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Abstract — In this work, we describe a karyomorphological study on three taxa of the tribe Neottieae (Or-
chidaceae). Epipactis aspromontana and E. schubertiorum are characterized by a chromosome complement of 
2n = 2x = 38. Signifi cant differences in heterochromatin distribution were found between them. Similarities in 
the karyotype structure and C-banding of E. schubertiorum and E. helleborine group have been observed. A 
specimen of E. aspromontana showed a triploid chromosome number. The meiosis are characterized by uni-
valent, bivalent and trivalent forms and in some somatic metaphase cells has been possible to observe a series 
of aneuploid numbers with 46, 47, 48, 49, 50, 51, 52 and 53 chromosomes. The largest differences can be 
emphasized between the Epipactis species and Neottia nidus-avis, mainly in the the karyomorphology and het-
erochromatin distributions. In Neottia nidus-avis the evolution process seems to be determined by reversing 
Robertsonian mutations.
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INTRODUCTION

The tribe Neottieae (Orchidaceae) comprises 
about 100 species of autotroph or saprophytic 
orchids grouped in two subtribes: Limodori-
nae with 4 genera (Aphyllorchis, Cephalanthera, 
Epipactis and Limodorum) and Listerinae with 
2 genera (Listera and Neottia), distributed in 
northern hemisphere and in the tropical Africa 
and Asia (DRESSLER 1993).

The chromosome complement in the spe-
cies belonging to this tribe is extremely variable 
(2n = 20, 32, 34, 36, 38, 40, 44, 48, 56, 60 and 64). 
The most species of this tribe have been karyo-
logically studied by many authors (COUTINHO 

1957; KLIPHUIS 1963; MEILI-FREI 1966; MEHRA 
and KASHYAP 1983; D’EMERICO et al. 1999). Sev-
eral genera are characterized by asymmetrical 
chromosome complements with a bimodal dis-
tribution as concerns the chromosome length. 
STEBBINS (1971) suggested that the bimodality 
is an extreme and specialized form of karyotype 
asymmetry, arising from a combination of cen-
tric fi ssions, pericentric inversions and unequal 
translocations. 

Disploidy was already indicated as mecha-
nism of karyotype evolution in some orchid gen-
era, such as Epipactis, Limodorum and Listera 
(D’EMERICO et al. 1999; D’EMERICO et al. 2000). 
It is likely that the mechanism involved in the 
disploid differentiation of chromosomes is the 
centric fusion or fi ssion (SCHWARZACHER and SCH-
WEIZER 1982; COX et al. 1998; RYAN et al. 2000).

Giemsa C-banding technique, which stains 
constitutive heterochromatin, was used to iden-
tify individual chromosomes in many species, as 
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well as for investigating taxonomic relationships 
among different species (VOSA 1975; FLAVELL 
1986; GILL and SEARS 1988; D’EMERICO et al. 
1996). Moreover, staining techniques represent 
additional tools for studying genome evolution 
among closely related diploid and polyploid spe-
cies (MORRIS and GILL 1987). In previous studies, 
the analysis of the distribution of heterochroma-
tin in some chromosome pairs revealed to be ho-
mogeneous in Cephalanthera and Epipactis, thus 
supporting a possible palaeo-polyploid origin 
(D’EMERICO et al. 1999). 

Aim of this paper is to provide an overview 
on the recent researches concerning the Italian 
species belonging to the genera Epipactis and 
Neottia. 

MATERIALS AND METHODS

A list of the examined specimens is given in 
Table 1. Voucher specimens or photographs have 
been deposited in the Herbarium of the Depart-
ment of Botany of Catania (CAT), Department 

Fig. 1 — Diploid Epipactis aspromontana. (A) Feulgen staining, somatic metaphase, 2n=38. (B) Feul-
gen staining, metaphase I, 19 bivalents. (C) Giemsa C-banded somatic metaphase. (D) Partial idi-
ograms showing heterochromatin distribution in long chromosome pairs. Bar = 5µm
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of Botany of Cagliari (CAG), Department of 
Plant Biology of Bari (BI).

