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Abstract

Triticum aestivum cv. ‘Chinese Spring’ (CS) and its phl mutant were crossed
to six Aegilops polyploid species-columnaris, triaristata, triuncialis, variabilis, cylin-
drica and turcomenica (= juvenalis), and the F, hybrids were backcrossed to CS and
phl mutant to assess usefulness of phl/ mutant for the direct introduction of alien
variation from these species into wheat and to detect genes in Aegilops species
epistatic to the Ph locus. F, plants were self-sterile. CS®Aegilops F, hybrids readily
produced backcross seed but phl mutant X Aegilops F, hybrids set no BC, seed on
badkcrossing, probably because of interference of phl gene with restitution division.
Direct gene transfer from polyploid Aegilops species using the ph! mutant may, there-
fore, not be feasible. It is proposed that a high-crossability wheat should be used in
the initial cross, and that the phl mutant should be used in subsequent badkcrosses to
.induce homoeologous pairing for alien gene transfer. Meiotic pairing was much higher
in crosses involving the phl mutant than in CS. None of the CS-Aegilops F, hybrids
showed pairing equal to or higher than phl X Aegilops F, hybrids and thus did not
provide any evidence of gene(s) in the Aegilops species epistatic to the Ph locus.

Key words: Aegilops — Triticum aestivum — chromosome pairing — gene transfer —
Ph gene

Diploid-like meiosis in the polyploid species of Txiticum is due to the
suppression of homoelogous chromosome pairing by the dominant gene Ph
on chromosome 5BL (OKAMOTO.1957, RiLey and CHAPMAN 1958). In addition
to Ph, genes suppressing homoelogous pairing are present on chromosome 3A,
3D and 4D, and genes promoting homoelogous pairing are found on 5BS and
on both arms of chromosome 5A and 5D (SeArs 1976). The effect of Ph is also
seen in hybrids of wheat with other species. In hybrids of T. aestivum and
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other related species, homocologous pairing among the wheat chromosomes
and between wheat and alien chromosomes can be induced in the absence of
5B or throbgh the suppression of the Ph activity by Aegilops speltoides (FeLp-
MAN and MELLO-SAMPAYQ 1967). Induced homoaogous pairing has been em-
ployed to transfer rus resistance from Ae. speﬁoidcs (DvoRAK 1977), Ae.
comosa (RILEY et al. 1968) and Agropyron elongatum (Sears 1972) into
wheat. Recently, Darvey (1984) has proposed construction of an alien gene
bank by employing the Ph mutant gene in a direct hybridization and breeding
program with alien species,

Several authors have studied the origin and distribution of alleles similar
to Ph in polyploid Aegilops species. MCGUIRE and Dvokik (1982) crossed
polyploid Aegilops species with T. aestivum cv. ‘Chinese Spring’ (CS) mono-
telosomics that were monosomic for 5B. Some Aegilops genotypes showed a
suppressive effect on homoco]ogous pairing in hybrids lacking 5B whereas
others had no effect. A number of genotypes promoted homoélogous pairing
in the presence of 5B. ABUBAKER and KIMBER (1982) investigated chromosome
pairing in F, hybrids involving eight polyploid and one diploid species of
Aegilops with T. aestivum deficient for chromosome 5B. This allowed the
recognition of genes in Aegilops species similar to those found on chromosome
5B but no such evidence was obtained. '

The above studies involved 5B aneuploids. Our aim was to assess the
usefulness of the phl mutant (SEARs 1984) for the introduction of alien varia-
tion from wild species into wheat by direct hybridization and to detect genes
in Aegilops species epistatic to the Ph locus. Long-term objective of the

wheat X Aegilops crosses is to create germplasm resistant to wheat pathogens
(GILL et al. 1985).

Material and Methods

Five tetraploid and one hexaploid species of Aegilops (Table 1), and CS and its ph!
mutant were used in this study. One 1o four accessions of Aegilops species were used. The
seed of these accessions came from Dr. J. G. Waings, U. C. Riverside.

Hybrids were made between Acgilops species and CS, and between Aegilops species
and phl mutant. The hybrids were raised from mature seed and grown in the greenhouse.
Root tip counts of chromosomes Were made to establish the genuineness of F, hybrids.
Spikes from the F, hybrids were fixed overnight in Carnoy’s solution at room temperature,

anthers were squashcd in 19 acetocarmine and frequencies of various meiotic configurations
were recorded.

The F, hybrids were backcrossed to CS and the phl mutant as the recurrent parents.

Results and Discussion

The wheat X Aegilops species hybrids were vigorous with spike mor-
phology resembling the Aegilops parents. Spikes of the F, hybrids disartic-
ulated like those of the Aegilops species and were non-free threshing. The F,
hybrid seed was somewhar shrivelled when phl was used as the wheat parent.
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Phl Gene of Wheat

%
Tab. 1 Aegilops species used, their genome symbols (after Kimber and Sears 198/4), ploidy levels
and accession numbers
et

Ploidy K-State UC Acc. No.

Aecgilops species Genomes level Acc. No. (PI No.)

