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Summary. Four cathodal bands (C,,C,,C3 and C,) of esterase (E;, C, 3.1) were correlated with the grain
weight of rice (Oryza sativa L.). Zymogram patterns indicated intensity differences among these bands infine-
grain and coarse-grain varieties. Bands C, and C, were dark in fine grain varieties whereas C; and C, were
dark in coarse grain varieties. These bands were specific to endosperm. Observations on fine-grain (Kalana-
mak)}, coarse grain (SR(26)B) varieties and their reciprocal hybrids indicated the presence of 4 esterase loci
G:, Gz, G3 and G,, corresponding to bands C., Cz, C; and C,, respectively. A possible model for heterosis in
grain weight of rice was proposed which supports the dominance theory of heterosis. In hybrid vigour the 4 es-
terase loci appear to be associated with grain weight and they complemented each other in an additive manner.

Introduction

Isozymes have been used as an efficient tool in inter-
preting the comlex phenomenon of hybrid vigour at
the biochemical level (Beckmanet al. 1964) ; Schwartz
and Laughner 1969; Scandalios et al. 1972; Schwartz
1973). Isozyme variations revealed by the zymogram
technique also provide built in marker systems for
morphological and physiological differences, tissue
specificity, developmental and genetic studies of a
wide variety of plant species. Non-specific esterases
(E1 ,Cy-3. 1) are one of the most extensively studied
groups of isozymes. In genus Oryza esterase zymo-
grams were observed in 147 strains of 0. peremnis
and 0. sativa by Shahi et al. (1969). The zymogram
patterns indicated that there were numerous genes
controlling esterase isozymes andsome of them might
have been substituted in the course of domestication
and differentiation into <ndica and japoniea types.
Lin and Li (1971) studied the number and intensity of

esterase enzyme in somatic organs of rice.

However, no such studies have been undertaken
so far in Indian varieties of rice. Therefore, the
present experiment was undertaken to study the var-
iation in esterase isozymes in fine grain (less weight/
grain) and coarse-grain (more weight/grain) Indian
varieties of rice.

Materials and Methods

Eight varieties of rice (Fig.1) were taken for the
present study. Grain characters and photosensitivity
of these varieties are given in Table 1. Two gm. dry
and dehusked seeds of each variety were homogenised
with 3 ml. distilled water in pre-chilled pestles and
mortars. Tissue specificity was studied only in IR 8.
Embryos and endosperms were separated. Two gm.
of endosperm were homogenised as above, whereas
200 embryos were homogenised in 4 drops of water.
Homogenates of hybrid seeds were prepared simi-
larly except that only a few drops of water were ad-
ded because the quantity of these seeds was less.

The homogenates were centrifuged at 14,000 rpm
for 30 minutes at 4°C and the supernatants were used
for electrophoresis.

Bas 370

w‘ Kalanamak

Fig.1. Different varieties of rice. Note the difference
in size, shape and colour
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Table 1. Kernel characters und photoperiod sensitivity of different varieties

Grain characters

Grain type and name Length of Breadth of Ratio of length/breadth 1000 grain Photoperiod
of the variety kernel mm weight gm. sensitivity
Coarse grain
varieties
IR8 2.10 3.15 2.88 29.00 Insensitive
SR(26)B 9.75 2.80 3.44 28.10 Sensitive
Varuna 9.50 2.70 3.51 25.10 Insensitive
Bala 6.40 3.00 2.13 19.80 Insensitive
Fine grain varieties
Kalanamak 7.00 2.25 3.11 14.80 Sensitive
Sona 9.50 2.15 4.41 19.75 Insensitive
Bas. 370 8.75 2.20 4.43 20.15 Insensitive
T-3 9.20 2.30 4.00 20.26 Insensitive
Hybrids
Kalanamak X 9.00 2.70 3.33 00.2343%* Not observed
SR(26)B
SR(26)B X
Kalanamak 10.00 2.81 3.55 00.2879%* Not observed

