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A B S T R A C T  

Pachytene analysis is in the genus Oryza is the most fruitful line of approach to the elucidation of 
evolutionary problems. Cultivated species of this genus have more asymmetric karyotypes. The 
cell to cell variation in absolute lengths of the chromosomes in 0. pcrennis var. barthii was shown to 
be due to general condensation differences and he?ce.the data on relative lengths can be employed 
in the identification of the karyotype. Sterility In labonica-tndtca rice hybrids is largely due to 
chromosome structural hybridity. Occurrence or 241 at metaphase I of the F, hybrid 0. sativa x 
0 &inaljs is due to desynapsis rather than lack of hqmology between the constituent genomes. The 
F; hybrid 0. s a l i o a ~  0. australiensis exhibits distinct tlmlng imbalance in meiosis, the chromosomes 
of 0. austral*is being earlier in condensation as well as mlgratlon. Pairin at pachytenc is normal , the hybrid 0. perennir "a'. balunga Y 0. perennis var. cubensis. The F1 hy&rid 0. satiw x 0. firnrnis 

several abnormalities in pairing at pachytene. The F1 hybr~d 0. sativa (4x) x 0. firennis 
longislaminata exhibited a high frequency of fr~mg-pan-shaped trivalents, indicating segmental 

homology between the genomes of the parents* 

Pachytene analysis in the genus Oryza was 
initiated by Yao, Henderson and Jodon (1958) fpr 
demonstration of structural hybridity in inter-vane- 
tal rice hybrids. Shastry, Ranga Rao and Misra 
(1960) employed this method for karyomorphol?gi- 
cal studies and indicated the potentialities of 
this technique for various ~roblems. The cytolo- 
gical studies in the past two years bore out t h ~  
expectations and indicated that the genus Oryza is 
eminently suited for ~achytene analysis. Published 
and unpublished data on rice cytology obtained by 
me and my collaborators at Indian Agricultural 
Research Institute are discussed below : 
1, Interspecific vslriation in the kWoQPes : 

The karyotypes of 0. australiensis Domin., 0. 
peren1l.i~ Moench., 0. oficinalis Dall., 0. sativa var. 
ffftua Prain., 0. stapfii Roschev., 0 .  breviligulata 
Chev. et Roer., 0 .  glaberrima Steud. and 0. satiba 
Linn. (sub sps. japonica and indica, Kato) were 
investigated by ~achytene analysis. The karyotypes 
?f these species exhibit distinct variation not only 

symmetry, but also in the appearance of tha 
bivalents at pachytene. 

The pachytene bivalents of 0. australiensis are 
highly heterochromatic, darkly stained segments 
alternating with lightly stained fibrillae, a feature 
noted exclusively in this species (Shastry and Mohan 
Rae, 1961). The bivalents of 0 .  officinalis and 
Perennis are not as heterochrcrmatic as those of 0 .  
australiensis, but are thicker than those of 0. satzva 
and exhibit no chromomeric details. The bivalents 
of 0. sativa, 0. glaberrima, 0. spontanea, 0. stafiz 
and 0, b ~ e v i l i g u ~  are seriated by several 
micro- and macro-chromomeres all along their 
length, interrupted by darkly stained segments in 
some places (Shastry and Mohan Rae, 19611 
Gopakumar and Shastry, in press, Sharma and 
%astry in press.) The appearance of bivalents 
itself suggests a parallel evolution of 0 .  fierennis 
and 0. ofiinalis from stocks resembling 0. am- 

traliensis and this view is further supported by the 
meiotic studies of the F, hybrids ,to be discussed 
later. 

