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There are currently more than 35,000 publicly available com-
plete or near-complete genome sequences of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) (as of 

1 June 2020) and the number continues to grow. This remarkable 
achievement has been made possible by the rapid genome sequenc-
ing and online sharing of SARS-CoV-2 genomes by public health 
and research teams worldwide. These genomes have the potential 
to provide invaluable insights into the ongoing evolution and epi-
demiology of the virus during the pandemic and will likely play an 
important role in surveillance and its eventual mitigation and con-
trol. Despite such a wealth of data, there is currently no coherent 
system for naming and discussing the growing number of phyloge-
netic lineages that comprise the population diversity of this virus, 
with conflicting ad hoc and informal systems of virus nomencla-
ture in circulation. A nomenclature system for the genetic diversity 
of SARS-CoV-2 (a clade within the family Coronaviridae, genus 
Betacoronavirus, subgenus Sarbecovirus, species Severe acute respi-
ratory syndrome-related virus1) is urgently required before the scien-
tific literature and communication become further confused.

There is no universal approach to classifying virus genetic diver-
sity below the level of a virus species2 and this is not covered by the 
International Committee on Taxonomy of Viruses. Typically, genetic 
diversity is categorized into distinct ‘clades’, each corresponding to 
a monophyletic group on a phylogenetic tree. These clades may 
be referred to by a variety of terms, such as ‘subtypes’, ‘genotypes’, 
‘groups’, depending on the taxonomic level under investigation or 
the established scientific literature for the virus in question. The 
clades usually reflect an attempt to divide pathogen phylogeny 
and genetic diversity into a set of groupings that are approximately 
equally divergent, mutually exclusive and statistically well sup-
ported. Therefore, all genome sequences are allocated to one clade or 
provisionally labelled as ‘unclassified’. Often, multiple hierarchical  

levels of classification exist for the same pathogens, such as the 
terms ‘type’, ‘group’ and ‘subtype’ that are used in the field of human 
immunodeficiency virus research.

Such classification systems are useful for discussing epidemi-
ology and transmission when the number of taxonomic labels is 
roughly constant through time; this is the case for slowly evolv-
ing pathogens (for example, many bacteria) and for rapidly evolv-
ing viruses with low rates of lineage turnover (for example, human 
immunodeficiency virus3 and hepatitis C virus4). In contrast, some 
rapidly evolving viruses such as influenza A are characterized by 
high rates of lineage turnover, so that the genetic diversity circulat-
ing in any particular year largely emerges out of and replaces the 
diversity present in the preceding few years. For human seasonal 
influenza, this behaviour is the result of strong natural selection 
among competing lineages. In such circumstances, a more explicitly 
phylogenetic classification system is used. For example, avian influ-
enza viruses are classified into ‘subtypes’, ‘clades’ and ‘higher-order 
clades’ according to several quantitative criteria5. Such a system can 
provide a convenient way to refer to the emergence of new (and 
potentially antigenically distinct) variants and is suitable for the 
process of selecting the component viruses for the regularly updated 
influenza vaccine. A similar approach to tracking antigenic diver-
sity may be needed to inform SARS-CoV-2 vaccine design efforts. 
While useful, we recognize that dynamic nomenclature systems 
based on genetic distance thresholds have the potential to overac-
cumulate cumbersome lineage names.

In an ongoing and rapidly changing epidemic such as 
SARS-CoV-2, a nomenclature system can facilitate real-time epide-
miology by providing commonly agreed labels to refer to viruses 
circulating in different parts of the world, thereby revealing the links 
between outbreaks that share similar virus genomes. Furthermore, a 
nomenclature system is needed to describe virus lineages that vary 
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“There is no universal approach to 
classifying virus genetic diversity below the 
level of a virus species2, and this is not 
covered by the International Committee on 
Taxonomy of Viruses (ICTV)”

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7610519/
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Overview

• Pango Lineages for MPXV
• Generalized definitions
• Challenges

pangō
verb (latin)

I fix, set or record



Case Study: MPXV



2022

MPXV

Happi C, Adetifa I, Mbala P, Njouom R, Nakoune E, Happi A, et al. (2022) Urgent need for a non-
discriminatory and non-stigmatizing nomenclature for monkeypox virus. PLoS Biol 20(8): e3001769. 
https://doi.org/10.1371/journal.pbio.3001769



2022

hMPXV1

Fine-scale

Alias introduced earlier

A.2 and B.1 both 
associated with 
samples from 2022 

Happi et al, PLoS Biol (2022)



2022

hMPXV1

Maintenance?

