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ABSTRACT 
Temu ireng (Curcuma aeruginosa) is used as a traditional herb medicine in Indonesia. Expressed 
Sequence Tags (EST) of C. longa was used because there were no genome data of C. aeruginosa. 
This study aimed to recognize the diversity of SSR characteristic and to develop a primer for C. 
aeruginosa genetic diversity. The EST was preprocessed and analyzed fogg7r the SSR motif. 
Primers were designed using SSR motifs excluding mononucleotide (≥ 20 bp) and analyzed based 
on gene ontology. The result showed that out of 12.675 EST used there were 3.005 contig and 548 
perfect SSR motif with the motif frequency of 1/15,27 kb sequences achieved. AGG trinucleotide was 
mostly distributed (37,40%). There were 380 primers designed and 10 primers validated by PCR on 
three C. aeruginosa clones from Ponorogo, Cikarang, and Kebumen. The number of alleles detected 
was about 2 to 3 per locus. The polymorphic microsatellite markers produced from this study could 
be used for the analysis of genetic diversity of C. aeruginosa in Indonesia. 
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ABSTRAK 
Temu ireng (Curcuma aeruginosa) digunakan sebagai bahan baku obat herbal tradisional di 
Indonesia. Expressed Sequence Tags (EST) dari C. longa digunakan karena sampai saat ini 
belum adanya data genome dari C. aeruginosa. Penelitian ini bertujuan untuk mengetahui 
keragaman karakteristik SSR dan mengembangkan primer untuk prastudi keragaman genetik 
C. aeruginosa. EST dilakukan prapemrosesan dan dianalisis motif SSR. Primer didesain 
menggunakan motif SSR selain mononukleotida (≥ 20 bp) dan dianalisis berdasarkan ontologi 
gen. Hasil yang diperoleh dari 12.678 EST yang digunakan dihasilkan 3.005 contig dan 548 
motif perfect SSR dengan frekuensi motif 1/15,27 kb sekuen. AGG trinukleotida merupakan 
yang paling banyak terdistribusi (37,40%). Sebanyak 380 primer didesain dan 10 primer 
divalidasi melalui PCR pada 3 klon C. aeruginosa asal Ponorogo, Cikarang, dan Kebumen. 
Jumlah alel yang terdeteksi sekitar 2 sampai 3 per lokus. Marka mikrosatelit polimorfik yang 
dihasilkan dari penelitian ini dapat digunakan untuk analisis keragaman genetik C. aeruginosa 
di Indonesia. 
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INTRODUCTION 

Temu ireng (Curcuma aeruginosa 
Roxb.) is commonly used as a raw material 
for traditional herbal medicines in Indonesia. 
The rhizome is often used in the herbal 
mixture which contains bioactive compounds 
such as flavonoids, steroids, and polyphenols 
(Jose and Thomas 2014, Khumaida et al. 
2019) which are effective for cough medicine 
(Sofyan et al. 2013), dengue fever medicine 
(Moektiwardoyo et al. 2014), for disinfectant 
and antifungal (Atun et al. 2016), as well as 
anti-viral (Setiyono and Bermawie 2013). C. 
aeruginosa is known to have anti-cancer 
activity potential as a drug to prevent breast 
tumor growth (Suphrom et al. 2012, 
Rachmanita 2015). Septaningsih et al. (2018) 
identified 175 metabolites content and their 
biological activities of C. aeruginosa using 
LC-MS fingerprint in combination with 
chemometrics. Curzerenon was identified as 
one of the active compounds. Curzerenon 
found in C. aeruginosa can be used as a 
biomarker associated with SSR markers. This 
compound has a significant cytotoxicity effect 
on several cancer cell lines (Simoh and Zainal 
2015). 

As yet, there is very little known about 
molecular information regarding the genetic 
character of C. aeruginosa compared to its 
close relatives such as C. longa (Siju et al. 
2010, Sahoo et al. 2017), Zingiber officinale 
(Awasthi et al. 2017), C. zedoaria (Lan et al. 
2018) and C. alismatifolia (Taheri et al. 2019). 
Hence, expressed sequenced tags (EST) 
could be used since they contain candidate 
genes and could produce molecular markers 
associated with particular traits (Kalia et al. 
2011). This study is the first step in an effort 
to clarify the optimum utilization of genetic 
diversity of C. aeruginosa in the future. 

