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CHROMOSOME STUDIES IN TURKISH SPECIES OF
NONEA (BORAGINACEAE): THE ROLE OF
POLYPLOIDY AND DESCENDING DYSPLOIDY IN
THE EVOLUTION OF THE GENUS

F. SELvi*{ & M. Bigazzr*

Seven Turkish species of Nonea Medik. (Boraginaceae-Boragineae) were studied
karyologically using material collected in the field from wild populations. Somatic
chromosome number and karyotype morphology were determined for each species
using orcein staining. Nonea pulmonarioides is diploid with 2n =20, though some cells
showed 2n=19. Nonea anchusoides turned out to be tetraploid with 2n=4x=40, while
N. macrosperma was characterized by a hexaploid complement of 2n=6x=60. These
data indicate polyploidy based on x=10 as a major mechanism of speciation in the
perennial members of the genus. Among the annuals, N. echioides and N. versicolor
showed 2n =16, while N. obtusifolia and N. lutea were characterized by 2n=20 and
2n =14, respectively. The results reveal that x=10 is more frequent in Nonea than
previously realized, and that it may be the ancestral haploid number of diploid
endemics of (sub)alpine habitats in the Pontic-Caucasian mountain system. The
hypothesis is here proposed that the base numbers x=9, x=8 and x=7, progressively
prevalent in the annual species from lower altitudes, may have originated through
descending dysploidy associated with the tendency to shorten the life cycle as an
adaptation to arid habitats.
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INTRODUCTION

The genus Nonea Medik. (Boraginaceae tribe Boragineae Bercht. & J. Presl) includes
about 35 taxa distributed in the Tethyan region from western Asia to the Iberian
Peninsula and Morocco. Its main centre of diversity stretches from the Pontic-
Caucasian mountain system to the Anatolian and Irano-Turanian highlands, while
fewer species occur in Europe and in the Mediterranean, especially along the North
African coast. Turkey is the richest country, with approximately 21 species rep-
resenting more than 50% of the whole genus (Baytop, 1979; Selvi & Bigazzi, 1999,
2001).

On the whole, the systematic and evolutionary aspects of Nonea are still poorly
known and its classification relies on out-dated treatments not yet revised and
improved by modern studies. Even its delimitation with respect to closely related
genera such as Paraskevia W. Sauer & G. Sauer and Elizaldia Willk. is subtle and
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still debated by some authors. Johnston (1924), perhaps the most authoritative
worker on the Boraginaceae, considered Nonea as no more than an ‘annual’ xero-
phytic section of Pulmonaria L.

Much of this uncertainty exists because the genus is morphologically and ecologi-
cally heterogeneous and contains distinct lineages showing different combinations of
structural characters. This applies also to the morphology and ultrastructure of
pollen grains, whose remarkable variation has been recently classified into five palyn-
ological types (including Elizaldia) only partially corresponding to the groups of
taxa based on general morphology (Bigazzi & Selvi, 1998). A similar degree of
variation has also been observed in the form of the stigma, the architecture of its
receptive surface, and the structure of the papillae, leading to the recognition of six
stigmatic types largely corresponding to the pollen types (Bigazzi & Selvi, 2000).

Only two karyological studies with discussion have been carried out on Nonea,
the first by Grau (1971) on five annual species (considering Elizaldia), and the second,
more recently, by Luque (1995) on the three taxa native to Spain. Other reports in
the literature relate to sporadic counts, often obtained from cultivated plants. To
our knowledge, the total number of taxa for which chromosome numbers have been
published is 12, with a large prevalence of European and W Mediterranean annual
species. Though still largely incomplete, this picture was sufficient to show that
chromosome numbers in Nonea are as diverse as some structural characters, provid-
ing a valuable source of information to assess interspecific relationships. The genus
is ‘polybasic’, with base chromosome numbers of at least x=7, 8, 10 and 15. Such
karyological diversity has also emerged in a recent revision of the Nonea pulla DC.
group in Turkey, where chromosome analysis of four taxa contributed substantially
to the taxonomic understanding of this critical group (Selvi & Bigazzi, 2001). That
study allowed x=9 to be added to the series of base numbers, as this was found in
the polyploid N. persica Boiss. with 2n=36. To our knowledge, N. monticola (Rech.f.)
Selvi & Bigazzi, N. polychroma Selvi & Bigazzi, N. persica Boiss. and N. atra Griseb.
are the only Turkish species in which wild populations have been studied karyolog-
ically. This paper is a further contribution to the subject, as it describes the kary-
otypes of seven Turkish members of the genus — N. anchusoides Boiss. & Buhse, N.
echioides (L.) Roem. & Schult., N. lutea (Desr.) DC., N. macrosperma Boiss. &
Heldr., N. obtusifolia (Willd.) DC., N. pulmonarioides Boiss. & Balansa, and N.
versicolor (Steven) Sweet — and, drawing also on other sources of evidence, proposes
some ideas on chromosome evolution and speciation mechanisms.

