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This paper describes a plant of barley (Hordeum vulgare L., 2n =2x = 14)
which set two seeds despite heterozygous deficiency of the long arm of
chromosome 6 in all root and shoot cells studied. The plant was otherwise
chromosomally normal and was a monotelodisomic in the sense of Kimber
and Sears (1968). The telocentric was identified as chromosome 6 short
arm by its total size and the size of the satellite beyond a secondary
constriction (fig. 1). Viable deficiencies are generally rare in diploids and
none has hitherto been reported in diploid barley.

The present plant arose as follows. Tsuchiya's line of Shin Ebisu 16
monotelotrisomic for chromosome 4 (Singh and Tsuchiya, 1981) was pollin-
ated by Sultan and a monotelotrisomic F1 was pollinated by Sultan. A
monotelotrisomic derived from this backcross by one or two selfed gener-
ations was pollinated by Ahokas's line P-4 of Paavo (Finch and Bennett,
1979) and a monotelotrisomic F1 from this cross gave in F2 the
monotelodisomic for chromosome 6, a primary trisomic, 11
monotelotrisomics and six normal plants. No secondary constriction was
seen in any extra (15th) chromosome of sibs or ancestors of the
monotelodisomic.

In glasshouses at the Institute, the monotelodisomic was dwarf and
many-tillered. It took four months to ear, compared with about three
months in normal barley. Leaves were relatively narrow and often lacked
auricle and ligule. Spikes were deformed and mainly sterile. Pales were
often awned and fused to lemmas and many spikelets had much-branched
rudimentary florets and no normal organs. Some florets looked normal but
did not give seed when pollinated by Sultan. Two probably selfed seeds
arose in untouched fiorets.

Some roots and spikes were fixed in Carnoy's solution for 2 h or more
and stained by the Feulgen method. Fig. 1 shows the karyotype in a root
tip pretreated for 4 h in saturated aqueous 1-bromonaphthalene before
fixation. The length of each identifiable chromosome type (6 short arm, 6,
7 and 5) relative to total complement length in 5 root tip metaphases where
mean total complement length per cell was 932±25 (range 880—
104.0) p,m agrees (P >0.95) with expectation from a standard karyotype
adjusted for deficiency of chromosome 6 long arm (table 1). No cytological
instability was seen in 2 seminal roots, 3 roots taken at ten weeks after
germination when the plant was near meiosis and 5 spikes at or shortly
after meiosis taken at twelve to twenty-two weeks. The deficiency was seen
in all root, anther and ovule somatic metaphases studied and in all meiocytes
at stages where chromosomes could be counted. Meiosis was regular at all
stages in pollen mother cells (pmc's), e.g., figs. 2 and 3, and in embryo sac
mother cells at leptotene, pachytene, dyad stage, prophase II and metaphase
II. In all of a sample of 20 MI pmc's, 6 symmetric bivalents and 1 asymmetric
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TABLE 1

Mean lengths of chromosomes 6 (short arm), 6, 7 and 5 as percentages of total complement
length in standard diploid barley (adjusted as if deficient for chromosome 6 (long arm)) and

5 root tip metaphases of the monotelodisomic

Chromosome

2x
df =3 P

6
short arm 6 7 5

Standard barley* 3•5 73 151 126
018 >095

Monotelodisomic 36 76 130 132

* Measured by present author from Linde-Laursen (1978) fig. 2.

bivalent occurred, with 1 and 1—3 chiasmata in each asymmetric and
symmetric bivalent, respectively. The mean chiasma frequency per pmc
was 13•30±0•26 (range 11—16), with 1—3 rod bivalents per cell.

In contrast with normal barley, the final tapetal mitosis was asyn-
chronous and did not leave all cells binucleate (Bennett and Finch, 1971),
but gave many mononucleate and binucleate cells. As in normal barley
(Bennett e a!., 1973) male and female meiosis were concurrent in most
fiorets. Just after the tetrad stage, about 95 per cent of young pollen grains
looked normal and 46 per cent had a micronucleus. Mature pollen fertility
was not measured.

