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ABSTRACT. Microsporogenesis was analyzed in five accessions of
Brachiaria dictyoneura presenting x = 6 as the basic chromosome
number. All accessionsweretetraploid (2n = 4x = 24) with chromosome
pairinginbi-, tri-, and quadrivalents. The recorded meiotic abnormalities
werethosetypical of polyploids, including precocious chromosome mi-
gration to the poles, laggard chromosomes, and micronucleusformation.
The frequency of these abnormalities, however, was lower than those
reported for other polyploid accessions previously analyzed for other
Brachiaria species. Cell fusion and absence of cytokinesis were also
recorded in some accessions, leading to restitutional nucleus formation
in some cells. Genetically unbalanced microspores, binucleate, and 2n
microsporeswere found among normal meiotic products asresultsfrom
these abnormalities. The limitation in using these accessions as pollen
donor in interspecific crosses with sexual specieswithx =7 orx=9in
breeding programsis discussed.
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INTRODUCTION

The genus Brachiaria includes both annual and perennial species. Amongst the peren-
nials, B. dictyoneura is important as forage in the humid and subhumid tropics (Lascano and
Euclides, 1996). It has been used for sown pastures and it was compared to B. humidicola
fromwhichit differsby itsgrowth habit: tufted and not stoloniferousasthelast (Renvoizeet .,
1996). In Colombia, B. dictyoneura cv Llanero was released by the Instituto Colombiano
Agropecuarioin 1987. Thiscultivar was derived from seedsintroduced fromAustralia(CSIRO)
but was originally collected in Zambiain 1971. It iswell adapted to low-fertility acid soilsand
tolerates some poor drainage. Its nutritive value is comparable to commercia B. humidicola. It
istolerant, but not resistant, to spittlebugs (Keller-Grein et al., 1996). In Brazil, this cultivar had
only a relative success due to its slight advantages over the generally sown B. humidicola.
There are no commercial cultivars of B. dictyoneura on the market until today.

Some Brachiaria specieswith agronomic potential areinadequately represented in the
existing collections around the world. No more than 15 accessions of B. dictyoneura are found
in the major germplasm collections. In the Brazilian Brachiaria collection at Embrapa Beef
Cattle (Campo Grande, MS), only nine accessions are available. Some of these accessions have
shown gresat potential as source of genetic variability to be explored in interspecific crosses.
Considering that the majority of the accessions of Brachiaria analyzed so far is polyploid and
apomictic, and that the breeding program isrestricted to sexual plants showing the same ploidy
level as the pollen donors, the cytogenetic characterization of accessions of this collection is
essential to direct the choice of the progenitorsin the hybridization programs. Preliminary stud-
ies performed in B. dictyoneura by Risso-Pascotto et al. (2006) showed a new basic chromo-
some number (x = 6) for the genus Brachiaria. The current paper reports a detailed study on
the microsporogenesis of five promising accessions from the Embrapa Brachiaria collection.

MATERIALAND METHODS

Fiveaccessionsof B. dictyoneura (BRA005851, BRA0O7871, BRA007889, BRA007897,
and BRA007919) from the Embrapa Beef Cattle Brachiaria collection (Campo Grande, Mato
Grosso do Sul State, Brazil) were cytologically analyzed.

Inflorescences for meiotic study were collected from plots of 16 plants representing
each accession and fixed in amixture of 95% ethanol, chloroform and propionic acid (6:3:2) for
24 h, transferred to 70% alcohol and stored under refrigeration until use. Slides of microsporo-
cytes were prepared by squashing and staining with 0.5% propionic carmine. Chromosome
association at diakinesis was evaluated in 20 meiocytes per accession, and more than 110
meiocytes per phase, from metaphase | to tetrad, were investigated in their meiotic behavior.
Photomicrographs were made with aWild L eitz microscope using Kodak Imagelink - HQ, ISO
25 black and white film.

