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Abstract — A morphometric karyotype analysis was performed on the two Solanum: subgenus Leptostemonum spe-
cies of the Canary Islands (S. /idii and S. vespertilio) to understand patterns of chromosome differentiation, taxo-
nomic relationships and evolutionary implications. The somatic chromosome number, 2n = 24, was documented for
both species, supporting the basic chromosome number of Solanum (x = 12). For S. vespertilio, our data confirm a
previous report based on meiotic counts, while the chromosome number of S. /idi7 is reported for the first time.
Chromosomes are very small: for §. vespertilio the average chromosome length was 1.5 + 0.3 um and the haploid
karyotype length 18.4 + 3.6 um, and for S. /zd77 1.3 + 0.09 um and 15.85 + 1.0 um, respectively. These sizes are among
the smallest for Solanun. Both species have symmetrical karyotypes with the same formula: 8 m pairs + 4 sm pairs.
However, in addition to the length differences between the species, the only chromosome pair with a satellite on the
short arm is different: it is found on chromosome pair #2 in S. /idi7 and on a slightly shorter chromosome, pair # 4, in
S. vespertilio. Satellites were visualized in almost 100% of the cells of both species. Our karyotype data thus imply
that these island species are closely related, and likely evolved 77 situ on the islands, via sympatric or sequential spe-
ciation (S. vespertilior is the more likely most derived member of the pair). In addition, although both species show a
number of derived reproductive traits, like heterandry, zygomorphy, and andromonoecy, they retain the presump-
tively more generalized symmetrical karyotypes.
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INTRODUCTION num species are S. nava WEBB. and BERTHEL.
(previously in the genus Normzania; Bons and OL-

Around 40% of the vascular plant species of ~ MSTEAD 2001), S. /idii SUNDING, and S. vespertilio

the Canary Islands flora are endemic (SanTos
2001). The Solanaceae is not common on islands
in general, nor is it in the Canaries where it is rep-
resented by only four species (BRAMWELL and
BramweLL 2001). However, all four species are
endemic. One is in Withania (W. aristata (ArToN)
PErs.) and three are in Solanumz, the latter consti-
tuting one of the largest genera of angiosperms,
and elsewhere represented by several species of
economic, pharmaceutical, or ornamental value
(Hezser 1987; Hunziker 2001). The three Sola-
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ArroN. The latter two are a closely related species
pair placed in subgenus Leptostemonum (Dunal)
Bitter (WHALEN 1984; Bous et al., unpubl.). This
subgenus is considered to be a monophyletic
group, likely of ancient origin, conclusions most
recently supported by chloroplast DNA restric-
tion site, chloroplast ndhF and nuclear ITS DNA
sequence analyses (OLMSTEAD and PALMER 1997
Bouns and OLmsTEAD 1999; 2001). These two Ca-
narian species are particularly notable because of
the presence of highly zygomorphic flowers with
unequal anthers (i.e. heterandry) and andromon-
oecy (WHALEN 1984; ANDERSON et al. unpubl.),
morphological features that have linked them
with similar species from Mexico (WHALEN 1984).
More recent work has indicated a geographically
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more logical linkage with African solanums (Bors
et al. unpubl.). This species pair is of interest as
well in the context of the origin of the taxa. Both
species are found on one of the islands (Gran Ca-
naria — older, and closer to the African source for
the species) — thus they are geographically sym-
patric in that context (Bous et al., unpubl.). The
somewhat more abundant species, S. vespertilio, is
also found on the younger, and more distant
(from Africa), Tenerife. Thus, the species may
have had a sympatric origin on Gran Canaria, or
S. vespertilio may have been derived from the Af-
rican progenitors independently, and/ or later, on
Tenerife, and then colonized the nearby Gran Ca-
naria.

Comparative karyotype studies have proved to
be useful in determining systematic and evolu-
tionary relationships in some Solanum sections
(BERNARDELLO and ANDERSON 1990; BEr-
NARDELLO et al. 1994; Acosta et al. 2005). This is
in spite of the fact that they are generally com-
posed of homomorphic chromosomes of small
size, and are mostly diploid (STEBBINS 1971; Mo-
SCONE 1992: AcosTa et al. 2005).

In this contribution, a morphometric karyo-
type analysis has been performed on these two
Solanum subgen. Leptostemonum species with the
aim of reporting comparative karyotype data for
the first time, as well as the chromosome number
of S. lidii (the gametic chromosome number of S.
vespertilio has been published by ALbriDGE and
ORTEGA in 1976). The data are employed to un-
derstand patterns of chromosome differentiation
and taxonomic relationships.

