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Abstract In Myrtaceae, reports regarding the nuclear

DNA content are scarce. The aim of this study is to present

genome size data for fleshy-fruited Myrteae, and to test

their relation with chromosome number and ploidy, the

available data for cytoevolutionary studies in Myrtaceae.

Thirty species out of ten genera were investigated

for chromosome number and genome size using flow

cytometry. Twenty-eight species were diploid with

2n = 2x = 22 and two species were tetraploid with

2n = 4x = 44. All genome sizes measured are new.

Among the diploid species, a gradual and small variation in

2C-values (0.486 pg in Gomidesia schaueriana to 0.636 pg

in Eugenia multicostata) was observed, whereas the tetra-

ploid genomes of Psidium acutangulum and P. cattleianum

had about twice as much DNA (1.053 and 1.167 pg,

respectively). The total interspecific variation of C-values

was 2.45-fold. The fleshy-fruited Myrteae have smaller

holoploid genomes than the capsular-fruited Eucalypteae

and Melaleuceae.
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Introduction

Throughout the last four decades there has been an increase

in the number of studies aiming the determination of

genome sizes (2C-value) in plants, especially in Angio-

sperms, where ca. 5,150 species have been studied (Bennett

and Smith 1976; Bennett and Leitch 2004, 2005). Among

Angiosperms, there is a great variation in genome sizes,

ranging from 0.1 to 125 pg (Leitch et al. 1998). Leitch

et al. (1998) and Soltis et al. (2003) proposed a classifi-

cation for genome sizes: very small (1C B 1.4 pg), small

(1C B 3.5 pg), intermediate (1C ranging 3.51–13.99 pg),

large (1C C 14 pg) and very large (1C C 35 pg). In a

phylogenetic context, Leitch et al. (1998) affirmed that

ancestral groups in Angiosperms have smaller genome

sizes when compared to more derived groups.

Myrtaceae have been traditionally divided in two sub-

families: Myrtoideae, with baccoid fruits and opposite

leaves and Leptospermoideae, with capsular fruits and

alternate leaves (Niedenzu 1893). Recent phylogenetic

studies performed by Wilson et al. (2005) proposed the

inclusion of all capsular genera (traditional Leptosper-

moideae) in Myrtoideae. In this group, the fleshy-fruited

tribe Myrteae is one of the most derived groups and a sister

group of capsular-fruited tribe Eucalypteae (Wilson et al.

2001, 2005). The capsular-fruited tribe Melaleuceae is

more basal in Myrtoideae (Wilson et al. 2001, 2005).

The basic chromosome number for Myrtaceae is x = 11

(Atchison 1947). Usually, dysploid variations (x = 5, 6, 7,

8, 9, 10, 11, 12 and 14) occur in capsular-fruited taxa

against polyploid variations in fleshy-fruited taxa (Rye

1979) which evolved mainly by polyploidy, with various

cytotypes (Costa and Forni-Martins 2006a, b, 2007a). In

many cases, the ploidy levels of an organism have been

estimated by morphological characters (cell volume or
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organism size—‘gigantism’), or by chromosome counts

(Dart et al. 2004). Costa and Forni-Martins (2006a, b)

studied cytotypes of Eugenia hyemalis DC. (2n = 22 and

44) and Psidium cattleianum Afzel ex. Sabine (2n = 44,

66, 77 and 88), respectively, and have not found a very

expressive morphological variation among them.

Chromosome counts associated with 2C-value have

been applied to evolutionary studies in several groups. In

Sorghum (Poaceae), species with 2n = 10 present large

genomes while species with 2n = 20 and 40 have a small

genome holoploid (Price et al. 2005). In Asteraceae, the

conjunction of karyotype data, genome size and GC pro-

portion in the genome corroborate the infra-generic

classification and distribution pattern of part of the genus

Hypochaeris (Cerbah et al. 1999).

If monoploid genome size (1Cx-value) was constant, it

would be possible to estimate the ploidy level of species,

with arithmetic progressions, as related by several authors

(Sgorbati et al. 1989; Baird et al. 1994; Brummer et al.

