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@ listed species, Bradyrhizobium, Bacillus, Actinoplanes, and Candidatu cori-

bacter Acidobacterium are the most abundant species. The Shannon indices

genera listed, the Bradyrhizobium is the most dominant in Mw3 and Mw4. 25

of Mw3 and Mw4 are equal, the H'max of Mw#4 is greater than the H'max of
Mw3. The Simpson index of Mw4 is equal to the Simpson index of Mw3, and
the Pielou index (J) of Mw4 is less than the R of Mw3, but very close. This
study opens interesting perspectives on the knowledge and exploitation of tel-
luric bacteria in several areas of life.
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1. Introduction

Over the past 20 years, soil microbial ecology has undergone a real technological
revolution in the way it characterizes communities of microorganisms thanks to
the advent of molecular biology tools [1]. These recent advanced techniques are
based on the direct extraction of genetic information (DNA) from the soil and
the characterization of bacterial and fungal sequences from this nucleic acid ma-
trix. These approaches have the advantage of overcoming the biases associated
with the culture of soil-borne microorganisms, of which it is often estimated that
only 0.1% to 1% of them can be cultivated on synthetic media. These recent ad-
vanced techniques, thus, offer new perspectives in terms of resolution and un-
derstanding of the distribution of diversity in the role of soil and bran in the bi-
ological functioning of concentrates.

In addition, these molecular tools are easy to standardize and their costs have
been falling steadily over the past ten years. These advantages, therefore, make it
possible to work at medium throughput, making it possible today to characterize
microbial communities on large sets of samples (several hundred to several thou-
sand) that integrate large spatial or temporal scales. In most European countries,
there are soil monitoring networks that consist of a systematic determination of
soil characteristics and their large-scale temporal and spatial variations [2]. How-
ever, most of these monitoring networks often only take into account the pedoc-
limatic parameters of the soils without any integration of biological parameters
and even less of the diversity of native organisms. If we reframe the interest of
these networks in a dynamic of large-scale characterization of soil biological di-
versity, they become very relevant study supports.

Soil microbial communities dominate the biogeochemical cycle, while playing
a key role in natural ecosystems [3]. Soil microorganisms stimulate the trans-
formation and recycling of organic matter residing in the soil and of elemental
nutrients, such as C and N [4].

They are incredibly active and diverse, and play invaluable roles in maintain-
ing soil structure, conserving soil fertility, soil formation and development, and
system stability [5]. Soil microbes also play an essential role in plant growth and
crop production [6].

Most bacteria are harmless to humans, some even being essential for the body
to function properly. However, there are many pathogenic species that cause in-
fectious diseases such as cholera, syphilis, anthrax, and tuberculosis [7] [8]. Hu-
mans very early on used the properties of bacteria to feed and heal themselves.
Today, the fields of application are very varied. In the food industry, bacteria,

such as Lactobacillus, Lactococcus or Streptococcus, combined with yeasts and

DOI: 10.4236/aim.2023.139031

478 Advances in Microbiology


https://doi.org/10.4236/aim.2023.139031

I. M. C. M. Kimbatsa et al.

molds, are involved in the preparation of fermented foods, such as cheeses, yo-
gurts, and beer [9]. Recently, many studies have been published on the influences
of different land use patterns on soil microbiological communities, as well as on
their metabolic activity and functional capacity [10] [11], including chemical and
organic fertilizers and anthropogenic interventions [11] [12].

The main reservoir in terms of cell number and diversity is found at the soil
level with around 108 - 109 bacteria per gram of soil. However, more research is
needed to explain the effects on soil microorganisms of certain types of land use,
such as secondary forests, plantations and agricultural land. In agriculture, cer-
tain bacteria can be used instead of pesticides in biological control to fight plant
parasites [13] (e.g. Bacillus thuringiensis), and other bacteria will have a benefi-
cial effect on the growth of plants, such as PGPRs [14].

In the medical field, bacterial isolates have been selected on the basis of their
capacity to produce secondary metabolites that can be used as drugs and genetic
engineering has made it possible to improve their performance or even to cause
bacteria to produce compounds initially derived from other organisms (produc-
tion of antibiotics, insulin, growth hormone, ...) [15] [16] [17]. However, the
majority of these bacteria have not yet been identified or characterized because
they remain recalcitrant to in vitro culture on culture media that may have been
offered to them [18].

