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Neurite Outgrowth Overview

The Neurite Outgrowth application module can be used to
identify and measure cell bodies and processes (neurites)
attached to cell bodies.

. Neurites are extensions attached to a cell body. They
are identified using width, length, and intensity.

. (Optional) A nuclear wavelength (i.e. DAPI, Hoechst,
or DRAQS5) can be used to help identify the cell body.

. Transmitted Light or fluorescent images may be used.

*NOTE* Application modules are can be used to measure
multiple biologies. Neurites are any extension off of a cell
body. For example, cilia, blood vessels, nanotubes, etc.
Cell counting using transmitted light images is another
possible application.
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Tips for Neurite Imaging

. Exposure time should be optimized for outgrowth intensity,
not cell body intensity. The autoexpose function may give
images that are too dim in the outgrowths.

Neurite may
have left focal
plane here

. If cell bodies are saturating and this is interfering with cell
body identification, you can acquire the same channel a
second time at a lower exposure time. Use the dimmer
image as the “nuclear stain” image.

. If the outgrowths are going in and out of the plane of focus,
interrupting the connectivity of the outgrowth, it may lead to
inaccurate neurite detection. In this case, it is recommended
to collect a Z-stack of the neurite image and use a 2D
projection (e.g. Best Focus).

. If neurites are sparse and/or you are imaging at high
magnification, you may want to collect multiple sites with
10% overlap and then stitch them together before analyzing.
Neurites not connected to a cell body are ignored.
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Module Settings: Selecting an Image

Neurite Image

, « Select the image with neurites
llumination *NOTE* Do not choose images with “HTS” in the name

(@) Fluorescence (") Transmission
~ Cellbodies ] _
Approsimate maxwidh: % 2] ym=27 prels Display result image:
Intensity above local background: 1100 % graylevels

 Leave Display result image deselected
TR (this IS gen_erally only used when
o creating a journal)

Minimum area: 25 < pm? =15 pixels

| | Display result
ppproximete mi lllumination:
o A TS  Select Fluorescence or Transmission as
T appropriate for the neurite image
Maximumwidth: 10 % ym =8 pixels * Fluorescence: light objects on dark
Intensity above local background: 230 ~:~ graylevels b ac kg round
Minimum cell growth to log as significant 20 —-} fim = 16 pixels

« Transmission (Brightfield or Phase

| ConfigueSummarylog.. | | ConfigueDatalog(Cels). | Contrast): dark objects on light

[ Save Settings... ] { Load Settings... ] [ Setto Defaults l [ TestRun ’ [ Close ] b ac kg round
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Module Settings: Defining the Size of Cell Bodies

@ Configure Settings for Neurite Outgrowth o] @ Approxmate max width
Nacia inage EE ] ol Use the single line region from Region Tools or the
[ Display resultimage: __J ﬁg;:;f"”’“ Ca“pers
et N . Click and drag to draw a line across a representative
e small and large object; a tooltip will show the length of
Approximate maxwidth: 35 = um =27 pixels the line
Inensity Sbove local backgromnd. TIO0 3. Graylevers . The width is the short axis of a cell body (in um)
Minimum area: 25 < ym? = 15 poels . If the setting is too large, clusters of cell bodies may be
Nuclear stain (opional joined together
Done] | . If the setting is too small, thicker outgrowths or branch
Displayresut el | points may be identified as cell bodies
2__ & Minimum Area
= . An additional criteria used to separate cell bodies from
i it T3] et v branch points / thick outgrowths
e N < L . Use the elliptical region tool to measure the area of a
PRI S R~ small cell body in the image
. If the area is set too large, smaller cell bodies will be

[‘k OG C@@ missed

*NOTE* Do not click the image
again. This will cause the tooltip to
_ disappear. If the tooltip disappears,
el repeat the drawing procedure, or

X: 107 Y: 183 Width: 9 (28.13 ym) .
Length: 8 (26.52 um) Height: 11 (34,38 pm) use the Arrow (Locator) to adjust the

Area: 79 (771.48 ym3) region and display the tooltip.

