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				Environmental DNA (eDNA) analysis has emerged as an innovative and promising method for monitoring aquatic biodiversity, although challenges remain regarding sample filtration and standardisation of extraction protocols. We optimised filtration and extraction techniques using cellulose nitrate (CN) membranes with a 0.45 µm pore size and a phenol–chloroform–isoamyl alcohol (PCI) extraction method. The eDNA collected was quantitatively and qualitatively assessed using a NanoDrop spectrophotometer and agarose gel electrophoresis, respectively. PCR amplification of the 12S rRNA gene was followed by high-throughput metabarcoding to assess fish biodiversity. Our survey identified a diverse aquatic community, uncovering 9 orders, 14 families, 18 genera, and 21 species of fish, with the Cichlidae and Anabantidae families being frequently detected. Dominant species included Oreochromis niloticus and Oreochromis mossambicus. The study concludes that the CN membrane with a 0.45 µm pore size, combined with PCI extraction, offers a cost-effective and reliable protocol, enhancing purity and reducing degradation. This study underscores the feasi-bility and effectiveness of eDNA analysis in Malaysia, offering a robust framework for future ecological research and conservation efforts in resource-limited settings.

			

		

		
			
				Introduction

				Environmental DNA (eDNA) has emerged as a valuable tool for biodiversity monitoring, offer-ing non-invasive detection of aquatic organisms from environmental samples such as water, sedi-ment and soil (Andres et al. 2023, Thomsen & 

			

		

		
			
				Willerslev 2015, Valentini et al. 2016). By ana-lysing DNA shed by organisms through excre-tion, gametes and sloughed cells, eDNA provides a comprehensive and efficient alternative to tra-ditional methods, which often involve labour-intensive and potentially harmful sampling prac-tices (Jo et al. 2019, Pedersen et al. 2015). 
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				Metabarcoding has further expanded the utility of eDNA, enabling the simultaneous detection of multiple species across entire communities with high precision (Valentini et al. 2016, Thomsen & Willerslev 2015, Miya et al. 2015).

				However, implementing eDNA methodolo-gies in riverine ecosystems, particularly in trop-ical and subtropical regions, pose significant challenges. River water in these regions often contains high levels of soil, sand and organic particles, contributing to turbidity (Lu et al. 2023, Clark et al. 2017) that can clog filters and hinder DNA capture (Sanches & Schreier 2020, Williams et al. 2017). Conventional DNA extraction kits and filtration methods, such as syringe filters and silica-based approaches, are often inefficient for processing large volumes of water, leading to insufficient DNA yields and reduced detection of rare or low-abundance spe-cies (Jeunen et al. 2019, Majaneva et al. 2018, Deiner et al. 2015). Additionally, sediment-rich waters often contain inhibitors that interfere with downstream PCR amplification, hindering the detection of target species (Harper et al. 2019, Buxton et al. 2017, McKee et al. 2015).

				The challenges extend beyond turbidity. Tropical rivers are dynamic systems character-ised by fluctuating water quality, flow rates and sediment loads, making the consistent applica-tion of eDNA protocols difficult. High sediment loads rapidly clog small-pore filters, limiting the volume of water that can be processed (Kumar et al. 2020, Li et al. 2018, Turner et al. 2014) and reducing the likelihood of detecting rare species, as capturing DNA from larger water volumes is often critical for their identification (Schabacker et al. 2020, Sepulveda et al. 2019). Furthermore, the high cost and complexity of widely used DNA extraction kits, such as silica column- and magnetic bead-based methods, limit their acces-sibility in regions with limited resources (Eich-miller et al. 2016). These limitations emphasise the need for efficient, cost-effective protocols that adapt to the unique conditions of river sys-tems in tropical and subtropical regions.

				This study introduces an optimised eDNA protocol specifically developed for application in sediment-rich tropical freshwater ecosystems. The protocol utilises cellulose nitrate (CN) mem-branes with a 0.45 µm pore size for filtration and 

			

		

		
			
				the phenol–chloroform–isoamyl alcohol (PCI) method for DNA extraction, selected for their compatibility with highly turbid water and afford-ability in resource-limited contexts. Five water samples were collected from the Perak River in Malaysia and processed using this workflow under field-relevant conditions. PCR amplifica-tion of the 12S rRNA gene was followed by high-throughput metabarcoding to assess fish biodiver-sity. The aim of this study was to evaluate whether this combination of filtration and extraction meth-ods yields DNA of sufficient quantity and quality for downstream molecular analysis, and whether the protocol can be reliably applied for freshwater fish diversity assessments in tropical environ-ments. The novelty of the study lies in validating a cost-effective and field-adaptable eDNA work-flow optimised for tropical freshwater systems with high turbidity. The protocol enables filtration of larger water volumes using 0.45 µm CN filters, paired with PCI extraction, under field-relevant conditions. It addresses limitations of many com-mercial kits, which often fail due to filter clogging and high costs in sediment-rich environments (Deiner et al. 2015, Egeter et al. 2018).

