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1. Introduction

Gl is an important quality trait of rice. It is determined
by the relative amount of amylose, amylopectin, and
the proportion of soluble and resistant starch. Glucose

in amylose synthesis, amylopectin synthesis and sucrose transport in flag leaf tissue.
Expression analysis was done in 6 genotypes with high and low GI values viz., Ashmber-
GI 88.4, Makro- GI 67.3, IR 64- GI 63.4, Madhuraj 55- GI 62.7, Noh hai- GI 82.9 and Swarna-
GI 69.2. Out of the 6 genotypes the activity of SS enzyme, related to amylopectin synthesis,
was found highest in low GI rice genotypes (Makro, Madhuraj 55 and Swarna) and
highest in Ashmber and Noh hai (high GI genotypes). The activity of BE was recorded
maximum in Makro, Ashmber and IR 64 and minimum in Swarna, establishing the role
of SS enzymes in the formation of soluble starch. The expression profile indicated that the
amylose and total starch (TS) content are not determined by a major gene but are affected
by the interaction of sucrose transporters and synthase enzymes that in turn determined
amylose, amylopectin, and TS concentration. The gene expression and enzymatic activity
showed interactions in the metabolic regulation of starch biosynthesis, transport, and
packaging grains, which significantly influenced the glycaemic index.

is stored as starch in rice grains. The essentially linear
-polyglucan amylose and the branched -polyglucan
amylopectin are the two main components of starch.
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Amylose is a linear polymer made up of glucan chains
that are 1,4-linked and contain a very small number of
branches joined by 1,6-glycosidic linkages. While the
amylopectin molecule is larger than the amylose
molecule and contains abundant a-1,6-branches that
connect a-1,4-linked glucan chains that make up a
structural framework of repeated amorphous and
crystalline lamellae.

The granule-bound starch synthase (GBSS) and
soluble starch synthase (SS) enzymes catalyse the
reactions for the elongation of 1,4-chains of amylose
and amylopectin, respectively. Amylopectin is made
up of tandem-linked clusters (roughly 9-10 nm in
length each), where linear a-1,4-glucan chains are
regularly branched via a-1,6-glucosidic linkages. The
crystalline organisation of the starch granule is
facilitated by the unique structure of amylopectin [1-
6]. The rate of synthesis of amylose and amylopectin
polymer, their organization in rice grains and
packaging into granules determine the overall Gl of a
variety. Varietal differences and environmental
factors are known to influence the fine structure of
starch clusters resulting in changes in their functional
qualities [7]. Earlier studies have reported the
function of the starch synthesis and sugar transport
related enzymes in rice grains and leaves. Only a few
recent studies have specially observed the
relationship of starch synthesis and transport with the
rate of grain filling in rice [8]. Varietal differences in
the packaging of starch in rice grain and grain density
as well as compactness have been observed. Although
the change in temperature during grain maturity is
known to affect the packaging of photosynthates in
rice grains [9], cooking quality, AC, and other quality
related aspects [10], but none of the studies have
These

observations indicate the possibility of correlation of

reported a direct effect on GI value.

these factors with the glycaemic index (GI) value of
rice thus the study of genes and enzymes related to
starch biosynthesis and sugar transport was
conducted in Indica rice varieties with different
maturity periods and contrasting GI values.

ADP-glucose pyrophosphorylase (AGPase), starch
synthase (SS), starch branching enzyme (SBE), and
starch de-branching enzyme (DBE) are the key
enzymes involved in starch biosynthesis. These

enzymes are highly regulated and the limiting

reaction is catalysed by AGPase, which is the first
enzyme in the starch biosynthesis pathway. It occurs
in amyloplasts by converting glucose 1-phosphate
and ATP to ADP-Glucose and
pyrophosphate (PPi). SS can be further classified into

inorganic

soluble starch synthase (SSS), which mostly produces
amylopectin, and granule-bound starch synthase
(GBSS), which produces amylose and the extra-long-
chain part of amylopectin [11]. SBEs are members of
o- amylase family. The branching enzyme introduces
a branching in the polyglucan's a-1, 4-glucan chain
and then reattaching the cleaved chain to an acceptor
chain via an a-1,6-glucan linkage, creating a branch in
the same or another chain [12,13].

