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Abstract. Martiwi INA, Nugroho LH, Daryono BS, Susandarini R. 2020. Genotypic variability and relationships of Sorghum bicolor 
accessions from Java Island, Indonesia based on IRAP markers. Biodiversitas 21: 5637-5643. Sorghum (Sorghum bicolor (L.) Moench) 
is a multifunctional crop with high adaptability to various habitats and thus it is important to assess the genotypic variability of this crop 
species. This study aimed to reveal the genotypic variability and relationships of sorghum accessions using inter-retrotransposon 
amplified polymorphism (IRAP) molecular markers. Twenty-three sorghum accessions were collected from smallholder farmers in three 

provinces of Java Island during the 2019 planting season. The IRAP profiles generated using 10 primer combinations produced 233 
scorable bands, with degree of polymorphism 75-96.9%. Cluster analysis using the neighbor-joining (NJ) method showed the formation 
of three groups corresponds to geographic origin of samples. The NJ dendrogram structure indicated high genotypic variability, and was 
supported by distribution pattern of accessions on the scatterplot constructed using principal coordinate analysis. The grouping of 
accessions did not correspond to classification of botanical races. Each group recognized from cluster analysis and principal coordinate 
analysis consisted of various races namely Bicolor, Guinea, Caudatum, and Kaffir. The fact that each group consisted of various 
botanical races indicated local adaptation and the maintenance of genotypic identity through farmers’ selection in traditiona l cultivation 
practices. It could be concluded, therefore, that geographical proximity and the practice of seed exchange between different regions 

showed considerable influence on the genotypic relationships of sorghum accessions. 
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INTRODUCTION 

Sorghum bicolor (L.) Moench is a member of the 

Poaceae family and considered as multi-beneficial crop 
with various uses. The grains are used for food, the leaves 

are used as animal feed, and the stem with high sugar 

content is processed for syrup, beverage, and biofuel 

(Dahlberg et al. 2011, Disasa et al. 2016). Accordingly, 

three variants of S. bicolor are known namely grain 

sorghum, forage sorghum, and sweet sorghum. S. bicolor 

has no genetic barrier, resulting in very wide intra-species 

variations (Berenji et al. 2011). Taxonomic study on S. 

bicolor accessions from Java Island based on 

morphological characters showed high variability as 

indicated by the existence of four botanical races namely 
Bicolor, Guinea, Caudatum, and Kaffir (Martiwi et al. 

2020). This high morphological variability indicates high 

genotypic diversity among sorghum accessions.  

Studies on estimation of genetic diversity among 

sorghum accessions based on phenotypic traits have been 

carried out by Chavan et al. (2010) based on 10 

quantitative traits, while Tesfaye (2017) used 9 quantitative 

traits, and Mumtaz et at. (2018) used 7 morphological 

traits. Genetic diversity studies of sorghum using various 

molecular markers have been conducted in many countries, 

such as using combination of sequence data from cpDNA 

regions and the internal transcribed spacers (ITS) for 

sorghum in southern Africa (Ng'uni et al. 2010), the inter 

simple sequence repeats (ISSR) markers for sorghum from 

India and Syria (Alhajturki et al. 2011), and simple 
sequence repeats (SSR) markers for sorghum genotypes 

originated from India, Africa, USA and Portugal 

(Madhusudhana et al. 2012). The genetic diversity study of 

30 sorghum genotypes from Pakistan by Raza et al. (2019) 

using RAPD (randomly amplified polymorphic DNA) 

showed that RAPD can be used as molecular marker in the 

analysis of phylogenetic relationships. 

The use of molecular markers has the advantage of 

being unaffected by the environment. One group of 

molecular markers widely used in the assessment of 

genotypic variability and relationships are inter-
retrotransposon amplified polymorphism (IRAP). IRAP 

markers are generated using the principle of amplifying 

regions between two long terminal repeats (LTRs), and can 

be produced with one or two primers (Kalendar et al. 