These limits imposed by in vitro culture have allowed the development of in-
dependent approaches. The advent of metagenomics in the 1990s restricted the
study of bacteria to their DNA directly extracted from the environment [19].
These very numerous bacteria with very low numbers also constitute a reservoir
of genetic information and in particular of genes that can be transferred between
the different members of the bacterial community by horizontal transfer mechan-
isms that are a powerful engine of bacterial evolution, allowing in particular the
very rapid adaptation of these microorganisms to biotic or abiotic changes in their
environment [20].

In the Republic of the Congo, the land area is of great importance in the various
localities, from an agricultural and cultural point of view. Bacteria will be like in
other lands presenting a diversity, certainly correlating with many other factors.

In this work, the objective is to explore bacterial soil diversity, thus determin-
ing through the taxonomy of different phyla, classes, orders, families and opera-
tional taxonomic units, the metagenomic sequencing of 16S RNA gene has been
used on the specific illumina. Two soil-sample composite has been concerned in
this study, all were from Brazzaville in the Republic of the Congo. The only en-

vironmental parameter that was measured for this study was the pH.

2. Materials and Methods

2.1. GPS Coordinates of Stations, Climate Characteristics,
Soil Sampling and Processing

The study was carried out in Brazzaville (situation de Brazzaville GPS). In Brazza-
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ville, the climate is characterized by a rainy season from October to June and a
dry and cool season from July to September. The average annual rainfall is 1250
mm and the average annual temperature is 28°C. Two stations were used: MW 3
(4°16'14.4"S; 15°15'43.1"E; altitude 315 m) and MW4 (4°16'15.8"S; 15°15'09.3"E;
altitude 314 m).

All samples were collected from November 2016 to September 2017. Six soil
samples were collected in clean, dry and sterile glass Falcone tubes with a sterile
spatula. Three soil samples were collected by station. For each station, the three
samples were mixed to have a composite soil, in the purpose of getting more
bacterial diversity of each station. In the same stations, sample collection sites
were separated by 100 m. All samples were transferred to the Laboratory of Cel-
lular and Molecular Biology of the Faculty of Sciences and Techniques at Uni-
versity Marien Ngouabi, under sterile conditions for analysis. Table 1 shows the

GPS coordinates of Stations in this study.

2.2. pH Measurement

The pH was determined with a model pH Tester type pH meter on a solution
with a ratio of weight of soil to volume of sterile distilled water of 1/2.5. Table 2

shows the pH values of different sites.

2.3. Characterization of Soils Bacterial Diversity

2.3.1. DNA Extraction

DNA of soils microorganisms can be extracted using many procedures. In this
study, soil microbial metagenomic DNA was isolated with a soil DNA kit (Omega
Bio-tek, Norcross, GA, USA) according to the manufacturer’s instructions. DNA

extracts were stored at —20°C for the next PCR amplification.

Table 1. GPS coordinates of stations.

Stations Composites Sites GPS coordinates

1. Beach Brazzaville 04°16'09.4"S 015°17'51.0"E A: 272 m
2. Bassin du Terminal du e e

1 MW3 04°15'29.0"S 015°17'58.0"E A: 276 m
Congo
3. Mamiwata 04°16'39.9"S 015°17'00.1"E A: 272 m
4. Station Puma 04°16'14.4"S 015°15'43.1"E A: 315 m
5. Ministére des Affaire e e

2 MW4 . . 04°15'58.1"S 015°15'31.2"E A: 310 m
Etrangéres
6. Tennis Club 04°16'15.8"S 015°15'09.3"E A: 314 m

Table 2. Different pH values of the stations used for soil samples collection.

Composites MWwW3 MWwW4
Sites 1 2 3 4 5 6
pH 6.8 6.5 6.4 6.7 6.5 7
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2.3.2. PCR Amplification of 16S rRNA Gene and Sequencing

16S rRNA gene amplification and high throughput sequencing were performed.
The universal 16S rRNA gene primers were 515F
(5-GTGCCAGCMGCCGCGG-3’) and 806R
(5°-GGACTACHVGGGTWTCTAAT-3"). The barcode and adapter have been
incorporated between the adapter and the front primers. The PCR was carried
out in ABI GeneAmp 9700 (USA). The PCR mix contained 10 ng of DNA tem-
plate plate, 2 uL of 2.5 mM dNTP, 0.8 pL of both primers, 0.4 pL of FastPfu po-
lymerase, 4 pL of 5x FastPfu buffer and sterile bidistilled H20 in a total volume
of 20 pL of PCR amplification. The PCR process consisted of an initial 5 min
denaturation at 95°C, followed by 27 cycles of denaturation at 95°C for 30 s, and
annealing at 55°C for 30 s, with extension at 72°C for 45 s. The same sample was
mixed with the PCR product with detection by electrophoresis on 2% agar. Us-
ing the AxyPrepDNA gel extraction kit (Axygen Biosciences, Union City, CA,
US), PCR products were cut, eluted with Tris-HCI and subjected to detection of
2% agarose electrophoresis at the same time. The QuantiFluor™-ST blue fluo-
rescence quantitative system (Promega, US) for PCR products was used for de-
tection.

