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Disclaimer
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The protocol content here is for informational purposes only and does not constitute legal, medical, clinical,
or safety advice, or otherwise; content added to protocols.io is not peer reviewed and may not have
undergone a formal approval of any kind. Information presented in this protocol should not substitute for
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neither the Company nor any of the authors, contributors, administrators, or anyone else associated with
protocols.io, can be held responsible for your use of the information contained in or linked to this protocol
or any of our Sites/Apps and Services.
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Abstract

Some Computer-Assisted Sperm Analysis (CASA) systems allow the retrieval of detailed data for each sperm
analyzed during a capture routine. By "capture routine," we refer to the process of recording a video sequence
for a defined period, typically one or two seconds. The data obtained include traditional kinematic or motility
parameters, such as VCL (Curvilinear Velocity), VAP (Average Path Velocity), VSL (Straight-Line Velocity), LIN
(Linearity), STR (Straightness), BCF (Beat Cross Frequency), and ALH (Amplitude of Lateral Head
Displacement). Additional parameters may also be available, depending on the CASA system's manufacturer
and software version.

Since motility parameters are derived from coordinate data, they serve as condensed representations of sperm
kinematic behavior. Consequently, the coordinate data contains a wealth of additional information, enabling not
only the reconstruction of motility parameters but also the trajectories followed by individual sperm. It is
important to note that these trajectories cannot be reconstructed solely from motility parameters. Thus, we
emphasize that each trajectory has an associated set of motility parameters (Rodriguez-Martinez et al., 2023).
Despite the inherent richness of coordinate data, current methodologies for identifying kinematic
subpopulations in datasets have relied exclusively on motility parameters (Ramon and Martinez-Pastor, 2018).
Coordinates can also be used to reconstruct the trajectories of individual sperm analyzed in a CASA system.
These trajectory images can subsequently serve as input for machine learning algorithms, which can cluster
the images into groups (subpopulations). These subpopulations can then be statistically characterized based
on their associated motility parameters.

In this protocol, we describe how we constructed a coordinate dataset to serve as input for machine learning
algorithms, specifically the one implemented by Rodriguez-Martinez et al. (2023). The data corresponds to
coordinates of hamster sperm analyzed using a CASA system (SMAS, Version 3.18), with a capture speed set
at 50 fps for one second (Fujinoki M, personal communication). Each capture routine in the SMAS system
generates two files: the first contains motility parameter data, while the second contains the coordinates of the
detected sperm.

The procedure comprises three stages: (1) acquisition and initial adjustments, (2) adding identifiers, and (3)
constructing the final dataset. Files are saved with the ".ods" extension (compatible with LibreOffice Calc), and
the readODS library is used to import them into the analysis workflow.
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Guidelines

All files used in this workflow can be downloaded from our account on the Harvard Dataverse site:

Dataset
Python scripts (Jupyter notebooks) NAME
https://doi.org/10.7910/DVN/CBMKVA LINK
Dataset
Coordinates from sperm cells in wide format. """
https://doi.org/10.7910/DVN/JANSRE LINK
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Before start

Requirements

Two files are required. The first one should be the file with the coordinates of the trajectories (see Figure 1); the
second file should contain the IDs of the analyzed sperm (see Figure 2). The second file can be generated from
the file containing the motility parameters (see Figure 3). All necessary files can be downloaded

from https://doi.org/10.7910/DVN/JANSRE. In Figure 1 you can observe the data structure in the original ods file. It

can be seen that the first column contains the sperm identifiers and the respective coordinate (x or y); the number

corresponds to the identifier, and the x or y in parentheses indicates the value of the respective coordinate.
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4 3(y) 0 o ) o 0 o o 0 o 0 0 o o 76.7381 82.94203 86.3720
5 |5(x) 556.8834 556.9383 557.0184 557, 557.0975 556.9684, 556.8373 556.8795 556.9755 556.9264 557 556.975 556.761,  556.7051 556.5669 556.588
6 5(y 2565092  256.4753  256.319  256.2822 2563232  256.1202 2559879 2559879  255.8712 2558773  255.8447  255.6687 2556163 2555449 2555605 255512
77 1557.705 1561764 156494 1565549 1566778  1568.443 1576328 1573757 1566967 1550.733 1554.067 15488  1547.17, 154648 154648  1546.36
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Figure 1. Screenshot of a LibreOffice Calc spreadsheet with coordinate data
20 rows and 150 columns. Each row corresponds to a sperm coordinate. The first column contains the sperm
identifier, where the number is the indicator, and the letter in parentheses indicates the coordinate (x or y ). The
remaining 150 columns contain the coordinate value of each sperm in each frame analyzed by the CASA system.
There may be rows where zeros are present instead of coordinate values; this is because some sperm may not
have been detected throuhtout the capture routine.
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Figure 2. Screenshot of a LibreOffice Calc spreadsheet with sperm identifier data. The file has 11 rows, the firste
row contains column names, and the remaining 10 rows have identifier data. The columns names correspond to

