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Abstract Genomic in situ hybridization (GISH) was
used to distinguish autosyndetic from allosyndetic pair-
ing in the hybrids of ¹hinopyrum intermedium and ¹h.
ponticum with ¹riticum aestivum cv ‘Chinese Spring’
(CS). All hybrids showed high autosyndetic pairing
frequencies among wheat chromosomes and among
¹hinopyrum chromosomes. The high autosyndetic
pairing frequencies among wheat chromosomes in both
hybrids suggested that ¹h. intermedium and ¹h. ponti-
cum carry promoters for homoeologous chromosome
pairing. The higher frequencies of autosyndetic pairing
among ¹hinopyrum chromosomes than among wheat
chromosomes in both hybrids indicated that the rela-
tionships among the three genomes of ¹h. intermedium
and among the five genomes of ¹h. ponticum are closer
than those among the three genomes of ¹. aestivum.
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Introduction

¹hinopyrum intermedium (Host) Barknorth & D.R.
Dewey [syn. Agropyron glaucum Roem. et Schult., A.
intermedium (Host) Beauv., Elytrigia intermedia (Host)
Nevski, 2n"6x"42] and ¹h. ponticum (Podp.) Bark-
worth & D.R. Dewey [syn. ¸ophopyrum ponticum
(Podp.) A. Love, Agropyron elongatum (Host) Beauv,
2n"10x"70] are both important genetic resources
for wheat improvement. Many desirable genes, includ-

ing those for disease and insect resistance, and salt,
drought, and cold tolerance, have been characterized
and, in some cases, transferred to common wheat
(¹riticum aestivum L. em. Thell.) from these wild species
(McGuire and Dvorak 1981; Shepherd and Islam 1988;
Jiang et al. 1994; Jones et al. 1995). The hybrids be-
tween wheat and these two ¹hinopyrum species have
been extensively studied cytogenetically (Peto 1936;
Stebbins and Pun 1953; Dewey 1962; Dvorak 1981a,b;
Muramatsu 1990; Jauhar 1995). However, direct evid-
ence for autosyndetic and allosyndetic pairing in the
hybrids has not been obtained because of the limitation
of conventional chromosome techniques (Dvorak 1979;
Sharma and Gill 1983; Jauhar 1995).

In the study presented here, autosyndetic and allo-
syndetic pairing in the hybrids of ¹h. intermedium
and ¹h. ponticum with ¹. aestivum were analyzed by
genomic in situ hybridization. This provided direct
evidence for autosyndetic and allosyndetic pairing in
the hybrids.

Materials and methods

The ¹h. intermedium accession, PI 264770 (2n"6x"42), and ¹h.
ponticum accession, PI 206624 (2n"10x"70), were provided by
the USDA Regional Plant Introduction Station, Washington State
University, Pullman, Wash. Both were used as male parents to cross
with ¹. aestivum cv. ‘Chinese Spring’ (CS). Viable hybrid seeds were
obtained by conventional crossing techniques without special treat-
ment. Chromosome numbers of the hybrids were checked by a pro-
cedure described previously (Cai and Liu 1989).

Confirmed hybrids were planted in a greenhouse and maintained
with standard cultural practices.

To analyze chromosome pairing in the hybrids of ¹h. intermedium
and ¹h. ponticum with ¹. aestivum, we collected anthers at meta-
phase I (MI) of meiosis from hybrid plants and fixed these in 3 : 1
ethanol-acetic acid for 2—3 days at room temperature. Slides were
prepared according to Cai et al. (1996). Chromosome pairing in the
hybrids of ¹h. intermedium and ¹h. ponticum with ¹. aestivum was
evaluated by calculating the mean arm pairing frequency (c) (Dris-
coll et al. 1979).



