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Karyotype analysis and DNA content in some species of Chrysolaena

(Vernonieae, Asteraceae)

G. M. VIA DO PICO & M. DEMATTEIS

Instituto de Botánica del Nordeste (UNNE-CONICET), Argentina

Abstract
Cytogenetic characterization by karyotyping and determination of DNA content by flow cytometry of five species of
Chrysolaena (Vernonieae, Asteraceae) was performed. This is the first study of nuclear DNA content realized in the genus.
The 2C-values were compared with the ploidy level and the total karyotype length (TKL) of each species. Mitotic analysis
revealed a base chromosome number x ¼ 10 for all entities and different ploidy levels, from diploid (2n ¼ 2x ¼ 20) to
octoploid (2n ¼ 8x ¼ 80). All species showed bimodal karyotypes composed of metacentric and submetacentric
chromosomes. The average chromosome size (ML) varied from 1.86mm to 2.70mm, while the TKL ranged from
18.65mm to 80.55mm. The intrachromosomal asymmetry index (A1) varied from 0.27 to 0.38, while the interchromosomal
asymmetry index (A2) ranged from 0.19 to 0.25. A new cytotype is reported for the first time for C. propinqua. Accessory
chromosomes found in C. verbascifolia, C. cognata, C. flexuosa, and C. propinqua are also reported as new.

Keywords: Chromosomes, Compositae, flow cytometry, Vernonia

Introduction

The tribe Vernonieae Cass. is one of the largest

groups of Compositae (Asteraceae) with ca. 1500

species distributed in America, Asia, and Africa

(Keeley and Robinson 2009). It is considered one of

the most complex groups in the family Asteraceae

from the biological and taxonomic point of view

(Keeley et al. 2007). The tribe has two important

centers of diversification, one in southern Brazil and

the other in tropical Africa (Jones 1979; Keeley &

Jansen 1994). In a recent work, Keeley and Robinson

(2009) recognize 21 subtribes, 15 from the New

World and 6 from the Old World, mostly based on

morphological and molecular phylogenetic studies.

Recent studies have resulted in significant taxonomic

changes in Vernonieae and particularly reduction in

size and distribution of the core genus Vernonia

Schreb. As a consequence, a total of 126 genera are

now recognized for Vernonieae. In the New World,

the tribe is represented by about 70 genera and

approximately 600–700 species.

The subtribe Lepidaploinae S. C. Keeley & H.

Rob. is one of the recently created subtribes, with 12

genera, 5 of them monotypic, and about 320 species

that mainly grow in the Western Hemisphere (Keeley

& Robinson 2009). It contains several genera

segregated from Vernonia, such as Lessingianthus

H.Rob., Lepidaploa (Cass.) Cass., and Chrysolaena

H.Rob., which have been previously included in

subtribe Vernoniinae Less. (Robinson 1999).

The genus Chrysolaena H.Rob. differs from other

South American members of the tribe by the

presence of a sericeous or velutinous indumentum,

anthers with apical glandular appendages, styles

without a basal node, and glandular cypselas. Also,

the genus can be separated from other American

groups by the morphology of the pollen grains and

the chromosome number. The latter is one of the

most important features because Chrysolaena is the

only American member of the tribe with the base

number x ¼ 10, which is mainly present in the Old

World Vernonieae.

Currently, Chrysolaena includes 18 species con-

centrated in southern Brazil, Paraguay, and north-

eastern Argentina, which present significant

chromosomal and morphological variability.

Chromosome studies reported previously reveal

that species of the genus have a base number of

x ¼ 10, with chromosome numbers ranging from
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2n ¼ 20 to 2n ¼ 80 and interpreted to be different

ploidy levels or cytotypes (Ruas et al. 1991;

Dematteis 1997a; Dematteis 2002; Dematteis et al.

