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Abstract — Placea Miers ex Lindley is an endemic genus of Chile. There are between 3 and 6 species cited for Chile.
P. amoena Phil., is a beautiful plant with red tepals and it is growing in the Province of Illapel in Región IV. We iden-
tify the physical localization of gene clusters of 5S and 25S rDNA in Placea amoena by double fluorescence in situ
hybridization (FISH). P. amoena is 2n = 16, with the chromosome set 2m + 5sm + 1st. The ratio of the longest pair/
shortest pair (R) is 2.60 with a karyotype asymmetry index (AsI %) of 63.15. Signals of 5S and 18/25S rRNA genes
are seen in 5 of the 8 chromosomal pairs. Chromosome 1 has a 5S rDNA location terminal in the short arm; chromo-
some 2 contains the same localization, but in a position nearer the centromere; chromosome 3 shows no rDNA lo-
calizations; chromosome 4 has two signals, both in the terminal part of the short arm, the 18/25S rDNA at the tip of
the arm and 5S rDNA inmediately below it; chromosome 5 has only one 18/25S rDNA signal terminal portion of the
short arm; chromosomes 6 and 7 show no localizations; chromosome 8 contains one 18/25S rDNA signal distal in the
short arm. The homologues of the long arm of chromosome pair 2 was polymorphic in the length. It would be of in-
terest to localize 5S and 18/25S rRNA in the other species of Placea through in situ hybridization to help clarify the
taxonomic position of each taxa.
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INTRODUCTION

Placea Miers ex Lindley is an endemic genus of
Chile, belonging to Amaryllidaceae (Kubitzki 1998).
The plants are without odor, and they have a tuni-
cated bulb, umbel (flowering in the autumn) a 3-12-
flowered, with white, yellow or yellow-orange petals
that are striped and veined with red or purple (rarely
with purplish dots, or vivid red-purple), and with a 3
or 6-lobed paraperigone (Traub and Moldenke

1949). Its distribution is from Regions IV to VII, in-
cluding the federal district (Munoz 2000). The
number of species of Placea cited for Chile vary be-
tween 3 and 6 (Traub and Moldenke 1949; Marti-

corena and Quezada 1985; Kubitzki 1998; Arria-

gada and Zöllner 1996; Munoz 2000). The only
karyotypic information on Placea was given by
Naranjo (1985), in which he showed 2n = 16 in Pla-
cea arzae. Another species, Placea amoena, grows in
the Province of Illapel in Region IV of Chile. It is a
beautiful plant with red tepals that conveys upon it
high horticultural potential.

Knowledge of the relative physical locations and
the number of multicopy rDNA gene loci is very im-
portant and useful for the construction of physical
maps of chromosomes and for phylogenetic studies
(Linares et al. 1996; Schrader et al. 1997; Galasso

et al. 1997; Fukui et al. 1998; Chen et al. 1999; Mo-

scone et al. 1999; Heslop-Harrison 2000). Fluores-
cence in situ hybridization (FISH) has been widely
used for cytotaxonomical studies within different
plant groups (e.g., Guerra et al. 1996; Zhang and
Sang 1998; Lee et al. 1999; Adams et al. 2000;
Weiss et al. 2003). It is also a powerful tool for mo-
lecular cytogenetic studies (Fransz et al. 1996, 1998;
Fukui et al. 1998; Jiang and Gill 1994; Kubis et al.
1998; Weiss et al. 1999; Schrader et al. 2000, 2002).
This method allows hybridization of known labelled
marker sequences or genes preferentially as tandem
repeats to homologous chromosomal targets (re-
viewed by Schwarzacher and Heslop-Harrison

2000). The most common markers are ribosomal
genes (5S and 18S/25S rDNA), because they are
abundant and highly conserved in all species of
higher plants (Schmidt and Heslop-Harrison

1998). In the present paper we identify the physical
localization of gene clusters of 5S and 25S rDNA in
Placea amoena by double FISH.
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MATERIALS AND METHODS