1999). IRAP as molecular marker could produce high 

levels of polymorphism and is widely applied in studies of 

genetic diversity and cladistics relationships (Mansour 

2008). There are advantages of using IRAP markers since 

there is no need for previous DNA restriction or ligation 

processes and the results of the PCR can be visualized in 

agarose gel (Gozukirmizi et al. 2015). 

In sorghum, the proportion of retrotransposons is 
recorded as much as 54% of the total genome (Jiang and 
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Ramachandran 2013). The use of IRAP markers in 

sorghum and other cereal crops has been reported in a 

number of studies. Genetic diversity study of S. halepense 

in Iran using IRAP markers with combinations of eight 

primers produced high level of polymorphism of 98.9% 

(Karimi and Saeidi 2015). The use of IRAP in the study of 

genetic variation in 89 wheat accessions resulted in 98.6% 

polymorphism (Farouji et al. 2015). This study aimed to 

reveal genotypic variability and relationships of S. bicolor 

accessions cultivated in Java Island using IRAP markers. 
Research on the genotypic variability and relationships of 

S. bicolor is important as a crucial step to document the 

genetic potentials for breeding improvement program of 

this species. 

MATERIALS AND METHODS 

Plant materials 

Twenty-three S. bicolor accessions used in this study 

were obtained from three provinces in Java Island (Table 

1). The plant materials were collected directly from the 

field of smallholder farmers. Fresh leaves at the third 

position of the shoot were used for extraction of genomic 
DNA. 

DNA extraction 

Genomic DNA extraction was carried out using cetyl 

trimethyl ammonium bromide (CTAB) method. Two grams 

of fresh leaf were cut into small pieces and put in a tube 

containing extraction buffer solution until all leaf samples 

were submerged. The leaf samples were crushed into fine 

paste using mortar and pestle. The sample was then poured 

into a 1.5 ml tube, and 5 µL of proteinase-K (10 mg/ml) 

was added and shaken until completely mixed. The mixture 

was incubated at 37°C for 30 minutes followed by second 
incubation process at 65°C for 30 minutes. During the 

incubation, the mixture was manually shaken for 1 minute 

at 10 minutes intervals. The mixture was then centrifuged 

at 8,000 x g for 10 minutes at room temperature. The 

supernatant (approximately 700 µL) was then carefully 

transferred to a new tube. A mixture of chloroform: 

isoamyl alcohol (24: 1) was added at the volume ratio of 1: 

1. After being shaken for 2 minutes the mixture was 

centrifuged at 8,000 x g for 10 minutes, and the supernatant 

was transferred to a new tube. Precipitation process was 

done by adding cold chloroform: isoamyl alcohol (24: 1) 

with a volume ratio of 1: 1 and the mixture was shaken 
slowly, before adding 200 µL of 4% PEG in 2 M NaCl. 

Following the incubation for 15 minutes at 4°C, the 

mixture was centrifuged at 8,000 x g for 10 minutes. The 

supernatant was transferred to a new tube, and 2/3 volume 

of isopropanol was added, and the mixture was incubated 

for 2 hours. After being centrifuged at 10,000 x g for 10 

minutes, the supernatant was discarded and the DNA pellet 

was rinsed using 250 µL of washing buffer by centrifuging 

at 8,000 x g for 3 minutes. The subsequent washing process 

was carried out using 70% ethanol 3 times. The ethanol 

was then discarded and the DNA pellet was air-dried at 

room temperature before being dissolved in 50 µL 1 x TE 

buffer and stored in a freezer at-20°C. 