2007; Dematteis 2009; Angulo & Dematteis 2009a,

2009b). Diploid and tetraploid populations have

been found in C. flexuosa (Sims) H.Rob., whereas

only diploid populations are known for C. verbasci-

folia (Less.) H. Rob., C. propinqua (Hieron.) H.Rob.,

and C. lithospermifolia (Hieron.) H.Rob. C. cognata

(Less.) Dematt. and C. platensis (Spreng.) H.Rob.

show a greater variation, having diploid, tetraploid,

hexaploid, and octoploid populations, and even odd

polyploids in C. cognata (Galiano & Hunziker 1987;

Dematteis 1997a, 2002, 2009; Angulo & Dematteis

2009b). Chrysolaena is not well characterized

cytologically and the studies are limited to chromo-

some counts of nine species (Dematteis 2009). Only

the karyotypes of C. flexuosa, C. simplex Less., C.

platensis, C. cognata, C. verbascifolia, and C.

lithospermifolia have been analyzed (Ruas et al.

1991; Dematteis 1997a; Angulo & Dematteis

2009a, 2009b) and these analyses did not include

all the cytotypes of the species.

The genomic size has not yet been estimated for

Chrysolaena. DNA C-value is correlated with many

biological characteristics, such as cell and nuclear

volume, size of the chromosomes, and development

of parameters such as duration of male meiosis,

among others (Bennett 1987). It is also a useful trait

in taxonomy and evolution (Godelle et al. 1993;

Zoldos et al. 1998). However, the available infor-

mation about DNA content in angiosperms is still

limited; hence, there is a need for information of

C-value in different plants (Bennett & Leitch 1995;

Hanson et al. 2001).

In the present study, five species of Chrysolaena,

C. cognata, C. flexuosa, C. lithospermifolia, C.

propinqua, and C. verbascifolia, were examined in

greater detail than prior reports. Variations in ploidy

levels among different populations, the chromosome

morphology, and DNA content are reported here.

Materials and methods

Mitosis and karyotype analysis

We examined nine populations belonging to five

species of Chrysolaena. The source of the analyzed

material is detailed in Table I. Voucher specimens are

kept at the herbarium of the Instituto de Botánica del

Nordeste (CTES).

The mitotic chromosomes were obtained from

root tips of germinated seeds in Petri dishes. The

rootlets were pretreated with 8-hydroxyquinoline

solution 0.002M for 4–5 hours and then fixed in

absolute alcohol–acetic acid (3:1). The staining was

performed using Feulgen’s technique.

The nomenclature used to describe the chromo-

some morphology is the one proposed by Levan et al.

(1964). For the preparation of the idiograms, 7–10

metaphase plates per each population were used. The

measurement of the length of the chromosome arms

and satellites was made by camera lucida drawings.

The morphology of the chromosomes was determined

using the centromeric index (CI ¼ short arm £ 100/

total length of the chromosome). Accordingly, the

chromosomes were classified as metacentrics (m):

Table I. Specimens examined and somatic chromosome numbers (2n) observed in five species of Chrysolaena.

Species 2n Location and voucher specimens

C. cognata (Less.) Dematt. 40

Argentina. Misiones. Dept. San Ignacio. House of Horacio Quiroga, stony fields.

2781505400S–5583300200W. Dematteis et al. 3040 (CTES)

C. cognata (Less.) Dematt. 40

Uruguay. Dept. Tacuarembó, Gruta de los Helechos, 10 km NW of Tacuarembó, wet

hill with rocks outcropping. 3183802200 –5680200700W. Dematteis et al. 3761 (CTES)

C. cognata (Less.) Dematt. 80

Argentina. Misiones. Dept. General Manuel Belgrano. Campina de Americo,

Cementery, high fields with Araucaria, red soils. Dematteis et al. 3053 (CTES)

C. flexuosa (Sims) H.Rob. 40

Uruguay. Dept. Artigas. Route 3, 20 km W of Artigas, on the road to Tomás

Gomensoro. 308260 5700S–5683605700W, high fields, stony soils. Dematteis et al. 3703

(CTES)

C. flexuosa (Sims) H.Rob. 40

Uruguay. Dept. Tacuarembó. 14 km NE of Tacuarembó, 1,7 km after Gruta de los

Helechos, hill with rocks outcropping. 3183703000S– 5580201600W.Dematteis et al. 3750

(CTES)

C. flexuosa (Sims) H.Rob. 20

Argentina. Corrientes. Dept. Itá Ibaté, field near to Route 12. 2782604700S–5782000100W.