The EST sequence of C. longa is used 
as a reference because it has a high 
transferability rate between species up to 
100% (Siju et al. 2010) and is from the same 
genus as C. aeruginosa so that it is expected 
to have most genes matches to each other. 
The EST sequences are used to perform in 
silico experiment on the diversity of 
characteristics of simple sequence repeat 
(SSR) markers. SSRs are short repetitive 
sequences consisting of tandemly repeated 
short motifs of 1-6 nucleotides which are 
abundant in the genome of eukaryotic 

organisms (Sen et al. 2017). In addition, SSR 
is also present in the EST so its use is very 
valuable, especially for plants that lack 
genome information. The advantages of SSR 
markers are that they have a high degree of 
polymorphism and codominant inheritance 
(Kalia et al. 2011). EST-SSR is frequently 
applied on other plant species for molecular 
mapping, genetic diversity, transferability etc. 
such as Brassica oleracea (Izzah et al. 2014), 
Colocasia esculenta (You et al. 2015), 
Melilotus (Yan et al. 2017), Lolium multiflorum 
(Pan et al. 2018), Elettaria cardamomum 
(Sakthipriya and Sabu 2018). 

The in silico method is a study of 
biological sciences with bioinformatics 
principles used for computational-based data 
analysis (Bare et al. 2019). This method is 
known to be more cost-effective because it 
utilizes sequences that are already available 
in the database and can be applied in genetic 
diversity studies, one of which is to develop 
molecular markers. Molecular markers are 
used to identify specific DNA sequences in a 
group of organisms and conserve biodiversity 
(Selvakumari et al. 2017). The use of 
molecular markers is more efficient and 
accurate, especially for identification 
purposes (Terryana et al. 2018). 

There are available nucleotides, protein 
and transcript (EST) databases on the online 
platform for many model plant species such 
as Physcomitrella patens, Oryza sativa and 
Arabidopsis thaliana. However, their 
availability is only few or none for the non-
model plant, such as Curcuma. SSR markers 
are molecular markers that frequently used 
for plant identification. SSR markers from one 
plant can be used to explore the variation at 
the genus or family level because these 
markers have cross-gene transferability (Sen 
et al. 2017). Since generating SSR or 
microsatellites are labor intensive and can be 
expensive, so the in silico utilization of these 
sequences in model plant databases and 
their respective transfers to the non-model 
plant is a potentially fruitful strategy (Victoria 
et al. 2011). 

This study comprised of in silico 
identification of EST-SSR markers, functional 
domain analysis of markers, characterization 
using C. longa references, and validation with 
C. aeruginosa in order to analyze the level of 
marker transferability. The purpose of our 
study was to generate the EST-SSR markers 
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to be applied to genetic diversity study of C. 
aeruginosa which was developed from the C. 
longa EST data bank, as an effort to conserve 
genetic resources of C. aeruginosa in 
Indonesia. 
  
MATERIALS AND METHODS 
 
Research location and time 

This research was accomplished in 
January-June 2020 at the Center for 
Biotechnology, the National Research and 
Innovation Agency (BRIN). 
 
Research materials  

Our study used EST C. longa 
sequences which were resulted from cDNA 
construction derived from rhizome tissues, 
targeted for EST preprocessing and 
downloaded on March 7, 2020, by selecting 
the complete record file type and FASTA 
format, from the NCBI website 
(https://www.ncbi.nlm.nih.gov/nuccore/?ter
m=EST+Curcuma+longa). The accession 
number was HO002075.1-HO002159.1 and 
DY382717.1-DY395309.1. Primers 
validation used three DNA genomes of C. 
aeruginosa from Ponorogo, Cikarang, and 
Kebumen. 
 
EST sequence processing and contig assembly 

The EST sequences that have been 
downloaded from the NCBI were then 
uploaded to the EGassembler website 
(https://www.genome.jp/tools/egassembler/). 
The aims of these steps were to clean 
sequences, remove vector contamination, 
and assemble contig sequences (Masoudi-
Nejad et al. 2006). Sequence processing was 
performed using standard parameters as 
recommended by the website. The contig 
sequences resulted from previous assembly 
and processing were then downloaded in 
FASTA format for further SSR motif 
identification. 

