Post-clustering analyses

S. GRANJEAUD




. W

hat is the question?

An experiment starts with a question:
AzB?
\

The experiment
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Data:
FCS files, scRNAseq files...
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Analyses Overview

Events
e D\ D\ D\ ( D Y4
: Dimension
Automatic i
. reduction
A ; detection s Comb
utomate ombi-
Manual ) of pop. ti .
gating gating gating natorial
strategy |l JJ¢ )| gating Supervised
Clusters automatic
Refine, Combine, Validate, gating
Name

Populations = Percentages, MFI

Find differential populations between groups
or correlated to survival, relapse...

Refine, Combine, Validate,
Name )




1 Picture vs 1000 Words
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Most illustrations from Mair et al 2016 and Kimball et al 2017




Visualisation, the basics

Screen
X, Y coord.

Color

Shape

Size

Link the points => graph, tree - —




' What is on a dot plot?

® What are those points on the scatter plot, graph?
o Single cells or centers of cell group

What is the meaning of the color
> Group membership or expression level of a marker
> Raw or transformed expression level

Is the distance on the screen meaningful?

How to evaluate the distance between dots?




From matrix to image

Heatmap
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. What is on a heatmap?
@

® What are those rectangles?
° Columns = ? Rows =7?
‘ o Cell groups x markers or Cell groups x patients
What is the meaning of the color?

|
o Expression level of a marker or percentages m———

o Raw or transformed value

> What is the scaling? =

Criterion for arranging the rows/columns? = -
o User defined or hierarchical clustering F=r_

o How to evaluate the distance? C




' What is the question?




.‘ Extract features
Q@
‘ Markers

— Reduced Dimensions
o Clustering
Concatenation (FCS id)

Extract features

per cluster:

 MFI

per cluster and FCS:

* cell counts => cell abundance
 MFI

1.



. Extract features
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e Pubmed

s3%  Comprehensive innate immune profiling of
wy v w0 chikungunya virus infection in pediatric cases

Daniela Michlmayr**, Theodore R Pak®' 2, Adeeb H Rahman®?, EI-Ad David Amir®3,
Eun-Young Kim*{, Seunghee Kim-Schulze™, Maria Suprun®, Michael G Stewart®, Guajira P Thomas®,
Angel Balmaseda®, Li Wang?, Jun Zhu?(2), Mayte Suaréz-Farifias®®, Steven M Wolinsky®,

---------- SNE1------ Andrew Kasarskis® & Eva Harris™

* We performed whole-blood RNA-seq, 37-plex mass cytometry of
peripheral blood mononuclear cells (PBMCs), and serum cytokine
measurements of acute- and convalescent-phase samples obtained from
42 children naturally infected with CHIKV. Semi-supervised classification
and clustering of single-cell events into 57 sub-communities of canonical
leukocyte phenotypes revealed a monocyte-driven response to acute
infection, with the greatest expansions in “intermediate” CD14++CD16+
monocytes and an activated subpopulation of CD14+ monocytes.
Increases in acute-phase CHIKV envelope protein E2 expression were
highest for monocytes and dendritic cells. 13

--- VISNE2 ---


https://pubmed.ncbi.nlm.nih.gov/30150281/

Dataset - Example
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Matrix of data

* Different elements in rows and columns: clusters, markers, patients
* Many contents: count, percent, MFI

* Each content has a large dynamic range

* The dynamic range is larger than the information we look for



Heatmap of frequency
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Heatmap of MFI
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Matrix of data

* Different elements in rows and columns: clusters, markers, patients
* Many contents: count, percent, MFI
* Each content has a large dynamic range

* What is the information we are looking in the graphics?
 What is the question?

* How the content should be processed to become information?
* The content must be scaled in order to show the information

* The scaling depends on the content and the elements in rows and
columns



Methods for scaling

°* min to max
* mn=0,, max=1
* center

* mean =0 or median=0

e standardize
* centering
 divide by standard deviation

* apply to all data, but determine coefficients
on all or a subset of data?



