
Cytological and embryological studies on apomictic species Bothriochloa ischaemum L. were carried
out. Our studies revealed that the chromosome number of its root apical cells was 40, indicating that it
was a tetraploid cytotype. During the stage of microsporogenesis, meiosis seemed irregular, as the pair-
ing chromosome number of microspore mother cell was more than 20. It was often found that some chro-
mosomes did not assemble in the equatorial plane or moved to the two poles of the cell, a few laggards
were seen. Multiporate pollens (22.3%) were often observed. The studies showed that a high frequency
(87.8%) of 1–3 or more aposporous embryo sacs developed in one ovule of the species. The mature
aposporous sac was usually characterized by an egg cell and one polar nucleus. The egg cell could devel-
op spontaneously into a large proembryo (100–200 μm) mass prior to anthesis. When several aposporous
sacs occurred in the same ovule, usually 2 aposporous sacs were involved in pseudogamy and developed
into separate endosperm masses in the same ovary. In the low frequency of mature seed, 13.5% twin-
embryo seedlings could be obtained after mature seeds germinated.
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INTRODUCTION

Apomixis has great potentials in fixing hybrid vigor of crops [1, 25]. Up to now,
more than 40 genera and about 170 species in the Gramineae have been found to
reproduce seeds by apomixis [10, 14, 19]. Among the apomictic species, most of
them distributed taxonomically in the subfamily Panicoideae and reproduced by
apospory [2, 14, 19]. In many cases, egg cell in the aposporous sac can spontaneously
develop into proembryo prior to anthesis [4, 15, 23, 24]. However, pseudogamy is

Acta Biologica Hungarica 58 (4), pp. 421–429 (2007)
DOI: 10.1556/ABiol.58.2007.4.9

0236-5383/$ 20.00 © 2007 Akadémiai Kiadó, Budapest

CYTOLOGICAL AND EMBRYOLOGICAL STUDIES
ON APOSPORY

IN BOTHRIOCHLOA ISCHAEMUM L.
G. H. MA1* and X. L. HUANG2

1South China Botanical Garden, The Chinese Academy of Sciences, Guangzhou, 510650, China
2College of Life Sciences, Zhongshan University, Guangzhou 510275, China

(Received: June 22, 2006; accepted: January 8, 2007)

* Corresponding author; e-mail: magh@scib.ac.cn



422 G. H. MA and X. L. HUANG

Acta Biologica Hungarica 58, 2007

necessary for polar nuclei integrated with the sperm nucleus for nuclear fusion to
develop an endosperm [2]. What can be the significance of pseudogamy in the case
of poly-sacs in the same ovary? Which sac or how many sacs are involved in
pseudogamy? No information is available in support of an unequivocal embryologi-
cal of pseudogamy. The species Bothriochloa ischaemum L. is native to Africa, Asia
and Europe. As a dominant plant species, it belongs to the tribe Andropogoneae of
subfamily Panicoideae [11, 13]. It distributes mainly in tropical and subtropical areas
for pasturage. Some studies have appeared concerning its chromosomal behavior and
reproductive method by apomixis [7, 8, 9, 12, 16, 17]. Some species in the same
genus have also been reported to exhibit apomixis [18, 28]. However, detailed
embryological studies about its apomixis have not been found regarding this species.
The main purpose of this study is to identify the reproduction by apomixis and char-
acteristics of pseudogamy in the species Bothriochloa ischaemum L. were studied.

MATERIALS AND METHODS

Bothriochloa ischaemum L. is a dominant grass distributed throughout in South
China with its flowering and fruit periods almost all year round in Guangzhou.
Material for the present research originated from the roadside in the South China
Botanical Garden (Guangzhou) and then it was transplanted in sandy pots. Mitosis
was studied using root tips to determine the chromosome numbers and ploidy levels.
Immature inflorescences were fixed in Carnoy solution (100% ethanol-chloroform-
glacial acetic acid, 6 : 3 : 1) to observe the microsporogenesis and pollen develop-
ment. One percent iodine-potassium solution (I2-KI) was used to check pollen via-
bility and frequency of multiporate pollen. During the flowering stage, fresh pollens
were collected to scatter on a special metal platform. After a series of treatments,
pollen morphology was observed in a scanning electron microscope (SEM).
Inflorescences for embryological study were fixed in FAA (70% ethanol: glacial
acetic acid: 37% formaldehyde, 18 : 1 : 1) for 2 days at the room temperature and then
transferred to 70% ethanol for storage at 4 °C in the refrigerator until use. Ovaries of
different developmental stages were taken from the spikelets (except for some imma-
ture spikelets), stained with haematoxylin, dehydrated in a tertiary butyl alcohol
series, embedded in paraffin, and vertically sectioned (6–8 μm). The mature seeds
were collected and soaked in a dish for germination, and the seedlings were trans-
ferred to the sandy pots.

