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Abstract: Seed storage proteins of four diploid rice lines vis-à-vis their respective tetraploids supplied by
National Institute of Agrobiological Sciences.., Japan, were studied. The autotetraploids had a higher
protein content as compared to their parental lines; maximum relative increase of 63% being in case of
tetraploid of the parental line ‘Kuma’. The alkali soluble proteins i.e. glutelins were the dominating
fraction in the four rice lines and their autotetraploids. Whereas tetraploids of the lines ‘Pusur’, ‘Kuma’
and ‘Tougou’ had higher glutelins and prolamins as compared to their parental lines, ‘Nourin’ tetraploid
had relatively lesser proportion of the glutelins and prolamins. The proportion of albumins and globulins
in the seeds of tetraploids of ‘Pusur’, ‘Kuma’ and ‘Tougou’ decreased and that in the tetraploid of
‘Nourin’ registered an increase. With major polypeptides resolving in the range of mol. wt. 110 kDa to
13 kDa, SDS-PAGE of the total seed protein extracts of diploids and their tetraploids under non-reducing
and reducing conditions did not show any qualitative difference in their polypeptides patterns. Most of
the polypeptides of tetraploids of ‘Nourin’ and ‘Pusur’ looked darker as compared to their respective
diploid parents. Densitometric scanning of gels exhibited more than 10% increase in relative concentration
of polypeptides of mol.wt. 78 kDa, 65 kDa, 60 kDa, 40.5 kDa, 38 kDa, 36 kDa, 29 kDa, 25 kDa, 21 kDa
and 13 kDa in ‘Nourin 4x’, 78 kDa, 36 kDa, 21 kDa and 13 kDa in ‘Kuma 4x’, 78 kDa, 65 kDa, 40.5
kDa, 38 kDa, 36 kDa, 25 kDa and 21 kDa in ‘ Pusur 4x’ and 38 kDa and 21 kDa in ‘Tougou 4x’.
Maximum densitometric increase was noticed for polypeptides of mol.wt. 25 kDa in ‘Nourin 4x’, 21 kDa
in ‘Kuma 4x’, 36 kDa in ‘Pusur 4x’ and 38 kDa in ‘Tougou 4x’ as compared to their respective diploid
parents.
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INTRODUCTION

Rice belongs to family Poacaeae and has two
cultivated species O. sativa and O. glaberrima. For a
large part of the world's human population, especially
in East, South and Southeast Asia, rice is a staple food
and provides more than one fifth of the calories
consumed by humans in world[1]. Although it is a good
source of protein due to its high lysine content yet it
is not a complete protein[2]. The major nutritional
problem associated with rice is the low protein content.
Increasing the protein content has always been
suggested to result in an overall improvement in
nutritional quality. Using induced mutation and genetic
transformation techniques, rice lines enriched with
essential amino acid lysine have been developed[3,4].

The major storage proteins in rice crop are
represented by dilute alkali soluble glutelins which
constitutes 54 to 69% of the total protein and followed
by alcohol soluble prolamins (15-21%)[5]. The other two
protein fractions viz. water soluble albumins (5%) and
salt soluble globulins (10%) are minor components of
rice proteins. Their accumulation in two types of

protein bodies i.e. prolamins containing PB-I and
glutelins/globulins containing PB-II are well known[6].
Among these four protein fractions, glutelins are the
most extensively studied fractions and have been well
investigated and characterized by different workers
mainly concentrating their work on cultivated rice
having diploid chromosome number (2n =24)[7-91].  A
number of studies in rice mutants, particularly by
Japanese workers, have also been carried out to further
widen our knowledge regarding storage proteins[10-12].
Although autotetraploid rice were taken up to reveal a
number of characteristics like endosperm
development[13], reproductive characters[14] and
agronomic traits like plant height, grain per panicle,
fertility, amylose content and starch content[15] yet these
were not analyzed for their seed storage protein
characteristics. Therefore, in view of no reports
available on their protein characteristics, an attempt has
been made to study some rice autotetraploids along
with their diploid parents for their seed protein content,
proportion of four protein fractions, their polypeptide
patterns and densitometric studies.
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MATERIALS AND METHODS

Plant Materials: The seeds of diploid and their
tetraploid rice lines analyzed under present study were
procured from National Institute of Agrobiological
Sciences, Japan. Defatted seed meal was used for
protein fractionation and various other studies. 

