
Production of amphiploids is an important step for

successful gene introgression, and amphiploids

also enable reliable evaluation of genomic

interaction between the alien and cultivated

species (Jiang et al. 1994). Aegilops species are

often used as sources of desirable agronomic

characters that could be introduced into cultivated

cereals. Simonenko et al. (1998) used

Aegilops-rye amphiploids for introgression of

genetic material to wheat. Pollen proteins

and analysis of leaf isozymes in the amphiploids

of Aegilops sp. × Secale cereale showed some new

peptides and isozymes not detected in parental

species (Kalinowski et al. 1999, 2003; Kalinowski

and Wojciechowska 2003, 2004). New

amphiploids are sometimes isolated from parental

forms, which makes it difficult to obtain backcross

progeny. Strong barriers occurred during

the attempts to obtain backcross hybrids between

the earlier produced amphiploids of Ae. kotschyi

and Ae. variabilis with S. cereale and rye

(Wojciechowska and Pudelska 1999).

The study aimed at production of amphiploids

from sterile F1 hybrids of Ae. kotschyi and

Ae. biuncialis with S. cereale (Wojciechowska

and Pudelska 2002a) and backcross hybridization

between amphiploids and rye. In this report,

results on production, morphology and seed

setting of the amphiploids as well as their

crossability with di- and tetraploid rye and BC1

hybrids are described.

Plant material consisted of the sterile F1

hybrids Ae. kotschyi and Ae. biuncialis × S. ce-

reale (self-compatible and inbred lines) produced
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directly from cultured embryos or through embryo

callus culture (Wojciechowska and Pudelska

2002a). The amphiploids were synthesized by

chromosome doubling after colchicine treatment

of tillers and through in vitro propagation of callus

culture. Colchicine treatment of F1 tillers and

tissue culture propagation of immature

inflorescence, rachis and neck explants followed

Wojciechowska and Pudelska (1992). For in vitro

propagation, the explants were taken from F1

hybrid tillers in three variants: (a) non-treated by

colchicine, (b) non-doubled by prior colchicine

treatment, and (c) non-doubled by prior in vitro

regeneration. Colchicine-derived amphiploids were

marked as C, while callus-derived regenerates as R.

The amphiploid plants were grown and reciprocally

backcrossed with rye in the greenhouse. Colchicine-

and callus-derived amphiploids involving

Ae. kotschyi and Ae. biuncialis were backcrossed

with 2x rye (self-compatible and inbred forms),

while Ae. biuncialis × S. cereale amphiploids were

backcrossed with 4x rye (cv. Verasen and Zaveya).

The crossing procedure, embryo rescue and mitotic

chromosome examinations were described earlier by

Wojciechowska and Pudelska (2002b). Pollen

stainability was determined in samples of at least

500 grains taken from mature anthers and stained in

a solution of acid fuchsin in lactophenol (Sass 1964).

From 10 F1 plants (2n = 3x = 21) of Ae. kotschyi

× S. cereale (Wojciechowska and Pudelska

2002a), 193 tillers were colchicined, of which 45

(23.3%) survived the treatment and eight (17.8%)

of them had a doubled chromosome number

(2n = 6x = 42). Tillers (503) of 45 F1 Ae. biuncialis

× S. cereale (2n = 3x = 21) plants (Wojciechowska

and Pudelska 2002a) were colchicined, of which

196 (39.0%) survived the treatment and 22

(11.2%) of them exhibited 2n = 6x = 42 chromo-

somes. As a result of in vitro propagation, plants

with the doubled chromosome number were

obtained from both cross-combinations. Most of

explants (68.0%) among the 2029 cultured ones of

Ae. kotschyi × S. cereale F1 hybrids and among

first and second in vitro generations were

callusing. Regenerates (92) were obtained mostly

from callused explants of F1 generations

(87 plants) and four of those regenerates (4.5%)

exhibited the hexaploid chromosome number.