For observation of development of embryo sacs and proembryo, a clearing method
was used [22, 27]. Ovaries were transferred to a clearing solution (lactic acid : chlo-
ral hydrate : phenol : eugenol : xylene, 10 : 10 : 10 : 10 : 5) for 48 hours, and develop-
ment of the embryo sac, proembryo and endosperm in the ovules were observed
under an interference contrast microscope.



RESULTS

Chromosome number and pollen development

Root tip cell of the plant B. ischaemum had a chromosome number 2n = 40 (Fig. 1A);
indicating a tetraploid cytotype. During the stage of microsporogenesis, meiosis
seemed irregular as pairing chromosome numbers of microspore mother cell were
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Fig. 1. Root chromosome, megaspore mother cell meiotic chromosome and pollen mutiporate in
Bothriochloa ischaemum (a scale bar = 10 μm). A. Chromosome number of root was 40; B. Paring chro-
mosome of megaspore mother cell; C–F. Anaphase showing irregular meiotic behavior with few lag-
gards; G. Pollen with three apertures (arrows) observed by electron scanning microscope; H. Multiporate

pollen (black arrows) observed by optical microscope
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Fig. 2. Development of aposporous sac and embryo in Bothriochloa ischaemum (a scale bar = 100 μm).
A. Archesporial cell (arrow); B. Megaspore mother cell (arrow); C. Tetrads (arrows); D. Shortly after the
tetrad (t) degenerated, two specialized nucellar cells (arrows) become active and began enlarge; E. The
specialized nucellar cells developed into single-nucleate aposporous sacs (arrows); F. Immature 2-nuclei
aposporous sac (arrows); G and H. The mature aposporous embryo sac with one egg cell and one polar
nucleate in the ovule prior to anthesis; I. One proembryo development in the same ovule prior to anthe-
sis while polar nucleus still visible (arrow); J. Two proembryo development in the same ovule prior to
anthesis while polar nucleus still visible (arrow); K. Two aposporous sacs engaged in pseudogamy to
develop separate endosperms (arrows indicated embryos); L. Two embryos developed in the same seed.
The embryo (E1) closest to the micropyle developed normally while another embryo (E2) at the end of
chalaza was very small; between the two-endosperm masses, a clear interlayer (two small black arrows)

separated the two-endosperm masses



more than 20 (Fig. 1B). During the first period of meiosis, it was often found that
some chromosomes did not assemble on the equatorial plane (Fig. 1C, D) or moved
to the two poles of the cell, and a few laggards were also observed (Fig. 1E, F).
Though pollen stainability by iodide-potassium solution was not so low (78.5%),
multiporate pollens (22.3%) were often observed by scanning electron microscopy
and light microscopy (Fig. 1G, H).

Development of aposporous embryo sac

Observation of the development of ovule showed: the earliest ovule was almost
transverse. An epidermal cell in the ovule developed into an archesporial cell (Fig.
2A), and then developed into a megaspore mother cell (Fig. 2B). After meiosis of the
megaspore mother cell, a line of tetrads then was formed (Fig. 2C). However, as the
tetrad had formed, they would be followed by two main developmental sequences as
detailed below.

In most cases, the tetrads ceased development; in the same time, 1–3 or more spe-
cialized nucellar cells became active and enlarged (Fig. 2D). Comparing these with
other surrounding nucellar cells, the specialized nucellar cells were larger; and also
their nucleus was bigger (Fig. 2D). Later on, they directly developed into single-
nucleate aposporous embryo sacs (Fig. 2E). After one mitosis event, the single-
nucleate aposporous sac developed into bi-nucleate embryo sac (Fig. 2F). Then the
embryo sac became enlarged to develop into a tetra-nucleate embryo sac character-
ized by an egg cell, two synergid cells and only one polar nucleus (Fig. 2G).
However, with maturation of the embryo sac, the synergid cells generally disap-
peared (Fig. 2H). The antipodal cell in the aposporous sac was never observed.

