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INTRODUCTION

Dactylorhiza Necker ex Nevski is a genus of Orchidinae
(Orchidaceae) that includes about 50 taxa (Quentin,
1995). The genus has a basic chromosome number of
x = 20 and consists mostly of diploid (2n = 2x = 40) and
tetraploid (2n = 4x = 80) species (Soó, 1980; Moore,
1982), the exceptions being D. sambucina with 2n = 40
or 42 (Cauwet-Marc & Balayer, 1984 and references
therein) and D. insularis with 2n = 3x = 60 (Scrugli,
1977; Gathoye & Tyteca, 1989), which is an apomicti-
cally reproducing allotriploid derived from D. romana
and D. sambucina (Bullini et al., 2001). Chromosomes

in the genus are small in size and similar to those of the
42-chromosome Orchis species (D’Emerico et al., 1993).
The karyotype structure of the genus is known from
only three taxa, namely D. maculata ssp. meyeri (Vöth
& Greilhuber, 1980), D. sambucina (Cauwet-Marc &
Balayer, 1984) and D. insularis (D’Emerico et al., 1992).

Since chromosome number changes via auto- or
allopolyploidy seem to represent one of the main
sources of speciation within the genus (Averyanov,
1990; Hedrén, 1996), preliminary karyological analy-
ses of diploid species represent a fundamental step
towards the understanding of the evolutionary trends
in the genus.

In this paper we report on the karyomorphology and
chromosomal heterochromatin distribution in Dacty-
lorhiza romana and D. saccifera, sampled from differ-
ent sites in southern Italy. In order to derive a better
insight into karyotype evolution, the karyological
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The relationships between Dactylorhiza romana and D. saccifera from southern Italy were analysed. These two
species, both with 2n = 2x = 40 chromosomes and belonging to different sections of the genus, were distinguishable
on the basis of karyotype structure and heterochromatin amounts and distribution. Their C-banded karyotypes dif-
fered considerably. D. saccifera showed most chromosomes with banded regions in the short arms, whereas in D.
romana the bands were located mostly at telomeric regions of longer arms. Several individuals of D. romana had
one or two very large heterochromatic supernumerary chromosomes. Based on evidence resulting from karyotype
structure and heterochromatin distribution in the two species and on the genetic distances derived from the com-
parison of ITS sequences, it is suggested that D. romana represents a primitive form with respect to D. saccifera
and is a possible intermediate step in the evolution of the genus Dactylorhiza from the 42-chromosome Orchis group.
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results will be discussed in the light of the genetic 
similarity between taxa as disclosed by the analysis 
of the internal transcribed spacer (ITS) sequences 
of the ribosomal DNA (Bateman et al., 1997; Aceto
et al., 1999).

MATERIAL AND METHODS

Mitotic chromosomes were prepared from immature
ovaries, pretreated with 0.3% colchicine at room tem-
perature for 2h.

For Feulgen staining they were fixed for 5min 
in 5 :1 :1 :1 (v/v) absolute ethanol, chloroform, glacial
acetic acid and formalin (Battaglia 1957a), hydrolysed
at 20°C in 5.5 N HCl for 20min (Battaglia 1957b) and
stained in freshly prepared Feulgen stain.

For C-banding, ovaries were fixed in ethanol–glacial
acetic acid (3 :1 v/v) and stored in a deep-freeze for up
to several months. Subsequently, they were squashed
in 45% acetic acid; coverslips were removed by the dry
ice method and the preparations air-dried overnight.
The slides were then immersed in 0.2NHCl at 60°C
for 3min, thoroughly rinsed in distilled water and
then treated with 4% Ba(OH)2 at 20°C for 4 min 
After thorough rinsing they were incubated in 2xSSC
at 60°C for 1h, and then stained in 3–4% Giemsa
(BDH) at pH 7.

For Hoechst 33258 staining, squash preparations
were made as for C-banding and then stained in a 
2-µg/mL dye solution in pH 7 McIlvaine buffer for
5min, rinsed and mounted in the same buffer (Perrino
& Pignone 1981).

For DAPI (4-6-diamidino-2-phenylindole) staining,
ovaries were treated as for H33258 and stained using
a buffered (pH 7 McIlvaine) DAPI solution (0.6mg/mL)
for 5 min, followed by rinsing and mounting in buffer–
glycerol v/v 1 :1.

Chromosome pairs were identified and arranged on
the basis of their length and any other evident karyo-
morphological feature. The nomenclature used for

describing karyotype composition followed Levan et
al., (1964).

A list of the examined specimens is given in Table 1.

RESULTS

DACTYLORHIZA ROMANA (SEBASTIANI) SOÓ

Plants from Apulia and Sicily show 2n = 2x = 40 chro-
mosomes (Fig. 1), in agreement with previous reports
(Del Prete et al., 1980; Bianco et al., 1987). However,
many individuals with purple flowers from Martina
Franca (Apulia) show 2n = 41 chromosomes (40 + 1 B
metacentric). In addition, two specimens with purple
flowers have 2n = 42 (40 + 2 B metacentric). The kary-
otype structure of this species is 16m + 22sm + 2st
chromosomes. Individual chromosomes vary in length
from 1.00 to 3.33 mm.

