Supplementary materials

For the paper “Combining Neural Networks, UMAP, and DBM Clustering to Identify Cell

Populations Accurately, Quickly and Easily in Mass and Fluorescence Cytometry”

1. Datasets Description

To enable an undistracted bioinformatics focus, we evaluate our pipeline using the manual
gating and datasets shown in 9 peer-reviewed biology publications. Five of these datasets are
collected on conventional cytometers, three on mass cytometers, and one on a spectral
cytometer.
The first five datasets listed below are OMIP protocols, which are special peer-reviewed
Cytometry Part A publication-type optimized multicolor panels for flow cytometry.
1. OMIP-04419
a. Standard 28-color protocol for the human dendritic cell compartment on a
conventional cytometer.
b. Manual gating uses 14 markers to define 13 cell populations.
c. LDA and MLP test with 2-fold cross validation on1,966,719x1,966,718 training x
test set cells. We use 2 of their 6 samples which each contain 2.5 million cells
i. samples_AllCells A5807 part1_030.fcs
i. samples_ FMO1_CD40 033
2. OMIP-047 1
a. Standard 16 color protocol that does -dimensional phenotypic characterization of
B cells on a conventional cytometer.
b. Manual gating uses 9 markers to define 8 cell populations..
c. LDA and MLP test with 5-fold cross validation 5x1, 4x2, 4x2 and 5x1 training x
test samples.
We use 6 of their 7 samples omitting 150120_AK156 070309 late
chronic_031.fcs
3. OMIP-058 12

a. Standard 28 color protocol that characterizes NKT, NK, unconventional. and

conventional T Cells on a conventional cytometer.

b. Manual gating uses 17 markers to define 35 cell populations.
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c. LDA and MLP test with 2-fold cross validation of 394,000x3904,000 training x
test cells.
We use all 2 of their samples which each contain approximately 1 million cells.
4. OMIP-069 3
a. Standard 40 color standard protocol for deep immunophenotyping in human
peripheral blood on a spectral cytometer.
b. Manual gating uses 26 markers to define 46 cell populations.
c. LDA and MLP test with 3-fold cross validation, 3x1, 2x2 and 3x1 training x test
samples.
We use all 4 of their samples that each contain approximately 640,000 cells
5. OMIP-077 44
a. Standard 12 color protocol for defining principal human leukocyte populations on

a conventional cytometer.

b. Manual gating uses 14 markers to define 14 cell populations
c. LDA and MLP test with 4-fold cross validation, 3x1, 3x1, 3x1 and 3x1 training x
test samples.
We use all 4 of their samples which contain 7, 3, 1.4 and 2.3 million cells
6. ESHGHI ®
a. Study of quantitative differences with manual and t-SNE populations from

different sites on a mass cytometer

b. Manual gating uses 27 markers to define 29 cell populations.

c. LDA and MLP test with 5-fold cross validation of 392,373x98,093 training x test
cells.

We use their 1 sample of a half million cells merged from 10 samples.
7. GHOSN @@

a. Study of macrophages and B cells in the peritoneal cavity of 3 strains of mice
each stained with a slightly different reagent cocktail on a conventional
cytometer.

b. Manual gating uses 9 markers to define 13 cell populations.

c. LDA and MLP test with 2-fold cross validation, 2x1 and 1x2 training x test
samples.

We use 3 of their 4 samples (C57 and BALB/c strain) which each contain
200,000 cells
8. LEIPOLD ©®
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a.
b.

Study comparing CyTOF assays from 6 sites on a mass cytometer.
Manual gating uses 15 markers to define 18 cell populations.
LDA and MLP test with 4-fold cross validation, 5x1, 4x2, 4x2, 5x1 training x test

samples.
We use all 6 of their samples which range in size from 29,713 to 112,843 cells.

9. PANORAMA 4

a.

b.

C.

An often-cited dataset collected on the mass cytometer. It is frequently used for
testing gating methods. The publication that introduces the X-Shift classifier,
which explores this dataset,

Manual gating uses 25 markers to define 24 cell populations.

LDA and MLP test with 5-fold cross validation of 8x2 training x test samples.

We use all 10 of their samples which range in size from 75,513 to 95,087 cells.

2. Performance metrics

F1-score measures population overlap via the harmonic mean of precision and recall“®).

Since FlowCAP" most flow informatics publications assess gating accuracy using the

F1-score.

Jaccard index (JI) measures population overlap more simply by computing the fraction

of cells in both populations“?. We compute two indices.

o

JI1 100% looks at all members of populations. This is not used in all testing
scenarios.

JI1 80% (AKA Central similarity or CS) looks at the central dense region of
combined populations. We remove the 20% of the cells in the union of the
populations that are farthest from the union’s mean using Mahalanobis distance.
This definition is based on a key characteristic of phenotypes: their event
measurements show a marked central tendency in all dimensions, indicating that

they are “atomic”, i.e., not splittable in all tested dimensions.

Earth mover’s distance (EMD) compares the mass+distance similarity of populations

by computing the cost to move them together, i.e., to join them, as though they were

separate piles of earth in high-dimensional space®”. EMD is not an overlap metric.

Thus, the populations can come from different samples within the same high-
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dimensional coordinates. We use a fast EMD algorithm that we developed previously“®

25)

3. Testing Round 1

3.1. Testing MLP and LDA
In our first round of testing with LDA and MLP the
e Data used for both training and predicting has unclassified cells removed and thus
contains only members of the same cell populations. This is the data preparation
pattern practiced by Abdelaal et al @. We confirmed this by inspecting both the code as

well as the datasets for which the LDA publication provides a link ¢

https://github.com/tabdelaal/CyTOF-Linear-Classifier)

The sample files given for the PANORAMA, AML and BMMC datasets lack unlabelled
(unclassified) cells while their dataset-specific code explicitly removes unclassified cells
from the sample files of MultiCenter, HMIS-1 and HIMS-2.

o For MultiCenter samples the numeric label is 0.

o For HMIS-1 and HMIS-2 the string label is “Discard”. For these 2 datasets only

there is a miscellaneous class labeled “Others”.

The code when run for all 6 datasets gets the same F1-scores shown in their publication.
Thus to compare directly with their processing this round prepares each sample in all of
our 9 datasets by removing the unlabeled cells for both training and predicting.
We generalize Abdelaal's multiple dataset-specific scripts into one generic one and then
plug in our MLP alongside their LDA. As a quality control check we rerun LDA with these
modified scripts on the 6 CyTOF datasets described in their publication in order to
reproduce their published results and thus confirm that our changes have not introduced

problems. The results of this quality control check are in our supplementary materials.

e Original and modified scripts do 1-to-1 matching using the MATLAB confusion matrix
from which all 3 match-strength metrics are then computed (F1-scores, Central similarity
and EMD).

3.2. Testing FlowSOM and PhenoGraph

With FlowSOM and PhenoGraph however the

e Data used contains both unclassified and classified cells since we call these algorithms
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from FlowJo plugins which operate on a position of the gating hierarchy

Matching is done many-to-many using our QFMatch. This means either automatically
gated populations (FlowSOM and PhenoGraph) or manually gated populations are
merged in order to obtain the best F1-score: one or more manually gated populations
could match best with one or more automatic gated populations.



3.3. Overall results

The overall accuracy of each classifier in matching 197 known cell populations from 9 different

published datasets is
Performance F1-score Central Similarity EMD
metric

Classifier Median Mean Median Mean Median Mean

MLP 0.99 0.95 0.99 0.94 1 0.98

FlowSOM 0.87 0.74 0.86 0.70 0.96 0.87

LDA 0.88 0.81 0.83 0.76 0.96 0.93

PhenoGraph 0.87 0.72 0.84 0.66 0.95 0.87

3.4. Results for datasets
MLP FlowSOM LDA Phenograph
Da tase t F1- Central EMD F1- Central EMD F1- Central EMD F1- Central EMD
score similarit) score similarit) score similarit score similari
y y ) y

OMIP-044 1° 1 1 1 .97 .98 98| .93 .90 98| 92| .92 .96
13 cell populations defined .99 1 1 .88 .86 94| .85 .81 94| .81| .78 .93
with 74 markers collected by
a conventional cytometer
OMIP-047 1 1 1 1 .87 .83 96| .96 .95 98| 90| .87 .97
DEA L A e 1 1 1 .86 .81 95| .96 96| .98| .83| .77 .93
with 9 markers collected by
a conventional cytometer
OMIP-058 2 .99 .99 1 .80 .73 92| .84 .81 95| 82| .77 .93
39 cell populations defined .97 .97 .99 .60 .55 g7| .76 .70 .93| .63| .58 .77
with 17 markers collected by
a conventional cytometer
OMIP-069 " .98 .97 .99 51 .37 .83 | .83 .73 951 55| .41 .86
G .93 .90 .98 .48 .40 .74 .76 681 .921 .52| .43 .81
with 26 markers collected by
a spectral cytometer
OMIP-077 * .97 .97 .99 .96 .95 981 .72 .62 881 96| .96 .99
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:j :::r:r":';':;”:e:e:ynzd e .89 .85 96| .92 .92 99) 62| .57| .87| .86] .86 .94
conventional cytometer
ESHGHI * 1 1 1 94 .95 96| .90 86| 97| 88| .84 .95
e ey | 99| .99 1| .84| .82| 93| 86| .82| .95| .74| .71| .87
a mass cytometer
GHOSN .99 .99 1 .93 .92 96| .92 93 96| .87| .89 .95
:;::'::r‘l’(:';';;;:::a .94 .92 98| .83 .82 .88 .89 85 94| 79| .74 .92
conventional cytometer
LEIPOL_D36_ 99 .99 1 .87 .86 95| .86 80 96| .84| .80 .93
:;:j'; ::t:c:::e::y . .96 .95 99| .72 .70 .86 .78 .73| .93 .68| .64 .81
mass cytometer
PANORAMA™ .97 .89 991 .56 A1 .88 .88 .83 95] 56| .37 .89
24 cell popuations defined .88 .75 941 .53 .44 781 .79 741 91 .59 .48 .85
with 25 markers collected by a
mass cytometer

Columns Rows

Coloring is based on ranking by F1-Score mean

Narrow lead

e Fl-score=overlap measured by harmonic
over next

mean of percision + recall (AKA F measure).
e CS=overlap in central core region. Wide lead
o EMD=earth mover's distance over next

Legend

Ties get same ranked color....
Median minus mean size is

Ist 2nd 3rd |Last

Ist 2nd 3rd

emph

Nothing
is next

asized pos/neg.
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3.5. Results for populations

3.5.1. OMIP-044

2 samples, 1x1 training x test samples,
13 cell types, 14 markers.

Frequ F1-Score Central similarit; Earth mover's distance
Color Cell type — :| Flow Pheno Flow Pheno Flow Pheno
ency % |MLP - SOM | 24 | Graph | MLE | 500 | LPA | Graon | MLP | sony | LRA | Grann
CD14+ 18% 1] 0944 0984| 0974 1| 0970 1| 0.989 1] 0954 0.984| 0.990
® |CDI9+ 13% 1| 0995]| 0997 0.994 11 0.999 11 0.999 1| 0998 0.999| 0.998
naive CD4+ 22% 1] 0990 0931] 0.869 1| 0.999| 0.896| 0.792 1] 0995| 0.984| 0.970
@® | not naive CD4+ 18% 1| 0990| 0910 0.840 11 0999| 0.871]| 0.765 1| 0995| 0977 0.952
® |CD56+NK T%| 0999| 0952 0955| 0.954 1| 0994 0997| 0.994 1] 0943 0.941| 0.939
naive CD8+ 6.5%| 0999 0966| 0948 | 0.954| 0.999| 0.975| 0.940| 0.962 1| 0983 0988 0.985
e |DN 32% 0998 | 0.966| 0.851| 0.900 11 0975| 0.752] 0.854 1| 0983 0.873| 0.950
® | notnaive CD8+ 54%| 0998 0966| 0928 | 0939 0.997| 0.975| 0.897| 0916 1| 0983 0977| 0.986
e [CDI123+ pDC 1%| 0.997| 0978| 0987| 0981| 0.999| 0.986| 0.999| 0.989| 0.997| 0.993| 0.993| 0.992
DN DCs 2.7% 0996| 0.750| 0.906| 0914| 0.999| 0.672| 0900| 0916| 0.999| 0.825| 0.949| 0.954
e |DCs- 1.4% 0993| 0966( 0.375| 0.197| 0.999| 0.975| 0.238| 0.102| 0.998| 0.983| 0.847| 0.700
e |CDIcDCs 0.39% 0988| 0458 0.582| 0426| 0991 0.311| 0438| 0.298| 0.998| 0.788| 0.813| 0.749
CD141+DCs 0.04%| 0.955| 0458] 0.703| 0.637| 0.959| 0.311| 0.595| 0.510| 0.990| 0.788| 0.842| 0.838
Median| 0.998| 0966 0.928| 0.914| 0.999( 0.975| 0.897| 0.916 1| 0.983| 0977 0.954
Mean 0994| 0.875| 0.851| 0.814| 0.996| 0.857| 0.809| 0.776| 0.999| 0.939| 0.936| 0.923




F1-Scores

OMIP-044 F1-Scores median/mean/weighted

MLP FlowSOM
0.998/0.994/0.999 0.966/0.875/0.967
1 o ON® 1 “B
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LDA PhenoGraph
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Central similarity
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Earth mover's distance

OMIP-044 Earth mover's distance median/mean/weighted
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3.5.1.1. Merged matches

With FlowSOM QFMatch finds 5 of 8 matches where merging multiple manual or

FlowSOM gated populations obtains a higher F1-score. The 2nd, 4th and 8th ranked
match merges multiple manually gated populations to match 1 FlowSOM gated
population. The 1st and 3rd ranked matches merge 2 FlowSOM gated populations to
match 1 manually gated population.

@ [« 8 synci fF, 5 o % 0 MATCH sets: training=all 13 matched!, test=10/13 3 NEW
Rank ?| @ | # Subset (class) name thes | (@Pwsten | F-messure) mgse? |_Frea.
4 e 6 DCs- 5 98.3% 96.6% Yyes 0.8% 1
4 e« 10 naive CD8+ 5 98.3% 96.6% yes 6.7% 10
4 « 12DN 5 98.3% 96.6% yes 27% 5
4 e 13 [not naive CD8+] 5 98.3% 96.6% yes 5.4% 1
4 @ 18 FlowSOM.CD45+ live.Pop3 5 98.3% 96.6% no 15.3% 3(
1 e 4 CD19+ 3  99.8% 99.5% yes 12.9% 2¢
1 e 16 FlowSOM.CD45+ live.Pop0 3 99.8% 99.5% no 12.9% 2¢
1 « 22 FlowSOM.CD45+ live.Pop1 3 99.8% 99.5% no 0%
2 ® 7 naive CD4+ 3  99.5% 99% Yyes 23.4% 4!
2 ® 8 [not naive CD4+] 3 99.5% 99% yes 17.2% 3
2 ® 25 FlowSOM.CD45+ live.Pop8 3 99.5% 99% no 41%  8(
3 « 11 CD123+ pDC 3  99.3% 97.8% yes 1.2% 2
3 ¢ 20 FlowSOM.CD45+ live.Pop6 3 99.3% 97.8% no 0.4%
3 ¢ 21 FlowSOM.CD45+ live.Pop10 3 99.3% 97.8% no 0.8% 1
B 1 CD141+DCs 3 78.8% 45.8% yes 0%
8 9 CD1c DCs 3 78.8% 45.8% yes 0.4%
8 + 17 FlowSOM.CD45+ live.Pop7 3 788%  45.8% 16% 3
5 2 CD14+ 2 954% 94.4% vyes 19% 3
5 24 FlowSOM.CD45+ live.Pop11 2 95.4% 94.4% no 16.9% 3¢




With PhenoGraph QFMatch finds 8 of 13 matches where merging multiple PhenoGraph
gated populations to match 1 manually gated population obtains a higher F1-score: the
1st, 2nd, 3rd, 4th, 6th, 8th, 9th and 10th ranked matches.

E + N Sync i ﬁF. ol II'.[: + & MATCH sets: training=all 13 matched}, te:

Mat- ;% Overlap Similarity

# Subset (class) name

g

=]

~
[N}

ches (F-measure)| (QFMatch)
® 7 naive CD4+ 86.9% 97%
. 16 naive CD4+ (Phenograph2M5N24) 86.9% 97%

e 22 naive CD4+ (Phenograph2M5N11)

23 naive CD4+ (Phenograph2M5N29)

34 naive CD4+ (Phenograph2M5N1)

37 naive CD4+ (Phenograph2M5N3)

8 [not naive CD4+]

19 [not naive CD4+] (Phenograph2M5N4)
27 [not naive CD4+] (Phenograph2M5N10)
30 [not naive CD4+] (Phenograph2M5N22)
38 [not naive CD4+] (Phenograph2M5N31)
® 45 [not naive CD4+] (Phenograph2M5N9)
® 4 CD19+

. 14 CD19+ (Phenograph2M5N12)

25 CD19+ (Phenograph2M5N32)

e 40 CD19+ (Phenograph2M5N34)

® 41 CD19+ (Phenograph2M5N2)

2 CD14+

29 CD14+ (Phenograph2M5N8)

36 CD14+ (Phenograph2M5N13)

43 CD14+ (Phenograph2M5N5)

46 CD14+ (Phenograph2ZM5N18)

® 13 [not naive CD8+]

¢ 20 [not naive CD8+] (Phenograph2M5N21)
¢ 32 [not naive CD8+] (Phenograph2M5N14)
s 33 [not naive CD8+] (Phenograph2M5N16)
« 11 CD123+ pDC

« 18 CD123+ pDC (Phenograph2M5N20)

e 24 CD123+ pDC (Phenograph2M5N25)
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Mair, F. and Prlic, M. (2018), OMIP-044: 28-color immunophenotyping of the human
dendritic cell compartment. Cytometry, 93: 402-405.
https://doi.org/10.1002/cyto.a.23331
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3.5.2. OMIP-047

6 samples, 5 fold cross validation 5x1, 4x2, 4x2 and 5x1 training x test samples,
8 cell types, 9 markers

Frequ F1-Score Central similarit; Earth mover's distance
Color Cell type S —| Flow Pheno Flow Pheno Flow Pheno
—ency % |MLP #) son | LPA | Graph | MIR | som | LPA | Graph | MLP | som | LPA | Graph
* |IgGl+ 36%| 0999| 0873 0939| 0.883 1| 0.842| 0940| 0.865| 0.999| 0959| 0.963| 0970
Naive 45%| 0999 0.899| 0974 0.943| 0.999| 0.859| 0976 0.930 1| 0952| 0.990| 0976
IgA,FSC-A Neg IgA IgG1 I1gG3 73%| 0999 0.866| 0.929| 0.836 1| 0.815| 0930 0.734| 0999| 0962| 0.978| 0.925
® |MZB cells 35%| 0.999| 0.807| 0963 0918 0.998| 0.694| 0.953| 0.875 1| 0922| 0982 0970
o |IgA,FSC-AlgA+ 55%| 0998| 0.866| 0942| 0.899| 0.999| 0.815| 0.923| 0.893| 0.999| 0962| 0.971| 0971
* |IgG3+ 075%| 0997| 0923| 0.984| 0910 1| 0926 0998| 0911| 0996 0974| 0.982| 0.970
- [PB 038%| 0996 0.714| 0968 0.495 1| 0.647 1| 0357| 0994 0.889] 0.953| 0.753
e | Transitional 22%| 0993 0899| 0958 0.716| 0.990| 0.859| 0.933| 0.586| 0.997| 0.952| 0.988| 0.875
Median| 0.998| 0.869| 0.961| 0.891 1| 0.828] 0.947| 0.870| 0.999] 0.955| 0.980 0.970
Mean| 0997 0.856| 0.957| 0.825] 0.998] 0.807[ 0.957| 0.769| 0.998] 0.946| 0.976] 0.926




F1-Scores

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

OMIP-047 F1-Scores median/mean/weighted

MLP

0.998/0.997/0.999

oo ot

2

LDA

0.961/0.957/0.963

o0 o,

4

0.8

0.6

0.4

0.2

-

0.8

0.6

0.4

0.2

0

0
Cell type size (log10)

FlowSOM
0.869/0.856/0.861

® o <L

L

2

PhenoGraph
0.891/0.825/0.915

.‘)

°




Central similarity

0.8
0.6
0.4
0.2

0.8
0.6
0.4

0.2

OMIP-047 Central similarity median/mean/weighted

0
Cell type size (log10)

MLP FlowSOM
1.000/0.998/0.999 0.828/0.807/0.795
ot o 1 5
0.8 L ;
0.6 ®
0.4
0.2
0
2 4 0 2 4
LDA PhenoGraph
2, A= '{‘IT @ Q it 0.870/0.769/0.882
m ® ! PY
0.8 ﬁ ‘
0.6 °
0.4 ®
0.2
0
2 4 2 4




Earth mover's distance
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3.5.2.1. Merged matches

With FlowSOM QFMatch finds 3 of 6 matches where merging multiple manual or
FlowSOM gated populations obtains a higher F1-score. The 2nd and 4th ranked match
merges 2 manually gated populations to match 1 FlowSOM gated population. The 5th
ranked match merges 2 FlowSOM gated populations to match 1 manually gated
population.

—r Subset (cass)name e | o | R e | et [y 3| e |
2 IgA, FSC-A Neg IgA 1gG1 1gG3 3 86.6% 81.5% 96.2% yes 8.7%
2 IgA, FSC-A IgA+ 3 86.6% 81.5% 96.2% yes 5.5%
2 FlowSOM.B cells.Pop3 3 86.6% 81.5% 96.2% no 14.7%
4 Naive 3 89.9% 85.9% 95.2% yes 45.9%
4 Transitional 3 89.9% 85.9% 95.2% yes 21%
4 FlowSOM.B cells.Pop7 3 89.9% 85.9% 95.2% no 52.6%
5 @® MZB cells 3 80.7% 69.4% 92.2% yes 33.1%
5 e FlowSOM.B cells.Pop0 3 80.7% 69.4% 92.2% no 0.6%
5 @ FlowSOM.B cells.Pop1 3 80.7% 69.4% 92.2% no 26.5%
1 o IgG3+ 2 92.3% 92.6% 97.4% yes 0.8%
1 ¢ FlowSOM.B cells.Pop5 2 92.3% 92.6% 97.4% no 0.8%
3 ¢ IgG1+ 2 87.3% 84.2% 95.9% yes 3.6%
3 ¢ FlowSOM.B cells.Pop6 2 87.3% 84.2% 95.9% no 3.9%
6 PB 2 71.4% 64.7% 88.9% yes 0.4%
6 ¢ FlowSOM.B cells.Pop4 2 71.4% 64.7% 88.9% no 0.5%
7 FlowSOM.B cells.Pop2 0 NA N/A N/A no 0.4%

With PhenoGraph QFMatch finds 3 of 8 matches where merging multiple PhenoGraph
gated populations to match 1 manually gated population obtains a higher F1-score: the
1st, 3rd and 8th ranked matches.



W E o« % synci fF 51 s % & MATCH sets: training=all 8 matched!, test=13 /14 (1 NEW)

Liechti, T., Gunthard, H.F. and Trkola, A. (2018), OMIP-047: High-Dimensional

phenotypic characterization of B cells. Cytometry, 93: 592-596.
https://doi.org/10.1002/cyt0.a.23488

Rank 2| @ | # Subset (class) name ?hzts_ 1 fc';mﬂx) ?é_on\::g:l?re) H;isr:t? Freq.
1 1 Naive 4 97.6% 94.3% yes 45.9%
1 17 PhenographWSN93 4  97.6% 94.3% no 13%
1 18 PhenographWSN95 4 97.6% 94.3% no 11.4%
1 21 PhenographWSN92 4 97.6% 94.3% no 15%
3 @ 5 MZBcells 4 97% 91.8% Yyes 33.1%
3 e 13 PhenographWWSN94 4 97% 91.8% no 12%
3 @ 15 PhenographWSN91 4 97% 91.8% no 15%
3 e 16 PhenographWSN96 4 97% 91.8% no 7.8%
6 6 IgA, FSC-A Neg IgA IgG1 IgG3 3 925% 83.6% yes 8.7%
6 9 PhenographWWSN910 3 92.5% 83.6% no 3.9%
6 10 PhenographWSN98 3 83.6% no 5.7%
2 + 7 IgA, FSC-A IgA+ 2 97.1% 89.9% yes 5.5%
2 o 12 PhenographWSN97 2 97.1% 89.9% no 6%


https://doi.org/10.1002/cyto.a.23488

3.5.3. OMIP-058

2 samples, 2 fold cross validation of 365k x 356k training x test cells,
35 cell types, 17 markers.

COlOl' YPE Fﬂqg FI:UIV-VSCOW Phenu Ce’;‘:;i:’l Sim“arit Pl]enn EanhFrll:]‘::er's dismnl:::mllﬂ

ﬂyiémw@ M@M@ %@M SOM MG_,E

CD4+ TCM T cells CD27+ CD28+ 34%| 0.999| 0.886| 0.960| 0.867| 0.999| 0.850| 0.951| 0.812 1| 0974| 0993| 0952
CD8+ TEMRA T cells CD27- CD28- 9%| 0999| 0.951| 0.967| 0934 1| 0961| 0973| 0952 1| 0974| 0982 0965

® |HLA-DR+ 14%| 0.998| 0.970| 0.973| 0973| 0999| 0.981| 0.984| 0980 1| 0988| 0978 0.988
CD4+ Naive T cells CD27+ CD28+ 13%| 0.998| 0.972| 0.970| 0938| 0999| 0.979| 0.969| 0936 1| 0993| 0995| 0.957

® |CD4+TCM T cells CD27- CD28+ 35%| 0996| 0.854| 0.878| 0.838| 0.996| 0.792| 0.818| 0.773| 0.999| 0.959| 0.985| 0.966
CD4+ TEM T cells CD27- CD28- 1%| 0995| 0.495| 0.894| 0.483| 0998 0330 0.885| 0.318| 0.999| 0.923| 0960 0.927
Early NK 0.92%| 0.994| 0.831| 0967| 0.847| 0.997| 0.776| 0.973| 0.801| 0.998| 0.944| 0990| 0.941
CD8+ TEM T cells CD27+ CD28+ 54%| 0994| 0.814| 0.891| 0.846| 0.993| 0.741| 0.846| 0.807| 0.999| 0.940| 0.969| 0.949

o | Vd2high Vg9+ T cells 0.68%| 0.994| 0.939| 0.980| 0.949| 0.998| 0.920| 0.991| 0941| 0.998| 0.985| 0988 0.986
e |Mature NK 25%| 0993| 0817| 0954| 0.814| 0992| 0741| 0.948| 0.727| 0.999| 0.895| 0.983| 0.886
CD4+ TEM T cells CD27+ CD28+ 33%| 0993|N/A | 0777| 0022 0991 |N/A | 0.650| 0.003| 0.999|N/A | 0955| 0.650

© | CD8+ Naive T cells CD27+ CD28+ 1.1%| 0.991| 0.588| 0945| 0591 0.993| 0.424| 0.945| 0420| 0.998| 0.881| 0960 0.877
CD8+ TEMRA T cells CD27+ CD28- 12%| 0990| 0.799| 0.821| 0.692| 0.990| 0.731| 0.738| 0.590| 0.998| 0.955| 0938| 0.861

® | CD4+TEMT cells CD27- CD28+ 1.1%| 0989| 0.854| 0.648| 0.838| 0.987| 0.792| 0.483| 0.773| 0.998| 0.959| 0.944| 0.966
NK CD16- CD56- 24%| 0988| 0.815| 0.829| 0.818| 0.991| 0.827| 0.788| 0.834| 0.999| 0.877| 0.921| 0.872
CD8+ TEM T cells CD27- CD28+ 031%| 00987| 0.513| 0.837|N/A | 0988| 0370| 0.743|N/A | 0.997| 0.818| 0954 |N/A

* | Vd2low Vg9+ T cells CD36- 0.55%| 0.987| 0.847| 0927| 0934| 0.991| 0.821| 0.925| 0929| 0.997| 0.941| 0973| 0.982
CD8+ TCM T cells CD27+ CD28+ 1.1%| 0.985| 0.814| 0.751| 0.846| 0.977| 0.741| 0.614| 0.807| 0.998| 0.940| 0954| 0.949

o | Vdl+ Vg9- T cells CD56- 0.88%| 0.982| 0.814| 0.891| 0.848| 0.982| 0.782| 0.880| 0.802| 0.997| 0.920| 0954 0.953
CD8+ TEM T cells CD27- CD28- 057%| 0981| 0004| 0653|N/A | 0975 0002| 0489|N/A | 0.996| 0.401| 0889 |N/A
CD4+ TEMRA T cells CD27- CD28- 0.18%| 0980| 0439| 0614| 0.447| 0984 0.294| 0459| 0300| 0.994| 0.900| 0.767| 0783

o |INKT cells 007%| 0977| 0901| 0994| 0917| 0.995| 0.873| 0995 0921| 0.985| 0.970| 0.992| 0.909
e | MAIT cells 051%| 0976 0.901| 0.871| 0.898| 0.982| 0.873| 0.844| 0.865| 0.996| 0.970| 0926 0.963
e | Vd2low Vg9+ T cells CD56+ 020%| 0976| 0.569| 0.878| 0.934| 0.976| 0.447| 0.855| 0.929| 0.990| 0.868| 0.958| 0.982
CD8+ TEMRA T cells CD27+ CD28+|  0.55%| 0.973| 0.681| 0.724| 0.846| 0.964| 0.595| 0.583| 0.807| 0.996| 0.936| 0942| 0.949

® |CD4+TSCMT cells CD27+ CD28+ 1%| 0972| 0.036| 0216| 0.022]| 0958| 0015| 0.097| 0.008| 0.997| 0.486| 0.886| 0.497
o | Vdl+ Vg9- T cells CD56+ 0.12%| 0952|N/A | 0.842|N/A | 0965|N/A | 0819|N/A | 0985|N/A | 0938|N/A
® |CD4+TEMRAT cells CD27+ CD28+| 0.12%| 0947(N/A | 0439(N/A | 0922|N/A | 0253|N/A | 0.983|N/A | 0.804|N/A
CD4+ TEM T cells CD27+ CD28- 0.07%| 0938|N/A | 0.623| 0483 0.889|N/A | 0473| 0318[ 0977 |N/A | 0887 0927

o | Terminal NK 021%| 0.937| 0.817| 0.597| 0.814| 0.905| 0.741| 0.464| 0.727| 0.990| 0.895| 0.911| 0.886
® | CD8+TSCMT cells CD27+ CD28+ 0.14%| 0933| 0.681| 0409| 0.846| 0901| 0595| 0266 0.807| 0.989| 0.936| 0915| 0.949
¢ |CD8+TCM T cells CD27- CD28+ 006%| 0931| 0513| 0563|N/A | 0.887| 0370| 0424|N/A | 0.982| 0.818| 0904 |N/A
* |Q2:Vdl+ Vg9+ 0.08%| 0930| 0569| 0818| 0.813| 0.946| 0447| 0.808| 0.808| 0.976| 0.868| 0921| 0.902
o |CD4+ TSCMT cells CD27- CD28+ 0.10%| 0919|N/A | 0356| 0.447| 0877 |N/A | 0.210| 0300| 0981 |N/A | 0.881| 0783
CD4+ TEMRA T cells CD27- CD28+ |  0.03%| 0.905| 0.439| 0345| 0447| 0851| 0294 0.207| 0300| 0.972| 0.900| 0.771| 0.783
Median| 0.985] 0.799] 0.837] 0.818[ 0.987[ 0.731] 0.808] 0.773[ 0.997[ 0.920] 0.954] 0.927

Mean| 0.974] 0.604| 0.766| 0.628| 0.967| 0.546| 0.696] 0.580| 0.993] 0.766| 0.933| 0.770
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3.5.3.1. Merged matches

With FlowSOM QFMatch finds 15 of 22 matches where merging multiple FlowSOM
gated populations and multiple manually gated populations obtains a higher F1-score.

o EE ] synci 5] o f Y MATCH sets:training=30/35 © UNVIATCHED) 1o cp_37 /35 (4 NEW)
e ?| o] ¢] Subset (dass) name oo %Owrap | Simtary | Tain | g |
2 ® 27 HLA-DR+ 4 97% 98.8% yes 9.9% 3
2 o 47 FlowSOM.Viable cells.Pop0 4 97% 98.8% no 1.4%
2 o 63 FlowSOM.Viable cells.Pop13 4 97% 98.8% no 0.2%
2 ® 66 FlowSOM.Viable cells.Pop5 4 97% 98.8% no 74% 2
14 o 1 Vd1+ Vg9- T cells CD56- 4 81.4% 92% yes 1.6%
14 + 37 FlowSOM.Viable cells.Pop3 4 81.4% 92% no 0.5%
14 « 38 FlowSOM.Viable cells.Pop30 4  81.4% 92% no 0.3%
14 « 65 FlowSOM.Viable cells.Pop29 4 81.4% 92% no 0.5%
4 ® 12 CD4+ TCM T cells CD27+ CD28+ 3 88.6% 97.4% yes 20.5% 6
4 o 39 FlowSOM.Viable cells.Pop32 3 88.6% 97.4% no 49% 1
4 ® 48 FlowSOM.Viable cells.Pop25 3 88.6% 97.4% no 17.7% 6
5 2 CD8+ TEMRA T cells CD27- CD28- 3 95.1% 97.4% yes 17.8% 5
5 46 FlowSOM.Viable cells.Pop4 3 95.1% 97.4% no 14.6% 5
5 61 FlowSOM.Viable cells.Pop11 3 95.1% 97.4% no 27% 1
6 e 15 MAIT cells 3 90.1% 97% yes 0.6%
6 ¢ 18 iNKT cells 3 90.1% 97% yes 0.1%
6 e 60 FlowSOM.Viable cells.Pop9 3 90.1% 97% no 0.7%
7 o 4 CD4+ TEM T cells CD27- CD28+ & 85.4% 95.9% yes 1%
7 « 29 CD4+ TCM T cells CD27- CD28+ 3  854% 95.9% yes 36% 1
7 ® 55 FlowSOM.Viable cells.Pop24 3 85.4% 95.9% no 4.2% 1
8 3 CD8+ TEMRA T cells CD27+ CD28- 3 79.9% 95.5% yes 1.9%
8 69 FlowSOM.Viable cells.Pop7 3 79.9% 95.5% no 1.5%
8 70 FlowSOM.Viable cells.Pop18 3 79.9% 95.5% no 0.3%
9 13 Early NK 3 83.1% 94.4% yes 1%
9 36 FlowSOM.Viable cells.Pop8 3 83.1% 94.4% no 0.2%
9 51 FlowSOM.Viable cells.Pop2 3  831% 94.4% no 0.9%
11 ¢ 19 CD8+ TCM T cells CD27+ CD28+ 3 81.4% 94% yes 0.6%
11 e 20 CD8+ TEM T cells CD27+ CD28+ 3  81.4% 94% yes 4% 1
11 e 64 FlowSOM.Viable cells.Pop17 3 814% 94% no 35% 1
12 6 CD8+ TEMRA T cells CD27+ CD28+ & 68.1% 93.6% yes 0.6%
12 34 CD8+ TSCM T cells CD27+ CD28+ 3  68.1% 93.6% yes 0.1%
12 40 FlowSOM.Viable cells.Pop26 3 68.1% 93.6% no 0.5%
15 7 CD4+ TEMRA T cells CD27- CD28- 3 43.9% 90% yes 0.1%
15 11 CD4+ TEMRA T cells CD27- CD28+ 3 43.9% 90% yes 0%
15 43 FlowSOM.Viable cells.Pop12 3 43.9% 90% no 0.2%




With PhenoGraph QFMatch finds 10 of 21 matchers where merging multiple
PhenoGraph gated cases and multiple manually gated populations obtains a higher F1-
score.

J S ] synci’ L 51 8 fa ¥ MATCH sets: training=30/35 © UNVATCHEDD yoqp_33 /35 (3 NEWD
e 2| of #] Subse class) name et s [owrep | Sy | Tain | g |
1 ® 27 HLA-DR+ 5 97.3% 98.8% yes 9.9%
1 @ 40 PhenographYO0G4 5 97.3% 98.8% no 6.9%
1 e 46 PhenographYO0G26 5! 97.3% 98.8% no 0.3%
1 e 47 PhenographYO0G16 5 97.3% 98.8% no 1.8%
1 e 58 PhenographYO0G29 5! 97.3% 98.8% no 0.2%
10 6 CD8+ TEMRA T cells CD27+ CD28+ & 84.6% 94.9% yes 0.6%
10 19 CD8+ TCM T cells CD27+ CD28+ 5! 84.6% 94.9% yes 0.6%
10 20 CD8+ TEM T cells CD27+ CD28+ 5 84.6% 94.9% yes 4%
10 34 CD8+ TSCM T cells CD27+ CD28+ 5 84.6% 94.9% yes 0.1%
10 39 PhenographYO0G5 5! 84.6% 94.9% no 5.9%
5 2 CD8+ TEMRA T cells CD27- CD28- 4 93.4% 96.5% yes 17.8% !
5 51 PhenographYO0G13 4 93.4% 96.5% no 2.6%
5 56 PhenographYO0G3 4 93.4% 96.5% no 1%
5 64 PhenographYO0G11 4 93.4% 96.5% no 3.2%
7 21 CD4+ Naive T cells CD27+ CD28+ 4 93.8% 95.7% yes 21.5%
7 41 PhenographY0O0G23 4 93.8% 95.7% no 0.4%
7 43 PhenographYO0G8 4 93.8% 95.7% no 3.9%
7 60 PhenographYO0G1 4 93.8% 95.7% no 16.6%
8 o 1 Vd1+ Vg9- T cells CD56- 4 84.8% 95.3% yes 1.6%
8 e 44 PhenographYO0G17 4 84.8% 95.3% no 1.2%
8 e 48 PhenographYO0G28 4 84.8% 95.3% no 0.2%
8 ¢ 54 PhenographY00G22 4 84.8% 95.3% no 0.5%
19 7 CD4+ TEMRA T cells CD27- CD28- 4 44.7% 78.3% yes 0.1%
19 11 CD4+ TEMRA T cells CD27- CD28+ 4 44.7% 78.3% yes 0%
19 28 CD4+ TSCM T cells CD27- CD28+ 4 44.7% 78.3% yes 0.1%
19 53 PhenographYO0G27 4 44.7% 78.3% no 0.3%
3 e 16 Vd2 low Vg9+ T cells CD56- & 93.4% 98.2% yes 0.9%
3 e 23Vd2lowVg9+ T cells CD56+ 3 93.4% 98.2% yes 0.1%
3 e 70 PhenographYO0G19 3 93.4% 98.2% no 0.9%
4 o 4 CD4+ TEM T cells CD27- CD28+ 3 83.8% 96.6% yes 1%
4 e« 29 CD4+ TCM T cells CD27- CD28+ 3 83.8% 96.6% yes 3.6%
4 e 59 PhenographYO0G10 & 83.8% 96.6% no 3.5%
9 @ 12 CD4+ TCMT cells CD27+ CD28+ 3 86.7% 95.2% yes 20.5% |
9 e 49 PhenographYO0G7 & 86.7% 95.2% no 5.4%
9 @ 52 PhenographYO0G2 3 86.7% 95.2% no 14.9% !
12 o 26 CD4+ TEM T cells CD27+ CD28- & 48.3% 92.7% yes 0.1%
12 o 32 CD4+ TEM T cells CD27- CD28- 3 48.3% 92.7% yes 2.1%
12 ® 57 PhenographYO0G6 3 483% 92.7% ho
- 14 Tarminal NIK 2 Q4 A0/ QQ QoL vac n 20/

Liechti, T. and Roederer, M. (2019), OMIP-058: 30-Parameter Flow Cytometry Panel
to Characterize iNKT, NK, Unconventional and Conventional T Cells. Cytometry,

95: 946-951. https://doi.org/10.1002/cyto.a.23850


https://doi.org/10.1002/cyto.a.23850

3.5.4. OMIP-069

4 samples, 3-fold cross validation, 3x1, 2x2 & 3x1 training x test samples,
43 cell types, 26 markers.



Frequ

F1-Score

Central similari

Earth mover's dist.

Naive CD4+ 29% 1| 0.898| 0994 0926 1| 0.897 1] 0932 1| 0953| 0997| 0.980
Classical monocytes 12%) 0999 0.729| 0.996| 0.733 1| 0593 1| 0596 1| 0.989| 0.998| 0.990
Naive CD8+ 9.6%| 0999 0957 0.994| 0.957 11 0971 0.997| 0970 1| 0.992| 0999 0.993
¢ | Early Effector CD4+ 4.1% 0998 0.393| 0.862| 0.384| 0999 0.255| 0.766| 0257 1] 0.763| 0964| 0.749
® |(B-2CD27- 6.8% 0998 0929| 0941| 0927 1| 0934 0945 0928 1| 0976| 0968| 0979
® |Mature NK 9.5% 0997 0925| 0988| 0931 0998 0919| 0.992| 0922 1| 0981| 0996| 0983
e [B-11gG 097%| 0994 0925| 0992 0916| 0.997| 0.924( 0.994| 0906| 0999 0.981| 0.997| 0.982
e |Early like effector CD4+ 22%| 0994 0444 0.765| 0577| 0994 0.315| 0.637| 0459 0999| 0.854| 0.946| 0.864
e |Early Effector CD8+ 26%| 0994 0650 0.882| 0.648| 0.992| 0.533| 0.819( 0.528| 0999| 0.828| 0.971| 0.865
» |Central Memory CD8+ 0.34%| 0.993]| 0.342| 0.830( 0.132| 0998 0.223| 0.731| 0071| 0998 | 0.889| 0.966| 0.618
» |CCR7- CD45RA+ TCRgD+ 0.57% 0992 0581 0926| 0.747| 0994 0449| 0914| 0657 0997 0868 0971 0.938
# | Terminal Effector CD45RA+ CD8+ 0.94% 0991| 0306| 0915 0275 0996 0.200| 0.894| 0.178( 0998 0.844| 0964| 0818
Central Memory CD4+ CXCR5-, CXCR3 4.6% 0991 0511 0.829| 0483 0989 0366| 0.749| 0358 0998 0.899| 0963 0.878
* | Terminal NK 0.59% 0988 |N/A 0.842| 0553 0995 [N/A 0.742 | 0405( 0996 [N/A 0977 0954
¢ |CD2+ CDE+ NKT 13% 0985| 0484 0831| 0466| 0983 0.352| 0.760| 0332 0996| 0.819| 0948| 0811
¢ | Intermediate monocytes 12% 0983 0527 0926| 0.553| 0979 0.367| 0.877| 0405 0995 0.833| 0954 0.954
Central Memory CD4+ CXCR5-, CXCR3- 4.9% 0983 0.769| 0.836| 0577| 0974 0683 0.744| 0459 0996 0.948| 0951 0.864
s |CDI123+ pDCs 0.39%| 0.982] 0.751| 0984 0.788| 0976 0.723| 0.976| 0.750( 0.996| 0.934| 0.996| 0.965
CD4- CD8- 0.69%| 0981 0.550| 0.869( 0536| 0.985| 0.420( 0.803| 0405| 0995 0.804| 0.945| 0.749
e |Terminal Effector 0.20%| 0979 0.650| 0.842( 0.648| 0974 0.533| 0.793| 0528 0.992| 0.828| 0.960| 0.865
B-2CD27+ 0.68%| 0978| 0461| 0578 0551| 0.973| 0.338( 0428 | 0409| 0996 0.810| 0.913| 0.890
® |CCR7- CD45RA- TCRgD+ 0.32% 0977| 0550| 0.858| 0.262| 0976 0420| 0.775| 0.146( 0993 0.804| 0981| 0.826
* |B-1IgM+ 0.21% 0974 | N/A 0.741| 0551 0970 [N/A 0602 0409( 0992 (N/A 0.951| 0890
* | Intermediate Effector CD8+ 0.45% 0974 0.650| 0.778| 0.648| 0956| 0.533| 0.662| 0528 0993 0.828| 0957 0.865
ILCs CD2+ CD4+ 0.13% 0973 |N/A 0.629| 0577 0965 [N/A 0432 0459 0994 [N/A 0.846| 0.864
¢ |B-11gG-1gM- 0.73% 0966| 0.842)| 0933 0.892| 0992 0817 0.964| 0901 0991 0.957| 0953 0.966
¢ | Early like effector CD8+ 0.38% 0964 0.650| 0.658| 0.648| 0944 0533 0511 | 0528 0994 0.828| 0923 0.865
¢ | Terminal Effector CD44+ 0.14% 0962 | N/A 0.796 | N/A 0943 IN/A 0.683 |N/A 0.993 |NfA 0.926 |N/A
e |CCR7+TCRgD+ 0.12%| 0.958]| 0055| 0.735( 0.536| 0.967| 0.019( 0.653| 0405| 0987 0.612| 0.900| 0.749
Central Memory CD4+ CXCRS5, CXCR3 22%| 0953| 0.769| 0.730| 0514 0.935]| 0.683| 0.624 | 0.380| 0993| 0.948| 0.920| 0.840
e (CD2+ CDS8- 0.22%| 0945 0.550| 0.593( 0.005| 0.961| 0420 0466| 0.002| 0985 0.804| 0.929| 0.279
Early NK 0.22%| 0.924| 0.811| 0810 0403| 0.892| 0.730( 0.717| 0.244| 0987 0.963| 0.922| 0.782
e |CD4+ CDE+T 0.11% 0909| 0.224| 0.833| 0447 0.882| 0.142| 0.770| 0320( 0971 0582 0928 0.805
ILCs CD4- 0.43% 0904| 0328 0.170| 0403 0.857| 0.216| 0.095| 0244 0984 0.645| 0.835| 0.782
ILCs CD2- CD4- 0.09% 0885| 0389 0.675| 0506 0.833| 0.297| 0589| 0412( 0972 0.740| 0.874| 0.799
CDllc+ CD16+ DCs 0.20% 0858 0.124)| 0.772| 0553 0.787| 0072 0.649| 0405( 0981 0.781| 0948 0.954
¢ |CD2- NKT cells 0.06% 0854| 0550| 0340| 0506 0.793| 0420| 0.222| 0412 0947 0.804| 0552 0.799
¢ | Plasmablasts 0.03% 0822 0326| 0.753| 0221 0.782| 0.201| 0.658| 0.121| 0961 0.951| 0953 0.867
® |CDlc+ DCs 0.09% 0802| 0305| 0595 0268 0.727| 0.224| 0489 | 0.191( 0978 0.631| 0925 0.643
* (CDlc-CDI141- DCs 007%| 0.701| 0.100| 0473 0.048| 0.579| 0.066( 0.364| 0.031| 0969 0.570| 0.812| 0479
* [Non classical monocytes 0.15%| 0.635| 0075] 0360 0553| 0491| 0.026( 0.254| 0405| 0.869| 0499 0.787| 0.954
CDI16- CD14- monocytes 0.30%| 0.625]| 0305| 0262 0.268| 0512 0.224| 0.185| 0.191| 0925 0.631| 0.667| 0.643
CDlc- CD141+ DCs 001%| 0437 0305| 0398 0.268| 0324 0.224| 0.272| 0.191| 0.870| 0.631| 0.878| 0.643
Median 0977| 0.511| 0.829| 0551 0974| 0.366| 0.731| 0405( 0994 0.828| 0.951| 0.864
Mean 0926| 0481| 0.756| 0521 0.904| 0.401| 0.679| 0427 0983 0.744| 0.924| 0.814




F1-Scores

0.8
0.6
0.4

0.2

0.8
0.6
0.4
0.2

OMIP-069 F1-Scores median/mean/weighted

MLP FlowSOM
0.977/0.926/0.991 0.511/0.481/0.774
F 0 1 . @ J
0.8
. QO
®
®
© 0.6 o
® 0.4 *O
0e e 60
0.2
0 f [ J
2 4 2 4
LDA PhenoGraph
0.829/0.756/0.931 0.551/0.521/0.775
W A 1 o ®¢
. g‘: o8 ® o
.. 0.6 .2?%
Py o
® PY 0.4 -‘ ®
o ) 0.2 Oe® C.)
0 ‘e
2 4 2 4

0
Cell type size (log10)



Central similarity

0.8
0.6
0.4

0.2

0.8
0.6
0.4

0.2

OMIP-069 Central similarity median/mean/weighted

MLP
0.974/0.904/0.990

ﬁ

LDA
0.731/0.679/0.908

W
N 28
.

