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Abstract — In this report, we describe a mitotic analysis (Giemsa technique) of six species of the genus Vernonia
sensu Baker (Asteraceae, Vernonieae, section Lepzdaploa) in order to assess the validity of maintaining this genus
(sensu Baker) or dividing it into several lesser genera (sezsu Robinson). Specimens of the seven species were collected
in “cerrado” and “campo rupestre” areas in the states of Sao Paulo, Minas Gerais and Goias. The chromosomal
numbers (2n=32 and 2n=34) and karyotypes revealed a predominance of metacentric chromosomes, with some sub-
metacentrics. The chromosome sizes varied from 1.2 to 4.9 um, the total chromatin length (TCL) ranged from 31.3
t0 50.7, and the asymmetry index TF% ranged from 42.3 to 44.4. The intrachromosomal asymmetry index (A,) var-
ied from 0.15 to 0.19, while the interchromosomal asymmetry index (A,) ranged from 0.14 to 0.21. A dispersion dia-
gram showed that population 1 of V. polyanthes had the most asymmetrical karyotype. These results still do not allow
a comprehensive and conclusive cytotaxonomic discussion of this group, mainly because of the lack of a characteris-
tic or standard karyotype for most infrageneric groupings (sections and subsections) and also because most species
have not yet been analyzed cytogenetically. Nevertheless, the available data indicate only a tenuous relationship be-
tween the chromosome numbers observed here and reported in the literature compared to the taxonomic reorgani-

zation of the genera Lessingianthus, Vernonanthura and Chrysolaena proposed by Robinson.
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INTRODUCTION

Vernonia Schreb. (Asteraceae, Vernonieae)
comprises more than 1.000 species distributed
throughout the tropical regions of Asia, Africa
and the Americas (DEMATTEIS 1998). In South
America, there are about 350-400 species of Ver-
nonia, with most species occurring in Brazil, Ar-
gentina, Paraguay and Bolivia (DEMATTEIS &
FERNANDEZ 2000). According to JoNEs (1977), the
greatest center of diversity of this genus is in
southern Brazil. Most South American species of
Vernonia belong to the section Lepidaploa (Cass.)
DC. (BentHam 1873b; Baker 1873), although
some species also occur in the sections Erenosis,
Critoniopsis (JoNgs 1973), Leiboldia (Jongs 1979),
Hololepis, Trianthara and Stenocephalum (BAKER
1873).

Taxonomically, Vernonia is one of the most
complex genera of the family Asteraceae (DEMAT-
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TEIS & FERNANDEZ 1998) because of its extreme
diversity of biological forms, which range from
small shrubs to large trees (SturTs 1988). Al-
though many studies have investigated the tax-
onomy of this genus (CABRERA 1944; JoNES 1979a;
1981; 1982; StuTTs 1981; 1988; ROBINSON 19874;
b; c; 1988a; b; c; 1990a; b; 1992a; b; 1993a; b;
1994; 1996; 1999a; b), the conclusions regarding
the relationships involved are contradictory. In a
recent classification, RoBINsoN (1987a; b; 1988a;
1990a; b; ¢; 1999a; b) dismembered some species
of New World Vernonieae into 22 genera and re-
stricted the genus Vernonia to North America.
However, most of the modifications proposed
were not accepted for other workers in this field.
According to HIND (1993), elevation of the section
Lepidaploa and its subsections to the generic level
is premature and does not resolve the taxonomic
problems of Vernonia.

Cytologically, Vernonia sensu Baker has been
poorly studied, with the chromosome number
having been investigated in less than 20% of the
species, mainly North American and African. The
chromosome numbers vary from 2n=18 to
2n=160 (DARLINGTON & WYLIE 1955; BoLkHoO-
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VISKIKH ef al. 1969; Moore 1973; 1974; 1977;
GoLDBLATT 1981; 1984; 1985; 1988; GOLDBLATT
& JoHNSON 1990; 1991; 1996; 1998). According to
DeEMATTEIS (2002), a variety of chromosome
numbers have been reported for subsections of
Lepidaploa (genus Vernonia sensu BAXER (1873)),
including x=10 for Oligocephalae, x=16 for Mac-
rocephalae and Axilliflorae and x=17 for Panicula-
tae.