 
SSR sequence mining 

The contig sequences were further 
analyzed using Geneious prime software 
version 2019.2.3 
(https://www.geneious.com/prime/) with 
Phobos plugin version 3.3.12 
(http://www.ruhr- 
unibochum.de/ecoevo/cm/cm_phobos.htm) 
for identification of SSR motifs. The identified 

SSR motif was a perfect repeating motif with 
a minimum repetition unit length of 1 and a 
maximum repetition unit length of 6, so that 
mono-, di-, tri-, tetra-, penta-, and hexa-
nucleotide motifs could be obtained. The 
motifs results that have been identified were 
then saved in FASTA format. Further 
analyses were completed on the number of 
motifs, the distribution of motifs, and the 
frequency of motifs using the software of 
Microsoft Excel. 
 
Primer designing for SSR 

Primer was designed using Primer3 
version 2.3.7 (Untergasser et al. 2012) which 
is a tool in Geneious Prime software version 
2019.2.3 (https://www.geneious.com/prime/). 
The contig sequence that had previously 
identified its SSR motif was then used as a 
target for primer design by selecting a motif 
other than the mononucleotide motif which 

has a length of 20 bp. Parameters used in 
designing primers including GC content of 50-
60%, melting temperature (Tm) 55-60 ºC, and 
primer product with the length of 18-20 bp. 
The primer product was then saved in FASTA 
format for further analysis of the functional 
gene ontology. 
 
Functional analysis and gene ontology (GO) 

The successfully designed primers 
were then analyzed for the three domains of 
biological processes (BP), molecular function 
(MF) and cellular components (CC), using the 
Blast2GO or new software, which has been 
incorporated into Omicsbox version 1.3.11. 
The primers BLAST was compared to the 
NCBI database using the BLASTx. The 
parameter used was the e-value 1.0E-3 using 
a non-redundant data type. The next step was 
GO mapping analysis aimed to provide 
annotation from the highest BLAST hit results 
(Gotz et al. 2008). 

The parameters used for GO mapping 
followed the suggested standards by the 
software. After mapping the GO, then 
proceed with the GO annotation which aims 
to provide functional annotations to the query 
sequence (Gotz et al. 2008). The parameters 
used for GO annotations were Annotation Cut 
Off of 55, GO weight of 5, Hit-Filter e-value of 
1.0E-6, and HSP-Hit Coverage Cut Off of 0. 
After completing all the process, the combine 
graph menu was assigned for viewing the 
distribution of biological processes, molecular 

https://www.ncbi.nlm.nih.gov/nuccore/?term=EST+Curcuma+longa
https://www.ncbi.nlm.nih.gov/nuccore/?term=EST+Curcuma+longa
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functions and cellular components. In order to 
find out the mapping of metabolic pathways 
based on GO, the Pathway analysis menu 
was selected and then choose load KEGG 
pathways (Kanehisa and Goto 2000). 
 
Primer validation 

SSR primers containing information on 
metabolic pathways of metabolites were then 
validated using the polymerase chain 
reaction (PCR) method. The PCR 
composition was set to a total volume of 25 

L/reaction, consisting of Go taq green 

master mix (12.5 L), forward primer (2 L), 

reverse primer (2 L), DNA template (2 L) 

and sterile H2O up to a volume of 25 L. The 
PCR program used was as follow: 
predenaturation at 95 ºC for 3 minutes, 
denaturation at 95 ºC for 30 seconds 35 
cycles, annealing Tm-5 ºC for 30 seconds 
and extension at 72 ºC for 30 seconds, for 35 
cycles each, and final extension 72 ºC for 60 
seconds and finally hold at 4 ºC. The PCR 
product was then electrophoresed on an 
agarose at the concentration of 1.5% at 50 
volts for 120 minutes. 

 
RESULTS AND DISCUSSION 
 
EST sequence processing and assembly 

Identification of SSR diversity in EST C. 
longa for C. aeruginosa pre-study is important 

because it is the first step in an effort to study 
the genetic information of C. aeruginosa, 
which up until now does not have genomic 
data available in the NCBI database. The 
results obtained from a total of 12,675 EST 
sequences of C. longa that were successfully 
cleaned which bring about the contig 
sequences of 76.27% (Table 1). With a high 
percentage of the number of ESTs that 
produce contigs, it indicated that there was an 
overlapping area in the sequences. This 
result was in accordance with Sen et al. 
(2017) conclusion that the higher the EST 
value producing contigs, the more the 
sequences have overlapping areas. 
Sequences with the overlapping areas can be 
used as references for combining the 
sequences into a longer unit, that it would be 
possible to create a complete gene sequence 
(Hadiarto et al. 2015). 
 
