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Introduction

What is This Thing?

The Euclid plugin is a sort of quality control utility for clustering. In it there are imbedded two algorithms:

e ClustRCheck checks the modality of populations accross a range of parameters. Modality is defined
as the result of a “DipTest” which looks for saddlepoints in data to determine if there may be extra
heterogeneity within some parameters per cluster that could indicate the presence of deeper sub-
populations.

e Taylor Index is an algorithm and a set of statistics for checking the separation between populations
in N-Dimensional space. In otherwords its like a Stain-Index but more extensible. The TaylorIndex of
a clustering in high parameter space can illustrate the relatedness of populations in terms of similar
expression profiles, it can also be used as a means to guague the goodness of clustering results relative
to other outputs, or dimensionality reduction relative to a set of control clusters.

Workflow

SetUp

Make sure R is installed on your computer and that the R path is set in the diagnostics section of FlowJo or
SeqGeq’s preferences. For more information on general plugin setup, see technical documentation available
here: http://docs.flowjo.com/d2/plugins/installing-plugins/

Load the plugin into your plugins folder, and restart the application (FlowJo or SeqGeq) to make the option
available within the plugins dropdown. Selecting a clustering parent population of interest, and choosing
‘Euclid’ from the Plugins dropdownlist will launch the parameter selection dialog:

Option to export statistical values
in CSV format to the Downloads
folder (unchecked by default)

Parameters to measure cluster
resolution and modularity within.
This can be DimRedux space
(such as tSNE) or high
parameter space (e.g. AbSeq
parameters).

l Clustering (aka "categorical")
p to be measured.



http://docs.flowjo.com/d2/plugins/installing-plugins/

Note: Researchers can choose to run either the ClustRCheck, or TaylorIndex algorithms. They also have
the option to export a set of statistical outputs as CSV files.

Outputs

When the plugin is finished running it will create a new layout to display both ClustRCheck and Taylorldex
heatmaps:

e0e SeqGeq Layouts: Euciid_Benchmarking_rev10.geq

Resolution Index of Phenograph_AF7D Pairs
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If statistical outputs are requested, the plugin will prompt researchers to open these files within a file browser
window automatically when the calculation is completed.



Use Cases

Clustering may be performed on the same datset multiple times, and knowing which clustering best separates
populations from high parameter space can be a challenge. In other cases, some researchers will recurssivly
run dimensionality reduction in order to find the option that best fits their data. If there exsists a set of
clusters of interest in high dimensionality space, checking the resolution of those clusters within any 2D (or
even 3D) embeded space can indicate the “best” option to use for displaying those clusters.

1. Discovering Deeper Subpopulations with ClustRCheck

Below we can illustrate that a population showing low modality in Principal Components (PCs) 15 and 5 is
less heterogenious than one with high modality scores for the same PCs:

Modality Score of k60

Parameters

PC

2. Comparing Clustering Results using Taylor Index

Using the Taylor score (grey line) for a set of Phenograph clustering results from calculations with different
KNN values, we can pick out the clustering which gives the best separation of populations overall, while still
preventing overclustering:

Effect of Cluster Number on Overall Resolution Score

Maximum
Resolution\

1 2 3 4 5

—+#Clusters RISum ——RFactor¥*100 ——ResScore



https://www.flowjo.com/exchange/#/plugin/profile?id=1

3. Testing the Best Dimensionality Reduction Outputs with Taylor Index

Using the same “optimal” clustering as in the benchmarking above, we can then test which dimensionality
reduction maximizes clustering resolution in embeded spaces: tSNE, UMAP, or TriMap:

Optimal Separation
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Resolution Score: 210.14 Resolution Score: 207.43
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Background

ClustRCheck
The DipTest is a well known and powerful algorithm. To learn more, read up on this topic, here:

Jonathan B. Freeman & Rick Dale. Assessing bimodality to detect the presence of a dual cognitive process.
psych.nyu.edu/freemanlab/pubs/2012_BRM.pdf. Behav Res, 2012

This is the mathematical basis on which the ClustRCheck algorithm runs.

TaylorIndex

The TaylorIndex is a mathematical construct invented and promoted by some of the researchers at BD Life
Science - Informatics (formerly FlowJo, LLC). It is meant to provide similar information as compared to
a Stainlndex but with the added advantages that it is extensible to N-Dimensional space, and takes into
account the width of both positive and negative populations.

A TaylorIndex is calculated for a pair of populations very simply by:

1. First obtaining the width (Distance) of clusters in terms of a robust standard deviation (intracluster-
distance), and their mean centroid position in high dimensional space. Here is a rough example
illustration of such a calculation in 2D space:
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Note: The width/hieght of gates above illustrate the standard deviation for CD4/CD8 space in each of three
populations, black crosses indicate the location of centroids


http://docs.flowjo.com/d2/advanced-features/dimensionality-reduction/tsne/
https://www.flowjo.com/exchange/#/plugin/profile?id=6
https://www.flowjo.com/exchange/#/plugin/profile?id=36
http://psych.nyu.edu/freemanlab/pubs/2012_BRM.pdf

2. Calculating the distance between pairs of clusters (intercluster-distance) in high dimensional space:
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3. Taking the ratio of inter-/intra-cluster distances. Example in the 1D case:

Mean SD
0 CD197- 0.0 0.0
O CD197+ 3.2 1.2
0 Gate 0.8 23

500 7
400 1

3007
CD197- CD197+
347 65.3
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Count

2004

100 7

CCR7 (AbSeq)

XclustOl - Xclust02

A TaylorlndeX = TIciustolvsClusto2 =
( ) ¢ ! SDclustOl + SDclustOQ

4. Overall TaylorScore is calculated in the folowing equations from a combination of important factors
from clustering: number of clusters, number of events, number of parameters used for clustering, as
well as the SUM of resolution scores:

(B) TaylorFactor = TF = @100
p

n choose 2

(C) TaylorScore = log Z TI(Z‘) . T FAdjustmentFactor

x=ClustPair

x  m = number of cells; n = number of clusters; p = number of features (aka parameters);

recommended adjustment factor = 0.7



Trouble-Shooting

Common issues researchers might run into when using the Euclid plugin include:

e Trouble setting up or running R based plugins. Euclid should automatically install its own dependan-
cies, however if you need to manually install R packages, these are the required packages: devtools,
tidyverse, clustRcheck, dplyr, tidyr, ggplot2, viridisLite, ggnewscale, ggfittext.

Help

If you have additional questions don’t hesitate to reach out: flowjo@bd.com


mailto:flowjo@bd.com
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