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Abstract 

Lake Balekambang, Dieng, has a high level of sedimentation that can affect water quality, so it is 

necessary to identify organisms to assess the lake's environmental conditions. The use of eDNA methods 

in Indonesia is minimal, especially in the Dieng area. This research aims to identify the protozoan 

communities in sediment samples from Lake Balekambang using the Environmental DNA (eDNA) method 

to assess the lake ecosystem. This study targeting the 18S rRNA gene for single cell eukaryotes. Data 

analysis was performed using GALAXY and RStudio. Bioinformatics analysis obtained 51,172 reads 

divided into 48 Amplicon Sequence Variants (ASVs). All specimens were identified as eukaryotes. 

Protozoa taxa that can be identified are Tritrichomonadidae, Ophryoscolecidae, Gregarinidae, 

Cyrtolophosididae, Hexamitidae, Isotrichidae, Oxytrichidae, Vannellidae, Vermamoebidae, and other 

unidentified Eukaryota taxa. Using the eDNA method this study able to identify the protozoan community 

found in the sediments of Lake Balekambang, Dieng. Protozoa taxa that are identified are taxa that 

generally inhabit the rumen of ruminants and the gastrointestinal tract of rodents, and are generally 

pathogens that can cause disease in humans and animals. New knowledge about Environmental DNA 

Metabarcoding (eDNA) can support research in identifying organisms. This study shows that the eDNA 

method utilizing the Next Generation Sequencing (NGS) approach are able to identify the protist more 

effectively, massively, and quickly compared to conventional methods based on morphological 

characteristics. 

Keywords: Protozoa, Next Generation Sequencing (NGS), Environmental DNA, 18S rRNA, Balekambang 

Dieng 

1. Introduction 
Balekambang Lake is one of the small lakes in Dieng, Central Java, that is threatened by high 

sedimentation and runoff rates. This lake is located near the Arjuna Temple area, which functions 

as a reservoir and drainage (Pamrayoga et al., 2017). The very high sedimentation rate of 

Balekambang Lake causes the lake surface to be covered by herbaceous plants (Soeprobowati et 

al., 2019). In addition, the surrounding community is utilized to irrigate agricultural land, resulting 

in potential eutrophication problems. 

In assessing water quality, organisms (bioindicators) such as Protozoa can be used. Protozoa 

are a group of protists found in waters and the bodies of other organisms (Astuti, 2017). The 

presence of protozoa in the environment is used to determine environmental health. A polluted 
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environment allows pathogenic microbes (viruses, bacteria, and protozoa) to grow and develop 

(Winarni 2016). 

Currently, identification techniques are still done conventionally. This method is based on 

morphological characteristics visible using a microscope (Opat et al., 2016; Indraswari et al., 

2017). Identification of microalgae and Protozoa was carried out using identification reference 

books from Edmonson (1959), Basmi (1999), Prescott (1964), Wickstead (1965), Davis (1995), 

Greeson (1982), Levine (1985), Hall (1953) (Opat et al., 2016). In addition, conventional methods 

are carried out by culturing on artificial media, microscopic examination, and biochemical tests 

(Wulandari et al., 2021). However, microorganisms are difficult to show clear morphological 

differences and are difficult to culture (Annenkova et al., 2020). This method is considered 

ineffective because it requires extra costs and labor (Rota et al., 2020) and a proficient and 

experienced taxonomist is needed (Zhao et al., 2021). 

Currently, identification techniques for organisms are carried out molecularly by DNA 

sequencing. DNA sequencing is used to determine the sequence of nitrogenous bases (adenine, 

guanine, cytosine, and thymine) in DNA samples. The first sequencing method developed was 

Sanger sequencing (Ip et al., 2019). In its work, the Sanger method uses a DNA barcoding 

approach. The DNA barcoding method can only identify single organisms and is based on short 

pieces of DNA (Achmad et al. 2019). Next Generation Sequencing (NGS) is the second generation 

in DNA sequencing, so the sequencing process is faster, more specific, and can read longer DNA 

nucleotide sequences at one time (Pavan-Kumar et al. 2015). This method uses a DNA 

metabarcoding approach so that DNA reading can be done in large quantities simultaneously. 

