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Quantum speciation in Aegilops: Molecular
cytogenetic evidence from rDNA cluster
variability in natural populations
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Data are presented on quantum speciation in the Sitopsis section
of the genus Aegilops (Poaceae, Monocotyledones). Two small,
peripheral, isolated, wild populations of annual cross-pollinated
Ae. speltoides and annual self-pollinated Ae. sharonensis are
located 30 m apart on different soil types. Despite the close
proximity of the two species and their close relatedness, no mixed
groups are known. Comparative molecular cytogenetic analysis
based on the intrapopulation variability of rRNA-encoding DNA
(rDNA) chromosomal patterns of individual Ae. speltoides geno-
types revealed an ongoing dynamic process of permanent chro-
mosomal rearrangements. Chromosomal mutations can arise de
novo and can be eliminated. Analysis of the progeny of the
investigated genotypes testifies that inheritance of de novo rDNA
sites happens frequently. Heterologous recombination and/or
transposable elements-mediated rDNA transfer seem to be the
mechanisms for observed chromosomal repatterning. Conse-
quently, several modified genomic forms, intermediate between
Ae. speltoides and Ae. sharonensis, permanently arise in the
studied wild population of Ae. speltoides, which make it possible
to recognize Ae. sharonensis as a derivative species of Ae. spel-
toides, as well as to propose rapidness and canalization of quan-
tum speciation in Sitopsis species.

in situ hybridization | En/Spm transposons | peripheral populations |
ecological speciation

S peciation is the most intriguing enigma of biology. During
the last century, our knowledge of fundamental components
of the speciation process became better defined, but we are still
nowhere nearer to a complete understanding. Currently, a
number of speciation models and mechanisms are proposed. The
“genic” and “chromosomal” hypothesis of the predominant
speciation mechanisms is still hotly debated (reviewed in refs.
1-6). Here, we will present molecular cytogenetic evidence
supporting the model of quantum speciation by chromosomal
repatterning in the genus Aegilops. Quantum speciation implies
rapid origination of a new species in a small, ecologically
marginal population on the periphery of the parent species area
(3,7, 8).

Carl Linnaeus described Aegilops in 1737. Systematically, this
genus takes an intermediate position between the genus Triticum
and the genus Agropyron (9). The section Sitopsis of the genus
Aegilops is closest to the genus Triticum. This section includes five
diploid species: Ae. speltoides Tausch., Ae. longissima Sweinf. et
Muschl., Ae. searsii Feldman et Kislev, Ae. sharonensis Eig, and
Ae. bicornis Forssk. Within the Sitopsis group, Ae. speltoides
stands out from the four other species in several important
features: (i) it is the only cross-pollinated species in the section;
(if) it grows on terra rossa or alluvial soils, although the rest of
the Sitopsis species (except Ae. searsii) are constrained to light
sand soils; (iii) it exhibits significant differences in molecular
composition of repetitive DNA fraction (10); and (iv) geograph-
ically, it is distributed in the central part of the genus area, i.e.,
in and around the Fertile Crescent, whereas the rest of the
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Sitopsis species are local peripheral endemics of the southern
part of the western wing of the Fertile Crescent (11).

The Fertile Crescent center is considered to be the primary
center of Triticum/Aegilops species variability where local pop-
ulations of wild progenitors of cultivated wheats exhibit signif-
icant genetic diversity, and until now, this center preserves its
speciation potential (9). Notably, the area of Ae. longissima, Ae.
searsii, Ae. sharonensis, and Ae. bicornis marginally overlaps with
the southwestern part of the area of Ae. speltoides, and it seems
as if these species replace Ae. speltoides in the southern climat-
ically and edaphically special environments. All recorded fea-
tures make it possible to hypothesize Ae. speltoides as an ances-
tral species for the Sitopsis section.

