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Decoding Microbial Networks: An
Insight into 16S rRNA and Whole
Genome Sequencing Approaches in

Metagenomic Studies

Cinzia Alfonsi, Fabio Di Pietro, Filomena Tiziana Papa and Federico Gabrielli*

Biolab srl, Molecular Genetics and Genomics Laboratory, Ascoli Piceno, Italy

Abstract

The exploration of microbial communities is pivotal in understanding environmental,
human, and animal ecosystem dynamics. Advances in high-throughput sequencing
technologies have significantly enriched our insights into microbiomes, with 16S rRNA and
Whole Genome Sequencing (WGS) being central methodologies. This review delineates
a comparative analysis of these sequencing techniques, particularly focusing on different
hypervariable regions of 16S rRNA (V3-V4 and V2-3-4-6-7-8-9) and WGS. The 16S rRNA
sequencing, despite being cost-effective and less computationally demanding, often limits
identification to the genus level. In contrast, WGS, while being resource-intensive, provides a
broader spectrum of microbial identification including bacteria, viruses, fungi, and parasites,
alongside a deeper insight into microbial functional attributes. The challenges associated
with sequencing depth in WGS are discussed, alongside emerging mitigating strategies
like host DNA depletion. The choice between these methodologies hinges on the project
objectives and available resources. This comparative assessment aims to guide researchers
in selecting the apt sequencing approach for their metagenomic studies, thereby facilitating
a more extensive understanding of microbial ecosystems.

Introduction

High-throughput sequencing technologies have dramatically
enhanced our comprehension of microbial ecosystems. Central to these
advancements are methodologies like 16S rRNA sequencing and Whole
Genome Sequencing (WGS), which are employed to explore microbial
diversity and metagenomic functionality. The 16S ribosomal RNA (rRNA)
gene is a fundamental component of the bacterial and archaeal ribosome,
crucial for protein synthesis. It contains nine hypervariableregions (V1-V9)
interspersed with conserved sequences. The hypervariable regions exhibit
substantial sequence diversity across different microbial species, making
them ideal targets for identifying and differentiating microbial taxa. This
review aims to compare the 16S rRNA sequencing techniques, focusing
on the V3-V4 and V2-3-4-6-7-8-9 regions, and WGS, elucidating their
advantages and limitations in metagenomic analyses [1].

16S rRNA sequencing

16S rRNA sequencing capitalizes on the sequence variability in the
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hypervariable regions of the 16S rRNA gene to
characterize microbial communities. The V3-V4
region is widely utilized for phylogenetic analyses
and determination of microbial composition at
the genus level. One of the primary advantages
of targeting the V3-V4 region is the simplicity in
bioinformatic analysis. The lesser degree of sequence
complexity compared to whole genome data often
results in lower computational power requirements,
making it a more accessible choice for researchers
with limited computational resources. Additionally,
the availability of well-established protocols and
extensive reference databases further facilitates the
analysis [2].

However, a significant drawback of the V3-V4
region sequencing is its limitation in achieving
species-level resolution. Often, the nucleotide
variability within this region is insufficient to
distinguish between closely related species, thereby
providing identification mostly at the genus level.
This limitation may hinder the comprehensive
understanding of microbial community structures
and functions, particularly in ecosystems where
species-level identification is critical for interpreting
ecological or clinical significance. Moreover, the
primer design for this region may exhibit biases
towards certain microbial groups, potentially
skewing community composition insights [3]. The
choice of primers for 16S rRNA sequencing is crucial
as it significantly impacts the representation of
microbial diversity. Different primers may exhibit
varying affinities towards certain microbial taxa,
thereby potentially introducing biases in community
profiling [4-6]. Additionally, the PCR amplification
step inherent in 16S rRNA sequencing may introduce
biases such as preferential amplification of certain
sequences and the generation of chimeric sequences,
which can further skew the representation of
microbial diversity [5]. These biases underline the
importance of careful primer design and validation to
ensure accurate microbial community profiling. The
V2-3-4-6-7-8-9 regions provide a broader insight
into microbial diversity by encompassing multiple
hypervariable regions. A significant advantage of
targeting these regions is the potential to achieve
species-level identification, enhancing the resolution
of microbial community profiling. While primer
design canbe complex due to the necessity of targeting
multiple regions, commercial kits are available with
pre-designed primers that ease this task, making the
approach more accessible to researchers [7].
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Furthermore, despite the increased complexity in
covering multiple regions, the bioinformatic analysis
remains relatively straightforward, retaining one of
the advantages of 16S rRNA sequencing in requiring
less computational power compared to WGS. This
approach makes the V2-3-4-6-7-8-9 regions an
attractive choice for researchers seeking a balance
between resolution and computational demand [7].

