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Summary : By studying meiolic behaviour in six sirains
of Aegilops speltotdes TAUSCH., occarrence of
extra chromosomal material has been revealed. A single plani of
a particular strain (G- 1045} showed the presence of a« pair
of supernumerary homologons chromosomes (B bivalent) con-
stantly in all PMCs eramined. The extra chromosomes were
of a typical, conslant morphology, smaller than the normal
members of the complement, with subterminal centromere, usually
forming a rod - bivalent. Further observations concerning the
offspring of this partieular plant led to the conelusion thal there
exist supernumerary chromosomes in Acgilops spel-
toides, transmissible through the female parent, yet without
appearing in root - tips due lo somalic instahility.

I.Introduction

Aegilops speltordes Tausch., a species belonging Lo the section
Sitopsis of the genus Aegilops, is remarkablv distinctive within it,
having some common characteristics with wheat and parliciparing in
the first polvploid step iaken within ¥riticiem. (McKey, 1968). Its
genome (5 genome), one among the most stabile and isolated of the
genus, has nol contributed to the synlhesis of any tetraploid or hexa-
ploid Aegilops species (KiEana 1954).

Acgilops spelioides consists of two taxa or subspecies, namely
ligustica and quehert which seem exophenotvpically different (E1g,
1929a). According to SEars, (1%41a) they jusl represent two botanical
varieties, having mutually dilferentiated by sawn characters through
genic speciation, whereas ZonARY and luBER (1963) have supporled
the view that ligustice and aueheri plants are interconnected by a com-
mon mating system forming only one dimorphic, widely symmictic
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population. Besides, various strains of Ae. speltoides seem to be lairly
heterogeneous, due to its breeding system, with respect 1o [loral biology
{mostly outbreeders), a condition resebling that of Seeale eereale, in
which genetical stability has been obtained through the balanced
mechanism ol heterozvgosity (REks, 1955).

CHENNAVEERAIAH, (1960}, in an attempt to elucidate interspecilie,
evolutionary relationships, studied the meiosis of many Aegilops
specics, but failed to include Ae. speltoides. Therelore, we found it
interesting Lo initiate a meiolic investigation of thiz, by studying
various strains of diflerent geographic origin, at the iuterpopulational
level.

The present paper deals only wilh one side of the problem, i.c.
qualitative variation of meiosis, due to the presence of extra chromo-
somal material, ranging from minute fragments up to supernumerary
chromosomes of B calegory. This chromosomal polymorphism has
been [requently observed in allogamous groups inside Triticeae, such
as Seeale cereale (MU~NTzING 1958) and Dactylis glomerata (Shah 1963),
in contrast to the constancy of karvotvpes within Aegilops (most
representatives sclfers), where B chromosomes have only been reported
in two cases, in Aegtlops mutica by Mocuiztvkl (1957) and by CHuXXA-
viERAIAB and Love i Ae. eylindrica and de. columnaris {1959). So far,
there nas been no mention of B chromosomes having occurred In Ae.
speltoides *.

Materials and methods

The initial meterial, kindly provided by Dr. B. L. Jouxsox, of the
Riverside University, included seed from six bolanical strains, diffe-
rent in origin. Three of them, (G- 1080, G - 1039 and G - 1045) originat-
ed in Turkey, one derived from North Traq (G- 724), another (G -
617) [rom 1srael and a sixth one (G- 943) 1s supposed to be of unknown
source, having been received from Japan.

Morphologically, almost all strains correspond 1o the subspecies
aucheri and thev breed true, with the exception of (¢ - 943, which con-
gists of a dimorphic, halanced segregating population (aucheri and
ligustica).

The plants were grown under experimental conditions, in a grouth

* This paper was approved for publicalion in December 1971, In the mean-
while several important pieces of work on the same subjeci have been published
by English and lsraeli scientists. (Cromosoma 33, 63-69, 38, 77-94, 38, 367-386).
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chamber adjusted to cyeling system of temperature and artificial
illumination.

Temp. 169 220, gb 160
Ilum. initial 128 light, 120 dark

subsequent. 16" light, 8t dark
Light intensity: 2600 lumen

Spikes were collected [lirstly seventy davs after planting and a
subsequent, sampling took place over a period of two months. When
collection of spikes was accomplished, the plants were transplanted
in the green house where they remained till maturity.