Protein Estimation: Total nitrogen content in the seed
meal was estimated by following the method as
described by Peach and Tracey[16] and the value of
nitrogen so calculated was multiplied by conversion
factor 6.25 to get percentage of total protein in the
sample.

Total Seed Protein Extract:  Seed proteins were
extracted under denaturing conditions in Tris-HCl
buffer. The seed meal was suspended in 0.2M Tris HCl
buffer (pH 6.8) containing 2% SDS and heated in a
water bath at 80°C for 40-45 min. The extract was
separated by centrifugation at 2000g for 10 min. The
supernatant so separated was used for loading on to
SDS-gels.

Seed Protein Fractionation: For separation of seed
protein fractions, methods employed by Luthe[17] and
Schaeffer & Sharpe[18] were followed with slight
modifications. Different solvents used for extraction of
four protein fractions were buffered with 10mM Tris-
HCl (pH 7.5) and extraction was carried out
sequentially starting with a) albumins using water, b)
globulins with 0.5M NaCl, c) prolamins with 55% n-
propanol and d) glutelins in 0.5% SDS. 

Colorimetric Methods: Concentration of protein in
separated protein fractions was estimated following the
method as given by Bradford[19]. Lysine content was
calculated by using the colorimetric method as followed
by Kaul et al.[20].

Electrophoretic Analysis and Densitometric
Scanning: SDS-PAGE under non-reducing and
reducing conditions was carried out on 14% gels
following the formulation of Laemmli[21] Relative
concentration of polypeptides separated by SDS-PAGE
was determined by densitometric scanning of the gel
using ‘TotalLab’ software from Nonlinear Dynamics
Ltd.

Results: As it is clear from Table 1, seed protein
content in four diploid lines was found to vary from
4.6% to 9.3% and their tetraploids exhibited increased
protein content in the range of 7.5% to 11.2%.
Maximum relative increase of 63% in protein content
was found to occur in case of tetraploid of the parental

line ‘Kuma’.  The relative distribution of four protein
fractions in seeds of the diploids and their tetraploids
is given in Table 1. As is known for the rice genotypes
in general, glutelins were the dominating fraction in all
the diploids (67.4% - 70.7%) and their tetraploids
(64.8% - 74.2%) as well. Whereas 'Nourin' tetraploid
showed a relative decrease,  tetraploid of lines 'Kuma',
'Tougou' and 'Pusur', on the other hand, showed an
increase in the proportion of glutelins. The increase
was found to be varied in range of 2.5%-8.4%; the
maximum was noticed in Pusur (4x) i.e 8.4%.
Tetraploid of ‘Nourin’ was also different from the
tetraploids of other diploid lines with respect to
changes in proportion of the remaining three fractions.
Whereas albumins exhibited an increase in proportion
i.e. from 6.3% in diploid parent to 9.1% in its
tetraploid line, a relative decrease in proportion of
albumin fraction was noticed in tetraploids of 'Kuma'
(6.1% to 3.7%), 'Tougou' (7.2% to 3.5%) and 'Pusur'
(6.3% to 4.1%). Similarly, proportion of prolamins in
these three tetraploid lines viz. 'Kuma', ‘Tougou' and
'Pusur' showed an increase i.e. 10.9% to 14.1%, 11.1%
to 12.9% and 12.3% to 14.4% respectively. On the
other hand, 'Nourin' tetraploid registered a relative
decrease in proportion of prolamins. The reciprocal
results could be seen in case of proportion of globulin
fraction for these four lines. A decrease in the
proportion of globulin fraction was found in tetraploids
of 'Kuma' (12.3% to 9.7%), 'Tougou' (12.8% to 11.1%)
and 'Pusur' (13.0% to 7.3%) and relative increase in
case of 'Nourin (4x)'.

