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Image analysis of element distribution maps
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You will need:

» Element-specific distribution maps in .csv formats.

For the micro-particle induced X-ray emission (micro-PIXE) each file,
when opened in Excel, is a matrix of 256x256 cells (=pixels). Each cell
contains a value (element concentration in mg kg'! dry weight). The
matrix is the basis for the image generation and image analysis.

» Imaged (Fiji): https://imagej.net/Fiji

» Microsoft Excel or similar (with settings for English punctuation)

In English punctuation decimal place is designated with a dot and
thousands are separated with a comma. This differs from settings for
e.g. Slovenian punctuation, where decimal place is designated with a
comma and thousands are separated with a dot.

» Orange Data Mining: https://orangedatamining.com/




I. Optimising visualisation of element distribution maps

Place all distribution maps of a measurement in an easily accessible
folder.

Install and open Imaged (Fiji).

1" (Fiji Is Just) Imagel — O e
File Edit Flugins Window Help
[=fe) BT S

Command finished: There are updates available Click

Image Process Analyze

here io search

To load the distribution maps: File > Import > Text Image (select
the .csv, i.e. ,comma separated value“ file for each element
separately) > Open.

For micro-PIXE distribution maps, the file name consists of
,run number_ige or _sdd-NameOfTheElement*.

e.g.: 258023_ige_Ca

[i° (Fiji Is Just) Image!

Edit Image Process A Image Sequence. . File Edit Image Process Analyze Plugins Window Help
e '| Raw.. =je] wNJAla]ol o Iﬁ\fl&l =
Open... G0 |y e oretn searh *Rectangle®, rounded rect or rotated rect (right click to switch) Click here to search
| ) |
Open Next Cirl+Shift+O Text Image...
Open Samples 1 TRt EaL |£] Open Text Image...
Open Recent L Heslls Look in: I Iris pseudacons_test _;l - £ B
Import ' ~
Table.. PR Dete moied e
Show Folder ' URL. ; 051258023 ige-Mn 06/03/2020 11:56 M
Quick access aT { .
o e 51256023, ige-Ni 06/03/2020 11:56 M
i - & 8:1258023 ige-Zn 06/03/2020 11:36 M
Cloze All Ctri+Shift+W | TIFF Virtual Stack... Deskiop [51258023_cdd-Al 06/03/2020 12:29 M
Save Ctri+S | AVI... 165 71258023 sdd-Ca 06/03/2020 12:30 M
caie e v 30v Conrdinates - 05250023 sdd-Cl 06/03/2020 12:30 M
Libranes 51258023 _sdd-K 06/03/2020 12:30 M
| Revert Cr+R | iops. @ 51258023 _sdd-Mg 06/03/2020 12:29 M
i E— e 51258023 _sdd-Na 06/03/2020 12:29 M
B L L fIEEES 111258023 _sdd-P 06/03/2020 1229 M
| Print_ Ctr+P | MHD/MHA... @ 51258023 sdd-S 06/03/2020 12:29 M
‘ o .| Koala Binary. Gl 051258023 sdd-Si 06/03/2020 12:29 M .
| DF3... < >
Quit
| FIB-SEM ... File name [258023_sdd Ca - Open
Fix Funny Filenames MRC Leginon ... Files of type: | Al Files (-1} =
Make Screencast POEL.

This sample is a leaf cross section of Iris pseudacorus L.




I. Optimising visualisation of element distribution maps

The Ca distribution maps is displayed, but | g e igecocy — 0O X
the signal (distribution of concentration of
Ca) in the image is poorly visible.

266x256 pixels; 32-hit; 256k

To increase contrast: Image > Adjust >
Brightness/Contrast (adjust the values at
Maximum by moving the slider to the left).

7' (Fiji Is Just] Imagel - O e
E. File Ed\tPrucess Analyze Pluging Window Help

B Ol e [ ® O PR e

Window/Level... Show Info... Ctri+l
Color Balance. .. Properties_.. Ctrl+Shift+P

Threshold.. Ctrl+Shift+T Color

Color Threshold.. Stacks

Size... Hyperstacks

e Crop Cirl+Shift+X
b it Duplicate...  Ctrl+Shift+D

Coordinates..

