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Abstract: The two accessions of B. dura analyzed (DUO1 and DUOQ2) are hexaploid (2n = 6x = 54), derived from
x = 9. Meiotic abnormalities, such as precocious chromosome migration to the poles, laggards and micronuclei,
were recorded in low frequency in both accessions. The few multivalent chromosome association at diakinesis and
meiotic stability suggested that hexaploidy probably resulted from chromosome doubling. In DU02, chromosome
transfer (cytomixis) among meiocytes, involving part or the entire genome was observed. The implication of
these findings for the Brachiaria breeding is discussed.
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Resumo: Os dois acessos de B. dura analisados (DUO1 e DUO02) sdo hexapléides (2n = 6x = 54), derivados
de x = 9. Anormalidades meidticas como migragdo precoce de cromossomos para 0s polos, cromossomos
retardatdrios e microntcleos foram observados em baixa frequéncia em ambos os acessos. A presenca de poucas
associagdes cromossomicas em diacinese e a estabilidade meidtica sugere que a hexaploidia provavelmente
resultou de duplicac@io cromossdmica. No acesso DUO2 observou-se transferéncia de cromossomos (citomixia)
entre meidcitos, envolvendo parte ou todo o genoma. As implicacdes destes resultados para o melhoramento de
Brachiaria sdo discutidas.
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Introduction

Although Brachiaria dura Stapf is adapted to sandy soils of low
fertility (Verboom 1966) and may have potential as forage for dry
areas (Skerman & Riveros 1990), the two accessions of this species
available in the collection at CIAT (International Center for Tropical
Agriculture, Colombia) show little promise as pasture species, be-
cause they have poor vigor and very narrow, convolute leaf blades
(Keller-Grein et al. 1996). It is a species recommended for future
collecting efforts in Africa (Keller-Grein et al. 1996). According
to the taxonomic classification for the genus Brachiaria (Renvoize
et al. 1996), B. dura belongs to Group 5, where the most important
commercial Brachiaria species such as B. brizantha, B. decumbens,
and B. ruziziensis were placed. Species of this group present: i) few
to several racemes scattered along a central axis, ascending or spread-
ing; ii) broad or narrow rachis, ribbon-like or crescentic, one-sided;
iii) spikelets solitary, on short pedicels, forming one or two crescentic
rows, dense, spreading; iv) lower glume, cuff-like and upper lemma,
granulose.

Agronomic and morphologic informations about Brachiaria have
been generated from one or few genotypes per species (Miles et al.
1996). Little attention was paid to natural variation because no large
germplasm collections were available until the 1980’s when a major
collecting trip was undertaken by CIAT with participation of African
institutions (Keller-Grein et al. 1996). Cytogenetic studies have
been intensively developed in the Brazilian Brachiaria collection.
Chromosome counting and evaluation of meiotic behavior were per-
formed for B. brizantha (Mendes-Bonato et al. 2002), B. nigropedata
(Utsunomiya et al. 2005), B. jubata (Mendes-Bonato et al., 2006),
and B. dictyoneura (Risso-Pascotto et al. 2006a).

This investigation determined the chromosome number and
evaluated the meiotic behavior in two accessions of B. dura. It is a
contribution to the breeding program underway in the Brachiaria
genus to obtain new cultivars for the American tropical areas.

Materials and Methods

Two accessions of B. dura (DUO1 and DUOQ2) available at the
Brazilian Brachiaria germplasm collection maintained by Embrapa
Beef Cattle Research Center (Campo Grande, MS, Brazil) were
evaluated. Both accessions were collected in the wild East African
savannas in the 1980s by the International Center for Tropical
Agriculture (CIAT, Colombia), transferred to Embrapa Genetic
Resources and Biotechnology (Brazil), and then to Campo Grande.
They are being maintained in the field, where site characteristics of
cultivation at the Embrapa Beef Cattle Research Center at Campo
Grande, Mato Grosso do Sul, Brazil are: i) climate: climate type Aw;
tropical humid savanna; average annual precipitation = 1526 mm;
average temperature = 22 °C; altitude 520 m; latitude = 20° 28’ S;
longitude = 55° 40” W; ii) soil: poor dark red Latossol soil composed
of 59% sand; 8% silt and 33% clay; pH = 4.2.

Inflorescences for the meiotic study were collected in 16 clonal
plants representing each accession and fixed in a mixture of 95% etha-
nol, chloroform and propionic acid (6:3:2) for 24 hours, transferred to
70% alcohol and stored under refrigeration until use. Microsporocytes
were prepared by squashing and staining with 0.5% propionic car-
mine. Photomicrographs were taken in a Wild Leitz microscope using
Kodak Imagelink — HQ, ISO 25 black and white film.

