
Abstract Intergeneric hybrids (ABDJJsS genomes) were
made between Triticum aestivum cv. Chinese Spring
(CS) and Thinopyrum intermedium. Genomic in situ hy-
bridization (GISH) using genomic DNA probes from
Pseudoroegneria libanotica (Hackel) D.R. Dewey (ge-
nome S, 2n = 14) was used to study chromosome pairing
among J, Js, S and wheat ABD genomes in the hybrids. It
was shown that in the hexaploid (ABDJJsS) hybrids,
high pairing occurred among wheat chromosomes and
among Thinopyrum chromosomes. A closer relationship
was observed among the three genomes of Th. interme-
dium than among the three genomes of T. aestivum. It
was further discerned that S genome chromosomes
paired with J- and Js-genome chromosomes at a high 
frequency. The frequency of heterologous pairing be-
tween S and J or S and Js chromosomes was higher than
those between J and Js chromosomes, indicating that the
S-genome was more closely related with these two geno-
mes. Our results provided direct molecular cytogenetic
evidence for the hypothesis that S-genome chromosomes
are genetically similar to the J-genome chromosomes
and, therefore, genetic exchange between these genomes
is possible. The discovery of a close relationship among
S, J and Js genomes provides valuable markers for mo-
lecular cytogenetic analyses using S-genomic DNA
probes in monitoring the transfer of useful traits from
Thinopyrum species into wheat.
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Introduction

Intermediate wheatgrass, Thinopyrum intermedium
(Host) Barkworth & D.R. Dewey [syn. Agropyron inter-
medium (Host) Beauv. and Elytrigia intermedia (Host)
Nevski] (2n = 6x = 42) is an important source of genetic
variation for wheat improvement. Th. intermedium has
been extensively used since the 1930s because of its re-
sistance to a number of pests and diseases of wheat as
well as its stress tolerance and high crossability with var-
ious Triticum species (Dewey 1984). Many desirable
genes have been characterized and transferred from this
wild grass species into wheat, which has led to the devel-
opment of several useful wheat germplasm lines and
cultivars with new resistance genes for stem rust and leaf
rust (Cauderon 1966; Cauderon et al. 1973; Dvorak
1985; Whelan and Hart 1988; Xin et al. 1988; Banks 
et al. 1993; McIntosh et al. 1998; Mujeeb-Kazi 1994;
Sharma et al. 1995; Friebe et al. 1996).

The genomic composition of Th. intermedium has
been reported to be an auto-allohexaploid with the ge-
nomic formula JeJeJeJeSS (Liu and Wang 1993) or
JJJsJsSS (Chen et al. 1998a). According to these studies,
the S genome chromosomes in Th. intermedium are
closely related to those of Pseudoroegneria libanotica
(Hackel) D.R. Dewey, and the J and Js genomes are more
or less closely related to the genome of Th. bessarabi-
cum (Savul. & Rayss) A. Love and/or Th. elongatum
(Host) D. Dewey (Chen et al. 1998a,b).

Cytogenetic studies on intergeneric hybrids between
wheat and Th. intermedium and between Thinopyrum
species have shown that the J, Js and S genomes present
in Th. intermedium are related (Liu and Wang 1993;
Chen et al. 1998a, b). Close relationships between 
J-genome chromosomes with the wheat ABD genomes
has also been documented (Dvorak 1981; Jauhar 1995;
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Zhang et al. 1996; Chen et al. 1998a). Although some in-
formation is available on chromosome pairing among
Thinopyrum and wheat chromosomes in hybrids (Dvorak
1985; Cai and Jones 1997), the pairing frequency among
J-, Js- and S-genome chromosomes is virtually unknown.
Apparently, this is because of the difficulty in distin-
guishing these chromosomes in the hybrids using con-
ventional chromosome techniques or the genomic in situ
hybridization (GISH) technique using Thinopyrum ge-
nomic DNA probes (Liu and Wang 1989, 1993; Cai and
Jones 1997). The question still remains as to how close
is the relationship among the S, J and Js genomes.