RESULTSAND DISCUSSION

Chromaosome countings during microsporogenesis (Figure 1a, b, and d) showed that all
accessions presented 2n = 24 chromosomes. This genus has been characterized as having two
basic chromosome numbers, x = 7 and x = 9, with the predominance of the latter (Basappa et
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al., 1987; Honfi et al., 1990; Morrone and Zuloaga, 1992; Valle and Savidan, 1996; Utsunomiya
et al., 2005; Mendes-Bonato et al., 2002a, 2006). Brachiaria dictyoneura and B. humidicola
are closely related and, at times, have been erroneously identified by agronomists. Two basic
chromosome numbers, x = 7 and x = 9, have been reported for B. humidicola (Bernini and
Marin-Morales, 2001), suggesting that x = 6 found in B. dictyoneura by Risso-Pascotto et al.
(2006) might have arisen fromx = 7. However, the origin of thisnew basic chromosome number
needsto be clarified in adetailed karyological study.
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Figure 1. Results of abnormal microsporogenesis in polyploid accessions of Brachiaria dictyoneura. a) Diakinesis
presenting 6 1l and 3 IV (arrowheads). b) Metaphase | with 10 Il and 1 1V (arrowhead). c) Metaphase | with precocious
chromosome migration to the pole (arrowhead). d) Anaphase | with irregular chromosome segregation and laggards (11-
13, arrowhead). e, f) Anaphase | with laggards. Observe also irregular chromosome segregation in f: 12 chromosomes in
one pole, 10 in the other, and four laggard chromosomes (arrowhead). g) Telophase | with micronuclei (arrowhead). h)
Prophase I with a micronucleus in each cell (arrowheads). i) Metaphase |1 with micronuclei (arrowheads). j) Anaphase 11
with laggards (arrowheads). k) Telophase Il with micronucleus (arrowhead). |) Tetrad with micronuclei (arrowhead). Scale
bar = 1 ym.
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Chromosome pairing at diakinesiswastypical of tetraploidy (2n = 4x = 24). Chromo-
some was associated predominantly as bivalents, but uni-, tri, and quadrivalents were also re-
corded (Table 1; Figure 1la and b). Such chromosome pairing is expected based on random
associations of four homol ogous chromosomes, i.e., in autotetraploids (Singh, 1993). Inthe ac-
cession BRA005851, the frequency of quadrivalents was higher than that in the other acces-
sions (Table 1). In some cells, the 24 chromosomes were associated as six quadrivalents, sug-
gesting that the four genomes are homol ogous.

Table 1. Chromosome associations at diakinesis scored in 20 meiocytes.

Accession code Chromosome association
Range Average association/cell

| ] 11 Vv | 1 11 v
BRA005851 0-2 0-12 0-1 0-6 0.20 5.45 0.10 3.15
BRA007871 0-6 3-12 0-1 0-3 0.95 9.20 0.15 1.05
BRA007889 0-2 4-12 0-0 0-4 0.20 9.10 0.00 1.40
BRA007897 0-2 5-12 0-0 0-3 0.05 8.85 0.00 155
BRA007919 0-4 312 0-1 0-3 1.40 7.15 0.30 1.85

The overall meiotic behavior in these accessions showed to be typical of polyploids
(Table 2) with irregular chromosome segregation in both divisions. The accession BRA005851,
which presented chromosomes associated mainly as bivalents or quadrivalents, showed lower
frequencies of abnormal meiocytes. Figure 1 illustrates the meiotic abnormalities recorded in
the accessions. Precocious chromosome migration to the polesin metaphases (Figure 1cand i),
laggardsin anaphases (Figure 1e, f, and j), micronuclei intelophases (Figure 1g and k), prophase
Il (Figure 1h), and tetrads (Figure 1) were the main abnormalities. The percentage of abnormal
tetrads among accessions ranged from 9.62% in BRA005851 to 21.66% in BRA007919. Ab-
normalities such as these, but in much higher frequencies, have been previously reported for
polyploid accessions of different speciesof Brachiaria (Risso-Pascotto et al., 2003; Utsunomiya
et al., 2005; Mendes-Bonato et a., 2002a, 2006) and are responsible for pollen sterility due to
unbal anced microspores.