* Weight of 10 grains in case of hybrids

Starch gel electrophoresis and staining

Horizontal starch gel electrophoresis (Smithies 1955)
using a discontinuous buffer system as modified by
Marshall and Allard (1970) was performed using 12 %
hydrolysed potato starch (V.P. Chest Institute, New
Delhi). The gel was prepared in Tris-Citrate buffer.
Supernatants of the homogenates were absorbed on
Whatman No. 3 filter paper and inserted 6 cm away
from the cathodal end ofthe gel. The gel was subjected
to 8 V/cm current for 1 hr. and then sample strips
were removed and a constant current of 10 v/cm was
supplied for 4 hr.

After electrophoresis, the gels were sliced and
incubated at 37°C in a staining mixture containing 1 %
naphthyl acetate in S0 % acetone, 40 mg. of Fast Blue -
RR, 40 ml NaH,PO, buffer (pH 4.3, 0.2 m), 10 ml
Na,HPO, buffer (pH 9.2, 0.2 m) and 40 ml. water.
Esterase bands became clear after 2-3 hr. The stained
gels were washed and transferred to 50 Z ethanol for
storage.

Results and Discussion

Isozyme and allozyme variations associated with
grain-weight

A total of 10 esterase bands was seen by starch gel
electrophoresis. Of these, 5 moved towards the anode
and 5 towards the cathode. All the anodal bands (Al’
A Ag, A, & AS) were present in all 8 varieties and
gave more or less similar patterns. This shows that,
irrespective of the metabolic rate, these anodal bands

are equally important for all the varieties.

The cathodal bands, which were of special interest
in the present study, were also five (Cl,Cz,C3,C4
and Cg). Veriations observed in bands C,,C,,C, and
C4 were helpful in dividing the varieties intotwo groups.
The differences were quite marked but not absolute,
because some bands were present (though very faint)
in the types where they are usually absent.

In 'Kalanamak', bands C1 and C2 showed greater
activity (C2 being darker than Cl) and C, showed very
low activity. In 'Sona‘’, 'Bansmati-370'and 'T3"', Cl
and C,, showed high activity (C2 being darker than Cl)
andC3 andC, showedlow activity. In 'I.R.8"', 'SR(26)B'
and 'Varuna', bands C3 and C 4 showed greater activ-
ity (C4 being darker than CB) , whereas in 'IR 8' band
C, showed equal activity and, in 'SR(26)B"' and 'Varu-
na', it showed lower activity, when compared with
bands C3 and C4. In 'IR8', band C1 was also present
with very low activity and, in other coarse-grain
'SR(26)B' and 'Varuna' it was absent. At present
we cannot draw absolute conclusions about the role of
these isczymes on grain weight, because in vivo sub-
strates of esterases are not yet known. But looking
at the patterns of bands 01,02,03 and C4 in fine-
grain rice, we may conclude that bands C3 and C4
are somehow associated with more active metabolism
than bands C 1 and Cz. This might be one reason why

the varieties where C3 and C4 are present are coarse-
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grain varieties and where C1 and 02 are present are
fine-grain varieties.

‘Bala'(Fig.3), traditionally classified as acoarse-
grain variety, gave the pattern characteristic of fine-
grain varieties (Fig.2) inassociationwithlessergrain
weight (Table1). This observation indicates that the 4
cathodal bands are associated with grainweight ofrice
irrespective of the grain shape.

Cathodal band C6 (details of which are being stud-
ied) was specific to photo-insensitive varieties ('Sona’
'Bansmati-370', 'T3', 'IR8', 'Varuna' and 'Bala’')
and absent in photo-sensitive varieties { ‘Kalanamak'
and 'SR(26)B"').

