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The Limpopo province, located in the arid-tropical region in
northeastern South Africa, is renowned for its diverse natu-
ral wetlands, some of which are currently unprotected. These
wetlands play a crucial role in preserving biodiversity, purify-
ing water, controlling floods, and supporting agricultural pro-
duction for rural communities. Unfortunately, human activi-
ties such as agricultural effluents, run-offs, domestic wastew-
ater, and plastics pollution, along with the impacts of climate
change, are mounting pressures on these ecosystems. How-
ever, there is limited information on the microbial ecology
of natural wetlands in this region, considering the changing
anthropogenic activities. The data presented represents the
first report on the microbial and functional diversity of sedi-
ment microbiomes associated with unprotected arid-tropical
natural wetlands in South Africa. Metagenomic shotgun se-
quencing was performed on sediment samples from ten dif-
ferent wetlands using the Illumina NextSeq 2000 platform.
Taxonomic profiling of 328,625,930 high-quality sequencing
reads using the MetaPhlAn v3.0 pipeline revealed that Bac-
teria were the most abundant kingdom (54.5 %), followed by
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Viruses (0.40 %), Archaea (0.01 %), and Eukaryota (0.36 %).
Among bacteria, the most prevalent taxa belonged to the
phylum Proteobacteria, particularly the classes Gammapro-
teobacteria and Betaproteobacteria, which accounted for 83 %
of bacterial sequences. The Terrabacteria group, consisting
of the phyla Firmicutes and Actinobacteria, made up 3 % of
the bacterial population. The abundance of these top bac-
terial taxa varied across different wetland samples, both at
the genus and species levels. In addition, hierarchical clus-
tering based on Bray-Curtis dissimilarity distances of fungal,
protist, archaea, and virus species showed distinct clustering
of sediment samples from different wetlands. Functional an-
notation of the metagenomes identified 1224-1702 enzyme
classes, 84,833-198,397 gene families, and 280-400 path-
ways across the various wetland sediments. The data provide
crucial baseline information on the microbial and functional
diversity of sediment communities in arid tropical wetlands.
This knowledge will contribute to a better understanding of
these unique environments and can aid in their management
and conservation efforts in rural South Africa.
© 2023 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Specifications Table

Subject

Specific subject area

Type of data

How the data were acquired
Data format

Description of data collection

Data source location

Data accessibility

Microbial Ecology, Genomics and Molecular Biology

Metagenomics

Figures and fastq files

Shotgun DNA sequencing using Illumina NextSeq 2000 platform.

Raw (fastq.gz files) and analyzed data in Krona charts, Stacked plots, heatmaps
and tables

Sediment samples were collected 10 different small unprotected wetlands
(bogs and marshes) representative of the typical arid-tropical natural wetlands
in Limpopo province of South Africa. Environmental DNA was purified from
the composite sediment samples of each wetland using standardized methods,
and DNA libraries sequenced on an Illumina NextSeq 2000 platform with

2 x 150 bp sequencing. Raw data was analyzed using bioBakery 3 platform
consisting of sequence-level quality control and contaminant depletion
guidelines (KneadData), MetaPhlAn v3.0 for taxonomic profiling, and HUMAnN
v3.0 for functional profiling.

Institution: University of Venda and University of South Africa
City/Town/Region: Thohoyandou, Limpopo Province

Country: South Africa

Latitude and longitude (and GPS coordinates) for collected samples/data:

S1 (24° 0 35", S 29° 30’ 36" E); S2 (23° 29’ 24" S 29° 24’ 39.6” E); S3 (24°
37' 51.6” S, 29° 44’ 2.4" E); S4 (24° 43’ 33.6” S, 29° 46’ 8.4” E); S5 (23° 38’
60" S, 27° 45’ 50.4” E); S6 (23° 34’ 48" S, 28° 6’ 28.8” E); S7 (23° 53’ 27.6” S,
30° 16’ 33.6” E); S8 (23° 53’ 42" S, 30° 15’ 25.2” E); S9 (22° 59’ 2.4" S, 30°
26’ 34.8"” E); and S10 (22° 58’ 26.4”, 30° 29’ 9.6” E)

The SRA data are publicly available under the following repository:

Repository name: National Center for Biotechnology Information

Data identification number: BioProject ID PRINA972844 and SRA accession
numbers SRX20358958 to SRX20358949

Direct URL to data: https://www.ncbi.nlm.nih.gov/sra/PRJNA972844

The Supplementary Data related to these datasets are available under the
following repository:

Repository name: Mendeley Data
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Data identification number: DOI: 10.17632/mm25y745hz.1
Direct URL to the data: https://doi.org/10.17632/mm25y745hz.1

1. Value of the Data

+ The data generated can be used to offer valuable insights into sediment microbial diversity,
ecological dynamics and potential function in Limpopo Province’s arid-tropical wetlands.