Metabarcoding in identification uses existing and recognized molecular markers such as 16S 

rRNA, 18S rRNA or Cytochrome Oxidase I (COX/COI) (Pavan-Kumar et al., 2015). The 

protozoan identification method uses 18S rRNA (ribosomal RNA) molecular markers. The 18S 

rRNA gene encodes a ribosomal subunit that makes up a small portion of eukaryotic ribosomes 

(Roslim et al., 2018). 

An identification method that uses a DNA metabarcoding approach is Environmental DNA 

(eDNA) (Collins et al., 2019). Environmental DNA is the development of methods used in 

monitoring biodiversity that experience limitations in conventional methods using morphological 

approaches. The eDNA approach is an efficient method because organisms are complex to identify 

using conventional methods (Taberlet et al., 2012; Ruppert et al., 2019). This method is based on 

genetic material left in the environment (soil, sediment, and water) because organisms that live in 

water leave genetic material through feces, urine, or exfoliated tissue (Djalil et al., 2018). Sediment 

samples contain more sources of genetic material, are durable, and provide good results (Kang et 

al., 2021). 

The existence of Balekambang Lake is currently endangered (Pudjoarinto & Cushing, 2001; 

Soeprobowati et al., 2018; Harriyadi, 2020). However, its existence is very important because it is 

used as irrigation, a source of spring water, and storage flooding and drainage for Arjuna Temple 

(Pudjoarinto & Cushing, 2001; Harriyadi, 2020; Soeprobowati et al., 2018). Therefore, it is 

necessary to assess environmental quality with protozoan bioindicators. Research on protozoa in 

water sources has been done but is still limited (Wahyuni et al., 2022), especially in Balekambang 

lake has never been done. According to Stat et al. (2017), research using the eDNA method in 

identifying a community is still very limited. Therefore, this research was conducted in order to 

assess the protist community in Balekambang Lake to determine its condition. 

2. Material and Methods 
2.1. Sample Collection 

Sampling was carried out in the sediment waters of Balekambang Lake, Dieng, at one point (-

7.2076195S, 109.9082364E) by taking approximately 10 grams of surface sediment using a sterile 

spatula and then putting it into a 15 ml falcon tube containing 10 ml of 96% ethanol. The samples 
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were then stored in a coolbox at 4oC. We choose this location since the point was close to the inlet 

from agricultural area surrounding the lake (Figure 1) 

 
 

 
Figure 1.  Research Site for Coring Sediment Sample in Lake Balekambang 

 

2.2. DNA Extraction 

DNA extraction was performed using the Zymo Quick-DNATM Fecal/Soil Microbe MiniPrep 

Kit. The Quick-DNATM Fecal/Soil Microbe MiniPrep Kit is a commercial DNA extraction kit that 

uses column filtration in DNA separation (Wardoyo et al., 2020). The extraction procedure follows 

the available guidelines (Sani et al., 2021).  

 

 

2.3. DNA Quantitative test  

Quantitative tests were performed using NanoDrop with a wavelength of 260/280 nm. DNA 

purity can be measured by the ratio of absorbance at wavelengths of 260 nm and 280 nm, good 

DNA purity is with the ratio of 1.8 - 2.0 (Dewanata and Mushlih, 2021). Good DNA purity 

measurement results are around 1.8 - 2.0 with concentrations above 100 ng/µl. 

 

2.4. Sequencing  

The extraction results then underwent PCR (Polymerase Chain Reaction) and sequencing 

processes performed by the sequencing facility. Primer 18S gene V4 region is one of the primers 

used to amplify the 18S rRNA gene in eukaryotes. This primer amplifies about 270-387 bp (Choi 

and Park 2020). The uses in this study are forward primer TAReuk454FWD1 (5′-

CCAGCASCYGCGGTAATTCC-3′) and reverse primer TAReukREV3 (5′-

ACTTTCGTTCTTGATYRA-3′). Sequencing was performed by NGS using an amplicons-based 

method. The targeted gene was 18S rRNA. Sequencing using Illumina MiSeq sequencing machine. 