1999). However, this correlation is not always possible

because of structural adaptations in the genome (Das et al.

1998; Vogel et al. 1999).

In Myrtaceae, reports regarding the nuclear DNA con-

tent are scarce. Few species of capsular taxa (genera

Callistemon, Eucalyptus and Melaleuca) have had the

genome size estimated (Ohri and Kumar 1986; Azmi et al.

1997; Rani and Raina 1998; Bennett and Leitch 2004,

2005). The first species of fleshy-fruited Myrteae to be

investigated was Psidium guajava L., where the authors

found different 2C-values, estimated by Feulgen micro-

densitometry: 0.7 pg (Bennett and Leitch 2004) and 1.3 pg

(D Ohri, pers. comm.), both samples with 2n = 22. The

value of Ohri is twofold higher than the value of Bennet

and Leitch’s (2004) sampling. M. Dornelas (our unpub-

lished data) estimated the genome size for ca. 20 species of

fleshy-fruited Myrteae (traditional Myrtoideae) and verified

that the genome sizes of this group was smaller when

compared with capsular-fruited species (traditional

Leptospermoideae).

The aim of the present work was to estimate the nuclear

DNA amount in several species of Myrteae by flow

cytometry and to test the relation between chromosome

number and genome size, the available data for cytotaxo-

nomic evolution studies in Myrtaceae.

Materials and methods

Plant material

The material for analysis was collected from plants main-

tained in greenhouses or from plants found in natural

populations distributed in Brazilian Atlantic Rain Forest,

campo rupestre and Cerrado vegetation. Vouchers of all

species were deposited in the UEC (Universty of Campi-

nas) Herbarium (Table 1).

Chromosome counts

To obtain mitotic metaphases, seeds from all species

studied were germinated in wet paper in Petri dishes kept at

28–30�C. The root tips were pre-treated with 2 mM 8-

hydroxyquinoline for 24 h, at 8�C and fixed in Farmer’s

solution. Mitotic and meiotic preparations in microscopic

slides were frozen (-20�C) and stained with the HCl-

Giemsa technique (Guerra 1983). The slides were exam-

ined under light microscopy and meiotic and mitotic cells

with a good chromosome condensation and spreading were

recorded with a photomicroscope.

Preparation of plant nuclei suspensions for flow

cytometry

The chopping procedure was done in the field and a part of

the material was also cultivated. Young fresh leaves from

Arabidopsis thaliana or from the sampled species were

chopped with a scalpel in 0.5 mL of ice-cold ‘OttoI’

solution [0.1 M citric acid monohydrate, 0.5% (v/v) Tween

20; Otto 1990] in a plastic Petri dish. A large preparation of

Arabidopsis nuclei was made available and maintened

frozen. Immediately before running the samples in the

cytometer, both Arabidopsis and the Myrtaceae samples

were defrosted and mixed in equal volumes. Sub-samples

of the same Arabidopsis nuclei population were used in all

analysed Myrtaceae samples. The obtained suspension was

filtered through 42 lm nylon mesh, and kept on ice during

the collecting process in the field and stored frozen at

-20�C until further use. Two volumes of ‘Otto II’ solution

(0.4 M Na2HP04�12H20 containing 2 lL mL-1 b-mercap-

toethanol; Otto 1990) containing propidium iodide and

RNase (each at a final concentration of 50 lg mL-1) were

added to the thawed samples (at 23–25�C) just before being

analysed. Samples were run on a Becton-Dickinson

FACSCalibur flow cytometer with an argon laser exciting

at 488 nm. Pulse area was detected using FL2-A (585

mean/42 bandwidth) with a threshold at FLS 35. The

genome size of each sample was calculated using the mean

diploid (2C) genome size estimate for the Arabidopsis

Landsberg ecotype estimated to be 0.32 pg (Bennett and

Leitch 2005) and considering an estimate of 1 pg equal to

0.978 9 109 bp (Dolezel et al. 2003).

