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Summary &mdash; Plant regeneration from immature intergeneric embryos through direct callus induction was investigated
in the case of hybridization between T aestivum cv Chinese Spring (2n = 6x = 42, AABBDD) and A cristatum 4x with
one B chromosome (2n = 4x = 28 + 1 B, PPPP). Twenty-three abnormal immature hybrid embryos were directly cul-
tured on MS solid medium with 2 mg / L 2,4-D to induce calli which were then transferred to hormone free MS medium
for plant regeneration. All the embryos formed calli. Plantlets were regenerated from 56% of the calli induced from the
torpedo-shaped abnormal embryos without scutellum and 82% of calli from small abnormal embryos with scutellum.
Forty-three regenerated plantlets were produced from a single hybrid embryo. Most hybrid plants had 2n = 5x = 35
chromosomes, and some had 1-4 B chromosomes, indicating that Agropyron B chromosomes can be maintained
through in vitro culture in wheat x Agropyron hybrids. Since the small abnormal hybrid embryos are produced at a
high frequency following intergeneric hybridizations, the utilization of the embryo culture technique described should
be effective in rescuing them.
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Résumé &mdash; Production de plantes régénérées à partir de cals issus d’embryons hybrides entre Triticum aesti-
vum et Agropyron cristatum possédant un chromosome B. La régénération de plantes à partir d’embryons inter-
génériques immatures en utilisant la technique d’induction directe de cals a été étudiée dans le cas d’une hybridation
entre T aestivum cv Chinese Spring (2n = 6x = 42, AABBDD) et A cristatum 4x possédant un chromosome B (2n = 4x
= 28 + 1B, PPPP). Vingt-trois embryons hybrides anormaux ont été cultivés sur un milieu solide MS contenant 2 mg/l
de 2,4-D pour induire des cals. Ces derniers ont été repiqués sur un milieu MS sans hormone permettant la régénéra-
tion de plantes. Tous les embryons ont formé un cal. Cinquante six pourcent des cals induits à partir d’embryons au
stade torpille et sans scutellum et 82% des cals d’embryons petits et avec scutellum ont donné des plantes. Un seul
embryon a permis l’obtention de 43 de ces plantes. La plupart des plantes hybrides étaient à 2n = 5x = 35 chromo-
somes, les autres possédaient en outre de 1 à 4 chromosomes B. Ceci démontre que les chromosomes B des hy-
brides blé x Agropyron peuvent être maintenus en culture in vitro. Étant donné que les hybridations interspécifiques
produisent un fort pourcentage de petits embryos anormaux, l’utilisation de la technique décrite devrait être efficace
pour assurer la production de plantes hybrides.
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INTRODUCTION

Agropyron Gaertn is a genus containing alloga-
mous and perennial species in the tribe Triti-
ceae. As desirable forages and potential donors
of interesting characteristics to wheat, Agropyron
species are receiving increasing attention from
breeders, agronomists and cytogeneticists
(Dewey, 1984; Sharma et al, 1984; Mujeeb-Kazi
et al, 1989). Hybridization of Triticum aestivum
with different diploid and tetraploid species of

Agropyron has been investigated (White, 1940;
Smith, 1943; Mujeeb-Kazi et al, 1989; Chen et
al, 1989a, 1990; Limin and Fowler, 1990; Ahmad
and Comeau, 1991; Li and Dong, 1991) and
found to be very difficult with a low frequency of
crossability (from 0-3% of pollinated florets).
Moreover, the frequency of normal hybrid em-
bryos was usually lower than 40%, and they usu-
ally aborted within 12-15 days after pollination.
Some of these embryos could be rescued when
transplanted to a defined artificial medium while
other abnormal hybrid embryos failed to develop
viable seedlings by conventional embryo rescue
techniques (Chen et al, 1989a, 1990; Limin and
Fowler, 1990; Li and Dong, 1991). This phenom-
enon is generally observed in most intergeneric
hybridizations within the tribe Triticeae (Taira
and Larter, 1978; Sharma and Gill, 1983; Park
and Walton, 1989; Chen, 1991). Obviously the
development of a simple and effective method to
rescue these embryos would be most valuable.
Moreover, as the fertility of the intergeneric hy-
brids is low, the number of F1 plants may limit the
production of the required number ot progenies
for studies and selection. Recently, the technique
of callus induction and plant regeneration from im-
mature hybrid embryos has been regarded as an
alternative way to develop hybrid plants (Park and
Walton, 1989; Shao and Taira, 1990).