Electrophoretic patterns of total seed protein
extracts of diploids alongwith their tetraploid lines
under reducing and non-reducing conditions can be
seen in Figure 1. These showed a number of major
polypeptides in the range of mol. wt. 110 kDa to 13
kDa. When seen under non-reducing and reducing
conditions, maximum polypeptide bands of all
tetraploids revealed an increase in their intensity as
compared to their diploid parents. However, no
qualitative differences in the polypeptides patterns
could be observed. When analyzed under reducing
conditions, new bands with mol.wt. 57 kDa, 53 kDa,
40.5 kDa, 38 kDa 33 kDa, 31 kDa, 29 kDa, 25 kDa,
21 kDa and 20 kDa could be seen in all the diploid
and tetraploids lines which otherwise were not seen in
the absence of 2-mercaptoethanol i.e. under non-
reducing conditions; at the same time, the bands with
mol wt. 110 kDa, 59 kDa, 52 kDa, 51 kDa, 49 kDa
and 20 kDa disappeared. This indicates the presence of
disulphide linkages among these polypeptide bands
which otherwise get broken in the presence of 2-ME
and resulted in the reduction of molecular weight of
these polypeptides.
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Table 1: Relative contribution of amino acids due to four seed protein fractions in diploids and   tetraploids of different rice lines.
Rice line Protein Proportion of protein fractions (g/100gm) Relative Lysine contribution

content --------------------------------------------------------------- --------------------------------------------------------------------------
(%) Albumins Globulins Glutelins Prolamins Albumins Globulins Glutelins Prolamins

Nourin (2x) 8.2 6.3 14.4 67.4 11.9 26.0 26.8 24.2 23.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nourin (4x) 10.0 9.1 14.9 64.8 11.2 27.3 26.5 23.6 22.6
Kuma (2x) 8.7 6.1 12.3 70.7 10.9 24.3 26.8 24.4 22.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Kuma (4x) 9.6 3.7 9.7 72.5 14.1 26.0 27.0 24.4 22.3
Tougou (2x) 9.3 7.2 12.8 68.9 11.1 25.1 26.6 20.1 28.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Tougou (4x) 11.2 3.5 11.1 72.5 12.9 24.2 22.7 26.8 26.3
Pusur (2x) 4.6 6.3 13.0 68.4 12.3 26.2 25.1 25.6 23.1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pusur (4x) 7.5 4.1 7.3 74.2 14.4 25.5 24.9 26.2 23.4

Fig. 1: SDS-polyacrylamide gel electrophoresis of total seed protein extracts of rice diploid and their tetraploid
lines on 14% gel under reducing and non-reducing conditions; a = Nourin (2x), b =  Nourin (4x),  c =
Pusur (2x), d = Pusur (4x), e = Kuma (2x), f = Kuma (4x), g = Tougou (2x), h    = Tougou (4x);
‘-2ME’ stands for without 2-mercaptoethanol and ‘+2ME’ for presence of 2- mercaptoethanol.

The densitometric scanning of polypeptides showed
that relative concentration of polypeptides in different
tetraploids varied with respect to that in their parental
lines and did not follow similar trend in all the four
cases (Table 2, Figure 2). More than 10% increase in
relative concentration of polypeptides of mol.wt. 78
kDa, 65 kDa, 60 kDa, 40.5 kDa, 38 kDa, 36 kDa, 29
kDa, 25 kDa, 21 kDa and 13 kDa was observed in
‘Nourin 4x’. Similar increase was also observed for
polypeptides of mol.wt. 78 kDa, 36 kDa, 21 kDa and
13 kDa in ‘Kuma 4x’,  for polypeptides of mol. wt. 78
kDa, 65 kDa, 40.5 kDa, 38 kDa, 36 kDa, 25 kDa and
21 kDa in ‘Pusur 4x’ and for polypeptides of mol.wt.
38 kDa and 21 kDa seen in ‘Tougou 4x’.  Among
these polypeptides, bands of mol.wt. 25 kDa in ‘Nourin
4x’, 21 kDa in ‘Kuma 4x’, 36 kDa in ‘Pusur 4x’ and

