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ABSTRACT. Environmental DNA (eDNA) monitoring has gained popularity in the last decade as one of 

the most sensitive and cost-effective monitoring methods. However, information regarding the type of DNA 

extraction used still needs to be studied, especially for metazoan in fresh water samples. This parameter is 

also critical for a project's experimental design. This study aims to compare the effectiveness of two 

extraction kits between DNeasy® Blood & Tissue Kit (Qiagen) silica column-based and ZymoBIOMICS 

96 MagBead DNA Kit (Zymo Research) magnetic bead-based. The quantity of DNA extracts was measured 

using a spectrophotometer at 260/280 nm. Following that, we continued the metazoa PCR procedure. 

Qiagen has higher mean value of DNA concentration (88.48 ng/μl) than Zymo (20.89 ng/μl). For DNA 

purity, Zymo has higher mean value of DNA purity (1.84) than the Qiagen (1.59). However, both kits were 

equally successful in amplifying universal metazoan primers. We recommend that the use of these types of 

kits appears to be the least important consideration. Other important factors that may have a major impact 

on DNA extraction such as water volume, membrane type, sampling strategy need to be investigated in 

freshwater samples. 
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INTRODUCTION 

The fauna of Indonesia is diverse due to its 

vast size as a tropical island with a variety of 

microhabitats in river ecosystems, notably the 

Code River that divides D.I.Yogyakarta into 

western and eastern regions. The Laboratory of 

Animal Systematics, Faculty of Biology, 

Universitas Gadjah Mada has been conducted 

an inventory and research on the diversity of 

herpetofauna and ichthyofauna along Boyong-

Code River in 2012 and 2017 (Yudha et al., 

2016; Yudha et al., 2019). Due to the fact that 

data from both research years were collected in 

the same month, between April and October, it 

is probable that certain faunal species were 

missed, particularly outside the sample month. 

Data obtained so far was based on direct faunal 

sampling and direct morphological 

determination on fauna. The direct faunal 

sample used the visual encounter survey and 

purposive sampling methods. 

Animal inventory methods often face 

challenges due to several factors, such as 

extreme environments, habitat quality, 

distribution areas that are difficult to access and 

can only be detected during certain periods or 

weather conditions (Grattepanche et al., 2011; 

Bang et al., 2018; Zeppilli et al., 2018). 

However, in recent decades, many studies have 

shown that DNA of organisms can be extracted 

from environmental samples, such as water, 

soil, feces, mucus, and ancient sediments 

(Olson et al., 2012; Walker et al., 2017; Staley 

et al., 2018). DNA taken from the 

environmental samples is called environmental 

DNA (eDNA) and can be used to obtain 

important information on the presence or 

absence of target species in a specific 

environment. The growing use of eDNA has 

revolutionized researchers understanding of 

biodiversity studies, as it can increase the 

ability and resolution to detect rare and elusive 
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species (Bylemans et al., 2019; Beng & Corlett, 

2020), and also opens up new avenues of 

research, including to obtain information that 

was almost inaccessible in the past few decades 

(Valentini et al., 2016; Ficetola et al., 2019). 

eDNA has the advantage of being less 

invasive, the lower cost and effort, also faster 

than traditional species collection approaches 

while yet recognizing numerous species owing 

to metabarcoding (Huver et al., 2015; 

Pawlowski et al., 2018).  Research on the 

diversity of vertebrate fauna living in and along 

rivers using the eDNA approach is needed to 

offer complete information and improved 

resolution for fauna detection in the Boyong-

Code River. Several DNA extraction kits are 

commercially accessible, however it is vital to 

examine which kits can be used properly for 

DNA extraction from freshwater, especially 

from the river. We evaluate two commercial 

extraction kits, notably DNeasy® Blood & 

Tissue Kit (Qiagen) and the ZymoBIOMICS 96 

MagBead DNA Kit (Zymo Research) to 

establish the two kits' efficacy in amplifying 

metazoan primers. Although next-generation 

sequencing, particularly for environmental 

DNA, is becoming more popular, experimental 

designs for revealing biodiversity, particularly 

DNA extraction methods, are still under 

investigation. This study is the first to compare 

two commercial extraction kits using 

freshwater metazoan primers. These 

discoveries will constitute an important basis 

for further studies of eDNA in freshwater. 