				Methods

				Study design overview

				To evaluate the performance of the optimised eDNA protocol under field conditions, a stepwise approach was adopted, encompassing sampling, filtration, DNA extraction, PCR amplification and metabarcoding. The study was carried out in a highly turbid tropical freshwater river to test the combined effectiveness of cellulose nitrate (CN) membrane filtration and phenol–chloroform–isoa-myl alcohol (PCI) DNA extraction. The following sections detail each step of the workflow, with an emphasis on practical application in sediment-rich environments and resource-limited settings.

				Sample collection and filtration

				In March 2023, a total of five water sam-ples were collected from a designated sam-pling location in the Perak River, Malaysia 
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				(3°59´33.7´´N, 100°47´08.0´´E to 4°00´15.9´´N, 100°43´23.7´´E), in the direction of water flow, using 1 L sterile bottles. One-litre water aliquots were subjected to vacuum filtration using a cel-lulose nitrate membrane (Sterlitech, USA) with a 47 mm diameter and a pore size of 0.45 µm. The samples were filtered within 2 h of collection to minimise DNA degradation. The eDNA-con-taining filters were immediately stored in 50 mL sterile Falcon tubes with 15 mL of 70% ethanol (Merck, Germany). Due to filter clogging after 200–300 mL of water filtration, 3–5 filter mem-branes were sequentially used to process the same 1 L sample. All membranes from a single sample were pooled into one Falcon tube for preservation. All the Falcon tubes were kept in ice containers until transported to the AGAGEL lab at Universiti Malaya for eDNA extraction.

				To ensure DNA-free equipment, all filtra-tion apparatus (filter holders, forceps, etc.) were thoroughly cleaned using a 10% bleach solution, followed by rinsing with distilled water and ethanol. This process was repeated between sam-ples to prevent cross-contamination (Stoeckle et al. 2021, Pilliod et al. 2013). Equipment control samples were prepared by filtering 1 L of DNA-free distilled water through sterilised filtration equipment, and analysed alongside experimen-tal samples to monitor potential contamination. The sample size of five was chosen to evaluate the consistency and practicality of the protocol under field conditions rather than for compre-hensive biodiversity assessment. This was suf-ficient for testing filtration efficiency and eDNA yield in a pilot-scale optimisation study.

				eDNA extraction and amplification

				DNA extraction was performed on a clean bench under strict contamination control meas-ures, including the use of negative controls to ensure sample integrity. Initially, the Falcon tube containing filters and ethanol was vortexed for 2 s to ensure even distribution of the solution. Approximately 800–900 µL of ethanol was trans-ferred from the Falcon tube into a 2 mL cen-trifuge tube and centrifuged at 5000 rpm for 5 min at 4 °C. The supernatant was discarded. Another 800–900 µL of ethanol was then added 

			

		

		
			
				to the same tube and centrifuged again under the same conditions. After discarding the superna-tant, 100 µL of lysis buffer containing 150 mM NaCl (Merck, Germany), 50 mM Tris (Sigma-Aldrich, USA), 5% glycerol (Merck, Germany) and 1% Triton X-100 (Sigma-Aldrich, USA), adjusted to pH 8, was added to initiate the lysis process. Subsequently, 100 µL of 10% SDS (Merck, Germany) and 20 µL of proteinase K (Promega, USA) were added to the mixture. The solution was vortexed briefly and incubated for 30 min at 65 °C. Following incubation, the sam-ples were vortexed and centrifuged at 5000 rpm for 5 min at 4 °C. To each sample, an equal volume of phenol:chloroform:isoamyl alcohol (25:24:1; Sigma-Aldrich, USA) was added. After gentle mixing, the samples were centrifuged at 12 000 rpm for 10 min at 4 °C. The upper aque-ous phase (~400 µL) was carefully transferred to a new sterile 2 mL microtube. An equal volume of chloroform:isoamyl alcohol (24:1; Sigma-Aldrich, USA) was then added. The mixture was pipetted in an inverted manner and centri-fuged at 12 000 rpm for 10 min at 4 °C. The DNA-containing supernatant was transferred to a new sterile tube and mixed with 0.1× volume of 5 M NaCl (Merck, Germany) and 2× volume of absolute ethanol (Merck, Germany). Sam-ples were incubated at −20 °C overnight to pre-cipitate the DNA, followed by centrifugation at 12 000 rpm for 15 min at 4 °C. Ethanol was care-fully removed without disturbing the pellet. Each DNA pellet was washed twice with 200 µL of cold 70% ethanol by centrifugation at 12 000 rpm for 15 min at 4 °C. After removal of ethanol, the pellets were air-dried and re-suspended in 50 µL of preheated (65 °C) TE buffer (Sigma-Aldrich, USA). The extracted eDNA was stored at −20 °C for subsequent analysis. DNA yield and purity were assessed using a NanoDrop spectrophotom-eter (NanoDrop 2000; Thermo Scientific, USA), based on A260/A280 absorbance ratios.