The chromosome counts for New World spe-
cies correspond to the basic numbers x=10, x=14,
x=15,x=16, x=17, x=19 and x=31 (TURNER 1981;
Ruas et al. 1991; DEMATTEIS 1998). However, the
ancestral chromosome number in the Vernonieae
is considered to be x=9 and x=10, as reported for
African and southeast Asian species (JONEs
1979a). According to Jones (1979a), polyploids
are very frequent in the New World, with the
most common chromosome number being 2n=34.

In this report, we describe a cytotaxonomic
analysis of four subsections of the section Lepida-
ploa of the genus Vernonia as part of an investiga-
tion into the validity of maintaining various species
in diverse subsections (sezzsu Baker) or of allocat-
ing them to 22 genera, as suggested by RoBiNsoN
(1987; 1988a; b; 1990; 1999a). The chromosome
numbers were determined and the karyotypes
were elaborated using conventional techniques in
order to allow assessment of the relationship be-
tween the chromosomal characters and the taxo-
nomic position of the species.

MATERIAL AND METHODS

Seven populations corresponding to six spe-
cies of Vernonia (section Lepidaploa) were ana-
lyzed, with samples being collected in “cerrado”
and “campo rupestre” areas. In the state of Sao

Paulo, samples were collected in the cities of Ana-
landia, Campinas and Mogi Guacu, while in the
state of Minas Gerais they were collected in Dia-
mantina and Ouro Branco, and in the state of
Goias they were collected in Chapadio do Céu
(Table 1). Voucher specimens of all of the species
studied were deposited in the herbarium at the
Universidade Estadual de Campinas (UEC) (Ta-
ble 1). The species were identified according to
BenTHAM (1873) and BAkER (1873).

To determine the chromosome number and
morphology in mitosis, the tips of recently germi-
nated roots were collected and pretreated with
0.002 M 8-hydroxyquinoline (8Hq) for 5 h at 14-
15°C. Subsequently, the root tips were fixed in
Farmer solution (ethanol: acid acetic, 3:1, v/v) for
24 h and then transferred to 70% alcohol prior to
storage at -20°C. Cytological preparations were
obtained using the Giemsa technique (GUERRA
1983), and chromosome numbers were based on
counts from an average of 20 cells per species or
population.

To elaborate the karyotypes, the cells were
drawn using a camera lucida and the chromo-
somes were measured using digital calipers. The
chromosomal data were based on measurements
in an average of 10 cells per species or population,
with information on chromosome size, centro-
meric position and secondary constrictions being
recorded. The nomenclature adopted for the
chromosome morphology was that of GuErra
(1986).

Other parameters used to characterize the
karyotype included the total chromatin length
(TCL) and the centromeric index (CI), as defined
by Guerra (1988), and the asymmetry index
(TF%; Huzrwara 1962). The intrachromosomal
(A,) and interchromosomal (A,) asymmetry in-
dexes were calculated according to Zarco (1986).

Table 1 — Vernonia species analyzed in this study, with their respective locations, habitats and voucher specimens.
C - cerrado, CR - campo rupestre. Subsections according to BAKER (1873).

Species Locations Habitats Voucher
Subse¢ao Macrocephalae Benth.
V. buddleiaefolia Mart. ex DC. GO, Chapadao do Céu C MA Batalha 2757
V. tomentella Mart. ex DC. MG, Diamantina CR ME Mansanares 413
Subsecao Oligocephalae Benth.
V. simplex Less. MG, Ouro Branco CR IR Costa 555
Subsecao Paniculatae Benth.
V. polyanthes Less. — pop. 1 SP, Campinas C VM Oliveira 55
V. polyanthes Less. — pop 2 SP, Mogi Guacu C VM Oliveira 11
V. polyanthes Less. — pop 3 SP, Analandia C VM Oliveira 79
V. shwenkiaefolia Mart. in DC. MG, Diamantina CR ME Mansanares 387
Subsecao Scorpioideae Benth.
V. tweediana Baker SP, Campinas C VM Oliveira 30
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In preparing the ideograms, the chromosomes
were arranged according to their morphology and
size, based on the previous studies of DEMATTEIS
(1998) and DemaTTEIS & FERNANDEZ (1998) in
which they described the karyotypes of species of
the tribe Vernonieae. Arranging the chromo-
somes in this manner allowed better visualization
of their relationships in the ideogram (DEMATTEIS
1998).

