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Summary. Intergeneric hybrids between Triticum aes-
tivum cv ‘Chinese Spring’ and Agropyron cristatum 4x
(2n=35x=35, ABDPP genomes) with a high level of
homoeologous meiotic pairing between the wheat chro-
mosomes were backcrossed 3 times to wheat. Pollination
of the F, hybrid with ‘Chinese Spring’ resulted in 22 BC,
seeds with an average seed set of 1.52%. Five BC, plants
with 39-41 chromosomes were raised using embryo res-
cue techniques. Chromosome pairing in the BC, was
characterized by a high frequency of multivalent associa-
tions, but in spite of this there was no evidence of homoe-
ologous pairing between chromosomes of wheat and
those of Agropyron. All of the plants were self sterile. The
embryo rescue technique was again essential to produce
39 BC, plants with chromosome numbers ranging from
37 to 67. The phenomenon of meiotic non-reduction was
also observed in the BC; progenies. In this generation
male and female fertility greatly increased, and meiotic
pairing was fairly regular. Some monosomic (2n=43)
and double monosomic (2n=44) lines were produced.
Analysis of these progenies should permit the extraction
of the seven possible wheat-Agropyron disomic addition
lines including those with the added chromosomes carry-
ing the genes involved in meiotic non-reduction and in
suppression of PA activity.
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Introduction

Interspecific and intergeneric hybridization in the tribe
Triticeae is an important way of exploiting the genetic
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variability of the related wild species for wheat improve-
ment and for the investigation of species’ relationships
(Sharma and Gill 1983; Sears 1983; Dewey 1984; Wang
1989). Agropyron Gaertn. is a perennial genus of the
Triticeae consisting of 10—13 diploid (2rn=14), tetraploid
(2n=28) and hexaploid (2n=42) species with tetraploids
accounting for about 90% of the natural populations. All
have the same basic P genome (Love 1984; Dewey 1984).
In addition to being economically important forages,
Agropyron species have been found to possess potentially
valuable traits for wheat improvement, including toler-
ance to drought (Dewey 1984; Asay and Johnson 1990)
and low temperature (Limin and Fowler 1987) and re-
sistance to diseases such as barley yellow dwarf virus
(BYDV) (Sharma etal. 1984) and Seproria nodorum
(M. Trottet, personal communication). These traits could
be useful for wheat improvement if they could be trans-
ferred.

Intergeneric hybrids of Triticum aestivum and some
species of Agropyron Gaertn. have recently been pro-
duced (Chen et al. 1989, 1990; Limin and Fowler 1990; Li
and Dong 1990, 1991; Ahmad and Comeau 1991). In
most of these hybrids, a considerably high level of au-
tosyndetic chromosome pairing at metaphase I (MI) has
been observed, and backcrossing the hybrids to wheat
has been found to be very difficult (Chen et al. 1989,
1991; Ahmad and Comeau 1991). A rare exception was
observed in the study of Li and Dong (1991) in which the
F, hybrid between 7. aestivum cv ‘Chinese Spring’ x A.
michnoi was partially self-fertile and BC, seeds were eas-
ily produced from the F, hybrid. However, the authors
published very little morphological and cytogenetical
data, and there is no further data on the later generations
of these hybrids.

The paper presented here reports on the production
and subsequent cytogenetical study of backcross deriva-
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tives obtained from a F; hybrid of T. aestivum cv “‘Chi-
nese Spring’ x A. cristatum 4x. The objective of this
study was to produce a series of wheat-Agropyron dis-
omic addition lines. As the Agropyron parent is resistant
to important wheat diseases, including BYDV, it is our
intention to use the resistant addition line(s) to introduce
the resistance gene(s) into wheat.

Materials and methods

Intergeneric hybrids between Triticum aestivum cv ‘Chinese
Spring’ (CS) (2n=6x=42, AABBDD) and Agropyron cristatum
(accession 54, a tetraploid ecotype from Inner Mongolia, China,
2n=4x=28, PPPP) had been produced and described by the
authors prior to this investigation (Chen et al. 1989). Plant re-
generation from immature influorescence callus cultures of these
hybrids was carried out, and the original hybrid and some of the
clones were then backcrossed using ‘Chinese Spring’ as the re-
current male parent. Embryos were dissected 15-20 days after
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¢ f Fig. 1. a—-d Meiosis in a BC, plant
> with 2n=40. a MI showing
131+61I+5111. b MI showing

141+ SIT+ 21T+ 1IV+1VL. ¢ Al
showing a 12-12-16 segregation. d Al
showing a precocious segregation of
lagging chromatids. e—h Meiotic
metaphase I in BC, and BC, plants.
e BC, with 2n=43, 5I+ 1611+ 2111
f BC, with 2n=61, 914 1711+ 6III.
g BC, with 2n=43, 11+ 21I1. h BC,
h with 2n=44, 21+ 2111

pollination and subsequently cultured on an artificial medium to
obtain, successively, BC,, BC, and some BC, plants by means
of the technique described by Chen et al. (1989). Most of the
BC, derivatives and all of their seifed progenies were raised from
mature seeds.