				PCR amplification

				PCR was used to amplify the hypervariable region of the 12S rRNA gene. We used the MiFish U primer pair (MiFish-U-F: 5’-GTCGGTAAAACTCGTGCCAGC-3’, MiFish-U-R: 3’-
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				GTTTGACCCTAATCTATGGGGTGATAC-5’; Miya et al. 2015), designed for vertebrate eDNA metabarcoding. PCR reactions were conducted in a 25 µL mixture containing 12.5 µL of exTEN 2× PCR Master Mix (Mosquill et al. 2022), 1.5 µL of 10 µM solution of each primer, 2 µL of DNA template, and 7.5 µL of nuclease-free H2O. Thermal cycling included an initial dena-turation step at 95 °C for 4 min, 35 cycles of 95 °C for 30 s of denaturation, 62.5 °C for 30 s of annealing, 72 °C for 30 s of extension, and a final extension step at 72 °C for 5 min. For each sample, PCR was performed in triplicate, and the resulting products were pooled prior to further processing. To confirm amplification, the pooled PCR products were analysed using 2% agarose gel electrophoresis. Amplified products were suc-cessfully detected for all five samples, while no amplification was observed in any of the negative controls. To ensure the reliability of the amplifi-cation process, DNA from a known fish species (Channa striata) was included as a positive con-trol in each PCR run. This positive control con-sistently demonstrated successful amplification by producing clear bands on the gel, validating the PCR setup and confirming the effectiveness of the primers and reagents used in the study (Fig. 1). The PCR products were extracted from the gel and purified using the AxyPrep DNA Gel Extrac-tion Kit (Axygen Biosciences, Union City, CA, USA), with elution carried out in Tris-HCl buffer. The purified PCR products were sent for high-

			

		

		
			
				throughput sequencing using the Illumina MiSeq PE150 platform (Illumina, San Diego, CA, USA).

				Bioinformatics analysis

				The raw reads, provided in FASTQ format, were subsequently processed for downstream analysis. The forward and reverse sequences were merged using the “-fastq_mergepairs” script within the VSEARCH pipeline (Rognes et al. 2016). FASTQ files were then transformed into FASTA format using the SeqIO module in Python ver. 2.7. The merged sequences were filtered to remove low-quality reads using the “split_libraries.py” script with parameters “-w 50 -s 25 -l 100” in the QIIME toolkit ver. 1.91 (Caporaso et al. 2010). All cleaned sequences were clustered into operational taxonomic units (OTUs) using the USEARCH 11 pipeline with a similarity threshold of 97% (Edgar 2010). The representative OTUs were aligned to a custom reference database (NCBI Genbank database downloaded in November 2023), and the similarity threshold was set at 85%.

				Results

				The PCI extraction method, combined with CN 0.45 µm filtration, yielded eDNA concentrations of 140.09–696.8 ng/µL. This demonstrates that the optimised protocol can recover high quan-
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				Fig. 1. Gel electrophore-sis image showing ampli-fication of target DNA from eDNA samples. Lane 1: 100 bp DNA ladder; lanes 2–6 (S1–S5): eDNA sam-ples; lane 7 (PC): positive control; lane 8 (NC): nega-tive control.
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				tities of DNA even under turbid field condi-tions. Furthermore, the purity of the extracted eDNA was evaluated using absorbance ratios. The A260/A280 values ranged from 1.65 to 1.74, slightly below the ideal range of 1.8–2.0. How-ever, the A260/A230 ratios were between 1.62 and 2.13, with most values approaching the opti-mal range of 2.0–2.2. These results indicate that, despite minor deviations from the ideal absorb-ance values, the DNA extracted was of accept-able purity for downstream eDNA applications.