38 kDa in ‘Tougou 4x’ exhibited maximum increase in
their relative concentration (203%, 69%, 237% and
16.8% respectively). For other polypeptides, relative
concentration of polypeptides was more or less the
same or in most of the cases, the relative concentration
of polypeptides had decreased. Thus, whereas relative
concentration of polypeptides of mol.wt. 88 kDa, 31
kDa, 27 kDa, 22 kDa, 15 kDa and 14 kDa in ‘Nourin
4x’ and mol.wt. 88 kDa, 65 kDa, 60 kDa, 53 kDa,
40.5 kDa, 25 kDa, 22 kDa and 15 in ‘Kuma 4x’ had
decreased, relative concentration of polypeptides of
mol.wt. 53 kDa, 31 kDa, 28 kDa, 22 kDa and 15 kDa
in ‘ Pusur 4x’ and 88 kDa, 65 kDa , 60 kDa, 53 kDa,
40.5 kDa, 36 kDa, 22 kDa, 17 kDa, and 13 kDa in
‘Tougou 4x’ had also decreased. The polypeptides of
mol.wt.  53  kDa in ‘Kuma’  and  mol.wt 36 kDa in
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Table 2: Relative concentration of polypeptides in seed protein extracts of rice tetraploids and their   parental lines.
Relative concentration of polypeptides (%)

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S.No. Mol.wt. Nourin Nourin'4x' Kuma Kuma'4x Pusur  Pusur '4x' Tougou Tougou '4x' 

(kDa)
1 88 6.55 5.63 4.41 3.67 3.99 4.33 3.61 1.93
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 78 1.98 2.47 5.7 7.72 1.59 1.98 ----- -----
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 65 4.54 5.35 11.7 11.46 2.59 4.7 4.5 3.13
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 60 0.96 1.06 7.12 5.29 4.42 4.84 6.75 3.04
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 53 5.47 5.9 3.41 1.59 4.48 1.34 3.98 2.65
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 40.5 3.84 5.05 4.59 4.18 3.42 5.07 5.72 2.46
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7 38 6.11 8.69 6.97 7.01 7.03 8.33 5.23 6.11
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8 36 3.83 6.85 5.06 6 3.31 11.17 4.87 1.4
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
9 31 5.08 3.6 ---- ----- 3.67 5.26 ----- -----
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 29 3.47 7.18 ---- ----- ----- ----- ----- -----
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
11 28 ----- ----- ---- ----- 7.43 5.68 ----- -----
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
12 27 8.59 7.52 ---- ----- ----- ----- ----- -----
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
13 25 2.52 7.64 6.53 5.8 5.41 7.03 4.21 4.39
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
14 22 8.68 8.39 6.3 3.41 7.01 6.15 6.43 4.06
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
15 21 6.23 10.26 5.14 8.69 4.91 11.86 7.09 8.01
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
16 17 ----- ----- ----- ----- ----- ----- 2.34 1.01
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
17 15 9.26 5.68 17.48 10.18 14.17 11.27 ----- -----
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
18 14 14.6 6.71 5.77 6.34 ----- ----- ----- -----
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
19 13 8.28 9.71 9.8 11.23 16.59 16.98 9.2 6.32

‘Tougou’ showed the maximum decrease in relative
concentration.

Among the four tetraploid lines, only one line i.e.
‘Tougou 4x’ showed a significant increase (due to
glutelin fraction) and decrease (due to globulins) in
lysine content in this line (Table 1). However, other
tetraploid lines did not reveal such kind of change in
their lysine content. 

