BULL. BOT. SURV. INDIA
Vol, 4, Nos. 1-4 ; pp. 241-247, 1962

PACHYTENE ANALYSIS IN THE GENUS ORYZA

S. V. S. SHASTRY
Botanical Sub-Station, Pusa ; Division of Botany, Indian Agricultural Research Institute, New Delhi-12

ABSTRACT

s isin th « Oyvrais the
Pachytene analysis is in the genus Uryzais B0

most fruitful line of nnprnarvh to the elucidation of

€ Of approach to the elucigation of

¥ i species of this genus have more asymmetric karyotypes. The
cvolutlonﬁrY e Otb(l)%nisn agziﬁrf tli?xgtll)ls of the chromosomes in O, perennis var. barthii was shown to
cell to cell varia l1 condensation differences and hence the data on rc!ativc length§ can be employed
be due _tg ge%cration of the karyotype. Sterility in japonica-indica rice hybrids is largely due to
in the identi tca tural hybridity. Occurrence of 241 at metaphase I of the F, hybrid O. sativa x
chrom0§0rlr§e s t“iucc to desynapsis rather than lack of homology between the constituent genomes. The
0. qﬁéz(zg “0 is FuaX O. australiensis exhibits distinct timing imbalance in meiosis, the chromosomes
gf; (})lya;.lstral,’énj?slbeing carlier in condensation as well as migration. Pairing at pachytene is normal
O A 0 bersnnis var. balunga X O. perennis var. cubensis. The Fy hybrid O. sativa x O. perennis
i1 e g M A _

ayona

ibi hrnormalities in pairing at pachytene. The F, hybrid 0. sativa (4x) X O. perennis
f,:?lt};f;x,s;,:?::}aacxriqibite d a high frequency of frying-pan-shaped trivalents, indicating segmental

homology between the genomes of the parents.

Pachytene analysis in the genus Oryza Wwas
initiated by Yao, Henderson ajn(.ln]odpn.({958) fgr
demonstration of structural hybridity In INter-vaiic”
tal rice hybrids. Shastry, Ranga Rao and Misra
(1960) employed this method for karyomorphologi-
cal studies and indicated the potentialities of using
this technique for various problems. The cytolo-
gical studies in the past two years bore out the
expectations and indicated that the' g?nus“OQz.zﬁ f
eménently suited for pachy'fene anzzlysw. Lrl_wu:ui:
and unpublished data on rice Cytology obtained by
me and my collaborators at Indian Agricultural
Research Institute are discussed below:

1. Interspecific vériation in the karyofypes:
The karyotypes of O. australiensis Domin, 0.
perennis Moench., O. officinalis Dall., O. sativa var.
fatua Prain., O. stapfii Roschev., O. brevihgulata
Chev. et Roer., O. glaberrima Steud. and O. satizva
Linn. (sub sps. japonica and indica, Kato) were
investigated by pachytene analysis. The karyotej
O e species exhibit di ation nNo
ir} symmetry, but also in the appearance of the
bivalents at pachytene.

The pachytene bivalents of O. australiensis arc
highly "heterochromatic, darkly stained segments
alternating with lightly stained fibrillae, a feature
noted exclusively in this species (Shastry and Mohan
Rao, 1961). The bivalents of O. officinalis and O.
perenmis are not as heterochromatic as those of O.
australiensis, but rick :
and exhibit no chromomeric details. The bivalents
of 0. sativa, O. glaberrima, O. spontanea, O. stafil
and O. breviligulata are seriated by several
Micro- and macro-chromomeres all along their
length, interrupted by darkly stained segments in
some places (Shastry and Mohan Rao, 1661,
Gopakumar and Shastry, In press, Sham}a and
Shastry in press) The appearance of bivalents
itself suggests a parallel evolution of O. perennis

and O. officinalis from stocks resembling O. aus-
31

traliensis and this view is further supported by the

meiotic studies of the F, hybrids to be discussed
later.