MATERIAL AND METHODS

The provenance of the plant material studied is:

Solanum lidiz: Spain, Canary Islands, Gran Ca-
naria, Temisas, Anderson and Santos Guerra
4801, 01/June/2004.

S. vespertilio: Spain, Canary Islands, Tenerife,
Las Bodegas, Anderson and Santos Guerra 4601,
01/January/2004.

Vouchers are deposited in the herbarium of
the Instituto Canario de Investigaciones Agrarias
(ORT) and the George Safford Torrey Herbarium
(CONN).

Primary roots obtained by germinating seeds
were used to study the somatic chromosomes.
Root tips were pretreated with paradichloroben-
zene-saturated solution for 2 h at room tempera-
ture, and then fixed in 3:1 ethanol:acetic acid mix-
ture for a minimum of 12 h. Meristem cells were

isolated, macerated, and squashed in a drop of
45% acetic acid after staining with alcoholic hy-
drochloric acid carmine (Snow 1963) for two
hours at 60°C. Slides were made permanent by re-
moving the cover slip by freezing with liquid ni-
trogen. Thirty five cells of 20 individuals per spe-
cies (i.e., a total of 700 cells) were examined under
a Zeiss Axiophot microscope. Ten metaphase
plates from 10 individuals of each species were
photographed with a Leica DFC300 FX digital
camera and the photographs were used to take
measurements of the following features for each
chromosome pair: s (short arm length), 1 (long
arm length), and ¢ (total chromosome length).
The arm ratio (r = 1/s) was calculated and utilized
to classify the chromosomes as recognized by Le-
VAN et al. (1964) as: m — metacentric (r = 1.00-
1.69) or sm — submetacentric (r = 1.70-2.99).
BATTAGLIA’s (1955) terminology for satellites was
used. The satellite lengths were added to the
lengths of the corresponding arms. In addition,
haploid karyotype length based on the mean chro-
mosome lengths for each species, average chro-
mosome length, and average arm ratio were calcu-
lated. Idiograms were based on the mean values
for each species. The chromosomes were at-
ranged, as usual, into groups according to their in-
creasing arm ratio, and then according to the de-
creasing length within each group. Karyotype
asymmetry was estimated using the following pa-
rameters: A; = intrachromosomal asymmetry in-
dex, which indicates the length difference among
the chromosome arms, and A, = interchromo-
somal asymmetry index, which indicates the size
variation among the chromosomes (RomERO
ZARCO 1986).

RESULTS AND DISCUSSION

The somatic chromosome number 2n = 24 was
found in all cells of both species (Fig. 1, 2). For S.
vespertilio, our data confirm a previous report
based on meiotic counts (ALDRIDGE and ORTEGA
1976), while the chromosome number of S. /zdi7 is
reported for the first time. As in most genera of
subfamily Solanoideae ScHLTDL., the basic chro-
mosome number of Solanum is x = 12, mainly
found at the diploid level (2n = 2x = 24), although
polyploid series are found in some groups (e.g.,
RanpeLL and Symon 1976; Epmonps 1977,
Hawkgs 1990; Ocuoa 1999). In addition, some
species show atypical numbers like x = 11, 15, or
23 (FEporov 1974).
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Fig. 1-2 — Photomicrographs of mitotic metaphses of Solanum subgenus Leptostenmonum species from the Canary
Islands. 1. S. lidii, 2. S. vespertilio. Bar represents 5 um; both photographs are at the same scale.

These Solanum chromosomes are very small
(Table 1; Fig. 1-4). The average chromosome
length was 1.5 + 0.3 um for S. vespertilio and 1.3 +
0.09 um for S. /zdii. The shortest chromosome was
found in a cell of S. /idzz (0.9 um), while the long-
est (2.1 wm) was found in a cell of S. vespertilio.
The haploid karyotype size was 15.85 um + 1.0 for
S. lidii and 18.4 um =+ 3.6 for S. vespertilio. As a
whole, and in comparison with a number of taxa
(e.g., Allium, TANG et al. 2005) Solanun: chromo-
somes are small (<4 um), except in sections Cy-
phomandropsis Bitter and Pachyphylla (DUNAL)
DunarL, where the chromosomes range from 4 to
10 wm (e.g., RoE 1967; PrINGLE and MURRAY
1991; MosconE 1992; Bous 1994; 2001). Interest-
ingly, the chromosomes of the species here stud-
ied are among the smallest in the entire genus
(BERNARDELLO and ANDERSON 1990; BEr-

NARDELLO et al. 1994; BADR et al. 1997; AcosTA et
al. 2005). It is tempting to speculate that the unu-
sual, and likely derived (Boms ez al, unpubl.),
mating systems evident in these species is paral-
leled by a reduction in overall karyotype size (fol-
lowing the general pattern that Stebbins touted
for angiosperms — e.g., STEBBINS 1971).