To check the last statement and to investigate the evolutionary
interrelations between two diploid members of the Sitopsis
section, namely, between annual cross-pollinated Ae. speltoides
(2n = 2x = 14) and annual self-pollinated Ae. sharonensis (2n =
2x = 14), we conducted comparative molecular cytogenetic
analysis of individual genotypes from two isolated wild popula-
tions of Ae. speltoides and Ae. sharonensis. These populations are
located on the western banks of the Kishon River (Haifa Bay
area, Israel) 30 m apart (Fig. 1). It is essential to note that,
despite the close proximity of the two species, no mixed groups
are known. The Kishon populations of Ae. speltoides and Ae.
sharonensis were selected as a speciation model for several
reasons. (i) This is the south border range of Ae. speltoides, the
population is small (=100 m?), and it has long been established
that on the species border range in small populations intrap-
opulation differentiation processes are intensified (3, 12). (ii)
According to our previous data (13), the Kishon population of
Ae. speltoides is highly heteromorphic, exhibits a high level of
Enhancer/Suppressor-mutator (En/Spm) transposons activity
during male gametogenesis, and possesses a wide spectrum of
chromosomal abnormalities, including supernumerary chromo-
somes, heterozygosity for translocations, and variability in chro-
mosomal position/number of 45S and 5S rDNA sites. It has been
known that chromosomal repatterning is an integral part of the
speciation process (2, 7), and, as a consequence, speciation in
wild diploid and polyploid wheats is associated with significant
repatterning of rDNA sites (14-17). It is obvious that speciation-
related chromosomal repatterning extended further rDNA sites,
but their dynamics can be regarded as a strong indicator for
significant intragenomic processes (18). Thus, we used changes
in rDNA chromosomal pattern as a marker for potential micro-
evolution in the Kishon populations of Ae. speltoides and Ae.
sharonensis. We assumed that Ae. sharonensis is a derivative of
Ae. speltoides adapted for special edaphic ecology (light sand
soil).
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Fig. 1.
(a) Satellite image of eastern Mediterranean. (b) Field position of the studied
populations. (c) Ae. sharonensis. (d) Ae. speltoides. The photographs of Ae.
sharonensis and Ae. speltoides were taken in the same day. Although Ae.
speltoides is blossoming, Ae. sharonensis is already mature.

Geographical location and photos of the investigated populations.

Materials and Methods

Plant Material. Individual spikes of Ae. speltoides (ssp. aucheri and
ssp. ligustica) and Ae. sharonensis were collected in 2001 in the
Kishon populations (Fig. 1). The populations are located in
the Haifa Bay area: the population of Ae. sharonensis inside, and
the population of Ae. speltoides close to the Akko plain terminal
of desert plants (19). The Kishon population of Ae. sharonensis
is much larger (=9,000 m?) than the population of Ae. speltoides
(=100 m?).

Chromosome counting of 57 individual plants of Ae. speltoides
from the Kishon population was conducted. The following
genotypes were analyzed: 26 of Ae. speltoides (15 original and 11
progeny genotypes) and 7 original genotypes of Ae. sharonensis
from the Kishon populations, and 5 original genotypes of Ae.
sharonensis from Caesarea population 60 km south of the Kishon
population in the coastal plain. Plants of Ae. speltoides ssp.
aucheri Ts-84 (Latakia, Syria), Ae. speltoides ssp. ligustica Ts-24
(Eregli, Turkey), and Ae. sharonensis (Caesarea, Israel) were
used as controls (Table 1 and Fig. 2).

Probe Labeling, in Situ Hybridization, and Detection. For fluorescent
in situ hybridization (FISH) localization of 45S rRNA and 5S
rRNA gene regions, we used pTa71 (20) and AsSSDNAE (21)
probes, respectively. Probe pTa71 was labeled with biotin-16-
dUTP (Roche) and detected with Alexa 488 (Molecular Probes).
Probe As5SDNAE was directly labeled with Cy-3 (Amersham
Pharmacia). Clone ESas-2 (AY265311), the internal part of the
transposase (TPase) region of En/Spm-like transposons (13),
was labeled with digoxigenin-11-dUTP (Roche) and detected
with rhodamine-conjugated sheep anti-digoxigenin Fab frag-
ment (Roche). Telomeres were localized by hybridization with a
PCR-generated synthetic probe consisting of a tandem repeat
array of the short sequence TTTAGGG (22) labeled with
digoxigenin-11-dUTP (Roche) and detected with Alexa 350

(Molecular Probes). The FISH procedure has been described in
detail (13, 23, 24).

Chromosomal Identification. Ae. speltoides and Ae. sharonensis
chromosomes were identified according to rDNA patterns (15)
and differential staining with AT-specific fluorochrome Hoechst
33258 on the same slides used for fluorescent in situ hybridiza-
tion (Fig. 2 e, h, and 0) (23). Slides were examined on a Leica
(Deerfield, IL) DMR microscope by using black and white
Kodak T 400 CN and color Fujicolor Superia X-TRA 400
microfilms. Images were scanned with a Nikon LS-400.