It is well known that in several plant genera,
primitive taxa are characterized by symmetric
karyotypes, Two criteria-predominance of isobra-
chial chromosomes and limited variation in length
of the chromosomes—are employed as a measure of
symmetry. Employing these criteria, Stebbins
(1958) suggested 12 groups within which the karyo-
typic diversities can be expressed. According to his
classification, the karyotypes belonging to the group
1a are most symmetric while those belonging to 4¢
are most asymmetric. The karyotypic data of the
Oryza sp. so far secured are presented in Table 1,
following the method adopted by Stebbins. It
would be obvious that O. perennis var. barthii and
O. perennis from Assam are included in the group
1b while O. perennis var. balunga in the group 2b.
The inclusion of O. perennis var. balunga in group
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ratio less than o.5. The analysis of more forms of
balunga will help to decide whether this belongs to
a distinct group or whether other forms will be
included in group 1b. In any case, the forms of O.
perennis have the most symmetric karyotypes in
the genus which supports the concept that this

species is one of the most primitive members (Das

and Shastry, in press).

The group 2b is most frequent, being represented
by O. sativa var. fatua, O. australiensis, O. perennis
var. balunga, O. officinalis, O. stafii and O. sativa
sub. sp. indica. A single variety of O. glaberrima is
included in group 3b while another of O. sativa
sub. sp. japonica (Norin 6) is included in the group

A A ceneral conclicion mav tharafare ha atifhiad
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that the cultivated species of Oryza have more asym-

metric karyotypes than the” vwil‘dvspe.éies. The
apparent diversity between the subspecies, indica and
japonica, remains to be verified by the study of a
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larger number of varieties. It is quite likely, how-
ever, that the large spectrum of morphological
variability evident in O. sativa might well be
reflected in karyotypes as well.

Comparison of karyotypic data secured by pachy-
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stages of condensation from early to late pachytene.
When the absolute lengths of individual chromo-
somes are ranked in descending order, comparable
chromosomes exhibit discordant lengths. When the
relative lengths are compared, the individual chro-

tene analys1s with that secured by the analysis of

somatic metaphases reveals some interesting points.
The size variation between the extreme members of
the complement is in general agreement. The
observation of Mitsukuri et al (1958) that O. perennis
has more median and O. sativa has more submedian
and subtelocentric chromosomes is confirmed. The
valuable additional data from pachytene analysis
are regarding the linear differentiation of the chro-
mosomes f(eu- and heterochromatic seoments) and

a22OSQIIICS allC JCICIOLATIALIC SLRa=eaats)

the detection of minor differences in arm ratios—
both of which are undetectable by metaphase ana-
lysis. Hu (1958, 1960 a and b) studied the iaryotypes
of O. sativa and O. glaberrima at somatic metaphase
and of O. granulata at pachytene and concluded
that general relations in homologies are probably
maintained in these species, since he observed great
agreement in the individual chromosomes of these
species. This conclusion is, however, open to ques-
tion since the data on O. sative and O.glaberrima are
.secured by somatic metaphases where minor differ-
ences are undetectable and the analysis of O. gra-
nulata appears to have been undertaken with
PMCs at late pachytene (as evident from his ph'oto-
graphs). The present study reveals wide verietal
differences in arm ratios, although the relative values
of the chromosomes might be in agreement. T'his

1
cmriratl mi miie +ha A £ Asratinn
1UlL u.

observation points out tne neea
of methods of analysis.

2. Evaluation of the pachytene analysis for karyo-
typic studies: Karyotypic studies involve the mea-
surement of lengths of total chromatin, of the
individual chromosomes and of the arms. Since the
chromosomes are coiled at all stages of cell cycle and
the degree of coiling might be subject to variation
from cell to cell because of intrinsic differences as
well as due to the differential effect of the fixation
and staining, absolute lengths of the chromosomes
have limited value unless checked by an independent
method of approach such as DNA estimation by
microspectrophotometry. To obviate or minimize
the cell to cell variation in condensation of the cro-
mosomes, Tjio and Hagberg (1g951) introduced
“relative value”, which is the percentage of the length
of individual chromosomes to the total chromatin
length. The relative values have their own limita-
tion, since they minimize the general condensation
differences but not differential condensation differ-
ences, if the latter were to exist. )