Rename..
Auto Local Threshold Scale... Ctri+E
Auto Threshald Transform
Bleach Correction Zoom
Auto Crop Overlay
Auto Crop (guess background color) lookup Tables
Scale to DPI Tawolae
Drawing
Video Editing
Axes
Convert
Convolve
Threshold

File Edit Image Process Analyze Plugins Window Help
= e il o] 4] |»

(Fiji Is Just) Imaged 2.0.0-rc-69/1.52p; Java 1.8.0_172 [64- blt].‘

l

- Note: now the signal
in the image Ca
distribution is more

apparent.




I. Optimising visualisation of element distribution maps

To change the colour in your distribution maps, there are many
options in ImageJ and they can be accessed through Look-Up
Table (LUT). Select one of the LUT, e.g. Fire and your image
changes the coleur according to the colour scale urnique to this
LUT.

File Edit Image Process Analyze Plugins W|ndm

Stk|LUT| ;?l

(Fiji Is Just) Imaged 2.0.0-rc-69/1.53¢; Java 1.8.0_172 [64-bit];

[0F 258023 sdd-Ca.c..  — O X
256x256 pixels; 32-bit, 256K

[ (Fiji Is Just) Image) - ]
File Edit Image Proce: Analyze Plugins Window Help
0lojz|o|/| Jou ] o [l o] 2| |

Fencil Tool
i 258023 sdd-Ca ‘

256256 pixels; 32-hit; 2561

To save the colour scale of the LUT selected, close any distribution
map(s) and click LUT > Fire again. The colour scale appears in a
new window. You can save it: File > Save As (as e.g. .jpeg or .png).
You will need this colour scale to be placed next to distribution
maps.

[ (Fiji is Just) Image
File Edit Image Process Analyze Plugins Window Help

Clja)s|ol Al LN AlQ| ]| mjesfunf ol o] 2] |

(Fiji Is Just) ImageJ 2.0.0-rc-69/1.53¢; Java 1.8.0_172 [64-bit];
[5 fire = m} P

256x32 pixels; B-hit; BK




I. Optimising visualisation of element distribution maps

You can choose among several different LUTs. For example here is
how Thermal colour scale looks like:

| File Edit\ Image Process Analyze Plugins Window Help
Ol /] 4[] N A|Q ] a] o= o]y fl

(Fiji Is Just) Ima&eJ 2.0.0-rc-69/1.53c; Java 1.8.0_172 [64-bit];

[5% Thermal.lut — O 4

256x32 pixels; 8-hit, 8K

s

Note: the colours on the left hand side indicate smaller
concentrations and those towards the right hand side indicate
larger concentrations.

Note: While appearance of the distribution maps is important, do
not forget that not all people see colours in the same way.
Therefore, have in mind the following ,problematic“ colours:

How colorblind people see colors ?

protanope
(red cone cells defective)
(green cone cells defective)

2 B e celscetectivey  N11tDS://jfly uni-koeln.de/color/

Thus, you can choose to use monochrome colours (gradients of a
single colour), for example: Magenta:

W 258023 sdd-Cac. — O
256x256 pixels; 32-hit, 256K

[ (F

File Edit Image Process Analyze Plugins Window Help
0/o) A ] oo fun

E[Fm Is Just) Imaged 2.0.0-rc-69/1.53¢c; Java 1 8.0_172 [64-bit];

+++

[ magenta == [m] X
266%32 pixels; B-hit; 8K




I. Optimising visualisation of element distribution maps

The displayed minimum and maximum value can be adjusted:
Image > Adjust > Brightness/Contrast: by moving the slider at
Maximum you can create a more contrast image (here LUT = Fire).

Adjusted image

File Edit Image Proce: Analyze Plugins Window Help

Imported image

File Edit Image\ Process Analyze Plugins Window Help
mifelfajic]

Clojsl|ol ALK N AIQ] 0 J] oo ol ] 2] |

“Straight™, segmented or freehand line, or arrows (right click to switch)