Ae. columnaris UM 4x TA2105 G732

Ae. variabilis usY 4x TA1893 G1026

Ae. triuncialis ucC 4x TA1719 G392 (P1179192)
TA1720 G393 (PI170193)
TA1756 G624
TA1758 G849

Ae. triaristata UM 4x TA1863 G623

Ae. cylindrica CD 4x TA1845 G413

Ae. turcomenica DMU 6x TA2115 G740

(= juvenalis)

F, plants were self-sterile. No BC, seed was set on any of the ph/ mutant X
Aegilops F, hybrids whereas CS X Aegilops F, hybrid¢set RC. cood an hadko
crossing (Table 2). Our experience has been the same with the diploid species
Ae. caudata (genome C). The BC, is generally proauced trom(ruie resuvauon™s
of female gametes of the F, hybrid and high homoeologous pairing in phl X
Aegilops hybrids apparently interferes with restitution division. Also the phl
mutant used in the present study has been maintained by selfing and may have
accumulated some translocations causing sterility and poor seed set. Barring
this effect, our results show that direct gene transfer using the phl/ mutant in
wide crosses as proposed by DARVEY (1984) may not be feasible. We propose
that high crossability lines such as CS should be used in the initial cross, and
that phl mutant should be used in subsequent backcrosses to induce homoeolo-
gous pairing for alien gene transfer.

Tab. 2 BCj sced set on CS x Aegilops Fy hybrids and on phl x Aegilops F; hybrids™

No. of florets No. of BC;
F, hybrids pollinated seeds set
CS x Ae. columnaris . 74 8
phl x Ae. columnaris 125 0
CS x Ae. triaristata - 2
Ae. triaristata x phl 36 - 0
CS x Ae. triuncialis = 5
phl x Ae. triuncialis 225 0
CS x Ae. variabilis 64 5
phl x Ae. variabilis 92 0
CS x Ae. cylindrica 204 2 4l 6
phl x Ae.cylindrica 136 0

* Ae. turcomenica x wheat hybrid not backcrosscd -
— Data not recorded
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Phl Gene of Wheat

Chromosome pairing was much higher in phl mutant X Acgzlops F, hy-
brids than in CS X Aegilops F, hybnds (Table 3). There was a large increase
in the meap number of chiasmata/cell in all the hybrids with the phl mutant.
Our results on chromosome pairing are in agreement with those of the pre-
vious workers (ABUBAKER and Kimser 1982, Giorci and BArRBERA 1981,
LAcAaDENA 1967, LacaDeENA and Azpiazu 1969, McGuire and DvokAk 1982,
RiLey and Law 1965). Differences, if existing, may be due to tetraploid wheat
(Grorat and BArBera 1981) or different Aegilops genotypes and 5B aneu-
ploids (ABuBAKER and KiMBER 1982, LACADENA 1967, LACADENA and AzriAzZu
1969, McGuire and DvokAk 1982, RiLey and Law 1965) used. The trend,
however, is very much the same: meiotic pairing was much higher in crosses
involving the phl mutant than in those with CS. Higher pairing in the Ae.
turcomenica X CS hybrid than in other CS-Aegilops spp. hybnds (Table #y
could be due to the D genome being common to Ae. turcomenica and wheat.
Pairing lower than expected may be due to differentiation of the D genome
in Ae. turcomenica (KIMBER and ZHAO 1983).

As none of the CS X Aegilops F, hybrids showed pairing equal to or
higher than phl X Aegilops F, hybrids, these results on chromosome pairing
do not provide any evidence of gene(s) in the tested Aegilops species epistatic
to the Ph locus and confirm the observations of RiLey and Law (1965),
AsuBaker and KimBer (1982), and McGuire and Dvokik (1982) that poly-
ploid Aegilops species do not possess a gene that has an activity equivalent to
that of Ph.

ABuBAKER and KiMBER (1982) tested Ae. triuncialis, Ae. triaristata, Ae.
columnaris, Ae. machrochaeta, Ae. ovata, Ae. kotschyi, Ae. cylindrica and Ae.
juvenalis. MCGUIRE and DvokAk (1982) tested six, and we tested four, of
these eight species. We additionally tested Ae. variabilis. This still leaves five
more polyploid species of Aegilops yet to be tested for the presence of such
genes.

Apparent absence of Ph-like genes in tested polyploid Aeligops species is
enigmatic. This apparent paradox, and its resolution have been discussed in
detail by McGuire and DvokAk (1982). It is also possible that genes regulat-
ing pamng in polyploid Aegilops may not be the same as in wheat, that they
may not interact with Ph locus, or that they could be recessive to the Ph locus.
It may also be noted that ours was only a small sample and should not be
interpreted to mean that genes epistatic to Ph do not exist at all. Furthermore,
genetic variation within each Aegilops species needs to be tested before the
existence of such genes is ruled out. -

Zusammenfassung

Die Verwendung des phl-Gens fiir direkten genetischen Transfer
‘und fiir die Suche nach dhnlichen Genen in polyploiden Aegilops-Spezies

Triticum aestivum cv. ‘Chinesé Spring”(CS) und seine phl-Mutante wur-
den mit den sechs polyploiden Aegilops-Arten columnaris, triaristata, triun-
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cialis, variabilis, cylindrica und turcomenica (= juvenalis) gekreuzt. Die ste-
rilen Fi-Hybriden wurden mit Weizen zuriickgekreuzt. Wihrend mit der F,
aus CS X Aegilops leicht Riickkreuzungssaatgut erhalten wurde, blieben die
Versuche mit der F; aus der Mutante ergebnislos. Ein direkter Gentransfer aus
polyploiden Aegilops-Arten mit Hilfe der phl-Mutante scheint somit nicht
durchfithrbar. Es wird daher vorgeschlagen, die phl-Mutante nicht in der
ersten Kreuzung, sondern erst in den Riickkreuzungen zu verwenden. Keine
der CS X Aegilops F,-Pllanzen zeigte gleichgrofe oder stirkere Paarung als
die phl X Aegilops F,-Pflanzen, was nicht auf Gene in den Aegilops-Arten
hindeutet, die epistatisch zu pb sind.
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