SSR sequences mining 

The purpose of sequence processing 
was to clean up sequences that have low 
quality or complexity (Kaur and Vaidya 2015). 
The sequences were first cleaned before 
further analysis was implemented, so that the 
sequences that had poor criteria were not 
analyzed. The cleaned sequences were then 
assembled into contigs and singletons. 
Contig itself was a sequence assembled from 
processing results that have overlapping 

Table 1. C. longa EST sequence processing results 

Parameter Value 

Total EST sequences used 12.678 

EST sequence after processing 12.675 

Analyzed EST sequence length (bp) 8.371.507 

EST sequence length after cleaning (bp) 8.291.575 

Number of contig 3.005 

Number of singletons 3.008 

Number of ESTs that generated contig 9.667 (76,27%) 

 
Table 2. Distribution of SSR motifs on contig sequences 

Motif Type Total Number of Motifs Frequency (%) Most Abundant Motifs 

Mononucleotide 118 21.53 A 

Dinucleotide 58 10.58 AG 

Trinucleotide 205 37.40 AGG 

Tetranucleotide 40 7.29 AAAG 

Pentanucleotide 32 5.83 AAAAG 

Hexanucleotide 95 17.33 ACGGCG 

Total 548 100 ̶ 
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areas, while singleton was a sequence 
assembled from processing results that did 
not have overlapping areas (Palmer et al. 
2012). Then the 3,005 contigs generated from 
the processing stage were identified for their 
SSR sequence perfect motifs and the length 
of perfect repeat motifs with the value of 1 to 
6 (mono, di-, tri-, tetra-, penta-, and hexa-), so 
that 548 motifs were obtained distributed over 
the contig sequences (Table 2). The most 
frequent motif distributed in the contig 
sequence was the trinucleotide motif with a 
frequency of 37.40% and the abundance of 
the AGG motif. Whereas the least distributed 
motif was the pentanucleotide motif with a 
frequency of 5.83% and the abundance of the 
AAAAG motif. This is in agreement with the 
results of Joshi et al. (2010) which stated that 
the trinucleotide motif was the most frequently 
distributed motif in the C. longa contig 
sequences. 

The SSR retrieving frequencies in the 
C. longa sequence obtained from our study 

was 1/15.27 kb EST sequence, in other word, 
there was one SSR motif in every 15.27 kb 
EST sequence. This result was lower than the 
previous study where one SSR was obtained 
in every 14.73 kb (Joshi et al. 2010), 
nevertheless was comparatively higher than 
the results of Siju et al. (2010) where one SSR 
was retrieved in every 17.96 kb. The reason 
for this was because the number of EST 
sequences in NCBI was increasing every 
year, causing the results of the calculation of 
the motif frequency became larger. This result 
was still much higher when compared to 
plants from the same family such as ginger 
(Zingiber officinale) which has a frequency of 
1/25.21 kb (Awasthi et al. 2017). The 
frequency of SSR motifs illustrated the 
number of motifs per kilobyte of sequence. 
The higher the frequency, the greater the 
number and variation of motifs in the 
sequence or it can be said that the sequence 
has polymorphic characters, and 
consequently was good for analysis. 

 
 
Figure 1. Distribution of the highest and lowest motifs based on the type of motif 

 
Figure 2. Distribution of SSR motifs based on the number of each motif 
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Figure 1 exhibits the distribution of the 
highest and lowest motifs in the contig 
sequence based on the type of motif. 
Compared with other types of motifs, the 
distribution of repetitive mononucleotide motif 
was the highest, with a total of 108 motifs. 
Motif C was the lowest distributed with a total 
of 10 motifs. Different results were obtained 
by Taheri et al. (2019) on C. alismatifolia 
which showed more distribution of 
trinucleotide motifs than other motifs. 
However, since the mononucleotide repeat 
motif only consists of 1 type of nitrogen base, 
it could cause failure in the PCR process. 
Zalapa et al. (2012) stated that the 
mononucleotide repeat motif has a shorter 
size and might result in mispairing. 

