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Abstract

Anther culture was carried out using tetraploid asparagus (Asparagus officinalis L.) which were obtained through diploid
anther cultures and partly through colchicine treatment in order to detect the origin of the anther-derived tetraploid plants,
and to produce dihaploid, aneuploid and polyploid plants for providing stock plants for breeding asparagus.

1. Best callus formation(82%) was observed when anthers at meiosis to uninuclear developmental stage of microspores were
incubated. The rate of callus formation less than 3% was observed in the culture of anthers at binuclear to mature
developmental stage of microspores.

2. Concerning the culture of anthers at uninuclear developmental stage of microspores, best callus formation (80% or more)
was obtained on the medium containing 0.2mg/l of 6-benzylaminopurine(BA) and 0.2mg/l of « -naphthalene acetic
acid(NAA) under both of light(16 hr-photoperiod) and dark condition. Kinetin and 2,4-dichlorophenoxyacetic acid(2,4-D)
were inferior in callus formation to BA and NAA, respectively.

3. Shoot differentiation from anther-derived calluses was observed at the rate of 20 to 25% on the medium containing 1.0mg
/1 of BA and 0.5mg/1 of NAA. Sequential transferring of the differentiated shoots to the rooting medium with 0.1mg/l of
indole-3-butyric acid(IBA) resulted in regeneration of plantlets with a high frequency(80% or more). All the plantlets

obtained so far were tetraploid male plants.

Introduction

Asparagus (Asparagus officinalis L.) is a dioecious
plant and has male and female plants separately with
a sex ratio of 1:1. Female plants consume some of
the photosynthetic products for the production of
berries in the fall, in which 6 seeds were normally
contained. This may be why female plants neither
can have high productivity nor can live as long as
male plants. Therefore, commercial fields consisting
of only male plants have been desired for an in-
creased productivity, and the breeding of all-male F,
hybrid have tried.® Many in vitro plants have been
regenerated through anther culture of diploid aspara-
gus plants* > !V which have been cultivated in
many countries as one of the most popular green and

*Laboratory of Floriculture and Olericulture

yellowish vegetables. Diploid plants are the most
common among the plants which were obtained
through the anther culture, but a few haploid,
polyploid(3X, 4X, 5X), and aneuploid plants have
also been obtained® ® . Among them tetraploid
plants have been obtained most frequently when
cultured on the medium supplemented with high
concentrations of growth regulators(cytokinin and
auxin: 1-10mg/1). Up to now, we have obtained
tetraploid plants which consisted of only male plants,
but we could not yet determine whether they were
originated from microspores(n) or from anther
tissues(2n). Moreover we were unable to produce F
seeds from crosses between 2X female plants and 4X
male plants, which were induced through diploid
anther culture, for progeny test. Many fruits resulted
from 2X(¥) X 4X(J") contained empty seeds. This
phenomenan was also observed in the fruits from
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2X(%) X 4X(J") which was produced with colchic-
ine treatment of 2X seedlings.?

If tetraploid male plants induced through anther
cultures are originated from microspores, they can
have 4 male determining superior genes, MMMM.
Hence dihaploid plants(2X) obtained through the
anther cultures of tetraploid with a genotype of
MMMM should result in production of all male
plants. On the other hand, if tetraploid male plants
are originated from somatic cells(anter tissues) with a
genotype of Mm, the induced dihaploid can be
expected to be consisting of 1 super-male plant with
"MM" genes, 4 male plants with "Mm' genes, and 1
female plant with "mm" genes. Consequently, 5 male
plants of 2 genotypes and 1 female plant can be
induced. We intended to produce dihaploid plants
through anther culure of diploid anther-derived
tetraploid of asparagus in order to detect the origin
of anther-derived tetraploids, and also to examine the
probability to induce haploid, triploid, and aneuploid
for applying them in asparagus breeding systems. In
anther culture of tetraploid plants diversities of chro-
mosome segregation at meiosis of tetraploid micro-

spore mother cells can be expected.

Materials and Methods

Tetraploid anthers obtained through the anther cul-

ture and colchicine treatment of diploid asparagus
plants(cv. 'Mary Washington 500) were prepared.
Murashige and Skoog medium supplemented with
20g /1 of glucose and 100mg /1 of inositol, and
ajusted to pH 5.5 before autoclaving was provided as
the basal medium in the experiments. Plant growth
regulators were added to the medium when needed.

Experiment 1. Effect of the developmental
stage of tetraploid anthers on callus formation.