Via do Pico et al. 45 (CTES)

C. lithospermifolia (Hieron.) H.Rob. 20

Argentina. Corrientes. Dept. San Roque. 12 km N of San Roque, Route 12.

2882705100S–5884301600W. Via do Pico et al. 4 (CTES)

C. propinqua (Hieron.) H.Rob.a 40

Argentina. Misiones. Dept. General Manuel Belgrano. Campina de Americo,

Cementery, high fiels with Araucaria, red soils. Dematteis et al. 3078 (CTES)

C. verbascifolia (Less.) H.Rob. 20

Argentina. Misiones. Dept. General Manuel Belgrano. Campina de Americo,

Cementery, high fiels with Araucaria, red soils. Dematteis et al. 3080 (CTES)

aNew cytotype for the taxon.

G. M. Via Do Pico and M. Dematteis2
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50–37.5, submetacentrics (sm): 37.5–25, and sub-

telocentrics (st): 25–12.5.

The following karyological parameters were

evaluated: total length of karyotype (TKL), average

centromeric index (CI) and mean chromosome

length (ML). The karyotype asymmetry was esti-

mated using intrachromosomal (A1) and interchro-

mosomal (A2) indexes suggested by Romero Zarco

(1986).

DNA content

The nuclear DNA content was estimated in

populations where material was available, using

flow cytometry according to the protocol of Doležel

and Göhde (1995). For this purpose, young leaves of

living plants maintained under greenhouse con-

ditions at the Instituto de Botánica del Nordeste were

utilized. Voucher specimens are deposited at the

herbarium of the Instituto de Botánica del Nordeste

(CTES).

Small pieces of leaves from each specimen to be

tested were incorporated together with the standard in

a Petri dish. The leaf material was mechanically

dispersed with a scalpel to which 1.5mL of extraction

buffer (Partec) was added, followed by incubation for

5minutes at roomtemperature.Next, the extractswere

filtered through anylonmembrane (CellTrics) to5mL

cytometry tubes, and after addition of staining buffer

with propidium iodide, plant cells were immediately

analyzed by flow cytometry (FACSVantage, Becton

Dickinson, San José, CA). The plots of absorption and

the quantitative results were stored in data files. Three

estimates were made of DNA content per individual

(5000–10,000 nuclei per analysis). Three patterns

were used as reference standards: Paspalum interme-

dium Sch 28857 (diploid, 2C ¼ 1.417pg), P. dilatatum

ssp. flavescens (tetraploid, 2C ¼ 2.43 pg), and P.

dilatatum Chirú (hexaploid, 2C ¼ 3.57pg). Nuclear

DNA content (2C) was calculated as: (sample peak

mean/standard peak mean) £ 2C DNA content of

standard (pg). Also, we calculated the Cx value (2C

DNA content/ploidy level).

Results

Chromosome numbers and karyotypes

The species analyzed, somatic chromosome num-

bers, and voucher specimens are listed in Table I.

The ploidy level, karyotype formula, mean chromo-

some length (ML), total karyotype length (TKL),

CI, and asymmetry indexes (A1 and A2) of the

specimens tested are detailed in Table II.

In all species analyzed, the same chromosome

number base of x ¼ 10was found. Of the nine studied

populations, three were diploid (2n ¼ 2x ¼ 20), five T
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tetraploid (2n ¼ 4x ¼ 40), and one octoploid

(2n ¼ 8x ¼ 80). In C. verbascifolia (Figure 1(h)–(j)),

C. cognata (Figure 1(b)), C. flexuosa, and C.

propinqua, the presence of accessories or B chromo-

somes that were unstable at mitosis was observed

(Figure 1). The number of accessory chromosomes

found ranged from 0 to 7 and this variation was

observed between individuals of the same population

and even within the same individual. In all species,

accessory chromosomes were characterized as small

metacentric elements with similar size. Because the

accessory chromosomes were so small, the location of

the centromere (Figure 1) was not always visible.