[ 258023 sdd-Ca.c. = ] X [ B&C X
256x%256 pixels; 32-hit, 256K

33350.1
Minimum
Maximum

! |

Brightness

ol s

If you want an exact value to be your maximum (when comparing

I"Apply” does not work with 3Xbit images

{‘_,

- [ B&WC X
256x256 pixels; 32-hit; 256K

f leasa. 4
Mlnlmum

I
Maxlmum

il
i o]
£l

E‘I‘f‘i‘gﬁ‘tnéss

Contrast

results of different treatments you will need to have distribution
maps of individual element set to the same maximum) click Set and
type in the exact value, e.g.17000 (this is concentration of Ca in mg

kgl dry weight).

lF\’\e Edr’: Ir:na.ge“ Process Analyze Plugins [ Window Help
Do/ a|o| A 4|t |A|Q| 4] 4 oo fur) ﬂIT@»Ir\ |

(Fiji Is Just) Imaged 2.0.0-rc-69/1.53c; Java 1.8.0_172 [64-bit];

256%256 pixels; 32-hit; 256K

17000.0
Minimum

Maximum

Eugnmess

it
i
s
i

Cnntrast

Auto Reset
/ Set Apply
X
Minimum displayed value:

Maximum displayed value:  [17000.0
Unsigned 16-bitrange: |Automatic b

I™ Propagate to all other open images

oK Cancel

| Set Display Range

Note: By adjusting the colours
displayed, you are not wrongfully
changing the images, all the data
is still there. All pixels whose
values exceed the set maximum
will appear white (in this LUT, of
course).

Note: such adjustments are
particularly useful, when there is
small number of pixels with very
large values (sometimes outside
of the sample, e.g. a dust particle)
and you need to adjust the colour
range to have your sample visible.

elstin Aol Jf mfefu/ /Ml o[ 2] |




Image analysis of element distribution maps

When finished with adjustments, you need to save the image: File >
Save As (as e.g. .jpeg or .png). When you have all the elements, you
can make collage in a software of your choosing, e.g. Powerpoint,
where you will need to add the name of the element whose
distribution the image is displaying.

15000 O 50000 O 17000

Alternatively, you can add colour scale directly on the distribution
maps: Analyze > Tools > Calibration Bar. In the pop-up window,
adjust the appearance of the image.

(Fis st Image) o
Eic FECR Tinage hi P"-l Window _Help File Edit Image Process Analyz¢ Plugins Window Help File Edit Image Process Analyze Plugins Window Help
clclalo] /]l w e Ve Jor| gl 0| 2| | |\ o) o) x| o] ] ] S A O] ] o owivr] o &) 2] | | C0s|oo] Al ] N Al 1] ] oo ] 0|7&\r| \

Scrolling tool (or press space bar s Analyze Particles.
*=253, y=87 value=0.0 *=213, y=90. valug=243 6540

Label
2565256 piels; 32-bit; 255K 2566256 pixels; 32-bit 256K
LU Upper Rioht %
Fill color  [None  +|
or: Light Gray ~

[UpperRiont g

Histogram Ctri+H
Plot Profile Curi+K
Surface Plot

Zoom factor.

Gels

-
Save XY Coordnates

3D Objects Counter Fractal Box Count
2663256 pels; 32:i 256K 3D OC Options analyzetine Graph Y | N || ™ snow uni

 Bold text
I~ Show unit

256x256 pixals; 32-bit; 256K

Shape Index Map
Optic Flow

Bl Heimhottz Analysis
Wl 20 surface Plot




I. Optimising visualisation of element distribution maps

The size of the image is important, thus you need to add the scale
bar on the image or write the size in the figure caption. Size of all
micro-PIXE distribution maps is 256 x 256 pixels, but each pixel
can in reality be of different size (anywhere between cca. 1 um to
7.81 um). The maximum window of scanning is 2000 x 2000 um.
Our example is: 1000 x 1000 um.

Click the button Straight and draw the line across the image.

Analyze > Set Sc

File Edit Image Proce: Analyze Plugins Windg lelp

o] oo B 2, A Q] ] oo

"Mare Tools" menu (switch toolsets or add tools)

x

[ 238023 sdd-Cace  — u]
2000x2000 P (266x256); 32-bit, 256K

2000x2000 pr (256x256), 32-bit, 266K

In the pop-up window, fill in
the required values:

Distance in pixels: 256
Known distance: 1000
Pixel aspect ratio: 1
Unit length: ym

Tick the box in front of the
Global if these values apply
to all images open.

o

File Edit_lfiage Process [[NENEZ Plugins Window Help

0 s ol 1t o o ]| 0|4 |

lor picker (255,255,255/0,0, 0) Analyze Particles
E—— Summarize

Distribution...
Label
Clear Results

2000%2000 W (256x256); 32-bit: 24

Set Measurements_..