 Mitotic and meiotic chromosomes were pre-
pared from immature ovaries, pre-treated with 
0.3% colchicine at room temperature for 2h. 
For Feulgen staining they were fi xed for 5min 
in 5:1:1:1 (v/v) absolute ethanol, chloroform, 
glacial acetic acid and formalin, hydrolysed at 
20°C in 5.5N HCl for 20min (BATTAGLIA 1957) 
and stained in freshly prepared Feulgen stain. 
For C-banding, ovaries were fi xed in ethanol–
glacial acetic acid (3:1 v/v) and stored in a state 
temperature for several months. Subsequently, 
they were squashed in 45% acetic acid; cover-
slips were removed by the dry ice method and 
the preparations air-dried overnight. The slides 
were then immersed in 0.2N HCl 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. 

 Chromosome pairs were identifi ed and ar-
ranged on the basis of their length and any other 
evident karyo-morphological feature. The no-
menclature used for describing karyotype com-
position followed LEVAN et al. (1964). 

RESULTS

The investigated species are the following:
Epipactis aspromontana Bartolo, Pulvirenti et 
Robatsch.

The chromosome number of this species ob-
served on individuals coming from Aspromonte 
(S Calabria) is 2n = 2x = 38, and is reported for 
the fi rst time (Figure 1A). Meiotic studies from 
embryo sac mother cells (E.M.C.s) revealed 19 
bivalents at metaphase I (Figure 1B). The karyo-

type is bimodal and consists of 4 large and 15 
small chromosome pairs, of which 6 are meta-
centric, 11 submetacentric and 2 subtelocen-
tric. All chromosomes show centromeric bands. 
Pairs 1 and 3 are characterized by a centromeric 
band and one intercalary band on the long arm. 
Characteristic of this species is the occurrence of 
an evident C-band, occupying almost the whole 
short arm of pair 2 of long chromosomes. Sev-
eral small chromosome pairs show heterochro-
matic short arms (Figs. 1C,D).

In the present study, we found one individual 
where has been possible to observe a series of 
aneuploid numbers, with 46, 47, 48, 49, 50, 51, 
52 and 53 chromosomes (Figs. 2A,B). Metaphase 
I from E.M.C.s revealed univalent, bivalent and 
trivalent forms (Figure 2C). Staining with C-
banding technique showed centromeric, telo-
meric and intercalary C-bands. A large number 
of chromocentres with a wide ranging size was 
observed in interphase nuclei. 

Epipactis schubertiorum Bartolo, Pulvirenti et 
Robatsch.

At beginning, this species was found at 900-
1000 m a.s.l. in the pine-woods or beech-woods 
of Serra San Bruno (Calabria, S Italy). The chro-
mosome number of the investigated populations 
is diploid with 2n = 2x = 38 chromosomes (Fig-
ure 3A). Metaphase I in E.M.C.s revealed 19 
bivalents (Figure 3B). The karyotype of E. schu-
bertiorum consists of 4 large and 15 small chro-
mosome pairs. Interphase nuclei show 2 large 
chromocentres corresponding to the number of 
bands detected on pair 3. Pairs 1 and 2 show a 
medium-large band on the short arm proximal 
to the centromere and an intercalary band on 
the long arm. Pair 3 shows an intercalary band 
on the short arm and a large band on the long 
arm (Figure 3C). In addition, this pair shows a 

TABLE 1 — Neottieae taxa investigated, origin of samples, voucher specimens and chromosome numbers. 

Taxon Locality Collector/voucher Chromosome number
Epipactis aspromontana Calabria: Aspromonte,  Bartolo et al./017922/CAT  2n = 2x = 38
 Torrente Listi, 24/07/2001
E. schubertiorum Calabria: Serra San Bruno,  Schubert et al./KL; Bartolo 2n = 2x = 38
 25/07/2001 et al./018040/CAT
Neottia nidus-avis Puglia: Gargano, Foresta  D’Emerico/Medagli/BI 2n = 2x = 36
 Umbra, 30/05/2007
 Basilicata: Muro Lucano, 
 24/05/2008 D’Emerico/Medagli/BI
 Sardegna: Laconi, Casa 
 Broccu, 27/05/1998 Scrugli/CAG
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great similarity in C-banding to E. helleborine 
group. Pair 4 shows only a thin intercalary band 
on the long arm. Some small chromosome pairs 
show terminal bands on the short arm.

