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Roschevez (1931) - divided the genus Oryza into 4 sections, ‘viz.; Sativa,
Granulata, Coarctata and Rhynchoryza. Of these, the section Safiva Roschev. is the
largest one, consisting of 12 species, viz., O. australiensis, O. breviligulata, 0.
glaberrima, O. grandiglumis, O. latifolia, O. longistaminata, O. minuta; O. officinalis
O. punctata, O. sativa, O. schweinfurthiana and O. stapfii. Since Roschevcz's
- classification was based merely on the external morphology, it may not be a:
" natural one, though it has been adopted by many rice workers.:

Based on this type of classification to start with, the phylogenetlcal relation-
. ships between. species may be more  directly ascertained by cytologlcal study
of interspecific ‘hybrids. This was followed by Ghose ¢f al: (1956). They divided
the genus Oryza into 3 sections, Sativa, Oﬁ‘icmahs and Granulata. T he section
Sativa consisted of = O. sativa, O. glaberrima, O. bremhgulata, 0. perenms and
O. australiensis; the section’ Officinalis, of O. officinalis, O. mmuta, 0. ezchmgerz,
0. latzfolza and O. alta; and the section G‘ranulata, of the other spemes such as O.
granulata, 0. rzdleyz, ‘0. coarctata and O. brachyantha, the mterrelatxonshlps
of which were mostly unknown. = This classification was further supported by
Rlchharla (1960) who made a  comparative study of ‘the ‘morphology, cytology
and geographical ‘distribution of some of the Oryza species.

From statistic-taxonomical studies: of 16 species, Morishima and Oka (1960)
also reached at quite the same conclusion as that of Ghose ef al, (1956) and"
Richharia(1960). *Morishima and Oka divided' the genus Oryza into 3 groups;
namely Sativa; Oﬁ‘icmalzs and the miscellaneous group, and subdivided the Sativa
group into 2 minor groups; ohe consisting of O. sativae, O. sativa var. spontanéa and
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and the other, of = O. glaberrima and O. breviligulata. The wmiscellaneous group

of Morishima and Oka canbe regarded as corresponding to the section Granulata
of the classification of Ghose et al, In this paper,. classification “of- Ghose et-al.:

1s followed strictly:

In the genus Oryza, the genome of O. sativa, O. minuta-and O. latifblid was

first investigated by Morinaga (1943) Recently, many more interspecific hYbfids

were obtained and the genomes. of some more species were identified and desig-

nated by different workers (Kihara and Nezu, 1960; R1chhar1a, 1960; Morinaga
and Kuriyama, 1960; Yeh and Henderson, 1960 Liet:al., 1961} - Their results
are given-in Table 1 and Table 2. '

With a view to re-examining the taxonomical relat10nsh1ps and genomic
constitutions of the more closely related species in the genus Oryza, the authors
made a number of interspecific crosses within the section Safiva Roschev. in
1960. This is a brief report on the cytological study of these hybrids.

Table 2. Genomic constitutions of the genus Oryza.

Sepecies 3 o M(;?giga Richharia He{ﬁi}:arizonf Li et al.

. 0. sativa o P AA B pEpe AjAg

O. sativa var, fatua ‘ <t R CALA;
O. sativa var. formosana. - S S e Ay Ay
.70, sativa. var. spontanea CAAL A :
O bdlunga L o S ‘ Ay
o perenmis N . V- pipt L
- O. perennis var. cubensis B : AA | —— AsA, : /
.. O. perennis var. ‘barthii . : o s L AgAy o
0. glaberrima » . AA | PP | EE

O. breviligulata S AR pipt EE
COustapfii S e EE
0. australiensis 0| Net AA e e

O. officinalis : cC .y
. 0. latifolia R CCDD | 0:0!0%0% -

O. paraguaiensis ' ol cepp |
 O.alta R - oo
- 0. ‘minuta Tl [~ BBCC | O'O'MIM! | -
- 0; eichingeri . ~ _ “BBCC | oo
- 0:. malampuzhiensis- - S S 01010808 ; o ,
- O. brachyantha. . . : T B ’ e e e R