Plant material, chromosome preparation and measure-
ments - Roots (1 to 2 cm long) from seedlings of Placea
amoena (Chile, Region IV, Illapel, Cuesta El Espino,
2001, KEW-INIA 013) grown on water-moistened fil-
ter paper at 24°C were excised and pre-treated with
8-hydroxyquinoline solution (2 mM aqueous solution at
4°C for 24 h), fixed in a freshly prepared mixture of ab-
solute ethanol/glacial acetic acid (3:1) for 24 h and
stored in 70% ethanol at −20°C. Before maceration, the
root tips were washed 3 times in distilled water for 30
min and then digested with an enzyme mixture of 4%
cellulase ‘Onozuka R-10’ (Serva) and 1% pectolyase
Y-23 (Seishin Pharmaceutical) in 75 mM KCl, pH 4.0
for 40 min at 37°C. After a short rinse in distilled water,
the root tips were softened in 45% acetic acid for 1 min
and squashed. The cover slips were removed after freez-
ing of the slides at −84°C and than air-dried for 1-3 days
and stored at −20°C. Chromosomes were measured
with the computer-aided program ‘MicroMeasure 3.3’
(Reeves 2001) and classified according to their arm ra-
tios (long/short; modified after Levan et al. 1964) des-
ignated by the position of the centromere: 1.0 - 1.7
(metacentric; m), 1.7 - 3.0 (submetacentric; sm), and 3.0
- 7.0 (subtelocentric; st). The karyotype asymmetry in-
dex (AsI %) was calculated using the formula described
by Arano and Saito (1980). The total genomic lengths
of the measured 10 metaphases ranged in diploid chro-
mosome sets between 143 and 238 µm. For a better
comparison, each chromosome length was calculated in
percent of total genomic length of the corresponding
diploid chromosome set. The classified lengths of ho-
mologous chromosomes and their respective arms were
combined to mean lengths of each of the 8 chromosome
types per haploid set and finally over all 10 metaphases
including the standard deviation (±) of chromosome
arms. Positions of fluorescence signals were calculated
in chromosome arms with their relative distance to the
centromere between 0 and 100 %.

Preparation of DNA probes and fluorescence in situ hy-
bridization - The 5S rRNA gene-specific probe was am-
plified and simultaneously labelled with digoxigenin-
11-dUTP (Roche Diagnostics) from genomic DNA of
Allium ampeloprasum L. via PCR using primers that
were specific for 5S RNA genes (Gottlob-McHugh et
al. 1990). The 18/25S rRNA gene-specific plasmid-
DNA of the probe VER 17 (Yakura and Tanifuji

1983; kindly provided by Professor S. Tanifuji) was la-
belled with biotin-16-dUTP using a nick translation
mix (Roche Diagnostics) according to the manufactur-
er’s instructions.

The FISH procedure was performed according to
Schrader et al. (2000) with little modifications. For
double hybridizations biotin was detected with 6 ng/µl
of streptavidin-Cy3 (Dianova) and digoxigenin with 6
ng/µl of anti-digoxigenin-FITC (Roche Diagnostics).
After washing of the slides three times in 4xSSC with
0.1 % Tween 20 at 42°C the FITC signals were en-
hanced by 6 ng/µl of anti-sheep-fluorescein (Dianova).
Chromosomes were counterstained with 1.0 ng/µl
of 4’,6-diamidino-2-phenylindole (DAPI; Molecular
Probes) for 5 min at 23°C. Photographs were taken us-
ing a computer-assisted cooled CCD camera (Visitron
Systems). Pseudocoloration and mergence of images
were done with the camera software.

RESULTS AND DISCUSSION

The results of chromosome measurements can
be summarized in the table 1 and Fig. 3. Placea
amoena Phil., is 2n = 16, with the chromosome set
2m + 5sm + 1st, i.e., 2 metacentric pairs, 5 submeta-
centric pairs, and 1 subtelocentric pair. The ratio of
the longest pair/shortest pair (R) is 2.60 with a
karyotype asymmetry index (AsI %) of 63.15. Sig-
nals of 5S and 18/25S rDNA are seen in 5 of the 8

Table 1 — Average length of chromosomes of Placea amoena Phil., calculated in percent of the mean haploid genome length of 10
metaphases (177,77 µm). The position of fluorescence signals * 5S rDNA and ** 18S/25S rDNA are designated by asterisks of cal-
culated values relative to the centromere (%).