The results obtained were raw data in FASTQ format.  
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2.5. Bioinformatics analysis  

Sequencing data were processed using the GALAXY (https://usegalaxy.org/) and Rstudio 

programs. In the GALAXY program, the data were checked for quality. Furthermore, cutting 

adapters, primers and unwanted sequences (chimera) and merging sequences with DADA2 were 

carried out to get clean data. DADA2 gives sample sequences exactly (Callahan et al., 2016).  

Taxonomic comparisons were made with the database. PR2 was downloaded from https://pr2-

database.org (Batut et al., 2021; Escudié et al., 2017; Vaulot et al., 2021). Furthermore, data 

visualization was done with Rstudio. This program produces graphs in the form of barplots (Li et 

al., 2022). In addition, Rstudio also calculates the Shanon-Wiener and Simpson indices. 

3. Results and Discussion 
3.1. DNA Quantitative Test Results and Sequencing 

The results of quantitative tests on samples have DNA purity which is obtained 2.31. while the 

resulting DNA concentration shows 0.8 ng/µL, less than 100 ng/µL. The quantitative test results 

on the sample have DNA purity obtained of 2.31. DNA extraction kits in DNA isolation can 

influence the DNA purity value in these samples. DNA extraction kits are designed for DNA 

isolation with quality results (Sophian and Syukur 2021). 

The resulting DNA concentration shows less than 100 ng/µL, which is 0.8 ng/µL. However, 

the DNA can still be used at the amplification stage by adding amounts to increase its concentration. 

The DNA concentration and purity can be affected by extraction, damage, and contaminants 

(Mustafa et al., 2016). The level of purity and concentration of DNA produced can still be used 

for further analysis in the Library Preparation process at Genetics Science because the minimum 

required is 2 ng/uL. At the library preparation stage, the DNA sample is carried out a quality 

control process which aims to ensure that the DNA sample used is of good quality so that accurate 

results are obtained (Zuhdi et al., 2021). 

Based on bioinformatics analysis using GALAXY and Rstudio, 51,172 reads were obtained, 

divided into 48 Amplicon Sequence Variants (ASVs). Based on the data obtained from the sample, 

all ASVs belong to the Eukaryota Domain, Taxa identified were 12 classes, 12 orders, 13 families, 

14 genera, and 13 species. Based on the 13 taxa identified, most of them were Protozoan taxa, with 

9 taxa found in the samples, namely Tritrichomonadidae, Ophryoscolecidae, Gregarinidae, 

Cyrtolophosididae, Hexamitidae, Isotrichidae, Oxytrichidae, Vannellidae, Vermamoebidae. Other 

Eukaryota taxa are Rhabditidae, Insecta, and Saccharomycetidae. Dominance percentage based on 

the ASV results shown in Figure 1.  

 

 
 

Figure 2. Percentage of Identified Protozoan Taxa from Balekambang Lake, Dieng based on the 

number of Amplicon Sequence Variants (ASVs). 
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The 18S rRNA primers are markers that can detect microscopic eukaryotic organisms in the 

ecosystem (Wang et al., 2014). Using 18S rRNA in PCR is a marker that can determine the 

phylogeny of random species in eukaryote biodiversity (Prakoso et al., 2016). Metabarcoding 

research with eukaryote objects uses the 18S rRNA gene (Vaulot et al., 2016). The 18S rRNA 

gene is a commonly used marker for protists (Pawlowski et al., 2012). eDNA study in Sanmenxia 

Reservoir, China using 18S rRNA and COI markers in Zooplankton identification with DNA 

Metabarcoding showed a difference in the number of Zooplankton taxa identified. The use of 18S 

rRNA resulted in 319 OTUs divided into 12 phyla, 23 classes, 54 orders, 83 families, and 110 

genera. While the use of COI obtained 395 OTU which is divided into 4 phyla, 7 classes, 19 orders, 

42 families, and 80 genera. Identification of Protozoa on 18S rRNA produces more taxa than the 

use of COI (Zhao et al., 2021). 

