medium, masses of callus can be formed. This callus is useful
for developmental studies of plants from true tissue culture.
Herbaceous perennial plants have been developed from callus
as Iris, Hemerocallis, and Hosta, in our laboratory. We hope to
use callus to propagate large quantities of more woody perenni-
als in a short time. The growth of embryos in vitro can be a
valuable tool for studies of tissue culture propagation by other
methods.
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ADVANCES IN TISSUE CULTURE:;:
RAYFLOWER AND PROTOPLAST CULTURE!

PAUL E. READ and PAIBOOLYA GAVINLERTVATANA?

University of Minnesota
St. Paul, Minnesota 55108

INTRODUCTION

Culture of organs, tissues, single cells and protoplasts has
been used to solve many problems including improving propa-
gation time and increasing clones, developing new clones,
growth regulator and physiological studies and producing
disease-free clones. In our laboratory these techniques have
been used for reduction of time for propagation, increasing
clones, physiological and growth regulator effects and plant

I Scientific Journal Series Paper No. 9816, Minnesota Agricultural Experi-
ment Station.

2 Associate Professor and Graduate Student, Dept. of Horticultural Science &
Landscape Architecture.
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improvement of asparagus and freesia; in addition, separating
chimeras and protoplast culture are being studied on dahlias.
This paper is a preliminary report of our findings, techniques
and of investigation underway, together with a brief review of
research in tissue culture.

Asparagus: We will discuss asparagus tissue culture in
some detail because its development has elements common to
tissue culture in many species. Asparagus is a dioecious plant.
The yield varies between sexes, male and female plants being
morphologically different, and even varies among plants within
the same sex (19). Propagation by seed produces populations
less suitable for commercial production than asexual propaga-
tion, unless male seeds can be readily obtained. However, di-
viding crowns takes too much time and labor for commercial
production. Aseptic culture of asparagus (20,25,30,31,40)} ap-

pears promising for increasing desirable clones which could be
used in commercial plantings.

Various organs and tissues including the meristem
(20,25,30,31,40), stem segments with one lateral bud (40), and
lateral buds (15) have been cultured successfully on artificial
agar media with suitable nutrients, vitamins and growth reg-
ulators. Plantlets from callus were eventually transplanted to
the field. Our work using lateral bud culture (15) utilizes the
following procedures, many of which are common to most tis-
sue culture approaches.

Lateral buds are excised after surface sterilization
(20,25,30,31,40) and cultured on agar or liquid medium. Our
surface sterilization is a modification of Basile’s (3) method.
Buds are surface sterilized in aseptic test tubes containing 0.5%
NaOCIl with a few drops of Tween 20. The solution is moved in
and out with a sterile syringe 3 to 4 times for good contact with
the tissue, then rinsed in sterile, deionized, distilled water.
Three buds are transferred onto 50 ml of modified Mvrashige
and Skoog (24) medium (MMS) in 125 ml Erlenmeyer tlasks
which were previously autoclaved at 121°C for 20 minutes and
the pH adjusted to 5.8 = 0.1 with either 1IN NaOH or 1N HCI
after 10 minutes in solution. The tissues are incubated under
cool white fluorescent lights of 100 ft-c at 25°C for 16 hours per
day.

We studied the effect of auxin and cytokinin on callus for-
mation and organogenesis using all combination (4 X 4 facto-
rial design) of NAA and kinetin at 0, 0.01, 0.1 and 0.5 ppm. We
found that both growth regulators play an important role in cal-
lus and plantiet formation. The combination of NAA and kine-
tin at 0.1 mg/l promoted callus formation. If callus was not
sub-cultured, shoots and roots would differentiate and form
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complete plantlets. NAA and kinetin alone had less effect on
callus formation, callus growth and plantlet formation than
when in combination (15). Callus could be multiplied by divid-
ing callus into several small pieces before plantlets developed
(approximately every 2 weeks) and transferring onto an agar or
liqguid medium containing 0.10 mg/l each of NAA and kinetin.
When liquid medium is used, shaking or rotating provides
satisfactory aeration for the tissue.