Chromosome
pair

Long arm
(%) ± S.D.

Short arm
(%) ± S.D.

Relative
length (%)

Total length
(µm)

Arm ratio
(L/S)

Centromeric
index

Chromosome
type

1 5.15 ± 0.28 4.69 ± 0.17 9.84 17.49 1.1 0.48 m
*94.9 ± 1.60

2 5.00 ± 0.40 4.19 ± 0.20 9.19 16.34 1.19 0.46 m
*31.5 ± 5.80

3 4.36 ± 0.17 2.30 ± 0.17 6.66 11.84 1.9 0.35 sm
4 4.14 ± 0.26 1.59 ± 0.14 5.73 10.19 2.6 0.28 sm

*55.2 ± 9.30
**87.8 ± 2.10

5 3.84 ± 0.20 1.68 ± 0.10 5.52 9.81 2.29 0.31 sm
**89.5 ± 2.90

6 3.29 ± 0.24 1.61 ± 0.14 4.9 8.71 2.04 0.33 sm
7 2.88 ± 0.14 1.49 ± 0.14 4.37 7.77 1.93 0.34 sm
8 2.92 ± 0.20 0.88 ± 0.00 3.8 6.76 3.32 0.23 st

*63.0 ± 10.0
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chromosomal pairs. Chromosome 1 has a 5S rDNA
signal in the terminal portion of the short arm (94.9
± 1.6 % of the whole arm length away from the cen-
tromere); chromosome 2 contains the same localiza-
tion, but in a position nearer the centromere (31.5 ±
5.8 %); chromosome 3 shows no rDNA localiza-
tions; chromosome 4 has two signals, both in the ter-
minal part of the short arm, the 18/25S rDNA at the
tip of this arm (87.8 ± 2.1 %) and 5S rRNA inmedi-
ately below it (55.2 ± 9.3 %); chromosome 5 has
only one 18/25S rDNA signal in the terminal por-
tion of the short arm (89.5 ± 2.9 %); chromosomes 6
and 7 show no localizations; chromosome 8 contains
one 18/25S rDNA signal distal of the short arm
(63.0 ± 10.0 %). Chromosome 2 has a length poly-
morphism of the long arm (5.00 ± 0.40 %), that can
be seen in Figs. 1 and 2.

Fluorescence in situ hybridization using the
VER17 probe with 18S/25S rDNA genes produced
signals at the ends of the short arms of submetacen-
tric chromosome pairs 4 and 5 (Fig. 3). The intensity

of the signals was different (Figs. 1 and 2). Chromo-
some 4 showed a very strong signal whereas that in
chromosome 5 was weaker in one chromosome of
the pair (Fig. 2), but nevertheless detectable in all 10
inspected metaphases and also in interphase nuclei
(Fig. not shown) of the same preparation. This poly-
morphism of 18S/25S rDNA loci in homologous
chromosomes can reflect differences in the number
of repeats originated maybe by unequally crossing
over and was observed also in other plant species
(Frello and Heslop-Harrison 2000; Shan et al.
2003; Weiss et al. 2003). Furthermore, also one of
the four 5S rDNA loci showed a polymorphism in
the signal intensity of the homologues in chromo-
some 4 (Fig. 1 and 2). A similar variation of 5S rDNA
loci was also described in tobacco (Fulnecek et al.
2002). In cotton Cronn et al. (1996) had shown that
in 5S DNA 12% of the nucleotide positions are poly-
morphic within individual arrays and that the in-
tralocus concerted evolutionary forces are relatively
weak. Interestingly, Fulnecek et al. (2002) had ob-

Figs. 1 and 2 — DAPI-stained metaphase chromosomes (white) of Placea amoena Phil.,
after fluorescence in situ hybridization with probes specific for 5S (yellow) and 18S/
25S (red) rRNA genes. Arrows indicate a length polymorphism on the long arm of
chromosome 2. Arrow heads denote a polymorphism in signal intensity of 128S/25S
rDNA on chromosome 5. Scale bar: 10 µm.
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served that ‘a decrease in the copy number in one 5S
rDNA family in tobacco is often associated with an
increase in copy number in the second family sug-
gesting that a mechanism maintaining a relatively
fixed number of 5S repeats may be active’.

