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Abstract — The somatic chromosomes of Cestrum: bigibbosum Pittier, C. buxifolium Kunth, Sessea corymbosa Gou-
dot ex Taylor and Phillips and Vestia foetida (Ruiz et Pav.) Hoffmanns. were examined by classical staining. The
number 2n = 2x = 16 was found for all species. The total genome length ranged from 57.70 to 92.09 um and the av-
erage chromosome length from 7.21 to 11.51 um. Karyotypes were notably symmetrical. Haploid karyotype formu-
lae were 8 m pairs (C. bigibbosum, V. foetida) or 7 m + 1 sm pairs (S. corymbiflora, C. buxifolium). Except Sessea co-
rymbiflora in which satellites were not visualized, the remaining species showed one satellited pair. The species can
be distinguished by a combination of karyotype formula, karyotype length, and the position of satellites in a particu-
lar chromosome pair. Karyotype diversification in tribe Cestreae is suggested to have been accompanied by a ten-

dency towards slight asymmetry and increased genome length.
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INTRODUCTION

Solanaceae is a family of flowering plants that
has a great economic, floristic, and ethnobotanic
importance (D’Arcy 1991; Hunziker 2001). Ac-
cording to the classification system, it is composed
by a different number of subfamilies and tribes
(D’Arcy 1991; OLMSTEAD et al. 1999; HUNZIKER
2001); however, all of them agree in including
subfam. Cestroideae Schltdl. and tribe Cestreae
G. Don.

Within this tribe, and regardless of the system,
the following three genera, that inhabit the Ameri-
can continent are included: Cestrum L., Sessea
Ruiz et Pav., and Vestza Willd. The affinity among
them is well supported by morphological, chemi-
cal, and molecular data (FaInt et al. 1984; OLMm-
STEAD and PALMER 1992; FaAY et al. 1998; OLm-
STEAD et al. 1999; Hunziker 2001; SANTIAGO-
VALENTIN and OrMSTEAD 2003). Fruit and seed
traits are key to recognize them: Cestrum with ber-
ries containing 2-18 polyedric seeds, Sessea having
capsules with 4-8 winged seeds, and Vestza show-
ing larger capsules with ca. 50 polyedric seeds; in
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addition, the latter has exserted anthers, whereas
the other two genera included anthers (BENITEZ
DE Rojas and D’Arcy 1998; BeNiTEZ DE Rojas
and NEE 2001; Hunziker 2001).

Cestrum is considered to have ca. 150 spp.
(BENTTEZ DE Royas and D’Arcy 1998) that range
from Southern Florida (U.S.A.) to Southern Chile
and Argentina, but are absent from the central
Amazonian basin (BENITEZ DE Rojas and D’Arcy
1998; Hunziker 2001). Some species are used as
ornamentals (e.g., C. diurnum L., C. nocturnum
L., C. elegans (Brongn.) Schltdl.) or as medicinal
plants (e.g., C. sendtnerianum Mart., C. laeviga-
tum Schltdl., C. mathewsii Dunal), or are toxic (C.
nocturnum, C. diurnum, C. laevigatum, C. parqui
L’Herit.) because of the presence of alkaloids
(HALIM et al. 1971; McLENNAN and KELLY 1984;
Perxoto et al. 2000). Sessea has 15 spp. mainly
distributed in cloud forests and paramos of the
Andes of South America (BeniTEZ DE Rojas and
NEE 2001), while Vestia is monotypic and consists
of V. foetida (Ruiz et Pav.) Hoffmanns., an en-
demic species to temperate Chile well-known as
medicinal (Hunziker 2001).