Neottia nidus avis (L.) L.C.M. Richard.
This species occurs throughout Europe and 

partly in Asia (Korea and Japan). The chro-
mosome number detected for the individuals 
collected in different localities is 2n = 2x = 36 
(Figure 4A), and coincides with other previous 
investigations (SCRUGLI 1977; CAPINERI and ROSSI 
1987; RUIZ 1995). This species has a karyotype 
consisting of 11 metacentric, 1 submetacentric, 

Fig. 2 — Triploid Epipactis aspromontana. (A) Giemsa C-banded somatic metaphase with 46 chro-
mosomes. (B) Giemsa C-banded somatic metaphase with 52 chromosomes. (C) Giemsa C-banded, 
metaphase I, (The arrow points to the trivalents). (D) Partial Giemsa C-banded karyotype showing 
signifi cantly C-banded chromosomes. Bar = 5µm
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2 subtelocentric and 4 telocentric pairs. (Figure 
4E). Chromosome pair 1 is long. Pairs 2 to 18 are 
progressively shorter. Pair no. 11 possess a small 
satellite on the short arm. All chromosomes have 
centromeric C-bands (Figure 4D). Pair 2 shows 
terminal C-band in the long arm. Pairs 3, 5 and 
18 have heterochromatic short arms. 

Occasionally, in somatic metaphases two or 
three telocentric chromosomes showed associa-
tion between them (Figs. 4B,C). 

DISCUSSION

Previous cytogenetical reports on the genera 
Cephalanthera (SCHWARZACHER and SCHWEIZER 
1982; D’EMERICO et al. 1999; D’EMERICO et al. 
2000; MOSCONE et al. 2007), Epipactis (D’EMERICO 
et al. 1999), Limodorum (BARTOLO et al. 2002), 
and Listera (VOSA and BARLOW 1972; D’EMERICO 
et al. 2000), have showed some cases of chromo-
some alterations generated by Robertsonian fi s-
sion and quantitative heterochromatin distribu-

tion mainly located in the chromosomes of the 
large group. 

The species of the genus Epipactis surveyed in 
this study are E. aspromontana and E. schubertio-
rum occurring in southern Apennine (Italy). E. 
aspromontana is a rare endemic orophyte known 
from Aspromonte and Serre Calabre (S-Italy), 
growing on deep soils along mountain streams 
in the undergrowth of beech-woods at an eleva-
tion of 1100-1440 m of altitude. Its chromosome 
number 2n = 2x = 38 is quoted for the fi rst time 
and the karyomorphology is rather similar to 
that observed in other species of Epipactis, as 
E. palustris, E. gracilis, E. distans, E. helleborine 
group, E. microphylla, E. atrorubens (D’EMERICO 
et al. 1999). On the other hand, E. aspromontana 
is quite different from the species belonging to 
the E. helleborine group. The main difference 
concerns the C-band heterochromatin (known 
to contain highly repetitive DNA) distribution, 
in fact some C-bands are absent on the larger 
chromosomes pairs of E. aspromontana, a feature 
that distinguishes it quite well from the other 