This paper reports a study of possibility of cal-
lus induction and plant regeneration from abnor-
mal immature hybrid embryos in the case of hy-
bridization between wheat and Agropyron
cristatum. As this latter possessed a B chromo-
some, the possible influence of in vitro culture on
maintaining B chromosomes was investigated.

MATERIALS AND METHODS

F1 hybrids were produced during the summer of 1989
from the cross between emasculated plants of Triti-
cum aestivum cv Chinese Spring (CS) (2n = 6x = 42,
AABBDD) and a tetraploid plant of Agropyron crista-
tum with one B chromosome (accession 19, 2n = 4x =

28 + 1 B, PPPP), collected in Inner Mongolia, China
(Chen et al, 1989b).

The pollinated florets of CS were sprayed with GA3
(gibberellic acid, 100 mg/l) 24 and 48 h after pollina-
tion. Ten to 12 days after pollination, the immature
seeds were harvested, surface sterilized in 5% sodium
hypochlorite solution for 8 min and rinsed 3 times with
sterilized water.

The excised embryos were visually classifed as: 1),
normal large embryos with scutellum; 2), abnormal
small embryos with scutellum; and 3), abnormal torpe-
do-shaped embryos without scutellum. The normal em-
bryos were placed on solid MS embryo culture medium
without 2,4-D (2,4-dichlorophenoxyacetic acid) (Mura-
shige and Skoog, 1962). All the abnormal embryos
were directly cultured on the surface of MS solid medi-
um with 2 mg/l 2,4-D to induce callus formation.

Calli were initiated in a growth chamber at 22-24 °C
with a photoperiod of 8 h darkness: 16 h light provided
by 20-W fluorescent lamps for 1 month and then sub-
cultured monthly on hormone-free MS medium for plant
regeneration. Calli producing shoots were split into indi-
vidual tillers, which were transferred to 15 x 180 mm
test tubes containing 10 ml MS medium with 1 mg/l
naphthyl acetic acid (NAA) for promoting root develop-
ment. After shoots and roots developed, regenerated
plants were washed in tap water to remove agar from
roots, transferred into small pots and placed in a plastic
box in the greenhouse. After 15 days’ growth, plantlets
were moved to a cold chamber and vernalized for 6
weeks at 4 °C. The plantlets were subsequently trans-
ferred and grown in the greenhouse to maturity.

For chromosome count, root tips of seedlings were
pretreated in ice water with &alpha;-bromonaphthalene at

2 °C for 24 h, fixed in acetic-alcohol (1:3), stained by
the Feulgen technique. Slides were prepared using
the 1% acetocarmine squash method.

RESULTS

The pollination of 504 florets of CS with A crista-
tum yielded 33 hybrid seeds from which 29 hy-
brid embryos were recovered. Six large ones
with scutellum were cultured on embryo culture
medium, 11 remaining small embryos with scu-
tellum and 12 small torpedo-shaped embryos
without scutellum were cultured directly on MS
callus inducing medium. The results concerning
the embryo culture are given in table I. The data

on hybrids obtained by the authors in 1988

through the conventional embryo rescue tech-
nique are also presented for comparison (Chen
et al, 1989a).

Four out of 6 normal embryos germinated after
1-2 weeks’ culture and then developed seed-
lings. The remaining 2 embryos produced calli af-
ter 1 month on embryo culture medium. They



were transferred to MS callus inducing medium
for 4 weeks and then cultured on hormone free
MS medium for plant regeneration: one hybrid
plantlet was regenerated from a callus subcul-
tured for 2 months.

The 23 abnormal small embryos placed direct-
ly on MS callus inducing medium for about 4
weeks produced white or compact calli. Some of
them started to develop green regions or leaf-like
shoots 28-35 days after callus initiation. These

green regions were considered as totipotent calli
having the ability to regenerate plants. Indeed

they rapidly developed shoots and leaves when
excised and placed on hormone-free medium.
Some shoots that did not establish an adequate
root system in the medium were transferred to
MS medium with NAA to induce rooting.

Finally, 9 out of 11 calli derived from the 11 
small embryos with scutellum regenerated plant-
lets. One of them gave 43 hybrid regenerated
plants via organogenesis; each of 2 other calli
produced 4 generated hybrid plants. Six of 12
calli which developed from 12 torpedo-shaped
embryos without scutellum also produced 6 hy-
brid plantlets. The remaining calli formed only
roots but no shoots and attempts to regenerate
plants from the calli were unsuccessful.

