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Abstract
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The influence of wheat genotype, their 1D, 3D, 4D and 5B chromosomes and ploidy degree of rye on cross-
ability were studied. Several cultivars (cv.) from Triticum aestivum L. (2n=42) are included in the investigation:
Chinese Spring (CS), its line with a mutation in Ph1 gene (CSph1), its monosomic lines by 1D, 3D, 4D and 5B
chromosomes, Bezostaya 1 (B1), Rannaya 12 (R12) and their monosomic lines by 1D, 3D and 5B chromosomes.
From the Secale cereale L. the following rye inbred lines were included: two diploid inbred lines (2n=14)-
Bulgarian Low Stem Rye (BLSR) and Lozen14 (L14); one tetraploid inbred line (2n=28)- Vladimirovka (Vl.).
The seed set depends on the wheat and rye parental genotypes, 1D, 3D and 5B wheat chromosomes and ploidy
degree of rye.  Chinese Spring cv. is characterized by the best crossability. The monosomy by 1D, 3D and 5B
chromosomes in CS cv., causes decrease of the crossability with the three ryes inbred lines. The monosomy by
1D and 3D chromosomes decreases the crossability in B1 and R12 cvs. and the monosomy by 5B chromosome
increases it. The rye ploidy level influences negatively the viability of the hybrids seeds. In the crosses with
tetraploid rye were not obtained hybrids plants. Probably the reason is more in the higher genome and chromo-
some disbalance than in the crosses with the diploid rye.
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Introduction

Triticale (× Triticosecale Wittmack) is the first
human-made developed crop combining A, B and D
wheat genomes with R rye genome. Being a curiosity
in botany during the last forty years it became an eco-
nomically valuable crop cultivated on 3 million of hect-
ares worldwide. Therefore breeding of new cultivars
with valuable characters is economically very impor-
tant. For that purpose utilization of proper wheat and
rye parental genotypes of good crossability potential

is necessary.
Genetic studies conducted by Lein (1943) showed

that dominant alleles of two genes, named Kr1 and
Kr2, are responsible for the poor crossability between
bread wheat and rye. Kr1 and Kr2 genes were local-
ized roughly on chromosome 5B and 5A, respectively
(Riley and Chapman, 1967) and subsequently located
more precisely on the long arms of these two chro-
mosomes (Lange and Riley, 1967; Sitch et al.,1985).
The suggested relationships between genotypes and
the crossability percentages according Lein (1943)
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were as following:

Genotype: Crossability
percentage with rye:

Kr1Kr1Kr2Kr2            <   5%
Kr1Kr1kr2kr2               10-30%
kr1kr1Kr2Kr2               30-50%
kr1kr1kr2kr2                > 50%

Other crossability genes, such as Kr3 on chromo-
some 5D (Krolow, 1970) and Kr4 on chromosome
1A ( Zheng et al., 1992), were identified later.

The main aim of the present investigation is to study
the factors involved in the production of wheat rye
hybrids, their correlations and interactions wåre re-
garded as a prerequisite to select suitable wheat and
rye parents for the successful production of new hy-
brids and productive amphidiploids.

Materials and Methods

Several cultivars from Triticum aestivum L.
(2n=42) are included in investigation: Chinese Spring
(CS), its line with a mutation in Ph1 gene (CSph1)
and its monosomic lines by 1D, 3D, 4D and 5B chro-
mosomes, Bezostaya 1 (B1), Rannaya 12 (R12) and
their monosomic lines by 1D, 3D and 5B chromo-
somes. From the Secale cereale L.; Bezostaya 1 (B1),
Rannaya 12 (R12) and their monosomic lines -
B1M1D, B1M3D, B1M5B, R12M1D, R12M3D and
R12M5B. From the Secale cereale L. the following
rye inbred lines were included: two diploid inbred lines
(2n=14)- Bulgarian Low Stem Rye (BLSR) and
Lozen14 (L14); one tetraploid inbred line (2n=28)-
Vladimirovka  (Vl.).