Cell fusion detected in three B. dictyoneura accessions (Table 3) was also reported for
other Brachiaria species (Mendes-Bonato et a., 2001, 2002b, 2003; Risso-Pascotto et al.,
2003; Utsunomiyaet al., 2004, 2005). In the present accessions, only two or three cells were
involved in each fusion, whereas in the other Brachiaria species up to ten cells were recorded
forming syncytes. As reported for other species of Brachiaria, in the present accessions, cell
fusions reported in the other Brachiaria species are more common in prophase |, when the
callose wall around the meiocyte is not completely formed. In B. dictyoneura, we could distin-
guish two types of cell fusion: completely fused cells, in which the genomes were in the same
cytoplasm (Figure 2a and b), and those connected by a thin or a thick cytoplasmic channel
(Figure 2c to i). In some meiocytes, the proximity of genomes due to cell fusion led to the
formation of arestitutional nucleus by the rejoining of the chromosomes (Figure 2f toi). If the
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Table 2. Meiotic abnormalitiesrelated to irregular chromosome segregation.

Phase No. of analyzed cells (% of abnormal cells)

BRA005851 BRAO0OO7871 BRA007889 BRAO007897 BRAO007919
Metaphase | 149 (8.72) 139 (37.41) 142 (23.24) 152 (26.32) 128 (32.81)
Anaphase | 161 (16.77) 141 (25.53) 135 (24.44) 139 (23.74) 142 (48.59)
Telophase I 144 (3.47) 159 (25.78) 125 (8.80) 117 (6.84) 114 (15.79)
Prophase 11 154 (7.14) 128 (14.06) 139 (41.73) 114 (9.65) 157 (12.10)
Metaphase || 168 (9.52) 124 (25.00) 137 (26.28) 155 (32.90) 139 (58.27)
Anaphase I 139 (8.63) 116 (18.97) 125 (23.20) 119 (16.81) 143 (41.26)
Telophase I 151 (7.95) 118 (15.25) 126 (13.49) 124 (18.55) 129 (21.71)
Tetrad 156 (9.62) 136 (13.97) 161 (17.39) 151 (15.23) 167 (21.66)
Microspores 481 (7.90) 502 (8.96) 503 (12.92) 517 (14.70) 521 (17.27)

Table 3. Number of analyzed cells and percentage of cell fusion between meiocytes.

Phase No. of analyzed cells (% of abnormal cells)
BRA005851 BRA007871 BRA007889 BRA007897 BRA007919

Zygotene 140 (8.57) 132 (3.78) - -

Pachytene 185 (5.94) 205 (3.90) - 126 (2.30)

Diplotene - 180 (3.88) - -

Diakinesis - 131 (4.58) - 154 (3.25)

Metaphase | - 139 (12.94) - -

Anaphase | - 141 (8.51) - -

Telophase | - 159 (5.66) - -

meiotic process evolves normally in the fused cells, restitutional nuclei will giveriseto 2n ga-
metes. Despite the majority of cells being connected by cytoplasmic channelstypical of those
recorded during cytomixis, chromosome transfer between meiocytes was not detected in B.
dictyoneura. Similar cytoplasmic channels promoted cytomixis in tetraploid accessions of B.
nigropedata (Utsunomiya et al., 2004).

Absence of first or second cytokinesis was aso recorded in two accessions of B.
dictyoneura, but the frequency was much higher in BRA007897 (Table 4, Figure 3). When
failure of cytokinesis occurred only inthefirst division (Figure 3ato c), with normal cytokinesis
in the second division, adyad of microspores was formed (Figure 3d). The two nuclei of each
cell inthedyad followed one of two distinct ways:. they remained isolated, giving riseto binucleated
microspores (Figure 3g) or they wererejoined, originating arestitutional nucleusthat developed
into a 2n gamete (Figure 3d and f). When the first division was normal and the failure of
cytokinesis occurred only in the second division, dyads and triads were formed if the failure
affected one or both cells. Triads (Figure 3e) were formed when cytokinesis occurred in only
one cell of the dyad. The frequency of binucleated microspores and of 2n microspores was
similar in each accession, BRA005851 or BRA007897, but were higher in accession BRA007897.
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Figure 2. Cell fusion between meiocytes. a, b) Fused meiocytes in prophase I. ¢, d) Fused meiocytes in metaphase |
through cytoplasmic channel (arrowhead). In both, observe precocious chromosome migration to the poles (arrowhead).
e, f) Telophase | (e) and metaphase |1 (f) with cytoplasmic channel. Observe that in one cell of metaphase | the two
chromosome sets were rejoined forming a restitutional nucleus. g, h) Fused cells in metaphase |1 showing restitutional
nucleus. i) Anaphase Il forming a restitutional nucleus in the cytoplasmic channel. Scale bar = 1 um.
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Table 4. Number of analyzed cells and percentage of cells with absence of cytokinesis.

