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ABSTRACT

Effects of shaking, medium consistency and anther density on polyhaploid production in
two wheat cultivars, Pavon and Chris, were studied using a modified 85D12 medium. Pavon
produced more calli in shaking and more albino plants than Chris. However, Chris
produced threefold more green plants than Pavon in non-shaking treatment. More calli and
green plants were derived from non-shaking treatment than those from shaking treatment.
Anthers were cultured on both liquid and semi-solid 85D12 media, using two anther
densities, 48 and 96 anthers per plate. Although Pavon generally produced more calli and
albino plants than Chris, Chris produced more green plants than Pavon. More green plants
were derived from semi-solid medium than those from liquid medium. A factor that may
affect plant regeneration from anthers is the length of time on initiation medium. Most of
the calli for both genotypes were transferred during the first two time periods. Fertility, as
measured by seed set, was determined for all surviving regenerated plants. About 24% of
Chris and Pavon anther-derived green plants in the experiment of medium consistency and

anther density produced seed.
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INTRODUCTION

The development of anther culture technology
leading to homozygous diploids has proven to be one of
the most effective methods of haploid plant production.
However, the techniques for haploid production are -
especially in crop plants - not very productive (Hu,
1986; Ouyang et al., 1987), although considerable
progress has been made (Lazar et al., 1985; Ouyang et
al,. 1983; Armstrong et al., 1987). Therefore, it’s too
risky to use anther culture method for a practical

application in comparison with conventional breeding.

To improve success in microspore regeneration,
principally, two approaches may be possible: either a
study of physiological factors such as in vitro culture
conditions (Dunwell, 1982) or an investigation of the
genotypic factors involved. Genotypic differences in
wheat anther culture have been reported by many
workers (Ouyang et al., 1973; Picard and deBuyser,
1975; Heszky and Mesch, 1976; Schaeffer et al., 1979;
Dube, 1984; Lazar et al., 1987). Although a particular
set of cultural conditions may be successful for some
cultivars, the same conditions may not elicit a

satisfactory response from others.
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Principally, two approaches may be possible: either a
study of physiological factors, such as in vitro culture
conditions (Dunwell, 1982), or an investigation of the
genotypic factors involved. The manipulation of culture
procedures and donor plant environments for specific
genotypes could increase the range of responding
cultivars. The effect of donor plant growth conditions
on pollen plant production has been clearly
demonstrated (Sunderland, 1971; Foroughi-Wehr et al.,
1976; Keller and Stringam, 1978).

Plant suspension cultures, in a number of
laboratories, are grown on horizontal rotary shakers,
operating at speeds that maintain the cells and cell
aggregates moving throughout the body of the culture
medium. Apparently, the shaking promotes gaseous
exchange, preventing the development of gradients of
soluble nutrients in the culture medium and promoting
cell separation (Rajasekhar et al., 1971). A high initial
population density (10000 cells/ml) was required to
grow plant cells in a mineral-salt liquid culture medium.
The initial population density could be lowered to 1000
to 2000 cells/ml if conditioned medium, casein
hydrolysate, or amino acids were added to the culture
medium (Stuart and Street, 1971). The inability of plant
cells to grow at a low population density may be caused
by excessive diffusion of metabolic intermediates into
the medium, diluting them in the cell to a level below
that required for survival (Ham, 1973).

In this paper, anthers from two spring wheat
cultivars, Chris and Pavon, were cultured in various
combinations of the cultural factors in an attempt to
identify an optimum set of conditions. In addition, these

genotypes were compared.

MATERIALS AND METHODS

Two spring wheat (Triticum aestivum) genotypes,
Chris and Pavon, were used in this study. The method

for anther culture was performed as previously
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described (Kang, 1996). Wheat spikes were surface
sterilized with 5% bleach for 5 min. Forty eight anthers
taken out from a spike were placed on a modified
85D12 initiation medium supplemented with 2 mg/L
2,4-D and 1.0 mg/L. NAA (Liang et al., 1987) in the
dark condition. After 21 days, macroscopic
embryoids/calli were counted and transferred to
regeneration media (R85D12) as they became visible,
which was from 35 to 70 days after culture initiation.
Green and albino plantlets were counted, and green
plantlets were transplanted to peat pots containing
vermiculite. After 14 to 21 days, plants were
transplanted into soil and grown to maturity in the
greenhouse. Mature plants were scored as sterile or
fertile according to their growth condition.

The following experiments were conducted. 1) Effect
of Shaking : The initiation plates were maintained on a
still platform or an orbital shaking platform (29 to 30
rpm) to test the shaking effect. The shaking and non-
shaking treatments were placed side by side. This
experiment was conducted under room conditions
(about 24°C) until calli were transferred to R85D12
medium. These regeneration plates were placed in the
incubator as previously described. 2) Effect of Medium
Consistency and Anther Density : Semi-solid I85D12
medium was prepared by adding wheat starch (50g/L)
to compare the effect with the liquid medium. Two
anther densities, 48 and 96 anthers per plate, also were
tested. The anthers from two spikes were placed in a

single plate for the 96-anther density.