The starch so synthesised is transported to sink tissue
through sucrose transporters. There are five types of
SUTs known in rice. SUT, a class of sucrose-proton
symporters found only in plants, is crucial for sucrose
acquisition from the intercellular apoplast outside of
the cell into the cytosol. Moreover, sucrose must first
be uploaded into the phloem before it can be
transported across vast distances via the symplastic
pathway. Additionally, a tiny amount of sucrose may
leak out in the apoplast during symplastic transport
within the phloem; bringing this sucrose back into the
phloem also requires the involvement of the SUT
transporter [14]. The apoplastic mode of transport
majorly contributes to the transport in developing rice
grain i.e., sink tissue. The sucrose is uploaded into the
phloem from the sheath tissue of flag leaves which
serves as source tissue. Between source and sink
tissues, there are different metabolic pathways
involved in starch production. The carbon in starch is
derived from fructose-6-P in the Calvin-Benson cycle
in photosynthetic tissues, whereas it is derived from
sucrose in sink tissues, which is transported from
source tissues through the phloem [15]. Sucrose is the
primary form in which assimilate, produced from
photosynthetic source tissues like the flag leaf blade,
is transferred to sink tissues via the long-distance
vascular pathway. Grain that accumulates starch in
the endosperm is the main sink tissue in cereals. Prior
to heading, other tissues, such as the leaf sheath and
stem, may also serve as temporary sink tissues. A
continuous, mature transport phloem network carries
the sucrose to these different sink tissues [16].

The granule-bound starch synthase I (GBSS/Wx) is
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Table 1. Target genes for analysis of expression profile

Enzyme Gene Expected Chr. Primersequence Ref.
amplicon
size (bp)

ADP-glucose pyrophosphorylase ~ OsAGPL1 140 5 f-CATCAAGGACGGGAAGGTCA [44]

large subunit r-ACTTCACTCGGGGCAGCTTA

ADP-glucose pyrophosphorylase ~ OsAGPS1 97 9 f-AGAATGCTCGTATTGGAGAAAATG [44]

small subunit r-GGCAGCATGGAATAAACCAC

Starch synthase Ila OsSSlla 54 6 f-GGCCAAGTACCAATGGTAAA [38]
r-GCATGATGCATCTGAAACAAAG

Granule-bound starch synthase I OsGBSSII 246 7 f-AGGCATCGAGGGTGAGGAG [38]
r-CCATCTGGCCCACATCTCTA

Granule-bound starch synthase I Wx6 852 6 f-CTCTTATTCAGATCGATCAC [38]
r-CCATATGTGCTTATAAGGAC

Starch branching enzyme Ila OsBElla 128 4 f-GCCAATGCCAGGAAGATGA [45]
r-GCGCAACATAGGATGGGTTT

Sucrose transporter 1 OsSUT1 125 3 f-AGTTCTGGTCGGTCAGCAT [46]
r-ACCGAGGTGGCAACAAAG

Sucrose transporter 4 OSSUT4 59 2 f-TTTGGCTGAGCAGAACACCA [46]
r-ATGTCATTCGGGCAGAGCTT

Sucrose transporter 5 OsSUT5 64 2 f-CTAGTGCGAAACTCCATCAAA [46]

r-AAAATATTTGGGTTTCCTGAGAT

vital for amylose synthesis while SSTand II play a role
in extending the amylopectin chain [17,12]. Rice
genotypes with differences in GI values have shown
allelic variation at Waxy locus [18]. Genetic variation
in the waxy locus leads to difference in grain
transparency and cooking quality in rice, the rare
alleles of the waxy locus have been identified that
govern AC and eating as well as cooking quality of
japonica rice [19, 20]. The BEs are known to introduce
a-1,6-linkage via and activity of DBEs leads to
formation of the crystalline amylopectin by removal
of a-1,6-linkages [21,17]. Since the starch biosynthesis
and transport in rice is largely governed by genes such
as glucose phosphorylase (AGPLs), starch synthase
(SSs), branching enzyme (BEs), de-branching enzyme
(DBE), and sucrose transporters (SUTs) in developing
seeds and leaves, [22, 5] therefore the expression of
nine genes viz. OsAGPL1, OsAGPS1, OsSS2a,
OsGBSS2, OsWx, OsBE-2a, OsSUT-1, OsSUT4,
OsSUT- 5 were analysed in the flag leaf tissue. The
assay of the corresponding enzymes such as starch
synthase and branching enzyme was also done in
developing endosperm. The pattern of gene
expression of the nine genes was analysed for
correlation with grain AC and Glycaemic index value
of the grains harvested from the same plant.