Explants (13 193) of Ae. biuncialis × S. cereale F1

hybrids and of first to fourth in vitro generations

were cultured. Callus was observed in 72.3–89.7%

(mean 79.4%) of cultured explants, the highest

percent from explants of the fourth in vitro

generation. Regenerates (525) were obtained from

all generations, including 50% from the fourth

generation. Only eight of all regenerates (1.5%)

had doubled chromosome numbers and derived

from callus of first and fourth in vitro generation

plants. The other regenerates exhibited the same

chromosome number as the initial material.
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Figure 1. Amphiploid plants: a – Ae. kotschyi × S. cereale and b – Ae. biuncialis × S. cereale



All in vitro regenerates, involving Ae. kotschyi as

well as Ae. biuncialis, were obtained via

organogenesis from yellow-white callus.

In hybrids involving Aegilops species, doubling of

the chromosome number via in vitro propagation

was reported in previous papers (Nakamura et al.

1981; Fedak 1984; Sechnyak et al. 1992;

Wojciechowska and Pudelska 1999, 2002a,b).

Fedak (1984) and Sechnyak et al. (1992) found

over 50% callus regenerates with doubled chro-

mosome numbers. The frequency of callus-de-

rived amphiploids was much lower in

Aegilops-Secale combinations produced in

the present and earlier studies (Wojciechowska

and Pudelska 1999, 2002b).

Morphologically the Ae. kotschyi × S. cereale

and Ae. biuncialis × S. cereale amphiploids

produced via colchicine treatment and in vitro

propagation resembled F1 hybrids, but were larger

in most respects. The plants were very vigorous,

with profuse tillering, but the tillering ability was

lower than in F1 hybrids and lower in Ae. kotschyi

× S. cereale amphiploids than in amphiploids with

Ae. biuncialis (Figures 1a,b). The spikelets were

mostly composed of 3 florets, which were well

developed especially at the lower and middle parts

of the spikes.

In C0 plants, anther dehiscence was very rarely

observed: some R0 plants had completely

dehiscent anthers while others had non-dehiscent

anthers. Pollen grain stainability in these

generations ranged from 22.2 to 66.0%. Plants of

C1 and R1 generations exhibited nearly complete

anther dehiscence. Pollen stainability varied very

much in the Ae. kotschyi × S. cereale amphiploids:

in C1 from 26.6 to 81.6% (mean 62.4%) and in R1

from 53.2 to 83.0% (mean 69.8%). Even wider

ranges of pollen stainability variation were

recorded in the Ae. biuncialis × S. cereale

amphiploids: in C1 from 1.2 to 79.9% (mean

32.7%) and in R1 from 3.4 to 72.6% (mean 45.1%).

In the next generations, the mean percent of pollen

stainability was higher than in C1 and R1

generations, and somewhat higher in the amphi-

ploids with Ae. kotschyi than in the amphiploids

with Ae. biuncialis.

Seed setting varied and depended on

amphiploid genotypes and method of their

production – by colchicine treatment and/or

in vitro propagation. Mean number of seeds per

spike in C0 and R0 generations was in all

amphiploid plants lower than in C1 and R1

generations, but in R1 plants it was higher than in

C1 plants. In amphiploids involving Ae. kotschyi,

seed setting ranged in C0 from 3.5 to 4.0

(mean 3.7) and in R0 from 2.0 to 3.3 (mean 3.2),

while in C1 from 2.5 to 5.4 (mean 4.6) and in R1

from 0.2 to 7.4 (mean 5.9) per spike. Mean number

of seeds per spike in Ae. biuncialis × S. cereale

amphiploids was: 2.2 (1.4–3.3) in C0, 1.15 in R0,

0.4 (0.3–1.2) in C1, and 2.6 in R1, so it was lower in

all generations than in amphiploids with

Ae. kotschyi. Mean number of tillers per plant was

similar in C1 and R1 generations, but lower in

amphiploids with Ae. kotschyi (22.6 and 21.3,

respectively) than in those with Ae. biuncialis

(59.0 and 57.1, respectively). Amphiploids

involving Ae. kotschyi had 55.1% (C1) and 70.0%

(R1) fertile tillers (spikes with seeds), while

the corresponding values in amphiploids with

Ae. biuncialis were: 20.3% (C1) and 54.5% (R1).

