
Cytogenetic materials (such as alien additions, sub-
stitutions, translocations, deletions, monosomes,
ditelosomes, and nullisomes) are valuable genetic
resources for both plant breeding and basic re-
search. Bread wheat (Triticum aestivum L.) addi-
tion lines have been produced with numerous
species related to wheat, including rye (Secale
cereale) (Riley and Chapman 1958; Evans and
Jenkins 1960; Driscoll and Sears 1971) or
Dasypyrum villosum (Minelli et al. 2005). Among
these, the ‘Chinese Spring’ (CS)/‘Imperial’
wheat-rye disomic addition series (Driscoll and
Sears 1971) has been widely used all over the
world to study the effect of individual rye chromo-
somes on quality parameters and resistance to bi-
otic and abiotic stresses in the wheat genetic
background, and to locate various genetic markers
in rye, such as storage proteins, isozymes, and
RFLP or RAPD loci (Tang and Hart 1975;
Fra-Mon et al. 1984; Hull et al. 1992; Gallego

et al. 1998; Taylor et al. 1998; Jianzhong et al.
2001; Aniol 2004).

During evolution the chromosome composi-
tion of animal and plant species is gradually fixed
in a given karyotype. When this equilibrium is
lost, e.g. because of the addition of alien chromo-
somes, processes tending to restore the original
karyotype are induced. The aim of the work pre-
sented here was to study the stability of CS/‘Impe-
rial’ addition lines maintained for long periods in
gene banks, by using the Feulgen staining tech-
nique compared with FISH. Due to their specific
hybridization patterns, repetitive DNA sequences
can be used successfully in molecular cytogenetics
to identify chromosomes or to detect FISH poly-
morphism on certain chromosome arms (Szakács
and Molnár-Láng 2008).

CS/‘Imperial’ disomic addition lines were pro-
vided by the Martonvásár Cereal Gene Bank
(Hungary) and the Wheat Genetics Resource Cen-

J Appl Genet 51(2), 2010, pp. 149–152

Short communication

Molecular cytogenetic evaluation of chromosome instability

in Triticum aestivum–Secale cereale disomic addition lines

É. Szakács, M. Molnár-Láng

Agricultural Research Institute of the Hungarian Academy of Sciences, Hungary

Abstract. The genetic stability of wheat/rye (‘Chinese Spring’/‘Imperial’) disomic addition lines was checked
using the Feulgen method and fluorescent in situ hybridization (FISH). Feulgen staining detected varying propor-
tions of disomic, monosomic, and telosomic plants among the progenies of the disomic addition lines. The great-
est stability was observed for the 7R addition line, while the most unstable lines were those with 2R and 4R
additions. Chromosome rearrangements were also detected using FISH. Based on the specific hybridization pat-
terns of repetitive DNA probes pSc119.2 and (AAC)5, as well as ribosomal DNA probes (5S and 45S),
isochromosomes were identified in the progenies of 1R and 4R addition lines. The results draw attention to the
importance of continuous cytological checks on basic genetic materials by using FISH, because this method re-
veals chromosome rearrangements that could not be detected either with the conventional Feulgen staining tech-
nique or with molecular markers.

Keywords: addition lines, ‘Chinese Spring’/‘Imperial’, fluorescence in situ hybridization, genetic stability, Secale

cereale,Triticum aestivum.

Received: December 1, 2009. Accepted: January 22, 2010.
Correspondence: M. Molnár-Láng, Agricultural Research Institute, Hungarian Academy of Sciences, H-2462 Martonvásár,
P.O. Box 19, Hungary; e-mail: molnarm@mail.mgki.hu



ter at Kansas State University (Manhattan, Kan-
sas, USA). Initially, 75 progeny seeds of 4R
addition lines and 40 progeny seeds of each of the
other addition lines (1R, 2R, 3R, 5R, 6R, and 7R)
were watered to germinate. As some seeds did not
germinate, slightly lower numbers of plants were
finally analysed by the Feulgen method and FISH,
and used to calculate the frequencies presented in
Table 1. For FISH, root-tip metaphase chromo-
some preparations were made as described by
Jiang et al. (1994). FISH was carried out according
to Linc et al. (1999), using the repetitive DNA
probe pSc119.2 that contains highly repetitive
DNA sequences derived from S. cereale (Bedbrook
et al. 1980), the synthetic oligonucleotide (AAC)5

(Cuadrado et al. 2000), and the ribosomal DNA
probes 45S (pTa71) (Gerlach and Bedbrook 1979)
and 5S (pTa794) (Gerlach and Dyer 1980) isolated
from wheat. The pSc119.2 probe was amplified
from rye according to Contento et al. (2005) and
labelled with fluorescein-12-dUTP (Roche), while
the (AAC)5 probe was labelled with
rhodamine-5-dUTP (Roche). Labelling was car-
ried out using PCR, run on an Eppendorf
MasterCycler (Eppendorf) as described by Vrána
et al. (2000). 5S and 45S rDNA probes were iso-
lated from plasmids and labelled with Fluorored
by nick translation. The hybridization mixture per
slide contained 30 ng of labelled probe DNA, 50%
formamide, 2 × SSC buffer, 10% dextran sul-
phate, 1.4 �g of salmon sperm as blocking DNA,
and 0.1% sodium dodecyl sulphate. After denatur-
ation at 80oC for 2 min, the hybridization was car-
ried out overnight at 37oC. A low-stringency of
25% formamide containing 2 × SSC buffer was
applied for 2 × 5 min at 42oC to remove
non-specifically bound probes. The slides were
counterstained with 1 �g mL–1 DAPI (4’,6-
diamidino-2-phenylindole, Amersham). A Zeiss
Axioskop-2 epifluorescence microscope fitted
with a Spot CCD camera (Diagnostic Instruments,
Sterling Heights) was used to acquire the images.
The images were compiled with ImagePro Plus
4.0 software (Media Cybernetics).