All observations were made using an Olympus
model BX51 microscope, with suitable prepara-
tions being photographed with Agfa Pan ISO 25
film.

RESULTS

Two chromosome numbers, 2n=32 and
2n=34, were seen in the six species of Vernonia
(Table 2, Figure 3). There were few differences
among the karyotypic formulas and ideograms for
V. buddleiaefolia, V. tweediana, V. simplex and
three populations of V. polyanthes (Table 2, Fig-
ure 1). All of the specimens had metacentric and
submetacentric chromosomes, with the former
type predominating. A pair of chromosomes with
a secondary constriction was seen in V. polyanthes
pop. 1 and 2 and in V. buddleiaefolia (Figure 1).

The chromosome size varied from 1.2 to 4.9
um (Table 2), the TCL varied from 31.3 to 50.7
um and the karyotype symmetry TF% varied
from 42.3 to 44.4 (Table 2). The intrachromo-
somal asymmetry index (A;) varied from 0.14 to
0.22, and the interchromosomal asymmetry index
(A,) varied from 0.15 to 0.19 (Table 2). The dis-
persion diagram showed that V. polyanthes pop. 1
had the most asymmetrical karyotype (Figure 2).

DISCUSSION

Numerous reports, including those of Dar-
LINGTON & WyYLIE (1955), BOLKHOVISKIKH et al.
(1969), Moore (1973; 1974; 1977), GOLDBLATT
(1981; 1984; 1985; 1988) and GOLDBLATT & JOHN-
SON (1990; 1991; 1996; 1998), have shown that the
chromosomal number in Vernonia varies from
2n=18 to 2n=120, with the most frequent being
2n=32 and 2n=34. The chromosome number of
2n=32 seen here in a population of V. polyanthes
(pop. 1) did not agree with previous reports since
Ruas et al. (1991) mentioned 2n=34 whereas
CoLEMAN (1968) reported n=18. However, for
populations 2 and 3, the count of 2n=34 coin-
cided with that reported by Ruas ez al. (1991).
The chromosome number of 2n=34 for V. szmplex
seen here ageed with that reported by JonEs
(1979a). The chromosome numbers of 2n=32 for
V. buddleiaefolia and 2n=34 for V.shwenkiaefolia
have not previously been reported.

Among subsections of Lepidaploa, basic chro-
mosome numbers have been reported for Oligo-
cephalae Benth. (x=10), Macrocephalae Benth.
(x=16), Axilliflorae Benth. (x=16) and Paniculatae
Benth. (x=17) (DeEmaTTEIS 2002). A cytotaxo-
nomic discussion of the subsection Axzlliflorae
has been provided by OrivEira et al. (2007).

Jones (1979b), Gariano & Hunziker (1987)
and RoBINsON (1999a) indicated that the subsec-
tion Oligicephalae, which is restricted to the New
World, had a basic chromosome number of x=10.
DeMATTEIS (2002) reported a basic number of
x=10 for four species of Oligocephalae Benth.,
namely, V. flexuosa Sims (n=20 and 2n=40), V.
platensis (Spreng.) Less. (n=10, 20, 30 and 2n=20,
40, 50, 60), V. pronpigua Hieron. var. pronpigua

Table 2 — Chromosomal number, variation in chromosomal size, total chromatin length (TCL), symmetry index
(TF%), intrachromosomal asymmetry index (A1) and interchromosomal asymmetry index (A2) for the Vernonia
species investigated in this study. * = first documentation. Subsections according to BAKER (1873).

Variation in

Species 2n chromosomal TCL TF% A, A,
size (wm)

Subseciao Macrocephalae Benth.
V. buddleiaefolia™ 32 2,0-49 50,7 436 0,22 0,19
V. tomentella* 32 - - - - -
Subsecao Oligocephalae Benth.
V. simplex 34 1,8-3,8 443 44,2 0,20 0,19
Subsecao Paniculatae Benth.
V. shwenkiaefolia* 34
Subsecao Scorpioideae Benth.
V. polyanthes - pop. 1 32 14-34 40,7 444 0,14 0,15
V. polyanthes - pop. 2 34 12-3,1 313 425 0,20 0,19
V. polyanthes — pop. 3 34 1,4-33 32,0 423 0,21 0,19
V. tweediana 34 1,2-3,0 333 44,0 0,20 0,18
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Fig. 1 — Ideograms of species of Vernonia. A - V. buddleaiefolia 2n=32), B - V. polyanthes pop.1 (2n=32), C - V.
polyanthes pop.2 (2n=34), D - V. polyanthes pop.3 2n=34), E - V. shwenkiaefolia 2n=34),F - V. simplex 2n=34), G
- V. tweediana (2n=34). m= metacentric, sm=submetacentric. Scale bar = 1um

