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INTRODUCTION

Genista L. sect. Spartioides Spach (= sect. 
Chamaesparton Griseb. apud Talavera 1999), of 
the subgenus Genista, includes non-spiny shrubs 
with alternate branching, simple leaves with pul-
vinules sometimes prominent and three vascular 
traces, broadly ovate standard, usually with seri-
ceous hairs, pubescent keel, a narrowly oblong 
and several-seeded legume, with sericeous to 
lanate hairs (Gibbs 1966).

The species of this section occur mostly in 
the Mediterranean region. Two main distribution 
centres may be singled out: an eastern (Balkan Pe-
ninsula and Anatolia) and a western one (south-
ern Spain and north-western Africa); only Geni-
sta pilosa L. is widely distributed in western and 
central Europe, extending to southern Sweden, 
central Italy and Macedonia (Gibbs 1966).

This paper presents a karyological study on 
the eastern Mediterranean taxa of the section and 
on Genista pulchella Vis.

The eastern species of the section are: Genista 
sericea Wulfen, G. subcapitata Pančić, G. halacsyi 
Heldr., G. sakellariadis Boiss. & Orph., G. mil-
lii Boiss., G. albida Willd., G. involucrata Spach. 
G. pulchella Vis. is distributed both in the eastern 
and in the western part of the Mediterranean re-
gion (Greuter et al. 1989).

Genista sericea, a northern Illyrian amphi-
adriatic species, ranges from north-eastern Italy 
(south-eastern Alps of Trentino, Veneto, Friuli) 
to Albania, with a disjunct distributional area on 
Pollino Massif (Calabria, Basilicata) (Pampanini 
1912; Pignatti 1982; Feoli Chiapella and Rizzi 
Longo 1987; Conti et al. 2005).

Genista subcapitata is distributed in Serbia, in 
Albania and in the neighbouring regions of west-
ern Bulgaria and north-eastern Greece (Gibbs 
1966; Strid 1986; Greuter et al. 1989). It was 
included by Pampanini (1912) in G. sericea as f. 
subcapitata; currently, it is considered as a distinct 
species (Gibbs 1966, 1968; Strid 1986; Greuter 
et al. 1989).

Genista halacsyi grows in few localities of 
Peloponnisos (Gibbs 1966; Strid 1986); accord-
ing to Gibbs (1966), it is questionable whether 
to consider it a distinct taxon or to refer it to G. 
sericea.
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Genista sakellariadis is present only on Mt. 
Olimbos (Gibbs 1966; Strid 1986). Pampanini 
(1912) included G. sakellariadis and G. halacsyi in 
G. sericea as forms of var. tomentosa; according to 
Strid (1986), G. sakellariadis and G. halacsyi are 
taxa of doubtful status, belonging to the G. sericea 
complex.

Genista millii is recognized as a distinct species 
by Gibbs (1966: 47), who, however, regards it as 
“perhaps conspecific with G. sericea”. According 
to Strid (1986: 456) too, the species is “probably 
related to G. sericea s. l., but appearing distinct”. 
The taxon is found only in Euboea Island and in 
the neighbouring continental Greek region (Strid 
1986).

The Genista albida aggr. includes G. albida 
Willd. (= G. armeniaca Spach, G. godetii Spach, G. 
montbretii Spach), distributed in Anatolia, Cau-
casia, Syria, Krym, Romania, and G. involucrata 
Spach, endemic to southern and central Anatolia 
(Săvulescu 1957; Gibbs 1966, 1970; Mouterde 
1978-84; Greuter et al. 1989).

Genista pulchella Vis. (= G. villarsii Clementi), 
a species with a disjunct distribution in south-
ern France, central Apennines and the eastern 
Adriatic coast, was included by Gibbs (1966) in 
sect. Spartioides. Uribe-Echebarría and Urrutia 
(1988, 1994) place the species in sect. Erinacoides 
Spach, together with the allied taxon G. eliassen-
nenii Uribe-Ech. & Urrutia, endemic to northern 
Spain. Talavera (1999) accepts this sectional ar-
rangement, but includes G. eliassennenii in G. 
pulchella. Conti (2007) subdivides G. pulchella 
into three subspecies: ssp. pulchella, distributed 
in western part of Balkan Peninsula (Croatia, Bos-
nia and Hercegovina, Montenegro and Albania), 
ssp. villarsiana (Jord.) F. Conti, endemic to south-
ern France, and the new described ssp. aquilana F. 
Conti & Manzi, endemic to a small zone of central 
Apennines (National Park of Gran Sasso-Monti 
della Laga) (Hayek 1924/27; Gibbs 1966, 1968; 
Greuter et al. 1989; Rameau et al. 1993; Conti 
2007).