 

MATERIALS AND METHODS 

Samples collection. The sampling location 

was upstream of the Code River (Co. Hu. 

TS4B; 7°43'26.6"S, 110°23'21.5"E). 

Environmental DNA samples were collected 

directly in the water column from the river (Fig 

1). eDNA samples were collected directly in the 

water column from the river. The water samples 

were taken as much as four liters each. The 

sample was filtered with 0.4 µm PCTE 

polycarbonate filter membrane (Sterlitech™, 

USA) to remove any large organisms or debris 

(Bruland et al., 2001). Subsequently, the 

material was filtered with 0.4 µm filter paper 

using a peristaltic pump. The filter paper, which 

is presumed to contain genetic material from 

the river sample, was placed in a 2 ml cryotube 

containing 1 ml of DNA shield.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. The landscape condition of eDNA sampling in Code River, D.I.Yogyakarta, Indonesia. 
 

DNA amplification. DNeasy® Blood & 

Tissue Kit (Qiagen) (referred as Qiagen) and 

the ZymoBIOMICS 96 MagBead DNA Kit 

(Zymo Research) (referred as Zymo) were used 

to extract the eDNA from the filter papers, 

according to the manufacturer's instructions. 

We compared these two kits by extracting DNA 

samples 15 times each. We compared the 

quality and quantity of DNA extracts using 

spectrophotometer NANODROP 2000c 

(Thermo Fisher Scientific). The parameters 

compared in the DNA extracts were the yield 
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DNA concentration and the DNA purity level at 

the 260/280 nm. Then, we continued on the 

metazoa PCR process. We used the degenerate 

metazoan primers miCOIintF: 5′-

GGWACWGGWTGAACWGTWTAYCCYCC and 

jgHCO2198: 5′-

TAIACYTCIGGRTGICCRAARAAYCA (Deiner 

et al., 2017). The primers target a COI gene 

(313 bp), including enough information to 

identify fish to a taxonomic family, genus, and 

species. The first PCR reaction contained 12.5 

µl of KAPA Hifi Hotstart Readymix, µl each of 

1 nM primers (F and R), 4 µl ddH2O, and 7 µl 

DNA template. The phases of the DNA 

amplification PCR profile including pre-

denaturation of the template DNA at 95°C for 5 

min, denaturation of the template DNA at 98°C 

for 10 s, annealing at 65°C for 10 s, primary 

extension at 72°C for 10 s, and final extension 

(post extension) at 72°C for 5 min with 35 

cycles (Deiner et al., 2017). The 96 Universal 

peqStAR PCR machine (Peqlab Ltd, USA) was 

used with negative controls (blank template) to 

check for contamination. 

PCR product quality was visualized using 

electrophoresis on 2% agarose gel (100 ml TAE 

buffer and 2 g agarose). A total of 3 μl aliquot 

of PCR product was then inserted into each 

agarose well with 100 bp DNA ladder in one of 

the wells. The electrophoresis machine was run 

at 50 V for 60 min, and the results were 

visualized using an UV fluorescent via an 

Alphaimager mini gel documentation system 

(Protein Simple Ltd, USA). All PCR products 

which passed the electrophoresis quality 

control underwent a second PCR for indexing 

purposes. The IDT double index and Illumina 

sequencing adapter for Illumina-Nextera DNA 

Unique Dual Index, Set A (Illumina, 20027213, 

USA) were added to the target amplicon in the 

second PCR, using 12.5 μl of  Kapa HotStart 

HiFi 2 × ReadyMix DNA polymerase (Kapa 

Biosystems Ltd., UK) and 2 μl of PCR product. 

The PCR cycle comprised an initial 

denaturation at 95°C (3 min), then 9 cycles of 

95°C for 30 s, 55°C for 30 s, 72°C for 30 s, and 

a final extension at 72°C for 5 min. PCR 

purification was conducted on the first and 

second PCR products using AMPure XP 

(Beckman Coulter Inc., US) before proceeding 

to the next step. 

