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ABSTRACT 
 

Knock out of the Starch branching Enzyme [SBE] encoding genes lead to increase in the Apparent 
Amylose Content in cereals. Reduced SBE activity decreases the frequency of branch points in the 
Amylopectin fraction, while increasing the Amylose Content [AC]. AC is positively correlated to the 
Resistant Starch [RS], which acts as dietary fibre leading to lowering Glycemic Index [GI]. Among 
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the 4 Starch branching enzyme encoding genes, SBEIIb is exclusively expressed in Rice 
Endosperm. Therefore, in this study, the homozygous OsSBEIIb mutant lines of CO51 rice cultivar 
generated through CRISPR/cas9 were selected and biochemical analysis was carried out to 
determine the AC. Among the events studied, all the events showed a relatively increased AC as 
compared to the wild type. These findings highlight the need of identifying and developing rice 
genotypes with high RS and Amylose, which can be suitable for consumption by people suffering 
from diabetes, obesity, and other colon related illnesses. 
 

 
Keywords: Rice; starch branching enzyme [SBE]; amylose; biochemical analysis; CRISPR/Cas9. 
 

1. INTRODUCTION 
 

Globally, the prevalence of chronic diabetes 
mellitus is rising quickly [1]. “Diabetes often 
manifests clinically as high blood sugar levels 
brought on by a total lack of insulin or insulin 
resistance. Long-term, uncontrolled insulin 
deficiency and high blood glucose levels severely 
compromise the functioning of numerous organs 
and lead to a host of serious problems, including 
heart disease, kidney disease, nerve damage, 
and eye illness” [1]. 
 

“For about half of the world's population, rice is a 
significant cereal crop” [2,3]. “The major 
composition of a rice grain is made up of starch, 
which is an essential source of energy for people” 
[4,5]. “Linear amylose, in which the 
monosaccharide units are primarily linked by α-
1,4 -glycoside bonds, and highly branched 
amylopectin, which contains extra α-1,6-
glycoside branches, are two types of starch that 
may be distinguished based on the degree of 
branching and the shape of the glycosidic 
linkages” [4-6]. “In 1982, in addition to the 
conventional starch classifications, the idea of 
resistant starch (RS) was proposed” [7]. “RS is a 
kind of starch that is resistant to amylase 
hydrolysis and is rarely digestible in the human 
small intestine” [5,8].” Instead, colonic bacteria 
digest it in the large bowel to form short-chain 
fatty acids (SCFAs)” [8,9]. “However, most rice 
varieties have a low RS content” [5,2,3]. 
 

“The high-RS diet has potential benefits for the 
overall gut health” [8-11]. “In particular, a diet 
with a high proportion of RS is beneficial for 
diabetic patients in reducing the postprandial 
blood glucose levels and alleviates insulin 
resistance due to its slow digestion in the small 
intestine” [8,11]. “RS content is favorably 
connected to AAC, including amylose, 
amylopectin long-branch chains, and 
intermediate components in cereals” [11-13]. 
 

“Starch biosynthesis is a complex mechanism 
composed of four enzymes such as, ADP-

glucose pyrophosphorylase, starch synthase, 
starch branching enzyme (SBE), and starch 
debranching enzyme. Each of these enzymes is 
made up of many subunits and has different 
isoforms” [14-16]. “Each enzyme has a different 
purpose, although they are most likely part of a 
network. Genes governing amylose synthesis 
also influence amylopectin formation, and 
amylopectin can give rise to amylose" [17]. 
“Increasing the amylose content via increasing 
the expression of the GBSSI enzyme typically 
requires gain-of-function mutations that are 
difficult to introduce. As a result, directly raising 
the amylose content to develop transgene-free 
germplasm with high RS content is inefficient. It 
has been demonstrated that increasing AAC by 
regulating the production of amylopectin is a 
simpler method” [10,17,18]. 
 