Ten plants were preliminarily checked from each strain and three
of them used for final cytological analysis. (Number of cells scored
per group 220 - 420}, Observations of permanent slides (FETLGEN techni-
que) were mostly done at MI, with additional inlormation from Al
MII and Lelrad stage.

A second experiment, under the same conditions and techniques,
was carried oul, by using the progenies of some inilial plants, in parti-
cular one individual plant, which performed unusual cyvtological be-
haviour, evidenced by the results of the first experiment.

Results

Meiotic variation showed a spectruwmn including:

1) Extra fragmenls, centric or acentric, occasionally ring shaped
and apparently small, in some cascs minutes. Their [requency was
found to range between 2.189% (G - 1080) and 7.81%, (G - 943). Strain
- 724 was the only one in which no f{ragments were noticed. The
commonesl form was that of acentric or telorentric fragment (Fig. I)
possibly resulting from neocentric activity (Bosemark 1956b), whercas
the observed rings seemed to represent isochromosomes (symmetric)
or inversion isochromosomes (asymmetric). The latter were, in parti-
cular, met with in G - 1080 accompanied by lagging bridges at Al

Strain G - 943 (dimorphic population) showed as expected, the
highest degree of variation, including as well one plant completely
normal. Most fragmenls were ring - like, as if had been formed through
internal pairing (Jouw and Lrwis, 1965). A single PMC (among 320
analysed) contained two extra rings.

In groups G - 617 and G- 1039 all plants examined showed frag-
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ments in their sporocvtes. (Corresponding frequencies 3.66%, and
4£.549%). One PMC from G -617 (0.339%,) included two fragments not
showing anyv evidence of homology.

N

A}
.QS\

Fig. 1. G- 1080, M cell with 7 bivalents and an acentric fragment.

Fig. 1

2} Another deviation from (he typical meiotic figure was Lhe
oceurrence of differential phases (asvnchrony of bivalents) inside the
game PMC. In G- 1080, cells were noticed with 3 pairs at M1, 3 pairs
at Al and one pair inlermediate. The figure was observed as frequently
as 3.65%, associated with micronuclei in telrads.

Univalents were mostly found in cells of G-724 (18.129%,) and
G- 943 (8.129,). The former showed a constant behaviour expressed
hy all plants investigated, whereas in the latter a striking wvariation
between plants was seemed.

3) B chromosomes,

Complele subterminal chromosomes or centric fragments consi-
sting of at least one chromosome arm (telocentrics) were occasionally
observed in G -943, G -1039 and G- 617. Moreover, extra bivalents,
that is one pair of homologues, in addition to the seven pairs of the
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Fig. 2. G- 1045 - 2. PMC with 8 pairs of chromosomes. B palr indicated by arrew.

A9 e

Fig. 3. G- 1045 - 2. Eight pairs of chromosomes., Supernumerary bivalent as typical,
short rod - bicalent.

Fig.3

7
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Fig.4

Fig. 4. G- 1045 - 2. Eight pairs of chromoesomes. B - bivalent almost as diteloceniric.
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normal complement, were sporadically found in G- 724 (0.379%) and
G- 1039 (1.819%,).

The results can be summarised in the following table. (T. I).

As 1t is evident from the above data there existy a striking diffe-
rence between all other groups and group G- 1045. The result has
actually been derived from one single plant of the strain, which contain-
ed a supernumerary bivalent constantly present in all sporocytes.
{240 cells from 3 tillers scored, and 7 more tiliers checked). Therefore
its karyotypical set was 2n = 16 (14 -+ 2B). The extra bivalent appeared
constant in morphology as well. {(Fig. 2, 3, 4). It consists of two subter-
minal members, resernbling telocentrics, usually paired by one chiasma,

Q'OOQJ

2 0

Fig.5

Fig. 5. G- 1039, PMC with 8 bivalents. B - chromesomes appear as univalents.

or, occasionally, asynaptic. Since there was no multivalent found in
any of the sporocytes analysed, it is concluded that the extra chromo-
somes belong to the category of B’s, i.e. they represent a specific type
of polysomy, in which extra chromosomes do not give any indication
of homology to normal members of the complement (Lewis and JoHN,
1963). Their persistence implicates that the cause of irregularity cannot
be attributed to premeiotic errors, but, more probably, to transmission
through earlier ontogenetic stages, as primordia of inflorescences. We
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TABLE [