Figs. 1a, b Chromosomes of F
1

hybrid between CS and ¹h. inter-
medium. a Somatic chromosomes, 2n"42. b GISH patterns of
meiotic chromosomes at MI in PMCs; ¹h. intermedium chromo-
somes (dark, 11 I#1 ring II#4 rod II) show hybridization signals
and CS chromosomes (light, 12 I#1 rod II#1 III#1 IV) do not

Genomic in situ hybridization (GISH) was performed on meiotic
chromosomes at MI in pollen mother cells (PMCs) of the hybrid
plants. The same GISH technique as described earlier (Cai et al.
1996) was employed for GISH analysis in the present study. Total
genomic DNA of ¹h. intermedium and ¹h. ponticum was used as
probes for GISH analysis of meiotic chromosomes in the hybrids of
¹h. intermedium and ¹h. ponticum with CS, respectively. Both
probes were labeled with Biotin-16-dUTP by nick translation (Enzo
Diagnostic Nick Translation Kit). Total genomic DNA of CS
sheared by boiling in 0.4 M NaOH for 40—50 min was used as
blocking DNA of GISH.

Results

CS]¹h. intermedium and chromosome pairing
in the hybrid

The ¹h. intermedium accession PI 264770 showed high
cross-compatibility with CS. Seed set of the cross was
33.3%, and all hybrid plants had the expected chromo-
some number of 2n"42 (Fig. 1a).

Chromosome pairing in the hybrid of ¹h. inter-
medium with CS was analyzed at MI of meiosis in
PMCs by GISH. Since the probe used for GISH was
the total genomic DNA of ¹h. intermedium, only ¹h.
intermedium chromosomes in the hybrid showed hy-
bridization signals (Fig. 1b). This hybrid showed high
frequencies of autosyndetic pairing among wheat
chromosomes (W/W) and among ¹h. intermedium
chromosomes (T/T) (Table 1). The mean arm pairing
frequencies of W/W and T/T were 0.33 and 0.44, respec-
tively. Both T/T and W/W chromosome pairing had
the same configurations, i.e., I#rodII#ringII#
III#chain IV (Table 1). The allosyndetic pairing be-
tween CS and ¹h. intermedium chromosomes (W/T)
was very low with a mean arm pairing frequency of
0.012. The W/T chromosome pairing configurations
observed in the hybrid included rod bivalents, three
kinds of trivalents (W/T/T, W/W/T and T/W/T), and
one chain quadrivalent (W/W/T/T) (Table 1).

CS]¹h. ponticum and chromosome pairing
in the hybrid

The ¹h. ponticum accession PI 206624 showed higher
cross-compatibiliy with CS than did ¹h. intermedium.
Seed set of this cross was 53.8%, and all hybrid plants
had the expected chromosome number of 2n"56
(Fig. 2a).

The frequency of autosyndetic pairing among wheat
chromosomes (W/W) and among ¹h. ponticum chro-
mosomes (T/T) was extremely high in this hybrid
(Fig. 2b and Table 1). The mean arm pairing frequen-
cies of W/W and T/T were 0.66 and 0.91, respectively.
In contrast, the allosyndetic pairing frequency between
wheat and ¹h. ponticum chromosomes (W/T) was ex-
tremely low with a mean arm pairing frequency of 0.007
(Table 1). The W/W chromosome pairing in this hybrid

showed the same configurations as the hybrid between
¹h. intermedium and CS, although the frequencies dif-
fered (Table 1). Among the T/T chromosome pairing
configurations, bivalents and trivalents showed much
higher frequencies than quadrivalents and quinque-
valents in the hybrid. Additionally, a high frequency of
T/T ring bivalents was observed in the hybrid. Hexa-
valents and heptavalents formed by ¹h. ponticum chro-
mosomes were observed at low frequencies in the
hybrid (Table 1). The W/T chromosome pairing
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Figs. 2a, b Chromosomes of F
1

hybrid between CS and ¹h. pon-
ticum. a Somatic chromosomes, 2n"56. b GISH patterns of mei-
otic chromosomes at MI in PMCs; ¹h. ponticum chromosomes
(dark, 3 I#9 ring II#2 rod II#1 III#1 VII) show hybridization
signals, CS chromosomes (light, 9I#3 ring II#3 rod II) do not

configurations in the hybrid included rod bivalents,
two types of trivalents (W/T/T and W/W/T), one chain
quadrivalent (W/W/T/T), and one chain octavalent
(W/W/W/T/T/T/T/T) (Table 1).