SBEs are important in amylopectin biosynthesis 
because they catalyse chain transfer by cleaving 
α-1,4 linkage after condensation of α-1,6 linkage. 
SBEs are classified into four classes in cereals 
such as rice, maize, barley, and wheat: SBEI, 
SBEIIa, SBEIIb and SBEIII [19]. SBEI is involved 
in the synthesis of long chains of amylopectin in 
rice, SBEIIb is involved in the formation of short 
chains, whereas SBEIIa has minor role in 
formation of short chains [20]. Cereals have been 
genetically modified to boost AC by inhibiting 
amylopectin production by mutation or 
suppression of SBE gene expression [10]. 
 
“Previous research has found that SBEIIb, which 
is mostly found in endosperm, has a higher 
impact on starch composition than other isoforms 
[18,17,21]. Regardless of genetic background, 
the AAC was nearly doubled in sbeIIb mutants 
created by chemical mutagenesis” [21-23]. “As 
mutagenesis is unpredictable, crop breeding with 
chemical or physical mutagens usually 
necessitates arduous and time-consuming 
processes to test mutants of a                   
specific gene” [18,24,25]. “CRISPR/Cas9-
mediated mutagenesis can circumvent the 
constrains of random mutagenesis and RNAi by 
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producing site-specific changes directly through 
exact complementary base pairing” [26,27]. 
        
In this investigation, we analysed the starch 
content of mature grains of the transgenic lines 
and their wild-type progenitors to study the effect 
of targeted mutagenesis of SBEIIb on the 
amylose content of rice grain. 
 

2. MATERIALS AND METHODS 
 
Plant material: The SBEIIb mutants generated 
earlier in our lab. A total of thirteen T1 lines were 
raised in transgenic greenhouse under the 
hydroponics system. The T1 lines were Sanger 
sequenced for the selection of homozygous line. 
Out of thirteen events, three homozygous events 
were identified and their T2 seeds were 
harvested. For the biochemical analysis, the T2 
seeds were taken with three biological replicates 
and three technical replicates. 
 

2.1 Biochemical Analysis  
 
Starch and amylose content estimation for the 
three homozygous events were carried out. The 
steps involved in the starch and amylose content 
estimation are detailed below. 
 

2.2 Starch Estimation 
 
The estimation of starch was carried out by using 
Anthrone reagent. The samples (Seeds) were 
homogenized in a pestle and mortar. The sample 
(0.1 to 0.5 g) was taken and mixed with 50 ml of 
hot 80 % ethanol. Then the mixture was 
centrifuged and the pellet was washed twice 
using hot 80 % ethanol, then dried thoroughly 
over a water bath before cooling it in ice/normal 
water. After drying, 5 ml of water and 6.5 ml of 
52 % perchloric acid was added to the pellet in 
each tube. The tubes were then incubated on ice 
for 20 minutes and centrifuged at 10,000 rpm for 
(8-10 minutes). The above extraction with fresh 
perchloric acid was done for twice. Then the 
supernatants were pooled together in a single 
falcon tube. From that 0.2 ml of the supernatant 
was taken and the final volume was made 1 ml of 
distilled water in 2 ml Eppendorf tube. This 
solution serves as the working standard for 
further analysis.  
   
The starch standards were prepared by putting 
0.2 ml, 0.4 ml, 0.6 ml, 0.8 ml, and 1 ml of 
supernatants in each tube and filling to 1 mL with 
water. Next each tube was filled with 4 ml of 
Anthrone reagent. After cooling it in ice water, 

intensity of green to dark green colour at 630 nm 
was measured by spectrophotometer. 
 

2.3 Apparent Amylose Content 
Estimation  

 
“Apparent AC was determined following a 
modified method according to the iodine 
adsorption method” of Konik-Rose et al. [28]. The 
experiments were performed in triplicate. Seeds 
were weighed and crushed to get a sample 
volume of 50 mg and added to 50 ml volumetric 
flask. To this, 0.5 ml of 95 % ethanol was added 
to wash down the sample adhering to the flask 
followed by 5 ml of 1 N NaOH. The above 
mixture was incubated for 15 minutes in a water 
bath to gelatinize the starch by boiling. Stock was 
prepared by taking the 4 ml of boiled extract and 
added to new flask to make up the volume to 50 
ml. From this, 0.5 ml was pipetted out to a test 
tube and 2.0 ml water was added to make up the 
volume to 2.5 ml. To this, a drop of 
phenolphthalein was added to develop pink 
colour. 0.1 N HCI was added drop by drop until it 
turns to colourless. The volume was made up to 
10 ml with distilled water after addition of 1 ml of 
iodine reagent and the blue colour developed 
was read at 630 nm. Amylose concentration was 
obtained by plotting the absorbance in the 
standards curve. AC of each sample was 
expressed as percentage to total quantity of 
sample taken for analysis. The amylopectin 
concentration was calculated by subtracting the 
amylose percentage from the total starch 
percentage of the sample. 
 

