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Abstract 
 

As an important carbohydrate-source food crop and raw materials of starch-based industries,  accelerated 

cassava breeding has been extensively pursued through various procedures, among others, is mutant induction 

using gamma irradiation combined with molecular marker. Iding, a local genotype cassava has been compared 

with a national variety Adira 4 for its yield attributes following gamma irradiation at various dose levels ( 2, 20, 

30, and 50 krad). The mutation rate was conducted based on morphological characteristics and identification 

using RAPD by employing random primer OPB-10. Evaluation was conducted on mutant lines producing high 

potential yield,  high starch and amylose contents. The fourth generation of irradiated Adira 4 (2 and 30 krad) 

and Iding (2 krad) exhibited higher yield and amylose content as compared to their representative controls. The 

yield of 30 krad irradiated Adira 4 indicated by mean tuber weight per individual could reach more than twice of 

that of control and almost 1.5 times of that irradiated with 2 krad. The levels of amylose content of all irradiated 

ones, regardless of genotypes and gamma irradiation doses  (2 and 30 krad) were higher than that of control. In 

most parameters, irradiated Adira 4 was superior to irradiated Iding.  
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Introduction 

The importance of cassava (Manihot 

esculenta Crantz) as a staple food for more 

than 600 million people in the tropical world 

relies on the large amount of starch 

accumulated in its storage root. The cassava 

storage root (CSR) is made up of about 85% 

starch, 1% proteins (dry weight base), and a 

few other nutrients (Uchechukwu-Agua, et al., 

2015,  Kaur & Ahluwalia, 2017, Carvalho, et 

al., 2019).  Cassava starch has been considered 

as an important raw material for the industry 

and is the major area of targeted research for 

modern biotechnology in cassava 

(Chavarriaga-Aguirre et al., 2016). In 

Indonesia, the demand for cassava roots 

increased per year and they become an 

important commodity for food security (FAO, 

2018). However, the growth of the plantation 

area has been negative i.e. -0.48% indicating 

the area used to be cassava plantation has been 

converted to others despite the large areas of 

Indonesia and the issue of alternative energy. 

As a consequence, Indonesia has still become 

one of the importer countries for cassava starch 

as the export in 2002 was 20,082 tons while 

the import was 25,754 tons (Indonesia Ministry 

of Agriculture, 2016). Thus, various efforts to 

increase the cassava starch quality and 

production are being extensively pursued. 

Cassava starch structure and functionality 

variability are the results of genetic factors, 

environmental factors, and more recently by 

genetic manipulation (Cabral & Carvalho, 

2000, Chaweewan & Taylor, 2015, Opabode, 

2018; Karlström et al., 2019). The genetic 

diversity in amylose proportion in the world 

germplasm collection, however, was 

considered to be low (Koehorst-van Putten et 

al., 2012) and variation in amylopectin 

structure has never been taken into 

consideration. In addition, the sources of plant 

mutations found in naturally occurring 
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variation as well as obtained by induced 

mutation, such as an amylose free starch 

mutant of cassava (Ceballos et al., 2007, 

Karlström et al., 2016, Yani et al., 2017, 

Subekti et al., 2017) had no genetic analyses, 

yet. 

A mutation is the most important single 

deterministic factor that produces a stable 

starch characteristic across plant generations.  

Recently, the effects of gamma-irradiated on 

other Indonesian genotypes have been 

reported. However, none of them assessed the 

same genotypes and very limited of that on 

amylose content (Damaita et al., 2018; 

Khumaida et al., 2015). In other work on Latin 

American and African cassava, gamma 

irradiation was applied to stem cuttings to 

obtain high resistance to post-harvest 

physiological deterioration (PPD) due to fungi 

(Nwachukwu & Adamu, 2009) or to reduce 

cyanide (HCN) content (Oyeyemi & Lawal, 

2010).  

