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Abstract: Microorganisms are the most diverse organisms in the world. Microorganisms
live together in a certain environment and gradually form a stable collective through
interaction, which is a microbial community. So far, many researchers have devoted
themselves to the study of microbial community structure to explore microbial diversity,
but it is difficult to present the research results in a simple form, and the characteristics of
information transmission of biosensor technology can be used to present the research
results to researchers. Therefore, this paper A microbial visualization platform based on
biosensors is built. After sequencing, OTU clustering and other operations, high-definition
images are generated by visualization tools, and researchers can analyze the a-diversity and
B-diversity of microbial communities based on the images.

1. Introduction

The development of bioinformatics has brought new ideas to the research on the diversity of
microbial communities today, how to complete gene sequencing more accurately in biology, how to
mine and analyze sequencing data more efficiently and scientifically in computer science, and
analyze the The integration and friendly display of the result information to the researchers is the
current hot spot of microbial community diversity analysis. Based on this, this paper conducts
microbial diversity analysis and displays the microbial community structure in a visual way.

So far, there are many techniques for analyzing microbial community structure. For example,
some scholars have clearly demonstrated the differences between the phylogenetic tree constructed
based on pan-genome and the phylogenetic tree constructed based on core gene variation of the
studied species, indicating that horizontal gene transfer has largely mediated the evolution of
species [1]. Some researchers have used the 16S rRNA of microorganisms to predict the function of
microbial communities. After comparing with whole genome sequencing, the effect is very good.
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Then use a brand new microbial niche module to perform data analysis on the biological community,
avoiding the limitations of OTU [2]. In the study of microbial communities, some scholars designed
a method based on graph theory, embedded OTUs into a graph through the similarity between
OTUs, and then used spectral clustering and other methods to cluster OTUs into multiple modules.
Get a module-based expression matrix. This will be a powerful tool for researchers to further
understand the ecosystem function of microbial communities [3]. Sequence-based metagenomics
has captured a wealth of information in microbial community studies, such as the metagenome
study of microbial populations in the Sargasso Sea yielding sequences of about one million genes
and revealing entire gene classes, diversity alignments Diversification expected in research of
cultured organisms [4]. Nonetheless, the techniques for microbial analysis have yet to be further
refined.

This paper first introduces the types of biosensors, then proposes Alpha analysis and Beta
analysis for microbial community diversity analysis, and designs a visualization platform based on
biosensors to display the results of a-diversity and B-diversity analysis through visualization.
Demonstrating microbial diversity is conducive to improving the efficiency of people's research on
microbial structure.

2. Related Technologies
2.1. Types of Biosensors

(1) Optical biosensor

Optical biosensors are technologies that use the interaction between light and matter to analyze
the presence of a measured object. Optical sensors are widely used in various fields because of their
simple structure, convenient detection and good detection sensitivity [5].

(2) Electrochemical biosensors

Electrochemical sensors typically detect analytes by recording current, potential, impedance, or
capacitance signals. Electrochemical sensors have the advantages of high detection sensitivity, fast
signal response, good selectivity, and require a small amount of sample [6]. Reagent-free and
ready-to-use testing requirements can be achieved, electroactive labeling substances are more stable,
and electroactive contaminants are relatively few.

2.2. Comparative Analysis of Microbial Community Diversity

There are two main directions of diversity-based comparative analysis: Alpha analysis and Beta
analysis, both of which belong to the category of ecological statistical analysis of microbial
communities, but represent two different spatial dimensions [7].

(1) Alpha analysis

Alpha diversity analysis mainly evaluates the distribution of species in any community through
the calculation of diversity index, such as Observed species, Simpson, Chao, Ace, etc. [8].

The observed species index represents the number of divided OTUs, that is, the number of
species [9]. In the analysis of microbial community diversity, it is necessary to evaluate whether the
sequencing depth is sufficient to judge the accuracy of the sequencing results. In this case, the
sequence can be sampled in different numbers, and then the expected value of the number of OTUs
corresponding to the number of reads in the sample is calculated, and the final statistical results are
diluted. sex curve (abundance curve) to make predictions [10].

The Simpson index evaluates the probability that two individuals randomly selected from a
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community belong to the same species. According to this definition, the calculation of the Simpson
index can be used as one of the basis for estimating the diversity of microbial communities [11]. Its
calculation method is as follows:

Simpson =1—i pl2 1)

where G is the total number of species and P is the proportion of species i in the community.