Material and Methods
-“Nine spécies in'all ‘were used’ as ‘parents inthe hybridization (Table 3). “The cultiVated

species O. sativa var. Pai-mi-fen was provided locally. All other species were kindly fur-
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:mshed by Dr H I Oka of the Natlonal Instltute of Genetlcs, ]apan, to ‘whom the authors

Table 3 Some remarks on- the parent spec1es used in the hybrldlzatlon

<

‘_;:,,Accein, ,Ok,,a’s NO-‘:. o spedes ‘o | Sou,rcef

 — | O.sativaL var. Paimifen | 24 | Taiwan

. : i W106 k' ‘ saiiva' Var spantaheé Roscbev.' e ’ ‘k'k24"°'h,”;1nd1a "
w28 | O perenms Moench = 1 24 | India

Wo42 [ . bremlzgulata Chev et Roehr : ,j 1o | WAfrlca
W12 | O. oficinalis Wall e

' ""W0'45‘ i ."mmuta Presl, MLl e 48 PI Ll

r WO020. |- O. latifolia Desv. coliraAg| Guetemale o
t : WOS4Q Lo pamguazenszs Wedd sl e '48‘ ‘Paraguay .

~ 'W043, o 0. ezchmgerz Peter Sl ‘4,8? | Africa

Hybrldlzatlon was made 1n the same Way as in the prev1ous work done by the same
authors (i et al; 1961) i ‘ '

ce o-carmme squashes were used excluswely throughout the expenment

Cytology of the Hybrlds

Cytologlcal observatlons were made excluswely from the metaphase platesf =

:of,PMC’s The numbers of Varlous chromosome assoc1at10ns in‘ the hybrlds,"
:ktogether w1th their percentage of pollen fertility, are summarlzed m Tab' ‘
It should be not d here that phys1olog1cal barrlers causmg hybrld 1nv1ab111ty
’ r ‘Weak grouth d1d ex1st and they prevented the normal ¢ th or reproductlon '

zgulamx perenms showed shghﬁ 1rregu1ar1ty m chromosome behavxor
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and almost complete sterlhty of pollen (Table 4). However, since the frequency
of univalents at MI was very low it might be hard to assert  that they had
dlfferent genomes as far as the materials used in ‘this studies were concerned.

In the  hybrid 0. sativax breviligulata, almost all of the PMC’s showed
“niormal chromosome pairing (Fig. 1), though a certain number of cells were
found to have two univalents. In some extreme cases, however, univalents were
present in “higher frequency than were the bivalents. In one PMC, for 1nstance,
all 24 chromosomes were left as univalents and less condensed . (Fig. 2).  The
same was also found in the hybrid O. sativa var. spontaneaxlatifolia by the
-present authors and in 0. sativaXlatifolie by Hu (unpubl).  The reduced con-
densation of chromosomes and the failure of chromosome pairing might have
resulted from chance variation within-the cells, insofar as the majority of cells
from the same anther showed normal chromosome pairing and normal con-
densation. ' .

Two 51ster crosses of O. sativa var. spontaneax perennis were studled which
had the same: parent species but dlffered in the individuals used as parents in
hybrldlzatlon One had 12 blvalents in the PMC’s, while the other had a mean
number of 3.24 umvalents per PMC. = Since no difference in pollen fertility was
found in these two hybrids (Table 4), the presence of univalents in one: of

~them mlght be ascrlbed to genotyplc dlfference between the individuals within
the specxes, thus causmg the early separation of some bivalents.

