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Misty Mountain clustering/automated gating:

- unsupervised

- unbiased for cluster shape

- fast (run time increases linearly with
the number of data points)

- high clustering accuracy in multiple
“gold standard tests”



Steps of Misty Mountain clustering

The multi-dimensional data is first processed to
generate a histogram containing an optimal
number of bins by using Knuth’'s data-based
optimization criterion.

Then cross sections of the histogram are created.
The algorithm finds the largest cross section of
each statistically significant histogram peak.

The data points belonging to these largest cross
sections define the clusters of the data set
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Knuth’s data-based binning for histogram

The N that maximizes the following function is the optimal bin number
along each coordinate axis:

log p(N |d) =

ND
nlog N” +1ogT" (0.5N" )~ N” logI'(0.5) ~log I'(n+0.5N ") + " log['(n, +0.5) + const.

k=1
n = number of data points

n, = number of data points in the k-th bin
D = dimension of the data space
p(N|d) = probability for the number of bins of similar shape at given data d.

I'(x) = gamma function



Misty Mountain clustering
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APC-Cy7

A Expert Manual Gating: 6 minutes B Misty Mountain: 10 seconds

Comparison of different methods by clustering the
same 2D barcoding data set
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Comparison of clustering accuracy

Clustering Clustering accuracy
Method sensitivity (%) | specificity (%)
Misty Mountain 100 100
20° 33°
FLAME 60P 50b
45" 60"
flowClust 60°" 55b*
flowMerge 25 45
flowJo 45 47

... .. # of correctly assigned -clusters
sensitivity=

# of clusters in gold standard

.. .. # of correctly assigned clusters
specificity=

total # of assigned clusters

Gold standards were independent expert manual clustering
for 2D barcoding data.




Serial vs. Parallel Clustering

Model based clustering requires serial
clustering for all cluster numbers within a
user defined interval. Then the optimal
cluster number is selected by an
information criterion.

Misty Mountain is a parallel clustering
method that finds every cluster after
analyzing only once the cross sections of
the histogram




Performance of Misty Mountain clustering in

flowCAP challenges #1
Stem GvHD | DLBCL
(D=4) (D=4) (D=3)
Number of data sets 30 12 30
Average CPUperdata | 5g4 | 0623 | 0.184
set (sec)
Total CPU for all data g 57 7 48 557
sets (sec)
Cluster # deviates by 0 67% 479, 40%
from manual clustering
Cluster # deviates by 1 279 580/ 439,
from manual clustering
Cluster # deviates by 2 6% 0% 17%

from manual clustering
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Comparison of different methods by clustering the
same 4D OP9 data set

Comparison of clustering accuracy
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Manual gating of 4D OP9 data set

A) 4 clusters were gated in the APC/PE CY7 plane, B-E)
elements of each of the 4 clusters are projected into the
PerPC-CY5/FITC plane. In this plane only one of the four
clusters splitted into two clusters, while the others remained
single clusters. Thus the manual gating identified 5 clusters
total.

Clustering
Clustering accuracy Cluster | CPU
Method o spec | number | (sec)
sens (%) (%)
Misty 5
Mountain 100 100 3.6
60 75 4
flowClust 60 33 ] 3660
flowMerge 25 45 7 8400
... . _# of -correctly assigned clusters
sensitivity=

O
specificity=

of clusters in gold standard

of correctly assigned

clusters

total # of assigned

clusters

Gold standards were independent expert manual clustering
for 4D OP9 data.
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Goal of the cluster analysis

Select from the experimental data
separated clusters of data points where
each cluster characterizes the respective
group of data points