I t  is well known that in several plant genera, 
primitive taxa are characterized by symmetric 
karyotypes. Two criteria-predominance of isobra- 
chial chromosomes ancl 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 kar o- 
typic diversities can be expressed. According to Kis 
classification, the karyotypes belonging to the group 
Ia are most symmetric while those belonging to 4c 
are most asymmetric. The karyotypic data of the 
Oryza sp. so far secured are presented in Table I ,  

following the method adopted by Stebbins. It 
wouId be obvious that 0. perennis var. barthii and 
0 .  perennis from Assam are included in the group 
~b while 0 .  perennis var. balunga in the group 2b. 
The inclusion of 0 .  pcrennis var. balunga in group 
2b is due to single chromosome which had an arm 
ratio less than 0.5. The analysis of more forms of 
balzcnga will help to decide whether this belongs to 
a distinct group or whether other forms will be 
included in group rb. In any case, the forms of 0. 
peren~zis 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 ab is most frequent, being represented 
by 0. sativa var. fatua, 0. australiensis, 0. perennis 
var. balunp, 0 .  oficinalis, 0 .  stafii and 0. sativa 
sub. sp. indicta. A single variety of 0. glaberrima is 
included in group 3b whiIe another of 0. sativa 
sub. sp, japonica (Norin 6) is included in the group 
3c. A general conclusion nlay therefore be justified 
that the cuItivated species of Oryza have more asym- 
metric karyotypes than the wild species. The 
apparent diversity between the subspecies, indica and 
juponica, 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 0 .  sativa might well be 
reflected in karyotypes as well. 

Comparison of karyotypic data secured by pachy- 
tene analysis 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 a1 (1958) that 0. perennzs 
has more median and 0. 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 (eu- and heterochromatic segments) and 
the detection of minor differences in arm ratios- 
both of which are undetectable by meta hase ana- II lysis. Hu  ( I  958, I 960 a and b) studied the aryotypes 
of 0. sativa and 0. glaberrima at somatic metaphase 
and of 0. granulata at pachytene and concluded 
that genera1 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 0 .  sativa and 0.glaberrima are 

. secured by somatic metaphases where minor differ- 
ences are undetectable and the analysis of 0. gra- 
nulata appears to have been undertaken with 
PMCs at late pachytene (as evident from his photo- 
graphs). The present study reveals wide verietal 
differences in arm ratios, although the relative values 
of the chromosomes might be in agreement. This 
observation points out the need for standardization; 
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 
chronlosomes 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 lenqths of the chromosomes 
have limited value unless checked by an independenr 
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 (1951) introduced 
"relative value", which is the petcentage 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 s td ied  in 19 PMCs of 0 .  perennis var. barthii 
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 p, 
and hence the PMCs analysed' repreaent various 

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- 
.mosomes of the complement are identifiable and' 
their relative lengths are comparable. To test 
whether the cell to cell variation is due to general 
or differential conciensation 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 thc 12 corrclations so obtained were! 
not only highly significant, but among them the 'r' 
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. Analysis of the same data by X2 confirmed 
this conclusion (Pershad, Shastry & Das, in press). 

3. Chromosome pairing at pachytene in speciee of 
Oryza: One of the basic tenets of the theory of 
meiosis is that homology is a prerequisite for synapsis 
and that the former is the property of chromosomal 
segments rather than of whole chromosomes or 
geaomes. Failur,e of pairing between homologous 
chroinosomes 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 normal 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 0 .  sativa, 0. glaberrzma, 
0. perennis (var. balunga and collection from Assam), 
0 .  ofiincrlis (Bangkok) and 0 .  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 0 .  sativa 
var. fatua might be cited as evidence for hybrid origin 
of these forms as postulated by Sampath and Rao 
(rgg~), although i t  is .not possible to exclude the 
possibility of their origin as a result of high fre- 
quency of out-pollination ih a stable pure species. 
The wide difference in symmetry between the: 
karyotypes of 0 .  sativa and 0. perennis and the 
intermediate position of 0. 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 0 .  perennis+O. sativa var. f a t u e  
0, sativa. Sampath and Govindaswamy (1958) 
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considered the latter possibility at  least for some 
forW of cultivated rices from Jeypore (Orissa). 