Other advantages include potentially higher
phylogenetic resolution and a broader representation
of microbial diversity, as previously mentioned.
However, the main disadvantages include increased
complexity in primer design (mitigated by
commercial kits), amplification, and data analysis.
Moreover, the increased sequencing depth required
to cover multiple regions may lead to higher costs.
Additionally, the lack of well-established protocols
and comprehensive reference databases compared
to the V3-V4 region might pose challenges in data
interpretation and validation [7,8].

Whole Genome Sequencing (WGS)

WGS offers a panoramic view of the microbial
genome, facilitating not only species-specific
identification but also functional analysis.

WGS offers much higher resolution compared
to 16S rRNA sequencing, enabling species and even
strain-level identification enabling a more accurate
depiction of the microbial community structure. A
distinct advantage of WGS is its ability to identify
and characterize a wide range of microorganisms
including bacteria, viruses, fungi, and parasites,
making it a highly versatile tool for comprehensive
microbial community analysis. It also empowers the
detection of genetic elements like plasmids, phages,
and antibiotic resistance genes, as well as virulence
factors, providing critical insights into microbial
pathogenicity and interactions within the community.
However, disadvantages include the considerably
higher cost, computational requirements, and data
complexity. The requirement for high-quality DNA
and the challenges in assembling and annotating
microbial genomes, particularly in the presence
of host DNA or in highly complex microbial
communities, can also be limiting factors [9-11].
The assembly process in WGS can introduce various
errors and biases. Misassemblies can occur due to
the presence of repetitive sequences, leading to
incorrect genome reconstructions. Coverage biases,
often stemming from the DNA extraction or library
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preparation stages, can also affect the accuracy of
the assembly. These challenges necessitate the use
of robust assembly algorithms and the availability of
high-quality reference genomes for accurate genome
reconstruction and annotation [12-14].

Unlike 16S rRNA sequencing, WGS allows for
the analysis of metabolic pathways and prediction
of microbial functionality. The advantages include
the ability to infer microbial metabolic capabilities,
interactions, and the potential to discover novel
biochemical pathways. Moreover, WGS can provide
insights into the functional potential and metabolic
interactions within a microbial community. On the
downside, the functional predictionis often dependent
on the quality of available genomic databases
and annotations. Also, the high cost, extensive
computational resources, and expertise required for
data analysis can be significant hurdles. A notable
challenge associated with WGS is the requirement for
a significantly higher sequencing depth compared to
16S rRNA sequencing to achieve adequate resolution.
For instance, while 100k reads might be sufficient
in 16S rRNA sequencing, WGS often needs a much
deeper sequencing depth, ranging from 4 to 10 million
reads, to achieve a comparable level of resolution.
This demand for higher sequencing depth translates
to increased costs and computational requirements,
making WGS a more resource-intensive approach.
However, advancements in sample preparation
methods, such as host DNA depletion techniques, are
beginning to mitigate this challenge. By effectively
reducing the host DNA content in the samples, WGS
techniques allow a more focused analysis of microbial
DNA. This, in turn, allows for a reduction in the
required sequencing depth, potentially lowering the
costs and computational demands associated with
WGS, and making it a more feasible choice for a
broader range of research projects [15-17].

Conclusion

Both 16S rRNA sequencing and WGS are
instrumental in exploring microbial ecosystems.
While 16S rRNA sequencing is more cost-effective
and simpler, WGS offers exceptional resolution
and rich functional information, extending beyond
bacterial communities to encompass a wide spectrum
of microorganisms including viruses, fungi, and
parasites. The choice between these approaches will
depend on the specific objectives of the project and
the resources available. The emerging methods to
deplete host resent a promising avenue to overcome
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some of the challenges associated with WGS,
particularly the requirement for higher sequencing
depth. These advancements are likely to bridge the
gap between these methodologies, enabling a more
nuanced and comprehensive analysis of microbial
communities across diverse ecosystems. Through
continued innovation in sequencing technologies
and bioinformatic tools, researchers are poised to
delve deeper into the microbial world, unlocking
novel insights that could significantly impact
environmental, medical, and industrial fields.
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