@ ..O

2 4

0.8
0.6
0.4

0.2

1
0.8
0.6
0.4
0.2

0

0
Cell type size (log10)

FlowSOM
0.366/0.401/0.723

P
L J
&
wo”

0.9.0?‘

Go

PhenoGraph
0.405/0.427/0.723




Earth mover's distance

OMIP-069 Earth mover's distance median/mean/weighted
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3.5.4.1. Merged matches

With FlowSOM QFMatch finds 7 of 30 matches where merging multiple manual or
FlowSOM gated populations obtains a higher F1-score. The 10th, 18th, 21st and 26th
ranked matches merge multiple manually gated populations to match 1 FlowSOM gated
population. The 2nd, 5th and 12th ranked matches merge multiple FlowSOM gated
populations to match 1 manually gated population.

VB ] - W syncE f, 55T dff e 0 MATCH sets: training=39/43 (4 UNVATCHED 4oy 33,43 (10 NEV
Rank 2 o # Subset (class) name ::nhzts_ ! ?:3::::;&) (Stllrlrilll\ol'laa':::ﬁ) ;I;:;i:e_t? Freq.
18 ¢ 4 Early like effector CD8+ 5] 65% 82.8% yes 0.6%
18 o 8 Early Effector CD8+ 5 65% 82.8% yes 3%
18 ¢ 14 Intermediate Effector CD8+ 5 65% 82.8% yes 0.5%
18 e 30 Terminal Effector 5 65% 82.8% yes 0.2%
18 e 83 Early like effector CD8+ (FlowSOM.... 5 65% 82.8% no 2.6%
21 o 1 CCR7- CD45RA- TCRgD+ 5 55% 80.4% yes 0.5%
21 o 2 CD2+ CD8- 3 55% 80.4% yes 0.4%
21 e« 198 CD4- CD8- 3 55% 80.4% yes 1.5%
21 e 37 CD2- NKT cells 5 55% 80.4% yes 0.1%
21 e« 65 CCR7- CD45RA- TCRgD+ (FlowSOM... 5) 55% 80.4% no 1.8%
26 o 11 CD1c+ DCs 4  30.5% 63.1% yes 0.1%
26 o 16 CD1c- CD141+ DCs 4  30.5% 63.1% yes 0%
26 o 35 CD16- CD14- monocytes 4 30.5% 63.1% yes 0.4%
26 e 67 CD1c+ DCs (FlowSOM.CD45+.Pop1) 4  30.5% 63.1% no 0.4%
2 42 Classical monocytes 3 72.9% 98.9% yes 7.9%
2 63 Classical monocytes (FlowSOM.CDA4... 3 72.9% 98.9% no 5.7%
2 75 Classical monocytes (FlowSOM.CDA4... 3  T729% 98.9% no 4.4%
5 e 12 B-2CD27- 3 929% 97.6% yes 6.8%
5 e 48 B-2 CD27- (FlowSOM.CD45+.Pop6) 3 92.9% 97.6% no 4.4%
5 e 72 B-2 CD27- (FlowSOM.CD45+.Pop5) 3 92.9% 97.6% no 1.3%
10 25 Central Memory CD4+ CXCRS5, CXC... 3 76.9% 94.8% yes 6.5%
10 41 Central Memory CD4+ CXCR5-, CXC... 3 76.9% 94.8% yes 6.5%
10 81 Central Memory CD4+ CXCR5, CXC... 3 76.9% 94.8% no 9.1%
12 « 21 Central Memory CD4+ CXCRS5-, CXC... 3 51.1% 89.9% yes 4.7%
12 o 58 Central Memory CD4+ CXCRS5-, CXC... 3 51.1% 89.9% no 6.1%
12 « 68 [Central Memory CD4+ CXCR5-, CXC...| 3 51.1% 89.9% no 0.6%

1 23 Naive CD8+ 2 95.7% 99.2% yes 13.1%

1 51 Naive CD8+ (FlowSOM.CD45+.Pop30) 2  95.7% 99.2% no 10.4%




With PhenoGraph there are 10 of 28 matches where merging multiple manual or
PhenoGraph gated populations obtains a higher F1-score. The 9th, 11th, 14th, 15th,
21st, 22nd, 24th and 25th ranked matches merge multiple manually gated populations
to match 1 PhenoGraph gated population. The 2nd and 5th ranked matches merge
multiple PhenoGraph gated populations to match 1 manually gated population.

@ E « W synci PF Ol % 0 MATCH sets:training=42/43 (1 UNVATCHED) oy 37 /35 (7 NEWD
Rank | @| # Subset (class) name thes ' |#-measure) Concordance | (@PMary | imaset? | Frea

9 o 13 Non classical monocytes 5 55.3% 40.5% 95.4% yes 0.1%

9 e« 15 Terminal NK 5 || 55.3% 40.5% 95.4% yes 0.1%

9 o 26 Intermediate monocytes 5] 55.3% 40.5% 95.4% yes 0.8%

9 e« 31CD11c+ CD16+ DCs 5 55.3% 40.5% 95.4% yes 0.1%

9 « 55 PhenographLP7217 5 553% 40.5% 95.4% no 1.9% 1
14 o 4 Early like effector CD8+ 5 64.8% 52.8% 86.5% yes 0.6% :
14 o 8 Early Effector CD8+ 5 64.8% 52.8% 86.5% yes 3% 1
14 o 14 Intermediate Effector CD8+ 5 64.8% 52.8% 86.5% yes 0.5% ]
14 e 30 Terminal Effector 5 64.8% 52.8% 86.5% yes 0.2%

14 o 70 PhenographLP7212 5 64.8% 52.8% 86.5% no 3.5% 1
® 18 Naive CD4+ 4 92.6% 93.2% 98% yes 28.4% 11
® 47 PhenographLP7210 4  92.6% 93.2% 98% no 43% 2
* 66 PhenographLP7218 4  92.6% 93.2% 98% no 1.5% {
® 71 PhenographLP721 4  92.6% 93.2% 98% no 16.5% 9

15 10 ILCs CD2+ CD4+ 4 57.7% 45.9% 86.4% yes 0.1%

15 41 Central Memory CD4+ CXCR5-, CXC... 4  57.7% 45.9% 86.4% yes 6.5% 2

15 43 Early like effector CD4+ 4  57.7% 45.9% 86.4% yes 1.7%

15 64 PhenographLP726 4  57.7% 45.9% 86.4% no 49% 2

25 e« 11 CD1c+ DCs 4  26.8% 19.1% 64.3% yes 0.1%

25 e 16 CD1c- CD141+ DCs 4  26.8% 19.1% 64.3% yes 0%

25 o 35 CD16- CD14- monocytes 4 26.8% 19.1% 64.3% yes 0.4%

25 e 45 PhenographLP7224 4 26.8% 19.1% 64.3% no 0.7%

2 42 Classical monocytes 3 73.3% 59.6% 99% yes 79% 3

2 73 PhenographLP725 3 73.3% 59.6% 99% no 5% 2

2 74 PhenographLP727 30| 73:3% 59.6% 99% no 49% 2
11 e 6 B-1IgM+ 3 55.1% 40.9% 89% yes 0.1%

11 e« 7 B-2CD27+ 3 551% 40.9% 89% yes 0.7% :
11 o 67 PhenographLP7219 3 551% 40.9% 89% no 1.4%
21 3 ILCs CD2- CD4- 3 50.6% 41.2% 79.9% yes 0.1%
21 37 CD2- NKT cells 3 50.6% 41.2% 79.9% yes 0.1%
21 78 PhenographLP7231 3  50.6% 41.2% 79.9% no 0.1%
22 5 Early NK 3 40.3% 24.4% 78.2% yes 0.2%
22 20 ILCs CD4- 3 40.3% 24.4% 78.2% yes 0.2%
22 81 PhenographLP7223 3  40.3% 24.4% 78.2% no 0.9% !
24 e 19 CD4- CD8- 3 53.6% 40.5% 74.9% yes 1.5% [
24 o 29 CCR7+ TCRgD+ 3 53.6% 40.5% 74.9% yes 0.1%
24 e 51 PhenographLP7222 3 53.6% 40.5% 74.9% no 0.9% i
1 23 Naive CD8+ 2 95.7% 97% 99.3% yes 13.1% 5
1 44 PhenographLP722 2 95.7% 97% 99.3% no 10.3% &5




Park, L.M., Lannigan, J. and Jaimes, M.C. (2020), OMIP-069: Forty-Color Full
Spectrum Flow Cytometry Panel for Deep Immunophenotyping of Major Cell
Subsets in Human Peripheral Blood. Cytometry, 97: 1044-1051.

https://doi.org/10.1002/cyt0.a.24213


https://doi.org/10.1002/cyto.a.24213

3.5.5. OMIP-077

4 samples; 4-fold cross validation of 4 3x1 training X test samples
15 Phenotyping markers, 14 cell types

Frequ F1-Score Central similarit Earth mover's distance
Color | €Al | ency 9 |yurp | SO | Lpa R pyp | B0 | py | POy p | SO | ppy | S
Neutrophils 90% 1| 0997 0997 0.985 1] 0.999 1] 0.998 1] 0.998| 0.998| 0.987
T cells 48%| 0.999| 0.986]| 0.990| 0.986 1] 0.976 1| 0976 1] 0999 0.992| 0.999
e | Basophils 028%| 0994| 0971]| 0964| 0.971| 0.993| 0.962| 0.996| 0.962| 0.997( 0.994( 0.950| 0.994
Monocytes 36%| 0990 0970 0.907| 0.969| 0.994| 0.967| 0.885| 0.966| 0.997| 0.984| 0.952| 0.984
e |MZB cells 034%| 0982| 0963 0.787| 0.964| 0.985| 0.947| 0.678| 0.948| 0.993| 0.997| 0.937| 0.997
e | Non MZB cells 0.30% | 0981| 0.963| 0.800| 0.964| 0.993| 0.947| 0.731| 0.948| 0.996| 0.997( 0.950| 0.997
* | NK cells 050%| 0969| 0960| 0.861| 0.975| 0.988| 0.977| 0.882| 0.978| 0.987| 0.979| 0.923| 0.994
Eosinophils 036%| 0965| 0990 0.656| 0.990| 0.952| 0.996| 0.563| 0.996| 0.986| 0.993| 0.842| 0.994
e |Plasma cells 0.01%| 0.833| 0.853] 0.579| 0.906| 0.742| 0.847| 0.480| 0.880| 0.946| 0.974| 0.851| 0.953
Progenitors 0.03%| 0.813| 0.853| 0.281| 0.913| 0.715| 0.847| 0.164| 0.980| 0.956| 0.974| 0.734| 0.929
e [CDI141- mDCs 0.05%| 0.806| 0.853| 0.203| 0.006| 0.715| 0.847| 0.130| 0.004| 0.978| 0974| 0.782| 0.398
* |CDIlc+ mDCs 0.02%| 0.802| 0.853]| 0.224| 0.812| 0.708| 0.847| 0.147| 0.786| 0.960( 0.974| 0.823| 0.944
¢ |CDI141+ mDCs 004%| 0.796| 0.853| 0.056| 0.812| 0.693| 0.847| 0.031| 0.786| 0.960| 0.974| 0.732| 0.944
* |pDCs 001%| 0.547| 0.853| 0.365| 0.812| 0.429| 0.847| 0.290| 0.786| 0.743| 0.974| 0.663| 0.944
Median| 0.967| 0.961| 0.722]| 0.964| 0.968]| 0.947| 0.621| 0.955| 0.987| 0.981| 0.887| 0.985
Mean| 0.891| 0.923]| 0.619| 0.862| 0.851| 0.918| 0.570| 0.857| 0964| 0.985| 0.866| 0.933
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Earth mover's distance

OMIP-077 Earth mover's distance median/mean/weighted
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3.5.5.1. Merged matches

With FlowSOM QFMatch finds 5 of 8 matches where merging multiple manual or
FlowSOM gated populations obtains a higher F1-score. The 8th ranked match merges
6 manually gated populations to match 1 FlowSOM gated population. The 3rd ranked
match merges 2 manually gated populations to match 1 FlowSOM gated population with
.963 F1-score. The 1st, 2nd and 6th ranked matches merge multiple FlowSOM gated
populations to match 1 manually gated population.

-\.;g Q E + N Sync.' ﬁF. :ﬁ II:E: + ‘&’ MATCH sets: training=all 14 matched), test=12/14 @ NEW)

Rank  ? ® Subset (class) name ?hzts_ ! ::—Or:::::re) 9lCGZc::Ecl::dance fclzm:rtlx) :; i:e_'c? ’ Freq.
8 . CD141+ mDCs 7 853% 84.7% 97.4% yes 0%
8 e CD141- mDCs 7 853% 84.7% 97.4% yes 0%
8 e« Progenitors 7 853% 84.7% 97.4% yes 0.1%
8 e« pDCs 7 853% 84.7% 97.4% yes 0%
8 ¢ CDict mDCs 7 853% 84.7% 97.4% yes 0%
8 ¢ Plasmacells 7 853% 84.7% 97.4% yes 0.1%
8 ¢ CD141+ mDCs (FlowSOM.Leuokocyt... 7 85.3% 84.7% 97.4% no 0.3%
2 Neutrophils 4  99.7% 99.9% 99.8% yes 76.7% 2
2 Neutrophils (FlowSOM.Leuokocytes.... 4 99.7% 99.9% 99.8% no 1.8%
2 Neutrophils (FlowSOM.Leuokocytes.... 4  99.7% 99.9% 99.8% no 0.4%
2 Neutrophils (FlowSOM.Leuokocytes.... 4  99.7% 99.9% 99.8% no 74.3% 1
1 o Tecells 3 98.6% 97.6% 99.9% yes 10.6%
1 « T cells (FlowSOM.Leuokocytes.Pop13) 3 98.6% 97.6% 99.9% no 9.8%
1 « T cells (FlowSOM.Leuokocytes.Pop11) 3 98.6% 97.6% 99.9% no 0.5%
3 e Non MZB cells 3 96.3% 94.7% 99.7% yes 1.4%
3 ¢ MZBcells 3 96.3% 94.7% 99.7% yes 0.5%
3 ¢ Non MZB cells (FlowSOM.Leuokocyt... 3  96.3% 94.7% 99.7% no 1.9%
6 Monocytes 3 97% 96.7% 98.4% yes 6.9%
6 Monocytes (FlowSOM.Leuokocytes.... 3 97% 96.7% 98.4% no 6.9%
6 Monocytes (FlowSOM.Leuokocytes.... 5 97% 96.7% 98.4% no 0.4%
4 « Basophils 2 97.1% 96.2% 99.4% yes 0.3%
4 « Basophils (FlowSOM.Leuckocytes.P... 2 971% 96.2% 99.4% no 0.3%



With PhenoGraph QFMatch finds 5 of 11 matches where merging multiple manual or
PhenoGraph gated populations obtains a higher F1-score. The 2nd and 9th ranked
matches merge multiple manually gated populations to match 1 PhenoGraph gated
population. The 1st, 6th and 7th ranked matches merge multiple PhenoGraph gated
populations to match 1 manually gated population.

@ [« ¥ synci fF, 5] s % ¢ MATCH sets: training=all 14 matched!, test=20/24 ¢ NEW)

Rank Subset (class) name ztlits_ ' ili?n\::::ﬁre) z;::j::dance (S(I),Tll\llztcltt:z) -il;:;isne_t? Freq.
6 Neutrophils 8 98.5% 99.8% 98.7% yes 76.7%
6 Neutrophils (PhenographQ1295) 8 98.5% 99.8% 98.7% no 9.6%
6 Neutrophils (PhenographQ1294) 8 98.5% 99.8% 98.7% no 10.1%
6 Neutrophils (PhenographQ1293) 8 98.5% 99.8% 98.7% no 10.5%
6 Neutrophils (PhenographQ1298) 8 98.5% 99.8% 98.7% no 8.2%
6 Neutrophils (PhenographQ1297) 8 98.5% 99.8% 98.7% no 8.5%
6 Neutrophils (PhenographQ1291) 8 98.5% 99.8% 98.7% no 14.5%
6 Neutrophils (PhenographQ1292) 8 98.5% 99.8% 98.7% no 13.2%
1 T cells 4 98.6% 97.6% 99.9% yes 10.6%
1 T cells (PhenographQ12914) 4 98.6% 97.6% 99.9% no 1.2%
1 T cells (PhenographQ1296) 4 98.6% 97.6% 99.9% no 8.7%
1 T cells (PhenographQ12915) 4 98.6% 97.6% 99.9% no 0.6%
9 CD141+ mDCs 4 81.2% 78.6% 94.4% yes 0%
9 pDCs 4 81.2% 78.6% 94.4% yes 0%
9 CD1c+ mDCs 4 81.2% 78.6% 94.4% yes 0%
9 CD141+ mDCs (PhenographQ12920) 4  81.2% 78.6% 94.4% no 0.1%
2 Non MZB cells 3  96.4% 94.8% 99.7% yes 1.4%
2 MZB cells 3  96.4% 94.8% 99.7% yes 0.5%
2 Non MZB cells (PhenographQ12911) 3 96.4% 94.8% 99.7% no 1.9%
7 Monocytes 3  96.9% 96.6% 98.4% yes 6.9%
7 Monocytes (PhenographQ12916) 3 96.9% 96.6% 98.4% no 0.4%
7 Monocytes (PhenographQ1299) 3 96.9% 96.6% 98.4% no 6.9% [
3 NK cells 2 97.5% 97.8% 99.4% yes 2%
3 NK cells (PhenographQ12910) 2 97.5% 97.8% 99.4% no 2%




Boesch, M, Sykora, M, Gasteiger, S, Baty, F, Brutsche, MH, Sopper, S. OMIP-077:
Definition of all principal human leukocyte populations using a broadly applicable
14-color panel. Cytometry. 2022; 101: 15— 20. https://doi.org/10.1002/cyto.a.24481


https://doi.org/10.1002/cyto.a.24481

3.5.6. ESHGHI

10 samples merged into 1, 5 fold cross validation, 383k training x 96k test cells
29 cell types, 27 markers

I . F1-Score Central similarity | Earth mover's distance
Color Cell type 1 Flow Pheno Flow Pheno Flow Pheno
r 0y - g . 3 . .
, ncy % yrp Fib soM | P2 Graph Y som | P2 | Grapn| M som P4 Graph
. |CDaN 15%  0997| 0939| 0938 0907 0998 0953| 0949| 0924| 0999 0962 0986 0979
« |CD16hi NE 129% 0996| 0973| 0974 0968 0998 0985| 0990| 0989| 0999 0093 0994 00993
' CD8N | 48%  0996| 0.812| 0940 0925 0997 0740| 0.049| 0.939| 0.999 0930 0970 0980
« |CDiCM 62%  0995| 0930| 0849 N/A | 0994| 0953| 0.771|N/A | 0999 0962 0967 N/A
CD14hi Mono 17%  0.995| 0962| 0938 0957 0994 0972| 0936| 0.961| 0.990 0985 0982 0979
- | gd Teells | 19%  0995| 0.829| 0966 0.508 0996 0.796| 0.971| 0.917| 0998 0929 0.984| 0.949
CD4EM 06% 0904| 0939| 0875 0650 0992 0953| 0819| 0.508| 0990 0962 0961 0876
Naive B | 27% 0994| 0955| 0960| 0959 0998 0974 0.977| 0.979| 0.098| 0975 0981 0983
CD8 Temrma 63%  0994| 0710| 0866 0706 0994 0608| 0816| 0598| 0999 0850 0927 0838
. |Basophits | 25% 0994| 0.980| 0.963| 0.978 0998 0.995| 0.995| 0.994| 0998 0985 0960 0991
. |pDCs | 054%  0992] 0964| 0944 0953 0995 09%| 0978 0978 0995 0973 0953 0.960
CDSEM | 4% 0092| 0.812| 0.827| 0.634 0992 0740 0.746| 0.436| 0099 0030 0940  0.835
CDS MAIT 19%, 0.991| 0907| 0.871| 0.878 0991 0904| 0.846| 0.847| 0998 0961 0925 0932
CDi6hiMono | 23%  0990| 0905 0914 0860 0990 0884 0.893| 0.844| 0998 0973 0978| 0956
, Neutrophil 17% 0.984| 0965| 0.960| 0.970 0988  0978| 0979| 0.980| 0997 0987 0976 0991
[ int Mono | 16% 0976| 0962| 0776 0869 0967 0972| 0.693| 0.844| 0997 0985 0971 0956
CD4 Temra 179%, 0975 0939| 0.565| 0.103| 0960 0953 | 0412| 0.058| 0996 0962 0906 0414
| TransB | 067% 0974| 0.864| 0.868| 0875 0971 0828| 0.835| 0.836 0992 0962 0.966 0.963
. |cpscMm 0.48%| 0970| 0.812| 0632 0634 0946 0.740| 0.484| 0.486| 0992 0930 0.926| 0.835
- | Trez _ 1%  0969] 0939 0694 0 0958 0953| 0.566 0 0995 0962 0938] 0366
HLADRIoMono|  2.4%  0969| 0962| 0778 0957 0955 0972| 0.669| 0.961| 0996 0985 0964 0979
+  |MemB | 064% 0966| 0.864| 0878 0908 0968 0828| 0.873| 0.941| 0993 0962 0973 0948
CD14- CD16- 0.56%  0.965| 0.606| 0.598 | 0.530 0952 0478| 0467| 0386| 0993 0878 0871 0.862
Eosinophil | 032% 0962| 0942| 0933| 0950 0975 0960| 0957| 0.961] 0986 0977 0979 0.977
CD356hi NE D70% 0959| 0973| 0.796 0760 0936 0985| 0.723| 0.687| 0993 00993 0976| 0952
- |Plasmablast | 028% 0949 0.844| 0830 0840 0939 0808| 0.801| 0.811| 0987 0956 0948| 0959
. CD2T. 0.18%  0935| 0.268| 0.540| 0908 0910  0.185| 0432| 0941] 0981 0641 0850| 0.948
Lineage Negative. 0.57% 0908 0.434| 0429 0445 0.852] 0330| 0.296| 0336 0986 0.746 0.822] 0.772
, CDI123. 017% 0887| 0434| 0567 0445 0838 0330| 0455| 0336] 0970 0746 0817| 0.772
Median|  0.984| 0929 | 0.868 0.875 0988 0953 0819 0.844]| 0.997 00962 0.964 0952
Mean 0975 0.842| 0.817 0.742 0967 0.819 0.768| 0.708| 0.994 00932 00945 0.867
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3.5.6.1. Merged matches

With FlowSOM QFMatch finds 7 of 19 matches where merging multiple manual or

FlowSOM gated populations obtains a higher F1-score. The 1st, 4th, 9th, 10th, 13th,
and 17th ranked matches merge multiple manually gated populations to match 1
FlowSOM gated population. The 14th ranked match merges 2 FlowSOM gated
populations to match 1 manually gated population.

o« % synci 5] e i Y MATCH sets: training=all 29 matched!, test=19/29 (10 NEW)

Rank ? o # Subset (class) name :'lits_ ?:—On:::sati’re) 9(5".cl>:::i::rrdan(:e ?(I),rlr:‘ll\.!li:zz) H; i:e_t? Freq.
10 e 3 CD4CM 6 93.9% 95.3% 96.2% yes 6.2%
10 - 11 Treg 6 93.9% 95.3% 96.2% yes 1%
10 e 18 CD4EM 6 93.9% 95.3% 96.2% yes 9.6%
10 @ 20CD4N 6 93.9% 95.3% 96.2% yes 14.6%
10 « 26 CD4 Temra 6 93.9% 95.3% 96.2% yes 1.7%
10 ® 39 CD4 CM (FlowSOM.Residual.Pop10) 6 93.9% 95.3% 96.2% no 29.2%

. 2 HLADRIo Mono < 96.2% 97.2% 98.5% yes 2.4%
* 13 int Mono 4 96.2% 97.2% 98.5% yes 1.6%
® 19 CD14hi Mono 4 96.2% 97.2% 98.5% yes 17.3%
® 56 HLADRIo Mono (FlowSOM.Residual.... 4  96.2% 97.2% 98.5% no 21%
13 16 CD8 EM 4 81.2% 74% 93% yes 4%
13 21 CD8 CM 4 81.2% 74% 93% yes 0.5%
13 24 CD8 N 4 81.2% 74% 93% yes 4.8%
13 57 CD8 EM (FlowSOM.Residual.Pop0) 4 81.2% 74% 93% no 9.7%
1 e« 25 CD56hi NK 3 97.3% 98.5% 99.3% yes 0.7%
1 ® 29 CD16hi NK 3 97.3% 98.5% 99.3% yes 12%
1 @ 32 CD56hi NK (FlowSOM.Residual.Pop3) 3  97.3% 98.5% 99.3% no 12.6%
9 o 17 Mem B 3 86.4% 82.8% 96.2% yes 0.6%
9 e 23TransB 3 86.4% 82.8% 96.2% yes 0.7%
9 e 52 Mem B (FlowSOM.Residual.Pop19) 3 86.4% 82.8% 96.2% no 1.4%
14 - 10 gd Tcells 3 82.9% 79.6% 92.9% yes 1.9%
14 + 35 gd Tcells (FlowSOM.Residual.Pop2) 3 82.9% 79.6% 92.9% no 0.8%
14 « 48 gd Tcells (FlowSOM.Residual.Pop7) 3  82.9% 79.6% 92.9% no 1.1%
17 5 Lineage Negative 3  43.4% 33% 74.6% yes 0.6%
17 6 [CD123-] 3  43.4% 33% 74.6% yes 0.2%
17 51 Lineage Negative (FlowSOM.Residua... 3 33% 746% no  0.3%
12 Neutrophil 2 96.5% 97.8% 98.7% yes 1.7%
2 38 Neutrophil (FlowSOM.Residual.Pop18) 2 96.5% 97.8% 98.7% no 1.7%







With PhenoGraph QFMatch finds 12 of 24 matches where merging multiple manual or
PhenoGraph gated populations obtains a higher F1-score. The 7th, 12th, 15th, 20th,
and 21st ranked matches merge multiple manual gates to match 1 PhenoGraph gated
population. The 1st, 4th, 6th, 8th, 17th, 18th and 19th ranked matches merge multiple
PhenoGraph gated populations to match 1 manually gated population.



[

Rank 2 # Subset (class) name tdhzts_ ! ii?n:::::re) ?g:gs:dance f(llrlr:‘lr\:l‘lzrtlx) ;I;:;isne_t? Freq.
17 18 CD4 EM 5 65.9% 50.8% 87.6% yes 9.6% ¢
17 39 CD4 EM (PhenographYJ6F11) 5 65.9% 50.8% 87.6% no 34% 1
17 48 CD4 EM (PhenographY J6F5) 5 65.9% 50.8% 87.6% no 51% &
17 57 CD4 EM (PhenographYJ6F17) 5 65.9% 50.8% 87.6% no 22% 1
17 64 CD4 EM (PhenographYJ6F4) 5 65.9% 50.8% 87.6% no 6.8%
1 29 CD16hi NK 3  96.8% 98.9% 99.3% yes 12% &
1 44 CD16hi NK (PhenographYJ6F3) 3  96.8% 98.9% 99.3% no 79% @
1 68 CD16hi NK (PhenographYJ6F10) 3  96.8% 98.9% 99.3% no 3.5% 1
4 4 Naive B 3 95.9% 97.9% 98.3% yes 27% 1
4 54 Naive B (PhenographYJ6F13) 3  95.9% 97.9% 98.3% no 2.5% 1
4 70 Naive B (PhenographYJ6F41) 3 95.9% 97.9% 98.3% no 0.1%
6 20 CD4 N 3 90.7% 92.4% 97.9% yes 14.6% ¢
6 30 CD4 N (PhenographY J6F8) 3 90.7% 92.4% 97.9% no 4.3% i
6 46 CD4 N (PhenographY J6F2) 3 90.7% 92.4% 97.9% no 9.5% ¢
7 2 HLADRIo Mono 3  95.7% 96.1% 97.9% yes 24% 1
7 19 CD14hi Mono 3 95.7% 96.1% 97.9% yes 17.3% ¢
7 65 HLADRIo Mono (PhenographYJ6F 1) 3  95.7% 96.1% 97.9% no 18.5% ¢
8 28 Eosinophil &) 95% 96.1% 97.7% yes 0.5%
8 33 Eosinophil (PhenographY J6F27) 3 95% 96.1% 97.7% no 0.5%
8 38 Eosinophil (PhenographY J6F49) 3 95% 96.1% 97.7% no 0%
12 13 int Mono 3 86.9% 84.4% 95.6% yes 1.6%
12 27 CD16hi Mono 3 86.9% 84.4% 95.6% yes 2.3% 1
12 66 int Mono (PhenographYJ6F9) 3 86.9% 84.4% 95.6% no 3.9% 1
15 8 IgD- CD27-B 3 90.8% 94.1% 94.8% yes 0.2%
15 17 Mem B 3 90.8% 94.1% 94.8% yes 0.6%
15 63 IgD- CD27- B (PhenographY J6F22) 3 90.8% 94.1% 94.8% no 0.8%
18 7 [CD14- CD16-] 3 53% 38.6% 86.2% yes 0.6%
18 52 [CD14- CD16-] (PhenographY J6F45) 3 53% 38.6% 86.2% no 0%
18 55 [CD14- CD16-] (PhenographY J6F20) & 53% 38.6% 86.2% no 1.3%
19 14 CD8 Temra 3 70.6% 59.8% 83.8% yes 6.3% -
19 45 CD8 Temra (PhenographY J6F 14) 3 70.6% 59.8% 83.8% no 2.5%
19 53 CD8 Temra (PhenographY J6F12) 3 T70.6% 59.8% 83.8% no 2.8%
20 16 CD8 EM 3 634% 48.6% 83.5% yes 4%
20 21 CD8 CM 3  634% 48.6% 83.5% yes 0.5%
20 62 CD8 EM (PhenographY J6F6) 3  634% 48.6% 83.5% no 5%
21 5 Lineage Negative 3 445% 33.6% 77.2% yes 0.6%
21 6 [CD123-] 3 445% 33.6% 77.2% yes 0.2%
21 69 |Lineage Negative (PhenographY J6F31 )| 3  445% 33.6% 77.2% no 0.3%
2 12 Neutrophil 2 97% 98% 99.1% yes 1.7%






Toghi Eshghi S, Au-Yeung A, Takahashi C, Bolen CR, Nyachienga MN, Lear SP, Green
C, Mathews WR and O'Gorman WE (2019) Quantitative Comparison of
Conventional and t-SNE-guided Gating Analyses. Front. Immunol. 10:1194. doi:
10.3389/fimmu.2019.01194.
https://www.frontiersin.org/articles/10.3389/fimmu.2019.01194/full



https://www.frontiersin.org/articles/10.3389/fimmu.2019.01194/full

3.5.7. GHOSN

3 samples, 2-fold cross validation 2x1 and 1x2 training x test samples,
13 cell types, 9 markers.

Frequ F1-Score Central similarit Earth mover's distance
Color Cell type —— o| Flow Pheno Flow Pheno Flow Pheno
| ency % | MLP ] gop | LRA eraph | MLE | 5oM | LPA | grapn | MLE | sop [ LDA | ooh
Large macrophages 32% 1] 0.982 1] 0.982 1] 0.999 1] 0.999 1] 0.991 1] 0992
® |B-1 22% 0.999| 0.919| 0981| 0963 1] 0.905]| 0.993]| 0.965] 0.999| 0958| 0990| 0.994
T cells 69%| 0996 0.972| 0.992| 0.963 1| 0990 1| 0.982| 0.999| 0.984( 0.997| 0976
Eosinophils 8.6% 0.996| 0.943 1|1 0979 1] 0.986 1] 0.997| 0998 0.961 1] 0.993
® |B-21gM high 53% 0.996| 0.715| 0.893| 0.777( 0998 | 0.610| 0.833| 0.665| 0.999| 0.864| 0.941| 0951
® |B-2IgM medium 72% 0.995| 0.814| 0917| 0.824( 0997| 0.754| 0.873| 0.773| 0.997| 0.897| 0.957| 0.942
Small macrophages 4.6% 0.988| 0.930| 0.958| 0932 0990| 0916| 0.928| 0.920| 0.997| 0.976| 0.973| 0977
® | CDI11b+ dendritic 1.3% 0971| 0.930| 0916| 0932 0960| 0916| 0.845| 0.920| 0.994| 0.976| 0.959| 0977
® | Developing B 0.55% 0.962| 0.814| 0.812| 0.556( 0943 0.754| 0.720| 0.362| 0.969| 0.897| 0.842| 0.771
® |NK,NKT 8.3% 0.949| 0.959| 0903| 0.867| 0958| 0.986| 0.929| 0.889| 0.970| 0.984| 0.929| 0.908
L] CD11b- dendritic 0.23% 0.943| 0.827| 0929| 0.342( 0933| 0.798| 0.968| 0.162| 0.939| 0.969| 0.934]| 0.632
Neutrophils 0.36% 0.749 |N/A 0.519| 0440| 0.681 |N/A 0380 0.294| 0.932|N/A 0.718| 0.836
® | ckit+ mast cells 1.8% 0.682| 0.959| 0.724| 0.697( 0.558| 0.986| 0.593| 0.582| 0.912| 0.984]| 0.954]| 0.950
Median 0988 0930 0917| 0.867| 0.990| 0916 0.928| 0.889| 0.997| 0.969| 0.957| 0.951
Mean 0940 0.828| 0.888| 0.789| 0.924| 0.815| 0.851| 0.732]| 0977| 0.880| 0.938| 0.915
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3.5.7.1. Merged matches

With FlowSOM QFMatch finds 3 of 9 matches where merging 2 manually gated
populations for 1 FlowSOM gated populations obtains a higher F1-score. The 3rd, 4th
and 8th ranked matches.

Rank | @ | # Subset (class) name ches | F-measure) Concordance | (Qatch |ing st Frea.
3 ® 9 NK, NKT 3  959% 98.4% 98.5% yes 9%
3 e 11 ckit+ mast cells 3 95.9% 98.4% 98.5% yes 1.8%
3 ® 18 FlowSOM.Live singlets.Pop10 3 95.9% 98.4% 98.5% no 10.9%
4 3 Small macrophages 3 93% 91.8% 97.6% Yyes 4.5%
4 5 CD11b+ dendritic 3 93% 91.8% 97.6% yes 1.2%
4 24 FlowSOM.Live singlets.Pop7 3 93% 91.8% 97.6% no 5.8%
8 e 7 Developing B 3 81.4% 75% 89.4% yes 0.5%
8 e 10 B-2 IgM medium 3 81.4% 75% 89.4% yes 7%
8 e FlowSOM.Live singlets.Pop5 3 81.4% 75% 89.4% no 7.1%
1 1 Large macrophages 2 98.2% 99.9% 99.1% vyes 31.9%
1 15 FlowSOM.Live singlets.Pop0 2 98.2% 99.9% 99.1% no 31.4%




With PhenoGraph QFMatch finds 5 of 12 matches where merging multiple manual or
PhenoGraph gated populations obtains a higher F1-score. The 4th ranked match
merges 2 manually gated populations to match 1 PhenoGraph gated population. The

1st, 3rd, 8th and 9th ranked matches merge multiple PhenoGraph gated populations to

match 1 manually gated population.

o+« ¥ synciy  fF, 5] s i ¢ MATCH sets: training=all 13 matched), test=21/22 (* NFW)

Rank 2 # Subset (class) name z:laets_ ﬁf)n::::frej 9éci:::ic‘?:dance fclzr:&z:x) -il;lrgaisne_t? Freq.
1 13 B-1 6 96.3% 97.1% 99.3% yes 22.1%
1 14 Phenograph29FL8 6 96.3% 97.1% 99.3% no 6.9%
1 19 Phenograph29FL13 6 96.3% 97.1% 99.3% no 3.9%
1 20 Phenograph29FL21 6 96.3% 97.1% 99.3% no 0.3%
1 28 Phenograph29FL1 6 96.3% 97.1% 99.3% no 9.9%
1 32 Phenograph29FL22 6 96.3% 97.1% 99.3% no 0.1%
B 1 Large macrophages 5 98.2% 99.9% 99.2% yes 31.9%
3 17 Phenograph29FL6 5 98.2% 99.9% 99.2% no 7.3%
3 25 Phenograph29FL4 & 98.2% 99.9% 99.2% no 7.8%
3 27 Phenograph29FL3 & 98.2% 99.9% 99.2% no 8.6%
3 30 Phenograph29FL5 5 98.2% 99.9% 99.2% no 7.7%
4 3 Small macrophages 3 93.2% 92.1% 97.8% yes 4.5%
4 5 CD11b+ dendritic 3 93.2% 92.1% 97.8% yes 1.2%
4 23 Phenograph29FL9 3 93.2% 92.1% 97.8% no 5.9%
8 9 NK, NKT 3 86.7% 88.6% 91.4% yes 9%
8 26 Phenograph29FL11 3 86.7% 88.6% 91.4% no 4.7%
8 34 Phenograph29FL15 & 86.7% 88.6% 91.4% no 2.3%
9 2 B-2 IgM high 3 T1.7% 68.1% 91.1% yes 5.1%
9 15 Phenograph29FL16 3 77.7% 68.1% 91.1% no 2.2%
9 18 Phenograph29FL12 3 77.7% 68.1% 91.1% no 4.5%
2 8 Eosinophils 2 97.9% 99.7% 99.3% yes 9.5%
2 33 Phenograph29FL2 2 97.9% 99.7% 99.3% no 9.3%




Eliver Eid Bou Ghosn, Alexandra A. Cassado, Gregory R. Govoni, +6, and Leonore A.
Herzenberg (2010), Two physically, functionally, and developmentally distinct
peritoneal macrophage subsets, PNAS Vol. 107|No. 6 2568-2573, January 25, 2010
https://doi.org/10.1073/pnas.0915000107



https://doi.org/10.1073/pnas.0915000107

6 samples,4-fold cross validation:

3.5.8. LEIPOLD

5x1 training by test samples;

18 cell types, 15 markers
Frequ F1-Score Central similarity Earth mover's distance

Color Cell type - | Flow Pheno Flow Pheno Flow Pheno
ency % | MLP #. 50M | IPA | Granh| MLP | 500 | LPA | Grann | MLP | 500 | LDA Gy
® |NKecells 12%| 0.997| 0.873| 0.977| 0.872| 0.997| 0.845| 0.978| 0.858| 0.999| 0.951| 0.992| 0.947
@® |CDA4Tcells CD45RA-, CD27+ 12%| 0.997| 0.866| 0.950| 0.939| 0.997| 0.858| 0.940| 0.929| 0.999| 0.953| 0.989| 0.991
CDA T cells CD45RA+ , CD27+ 16%| 0.996| 0.902| 0.951| 0.916] 0.999| 0.944| 0.969| 0.949| 0.999| 0.972| 0.981| 0.975
® |CDA4T cells CD45RA- , CD27- 34%| 0994| 0.866| 0.920| 0.878| 0.993| 0.858| 0.885| 0.880| 0.998| 0.953| 0.975| 0.944
CD16- monocytes 79%| 0994| 0.894| 0.959| 0.900| 0.997| 0.888| 0.974| 0.896| 0.999| 0.956| 0.971| 0.961
©® |CD8T cells CD45RA+ ,CD27+ 11%| 0.993| 0.898| 0.897| 0.669| 0.994| 0.901| 0.866| 0.582| 0.999| 0.967| 0.952| 0.840
CD8 T cells CD45RA+ , CD27- 91%| 0993| 0.898| 0.878| 0.671| 0.993| 0.901| 0.819| 0.548| 0.998| 0.967| 0.980| 0.902
@® (CD8Tcells CD45RA- , CD27+ 63%| 0.993| 0.794| 0.929| 0.804| 0.992| 0.724| 0.898| 0.731| 0.999| 0.957| 0.980| 0.968
©® |CD38 CD56- B cells 62%| 0.991| 0.931| 0.805| 0.870| 0.988| 0.958| 0.688| 0.876| 0.998| 0.964| 0.941| 0914
CD38+CD56 B cells 47%| 0988| 0.931| 0.797| 0.870| 0.985| 0.958| 0.735| 0.876| 0.998| 0.964| 0.955| 0914

CD8 T cells CD45RA- , CD27- 28%| 0986| 0.898| 0.846|N/A 0.985| 0.901| 0.767 |N/A 0.997| 0.967| 0.958 |N/A
CD4- CD8- 5%| 0986 0.866| 0.806| 0.786| 0.985| 0.858| 0.743| 0.697| 0.997| 0.953| 0.946| 0.915
e [pDCs 037%| 0.980| 0.933| 0.935| 0.915| 0.984| 0.973| 0.922| 0.948| 0.989| 0.948| 0.960| 0.941
CD56 bright NK cells 044%| 0.966| 0.873| 0.844| 0.729| 0.946| 0.845| 0.796| 0.642| 0.988| 0.951| 0.943| 0.945
CDA T cells CD45RA+ , CD27- 1.1%| 0961 0.141| 0.518| 0.878| 0.957| 0.076| 0.400| 0.880| 0.990| 0.640| 0.874| 0.944
e |mDCs 14%| 0.959| 0.197| 0.730| 0.194| 0.946| 0.089| 0.619| 0.091| 0.990| 0.572| 0.925| 0.555
® | Basophils 0.69%| 0.850( 0.005| 0.102| 0.141| 0.777| 0.002| 0.044| 0.048| 0.975| 0.408| 0.734| 0.406
CD16+ monocytes 004%| 0.697| 0.115| 0.268| 0.220| 0.574| 0.076| 0.171| 0.137| 0.829| 0.428| 0.652| 0.552
Median| 0.989| 0.873| 0.862| 0.837| 0.987| 0.858| 0.807| 0.795| 0.998| 0.953| 0.957| 0.928
Mean| 0.962| 0.716| 0.784| 0.681| 0.949| 0.703| 0.734| 0.643| 0.986| 0.860| 0.928 | 0.812




F1-Scores

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

LEIPOLD F1-Scores median/mean/weighted

MLP FlowSOM
0.989/0.962/0.992 0.873/0.716/0.862
O @ W 1 o
® 0.8 ® Q"
O
0.6
0.4
0.2 P (’
0 @
2 4 2 4
LDA PhenoGraph
0.862/0.784/0.899 0.837/0.681/0.801
. 1 ]
® ®
© .Q‘bi 0.8 OO (;3
L
0.6
@
0.4
O
. 0.2 o °®
0 )
2 2 4

4 0
Cell type size (log10)



Central similarity

0.8
0.6
0.4
0.2

0.8
0.6
0.4

0.2

LEIPOLD Central similarity median/mean/weighted

MLP FlowSOM
0.987/0.949/0.991 0.858/0.703/0.860
* e ™ L ® a4
@ 0.8 @ Q§
’ ®
@) 0.6
0.4
0.2
0 © .@
2 4 2 4
LDA PhenoGraph
0.807/0.734/0.871 0.795/0.643/0.773
P 1 ]
° odj' ®o os§
O @ 0.8 -
.a 0,
. 0.6 o P
@ 0.4
@ 0.2 )
[ ]
® 0 * o
2 2 4

4 0
Cell type size (log10)



Earth mover's distance

LEIPOLD Earth mover's distance median/mean/weighted

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

MLP

0.998/0.986/0.998

©

Cg®_ D"

2 4

LDA

0.957/0.928/0.969

O

O(’G.“I
®

0.8

0.6

0.4

0.2

-

0.8

0.6

0.4

0.2

0

4 0
Cell type size (log10)

FlowSOM
0.953/0.860/0.948

O QW

PhenoGraph
0.928/0.812/0.902

|
ooq




3.5.8.1. Merged matches

With FlowSOM QFMatch finds 8 of 10 matches where merging multiple manual or
FlowSOM gated populations obtains a higher F1-score. The 2nd, 3rd, 6th and 8th

ranked matches merge ? manually gated populations to match 1 FlowSOM gated
population. The 1st, 5th, 9th and 10th ranked matches merge multiple FlowSOM gated

populations to match 1 manually gated population.