2.4 Statistical Analysis of the 
Biochemical Observations  

 

Data on the starch and amylose from 9 replicates 
(3 biological replicate and 3 technical replicate) 
of each event were expressed as mean ± 
standard deviation. The data was subjected to 
one way analysis of variance (ANOVA) to 
calculate the critical difference at 5 % level of 
significance. Mean values of Starch and Amylose 
for each event was compared with that of wild 
type CO51 using student’s t-test to find the 
presence of any significant difference between 
the mutants and the wild type.  
 

3. RESULTS AND DISCUSSION  
 

Plant mutants are useful genetic materials for 
identifying gene function and regulation, as well 
as providing germplasm for crop improvement. 
Physical mutation, chemical mutation, and T-
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DNA insertion mutation are examples of 
traditional mutation processes. However, their 
mutation ratios are modest, and the mutation 
sites are random and unknown. The 
CRISPR/Cas9 system is capable of rapidly 
producing target gene mutations and has been 
widely used in the generation of plant mutants, 
particularly in reverse genetics for exposing 
target gene function and control [29-33]. 
     
The total endospermic starch content of rice is 
typically composed of a 0-30 % amylose fraction 
and a 70-100 % amylopectin fraction [34]. 
However, rice types can be classified as higher 
(25-33%), intermediate (20- 25%), low (12-20 %), 
very low (2-12 %), or waxy (0-5 %) based on 
their amylose concentration [35]. 
 
The chosen three homozygous events (NA-
CO51-2-1,NA-CO51-10-1,  NA-CO51-10-2) were 
analysed for the Starch and Amylose content. 
The ACs of wild type were 20.3 %. Both AAC 
and AC increased significantly (p<0.05) in the 
three events, with AAC ranging from 25-27 % in 
the three homozygous mutant lines (Fig. 1). On 
average, the AC increased from 20.3 % in the 
wild type to     27.5 % (1.35 fold increase) in the 
homozygous mutant lines (Fig. 2). The increased 
AC in the grains of these mutant lines did not 

affect the total starch content; the total starch 
contents in the mutant lines were similar to that 
in wild type (Fig. 3). As expected, the ratio of 
amylose/amylopectin increased significantly in 
the mutant lines, relative to wild type (Fig. 4). 
Taken together, these results clearly show that a 
knockout of OsSBEIIb in rice can increase AC 
from 20.1 % to 25–27%. Clearly, suppression of 
OsSBEIIb expression for amylopectin 
biosynthesis in rice leads to increased AC. 
 
Previous research on the indica rice cultivar 
(TNGS14) observed that AC increased 
dramatically from 15.8 % in wild type to 24.1% in 
the heterozygous condition and 30.8 % in the 
homozygous mutant lines [36]. Baysal et al. [37] 
developed and analyzed T3 seeds from a 
homozygous mutant (E15 CRISPR/Cas9 edited 
line) with a 4 bp deletion, observed a 1.4 fold 
increase in amylose content in the edited line 
(27.4 %) compared to the wild type japonica 
cultivar Nipponbare (19.6 %). Sun et al. [18] 
demonstrated a considerable increase in the 
proportion of amylose (25 %) and resistant starch 
(5-8%) in OsSBEIIb mutant lines of cultivar 
Kinmaze. The amylose/amylopectin fraction was 
also analysed and found to vary in the edited 
homozygous lines when compared to the wild 
type CO51. 