PCR procedure 

IRAP fingerprinting data were generated through PCR 

using 10 combinations of primers derived from barley 

namely Sukkula (Shirasu et al. 2000), LTR 6150, 3'LTR 2 

(Kalendar et al. 2000) and from bananas namely RTY1 and 

RTY2 (Teo et al. 2005). The primers used for generating 

IRAP fingerprinting were listed in Table 2. The PCR was 

performed in 15 µL volume consisting of 50 ng of genomic 
DNA, 200 µM dNTPS, 1 unit of Taq Polymerase, 1 x PCR 

buffer solution (10 mm Tris-HCl, pH 8.3; 50 mM KCl; 1.5 

mM MgCl2) and 10 pmol of each primer. The PCR was 

carried out with the following program: initial denaturation 

at 94°C for 4 minutes followed by 30 amplification cycles 

consisting of denaturation at 94°C for 1 minute, annealing 

for 1 minute at the temperature adjusted to particular 

primer combination as in listed Table 3, elongation at 72°C 

for 2 minutes, and final extension at 72°C for 2 minutes. 

PCR products were visualized on 2% agarose gel (w/v) by 

electrophoresis method. 

Data analysis 

IRAP fingerprinting profiles were analyzed as binary 

data by giving a score of 1 for the presence and 0 for the 

absence of DNA fragments. The binary data were used to 

determine the genotypic relationships of 23 sorghum 

accessions using Neighbor-Joining clustering method based 

on Manhattan distance. A two-dimensional scatterplot 

figuring out affinities among accessions were constructed 

using principal coordinate analysis (PCoA). Cluster 

analysis and principal coordinate analysis were performed 

using PAST software version 4.2 (Hammer et al. 2001). 
 

Table 1. List of sorghum accessions 

 

Accession code Origin (District, Province) 

YJ1 Gunungkidul, Yogyakarta 
YJ2 Gunungkidul, Yogyakarta 
YJ3 Gunungkidul, Yogyakarta 
YJ4 Sleman, Yogyakarta 

YJ5 Gunungkidul, Yogyakarta 
YJ6 Gunungkidul, Yogyakarta 
YJ7 Gunungkidul, Yogyakarta 
YJ8 Gunungkidul, Yogyakarta 
YJ9 Gunungkidul, Yogyakarta 

YJ10 Gunungkidul, Yogyakarta 
YJ11 Gunungkidul, Yogyakarta 
CJ1 Demak, Central Java 
CJ2 Demak, Central Java 

CJ3 Wonogiri, Central Java 
CJ4 Wonogiri, Central Java 
CJ5 Wonogiri, Central Java 
CJ6 Wonogiri, Central Java 
EJ1 Bojonegoro, East Java 
EJ2 Sumenep, East Java 
EJ3 Bojonegoro, East Java 
EJ4 Lamongan, East Java 

EJ5 Lamongan, East Java 
EJ6 Lamongan, East Java 
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Table 2. Primers used for generating IRAP fingerprinting 
 

Primer Retrotransposon source 

and direction 

Sequence Reference 

Sukkula Sukkula (forward) GATAGGGTCGCATCTTGGGCGTGA Shirasu et al. (2000) 
RTY2 W1, W3, W7, W8 (forward) TRGTARAGRAGNTGRAT Teo et al. (2005) 
RTY1 W1, W3, W7, W8 (reverse) CCYTGNAYYAANGCNGT Teo et al. (2005) 
3’LTR2 BARE-1 (forward) TGTTTCCCATGCGACGTTCCCCAACA Kalendar et al. (2000) 
LTR6150 BARE-1 (reverse) CTGGTTCGGCCCATGTCTATGTATCCACACATGGTA Kalendar et al. (2000) 

Note: Y=C or T; N = A,G,C or T; R = A or G 
 
 
 
 
Table 3. Annealing temperatures for specific primer combinations 
 

Primer combination 
Annealing 

temperature (°C) 

Sukkula-Sukkula  56.5 
Sukkula-RTY2 56.5 
RTY2-RTY2  47.5 
RTY1-3’LTR2  49.7 
3’LTR2-3’LTR2 50.5 
LTR6150-LTR6150 45.0 

RTY1W3-3’LTR2 47.5 
RTY1W7-3’LTR2 47.5 
RTY2W3-RTY2W3 47.5 
RTY2W8-RTY2W8 47.5 

 