Through formula deduction, it can be concluded that when all individuals belong to the same
species, the Simpson index reaches the lowest value of 0; and when each individual corresponds to
a different species, the index has the highest value of 1-1/G.

Rank-Abundance (relative abundance) is often used to simultaneously explain two important
aspects of microbial community diversity in a sample: species abundance and uniformity [12]. Its
calculation method is as follows:

> min(G,,,G.)
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Among them, (G5,, and (5,, respectively represent the number of sequences corresponding

Rank — Abundance =1-2
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to the i-th OTU, taking samples A and B as examples.

(2) Beta analysis

Beta diversity analysis is a general direction and concept, which is specifically used in the
research field of microbial community diversity, and has formed some more valuable analysis
methods, focusing on similarity clustering tree, PCoA (principal component analysis) and NMDS
(Non-metric multidimensional scaling analysis) et al [13]. The basis of these analyses is the Beta
diversity numerical matrix, that is, the Beta diversity distance matrix is calculated according to the
distance numerical estimation algorithm representing the degree of difference between different
samples. As shown in Table 1, the Beta diversity difference of the three samples is shown, and the
numerical value reflects the difference in diversity between samples. The difference between
sample 1 and sample 2 is 0.4657, the difference between sample 1 and sample 3 is 0.8132, and the
difference between sample 2 and sample 3 is 0.9715.

Table 1. Beta diversity differences

Sample 1 Sample 2 Sample 3
Sample 1 0 0.4657 0.8132
Sample 2 0.4657 0 0.9715
Sample 3 0.8132 0.9715 0

3. Construction of a Microbial Visualization Platform Based on Biosensors
3.1. Visualization Platform

The microbiological visualization platform adopts the server-client mode. As shown in Figure 1,
the user only needs to log in to the website, upload the microbiome data to be analyzed to the
website, and select the required analysis items. The platform will be used in the background.
Machine learning, as well as statistical knowledge, analyze the data, visualize the results, and return
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them to the user [15].

Build an interactive visualization platform based on biosensors. The type of biosensor is optical
biosensor. As long as the user uploads the relevant data (evolutionary tree, OTU-table, etc.), the
relevant visualization results can be returned, so that the user can easily get the visualization. As a
result, compared to traditional visualization software, installation and other troubles are saved [16].
The basic part of the visualization platform includes four functions: microbial community
annotation, evolutionary tree, cluster tree visualization, data matrix visualization, and related
statistical charts. The visualization of phylogenetic tree clustering and related statistical charts are
the core, which can link the annotation results and data matrix visualization, and can clearly observe
the annotation of the most interesting microorganisms, as well as the content of the microorganisms
in the environment and other information [17] ].

In order to make all our analysis results more intuitive to feedback to users, the role of
visualization tools is reflected. We used the plotly tool, which is a tool based on D3js. The final
visualization results are interactive, and we can selectively see the samples we want to see, or the
flora of interest. The required result is finally output through JavaScript syntax, and the
high-definition vector image is obtained [18].

Due to the huge features of microbial data and the large number of features of samples, statistical
methods are also an indispensable means in order to find some microbial groups that are highly
correlated with certain features. For some continuous sample features, our tool will calculate the
coefficient of linear correlation [19].

Upload Microbiome server
Data

statistical test

user terminal machine
Return visualizations learning
with charts
- data
visualization

Figure 1. Microbial visualization platform architecture
3.2. Analysis of Microbial Community Diversity

(1) Screening of input sequences

The species composition in the metagenomic sequencing data of the existing environmental
microbial samples is complex, and the relative species or homologous genes will seriously affect
the identification accuracy of the method. To achieve accurate identification, it is necessary to
ensure that the inclusions are basically correct, but also to ensure that there are not many left out,
that is, to control false positives (refers to genes that do not belong to the specified strain but are
mistakenly included by the method) and false negatives (refers to This gene belongs to the specified
strain but was mistakenly ignored by the method). Therefore, for the case where the input sequence
is a genome sequenced from a single strain, all the input sequences will be used for downstream
analysis; while for the case where the input sequence is a metagenomic assembly sequence, it is
necessary to screen out the sequences from the research object strains before constructing the
pan-genome network.
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(2) Sequencing and preprocessing

Sequencing techniques can generally be classified into three categories: whole-genome shotgun
sequencing, amplicon sequencing, and transcriptome sequencing. Whole-genome shotgun
sequencing explores entire genetic data without any pre-set filters. Amplicon sequencing, on the
other hand, focuses on a small specific region on the genome, starting from a sequence of conserved
tags (called primers) to achieve detailed knowledge of the region. Amplicon sequencing is a
powerful tool for in-depth analysis of system evolution and evolution. Transcriptome sequencing,
also known as RNA-seq, uses RNA-specific primers to extract and clone the RNA components of a
sample, and perform shotgun sequencing. The sequencing result is a quantitative spectrum of RNA
transcription activity, and researchers can choose the appropriate sequencing according to their
needs. technology.