2. Materials and methods

2.1 Plant material

The experimental material for the present study
consisted of 208 diverse rice genotypes which were
evaluated in an augmented block design at the field
experimentation centre of the Department of Plant
molecular biology and biotechnology, Raipur College
of Agricultural, Chhattisgarh during the Kharif
season (June- December), 2021. The recommended
cultural practices were followed to raise the crop.

2.2 Analysis of AC, predicted glycemic index and grain
quality traits

The observations were recorded for quality characters
viz., grain length, grain width, length/breadth (I/b)
ratio, chalkiness, milling percentage, Head Rice
Recovery (HRR) percent and agronomic traits viz.,
plant height, no. of panicle/plant, panicle length and
panicle weight as per the SIS of rice by IRRI (2002).
ANOVA of all the above traits was calculated using
an augmented design layout and Pearson correlation
coefficient was also calculated by using R software.
Biochemical analysis of each genotype for estimation
of AC (as per the method by [23] and glycemic index
[24] was carried out. Based on the AC (high and low)
and glycemic index (high and low) six genotypes were
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selected for enzyme assay and gene expression
analysis. Seeds of the 6 rice varieties, Ashmber (GI-
88.44), Makro (GI- 67.37), Madhuraj-55 (GI- 62.79),
IR64 (GI- 63.46), Swarna (GI- 69.27) and Noh Hai (GI-
82.85), were planted in pots.
transplanted to the field 21 days after sowing (DAS)
and tissues were harvested in liquid nitrogen at the

Seedlings were

milking stage (usually 7 to 10 days after heading) for
enzyme assay. Flag leaf tissue was used for gene
expression analysis since it is considered to contribute
maximum to the developing grains. All leaf samples
were instantly frozen in liquid nitrogen after being cut
off from the plant and kept for further investigation.

2.3 Enzyme assay

Assay activity of Starch synthase (SS) and Branching
enzyme (BE) was carried out at the milking stage (10
days after pollination) in endosperm tissue. The assay
of Starch synthase and Branching enzyme was done
as per the method followed by [25]. For assay, 25
hulled grains were used that were harvested at the
milking stage. The embryo and pericarp were
removed, and the grains were homogenised with 5 ml
of the buffer solution in an ice-cold mortar along with
12.5% (w/v)
polyvinylpyrrolidone 40. Unless otherwise noted, the

(v/v) glycerol and 5% insoluble
homogenate was centrifuged at 10,000 x g for 5 min,
and the resultant supernatant was utilised to prepare
the enzymes [25]. Starch synthase -The analysis was
carried out in a reaction mixture of 280 pl with 50 mM
HEPES-NaOH (pH 7.4), 1.6 mM ADP glucose, 0.7 mg
amylopectin, 15 mM DTT, and enzyme preparation.
The enzyme was inactivated by putting the mixture in
a boiling water bath for 30 seconds twenty minutes
after the reaction began. The mixture was then treated
with 100 ul of a solution containing pyruvate kinase
(1.2 unit), 200 mM KC1, 10 mM MgClz, 4 mM PEP, and
50 mM HEPES-NaOH (pH 7.4), and incubated for 30
min at 30°C. After the reaction by starch synthase the
ADP is turned into ATP and the resultant solution
was heated in a boiling water bath for 30 seconds
before being centrifuged at 10,000xg for five
minutes.A mixture of the supernatant (300 ul), 50 mM
HEPES-NaOH (pH 7.4), 10 mM glucose, 20 mM
MgClz, and 2 mM NADP was added. The increase in
absorbance at 340 nm following the addition of 1 /A of
hexokinase (1.4 unit) and G6P dehydrogenase (0.35
unit) each served as a marker for the enzymatic

activity [25].

Branching enzyme- The assay was carried out in a
reaction mixture of 200 pl with 50 mM HEPES-NaOH
(pH 7.4), 5 mM G1P, 1.25 mM AMP, phosphorylase A
(54 unit), and enzyme preparation. By adding 50 ul of
1 N HC1, the reaction was stopped. 700 pl of 0.1% 12,
0.1% KI, and 500 pl of dimethyl sulfoxide were added
to the solution. At 540 nm, the enzyme activity was
measured using a spectrophotometer. The amount
that causes a rise in absorbance of one unit at 540 nm
in one minute was used to define one unit of
enzymatic activity [25].

