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Abstract-Cellular aggregates in Daturc~ ~WKI.UU suspension cultures give rise to large numbers of shoots when 
such aggregates are cultured in the light on an auxin-free agar medium supplemented with kinetin. These shoots 
form roots on a kinetin-free medium to develop into complete plants. Most of the regenerated plants are diploid, 
and the frequencies ofaneuploid or polyploid plants are much lower than might be expected from the distribution 
of chromosome number in the cultured cells. During root differentiation and plant development, scopolamine 
synthesis is initiated and there is a progressive increase in the alkaloid content. Consequently. the general pattern 
of alkaloid composition is restored to a normal state in the majority of the regenerated plants including aneu- 
ploids’or polyploids. Nevertheless. some of the plants show an abnormal expression in alkaloid metabolism. such 
as the complete hydrolysis of scopolamine in the dried leaves. 

INTRODUCTION 

THE FORMATION of tropane alkaloids in the callus cultures of Datuva plants has been de- 
scribed by various workers, but their alkaloid contents are generally much lower than 
those of the original plants.1-8 We have suggested that the low production rate of alkaloids 
found in undifferentiated cultures of Datura as well as Scopolic~ is caused mainly by a 
strong repression in the biosynthesis of tropic acid, the acidic moiety of hyoscyamine and 
scopolamine. ‘,’ However, it has been demonstrated in both Atrop~‘~ and Scopolia” cul- 
tures that the synthesis of tropane alkaloids is promoted significantly in the roots differen- 
tiated from the callus tissues, showing a tendency to recovery of normal chemical pattern. 
Such a relationship between organogenesis and alkaloid formation has not so far been 
studied in any Datura cultures. Furthermore, it remains to be seen whether or not the cul- 
tured cells still possess the intact genetic potentiality to synthesize specific alkaloids in nor- 
mal quantities. The importance of this question is realized when one considers the chromo- 
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somal instability of cultured cells. An experimental approach to this problem is to induce 
plant development in cultured cells so as to follow changes in alkaloid pattern during the 
developmental stages and to examine the cytology in individual plants derived from those 
cells. The results of such experiments with the cultured cells of .!I. i~r~o.\-itr arc described 
in this paper. 

In attempts to induce shoot differentiation, cellular aggregates of D. ir~r~osiu proliferated 
in a liquid medium’? supplemented with 10 ~” M 3.4-dichlorophenox)acctic acid (2.4-D) 
were plated on agar media containing 1 -naphthaleneacctic acid (NAA) and kinetin in 

various concentrations, and incubated under light from Iluorescent lamps. As shown in 

Table I, the aggregates of cells initiated shoots at high kinetin:‘NAA ratios. Shoots were 
most frequent in the medium containing no NAA but kinctin (10 ’ M). This result is in 
accordance with that obtained by Engvild” recently that L). i/ino.~i~ callus initiates shoots 
at high cytokininjauxin ratios. showing no synergism between cytokinin and auxin. Des- 
pite their conspicuous effects on orgnnogcnesis. the growth regulators hard11 aff‘ected alka- 
loid formation in D. i/~r~o\-iu cultures and no significant differences in alkaloid content wcrc 
observed between the shoot-forming and the undifferentiated cultures (Table Il. Appar- 
ently, shoot formation is not so intimately associated with the promotion of alkaloid sl;n- 
thesis as it is for nicotine synthesis in the tobacco callu~.‘~ 

Cone Cone 
NAA Kinetin 
(M) (Ml 

Numtm 
of shoots 
per flask 

-_-__ 
0 
0 
0 
‘.7 -. 

