CYTOGENETICAL STUDIES OF ORYZA SATIVA
L. AND ITS RELATED SPECIES

9. Study on Meiosis of the First Backcross Generation of
(Oryza sativa L.XO. officinalis Wall.) x O. sativa L.®
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In order to construct artificially Oryza sativa with the addition of all the
possible 12 individual O. officinalis chromosorﬁe, many attempts have been made
for years in our laboratory. One of these was to backcross the F; hybrid of
O. sativa indicax O. officinalis (accession No, W 002), with genomic constitution
AC (2rn=24) to the recurrent parent O. sativa (AA). More than 50 seeds were
obtained. Ten plants were grown to maturity. Outwardly, the panicles appear-
ed to be between O. sativa and F, (fig. 25, 26). From the preliminary study
of the microsporogenesis of this backcross generation, all were proved to be
triploids. All had 36 chromosomes with the genomic constitution AAC. Hence
the meiosis of the F; hybrid of O. sativaxO. officinalis was studied in detail
‘and the mechanism for unreduced gametes formation was examined and was
reported recently (Li et al. 1964).

Later a dgtailed study of the meiotic division of these triploids, the first
backcross geheration, was made and the observations were reported in this
paper.

The microsporocytes were fixed in Farmer’s fluid. Propiano-carmine was
used for staining. Regular smear method was used for preparations except
sometimes a trace of ferric hydroxide dissolved in 45% propianic acid was
added for better spindle staining. 4

Results

1. Chromosome pairing
The genomic constitution of the first backcross generation of the (O, sativa X
O. officinalis) X O. sativa was AAC as mentioned earlier. The frequency of the
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“chromosomie pairing ‘was counted in 81 metaphase I cells:(table 1). The number

. of bivalents per cell varied from zero to 12. 'Each class was found to be more

or less equally frequent. The two extremes with 12 bivalents and 12 univalents
at oné ‘end ‘and with 36 univalents at the other were shown in figures 2 and
9. The factor or factors controlling the. pairing of homologous chromosomes
to form bivalents was not known. The average number of bivalents per cell
was 6.86. :

Table 1. The frequency of the microsporocytes of the first backcross
generation of (0. sativax O. officinalis) X O. sativa

Bivalents/cell 010 21 31 415167 8910|1112 total
Frequency | 5 8 4 3 s 4 10 4 8 11 12 4 7 s
_ Total bivalents 0 8 12 20| 20 60| 28 56/ 99| 120 44 84 556

2. Meiosis
.. Microsporogenesis-in this first backcross: generation was quite similar to
Atyhat of the Fy of - O: sativa X O; officinalis (Li et al. 1964) except that the ex-
tremely long spindle was rarely found in "this material. From our study, the
major"'cypes of the microsporogenesis could be shown -in diagram I, which was
a modified version of those diagrams shown by Darlington (1937, p. 412, 415).
At .diakinesis, in most of the microsporocytes some bivalents,k although
varied in number, were observed (fig. 1). At Metaphase I, the number of
, bivalents might be 12 (fig. 2, diag. 1) or zero (diag. 2, fig. 9) or somewhere
_ in between (diag. 3, fig. 11).
. When most of the homologous chromosomes of AA genome in this triploid
(AAC) formed -bivalents at metaphase I, the bivalents would migrate to the
poles .ahead of ‘the univalents which lagged on the equatorial plate (d1ag 4,
fig: 3) at anaphase L. The univalents split at this stage but were held together
by their respective centromeres. Later, the intact univalents might move to
the two opposite poies. In either case, a dyad would be formed afthe, end rof
‘the first division (diag. 6). Each cell would have 12 chromosomes of A genome
and one to 12 extra ones of C genome.. At second meiotic division, the chro.
rhosomes lined up at the equatorial plate of each ‘daughter cell and the
chromatids _separated from ‘each other migrated toward the. opposite poles
(diag 7, ﬁg' 4). At the end of microsporogenesis, tetrads were formed, and
each sporad would have 12 A chromosomes with a few C chromosomes (dlag.
8, fig. 5). This was the type of meiosis that we would expect in" the mega-
sporogeneszs ‘because they might form the functional gametes