Observations were made on the morphology and fertility of
each of the backcross derivatives. Chromosome counts in root-
tip cells were made using a standard Feulgen technique. For
meiotic studies, anthers at metaphase I were collected, fixed in
a 3:1 ethanol-acetic acid solution, squashed in 1% acetocarmine
and counterstained with carbol fuchsin.

Results

BC, generation

Pollination of 1511 florets of the F, hybrid plants by CS
produced 23 grains, i.e. an average seed set of 1.52%.
Only 5 BC, plants were obtained from the cultured em-
bryos. The BC, plants were annual, like the recurrent
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Table 1. Chromosome associations in four BC, and some of the BC, derivatives of cv ‘Chinese Spring’ x 4. cristatum 4x hybrid
(ranges in parentheses)

2n Number I I 1I IIX v Vv VI Selfed
of cells Total Ring seed set
observed (%)

BC, plants

A 41 51 11.04 9.55 4.63 3.12 0.29 0.02 0.04 0
(7-16) (7-13) (2-10) (1-6) -1 -1 0-1)

B 40 50 12.01 7.40 4.88 3.76 0.20 0.15 0.06 0
8-17) (4-11) 2-8) a-7n 0-1) 0-2) 0-1)

D 40 50 11.40 8.48 5.64 3.54 0.18 0.06 0
(7-16) 4-12) 2-9) ©0-7) ©-1) (0-1)

E 39 50 13.52 9.14 7.24 212 0.10 0.04 0.04 0
(11-24)  (6~13) 4-10) 0-4) ©0-1) 0-1) 0-1)

BC, plants

D-1 37 30 8.36 11.73 7.80 1.50 0.17 0
(6-12) (8-14) 4-10) 0-4) 0-1)

A2 39 20 5.65 13.45 9.90 1.95 0.15 0
4-9) (11-17)  (8-14) 0-3) 0-1)

A-61 40 30 5.10 15.53 13.87 1.24 0.03 22.6
(4-10) (13-17)  (11-16) (0-2) 0.1)

A-4 41 20 8.45 13.85 8.45 1.25 0.15 0.10 0
(5-13) (11-18)  (5-11) (0-4) 0-1) ©-1)

A-8 42 30 4.82 14.13 9.67 2.26 0.43 0.00 0.07 6.9
(3-6) (10-16)  (7-14) (1-4) 0-2) (0-0) (0-1)

A-23 42 20 6.30 15.45 13.30 1.60 3.9
(5-10) (13-17)  (10-16)  (0-3)

A-11 43 20 8.60 14.60 8.55 1.60 0.10 0
(5-13) (12-17)  (6-11) (0-3) 0-1)

A-62 44 30 6.86 18.36 14.16 0.13 29.6
4-10) (16-20) (10-17)  (0-2)

A9 44 20 7.25 16.65 11.60 115 1.7
4-12) (13-19)  (3-16) 0-2)

D-3 44 30 14.63 12.03 5.83 1.33 0.33 0
(11-20) (8-14) 4-9) 0-5) 0-1)

A-16 45 30 6.02 19.20 14.80 0.10 0.07 13.9
3-9 (16-21)  (12-18) (0-2) 0-1)

A-15 46 20 11.16 11.91 8.91 2.54 0.85 0
(6-16) (10-16)  (6-11) 0-4) 0-2)

A-18 56 30 16.00 15.00 6.20 3.20 0.10 0
9-24) 6-18) 3-12) (2-6) 0-1)