The distribution of SSRs generated 
from the EST sequences based on repetitive 
motifs is presented in Figure 2. The motif A 
was the highest frequency motif with a 
frequency of 19.7%, followed by the AGG 
motif with a frequency of 8.94%. Moreover, 
the CCG, AGC, AG, AT, AAG, ACC, ACG, C, 
ATC, AAT, AAAG motifs with frequency of 
8.4%, 5.65%, 5.3 %, 4.37%, 4.37%, 3.1%, 
2.55%, 1.82%, 1.82%, 1.64%, 1.1%, 
respectively. Data on the frequency of motifs 
can be used as a reference, especially for 
primers design and according to Joshi et al. 
(2010) the data could be used in the future for 
the genetic diversity study. 

SSR motifs can be divided into class I 
and class II SSR based on the length of the 
motif sequence. Class I SSR had a motif 

length of  20 bp, while SSR class II had a 

motif length of  12 bp and < 20 bp (Temnykh 
et al. 2001). The type of SSR used in our 
study was a perfect repeat motif. Its means 
that the sequence has a repetitive motif 
without being interrupted by any other motifs, 
for example AGAGAGAGAGAG or (AG)6 or 
(N1N2)x and CTGTGCTG or (CTG)3 or 
(N1N2N3)x (Wang et al. 2011). The perfect 
repeat motif was used because it tends to 
have a long size sequence. The longer and 
more perfect the SSR motif, the more varied 
(de Faria Muller et al. 2014), and the greater 
the chance to produce polymorphic alleles 
(Zalapa et al. 2012). 
 
Primer design and analysis 

SSR motifs, other than 
mononucleotides, were selected with a length 

of 20 bp for the primer design. The 

specifications of the designed primers were 
the minimum GC content value of 50%, the 
maximum GC content value of 60%, and the 
average GC content value of 56.31%. The 
minimum Tm value was 56.4 ºC, the 
maximum Tm value was 60 ºC, and the 
average Tm value was 59.25 ºC. According to 
Chuang et al. (2013), a suitable primer has a 
length of 16-28 bp with a difference between 
reverse and forward primers not more than 3 
bp in length, GC content ranging from 40-
60%, having a Tm ranging from 50-62 ºC, and 
lack of dimers or hairpins in its sequence. The 
size of the primers product that had been 
successfully designed was in the range of 
100-303 bp (Table 3). According to 
Yustinadewi et al. (2018), primer products 
that are too short might cause misprimming or 
primers stick to undesirable areas so that it 
could affect the efficiency of the PCR process. 
Accordingly, the primers that were 
successfully synthesized in our study have 
met all requirements. 

The primers synthesized in this study 
were sequences derived from motifs other 
than mononucleotides. Mononucleotide 
motifs were not used in primer design 
because they were neither informative nor 
polymorphic. Choi et al. (2011) emphasized 
that mononucleotide motifs could cause 
failure in the PCR process. The purpose of 
the primer design was to produce proper 
primers that can be used in the DNA 
amplification process using the PCR method 
in order to identify genetic diversity. It is 
expected that these primers could be applied 
to the genetic diversity test of C. aeruginosa 
in the next study. After analysis based on 
gene ontology (GO), 10 primers were 
predicted to be associated to enzymes 
involved in metabolic processes. 

The results of the analysis showed that 
there were 6 enzymes, each of which was 
involved in metabolic pathways in plants. The 
13S-lipoxygenase enzyme plays a role in the 
initiation of the formation of jasmonic acid in 
plants. This enzyme is produced by the 
pathogenic fungus Fusarium sp. during the 
invasive growth period to lyse plant cell 
membranes (Wennman et al. 2015). The 
major function of jasmonic acid is inhibiting 
the process of plant growth. It occurs due to 
the defense responses of injured plant tissue 
because of fungal attack (Borrego and 
Kolomiets 2016). This indicated that plants of 
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the genus Curcuma have antifungal activity. 
The N-acetyltransferase enzyme plays a role 
in gene activation and cellular activities. The 
components of polyphenolic bioactive 
compounds in the form of curcumin contained 
in the rhizomes of plants of the genus 
Curcuma work as selective inhibitors of the N-
acetyltransferase enzyme that could inhibit 
the inflammatory response, suppress viral 
proliferation and the growth of B-cell 
lymphoma that can cause cancer in lymphatic 
system (Zhou et al. 2011). 

