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Tutorial and overview

featuring version 1.3.0 (September 2019)

http:/pmbm.ippt.pan.pl/software/shuttletracker



In this tutorial, we are going to process images in which nuclear translocation of

a transcription factor, NF-uB, is triggered by irregular pulses of TNF administered
with the use of a microfluidic device.

To proceed, an archive of the images of MEF cells should be retrieved from URL:
http:/pombm.ippt.pan.pl/software/shuttletracker/tutorial/March26_WellB_Pos09.zip
The archive contains 16-bit TIFF images of 241 time frames recorded in 3 channels:
e suffix chOO - GFP-labeled NF-uB subunit,

e suffix chO1 - nuclear signal from a fluorescently labeled histone,

e suffix chO2 - bright-field view.

March26_WellB_Pos09
t118_ch@1.tif WellB_Pos@@9_5001_t239_chee.tif

The archive contains also a text file, T O R

WellB:Pos@@g:S@@1 t119:ch@@,tif WellB_Pos@@9_See1l t239:ch@2,tif

Sh Uttletracker metadata txt Which WellB_Pos0@9_S@@1_t119_chel.tif WellB_Pos@@9_S001_t240_chee.tif
. — . ‘ . ’ WellB_Pos@@9_S@01_t119_che2.tif WellB_Pos@@9_S001_t240_ch@l.tif
provides a terse description of the

WellB_Pos@@9_S001_t120_ch@@.tif WellB_Pos@@9_S0@1_t240_ch@2.tif
IMages.

[~/ShuttleTrackerTutorial/March26_WellB_Pos@9]% tail -n4 shuttletracker_metadata.txt
channel @ NFkB green 14

channel 1 H2B blue 14

channel 2 BF gray 14

time_interval 248

[~/ShuttleTrackerTutorial/March26_WellB_Pos@9]%

A quick peek into the extracted archive in terminal.
The last column is the microscope camera bit depth.


http://pmbm.ippt.pan.pl/software/shuttletracker/tutorial/March26_WellB_Pos09.zip

After starting ShuttleTracker, the main window
with a standard menu bar and a toolbox bar
(initially disabled) is displayed.

To go full-screen, you can press F11
(or select menu Window — Go full-screen).
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[}

, v Display buffers: Cache images in memory for fast display
: v Over-8-bit images: Normalize to camera bit depth if known

: v Bright-field images: Skip when loading

1 v Upon startup: check for updates

Before we load images, in menu Preferences, we may:

e decide to use fast display buffers (only if you have ~6 GB RAM free),

e want to normalize images to camera bit depth (which will cause that
only 14 lower bits of 16-bit TIFFs will be internally mapped to 8 bits),

e and decide to hide or skip at all bright-field images
(because they are not necessary for the analysis).

(These preferences will be saved upon exit and restored upon next launch.)
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Image masking Nuclei detection Nuclei editing Perinuclei Regions editing Quantification Tracking Tracks editing i

After images are loaded, multiple channels of the same time frame
are displayed side-by-side in panes (up to 7 channels - red, green,
blue, cyan, magenta, yellow, and bright-field - can be handled.)

To move around, press left mouse button and grab image;
to zoom in/out, use mouse scroll. Note that the changes
“of viewport are synchronized between all displayed panes.

When the bottom slider is in focus, you may
easily skip to the next/previous time frame
using keyboard left/right arrow keys.

240
--------------------------------------------------------------------------------------------------------------------------------------
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1 Green channel: NFkB Image masking Nuclei detection Nuclei editing Perinuclei Regions editing Quantification Tracking Tracks editing @

1
i Blue channel: H2B

. Overlays
' Original
Normalized

v Auto-leveled (weak)
' Auto-leveled (strong)

1 Hide all marking Space
b, e Al Images . CuttSpace 3
Display style can be altered using menu View,
where you can, e.g., stretch contrast, show all
channels in grayscale, and compose overlays.
(0]

0..240) 0:00 >
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' Image masking Ctri+" .

! Nuclei detection gkl e T e e e T e T T T T e e e
’ Nuclei editing Ctri+2 5
: Perinuclei Ctri+3 :
L Regions editing Ctri+4 :
' Quantification Ctrl+5 :
i Tracking Ctri+6 |
' Tracks editing Ctri+7 !

Now, we will go over the available toolboxes
listed in menu Tools or the tools toolbar.

(For the purpose of saving vertical space, the toolbar can be hidden
using a pop-up check-box displayed after right-clicking on it;
each toolbox may be activated using keyboard shortcuts:
Ctrl+°, Ctrl+1, Ctrl+2, ..., and Ctrl+7;
on Macs, use the “apple” key instead of Ctrl).

0..240) 0:00 >
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User's manual... Ctri+Shift+M :
About... Ctrl+Shift+V |

ShuttleTracker Manual

ShuttleTracker — User's manual

Table of contents:

* Overview
* Capabilities
* Launching
¢ Launching with GUI
e Launching from terminal
¢ [nput images
* File names
* |Image formats
* Bit depth
* Metadata
* Viewing

+Navigaton | (As this tutorial in not intended to

* Enhanced view

+ Toolboren | be comprehensive, please check the

* Image masking

+ Nudi dtecin ] User’s manual to get additional details

* Nuclei editing

+ Perinucli dervation 1 on the workings of each toolbox. The

* Regions editing

* Quantifcaton 1 manual can be displayed using an entry

* Tracking

bt 1 in menu Help. The manual in PDF format

 Scripting

i 1 is installed together with the binary

* Getting help

« Credi 1 executable, and is also available online

* Appendix A: Programming interface

* Appendix B: Hints and troubleshooting é On the prO_jeCt homepage.) 0:00
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:Image masking

Mask Reset

The image masking toolbox is a simple one. It allows the user to manually

exclude regions of the image (in all channels) that contain debris or other
unwanted objects that would deceive segmentation or skew quantifications.