MATERIALS AND METHODS
Plant material

All karyological analyses were carried out on material gathered in the wild by the
authors, using seeds for annual species and plants for perennial species. The three
perennials are currently cultivated in the Botanical Garden of Florence University.
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Only one population for each species was analysed, except for N. macrosperma and
N. versicolor with two populations each. Two plants and no fewer than 8-12 root
tips per individual were examined for the perennial taxa. About 15 germinating seeds
were examined for each annual taxon. Voucher specimens are in the authors’ personal
collection in FI; duplicates are at E. Provenances are given for all taxa examined.

Perennial species:

Nonea anchusoides Boiss. & Buhse: B9 Agri, meadows around the village of Giineykaya c.8km
W of Eleskirt towards Horasan, ¢.1850m, 29 v 2000, Bigazzi & Selvi 00.22.

N. macrosperma Boiss. & Heldr.: A5 Amasya, stony, fallow fields on limestone mountains
c.5km N of the town, 750m, 21 vi 1998, Bigazzi & Selvi 98.015; C4 Antalya-Igel, Taurus Mt.,
stony fallow fields close to the village of Akpinar on the road to Anamur, limestone, ¢.1500m,
7 vi 1997, Bigazzi & Selvi 97.033.

N. pulmonarioides Boiss. & Balansa: A9 Artvin-Kars, Cam Gegidi between Savsat and
Ardahan, alpine slopes and meadows, ¢.2550m, 18 vi 1998, Bigazzi & Selvi 98.013.

Annual species:

Nonea echioides (L.) Roem. & Schult.: C4 Konya, stony fields on limestone 10km E of
Ermenek, ¢.1200m, 7 vi 1997, Bigazzi & Selvi 97.032.

N. lutea (Desr.) DC.: A9 Artvin, ruderal places at the NE periphery of the town, ¢.600m, 23
v 00, Bigazzi & Selvi 00.34.

N. obtusifolia (Willd.) DC.: C4 Antalya, fallow fields in Pinus brutia forest in the hills around
Gebiz, ¢.100m, limestone, 8 vi 1997, Bigazzi & Selvi 97.041.

N. versicolor (Steven) Sweet: A9 Kars, rocky igneous slopes along the road between Ardahan
and Kars, ¢.1600m, 18 vi 1998, Bigazzi & Selvi 98.021; A9 Kars, fields around the E shore of
Cildir Golu, ¢.1850m, 26 v 2000, Bigazzi & Selvi 00.08.

Chromosome analysis

Seed germination occurred almost exclusively in soil out-of-doors and in low percent-
ages; no results were obtained in Petri dishes, except with the annuals N. obtusifolia
and N. echioides. Most species required chilling for ¢.3 months at 2-3°C. Root tips
from potted seedlings were pretreated with 0.002M 8-hydroxyquinoline or 0.05%
colchicine for 2.5 hours at room temperature and then fixed overnight in ethanol:gla-
cial acetic acid 3:1. When necessary, they were preserved in 70% ethanol at 3-4°C
until preparation. They were then rinsed in distilled water, hydrolysed in 1N HCI at
60°C for 6-7 minutes, stained in lactopropionic orcein overnight, dissected and
squashed on clean glass slides in a drop of 45% acetic acid (Dyer, 1979).