Data to visualize = Matrix of MF
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Question = Annotate clusters

* MFl is based on transformed intensity (usually asinh)
* MFI of untransformed intensities can be transformed at this stage

e Goal: determine the cell population in a cluster from its expression
profile (aka MFI)

* Determine which marker is high or low in a cluster

* Hypothesis: the expression of a marker ranges from low to high in the
set of clusters

* Scaling: min max each marker
min(marker_i_scaled) = 0, max(marker _i_scaled) =1
marker_i_scaled = (marker_i - min(marker i) /
(max(marker_i) - min(marker_i))
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ransformed MFI
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ranstformed MF| with hierar. clustering
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Scaled transformed MFI with hcl.
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Let's do it with Excel!
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Let's view it with Phantasus
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Data to visualize = Matrix of abundance
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Question = Find difference of frequency

* Frequency is based on transformed intensity (usually logarithm)

* Goal: determine the cell population/cluster whose frequency varies in
relation to groups of patients
* relates to the univariate statistical test to be performed

* Hypothesis: the frequency of a cluster ranges from low to high in the
set of samples (FCS)

* Scaling: log2 transform and center to average of each cluster i
log2 freq_i= log2(freq_i)
log2 freq i scaled = log2 freq_i— mean(log2 freq_i)



Heatmap of frequency
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ranstformed frequency

sqrt of frequency
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ranstformed frequency

log2 of frequency
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ransformed then centered frequency

log2 of frequency centered per cluster relative to the cluster average
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monocyte-
driven response
to acute
infection, with
the greatest
expansions in
“intermediate”
CD14++CD16+
monocytes and
an activated
subpopulation
of CD14+
monocytes

log2 of frequency centered per cluster relative to the cluster average
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ransformed then centered frequency
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monocyte-
driven response
to acute
infection, with
the greatest
expansions in
“intermediate”
CD14++CD16+
monocytes and
an activated
subpopulation
of CD14+
monocytes

log2 of frequency centered per cluster relative to the "acute” average

ransformed then centered frequency
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ransformed then centered frequency
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Let's do it with Excel!
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Conclusion

* Heatmap is a classical way to visualize/explore the variation in
frequency of clusters in relation to groups of patients

* MFI need to be transformed and scaled from O to 1
e Caveats of pre-gated markers

* Counts need to be transformed into frequencies

* Frequencies are usually log transformed and centered

* centering is performed per cluster
* centering on the overall mean or on the mean of a reference group
 scaling can also be performed

e Caveats of zero counts



Linear scale
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Log scale
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Centered log values

Log percentages centered to average per group
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Standardize?

Log ratio (Fold Change)
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Log2 properties

* log2 is proportional to log10
* 1 qRT-PCR cycle ~ x 2

e ratio=> addition
X 2 => + 1

* log is symmetric: +100% = X 2
- 50% = /2

* log2 stabilizes the dispersion
*log2(a/b)=log2(a)-log2(b)



What is "significance"?

e Statistical significance is not the same as practical importance.
* P-value does not tell whether the result is of a practical importance.

e Statistics does not tell us whether we are right. It tells us the chances
of being wrong.

* Any particular threshold for declaring significance is arbitrary.

A Difference, to Be a Difference, Must Make a Difference
Gertrude Stein



FC vs P: Volcano plot
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Volcano Plots in Analyzing Differential Expressions with mRNA Microarrays
Wentian Li



http://arxiv.org/pdf/1103.3434.pdf

Statistical trade-off

Volcano Plot False Discovery Rate

report important correct
and significant multiple tests



Grille de tests

... variable gaussienne ou N > 30 variable non gaussienne
Conditions
EEREIEELAT ANOVA : variances homogénes de préference N >= 5
Echantillons test parametrique test non parametrique
Un seul échantillon Test t de Student a une norme Test Wilcoxon & une norme
Deux Test de permutations
echantillons Test t de Student Test de Mann - Whitney
indépendants Test de Kruskal - Wallis
Plus de deux .
échantillons ANOVA 1 facteur Test de permutations
e ANOVA 2 facteurs Test de Kruskal - Wallis
independants
Detix Test du signe
Serlﬁs Test t de Student apparié Test de Wilcoxon
appariees
Plus de deux
series ANOVA a mesures répétées Test de Friedman
appariées
Coefficient de corrélation
Mesure de : o
. e Coefficient de corrélation par rangs de Spearmann
'association entre .
i de Pearson Coefficient de concordance
variables
de Kendall
s d_e, Test Shapiro - Wilk Non Applicable
normalite

Guide de choix de test statistique XLSTAT
MicrOsiris BiostaTGV



https://help.xlstat.com/customer/fr/portal/articles/2062457
http://www.microsiris.com/Statistical Decision Tree/
http://marne.u707.jussieu.fr/biostatgv/?module=tests

La statistique, c'est PAS compliqué !

e Estimer

* Modeéliser, expliquer
» Vérifier I'adéquation du modele

DECISION

Fail to Reject H,

Reject H,,

dux mesures

© -
e Décid S  Correct Decision ~ TypelError
eciaer S ) .
o onfidence Interval= 1- « romu;?;'k 5
° I — a
Risquer g < False Positive
* o :déclarer une différence a tort T
S - <| O .z
p-value . ‘ 5| TypellError | aorrect Decision
* [ : manquer une différence a tort ™| consumer Risk
& pUissance o= p-Risk Power = 1- B

False Negative

* La COmPIGXité vient de |la multitude des d| H,: Null Hypothesis H,: Alternative Hypothesis

au cours de développement de cette science




La statistique, c'est PAS compliqué !