The relative values of individual chromosomes
were studied in 19 PMCs of O. perennis var. barthu
wherein the full complement was analysed in each
cell (Shastry and Das, unpub.). In these PMCs, the
total chromatin length varied from 208.5 to 350.0 u
and hence the PMCs analysed’ represent various

tand
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mosomes of the complement are identifiable and
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their relaiive lengths are comparable. To test
whether the cell to cell variation is due to general
or differential condensation differences between
the cells, correlations between the absolute lengths
of the chromosome and the total chromatin lengths
of the cell from which the data on length of the
chromosome were taken were calculated. It was

observed that the 12 correlations so obtained were
not onlv highlv Ria’n;ﬁranf’ but amoneo them the 'r’
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values were homogeneous. This observation will
indicate that cell to cell variation in total lengths is
due to general condensation differences and hence
the comparison of the karyotypes by relative lengths

is valid. Amnalysis of the same data by X? confirmed
this conclusion (Pershad, Shastry & Das, in press).
3. Chromosome pairing at pachytene in species of
Oryza: One of the basic tenets of the theory of
meiosis is that homology is a prerequisite for synapsis
and that the former 1s the property ot chromosomatl
segments rather than of whole chromosomes or
genomes. Failure of pairing between homologous
chromosomes or segments, and pairing between non-
homologous chromosomes or segments is the result
of superimposed factors which obliterate the general
tendencies of attraction between strictly homologous

sites on the chromosomes. With the above reserva-

.

tions, any deviation from the mnormal pairing at
pachytene may therefore be attributed to structural
hybridity. Further, homozygosity for genes as well
as chromosomal segments is a rule in self-fertilized
plants and hence most of the species of Oryza are
expected to exhibit normal pairing at pachytene,
This is what was observed in O. sativa, O. glaberrima,
O. perennis (var. balunga and collection from Assam),
O. officinalis (Bangkok) and O. australiensis,

The pairing at pachytene in different forms of
sativa var. fatua, however, was highly abnormal
(Gopakumar and Shastry, in press). Extensive
differential segments were noted in the entire com-
plement of this species. Some of the bivalents were
heteromorphic and some regions were loosely paired.
The high degree of pairing abnormalities in O. sativa
var. fatua might be cited as evidence for hybrid origin
of these forms as postulated by Sampath and Rao
(1951), although it is not possible to exclude the
possibility of their origin as a result of high fre-
quency of out-pollination in a stable pure species.
The wide difference in symmetry between the
karyotypes of O. sativa and O. perennis and the
intermediate position of O. sativa var. fatua in this
respect might well be interpreted either in favour
of hybrid origin of the last species or in the sequence
of origin of O. perennis—>O. sativa var. fatua—>
O. sativa, Sampath and Govindaswamy (1958)



1962}

considered the latter possibility at least for some
forms of cultivated rices from Jeypore (Orissa).

A new form of abnormality was recorded in the
pachytene bivalents of O. perennis var. barthii. In
the entire complement, several segments were
observed wherein the constituent chromosomes are
not relationally coiled but paired side tols'ide.ﬁ
This may be considered as a form of loose pairing,
but is different from the segments with hazy out-
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recorded in several PMCs of the other 3 hybrids as
well, although at a lower frequency. The rarity of
inversion loops at pachytene, in the hybrids studied,
indicates that mechanism of genetic differentiation
between these sub-species is to be sought in other
structural changes. While heterozygosity for in-
version will lead to sterility only following a cross
over within the inverted segment, the translocation
heterozygosity can lead to sterility, irrespectively of

lines observed by Shastry and Misra (1961b) in
japonica-indica rice hybrids.  These segments
probably represent reglons which are not strictly

homologous but which have a tendency for secon-

darv acenciatinn and hanca when ciich seoments are
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flanked by fully homologous ones, the pairing of
the type ~observed is expected. This structural
h}’bridity is most probably related to thf: Cross
pollinatéd habit of this species. Diakinesis and
metaphase I stages, exhibited great reduction in
chiasma frequency in this species. Sever 1
species have lower chiasma frequency in comparison
to the related self-pollinated species (Grant, 1958)
and hence the observed structural hybridity and
r_educed chiasma frequency might beT at'tnbut‘e'd t(i
the breeding system of this species. It 18 pertnent
to refer the ohservations of Richharia (1960) that
O. perennis var. barthii is semi-sterile under open
pollinated conditions and that seed sctting was nil
when bagged and of Sampath (1961) who suggested
that this species may even be self-sterile. ) .
4. Chromosomal sterility in japonica-indica rice
hybrids: The existing controversies regardlng the
causes for sterility in japonica-indica rice hybrids
are evident from the works of Mello-Sampayo (1952),
Sampath and Mohanty (1954), Yao et al (1958),