(n=10 and 2n=20), V. pronpiqua Hieron. var. ca-
nescens (Chodat) Dematteis (n=10 and 2n=20)
and V. sceptrum Chodat (2n=80). BAKER (1873)
included V. platensis (Speng.) Less. and V. flexu-
osa Sims in the subsection Scorpioideae. However,
the subsection Oligocephalae also contains species
with a basic chromosome number other than 10,
such as V. mollisima Hook. & Arn., in which
n=ca.54 (BERNADELLO 1986). In the present work,
V. simplex, the only species of this subsection that
was studied, had a chromosome number of 2n=34.
Ruas et al. (1991) previously reported 2n=40 for
this species, in contrast to JoNEs (1982), who re-
ported n=17, in agreement with our findings.
Chromosome numbers that are multiples of 10
have also been described for species not belong-

ing to the subsection Oligocephalae Benth. Re-
cently, OLIVEIRA et al. (2007) observed chromo-
some numbers that are multiples of 10 in two spe-
cies of the Axilliflorae, V. geminata (2n=20) and
V. adamantium (2n=40), that also showed karyo-
typic differentiation (larger chromosomes, some
of which were submetacentric) compared to other
species of this group. DEMATTEIS (1998) reported
2n=20 for two Argentinian species, V. lithosper-
mifolia Hieron. and V. verbascifolia Less., belong-
ing to the subsection Macrocephalae. According to
DeMATTEIS (2002), these two species could be
transferred to the Oligocephalae because the mor-
phology of their pollen is similar to that of species
in the latter group and also because they have
chromosome numbers that are multiples of 10.
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Fig. 2 — Dispersion diagram representing the karyotype asymmetry of species of Vernonia. A1 = intrachromosomal
asymmetry index and A2 = interchromosomal asymmetry index.

In the taxonomic arrangement proposed by
RoBiNsoN (1999a), V. [lithospermifolia Hieron.
and V. verbascifolia Less., with 2n=20 (DEMAT-
TEIS 1998a), as well as V. simplex, with 2n=40
(Ruas et al. 1991), were included in the genus
Lessingianthus, that previously included the only
species of the Oligocephalae with a chromosome
numbers that was not a multiple of 10, i.e., V. nz0/-
lisima (ca. 54, BERNADELLO 1986) and a popula-
tion of V. simplex (n=17, Ruas et al. 1991). Ac-
cording to RoBINSON (1999a), V. pronpiqua Hi-
eron. var. pronpigua (n=10 and 2n=20), V. pronp:-
qua Hieron. var. canescens (Chodat) Dematteis
(n=10 and 2n=20) and V. sceptrum Chodat
(2n=80) were included in the genus Chrysolaena,
which was separated from Vernonia (RoBINSON
1988). The species studied by OLIVEIRA ef al.
(2007) that had multiples of 10 (V. geminata and
V. adamantium) were grouped by RoBINsON
(1999a) into a third genus, Lepidaploa.

According to DEMATTEIS (2002), most of the
species in the subsections Macrocephalae and Ax-
iliflorae have a chromosome number that is a
multiple of 16. In addition, the Macrocephalae is
characterized by a high frequency of polyploids.
DeMATTEIS (2002) studied ten species of this sub-
section, nine of which had a basic chromosome
number that was a multiple of 16: five were dip-
loids (2n=32), three were tetraploids (2n=64) and
one was an octaploid (2n=128). The two species
of the Macrocephalae examined here had a basic
chromosome number of x=16: V. buddleiacfolia

(2n=2x=32) and V. tomentella (2n=2x=32). JONES
(1979b) reported n=17 and 34 for V. bardanoides
Less. and DEmATTEIS (2002) recorded 2n=30 for
V. rugulosa Sch. Bip. ex Baker, numbers oppo-
nents for the subsection Macrocephalae. All of the
species of this subsection were included in the ge-
nus Lessingianthus by RoBINSON (1999a).