 

 
 

Fig. 1. Apparent amylose content [%] 
*Significant differences between mutant and wild-type lines [t-test, P < 0.05]. 

Mean ± SD is calculated from duplicate measurements. Values with different letters in the same column are 
significantly different with p < 0.05 

*

*

0

5

10

15

20

25

30

35

Wild type NA-CO51-2-1 NA-CO51-10-1 NA-CO51-10-2

A
p

p
ar

en
t 

A
m

yl
o

se
 C

o
n

te
n

t

Rice lines



 
 
 
 

Gauda et al.; Int. J. Plant Soil Sci., vol. 35, no. 20, pp. 636-643, 2023; Article no.IJPSS.107018 
 
 

 
640 

 

 
 

Fig. 2. Amylose content [%] 
*Significant differences between mutant and wild-type lines [t-test, P < 0.05]. 

Mean ± SD is calculated from duplicate measurements. Values with different letters in the same column are 
significantly different with p < 0.05 

 

 
 

Fig. 3. Total Starch [%] 
*Significant differences between mutant and wild-type lines [t-test, P < 0.05]. 

Mean ± SD is calculated from duplicate measurements. Values with different letters in the same column are 
significantly different with p < 0.05 
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Fig. 4. Ratio of Amylose/Amylopectin 
*Significant differences between mutant and wild-type lines [t-test, P < 0.05]. 

Mean ± SD is calculated from duplicate measurements. Values with different letters in the same column are 
significantly different with p < 0.05 

 
Furthermore, for enhancing GBSS, targeting all 
the four SBEs or a combination of inhibiting 
soluble starch synthesis and enhancing GBSS, 
may lead to a very high-amylose starch in rice.  
 

4. CONCLUSION 
 

In light of the results of the present investigation, 
it can be concluded that three homozygous 
mutant lines generated through CRISPR/Cas9-
mediated targeted mutagenesis has shown a 
considerable increase in the amylose content as 
compared to the wild type. Therefore it gives a 
clear demonstration of the amylose content being 
increased due to the indel mutations created in 
the rice SBEIIb gene. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. International diabetes federation. what is 
diabetes? In IDF Diabetes Atlas. Ninth 
edition. Karuranga S, Malanda B, Saeedi P. 
Salpea P. Eds., International                     
Diabetes  Federation: Brussels, Belgium. 
2019;Chapter 1:12-20. 

2. Khush GS. What it will take to feed 5.0 
billion rice consumers in 2030. Plant Mol.  
Biol. 2005;59 [1]:1-6.  

3. Zeng D, Tian Z, Rao Y, Dong G, Yang Y, 
Huang L, Leng Y, Xu J, Sun C, Zhang G, 

Hu J, Zhu L, Gao Z, Hu X, Guo L, Xiong G, 
Wang Y, Li J, Qian Q. Rational design of 
high-yield and superior-quality rice. Nat. 
Plants. 2017;3:17031. 

4. James MG, Denyer K, Myers AM. Starch 
synthesis in the cereal endosperm. Curr. 
Opin. Plant Biol. 2003;6[3]:215-22.                    
527. 

5. Zhao M, Lin Y, Chen H. Improving 
nutritional quality of rice for human health. 
Theor. Appl. Genet. 2020;133[5]:1397-
1413. 

6. Vandeputte GE, Delcour JA. From sucrose 
to starch granule to starch physical 
behaviour: A focus on rice starch. 
Carbohyd. Polym. 2004;58 [3]:245-266.  

7. Englyst H, Wiggins HS, Cummings JH. 
Determination of the non-starch 
polysaccharides in plant foods by gas-
liquid chromatography of constituent 
sugars as alditol acetates. Analyst. 
1982;107 [1272]:307-18. 

8. Raigond P, Ezekiel R, Raigond B. 
Resistant starch in food: A review. J. Sci. 
Food Agr. 2015;95[10]:1968-78. 

9. Topping DL, Clifton PM. Short-chain fatty 
acids and human colonic function:  roles of 
resistant starch and nonstarch 
polysaccharides. Physiol. Rev. 2001;81[3]: 
1031-64. 