Results

Ae. speltoides Morphological and Chromosomal Diversity. There are
two morphological types of Ae. speltoides (11). The aucheri-type
is characterized by cylindrical spikes with widely interspersed
spikelets. Only the apical spikelet is awned, and the rachis is
tough. The ligustica-type is characterized by denser, two-rowed
ears in which the lateral spikelets are also awned and the rachis
is brittle (Fig. 3). Analysis of the three important morphological
characters [spike size, glume morphology (presence/absence of
keel tooth), and lateral awns expressivity (latter for ssp. ligustica)
(Fig. 3) (25)] revealed significant intrapopulation morphological
variability of Ae. speltoides that guided the successive cytogenet-
ical screening. Variability of morphological characters for dif-
ferent genotypes is shown in Table 1. Chromosome counting of
57 (among these, 15 genotypes used for in situ hybridization)
original individual plants of Ae. speltoides, from the Kishon
population grown in the greenhouse from 10 spikes with differ-
ent phenotypes, revealed from one to eight supernumerary
B-chromosomes and a wide spectrum of chromosomal rear-
rangements, including variability in chromosomal position/
number of 45S and 5S rDNA sites (see also ref. 13). Nevertheless,
all plants were fertile after self- and cross-pollination in the
greenhouse.

Ae. speltoides rDNA Chromosomal Pattern. Chromosomes 1, 5, and
6 (specifically investigated in this study) could be unambiguously
identified in the Ae. speltoides genome according to rDNAs and
AT-enriched heterochromatin patterns (Fig. 2 e and /). Nor-
mally, Ae. speltoides carries 5S rDNA sites on the short arm of
chromosome 5, and chromosomes 1 and 6 carry 45S rDNA sites
on the short arms in the secondary constriction regions (Figs. 2
a and b and 3) (15).
Several types of rDNA patterns have been observed.

1. The normal pattern similar to that of Ts-24 and Ts-84 (Figs.
2 ¢ and d and 3, genotype 4-1).
2. Patterns with additional rDNA sites on chromosomes 1, 5,
and 6.
a. Additional 45S rDNA sites on chromosome 5 (Figs. 3,
genotype 4-2, and 4e).
b. Additional 5S rDNA sites on chromosomes 1 and 6
(Figs. 3, genotype 1, and 4 ¢ and d).

Table 1. Morphological characters of Ae. speltoides and Ae. sharonensis

EVOLUTION

Morphological characters Spike, cm Lemma: lateral awns Glume: keel tooth (teeth)
Ae. speltoides ssp. aucheri Ts-84* 8-9 Absence Absence

Ae. speltoides ssp. ligustica Ts-24* 8-9 Presence Presence

Ae. speltoides ssp. aucheri (Kishon)* 8-20 Absence Presence/absence (polymorphic)
Ae. speltoides ssp. ligustica (Kishon)* 8-20 Presence/absence (polymorphic) Presence/absence (polymorphic)
Ae. sharonensis (Kishon)* 6-14 Presence Presence

Ae. sharonensis (Caesarea)* 6-14 Presence Presence

*From Latakia Province, Syria (Pl 487235, USDA).
fFrom Eregli, Turkey (University of California, Riverside, G-1038).
*From Israel (Gene bank of the Institute of Evolution, University of Haifa).
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Fig. 2. Insitu hybridization of 5S (detected red) and 45S rDNA (detected green) on metaphase chromosomes of Aegilops speltoides and Ae. sharonensis and
differential staining with Hoechst 33258. (a and b) Ae. speltoides Ts-24, standard karyotype. (c-e) Ae. speltoides (Kishon), genotype 4-1. Original genotypes
presented in (f-h) and their progeny (k and /) carry additional 5S and/or 455 rDNA sites on chromosomes 1, 5, and 6. (f-h) Genotype 1-1, heterozygote for deletion
of chromosome 1long arm. (i and j) Genotype 1-2, from the same spike as genotype 1-1. (k and /) Progeny of the genotype 1-1 after self-pollination, homozygote
for deletion of chromosome 1 long arm. (m-o0) Ae. sharonensis (Kishon). Chromosomes 5 and 6 carry additional rDNA sites. (p) Ae. sharonensis (Caesarea),
standard karyotype. Chromosomes 1, 5, and 6 are shown by blue, yellow, and white arrows, respectively. B-chromosomes are shown by white arrowheads.

c. Additional 45S rDNA sites on chromosome 5 plus 5S
rDNA sites on chromosomes 1 and 6 (Fig. 2 f~I).