Five chromosome pairs show evident telomeric 
heterochromatin after Giemsa C-banding. Four large
bands are located at the long arm telomere of pairs 7,
13, 15, and 16, while a small but clear band is on the
short arm telomere of pair 10. Inconstant centromeric
bands are seen on all chromosomes (Figs 2 and 11a).
Interphase nuclei exhibit a number of chromocentres
that equals that of the constant bands (Fig. 5). The
supernumerary chromosomes are heterochromatic, as
evidenced by the C-banding (Figs 4 and 6). After DAPI
or H33258 staining the major C-bands exhibit a degree
of fluorescence, while the centromeric faint ones do not
show any differential reaction (Fig. 3). Unfortunately,
DAPI staining in individuals with 2n = 41 chromo-
somes failed to identify the supernumerary chromo-
somes.

DACTYLORHIZA SACCIFERA (BROGN.) SOÓ

Plants from the Gargano Peninsula (Apulia), Cilento
(Campania) and Madonie (Sicily) areas have 2n = 40
(Fig. 7), in agreement with reports by Cauwet-Marc &
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Table 1. Taxa examined in the present study, their collecting sites, number of investigated specimens and chromosome
number

Number of investigated 
Taxon Sites specimens and flower colour Chromosome number (2n)

Dactylorhiza romana Martina Franca (Taranto); Gargano Yellow: 18 40
Peninsula (Foggia), Apulia; near Purple: 6 40
Catania (Sicily) Purple: 10 40 + 1B

Purple: 2 40 + 2B

D. saccifera Gargano Peninsula (Foggia), 20 40
Apulia; Cilento (Salerno), 
Campania; Madonie (Sicily)



Balayer (1984) and Gathoye & Tyteca (1989). The
karyotype is 32m + 8sm. Chromosome lengths vary
from 1.00 to 2.17 mm.

Most chromosomes have telomeric C-bands located
mainly on the short arms. The largest bands are those

on pairs 2, 6, 8, 9, 12 and 18 (Figs 8 and 11b). When
chromosomes are stained with Hoechst 33258 or 
DAPI (Fig. 10), positive bands on the short arms can
be detected in the same domains where C-bands are
located. Interphase nuclei have 12 chromocentres, 
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Figures 1–6. Dactylorhiza romana. All figures to same scale, bar = 5 mm. Fig. 1. Feulgen staining, mitotic metaphase,
2n = 40. Fig. 2. Giemsa C-banding, metaphase. Fig. 3. H33258 stained, mitotic metaphase. Fig. 4. Giemsa C-banding,
metaphase showing one heterochromatic supernumerary chromosome. It is interesting to note the main heterochromatic
blocks joined by poorly stained small gap (arrow). Fig. 5. Giemsa C-banding, interphase nucleus. Fig. 6. C-banding,
metaphase showing two heterochromatic B-chromosomes.



distinguished from the remaining spots by their larger
size/intensity (Fig. 9).

DISCUSSION

The karyotypes of Dactylorhiza romana and D. sac-
cifera proved to be quite different. D. saccifera has
smaller chromosomes, a more uniform karyotype, a
higher average content of C-banded heterochromatin
and a larger number of heterochromatic domains than
D. romana. Chromosome uniformity in D. saccifera
makes it difficult to identify homologous chromosomes
solely on the basis of centromere position, whereas 

the chromosomes of D. romana are identified more
easily.

In earlier classifications, the two species were allo-
cated to two different sections of Dactylorhiza, namely,
D. romana in Sambucinae and D. saccifera in Dacty-
lorhiza (Soó, 1968). Nevertheless, Nei’s indices of
genetic distance based on isozyme data (Nei, 1972)
indicate a low degree of phyletic separation (Rossi
et al., 1995). The observed differences in chromosomal
morphology and amount and distribution of C-banded
heterochromatin suggest that the two species are sep-
arated quite widely. Additionally, the two taxa display
different ITS sequences that might imply a mecha-
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Figures 7–10. Dactylorhiza saccifera. All figures to same scale, bar = 5 mm. Fig. 7. Feulgen staining, mitotic metaphase,
2n = 40. Fig. 8. Giemsa C-banding, mitotic metaphase. Fig. 9. C-banding, interphase nucleus. Fig. 10. H33258 stained,
mitotic metaphase.



nism of reproductive isolation. In fact, D. romana
(European Molecular Biology Laboratory accessions
DRZ94065 and DRZ94066) and D. saccifera (Cozzolino
et al., in prep.) showed ITS1 sequences 246 and 247 bp
long and ITS2 sequences 241 and 237 bp long, respec-
tively. When aligned, the ITS1 and ITS2 sequences 
of the two taxa showed 9 base substitutions (2 transi-
tions and 7 transversions), 3 insertion/deletions and a
sequence identity of 97.4%. In this regard, even if 
the two species are close from a phylogenetic point 
of view, they display levels of genetic identity (and, 
of course, of genetic diversity) comparable to those of
other distinct (pairs of) orchid species. For instance,
the same range of identity between ITS sequences
(97.4%) has been found between two pairs of close 
and clearly distinct Orchis species, namely in O. mil-
itaris/O. simia and in O. mascula/O. provincialis
(Aceto et al., 1999).