2.4 RNA extraction and cDNA preparation

The flag leaf of 55 days old rice genotypes was
collected for RNA extraction. Samples were crushed
using liquid nitrogen and total RNA was extracted
immediately using the Trizol reagent method [26].
Using a Nanodrop spectrophotometer (ND 1000), the
amount of RNA is measured at 260 nm. To measure
absorbance, 1 pl of isolated RNA was put over the
nanodrop's tip. For each sample, the absorbance ratios
(A260/A280) were recorded in order to assess the
samples and determine the RNA purity. For pure
RNA, an acceptable absorbance ratio (A260/A280)
was between 1.9 and 2.1. The extracted RNA was also
loaded on 0.8% gel to assess the integrity of the RNA.
The RNA was then used for cDNA synthesis using
Bio-Rad iScript ¢cDNA Synthesis Kit as per the
manufacturer’s instructions.

2.5 Semi quantitative RT- PCR

The expression of starch related genes was
investigated using semi-quantitative RT-PCR. The
cDNAs synthesized was used for the expression
analysis using gene specific primers (Table 1). The
resultant PCR products were resolved on 1.5 %
Agarose gel at 70V. The presences of amplicons with
their respective intensity were recorded under gel
documentation. The relative intensity of amplicons
provided basis for the quantification of the level of
expression of the gene as high, moderate, low and

negligible.

3. Results and discussion
3.1 Analysis of grain quality traits:
Variation of all the traits related to grain quality and
agronomic performance was studied (Fig. 1 and 2)
and their range was recorded (Table 2). For analysis of
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Table 2. Analysis of variance of phenotypic traits of diverse rice genotypes viz., grain length, grain width, 1/b ratio, chalkiness,
milling percentage, HRR percent and agronomic parameters viz., plant height, panicle length, no. of panicle per plant, panicle

weight and days to maturity

Traits Mean S.D. S.E. Range Skewness Critical Coefficient Mean sq. Mean sq.
difference of Variance (unadjusted) (adjusted)
(5%)
GL 6.02 0.71 0.05 4.01-8.81 0.24rs 0.49 3.46 0.19** 0.57**
GW 2.26 024 0.02 1.58-3.03 0.17ns 0.21 3.93 0.03* 0.07**
1/b ratio 2.69 045 0.03 1.57-3.97 0.49** 0.38 5.83 0.06"s 0.23**
Chalkiness  6.71 243 0.18 1.0-9.0 -0.93** 3.1 19.75 0.9ns 5.55%*
Milling 64.59 957 0.72 29.46-85.91 -0.85** 17.39 11.35 223.47** 94.66*
HRR 52.84 12.72 0.96 12.6-79.7 -0.55** 15.32 12.3 212.71%* 157.75**
PH 147.99 2587 195 83.96-198.21 -0.41* 38.65 11.23 1642.26** 861.89**
P/p 7.23 155 012  4.11-12.71 1.04** 291 16.86 2.61rs 2.51rs
Pl 2583 247 0.19 18.02-32.6 -0.16m 5.17 8.43 2.89ns 5.97ns
PW 13.08 388 029 3.86-25.65 0.41* 6.25 20.4 16ms 17.4rs
DTM 138.96 10.97 0.83 115.4-164.03 0.01ns 17.87 5.38 140.56r 133.83**

Note: 1. s P> 0.05; * P <= 0.05; ** P <= 0.01; 2. GL= Grain length, GW= Grain width, /b= Length/Breadth ratio, Chalki= Chalkiness, Milling=
Milling percent, HRR= Head rice recovery, PH= Plant height, P/p= No. of panicles/plant, PL= Panicle length, PW= Panicle weight, DTM=

Days to maturity, S.D.= Standard deviation, S.E.= Standard error.

Table 3. Analysis of variance of biochemical traits of diverse rice genotypes viz., AC, TS, predicted Glvalue

Traits Mean S.D. S.E. Range Skewness Critical Ccv Mean sq. Mean sq.
difference (unadjusted)  (adjusted)
(5%)
Amylose 21.06 499 038  4.83-32.53 -1.57 ** 6.41 12.53 16.52™ 26.63 **
TS 6199 516 039 50.11-84.51 0.82 ** 9.69 7.30 67.08 * 27.98 "
pGlI 72.95 917 0.69  45.14-92.86 -0.86 ** 10.77 5.59 280.84 ** 87.54 **

Note: 1. ™ P>0.05; * P <=0.05; ** P <= 0.01; 2. Amylose= AC, TS= Total starch, pGI= predicted GI, S.D.= Standard deviation,

S.E.= standard error, CV= Coefficient of variance.

variance, augmented block design was applied in the
diverse rice genotypes. Observing the grain quality
traits and agronomic traits shows significant variation
in traits viz., grain length, grain width, length/breadth
ratio, chalkiness, milling percent, head rice recovery
(HRR), plant height, no. of panicles per plant, panicle
length and days to maturity (Table 2).