Moreover, in a number of original genotypes, chromosome 1
carries a second additional intercalary 5S rDNA block in the
short arm (Fig. 3, genotype 1) in homo- (Fig. 2f) or heterozygous
conditions (Fig. 2i).

The progeny of plants carrying extra-rDNA (Fig. 2 f~h) mainly
followed parental genotypes after selfing (Fig. 2 k& and ).
However, we regularly observed the emergence of new rDNA
sites as well as genome “normalization,” i.e., elimination of
additional rDNA sites from chromosome 5 and/or chromosomes
1 and 6. For example, in the progeny of genotype 2 (similar to
genotype 1), one plant followed the parental genotype, whereas
chromosomes 1 and 6 in another plant simultaneously lost
additional 5S rDNA blocks and became “regular” (not shown).

14820 | www.pnas.org/cgi/doi/10.1073/pnas.0405817101

Satellites on chromosomes 1 and 6 (Figs. 2 f and g and 3,
genotype 1) were significantly reduced in a number of genotypes.
Supernumerary B-chromosomes, if they exist, carry distal 5S
rDNA blocks on both arms (Figs. 2 ¢ and i and 4e) and sometimes
also 458 blocks (Fig. 2j).

Ae. sharonensis rDNA Chromosomal Pattern. Normally, chromo-
some 1 of Ae. sharonensis carries a distal 5S rDNA site on the
short arm, chromosome 5 carries one distal 5S rDNA and one
telomeric 45S rDNA block on the short arm, and chromosome
6 carries a 45S rDNA block in the secondary constriction region
on the short arm (Figs. 2p and 3) (15). This pattern was observed
in the plants from the control Caesarea population.

Besides the norm, plants with modified rDNA pattern have
often been detected in the Kishon population of Ae. sharonensis
(Figs. 2 m—o and 3): chromosome 5 carries an additional 5S

Raskina et al.
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Ae. Kishon population Ae.
speltoides Ae. speitoides Ae. sharonensis

(Ts-24, Ts-84) Genotype 4-1] Genotype a2 Genotype 1 sharonensis| (Caesarea)

[

Fig.3. Morphological and karyotypic variability of selected genotypes of Aegilops speltoides and Ae. sharonensis. Spikes of different genotypes are presented.
Ae. speltoidesssp. aucheri Ts-84 and genotype 1: only terminal spikelet awned. Ae. speltoides ssp. ligustica Ts-24 and genotypes 4-1, 4-2, Ae. sharonensis: terminal
spikelet and lemmas of lateral spikelets awned. Presence or absence of keel tooth on the glume is shown, respectively, by red and blue arrows in the enlargement
fragments of the spikes (Ae. speltoides ssp. aucheri Ts-84 and genotype 4-1 do not have the tooth on the glume, red arrows). Simultaneous in situ hybridization
of 55 (detected red) and 45S rDNA (detected green) on the somatic chromosomes. Only chromosomes 1, 5, and 6 with signals are shown. Polymorphism in the
morphological characters and chromosomal rDNA patterns are observed in plants of Ae. speltoides and Ae. sharonensis from the Kishon.

rDNA block concurrent with a regular terminal 45S rDNA site.  satellite on the short arm is significantly reduced in comparison
Chromosome 6 carries an additional 5S rDNA block in the short ~ with chromosome 6 from Caesarea plants (Fig. 3).

arm (Figs. 2 m and n and 3). An additional terminal 45S rDNA Thus, remarkably, the modified genotypes of Ae. speltoides
block is observed on the long arm of chromosome 6, and the  (Figs. 2f~/ and 3, genotypes 4-2 and -1) and Ae. sharonensis (Figs.