Discussion: Autopolyploids contain multiple sets of the
same genome in the nucleus and originate by
chromosome doubling and may exhibit multisomic
inheritance. As a result of formation of multivalents
(tetravalents, trivalents, bivalents and univalents) during
meiosis, the dosage of genes present in different
gametes may vary.  It has been suggested that genome
doubling may act as a genomic shock which may
require solution of the newly arisen situation of gene
dosage, increased genome size and pairing between
homologues. In this way, plants have to cope with

challenges of polyploidy. The rapid adjustment to
duplicated genome dosage is most probably through the
control of gene expression which may be by gene
silencing or gene activation. Guo et al.[22] found
positive linear dosage, dosage compensation and
negative dosage with respect to the transcript level of
18 genes in a maize autopolyploidy series of 1x to 4x.
Similarly in wheat hexaploid with AABBDD genome,
disappearance of storage protein subunits was observed
as a result of the inter-genomic suppression of this
subunit in BBAA genome by the DD genome [23]. In a
recent analysis of the wheat transcriptome of a newly
synthesized wheat allotetraploid, Kashkush et al.[24]

found 60 transcripts that were present in one or both
diploid progenitors and disappeared in the allotetraploid.
Transcript disappearance was caused either by gene loss
or gene silencing. So, in this way, the value of gene
expression can be evaluated by examining mRNA
rather than protein levels.  
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Fig. 2: Densitometric scanning profile of different polypeptides of total seed protein extracts of rice diploid and
their tetraploid lines. a = Nourin (2x), b = Nourin (4x), c = Pusur (2x), d = Pusur (4x), e = Kuma (2x),
f = Kuma (4x), g = Tougou (2x), h  = Tougou (4x).

It has also been shown that with increase in ploidy
level, allelic copy number increases which result in
producing new phenotypes because of dosage effects[22].
In present study, enhancement of protein content in
tetraploid lines vis-à-vis diploid parental lines, which is
a polygenically controlled trait, is possibly due to gene
dosage effect. A number of polyploid plant species
with a ploidy level higher than its diploid parents had
also been studied for higher protein or enzyme activity
[25,26]. 

As it could be expected that with doubling of the
whole genome in tetraploids, all the four protein
fractions separated from the seeds of these tetraploid
lines would reveal an increase proportion as compared
to their diploid parents but in our study either increase
or decrease in their proportion was noticed when
compared to their diploid parents. The tetraploid line
‘Nourin’ revealed decreased proportion of glutelins and

prolamins; an increased proportion was noticed for
albumin and globulin fractions. Remaining three
tetraploid lines exhibited a reverse proportion for these
storage proteins when compared to their diploid
parents. It means that duplication of a genome may not
necessarily results in up regulation of transcriptional
level; it might be down regulated at some time. DNA
microarray studies by Galitski et al.[27] on isogenic
yeast strains had shown the increased as well decreased
level of gene expression in response to change in
ploidy level. A supporting study towards these results
had been given by Adams et al [28] who proposed the
occurrence of an intrinsic mechanism by which genetic
stability can be maintained by silencing extra copies of
genes in duplicated genome. Further it was explained
as nonrandom, genetically programmed and organ-
specific phenomenon. In present investigation, whatever
the changes occurred in proportion of protein fractions,
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either increased or decreased, it did not show
significant alteration in lysine content and it is possible
that the high-lysine gene may be lacking dosage effect.
 By analyzing storage proteins using SDS-PAGE, no
change in the polypeptide pattern was observed on
SDS-gels except increased intensity of bands in
tetraploid lines as compared to their diploid parents.
Similar kind of results had been shown by Xie et al.[29]

which indicated that duplicated chromosome sets did
not change the protein expression profile but the
protein expression level in autotetraploid rice. 

It is well known that allopolyploids have been
mainly focused and studied for many genetic and
epigenetic changes [30-32] and in relation to these, very
few studies have been concentrated on the
consequences of autopolyploidization on gene
expression [22,33,34]. It may be due to that the
autotetraploids results from the duplication of same
genome and therefore, thought to experience less
alteration in their regulatory genes which results in
fewer gene expressions. 
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