D-2 61 45 11.73 15.69 10.11 5.67 0.22 11.8
(7-19) (8-20) 6-15) ©-9) 0-2)

wheat parent, and morphologically intermediate between
Agropyron and wheat although closer to wheat in several
characteristics, such as plant height and spike length. The
somatic chromosome counts of the BC, plants revealed
1 plant with 2n=39, 3 with 2n=40 and 1 with 2n=41.
The chromosome pairing behaviour observed in 4 of the
BC, plants was similar, as shown in Table 1. All exhibited
a high frequency of univalents and muitivalents. The
mean number of univalents ranged from 11.04 to 13.52,
and the minimum number of univalents in a PMC was 7.
More than 95% of the PMCs had trivalents (Fig. 1a).
Quadrivalents, quinquevalents and even hexavalents
were also observed (Fig. 1b). The high frequencies of

univalents and multivalents resulted in only 37.0—46.6%
of the chromosomes forming bivalents. At first anaphase
(AD), 6-12 lagging chromosomes were observed in most
of the cells of the 4 BC, plants (Fig. 1¢). Lagging chro-
matids often segregated precociously (Fig. 1d). Other
meiotic irregulaties also occurred in about 20% of the
PMCs. For example, the failure of the first meiotic divi-
sion resulted in chromosomes remaining at or near the
equator and subsequently undergoing the second meiotic
division. In some PMCs at metaphase I, all of the chro-
mosomes had clearly visible chromatids like those at mi-
totic metaphase. At Al multipolar spindies and bridges
were also observed.
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Number of plants.

38 40 42 44 46 48 S50 52 54 56 58 60 62
Number of chromosomes

37 39 41 43 45 47 49 S1 53 S5 57 59 61 63 65 67
64 66

Fig. 2. Distribution of BC, plants according to
their chromosome number

Table 2. Chromosome associations in some of the BC; derivatives of cv ‘Chinese Spring’ x 4. cristatum 4x hybrid (ranges in

parentheses)
BC; plants 2n Number I I II III v A% VI Selfed Number
of cells Total Ring seed set  of Agropyron
observed (%) chromosomes?
D-1-1 42 30 2.13 19.27 16.67 0.27 0.13 63.2 1
(1-4) (18-20) (13-19) (0-1) (0-1)

A-61-4 42 20 2.40 19.65 18.25 0.10 70.6 1
2-4) (17-200 (16-19) (0-2)

A-8-5 43 20 1.35 19.25 17.55 0.45 0.45 90.1 1
1-2) @7-21) (15-19 (©0-2) (0-1)

A-4-2 43 30 3.63 18.05 16.52 0.33 0.40 0.10 0.03 29.2 2
2-5) (16-20) (14-18) (©O-1) (©O-1) (0-1) (©-1

A-9-19 43 20 3.6 15.2 12.00 1.80 0.90 6.1 2
3-6) (13-17) (8-14) 1-2) (-2

A-4-5 44 20 4.25 17.85 14.55 0.40 0.50 0.05 0.10 0 3
(3-5) (15-20) (12-17) (0-2) (0-2) (0-1) (0-1)

A-8-1 44 20 2.10 18.95 17.65 0.00 1.00 68.1 2
(2-4) (18-19) (15-18) (0-0) (1-1)

A-23-1 44 21 3.09 19.09 18.09 0.91 9.4 2
(3-4 (19-200 (16-19) (-1

A-23-12 44 20 3.40 20.30 18.95 34.8 2
2-4) (20-21) (18-20)

* Possible Agropyron chromosome numbers

BC, generation

Backcrossing the 5 BC, plants gave 60 BC, seeds and 50
embryos. The seed set ranged from 1.3 to 10.5% (average
8.84%). The 39 BC, plants were obtained from 3 BC,
plants — A: 2n=41; D: 2n=40; E: 2n=39. BC, plants,
particularly with respect to their spikes, were morpholog-
ically similar to wheat, but they varied greatly. Most
of them were sterile, but some had a low seed set
(1.7-29.6%) (Table 1). The chromosome numbers of 35
BC, plants ranged from 37 to 67 (Fig. 2), and these could

be classified into two groups: 29 plants with 37—46 chro-
mosomes and 6 plants with 5667 chromosomes (Fig. 2).

Meiotic analyses were made on 21 BC, plants; 14 of
these are reported in Table 1. Analyses on 4 plants having
chromosome numbers similar to that of the BC, plants
indicated fewer univalents and multivalents but a higher
number of bivalents. The 8 BC, plants with 2n=42-46
also had fewer univalents and more bivalents than their
BC, parents (Fig. 1a, e). The BC, plants with 2n=156
and 61 chromosomes had many univalents and multiva-
nents (Fig. 11).
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BC, generation

Backcrossing BC, plants presumed to contain added
Agropyron chromosomes yielded 116 BC, plants with a
seed set ranging from 0% to 44%. The morphology of
the BC; plants was very similar to that of. ‘Chinese
Spring’, and they were more vigorous than the BC,
plants. In this generation, male and female fertility great-
ly increased and seed set by self pollination was higher
than 60% in several plants (Table 2).

