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Introduction

According to Magoon and Manchanda (1961), the genus Paspalum embraces
about 200 species widely distributed in the tropics and subtropics of both
hemispheres. However, only 9 species have been found in Taiwan. Many
species of this genus have some considerable economic importance as forage or
pasture grass. Although only a few species were studied cytologically, these
observations, however showed that polyploidy and irregular meiotic division
were very common in this genus. The frequent occurrence of univalents would
suggest hybridity and apomixis. With P. conjugatum, it was found that the
chromosomes were invariably unpaired throughout.

In the past, studies of microsporogenesis on several species of Paspalum
were made by Snyder (1961), Magoon and Manchand (1961), Bashaw and
Forbes (1958), Chen and Hsu (1961), Chen (in press) and others. These studies
showed extensive meiotic irregularity of this genus. The most striking features
were complete asynapsis and meiotic non-reduction of the chromosomes in
microsporogenesis and the predominant production of dyads instead of tetrads
after two successive divisions. The nature and pattern of the formation of
these irregularities in meiosis were differently explained by different hypotheses
by different authors.

The present study concerns with the species endemic in Taiwan, particularly
with those having asynapsis and non-reduction in meiosis. One of the endemic
species (P. conjugatum Berg.) was studied by Chen (in press). However, the
present authors found that these irregular meiotic divisions would be explained
differently in addition to those reported by Chen. Moreover, according to
Snyder (1961), Walters (1958) and Chen (in press), the formation of restitution
nucleus was attributed by a return movement of chromosomes from the poles
to the equatorial region and a pronounced shortening of the spindles which
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were readily apparent when the chromosomes occupied in position at the
equator. By and large, it is expected that this study would lead us to further
investigations of the genus Paspalum along this and other lines of research,
especially in regard to the mechanisms involved in the irregular meiotic
division in many of the species found in this genus. Furthermore, this may
lead us to the study of apomixis in general.

Material and Methods

The materials used in the present study of meiosis of P. conjugatum were
collected from the field of Northern Taiwan, and some from transplanted
plants in the greenhouse. Flowering buds (spikes) were fixed in the standard
3:1 mixture of 962 ethanol-acetic acid solution for 20 minutes at 60°C. Then
these were washed with 7095 alcohol and were smeared and stained with
propino-carmine, Ferricion was added to facilitate the staining of the spindles.

Observation

Snyder (1961) and Chen (in press) described the almost complete asynapsis
at diakinesis and metaphase 1, the meiotic non-reduction and the predominant
production of dyads of microspores in some species of Paspalum. However, in
the present study in P. conjugaitum there are other irregular meiotic divisions.
The observation are given as follows: k

1. Pollen fertility: Of more than five thousand grains examined, an aver-
age of 429 of these grains were found to be well stained. (Fig. 1). These
pollen grains were persumed to be of un-reduced chromosome constitution.

2. Meiosis in Microsporogesis:

A. Normal division: Due to the presence of a large number of chromo-
somes, 2n=40, it was very difficult to identify the individual chromosome at
pachynema. However, the chromosomes seemed to be unpaired showing
asynapsis of this species. Snyder (1961) and Chen (in press) found the same
condition in some species of the genus. In diakinesis the 40 chromosomes
were found unpaired (Fig. 2). At first metaphase when the chromosomes
were still univalents, they were randomly and loosely arranged in the equatorial
region (Fig. 3). The spindles became well-defined at this stage, then the
univalents moved randomly toward the poles (Fig. 4). Laggards appeared
quite frequently from anaphase to telophase. In the normal division, the
nucleus was found to be large-sized and the spindles formed subsequently was
also found to be of normal length. After two successive divisions these led
to the formation of a normal tetrad. {Fig. 6). It must be mentioned here in
passing that this kind of division occurred only about 12 of all the cells
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examined. (diagram 1, 17-21). Since these gametes were unbalanced in number
or/and in constitution, the gametes formed would be sterile.

B. Formation of restitution nucleus: It can be found from diagram 28-32
that the pollen mother cells with small nucleus would lead to form subse-
quently a compact spindle which would pave the way to the formation of
restitution nucleus and finally the formation of a dyad (Fig. 7-11). The second
division was usually regular. So after two successive divisions the gametes
formed would be diploid in nature. However, in some cases the formation of
restitution nucleus was not quite so successful. The cross wall formed at the
end of first division would bisect this restitution nucleus into two parts lead-
ing to the formation of a tetrad after the end of second division. (diagram
33-36, 13-16, Fig. 12-15).