* Test d'hypothese

e assigner un modele aux données
» design (2, 3 ou 4 groupes, régression linéaire), nature du bruit, effets contrblés

« vérifier les conditions d'application a priori ou
a posteriori I'adéquation du modele aux mesures (résidus)

calculer la valeur d'un indice statistique adéquat
placer cette valeur dans la distribution de cet indice sous I'hypothese nulle
* mesurer la proportion d'indices plus grand : p-value



La statistique, c'est PAS compliqué !

* P-value
» garde-fou qui écarte l'aléa
 autorise l'interprétation

* Interpréter, c'est conclure scientifiguement sur

* I'importance de |'effet,
e pas sur l'importance de la p-value

To consult the statistician after an experiment
is finished is often merely to ask him
to conduct a post mortem examination.

He can perhaps say what the experiment died of.
Ronald Fisher 1938



https://www.brainyquote.com/quotes/quotes/r/ronaldfish394439.html

ake home messages

e P-value = False Positive rate
* Power =1 - False Negative Rate

* P-value does not tell us whether we are right. It tells us the chances
of being wrong.

* P-value does not tell whether the result is of a practical importance.

* Report difference and dispersion,
or use confidence intervals.



Analysis process

This is what you learn in the real world

# (real) data analysis process

(ideal) data analysis process
1 s - .
= GET(data)

~aw data GET (

I-_-]. atd = [ : data -
i~ :_f_'! el I-l_ln.il_:jt a = I::LE I‘I'.l]

proc_data

[proc data)

UMMARY (proc data)

PLOT (proc data)
lel = FIT MODEL(proc

-

prediction = PREDICT(model)

PRINT(prediction)

https://www.gastonsanchez.com/Data-analysis-process/



https://www.gastonsanchez.com/visually-enforced/opinion/2012/09/19/Data-analysis-process/
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Dataset - Example

TITEE] ENIEEI] NN | ININN B severty
-I-II BNl W IIII-I-II [T 15d anti-CHIKV titer
MR NN T NN NI N NN viral titer

Lo timepoint
MDC, CD1e+ 1
astre =] TR

'|'|.'." n ...I'
I' .'.-'I' " A

=D

(9i={=]e]

NI NN
%)

:I'
o]

ri
D1 +CD1B+ monocyte 1
KT cell 2

D4+ T cell, name 1

D14+ manocy'le

cell, naive 4

D8+ T cell, naive 1

D4+ T cell, EM

cell, transitional 2
D4-CD8- T oell 4
D4-CD8-

KToeII C DSBIow C D16hi 5

m+TmeM2
D+TmeM1
D4+ T cell, CM 1
NK cell EDb6low CD16hi 1

CD14+CD16+ monocyte 2
Il CD14+ monocyte joont

NKT cell 10

'l'=
EILII:11 ol I B e’

OOOZZ DOWOOWOO Z0E=T

B cell, naive 1
NKT cell 3
| NK cell, CD55|UW CD16&hi 4
NKT el
CD4—CDB Tcell1
NKT cell &
CD14+ + monocyte 3
i 1 NKT c
III Iq B cell; naive 3
PDC 2
| B F B CD4+Tcel, CM3
CD4+ T cell
NK cell, CDSGIW OD1 6hi 3
1 NK cell, OD5ﬁluw CD16low 2
I I | CD16+ mo
NEK _cell,
NKT cell 6
B cell, naive 2
D4-CD&-'T oeII 2
B cell, plasmabl

NKT c
|

L MDC, other 2
B cell transmonal 1
B cell, memo:
NK cell, CD56low CD16low 1

nocyte
CD5&low CD16hi 2
F | I | 11 . |
| 1 [ | D8+ T cell,_naive 2
I ™1 "M

NK cell, CD56hi CD1 Blow

log10
frequency

-3

-5

severity
less

. more

15d anti-
CHIKYV titer

Ia.a

2.4

viral titer
10

4

timepoint
Acute
Conv

Is this visualization the
best to identify
differences?

Is the frequency optimally
transformed?
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