The numbers of somatic chromosomes were variable
and depended upon the chromosome number of the par-
ents. The backcross derivatives from BC, plants with
2n=37-44 produced mainly 2n=40~45, but there were
also some plants with 2n=61 and 64 chromosomes.
The chromosome pairing configurations of some BC,
plants were analysed, and meiotic behaviour was found
to be significantly more regular than in the BC, genera-
tion. Some plants with 43 and 44 chromosomes re-
sembled CS in appearance and showed good fertility
(Table 2). By taking into account the minimum number
of univalents observed in at least one cell, we were able
to evaluate the number of P chromosomes present in
any BC, derivative (Table 2). Of the 15 BC; plants
analysed, 13 possessed 1-3 Agropyron chromosomes. It
is interesting to note that some plants with 2n=43 and
2n =44 chromosomes which possessed 1 and 2 Agropyron
chromosomes had 21 I + 1 Iand 21 II +2 I configura-
tions in some PMCs; e.g. plants A-8-5 and A-23-12
(Fig. 1g, h).

Discussion

Meiotic studies of F, intergeneric hybrids between com-
mon wheat x Agropyron species have revealed a high
level of autosyndetic homoeologous pairing between the
wheat chromosomes at MI as a result of the P genome of
Agropyron suppressing the activity of the normal pairing
system of wheat (Chen etal. 1989, 1990). Obtaining
backcross derivatives from the hybrids has been very
difficult (Chen etal. 1990; Chen 1991, Ahmad and
Comeau 1991) and may be problematic, as discussed by
Mujeeb-Kazi et al. (1987) and Sharma and Gill (1986).

For example, Ahmad and Comeau (1991) obtained no .

backcross progenies after the pollination of 300 spikes of
a wheat x Agropyron fragile (2n=35, ABDPP) hybrid.
In the present study, despite homoeologous pairing be-
tween wheat chromosomes, BC, seeds were obtained at
a rate of 1.52% which is similar to that of the F, hybrid
(1.91%) (Chen etal. 1989). This relatively successful
backcrossing rate could perhaps be explained by the use
of in vitro immature embryo culture and by the fact that
a part of the pairing observed in the F; hybrids consisted
of homologous associations between the two P genomes
of Agropyron.

BC, progenies having 39-41 chromosomes were
probably produced from the fertilization of a reduced
gamete of the F, hybrid by a normal 21-chromosome
wheat gamete. Each gamete produced by the F; hybrid
likely contained 7 Agropyron chromosomes. Conse-
quently, the genomic constitution of the BC, plant with
41 chromosomes should be 7TAg + 34 W (Ag: Agropyron
chromosomes, W: wheat chromosomes). Therefore, in
the BC, plant chromosome pairing should theoretically
be 13 II + 15 I. However, the meiotic study of 4 BC,
plants with 2n=39-41 chromosomes showed a higher
frequency of multivalent associations than expected. The
high percentage of multivalent associations could be due
to the presence of 7 Agropyron P chromosomes inhibiting
the effect of the Ph! gene and/or the occurrence of
homeologous recombination or translocations in the F
hybrids that are likely to be of the wheat-wheat type
(Chen et al. 1989, 1990).

The minimum number of univalents observed in BC,
plants was 7, which should correspond to one P genome.
If this is true, allosyndetic association or genetic recombi-
nation between wheat and Agropyron chromosomes nev-
er or, only rarely occurred in the BC, generation. Conse-
quently, direct gene introgression by homoeologous re-
combination in early generations should be very difficult.
Thus, gene transfer between wheat and Agropyron re-
quires the production of addition lines and chromosome
manipulation techniques as proposed by Sears (1981).

Non-reduced egg gametes occurred in the BC, and
BC, generations at a relatively high frequency. Detailed
analyses of subsequent generations should make it possi-
ble to demonstrate if this phenomenon is due to a pair(s)
of Agropyron chromosomes or the entire P genome. If it
is due to only one pair of chromosomes, this trait could
be used as a chromosome marker. Islam and Shepherd
(1980) demonstrated that a similar phenomenon in wheat
x barley hybrids was controlled by the 5H chromosome
of barley. Harlan and DeWet (1975) suggested that in
most cases the production of restitution nuclei was due to
failure of the first meiotic division. Our observations in
the BC, and BC, generations seem to support their con-
clusion.