In a few cases, the functional megaspore developed into sexual 8-nucleate embryo
sac (12.2%) to undergo normal sexual reproduction (Table 1).
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Table 1
Embryo sac development in mature ovule of Bothriochloa ischaemum

Number of ovules withNumber of ovules
Observed

Sexual embryo sac Aposporous embryo sac(s)

205 26 (12.2%) 179 (87.8%)
42 one sac
55 two sacs
67 three sacs

15 more than three sacs
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Development of pro-embryo

Egg cell in the aposporous sac spontaneously developed big pro-embryo mass
(100–200 μm) prior to anthesis. In the same time, the polar nucleus was still visible
(Fig. 2I), It was obvious that it belonged to the type of pre-developed embryo. When

Fig. 3. Development of aposporous embryo sac, pro-embryo and endosperm in Bothriochloa ischaemum
by clearing method (a scale bar = 20 μm). A. One mature aposporous embryo sac with one egg cell and
one polar nucleus; B. One proembryo began to develop while the polar nucleus still visible prior to anthe-
sis; C. Three aposporous embryo sacs in one ovary; D. Two masses of separate endosperms in the same

ovary after pseudogamy



several aposporous sacs were in the same ovary, two or more proembryos could be
observed (Fig. 2J). All the proembryos were always near to inner velum of the
aposporous sac.

Pseudogamy and twin-embryo seedling

After tassel and pollination, released sperm nuclei from pollen tube were not coupled
with pre-embryo; however, it integrated with polar nuclei to engage in pseudogamy
and develop endosperm mass. As several aposporous sacs assembled in the same
ovule, usually 2 aposporous sacs were involved in the pseudogamy and developed 2
masses of endosperm (Fig. 2K, L). The endosperm mass near to the micropyle usu-
ally developed mature and larger; however, another endosperm mass was usually
small and its relevant embryo was also small; it was usually squeezed out to edge part
of the ovule. Between the two endosperms, a clear interlayer separated the two-
endosperm masses (Fig. 2L).

Approximately 30 days after pollination when seed became mature, low frequen-
cy (14.5%) of twin-embryo seedling was obtained through germinating seeds.

Observation on the development of the aposporous sac, pro-embryo
and endosperm by clearing method

Aposporous sacs, pro-embryos and endosperm development can be observed under
the interference contrast microscope. In few cases, only one aposporous sac with one
egg cell and one polar nucleus developed in the ovary (Fig. 3A). We also observed
that the egg cells spontaneously developed into pro-embryos (Fig. 3B). In most
cases, several aposporous sacs were accumulated in the same ovary (Fig. 3C).
Usually, the sac closest to the micropyle developed earlier and matured; while sacs
near the chalaza developed later or even ceased development. A gap between the sep-
arated two-endosperm masses was still observed (Fig. 3D). The observation from the
clearing method coincided closely with previous results obtained by the paraffin sec-
tion method.

DISCUSSION

Through studying development of embryo sac and embryo, it was revealed that the
deterioration of the tetrads, active nucellar cells, 1–3 aposporous sacs, autonomous
development of proembryo prior to anthesis and twin-embryo seedlings revealed that
the species B. ischaemum was reproduced by apospory. Few sexual embryo sac
developments suggested that it was a facultative apomict.

When several aposporous sacs occurred in the same ovule of B. ischaemum, usu-
ally 2 aposporous sacs were involved in pseudogamy and into 2 separate endosperm
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masses developed in the same ovary. However, in other genera with pseudogamy, the
multiple sacs had developed only one endosperm mass such as Paspalum [20, 21],
Pennisetum [26] and Poa [6]. This shows that only one polar nucleus, or one embryo
sac involved in this pseudogamy, and develops only one endosperm mass from one
sac that was closest to the micropyle.

Previous reports had shown that aposporous embryo sacs usually had four or more
nuclei in almost all apomictic species [3, 5], however, only 2 nuclei were observed
in the mature aposporous sac of B. ischaemum, therefore exhibiting a novel devel-
opmental sequence. Although pro-embryo formation in aposporous sacs has been
reported in many genera or species [4, 15, 21, 23, 24], their size was not as big as in
B. ischaemum. Thus, it is suggested that this species may be an ideal material for
studying the development of aposporous embryo sac and pro-embryo.
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