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A number of pollen protoplasts were isolated enzymatically from mature pollen (tricellular pollen) of Brassica
napus and B. campestris. All the protoplasts were viable and had one vegetative and two sperm nuclei.
Osmoticum in enzyme solution had much effect on the protoplast isolation. The high efficiency of protoplast
isolation (86-889%)was achieved with 1. 0 M osmoticum (0. 8 M mannitol+0. 2 M sucrose). Protoplast yield de-
creased greatly with reducing osmoticum. Pollen protoplasts were released from mature pollen of 13 strains of
10 species classified in tribe Brassiceae with a frequency of 15-649, but not from those of Matthiola incana in

tribe Matthioleae.

Introduction

Pollen is a natural vector of genes. Pollen containing foreign genes of a transgenic plant can be
used to transfer foreign genes into another cross compatible plant by artifitial pollination. Direct
DNA transfer into pollen has been shown in a few papers'™®. Pollen protoplasts can provide a
better means to directly introduce foreign genes in plants. Furthermore pollen protoplasts can be
used the production of gametosomatic hybrids through cell fusion*®. A number of pollen proto-
plasts also contribute to the effective isolation of sperm cells® and the study of fertilization in
angiosprems’ V.

Pollen protoplasts have been enzymatically isolated from various stages of pollen development in
several species. Tetrad pollen protoplasts have been obtained in Datura metel*®, Atropa bella-
donna, Nicotiana tabacum, Triticum aestivum'®, Ulmus americana*® and Digitalis obscura'®. The
high yield of protoplasts from uninucleate pollen has been obtained in Asparagus officinalis*®. The
high yield isolation of protoplasts from mature pollen has been reported in Iris tectorium, Zephyr-
anthes grandiflova, Hemerocallis fulva'” and Lilium longiflorum'®. However, protoplasts have not
been isolated from mature pollen of tricellular species.

The genus Brassica includes tricellular species. The genus contains many economically impor-
tant oilseed, vegetable, condiment and ornamental crops. Much work on protoplast isolation from
somatic cells and cell fusion has been carried out on Bruassica and wild allies'®~?Y. However, the
isolation of protoplasts from pollen have not been reported for these plants. In this paper, we
report the isolation of high yield of mature pollen protoplasts from Brassica (tricellular species)and
allied species.
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Materials and Methods

Experiment 1. Determination of optimum osmoticum for isolation of pollen protoplasts
Plant materials

B. napus cv. Lisandra and B. campestris cv. Jhonankomatsuna were used in this study. The seeds
of the former were obtained from Dr.Y.Ohkawa, Chugoku National Agriculture Experiment
Station and those of the latter were from seed stocks of Tokyo Metropolitan Isotope Research
Center. Both of the plants were grown in the field and flowered during late May to early June in
Tokyo.

Isolation of pollen protoplasts

Anthers were collected from the flower buds one day before flowering. Pollen was released by
gently squeezing the anthers in Lichter’s mineral salts*® (NLNM)supplemented with 139 sucrose
and filtered through 62 gm pore size nylon sieve. The pollen was incubated in an enzyme solution
at the density of 1. 0 X 10* m/~! for 2h at 28°C in the dark. The enzyme solution contained 0. 194 (w/
v) Macerozyme R-10(Yakult Pharmaceutical Co. Ltd. Japan)and 0. 194 (w/v) Cellulase Onozuka RS
(Yakult Pharmaceutical Co. Ltd. Japan), NLNM as mineral salts and mannitol and sucrose as
osmoticum of 1.0 M, 0.7 M and 0.5 M described in Table 1. 1.0 M osmoticum consisted of 0. 8 M
mannitol and 0. 2 M sucrose because of the difficulty in making the enzyme solution containing 1. 0
M mannitol due to the solubility limit at the room temperature. The yield of protoplasts under
0. 8 M mannitol+0. 2 M sucrose was as same as under 1. 0 M mannitol. The enzyme solutions were
adjusted to pH 5.8. The isolated pollen protoplasts were washed twice with NLNM medium
containing 0. 8 M mannitol by centrifugation at 1, 200 rom for 3 min. Protoplast yield was deter-
mined using a haemocytometer.