2. Relationships of species in section Officinalis: :
~ As previously cited, O. officinalis had 24 chromosomes (Nandi, 1936), and
O. latifolia, O, paraguaiensis, O. minuta and O. eichingeri had 48 chromosomies
(Gotoh and Okura, 1933; Morinaga and Kuriyama, 1960; Moringa, 1934; Pathak,
f 1940). Accordlng to Morinaga and Kuriyama (1960), the genomes of  O. officinalis

were CC; those of O. latifolia and O. paraguaiensis, CCDD; and those of O.
mmuta and O. eichinigeri, BBCC (Table 2).

 In the present case of 'interspecific hybrids within the section Oﬁicmalzs,-
: only 0. paraguazenszsx oﬁicmalzs, 0. paraguazenszsxlatzfolza, -0. paraguaiensisx
mmuta and 0. mmutaxlatzfolza were stud1ed cytologlcally In the’ hybrld 0.
: paraguazenszsxoﬁicmalzs, 56 PMC’s were observed at ML. The mean number of
,blvalentys per PMC was 10.64, which was close to the haploid chromosome number
of 0. o[ﬁcz'nalis It was apparent that O. pamguazenszs, beinga tetraplmd had
“one officinalis genome in its. constxtutlon : :
In the hybrld 0. pamguazenszsxlatzfolm, most of the mlcrosporocytes had
2 bivalents. This result was in agreement with that of Morinaga and Kuriyama
. (1960), that is, O. pamguazenszs and Q. latifolia had genomes CCDD in common.
‘The mean numbers of bivalents per PMC at MI were 10.59 in O. paraguaiensis :
Xminuta and 11.30 izt O. minutaxlatifolia, respectively. This‘indicated that one
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of the #inuta genomes was in common with that of O. latifolia and O. paragnai- .

ensis (in- this case, genome C), insofar as these two species had the same
genomes. : )

3. Relationships between species of section Seative and those of section

- Officinlis: v : o ‘

-Morinaga and Kuriyama (1960) obtamed F; plant - of 0. sativa and
0. paraguaiensis but no cytological results thereof were reported in their article.
In the same type of hybrid obtained by the present authors, theré was an
almost entire absence of chromosqme pairing, which fect indicated . that the
genomes of O. paraguaiensis were different from those of O. sativa. This was
also the case with O. minuta and O. sativa. The same might be also true of
the relationships between O. sativa var. spontanea and  the three tetraploid
species of the section Officinalis, namely, O. paraguaiensis, O. latifolia and 0.
eichingeri. It was formerly known that O. sativa var. spbntanea had the same
genomes as O. satwa, i.e., A In two hybrids of O. sativa and O. latifolia,
however, the mean numbers of ‘bivalents per PMC were found to be 6.26 and
4:64, respectively, and 'in some of their  PMC’s, the number of bivalents  even
went up to a maximum of eleven, of which some were found to be of closed
type (see discussion).

In the hybrld O. spontaneax alta, chromosomes were found to be unpalred
at diakinesis and ML In some PMC’s many nucleolar-like droplets were detected
at diakinesis (Fig. 12), each be;ng usually attached to one-or more chromosomes.

The presence of those stainable droplets had been already suggested by Chen
(1961) to be due to an excessive production of. nucleolar substances.

Discussion

As previously pointed out by Ghose et-al. (1956), Richharia (1960), and Mori-

B shima and Oka (1960), the section Safiva Roschev. was by no means a homogeneous

one, and it could be further divided ‘into - two distinct sections, Sativa and
Officinalis. From cytogenetical studies of the interspecific hybrids, the Present
authors reached at the same conclusion as that of Ghose et al because almost

no chromosome pairing.was found in the hybrlds between the “section  Sativa
and the section Officialis.