All taxa showed relatively symmetrical and

bimodal karyotypes, which consisted of metacentric

and submetacentric chromosomes, varying only in

proportion among the different species (Figures 2

and 3). The average chromosome length (ML)

ranged from 1.86mm in C. lithospermifolia to 2.70mm
in C. verbascifolia. All species showed spherical

satellites, whose diameters ranged from 0.28mm to

0.51mm, always placed on the short arm of

metacentric pairs. At the intra-individual level, the

presence of satellites on both members of a

chromosome pair was not always visible.

The diploid sample of C. flexuosa (10m þ 10sm)

showed the most asymmetrical karyotype with an

asymmetry index A1 of 0.38 and an average CI of

38.06 (Figure 4). C. verbascifolia (12m þ 8sm þ Bs)

presented a more symmetrical karyotype with an A1

index of 0.27 and CI of 39.31. The interchromoso-

mal asymmetry index (A2) ranged from 0.19 in

C. propinquaN83078 to 0.25 in C. flexuosaN845. The

relationship between A1 and A2 indexes of the species

analyzed is presented in Figure 4.

Of the three populations of C. cognata analyzed,

two were tetraploid (2n ¼ 40) and the remaining

octoploid (2n ¼ 80). In the latter, accessory chromo-

someswere detected at a frequencyof 0–4 per cell, and

had an average length of 1.27mm. In C. flexuosa, two

populations were tetraploid (2n ¼ 40) and one diploid

(2n ¼ 20). In the population N83703 from 0 to 2

Figure 1. Mitotic chromosomes of Chrysolaena. (a) C. cognata N83053, 2n ¼ 8x ¼ 80; (b) C. cognata N83053, 2n ¼ 8x ¼ 80 þ 2Bs; (c)

C. cognataN83761, 2n ¼ 4x ¼ 40; (d)C. cognataN83040, 2n ¼ 4x ¼ 40; (e)C. flexuosa 45, 2n ¼ 2x ¼ 20; (f)C. flexuosaN83703, 2n ¼ 4x ¼ 40;

(g) C. flexuosa N83750, 2n ¼ 4x ¼ 40; (h) C. verbascifolia N83080, 2n ¼ 2x ¼ 20 þ 3Bs; (i) C. verbascifolia N83080, 2n ¼ 2x ¼ 20 þ 7Bs; (j)

C. verbascifoliaN83080, 2n ¼ 2x ¼ 20 þ 3Bs; (k) C. lithospermifolia, 2n ¼ 2x ¼ 20; (l) C. propinqua N83078, 2n ¼ 4x ¼ 40. Scale bar ¼ 5mm.

Empty arrows show accessory chromosomes. Filled arrows show satellites. Asterisk symbols show heteromorphic chromosome pair.

G. M. Via Do Pico and M. Dematteis4
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accessory chromosomes per cell were observedwith an

average length of 1.15mm.C. propinquawas tetraploid

(2n ¼ 40) and also presented from 0 to 2 Bs with an

average length of 1.37mm. The remaining taxon,

C. verbascifolia, was diploid (2n ¼ 20) and showed

between 0 and 7 accessory chromosomes per cell, with

an average length of 0.94mm. In addition, the

karyotype analysis performed for this species revealed

a heteromorphic chromosome pair (Figure 3(e)). This

pair is characterized by having both chromosomes be

metacentric, one of small size (2.37mm) and the other

one larger (4.61mm).