The range of grain length and width varied
significantly (Table 2) with Altamira-9 genotype
having maximum grain length and Kuneng genotype
having maximum grain width. Similarly, minimum
grain length and grain width values were recorded in
improved Sambha mahsuri and Swarna respectively.
From grain length and width 1/b ratio (Ilength/breadth
ratio) is calculated. The genotypes showing maximum
and minimum 1/b ratio are RNR 15048 and
Thavalkannan.

Chalkiness is an important index to assess the

appearance quality of rice. Chalkiness also plays an
important role in determining the processing, cooking
and eating qualities of rice. It needs more attention to
understand and select for the chalkiness of grains
because rice with high chalkiness loose grain
hardiness and becomes soft and easy to break during
milling. It leads to the reduced grain milled rice rate
and head milled rice rate [27]. Minimum chalkiness
that is 1(absent) was recorded in 16 genotypes like-
Aus 295, Gi tah and RD 15 while maximum chalkiness
value 9 (large) was observed in 65 genotypes like
Improved sambhamahsuri, Pulutselemyum and
Dhane burwa. Milling efficiency and head rice
recovery (HRR) determines the final whole-grain
yield and the milled rice's broken kernel rate, which
concerns the milling industry, consumers, and
farmers [28]. In our study, minimum milling% was

recorded in IR 4432 followed by Pa woon and Maung
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Figure 1. Frequency distribution of Grain quality parameters viz., Fig. 1a- Grain length (mm), Fig.1b-Grainwidth(mm), Fig.1c-

Length/Breadthratio, Fig.1d-Chalkiness,Fig. 1e- Milling percent, Fig.1f- Head rice recovery in a diverse ricegenotype.

nyo and maximum milling% was observed in Lalat
followed by Muttu samba and BW 295-5 respectively.
The minimum head rice recovery was recorded in
War 72-2-1-1 followed by Aus 219 and Thavalkannan
and maximum head rice recovery was observed in
Swarna followed by Muttu samba and Cauvery

respectively. Grain length, length/breadth ratio,
chalkiness, milling percent and head rice recovery are
considered to be important traits that determine
commercial acceptability and consumer preference of
a rice variety [29, 30].

From the above findings, it may be concluded a
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Figure 2. Frequency distribution of Agronomic traits viz.,
Fig.2a- Plant height (cm), Fig.2b- No. of panicles/plant, Fig.
2¢- Panicle length (cm), Fig. 2d- Panicle weight (g), Fig. 2e-
Days to maturity.

variety having a long slender structure with higher
head rice recovery and low chalkiness is desirable.
Although, none of the genotype was identified which
had all of the favoured grain quality traits but B 6136
E-3-TB-0-1-5 genotype possessed having long slender
structure, no chalkiness with intermediate head rice
recovery and moderate GI value.

In order to assess the agronomic traits of these
genotypes’ traits such as plant height, date of
flowering, days to maturity, number of panicles per
plant, panicle length, and grain yield were also
observed. All these traits showed wide genetic
variation, among the 208 genotypes evaluated and
analysed in the augmented design (Table 2). The plant
height (PH) is a critical determinant of lodging
resistance and strongly influences yield in rice, so a
moderate plant height is an important basis for rice
breeding [31]. Minimum plant height was recorded in
Min zao 6 and maximum plant height in Eakhawngan
genotypes  respectively. Important agronomic
characteristics associated with grain yield include
panicle structure, panicle branching, spikelet
production and grain morphology [32]. We recorded
maximum panicle length in ARC 18502 and minimum
panicle length in Cauvery. No. of panicles per plant
and panicle weight also showed a high variation
among the studied genotypes. Maximum and
minimum no. of panicles/ plant was recorded in
Qinognas and Nibari respectively while maximum
and minimum panicle weight were recorded in Kam
pai and Genit genotypes. The rice genotypes with
desired agronomic traits such as semi dwarf plant
height, higher no. of panicles per plant, panicle length
and panicle weight are more suitable.

RPW 9-4 (SS1) rice variety had less plant height,
intermediate panicle length and no. of panicles/plant
and high panicle weight which can be

commercially favourable.

