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Plantlet Regeneration from Mesophyll Protoplasts 
of Digitalis lanata Ehrh.* 

Xiang-hui, Li 
Institute of Genetics, Academia Sinica, Beijing (China) 

Summary. Protoplasts were isolated from the mesophyll 
of  Digitalis lanata enzymaticaUy and cultured in a liquid 

regeneration medium (D2a). Protoplast division occurred 
at a rate of approximately 30%. Mature cell colonies were 
transferred onto agar medium (D2b)where they developed 

into cell clusters with a diameter of about 4-5 nun. After 
transfer onto MS medium, these calli differentiated leaves 

and shoots which could be rooted on MS medium contain- 
ing a low hormone concentration. 
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Introduction 

Regeneration of plant protoplasts into plants is still limited 
to few species, most of them solanaceous species (Vasil 
and Vasil 1980). This report describes the successful isola- 
t ion and regeneration of mesophyll protoplasts from Digi- 
talis lanata Ehrh. into plants. Digitalis lanata and Digitalis 
purpurea are important cardiac glycoside-synthesizing 
plant species (Reinhard and Alfermann 1980; Stohs 1980): 
this is strictly limited to the leaves. Therefore, in calli in- 
duced from leaves of Digitalis purpurea only very small 
amounts of cardiac glycosides can be detected (Hirotani 

and Furuya 1977). It has been shown that callus cultures 
of Digitalis purpurea possess the potential for plant regen- 
eration in which cardiac glycoside synthesis is restored 
(I-Iirotani and Furuya 1977). Protoplasts as a single cell 
system and their regeneration to plants can be used for 
plant improvement via spontaneous or induced mutagene- 
sis or via somatic hybridization (Schieder and Vasil 1980). 
Recently, attempts have been started, using Digitalis pur- 

* The main part of this work was carried out in the Max-Planck- 
Institut fiir Ziichtungsforschung, Cologne (FRG) 

purea, to select cell lines possessing a higher level of  cardiac 
glycosides after protoplast regeneration. However, plant 

regeneration was not communicated (Diettrich and Luck- 

net 1980). Plants regenerated from protoplasts of Digitalis 
lanata may provide a better opportuni ty to select lines 
with a higher level of cardiac glycosides than other cell 
lines. 

Materials and Methods 

Seeds of Digitalis lanata obtained from the Institute of Pharmacy 
of the Chinese Academy of Medical Sciences in Beijing were sown 
into soil and the developed seedlings were allowed to develope 
into plants in the greenhouse. For protoplast isolation fully ex- 
panded leaves of 2-5 weeks old plants were taken and surface ster- 
ilized with 0.1% HgC12 and 0.1% SDS (sodiumdodecyisulfat) for 
5min under low vacuum and subsequently rinsed 3 times with filter 
sterilized water. The ventral epidermis was removed by peeling and 
the peeled leaves were incubated in an enzyme solution consisting 

Table 1. Media for protoplast culture 

Mineral salts (mg/1) Organic components (mg/1) 
D2a D2b 

NH 4 NO 3 270 m-inositol 100 100 
KNO 3 1 4 8 0  Nicotinic acid 4.0 4.0 
CaCI 2 �9 2H20 900 Thiamine-HC1 4.0 4.0 
MgSO 4 �9 7H 20 900 Glycine 1.4 1.4 
KH2PO 4 80 Pyridoxine-HCl 0.7 0.7 
FeSO 4 �9 7H20 27.8 Folicacid 0.4 0.4 
Na-EDTA 37.3 Biotin 0.04 0.04 
H 3 BO~ 2.0 NAA 1.5 1.5 
MnSO 4 �9 4H20 5.0 6-BAP 0.6 0.6 
ZnSO 4 �9 4H 20 1.5 Coconut milk 5% 5% 
KI 0.25 2,4,5-T 0.5 0.5 
Na2MoO 4 �9 2HaO 0.10 Glucose 0.4M - 
CuSO 4 �9 5H~O 0.015 Sucrose 0.05M 0.06M 
CoCI 2 �9 6H20 0.010 Agar - 4000 

