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Outline

• The Why of microbial taxonomy
• The importance of taxonomy for the regulation of plant 

pathogens and biological control organisms
• The promise of genome-based taxonomy
• The LINbase/genomeRxiv web server to implement genome-

based taxonomy



Taxonomy
• The most common what

definition of taxonomy: the 
science of (discovering), 
describing, classifying, and 
naming organisms (life forms).
• But why do we need 

taxonomy?
• … clear communication about 

organisms

www.britannica.com



Example 1

• discovering that some bacteria cause the highly fatal disease anthrax
• describing bacteria that either cause or do not cause anthrax
• group the bacteria that cause anthrax together in one group/class/taxon
• name that group Bacillus anthracis
• When I publish a scientific article about Bacillus anthracis, other 

scientists have no doubt about what organism I am talking about.

www.health.ny.gov



Example 2
sarcasm alert!

• discovering that some bacteria live in the intestin
• describing bacteria that either live in the intestin or not
• group the bacteria that live in the intestin as one group/taxon
• name that group Escherichia coli.
• When I publish a scientific article about Escherichia coli, other 

scientists have no doubt about what organism I am talking about.



What I really need to know:

• Is it pathogenic?
• If yes, what disease does it cause?
• Urinary tract infection? Hemorrhagic diarrhea?
• What is the treatment?
• How can I contain an outbreak?

• Or, is it beneficial?
• What is the benefit?
• Is it safe?

www.redcross.ca



Shouldn’t taxonomy define classes for which 
the answer to these questions is clear?



Why do we need taxonomy: Identification

• the science of assigning an organism to a group/class/taxon that is 
circumscribed in such a way that being identified as a member 
predicts the organism’s characteristics that distinguish it from all 
organisms that are outside of that group.

?

organism

group/class/taxon

characteristic: fragile

Other groups: non fragile



The Why definition of taxonomy: Identification

• For a group to be useful, it should have characteristics that are 
relevant to science and/or society so that research can be performed 
or fast and effective action can be taken after identification occurred.

?

organism

group/class/taxon

characteristic: pathogenic

Other groups: non pathogenic



The Why definition of taxonomy: Identification

• For effective science and action to occur, we need coordination and 
collaboration, for which we need clear communication. Therefore, we 
need such groups to have unique names and/or identifiers. 

?

organism

group/class/taxon
unique and stable name: X Y; unique ID: 1234 

characteristic: pathogenic

Other groups: non pathogenic



Taxonomy needs to be fast: Novel Coronavirus nCoV2019

• The first few weeks after the sequence of SARS-CoV-2 had been obtained, 
nobody knew what to call it.
• The first reports about this new virus referred to it as “Novel Coronavirus” 

or “nCoV2019”
• We had to wait for a taxonomic committee to decide what to call it
• Only after that committee met, we got a name for the pathogen and the 

disease
• Because it took weeks, none of the early communication included the 

terms “SARS-CoV-2” and “COVID-19”
• You cannot use these search terms to google and find early reports!
• We need faster taxonomy! We need immediate classification and names!



How to evaluate the quality of taxonomy?

• Does it allow me to identify an organism in a way to predict relevant 
characteristics that I need to know to perform scientific research, 
reap benefits, protect from danger, establish effective regulations that 
maintain human and environmental health, … and so on.
• Current rank-based taxonomy using the species as basic unit 

definitely plays an important part in all that but it is not enough.



Today’s taxonomy – the operational species concept

Strains with
different phenotypes

Genus 1 species 2

type strain 2 <95% ANI
and different
in at least one

diagnostic phenotype

type strain 1

Genus 1 species 1

>95% ANI and share at least one diagnostic
phenotype

ANI: Average Nucleotide Identity

pathogen

beneficial bacteria



One size does not fit all …

pathogenic

non-pathogenic



Genus 1 species 1

Genus 1 species 2

Genus 2 species 1

Genus 1 species 4

Genus 1 species 5

Genus 1 species 6

Genus 1 species 7

One size does not fit all …

pathogenic

beneficial



Species and regulatory agencies
• Regulators rely on named species, for example, see the select agent list:

https://www.selectagents.gov/SelectAgentsandToxinsList.html

R. solanacearum

cool-virulent



So what do we need to do?

• Discovery: there are cool-virulent R. solanacearum strains
• Description/phenotyping: which strains of R. solanacearum are cool-

virulent and which are not?
• Classification: precisely define/circumscribe the group of R. 

solanacearum strains that are cool-virulent and the ones that are not.
• Naming: give this group a unique name/ID to communicate about it.
• Identification: provide tools to quickly and easily identify a bacterial 

strain as a member of the cool-virulent group of R. solanacearum
• Spoiler alert: it will not be a species with a 95% ANI threshold and 

will not have a latin genus species name!
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The challenge with plant-beneficial bacteria
• Plant-beneficial bacteria are sometimes closely related to plant 

pathogens and even to human pathogens, for example, bacteria in the 
genera Burkholderia and Bacillus.
• This is a problem, in particular, when trying to register and 

commercialize biological control agents.
• Today’s genera and species are not precise enough to develop 

regulations that reflect risk.
• We need named groups with distinct phenotypes that we care about 

because they affect human, animal, and plant health.
• Careful phenotyping is necessary to do this!