Chromosomically, Solanaceae exhibits a dys-
ploid series from x = 7 to x = 14, although other
derived basic numbers such as x = 17, x = 19 and
x = 23 have been recorded (BoLkHOVSKIKH e al.
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1969; MoscoNe 1992; Hunziker 2001). Even
though subfam. Cestroideae has several base
numbers (x =7 to x = 12), in tribe Cestreae only x
= 8 was reported so far. In Cestrum, chromosome
numbers are known for as few as 15 spp. (cf.
BoLkHOVSKIKH ¢t al. 1969; GorpBLATT 1984;
GoLDBLATT and JoHNsON 1991, 1996) whereas in
the genus Sessea, there are no chromosome counts
available, and for Vestza there are only two reports
(GoobspPEED 1954; TscuiscHow 1956).

Regarding the chromosome morphology in the
tribe Cestreae, our knowledge is even scarce: only
the karyotypes of ten Cestrum species were stud-
ied (GorrscHALK 1954; SHArRMA and SHARMA
1957; Berc and GREILHUBER 1992; 1993a; b;
BADR et al. 1997); in addition, the presence of B
chromosomes in C. strigillatum and C. interme-
dium by banding techniques (FREGONEZI et al.
2004) and the absence of Arabidopsis-type telom-
eres in Cestrum, Sessea, and Vestia (SYKOROVA et
al. 2003) were recently reported. No data are
available for Sessea and Vestza.

Thus, karyological information is badly
needed to improve our understanding of the sys-
tematic and evolutionary relationships among Ce-
strum, Sessea, and Vestia. The purpose of this pa-
per is to analyze the karyotype of selected repre-
sentatives of these Cestreae genera by means of a
classical staining, trying to understand the taxo-
nomic and evolutionary relationships of species
and genera investigated.

The examined species are: Cestrum bigibbo-
sum Pittier, a slender treelet with reclining
branches that occurs in Colombia and Venezuela
in evergreen cloud forests; C. buxifolium Kunth, a
shrub or a dwarfed shrub irregularly branched
that grows on paramos of Andean regions (2650-
4000 m a.s.l.) of Colombia and Venezuela; Sessea
corymbiflora Goudot ex Taylor and Phillips, a tree
of ca. 6 m high ranging in subparamos at 2200-
2900 m a.s.l. from Ecuador to Venezuela; Vestia
foetida (Ruiz et Pav.) Hoffmanns., a 1-2 m tall
plant species that inhabits wet shrublands of
Chile, from Valdivia to Chiloé.

MATERIALS AND METHODS

Details of the studied material and voucher
specimens are listed below.

C. bigibbosum. VENEZUELA. Mérida state,
mun. Cardenal Quintero, 1600 m.s.m., 8° 29’ N/
71° 36’ O, Benitez de Rojas and Rojas 6478 (MY,
VIA).

Cestrum buxifolium. VENEZUELA. Mérida
state, mun. Rangel, 3090 m.s.m., 8°42’ N/ 71° 47’
O, Benitez de Rojas 6542 (MY).

Sessea corymbiflora. VENEZUELA. Mérida
state, mun. Cardenal Quintero, 2650 m.s.m., 8°
50’ N/ 70° 56’ O, Benitez de Rojas 6437(MY).

Vestia foetida. SPAIN. Cultivated in the Real
Jardin Botanico de Madrid, from seeds collected
in Chile (CORD 923).

Mitotic chromosomes were examined in
squashes of root tips that were obtained from ger-
minating seeds. Seeds were soaked for 24 hr in
running water and then put in Petri dishes on
moist filter paper and stored at 30°C. Root tips
were fixed in a 3:1 ethanol:acetic acid mixture, af-
ter pretreatment in a saturated solution of
p-dichlorobenzene in water for 2 hr, and were
stained with Feulgen solution (basic fuchsine).
Permanent mounts were made following the
method of BOwEN (1956). At least ten metaphases
per species were photographed with a phase con-
trast optic Axiophot microscope. The photomi-
crographs were used to take measurements for
each chromosome pair: s (short arm), I (long arm),
and ¢ (mean total chromosome length). The arm
ratio (r=1/s) was then calculated and used to clas-
sify the chromosomes as recognized by LEVAN et
al. (1964). In addition, total haploid chromosome
length of the karyotype, based on the mean chro-
mosome length (tl), average chromosome length
(C), and average arm ratio (R) were calculated.
Idiograms were based on the mean values for each
species. The chromosomes were arranged first
into groups according to their increasing arm ratio
and then according to the decreasing length
within each group. Karyotype asymmetry was esti-
mated using the intrachromosomal (A;) and the
interchromosomal (A,) indices of RoMERO ZARCO
(1986). Satellites were designated according to
BaTracLia (1955) and their lengths were added to
those of the corresponding arms.