)G - @
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Module Settings: Defining the Intensity

@ configure Settings for Neurite Outgrowth == o Intensity above local background
Neurite image: FiTC | e . The intensity above local background is
Display resultimage: i‘j’;{j,f,‘"”’m Used for f|nd|ng the Ce|| bOdIeS
umination — «  This value is a minimum and should be
S e set slightly lower than half of the
ell bodies . . . . .
Approximate maxwidth: 35 2 um =27 pixels difference in intensity between a dim
IfntensityaboveIocalbackground: 1100 < graylevels ObJeCt and |tS Iocal background
Minimum area: 2> | m? =15 pixels — Example: object intensity ~2000
Nuclear stain (optional) - Background intenSity ~200
— Start with Intensity above local background
setting at (2000-200) / 2 = 900

. Use the region tools to draw a line
across a dim cell body into the
background and use Measure >
Intensities > Linescan to determine
intensity values.

2

Linescan on 470/535 FITC

< . Alternatively, simply mouse over the cell
2 and the background and view the
> intensity values.
o . Click Apply and adjust values as
necessary.
3413 6725 10038 13350 Repeat for all desired objects (cell
Distance (um) bodies, nuclei, and outgrowths).
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Module Settings: Defining Outgrowths

(@ Configure Settings for Neurite Outgrowth o] @ Max W|dth
Nacia inage EE ] el Used to help distinguish the beginning of outgrowths
Coisplayresutimage: 1271 - from cell bodies or branch points.
sxiy ——w . Use the line region tool or the calipers to measure the
o s width of a thick outgrowth.
Approximate maxwidt B [2] ym=27 pocls . Click and drag to draw a line across a representative
Intensity above local backgrownd: 1100 2] graylevels object; a tooltip will show the length of the region.
Minimum area: 25 + Wm? =15 pixels
Nucieartain (opiona Intensity above local background
Miore] | . Measure the intensity for outgrowths just as for the cell
ispiayresut  Norc | bodies
2 Mlnlmum cell growth to log as significant
S — Used for scoring cells as positive or negative for
o [ Maximum width: 10 * ym=8pixels OUtgl’OWth
Intsnsity above local background: 20 2] graylevels . This setting does not affect the detection of the
Minimum cell growth to log as significant 20 4| um =16 pixels OUth’OWthS

. This is a length measurement and can be determined
using the region tools

*NOTE* Do not click the image

again. This will cause the tooltip to
disappear. If the tooltip disappears,
repeat the drawing procedure, or
use the Arrow (Locator) to adjust theqx: ss
region and display the tooltip.

X: 339 Y: 293
Length: 5 (15.63 pm)

Width measurement
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Module Settings: Defining Nuclel

!@ConﬁgureSettingsforNeuriteOutgfowﬂ\ = o] NUCIear Staln (O pt|0na|)
Neurte image: Fic | e « If using this option, select the wavelength for the nuclei.
Disiayesutimage: 01 S * Using the nuclear stain can improve cell body identification
lllumination . .
el M in certain cases (dense sample, no non-neuronal cells).
CeXbodies - » If there are non-neuronal cells present, the nuclear stain
Approximate max width: = pm=27 pixels . . .
Inlensityabofeloca!backgmund: 1100 = graylevels may make Ce” bOdy Identlflcatlon WOorse.
Minimum area: 25 2 pm* = 15 pixels  For anew assay, it is recommended to test the analysis
¥|Nuclear stain (optional with and without the nuclear stain option.
Nuclearimage: DAPI . . . .
e | Approximating min and max widths
A oraxbi TS ~ . Measure the width of a small nucleus and a large nucleus
Approximate maxwidth: 22 |+ um=17 pixels using the line region tool or the calipers.
Intensity above local background: 450 > graylevels ° The Wldth IS the Short aXIS Of a ObJeCt (In um).
YR - = . Measure intensities just like cell bodies.
Maximum width: 10 2. pm =8 pixels . .
Intensity above local background: 230 + graylevels ¢ C“Ck Apply and adJUSt Values as necessary'
Minimum cell growth to log as significant 20 + Um =16 pixels Inten S |ty above |OCa| baC kg roun d
| Configue Summarylog.. | [ ConfigueDataLog(Cels).. | . Measure the intensity for nuclei just as for the cell bodies
E:._SaveSenings___: '_Load”Senings.., | {Seno.Defaunsl I TestRun ] |_ élose _“
Min Width Min Width Max Width Max Width
Raw image too large too small too small Raw image too large Good Settings

