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To underline  additional information such antibiotic 
resistance  and  virulence  genes that can be found in 
the genomes 

OBJECTIVES

To present the strategies to determine the  species and 
strain  identity using the genome information



3. Sequences of the 16S rRNA gene (>1300bp, <5% ambiguity)3. Sequences of the 16S rRNA gene (>1300bp, <5% ambiguity)

2. Phenotypic characterisation2. Phenotypic characterisation

DNA-DNA hybridizationDNA-DNA hybridization

1. As many strains as possible (different numbers proposed i.e. 5, 10, 25)1. As many strains as possible (different numbers proposed i.e. 5, 10, 25)

similarity > 97%similarity > 97%

> 70%  DNA corresponded to the same species > 70%  DNA corresponded to the same species 

(Stackebrandt & Goebel 1994)

(Stackebrandt et al., 2002)

Standard requirements for defining new 
bacteria species 

Standard requirements for defining new 
bacteria species 
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extraction denaturalization
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% of hybridization 
fragments



http://www.seimc.org/documentos/protocolos/microbiologia/cap37.asp

Vibrio V.  harveyi, V. campbelli

Genus Species

Genera and species of bacteria  in which the 16S rRNA 
posses a poor resolution for their discrimination
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3. Sequences of the 16S rRNA gene (>1300bp, <5% ambiguity)3. Sequences of the 16S rRNA gene (>1300bp, <5% ambiguity)

6. Genotyping (ERIC-PCR, AFLP..)6. Genotyping (ERIC-PCR, AFLP..)

2. Phenotypic characterisation2. Phenotypic characterisation

DNA-DNA hybridizationDNA-DNA hybridization

1. As many strains as possible (different numbers proposed i.e. 5, 10, 25)1. As many strains as possible (different numbers proposed i.e. 5, 10, 25)

similarity > 97%similarity > 97%

> 70% > 70% 

7. Chemotaxonomic properties (cell wall composition, lipids, fatty acids …)7. Chemotaxonomic properties (cell wall composition, lipids, fatty acids …)

5. Multilocus sequence analysis (MLSA) or phylogenetic 
analysis (MLPA) of a minimum of  5 housekeeping genes

5. Multilocus sequence analysis (MLSA) or phylogenetic 
analysis (MLPA) of a minimum of  5 housekeeping genes

(Stackebrandt & Goebel 1994)

(Stackebrandt et al., 2002)

Standard requirements for defining new 
bacteria species 

Standard requirements for defining new 
bacteria species 

(Stackebrandt & Ebers 2006)
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A. bivalviorumA. bivalviorum

A. suisA. suis

A. ellisiiA. ellisii

A. venerupisA. venerupis

A. cloacaeA. cloacae

gyrA, atpA, rpoB, gyrB and hsp60 (3134 bp)MLPAMLPA
Neighbour joining tree based on the concatenated sequences of 5 genes:

. Bar, 2 substitutions per 100 nt. Levican et al., 2013 Syst Appl Microbiol
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>
Meier-Kolthoff et al., 2013

DNA-DNA hybridization (DDH) 

The species concept  for Bacteria and Archaea is based on the 
16S rRNA gene and on DNA-DNA hybridization (DDH), a method 
known to be tedious. 

DNA 
extraction denaturalization

mix hibridization

% of hybridization 
fragments

The GGDC is in silico method for genome-to-genome 
comparison, thus reliably mimicking conventional DDH

isDDH= in silico or digital= dDDH
PrecisionPrecision

in silico method

DDH =  digital DDH  >70%





It takes 30 minutes for two genomes



ANI =  Average Nucleotide Identity is  considered an 
overall genome related index (OGRI)  that provides a         
%  of  relatedness  between the genomes compared

Tools  to compare genomes to determine 
their taxonomic relatedness



Results of the comparison of the different 
available platforms that calculate  the 

Average Nucleotide Identity (ANI)
Caracteristics Jspecies ANI 

calculator EzGenome OrthoANI

Web server

Does not need internet 
connection

Alert when task is finished

Easy to handle

Construct Matrix comparisons

Direct results

+2 genomes/analysis <12Mb 10 gen.

> > >
OAT-ANI is currently the best

Yoon et al., 2017

ANIu
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Average nucleotide identity of A. hydrophila genomes vs. 
genome  of  the epidemic strain ML09-119

88.48 - 93.84%

Goris et al., 2007

Aeromonas hydrophila

Richter & Rosselló-Mora, 2009Richter & Rosselló-Mora, 2009

99.99%

ANI  < 96% different species

>97%

Aeromonas hydrophila



ANI with A. hydrophila
89.94%

ANI with A. hydrophila
88.48%

ANI with A. hydrophila
93.71-93.84%

ANI values

MLPA (gyrB, rpoD, recA, dnaJ, gyrA, dnaX, 3882 bp) 

55% of the A. hydrophila
strains whose genomes 

were available at the NCBI 
were erroneously named

MLPA = Multilocus Phylogenetic Analysis



T

2014

2015

Prof. Mark Liles,       
Dr.  Jahangir Hossain

1. The closest neighbours can be determined  with a Multilocus 
Phylogenetic Analysis (MLPA) extracting the genes from the 
genomes. 