Days to maturity directly influences the starch
quantity and the duration of the rice genotypes is
considered to play a critical role in the deposition of
starch in the endosperm. Significant variations were
observed in the genotypes with respect to days to
maturity. WAR 72-2-1-1 was showing maximum days
to maturity followed by Dudhkadar and Khao
gradookchahng while Liong orn was showing

minimum days to maturity (early maturing variety)
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to TS and glycemic index. In our study genotypes
showing maximum TS were Damnoeubkhse saut,
Wanga barugulu, CT 97737 and genotypes showing
maximum glycemic index were Dissi, ARC 11901 and

https://doi.org/10.58985/jafsb.2024.v02i03.55

The observations for TS and glycemic index were
variation observed among 208 genotypes with respect

divided into three categories- low (<55), intermediate
(56-69) and high (>70) [33]. There was significant

predicted glycemic index in a diverse rice genotype.
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Table 5. On the basis of the biochemical analysis and the phenotypic evaluation, six genotypes were selected for the enzyme

assay and gene expression analysis.

S. Genotype Parentage Biochemical analysis Grain quality traits
No. AC Total GI Grain Grain L/B ratio Chalkiness
starch length width
(mm) (mm)
1 Ashmber Indica 2317  59.64  88.44 6.5 22 2.95 7
2 Makro Indica 24.88 70.3 67.37 7.9 2.8 2.82 5
3 IR 64 Indica 19.75 6547 6346 6.1 2.1 2.90 5
4 Madhuraj55 Indica 2518 6437  62.79 7.4 2.4 3.08 7
5 Noh hai Indica 5.27 57.09 8295 7.1 2.3 3.09 9
6 Swarna Indica 21.89 62.4 69.27 5.1 2.2 2.32 9

Fu zaoxian. Similarly, minimum value for TS content
was observed in Barik kudi, Safari 17 and Eloni while
value was observed in, Ictacrispo 3, Ce in tsan and
Eakhawngan. AC is classified into five categories-
waxy (1-2%), very low (2-9%), low (10-20%),
(20-25%) and high (>25%). We
discovered through our research that IRRI BINI has
the maximum AC, followed by Madhuraj 55 and
Chama (dwarf). Similar to this, Ashmber has the
minimum AC value, followed by Pulutputhi and

intermediate

Puttunellu. On the basis of these observations six
genotypes-Ashmber and Noh hai (high glycemic
index), Makro and Madhuraj 55 (high AC and low
glycemic index), IR64 and Swarna (intermediate
glycemic index value) were selected for enzyme assay
and gene expression analysis.

3.3 Correlation of AC, TS and predicted glycemic index
value with grain quality traits and agronomic traits
Analysis of correlation between the AC, TS, and
glycemic index was performed with the mean values
of the quality parameters and agronomic traits. Grain
length shared a significant positive correlation length
breadth ratio. A negative significant relationship was
also reported between head rice recovery, milling
percent and TS (Table 4). From this, we can conclude
that there is a relationship between the strength of rice
grain and starch content as the increase in TS content
showed decrease in milling percentage and head rice
recovery. Therefore, developing rice varieties with
better head rice recovery and milling percent, the
intermediate to low TS content may be used as
selection criteria. Plant height also showed a
significant positive correlation with panicle weight.
Similarly, a significant negative correlation was also

observed in no. of panicles per plant with milling
percent, plant height and panicle length (Table 4).

Additionally,
correlation between TS and AC, as the AC levels
signifying an increase with the increase in TS content.

there was a significant positive

Plant height was also found to correlate with many
traits. It showed positive significant correlation with
grain weight, chalkiness as well as negative
significant correlation with I/b ratio and no. of
panicles/plant (Table 4). From this, we can conclude
that dwarf plant varieties will have less chalkiness
and slender shape as compared to tall rice varieties. A
negative significant correlation of 0.178 value was also
observed in plant height and AC suggesting that
dwarf rice varieties have higher AC. Positive
significant correlation was observed in chalkiness and
grain width and panicle weight and negative
significant correlation between chalkiness and /b
ratio (Table 4). Therefore, it suggests that the
consumer and millers’ preference is towards long
slender rice grains that have compact grain type. Days
to maturity also showed a positive significant
correlation with AC indicating that long duration
varieties have more AC as compared to the early
maturing varieties (Table 4).

According to studies conducted so far,
significant negative correlation between amylose and
glycemic index has been reported. However, we
found non-significant negative correlation (Table 4).
The non-significant findings could be due to the wide
variation studied among the 208 genotypes used in
this study. These genotypes belonged to various
classes of indica, Japonica, Aus etc. and differed

significantly on the basis of duration and genetic
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Figure 4. Enzyme assay of starch synthase in selected rice genotypes

Thus, the
Genetic*Environment

makeup. genotype had strong
(G*E)  interaction  that
influenced their amylose and TS content. The
glycemic index value is known to be influenced by
genetic makeup and environmental factors [34] and

storage conditions of the rice grains.