The objective of the study reported here was to em-
ploy GISH using S-genomic DNA as a probe to distin-
guish the S, J and Js genomes from wheat ABD genomes
in wheat-Th. intermedium hybrids and to analyze their
chromosome pairing behavior in the wheat background.

Materials and methods

The hexaploid Thinopyrum intermedium accessions PI547333 and
PI578696 were kindly provided by Dr. George Fedak and were used
as male parents in crosses with the Triticum aestivum cv. Chinese
Spring (CS). Interspecific hybrid seeds were obtained by conven-
tional crossing techniques, and embryo rescue was used to avoid de-
lays caused by seed dormancy. The F1 hybrid plants were grown un-
der greenhouse conditions at 21°C and a 16-h (light) photoperiod.

Preparation of mitotic and meiotic slides

Root tips for chromosome preparation were collected from the
plants and pre-treated in ice water for 24 h, then fixed in 1:3 acetic
acid-ethanol. After fixation for 1 day at 4°C, the roots were stained
in 0.1% acetocarmine for 20 min and squashed in 45% acetic acid.
Cover glasses were removed after freezing the slides at –80°C.
Then the chromosomes on the slide were fixed again in 45% acetic
acid for 8 min, air-dried and stored at –80°C. To analyze chromo-
some pairing in the hybrids of Th. intermedium with T. aestivum,
we fixed the anthers at metaphase I (MI) of meiosis from hybrid
plants in 1:3 acetic acid–ethanol for 2–3 weeks at 4°C. Slides were
prepared according to the procedure of Chen et al. (1996).

Preparation of genomic DNA and GISH procedure

GISH was used for the analysis of mitotic and meiotic chromo-
somes at MI in pollen mother cells (PMCs) of the hybrid plants.
Total genomic DNA was extracted from Pseudoroegneria libanot-
ica and labelled with biotin-11-dUTP via nick translation. The ge-
nomic DNA probe was mixed in a 1:40 ratio with non-labelled
block genomic wheat DNA. Details of the procedures used for
DNA isolation and probe labelling, GISH and the detection of hy-
bridization sites have been described previously by Chen et al.
(1995, 1996).

Results

Wheat × Th. intermedium hybridization 
and chromosome composition of the hybrids

Hybrids between wheat and Th. intermedium were not
difficult to obtain. The Th. intermedium species showed
high cross-compatibility with wheat. Seed set of the

crosses ranged from 30.2 to 62.5%, and five to ten F1
plants from each combination were obtained. Chromo-
some counts were carried out on ten plants. Root-tip
metaphase spreads showed that six hybrid plants had a
chromosome number of 2n=42, while the other four had
2n=41. 

A genomic DNA probe of Ps. libanotica, in the pres-
ence of wheat DNA as a block, was used to hybridize
with mitotic chromosomes in the hybrid lines. In this
case, the S-genome chromosomes showed green hybrid-
ization signals along their entire length, Js-genome chro-
mosome showed yellow centromere signals and J chro-
mosomes showed dispersed and weak signals on whole
chromosomes with a special yellow signal on the highly
repeated telomeric regions. The wheat chromosomes, on
the other hand, were red because of the propidium iodide
(PI) that was used for the counterstaining (Fig. 1a).
Hence, GISH using S-genomic DNA as a probe allowed
us to discriminate the S-, Js- and J-genome chromosomes
from wheat chromosomes in wheat × Th. intermedium
hybrids.

Analysis of the wheat × Th. intermedium hybrids us-
ing GISH revealed that wheat chromosomes ranged in
number from 20 to 21 and that there were 21 Th. inter-
medium chromosomes (corresponding to hybrids with 41
or 42 chromosomes). In F1 hybrid plants with 2n=41
chromosomes, seven chromosomes fluoresced bright
yellow along all or most of their length, indicating that
they belonged to the S-genome chromosomes of Th. in-
termedium. Five chromosomes displayed strong centro-
meric signals, so belonged to the Js genome, while the
other nine alien chromosomes showed fluorescent sig-
nals typical of the J genome. The remaining 21 chromo-
somes in the hybrid plant were completely blocked by
ABD genome DNA and fluoresced dark red with the PI
counterstain and hence belonged to wheat chromosomes
(Fig. 1b). These results indicated that the hybrids of
wheat -Th. intermedium carried the ABDJJsS genomes.

