Copyright © 1991 by the Genetics Society of America

A DNA Fragment Mapped Within the Submicroscopic Deletion of Ph1, a
Chromosome Pairing Regulator Gene in Polyploid Wheat

K. S. Gill and B. S. Gill

Department of Plant Pathology, Kansas State University, Manhattan, Kansas 66506-5502

Manuscript received February 6, 1991
Accepted for publication May 9, 1991

ABSTRACT

Bread wheat is an allohexaploid consisting of three genetically related (homoeologous) genomes.
The homoeologous chromosomes are capable of pairing but strict homologous pairing is observed at
metaphase 1. The diploid-like pairing is regulated predominantly by PhI, a gene mapped on long
arm of chromosome 5B. We report direct evidence that a mutant of the gene (ph1b) arose from a
submicroscopic deletion. A probe (XksuS1-5) detects the same missing fragment in two independent
mutants ph1b and phlc and a higher intensity fragment in a duplication of the Pkl gene. It is likely
that XksuS1-5 lies adjacent to Phl on the same chromosome fragment that is deleted in phlb and
phlc. XksuS1-5 can be used to tag Phl gene to facilitate incorporation of genetic material from
homoeologous genomes of the Triticeae. It may also be a useful marker in cloning PhI gene by

chromosome walking.

ORE than 50% of all higher plants, including
some of the most important crop plants, are
polyploid (AVERETT 1980). Bread wheat (Triticum
aestivum L. em. Thell.) is an allohexaploid comprised
of three homoeologous genomes A, B and D such that
an extra dosage (tetrasomy) of a chromosome can
compensate for the deficiency (nullisomy) of either of
the two homoeologous chromosomes (SEARS 1952).
In spite of the homoeology among chromosomes of
the different genomes, strict homologous pairing is
observed at metaphase I (MI). The diploid-like pair-
ing is under precise genetic control (RILEY and CHAP-
MAN 1958; SEARS and OKAMOTO 1958). Several genes,
both with major and minor effects, regulate chromo-
some pairing of wheat with the principle control ex-
ercised by a locus designated Pkl (Pairing homoeolo-
gous), located on the long arm of chromosome 5B
(5BL) (RILEY and CHAPMAN 1958; SEARs 1977). The
Ph1 gene effect is manifested in the hemizygous con-
dition in euhaploid wheat (2n = 3X = 21) where only
univalents are observed at MI. Haploids nullisomic
for 5B (2n = 20) have mean pairing of 7.50 univalents,
3.83 bivalents, 1.50 trivalents and occasional higher
order associations (RILEY 1960). To the contrary,
plants tri-isosomic for 5BL (six doses of Phl gene),
show reduced chiasma frequency and more frequent
interlocking of bivalents as compared to normal wheat
(two doses of Ph1) (FELDMAN 1966; YACOBI, MELLO-
SAMPYO and FELDMAN 1982).

Several hypotheses have been proposed to explain
the mode of action by which the Phl gene regulates
chromosome pairing. RILEY (1968) proposed a “two-
step” chromosome pairing hypothesis based on the
contention that homologous and homoeologous pair-
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ing was separated during meiotic prophase I. During
the first step (attraction stage) chromosomes could
associate irrespective of their homoeology relationship
while in the second step only homologous chromo-
somes could pair precisely. According to the hypoth-
esis, the Phl gene acts by regulating the duration of
the first step.

According to another hypothesis, the Ph1 gene acts
by suppressing chromosome association among hom-
oeologous rather than homologous chromosomes dur-
ing mitotic division preceding meiosis (FELDMAN
1968; Yacosi, LEVANONY and FELDMAN 1985). Based
on the observation of the phenocopy effect of Phl
and colchicine, Avivi and FELDMAN (1980) suggested
that the Phl gene inhibits homoeologous pairing
through the premeiotic mitotic spindle system. In
contrast, DRISCOLL, BIELIG and DARVEY (1979) pro-
posed that the Phl gene does not act during pre-
meiotic mitotic stage, but during prophase I of meiosis
to resolve the multivalents which are always formed
irrespective of the presence of Phl gene. Electron
microscopic analysis of synaptonemal complexes at the
zygotene/pachytene stage of prophase I confirmed
the occurrence of multivalents in the presence of the
Ph1 gene (HoBoLTH 1981; HOoLM, WANG and WISCH-
MANN 1988).

Independent mutants of PhI gene, phlb in hexap-
loid wheat and phlc in tetraploid wheat, have been
recovered using X-ray irradiation. Both mutants may
be interstitial deletions in the 5BL arm (SEARs 1977;
GIorGI and Cuozzo 1980; GIORGI and BARBERA
1981). We report that the phlb mutation arose from
a submicroscopic, interstitial deletion and have iden-
tified a DNA fragment that maps within the deleted
region, both in ph1b and phlic.