For each species, the best metaphase figures were photographed and idiograms
prepared on enlarged prints by measuring the overall length of the chromosomes
and of their arms and satellites. The centromeric index was then calculated as the
long-arm:short-arm ratio and chromosomes classified according to the terminology
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of Levan et al. (1964): M =exact metacentric (r=1), m =metacentric (r=1.10-1.69),
sm =submetacentric (r=1.70-2.99), st=subtelocentric (r=3.00-6.99). The intra-
chromosomal asymmetry index (4,) was calculated according to the formula
proposed by Romero Zarco (1986), while the interchromosomal index (4,) was
measured as the ratio of standard deviation of chromosome length to mean chromo-
some length. In the idiograms, pairs of homologous chromosomes were arranged
according to length, within each category of centromeric position. For each species,
length and asymmetry values were averaged from all the preparations examined.

RESULTS AND DISCUSSION

Somatic and haploid chromosome numbers, ploidy levels, karyotype formulae, intra-
and interchromosomal asymmetry indexes and mean chromosome length for each
species investigated are given in Table 1.

Nonea anchusoides. Sect. Nonea (sect. Cryptanthera DC.). This rare species, which
mostly occurs on the high mountains between Lake Urmia in Iran, Lake Van in
Turkey, and the Rawanduz region in N Iraq, was characterized by a chromosome
complement of 2n =40, whose length ranged between about 2.8 and 3.4um (Fig. 1).
If x=10 is assumed to be the base number, N. anchusoides is tetraploid with n=20.
Its karyotype consisted of one pair of exact metacentrics, 10 pairs of metacentrics,
eight pairs of submetacentrics and just one pair of subtelocentrics; no satellites were
observed. As a result, the intrachromosomal asymmetry (4,) was relatively low;
differences in size between chromosomes were also small, accounting for a low 4,
index. The chromosomes showed banding with deeply stained heterochromatic
regions alternating with euchromatic segments.

TABLE 1. Somatic chromosome number (21), base number and ploidy level, karyotype for-
mula, intra- (4, ) and interchromosomal (4,) asymmetry indexes and mean chromosome length
(L) of taxa investigated

Base number

Nonea species 2n (ploidy level)  Formula A, A, L (pum)
anchusoides 40 10 (4x) 2M +20m + 16sm + 2st 0.32 0.13 3.1
echioides 16 8 (2x) 2M +2m + 8sm +4st 045 0.13 19
lutea 14 7 (2x) 2m + 6sm + 2smSAT 4 4st 0.54 0.17 2.0
macrosperma 60 10 (6x) 10M +20m + 26sm + 4st 0.37 0.14 2.6
obtusifolia 20 10 (2x) 10M +8m + 2sm 0.17 0.08 1.8
pulmonarioides 20 10 (2x) 4m+10sm+2smSAT +4st  0.52 0.14 3.2
versicolor 16 8 (2x) 6M + 6m +4sm 0.31 0.12 19

Terminology from Levan et al (1964): M=exact metacentric (r=1), m=metacentric
(r=1.10-1.69), sm=submetacentric (r=1.70-2.99), st=subtelocentric (r=3.00-6.99). A4,
(intrachromosomal asymmetry index) calculated from formula proposed by Romero Zarco
(1986); A4, (interchromosomal index) measured as ratio of standard deviation of chromosome
length to mean chromosome length.
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F1G. 1. Metaphase plate and idiogram of Nonea anchusoides (2n=40). Scale bar =5um.

N. pulmonarioides. Sect. Nonea (sect. Cryptanthera DC.). This is a Euxine endemic
related to the Transcaucasian N. intermedia Ledeb. and previously known only from
the type locality (A9 Rize, Cimil Dag in the group of Kagkar Daglari, Pontic Alps).
The population sampled in the new locality (Cam Gegidi between Savsat and
Ardahan in NE Anatolia) showed 2n =20, with four metacentrics, 12 submetacentr-
ics, of which one pair had microsatellites (diameter smaller than chromosome diam-
eter) on the short arms, and four subtelocentrics (Fig. 2a). However, some cells in
most root tips examined showed a hypoploid complement of 2n =19, with one satel-
lited submetacentric being apparently lost (Fig. 2b). This species, not previously
investigated karyologically due to its rarity, is therefore basically diploid with n=
10 but seems to be characterized by a phenomenon known as ‘aneusomaty’, i.e. the
occurrence of different chromosome numbers in somatic cells of the same individual
plant (D’Amato, 1995).

