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ABSTRACT

The effect of C17 and W14 induction media on the formation of embryo-like structures (ELS) from F, genera-
tion of nine hexaploid oat hybrids was investigated in the study. In all genotypes, the highest number of ELS (0.6
—12.1/100 anthers) was obtained on C17 medium. The efficiency of plant regeneration on medium 190-2 was te-
sted, in relation to different ELS culture conditions. The highest rate of green plants per 100 ELS (3.3 — 42.4) was
produced by incubation at 22°C in the dark for the first two weeks. Among 36 green regenerants, 28 (77.8%) were
haploid and 8 (22.2%) were spontaneous doubled haploids, fully fertile. After colchicine treatment of haploid
plants, 19 were partially fertile and set from 1 to 15 seed per panicle.
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INTRODUCTION

Anther culture is an attractive technique for the rapid
production of completely homozygous lines and has seve-
ral uses in plant breeding, molecular genetics and biotech-
nology. Oat is known as a relatively recalcitrant cereal spe-
cies for anther culture and its low frequency of ELS induc-
tion limits the practical application of the method. Various
factors were investigated to increase ELS production and
plant regeneration, such as genotype, heat or cold pretreat-
ment of tillers before plating of anthers, the influence of
the physical state of induction medium, modification of
media components by use of maltose instead of sucrose
and the application of different growth regulators (Rines
1983; Kiviharju et al. 1997; Kiviharju and Puolimatka
1998; Kiviharju and Pehu 1998; Kiviharju and Tauriainen
1999; Kiviharju et al. 2000, 2005; Slusarkiewicz-Jarzina
and Ponitka 2007). However, the effect of ELS culture
conditions on the production of oat green plants, has not
been previously tested.

The aim of this study was to investigate the androgenic
response of different oat genotypes on two induction me-
dia, as well as green plant production.

MATERIAL AND METHODS

F, generation of nine cross combination of hexaploid
oat: Lisbeth x Bendicoot, Flimingsprofi x Rajtar, Scorpion

x Deresz, Aragon x Deresz, Deresz x POB7219/03, Bohun
x Deresz, Krezus x Flamingsprofi, Krezus x POB10440/01
and Cwat x Bohun from the DANKO Plant Breeding Sta-
tion-Choryn and from the Matopolska Plant Breeding Sta-
tion—Polanowice, Poland were used in the experiment. Do-
nor plants were grown in a greenhouse. Tillers were harve-
sted when most microspores were at the uninucleate stage
and then cold treated at 4°C for 6-9 days in the mineral salt
medium N6 (Chu et al. 1975) with 2 mg/l 2,4-D. After the
cold pretreatment, spikes were surface sterilized with 5%
calcium hypochlorite for 8 min, then washed several times
with sterilized distilled water. Anthers were isolated asepti-
cally and transferred onto Petri dishes containing C17 in-
duction medium (Wang and Chen 1983) with 90 g/l malto-
se (instead of sucrose) and W14 salts and vitamins (Ouy-
ang et al. 1989) with 5.0 mg/l 2,4-D + 0.5 mg/l BAP +
20.0 mg/l Ethephon (2-chloroethyl-phosphonic acid) +
50.0 mg/l L-cysteine + 500.0 mg/l myo-inositol (modified
by Kiviharju et al. 2005). The media were sterilized by au-
toclaving at 120°C for 20 min. Growth regulators were fil-
ter sterilized and added to the sterilized medium. A total of
27 000 anthers were collected per 5 cm O Petri dish (1500
anthers of each combination, on two media). Petri dishes
were sealed with parafilm and then placed into a dark incu-
bation chamber at 28°C. Embryo-like structures (ELS) we-
re transferred to a regeneration medium 190-2 (Zhuang and
Xu 1983) and incubated at 22°C with a 12 h day photope-
riod (incubation in light), while a half of the Petri dishes
were incubated in the dark for the first two weeks (incuba-
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TABLE 1. Composition of C17 and W14 embryo-like structures induc-
tion media and 190-2 plant regeneration medium.