The final DNA fragments completed with the primer base and were attached
to a chip, for a laser. Chemical cutting of “fluorescent groups” and “end groups”
was performed, and the viscosity at the end of 3” was restored. During this time,
the second nucleotide was aggregated and the fluorescent signal results in each
round were recalculated and collected, while the template DNA obtained has

been illumina Miseqsequenced.

2.3.3. Bioinformatic Analyses of Sequences and Statistics

The overlap relationship was used to obtain the PE readings while performing
quality control and filtering the quality of the sequence at the same time. OTU
taxonomist analysis, cluster analysis and diversity index analysis were performed
after distinguishing the samples. At the same time, we have carried out various
analyzes of various indices. The detection of the sequencing depth was also per-
formed based on an OTU clustering analysis. The analysis of the community
structure in each classification level was conducted by the taxonomy information.
Based on the above analysis, the study was carried out on a serial analysis of com-
munity structure, system development and visualization. According to the simi-
larity levels, all the sequences were taken using the OTU division.

Meanwhile, using biological information from OTU, below 97% similarity level,
statistical analysis was performed. All optimized sequences were mapped to the
representative OTU sequence, and those sequences which have the level of simi-
larity of greater than 97% were selected when generating the OTU form.

The analysis of the community structure in each classification level was con-
ducted by the taxonomy information.

The frequency curve was obtained from the sequencing depth of the sample. A

rarefaction analysis was conducted with a 97% OTU of similarity, using Mothur
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and R language tools to create a graph.
The indices of bacterial diversity were as follows: Chao—the Chaol estimator
(http://www.mothur.org/wiki/Chao); Ace—the ACE estimator

(http://www.mothur.org/wiki/Ace); Shannon—Shannon index

(http://www.mothur.org/wiki/Shannon); Simpson—the Simpson index

(http://www.mothur.org/wiki/Simpson); and the Sequencing Depth Coverage

Index—Good’s Coverage (http://www.mothur.org/wiki/Coverage).

After processing all reads, the statistical processing of the dataset comprised a
total of 10,230 high quality sequences, following removal of chimeras, with an
average of 1543 sequences obtained from each soil sample. After several levels of
sequence processing, quality filtering and sequence number normalization were
followed by 3% dissimilarity clustering. To determine the rarefaction curves, rich-
ness and diversity, 80,000 readings were randomly selected from each sample.

These analyzes were carried out exclusively on the basis of data collected in
Brazzaville as part of the biodiversity study (structure of bacteria communities
according to the variables of the sites chosen at random). Microsoft Excel was
used for statistical analyzes of the data. The heat map representation of the rela-
tive abundance of bacterial OTUs among the samples was developed using Excel.

A Principal Component Analysis (PCA) was also performed based on compo-
sition profiles at the class level. We used CANOCO 4 software for Windows [21],
and the PRIMER version 5 program [22].

PCA was used to study the relationship between different species and different
sites. However, to study the distribution of the species of bacteria in the samples

(Mw3 and Mw4), we used canonical analysis techniques [23].

3. Results
3.1. GPS Coordinates of Sites and pH Values

Table 1 and Table 2 show respectively the GPS coordinates of different sites of
soils sample collection and the pH values of each site before the composite soil.
The pH values are all comprise in between 6.5 and 7.00, around the neutral com-

position.

3.2. Composition of the Bacterial Community

A total of 10,230 OTUs were obtained for the two soils. Following the filtering
1543 valid OTUs were retained with 97.7% similarity. These OTUs are divided
into 17 phyla including 8 phyla for MW3 soil and 9 phyla for MW4 soil, 10
classes including 5 classes for Mw3 and 5 classes for Mw4, 15 orders including 7
orders for Mw3 and 8 orders for Mw4, 33 families including 15 families for Mw3
and 17 families for Mw4, 28 genera including 14 genera for Mw3 and 14 genera

for Mw4, and 28 species including 14 species for Mw3 and 14 species for Mw4.