The flower buds of 1.5-2, 2.5-3, 4, and 5mm in
length were collected from tetraploid male plants For
sterilization, they were immersed in 70% ethanol for
30 seconds, followed by 1% sodium chloride solu-
tion for 15 minuts, and then rinsed 3 times with
sterile double distilled water. Five anthers dissected
from a flower bud were incubated in a vessel con-
taining the medium supplemented with 0.2mg/l of
BA and 0.2mg/l of NAA. Ten vessles were used for
each teatment. The cultures were placed under 16 hr
of daylength with 1,500 lux illuminance provided by
cool-white fluorecent lamps at 25-27C.

Experiment 2. Effects of cytokinin and auxin of
callus formation from anthers.

The anthers of 2mm in length at uninuclear devel-
opmental stage of microspores were incubated on
media supplemented with 10 combinations of NAA
and/or 2,4-D with BA or kinetin. The cultures were

Table 1. Relationships between the length of flower bud, the developmental
stage of microspore, and starch accumulation in microspores and

anther tissues.

f!lf\r;%;hb?lil Develop mental stage Starch accumulation**
( mm ) of microspore Microspore Anther tissue

1 Pollen mother cell ~ meiosis - +

2 Early uninuclear — -

3 Late uninuclear ~ binuclear +~+++ —

4 Binuclear ~ mature ++ + -

5 Mature* + 4+ —

* : generative cell started dividing into two sperm cells.

** . starch accumulation was expressed as follows; — :

no starch, =+ :a trace, + + :afair

amount, + + +: full amount (pollen grains were stained strongly with an iodine reagent)
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Fig. 1 Microspores (A ) and callus cells (B) observed in early stages of
incubation on the medium with 0.2mg/l of BA and 0.2mg/l of NAA,
and shoots (C) differentiating from the callus incubated on the
medium with 1.0mg/l of BA and 0.5mg/l of NAA.

placed either under the same condition as in Experi-
ment 1 or under continuous darkness.

Experiment 3. Shoot differentiation from an-
ther-derived calluses, and root formation from
the shoots.

Rice grain-sized callus pieces, which were divided
from soybean-sized calluses grown on the medium
containing 1mg/l of BA and 1mg/l of NAA, were
transferred onto the medium supplemented with
1.0mg/l of kinetin or BA. and 0.5mg/l of NAA.

Shoot apexes of 0.5-lcm in length were trans-
ferred into the medium supplemented with 0.1mg/1 of

IBA for direct rooting. For the experiments of shoot
differentiation and rooting, 3 explants per vessel
were incubated under a 16 hr daylength with 4,000
lux of illuminance at 25-27°C.

Results

Experiment 1. Effect of the developmental
stage of anthers on callus formation.

When male flowers of tetraploid plants were com-
pared with those of diploid plants at the same devel-
opmental stage of anthers, flower buds of the tetra-
ploid plants were a little longer, and much wider
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Fig.2 Chromosomes observed in callus cells produced through tetraploid

anther cultures of asparagus

(A):2n=2X (20) : Cells with 2X chromosomes were considered to

be microspores.

(B):2n=3X (30) Cells with 3X chromosomes were also considered
to have the origin in microspores.

(C):2n=4X

(D):2n=12~13X Prolonged incubation of calluses on the identical
medium resulted in the induction of cells with high ploidy levels. Cells
with 8X ore more chromosomes were observed in this experiments.

than those of the diploid plants. Consequently, the
tetraploid plants could be distinguished from diploid
plants. Table 1 shows relationships between the
length of flower buds, the developmental stage of
microspores, and starch accumulation in microspores.
The relationships between them in tetraploid plants
were almost the same as those in diploid plants.

In the early stage(7 to 10 days after incubation) of

cultured anthers, some pollens were observed to
develop into multicellar tissues(Fig.1-B). We also
observed cells with 20-40 chromosomes(FlIg.2-A,B,C)
in calluses induced in a few weeks of incubation,
which were considered to be originated from
microspores(Fig.1-A). Longer incubation of calluses
resulted in increases of many polyploid and
cells with 70 to 80 or

aneuploid more
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chromosomes(Fig.2-D).

The rate of callus formation was highest(82%) for
anthers at tetrad to early uninuclear stage, followed
by anthers at late uninuclear to binucler stage(28%)
(Fig. 3). Incubation of mature anthers of 4mm and
Smm in length resulted in low callus formation at 3
and 0%, respectively.

Experiment 2. Effects of cytokinin and auxin
on callus formation from anthers.