Observed meiotic configuralion in different stroins of Aegilops speltoides {Absolute volues and percentages)

Total Fragments
Strains numbhber Univa- or
of lents B-chrom.
cells |
G - 1080 275 21 6
(7.63) (2.18)
G- 724 265 48 0
(18.12)
G- 943 320 26 25
(8.19) (7.81)
G- 617 300 24 11
(8,00} (3.66)
G - 1034 220 3 10
{1.36) {4.54)
G - 1045 420 18 &
{5.28) (1.42)

Supernu- Total
Lagpards merary of Normal
-bridges bivalents aberrant
[B) | cells
9 0 36 239
(3.27) {13.08) (86.92)
8 1 57 208
(3.01) (0.37) {21.50) {78.50)
4 0 55 265
{1.23) (17.18) (82.82)
18 0 53 247
(6.00) (17.66) (82.34)
9 4 26 194
(4.09) {1.81) (11.80) (88.20)
27 210 261 159
{6.42) {50.00) (62. (37.88)
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prefer this explanation, since there had been no sign of any extra chro-
mosome in the root-tips of the initial scedling.

By examination of pairing abhility concerning extra bivalents,
we found an apparent variation between tillers. In one case a relatively
high frequency of univalents was scored (209, of PMCs) vet the majority
of tillers showed either extremely big pairing (over 95%,) or complete
absence of univalents. (Table II), Since B bivalents mostly appear as
rod - bivalents, the short arms of participating homologues can hardly
be distinguished, thus giving the impression of ditelocentrics. (Fig.
2, 4). However, at a percentage as high as 259, supernumerary biva-
lents appeared ring - shaped, forming one chiasma per arm. Even in
this situation, B’s can be clearly seen, smaller than normal bivalenis
and more intensely stained.

CéMNs observed at Al showed extra chromosomes as typically subler-
minal with an arm ratio approximating 4:1. Disjunction hetween ho-
mologues seemed to be fairly normal, as reported for other Gramineae
too, that is in Zea mays L. by Brackwoon (1956) and in Secale cereale
by Misrtzing (1954).

Discussion-Conclusions

Although Aegilops spelioides has been widely used in cytological
experiments {(RiLEY, 1960}, no relerence dealing with supernumerary
chromosomes in it appeared so far. However, it should be taken into
account that in experimental work done towards investigating wheat
diploidisation (bB system) a particular strain of the species has always
heen used, probably representing a balanced cytological condition.
Instead, the material used in this study, heterogeneous by nature,
manifested, in general, c¢ytological instability.

The phenomenon was more strikingly shown by strain G - 1045,
a single plant of which (G - 1045-2) contained constantly a supernu-
menary hivalent in its PMC’s. This indication of instability, in asso-
ciation with the lack of similar observations for the species, has encou-
raged us to search for further evidence towards explaining the mode
by which the above B’s are transmitted, maintained or eliminated.

Therefore, seeds were received from 5 ears of this particular plant
and put to germinate for root - tipping, one hundred somatic cells
having, totally, been analysed. All of them were found to contain the
normal somatic complement. (2n = 14), We could, ol course, at first
conclude that extra chromosomes cannot be transmitted {hrough the
female parent, due to selective elimination, being given that the plant
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TABLE II
Pairtng degree of B - bivalents in plant G-1045-2

. _ ! Pairing of B-chromosomes _ Number of chiasmata per B-bival. .Qc
Tiller- Number | — ring
samples* of 2 1 % 0 1 w 2 bival.
L . cells unival. bival. bival. _ i |

1 ! 160 32 128 80 _ 32 _ 98 » 30 A 18.75

2 140 0 140 100 0 103 | 37 | 26,42

3 120 5 114 95 i 6 v 84 | 30 ﬂ 95,00

420 ‘ 38 382 91.6 ‘

* BEach sample: two slides.
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was taken as outbreeder, while an effort towards artificial selfing did
not succeed. However, we could, as well admit that B’s are mitotical-
ly unstable, not seen in all cells of an individual. In order to clarify this
point, the seedlings from which root - tips had been removed, were
ubsequently put to grow and anthers were squashed for meiotic exa-
mination {second experiment}.