To mask selected regions, make a right-click to enter the drawing mode, and
then, with the left mouse button pressed, draw contours of regions that :
should be excluded, and finally click the ,Mask” button. There’s no “undo.” :
The contours can be saved to and loaded from a plain text file. :

(The image masking toolbox is mentioned for completeness; it is neither
necessary nor expected to be used in processing tutorial images.) '

L}
0:00 > : Mask « file

0..240)
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Preferences Window Help

Image masking 1 Nuclei detection » Nuclei editing Perinuclei Regions editing Quantification Tracking

The nuclei detection toolbox is responsible for
performing the crucial work of segmenting nuclei,
which may be achieved either by detecting bright

,blobs” in the images with nuclear fluorescence
signal or by detecting “edges” in images with
cytosolic-only staining (in which nuclei appear

as well-delineated dark spots). i

:Nuclei detection

1
1Channel
L}

1
: blue
¢ nuclear cytosolic

1
1Image preprocessing
1

1
il v Normalization

: ['] Denoising

i v Smoothing 5px 2 |
1

1
:Blob detection

: v Thresholding
1

Tracks editing &

Auto e Manual
il | block size 121 px £
i | base-line 0F

1
% v Morphology: opening

repeats X1 &
erosion 1px &
dilation lpx £

1
: Nuclei assessment

L}

1| min. solidity 0,95 3| |
] ]
1| min. area 0,40 5 v
1 ]
1| max. area 1,25 5|

L}
1| v split adjacent
1

]
min. indent 6px 2 v

Detect nuclei
[[] auto-click

0 — s
1 ] preview stages

L}
: Settings « file Save
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Nuclei detection

1Channel

Images used in this tutorial do have a nuclear staining —
channel, so the “blob”-based approach is appropriate el oo
(see the settings in the first group box on the top, Channel).

1lmage preprocessing
L}

1

il v Normalization

: ['] Denoising

: v Smoothing Spx & :

Before blob detection, image is preprocessed e

"
H of each pixel is defined based on the filter only parameter, LiBLISEEIRIEY

M radius, and the weights of the photometric and geometric

(see the next group box, Image Preprocessing) stancesare st o Inearly proprtona 0 raus. (RSN

. . . o [ This filter may be used as a faster replacement, or as a i

U SI ng ﬁ |te rS WhOse d eSC rl ptl O nS a re d IS p Iayed : complement, of the previous denoising step. : Auto e Manual
H API parameters: ! blocksize  121px §
Inuclei detection_smoothing [on/off]

as tooltips after mouse pointer hover for a few :

i| base-line 05

seconds over a respective check box (or label, ¢ Morpholoy: opeing

° repeats X1 &
or a spin box). v -
dilation 1px % |
Nuclei assessment
min. solidity 0,95 35
min. area 0,40 5
max. area 125§

v split adjacent
min. indent 6 px 2

Detect nuclei
[[] auto-click

] preview stages

0 0:00 = Settings « file Save

0..240)
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Nuclei detection

Channel
blue

* nuclear cytosolic
Nuclei detection (blob-based): after opening

TO Iea rn hOW Image preprocessing
' the image | B
| preprocessing v Smoothing 5px B
pipeline a nd i Blob detection
“blob detection ““
work, youmay e s
tick the check
A g v Morphology: opening

box preview el )
stages. All e T
SU bseq Uent Nuclei assessment
| Stages Wi” mi.n. solidity 0,95 +
be then e

o v split adjacent =
d IS p I ayed min. indent 6px ¥
in Sepa rate Detect nuclei

auto-click

windows. i s ;

0:00 = | = Settings « file Save
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Nuclei detection

Channel
@ O N o 4 = C ) blue -
Y - - R e l_,..—~\| Ly 0, I i = — I,..—~\] ¥ o nuclear CYtDSOliC
- S o -2 e = LN s, !
e ® Fifa T ® Oy @ o O y @ - Y
\__) - e _} \v) i) q \ &< W = - ) & & Image preprocessing
. o - P e pe oy —_ d
i 1 (o _r B, ! y ) N
k“,: ! L - 1 i
—" — & —/ v Normalization

['] Denoising

BIob detection beglns with local thresholding of user- deﬁned block size, i o
- with a subsequent user-defined manual correction of the base-line. et
A pair of these two thesholdlng paramaters, that gives nuclear O meoang |

contours of maximum solidity, can be found automatlcally 0O [ e

: upto 2001p¥
) [ #steps 8 5

O Thesevalues may or may not be appropriate to anaIyze your images; ~ | -
however, it often provides a reasonable starting point from which these =~ @ . %I |
parameters can be changed manually, potentially together W|th Hininzss - s

1
U | thread timeout 2,053 1§

< the image preprocessmg parameters. . j | troeo tmeont 2028 | |

v Morphology: opening

up to 25

>

] (e - ‘ ~ B { o

P = €= = Y, s S
: L : _ - ‘ repeats x1&
5 & R I : r,/ ) ) - ) P erosion Tpx B
( '\ g Ef“\ | / ( e ) e [/" 1 [ ( - ~ ! j o =

N ) L - \ : r,-—\!\ (i) oy [.,\] ® ® d ) = /) - dilation 1 px
@) B L = i Q O O )
~ 3 o Fi ~ ot iy Nuclei assessment
{ } S

min. solidity 0,95 5
| min. area 0,40 <
4 L3

.0?,.\.,. 0:00 = = Settings « file Save
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Image masking Nuclei detection Nuclei editing Perinuclei Regions editing Quantification Tracking Tracks editing i

Nuclei detection

Channel

O O Q -~ QU blue ey
= O 0 O \J O o nuclear  cytosolic
O SO O o\ 0o e O
O O
@ @)

O O QO Q Image preprocessing
@

O v Normalization

i o |Bmm
| O d O O Blob detection

O QD \O J = r O O O O Q:) OO — (3 O O v Thresholding

OAs the nucle; detection typically takes only a fraction of asecond ©

Auto ¢ Manual

(however up to ~20x more when the denoising filter is /qul),@/ou?hay; o o |fE g

base-line -13 §

tick J:.Jwectric;(glg;box auto-click éﬁd(;wegak parameter values with spin-_ © |
boxes and see the resulting segmentation nearly immediately. This © e (B

] o O i /) C . B . elrosilon 1 px :

responsiveness mgk(ejs gwan%al parameter search and ﬁne-gj%mg i O I
y a_{qa CQ:[I]V@r] I@ nt\q C) 8 (Fj‘ Q > \’)CJ (.) ,\é Cj (ﬂ\) @ (> C‘“} Q N::e; ::sietssment —
o Q O O @) O . y ,96 5

Q Q Q min. area 03518
QO O Cj @) g © QO O C} @ %) O max. area 093 F

| To No SO P @ s ® %5
(s

v split adjacent

O min. indent 5 px =

8
O

Detect nuclei (auto)
© ) e ARG !