The chromosomes were medium sized, their length ranging from 3.0 to 3.4um; the
A, index was substantially higher than in N. anchusoides as a consequence of the
prevalence of sm and st chromosomes. In early metaphase, most chromosomes
showed heterochromatic segments with differential orcein stainability due to differing
degrees of condensation at the time of fixation.

The presence of one pair of submetacentrics with microsatellites (at least in the
cells with 2n=20) was observed in this species only, while macrosatellites also
occurred in N. lutea (see below). Chromosomes with satellites seem uncommon in
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F1G. 2. Nonea pulmonarioides: a, prometaphase chromosomes and idiogram with 21 =20;
b, metaphase plate showing 2n=19. Arrows indicate satellites. Scale bars=5um.

Nonea; this contrasts with Pulmonaria, where they occur in several species (Sauer,
1987; Luque, 1989).

N. macrosperma. Sect. Nonea (sect. Cryptanthera DC.). This is a distinctive endemic
of central Anatolia with pale yellow flowers and large mericarps. It showed a chromo-
some complement of 21 =60, with 10 exact metacentrics, 20 metacentrics, 26 submet-
acentrics and four subtelocentrics; no satellites were seen (Fig. 3). Heterochromatic
segments seemed less abundant in this species. Karyotype asymmetry was compar-
able to that of N. anchusoides. Compared with N. pulmonarioides and N. anchusoides,
the chromosomes were slightly smaller, their length ranging between about 2.2 and
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F1G. 3. Metaphase plate and idiogram of Nonea macrosperma (2n=60). Scale bar=5um.

3.0um. If x=10 is assumed to be the primary base number, N. macrosperma is a
hexaploid with n=30.

N. lutea. This species, a member of sect. Orthocaryum DC., is distributed in the
Irano-Turanian area. It showed a complement of 2n =14 chromosomes with distinct
heterochromatic regions and size ranging from 1.8 to 2.2um (Fig. 4a). The karyotype
consisted of one pair of metacentrics, eight submetacentrics, of which two had macro-
satellites (diameter about the same as chromosome diameter) on the short arms, and
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F1G. 4. Metaphase plates and idiograms of: a, Nonea lutea (2n=14), arrows indicate satel-
lites; b, N. echioides (2n=16); ¢, N. obtusifolia (2n=20). Scale bars=5um.

two pairs of subtelocentrics. Both indexes of karyotype asymmetry were higher than
in the other taxa examined. Macrosatellites were apparently not observed in previous
reports on this species, all of which confirm the diploid number 2n=14 obtained
from cultivated plants (Strey, 1931; Britton, 1951) and a wild Iranian population
(Grau, 1971).

N. echioides. This widespread Mediterranean species with white flowers and reniform
mericarps (sect. Cyrtocaryum DC.) showed 2n=16 small chromosomes measuring
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1.8-2.1um (Fig. 4b). The complement consisted of two exact metacentrics, two meta-
centrics, eight submetacentrics and four subtelocentrics apparently lacking satellites.
Intrachromosomal asymmetry was slightly higher than in most of the other species
examined here, while the 4, index was comparable. Heterochromatic regions were
not clearly visible. This is the first karyotype analysis for N. echioides from the E
Mediterranean, and confirms a previous report from Spain (Luque, 1995). This
species is characterized by a stable diploid karyotype with the haploid number n=
x=38. The only substantial difference with respect to the Spanish populations was
the absence of SAT-chromosomes.