A phenetic analysis was performed by using
six variables per genome: tl, R, C, A, A,, and the
presence of satellite. The program SYSTAT (ver-
sion 7.0, SPSS Inc., 1997) was used to standardize
a data matrix, to calculate the average Euclidean
distance, and to generate an UPGMA (un-
weigthed pair-group method using arithmetical
averages) phenogram.

RESULTS

The diploid chromosome number for all the
studied species was 2n = 16. Figure 1 illustrates
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Fig. 1 — Mitotic metaphases of Cestreae species. A. Sessea corymbiflora. B. Vestia foetida. C. Cestrum bigibbosum. D.
Cestrum buxifolium. Arrows point to satellites. Bar represents 10 um. All pictures at the same scale.

Table 1 — Cestreae taxa studied, haploid karyotype formulae, ordering number of the satellited pair (SAT), mean
chromosome length (C) + s.d.; mean arm ratio (R) + s.d.; total haploid chromosome length (tl) + s.d.; intrachromo-
somal asymmetry index (A,); interchromosomal asymmetry index (A,)

Haploid
Species karyotype SAT C (um) R tl (um) A, A,
formula
C. bigibbosum 8 m* 5 8.73 +0.36 1.24 £0.20 69.91 +1.32 0.17 0.26
C. buxifolium 7m* +1sm 6 1151+ 154 137 £0.31 92.09 = 1.34 0.24 0.28
S. corymbiflora 7m+1sm - 10.52 + 061 126 +0.22 84.20 + 1.12 0.19 0.24

V. foetida 8 m* 6 7.21 +0.63 1.16 £0.10 57.70 £0.95 0.13 0.08
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the range of metaphases encountered. Precise idi-
ograms calculated from means are given for these
species in Fig. 2.

The average chromosome length varied from
7.21 to 11.51 um (Table 1). The shortest meas-
ured chromosome pair was n° 8 in one cell of V.
foetida (6 um), whereas the longest was pair n° 2
in a cell of C. buxifolium (14 um).

The karyotypes of the species studied are nota-
bly symmetrical (Fig. 1, 2). Effectively, they are
composed exclusively of 7 chromosomes or just
have one s pair (Fig. 2, Table 1). The karyotype

Cestrum bigibbosum
m

Cestrum buxifolium
m sm

izl

Sessea corymbiflora
m

1 2 3

Vestia foetida
m
6 7 8

Fig. 2 — Idiograms of Cestreae species based on mean
chromosome values. All at the same scale.

12 3 4 5

of V. foetida is the most symmetrical and, com-
paratively, C. buxifolium shows some differences
in the chromosome sizes of the different pairs
(Fig. 2, Table 1).

Except Sessea corymbiflora in which satellites
were not visualized, the remaining species shows
one satellited pair. According to its shape and po-
sition, they are always terminal microsatellites.
They have been observed in the 80-100 % of the
examined cells of each species.

Although the karyotypes are comparable, the
examined species can be distinguished by a com-
bination of karyotype formula, karyotype length,
and the position of satellites in a particular chro-
mosome pair (Table 1), as shown in the pheno-
gram obtained based on these features (Fig. 3).
Vestia is the most different because of its shorter
chromosomes and extremely symmetrical karyo-
type. From the remaining cluster, C. buxifolium
separates because of its higher total haploid
karyotype length, and S. corymbiflora and C. bi-
gtbbosum are closer with comparable R, A}, and
A, values.

