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Measurement model 11
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In this experiment, a signal 1s registered from 5000 cells.

With the help of filters from 5000 cells, only those that are
in focus at the time of registration are selected. The cells
that are not in focus are skipped. Thus, a finite number of
cells for analysis 1s about 2-2.5 thousand.

_\' - -
Midpiece
S—— Head
6f the cell

The use of some masks allows you to record the intensity of fluorescéncein various areas
(heads, Intensity flagella, Intensity midpiece, Intensity whole cell),
The histograms of fluorescence intensity of eells or selected regions of cells 1s displayed on the

screen of the device. The goal of experiment: to study the change in
membrane potential during short-term storage
of cells in vitro. t1 - initial moment of

incubation; 1,2,3,4 and 5 correspond 10, 20, 30,
40 and 60 min incubation respectively
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Introduction

Measurement model 1

This report presents preliminary results of the analysis of biophysical
experimental data using the method of statistical comparison of histograms.

A method for statistical comparison of histograms [arXiv:1302.2651;
European Physical Journal Plus, 128 (2013) 143] allows to compare
experimental and / or theoretical data with the help of multidimensional test
statistics, which 1s built on the basis of the empirical distribution of test
statistics of the "significance of the difference" for corresponding bins of the
compared histograms.

In this example, two-dimensional test statistics (<S>, rms) are used as a
two-dimensional "distance" between histograms. Here, <S> is the mean
value, and rms 1s the mean square of the "significances of the difference"
distribution.

Measurement model 111

The significance of difference II

The data comes from the device in the form of an Excel file in the form of
a table, part of which 1s shown below (table on the left), and in the form of 4
sets of histograms for each of the cell regions (figures on the right).

el Caw
s R T -®-4-7

s NEOR%R 3B
dcg Feoen

CR - sLg@Rve ,F-2 " el Can 5 = -0
0 L -aggreen RECH E-W-4- ] Qo
kL= . AY B3 =

- pio Wi )
3 (B0 oM O 100 rM Oz (1 500 rM On:
,'.4.21 bt s focused & tot sp focused bt E
)
D5ect Nupheady rt ey sirbetaly dirtomdty *Obiect Nuptmads £t rdenily sirtoraty sitersty 'ORiect Nopheads rt rtemsty siternly ot

wils . - e —

respectively, tl - initial moment of incubation. 5

The significance of difference III

As a result, on the basis of empirical distributions of both the bitwise and the
total distribution of values, it is possible to analyze the compatibility or
distinguishability of the samples studied.

In the example under consideration, two statistical moments of the distribution
are used: the mean value of significance S and the mean square rms, that is,
the two-dimensional test statistics

SRMS = (S ,rms).

[f SRMS = (0,0), then the histograms are identical,

if SRMS = (0,1), then the original samples are taken from the same
population.

In this example, the total distribution 1s used (the upper figure on the right
on the next slide). The bitwise distribution is shown in the figure on the lower
left. The corresponding SRMS values are given in the figure at the bottom
right.

Hypothesis testing |

Heads: Disc(1) & Disc(t1) Heads Disc(1) & Disc(t1): Significances (distribution)
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Hypothesis testing I
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amnis

* A fluorescent label (Disc)S) was used to record the membrane
potential of cells.

* The change in fluorescence was measured with an Amnis®
instrument using a 658 nm laser.

* This device allows simultaneous registration of cell fluorescence in 2 modes:

STANDARD COLLECTION SYSTEM

OPTIONAL COLLECTION SYSTEM
Image Osannels: =6 ™M

Image Channely.

1. Flow
Fluorimetry:

2. Fluorescence '
microscopy:

The image of the passing
cells 1s recorded by
fluorescence microscopy
using a high resolution
video camera.

The cells pass one after
the other through the
laser beam, the
fluorescence and the
scattered laser radiation
of each cell are

Optienal Full Brighatuds

registered by the
detector.
The structure of the
Results of measurements are displayed on the device

screen in the form of histograms and cell images

The significance of difference I

Let take the two histograms Disc(tl) and Disc(1) for the head area with the
number of bins n=500 (the figure in the upper left on slide # 8). Suppose that
the contents of the bins are
Disc(t1) : 7112641, fi12054, ..
Disc(1) 11,2012, Ny2105,, ..
assumption in many tasks).

Then the significance of the difference for bin # i, i = /,n 1s determined by the
i1 —Knip

., a0y, 1O€ 6;=,/A;; (common

formula S"\i— , where K — normalization factor (usually this 1s

\/6’1'12-{-1(26'122
the ratio of the volumes of samples studied). If the samples are independent
and taken from the same population, then each value S; is the realization of a

random variable close to the standard normal distribution N(0,1). This means
that the distribution of n values of §; 1s also close to N(0,1).
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The significance of difference IV

To assess the ability of the instrument to distinguish between sets of data, the data of
each measurement was divided into 5 partitions by cell number. A histogram was

constructed for each partition. The histograms were compared. In the left figure, the
histogram comparison results for cells from the first to 1000 with the histograms of the
other parts of each measurement. In the right figure, a comparison of the histograms of
each part of the cells in the t1 measurement with the corresponding histogram of other
measurements. It can be seen that the device distinguishes between test data. There 1s

seen insignificant systematics uncertainty (left histogram).
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The result of the test analysis

[f the purpose of comparing histograms is to determine whether samples from
which histograms are obtained are of the same population or different, then the
problem reduces to testing hypotheses: H0 - main (samples are taken from one
population) and H1 - alternative (samples are taken from different
populations). But in order to test the hypotheses, we need to estimate the
uncertainty in the accuracy of the measurement, which depends on the number
of bins, the normalization coefficient K, and a number of other parameters,
that 1s, we need to construct a confidence distribution for the measured value
(S,rms) and for a calibration measurement characterizing the distribution of
test statistics SRMS if both samples are taken from the same population. hen
we need to determine the critical region, which allows us to estimate the error

of the Type I @ the error of the Type II f.
The Type I error ¢ 1is the probability of making a mistake when choosing

hypothesis H1, if H0 is true, the Type II error f§ is the probability of making a

mistake choosing HO if H1 1s true.
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By choosing the significance level @, one can estimate the power of the

criterion (the choice of the critical region) 1 — ff. Usually the significance level
1s chosen equal to 10% or 5%. It 1s more convenient to introduce a probability
distance, either in the form of relative uncertainty

(a + B)/(2 - (a + f)), where a + f < 1, or as the mean error (a + )/2. In our
example, the distribution of confidence in the compared quantities i1s
constructed by the method of a repeated histogram, that 1s, similar histograms
similar to the original are modeled according R

to the values and errors in the bins of the ST e
original histograms. The figure shows the o =azo0000
confidence distributions for the test (blue :/. e
spot) and calibration (black spot) os— e |
measurements. In this example, there isno < R
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need to estimate the probabilistic distance,

since the histograms are 100% distinguishable.
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Conclusions

A comparison was made of the histograms obtained at the initial time t1 and the data
obtained at time points 1, 2, 3, 4 and 5, for different regions of the cell. The figure
shows the two-dimensional distances between the corresponding histograms. There 1s
a correlation between the measurement number and the intensity of fluorescence for

different regions of the cell.
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e In this report is considered the possibility of using the method of
statistical comparison of histograms for analyzing the dynamics of

biophysical processes in cellular organisms.
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It 1s shown that this approach allows to monitor and visualize

changes 1n biophysical processes at the cellular level during mass
data processing.
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When using the bitwise distribution of the significance of the
difference, a deeper analysis of the initial data 1s possible.