Calibrate...

Histogram Ctri+H
Plot Profile Ctri+K
Surface Plot ..

Gels.

Tools L;
—

g 3D Objects Counter
2000x2000 pm (266x256); 32-bit 2 3D OC Options Bx256); 32-bit; 256K

Skeleton

Colocalization

Color Histogram
Directionality
Shape Index Map
Optic Flow
Helmholtz Analysis
3D Surface Plot
Classification

Bl | ocal Thickness

Multi Kymograph
QuickPALM
Sholl

TopoJ

F\I‘e Edit Image Process Analyze Plugins Window Help
oofa ol <[ <Al Qe ] =il o]s]8]2] |

Color picker (255,255,255/0,0,0)

(£ 5et Scale

Distance in pixels: [258
Known distance: ymT
Pixel aspect ratio:

Unitaflength: [im

Clickto Remove Scale

¥ Global

2000x2000 pm (256x256); 32-bit; 256K

Scale: 0.256 pixels/um

oK | cancel | Help

20002000 pm (256x256); 32-bit; 256K

10



I. Optimising visualisation of element distribution maps

To add the scale bar onto the images: Analyze > Tools > Scale Bar.
In the pop-up window you can set the size of the scale bar on the
image, e.g. 250 um and select other options of appearance.

[ (Fiji Is Just) Image
File Edit Image PrucessP\ygm_s Window Help

Egg@ /Vﬂii Measure Ctri+M } |

Stk

wilg|4]a] 2]

Magnifying glass {or use "+" and "{ Analyze Particles...
Summarize

s = | Distribution..
10001000 prm (256x256); 32-bit; 24
Label

Clear Results

Set Measurements

Set Scale .

Calibrate

Histogram Ctri+H
Plot Profile Ctri+K
Surface Plot

Gels ’

Save XY Coordinates...

File Edit Image Process Analyge Plugins Window Help

Magnifying glass {or use~+{and "-" keys)

)| Scale Bar

1000x1000 pm (266x256); 32-hit; 256K
Width in pm

Heightin pixels lﬁ
Font size: W
Color. m
Background: m
Location: ,W

¥ Bold Text I Hide Text
™ Serif Font ¥ Overlay

O | N AR ] ofon]wr] 0| 4] @] 2] |

[ 3D Objects Gounter AR

i 258023 5 c
| 1000x1000 ym (266x266); 32-bit 2 3D OC Options

Analyze Line Graph

OK Cancel

Curve Fitting...

Skeleton ’
Colocalization (RO

Calibration Bar

[ 25

1 1000x1 000 urm (256x256); 32-hit, 266K

00x1 000 urm (256x256); 32-hit, 256K

Directionality
Synchronize Windows

y| Grid.

Shape Index Map
Optic Flow
Helmholtz Analysis Sync Windows
3D Surface Plot | Sync Measure 3D
Classification
Local Thickness
Multi Kymograph
QuickPALM
Sholl
TopoJ

By clicking OK, the scale bar will appear on the image selected.

Note: you can add the scale bar to all images or select only one (e.g.
the one placed on the top right in the Figure).

Note: there is no need to add values and units on the bar, especially
if this extra text will cover important features of the image. If you
keep only the bar, the value and the unit must be added to the
figure caption.

11



I. Optimising visualisation of element distribution maps

There is another way to organise the images: Image > Stacks >
Images to Stack. In the pop-up window add the name and tick the
box in front of\Keep the Source Images (so that the ImageJ does not

close them).

File Edit Image Process Analyze Plugins Window Help
mife

(Il Aol @ 1] o Jon)u o [ sl |

" (Fiji Is Just) Image) — = 5
File EdrlPrucess Analyze Plugins Window Help
EQ[ Type ’J”J‘ Dw‘Sm‘LuT‘p 4 &|.,1| |
Polygon sele  pgiyst . -
Show Info... Ctrl+l
266x256 i FrOPerties... Ctrl+Shift+P
Color
Add Sice
Hyperstacks Delete Slice
Crop Ctrisshitex | Next Shice [7]
Duplicate Ctrl+Shift+D Previous Slice [<]
Set Slice.
Rename..