Samnath finea) and Henderson, Fxner and Jodon
mipain {(1959), ana nlnGerson, suasiss J

(1959). All the above workers postulated chromo-
somal causes—inversions, translocations, and C_IX’pUC
structural hybridity while, Oka (1957) const erqd
that the causes for sterility are due to gamctic
development and duplicate fertility genes. .Erratlc in-
heritance for sterility in these hybrids, rarity qf some
recombinant types, disturbances in genetic ratios are
all interpreted' as due to genic causes by Ok{l (1957)-

his controversy is largely because of ad'hcrence to
observed normal pairing at metaphase I, inadequate
proof of anaphase bridges as a result of heterozy-
gosity for inversions and cursory cytological analysis
at pachytene. Some of the hybrids were therefore
investigated at diplotene and pachytene stages by
Shastry and Misra (1961a and b) whose results are
discussed below. .

At diplotene, in a low percentage of cells, quad.rl-
valents were observed in 2 of the 4 F, hybrlds
studied. At pachytene, 10 out of the 12 bivalents
in one F, hybrid, T-21 (India) x A-18 _(]apa_n),
exhibited one or more of the abnormalities w1z.,

| PO 1o 1t ey waverced reneats and
1UUSC Pdlllllg, nClCrUlllUlPllleL s FCVEISCG ISPt a
differential coomeaentc Qimilar n)__ormahtles were
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whether a quardrivalent 1s formed or not, by the
independent assortment of the chromosomes result-
ing in duplication-deficicncies in the gametes. On
this basis, the above authors hypothesized that most
of the differential segments represent cases of small
reciprocal translocations. Venkataswamy (1957) and
Sampath (1959) considered the role of transloca-
tions in the differentiation of these sub-species, but
heir views were not supported by adequate cytolo-
gical evidence.

Qtorility in 1 1
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tions, suppression of some recombinant types,
sporadic occurrence of chlorophyll deficient (albina)
plants in F, to F, generations, viable ‘mutations’
such as—‘narrow leaf’ "dwarf-sterile’ and ‘long glume’
~—can all be re-interpreted in the light of the cyto-
logical data secured from pachytene analysis. G. D.
genes of Oka might indeed represent the homologous
segments located on non-homologous chromosomes.
Erratic inheritance for sterility might be related to
the frequency of occurrence of crossing over between
the centromeres and differential segments. Chloro-
phyll and viable mutations may be due to haplo-
viable deletions resulting from crossing over in a
structural hybrid. In the light of high degree of
chromoesomal differentiation, as evidenced from the
present tusdy, it is superfluous to postulate purely
genic models in accounting for sterility. Evolution-
ary diversification between the sub-species—japonica
and indica may therefore be considered to have been
achieved largely by small (equal or unequal) recipro-
cal translocations.

5. Desynapsis  vs. differentiation ¢
Pionecring work on the genome analysis in Oryza
was done by Morinaga and his collaborators. In this
study as well as in other crop plants, only data from:
metaphase pairing were available. At the diploid
level, the pairing in the F, hybrid, O. sativa x 0.
officinalis was minimal (24I in majority of PMUCs)
which led to the designation of different genome
symbols for the chromosome complements of these
two species (Morinaga, 1959 and Richharia, 1960).
When this hybrid was reinvestigated by Shastry,
Sharma and Rao (1960, 1961) they observed that the
anaphase disjunction was exceedingly normal (59%,
PMCs), an observation which is least expected in an
intergenomic hybrid with total asynapsis. This
hytrid was, therefore, reinvestigated for pachytene,
diplotene, diakinesis and metaphase I stages. The
data on metaphase I secured from 148 PMCs werd

Genomic
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in accord with those of earlier workers (Ramanujam,
1937 ; Gopalakrishnan, 1959), but good congression
on equitorial plate was noted in some PMCs. At
diakinesis, likewise, considerable pairing was observ-
ed. Complete pairing was observed in several PMCs
at pachytene.

Complete pairing at pachytene, variable pairing at
later stages of prophase and complete univalent tor-

. 13
mation at metanhaca T indicata that tha maine fanaa
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for apparent non-pairing at metaphase I is desynapsis
rather than lack of homology. This interpretation of
meiosis in the hybrid has tar reaching implications
on (a) the subdivision of the section, Sativa of
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the chromosome complement of O. australiensis is
advanced in comparison to that of O. sativa. Al-
though no true allosyndetic bivalents were observed
in this hybrid, this may be either due to lack of
homology between these genomes or due to timing
imbalance preventing the pairing between homolo-

gous chromosomes.