The mutant induction combined with the 

molecular-based selection approach is a 

powerful technology to accelerate the genetic 

diversification in cassava. Random 

Amplification of Polymorphic DNA (RAPD) is 

one of the adapted techniques for the rapid 

detection of DNA genomics in organisms with 

short primer. This technique has been used in 

many plant species to detect genetic variation 

in wheat (Al-Tamimi & Al-Janabi, 2019), 

yardlong bean (Pidigam et al., 2019), and yam 

(Rao et al., 2020).  Cassava genetic studies 

using RAPD has been successfully reported on 

31 Brazilian cassava clones (Colombo et al., 

1998; Colombo et al., 2000a) and the genetic 

relatedness between cassava and two naturally 

occurring species (M. flabellifolia and M. 

peruviana) which are probably involved in the 

evolution of cassava (Colombo et al., 2000b). 

It has been also reported that the RAPD 

technique using primer OPB-10 and OPE-15 

could detect the genetic diversity in 108 

cassava genotypes of Indonesia 

(Sudarmonowati et al., 2006). 

In this study, we reported the variation of 

amylose proportion in Iding and Adira 4 of 

induced cassava mutants derived from 

irradiated stem cuttings using a rapid method 

detection combined with other 

spectrophotometer analysis. Iding is known as 

a local cassava genotype with sweet taste and 

high amylose content (Anggraini et al., 2009), 

while Adira 4 is one of 15 Indonesia’s varieties 

of cassava that have been used as a model for 

various research propagation through somatic 

embryogenesis and genetic transformation due 

to its responsiveness (Khumaida et al., 2015). 

The role of genotypes and dosages as well as 

propagation generation of irradiation were 

discussed. This study aimed to obtain superior 

traits related to cassava yield and starch, more 

specifically on amylose content obtained 

through mutant induction.  

 

 

Materials and Methods 
 

Plant Material and Induced Mutation.  

Stem cuttings of two different cassava 

genotypes i.e. Adira 4 and Iding with the size 

approximately 20 cm consisting of 3 nodes 

which were irradiated at the dose of 2, 20, 30, 

and 50 krad at the National Nuclear Energy 

Agency of Indonesia. Each dose consisted of 

50-400 stem cuttings. All plants (M1) were 

maintained or grown in the experimental field 

at Research Center for Biotechnology, LIPI. 

The stem plants were then propagated and 

harvested at 9-10 months old up to four 

generations (M1.V1-M1.V4). We focused on 

assessing the fourth generation (M1.V4) since 

the yield results were stable and to hinder 

chimera (Sholihin et al., 2019). 

Stem cuttings at a normal size around 20 

cm containing 4-5 nodes were planted directly 

in the field in a hole containing manure (goat 

manure) and were fertilized by Urea : TSP: 

KCl at 1 and 3-month-old after planting.  

 

Mutant Selection and Identification.  

The irradiated mutant lines were selected 

based on the survival rate and morphological 

performances followed by molecular genetic 

analysis using Random amplification of 

polymorphic DNA (RAPD) assay. RAPD 

analyses of control and irradiated plants were 

conducted.  Procedures for RAPD analyses 

were the same as previously applied and have 

worked for analysing other Indonesian cassava 

genotypes conducted at the Research Centre 

for Biotechnology-LIPI (Sudarmonowati et al., 

2006). The primer used was OPB-10 which has 

been proven suitable for assessing the genetic 

diversity of Indonesian cassava genotypes 

(Sudarmonowati et al., 2006). PCR conditions 

used were as follows: pre PCR at 94 oC for  3 

min, followed by  40 cycles of denaturation at  

94 oC for 12 sec,  annealing at 35 oC for  24 
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sec, and extension 72oC for 2 min. Then, post 

PCR was performed at 72 oC for  7 minutes.   

 

Yield and Starch Content Analysis.  