Results and Discussion

Chromosome countings at diakinesis (Figure 1a and 2a) and ana-
phase I revealed that both accessions are hexaploid (2n = 6x = 54) and
derived from x = 9. In the genus Brachiaria, two basic chromosome
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Figure 1. Aspects of microsporogenesis in Brachiaria dura accession DUO1L
(2n = 6x = 54). a) Diakinesis with bivalents and multivalents; b) Early
telophase I with micronuclei; ¢) Metaphase II with precocious chromosome
migration to the poles in one cell; d) Tetrad with a micronucleus in one
microspore.

Figura 1. Aspectos da microsporogénese no acesso DUOI (2n = 6x = 54)
de Brachiaria dura. a) Diacinese com bivalentes e multivalentes. b) Tel6fase
I inicial com microntcleos. ¢) Metdfase II com migragio precoce de cromo-
ssomos para os polos em uma célula. d) Tétrade com micronicleos em um
micrésporo.
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Figure 2. Aspects of microsporogenesis in Brachiaria dura accession DU02
(2n = 6x = 54). a) Diakinesis with bivalents; b) Anaphase I with several lag-
gards; ¢) Metaphase II with precocious chromosome migration to the poles

in both cells; d) Anaphase I with laggards; e) Normal tetrad of microspores;
and f) Tetrad with a micronucleus in one microspore.

Figura 2. Aspectos da microsporogénese no acesso DU0O2 (2n = 6x = 54) de
Brachiaria dura. a) Diacinese com bivalentes; b) Anafase I com cromossomos
retardatarios; ¢) Metdfase Il com migrac@o precoce de cromossomos para os
pblos em ambas as células; d) Anéfase IT com retardatarios; e) Tétrade normal
de micrésporos; e f) Tétrade com microntcleo em um micrésporo.
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numbers have been reported for decades for several species, x =7 and
x =9 (Basappa et al. 1987, Bernini & Marin-Morales 2001, Valle &
Savidan 1996, Mendes-Bonato et al. 2002, 2006, Utsunomiya et al.
2005). However, recently, a new basic chromosome number, x = 6,
was reported for B. dictyoneura, where all the accessions analyzed
were tetraploid with 2n = 4x = 24 (Risso-Pascotto et al. 2006b).

The available literature indicates a wide prevalence of polyploidy
forms in the genus Brachiaria, with a predominance of tetraploid
accessions within species (Mendes-Bonato et al. 2002, 2006,
Utsunomiya et al. 2005, Risso-Pascotto et al. 2006b). Among several
species studied, hexaploid accessions (2n = 6x = 54) were recorded
only in B. brizantha (Mendes-Bonato et al. 2002). Polyploidy is very
common in grasses and according to Stebbins (1956), the occurrence
of natural polyploidy among grasses is about 70%. In the genus
Brachiaria, determination of DNA content by flow cytometry revealed
that about of 13% of accessions are diploid, 58% are tetraploid, 18%
are pentaploid, 11% are hexaploid, and 0.5% is heptaploid (Penteado
et al. 2000). DNA content on B. dura accessions was estimated to be
3.00 picogramas in DUO1 and 2.67 picograms in DU0O2. The high-
est value of DNA content in the genus Brachiaria was estimated in
3.57 picogramas detected in a polyploid accession of B. humidicola
(Penteado et al. 2000)

Evaluation of the meiotic behavior revealed a low frequency of
meiotic abnormalities in both accessions, with a mean of 10.24% in
DUO1 and 2.92% in DUO2 (Table 1). Abnormalities recorded were
those typical of polyploids, such as multivalent chromosomes as-
sociation at diakinesis, although in very low frequency (Figure 1a),
precocious chromosome migration to the poles in metaphases
(Figures lc, 2c¢), laggard chromosomes in anaphases (Figures 1b,
2b,c), leading to micronuclei formation in telophases and tetrads
(Figures 1d, 2f). In both accessions, the frequency of abnormalities
decreased severely by the end of meiosis; in DU02, only 0.67% of
tetrads presented micronuclei, and the remaining were totally normal
(Figure 2e). The reduction of meiotic abnormalities in the second
division could be explained by the inclusion of micronuclei formed
in the first division in the metaphase plate of the second division, as
observed in other species of the genus (Mendes-Bonato et al. 2002,
2006, Utsunomiya et al. 2005, Risso-Pascotto et al. 2006a). These
abnormalities were recorded in other polyploid accessions of different
species of Brachiaria (Mendes-Bonato et al. 2002, 2006, Utsunomiya
et al. 2005, Risso-Pascotto et al. 2006a). However, in the hexaploid
accessions of Brachiaria brizantha, the percentage of abnormalities
was higher (Mendes-Bonato et al. 2002), ranging from 12 to 31%.
DUO1 and DUO?2 are the most stable accessions concerning meiotic

Table 1. Meiotic abnormalities in two accessions of Brachiaria dura.

Tabela 1. Anormalidades meidticas em dois acessos de Brachiaria dura.

behavior among those previously analyzed by our group. The meiotic
behavior of these accessions suggests that they might have resulted
from chromosome doubling of a triploid parental. This assumption is
based on the low frequency of multivalent chromosome association at
diakinesis and a high number of meiocytes carrying only bivalents.

