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About ATCC
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 Founded in 1925, ATCC is a non-profit organization with HQ in 
Manassas, VA, and an R&D and Services center in Gaithersburg, MD

 World’s premier biological materials resource and standards 
development organization
• 5,000 cell lines
• 80,000 microorganisms
• Genomic & synthetic nucleic acids
• Media/reagents

 ATCC collaborates with and supports the scientific community with 
industry-standard biological products and innovative solutions
• Growing portfolio of products and services
• Sales and distribution in 150 countries, 15 international distributors

 Talented team of 450+ employees, over one-third with advanced 
degrees

An innovative 
global partner for 

authentic 
biomaterials, 
standards and 

services



Determination of Species

5



How are Species Defined?

 Each species is represented by a type strain and a description of 
that strain
• Usually the first strain identified
• Not necessarily the most typical or the representative of the 

species
• Designated with a superscripted, uppercase T after the strain 

name (e.g., Mycobacterium tuberculosis H37RvT)
• The type strain is essentially the “definition” of a species

 Serves as the comparative reference point for the identification of 
new strains and the assignment to existing species

6



How is a New Strain Assigned to a Species?

 The characteristics of the new strain are compared to the 
characteristics of species type strains
• Historically: phenotypic characteristics

 A strain that shares enough of the essential characteristics of a 
type strain is said to be within the circumscription of that 
species/type strain
• Therefore, it belongs to that species
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How is a New Strain Assigned to a Species?

 Recognizing that phenotypes can be quite unreliable, today we rely 
more heavily on genotypic comparisons
• 16S rRNA genes, hsp65, rpoB
• Multilocus Sequence Typing (MLST)

 Single or small numbers of genes can still provide misleading 
results
• Vulnerable to selection bias

 The most objective and accurate comparison would be between 
whole genomes
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DNA-DNA Hybridization (DDH)
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 Denature genomic DNA (gDNA) mixture for organisms A and B
 Allow gDNA to anneal; hybrids result
 Reassociation of gDNA  ≈  sequence similarity

Malhotra S, et al. J Mol Genet Med 8:142, 2014.



DNA-DNA Hybridization (DDH)
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 Denature genomic DNA (gDNA) mixture for organisms A and B
 Allow gDNA to anneal; hybrids result
 Reassociation of gDNA  ≈  sequence similarity

 DDH similarity >70%:  same species
 DDH similarity <70%:  different species

 Considered the gold standard for species definition
• A putatively new species must be shown to have <70% DDH 

similarity to existing species (i.e., type strains) to be recognized 
as a legitimately new species



DNA-DNA Hybridization (DDH)
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 DDH poses significant challenges
• Highly labor intensive
• Time consuming
• Error prone
• Poorly reproducible

 To overcome these challenges, an analogous sequence-based 
method has been developed
• Digital DDH (dDDH)

 This method uses the whole-genome sequence of two strains to 
compare the strains bioinformatically and infer their distance from 
each other



Digital DNA-DNA Hybridization (dDDH)
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 Available via web server
• GGDC:  Genome-to-Genome Distance Calculator

ggdc.dsmz.de

 Calibrated to the DDH 70% threshold
• No difference in scale, e.g., 95% average nucleotide identity (ANI)

 Data supports the use of dDDH for assignment of subspecies
• Delineation threshold proposed at 79–80%

dDDH Range Interpretation

≥ 80% Same species Same subspecies

70 – 80% Same species Different subspecies

< 70% Different species

Meier-Kolthoff JP, et al. (2014); Meier-Kolthoff JP, et al. (2013); Auch, et al. (2013a); Auch, et al. (2013b).



Transfer of Species Based on Genomic Data
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 Genomic analysis can provide updated taxonomy



Mycobacterium tuberculosis 
Complex
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Mycobacterium tuberculosis Complex (MTBC)
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 Consists of six officially recognized (validly published) species, all 
very closely related
• Mycobacterium tuberculosis
• Mycobacterium africanum
• Mycobacterium bovis
• Mycobacterium caprae
• Mycobacterium microti
• Mycobacterium pinnipedii
• Not validly published

─ “Mycobacterium canettii”
─ “Mycobacterium mungi”
─ “Mycobacterium orygis”

 It has been hypothesized for several decades that these may 
actually represent a single species



Mycobacterium tuberculosis Complex (MTBC)
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 Recent work has shown that some strains of the related species fall 
within the circumscription of M. tuberculosis H37RvT

Species Strain

Mycobacterium tuberculosis H37RvT

Mycobacterium tuberculosis H37Ra

Mycobacterium tuberculosis CDC15151

Mycobacterium tuberculosis F11

Mycobacterium tuberculosis KZN 1435

Mycobacterium bovis AF 2122/97

Mycobacterium bovis Pasteur 1173P2

Mycobacterium bovis Tokio 172

Mycobacterium africanum GM041182

“Mycobacterium canettii” CIPT 140010059



Mycobacterium tuberculosis Complex (MTBC)

17Garcia-Betancur JC, et al. Infect Genet Evol 12:819–826, 2012.

 Recent work has shown that some strains of the related species fall 
within the circumscription of M. tuberculosis H37RvT

• However, all strains compared were non-type strains

• Conclusion: “mycobacterial scientists should agree an accord 
that designates MTBC as a single species in the official 
taxonomic rules of nomenclature.”

• Only applicable to those strains, not the species as a whole



Sequencing of MTBC Type Strains
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 Extracted DNA from the type strains of the missing five species

 Phylogenomically compared the WGS sequences of these 5 
species, M. tuberculosis H37RvT, and 3 non-validly published 
“species”, plus 2 outgroups
• Digital DNA-DNA hybridization (dDDH)
• Average nucleotide identity (ANI)



Research Results and 
Conclusions
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Genomic Comparison of MTBC Type Strains
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Genomic Comparison of MTBC Type Strains
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Genomic Comparison of MTBC Type Strains
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dDDH: 22.2%, ANI: 79.39%



Genomic Comparison of MTBC Type Strains
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(ANI: 97.73%)

Riojas, et al. Int J Syst Evol Microbiol 68:324–332, 2018.



Unification of MTBC Species as M. tuberculosis
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 Unites the MTBC as Mycobacterium tuberculosis
 Submitted emended species description in IJSEM

• Type strain: M. tuberculosis H37RvT

Riojas, et al. Int J Syst Evol Microbiol 68:324–332, 2018.



Unification of MTBC Species as M. tuberculosis
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 Unites the MTBC as Mycobacterium tuberculosis
 Submitted emended species description in IJSEM

• Type strain: M. tuberculosis H37RvT

• All other species type strains downgraded to reference strains
─ Recommendation: use former species name as 

intrasubspecific designation

Riojas, et al. Int J Syst Evol Microbiol 68:324–332, 2018.
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Conclusions
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 Phylogenomic analysis comparing the type strains of the “species” 
within the MTBC shows that they are, in fact, a single species

 dDDH comparison against a larger set of sequenced type strains 
enabled discovery of the identity of a strain misclassified as M. 
tuberculosis

 Whole-genome sequencing of bacterial type strains enables the 
elucidation of the true relationships between species and strains
• Modernize taxonomic relationships using complete genetic 

information
• Develop detailed phylogenomic trees
• Determine the identity of unknown sequenced samples
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