two different identifiers, called ID1 and ID5.
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Figure 3. Screenshot of a LibreOffice Calc spreadsheet of the mr_data_test ods file. This file contains motility
parameters data. The file comprises 11 rows; the first row contains the column names (motility parameters), and
the subsequent 10 rows contain data for various evaluated motility parameters. The first four columns
correspond to identifiers of the analyzed sperm.
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Stage 1: Acquisition and Initial Adjustments

1 Load the necesary library for reading ods files and set the working directory

Command
new command name

library (read0DS)

Command

new command name

setwd("/Users/andresammx/Documents/RStudio/Markdown/Coordenadas_esperm
aticas formato")

11 Create an object named coord, and load into it the contents of the working file that
contains the coordinates."
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Command

new command name

coord<-read ods("traj data test.ods", col names=FALSE,
as_tibble=FALSE)

Note

The source file is read using the read_ods command. The argument col_names=FALSE
specifies that the first line of the file should not be interpreted as column names.
Similarly, the argument as_tibble=FALSE indicates the preference for obtaining an
object with a dataframe structure rather than a tibble format.
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Expected result
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The output generated upon executing the function
numeric names to each column in the file.

1.2 Review the structure of the data in the coord object:

Command

new command name

str(coord)
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Expected result
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##
##
##
##
##
##
##
##
##
##
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##
##
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##
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##
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##
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##
##
##
##
##

'data.frame':

&+

e B A A R e - B - A A o B A R - A < B - e B B R LR - AN S R B A e S B R A S I A R R R

chr
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num

20 obs. of 151 variables:
"2(x)" "2(y)" "3(x)" "3(y)"
1054.1 59.1 0 0 556.9
1054 59 0 0@ 557 ...

1054.1 58.9 0 0 557

1053.9 58.8 0 0 557 ..
1053.9 58.8 0@ 0 557.1 ...
1053.8 58.7 @ 0 557 ..
1053.5 58.7 @ © 556.8 ...
1053.7 58.7 @ 0 556.9
1053.6 58.5 0 0 557 ...
1053.5 58.4 0@ 0 556.9
1053.5 58.3 0 0 557

1053.5 58.4 0@ © 557 ..
1053.5 58.2 0@ 0 556.8 ...
1053.5 58.2 1821 76.7 556.7
1053.5 58.4 1815.1 82.9 556.
1053.6 58.4 1806.9 86.4 556.
1053.6 58.1 1798.5 82.3 556.
1053.7 58.1 1793.4 79.3 556.
1053.5 58 1789.5 76.6 556.6
1053.3 57.8 1787.1 74.7 556.
1053.3 57.8 1787.2 82.1 556.
1053.3 57.6 1793.8 82.6 556.
1053.3 57.6 1800.7 79.9 556.
1053 57.4 1805.8 76.5 556.5
1052.9 57.3 1807.2 72 556.4
1053.2 57.2 1807.7 67.4 556.
1053.1 57.1 1807.5 63.1 556.
1053.3 56.9 1806.7 59.6 556.
1053 57 1807 56 557 .
1053.2 56.8 1807.8 54.2 556.
1053.3 56.7 1807.1 54.2 556.
1053 56.5 1807.2 52.3 556.5
1053.1 56.4 1811.1 42.5 556.
1053.3 56.1 1822 56.3 556.6
1053.3 56.2 1832.9 70 556.5
1053.2 56.2 1843.8 83.8 556.
1053.2 56 1835.8 89.5 556.4
1053.1 55.9 1830.9 93.3 556.
1052.9 55.9 1822.9 94.7 556.
1052.9 55.8 1815.2 93.8 556.
1052.9 55.8 1809.9 92.3 556.
1052.8 55.7 1808.7 91.9 556.
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##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##

