. rhizogenes 
strain 15834 (Willmitzer et ai.1982) were 
incorporated into SR-I mesophyll protoplasts 
of Nicotiana tabacum cv. Petit Havana, sev- 
eral calli were formed and typical hairy 
roots were formed on the calli (Hain et al. 
1984). The transformation of normal cells to 
cells showing non-selflimiting growth is 
induced by the presence of A. rhizogenes 
large plasmids (Ri plasmids) (Currier and 
Nester, 1976). Most natural isolates of A. 
rhizogenes have been found to carry three 
large plasmids (White and Nester, 1980; 
Costantino et al. 1981; Petit et al. 1983). 
A. rhizogenes strain 15834, which incites 
hairy root disease in dicotyledonous plants, 
also harbors three large plasmids: pRi15~34a 
(107 x 106 daltons), pRi15834b (154 x 10 ~ 

Bacterial strains: A. rhizogenes wild type 
strain 15834 harboring pri15834 was used in 
this work. The bacteria were grown overnight 
in 20 ml of YEB liquid medium (Vervliet et 
al. 1975) at 28°C with shaking in dark. The 
bacteria were harvested by centrifugation 
followed by two washings with 0.4 M sucrose 
solution, then suspended in the 0.4 M sucrose 
solution. 

Isolation of plant protoplasts: Mesophyll 
protoplasts of Solanum nigrum L. were iso- 
lated from sterile shoot cultures grown on 
hormone-free MS medium. Leaves were cut into 
2 mm strips, then treated with an enzyme 
solution consisting of 2 % Cellulase Onozuka 
R-10, 0.4 % Macerozyme R-10 and 0.4 M su- 
crose, the pH being adjusted to 5.7 with IN 
NaOH. During a 16 h incubation in the dark 
at 26aC with occasional gentle swirling, 
mesophyll cells were converted into proto- 
plasts. Isolated protoplasts were separated 
from non-digested cells and cell debris by 
filtering through Miracloth with 50 ~m pore 
size. Protoplasts were washed twice by den- 
sity floatation with repeated centrifugation 
(4 min at ca. 100 x~) using 0.4 M sucrose 
solution in a 10 ml test tube. Prot~plasts 
were cultured at a density of 4 x 10 J per ml 
in MS liquid medium (Murashige and Skoog, 
1962) supplemented with I pg/ml 2,4-dichloro- 
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phenoxyacetic acid (2,4-D), 0.5 ~g/ml benzyl- 
adenine (BA) and 0.4 M sucrose, in 4 ml 
aliquots in plastic Petri dishes (60 mm x 15 
mm). The dishes were sealed with parafilm 
and kept at 26°C in the dark for threedays. 

Co-cultivation of protoplasts with A. 
rhizogenes: Three-day-old cell wall regener- 
ating protoplasts were co-cultivated with 
bacteria for 36-48 h at a ratio of ca. 250- 
1,000 bacteria per protoplast in the dark at 
26°C. Following co-cultivation, free bacte- 
ria were removed by repeated centrifugation 
(4 min at ca. 100 x~) with the above medium, 
and the plant cells (5 x 104 per ml) were 
cultured in MS medium supplemented with 0.5 
pg/ml 2,4-D, 0.25 ~g/ml BA, 250-1,000 ~g/ml 
carbenicillin, and 0.3 M sucrose at 26°C. 
The light intensity during this incubation 
and following treatments was ca. 500 ix. 

Selection for hormone-independent growth: 
After 20 days of culture, microcolonies were 
collected by centrifugation, washed and 
plated on selection medium solidified with 
0.2 % gelrite (MS medium supplemented with 
0.3 M sucrose and 500 ~g/ml carbenicillin, pH 
5.7) lacking phytohormones. Within 15 days, 
transformants which showed hormone inde- 
pendent growth could be readily distin- 
guished. After 35 days, surviving microcalli 
were transferred to and maintained on hor- 
mone-free MS medium solidified with 0.8 % 
agar. 

Detection of opines: Agropine and mannopine 
were identified by the methods of Tepfer et 
al. (1981). 
Estimation of transformation frequencies: 

The frequency of transformation was estimated 
either as the number of surviving calli pro- 
ducing opines or as the number of calli sur- 
viving on hormone-free MS solidified medium, 
based on the initial number of protoplasts. 

Results 

Effect of carbenicillin on survival of 
bacteria: The majority of bacteria were re- 
moved by repeated centrifugation after co- 
cultivation. The growth of the remaining 
bacteria was completely inhibited by the 
addition of 1,000 ~g/ml carbenicillin to the 
culture medium. This medium allowed normal 
multiplication of protoplasts. However, ad- 
dition of 250 pg/ml carbenieillin had only a 
moderate effect on the growth of the re- 
maining bacteria and the growth of the bacte- 
ria resulted in protoplast death. 

