
Supplementary material 

Bioinformatics tools to analyse metagenomic taxonomy 

As in silico approaches are gaining ground over the wet lab component of microbiol-

ogy, several new bioinformatic pipelines and platforms have been designed to identify 

and compare bacteria, allowing 16S sequence data derived from metagenomics to be pro-

cessed, and are listed in the Table. 

Table S1. Bioinformatics tools for rRNA quantifications and analysis. 

Name Link (accessed on 24 June 2021) Reference 

CopyRighter https://github.com/fangly/AmpliCopyrighter/releases  [96] 

Dada2 https://benjjneb.github.io/dada2/ [97] 

Deblur https://github.com/biocore/deblur [98] 

Greengenes  http://greengenes.lbl.gov [99,144] 

MicroPro https://github.com/zifanzhu/MicroPro [101] 

MOTHUR http://mothur.org [145] 

PAPRICA  https://www.polarmicrobes.org/introducing-paprica/ [102] 

PhylOTU https://github.com/sharpton/PhylOTU [103] 

PICRUSt https://github.com/picrust/picrust  [146] 

PICRUSt2 http://picrust.github.io/picrust/ [104] 

QIIME 2 http://qiime.org [105] 

RDP16 http://rdp.cme.msu.edu/ [95,147,148] 

rrnDB https://rrndb.umms.med.umich.edu [107] 

SILVA https://www.arb-silva.de  [108,149] 

Tax4Fun http://tax4fun.gobics.de [109] 

UPARSE https://drive5.com/uparse/ [110] 

VITCOMIC2 http://vitcomic.org [111] 

MOTHUR [145] and QIIME (Quantitative Insights Into Microbial Ecology) [108], to-

gether with QIIME 2 [105], are the most commonly used software [149], MOTHUR being 

the most cited bioinformatics tool for analysing 16S rRNA gene sequences [150]. They are 

both user-friendly and produce similar results. DADA 2[97], Deblur [98] does also offer 

similar results. 

The assignment of taxonomy depends on the comparisons between the consensus 

sequences of OTU with the known microbial 16S rRNAs. Some microbial 16S rRNA ref-

erence databases are now available for taxonomic classification or binning, such as SILVA 

[108,149], Ribosomal Database Project (RDP) [95,147,148], Greengenes [101,144], NCBI 

[153,154] as examples. SILVA is the largest, while Greengenes is the smallest of all of the 

above [155]. The OTU count provides information on the number of distinguishable taxa 

in each sample (the questions “who's there?” or “how different?”). Thus, it allows one to 

estimate the microbial diversity or richness present in a metagenome [154]. VITCOMIC2 

(Visualization tool for Taxonomic COmpositions of Microbial Community) is software 

designed for visualizing the phylogenetic composition of microbial communities based 

on 16S rRNA gene amplicons and shotgun metagenomic sequencing [111]. PhylOTU is a 

high throughput procedure that quantifies microbial community diversity and solves new 

taxa from metagenomics into OTUs [103]. 

rrnDB a searchable database that records variations in ribosomal RNA (rrn) operons 

in microorganisms of Bacteria and Archaea Domains, and it also allows the abundance of 

each species or taxa present in a microbiome to be quantified. It records the information 

on the 16S gene copy number of microorganisms. It is a searchable database documenting 

the variation in ribosomal RNA (rrn) operons in Bacteria and Archaea microorganisms 

[107,156], as it is linked to the NCBI and RDP taxonomy databases. 

https://www.arb-silva.de/


UPARSE [110] software is highly accurate, delivering results in far fewer operational 

taxonomic units (OTUs). The bioinformatics pipeline consists of five main steps: pre-pro-

cessing and quality control filtering, OTU binning, taxonomy assignment, abundance ta-

ble construction, and phylogenetic analysis [95]. 

The software PICRUSt [146] and PICRUSt2 [104] (Phylogenetic Investigation of Com-

munities by Reconstruction of Unobserved States) allows the functional composition and 

abundance of a metagenome to be predicted using 16S rRNA and other marker gene se-

quencing data and a reference genome database. From OTU data, it is possible to accu-

rately predict the abundance of gene families in environmental and host-associated com-

munities, with quantifiable uncertainty [104]. CopyRighter is another useful tool designed 

to estimate the diversity of microbial abundance. It improves the accuracy of microbial 

community profiles by correcting the copy number of lineage-specific genes [96]. PAP-

RICA (PAthway PRediction by phylogenetIC plAcement) uses phylogenetic placement to 

conduct the metabolic inference-based approach, allowing precise inferences for 

overrepresented taxa and allowing for increased inference accuracy for taxa that have 

many sequenced genomes [102]. Tax4Fun is an open-source R package that provides for 

the functional capabilities of microbial communities based on 16S rRNA datasets. It pro-

vides a good approximation to the functional profiles obtained from shotgun meta-

genomic sequencing approaches [109]. 

The most striking feature of metagenomic analysis is that it deals with sequences is-

suing from both known and unknown microorganisms belonging to the same microbial 

community. MicroPro [101] is a software that is aimed at profiling organisms with greater 

precision, that takes advantage of unknown sequences. 
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