Richharia’s (1960) inference of hybrid origin of
O. australiensis and the inclusion of this species in
an intermediate position between the sections,
Sativa and Officinalis is based upon the meiotic
data of Gopalakrishnan (1959) that a maximum of

vy

4 and 8 bivalents are formed in the F, hybrids, O.

— Roschevicz (1931) into two. sections, Sativa and

Officinalis (Ghose et all, 1956 ; Richharia, 1960), (b)
on the genomic symbolization of the species, O.
sativa and O. officinalis and (c) on the role of O.
officinalis in the origin of cultivated rices which
was excluded largely on the basis of non-pairing in

the F, hybrid, O. sativa x O. officinalis.” Since O.

sativa x O. officinalis and O. sativa x O. australienss.
Neither of the observations of Gopalakrishnan are
confirmed. The intermediate morphological appear-
ance of O. australiensis may therefore be reinter-
preted to suggest that O. australiensis represents an
isolate from preSativa and pre-Officinalis stock.
Restricted distribution of O. australiensis (to Aus-

and O. officinalis are sympatric species, desynapsié
in the hybrid might have served as an effective iso-
lation barrier, thereby channelizing divergent
evolution between these species and their descen~

dents.
. 6. Timing imbalance in the F, hybrid, O.

tralia) renders such a possibility very likely. Further
proof for this view, however, can be secured only

furnrn tha atvvdo AfF T hoheide N Aovomwmice o )
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australiensis and O. officinalis x O. australiensis,
which are heing attempted.

7. Genetic differentiation between O. perennis
and O. sativa: Normal pairing in the F, hybrid

— sativa x O, australienslst The karyotypic studies

of O. sativa and O. australiensis described earlier,
indicated that the pachytene bivalents of the latter
species are heterocgromatic. In this context, the
data of Gogalakrishnan (195921 that this hybrid
exhibited 8 bivalents at metaphase I and the con-
slusion ,0f Gopalakrishnan (1959) and Richharia
(1960) that O. ausiraliensis originated by hybridiza-
tion between the members of the sections, Sativa
and Officinalis seemed unlikely. This hybrid was
therefore reinvestigated by Shastry and Ranga Rao
(1961), whose results are discussed below.

"~ The meiotic data on the F, hyrid O. sativa x
O. australiensis was secured by the analysis of
pachytene, diplotene, diaknesis and metaphase I
stages. At pachytene, unpaired threads which were
interpreted to be univalents were observed. At
diplotene, only 12 univalents were observed which
were interpreted to belong to O. australiensis. At
diaknesis, the number of visible univalents varied
from cell to cell and those of O. australiensis are
cleatly identifiable from those of O. sativa by their
larger size and darker staining. The distinction
between metaphase I and anaphase I stages was not
clear due to high frequency of univalents. In
PMCs at meta-anaphase I, true bivalents were only
those of O. sativa, which were autosyndetic. The
inter-genomic pairing (allosyndesis) is exclusivey in
the form of non-chiasmatic, end-to-end, pseudobi-
valents which ranged from o per PMC. Further,
the univalents of O. australiensis migrated to poles
earlier than those of O. sativa. The above data
thus indicate that,.in this hybrid, meiotic cycle of

O. sativa x O. perenmis observed by Madhavan
Nayar (1958) and Gopalakrishnan (1g59) led to the
conclusion that chromosome complements of these
species belong to the same genome (P, Richharia,
19g60). The only chromosomal difference
indicated by the above workers is the
occurrence of a single quadrivalent in 20-30

er cent of the PMCs at metaphase 1. A.

ybrid between O. sativa x O. perennis (from
Madhya Pradesh) was analysed at pachytene for a
detailed study of chromosomal differentiation be-
tween these species (Shastry and Misra, unpublish-
ed) and the results are reported below:

The pairing at pachytene in the F, hybrid
O. sativa x O. perennis was highly abnormal.
Differential segments, unequal terminal regions,
loosely paired regions and reversed repeats were
observed in all the 12 bivalents of this hybrid.
Although pairing occurs between all the chromo-
somes of the one species with all the chromosomes
of the other species, the homologous regions are

Vandend aira LSS PR atawn

iiimitéa in SsiZe, Even at dx 10LENS, the hcu:xu-
morphicity of the nucleolar bivalent was clearly
analyzable. As was observed in the inter-varietal
rice hybrids, the inversion loops are rare in this
hybrid as well. The differential segments might
therefore owe their origin to small reciprocal trans-
locations. Structural differentiation between the
chromosome complements of these species is as
wide as expected from the distinct morphological
differences.