C. The formation of a dyad after two successive divisions when the nucleus
was rather normal sized with almost normal spindle: In our observation it was
found that about 982 of the pollen mother cells would evolve to become dyads
after two successive divisions rather than the formation of tetrad (about 1%
observed). As mentioned before a small nucleus and a compact spindle in-
variably would lead to the formation of a restitution nucleus. But the number
of this kind of pollen mother cells was too small to explain the prodominant
presence of pollen mother cells with apparent normal sized nucleus and normal
sized spindle. Snyder (1961) and Chen (in press) offered the explanation that
the formation of restitution nucleus in this kind of pollen mother cell was
accomplished by the return of the chromosomes from the poles to the equator
and subsequently the shorting of the spindle at the end of first division. ‘Our
observations so far could not find any indication of the univalent chromosomes
to migrate reversely to the equator again after they migrated to the poles at
the start of anaphase. We found in the anaphase figures, some univalents
would migrate toward the poles and others would come to the equator perhaps
in the process of congression even through somewhat delayed (Fig. 16). But
never in a time did we observe all the univalents would migrate backword
to the equator en bloc. This would indicate seemingly the non-existence of
reverse migration of the univalents in P. conjugatum, the material we used.
Since most of pollen mother cells were of apparently normal sized nucleus
and normal sized spindle, but after second division there were only 1% tetrad
formed, it was assumed, therefore, that this type of pollen mother cells would
form restitution nucleus at the end of first division irrespective of their ap-
parently normal sized nucleus and spindle. The mechanism for the formation
of restitution nucleus is unknown. (diagram 1-8, Fig. 17-19).

D. Formation of restitution nucleus with the exclusion of one or a few chromo-
somes: If our observation was correct; about 98% of the pollen mother cells
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would form dyads after two successive divisions, then the fertile pollen would
"be 9894 as the top limit. ‘In fact, we found only 42% of the pollens to ‘be
well-stained. This showed about half of these pollen mother cells would give
rise to unbalanced gametes formation. In many cases observed when the
restitution nucleus was formed, one or a few chromosomes would not be
included in the restitution nucleus. Rather they would stay at one pole or
between the pole and the equator (Fig. 20). So the gametes formed - would
be unbalanced as far as number was concerned. Frequently enough ostracized
chromosomes from the restitution nuclsus would subsequently form a minute
spindle and they would divide in second divison. (diagram 9-12, Fig. 20-22).
E.  Non-synchronization of nuclear division and spindle formation: Li et al
(1964) and Ho et ol (in press) found that this type of non-synchronized nuclear
division and cytokinesis in meiotic division in microsporogenesis was rather
common in the interspecific. hybrid of Oryza sativaxO. officinalis, O. sativa X
O. brachyantha and O. sativax O. australiensis. Since it was described in detail,
so no further describtion was necessary here. - At the end of second division
a triad was formed with two unreduced gametes. (diagram 37-42, Fig. 23-26).
“F. Other - abnormal division: There were found in P. conjugatum some
curved spindles (Fig. 27) and triangular spindles (Fig. 29) that would give
rise to unequal triad at the end of first division (Fig. 28; 30). However, no
hexads were observed. (diagram 22424, 25-27).

Discussion

There are 9 species of Paspalum endemic in Taiwan and was studied by
Chen (in press). - According to his report, P.-Vaginatum is a diploid - (2n=20)

with all chromosomes well paired. P. Urvillei is a tetraploid (2n=40) with

all- ‘chromosomes . well paired. P. conjugatum is also a tetraploid as being -

“mentioned. P. dilatatum is a pentaploid ‘with 2n=>50. In microsporogenesis

there are 20 bivalents and 10 univalents at diakinesis and metaphase 1. P. or- .

biculare and P. thunbergii are hexaploid with 2n=60. The meiotic division is
irregular. P. distichum, P. longifolium and- P. scrobiculatum - (P. commersonii
Lamk) are either tetraploid or hexaploid. The chromosome number is found
to be ‘either 2n=40 or 2n=60 in different collections collected at different
locations. The meiotic division of the tetraploid or P. distichum and P. scrobi-
culatum are found to be regular. However, the meiotic division of these three
species are found to be very irregular.

The pseudogamous apomictic plants that have been studied cytologically
include a number of species in which irregularities occur in ' the  microspo-
“rognesis. The irregularitizs consist of multivalent formation or the occurrence

[




Jan., 1966 Fang and Li—Paspalum Conjugatum Berg 5




Botanical Bulletin of Academia Sinica

Vol. 7

@

e
;



~1

Jan., 1966 Fang and Li—Paspalum Conjugatum Berg

of univalents in high frequencies that would suggest hybridity. Burton (1942)
examined the chromosome number in ssveral species of Paspalum and con-
cluded that 10 would be the basic number for this genus. He also demonstrated
the existence of a new basic number of either 6 or 12 in the same genus.
Smith (1948} found that polyploidy, meiotic irregularity and probably apomixis
are frequent in the predominantly tropical genus Paspalum. Biotypes were also
found in some species of this genus by Bashow (1958). The fact that each type
maintains a constant chromosome number in the presence of extreme meiotic
irregularity and the relative uniformity of progency appearance suggests some
form of apomictic reproduction. Chen and Hsu (1961) reported that P. con-
jugatum has an irregular meiosis, possibly synapsis does not take place at the
zygonema. At later stages of meiosis 40 chromosomes are observed to be
completely unpaired at diakinesis and metaphase (univalents) are capable of
going to the equatorial plate where they clump together. The occurrence of
complete asynapsis, formation of restitution nucleus, meiotic non-reduction and
predominant production ¢f dyads are observed as had been reported by these
investigators.