Settings of flow cytometer and calculations

Integral fluorescence together with fluorescence pulse

height and width emitted from nuclei were collected
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through a 645-dichroic long-pass filter and a 620-band-pass

filter and converted on 1,024 ADC channels. Prior to

analysis, the instrument was checked for linearity and the

amplification was adjusted so that the peak corresponding

to 2C Arabidopsis nuclei was positioned approximately at

channel 200. This setting varied according to the mean

DNA content of the species analysed. In some cases we

have set 4C or 8C Arabidopsis nuclei at channel 200 in

order to accommodate the peak mean of the test-species

with larger genomes within the graphic frames. In these

cases, we performed additional cross-tests with other large-

genome species (i.e. Caesalpinia echinata and Solanum

lycocarpum), to check for the consistency of the results.

The results were obtained in the form of three graphics:

linear-fluorescence light intensity (FL), forward angle

(FS)—versus side angle (SS)—light scatter and FL pulse

integral versus FL pulse height. This last cytogram was

used to eliminate partial nuclei and other debris, nuclei

with associated cytoplasm and doublets (Price and John-

ston 1996). A gate area was defined such that only single

Table 1 Species analysed of fleshy-fruited Myrteae and voucher details

Subtribe/Species Habitat Voucher details: state, city, locality, collection number

Eugeniinae

Eugenia crenata Vell. ATRF RJ, Rio de Janeiro, RJ’ Botanic Garden, IRC s/n

Eugenia hyemalis Cambess. CRUP MG, Cardeal Mota, Serra do Cipó, IRC 693

Eugenia involucrata DC. ATRF SP, Campinas, UNICAMP, cultivated, IRC 434

Eugenia multicostata D. Legrand ATRF SP, Ubatuba, Núcleo Picinguaba, Agostini s/n

Eugenia punicifolia (Kunth) DC. CERR MG, Cardeal Mota, Serra do Cipó, IRC 687

Eugenia stigmatosa DC. ATRF SP, Campinas, UNICAMP, cultivated, IRC 782

Eugenia uniflora L. ATRF RJ, Rio de Janeiro, Restinga de Marica, IRC 603

Myrciaria glazioviana (Kiaersk.) G.M.Barroso ex Sobral ATRF SP, Campinas, UNICAMP, cultivated, IRC 462

Myrciinae

Calyptranthes brasiliensis Spreng. ATRF MG, Carrancas, IRC 659

Calyptranthes lucida Mart. ex DC. ATRF MG, Serra do Caraça, IRC 684

Calyptranthes sp1 ATRF PR, Jaguariaı́va, Road to Senges, IRC 620

Calyptranthes sp2 ATRF MG, São Roque de Minas, Serra da Canastra, IRC 737

Gomidesia affinis (Cambess.) D. Legrand ATRF SP, Iguape, Road to Pariqueraçu, IRC 608

Gomidesia schaueriana O. Berg ATRF SP, Ubatuba, Farm’s Beach, IRC 719

Myrtinae

Acca sellowiana (O. Berg) Burret ATRF SP, Campinas, UNICAMP, cultivated, IRC s/n

Accara elegans (DC.) Landrum CRUP MG, Cardeal Mota, Serra do Cipó, IRC 692

Blepharocalyx salicifolius (Kunth) O. Berg CRUP MG, Ouro Branco, Serra do Ouro Branco, IRC 560

Campomanesia adamantium (Cambess.) O. Berg CERR DF, Brası́lia, UnB, IRC 621

Campomanesia guaviroba (DC.) Kiaesrkou ATRF RJ, Rio de Janeiro, RJ’ Botanic Garden, IRC s/n

Campomanesia guazumifolia (Cambess.) O. Berg ATRF RS, Porto Alegre, PUC, cultivated, IRC 780

Campomanesia laurifolia Gardner ATRF RJ, Rio de Janeiro, RJ’ Botanic Garden, IRC s/n

Campomanesia phaea (O. Berg) Landrum ATRF RJ, Rio de Janeiro, RJ’ Botanic Garden, IRC 645

Campomanesia pubescens (O. Berg) DC. ATRF MG, Cardeal Mota, Serra do Cipó, IRC 691