3.2.1. Relative Abundance of Phyla
Figure 1 shows the relative abundances of the two soils (Mw3 and Mw4). The
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Figure 1. Taxonomy and relative abundances of the most representative phyla in soil
samples (Mw3 and Mw4).

most abundant phyla are Protéobacteria with Mw3 55.33% and Mw4 50.51%
followed by Firmicutes (Mw3 7.63% and Mw414.81%), Acidobacteria with Mw3
8.38% and Mw4 12.78% and Actinobacteria with Mw3 10.92% and Mw4 12.15%
respectively. On the other hand, the least abundant are verrucomicrobia and so-

lirubrobacteria with parent abundances of less than 1%.

3.2.2. Relative Class Abundance

Figure 2 shows the different classes of the two soils. The dominant classes are
represented: Aphaproteobacteria with Mw3 45.50% and Mw4 39.72% respec-
tively, followed by Actinobacteria 12.07% in soil Mw3 and 9.63% in Mw4, Aci-
dobacteria with 10.97% in Mw3 soil sample and 8.71% in Mw4. Bacteriodetes
(Mw3 12.95 and 3.67 Mw4). Verrucomicrobia are the least abundant class.

3.2.3. Relative Abundance of Orders

The relative abundance of orders is shown in Figure 3. Of the 15 orders listed,
Rhizobiales, Bacillales, Actinomycetales, Acidobacteriales are the most abundant
orders. The relative abundance of Rhizobials is 40.37% in the Mw3 sample while
it is 34.97% in Mw4. Bacillales have a relative abundance of 8.44% in Mw3 and
11.35% in Mw4. The relative abundance of Actinomycetales is 9.44% in Mw3
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Figure 2. Taxonomy and relative abundances of the most representative classes in soil
samples (Mw3 and Mw4).
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Figure 3. Taxonomy and relative abundances of the most representative orders in soil
samples (Mw3 and Mw4).

and 10.84% in Mw4. On the other hand, the relative abundance of Acidobacte-
riales is 10.65% in Mw4 and 6.90 in Mw3. The Xanthomonadeles represent the I
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order which has the lowest abundances in the two soils.

3.2.4. Relative Abundance of Families

Figure 4 presents 33 families with the highest abundances: Catenulisporaceae
have a higher relative abundance in Mw3 (23.89%) than in Mw4 (16.53%), Hy-
phomicrobiaceae are more abundant in Mw3 12.40% that in Mw4 10.85%, the
Bacillaceae in Mw3 4.8% and Mw4 10.01% while the abundance of Acidobacte-
riaceae is 7.48% Mw?3 and 8.67% for Mw4. Vibrionaceae are least abundant in

the two soils.
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Figure 4. Taxonomy and relative abundances of the most representative families in soil
samples (Mw3 and Mw4).
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3.2.5. Relative Abundance of Genera

Figure 5 shows that among the 28 listed genera, Bradyrhizobium are the most
dominant in Mw3 (30.21%) and Mw4 (28.93%) followed by Bacillus with respec-
tively 16.19% in Mw3 and 23.88 in Mw4, Actinoplanes with a relative abundance
of 19.91% in Mw3 and 12.89% in the soil sample of Mw4, and Acidobacterium
with 11.83% in the soil of Mw3 and 11.83 in that of Mw4. The least abundant

genera are Pedomicrobium and Brevibacterium.

3.2.6. Relative Abundance of Species

The relative abundance of species is presented in Table 3. Among the 25 species
listed, Bradyrhizobium, Bacillus, Actinoplanes, Candidatu coribacter Acidobac-
terium are the most abundant species. The relative abundance of Bradyrhizo-
bium is 30.21% in the Mw3 sample while it is 28.93% in Mw4. Bacilli have a rela-
tive abundance of 16.19% in Mw3 and 23.88% in Mw4. The relative abundance
of Actinoolanes is 12.97% in Mw3 and 12.89% in Mw4. On the other hand, the
relative abundance of Acidobacterium is 11.83% in Mw4 and 11.83 in Mw3. The

least abundant species are the Pedomicrobium and Mycrovirga.

3.2.7. Analysis of Alpha Diversity
Analysis of Table 4 shows that the specific richness S and the number of indi-
viduals are higher in soil Mw4 than in soil Mw4. The Shannon and Simpson in-

dices are similar in both soils of Mw3 and Mw4 while the H’'max fairness index
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Figure 5. Taxonomy and relative abundances of the genera in soil samples (Mw3 and
Mw4).
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Table 3. Representation of bacterial genus in soil samples Mw3 and Mw4.