(+)
Fig.2a. Zymogram showing the vari-
ations in esterase activity in seeds of
different fine grain varieties of rice. 8
Kalanamak (K), Sona (S), Basmati €1
(Bas) and Ta C2
b. Schematic diagram of esterase iso- 3
zymes in seeds of fine grain varieties CL
of rice. Kalanamak (K), Sone (S), c
Basmati (Bas) and Tz. Note the bands 6
C1 and Cz show greater activity than (=)
Cs; and C; in these varieties %

(+)

Fig.3a. Zymogram showing the vari-
ation in esterase activity in seeds of
different coarse grain varieties. IR8
(1), SR(26)B (SR), Varuna (V) and 3
Bala (B). Note that Bala shows ban- €1
ding pattern like fine grain varieties €2
b. Schematic diagram of esterase ac- %]
tivity in seeds of coarse grain vari- 27
eties of rice. IR8 (I), SR(26)B (SR), Cg

Varuna (V) and Bala (B). Note that
the bands C; and C; are darker than {-)
C: and Cz in coarse grain varieties

»
-
-
-

Tissue specificity of isozymes: This experiment
was performed to localize the presence of different
bands in different seed tissues: husk, embryo and
endosperm. 'IR8', which contained all the 10 bands,
was used for this purpose. There was no esterase
activity in husk of 'IR8'. In the embryo, all the bands
except A‘1 were present towards the anode, whereas
towards the cathode only C6 was present. In endo-
sperm all the anodal and cathodal bands were present
except bands Ag and Ag (Fig.4). Zymograms for
tissue specificity clearly showed that bands As and
A6 were specific to embryo and A1, Ci, C2, C3 and

C 4 Were specific to endosperm. The presence of bands
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EZ - & = = Embryo (EM) and Endosperm (End)
3 : <3 b. Schematic representation of es-
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| terase activity in embryo (EM) and
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0 T — Fig.5a. Photograph showing esterase
<! = 2 — isozymes inKalanamak (K) and SR(26)B
i ’ e (SR) and their reciprocal hybrids
¢ =3 = b. Schematic diagram of esterase ac-
) tivity in fine grain Kalanamak (K) and
i o coarse grain SR(26)B varieties of rice
‘3 K KxSR SRxK and their reciprocal hybrids
a b

Cl’ 02 s C3 and C 4 only in endosperm provides further
support to our hypothesis, because endosperm is the
main constituent of rice grain weight.

Isozymic patterns in reciprocal hybrids of fine-grain

and coarse-grain varieties

To study the mode of inheritance of the cathodal bands
Cl, 02’ C3 and C4, reciprocal crosses of fine-grain
('Kalanamak') and coarse-grain 'SR(26)B' varieties
were made in the greenhouse. The isozymic variations
in the two parents occurred only in cathodal bands
(Fig.5). In both the parents, 2 dark and 1 faint catho-
dal bands were visible. In 'Kalanamak', C1 and 02

were dark, C 3 was faint, and C 4 Was absent, whereas
in 'SR(26)B", C3 and C, were dark, C, was faintand
C1 was absent. In hybrids all the 4 bands were pres-
ent with the intensity difference in reciprocal cros-
ses. The intensity of these bands in parents and their
reciprocal hybrids, in descending order, was

Kalanamak :C,>C, >C, (very faint)
SR(26)B :C,>C3>C, (very faint)
Kalanamak @ XSR(ZG)BG:CZ >C3?C1>C4

SR(26)B® X Kalanamakd :C3 >C4‘>C2 >C1

Schwartz et al. (1965) observed that esterase occur-
red in plants as a dimer, composed of homolcgous

subunits. However, in homozygotes there is no indi-
cation of dimerization with other nonallelic esterase.
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Kalanomak SR(26)B plained with the help of a hypothetical model, as given
= = in Fig.6. We have denoted the 4 loci G,,G,,G; and G,
— = -3
6, 6; 63 6; Gy G corresponding to C1 ,C2,C3 andC4 bands, respectively.