Campomanesia schlechtendaliana (O. Berg) Niedenzu ATRF RJ, Rio de Janeiro, RJ’ Botanic Garden, IRC s/n

Pimenta dioica (L.) Merrill MAFR RJ, Rio de Janeiro, RJ’ Botanic Garden, cultivated, IRC 643

Pimenta pseudocariophyllus (Gomes) Landrum CRUP MG, Carrancas, Cachoeira da Zilda, IRC 656

Psidium acutangulum DC. AMRF SP, Campinas, UNICAMP, cultivated, IRC 490

Psidium cattleianum Afzel. ex Sabine ATRF SP, Campinas, UNICAMP, cultivated, IRC 489

Psidium guajava L. (white cultivar) ATRF SP, Campinas, UNICAMP, cultivated, IRC s/n

Psidium guajava L. (red cultivar) ATRF SP, Campinas, UNICAMP, cultivated, IRC s/n

Habitat of origin: AMRF Amazonian Rain Forest, ATRF Atlantic Tropical Rain Forest, CERR cerrado, CRUP campo rupestre, MAFR Middle-

Center American Forest. Brazilian states: MG Minas Gerais, PR Paraná, RJ Rio de Janeiro, SP São Paulo, DF Distrito Federal. IRC collector
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intact nuclei were included in the FL histogram (Brown

et al. 1991). We compared the position of the G0/G1 peak

of the sample on a histogram with that of the internal

reference plant with known nuclear DNA content (Ara-

bidopsis). For each sample, at least 10,000 nuclei were

analysed. The holoploid genome size (Greilhuber et al.

2005) of each sample was calculated according to the

following formula (Dolezel and Bartos 2005):

Sample 2C DNA content = [(sample G1 peak mean)/

(standard G1 peak mean)] 9 standard 2C DNA content (pg

DNA) and the monoploid genome size (Cx-value; Greil-

huber et al. 2005) of all species was also calculated in mass

(pg) and Mpb. The mean c.v. (%) for three biological

replicates (three different samples and at least two different

runs with minimum of ten thousand counts per run) for

each sample is presented for each species.

Results

Chromosome numbers

We present the chromosome counts for 30 species grouped

in ten genera. Almost all analysed species are diploids with

showed 2n = 2x = 22 chromosomes. The exceptions were

two polyploid species of Psidium, with 2n = 4x = 44:

P. acutangulum and P. cattleianum (Table 2).

Nuclear DNA content estimations

We estimated by flow cytometry the holoploid genome size

of 30 Neotropical species of Myrtaceae (fleshy-fruited tribe

Myrteae), belonging to ten genera, as following: subtribe

Eugeniinae: Eugenia (seven species) and Myrciaria (one);

subtribe Myrciinae: Calyptranthes (four) and Gomidesia

(two); subtribe Myrtinae: Acca, Accara, Blepharocalyx

(one), Campomanesia (seven), Pimenta (two) and Psidium

(three and two varieties). DNA contents presented as

picograms of DNA and megabase pairs (Table 2).

The total range of the nuclear DNA content variation

observed was 2.45-fold (0.478 pg DNA in Myrciaria

glazioviana to 1.167 pg in Psidium acutangulum), being

less expressive in Myrciinae (ca. 1.15-fold) and Eugeniinae

(ca. 1.33-fold) than in Myrtinae species (2.35-fold)

(Table 2). Between diploids, the mean of holoploid gen-

ome size was 0.529 ± 0.046 pg DNA (variation of 1.33-

fold) and from tetraploids, was 1.110 ± 0.081 pg DNA

(variation of 1.11-fold). It was not possible to recognize

groups of large, intermediate or small genomes. The

tetraploids species of Psidium, P. acutangulum and

P. cattleianum had the largest 2C-values (1.167 and

1.053 pg DNA, respectively).

