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Archaeal genomes linked to industrial wastewater and

associated freshwater in South Africa
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ABSTRACT Archaea provide important ecosystem services including the degrada-
tion of contaminants. Here, we present archaeal genomes from understudied South
African wastewater treatment plants (WWTPs) and associated rivers receiving industrial
effluents. Functional analysis revealed key genes implicated in heavy metal degradation,
offering a valuable resource for mechanistic studies on archaeal metabolism.
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S tudies across different environments have highlighted the importance of archaea
in ecosystem services, such as biogeochemical cycling and as bioindicators of
pollution (1-4). Despite this ecological significance, archaeal genomic characteristics
remain poorly understood, compared with other microorganisms, such as bacteria (5).
Contributing to this knowledge deficit is the underrepresentation of metagenomic data
sets from the Global South, including from several African countries (6, 7). Here, we use
genome-resolved metagenomics to report on archaea from urban wastewater treatment
plants (WWTPs) and downstream river waters in South Africa. These WWTPs are subject
to industrial effluents (8, 9), which may substantially impact the surrounding water.

Influent and effluent samples were collected from WWTPs (n = 6) in Tshwane,
South Africa, between February and May 2023. River water and sediment samples were
collected 100-200 meters upstream and downstream of the effluent discharge point.
Water samples were taken 15-20 cm below the surface, and 250 g of sediment was
collected from the top 5 cm of the riverbed. One liter of each water sample was filtered
through 0.2 um polyethersulfone (PES) membrane filters (47 mm diameter) (Millipore,
USA). DNA was extracted from PES filters and sediment samples using the DNeasy
PowerSoil Pro kit (QIAGEN, USA) according to the manufacturer’s instructions. The
metagenomic DNA was sequenced (2 x 150 bp, yielding 50 million reads per direction
for each sample) on the lllumina NovaSeq platform (Admera Health Biopharma Services,
USA). Library preparation was performed using a KAPA Hyper Prep kit with PCR (Roche,
Switzerland) per the manufacturer’s recommendations. Library quality and quantity
were assessed with Qubit 2.0 DNA HS Assay (ThermoFisher, USA), Tapestation High
Sensitivity D1000 Assay (Agilent Technologies, USA), and QuantStudio 5 System (Applied
Biosystems, USA). lllumina 8-nt dual-indices (lllumina, USA) were used for indexing and
barcoding. Equimolar pooling of libraries was performed based on QC values prior to
sequencing.

The reads were trimmed to remove adapters using Trimmomatic v0.39 (10) and
assembled into contiguous segments using MEGAHIT v1.2.9 (11). The contigs were
mapped to quality-filtered reads using BWA v0.7.17 (12), indexed with Samtools v1.9 (13),
and binned into metagenome-assembled genomes (MAGs) using MetaBAT 2 v2.15 (14).
MAG quality was assessed with CheckM2 v1.0.1 (15) and categorized according to the
Genomic Standards Consortium criteria (16). The taxonomy of MAGs was assigned using
the Genome Taxonomy Database toolkit (GTDB-Tk) v2.3.0 (17), while selected metal
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degradation genes were predicted with EggNOG-mapper v5.0 (18) using the DIAMOND
(v2.0.15) search mode. Default parameters were used for all software unless otherwise
specified.

We recovered 19 archaeal MAGs, comprising 13 medium- and 6 high-quality genomes
(Table 1). These MAGs were classified into the Nanoarchaeota (9), Methanobacteriota
(5), Halobacteriota (3), Micrarchaeota (1), and Thermoproteota (1) phyla. Notably, the
majority of these archaeal genomes (11/19) were recovered from effluents at WWTPs
treating industrial wastewater. Metal degradation and transport genes (arsB, arsC, copA,
copZ, czcD, and feoB) were detected in archaea from effluents and river sediments across
all phyla, except Methanobacteriota. Taken together, these results highlight the potential
of these archaeal taxa as bioindicators of pollution in contaminated environments.
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The genome assemblies for the MAGs, along with the raw reads, have been deposited
in NCBI GenBank (BioSample) and the Sequence Read Archive (SRA) under BioProject
PRINA1165497 with the corresponding accession numbers listed in Table 1.

REFERENCES

1.

April 2025 Volume 14

Ban Q, Zhang L, LiJ. 2022. Correlating bacterial and archaeal community
with efficiency of a coking wastewater treatment plant employing
anaerobic-anoxic-oxic process in coal industry. Chemosphere
286:131724. https://doi.org/10.1016/j.chemosphere.2021.131724
Krzmarzick MJ, Taylor DK, Fu X, McCutchan AL. 2018. Diversity and niche
of archaea in bioremediation. Archaea 2018:3194108. https://doi.org/10.
1155/2018/3194108

Zhang Y, Chen L, Sun R, Dai T, Tian J, Wen D. 2015. Ammonia-oxidizing
bacteria and archaea in wastewater treatment plant sludge and nearby
coastal sediment in an industrial area in China. Appl Microbiol
Biotechnol 99:4495-4507. https://doi.org/10.1007/s00253-014-6352-9
Bai Y, Sun Q, Wen D, Tang X. 2012. Abundance of ammonia-oxidizing
bacteria and archaea in industrial and domestic wastewater treatment
systems. FEMS Microbiol Ecol 80:323-330. https://doi.org/10.1111/j.1574
-6941.2012.01296.x