) B +« ﬁ Sync.'l."..:l ﬁF_ :ﬁ lI:[: 'l'. & MATCH sets: training=all 18 matched!, test=16/18 CHEM)
Rank ? # Subset (class) name ::::s_ ! ?:Pr:::::)re) ?;:E::dance (scllr:II\:I::lx) -il;:gaisrllz_t? Freq.
2 9 CD8 T cells CD45RA-, CD27- 4  89.8% 90.1% 96.7% yes 2.7%
2 13 CD8 T cells CD45RA+ , CD27- 4  89.8% 90.1% 96.7% yes 9.8%
2 14 CD8 T cells CD45RA+ , CD27+ 4 89.8% 90.1% 96.7% yes 13.3% 1
2 34 CD8 T cells CD45RA- , CD27- (Flow... 4  89.8% 90.1% 96.7% nho 21.6% :
6 12 CD4 T cells CD45RA- , CD27+ 4 86.6% 85.8% 95.3% yes 14.8% 1
6 16 CD4 T cells CD45RA- , CD27- 4  86.6% 85.8% 95.3% yes 4.3%
6 18 CD4- CD8- 4  86.6% 85.8% 95.3% yes 3.1%
6 23 CD4 T cells CD45RA-, CD27+ (Flow... 4  86.6% 85.8% 95.3% no 20.5% 1
1 15 CD4 T cells CD45RA+ , CD27+ 3 90.2% 94.4% 97.2% yes 16.9% 1
1 24 CD4 T cells CD45RA+ , CD27+ (Flo... 3 90.2% 94.4% 97.2% no 0.9%
1 27 CD4 T cells CD45RA+ , CD27+ (Flo... 3  90.2% 94.4% 97.2% no 15% 1
3 3 CD38 CD56- B cells 3 931% 95.8% 96.4% yes 3.8%
3 4 CD38+CD56 B cells 3  931% 95.8% 96.4% yes 3.8%
3 32 CD38 CD56- B cells (FlowSOM.All c... 3 931% 95.8% 96.4% no 7.3%
5 1 CD16- monocytes 3  894% 88.8% 95.6% yes 6.1%
5 28 CD16- monocytes (FlowSOM.AIl cell... 3 89.4% 88.8% 95.6% no 6.2%
5 31 CD16- monocytes (FlowSOM.AII cell... 3 89.4% 88.8% 95.6% no 0.5%
7 6 NK cells 3 87.3% 84.5% 95.1% Yyes 11%
7 17 CD56 bright NK cells 3  87.3% 84.5% 95.1% yes 0.4%
7 36 NK cells (FlowSOM.AIl cells.Pop3) 3 87.3% 84.5% 95.1% no 13.5% 1
9 8 CD4 T cells CD45RA+ , CD27- 3 14.1% 7.6% 64% yes 1.1%
9 20 CD4 T cells CD45RA+ , CD27- (Flow... 3 14.1% 7.6% 64% no 0.1%
9 33 CD4 T cells CD45RA+ , CD27- (Flow... 3 14.1% 7.6% 64% no 0.8%
10 2 mDCs 3 19.7% 8.9% 57.2% yes 0.9%
10 22 mDCs (FlowSOM.AIl cells.Pop2) 3 19.7% 8.9% 57.2% no 0.3%
10 26 mDCs (FlowSOM.AIl cells.Pop9) 19.7% 8.9% 57.2% no 2.8%
5 CD8 T cells CD45RA-, CD27+ 2 79.4% 72.4% 95.7% yes 6.9%
35 CD8 T cells CD45RA-, CD27+ (Flow... 2 79.4% 72.4% 95.7% no 7.8%




With PhenoGraph QFMatch finds 8 of 13 matches where merging multiple manual or
PhenoGraph gated populations obtains a higher F1-score. The 7th and 10th ranked
matches merge 2 manually gated populations to match 1 PhenoGraph gated

population. The 1st, 2nd, 4th, 9th, 11th and 13th ranked matches merge multiple

PhenoGraph gated populations to match 1 manually gated population.

@ @ ] « ¥ sync= ff, 5] o H 0 MATCH sets: training=17/18 (1 UNMATCHEDD oqp_p3 57 (4 NEW)

Rank ? o # Subset (class) name ﬂlits_ ! ﬁf)n::::ﬁre) 5‘.(sicl:::i:::dance ?(Ilr:&i;':x) ?;:;i:e_t? Freq.
2 15 CD4 T cells CD45RA+ , CD27+ 4  91.6% 94.9% 97.5% yes 16.9%
2 19 Phenograph4RXF16 4 91.6% 94.9% 97.5% no 1.2%
2 30 Phenograph4RXF2 4  91.6% 94.9% 97.5% no 13.5%
2 39 Phenograph4RXF19 4 91.6% 94.9% 97.5% no 0.5%
9 18 CD4- CD8- 4 78.6% 69.7% 91.5% Yyes 3.1%
9 22 Phenograph4RXF23 4 78.6% 69.7% 91.5% no 0.2%
9 26 Phenograph4RXF14 4 78.6% 69.7% 91.5% no 1.3%
9 33 Phenograph4RXF12 4 78.6% 69.7% 91.5% no 1.8%
1 @ 12 CD4 T cells CD45RA-, CD27+ 3 93.9% 92.9% 99.1% yes 14.8%
1 e 34 Phenograph4RXF15 3 93.9% 92.9% 99.1% no 1.2%
1 @ 41 Phenograph4RXF4 3 93.9% 92.9% 99.1% no 12.7%
4 1 CD16- monocytes 3 90% 89.6% 96.1% Yyes 6.1%
4 24 Phenograph4RXF20 3 90% 89.6% 96.1% no 0.5%
4 37 Phenograph4RXF8 3 90% 89.6% 96.1% no 6.1%
7 8 CD4 T cells CD45RA+ , CD27- 3  87.8% 88% 94.4% yes 1.1%
7 16 CD4 T cells CD45RA-, CD27- 3 87.8% 88% 94.4% yes 4.3%
7 40 Phenograph4RXF9 3 87.8% 88% 94.4% no 5%

10 © 3 CD38 CD56- B cells 3 87% 87.6% 91.4% yes 3.8%
10 e 4 CD38+CD56 B cells & 87% 87.6% 91.4% yes 3.8%
10 ® 28 Phenograph4RXF7 3 87% 87.6% 91.4% no 6.1%
11 ® 13 CD8 T cells CD45RA+ , CD27- 3 67.1% 54.8% 90.2% yes 9.8%
11 « 32 Phenograph4RXF11 3 671% 54.8% 90.2% no 2.5%
11 ® 44 Phenograph4RXF1 3 671% 54.8% 90.2% no 13.6%
13 o 2 mDCs 3 19.4% 9.1% 55.5% yes 0.9%
13 ¢ 21 Phenograph4RXF24 3 194% 9.1% 55.5% no 0.2%
13 ® 45 [Phenograph4RXF10 3 19.4% 9.1% 55.5% no 2.8%
® 5 CD8T cells CD45RA-, CD27+ 2 80.4% 73.1% 96.8% Yyes 6.9%
® 42 Phenograph4RXF5 2 80.4% 73.1% 96.8% no 7.5%




Michael D. Leipold, Gerlinde Obermoser, Craig Fenwick, Katja Kleinstuber, Narges Rashidi,
John P. McNevin, Allison N. Nau, Lisa E. Wagar, Virginie Rozot, Mark M. Davis, Stephen
DeRosa, Giuseppe Pantaleo, Thomas J. Scriba, Bruce D. Walker, Lars R. Olsen, Holden T.
Maecker, (2018) Comparison of CyTOF assays across sites: Results of a six-center pilot
study, Journal of Immunological Methods,Volume 453, Pages 37-43, ISSN 0022-1759,

https://www.sciencedirect.com/science/article/pii/S0022175917304908


https://www.sciencedirect.com/science/article/pii/S0022175917304908

3.5.9. PANORAMA

10 samples, 5-fold cross validation:
24 cell types, 25 markers

8x2 training by test samples;

Frequ F1-Score Central similarity Earth mover's distance
Color Cell type — | Flow Pheno Flow Pheno Flow Pheno
|_ency % | MLP e som | LA Graph MLP | o | LDA Graph MLP | ooy | LDA Graph
® |pDCs 52%| 0999| 0.891| 0999 0.851 1| 0.832 1] 0.771| 0999 0.942| 0.999| 0.869
Eosinophils 88% | 0998 0.729| 0.887| 0.731| 0.999| 0.605| 0.830| 0.609| 0.999| 0.826| 0.916| 0.833
CD8 T cells 3%| 0998 0.825| 0.976| 0.800| 0.999| 0.756| 0.989| 0.718| 0.999| 0.920| 0.988| 0.952
NKT cells 19%| 0996| 0.625| 0.876| 0.800| 0.997| 0498 | 0.838| 0.718| 0.998| 0.904| 0.933| 0.952
® | Non classical Monocytes 14%| 0994| 0.800( 0.967| 0.897| 0.997| 0.733| 0.984| 0.877| 0.997| 0.884| 0.985| 0.976
B cells Frac. D 37%| 0994| 0.537| 0.891| 0212| 0.997| 0.387| 0.868| 0.126| 0.998| 0.825| 0.974| 0.787
® | NK cells 12%| 0993| 0.359( 0.885| 0432| 0.995| 0.239| 0.869| 0.287| 0.996| 0.874| 0.931| 0.929
Classical Monocytes 21%| 0991| 0.793| 0.956| 0.852| 0.989| 0.708| 0.941| 0.790| 0.999| 0.914| 0.991| 0.955
e | Basophils 0.57%| 0991 0.539( 0.875| 0432| 0995 0.391| 0.812| 0.287| 0.994| 0.892| 0.947| 0.929
CD4 T cells 1.6%| 0990 0.800( 0.898| 0.800| 0.996| 0.738| 0.901| 0.738| 0.993| 0.950| 0.947| 0.956
e | Plasma Cells 024%| 0980| 0.586| 0.982| 0.592| 0.990| 0.397| 0.989| 0.362| 0.985| 0.678| 0.986| 0.773
® | Intermediate Monocytes 77%| 0979| 0.752| 0.874| 0.721| 0.972| 0.640| 0.813| 0.601| 0.997| 0936| 0.965| 0.913
® | B cells Frac A-C 19%| 0973| 0.537| 0.581| 0.011| 0.966| 0.387| 0.428 0| 0995| 0.825| 0.890| 0.390
MEP 18%| 0971| 0.327( 0.920| 0.358| 0.971| 0.205| 0.905| 0.215| 0.994| 0.832| 0.974| 0.806
Macrophages 1%| 0965| 0.556| 0.889| 0.531| 0972 0.413| 0.868| 0.373| 0.991| 0.908| 0.968| 0.905
e |mDCs 030%| 0952| 0.566( 0.865| 0.293| 0.959| 0435( 0.821| 0.128| 0.978| 0.827| 0.945| 0.694
® |gdTcells 021%| 0940 N/A 0.686| 0.800| 0.948 | N/A 0.606| 0.718| 0.971|N/A 0.853| 0.952
@® |BcellsFrac.F 25%| 0933| 0.895| 0926| 0.895| 0.885| 0.829| 0.875| 0.823| 0.990( 0.984| 0.986| 0914
e |GMP 2.1%| 0.866| 0.793| 0.753| 0426| 0.778| 0.708| 0.645| 0.291| 0.986| 0914 | 0.904| 0.801
B cells Frac. E 98%| 0.833| 0.537| 0.775| 0.895| 0.755| 0.387| 0.680| 0.823| 0.956| 0.825| 0.957| 0914
e |CLP 024%| 0.682| 0.103| 0.541| 0426| 0520 0.062| 0413| 0.291| 0.934| 0.256| 0.820| 0.801
e |CMP 1%| 0604 0232 0546| 0426| 0460| 0.149| 0407| 0.291| 0.945( 0.899| 0.914| 0.801
e |MPP 035%| 0523 0| 0.514| 0426, 0371 0| 0375| 0.291| 0915| 0.379| 0.892| 0.801
HSC 0.02% 0| 0011 0| 0426 0| 0.007 0| 0291 0| 0464| 0.118| 0.801
Median| 0976| 0.561| 0.881| 0.562| 0.972| 0405| 0.834| 0367 | 0.993| 0.879| 0.947| 0.887
Mean| 0.881| 0.533| 0.794| 0.585| 0.855| 0.438| 0.744| 0476 0.942| 0.777| 0.908| 0.850
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3.5.9.1. Merged matches

With FlowSOM QFMatch finds 5 of 20 matches where merging multiple manual or

FlowSOM gated populations obtains a higher F1-score. The 6th and 16th ranked

matches merge multiple manually gated populations to match 1 FlowSOM gated
population. The 3rd, 8th and 9th ranked matches merge 2 FlowSOM gated populations

to match 1 manually gated population.

E + ﬁ Sync i ﬁF. ol "I'_.[: i &' MATCH sets: training=23 /24 (1 UNMATCHEDD o g4 53 /54 (1 NEW)
Rank  ? # Subset (class) name :nhe::ts_ ! z:—or:::sati’re) Béc:::jz:dance (S(I)rll;lll\ol'laa:x) ;I;lr;isne_t? Freq.
16 4 B cells Frac. E 4 53.7% 38.7% 82.5% yes 6.5%
16 15 B cells Frac. D 4 53.7% 38.7% 82.5% yes 1.8%
16 24 B cells Frac A-C 4  53.7% 38.7% 82.5% yes 1%
16 40 FlowSOM.non-Neutrophils.Pop7 4 53.7% 38.7% 82.5% no 10.8%
3 8 pDCs 3 89.1% 83.2% 94.2% yes 5.9%
3 33 FlowSOM.non-Neutrophils.Pop4 3  89.1% 83.2% 94.2% no 1.5%
3 43 FlowSOM.non-Neutrophils.Pop2 3 89.1% 83.2% 94.2% no 2.4%
6 3 Classical Monocytes 3 79.3% 70.8% 91.4% yes 28.8%
6 18 GMP 3  T79.3% 70.8% 91.4% yes 2.7%
6 35 FlowSOM.non-Neutrophils.Pop0 3 79.3% 70.8% 91.4% no 29.5%
8 10 NKT cells 3  625% 49.8% 90.4% yes 2.3%
8 26 FlowSOM.non-Neutrophils.Pop15 3 62.5% 49.8% 90.4% no 1.6%
8 39 FlowSOM.non-Neutrophils.Pop14 3 62.5% 49.8% 90.4% no 0.8%
9 9 CMP 3 232% 14.9% 89.9% vyes 1%
9 30 FlowSOM.non-Neutrophils.Pop12 3 23.2% 14.9% 89.9% no 3.6%
9 41 FlowSOM.non-Neutrophils.Pop18 23.2% 14.9% 89.9% no 1.2%
1 13 B cells Frac. F 2 89.5% 82.9% 98.4% yes 19.7%
1 44 FlowSOM.non-Neutrophils.Pop3 2 89.5% 82.9% 98.4% no 16.4%







Samusik, N., Good, Z., Spitzer, M. et al. Automated mapping of phenotype space
with single-cell data. Nat Methods 13, 493—496 (2016).
https://doi.org/10.1038/nmeth.3863

4. Testing Round 2

In the second round of our testing we do the same as in round 1 with LDA and MLP: training

and predicting uses data with unclassified cells removed and population matching is 1-to-1.
With FlowSOM and PhenoGraph the data usage is the same as in round 1 (on both classified
and unclassified cells) but the matching of automated populations is done many-to-1 with
manually gated populations using our QFMatch. This means only FlowSOM or PhenoGraph
populations are merged in order to obtain the best F1-score and thus one manually gated

population can match 1 or more automatic gated populations.

4.1. Overall results

The overall accuracy of each classifier in matching 197 known cell populations from 9 different
published datasets is

Performance F1-Score Central Similarity EMD
metric
Classifier Median | Mean | Median | Mean | Median | Mean
MLP 0.99 0.95 0.99 0.94 1 0.98
FlowSOM 0.61 0.48 0.48 0.44 0.83 0.61
LDA 0.88 0.81 0.83 0.76 0.96 0.93
PhenoGraph 0.76 0.60 0.69 0.55 0.92 0.73

4.2. Results for datasets

The table below shows classifier accuracy for each dataset.

MLP FlowSOM LDA PhenoGraph

Dataset

F1- Central EMD F1- Central EMD F1- Central EMD F1-
Score similarity Score similarity Score similarity Score

Central
similarity

EMD



https://doi.org/10.1038/nmeth.3863
https://docs.google.com/document/d/1VJ1rSX3fKna-WUD3vtbztcD8-cIo_8TMSrT6gVzaAxs/edit#bookmark=id.nike5pmuj420

OMIP-044 1© 1 1 11 0.61 0.51 0.77 0.93 0.90 0.98 1 0.91 0.92 0.95
13 cell populations defined with 0 99 1 1 049 046 0 70 0 85 0 81 O 94 0 87 0 78 0 92
14 markers collected by a

conventional cytometer

OMIP-047 1 1 1 11 0.76 0.67 0.90 0.96 0.95 0.98 | 0.89 0.87 0.97
8 cell populations defined with 9 1 1 1 0 60 0 55 0 72 O 96 0 96 O 98 0 83 0 77 0 93
markers collected by a

conventional cytometer

OMIP-058 12 0.99 0.99 1] 044 0.31 0.87 0.84 0.81 0.95] 0.48 0.77 0.86
35 cell populations defined with 0 97 0 97 0 99 042 0 38 0 55 0 76 0 70 O 93 0 44 0 58 0 56
17 markers collected by a

conventional cytometer

OMIP-069 ™ 0.98 0.97 0.99]1 0.31 0.20 0.78 0.83 0.73 0.95] 0.28 0.15 0.75
43 cell populations defined with 0.93 0.90 0.98 0.35 0.29 0.63 0.76 0.68 0.92 0.34 0.29 0.54
26 markers collected by a

spectral cytometer

OMIP-077 * 0.97 0.97 099 0.65 0.55 0.90 0.72 0.62 0.881 0.91 0.92 0.96
e coseavyscommiora | 0-89 | 0.85| 0.06] 0521 0501 0591 062\ 0571 0871 66| 0.65] 073
cytometer

ESHGHI & - 1 1 1| 0.60 0.48 0.76 0.90 0.86 097 | 0.76 0.69 0.93
Z:r‘;"e':::z:::::fy'”:‘:a’:: 1 099| o099 1| 049| 046| 060| 086| 081| 095| o61| o057 o076
cytometer

GHOSN * 0.99 0.99 11 0.81 0.74 0.88 0.92 0.93 0.96 | 0.81 0.74 0.91
poremeeee | 094| os2| ose| 00| 059| 064| 089| 085| 094\ o71| 65| o2
cytometer

LEIPOLD? 0.99 0.99 1] 0.21 0.1 0.63 0.86 0.80 0961 0.70 0.61 0.92
:;:::‘Z:':;‘;"Zy":f:::SW‘”‘ 18 0.96 095| 099| 0.40 0.36| 0.50) 0.78| 0.73| 093] o060 0.54 0.76
cytometer

PANORAMA™" 0.97 0.97 0991 0.55 0.40 0.85 0.88 0.83 0.95] 0.32 0.19 0.74
24 cell populations defined with 25 0 88 0 86 0 94 045 0 37 0 69 O 79 0 74 O 91 0 38 031 0 58

markers collected by a mass

cytometer

Legend notes:

e Shading differentiates the rank of the classifier for each dataset: 1st best, 2nd best, 3rd

best, 4th.

e The thickness of the table border around a ranking varies based on how much bigger it

is than the next lower ranked classifier.

e Mean font size and boldness varies based on difference with median <% difference > 5 8 &

<=.15 difference and >.15 difference. For example with the scores for FlowSOM with



https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.bi1vjb1f4fgh
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.qo8px3r2jrql
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.1hxs13m0lp58
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.ira0rwi5hvjm
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.nlpgp275jfk
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.ndxx43heou8e
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.fynikscqymj3
https://docs.google.com/dochttps://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.ef72wr9rz0qument/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit%23bookmark=id.zhqyyvxtsha5
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.zhqyyvxtsha5

TOHI ESHGHI dataset we see
o .94 .84 for F1-score
o .95.82 for Central similarity
o .96 *for EMD

4.2.1. Effects of many-to-many matching
The difference between this and the prior round’s testing for FlowSOM and PhenoGraph is

matching automatic populations and manually gated populations 1-to-many instead of many-to-
many.

Our QFMatch software provides 4 options for merging

1. Merging subsets in both the training set and in the test set, which allows for many-to-many
matching.

2. Merging subsets only in the test set which allows for 1-to-many matching.

3. Merging subsets only in the training set which allows for many-to-1 matching.

4. No merging.

The testing results indicate that unsupervised automatically classified populations match better

to manually gated populations when many-to-many matching is used.

4.2.1.1. In overall accuracy

Performance F1-score Central Similarity EMD
metric
Classifier Median Mean | Median | Mean | Median | Mean
FlowSOM
Many-to-many 0.87 0.74 0.86 0.70 0.96 0.87
1-to-many 0.61 0.48 0.48 0.44 0.83 0.61
PhenoGraph
Many-to-many 0.87 0.72 0.84 0.66 0.95 0.87
1-to-many 0.76 0.60 0.69 0.55 0.92 0.73

4.2.1.2. In accuracy per dataset

FlowSOM PhenoGraph




Many-to-many 1-to-many Many-to-many 1-to-many

Dataset F1- Central EMD F1- Central EMD F1- Central EMD F1- Central EMD

score similarity score similarity score similarity score similarity
OMIP-044 © .97 .98 .98 | 0.61 051 0.77 .92 .92 96| 0.91 0.92 0.95
13 cell populations cefredwin | gg| g6 | 94| 049| 046| o070| 81| .78| .93] 0s1| o078] o092
14 markers collected by a See
conventional cytometer
OMIP-047 .87 .83 96| 076 0.67| 0.90 .90 .87 97| 089 0.87 0.97
8 cell populations defined win 9 | 86 .81 95| 060 055| 072 83| .77| .93| 083| o077| 093
markers collected by a See
conventional cytometer
OMIP-058 *2 .80 73| 92| 044| 031| 087| .82| .77 .93| 048 0.77| 0.86
Bcellpopulations cefmedwin | 60 | 55| 77| 042| 038| 055/ 63| .58| .77| 0.44| 0.58| 0.56
17 markers collected by a See
conventional cytometer
OMIP-069 51 37| 83| 031 020 078 55| .41 86| 028| 045 0.75
weapopusienssemeawin | gg | 40| 74| 035| 029| 063| 52| 43| .81| 034| 029| o054
26 markers collected by a See
spectral cytometer
OMIP-077 * .96 .95 98] 0.65 0.55 0.90 .96 .96 99| 0.91 0.92 0.96
14 el popuations defined wih 14 .92 .92 99| 052 050 0.59 .86 .86 941 066 0.65 0.73
markers collected by a conventional See
cytometer
ESHGHI * - .94 .95 .96 | 0.60 0.48 0.76 .88 .84 95| 0.76 0.69 0.93
e | 84| .82| .93| 049| 046| 060| .74 .71 .87| 061| 057| 076
cytometer See
GHOSN .93 .92 96| 0.81 0.74 0.88 .87 .89 95| 0.81 0.74 0.91
19 cell populations defined wih 9 .83 .82 .88| 0.60| 059 0.64 .79 .74 92| 0.71 0.65 0.82
markers collected by a conventional ce
cytometer See
LEIPOLD? .87 .86 95| 0.21 0.1 0.63 .84 .80 931 0.70 0.61 0.92
19 cellpopulations defned Wi 19 .72 .70| 86| 040| 036 050 68| .64| .81] o60| o054 o0.76
markers collected by a mass ce
cytometer See
PANORAMA" .56 41 88| 055] 040] 085 .56 37 89| 032 0.19 0.74
2t cellpopulations defed wih 23 53| 44| 78| 045| o037 069 59| 48| .85| 0.38| 031| 0.58
markers collected by a mass See
cytometer
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4.3. Results for populations

OMIP-044
2 samples (~2 million cells each), 2-fold cross validation, 1x1 training x test samples,

13 cell types, 14 markers.

Frequ F1-Score Central similarit Earth mover's distance
Color| Cell type - | Flow Pheno Flow Pheno Flow Pheno
ency % (yLPled gopy | LDA Graph | Y2 | soM | EPA | Graph | MLP | som | XPA |Graph
CD14+ 18% 1| 0944| 0984 | 0974 1| 0970 1| 0989 1| 0954 0984 0.990
® |CDI19+ 13% 1] 0995| 0.997| 0.994 1| 0.999 1| 0.999 1] 0.998| 0.999| 0.998
naive CD4+ 22% 1| 0.722| 0931 0.869 1| 0578| 0.896| 0.792 1| 0.822]| 0984 0970
@® |not naive CD4+ 18% 1|N/A 0910| 0.840 1[N/A 0.871| 0.765 1|N/A 0977| 0.952
® |CD56+NK 7%| 0.999| 0.952| 0.955| 0.954 1| 0994| 0997 0.9% 1| 0.943] 0941 0.939
naive CD8+ 6.5%| 0999| 0.607| 0.948| 0.954| 0.999| 0.507| 0.940| 0.962 1| 0.699| 0988 0.985
e |DN 32%| 0998 |N/A 0.851| 0.900 1[N/A 0.752| 0.854 1|N/A 0.873| 0.950
©® | not naive CD8+ 54%]| 0.998 |N/A 0928 | 0.939| 0.997 |N/A 0.897| 0916 1|N/A 0977| 0.986
e |CD123+ pDC 1%| 0997 0978 | 0.987| 0.981| 0.999| 0.986| 0.999| 0.989| 0.997| 0.993| 0.993]| 0.992
DN DCs 27%| 0996| 0.750| 0.906| 0.914| 0.999| 0.672| 0.900| 0916| 0.999| 0.825| 0.949| 0.954
e |DCs- 14%| 0993 0| 0375 0.197| 0.999 0| 0238| 0.102] 0.998| 0.402| 0.847| 0.700
e |CDI1cDCs 0.39%| 0988| 0.423| 0.582| 0.426] 0.991| 0.306| 0.438| 0.298| 0.998| 0.770| 0.813| 0.749
* |CD141+DCs 0.04%| 0.955|N/A 0.703| 0.637| 0.959 |N/A 0.595| 0.510| 0.990 |N/A 0.842| 0.838
Median| 0.998| 0.607| 0928 | 0.914| 0.999| 0.507| 0.897| 0916 1| 0.770| 0977 | 0.954
Mean| 0.994| 0490| 0.851| 0.814| 0.996| 0.462| 0.809| 0.776| 0.999| 0.570| 0.936| 0.923
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Earth mover's distance

OMIP-044 Earth mover's distance median/mean/weighted
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4.3.1.1. Merged matches

With FlowSOM QFMatch finds 2 of 9 matches where merging multiple FlowSOM gated
populations to match 1 manually gated population obtains a higher F1-score: the 1st
and 2nd, 3rd, 4th, 6th, 8th, 9th and 10th ranked matches.

@ B ]« ¥ synci [, 5] s e 2 MATCH sets: training=9/13 (4 UNVATCHED) 4o gp_ 17 /13 (2 NEW)

Rank o # Subset (class) name ?hi:ats_ ! (Stllr:;\ol'lzt:x) ils:—orx::rre) ;I;:;i:e_t? ’ Freq. :
1 e 4 CDIo+ 3 99.8% 99.5% yes 12.9% 25
1 e 16 FlowSOM.CD45+ live.Pop0 3 99.8% 99.5% no 12.9% 25
1 « 22 FlowSOM.CD45+ live.Pop1 3 99.8% 99.5% no 0%
2 « 11CD123+pDC 3 993% 97.8% yes 12% 23
2 « 20 FlowSOM.CD45+ live.Pop6 3 993% 97.8% no 0.4% 7,
2 o 21 FlowSOM.CD45+ live.Pop10 3 99.3% 97.8% 0.8% 16,
3 2 CD14+ 2 954%  94.4% yes 19% 371
3 24 FlowSOM.CD45+ live.Pop11 2 954%  94.4% no 16.9% 33




With PhenoGraph QFMatch finds 8 of 13 matches where merging multiple PhenoGraph
gated populations to match 1 manually gated population obtains a higher F1-score: the
1st, 2nd, 3rd, 4th, 6th, 8th, 9th and 10th ranked matches.

E + N Sync i ﬁF. ol II'.[: + & MATCH sets: training=all 13 matched}, te:

Mat- ;% Overlap Similarity
ches (F-measure)| (QFMatch)

86.9% 97%
86.9% 97%
86.9% 97%
86.9% 97%
86.9% 97%
86.9% 97%

84% 95.2%

84% 95.2%

84% 95.2%

84% 95.2%

84% 95.2%

84% 95.2%
99.4% 99.8%
99.4% 99.8%
99.4% 99.8%
99.4% 99.8%
99.4% 99.8%
97.4% 99%
97.4% 99%
97.4% 99%
97.4% 99%
97.4% 99%
93.9% 98.6%
93.9% 98.6%
93.9% 98.6%
93.9% 98.6%
98.1% 99.2%
98.1% 99.2%
98.1% 99.2%

# Subset (class) name

g

=]

~
[N}

® 7 naive CD4+

16 naive CD4+ (Phenograph2M5N24)

e 22 naive CD4+ (Phenograph2M5N11)

23 naive CD4+ (Phenograph2M5N29)

34 naive CD4+ (Phenograph2M5N1)

37 naive CD4+ (Phenograph2M5N3)

8 [not naive CD4+]

19 [not naive CD4+] (Phenograph2M5N4)
27 [not naive CD4+] (Phenograph2M5N10)
30 [not naive CD4+] (Phenograph2M5N22)
38 [not naive CD4+] (Phenograph2M5N31)
® 45 [not naive CD4+] (Phenograph2M5N9)
® 4 CD19+

. 14 CD19+ (Phenograph2M5N12)

25 CD19+ (Phenograph2M5N32)

e 40 CD19+ (Phenograph2M5N34)

® 41 CD19+ (Phenograph2M5N2)

2 CD14+

29 CD14+ (Phenograph2M5N8)

36 CD14+ (Phenograph2M5N13)

43 CD14+ (Phenograph2M5N5)

46 CD14+ (Phenograph2ZM5N18)

® 13 [not naive CD8+]

¢ 20 [not naive CD8+] (Phenograph2M5N21)
¢ 32 [not naive CD8+] (Phenograph2M5N14)
s 33 [not naive CD8+] (Phenograph2M5N16)
« 11 CD123+ pDC

« 18 CD123+ pDC (Phenograph2M5N20)

e 24 CD123+ pDC (Phenograph2M5N25)
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Mair, F. and Prlic, M. (2018), OMIP-044: 28-color immunophenotyping of the human
dendritic cell compartment. Cytometry, 93: 402-405.
https://doi.org/10.1002/cyt0.a.23331
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4.3.2. OMIP-047

6 samples (~1 million cells each), 5 fold cross validation 5x1, 4x2, 4x2 and 5x1 training x test

samples,
8 cell types, 9 markers

Frequ F1-Score Central similarit; Earth mover's distance
Color Cell type ency | MLP | Flow Pheno Flow Pheno Flow Pheno
% | SOM LDA Graph MLP SOM LDA Graph MLP SOM LDA Graph
e |IgGl+ 3.6%| 0999 0.873| 0.939| 0.883 1| 0.842| 0.940| 0.865| 0.999| 0.959| 0.963| 0.970
Naive 45%| 0.999| 0.876| 0.974| 0.943| 0.999| 0.846| 0.976| 0.930 1| 0944 0.990| 0.976
Ilgg(%Mg_IgA_Ig(ﬂ 73%| 0.999| 0.613| 0929 0.836 1| 0482| 0930 0.734| 0.999| 0.830| 0.978| 0.925
@® |MZB cells 35%| 0.999| 0.807| 0.963| 0918 0.998| 0.694| 0.953| 0.875 1| 0922| 0.982| 0.970
IgA,FSC-A IgA+ 55%| 0.998 0| 0.942( 0.899| 0.999 0| 0923 0.893| 0.999| 0.240| 0.971| 0971
e |IgG3+ 0.75%| 0997 0.923| 0.984| 0910 1| 0.926| 0.998| 0911] 0.996| 0.974| 0.982| 0.970
e |PB 038%| 0.996| 0.714| 0.968| 0.495 1| 0.647 1| 0.357| 0.994| 0.889| 0.953]| 0.753
e | Transitional 22%| 0.993|N/A 0.958| 0.716( 0.990 |N/A 0.933| 0.586| 0.997 |[N/A 0.988| 0.875
Median| 0.998] 0.761| 0.961| 0.891 1| 0.671| 0.947| 0.870| 0.999| 0.905| 0.980| 0.970
Mean| 0.997| 0.601| 0.957| 0.825| 0.998| 0.554| 0.957| 0.769| 0.998| 0.720| 0.976| 0.926
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4.3.2.1. Merged matches

With FlowSOM QFMatch finds 1 of 7 matches where merging 2 FlowSOM gated
populations to match 1 manually gated population obtains a higher F1-score.

2@ B - % syncE FL 5] e L MATCH sets: training=7/8  UNVATCHEDD yoge_ail g matched!

Rank °| @ Subset (class) name thes | (-messure) | Concordance | @Matc | ingsex? | frea
4 @ MZB cells 3 80.7% 69.4% 92.2% yes 33.1%
4 e FlowSOM.B cells.Pop0 3 80.7% 69.4% 92.2% no 0.6%
4 @ [FlowSOM.B cells.Pop1 3 80.7% 69.4% 92.2% no 26.5%
1 e IgG3+ 2 92.3% 92.6% 97.4% yes 0.8%
1 ¢ FlowSOM.B cells.Pop5 2 92.3% 92.6% 97.4% no 0.8%
2 e« 1gG1+ 2 87.3% 84.2% 95.9% yes 3.6%
2 FlowSOM.B cells.Pop6 2 87.3% 84.2% 95.9% no 3.9% :
3 Naive 2 87.6% 84.6% 94.4% yes 45.9% 2
3 FlowSOM.B cells.Pop7 2 87.6% 84.6% 94.4% no 52.6% 2¢
5 PB 2 T1.4% 64.7% 88.9% yes 0.4%
5 FlowSOM.B cells.Pop4 2 T71.4% 64.7% 88.9% no 0.5%
6 - IgA, FSC-A NegIgA IgG1 IgG3 2 613%  48.2% 83% yes 8.7% <
6 FlowSOM.B cells.Pop3 2 61.3% 48.2% 83% no 14.7%
7 IgA, FSC-A IgA+ 2 0% 0% 24% yes 5.5% :
7 FlowSOM.B cells.Pop2 2 0% 0% 24% no 0.4%
8 Transitional 0 NA N/A N/A yes 2.1%



With PhenoGraph QFMatch finds 3 of 8 matches where merging multiple PhenoGraph
gated populations to match 1 manually gated population obtains a higher F1-score: the
1st, 3rd and 6th ranked matches.

© B « 4 synci  fF E] dfa i 0 MATCH sets: training=all 8 matched!, test=13/14 (1 NEW)

Rank 2| @ | # Subset (class) name thes | (QPMatce | G-measure) ing setz | Freq,
1 1 Naive 4 97.6% 94.3% yes 45.9%
1 17 PhenographWSN93 4  97.6% 94.3% no 13%
1 18 PhenographWSN95 4 97.6% 94.3% no 11.4%
1 21 PhenographWSN92 4 97.6% 94.3% no 15%
3 @ 5 MZBcells 4 97% 91.8% yes 33.1%
3 o 13 PhenographWWSN94 4 97% 91.8% no 12%
3 @ 15 PhenographWWSN91 4 97% 91.8% no 15%
3 ® 16 PhenographWWSN96 4 97% 91.8% no 7.8%
6 6 IgA, FSC-A Neg IgA IgG1 IgG3 3 925%  83.6% yes 8.7%
6 9 PhenographWSN910 3 925% 83.6% no 3.9%
6 10 PhenographWSN98 3 92.5% 83.6% no 5.7%
2 7 IgA, FSC-A IgA+ 2 97.1% 89.9% yes 5.5%
2 12 PhenographWSN97 2 97.1% 89.9% no 6%

Liechti, T., Gunthard, H.F. and Trkola, A. (2018), OMIP-047: High-Dimensional
phenotypic characterization of B cells. Cytometry, 93: 592-596.
https://doi.org/10.1002/cyto.a.23488



https://doi.org/10.1002/cyto.a.23488

4.3.3. OMIP-058

2 samples, 2 fold cross validation of 365k x 356k training x test cells,

35 cell types, 17 markers.

Color Cell type Frequ Fﬂ)lw-'s T Pheno Ce:‘:::vl simi]arityPheuo MFE:H'S = l’;lenn

E— encv 6 | ULE | som | LPA | Graph| MLP | som | P4 | Graph | ME | 5o | K2 |Graph

@ |CD4+ TCM T cells CD27+ CD28+ 34%| 0999| 0.886| 0.960| 0.867| 0.999| 0.850| 0.951| 0.812 1| 0974 0993| 0952

CD8+ TEMRA T cells CD27- CD28- 9% | 0999 0951 0.967| 0.934 1| 0961 0.973| 0952 1| 0974 0982 0965

® |HLA-DR+ 14%| 0.998| 0.970] 0973 0973 0999 0.981| 0.984| 0980 1| 0988 0978 | 0.988

CD4+ Naive T cells CD27+ CD28+ 13%| 0998| 0972| 0.970( 0.938| 0.999| 0.979| 0.969| 0.936 1| 0.993| 0995| 0957

* | CD4+ TCM T cells CD27- CD28+ 3.5%| 0996 0.733| 0.878( 0.732| 0.996| 0.626| 0.818| 0.628| 0.999| 0.949| 0.985| 0957

CD4+ TEM T cells CD27- CD28- 1% 0.995| 0495] 0.894| 0.481| 0998 0.330| 0.885| 0318| 0.999| 0.923| 0960 | 0.920

Early NK 092%| 0.994| 0.831| 0.967| 0.847| 0997| 0.776| 0.973| 0.801| 0.998| 0.944| 0.990| 0.941

CD8+ TEM T cells CD27+ CD28+ 54%| 0994| 0.785| 0.891| 0.721| 0.993| 0.698| 0.846| 0.622| 0999| 0.960| 0.969| 0919

e | Vd2 high Vpg9+ T cells 0.68%| 0994 0939 0980 0.949| 0998| 0.920| 0.991| 0.941| 0998 | 0.985| 0988 | 0986

e | Mature NK 25%| 0993| 0.760| 0.954| 0.762| 0.992| 0.650| 0.948| 0.638| 0.999| 0.866| 0.983| 0.861
CD4+ TEM T cells CD27+ CD28+ 33%| 0993 |N/A 0.777 | N/A 0.991 |N/A 0.650 | N/A 0.999 |IN/A 0.955 |N/A

* | CD8+ Naive T cells CD27+ CD28+ 1.1%| 0.991| 0.588| 0.945| 0.591| 0.993| 0.424| 0.945| 0.420| 0998 0.881| 0.960| 0.877

CD8+ TEMRA T cells CD27+ CD28- 12%| 0990| 0.799| 0.821| 0.692| 0990| 0.731| 0.738| 0.590| 0998 0.955| 0.938| 0.861

® | CD4+ TEM T cells CD27- CD28+ 1.19%| 0.989|N/A 0.648]| 0.029| 0987 |N/A 0.483( 0.005| 0998 |N/A 0944 0553

NK CD16- CD56- 24%| 0988| 0.815| 0.829| 0.818| 0991| 0.827| 0.788| 0.834| 0.999| 0.877| 0921| 0.872
CD8+ TEM T cells CD27- CD28+ 031%| 0.987|N/A 0.837 |N/A 0.988 | N/A 0.743 |N/A 0.997 |IN/A 0.954 |N/A

* | Vd2low Vg9+ T cells CD56- 0.55%| 0987 0.847| 0.927| 0.886( 0.991| 0.821| 0.925| 0.863| 0997 0.941| 0973 | 0952
CD8+ TCM T cells CD27+ CD28+ 1.1%| 0985| 0.009| 0.751 |N/A 0977| 0.005| 0.614 |N/A 0998 0.586( 0.954 [N/A

o | Vdl+ Vg9- T cells CD56- 0.88%| 0982 0814| 0.891| 0.848| 0982| 0.782| 0.880| 0.802| 0997| 0.920| 0954 0953
CD8+ TEM T cells CD27- CD28- 057% | 0.981|N/A 0.653 |N/A 0975 |N/A 0.489 |N/A 0.996 |IN/A 0.889 |N/A

CD4+ TEMRA T cells CD27- CD28- 0.18%| 0.980( 0436| 0.614| 0.424| 0984 0.286| 0.459| 0267| 0.994| 0.931| 0.767| 0.932

® |iNKT cells 007% | 0.977|N/A 0.994] 0.917| 0.995|N/A 0.995| 0921 0985 |N/A 0.992| 0.909

e | MAIT cells 051%| 0976| 0.843| 0.871| 0.898| 0982 0.808| 0.844| 0.865| 0.996| 0.892| 0.926| 0.963
e | Vd? low Vg9+ T cells CD56+ 020%| 0976 N/A 0.878 | N/A 0.976 | N/A 0.855 | N/A 0.990 |IN/A 0.958 |N/A

CD8+ TEMRA T cells CD27+ CD28+ 0.55%| 0.973| 0.634| 0.724| 0.082| 0964| 0.534| 0.583| 0.043| 0.996| 0.930| 0942 | 0.693

® | CD4+ TSCM T cells CD27+ CD28+ 1%| 0.972| 0036]| 0.216| 0.022| 0958| 0.015| 0.097( 0.008| 0.997| 0.486| 0.886| 0497
o | Vdl+ Vg9-T cells CD56+ 0.12%| 0952 | N/A 0.842 | N/A 0.965 | N/A 0.819|N/A 0.985 IN/A 0.938 |N/A
® | CD4+ TEMRAT cells CD27+ CD28+ 0.12% | 0.947N/A 0439 | N/A 0922 |N/A 0.253 [ N/A 0983 |N/A 0.804 [ N/A

CD4+ TEM T cells CD27+ CD28- 0.07% | 0938 |N/A 0.623 0| 0.889|N/A 0473 0| 0977 |N/A 0.887| 0320
* | Terminal NK 021%| 0937 0005| 0.597|N/A 0.905| 0.001| 0.464 |N/A 0990 0.427( 0911 |N/A
* |CD8+ TSCMT cells CD27+ CD28+ 0.14% | 0.933 [N/A 0.409 | N/A 0.901 |N/A 0.266 | N/A 0.989 |IN/A 0915 |N/A
* |CD8&+ TCM T cells CD27- CD28+ 0.06% | 0.931|N/A 0.563 | N/A 0.887 |N/A 0424 |N/A 0.982 IN/A 0.904 |N/A

®  |Q2:Vdl+ Vg9+ 0.08%| 0.930( 0441| 0.818| 0.813| 0946| 0.314| 0.808| 0.808| 0976| 0.720| 0.921| 0902
® | CD4+ TSCM T cells CD27- CD28+ 0.10%| 0919 |N/A 0.356 | N/A 0.877|N/A 0.210 | N/A 0981 |N/A 0.881 [N/A
CD4+ TEMRA T cells CD27- CD28+ 0.03%| 0.905|N/A 0.345 |N/A 0.851 |N/A 0.207 |N/A 0972 IN/A 0.771 |N/A

Median| 0985 0.441| 0.837| 0.481| 0.987| 0.314| 0.808| 0318 0.997| 0.866| 0.954| 0.861

Mean| 0.974| 0417| 0.766| 0.435| 0.967| 0.381] 0.696| 0402| 0.993| 0.546| 0933 | 0.564
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OMIP-058 Earth mover's distance median/mean/weighted

MLP FlowSOM
0.997/0.993/0.999 0.866/0.546/0.898
1 e e L oS ©2¢
0.8 0.8
°
0.6 0.6 ®
® °
2 04 0.4 ®
Y]
0.2 0.2
© h
» 0 0 ® 1% 1)
o 0 2 4 0 2 4
>
o
E LDA PhenoGraph
:E 0.954/0.933/0.979 0.861/0.564/0.881
& &9 | 0o ® %0¢
0.8 ) 0.8
0.6 0.6 ©
- - ‘
0.4 0.4 ®
0.2 0.2
0 0 caem ® O
0 2 4 2 4

0
Cell type size (log10)

4.3.3.1. Merged matches

With FlowSOM QFMatch finds 8 of 22 matches where merging multiple FlowSOM gated
populations to match 1 manually gated population obtains a higher F1-score: the 2nd,
4th, 5th, 6th, 7th, 9th , 14th and 16th ranked matches.