Genus Values of the two soil (%)
Mw3 Mw4
Acidobacterium
11.83% 11.83%
Bradyrhizobium 30.21% 28.93%
Bacillus 16.19% 23.88%
Actinoplanes 12.97% 12.89%
Candidatus coribacter 3.06% 3.78%
Kribbela 5.46% 1.28%
Burkhoderia 3.67% 1.97%
Chitinophaga 6.69% 1.68%
Edaphobacter 2.44% 2.69%
Conexibacter 2.69% 3.43%
Mycobacterium 4.21% 1.64%
Pedomicrobium 1.38% 1.11%
Mycrovirga 1.21% 1.64%

Table 4. Values of the diversity indices in the two soils.

Stations S N R/] H H'max  Simpson
MW3 363 4066 0.77 4.56 5.89 0.97
MW4 440 7755 0.75 4.55 6.09 0.97

S: Number of species; N: Number of individuals; R/J: Fairness index or Pielou; H’: Shan-

non index; H’max: Maximum.

is higher in the soil of Mw4 than in Mw4. On the other hand, the Pielou index
(J) of Mw4 is lower than that of Mw?3.

Rarefaction curve

Rarefaction methods consist of estimating the number of species for a certain
number of individuals. Figure 6 shows the rarefaction curves of the two soils, at
200 OTU the two curves have almost 1000 sequences. From 350 OTU the num-
ber of sequences is, the Mw3 curve shows a plateau and the Mw4 curve contin-

ues to grow.

3.2.8. Beta Diversity Analysis

Principal Component Analysis (Figure 7) shows that the first two axes explain
100% of the variations in the frequency of bacteria in the Mw3 soil sequence
classes. Axe 1 shows that 63.7% bacteria are predominantly grouped into the 0 -
500 class. These are: Alphaproteobacteria, Anaerolinea, Blastocatellia, Betaproteo-
bacteria, Bacteroidetes, Chloroflexia, Clostridia, Cyanobacteria, Cytophagales, Cy-
tophagia, Dehalococcoidia, Deinococci, Deltaproteobacteria, Flavobacteriai, Chlo-

roflexia, Clostridia, Cyanobacteria, Cytophagales, Cytophagia, Dehalococcoidia,
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Figure 6. Rarefaction curves for the two soils (Mw3 and Mw4).
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Figure 7. PCA of bacteria at the Mw3 site distribution taking into account the two axes
(Axe 1 and Axe 2).

Deinococci, Deltaproteobacteria, Flavobacteriai, Gammaaeproteobacterobacteria,
Holgaae, Opinospiondycitrata, Holgaae, Opinospiondycitrata, Holgaae, Opinos-
piondycitrata, Holautesitimonositratai, Holautesi Hol Planctomycetia, Sparto-
bacteria, Streptophyta and Verrucomicrobiae. Axe 2 with a value of 19.7% shows
that Alphaproteobacteria, are frequently found in the sequence class 5500 - 6000,
Acidobacteria and Acitinobacteria are common in the range of 1000 - 1500 se-
quences while Bacilli and Gammaproteobacteria are abundant in the 500 - 1000

sequence class.
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Component analysis for Mw4 soil

PCR (Figure 8) shows that the first two axes explain 100% of the variations in
the frequency of bacteria in the Mw4 soil sequence classes. Axe 1 shows that
64.9% bacteria are predominantly grouped into the 0 - 500 class. These are: Al-
phaproteobacteria, Anaerolinea, Blastocatellia, Betaproteobacteria, Bacteroi-
detes, Chloroflexia, Clostridia, Cyanobacteria, Cytophagales, Cytophagia, Deha-
lococcoidia, Deinococci, Deltaproteobacteria, Flavobacteriai, Gemimaeimono,
Neptycycinpha, Oscilleae, Nacomycidata, Hollyae, Nacidomycidata, Hollyae,
Nacidomycitrata, Plane, Neptune, Neptune, Neptune, Plane, Neptune, Neptune,
Neptune, Neptune, Neptune, Neptune Spartobacteria, Solibacter, Streptophyta,
Verrucumicrobiaceae and Verrucomicrobiae. The axe with a value of 24.4%
shows that Alphaproteobacteria, are frequently found in the sequence class 5500
- 6000, Gammaproteobacteria are common in the range of 500 - 1000 sequences
while Bacilli, Acidobacteria and Acitinobacteria are abundant in the 1500 - 2000

sequence class.