Both species show the same karyotype for-
mula: 8 m pairs + 4 sm pairs. Karyotypes are sym-
metrical, and both species are similar in asymme-
try indices: A, = 0.3 for S. vespertilio and 0.31 for
S. lidii, A, = 0.14 for S. vespertilio and 0.16 for S.
lidi7, indicating that there is little variation among
the smallest and largest chromosomes in both spe-
cies.

Although we find variation in karyotype com-
position for both chromosome size and morphol-
ogy, the taxa studied display symmetrical karyo-
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Table 1 — Measurements in um (s = short arm, | = long arm, ¢ = total chromosome length) and arm ratio (r) of so-
matic chromosomes of Solanum lidii and S. verspertilio. Satellited pairs are indicated with an asterisk.

Chromosome lengths: mean + SD

Species pair r
s 1 c
S. lidii 1 0.77 £ 0.08 0.89 +0.08 1.66 +0.15 1.15
2 0.62 + 0.06 0.87 + 0.07 150 +0.10 1.41
3 0.68 + 0.07 0.79 £ 0.06 1.47 £0.12 1.16
4% 0.66 + 0.06 0.76 £ 0.08 142 +0.13 1.15
5 0.61 +0.07 0.76 £0.11 1.37 £0.17 1.26
6 0.56 +0.06 0.80 + 0.09 136 +0.13 1.44
7 0.58 £ 0.07 0.68 +0.07 1.26 £ 0.13 1.17
8 0.50 £ 0.09 0.71 £ 0.07 1.21+£0.13 1.43
9 0.46 £ 0.09 0.85 +0.08 132 £0.15 1.93
10 0.41 +0.07 0.79 + 0.08 120+0.12 2.01
11 0.33 £ 0.06 0.79 £ 0.09 1.12+0.13 249
12 0.27 £ 0.08 0.71 +0.07 0.98 +£0.13 2.83
S. vespertilio 1 0.79 £0.20 1.06 +0.32 1.85 +0.52 1.36
2% 0.74 £ 0.17 0.98 +0.22 1.72 £ 0.38 1.34
3 0.77 £ 0.10 0.92 +0.28 1.69 + 0.37 1.22
4 0.69 +0.13 0.87 +£0.21 1.55+£0.33 1.28
5 0.66 +0.18 0.85 +£0.25 151+042 1.31
6 0.63 +£0.14 0.83 +0.15 1.46 £0.28 1.34
7 0.57 +0.11 0.80 = 0.11 137 +0.22 1.41
8 0.56 +0.08 0.72 +0.15 128 +0.21 1.31
9 0.66 +0.12 1.09+0.13 1.75+0.24 1.68
10 0.54 +0.09 0.97 £0.13 1.51+0.21 1.89
11 0.49 +0.11 0.94 +0.13 1.43 £0.22 1.91
12 0.42 +0.18 0.83 +0.27 1.25 £ 041 2.10
m sSm
3 BBBE8BE8 3888
2 10 11 12
m sSm
i 2 3 4 5 6 7 8 10 11 12
2 um

Fig. 3-4 — Idiograms of Solanum subgenus Leptostemonum species from the Canary Islands. 3. S. vespertilio, 4. S.
lidizi. Both diagrams are at the same scale.
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types — the condition typical for Solanum (e.g.,
STEBBINS 1971; BERNARDELLO and ANDERSON
1990; BERNARDELLO et al. 1994; AcosTA et al.
2005). Solanum karyotypes usually have a majority
of 72 and sm chromosomes (e.g., PUNACKER and
FErwERDA 1984; Wu and L1 1985; BERNARDELLO
and ANDERSON 1990; BERNARDELLO ef al. 1994;
BADR et al. 1997), with metacentrics being more
frequent, the karyotype condition documented
for these species as well.

