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1. What is unmixing-dependent spreading (UDS)?

2. How can we predict UDS?

3. How can we use the Hotspot Matrix to make better panels?

4. How can we understand UDS intuitively?

What is UDS?

June 4, 2025Spectral hotspot analysis reveals 
unmixing-dependent spreading
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Charts indicate estimated quantities. Historical information collected from 
publicly available sources and internal BD records

Why is it hard to make a big panel?

Panel size:
50C

Detectors:
184ch/7L

Fluorochromes:
220+

2018

2018
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Unmixing-dependent spreading (UDS) 
occurs in many large spectral panels

Expand panel
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Unmixing-dependent spreading (UDS) 
occurs in many large spectral panels

Sony ID7000 BD FACSDiscover S8

Same raw dataSame raw data
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Unmixing-dependent spreading: 

Change in variance (spread) of an unmixed 
parameter when the same raw data is unmixed 
using different spectral matrices containing:

• different set of fluorochromes and/or
• different numbers of fluorochromes

When should you be worried about UDS?

• You are making a really big panel

• You are doing something wrong by accident

• You are doing something wrong on purpose
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1. What is unmixing-dependent spreading (UDS)?

2. How can we predict UDS?

3. How can we use the Hotspot Matrix to make better panels?

4. How can we understand UDS intuitively?

How can we predict UDS?
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UDS tends to occur in spectral “hotspots”
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Let’s take a reasonable 39C panel and try to add a color:
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UDS tends to occur in spectral “hotspots”
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Unmixing spreading error (USE):
Ratio of unmixed rSD, 40C unmixing vs 1C unmixing
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UDS tends to occur in spectral “hotspots”
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UDS is difficult to 
predict with cosine 
similarity and 
condition number 
(complexity) alone
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Cosine similarity tells us which 
pairs might have a problem – 
but not which ones actually do

Condition number (complexity) 
tells us if a problem exists, but 
not where it is
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The Hotspot Matrix 
directly predicts UDS
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• Based on predicted covariance matrix
• Math available in the preprint:
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UDS has been seen before: 
variance inflation and 
collinearity in multiple regression

Table of unmixing metrics, mathematical 
definitions, and statistical references
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1. What is unmixing-dependent spreading (UDS)?

2. How can we predict UDS?

3. How can we use the Hotspot Matrix to make better panels?

4. How can we understand UDS intuitively?

How can we use the 
Hotspot Matrix to make 
better panels?

June 4, 2025Spectral hotspot analysis reveals 
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Iterative improvement and expansion 
with Hotspot Analysis
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Iterative improvement and expansion 
with Hotspot Analysis

June 4, 2025Spectral hotspot analysis reveals 
unmixing-dependent spreading

For research use only. 
Not for use in diagnostic or therapeutic procedures.

Mage, Konecny and Mair, preprint (2025). doi: https://doi.org/10.1101/2025.04.17.649396



18

Iterative improvement and expansion 
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Iterative improvement and expansion 
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Iterative improvement and 
expansion with Hotspot Analysis
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No obvious hotspots remain
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Iterative improvement and 
expansion with Hotspot Analysis
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Expand by adding 5 colors that 
minimize creation of new hotspots
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1. What is unmixing-dependent spreading (UDS)?

2. How can we predict UDS?

3. How can we use the Hotspot Matrix to make better panels?

4. How can we understand UDS intuitively?

How can we understand 
UDS intuitively?
i.e., why does it happen in the first place?

June 4, 2025Spectral hotspot analysis reveals 
unmixing-dependent spreading
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Collinearity in 2D – Too much stretching “stretches” out our noise

Raw data (biex inset)

Raw data (biex inset)

Unmixed data (biex inset)

Unmixed data (biex inset)

Non-collinear 2x2 spectra

Fluor 2: PE

Fluor 1: BB515
81.4°, CS=0.15

Collinear 2x2 spectra

Fluor 2:
Spark Blue 515

Fluor 1:
BB515

2.4°, CS=0.999

Unmixing stretches space to 
decorrelate data
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“Detector space” “Fluor space”
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𝒚𝒚 = 𝑿𝑿𝑿𝑿 �𝒇𝒇 = 𝑿𝑿−𝟏𝟏𝒚𝒚
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Collinearity in 3D – Too much stretching “stretches” out our noise

2 fluors (non-collinear)
3 detectors

3 fluors (collinear)
3 detectors

Unmixed data (biex inset)

Unmixed data (biex inset)

2 fluors (non-collinear)
3 detectors

3 fluors (collinear)
3 detectors

Raw data
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“Detector space” “Fluor space”

Unmixing stretches space to 
decorrelate data
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�𝒇𝒇 = 𝑿𝑿†𝒚𝒚𝒚𝒚 = 𝑿𝑿𝑿𝑿
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Collinearity occurs when N spectra can be described with <N dimensions

R
2 
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Collinear spectra (red neighborhood) Collinear spectra (blue neighborhood)
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Understanding UDS in terms of collinearity lets us do cool math
Variance Decomposition Proportion analysis (VDP)
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Find the singular value 
decomposition (SVD) 
components that are 
involved in collinearity

1

Check which fluorochromes have most of their 
variance explained by a common SVD component

2

3
Identify collinear groupings, 
even when multiple overlap
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BD flow cytometers are Class 1 Laser Products.

For Research Use Only. Not for use in diagnostic or therapeutic procedures.

BD, the BD Logo, BD CellView, BD FACSDiscover, BD Horizon RealBlue, BD Horizon 
RealYellow, FACS and SpectralFX are trademarks of Becton, Dickinson and Company or its 
affiliates. All other trademarks are the property of their respective owners. © 2025 BD. All 
rights reserved. 

CF is a trademark of Biotium, Inc. Cy is a trademark of Global Life Sciences Solutions 
Germany GmbH or an affiliate doing business as Cytiva.
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Questions?
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