Yield component analysis was observed in 

the fourth generation of irradiated lines i.e. the 

number of roots per plant,  root fresh weight 

per plant, underwater weight per line number, 

root shape, and size. Dry matter and starch 

content values which were based on 

underwater weight, were calculated using the 

following formula : % dry matter = (158.3 x 

Sg) – 142.0; % starch = (112.1 x Sg) – 106.4; 

while Sg = A / A-B; A = total fresh weight on 

air; B = weight under the water. Ideally, the 

total fresh weight measured is between 3 to 5 

kg to obtain a more accurate estimation.  Since 

some individuals yielded less than 1 kg, these 

samples were also measured. The starch 

content analysis of irradiated lines was 

measured. The inner root of irradiated lines 

were stained with Lugol (diluted 1:3 with 

water). The range of staining patterns from the 

stained samples were observed. The starch 

isolation was conducted by peeling and 

homogenizing tuberous root samples in a 

grinder directly after harvest. The sediment 

was then washed several times with water and 

dried at room temperature for several days. 

While the amylose content was determined 

with a spectrophotometer following the method 

described by Koehorst-van Putten et al. (2012).  

Data Analysis.  

The growth parameters i.e. the umber of 

roots, the weight of roots, fresh weight of roots 

were collected and analysed based on average 

± standard deviation. The correlation analysis 

of fresh weight and starch content was 

conducted using Pearson correlation analysis 

by SPSS statistics program 2016. 

 

 

Results  
 

Growth and Morphological Performances of 

Irradiated Plants.  

Around 50-400 stem cuttings of two 

cassava genotypes (Iding and Adira 4) were 

exposed to irradiation with the dose range 

between 2 and 50 krad. The stem cuttings were 

then planted at field plots and observed their 

survival rates and morphological performances 

to investigate the desired mutant candidates. Of 

those dosage applied to the plants, Adira 4 

irradiated with the dose of 2 and 30 krad as 

well as Iding with a dose of 2 krad appeared to 

be potential mutant candidates for further 

cultivation, although the mutation rates of 

those mutant candidates were relatively low 

compared to those of initial stem cuttings 

before irradiation exposure (Table 1). On the 

other hand, another irradiated-dose application 

i.e. 20 and 50 krad to those two cassava 

genotypes showed no good growth 

performances at the dose of 20 and tended to 

have abnormal growth and died at the dose of 

50 krad, especially Adira 4 and Iding with the 

dose of 20 and 50 krad (Figure 1). These 

findings might be related to the different 

responses of the cassava genotypes to 

irradiated treatment. 

 

Genetic Analysis of Irradiated Plants Based 

on RAPD.  

Three putative mutant lines possessing the 

desired mutation related to yield production 

were subjected for RAPD analysis using OPB-

10 primers. Results revealed that irradiated 

Adira 4 lines with a dose of 2 krad had a 

different banding pattern with that of non-

irradiated plant (control) (Figure 2).  It 

appeared that irradiated Adira 4 at the dose of 

2 krad had no band of around 2000 bps 

compared to that in control (Figure 2a). 

However, the resolution of those bands 

visualisation was not high enough. As a 

comparison, we conducted the same primer in 

irradiated Adira 4 exposed to 20 krad 

irradiation. It showed that these irradiated 

plants have slightly different banding patterns 

as that of non-irradiated plants (Figure 2b). It 

revealed that OPB-10 random primer was still 

suitable for detecting the genetic diversity of 

cassava although the image profile needs to be 

optimized by increasing the quality and 

quantity of DNA and using another selective 

amplification primer pair.  These irradiated 

Adira 4 mutant lines Numbers 8, 39, and 50  

with the dose of 2 krad showing the lost band 

pattern and altered band position compared to 

control which indicated the difference with 

control which explained some abnormalities.    
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     Table 1. The mutation rate of two irradiated cassava genotypes 

Genotype/dosage  Number of 

irradiated stem cutting 

Number of 

putative mutant 

Mutation 

rate (%)  

Adira 4 (2 krad) 200 5 2 

Iding  (2 krad) 200 6 3 

Adira 4 (30 krad) 400 33 8.25 

 

Figure 1. The abnormalities leaves of cassava after irradiated exposure. a) Malformation of Adira 4 

leaves irradiated with 50 krad  and  b) leaf variations of Iding with dose of 50 krad as compared to c) 

Adira 4 control and d) Iding control.  