Discussion

Chromosome numbers

Several species had their chromosome numbers previously

reported (Costa and Forni-Martins 2006a, b, 2007a) but for

other species, this is the first report (Table 2). We obtained

new chromosome counts for 16 species of Myrtaceae

(Table 2). The counts of Calyptranthes are new for the

genus. Costa and Forni-Martins (2007a) did not sample this

genus in a work of subtribe Myrciinae. For some species as

Campomanesia guaviroba, C. phaea, C. pubescens, Eugenia

hyemalis, E. punicifolia, E. uniflora, Psidium cattleianum

and P. guajava we registered the same chromosome numbers

sampled by Costa and Forni-Martins (2006a, b) for other

populations (Table 2).

Nuclear DNA content estimations

All data obtained of genome size estimation are novel for

Myrtaceae, except for P. guajava, where different 2C-

values, were found estimated by Feulgen microdensitom-

etry: 0.7 pg (Bennett and Leitch 2004) and 1.3 pg (D. Ohri,

pers. comm.), both samples with 2n = 22. Following the

classification proposed by Leitch et al. (1998) and Soltis

et al. (2003), all of the species analysed present very small

genomes (Table 2).

Diploid species with capsular fruits (tribes Eucalypteae

and Melaleuceae sensu Wilson et al. 2005) present ho-

loploid genome sizes ranging between 1.13 (Eucalyptus

globulus—Eucalypteae, Azmi et al. 1997) to 3.12 pg of

DNA (Callistemon rigidus—Melaleuceae, Bennett and

Leitch 2004) (Fig. 1). According to recent phylogenetic

relationships proposed for Myrtaceae (Wilson et al. 2001,

2005), the tribe Melaleuceae is considered basal in Myr-

toideae and Eucalypteae are a sister group of fleshy-fruited

Myrteae. For Angiosperms, Leitch et al. (1998) and Soltis

et al. (2003) affirmed that basal groups generally have

smaller genomes when compared to more derived groups.

On the contrary, our findings in Myrtaceae (Myrtoideae)—

from 0.48 pg DNA in Myrciaria glomerata (this work) to

3.12 pg DNA in Callistemon rigidus (Bennet and Leitch

2004)—do not confirm these reports, Callistemon being

derived in relation to Myrciaria, corroborating the findings

of M. Dornelas (our unpublished data). It seems to us

premature to assume that genome size reduction has

occurred in this group.

For discussion, we followed the classification of

Myrteae sensu Berg (1855–1856, 1857–1859), who cir-

cumscribed three subtribes in Myrteae, based mainly on

embryo morphology: Eugeniinae, Myrciinae and Myrtinae.
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Table 2 Chromosome numbers (2n) and genome size estimations for fleshy-fruited Myrteae species studied in this work

Subtribe/species 2n Ploidy level Nuclear DNA content c.v. (%)

2C (pg) 2C range 1Cx (pg) 1Cx (Mpb)

Min. Max.