C. buxifolium

S. corymbifiora

C. bigibbosum

V. foetida

T T T T 1
0.0 05 1.0 15 20

Distances

Fig. 3 — UPGMA phenogram derived from average
taxonomic distance for the Cestreae species studied,
based on karyological data.

DISCUSSION

The chromosome number for Vestia foetida
confirms previous data on other accessions
(GoopsPEED 1954; TscuiscHow 1956), whereas
the numbers for the other three species are new,
including the first count for the genus Sessea. In
all cases, the basic chromosome number x = 8 is
verified for the tribe Cestreae (SHARMA and
SHARMA 1957; BOLKHOVSKIKH et al. 1969; Mo-
SCONE 1992). Outside tribe Cestreae, this base
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number is only known in some Australian Nico-
tiana species (HUNZIKER, 2001), a genus included
in tribe Nicotianeae. Some authors (MoscoNE
1992; BADR et al. 1997) suggested that x = 8 to-
gether with x = 7 are the base numbers for
Solanaceae, a hypothesis supported by molecular
studies that place subfam. Cestroideae as ances-
tral (OLMSTEAD and PALMER 1992; OLMSTEAD e?
al. 1999). More advanced taxa, such as Solanoi-
deae, increased their basic number to x = 12 (OL-
MSTEAD and PALMER 1992; OLMSTEAD ef al.
1999).

Concerning to the size, chromosomes of the
studied species are comparatively large, since
most Solanaceae have chromosomes of 1-3 um
long (e.g. MOSCONE 1992; BADR et al. 1997, CHi-
ARINI 2003 ; MOSCONE e? al. 2005). Species of Sola-
num sect. Cyphomandropsis (MOSCONE 1992) and
sect. Cyphomandra (PRINGLE and MURRAY 1991;
Boms 1994) have also chromosome sizes compara-
ble to the Cestreae species analyzed up-to-now
(SuARMA and SHARMA 1957; BErG and GREILHU-
BER 1993a, b; our results). Taking into account
the DNA amount, SYKOROVA et al. (2003), based
in their own data and in BENNETT and LEerrcu
(2001), calculated that Cestrum parqu: has the
largest mean chromosome size of any Solanaceae
species reported. In this sense, an analysis of the
absence of Arabidopsis-type telomeres in Cestrum:,
Sessea, and Vestia has suggested the hypothesis
that an over-active replacement of that region
would lead to chromosome enlargement and ge-
nome size gain (SYKorova et al. 2003).

The presence of macro-, micro-, or linear satel-
lites has been noted in Cestrum. Most species
present three satellited pairs, although some have
either two or four (GoTTscHALK 1954; SHARMA
and SHARMA 1957; BERG and GREILHUBER 1992,
1993 a, b). The species here examined have only
one satellited pair, suggesting that it is a variable
trait for the genus. The position in the chromo-
somes of these secondary constrictions also varies:
generally they are located in the short arm of the
most asymmetrical pair (either sz or s¢) and/or in
the short arm of an 7 pair (SHARMA and SHARMA,
1957; BErG and GREILHUBER, 1992, 1993, a, b;
our results).

The karyotype formulae obtained here are
comparable and related to the karyotypes known
for Cestrum: most have seven 7z chromosomes
pairs together with one pair of s»2 or sz chromo-
somes (GOTTSCHALK 1954; SHARMA and SHARMA
1957; BADR et al. 1997; BErG and GREILHUBER
1992, 1993 a, b), or exclusively 7z pairs (our data).

Thus, the three genera cannot be characterized by
a determined karyotype formula.

Overall, the karyotypes of Solanaceae are
mostly symmetrical, with a predominance of 7
chromosomes of rather similar size (e.g., Mo-
SCONE 1989, 1990, 1999; SHEIDAI ef al. 1999;
Acosta and MosconE 2000; STIEFKENS and BER-
NARDELLO 2002; AcosTA et al. 2005; MOSCONE ef
al. 2005), a trend supported by our data. Excep-
tionally, complements mostly composed by s
and sz chromosomes are found in some Nicotiana
(Burns 1982; ViLra 1984) and some Solanum spe-
cies (BERNARDELLO and ANDERSON 1990; AcosTa
et al. 2005). The fact that many genera (including
the studied here) display a constancy in chromo-
some shape and size between species, was pro-
posed as an evidence of karyotypic orthoselection
in Solanaceae, which preserves rather similar
complements because they seem to be more stable
(MosconE et al. 2003; Acosta et al. 2005).