Chromosome pairing 
in the wheat × Th. intermedium hybrids

Chromosome pairing patterns in wheat × Th. intermedi-
um hybrids were analyzed at MI of meiosis in PMCs by
GISH using total S genomic DNA as the probe. Howev-
er, the S-, Js- and J-genome chromosomes at the meiotic
stage did not always show the strong, clear GISH signals
that they did at the mitotic stage in these hybrids. In the
present study, a total of 60 PMC cells were examined,
but only 20 PMCs had clear S-, Js- and J-genome GISH
signals (Table 1; Fig. 1c,d). The mean chromosome asso-
ciation for the 20 MI cells was 23.6 I + 7.6II +0.6III +
0.05 IV (Table 1), which was slightly different from the
average configuration of 22.6 I + 8.5 II +0.8 III +0.04 IV
reported by Cai and Jones (1997). Out of a total of 152
bivalents observed, 33.6% (51 II) were involved in
wheat-wheat chromosome pairing (defined as W-W pair-
ing), and 61.8% occurred among Th. intermedium chro-
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somes.b Mitotic chromosomes of F1 hybrid of wheat × Th. inter-
medium probed with the S genome of Ps. libanotica and blocked
with ABD genomic DNA of wheat shows 7 S-genome chromo-
somes, 5 Js-genome chromosomes, 9 J-genome chromosomes and
20 wheat chromosomes. c Meiotic chromosomes of F1 hybrid of
wheat × Th. intermedium probed with the S genome of Ps. liban-
otica and blocked with the ABD genomic DNA of wheat shows S
genome chromosomes (yellow-green) pairing with J- and Js-ge-
nome chromosomes to form a bivalent (arrowhead) and a trivalent
(arrow). d Meiotic chromosomes of F1 hybrid of wheat × Th. in-
termedium probed with the S genome of Ps. libanotica and
blocked with the ABD genomic DNA of wheat shows S genome
chromosomes (yellow-green) pairing with J- and Js-genome chro-
mosomes to form bivalents (arrowheads) and a trivalent (arrow)

mosomes (defined as T-T pairing) (Table 1). The pairing
between wheat and Th. intermedium chromosomes (de-
fined as W-T) was very low, with a mean pairing fre-
quency of 4.6%, and all of these bivalents occurred be-
tween wheat and J or Js chromosomes. No S-genome
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Fig. 1a,b GISH on somatic metaphase cells from root tips of Th.
intermedium (a) and F1 hybrid of wheat x Thinopyrum intermedi-
um (b). Sites of probe hybridization fluoresce yellow or greenish
yellow with FITC, while non-hybridized sites fluoresce red with
the propidium iodide counterstain. The S genome was completely
labelled along the entire chromosome length. The Js genome was
labelled only in the centromere areas, while the J-genome
chromosomes showed dispersed weak fluorescence, except for ter-
minal regions in some chromosomes where strong yellow fluores-
cence was observed; wheat chromosomes showed red fluores-
cence over all of their length. a Mitotic chromosomes of Th. inter-
medium probed with the S genome of Ps. libanotica and blocked
with E-genomic DNA of Th. elongatum shows 14 S-genome chro-
mosomes, 10 Js-genome chromosomes, 18 J-genome chromo-

chromosomes were involved in W-T pairing. Close ob-
servation on the Th. intermedium S-, J- and Js-chromo-
some pairing configurations in the hybrids showed that
the S-genome chromosomes not only paired with S chro-
mosomes, but also with J or Js chromosomes at high fre-



quencies (Fig. 1c) and that J and Js chromosomes paired
with each other. The heterologous S-J or S-Js pairing in-
cluded rod and ring bivalents, and rod S-J-Js or rod S-J-J
trivalents also occurred frequently (Fig. 1c,d). Out of a
total of 94 T-T pairing bivalents, the pairing frequency
(55.3%) between S and J or Js was higher than that ob-
served between the J and Js genomes (40.4%) (Table 1).
The frequency of trivalents between S and J or Js was
also higher than that found among J and Js. Out of 23.6
univalents observed, the number of unpaired chromo-
somes from the J, Js and S genomes was lower than that
from the wheat chromosomes (Table 1).

