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Identification of two wheat-rye translocation lines
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Abstract

By producing chromosome substitutions with Imperial
rye chromosomes 4R and 7R in Chinese Spring wheat two spontaneous
translocation lines were obtained. One involves segments of wheat
chromosome 7B and rye chromosome 4R, the other involves parts of
wheat chromosome 4A and rye chromosome 7R.

Introduction

Since homoeologous pairing between wheat and rye chromo-
somes in F1 hybrids is very low in the presence of chromosome 5B
(Mettin et al. 1976) and even in its absence (Lacadena 1967;
Bielig and Driscoll, 1970a,b) or with the S5B-effect suppressed
by the Aegilops speltoides genome (Riley and Kimber, 1966), the
most important procedure to incorporate genes from rye into
wheat is the creation of chromosome substitution or translocation
lines. Most of the seven rye chromosomes provide substantial com-
pensation for the loss of single homoeologous wheat chromosomes
(Gupta, 1971; Koller and Zeller, 1976). Also several wheat-rye
translocation lines are known.

Translocations involving segments of rye chromosome 1R and wheat
chromosomes of group 1 were reported by Mettin et al. (1973),
Zeller (1973), Shepherd (1973), and Bartos gt al.(1973). The
transferred rye segments appear to condition rust resistance,

s certain prolamin bands and resistance to the wheat curl mite,
the vector of wheat streak mosaic virus (Martin et al. 1976).

- Another translocation includes segments of 2AL and 2RL (Sears

1972) and reveals a significant increase in kernel protein content
(Jagannath and Bhatia, 1972). A 4A-2R translocation, called Transec,
possesses resistance to powdery mildew and leaf rust (Driscoll

and Xmmrzyx#96§ Jensen, 1964; Driscoll 1968)., Acosta (1961) pro-
duced a 3A-~3R wheat-rye translocation (analyzed by Barber et al.
(1968) having stem rust resistance. In an attempt to transfer

the stem rust resistance of rye chromosome 3R into durum wheat
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after irradiation of a 3RS ditelosomic Chinese Spring/Imperial
addition line Rao (1977) obtained a heterozygous durum wheat-
rye translocation. In homozygous condition the interchanged
chromosome which carries the gene for resistance was transmitted
normally through the female gametes, however, showed no male
transmission. Rao (1977, pers. communication) also found a
translocation line with 20 wheat chromosome pairs and an intere
changed pair involving segments of wheat chromosome 4A and rye
chromosome 4R (C). The long arm of rye chromosome 5R carrying
the hairy neck gene was successfully translocated to wheat
chromosome 4A (Driscoll and Sears, 1965), S5BS (Sears 1967),

6BL (Sears 1973), SDL (Muramatsu 1968) and 6D (Sears 1967),
respectively. Finally a segment of 6RL that carries a gene for
the restoration of pollen fertility in Triticum timopheevii
cytoplasm has been translocated to wheat chromosome 6BS
(Tuleen, 1976, pers. communication). The present report deals
with the identification of two new translocation lines in-
volving segments of rye chromosomes 4R and 7R.

Material and Methods

Two translocations, T8 and T22 were recovered in
the progeny of the 42-chromosome hybrids Chinese Spring mono-
somic 4A x Chinese Spring/llporﬂal addition line 7R (D), and
Chinese Spring (CS) monotelocentric 7BL x Chinese Spring/Imperial
addition line &R (C), resp. Strain T8 was analyzed cytologically
by crossing with CS ditcl-fﬁnonotclomgﬁ-hA. CS ditelo=sA X ,
CS/Imperial addition lines 7R (21"+1"), 7BS (21"4t") and 7RL
(21"+t"). T22 was crossed with CS double ditelo-7B, CS ditelo~-
centrics 7BS and 7DS and CS/Imperial addition line 4RS (21"4+t").
Anthers from the plants studied were fixed in acetic-alcohol
and stained by the Feulgen procedure.

Results

Cytology of tramslocation

From the cross T8 x jS ditolo-/f-onotolo-ai-¥k
and its reciprocal two types of offspring were obtained:
those with both telocentrics and those with only tolo-u/
(Table I). The former showed maximum pairing of 20"+t1"
(telocentric + entire) + t' (Fig.il), while the latter had a
maximum of 20"+t'+1', In the cross T8 x CS ditelo-kAX , how=
ever, mainly 20"+t1" occurred, though 20"+t'+1' was nearly as
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Figures 1 and 2

Metaohase I in PMC's of Fl hybrids (1) Chinese Spring di-ﬁ -monotelo-X =
LA x translocation line T8, LAx -7RS (hAyg), showing 20"+t1"+t' (2) Trans-
location line T22, 7BL - LRL (7B$) x Chinese Spring ditelocentric-7BS

with 20"+t'+1!

Figure 3
Spikes of (left) normal wheat Chinese Soring and (right) translocation

line T22
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frequent (Table I)., These chromosome configurations indicate
that a rye segment replaces most or all of the K -arm of &A,
In hybrids of T8 with addition line 7R, 20"+1"'
usually occurred. When only the 7RS telocentric was present,
it mainly formed a monotelosomic trivalent which also included
LA and the translocated chromosome; whereas 7RL, when present,
never paired (Table I), This leads to the conclusion that 8
is a translocation consisting of the complete ~arm of wheat
chromosom 4A or a part of it and the entire 7RS arm or a
segment of it. The translocation line shows good fertility.