Phase No. of analyzed cells (% of abnormal cells)

BRAO005851 BRAQ07871 BRA007889 BRA007897  BRAO007919

Prophase 11 - - - 114 (6.15) -
Metaphase 11 - - - 155 (3.22) -
Anaphase 11 - - - 119 (1.68) -
Telophase 1 - - - 124 (4.84) -
Dyad 136 (2.21) - - 151 (7.95) -
Triad - - - 151 (5.30) -
Binucleated microspores 502 (0.60) - - 517 (1.16) -
Microspores 2n 502 (0.55) - - 517 (1.35) -
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Figure 3. Results of absence of cytokinesis during microsporogenesis. a, b, c) Metaphase I, anaphase |1, and telophase |1
with absence of first cytokinesis. Observe laggard and micronucleus in b and c, respectively (arrowhead). d) A dyad with
restitutional nucleus in each cell and one normal microspore (arrowhead). €) A triad with a binucleated microspore
(arrowhead) and micronucleus in two microspores. f) A nhorma microspore and one with a restitutional nucleus (arrow-
head). g) A normal and a binucleated microspore (arrowhead). Scale bar = 1 um.

Absence of cytokinesisleading to 2n gamete formation has been reported in many plant
species (Veilleux, 1985), and aso in B. brizantha (Risso-Pascotto et al., 2003). 2n gametes
played an important rolein evolution through polyploidization and in plant breeding (Veilleux,
1985; Bretagnolle and Thompson, 1995). The majority of Brachiaria speciesis polyploid and
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reproduces by apomixiswhich, by circumventing meiosis and fertilization in the megagameto-
phytefollowed by parthenogenetical production of anon-reduced embryo, indefinitely preserves
the genetic constitution of the mother plant (Valle and Savidan, 1996). The meiotic behavior in
polyploid accessions of Brachiaria species studied by Mendes-Bonato et al. (2002a, 2006) and
Utsunomiyaet a. (2005) provided evidence that polyploidy in this genus may have been origi-
nated predominantly by chromosome doubling instead of interspecific hybridization. In thiscon-
text, 2n gamete could have played afundamental role in the evolutionary history of the genus.

The main abjective of the Brachiaria breeding programisto producefertile hybrids by
interspecific hybridization, combining alelesfor important agronomic traits, thusincreasing the
genetic variability of these plants and new options for forage cultivars. Crosses between
Brachiaria species demand compatibility between progenitors: sexual accessions as female
genitor and apomictic pollen donor with the same basic chromosome number and ploidy level.
Sexuality, in the Brachiaria agamic complex that is being bred, has been reported mainly for
diploid accessions with basic chromosome number x = 9, particularly in B. ruziziensis (Vale
and Savidan, 1996). However, previous studies of the reproduction mode of the present B.
dictyoneura accessions showed one of them (BRA007897) as sexua (Valle CB, unpublished
data). The present results of cytogenetic analyses and the new basic chromosome number x =
6 limit the use of these accessions as pollen donors in crosses with other sexual Brachiaria
species with x = 7 or x = 9, particularly to the taxonomically related B. humidicola x = 9.
However, the sexual tetraploid accession of B. dictyoneura (2n = 4x = 24) can be used as
maternal genitor in crosses with the other apomictic tetraploid accessions under analyses with
the same basic chromosome number. Continued cytogenetic studies of the Brachiaria collec-
tion are essential for the inclusion of these accessions as pollen source in the interspecific
hybridization program. For that, new sources of compatible sexual specieswith the same basic
chromosome number need to beidentified.
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