e I A R~ B - B - A o oo B A - R B - A A R - A - A - e B B A A AR S AR A - e B B R B B - A A e R A R R

.44
.45
.46
.47
.48
.49
.50
.51

. .52
.53

. .54
.55
.56
.57

..58
.59
.60
.61

. .62
.63

. .64
.65
.66
.67

. .68
.69
.70
71
.72
.73
.74
.75
.76
.77
.78
.79
.80
.81

..82
.83

..84
.85
.86
.87
.88

num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num

1052.4 55,7 1815.9 93 556.4 ...
1052.4 55.6 1823.7 92.9 556.3
1052.4 55.5 1828.1 90 556.5
1052.4 55.5 1830 86 556.4 .
1052.5 55.2 1830.1 81.8 556.4
1052.5 55 1829.9 77.1 556.5
1052.3 55 1830 72.8 556.5 .
1052.3 54.9 1828.6 70.4 556.5
1052.4 54.7 1827.7 68.7 556.4
1052.3 54.7 1827.5 68.7 556.4
1052.1 54.7 1827 66.1 556.3 ...
1052.1 54.7 1828.4 57.1 556.4
1051.9 54.6 1836.3 66.6 556.4
1051.9 54.3 1844.1 76.2 556.2
1052.1 54.2 1852 85.8 556.4
1051.9 54.1 1859.9 95.4 556.2
1052 54.1 1855.6 100.8 556.2
1052 53.9 1849.1 1603.1 556.1
1052 53.8 1839.2 102.1 556.2
1052 53.7 1831.6 100.5 556 ..
1052 53.8 1829.4 100.6 556.1 ...
1051.9 53.8 1833.8 102.7 556
1052 53.8 1842.8 103.5 556.1 ...
1051.7 53.6 1848.3 100.6 556.2 ...
1051.5 53.4 1851.2 96.3 556.3
1051.7 53.4 1851.6 92 556.2 ...
1051.6 53.6 1849.9 87.7 556.1 .
1051.5 53.2 1847.8 85 556.1
1051.7 53.1 1846.1 81.8 556
1051.7 53 1844.2 79.1 555.8
1051.9 53 1843.1 76.6 555.8
1052 53 1844.3 74.2 555.9 .
1051.9 53.1 1843.9 64.3 555.7
1051.8 53 1853.2 73.9 555.9 ...
1051.9 52.9 1862.6 83.5 555.9 ...
1051.9 52.8 1871.9 93.1 555.9
1051.9 52.8 1881.3 102.7 555.9
1051.9 52.8 1873 105.4 555.8
1051.9 52.8 1865.4 107.8 555.
1051.9 52.8 1855.8 106.4 555.8
1051.7 52.8 1848.2 104 555.7
1051.6 52.8 1845.2 102.6 555.
1051.6 52.8 1848 104.9 555.7
1051.7 52.8 1857.1 106.3 555.
1051.7 52.8 1861.8 104.1 555.7
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##
##
##
##
##
##
##
##
##
##
##

e A R eI A R T

Note

The coord object contains 20 observations (rows) and 151 variables (columns).
Specifically, the coord object has 151 columns, where the first column represents sperm
identifiers, and the remaining columns correspond to the values of the x and y

coordinates.

1.3  Create a new object named coord2. This step involves transposing rows into columns.

Command

..89
.90
.91
.92
.93
.94

..95
.96

..97
.98

...99 :

#i#t [list output

num
num
num
num
num
num
num
num
num
num
num

new command name

1051.9 52.
1051.9 52.
1051.9 52.
1051.5 52.
1051.5 52.
1051.5 52.
1051.6 52.
1051.3 52.
1051.4 52.
1051.4 52.
1051.4 52.
truncated]

O OO NN 00N 00 o O o

1864.8 100.5 555.7

1866 96.7 555.8
1865.7 93.2 555,
1864.1 90.7 555.
1862.9 87.9 555.
1861.6 85.3 555.
1861.3 83.4 555.
1860.7 82.7 555.
1860.2 81.3 555.
1857.6 68.8 555.
1860 84.7 555.7

coord2<-t(sapply(coord, as.numeric))

Note

The t function is applied to each element of coord using the sapply function. An
argument is provided to sapply to ensure that the result is returned as numeric."
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Expected result

## Warning in lapply(X = X, FUN = FUN, ...): NAs introduced by
coercion

A warning message is generated, indicating that the function has introduced NA
values.