Fig. 3 — E. schubertiorum. (A) Giemsa C-banded somatic metaphase, 2n=38; (B) Giemsa C-
banded, metaphase I, 19 bivalents; (C) Partial idiograms showing heterochromatin distribution 
in long chromosome pairs. Bar = 5µm
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Fig. 4 — Neottia nidus-avis. (A) Feulgen staining, somatic metaphase, 2n=36. (B) Feul-
gen staining, somatic metaphase. Note that there are three telocentric chromosomes 
associated between them. (C) Feulgen staining, somatic metaphase. Note that there are 
two telocentric chromosomes associated between them. (D) Giemsa C-banded somatic 
metaphase. Note that there are two telocentric chromosomes associated between them. 
(E) Diploid Feulgen karyotype. Bar = 5µm
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species of the E. helleborine group. In this con-
text, E. helleborine, E. placentina, E. tremolsii, 
E. robatschiana and E. meridionalis (D’EMERICO 
et al. 1999; BARTOLO et al. 2003; BARTOLO et al. 
2006) are characterized by conspicuous bands in 
the large chromosome pair 3, while E. asprom-
ontana shows a large band that occupies entirely 
the short arm of pair 2 of long chromosome. 
However, in some individuals of the latter spe-
cies pair 2 constantly shows a high cytogenetic 
heterogeneity in the quantity of heterochromatin 
among homologous chromosomes (Figure 1D).

A complex situation is observed in a triploid 
individual of E. aspromontana. There were no 
signifi cant morphological difference between 
triploid and diploid individuals. Moreover no 
tetraploid were found. Triploid individuals may 
appear sometimes in diploid populations as a 
consequence of non-reduction at meiosis, thus 
producing diploid gametes (BRANDHAM 1982). 
Trivalents, few bivalents and univalents have 
been detected in the meiotic plates. On the other 
hand, numerous mitotic metaphase plates show 
a very variable chromosome number (46, 47, 48, 
49, 50, 51, 52 and 53). In these metaphase plates, 
it was possible to recognize three sets of base 
(Figure 2D). In this context, in somatic chromo-
some number cells was previously reported by 
NAIR (2007). 

In spite of E. aspromontana, the C-band of 
E. schubertiorum appears to be more related to 
that observed in the species of the E. helleborine 
group. In fact, in pair 3 E. schubertiorum shows a 
large band on the long arm near the centromere, 
and some pairs characterized by the occurrence 
of heterochromatic short arms. As already em-
phasized by D’EMERICO (1999), C-banding tech-
nique shows that all the surveyed Epipactis spe-
cies have some chromosome pairs characterized 
by heterochromatic short arms. The origin of 
this C-banding is probably due to the centro-
meric dissociation occurring in some metacen-
tric or submetacentric chromosomes followed 
by heterochromatin amplifi cation. The data in-
dicate that centric fi ssion produces variation in 
chromosome number within populations, thus 
increasing the probability of the genetic isola-
tion and speciation (PERRY et al. 2004).

The subtribe Listerinae is considered as de-
rived from an Epipactis-like ancestor (DRESSLER 
1993). Based on the karyotype morphology, it 
is possible to differentiate quite well Neottia 
nidus-avis from the Epipactis species. Also note-
worthy is the high number of large telocentric 
chromosome pairs in comparison with Epipactis 

species. In some specimens of Neottia nidus-avis 
from Muro Lucano (Potenza, Italy), associations 
among telomeric chromosomes are frequently 
observed in metaphase. 

Centric fusion has been inferred in Cephalan-
thera and Epipactis, also based on the observa-
tion of quadruple structures in the centromeric 
regions as revealed by C-banding (SCHWARZACH-
ER and SCHWEIZER 1982; D’EMERICO et al. 1999). 
In our work, C-banding technique evidenced 
association between short arms completely het-
erochromatic of two telocentric chromosomes. 
Heterochromatin is considered to be respon-
sible for maintaining important structural fea-
tures of chromosomes. Moreover, alterations in 
the amount of heterochromatin can be induced 
by structural rearrangements (JOHN and MIKLOS 
1979). Among the possible hypotheses regard-
ing the chromosomal evolution of Neottia nidus-
avis, we suggest that some chromosomal telo-
centric pairs in this species have arisen from an 
ancestral karyotype via fi ssion. These pairs could 
then be transformed via fusions in meta/subcen-
tromeric chromosomes and therefore generate a 
new cytotype.

Finally, based on our data it seems that both 
reversing Robertsonian mutations (fi ssion fusion) 
and heterochromatin variation are extremely im-
portant in the karyotype differentiation of Neot-
tieae species.
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