N. obtusifolia. This is a taxonomically isolated member of sect. Orthocaryum DC.
(with erect nutlets) occurring in the E Mediterranean. It showed 2n=20, with 10
exact metacentrics, eight metacentrics and only two submetacentrics, all of them of
approximately the same small size, ranging from 1.6 to 2.0um (Fig. 4c). As a result,
both asymmetry indexes were substantially lower than in the other taxa examined
here. The chromosomes did not show heterochromatic segments. Our observation
substantially agrees with two previous reports obtained from Greek populations
(Grau, 1971; Constantinidis, 1996), confirming that this species is characterized by
a stable diploid karyotype with n=x=10. However, we could confirm neither the
presence of SAT-chromosomes nor that of supernumerary B-chromosomes reported
by Constantinidis (1996).

N. versicolor. This is a Pontic-Caucasian species of the Euxine element, related to
N. rosea (M. Bieb.) Link. Like the latter (Strey, 1931; Britton, 1951), it showed a
diploid complement of 2n=16 small chromosomes measuring 1.7-2.1um in length
(Fig. 5). Its karyotype was largely symmetrical, consisting of six pairs of metacentrics
and two submetacentrics. The chromosomes did not show the heterochromatic
regions seen in most other species examined. This is the first report for wild-collected
Turkish material and it confirms an early count obtained from cultivated material
of unknown origin (Gusuleac & Tarnavschi, 1935).

Hypotheses on chromosome evolution in Nonea

Table 2 lists the Nonea species whose chromosome number is currently known, in
relation to life form, ecological type and chorological element. Though still largely
incomplete, these data give some interesting indications about karyological relation-
ships within the genus. First, it is evident that different base numbers occur in Nonea:
x=7,8,9, 10 and 15. If a count of n=22 for N. caspica from Iran is correct
(Aryavand, 1975), x=11 should also be added to the series; this requires confir-
mation. Not many genera in the Mediterranean flora show such wide variation in
their base chromosome numbers, emphasizing the morphological and ecological het-
erogeneity of Nomea. But what is the link between these numbers? According to
Luque (1995), they are steps of an ascending dysploid series starting with x=7, the
ancestral base number also found in Pulmonaria, which is commonly considered the



414 F. SELVI & M. BIGAZZI

" z_h " .
o *f

-l

B0 B0 EE EN EEN NN mum =N
mmmmomipin
1 1 J

M m sm

F1G. 5. Metaphase plate and idiogram of Nonea versicolor (2n=16). Scale bar=5um.

‘sister genus’ of Nonea (Johnston, 1924). Our data on the Turkish taxa, however,
allow a wider picture to be interpreted and suggest a hypothesis which is shown
schematically in Fig. 6 and discussed below.

The base number x=7 is found only in the annual species, such as N. caspica
(Podlech & Bader, 1974; Ghaffari, 1986, 1996), the related N. pallens (Selvi & Bigazzi,
1999) and N. lutea (Strey, 1931; Britton, 1951; Grau, 1971). The only exception
known to date is the perennial N. cesatiana (Fenzl & Friedr.) Greuter & Burdet
(syn. Paraskevia cesatiana (Fenzl & Friedr.) W. Sauer & G. Sauer), a rare endemic
with 2n =28 occurring in montane forests of the Peloponnese (Sauer & Sauer, 1980).
However, this species seems closer to Pulmonaria than to Nonea, on morphological,
ecological and, above all, karyological grounds (Sauer, 1987). Reports of 2n=14
for the perennial N. pulla (Malik et al. in Bolkhovskikh er al., 1969) may not be
reliable, as they have not been confirmed by subsequent and more detailed obser-
vations in which N. pulla is characterized as x=9 or 10 (Fiirnkranz, 1967; Javirkova-
Jarolimova, 1992); this is further discussed below. The base number x=38 is also
found only in annual and biennial species, such as N. versicolor (Gusuleac &
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TABLE 2. Chromosome number, life form (A, annual; B, biennial; P, perennial), ecological
type and chorological element of the Nonea and Elizaldia species investigated karyologically
to date; doubtful numbers are in parentheses. For references see text

Life

Nonea species 2n form Ecological type Chorological element

anchusoides 40 P Subalpine, mesophytic Irano-Turanian

atra 60, 59 B Submediterranean, SE Balkan (endemic)
semi-xerophytic

caspica 16, (22),28 A Continental, xerophytic ~ Caspian-Anatolian

cesatiana 28 P Montane, mesophytic Peloponnese (endemic)