In bioinformatics analysis using RStudio, the calculation of the Shanon-Wiener index on 

Protozoa taxa that can be identified shows a value of 3.26. The Shanon-Wiener index with a value 

>3 indicates that the diversity of taxa is high (Baderan et al., 2014). The diversity of Protozoa taxa 

in sediment samples in Lake Balekambang is high, indicates that based on Protozoa community, 

the ecosystem of Lake Balekambang is relatively stable. Simpson's index shows that Protozoa taxa 

that can be identified in the sample obtained a value of 0.96. Simpson's index, with a value close 

to one, indicates that the dominance of taxa is high (Wahyuningsih et al., 2019). The diversity 

index value increases when the number of species increases. The Shannon-Wiener Index (H) and 

Simpson's Index measure species richness and abundance.  High values of the Shanon-Wiener 

index and Simpson index indicate that individuals are more evenly distributed in an area (Sharashy, 

2022). 

Tritrichomonadidae dominates the Protozoa community in Lake Balekambang (Figure 2).  

Most of these protozoans are found in the animal’s intestines as parasites. This finding could be 

related to the conditions around Balekambang Lake, an area of agriculture and animal husbandry 

(Bandeira & De Souza, 2021). The abundance of Protozoa relates to the warming, eutrophication, 

and pesticide pollution. Warm and eutrophic lake considerably promote an increase in protozoan 

whereas warming and pesticides can remarkably reduce the abundance and diversity of protozoa 

(Yuan et al., 20224). Lake Balekambang was eutrophic due to potatoes plantation and high 

sedimentation (Harriyadi, 2020). 

 

3.2. Identified Taxa 

Based on the 13 Eukaryote taxa identified, there are 9 Protozoan taxa with 3 dominating taxa 

based on the number of ASVs in the sediment samples of Balekambang Lake (Fig. 2), namely 

Tritrichomonadidae, Ophryoscolecidae, and Gregarinidae.  

Unidentified taxa dominated the sample in Balekambang Lake, accounting for 29% of the total 

sample, with approximately 14 Unidentified ASVs obtained. Unidentified taxa in the samples 

could only be identified in Domain and Phylum taxa, that is Eukaryote Domain and Metazoan 

Phylum. This is due to the lack of data in the PR2 database, so further molecular research is needed 

to collect tropical databases. Unidentified sequences of taxa that have not been recorded in the 

global database (Li et al., 2022).  

Tritrichomonadidae can generally be found in the digestive tract of animals such as rodents 

(rats and hamsters) (Al-Masaudi et al., 2020) and ruminants. Tritrichomonadidae taxa, which were 

very dominant, were found in Balekambang Lake, namely 23% of the total samples with 11 ASVs 

produced, with the identified species being Tritrichomonas muris. T. muris is a protozoan found 

in the digestive tract of mice and other rodents (Da Costa et al., 2019) and feeds on white blood 

cells and bacteria (Shahata, 2022).  T. muris is found in mice's colon and small intestine and can 

exacerbate disease in mice (Escalante et al. 2016). 
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Ophryoscolecidae is a group of protozoa belonging to the ciliate class that could generally be 

found in the gastrointestinal tract of ruminant animals such as cattle and sheep (Ito and Tokiwa 

2018). Ophryoscolecidae taxa was found in Balekambang Lake is 10% of the samples with a total 

of 5 ASVs identified, including the genus Entodinium and Ophryoscolex. The first taxonomy of 

Ophryoscolecid ciliates in the rumen was from Entodinium Stein and Ophryoscolex Stein (Cedrola 

et al., 2022). 

Gregarinidae are unicellular parasites that generally infect the digestive tract of invertebrates 

and insects (Devetak et al., 2013). The Gregarinidae taxa were found in Balekambang Lake in 6% 

of the total samples, with 3 ASVs produced, consisting of Gregarina cloptoni. G. cloptoni is one 

of the species in Gregarina found in the digestive tract of insects (Nocciolini et al., 2018). 