Plantlets could be induced by directly culturing or subcul-
turing callus on an agar medium for 4 to 6 weeks (Fig. 1). They
then could be transplanted to soil after acclimating to the new
environment (20,40). An auxin-free medium or incubating
under high light intensity (20) before transplanting aided in the
success of transplanting. We have transferred asparagus
plantlets directly from the flask to moist peat under cool white
fluorescent light at room temperature. The first week they are
watered with MMS solution without growth regulators, fol-
lowed by tap water the second week. The plants can then be
placed in the greenhouse.

............
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Figure 1. Above: Asparagus plantlets induced from lateral buds cultured on
an agar medium.
Below: More advanced plantlets in liquid and agar media (note
roots readily visible in liquid medium).

Dahlia: Dahlia variabilis L., a species native to Mexico, is a
popular garden flower with a wide color range and frequently
has natural chimeral mutations which may appear as variegated
colors (Fig. 2). Our efforts with dahlia chimeras are aimed at

separating chimeras which are evidenced by single cells or cell
group differences. In chimeras of this sort the mutated parts
cannot be separated as easily as when the mutation atfects an
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entire organ or part of an organ. Such is the case with varieg-
ated flowers and variegated leaves, and we are attempting spe-
cial methods including surgical techniques and tissue culture to
attempt to isolate the components of some of these mutations.

-------

et
S

.......

R,

Figure 2. Above: variegated dahlia blooms (heads of ray flowers)
Below: ray flowers removed from a bloom of ‘Frosted Plum’.

We are currently attempting this approach with two
dahlias, ‘Nita’ and ‘Frosted Plum’, which show chimeras occur-
ring in the ray flowers. Fresh sections of ray tlowers 30 to 50
microns thick observed under the microscope illustrate that the
chimeras occur primarily in the upper and/or lower epidermal

layers but do not occur in the mesophyll (middle) layers. Both
single cell and cell group chimeras are clearly visible in the

sections, the upper epidermal layer usually has more chimeras
occurring than the lower epidermal layer. Even though
chimeras in plants such as ‘Nita’ or ‘Frosted Plum’ do not show
variegation in the leaves, it seems possible that the genetic
message may be differentially distributed in the leaves. There-
fore, our experiments have attempted to use both leaves and ray
flowers. Techniques which appear most promising to separate
and propagate chimeras include (a) selecting plants from non-
selective tissue culture, (b) surgical separation and culture of
the mutated tissues in vitro, or (c) isolation of single cells
and/or protoplasts and subsequent culture.

SELECTING PLANTS FROM TISSUE CULTURE

[Leaf epidermal tissue has been demonstrated to ditfer-
entiate buds and roots in several plant species (5,12,33,34).
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When leaf discs were placed onto a suitable medium, callus
formed at the cut edge and on the surface of-the leaf (33,34).
Shoots and roots developed after the callus was formed. The
shoot buds were formed from the epidermal cells but the roots
originated internally. The shoot and root formation was regu-
lated by auxin and cytokinin levels (5,12,33,34).

Dahlia leaves were prepared using techniques similar to
those described for asparagus bud culture (15). Leaf segments
0.5 X 1.0 cm were utilized in a 4 X 4 factorial design of NAA
and kinetin added to the MMS high salt medium, as with as-
paragus, with thiamin HC! 0.5 mg/l, pyridoxin HCl 0.5 mg/l,
nicotinic acid 0.5 mg/l, glycine 2 mg/l, myo-inositol 100 mg/l,
sucrose 30 g/l and agar 4.0 g/l added. Callus formed initially at
the cut surface edge of the leaf segment and subsequently on
the surface of the leaf segment after 2 weeks of incubation.
Thus callus formation was observed on the medium containing
both NAA and kinetin at 1 mg/l. Leaf segments containing mid-
rib tissue formed larger amounts of callus than those without
the midrib. Apart from that, there was no effect of selecting the
leaf segment from various parts of the leaf, tip, middle, and
basal portions responded equally to the growth regulators in the
medium. ‘Frosted Plum’ formed callus earlier and more uni-
formly than ‘Nita’. Roots formed on ‘Frosted Plum’ leaf seg-
ments after 4 weeks but rarely or not at all on ‘Nita’ leaf seg-
ments. No shoots have produced from leaf segment callus of
either cultivar, even though a wide range of growth regulator
levels have been attempted.