10. Wei C, Qin F, Zhu L, Zhou W, Chen Y, 
Wang Y, Gu M, Liu Q.  Microstructure and 
ultrastructure of high-amylose rice resistant 
starch granules modified by antisense 

*

*

*

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

Wild type NA-CO51-2-1 NA-CO51-10-1 NA-CO51-10-2

R
at

io
 o

f 
A

m
yl

o
se

 a
n

d
 A

m
yl

o
p

ec
ti

n

Rice lines



 
 
 
 

Gauda et al.; Int. J. Plant Soil Sci., vol. 35, no. 20, pp. 636-643, 2023; Article no.IJPSS.107018 
 
 

 
642 

 

RNA inhibition of starch branching enzyme. 
J. Agric. Food Chem. 2010;58[2]:1224-32.  

11. Zhou H, Wang L, Liu G, Meng X, Jing Y, 
Shu X, Kong X, Sun J, Yu H, Smith SM, 
Wu,D, Li J. Critical roles of soluble starch 
synthase SSIIIa and granule bound starch 
synthase Waxy in synthesizing resistant 
starch in rice. Proc. Natl. Acad. Sci. USA. 
2016;113 [45]:12844-12849.  

12. Lin L, Huang J, Zhang L, Zhang C, Liu Q, 
Wei C. Effects of inhibiting starch 
branching enzymes on molecular and 
crystalline structures of starches from 
endosperm different regions in rice. Food 
Chem. 2019;301:125271. 

13. Wang J, Hu P, Chen Z, Liu Q, Wei C. 
Progress in High-amylose cereal crops 
through inactivation of starch branching 
enzymes. Front. Plant Sci. 2017;8:469. 

14. Kumari V, Kumawat P, Rajput SS, Yeri S, 
Gothwal DK, Choudhary S, Kumhar BL, 
Kunwar R, Kumawat GL. Application of 
DNA-free CRISPR/Cas-mediated genome 
editing in crops: A review. Agricultural 
Reviews. 2023;44(2):191-8. 

15. Ravikiran KT, Thribhuvan R, Sheoran S, 
Kumar S, Kushwaha AK, Vineeth TV, Saini 
M. Tailoring crops with superior product 
quality through genome editing: An update. 
Planta. 2023 May;257(5):86. 

16. Abdallah NA, Hamwieh A, Radwan K, 
Fouad N, Baum M. CRISPR genome 
editing to address food security and 
climate changes: Challenges and 
opportunities. Genome Editing and Global 
Food Security. 2024:95-132. 

17. Tian ZX, Qian Q, Liu QQ, Yan MX, Liu XF, 
Yan CJ, Liu GF, Gao ZY, Tang SZ, Zeng 
DL, Wang YH, Yu JM, Gu MH, Li JY. 
Allelic diversities in rice starch biosynthesis 
lead to a diverse array of rice eating and 
cooking qualities. Proc. Natl. Acad. Sci. 
U.S.A. 2009;106:21760−21765. 

18. Sun Y, Jiao G, Liu Z, Zhang X, Li J, Guo X, 
Du W, Du J, Francis F,  Zhao Y, Xia L. 
Generation of high-amylose rice through 
CRISPR/Cas9-mediated targeted  
mutagenesis of starch branching enzymes. 
Front. Plant Sci. 2017;8:298. 

19. Carciofi M, Blennow A, Jensen SL, Shaik 
SS, Henriksen A, Buleon A, Holm PB, 
Hebelstrup KH. Concerted suppression ́ of 
all starch branching enzyme genes in 
barley produces amylose-only starch 
granules. BMC Plant Biol. 2012;12:223. 

20. Zhu LJ, Gu MH, Meng XL, Cheung SCK, 
Yu HX, Huang J, Sun Y, Shi YC, Liu QQ. 

High-amylose rice improves indices of 
animal health in normal and diabetic rats. 
Plant Biotechnol. J. . 2012;10:353−362. 

21. Nishi A, Nakamura Y, Tanaka N, Satoh H. 
Biochemical and genetic analysis of  the 
effects of amylose-extender mutation in 
rice endosperm. Plant Physiol. 2001;127 
[2]:459-72. 