In P. conjugatum, there were 4295 of pollen grains to be well-stained. Pos-
sibly they are diploid microspores. These gametes ‘are formed as result of
the formation of restitution nucleus at the end of first division of a pollen
mother cell with supposedly normal sized nucleus and more or less normal
spindle. In pollen mother cells with small sized nucleus and rather compact
spindle, dyads are formed under two successive divisions. The other possibi-
lities for the formation of diploid gamets would be the nonsynchronization of
nuclear division and spindle formation in some of the pollen mother cells
leading to the formation of triad after two successive divisions.

P. conjugatum has 40 unpaired chromosomes in meiotic division. Form
the study of microsporogenesis it shows that the species is an enforced hybrid.
Perhaps it would be similar in nature as P. secans described in detail by

Snyder (1957) in megasporogenesis.

Summary

There were 9 species of Paspalum found to be endemic in Taiwan. P. con-
Jjugatum had 40 chromosomes. No pairing was found at pachynema, diakinesis
and metaphase 1. 422 of the pollen grains examined were found to be well-
stained, presumably they were diploid pollen grains. In microsporogenesis
pollen mother cells with normal sized nucleus and normal spindle would divide
normally to form tetrads after two successive division. However, only about
12 of pollen mother cells were of this type. About 1% of pollen mother cells
were of small nucleus and very compact spindle. This type of pollen mother



inica

ia S

in of Academ

ical Bullet

Botan




Jan., 1966 Fang and Li—Paspalum Conjugatum Berg 9

cell would give rise to the formation of restitution nucleus leading to the
formation of dyads at the end of second division. In general, most of the
pollen mother cells (about 98%) would be of normal sized nucleus and almost
normal sized spindle. Nevertheless, restitution nucleus was formed in this
kind of pollen mother cell leading also to the formation of dyads after two
successive divisions. From our observation, the univalents did not make the
reverse migration from the pole to the equator en bloc to form the restitution
nucleus. Rather, they migrated in both ways which might explain the pos- .
sibility that some univalents were coming to the equator to congress and
others would migrate to the poles after congression took place.

Explanation of plates

Fig. 1. Showing about half well-stained pollen grains with unreduced number of chro-
mosomes.

Fig. 2. Diakinesis, showing 40 univalents widely scattered in the nucleus.

Fig. 3. MI with 40 univalents randomly and loosely arranged in the equatorial region.
Notice the length of spindle.

Fig. 4. MI-AI 40 univalents migrated randomly toward the poles.

Fig. 5. TI, the cross wall was formed.

Fig. 6. Tetrad.

Fig. 7. Diakinesis with a compact and small nucleus.

Fig. 8. Restitution nucleus was formed with short and compact spindle.
Fig. 9. Metaphase of post-restitution nucleus division with short spindle.

Fig. 10. Early Anophase of post-restitution nucleus division with short spindle.

Fig. 11. Dyad.

Fig. 12. The restitution nucleus was bisected by the cross wall formed at the end of first
divison.

Fig. 13. MIJ, the chromosomes are very close between both cells.

Fig. 14. AlIl, two halves not or equal size.

Fig. 15. Tetrad with unequal sized sporads.

Fig. 16. Anaphase of pre-restitution nucleus, showing some univalents wigrate toward
the poles and others would come to the equator.

Fig. 17. Restitution nucleus formed by normal sized spindle.

Fig. 18 Mestaphase of post-restitution nucleus.

Fig. 19. Anaphase of post-rest-restitution nucleus, showing non-reduced meiotic division.

Fig. 20. A few chromosomes wers excluded from the restition nucleus.

Fig. 21. Post-restitution anaphase division. The sticky nature of the chromosomes was
still remaining. Five ostracized chromosomes were dividing as the restitution
nucleus.

Fig. 22. Tetrad, with two small sporads.

Fig. 23. 'MI-AI, with all chromosomes located in.one pole.

Fig. 24. Telophase I, the cross wall was formed.

Fig. 25. Early TII, all chromosomes in one of the halves only.

Fig. 26. Triad, with the chromosomes in 2 sporads.

Fig. 27. Al, with curved spindle and one laggard chromosome.

Fig. 28. Triad, with one small microspore.

Fig. 29, MI-A]I, with triangular spindles.

Fig. 30. Triad, with unbalanced chromosomal number.
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In the formation of the restitution nucleus, one or a few chromosomes
sometimes were ostracized naturally. These gametes formed from this type
of division subsequently would be the unbaianced sterile ones. The pollen
mother cells with nonsynchronization of nuclear division and spindle formation
were also observed leading to the formation of triads with two unreduced
gametes, Other abnormal types in meiotic division were also described.
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