However, a general trend in the tribe can be
suggested. Vestia foetida has a comparatively
more symmetrical karyotype and the shortest ge-
nome length, showing a basal position in the phy-
logenetic trees (OLMSTEAD et al. 1999; SYKOROVA
et al. 2003). Thus, karyotype diversification in
Cestreae may have been accompanied by a ten-
dency towards slight asymmetry and increased ge-
nome length (Sykorova ez al. 2003). Neverthe-
less, more species of Cestrum and Sessea should be
analyzed to confirm this trend.

Acknowledgements — The authors thank Agencia
Cérdoba Ciencia S.E., CONICET, and SECYT (Uni-
versidad Nacional de Cérdoba, Argentina) for financial
support.

REFERENCES

Acosta M. C., BErRNARDELLO G., GUERRA M. AND
Moscone E. A., 2005 — Karyotype analysis in sev-
eral South American species of Solanum and Lycian-
thes rantonnei (Solanaceae). Taxon, 54: 713-723.

Acosta M. C. and Moscone E. A., 2000 — Estudio
cariotipico en Dyssochroma viridiflorum (Sola-
naceae). Boletin de la Sociedad Argentina de Bo-
tanica, 35: 227-236.

Babr A., Kuavira S. F., ABoeL-ATTA A. 1. and ABou-
EL-ENAIN M. M., 1997 — Chromosomal criteria and
taxonomic relationships in the Solanaceae. Cytolo-
gia, 62: 103-113.

Barracria, E. 1955 — Chromosome morphology and
terminology. Caryologia, 8: 179-187.

BeNiTEZ DE Rojas C. and D’Arcy W. G., 1998 — The
genera Cestrum and Sessea (Solanaceae: Cestreae) in



136

LAS PENAS, CHIARINI, BERNARDELLO and BENITEZ DE ROJAS

Venezuela. Annals of the Missouri Botanical Gar-
den, 85:273-351.

BeniTEZ DE Rojas C. and NEe M., 2001 — The neo-
tropical genus Sessea (Solanaceae): a preliminary sur-
vey. In: van den Berg, R. G., Barendse, G. W. M.,
van den Weerden, G. M., and Mariani C., (Eds).
Solanaceae V. Advances in Taxonomy and Utiliza-
tion, pp. 153-159. Nijmegen University Press. Neth-
erlands.

BenneETT M.D. and Lerrcu 1. J., 2001 — Plant DNA C-
values Database (release 1.0, Sept. 2001). http://
www.kew.org/cval/homepage html

BerGg C. and GREILHUBER J., 1992 — Cold-sensitive
chromosome regions and their relation to constitutive
heterochromatin in Cestrum parqui (Solanaceae).
Genome, 35: 921-930.

—, 1993a — Cold-sensitive chromosome regions and
heterochromatin in Cestrum aurantiacum (Solana-
ceae). Plant Systematics and Evolution, 185: 259-
273.

—, 1993b — Cold-sensitive chromosome regions and
heterochromatin in Cestrum (Solanaceae): C. strigil-
latum, C. fasciculatum and C. elegans. Plant System-
atics and Evolution, 185: 259-273.

BeErNARDELLO L. M. and AnpErsonN G. J., 1990 —
Karyotypic studies in Solanum section Basarthrum
(Solanaceae). American Journal of Botany, 77: 420-
431.

Bons L., 1994 — Cyphomandra (Solanaceae). Flora
Neotropica 63: 1-75.