The Life Identification Number® (LIN®) concept
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What are LINs?
• Stable and unique codes that are:
• assigned to individual organisms (for example, bacterial isolates)
• based on a measure of genome similarity, such as average nucleotide identity (ANI) 
• informative of the similarity of an organism’s genome to the genomes of all other 

organisms.

• Codes consist of a series of positions, each expressing a different threshold of 
genome similarity.
• The more similar the genomes of two organisms are, the more similar the 

LINs of the two organisms are.
• Importantly: instead of a single species threshold of 95% ANI, LINs have 

many ANI thresholds to circumscribe groups of many different breadths!



ANI thresholds used in current LIN implementation

• LINs are informative of precisely how similar genomes are to each other.
• LINs are indices that automatically organize individual genomes in a database 

based on reciprocal similarity (expanding hierarchical taxonomy from the 
species almost to the individual).

within-species thresholds!



but how can LINs be used 
to describe groups of organisms that need to be 

regulated?

and how can LINs be used 
to precisely identify unknown organisms as members of 

groups (that have phenotypes we care about)?



LINgroups:

any group of related organisms
(that share the same LIN over a number of positions)



LINgroup concept

Genomes T* A B C D E F G H I
G1 No 0 0 0 0 0 0 0 0 0
G2 No 0 0 0 0 0 0 1 0 0
G3 No 0 0 0 0 0 0 2 0 0
G4 No 0 0 0 0 0 1 0 0 0
G5 No 0 0 0 0 0 1 0 0 0
G6 No 0 0 0 1 0 0 0 0 0
G7 Yes 0 0 0 1 0 1 0 0 0
G8 No 0 0 0 2 0 0 0 0 0
G9 No 0 0 1 0 0 0 0 0 0

LINgroup:	0A0B0C0D0E0F
Comment:	Chile	outbreak	2010	-
2014

LINgroup:	0A0B0C0D0E
Nickname:	pathovar actinidiae

LINgroup:	0A0B0C
Species:	Pseudomonas syringae

Figure	2

LINgroup:	0A0B0C0D0E1F
Comment:	Italy	outbreak	2008	-
2010

Ralstonia solanacearum species complex

Ralstonia solanacearum species

Ralstonia solanacearum
Phylogroup IIA

Ralstonia solanacearum
Phylogroup IIB; cool virulent lineage



LINgroups fit all sizes

Genus 1 species 1

Genus 1 species 2

Genus 2 species 1

Genus 1 species 4

Genus 1 species 5

Genus 1 species 6

strain A 

strain B 

strain C 

3A0B1C0D0E0F0G0H0I

1A0B1C0D0E0F

3A0B1C0D0E0F8G

3A0B2C0D0E0F0G0H1I

3A0B2C0D0E0F0G0H2I

3A0B2C0D0E0F0G

3A0B0C0D4E0F0G0H0I

3A0B2C0D0E0F0G1H0I

3A0B0C0D4E0F0G0H0I0J0K1L

3A0B0C0D4E0F0G0H0I0J2K0L

3A0B0C0D4E0F0G0H0I0J2K1L

3A0B1C0D0E0F4G0H0I

3A0B1C0D0E0F4G0H0I3J pathogenic

non-pathogenic



LINs and LINgroups have been implemented in: 

LINbase



linbase.org





Describing a LINgroup



A user can select the conserved LIN positions for strains that are cool-virulent …



The user enters a name, a description,
and possibly the URL of a relevant publication …

The LIN is the immediately assigned “real” name/identifier of the group

this name is not that important 
because the LIN is the stable identifier

Only as good as the phenotyping!



Identifying an unknown using a genome sequence



Next time a LINbase user queries LINbase with the genome of an unknown isolate 



The user will get the search result that the unknown isolate is a member of the newly described LINgroup.
… NCBI does not give membership; MiGA and GTDB do, but only to the species rank.



There is no genome-based taxonomy without 
phenotyping

• There is no genome-based taxonomy without extensive phenotyping
• I need to know exactly which group of strains is cool-virulent and 

which is not.
• Only after I have the reliable phenotypic data, can I make the precise 

circumscription.
• For biosecurity this means, “someone” needs to fund the research to 

do the tedious phenotyping for pathogens and beneficials so that we 
can go from reliable description to precise classification to precise 
identification to effective regulation leading to effective action!



LINbase is becoming the genomeRxiv

• Currently, LINbase contains ~25,000 genome sequences, 20,000 
species circumscriptions, a few dozen within-species pathogen groups
• It is functional and open to use but somewhat glitchy and slow
• LINbase will become genomeRxiv:
• All high quality, public genome sequences
• Simultaneous identification based on validly published species (NCBI taxID), 

GTDB species clusters, and specialty within-species groups
• Fast identification and sharing of genome signatures (no need to share 

unpublished genome sequences)
• Alerts to users when similar signatures are uploaded by other users: 

collaborations; outbreak discovery
• Primers for selected groups for genome-independent identification
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"For every complex problem there 
is an answer that is clear, simple 

and wrong" by H.L. Mencken

linbase.org @vinatzerLab vinatzer@vt.edu