2. Then the genome (of the type or another) of these closest 
neighbour species should be used for the Average Nucleotide 
Identity (ANI) and in silico DNA-DNA (isDDH) hybridization 
calculations to determine the final identity. 

If ANI is < 96% = different species



MLPA 15 genes (cpn60, dnaK, gltA, mdh, radA, rpoB, tsf, 
zipA, gyrA, gyrB,rpoD, recA, dnaJ, atpD and dnaX, 8751 bp) 

MLPA 7 genes (gyrB, rpoD, recA, dnaJ, gyrA, dnaX and atpD; 4093 bp) 

A. lacus  ≠ A. jandaei ANI < 96% and isDDH < 70% 

ANI values seems to be more objective 

Aeromonas

How close 
is close?

MLPA = Multilocus Phylogenetic Analysis



ANI and  Proxytype (= genome designated by NCBI to serve 
as a proxy for the type, for species that do not yet have a 

genome from type)

2016



This is a wrong conclusion derived from considering that 
some wrongly-labelled strains belong to those species

WRONG 
CONCLUSION

genus



January 2018

Web-services and standalone software tools for taxonomic purposes



January 2018

Make sure that the quality of a genome sequence is suitable for taxonomic 
purposes and include:  

1. Genome size =  is defined as the length sum of all contigs. 

2. Number of contigs and N50. 

3. Sequencing depth of coverage. 
50X for the currently available NGS platforms (Illumina, Ion Torrent, and Pacific 
Biosciences) is recommended. BBMap estimate the sequencing depth of coverage.



Workflow of genome based classification at the species level. 

Different species  
with  equal or highly 
similar sequences

Other genes rpoD, 
rpoB, gyrB…..

MLSA or MLPA of 
31?-400 core genes



16S rRNA 
gene NJ tree 
(1503 bp)

Evaluation of  the  16S rRNA gene copies 
in genomes of  Aeromonas

Sequenced mistakes or true variability????

A consensus, high quality 16S rRNA gen sequence
(1300-1550 bp), when describing new bacteria
species using genomes should be required



Fadua Latif

November 2015 

3 new species with 
complete genomes
3 new species with 
complete genomes

Prof. Mark Liles       
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2015

MLPA = Multilocus Phylogenetic Analysis



To underline  additional information such antibiotic 
resistance and  virulence  genes that can be found in 
the genomes 

OBJECTIVES

 To present the strategies to determine the  species 
and strain  identity using the genome information



==

Environmental 
strains

Clinical 
strains

Equal genotypes for unrelated strains

Limitations of the epidemiological typing methods

Pulsed-Field Gel 
Electrophoresis

(PFGE)

Sequence Base Typing database (v3.0) 

GOLD 
STANDARD

http://www.ewgli.org

housekeeping

Multilocus Sequence 
Typing (MLST) - 7 genes  virulence

Equal ST in unrelated strains

ST1

Gaia et al., 2005; Ratzow et al., 2007; Qin et al., 2014; David et al., 2016 



Whole-Genome Sequencing (WGS) 
(WGS)

Salipante et al., 2015; Raphael et al., 2016; David et al., 2016; 2017; 

 WGS is more discriminatory than SBT and PFGE

 Extended MLST scheme with ± 50 genes provides optimal epidemiological 
concordance

 Phylogenetic analyses of whole genome (wg) or core genome (cg)  Single-
Nucleotide Polymorphism (SNP)

There is a need for efficient, easy to handle and to 
interpret  bioinformatic tools

Core genome = shared genome



 ANI can provide a similar resolution as 
other tools based on the WGS for 
recognizing strains involved in outbreaks



Liver Spleen

Prof. Mark Liles       

Average Nucleotide Identity of A. hydrophila genomes vs. 
genome  of  the epidemic strain ML09-119

88.48 - 93.84%

Goris et al., 2007

Aeromonas hydrophila

Richter & Rosselló-Mora, 2009Richter & Rosselló-Mora, 2009

99.99%

ANI  < 96% different species

>97%

Aeromonas hydrophila
99.99% clone

20162016



Lee et al., (2015) http://www.ezbiocloud.net/tools/orthoani

Orthologous Average Nucleotide Identity 
Tool 



Lee et al., (2015) http://www.ezbiocloud.net/tools/orthoani
Orthologous Average Nucleotide Identity 