(3) Data analysis

In data analysis, OTU (species taxonomic unit) is one of the most important concepts. Usually,
researchers cluster microbial sequences together (with a similarity of more than 97%), so that each
class is an OTU and can be regarded as a "species”. For many years, the OTU has been the most
commonly used unit of microbial diversity, especially when analyzing datasets of 16S rRNA marker
gene sequences. The data analysis part includes identifying the composition of the microbial
community, downstream analysis, and data visualization. After the OTU is divided, the next step is
to use the OTU as the operation unit to carry out cluster analysis. The purpose of this process is to
use the similarity degree to group the sequences. OTU clustering usually requires a certain
similarity threshold as a reference limit, and the mainstream approach is to use 97% similarity as
the identification standard. The main steps of this analysis are shown in Figure 2.

ek et Compared with remove chimeric
16S datahase SeqUences
Calculation of

97% similar OTU «—

: distance between
Clustering

Sequences

Figure 2. OTU clustering process
4. Application of Visualization Platform in Microbial Diversity Analysis
4.1. Visualization of Microbial Community Composition

The species content annotation map uses the species information of the representative sequences,
and then by calculating some simple summation calculations of OTU abundance in the OTU-table,
the percentage of all sequences occupied by some species in these sequences will be obtained. This
allows us to clearly see how the species composition of the community is. The species composition
of microbial communities is displayed from seven levels of biological taxonomic units. As shown in
Figure 3, the columns of different lengths represent the percentage of species.
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Figure 3. Species community composition
4.2. Visualization of Microbial Community a-Diversity and p-Diversity

The diversity of microbial communities includes alpha-diversity and beta-diversity, and the
platform provides a visualization module for alpha rarefaction. Alpha rarefaction randomly extracts
the number of sequences to be sequenced and calculates the alpha-diversity, gradually increasing
the number of sequences to be sequenced. When the number of extracted sequences is large enough,
the alpha-diversity will stabilize, as shown in Figure 4. That means that the number of sequences
sequenced in our sample is sufficient. Here, we have a variety of common measures of alpha
diversity, including Observer OTUs and Shannon indices.

alpha-diversity

50 100 150 200 250 300 350 400 500
sequence number
Sample 1 Sample 2 Sample 3

Figure 4. Schematic diagram of alpha rarefaction

The main process of Alpha analysis is: based on the calculation formulas of different indices in
the statistical analysis method, call the corresponding index calculator to calculate the Alpha
similarity index, obtain indices such as Chao, Ace, Shannon, etc., and save the results in the
corresponding folder. middle.

The main process of beta analysis is to count the distribution of OTUs in each sample, calculate
the intersection, that is, the number of OTUs shared by different samples; count the differences in
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the composition and abundance of OTUs, and use the UPGMA algorithm to calculate the similarity
between samples., and convert the similarity relationship into a tree-structured Newick format to
facilitate subsequent visualization; according to the taxonomic classification results obtained in the
previous composition analysis, calculate the proportion of each OTU abundance to the total number
of species in each sample; then use The Unifrac algorithm calculates the Beta diversity distance
matrix reflecting the differences between samples, and finally calls the corresponding algorithm
package to perform PCoA analysis or NMDS analysis based on the previously calculated distance
matrix.

5. Conclusion

With the continuous breakthrough of sequencing technology and the development and
popularization of biosensor technology, bioinformatics has undergone a dramatic change. The use
of high-throughput sequencing data for computational analysis of microbial community diversity
has become an important method that researchers rely on, and the results are also important for
ecological Research has opened up new ideas. The biosensor-based microbial visualization platform
developed in this paper is to meet the actual needs of microbial community diversity researchers. It
displays the results of microbial community structure research on the visualization platform to help
them analyze microbial structure and improve the efficiency of microbial research.
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