A new form of abnormality was recorded in the 
pachytene bivalents of 0. perennis var. hartkii. In 
the entire compIemen~, several segments were 
observed wherein the constituent chromosomes are 
not relationally coiled hut paired side to side.\ 
This may be considered as a form of loose pairing, \ 

but is different from the segments with hazy out- 
lilies observed by Shastry and Misra (1961b) in 
ja~onica-zndica rice hybrids. These segments 
probably represent reg:ons which are not strictly 
homologous but which have a tendency for secon- 
dary association and hence when such segments are 
flanked by fully homologous ones, the pairing of 
the type observed is expected. This structural 
hybridity is most h rob ably related to the cross 
pollinated hahit of this species. Diakinesis and 
metaphase I stages, great reduction in 
chiasma frequency in this species. Several cases 
are known in literature where the cross pollinated 
species have lower chiasma frequency in comparison 
to the related. self-pollinated species (Grant, 1958) 
and hence the observed structura! hybridity and 
reduced chiasma frequency might be attributed to 
the breeding system of this species. It  is pertinent 
to refer the observations of Richharia (1960) that 
0. perennis var. harthii is semi-sterile under open 
pollinated conditions and that seed setting was nll 
when bagged and of Sarnpath (1~61) who suggested 
that this species may even be self-sterile. 

4. Chromosomal sterility in japonica-indica rice 
h ~ b ~ d s  : 'The existing colltroversies regarding the 
causes for sterility in jafionica-irzdica rice hybrids 
are evident fruln the works of Mello-Sampayo (19.52)~ 
Salnpath and Mohanty (1954), Yao et 01 (19.58)~ 
Sampath ( ~ g g ~ ) ,  and Henderson, Exner and Jodon 
(1959). All the above workers postulated chroma- 
Sonla1 causes-inversions, translocations, and cryptic 
Structural hybridity while, Oka (1957) collsldered 
that the causes for sterility are due to gametic 
development and duplicate fertility genes. Erratic in- 
heritance for sterility in these hybrids, rarity of some 
recombinant types, disturbances in genetic ratios are 
all interpreted as due to genic causes by Oka (1957). 
This controversy is largely because of adherence to 
observed normal pairing at metaphase I, inadequate 
proof of anaphase bridges as a reslllt of heterozy- 
gosity for inversions and cursory cytological analysis 
at pachytene. Some of the hybrids wcre therefore 
invesrigated at diplotene and pachytene stages by 
Shastry and Misra (1g61a and b) whose results are 
discussed below. 

At diplotene, in a low percentage of cells, cpadri- 
valents were observed in 2 of the 4 F, hybrids 
Studied. At pa& tene, 10 out of the 12 bivalents 
in one I?. hshri& T-21 (India) * A-18 flapan), 
exh-bited one' or more of the abnormalities vzz., 
lqose pairing, heteromorphicity, reversed repeats and 
dlfferentiai segments. Sii~lilar abnormalities were 

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 mechanisnl of genetic differentiation 
bctrveen these sub-species is to be sought in other 
structural changes. While heterozygo~it~ 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 
whether a cluardrivaient is formed or not, by the 
independent assortment of the chromosomes result- 
ing in duplication-deficiencies in the gametes. On 
this basis,  he above authors hypothesized that most 
of the differential segments represent cases of small 
reciprocal translocations. Venkataswamy (1937) and 
Sa~npath (19.59) coi~sidered the role of transloca- 
tions in the differentiation of these sub-species, but 
heir views wcrc not supported by adequate cytolo- 

gical evidence. 
Sterility in japonica-indica F, hybrids and its 

erratic inheritance in the following selfed genera- 
tions, suppression of somc recombinant types, 
sporadic occurrence of chlorophyll deficient (albana) 
,plants in F, to F, generations, viable 'mutations' 
such as-'narrow leaf' 'dwarf-sterile' and 'long glume' 
,-can all be re-intcrpreted 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 c ross i~ l~  over in a 
structural hybrid. In the light of high degree of 
chromoso~nal differentiation, as evidenced from the 
present tusdy, it is superfluous to postulate 
genic inodzls in accounting for sterility. Evo f ution- urely 
ary diversification between the sub-species-japonica 
and indica may therefore be considered to have been 
achieved largely by small (equal or uneclual) recipro- 
cal translocations. 

5. Desynapsis vs. Genomic 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! 
anetaphase pairing were available. A t  the diploid 
level, the pairing in the I?, hybrid, 0. sativa x 0. 
oficinalis was minimal (241 in majority of PMCs) 
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 ana 
i~~tergcnomic hybrid with total asynapsis. This 
hybrid was, tllerefore, reinvestigated for pachytene, 
dipIotene, diakinesis and metaphase I stapes. The  
data on metaphase I secured from 148 PMCs werel 



in accord with those of earlier ,workers (Rama'nujam, 
1937 ; Gopalakrishnan, ~gsg), but good congression 
on equitorial plate was noted in some PMCs. At 
diakinesis, likewise, consid'erable pairing was observ- 
ed. Complete pairing was observed in several PMCs 
at pachytene. 