This paper presents new karyological data on 
the eastern taxa of the sect. Spartioides and on 
Genista pulchella, as well as all the previous refer-
ences; moreover gives an overall karyological sur-
vey of the whole section.

MATERIAL AND METHODS

Karyological investigations were carried out 
on seeds collected in the field (localities given in 
Table 1). Voucher specimens are deposited in the 

Herbarium of the Department of Biology, Univer-
sity of Trieste (TSB).

Mitoses were observed on root tips of seed-
lings, pretreated with 8-hydroxiquinoline and 
stained using the routine Feulgen method. For 
each population, 5 to 25 metaphase plates were 
examined.

Unlike the previously examined taxa of Geni-
sta, where only chromosome numbers could be 
given due to the small size of the chromosomes 
(among others, Cusma Velari and Feoli Chia-
pella 1991; Cusma Velari et al. 1999, 2003), in 
this research the karyotype could be identified by 
measuring the chromosome complement of the 
taxa, thanks to the higher chromosome size (1.40-
5.69 μm and 0.50-0.92 μm for B chromosomes).

The ideograms have been produced using an 
original program which arranges the homologous 
chromosome pairs according to decreasing values 
of total length (c), long arm length (l), short arm 
length (s) and arm ratio (r). The terminology in-
troduced by White (1973) to describe chromo-
some morphology is followed, while Levan et al. 
(1964) is followed for the chromosome formula.

Karyotype asymmetry of taxa has been esti-
mated according to Stebbins’ classification (1971) 
and using the intrachromosomal (A1) and inter-
chromosomal (A2) asymmetry index of Romero 
Zarco (1986).

The nomenclature of the taxa follows Greuter 
et al. (1989) and Conti (2007).

RESULTS

Chromosome numbers of the eastern taxa of 
Genista sect. Spartioides (except G. sericea) and 
of G. pulchella, both obtained in this research and 
resulting from previous references, are presented 
in Table 1.

Among the three subspecies of Genista pulchel-
la, ssp. pulchella (Figs. 1, 2, 20A) presents 2n = 
18 + (0  - 2B) (size range 2.56  - 4.87 μm), while 
ssp. aquilana (Figs. 5, 6, 20C) and ssp. villarsiana 
(Figs. 3, 4, 20B) have 2n = 18 + 0 - 4B) (size ranges 
respectively from 1.68 to 4.03 μm and from 1.56 
to 3.19 μm). The number 2n = 24 + 2B was ex-
ceptionally releved in ssp. villarsiana. No previ-
ous karyological data are known for G. pulchella 
ssp. pulchella; regarding ssp. aquilana, prelimi-
nary data by Cusma Velari and Feoli Chiapella 
are presented in Conti (2007). Forissier (1975) 
counted n = 9, Verlaque (1988) 2n = 18, 36, while 
Seidenbinder and Verlaque (1985) found 2n = 24 
for ssp. villarsiana (sub G. pulchella).
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As concerns the Genista albida aggr., we no-
ticed that both G. albida (Figs. 7, 8, 20D) and G. 
involucrata (Figs. 9, 10, 20E) have the number 
2n = 18 + (0 - 2B). The number 2n = 36 + (0 - 3B) 
(Figs. 11, 12) was found as well, although rarely, 
in one population of G. involucrata. Chromosome 
size ranges respectively from 2.44 to 4.98 μm and 
2.03 to 4.12 μm; B chromosomes measure 0.92 
and 0.55 μm. No previous karyological data are 
known for G. albida.

Genista halacsyi presents the chromosome 

number 2n = 18 + 2B (Figs. 13, 14, 21A), with a 
chromosome size ranging from 2.66 to 5.52 μm and 
0.50 μm in B chromosomes. Regarding G. subcapi-
tata, the number 2n = 18 (Figs. 17, 18, 21C) was 
counted both by us and several Bulgarian authors 
(see Table 1); chromosome length ranges from 1.41 
to 3.14 μm. G. sakellariadis (Figs. 15, 16, 21B) and 
G. millii (Figs. 19, 21D) have 2n = 36 + 2B, with 
a chromosome size ranging respectively from 1.15 
to 3.39 μm and 1.98 to 5.69 μm; B chromosomes 
measure respectively 0.61 and 0.84 μm.