With - the  microsporocytes having mostly univalents, the univalents m1ght
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either segretate at random ({diag. 5) or they would split at the first meiotic
division (diag. 9, fig. 10). In the former, theoretically, about 18 chromosomes
would pass to each cell of the dyad at the end of the first division. An equa-
tional second division followed would lead to the formation of a tetrad. Each
sporad, however would be either unbalanced in chromosomal number or in the
constitution of chromosomes and were all non-functional. In the latter, a cell
similar to a restitution nucleus would be formed at telophase I due to some-
what delayed cytokinesis (diag. 10, fig. 14, 15). At metaphase II, two spindles
being very close to each other would be formed (diag. 11, 12). Since the con-
necting chromatic material was thin, the cross wall formed would bisect the
microsporocyte into two with the cell plate passing through the spindle of the
second division longitudinally (fig. 17). At the end of microsporogenesis in
this case, a tetrad as shown in diag. 13 would be formed. In both cases, the
sporads produced were sterile. A large proportion of microsporocytes was
observed to belong to this type.

Some of the microsporocytes were found to form a restitution nucleus. In
this type of microsporocytes, the nucleus and spindle were located at the
original position. The spindle was somewhat longitudinally compressed. At
anaphase I, the chromosomes did not separate clearly. As a consequence, many
bridges were found (diag. 14, fig. 12). Possibly this was due to the fact that
the chromosomes were more or less sticky. This kind of cells might either

Explanation of Piate Figures

=

Fig. Diakinesis, showing 10 bivalents and 16 univalents.

Fig. 2. MI, showing 12 bivalents and 12 univalents.

Fig. ‘3. Al, chromatids split at this stage, 12 bivalents being separated. and the chromo-
somes separated migrated to their respective poles while univalents still lagged
on the epuator. ‘

Fig. 4. MII and AIl showing equational division.
Fig. 5. Tetrad with sporads more or less of the same size.
Fig. 6. A tripolar microsporocyte.
Fig. 7. Polyad formation in a tripolar microsporocyte.
Fig. 8. Hexad.
- Fig. 9.  Early MI, with 36 univalents.

Fig. 10. Al, univalents split and the chromatids migrated to their respective poles.

Fig.-11. MI, showing 9 bivalents and 18 univalents, chromosome are less condensed.

Fig. 12." Late Al, showing sticky chromosomes and bridges which would form restitution
nucleus.

Fig. 13. TI, showing very short spindle in a somewhat eccentrically located nucleus, tend-
ing to the formation of a restitution nucleus.

Fig. 14. TI, restitution nucleus with slender connecting chromatic material showing distinct

éxpanded phragmoplast.

Fig. 15. Restitution nucleus formation with slender connecting chromatic material between

two groups.

&
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degenerate (diag. 16) or form a restitution nucleus (fig. 13, 19, diag. 15). 'In
the latter case the chromosomes would migrate to the two poles, which were
very close to each other, to form two groups but were linked by conneCting
chromatic material (diag. 15, fig. 13, 20). Because of the fact that there was
no - interzonal space, after the first division the nucleus remained intact. At
the second prophase, a cell with 36 cross-shaped univalents could be observed
sometimes (diag. 17). Cytokinesis was found to be incomplete quite frequently
(fig. 16). This kind of cells would sometimes undergo second meiotic division
leading to the formation of a dyad (diag. 18). Consequently these sporads
would have the unreduced number of chromosomes,

Another series of microsporogenesis as found in which the microsporocytes
with both nuleus and spindle were eccenirically placed (diag. 19. 20, fig. 18).
At the end of the first meiotic division, a restitution nucleus was formed (fig.
19) with incomplete cytokinesis (diag. 21). These cells might degenerate.
Sometimes, a metaphase II spindle would form (diag. 22), and the cell would
be bisected longitudinally by the delayed first cytokinesis.