] preview stages

,0? ________ 0:00 | <= | = Settings « file Save |Load
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Nuclei detection

Channel

blue i

L
Q ), QO e nuclear  cytosolic
O O Q @ ) Image preprocessing
@)

O v Normalization

. e O
A O -0

QO SO © ° O

ot ® O O > @ -~ O

Th@“ndélel detection settlngs can be " o IS
d O O Blob detection

rsa\’/ed to/loaded from)a plaln text file.
e ® .

The name of the fbe IS gljsp yed/ in © I ~NO. o A “ / Thvesholding
he Sté}ug E/aro 5 * ShuttleTracker - Logged messages =

S @) i Yy C Bl e e T A R R L e ek
) — ,») \_J h Info: Readmg image files in /home/marek/ShuttleTrackerTutorial/March26 WellB Pos@9... done
(j @ = P Info: Preparing overlays... done
- ) fj O :Info: Caching images in fast display buffers... done
o h Info: Parameter scan: precomputing shared image preprocessing steps...

h @] ’) o :Info. Number of parameter sets to scan: 10
\M Info: Nuclel detection: N:97 SpN:28 nSp:7 Sp0:1 D:9 [15 d
By t S aY’ 9 e)u aYdise Cx I IR e settingg 1oadgdpfrompv.-elLa_Pogeengr]am?gﬁc_detect.ini.
W d Sh I ' Info: Nuclei detection: N:119 SpN:8 nSp:9 Sp0:1 D:4 [26 ms]
menu Window — Show og...
to dlgplay all | messages. figat

>e\/e|ﬂ a@péaréd in tﬁestgtus bar.
= O O E

Q

g
& o SRy PO @

0 0:00 = |> .Settlngs«»ﬂ]e Save Load.
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Nuclear&ontéﬂr& are drawn
in different colors ba%édvb
‘their handling by the spllttlng
j“d’eclumplnb”) proce:dure
The pm(@edélre WQﬁkS by
exploglngj:on\%m g defects. .
Its behavn@i' |§ @oﬂ olled
by W|dgets in the Nuclei
assessment group box. 6
BIea%e consult' th@user:s

ngzmual to learn more. b
O

O
O

(@)

i Q) O @ e _ o)
D O To W
=

[0..240)

(

O

Tracking Tracks editing

Nuclei detection

Channel

blue

¢ nuclear cytosolic

Image preprocessing

v Normalization

[_] Denoising
v Smoothing 3px 2
Blob detection
v Thresholding
Auto e Manual
block size 53px &
base-line -13 §

v Morphology: opening

repeats %5 B
erosion 1px &
| dilation lpx % |

: Nuclei assessment

} | min. solidity 0,96
. min. area 0,35
1 max. area 0,93
' v split adjacent

' min. indent 5 px

Detect nuclei
[[] auto-click

v preview stages

Settings « file Save Load
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O - O w O ®) O .(__ v a Nuclei detection
o O O ® OO % %)OOOOOO OO O OO O ® Q)O Channel
OOOO é O o OC()J OOC? O o Q @ O ® cyan -
D00 00 #7909 2, 52000 30
OO Q O % a @ =l Image preprocessing
O OO 5 @828 S0 ol
O% ®) 0 O w 6 w O v Normalization
O 1 O o e v Denoisin 25
m %O O& ‘o) OO%QOO O O QQQ v Smoothingg 5px =
OOO G é) OO% Q % - QO S O O .u’ Morphology: closing
Q 0 © repeats 1
Onpeo X o Vb0 6 o i
5008 oG P |00 B0, o B
O O O OO S OOO O oCb 8 O %Qg%@oo OO Edge detection
O’ O IS So O o 0 00%
O oW Y S o O3 :
o ®) - - 0O o) « wDO 0 threshold low 120 2
O O O & O O thresholds ratio 4,0 %
O O @ Q OMAO o
OO OOO O O OOO OQ O O O O Q o tolerance 1,70 &
O %‘ { | - @ O O O an [} v reconstruct
O o O0pSo SO 8 -
OO %Q O OO O% Oo O OQ O Q O OO Nuclei assessment
2 OO0 - OO % g O oXe OO ' o mfn, solidity 0,93 i
520 B0 6 L 0008 O 0o T B
% 'OO OOO % % @& @O O O Q OO @ O O v split adjacent
: 4 ! (ﬁ @ Q O min. indent 3P 5
Just to get arn % he é@gméht%v&%@&se on ﬁéﬁgﬁ«detectlon in
7 [ @) ] auto-click
the cytoplasrm% chag;ng | ma j@@? like (the image @f@M@F 10A ceIIs EOINESIN ...
I_)
from another datarset, and.is eolrtesy of Nont Kosaisawe and John Albeck).
m?z;\: Image — 0:00 > Settings « file [Save [Load



File View Tools Script Preferences Window Help

meaae, reassa=

~.147

F‘erlnuclel Reglonsedltlng Quantification Tracking

.-.--.' ......