Eugeniinae

Eugenia crenata 22* 2x 0.487 ± 0.018 0.469 0.505 0.244 238.14 4.65

E. hyemalis 22* 2x 0.507 ± 0.019 0.488 0.526 0.254 247.92 3.89

E. involucrata 22a 2x 0.501 ± 0.019 0.482 0.520 0.251 244.99 4.45

E. multicostata 22* 2x 0.636 ± 0.024 0.612 0.660 0.318 311.00 4.38

E. punicifolia 22b 2x 0.634 ± 0.024 0.610 0.658 0.317 310.03 4.69

E. stigmatosa 22* 2x 0.489 ± 0.019 0.470 0.508 0.245 239.12 3.46

E. uniflora 22b 2x 0.501 ± 0.019 0.482 0.520 0.251 244.99 4.29

Myrciaria glazioviana 22c 2x 0.478 ± 0.018 0.460 0.496 0.239 233.74 3.79

Myrciinae

Calyptranthes brasiliensis 22** 2x 0.559 ± 0.021 0.538 0.580 0.280 273.35 3.12

C. lucida 22** 2x 0.487 ± 0.018 0.469 0.505 0.244 238.14 4.21

Calyptranthes sp1 22** 2x 0.512 ± 0.019 0.493 0.531 0.256 250.37 3.52

Calyptranthes sp2 22** 2x 0.535 ± 0.020 0.515 0.555 0.268 261.62 4.20

Gomidesia affinis 22* 2x 0.492 ± 0.019 0.473 0.511 0.246 240.59 3.64

G. schaueriana 22* 2x 0.486 ± 0.018 0.468 0.504 0.243 237.65 3.78

Myrtinae

Acca sellowiana 22d 2x 0.503 ± 0.019 0.484 0.522 0.252 245.97 3.89

Accara elegans 22* 2x 0.505 ± 0.019 0.486 0.524 0.253 246.95 5.45

Blepharocalyx salicifolius 22* 2x 0.512 ± 0.019 0.493 0.531 0.256 250.37 4.52

Campomanesia adamantium 22f 2x 0.586 ± 0.022 0.564 0.608 0.293 286.55 4.90

C. guaviroba 22e 2x 0.596 ± 0.023 0.573 0.619 0.298 291.44 4.49

C. guazumifolia 22* 2x 0.503 ± 0.019 0.484 0.522 0.252 245.97 3.89

C. laurifolia 22* 2x 0.612 ± 0.023 0.589 0.635 0.306 299.27 4.65

C. phaea 22e 2x 0.528 ± 0.020 0.508 0.548 0.264 258.19 4.83

C. pubescens 22e 2x 0.497 ± 0.019 0.478 0.516 0.249 243.03 3.26

C. schlechtendaliana 22* 2x 0.519 ± 0.020 0.499 0.539 0.260 253.79 4.06

Pimenta dioica 22* 2x 0.556 ± 0.021 0.535 0.577 0.278 271.88 5.75

P. pseudocariophyllus 22* 2x 0.523 ± 0.020 0.503 0.543 0.262 255.75 5.24

Psidium acutangulum 44b 4x 1.167 ± 0.044 1.123 1.211 0.584 572.32 3.27

P. cattleianum 44e 4x 1.053 ± 0.040 1.013 1.093 0.526 515.48 3.89

P. guajava (white cultivar) 22e 2x 0.507 ± 0.019 0.488 0.526 0.254 247.92 4.32

P. guajava (red cultivar) 22e 2x 0.551 ± 0.021 0.530 0.572 0.276 269.44 5.03

The values are given as mean (at least 10.000 nuclei) and standard deviation of the mean of the holoploid nuclear DNA content (2C, pg DNA) of

each species. The 2C range is presented by the minimum (Min.) and maximum (Max.) value obtained for each species. The monoploid nuclear

DNA content (1Cx) in mass values (pg) and Mpb and the mean sample coefficient of variation of G0/G1 DNA peak (c.v., %) are also provided

for each species. 1 pg DNA = 978 Mpb (Dolezel et al. 2003)
a Reference of Costa and Forni-Martins (2006a), as Eugenia bracteata
b Also found by Costa and Forni-Martins (2006a) in other population
c Reference of Costa and Forni-Martins (2006a), as Plinia glomerata
d Determined by Vijayakumar and Subramanian (1985) as Feijoa sellowiana
e Also found by Costa and Forni-Martins (2006b) in other population
f Reference of Costa and Forni-Martins (2006b)

* Novel chromosome number for the species

** Novel chromosome number for the genus
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Subtribe Eugeniinae

In this group, the 2C-value variation was 1.33-fold, from

0.478 pg in Myrciaria glazioviana to 0.636 pg of DNA for

Eugenia multicostata (Table 2, Fig. 2). For Eugenia, the

2C-value varied from 0.487 pg (E. crenata) to 0.636 pg

(E. multicostata). Costa and Forni-Martins (2007b) pro-

vided the karyotype analysis in some species of Myrtaceae,

including four species of Eugenia. These authors found a

little gradual variation in the total chromosome length in

this genus. These authors sampled only E. punicifolia,

however, using a different population than the one used

here and thus it was not possible to establish relations

between chromosome lengths and genome sizes.

Costa and Forni-Martins (2006a) contributed the chro-

mosome numbers of 31 species finding several polyploid

cytotypes in Eugenia, including E. uniflora (2n = 22 and

2n = 33), E. hyemalis and E. punicifolia (2n = 22 and

2n = 44). We found only diploid populations for these

species, all with 2n = 22.