4. Discussion

The aim of this study was to compare the composition and the diversity of the
bacterial community of two soils sample. Sequencing revealed significant differ-
ences and similitudes in the microbial taxonomic composition of both MW3 and

MW4 soils. The study showed that the bacterial communities of the two soils
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Figure 8. PCA of bacteria at the Mw#4 site distribution taking into account the two axes
(Axe 1 and Axe 2).
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were dominated by five phyla: Proteobacteria, Acidobacteria, Actinobacteria,
Firmicutes and Solirubrobacterer. These five phyla represented more than 90%
of the sequences in each of the soils examined. Our results were nearly similar to
those reported in a meta-analysis conducted by Janssen [6]. According to the
same author, the soils were similar to each other because all soils were made up
of the same five bacterial groups and where the rarer phyla never had an abun-
dance of 10%. Many other studies have reported the same type of observation
[24] [25].

General characteristics of soil bacterial communities Although we collected an
average of 1501 sequences per soil, We still did not study the full extent of bac-
terial diversity in individual soils, so we can only conclude that typical soil har-
bors more of 1000 phylotypes (if we define phylo-types at the 97% sequence si-
milarity level). This result is to be expected; a number of other studies have used
modeling approaches [26] or more in-depth surveys than those described here
[27] to demonstrate that soil bacterial communities harbor an enormous num-
ber of unique taxa. Since most bacterial soil taxa can be considered rare [28] it is
not possible to document the full extent of bacterial diversity in a given soil, even
if a Complete pyrosequencing is assigned to a single sol [29] [30]. Not only do
individual soils harbor a large amount of phylogenetic diversity, but at our depths
of investigation, soil communities shared a small percentage of their phylotypes,
and most phylotypes were only found in one soil. Again, this is not surprising, as
other studies have also shown a high degree of endemism at finer levels of tax-
onomic resolution [31]. However, it is important to recognize that the degree of
overlap between soil pairs would likely increase if individual soils were studied
more comprehensively.

The relative abundances of the dominant taxa correspond roughly to those
reported in a meta-analysis by Janssen [6]. Although we focus here on the varia-
bility of bacterial communities across a range of soil habitats, it is important to
recognize that soils are more similar to each other than to other microbial habi-
tats [32] [33]. Because all soils were generally composed of the same five bacteri-
al groups and hence, the rarer phyla never had an abundance of 10%.

These differences may be due to the strong influence of pH on the composi-
tion of Acidobacterial and Actinobacterial communities, the relative abundances
of certain taxa within these groups being strongly influenced by changes in soil
pH, with soils of distinct pH preventing minimal competition of taxa. Soil pH as
a predictor of bacterial community structure although there is a high degree of
variability in the composition of the bacterial community across the range of
soils examined here, the overall composition of the bacterial community and (to
a lesser extent) diversity was surprisingly predictable at this scale of the survey
considering only a single parameter, soil pH. This influence of soil pH on overall
community composition was evident even at a very coarse level of taxonomic
resolution, where we saw the relative abundances of some bacterial phyla (e.g.
we used lineage-specific analyzes to examine changes in composition and diver-

sity within the community within individual phylum.
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However, we found that pH was often significantly correlated with the struc-
ture of these phyla in the range of soils examined. Although soil pH was the best
predictor of the composition and diversity of bacterial communities relative to
other soil and site characteristics that were measured, much of the variability in
bacterial community structure remains unexplained. As we have not measured
other factors, our analysis concerning environment factor were limited. For ex-
ample, salinity has been shown to be an important factor in the global distribu-
tion of bacteria, but it is not systematically measured in most soil studies [34].

Our results are similar to those [35]. The phyla Alphaproteobacteria, Actino-
bacteria, Planctomycetes, Firmicutes, Gammaproteobacteria, Acidobacteria, Be-
taproteobacteria and Deltaproteobacteria have been identified as the majority in
other soil studies, or also in other environments such as marine sediments, oceans
and mammalian digestive tracts. Their strong cosmopolitan character can be ex-
plained by their great dispersal capacity but also by their great ability to colonize
different types of environments.

The most represented in the two soils are: Aphaproteobacteria in Mw3 45.50%
and Mw4 39.72%,, Actinobacteria in Mw3 12.07% and Mw4 9.63% and Acido-
bacteriia in Mw3 10.97% and Mw4 8.71% are most abundant in the two soils and
the least abundant in both soils are verrucomicrobia these results are similar to
those [36] on the other hand our results are different from that of [37] which
worked in freshwater sediments in comparison, a high abundance of Alphapro-
teobacteria and Betaproteobacteria appeared on the other hand in us we have the
Deltaproteobacteria and the Gammaprotéobacteria.