30.7 

Large numbers of shoots isolated from callus tissues were transferred individually to 
various kinds of test-media to induce root formation. Although no roots cvere formed in 
the presence of kinetin. 37”(, of the shoots (92X) grown on the basal medium without any 
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growth regulators initiated roots within 7 weeks. Unexpectedly the addition of either 3- 
indole-acetic acid (lo- ‘-1 O- ’ M) or casein hydrolysate (0.2% w/v) failed to stimulate root 
formation. Moreover, the frequency of root-forming shoots was reduced to only 6% (9/140) 
by supplying yeast extract (0.2% w/v) to the basal medium. These results indicate that the 
shoots obtained from cellular aggregates on an auxin-free medium containing kinetin 
should be transferred to a basal medium without kinetin in order to initiate roots. This 
procedure has made it possible to obtain whole plants readily from D. innoxia suspension 
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FIG. 1. DISTRIBUTION OF CHROMOSOME NUMBER IN THE CULTURED CELLS (LEFT) AND THE CHROMOSOME 

NUMBERS OF THE REGENERATED PLANTS (RIGHT). 

N represents the number of cells or plants observed. 

Chromosome variations in cultured cells and regenerated plants 

A total of 45 plantlets, which formed roots successfully from the basal parts of the shoots 
placed on the kinetin-free medium, were examined cytologically for chromosome number 
in the root tip and the results were compared with the distribution of chromosome number 
in the cultured cells used for the induction of shoots. The data in Fig. 1 show that only 
32% of the dividing cells in suspension culture were diploid (217 = 24), whereas most of 
the remaining cells had chromosome numbers of tetraploid level ranging from 4n - 5 to 
4~1 + 3. On the other hand. examination of chromosome numbers in the plants derived 
from this heterogeneous population ofcultured cells revealed that 82(‘/;; of the plants (37/45) 
were normal diploids, the rest consisting of tetraploids and aneuploids (211 + 1, 211 + 2, 
4n - 2 and 412 + 4). Each of these plants must have originated from a single cell, but not 
from a genetically heterogeneous mass of cultured cells, since no chromosomal differences 
were observed among different root tips of the same plants. Interestingly, the frequency 
of diploid plants was much greater than might have been expected from the frequency of 
diploid cells in the original culture. This discrepancy apparently indicates the selective 
advantage of diploid cells over tetraploid and aneuploid cells in the course of differentia- 
tion. 

However, it is not known whether the chromosome numbers vary from one subculture 
to another. Furthermore, there is a strong possibility that tetraploid and aneuploid shoots 



would have been found more frequently in those shoots which were not cytologically 
examined due to a complete failure of root formation. The distribution of chromosome 
number in cultured cells varied with the culture strain of callus; e.g. a strain of stem origin 
contained no diploid cells but two kinds of cells having 46 and 13 chromosomes in the 
proportion 4: 1. none of which was capable of developing into plants on an! test-medium. 

Time after 
plating 
(month) 

Material Alkaloid composition* 
analyxd A H C‘ D I. 

I I’norp;inl/cd GlllU\ + - + -t _ I Y IO : 
, 

; 
Shoot-forming c;tllus -I- t- I.5 Y II) : 
Developing shoots + - ~~ r _ 3 x IO J 

5 Root-formmg shoots + + ~. . . . _ 3 * IO I 
6 Leaf of young plant + + - -t + I * 10 ’ 
7 Leaf of mature plant 7 + t + : h IO ’ 

* A = hyoscyamine; H = scopolamne: c’. D and E = unidentified minor- :+lkaloitlx. 
+ = Presence. -. = Absence. 

Table 2 shows the change in the pattern and content of tropane alkaloids at consecutive 
stages of development from callus tissue to mature plant. Although hyoscy-amine was 
detected throughout the course of development, scopolamine appcarcd first at the stage 
of root formation and eventually superseded hyoscyamine in quantity to become the main 
alkaloid in the mature plants. This suggests that the formation of scopolamine. the cpc’xidc 
of hyoscyamine, is associated with root formation. which is in agreement \vith the carlie 
results of Romeike.’ 5 The total alkaloid content, \vhich was very low in callus tisstrcs. in- 
creased progressively with organization and plant growth until it reached a maximum in 

the leaves of plants just before flowering. 