Figs. 1–6 — Photomicrographs (Figs. 1, 3, 5) and drawings (Figs. 2, 4, 6) of a somatic metaphase plate. Figs. 1, 2. 
Genista pulchella ssp. pulchella (2n = 18 + 2B); Figs. 3, 4. G. pulchella ssp. villarsiana (2n = 18 + 1B); Figs. 5, 6. G. 
pulchella ssp. aquilana (2n = 18 + 2B). Arrows indicate B chromosomes. Bar: 5 µm.
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Genista sericea, an Illyrian amphiadriatic spe-
cies with 2n = 48, and the above mentioned taxa 
endemic to the Balkan Peninsula, were the subject 
of a preliminary note presenting only their chro-
mosome numbers (Cusma Velari et al. 1996).

Table 2 summarizes the karyotype features of 
the eastern-centered taxa of sect. Spartioides and 
of G. pulchella. Most taxa present the chromo-
some number 2n = 18, while G. sakellariadis, G. 
millii and sometimes G. involucrata have 2n = 36; 

B chromosomes are present in the complement of 
all the taxa, except for G. subcapitata.

Analyzing the chromosome formula, we can 
notice that the three subspecies of G. pulchella, 
G. albida and G. involucrata have exclusively 
m chromosomes (M only in G. pulchella ssp. 
pulchella). The Balkan endemics G. halacsyi, G. 
sakellariadis, G. millii and G. subcapitata present 
m and sm, the last species also M and st chromo-
somes. Satellites were found only in G. subcapi-

Figs. 7–12 — Photomicrographs (Figs. 7, 9, 11) and drawings (Figs. 8, 10, 12) of a somatic metaphase plate. Figs. 
7, 8. Genista albida (2n = 18 + 2B); Figs. 9, 10. G. involucrata (2n = 18); Figs. 11, 12. G. involucrata (2n = 36 + 3B). 
Arrows indicate B chromosomes. Bar: 5 µm.
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tata, G. sakellariadis and G. millii, in m chromo-
somes.

The total chromosome length (TCL) varies 
from 41.14 μm (in G. pulchella ssp. pulchella) to 
132.12 μm (in G. millii).

As regards the karyotype asymmetry following 
Stebbins’s classification, G. subcapitata belongs to 
category 3A; G. sakellariadis and G. millii to 3B; 
Genista pulchella ssp. pulchella, ssp. aquilana and 
ssp. villarsiana, G. albida, G. involucrata and G. 
halacsyi to 4B (Table 2).

Given the slight differences in karyotype asim-
metry among some taxa, the method of Romero 
Zarco (1986) was used too, which considers two 
numerical parameters: the intrachromosomal 
asymmetry index A1 (due to ratio between arm 
length) and the interchromosomal asymmetry 
index A2 (due to variation in chromosome to-
tal length) (Table 2). The index A1 presents the 
lowest values in the three subspecies of Genista 
pulchella, intermediate values in G. albida and 
G. involucrata, higher values in the Balkan en-
demic species, where it varies from 0.29 to 0.40, 
with the highest value in G. millii. The index A2 

shows slight differences among the examined 
taxa: a high variation in chromosome length is 
found particularly in G. sakellariadis, while G. 
subcapitata shows the lowest variation among the 
other species.

Fig. 22 shows the dispersion diagram repre-
senting the karyotype asymmetry of the taxa. The 
three subspecies of Genista pulchella have the 
most symmetrical karyotype, while the Balkan en-
demic species present a more asymmetrical karyo-
type (particularly G. millii and, though at a lesser 
extent, G. subcapitata); the species of G. albida 
aggr. present an intermediate asymmetry.

DISCUSSION

The numbers found in the taxa endemic to 
the Balkan Peninsula may be traced back to the 
basic number x = 9: Genista halacsyi and G. sub-
capitata are diploid; G. sakellariadis and G. millii 
tetraploid.

The taxa of Genista albida aggr. (G. albida 
and G. involucrata) and the three subspecies of 
G. pulchella have the same basic number x = 9, 
with mostly diploid populations; tetraploid num-
bers were counted only in G. involucrata and G. 
pulchella ssp. villarsiana.