Ray flowers: Ray flower segments and ray flower peels
have been cultured successfully in chrysanthemum (5). Bush et
al. found that the basal portions of chrysanthemum ray flowers
were best for callus and plantlet formation. The plants obtained
from ray flower culture, whether from segments or peels, were
variable and not reproductions of the parent plant. Many differ-
ent types of plant and flower forms resulted. We have tried to
separate chimeras by culturing ray flower segments and peels.
These studies have been conducted under both light and dark
conditions using procedures similar to those used for leaf seg-
ments and asparagus culture with the following modifications.
Ray flowers were surface sterilized in 95% alcohol (ETOH) 1.5
min before treating with NaOCl — Tween 20 for 10 min. Tis-
sues were rinsed 3 times with sterilized deionized distilled
water and cut into 3 portions, tip, middle, and bottom (not in-
cluding ovarian tissue) and transferred onto 50 ml of modified
Linsmeier and Skoog medium in 125 ml Erlenmeyer flasks.
Growth regulators used were all combinations of NAA at 0, 0.3,
3 and 9 mg/l and 6-benzylamino purine (BA) at 0, 0.03, 0.3 and
3 mg/l which were added to the medium before autoclaving and
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then placed under conditions of 16 hours light at 100 ft-c or in
24 hours of darkness. Although segments increased in size and
began to produce small amounts of callus (rays from open flow-
ers) and large amounts of callus (rays from buds not yet open),
no successful plantlet production has resulted to date.

SURGICAL SEPARATION AND CULTURE IN VITRO

The results from our preliminary work showed that the var-
iegation occurred locally in epidermal layers only. Bush et al.
reported that peels of epidermis of chrysanthemum ray flowers
could be cultured and produce plantlets, while shoots and roots
from epidermal layers in culture have been recently investi-
gated (33,34). For epidermal layer culture in vitro to be success-
ful, sub-epidermal layers must be present (7). The growth reg-
ulators used play an important role in organogenesis (7,33,34).
We are currently investigating surgical techniques to separate
chimeral portions of ray flowers, either using only epidermal
layvers or epidermal layers with mesophyll layers, using
methodology similar to that described for ray flower culture.

ISOLATION AND CULTURE OF
SINGLE CELLS OR PROTOPLASTS

Single Cells. If plantlets are obtained from single cells,
“plantlets usually vary dramatically because of the variation in
the location of the cell taken from the parent plant. It is possi-
ble that screening these plants could separate chimeral plants
from normal plants. Methods of single cell culture have been
studied in several plants including asparagus (30,38), sycamore
(23) and others. Two main groups of methods have been clas-
sified, either mechanical or enzymatic. Mechanical isolation is
done by methods such as grinding the tissues (16}, mi-
crosurgically separating the tissue (2), shaking callus or rotating
callus in liquid medium. Enzymatic isolation has been used
successfully in some cases (8,32). A more advanced technique
has been developed by using EDTA (8), or adding potassium
dextran sulfate to the enzyme solution to improve yield of
single cells (32). Dahlia callus has been placed on liquid
medium (Linsmeier and Skoog) containing 1 mg/l of both NAA
and kinetin and placed on a shaker at 100-125 rpm. So far, little
isolation of single cells has occurred under these conditions,
and our research plans for the future involve selection of differ-
ent media and utilizing other techniques of isolation of single
cells using enzymes such as pectinase.

Protoplasts. Plant protoplasts are intact cells with the cell
wall removed. It is difficult to obtain a large amount of protop-
lasts which are intact and viable. In general, two methods have
been used with varying degrees of success for protoplast isola-
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tion: mechanical methods and enzymatic methods. Mechanical
methods have been relatively complicated and quite time-
consuming and therefore are not used to any great extent in
modern protoplast culture. However, historically, mechanical
methodology was the first technique used for obtaining satisfac-
tory protoplasts for culture. Before 1960, mechanical methods
were the simplest and most commonly used. The tissues were
first incubated in a hypertonic solution leading to plasmolysis
(shrinking of the cells from the cell wall). Protoplasts became
spherical in shape when they shrunk from the cell wall, and
then when the tissues were cut with a scalpel or sharp razor
blade the protoplasts were released. A mini-pipet was utilized
to collect the undamaged protoplasts under a microscope. This
series of steps was called the micro-surgical process (16,37).
Large amounts of protoplasts were damaged during the cutting
and collecting but the techniques are reported to be successful
using parenchyma or epidermal cells (6,37).