Discussion

GISH has proven to be a useful technique to differentiate
genetically close genomes and assess genomic relation-
ships in polyploid alien species and in different wheat-
alien hybrid lines (Schwarzacher et al. 1989; Xu et al.
1994; Chen et al. 1995). This technique has also been
used to distinguish alien chromosomes from wheat chro-
mosomes and wheat-alien translocated chromosomes in
a wheat background (Heslop-Harrison 1991; Jiang et al.
1993; Chen et al. 1998b; Ahmad et al. 2000). In the pres-
ent study, GISH using S-genomic DNA as a probe pro-
vides a powerful tool in differentiating chromosomes
from the three genomes of Th. intermedium because het-

erologous and homoeologous pairing could be clearly
distinguished with the S-genomic DNA probe (Chen et
al. 1998 a,b). This allowed a precise study of the chro-
mosome composition and chromosome pairing among
Thinopyrum chromosomes and their relationships with
wheat chromosomes in a wheat genetic background.
Through this approach, the genomic composition of the
wheat-Th. intermedium hybrids was clearly identified in
the mitotic stage and shown to consist of 20 wheat chro-
mosomes derived from wheat ABD genomes and 21
chromosomes from the J, Js and S genomes of Th. inter-
medium. GISH analysis of the S-, Js- and J-genome chro-
mosomes at meiosis metaphase I stage is still technically
difficult. However, meiotic chromosomes from the J, Js

and S genomes were successfully distinguished from the
meiotic wheat chromosomes in the PMCs of these hy-
brids (Fig. 1b), which allowed observation of chromo-
some pairing in these hybrids and the accurate identifica-
tion of chromosomes derived from different Th. interme-
dium genomes.

Chromosome pairing analysis has been critical to ge-
nome analyses of allopolyploids and the determination
of the genomic relationships between species. Some of
the early work involved in studies on genomic relation-
ships among S and J or Js genomes was based on con-
ventional chromosome and molecular analyses as well as
on GISH using Thinopyrum DNA probes (Liu and Wang
1989, 1993; Pienaar 1990; Hsiao et al. 1995; Jauhar
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Table 1 Chromosome pairing
of F1 hybrids (ABDSJsJ) of
wheat × Thinopyrum intermedi-
um at metaphase I of meiosis

Chromosome configuration

Ia II ring II rod II total III IV

Total no. 472 22 130 152 12 1

Mean 23.6 1.1 6.5 7.6 0.6 0.05

Chromosome pairing
Wb 276 (58.4)c

Td 196 (41.5) 
J 82 (17.4) 
Js 40 (8.5) 
S 74 (15.6) 

W-W 10 (45.5) 41 (31.5) 51 (33.6)
T-T 12 (54.5) 82 (63.1) 94 (61.8)

J-J 0 20 20
J-Js 4 6 10
Js-Js 2 6 8

Subtotal of J and Js pairing 6 32 38 (40.4% of 94 T-T II)
S-J 0 30 30
S-Js 4 18 22

Subtotal of S-J & S-Js pairing 4 48 52 (55.3% of 94 T-T II)
S-S 2 2 4

W-T 7 (5.3) 7 (4.6)
W-J 5 (3.8) 5 (3.2)
W-Js 2 (1.5) 2 (1.3)
W-S 0 0

W-W-W 4 (33.3)
J-J-Js 3 (25.0)
J-J-S 3 (25.0)
J-Js-S 2 (16.6)
J-J-Js-S 1 (100)

a I, Univalent; II, bivalent; 
III, trivalent; IV, quadrivalent
b W, Wheat chromosome
c T, Th. intermedium chromo-
some
d Figures represent the number
of chromosome configurations
observed, and those in paren-
thesis are the percentages