RESULTS AND DISCUSSIONS

Effect of shaking

This experiment was carried out under room
conditions for callus production, which was cooler (24
"C) than the desired incubator temperature (29°C). The
shaking and non-shaking treatments were placed side by

side. Regeneration plates containing calli or plantlets



were placed in the incubator. The frequency of callus or
plant production in this experiment was less than that of
the other experiment, presumably due to the lower
temperature during the anther culture.

Pavon produced more calli in shaking and more
albino plants than Chris (Figure 1). However, Chris
produced about threefold more green plants than Pavon
in non-shaking treatment. More calli and green plants
were derived from non-shaking treatment than those
from shaking treatment, whereas no difference was
found in albino plant production between shaking and
non-shaking treatment. This result is not consistent with
a previous report (Rajasekhar et al., 1971) suggested
that shaking promotes gaseous exchange, preventing the
development of gradients of soluble nutrients in the
culture medium and promoting cell separation. It is
difficult to make a decision that non-shaking treatment

is better than shaking treatment because of non-optimal
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Fig. 1. The influence of A) genotype and B) shaking
treatment on callus and plant production.
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cultural conditions in temperature, humidity and light.
Therefore, further experiment with optimal condition

should be performed.

Effect of medium consistency and anther density
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Fig. 2. The influence of genotype and medium condition
semi-solid and liquid media and anther density
treatment on callus and plant production. S 48: Semi-
solid medium containing 48 anthers, S 96: Semi-solid
medium containing 96 anthers, L 48: Liquid medium
containing 48 anthers, L 96: Liquid medium containing
96 anthers
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Table 1. The influence of transfer time to regeneration medium on callus and plant production

of medium consistency and anther density

from the experiment

Calli Green Plants Albino Plants
Days Chris Pavon Chris Pavon Chris Pavon
35-45 217 470 70(32%) 25(12%) 7(3%) 60(13%)
46-55 199 140 11( 6%) 14( 7%) 19(10%) 3(2%)
56-65 10 6 5(50%) 1(17%) 0 0
Total 426 616 86 40 26 63

Calli, green, and albino plants were produced from
anthers cultured on both liquid and semi-solid 85D12
media, using two anther densities. Although Pavon
produced more calli and albino plants than Chris except
L 48 medium, Chris produced more green plants than
Pavon (Figure 2). Chris produced almost twofold more
green plants than Pavon; that is, Chris averaged 5.4
green plants per plate compared to 2.5 green plants per
plate for Pavon. In contrast, Pavon produced nearly
threefold more albino plants than Chris, 3.9 albino
plants per plate for Pavon compared to 1.6 for Chris.
More calli and albino plants were produced in the liquid
medium than in the semi-solid medium. However, more
green plants were derived from semi-solid medium than
those from liquid medium.

A factor that may affect plant regeneration from
anthers is the length of time on initiation medium. To
examine this possibility, data were collected from the
experiment of medium consistency and anther density
regarding the time that each callus/embryoid was
transferred to regeneration medium. The data were
grouped into three consecutive time periods and
examined for possible relationships between time of
transfer and production of green and albino plants
(Table 1). Most of the calli for both genotypes were
transferred during the first two time periods. Caution
must be used in interpreting this information as these
experiments were not designed to examine these
relationships.

Transfer time of Pavon calli to regeneration medium
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influenced regeneration of green or albino plants in
Pavon calli. Almost 5% of Pavon calli transferred
during the earliest time period produced green plants
(Table 2). This percentage continually increased to
about 17% for the last time period, whereas less
percentage of albino plants was found in the latter time
periods. Therefore, it suggests that longer time period to
transfer to regeneration medium should be better to
produce green plants in Pavon.

In Chris, the earliest time period produced high
percentage, 32%, of green plants. Although the highest
percentage was found in the last period, the number of
calli was too small to exactly count. No albino plants
were produced from Chris calli transferred during the
last period, whereas 7% of the calli transferred during
the first two periods produced albino plants in Chris and
Pavon. Although the data showed some difference to
produce green plants derived from callus depending on
time period to transfer on regeneration medium, caution
must be used in interpreting this information as this
experiment was not designed to examine these
relationships. The influence to produce plants might be
affected by changes in media components, media
osmotic pressure, or components excreted by the cells.
Perhaps one or more of these factors affects the
regenerability of calli, but this would need to be
confirmed and extended by additional experiment.

Fertility, as measured by seed set, was determined
for all surviving regenerated plants (Table 2). The

proportion of anther-derived Chris and Pavon plants
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Table 2. Fertility of surviving green plants regenerated from anthers for each of the experiments

Experiment Number of Seed Set
Plants Observed F? F® PF°
Chris
Shaking 2 0 2 0
Medium Consistency and anther density 58 11 47 0
Pavon
Shaking 2 2 0
Medium Consistency and anther density 25 17

? Fertile (More than 10 seeds per spike)
® Sterile (No seed per spike)
¢ Partially fertile (10 or fewer seeds per spike)

that were fertile generally ranged from O to 28%.
Combining plants from the experiment of medium
consistency and anther density, about 24% of Pavon and
Chris plants was fertile. The reason for these sterile
plants is not known, but possible reasons include

~ aneuploidy or stresses during regeneration.
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