The secondary basic number x = 9, found in 
the eastern taxa of sect. Spartioides, may be inter-
preted as derived by descending aneuploidy from 

Figs. 13–19 — Photomicrographs (Figs. 13, 15, 17, 19) 
and drawings (Figs. 14, 16, 18) of a somatic metaphase 
plate. Figs. 13, 14. Genista halacsyi (2n  = 18  + 2B); 
Figs. 15, 16. G. sakellariadis (2n = 36 + 2B); Figs. 17, 
18. G. subcapitata (2n = 18); Fig. 19. G. millii (2n = 
36 + 2B). Arrows indicate B chromosomes and satel-
lites. Bar: 5 µm.
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x = 12, by far the most common in Genista and in 
the Genisteae in general (see Sañudo 1979; Gold-
blatt 1981; Cusma Velari et al. 2003). The number 
x = 9 has proved to be more common in Genista 
than previously assumed: it was reported in sect. 
Erinacoides Spach too, where it is the most com-
mon basic number (Sañudo 1971; Talavera 1999), 
and in sect. Voglera (P. Gaertn., B. Mey. & Schreb.) 
Spach (Sañudo 1972; Cusma Velari et al. 1999).

Among the eastern species of the section, only 
Genista sericea shows the chromosome number 
2n = 48, with the basic number x = 12; the results 
of the study of infraspecific taxa of G. sericea will 
be presented in a separate paper.

The three subspecies of Genista pulchella re-
cently described by Conti (2007) present the 
same number 2n = 18 and a similar chromosome 
formula. From our data, the Illyrian taxon (ssp. 
pulchella), the central-Apenninic endemic (ssp. 
aquilana) and the southern French one (ssp. vil-
larsiana) result diploid. The numbers 2n  = 18, 
2n = 24 e 2n = 36, counted by Seidenbinder and 
Verlaque (1985) and by Verlaque (1988) in some 
French populations, are interpreted by Verlaque 
(1988) as ascribable to ‘chromosomal races’ re-
spectively triploid, tetraploid and hexaploid, 
traced back by the author to the basic number x = 
6. The cytotype with 2n = 24 corresponds to G. 
x martini Verg. et Soulié, considered by various 
authors (e.g. Verguin 1910; Gibbs 1966; Girerd 
1983) as hybrid between G. pulchella and G. scor-
pius (L.) DC. Given the uncertain identification 
of G. x martini (it is doubtful whether to attribute 
it to G. pulchella), we consider more appropriate 
to trace back also the chromosome numbers of G. 
pulchella to the basic number x = 9, as for most 
eastern taxa of the section. Moreover, the hypoth-
esis of Verlaque (1988) on the basic number x = 
6 has not been sufficiently proved, as no diploid 
species with 2n = 12 has been found in Genista.

Among the examined species, Genista pulchel-
la presents the most symmetric karyotype: ssp. 
villarsiana is by far the most symmetric, followed 
by ssp. pulchella and ssp. aquilana. As regards the 
karyotype asymmetry, the three subspecies of G. 
pulchella are all distinct; this karyological study 
may thus endorse the recent subdivision of G. 
pulchella into three subspecific taxa endemic re-
spectively to southern France, central Apennines 
and the western part of the Balkan Peninsula, 
proposed by Conti (2007).

Genista albida and G. involucrata result very 
similar as regards the chromosome comple-
ment, since they both present the same chromo-
some formula and grade of asymmetry. Both are 

Fig. 20 — Ideograms of the eastern taxa of Genista 
sect. Spartioides. A. G. pulchella ssp. pulchella (2n = 
18 + 2B); B. G. pulchella ssp. villarsiana (2n = 18 + 
2B); C. G. pulchella ssp. aquilana (2n = 18 + 2B); D. 
G. albida (2n = 18 + 2B); E. G. involucrata (2n = 18 + 
2B). The lenght values on the axes in µm.
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more asymmetric than the three subspecies of G. 
pulchella. While G. albida has an always diploid 
chromosome number, G. involucrata presents a 
certain tendency towards poliploidy.

The four Balkan endemics Genista halacsyi, G. 
sakellariadis, G. subcapitata and G. millii present 
the highest grades of asymmetry.

The attribution of specific rank to Genista ha-

Fig. 21 — Ideograms of the eastern taxa of Genista sect. Spartioides. A. G. halacsyi (2n = 18 + 2B); B. G. sakellari-
adis (2n = 36 + 2B); C. G. subcapitata (2n = 18); D. G. millii (2n = 36 + 2B). The lenght values on the axes in µm.
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lacsyi is endorsed, clearing the doubts of Gibbs 
(1966) and Strid (1986) on the ‘conspecificity’ of 
G. halacsyi with G. sericea, given the clear karyo-
logical differences (different basic numbers), as 
well as morphological.