1995; Cai and Jones 1997). However, heterologous pair-
ing and homoeologous pairing in wheat-Thinopyrum hy-
brids could not be differentiated due to the limitations of
conventional chromosome techniques and the Thinopy-
rum DNA probes used (Jauhar 1995; Cai and Jones
1997). In most cases, the intergenomic pairing (S and J
or Js) could be deduced only when there were more than
seven bivalents or the presence of trivalents. Liu and
Wang (1989) observed high frequencies of chromosome
pairing among the three genomes in triploid JbJeS hy-
brids of Th. bessarabicum × Th. caespitosum (C. Koch)
R.R.-C. Wang. In the analysis of the hybrids with JbJeS
genomes, homoeologous pairing between the two closest
genomes, Jb and Je, has been taken for granted (Wang
1992; Liu and Wang 1993). However, GISH analysis re-
sults from the present study showed that the percentage
of T-T pairing bivalents was about 61.8% (94 II) of the
152 bivalents observed in hybrids of wheat × Th. inter-
medium. In the 94 T-T bivalents observed, the percent-
age of heterogeneous pairing (55.3%) between S-J 
and S-Js chromosomes was greater than the frequency 
of chromosome pairing between J-Js and J-J (40.4%)
(Table 1). The higher frequency of bivalent formation
between Th. intermedium S and J or Js chromosomes
than that of bivalents formed by J and Js chromosomes
indicates that the high pairing resulted from the higher
heterologous pairing among the three genomes of Th. in-
termedium rather than homologous pairing between the J
and Js genomes of Th. intermedium. The earlier conclu-
sion that the S and J (including J and Js) genomes are
very closely related was drawn from molecular and cyto-
genetic studies (Wang 1992; Hsiao et al. 1995). In fact,
Liu and Wang (1993) also observed that JbJeJe S and
JeJeJeS hybrids have a very similar chromosome pairing
pattern to that observed in the JeJeSS hybrids, which
strongly indicates that the S genome has as close a rela-
tionship with the J genome as the J genome has with the
Js genome. The present study established direct evidence
using GISH of chromosome pairing between J and S or
Js and S genomes.

GISH patterns on meiotic chromosomes at MI in the
hybrid of wheat × Th. intermedium also indicated the re-
lationship between wheat and Thinopyrum chromo-
somes. Chromosome pairing in the hybrid mainly oc-
curred among wheat chromosomes and among Th. inter-
medium chromosomes, and the mean pairing frequencies
of W-W and T-T were 40% and 54%, respectively. The
frequency of chromosome pairing among Th. intermedi-
um J-, Js- and S genome chromosomes was higher than
that among wheat ABD chromosomes, suggesting that
the three genomes of Th. intermedium are more closely
related to each other than for the three genomes of typi-
cal allohexaploid T. aestivum (Jauhar et al. 1991). Cai
and Jones (1997) also observed that the relationship
among the three genomes of Th. intermedium was closer
than it was to the three genomes of T. aestivum. There-
fore, Th. intermedium should be designated as an allo-
hexaploid. Pairing between wheat and Th. intermedium
chromosomes was very rare and only occurred with J or

Js chromosomes (Table 1). No S-genome chromosomes
were observed to pair with wheat chromosomes. This
demonstrated that the relationships between T. aestivum
genomes and Th. intermedium J and Js genomes are
much closer than the relationships between T. aestivum
and the S genome. This is one reason we can use the S-
genomic DNA probe more efficiently and confidently to
distinguish J, Js and S chromosomes from wheat chro-
mosomes in wheat-Thinopyrum hybrids as compared to
using the J or Js genomic DNA probes.