 
 

RESULTS AND DISCUSSION 

Polymorphism of IRAP markers 

The IRAP fingerprinting profiles generated using 10 

combinations of primers produced a total of 233 DNA 

bands ranging in size from 100 to 3,450 bp. Representation 

of IRAP fingerprinting patterns visualized on agarose gel 

was shown in Figure 1. The IRAP fingerprinting profile 
showed high polymorphisms in all primer combinations 

with an average degree of polymorphism was 90.6%. The 

polymorphisms range from 75.0% for the RTY2-RTY2 to 

96.9% for the Sukkula-Sukkula primer combinations 

(Table 4). 

The high degree of IRAP polymorphism in this study 

indicated the suitability of IRAP as molecular makers for 

genotypic variability study of S. bicolor. A number of 

previous studies in other taxa of the Poaceae family also 

showed that IRAP markers produced high level of 

polymorphism such as in the genus Secale with 
polymorphism of 86% from four primers (Achrem et al. 

2014), in rice with polymorphism of 96% from six primer 

combinations (Castelo et al. 2007), and in Sorghum 

halepense the polymorphism was 98.9% from eight primer 

combinations (Karimi and Saeidi 2016). IRAP, which 

produces data in the form of DNA fingerprinting, allowed 

simple and easy characterization of genotypes at 

intraspecific level (Madhusudhana et al. 2012). The 

suitability of IRAP as molecular marker for detecting 

variability at the genotype level has been reported by 

Cheragi et al. (2018) in 34 varieties of Lallemantia iberica, 

and by Vuorinen et al. (2018) in 150 genotypes of Triticum 

turgidum ssp. dicoccoides. 

Genotypic variability and relationships of S. bicolor 

accessions 

The result of cluster analysis on IRAP data using 

Manhattan distance and Neighbor-Joining method was 
presented as dendrogram (Figure 2) that showed the 

formation of two main clusters. The first cluster, marked as 

cluster A, consisted of 9 accessions which all of which 

were from the Special Province of Yogyakarta. Eight of the 

9 accessions in this first cluster were those collected from 

Gunungkidul, and only one from Sleman. The second 

cluster was composed of 14 accessions, which most of 

them were collected from Central Java and East Java 

Provinces. This second cluster, marked as cluster B, was 

divided into two sub-clusters, denoted as B1 and B2. The 

members of sub-cluster B1 consisted of accessions from 
Yogyakarta and Central Java. Meanwhile, the sub-cluster 

B2 was composed of 9 accessions originating from Central 

Java and East Java. With such clustering patterns, it could 

be noted that the clustering of accessions into three groups 

showed a tendency of grouping based on geographical 

origin. 

Similar grouping pattern was reported in a study of S. 

halepense in which cluster analysis and principal 

component analysis on IRAP markers showed the grouping 

of samples based on geographic origin (Karimi and Saeidi 

2016). A study on genetic diversity of 47 barley genotypes 

using IRAP and retrotransposon-microsatellite amplified 
polymorphism (REMAP) also showed that result of cluster 

analysis was consistent with geographic origin (Singh et al. 

2017). Similarly, molecular genotyping of sweet sorghum 

using SSR markers analyzed using NJ clustering method by 

Disasa et al. (2014) showed the grouping of accessions 

based on geographical origin. Recently, Ghonaim et al. 

(2020) in genetic diversity study of maize reported the 

clustering pattern resulted from retrotransposon data 

resulted in the grouping of samples based on eco-

geographical origin. 
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Table 4. Profiles of IRAP fingerprinting generated from 10 primer combinations 
 

Primer combination 
Fragment length 

(bp) 

Total number of 

fragments 

Number of polymorphic 

fragments 

Degree of 

polymorphism (%) 

Sukkula-Sukkula  215-1800 32 31 96.9 
Sukkula-RTY2 190-3450 30 28 93.3 
RTY2-RTY2  390-2175 16 12 75.0 
RTY1-3’LTR2  180-1900 25 23 92.0 
3’LTR2-3’LTR2 225-1730 17 15 88.2 