Scale... Cir+E |IEGEERGESEMS
Transform »  Stack to Images
Zoom *| Make Montage...
1 B Overlay *| Reslice [/]...
| & scons | Lokt Todies , Orthogonal Views Ctrl+Shift+H
256x256 pixe Z Project..
& AL ] 3D Project...

Palygon selections

256x256 pixels; 32-bit, 256K

| £ Images to Stack X

Name: |[Iris list
Title Contains:

¥ Use Titles as Labels

Drawing
Video Editing

Plot Z-axis Profile
Measure Stack...
Label .

Statistics
Animation

Tools

Radial Reslice
Dynamic Reslice
Series Labeler
Kalman Stack Filter
Time Stamper
Reslice Z

View5D

‘ 256x256 pixels; 32-bit; 2561

I 256x256 pixels; 32-hit; 2564

-

™

File Edit Image Process Analyze Plugins Window Help

ciol|ol A LRI NAIR| A wje)wm| s/l 0| F] |

(Fiji Is Just) Image.J 2.0.0-rc-69/1.53c; Java 1.8.0_172 [64-| b\l]

o X
143 (256023 _sdd-Ca_firs); 256x256 pixsls; 32-h

[ dd-Ca [ Iris list
258256 pixels; 32-bit, 256K

By clicking OK, a new window
with images will appear. It has
a slider on the bottom, by
moving it you move between
images (the order in which
they appear depends on the
order by which images were
imported).

Note: the colour range in this
window is the initial one and
not the adjusted one.

12




I. Optimising visualisation of element distribution maps

To make collage out of these stacked images: Image > Stacks >
Make Montage. In the pop-up window you can set the appearance
of the collage, When finished, click OK and a Montage window
appears. Save it: File > Save As (as e.g. .jpeg or .png).

[0 (FijiIs Just) Image) _ o [
Fie Edit [T P i T File Edit \mage Process Analyze Plugins Window Help
e MERE Process Analyze Plugihs Window Hel
- S 4 jola|ola 4]/ Alafo] 4 s \MVFMF\ \
O QE Type ' ‘ -|| ) |S“‘ ‘L“T| ¢ j 4 ‘ r‘ | Polygon selections
‘Staight” 58 adust » Bt Ylick to switch) =y : P s
| Show Info... Cirl+l 256256 pixels; 32-hit, 256K 3/3 (258023 _sdd-P_15000); 256x256 pixels; 32
2s6x255 pig Froperties..  CUHShfthP oa053 \agp 15000y 256%256 pivels; 32
Color ¥
pad s
Hyperstacks *| Delete Slige
Crop Ctrieshiex | ext Shice [X]
Duplicate... Ctri+Shiftep | | revious ST <]
Rename... e I~ {Label siices!
Scale... Ctri+E | Images to Stack Dtbe
OK | Cancsl e -
Transform ' Stack to Images A ﬁ 256x256 pixals; 32-bit; 256K
Zoom [l Make Montage &
Overlay * Reslice []...

Orthogonal Views Ctrl+Shift+H
Z Project...

| Lookup Tables ’

256256 pixe
(] Annotate Y ap Project ..

" Plot Z-axis Profile

4 Measure Stack

Label .

Drawing
Video Editing

Statistics

Animation

FHerEdn \ma‘ge Process Analyze Plugins Window Help
ojoja|o| 4|« |Ala| o] 4 D«\WILUTIﬁIT&\r\ |

(Fiji Is Just) ImageJ 2.0.0-1c 69/1.53c; Java 1.8.0_172 [64-bit]:

Tools

Radial Reslice

Dynamic Reslice

age

Series Labeler pixels: 32-bit; 768K

Kalman Stack Filter
Time Stamper
Reslice Z
ViewsD

Marschner...

Note: now  Brightness/Contrast changes all the maps
simultaneously. In case you have large differences in
concentrations (macroelements and microelements together) and
want to make adjustments, you need to change the source images
to 8-bit: Image > Type > 8-bit (this will convert your images to the
same values: 255).

Note: changing LUTs at this stage (or other parameters) is easy, as
all changes are performed simultaneously for all images in the
stack.

