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Abstract

Two new intergeneric hybrids involving diploid Thinopyrum elongatum were synthesized. The
hybrid T. elongatum x Pseudoroegneria spicata ssp. inermis with the J¢S genome formula had
spikes somewhat intermediate to those of the parents. Spikes of the T. elongatum x Critesion
violaceum hybrid, which has the J°H' genome combination, did not resemble those of either
parent. Meiotic metaphase I showed an average of 9.13" + 2.35" + 0.05"! for T. elongatum
x P. spicata and 10.07" + 1.86" + 0.06"" for T. elongatum x C. violaceum. Both hybrids
had many laggards at anaphase I and many micronuclei in the tetrads, and both hybrids were
e completely sterile. Karyotypes of root-tip cells of both hybrids fit the hypothetical ones, thus
demonstrating the usefulness of karyotypes in identifying putative intergeneric hybrids. The
" meiotic chromosome pairing in these hybrids and the P. spicata x C. violaceum hybrids sug-
gests that the S haplome is closer to H" than to J° and that J¢ is farther diverged from H".
- Significance of these two new hybrids are discussed.

Introduction

Many important forage grasses in the tribe Triticeae are allotetraploids, such as Elymus
trachycaulus (Link) Gould ex Shinners (slender wheatgrass), E. lanceolatus (Scribner & Smith)
Gould (thickspike wheatgrass), Leymus cinereus (Scribner & Merr.) A. Love (Great basin
wildrye), and L. triticoides (Buckl.) Pilger (beardless wildrye). The species in Elymus have the
? genome combinations of SH, SY, or SHY where S, H, and Y are designations for the haplomes,
(basic genomes, HEILBRONN and KosswiG, 1966) from Pseudoroegneria, Critesion, and an un-
known source, respectively (DEWEY, 1984). Leymus species are composed of the J haplome
from Thinopyrum and the N haplome of Psathyrostachys (DEwEey, 1984). Therefore, wide
hybridization followed by amphiploidy has played an important role in the speciation of
those perennial grasses. Certainly, plant breeders can attempt to mimic nature by synthesiz-
1 ing new genomic combinations to create new forage species.
Thinopyrum elongatum (Host) D. R. Dewey [= Agropyron elongatum (Host) P. Beauvois; Ely-
trigia elongata (Host) Nevski; and Lophopyrum elongatum (Host) A. Love] isa diploid species
having high salt tolerance (McGUIRE and DvORAK, 1981). It has been hybridized with Aegilops
squarrosa L. [= Triticum tauschii (Cosson) Schmalh.] (DVORAK, 1971) and Thinopyrum
bessarabicum (Savul. & Rayss) A. Léve (= Agropyron bessarabicum Savul. & Rayss) (WANG,

* Cooperative investigations of the USDA-ARS and the Utah Agricultural Experiment Station, Logan, Utah
84322, Approved as Journal Paper No. 3116.
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1985b). Because of the similarity in karyotypes of T. bessarabicum and T. elongatum and the
ability of their chromosomes to pair in meiosis, it was proposed that the haplome in T. elongq-
tum be changed from E to J¢ (WANG, 1985b).

Continuing the series presenting data on the newly synthesized diploid intergeneric hybrids
involving perennial species (WANG, 1984 b, 1986), this paper reports the successful hybridiza-
tion of T. elongatum with Pseudoroegneria spicata (Pursh) A. Love ssp. inermis (Scribner &
Smith) A. Léve and Critesion violaceum (Boiss. & Hohenacker) A. Léve. The spike morpho-
logy and cytology, both mitotic and meiotic, of the F, hybrids are presented. Pseudoroegneria
spicata ssp. inermis has the S haplome and C. violaceum has the H' haplome. Thus the two
hybrids reported here represent the first synthetic J°S and J°H" genomic combinations.