The subsection Paniculatae Benth. comprises
shrubs and small trees. According to JoNES
(1979b; 1982) and StuTTs (1988), all of the South
American and most of the North American spe-
cies of this group have a basic chromosome
number of x=17. Vernonia westiniana, found in
the state of Sao Paulo, has a chromosome number
of n=17 (Jongs 1979b). All of the species belong-
ing to this subsection have been included by Ros-
INSON (1999a) in the genus Vernonanthura and
have a chromosome number that is a multiple of
17, except for V. nudiflora Less. that, in addition
to n=17 (JoNes 1974; BErRNADELLO 1986) and
2n=34 (STTUTS et al. 1988; Ruas et al. 1991), also
has n=16 and 2n=32 (Covas & HUNZIKER 1954;
HunTER 1964). Only one species of this subsec-
tion, V. shwenKiaefolia, was studied here and had
a chromosome number of 2n=34 (Table 2), in
agreement with the basic chromosome number
for this subsection. Vernonia polyanthes was
placed in the Paniculatae by DEMATTEIS (2002),
whereas BAKER (1973) placed it in the subsection
Scorpioideae.

The subsection Scorpioideae sensu Baker has a
variety of multiple chromosome numbers (10, 16
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and 17), with most of the species in this subsec-
tion being included by RoBinson (1999a) in the
genus Chrysolaena. Vernonanthura includes V.
mariana Mart., V. polyanthes Less. and V. tweed:-
ana Baker, whereas V. argyrotrichia Sch. Bip. ex
Baker is included in Lepidaploa (RoBINSON
1999a). The three populations of V. polyanthes
studied here are part of the subsection Paniculate
described by DematrTEIS (2002), as mentioned
previously. Two populations had 2n=34 while one
had 2n=32. Ruas et al. (1991) also observed
2n=34 for this species, whereas CoLEMAN (1968;
1970) reported n=18 for a population in the city
of Sao Paulo (SP).

One of the main problems in cytotaxonomy is
the reporting of wrong chromosome numbers,
frequently because of the small size of plant chro-
mosomes (GUERRA 1988). Variation in the chro-
mosome number of a species can also arise from
incorrect botanical identifications, and can create
serious problems in interpretation of the data. Er-
rors in the identification of a given specimen often
reflect the taxonomic complexity of this group be-
cause of its diversity and/or the existence of hy-
brids and polyploids that can generate individuals
or species with intermediate morphological chat-
acters (Stace 1989). Since the chromosomal
analyses of large families and genera are often
done by various independent groups, there is
need for a critical analysis of the data reported
(FAVARGER 1978; GUERRA 2000; MANSANARES ¢f
al. 2002).

Of the three populations of V. polyanthes
studied here, population 2 from Mogi Guacu
(2n=34) was probably a hybrid of V. polyanthes
with V. rubriramea since it showed morphometric
characteristics of these two species (SEMIR, per-
sonal communication). According to STTUTS
(1988), hybridization is common in Vernonia and
many hybrid species occupy perturbed environ-
ments. Hybrids have been observed between V.
marginata and V. baldwini ssp interior, as well as
between V. fasciculata and V. baldiwini ssp inte-
rior, V. gigantea, V. arkansa and V. missurica
(JonEs 1972).

Another source of divergent chromosome
numbers is the existence of chromosomal races
or cytotypes, a common finding among vegeta-
bles (FAVARGER 1978; MoORAWETZ 1984;
MANSANARES ef al. 2002). FavARGEr (1978)
stated that determining the true basic chromo-
some number of a taxon required a knowledge of
the chromosomal variation with the taxon based
on an analysis of many populations. MORAWETZ
(1984) considered that the karyological stability

of tropical plants was much less than generally
thought. An example of this is Duguetia fur-
furaceae (Annonaceae), a species widely distrib-
uted in the Brazilian “cerrados” that has three
chromosomal races of morphologically indistin-
guishable individuals.

Based on a study of the chromosomes of some
species of Vernonia, DEMATTEIs (1998) suggested
the existence of two cytotypes in V. saltensis Hi-
eron, with 2n=64; BERNADELLO (1986) reported
n=16 for this taxon. As pointed out by Ruas ez al.
(1991), variation in the chromosome number of a
given species is common in Vernonia. For exam-
ple, three chromosome numbers, 2n=16 (HUNTER
1964; Covas & HUNZzIKER 1954), 2n=32 (Covas
& Hunziker 1954) and 2n=34 have been re-
ported in V. nudiflora, (Jones 1974). Disploid cy-
totypes can occur in V. polyanthes, with popula-
tions possessing 2n=32 (present study), 2n=34
(Ruas et al. 1991 and present study) and 2n=36
(CoLEMAN 1968).

