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ABSTRACT. Euphorbia heterophylla L. (Euphorbiaceae) is a her-
baceous species of great economic importance due to its invasive
potential and consequent damage to agriculture and pasture land.
For the first time, we provide information on its chromosome num-
ber, morphology, and behavior of mitotic chromosomes. Seeds were
germinated and submitted to four treatments to obtain metaphases:
0.5% colchicine for 2 to 5 h, at ambient temperature; 0.5% colchi-
cine for 16 to 24 h; 0.0029 M 8-hydroxyquinoline (8-HQ) for 2 to 5
h at ambient temperature, and 0.0029 M 8-HQ for 16 to 24 h at 4°C.
The material was then fixed in methanol:acetic acid (3:1) and kept
at -20°C for 24 h. Roots were macerated in the enzyme solution of
Flaxzyme™ (NOVO FERMENT™)-distilled water (1:40) at 34°C
for 2 h and later fixed again. Chromosome preparations were obtained
by the dissociation of the apical meristems. The best chromosome
preparations were obtained with the use of 8-HQ for 21 h 30 min at
4°C. E. heterophylla showed 2n = 28 chromosomes. The short arm of
the largest pair of chromosomes of the complement (pair number 1)
displayed a secondary constriction while the nucleolus was observed
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in the interphasic cell. Structural rearrangements were also observed
in the E. heterophylla L. genome. The genomic instability associ-
ated with polyploidy may be the result of selection shaped by envi-
ronmental adaptations and/or human-induced manipulation through
agricultural practices.
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Nucleolus

INTRODUCTION

The emergence of many invasive plants has been related to human-induced selection
often shaped by anthropic environments and/or by several habitat disturbances. Plants that
occupy cultivated areas adapt to the new environmental conditions and become invasive, be-
coming undesirable for humans (Gupta and Tsuchiya, 1991).

The control of invasive plants has been done mainly through the use of herbicides due to
the efficiency of such chemical products (Christoffoleti, 1994). However, the constant use of one
herbicide or different herbicides with the same mechanism of action has exerted a high selective
pressure, increasing the selection of resistant plants (Holt and LeBaron, 1990). This is the case
of Euphorbia heterophylla L. (Euphorbiaceae), one of the most important invasive species of soy
and many other crops in Brazil (Willard and Griffin, 1993). About ten E. heterophylla L. plants in
one square meter can reduce grain yield of the crop by 7% (Chemale and Fleck, 1997).

Although several studies dealing with chemical control of E. heterophylla have been
conducted, little is known about the cytogenetic aspects of this species (Costa, 1982). The spe-
cies may show 2n = 14, 26, 28, 32, or 56 chromosomes (Hans, 1973; Kissmann and Groth, 1997).
Suda (2001) argued that the species is a tetraploid, with a basic number of X = 7 chromosomes.

The karyotypic description, such as morphology and number of chromosomes, is of great
value for the understanding of the evolutionary processes of a species (Gupta and Tsuchiya, 1991).
Among the most important morphological aspects, chromosome size, localization of the primary
constriction and, when present, the secondary constriction are the main ones (Sybenga, 1992).

Some mechanisms have been identified as responsible for the evolution of plants
among them, structural chromosomal changes and polyploidy (Narayan, 1998). Such
chromosomal modifications can occur spontaneously or by induction both in somatic cells
and in the gametes (Sybenga, 1992).

Polyploidy, or genomic multiplication, is a common and continuous phenomenon in
the evolution of plants (Adams and Wendel, 2005), and about 70% of the angiosperms are
polyploids (Leitch and Bennet, 1997). In general, polyploids are good colonizers (De Wet,
1980) and some invasive species can be considered as such, since they exhibit fast chromo-
somal evolutionary events (Reznick and Ghalambor, 2001). Also, the genomic reorganization
and chromosomal repatterning that occur in polyploids (Schifino-Wittmann, 2004) can modify
their tolerance to the environment (Lee, 2002).

Considering the economic loss that E. heterophylla imparts on cultivated plants, the scarce
data referring to its mitotic cell cycle and the need to gain genetic knowledge that may help in its
reproductive control, the objective of the present study was to determine the number and morphol-
ogy of chromosomes, as well as the behavior of the mitotic chromosomes of this species.
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MATERIAL AND METHODS

Seeds of E. heterophylla L. were collected from 40 plants, from different cultivated areas
of Embrapa Milho e Sorgo, Sete Lagoas, Minas Gerais, Brazil. About 500 seeds were randomly
selected from the original pools of seeds and germinated in gerbox, containing germtest paper moist-
ened with distilled water. The seeds that had 0.5 to 1.0 cm long roots were submitted to four types of
pretreatments: 1) 0.5% colchicine for 2 to 5 h, at room temperature; 2) 0.5% colchicine for 16 to 24
h, at 4°C; 3) 0.0029 M 8-hydroxyquinoline (8-HQ) for 2 to 5 h, at room temperature, and 4) 0.0029
M 8-HQ for 16 to 24 h, at 4°C. Next, roots were washed in distilled water for 5 min. They were
immediately fixed in a solution previously cooled at -20°C. The fixative was a methanol-acetic acid
solution mixed in a 3:1 (v/v) proportion. Roots were stored in the fixative at -20°C for 24 h.