Component (mg/l) C17 W14 190-2
KNO, 1400 2000 1000
NH,H,PO, - 380 -
(NH,),S0, - - 200
NH,NO, 300 - -
KH,PO, 400 - 300
CaCl, x 2H,0 150 140 -
Ca(NO,), x 4H,0 - - 100
MgSO, x 7TH,0 150 200 200
KcCl - - 40
K,SO, - 700 -
KJ 0.86 0.5 0.5
MnSO, x 4H,0 11.2 8.0 8
Na,MoO, x 2H,0 - 0.005 -
CoCl, x 6H,0 0.025 0.025 -
H,BO, 6.2 3 3
ZnSO, x TH,0 8.6 3 3
CuSO, x SH,0 0.025 0.025 -
FeSO, x 7TH,0 27.8 27.8 27.8
Na,EDTA x 2H,0 37.8 37.8 37.8
Pyridoxine x HCI 0.5 0.5 0.5
Nicotinic Acid 0.5 0.5 0.5
Thiamine x HCl 1 2 1
Myo-Inositol 100 500 100
Glycine 2 2 2
L-cysteine - 50 -
Biotine 1 - -
Folic Acid 0.5 - -
NAA - - 0.5
24-D L5 5 -
Kinetin 0.5 - 0.5
PFA 20 - -
BAP - 0.5 -
Etephon - 20 -
Sucrose (g/1) - - 30
Maltose (g/1) 90 90 -
Agar (g/) - - 6
Agarose (g/1) 6 6 -
pH 5.8 5.8 6.0

tion in darkness). Table 1 shows the composition of media
for anther cultures.
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Green plant yield was the number of green plants obtai-
ned from 100 ELS or 100 plated anthers. Plants were po-
tted and placed in a greenhouse. The ploidy level of green
plants was determined by flow cytometry of the DNA con-
tent of the DAPI — stained nuclei from leaves (Laat de et al.
1987). For ploidy evaluation a ratio between the average
channels of the tissue analysed and that of the 2C peak of
the standard was determined. Doubled haploid plants were
vernalized immediately, whereas haploid plants were trea-
ted with 0.1% colchicine solution with 4% DMSO and 25
mg/l GA3 for 6 hours in the light at 25°C. After colchicine
treatment all plants were washed in running tap water for 2
h and then potted in greenhouse, where they grown to ma-
turity. The success of chromosome doubling was estimated
on the basis of fertility of regenerated plants. Fertility per-
centage was determined by dividing the number of fertile
or partially fertile panicles by the total number of tillers for
each plant.

RESULTS

In this study the first ELS were observed between the sixth
and eighth week of anther culture. Eight out of nine hexa-
ploid oat cross combinations examined were capable of
ELS formation on C17 medium however, only six respon-
ded on W14 medium. The frequencies of ELS were marke-
dly influenced by genotype. A total number of 546 ELS
(average 2.0/100 anthers) were obtained from both induc-
tion media. For all genotypes the induction efficiency was
higher on medium C17, which produced 409 ELS (0.6 —
12.1/100 anthers), as compared to medium W14 with 137
ELS (0.6 — 3.3/100 anthers). Combination Bohun x Deresz
gave the best ELS induction rates on both media (Table 2).

Table 3 presents the effect of culture conditions and ge-
notype on plant regeneration. The frequency of green
plants was influenced by light conditions during the first
two weeks of ELS culture on the regeneration medium.
Green plant regeneration efficiency was higher during in-
cubation in darkness, in which 27 plants were obtained (3.3
—42.4/100 ELS, depending on genotype), in comparison to
incubation in light, where only nine plants were regenera-
ted (3.6 — 16.7/100 ELS) — Fig. 1a.

Out of 27 000 anthers plated from nine cross combina-
tions during this experiment, 36 plants (6.6/100 ELS, or

TABLE 2. Frequencies of ELS formation on two induction media and plants regeneration in anther culture of oat.

