Theoretical and Applied Genetics 42, 351 —356 (1972)
© by Springer-Verlag 1972

Intra and inter Subspecific Variation in Soluble Proteins
of Oryza sativa L.

E. A. SIDDIQ, Y. S. NERKAR and S. L. MEHTA

Division of Genetics, Indian Agricultural Research Institute, New Delhi (India)

Summary. Types representing three subspecies of Oryza sativa, namely, indica, japonica and javanica, and a group
of intermediate types collected from North East India, were studied for variation in soluble proteins using acrylamide
gel electrophoresis. The study revealed that there was a marked variation within and between varietal groups. Varia-
bility for number and intensity of protein bands in indica was wider than in japonica and javanica. Protein pattern in
the group comprising N.E. Indian types transgressed that of all three established groups by displaying a wide spectrum.
Relative homology, as measured from percentage similarities of N.E. Indian types to the three subspecies, suggested
the existence of six different groups. Comparison of varietal groups for the protein mobility pattern showed that
japonica and javanica varieties tended to show higher percentages of slow mobility proteins than indica. It appears,
from the narrow variability and relatively low percentage of slow mobility proteins, that the japonica and javanica
races are of later origin compared to indica. However, the study with a limited number of types suggested the mono-
phyletic origin of varietal groups from an indica-like base predominantly found in the secondary centres of origin of

O. sativa.

Introduction

Protein and enzyme variations are now known
to provide an additional clue to our understanding of
phylogenetic relationships in higher plants, including
the genus Oryza (c. f. Tox et al., 1964; Johnson and
Hall, 1965; Vaughan et al., 1966; Garber, 19065;
Desborough and Peloquin, 1966; Loeschcke and Ste-
gemann, 1966; Hart and Bhatia, 1967; Chu, 1967;
Chu and Oka, 1967 and Shahi ef al. 1969 a, b). Of
the twenty-four species of the genus Oryza, 0. sativa
and O. glaberrima are the only cultivated species.
Evolution of the cultivated forms, and further diffe-
rentiation into geographical groups of O. sativa in
particular, have been the subject of controversy for
a long time (c.f. Chatterjee, 1948; Sampath and
Govindaswami, 1958; Morishima ¢t al., 1961; Kato,
1930; Mizushima, 1950 and Oka, 1958). The present
study was undertaken with the object of gaining
further insight into the intervarietal relationships of
0. sativa through the electrophoretic patterns of
soluble protein fractions.

Material and Methods

Material used in the present study comprised represen-
tative cultivars belonging to three subspecies of O. safiva,
namely, indica, japonica and javanica, and a set of inter-
mediate forms collected from North East India which is
considered to fall on the periphery of the centre of origin
of cultivated rice.

Employing the polyacrylamide gel electrophoresis
technique outlined by Davis (1964) and Ornstein (1964),
the soluble protein pattern was studied. Extraction was
done by soaking the endosperm overnight at 4 °C in
0.05 M Tris-HCI buffer (pH 7.6) containing 6 mM B-mer-
captoethanol and subsequently grinding and homogeni-
zing in a pestle and mortar. The cell paste suspension
was centrifuged at 20,000 X g for 20 min. Protein con-

tent in the supernatant was estimated by the method
described by Lowry ef al. (1951). Samples containing
200 pg of protein were applied to each gel column over
spacer gel and electrophoresis was carried out using
Trisglycine buffer (pH 8.3) for 90 min. at 4 m A current
per gel column. After electrophoresis the gels were
removed and stained with 0.19, amido-black in 79,
acetic acid for 30 min. and excess stain was removed by
7% acetic acid. The patterns of soluble proteins in the
gels were photographed using a polaroid camera and
phoretophot assembly of the Canalco, U.S.A. The den-
sitographs of the spectrum of soluble protein were pre-
pared by scanning the gels on chromoscan (Joyce Loeble,
England). Rf values were calculated for each band as

Ry =
_ distance travelled by the band from top of the running gel

~ distance travelled by tracking dye
The R; value for each band was computed from the mean
of observations obtained from four independent electro-
phoretic runs on two separate extractions.

Results

The electrophoretic patterns of soluble proteins in
the representative varieties of each group and the
diagrammatic representation of the corresponding
band patterns are presented in Figs. 1 and 2. Fig. 3
gives a comparative spectrum of protein of all the
varieties studied.

