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Abstract

Rye has been generally considered to be recalcitrant to the androgenesis induction in vitro. The haploids of Secale
cereale are not easily obtainable and the isolated microspore technique application is difficult, thus is performed
occasionally, and in a limited number of strains and cultivars. The aim of the conducted experiment was to assess
the frequency of mechanical damage in microspores after their isolation in the mortar, and the effect of the pre-
treatment of spikes at 4EC on microspore viability and the course of the culture. The analyses in the isolated
microspore culture were conducted on 30 genotypes of rye from two breeding programs and differing in their ori-
gin. Spikes with microspores in the unicellular stage were cut and exposed to a temperature of 4EC for a period
of 2 to 42 days. Microspore observations were conducted immediately after the microspore isolation in order to
assess the viability and percentage of the damaged ones. In order to study the mitotic divisions first, cultures of
rye microspores were examined after 3 days. The highest microspore viability after isolation was observed for
strain 1283C – 91.9% and inbred line S1152/10 – 91.8%, while it was the lowest for F1 hybrid S02779/10 – 79.8%
and strain 1252E – 84%, respectively. It was found that to maintain high (microspore – to mozna opuscic) viability,
microspores must be isolated after low temperature stress (+4EC) applied for up to 7 days of culture. A con-
siderable extension of the duration of low temperature (36-42 days) resulted in a reduction of the microspore iso-
lation efficiency in rye (a lower number of microspores in the obtained suspension) and a slight reduction of
microspore viability.
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Introduction

Rye (Secale cereale ssp. cereale ) is a recalcitrant
species, in which it is difficult to obtain haploids using in
vitro culture. Obtainment and maintenance of in vitro cul-
tures of some plant species is difficult, simply because all
the factors required for an effective initiation of andro-
genesis in these species are not yet known. Factors that
are hard to control include endogenous and exogenous
factors for the activity of antioxidant enzymes, osmolari-
ty of the culture at the onset of androgenesis, genotypic
variations, especially in cross-pollinated plants (rye),
response to temperature stress, condition of the donor
plant, etc. Due to above-mentioned reasons, it is difficult
to identify a method for effective androgenesis induction
and regeneration of haploid plants for this species.

Materials and methods

Analyses of isolated microspore cultures were con-
ducted on 30 rye genotypes (winter forms). Plants of ele-

ven F1 hybrids and four inbred lines from the Danko
Plants Breeding (Danko Hodowla Roślin) and fifteen
strains from the Poznan Plants Breeding (Poznańska
Hodowla Roślin) were used in the experiment.

After reaching an appropriate development phase,
spikes with microspores at the unicellular stage were cut
and treated at 4EC for a period from 2 to 42 days.
The microspore development phase was identified using
crushed specimens stained with acetocarmine. Ran-
domly selected inflorescences of the examined plants,
containing microspores at the uninucleate stage (Immo-
nen and Anttila, 1998), were surface sterilized using 70%
ethanol and through immersion in 6% NaClO, were next
rinsed in large amounts of sterile distilled water.

From the sterilized spikes, individual spikelets were
isolated by removing rachillas. Next, the spikelets were
macerated in 0.2 M cold mannitol. Thereafter, they were
gently ground in steril mortar, in order to release micro-
spores from anthers. The tissues ground in 0.2 M man-
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nitol solution were filtered through a sterile nylon filter
with 80 μm mesh size. The mortar was rinsed with
0.2 M mannitol, a sufficient amount to obtain 15 ml fil-
trate. Sterile test tubes containing the suspension of
micropores were centrifuged thrice for 5 min at 60 g.
Test tube contents were suspended in 30 ml of andro-
genesis induction medium (190-2, Xingzhi and Han,
1984) and the obtained microspore suspension was
distributed to 10 Petri dishes (i 35 mm) at 3 ml each.
The dishes were sealed tightly with parafilm and placed
in the dark on a shaker at 100 rpm. The cultures of
microspores were incubated at 27EC for 7 days.

Microspore observations were taken directly after
isolation in order to assess the viability and percentage
of the damaged microspores. Microspore developmental
status was evaluated after a 3-day incubation under in
vitro conditions, in the 190-2 medium (Xingzhi and Han,
1984). It was done using a reverse microscope in 10
fields of vision and 7x magnification (eyepiece 10 x
objective 0.7). The viability of microspores was then
examined under an optic microscope in 10 fields of
vision at a magnification of 100 x.

Results and discussion

Success in the isolated microspore culture of rye
depends on many factors. The most important of these
include spike pre-treatment procedure, selection of the
microspore developmental stage, donor plant genotype
as well as proper culture medium and culture conditions.
In order to re-program their development from gameto-
phytic to sporophytic, microspores of plants are exposed
to diverse stress factors. Most frequently, inflorescences
or anthers are subjected to the action of low or high tem-
peratures. Anthers are often placed in solutions with va-
rying osmotic potential and at a reduced sugar availa-
bility, causing sugar starvation, etc. (Shariatpanahi et al.,
2006). In order to change the microspore development
pathway into sporophytic, spike pre-treatment at 4EC is
generally applied in microspore cultures of cereals
(Jähne and Lörz, 1995).