The degree of cell wall digestion and the protoplast viability were confirmed with 0. 194 calcofluor
white and fluorescein diacetate®, respectively. Vegetative and sperm nuclei were observed by
staining with 0.1 xg m/™!' DAPI(4’6-diamidino-2-phenylindole)in 0. 5 M mannitol.

Experiment 2. Effect of genotypes in isolation of pollen protoplasts

Nine strains of six crop species(B. napus, B. campestris, B. olevacea, Raphanus sativus, Ervuca
sativa and Matthiola incana)and five wild species(B. deflexa, Diplotaxis erucoides, Erucastrum
varium, Hirshefeldia incana and Moricandia arvensis) were used. Of these, R. sativus cv. Sayatori-
daikon and M. incana was obtained from Mr. Y. Kuginuki, National Research Institute of Vegeta-
bles, Ornamental Plant and Tea and Mr. T. Ohya, respectively. They were grown in the green-
house and flowered during mid January to February in Morioka. The protocols of isolation of
pollen protoplasts were carried out as described in Experiment 1, except that 0. 8 M mannitol+0. 2

Table 1. Effect of osmoticum on pollen protoplast isolation in Brassica napus
and Brassica campestris.

Osmoticum Species 5{%1:;2&1_’_ IS)?’;[ 0 (p%)a)sts ;/;lgtt:)lgltg stf( %)
0. 8 M mannitol B. napus 88+5 100
+0.2 M sucrose B. campestris 86+3 100
0.7 M mannitol B. napus 19+6 100
B. campestris 1749 100
0.5 M mannitol B. napus a few
B. campestris a few

*1 Values are the means of at least three replications. Each replication is carried out in
five buds randomly chosen from three to five plants.
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M sucrose was used as osmoticum in the enzyme solution.
Results

The yield of isolated protoplasts from mature pollen differed according to the strength of
osmoticum in the enzyme solution for B. napus and B. campestris (Table 1). The highest frequency
of protoplasts was obtained with 0.8 M mannitol+0. 2 M sucrose, reaching about 909 of the treated
pollen. The cell wall of pollen was partly digested‘ within 0. 5 h incubation in the enzyme solution.
Part of pollen protoplast, which showed spherical and was not stained with calcofluor white,
appeared from the germinal apertures(Fig. 1-a). After 2h incubation, almost all protoplasts were
released from the pollen (Fig. 1-b), and were ascertained to be viable with FDA staining (Fig. 1-¢).
Staining with DAPI revealed that all of the protoplasts had one vegetative nucleus and two sperm
nuclei (Fig. 1-d). Similar results in the yield of protoplasts and microscopic observation were
obtained in two strains(rapid cycling and var. ifelica) of B. oleracea(data not shown).

On the other hand, the percentage of protoplast isolation decreased with the reduction of

Fig.1 Protoplast isolation from mature pollen of Brassica napus.
(a) Start of release of pollen protoplasts from germinal apertures after 0. 5 h incubation
in the enzyme solution containing 0.8 M mannitol +0. 2 M sucrose. (b) Pollen proto-
plasts isolated after 2h incubation.(c)Pollen protoplasts stained with fluorescein
diacetate. (d) One vegetative nucleus and two sperm nuclei stained with DAPI in a pollen
protoplast. (e) Pollen burst after 2 h incubation in the enzyme solution containing 0. 7 M
mannitol. Arrows show burst pollen.
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Table 2. Yields of pollen protoplasts in Brassica crops and wild allies.