Frequency of transformation: Frequencies 
of transformation of protoplasts with A. 
rhizogenes are summarized in Table I. Trans- 
formed cells were expected to grow on a hor- 
mone deprived medium and actually microcalli 
showing hormone-independent growth were se- 
lected. Some of the colonies grown on MS 
agar medium lacking hormones developed into 
microcalli (Fig. IA), which were counted to 
determine the frequency of microcalli forma- 
tion. Although the frequency fluctuated, 
usually about 150-220 microcalli were found 
in each Petri dish. From these results, the 
frequency of transformation was calculated to 
be about 3-4 x 10 -3 

Subculture of putative transformants: Sub- 
sequently these putative transformants were 
transferred and maintained on solidified MS 
medium lacking hormones where ca. 5 % of 
microcalli were lost during these manipula- 

tions. When these remaining calli were sub- 
cultured on hormone-free MS agar medium, 
typical hairy roots were formed after 4 to 5 
weeks of the transfer (Fig. IB). 

Tissue culture of hairy roots and plant re- 
generation: When segments of the hairy roots 
were transferred to hormone-free MS agar 
medium, calli were formed from the root seg- 
ments. When those calli were transferred to 
MS agar medium supplemented with I mg/l zea- 
tin and 0.2 mg/l naphthaleneacetic acid, 
about 70 % of calli produced shoots (Fig. 
IC), which gave rise to roots after the 
transfer to hormone-free MS agar medium. 
Therefore, those shoots readily developed to 
phenotypically normal plants (Fig. ID). 

Detection of opines: Agropine and mannopine 
were detected in the initial calli, the hairy 
roots which formed from the calli, and regen- 
erated plants (Fig. IE). Neither compounds 
was present in control (untransformed) 
callus. 

Discussion 

Solanum nigrum protoplasts were transformed 
by co-cultivation with A. rhizogenes har- 
boring pri15834. Our work indicates that an 
engineered Ri plasmid may be used as a natu- 
ral vehicle in transformation of plant proto- 
plasts similar to that found for the Ti plas- 
mid. Marton et al. (1979) reported the 
transformation of streptomycin resistant to- 
bacco (SR-I) cells by co-cultivation with A. 
tumefaciens harboring the Ti plasmid. Dave--y 
et al. (1980) reported the transformation of 
Petunia protoplasts with Ti plasmid in the 
presence of poly-L-ornithine. Hasezawa et 
al. (1981) reported the transformation of 
Vinca protoplasts with spheroplasts of A. 
tumefaciens harboring the Ti plasmid. Com- 
pared with data reported in these preceding 
papers, the frequency of transformation in 
our experiment is much higher (about 10 
fold). The difference was possibly due to 
the fact that, in our system, Ri plasmid was 
more readily introduced into S. nigrum proto- 
plasts. Recently, Fraley et aT° (1984) re- 
ported that Petunia protoplasts were trans- 
formed wit h A. tumefaciens at a high frequen- 
cy (ca. 10 -~) by an improved co-cultivation 
method using a feeder plate. By using this 
method, it is expected to improve the trans- 
formation frequency in our system with S. 
nigrum protoplasts. As tobacco SR-I, Petunia 
and Vinca protoplasts, S. nigrum protoplasts 
can also be an appropriate experimental sys- 
tem for the introduction of foreign genes. 
The division frequency of S. nigrum proto- 
plasts transformed with A. rhizogenes was 
also higher than that of tobacco SR-I proto- 
plasts transformed with A. rhizogenes in our 
experiments (data not shown here). 

The toxicity of the Ri plasmid to trans- 
formed tissues is generally less than that of 
Ti plasmid, and thus, roots formed due to Ri 
plasmid transformation can readily form 
calli, followed by easy regeneration of phe- 
notypically normal plants. In addition, 
opine (agropine and mannopine) could be de- 
tected in calli, hairy roots and regenerated 
plants. Therefore, engineered Ri plasmid 
will certainly constitute appropriate vehi- 
cles for the introduction of foreign genes 
into protoplasts and the transformation of 
plants. 



Table 1. Transformation frequencies by co-cultivation of protoplasts with 
A. rhizogenes 
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Bacterial Initial Number of Number of Number of Transformation 
strain cell putative transformants colonies frequency 

number transformants exibiting producing (T~nsformants/ 
hormone opine per initial cells) 
independent number of 
growth colonies 

examined 

A. rhizogenes 5xi04 187 178 9/9 3.6xi0 -3 
strain 15834 
(pRi15834) 5xi0 4 155 146 7/7 2.9xi0 -3 

5xi04 216 203 12/14 4.1xi0 -3 
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Fig. IA: Some of microcalli grown on MS agar medium lacking hormones after co-cultivation. 
Fig. IB: Calli derived from co-cultivation of protoplasts with A. rhizogenes on hormone free 
MS medium. Typical hairy roots were developed from the calli after 4 to 5 weeks of the 
transfer. 
Fig. ]C: Shoot regeneration on calli derived from hairy roots. Calli were transferred to MS 
medium supplemented with I mg/l zeatin and 0.2 mg/l naphthaleneacetic acid. 
Fig. ID: Root development on a shoot placed on hormone-free MS medium to form a pheno- 
typically normal plant. 
Fig. IE: Detection of agropine and mannopine in the extracts of initial callus, hairy root, 
and a regenerated plantlet, respectively. A; Agropine, M; Mannopine, NS; Neutral Sugar. 
Lane I. Standard Marker, 2. Control Callus, 3. Transformed Callus, 4. Hairy Root, 
5. Regenerated Plant. The spots were detected by staining with alkaline silver nitrate 
reagent after the separation by paper electrophoresis. 
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