Cytology of translocation T22

In the 11 plants from the cross CS ditelocentric
708 x T22, the telosome mainly formed a heteromorphic bivalent
(Table II), Crosses of double ditelocentric 7B with T22 showed
most commonly 20"+t1"+t", while no pairing of telo-7BS occurred
in the F, hybrid between ditelocentric 7BS and T22 (Fig. I1I).
These results indicate that the translocated chromosome includes
either an intact 7BL arm or a substantial portion of it.
In the cross between the ditelocentric addition line 4RL and
T22, a monotelosomic trivalent involving the translocated
chromosome, the complete chromosome 7B and telo-4RL most
frequently was formed (Table II), From this it is concluded
that translocation T22 consists of at least part of wheat arm
7BL and rye arm 4RL, T22 is charachterized by red coleoptile
conditioned by a gene on 4RL (Koller and Zeller, 1976). The
line is vigorous and exhibits a fertility of approximately
8o% (Fig. III),

Discussion

Several methods have been developed for the transe
fer of alien variation from related species to wheat: i) in-
duction of homoeologous chromosome pairing, ii) use of ionizing
radiation and iii) exploitation of the tendency of univalent
chromosomes to misdivide anffi form an interchanged chromosome
having one entire arm from each of the two parental univalents.
It appears that the translocation lines described in this paper
resulted through union of newly formed telocentric chromosomes.
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With a univalent 4A and a univalent 7R present in the cross
between CS monosomic 4A and the disomic addition CS/Imperial
7R, two telocentrics were presumably formed in the same daughter
nucleus after simultanecus misdivision and united to give rise
to the 4A «7RS translocation T8 that was recovered in the
progeny of the F1 hybrid. The isolation of a substitution line
consisting of 40 entire wheat chromosomes, two telocentric La
chromosomes and two telocentric rye chromosomes, presumably
7RS (Koller and Zeller, 1976), indicates some relationship
between 4A and 7R, though so far no homoecalleles are known
on wheat chromosomes of group 4 and rye chromosome 7R.
Translocation T22 most likely also arose by union
of telocentrics, after misdivision of whyet univalent 4R in the
F, of the cross between monotelocentric 7BL and CS/Imperial
addition 4R, In the translocation, part or all of chromosome
arm 7BS was replaced by part or all of rye chromosome arm 4RL,
Koller and Zeller,(1976) demonstrated that the long arm of rye
chromosome 4R is able to compensate for the loss of chromosomes
of wheat homoeologous group 7 to a considerably higher degree
than the complete rye chromosome 4R, This leads to the con=-
clusion that the exchange in line T22 involves homoeologous
segments.
As the homoeologous relationships between wheat and rye chromo-
somes are known, it is easy to select for chromoscmal trans=-
locations that have arisen by union of telocentrics after uni-
valent misdivision in a double monosomic substitution (ome
wheat, one Pye univalent). Since even in the absence of the 5B
effect in wheat, little or no pairing takes place between wheat
and rye chromosomes (Riley and Kimber, 1966; Lacadena, 1967;
Bielig and Driscoll, 1970a,b), to date incorporation of genetic
material from rye into the wheat genome can only be done by
the production of substitutions or by the induction of trans-
locations through ionizing irradiation or union of telocentrics.
Although union of misdivided telosomes can occur between homoeo-
logous and non~homoeologous chromosomes (Muramatsu 1968; Sears
1972, 1973; Shepherd 1973), exchange of homoeologous arms
should have less deleterious effects and appearsto be more
desirable.
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Once sufficient corresponding translocation lines are available,
any valuable gene in rye whose chromosomal localization is
known can be transferred into wheat by simple crossingover
between the rye segments in an F1 hybrid followed by incorpo-
ration of the desirable gene into the proper translocation
through crossing and backcrossing.

There are several species of Aegilops having genes that pro=-
mote homoeologous chromosome pairing in hybrids with wheat:

Ae. speltoides Tausch (Riley et al. 1961), Ae. mutica Boiss.
(Riley and Law, 1965) and Ae. longissima Schweinf. et Muschl.
(Mello-Sampayoe 1971). Lelley (1976), in crosses of wheat-rye
chromosome addition lines with Secale cereale L. and Secale
montanum Guss., observed several alleles in rye that effeck
homoeologous pairing between wheat chromosomes. It is reasonable
to assume that in rye genes wan be found which permit pairing
between wheat and rye chromosomes in appropriate hybrids.

It should also be noted that homoeologous pairing
may occur between Aegilops squarrosa L. , the donor of the
wheat Degenome, and rye (Melnyk and Unrau, 1959), If recombinants
can be recovered after backecrossing to Aegilops, gene transfer
from rye into wheat should also be feasible.






Literature cited

Acosta, C.A, 1961. The transfer of stem rust resistance from rye
to wheat. Ph.D. thesis, University of Missouri, 56 pp.