C o« 8 sync= {571 ol Fa ¥ MATCH sets: training=22/35 (13 UNVATCHED) toqp_33 /35 2 NEWD

Rank * o # Subset (class) name :Il'lzts_ ! ?Ii-on\'::::t?re) ?(I)nsllvllaa':x) ?l-':’gai:e_t? Freq.
| 2|e 27HLADR+ 4  97%  98.8% yes 9.9%
2 o 47 HLA-DR+ (FlowSOM.Viable cells.Po... 4 97% 98.8% no 1.4%
2 ¢ 63 HLA-DR+ (FlowSOM.Viable cells.Po... 4 97% 98.8% no 0.2%
2 @ 66 HLA-DR+ (FlowSOM.Viable cells.Po... 4 97% 98.8% no 7.4%
6 20 CD8+ TEM T cells CD27+ CD28+ 4  78.5% 96% yes 4%
6 45 FlowSOM.Viable cells.Pop22 4 78.5% 96% no 0.7%
6 64 CD8+ TCM T cells CD27+ CD28+ (FI... 4  78.5% 96% no 3.5%
6 68 CD8+ TEM T cells CD27- CD28+ (Fl... 4  78.5% 96% no 0.6%
14 o 1 Vd1+ Vg9- T cells CD56- 4  81.4% 92% yes 1.6%
14 o 37 Vd1+ Vg9- T cells CD56- (FlowSOM.... 4 81.4% 92% no 0.5%
14 o 38 Vd1+ Vg9- T cells CD56- (FlowSOM.... 4  81.4% 92% no 0.3%
14 o 65 Vd1+ Vg9- T cells CD56- (FlowSOM.... 4 81.4% 92% no 0.5%
4 ® 12 CD4+ TCMT cells CD27+ CD28+ 3 88.6% 97.4% yes 20.5%
4 o 39 CD4+ TCM T cells CD27+ CD28+ (FI... 3 88.6% 97.4% no 4.9%
4 @ 48 CD4+ TCM T cells CD27+ CD28+ (Fl... 3 88.6% 97.4% no 17.7%
5 2 CD8+ TEMRA T cells CD27- CD28- 3 95.1% 97.4% yes 17.8%
5) 46 CD8+ TEMRA T cells CD27- CD28- (... 3  95.1% 97.4% no 14.6%
5 61 CD8+ TEMRA T cells CD27- CD28- (... 3 95.1% 97.4% no 2.7%
7 3 CD8+ TEMRA T cells CD27+ CD28- 3 79.9% 95.5% yes 1.9%
7 69 CD8+ TEMRA T cells CD27+ CD28- ... 3 79.9% 95.5% no 1.5%
7 70 CD8+ TEMRA T cells CD27+ CD28- ... 3 79.9% 95.5% no 0.3%
9 13 Early NK 3  83.1% 94.4% yes 1%
9 36 Early NK (FlowSOM.Viable cells.Pop8) 3 831% 94.4% no 0.2%
9 51 Early NK (FlowSOM.Viable cells.Pop2) 3  83.1% 94.4% no 0.9%
16 o 22 CD8+ Naive T cells CD27+ CD28+ 3 58.8% 88.1% yes 1.9%
16 o 44 CD8+ Naive T cells CD27+ CD28+ (... 3 58.8% 88.1% no 0.2%
16 ® 54 CD8+ Naive T cells CD27+ CD28+ (... 3 58.8% 88.1% no 3.5%
1 21 CD4+ Naive T cells CD27+ CD28+ 2 97.2% 99.3% yes 21.5%
1 50 CD4+ Naive T cells CD27+ CD28+ (... 2 97.2% 99.3% no 19%

With PhenoGraph QFMatch finds 6 of 16 matches where merging multiple PhenoGraph
gated populations to match 1 manually gated population obtains a higher F1-score: 1st,
3rd, 5th, 7th, 8th and 16th ranked matches.



) B L]~ #f synci [, ] ffs Fa 0 MATCH sets: training=23/35 (12 UNVATCHEDD yoqp_34 35 (1 NEW)

Liechti, T. and Roederer, M. (2019), OMIP-058: 30-Parameter Flow Cytometry Panel

to Characterize iNKT, NK, Unconventional and Conventional T Cells. Cytometry,
95: 946-951. https://doi.org/10.1002/cyto.a.23850

Rank 2 o # Subset (class) name zdhzts_ ié—on:::sal?re) (stllr:l::lz:zz) ;I;lrgaisnt;‘.? Freq.
1 @ 27 HLA-DR+ 5 97.3% 98.8% yes 99% 3
1 @ 40 PhenographYO0G4 5 97.3% 98.8% no 6.9% 2
1 e 46 PhenographYO0G26 5 97.3% 98.8% no 0.3%
1 e 47 PhenographYO0G16 5 97.3% 98.8% no 1.8%
1 e 58 PhenographYO0G29 5 97.3% 98.8% no 0.2%
3 2 CD8+ TEMRA T cells CD27- CD28- 4 93.4% 96.5% yes 17.8% 5
3 51 PhenographY0Q0G13 4  93.4% 96.5% no 2.6%
3 56 PhenographYO0G3 4  93.4% 96.5% no 1% 4
3 64 PhenographYO0G11 4  93.4% 96.5% no 3.2%
5 21 CD4+ Naive T cells CD27+ CD28+ 4 93.8% 95.7% yes 215% 7
5 41 PhenographYO0G23 4 93.8% 95.7% no 0.4%
5 43 PhenographYO0G8 4 93.8% 95.7% no 3.9% 1
5 60 PhenographYO0G1 4  93.8% 95.7% no 16.6% 6
7 o 1 Vdi+Vg9- T cells CD56- 4 84.8% 95.3% yes 1.6%
7 ¢ 44 PhenographYO0G17 4 84.8% 95.3% no 1.2%
7 o 48 PhenographYO0G28 4  84.8% 95.3% no 0.2%
7 ¢ 54 PhenographY00G22 4 84.8% 95.3% no 0.5%
8 ® 12 CD4+ TCM T cells CD27+ CD28+ 3 86.7% 95.2% yes 20.5% 6
8 ® 49 PhenographYO0G7 3 86.7% 95.2% no 5.4%
8 @ 52 PhenographYO0G2 3 86.7% 95.2% no 14.9% 5
16 o 22 CD8+ Naive T cells CD27+ CD28+ 3  59.1% 87.7% yes 1.9%
16 e« 36 PhenographYOO0G30 3 59.1% 87.7% no 0.2%
16 © 63 PhenographYO0G9 3 59.1%  87.7% 3.5% 1
2 e« 25Vd2high Vg9+ T cells 2 94.9% 98.6% yes 0.6%
2 « 61 PhenographYO0G21 2 94.9% 98.6% no 0.6%


https://doi.org/10.1002/cyto.a.23850

4.3.4. OMIP-069

4 samples, 3-fold cross validation, 3x1, 2x2 & 3x1 training x test samples,
43 cell types, 26 markers.



Color Cell type Erequ FII':\;'SNN Pheno f"’:t::: s Pheno “““'[__1'::'"" di!m:‘;:nu
'_ e (ME ] sou | HPA | Grapn| MEF | som | BB |Grapn [ MEE | sont | B2 | Grapn
© | Naive CD4+ 295 1| OEGR] 0994 0926 1 08497 1| a2 1| 0853 0997 0.980
Classical monocytes 12% o) 07291 0996 0733 1 05493 [ R | 0989 ) 0998 0.990
Maive CDE+ 9.6% o) O85T) 0594 08957 1 0O71) 0897 0570 | 0892 0999 0993
L Early Effector CI4+ 4.1% SR ] 03931 OE6Z| O0384) 0999 0255 0766 0257 1| 0763 O964| 0749
] B-2 CD27- 6B SR ] 08291 0541 08927 1 0O34 ] 0845 0928 | 08976 OS68| 0979
® |Mature NK 9 5% A7) 0825) O%ER| 08931 0998 0oe1e) 08n9z) 0522 1| 0881 04996 | 0983
L] B-1IzG 9T A | 08251 0592 0816) 08597 08241 08594 0506 08999 O881) 0997] 0982
L Early like effector CO44 21% (S | NFA 0765 | NfA 0994 | N/A 0637 | MN/A 999 | NIA (S | NMA
L Early Effector CDE+ 2 6% o | 0535| OEEZ| 0515) 0992 D404 | OE19) 0384 0999 OE73| 0971] 08531
L Central Memory CDE+ 345 A9 0013 | OE30| 0.132] 099K 0006 0731 0071 0998 | 0556 0966) 0618
L CCRT- CIM5RA+ TCReD+ 5T oz ) 0581 0926 0747 0.99% 04491 0914 ) 0657 0997 OE6H)| 0971] 0938
L Terminal Effector CD45RA+ CDE+ (945 91| 0306| 0915 0275] 0.99% 0200) OE94 ) 0178 0998 0844 ) 0964] OEIE
Central Memory CD44+ CXCRS- CXCR3 4 6% 991 | 511 OE2% | 0483) 0.98% D366 0749 0358 0998 0899 ) 0963| 0OETE
L] Terminal NE .59 (SRS | NFA OE42 | N/A 0995 | N/A 0742 | N/A 0056 | KIA DA77 NiA
L CD2+ COE4 NEKT 13% LGRS 0484 | OE31| 0466 0953 0352 0760 0332 0996 0819 0948) 0811
L Intermediate monocytes 12% ORI 052T7| 0826 047T4) 0979 0367 OEIT| 0312 0995 0OE33) 0954] 0872
Central Memory CD44+ CXCRS- CXCR3- 4 9% ORI 0523 | OE3G| 0495) 0974 D3T3 0744 0372 0996 O848 ) 0951 0EDS
L CD1234 pDCs (.39 a2 0.751| 0984 OTEE| 0976 0723 0976 0750 0996 08534) 0.996) 0.965
CDd- CIDE- 695 9L | 0.545| OB6%| 0523) 0985 D418 0803 ) 0401 0995 OE35) 0945] 0.750
. Terminal Effector 0. 20%: 09T | NFA OE42 | NfA 0974 | N/A 0793 | N/A 0992 | N/A 860 | NA
L B-2 CD27+ 6% STE) O461) 0578 O0508E| 0973 D338 D428 0374 0996 OEID) OG%13) 08B0
L CCRT- CIM5RA- TCReD+ 0.32% 0977 0300| OESH| 0262) 0976 D66 0775 0146 0993 OE52) 0981| 0526
L B-1 [aM+ 021% 0974 | NFA 0741 | N/A 0970 | N/A 0602 | N/A 0992 | NIA 851 | NiA
L] Intermediate Effector CDE+ (455 0974 | NFA 0778 | NfA 0956 | N/A 0662 | N/A 0993 | NIA G957 | NiA
ILCs CD32+ Ch44 .13% 973 | NFA 0629 | N/A 0965 | N/A D432 | N/A 0994 | N/A (846 | NiA
L B-1 [aG- IgM- 0.73% GG | 0E42| 0533 0892 0992 0E17] 0964 05901 0891 0857 0953] 0.966
L] Early like effector CDE+ 385 64 | 0062 | 065 | N/A 0944 0034 0511 | N/A 084 O517T) 08923 NA
L] Terminal Effector CD44 145 (hS62 | NIA O.THE | N/A 08943 | N/A O.6E3 | MNA D953 | NA 326 | NiA
L CCR7+ TCRgD+ .12% LG58 ) 0001 | 0735 | NA 08967 | <0001 0653 |N/A OOET) 0516 0500 NA
Central Memory CD44+ CXCRS. CXCR3 231% 0953 | NFA 0730 0514 0935 N/A 0624 | 0380) 0993 | NA 0920) 0840
L] CD2+ CDE- 0.22% ad5) OD1E] 0593 | N/A 0961 D008 0466 | NA O8R5 0498 ) 0929 N/A
Early NK 022% 924 OEI1| OB 0314) 0892 07300 0717 0053 0887 08563 ) 0922 0717
L CDd+ CDE+ T 011% a09) 02241 OE33| 0447 0LEEZ 0042 0770 0320 0871 0582) 0928| 0805
1LCs COd- (435 90d | 0328 0170 0038) 0857 D216 0095) 0022 0984 0645) O0835] 0359
ILCs CD2- CD4- R LHES| 0339 0675 0421) 08331 0297 0589 0328 0972 0740 ) O874] 0.624
CDllc+ CO164 DCs (0. 20% RESE) 0124 | 0772 | N/A 0787 0072 0649 | N/A 881 0781 0548 | NA
. CD2- NKT cells (6% (854 | NFA O340 | N/A 0793 | N/A 0222 | N/A 0947 | KA 552 | NiA
L] Plasmablasts 035 H22) 0326 0753 0221 0782 0201 0658 0121 08461 0851 ) 0953) 0867
L CDlc+ DCs LR 802 0206| 0595 |N/A 0727 0135) 0489 | MN/A OO7TR] OETG| D925 NA
L CDlc- CDI41- DCs 007 OLF01 ) 000 0473 0048) 0579 D066 0364 ) 0031 0968 O570) 0#I1Z] 0479
L] Mon classical monocytes h.15% 0635) 0075) 0360 0041 0491 0026) 0254 0021 0869 0499 ) 0TET| 0338
CD16- CD14- monocyles 0. 30% 0625) 0049 0262 0.062) 0512 00300 0I85) 0102 0825 0618 ) 0667) 0603
. CDlc- CDI414 DCs 001% 0437 0017] 0398 | N/A 0.324 0011 0272 | MN/A OETO) 0641 ) DETE|NA
Median 0977 0306 0829 0275| 0974 0200 0.731) 0153 0.994) 0781 0.951) 0749
Mean 0926 0346 0.756| 0338 0.904 0289 0.67%| 0284 09853 0.629 | 0924) 0.541
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Earth mover's distance
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4.3.4.1. Merged matches

With FlowSOM there QFMatch finds 6 of 34 possible matches where merging multiple

FlowSOM gated populations for 1 manually gated population obtains a higher F1-score:
the 2nd, 5th, 10th, 12th, 14th and 18th ranked matches.

o« W synci  FFE] offa % 0 MATCH sets: training=34/43 (@ UNMATCHEDD o qi_0/43 G NEWD
Rank  ? # Subset (class) name ?hits_ (S(IIr:II\oI'Iz:x) ili—or::::ﬁre) -il;:;i:e_t? Freq.
2 42 Classical monocytes 3 98.9% 72.9% yes 79% 3
2 63 Classical monocytes (FlowSOM.CDA4... 3 98.9% 72.9% no 57% 3
2 75 Classical monocytes (FlowSOM.CDA4... 3 98.9% 72.9% no 4.4% 2
B 12 B-2 CD27- 3 97.6% 92.9% yes 6.8% 2
g 48 B-2 CD27- (FlowSOM.CD45+.Pop6) 3 97.6% 92.9% no 4.4% 2
5 72 B-2 CD27- (FlowSOM.CD45+.Pop5) 3 97.6% 92.9% no 1.3%
10 41 Central Memory CD4+ CXCR5-, CXC... 3  948% 52.3% yes 6.5% 2
10 59 Early like effector CD4+ (FlowSOM.... 3 9%4.8% 52.3% no 25% 1
10 81 Central Memory CD4+ CXCRS5, CXC... 3 94.8% 52.3% no 91% 5
12 21 Central Memory CD4+ CXCRS5-, CXC... 3  89.9% 51.1% yes 47% 1
12 58 Central Memory CD4+ CXCR5-, CXC... 3 89.9% 51.1% no 6.1% 3
12 68 Central Memory CD4+ CXCRS5-, CXC... 3  89.9% 51.1% no 0.6%
14 8 Early Effector CD8+ 3 87.3% 53.5% yes 3% 1
14 69 Central Memory CD8+ (FlowSOM.CD... 3 87.3% 53.5% no 0.8%
14 83 Early like effector CD8+ (FlowSOM.... 3 87.3% 53.5% no 26% 1
18 19 CD4- CD8- 3 83.5% 54.5% yes 1.5%
18 45 FlowSOM.CD45+.Pop18 3 83.5% 54.5% no 0.3%
18 56 CCR7+ TCRgD+ (FlowSOM.CD45+.... 3 835% no 0.9%
1 23 Naive CD8+ 2 99.2% 95.7% yes 13.1% &
1 51 Naive CD8+ (FlowSOM.CD45+.Pop30) 2  99.2% 95.7% no 10.4% 5

With PhenoGraph there are 4 of 29 matches where merging multiple manual or

PhenoGraph gated populations for 1 manually gated population obtains a higher F1-

score: the 2nd, 5th, 19th and 26th ranked matches.



W = o« W synci ] ofa %o Y MATCH sets: training=29/43 (14 UNVATCHED) 1oy _34,38 (4
Rank 2 o # Subset (class) name :1::5_ ' (stllrlr:‘l:\ol'lzrtlx) if:—or::::t?re) H;i:;t? ? Freq.
5 18 Naive CD4+ 4 98% 92.6% Yyes 28.4%
5 47 PhenographLP7210 4 98% 92.6% no 4.3%
5 66 PhenographLP7218 4 98% 92.6% no 1.5%
5 71 PhenographLP721 4 98% 92.6% no 16.5%
2 42 Classical monocytes 3 99% 73.3% yes 7.9%
2 73 PhenographLP725 3 99% 73.3% no 5%
2 74 PhenographLP727 3 99% 73.3% no 4.9%
19 e 41 Central Memory CD4+ CXCRS5-, CXC... 3 80.5% 49.5% yes 6.5%
19 o 50 PhenographLP7232 3 80.5% 49.5% no 0.1%
19 o 64 PhenographLP726 3 80.5% 49.5% no 4.9%
26 35 CD16- CD14- monocytes 3 60.3% 16.2% yes 0.4%
26 45 PhenographLP7224 3 60.3% 16.2% no 0.7%
26 60 [PhenographLP7235 3 60.3% 16.2% no 0%
1 23 Naive CD8+ 2 99.3% 95.7% yes 13.1%
1 44 PhenographLP722 2 99.3% 95.7% no 10.3%

4.3.4.2. The alarming low FlowSOM score.

We run FlowSOM with 44 meta clusters to find 43 cell populations, the 1 extra is for
background. But FlowSOM only finds 42 clusters. So we tried running FlowSOM on
only the T cells and NKT-like cells which require 9 Phenotyping markers that classify 19 leaf
gates starting at the CD3+ TCRgd- branch gate: CCR7, CD2, CD4, CD8, CD27, CD28,
CD45RA, CXCR3, CXCR5. We ran FlowSOM on the common parent gate to these populations
specifying 20 meta clusters to allow 1 for background. The medians/means of the F1-score

shown below are 0.405/0.410. This improves upon the 0.306/0.346 obtained for running

FlowSOM on all 46 populations. But this does not inspire trust in the capability of FlowSOM.



F1-Score ,Ctiml‘_al Earth mover's distance
Frequ similarity|
Color Cell type ency % Flow Flow Flow
L | |som EJ{_ SOM | SOM |
Naive CD8+ 18% 0.979 0.996 0.994
Naive CD4+ 39% 0.950 0.959 0.982
CD4- CDS8- | 2% 0.776 0.651 0.913
. Central Memory CD4+ CXCRS5-, CXCR3 6.3% 0.687 0.533 0.918
| - |Early Effector CD8+ | 41%| 0661 0.524| 0.850
- |cpascpstT 0.13% |  0.656| 0.499 0.832
. Early like effector CD4+ | 2.4% 0.526 0.385 0.879
. Central Memory CD4+ CXCRS5-, CXCR3- 8.8% 0.515 0.354 0.906
- |Early Effector CD4+ | 54%| 0489| 0328 0.788
. Intermediate Effector CD8+ 0.66% 0.405 0.277 0.817
. Terminal Effector CD45RA+ CD8+ | 0.61% 0.401 0.273 0.874
« | Early like effector CD8+ | 0.77% 0.393 0.253 0.741
+ |CD2+ CD8+ NKT 2.3% 0.280 0.187 0.745
+ | Central Memory CD8+ 0.50% 0.071 0.033 0.468
. Central Memory CD4+ CXCRS. CXCR3 | 8.8% 0.003 0.001 0.597
+ |CD2+ CDS8- | 0.56% N/A N/A N/A
» | Terminal Effector | 0.30% 0 0 0.379
. CD2- NKT cells 0.13% | N/A N/A N/A
| ° | Terminal Effector CD4+ | 0.01% N/A N/A N/A
. Median|  0.405| 0.277 | 0.817
| Mean| 0410 0.329 0.668

Park, L.M., Lannigan, J. and Jaimes, M.C. (2020), OMIP-069: Forty-Color Full
Spectrum Flow Cytometry Panel for Deep Immunophenotyping of Major Cell
Subsets in Human Peripheral Blood. Cytometry, 97: 1044-1051.
https://doi.org/10.1002/cyt0.a.24213



https://doi.org/10.1002/cyto.a.24213

4.3.5. OMIP-077

4 samples; 4-fold cross validation of 4 3x1 training X test samples
15 Phenotyping markers, 14 cell types

Frequ F1-Score Central similarit Earth mover's distance

color| CELOBE | eney b |prrp | SO | LD | SUENO) ppp | | py | P09 pyp | SO Lpy | Shetio
Neutrophils 90% 1| 0997 0.997| 0.985 1| 0.999 1| 0.998 1| 0.998| 0.998| 0.987
T cells 48% | 0999| 0.986]| 0.990| 0.986 1| 0.976 1| 0976 1] 0.999| 0.992| 0.999
e | Basophils 028% | 0994| 0971 0.964| 0971 0993| 0.962| 0.996| 0962| 0.997| 0.994| 0.950| 0.994
Monocytes 36%| 0990| 0.970| 0.907| 0969 0.994| 0.967| 0.885| 0.966| 0.997| 0.984| 0.952| 0.984

e | MZB cells 034% | 0.982|N/A 0.787 |N/A 0.985 |N/A 0.678 |IN/A 0.993 |N/A 0.937 |IN/A
¢ | Non MZB cells 030%| 0981| 0.815| 0.800| 0.814| 0993 0.751| 0.731| 0.751| 0.996| 0.964| 0.950| 0.964
o |NK cells 050%| 0969| 0960 0.861| 0.975| 0988 | 0.977| 0.882| 0978 | 0.987| 0.979| 0.923| 0.994
Eosinophils 036%| 0.965| 0990 0.656| 0.990| 0952 0.996| 0.563| 0.996| 0.986| 0.993| 0.842| 0.994
e | Plasma cells 0.01%| 0.833| 0478| 0.579| 0.906| 0.742| 0.349| 0.480| 0.880| 0.946| 0.841| 0.851| 0.953
Progenitors 0.03%| 0.813| 0.060( 0.281| 0913| 0.715| 0.034| 0.164| 0980| 0.956| 0.480| 0.734| 0.929
¢ |CDI141- mDCs 0.05% | 0.806|N/A 0.203| 0.006| 0.715|N/A 0.130| 0.004| 0.978 |N/A 0.782| 0.398

¢ |CDIlc+ mDCs 0.02%| 0.802|N/A 0224 |N/A 0.708 | N/A 0.147 |IN/A 0.960 | N/A 0.823 |IN/A
¢ |CDI141+ mDCs 0.04% | 0.796 |N/A 0.056 0| 0.693|N/A 0.031 0| 0960 |N/A 0.732| 0.159
e |pDCs 0.01%| 0.547|N/A 0.365| 0.653| 0.429 |N/A 0.290| 0.551| 0.743 |N/A 0.663| 0.892
Median| 0.967| 0.646| 0.722| 0.909| 0.968| 0.550| 0.621]| 0.921| 0.987| 0.903| 0.887| 0.958
Mean| 0.891| 0.516| 0.619| 0.655| 0.851| 0.501| 0.570| 0.646| 0.964| 0.588| 0.866| 0.732




F1-Scores

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

OMIP-077 F1-Scores median/mean/weighted

MLP FlowSOM
0.967/0.891/0.999 0.646/0.516/0.990
oS o o 1 Qo ¢
e 0.8 ®
0.6
g ®
0.4
0.2
0 ow @
2 4 6 2 4 6
LDA PhenoGraph
0.722/0.619/0.989 0.909/0.655/0.980
o 0 @ 1 « QO ®
: 0.8 ®
O 0.6 ®
® 0.4
G 0.2
o 0 w e
2 4 2 4 6

6 0
Cell type size (log10)



Central similarity

0.8
0.6
0.4

0.2

0.8
0.6
0.4

0.2

OMIP-077 Central similarity median/mean/weighted

MLP FlowSOM
0.968/0.851/0.999 0.550/0.501/0.991
L 04 o © 1 Qo ©
0.8
e e
0.6
® 0.4 °
0.2
0 o0 @
2 4 6 2 4 6
LDA PhenoGraph
0.621/0.570/0.990 0.921/0.646/0.991
.. 3 [ 1 Qo ©
0.8
‘ &
e © 0.6 °
0.4
®
oo 0.2
d 0 w e
2 4 2 4 6

6 0
Cell type size (log10)



OMIP-077 Earth mover's distance median.2, {™ @ Q_{}

Earth mover's distance

MLP FlowSOM
0.987/0.964/1.000 0.903/0.588/0.993
1 o O 0 ¢ 1 OO0 ¢
0.8 6 0.8 g
0.6 0.6
0.4 0.4
0.2 0.2
0 0 om e
0 2 4 6 0 2 4 6
LDA PhenoGraph
0.887/0.866/0.994 0.958/0.732/0.983
1 @ 1
3 o ‘ OO0 ¢
0.8 ~’ = 0.8
0.6 L2 0.6
0.4 0.4 e
0.2 0.2 ®
0 0 o e

6 0 2
Cell type size (log10)

4




4.3.5.1. Merged matches

With FlowSOM QFMatch finds 3 of 9 matches where merging multiple FlowSOM gated
populations for 1 manually gated population obtains a higher F1-score: the 1st, 2nd
and 5th ranked matches.

(&) = ) synciy [ 5 off8 a9 MATCH sets: training=9/14 (5 UNVIATCHED) ogy_ 7374 (1 NEW)

Rank 2 ® Subset (class) name ?htts_ ! :éf)r:::::re) 9éc::::ic‘::dance (Scllrpll\'l‘lz':x) ;I;lr;isne_t? Freq.
2 Neutrophils 4  99.7% 99.9% 99.8% yes 76.7%
2 Neutrophils (FlowSOM.Leuokocytes.... 4 99.7% 99.9% 99.8% no 1.8%
2 Neutrophils (FlowSOM.Leuokocytes.... 4 99.7% 99.9% 99.8% no 0.4%
2 Neutrophils (FlowSOM.Leuokocytes.... 4 99.7% 99.9% 99.8% no 74.3%
1 ¢« Tecells 3 98.6% 97.6% 99.9% yes 10.6%
1 e« T cells (FlowSOM.Leuokocytes.Pop13) 3 98.6% 97.6% 99.9% no 9.8%
1 e« T cells (FlowSOM.Leuokocytes.Pop11) 3 98.6% 97.6% 99.9% no 0.5%
5 Monocytes 3 97% 96.7% 98.4% yes 6.9%
5 Monocytes (FlowSOM.Leuokocytes.... 3 97% 96.7% 98.4% no 6.9%
5 Monocytes (FlowSOM.Leuokocytes.... 3 97% 96.7% 98.4% no 0.4%
3 « Basophils 2 971% 96.2% 99.4% yes 0.3%
3 « Basophils (FlowSOM.Leuokocytes.P... 2 971% 96.2% 99.4% no 0.3%

gated populations for 1 manually gated population obtains a higher F1-score: the 1st,
5th and 6th ranked matches.



© B ]« % syncx [, 1T s fa § MATCH sets: training=12/14 2 UNVATCHED) o7 /24 (G NEWD

Rank 2 e Subset (class) name ?hzts_ ! ::Pn::::l?re) :Zsc:rr:::ig:dance (Scllr::\ol'laartltt:ﬁ) ;I;lr;isne_t? : Freg.
5 Neutrophils 8 98.5% 99.8% 98.7% yes 76.7% =
5 Neutrophils (PhenographQ1295) 8 98.5% 99.8% 98.7% no 9.6%
5 Neutrophils (PhenographQ1294) 8 98.5% 99.8% 98.7% no 10.1%
5 Neutrophils (PhenographQ1293) 8 98.5% 99.8% 98.7% no 10.5%
5 Neutrophils (PhenographQ1298) 8 98.5% 99.8% 98.7% no 8.2%
5 Neutrophils (PhenographQ1297) 8 98.5% 99.8% 98.7% no 8.5%
5 Neutrophils (PhenographQ1291) 8 98.5% 99.8% 98.7% no 14.5%
5 Neutrophils (PhenographQ1292) 8 98.5% 99.8% 98.7% no 13.2%
1 o Tcells 4 98.6% 97.6% 99.9% yes 10.6%
1 e T cells (PhenographQ12914) 4 98.6% 97.6% 99.9% no 1.2%
1 « T cells (PhenographQ1296) 4  98.6% 97.6% 99.9% no 8.7%
1 T cells (PhenographQ12915) 4 98.6% 97.6% 99.9% no 0.6%
6 Monocytes 3  96.9% 96.6% 98.4% yes 6.9%
6 Monocytes (PhenographQ12916) 3 96.9% 96.6% 98.4% no 0.4%
6 Monocytes (PhenographQ1299) 3 96.9% 96.6% 98.4% no
2 + NKcells 2 97.5% 97.8% 99.4% yes 2%
2 + NKcells (PhenographQ12910) 2 97.5% 97.8% 99.4% no 2%

Boesch, M, Sykora, M, Gasteiger, S, Baty, F, Brutsche, MH, Sopper, S. OMIP-077:
Definition of all principal human leukocyte populations using a broadly applicable
14-color panel. Cytometry. 2022; 101: 15— 20. https://doi.org/10.1002/cyto.a.24481


https://doi.org/10.1002/cyto.a.24481

4.3.6. ESHGHI

10 samples merged into 1, 5 fold cross validation, 383k training x 96k test cells
29 cell types, 27 markers



Fl-Score

Central similarity

Earth mover's distance

Frequ -
Color Cell type ——y = Flow Pheno Flow Pheno Flow Pheno
—_— - % -l - A 4 A V.

—ERE2 | v p soM | Z22 | Graph | MEE | soar | 222 | Grapn| MEE | son | BP2 | Graph
® |CD4AN 15% 1| 0.627| 0.954] 0.907 1] 0523 0.960] 0.924 1| 0.730| 0987 0.979

® |CD4CM 6.2% 1|N/A 0868 | N/A 1|NA 0.791 |N/A 1|N/A 0970 | N/A
CDEN 4.8% 0999 0.629| 0959 0925 1| 0334 0.964] 0939 1| 0.723| 0977| 0.9%0
Nevtrophil 1.7% 0993 0.963| 0.095| 0.970 1| 0978 1| 0980 0.593| 0987 0928| 0991
CD4 EM 0.5% 0oog] 0306 0900| 0839 0990 0.180| OB44| 0.508 1| 0660| 0963 0876
CDE Temra 6.3% 0999 0.710| 0.893| 0.706 1| 0.608| 08458 0.398 1| 0.830) 0.928] 0.838
® |CDI16hi NE 12%% 0999 0.943| 0088| 0.968 1| 0.971| 0.992] 0.089 1| 0973] 0.996] 0993
* |CDEEM 44 pe%g| 0.001| 0834| 0579 0999 O 0771 G428| 0999 0426| 0953| 0.808
CDE MATT 1.8% 0999 0.507| 0552| 0.878| 0.990| 0.904| 0.968| 0.847| 0999 0961| 0.953] 0832
* | zd Teells 1.9% 0998 0.829| 0987| 0.908 1] 0.796 1| 0917| 0593 09259 0986 0.948
CD14hi Mono 17%% 0908 0.859) 0049| 0805| 0.998| 0.820| 0049 0853 1| 0941) 0982] 0948
s |pDCs 0.54% 0998 0.964| 00580| 0933 1| 0988 1| 0978 0908 0973 08B1| 0960
CD16hi Mono 2.3% 0998 0.803| 0963| 0.712] 0.998| 0.884| 0.970| 0.600| 0.999| 0.973| 0983 0.786
¢ |Basophils 2.5% 0908) 0980 0976 0978 0.999| 0995 0.998| 0.994| 0999 0983 0971 0.991
Naive B 2. 7% 0997 0.955| 0963| 0.939 1| 0.974| 0.982] 0.979| 0999 0975| 0.084| 0.983
|Treg 1% 0997 | NA 0.732 0| 0997 |N/A 0.620 O 0998 | NA 0937 0.566
CD4 Temra 1.7% 0906 0.110) 0618| 0103 0994 0.080| 0453 0.058] 0.909| 0416| 0910 0414
int Meno 1.6% 0994 |N/A 0.862] 0.238| 0.992 |N/A 0.822] 0.124| 0998 |N/A 0.961] 0.638
+  |CD36hi NE 0.70% 0993 |[NA 08053 0.760| 0.990 |N/A 0.878| 0.687| 0997 |N/A 0.981] 0432
+ |CDECM 0.48% 0992 INA 0.648] 0.003| 0.992 |N/A 0492 0.001| 0.997|N/A 0.940] 0406
Eosinophil 0.52% 09921 0.842) 0971 0930 1| 0.960 1| 0981 0%98| 0977| 0879 0877

» |HLADRIo Mono 2.4% 0901 |N/A 0816\ N/A 0988 |N/A 0.714 |N/A 0,908 | N/A 0968 | N/A
+ |MemB 0.64% 0986 0.570| 0502| 0831 0.990| 0.419| 0.904| 0.817| 05994 0.760| 0977 0.940
¢ |TransB 0.67% 0986 | NA 0.890| 0.875| 0.982 |N/A 0.861| 0.836| 0.995|N/A 0.969] 0.963
CD14- CD16- 0.56% 0986 0.606| 0.700| 0.530| 0986| 0.478| 0.578| 0.386| 0.993| 0.878| 0.883] 0.862
¢ |Plasmablast 0.28% 0981 0.844) 0.883| 05849] 0986| 0.808| O.8ed| 0.811) 0901 0936 0957 09352
Lineaze Necative 0.37% 0D966| 0.400| 0.508| 0007| 0953 0276 0352 0.003| 0992| 0.781| 0.843| 0433
IzD-CD27-B 0.18% 0939 0.268| 0.554| 0.067| 0.943| 0.185| 0.451| 0.033| 0981 0.641] 0.844] 0327
« |CD123- 0.17% 0945 | N/A 0.667| 0388 0,900 |N/A 0.583) 0283 0983 |N/A 0.815] 0719
AMedian 0.997| 0.606 | 0.900| 0.760| 0.998| 0.478| 0.864| 0.687| 0.999| 0.760| 0.969| 0.932
Mean 0.991| 0.494| 0.857| 0.607| 0.989| 0.460| 0.814| 0.570| 0.997| 0.603| 0.951| 0.764
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4.3.6.1. Merged matches

With FlowSOM QFMatch finds 2 of 22 matches where merging multiple FlowSOM gated
populations for 1 manually gated population obtains a higher F1-score: the ?, ? and ?th
ranked matches.

@ = ) synci fF 5] ofa h. ¢ MATCH sets: training=21/29 (8 UNMATCHEDD o537 (6 NEW)
Rank e # Subset (class) name ::':;ts_ ! ?:—or::::l?re) :Zsc::::i::dance f(llrpll\ol'laa:x) ?;:;i:;t? Freq.
11 = 10 gd Tcells 3 82.9% 79.6% 92.9% yes 1.9%
11 « 35 gd Tcells (FlowSOM.Residual.Pop2) 3 82.9% 79.6% 92.9% no 0.8%
11 « 48 gd Tcells (FlowSOM.Residual.Pop7) 3 82.9% 79.6% 92.9% no 1.1%
14 5 Lineage Negative 3 40% 27.6% 78.1% yes 0.6%
14 40 FlowSOM.Residual.Pop14 3 40% 27.6% 78.1% no 0.1%
14 51 |Lineage Negative (FIowSOM.Residua...| 3 40% 27.6% 78.1% no 0.3%
1 12 Neutrophil 2 96.5% 97.8% 98.7% yes 1.7%
1 38 Neutrophil (FlowSOM.Residual.Pop18) 2 96.5% 97.8% 98.7% no 1.7%




With PhenoGraph QFMatch finds 7 of 19 matches where merging multiple PhenoGraph
gated populations for 1 manually gated population obtains a higher F1-score: the 1st,
4th, 6th, 7th, 16th, 17th and 18th ranked matches.

- W synci fF, 5] dfs fa Y MATCH sets: training=27/29 2 UNVATCHEDD o gp_36 /50 (14 NEW)

Rank 2| @ | # Subset (class) name thes | F-measure) _Concordance | (Graten | mg et _Frea.
16 18 CD4 EM & 65.9% 50.8% 87.6% yes 9.6%
16 39 CD4 EM (PhenographYJ6F11) 5 65.9% 50.8% 87.6% no 3.4%
16 48 CD4 EM (PhenographYJ6F5) 5 659%  50.8% 87.6% no  51%
16 57 CD4 EM (PhenographYJ6F17) & 65.9% 50.8% 87.6% no 2.2%
16 64 CD4 EM (PhenographY J6F4) 5 659%  50.8% 87.6% no  6.8%

1 ® 29 CD16hi NK & 96.8% 98.9% 99.3% yes 12%
1 ® 44 CD16hi NK (PhenographYJ6F3) & 96.8% 98.9% 99.3% no 7.9%
1 ® 68 CD16hi NK (PhenographYJ6F10) 3 96.8% 98.9% 99.3% no 3.5%
4 4 Naive B 3 95.9% 97.9% 98.3% yes 2.7%
4 54 Naive B (PhenographY J6F13) & 95.9% 97.9% 98.3% no 2.5%
4 70 Naive B (PhenographY J6F41) 3 95.9% 97.9% 98.3% nho 0.1%
6 ® 20CD4N 3 90.7% 92.4% 97.9% yes 14.6%
6 ® 30 CD4 N (PhenographYJ6F8) 3 90.7% 92.4% 97.9% no 4.3%
6 ® 46 CD4 N (PhenographYJ6F2) 3 90.7% 92.4% 97.9% no 9.5%
7 28 Eosinophil 3 95% 96.1% 97.7% yes 0.5%
7 33 Eosinophil (PhenographYJ6F27) 3 95% 96.1% 97.7% no 0.5%
7 38 Eosinophil (PhenographYJ6F49) 3 95% 96.1% 97.7% no 0%
17 7 [CD14- CD16-] 3 53% 38.6% 86.2% yes 0.6%
17 52 [CD14- CD16-] (PhenographYJ6F45) & 53% 38.6% 86.2% no 0%
17 55 [CD14- CD16-] (PhenographYJ6F20) & 53% 38.6% 86.2% no 1.3%
18 14 CD8 Temra 3 70.6% 59.8% 83.8% yes 6.3%
18 45 CD8 Temra (PhenographY J6F14) 3 70.6% 59.8% 83.8% no 2.5%
18 53 CD8 Temra (PhenographYJ6F12) 3 50.8% 83.8% no  28%
2 12 Neutrophil 2 97% 98% 99.1% yes 1.7%
2 41 Neutrophil (PhenographYJ6F19) 2 97% 98% 99.1% no 1.7%




Toghi Eshghi S, Au-Yeung A, Takahashi C, Bolen CR, Nyachienga MN, Lear SP, Green
C, Mathews WR and O'Gorman WE (2019) Quantitative Comparison of
Conventional and t-SNE-guided Gating Analyses. Front. Immunol. 10:1194. doi:
10.3389/fimmu.2019.01194.
https://www.frontiersin.org/articles/10.3389/fimmu.2019.01194/full



https://www.frontiersin.org/articles/10.3389/fimmu.2019.01194/full

4.3.7. GHOSN

3 samples, 2-fold cross validation 2x1 and 1x2 training x test samples,
13 cell types, 9 markers.

Frequ F1-Score Central similarity Earth mover's distance
Color Cell type — | Flow Pheno Flow Pheno Flow Pheno
ency % | MLP = gon | LDA Graph | MLP | 5om | LPA | Graph | ML | som | LPA | Graph
Large macrophages 32% 1| 0982 1| 0982 1| 0999 1| 0.999 1| 0.991 1| 0.992
® |B-1 22% | 0.999| 0919 0.981| 0.963 1| 0918| 0.993| 0971| 0.999| 0.964| 0.990| 0.993
T cells 69%| 0.996| 0972 0.992| 0.963 1| 0.988 1/ 0978| 0999 0.987| 0.997| 0.976
Eosinophils 8.6% | 0.996| 0.943 1| 0979 1| 0.985 1| 0.997| 0.998( 0.953 1| 0.993
e |B-21gM high 53%| 0.996| 0.715| 0.893| 0.777| 0.998| 0.612| 0.833| 0.681| 0.999| 0.845| 0.941| 0911
® |B-2IgM medium 72%| 0.995| 0.769| 0917| 0.824| 0.997| 0.720| 0.873| 0.772| 0.997| 0.847| 0.957| 0.935

Small macrophages 46%| 00988 0.808| 0.958| 0.813| 0.990| 0.736| 0.928| 0.740| 0.997| 0.880| 0.973| 0.882

¢ | CDI11b+ dendritic 13%| 0971 |N/A 0916 |N/A 0.960 | N/A 0.845 | N/A 0.994 | N/A 0959 |N/A
® | Developing B 0.55% | 0.962|N/A 0.812| 0.556| 0.943 |IN/A 0.720( 0.364| 0.969 |N/A 0.842| 0.689
® |NK,NKT 83%| 0949 0.871| 0.903| 0.867| 0.958| 0.861| 0.929| 0.886| 0.970| 0.890| 0.929| 0.914
s | CD11b- dendritic 023%| 0.943| 0.827| 0.929| 0.342| 0.933| 0.798| 0.968| 0.157| 0.939| 0.958| 0.934| 0.548
Neutrophils 036%| 0.749|N/A 0.519] 0.440| 0.681|N/A 0.380| 0.287| 0.932|N/A 0.718| 0.838
® | ckit+ mast cells 1.8% | 0.682|N/A 0.724] 0.697| 0.558|N/A 0.593| 0.578| 0912|N/A 0.954| 0.951

Median| 0.988| 0.808| 0917| 0.813| 0.990| 0.736| 0.928| 0.740| 0.997| 0.880| 0.957| 0914

Mean| 0.940| 0.600| 0.888| 0.708| 0.924| 0.586| 0.851| 0.647| 0.977| 0.640 | 0.938| 0.817




F1-Scores

0.8
0.6
0.4

0.2

0.8

0.6

0.4

0.2

GHOSN F1-Scores median/mean/weighted

MLP FlowSOM
0.988/0.940/0.986 0.808/0.600/0.877
00® K¢ 1 :} p
= 0.8 ® ®
R
0.6
0.4
0.2
0 »ie
2 4 2 4
LDA PhenoGraph
0.917/0.888/0.965 0.813/0.708/0.913
Y % 1 5}‘5
®
° 0.8 R
0.6 °
0.4 .
0.2
0 ®
2 4 2 4

0
Cell type size (log10)



Central similarity

0.8
0.6
0.4

0.2

0.8

0.6

0.4

0.2

GHOSN Central similarity median/mean/weighted

MLP
0.990/0.924/0.985

Y L R¥Y)

2 4

LDA
0.928/0.851/0.958

N5

.