Discussion

GISH patterns of meiotic chromosomes at MI in the
hybrid of ¹h. intermedium with CS indicated that
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chromosome pairing in the hybrid mainly occurred
among wheat chromosomes and among ¹h. inter-
medium chromosomes and that allosyndetic pairing
between wheat and ¹h. intermedium chromosomes was
very rare (Table 1 and Fig. 1b). The much higher fre-
quencies of autosyndetic pairing than allosyndetic pair-
ing in the hybrid of ¹h. intermedium with CS
demonstrated that the relationships among ¹. aestivum
genomes and among ¹h. intermedium genomes are
much closer than the relationship between ¹. aestivum
and ¹h. intermedium genomes.

The frequency of autosyndetic pairing among ¹h.
intermedium chromosomes was higher than that among
wheat chromosomes in the hybrid of ¹h. intermedium
with CS (Table 1). This suggested that the three geno-
mes of ¹h. intermedium are more closely related to each
other than the three genomes of ¹. aestivum. The W/W
and T/T autosyndetic pairing showed the same config-
urations, i.e., I#II (ring and rod)#III#IV (chain), in
the hybrid of ¹h. intermedium with CS. In the hybrid,
the frequency of trivalents formed by ¹h. intermedium
chromosomes was two and half times higher than that
of trivalents formed by CS chromosomes, and the fre-
quency of T/T ring bivalents was lower than that of
W/W ring bivalents (Table 1). ¹. aestivum has been
considered to be a typical allohexaploid although the
affinity between the A and D genomes of ¹. aestivum is
higher than that between the A and B, or B and D
genomes (Jauhar et al. 1991). Therefore, it can be con-
cluded that the higher frequency of T/T autosyndetic
pairing than that of W/W autosyndetic pairing resulted
from the higher homoeology among the three genomes
of ¹h. intermedium than the three genomes of ¹. aes-
tivum rather than the homology between two specific
genomes of ¹h. intermedium. ¹h. intermedium can thus
be designated as an allohexaploid.

Both wheat and ¹h. intermedium chromosomes
showed high autosyndetic pairing frequencies in the
hybrid between ¹h. intermedium and CS carrying the
homoeologous pairing suppressor gene, Ph1 (Table 1).
The mean arm pairing frequency of W/W in the hybrid,
0.33, is much higher than those of CS euhaploids carry-
ing Ph1 (Riley and Chapman 1958; Kimber and Riley
1963; McGuire and Dvorak 1982; Jauhar 1991). This
indicated that W/W homoeologous chromosome pair-
ing was promoted in the hybrid in the presence of Ph1
and that ¹h. intermedium was the carrier of the pro-
moter(s). The promoter(s) also probably affected auto-
syndetic pairing among ¹h. intermedium chromosomes
themselves in the hybrid.

Chromosome pairing in the hybrid of ¹h. ponticum
with CS occurred mainly among wheat chromosomes
and among ¹h. ponticum chromosomes. The frequency
of allosyndetic pairing between wheat and ¹h. pon-
ticum chromosomes was very low in the hybrid (Table
1; Fig. 2b). These results demonstrated that the rela-
tionships among ¹. aestivum genomes and among de-
caploid¹h. ponticum genomes are much closer than the

relationship between the genomes of these two species.
¹h. ponticum showed a higher autosyndetic pairing fre-
quency (c"0.91) than wheat chromosomes (c"0.66)
in the hybrid of ¹h. ponticum with CS. This indicated
that the genomes of ¹h. ponticum are more closely
related to each other than are the genomes of wheat.

The hybrid between ¹h. ponticum and CS carrying
Ph1 showed a very high frequency of autosyndetic
pairing among wheat chromosomes (W/W) and among
¹h. ponticum chromosomes (T/T) (Table 1). The mean
arm pairing frequency of W/W autosyndetic pairing in
the hybrid, 0.66, is much higher than those of CS
euhaploids with Ph1 (Riley and Chapman 1958; Kim-
ber and Riley 1963; McGuire and Dvorak 1982; Jauhar
1991). This c value is also higher than that of CS euhap-
loid without Ph1 (Jauhar 1991). This demonstrated that
¹h. ponticum carries promoter(s) expressing strong pro-
motion for homoeologous chromosome pairing.
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