The analysis of mejosis in the triploid F, hybrid,
O. sativa (4x)x O. perennis var. longistaminaia (2x)
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f chromosomal differentia-
a T ions between the chromo-
plements of these species.
data on this hybrid were not from pachytene, they
are reported here as supporting evidence. One
hundred and sixteen PMCs at metaphase 1
were  analysed  which exhibited o2 VIs,
o1 Vs, oz IVs and 2-12 IIIs per. PMG,
in addition to bivalents and univalents. The
occurrence of full complement of trlvalent:% con-
firms that the genomes of the parental' specics are
homologous. The shapes of the associations gave
a significant picture of importance. Since the
- hybrid is composed of two identical genomes of
O. sativa and one of O. perennis var. longisiami-
nata, if the chromosome complements of .thc.sc
species are completely homologqus, thg triploid
must behave like an autotriploid. It is e\(ldept
from the analysis of Upcott (1935), in autotriploid
tomato, that random pairing between three chromo-
somes usually leads to a chain configuration. LVYntB
"Structural hybridity, howeve1r, Ltl?is re1§t1onfxl 1:
bound to change. In the hybrid under study, 2
maximum of 10 frying-pan-shaped trivalents were

observed.

Sy, e

The frying-pan-shaped trivalents are interpreted
to originate trom preferennal pairing of Safwa
Al s ae aemd  emiend kot hichlv Igca_hzcd
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0. perennis var. longistaminata with those of
O. sativa. Ringshaped trivalents, indicating secon-
dary trisomic condition for some chromosome scg-
ments were observed in 20 per sent of the PMCs.
The' quadrivalents were mostly ring shaped which
represent autosyndetic pairing between the chromo-
somes of O. sativa. An exceptional shape,
(“<>—) of quadrivalent confirms the hypothesis

on structural . hybridity leading o the . origin of

flyulg~ 3 7D > . Dumb-bell shaned
{>—_") penta-valents  were observed in some
MCs and this shape is indicative of tertiary trix

STt

somic condition.

Structural hybridity revealed by the mctaph.ase
analysis of the allotriploid reveals the following
conclusions :

(1y In general, the genomes of O. perenmis var.
longistaminata. and O. sativa exhibit seg-
mental homology. )

(2) Autosyndetic pairing is more prevalent in
O. sativa than in Q. perennis var. longisiami-
nata. ] )

(3) The chromosomes of O. sativa are differen-
tiated from those of O. perennis var. longi-
staminata by a series' of reciprocal trans-
locations affecting fairly large size and some
of these might be duplicative translocations.

and (4) Normal bivalent formation at diploid level
is misleading as far as genetic differentiation
is concerned.

8. Inter-varietal genétic differentiation in O. per-
ennis: Studies on genetic differentiation between
different taxonomic varieties of O. perennis assume
special significance for the evaluation of the hy}l)o-
theses on mono- and polyphgletic origin of culti-
vated rices. Inclusion ot O. barthu, O. longi
staminata and O. cubensis which were described as
distinct species by different workers into one taxo-
riomic species, O. perennis Moench. (Chatterjee,
1948, Sampath and Rao, 1951 and Richharia, 1960)
will be justified only when it is conclusively demon-
strated that genetic (not morphological) = differen-
tiation between them is not considerable. As a
preliminary study of this Eroblem, the karyotypic
studies of O. perennis var. balunga, O. perenms var.
barthii and a collection of O. perennis from Assam
were undertaken which indicated that these forms
are comparable if not identical in their karyotypes.
The next step was to study the meiosis in the
hybrids involving these different varieties and the
data from pachytene analysis on a single hzbrid,

N hovomase wow halisos o ) hovosan. waw pirhamerc

LV N tID'V’l’le Yal. Uui“llslﬂh e !}DI CIIIS: vdl, YVAHULILOW

are available (Shastry and Misra, unpublished).
The pairing at pachytene in the F, hybnd,