Barber, H,H., Driseoll, C.J., Long, P.M, and Vickery, R.S, 1968.
Protein genetics of wheat and homoeologous relation-
ships of chromosomes, Nature 218, 450-452

Bartos, P., Valcoun, J., Kosner, J. and Slovencikova, V. 1973.
Rust resistance of some European wheat cultivars
derived from rye. Proc. 4th Intern. Wheat Genet.
Sympe, pp. 145-146, Missouri Agricultural Experie-
ment Station, Columbia, Missouri

Bielig, L.M. and Driscoll, C.J. 1970a. Substitution of rye
chromosome S5RL for chromosome 5B of wheat and
its effect on chromosome pairing. Genetics §3,
241247

Bielig, L.M. and Driscoll, C.J. 1970b. Substitution of rye
chromosome SR for its three wheat homoeologues.
Genet., Res. 16, 317-323

Driscoll, C.J, 1968, Alien transfer by irradiation and meiotic
control. Proc. 3rd Intern. Wheat Genet.SSymp.,
Aust. Acad. Sci., Canberra), pp. 196-203

Driscoll, C.J. and Jensen, N,F, 1964, Characteristics of leaf
rust resistance transferred from rye to wheat.
Crop Sci. &4, 372-37h

Driscoll, C.J. and Sears, E.R.1965. Mapping of a wheat-rye
translocation. Genetics 51, 439-443

Gupta, P.K. 1971. Homoeologous relationship between wheat
and rye chromosomes. Present Status. Genetica
b2, 199-213

Jagannath, D.R, and Bhatia, C.Rs 1972. Effect of rye chromosome
2 substitution on kernel protein content of wheat,
Theor. Appl. Genet. 42, 89-92

Koller, O.L. and Zeller, F.J. 1976. the homoeologous relation~
ships of rye chromosomes 4R and 7R with wheat
chromosomes. Genet. Res. 28, 177-188






Lacadena, J.~R. 1967. Introduction of alien variation into
wheat by gene recombination. I. Crosses between
mono V (5B) of Triticum aestivum L. and Secale

cereale L., and Aegilops columnaris Zhuk.
Euphytica 16, 221-230

Lelley, T. 1976. Induction of homoeclogous pairing in wheat by
genes of rye suppressing chromosome 5B effect.
Can., J, Genet. Cytol. 18, 485489

Martin, T.J., Harvey, T.L. and Livers, R.W. 1976. Resistance
to wheat streak mosaic virus and its vector, Aceria
tulipae. Phytopathology 66, 346-349

Mello-Sampayo, T. 1971. Promotion of homoeologous pairing in

hybrids of Triticum aestivum x Aegilops longissima
« Genet. Iber. 23, 1=9

Mettin, D., Bliithner, W.D. and Schlegel, G. 1973. Additional
evidence on spontaneous 1B/1R wheat-rye sub-
stitutions and translocatioms. Proc. 4th Intern.
Wheat Genet. Symp., pp. 179-184, Missouri Agri-
cultural Experiment Station, Columbia, Missouri

!.tt:ln. D, schl‘s.l. R.. Blﬁthn.r. W,D, and '.uﬁch' M. 19?6.
Giemsa-banding von MI- Chromosomen bei Weizen-
Roggen-Bastarden. Biol. Zbl. 93, 35=41

Muramatsu, M. 1968, Studies on translocations between hairy
neck chromosome of rye and chromosomes which
belong to homoeologous group 5 of common wheat.
Proc. XIIth Intern. Congr. Genet. 1, 4«25

Rao, M.V.P. 1977. Transfer of genes for stem rust resistance
from Agropyron elongatum and Imperial rye to
durum wheat, pp. 527-531, in Induced mutations
against plant diseases, International Atomic Energy
Agency, Vienna, Austria.

Riley, R. and Kimber, G. 1966. The transfer of alien genetic
variation to wheat. Rep. Plant Breed. Inst.,

1964-1965, 6«36

Riley, R., Kimber, G, and Chapman, V. 1961. The origin of the
genetic control of the diploid-like meiotic be-
haviour of polyploid wheat. J. Heredity 333 22-26

Riley, R. and Law. C.N. 1965. Genetic variation in chromosome
pairing. Adv. Genet. 13, 57-114






Sears, E.R. 1967. Induced transfer of hairy neck from rye to
wheat, Z. Pflanzenziichtge 37 La25

Sears, E.R. 1978. Chromosome engineering in wheat. Stadler
Genet. Symp. &. 23—38

Searsy E.Re 1973. Translocation through union of newly formed
telocentric chromosomes, Genetics 74, s2h7

Shepherd, K.W. 1973, Homoeology of wheat and alien chromosomes
controlling endosperm protein phemotypes. Proc.
4th Intern. Wheat Genet. Symp.,pp. 745=760,
Missouri Agricultural Experiment Stationm, Columbia,
Missouri

Zeller, F.Jd. 1973, 1B/1R wheat-rye chromosome substitutions
and translocations. Proc. 4th Intern. wheat Genet.
Symp., ppe 209-221, Missouri Agricultural Experiment
Station, Columbia, Missouri