Previous karyomorphological studies have sug-
gested that D. romana is related closely to the 42-
chromosome Orchis species (D’Emerico et al., 1990,
1992, 1993; Bianco et al., 1991). Moreover, Cauwet-
Marc & Balayer (1984) and Gathoye & Tyteca (1989)
pointed out that D. sambucina with 40 or 42 chro-
mosomes possesses the most ancestral karyotype in
Dactylorhiza, in terms of chromosome number and
karyotype structure. These data suggest that the
Sambucinae group (Soó, 1968), including D. sam-
bucina and D. romana, is probably the primitive group
from which the whole Dactylorhiza genus evolved.
Additionally, the presence in D. romana and D. sam-
bucina of several individuals with 2n = 41 (40 + 1 B)
and 2n = 42 (40 + 2 B) chromosomes reinforces the idea
that the 2n = 40 karyotypes originated from an ances-
tral 2n = 42 through chromosome number reduction

and heterochromatinization of a chromosome pair. The
supernumerary chromosomes, in this hypothesis,
could represent an intermediate step in which the
chromosomes are progressively depleted of functional
genes and are eventually lost. These data further
support the basal position of the Sambucinae clade. In
this perception, the karyotype of D. saccifera (which
seems to be a more derived clade) represents a sec-
ondary arrangement that occurred during the rapid
radiation of the genus. In this context, molecular
studies on nucleotide sequences of the ITS1 and ITS2
from a wide selection of Orchidinae (Pridgeon et al.,
1997; Aceto et al., 1999) have assessed the basal posi-
tion of D. romana within the genus Dactylorhiza.
These data indicated a close relationship between this
genus and the 2n = 42 Orchis clade, from which Dacty-
lorhiza probably evolved.

Dactylorhiza romana has individuals with yellow or
purple flowers. Most samples with purple flowers from
Martina Franca have one or, rarely, two heterochro-
matic supernumerary chromosomes (Table 1), which
are always absent in the analysed yellow-flower indi-
viduals and were not detected in purple-flower indi-
viduals from the other stations. The association
between purple flowers and supernumerary chromo-
some(s) is thus established for only the Martina
Franca population. Nevertheless the association does
not appear to be merely stochastic, since no yellow-
flower individuals ever showed supernumerary chro-
mosomes. It can be argued either that (a) this
association is present only in one station as a conse-
quence of specific ecological/adaptive conditions, or (b)
the frequency of the association in the other stations
is lower, and it will be observed when more purple-
flower individuals will be analysed.

A PATHWAY OF KARYOTYPE EVOLUTION IN DACTYLORHIZA 89

© 2002 The Linnean Society of London, Botanical Journal of the Linnean Society, 2002, 138, 85–91

Figure 11. Idiograms showing basic chromosome sets and heterochromatin distribution. (a) Dactylorhiza romana. (b) D.
saccifera.



It is interesting to point out that the super-
numerary chromosomes found in the Martina Franca
population of D. romana are large and have morphol-
ogy and size similar to the longest A-chromosomes of
the complement. This is quite unusual, since previous
reports of supernumerary chromosomes in the Orchi-
daceae have always referred to small heterochromatic
B-chromosomes (Aoyama & Tanaka, 1988; Teppner
et al., 1994). The heterochromatin structure of the
supernumerary chromosomes appeared to be nonho-
mogeneous. Less-contracted chromosomes comprised
two main heterochromatic blocks joined by a poorly
stained small gap. This pattern is similar to that of
the A-chromosomes and might substantiate an inter-
nal origin of the supernumerary chromosome due to a
rapid process of genomic turnover (Stark et al., 1996)
and therefore support the specificity of this population
as specified in the former hypothesis.

As a final note, it must be pointed out that the spec-
imens carrying the supernumerary chromosomes were
found at the extreme edge of the species range. It has
been suggested that supernumerary chromosomes
might be related to geographical or adaptive radiation
of a species (Rosato et al., 1997; Ding et al., 1998). It
has been observed that Neotinea ustulata (= Orchis
ustulata) and N. tridentata (= Orchis tridentata) also
have supernumerary chromosomes in samples from
the edge of their geographical range (D’Emerico et al.,
1990). It is possible that the occurrence of the super-
numerary chromosomes in wild Orchidaceae is related
to adaptation and might be the result of a rapid
genome restructuring as a response to adaptation
(Stark et al., 1996).
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