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Shotgun Metagenomic Survey of the Diseased and Healthy

Maize (Zea mays L.) Rhizobiomes
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aFood Security and Safety Focus Area, Faculty of Natural and Agricultural Sciences, North-West University, Mmabatho, South Africa

ABSTRACT The effective functioning of the rhizosphere microbiome significantly con-
tributes to plant development, disease resistance, and agricultural sustainability. Hence,
it is @ major predictor of plant health. This study evaluated the microbial diversities and
functions associated with healthy and diseased maize rhizosphere at selected farms in
North West Province, South Africa.

espite the contribution of maize to global food security, the prevalence of soilborne

diseases significantly reduces its quality and yield (1, 2). In this study, sample collec-
tion was carried out from the rhizospheric region of maize plants from Lichtenberg (25°
59'40.2"S, 26°31'44.2"E) and Mafikeng (25°47'19.1"S, 25°37'05.1"E), North West Province,
South Africa. Each field was demarcated into two areas, which were independently
sampled. The respective samples from different healthy and northern corn leaf blight
(NCLB)-infected maize plants were pooled into two replicates. The samples were scraped
from the soil tightly bound to plant root. In all, four samples were collected from each
farm site, and each sample was filtered through a 2-mm sieve, collected in sterile bags,
transferred to cooler boxes containing ice packs, and later stored at —20°C in the labora-
tory until DNA was extracted for shotgun metagenomic sequencing.

A calibrated scale was used to weigh 5 g of stored rhizosphere soil from each sample.
The extraction of DNA was carried out using NucleoSpin soil kit (Macherey-Nagel, Germany).
The quality of DNA obtained was evaluated using a NanoDrop spectrophotometer.

The libraries were prepared with 50 ng DNA using Nextera DNA Flex kit (lllumina, San
Diego, CA, USA; catalog number 20018705), while the samples were subjected to simultane-
ous fragmentation and addition of adapter sequences. The final concentration of the libra-
ries was measured using the Qubit double-stranded DNA (dsDNA) high-sensitivity (HS)
assay kit (Life Technologies), and the average library size was determined using an Agilent
2100 bioanalyzer (Agilent Technologies). The libraries were pooled and diluted to 0.6 nM,
and paired-end sequencing was performed for 300 cycles using a NovaSeq system.

The quality control (QC) of raw data, reduction of low-quality reads and removal of rep-
licate data were conducted by SolexaQA v1.6 (3). Duplicate Reads Inferred Sequencing
Error Estimation (DRISEE), a package of MG-RAST v4.0.3 (4), was employed to evaluate the
error of sequenced samples caused by the artificial replicated sequenced data. To execute
the analytical processing downstream and the taxonomic assignment with k-mer, we used
the MG-RAST v4.0.3 (4) server with default settings (Table 1).

Bacteria, Eukaryota, and Archaea are the domains or kingdoms derived from the tax-
onomy system. The Bacteria domain had the most abundant phyla. Actinobacteria
(34.53 to 55.01%) and Proteobacteria (26.6 to 40.98%) were the most abundant, and
others, such as Acidobacteria (1.95 to 5.52%), Bacteroidetes (2.23 to 3.75%), Firmicutes
(1.75 to 2.21%), Planctomycetes (1.29 to 2.71%), Verrucomicrobia (0.92 to 2.5%), and
Gemmatimonadetes (0.82 to 2.14%), were also significant. Additionally, readings for
fungi (Ascomycota) and archaea (Euryarchaeota) were found, albeit at (<1%) relative
abundance (Fig. 1).
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FIG 1 Abundant phyla obtained according to the taxonomic system. Each bar represents the mean * standard error of each phylum component recovered.
LA and MA represent rhizosphere soil obtained from healthy maize in Lichtenburg and Mafikeng, respectively. LID and MAD represent rhizosphere soil
obtained from diseased maize in Lichtenburg and Mafikeng, respectively. R, replicate.

Functional annotation after mapping with SEED subsystems revealed the essential
properties such as carbohydrate-processing enzymes (15.27 to 16.05%); clustering-based
systems (13.78 to 13.91%); amino acids and derivatives (11.48 to 11.96%); protein metabo-
lism (6.67 to 6.88%); RNA metabolism (4.41 to 4.61%); fatty acids, lipids, and isoprenoids
(4.33 t0 4.78%); DNA metabolism (3.71 to 3.84%); cell wall and capsule (3.40 to 3.72%); viru-
lence, disease, and defense (2.26 to 2.51%); and stress response (2.13 to 2.22%), among
others.

Data availability. The metagenomes of rhizosphere soil sequence reads were sub-
mitted to the NCBI under BioProject accession number PRJINA821718 and Sequence
Read Archive (SRA) accession numbers SRX14775303 and SRX14775302 (for rhizo-
sphere soil obtained from diseased maize in Mafikeng [MAD]), SRX14775301 and
SRX14775300 (for rhizosphere soil obtained from the healthy maize in Mafikeng [MA]),
SRX14775299 and SRX14775298 (for rhizosphere soil obtained from diseased maize in
Lichtenburg [LID]), and SRX14775297 and SRX14775296 (for rhizosphere soil obtained
from the healthy maize in Lichtenburg [LI]).
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