The data presented in Table 1 are summarized
results of chromosome counting with the Feulgen
method (184 samples) and FISH (102 samples),
which confirmed reports on the preferential elimi-
nation of alien chromosomes from a host genome
(Taketa et al. 1995; Molnár-Láng et al. 2005).

The greatest stability was observed for the
CS/‘Imperial’ 7R and 1R addition lines, where
more than 90% of the progeny plants retained the
disomic state, although in the progeny of the latter

addition, besides the expected chromosomes 1R,
isochromosomes 1RL were also identified by their
specific in situ hybridization patterns (Figure 1A).
The 7R line also appeared to be the most stable in
Polish ‘Grana’/‘Dañkowskie Z³ote’ wheat/rye ad-
dition lines (Chrzastek 2003). The CS/‘Imperial’
5R and 6R addition lines can be considered rela-
tively stable, as mainly disomic progeny plants
were identified. The 2R, 3R and 4R disomic addi-
tion lines were unstable, but to various extents.
Progenies of the 2R disomic additions contained a
high proportion of telocentric chromosomes
(44.5%) in comparison to the frequency of chro-
mosomes in disomic (8.3%) and monosomic
(11.1%) state. A high degree of chromosomal in-
stability in the rye chromosome 2R in octoploid
triticale was described earlier by Cheng and
Murata (2002). The fact that most of chromo-
somes 2R in the progenies of the CS/‘Imperial’
disomic addition lines were telocentric, correlates
with the observation that this chromosome occurs
most frequently in translocations (Lukaszewski
and Gustafson 1983). The CS/‘Imperial’ 4R addi-
tion was very unstable. The frequency of elimi-
nated chromosomes was the highest in the
progeny of this disomic addition line (40.5%).
Disomics, monosomics, telosomics, and plants
carrying isochromosomes (Figure 1B) were iden-
tified in its progeny.

Our results draw attention to the fact that basic
genetic materials require continuous cytological
examination due to their chromosome instability.
Although O’Mara (1940), Riley and Chapman
(1958), and Evans and Jenkins (1960) reported
that each disomic wheat-rye addition expresses di-
agnostic morphological traits (such as plant stat-
ure, leaf colour, compact or lax spikes, tapered
head, hairy neck or seed fertility), these differ-
ences are not clearly manifested under phytotronic
conditions. The spike morphology of the CS/‘Im-
perial’ addition lines carrying rye chromosomes in
the disomic, monosomic, telosomic or iso-
chromosomic state is very similar (Figure 1C),
showing predominantly CS characters. The only
exceptions are 5R addition lines, whose spikes are
shorter, more square-headed, and bear the genetic
marker ‘hairy neck’.

Our study confirms that up-to-date methods
make it possible to carry out sophisticated exami-
nations in plant molecular cytogenetics. The ad-
vantage of FISH is that it reveals chromosome
rearrangements (e.g. isochromosomes) that could
not be detected either with the conventional
Feulgen staining technique or with molecular
markers.
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Table 1. Frequency (%) of plants with various chromosome compositions in progenies of CS/‘Imperial’ disomic

addition lines (based on summarized data from chromosome counting with the Feulgen method and FISH).

N = number of plants analysed, for which frequencies were calculated.

Addition line N Frequency (%) of plants with various chromosome numbers

44 43 43 + 1 iso 42 + 1 iso 42 + 1 telo 42

1R 33 90.9 6.1 3.0 – – –

2R 36 8.3 11.1 – – 44.5 36.1

3R 36 58.3 19.5 – – 2.7 19.5

4R 74 41.9 6.8 – 1.3 9.5 40.5

5R 39 72.4 27.6 – – – –

6R 32 81.2 18.8 – – – –

7R 36 92.3 7.7 – – – –

Figure 1. (A) Partial metaphase cell containing one whole 1R and one 1RL isochromosome in the progeny of a

CS/‘Imperial’ 1R disomic addition line. Chromosome 1RS and 1RL arms can be unequivocally identified by their

specific pSc119.2 (green), 45S rDNA and 5S rDNA (both red) hybridization patterns. The 45S signal at the NOR region

of the 1RS arm is indicated with a red arrow. The green pSc119.2 and the red 5S rDNA telomeric pattern of the 1RS arm

is marked with a yellow arrowhead. (B) Detection of the 4RS isochromosome with repetitive DNA probes pSc119.2

(green) and (AAC)5 (red). The isochromosome (right) shows short-arm-specific hybridization sites on both chromosome

arms, while the expected chromosome 4R (left), on only one arm. (C) Spike morphology of various disomic, monosomic,

telosomic and isochromosomic CS/‘Imperial’ addition lines grown in a phytotron. The spikes show the dominant CS

character, except for spikes of the disomic and monosomic 5R addition lines, which are shorter and more square-headed.
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