  

Figure 2. The band visualisation of irradiated and non-irradiated (control) plants by RAPD analysis 

using OPB-10 primer. a) Irradiated Adira 4 lines with a dose of 2 krad showing the lost band pattern 

and altered band position compared to control; b) Adira 4 exposed to 20 krad irradiation showing 

slightly different banding patterns as that of control as indicated with arrow position. M: marker, C: 

non-irradiated plant as control. 

 

Yield Characteristics and Production.  

The survived mutant lines further grown at 

the field plot for 9 months were observed for 

their morphological performances. In the first 

generation of field-grown plants, it seemed that 

plants showed unstable yield production based 

on observation and as reported in other plants. 

Therefore, the stem cuttings were conducted 

until the fourth generation. Based on 

morphological performances related to the 

yield potential including the height of plants, 

the number of roots, and the size of roots as 

compared to the control(non-irradiated plant) 

(Figure 3 & 4), several mutant lines had been 

selected for further analysis especially their 

yield production, starch content and amylose 

content (Table 2 and Figure 6).  

Based on the yield potential characteristics, 

irradiated Adira 4 lines with the dose of 2 and 

30 krad exhibited more number of roots than 

that of control (Figures 2 a &b). In addition, 

the size of roots in both lines was also bigger 

than that of control. Interestingly, the irradiated 

Iding with a dose of 2 krad also performed the 

same characteristics as Adira 4 mutant lines, 

especially the size of their roots was bigger 

than that of control (Figure 2c).  It means that 

both irradiated Adira 4 and Iding mutant lines 

potentially have higher yield production, which 

might also possess high starch contents as well 

as the desired ratio of amylose and 

amylopectin contents.  
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Figure 3. The growth performances of the fourth generation of field-grown irradiated plants as 

compared to control (non-irradiated plants). a) The 7-month old-field grown of Adira 4 with a dose of 

2 krad compared to control; b) the 8-month old-field grown of Adira 4 with a dose of 30 krad; c) the 6-

month-old of irradiated Iding 2 krad. 

  

Figure 4. Selected mutant lines based on yield potential and other characteristics. These putative 

mutant lines were selected from 400 lines and grown in the field at the third generation. Root 

performances of Adira 4 with a dose of 2 krad compared to control (left figure); root characteristics of 

Adira 4 with a dose of 30 krad (middle figure); roots performances of irradiated Iding 2 krad as 

compared to control (right figure).  

Yield and Starch Contents.  

The yield and starch content of irradiated 

plants were analysed after the fourth 

generation of field-grown.  The initial starch 

test was conducted by staining the inner part of 

the tuberous root section of several irradiated 

cassava lines (Figure 5). The test revealed that 

irradiated Adira 4 with a dose of 2 krad 

exhibited dark blue colour in all inner parts of 

the root section, which was similar to the 

control. Meanwhile, the staining colour of 

irradiated Adira 4 with a dose of 30 krad 

showed 90% dark blue, while the control 

seemed 75% light blue (Table 2.). The higher 

colour intensity of Lugol staining of irradiated 

plants was also correlated with the higher 

estimated and extracted starch content. On the 

other hand, in irradiated Iding with a dose of 2 

krad, several lines showed the same dark blue 

colour as that of control, but not all root 

sections were stained (20-60% stained roots). 

These rapid Lugol tests might correlate with 

the type of granule starch and amylose content 

of the roots. However, these tests could not be 

used as the main deduction without other 

biochemical analyses.  
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Figure 5. The stained tuberous root section of several irradiated cassava lines. a) Irradiated Adira 4 

with a dose of 2 krad compared to control; b) Irradiated Adira 4 with a dose of 30 krad compared to 

control; c) Irradiated Iding with a dose of 2 krad compared to control. Each staining test consisted of 4 

-5 different lines of irradiated cassava with contrast stained root results. 