Table 2 lists 21 plant species in which viable measurable deficiencies
occur. The deficiency size estimates are approximations made from data
in the cited and other sources. Small deficiencies are also claimed in Paeonia
officinalis (Dark, 1936) and may cause variation in satellite size in many
species besides the last three in table 2. Homozygous deficiencies are usually
lethal but viable deficiency homozygotes are known in Clarkia, and in
localized tissues in maize (McClintock, 1941). It is difficult to estimate the
frequency of viable deficiencies in nature. Small deficiencies are easily
overlooked. Heteromorphic bivalents may indicate duplications, inter-
changes or inversions as well as deficiencies. Apparently viable deficiencies
may be supported by normal tissues in chimeras (Blakeslee and Belling,
1924; McClintock, 1929; Smith, 1943; Prasad et a!., 1980). Nearly all
deficiencies cause loss of vigour and fertility (though in table 2, only the
Zea and Secale cases were stated to be totally sterile) and adult diploids
carrying them are probably truly rare in general. At least two species in
table 2 may not be true diploids, viz. Pennisetum typhoides (Jauhar, 1968),
and maize (Ting, 1966; Bennett, 1983). If so, only 15 diploid species in
table 2 tolerate deficiencies of over 1 per cent of the diploid genome. In
a species as well studied as barley, for deficiencies to be found so rarely
indicates that it is truly diploid. Viable monosomy for a sex chromosome
occurs in several animals (Bridges, 1916; Burgoyne, 1978) and small viable
autosomal deficiencies, some homozygous, also occur (Bridges, 1921; Cole-
man, 1947; Breckon and Savage, 1982).

The plant described here showed some similarity to the phenotype due
to the multiflorous gene, mul2 on chromosome 6 (Tsuchiya and Haus,
1971), which was not seen in its ancestors. If this was due to hemizygosity
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TABLE 2

Amount of chromatin missing (per cent of normal diploid genome) in individuals with largest
viable deficiency and 2x chromosome number in 21 diploid species

Chromatin
Species loss 2x Reference

(i) monosomics
Hypochoeris maculata 114 10 Parker et al., 1982 and pers. comm.
Nicandra physalodes 95 20 Darlington and Janaki-Ammal 1945
Petunia F1 7O 14 Rick 1943
Pennisetum typhoides 70 14 Jauhar 1970
Datura stramonium 6'4 24 Blakeslee and Belling 1924
Lycopersicum esculentum 6'4 24 Khush and Rick 1966
Campanula persicifolia 6'3 16 Darlington and La Cour 1950
Nicotiana alata 5'6 18 Avery 1929
Zea mays 50 20 Einset 1943

(ii) monotelodisomics
Secale cereale 2'o 14 R.N.Jones,Aberystwyth,pers.comm.
Hordeum vulgare 3'6 14 this paper

(iii) other large deficiencies
Scilla autumnalis 13'O 12 Ainsworth etal. 1983 and pers. comm.
Clarkia amoena 8'4 14 Snow 1966
Leontodon hispidus 6'S 14 Finch 1967
Lilium formosanum 28 24 Brown and Zohary 1955
Hyacinthus orientalis 28 16 Darlington eta!. 1951
Crepis capillaris <11 '6 6 Navashin 1934

(iv) small deficiencies
Allium fistulosum 0'7 16 Zen 1961
Crepis tectorum 04 8 Philp and Huskins 1931
Matthiola incana 0'2 14 Philp and Huskins 1931
Galtonia candidans O'2 16 Nawaschin 1927

of the normal (Mu12) allele, the mul2 "allele" may really be a deletion at
the Mu12 locus which causes full expression of the multiflorous phenotype
only when homozygous. However, the chromosome 6 centromere is not
mapped (Tsuchiya, 1982) and so it is unknown whether Mu12 was hemizy-
gous in the monotelodisomic.

The seeds from the monotelodisomic were germinated and gave normal
diploid seedlings.
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