Genomic DNA content

The genomic DNA content of the species of

Chrysolaena analyzed is shown in histograms in

Figure 5. The amount of DNA 2C-values calculated

and Cx are shown in Table II. The 2C DNA content

ranged from 3.26pg in the diploid population of

C.flexuosaN845 (2n ¼ 20) to12.98pg in the tetraploid

sample of C. propinqua (tetraploid, 2n ¼ 40). The Cx

value, which indicated the DNA content per genome,

ranged from 1.605pg in C. cognataN83703 to 3.24pg

in C. propinqua. Diploid species showed 2C-values

between 3.26 pg and 3.61 pg. Tetraploid species

ranged from6.42pg to 12.98pg and the onlyoctoploid

taxon (C. cognata 3053) showed 12.27 pg. The

dispersion diagram in Figure 6 shows clearly that the

diploid species are grouped showing similar 2C-values,

and similarly the tetraploids grouped together, except

forC. propinquawhoseDNAcontentwas similar to the

octoploid population of C. cognata.

Figure 2. Idiograms of some species of Chrysolaena. (a) C. cognata

N83040, 2n ¼ 40 ¼ 18m þ 22sm; (b) C. cognata N83053, 2n ¼
80 ¼ 54m þ 26sm þ B; (c) C. cognata N83761, 2n ¼ 40 ¼
26m þ 14sm; (d) C. propinquaN83078, 2n ¼ 40 ¼ 20m þ 20sm þ
B. Scale bar ¼ 1.5mm.

Figure 3. Idiograms of some species of Chrysolaena. (a) C. flexuosa

N83703, 2n ¼ 40 ¼ 22m þ 18sm þ B; (b) C. flexuosa N83750,

2n ¼ 40 ¼ 20m þ 20sm; (c) C. flexuosa N845, 2n ¼ 20 ¼
10m þ 10sm; (d) C. lithospermifolia N84, 2n ¼ 20 ¼ 10m þ 10sm;

(e)C.verbascifoliaN83080, 2n ¼ 20 ¼ 12m þ 8smþ B.Scale bar ¼
1.5mm.

Karyotype and DNA content of Chrysolaena (Asteraceae) 5
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Discussion

The five species of Chrysolaena analyzed in this paper

all had a base chromosome number of x ¼ 10, which

is consistent with previous studies (Dematteis 1997a,

1997b, 1998, 2002, 2009; Dematteis et al. 2007;

Angulo & Dematteis 2009a, 2009b). However, the

results of this study broadened the cytological

information by reporting new cytotypes and karyo-

types for Chrysolaena species. The chromosome

counts obtained for C. cognata showed a great

Figure 4. Dispersion diagram representing the relations between the A1 and A2 karyotype asymmetry indexes.

Figure 5. Histograms showing the relative DNA content at 2C of Paspalum (standard) and Chrysolaena species obtained by flow cytometry

analysis of propidium iodide stained nuclei isolated from young leaves. (a) C. cognata N83761, 2n ¼ 4x ¼ 40; (b) C. flexuosa N845,

2n ¼ 2x ¼ 20; (c) C. flexuosa N83750, 2n ¼ 4x ¼ 40.

Figure 6. Dispersion diagram representing the relationship between ploidy levels and DNA 2C-values in Chrysolaena species analyzed.
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variation in chromosome number, including diploid,

tetraploid, hexaploid, and octoploid populations and

odd polyploids, as previously mentioned for speci-

mens from Argentina and Paraguay (Angulo &

Dematteis 2009a, 2009b; Dematteis 2009). In this

paper, we report the first chromosome count for a

population of C. cognata from Uruguay, which was

tetraploid with 2n ¼ 4x ¼ 40. The chromosome

numbers found in populations of C. flexuosa

(2n ¼ 2x ¼ 20, 2n ¼ 4x ¼ 40) disagreed with the

count of n ¼ ca. 17 determined by Jones (1979) in

samples from Uruguay and the count of n ¼ ca. 30–

32 found by Hunziker et al. (1990) on plants from

Argentina. However, the numbers observed are

consistent with other studies that analyzed specimens

from Brazil (Ruas et al. 1991), Argentina, Uruguay,

and Paraguay (Dematteis 1997a, 1997b, 2002;

Dematteis et al. 2007; Angulo & Dematteis 2009a).