 

            Table  2.  Lugol test of irradiated plants and control of Adira 4 and Iding 

 Individual 
% of samples 

exhibit dark blue  
% of samples exhibit light blue  

lines/genotype 
 

 

Adira 4 (2 krad) 40 60 

Adira 4 (30 krad) 90 60 

Adira 4 (Control) 75 50 

Iding (2 krad) 43 57 

Iding (Control) 25 75 
 

Of the yield production, it showed that 

induced mutants of all selected lines of 

irradiated Adira 4 stem cuttings possessed 

higher fresh weight and starch content than 

those of control (Table 3). The average starch 

content of Adira 4 mutants varied depending 

on the lines i.e. 24.70%-27.89% and of 

extracted starch was 23.56%-25.34%, while 

that of control was 18.16% and 14.15%, 

respectively. The yield of a certain line of 

mutants was also higher than that of control, 

regardless of the genotypes planted. Likewise, 

irradiated Iding at the fourth generation was 

higher than control in terms of starch content 

(Table 3). 

 

Table 3. Mean growth and starch weight of the fourth generation of irradiated cassava harvested at 9 

months in the field 
Individual 

lines/genotype 

Number of 

samples 

Fresh weight 

(g) 

Root 

number 

Estimated 

starch content 

Extracted 

starch (%) 

     (%)  

Adira 4 (2 krad) 12 893.8  ± 537.8 3.1 ± 1.41 27.9 ± 5.7 25.16 ± 3.5 

Adira 4 (30 krad) 22 1204.6 ± 806.4 3.27 ±2.83 24.7 ± 5.8 23.56 ± 2.8 

Adira 4 (Control) 10 585.0 ± 428.9 3.1 ± 0.71 18.2 ± 5.9 14.6 ± 3.0 

Iding (2 krad) 17 686.8 ± 277.3 3.12 ± 0.71 18.1 ± 6.2 26.5 ± 4.3 

Iding (Control) 6 625 ± 294.5 2.33 ± 1.41 16.3 ± 7.1 22.7 ± 7.6 

In order to investigate the correlation 

between the fresh weight and the starch content 

of those mutant lines, we analysed those 

parameters using the Pearson correlation. 

Results showed that both fresh weight and 

starch contents had a positive and close 

correlation in each of the mutant lines and their 

corresponding control (Table 4). Interestingly, 

in Adira 4 (2 krad), both parameters had a 

significantly negative correlation. This means 

that if the fresh weight of this line is high, the 

starch content will be low and vice versa. 
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Table 4. The correlation analysis of fresh weight and starch content parameters of each mutant  

   lines and their corresponding control 

  

FW Ad4 

(2krad) 

FW Ad 4 

(30krad) 

FW Ad 4 

(ctrl) 

FW Id  

(2 krad) 

FW Id 

(ctrl) 

SC Ad 4 

(2krad) 

SC Ad 4 

(30krad) 

SC Ad4 

(ctrl) 

SC Id 

(2krad) 

SC 

Iding 

(ctrl) 

FW Ad 4 

(2krad) 1 -0.961 -0.482 -0.693 0.994 .998* 0.701 -0.654 -0.694 0.836 

FW Ad 4 

(30krad) 

 

1 0.706 0.866 -0.924 -0.944 -0.871 0.838 0.867 -0.956 

FW Ad 4 

(ctrl) 

  

1 0.966 -0.383 -0.432 -0.963 0.978 0.965 -0.883 

FW Id (2 

krad) 

   

1 -0.61 -0.652 

-

1.000** .999* 1.000** -0.975 

FW Id 

(ctrl) 

    

1 .999* 0.619 -0.567 -0.611 0.771 

SC Ad 4 

(2krad) 

     

1 0.66 -0.611 -0.653 0.805 

SC Ad 4 

(30krad) 

      

1 -.998* -1.000** 0.977 

SC Ad 4 

(ctrl) 

       

1 .999* -0.962 

SC Id 

(2krad) 

        

1 -0.975 

SC Id(ctrl) 

         

1 

 

Note: FW: fresh weight; SC: starch content. * means the correlation is significant at the 0.05 level, 

while ** means the correlation is significant at the 0.01 level. The yellow colour highlighted the 

correlation of both parameters in each mutant line. 