One type of microsporogenesis which was very important for the formatzon
of unreduced gametes in the F; megasporogenesis was also found in this
material. This is the kind of microsporocytes with eccentrically placed nucleus
and normal spindle (diag. 24 to 27). At metaphase I, the chromosomes were
eccentrically placed and the spindle was formed at the original centric position
(diag. 24, 25, fig. 21, 22, 23). In this case, chromosomes without spindle migrat-
ed autonomously but never moved far apart. Autonomous division . of the
chromosomes when there was no spindle involved was described to some extent
by Shrader (1953) and Mazia (1961). Therefore a restitution nucleus was formed

Explanation of Plate Figures

Fig. 16. Prophase II, post-restitution nucleus prophase, showing 36 cross-shaped univalents
with chromatids split but held together by their respective centromeres.

Fig. 17. TII, telophase of a restitution nucleus as shown in fig. 14, phragmoplasts expanded
yet to reach the periphery however.

TFig. 18. Al showing eccentrically placed nucleus and spindle, but a single chromosome
was not involved in the division.

Fig. 19. Interkinesis of a restitution nucleus, somewhat eccentrically placed.

Fig. 20. Interkinesis of a restitution nucleus with periphery Phragmoplast.

Fig. 21, 22. Microsporocyte with eccentrically placed nucleus but centrically placed spindle.

Fig. 23. All, dyad, anucleated in one cell, and the nucleated cell containing 36 split
univalents moving apart from each other to the opposite poles.

Fig. 24. MII, dyad with an anucleated half and nucleated half at metaphase, two chrmo-
somes in the middle were not on the plate.

Fig. 25. Plants (left to right) of O. officinalis, Fy of O. sativax O. officinalis, the first back-
cross generation and O. safiva (Nanteh) respectively.

Fig. 26, Panicles (left to right) of O. officinalis, F;, BC; and O. satina respectively.
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besidesf the regular spindle which was formed later or concurrently. Cytokinesis
was delayed and the cell plate formed cut the microsporocyte into two-daughter
cells.  In the nucleated ‘cell; the 36 chromosomes split-and the sister chromatids
migrated toward ‘the two opposite poles (diag. 26, fig. 23)." A triad would be
_the end-prdd‘ucf {diag. 27). One or two univalents was sometimes left ott of
the plate at the first division (fig. 24).

" Octdssionally, microsporocytes weré found with three poles. Spindles were
formed between any two of these poles. - At anaphase I, ¢chfomosomes moveéed
to the three poles at random (fig. 6). " As a result, a triad ‘with différent number
of chromosomes were formed. At metaphase II, spindles were formed in each
cell of the triad and chromatids moved to the opposite poles as in regular
 division (fig. 7). Hexad was then formed at the end of: m1crosporogenes1s ‘and

they were aII ster1le : ' .

Conclusion and Summary

The microsporogenesis of the first backcross generation of (O. sativaxO.
; koﬁ‘icmalzs)xO sativa was more or less similar to that of the Fy of O, sativaXx
0. ojj‘z‘cmahs except that rarely there were extremely long spindle found in'the
‘ backcross generation,

“The' palrlng of the twenty four homologous sativa chromosomes in this back-
crossed generatlon with 36 chromosomes was not constant. An average, there
Were only 686 bivalents per-cell instead of havmg 12 pairs. .
" The maJor types of mmrosporogenesm were studied (diag. I). The first

column of the dlagram showed the expected meijosis to take ‘place in mega-

sporocytes so that backcrossmg to recurrent parent ‘might construct ‘artificially
 Oryza sativa with the possible 12 .individual O. officinalis chtomosomes of some
of the ovules produced would have 12 A chromosomes plus one or ‘more C
- chromosomes,

There were few other types of meiosis observed and they were described

in detail. Restitution nucleus was formed. These might lead to the formatmn
of unreduced gametes Again as in the F; with non- synchromzatlon of mitosis
- and cytokinesis triads instead of tetrads were formed leading to the formation
of the unreduced gametes also, '

.
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