From preliminary observation (detailed data will be given else-
where} of PMCs from 10 plants, we found most of them to contain B
chromosomes. However, the progenies showed considerable wvariation
in number of supernumeraries. Eight plants showed to contain 3 super-
numeraries at a proportion higher than 509, of PMCs observed. Thoze
extra chromosomes must be homologous as evidenced by the [requent
formation of trivalents. Two plants were identical to the maternal one,
showing the presence of a B bivalent. Consequently, supernumerary
chromosomes must have been transmitted though a certain route not
including adventitious roots, but probably following the central part
of the plant to be refound in inflorescenses and germ cells. This parti-
cular distribution has been described by MUwrtzing (1948¢) for Poa
alpina.

Acecording to PuTEyEvskY and Zouary (1970), who studied super-
numerary chromosomes in Dactylis glomerata, non - disjunction and
selective transmission tend to increase the number ol B’s in progenies,
chielly on the male side, bv contrast to the female. However, the above
authors had also to admit that transmission of supernumerary chro-
mosomes 15 much more complicated than it superlicially seems. With
regard to our observation it seems that only somatic elimination of
B’s takes place throungh EMC, whereas a directed post - meiotic non -
disjunction leading te accumulation of B’s in the offspring is the pro-
bable mechanism of transmission. The meiotic spectrum of the pro-
genies 1s a reflection of this instability, showing that B chromosomes
are subject to considerable numerical variation, both within and be-
tween generations (Jou~ and Lewrs, 1968).

Conclusively, we can summarise as following:

Supernumerary chromosomes can exist in certain population of
Aegilops speltoides, maintainable by somatic instability. A single plant
was found as meiotically uniform, but, even in this case, uniformity
seemed Lo be conlined into this very stage. Instead, instability should
have been the rule during earlier steps of development. Thus, B chro-
mosomes are transmissible through the female parent, reappearing in
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the progenies and resulting rather to increase than elimination of
their numher, without occurring in root meristems.

The problem, certainly, needs, further elucidation. Consequently
we are attempting artificial selfing of F1 progeny (1045 -2 family)
and crossing of the strain with a standart one, not containing B chro-
MOoSOMmes.
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ANEYPEXIEZ TTIEPAPIOMON XPOMATOXZOMON EIX TON
AEGILOPS SPELTOIDES TAUSCH.

Tro

SAAIIZ KOTKOAH »xi XP. ITATIOI'AOY

[IEPIAIITIZ

Awx g ushéng tHe pardoewe iz BE (6) dpddas (whrluopols) <ol =t-
doug Aegilops speltoides Tausch. Swemiordly % mapoustia bmwepupifuou
yoopatosouxo’ Bhxeh, ftol ypoustoswpxdy Opxuopdtev ¥, omovio-
Tzpov, GAonANpwy Umepaplloy ypopatoshpev TR¢ wathyoplag tév B.

Eic & qu-dv &x thic 6padog G-104D, dvevpély &v Lelvoc opordyowv
Orepaptbuwy atafepic cle dmavra 1o dveubivea omoploxdtrapa. Td ypw-
potéowpe ooy otabepss popporoyins, OmonpuxevTpixd, @ixpdTEpo THV
xavovixddy pedév Toh xapuotimou, aynuarilovto xate T6 whelotov &y pafidi-
popgpov Srebevéc,

Mepoitéipon moonaTapurital mapasrphsels &ni Ty dmovdvey Tal dvo-

! o 3 ™ 4 F H M ¢ 1 - 1 ¥ € I 3

Tépw QuTAD dmodewviouy btt, elg 18 Oré peRéry £i8og Doiotavrar B yowpa-
id p3 A N" I B Ay ~ 6 f?\ . ! P ])\; A _

Thowpx, emthextiGe petafifampn Sur tol Onhews yovéws, adlo cwpartt
-~ 3 el DN ! o ™y 3 4 3 ! ) s

xGg xotali, Sedopévon 67 Stv dveupelnoav ele whrrtapx dxpoppilicw.

A 1¥g mopeiong EmionpeivavTar 14 mpditav B ypopatéoops ele tév
Aegilops speltoides.
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