Although 4.5 plantlets derived from cultured cells were transplanted to pots in the grcen- 
house, only 19 plants (211: 2n + 1: itrz - 2 = 17: 1 : I) grew to maturity. For analysis of alka- 
loids. leaf samples were collected at the flowering stage from the individual plants dcrivcd 
from cultured cells. The results of TLC’ analyses showed that most of 19 plants c-\amincd 
had the same alkaloid content as normal plants. containing scopolamine and at least 9 
minor alkaloids. The toal alkaloid content was 0,33”,, on avcragc. which is comparable 
to that of normal plants. The alkaloid contents of the aneuploid plants with 25 and 46 
chromosomes were 0.36 and O.W,,. rcspcctively. though the Iattcr \vas a dwarf plant that 
was 1,;4 as tall as the diploid plant at the fruit stage. It is considered thcreforc that the 
genetic potentiality for synthesizing alkaloids has generally been retained by the cultured 
cells of D. imo.~iu during the cycle of “de-differentiation” and “rL’-dilfercntiati(~tl’~. as in 

the case of tobacco callus cultures.‘” Not all the p lants. however. had the same alkaloid 
pattern after “re-diffcrentiatio1?“. since some of the diploids with normal gro\\ th habit Lverc 
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unusual in their alkaloid metabolism. One plant completely lacked both scopolamine and 
hyoscyamine in spite of the presence of other minor alkaloids; this. however, was observed 
only when the leaf samples were collected from the plant at the flowering stage, since both 
scopolamine and hyoscyamine were found to be produced after flowering. Six other plants 
were peculiar in that nearly all the scopolamine present in the leaves collected at flowering 
decomposed to yield a large amount of scopine when the leaf samples were dried at 50”, 
while the other alkaloids including hyoscyamine remained unaffected. On the other hand, 
no scopolamine was hydrolyzed at all when fresh leaves of the same plants were treated 
with MeOH immediately after harvest. Thus a hydrolytic enzyme specific to scopolamine 
is activated in the leaves of these particular plants during the process of drying. Such meta- 
bolic abnormalities suggest that certain modifications of the regulatory mechanism have 
occurred in some of the cultured cells, and have been carried over into the regenerated 
plants. 

EXPERIMENTAL 

Plant mutrrial and culture method. Suspension cultures of Datura inno.x-ia Mill., which were originally derived 
from the embryo callus, have been maintained for 18 months in the Linsmaier-Skoog basal medium” (250 ml) 
containing 10mh M 2,4-D in 500 ml flasks agitated by a reciprocal shaker at a speed of 100 rev/min. Cell suspen- 
sions were transferred to fresh medium every 2-3 weeks and incubated usually in the dark at 25”. For induction 
of shoot differentiation, the cellular aggregates consisting of single cells and multiple cells were plated on the 
agar medium containing lo- 4 M kinetin in 100 ml flasks and incubated at 27 + 2” under illumination (ca 10000 
Ix, 12 hr/day) from fluorescent lamps. The shoots developing from callus tissues were transferred to the basal 
medium without growth hormones to induce roots. After the development of roots, the plantlets (4-7 cm high) 
were taken out of the flasks and cultivated in pots in the greenhouse. 

-Iw/wi, o/ IR~~~~uc’ ol6rtioA. The quantitative estimation of tropane alkaloids in callus tissues or leaves was 
done spectrophotometricdlfy after the Vrtali-Morin reaction modified by Freeman” and the alkaloid content 
was calculated as the amount of hyoscyamine on the basis of dry wt of the material. For TLC analysis of alka- 
loids, the test solutions were applied on silica gel G plates and developed with CHC13-EtOH - 282; NH,OH 
(85: 14: 1). The alkaloidal spots were detected with Dragendorll’s reagent.* 

Detrrminatiorl ofchromosome number. For cytological observation of chromosomes, cultured cells or root tips 
of the regenerated plants were treated with a saturated soln of 8-hydroxyquinoline for 2-3 hr, washed twice with 
H,O, and then fixed with the Carnoy fluid (EtOH-CHCl,-AcOH = 6:3: I). The microscopic slides were pre- 
pared by the Feulgen squash method.*8 
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