The phosphatase enzyme performs in 
the process of cell differentiation, one of 
which is in the process of fetal development. 
Rhizome extract of plants of the genus 
Curcuma could reduce the activity of these 
enzymes, so that they can be used as 
contraceptive drugs for fertility-regulating 
methods after being tested on female rats 
(Yadav and Jain 2011). The 
adenylpyrophosphatase enzyme plays a role 
in the process of cellular activities, which 
regulates and maintains the electrochemical 
gradient used for secondary active transport 
across the plasma membrane and regulates 

plant physiological processes such as 
stomatal opening and closing mechanism 
(Elmore and Coaker 2011). The isomerase 
enzyme is involved in catalyzing the reaction 
of changes in the configuration of the 
substrate molecule, so that new molecules 
are produced with isomeric changes. One of 
them is protein disulfide isomerase (PDI) 
which can catalyze the formation of disulfide 
bonds on substrate proteins that have 
incorrect disulfide bonds (Fan et al. 2018). 
Synthase enzymes play a role in the process 
of biosynthesis of bioactive compounds for 
instance flavonoids and various polyphenols 
in plants (Resmi and Soniya 2012), this is 
related to the content such as curcumin 
contained in the rhizomes of plants of the 
genus Curcuma. 

 
Functional analysis and gene ontology (GO) 

A total of 190 primer sequences which 
generated from a total of 380 primers were 
subjected to BLASTx analysis using the 
Blast2GO software, the data were then 
associated with the NCBI database. As the 
results, 113 out of 190 primer sequences 

Table 3. Results of primer analysis of SSR contig sequences 

Contig Primer Code Primer Sequences Product Size Enzyme 

Contig135 
192 F CCTGCAACTCTGGGGTTCA 

279 
13S-lipoxygenase 

 470 R TCCTGCATCGCCTTGGAT 

Contig192 
761 F TGAACGCCACGCTGATGA 

222 
Phosphatase and 

Adenylpyrophosphatase 982 R TGTCGGTCCTGAAGATGCC 

Contig393 
156 F ACTCCGCACCCTTCTCTAGT 

189 
N-acetyltransferase 

 344 R TGGCAGGCATAGCAGGTT 

Contig1948 
8 F CGAAGGTGAGCAGGGCATAT 

110 
Isomerase 

 117 R GAAAAGGTTCGCTGGGCAG 

Contig2058 
1208 F TGTGGGCTGGTTCTTGTGT 

203 
Phosphatase 

 1410 R GCACAGAAGGGGGAAAAGG 

Contig2544 
489 F GCTCCGACCACCCATGAAT 

198 
Synthase 

 686 R TCTGCCCCACAAACCTTCC 

Contig2544 
212 F TGTTGTTCTCGGGAGCCAG 

296 
Synthase 

 507 R ATTCATGGGTGGTCGGAGC 

Contig2544 
668 F GGAAGGTTTGTGGGGCAGA 

101 
Synthase 

 768 R TGATTTCTTGGTCGGGGCA 

Contig2544 
1551 F CGCGAGTCTGGGTCTTGAA 

141 
Synthase 

 1691 R ACGTGAGGTATGGGGAGGA 

Contig2544 
212 F TGTTGTTCTCGGGAGCCA 

177 Synthase 
388 R AGGAGGAGGGAGAAGGCAA 
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were successfully retrieved. While the rest, 77 
primary sequences, did not match any similar 
sequences to the query in the database, this 
was presumably because the sequences only 
carried the specific characteristics of the 
plant. The resulting parameters include the 
highest BLAST Hit value of 20 and the lowest 
BLAST Hit value of 1, the minimum similarity 
value on 113 primer sequences was 54.73%, 
the maximum similarity value was 100% and 
the average similarity value was 89.01. In 
addition, from 113 primer sequences, 90 
sequences have gene ontologies that can be 
mapped according to three categories, 
namely biological processes, molecular 
functions, and cellular components (Table 4). 