Happi et al, PLoS Biol (2022)



2022



Definitions
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Definition of the Pango Lineage system

Pango lineages are designated for the purpose 
of aiding genomic epidemiology

There is no requirement for an “even” 
distribution of lineages
It is not necessary to designate everything

Pango lineages provide a fine-scale, hierarchical partition of the 
phylogenetic tree(s)
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The lineage name should not encode any other features



Definition of the Pango Lineage system

A lineage is entirely defined by the set of designated sequences 
which represent that lineage



Definition of the Pango Lineage system

A lineage is entirely defined by the set of designated sequences 
which represent that lineage, 

i.e. it is the set of sequences which belong to the minimal clade containing the 
designated sequences



Lineage definitions may need to change

Data available at time 1 Data available at time 2



Criteria for New Lineage (Original)

A new lineage must meet all of the following criteria: 
(a) it exhibits one or more shared nucleotide differences from the 

ancestral lineage
(b) it comprises at least five genomes with >95% of the genome 

sequenced
(c) genomes within the lineage exhibit at least one shared nucleotide 

change among them
(d) a bootstrap value >70% for the lineage-defining node
(e) represent emergence from an ancestral lineage into another 

geographically distinct population



Criteria for New Lineage (Generalized)

A new lineage must meet all of the following criteria: 
(a) it is genetically distinct from the ancestral lineage
(b) there are sufficient high-quality genomes to evaluate
(c) there is evidence of onward transmission in the community
(d) the lineage defining node must be well supported
(e) represent an epidemiologically-relevant event
 



Epidemiological events
Intro into new 
region and onward 
transmission

Change in phenotype

Fr
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y

Rapid growth compared 
to other lineages

A recombination or 
reassortment event

Set of interesting mutations



Starting

Set an initial time point. 
At this cut-off, each 
phylogenetically distinct 
cluster of sequences 
should each be given an 
alphabetic lineage name 
A, B, …

A
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Aliases

To maintain human-readability, we recommend using aliases after 2 
or 3 sub-levels
e.g.       B.1.1.1 = C.1
       or   B.1.1.1.1 = C.1



Recombination

Recombination is an epidemiologically relevant event
Given that there is not a single ancestral lineage, a new lineage is 
given the next available X-prefixed lineage name



Lineages are defined after a host-jump

A Pango lineage nomenclature should be (at least) specific to a 
single host-jump. 



Repeated zoonoses 

Each new outbreak qualifies for a new Pango lineage system
e.g. the next MPXV spillover into humans which causes a big enough 
outbreak would generate a nomenclature for hMPXV2



Reassorting viruses

The nomenclature should be based on the phylogeny for a single 
segment. If there is a strong reason to do so, a second 
nomenclature could be created for the phylogeny corresponding to 
a second segment.
e.g. flu could have a nomenclature for just HA or also NA



Reassorting viruses

The nomenclature should be based on the phylogeny for a single 
segment. If there is a strong reason to do so, a second 
nomenclature could be created for the phylogeny corresponding to 
a second segment.
e.g. flu could have a nomenclature for just HA or also NA

Reassortment events of other segments would qualify as an 
epidemiological event leading to a new lineage designation.
Reassortment within the representative segment would result in an 
X-prefixed lineage designation



Endemic viruses

There maybe specific cases where we want to track an endemic 
virus in fine scale, e.g. in response to a new treatment/vaccine
We do not recommend recreating the full history of the phylogeny 
with lineage designations, but instead identify an initial time cut-off 
and split the phylogeny of sequences circulating after that time into 
lineages A, B, C, …



Variants

A variant has a specific signature of mutations 
Lineages tracking may help identify potential variants
BUT not all variants are lineages



Homoplasies (e.g. D614G)



Variants

A variant has a specific signature of mutations 
Lineages tracking may help identify potential variants
BUT not all variants are lineages

Variant typing needs to be explicit about the defining mutations (ref, 
alt, ambiguous) e.g. scorpio



Challenges







Evolution? 



Does the virus have sufficient diversity?

Short generation times
High mutation rates
Small genome size

Not all DNA viruses will 
accumulate sufficient 
diversity to track over 
short time scales

Eddie Holmes, 2009 PNAS



How much recombination/reassorment?

These make phylogenetic methods challenging



What sort of tree?

FastTree2



What sort of tree?

FastTree2

How much virus diversity?
How many sequences?



Can we automate tree construction?



Can we automate tree construction?

Low-coverage calls to 
reference

Amplicon dropouts

Contamination vs recombination

What is the true tree?



Can we automate lineage designation?

Variant Spotter Community
Cornelius Roemer
Federico Gueli
Xu Zou

Ryan Hisner
Yat-sing Ng

…and more



Can we automate lineage designation?



Without bias?

Chen, Z., Azman, A.S., Chen, X. et al. Global landscape of SARS-CoV-2 genomic surveillance and data 
sharing. Nat Genet 54, 499–507 (2022).



We can’t avoid manual input…



We can’t avoid manual input…

…so it needs to be worth it



utility

workload

endemic 
respiratory 
viruses

small 
outbreak of 
filovirus

HIV

hMPXV1

SARS-CoV-2
arbovirus with 
new vaccine

Can we make a Pango Lineage nomenclature (is the viral evolution on the scale required)?
Would “a tree” be sufficient for this (eg small outbreak transmission chains)?
What is the utility gained by using Pango Lineages (are we searching for new variants, global transmission chains, immune escape)?

measles
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