
Miscanthus species are perennial rhizomatous

grasses originating from Asia, which have the po-

tential for very high rates of growth (Greef and

Deuter 1993; Linde-Laursen 1993). The remark-

able adaptability of some Miscanthus species to

various environments makes this novel crop suit-

able for establishment and distribution under a

wide range of European and North American cli-

matic conditions (Lewandowski et al. 2000). Be-

cause of perennity and C4 photosynthetic

pathway, species from the genus Miscanthus have

several characteristics that make them favourable

crops for efficient, low-input, multifunctional and

environmentally friendly biomass production

(Greef and Deuter 1993; Lewandowski and

Schmidt 2006; Christian et al. 2008). For biomass

production, the most valuable spices are: the fertile

diploid M. sinensis (Anderss.) (2n=2x=38) and the

sterile triploid M. × giganteus (Greef et Deu.)

(2n=3x=57), which is a hybrid between the diploid

M. sinensis and the tetraploid M. sacchariflorus

(Linde-Laursen 1993). M. × giganteus offers the

highest biomass yield, but in North Europe

M. sinensis can give a comparative yield. Further-

more, only fertile species, such as M. sinensis, can

be used in breeding programs as well as in studies

on genetic mapping. Haploids and DH lines of

M. sinensis would be invaluable material in breed-

ing as well as in basic researches in cytogenetics

and genetics of the genus Miscanthus. As far as we

know, no reports on haploid production in this spe-

cies exist. Thus the aims of the presented paper

were to determine the possibility of androgenesis

induction in M. sinensis anther culture and to ex-

amine effects of genotype and nongenetic factors

(cold pretreatment, induction medium, date of cul-

ture initiation) on induction efficiency.

In the presented study, 2 experiments were

conducted. In the first one, the influence of geno-

type, cold pretreatment, and induction medium on

androgenesis induction efficiency was investi-

gated. The second experiment, with the best com-
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bination of genotype, cold pretreatment, and

medium giving the highest androgenesis induction

in the previous experiment, was aimed to assess

the influence of date of culture initiation on effec-

tiveness of androgenesis.

In the first experiment, we used anthers of

M. sinensis genotypes 93 M0006002 (Ms17) and

96 M0003 (Ms21), as well as of two F1 hybrids:

[92 M0121012 × 93 M0006006] (Ms1 × Ms18)

and [93 M0007016 × 93 M0006006] (Ms7 ×

Ms18). Donor tillers were collected from plants

growing in soil under unheated greenhouse condi-

tions when microspores in the central part of

spikes were at the middle to late uninuclear stage,

and the distance between 2 of the youngest leaves

was between 7 and 14 cm. The tillers were

pretreated at 4°C for 7 or 14 days. The control con-

sisted of anthers planted without cold pretreat-

ment. Anthers were cultured on 4 modified

induction media: A1–A4. The A1 medium was

190-2 medium (Wang and Hu 1984) supplemented

with 0.5 mg L–1 2,4-dichlorophenoxyacetic acid

(2,4-D), 0.5 mg L–11-naphthylacetic acid (NAA),

and 30 g L–1 sucrose. The A2 and A3 media were

PG-96 (A2; Guo et al. 1999) and R2M (A3;

Abdullah et al. 1994) media, respectively, both with

1.5 mg L–1 2,4-D, 0.5 mg L–1 6-furfurylaminopurine

(KIN), and 90 g L–1 maltose. The A4 medium was

the C17 medium (A4; Wang and Chen 1983) mod-

ified by adding 2 mg L–1 2,4-D and 0.5 mg L–1

KIN, substituting sucrose with 90 g L–1 of maltose,

and reduction of potassium dihydrogen

orthophosphate (KH2PO4) concentration from 400

to 200 mg L–1, as described by Wêdzony (2003).

The induction media were solidified by 8 g L–1

agar, with the exception of A4 medium, which was

supplemented with 6 g L–1 agarose. The anther cul-

ture was established in July, which is the beginning

of the flowering season. For each tested combina-

tion (genotype × cold pretreatment × medium), 400

anthers were plated.

In the first experiment, 120 calli in the culture

of 19 200 anthers were obtained. The highest cal-

lus yields were found in the culture of Ms17 an-

thers on the A4 medium after 7 days (2.5 calli per

100 anthers) and 14 days of cold pretreatment

(3 calli per 100 anthers). Similar results, for the

same combinations of genotype and cold pretreat-

ment, came from the culture on the A3 medium

(from 2.5 to 2.75 calli per 100 anthers). Also 3 calli

per 100 anthers were obtained for 7-day cold pre-

treatment of anthers of Ms1 × Ms18 hybrid cul-

tured on the A4 medium.