LTR6150-LTR6150 240-1640 18 17 94.4 
RTY1W3-3’LTR2 120-2060 26 24 92.3 
RTY1W7-3’LTR2 100-2925 28 25 89.3 
RTY2W3-RTY2W3 350-3080 20 17 85.0 
RTY2W8-RTY2W8 535-2730 21 19 90.5 
Total 233 211  
Average   90.6 

 

 
 

 
 
Figure 1. IRAP fingerprinting profile produced by 3’LTR2-3’LTR2 primer combination 
 

 

 
 

 
 
Figure 2. Neighbor-Joining dendrogram showing genotypic 
relationships of 23 sorghum accessions
 

The structure of the dendrogram figuring out the 
clustering of 23 accessions into three groups with varying 

degree taxonomic distance showed high genotypic 

variability. The high level of genotypic variability in each 

region in this study led to allegations on the role of farmers 

and their cultivation practices in maintaining the 

variability. All plant samples used in this study were 

collected from smallholder farmers who carry out 

traditional cultivation practices. They use seeds from the 

previous planting season as material for replanting in the 

following season. This practice has been done for long time 

from generation to generation. Traditional farmers grow 
sorghum races that can adapt well to their environment 

without knowing their diversity in terms of botanical racial 

classifications. In addition, the farmers sometimes obtain 

seeds from other areas through seed exchange activities. 

The seed exchange was the most reasonable explanation for 

the mixing of samples from Central Java (CJ2, CJ3, and 

CJ4) and East Java as found in sub-cluster B2. Meanwhile, 

the occurrence of samples from Yogyakarta in sub-cluster 

B1, in which most of samples were from Central Java, was 

due to the geographic proximity. Samples YJ1 and YJ10 
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were collected from the area located on the border of these 

two regions. Based on these facts, the traditional cultivation 

and seed exchange practices apparently had strong 

influence on the grouping of accessions based on their 

geographic origin.  

The role of farmers and the influence of their 

cultivation practices on the level of genotypic variability of 

sorghum have been reported in other countries. Barnaud et 

al. (2007) mentioned the role of farmers’ selection, gene 

flow, seed exchange, and long-term adaptation to the local 
environment in shaping the genetic diversity of sorghum in 

Cameroon. A study by Khalsa (2013) in Africa showed that 

sorghum genetic diversity on local scale was structured 

based on geography, and was not much influenced by 

botanical race or climatic factors. Salih et al. (2016) who 

used NJ and PCoA in the assessment of genetic 

relationships of sorghum in Africa reported that the 

grouping of accessions was based on geographic origin. 

The result was interpreted as indication of gene flow and 

seed exchange between farmers from eastern and central 

Africa. The genetic diversity in crop plants was thought to 
be resulted from traditional cultivation practices in which 

farmers using small part of their harvest for replanting, and 

also due to plant's reproductive system through self-

fertilization. In this regard, Vigoroux et al. (2011) noted 

that traditional cultivation practices in which farmers sow 

seeds from their own harvest were influencing genetic 

diversity through selection, genetic drift, and gene flow. 

Similar cultivation practice was found in Ethiopia where 

farmers were consciously selecting to grow landraces that 

are suitable to agro-ecological conditions and their 

preferences for various uses (Desmae et al. 2016). All these 
prolong practices apparently bring a beneficial effect on the 

preservation of sorghum landraces in particular areas. 

A scatterplot constructed from PCoA (Figure 3) 

emphasized the role of geographical origin in the grouping 

of accessions. This is particularly obvious when looking at 

the position of sub-cluster B1 which indicated the transition 

between clusters A and B. The spatial pattern of samples in 

PCoA scatterplot clearly showed that the grouping of 

genotypes in this study tends to be influenced by 

geographic proximity. This result indicated the role of 

geographical origin in shaping genotypic relationships. 

