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INTRODUCTION

The global importance of microbes cannot be
overemphasized in health and disease, thus, there is
recent emergence of new techniques for rapid and in-
depth investigation of these organisms. Whole genome
sequencing, genome assembly, and downstream
analysis can be used to genomically characterize the
pathogenicity of individual microbes, while the
taxonomic and functional profile of entire microbial
communities can be explored using the metagenomics
QIIMEZ2 pipeline. The aim of the current study is to learn
these two techniques for future application to novel
studies.

METHODOLOGY

1. GENOMICS STUDY

 Whole genome assembly and analysis were learned
and applied through a case study of Salmonella.

* 138 fresh bovine fecal samples were collected from
healthy Sokoto Gudali cattle.

* Genus-specific PCR amplification of the Salmonella
InvA gene identified eighteen bacterial isolates as
Salmonella spp..

* The isolates were whole-genome sequenced using
lllumina MiSeq (read length 2x150, depth 50s)

* All reads were assembled de novo and subjected to
downstream analysis (Figure 1).

Figure 1. Workflow for bacterial genome assembly and downstream
analysis.

2. METAGENOMICS STUDY

 The metagenomics QIIME2 pipeline (v. 2020.6) was
applied to a subset of the raw data from Afolayan et
al. (2020)

« 42 fecal samples were collected from 22 healthy and
20 diabetic elderly individuals.

* DNA extraction and sequencing of the total microbial
community was performed, and the resulting reads
were imported into QIIMEZ2 to be analyzed (Figure 2).

Figure 2: Workflow for the metagenomics QIIMEZ2 pipeline.

RESULTS

1. GENOMICS STUDY

* All eighteen Salmonella strains were of the species
Salmonella enterica ssp. enterica

* Five different sequence types and corresponding
serovars were identified (Figure 3).

« 15 strains only contained one antimicrobial

resistance gene (aac(6’)-laa).

* Additional AMR genes were identified in ST519 and
ST3961 (Table 1).

* There was an absence of virulence genes.

Figure 3: Sequence types and corresponding serovars of S. enterica.

aac(6’) | fosA7 | tet(A)
X

aph(6) (aph(3”)| sul2 |qnrB19

Table 1: Antimicrobial resistance (AMR) genes found in S. enterica
sequence types, colored to match the legend in Figure 2. The presence of
a genes is indicated by an X.

2. METAGENOMICS STUDY

 There were significant differences in alpha diversity
(p=0.03) and beta diversity (p=0.012) between the
gut microbiota of healthy and diabetic individuals

* 14 different phyla were observed in the gut microbial
communities, with Firmicutes being most dominant
(~72%) (Figure 4).

« 18 taxonomic biomarkers are associated with healthy
indidivuals, while 8 are linked to diabetic individuals
(Figure 5).

1005

eria;p__ Firmicutes

eria;p__ Prolecbacteria
eria;p__ Bacieroidetes
90% eria;p___Actinobacieria
eria;p__ Tenericutes

eria;p___Cyanobacteria

m mm Mm@
@ & & @ & &

S5
eria;p___ Vermucomicrobiz

rchaea;p___Euryarchasoia
eria;p__ Spircchaeies
eria;p___Lentisphaeras

-~ s, R RR R OROR R R R R ®

m m m m 3
T TR TR T <1 R

7%

eria;p___ Elusimicrobia

&

eria;p__ Fusobacteria

=
a8 8 8 8 4a % a g 8 a4 g g
41}

-

eria;p___Synergisietes

quency

Ln
o
&

Relative Fre

4%

309

20%

E

1%

Fem Sm Bm S e Sm Sm S Sm Sm Em e S
TT T T T T T T T T T T T

| | | | | | | | | | | | | |
|:=~:=~:=«:=~:=«h~::~::~::«::~::«::«::~h«::~::~::~::«::~::«::~hw
A St e L L R L L e R L L L L i il el el il il el il il el el el el el il el il el il il il e
bl sl sl sl i, sl sl el sl sl consliies sl cusslies sl sl sl ol st sonliie, ol —3- —3- —- —- —- —- —- —- —- —- —- —- —- — —- — —- —- — - — —- —

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

oo EEEEEEEGEEEEEEEEDD

Figure 4. Barplot of taxonomic variation of the gut microbial communities
of healthy and diabetic individuals at the phylum level.

Figure 5: Differential abundance of discriminant features based on
microbial taxa in healthy (green) and diabetic (red) individuals.

DISCUSSION

The results of the Salmonella case study suggest that:

 There were more Salmonella strains than expected
In the cattle population.

 The Salmonella strains found in the gut microbiomes
of the cattle population are relatively benign, which
iIndicates minimal antibiotic exposure and healthy
living conditions.

The conclusions from the diabetes case study can be
summarized in the following:

 There are many bacterial taxa common to all human
gut microbiota.

* Proportions of different microbes within gut microbial
communities differ significantly between healthy
individuals and diabetic individuals.

The genomic and metagenomic techniques learned In
this study are extremely applicable to future research in
characterizing infectious microorganisms, as well as
determining the relationship between health and the
human gut microbiome. Future studies that will benefit
from this training include:

 The whole genome analysis of select Lactobacillus
species to explore the genetic basis for their reported
antimicrobial activity.

* A metagenomic analysis of the effect of Capsicum
spp. consumption on the human gut microbiota.
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