55 rDNA

Fig.4. Intragenomicdynamics of rDNAsitesin male gametogenesis of Ae. speltoides. (a) Intragenomic En/Spm-mediated transfers of 55 rDNA. Probe As5SDNAE
(detected green) for detection of 55 rDNA and clone ESas-2 (detected red) for detection of the internal part of TPase region of En/Spm-like transposons were
hybridized simultaneously on meiotic chromosomes. Extra 55 rDNA sites coupled to En/Spm transposons are shown by white arrows. (b) Chromosome 5,
concurrence of En/Spm and additional 55 rDNA clusters are shown by yellow arrows. (c) Meiotic chromosomes (diakinesis stage) of the progeny of the same
genotype after selfing. Chromosomes 1 and 6 carry additional 55 rDNA blocks concurrent with 455 rDNA. Moreover, one of the conjugated homologues of
chromosome 1 carries one more additional intercalary 55 rDNA block on the short arm. One of the conjugated homologues of chromosome 5 carries an extra
5S rDNA block (3 blocks on bivalent totally). Chromosome 6 demonstrates a reduced satellite. (d) Meiotic chromosomes from the same anther as c. The
consequences of heterologous recombination are observed. The bridge between 455 rDNA blocks of the chromosomes 1 and 6 still exist. Third (additional) 55
rDNA block on chromosome 5 is lost, whereas the other bivalent (green arrow) simultaneously carries 55, 455 rDNA blocks and telomeric repeats (detected blue).
(e) Meiotic chromosomes, diplotene stage. Heterologous synapses of chromosomes 1 and 5. Chromosome 5 carries an extra 455 rDNA block. Chromosomes 1,
5, and 6 are shown by blue, yellow, and white arrows, respectively. B-chromosomes are shown by white arrowheads.
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2m-o and 3) from the Kishon populations have additional IDNA
sites on chromosomes 1, 5, and 6 and reduced satellites on
chromosome 6.

Additional rDNA Clusters in Connection with En/Spm Transposons
Activity in Meiosis. Simultaneous in situ hybridization with TPase
fragments of the En/Spm transposons and 5S rDNA was con-
ducted on the meiotic chromosomes of Ae. speltoides plants from
the Kishon population (Fig. 4 a and b) (see also ref. 13). The
concurrence of chromosomal localization of the En/Spm clusters
with additional clusters of 5S rDNA has also been revealed (Fig.
4 a and b).

rDNA Sites Can Provoke Heterologous Synapses and Recombination.
Chromosomes that carry extended rDNA arrays, such as IDNA
sites, telomeric repeats, etc., are involved in heterologous syn-
apses and recombination (Fig. 4 d and ¢). Thus, we observed the
bridge between 45S rDNA blocks of chromosomes 1 and 6 (Fig.
4d). A combined block of 5S rDNA, 45S rDNA, and telomeric
repeat on the other bivalent is also the consequence of such an
event (Fig. 4d). Another example of heterologous synapses
between chromosome 5, which carries an additional 45S rDNA
site, and chromosome 1 is shown in Fig. 4e.

Discussion

Intrapopulation Variability of rDNA Sites. Chromosomal distribu-
tion of 5S and 45S rDNAs is different in the two analyzed species.
Given that our assumption is true, and Ae. sharonensis is indeed
a derivative of Ae. speltoides adapted for special sandstone
edaphic ecology, there must formally be at least two speciation
events concerning the remodeling of 5S and 45S ribosomal sites:
(i) emergence of a new 5S rDNA cluster on chromosome 1, and
(ii) transfer of the 45S rDNA cluster from chromosome 1 to a
distal position on the short arm of chromosome 5 (Fig. 3). It is
unlikely that these events occur simultaneously, and a priori we
expect intermediate genotypes. Indeed, this is what we found.
Although several genotypes exhibit a speltoides-type of TDNA
chromosomal distribution (Figs. 2 ¢ and d and 3, genotype 4-1),
other genotypes (Figs. 2 f~I and 3, genotypes 4-2 and -1) show
intermediate TDNA patterning between speltoides and sharon-
ensis types (Figs. 2 m—p and 3). These intermediate genotypes
already possess intercalary 5S rDNA sites on chromosome 1, but
do not yet have the distal 45S cluster on chromosome 5.
Genotype 4-2 possesses chromosome 5 with a sharonensis-type of
rDNA distribution, i.e., mobile cluster of 45S rDNA colocated
with a regular 5S rDNA site, but chromosomes 1 and 6 are still
of the speltoides-type (Fig. 3). It is important to emphasize that
genotypes 4-1 with normal rDNA patterning and 4-2 with a
modified pattern were grown from the same spike, a strong
argument in favor of rDNA remodeling permanency. Plants of
Ae. sharonensis from the Kishon population still possess some
features of rDNA chromosomal distribution of intermediate
genotypes: the presence of the additional 5S rDNA cluster on
chromosome 6 of genotype 1, for instance (Figs. 2 and 3).
Formally, the presence of intermediate genotypes may be
explained by introgressive hybridization. It should be stated,
however, that, from the very beginning, we excluded this possi-
bility for three reasons. First, natural hybridization among the
diploid Aegilops species is a very rare phenomenon despite the
fact that several diploids have massive spatial contact (11).
Second, due to our field observations, both seasonal isolation
and isolation due to the mating system occurs: self-pollinated Ae.
sharonensis blossom 1-1.5 months earlier than cross-pollinated
Ae. speltoides. In Fig. 1, photographs of Ae. sharonensis (1c) and
Ae. speltoides (1d) were taken on the same day. Although Ae.
speltoides was blossoming, Ae. sharonensis was already fully
mature. Third, despite the close spatial proximity of the two
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species, no mixed groups were found that testify to ecological
divergence, both temporal and edaphic (26).