Complete pairing at pachytene, variable pairingat 
later stages of prophase and complete univalent tor- 
mation at metaphase I, indicate that the major causa 
for apparent non-pairing at metaphase I is desynapsis 
rather than lack of homobgy. This interpretation of 
meiosis in the hybrid has far reaching implications 
on (a) the subdivision of the section, Sativa of 
Roschevicz ( I  93 I )  into two, sections, Sativa and 
Officinalis (Ghose et all, 1956 ; Richharia, 1960), @) 
on'the genomic symbolization of the species, 0. 
s a t i ~  and 0. oficinalis and (c) on the role of 0. 
oflfn'nalis in the origin of cultivated rices which 
was, excluded largely on the basis of non-pairing in 
the F, hybrid, 0. sativa x 0, oficinalis. Since 0. 
prenvis (carrying the same genome as 0. sativa) 
and 0. oficinalis are sympatrlc species, desynapsis 
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, 0. 
M v a  x 0, rostroliensde : The karyotypic studies 
of 0. sativa and 0. mstraliensis described earlier, 
indicated that the achytene bivalents of the latter 

are heteroc f~ romatic. In this context, the 
ta of Go alakrishnan (1959 that this hybrid e L &ibited 8 ivalents at meta ase I and the con- 

dusiofi of Gopalakrishnan (9S9) and Richharia 
(!960) that 0. australiensis originated by hybridiza- 
t ~ o n  between the members of the sections, Sativa 
and Ofiicinalis seemed unlikely. This hybrid was 
ihereforc reinvestigated by Shastry and Ranga Rao 
(1961), whose results are discussed below. 

The meiotic data on the F, hyrid 0. sativa xi  
0. australiensis was secured by the anal sis of K pachytene, diplotene, diaknesis and metap ase I 
gtages. At pachytene, un aired threads which were f interpreted to be univa ents were observed. At 
diplotene, only 12 univalents were observed which 
were interpreted to belong to 0. australiensis. At 
diaknesis, the number of visible univalents varied 
f rop  cell to cell and those of 0. australiensis are 
dearly identifiable from those of 0. sativa by. their 
larger size and darker staining. The distinction 

L - 
between metaphase I and anaphase I stages was not 
clear .due to high fre uency of univalents. In 
PMCI at meta-maphase!, true bivalents were only 
those of 0. sativa, which were autosyndetic. The 
inter-genomic pairin6 (allos~desis) is  exclusive^ ip  
.the form of non-chlasmatlc,, end-tcs-end, pseu obi- 
valena. fihich ranged from q per PMC. Further, 
the. univalents of 0. austrdierm mi ated to poles 
~ l i e r  than those of 0. mtt'vrz. T I? e above data 

indicate that,. in this hybrid, meiotic cycle of 

the chromosome complenient of 0. australiensis is 
advanced in comparison to that of 0. sativa. Al- 
though no true allosyndetic bivalents were observed 
in t h ~ s  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 

0. australiensis and the inclusion of this species in 
an intermediate position between the sections, 
Satira and Officinalis is based upon the meiotic 
data of ,Gopalakrishnan (1959) that a maximum of 
4 and 8 bivalents are formed in the F, hybrids, 0. 
sativa x 0. oficifialis and 0. sativa x 0. australiensrs. 
Neither of the observations of Gopalakrishnan are 
confirmed. The intermediate morphological appear- 
ance of 0. australiensis may therefore be reinter- 
preted to suggest that 0. australiensis represents an 
Isolate from preSativa and pre-Oficinalis stock. 
Restricted distribution of 0. australiensis to Aus- 
ualia) renders such a possibility very lilsely.(Further 

roof for this view, however, can be secured only 
From the study of I?, hybrids, 0. perennis x 0. 
australiensis and 0. ogcinalis x 0. mstralienszs, 
which are being attempted. 