Medina-Chavez NO, Travisano M. 2021. Archaeal communities: the
microbial phylogenomic frontier. Front Genet 12:693193. https://doi.org
/10.3389/fgene.2021.693193

Spang A, Caceres EF, Ettema TJG. 2017. Genomic exploration of the
diversity, ecology, and evolution of the archaeal domain of life. Science
357:eaaf3883. https://doi.org/10.1126/science.aaf3883

Baker BJ, De Anda V, Seitz KW, Dombrowski N, Santoro AE, Lloyd KG.
2020. Diversity, ecology and evolution of archaea. Nat Microbiol 5:887-
900. https://doi.org/10.1038/541564-020-0715-z

Mahomed S, Voyi K, Aneck-Hahn N, De Jager C. 2008. Oestrogenicity and
chemical target analysis of water from small-sized industries in Pretoria,
South Africa. WSA 34:357. https://doi.org/10.4314/wsa.v34i3.180629
Kibambe MG, Momba MNB, Daso AP, Van Zijl MC, Coetzee MAA. 2020.
Efficiency of selected wastewater treatment processes in removing
estrogen compounds and reducing estrogenic activity using the T47D-
KBLUC reporter gene assay. J Environ Manage 260:110135. https://doi.or
g/10.1016/j.jenvman.2020.110135

Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible trimmer for
lllumina sequence data. Bioinformatics 30:2114-2120. https://doi.org/10
.1093/bioinformatics/btu170

Issue 4

12.

13.

14.

15.

16.

17.

18.

Li D, Liu C-M, Luo R, Sadakane K, Lam T-W. 2015. MEGAHIT: an ultra-fast
single-node solution for large and complex metagenomics assembly via
succinct de Bruijn graph. Bioinformatics 31:1674-1676. https://doi.org/1
0.1093/bioinformatics/btv033

Li H. Durbin R. 2009. Fast and accurate short read alignment with
Burrows-Wheeler transform. Bioinformatics 25:1754-1760. https://doi.or
9/10.1093/bioinformatics/btp324

Li H, Handsaker B, Wysoker A, Fennell T, Ruan J, Homer N, Marth G,
Abecasis G, Durbin R. 2009. The sequence alignment/map format and
SAMtools. Bioinformatics 25:2078-2079. https://doi.org/10.1093/bioinfo
rmatics/btp352

Kang DD, Li F, Kirton E, Thomas A, Egan R, An H, Wang Z. 2019. MetaBAT
2: an adaptive binning algorithm for robust and efficient genome
reconstruction from metagenome assemblies. Peer) 7:e7359. https://doi.
org/10.7717/peerj.7359

Chklovski A, Parks DH, Woodcroft BJ, Tyson GW. 2024. Author correction:
CheckM2: a rapid, scalable and accurate tool for assessing microbial
genome quality using machine learning. Nat Methods 21:735. https://do
i.org/10.1038/541592-024-02248-z

Bowers RM, Kyrpides NC, Stepanauskas R, Harmon-Smith M, Doud D,
Reddy TBK, Schulz F, Jarett J, Rivers AR, Eloe-Fadrosh EA, et al. 2017.
Minimum information about a single amplified genome (MISAG) and a
metagenome-assembled genome (MIMAG) of bacteria and archaea. Nat
Biotechnol 35:725-731. https://doi.org/10.1038/nbt.3893

Chaumeil P-A, Mussig AJ, Hugenholtz P, Parks DH. 2019. GTDB-Tk: a
toolkit to classify genomes with the genome taxonomy database.
Bioinformatics 36:1925-1927. https://doi.org/10.1093/bioinformatics/bt
2848

Huerta-Cepas J, Szklarczyk D, Heller D, Hernandez-Plaza A, Forslund SK,
Cook H, Mende DR, Letunic I, Rattei T, Jensen LJ, von Mering C, Bork P.
2019. eggNOG 5.0: a hierarchical, functionally and phylogenetically
annotated orthology resource based on 5090 organisms and 2502
viruses. Nucleic Acids Res 47:D309-D314. https://doi.org/10.1093/nar/gk
y1085

10.1128/mra.01079-24 5


https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1165497/
https://doi.org/10.1016/j.chemosphere.2021.131724
https://doi.org/10.1155/2018/3194108
https://doi.org/10.1007/s00253-014-6352-9
https://doi.org/10.1111/j.1574-6941.2012.01296.x
https://doi.org/10.3389/fgene.2021.693193
https://doi.org/10.1126/science.aaf3883
https://doi.org/10.1038/s41564-020-0715-z
https://doi.org/10.4314/wsa.v34i3.180629
https://doi.org/10.1016/j.jenvman.2020.110135
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btv033
https://doi.org/10.1093/bioinformatics/btp324
https://doi.org/10.1093/bioinformatics/btp352
https://doi.org/10.7717/peerj.7359
https://doi.org/10.1038/s41592-024-02248-z
https://doi.org/10.1038/nbt.3893
https://doi.org/10.1093/bioinformatics/btz848
https://doi.org/10.1093/nar/gky1085
https://doi.org/10.1128/mra.01079-24

	Archaeal genomes linked to industrial wastewater and associated freshwater in South Africa