- This dataset establishes a baseline for understanding the stability and health of the fragile yet
unprotected wetland ecosystems, and monitoring the impact of pollution and climate change
in such ecosystems.

+ The publicly available raw datasets can support further studies, such as the analysis antibi-
otic resistance genes, which can help enhance our understanding of the wetland ecosystem’s
potential implications for human health.

2. Objective

Despite the diverse unprotected natural wetlands in the arid-tropical Limpopo province,
South Africa, which provide ecosystem services supporting rural livelihoods through agricultural
production [1,2], they are facing mounting pressures from various anthropic activities [1-3].
These pressures are aggravated by the effects of rapid climate change, resulting in prolonged sea-
sonality and overexploitation of some wetlands [4]. Herein, our objective was to investigate the
microbial community structure, diversity, species richness, and functional metabolic potential in
the sediment samples collected from ten different natural wetlands in the Limpopo province,
South Africa. The ultimate goal is to delineate the current ecological dynamics and health of
these ecosystems and understand their implications for future economic well-being and public
health of the dependent rural population in the catchment area. To achieve this, we employed
the high-throughput Illumina NextSeq 2000 platform for shotgun sequencing of the sediment
microbiome.

3. Data Description
3.1. Taxonomic profiling of microbial community

Sediment samples from 10 different small unprotected wetlands, mainly bogs and marshes
1 acre in size, representative of the typical arid-tropical natural wetlands of Limpopo Province
(Supplementary Data Fig S1) [5], South Africa, were collected in August 2021. The raw fastq files
has been deposited in NCBI SRA database as BioProject ID PRJNA972844 and Biosample acces-
sion numbers SRX20358958 to SRX20358949 (https://www.ncbi.nlm.nih.gov/sra/PRJNA972844)
[6-15]. Overall, Illumina NextSeq 2000 platform sequencing generated 328,625,930 quality se-
quencing reads, with 54.5 % were assigned to Bacteria, 0.4 % to Viruses, 0.01 % to Archaea, and
0.004 % to Eukaryota, while other reads were not classified or unassigned (Fig. 1a). For bac-
terial taxa, phylum Proteobacteria (with >80% of proteobacterial sequences being members of
class Gammaproteobacteria and Betaproteobacteria), and Terrabacteria group (phylum Firmicutes
and Actinobacteria) were the most abundant (Fig. 1a) across the sampling sites. The most abun-
dant (>0.1 % relative abundance bacterial, archaeal, fungi and viruses’ phyla detected in each
sampling sites is provided in Fig 1b.

3.2. Functional annotation of metabolism pathways and gene families

HUMARNN v3.0 tool [5] was used to investigate pathway inference and gene families with
Pfam domains. A total of 1224-1702, 84,833-198,397 and 280-400 features identified as enzyme
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Fig. 1. Taxon abundance identified by MetaPhlAn pipeline of metagenomes of the arid tropical wetland sediments of
Limpopo Province, South Africa. a) Krona chart of the overall relative abundance of taxa across the sampling sites. The
most dominant bacteria classes were Gammaproteobacteria (27 %), Betaproteobacteria (19 %), Bacilli (3 %), Clostridia and
Actinomycetia at 1 % relative abundance each. The other five betaproteobacterial taxa detected included Acidovorax, Delf-
tia, Variovorax, Diaphorobacter and Hydrogenophaga. b) Heatmap showing the relative abundance of the major phyla of
the metagenomes in each wetland sediment samples. Non-bacterial taxa have been colored differently to improve clarity.
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Table 1

Summary of major metabolic pathways by relative abundance (RPK) across the sediment samples metagenomes.
Pathway S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
Metabolism 69% 68% 70% 64% 73% 69% 64% 65% 68% 78%
Human diseases 8% 8% 8% 9% 8% 8% 9% 1n% 10% 5%
Cellular processes 6% 8% 6% 9% 5% 7% 8% 8% 5% 5%
Genetic information processing 9% 7% 5% 8% 7% 7% 7% 8% 6% 4%
Organismal systems 4% 5% 5% 5% 4% 5% 7% 4% 5% 4%

Environmental information processing 4 % 4% 4% 4% 4% 4% 5% 4% 5% 3%

classes, gene families and pathways were inferred from the sediment’s metagenomes, indicating
the diversity and complexity of metabolic functions within these microbial ecosystems. Sum-
mary of the top pathways identified based on average abundance is presented in Table 1. Addi-
tionally, the relative abundance of the annotated enzyme classes, and pathways are provided as
Supplementary Data Table S1, and S2, respectively. Overall, there is prominence of relative path-
way abundance (RPK) in “Metabolism” pathways (ranging from 64—78 %), and the variation in
the relative abundance of other pathways categories such as "Human diseases (5—-11 %)," "Cellu-
lar processes (5—8 %)," "Genetic information processing (4—9 %)," "Organismal systems (4—7 %),"
and "Environmental information processing (3—5 %)" among the various sediment samples..