				Next-generation sequencing analysis

				The eDNA analysis conducted with Illumina MiSeq sequencing yielded 289 936 sequences from five samples following data cleaning. A total of 94 OTUs were identified across the analysed samples, of which 38 OTUs (40.43%) remained unclassified, indicating that these sequences could not be assigned to any specific taxa due to limitations in reference databases or sequence resolution. Excluding the unclassified OTUs, the remaining 56 OTUs (59.57%) were successfully categorised into distinct taxonomic levels. These included one phylum, one class, nine orders, 14 families, 18 genera and 21 species (Table 1). The number and diversity of OTUs identified in this study directly reflect the taxo-nomic richness and composition of the fish com-munity in the Perak River. Since eDNA meta-barcoding relies on OTU clustering to represent taxa, OTU detection serves as a reliable proxy for estimating biodiversity, especially in ecosystems where traditional monitoring is limited. Further-more, five samples seemed sufficient to reach a plateau in OTU detection (Fig. 2), suggesting that additional sampling would not significantly increase the observed diversity. The rank-abun-dance curves from the five samples illustrate a common pattern in fish communities, with a few dominant OTUs and many rare OTUs (Fig. 3).

				Historical record

				The fish data obtained through eDNA analy-sis were compared with historical records com-piled from conventional sampling efforts in the 

			

		

		
			
				Perak River (Hashim et al. 2012) reporting a total of 33 families and 107 species. A total of 14 families and 21 species were identified using eDNA analysis. Eight families, including Anabantidae, Bagridae, Channidae, Cichlidae, Cobitidae, Cyprinidae, Gobiidae, and Siluridae, were verified by historical records. Similarly, 11 

			

		

		
			[image: ]
		

		
			
				Table 1. Fish taxa detected by eDNA in the Perak River and their presence/absence in historical records (Hashim et al. 2012).

				Anabantiformes

				 Anabantidae

				 Anabas testudineus	Present

				 Channidae

				 Channa micropeltes	Present

				 Channa striata	Present

				Cichliformes

				 Cichlidae

				 Amphilophus citrinellus	Absent

				 Oreochromis mossambicus	Present

				 Oreochromis niloticus	Present

				 Oreochromis sp. ‘red tilapia’	Present

				Cypriniformes

				 Cyprinidae

				 Barbonymus gonionotus	Present

				 Osteochilus microcephalus	Present

				 Xenocyprididae

				 Ctenopharyngodon idella	Absent

				 Xenocypris yunnanensis	Absent

				 Cobitidae

				 Misgurnus anguillicaudatus	Absent

				 Acheilognathidae

				 Rhodeus ocellatus	Absent

				 Osteochilus vittatus	Present

				Cyprinodontiformes

				 Poeciliidae

				 Gambusia affinis	Absent

				Chaetodontiformes

				 Leiognathidae

				 Nuchequula nuchalis	Absent

				Carangiformes

				 Carangidae

				 Trachinotus falcatus	Absent

				Gobiiformes

				 Gobiidae

				 Acanthogobius flavimanus	Absent

				Siluriformes

				 Siluridae

				 Ompok bimaculatus	Present

				 Bagridae

				 Mystus castaneus	Present

				Spariformes

				 Sparidae

				 Acanthopagrus latus	Absent
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				species, such as Anabas testudineus, Barbony-mus gonionotus, Channa striata, Oreochromis mossambicus, Oreochromis niloticus, and Osteo-chilus microcephalus, were also consistent with historical records. However, eDNA uniquely identified six families (e.g. Acheilognathidae, Carangidae, and Leiognathidae) and 10 species (e.g. Acanthogobius flavimanus, Ctenopharyn-godon idella, and Rhodeus ocellatus), which are not recorded in historical datasets. These unique detections suggest that eDNA has the potential to uncover previously undetected or emerging taxa (Table 1). Nonetheless, not all historically reported species were detected through eDNA, likely due to limited sampling.