Enzymatic Method. After 1960, Cocking (9) introduced the
enzymatic method using crude fungal cellulase, an enzyme
which dissolves cell walls. Purified cellulase became commer-
cially available after 1968 which stimulated much research in
protoplast culture. A relatively large amount of protoplasts can
be obtained from a small amount of plant material in a short
period of time using the purified enzymes. A million protop-
lasts can be readily obtained from 1 gr of leaf tissue (10,11,21).
The enzymes can harm protoplasts but cleaning the protoplasts
several times with washing solution solves this problem (10,27).
The enzymes, cellulase and pectinase, can be used separately or
in combination (8,9,10,11). Successful enzymatic isolation is
dependent on several factors, including use of an osmotic sta-
bilizer, the right combination of enzymes, or suitable sequential
timing of incubation, and the right kinds of enzymes (10,11).
Cocking (9,13) has pointed out that the level of osmotic stabil-
izer has to be high enough to prevent the majority of protop-
lasts from bursting once the cell wall is weakened and yet not
be so high that irreversible damage is done to the protoplasts.

It is apparent that the cells have to be plasmolyzed in early
stages of enzymatic digestion. Several researchers have reported
successful protoplast isolation by using high concentrations of
osmotic stabilizer (13,21,28). Tribe (35) reported that the possi-
ble damaging effects to the protoplasts associated with enzyme .
incubation may be reduced if the cells are plasmolyzed but the
cell functions may be adversely influenced {18). Shepard (29),
showed that a large quantity of tobacco leaf protoplasts could
be isolated under low osmotic stabilizer (0.25 M sucrose). Thus,
the osmotic stabilizer appears to be very important for good
protoplast isolation.
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In our preliminar work on dahlia, the ray flowers and
leaves were cut into small strips (0.5-1 mm), placed in solutions
containing 0.1% macerozyme R-10}, 0.4% cellulase R-10° and
0.30, 0.35 or 0.7 M D-mannitol, and incubated for 18 to 21
hours in the dark at room temperature. The osmotic value of the
tissue was found to be approximately 0.36 M. We were able to
obtain large amounts of good protoplasts in 0.35 M solutions
(isotonic) while bursting protoplasts were observed in 0.30 M
solutions (hypotonic) and abnormal conditions (systrophae)
were observed in 0.7 M solutions (hypertonic). These results
would corroborate the belief that for isolation of adequate num-
bers of good protoplasts it is important to have the osmotic sta-
bilizer at the proper level.

The kind of osmotic stabilizer is also important. Mannitol,
sorbitol (10,17), sucrose (28,29), and polyethylene glycol (10,36)
have been used successfully. Mannitol is suitable because it is
not readily metabolized or taken into the cytoplasm (13,14)
while sorbitol is more soluble. Sucrose has been used, but it is
difficult to filter sterilize and can be detrimental to protoplasts
if used in high concentrations (13,14). The osmotic level and
kind of osmotic stabilizer are important not only in isolation
but also in culturing the protoplasts. Wallin and Erikkson (38)
have shown that the osmotic pressure of the culture medium is
of great importance for a good yield of dividing and growing
protoplasts. For example, sorbitol at 0.2 M was the optimum
concentration for carrot protoplasts to grow and divide while
sorbitol at 0.5 M or higher inhibited protoplast division. Suc-
rose inhibited carrot protoplast growth and division in parallel
experiments, indicating the importance of the kind of os-
moticum used.