3.4 Enzyme assay:

The Starch synthase and Starch branching enzyme are
known to be key enzymes of starch biosynthesis
pathway in rice. The previous studies in Starch
synthase have shown that the key activity of Starch
synthase enzyme is correlated to amylopectin
synthesis controlled by SSI, SSII, SSIII, and SSIV
isoforms of SS gene [22]. Similarly, the activity of
starch branching enzyme was known to be correlated
with amylopectin synthesis controlled by BEI, BEIla,
BEIIb isoforms of BE gene [22].

Starch synthase: The activity of starch synthase enzyme
was recorded for selected rice genotypes (Fig. 4). Itis
reported to be the value of 17.8 nmol/ (mg
protein)/min in Oryza sativa cv. Fujihikari [25] while
we found the highest value of starch synthase in
Ashmber [9.385 nmol/ (mg protein)/min] and the
lowest value in Makro [4.64 nmol/ (mg protein)/min].
we discovered a correlation between starch synthase
activity in developing grains and GI. As varieties with
high starch synthase are showing high GI values. The
only exception observed in IR 64 as it has low GI but

it was showing relatively high starch synthase activity.

Branching enzyme: The branching enzyme assay was
conducted in selected six genotypes (Fig 5). [25]
reported value of 4540 nmol/ (mg protein)/min in
Oryza sativa cv. Fujihikari. According to our research,
Makro has the greatest branching enzyme value
[2887.972 nmol/ (mg protein)/min] and Swarna has
the minimum branching enzyme value [1928.852
nmol/ (mg protein)/min]. in our study branching
enzyme activity in developing grain was found to
correlate with GI value in Ashmber, Madhuraj 55 and
Swarna.

3.5 Expression analysis of genes

The expression of nine genes- AGPL 1, AGPS 1, SSIla,
GBSS 1I, Wx, BE Ila, SUT 1, SUT 4 and SUT 5 were
studied in flag leaf tissue of six diverse rice genotypes
(Fig. 6 and Table 5) and the results were correlated to
the AC, GI and enzyme activity in developing grains.
The expression of genes encoding ADP-glucose
AGPL1
(regulatory subunit) and the catalytic component of
the AGPase enzyme known as AGPS 1 (ADP-glucose
pyrophosphorylase small subunit) was studied. These

pyrophosphorylase  large  subunit or

two genes together catalyse the process to transform
ATP and glucose-1-phosphate into ADP-glucose and
inorganic pyrophosphate (Ppi) in amyloplast [35, 36].
We found that these genes were expressed in all the
six genotypes suggesting the occurrence of starch
synthesis process in the flag leaf tissue. From this ADP
glucose, leaf will produce starch, which will then be
Page | 252
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Figure 5. Enzyme assay of branching enzyme in selected rice genotypes
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Figure 6: Expression profiling of 10 genes [a.- actin
(housekeeping gene), b.-AGPL1, c.-AGPS1, d.-SS2a, e.-
GBSS2, f.-Wx locus, g.-BE2a, h.-SUT1, i.-SUT4, j.-SUT5] in 6
rice genotypes [1.-Ashmber, 2.-Makro, 3.-IR 64, 4.-Madhuraj
55, 5.-Noh hai, 6.-Swarna] in flag leaf tissue at 55 days after
sowing.

transported to sink organs (seed, endosperm) to form
storage starch. So, it may be concluded that every

genotype followed the similar initial stage for starch
production. However, the variations for GI values and
AC were present in these genotypes. It might suggest
that the expression of these genes is not the cause of
the variation in GI and AC levels.

The gene encoding SS Ila encodes starch synthase
enzyme whose function is to elongate amylopectin
short chains. SSlla is known to be involved in
amylopectin synthesis as loss of SSlla in rice is
reported to reduce amylopectin content [37]. SS Ila
was expressed in all the genotypes except Swarna.
There is another gene which is involved in
amylopectin synthesis- BE Ila. BE Ila encodes Starch
branching enzyme which produces amylopectin by
forming branched glucans and starting an «a-1,6-
linkage through the transfer of liner glucan [21]. The
BElla displayed variable expression among the rice
genotypes with expression only in Ashmber, Makro,
Noh hai and Swarna.

