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Previous work @ PRABI
François Bartolo & Clément Lionnet 2012-2014 
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Phylogenetic Replacement
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Must have reference trees
• Large trees are difficult to build



LeBiBiQBPP identification engine

• Phylogeny on the fly
• Recruit ref. seq. with Blast

• MSA with MAFFT

• Clean the MSA with 

BMGE

• Build a FastTree

• Report the closest ref. in 

term of patristic distance



Patristic Distance
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• Sum of branch lengths

• Branch lengths are the number of expected 

mutations per site.

http://www.mun.ca/biology/scarr/Phenetic_Patristic_Cladistic.html



LeBiBi server
https://umr5558-bibiserv/lebibi/lebibi.cgi



Recipe for an efficient 

taxonomic assignment
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1. A Taxonomic Classification
• Species delimitation is crucial

2. Types representative of each taxon
• Reduce biological and methodological variability

• Access to a physical specimen

3. Biological sequences
• In agreement with the taxonomic relationship

4. A Method of assignment
• Efficient way to map reads to the references



Taxonomy

8

• Rank-based classification of Organisms

• Originally popularized by Carl Linnaeus

• Codes of nomenclature
• formalized the protocols and requirements for publication 

of scientific names

• Judicial commissions decision for new species

• Several codes maintain different lineages

Federhen, NAR 2015
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• The name “Bacillus” has been given to

• A gender of bacteria with the identifier 1386

• A gender of insect with identifier 55087

Code: fastidious but necessary



NCBI Taxonomy
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NCBI Taxonomy statistics 04/2015

No informal names, No uncultured 

• Pragmatic base gathering all taxonomies in one

• Serves as the standard nomenclature and classification for the 

International Sequence Database (INSD)

• Not generated automatically from sequences

• Incorporate phylogenetic and taxonomic knowledge from a 

variety of sources
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• For each species have been defined a type 

specimen:

• Carl Linnaeus is the type of Homo sapiens

• For databases, it is interesting to search for the 

type sequence of the type strain

• Example with Escherichia coli

• 362 strains (2162 sequences)

• Type strain is DSM 30083

• Type sequence is X80725

Types and Specimen



Biological Sequences
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• International Sequence Database:

• Genbank @ NCBI

• ENA @ EBI/EMBL

• DDBJ @ NIG

• “Genbank relies on the submitters for the correct 

original taxonomic identification of their specimen”

• Sequences may be not or misannotaded

• RefSeq is a manually curated Genbank

• Representative sequences for each type strain

• Only a fraction of Genbank is covered



LeBiBiQBPP classifies it as a Psychrobacter

JX154576: A case of wrong annotation

Genbank Card



rDNA Databases
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RDP SILVA LeBiBi QBPP

Markers SSU (16S) and 

LSU (Fungal 28S)

SSU (16/18S) 

and LSU 

(23/28S)

Prokaryotes: 

SSU, LSU, rpoB, 

groEL2 … 12 

house-keeping 

genes

Reference Cole et al. NAR 

2014

Yilmaz et al.

NAR 2014

Flandrois et al.

under revision

Update 

periodicity

6 months 12 months 6 months

# 16S sequences 3,019,928 1,454,141 1,341,288

http://www.ncbi.nlm.nih.gov/pubmed/24288368
http://nar.oxfordjournals.org/content/42/D1/D643.full
https://umr5558-bibiserv.univ-lyon1.fr/lebibi/QBPPreaddoc.cgi?demande=lebibicitations.html


LeBiBiQBPP blastDB
Quick BioInformatic Phylogeny of Prokaryotes

Stringency Description # Sequences # Species

Lax All 16S rRNA >300bp 

from Genbank

1,341,288 43,959 

Stringent Sequences with a correct 

species name from Lax

240,655 12,326

Stringent 

TS

One type strain per species 21,950 12,322

Super

Stringent

One or more type 

sequences for each type 

strain

11,631 11,312
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Objectives of the automated DB

• Frequent Updates:

• NCBI taxonomy changes every day

• Reannotation:

• Using the NCBI taxonomy as a guide

• Automatic types selection:

• Median patristic distance of a taxon

• Eliminate sequencing errors:

• Singletons
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NCBI 

Taxonomy
nodes.dmp

names.dmp

29454   Deinonema

42688   Streptofusia

53023   Nanobacterium

98508   Smegmaraptor

List of all TIDs 

contain in each 

nodes at a 

determined rank

Python

ete2

ACNUC
Genbank

RefSeq>Seq1
GGCCTTGGCC
>Seq2
GGCAGGCG
>Seq3
GGCATTGGCCA

>Seq4
GCCAATCGCCT

42688.fna
Query

t=RRNA &

L>900 & 

L<30000

>Seq1
GGCCTTGGCC
>Seq2
GGCAGGCG
>Seq3
GGCATTGGCCA
>Seq4
GCCAATCGCCT

Filtering/Trimming
sortmeRNA+SILVA orient in forward & trim

CD-HIT-EST 100% ID dereplicate 1

>Seq1
GGCCTTGGCC-
>Seq2
GGCA--GGCG-
>Seq3
GGCATTGGCCA

Alignment
Mafft

BMGE

CD-HIT-EST 100% ID dereplicate 2

Seq1

Seq2

Seq3

Tree
FastTree

Clustering: nodes MPD < 0.01

Type selection: Seq. whose average 

PD is the closest to MPD

For every species
• Get seq. with ACNUC

• Select 16S rRNA

• Remove duplicates

• Build clusters 80% Id

• MSA with Mafft

• Build a tree: gtr + gamma

• Parse the tree from root 

and create a group if node: 
• median patristic dist < 0.01

• Bootstrap >90

• Types = seq. with mean PD 

the closest to MPD

>Seq1
GGCCTTGGCC
>Seq2
GGCAGGCG
>Seq3
GGCATTGGCCA

>Seq4
GCCAATCGCCT

CD-HIT-EST 80% ID clustering

Type of group 1

Type of group 2

Type sequence
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5 6 98

TID=3 4

Bacteria

TID=2
Kingdom

family

genus

species

10-1
10-2
11
12

13
14

10-1
10-2
13

Guided reannotation
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Example: Genus Clostridium

• 1910 different Taxonomic Identifiers (TIDs) at the 

species level

• Do not mean 1910 different species!

• Clostridium botulinum 

• All species producing a toxin provoking a 

flaccid paralysis

• 320 16S-rRNA sequences >900nt

• 140 non identical sequences

• 17 representative sequences after processing



Clostridium Botulinum (TID:1491)



http://www.vetbact.org
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Clostridium Botulinum - NCBI taxonomy
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi

species

no rank

no rank



Clostridium Botulinum (TID:1491)



Genus Clostridium (TID:1485)
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Singletons

• Sequences not clustering

• at 80% sequence identity

• in any nodes of the tree

• What are they ?

• Dramatic sequencing errors

• Chimeras

• Real sequences

• Misclassified sequences

• Properly annotated but rare isoforms



Streptococcus Agalactiae (TID:1311)

JX154576 Average Patristic Distance  = 0.3271 



Streptococcus Agalactiae (TID:1311)
JX154576 Average Patristic Distance  = 0.3271

BiBi classified it as a Psychrobacter

Common taxon is Bacteria
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Conclusions

• Ribosomal genes DBs covers the largest species 

space

• 16S rRNA => ~95% of prokaryotes

• Complete genomes => ~50% of prokaryotes

• Noise in Data must be filtered

• Millions of 16S sequences but only 13,000 

species

• Taxonomies evolves but annotations are not 

always updated accordingly

• Need of an automatic process for taking 

advantage of sequence/taxonomy daily updates

• LeBiBiQBPP with weekly update
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Perspectives

• End-up the iterative process
• Can we reclassify? 

• What will be the discriminative power?

• Computing on IFB cloud
• A cluster is not appropriate

• Singletons?
• How likely it is to have a true separated seq at high 

taxonomic level?

• How efficient are chimeras detection software?

• New taxons from environmental samples?
• Evolving from week to week

• Eukaryotes
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Assignment methods
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MOTHUR QIIME LeBiBi QBPP

Clustering 

method

Hierarchical 

sequence 

clustering

Greedy 

heuristic 

sequence 

clustering

BLAST + 

Phylogenetic 

replacement

Reference Schloss et al.

Appl. Env. 

Microbiol. 2009

Caporaso et 

al. Nature 

Meth. 2010

Flandrois et al.

under revision

Most clustering methods do not insure monophyletic OTUs

●SortMeRNA (Kopylova et al. Bioinformatics 2012)

●SWARM (Mahé et al. PeerJ 2014)

http://aem.asm.org/content/75/23/7537.full
http://www.nature.com/nmeth/journal/v7/n5/full/nmeth.f.303.html
https://umr5558-bibiserv.univ-lyon1.fr/lebibi/QBPPreaddoc.cgi?demande=lebibicitations.html


New York Metagenomics
Afshinnekoo et al. Cels 2015 
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~17,000 genomes

NCBI NT



Discovery of Lokiarchaeota from 

Metagenomics
Spang et al. Nature 2015 
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Figure 1: Phylogenetic analysis based on 

PCR amplification of 16S rDNA sequences



Lokiarchaeota from Metagenomics
Spang et al. Nature 2015 
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Figure 2 a and b: Multilocus analysis
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cellular organism
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