Our current research involves attempting to study the rela-
tionship between osmotic level of the isolation solution and the
culturing solution together with the osmotic ground value ot
the tissues which are being used. We also anticipate using this
technique as a possible tool for separation of chimeras, since
plantlets derived from protoplasts should be individuals repre-
senting different characteristics, depending upon from what
part of the plant the protoplasts were extracted. This could re-
sult in obtaining many totally new kinds of plants.

Freesias. In Europe, freesias rank 4th among all cut flower
sales. They are normally propagated by corms and by separat-
ing cormlets from the mother corm. Propagating freesia by nat-
ural corm multiplication is relatively slow and it was considered
appropriate to pursue tissue culture methods to hasten multip-

3 Macerozyme R-10 and cellulase R-10 from Kinki Yakult Mfg. Co., Ltd. 8-21
Shingikan-cho, Nishinomiya, Japan.
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lication. Most freesia organs are capable of regenerating roots
and shoots (1); organogenesis was dependent on at least three
factors: cultivar, light and dark, and auxin to cytokinin ratio
(26). Tissue culture techniques show promise of producing a
large number of plants in a short time. However, it has taken 16
weeks to produce plantlets (26) which is not as efficient as de-
sired for commercial production. We have attempted to reduce
the time of propagation and using aerial and basal corms.

Aerial corms were sterilized in 95% ETOH for 2 minutes
and then in 0.5% NaOCl — Tween 20, rinsed 3 times with
sterilized deionized distilled water and sectioned transversely
into thin pieces about 1 to 2 mm thick. Three sections were
randomly transferred onto 50 ml MMS medium as described
previously for asparagus tissue culture. NAA and kinetin levels
were employed at 0, 0.05, 0.1 and 1 mg/l respectively. The tis-
sues were incubated in growth chambers at 25°C and with no
light. Roots and shoots were both formed within 4 weeks of in-
cumbation (Figure 3). NAA at 0.05 to 0.10 mg/l combined with
kinetin at 0.05 mg/l promoted roots, while combinations of
NAA at 0.1 mg/l with kinetin at 0.05 mg/l was the best balanced
medium for shoot and root formation. Higher NAA (1 mg/l) or

kinetin at 5 mg/l promoted callus formation but few roots and
shoots.

Figure 3. Plantlets of freesia derived from pieces of aerial corms.

After shoots and roots were formed they were incubated 1
to 2 weeks under cool white flurorescent lights of 16-hour dura-
tion and 100 ft-c intensity. The plantlets were transplanted to
moist peat and placed under cool white fluorescent lights at
room temperature. Success of transplanting was dependent on
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plants having root to shoot vascular connections. They were
then watered with MMS nutrient solution. Tap water was used
after the first week. Plants were transplanted to soil and placed
in the greenhouse within 7 to 8 weeks after transferring. By this
method of transplanting, plants from the flask could be estab-
lished in the greenhouse 10 to 12 weeks after culture was be-
gun. This represents a reduction of 4 to 6 weeks when com-
pared to published work on freesia tissue culture (26).

We plan to continue research in the areas described, in an
effort to improve propagation time, efficiency and to perhaps
develop potential new clones.

LITERATURE CITED

1. Bajaj, Y.P.S. and R.L.M. Pierik. 1974. Vegetative propagation of Freesias
through callus cultures. Neth. J. Agric. Sci. 22:153-159.

2. Ball, E. and P.C. Joshi. 1965. Divisions in isolated cells of palisade paren-
cyma of Arachis hypogaea. Nature. 207:213.

3. Basile, D.V. 1972. A method of surface-sterilizing small plant parts. Bull.
Torrey Bot. Club, 99{6):313-318.

4, Burk, L.G. 1975. Clonal and selective propagation of tobacco from leaves.
Plant Sci. Letters. 4:149-154.

5. Bush, S.R., E.D. Earle and R.W. Langhans. 1976. Plantlets from petal seg-
ments, petal epidermis, and shoot tips of the periclinal chimera, Chrysan-
themum morifolium ‘Indianapolis.” Amer. J. of Bot. 63(6):729-737.