				Discussion

				This study introduces an optimised environmen-tal DNA protocol tailored to the challenges of tropical freshwater ecosystems. The protocol effi-ciently recovered eDNA under challenging condi-tions, yielding 140.09–696.8 ng/µL with satis-factory purity. These results align with previous 

			

		

		
			
				studies highlighting the importance of filtration materials and extraction techniques in eDNA workflows, particularly in environments with high turbidity (Zou et al. 2020, Jeunen et al. 2019, Djurhuus et al. 2017). By combining cellulose nitrate membranes with a 0.45 µm pore size and phenol–chloroform–isoamyl alcohol (PCI) extrac-tion, the protocol effectively reduces filter clog-ging and DNA degradation in turbid samples. Immediate preservation of eDNA filters in ethanol or lysis buffer has also been shown to enhance DNA recovery and species detection (Spens et al. 2017, Minamoto et al. 2016), likely contributing to the protocol’s overall performance.

				The PCI method was chosen for its well-documented efficacy in extracting high-quality eDNA, particularly in turbid environments. It lyses cells effectively and separates DNA from proteins and other contaminants, producing high yields and purity (Gautam 2022). Unlike silica column- or magnetic bead-based extractions, the PCI method is cost-effective and does not require specialised equipment, making it well-suited for resource-limited settings. Although commercial DNA extraction kits and silica- or magnetic 
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				Fig. 2. Boxplots illustrating the number of operational taxonomic units (OTUs) detected as the number of sequenced samples increased. Sequencing of five samples reached a plateau, suggesting that this number provided a representative overview of fish community diversity in the dataset.
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				bead-based methods are widely used for their convenience, they can be less effective at remov-ing inhibitors commonly found in sediment-laden or organic-rich water samples (Eichmiller et al. 2016). In contrast, the PCI method yielded 140.09–696.8 ng/µL with A260/A280 ratios of 1.65–1.74, confirming its suitability for large-scale biodiversity assessments in tropical fresh-water ecosystems. Despite the need to handle hazardous chemicals, the scalability and low cost of the workflow make it a viable option where budgets are constrained (Renshaw et al. 2015). Furthermore, the high recovery rates achieved in our study further support its potential for broader applications in similar ecological settings.

				The protocol’s reproducibility was validated with quality control measures, including positive and negative controls. Positive controls using DNA from a known fish species consistently yielded successful amplification, confirming the reliability of the PCR setup and reagents. Nega-tive controls showed no amplification, ensuring that results were not compromised by contami-nation during sampling, filtration, or extraction. These measures follow best practices for eDNA analysis and underscore the robustness of the protocol (Li et al. 2019, Wilson et al. 2016, Dar-ling & Mahon 2011).

			

		

		
			
				Compared with other published eDNA meth-ods (e.g. Spens et al. 2017, Deiner et al. 2015, Hinlo et al. 2017), the strengths of this protocol are its scalability, cost-effectiveness, and suit-ability for resource-limited settings. Commercial DNA extraction kits, though widely used in eDNA studies, often require expensive reagents and specialised equipment, limiting their acces-sibility in low-resource environments (Rieder et al. 2024; Eichmiller et al. 2016). In contrast, the PCI method used here is inexpensive and pro-duced comparable yields and purity, as shown by the successful detection of 21 species from 14 families and nine orders. These findings are consistent with other studies employing meta-barcoding to monitor fish diversity (Zou et al. 2020, Jeunen et al. 2019, Djurhuus et al. 2017).

				The OTU plateau after sequencing five sam-ples (Fig. 2) and the consistent pattern of domi-nant and rare OTUs across samples (Fig. 3) suggest that the protocol performed consist-ently under field conditions. However, these findings should be interpreted cautiously, given the absence of mock community controls and the high proportion of unclassified OTUs (over 40%). While the results indicate that the proto-col can detect a broad range of fish taxa, further validation across ecosystems and reference data-
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				Fig. 3. Rank-abundance curves showing the rela-tive abundance of opera-tional taxonomic units (OTUs) across five sam-ples (S1–S5). Each line represents one sample, ranked by OTU abun-dance.
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				bases is required. Nevertheless, the detection of rare and dominant OTUs is consistent with pre-vious studies showing eDNA’s capacity to cap-ture both common and low-abundance species in aquatic systems (Juhel et al. 2020, Valentini et al. 2016, Wilcox et al. 2013).