Lucas et al. (2007) based on plastid and DNA sequences

carried out the most recent phylogenetic analysis of Myr-

teae. They found the traditional Eugeniinae to be a

paraphyletic group, with Myrciaria (into Plinia group)

being derived in relation to Eugenia with large genomes

Fig. 1 Box-plot distribution of 2C-values (pg DNA) in species of

Myrtaceae, according the intra-familiar classification proposed by

Wilson et al. (2005). The data were obtained from the literature as

following: tribe Eucalypteae: Azmi et al. (1997); Bennett and

Leitch (2004); Rani and Raina (1998); tribe Melaleuceae: Ohri and

Kumar (1986); Bennett and Leitch (2004) and tribe Myrteae:

Bennett and Leitch (2004, and this work). The values inside the
boxes represent 50% of sampling (two quarters) and the external
lines the other two quarters of sampling. The vertical lines inside
the boxes represent the median values. All the values that are

less than the minimum value, and the ones that are greater than

the maximum value are treated as outliers (open circle and/or

asterisk)

Fig. 2 Distribution of 2C-values (pg DNA) and 2n chromosome number (diamond) in fleshy-fruited Myrteae species. The bars above columns
represent standard deviations
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(Eugenia group). However, the Plinia group was not sup-

ported in a Bayesian analysis. It seems to us premature to

assume that genome size reduction has occurred in this

group.

Subtribe Myrciinae

According to Lucas et al. (2005, 2007), the Myrciinae

appears as a monophyletic group, while other genera such

as Marlierea and Myrcia do not form a natural group.

Calyptranthes and Gomidesia are monophyletic genera,

both with bootstrap values (bs) of 100%. We analysed

samples from both genera.

For Calyptranthes, the 2C-values varied 1.15-fold,

ranging from 0.487 pg DNA in C. lucida to 0.559 pg

DNA in C. brasiliensis, and all species showed 2n = 22.

The chromosome numbers are novel for the genus

(Table 2).

For Gomidesia, the 2C-value variation was not expres-

sive (1.01-fold), from 0.486 pg in G. schaueriana to

0.492 pg DNA for G. affinis (Table 2). These two sampled

species appear as a monophyletic clade in the Myrcia group

(bs 89%) (Lucas et al. 2007). These chromosome counts

for these species also represent novel data for the genus and

no polyploid material was found (Table 2).

The genus Myrcia forms a paraphyletic group with

Marlierea (into Myrcia group) and Myrceugenia is

monophyletic within the Myrceugenia group (Lucas et al.

2007). Unfortunately, we did not analyse material for the

remaining genera belonging to this group. The extension of

this study for other genera and more species of the Myrcia

group is desirable.

Subtribe Myrtinae

The largest variation in nuclear DNA content (2.35-fold)

was observed among species of this group. We observed

0.503 pg DNA for Acca sellowiana and Campomanesia

guazumifolia to 1.167 pg DNA to Psidium acutangulum

(Table 2). This variation was due to the polyploid species

of Psidium, with 2n = 44 (Table 2).

The genus Acca comprises three species, of which only

A. sellowiana occurs in Southern Brazil (Landrum and

Kawasaki 1997). The chromosome numbers we have

observed for the genus, 2n = 22, agrees with previous

reports (Vijayakumar and Subramanian 1985 as Feijoa

sellowiana). Accara is a monotypic genus endemic to

‘campos rupestres’ vegetation from Brazil (Minas Gerais

state) (Landrum 1990) and the chromosome number

2n = 22 was also unreported for the genus. According to

Landrum (1990), these two genera are closely related. The

2C-value variation between them was inexpressive

(0.505 pg in Accara elegans to 0.503 pg for Acca

sellowiana) (Table 2). Acca sellowiana appears in a more

basal position in relation to the genera Campomanesia and

Psidium in their monophyletic Pimenta group (Lucas et al.

2007). Additional studies are necessary to elucidate the

relationships between these genera.