6. Chambers, R. and K. Hofler. 1931. Microsurgical studies on the tonoplasts
of Allium cepa. Protoplasm. 12:338.

7. Chlyah, H. 1974. Inter-tissue correlations in organ fragments. Plant
Physiol. 54:341-348.

8. Cocking, E.C. 1960. Some effects of chelating agents on roots of tomato
seedlings. Biochem. J. 76:51.

g. . 1960. A method for the isolation of plant protoplasts
and vacuoles. Nature. 187-927,

10. _ . 1972. Plant cell protoplasts isolation and development.
Ann. Rev. Plant Physiol. 23:29-50.
11. and P.K. Evans. 1973. The isolation of protoplasts. Plant

tissue and cell culture. {(Ed. H.E. Street) Blackwell Scientific Publication,
Oxford, pp. 100-120.

12. Daykin, M., R.W. Langhans, and E.D. Earle. 1976. Tissue culture propaga-
tion of the double petunia. HortScience. 11(1):35.

13. Evans, P.K., A.G. Keats, and E.C. Cocking. 1972. Isolation of protoplasts
from cereal leaves. Planta (Berl.) 104:178-181.

14. Evans, P.K., and E.C. Cocking. 1975. The techniques of plant cell culture
and somatic cell hybridization. New Techniques in Biophysics and Cell
Biology, Vol. 2. (Pain, R. & B. Smith, Ed.) Wiley & Son. pp. 127-158.

15. Gavinlertvatana, P., P.E. Read, and M.L. Brenner. 1876. Effects ot NAA
and kinetin and their interactions on asparagus tissue culture. HortSci-
ence 11(3):311.

16. Granam, A., and G. Gulandaivelu. 1969. Photosynthetic studies with leaf
cell suspensions from higher plants. Plant Physiol. 44:1451.

284



17.

18.

19.

20.

21.
22,

23.

24,

29.

26.

27.

28.

29.

30.

31.

32,

33.

34.

33.

36.

Grambow, H.]., K.N. Kao, R.A. Miller, and O.L. Gamborg. 1972. Cell divi-
sion and plant development from protoplasts of carrot cell suspension
cultures. Planta (Berl.) 103:348-355.

Greenway, H. 1970, Effects of slowly permeating osmotics on metabolism
of vacuolated and nonvacuolated tissues. Plant Physiol. 46:254-258.

Hanna, G.C. 1942. Correlation studies of asparagus comparing yield of
various shorter period within ten-year yields. Proc. Amer. Soc. Hort. Sci.
41:321-323.

Hasegawa, P.N., T. Murashige, and F.H. Takatori. 1973. Propagation of
asparagus through shoot apex culture II. Light and temperature require-
ments, transplantability of plants and cyto-histological characteristics. J.
Amer. Soc. Hort. Sci. 98{2):143-148.

Hayward, C., and J.B. Power. 1975. Plant production from leaf protoplasts
of Petunia parodii. Plant Sci. Letters. 4:407-410.

fyung, W.H., S.H. Wittwer, and M.]J. Bukovac. 1965. Ion uptake by cells
enzymatically isolated from green tobacco leaves. Plant Physiol. 40:410.

King, P.]. and K.]J. Manfield, and H.E. Street. 1972. Control of growth and
cell division in plant cell suspension cultures. Can. J. Bot. 51:1807-1823,

Murashige, T., and F. Skoog. 1962. Revised medium for rapid growth and
bioassays with tobacco tissue cultures. Physicl. Plant. 15:473-497.

——___, M.N. Shabde, P.M, Hasegawa, F.H., Takatori, and ].B.

Jones. 1972, Propagation of asparagus through shoot apex culture I. Nut-
rient medium for formation of plantlets. J. Amer. Soc. Hort. Sci.
97(2):158-161.

Pierik, R.L.M., and H.H.M. Steegmans. 1975, Freesia plantlets from
flower-buds cultivated in vitro. Neth. ]J. Agric. Sci. 32:334-337.

Pilet, P.M. 1973. Transaminase activity in root protoplasts enzymatically
and mechanically prepared. In: Protoplasts et fusition de cellules
somatique vegetales. Collogques Internationaux, G.N.R.S. 212:99.

Power, ].B. and E.C. Cocking. 1970. Isolation of leaf protoplasts: mac-
romolecule uptake and growth substance response. J. Exp. Bot. 21:64.