7. Genetic differentiation between 0, perennis 
and 0. sativa : Normal pairing in the F1 hybrid 
0. sativa x 0. perennis observed by Madhavan 
Napar (1958 and Gopalakrishnan (1959) led to the 
conclusion t h at chromosome complements of these 
species belong to the same genome (P, Richharia, 
1960). 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 I. A. 

Rybrid between 0. sativa x 0. 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 Fl hybrid 
0. satkva x 0. .peremis was highly abnormal. 
Differential segments, unequal terminal regions, 
loosely paired re ons and reversed repeats were f? observed in all t e 12 bivalents of this hybrid. 
Although airing occurs between all the chromo- 
somes of t l? e one species with all the chromosomes 
of the other species, the homologous regions are 
limited in size. Even at diplotene, the hetero- 
morphiciq 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 differentla1 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 diitinct morphological 
differences. 

The analys9 of meit& ifi the triploid F, hybrid, 
0. d v a  (4x) x 0. perennis var. longisbminata (ax) 
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revealed a high degree of chromosomal differentia- 
,tion by way of translocations between the chromo- 
some complements of these species. Although the 
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 0-2 VIs, 
@ I  Vs, e 2  IVS and 2-12 111s per. PMC, 
in addition to bivalents and univalents. The 
Occurrence of full complement of trivalents con- 
firms that the genomes of the parental species are 
f i o rno l~~o~s .  The shapes of the associations gave 
a signiticant picture of importance, Since the 

- hybrld is composed of two identical genomes of 
0. sativa and one of 0. prennis var. longzstami- 
nata, if the chromosome camplements of these 
spdes are completely homologous, the triploid 
must behave like an autotriploid. It is evident 
fmm the analysis of U p t t  (1g35), in autotriploid 
tomato, that random palring between three chromo- 
somes usually leads to a chain configuratipn. With 
Bt~ctural h bridity, however, this relationship is 
bound to ckange. In the hybrid under study, a 
maximum of 10 frying-pa~haped trivdents were 
observed. 

The frying-pan-shaped trivalent5 are interpreted 
to originate from  referential pairing of Satha 
chromosomes and limited but highly localized 
(segmental) homology of the chromosomes of 
0. perennis var. longistaminata with those of 
0. sativa. Ring-shaped trivdents, indicating secon- 
dary tlsomic condition for some chromosome seg- 
ments were observed in 30 per sent of the PMcs. 
The. quadrivalents were mostly ring shaped which 
represent autosyndetic pairing between the chromo- 
somes of 0. sativa. An exceptional shape, (--<t) of quadrivalent confirms the hypothesis 
on structural. hybridity leading to the origin of 
f ~ i n , g - ~ a n  type of trivalents. Dumbbell shaped 
-) penta-valents were observed in some 6m and this shape is indicative of tertiary t r i ~  

somic condition. 
Structural hybridity revealed by the metaphase 

analysis of the Jlotriploid reveals the following 
conclusions : 

(1). In general, the genomes of 0. #ermnis Var.  
longistatninata. and -0. sativa exhibit seg- 
mental homology. 

(2) Autosyndetic pairing is more prevalent in 
0. sativa than in 0. perennis var. longistami- 
nata. 

(3) The chromosomes of 0. sativa are differen- 
tlated from those of 0. perennk var. l o n p  
s t d n l ~ t a  by a series' of reciprocal trans- 
locations affecting fair1 large .size and some 
of the& might be dupHcative trandocationr 

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

8. Inter-varietal gene& Merentintion ia 0. per- 
&: Studies on genetic differentiation beween 
different taxonomic varieties of 0. perennis assume, 
special significance for the evaluation of the h o- 
theses on mono- and polyph letic origin of cu 1 ti- 
vated rices. Inclusion of 8, burthu, 0. Zonp 
skaminata and 0. cubensis which were described as 
distinct species by different workers into one tax* 
nomic species, 0. 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 roblem, the karyotypic 
studies of 0, prennis var. Bohngu, 0. perennrr var. 
bmthii and a collection of 0. 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 nieiosis in the 
hybrids involving these different varieties and the 
data from pachytene analysis on a single h brid, 
0. perennzs var. balirngra x 0. perennis. var. cu g ensis 
are available (Shastry and Misra, unpublished). 