C. lithospermifolia and C. verbascifolia were found to

be diploid (2n ¼ 2x ¼ 20) and both chromosome

counts are in concordance with previous studies

(Dematteis 1998; Angulo & Dematteis 2009a,

2009b). For these species, only Argentine specimens

have been analyzed and only diploid populations have

been found. The karyotype formula ofC. verbascifolia

is consistent with that reported by Angulo and

Dematteis (2009b). However, our analysis found a

pair of heteromorphic chromosomes. There are

several processes through which the heteromorphism

may have arisen: pericentric inversion, intra-chro-

mosomal translocations, and “re-translocations”

(Walters 1952). Other cytogenetic studies should be

conducted on this species to understand better the

origin of these elements. This issue goes beyond the

goals of the current study.

For C. propinqua, previous studies reported only

diploid populations from Argentina and Paraguay; so

this is the first report of a tetraploid (2n ¼ 4x ¼ 40)

population in Argentina. Also, this is the first report

of the karyotype of the species, which was similar to

other species of Chrysolaena that were analyzed.

The data obtained in the present paper along with

those previously reported provide evidence that

Chrysolaena species have numerous ploidy levels.

Within even a single species, it was possible to observe

different cytotypes ranging from diploid to other

ploidy levels as high as octoploid. The available data

on South American Vernonieae suggest that the most

frequent chromosomal changes between populations

are due to polyploidy (Galiano & Hunziker 1987;

Dematteis 2002). According to Jones (1979) and

Ruas et al. (1991), the New World Vernonieae show

greater diversity in chromosome numbers and higher

proportions of polyploid species than Old World

species. Ruas et al. (1991) and Dematteis (1996,

1997a) argued that the more primitive species

(x ¼ 10 and x ¼ 17) have longer chromosomes,

while derived species (x ¼ 14 and x ¼ 15) have

smaller chromosomes. High chromosome numbers

in New World Vernonieae are consistent with a

pattern of members invading new geographical areas.

SinceNewWorld taxa are clearly derived, part of their

success may be due to increased genetic diversity

achieved through higher chromosome number and

hybridization (Keeley & Robinson 2009).

With respect to the karyotypes, the predominance

of metacentric and submetacentric chromosomes is

consistent with previous reports for the tribe

Vernonieae (Ruas et al. 1991; Dematteis 1997a,

1997b, 1998; Dematteis & Fernández 1998, 2000;

Oliveira et al. 2007a, 2007b; Angulo & Dematteis

2009b). The karyotype symmetry was “moderate

type” in all entities (Ruas et al. 1991), due to

prevalence of metacentric chromosomes and the lack

of marked differences among larger and smaller

chromosomes. The A1 and A2 indexes, used

preferably when the chromosomes are similar in

size and morphology, differ little between the

karyotypes of species analyzed (Table II). However,

small differences in karyotypes were observed

between different populations of C. cognata and

C. flexuosa. In both species, tetraploid populations

differed in the proportion of metacentric and

submetacentric chromosomes. In C. flexuosa, the

location of secondary constrictions was also different

in diploid and tetraploid cytotypes. The average

chromosome length (ML) and TKL were similar.

Small variations in the degree of condensation of

chromosomes can lead to calculation of different CIs

when values are very close to the limit between one

morphological type and another. These differences

may be due to small divergences in the structure of

chromosomes that involve gain and/or loss of

chromatin, or structural changes without loss of

chromatin that occurred in each population, or also

due to small variations in the pretreatment tech-

nique. In addition, in one population of C. flexuosa,

accessory chromosomes were observed. It has been

shown that these types of chromosomes are instable

during meiosis and show greater stability in mitosis.

However, by causing high rates of non-disjunction

during the latter, chromosomal instability can occur.

This can lead, for example, to alterations in the

morphology of chromosomes as a result of genomic

rearrangements (Techio et al. 2010) and thus to the

karyotype differences observed between populations.

Small differences in karyotype formula and asym-

metry indexes found among species suggest that

small structural changes may have contributed to the

diversification of the genus.

Polyploidy is an important mechanism that has

contributed to adaptation and speciation in many

organisms, mainly in plants (Masterson 1994;

Coghlan et al. 2005), and it has been recognized as
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a major force acting on the evolution of angiosperms.