Shepard, }.F., and R.E. Totten. 1975. Isolation and regeneration of tobacco

mesophyll cell protoplasts under low osmotic conditions. Plant Physiol.
h5:683-694.

Steward, F.C., and M.0O. Mapes. 1971. Morphogenesis and plant propaga-
tion in aseptic cultures of asparagus. Bot. Gaz. 132{1):70-79.

Takatori, F.H., T. Murashige, and ].I. Stillman. 1968. Vegetative propaga-
tion of asparagus through tissue culture. HortScience 3:20-22,

Takebe, 1., Y. Otsuki, and S. Aoki. 1968. Isolation of tobacco mesophyll
cells in intact and active state. Plant Cell Physiol. 99:115-124.

Tran Thanh Van, M.mn and A. Chlyah. 1974. Organogenesis in cell layers.

In: Tissue Culture and Plant Science. (Ed. H.E. Street). Academic Press,
London, pp. 101-110.

__ ., Nanyet Thi Dein, and Averil Chlyah. 1974. Regulation

of organogenesis in small explants of superficial tissue of Nicotiana
tabacum L. Planta (Berl.) 119:149-159.

Tribe, H.L. 1955. Studies in the physiology of parasitism XIX on the kill-
ing of plant cells by enzymes from Botrytis cinerea and Bacterium
aroideae. Ann. Bot. N.S. 19:351.

Whatley, F.R. 1956. Cytochemical methods. In: Modern Methods of Plant
Analysis. Vol. . (Eds. K. Paech and M.V. Tracey). Springer-Verlag, Berlin.

285



37. Wilmar, C., and M. Hellendoorn. 1968. Growth and morphogenesis of as-
paragus cells cultured in vitro. Nature 217:369-370.

38. Wallin, A., and T. Erikkson. 1973. Protoplast cultures from cell suspen-
sions of Daucus carota. Physiol. Plant. 28:33-39.

39. Yakuwa, T., T. Harada, K. Saga, and Y. Shiga. 1971. Studies on the mor-
phogenesis of asparagus II. Effects of auxins and 6-benzylamino purine on

callus and organ formation of stem pieces cultured in vitro, Horticultural
Abstract 43:209.

40. Yang, H.J., and W.]. Clore. 1973. Rapid vegetative propagation' of as-
paragus through lateral bud culture. HortScience 8(2):141-143.

CELL-FUSION HYBRIDS

HAROLD H. SMITH

Brookhaven National Laboratory
Upton, New York 11973

Abstract. Cell-fusion hybrids were obtained by fusing protoplasts of
Nicotiana glauca and N. langsdorffii in the presence of polyethylene glycol.
The hybrid protoplasts were selected out of a mixed population by growing
on a culture medium that does not support the growth of parental protoplasts.
The cell fusion hybrids had chromosome numbers that were higher (56 to 64)
than in the amphiploid (2n = 42). Most of these “hyper-aneuploids’ were fer-
tile and their progeny retained the characteristic morphology and approxi-
mate chromosome number of their hybrid parent.

The technical advance of being able to remove plant cell
walls in order to produce viable wall-less or naked cells (the
protoplasts) has opened up new avenues of research in plant
propagation and improvement. These fall into two main
categories of use: 1) fusion of protoplasts to give hybrid somatic
cells, thus by-passing the usual sexual techniques of hybridiza-
tion by cross-pollination; 2) facilitated entry or more rapid up-
take of ‘‘genetically informed’ particles that are generally
excluded by the cell wall; for example, foreign macromolecules
(DNA and RNA), chromosomes, nuclei, organelles and viruses.
The genetic significance in all these cases is that new addi-
tional genetic material migrates into the protoplasts and, in so

far as it persists through replication and integration, adds sig-
nificantly to the genetic variability (8).

The successful production of cell-fusion hybrids has been
greatly aided by two additional new techniques for handling
protoplasts. These are: 1) the use of polyethylene glycol (PEG)
to adhere and fuse protoplasts; and 2) the development of selec-
tion methods to recover preferentially regenerated fused hybrid
protoplasts from a mixed population of protoplasts.
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