ELS

No. (/100 anthers)

Plants
No. (/100 anthers)

Cross combination

M\i;i luim MeCdl1;1 m Total Green Albino
Aragon x Deresz 22 (1.5) 41 (2.7) 63 (2.1) 1 (0.03) 0
Scorpion x Deresz 0 27 (1.8) 27 (0.9) 0 3(0.1)
Lisbeth x Bendicoot 9 (0.6) 39 (2.6) 48 (1.6) 2 (0.07) 0
Flamingsprofi x Rajtar 14 (0.9) 49 (3.3) 63 (2.1) 19 (0.6) 5(0.2)
Deresz x POB7219/03 0 9 (0.6) 9(0.3) 0 0
Bohun x Deresz 49 (3.3) 182 (12.1) 231 (7.7) 14 (0.5) 2(0.1)
Krezus x Flamingsprofi 0 0 0 0 0
Krezus x POB10440/01 10 (0.7) 29 (1.9) 39 (1.3) 0 1(0.03)
Cwat x Bohun 33(2.2) 33(2.2) 66 (2.2) 0 1 (0.03)
Total 137 (1.0) 409 (3.0) 546 (2.0) 36 (0.1) 12 (0.04)
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TABLE 3. Efficiency of oat green plants regeneration from embryo-like structures cultured under different conditions.

Incubation in light

Cross combination

Incubation in darkness
Total green plants

No. (/100 ELS)

ELS Plants ELS Plants

No. No. (/100 ELS) No. No. (/100 ELS)
Aragon x Deresz 33 0 30 1(3.3) 1(1.6)
Scorpion x Deresz 13 0 14 0 0
Lisbeth x Bendicoot 24 0 24 2 (8.3) 2(4.2)
Flimingsprofi x Rajtar 30 5(16.7) 33 14 (42.4) 19 (30.2)
Deresz x POB7219/03 9 0 0 0 0
Bohun x Deresz 110 4(3.6) 121 10 (8.3) 14 (6.1)
Krezus x POB10440/01 20 0 19 0 0
Cwat x Bohun 33 0 33 0 0
Total 272 9(3.3) 274 27 (9.8) 36 (6.6)

Fig. la. Plantlet developed from ELS on regeneration medium after four weeks from cross combination Lisbeth x Bendicoot.
Figs 1b and 1c. Oat regenerants in the greenhouse and panicles of fertile plants from Flamingsprofi x Rajtar.

0.1/100 anthers) were produced on both induction media
under incubation in darkness and light. ELS obtained from
only four cross combinations produced green rooted plants:
one plant of Aragon x Deresz (0.03/100 anthers or 1.6/100
ELS), two plants of Lisbeth x Bendicoot (0.07/100 anthers
or 4.2/100 ELS), 19 plants of Flimingsprofi x Rajtar
(0.6/100 anthers or 30.2/100 ELS) and 14 plants of Bohun
X Deresz (0.5/100 anthers or 6.1/100 ELS). It should be
stressed that a relatively high number of ELS did not alwa-
ys result in a high number of green plants, for example for
Aragon x Deresz only 1.6 plants per 100 ELS were formed.
Despite a low ELS induction rate of Fliamingsprofi x Raj-
tar, it produced the highest number of regenerants
(30.2/100 ELS). The ploidy levels of plants, as determined
by flow cytometry, showed that among the 36 green rege-
nerants, 28 (77.8%) were haploid and eight (22.2%) spo-
ntaneously doubled haploids. As all plants were regenera-
ted from ELS originating inside pollen sacks of anthers, it
is assumed that diploids were spontaneous doubled haplo-
ids and not regenerants from diploid tissues of the anther
itself. Among obtained plants spontaneous chromosome

doubling was observed for two cross combinations: five
plants (26.3%) of Flimingsprofi x Rajtar and three plants
(21.4%) of Bohun x Deresz. All eight diploids were fully
fertile. Out of 28 haploid plants, after colchicine treatment
nine were sterile and formed panicles, but set no seeds, and
19 plants set 1 to 15 seeds per panicle. The number of pa-
nicles developing seeds varied from 5.9 to 69.2% in seve-
ral plants. The overall efficiency of doubled haploids pro-
duction was 27 lines, among which eight were spontaneou-
sly doubled haploids and 19 after colchicine treatment
(Figs 1b, 1c and 2).