Isolated protoplast (%)

Species

Mean+SE** Range
Tribe Brassiceae
Subtribe Brassicinae
Brassica napus
cv. Topas 58+21 38-89
cv. Tower 33+12 25-55
B. campestyis ssp. pekinensis
cv. Ho Mei 25+0 25
B. olevacea var. italica
strain B 31-18 16+12 0-30
B. deflexa 28+10 21-42
Diplotaxis erucoides 51+24 19-77
Eruca sativa 29+0 29
Erucastrum varium 64+18 39-77
Hirschfeldia incana 15+21 0-45
Subtribe Raphaninae
Raphanus sativus
cv. Chugokuaodaikon 30+11 23-45
cv. Sushirazushougoin 38+0 38
cv. Sayatoridaikon 36+15 18-54
Subtribe Moricandiae
Moricandia arvensis 4549 39-58
Tribe Matthioleae
Matthiola incana 0

Protoplasts were isolated in the enzyme solution containing 0. 8 M mannitol +
0.2 M sucrose.
*1 Values are the means of at least three replications.

osmoticum in the enzyme solution. When 0. 7 M mannitol was used as osmoticum protoplasts were
isolated from 2095. When 0. 5 M mannitol was used only a few protoplasts were isolated (Table 1).
Though pollen did not burst and were stained with FDA in 0.7 M and 0.5 M mannitol solution
without enzymes, most of the pollen burst in the enzyme solution containing 0.7M or 0.5M
mannitol (Fig. 1-e). The frequency of pollen burst in the enzyme solution containing 0.5 M
mannitol was higher than that in 0. 7 M mannitol. Protoplasts could be isolated only rarely using
any osmoticum from late uninucleate to early binucleate microspore.

When the enzyme solution containing 0. 8 M mannitol+0. 2 M sucrose was used in other species
or genotypes, protoplasts were isolated from mature pollen of all species except one (Table 2) and
were confirmed to be viable with FDA staining. However, species or genotypes had a significant
effect on the protoplast yield. The highest frequency of protoplast isolation (more than 509%) was
obtained in B. napus cv. Topas, D. erucoides and E. varium. 459% of pollen released the protoplasts
in M. arvensis. Three genotypes of R. sativus showed the similar frequency of protoplast isolation
(30-38%). The frequency (33%) of pollen protoplasts in B. napus cv. Tower was lower than that in
cv. Topas. Fewer protoplasts from 29% to 15% were released in E. sativa, B. deflexa, B. campestris
cv. Ho Mei, B. oleracea var. italica B31-18 and H. incana. On the other hand, hardly any proto-
plasts were isolated from pollen of M. incana.
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Discussion

The present results indicated that the osmoticum in the enzyme solution had a significant
influence on the isolation of protoplasts from mature pollen of Brassica napus and campestris. A

19 In all previous reports'®~%2% pollen protoplasts

similar result has been reported for asparagus
in angiosperm plants have been isolated under 0. 3-0. 7 M osmoticum. Their range of osmoticum
was not efficient for the protoplast isolation from Brassica pollen. The protoplast was effectively
isolated with 1. 0 M osmoticum. Our results indicate that the optimum osmoticum for isolation of
pollen protoplasts in Brassica is higher than that in the other plants.

The protoplast yield in Exp. 2 was lower than that in Exp. 1. For example, protoplasts were
isolated from about 909% mature pollen of B. napus and campestris in Exp. 1, although the frequency
of isolated protoplasts reduced to 25-589% in Exp. 2. This may be due to the difference of genotypes
as reported in Allzum*® or physiological conditions of donor plants grown in different environments.

Large variation in protoplast yield was observed among species or genotypes. This is consistent
with the results of Allium®®. Of the species used in this study, those which were classified into tribe
Brassiceae and could cross Brassica crops? released protoplasts from their mature pollen under the
same osmoticum as B. napus and campestris. In contrast, M. incana in tribe Matthioleae, which is
distantly related to and could not cross Brassica crops, could not release any protoplasts. These
results indicate that the enzyme solution optimized for B. napus and campestris in this study can be
applied to related species, but not to distantly related ones.

The isolated protoplast of B. napus cv. Lisandra form a region stained with aniline blue on their
surface but hardly divided at present.
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