According to Jongs (1979b) and Ruas ez al.
(1991), the Vernonieae of the New World, in con-
trast to those of the Old World, shows marked di-
versity in chromosome number and a high ratio of
polyploid species. Jongs (1979b) considered x=17
as the basic chromosome number for species of
New World Vernonia, with x=16 being uncom-
mon or doubtful. However, other reports (Ruas
et al. 1991; DEMATTEIS 1998; DEMATTEIS &
FERNANDEZ 2000; OLIVEIRA ef al. 2007) and the
present study have shown that chromosome num-
bers that are multiples of 16 are relatively frequent
in South American species of Vernonia.

The chromosomal analysis described here
showed that the karotypic formula and chroma-
tin total length (TCL) were the main differences
among the species, whereas the chromosomal
form and the asymmetry index TF% were quite
similar (Table 2). The variation in chromosome
size seen here (1.2 to 4.9 um) was greater than
that reported by DEMATTEIS & FERNANDEZ
(2000) (from 1.43 wm for V. lilacina to 2.08 um
for V. aurea). The pretreatment used by these au-
thors to prepare the chromosomes was the same
as that used here. The range of variation was also
greater than that reported by OLIVEIRA ef al.
(2007) for species of the subsection Axzlliflorae
of Lepidaploa, except for V. geminata and V. ada-
mantium, the larger chromosomes of which
reached 3.3 and 4.63 um, respectively. Neverthe-
less, as shown in the ideograms (Figure 1) and
pictures (Figure 3), the range of variation was
similar among the species, except for V. bud-
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Fig. 3 — Mitotic chromosomes of Vernonia. A - V. buddleaiefolia (2n=32), B - V. polyanthes pop.1 (2n=32), C - V.
polyanthes pop.2 2n=34), D - V. polyanthes pop.3 (2n=34), E - V. shwenkiacfolia 2n=34), F - V. simsplex 2n=34), G
- V. tomentella (2n=32), H - V. tweediana (2n=34). Scale bar = 10 um.
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dleiaefolia, which has larger chromosomes that
the others (2.0 to 4.9 um).

The TCL varied considerably among species
studied (from 31.3 to 50.7). Vernonia buddleiaefo-
lia, which had 2n=32 chromosomes, had the
greatest TCL (50.7) because of the presence of
large chromosomes (2.0 = 4.9 um), whereas V.
polyantbes pop. 2 (with 2n=34) had the smallest
TCL (31.3 um), probably because of its small
chromosomes (1.2 = 3.1 um).

All of the species analyzed here had metacen-
tric and submetacentric chromosomes, but in dif-
ferent ratios (Table 3). The submetacentric chro-
mosomes had a minor size (C and D), except for
V. simplex and V. buddleiaefolia, for which short,
bigger chromosomes (B) were also observed (Ta-
ble 3). The predominance of metacentric chromo-
somes agreed with other reports for the Vernon-
iecae (Ruas et al. 1991; DEMATTEIS 1996; 1998;
DeEMATTEIS & FERNANDEZ 1998; 2000). DEMAT-
TEIS & FERNANDEZ (2000) reported the presence
of metacentric and submetacentric chromosomes
in nine South American species of Vernonia, with
V. lilacina and V. polyphylla showing two pairs of
subtelocentric chromosomes.

Table 3 — Karyotype formula for the Vernonia spe-
cies investigated here. Centromeric position:
m=metacentric, sm=submetacentric. Chromosomal
size: A - entre 4,6 e 3,6 um; B - entre 3,5 e 2,6 um; C -
entre 2,5 e 1,6 um; D - entre 1,5 e 0,9 um.