The results in general showed that variation in the
number and intensity of protein bands within the
subspecific groups japonica and javanica was rela-
tively narrow compared with that in the indica and
intermediate types. Ior instance, the number of
protein bands ranged between 14 and 15, and 15
and 17, for japonica and javanica respectively, while
it varied from 12 to 16, and 9 to 16, in the indica
and North East Indian intermediate types, respec-
tively.
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Fig. 1. Photograph showing the electrophoretic pattern dis-
played by soluble endosperm proteins of varieties representing
indica, japonica, javanica and N.E. Indian types (1— 3 indica;
4—06 japonica; 7—8 javanica and 9—12 N.E. Indian types)

The three subspecies were also compared for the
presence or absence of bands at different Ry,. The
study revealed that band 6 at R, 0.12 was present
in the indica and javanica varieties and absent in the
japonica varieties. Band 9 at R; 0.17 was present
in javanica and N. P. 130, an indica variety. Simi-
larly, the javanica types and variety Asd-4 of the
wndica group had band 17 at R, 0.35, while band 10
at R; 0.18 was absent in these varieties. Bands 18
and 19, at R, 0.38 and 0.39 respectively, which were
characteristic of japonica and javanica types, were
interestingly absent in the varieties of the ¢udica
group. Band 13 (R; 0.26) was exclusively found in
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Fig. 4. Densitographs of soluble proteln {ractions in the (a—d) representative varieties of
a) indica, b) japonica, c) javanica and d) N.E. Indian collection

javanica. In contrast to the established varietal Table 1. Distribution of soluble proteins in Q. sativa on the

groups, the protein patterns of the North East Indian ~__ basis of electrophoretic mobility (in percentage)
types were found to transgress those of the three Slow  Intermediate Tast
subspecies. Some of the varieties of this group ex- Varietal ‘ mobi-  mobility mobi-
hibited extra bands, such as 12, 23, 29, 35 and 36, 8woup  Variety ity T lity
respectively at R; 0.24, 0.49, 0.60, 0,75 and 0.77. g);) (()04?_ (()064; ’ ((:)b?_
The varietal groups were also found to differ in the Ry Ry Ry Ry

intensity of corresponding bands. Band 16 at R;0.33,

for instance, was very intense and sharp in the indica i’;d’.m TKM-6 23.77 3342 25.60  17.51
types while it was faint and diffused in japonica 5 NP-130 25.00 3032 3047  13.62
types and altogether absent in javanica types. Simi- 3. ASD-4 9.68 3046 37.93 21.93
larly, the three groups showed quantitative differ- 4. Co.-31 23.80 3310 2262 13.48
ences for bands 14, 20 and 21 (R; 0.28, 0.43 and 5 BAM-3 23.70  33.68 28.90 13.72
0.46 respectively). 7?0””“ Norin-1 2157 3035 3522  12.84
~Based on the denmtogrgph readings (Fig. 4), the Norin-41 22.05  34.07  30.64 11.44
distribution of the protein fractions expressed as 8. Rikku-132 28.81  36.40 36.40 5.61
percentages were broadly grouped into three mobility 19 Tainan-3 2711 38.23  29.01 5.65
0. Taichung-65 22.00 35.75 31.64 10.61

groups, namely, slow (0.0—0.2), intermediate (0.2 to ,
0.4 and 0.4—0.6) and fast (0.6—0.8) (Table 1). The Javanica

. ; . 11. Boegiimb 29. . 2 .
data, in general, suggested that the javanica types 1; R‘(’,f’f;’,‘j‘gfelz 38_835 gggg ;gsg ?g?
and some of the japowica types displayed higher N £ rndian types
percentages of slow mobility proteins than the ¢ndica 13, IARI 10061 27.52  38.81 25.47 8.50
type, while the reverse was true for fast mobility 14 IARL 7447 2717 3344 27.79 1191
proteins. Although the proportion of the inter- 13- IARI 6593 22.36  28.84  32.66 16.15
. s . .. . 16. TARI 7449 21.67 34.50 27.80 16.03
mediate mobility fraction was similar in all three, 17. TARI 5933 190.74 34.88 32.33  13.25
javanica differed slightly in showing a relatively low 18, 1ARI 10017 33.72 3232 35.44 8.82
proportion, compared with indica and japonica va- 19 TIARI 10003  35.39  31.55  23.90 9.16
rieties, in the R, range of 0.4—0.6. The North East 20 IARD 7203 31.98 3032 2758  10.42
. . . . 21. TARI 7229 33.45 33.65 25.25 7.65
Indian types, however, displayed a wide range over- 5, IARI 5932 2448 3500 27.54 12.08
lapping all the three subspecies. 23. IARL 5930 25.72  33.53 31.34  9.41
Percentage similarities between all possible pairs 24 IARI 10071 2848 3743 27.00  7.39

of varieties, based on major protein bands summari- 25 T (71) 25.87 37.63 2881  7.69
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0. sativa into two varietal groups. Later Terao and
Mizushima (1944) introduced an intermediate group,
javanica, based on the degree of crossability. The
occurrence of groups within the subspecies japonica,
namely ‘tropical’ and ‘temperate’ forms, was shown
by Oka (1958). Further studies using many more
criteria, including the application of biometrics, re-
ported the existence of more than three groups (c. f.
Mizushima, 1948, 1950; Oka, 1958; Jawahar Ram
and Panwar, 1970 and Vairavan, 1971).