Also Genista sakellariadis results definitely dis-
tinct both from G. sericea and G. halacsyi for the 
chromosome complement (respectively for the 
different basic numbers and the level of ploidy), 
as well as for the morphological characters. Thus, 
it appears appropriate to regard G. sakellariadis 
as a distinct species, confirming Gibbs’ arrange-
ment (1966, 1968) and clearing the doubts about 
its rank advanced by Strid (1986).

The specific status of Genista subcapitata, al-
ready segregated from G. sericea by Gibbs (1966, 
1968) and Strid (1986), appears confirmed also 
on the basis of karyological characters (different 
basic numbers).

Genista millii presents the same level of ploidy 
of G. sakellariadis, from which it differs for the 
karyotype morphology and the grade of asym-
metry. It results thus correct to consider it a dis-
tinct species, confirming Gibbs’ (1966) and Strid’s 
(1986) arrangement.

Genista halacsyi and G. subcapitata are both 
diploid, but the former has a more symmetric 
chromosome complement, the latter more asym-
metric. Of the two tetraploid species, G. sakel-
lariadis shows a more symmetric karyotype, while 
G. millii results the species of the group with the 
highest grade of asymmetry. In the past Authors as 
Levitsky (1931) and Stebbins (1971) considered 
the most asymmetrical karyotypes as derived. Par-
ticularly for Genisteae, Sañudo (1979) and Ver-
laque et al. (1983) accept this interpretation. Re-
cently, with the advent of molecular phylogenetic 
studies, the tendency is to be more cautious, be-
cause of the occasional contrasting results (see e.g. 
Peruzzi 2005). Only with molecular data on the 
species of sect. Spartioides here examined, it will 
be possible to advance a reliable interpretation.

The western taxa of sect. Spartioides and Geni-
sta pilosa were karyologically analysed in Cusma 
Velari et al. (2003). The secondary basic number 
x = 12 appears to be the most common, with gen-
erally euploid species. Most species have the chro-
mosome number 2n = 48, with level of ploidy 4x 
[G. ramosissima (Desf.) Poir. in Lam., G. cinerea 
(Vill.) DC. in Lam. & DC., G. valentina (Willd. 
ex Spreng.) Steud., G. majorica Cantó & M. J. 
Sánchez, G. jimenezii Pau, G. teretifolia Willk., 
sometimes G. obtusiramea J. Gay ex Spach and 
G. florida L.], while G. cinerascens Lange and G. 
pilosa present in most cases the number 2n = 24 T
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with level of ploidy 2x. Higher grades of ploidy 
(hexaploid, rarely octoploid, cytotypes in G. cin-
erascens and G. obtusiramea) were rarely found.

A tendency towards descending aneuploidy 
was found in Genista florida (2n = 46 as well as 
2n = 48) and in G. pilosa (2n = 22, 44 as well as 
2n  = 24); this tendency is not very common in 
Genista, but was often releved in Teline Medik. 
(Sañudo 1973; Cusma Velari et al. 2000) and in 
Cytisus Desf. (Cusma Velari and Feoli Chiapella 
1994).

Sect. Spartioides results thus karyologically 
heterogeneous, presenting two secondary basic 
numbers (x = 9 and x = 12). Moreover three (sel-
dom four) levels of ploidy and some cases of ane-
uploidy were found. The heterogeneity of Geni-
sta, due to polyploidy, disploidy and aneuploidy 
is actually well known (Sañudo 1979; Goldblatt 
1981; Verlaque 1988). Besides the basic numbers 
x = 9 and x = 12, chromosome numbers traceable 
back to x = 10 and x = 11 were also reported in 
some species of other sections of Genista (Sañudo 
1971; Cusma Velari and Feoli Chiapella 1991); 
these numbers presumibly derive from x = 12 as 
well by descending aneuploidy.

Furthermore, sect. Spartioides results morpho-
logically and phytochemically (alkaloids and iso-
flavonoids) heterogeneous (Cantò et al., 1997). 
The species of the section do not form a mono-
phyletic group also on the basis of molecular 
data obtained from the analysis of nrDNA (ITS 
region) and cpDNA (trnL-trnF IGS) by Pardo et 

al. (2004); yet, these authors examined almost ex-
clusively taxa distributed in the western Mediter-
ranean region; no eastern species studied in this 
research was considered; a partial analysis, rela-
tive to cpDNA, was carried out only on Genista 
sericea, which clusters with the G. cinerea group.
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