When taking together with clustering patterns in the 

dendrogram, the grouping of accessions in PCoA 

scatterplot indicated the adaptability of sorghum genotypes 

to different environments. In this regard, Desmae et al. 
(2016) who found similar patterns in Ethiopia argued that 

the grouping of sorghum landraces was influenced by 

geographical proximity and clinal trends. The grouping of 

accessions in this study which showed indications of local 

adaptations of sorghum genotypes was in line with the fact 

that sorghum is a crop plant having broad physiological 

adaptability to various environments (Badigannavar et al. 

2018). Moreover, Tesfaye (2017) and Kebbede (2020) 

underlined that the high genotypic diversity in crop plants 

is often related to their ability to adapt to various 

environmental conditions. 
The use of two multivariate analysis methods in this 

study, the cluster analysis, and principal coordinate 

analysis, was proved to be able in generating clear profile 

of genotypic variability and relationships of sorghum 

accessions. The genotypic variability of 23 sorghum 

accessions is high, as indicated by the spread of samples 

across four quadrants in two-dimensional plot of PCoA 

(Figure 3). The spread of accessions across four quadrants 

in the scatterplot indicated high genetic variability 

(Gerrano et al. 2014). PCoA is used as a complementary 

method to cluster analysis because this method is superior 
compared to other graphical dispersion analysis in terms of 

projection of distances representing the level of genetic 

diversity and identification of closely related genotype 

groups (Sant'Anna et al. 2020). 

 
 
 

 
 
Figure 3. Scatterplot of 23 sorghum accessions based on IRAP fingerprinting data 
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When the grouping of 23 sorghum accessions based on 

IRAP markers was compared to the grouping of botanical 

races based on morphological characters resulted from 

previous study (Martiwi et al. 2020), it was clear that there 

was no conformity between them. In this case, the 

accessions forming each cluster in NJ dendrogram have 

consisted of various botanical races. Cluster A consisted of 

Guinea, Caudatum, and Kaffir races, whereas cluster B 

showed higher diversity in which the 14 accessions were 

comprised of Bicolor, Guinea, Caudatum and Kaffir races. 
In general, the genotypic relationships of S. bicolor 

accessions in this study tend to be influenced by the 

geographic origin of the samples rather than the similarity 

of botanical races. Lack of conformity between 

morphological and molecular grouping might be attributed 

to the effect of genotype and environment interactions. In 

this regard, da Silva et al. (2017) noted that the difference 

in morphological and molecular grouping patterns can be 

caused by the influence of the interaction between the 

genotype and the environment. In the case of IRAP 

markers, Tagimanova et al. (2015) mentioned that if 
retrotransposons are considered as neutral components in 

plant DNA, then retrotransposons are independent of the 

phenotype. Moreover, the level of genotypic variability is 

often related to the ability of crop plants to adapt to the 

environment and the ability to tolerate changes in the 

environment that might lead to abiotic and biotic stress 

(Tesfaye et al. 2017). In order to find such relationship, 

Lasky et al. (2015) used single nucleotide polymorphism 

(SNP) variations in sorghum to study the association of 

SNPs with the environment in predicting phenotypic 

variations manifested in the form of adaptive traits, and 
found genomic basis for adaptation to the environment. 

In conclusion, overall, results of this study supported 

the use of IRAP markers for the assessment of genotypic 

variability and genotypic relationships of S. bicolor. This 

study is the first to report the genotypic variability of 

sorghum in Indonesia using IRAP markers, and prove that 

genotypic variability of sorghum cultivated in Java Island 

is high. The existence of various botanical races at local 

scale indicated the role of smallholder farmers in 

preserving different genotypes of sorghum in their 

respective areas. The findings in this study bring beneficial 

impact for local farmers in understanding the diversity of 
genotypes as a basis for the improvement of this crop 

species through the application of breeding technology. 

Moreover, this research contributes to provide a basis for 

the development and preservation of sorghum as a potential 

crop to support food security programs.
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