As shown in Fig. 4, callus formation was achieved
most successfully(82.2%) on the medium supple-
mented with 0.2mg/l of NAA in combination with
0.2mg/l of BA. As compared with NAA, 2.4-D had
less callus forming ability. Kinetin had less callus
forming ability than BA in a low concentration(0.2mg
/1), but more callus forming ability in a high
concentrarion(3.0mg / 1) . Calluses induced on the
medium supplemented with 0.2mg /1 of BA and
0.2mg /1 of NAA under the light condition was
green, hard compact in contrast to pale yellow and
friable under the dark condition. After 8 to 12 weeks
of culture, shoot formation was observed in most of
caluses induced under the dark condition(Fig. 1-C).

Also, pale yellow, soft and compact calluses were
induced through the anther culture of tetraploid
plants produced by colchicine treatment.

Experiment 3. Shoot differentiation from an-
ther-derived calluses, and root formation on the
shoots.

The percentages of calluses differentiating shoots
were 20% and 25% on media with 0.5mg/1 of NAA
in combination with 1.0mg/1 of BA and 10.mg/1 of
kinetin, respectively(Fig. 5). Calluses which were
able to differentiate one shoot had a tendency to
produce more shoots succesively.

Transplanting 5-10mm apical end(stem tip) of
shoots induced from calluses to a medium with
0.lmg /1 IBA resulted in rooting of 80% or more,
i.e., regeneration of plantlets occurred in 80% or
more of the transplanted shoots(Fig.6).

All the regenerated plantlets were male tetraploids,
of which the stem had cell sizes and stractures
similar to those in diploid anther-derivied tetrapliod.
Also it had larger cortical layer cells than those in
diploid(Fig.7).

Discussion

Diploid, aneuploid, and tetraploid plants were
produced through diploid anther cultures of
asparagus(Asparagus officinalis L.) . As shown in
Fig.7, the stem of tetraploid was regular in structure,
and had larger cortical layer cells than those in
diploid; on the other hand, the stem of aneuploid
showed irregular structure, and contained larger
intercellular spaces. Calluses from anther cultures of
tetraploid plants, which were produced through di-
poid anther culture, grew and proliferated more rap-
idly than diploid anther-derived calluses, and differ-
entiated many shoots on the same medium as cal-
luses were induced. Shoot differentiation was ob-
served remarkably on the calluses which proliferated
to the size of soybean seed or bigger under the dark
condition. However, the anther-derived tetraploid
calluses which were produced with colchicine treat-
ment were slightly soft and compact as compared
with the meristematic friable calluses procuced
through diploid anther culture, and did not differen-
tiate any shoots.

Up to now, all the plantlets obtained through the
anther culture of tetraploids were tetraploid male
plants. Chomosome numbers of these plants were
considered to be doubled in the periods of callus
proliferarion and / or shoot differantiation(Fig. 1-C),
because microspore-derived calluses(Fig .1-B) were
induced on the medium for callus formation contan-
ing 0.2mg /1 of BA and 0.2mg/l of NAA. It was
reported in many plant species such as sugar canel
, tobacco®) , and pea’” that long periods of incuba-
tion on callus inducing medium resulted in remark-
able increases of polyploid and aneuploid cells in the
calluses. Malnassy6) reported that 29 tetraploid
plants were produced among 31 plants obtained from
diploid calluses. We observed many callus cells with
100 or more chromosomes(Fig. 2-D), and even with
150-160 chromosomes in this experiments. Since the
concentrations of BA and NAA that we used in this
experiments were considered to be too high for
should
investigate on the lower concentrarions of BA and
NAA.

regenaraion of dihaploid plants. We
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Fig. 7 Cross sections of the stems diploid (2n=2x=20), aneuploid
(2n=33—36), and tetraploid (2n=4x=40) plant obtained
through diploid anther cultures of asparagus
(A):DIPLOID (B):ANEUPLOID (C):TETRAPLOID

43
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Fig. 6 Plantlet regeneration from stem tips of
shoots obtained by the anther culture of
diploid (2x) and tetraploid (4x) plants
(incubated for 8 weeks)

Root formation from shoots regenerated from
tetraploid anther-derived calluses was obtained at the
higher frequency(80%) than that from diploid anther-
derived callus, and resulted in plantlet regeneration.
The tetraploid plantlets obtained in this way were
transplanted successfully in soil, and grew as nor -
maly as the mother plants. Consequently, we can
consider the tetraploid anther culture as the method
of mass production suitable for the field-sized culti-
vation of tetraploid plants in asparagus.

Up to now, we have not been able to induce
dihaploid plants of asparagus successfully. However
since we were able to induce microspore-derived
calluses, it would be possible to regenarate dihaploid
plants if polyploidization of chromosomes in callus
cells could be suppressed.
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