pH = 5.8 
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of 1% ceUulase Onozuka R-10, 0.2% macerozyme R-10 (both Khaki 
Yakult Mfg. Co. Ltd., Japan), 10mM CaC12 �9 2H20, 0.7mM 
KH 2 PO 4 and 0.55 mannitol. The pH of 5.7 was adjusted with KOH. 
After incubation for 3-4h at 24-25~ the enzyme mixture contain- 
ing protoplasts and debris was filtered through a stainless steel filter 
of 120/~m mesh. The filtrate was eentrifugated and the pelled resus- 
pended in 0.6M sucrose. Centrifugation (100 g) for 5min left the 
healthy protoplasts floating in the supernatant. The supernatant 
containing the protoplasts was diluted 1 : 10 with the modified proto- 
plast culture medium D2a (Table 1) according to Li et al. (1980) 

and centrifuged and additional wash the protoplasts were suspend- 
ed in the protoplast culture medium up to a density of 1-2 X 104/ml 
and plated in plastic petri dishes. The dishes were placed in a growth 
chamber adjusted to 26-27~ and to a permanent illumination of 
1000-2000 lux. Cell dusters which developed in the protoplast 
regeneration medium after 15 days of culture were transferred to 
the agar medium D2b (Table 1) and cultured at 25-27~ and ca. 
3000 lux 16h per day. Calli which were grown to a size of about 
4-5mm were removed and transferred onto MS agar medium (Mu- 
rashige and Skoog 1962) containing 7% coconut milk and 0.2mg/l 

Figs. 1-4.1 Protoplasts isolated from mesophyll of Digitalis lanata E; 2 mitosis in cell regenerated on the D2a medium; 3 ceil cluster formed 
after two weeks in culture; 4 callus from the cultured protoplasts; Figs. 5-6.5 Regenerated plantlets with leaves and rootlets differentiated 
from cultured protoplasts; 6 young regenerated plant of  Digitalis lanata 
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IAA (indolytacetic acid). Roots were induced on calli which subse- 
quently developed leaves and shoots on MS agar medium supple- 
mented with only 0.1mg/l IAA and 0.1mg/1 BAP (6-benzylamino- 
purine). 

Results and Discussion 

A larger number o f  healthy protoplasts from young leaves 
o f  Digitalis lanata were isolated from the enzyme mixture 
after incubation for 3-4h (Fig. 1). Older leaves gave a very 
low yield of  protoplasts with the same treatment.  After 5 
days o f  culture in the protoplast  regeneration medium 
D2a, first divisions could be observed (Fig. 2). After 15 
days of  culture approximately 30% of  the plated proto-  
plasts had started with the first division. Multicellular cell 
colonies (Fig. 3) were found after 3 weeks. At this time 
the colonies stained the medium with brownish color which, 
however, did not  prevent further development.  The devel- 
oped cell colonies were transferred 3 weeks after isolation 
o f  the protoplasts onto agar medium D2b where they 
showed a fast growth rate and developed a green color. 

Calli showing an approximate size o f  4-5mm were trans- 
ferred onto the modified MS agar medium. (Fig. 4)  First 
leave structures could be observed after 10-16 days of  cul- 
ture on this medium (Fig. 5). The calli which had devel- 
oped leaves were transferred to MS agar medium contain- 
ing a lower IAA and BAP concentrat ion in order to facili- 
tate the differentation o f  roots. With this t reatment  a large 
number  of  roots  could be initiated. In two independent 
regeneration experiments 4 plantlets and 5 calli with roots 
were obtained (Fig. 6). The limited number o f  regenerated 
plantlets from protoplasts of  Digitalis lanata demonstrates 
that  more work has to be done to optimize the culture 
conditions for obtaining larger number  o f  plants. However, 
it has been shown that  it is, in general, possible to regen- 
erate plants from a member of  the Scrophulariaceae, a fam- 
ily from which up to now no successful protoplast  regen- 
eration has been reported.  
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