The hybridization was carried out in one direction
of primarily castrated and isolated flowers. The num-
ber of the fertilized flowers at different combinations
varied from 106 to 216. The average values from the
three year investigations are presented. The plants
were grown under controlled glasshouse conditions.

The significance of the differences between the
compared variants was made according to Students,

tö criterion.

Results and Discussion

The results from the crossability of three cultivars
common wheat and their monosomic lines with two
rye diploid inbred lines and one rye tetraploid inbred
line are presented in Table1.

Chinese Spring cv. characterized by the best cross-
ability. For Bezostaya1 and Rannaya12 cvs. the cross-
ability is below 10%. The different crossability of
wheat cvs. with rye is a evidence for allele variation in
Kr locuses  (Krolow, 1970; Falk and Kasha, 1983;
Bochev and Ganeva, 1987; Mishina et al., 2010).
According to the classification of Lein (1943)  for
Chinese Spring cv. the following genotype formula for
the distribution of Kr1 and Kr2 genes- kr1kr1kr2kr2
can by given, and the rest two cvs.-Kr1Kr1Kr2Kr2.

For all wheat cultivars and their monosomic lines
better crossability with BLSR is distinctly. This is of
great importance for the synthesis of short stem wheat-
rye hybrids and their amphidiploids. The crossability
with L14 is poorer and the poorest one is it with the
tetraploid rye Vl for all cvs. and their monosomic lines
studied. The monosomy by 1D, 3D and 5B chromo-
somes in CS cv. causes decrease of the crossability
with the three ryes inbred lines. The monosomic
CSM4D line and the line with CSph1b mutation don’t
show differences in the crossability with the three rye
inbred lines, compared with the CS standard. The
monosomy by 1D and 3D chromosomes decreases
the crossability in B1 and R12 cvs. and the mono-
somy by 5B chromosome increases it. The results
support the great part of the female genotype on the
crossability. Besides Kr genes other factors of minor
importance are involved in crossability between wheat
and rye. The homoeologous group-3 chromosomes
might carry factors affecting crossability between “Chi-
nese Spring” and H. Bulbosum (Miller et al.,
1983).These results were confirmed by Romero and
Cuadrado (1992). who observed an influence of chro-
mosomes 3D and 3B on crossability. The hypothesis
of Lamoureux et al. (2002) is that it may be present in
a block along with a crossability gene, which block
may be duplicated on wheat groups 5, 1, 7 and pos-
sibly 3.  The monosomy by 1D, 3D and 5B chromo-
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somes in CS probably decreases the dose effect of
the main and additional genes, localized in these chro-
mosomes, which leads to a decrease of the crossabil-
ity, as they are especially expressed in CSM1D line.
The crossing barrier in hexaploid wheats ehind their
pollination with rye is determined by polygenes, but
may also involve gene dosage effects (Marais and van
der Westhuizen, 1987). The intraspecific differentia-
tion of T. aestivum  in respect of its crossability with
S. cereale and other species of Triticeae depends
not only on the allelic condition of the genes of the
series Kr localized in the chromosomes from 5th

homeologic group, but also on the condition of the
genes in the other chromosomes. The effect of the

action of the genes localized in the chromosomes from
5th  and  3th  homeologic groups is different and spe-
cific for the individual crosses. There are variety de-
pendent differences in these genetic systems
(Tyankova, 2003).