The pairing at pachytene in the F, hybnd, 
0. perennis var. bdunga x 0. perennis var. cubensis 
is complete. Some abnormalities in the shapes (12 
nucleoli were observed, but their significance is not 
clear. The pachytene bivalents in several region$, 
however, exhibited regions which are paired side- 
reside with no relational coiling. Srnce similgr 
observacons were made in 0. perennis var. barthii, 
accompanied by a great reduction in chiasma fre- 
quency, it was interpreted that these loosely pairxed 
regions represent structural hybridity. Paiiing d 
this ty e was also observed at pachytene in haploid R Antirr, inum (Rieger, 1957). The study of meiosis 
in the F, hybr~d, 0. $ermnis var, balunga x 
0. perennis var, cubensis justifies the inclusion of 
both the parents in one species. 

9. Conelem on the evolution in the gem18 
qrym: The present study indicates that 0. austra- 
Bensis originated from preSativa and pre-Oficiraalis 
stock which might have given rise to 3 forme- 
0. nustraliensis, retaining most of the primitip 
characters and 0. perennis and 0. o$cinalis with 
only some. This differentiation would have in- 
volved, chromosomally, the loss of several hetero- 
chromatic segments and morphoIogical1 , channeii- 
zation of a complex of characters-(ax I' panicles 

grain-long anthers-solitary panicle 
~ E i e s )  in 0. perennis and (Ian panicles-small 
5rain-small anthers-whorling of panicle branches) 
m 0. ow'nalis. The relationship of 0. granulata 
and other members of the section Granulata in the 
phylesis cannot yet be determined since no hybrids 

this. section are studied. Within che 
~:zr?~ativa, the presult evidence strongly sup ,  
ports that different varieties of 0. pere?pnis consti- 
tute the most primitive membeis. 
The origin and evolutionary diver&cahn d 
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diploid species o€ the section Sativa is probably 
traceable to 0. perennis. Even so, whether the 
cultivated rices, 0. sativa and 0. glaberrzma are 
derived directly from 0 .  perennis or through 
another species or complex, bearing resemblance to, 
0. sativa var. fatua cannot yet be decided with cer- 
tainty. The evolutionary diversification between 
0. sativa and 0. perennis is due to several equal or 
unequal, duplicative and reciprocal translocations 
and as a consequence of these structural changes, 
the primitive characters-laxity of the panicle, 
rhizomatous stem, perennating habit and shatter- 
ing are probably lost. The enetic differentiation 
between 0 .  sativa and 0. g f aberrima 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 0. perennis are also differentiated by 
chromosome structural changes. The genetic dif- 
ferentiation between the sub-species of 0. satzva 
covers a broad spectrum-s0.m; inter-varietal hy- 
brids exhibiting low sterili and low chromosome 
structural changes while ot X ers, 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 mi& be due to point mutations. 

u 

Mechanisms of reproductive isolation appear to 
be variable in the genus Oryza. At the level of the 
varieties of the same species and of the related 
species, the chromosome structural hybridity offers 
.severe restriction on the recombination. At the 
Ieve! of intersectional hybrids, desynapsis seems to 
play an important role as between 0 .  sativa and 
0. oficinalis. Still a different mechanism is by the 
timing imbalance in the meiosis, whereby the con- 
stituent genomes of the interspecific hybrid, 
0. sativa x 0. australiensis remain un~aired. 

The present study cautions agaios; hasty conclu- 
sions on the orig~n 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 anaIysis. 
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Classifcation according to Stebbins (1958) of Karyolypic asymmetry 
in Oryza Sp. 

Ratio Proportion of chromosoms with arm ratio 2 : 1 
Largesl 
smallest 0.00 0.01-0.50 0.5 1-0.99 1.00 

2.1 1 a 2a 3a 
- 

4a 
- - - 

2 : 1-4: 1 l b  2b 3b 4b 
0, perennis 0 .  pcrennis var. 0. glaberrima - 
(Assam) balunga 

0 .  sativa var. 
fatua 

0. pcrennis var. 0. australiensis 
barthii 0 .  stapJii 

0. satiua (Zndica) 

4 : 1 1 c 2c 3c 4c 
0. sativa 

(ja@onica) 
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