Our results demonstrate that GISH using a S-genome
DNA probe offers a reliable means to increase precision
in discriminating the identity of chromosomes involved
in pairing. This observation may significantly improve
our understanding of genomic relationships within the
Triticeae. This is especially valuable when the genomes
of parents belong to Thinopyrum species. Great possibil-
ities exist for extending the analysis of chromosomes,
genomes and phylogenies using this technique, especial-
ly for the analysis of complex polyploids and their hy-
brids with wheat. Knowledge of the relationships be-
tween the S, J and Js genomes is also helpful to our un-
derstanding of the inheritance of beneficial characters
and for planning more efficient strategies for transferring
target gene(s) from Th. intermedium to wheat. This un-
derstanding is likely to increase the precision and confi-
dence with which plant breeders can use these alien ge-
netic resources for forage and cereal breeding.

Acknowledgements The authors express their appreciation to Dr.
G. Fedak for providing seeds of the Thinopyrum accessions. We
gratefully acknowledge financial support provided by the Match-
ing Investment Initiative of Agriculture and Agri-Food Canada
which was matched to the Canadian Wheat Board Checkoff ad-
ministered by the Western Grains Research Foundation for this
study. The experiments reported in this study comply with the cur-
rent laws of Canada.

References

Ahmad F, Comeau A, Chen Q, Collin J, St-Pierre CA (2000) Radi-
ation induced wheat-rye chromosomal translocations in Tritic-
ale: optimizing the dose using fluorescence in situ hybridiza-
tion. Cytologia 65:1–6

Banks PM, Xu SJ, Wang RRC, Larkin PJ (1993) Varying chromo-
some composition of 56-chromosome wheat × Thinopyrum in-
termedium partial amphiploids. Genome 36:207–215

Cai X, Jones S (1997) Direct evidence for high level of autosynde-
tic pairing in hybrids of Thinopyrum intermedium and Th.
ponticum with Triticum aestivum. Theor Appl Genet 95:568–
572

Cauderon Y (1966) Genome analysis in the genus Agropyron.
Hered Suppl 2:218–234

Cauderon Y, Saigne B, Dauge, M (1973) The resistance to wheat
rusts of Agropyron intermedium and its use in wheat improve-
ment. In: Sears ER, Sears LM (eds) Proc 4th Int Wheat Genet
Symp. University of Missouri, Columbia, Mo., pp 401–407

Chen Q, Conner RL, Laroche A (1995) Identification of the paren-
tal chromosomes of the wheat-alien amphiploid Agrotana by
genomic in situ hybridization. Genome 38:1163–1169

Chen Q, Conner RL, Laroche A (1996) Molecular characterization
of Haynaldia villosa chromatin in wheat lines carrying resis-
tance to wheat curl mite colonization. Theor Appl Genet 93:
679–684

851



Chen Q, Conner RL, Laroche A, Thomas JB (1998a) Genome
analysis of Thinopyrum intermedium and Th. ponticum using
genomic in situ hybridization. Genome 41:580–586

Chen Q, Friebe B, Conner RL, Laroche A, Thomas JB, Gill BS
(1998b) Molecular cytogenetic characterization of Thinopy-
rum intermedium derived wheat germplasm specifying resis-
tance to wheat streak mosaic virus. Theor Appl Genet 96:1–7

Dewey DR (1984) The genomic system of classification as a guide
to intergeneric hybridization with the perennial Triticeae. In:
Gustafson JP (ed) Gene manipulation in plant improvement.
Plenum Press, New York, pp 209–279

Dvorak J (1981) Genome relationships among Elytrigia (= Agro-
pyron) elongata, E. stipifolia, ‘‘E. elongata 4x’’ E. caespitita,
E. intermedia, and ‘‘E. elongata 10x’’. Can J Genet Cytol 23:
481–492

Dvorak J (1985) Transfer of salt tolerance from Elytrigia pontica
(Podp.) Holub. to wheat by the addition of an incomplete
Elytrigia genome. Crop Sci 21:306–309

Friebe B, Jiang JM, Raupp WJ, McIntosh RA, Gill BS (1996)
Characterization of wheat-alien translocations conferring resis-
tance to disease and pests: current status. Euphytica 91:59–87

