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What is bioinformatics?

Mathematical, statistical

and computing methods

that aim to solve the

biological problems using

DNA, RNA, amino acids

and related information.



Study of microbial ecology

Metagenomics: 
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Multi-omics: System biology



Metagenomics: amplicon sequencing
Soil/ water sample 

from Antarctic/ 

Southern Ocean

PCR amplification of 16S 
rRNA

DNA isolation 
from sample

High-throughput 
sequencing of amplified 

genes

Data processing, quality control and 
analysis using bioinformatic tools

Database based approach

Diversity based approach

• Microbial taxonomy and diversity

• No function/ metabolic information

Qiime2 and R packages



Metagenomics: shotgun sequencing

The results represent the microbial potential: must be confirmed by other techniques



Meta-transcriptomics (mRNA)

• Data represents the microbial function

• Quantification of the transcription

• mRNA expression is transient and 

results must be interpreted cautiously



Meta-proteomics (Protein)

Mortera et. al., 2016• Meta-proteomics is the key to identify the microbial function and related taxa.
• Better results when coupled with the metagenomic dataset.



Meta-metabolomics (metabolites)

Soil/ water sample 

from Antarctic/ 

Southern Ocean

• Activity of microorganisms
• Information must be 

correlated with the 
DNA/RNA/Protein data 



System biology: Meta-”omics”

Abram 2015, Comput Struct Biotechnol J.



An example of metagenomic approach



Microbial ecology of Agulhas current 
region

• Samples were collected in April 2015

• SA Agulhas II research vessel

• 9 stations x 3 depth (F-max, OMZ,

Deep)

• Conductivity, Temperature, and Depth

(CTD), oxygen, salinity were

measured

• Metagenomic DNA isolation from 5

liter water



Taxonomic analysis of Prokaryotes
16S rRNA sequence based classification

• Domain bacteria dominated by proteobacteria (81%), followed by actinobacteria, bacteroidetes, firmicutes and cyanobacteria

• Gammaproteobacteria and SAR11 clade

• Archaeal phyla thaumarchaeota and euryarchaeota

Phoma et. al., 2018 Scientific reports



Microbial Diversity and effect of 
environmental variables

• Effect of environmental factors
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• Beta Diversity

• Species richness higher in the F-max followed by 

Deep and lowest in the OMZ

Phoma et. al., 2018 Scientific reports



Taxonomic analysis of shotgun 
metagenomic reads

Viruses

Prokaryotes

• Prokaryotic taxonomy corroborates the 

16S rRNA results

• High relative abundance of viruses in 

Surface and Deep

• Domain eukaryota was dominated by the 

Algae at all depth

Phoma et. al., 2018 Scientific reports



Microbial capacity: shotgun metagenomics
• Nitrogen fixation, driven by

proteobacteria

• More complete pathways

for the carbon and sulphur

metabolism in Fmax, OMZ

and Deep

• Autotrophy mostly driven by

the cyanobacteria,

proteobacteria and algae

(Opisthokonta)

• Sulphde reductase process

was found in the alpha and

gammaproteobacteria

• Phototrophic labile sulfur

metabolism

Nitrogen Carbon Sulphur

Phoma et. al., 2018 Scientific reports



Summary
• “Omics” approaches are used to study the whole microbial communities.

• Metagenomics represent the genetic capacity based on the DNA information.

• Meta-transcriptomics and -proteomics is used to infer the microbial functions.

• Meta-metabolomics is to study the activity of microorganisms.

• Show high sensitivity and culture independent techniques.

• Bioinformatics is stepping stone in the area of microbial ecology.

• By applying the bioinformatics in our study we identified the Gamma-proteobacteria are the

dominant microbial taxa in the Agulhas current region.

• We also identified that along with cyanobacteria and algae, proteobacteria also have the capacity

for the autotrophic CO2 fixation.
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