However, in the hybrid of O. saz‘waxlatzfolm, as ‘many as eleven bivalents
are found at meiosis. Although intragenome association was found to exist in
the haplmds of O. sativa and O. glaberrimia (Hu, 1957, 1960), and autosyndesls
was offerred to explain the occassional formation of bivalents in some Oryza
hybrlds (Mormaga, 1943; Shama Rao and Seetharaman, 1757), some of the
bivalents observed in the hybrxd O. Satwax latifolia seem to arise from allosyn-
desis, i.e.;  pairing between chromoses of O. sativa and. O. latzfolza This type -
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of chromosome paring seems to be rather predominant in this hybrid: It'is

;speculated,therefore, that chromosomes of O. sativa are partially homologous

to those of O. latifolia. Based on the same assumption,ﬂ Kihara and Nezu (1960}

have-also suggested that O. wminuta has one modified sativa g’enome

Accordlng to Kihara and Nezu (1960); Morishima and Kurivama’ (1960) and

=R1chhar1a (1960) there ‘is 1o 1rregular1ty in chromosome palrmg in the mter-
specxﬁc hybnds W1th1n the section Sativa. They concluded that species within
thls section had normal homologous genomes.” On the other ‘hand, “Yeh "and
; Henderson (1960) have reported  that 1rregular1t1es in chromosome behavmr
are consxstently found in glaberrima- satwa hybrid at various stages of meloSIS,
and therefore E has been suggested to designate the genome of O. glaberrzma,
0., brevzlzgulata and O. stapﬁz In the present  study, the authors agree Wlth
Morxshlma and Oka (1960).that the section Sativa can be subd1v1ded into -two
minor groups; since the hybrlds within - the respective mmor groups ., have
 normal chromosome pairing and pollen fertility, while in hybr:ds between these
_minor _groups. chromosome behavxor is shghtly irregular and’ pollens are almost

completely sterile. ' ‘ G e

~ Summary

"During 196061, “the -authors obtained 20: interspeciﬁc hybrids within the
section “Sativa Roschevcz. From  cytogenetical studles of these hybrlds the
: (followmg conclusmns were drawn

1. In regard to genomic constltutlon of the genus Oryza, results from the
present study agreed quite well with those reported by Mormaga et -al. (1960)

d 2. The section Satwa Roschev seemed to be not a homogeneous one, and
1t could be divided into two distinct sections, Sativa and Officinalis. The former
was represented by those species havmg genome A, The latter consrsted of
,0 oﬁ‘iczcmalzs and its related tetraploid species havmg genomes C, BC or CD.

3. Concernmg the ‘absence or presence of umvalents at-MI and the pollen
fertlhty of the hYbI'ldS, the aforementloned sectlon Sativa could be subdivided
into two mmor groups one consrstmg of O. satwa O: sativa var. sjumtanea and
O perenms, the other of O glaberrima and 0. brevzlzgulata ‘ B

4. In 0. satwax latifolia, bivalents occurred in rather hlgh frequency Possr-
bly, the latzfolza parent used in this. experlment mxght have a modlﬁed satzva

genome, o
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Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Meiosis of the Hybrids

O. sativa x breviligulata. MI, show-
ing 1211,
O. sativa x breviligulata. MI, show-
ing 241

O. minuta x latifolia. MI, showing
81I+20 1L
Same as Fig. 3. Camera lucida
drawing.

O. sativa x paraguaiensis. MI,
showing 11I+34 L

Same as Fig. 5. Camera lucida
drawing.

O. sativa x latifolia.
10T1+16{ L.

MI, showing

Fig.

Fig.

Fig.
Fig.

Fig.

8.

9.

10.

12.

O. sativa x latifolia. Early Al ,show-
ing 8II+201.

O. paraguaiensis x sativa var. spon-
tanea. MI, showing 1 IV+11I+2
II+251.

O. sativa var. spontanea x eichingeri.
MI, showing 36 1.

O. sativa var. spontanea x alta. Di
akinesis, showing one nucleolus.
O. sativa var. spontaeax alta. Dia-
kinesis, showing many nucleolar-
like droplets, most of them are
attached to one or more chromo-
somes.