The statistical analysis showed that the number

of calli per 100 anthers was strongly affected by

genotype (P < 0.001), and medium (P < 0.001).

The effect of cold treatment on callus yield was

less strong but still significant (P < 0.05). The re-

sulting number of calli was 2.5-fold higher in

Ms17 anthers (65) than in Ms21 anthers (25), and

over 4-fold in comparison with the other 2 geno-

types (Table 1). Among the 4 genotypes tested,

Ms17 gave a significantly higher response (1.35

calli per 100 anthers) than the other genotypes did.

In general, cold pretreatment was beneficial for

the induction of the anther culture response. The

callus yield was increased from 0.34 (control) to

0.7 calli per 100 anthers after 7-day cold pretreat-
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Table 1. Influence of various factors on callus induction in anther culture

Factor No. of anthers plated No. of calli obtained Calli per 100 anthers

Genotype

Ms17 4800 65 1.35 a

Ms21 4800 25 0.52 b

Ms1 × Ms18 4800 15 0.31 b

Ms7 × Ms18 4800 15 0.31 b

Cold pre-treatment

Control 6400 22 0.34 b

7 days 6400 45 0.70 a

14 days 6400 53 0.83 a

Induction medium

A1 4800 11 0.23 c

A2 4800 9 0.19 c

A3 4800 38 0.79 b

A4 4800 62 1.29 a

Total 19200 120

Mean 0.62

For individual factors, mean values marked with the same letter do not differ significantly at P � 0.05

(Newman-Keuls test).



ment and to 0.83 calli per 100 anthers after 14-day

cold pretreatment. However, significant differ-

ences in this variable were only found between

cold pretreatments and the control. Interestingly,

no genotype × cold pretreatment interaction ef-

fects were found, meaning that all 4 tested geno-

types performed similarly in the particular

treatments. The number of induced calli varied

widely between induction media, and ranged from

0.19 to 1.29 calli per 100 anthers for the A2 and

A4 media, respectively. The callus induction was

significantly superior in culture on the A4 medium

than in the culture on the other 3 media. The result-

ing callus yield from anthers was increased by us-

ing the A4 medium over 1.5-fold in comparison

with the A3 medium and over 5-fold in compari-

son with A2 and A1 media.

In the second experiment we investigated the

influence of date of culture initiation on

androgenesis effectiveness. Anthers were excised

at 4-week intervals, beginning from 10th August

for the following 3 months, which corresponded

with the height (August and September) and the

end of the flowering season (October). For each

date of culture initiation, 300 anthers were plated,

which was equivalent to 3 replications of 100 an-

thers each. According to preliminary presump-

tions, the experiment was conducted on the best

combination of genotype, cold pretreatment, and

medium, giving the highest androgenesis induc-

tion in the previous experiment (Ms17 genotype,

7 days of cold pretreatment, and the modified C17

medium).

In the second experiment, 102 calli in the cul-

ture of 900 anthers were observed. The analysis

indicated that the number of calli per 100 anthers

was strongly dependent on the date of culture initi-

ation (P < 0.001). A beneficial effect of late begin-

ning of culture on callus yield was observed

(Table 2). In the culture started in September, the

callus yield increased almost twice in comparison

with corresponding culture that begun in August,

but the difference was not statistically significant.

In contrast, callus production significantly in-

creased when anther culture started in October. As

a result, callus number per 100 anthers was in-

creased 17-fold times (29 calli per 100 anthers) in

comparison with cultures begun in August

(1.7 calli per 100 anthers). The largest differences

in callus yield were observed for the culture begun

on 10th October. In this case the values fluctuated

between 22 to 34 calli per 100 anthers, and stan-

dard deviation was equal to 6.245.

To determine the nature of the cells that pro-

duced the calli, acetocarmine (2%) squashes were

prepared of anthers plated on different media at

varying intervals after induction. Cytological in-

vestigations were also conducted on calli by using

4’-6-diamidino-2-phenylindole (DAPI) staining.

First calli (Figure 1A) were observed after 4 weeks

of culture beginning in September and October.