2 4

0.8
0.6
0.4

0.2

1
0.8
0.6
0.4
0.2

0

0
Cell type size (log10)

FlowSOM
0.736/0.586/0.874

[OF¢
e®

* o
o

De

2 4

PhenoGraph
0.740/0.647/0.908

Oe
®




Earth mover's distance

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

0 2 4

GHOSN Earth mover's distance median/mean/weighted

MLP
0.997/0.977/0.994

PP L

0 2 <

LDA
0.957/0.938/0.981

o.ﬁ@‘j

0.8

0.6

0.4

0.2

-

0.8

0.6

0.4

0.2

0

0
Cell type size (log10)

FlowSOM

0.880/0.640/0.910

De

2

PhenoGraph

0.914/0.81

7/0.955

oac




4.3.7.1. Merged matches

With PhenoGraph QFMatch finds 4 of 12 matches where merging multiple PhenoGraph

gated populations for 1 manually gated population obtains a higher F1-score: the 1st,

3rd, 7th and 8th ranked matches.

O]« % syncE i, 5] dffa ha Y MATCH sets: training=12/13 (1 UNMATCHED) 4o cp_p 79 (1 NEWD

Rank 2| @ | # Subset (class) name thes | G-measure) Concordance | (@FMatch) | ing set?] Freq.
1 13 B-1 6 96.3% 97.1% 99.3% Yyes 221%
1 14 Phenograph29FL8 6 96.3% 97.1% 99.3% no 6.9%
1 19 Phenograph29FL13 6 96.3% 97.1% 99.3% no 3.9%
1 20 Phenograph29FL21 6 96.3% 97.1% 99.3% no 0.3%
1 28 Phenograph29FL1 6 96.3% 97.1% 99.3% no 9.9%
1 32 Phenograph29FL22 6 96.3% 97.1% 99.3% no 0.1%
3 1 Large macrophages 5 98.2% 99.9% 99.2% yes 31.9%
3 17 Phenograph29FL6 5 98.2% 99.9% 99.2% no 7.3%
3 25 Phenograph29FL4 5 98.2% 99.9% 99.2% no 7.8%
3 27 Phenograph29FL3 5 98.2% 99.9% 99.2% no 8.6%
3 30 Phenograph29FL5 ) 98.2% 99.9% 99.2% no 1.7%
7 9 NK, NKT 3 86.7% 88.6% 91.4% yes 9%
7 26 Phenograph29FL11 3 86.7% 88.6% 91.4% no 4.7%
7 34 Phenograph29FL15 3 86.7% 88.6% 91.4% no 2.3%
8 2 B-2 IgM high 3 77.7% 68.1% 91.1% yes 5.1%
8 15 Phenograph29FL16 3 77.7% 68.1% 91.1% no 2.2%
8 18 |Phenograph29FL12 3 77.7% 68.1% 91.1% no 4.5%
2 8 Eosinophils 2 97.9% 99.7% 99.3% yes 9.5%
2 33 Phenograph29FL2 2 97.9% 99.7% 99.3% no 9.3%

Eliver Eid Bou Ghosn, Alexandra A. Cassado, Gregory R. Govoni, +6, and Leonore A.
Herzenberg (2010), Two physically, functionally, and developmentally distinct

peritoneal macrophage subsets, PNAS Vol. 107|No. 6 2568-2573, January 25, 2010
https://doi.org/10.1073/pnas.0915000107



https://doi.org/10.1073/pnas.0915000107

6 samples,4-fold cross validation:

4.3.8. LEIPOLD

5x1 training by test samples;

18 cell types, 15 markers
Frequ F1-Score Central similarit Earth mover's distance

Color Cell type — | Flow Pheno Flow Pheno Flow Pheno
=== ency % | MLP e SOM LDA G_rapg MLP SOM LDA G_rapg MLP SOM LDA Graph
® |NKecells 12%| 0.997| 0.854| 0.977| 0.872| 0.997| 0.843| 0978 0.858| 0.999( 0.941| 0.992| 0.947
® |CDA4T cells CD45RA- , CD27+ 12%| 0.997| 0.759| 0.950| 0939| 0.997| 0.700| 0940 0.929| 0.999| 0.863| 0.989| 0.991
CDA4 T cells CD45RA+ ,CD27+ 16%| 0.996| 0.902| 0.951| 0916| 0.999| 0.944| 0969 0.949| 0.999( 0.972| 0.981| 0.975
® | CD4T cells CD45RA- , CD27- 34%| 0.994|N/A 0920 0.851| 0.993|N/A 0.885| 0.798| 0.998 |N/A 0.975| 0946
CD16- monocytes 79%| 0.994| 0.894| 0.959| 0900| 0.997| 0.888| 0.974| 0.896| 0.999| 0.956| 0.971| 0.961
©® |CD8Tcells CD45RA+ , CD27+ 11%| 0.993| 0.632| 0.897| 0.669| 0994 0.521| 0.866| 0.582| 0.999| 0.839| 0.952| 0.840
CD8 T cells CD45RA+ , CD27- 9.1%| 0.993|N/A 0.878| 0.671| 0.993|N/A 0.819| 0.548| 0.998 |N/A 0.980| 0.902
@ |CDS T cells CD45RA- , CD27+ 63%| 0993| 0.794| 0929| 0.804| 0.992| 0.724| 0.898| 0.731| 0.999| 0.957| 0.980| 0.968
©® |CD38 CD56- B cells 62%| 0.991| 0.133| 0.805| 0392 0.988| 0.040| 0.688| 0.210| 0.998| 0.417| 0.941| 0.668
CD38+CD56 B cells 47%| 00988| 0.633| 0.797| 0.665| 0.985| 0.521| 0.735| 0.553| 0.998| 0.920| 0.955| 0917

CDS8 T cells CD45RA- , CD27- 28%| 0.986|N/A 0.846 |N/A 0.985 |N/A 0767 |N/A 0.997 IN/A 0.958 |N/A
CD4- CD8- 5% | 0.986| 0.219| 0.806| 0.786| 0.985| 0.139| 0.743| 0.697| 0997 0.539| 0.946| 0915
e |pDCs 0.37%| 0.980| 0.933| 0935| 0915| 0984| 0.973| 0922| 0948 | 0989| 0.948| 0.960| 0.941
CD56 bright NK cells 044% | 0.966|N/A 0.844| 0.729| 0.946|N/A 0796| 0.642| 0.988 |N/A 0.943| 0.945
CD4 T cells CD45RA+ , CD27- 1.1%| 0961| 0.065| 0.518| 0.059| 0.957| 0.030| 0.400( 0.023| 0.990| 0.695| 0.874| 0.319
e | mDCs 14%| 0959| 0.197| 0.730| 0.194| 0.946| 0.089| 0.619| 0.091| 0.990| 0.572| 0.925| 0.555
® | Basophils 0.69%| 0.850|N/A 0.102| 0.141| 0.777|N/A 0044| 0.048| 0975 |N/A 0.734| 0406
CD16+ monocytes 004%| 0.697| 0.115| 0.268| 0220| 0.574| 0.076| 0.171| 0.137| 0.829| 0.428| 0.652| 0.552
Median| 0.989| 0.208| 0.862| 0.700| 0.987| 0.114| 0.807| 0.612| 0.998| 0.633| 0.957( 0.916
Mean| 0.962| 0.396| 0.784| 0.596| 0.949| 0.360| 0.734| 0.536| 0.986| 0.558| 0.928| 0.764
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Earth mover's distance
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4.3.8.1. Merged matches

With FlowSOM QFMatch finds 4 of 13 matches where merging 2 FlowSOM gated
populations for 1 manually gated population obtains a higher F1-score: the 1st, 3rd, 7th
and 10th ranked matches.

(& = ] sync fF 5] offa i ¥ MATCH sets: training=13 /18 ¢ UNMATCHED) yoqi_q7/1g (L NEW)

Rank 2| @ | # Subset (class) name thes | Gomeasure) Concordance | (QPMste |ing set?|_Frea.
1 15 CD4 T cells CD45RA+ , CD27+ 3 90.2% 94.4% 97.2% yes 16.9%

1 24 CD4 T cells CD45RA+ , CD27+ (Flo... 3 90.2% 94.4% 97.2% no 0.9%

1 27 CD4 T cells CD45RA+ , CD27+ (Flo... 3  90.2% 94.4% 97.2% no 15%

3 1 CD16- monocytes 3  89.4% 88.8% 95.6% Yes 6.1%

3 28 CD16- monocytes (FlowSOM.AIl cell... 3 89.4% 88.8% 95.6% no 6.2%

3 31 CD16- monocytes (FlowSOM.All cell... 3 89.4% 88.8% 95.6% no 0.5%
7 @ 12 CD4T cells CD45RA-, CD27+ 3  759% 70% 86.3% yes 14.8%
7 ® 23CD4T cells CD45RA-, CD27+ (Flow... 3 75.9% 70% 86.3% no 20.5%

7 o 29 Basophils (FlowSOM.AIl cells.Pop12) 3 75.9% 70% 86.3% no 1.1%

10 e 2 mDCs 3 19.7% 8.9% 57.2% yes 0.9%

10 e 22 mDCs (FlowSOM.AIl cells.Pop2) 3 19.7% 8.9% 57.2% no 0.3%

10 e 26 mDCs (FlowSOM.AIl cells.Pop9) 3 19.7% 8.9% 57.2% no 2.8%

e 5 CD8T cells CD45RA-, CD27+ 2 79.4% 72.4% 95.7% vyes 6.9%

2 ® 35 CD8T cells CD45RA-, CD27+ (Flow... 2 79.4% 72.4% 95.7% no 7.8%

With PhenoGraph QFMatch finds 6 of ? matches where merging multiple PhenoGraph
gated populations for 1 manually gated population obtains a higher F1-score: the ?, ?
and ?th ranked matches.



» ]« W synciy [, 53] s % L MATCH sets: training=17/18 (1 UNVATCHED) 4o y_3527 (2 NEW)

Rank 2 o # Subset (class) name ?hzts_ ! ::-on\::::ﬁre) :Zsc::::i:rrdance ?(I)nl;‘ll\llﬂx) Hgai:;t? Freq.
2 15 CD4 T cells CD45RA+ , CD27+ 4 91.6% 94.9% 97.5% yes 16.9%
2 19 CD4 T cells CD45RA+ , CD27+ (Phe... 4  91.6% 94.9% 97.5% no 1.2%
2 30 CD4 T cells CD45RA+ , CD27+ (Phe... 4  91.6% 94.9% 97.5% no 13.5%
2 39 CD4 T cells CD45RA+ , CD27+ (Phe... 4  91.6% 94.9% 97.5% no 0.5%

10 18 CD4- CD8- 4 78.6% 69.7% 91.5% yes 3.1%
10 22 CD4- CD8- (Phenograph4RXF23) 4 78.6% 69.7% 91.5% no 0.2%
10 26 CD4- CD8- (Phenograph4RXF 14) 4 78.6% 69.7% 91.5% no 1.3%
10 33 CD4- CD8- (Phenograph4RXF12) 4 78.6% 69.7% 91.5% no 1.8%
1 @ 12 CD4T cells CD45RA-, CD27+ 3  93.9% 92.9% 99.1% yes 14.8%
1 e 34 CD4T cells CD45RA-, CD27+ (Phen... 3 93.9% 92.9% 99.1% no 1.2%
1 ® 41 CD4T cells CD45RA-, CD27+ (Phen... 3  93.9% 92.9% 99.1% no 12.7%
4 1 CD16- monocytes 3 90% 89.6% 96.1% yes 6.1%
4 24 CD16- monocytes (Phenograph4RXF... 3 90% 89.6% 96.1% no 0.5%
4 37 CD16- monocytes (Phenograph4RXF8) 3 90% 89.6% 96.1% no 6.1%
11 ® 13 CD8T cells CD45RA+ , CD27- 3 67.1% 54.8% 90.2% vyes 9.8%
11 « 32 CD8T cells CD45RA+ , CD27- (Phen... 3 67.1% 54.8% 90.2% no 2.5%
11 @ 44 CD8T cells CD45RA+ , CD27- (Phen... 3 67.1% 54.8% 90.2% no 13.6%
14 e 2 mDCs 3 19.4% 9.1% 55.5% yes 0.9%
14 o 21 mDCs (Phenograph4RXF24) 3 19.4% 9.1% 55.5% no 0.2%
14 e 45 mDCs (Phenograph4RXF10) 3 19.4% 555% no  2.8%
3 ® 5 CD8T cells CD45RA-, CD27+ 2 80.4% 73.1% 96.8% vyes 6.9%
3 @ 42 CD8T cells CD45RA-, CD27+ (Phen... 2 80.4% 73.1% 96.8% no 7.5%

Michael D. Leipold, Gerlinde Obermoser, Craig Fenwick, Katja Kleinstuber, Narges Rashidi,
John P. McNevin, Allison N. Nau, Lisa E. Wagar, Virginie Rozot, Mark M. Davis, Stephen
DeRosa, Giuseppe Pantaleo, Thomas J. Scriba, Bruce D. Walker, Lars R. Olsen, Holden T.
Maecker, (2018) Comparison of CyTOF assays across sites: Results of a six-center pilot
study, Journal of Immunological Methods,Volume 453, Pages 37-43, ISSN 0022-1759,

https://www.sciencedirect.com/science/article/pii/S0022175917304908


https://www.sciencedirect.com/science/article/pii/S0022175917304908

4.3.9. PANORAMA

10 samples, 5-fold cross validation:
24 cell types, 25 markers

8x2 training by test samples;

Frequ F1-Score Central similarit, Earth mover's distance
Color Cell type — | Flow Pheno Flow Pheno Flow Pheno
ency % | MLP =) 5om | LPA | Graph | ML | oM | LPA |Graph| MLE | soM | P2 |Graph
® |pDCs 52%| 0999 0.891| 0.999| 0.851 1| 0.832 1| 0771| 0.999( 0.942| 0999| 0.869
Eosinophils 8.8%| 0998 0.729| 0.887| 0.731| 0999| 0.605| 0.830| 0.609| 0.999| 0.826| 0916| 0.833
CD8 T cells 3%| 0998| 0.825| 0.976| 0.500| 0.999| 0.756| 0.989| 0.369| 0.999( 0.920| 0.988( 0.702
NKT cells 19%| 0996 0.625| 0.876 | N/A 0.997| 0.498| 0.838|N/A 0.998| 0.904| 0933 |N/A
® | Non classical Monocytes 14%| 0994 0.800| 0967| 0.897| 0997| 0.733| 0984 0877| 0.997| 0.884| 0985 0976
B cells Frac. D 37%| 0994 (N/A 0.891 | N/A 0.997 |N/A 0.868 [ N/A 0.998 | N/A 0974 N/A
e [NK cells 12%| 0993 0.359| 0.885| 0.285| 0.995| 0.239| 0.869| 0.173| 0.996| 0.874| 0931 0.898
Classical Monocytes 21%| 0991 0.773| 0956| 0.852| 0989 | 0.683| 0.941| 0.790| 0.999| 0.882| 0991 0955
® | Basophils 057%| 0991 0.539| 0.875|N/A 0995| 0.391| 0.812(N/A 0.994 | 0.892| 0.947(N/A
CD4 T cells 1.6%| 0990 0.800| 0.898| 0.800| 0.996| 0.738| 0.901| 0.738| 0.993| 0.950| 0.947| 0.956
® |Plasma Cells 0.24%| 0980 0.586| 0982 0.592| 0.990| 0.397| 0.989| 0.362| 0.985| 0.678| 0.986( 0.773
® | Intermediate Monocytes 77%| 0979 0.752| 0.874| 0.721| 0972| 0.640| 0.813| 0.601| 0.997| 0.936| 0965| 0913
e | B cells Frac A-C 19%| 0973 0.001| 0581 0.011| 0966 0| 0428 0| 0.995( 0.463| 0.890( 0.390
MEP 1.8%| 0971 0.327| 0920| 0.358| 0.971| 0.205| 0.905| 0.215| 0.994| 0.832| 0974 0.806
Macrophages 1%| 0965| 0.556| 0.880| 0.531| 0972| 0.413| 0.868| 0.373| 0.991| 0.908| 0968 0.905
¢ |mDCs 030%| 0952 0.566| 0.865| 0.293| 0959| 0435| 0.821| 0.128| 0.978| 0.827| 0.945| 0.694
® |gdTcells 021%| 0940(N/A 0.686 | N/A 0.948 | N/A 0.606 | N/A 0.971 [N/A 0.853|N/A
@ |Bcells Frac. F 25%| 00933 0.895| 0.926| 0.894| 0.885| 0.829| 0.875| 0.823| 0.990| 0.984| 0986| 0973
* |GMP 2.1%| 0.866(N/A 0.753| 0.248| 0.778 |N/A 0.645( 0.144| 0.986 |N/A 0904 0.682
B cells Frac.E 9.8%| 0.833| 0.385| 0.775| 0.350| 0.755| 0.254| 0.680| 0.223| 0.956| 0.713| 0957 0.665
s |CLP 024%| 0682 0.103| 0541 |N/A 0520] 0062 0413|N/A 0.934| 0.256| 0.820|N/A
* |CMP 1%| 0.604| 0232| 0.546| 0.235| 0460| 0.149| 0.407| 0.151| 0.945( 0.899| 0914 0.893
s |MPP 035%| 0523(N/A 0514 |N/A 0371 |N/A 0.375|N/A 0915 |N/A 0.892 | N/A
HSC 0.02% 0| 0011 0|N/A 0| 0.007 0|N/A 0| 0464| 0.118(N/A
Median| 0976( 0.547| 0.881| 0.322| 0972| 0394 0.834| 0.194| 0.993| 0.853| 0.947| 0.738
Mean| 0.881| 0448| 0.794| 0381| 0.855| 0.369| 0.744| 0.306| 0.942| 0.668| 0.908| 0.578
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Central similarity
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Earth mover's distance

PANORAMA Earth mover's distance median/mean/weighted
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4.3.9.1. Merged matches

With FlowSOM QFMatch finds 4 of 11 matches where merging multiple FlowSOM gated
populations for 1 manually gated population obtains a higher F1-score: the 3rd, 7th, 8th
and 11th ranked matches.

) B [~ ¥ synci fF, 5] dfs e 0 MATCH sets: training=20724 ¢ UNVATCHED) gy all 24 matched!
Rank 2 o # Subset (class) name tnhzts_ ! i;f)n\::::l?re) 9éci:::it:‘irru:lam:e (Scllrsll\:lz:x) ;I;lr;i;:t? Freq.
3 ¢« 8 pDCs 3  89.1% 83.2% 94.2% yes 5.9%
3 ¢ 33 pDCs (FlowSOM.non-Neutrophils.Po... 3  89.1% 83.2% 94.2% no 1.5%
3 e 43 pDCs (FlowSOM.non-Neutrophils.Po... 3 89.1% 83.2% 94.2% no 2.4%
7 ¢ 10 NKT cells 3  62.5% 49.8% 90.4% yes 2.3%
7 ¢ 26 NKT cells (FlowSOM.non-Neutrophils... 3  62.5% 49.8% 90.4% no 1.6%
7 = 39 NKT cells (FlowSOM.non-Neutrophils... 3 62.5% 49.8% 90.4% no 0.8%
8 « 9 CMP 3 23.2% 14.9% 89.9% yes 1%
8 ¢ 30 CMP (FlowSOM.non-Neutrophils.Pop... 3 23.2% 14.9% 89.9% no 3.6%
8 ¢ 41 CMP (FlowSOM.non-Neutrophils.Pop... 3 23.2% 14.9% 89.9% no 1.2%
11 3 Classical Monocytes 3 77.3% 68.3% 88.2% yes 28.8%
11 35 Classical Monocytes (FlowSOM.non-... 3 77.3% 68.3% 88.2% no 29.5% =z
11 48 |FIowSOM.non-NeutrophiIs.PopS 3 77.3% 68.3% 88.2% no 0.5%
1 ® 13 BecellsFrac.F 2 89.5% 82.9% 98.4% yes 19.7%
1 ® 44 B cells Frac. F (FlowSOM.non-Neutr... 2 89.5% 82.9% 98.4% no 16.4%

Samusik, N., Good, Z., Spitzer, M. et al. Automated mapping of phenotype space
with single-cell data. Nat Methods 13, 493—496 (2016).
https://doi.org/10.1038/nmeth.3863



https://doi.org/10.1038/nmeth.3863

5. Testing Round 3

In this third and final round of our testing with LDA and MLP the matching is 1-to-1 as in rounds
1 and 2 but the data usage is now the same as with FlowSOM and PhenoGraph: training and
predicting is done on both classified and unclassified cells. Prior rounds prepared all samples to
contain only members of the same cell populations for both training and predicting in order to
match the processing done in the LDA publication.

In the third round of our testing with FlowSOM and PhenoGraph the data usage (classified and

unclassified) and matching (many-to-1) is exactly as in round 2 cells.

This round of testing also differs from the previous by running both MLP implementations on all

of the data: fitcnet and TensorFlow.


https://docs.google.com/document/d/1BMxuVnyxoc-spEh57RyqtLWjm0DgLzjd3BhFPin_b_g/edit#bookmark=id.ghqnzmbya46e
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.hndq1abwtzat
https://docs.google.com/document/d/1BMxuVnyxoc-spEh57RyqtLWjm0DgLzjd3BhFPin_b_g/edit#bookmark=id.ghqnzmbya46e
https://docs.google.com/document/d/1VJ1rSX3fKna-WUD3vtbztcD8-cIo_8TMSrT6gVzaAxs/edit#bookmark=id.nike5pmuj420

5.1. Overall results

Earth mover's

Metric F1-Score CS distance

Classifier

Median (Mean |Median |Mean |Median||Mean
MLP 098/ 091 0.98/| 0.89 0.99) 0.97
LDA 0.80|| 0.72 0.74|| 0.66 0.94/[ 091
PhenoGraph 0.76/| 0.59 0.69/| 0.55 092 0.73
FlowSOM 0.61| 048 048| 044 0.85| 0.61

5.2. Results for datasets
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The overall accuracy of each classifier's matches for 197 known cell populations across 9
datasets is



Classifier MLP LDA PhenoGraph FlowSOM

# of pop- F1- JI JI F1- JI JI F1- JI JI F1- JI JI
ulations score 100% 80% ™MD score 100% 80% EMP score 100% 80% EMP gore 100% 80%
100 099 100 100 091 084 089 098 091 084 092 095 061 044 051 0.77
099 098 099 100 084 076 080 093 081 074 078 092 049 043 046 0.56

Dataset EMD

OMIP-044 13

0.98 097 0.99 1.00 0.88 0.78 0.87 097 089 0.80 087 097 0.76 0.62 0.67 091
097 095 098 099 085 076 083 094 083 072 0.77 093 0.60 0.51 0.55 0.72

0.98 096 098 099 075 060 062 094 048 032 032 086 044 028 031 0.87
097 095 096 099 070 057 061 091 043 037 040 056 042 035 038 0.55

OMIP-047 8

OMIP-058 35
087 0.77 081 098 057 041 045 090 028 0.16 0.15 0.75 031 0.18 020 0.78
0.76 0.67 0.70 095 056 043 046 089 034 026 028 0.54 034 026 028 0.62

093 087 093 098 0.70 055 0.62 090 091 083 092 096 0.65 0.50 0.55 0.90
084 0.76 0.79 096 0.57 049 053 086 0.65 0.61 0.65 0.73 052 048 050 0.59

098 097 099 1.00 087 0.76 0.82 096 0.76 0.61 0.69 093 0.61 043 048 0.76
097 095 097 099 082 071 077 095 0.61 053 056 0.76 049 042 046 0.60

OMIP-069 43

OMIP-077 14

ESHGHI 29

097 0.95 098 099 0.84 0.72 0.84 095 081 0.69 074 092 081 0.68 0.74 0.88

GHOSN 13 005 092 095 098 082 073 078 093 070 062 0.66 079 0.60 054 059 0.64

098 097 098 100 0.80 067 0.74 094 0.70 054 061 092 021 0.12 0.11 0.63
094 091 092 098 0.69 057 0.64 091 0.60 049 054 077 040 032 036 056

093 0.86 0.89 099 0.65 048 0.51 092 032 0.19 0.19 0.74 055 0.38 039 0.35
081 0.74 0.76 092 062 049 053 087 038 028 031 057 045 035 037 0.67

LEIPOLD 18

PANORAMA 24

Total populations 197

Medians 098 0.96 098 0.99 0.80 0.67 0.74 094 0.76 0.61 0.69 092 061 043 048 0.85
Means 091 087 089 097 072 061 066 091 059 052 055 073 048 041 044 0.61

Columns Rows
» Fl-score=overlap measured by harmonic Coloring is based on ranking by FI-score mean
mean of percision + rcc;_tll (AKA F measure). Narrow lead | sud Bal | o
» J1 100%=whole population overlap measured overnext S0 <0 =
Legend by intersection/union (AKA jaccard index). : .
_ . Wide lead st | 2nd  3rd Nothing
» ]I 80%=central core region overlap Bt iaiaes
(AKA central similarity). .
« EMD=ecarth mover's distance Ties get same ranked color....

emph

Median minus mean size is asized posineg.




5.2.1. Effects of unclassified cells

5.2.1.1. Overall effect

The primary difference between the two sets of data shown in the table below is that in the rows

labeled “classified only”, we remove unclassified cells when training and predicting with MLP

and LDA.

The testing results indicate that automatically classified populations match better to manually
gated populations when unclassified cells are excluded from the computation.

Classificatio | Data Included F1-Score CS EMD
n Method in
Computation | Median | Mean | Median | Mean | Median | Mean
MLP Classified only 0.99 0.95 0.99| 0.94 1 0.98
MLP All 0.98 0.91 0.98| 0.89 0.99 0.97
LDA Classified only 0.88 0.81 0.83| 0.76 0.96 0.93
LDA All 0.80 0.72 0.74| 0.66 0.94 0.91

Differences in overall accuracy




5.2.1.2. Effect per dataset

Dataset

OMIP-044 1

OMIP-047

OMIP-058 2

OMIP-069 "

OMIP-077 **

ESHGHI *

GHOSN 1

LEIPOLD*

PANORAMA™"

Classified only

F1-
Score

0.99

0.99

0.97

0.98

0.93

0.97
0.89

0.99

0.99

0.94

0.99

0.96

0.97
0.88

Central
similarity

0.99

0.97

0.97

0.90

0.97
0.85

0.99

0.99

0.92

0.99

0.95

0.97
0.86

MLP

EMD

—

0.99

0.99

0.98

0.99

0.96

0.98

0.99

0.99

0.94

Classified+unclassified

F1-
Score

1

0.99

0.98

0.97

0.98

0.97

0.87
0.76

0.93
0.84

0.98

0.97

0.97

0.95

0.98

0.94

0.93
0.81

Central
similarity

1

0.99

0.99

0.98

0.98

0.96

0.81
0.70

0.93
0.79

0.99

0.97

0.98

0.95

0.98

0.92

0.89
0.76

EMD

0.99

0.99

0.99

0.98

0.95

0.98

0.96

0.99

0.99

0.98

0.98

0.99
0.92

LDA

Classified only

F1-
Score

0.93
0.85

0.96

0.96

0.84

0.76

0.83

0.76

0.72
0.62

0.90

0.86

0.92

0.89

0.86

0.78

0.88
0.79

Central
similarity

0.90
0.81

0.95

0.96

0.81
0.70

0.73

0.68

0.62

0.57

0.86

0.81

0.93

0.85

0.80

0.73

0.83
0.74

EMD

0.98

0.94

0.98

0.98

0.95

0.93

0.95

0.92

0.88

0.87

0.97

0.95

0.96

0.94

0.96

0.93

0.95

0.91

Classified+unclassified

F1-
Score

0.91
0.84

0.88

0.85

0.75

0.70

0.58

0.56

0.70
0.57

0.87

0.82

0.84
0.82

0.80
0.69

0.65

0.62

All datasets except OMIP-077 LDA’s predictive accuracy improves significantly more than

MLP's predictive accuracy improves. Moreover, there are only 3 of 9 (OMIP-047, OMIP-058
and PANORAMA) datasets where MLP’s F1-score improves by more than 0.01. In these 3

datasets, we also observe significantly lower central similarity scores telling us that MLP sees

the dense central regions of phenotypes in N-dimensional space more clearly for these assays

when unclassified cells are removed.

Central
similarity

0.89

0.80

0.87

0.83

0.62

0.61

0.45
0.46

0.62
0.53

0.82

0.77

0.84
0.78

0.74
0.64

0.51

0.53

EMD

0.98

0.93

0.94

0.94

0.91

0.90

0.89

0.90

0.86

0.96

0.95

0.95

0.93

0.94

0.91

0.93

0.87


https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.bi1vjb1f4fgh
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.qo8px3r2jrql
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.1hxs13m0lp58
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.ira0rwi5hvjm
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.nlpgp275jfk
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.ndxx43heou8e
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.fynikscqymj3
https://docs.google.com/dochttps://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.ef72wr9rz0qument/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit%23bookmark=id.zhqyyvxtsha5
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.zhqyyvxtsha5

Pursuing improvements in this manner however is non ideal because while removing
unclassified cells may be fair and easy for training, predicting on such data requires a prior
pregating step that makes it difficult to deprecate manual gating. Therefore, we draw our

conclusions on test results where unclassified cells are included.

5.2.2. Small population issues

Automatic gating methods often miss smaller populations ¥ important to clinical research.
In our testing however MLP’s F1-score is >= 0.70 in 6 datasets. In the other 3 datasets, 11
populations have MLP F1-scores < 0.50: 1 in OMIP-077 (0.44), 4 in PANORAMA and 6 in
OMIP-069 .

Top 6 datasets F1-Scores median/mean/weighted
All 9 datasets F1-Scores median/mean/weighted

MLP LDA
0.98/0.97/1 0.85/0.77/0.92 MLP LDA
1 0.96/0.89/0.99 0.76/0.69/0.80
1 1 %
0.8 g
e o 0.8 » 0.8
0.6 [ ] g (]
0.6 ) 0.6
0.4 '
o5 0.4 by 0.4 €
g @ 0.2 0.2
g ° £ ol ce ® ol o0
0 2 4 o
(fIJ éJ) 0 2 4 6 0 2 4 6
o PhenoGraph FlowSOM ,_‘IE
PhenoGraph FlowSOM
0.78/0.61/0.88 0.62/0.48/0.65 0.67/0.54/0.89 0.46/0.44/0.74

0 2 4 ) 0 2 4 0 2 4 6 0
Cell type size (log10) Cell type size (log10)


https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.y81pbtp7qfpf

Mean frequency of populations

Classifier Minimum F1-Score # populations < 0.50 F1-Score <0.50 F1-Score
Dataset MLP LDA PhenoGraph FlowSOM MLP LDA PhenoGraph FlowSOM MLP LDA PhenoGraph FlowSOM
OMIP-044 090 037 020 0 013 113 2113 213 1.4% 0.63% 0.63%
OMIP-047 0.88 055 049 0 0/8 0/8 1/8 18 0.43% 5.5%
OMIP-058 091 0.17 0 001 035 735 6/35 6/35 0.23% 0.77% 0.67%
OMIP-069 0 004 0.04 <001 643 1643 16/43 1843 0.11% 0.17% 13% 0.55%
OMIP-077 044 002 0 006 /14 614 214 214 001% 0.03% 0.03% 0.08%
GENENTECH 089 043 0 <001 0729  1/29 7129 5/29 0.57% 0.82% 3.2%
GHOSN 0.84 039 043 071 013  1/13 1/13 0/13 0.36% 0.38%
LEIPOLD 070 005 0 006 0/18  4/18 6/18 5/18 0.79% 15% 1.8%
PANORAMA 0 0 001 <001 4724 824 724 724 040% 0.96% 1.9% 1.6%
Total 11/197 44/197 48/197 46/197
Minimum F1-score, population name and population % frequency
Classifier MLP LDA PhenoGraph FlowSOM
Dataset
OMIP-044 °| 0.901 373 197 0
CD141+ DCs 0.04% DCs.1.4% DCs.1.4% not naive CD4+.18%
and 4 others
OMIP-047 | 0.881 .613 .549 0
Transitional 2.2% IgA, FSC-A IgA, 19gG1, IgG3 | PB 0.38% Transitional 2.2%
7.3% IgA, FSC-A IgA+ 5.5%
OMIP-058 2| 0.902 0.167 0 0
Terminal NK.1% CD4+ TEMRA T Cells CD4+ TEMRA T Cells
1% CD27- CD28+ 0.03% CD27- CD28+.03%
and 12 others and 12 others
OMIP-069 ™| 0 0.17 0 0
CD1c- CD141+ DCs 0.01% CD16- CD14- monocytes B-1 IgM+ 0.21% B-1 IgM+ 0.21%
.0.30% and 13 others and 8 others
OMIP-077 "] 0.442 0.022 0 0
pDCs 0.01% CD141+ mDCs 0.04% CD141+ mDCs 0.41% CD141+ mDCs 0.41%
and 2 others and 4 others
ESHGHI * | 0.895 0.430 0 0
CD123-0.17% Lineage Negative 0.57% CD123-0.17% CD123-0.17%
and 3 others and 7 others



https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.bi1vjb1f4fgh
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.nlpgp275jfk
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.ndxx43heou8e
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.fynikscqymj3
https://docs.google.com/dochttps://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.ef72wr9rz0qument/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit%23bookmark=id.zhqyyvxtsha5
https://docs.google.com/document/d/1PK0-ub9QfBwbLwW-l9LR1ypiAwQcTaq3KSiE9kybAys/edit#bookmark=id.zhqyyvxtsha5

GHOSN *°

0.854

Neutrophils 0.36%

0.394
Neutrophils 0.36%

0
CD11b+ dendritic 1.3%

0

ckit+ mast cells 1.8%

and 3 others

and 6 others

LEIPOLD®*® | 0.697 0.055 0 0
CD16+ monocytes 0.04% | CD16+ monocytes 0.04% CD8 T cells CD45RA- CD16+ monocytes
CD27-2.8% 0.04%
and 4 others
PANORAMA®™ | 0 0 0 0
HSC 0.02% HSC 0.02% HSC 0.02% gd T cells 0.21%

and 3 others

MLP is the only classifier having datasets (5 of 9) where the worst F1-score is still decent
(>0.85): OMIP-044, OMIP-047, OMIP-058 and ESHGHI.
MLPs F1-Score drops below 0.50 11 times.

Moreover, for 197 populations overall

Below the F1-Score by Size X/Y plots of all classifiers compared side by side illustrate the
strength of MLP with small populations. Even in the two worst cases (PANORAMA and OMIP-

069), the plots indicate that MLP is much less affected by population size than are LDA,

FlowSOM and PhenoGraph. Even in the two worst cases (PANORAMA and OMIP-069), the
plots below indicate that overall MLP is much less affected by population size than are LDA,
FlowSOM and PhenoGraph.
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5.2.3. Jaccard Index on whole population versus central region
MLP LDA  PhenoGraph FlowSOM
Dataset Fofpop- JU JU JL g1 U )

Classifier

ulations 100% B80% 100% 80% 100% 80% 100% 80%
ol | EH R
Sl | B
N | P
oo o IR 1% 0% 08 o
o IR 20 05 03 0
wn s [ 55 1 4 o0
s ol 2% 02 k2
L | FEEEEE



Columns Rows

Coloring is based on ranking by F1-score mean
¢ Fl-score=overlap measured by harmonic

. . N, lead
mean of percision + recall (AKA F measure). arrow ‘ed

1st 2nd 3rd Last

over next
Legend  JI 100%=whole population overlap measured ) -
by intersection/union (AKA jaccard index). Wide lead N » 4 374 Nothing
over next 1S next

o JI 80%=central core region overlap
(AKA central similarity). Ties get same ranked color....
Median minus mean size is “™PMasized pos/neg.



5.3. Results for populations

Columns

Rows

F1-score=overlap measured by harmonic
mean of percision + recall (AKA F measure).

Coloring is based on ranking by F1-score mean

Narrow lead

« JI 100%=whole population overlap measured overnex 15t 2nd  3rd Last
Legend by intersection/union (AKA jaccard index). , .
T80 1 i 1 Wide lead |y ppg 3pd  NoWing
. Yo=centra cqre. reglon overlap over next is next
(AKA central similarity). _
o EMD=earth mover's distance Ties get same ranked iolor....
Median minus mean size is ™M asized pos/neg.
Classifier fitcnet TensorFlow LDA PhenoGraph FlowSOM
. Freg- Fl- JI I FI-  J1 JI Fl- 1 1 Fl-  J1 1 FI-  J1 J
Population |\ oo score 100% 80% EMD gore 100% 80% EMD gore 100% 80% EMD gore 100% 80% EMD geore 100% som EMD
CD1a+ 19% 1 1 1 1 1 1 1 1 098 0397 1 098 097 095 099 099 094 089 097 095
*Cp19+ 13% 1 1 1 1 1 1 1 1 099 098 1 1 099 099 1 1 099 099 1 1
epaiveCD4s 23% 1 1 1 1 1 1 1 109 087 089 098 087 077 079 097 0.72 056 057 0.82
®motmaiveCD4s] 17% 1 1 1 1 1 1 1 1091 083 086 098 084 072 0.76 095
naiveCD8+ 67% 1 1 1 1 1 1 1 109 089 093 099 095 091 096 099 0.61 044 051 0.70
sCDSGENK T4% 1 1 1 1 1 1 1 109 091 1 094 095 091 099 094 095 091 0.99 094
“motnaiveCD8+] 54% 1 099 1 1 1 1 1 1091 084 089 098 094 089 0.92 099
epN 27% 1 099 1 1 1 099 1 1 085 073 075 087 090 082 085 095
eCpi2a+ppC 12% 1 099 1 1 1 099 1 1098 096 1 099 098 096 099 099 098 096 0.99 0.99
DNDCs 27% 099 099 1 1099 099 1 1 089 080 0.87 094 091 084 092 095 075 060 067 082
*DCs- 0.84% 099 098 0.99 1 099 087 099 099 037 023 024 085 020 0.11 0.10 0.70
*CDle DCs 042% 098 096 098 1 098 0897 099 099 056 039 042 0.81 043 027 030 0.75 042 027 031 077
o CD1414DCs 005% 090 082 0.88 099 0.67 054 056 096 0.61 044 050 0.83 064 047 051 0.84
Medians 1 099 1 1 1 1 1 1 091 0.84 0.89 098 091 0.84 092 095 061 044 051 0.77
Means 099 098 099 1 097 096 096 099 084 076 080 093 081 074 078 092 049 043 046 0.56


https://docs.google.com/document/d/1y5q9p1XrmZCr2CAQvHacE7KQlXyWm66y3JvmiYRtq0M/edit
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Merged matches

With FlowSOM QFMatch finds 2 of 9 matches where merging multiple FlowSOM gated
populations to match 1 manually gated population obtains a higher F1-score: the 1st
and 2nd, 3rd, 4th, 6th, 8th, 9th and 10th ranked matches.



@ B« ¥ synci 55 offa Y MATCH sets: training=9/13 ¢ UNVATCHEDD yoqp_q7 73 (2 NEWD

Rank ? o # Subset (class) name ?hzts_ ! (Sclzr:II\oI'lz:x) if:f)r::::t?re) ;I;lr;i:t;:? : Freq. :
1 e 4 CD19+ 3 99.8% 99.5% yes 12.9% 252
1 ® 16 FlowSOM.CD45+ live.Pop0 3 99.8% 99.5% no 12.9% 252
1 » 22 FlowSOM.CD45+ live.Pop1 3 99.8% 99.5% no 0%
2 o 11 CD123+ pDC 3 99.3% 97.8% yes 1.2% 23,
2 o 20 FlowSOM.CD45+ live.Pop6 3 99.3% 97.8% no 0.4% iz
2 « 21 FlowSOM.CD45+ live.Pop10 3 99.3%  97.8% 0.8% 16,
3 2 CD14+ 2  954% 94.4% yes 19% 371
3 24 FlowSOM.CD45+ live.Pop11 2 95.4% 94.4% no 16.9% 33z



With PhenoGraph QFMatch finds 8 of 13 matches where merging multiple PhenoGraph
gated populations to match 1 manually gated population obtains a higher F1-score: the
1st, 2nd, 3rd, 4th, 6th, 8th, 9th and 10th ranked matches.

E + N Sync i ﬁF. ol II'.[: + & MATCH sets: training=all 13 matched}, te:

Mat- ;% Overlap Similarity
ches (F-measure)| (QFMatch)

86.9% 97%
86.9% 97%
86.9% 97%
86.9% 97%
86.9% 97%
86.9% 97%

84% 95.2%

84% 95.2%

84% 95.2%

84% 95.2%

84% 95.2%

84% 95.2%
99.4% 99.8%
99.4% 99.8%
99.4% 99.8%
99.4% 99.8%
99.4% 99.8%
97.4% 99%
97.4% 99%
97.4% 99%
97.4% 99%
97.4% 99%
93.9% 98.6%
93.9% 98.6%
93.9% 98.6%
93.9% 98.6%
98.1% 99.2%
98.1% 99.2%
98.1% 99.2%

# Subset (class) name

g

=]

~
[N}

® 7 naive CD4+

16 naive CD4+ (Phenograph2M5N24)

e 22 naive CD4+ (Phenograph2M5N11)

23 naive CD4+ (Phenograph2M5N29)

34 naive CD4+ (Phenograph2M5N1)

37 naive CD4+ (Phenograph2M5N3)

8 [not naive CD4+]

19 [not naive CD4+] (Phenograph2M5N4)
27 [not naive CD4+] (Phenograph2M5N10)
30 [not naive CD4+] (Phenograph2M5N22)
38 [not naive CD4+] (Phenograph2M5N31)
® 45 [not naive CD4+] (Phenograph2M5N9)
® 4 CD19+

. 14 CD19+ (Phenograph2M5N12)

25 CD19+ (Phenograph2M5N32)

e 40 CD19+ (Phenograph2M5N34)

® 41 CD19+ (Phenograph2M5N2)

2 CD14+

29 CD14+ (Phenograph2M5N8)

36 CD14+ (Phenograph2M5N13)

43 CD14+ (Phenograph2M5N5)

46 CD14+ (Phenograph2ZM5N18)

® 13 [not naive CD8+]

¢ 20 [not naive CD8+] (Phenograph2M5N21)
¢ 32 [not naive CD8+] (Phenograph2M5N14)
s 33 [not naive CD8+] (Phenograph2M5N16)
« 11 CD123+ pDC

« 18 CD123+ pDC (Phenograph2M5N20)

e 24 CD123+ pDC (Phenograph2M5N25)
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Mair, F. and Prlic, M. (2018), OMIP-044: 28-color immunophenotyping of the human
dendritic cell compartment. Cytometry, 93: 402-405.
https://doi.org/10.1002/cyt0.a.23331



https://doi.org/10.1002/cyto.a.23331

Classifier

Freq-

Population vency

Naive 46%

*MZBcells 33%

® IgA,FSC-ANeg IgA IgG1 IgG3  8.7%
® IgA,FSC-AIgA+ 3.3%

*gGl+ 3.6%

® Transitional 2.1%

® g3+ 0.75%

s pp 043%

Medians
Means

5.3.2. OMIP-047

fitcnet TensorFlow LDA PhenoGraph FlowS50M
wore 1005 80% PP siore 1005 8% D siore 100% 50% EVP sore 100% 50 EMD sre 100 st EMD
1 1 1 1 1 1 1 1 096 092 097 099 094 089 093 098 088 078 085 094
1 099 1 1 1 1 1 1 094 089 093 098 092 085 088 097 0.81 0.68 069 092
0.99 098 099 1 099 099 099 1 0.85 074 0.81 097 0.84 072 0.73 093 0.61 044 048 083
0.99 097 099 1 099 099 1 1 090 081 089 097 0950 0.82 089 097
0.98 097 099 1 099 099 099 1 086 0.75 0.8¢ 094 0.88 079 0.87 097 0.87 0.77 0.84 096
098 097 098 1 099 099 099 1 086 076 0.83 095 072 0356 059 087
098 096 099 099 096 093 096 098 092 085 095 096 091 084 091 097 092 086 093 097
0.88 0.79 0.86 097 093 087 092 096 0.55 038 041 075 049 033 036 075 071 056 0.65 089
098 097 099 1 099 099 099 1 088 0.78 087 097 0.89 080 0.87 097 076 062 067 091
097 095 098 099 098 097 098 099 085 076 083 09 083 072 0.77 093 060 051 055 0.72


https://docs.google.com/document/d/10Zr3H0itTzrLpy7_kle8Vks1Sj_J0iIowQ9AAzT5He8/edit
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Merged matches

With FlowSOM QFMatch finds 1 of 7 matches where merging 2 FlowSOM gated
populations to match 1 manually gated population obtains a higher F1-score.



=Y @ E « N Sync o ﬁF. | 'ﬂ: .

‘& MATCH sets: training=7/8 a UNMATCHED!), test=all 8 matched!