				A comparison with historical records revealed an overlap of eight families and 11 spe-cies detected by eDNA. This provides prelimi-nary support for the protocol’s ability to recover regionally documented taxa and shows how eDNA can complement traditional monitoring and support biodiversity assessments in under-surveyed tropical systems. The detection of six novel families and ten previously unreported species further highlights eDNA’s capacity to detect cryptic, rare, or invasive taxa, a capability well-documented in other studies (Banchi et al. 2024, Gibson et al. 2023). Overall, these find-ings support the broad applicability of eDNA as a non-invasive tool for biodiversity monitoring.

				However, several species previously recorded were not detected by eDNA in this study. This discrepancy may reflect limited sample size, sequencing depth, or temporal and spatial vari-ation, as reported in other eDNA-based assess-ments (Nakamichi et al. 2023, Feng et al. 2023). Nonetheless, the OTU-based diversity results support the reliability of the optimised work-flow. The plateau in OTU detection (Fig. 2) and the consistent diversity patterns across samples (Fig. 3) highlight the protocol’s effectiveness in generating accurate and reproducible fish com-munity profiles, even in turbid tropical freshwa-ter systems.

				This study presents a practical, scalable, and efficient eDNA protocol for biodiversity mon-itoring in tropical freshwater ecosystems. By addressing the challenges of resource-limited settings and turbid conditions, the protocol adds to the growing body of evidence supporting eDNA as a tool for global conservation efforts. Future research should explore its application across diverse aquatic environments and refine the methodology to improve versatility and pre-cision. Although the absence of direct com-parisons with alternative methods limits a full assessment of its advantages, the protocol’s per-formance aligns with or exceeds benchmarks reported in the literature. Future studies should 

			

		

		
			
				compare this protocol directly with other eDNA workflows, such as silica column- or magnetic bead-based extractions, and incorporate tradi-tional survey methods (e.g. netting or electro-fishing) to validate results against physical abun-dance and biomass data.

				Conclusions

				This study developed a reliable and efficient protocol for eDNA analysis in aquatic environ-ments, optimised for resource-constrained and turbid freshwater systems such as the Perak River in Malaysia. However, the protocol can be adapted to other similar environments by adjusting filtration volume and PCR conditions to local water chemistry and target taxa. Using cellulose nitrate (CN) membranes with a 0.45 µm pore size for filtration and phenol–chloro-form–isoamyl alcohol (PCI) for DNA extraction, we obtained high eDNA yields with satisfactory purity, enabling accurate identification of various fish species. The protocol’s effectiveness in cap-turing riverine biodiversity highlights its value for ecological research and conservation. These findings provide a foundation for future eDNA applications and offer a scalable, cost-effective approach for monitoring aquatic biodiversity, particularly in sediment-rich or under-surveyed ecosystems. This work advances eDNA meth-odology and supports future efforts in biodi-versity monitoring and conservation planning, especially in resource-limited settings.
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Environmental DNA (eDNA) analysis has emerged as an innovative and promising
method for monitoring aquatic biodiversity, although challenges remain regarding
sample filtration and standardisation of extraction protocols. We optimised filtration
and extraction techniques using cellulose nitrate (CN) membranes with a 0.45 um
pore size and a phenol—chloroform—isoamyl alcohol (PCI) extraction method. The
eDNA collected was quantitatively and qualitatively assessed using a NanoDrop
spectrophotometer and agarose gel electrophoresis, respectively. PCR amplification
of the 12S rRNA gene was followed by high-throughput metabarcoding to assess fish
biodiversity. Our survey identified a diverse aquatic community, uncovering 9 orders,
14 families, 18 genera, and 21 species of fish, with the Cichlidae and Anabantidae
families being frequently detected. Dominant species included Oreochromis niloticus
and Oreochromis mossambicus. The study concludes that the CN membrane with a
0.45 pm pore size, combined with PCI extraction, offers a cost-effective and reliable
protocol, enhancing purity and reducing degradation. This study underscores the feasi-
bility and effectiveness of eDNA analysis in Malaysia, offering a robust framework for
future ecological research and conservation efforts in resource-limited settings.

Introduction

Environmental DNA (eDNA) has emerged as a
valuable tool for biodiversity monitoring, offer-
ing non-invasive detection of aquatic organisms
from environmental samples such as water, sedi-
ment and soil (Andres ef al. 2023, Thomsen &

Willerslev 2015, Valentini ef al. 2016). By ana-
lysing DNA shed by organisms through excre-
tion, gametes and sloughed cells, eDNA provides
a comprehensive and efficient alternative to tra-
ditional methods, which often involve labour-
intensive and potentially harmful sampling prac-
tices (Jo et al. 2019, Pedersen et al. 2015).