The Blast method is used to align a 
sequence with a homologous sequence using 
a data-based search mainly for identification 
purposes (Yang et al. 2014). The results 
obtained from our study indicated a high level 
of sequence homology which is known from 
the average similarity value of 89.01%. The 

average value of sequence similarity which 
greater than 60% indicated a high level of 
homology (Wee and Roslan 2012). 
Additionally from the BLAST results, it was 
known the e-value, which forms a 
homologous sequence or Hits which 
describes the match between the sequences. 

BLAST analysis resulted from 190 
sequences to species in the NCBI database 
obtained the information on the suitability of 
several plant species (Figure 3) consisting of 
11 monocot plants (Musa balbisiana, M. 
acuminata subsp. Malaccensis, Elaesis 
guineensis, Ensente ventricosum, Carex 
littledalei, Apostasia shenzhenica, 
Phalaenopsis equestris, Triticum aestivum, 
Oryza sativa Japonica Group, Asparagus 
officinalis, Sorghum bicolor, Triticum turgidum 
subsp. Durum) and 14 dicot plants (Mucuna 
pruriens, Helianthus annuus, Hibiscus 
syriacus, Cynara cardunculus var. scolymus,  
Dimocarpus longan, Hevea brasiliensis, 
Momordica charantia, Mikania micrantha, 
Arabidopsis thaliana, Jatropha curcas, 
Syzygium oleosum, Ziziphus jujube, 
Sesamum indicum, Macleaya cordata). 
Sequences of C. longa were most widely 
distributed in dicotyledonous plants. This 
finding was in accordance with the results of 
Rai et al. (2018) which found that the EST 
sequences of C. longa were most widely 
distributed in dicotyledonous plants (9 
monocotyledons and 18 dicotyledonous 
plants). Based on sequence analysis, the 
highest hits were obtained in Musa balbisiana 
(24) and M. accuminata subsp. Malaccensis 

Table 4. Distribution of contig sequences resulting 
from Blast2GO analysis 

 

Sequences Analysis  
Criteria 

No. of 
Sequences 

Blast2Go analysis 190 

Memiliki gen ontologi 90 

Memiliki BLASTx Hit 113 

Tanpa BLASTx Hit 77 

Berhasil dipetakan 90 

Memiliki hit spesies terbanyak Musa 
balbisiana 

24 

 

 
Figure 3. The frequency of 26 plant species with the most hits 
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(21) belonging to the order Zingiberales. This 
indicates that the primer synthesized from the 
EST sequence of C. longa can also be used 
in both plants. 

The analysis results of gene ontology 
and functional categories obtained in our 
study is revealed in Figure 4. Based on the 
sequence annotation, it was known that the 
distribution of gene ontologies in three 
categories comprising of molecular function 
categories with 39 gene ontologies, biological 
processes with 58 gene ontologies and 

cellular components with 29 gene ontologies. 
According to Chang and Scharfenstein (2014) 
molecular function is a category that 
describes the activity of gene products at the 
molecular level, while biological processes is 
a category that describes molecular activity 
from beginning to end. Likewise, cellular 
components are category that indicates cell 
parts and their extracellular environment. The 
gene ontology analysis is important to 
determine the expressed genes in the 

 
Figure 4. Functional grouping of gene ontology: (A). Molecular function; (B). Biological processes; and (C); Cellular 

components 

A. Molecular Function

Metal ion binder: 24% (raw value= 17)

Chlorophyll binder: 12% (raw value=9)

Isomerase activity: 12% (raw value=9)

Activity of oxidoreductase: 12% (raw value=9)

Specific DNA sequence binder: 11% (raw value=8)

Activity of DNA transcription factors: 10% (raw value=7)

Hydrolase activity: 10% (raw value=7)

Acyl groups other than aminoacyl: 8% (raw value=6)

B. Biological Processes Photosystem light harvesting I: 13% (raw value= 9)

Response to light: 13% (raw value=9)

Protein-chromophore linkage: 13% (raw value=9)

Regulation of DNA transcription: 11% (raw value=8)

Chloroplast group: 8% (raw value=6)

The biosynthesis process of oxilipine: 7% (raw value=5)

Phospholipid biosynthesis process: 7% (raw value=5)

Oxidation of lipids: 7% (raw value=5)

Transpose: 7% (raw value=5)

Inositol biosynthesis process: 7% (raw value=5)

RNA intron cleavage: 7% (raw value=5)

C. Cellular Components

Integral components of the membrane: 20% (raw value= 20)

Chloroplast envelope: 18% (raw value=18)

Nucleus: 12% (raw value=12)

Photosystem II: 9% (raw value=9)

Photosystem I: 9% (raw value=9)

Plastoglobula: 9% (raw value=9)

Thylakoid membrane of chloroplasts: 9% (raw value=9)

Extracellular part: 8% (raw value=8)

Cytosol: 7% (raw value=7)
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sequence and their presence in cell 
organelles. 