 

Amylose Content.  

Several selected lines showing the unique 

colour and covered staining area from the 

previous staining tests were further subjected 

to amylose content analysis. Results showed 

that the amylose content of all irradiated 

cassava plants in both Adira 4 and Iding was 

higher than that of control. However, Adira 4 

regardless of the generation seemed to be 

superior to Iding in terms of amylose content.  

Amylose content of M1V4  generation derived 

from 2 krad irradiated Iding ranged from 33.32 

– 34.66 %. Whereas, amylose content of 2 krad 

irradiated Adira 4 was  33.77% -37.66%. The 

lowest range of amylose contents was in 30 

krad irradiated Adira 4 ranging from 30-

32.72% (Figure 6). 

 

 

Figure 6. The amylose content of the fourth generation of field-grown irradiated and non-irradiated 

(control) cassava stem.  
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Discussion 

Gamma-ray irradiation has been proven as a 

valuable tool to induce variations in plants. 

This technique combined with the molecular 

approach has successfully induced sweet 

potato producing high yield and starch content 

(Shin et al., 2011) and improved digestibility 

of Kithul (Caryota urense) starch (Sudheesh et 

al., 2019). In this study, Iding stem cuttings 

irradiated at a higher dose than 2 krad did not 

produce shoots compared to that of Adira 4. 

Doses at higher than 30 krad have led to leaf 

malformation and abnormal growth. The dose 

at around 1-1.5 krad was also the most 

appropriate one used for irradiated stem 

cuttings of South American and African 

cassava for obtaining trait of interest (Oyeyemi  

& Lawal, 2010). Other Indonesian genotypes 

used doses as low as 0.15 to 0.20 krad 

depending on the materials used (Damaita et 

al., 2018).  These indicated that Adira 4 might 

be more tolerant to water loss and irradiation 

treatment compared to others. In terms of acute 

dose, it seemed that a dose of above 30 krad 

inhibited the growth of the plants, which could 

be observed from severe malformed leaves and 

a low percentage of survival rate (Table 1 and 

Figure 1). However, for Adira 4, this dose has 

given a positive effect on increased yield as the 

mean weight of individuals was more than 

twice of that of control and almost 1.5 times of 

that irradiated with 2 krad (Table 3). This 

indicated that the irradiation dose determined 

the target trait.    

The mutation rate of the plants was 

considered low (Table 1). This might be due to 

the effect of genotypes and the planting 

material used. Iding and Adira 4 have given 

different responses toward irradiation than 

other Indonesian genotypes as reported in 

earlier publications. Different genotypes such 

as Gebang and different irradiated planting 

material had different responses to irradiation 

(Supatmi & Sudarmonowati, 2012b; Supatmi 

et al., 2016, Sholihin & Mejaya, 2019). These 

results were in line with other researches, 

reporting that the effective irradiation 

application to seeds or propagated plants 

should be in the range between 60 Gy to 700 

Gy/ 6 krad to 70 krad, while the in vitro 

material ranged 0.2 krad -0.5 Krad depending 

on plant genotypes and environmental factors 

(Ahloowalia
 
& Maluszynski, 2001; Supatmi & 

Sudarmonowati, 2012a; Supatmi & 

Sudarmonowati, 2012b; Supatmi et al., 2016). 

To confirm the changes of irradiated plants 

as a response to irradiation,  molecular 

identification using the RAPD marker was 

conducted to complement the morphological 

identification. It revealed that Adira 4 with a 

dose of 2 krad had lost the banding 

visualisation at a size of 2000 bps compared to 

Adira 4 (control) by employing OPB-10 

random primer (Figure 2). As a comparison, 

we also conducted the same analysis to 

irradiated Adira 4 with a dose of 20 krad 

showing the same band pattern as control. 