4. Experimental Design, Materials and Methods
4.1. Sampling sites and samples collection

Sediment samples were collected from 10 unprotected natural wetlands spread across the
arid-tropical region of Limpopo Province, in the northeastern South Africa. Sediments soil sam-
ples were collected at three different sites from the surface of the bed substrate (0-10 cm deep)
using dredge sampler (Kajak, KC-Denmark) for each wetland. At each site, a multi-point mixed
sampling method was used, where five soil subsamples were collected randomly with an area
of 2 x m and then mixed into one sample (the sediment) for DNA extraction (20 g) and soil
properties data (300-400 g. For DNA extraction, approximately 20 g sediments were collected
in a centrifuge tube and immediately frozen in liquid N, and stored at —80 °C.

4.2. DNA extraction, library preparation and sequencing

Environmental DNA was purified from the composite sediment samples using the DNeasy®
PowerSoil Pro Kit (Qiagen, Germany), following the manufacturer’s instructions. The quality
and quantity of the purified DNA were determined using a NanoDrop 2000 spectrophotometer
(Thermo Fisher Scientific, USA and the Qubit™ dsDNA BR Assay Kit using a Qubit™ 4 Fluo-
rometer (Thermo Fisher Scientific, USA), respectively. For downstream library preparation and
sequencing, DNA extracts with A260:A280 ratio between 1.8 and 2.0 and DNA concentrations of
20-150 ng/ul were used.

DNA libraries were prepared using the Nextera XT® DNA Library Preparation Kit (Illumina
Inc., San Diego, CA, United States) and IDT Unique Dual Indexes® Tagmentation Kit (Illumina
Inc., San Diego, CA, United States) with total DNA input of 1 ng. Briefly, environmental genomic
DNA was initially fragmented using a proportional amount of Illumina Nextera XT fragmentation
enzyme. Barcoding of each sampling sites was undertaken by addition of unique dual indexes to
each sample followed by 12 cycles of PCR to construct libraries. The resultant DNA libraries were
purified using AMpure XP® magnetic beads (Beckman Coulter, Massachusetts, United States) and
eluted according to manufacturer’s instructions and eluted in QIAGEN EB® buffer (Qiagen, Ger-
many). DNA libraries were quantified using Qubit 4 fluorometer and Qubit™ dsDNA HS Assay
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Kit. The sequencing of the constructed libraries was performed on an Illumina NextSeq 2000
platform 2 x 150 bp at CosmosID Inc., (Germantown, MD, USA). The raw high throughput se-
quencing data has been deposited into the NCBI Sequence Read Archive database as BioProject
ID PRJNA972844 and SRA accession numbers SRX20358958 to SRX20358949.

4.3. Sequence pretreatment, assembly and taxonomic identification

[llumina NextSeq2000 platform sequencing generated between 23,618,694 and 42,062,226
paired-end reads per sample. Shotgun sequences was analyzed using bioBakery 3 platform (http:
|[segatalab.cibio.unitn.it/tools/biobakery). bioBakery 3 includes updated sequence-level quality
control and contaminant depletion guidelines (KneadData), MetaPhlAn v3.0 for taxonomic pro-
filing, and HUMANN v3.0 for functional profiling [16]. The primary steps included initial re-
moval of reads mapping to the human reference database and basic quality control using Knead-
Data (https://github.com/biobakery/kneaddata) using default settings. Then, the quality filtered
sequences were used for profiling the composition of microbial communities (Bacteria, Archaea
and Eukaryotes) using MetaPHIAn v3.0 using default setting [16]. Functional genes and pathways
were annotated using HUMANN v3.0 and its UniRef 50, Pfam, and MetaCyc pathway databases
using read sequences that were trimmed and quality filtered using KneadData [16].

4.4, Statistics

Unless stated otherwise, R statistical software v3.5.2 [17] was used for statistics of the
data. Heatmaps were generated with the pheatmap package [18] or heatmap.2 function within
the gplots package [19].

Ethics Statements
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Data Availability

Shotgun metagenomics data of sediment microbiome of unprotected arid-tropical natural
wetlands in South Africa, Mendeley Data, V1 (Original data) (Mendeley)
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northeastern South Africa - BioProject (Original data) (NCBI)
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