It is common in Asteraceae and occurs in most of the

clades (Semple & Watanabe 2009). This mechanism

is characterized by a variation in the amount of

nuclear DNA (C-value) and simultaneous changes in

number and structure of chromosomes (Murray

2005). Thus, polyploidy is clearly a possible

contributor to the change in C-values.

DNA C-values are currently available for more

than 7000 plant species (Bennett & Leitch 2010,

http://data.kew.org/cvalues/). According to the avail-

able literature and the Plant DNA C-values database

(Bennett & Leitch 1995, 2010), this is the first study

of nuclear DNA content performed in the genus

Chrysolaena. The estimates 2C and Cx calculated for

Chrysolaena species in this study are within ranges of

variation found in Angiosperms and Asteraceae

(Leitch & Bennett 2004; Garnatje et al. 2010). The

1C-value ranges from 0.00648pg in the carnivorous

plant Genlisea margaretae (Greilhuber et al. 2006) to

152.23 pg in the monocot Paris japonica (Pellicer

et al. 2010). Compared to values reported by Leitch

et al. (1998) and Soltis et al. (2003), the genomic size

of species of Chrysolaena falls into the categories

“small” (1C values . 1.4–3.5 pg) to “medium”

(.3.5 to.14.0 pg). Within a taxon, DNA content is

very often positively correlated with ploidy level. In

species with different cytotypes (C. cognata and C.

flexuosa), in general, there was a positive correlation

between the increase in ploidy level and the TKL

with respect to DNA content (see Figure 6).

Polyploid taxa or populations always have a higher

DNA amount than related diploid ones, and diploid

accessions exhibited almost exactly half the DNA

amount of their corresponding tetraploid strains.

Similar observations have been made in other

vascular plant genera, such as Oxalis (De Azkue &

Martı́nez 1988) and Artemisia (Torrel & Vallés

2001). In general, there is a small diminution in

DNA content per haploid genome (Cx) in polyploids

in comparison with their diploid relatives. This has

also been reported in other genera and has been

interpreted as a balance mechanism to reduce some

nucleotypic effects of DNA gain due to polyploidy

(Bennett 1972; Poggio et al. 1989; Murray et al.

1992; Dimitrova & Greilhuber 2000). The results

obtained in C. propinqua for 2C-values and Cx were

unexpected given the similar karyotypes found

among species of the genus. The increase in DNA

content with no significant changes in karyotype may

be caused by non-random distribution of these

changes (Poggio et al. 2007). These phenomena

occur in various sections of the genus Vicia (Raina &

Rees 1983; Naranjo et al. 1998), Hippeastrum

(Poggio et al. 2007), and some species of Aloe,

which have different genomic sizes but maintain the

bimodal karyotypes with similar proportions among

species (Brandham 1983). DNA amount can

increase not only by gain in individual chromosomes

but also by polyploidy, both mechanisms often

occurring in one plant group (Ohri 1996). This

general rule is also valid for Chrysolaena, a genus in

which polyploidy plays an important role. Chryso-

laena propinqua is clearly distinguishable from the

other members of the genus by the presence of a

single stem with basal leaves. In addition to these

morphological differences, DNA content can be a

useful tool to differentiate this species from the

remaining taxa of the genus.