Possible Mechanisms of rDNA Repatterning. We propose that the
repatterning process of speciation-related rDNA sites starts
from a simple “traveling” of rDNA to a new site. The mobility
of rDNA clusters has been described in many plant species. It
may involve major loci, small numbers of copies of the repeat
unit, or fragments of the unit (14, 27). Ectopic recombination
and/or activity of mobile elements were proposed to be the
mechanism for this “traveling” (13). The latter implicated
mobility of rDNA sites in genomes of individual plants of Ae.
speltoides from the Kishon population associated with activation
of En/Spm transposons in meiosis, which was recently described
by us (13). Analysis of the dynamics of rDNA clusters at the stage
of male gametogenesis is the key for understanding the possible
mechanisms of rDNA repatterning. Fluorescent in situ hybrid-
ization experiments revealed the inter- (Fig. 4a) and intrachro-
mosomal (Fig. 4b, chromosome 5) transfer of 5S rDNA together
with En/Spm elements. As a result, one of the conjugated
homologues of chromosome 5 (Fig. 4b) carries an additional 5S
rDNA block, and, importantly, this character is heritable be-
cause the progenitor also possesses chromosome 5 with extra-5S
rDNA sites at the same position (Fig. 4c). Besides, the progeny
preserves maternal distribution of  DNA on chromosome 1, i.e.,
one homologue inherits an extra 5S rDNA site concurrent with
45S rDNA, whereas the other homologue inherits one more
additional intercalary 5S rDNA site (Fig. 4c).

Regardless of the mechanisms of r DNA transfer to a new place
on the chromosomes, new rDNA clusters must be stabilized. This
stabilization can be achieved by homozygotization in two alter-
native ways: (i) by selfing (Fig. 2 k and /) or crossing with similar
genotypes and (if) by non-Mendelian epigenetic mechanisms of
En/Spm-mediated intragenomic transfer of rDNA (13). The
latter explains the occurrence of two homozygous but different
genotypes from one spike: genotypes 4-2 vs. 4-1 (Fig. 3), or 1-2
(Fig. 2 f~h) vs. 1 (Fig. 3) when both homologs of chromosome 5
carry or do not carry the additional 45S rDNA block. We
propose that such events may occur in the zygote after fertili-
zation (Figs. 2 and 3). In its turn, the emergence of a new rDNA
site may induce a number of intragenomic events as a conse-
quence of heterologous synapses and recombination between
chromosomes that carry extended rDNA arrays (Fig. 4 d and e).
In Fig. 4d, the bridge between 45S rDNA blocks of chromosomes
1 and 6 is a relict of this meiotic heterologous recombination.
Moreover, on the other bivalent of the same meiotic plate, we
observed a combined 5S plus 45S rDNA block in the telomeric
position that was also a consequence of heterologous recombi-
nation in meiosis or in a premeiotic cell. Because both chromo-
somal plates presented in Fig. 4 ¢ and d were obtained from the
same anther, it is evident that the third extra-5S rDNA block of
chromosome 5 (Fig. 4c) was involved in this particular cell-
specific heterologous recombination: chromosome 5 does not
carry an additional 5S rDNA block in Fig. 4d and seems to be
“revertant” to the norm.