Material and Methods

The Thinopyrum elongatum accession (originally from the Mediterranean coast of France) was received from
Dr. Y. CauperoN of L.N.RyA., Versailles, France. Pseudoroegneria spicata ssp. inermis (Pl 236670), from
Alberta, Canada, and Critesion violaceum (PL 401390) from northcentral [ran, were provided by the USDA
Regional Plant Introduction Station, Pullman, WA. Hereafter, the ssp. inermis will be referred to simply as
P. spicata.

Plants of these species were |grown from seeds and were vernalized in a cold chamber (5°C) for various lengths
of time. The vernalization fequirement varied both among and within species. It ranged from 0-4, 0-2, and
2-12 weeks for T. elongatum, T spicata, and C. violaceum, respectively. Vernalized plants were grown in a green-
house under long days (18 hours of photoperiod).

Spikes of T. elongatum were emasculated and enclosed in glassine bags before anthesis. Twenty-four hours
after hand pollination, a 75 ppm gibberellic acid solution was injected into the florets. Half seeds with embryo

were aseptically plated on slanted orchid agar medium. Seedlings were transferred into pots at the two leaf stage
and maintained in the greenhouse. ;

Spikes of the F, hybrids were fixed in Carnoy's (6 : 3 : 1) solution and stored in 70%, ethanol. Pollen mother cells
(PMCs) were squashed in acetocarmine for meiotic analysis. Mitotic root tip squashes were prepared according
to the procedures of MuseeB-Kazr and MIRANDA (1985). Karyotype analysis was performed with a micro-
computer using the CHROMPAC I[II' software (GREEN et al., 1984).

Results
Thinopyrum elongatum x Pseudoroegneria spicata ssp. inermis

Ten caryopses varying in size and color were obtained and cultured from 56 florets pollinated
by P. spicata. Three seedlings were obtained but only two were grown to maturity. Both of
them are spring type, i.e., they headed in the greenhouse without being vernalized. The hybrid
plants were completely sterile. Pollen grains were unstainable with the [,-KI solution and
anthers were nondehiscent.

The spikes of T. elongatum x P. spicata had close resemblance to those of T. elongatum al-
though some attributes were intermediate to those of both parents (Fig. 1). The spikes of the
hybrid resembled T. elongatum more than P. spicata in the number of spikelets per spike and
in their size and spacing on the axis, but the morphology to its glumes was closest to P. spicata.
Meiosis in the hybrids revealed little chromosome pairing (Table 1). About 7%, of the PMCs
had 14 univalents at metaphase I (Fig. 2a). Some ring bivalents (Fig. 2b), occasional trivalents
(Fig. 2¢) and a few heteromorphic bivalents (Fig. 2d) were observed. Up to six bivalents were
observed in the hybrids (Table I). An average of 1.82 laggards per cell at anaphase I led to
1.67 micronuclei per tetrad.

Mitotic root tip cells showed 14 chromosomes (Fig. 3a) which gave an idiogram matching
that constructed from standard idiograms of the parents (Fig. 4a). The S-2 chromosome

(Fig. 3a) did not show a small satellite but the pointed short arm indicated the presence of a
satellite.

! Mention of a trademark or vendor does not constitute a guarantee or warranty of the product by the USDA,
and does not imply approval to the exclusion of other products or vendors that may also be suitable.

362 Biol. Zcntralbl. 105 (1986) Heft 4



Fig. |. Spikes of the parents and hybrids, (1 to r):
Thinopyrum elongatum, T. elongatum x Pseudoroegneria
spicata ssp. inermis, P. spicata ssp. inermis, T. elongatum,
T. elongatum x Critesion violaceum, and C. violaceum