Shape and size of pollen grains (Figure 2) as well

as shape, size and colour of kernels (Figure 3)

were heterogeneous and intermediate between

parental species.

Colchicine- and callus-derived amphiploids

involving Ae. kotschyi and Ae. biuncialis were
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Figure 3. Parental and amphiploid seeds: a – Ae. kotschyi,

b – S. cereale, c – Ae. kotschyi × S. cereale amphiploid

Figure 2. Pollen grains of Ae. biuncialis × S. cereale

amphiploid



reciprocally backcrossed with three 2x rye forms,

so – in total – 18 combinations were performed.

Eight combinations of the Ae. kotschyi × S. cereale

amphiploids with rye resulted in a mean of 3.9%

of seed set and 2.0% of excised, mostly small

embryos (in relation to florets pollinated) and no

plant hybrid appeared. In ten combinations of

Ae. biuncialis × S. cereale amphiploids with rye,

the mean seed set was 7.4%, with 4.7% of

embryos excised and 1% of plant hybrids. BC1

hybrids (2n = 4x = 28) were obtained directly from

cultured embryos and most of them via embryo

callus culture.

Six cross-combinations were performed

between Ae. biuncialis × S. cereale amphiploids

and two 4x rye cultivars as the male parent.

This resulted in a mean 24.3% of seed set, 9.2%

of excised embryos and 3.7% of BC1 hybrids

(2n = 5x = 35). Most of the 24 plants were obtained

directly from cultured embryos.

BC1 hybrids were intermediate between the ini-

tial forms, showed good vegetative vigour and till-

ering ability. The influence of rye on plant height,

spike structure, and neck pubescence was more

visible in BC1 hybrids, especially those with 35

chromosomes, than in amphiploids.

BC1 hybrids of Ae. biuncialis × S. cereale

amphiploids with 2x rye exhibited completely

non-dehiscent anthers with trace amounts of

stained pollen grains. No seed set was obtained as

the result of self- or cross-pollination with initial

rye forms. In vitro propagation of the hybrids

and their callus-derived regenerates revealed rela-

tively high levels of callus formation (92–97%)

and plant regeneration (10%). Best results were

obtained when immature inflorescences were used

as explants, both in callus formation and plant re-

generation. Regenerated plants, in total 431, ex-

hibited the same somatic chromosome number as

the initial material and were completely sterile.

Out of the BC1 hybrids with 4x rye, only one

had completely dehiscent anthers and one had

partly dehiscent anthers, while all others had

non-dehiscent anthers. Pollen stainability ranged

from 0.16 to 16.5%. The hybrids with a mean of

123.2 spikes per plant yielded only 19 seeds.

All the seeds were well developed and set by

the BC1 hybrids involving colchicine-derived

amphiploids. Most of the seeds (18) derived from

hybrids involving rye cv. Zaveya.

Production of BC1 hybrids between

amphiploids involving Ae. variabilis and rye was

successful only if rye was used as the female par-

ent. Two BC1 plants (2n = 4x = 28) were com-

pletely sterile (Wojciechowska and Pudelska

1999). The attempts to obtain hybrids between

the amphiploids involving Ae. kotschyi and rye

have been unsuccessful both in the present and in

previous studies (Wojciechowska and Pudelska

1999). Best results were obtained from backcross-

es between amphiploids involving Ae. biuncialis

and rye (2x and 4x), but only the plants with 4x rye

succeeded to set some seeds. Amphiploids of

Ae. kotschyi and Ae. biuncialis with S. cereale will

be used for further backcrosses with various forms

of rye, and attempts will be undertaken to cross

them with wheat and triticale.
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