| 30] NN
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Module Buttons

nfigure S Granulz scker Deep | Configure Summary Log: select image-
Granules by-image measurements

Granule image: m Adaplive
Background
[]Display resultimage: ¥ |Granu!es | Correction™ .
e Configure Data Log: select cell-by-cell
Aigorithm: Fast o3 measurements
Approximate min width: 1 < #m=2pixels
Approximate max width: 6 -3- im =9 pixels ) ) )
Intensity above local background: 1000 % graylevels Save Settlngs save app“Catlon mOdUIe
[¥| Nuclear stain (optional) Sett|n S
Nuclear image: ﬂ] g
Approximate min width: 6 —-:~ um =9 pixels . . .
PRIy~ R Load Settings: load saved application
Intensity above local background: 4500 —3- graylevels mOdUIe Settlng S
Configure Summary Log... l | Configure Data Log (Cells)... I
| Save Setings... | | LoadSefiings... | | SettoDefaults | | TestRun | | Close | Set 1_:0 D_efau“:S' restor(_a default
application module settings
Test Run: test all settings together and
display cell-by-cell results for the
displayed image
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Configuring Summary or Data (Cell) Logs

Double click on parameter to select or deselect it for logging
into the database
v Indicates a parameter that will be logged into the
database (or Excel/text file log if open)

>

Parameter configuration:

Log column titles: Does not affect database logging. If you
have an Excel or text file log open, this records the parameter
name as the column header for easy review. Recommend
enabling this option.

Place log data on current line: Does not affect database
logging. If you have an Excel or text file log open, this
records the data into the last row used, to the right of the
previous data. Recommend disabling this option to ensure
that new data is recorded into a new row.

Save segmentation overlay to database: A mask (or binary
iImage) is temporarily created for every single raw image
analyzed on a plate. This option allows you to save these
masks to the database. Recommend enabling this option
for assay development and disabling it for screening.
Pro: Allows you to quickly review your segmentation
results after analysis has been run across the entire plate
« Con: These masks take up a significant amount of space
in a database, which may be limited in size. Saving the
masks may also slow down analysis.

Image Date and Time
Elapsed Time

Stage Label
Wavelength

Z Position

Granules

Granules Per Cell
Total Granule &rea
Mean Granule Area
Integrated Granule Intensity
Average Granule Intensity

T, T S T S 4

m

-

Double-click listbox entries to enable and disable

parameters to log.
Ui s
[¥] Log column titles
[7] Place log data on current line

Save segmentation overlay to database
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Regions for Measurement

1l
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Configure Summary Log (Image Measurements)

"v Number of Cells « Number of Cells: Number of cell bodies in the image

v Total Outgrowth

v Mean Outgrowth Per Cel « Total Outgrowth: Total length of skeletonized outgrowth in
v Total Processes um (corrected for diagonal lengths)

v Mean Processes Per Cell

v Total Branches _

v Mean Branches Per Cell « Mean Outgrowth Per Cell: Average skeletonized outgrowth
v Total Cell Body Area in um corrected for diagonal lengths divided by the number
v Mean Cell Body Area of cells.