O. perennis var. balungax O. perennis var. cubensis
is complete. Some abnormalities in the shapes of
nucleoli were observed, but their significance is not
clear, The pachytene bivalents in several regions,
however, exhibited regions which are paired side-

taocide with na  ralats
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1al coiling, Since similar
observations were made in O. perennis var. barthis,
accompanied by a great reduction in chiasma fre-
quency, it was interpreted that these loosely paired
regions represent structural hybridity. Pairing of
this type was also observed at pachytene in haploid
Antirrmnum (Rieger, 1957). The study of meiosis
in the F, hybrid, O. perennis var. balungax
O. perennis var. cubensis justifies the inclusion of
both the parents in one species.

5l ; E A J i iy RCNUS
Oryza: The present study indicates that O. ausira-
liensis orieinated from onre-Sativa and nre.Officinalis

1sis originated from preSativa and pre-Officinalis

stock which might have given rise to 3 forms--
O. australiensis, retaining most of the primitive
characters and O. perennis and O. officinalis with
only some. This differentiation would have in-
volved, chromosomally, the loss of several hetero-
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cnromatic segmenis ana morpaociogicauy, <nanmneil
of a complex of characters—{lax panicles
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—long  grain—long anthers—solitary  panicle
branches) in O. perennis and (lax panicles—small
grain—small anthers—whorling of panicle branches)
in O, officinglis. The relationship of O. granulata
and other members of the section Granulata in the
phylesis cannot yet be determined since no hybrids
involving this- section are studied. Within che
section Sativa, the present evidence strongly sup-.
ports that different varieties of O. perennis consti-
tute the most primitive membeis.

The origin and evolutionary diversification of

Ao ands s manenbhAlaniaa

nrnalll




246 BULLETIN OF THE BOTANICAL SURVEY OF INDIA

diploid species of the section Sativa is probably
traceable to O. perennis. Even so, whether the
cultivated ices, O ativa_and_ 0. golabe Ma._ are
derived directly from O. perenmis or through
another species or complex, bearing resemblance to
O. sativa var. fatua cannot yet be decided with cer-
tainty. lhe evolutionary —diversification between
0. sativg and O. perennis is due to several equal or

unequal, duplicative and reciprocal translocations
and as a con
the primitiv‘ characters—laxity of the panicle,
rhizomatous stem, perennating habit and shatter-
ing are probably lost. The genetic differentiation
between O. sativa and O. glaberrima is not yet
critically investigated, although, from the data on
sterility in several of these interspecific hybrids, it
might be expected that several chromosome struc-
tural changes differentiate these species as well.
The different, geographically separated, taxonomic
varieties of O. perennis are also differentiated by
chromosome structural changes. The genetic dif-
ferentiation between the sub-species of O. safiva
covers a broad spectrum—some inter-varietal hy-
brids exhibiting low sterility and low chromosome
structural changes while others, high sterility and
high chromosome structural changes. Chromo-
some structural changes, therefore, seems to have
played significant role in the differentiation of these
sub-species although differentiation of some charac-
ters might be due to point mutations. .
Mechanisms of reproductive isolation appear to
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, the chromosome structural hybrid offe
severe restriction on the recombination. At the
level of intersectional hybrids, desynapsis seems to
play an important role as between O. sativa and
O. officinalis, Still a different mechanism is by the
timing imbalance in the meiosis, whereby the con-
stituent genomes of the interspecific hybrid,
O. sativa x O. australiensis remain unpaired.

The present study cautions against hasty conclu-
sions on the origin of a species or relationships
between different taxa—all of which are better
understood when meiotic data on all the possible
hybrids are available from the most dependable

techniques of analysis.
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TaBLE I
Classification according to Stebbins (1958) of Karvotyhic asymmetry
v S 7 \ I yoe asymmelry
in Oryza Sp.
Ratio Proportion of chromosomes with arm ratio 2 : 1
Larges|
smallest 0.00 0.01-0.50 0.51-0.99 1.00
2.1 la 2a 3a 4a
2:1-4:1 1b 2b 3b 4b
O. perennis  O. perennis var. 0. glaberrima —_
(Assam) balunga
0. sativa var,
fatua
O. perennisvar.  O. australiensis
barthii 0. stapfii
0. sativa (Indica)
4:1 lc 2c 3c 4c
0. sativa
(japonica)
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