Nuclel editing

~145  The-nuclei edmﬂlé%olbox aIIOW§4c5
e.g., automatically filter out contours, '

that are sUispiciously small. Also, e

nuclei that lie'on the bo@ the j| mea
e can be removed ormarked : ;5o
isol 13

View/Edit by origin
V| v split (detected)
V| v split orphans

v manual
v debris

Edit by location

@5

Tracks editing &

incomplete” (and g for
tracking purposes). Nuelgmay |

be marked as “inegmplete” also :

interior: orph's

1| border: any = |
interior: debris % |

Annotations

v numbers

]
+ Contour properties

anually (just by double- ;
117 @cking on the contour). ;

112

Cm@ @2@

10

145
[0..240]

580:00 '< | = | Nucleie file [Save

1,6px 2 |1
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Image masking Nuclei detection Nuclei editing Perinuclei Reglonsedltmg Quantification Tracking Tracks editing &
e O L L i g 02020909090 WEEmmmmy 0 ESsSsImERs_—— N Nuclei editing

A7 a6 ~-145 If nécessary, ségmentation iSSUes
can be corrected manually: nuclei vevessoin

Q 0l53 can be removed by -hand (left-click "% s
E & right-click)}-or{re)drawri byjhand @7
: 152 ight-click, and then d ANEW | ronspitibe 1

v split orphans
v debris

Edit by location

border: any =1
interior: debris x

v numbers

numbers. If the scene beeomes |
@ - busy (comgus ari ekl
G

@ 1139 . One I'r@étoggllay ol UEE] A
1 i L1/ bers:

a Ota'[lonS OCC ge he |mag , width 16pxE
|
One May;press keybard space r

J L

A\ = 10

&15:-: 580:00 '< | = | Nucleie file [Save
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all x

1

, Settings

E

' | inner offset Opx § :
: ring width 6px % E
i neighbor avoid 318
; | overlap avoid 14 |,

L
i | min. area 10 px & |1
"

L
+| v Background avoid |

channel green ~
L
expansion 3,50 5| |1
L
smoothing 1px %| |

\ Contour properties

1
' width Lapx 2 |4

Derive

“Derivation” of perinuclei takes only a fraction of a second so you may tick
the check box auto-click and tweak parameter values with spin-boxes and
see the resulting perinuclear contours nearly immediately. Final settings
can be saved to/loaded from a text file.

224

EEEEE 896:00 | = | | = Settings « file Save
|

[0..240)
Info: Perinuclei createdi{125 _m§J:
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The regions toolbox allows for marking any arbitrary regions of the image.

Most often, the regions are used to sample image background.

R2 R2

The contours may be drawn by hand (right-click, then left-press) or, if
background is to be sampled automatically, they can be proposed by
the program. Regions’ contours can be saved to/loaded from a text file.

:Regions editing

, Background

L]

1| subdivisions 1018 (1
L

: subshifts 1% [

L]

1| count 18 |

Sample
! Annotat

"
1| v numbers
1

mBE;-: 320:00 = > Regions « file Save
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Image masking Nuclei detection Nuclei editing Perinuclei = Regions editing Quantification Tracking Tracks editing &
Regions editing

all x

nm‘\ \5/\ R1350|®33 131 / 0}\% [ & Background
\[ 6M\ “D\Q ]/ “ .-'-suhdiw'sions ---103 '\'.

]
1| count 1§

3114 [ J@ @2— Rlll'l R113 ~.(i /L subshifts 1l
/ .
[ @J. Rlos mc: ‘ Vﬁ i ik
. (o3 I ! ! Sample :
@ ' :
1
\ R94 ' :
——-\ RO3 : Nuclei-centered Voronoi :
i ""ﬁ' \ R4 N\ O ' :
40, R85 69 \ ' ! |
3 _( nas X E [] scaling :
R82 y -
f > R77 ' N O\ l
L : o\ L@ >

: ] erosion |
1| v neighborhoods - file :

Tesselate

1
= Annotatiens _ _ ______ ;

v numbers ‘

it nuclear conf@ur?é@éaréé élrea@ @Eternfrrt%edgrgglons f"e?an”"bg drawn ba@efa
orfi‘%Voronm@esalétlon in this way, topological nelgﬁbofﬁéods of cells may
be found (and saved to a file).

80 320:00 /€1 I3 Regions « file [Save

[0..240)
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ST W00 0. POl Y T _ 6 00g g O Ol
00,0 9% 086920 9. q000% SoadFeos JIEE
B @ @ @ Q@ Q } @ @ y @ %‘?@K’/ @ i Image

®%e o 5 6% o G _

@S 0606 .00 ) @ o ° flamm
@ © . = D j@ @ . e @ : a e

@0@@ — - . %50 0o o0 —
90 8% 0 9] %0 0 5% @ @ | ==

@ ?_ 2 ’ F_ﬂ| @ @ . @ @ o ]’ uclei

8 .,6°980% [0 6 590980 % ¢ =
@ ) T e ©) > .

@ o._ 0809 @0 ¢ @ o *@(3@@@@% e

3R 692096 3.9 0995 2 0 00 @0

(o)

qt @'ltlflal@ geometric and photarrietric o0

in the quantification toolb

" properties of nuclear contours, perinuclei, and regions can be exported-to
CSV files that in turn can be easily imported by spreadsheet applications or...

%D 320:00 §=§ =

Export all Qs (1 frame)



...0r by your
favorite data
analysis
environment
(here, a
Jupyter
notebook
IS shown).

