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Note Bauer et al 2020 “Supporting pandemic response using genomics and 
bioinformatics: a case study on the emergent SARS-CoV-2 outbreak” 

A challenge for vaccine development is choosing the right strains to avoid 
establishing models with strains that are not representative of the circulating 
virus population. 

Bauer et al highlighted the need “to identify the most representative strains 
for animal models and pre-clinical research…”

They noted -
“..the assumption that current animal models adequately cover the 
evolutionary space of the actively circulating virus might be misleading as the 
PCA plot indicates (Figure 4B). Here the top-left and bottom-right areas seem 
to be underrepresented.”



An existing  “p-median” approach can assess 
representativeness in the PCA ordination of Bauer et al.

Faith and Walker (1996) developed a method based on 
p-median, called  “environmental diversity” (“ED”). 
ED searches for sets of sites/points in an environmental 
space to maximally represent underlying units (species). 

They proved that only p-median will maximise 
representation of such units, under a general unimodal 
distribution model for the uniits.



Hollow dots are 
different sequences in 
the 2 dimensional space

Solid dots are used to 
uniformly fill the space. 
Each is called a 
“demand point”. The 
circles represent 
examples of traits 
distributed throughout 
the space – we hope to 
represent all these

red dots are candidate  
vaccine sequences, 
selected from among all 
hollow dots
We assess how 
representative this set is 
by looking at the 
demand points

The ED assessment of 
representativeness uses 
the p-median  - we draw a 
line from each  demand 
point to its nearest 
selected sequence 
(nearest red dot). The sum 
of these lengths  is small if 
the set is representative

The ED use of p-median to assess representativeness



ED p-median analysis for the 2 dimensional space (fig. 4b) from Bauer et al 2020. 
Representativeness of those 2 sequences (green dots) already selected for vaccine 
models.  Long lines to “demand points” indicate the space is poorly represented.  



ED p-median analysis for the 2 dimensional space (fig. 4b) from Bauer et al 2020. 
Representativeness improved after selecting two more sequences (green stars).  
Shorter lines to “demand points” show the space is better represented.   



Typicality/atypicality uses “discrete” ED p-median, for 2 dimensional space (fig. 4b) of 
Bauer et al 2020. Sequences form “demand points”, and may be weighted by abundance. 
Long (vs short) lines indicate atypicality (vs typicality) of 1 or more selected sequences.

Focus  on the 
green-brown 
SARS-CoV-2 
sequences. 
Ignore other 
labels

A sequence 
selected from 
the upper left 
corner is 
atypical, as 
reflected in the 
long lines

A sequence 
selected from 
the center
area is typical, 
as reflected in 
the shorter 
lines

These 2 selected 
sequences are 
collectively 
typical, as 
reflected in the 
short lines

(not all lines shown)



Concluding observations

A natural property of ED is its applicability to more than 2 dimensions.

The associated p-median is the sum of the distances from each sequence to its 
nearest demand point.  For representativeness, demand points are on a uniform 
grid in the n-dimensioal space; for typicality, they are actual sequences.

Representativeness, of one or more selected sequences, is greater if  the p-median 
is smaller. Best addition to a given set is the one that best reduces the p-median.

Typicality, of one or more selected sequences, is greater if the p-median is smaller. 
Best addition to a given set is the one that best reduces the p-median. 
Atypicality of a given sequence is large if the corresponding p-median is large.

Typicality may directly use the distances, not the space, generalising the idea of 
“centralized sequences”
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