 

RESULTS AND DISCUSSION 

To measure the efficiency of DNA 

isolation, the DNA purity and concentration of 

DNA extracted were determined. We 

discovered that the Qiagen kit can generate 

larger amounts of DNA. The mean 

concentration of DNA in this kit was 88.48 ng/l, 

but the mean concentration in the Zymo kit was 

lower (20.89 ng/l) (Fig. 2). The silica column is 

used to extract DNA from the Qiagen. The 

stages of the technique are lysed, bind, wash, 

and elute (Katevatis et al., 2017). This process 

comprises lysing target cells to liberate nucleic 

acids, binding the nucleic acid selectively to a 

silica membrane, washing away non-bound 

particulates and inhibitors, and elution of the 

nucleic acid, resulting in purified nucleic acid 

in an aqueous solution (Diefenbach et 

al., 2018). This principle has been 

demonstrated to be effective at increasing the 

DNA concentration in milk and stool samples 

during the DNA extraction process (Husakova 

et al., 2020). 

The mean value of the DNA purity level 

(A260/280) indicates that the Zymo kit is 

capable of producing a better DNA purity level 

(1.84) than the Qiagen kit (1.59) (Fig. 2). The 

Zymo is a commercial product that purifies 

DNA using the magnetic bead principle. 

Magnetic beads are an efficient way to 

concentrate biomarkers and remove 

background biomolecules (Bordelon et al., 

2013; Bitting et al., 2015). The magnetic beads 

are then collected magnetically, and the 

biomarkers captured on their surface are 

released into a more amenable reaction buffer 

(Sasso et al., 2012; Shields et al., 2012; 

Bordelon et al., 2013). In comparison to the 

spin column approach, the extraction of DNA 

using magnetic beads has been widely reported 

to be successful (Husakova et al., 2020), 

including eDNA studies (Shahraki et al., 2019; 

Wood et al., 2019).
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Fig. 2. Comparison of DNA extraction result based on DNA concentration and purity. 

 

The findings of PCR amplification for 

metazoan primers indicated that no sample was 

not amplified successfully (Fig. 3). The data 

indicate that both kits had a very high success 

rate for amplification (100%). This finding 

demonstrated that, despite the kits' 

discrepancies in DNA purity and concentration, 

both kits successfully amplified metazoan 

primer. Additionally, based on this finding, 

when it comes to selecting eDNA capture 

sample methodologies, the extraction kit 

appears to be the least significant factor to 

consider. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. PCR amplification results using miCOIintF primer for metazoa with target length of 313 bp (M= DNA ladder; (-) 

= Negative control; Q1-15= Sample with DNeasy® Blood & Tissue Kit (Qiagen) protocol; Z1-15= sample with 

ZymoBIOMICS 96 MagBead DNA Kit (Zymo Research) protocol). 

 

On other cases, extraction processes 

utilizing commercial kits produced identical 

results (Djurhuus et al., 2017; Muha et 

al., 2019). Metazoan primer having a 313-bp 

target sequence that has been demonstrated to 

be effective in amplifying a variety of metazoa 

in eDNA studies (Elbrecht & Leese, 2017; 

Pawlowski et al., 2018). The use of eDNA 

metabarcoding has been pushed as an useful 

technique for gathering inventories of aquatic 

organisms. It has already been established that 

employing universal primers, a combination of 

different capture and extraction procedures can 

result in significantly varying success rates for 

DNA purity (A260/280) 
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eDNA metabarcoding for different target 

groups (Djurhuus et al., 2017; Stat et al., 2017). 

Several critical aspects affecting the 

performance of river eDNA studies include the 

number of water samples used (Piaggio et al., 

2014; Cantera et al., 2019), the sampling 

strategy (Carraro et al., 2021), the preservation 

(Williams et al., 2016), and the type of filtration 

(Lacoursière‐Roussel et al., 2016; Muha et 

al., 2019). We found interesting results that 

each extraction kit has its own advantages in 

DNA concentration and purity, but no 

difference when amplifying metazoan primers. 

This result is certainly an important basis for the 

eDNA study which is still wide open in 

revealing Indonesia's biodiversity. 

 

CONCLUSION 

Qiagen kit which uses the silica column 

principle has a higher DNA concentration level 

(88.48 ng/μl) than Zymo kit (20.89 ng/μl). For 

DNA purity, Zymo kit which uses the principle 

of magnetic beads, has a higher level of purity 

(1.84) compared to the Qiagen kit (1.59). 

However, both kits were equally successful in 

amplifying universal metazoan primers. We 

recommend that the use of these types of kits 

appears to be the least important consideration. 

Other important factors that may have a major 

impact on DNA extraction such as water 

volume, membrane type, sampling strategy 

need to be investigated in freshwater samples. 
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