Oxytrichidae is a protozoan of the ciliate group that belongs to the phylum Ciliophora. 

Oxytrichidae are usually found in freshwater and seawater. The identified Oxytrichidae found in 

Balekambang Lake obtained 4% in the total sample, namely 2 ASVs. The Oxytrichidae could only 

be identified at the family level due to the lack of data in the database used. Oxytrichidae taxa 

protozoa are generally non-parasitic intestinal protozoa. In another study in the rehabilitation 

center Yiari Ciapus, Bogor, Oxytrichidae taxa was found, namely the species Oxytricha 

granulifera in the feces of the Sumatran slow loris (Nycticebus coucang) (Rukmana et al., 2016). 

Cyrtolophosididae taxa is a protozoan that belongs to the phylum Ciliophora. This taxa can be 

found in marine, freshwater and land-based environments. Cyrtolophosididae taxa found in 

Balekambang Lake is 2% of the samples with 1 ASVs. This taxon was also only identified in the 

family taxa due to the lack of database used. 

Hexamitidae taxa includes protozoa, a group of Flagellates that can generally be found in the 

digestive tract of rodents. Hexamitidae taxa were found in Balekambang Lake 2% of the total 

samples, namely the species Spironucleus muris. S. muris (previously known as Hexamita muris) 

is a type of pathogenic protozoan that is pear-shaped, has many flagellates, namely 6 anterior and 

2 posteriors (Voros et al., 2021). S. muris is a type of protozoan that generally colonizes the 

intestinal tract in rodent species (Rodentia). S. muris is found in rodents such as rats and hamsters 

(Heidari et al., 2018). 

Isotrichidae is a group of ciliate protozoa that can generally be found in the digestive tract of 

ruminants. According to Yanuartono et al., (2019) Isotrichidae is included in the type of ciliate 

protozoa found in the rumen, the cilia on Isotrichidae grow around its body so that it is included 

in the Holotricha group with a simple morphological form. Family Isotrichidae was found in 

Balekambang Lake only 2% from the total sample, which is only 1 ASVs, namely Isotricha 

prostoma. Three species in the type of holotrichia found in the gastrointestinal tract of ruminants 

are mainly I. intestinalis, I. prostoma, and Dasytricha ruminatum (Gurelli et al., 2016). 

Vannellidae taxa was found in Balekambang Lake after analysis is 2% of the total sample, 

which is 1 ASVs. The species in Vannellidae taxa that can be identified is Ripella sp. Vannellidae 

taxa is a group generally of protozoa that has characteristics such as a membrane sheath on its 

body, and in its movement, there are vibrating bristles (cilia) (Cavalier et al., 2016). 

Vermamoebidae taxa is a protozoan that belongs to the phylum Amoebozoa. This taxon consists 

of various species that can generally be found in water and soil environments. This taxon was 

identified in Balekambang Lake as 2% of the total sample with 1 ASV obtained, was Vermamoeba 

vermiformis (previously Hartmannella vermiformis), which can generally live freely in the aquatic 

environment (Delafont et al., 2018). 

The large number of unidentified taxa suggests that molecular research using the NGS approach 

needs to be developed to add databases from tropical lakes. The eDNA method is very helpful in 

molecular identification more quickly, briefly, and accurately (Taberlet et al., 2012).  

 Based on this result, the new finding from this research is the use of eDNA approach to 

determine the lake's health. Balekambang Lake is mostly contaminated with pathogenic protozoa, 

which may infect animals and humans 
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4. Conclusion 
Molecular identification with the eDNA method through the NGS approach using 18S rRNA 

gene can be used in identifying Protozoan communities in Balekambang Lake, Dieng. Data 

analysis conducted obtained 13 taxa. The dominant Protozoan taxa indicates eutrophic condition 

of the lakes due to high nutrients from agriculture and husbandry., , which indicate the influence 

of agriculture and husbandry. 
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