BorLkHOVSKIKH Z., GrRIF V., MATVEJEVA T. and Za-
KHARYEVA O., 1969 — In: Fedorov A. (Ed.), Chro-
mosome Numbers of Flowering Plants. Reprint 1974
by O. Koeltz Sci. Publ. Koenigstein, West Ger-
many.

Bowen C. C., 1956 — Freezing by liquid carbon dioxide
in making slides permanent. Stain Technology, 31:
87-90.

Burns J. A., 1982 — The chromosomes of Nicotiana af-
ricana Merxm.: a recently discovered species. The
Journal of Heredity, 73: 115-118.

CuiArINI F., 2003 — Los cromosomas somidticos de Sch-
wenckia americana (Solanaceae). Boletin de la Socie-
dad Argentina de Botanica, 38: 325-327.

D’Arcy W. G., 1991 — The Solanaceae since 1976,
with a review of its biogeography. In: Hawkes J. G.,
Lester R., Nee M. and Estrada N. (Eds). Solanaceae
III: Taxonomy, Chemistry, Evolution, pp. 75-137.
Royal Botanic Gardens, Kew, Richmond, Surrey,
UK.

Fant F. R., Torres A. and CastiLLo M., 1984 — (25
R)-isonuatigenin, an wunusual steroidal sapogenin
from Vestia lycioides. Phytochemistry, 23(6): 1301-
1306.

Fay M. F., OrmsTtEAD R. G., RicHARDSON J. F., SAN-
T1AGO E., PRANCE G. T. anD CHASE M. W., 1998
— Molecular data support the inclusion of Duck-
eodendron cestroides in Solanaceae. Kew Bulletin,
53:203-212.

FreGconezr J. N., Rocua C., Torezan J. M. D. Axp
Vanzera A. L. L., 2004 — The occurrence of differ-

ent Bs in Cestrum intermedium and Cestrum strigil-
latum (Solanaceae) evidenced by chromosome band-
ing. Cytogenetic and Genome Research, 106: 184-
188.

GorpBLATT P., 1984 — Index to plant chromosome
numbers 1979-1981. Monographs in Systematic
Botany from Missouri Botanical Garden 8, St.
Louis.

GorpBLATT P. and JounsonN D. E., 1991— Index to
plant chromosome numbers 1988-1989. Mono-
graphs in Systematic Botany from the Missouri Bo-
tanical Garden 40, St. Louis.

—, 1996 — Index to plant chromosome numbers 1992-
1993. Monographs in Systematic Botany from the
Missouri Botanical Garden 58, St. Louis.

Goobpspeep T. H., 1954 — The genus Nicotiana.
Waltham, Massachusetts.

GorrscHALK W., 1954 — Die chromosomenstruktur
der Solanaceen unter beriicksichtigung  phylo-
genetischer fragestellungen. Chromosoma, 6: 539-
626.

Havrmv A. F., Coruins R. P. and Bericar: M. S., 1971
— Alkaloids produced by Cestrum nocturnum and
Cestrum diurnum. Planta medica, 20: 44-49.

Hunziker A. T., 2001 — Genera Solanacearum. The
genera of Solanaceae illustrated, arranged according
to a new system. A.R.G. Gantner Verlag K.-G, Rug-
gell.

LevaN A., Frepca K. and SANDBERG A., 1964 — No-
menclature for centromeric position on chromo-
somes. Hereditas, 52: 201-220.

McLENNAN M. W. and KeLLy W. R., 1984 — Cestrum
parqui (green cestrum) poisoning in cattle. Australian
Veterinary Journal, 61: 289-291.

Moscone E., 1989 — Karyotype analysis in three Pat-
agonian and S. Andean endemic genera of Nico-
tianeae (Solanaceae). Plant Systematics and Evolu-
tion, 166: 31-39.

—, 1990 — Chromosome studies on Capsicum (Solana-
ceae) 1. Karyotype analysis in C. chacoénse. Brittonia,
42: 147-154.

—, 1992 — Estudios de cromosomas meidticos en
Solanaceae de Argentina. Darwiniana, 31: 261-297.