Heslop-Harrison JS (1991) The molecular cytogenetics of plants. J
Cell Sci 100:15–21

Hsiao C, Chatterton NJ, Asay KH, Jensen KB (1995) Phylogenetic
relationships of the monogenomic species of the wheat tribe,
Triticeae (Poaceae), inferred from nuclear rDNA internal tran-
scribed spacer ITS sequences. Genome 38:211–223

Jauhar PP (1995) Meiosis and fertility of F1 hybrids between
hexaploid bread wheat and decaploid tall wheatgrass (Thin-
opyrum ponticum). Theor Appl Genet 90:865–871

Jauhar PP, Piera-Lizarazu O, Dewey WG, Gill BS, Crane F, 
Bennett JH (1991) Chromosome pairing relationships among
the A, B and D genomes of bread wheat. Theor Appl Genet
82:441–449

Jiang J, Friebe B, Dhaliwal HS, Martin TJ, Gill BS (1993) Molec-
ular cytogenetic analysis of Agropyron elongatum chromatin
in wheat germplasm specifying resistance to wheat streak mo-
saic virus. Theor Appl Genet 86:41–48

Liu ZW, Wang RRC (1989) Genome analysis of Thinopyrum ca-
espitosum. Genome 32:141–145

Liu ZW, Wang RRC (1993) Genome analysis of Elytrigia cae-
spitosa, Lophopyrum nodosum, Pseudoroegneria geneiculata
ssp. scythica and Thinopyrum intermedium (Triticeae Gramin-
eae). Genome 36:102–111

McIntosh RA, Hart GE, Devos KM, Gale MD, Rogers W J (1998)
Catalogue of gene symbols for wheat. In: Slinkard AE (ed)
Proc 9th Int Wheat Genet Symp,vol 5. University Extension
Press, University of Saskatchewan, Saskatoon, Sask. Canada,
pp 1–235

Mujeeb-Kazi A (1994) Use of annual and perennial Triticeae spe-
cies for wheat improvement. In: Wang RRC, Jensen KB,
Jaussi C (eds) Proc 2nd Int Triticeae Symp. Utah State
University Publication Design and Production, Logan, Utah,
pp 86–89

Pienaar de RV (1990) Wheat × Thinopyrum hybrids. In: Bajaj YPS
(ed) Biotechnology in agriculture and forestry, vol 13: wheat.
Springer, Berlin Heidelberg New York, pp 167–217

Schwarzacher T, Leitch AR, Bennett MD, Heslop-Harrison JS
(1989) In situ localization of parental genomes in a wide hy-
brid. Ann Bot 64:315–324

Sharma H, Ohm H, Goulart L, Lister R, Appels, Benlhabib O
(1995) Introgression and characterization of barley yellow
dwarf virus resistance from Thinopyrum intermedium into
wheat. Genome 38:406–413

Wang RRC (1992) Genome relationships in the perennial Triticeae
based on diploid hybrids and beyond. Hereditas 116:133–136

Whelan EDP, Hart GE (1988) A spontaneous translocation that
transfers wheat curl mite resistance from decaploid Agropyron
elongatum to common wheat. Genome 30:289–292

Xin ZY, Brettell RIS, Cheng EM, Waterhouse PM, Appels R,
Banks PM, Zhou GH, Chen X, Larkin PJ (1988) Characteriza-
tion of a potential source of barley yellow dwarf virus resis-
tance for wheat. Genome 30:250–257

Xu J, Conner RL, Laroche A (1994) C-banding and fluorescence
in situ hybridization studies of the wheat-alien hybrid “Agrot-
ana”. Genome 37:477–482

Zhang XY, Koul A, Petroski R, Ouellet T, Fedak G, Dong YS,
Wang, RRC (1996) Molecular verification and characteriza-
tion of BYDV-resistant germ plasms derived from hybrids of
wheat with Thinopyrum ponticum and Th. intermedium. Theor
Appl Genet 93:1033–1039

852