Based on the functional classification of 
gene ontology, it was known that the 
molecular function category (Figure 4A) 
formed 8 functional groups in which genes 
associated to metal ion binding were mostly 
found (24%). Meanwhile, relatively few genes 
linked to hydrolase activity and acyl groups 
were found ≤10%. The binding of metal ions 
is the mechanism of action of antioxidant 
compounds to prevent the formation of 
reactive oxygen species (ROS), where 
antioxidants can be found in food, one of 
which is in the form of flavonoids (Silvia et al. 

2016). Flavonoid in the form of curcumin is 
one of the compounds contained in the 
rhizome of plants from the genus Curcuma 
such as turmeric and temu ireng so that it can 
be seen that the rhizome of the Curcuma 
plant contains antioxidants. 

In the category of biological processes 
(Figure 4B), 11 functional groups were 
formed which dominated by genes associated 
to the photosynthesis process and plant 
response to light (13%). In addition, genes 
linked to the biosynthetic process of oxylipin 
were also revealed. Oxylipin is a compound 
formed from unsaturated fatty acids that play 
a role in the mechanism of fungal 

 
 

 
 
Figure 5. The results of the validation amplification of 10 primers: (A). Annealing temperature 53 ºC; and (B). Annealing 

temperature 55 ºC 
 

 

A 
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pathogenicity in plants. One of its derivative 
compounds is jasmonic acid which acts as a 
regulator of defense mechanisms against 
pathogens and has antifungal properties 
(Wasternack and Feussner 2018). Based on 
this, it can be seen that C. longa has 
antifungal properties. Chen et al. (2018) 
confirmed that C. longa has antifungal 
abilities that could damage the cell membrane 
of the fungus Fusarium graminearum. 

The category of cellular components 
(Figure 4C) consisted of 9 functional groups 
with membrane integral components (20%) 
being the most dominating. Several genes 
are also known to be present in the 
Photosystems I and II, plastoglobula and 
thylakoid membranes of chloroplasts (9%). A 
small number of genes were located in the 
extracellular and cytosol at ≤8%. Based on 
the results of the sequence analysis on the 
three functional categories, it showed that 
there were sequences that did not match to 
any sequences in the NCBI database. It is 
presumably that these sequences contain 
genes that are only found in C. longa and 
have not been identified yet. While 
sequences that match with BLAST Hit 
indicated that the two sequences have similar 
traits or gene matches to each other. 

 
Primer validation 

The SSR primer capability generated 
from the C. longa EST data needs to be 
validated. Primer validation was carried out 
to find out whether the designed primers 
could be amplified. The primer ability to 
reveal amplification products is influenced 
by several factors, namely internal stability, 
melting temperature, secondary structure 
or competition among primers (Sint et al. 
2012). Validation of 10 SSR primers was 
conducted using 3 DNA samples of C. 
longa (Figure 5). Subsequently, all primers 
were successfully amplified by showing 
bands, except the C393 primer. Primers of 
C1948, C2544(2), and C2544(5) resulted in 
polymorphic bands while the other primers 
were monomorphic. 
 
CONCLUSION 
 

The development of SSR primers and 
markers can be carried out by utilizing the 
EST sequences from plants belonging to the 
same genus. In our study, there was SSR 

diversity in the EST sequence of C. longa 
which was dominated by the trinucleotide 
motif of AGG. The primers constructed have 
met the standards and it was known that as 
many as 10 pairs of primers were associated 
to several enzymes that contributed to 
metabolic processes. The C1948, C2544(2) 
and C2544(5) primers produced polymorphic 
bands, while the others were monomorphic. 
Sequence analysis using BLASTx and 
comparing to NCBI database revealed 
similarities with Musa balbisiana and M. 
accuminata and the sequences had genes 
expressing antioxidant and antifungal 
properties.  
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