QuantsMinidemo - Mozilla Firefox

QuantsMinidemo ¢ | +

c & localhost % | - @ 1 Y In @ »

! pwd

Shome/marek/ShuttleTrackerTutorial/March26_WellB _Pos@9

pandas pd
d = pd.read csv('WellB Pos@@9 S001 t@80-nuc quant.csv')
d.set index('nucleus id', inplace= )
d.head()

area masked area eccentricity is complete center x center y NFkB intensity min NFkB inte

nucleus_id

1 363.5 0.0 0.270 ] 891.93 991.51 17 31
2 429.5 0.0 0.232 0 735.90 990.98 27 46
3 581.5 0.0 0.212 0 112.74 989.45 18 31
4 486.5 0.0 0.187 1 503.01 987.49 18 33
5 916.0 0.0 0.087 1 352.03 975.01 17 33

5 rows = 22 columns

| S|
', '.join(d.keys())

‘area, masked area, eccentricity, is complete, center x, center y, NFkB intensity minm, NFkKB intensity max, NFKB intensity
median, MFKB intensity guartilel, NFKB intensity quartile3, NFkKB intensity mean, NFKB intensity stddev, NFKB intensities
sum, H2B intensity min, H2B intensity max, H2B intensity median, H2ZB intensity quartilel, H2B intensity quartile3, H2ZB i
ntensity mean, H2B intensity stddev, H2B intensities sum'
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“741  adp
13 @ @

@ G ™ 1@5@1 G
& & @

O @ @

or AE OIS TGRS TG e O, P o & P o oo 0@ @ 9
“To'use the tracking toolbox, first we should have nuclear contours marked

Tracking

v Position prediction

&5 @%; - - é - (x . Q} @ QG @;é; IeTTiony 5%
@ (> @a @ 1 @26@1 @ @ & consetrva.riun O,SOi
@1 @3 . contribution 1,00 £

132 @ @ @ @ @ 132 @

@ @ @ proximity 108

N \'CL% 5 : surface area 205

Nuclei similarity weights

eccentricity 0,5 5

@ G @ % @ @® @ @ @& orientation 0,0 4
intensities: sum 1,0 %

@ @ @ @ @ @ ® intensities: distr. 1,0 %

@ Nuclei similarity scaling

norm exponent 2,0 %

@ @ .Nucleiﬁxycutoff

o

running median x10,( %

: n\:\, 3 4 e ,f,_“h G (239 ."\J = - rﬁ' &) v Track breaking
-n all time frames. Tasks that are performed for & single time frame may

;;;-;.,‘be;)r(eﬁéated for all r@maiﬁi‘-hg’l?tir@rames<'u§ir%§@8hutﬂ‘éféa%er scripts - ©

min. area drop 50% %

(“STfScrir)(f%”). We will look a the the trackinthooIB'g)x after we become —
acquainted with the embedded script interpreter.

0
[0..240)

[[] auto-redraw traces

0:00 > | Settings « file Save



: Edit... Ctri+E 1 ShuttleTracker - Scripting =
! Clear Ctri+Shift+0 | pCrearstsCript = =~ " =7 7 T T T T "7 T Setlnuclel Tdefection bpening dilatlonbasesiZer AT;m T T T T T T T T T T T T T T TTTTTTTTTTN
g K iContoursLoad.stscript 24
;  ContourslLoad Ctri+Shift+1 [ContoursSave.stscript 25  set(nuclei assessment min solidity, 0.93);
! ContoursSave Ctrl+Shift+2 | :;llndeghlbors.stscrlpt set{nuc{e} assessment_min_area, ?gg]
. =21 FindNeighbors Ctri+Shift+3 =, Iosghﬁt_?cn?t o set(nuclei assessment max area, 1.25);
) i : "D (€ ! ify.stscrip _ ; . . . .
L:,) 1 Play Ctrl+Shift+4 ! 3 'Qj QC) iSampleBackground.stscript 29 set(nuclei_detection_thresholding baseline auto from, -8);
e ! Quantif Ctrl+Shift+5 ! ) =t Ise T ] 3 set(nuclei detection thresholding baseline auto upto, -2);
@ N Y : Q = L, SegmentPerinuclei.stscript 1 set(nuclei detection_thresholding baseline auto step, 1);
= ~. ! SampleBackground Ctrl+Shift+6 ¢ Q © @ i TrackNuclei.stscript 32 set(nuclei_detection thresholding blocksize auto from, 51);
@ Q: SegmentNuclei Ctrl+Shift+7 1 @ = iZettingsLoad.stscript 3 set(nuclei_detection thresholding blocksize auto upto, 151);
7 ' ) : g @i E [ ZettingsSave.stscript 34 set(nuclei_detection thresholding blocksize auto steps, 7);
. @ y  SegmentPerinuclei Ctrl+Shift+8 4 ! 5 detect_nuclei with_parameter scan();
1

echo( "Nuclei detection settings that maximize solidity:"
+ " baseline: " + get(nuclei detection thresholding baseline) + ","

(&) = + " blocksize: " + get(nuclei detection thresholding blocksize));

9 }

9 © Qi zeigsions @ O
Ol vk Aol &7 O
Menu Script allows oneto call ©
scripts to‘\fiﬁjjalmd c _gq\QS@-typ@a' O ?)
repetitive tas@%?-@hegcﬁbts can, ~

.f.or ec:Lh frarwg
detect_nuclei();
if (CLEAN_UP) {

remove debris();

remove split orphans();
toggle border nuclei completeness();

save nuclei contours();

be modified and new'ones,can” ey
7 2 ° o, 2
be Cr;‘le\)‘éted L{SW}Q a Sg‘lp t(Ed!to/[\' Load Save MNew... Delete Run S

'k\\\_j . @) Nt e = .(_\_/Jl \\_). s ) C)

S 0 e - HO 0. . T (.., -
The setipting language is JavaScript (with a few syntactic extensions for, convenience).