Karyotype formula

6m(A)+3m(B)+5m(C)+1sm(B)+1sm(C)
6m(B)+8m(C)+1sm(C)+1sm(D)
1m(B)+8m(C)+4m(D)+3sm(C)+1sm(D)
1m(B)+8m(C)+4m(D)+3sm(C)+1sm(D)
1m(A)+6m(B)+9m(C)+1sm(B)
2m(B)+3m(C)+10m(D)+2sm(C)

Species

V. buddleiaefolia
V. polyanthes — pop. 1
V. polyanthes - pop. 2
V. polyanthes - pop. 3
V. simplex
V. tweediana
V. tomentella

The interchromosomal (A,) and intrachromo-
somal (A,) asymmetry indexes, which are pre-
ferred when there are no marked differences in
chromosomal size and morphology, were very
similar among the species analyzed (Table 2, Fig-
ure 2). The A, indexes were very similar (0.14 —
0.22), whereas the A, indexes showed even less
variation (0.15 = 0.19). The species with the most
asymmetrical karyotype was V. polyanthes pop.1,
which had A, and A, indexes of 0.14 and 0.15, re-
spectively (Figure 2). The results presented here
are more homogenous than those reported by De-
MATTEIS (2000), who observed that the most
asymmetrical species was V. polyphylla, with A,
and A, indexes of 0.285 and 0.210, respectively.

For species of Axilliflorae studied by OLIVEIRA ef
al. (2007), the range of variation in A, (0.13 —
0.22) and A, (0.14 = 0.19) was similar to that of
the species studied here, except for V. geminata,
which had a more asymmetrical karyotype
(A,=0.25 and A,=0.21).

According to Ruas et al. (1991), DEMATTEIS
(1996; 1997) and DEMATTEIS & FERNANDEZ
(1998), more primitive species (x=10, x=17) have
larger chromosomes than more derived species
(x=14 and 15). Species with a basic chromosome
number of x=17 had a chromosomal size that var-
ied from 1.9 to 2 um, whereas species with x=14
or x=15 had a chromosomal size that varied from
1.3 to 1.4 um (DEMATTEIS & FERNANDEZ 1998).
Our results did not agree with those of DEmAT-
TEIS & FERNANDEZ (1998). Vernonia tweediana
(2n=34) had the smallest chromosomal size (1.2 —
3.0 um) while V. buddleiaefolia (2n=32) had the
largest (2.0 = 4.9 um).

The difference among the karyotypes of the
three populations of V. polyanthes analyzed here
(Table 2) deserves further investigation. As al-
ready mentioned, V. polyanthes shows some dif-
ferences in its chromosome number, size and
morphology, including the localization of sec-
ondary constrictions. Populations 2 and 3
(2n=34) had similar karyotypes and ideograms,
while it was not possible to locate the secondary
constriction in population 3 using conventional
staining (Figure 1). Population 1 (2n=32) dif-
fered from populations 2 and 3 in its chromo-
some number (2n=34) and karyotypic formula
(Figure 1, Tables 2 and 3). The chromosomes
were larger, with the main difference being the
ratio of submetacentric chromosomes of interme-
diate size (type C) (Table 3): only one pair of this
type was seen in this population, while in popu-
lations 2 and 3 three pairs were observed. Or-
IVEIRA et al. (2007) have provided possible expla-
nations for the karyotypic variation among popu-
lations of V. remotiflora.

The results obtained here for several species of
Vernonia are still insufficient for a conclusive gen-
eral cytotaxonomic discussion of this group, pri-
marily because of the lack of a characteristic or
standard karyotype for the species in each of the
different taxonomic groups, regardless of whether
these are defined according to BAKER (1873) or
RoBINSON (1999a). In addition, the number of
species analyzed is still small. Nevertheless, there
is apparently only a very tenuous relationship be-
tween the chromosome numbers observed here
and reported in the literature compared with the
taxonomic alterations suggested by RoOBINSON
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(1999a) for the genera Lessingianthus, Vernonan-
thura and Chrysolaena that were originally part of
Vernonia sensu BAKER (1873). RoBINsON (1999a)
included some species belonging to the subsec-
tions Scorpioideae and Oligocephalae sensu BAXER
(1873) in the genus Chrysolaena, most of which
have a basic chromosome number of x=10. Most
of the species belonging to the subsection Macro-
cephalae sensu BAaxer (1873), and which were
transferred to the genus Lessingianthus by RoBIN-
SON (1999a), have a basic chromosome number of
x=16. Likewise, most of the species belonging to
the subsection Paniculatae sensu Baxker (1873)
and transferred to the genus Vernonanthura by
RoBINSON (1999a) have a basic chromosome
number of x=17.
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