Sporophyte (2n) | Sporophyte (2n)

Reciprocal differences due to the maternal genome

'Kalanamak ' X 'SR(26)B' showed heterosis in grain
weight (0.2343 g/10 grains) over the mid-parental
value (21.45 g/100 grain). The heterotic effect ob-
SGamete  Endosperm nuclei Endosperm nuclei & Gamete served could be attributed to the presence of all the
(n} (Zn) (2n) (n) cathodal bands in the hybrid genotype. The intensity,
in descending order, was C2 >03 ?Cl >C4. Band

C2 was most intense in this hybrid because it was

Kalanamak € xSR (26)B & SR(26)8 @ xKalanamak & produced by 2 highly active dosages of the G2 locus,

contributed by endosperm nuclei, and 1 less active

dose of 02 contributed by the male gamete nucleus.

Endosperm (3n) Endosperm (3n) The next most intense band was C, because two less

.@ @. @ active dosages of C3 and one less active dose were

Bonds: G, G G G GG GG present. Band C, had an intensity equal to C,. This

Fig.6. Model to explain the differences in intensity band was the product of 2 active dosages of G, and an
of different bands (esterase activity) in the parents- inactive third dose. Band C, was the least intense,
Kalanamak and SR(26)B and their reciprocal hybrids. ] . .

Refer text for details which was the product of only one highly active dose

of G, (Fig.6).
'SR(26)B' X 'Kalanamak ' showed heterosisingrain

Therefore, in homozygotes each band represents one weight (.2879 g/10 grain) over the better parent
gene locus. (28.10 g/100 grain). Hybrid vigour in this case can
As we have already assumed, isozymes c3 and also be attributed to the presence of all the 4 cathodal
C, are active metabolically when compared with c, bands, but with different intensity order, viz. C, >
and C,; the reciprocal differences (maternal effects) C, ZC, >C,. This order can be explained in the same
observed in grain weight could be ascribed to differ- manner as for the cross 'Kalanamak' X 'SR(26)B'.
ent gene dosage (present in the endosperm to which It is clear that the intensity of the bands was de-
these 4 bands are specific Fig.4). These bands are pendent not only on the activity of the genes but also
contributed by the genome of two parents for different  on the gene dosage by which the particular band was
loci. produced. Our observations are in accordance with
In rice varieties (which are homozygous for most those observed and explained by Beckman et al. (1964)
of the genes because of the inbreeding nature of the and Scandalios (1969).
crop) we suppose that there are 4 esteraselocigiving While observing the grain weight of parents and
rise to C,,C,,C, and C, cathodal bands. We further hybrids (Table 1) with their isozymic pattern (Fig.5,6),
assume that the presence or absence, and the differ- it appears that 4 esterase loci, G,,G,,G3 and G,
ences in the intensities, of these bands indicate the complement each other in an additive manner to bring
differential amount of ultimate product of corres- about the hybrid vigour in grain weight. 'Kalanamak'
ponding genes (Scandalions 1974). X 'SR(26)B' (Fig.6) hybrid received four highly ac-
The heterozygotes of fine-grain and course-grain tive genes - G, and G, from the female parent and
varieties, where both the types of genomes were pres- Gg 2nd G, from the male parent. The reciprocal hy-
ent, gave rise to all the 4 bands but with different in- brid also received the same number, but in reverse

tensities. The results obtained with hybrids can be ex- order.
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The reciprocal differences observed in grainweight
of hybrids, which were also consistent in their isozy-
mic patterns, give further support to our hypothesis
that 4 esterase loci are associated with grain weight
of rice and they complement each other in additive
manner.

Detailed ontogenetic variations are to be worked
out to explore the pleiotropic effect of these loci on
other yield components, if any.

Our results may be helpful in screening desirable
parents for grain weight in the hybridization pro-
gramme. According to our conclusions one can ex-
pect heterosis in at least grain weight in a cross of
coars X fine grain varieties, rather than in crosses
fine X fine or coarse X coarse varieties.
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