In the other case, the emergence of an additional 45S rDNA
site on chromosome 5 provoked heterologous synapses with
chromosome 1 (Fig. 4e). It is very possible that chromosome 6
could also be involved in heterologous synapses with chromo-
somes 1 and/or 5 because the presence of additional rDNA sites
and a reduction of satellite on the short arm of chromosome 6
in a number of genotypes (Figs. 2 fand g and 3, genotype 1) and
their progeny (Figs. 2 k and / and 4c) were observed.

However, the limitation for the quantity of extra rDNA sites
most probably exists due to a deleterious effect of increasing
heterologous recombination that may trigger a fatal imbalance
of the plant genome.

Raskina et al.
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Conclusions

All of the aforementioned make it possible to conclude that our
assumption, most probably, is true, and Ae. sharonensis is indeed
a derivative of Ae. speltoides adapted for special edaphic and
climatic temporal environments. As is obvious from the geno-
type descriptions, in a small peripheral population of Ae. spel-
toides, a series of permanent chromosomal rearrangements
emerged, resulting in the onset of several new genomic forms
with modified karyotypes (Figs. 2—4). This finding provides the
basis for the particular adaptive combination of genes when the
peripheral population of Ae. speltoides is degraded. A limited
number of naturally selected fertile, homozygous, and self-
compatible forms (Fig. 2 f and k) with sharonensis-types of I DNA
chromosomal patterns may colonize soils unfit for the maternal
species (Fig. 1b). The latter is confirmed by the fact that Ae.
sharonensis from the Kishon population still possesses some
features of rDNA chromosomal distribution of intermediate
genotypes, i.e., similarity of chromosome 5 of Ae. sharonensis and
of Ae. speltoides (genotype 4-2), as well as chromosome 6 of Ae.
sharonensis and of Ae. speltoides (genotype 1) (Fig. 3). Thus, we
observe a certain “evolutionary channel” leading from the
plastic Ae. speltoides genome to that of Ae. sharonensis.

Mode and Tempo of Speciation. Close proximity of the two pop-
ulations (Fig. 1b) may point to rapid quantum speciation. If the
Kishon population of Ae. sharonensis is a derivative of Ae.
speltoides population, which is most probable, then it is possible
to presume that rapid quantum speciation took place. It implies
a new species originating as a new structural homozygote in a
small, ecologically marginal population on the periphery of the
parent species (3, 7, 8). One of the main characteristic features
of this type of speciation is the absence of a hybrid zone
surrounding the area of the occurrence of the two species due to
the strong genetic isolation of the neospecies observed in the
studied populations. Alternatively, if the current coexistence of
Ae. speltoides and Ae. sharonensis populations is due to a
secondary contact, it is quite possible that Ae. sharonensis arose
in another area by geographical isolation (3, 8, 28).
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Causes of Speciation. Another important question is, Why does
speciation take place in a certain geographical zone, in a certain
time, and in a certain group of species? We can hypothesize that
in the Aegilops case the cause may be climatic changes in the
region during the Quarternary period. Under the influence of
the European glaciation, up to the late Pleistocene, the floral
zone of ancient Ae. speltoides extended southward to the present,
down to northern Africa, but in the Holocene period a gradual
recession to the north took place (29). The impact of the glacial
period and the close proximity of a large Afro-Arabian desert
domain most probably played a leading role in the formation of
the Sitopsis group. Geographical location of the Sitopsis species
from Egypt (Ae. bicornis) to Syria (Ae. longissima and Ae. searsii)
(11) and their special ecological preference made it possible to
propose that all four species originated during the recession in
the same way as it was described above for Ae. sharonensis, as a
result of Ae. speltoides northward retreat at its southern border.
In the Quarternary period, there were at least 6 interchanges of
cold-temperate climate (29, 30), and the recession scenario may
have happened repeatedly. Thus, these species growing largely
on sand soils and adapting to xeric environments could be a
“trace” of the ancient Ae. speltoides area “pulsation.” Indirectly,
it is confirmed by our previously published data from compar-
ative genomic in situ hybridization, when Ae. bicornis, the most
southern and probably first of the derived Sitopsis species,
exhibited the farthest divergence from Ae. speltoides in a repet-
itive noncoding DNA fraction (23, 31). If this scenario is
substantiated, then the Sitopsis species represent a speciation
trend following Grant’s (32) theory, when the phyletic group
keeps pace with the Pleistocene/Holocene climatic and edaphic
changes by means of a succession trend of species.
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