Blepharocalyx comprises three species (Landrum and

Kawasaki 1997), with only B. salicifolius and B. eggersii

occurring in Brazil. We sampled only B. salicifolius, in

which we obtained 2n = 22 and 2C = 0.512 pg DNA

(Table 2). The taxonomic delimitation of this species is

controversial, due to great phenotypic plasticity (Landrum

1986). Lucas et al. (2007) considered Blepharocalyx sali-

cifolius the most basal species among South American

Myrtaceae.

The essentially Caribbean genus Pimenta, has a single

species, P. pseudocaryophyllus of which three varieties

have been reported to occur in Brazil (Landrum 1986).

We observed 2n = 22 for both Pimenta pseudocaryo-

phyllus and P. dioica and 2C = 0.523 and 0.556 pg

DNA, respectively (Table 2). More studies are necessary

for a better characterization of P. pseudocaryophyllus

varieties from Brazil. This genus is monophyletic and is

a sister-group to a clade containing Acca, Campomanesia

and Psidium, forming the Pimenta group (Lucas et al.

2007).

The nuclear DNA content of species of Campomanesia

varied 1.23-fold, ranging from 0.503 pg (C. guazumifolia)

to 0.612 pg DNA (C. laurifolia). All species analysed have

2n = 22 (Table 2). Our group has sampled three additional

Campomanesia species with 2C-values ranging from 0.600

to 0.640 pg DNA, and all showing 2n = 22 (M. Dornelas,

our unpublished data). Costa and Forni-Martins (2006b)

reported 2n = 22 in other four species and polyploid spe-

cies were not observed. The chromosome counts obtained

for C. guazumifolia, C. laurifolia and C. schlechtendaliana

are novel to these species. In this genus, the only karyotype

published previously was the one reported for C. pubescens

(Costa and Forni-Martins 2007b).

The largest variation in nuclear DNA content within this

group was observed to occur in Psidium (2.3-fold), due to

the occurrence of two polyploid species, P. acutangulum

and P. cattleianum, showing 2n = 4x = 44 (Table 2). The

only diploid species analysed, P. guajava (common guava;

2n = 2x = 22), showed little variation in the nuclear DNA

content when we compared two cultivated varieties (red

and white guavas) (Table 2). Between polyploid species

(2n = 4x = 44) the variation in the nuclear DNA content

was also only 1.1-fold. In this genus a direct relationship

between base chromosome number (x = 11) and 2C-values

is found. The often well-expressed relation between ploidy

level and C-values is now increasingly used for indirect

ploidy determination, e.g. in Pilosella, Asteraceae (Suda

et al. 2007).
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(Myrtaceae Juss.). Caryologia 59:7–13

Costa IR, Forni-Martins ER (2007a) Chromosome studies in Gomi-
desia, Marlierea, Myrceugenia and Myrcia (Myrtaceae, subtribe

Myrciinae). Kew Bull 62:113–118

Costa IR, Forni-Martins ER (2007b) Karyotype analysis in South

American species of Myrtaceae. Bot J Linn Soc 155:571–580

Dart S, Kron P, Mable BK (2004) Characterizing polyploidy in

Arabdopsis lyrata using chromosome counts and flow cytometry.

Canad J Bot 82:185–197

Das AB, Mohanty S, Das P (1998) New report on chromosome

number, karyotype and 4C DNA content in three species of

Pachypodium Lindley. Caryologia 51:245–252

Dolezel J, Bartos J (2005) Plant DNA flow cytometry and estimation

of nuclear genome size. Ann Bot 95:99–110

Dolezel J, Bartos J, Voglmayr H, Greilhuber J (2003) Nuclear DNA

content and genome size of trout and humam. Cytometry

51A:127–128

Greilhuber J, Dolezel J, Lysak MA, Bennett MD (2005) The Origin,

evolution and proposed stabilization of the terms ‘genome size’

and ‘C-value’ to describe nuclear DNA contents. Ann Bot

95:255–260

Guerra M (1983) O uso do Giemsa em citogenética vegetal—
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