The technique of isolated microspore culture is
applied in breeding programs of Secale cereale L. very
occasionally. Thermal stress application (at 4EC) is com-
monly used to induce androgenesis in anther cultures
(Immonen and Anttila, 1999; Tenhola-Roininen et al.,
2005) and isolated microspore cultures of rye (Guo and

Pulli, 2000; Ma et al., 2004). Thus, for the analyzed 30
genotypes of Secale cereale, low temperature of 4EC was
selected as the stress factor, with spikes exposed to its
action for a period from 0 to 6 weeks.

Microspore culture efficiency in cereals is influenced
by the microspore isolation methods from anthers or
whole spikes. Based on previously published literature,
we may distinguish four techniques to obtain microspo-
res of cereals – cultures of spontaneously released
microspores, microspores released by shaking, by ma-
ceration, or with the use of a blender (Jähne and Lörz,
1995; Gustafson et al., 1995).

In a study on rye androgenesis (Rakoczy-Trojanow-
ska et al., 1996) two methods of microspore release
were employed – a spontaneous and a mechanical re-
lease. And, it was observed that the former method
yields insufficient number of microspores for an appro-
priate course of culture, while the latter makes it pos-
sible to obtain only a low number of structures com-
prising several cells. In addition, Some authors succes-
sfully isolated microspores of rye, with high microspore
survival (up to 96%) merely by maceration (Guo and
Pulli, 2000; Ma et al., 2004). Deimling and Geiger
(1996) indicated that the use of a blender together with
maceration, helps to improve the rye microspores cul-
ture efficiency.

In our study, the microspores were isolated by ma-
ceration of rye anthers in a mortar. The highest micro-
spore viability after isolation was observed for rye strain
1283C at 91.9% and inbred line S1152/10 at 91.8%, while
it was the lowest for rye F1 hybrid S02779/10, accoun-
ting for 79.8% and strain 1252E at 84% (Table 1).
The mechanical isolation process of microspores from
rye spikelets resulted in their damage, with the percen-
tage of damaged microspores ranging from 8.2 to 20.2%
for microspores from rye genotypes from the Danko
Plant Breeding and from 8.1 to 16.2% for microspores
from rye genotypes from the Poznan Plant Breeding.
The mean viability of rye microspores after isolation
from the analyzed populations from Danko was 87.6%,
while for microspores from rye populations obtained
from Poznań was 87.2%.

Hoekstra et al. (1993) characterized different types
of barley microspores on the first days of culture. They
showed that only microspores with a markedly enlarged
diameter divide after a 3-day incubation in a medium that
induces androgenesis.  In  contrast  to viable micro-
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Table 1. Mean viability of microspores after isolation from rye spikelet’s
for analyzed genotypes of Secale cereale L.

DANKO Plants Breeding Poznan Plants Breeding

genotype
viable

microspores
[%]

damage
microspores

[%]
strain

viable
microspores

[%]

damage
microspores

[%]

Inbred line S1038/10 85.3 14.7 1242A 83.5 16.5

Inbred line S1152/10 91.8 8.2 1244B 88.2 11.8

Inbred line S1156/10 90.7 9.3 1446E 88.8 11.2

Inbred line S 1174/10 83.2 16.8 1247C 88.6 11.4

F1 hybrid S02258/10 86.8 13.2 1252E 84.0 16.0

F1 hybrid S0 2323/10 91.4 8.6 1256E 84.9 15.1

F1 hybrid S02334/10 85.3 14.7 1259A 86.3 13.7

F1 hybrid S02406/10 88.5 11.5 1261B 91.1 8.9

F1 hybrid S02507/10 90.2 9.8 1264D 86.3 13.7

F1 hybrid S02514/10 85.1 14.9 1265C 83.8 16.2

F1 hybrid S02550/10 90.2 9.8 1273C 86.0 14.0

F1 hybrid S02742/10 85.8 14.2 1278E 85.2 14.8

F1 hybrid S02750/10 89.7 10.3 1283C 91.9 8.1

F1 hybrid S02757/10 88.6 11.4 1287A 88.7 11.3

F1 hybrid S02779/10 79.8 20.2 1291B 87.0 13.0

Mean 87.6 12.4 Mean 87.2 12.8

spores which are round and have granular cytoplasm,
non-viable microspores are oval and have shrunk cyto-
plasm. Similar types of non-viable microspores were ob-
served in this study. In a previous study, it was shown
that the first microspore divisions of wheat in in vitro
culture may be observed after 48-72 h, while in anthers
responding to in vitro conditions 31% microspores had
divisible nuclei (Rybczyński et al., 1991). The above-
mentioned study prompted us to conduct observations
of isolated microspore cultures in rye after a 72 h incu-
bation on the medium. We did not observe any divisible
pores after a 3-day culture. Surviving cells accumulated
starch, but did not undertake mitotic activity. Thus
shrinking, plasmic cell content images were observed
under the microscope.

The recorded results suggest that for an appropriate
development of rye microspores employing in vitro cul-
tures, it will be necessary to combine thermal stress, i.e.
cold temperature pre-treatment of spikes, with osmotic
stress. Some stresses, such as cold treatment and osmo-
tic stress, have been used with success in a variety of

lines of rye, whereas many genotypes have a limited abi-
lity for androgenesis. In conclusion, we have to admit
that the development of a universal method for obtaining
rye haploids in a microspore culture is more problematic
than in other cereals.
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