' Table 1. Meiotic behavior in Thinopyrum elongatum, Pseudoroegneria spicata ssp. inermis, Critesion violaceum,
and their F, hybrids (range is given in the parentheses)
Species and hybrids Ge- 2n  Metaphase [ Anaphase [ Tetrad
nome No. ring rod Total Laggards/ mn/
, cells [ I 1 I mr cell cell
T. elongatum® JJ 14 102 - 6.72 0.28 7.00 - 0.00 0.03
(5-7) (0-2) (M) (0-2)
P. spicata ssp. inermis SS 14 153 - 6.48 0.52 7.00 - 0.02 0.01
47 (0-3) (N (0-1) (0-1)
C. violaceum® HH 14 102 043 5.25 1.53 6.78 - 0.25 0.29
) 0-6) (3-7) (0-4) (4-7) (0-3) (0-3)
T. elongatum JS 14 204 9.13 0.08 227 235 0.05 1.82 1.67
x P. spicata (2-14) (0-2) (0-6) (0-6) (0-1) (0-7) (0-6)
T. elongatum JH 14 206 1007 0.13 173 1.86 0.06 2.63 2.46
x C. violyceum® (4-14) (0-2) (0-5). (0-5) (0-1) (0-11) (0-6)
P. spicata SH 14 467 7.12 0.32 2.87 3.19 0.14 0.74 0.41
. x C. violaceum® (0-14) (0-3) (0-7) (0-7) (0-3) (0-3) (0-3)
2 WanG (1985b)  ® WaNG (1984a)  © Also had 0.01 quadrivalent
4 WANG et al. (unpublished); also had 0.02 quadrivalent and 0.02 pentavalent.
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Fig. 2. Meiotic metaphase-I cells of the
Thinopyrum elongatum x Pseudoroegneria
spicata ssp. inermis hybrid. a. Fourteen
univalents. b. Twelve univalents and one
ring bivalent. c. Eleven univalents and one
trivalent. d. Five univalents, three bivalents,
and one trivalent; one heteromorphic bi-
valent is indicated by the arrow
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Fig. 3. Mitotic chromosomes of the hybrids Thinopyrum elongatum x Pseudoroegneria spicata ssp. inermis
(a) and T. elongatum x Critesion violaceum (b). Each chromosome is identified by its haplome symbol and num-
ber as in Fig. 4, except that J¢ and H" are abbreviated as J and H, respectively

Thinopyrum elongatum x Critesion violaceum

In the cross T. elongatum x C. violaceum, 23 brown and shriveled seeds were obtained from
46 florets. Only two of them germinated upon culturing and both survived. One of the hybrids
is spring type. This hybrid combination was completely sterile with unstainable pollen grains
and nondehiscent anthers.

The spikes of this hybrid were intermediate to those of the parents (Fig. 1) for the glume char-
acteristics only. They were shorter than those of both parents and had fewer florets per spike.
Being a short plant with narrow leaves, the overall morphology of the hybrids was closer to
C. violaceum than T. elongatum.
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* S L 4 Q Fig. 5. Meiotic metaphase-I cells of the

e : ] ’ Thinopyrum clongatum x Critesion viola-

: ‘ ¢ ceum hybrid. a. Fourteen univalents. b. Ten

' J ‘ univalents, one ring and one rod bivalent.

[ - ¢. Seven univalents, two rod bivalents, and

one trivalent. d. Ten univalents, onz ring

[ of . d bivalent, and one heteromorphic bivalent
e (arrowed)

A little less chromosome pairing was observed in the T. elongatum x C. violaceum hybrid than
in the T. elongatum x P. spicata hybrid (Table 1). There was no difference in chromosome
pairing between the spring- and winter-type plants. About 16°, of its PMCs had 14 univalents
at metaphase I (Fig.5a). Again, ring bivalents (Fig. 5b), trivalents (Fig. 5¢), heteromorphic
bivalents (Fig. 5d) and one quadrivalent were observed occasionally. Up to five bivalents
were formed at metaphase I (Table 1). Both anaphase-I laggards and micronuclei in tetrads
were slightly higher in this hybrid than T. elongatum x P. spicata.