14 Assign the structure of a dataframe to the coord2 object

Command

hew command name

coord2<-as.data.frame(coord2)

15 Verify the structure of coord2 object

Command

new command name

str(coord2)
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Expected result

## 'data.frame":
:num

## SV1
## SV2:
## SV3:
## SV4:
## SV5:
## SV6:
## SV7:
## SV8:
## SVO:

## SV10:
## SV11:
## SV12
## SV13:
## SV14:
## SV15:
## SVie:
## SV17:
## SV18:
## SV19:
## SV20:

Note

We have a dataframe with 151 observations (rows) and 20 variables (columns), where

num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num
num

151 obs. of 20 variables:
NA 1054 1054 1054 1054 ...

NA 59.1 59 58.9 58.8 ...
NA000OOOOOOQO...
NA00O0OOOOOOQO...
NA 557 557 557 557 ...
NA 257 256 256 256 ...

NA 1558 1562 1565 1566 ...

NA 456 456 455 453 ...

NA 1418 1419 1419 1420 ...

NA 630 629 627 627 ...

NA 1508 1509 1510 1508 ...

NAO0OQOOO..

NAO0OQOOO..

NA 660 660 659 659 ...
NA 549 548 551 550 ...
NA 735736 736 736 ...
NA000O0OO0OOOQO...
NA000O0OO0OOOQO...

NA 1793 179317931793 ...

NA 930930 930 931 ...

the first row contains NA values.

1.6 Examine the beginning of the coord2 object to verify its structure.

Command

new command name

head(coord2)
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Expected result

##
V8
##
NA
##

##

##

##

##

##
v1i7
##
NA
##
0]
##
0]
##
0]
##
0]
##
0]
##
##
##
##
##
##
##

Vi
V9

A NA
NA

...2 1054.062 59.
455,
...3 1053.990 58.
455,
...4 1054.083 58.
455,
...5 1053.896 58.
452.
...6 1053.937 58.
450.

9799 1417.506
6351 1418.618
1192 1419.067
6732 1420.282
3038 1420.919

V10
V18 V19

- NA
NA NA

V2 V3 V4

NA NA NA

09278 0 0

95833 0 ©

87629 0 ©

82292 0 ©

78947 O 0O

Vi1l vi2 Vv

NA NA

.2 629.9663 1508.214 0

® 1792.862

.3 628.6404 1508.910 0

®@ 1793.273

.4 627.4832 1509.527 0

®@ 1793.246

.5 626.8588 1508.331 0

® 1793.362

.6 626.3837 1508.648 0

® 1793.853
V20
NA
930.0461
930.0606
930.2308
930.5797
930.0735

o O~ WODN R

V5 V6
NA NA
556.8834
556.9383
557.0184
557.0000
557.0975
13 V14 V15
NA NA NA
@ 659.8587 549.4211
@ 659.7297 548.4578
@ 659.3681 550.9625
0@ 659.2418 550.0617
@ 658.7337 553.6901

protocols.io | https://dx.doi.org/10.17504/protocols.io.14egnép4ql5d/vi

January 7, 2025

735,

735,

735,

736.

735,

V7

NA

256.5092 1557.705

256.4753 1561.764

256.3190 1564.940

256.2822 1565.549

256.3232 1566.778

V16

NA

4737

6265

5875

4691

1549

20/38


https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.14egn6p4ql5d/v1

€3} protocols.io Partof SPRINGERNATURE

Note

At the beginning of the coord2 object, a row containing NA values has been inserted.
To clean the object, select only the rows that are required.

1.7 Select only the rows that are required, and then review the beginning of the coord2
object again.

Command
new command name

coord2<-coord2[2:151, ]
head(coord2)
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Expected result

##
V8
##

455,

##

455,

##

455,

##

452.

##

450.

##

451.