In the rest wheat cvs. the absence of 5B chromo-
some increases the crossability  and  the absence of
1D and 3D decreases it. This cvs. contain Kr1 genes,
localized in 5B chromosome in a dominant state, i.e.
it influence the crossability in an  inhibiting way. De-
creasing the gene dose leads to a increasing of the
crossability. In the long arm of 3D chromosome are
localized genes, promoting the crossability and the
decreas their dose in mono3D leads to a lower per-

Crossability of Euploid and Monosomic Triticum Aestivum Lines with Different Ploidi Secale Cereale

CS 122 67.21 39.02 118 54.24 40.62 134 52.98 -
CSph1 184 67.56 24.22* 144 55.56 25.00* 132 53.24 -
CSM1D 124 50.81** 15.27*** 116 37.07** 16.00** 188 35.26** -
CSM3D 124 62.90* 34.62* 136 48.53* 34.85* 142 47.17* -
CSM4D 118 66.02 17.46** 106 52.17 18.93*** 122 50.90 -
CSM5B 170 58.82** 18.00*** 116 41.38** 18.75*** 208 44.21** -
B1 158   5.06 25.00 140   4.29 33.33 132   4.54 -
B1M1D 134   2.73** 11.12*** 140   1.86* 10.12*** 122   1.37** -
B1M3D 118   3.24* 15.38** 124   2.23* 13.27** 142   2.15* -
B1M5B 216 11.11*** 37.50*** 118 10.17 41.67** 128 10.16*** -
R12 170   6.47 27.54 159   5.66 22.41 168   4.17 -
R12M1D 124   3.12** 12.41*** 164   2.66** 12.34 142   2.52* -
R12M3D 132   4.42* 17.31** 120   3.17* 16.31* 132   2.76* -
R12M5B 144 12.50*** 38.89*** 132 11.36*** 33.33*** 138 10.87 -

Table 1

*, **, *** - Significant at P=0.05, P= 0.01, P=0.001, respectively

Maternal 
genotypes 

T. aestivum

Paternal genotypes

Numbers 
of floret 
polinated

Hybrid 
plants, % 

Numbers 
of floret 
polinated

Hybrid 
plants, % 

Numbers 
of floret 
polinated

Hybrid 
plants, % 

Seed 
set, 
%

Seed 
set, 
%

Seed 
set, 
%

Crossability and viability of the hybrid seeds between four T. aestivum  cultivars and 
their monosomic lines by 1D, 3D, 4D and 5B chromosomes with three S. cereale inbred  lines with 
differently ploidy level

S. cereale

BLSR  L14 Vladimirovka
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cent of crossability (Romero and Cuadrado, 1992).
The viability of the hybrid seeds, expresses as a

percentage of the obtained plants from the hybrids
seeds in all hybrid combinations varies in rather wide
boundaries and does not usually correspond to the
crossability (Table 1). Differences between the per-
centage of the euploid and the corresponding aneup-
loid plants depending on the male parent are not ob-
served in CS cv. For the rest of the cultivars the per-
centage of obtained euploid and aneuploid plants is
bigger when BLSR is used as a male parent. The
monosomy by 1D, 3D and 5B chromosomes de-
creases the viability of the obtained hybrid seeds for
the all studied cvs. with the three rye inbred lines, as
the least is the percentage of the plants obtained for
mono1D lines. The results show the great part of 1D
chromosome in the progamic and postgamic compat-
ibility at hybridization of wheat and rye. At crossing
CSM1D with rye 78% of the kernels don’t contain
endosperm and the shrivelled is due to that (Marais
and van der Westhuizen, 1987).

The rye ploidy level influences negatively the vi-
ability of the hybrid seeds. In the crosses with tetrap-
loid rye ware not obtained hybrid plants. Probably
the reason is more in the higher genome and chromo-
some disbalance than in the crosses with the diploid
rye (Gordey and Gordey, 1983). The optimal level at
crossing for wheat is to be the hexaploid and for rye-
diploid. The utilization of tetraploid rye for the obtain-
ing of primary amphidiploids seems to be unsuccess-
ful (Kussovska, 1995).

Conclusion

Our studies suggest that the crossability between
wheat and rye and selection of suitable lines and cul-
tivars is an important stage in creation primary triti-
cale lines. Some of them will maybe possess good
agricultural qualities.
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