22. Yang R, Bai J, Fang J, Wang Y, Lee G, 
Piao Z. A single amino acid mutation  of 
OsSBEIIb contributes to resistant starch 
accumulation in rice. Breed Sci. 
2016;66[4]:481-489. 

23. Yano M, Okuno K, Kawakami J, Satoh H, 
Omura T. High amylose mutants of rice, 
Oryza sativa L. Theor. Appl. Genet. 
1985;69[3]:253-7. 

24. Shan Q, Zhang Y, Chen K, Zhang K, Gao 
C. Creation of fragrant rice by targeted 
knockout of the OsBADH2 gene using 
TALEN technology. Plant Biotechnol. J. 
2015;13[6]:791-800.  

25. Zhang J, Zhang H, Botella JR, Zhu JK. 
Generation of new glutinous rice by 
CRISPR/Cas9-targeted mutagenesis of the 
Waxy gene in elite rice varieties. J. Integr. 
Plant Biol. 2018;60[5]:369-375. 

26. Miao J, Guo D, Zhang J, Huang Q, Qin G, 
Zhang X, Wan J, Gu H, Qu LJ. Targeted 
mutagenesis in rice using CRISPR-Cas 
system. Cell Res. 2013;23 [10]:1233-6. 

27. Morell MK, Konik-Rose C, Ahmed R, Li Z, 
Rahman S.Synthesis of resistant starches 
in plants. J. AOAC Int.  2004;87:740–748. 

28. Konik‐Rose CM, Moss R, Rahman S, 
Appels R, Stoddard F, McMaster G. 
Evaluation of the 40 mg swelling test for 
measuring starch functionality. 
Starch‐Stärke. 2001;53(1):14-20. 

29. Karlson CKS, Mohd-Noor SN, Nolte N, Tan 
BC. CRISPR/dCas9-based systems: 
Mechanisms and applications in plant 
sciences. Plants. 2021;10:2055. 

30. Liu G, Lin Q, Jin S, Gao C. The CRISPR-
Cas toolbox and gene editing 
technologies. Mol. Cell. 2022;82:333–347. 

31. Rasheed A, Gill RA, Hassan MU, 
Mahmood A, Qari S, Zaman QU, Ilyas M, 
Aamer M, Batool M., Li H. A critical review: 
Recent advancements in the use of 
CRISPR/Cas9 technology to enhance 
crops and alleviate global food crises. Curr. 
Issues Mol. Biol. 2021;43:1950–1976. 

32. Shah P, Magar ND, Barbadikar KM. 
Current technological interventions and 
applications of CRISPR/Cas for crop 
improvement. Mol. Biol. Rep; 2022. 



 
 
 
 

Gauda et al.; Int. J. Plant Soil Sci., vol. 35, no. 20, pp. 636-643, 2023; Article no.IJPSS.107018 
 
 

 
643 

 

33. Singha DL, Das D, Sarki YN, Chowdhury N, 
Sharma M, Maharana J, Chikkaputtaiah C. 
Harnessing tissue-specific genome editing 
in plants through CRISPR/Cas system: 
Current state and future prospects. Planta. 
2022;255:28. 

34. Martin C, Smith AM. Starch biosynthesis. 
Plant Cell. 1997;7:971-985. 

35. Juliano BO. A simplified assay for milled 
rice amylose. Cereal Science Today. 
1971;16:334 - 338. 

36. Wang HC, Hsu YC, Wu YP, Yeh SY, Ku 
MS. Production of High Amylose and 
Resistant Starch Rice Through Targeted 
Mutagenesis of Starch Branching Enzyme 
Iib by CRISPR/Cas9/; 2021. 

37. Baysal C, Bortesi L, Zhu C, Farré G, 
Schillberg S, Christou P. CRISPR/Cas9 
activity in the rice OsBEIIb gene does not 
induce off-target effects in the closely 
related paralog OsBEIIa. Molecular 
Breeding. 2016;36 [8]:1-11. 

_________________________________________________________________________________ 
© 2023 Gauda et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/107018 

http://creativecommons.org/licenses/by/4.0