##
v1i7
##
0]
##
0]
##
0]
##
0]
##
0]
##
0]
##
##
##
##
##
##
##

In the coord2 object, the odd-numbered columns correspond to x-coordinates, while
the even-numbered columns correspond to y-coordinates. Although the order has

Vi V2 V3 V4 V5
V9

...2 1054.062 59.09278 0 0O 556.8834 256.
9799 1417.506
...3 1053.990 58.95833 0 0O 556.9383 256.
6351 1418.618
...4 1054.083 58.87629 0 0O 557.0184 256.
1192 1419.067
...5 1053.896 58.82292 0 0O 557.0000 256.
6732 1420.282
...6 1053.937 58.78947 0 0O 557.0975 256.
3038 1420.919
...7 1053.844 58.73958 0 0O 556.9684 256.
9823 1421.352

V10 Vil vi12 vi3 vi4
V18 V19
..2 629.9663 1508.214 0 0 659.8587
® 1792.862
...3 628.6404 1508.910 0 0 659.7297
®@ 1793.273
...4 627.4832 1509.527 0 0 659.3681
©@ 1793.246
..5 626.8588 1508.331 0 0 659.2418
® 1793.362
...6 626.3837 1508.648 0 @ 658.7337
® 1793.853
...7 625.,9091 1511.569 0 0 663.0067
0@ 1794.060

V20
..2 930.0461
..3 930.0606
..4 930.2308
..5 930.5797

.6 930.0735

.. 7 930.0150

protocols.io | https://dx.doi.org/10.17504/protocols.io.14egnép4ql5d/vi

V6

5092 1557.

4753 1561.

3190 1564.

2822 1565.

3232 1566.

1202 1568.

V15

549.4211 735.

548.4578 735.

550.9625 735.

550.0617 736.

553.6901 735.

556.5714 735.
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V7

705

764

940

549

778

443

V16

4737

6265

5875

4691

1549

1948
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been maintained, the sperm identifiers have been lost.

1.8 Reshape the coord2 object into a long format. Place column 3 below column 1,
column 5 below column 3, and so on. Apply the same restructuring to the even-
numbered columns. Begin this process by creating an object named col_odd, which
will match the length of coord2 and store the identifiers for the odd-numbered
columns.

Command

new command name

col odd<-seq len(ncol(coord2)) %% 2

Next, we will create two objects named only_x and only_y, where we will place the
odd-numbered columns (corresponding to x) and even-numbered columns
(corresponding to y), respectively:"”

Command

new command name

only x<-coord2[, col odd == 1]
only y<-coord2[, col odd == 0]

19 Create two objects named only_x and only_y. Place the odd-numbered columns
(corresponding to x) in only_x and the even-numbered columns (corresponding to y)
in only_y.
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Command

new command name

only x<-coord2[, col odd == 1]
only y<-coord2[, col odd == 0]

1.10 Verify the content of each object:

Command

new command hame

head (only x)
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Expected result

##
V15 vi17

## ...2 1054,

549.4211

## ...3 1053,

548.4578

## ...4 1054,

550.9625

## ...5 1053,

550.0617

## ...6 1053,

553.6901

## ...7 1053,

556.5714

Command

0

0

0

0

0

0

V1l V3

V19
062

1792.

990

1793.

083

1793.

896

1793.

937

1793.

844

1794.

hew command nhame

head (only y)

0 556.

862

0 556.

273

0 557.

246

0 557.

362

0 557.

853

0 556.

060

V5

8834

9383

0184

0000

0975

9684

1557.

1561.

1564.

1565.

1566.

1568.

V7

705

764

940

549

778

443
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1418.

1419.

1420.

1420.

1421.

V9

506

618

067

282

919

352

1508.

1508.

1509.

1508.

1508.

1511.
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Expected result

##

V16

##

##

##

##

##

##

1.11 Create two new objects to contain the stacked

V18

...2 59,
735.
...3 58
735.
...4 58.
735.
...5 58.
736.
...6 58
735.
...7 58.
735.

4737

6265

5875

4691

1549

1948

V2
V20
09278
0 930.

.95833

0 930.
87629
0 930.
82292
0 930.

. 78947

0 930.
73958
0 930.

columns, respectively:

Command

new command nhame

V4

0 256.

0461

0 256.

0606

0 256.

2308

0 256.

5797

0 256.

0735

0 256.

0150

V6

5092

4753

3190

2822

3232

1202

455,

455,

455,

452,

450.

451,

V8

9799

6351

1192

6732

3038

9823

629.

628.

627.

626.

626.