For 12 regenerated plants derived from small
abnormal embryos, chromosome counts were
made on root tip meristems: 8 of them had 35
chromosomes and the remaining ones pos-
sessed in addition 1 B chromosome (3 plants) or
4 B chromosomes (1 plant) (fig 1).

DISCUSSION AND CONCLUSION

Intergeneric hybrids between T aestivum cv Chi-
nese Spring and tetraploid A cristatum had been
obtained by the authors in 1988 through the con-
ventional embryo rescue technique (Chen et al,
1989a). This paper is the first report of hybrid
plant regeneration from immature embryos of
this intergeneric hybrid through direct callus in-
duction. All the small abnormal hybrid embryos
produced calli on MS callus inducing medium. In
the case of the 11 calli from small embryos with
scutellum, plantlets were regenerated from 9 of
them (82%) but in 1988, only 5 plants (56%)
were produced from 9 similar embryos by con-
ventional embryo rescue technique (table I). In

the case of torpedo-shaped embryos without



scutellum, 6 hybrid plants were obtained from
the 12 calli whereas no plant was obtained in

1988 from 5 embryos. These results showed that
the technique described in this study was effec-
tive in obtaining intergeneric hybrids from imma-
ture hybrid embryos by callus induction and plant
regeneration. This fact is of great value for res-
cuing small abnormal embryos, as in intergener-
ic hybridization in the tribe Triticeae.
The evidence from this study indicates that,

provided that immature hybrid embryos are from
a responsive genotype, callus formation and

plant regeneration can be achieved at a very

high frequency. Our results differ from those ob-
tained earlier by Park and Walton (1989) on the
same medium but with different genotypes. In

their study, immature hybrid embryos of Elymus
canadensis and Secale cereale were first cul-

tured on hormone-free medium for a period.
Those which did not germinate were placed on
the callus inducing medium, with the result that
only 1 out of the 23 embryos (4.4%) produced a
white and compact callus. Four hybrid plants
were regenerated from this callus. This differ-

ence in response might be attributed to distinct
genotypes having differing regeneration ability
and/or to a different culture technique. In our

study, excised small abnormal embryos were
cultured directly on MS callus inducing medium.
Thus, the hybrid embryo cells retained their ca-
pacity to form totipotent calli able to regenerate
plantlets at a high frequency. Generally the

younger the explant is, the more readily organ
formation occurs in vitro (Thorpe and Patel,
1984).
Our results also demonstrated that the use of

the technique of direct callus induction and plant
regeneration from immature hybrid embryos al-
lows not only plant regeneration at a high fre-
quency but also vegetative multiplication during
culture. In the conventional embryo rescue tech-
nique, one hybrid embryo produces only one hy-
brid plant. But in the present study, one of the
embryo-derived calli yielded as many as 43 hy-
brid plants. A second advantage of the technique
is thus that one can produce vegetative clones in
vitro and possibly obtain useful interspecific so-
maclonal variants. This is particularly interesting
in the case of wheat x Agropyron species hy-
brids. Indeed, since they are highly sterile, en-
suring a BC progeny requires many plants of the
same genotype.

Additionally, this study showed that Agropyron
B chromosomes in wheat x Agropyron hybrids
can be maintained through in vitro culture. There

are conflicting reports on the behaviour of B

chromosomes under in vitro culture conditions.
For example, in the case of Cymbopogon marti-
nii, selective elimination of B chromosomes oc-
curred (Sreenath and Jagadishchandra, 1988)
whereas in maize they were conserved (Das and
Widholm, 1982). In our case, the production of
plants with and without B chromosomes from a
single intergeneric embryo allows analysis of in-
cidence of B chromosomes on different features

including meiotic pairing in intergeneric hybrids
to be made. A more detailed analysis will have to
be carried out to see if, as in the case of rye
(Asami et al, 1976), the presence of B chromo-
somes brings about more chromosomal rear-

rangements, particularly between A chromo-

somes. If so, this situation could be exploited to
transfer Agropyron genetic information into

wheat, which is nearly impossible by manipulat-
ing the pairing control system of wheat since the
level of wheat - Agropyron allosyndetic pairing is
very low (Chen et al, 1990).
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