Usually, as documented here as well, the satel-
lited pair in Solanum: is comparatively larger in
size and is among the six largest in the karyotype
(cf. AcosTa et al. 2005). However, in addition to
the length differences discussed above, the posi-
tion of the single chromosome pair with a micros-
atellite is different (Fig. 3, 4). Though satellites in
both species are restricted to one 7z chromosome,
the pair is different. In §. /idzz, almost 100% of the
cells had satellites present on both homologous
chromosomes (pair #4). However, in S. vespertilio
about 30% of the cells had a single satellited 72
chromosome pair (#2). The presence of one chro-
mosome pair with satellites on short arms, as
found here, is frequent in several diploid Solanum
species (e.g., Wu and L1 1985; Trivept and SiNHA
1986; OkoLr 1988; BERNARDELLO and ANDERSON
1990; BERNARDELLO et al. 1994; AcoSTA et al.
2005). The exceptions to this general condition
are found in: S. pseudolulo HE1sER with two satel-
lited pairs, one of them on long arms (BEr-
NARDELLO ef al. 1994), S. basendopogon BITTER
with one satellited pair on long arms (BEr-
NARDELLO and ANDERSON 1990), and the S. 7/ndi-
cum L. complex with a maximum of three satel-
lited pairs (KrisunaPPA and CHENNAVEERAIAH
1975).

Karyotype features in Solanum generally allow
individual species to be distinguished (e.g., BER-
NARDELLO and ANDERSON 1990; BERNARDELLO ef
al. 1994; Acosta et al. 2005). Thus, some mor-
phological chromosome variation, although not
great, has accompanied evolutionary divergence
of the taxa, as is the case for many other plants
and animals as well (e.g., GooDSPEED 1954; RIESE-
BERG 2001). Thus, in Solanum species diversifica-
tion seems not to have been associated with large,
obvious chromosome rearrangements -at least as
seen with conventional staining — nor with poly-
ploidy. Instead, cumulative small and cryptic
structural changes have been proposed to be im-
portant, as suggested for in sections Basarthrum
Brrrer and Lasiocarpa (DuNaAL) D’Arcy (BER-
NARDELLO and ANDERSON 1990; BERNARDELLO ef
al. 1994). A common karyotype pattern of rela-

tively homogeneous 72 and s chromosomes ap-
pears widely distributed in Solanum (e.g., Wu and
L1 1985; Okorr 1988; BERNARDELLO and ANDER-
SON 1990; BERNARDELLO ef al. 1994; BADR et al.
1997; Acosta et al. 2005). Thus, karyotypic or-
thoselection has been proposed to occur in this
genus, as in other Solanaceae (cf. BRANDHAM and
DoHerTY 1998; STIEFKENS and BERNARDELLO
2002; MOoSCONE et al. 2003; Acosta et al. 2005).
This sort of selection results in rather similar
karyotypic complements, independent of chro-
mosome size, that range throughout a higher
taxon — presumably because they are more stable.

In some plant groups, increased asymmetry is
associated with advanced taxa (cf. STEBBINS
1971). This has also been proposed (AcosTa et al.
2005) for Solanum subgen. Leptostemonum Sect.
Acanthophora Dunal, which shows more asym-
metrical karyotypes, and, interestingly, some de-
rived morphological features. However, in gen-
eral, Solanum sections are characterized by small
differences in karyotype asymmetry among spe-
cies (cf. BERNARDELLO and ANDERSON 1990; BER-
NARDELLO ef al. 1994; Acosta et al. 2005). The
two island Solanum species studied here show a
number of derived morphological (reproductive)
traits, like heterandry, zygomorphy, and an-
dromonoecy - but they retain quite symmetrical
karyotypes. There is, it would seem, little or no as-
sociation between at least some elements of mor-
phological/reproductive speciation, and karyo-
type asymmetry (at least based on what we can
perceive with standard staining techniques). Per-
haps, as sequencing becomes more prominent, we
will be able to identify sequence variation. Or, it
may be that significant reproductive morphologi-
cal variation is simply not associated with signifi-
cant sequence/karyotype reorganization or spe-
ciation. The question of sympatric, parallel, or se-
quential speciation is not addressed, in particular,
by the chromosome data. The co-existence of
both S. /zdii and S. vespertilio on Gran Canaria
might suggest sympatric speciation, with subse-
quent dispersal of S. vespertilio to Tenerife, but
the data do not provide evidence for or against
this hypothesis.
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