Rank 2| @ ‘ Subset (class) name thes | (Fomessure) | Concordance | (QPacet) | ingset? | Frea
4 @ MZBcells 3 80.7% 69.4% 92.2% yes 33.1% 1t
4 e FlowSOM.B cells.Pop0 3 80.7% 69.4% 92.2% no 0.6%
4 @ [FlowSOM.B cells.Pop1 3 80.7% 69.4% 92.2% no 26.5% 1
1 o IgG3+ 2 92.3% 92.6% 97.4% yes 0.8%
1 e FlowSOM.B cells.Pop5 2 92.3% 92.6% 97.4% no 0.8%
2 o IgG1+ 2 87.3% 84.2% 95.9% yes 3.6%
2 o FlowSOM.B cells.Pop6 2 87.3% 84.2% 95.9% no 3.9% :
3 Naive 2 87.6% 84.6% 94.4% yes 4569% 2.
3 FlowSOM.B cells.Pop7 2 87.6% 84.6% 94.4% no 52.6% 2t
5 - PB 2 71.4% 64.7% 88.9% yes 0.4%
5 ¢ FlowSOM.B cells.Pop4 2 71.4% 64.7% 88.9% no 0.5%
6 IgA, FSC-A Neg IgA 19G1 1gG3 2 61.3% 48.2% 83% yes 8.7% ‘
6 FlowSOM.B cells.Pop3 2 61.3% 48.2% 83% no 14.7%
7 IgA, FSC-A IgA+ 2 0% 0% 24% yes 5.5%
7 FlowSOM.B cells.Pop2 2 0% 0% 24% no 0.4%
8 o Transitional 0 NA N/A N/A yes 2.1%



With PhenoGraph QFMatch finds 3 of 8 matches where merging multiple PhenoGraph
gated populations to match 1 manually gated population obtains a higher F1-score: the
1st, 3rd and 6th ranked matches.

© B « 4 synci  fF E] dfa i 0 MATCH sets: training=all 8 matched!, test=13/14 (1 NEW)

Rank 2| @ | # Subset (class) name thes | (QPMatce | G-measure) ing setz | Freq,
1 1 Naive 4 97.6% 94.3% yes 45.9%
1 17 PhenographWSN93 4  97.6% 94.3% no 13%
1 18 PhenographWSN95 4 97.6% 94.3% no 11.4%
1 21 PhenographWSN92 4 97.6% 94.3% no 15%
3 @ 5 MZBcells 4 97% 91.8% yes 33.1%
3 o 13 PhenographWWSN94 4 97% 91.8% no 12%
3 @ 15 PhenographWWSN91 4 97% 91.8% no 15%
3 ® 16 PhenographWWSN96 4 97% 91.8% no 7.8%
6 6 IgA, FSC-A Neg IgA IgG1 IgG3 3 925%  83.6% yes 8.7%
6 9 PhenographWSN910 3 925% 83.6% no 3.9%
6 10 PhenographWSN98 3 92.5% 83.6% no 5.7%
2 7 IgA, FSC-A IgA+ 2 97.1% 89.9% yes 5.5%
2 12 PhenographWSN97 2 97.1% 89.9% no 6%

Liechti, T., Gunthard, H.F. and Trkola, A. (2018), OMIP-047: High-Dimensional
phenotypic characterization of B cells. Cytometry, 93: 592-596.
https://doi.org/10.1002/cyto.a.23488



https://doi.org/10.1002/cyto.a.23488

Classifier

Population

® CD4+ TCM T cells CD27+ CD28+
® CD4+ Naive T cells CD27+ CD28+
® HLA-DR+

CD8+ TEMRAT cells CD27- CD258-
® CD4+ TEM T cells CD27+ CD28+
® CD4+ TCM T cells CD27- CD28+
CD8+ TEM T cells CD27+ CD28+

® CDd+ TEM T cells CD27- CD28-

® D4+ TEM T cells CD27- CD28+

® CD8+ Naive T cells CD27+ CD28+
® Vd2 high Vg9+ T cells

® Mature NK

CD8+ TEMRA T cells CD27+ CD28-
NK CD16- CD56-

CD8+ TEM T cells CD27- CD28-

*® CDB+ TCM T cells CD27+ CD28+
® Vdl+ Vg9- T cells CD56-

® CDd+ TSCM T cells CD27+ CD28+
® iNKT cells

® Early NK

® vd2 low Vg9+ T cells CD56-

CD4+ TEMRAT cells CD27- CD25-
CD8+ TEMRA T cells CD27+ CD28+
® CD3+ TEM T cells CD27- CD28+

® MAIT cells

® CD4+ TEMRA T cells CD27+ CD28+
® CD&+ TSCM T cells CD27+ CD28+
® CD4+ TEM T cells CD27+ CD28-

® Vd1+ Vg9- T cells CD56+

® vd2 low Vg¥+ T cells CD56+
*Q2: Vdl+ Vg9+

® CD4+ TEMRA T cells CD27- CD28+
® Terminal NK

® CD8+ TCM T cells CD27- CD28+

® CDd+ TSCM T eells CD27- CD28+

Freq-
uency

34%
13%
14%
9%
3.3%
3.5%

5.4%

1.1%
1.1%
0.68%
2.5%
1.2%
2.4%
0.57%
1.1%

0.88%

0.07%
0.92%
0.55%
0.18%
0.55%
0.31%
0.51%
0.12%
0.14%
0.07%
0.12%
0.20%
0.08%
0.03%
0.21%
0.06%

0.10%

Medians

OMIP-058

fitcnet TensorFlow LDA PhenoGraph FlowSOM
core 100% 80% " score 100% 8% P oo 100% 80% PP seore 100% 8% PP seore 100 805 PP
1 1 1 1 1 1 1 1 094 0.89 093 099 087 077 087 095 089 079 085 097
1 099 1 1 1 1 096 092 096 099 094 088 094 096 097 094 098 099
1 099 1 1 1 i 1 1 097 094 098 098 097 095 098 099 097 094 098 099
1 099 1 1 1 1 1 1 095 091 096 098 093 088 095 097 095 091 09 097
099 D98 0.99 1 099 098 098 1 075 060 0.62 095
099 0.98 0.99 1 099 099 099 1 0.84 0.72 0.76 098 073 057 063 096 073 057 063 095
099 0.98 0.99 1 099 098 099 1 085 0.75 0.81 096 072 056 062 092 0.78 065 070 096
098 0.97 0.99 1 098 097 098 1 052 035 036 092 048 032 032 092 049 033 033 092
098 0.97 098 1 098 097 097 1 061 044 044 094 003 0.01 <001 055
098 0.96 098 1099 098 099 1 0.64 047 047 0.88 0359 042 042 088 059 042 042 088
098 0.96 099 1 098 096 098 099 096 093 098 098 095 090 094 099 094 089 092 099
098 0.96 098 109 092 097 098 091 083 088 097 076 062 064 086 076 061 065 087
098 0.96 097 1 099 098 099 1 077 062 067 092 069 053 059 086 080 067 073 095
098 0.96 0.99 1 099 0987 099 1 0.80 067 0.77 094 082 0.69 (.83 087 081 069 083 088
098 0.95 097 1 098 097 098 1 0.68 0.52 0.53 091
098 0.95 0.97 1 098 097 098 1 0.68 0.52 0.55 0.95 0.01 <001 001 059
097 0.95 0.98 1 099 098 099 1 0.89 0.80 0.87 096 085 074 080 095 081 069 078 092
097 0.94 096 1 097 085 096 099 0.17 009 007 076 002 001 001 050 004 002 002 049
097 0.93 099 099 0.98 096 099 099 097 093 099 098 092 085 092 091
096 0.93 096 1 094 088 097 098 0.84 072 0.78 096 085 073 080 094 083 071 078 094
096 093 096 099 097 094 097 099 090 081 089 098 089 080 086 095 085 074 082 094
096 0.93 095 099 098 096 098 099 048 031 033 0.80 042 027 027 093 044 028 028 093
096 0.92 095 1 098 085 097 099 062 045 047 090 008 004 004 069 063 046 053 093
095 091 094 099 097 095 096 099 071 0.55 0.57 092
095 091 094 1 095 0890 093 098 074 059 062 085 090 082 0487 096 084 073 087 089
094 0.88 097 099 0.97 095 096 099 033 020 0.19 0.64
093 0.86 0.89 099 096 092 094 099 030 0.18 0.19 091
092 086 090 098 097 093 095 099 044 028 031 085
092 086 091 098 097 094 096 099 0.82 0.70 0.78 094
092 0.85 091 099 095 091 095 099 0.81 0.68 0.77 094
092 0.85 0.93 098 097 095 098 099 0.80 067 0.78 094 081 068 @.81 050 044 028 031 072
090 0.82 0.85 097 0.94 089 091 098 027 0.16 0.15 0.55
088 0.79 0.82 099 091 083 084 098 057 041 045 090 0.01 <001 <001 043
088 0.78 0.80 097 0.94 089 091 098 054 037 041 0.88
088 0.78 0.83 098 0.94 089 092 098 028 0.17 0.18 0.86
097 0.94 097 1 098 096 098 099 075 0.60 0.62 094 048 032 032 086 044 028 031 087
092 095 099 097 095 09 099 070 057 061 091 043 037 o040 056 042 035 038 055

Means 096
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Merged matches
With FlowSOM QFMatch finds 8 of 22 matches where merging multiple FlowSOM gated

populations to match 1 manually gated population obtains a higher F1-score: the 2nd,
4th, 5th, 6th, 7th, 9th , 14th and 16th ranked matches.




C o« 8 sync= {571 ol Fa ¥ MATCH sets: training=22/35 (13 UNVATCHED) toqp_33 /35 2 NEWD

Rank * o # Subset (class) name :Il'lzts_ ! ?Ii-on\'::::t?re) ?(I)nsllvllaa':x) ?l-':’gai:e_t? Freq.
| 2|e 27HLADR+ 4  97%  98.8% yes 9.9%
2 o 47 HLA-DR+ (FlowSOM.Viable cells.Po... 4 97% 98.8% no 1.4%
2 ¢ 63 HLA-DR+ (FlowSOM.Viable cells.Po... 4 97% 98.8% no 0.2%
2 @ 66 HLA-DR+ (FlowSOM.Viable cells.Po... 4 97% 98.8% no 7.4%
6 20 CD8+ TEM T cells CD27+ CD28+ 4  78.5% 96% yes 4%
6 45 FlowSOM.Viable cells.Pop22 4 78.5% 96% no 0.7%
6 64 CD8+ TCM T cells CD27+ CD28+ (FI... 4  78.5% 96% no 3.5%
6 68 CD8+ TEM T cells CD27- CD28+ (Fl... 4  78.5% 96% no 0.6%
14 o 1 Vd1+ Vg9- T cells CD56- 4  81.4% 92% yes 1.6%
14 o 37 Vd1+ Vg9- T cells CD56- (FlowSOM.... 4 81.4% 92% no 0.5%
14 o 38 Vd1+ Vg9- T cells CD56- (FlowSOM.... 4  81.4% 92% no 0.3%
14 o 65 Vd1+ Vg9- T cells CD56- (FlowSOM.... 4 81.4% 92% no 0.5%
4 ® 12 CD4+ TCMT cells CD27+ CD28+ 3 88.6% 97.4% yes 20.5%
4 o 39 CD4+ TCM T cells CD27+ CD28+ (FI... 3 88.6% 97.4% no 4.9%
4 @ 48 CD4+ TCM T cells CD27+ CD28+ (Fl... 3 88.6% 97.4% no 17.7%
5 2 CD8+ TEMRA T cells CD27- CD28- 3 95.1% 97.4% yes 17.8%
5) 46 CD8+ TEMRA T cells CD27- CD28- (... 3  95.1% 97.4% no 14.6%
5 61 CD8+ TEMRA T cells CD27- CD28- (... 3 95.1% 97.4% no 2.7%
7 3 CD8+ TEMRA T cells CD27+ CD28- 3 79.9% 95.5% yes 1.9%
7 69 CD8+ TEMRA T cells CD27+ CD28- ... 3 79.9% 95.5% no 1.5%
7 70 CD8+ TEMRA T cells CD27+ CD28- ... 3 79.9% 95.5% no 0.3%
9 13 Early NK 3  83.1% 94.4% yes 1%
9 36 Early NK (FlowSOM.Viable cells.Pop8) 3 831% 94.4% no 0.2%
9 51 Early NK (FlowSOM.Viable cells.Pop2) 3  83.1% 94.4% no 0.9%
16 o 22 CD8+ Naive T cells CD27+ CD28+ 3 58.8% 88.1% yes 1.9%
16 o 44 CD8+ Naive T cells CD27+ CD28+ (... 3 58.8% 88.1% no 0.2%
16 ® 54 CD8+ Naive T cells CD27+ CD28+ (... 3 58.8% 88.1% no 3.5%
1 21 CD4+ Naive T cells CD27+ CD28+ 2 97.2% 99.3% yes 21.5%
1 50 CD4+ Naive T cells CD27+ CD28+ (... 2 97.2% 99.3% no 19%

With PhenoGraph QFMatch finds 6 of 16 matches where merging multiple PhenoGraph
gated populations to match 1 manually gated population obtains a higher F1-score: 1st,
3rd, 5th, 7th, 8th and 16th ranked matches.



) Cl « W synciy R 5] s % & MATCH sets: training=23 /35 (12 UNMATCHEDD yogy_34,35 (1 NEW)

Rank 2| @| # Subset (class) name thes | G-measure) @Pvaten) | e | Freq
1 ® 27 HLADR+ 5 97.3%  98.8% yes 9.9% 3
1 ® 40 PhenographYO0G4 5 97.3% 98.8% no 6.9% 2
1 « 46 PhenographYO0G26 5 97.3% 98.8% no 0.3%
1 » 47 PhenographYO0G16 5 97.3% 98.8% no 1.8%
1 « 58 PhenographYO0G29 5 97.3% 98.8% no 0.2%
3 2 CD8+ TEMRA T cells CD27- CD28- 4  934%  965% yes 17.8% 5
3 51 PhenographY00G13 4 934%  965% no 2.6%
3 56 PhenographYO0G3 4 934% 965% no 1% 4
3 64 PhenographYO0G11 4  934%  965% no 32% 1
5 21 CD4+ Naive T cells CD27+ CD28+ 4 938% 957% yes 215% 7
5 41 PhenographY00G23 4 938% 957% no 0.4%
5 43 PhenographYO0G8 4 938% 957% no 3.9% 1
5 60 PhenographY00G1 4 938% 957% no 16.6% 6
7 « 1 Vdi+Vgs- T cells CD56- 4 848%  953% yes 1.6%
7 « 44 PhenographYO0G17 4 848% 953% no 1.2%
7 48 PhenographYO0G28 4 848% 953% no 0.2%
7 « 54 PhenographYO0G22 4 848% 953% no 0.5%
8 ® 12 CD4+ TCM T cells CD27+ CD28+ 3 867% 952% yes 20.5% 6
8 © 49 PhenographYO0G7 3 8.7% 952% no 54% 2
8 ® 52 PhenographYO0G2 3 867% 952% no 14.9% 5
16 « 22 CD8+ Naive T cells CD27+ CD28+ 3 59.1%  87.7% yes 1.9%
16 « 36 PhenographYO0G30 3 59.1% 87.7% no 0.2%
16 * 63 PhenographYO0G9 3 59.1%  87.7% 35% 1
2 « 25 Vd2high Vgo+ T cells 2 949%  98.6% yes 0.6%
2 « 61 PhenographY00G21 2 949% 986% no 0.6%

Liechti, T. and Roederer, M. (2019), OMIP-058: 30-Parameter Flow Cytometry Panel
to Characterize iNKT, NK, Unconventional and Conventional T Cells. Cytometry,
95: 946-951. https://doi.org/10.1002/cyto.a.23850
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Population

* Naive CDd4+

* B-2CD27-

* Naive CDE+

* Mature NK

*B-11gG

* Early Effector CDds+
Ceatral Memory CIM+ CXCRS-, CXCR3.
*® Terminal Effector CIMSRA+ CDE+
* Early like effector CD44
Central Memaory CIM+ CXCRS-, CXCR3I
* CD2+ CDE+ NKT

* Terminal NK

*B-2 D27+

® B-1 IgG- [gM-

Centrul Memory ClMs CXCRS, CXCRY
® Early Effector CD8+

* Intermediate Effector CD8+
CD4- CDS-

® CD1234+ pDCs

* B.1 IpM+

* CCR7- CD4SRA+ TCRgD4+
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* Early NK
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* CCRT- CD45RA- TCRgD+
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ILCs CD2+ CDd+

* CD4+ CDE+ T

¥ Classical monocytes
CD1lc+ CD16+ DCs

ILCs CD2- CD4-

* CD2- NKT cells

* Intermediate monocytes

* CDlec+ DCs

* Plasmablasts

* CDle- CD141- DCs

* MNon classical monocytes

* CD16- CD14- monocytes

* CDle- CD141+ DCs

96%
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097%

4.1%

49%
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11%

4.6%

13%

0.59%

0.68%

0.73%
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26%
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0.69%

0.39%

0.21%

0.57%

0.34%
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0.20%
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0.22%
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0.12%

0.43%

L13%

0.11%
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0.09%

0.06%

12%

0.09%

0.03%

0.07%

0.15%

0.30%

0.01%

Medians

Means

5.3.4. OMIP-069

fitcnet TensorFlow LDA PhenolCiraph FlowS0M
e dew w EMD N e e EMD T he mm TP O e sw MDD e me BMD
098 09 098 1 098 096 097 1 095 090 085 099 093 086 095 098 090 081 090 095
088 08 097 1 088 085 097 1 091 084 09/ 057 093 086 063 098 083 087 095 098
097 094 097 1 097 095 097 1 090 083 09/ 096 096 092 097 099 096 092 097 09
096 092 094 1 096 092 094 099 092 085 090 095 093 087 092 098 092 086 092 098
085 081 094 099 093 0K7 052 099 094 088 007 059 092 084 080 098 082 086 052 098
095 09 091 1 09 086 087 099 071 055 056 094 038 024 0.26 075 033 024 025 076
094 089 091 1 094 088 089 099 074 059 063 095 050 033 037 080 052 035 037 095
094 O0KE 051 099 091 0K 059 096 0.56 041 045 089 0285 016 0.8 082 031 018 020 084
094 088 0H9 1 093 0X7 08 099 061 044 046 093
093 088 090 1 093 087 089 1 0.67 050 053 093 048 032 036 088 051 034 037 090
092 085 057 099 091 0K3 057 098 075 060 066 090 047 030 033 081 048 032 035 082
092 085 059 099 092 085 0858 099 0.67 051 053 097
092 085 050 099 089 0K 085 098 051 034 037 091 051 034 037 088 046 030 034 081
091 083 092 097 090 0K2 092 095 0.86 075 085 095 089 080 090 097 084 073 082 096
091 083 086 099 089 0K 084 098 0.66 049 053 092 051 035 038 0384
081 083 DE4 099 090 0K 084 099 0.67 050 054 00 051 035 0.3% 083 053 036 040 087
089 080 031 098 083 071 074 096 057 040 045 086
088 079 052 099 08 076 080 098 074 057 062 094 052 035 040 075 055 037 042 084
088 078 052 099 077 063 07! 097 086 075 082 057 079 065 075 096 075 060 072 093
088 078 08 098 082 069 077 098 0.62 045 047 096
087 078 0K 098 090 0K3 085 099 068 051 055 095 075 060 0.66 094 057 041 045 087
087 077 039 099 08 071 073 098 051 034 035 089 013 007 007 062 001 001 001 056
087 077 051 098 085 074 078 097 0.67 051 056 087 031 019 0.5 072 081 068 073 096
086 076 079 098 O0E6 076 078 095 049 034 036 0K7
085 074 077 098 085 074 077 097 037 022 024 079
084 073 035 099 084 072 074 099 037 023 024 080 006 003 003 052
083 071 079 097 076 061 068 082 051 035 040 083 002 001 001 050
082 069 071 098 08 069 071 098 044 028 028 089 026 015 0.15 083 030 018 0.7 085
077 063 074 097 068 053 059 088 041 026 028 047 <001 <001 <001 052
075 060 063 097 064 047 050 094 017 009 009 077 004 002 002 036 033 020 022 064
073 057 063 096 037 030 032 047 048 031 032 087
072 056 062 096 062 045 049 093 057 041 047 091 045 028 032 030
069 052 054 098 067 050 052 097 072 056 057 099 073 057 0.60 099 073 056 059 099
065 048 052 096 060 044 047 096 041 026 030 088 012 007 007 078
062 045 052 092 055 038 045 080 022 012 013 076 042 027 033 062 039 024 030 074
062 045 050 D89 037 022 025 066 047 031 035 085
056 039 040 092 040 025 026 086 0.60 043 044 097 047 031 031 087 053 036 037 083
047 030 034 095 016 009 009 D88 0.24 014 016 088 021 012 0.4 088
043 028 D30 093 <001 <001 <001 037 028 017 017 052 022 012 0.12 087 033 019 020 095
034 021 022 092 001 <001 <001 028 028 016 018 078 005 002 003 048 010 005 007 056
002 001 001 080 003 001 002 047 0.6 008 009 078 004 002 002 034 008 004 003 050
<001 <001 <001 067 004 002 002 067 006 009 010 060 005 003 003 062
010 005 006 077 002 001 001 064
087 077 031 098 084 072 074 097 057 041 045 090 028 0.6 0.15 075 031 018 020 078
076 067 070 085 070 061 064 086 056 043 046 089 034 026 D28 054 03 026 028 062


https://docs.google.com/document/d/1CSPMEt4pfYyIvsp_P4_RgJrQ3SKLGpXGHwBYnwhyQgk/edit

L] [ ] OMIP-069 Central similarity
S % S &
OMIP-069 F1-Scores median/mean/weighted OMIP-069 Central similarity median/mean/weighted
fitcnet TensorFlow LDA fitcnet TensorFlow LDA
0.87/0.76/0.91 0.84/0.70/0.90 0.57/0.56/0.82 0.81/0.70/0.87 0.74/0.64/0.86 0.45/0.46/0.76
1 1 1
[} Xl .. Y 1 %0 %9 1 * e
08 08 ‘ 08 90 08 08 ",.' 08
X
0.6 oF o | 06 & { 08 * 06 ‘g r 06 ° 0.6
04 L 04 o © 04 .g 04 3 04 8 04
° °® o o
02 02 * 02 .‘. z o2 e 02 o 02
2 o e % 0 ) 0 ® o s o o % 0 0008 0
5 0 2 4 0 2 4 2 4 % 2 4 o 2 4 2 4
w? g PhenoGraph FlowSOM
£ enoGrap! low!
b PhenoGraph FlowSOM £
w ).’ .. a .. - a
0.28/0.34/0.74 0.31/0.34/0.72 S g lio0oa06 .
1 1 ® ®¢ * @
o ®¢ > .0 . 0.8 ° 8 ,,0
08 08 b
s b 06 L 0.6
06 = 06 e o
P & a4 , W
0.4 ° 0.4 o ° °
%e [ e’y 02 [ e
A i I Tl
0 o & e 0 o oitd ¢ 0 2 4
o 2 4 o 2 4 Cell type size (log10)
Cell type size (log10)
S 5
OMIP-069 Earth mover's distance median/mean/weighted
fitcnet TensorFlow LDA
0.98/0.95/0.99 0.97/0.86/0.98 0.90/0.89/0.96
1 r b - 1 Jerne 1 e
L al &7 -
08 ) 08 L 08 o &7
06 L 06 e 0.6 e
®
04 04 04
8 .
5§ o2 ° 0.2 02
o 0 0 e e 0
yp 0 2 4 0 2 4 0 2 4
]
>
g PhenoGraph FlowSOM
c 0.75/0.54/0.89 0.78/0.62/0.88
5 1 ©¢ ° o P¢
fiv} .
08 . 08 o © °
06 e 06
. b
0.4 ° 0.4
02 02
0 o wme 0 ™
0 2 4 0 2 4
Cell type size (log10)

Merged matches

With FlowSOM there QFMatch finds 6 of 34 possible matches where merging multiple
FlowSOM gated populations for 1 manually gated population obtains a higher F1-score:
the 2nd, 5th, 10th, 12th, 14th and 18th ranked matches.



B E ync.:' 1 'm ¥ sets: training= , test= b
=l s 'F. = +* 7 MATCH 34/43 (9 UNMATCHEDY) 40/43 3 NEWD

Rank 2| @ ‘ # 1 Subset (class) name rhzts_ 5 (S(I;Ir;ll\:!aartlgl) z:—orx::sa:re) ;I:;i:e_l? Freq. ‘

2 42 Classical monocytes 3 98.9% 72.9% yes 7:9% |3
2 63 Classical monocytes (FlowSOM.CD4... 3 98.9% 72.9% no 57% 3
2, 75 Classical monocytes (FlowSOM.CD4... 3 98.9% 72.9% no 4.4% 2
5 e 12 B-2CD27- 3  97.6% 92.9% yes 6.8% 2
5 ® 48 B-2 CD27- (FlowSOM.CD45+.Pop6) 3 97.6% 92.9% no 44% 2
51| @ 72 B-2 CD27- (FlowSOM.CD45+.Pop5) 3 97.6% 92.9% no 1.3%

10 ® 41 Central Memory CD4+ CXCRS5-, CXC... 3 94.8% 52.3% yes 6.5% 2

10 59 Early like effector CD4+ (FlowSOM.... 3 94.8% 52.3% no 25% 1

10 ® 81 Central Memory CD4+ CXCRS5, CXC... 3 94.8% 52.3% no 91% 5

12 « 21 Central Memory CD4+ CXCRS5-, CXC... 3 89.9% 51.1% yes 4.7% 1

12 ® 58 Central Memory CD4+ CXCRS5-, CXC... 3 89.9% 51.1% no 6.1% 3

12 + 68 Central Memory CD4+ CXCRS5-, CXC... &3 89.9% 51.1% no 0.6%

14 e« 8 Early Effector CD8+ 3 87.3% 53.5% yes 3% 1

14 e 69 Central Memory CD8+ (FlowSOM.CD... 3 87.3% 53.5% no 0.8%

14 o 83 Early like effector CD8+ (FlowSOM.... 3 87.3% 53.5% no 26% 1

18 e« 19 CD4- CD8- 3 835% 54.5% yes 1.5%

18 o 45 FlowSOM.CD45+.Pop18 3  835% 54.5% no 0.3%

18 o 56 CCR7+ TCRgD+ (FlowSOM.CD45+.... 3 835% | 545% |no 09%
1 23 Naive CD8+ 2 99.2% 95.7% yes 13.1% 5
1 51 Naive CD8+ (FlowSOM.CD45+.Pop30) 2 99.2% 95.7% no 10.4% 5

With PhenoGraph there are 4 of 29 matches where merging multiple manual or
PhenoGraph gated populations for 1 manually gated population obtains a higher F1-
score: the 2nd, 5th, 19th and 26th ranked matches.

@ B = - W synci [ ] dfs K L MATCH sets: training=29/43 (14 UNVATCHEDD yoqp_34/38 (4
Rank ? e # Subset (class) name :nhits_ ! (Sclzrpll\llaa:x) ié-or::::t?re) -il;lr;i:e_t? } Freq.
5 ® 18 Naive CD4+ 4 98% 92.6% yes 28.4%
5 ® 47 PhenographLP7210 4 98% 92.6% no 4.3%
5 « 66 PhenographLP7218 4 98% 92.6% no 1.5%
5 71 PhenographLP721 4 98% 92.6% no 16.5%
2 42 Classical monocytes 3 99% 73.3% yes 7.9%
2 73 PhenographLP725 3 99% 73.3% no 5%
2 74 PhenographLP727 3 99% 73.3% no 4.9%
19 e 41 Central Memory CD4+ CXCR5-, CXC... 3  80.5% 49.5% yes 6.5%
19 e« 50 PhenographLP7232 3  80.5% 49.5% no 0.1%
19 ® 64 PhenographLP726 3 80.5% 49.5% no 4.9%
26 35 CD16- CD14- monocytes 3 60.3% 16.2% yes 0.4%
26 45 PhenographLP7224 3 60.3% 16.2% no 0.7%
26 60 [PhenographLP7235 | 3  60.3% 16.2% no 0%
1 23 Naive CD8+ 2  99.3% 95.7% yes 13.1%
1 44 PhenographLP722 2  99.3% 95.7% no 10.3%

5.3.4.1. Lowest MLP scores ?

Our population level results in this dataset stand out because
1. This is where MLP’s scores lowest.
2. Nevertheless the gap between MLP scores and those of LDA, FlowSOM and
PhenoGraph is the biggest



Concerning item 1 above, the matches that are atypically poor for MLP occur on cell populations

whose manual gate sequence contains drawings that are also atypical by not enclosing the

density features that probability coloring and contours highlight in the X/Y plots plots reflecting

prior biology knowledge beyond the data’s structure. If we ignore such regions (e.g. monocytes)

and instead focus on a region like that containing the 19 leaf gates under the parent gates “T

cells” and “NKT-like cells” then we find that MLP achieves more typical high scores.

Central Earth mover's
F1-Score A .
Frequ similarity distance
Color Cell type ency fite fitc fitc
% . 2| e ME 1 pa me. LD
net 64| net - net | =
| _ ] il 1 | i
Naive CD4+ 46%| 0.995 | 0979 @ 0999 | 0.997 0.997 0.991
I
Naive CDB+ 15%| 0.994 | 0945 @ 0.999 | 0.978 0.999 0.966
« | Early like effector CD4+ 3.4%| 0.980 | 0676 @ 0981 | 0.563 0.997 0.886
|+ |Early Effector CD4+ 6.4%| 0979 | 0.796 = 0.979 | 0.725 0995 0939
Central Memory CD4+ CXCRS-, 71%| 0.964 | 0761 | 0.962 | 0.682 0.996 0.915
CXCR3 | |
ntral Memory CD4+ CXCRS- 76%| 0954 | 0785 0039 | 0700 0.992 0.910
CXCHS_ . a a I . . . a . .
- |Early Effector CD8+ 4%| 0.945 | 0.811 | 0920 | 0.736 0989 0940
« | Intermediate Effector CD8+ 0.70% | 0.943 | 0719 | 0.924 | 0.620 0.987 0.887
|+ |Central Memory CD8+ 0.53% | 0.943 | 0.638 0.915 | 0485 0989 0855
- |Terminal Efiecior CD4+ 0.22% | 0.933 | 0.412 | 0.918 | 0.281 0974 0677
CD4- CD8- 1.1%| 0930 | 0710 | 0.885 | 0.560 0.985 0.844
|+ |Terminal Effector 0.31% | 0.909 | 0.571  0.866 | 0.458 0981 0823
- |Early like effector CD8+ _ 0.59% | 0.902 | 0.616 0.853 | 0.493 0986 0878
. ] |
. |Jemminal E¥ector CDASRA+ 15%| 0.885 | 0.677 | 0.814 | 0.572 0.981 0.876
CDB+ |
| |
Central Memory GD4+ CXCRS, 3.4%| 0.863 | 0724 | 0.809 | 0.617 0.973 0.892
CXCR3 , ,
. |cpascDs+T 0.17% | 0.844 | 0.700 | 0.797 | 0.562 0.950 0.809
CD2- NKT cells 0.09% | 0.154 | 0.254 0.097 | 0.158 0.775 0.772
. |cD2+ CcD8+ NKT 2.1%| 0.053 | 0.120 | 0.025 | 0.067 0761 0684
- | cD2+cDs- 0.34% | 0.029 | 0.050 @ 0.015 | 0.030 0.480 = 0.480
Median 0.933 | 0.700 0.915 | 0.563 0.986 0.878
Mean | 0.800 @ 0.629 | 0.774 | 0.542 0.937 0.844

Concerning item 2, MLP’s significantly greater accuracy also occurs with the PANORAMA and

OMIP-058 datasets. We suspect there must be more tuning with each of these classifiers’

configuration parameters than those settings which FlowJo’s support team recommended with

PhenoGraph and FlowSOM plugins or that which the LDA publication’s supplementary code
illustrated. The OMIP-069 publication itself discusses the use of FlowSOM on their data.

There may be better tunings of FlowSOM, LDA or PhenoGraph that are more accurate for this




spectral cytometry dataset as well as for the others, but this means that they do not meet 1 the
Herzenberg Lab’s bioinformatics goals of being easy to use for the biologist as well as accurate
and quick.

Exploring this further for OMIP-069 we pointed FlowSOM at the same data region upon which
we narrowed MLP’s attention for the same reasons. This region contains 19 populations so we
set FlowSOM to find 20 meta clusters to allow 1 for background and then ran it producing the
results discussed in our supplementary document. The medians/means of the F1-score was
0.405/0.410 which improves upon the 0.306/0.346 obtained for running FlowSOM on all 46

populations. But this does not inspire trust in the capability of FlowSOM.

If QFMatch is run to find the best many-to-many F1-score between FlowSOM gated populations
and manually gated populations, however, the median/mean goes from 0.31/0.35 to 0.511
/0.481. QFMatch finds 7 of 30 matches where merging multiple manual or FlowSOM gated
populations obtains a higher F1-score. The 10th, 18th, 21st and 26th ranked matches merge
multiple manually gated populations to match 1 FlowSOM gated population. The 2nd, 5th and
12th ranked matches merge multiple FlowSOM gated populations to match 1 manually gated

population.

5.3.4.2. Low FlowSOM scores
We run FlowSOM with 44 meta clusters to find 43 cell populations, the 1 extra is for
background. But FlowSOM only finds 42 clusters. So we tried running FlowSOM on

only the T cells and NKT-like cells which require 9 phenotyping markers that classify 19 leaf
gates starting at the CD3+ TCRgd- branch gate: CCR7, CD2, CD4, CD8, CD27, CD28,
CD45RA, CXCR3, CXCR5. We ran FlowSOM on the common parent gate to these populations
specifying 20 meta clusters to allow 1 for background. The medians/means of the F1-score
shown below are 0.405/0.410. This improves upon the 0.306/0.346 obtained for running
FlowSOM on all 46 populations. The same populations found by FlowSOM when starting at the
“CD45+” branch closest to all 43 cell populations get lower scores than when FlowSOM starts at
the lower CD3+ TCRgd- branch: for example, Naive CD8+ gets 0.90 F1-score on the CD45+
branch run and 0.98 on the run for the branch with only NKT and T leaves. | am wary of

methods that rely on reading T leaves!


https://docs.google.com/document/d/1VJ1rSX3fKna-WUD3vtbztcD8-cIo_8TMSrT6gVzaAxs/edit#bookmark=id.gff9dabtldlp

F1-Score ,Ct:ml‘_al Earth mover's distance
Frequ similarity|
Color Cell type ency % Flow Flow Flow
L | |som EJ{_ SOM | SOM |
Naive CD8+ 18% 0.979 0.996 0.994
Naive CD4+ 39% 0.950 0.959 0.982
CD4- CDS8- | 2% 0.776 0.651 0.913
. Central Memory CD4+ CXCRS5-, CXCR3 6.3% 0.687 0.533 0.918
| - |Early Effector CD8+ | 41%| 0661 0.524| 0.850
- |cpascpstT | 0.13%, 0.656| 0.499 0.832
. Early like effector CD4+ | 2.4% 0.526 0.385 0.879
. Central Memory CD4+ CXCRS5-, CXCR3- 8.8% 0.515 0.354 0.906
- |Early Effector CD4+ | 54%| 0489| 0328 0.788
. Intermediate Effector CD8+ 0.66% 0.405 0.277 0.817
. Terminal Effector CD45RA+ CD8+ | 0.61% 0.401 0.273 0.874
« | Early like effector CD8+ | 0.77% 0.393 0.253 0.741
+ |CD2+ CD8+ NKT | 2.3% 0.280 0.187 0.745
+ | Central Memory CD8+ 0.50% 0.071 0.033 0.468
. Central Memory CD4+ CXCRS. CXCR3 | 8.8% 0.003 0.001 0.597
+ |CD2+ CDS8- | 0.56% N/A N/A N/A
» | Terminal Effector | 0.30% 0 0 0.379
. CD2- NKT cells 0.13% | N/A N/A N/A
| ° | Terminal Effector CD4+ | 0.01% N/A N/A N/A
. Median|  0.405| 0.277 | 0.817
| Mean| 0410 0.329 0.668

5.3.4.3. Improving PhenoGraph accuracy

Running PhenoGraph on the more narrow region of the gating tree at the CD3+ TCRgd- branch
also improves the F1-score median/mean from 0.275/0.338 to 0.414/0.375. Individual
populations like CD4- CD8- improves from 0.52 to 0.76.



= \:) }'_'G [ See underlying data file

F1-Score _antr_al Earth mover's distance
Color Cell type — - - similarity
| _ency % | FPheno | Pheno Pheno
 Graph Fi+| _Graph _Graph
Naive CD8+ 18% 0.97 0.99 0.99
Naive CD4+ 39% 0.92 0.92 0.97
s |[CD4- CDB- 2% 0.76 0.65 0.93
o |Central Memory CD4+ CXCR5, CXCR3 B.8% 0.68 0.56 0.95
o |Early like effector CD4+ 2.4% 0.61 0.46 0.92
e |Early Effector CD8+ 4.1% 0.56 0.43 0.85
® Central Memory CD4+ CXCR5-, CXCR3 6.3% 0.52 0.39 0.86
e |(CD4+CDB+T 0.13% 0.47 0.28 0.81
. CD2+ CD8+ NKT 2.3% 0.44 0.31 0.81
e |CD2- NKT cells 0.13% 0.41 0.30 0.69
. Early Effector CD4+ 5.4% 0.40 0.26 0.80
¢ |Terminal Effector CD45RA+ CD8+ 0.61% 0.26 0.16 0.76
| e |Central Memory CD4+ CXCR5-, CXCR3- 8.8% 0.09 0.05 0.65
: o |Intermediate Effector CD8+ 0.66% 0.01 0.31
/| & |Central Memory CD8+ 0.50% 0.01 0.01 0.47
» |CD2+ CD8- 0.56% 0.01 0.01 0.37
|| = |Earlylike effector CD8+ 0.77%
Il e |Terminal Effector 0.30%
« |Terminal Effector CD4+ 0.01% 0.46
19 cell populations Median 0414 0.283 0.805
I Mean 0375 0303 0.664

Park, L.M., Lannigan, J. and Jaimes, M.C. (2020), OMIP-069: Forty-Color Full
Spectrum Flow Cytometry Panel for Deep Immunophenotyping of Major Cell
Subsets in Human Peripheral Blood. Cytometry, 97: 1044-1051.
https://doi.org/10.1002/cyt0.a.24213



https://doi.org/10.1002/cyto.a.24213

5.3.5. OMIP-077

Classifier fitcnet TensorFlow LDA PhenoGraph FlowSOM
e Freq-  F1- J JL . F1- JI JI . F1- Ji JI . F1- Jn J Fl1- n J1
FPopulation uency score 100% K0% EMD score 100% S0% EMD score 100% $0% EMD score 10%  S0% EMD score 100% B0% EMD

Netrophils 77% 1 1 1 1 1 1 1 1 108 1 108 097 1099 1 09 1 |
STeells 11% 1 1 1 1099 098 1 1099 098 1 099 0899 097 098 1 099 097 098 |
Monocytes 6.9% 098 096 098 099 098 096 0.99 1 087 077 0.82 094 097 094 097 098 097 094 097 098
® Basophils 0.34% 098 096 0.98 0.99 098 097 099 098 094 088 0.97 094 097 094 096 099 0.97 0.94 096 099
* Non MZE cells  14% 097 093 0.87 099 096 092 09 099 076 061 0.68 096 081 069 075 096 082 069 0.75 096
® MZB cells 0.52% 096 092 0.96 0.99 096 092 096 099 076 062 0.67 095
Eosinophils 1.3% 094 0.89 0.92 098 0.86 076 0.83 093 0.65 050 0.56 084 039 098 1 099 099 098 1 099
"NKeells 2% 092 085 0.93 099 088 079 0.88 096 078 064 074 093 087 085 098 099 096 092 098 098
® Plasma cells 0.09% 076 062 0.68 093 034 020 017 073 046 030 033 086 091 083 088 095 048 031 035 084
* CD1c+ mDCs 0.03% 072 0.56 0.63 094 0.64 047 051 090 022 0.13 0.14 0.86
® (D141 mDCs 004% 072 056 0.62 096 062 046 048 096 0.13 007 008 077 001 <001 <001 040
* D141+ mDCs 0.01% 071 055 0.61 095 0.67 051 054 096 002 001 001 055
Progenitors 0.07% 0.68 051 050 0.87 041 026 028 0.76 025 0.15 0.15 0.75 091 084 098 093 006 003 003 048

*pDCs 004% 044 028 031 078 008 005 004 024 030 019 023 065 065 048 055 089

Medians 093 087 093 p9s 0.87 077 085 096 070 055 062 090 091 083 0592 096 065 050 055 090
Means 084 0.76 0.79 096 0.74 066 0.69 089 (057 049 053 086 065 061 065 0.73 052 048 050 059

Columns Rows

+ Fl-score=overlap measured by harmonic
mean of percision + recall (AKA F measure).
J1 100%=whole population overlap measured Narrow lead | o 4 3.4 4h.5th, oo

Coloring is based on ranking by Fl-score mean

Legend by intersection/union (AKA jaccard index). over next e, ete.
+ JI 80%=central core region overlap Wide lead || o o4 3pq 4. 5th, Nothing
(AKA central similarity). over next b5 elc., ete. s next

J1 80% minus JI 100% size has
low to high emphasis.
+ EMD=ecarth mover's distance

Ties get same ranked color....
Median minus mean size is ""PMasized posineg.



https://docs.google.com/document/d/12qK3JikpDMxfrTfxjDZs5iy8b_yM-8-dEDy83smRrSI/edit
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Merged matches

With FlowSOM QFMatch finds 3 of 9 matches where merging multiple FlowSOM gated

populations for 1 manually gated population obtains a higher F1-score: the 1st, 2nd
and 5th ranked matches.



o) ]+ ¥ sync [ 51 £ K & MATCH sets: training=9/14 (5 UNMATCHEDD 4o qy_73 74 (1 NEWD

Rank ® Subset (class) name ::nhits_ ! :é?n\'::erxlsa:’re) ,ét::::i:rrdance (S(;r:&aa:x) ;I;lr;i:e_t? : Freg.
2 Neutrophils 4  99.7% 99.9% 99.8% yes 76.7%
2 Neutrophils (FlowSOM.Leuokocytes.... 4 99.7% 99.9% 99.8% no 1.8%
2 Neutrophils (FlowSOM.Leuokocytes.... 4 99.7% 99.9% 99.8% no 0.4%
2 Neutrophils (FlowSOM.Leuokocytes.... 4 99.7% 99.9% 99.8% no 74.3%
1 « Tecells 3 98.6% 97.6% 99.9% yes 10.6%
1 ¢ T cells (FlowSOM.Leuokocytes.Pop13) 3 98.6% 97.6% 99.9% no 9.8%
1 e« T cells (FlowSOM.Leuokocytes.Pop11) 3 98.6% 97.6% 99.9% no 0.5%
5 Monocytes & 97% 96.7% 98.4% yes 6.9%
5 Monocytes (FlowSOM.Leuokocytes.... 3 97% 96.7% 98.4% no 6.9%
5) Monocytes (FlowSOM.Leuokocytes.... 3 97% 96.7% 98.4% no 0.4%
3 « Basophils 2 971% 96.2% 99.4% yes 0.3%
3 ¢ Basophils (FlowSOM.Leuokocytes.P... 2 971% 96.2% 99.4% no 0.3%

gated populations for 1 manually gated population obtains a higher F1-score: the 1st,
5th and 6th ranked matches.

© @« 8 synex f, 5T o ha 0 MATCH sets: training=12/14 @ UNMATCHED) o7 /24 (3 NEWD

Rank 2 ® Subset (class) name ?hzts_ ! ?Ii—or:::saufre) :Zsc::::ice)rrdance (Scl;":‘ll\z?:x) ;Il::;i:e_t? ’ Freq.
&) Neutrophils 8 98.5% 99.8% 98.7% yes 76.7% =2
5 Neutrophils (PhenographQ1295) 8 98.5% 99.8% 98.7% no 9.6%
5 Neutrophils (PhenographQ1294) 8 98.5% 99.8% 98.7% no 10.1%
5 Neutrophils (PhenographQ1293) 8 98.5% 99.8% 98.7% no 10.5%
5 Neutrophils (PhenographQ1298) 8 98.5% 99.8% 98.7% no 8.2%
5 Neutrophils (PhenographQ1297) 8 98.5% 99.8% 98.7% no 8.5%
5 Neutrophils (PhenographQ1291) 8 98.5% 99.8% 98.7% no 14.5%
5 Neutrophils (PhenographQ1292) 8 98.5% 99.8% 98.7% no 13.2%
1 e Tcells 4 98.6% 97.6% 99.9% yes 10.6%
1 o T cells (PhenographQ12914) 4  98.6% 97.6% 99.9% no 1.2%
1 e T cells (PhenographQ1296) 4  98.6% 97.6% 99.9% no 8.7%
1 « T cells (PhenographQ12915) 4  98.6% 97.6% 99.9% no 0.6%
6 Monocytes 3 96.9% 96.6% 98.4% yes 6.9%
6 Monocytes (PhenographQ12916) 3 96.9% 96.6% 98.4% no 0.4%
6 Monocytes (PhenographQ1299) 3 96.9% 96.6% 98.4% no 6.9%
2 + NKcells 2 97.5% 97.8% 99.4% vyes 2%
2 + NKcells (PhenographQ12910) 2  97.5% 97.8% 99.4% no 2%

Boesch, M, Sykora, M, Gasteiger, S, Baty, F, Brutsche, MH, Sopper, S. OMIP-077:
Definition of all principal human leukocyte populations using a broadly applicable
14-color panel. Cytometry. 2022; 101: 15— 20. https://doi.org/10.1002/cyto.a.24481


https://doi.org/10.1002/cyto.a.24481

5.3.5.1. Special notes

Our population level results in this dataset stand out because

1. PhenoGraph ranks 2nd ahead of LDA.

2. FlowSOM does surprisingly poorly when QFMatch does not merge manually gated
populations to get a better F1-score However when QFMatch is run to allow such
merging the mean/median F1-scores go from 0.65/0.51 to 0.96/0.92 as shown in our
supplementary document. When examining the details of this we see:

a. One FlowSOM gated population matches with a 0.853 F1-score to 6 manually
gated population. This 1-to-many match is not very helpful since the F1-Score is
less than 0.9, the number of manual gates is greater than 3. However the
population frequency is very low so 1 FlowSOM gate is representing 6 very small
manually gated populations.

b. Another FlowSOM gated population matches with a .963 F1-score to 2 manually
gated populations. This is a helpful 1-to-many match since the F1-Score is high,
the population frequency is small and only 2 manually gated populations merge
for the match.