As in many crop plants, the degree of homology
in protein fractions has been used recently as a
dependable tool for measuring intra and inter-specific
relationships in rice (c. f. Chu and Oka, 1967; Shahi
et al., 1969 a, b).

In the present study, soluble proteins of the three

subspecies of 0. sativa and intermediate forms collec-

ted from N. E. India were fractionated on acrylamide
gel electrophoresis and the extent of homology in
number and intensity of protein bands was studied.
Comparative study of the extent of intra-variations
in protein fractions in the subspecies revealed that
the group of intermediate types showed the maximum
variability followed, in order, by indica, japonica and
javanica. This agrees with earlier reports on varia-
bility for morphological traits, intervarietal hybrid
sterility, etc., thus showing indica to be more primi-
tive than other subspecies (c. . Richharia et al., 1962;
Jennings, 1964 and Oka, 1964b). Shahi et al. (1969),
surveying a few selected enzymes in different species
and subspecies of Oryza, concluded that widely dis-
tributed wild types showed more variability than
localised types. The present study shows that not
only the primitive groups like ¢udica, but also the
population undergoing differentiation and approach-
ing towards definite groups, might show maximum
variability. This was obvious from the percentage of
similarity computed for the pairs of varieties, which
indicated a high percentage of homology among
varieties within the japonica and javanica types but
much less in the indica and intermediate types.

Duke and Glassman (1968), working on 29 species
of Drosophila, reported that the electrophoretic mo-
bility of isozymes tended to be reduced as the species
became advanced. Although the present study was
not based on any structurally or functionally definite
protein bands, the gross fraction suggests that the
varietal groups differ considerably in their mobility
pattern. Much as expected, the japonica and javanica
groups tended to show a higher percentage of slow
mobility proteins than the tudica group, thus further
strengthening the view that the former two groups
are of later origin than the latter.

The relative homology of each N. E. Indian type
to the three subspecies, based on percentage simi-
larities, may be worked out as given in Table 3. The
study of even a very limited number of types sug-
gested the existence of more than the established
number of groups. This is, to a great extent, in
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Table 3. Grouping of the N. E. Indian types based on their
velative homology to the three subspecies of O. sativa

Culture Relative homology Group
TARI 10061 javanica ) japonica ) indica F
TARI 7447 javanica ) indica ) japonica E
IARI 6593 japonica ) javanica ) indica D
TARI 7449 indica ) japonica ) javanica} A
TARI 5933 indica ) japonica ) javanica
TART 10017 japonica ) javanica ) indica

TARI 10003 japonica ) javanica ) indica D
TARI 7203 japonica ) javanica ) indica

IARI 7229 javanica ) jJaponica ) indica F
TARI 53932 japonica ) javanica ) indica D
IARI 5930 japonica > javanica ) indica

TARI 10071 javanica > japonica ) indica F
T-71 japonica > 1indica ) javanica C

agreement with earlier reports. For instance, using
multivariate analysis of a representative collection
of 190 cultivars of N. E. India, Vairavan (1971) re-
ported the existence of nine divergent clusters. The
occurrence of japonica types and several intermediate
forms bridging the races has also been reported by
many workers from their study of similar collections
made in Nepal, Sikkim, N. E. India, Jeypore tract
etc. (c. f. Nakao, 1957; Kihara and Katayama, 1963 ;
Sharma et al., 1971; Govindaswami and Krishna-
murthy, 1968; Oka ef al., 1959). Thus the results pro-
vide additional evidence that the N. E. Indian types
represent a continuous array of intermediate types
bridging the different subspecies of O. sativa.

There are two different views on the mode of
origin. According to Oka (1964a), the subspecies
might have evolved independently (monophyletic
origin) from the ecotypes of the putative species,
0. perennis, through introgression. Richharia et al.
(1962) hold the view that the ‘aus’ types of indica
might have given rise to japonica on the one hand
and javanica on the other. From the present limited
study on the variability for protein fractions in the
established geographical groups and the primitive
cultivars of N. E. India, it seems that indica could
be one of the stabilised forms like japonica and
javanica rather than being the progenitor of the latter
two. From the continuous nature of the variability
observed in the varietal collection of N. E. India, which
is supposed to be on the periphery of the centre of
origin of cultivated rice, it appears that, depending
upon the degree of adaptation developed to specific
environments, a few groups like indica, japonica etc.
might have emerged, possibly as a result of dis-
ruptive selection, and subsequently have been preserv-
ed by man. Intermediate types, as evident from
various reports, appear to show a tendency to evolve
into many more cultivated groups.
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