DISCUSSION

This study and other publications clearly demonstrated
the importance of the induction medium for ELS forma-
tion. In our study the effect of selected media, i.e. W14 and
C17 was investigated. It was shown that ELS induction ra-
te was generally increased by the use of medium C17 with
maltose, instead of sucrose, as compared to medium W14.
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Fig. 2. Frequencies of oat green plants, ha-
ploid and doubled haploid (spontaneous and
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plants-spontaneous plants-after colchicine plants-total ther culture.

The latter, previously used for Polish oat cultivars (Slusar-
kiewicz-Jarzina and Ponitka 2007), did not yield results si-
milar to those described by Kiviharju et al. (2005). There-
fore, to improve the efficiency of ELS production, the C17
medium is proposed, resulting in a very high frequency of
ELS induction also in triticale (Ponitka et al. 1999; Ponitka
and Slusarkiewicz-Jarzina 2007), wheat (Otani and Shima-
da 1995; Saidi et al. 1997), rye (Bicar and Darvey 1997)
and amphiploid Aegiops variabilis x Secale cereale (Ponit-
ka and Slusarkiewicz-Jarzina 2002).

The effect of light conditions on plant regeneration du-
ring the first two weeks of ELS culture is also presented in
this paper. The frequency of green plants was higher when
the first two weeks of ELS incubation on the regeneration
medium took place in the darkness. Up to now, there were
a few papers studying the influence of light on green plant
production. Ziegler et al. (1990) reported that in wheat si-
gnificantly more green plants were produced when light
was absent during the differentiation process, than under
low light conditions. Ponitka et al. (1999) showed that the
triticale plant regeneration was influenced by temperature
and light conditions during the first week culture of ELS.
The results of our study suggest that the number of ELS
and regenerated green plants in oat can be increased by
using induction medium C17 and applying appropriate
physical conditions (22°C in the dark) during the first two
weeks of ELS culture on the regeneration medium.

The parental components were observed to have a impor-
tant influence on green plant regeneration. For example the
highest percent of plants was obtained when cv. Fliming-
sprofi was used as a female component, whereas no andro-
genesis response was observed when this cultivar was used
as a male component. In contrast, using cv. Deresz as
a male parent (Aragon x Deresz and Bohun x Deresz) re-
sulted in obtaining green plants, however in that cross
combination, in which cv. Deresz was treated as a female
parent no plant was produced.

Most plants (77.8%) were haploid, 32.1% of which were
sterile and did not set seed after colchicines treatment.
Among doubled haploid plants the number of panicles de-
veloping seeds varied from 5.9 to 69.2% in particular
plants. In contrast, Kiviharju et al. (2000) reported, that all
regenerants treated with colchicine produced seeds, with
the percentage of fertile panicles ranging from 10 to 100%.
However, in our experiments 22.2% of plants were sponta-
neously doubled haploids, fully fertile. A phenomenon of

spontaneous doubling was also observed in oat anther cul-
ture by Kiviharju et al. (1997, 2000) who obtained 15.4
and 33.3% doubled haploids. Slusarkiewicz-Jarzina and
Ponitka (2003) reported that the frequency of spontaneou-
sly doubled haploids of triticale, derived from anther cultu-
re, was genotype-dependent and was quite high (average
57.5% for seven genotypes).

In conclusion, only Kiviharju et al. (2005) reported signi-
ficantly high plant regeneration rates (30 green plants per
100 anthers) and a total number of over 500 regenerants
from two oat cultivars. These results are close to the rate of
DH- production acceptable for breeding and genetic study
purposes. Since our results for Polish oat cultivars were not
fully satisfying, further experiments on androgenic respon-
se improvement are needed.
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