P

Essentially, all parameters that can be sethby input fields of particular toolboxes, can.
also'be set programmaticaly within the scripts, Callable functions and settable para-
meter names are listed in API that may be previewed in the editor window (function*
sighature convention is explained in the User’s manual). e



File View Tools Script Preferences Window Help
Image masking Nuclei detection Nuclei editing Perinuclei Regions editing Quantification Tracking Tracks editing
Nuclei detection

Channel
4 S=\ v ( =\ A
Q @ Qﬂ§>©© t\.\.-;J/" Va'e i© @ O @UQO‘] l:m:enuclear cytosolic'_
) ©© '® Image preprocessing

®) - C .
@ O O © m : @ O O O O (z‘\l Z [N;rnr;asli:gatmn
O '@ u © D f@ @ O l/-\] |© 1“) ©| : Smoothing 3px 2

O O Clear.stscript
@ © © O ) ContoursLoad.stscript Play the whole image sequence. B
@ © @J ContoursSave.stscript d ;
S \ © @ @ FindNeighbors.stscript
@ ! et // The smaller the interval, the faster are images displayed.
© O O \—) Quantify.stscript ) 6 var frames per second = 15; Y ;f]te.r" 1 speed
@@ SampleBackground.stscript 7 const ms_per second = 1600; // 1 s = 1000 ms
© i O © SegmentNuclei.stscript 8 const interval = ms_per_second/frames_per_second; // unit: millisecond
@ .~ i SegmentPerinuclei.stscript
© O O@ © Vs @ TrackNuclei.stscript 10 // Remember the frame at which the script has been called. L
‘O O ZettingsLoad.stscript 11 const current = qurrept, . Ir_amp_[l _____
® = O \_) ZettingsSave.stscript 12 const t start -._{rlel-\r_[}_a'ge_( )).getTime()} // tic!
= @ © - 14 for each frame
r@ O Q 15 //echo( [‘1%112\ ng frame " + current frame());

000 _ o i o T
@ 8 g 4

20 // Return to the frame at which the script has been called.
21 const t stop = (new Date()).getTime(); // toc!

@ @) 22 go_to frame(current);

i 4 const t interval = t Stt}p -t start-
@f(gote; the’ m{g r%eter has O ¢ et it - roms come )/ deruds gup s ]
‘access to all sta:nda%l JavaScnﬁ)t

functionalities, not only these

explicitly specified in API. —

LLANE LARNE 1.2

\:.

R OB R R R R
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File View Tools Script Preferences Window Help

------------------

1 Tracking
]

v Position prediction

o " % The tracking toolbox performs;\ e
Ga OEe @ G% S o 1 frame- -to-frame nucIeJ Matchmg\ | et v |
A G}l@@ @: p o B ibaé;éd on'the order Sta{IStIGS of
" S0 e * ©  welgbtéd fe(atures listed in group® ——

136

-~ s & E proximity 1,0 2 E
B & of G box: NUCleI S|m|Iar|tywe|ghts @ || e 203

' | intensities: sum 1,0 5 |

(necessary to cak;ulate prox:m/ty& - | itensves: e 102 |
G featureb Can\he predICtGd fron’b c i Nuclei similarity scaling i
prewous Ilmecframes 0)Y} hnear | omeomert 208 |

£ eXtra 0|at|0ﬂ - @ @ @) . - . i Nuclei Axy cutoff
@ @ © & ) @ ) pﬁ @ & e e} s \) ©) ®
@

G ' ;
@ o 2% 5 C @ Expected posmons of nuclel @ R o
@

kj ' | running median x10,C 5 |
o G @@ :

One can define maxmum%accep“table i
O ::center-bfothe -mass displacement and i
= | acceptable surface area drop. | S

] "
v [] auto-redraw traces

min. area drop 50% % :

[0..240) 0:00 > Settings « file Save



File View Tools Script Preferences Window Help

Image masking Nuclei detection Nuclei editing Perinuclei Regions editing Quantification Tracking :Tracks editing :
= - ——————

/_/ =L e e /_/ = —— iTracks editing

Tracking of the whole image sequence of 241 time

ikely performed using a script) should ta
an ~1 minute. When it’s fi ', thentrs

segments of the-trac .
jinnings in adjacent time

nuclei that belo/nng each track in each time frame. :
Za -

240 :
st 960:00 | <

L
all x !
L

non-revised x |

: Trace properties

[}
=l | Show only selected

1| Color by random

1| v Show stubs

1| Selexnwidth 1,7 px 2 |4
E Others width 1,6 px = E
i| v Clipbehind 30 = E
E v Clip ahead [ N

L
Range Length OK" :
L

1

! 123 110:240 131
1 124 30:160 131
v 125  0:129 130
1126 0:128 129

127 0:128 129

' 128 20:147 128
1 120 10:137 128
s 130 82:206 125
g 131 0:121122
% 132 120:240 121
' 133 120:240 121

134 0:119 120

v 135 122:240 119
: 136 124:240 117
1137 0:115 116

138 91:205 115

! 1390 102:214 113
1 140 0:112 113
, 141 90:202 113

142 129:240 112

L
L8 §
1 L3l

Tracks « file |Save Load



Each track can be easily inspected visually and marked as revised in the table view
of the tracks editing toolbox (column ‘OK’). Comprehensive analysis of tracks in the
context of quantified features of nuclei and other contours has been delegated to
external scripts, which grants the user full flexibility in looking at the data.

Tracks and nuclei quantifications can be joined and analyzed using a Python module
that is distributed with the binary executables and the source code package.

@ shuttletracker example - Mozilla Firefox
shuttletracker exam; x | +
&~ a o (@ localhost B - @ %%
File Edit View Insert Cell Kernel Widgets Help Python 3 O
"""" shuttletracker
my dir = '.°

delta_t = shuttletracker.read time interval(my_dir)
qtracks = shuttletracker.load tracks(my dir, ntracks=200,
exclude tracks with incomplete nuclei= )

Found 241 quantification file sets (nuc,per,img}.
Found 425 tracks.

Merging 2080 tracks with quantifications... done.
Excluding 39 tracks with incomplete nuclei... done.




Four NF-uB nuclear translocation
events can be distinguished in a plot of
(NF-uB nuclear)/{NF-uB perinuclear).