Altogether, using these two probes in combina-
tion, five of the eight pairs of Placea chromosomes
were identifiable with molecular-cytological mark-
ers: one with loci for both gene sequences, chromo-
some 4 (Fig. 3), one with only a 18/25S rRNA gene
locus, chromosomes 5 (Fig. 3), and three with 5S
rRNA gene loci in chromosomes 1, 2 and 8. The
chromosome 3 was also clear differentiated by the
exclusion of chromosome markers and the relations
of chromosome length. The remaining chromosomes
6 and 7 were differentiable by their length of chro-
mosome arms after application of the t-Test: long

arms with t = 4.57 were high significant (α = 0.1 %)
and the short arms with t = 1.9 were not significant.
In addition of this statistical analysis and the results
of FISH it was possible to discriminate all 8 chromo-
some pairs in the karyotype of Placea amoena.

The length of homologous chromosome 2 reveals
a polymorphism in the long arms (Figs. 1 and 2) in
five different plants, which is also expressed in the
greater standard deviation of this arm (Tab. 1). This
phenomenon has been also observed in other plant
species such as Alstroemeria (Buitendijk et al. 1998),
Brachycome (Houben et al. 2000), Scilla (Greilhu-

ber and Speta 1976), and Triticum, Tulpia, Secale
and Allium (cited by Houben et al. 2000). Each of
the 5 investigated plants possessed the polymor-
phism in the heterozygous condition; there is no in-
dication for the homozygous condition. It may be

Fig. 3 — Idiogram of the haploid chromosome complement of Placea amoena Phil., derived from 10 analysed metaphases. 18S/25S
rRNA gene locus, red dots; 5S rRNA gene locus, yellow dots; standard deviations of chromosome arms as bars.
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speculated that the heterozygous condition is of se-
lective advantage and therefore maintained in the
population. The nature of this chromatin difference
lies presumably in the origin of heterochromatic re-
gions, such as documented in Brachycome (Houben

et al. 2000) and can play a role in genome variation
(Jones and Rees 1982; Navas-Castillo et al. 1987).

Naranjo (1985) carried out a study of the karyo-
type of Placea arzae Phil., a species with a broader
distribution than that of P. amoena, occurring in the
central Mediterranean Regions V and VI, including
the federal district (Munoz 2000). There is a discrep-
ancy in the citation of the original locality of the ma-
terial, however as it is given from Cautı́n, Villarrica in
the Southern Región IX, where the species does not
occur naturally. Naranjo (1985) had estimated the
karyotype of P. arzae as 4m + 6sm + 6 st, with a dis-
tinct satellite on chromosome 6. This chromosome is
defined as subtelocentric, but in measuring directly
from the published idiogram, it would more accu-
rately be called submetacentric (following Levan et
al. 1964). In addition, this species has an ratio (R) of
3, and an index of karyotypic asymmetry (AsI %) of
61.63 (determined also from the idiogram of the hap-
loid complex). These values are very similar to those
in P. amoena, with R = 2.6 and AsI % = 63.15. The
most notable difference between the two species is
the presence in P. arzae of a satellite on the short arm
of chromosome 6. In P. amoena no satellite has been
observed, even though 10 metaphases have been ex-
amined carefully, in which the nucleolar organizing
region (NOR) was always clearly seen. Often a satel-
lite dissociates from a chromosome arm during met-
aphase, but this does not occur in P. amoena.

It would be of interest to localize 5S and 18/25S
rDNA in P. arzae through in situ hybridization and
compare these data with those for P. amoena. It
would also be valuable to compare other species of
Placea in Chile to help clarify the taxonomic position
of each taxa. These studies could be extended to in-
clude a broader investigation of the family Amarylli-
daceae in Chile, which reflect great difficulties taxo-
nomically due to complex morphological variation in
genera such as Hippeastrum, Phycella, and Rodo-
phiala (Arroyo and Cutler 1984).
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