Individual PhenoGraph gated populations also match 1-to-many manually gated
populations for OMIP-077 improving its overall median/mean scoring. This is generally
true for all datasets when QFMatch is allowed to merge multiple manually gated

populations to get a better F1-score.


https://docs.google.com/document/d/1VJ1rSX3fKna-WUD3vtbztcD8-cIo_8TMSrT6gVzaAxs/edit#bookmark=id.52b2r6tgnp1x
https://docs.google.com/document/d/1VJ1rSX3fKna-WUD3vtbztcD8-cIo_8TMSrT6gVzaAxs/edit#bookmark=id.icxxoev7vnuk

5.3.6. ESHGHI

Classifier TensorFlow LDA PhenoGraph FlowSOM
Population ::3; s:;l;e 1[;:]1% Bl-]]{ﬁa EMD a::;a 10‘:11% Bﬂ!ﬁ: EMD s::lll:e 10-101% m-:{m EMD 521; 10{;% sﬂ{x, EMD
*CD4N 15% 1 099 1 1 094 088 095 099 091 083 092 098 063 046 052 073
® CDI6hi NK 12% 099 099 1 1 097 095 099 099 097 094 099 099 094 090 097 097
*CDEN 48% 1 099 1 1 094 088 095 097 092 086 094 098 063 046 053 072
CD14hi Mono 17% 1 099 1 1 094 088 094 098 090 081 085 095 0.86 0.75 0.82 094
*CD4CM 62% 099 099 099 1 085 0.74 0.77 097
® gd Teells 19% 1 099 1 1 097 093 097 099 091 083 092 095 0.83 0.71 0.80 093
CDS8 Temra ©3% 099 099 0.99 1 087 076 0.82 093 071 055 060 084 071 055 0.61 085
CD4EM 96% 099 099 099 1 088 078 0.82 096 066 049 051 0.88 031 0.18 0.18 0.66
Naive B 2.7% 099 099 1 1 096 092 098 098 096 092 098 098 095 091 0.97 098
® Basophils 2.3% 099 099 1 1 096 093 1 096 098 096 099 099 098 096 1 099
*CDSEM 4% 099 098 0.99 1 083 070 0.75 095 057 041 043 081
® pDCs 0.54% 099 098 1 1 095 090 098 095 095 091 098 096 096 093 0.99 097
CD8 MAIT 19% 099 098 0.99 1 087 076 0.85 092 0.88 078 085 093 091 0.83 0.90 096
CD16hi Mono 23% 098 096 098 0.99 091 0.84 0.89 098 071 055 060 0.79 091 083 0.88 097
Neutrophil 1.7% 098 096 098 099 096 093 098 098 097 094 098 099 097 093 098 099
CD4 Temra 17% 098 096 0.96 1 056 039 042 090 0.10 005 006 041 011 006 006 042
int Mono 1.6% 093 0.87 088 097 078 0.64 0.70 097 024 013 012 064
® Trans B 0.67% 097 095 098 099 0.87 076 0.83 097 087 078 0584 096
® Treg 1% 097 095 096 0.99 0.69 0.53 0.57 094
® HLADRIo Mono 24% 097 094 096 1 078 0.64 067 096
®* NMem B 0.64% 097 095 0.98 0.99 0.88 0.78 0.87 097 085 074 052 094 056 040 042 076
* D8 CM 0.48% 097 094 095 0.99 0.63 046 047 092 <001 <001 <001 041
Eosinophil 0.52% 097 094 098 098 094 088 095 098 095 0950 096 098 094 089 0.96 098
[CD14- CD16-] 0.56% 098 096 097 099 0.60 043 047 0.87 053 036 039 086 061 043 048 088
® CD56hi NK 0.70% 083 071 0.76 097 079 066 072 097 076 061 069 095
® Plasmablast 0.28% 095 090 095 098 0.83 072 0.80 095 085 074 0581 096 084 073 0.81 096
IgD- CD27-B 0.18% 094 0.88 0.93 098 055 038 044 0.86 007 003 003 033 027 0.15 0.18 064
* Lineage Negative 0.57% 093 0.87 088 097 043 0.28 030 0.82 001 <001 <001 043 040 025 028 0.78
® [CD123.] 0.17% 087 078 0.83 096 055 038 046 0.82 039 024 028 072
Medians 098 096 0.98 1 087 076 082 096 076 061 069 093 061 043 048 076
Means 097 099 097 094 096 099 082 071 077 0% 061 053 056 076 049 o042 046 0.60


https://docs.google.com/document/d/1BaIs0D6JGGSoYCpZ7UiglMW3QozEMRTU5ShCGAm_5tg/edit#heading=h.ppuwc4h156r5
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5.3.6.1. Merged matches

With FlowSOM QFMatch finds 2 of 22 matches where merging multiple FlowSOM gated

populations for 1 manually gated population obtains a higher F1-score: the 11th and
14th ranked matches.



o) C o+ W sync [, 51 ot e & MATCH sets: training=21/29 8 UNVATCHED) o433 /79 (6 NEW)

Rank ? o # Subset (class) name xlits_ ! ?:—Or:::::’re) ?c::::i:rrdance (stllr:II\ol'laartlzz) ;I;:gaisne_t? Freq.
11 « 10 gd Tcells 3 829% 79.6% 92.9% yes 1.9%

11 « 35 gd Tcells (FlowSOM.Residual.Pop2) 3 82.9% 79.6% 92.9% nho 0.8%

11 « 48 gd Tcells (FlowSOM.Residual.Pop7) 3 82.9% 79.6% 92.9% no 1.1%

14 5 Lineage Negative 3 40% 27.6% 78.1% yes 0.6%

14 40 FlowSOM.Residual.Pop14 3 40% 27.6% 78.1% no 0.1%

14 51 |Lineage Negative (FIowSOM.Residua...| 3 40% 27.6% 78.1% no 0.3%

1 12 Neutrophil 2 96.5% 97.8% 98.7% yes 1.7%

1 38 Neutrophil (FlowSOM.Residual.Pop18) 2  96.5% 97.8% 98.7% no 1.7%

With PhenoGraph QFMatch finds 7 of 19 matches where merging multiple PhenoGraph
gated populations for 1 manually gated population obtains a higher F1-score: the 1st,
4th, 6th, 7th, 16th, 17th and 18th ranked matches.



B syne  fF 5 #. ¢ MATCH sets: training=27/29 @ UNMATCHEDD toct_36 50 (14 NEW)
Isal -

Rank *| @ | # Subset (class) name thes | (F-measure) Concordance | (@PMatch|ingse| _Frea
16 18 CD4 EM 5 659% 50.8% 87.6% yes 9.6%
16 39 CD4 EM (PhenographYJ6F11) 5 65.9% 50.8% 87.6% no 3.4%
16 48 CD4 EM (PhenographY J6F5) 5 659% 50.8% 87.6% no 5.1%
16 57 CD4 EM (PhenographYJ6F17) 5 659%  50.8% 87.6% no 2.2%
16 64 CD4 EM (PhencgraphYJ6F4) 5 659% 50.8% 87.6% no 6.8%

1 ® 29 CD16hi NK 3 96.8% 98.9% 99.3% yes 12%
1 @ 44 CD16hi NK (PhenographYJ6F3) 3  96.8% 98.9% 99.3% no 7.9%
1 o 68 CD16hi NK (PhenographYJ6F10) 3 96.8% 98.9% 99.3% no 3.5%
4 4 Naive B 3  95.9% 97.9% 98.3% yes 2.7%
4 54 Naive B (PhenographYJ6F13) 3  95.9% 97.9% 98.3% no 2.5%
4 70 Naive B (PhenographYJ6F41) 3  95.9% 97.9% 98.3% no 0.1%
6 ® 20CD4N 3 90.7% 92.4% 97.9% yes 14.6%
6 ® 30 CD4 N (PhenographYJ6F8) 3 90.7% 92.4% 97.9% no 4.3%
6 ® 46 CD4 N (PhenographYJ6F2) 3 90.7% 92.4% 97.9% no 9.5%
7 28 Eosinophil 3 95% 96.1% 97.7% yes 0.5%
7 33 Eosinophil (PhenographYJ6F27) 3 95% 96.1% 97.7% no 0.5%
7 38 Eosinophil (PhenographY J6F49) 3 95% 96.1% 97.7% no 0%
17 7 [CD14- CD16-] 3 53% 38.6% 86.2% yes 0.6%
17 52 [CD14- CD16-] (PhenographY J6F45) 3 53% 38.6% 86.2% no 0%
17 55 [CD14- CD16-] (PhenographY J6F20) 3 53% 38.6% 86.2% no 1.3%
18 14 CD8 Temra 3 70.6% 59.8% 83.8% yes 6.3%
18 45 CD8 Temra (PhenographY J6F14) 3  70.6% 59.8% 83.8% no 2.5%
18 53 CD8 Temra (PhenographYJ6F12) 3 59.8% 83.8% no  2.8%
12 Neutrophil 2 97% 98% 99.1% yes 1.7%
41 Neutrophil (PhenographY J6F19) 2 97% 98% 99.1% no 1.7%

Toghi Eshghi S, Au-Yeung A, Takahashi C, Bolen CR, Nyachienga MN, Lear SP, Green
C, Mathews WR and O'Gorman WE (2019) Quantitative Comparison of
Conventional and t-SNE-guided Gating Analyses. Front. Immunol. 10:1194. doi:
10.3389/fimmu.2019.01194.
https://www.frontiersin.org/articles/10.3389/fimmu.2019.01194/full



https://www.frontiersin.org/articles/10.3389/fimmu.2019.01194/full

5.3.7. GHOSN

Classifier fitcnet TensorFlow LDA Pheno(Graph FlowSOM
Population |8 ore 160% 80% PP care 100% 30% EMP score 100% 30% EMP seore 100% 8% PMD score 100% 805 EMD
eR.1 22% 099 0.99 1 109 099 1 1 097 093 099 098 095 090 094 099 092 085 0.92 0.96
Large macrophages 32% 099 099 1 1 099 098 1 1 098 097 I 099 098 097 1 099 098 09 1 099
®B-2 IgM medium 72% 099 058 099 1 099 098 099 1 0.89 0.79 084 095 0.84 0.73 0.83 093 0.77 062 0.72 085
Eosinophils 8.6% 099 0.98 1 1 099 097 I 1 098 096 I 099 098 096 I 099 094 089 0.99 0.95
®B.-2IgMhigh 53% 099 057 0.99 1 098 096 098 099 0.82 0.70 0.76 095 075 060 069 091 071 056 0.61 0.84
®Teells 69% 098 097 1 1 099 097 1 099 097 094 099 099 096 093 098 098 097 095 0.99 0.99
® Small macrophages 4.6% 097 095 09§ 1 094 088 097 098 094 0.89 095 099 081 069 0.74 088 081 068 0.74 0.88
® NK,NKT 83% 097 093 098 098 097 095 098 098 084 072 084 094 089 080 0.93 092 0BT 077 086 0.89
® Developing B 0.55% 095 0.90 092 098 095 090 093 099 077 062 0.66 0.84
® CD1lb+ dendritic 1.3% 093 0.87 097 099 095 091 0.95 099 083 0.70 0.75 095
® CD11b- dendritic 0.23% 087 0.77 0.85 096 093 087 093 098 063 046 053 0.83 0.77 0.62 0.69 090 0.83 071 0.80 0.96
® ckit+ mast cells 1.8% 0.84 072 0.78 097 090 0.82 087 098 068 052 056 096 0.69 053 056 095
® Neutrophils 0.36% 0.77 062 0.66 094 084 072 0.80 092 039 0.25 027 0.77 043 028 028 083
Medians 097 095 098 1 097 095 098 099 0.84 0.72 0.84 095 0.81 0s69 074 092 081 068 0.74 088
Means 094 090 093 099 095 082 055 098 082 073 078 093 070 062 066 079 0.60 054 059 0.64


https://docs.google.com/document/d/1GmbrAyxp4Gq0W2D8eYAoG6vls1kmu2wTpTzY-K16vPA/edit
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5.3.7.1. Merged matches

With PhenoGraph QFMatch finds 4 of 12 matches where merging multiple PhenoGraph
gated populations for 1 manually gated population obtains a higher F1-score: the 1st,
3rd, 7th and 8th ranked matches.



= synci’ 5] ofs H U MATCH sets:training=12/13 (1 UNVATCHEDD togy 212 (1 NEW)

k2| o] ¢ Subset (class)name e e ]
1 ® 13B-1 6  96.3% 97.1% 99.3% yes 221%
1 e 14 Phenograph29FL8 6  96.3% 97.1% 99.3% no 6.9%
1 18 Phenograph29FL13 6 96.3% 97.1% 99.3% no 3.9%
1 20 Phenograph29FL21 6  96.3% 97.1% 99.3% no 0.3%
1 e 28 Phenograph29FL1 6  96.3% 97.1% 99.3% no 9.9%
1 32 Phenograph29FL22 6  96.3% 97.1% 99.3% no 0.1%
3 1 Large macrophages 5 98.2% 99.9% 99.2% yes 31.9%
3 17 Phenograph29FL6 5 98.2% 99.9% 99.2% no 7.3%
3 25 Phenograph29FL4 5 98.2% 99.9% 99.2% no 7.8%
& 27 Phenograph29FL3 5 98.2% 99.9% 99.2% no 8.6%
3 30 Phenograph29FL5 5 98.2% 99.9% 99.2% no 7.7%
7 ® 9 NK, NKT 3 86.7% 88.6% 91.4% yes 9%
7t 26 Phenograph29FL11 3 86.7% 88.6% 91.4% no 4.7%
7 34 Phenograph29FL15 3 86.7% 88.6% 91.4% no 2.3%
8 2 B-21gM high 3 || 77.7% 68.1% 91.1% yes 5.1%
8 15 Phenograph29FL16 3 77.7% 68.1% 91.1% no 2.2%
8 o 18 PhenographZQFL12 ‘ 3 77.7% 68.1% 91.1% no 4.5%
2 8 Eosinophils 2 97.9% 99.7% 99.3% yes 9.5%
2 33 Phenograph29FL2 2 97.9% 99.7% 99.3% no 9.3%

5.3.7.2. Whole sample gating

MLP runs as effectively on the whole sample as it does starting at the live singlets branch gate.
For example if using the BALB/c mouse strain sample we train MLP on all live singlets versus all
cells and then predict on the C57 mouse strain (all_3-2.fcs) we get the following F1-Scores

C57 F1-Scores median/mean/weighted

MLP Live Singlets MLP Whole Sample
0.92/0.83/0.94 0.92/0.83/0.95

O OO 1 o @0
-i& @ o«

—_—

@ e
0.5

F1 -GScores

Cell type size (log10)

Supervising UMAP with predictions on the whole C57 sample produces this view
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Highlighting manual gates for doublets, dead cells and debris locates most of them in the
uncolored clusters
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Overlap matrix

Training set™

4
‘CD11b- dendritic || ckit+

9

10

11

12

13

16

matched

| Doublets || NK, NKT | T cells ‘mast cells | Small D! itic || Eosinophils | Dead | B-1 | B-21gM high [ B-2 IgM medium | Developing B | Debris | Neutrophils |  Nor
Testset | VNS | e q06 | 9783 E 270 2552 6098 0728 1489 10,144 E 27815 6282 BA6T 616 E 420 e
1 CDIlb+ dendritic | 1500 1386 14

2 NK,NKT| 9817 6| 9376 2 32 201
3 B 2026 3 227,707 13 7 294

4 Eosinophils | 10,184 4 10,077 i 102
5 Neutophils| 387 370 17

6 Large macrophages | 37,485 37293 1 191

7 B-2IgMhigh| 6351 (3 2 6,198 1 144

8 Developing B 3 576 49

9 cite 1 35 2370 128

10 CD11b- dendritic 1 246 38

11 B2 IgM medium | 8495 4 8,359 3 129

12 Teelis| 7.623 7443 32 1 147

13 Small macrophages | 6,081 1 5912 2 3| 163

ot 26475 | 7 22 18 186 3435 101 67| 5368 104 81 91 30| 34,659 47

Eliver Eid Bou Ghosn, Alexandra A. Cassado, Gregory R. Govoni, +6, and Leonore A.
Herzenberg (2010), Two physically, functionally, and developmentally distinct




peritoneal macrophage subsets, PNAS Vol. 107|No. 6 2568-2573, January 25, 2010
https://doi.org/10.1073/pnas.0915000107



https://doi.org/10.1073/pnas.0915000107

5.3.8. LEIPOLD

Classifier fitcnet TensorFlow LDA PhenoGraph FlowSOM

Population f:g; S{l::m 11:11% B;)I}ii; EMD s:::lm 111111% sﬁ];rn EMD :nlm mﬁ% Sg;h EMD !n]:?l:-r:e 162% sgfﬁ EMD sf;[-! 1n':1l% 8;)]}&; EMD

® CD4 T cells CD45RA- ,cD27+  12% 099 099 0.99 1 1 099 1 1 092 085 090 098 094 088 093 099 076 061 0.70 0.86

® CD4 T cells CD45SRA+ ,CD27+ 16% 0.99 099 1 1 099 099 1 1 091 083 092 096 092 085 095 097 090 082 094 097
® CD4T cells CD45RA-,CD27.  3.4% 099 | 0.98 0.99 1 099 098 0.99 1 087 0.76 081 097 085 0.74 0.50 095

® CD8 T cells CD45SRA+ ,CD27+ 1% 099 098 099 1 098 097 098 1 08 076 084 096 068 052 057 085 063 046 052 084
® CDS T cells CD45RA+ , cD27.  9.1% [0.99 [ 0.98 |0.99 1 099 098 0.99 1 084 072 078 098 0.67 051 055 0.90

® CDS T cells CD4SRA- ,cD27+ 0.3% 099 [ 0.98 0.99 1 099 098 0.98 1 086 0.76 081 096 080 067 0.73 097 079 066 072 096

CDS T cells CD45RA- ,cD27.  2.8% 099 097 0.98 1 098 097 097 1 068 0352 056 091

® WK cells 12% 098 097 098 1 099 098 0.99 1 08 075 0.83 094 087 077 0.8 095 085 074 084 094

CD16- monocytes  7.9% 098 096 0.99 1 098 095 095 099 090 082 0.88 097 090 0.82 0.90 096 0.89 081 0.9 096

CD4- CDS§- 5% 098 095 097 1 099 098 0.99 1 076 061 069 095 079 065 070 092 022 0.12 0.14 054

® CD38 CD56- B cells 6.2% 097 094 0.97 1 098 096 0.98 1 076 062 065 094 039 024 021 067 0.13 007 004 042

CD38+CD56 B cells 4.7% 097 093 096 1 098 096 0.97 1 073 057 067 092 066 050 055 092 063 046 052 092

*pDCs 037% 097 093 097 098 097 095 0.98 098 090 0.82 090 0.94 092 084 095 094 093 087 097 0.95

CD4 T cells CD45RA+, CD27- 1.1% 093 087 090 099 097 093 095 099 030 0.18 020 0.82 006 003 002 032 006 003 003 0.69
CD56 bright NK cells 044% 0.89  0.80 0.86 097 0.70 0.54 0.56 095 0.70 0.54 062 0.93 073 056 0.64 0.95

emnCs 14% 085 073 078 098 088 079 0.79 092 047 030 031 080 0.19 0.11 009 055 020 0.11 009 0.56
® Basophils 0.69% 079 0.65 068 097 094 088 0.89 098 0.11 006 005 0.75 0.14 008 005 041

CD16+ monocytes 004% 0.65 049 056 0.86 0.70 054 055 090 005 003 003 0.66 022 0.12 0.14 055 0.12 006 008 043

Medians 098 096 0.97 1 098 097 0.98 1 080 067 0.74 094 070 054 061 092 021 0.12 0.11 0.63

Means 094 089 092 098 094 091 092 098 069 057 064 091 060 049 054 077 040 032 036 056


https://docs.google.com/document/d/1jUqSvzKPsBttLZvqnP8tDmGxnzAg2yMv7Db6qXkSe4o/edit#heading=h.bv5ot7r97z32
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Merged matches

With FlowSOM QFMatch finds 4 of 13 matches where merging 2 FlowSOM gated
populations for 1 manually gated population obtains a higher F1-score: the 1st, 3rd, 7th

and 10th ranked matches.



W S ) syncin fF, 5] o8 e Y MATCH sets: training=13 /18 (¢ UNMATCHED) yoqy_g7/1g (1 NEW)

Rank 2 o # Subset (class) name :’lzts_ ! ?:—Or:::;fre) ?;:ES:dance (scllrlr:llr\:l‘lzrtg) ?l-'lrgaisne_t? Freq.
1 15 CD4 T cells CD45RA+ , CD27+ 3 90.2% 94.4% 97.2% yes 16.9%

1 24 CD4 T cells CD45RA+ , CD27+ (Flo... 3 90.2% 94.4% 97.2% no 0.9%

1 27 CD4 T cells CD45RA+ , CD27+ (Flo... 3 90.2% 94.4% 97.2% no 15%

3 1 CD16- monocytes 3  89.4% 88.8% 95.6% yes 6.1%

3 28 CD16- monocytes (FlowSOM.All cell... 3  89.4% 88.8% 95.6% no 6.2%

3 31 CD16- monocytes (FlowSOM.AIl cell... 3  89.4% 88.8% 95.6% no 0.5%
7 ® 12 CD4T cells CD45RA-, CD27+ 3 75.9% 70% 86.3% yes 14.8%
7 ® 23 CD4T cells CD45RA-, CD27+ (Flow... 3  75.9% 70% 86.3% no 20.5%

7 e 29 Basophils (FlowSOM.AIl cells.Pop12) 3  75.9% 70% 86.3% no 1.1%

10 2 mDCs 3 19.7% 8.9% 57.2% yes 0.9%

10 e 22 mDCs (FlowSOM.AIl cells.Pop2) 3 19.7% 8.9% 57.2% no 0.3%

10 o 26 |mDCs (FlowSOM_.AII cells.Pop9) 3 19.7% 8.9% 57.2% no 2.8%

e 5 CD8T cells CD45RA-, CD27+ 2 79.4% 72.4% 95.7% ves 6.9%

® 35 CD8T cells CD45RA-, CD27+ (Flow... 2  79.4% 72.4% 95.7% nho 7.8%

With PhenoGraph QFMatch finds 6 of ? matches where merging multiple PhenoGraph

gated populations for 1 manually gated population obtains a higher F1-score: the ?, ?

and ?th ranked matches.




E « Sync = 4, ¥ MATCH sets: training=17/18 (1 UNMATCHEDD) oqy_ o557 (2 NEW)
Is xl @

Rank 2 o # Subset (class) name ?hzts_ ! ::-on\::::ﬁre) :Zsc::::i:rrdance ?(I)nl;‘ll\llﬂx) Hgai:;t? Freq.
2 15 CD4 T cells CD45RA+ , CD27+ 4 91.6% 94.9% 97.5% yes 16.9%
2 19 CD4 T cells CD45RA+ , CD27+ (Phe... 4  91.6% 94.9% 97.5% no 1.2%
2 30 CD4 T cells CD45RA+ , CD27+ (Phe... 4  91.6% 94.9% 97.5% no 13.5%
2 39 CD4 T cells CD45RA+ , CD27+ (Phe... 4  91.6% 94.9% 97.5% no 0.5%

10 18 CD4- CD8- 4 78.6% 69.7% 91.5% yes 3.1%
10 22 CD4- CD8- (Phenograph4RXF23) 4 78.6% 69.7% 91.5% no 0.2%
10 26 CD4- CD8- (Phenograph4RXF 14) 4 78.6% 69.7% 91.5% no 1.3%
10 33 CD4- CD8- (Phenograph4RXF12) 4 78.6% 69.7% 91.5% no 1.8%
1 @ 12 CD4T cells CD45RA-, CD27+ 3  93.9% 92.9% 99.1% yes 14.8%
1 e 34 CD4T cells CD45RA-, CD27+ (Phen... 3 93.9% 92.9% 99.1% no 1.2%
1 ® 41 CD4T cells CD45RA-, CD27+ (Phen... 3  93.9% 92.9% 99.1% no 12.7%
4 1 CD16- monocytes 3 90% 89.6% 96.1% yes 6.1%
4 24 CD16- monocytes (Phenograph4RXF... 3 90% 89.6% 96.1% no 0.5%
4 37 CD16- monocytes (Phenograph4RXF8) 3 90% 89.6% 96.1% no 6.1%
11 ® 13 CD8T cells CD45RA+ , CD27- 3 67.1% 54.8% 90.2% vyes 9.8%
11 « 32 CD8T cells CD45RA+ , CD27- (Phen... 3 67.1% 54.8% 90.2% no 2.5%
11 @ 44 CD8T cells CD45RA+ , CD27- (Phen... 3 67.1% 54.8% 90.2% no 13.6%
14 e 2 mDCs 3 19.4% 9.1% 55.5% yes 0.9%
14 o 21 mDCs (Phenograph4RXF24) 3 19.4% 9.1% 55.5% no 0.2%
14 e 45 mDCs (Phenograph4RXF10) 3 19.4% 555% no  2.8%
@® 5 CD8T cells CD45RA-, CD27+ 2 80.4% 73.1% 96.8% vyes 6.9%
® 42 CD8 T cells CD45RA-, CD27+ (Phen... 2 80.4% 73.1% 96.8% no 7.5%

Michael D. Leipold, Gerlinde Obermoser, Craig Fenwick, Katja Kleinstuber, Narges Rashidi,
John P. McNevin, Allison N. Nau, Lisa E. Wagar, Virginie Rozot, Mark M. Davis, Stephen
DeRosa, Giuseppe Pantaleo, Thomas J. Scriba, Bruce D. Walker, Lars R. Olsen, Holden T.
Maecker, (2018) Comparison of CyTOF assays across sites: Results of a six-center pilot
study, Journal of Immunological Methods,Volume 453, Pages 37-43, ISSN 0022-1759,
https://www.sciencedirect.com/science/article/pii/S0022175917304908



https://www.sciencedirect.com/science/article/pii/S0022175917304908

5.3.9. PANORAMA

Classifier fitcnet TensorFlow LDA PhenoGraph FlowSOM
. Freq- FI- JI I FI. J1 I FI. 11 11 FI- I 11 FI. JI J1
Population o rcv score 100% 30% *MP qeore 100% 30% PV gcore 100% 80% VP score 100% 0% VP score 100% s0%% VI

Fosinophils 8:8% 099 098 099 1 098 097 097 099 082 069 0.73 092 0.73 057 067 083 073 0.56 06! 083
epDCs 52% 099 098 099 1 099 097 098 099 093 0.6 088 095 085 0.74 0.77 087 0.89 0.0 083 094
Classical Monocytes  21% 099 058 099 1 099 098 099 1 088 079 0.83 097 085 0.74 079 095 077 0.63 068 088
*CDSTecells 3% 098 096 098 1 099 097 099 1 090 081 0.88 097 050 033 037 070 083 070 076 092
*NKTcells 19% 098 096 097 1 098 095 097 099 0.68 051 0.56 092 062 045 0.50 090
® Intermediate Monocytes  7.7% 097 094 096 1 098 096 097 | 081 068 0.73 097 072 056 060 091 075 0.60 0.64 094
® Non classical Monocytes  14% 096 093 096 099 0.78 0.64 068 096 0.86 076 0.84 0.97 090 081 0.8 098 0.80 0.67 0.73 088
CD4Tcells 16% 096 092 097 099 097 095 098 099 081 068 0.77 095 080 067 0.74 096 080 067 0.74 095
B cells Frac. D 3.7% 095 080 093 099 095 091 092 099 071 055 057 096
O NK cells 12% 094 089 0.93 099 097 093 096 099 059 042 045 093 028 0.7 0.17 090 036 022 024 087
® B cells Frac A-C  1.9% 093 087 097 099 086 076 0.79 097 041 026 028 088
® Plasma Cells 0.24% 093 0.86 090 098 025 0.4 0.11 0.69 090 081 0.85 097 059 042 036 077 059 041 040 0.68
® B cells Frac.F 25% 092 086 0.87 099 092 086 0.87 098 091 083 085 099 089 081 082 097 090 081 083 098
® Basophils 0.57% 092 085 0.88 098 095 0.0 091 098 055 038 039 0.93 0.54 037 039 089
Macrophages 1% 091 084 0.88 099 096 093 095 099 0.64 047 050 094 053 036 037 091 056 038 041 091
o mDCs 030% 087 077 0.82 097 090 081 085 097 0.64 047 0.50 090 028 017 0.I3 069 056 039 044 083
B cells Frac.E 98% 0.82 0.69 0.74 095 081 0.69 0.77 095 0.65 049 0.52 092 035 021 022 067 038 024 025 0.71
®od Teells 021% 080 067 0.74 094 085 0.74 0.80 093 041 026 0.30 0.85
egMP 2.1% 0.69 053 054 097 066 0.50 051 094 050 033 035 0.88 025 0.14 0.14 068
MEP 18% 060 043 045 093 060 043 045 093 039 024 026 091 036 022 022 081 033 020 021 083
scvp 1% 049 032 035 090 042 027 028 0.86 039 024 027 091 024 013 0.I5 089 023 0.3 0.15 090
e npp 035% 047 031 032 091 041 026 028 086 026 015 0.16 083
sCLP 024% 034 020 024 056 035 021 025 047 027 0.16 0.18 0.56 010 005 006 026

HSC 0.02% 001 001 001 046

Medians 0.93 086 0.89 099 091 084 086 098 0.65 048 051 092 032 0.19 019 074 055 038 039 085
Means 0.81 074 076 092 077 070 072 089 062 049 053 087 038 028 031 057 045 035 037 0.67


https://docs.google.com/document/d/14r-Z_4HHIb-sogo5GU1S5uAA9KSOr7UHeysSXnCIPCQ/edit#heading=h.sn6wmbyzsyk0

L] [ ] PANORAMA Central similarity
@ % ® %
PANORAMA F1-Scores median/mean/weighted PANORAMA Central similarity median/mean/weighted
fitcnet TensorFlow LDA fitcnet TensorFlow
0.93/0.81/0.93 0.91/0.77/0.92 0.65/0.62/0.80 0.89/0.76/0.89 0.86/0.72/0.88 0.51/0.53/0.73
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Merged matches

With FlowSOM QFMatch finds 4 of 11 matches where merging multiple FlowSOM gated
populations for 1 manually gated population obtains a higher F1-score: the 3rd, 7th, 8th
and 11th ranked matches.



] E « Sync ' P 4, ¥ MATCH sets: training=20/24 (4 UNMATCHEDD) 4o ct—all 24 matched!
Isnl @

5.3.10. Special notes on PANORAMA

This is MLP’s 2nd lowest scoring result. When training a model using auto-tuned fitcnet

however the mean F1-score is 0.05 higher which is not reported in the table.

When adopting MLP for real research practices we recommend trying all 3 types of training

(fitcnet, fitcnet-optimized and TensorFlow) for each assay.

The small HSC population was never found with any MLP configuration and only FlowSOM

finds a little of it.

Rank 2 o # Subset (class) name :'haets_ ilif)n:::::re) ,éti:::i::dance (Sclamﬂx) ?;:;i:;t? Freq.
3 . 8 pDCs 3 89.1% 83.2% 94.2% yes 5.9%
3 ¢ 33 pDCs (FlowSOM.non-Neutrophils.Po... 3 89.1% 83.2% 94.2% no 1.5%
3 e 43 pDCs (FlowSOM.non-Neutrophils.Po... 3 89.1% 83.2% 94.2% no 2.4%
7 = 10 NKT cells 3 62.5% 49.8% 90.4% yes 2.3%
7 ¢ 26 NKT cells (FlowSOM.non-Neutrophils... 3 62.5% 49.8% 90.4% no 1.6%
7 ¢ 39 NKT cells (FlowSOM.non-Neutrophils... 3 62.5% 49.8% 90.4% no 0.8%
8 o 9 CMP 3  23.2% 14.9% 89.9% yes 1%
8 ¢ 30 CMP (FlowSOM.non-Neutrophils.Pop... 3 23.2% 14.9% 89.9% no 3.6%
8 ¢ 41 CMP (FlowSOM.non-Neutrophils.Pop... 3 23.2% 14.9% 89.9% no 1.2%
11 3 Classical Monocytes 3 T7.3% 68.3% 88.2% yes 28.8% 1
11 35 Classical Monocytes (FlowSOM.non-... 3 77.3% 68.3% 88.2% no 295% =2
11 48 |FlowSOM.non-Neutrophils.Pop8 3 77.3% 68.3% 88.2% no 0.5%
1 ® 13 BcellsFrac. F 2 89.5% 82.9% 98.4% yes 19.7% 1
1 @® 44 B cells Frac. F (FlowSOM.non-Neutr... 2 89.5% 82.9% 98.4% no 16.4% 1



Samusik, N., Good, Z., Spitzer, M. et al. Automated mapping of phenotype space
with single-cell data. Nat Methods 13, 493—496 (2016).
https://doi.org/10.1038/nmeth.3863



https://doi.org/10.1038/nmeth.3863

6. Testing Round 4 (final)

6.1. Why another round?

Round 6 differs because
e We rank by F1-score median instead of F1-score mean.
e FlowSOM'’s results change. The steps for setting up FlowSOM as recommended by

BD’s FlowJo support team and adhered to by flowLearn were not optimal.

After what we thought (hoped) were our final edits to our manuscript we had a 2.5 hour zoom
session with FlowSOM'’s inventor Sofie Van Gassen who explained that optimal results can not
be expected with the guidance given by BD’s FlowJo support and followed by the flowLearn
publication when they compare with FlowSOM. Setting meta clusters to the # of expected
populations + 1 and keeping the grid 10 x 10 is not optimal. The # of meta clusters and clusters
given to FlowSOM do need testing and tuning per assay but a better yet rough starting point for
meta clusters is 150% of the expected populations rounded down and the W and H of the SOM
grid is the square root of 5 times the meta clusters rounded down. The minimum grid size is 10
x 10. All other hyperparameters in the FlowJo plugin configuration screen are unaltered from

their default values.

BD/flowLearn setup Sofie setup
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Summary of median/mean per dataset

Classifier FlowSOM Classifier FlowSOM
#of pop-  F1 - o
Dataset 1 hons score ©5 Dataset tf:tg;::ps _sf:re cs
0.61 0.51
OMIP-044 13 (49 g4 oMIP.0a4 13 g0 0O
0.76 0.67
OMIP-047 8
QNI 060 055 omIP.a1 8 070 0D
. 044 031
OMIP-058 35
042 038 OMIP-058 35 8"53 042
031 020 < =
OMIP-069 43 034 028 031 0.20
OMIP-069 43 034 028
omeerr 14 55 G5 065 055
’ OMIP-077 14 0'52 050
ESHGHI 29 0611048
049 o046 0.74 0.63
ESHGHI 29 0.61 056
081 0.74 2
GHOSN 13 0.60 0.59
0.86 0.81
GHOSN 13 079 076
021 0.11 f :
LEIPOLD 18
040 030 0.66 0.56
LEIPOLD 18
055 0.39 0.52 046
PANORAMA 24 o4
2 0.51 037
PANORAMA 24 - ¥
Total populations 197 —— —_— 049 040
Medians 0.61 048 Total populations 197
Means 048 044 Medians  0.66 056
Means 056 0.53
OMIP-044 ¥
20 meta clusters Color| Cell type ::,Z;q;.%b — Color |  Cell type e
10 x 10 grid S -
° CD141+DCs 0.05% e |CDios 139
° DN 2.7%
CDl4+ 19%
(=] not naive CD4-+ 17%
e |CDI123+ pDC 1.2%
L] not naive CD8+ 5.4%
® |CD5S6+ NK T 4%
e |CDi19+ 13%
naive CDE+ 6. 7%
he £ol2is phC 12% - not naive CDE+ 5. 4%
® |CD56+ NK 7.4% P —— pp—
CDl14+ 19% - |pnN 2.7%
DN DCs 2 7% L naive CID<4+ 23%
3 s |CDlc DCs 0.42%
naive CD4+ 23%
= CD141+DCs 0.05%
naive CD8+ 6. 7% - DCs- 0.84%
- CDlec DCs 0.42%
[ not naive CD<4+ 17%
- DCs- 0.84%
13 cell populations M;'Jd::: 13 cell populations M;;l::;




OMIP-047 !
Erequ | Color Cell type Frequ
12 meta clusters Color Cullbvpe ency % Be | ency %
10 x 10 grid g =
= |IgA,ESC-AlgA+ 55% Naive 46%
e |12G3+ 0.75%
e [1gG3+ 0.75%
Naive 46%
® |MZBcells 33%
e |IeGl+ 3.6%
s |12G1+ 3.6%
® |MZBcells 33%
+ [pB 0.43%
- |pB 043%
— IgA, FSC-A Neg IgA IgG1 IgG3 8.7%
IgA, FSC-A Neg IgA IgGl IgG3 8.7%
e | Transitional 2.1% © |Twansitional 2.1%
Meodi » |IgA.FsC-AlgA+ 5.5%
8 cell i1 Mean Medi
lan
8 cell lati
populations ™M
OMIP-058 1.
F1
Frequ
Frequ | Color qu
Color Cell type emey % | 1
45 meta clusters reney % Sl 1=
St S
(52 needed, but T P o CDa+ TEM T cells CD27+ CD28+ 18%
max Is 45) o |CD4+ TEM T cells CD27- CD28+ 1% e |CD4+TEM T cells CD27- CD28+ 1%
15x 15 * |CD4+ TEMRA T cells €D27+ CD28+|  0.07% e |CD4+ TEMRAT cells CD27+ CD28+| 0.07%
CD4+ TEMRA T cells CD27- CD28+ 0.02% CDa+ TEMRA T cells CD27- CD28+ 0.02%
e |CD4+ TSCM T cells CD27- CD28+ 0.08% e |CD4+ TSCM T cells CD27- CD28+ 0.08%
e |CD8+ TCM T cells CD27- CD28+ 0.05%
@® |HLA-DR+ 9.9%
CD8+ TEM T cells CD27- CD28+ 0.20%
CD8+ TEM T cells CD27- CD28- 0.74% e |iNKT cells 0.13%
* |CD8+ TSCM T cells CD27+ CD28+ 0.12%
S i o13% CD4+ Naive T cells CD27+ CD28+ 21%
e |Vdi+ Vg9- T cells CDS6+ 0.12%
e | Vd2low Vg9+ T cells CD56+ 0.09% CDEe TEMRA T eclls CDIT- CHIK- 18%
CD4+ Naive T cells CD27+ CD28+ 21% ° |2 high Ve9e Teells 03e%
e |MAIT cells 0.63%
® |HLA-DR+ 9.9% ® |Mature NK 23%
® |CD4+TCM T cells CD27+ CD28+ 21%
CD8+ TEMRA T cells CD27- CD28- 18%
e |Vd2low Vg9+ T cells CD56- 0.89%
e |Vd2 high Ve9+ T cells 0.56%
o |Early NK 1%
® |CD4+ TCM T cells CD27+ CD28+ 21% e |Vdi+Ve9- T cells CD56- 1.6%
e |Vd2low Vg9+ T cells CD56- 0.89% ® |NKCDI16- CD56- 28%
e |MAIT cells 0.63% o |Q2:vdi+ vgos 0.14%
® |Eary NK 1% CD8+ TEM T cells CD27+ CD28+ 4%
® |NKCDI16- CDS6- 2.8% e |CD4+TCM T cells CD27- CD28+ 3.6%
° | Vdi+ Vg9 T cells CDS6- 1.6% CD8+ TEM T cells CD27- CD28+ 0.20%
CD8+ TEMRAT cells CD27+ CD28- 1.9% CD8+ TEMRA T cells CD27+ CD28- 19%
CD8+ TEM T cells CD27+ CD28+ 4% e |CD8+ Naive T cells CD27+ CD28+ 19%
e |Matre NK 23% CD8+ TEMRA T cells CD27+ CD28+ |  0.62%
e |CD4a+ TCM T cells CD27- CD28+ 3.6% e |CD4+TEM T cells CD27- CD28- 2.1%
CD8+ TEMRA T cells CD27+ CD28+|  0.62% CD4+ TEMRA T cells CD27- CD28- 0.10%
- CD8+ Naive T cells CD27+ CD28+ 1.9% - Terminal NK 0.35%
o |CD4+ TEM T cells CD27- CD28- 2.1% CD8+ TCM T cells CD27+ CD28+ 0.60%
®  |Q2:Vdi+ Vgd+ 0.14% CD8+ TEM T cells CD27- CD28- 0.74%
CD4+ TEMRA T cells CD27- CD28- 0.10% e | CD4+ TSCM T cells CD27+ CD28+ 0.79%
® |CD4+ TSCMT cells CD27+ CD28+ 0.79% ® |CD8+TSCM T cells CD27+ CD28+ 0.12%
CD4+ TEM T cells CD27+ CD28+ 1.8% * Vd2 low Vg9+ T cells CD56+ 0.09%
CD8+ TCM T cells CD27+ CD28+ 0.60% e |Vdi+Ve9- T cells CD56+ 0.12%
° | Terminal NK 035% « | CD4+ TEM T cells CD27+ CD28- 0.07%
35 cell i Mean | e |CD8+TCM T cells CD27- CD28+ 0.05%
Median

35 cell populations

Mean




OM IP-069 Fiscore | S22 Color Cell type 5.%';"5.: i
Color Cell type F‘lm:l Flow Tiow
NOT run on [ ! |sou Bi¥] soM | Naive CD8+ 18%
Naive CD8+ 18% 0.979 0.996
parent branch of
. R Naive CD4+ 39%
all 43 populations & o ol S
. 0776|  0.651
since 45 meta ; il b COA-Cne 2%
clusters is T i o:ee[f 0;2{: Central Memory, CD4+ CXCRS-, CXCR3 63%
: 0656 0.499 CD4+ CD8+ T 0.13%
maximum =T T .
Early like effector CD4+ 24%|  0526] 0385 Pty Bt CDb A%
+ | Central Memory CD4+ CXCRS-.CXCR3|  8.8% 0515)’ 0354 e =
— — 1 A =1 =T Central Memory CD4-+ CXCRS, CXCR3 8.8%
Early Effector CD4+ 5.4% 0.489 0.328 | .
Run on parent | ntermediate Effector CDS+ 0.66%|  0.405| 0.277 Early Effector CD4-+ 5.4%
branch of 19 Terminal Effector CD45RA+ CD8+ 0.61%| 0.401[ 0273 =
= ool oss 020 Early like effector CD4+ 2.4%
i - | Early like effector CD8+ % 393 253
populations under - |cpa+ cps+ NKT 23%[ 0280] 0.87 Bl Porlts ol g
NKT and T cells Central Memory CD8+ 050%|  0.071] 0.033 CD2+ CD8+ NKT 23%
28 meta clusters |+ | Central Memory CD4+ CXCRS, CXCR3 0.003| 0001| Central Memory CD8+ 0.50%
. CD2+ CDS- NA _|»
11 x 11 grid —_— ~ = Central Memory CD4+ CXCRS-, CXCR3- 8.8%
CD2- NKT cells N/A N Intermediate Effector CD8+ 0.66%
- | Terminal Effector CDa+ 7S CD2+ CD8- 0.56%
[ — CD2- NKT cells 0.13%
Median| 0405 | 0.277 | 2
— e T 410‘| o555 }“ Early like effector CD8+ 0.77%
Terminal Effector 0.30%
Terminal Effector CD4+ 0.01%
19 cell populations %—
OMIP-077 - -
21 meta clusters Color Cell type Erequ | Color Cell type Frequ |
: S5 ency % e ency %
10 x 10 grid 5
S S
- CD141+ mDCs 0.01% P CD141- mDCs 0.04%
L CD141- mDC. 0.04%
e e |CDlec+ mDCs 0.03%
L CDlc+ mDC: 0.03%
= = e |MzB cens 0.52%
MZB cells 0.52%
pDCs 0.04% Neutrophils TT%
Neutrophils T7 % Eosinophils 1.3%
T cells 11%
Eosinophils 1.3%
L Basophils 0.34%
T cells 11%
Ld Basophils 0.34% Monocytes 9%
Monocytes 6.9% = NK cells 2%
= NK cells 2% . Non MZB cells 1.4%
Non MZB cells 1.4% = Plasma cells 0.09%
Plasma cells 0.09% Progenitors 0.07%
Progenitors 0.07% - CD141+ mDCs 0.01%
= - pDCs 0.04%
14 cell populations Median <
Mean 14 cell populations Median
Mean
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CD16- monocytes 6.1%
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Ld mDCs 0.89%
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1 < —
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1 ® |Plasma Cells 0.26%
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1
I Eosinophils 9.1% NKT cells 23%
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] - NK cells 0.76% MEP 1.3%

MEP 1.3% L4 NK cells 0.76%

L4 CMP 1% L4 CMP 1%
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OMIP-058 can only improve partially. It has 35 populations thus instead of 52 meta clusters we

can only change it to 45 meta clusters.