625.

vV1ie vi12
9663 0
6404 0
4832 0
8588 0
3837 0
9091 0

data from the

only x<-data.frame(x=unlist(only x, use.names=FALSE))
only y<-data.frame(y=unlist(only y, use.names=FALSE))

1.12 Create a new object named traj with two columns: the first column will contain the
data from the only_x object, and the second column will contain the data from the

only_y object."
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Command

new command name

traj<-cbind(only x, only y)

1.13 Verify the structure of the traj object

Command

new command name

str(traj)

Expected result

## 'data.frame': 1500 obs. of 2 variables:
## $ X: num 1054 1054 1054 1054 1054
## $ y: num 59.1 59 58.9 58.8 58.8

The traj object now contains two variables (the x and y columns) and 1,500
observations (or rows) of data. In total, the dataframe holds 3,000 data points,

calculated by multiplying the 150 pairs of coordinates by 10 observations (sperm) per
2 coordinates."
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Stage 2: Identifiers creation

2 Add columns with string-type identifiers for each sperm to the traj object.
ID1: Key for the capture routine
ID2: Experiment number (or the identifier of the male or experimental unit)
ID3: Experimental treatment (or factor level)
ID4: Incubation time
ID5: Sperm identifier in the capture routine

Note

Each identifier must match exactly with the corresponding entries in the motility
parameters file. It is important to note that the content of these identifying columns
will vary depending on the input files.

Create a file containing the coordinates for the entire experiment. Prepare a file
specifying the order of IDs for the analyzed sperm with care. Import this file into R,
and extract the ID1 and ID5 objects from it.

Finally, create an object to include the missing identifiers. This object should contain
the data presented in Figure 2.

Command

new command name

ID faltantes<-read ods("ID5 data test.ods", col names=TRUE,
as_tibble=FALSE)

2.1 Verify the structure of the ID_faltantes object
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Command

new command name

str(ID faltantes)

Expected result

## 'data.frame":. 10 obs. of 2 variables:
## S ID1: chr "obs1_1""obs1_1""obs1_1""obs1_1" ...
## SID.5:num 235791011 131415

Since the traj object contains 150 coordinates for each sperm, ensure that each
identifier is repeated 150 times.

2.2 Extract column 1 from the ID_faltantes object and assign it to a new object named ID1.
Then, create 150 repetitions of each value in ID1.

Command

new command name

ID1<-ID faltantes[,1]
ID1<-rep(ID1, each=150)
length(ID1)

Expected result

##[1] 1500
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2.3 Create an object named num_row to account for the varying number of lines
(analyzed sperm) in each input file. This object should contain the required number of

lines specific to the input file being processed.

Command

hew command nhame

num_row<-(ncol(coord2)/2)*150
num_row

Expected result

##[1] 1500

2.4 Use the num_row object to generate the required number of lines for ID2, ID3, and

ID4.

Command

new command name

ID2<-rep("expl", num_row)
ID3<-rep("tratamientol”, num_row)
ID4<-rep("Oh", num_ row)

protocols.io | https://dx.doi.org/10.17504/protocols.io.14egnép4ql5d/vi

January 7, 2025

30/38


https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.14egn6p4ql5d/v1

€3} protocols.io Partof SPRINGERNATURE

2.5 Create the ID5 object by extracting the content of column 2 from the ID_faltantes
object and repeating it 150 times.

Command

new command name

ID5<-ID faltantes[,2]
ID5<-rep(ID5, each=150)

Stage 3: Final object creation

3 Finally, create a new object named traj2 by merging the identifying columns with the
traj object. Ensure to account for the fact that the sperm identifiers vary throughout
the dataframe.

Command

hew command name

traj2<-as.data.frame(cbind(ID1, ID2, ID3, ID4, ID5, traj))
str(traj2)
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Expected result

## 'data.frame. 1500 obs. of 7 variables:

## S ID1: chr "obs1_1""obs1_1""obs1_1""obs1_1" ...

## S1D2: chr "exp1" "exp1" "exp1" "exp1" ...

## S ID3: chr "tratamiento1" "tratamiento1" "tratamiento1
## $1D4: chr "Oh""Oh""Oh" "Oh" ...

## SID5:num 2222222222 ...

## Sx :num 1054 1054 1054 1054 1054 ...

## Sy :num 59.1 59 58.9 58.8 58.8 ...

tratamiento1" ...