Mitotic cells had 14 chromosomes (Fig. 3b), seven from each parent. The idiogram of the
hybrid matched the one developed for a hypothetical hybrid (Fig. 4b), except that the H'
chromosomes were longer than expected. The satellite of J*4 chromosome was not evident but
suggested by the rounded tip of the short arm (Fig. 3b).

Discussion

Although it is possible, intergeneric hybridization among diploid species in the tribe Triti
ceae is still difficult. A reasonably high percentage of the pollinated florets, 18 and 50, for
T. elongatum x P. spicata and T. elongatum x C. violaceum, respectively, set seeds. But not
all of hybrid embryos germinated on‘the culture medium, and some of the hybrids died a:
young seedlings. Therefore, at the end only a few plants reached maturity. To evaluate the
plant-breeding potential of a hybrid combination and its amphidiploids adequately, a large
population of F, hybrids is needed. Hundreds or even thousands of florets need to be emascu:
lated and pollinated to obtain the needed hybrids. Inan attempt to make diploid hybrids, cer

tain plants of the female parent gave higher numbers of seeds, suggesting the presence ol
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favorable crossability gene(s). Selection and utilization of these desirable plants will make

hybridization easier. However, it may lead to narrower genetic variation for performance
evaluation. Additional research is needed to find a compromise.
Meiotic pairing in the hybrids was higher than expected, yet it was still lower than that expected
for interspecific hybrids under the genomic system of classification (DEWEY, 1984; LOVE,
1984). Therefore, it is evident that these species have basically different haplomes and belong
to different genera. Haploids of T. clongatum had only one rod bivalent (WANG, 1985a). It
may be assumed that one or two rod bivalent(s) occur in P. spicata and C. violaceum due to
autosyndesis. Then, the excess number of bivalents observed in these intergeneric hybrids
over the presumed sum of autosyndetic bivalents should be interpreted as allosyndesis or
pairing between homoeologous chromosomes of the different haplomes.
If the average univalent frequency in the diploid hybrids is used as a measurement of phylo-
genetic distance (PHILLIPS, 1966), it can be concluded that the S haplome is closer to H" than
to J¢ and that J¢ is farther diverged from H* (Table 1). The same conclusion is reached if a
nuclear membrane map is constructed by the distance coefficient method (JACKSON, 1982).
With the standard idiograms developed for most of the perennial diploid species in the tribe
Triticeae (Hsiao et al., 1986), it is now possible to construct an idiogram for a hypothetical
intergeneric hybrid and then compare it with one from the actual synthetic hybrids. This
study demonstrates that the technique is useful for early identification of putative intergeneric
hybrids. Chromosome banding with stains would be required to identify interspecific hybrids
because of the intrageneric similarity of karyotypes. .
The hybrids reported here, T. elongatum x P. spicata ssp. inermis and- T. élongatum x C. vio-
laceum, have the J¢S and J°H" genomic formulas, respectively. The genomic combination
EJS (= J¢JS) was proposed for Elvtrigia (LOVE, 1984), but genome analysis involving diploid
species was not carried out to verify it. Therefore, the two hybrids in this study represent new
synthetic genomic combinations. A cross of T. elongatum x P. stipifolia (Czern. ex Nevski)
.Léve, also a J¢S combination, gave rise to four seedlings, but all died as seedlings (WANG,
unpublished). Therefore, genotypic balance determines the survival and failure of plants
having a given genomic combination.
Since the F, hybrids of these two crosses are relatively vigorous plants, the amphidiploids of
these hybrids may be worth evaluating for use as new forage crops. Even if the amphidiploids
cannot be used directly, the JeJ°SS plants would be useful for genome analysis of Elytrigia
species. In addition, they can be backcrossed to the parental species to develop addition,
substitution, and translocation lines for facilitating gene flow between genera. Because T. bes-
sarabicum also has the J haplome and many species have S or H haplome, a large number
‘of hybrids involving different species should be synthesized for a fair evaluation of the JS

and JH genome combinations.
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