Although the band resolution was low, the 

differences in the band pattern were still 

clearly observed.  The use of OPB-10 as a 

suitable primer for cassava molecular 

identification had been successfully reported 

(Sudarmonowati et al., 2006), although the 

other factors such as the DNA quality and the 

PCR condition of each plant might cause 

different results. Further analysis by employing 

other random primers with good quality of 

DNA, however, is suggested.  

The target of the desired mutation in plants 

resulting from irradiation treatments is 

different in each plant. In cassava, the high 

yield production and the high starch content as 

well as the good ratio of amylose and 

amylopectin contents are mainly aimed. 

Several mutant lines of Adira 4 (2 and 30 krad) 

and Iding (2 krad) showed the potential in 

yield production in terms of the height, 

number, and size of roots (Figure 3 & 4) 

compared to those of their representative 

controls. In addition, both Adira 4 (2 and 30 

krad) had the highest fresh weight compared to 

those of Iding and their representative control 

(Table 3). However, the starch content analysis 

showing that Iding with a dose of 2 krad had 

the highest starch content followed by Adira 4 

(2 krad). This result was in line with the results 

of correlation analysis, showing that both 

parameters had a positive correlation in each 

mutant line except in Adira 4 (2 krad) 

exhibiting the negative correlation. This 

different response might confirm that the fresh 

weight of the roots is not the determinant 

factor to estimate the starch content. Zhu 

(2015) reported that the fresh weight might 

attribute to the starch purity and the extraction 

efficiency of cassava. On the other hand, the 

starch content was not also in accordance with 
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the results of the staining Lugol test, showing 

several Iding lines exhibited low coverage area 

of Lugol staining. Therefore, another 

biochemical analysis must be conducted as 

supporting analysis. 

The amylose content in starch is of 

importance to determine the functional 

properties of cassava starch for further base 

starch industry. In this study, we found that the 

amylose content of selected mutant lines of 

Iding and Adira 4 were higher compared to 

those representative controls. In terms of 

genotype and irradiation dose, it seemed that 

the amylose content of Adira 4 (2 krad ) was 

the highest one followed by Iding (2 krad) and 

Adira 4 (30 krad). These findings are 

promising to be further developed, although 

the stability of their amylose contents and 

starch contents should be further evaluated. 

 Naturally, the proportion of amylose in 

cassava 17-25% of starch while amylopectin is 

75-80% (Opabode, 2018). Based on that 

proportion, it appeared that Adira 4 and Iding, 

originally, possessed high amylose than the 

common amylose content in cassava. Several 

individuals of irradiated Iding showed less 

amylose indicated by almost no blue-stained 

tuber flesh which might be useful for non-food 

industrial materials such as textiles and paper 

which require low amylose or even amylose-

free starch (Figure 5c).  This clearly confirmed 

that the genotype/cultivar had an impact on the 

amylose content besides other environmental 

factors such as altitude (Subekti et al., 2017; 

Setiawan & Rahmawati, 2019) and water or 

season (Gu et al., 2013).  

In this study, we highlighted the findings of 

improved starch quality of two different 

genotypes of cassava through gamma 

irradiation. The response of plants to 

irradiation treatment was varied depending on 

genotypes used for irradiation,  gamma- 

irradiation dose, and generation of propagation. 

The irradiated treatment combined with a 

molecular approach such as RAPD could be a 

superior tool to induce the desired mutation in 

cassava especially related to the potential yield 

including the starch and amylose contents. We 

found that irradiated Adira 4 (2 and 30 krad) 

and Iding (2 krad) exhibited higher yield and 

amylose content compared to their 

representative controls. These could be further 

developed by characterizing in-depth their 

starch composition, structure, physicochemical 

properties, and modifications, which highly 

contribute to the cassava starch-based industry 

in the future. 
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