v Shaightness

v Celle Significant Growth « Total Processes: Number of outgrowths in the image that
v #Lels Significant Growth are connected to cell bodies

v Mean Outgrowth Average Intensity

« Mean Processes Per Cell: Total Processes divided by
Number of Cells

 Total Branches: Total number of branching junctions in the
image
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Configure Summary Log (Image Measurements)

v Number of Cells « Mean Branches Per Cell: Total Branches divided by

v Total Outgrowth Number of Cells

v Mean Outgrowth Per Cell

v TotalProcesses  Total Cell Body Area: Total um?2 of the cell bodies in

v Mean Processes Per Cel the image (exciuding outgrowths)

v Total Branches

v Mean Branches Per Cell « Mean Cell Body Area: Total Cell Body Area divided by

v Total Cell Body Area the Number of Cells

v Mean Cell Body Area

v Staightness « Straightness: Ratio varying between 0 (not straight)

v Cells Significant Growth and 1 (perfectly straight) defined as end-to-end
%Cells Sigrificant Growth Euclidean distance between segment junctions divided

by corresponding actual neurite curve length (the sum
of end-to-end lengths divided by the sum of curve
lengths), averaged over all of the cells in the image

v
v Mean Outgrowth Average Intensity
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Configure Summary Log (Image Measurements)

Number of Cels « Cells Significant Growth: Number of cells in the image with

Total Qutgrowth outgrowth greater than the threshold length specified in the
Mean Outgrowth Per Cell settings

Total Processes
Mean Processes Per Cell

v

v

v

v

: Total Branches  %Cells Significant Growth: Cells Significant Growth,
v

v

v

v

v

divided by the Number of Cells, times 100

Mean Branches Per Cell
Total Cell Body Area

Mean Cell Body Area « Mean Outgrowth Average Intensity: The average pixel
Straightness intensity of the neurite stain over all the outgrowths detected
Cells Significant Growth in the image

v #4Cells Significant Growth
v Mean Outgrowth Average Intensity
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Cell Data (cell-by-cell measurements)

v Cell Assigned Label # o Cell: Assigned Label # — Cell label number (1 through total

v Cell Total Outgrowth cell number), corresponds to intensity value in result image (if

v Cel: Processes used)

v Cell Mean Process Length

v e Naclin ©focaes Lenots « Cell: Total Outgrowth — Total amount of skeletonized

v Lok-MaxFrocess Langth outgrowth in um (corrected for diagonal lengths) associated

v Cel Brar.iches with the cell

v Cell Straightness

v Cel: Cell Body Area

v Cel: Mean Outgrowth Intensity o Cell: Processes — Number of outgrowths that connect to the
cell body

e Cell: Mean Process Length — Total outgrowth (in pm)
divided by number of processes of the cell

e Cell: Median Process Length — Median value of the
outgrowth lengths (in um) associated with the cell’s various
processes

For research use only. Not for use in diagnostic procedures.
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Cell Data (cell-by-cell measurements)

e Cell: Max Process Length — Maximum value of the

Cell: Assigned Label # : . : : :

Cell: Total Outgrowth outgrowth lengths (in um) associated with the cell’s various

Cell: Processes processes

Cell: Mean Process Length

Cell: Median Process Length e Cell: Branches — Number of branching junctions of all the
v Cell Max Process Length T processes connected to the cell.

Cell: Branches

Cell: Straightness

Cell: Cell Body Area

Cell: Mean Outgrowth Intensity

 Cell: Straightness — Ratio varying between 0O (not straight)
and 1 (perfectly straight) defined as end-to-end Euclidean
distance between the cell’'s segment junctions divided by
corresponding actual neurite curve length (the sum of end-
to-end lengths divided by the sum of curve lengths)

CL CCCCCKC K

e Cell: Cell Body Area — Total area in um? of the cell body
(excluding outgrowths)

e Cell: Mean Outgrowth Intensity - The average pixel
intensity of the neurite stain over all the outgrowths for this
cell
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ADVANCING PROTEIN AND CELL BIOLOGY