(= Paraskevia c.)

echioides 16 A Mediterranean, S Mediterranean
xerophytic

lutea 14 A Continental, xerophytic Irano-Turanian

macrosperma 60 P Continental, xerophytic =~ C Anatolian (endemic)

micrantha 40 A Mediterranean, SW Mediterranean
xerophytic (N Africa—S Spain)

monticola 20 P Subalpine, mesophytic Paphlagonian (endemic)

obtusifolia 20 A Mediterranean, SE Mediterranean
xerophytic

pallens 14 A Continental, semi- SE Balkan (endemic)
xerophytic

persica 32, 36 P Continental, xerophytic Irano-Turanian

polychroma 16 B-P  Continental, E Anatolian (endemic)
semi-xerophytic

pulla (14), 18,20 P Continental, CE European
semi-xerophytic

pulmonarioides 20 P Alpine, mesophytic Pontic Alps (Euxine

endemic)

rosea 16 A Continental, Caucasian
semi-xerophytic

versicolor 16 A-B- Continental, Pontic-Caucasian

P semi-xerophytic

vesicaria 30 A Mediterranean, SW Mediterranean
xerophytic (N Africa—S Spain)

Elizaldia calycina 30 A Mediterranean, SW Mediterranean
xerophytic (N Africa—S Spain)

Tarnavschi, 1935), the related N. rosea (Strey, 1931; Gusuleac & Tarnavschi, 1935;
Britton, 1951), N. caspica from the Western Himalaya (Vasudevan, 1975), N. poly-
chroma (Selvi & Bigazzi, 2001), and N. echioides (Luque, 1995), though N. versicolor
and N. polychroma tend to be perennant (Popov, 1953; Selvi & Bigazzi, 2001). The
only exception is a possibly tetraploid cytotype of N. persica with 2n=32 from Iran
(Aryavand, 1975; Ghaffari, 1988). It appears that the base number x=9 is found,
together with x=10, only in some N. pulla populations (Tarnavschi & Lungeanu,
1970) and in N. persica from E Anatolia (Selvi & Bigazzi, 2001).



416 F. SELVI & M. BIGAZZI

6x @ macrosperma, atra

anchusoides, micrantha

A

W @ persica
4x 1‘
@ persica

A

caspica, cesatiana
A
vesicaria,

A Elizaldia cal.

|ﬁ| monticola, pulmonarioides,
A pulla, obtusifolia

?pulla
2X A

echioides, versicolor, caspica,
A Polychroma, rosea

lutea, pallens
A 7pulla

U

S

F1G. 6. Diagram of possible karyoevolutionary mechanisms in species of Nonea with different
base numbers and ploidy levels.

One of the main points emerging from this study is that the base number x=10
is more frequent in Nonea than previously realized. It seems most prevalent in the
perennial taxa, being found amongst the annuals only in N. obtusifolia and N. micran-
tha (Grau, 1971; Luque, 1995), which are two taxonomically isolated species with
autapomorphic traits. This base number characterizes at least four distinctive
Anatolian endemics from the main centre of diversity of the genus: N. monticola
(Selvi & Bigazzi, 2001), N. pulmonarioides, N. anchusoides and N. macrosperma, as
well as N. pulla (Fiurnkranz, 1967; Javarkova-Jarolimova, 1992; our unpubl. data),
and N. atra (Markova & Ivanova, 1973 under N. pulla var. angustifolia Velen.; Selvi
& Bigazzi, 2001). Of these species, the first two are diploid endemics with 2n =20,
which grow in alpine and subalpine meadows in restricted areas of the Pontic Alps
along the southern Black Sea. They have somewhat larger chromosomes compared
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with the other species, and share an almost identical karyotype, the only difference
being the two SAT-submetacentrics in N. pulmonarioides. They show the strongest
morphological affinities with species in the ‘sister’ genus Pulmonaria and live in
primary, mesic habitats, unlike most of the congeneric taxa. There is reason to
suppose that these two species, and perhaps the related Transcaucasian N. intermedia
and the Kurdish N. macrantha whose karyotypes are still unknown, may be among
the basal members of the genus. The occurrence of x=10 in these species suggests
that this number may be ancestral in Nonea, rather than x=7 as suggested for
Pulmonaria (Sauer, 1975). This would not support a close phylogenetic relationship
between the two genera, although it must be remembered that Pulmonaria is as
variable as Nonea in base chromosome number and that x=10 also occurs in some
taxa, such as the P. australis (Murr) Sauer group (Sauer, 1975).