[£) shuttletracker_example - Mozilla Firefox A - O
shuttletracker_exa x |+
-« G @ D localhost B - @ u v » =
File Edit View Insert Cell Kernel Widgets Help Python 3 O
shuttletracker
my_dir = '_*
delta t = shuttletracker.read time interval(my dir)
qtracks = shuttletracker.load tracks(my dir, ntracks=200,
exclude_tracks_with_incomplete nuclei= )
Found 241 quantification file sets (nuc,per.img).
Found 425 tracks.
Merging 208 tracks with quantificatiens... done.
Excluding 39 tracks with incomplete nuclei... done.
Zmatplotlib inline
matplotlib.pyplot plot
n_curves = 20
mins_per_hour = 68
fig, ax = plot.subplots(l, 1, figsize=(18, 4))
ax.set_xlabel('Time [min]')
ax.set_ylabel('Nuclear translocation of NF-kB')
track name, q, is revised qtracks[20:28+n_curves]:
x = q['time point_index']*delta_t/mins_per_hour
y = ql'nuc_NFKB_intensity mean']/q['per NFKB_intensity mean’]
ax.plot(x, y, label='track ' + track_name)
e R e e S L LR L L LR L L L EL LS
M 1
1 1
' 1
' 1
M 1
1 1
' 1
M 1
M 1
1 1
' 1
M 1
¥ T T T T r 1
' ] 200 400 00 00 1000 1
Tirme [rrin| 1




shuttletracker_example - Mozilla Firefox

The module aids priority fixing e
Of the mOSt Outstandlng errors File Edit View |Insert Cell Kernel Widgets Help Python3 O
In segmentation or tracking, such e

- - - Largest nuclear displacements [showing largest 38]
as S S ICIO SI Iar‘ e d IS Iace m e ntS track 58 [@ time-point 26]: nucleus displacement of 15.2x median displacement
u p u y g p track 38 [@ time-point 181]: nucleus displacement of 12.7x median displacement
track 47 [@ time-point 204]: nucleus displacement of 11.8x median displacement
track 26 [@ time-point 6]: nucleus displacement of 11.5x median displacement
Or u n uS u aI n u C I ear CO nto u r Su rfaCe track 16 [@ time-point 136]: nucleus displacement of 18.8x median displacement
track 20 [@ time-point 161]: nucleus displacement of 10.3x median displacement
track 48 [@ time-point 23]: nucleus displacement of 16.3x median displacement
H H track 45 [@ time-point 48]: nucleus displacement of 18.2x median displacement
area Varlatlon . track 42 [@ time-point 159]: nucleus displacement of 10.8x median displacement
track 33 [@ time-point 113]: nucleus displacement of 9.9x median displacement
track 37 [@ time-point 2083]: nucleus displacement of 9x median displacement
track 32 [@ time-point 113]: nucleus displacement of 4x median displacement
track 29 [@ time-point 91]: nucleus displacement of 2x median displacement
track 45 [@ time-point 5]: nucleus displacement of 8x median displacement
o o track 27 [@ time-point 25]: nucleus displacement of 9x median displacement
AISO based On q uantlfled featu reS track 41 [@ time-point 203]: nucleus displacement of 8.6x median displacement
1 ] track 48 [@ time-point 113]: nucleus displacement of Sx median displacement
5x median displacement
S5x median displacement
4x median displacement
3x median displacement
3x median displacesent
2x median displacement
2x median displacement
2x median displacesent
7x median displacement
6x median displacement

- track 46 [@ time-point 227]: nucleus displacement of

II I b d d d track 45 [@ time-point 33]: nucleus displacement of
Ce I n eag e Can e e u Ce [ track 43 [@ time-point 97]: nucleus displacement of
track 38 [@ time-point 3]: nucleus displacement of
track 42 [@ time-point 181]: nucleus displacement of
track 34 [@ time-point 36]: nucleus displacement of
track 28 [@ time-point 39]: nucleus displacement of
track 30 [@ time-point 91]: nucleus displacement of
track 48 [@ time-point 91]: nucleus displacement of
track 44 [@ time-point 46]: nucleus displacement of
track 36 [@ time-point 90]: nucleus displacement of 6x median displacement
track 39 [@ time-point 136]: nucleus displacement of 4x median displacement
track 33 [@ time-point 8]: nucleus displacement of 7.4x median displacement

= =~ =~ =i 0 O £ 0 £0 €O G0 £O 0O C0 0 AD WD WO D

Nuclear area drops [larger than 25.0%]
track 46 [@ time-point 227]: nucleus area -48.7%
track 45 [@ time-point 174]: nucleus area -45.1%
track 45 [@ time-point 168]: nucleus area -44.4%
track 35 [@ time-point 195]: nucleus area -29.6%
track 46 [@ time-point 2208]: nucleus area -29.4%
track 42 [@ time-point 6B]: nucleus area -27.6%

Nuclear area surges [larger than 25.8%]:
track 27 [@ time-point 227]: nucleus area +29.4%
track 27 [@ time-point 48]: nucleus area +27.8%
track 27 [@ time-point G54]: nucleus area +25.8%

Possible track mergers [showing at most best 58]:

Inferred cell division events:
— —




shuttletracker_example - Mozilla Firefox

[+

localhost

File Edit View Insert Cell Kernel Widgets Help Python 3 O

Possible track mergers [showing at most best 50]:

G 1 t k th t 1 I match: [186:181] @ track 345 -& track 286 @ [183:195] gap: 1 displacement: 8.9 lengths: 2+ 13
apS In ra.C S, a req u I re man ua match: [ 72: 77] @ track 386 -&- track 3480 @ [ 79: 88] gap: 1 displacement: 1.2 1lengths: 6+ 2
match: [183:195] @ track 286 -&- track 219 @ [197:240] gap: 1 displacement: 1.4 1lengths: 13+ 44
. . match: [157:159] @ track 330 -&- track 329 @ [161:163] gap: 1 displacement: 2.8 lengths: 3+ 3
Inte rve ntlon are Suggested match: [142:146] @ track 311 -& track 348 @ [148:149] gap: 1 displacement: 2.1 lengths: 5+ 2
J . match: [148:149] @ track 348 -&- track 169 @ [153:237] gap: 3 2.4 lengths: 2+ B85
match: [203:204] @ track 367 -&- track 232 @ [205:2468] gap: 8@ displacem 2.9 lengths: 2+ 36
match: [142:156] @ track 281 -&- track 178 @ [157:248] gap: @ displacement: 2.9 1lengths: 15+ 84
match: [169:176] @ track 298 -&- track 345 @ [186:181] gap: 3 displacement: 3.2 lengths: &+ 2
match: [ 66: 78] @ track 310 -&- track 306 @ [ 72: 77] gap: 1 displacement: 3.2 lengths: 5+ &
match: [148:152] @ track 313 -&. track 364 @ [153:154] gap: @ displacement: 3.4 1lengths: G5+ 2
match: [187:204] @ track 271 -&- track 352 @ [206:207] gap: 1 displacement: 3.7 1lengths: 18+ 2
match: [148:152] @ track 313 -&- track 224 @ [157:196] gap: 4 displacement: 4.3 lengths: 5+ 40
match: [148:152] @ track 313 -&- track 365 @ [155:156] gap: 2 displacement: 4.5 1lengths: 5+ 2
match: [ ©: 24] @ track 254 -&- track Bl @ [ 27:248] gap: 2 displacement: 4.5 lengths: 25+214
match: [ 3:144] @ track 115 -&- track 342 @ [148:149] gap: 3 displacement: 4.9 lengths:l42+ 2
match: [186:169] @ track 325 -&- track 158 @ [118:265] gap: 8@ displacement: 5.8 1lengths: 4+ 96
Inferred cell division events:
. . track 115 [@ time point 144] --> track 342 [@148] - track 313 [@153]
track 124 [@ time point 168] --> track 188 [@161] -&- track 182 [@162]
Based on quantified features, cell
track 130 [@ time point 206] --> track 322 [@208] track 251 [@213)
. . track 131 [@ time point 121] --> track 135 [@122] track 143 [@129]
Ilneage IS ded uced track 134 [@ time point 119] --> track 133 [@120] track 132 [g120]
. track 179 [@ time point 80) --> track 323 [@ 81) track 207 [@ 85]
track 198 [@ time point 69] -.> track 188 [@ 78] track 101 [@ 78]
track 224 [@ time point 196] --> track 218 [@157] track 219 [@l97]
track 241 [@ time point 194] -> track 244 [@195] track 245 [@195]

track 263 [@ time point 155] track 269 [@156]
track 266 [@ time point 19] --> track 157 [@ 21]
track 269 [@ time point 174] track 357 [@175]
track 286 [@ time point 195] track 219 [@197]
track 294 [@ time point 9] --> track 187 [a 18]

0

track 181 [@l61]
track 128 [@ 20]
track 197 [@177]
track 218 [@197]
track 129 [@ 18]

v v

LA A T S O

track 298 [@ time point 176] --> track 286 track 345 [@l80]
track 384 [@ time point 12] --> track 128 track 157 [@ 21])
track 307 [@ time point 183] ..> track 362 track 282 [@l84]
track 310 [@ time point 70] --> track 306 track 348 [@ 79]
track 311 [@ time point 146] --> track 348 track 313 [@153]
track 313 [@ time point 152] -.> track 364 track 169 [@157]
track 321 [@ time point 64] --» track 95 track 96 [@ 65]
track 323 [@ time point 84] --> track 186 track 207 [@ 85]
track 325 [@ time point 1089] -.> track 158 track 123 [@118]
track 338 [@ time point 159] --> track 329 track 298 [@169]
track 339 (@ time point 2] --> track 115 track 304 [@ 6]
track 342 [@ time point 149) -.> track 364 track 365 [@153])
track 347 [@ time point 1] --> track 115 - track 304 [@ 6]
track 348 [@ time point 149] --> track 169 - track 364 [@155]




File View Tools Script Preferences Window Help
e shuttletracker_example - Mozilla Firefox

Tracking = Tracks editing
shuttletrac

« (&

o i) localhost:

File Edit View |Insert Cell Kernel Widgets

Track 38 -- OK (but NOT revised)

Track 32 -- 0K (but NOT revised)

Track 33 -- OK (but NOT revised)

Track 34 -- OK (but NOT revised)

Track 35:
@ time point 195: nucleus area change (-29.6%)
NOT revised.

Track 36 -- OK (but NOT revised)

Track 37 -- OK (but NOT revised)

Track 38:

@ time point 181: nucleus displacement (11.6x median)
NOT revised.

A

The module also allows for

analyzing tracks-one-by-one
in search for
Based on/t
and time fr

iole issues.

Tracks editing

all x

non-revised x

Trace properties

| Show only selected

Color by random -

Selexn width 1,7 px %
Others width 1,6 px

v Clip behind N §

v Clip ahead 0 S

v Show stubs

Range Length OK"

. N . 123 110:240 131

Track 39 -- OK (but NOT revised) 30:160 131
eason of the indicated issue 1z 0

Track 40 -- OK (but NOT revised) . . 126 0:128 129
Trac -- u revised) h . bI f k h 127 0:128 129
o (theytable view of tracks in the- =1 o
r'ac '. -: oint : nucleus area change (- % - - 129 1013? 128
o e L e e ?!tack editing toolbox allow

131 0:121 122

Track 43 -- OK (but NOT revised) . - - 132 120:240 121
Track 44 -- OK (but NOT revised) for hlg f |Ight|ng the SeleCt 133 120:240 121
134 0:119 120

Track 45: - - 135 122:240 119
Rl bt aekin the graphics pangs) i i

NOT revised. 137 0:115 116

and possibly apply necessary~ = 520
e e i B :

corrections. B o0 i

Track 47 -- 0K (but NOT revised)

Track 48 -- 0K (but NOT revised)

Track 49 -- OK (but NOT revised)

Track 58:

PP Pk -SSP TP S ERE PRI

143 292401200 0

/ [] Save only revised

Tracks « file |Save Load



Thank you for your interest
in ShuttleTracker!

Questions, bug re
requests shoulc

horts, and feature
be directed to:

shuttletracker.soff

‘ware@gmail.com

http:/pmbm.ippt.pan.pl/software/shuttletracker
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