Tool 
2. Table

3. Matrix

https://youtu.be/4L2d-7uzz4Q

4. Heatmap



Lee et al., (2015) http://www.ezbiocloud.net/tools/orthoani

Orthologous Average Nucleotide Identity 
Tool 

Matrix

Heatmap

ANI  < 96% different species

> 99% clone

% and a clustering

> 96% same species



Outbreak Philadelphia ST36
Mercante et al., 2016 

OrthoANI

Maximum-likelihood tree based on 11,356 core SNPs

CDC genome set apart from the  historical outbreak 
Philadelphia 2, 3 and 4 genomes

ANI results could distinguish the 
small genetic differences 
among ST36 Philadelphia 

outbreak strains 
> 99%

ST36



Phylogenetic tree based on SNP differences from 
selected patient isolates and the lettuce reference 
isolate*

Lee et al., (2015)



CHIMERIC OR CONTAMINATED GENOMES



Genome Analysis

FastQ

MSR

SPAdes

RAST server/sftw

Prokka

Assembly Annotation

Search for HK genes for a  MLPA  (BLASTn)
Comparison with the previously sequenced genes

Quality control of identity 
and possible contamination

Alba Pérez-Cataluña

WGS
HK = housekeeping  genes

MLPA = Multilocus Phylogenetic Analysis



2016

2017

2017

2017



1

3

Genome: Arcobacter anaerophilus DSM24636T

2

Contamination with Bacillus

Alba Pérez-Cataluña

WGS

Technical Univeristy of Denmark



Dr. J Chun                            
Seoul National University
Seoul, South Korea



Probable contamination with 
a closely related species or 

potential new species

142-34

151-37



Genome 1 Genome 2 ANI isDDH

Contaminated Type strain 97.9% 81.7%

Correct Type strain 97.8% 81.7%

Tools  to compare genomes to determine 
their taxonomic relatedness

ANI and isDDH  produce consistent results



To underline  additional information such antibiotic 
resistance and  virulence  genes that can be found in 
the genomes 

OBJECTIVES

 To present the strategies to determine the  species 
and strain  identity using the genome information



Genome Analysis
Virulence genes were searched by BLASTn: 
- Virulence Factors of Pathogenic Bacteria Database (VFDB) (Chen et al., 2005)

- Victors Database (University of Michigan, USA)

Antibiotic resistance genes:
- Antibiotic Resistance Database (ARDB) (Liu and Pop, 2009)

- Comprehensive Antibiotic Resistance Database (CARD) (Jia et al., 2017).

- Antibiotic Resistance Gene-Annotation database (ARG-ANNOT) (Gupta et al., 2014)

- PATRIC_VF (Wattam et al.,  2017).

- Search for specific genes 
by  BLASTp analysis



a) RAST/PATRIC results, b) ARG–ANNOT results, c) BLASTn of virulence genes
results, d,b)-lactamase class D, e) Phospholipase A and C.



http://www.pulsenetinternational.org/





http://www.genomicepidemiology.org/













1. Absence of genomes of many  type strains                         
Missing in  ca. 50% of the bacteria species with  validly 
published names (Chun et al., 2018)

2. Presence of  mislabeled genomes                                  
27% (16701/62362)  of the  Whole Genome Assemblies (WGAs) 
studied by Yoon et al. (2017)

3. Absence of  16S rRNA genes  in 6% (4285/69745) of the 
WGAs  (Lee et al., 2017)

4. Contaminated genomes or chimeras                              
0.9% (597/69745) detected using the ContEst16 (Lee et al., 2017)    

Main limitations of  WGS



 The isDDH, ANI and the MLPA are excellent tools to verify 
the identity of existing genomes and are extremely useful 
for defining new species and  for recognizing strains.

 The isDDH, ANI and the MLPA are excellent tools to verify 
the identity of existing genomes and are extremely useful 
for defining new species and  for recognizing strains.

 The Orto ANI seems to be the best platform.  The Orto ANI seems to be the best platform. 

 The  16S rRNA gene should be sequence  ca. 1500 bp using 
conventional sequencing approaches.

 The  16S rRNA gene should be sequence  ca. 1500 bp using 
conventional sequencing approaches.

 The use of several methodologies in parallel  show their 
individual limitations and help to determine with more 
precision the similarity of the genomes. 

 The use of several methodologies in parallel  show their 
individual limitations and help to determine with more 
precision the similarity of the genomes. 

 Quality control measure for genomes are essential.  Quality control measure for genomes are essential. 

Conclusions

 Update databases of virulence genes and ARG are needed. Update databases of virulence genes and ARG are needed.
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