OMIP-069 can’t improve since it has 43 populations and the upper limit of meta clusters is 45.

As discussed in section 4.3.4.2 of this document however we did run FlowSOM on the 19

populations further down the gating hierarchy.

6.2. Results for datasets

6.2.1. Figures and tables
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Classifier MLP LDA PhenoGraph FlowSOM

# of |m|1- .Fl s .Fl cs .Fl s .Fl cs
ulations -score -SCore -SCore -Score

Dataset

100 100 091 089 091 092 092 091
OMIF-044 13 009 090 084 080 081 078 072 0.69

098 099 0.88 0.87 0.89 087 079 0.75
OMIP-047 8 097 098 o085 083 083 077 067 0.62

= 098 098 075 062 048 032 059 042
SIL-05N 3 097 096 070 061 043 040 047 044

087 081 057 045 028 0.5 031 020
OMIP-069 43 076 070 o0s6 046 034 028 034 028

093 093 070 062 091 092 065 055
OMIP-077 14 7084 079 057 053 065 065 052 050

098 099 087 082 076 069 074 0.63

LAt 29 097 097 082 077 061 056 061 056
097 098 0.84 084 08l 074 086 081

LILDSR 137095 095 o052 078 070 o066 079 076

LEIPOLD g 098 098 0.80 074 0.70 061 0.66 0.56

094 092 069 064 060 o054 052 046

093 089 065 051 032 0.9 051 037
PANORAMA 24 081 076 062 053 038 031 049 040

Total populations 197

Medians 098 098 080 074 076 0.69 066 0.56
Means 091 089 072 066 059 055 056 053

Columns Rows

Coloring is based on ranking by FI-score median

Narrow lead
» Fl-score=overlap measured by harmonic aver uevt [l 200 S (e
Legend isi
24 mean of percision + recall (AK_A F measure). Wide lead Nothing
» CS=overlap in central core region. overnext B 220 Omd

Ties get same ranked color...

emph,

Median minus mean size is asized posineg.




Classifier

Dataset 2%
OMIP-044 13
OMIP-047 8
OMIP-058 35
OMIP-069 43
OMIP-077 14

ESHGHI 29
GHOSN 13
LEIPOLD 18

PANORAMA 24

[otal populations 197

Medians
Means

F1-
score

1.00
0.99

0.98
0.97

0.98
097

0.87
0.76

0.93
0.84

0.98
097

0.97
0.95

0.98
0.94

0.93
0.81

0.98
091

MLP

JI
100%

0.99
0.98

0.97
095

0.96
095

0.77
0.67

0.87
0.76

0.97
095

0.95
0.92

0.97
091

0.86
0.74

0.96
0.87

JI
80%

1.00
0.99

0.99
0.98

0.98
0.96

0.81
0.70

0.93
0.79

0.99
0.97

0.98
0.95

0.98
0.92

0.89
0.76

0.98
0.89

Columns

EMD

1.00
1.00

1.00
0.99

0.99
0.99

0.98
0.95

0.98
0.96

1.00
0.99
0.99
0.98
1.00
0.98

0.99
0.92

0.99
097

F1-
score

091
0.84

0.88
0.85

0.75
0.70

0.57
0.56

0.70
0.57

0.87
0.82

0.84
0.82

0.80
0.69

0.65
0.62

0.80
0.72

LDA

JI
100%

0.84
0.76

0.78
0.76

0.60
0.57

041
043

0.55
049

0.76
0.71

0.72
0.73

0.67
057

048
049

0.67
0.61

¢ Fl-score=overlap measured by harmonic
mean of percision + recall (AKA F measure).

Legend

o JI 80%=central core region overlap
(AKA central similarity).
¢ EMD=earth mover's distance

JI
80%

0.89
0.80

0.87
0383

0.62
0.61

045
046

0.62
053

0.82
0.77

0.84
0.78

0.74
0.64

0.51
053

0.74
0.66

EMD

0.98
093

0.97
0.94

0.94
091

0.90
0.89

0.90
0.86

0.96
095

0.95
093

0.94
091

0.92
0.87

0.94
091

F1-
score

091
0.81

0.89
0.83

048
043

0.28
0.34

091
0.65

0.76
0.61

0.81
0.70

0.70
0.60

0.32
0.38

0.76
0.59

PhenoGraph

JI
100%

0.84
0.74

0.80
0.72

0.32
0.37

0.16
0.26

0.83
0.61

0.61
0.53

0.69
0.62

0.54
049

0.19
0.28

0.61
0.52

JI
80%

092
0.78

0.87
0.77

0.32
0.40

0.15
0.28

0.92
0.65

0.69
0.56

0.74
0.66

0.61
0.54

0.19
031

0.69
0.55

Rows

EMD

0.95
0.92

0.97
093

0.86
0.56

0.75
0.54

0.96
0.73

0.93
0.76

0.92
0.79

092
0.77

0.74
0.57

0.92
0.73

FlowSOM

F1- JI JI
score 100% 80%

092 0.86 091 094
0.72 0.66 0.69 0.82

0.79 0.67 0.75 092
0.67 056 0.62 0.81

059 042 042 0.89
047 040 044 0.68

031 0.18 020 0.78
034 026 028 0.62

065 050 055 0.90
052 049 050 0.62

EMD

0.74 057 0.63 0.89
0.61 053 056 0381

086 0.76 0.81 095
079 070 076 090

0.66 050 0.56 0.89
052 042 046 0.76

051 034 037 0.87
049 038 040 0380

066 050 056 0.89
056 049 053 0.76

Coloring is based on ranking by FI-score median

JI 100%=whole population overlap measured
by intersection/union (AKA jaccard index).

Narrow lead

Wide lead

Median minus mean size is

1st

over next

1st

over next

2nd 3rd Last
ond 3rd Dothing
1S next

Ties get same ranked color....

emph

asized pos/neg.



6.2.2. Small population issues

F1-scores for 116 populations in 6 datasets

F1-scores for 197 populations in 9 datasets

MLP LDA ; ;
1 w 1
08 ¢ 08 W 22 o
° 06 06
06 06 .ﬁ\..
04 04
0.4 0.4 ‘zt °
@ 02 02
02 02 °
o o 5 ¢} g 0 0
8 o 2 4 0 2 4 g °
] F
- v
L PhenoGraph FlowSOM i .
1 5 1
$ ¥ & :.W 08 08
0.8 ! 038 =
> € w) b 06 06
06 (). ® 06 ®
= J
04 .<D :. 04 o 9 [ ] 04 04
0.2 o o e 0.2 L2 o 2 =
0 M 0 L @("oo L 8 a 2 = B i = 2
o 2 4 p 0 2 4 Number of cells in population (log10)
Number of cells in population (log10)
. e . Mean frequency of populations
Classifier Minimum F1-Score # populations < 0.50 F1-Score <0.50 F1-Score
Dataset MLP LDA PhenoGraph FlowSOM MLP LDA PhenoGraph FlowSOM MLP LDA PhenoGraph FlowSOM
OMIP-044 090 037 0.20 0 0/13 1/13 2/13 2/13 1.4% 0.63% 9%
OMIP-047 0.88 0.55 0.49 0 0/8 0/8 1/8 2/8 0.43% 3.8%
OMIP-058 091 0.17 0 0 0/35 7/35 6/35 11/35 0.23% 0.77% 0.46%
OMIP-069 0 004 0.04 <001 6/43  16/43 16/43 18/43 0.11% 0.17% 1.3% 0.55%
OMIP-077 044 0.02 0 0 1/14 6/14 2/14 4/14 001% 0.03% 0.03% 0.05%
GENENTECH 0.89 043 0 <0.01 0/29 1729 729 9/29 0.57% 0.82% 1.5%
GHOSN 0.84 039 043 0.01 0/13 1/13 1/13 1/13 0.36% 0.38% 0.38%
LEIPOLD 0.70 0.05 0 0 0/18 4/18 6/18 7/18 0.79% 1.5% 1.9%
PANORAMA 0 0 0.01 0 4/24 8/24 724 12/24 040% 0.96% 1.9% 1.4%
Total 11/197 44/197 48/197 66/197




6.3. Results for populations

6.3.1. OMIP-044

Classifier

Freq-

Population wescy

CD1d4+ 19%

* CD19+ 13%

® naive CDd+ 23%

® [not naive CD4+] 17%
naive CD8+ 6.7%

* CD56+ NK 74%

® [not naive CD8+] 4%
epN 2.7%

* CD123+ pDC 1.2%
*DNDCs 2.7%

* DCs- 0.84%

® CD1c DCs 0.42%

® CD141+DCs 0.05%

Medians
Means

F1-
score

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

0.99

0.99

0.98

0.90

MLP

Ji JI
100% 80%

1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
099 1.00
099 1.00
099 1.00
099 1.00
098 099
096 098

082 088

EMD

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

0.99

F1-
score

0.98

0.99

0.93

0.91

0.94

0.95

0.91

0.85

0.98

0.89

0.37

0.56

0.61

LDA

J
100 %

097

0.98

0.87

0.83

0.89

091

0.34

e

0.96

0.80

023

0.39

044

JI
80 %

1.00

1.00

0.89

0.86

0.93

1.00

0.89

0.75

1.00

0.87

024

0.42

0.50

EMD

0.98

1.00

0.98

0.98

099

0.94

0.98

0.87

099

0.94

0.85

0.81

0.83

PhenoGraph

F1-

JI

score  100%

097

0.99

0.87

0.84

0.95

0.95

0.94

0.90

0.98

091

0.20

043

0.64

095

0.99

0.77

0.72

091

091

0.89

0.82

0.96

0.834

0.11

027

047

n

80% EMD

0.99 099

1.00 1.00

0.79 097

0.76 095

0.96 099

0.99 094

0.92 099

0.85 095

0.99 099

0.92 095

0.10 0.70

0.30 0.75

0.51 0.84

F1-
score

099

099

0.72

0.94

095

0.93

0.83

098

092

0.57

0.56

FlowSOM

|
100%

0.97

0.99

0.56

0.89

091

0.86

0.71

0.96

0.86

0.40

0.40

J1
80%

1.00

1.00

0.57

0.96

0.99

0.91

0.76

0.99

0.93

044

045

EMD

0.99

1.00

0.82

0.97

0.94

0.98

0.92

0.99

0.96

0.82

0.81

1.00
0.99

099 1.00
098 099

Columns

1.00
1.00

0.91
0.54

0.84

0.89

0.98

0.76 080 0893

091
0.81

Rows

0.84
0.74

092 095
0.78 092

092
0.72

s Fl-score=overlap measured by harmonic

mean of percision + recall (AKA F measure). Coloring is based on ranking by FI-score median

« JI 100%=whole population overlap measured
by intersection/union (AKA jaccard index).
Legend  « JT80%=central core region overlap
(AKA central similarity).
s JI 80% minus JI 100% size has
low to high emphasis.
« EMD=carth mover's distance

Narrow lead
over next

Wide lead
over next

Median minus mean size is

Ist 2nd 3rd

Ist 2nd 3rd

Last

Nothing
is next

Ties get same ranked color....

emphygized posineg.

0.86
0.66

091
0.69

0.94
0.82



F1-scores for 13 populations in OMIP-044
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6.3.2. OMIP-047

Classifier MLP LDA PhenoGraph FlowSOM
. Freqg- FI- JI 1 FI-  J1 ]l FI-  J1I )1 FI-. J1 1
Population ooy score 100% 80% EMP qeore 100% 80% EMD ccore 100% 80% EMD gore 100% sos EMD

® Naive 46% 100 100 100 1.00 096 092 097 099 094 089 093 098 093 0386 0.92 097

®NZ Beells 33% 100 099 100 100 094 089 093 098 092 085 088 097 090 082 085 096

® IgA, FSC-ANeg IgAIpgG1IgG3  8.7% [0.99 | 0.98 0.99 (100 0.85 074 0.8/ 097 0.84 0.72 0.73 093 061 044 0.50 0.83
® JgA,FSC-AIgA+ 55% 099 097 089 100 090 081 089 057 090 0.82 0.89 097

*IgG1+ 3.6% 098 097 099 100 086 0.75 0.3¢ 094 0.88 0.79 0.87 097 087 0.77 0.86 0.96

® Transitional 2.1% 098 097 098 100 086 076 0.83 095 0.72 056 059 087 042 027 027 0.77

*JgG3+ 0.75% 0.98 096 099 099 092 0.85 0.95 096 091 0.84 091 097 092 086 0.9¢4 0.98

epp 043% 0.88 0.79 086 0897 055 038 041 075 049 033 036 075 0.71 056 0.66 0.88

Medians 098 097 099 1.00 0.88 0.78 0.87 097 0.89 0.80 0.87 097 0.79 067 0.75 0.92
Means 097 095 098 099 085 076 083 094 083 072 0.77 093 0.67 056 062 081

Columns Rows

+ Fl-score=overlap measured by harmonic
mean of percision + recall (AKA F measure). Coloring is based on ranking by F1-score median

+ JI 100%=whole population overlap measured
7 B Norrow Jaod S5l ond 3rd| | Tt

by intersection/union (AKA jaccard index). over next
Legend . JT80%=central core region overlap ) )
(AKA central similarity). ‘:ﬁ :,e:: Ist 2nd 3rd :?1?‘1:5
+ JI 80% minus JI 100% size has
low to high emphasis. Ties get same ranked color....

+ EMD=earth mover's distance Median minus mean size is “™PMasized posineg.




® ® F1-scores for 8 populations in OMIP-047 L] & Central similarity for 8 populations in OMIP-047
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6.3.3. OMIP-058



Classifier

Freg-

Population i

® CDd+ Naive T cells CD274 CD28+
* CDd+ TCM T cells CD27+ CD28+
* HLA-DR+

CDE+ TEMRA T cells CD27- CD2E-
® CDd+ TCM T cells CD27- CD28+
® CDS+ Naive T cells CD27+ CD28+
® CD%+ TEM T cells CD27+ CD28+
* Vd1+ Vg2 T cells CD56-
CDE+ TEMRA T cells CD27+ CD2E-
® CDd+ TEM T cells CD27+ CD28+
NK CD16- CD56-

* CDE+ TCM T cells CD27+ CD28+
® CDd+ TEM T cells CD27- CD28-

" CDE+ TEM T cells CD2T- CD28-

® CDd+ TEM T cells CD27- CD28+
* iNKT cells

" CDd+ TEMRA T cells CD27- CD2E-
* Vd2 high Vg9%+ T cells

CDé+ TEMEA T cells CD2T+ CD28+
® CDd+ TSCM T cells CD274+ CD28+
® CD4+ TEMRA T cells CD27+ CD28+
® CDS+ TEM T cells CD27- CD28+
*Q2: Vdi+ Vgi+

® V2 low Ve T cells CDS6-

* Vd1+ Vg9- T cells CD56+

® CD4+ TEM T cells CD274+ CD2S-
* Mature NK

® CDS+ TSCM T cells CD27+ CD28+
® Vd2 low Vei+ T cells CDS6+

* MAIT cells

® CDd+ TEMRA T cells CD27- CD28+
® CDS+ TCM T cells CD27- CD28+
® CDd+ TSCM T cells CD27- CD28+
® Early NK

* Terminal NK

13%

34%

145

35%

1.1%

54%

0.88%

1.2%

33%

24%

1.1%

057%

1.1%

0.07%

0.18%

0.68%

0.55%

0.12%

0.31%

0.08%

0.55%

0.12%

0.07%

2.5%

0.14%

0.20%

0.51%

0.03%

0.06%

0.10%

0.92%

0.21%

F1-

MLP

]

score 1005

1.00
1.00
1.00
1.00
099
099
099
099
099
099
0.99
098
098
098
098
098
098
098
098
097
097
097
097
097
097
097
0.96
0.96
095
095
0.94
094
094
094

091

1.00
1.00
1.00
1.00
0.99
0.98
0.98
0.98

0.98

097
097
0.97
097
097
0.96
0.96
0.96
0.95
0.95
0.95
0.95
0.95
0.94
0.94
0.93
0.92
0.92
0.91
0.90
0.89
0.89
0.89
0.88

0.83

Jn
B

1.00
1.00
1.00
1.00
0.99
0.99
0.99
0.99
0.99
0.98
0.99
0.98
0.98
0.98
0.97
0.99
0.98
0.98
0.97
0.96
0.96
0.96
0.98
0.97
0.96
0.95
0.97
0.94
0.95
0.93
0.91
0.91
0.92
0.91

0.84

EMD

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.99
0.99
0.99
0.99
0.99
0.9%
0.99
0.99
0.99
0.99
0.99
098
0.99
099
098
0.98
098
098
098

098

F1-
SCOTR

0.96

0.94

097

0.95

0.84

0.64

0.85

0.89

0.77

0.75

0.80

0.68

0.52

0.68

0.61

0.97

048

0.96

0.62

0.17

033

0.71

0.80

0.90

0.82

044

09

0.30

0.81

0.74

0.27

0.54

028

0.84

0.57

LDA

]
100

0.92

0.89

0.94

0.91

0.72

047

0.75

0.80

0.62

0.60

0.67

0.52

0.35

0.52

0.44

0.93

0.31

0.93

045

0.09

0.20

0.55

Ji
B0%

0.96

093

098

096

0.76

047

081

087

067

0.36

0.53

044

059

033

098

047

007

0.19

0.57

0.67 0.78

0.81

0.70

0.28

0.83

0.18

0.68

0.59

0.16

0.37

0.17

0.72

0.41

0.89

078

031

0.88

0.19

077

062

0.15

041

0.18

078

045

EMD

0.99

0.99

0.98

098

0.98

0.88

0.96

096

092

0.95

094

0.95

0.82

091

0.94

098

0.80

098

0.90

0.76

0.64

082

0.94

098

0.94

0.85

097

091

0.94

0.85

0.55

0.88

0.86

0.96

0.80

F1-
SCOTE

0.94

0.87

0.97

0.93

0.73

0.59

0.72

0.85

0.69

0.82

048

0.03

0.92

042

0.95

0.08

0.02

0.81

0.89

0.76

0.90

0.85

PhenoGraph

n
100 %

0.88

0.77

0.95

0.88

0.57

0.42

0.56

0.74

0.53

0.69

0.32

0.01

0.85

0.27

0.90

0.04

0.01

0.68

0.80

0.62

0.82

0.73

J
205

0.9

0.81

0.98

0.95

0.63

0.42

0.62

0.80

0.59

0.32

<0.M

0.92

0.27

0.94

0.04

0.01

0.64

0.87

0.80

096

095

0599

097

096

0.88

092

095

0.86

0.87

092

055

091

093

099

0.69

0.50

0.90

095

0.86

096

094

Fi-

0.94

0.87

0.97

0.94

0.70

0.59

0.76

0.84

0.61

081

0.06

048

003

0.96

045

0.94

0.55

0.02

0.69

0.78

0.87

0.88

0.02

0.90

0.84

0.07

FlowSOM

J
100%

089

078

094

089

054

042

0.61

0.73

0.44

0.68

003

032

0.02

092

028

088

038

001

053

J
8%

0.94
0.82
0.98
0.96
0.57
0.42
0.69
0.82

0.52

0.82
0.03
0.32

002

0.97
0.30
0.93
042

0.01

0.59

0.64

0.76

0.79

0.01

082

073

003

0.85
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0.01
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Central similarity for 35 populations in OMIP-058
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F1-scores for 35 populations in OMIP-058 median/mean/weighted Central similarity for 35 populations in OMIP-058 median/mean/weighted
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6.3.4. OMIP-069

Classifier

Population

* Naive CDd+

* B-2 CD27-

# Naive CD8+

* Mature NK

*R1IgG

*® Early Effector CDd+
Central Memory CD4+ CXCRS-, CXCR3-
* Terminal Effector CIMSRA+ CD8+
* Early like effector CDad+
Ceatral Memory CDM+ CXCRS-, CXCRY
* CD2+ CDS+ NKT

* Terminal NK

* B-2 CD27+

® 5.1 IgG- IgM-

Central Memory CIM+ CXCRS, CXCR3
* Early Effector CDE+

* Intermedinte Effector CDS+
CI4- CDB-

* CD123+ pDCs

* B0 IgM+

* CCR7- CDM5RA+ TCRgD+
* Central Memory CDE+

® Early NK

* Terminal Effector

* Terminal Effector CD4+

* Early like effector CDE+

* CD2+ CDS-

* CCR7- CD45RA- TCRgD+
* CCR7+ TCRgD+

ILCs CD4-

ILCs CD2+ CDd+

* CD4+ CD8+ T

*® Classical monocytes

® CD11ec+ CD16+ DCs

ILCs CD2- CDY-

* CD2- NKT cells

*® Intermediate monocytes

* CDIc+ DCs

* Plasmablasts

*® CDle- CD141- DCs

* Non classical monocytes

* CD16- CD14- monocytes

* CD1ec- CD141+ DCs

Freg-
uency
294
68%
96%
95%
0.97%
41%
49%
0.94%
22%
46%
13%
0.59%
0.68%
0.73%
22%
26%
0.45%
0.69%
0.39%
0.21%
0.57%
0.34%
0.22%
0.20%
0.14%
0.38%
0.22%
0.32%
0.12%
0.43%
0.13%
0%
12%
0.20%
0095
0.06%
12%
0.09%
0.03%
0.07%
0.15%
0.30%

0.01%

Medians

Means

MLP LDA PhenoGraph FlowS0M
e 105 0% P i s PP o 10w sn PPl s s B
098 096 098 100 095 050 095 099 093 086 093 098 090 081 090 095
098 089 097 100 091 084 097 097 093 086 093 098 093 037 095 09
097 0854 087 100 090 083 097 096 096 092 097 099 08 092 097 099
096 0592 094 100 092 085 090 098 093 087 092 098 092 086 092 098
095 081 094 099 094 088 097 099 092 084 09 098 092 086 092 098
0895 050 081 100 0.71 055 056 094 038 024 026 075 039 024 025 076
0594 089 081 100 0.74 059 063 095 050 0.33 037 080 052 035 037 095
094 OBE 08 099 056 041 045 089 028 016 0.18 082 031 018 020 084
094 088 089 100 061 044 046 093
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089 08B0 081 098 057 040 045 086
088 079 082 099 074 057 062 094 052 035 040 075 055 037 042 084
088 078 082 099 086 075 042 097 079 065 0.75 09 075 060 072 093
088 078 081 098 062 045 047 096
087 078 0K 098 068 051 055 095 075 060 066 094 057 041 045 087
087 077 079 099 051 034 035 089 013 007 007 062 001 001 001 056
087 077 0K 098 067 051 056 087 031 0.19 0I5 072 081 068 0737 096
086 076 079 098 049 034 036 087
085 074 077 098 037 022 024 0.9
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& F1-scores for 43 populations in OMIP-069

L] & Central similarity for 43 populations in OMIP-069
@ % @ %
F1-scores for 43 populations in OMIP-069 me«2, " @ Q_ {;jhted Central similarity for 43 populations in OMIP-069 median/mean/weighted
fitcnet TensorFlow LDA fitcnet TensorFlow LDA
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6.3.5. OMIP-077

Classifier

Freg-
UEICY

Population

* Neutrophils 77%
*Teells 11%
Monocytes 6.9%

® Basophils 0.34%

®* Non MZB cells 14%
* MZB cells 0.52%
Eosinophils 13%
*NKecells 2%

*® Plasma cells 0.09%

® CDlc+ mDCs 0.03%
* CD141- mDCs 0.04%
* CD141+ mDCs 0.01%
Progenitors 0.07%

* pDCs 0.04%

Medians
Means

MLP LDA PhenoGraph FlowSOM

score 100% 80 PP seore 100% 30% B0 seore 100% 305 EMD score 100% s EMD
100 100 100 1.00 100 099 100 100 099 097 100 099 1.00 099 100 1.00
100 100 100 1.00 099 098 100 099 099 097 058 100 099 097 098 1.00
098 096 098 099 087 077 082 094 097 094 057 098 097 094 0957 098
098 096 098 099 094 088 097 094 097 094 096 099 097 094 096 0.99
097 093 097 099 0.76 061 068 096 081 069 075 096 082 069 0.75 096
096 092 0.95 099 0.76 062 067 095

094 089 092 098 065 050 056 084 099 098 100 099 099 098 1.00 0.99
092 085 093 099 078 064 074 093 097 095 098 099 096 092 098 098
0.76 062 068 093 046 030 033 086 091 0.83 088 095 048 031 035 084
0.72 056 0.63 094 022 0.13 0.14 086

0.72 056 0.62 096 0.13 007 008 0.77 001 <001 <001 040

0.71 055 046! 095 002 001 001 055

068 051 050 087 025 0.15 0.15 0.75 091 084 098 093 007 0.04 004 052
044 028 031 0.78 030 0.19 023 065 065 048 055 089

093 087 053 098 070 055 062 090 091 083 0592 095 065 050 055 0.90
084 076 079 096 057 049 053 086 0.65 061 065 073 052 049 050 0.62

Columns Rows

» Fl-score=overlap measured by harmonic

mean of percision + recall (AKA F measure). Coloring is based on ranking by FI-score median

s JI 100%=whole population overlap measured

by intersection/union (AKA jaccard index).

Legend s« JI80%=central core region overlap
(AKA central similariry).

# JI 80% minus JI 100% size has

low to high emphasis.
» EMD=earth mover's distance

Median minus mean size is

Narrow lead
aver next
Wide lead
aver next

1st

1st 2nd 3rd

Znd  3rd  Last

Ties ger same ranked color..

emph

Nothing
is mext

asized posineg.
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& F1-scores for 14 populations in OMIP-077

F1-scores for 14 populations in OMIP-077 median/mean/weighted

°
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& Central similarity for 14 populations in OMIP-077

Central similarity for 14 populations in OMIP-077 2, {™ @, @, (7} eighted
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6.3.6. ESHGHI



Classifier

Freq-
uency

Population

*CDMN 15%

®* CD16hi NK 12%

"CDEN 43%

® CD14hi Mono 17%

*CD4CM 62%

® od Teells 19%

CD8 Temra 63%

*CD4EM 956%

Naive B 2.7%

® Basophils 25%

*CDSEM 4%

CDS MAIT 19%

CD16hi Mono 23%

* Neutrophil 1.7%

CD4 Temra 1.7%

int Mono 16%

* Trans B 0.67%

* Treg 1%
* HLADRlo Mono 24%

®* Mem B 0.64%

* CD8 CM 048%

Eosinophil 052%
* [CD14- CD16-] 0.56%
* CD56hi NK 0.70%
* Plasmablast 0.28%
*IgD- CD27-B 0.18%
* Lineage Negative 0.57%
* [CD123-] 0.17%
Medians

Means

MLP LDA PhenoGraph FlowS0OM

weore 100% 80% P score 100% 805 B score 1005 80% P sore 100% s EMD
100 099 100 100 094 088 095 099 091 083 092 098 092 08 093 098
100 099 100 100 097 095 099 099 097 09 099 099 097 095 099 099
100 099 100 100 094 088 095 097 092 086 09 098 084 072 082 089
100 099 099 100 094 088 09 098 09 081 0485 095 090 081 085 095
0.99 059 099 1.00 0.85 074 0.77 097

099 099 100 100 097 093 097 099 091 083 092 095 090 081 089 097
0.99 059 099 1.00 087 0.76 0.82 093 071 055 060 084 072 056 062 085
0.99 059 099 100 0.88 078 0.82 096 066 049 051 088 067 050 052 0.89
099 099 100 1.00 096 092 098 098 09 092 098 0098 096 092 098 099
099 099 100 100 096 093 J00 096 098 09 099 099 098 09 100 098
0.99 098 099 100 0.83 070 075 095 057 041 043 081 072 056 059 086
099 098 100 100 095 090 098 095 095 091 098 096 09 093 099 098
0.99 058 099 100 0.87 076 0.85 092 088 078 085 093 089 079 085 0N
099 098 099 100 091 084 089 098 071 055 060 079 090 081 087 097
098 097 099 100 096 093 098 098 097 094 098 099 095 091 097 097
098 096 097 100 056 039 042 090 010 005 006 041 008 004 003 053
008 00596 097 100 078 064 070 097 024 013 012 064 074 057 063 0.4
0.97 055 097 099 0.87 076 0.83 097 087 078 084 09 <001 <001 <001 021
097 095 096 100 069 053 057 094 020 041 0.10 063
0.97 054 096 1.00 0.78 0.64 0.67 096

097 094 097 099 088 078 087 097 085 074 082 094 059 042 043 077
097 093 094 099 063 046 047 092 <001 <001 <001 041 <001 <001 <001 034
096 093 097 099 094 088 095 098 095 09 09 09 094 08 09 097
096 0052 095 099 060 043 047 087 053 036 039 086 0353 036 040 0.86
0.95 051 094 099 0.79 0.66 0.72 097 076 061 069 095 080 066 072 098
094 089 094 099 0.83 072 0.80 095 085 074 087 09 086 075 082 096
0.93  0.86 092 098 055 038 044 086 007 003 003 033 026 015 018 062
090 (.82 0.86 0.99 043 028 030 082 001 <001 <001 043 017 009 009 071
089 0.80 086 098 055 038 046 082 039 024 028 072 039 024 028 073
098 097 099 1.00 0.87 0.76 082 096 076 061 069 093 074 057 063 089
097 095 097 099 082 071 077 095 061 05 056 076 061 053 056 081
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F1-scores for 29 populations in GENENTECH
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6.3.7. GHOSN

Classifier

Population

*B-1

Large macrophages
* B-2 IgM medium
* T cells
Eosinophils

* B-2 IgM high

* NK,NKT

* CD11b+ dendritic
* Developing B

® Small macrophages
* CD11b- dendritic
* ckit+ mast cells

* Neutrophils

Freq-
unenc
22%
32%
72%
6.9%
865
53%
8.3%
13%
0.55%
4 6%
0.23%
1.8%

0.36%

Medians

0.99
0.99
0.99
0.99
0.99
0.98
097
0.95
0.95
0.94
093
0.80
0.84

MLP

1

0.99
0.98
0.98
0.97
0.97
0.96
0.95
0.91
0.90
0.88
0.87
0.82

0.72

Ju

vy  score LD K0%

1.00
L00
0.99
1.00
1.00
098
0.98
0.96
0.93
0.91
093
0.87

.80

EMD
1.00
1.00
1.00
0.99
1.00
0.99
098
0.99
0.99
0.98
098
0.98
092

F1-
500

0.97
0.98
089
0.97
0.98
0.82
084
0.83
037
0.94
0.63
0.608

039

LDA

Ju

re 1%

0.93

0.97

0.79

0.94

0.96

0.70

0.72

0.70

0.62

0.89

0.46

0.52

0.25

n
5%

0.99
1.00
0.84
0.99
1.00
0.76
0.84
0.75
0.66
0.95
053
056

027

EMDy

098

099

095

099

099

095

094

095

084

099

(.83

096

037

F1-
5C0

0.95
0.98
0.84
096
0.98
075

0.89

0.81
0.77
0.69

043

PhenoGraph

JL

re 100%

.50

0.97

073

0.93

0.96

.60

080

0.69

062

0.53

0.28

J
$0%

0.94
1.00
0.83
0.98
1.00
0.69

0.93

0.74
0.69
0.56

0.28

EMD

0.59

0.99

0.e3

0.9%

0.89

0.91

0s2

(.88

0.80

0.95

0.83

F1-
score

0.80

0.99

079

0.97

0.94

0.67

0.89

0.86

0.83

0.92

0.83

0.66

001

FlowSOM

J
100%

082

0.97

.66

0.95

0.89

0.51

JL
80 %

0.89

1.00

0.74

0.99

080

076

0.7

0.85

071

0.49

0.01

081
0.75
0.91
0.80
054

001

EMD

0.97

0.99

OR8

0.99

0.95

0.87

081

0.98

092

0.97

086

0.93

030

097

0.95

0.98

0.99

0.84

0.72

0.84

095

0.81

0.69

0.74

092

Legend

0.86

Means | 095 052 095 098 082 077 078 093 070 062 066 079 079

Colomns Rows

Fl-score=overlap measured by harmonic
mean of percision + recall (AKA F measure). Coloring is based on ranking by FI-score median

J1 100%=whole population overlap measured Narrow lead
by intersection/union (AKA jaccard index). aver next il 208 (KL S
I 80%=central core region overlap . F—
Wide lead Mothin
(AKA central similarity). orer e B 20 3rd | 0 UE
JI 80% minus JI 100% size has
e ke high fmp}fﬂ Tiex ger smme ranked color._.

EMD=earth mover's distance Median minus mean size is by cired pos/neg .

0.76
0.7

081
.76

0.95
0.50



L] & F1-scores for 13 populations in GHOSN
\
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6.3.8. LEIPOLD

Classifier

Freq-

Population i
uency

® CDAT cells CD4SRA- ,CD27+  12%
® D4 T cells CD45RA4+ , CD27+  16%
® CDST cells CD45RA+ ,CD27- 9.1%
® CD4T cells CD4SRA- , CD27- 34%
*NK cells 12%

CD4- CDS- 5%

® CDST cells CD45RA- ,CD27+  6.3%
CD$ T cells CD45RA- ,CD27-  2.8%

® CD§ T cells CD45RA+ , CD2T+  11%
* CD38 CD56- B cells 62%
CD38+CD56 B cells 4.7%

CD16- monocytes 7.9%

*pDCs 0.37%

CD4 T cells CD45RA+ ,CD27-  1.1%

® Basophils 0.69%

*mhCs  14%

CD56 bright NK cells 0.44%

CD16+ monocytes 0.04%

Medians
Means

Colomns

MLP

Fl- ] J

score 1005  80% EMD

1.00 099 1.00 1.00
099 099 1.00 1.00
099 098 099 100
099 098 099 1.00
099 098 099 100
099 098 0.99 100
099 098 098 1.00
098 097 097 100
098 097 098 100
098 0% 098 1.00
098 096 097 100
098 095 0.98 099
097 095 0.98 098
097 093 095 099
094 088 089 098
088 079 0.79 092
070 054 0.56 095

070 054 055 090

LDA

F1- ]
score 1004

092 085

091 083

084 0.72

087 0.76

086 0.75

076 061

086 0.76

068 052

086 0.76

076 062

073 057

090 0.82

090 0.82

030 0.18

011 0.06

047 030

070 054

005 003

n

0% EMD

0.90 098
0.92 096
0.78 0938
0.81 097
0.83 094
0.69 095
0.81 096
0.56 091

0.84 096

0.88 097
0.90 094
0.20 0.82
0.05 0.75
0.31 0.80
0.62 093

0.03 0.66

PhenoGraph

F1- n Jn
score 100% 80%

0.94 088 093
0.92 085 0.95
0.67 051 055
0.85 074 0.80
0.87 077 0.86
0.79 065 0.70

0.80 067 0.73

068 052 057
039 024 021
0.66 050 0.55
090 082 0.90
092 084 095
006 003 002
0.14 008 005
019 0.11 009
0.73 056 0.64

0.22 0.12 0.14

EMD

099

097

090

095

095

092

097

085

0.67

092

096

0.94

032

041

055

095

055

FlowSOM

F1- Jn
score 100%

0.79 0.66

0.89 0.80

0.69 053

0.90 082

0.69 052

0.71 055

0.11 0.06

0.64 047

0.13 007

0.64 047

0.89 0.80

il
0%

0.72
0.90

059

0.89
0.60
0.60
0.06
055
0.04
052

0.88

093 087 0.97

003 002

007 0.04

040 025

0.72 0.56

006 003

002

0.02

028

0.63

003

EMD

0.89

0.95

0.92

0.97

0.93

0.89

0.59

0.83

0.39

0.92

0.96

0.95

0.62

0.55

0.65

0.96

0.76

098 097 098 100
094 091 092 098

080 067
069 057

0.74 094
064 081

Rows

070 054 061
0.60 049 054

* Fl-score=overlap measured by harmonic
mean of percision + recall (AKA F measure). ‘Coloring is based on ranking by FI-score median
s JI 100%=whole population overlap measured
by intersection/union (AKA jaccard index).
Legend « JI80%=central core region overlap
(AKA cenrral similarity).
+ JI 80% minus JI 100% size has

low to high emphasis.

* EMD=earth mover's distance

Narrow lead
aver next
Wide lead
aver next

Ist 2nd

Ist 2nd

3rd Last

Nothing
is mext

Ird

Ties gei same ranked color....

Median minus mean size is =I"'i'iasiiﬂ:d posineg.

092
077

0.66 0.50
052 042

0.56
046

0.89
0.76



F1-scores for 18 populations in LEIPOLD

Earth mover's distance for 18 populations in LEIPOLD median/mean/weighted
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6.3.9. PANORAMA

Classifier

Freq-
uency

Population
Eosinophils 8.8%

*pDCs 52%

® Classical Monocytes 21%
®CDS T cells 3%

®*NKT cells 1.9%

® Intermediate Monocytes 7.7%
® Non classical Monocytes 14%
CD4Teells 16%

® B cells Frac.D 3.7%

* NKeells 12%

® B cells Frac A-C  1.9%

* Plasma Cells 0.24%

* B cells Frac.F  25%

* Basophils 0.57%
Macrophages 1%
*mDCs 0.30%

B cells Frac.E  98%

® pd T eells 021%

*GMP 2.1%

*MEP 1.3%

* CMP 1%

*MPP 0.35%

* CLP 024%

HSC 0.02%

Medians
Means

MLP LDA PhenoGraph FlowSOM
core 1005 50% P score 1005 8% B0 e 1005 8% PO e ri0n g0 PO
059 0598 099 1.00 0.82 069 0.73 092 073 057 067 083 066 049 053 085
099 098 099 1.00 093 086 088 095 0.85 074 0.77 087 091 083 086 096
099 098 099 1.00 088 079 0.83 097 0.85 074 0.79 095 0.82 070 075 093
098 096 098 1.00 090 081 088 097 050 033 037 070 0.77 063 068 089
098 096 097 1.00 068 051 056 092 0.64 048 052 090
097 094 096 100 081 068 073 097 0.72 056 060 091 077 062 067 096
096 093 096 099 086 0.76 0.84 097 090 081 085 098 091 083 089 099
096 092 097 099 081 068 077 095 0.80 067 0.74 096 079 065 072 094
095 050 093 099 0.71 0355 057 096 041 026 028 086
094 089 093 099 059 042 045 093 028 017 017 090 034 020 022 089
093 087 091 099 041 026 028 088 005 003 002 068
093 086 0.90 098 090 081 0.85 097 0.59 042 036 077 071 055 054 072
092 0.86 0.87 099 091 083 085 099 0.89 081 0.82 097 087 076 078 096
092 085 0.88 098 055 038 039 093 046 030 031 090
091 084 088 099 064 047 050 094 053 036 037 091 056 039 042 091
087 037 082 097 064 047 050 090 028 017 043 069 060 043 048 081
0.82 0.69 0.74 095 065 049 052 092 035 021 022 067 037 023 025 075
0.80 067 074 094 041 026 030 085 001 <001 001 0.64
0.69 053 054 0597 050 033 035 088 025 0.4 014 068 043 028 030 084
060 043 045 093 039 024 026 091 036 022 022 081 036 022 023 083
049 032 035 090 039 024 027 091 024 013 0.15 089 025 015 017 090
047 031 032 091 026 0.15 0.16 083
034 020 024 056 027 0.16 0.18 0.56 011 006 007 024
001 <001 <001 045
093 086 089 099 065 048 051 092 032 019 0,19 074 051 034 037 087
081 074 0.76 052 062 049 0537 087 038 0285 031 057 049 0.38 040 080



L] & Central similarity for 24 populations in PANORAMA
\
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fitcnet TensorFlow LDA fitcnet TensorFlow
0.93/0.81/0.93 0.91/0.77/0.92 0.65/0.62/0.80 0.89/0.76/0.89 0.86/0.72/0.88 0.51/0.53/0.73
1 y 1 ] 1f 1 > 1 - 1
d e’ o e
08 o‘ 08 4 <o 08 08 oS, Y N
° ° °
0.6 0.6 0.6 0.6 ° 0.6 0.6
0.4 (hd 0.4 4 ° 0.4 0.4 ° 04 : 0.4
° 4 | K '
02 02 02 [ 0.2 02 = 02
o E 8 9 Du 2 4 Dn 2 4 uo 2 4
8 0 2 4 0 2 4 0 2 4
@
- PhenoGraph FlowSOM
= PhenoGraph FlowSoM 0.19/0.31/0.57 0.37/0.40/0.61
0.32/0.38/0.67 0.51/0.49/0.70
1 1 L[] L]
48 ° 4 08 oo ® os o~
08 ® 08 = %o
) 0.6 ® 0.6 [y
06 e 06 04 e0e® 04
04 04
° ‘. .. 0.2 ° oo 0.2
02 02 ° 0 X8 0
0 o 0 0 e °® 0 2 PR 4
0 2 4 0 2 4 Number of cells in population (log10)
Number of cells in population (log10)
L] & Earth mover's distance for 24 populations in PANORAMA
& %
Earth mover's distance for 24 populations in PANORAMA median/mean/weighted
fitcnet TensorFlow LDA
0.99/0.92/0.99 0.98/0.89/0.98 0.92/0.87/0.95
1 ‘.x, ° 1 SEHV & 1 »
(4 ili{ o
08 0.8 ) 0.8
.
06 ° 06 06 *
o 0.4 0.4 » 0.4
o
5 0.2 0.2 02
£ 0 0 0
o 0 2 4 0 2 4 0 2 4
|3
H
g PhenoGraph FlowSOM
= 0.74/0.57/0.82 0.87/0.80/0.90
= 1 ™ P
5 > <
o 0.8 ° " 08
.
06 06 § 1o
°
04 ] 04
02 02 4
0 o oo 0
o ) 4 o 2 4
Number of cells in population (log10)




6.4. Reproducing tables and figures
To view the tables and figures interactively for this final round of testing
e Open MATLAB R2021a or later
e Type the command £jb to start FlowJoBridge
e Typethe command ClassificationTable.See (‘dataset name) where ‘dataset
name’ is ‘OMIP-044’ or whatever name appears in this document above the tables
e The first time you do this select the first option “Google Cloud (our demos file)”. After
that select the last option “My /ast choice”
e Click OK on this dialog box
[ NON ) Confirm...

Use the "match collection” file from

Google Cloud (our demo file)

Google Cloud (our 2nd demo file with EPP)

My local file system

My last file:

Ea <Downloads >

(3 suh_pipelines
o ] storage.googleapis.com
(3 cytogenie.org
— 5 classifiers.xls

Dataset name ... ——

OMIP-077

© o X cancer (ORI

The first time you run this command download our xIs file and colors from the Google cloud.

To get the xls file select the first item in this dialog.



To get the colors click the color button at the bottom left of the dialog and answer yes to the

question.
2¢
2] Open a "match collection” file from
2¢
2¢ ° fi
3 Google Cloud (our demos file) icFigl-
31 My local file system y SimT,
37 TEET——
@ Get colors?
Download latest cell type colors?
(This will overwrite your current cell type colors!)
rg
& Colors ¥ Cancel Ok

For all of this testing and validation we assist our reviewers and readers in reproducing our
findings by make everything publicly accessible from our Google Cloud storage:
e All the software we developed.

e All the data sets with which we test it.
e FlowJo workspaces that capture publication recommended manual gating so you don’t
have to redraw them.
e Documents describing step by step how to get the above stuff and use our FlowJoBridge
GUI to get the same results with each gating method and each dataset
Reproducing our findings requires skill similar to those needed to install and use a text editor.
No skill in programming/scripting, mathematics or statistics are needed. Easy reproducibility of
the findings of flow informatics by non technical biologists is critical for the progress of
immunology. For example, we might have compared MLP directly with flowDensity if it did not
cost both significant programming expertise with their R libraries as well as significant manual
gating expertise with each gate in each of the publications we evaluate. But we expect
flowDensity to be the best at replicating manual gating on a specific assay by specific assay
basis if given enough expert programming, testing and re-programming as edge samples for
equivalent gating come in. So instead our primary goal is to do as flowDensity did in 2015

without the training expense but with their near perfect replication of expert manual gates. Our



secondary goal is to exceed all methods by being as easy and robust to use as a text editor so
that biologists can focus on biology. No need for each and every new biological assay to cost
either manual gating or a mini software development project.

One only needs our FlowJo bridge to reproduce our findings with this publication’s FlowJo

workspaces. Having FlowJo is only necessary to create new workspaces to run with our bridge.