The enzymatic maceration was carried out in 1.5-mL Eppendorf™ tubes containing
a solution of the enzymatic reagent Flaxzyme™ (NOVO FERMENT™) and distilled water
1:40 (v/v) for 2 h at 34°C. Roots were washed for removal of the enzymatic solution, and the
digested material was stored at -20°C for 24 h in Eppendorf™ tubes containing the fixative.

Roots were transferred to a glass plate containing 1 mL fixative and the apical meristem
of each root was extracted and fragmented on a glass slide at an angle of approximately 30°, with
the use of a surgical knife and a stereomicroscope. Chromosomal preparations were made by cell
dissociation of apical meristems, by adding three to five drops of fixative at -20°C. The slides
were then air dried quickly and then allowed to dry on a hot plate at 50°C. Staining of the slides
was done with a 5% Giemsa solution, in phosphate buffer, pH 6.8, for 15 min at room tempera-
ture. Finally, the slides were washed in distilled water and dried on a hot plate at 50°C.

RESULTS AND DISCUSSION

The analysis of 500 somatic cells of E. heterophylla indicated that the species exhibits 2n
= 28 chromosomes (Figure 1). This same chromosomal number has been also cited by Hans (1973)
and Kissmann and Groth (1997). X =7 is one of the basic chromosome numbers found in the genus
Euphorbia (Love, 1984), suggesting that the species is indeed tetraploid (Suda, 2001).
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Figure 1. Metaphasic chromosomes of Euphorbia heterophylla L. treated with 0.0029 M 8-hydroxyquinoline for
21 h 30 min at 4°C.
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In metaphasic cells, it was observed that the largest chromosome pair of the complement
(pair number 1) exhibits a secondary constriction or nucleolar organizing region (NOR), located
on the short arm (Figure 1), and during interphase, one nucleolus was identified per cell (Figure
2). The number of NORs and nucleoli found in E. heterophylla can be considered characteristic of
polyploidy. Generally, polyploids show less visible NORs in the chromosome set than expected by
the sum of the diploid genomes (Vaughan et al., 1993). A reduction in the number of NORs and nu-
cleoli during polyploidization of Scilla autumnalis was reported by Vaughan et al. (1993) who also
argued that this reduction in the expression of NORs may be the result of nucleolar suppression.

Figure 2. Interphasic cell of Euphorbia heterophylla L. Note nucleolus distinguished with Giemsa (asterisk).

The root meristematic cells of E. heterophylla L. submitted to 0.5% colchicine and 0.0029
M 8-HQ for 21 h and 30 min at 4°C allowed us to obtain mitotic metaphasic chromosomes. How-
ever, with the 8-HQ solution, better metaphases were seen in relation to those with colchicine, since
chromosomes pretreated with this drug were more compacted (Figure 3) than those treated with
8-HQ (Figure 1). Although colchicine is extensively utilized in cytogenetic studies (e.g., Hadlac-
zky et al., 1983; Sharma and Sharma, 1999), the drug made the identification of the chromosomes’
secondary constrictions difficult.

Figure 3. Metaphasic chromosomes of Euphorbia heterophylla L. treated with 0.5% colchicine for 21 h 30
min at 4°C.
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According to Singh (1993), 8-HQ is very useful in chromosomal analyses because
it allows a good visualization of the secondary constrictions. In addition to allowing a better
packing of chromosomes, colchicine also tends to induce chromosomal agglomerations, which
is very pronounced after longer treatments (Wang et al., 1986). Such agglomerative effect has
not been observed in E. heterophylla. Nonetheless, the absence of superposed chromosomes
can be the result of the cell dissociation techniques and air-drying, since slides with well-
spread chromosomes can be obtained with both techniques (see Carvalho and Saraiva, 1997).

In about 1% of the metaphases analyzed, chromosomal figures suggestive of structural
rearrangements in the genome of E. heterophylla L. were observed (Figure 4). Since the species is
considered tetraploid, chromosomal rearrangements can arise as a consequence of polyploidiza-
tion (Schifino-Wittmann, 2004). However, the karyotype dynamics hypothesis in E. heterophylla
due to the use of herbicides cannot be discarded, since, according to Christoffoleti et al. (1994),
disturbances caused by humans in agriculture can trigger the evolution of invasive plants.

Figure 4. Metaphasic chromosomes of Euphorbia heterophylla L. treated with 0.0029 M for 21 h 30 min at
4°C.

Pagliarini (2000) analyzed gametic cells of several economically important plants
including E. heterophylla but did not report any chromosomal rearrangement event in this
species. The differences between the results on chromosomal rearrangements presented in
this study and those of Pagliarini (2000) may have occurred due to the analysis of different
populations of E. heterophylla.

In summary, the 0.0029 M 8-HQ solution for 21 h and 30 min was efficient for obtain-
ing E. heterophylla metaphases, since it allowed the visualization of less compacted metaphasic
chromosomes and their secondary constrictions. The species exhibits 2n = 28 chromosomes,
a chromosome pair, number 1, with a secondary constriction in metaphase, and a nucleolus
in each interphasic cell. The observation of chromosomal structural rearrangements allowed
us to evaluate the importance of these events in the natural evolution of E. heterophylla, or as
a consequence of the selective pressure because of the use of herbicides. Future studies will
clarify the evolutionary aspects of the karyotype of this species.
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