The highest number of calli was noticed between

weeks 4 and 8 of culture. Observation of

acetocarmine squashes prepared at that time from

culturing anthers, showed up to 15 nonsynchro-

nously developing pollen-derived, multicellular

structures (Figure 1B). Most of the structures had a

twice larger diameter than pollen grains. The larg-

est observed structure (140 µm in diameter) was

composed of about 50 cells (Figure 1C). All ob-

served structures did not show any connections

with somatic cells of anthers. Cytological analysis

of 3-month-old calli showed that only 7% of all

analysed metaphases were found to have haploid

chromosome number, while remaining analysed

cells had a higher ploidy level (Figure 1D–F).

From both experiments all healthy-looking calli

were transferred from induction culture maintained

in the dark at 26 ± 2°C on regeneration media and

were maintained at 26 ± 2°C under a 16-h

photoperiod and light intensity of 100 ìmol m–2 s–1.

Altogether 198 calli were placed on the 5 media

tested (RA1–RA5). The RA1 medium was liquid

MS medium (Murashige and Skoog 1962) with
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Table 2. Effect of culture initiation date on callus induction

in culture of Ms17 anthers after a 7-day cold treatment

Date of culture
initiation

No. of anthers
plated

No. of calli
obtained

Calli per 100
anthers

10th August 300 5 1.67 b

10th September 300 10 3.33 b

10th October 300 87 29.00 a

Total 900 102

Mean 11.33

Mean values marked with the same letter do not differ significantly at

P � 0.05 (Newman-Keuls test)



0.1 mg L–1 6-benzylaminopurine (BAP), added to

sterile cotton wool (Lewandowski 1997). The

RA2 medium was G5 medium (Gamborg et al.

1968) only supplemented with 8 g L–1 agar, while

the RA3 medium was G5 medium containing

8 g L–1 agar and 0.1 mg L–1 BAP. The RA4 me-

dium was based on FHG medium (Hunter 1988)

containing 1 mg L–1 BAP and 8 g L–1 agar. The

RA5 medium was 190-2 medium (Wang and Hu

1984) with 0.5 mg L–1 KIN, 0.5 mg L–1 NAA, and

6 mg L–1 agarose.
Seven days after transfer onto regeneration me-

dia, the regeneration of first plants was observed.
The number of regenerated calli was recorded af-
ter 4 and 8 weeks of culture. The highest callus re-
generation was obtained after 4 weeks on the RA2
medium (45%), RA1 medium (42.5%), and RA3

medium (38.5%). In the following weeks, the
number of regenerated calli started to decrease.
Among the 5 tested media, the highest reduction
(41.2%) in callus regeneration percentage was no-
ticed between first and second month after placing
calli on cotton moistened with liquid MS medium
supplemented with BAP (combination RA1). Af-
ter 8 weeks, regeneration of 48 (24.2%) calli out of
198 transferred on all the regeneration media was
obtained. First plantlets were obtained 2 months
after callus transfer onto regeneration medium
(Figure 1G). Nine plants out of all regenerated
plantlets were successfully adapted to greenhouse
conditions. According to flow cytometric analysis,
among the 7 tested regenerates only 5 were dip-
loid, one was triploid and one was tetraploid (Fig-
ure 2).
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Figure 1. Anther culture in M. sinensis: (A) anther-derived callus in 10-week-old culture; (B) multicellular structure

developing inside the anther in 6-week-old culture (bar = 50 ìm); (C) structure composed of about 50 cells in 6-week-old

culture (bar = 50 ìm). Cytology of anther-derived callus: (D) chromosomes of an aneuhaploid cell; (E–F) cells with

higher than haploid chromosome number; (G) anther-derived plantlet.



The preliminary results that are presented in

this note can significantly support the develop-

ment of an effective method of M. sinensis

haploidization, which could be used in crop im-

provement by breeding of a high-biomass-yield-

ing line of grasses from the genus Miscanthus. For

future breeding programs, the presented results

strongly suggest beginning the culture at the end

of the flowering season, which has a positive ef-

fect on callus induction. The beginning of anther

culture at the end of the flowering season (Octo-

ber) caused a 17-fold increase in callus yield, in

comparison to culture begun at the height of the

flowering season (August). It is likely, however,

that the efficiency of androgenesis induction in the

case of M. sinensis anthers culture beginning in

October could be related to a positive influence of

growing donor plants in conditions of a cooler and

shorter day, i.e. 11-h day with temperature around

11ºC and 13-h night with temperature around 5ºC.
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Figure 2. Histograms of leaf samples of plants regenerated

from anther-derived calli: (A) diploid plant; (B) triploid

plant; (C) tetraploid plant; DAPI fluorescence of the nuclei

(x-axis) versus the number of nuclei counted (y-axis).