The tetraploid (2n=40) and hexaploid (2n=60) complements found in N. anchu-
soides, N. macrosperma and N. atra are progressive steps in a euploid series, showing
that polyploidy is one of the main speciation mechanisms in the perennial species
of the genus. Karyotype analysis suggests that all of these species have an allopoly-
ploid origin following hybridization, now behaving as diploids producing fertile
pollen and viable seed. It is hoped that further evidence on the origin of these
polyploids may be obtained by studying meiotic behaviour or using techniques such
as genomic in situ hybridization (GISH).

Consequently, the numbers x=9, 8 and 7 are interpreted here as progressive steps
in a descending rather than ascending series, as already suggested by Fernandes &
Leitdo (1972) before the frequency of x=10 was known. Such lower base numbers
have possibly arisen through descending dysploidy, although the processes behind
this phenomenon remain hypothetical in the absence of in-depth studies. These could
include loss of chromosomes following unequal translocation in dividing somatic
cells, or, more likely, the centric fusion between two regular chromosomes without
loss of requisite genetic material (Jackson & Casey, 1980). This phenomenon could
explain the numbers 2n=20-19 (aneusomaty) observed in different cells from the
same root tips of N. pulmonarioides, and the presence in N. atra of cytotypes with
2n =60 (Markova & Ivanova, 1973) and others with 2rn =159 (Selvi & Bigazzi, 2001).
Several groups exist in which variable chromosome numbers have arisen as a result
of dysploidy or aneuploidy (Stebbins, 1971; Favarger, 1999; Stace, 2000), and this
phenomenon is thought to have played an important role in the evolution of other
Boraginaceae genera such as Pulmonaria (Merxmiiller & Grau, 1969; Sauer, 1987),
Omphalodes Miller (Grau, 1967), Mertensia Roth (Vasudevan, 1975) and Cynoglottis
(Gusul.) Vural & Kit Tan (Bigazzi & Selvi, 2001). If we examine the correlation
between chromosome number, life cycle and ecology in Nonea, it appears that
descending dysploidy seems to have progressed in parallel with a tendency to shorten
the life cycle in relation to the colonization of arid habitats. This may have played
a key role in the origin and spread of most xerophytic members of the genus, which
are mostly annuals with x=8 and x =7, possibly derived from mesophytic perennial
ancestors with x=10. Dysploid reduction associated with the origin of xerophytic
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species from mesophytic ancestors is thought to have played a key role in some
groups of Hawaiian plants (Carr, 1998). The annual species of Nonea are almost
exclusively diploid, the only exception being N. caspica from Iran with 2n=28
(Podlech & Bader, 1974; Ghaffari, 1996). To our knowledge, the only other annual
tetraploid species in the genus is N. micrantha (2n=40) from the SW Mediterranean,
which has conserved the base x =10 (Grau, 1971; Luque, 1995). This supports poly-
ploidy based on x=10 as a major mechanism of evolution in Nonea, though mostly
in the perennial species. By contrast, radiation and differentiation in the annual taxa
have progressed primarily at diploid level. Other annual species include N. vesicaria
and Elizaldia calycina from North Africa, whose 2n =30 probably originated from
the backcrossing of two ancestors with 2n=14 and 2rn=16 resulting in the dibasic
number n=15 (7+8). Meiotic studies by Luque (1995) showed normal pairing and
bivalent formation in N. vesicaria, confirming its amphidiploid nature as already
suggested by Fernandes & Queirds (1971) and Fernandes & Leitdo (1972).
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