The presence of accessory chromosomes or B

chromosomes has been reported in many groups of

plants. It is a very common phenomenon in the

Compositae, which together with Poaceae is among

the families with the greatest number of species that

have been reported to have accessory chromosomes

(Jones 1995). Accessory chromosomes have been

found in the Eupatorieae (Waisman & Rozenblum

1986), Senecio (Dematteis & Fernández 1998),

several species of Baccharis (Wulff et al. 1996) and

Brachycome dichromosomatica (Houben et al. 1999),

among others. In the tribe Vernonieae, numerous

cases have been reported, such as V. brevifolia

(Angulo & Dematteis 2009b), V. sellowii (Dematteis

1998), V. canescens (Galiano & Hunziker 1987),

V. geminata (Oliveira et al. 2007a), L. varroniifolius,

and L. coriaceus (Angulo & Dematteis 2012). The

cytological analysis conducted in this paper reported

as new the occurrence of accessory chromosomes in

four species of Chrysolaena: C. cognata, C. flexuosa,

C. propinqua, and C. verbascifolia. Jones (1995) refers

to B chromosomes as extra chromosomes that do not

clearly fit in the category of aneuploids or polyploids

of a standard basic set. Their presence leads to the

enlargement of the genome and creates polymorph-

isms in DNA content in natural populations (Jones

et al. 2007). There is no doubt that B chromosomes

originated from A chromosomes as a result of errors

in meiosis that generate fragments of A chromo-

somes (Jones & Houben 2003). From this assump-

tion, there are some possible ideas and models about

how they escaped to complement and became

autonomous elements and “parasites”. One of the

possible origins raised is genomic rearrangements

following interspecific hybridization, e.g., in the

derivatives of Coix gigantea (2n ¼ 2x ¼ 20), which

hybridizes naturally with C. aquatica (2n ¼ 2x ¼ 10)

(Sapre & Deshpande 1987 in Jones et al. 2007). This

mechanism could explain the occurrence of B

chromosomes in some Chrysolaena species. In C.

cognata, the occurrence of populations with odd

chromosome numbers (2n ¼ 50) has been reported

and it has been postulated that this could be a result

of interspecific hybridization between individuals

with different cytotypes (Dematteis 2002, 2009).
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The ability of closely related Vernonia species to

hybridize was demonstrated in North American and

African species (Keeley & Robinson 2009).

The highest ploidy levels of all analyzed species of

the genus have been reported in C. cognata, and in

this work, it was one of the species with the highest

DNA content, so it shows the general tendency

of groups with large genomes to be more likely to

have Bs. However, this trend was not observed in

C. verbascifolia (diploid, 2n ¼ 2x ¼ 20) for which B

chromosomes were found even more often.

Apparently, the B chromosomes found in

Chrysolaena species are genetically stable and they

have no effect on the phenotype or development of

the individuals. In addition, B chromosomes do not

contribute significantly to the genome enlargement,

since the 2C-values of populations with Bs were very

similar to populations without B chromosomes.

The new chromosome reports for the Chrysolaena

species analyzed in this paper confirm the base

number of x ¼ 10 proposed for the genus, and help

to validate the use of chromosome numbers to

recognize the genus as distinct. There are many

important characters taxonomic weight for separating

Chrysolaena from other Vernonieae groups, such as the

morphology of the pollen grains and morphological

characters. However, there is overlap of different

groups having species with shared characters. This is

one of the issues that make this group so complex.

Morphologically, Chrysolaena species differ from

each other by the arrangement of leaves on the stem,

density and shape of phyllaries, type of indumentum,

and floret number, among other features. However,

the results obtained in this study did not allow

separate species by the observed karyotypic differ-

ences because the estimated parameters were very

similar between the entities. The only species clearly

distinguishable karyotypically was C. verbascifolia, by

the presence of a heteromorphic chromosome pair

and numerous B chromosomes. Regarding the

chromosome numbers in some species, a variation

in the ploidy level is accompanied by an increase in

plant size, as occurs in some species of Conyza

(Urdampilleta et al. 2005) and Stemodia (Sosa et al.

2011). Among the species analyzed here, no

correlation was observed between ploidy level and

morphological features. Species with different ploidy

levels were morphologically similar. In consequence,

it was not possible to distinguish one cytotype from

another on the basis of morphological characteristics

of the plant. In general, with the exception of C.

propinqua, the 2C-values could be used to estimate

ploidy level of the Chrysolaena species. For example,

the tetraploid cytotype of C. propinqua can be

distinguished by having almost twice the DNA

content of the tetraploid cytotypes of other species.

For this reason, studies in nuclear DNA content

realized for the first time in Chrysolaena species

could be useful to resolve taxonomic problems in the

genus.
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