GBSS II encodes granule-bound starch synthase
enzyme Il which is involved in amylose synthesis as it
adds ADP glucose units in a linear chain by a-1,4-
linkage [38]. GBSS II was only expressed in the
Madhuraj55, Noh hai and Swarna, with relatively less
expression in Madhuraj-55 (low GI genotype) as
compared to the other two. Wx 6 gene encodes
granule bound starch synthase I which primarily
controls amylose synthesis in seed endosperm by
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generating linear glucan chain. GBSS 1 is also
responsible for gel consistency (GC) regulation and
amylose molecule size modulation [39, 40]. The
expression of Wx was recorded in Ashmber, Makro
and Noh hai varieties. The allelic variation waxy locus,
with SNPs in Int 1-1 and EX 6-62 is known to influence
AC of rice grain [41]. SUT 1 encodes Sucrose
transporter 1, serves to retrieve sucrose from the
phloem apoplasm along the transport pathway and
loads sucrose synthesised in the scutellum into the
sieve elements. SUT1 plays a role in rice plant
germination, early seedling growth, and development
[16]. All genotypes showed similar expression of SUT
1 gene. Only Noh Hai and Swarna displayed a lesser
expression than the rest of the genotypes. SUT 4
encodes sucrose transporter 4, which is responsible
for sucrose transport from the scutellum to the
young developing shoots and roots as well as sucrose
loading into the sheath phloem of the upper leaves
during the post-heading period. SUT4 has a
significant impact on plant development because
its knockout effect reduces plant height and tiller
number and causes yield loss [42]. It was expressed in
all genotypes except Makro. SUT 5 encodes the
sucrose transporter 5, which is crucial for delivering
sucrose as a carbon source for growing tissues or
possibly to supply sucrose to temporary storage
tissues. It was expressed in all genotypes except IR 64
with higher level of expression in Madhuraj 55. SUT 5
gene knockout causes yield loss, increased endosperm
chalk in the caryopsis, and decreased seed setting [43].
Similar gene expression was observed in Ashmber
and Makro for SS 2a, BE 2a, SUT1 and SUT5 but the
SUT4 gene did not express in Makro is the distinction.
As found earlier, Makro has high AC and low GI,
compared to Ashmber's high GI and AC. These
variations solely differ in terms of GI value and SUT4
expression. SUT 4 loads sucrose into the upper leaves'
sheath phloem during the post heading stage.
Therefore, it is possible that poor loading of
sucrose/starch onto endosperm led to dense
deposition of amylose in grains of Makro.

A similar level of expression of SS 2a and SUT 4 genes
was seen in Madhuraj 55 and Noh hai. However, they
differ in how other genes are expressed; for example,
in Madhuraj 55 high level of expression of SUTS5,
upregulated SUT1, low GBSS2, and no expression of

BE2a or the waxy locus gene was observed. While
Noh hai exhibits waxy locus gene expression,
upregulated GBSS2 and BE2a expression, low SUT1
expression, and low SUT5 expression. As biochemical
studies indicated that Noh hai has a low AC and high
GI genotype, whereas Madhuraj-55 is a high AC and
low GI variety. Low expression of the sucrose
transporters SUT1 and SUT5 may be the reason for
Noh hai's high GI value and low AC. It indicates that
lesser amount of sucrose was transported to
endosperm and whatever little sucrose is reaching
endosperm itmay be utilised for amylopectin
synthesis rather than amylose.

Swarna and IR 64 are the mega varieties that
expressed differential pattern in their gene expression
and GI and AC values. The lesser expression of BE 2a
and absence of waxy locus explains the intermediate
AC and glycemic index values of these genotypes.
These genotypes are known to have better milling
percentage and head rice recovery also, which
suggests that rice genotypes with less stickiness,
intermediate AC, glycemic index and better head rice
recovery (HRR) values are more preferred by farmers

and rice millers.

4. Conclusions

The result of the present study suggests that the AC
and TS values are not determined by the expression of
a single gene but are affected by numerous other
factors. In addition to maintaining the activity levels
of individual enzymes, the gene-gene interactions
might play an essential role in the metabolic
regulation of starch biosynthesis. =~ Amylose,
amylopectin, and TS concentration were significantly
influenced by sucrose transporters, which in turn
affect the GI value. However, no relation was found
in the enzyme activity of developing grains and gene
expression flag leaf tissue indicating the stage and
tissue specific expression of amylose and amylopectin
synthesis related genes. The detailed study of the
difference in the proteins of amylose and amylopectin
synthesis and packaging in different rice varieties will
facilitate the proper undertaking of the molecular
factors determining glycaemic index value of rice
grains.
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