Mlumina results revealed differences in microbial composition between the
two soils, our results suggest that Mw3 and Mw4 may play a major role in struc-
ture the composition of the bacterial community (Rhizobials from sample Mw?3
have a relative abundance of 40.37% and soil Mw4 has an abundance of 34.97%,
Bacillales have an abundance of 8.44% in Mw3 and of 11.35% in Mw4, Actino-
mycetales of Mw3 have an abundance of 9.44% and 10.84% in Mw4 and Acido-
bacteriales 10.65% in Mw4 and 6.90 in Mw3), our results are similar to Sanjiang
who works in wetlands. In Nova Scotia soil (107.95%) was generally superior to
that of DS (25.22%) and FS (28.01%) soils, which is consistent with the results of
a wetland study plains in the Yellow River [8]. Many researchers have shown
that proteobacteria are the dominant taxon in soils [38]. Nevertheless, the pro-
portion of Proteobacteria in degraded soils was lower in two wetlands, while that
of Firmicutes was higher. Our results differ. In particular, the comparison of
communities by grouping sequences into phylotypes defined at the 97% similar-
ity level has limitations in that these surveys will be far from exhaustive, and
global models highlighted by comparing the overall phylogenetic structure can
be more difficult to discern and quantify.

The Catenulisporaceae, Hyphomicrobiaceae, Bacillaceae and Acidobacteria-
ceae are the most abundant. The Catenulisporaceae in Mw4 23.89% and in Mw4
16.53%, Hyphomicrobiaceae in Mw3 12.40% and for Mw3 10.85%, Bacillaceae in
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Mw3 4.8% and Mw4 10.01% and Acidobacteriaceae for Mw3 7.48% and for Mw4
8.67%. The vibrionaceae are respectively the least abundant by their percentage.
Our results are close to the results of a study on the wetlands of the plains in the
Yellow River [39].

Figure 5 presents 28 genera including Bradyrhizobium in Mw3 30.21% and
Mw4 28.93%, Bacillus in Mw3 16.19% and Mw4 23.88, Actinoplanes in Mw3
19.91% and Mw4 12.89% and Acidobacterium in Mw3 11.83% and Mw4 11.83.
The least abundant genera are pedomicrobium and brevibacterium our results
are different from those [40], it has been confirmed that some genera of beta-
proteobacteria inhabit extremely alkaline wetlands filled with historic steel slag.
Epsilonproteobacteria are relatively abundant at oxico-anoxic interfaces such as
intertidal wetlands.

Study by [41] found that soil pH was a key factor in determining microbial
diversity and community composition. The soil pH in our study is 6.5 and the
Simpson index was significantly positively correlated with soil pH. Published
studies have also revealed that, especially in soils with a pH below 6.5, microbial
diversity decreases with decreasing soil pH [42]. Other studies have indicated
that the phylum Acidobacteria is widely distributed in various soil environments
[43]. And that its abundance has been significantly correlated with soil pH [44].
However, our study did not confirm this, which could be due to the narrow drill
of soil pH values found in this study.

Study by [45] found that soil pH was a key factor in determining microbial
diversity and community composition. The soil pH in our study is 6.5 and the
Simpson index was significantly positively correlated with soil pH. Published
studies have also revealed that, especially in soils with a pH below 6.5, microbial
diversity decreases with decreasing soil pH [46]. Other studies have indicated
that the phylum Acidobacteria is widely distributed in various soil environments
[47] and that its abundance has been significantly correlated with soil pH [48].
However, our study did not confirm this, which could be due to the narrow drill
of soil pH values found in this study. [48] found that changes and distribution
of bacterial communities were strongly correlated with soil carbon and nitro-
gen and other chemical properties. The results obtained in this study do not
align well with our study because we did not take into account the physical pa-
rameters. We found that changes and distribution of bacterial communities were
strongly correlated with soil carbon and nitrogen and other chemical properties.
The results obtained in this study align well with a previous study, which found
that several soil properties, including organic C and total N contents affect the
composition of microbial communities in soils [49] [50] [51] [52]. Variations
in microbial communities are a complete reflection of the impacts of these envi-
ronmental factors. Variations in microbial communities are a complete reflec-
tion of the impacts of these environmental factors. Compared to forest and shrub
lands, Shannon Simpson and Equitability and soil diversity indices were the most

average, which is in agreement with previous studies [51]. This may be because
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the soils are in a spaced protected forest and shrub area contains additional plant
species and their developed root systems provide suitable habitat for soil micro-
organisms.