3.1 Review both the beginning and the end of the traj2 object to verify that the data has
been merged correctly.

Command

hew command nhame

head(traj2)

Expected result

## ID1 ID2 ID3 ID4 ID5 X y

## 1 obs1_1 exp1 tratamiento1 Oh 2 1054.062 59.09278
## 2 obs1_1 exp1 tratamiento1 Oh 2 1053.990 58.95833
## 3 obs1_1 exp1 tratamiento1 Oh 2 1054.083 58.87629
## 4 obs1_1 exp1 tratamientol Oh 2 1053.896 58.82292
## 5 obs1_1 exp1 tratamiento1 Oh 2 1053.937 58.78947
## 6 obs1_1 exp1 tratamiento1 Oh 2 1053.844 58.73958
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Command
new command name

tail(traj2)

Expected result

## ID1 ID2 ID3 ID4 ID5 X

## 1495 obs1_1 exp1 tratamientol Oh 15 1805.636 931.2121
## 1496 obs1_1 exp1 tratamientol Oh 15 1805.554 931.2769
## 1497 obs1_1 exp1 tratamientol Oh 15 1805.403 931.4478
## 1498 obs1_1 exp1 tratamientol Oh 15 1804.460 930.5397
## 1499 obs1_1 exp1 tratamientol Oh 15 1804.113 931.2903
## 1500 obs1_1 exp1 tratamiento1 Oh 15 1803.900 931.3500

3.2 Check for undetected sperm in the 150 frames due to CASA system settings, as this
may result in zero values. These zero values can cause issues when reconstructing
trajectory images and must be eliminated. To address this, follow two steps: first,
replace all zero values with NA. Then, use the drop_na function from the tidyr library
to remove all rows containing NA values.

Command
new command name

traj2[traj2 == 0]<-NA
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Command

new command name

library(tidyr)
traj2<- drop na(traj2)

3.3 Verify the traj2 object

Command

new command hame

str(traj2)

Expected result

## 'data.frame':. 1379 obs. of 7 variables:

## S ID1: chr "obs1_1""obs1_1""obs1_1""obs1_1" ...
## S 1D2: chr "exp1" "exp1" "exp1" "exp1" ...
## S 1D3: chr "tratamiento1" "tratamiento1" "
## S 1D4: chr "Oh""Oh" "Oh" "Oh" ...

## SID5:num 2222222222 ...

## Sx :num 1054 1054 1054 1054 1054 ...
## Sy :num 59.1 59 58.9 58.8 58.8 ...

tratamiento1" "tratamiento1" ...

3.4 Verify that all rows containing zeros have been successfully eliminated.
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Command
new command name

head(traj2)

Expected result

## ID1 ID2 ID31D4 ID5
## 1 obs1_1 exp1 tratamiento1
## 2 obs1_1 exp1 tratamiento1
## 3 obs1_1 exp1 tratamiento1
## 4 obs1_1 exp1 tratamiento1
## 5 obs1_1 exp1 tratamiento1
## 6 obs1_1 exp1 tratamiento1

3.5 Verify that the sperm IDs in the traj2 object match the IDs of the rows in the motility

parameters file.

Command

hew command nhame

unique(traj2$ID5)

Expected result

Oh
Oh
Oh
Oh
Oh
Oh

## 1123 5791011131415

y
21054.062 59.09278
21053.990 58.95833
21054.083 58.87629
21053.896 58.82292
21053.937 58.78947
21053.844 58.73958
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3.6 Create a CSV file at this point for future use.

Command

new command nhame

write.csv(traj2, "traj expl.csv")

Alternatively, create a new object with a different name, such as:

Command

new command name

end 1l<-traj2

3.7 If repeating the workflow with other files, use the last created object (end.1) to
generate a final object containing all the data from the processed files. Proceed as
follows:
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Command
new command name

end all<-as.data.frame(rbind(end 1, end 2, end 3, end 4, end 5,
end 6, end 7, end 8))

Note

When processing one or more files with trajectory data, ensure that the traj file and the
motility parameters file have the same number of observations (lines) to successfully
combine them in the traj-ah-6-full-0.ipynb Jupyter notebook (see Figure 3).

Note

It is also important to verify that the input files intended for use in the traj-ah-6-full-
0.ipynb notebook have a CSV extension. For the coordinate file, remove the first line
containing the column names. In contrast, ensure that the motility parameters file
includes the line with the column names.

Conclusions

4 With the proposed workflow in this document, one can modify a coordinate file to
obtain the long format. Similarly, sperm IDs can be automatically generated so that
each set of coordinates has its own identifier.Using the proposed workflow in this
document, modify a coordinate file to obtain the long format. Additionally,
automatically generate sperm IDs to ensure that each set of coordinates has its own
unique identifier.
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