—, 1999 — Aundlisis cariotipico en Capsicum baccatum
var. umbilicatum (Solanaceae) mediante bandeos Ag-
NOR y de fluorescencia. Kurtziana, 27: 225-232.

MosconE E., BARANYIM M., EBERT I., GREILHUBER J.,
Enrenporrer F. and Hunziker A. T., 2003 —
Analysis of Nuclear DNA Content in Capsicum
(Solanaceae) by Flow Cytometry and Feulgen Densi-
tometry. Annals of Botany, 92: 21-29.

Moscone E., OrnpONEZ A. V., CarvALHO L. A. F. and
Hunziker A. T., 2005 — The chromosomes of Met-
ternichia principis (Solanaceae) and their significance
in the systematic position of the genus. Monographs
in Systematic Botany from the Missouri Botanical
Garden, 104: 316-320.

OrmsTEAD R. G. and PALMER J. D., 1992 — A chloro-
plast DNA phylogeny of the Solanaceae: subfamilial
relationships and character evolution. Annals of the

Missouri Botanical Garden, 79: 346-360.



KARYOTYPES OF CESTREAE

137

OrmsteAD R. G., Sweere J. A., SpanNcLER R. E.,
Bous L. and PaLMER D. D., 1999 — Phylogeny and
provisional classification of the Solanaceae based on
chloroplast DNA. In: Nee M., Symon D. E., Lester
R. N. and Jessop J. P., (Eds). Solanaceae IV. Ad-
vances in Biology and Utilization, pp. 257-274.
Royal Botanic Gardens, Kew.

Pemxoro P. V., Brust. L. C., DuarTE M. D., FrANCA
T. N. and Barros C. S., 2000 — Cestrum laeviga-
tum poisoning in goats in southeastern Brazil. Veteri-
nary and Human Toxicology, 42: 13-14.

PrinGLE G. J. and Murray B. G., 1991 — Karyotype
diversity and nuclear DNA variation in Cyphoman-
dra. In: Hawkes J. G., Lester R. N., Nee M. and Es-
trada N. (Eds). Solanaceae I1I: Taxonomy, Chemis-
try, Evolution. Royal Botanic Gardens, Kew, and
Linnean Society of London.

RoMERO ZArco C., 1986 — A new method for estimat-
ing karyotype asymmetry. Taxon, 35: 526-530.

SANTIAGO-VALENTIN E. and OrmsteAD R. G, 2003 —
Phylogenetics  of the Antillean Goetzeoideae
(Solanaceae) and their relationships within the
Solanaceae based on chloroplast and ITS DNA se-
quence data. Systematic Botany, 28: 452-460.

SuArMA A. K. and SuarmA A., 1957 — Karyotypes
studies in Cestrum as an aid to taxonomy. Genetica,
29: 83-100.

SHEIDAI M., MOSALLANEJAD M. and Kuaramsaz M.,
1999 — Karyological studies in Hyosciamus species
of Iran. Nordic Journal of Botany, 19: 369-374.

STIEFKENS L. and BERNARDELLO G., 2002 — Karyotypic
studies in Lycium section Mesocope (Solanaceae)
Sfrom South America. Caryologia, 55: 199-206.

Sykorova E., Liv, K. Y., Cuase M. W., Knarp S.,
Lerrcu 1. J., Lerrcu A. R. and Fajkus J., 2003 —
The absence of Arabidopsis-type telomeres in Ces-
trum and closely related genera Vestia and Sessea
(Solanaceae): first evidence from eudicots. The Plant
Journal, 34: 283-291.

Tscuiscuow N. T. b, 1956 — Ndmero de cromosomas
de algunas plantas chilenas. Boletin de la Sociedad
Biologica de Concepcién (Chile), 31: 145-147.

ViLra A., 1984 — The chromosome idiogram of Nico-
tiana plumbaginifolia. Genetica, 64: 145-148.

Received 29.09.2005; accepted 01.06.2006