This may be because forest lands and shrubs contain additional plant species
and their developed root systems provide suitable habitat for soil microorgan-
isms. At the same time, their root secretions can provide resources for microor-
ganisms, which is more conducive for the survival of various microorganisms.
The bacterial diversity index showed that the two soils were not very disturbed
by the degradation process, hence Shannon varies from 4.59 for Mw3 and 4.57
for Mw4, Simpson for Mw3 0.96 and 0.97 for Mw4 our results are close to those
of [52], and similar to [53]. The study of the functional structure of bacterial
populations through diversity indices (S, H and R) revealed that the habitat Mw3
is the least diversified than Mw4, the species seem to be fairly represented and
that based on these results, there is apparently no major ecological problem at
the sites.

A Principal Component Analysis (PCA) analysis was conducted to assess the
relationships between the compositions of dominant bacterial phyla (or genera)
and selected soil properties (soil pH, with the results summarized in Figure 7
and Figure 8. The graphs PCA, based on dominant phyla and genera, were
almost identical. The overall structures of the dominant phyla or genera un-
der different land use types were significantly related to certain soil proper-
ties.

Phylum level, the eigenvalues of the first and second axes were respectively
63.7% and 19.7% Mw3 and 64.9% and 24.4%. The axes explained 83.4% and 89.3%
of the total microbial variance.

Correlation analysis of dominant bacterial groups and soil environmental fac-
tors indicated that the relative abundance of Mw3. Axe 1 (63.7%), in its positive
part, groups together bacteria whose abundances are between 0 - 500 (Alphapro-
teobacteria, Anaerolinea, Blastocatellia, Betaproteobacteria, Bacteroidetes, Chlo-
roflexia, Clostridia, Cyanobacteria, Cytophagales, Cytophagia, Dehalococcoidia,
Deinococci, deltaproteobacteria, Flavobacteriai, Gammaproteobacteria, Gemma-
timonadales, Gemmatimondets, Holphagae, Negativicutes, Nitrospira, Opitutae,
Oscillatoriophycideae, Planctomycetia, Spartobacteria, Streptophyta, Verruco-
microbiae) and its negative part, all batteries having abundances between 500 -
6000 (Alphaproteobacteria, Acidobacteria, Acitinobacteria, Bacilli, Gammapro-
teobacteria). Following Axe 2 (19.7%) two groups are defined, the first which is lo-
cated in its positive part, includes the bacteria having abundances between 1000 -
1500 and the second on its negative part, includes the bacteria with abundances
between 500 - 1000 (Gammaproteobacteria) and 5500 - 6000 (Alphaproteobac-
teria) was positively correlated with pH.

For Mw4 Axe 1 (64.9%), in its positive part, groups together bacteria whose
abundances are between 0 - 500 (Alphaproteobacteria, Anaerolinea, Blastocatel-

lia, Betaproteobacteria, Bacteroidetes, Caldilinea, Chloroflexia, Clostridia, Cyano-
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bacterie, Cytophagales, Cytophagia, Dehalococcoidia, Deinococci, deltaproteo-
bacteria, Flavobacteriai, Gammaproteobacteria, Gemmatimonadales, Gemma-
timondets, Holphagae, Negativicutes, Nitrospira, Opitutae, Oscillatoriophyci-
deae, Planctomycetia, Spartobacteria, Streptophyta, Verrucomicrobiaceae, Ver-
rucomicrobiae) and its negative part, all bacteria having included abundances be-
tween 500 - 6000 (AlphaProteobacteria, Acidobacteria, Acitinobacteria, Bacilli,
Gammaproteobacteria). Following Axe 2 (24.4%) two groups are defined, the first
which is located in its positive part, includes the bacteria having abundances be-
tween 0 - 500 and those whose abundances are between 1500 - 2000 (Acidobac-
teria, Acitinobacteria and Bacilli) and the second which is located on its negative
part, groups together the bacteria having abundances between 500 - 1000 (Gam-
maproteobacteria) and 5500 - 6000 (Alphaproteobacteria) were positively corre-
lated with pH.

5. Conclusion

In summary, this study clearly illustrated the structures of bacterial communities
and their variety in the Brazzaville sites, which revealed the influences of differ-
ent land use types on bacterial diversity. These results greatly advance the eluci-
dation of the effects and mechanisms of different soil types, which can alter the
composition and diversity of bacterial communities in soils. The influence of the
only measured environmental factor pH has been demonstrated, but was insuf-

ficient for other analyses.
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Highlights

The diversity of bacteria on the soil has been holding with metagenomic 16SrRNA
gene illumina MiSeq sequencing.

21 Phyla, 17 classes, 40 families, 83 orders, and 28 genera have been revealed.

The diversity indices have been used to understand the state of the bacterial
composition of soil in Brazzaville.

This study opens interesting perspectives on the knowledge and exploitation

of telluric bacteria in several areas of Brazzaville.
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