It is worthwhile noting that in the BC, generation
some plants with 43 and 44 chromosomes were found
having 21 II + 1 I and 21 IT + 2 I chromosome associ-
ations, respectively. These were presumably monosomic
and double monosomic addition lines. After self-pollina-

- tion orfand backcrosses to common wheat, new mono-

somic or stable disomic addition lines can be produced.
This would open the possibility of selecting a novel series
— the seven possible wheat-4gropyron P genome addition
lines.

Acknowledgement. The authors thank the International Board
of Plant Genetic Resources (IBPGR) for supporting this study.



References

Ahmad F, Comeau A (1991) A new intergeneric hybrid between
Triticum aestivum L. and Agropyron fragile (Roth) Can-
dargy: Variation in 4. fragile for suppression of the wheat
Ph-locus activity. Plant Breed 106:275-283

Asay KH, Johnson DA (1990) Genetic variance for forage yield
in crested wheatgrass at six levels of irrigation. Crop Sci
30:79-82

Chen Q (1991) Etude cytogénétique des Agropyron Gaertn. de
Mongolie Intérieure et de leurs hybrides avec le blé. PhD
thesis, University of Rennes I, France

Chen Q, Jahier J, Cauderon Y (1989) Production and cytogenet-
ical studies of hybrids between Triticum aestivum L. Thell.
and Agropyron cristatum (L.) Gaertn. C R Acad Sci Paris Ser
3 308:411-416

Chen Q, Jahier J, Cauderon Y (1990) Intergeneric hybrids be-
tween Triticum aestivum and three crested wheatgrasses:
Agropyron mongolicum, A. michnoi and A. desertorum. Ge-
nome 33:663-667

Chen Q, Jahier J, Cauderon Y (1991) Evaluation, en vue de
Pamélioration des blés, d’espéces du complexe Agropyron
cristatum collectées en Mongolie Intérieure, Chine. C R
Acad Agric Fr 77:64-72

Dewey DR (1984) The genomic system of classification as a
guide to intergeneric hybridization with the perennial Trit-
iceae. In: Gustafson JP (ed) Gene manipulation in plant
improvement (16th Stadler Genet Symp). Plenum, New
York, pp 209-279

Harlan JR, DeWet JM (1975) On O. Winge and a prayer: the
origin of polyploidy. Bot Rev 41:361-390

Islam AKMR, Shepherd KW (1980) Meiotic restitution in
wheat X barley hybrids. Chromosoma 79:363-372

Li L, Dong Y (1990) Production and study of intergeneric hy-
brids between Triticum aestivum and Agropyron desertorum.
Sci China Ser B 5:492-496 (in Chinese)

703

Li L, Dong Y (1991) Hybridization between Triticum aestivum
L. and Agropyron michnoi Roshev. 1. Production and cyto-
genetic study of F, hybrids. Theor Appl Genet 81:312-316

Limin AE, Fowler DB (1987) Cold hardiness of forage grasses
grown on the Canadian prairies. Can J Plant Sci 67:1111 -
1115

Limin AE, Fowler DB (1990) An interspecific hybrid and am-
phiploid produced from ZIriticum aestivum crosses with
Agropyron cristatum and Agropyron desertorum. Genome
33:581~584

Love A (1984) Conspectus of the Triticeae. Feddes Repert Z Bot
Taxon Geobot 95:425-452

Mujeeb-Kazi A, Roldan S, Sub DY, Sitch LA, Farooq S (1987)
Production and cytogenetic analysis of hybrids between
Triticum aestivum and some caespitose Agropyron species.
Genome 29:537-553

Sears ER (1981) Transfer of alien genetic material to wheat. In:
Evans LV, Peacock WJ (eds) Wheat science-today and to-
morrow. Cambridge University Press, Cambridge, pp 75-89

Sears ER (1983) The transfer to wheat of interstitial segment of
alien chromosomes. In: Sakamoto S (ed) Proc 6th Int Wheat
Genet Symp. Kyoto University, Kyoto, Japan, pp 5-12

Sharma HC, Gill BS (1983) Current status of wide hybridization
in wheat. Euphytica 32:17-31

Sharma HC, Gill BS (1986) The use of ph1 gene in direct genetic
transfer and search for Ph-like genes in polyploid Aegilops
species. Z. Pflanzenzucht 96:1-7

Sharma HC, Gill BS, Uyemoto JK (1984) High levels of resis-
tance in Agropyron species to barley yellow dwarf and wheat
streak mosaic viruses. Phytopathol Z 110:143-147

Wang RRC (1989) An assessment of genome analysis based on
chromosome pairing in hybrids of perennial Triticeae. Ge-
nome 32:179-189