In Brachiaria, the fate of micronuclei at telophases seems to be
genotype-specific. In some accessions, they remain as micronuclei
in the tetrad, however, in others they were eliminated in microcytes
(Mendes-Bonato et al. 2002, 2006, Utsunomiya et al. 2005, Risso-
Pascotto et al. 2006a). In DUO1 and DU0O2 micronuclei remained in
the microspores of the tetrad.

Among several inflorescences analyzed, one of them in DU02,
presented cytomixis among meiocytes, mainly in the early stages of
prophase I, zygotene and pachytene (Figure 3). Among 258 meiocytes
in these phases, 16,7% showed the phenomenon. Cytomixis had
been reported in B. nigropedata (Utsunomiya et al., 2004) and in
B. humidicola (Boldrini et al. 2006) with the same aspects of chromo-
some transfer among cells. In general, two cells were involved in the
phenomenon, but some meiocytes suggested that more than two cells
could be involved in the chromosome transference (Figures 3c, 3f,g).
Figures 3a,b,d show the phenomena of chromosome transference,
while Figures 3c,e-h illustrate meiocytes that received part or the
entire genome of another meiocyte. Cells with abnormal chromatin
content did not complete meiosis and each group of chromosomes
originated micronuclei (Figure 31i).

The structural alteration of migrating chromatin observed
in B. dura (Figure 3a-c) was also recorded in B. nigropedata
(Utsunomiya et al., 2004) and in B. humidicola (Boldrini et al. 2006).
According to Feijo & Pais (1989) such agglutination eases the pas-
sage for migrating chromatin throughout a thin cytoplasm channel.
Despite the number of species in which cytomixis has been reported,
its origin and significance are still unknown. Its role in the evolution-
ary process is contradictory, because it results in the formation of
hyperploid and hypoploid cells, compromising pollen fertility. The
influence of cytomixis on the generation of polyploid gametes can
be expected in Brachiaria, a genus where polyploidy is predominant
(Valle & Savidan 1996, Penteado et al. 2000, Mendes-Bonato et al.
2002, 2006, Utsunomiya et al. 2005, Risso-Pascotto et al. 2006a).
However, when only a part of the genome is transferred, unbalanced
and sterile gametes are formed.

The Brachiaria breeding program depends on hybridization both
inter and intraspecific to produce novel genetic variability using sexual
genotypes and pollen of selected apomictic accessions or hybrids. In
the genus, polyploidy is generally associated with apomixis (Valle

Phases Abnormalities DUO1 DU02
2n = 6x = 54 2n = 6x = 54
No. of PMCs No. of abnormal No. of PMCs No. of abnormal

analyzed PMCs (%) analyzed PMCs (%)

Metaphase I Precocious chromosome migration 154 11 (7.14%) 188 5 (2.66%)
Anaphase I  Laggard chromosomes 146 27 (18.49%) 108 5 (4.63%)
Telophase I ~ Micronuclei 152 8 (5.26%) 147 0 (0.0%)
Prophase I Micronuclei 146 6 (4.11%) 148 1 (0.67%)
Metaphase II  Precocious chromosome migration 224 45 (20.0%) 165 7 (4.24%)
Anaphase I Laggard chromosomes 147 29 (19.73%) 147 15 (10.20%)
Telophase I Micronuclei 206 6 (2.91%) 148 1 (0.68%)
Tetrad Micronuclei 166 4 (2.41%) 149 1 (0.67%)
Total 1,341 136 (10.24%) 1,200 35 (2.92%)
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Figure 3. Aspects of chromosome transfer in Brachiaria dura accession DU02. a,b) Chromosome transfer between meiocytes with chromatin agglutination.
¢) Result of cytomixis among three meiocytes. d-h) Result of cytomixis between meiocytes with transference of part or the entire genome. i) Telophase I with
several nuclei resulting from meiotic arrest in cells that underwent cytomixis.

Figura 3. Aspectos da transferéncia de cromossomos no acesso DUO2 de Brachiaria dura. a,b) Transferéncia de cromossomos entre meidcitos com agluti-
nagdo de cromatina; ¢) Resultado da citomixia entre trés meidcitos; d-h) Resultado da citomixia entre meidcitos com transferéncia de parte ou todo o genoma;
i) Tel6fase I com micronticleos resultantes da paralizacido da meiose em células que sofreram citomixia.
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& Savidan 1996). The accessions under analysis, DUO1 and DUO02,
are sexual (Valle & Savidan 1996; C. B. Valle, unpublished data)
and both presented a very low frequency of meiotic abnormalities,
thus they are strong candidates to introgress traits of interest present
in apomictic accessions or compatible species. These accessions of
B. dura are expected to produce viable female and male gametes to
be used in the hybridization program with other compatible hexaploid
Brachiaria accessions.
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