13




Image analysis of element distribution maps

Overlaying images is a good way to demonstrate tissue-specific
distribution of elements. ImageJ enables combining up to seven
images: Image > Color > Merge Channels. In the pop-up window
select which element should” be displayed in which channel
(=colour). Remember the er. Do not forget to tick boxes Keep the
source images and ore source LUTs. By clicking] OK a new
window appears inrwhich slider takes you to a different channel.

[T (Fiji s Just) Image o
File Edit [[IERE Process Analyze Plugins Window He

File Edit \mage Process Analyze Plugins er*uw Help

Q|0 Type PN su NUT| (A +
. ol =il W12 | o]l Al liz] N Alal ] a] oo ] o JB &\r\ \
rechand sel  pqust , Fla
Show Info... Ctrl+l Polygon selections
S Properties..  Crl+Shift+P
256256 nixe
i £ Merge Channel x
Bletige Chistingls. Stacks 256x256 pixels; 32-bit; 2561
Arrange Channels... Hyperstacks Euaatg) frione j
cz
Channels Tool. Culsshitsz | oo ST (green): [*None* -
Stack to RGB Duplicate. Ctrl+Shift+D C3 (blue): |*None* 5
Make Composite Rename _ catgray:: [one
Show LUT Scale... Ctri+E -
Display LUTs Treitsform B . CS(eyan): [*None* j‘
Edit LUT.... Zoom X C6 (magenta). |*None* he
Color Picker_. Ctrl+Shift+K Overlay ¥ — C7 (veliow) ,m
Colour Deconvolution Lookup Tables ’
X256 pixels; 32-bit, 256K

Dichromacy T ¥ Create composite

Simulate Color Blindness ¥ Keep source images

Drawing »
Retinex Video Editing L B I iignore source LUTS)
Replace Red with Magenta
Replace Red with Magenta (systerh clipboard) e L 2584256 pixels; 32-bit; 256K OK | cancel
Average Color | x
RGB to CIELAB o

RGB to Luminance

Set Color By Wavelength

Analyze Plugins Window Help

Joclo o[B8 2]

*

F.ile Edit Image Process
mifelfa{[SIFdPd}:3

Palygon selections

F\\.e. Edit Image Process\ Analyze Plugins Window Help
o] /o] Alala/ 4] wfmu] A LiP<i

Scrolling tool (or press space bar and Yrag)

|£| Merge Channels

C1(red). |258023_sdd-Cacsv v
CZ(green). |258023_sdd-Kcsv -
P %

©3 (bluey

256x256 pixels; 32-bit; 256K

256x256 pixels; 32-bit; 256K

C4 (grayy |

C5 (cyan). |7

C6 (magenta). |+

C7 (vellow). |*

[ Create composite

[¥ Keep source images

Iv lgnore source LUTs

256x256 pixels; 32-hit; 266K Ok Cancel

| [

r -
256x256 pixels; 32-bit, 256K | 256x256 pixels; 32-bit; 256K




I. Optimising visualisation of element distribution maps

Using Brightness/Contrast you can again adjust the maximum for
each of the image. In this example the red channel shows Ca
distribution, the green channel shows K distribution and the blue
channel shows P distribution.

I;;.Ie Edrt Iréwagée Process Analyze Plugins Window Help
00 @|o] 4| £[ 5N A|Q o] af v o P & 2] |

(Fiji Is Just) ImageJ 2.0.0-rc-69/1.53c; Java 1.8.0_1j72 [64-bit];

-

a 102€3.1

K| I
Winimum
8| B
Maximum
. Il ES |
Brightness
. ol

Contrast

(4] |
I - | Set Apply

F.M.e Edit Image Process Analyze Plugins Window Help
ool o]/ < 5 N [AlQl e ] s r7|7<h|r| |

(Fiji Is Just) ImageJ 2.0.0-rc-69/1.53c; Javya 1.8.0_172 [B4-bit];

pixels; 32-hit, TEBK 256x256 pixels; 32|

256x256 pixels; 32

Auto Reset

T =
256x256 pixels; 32-bit, 256K 256x256 pixels; 32-hit, 256K

F\\le Edit Image Process Analyze Plugins Window Help
Ojo|x|o|4l <t K Ala]m 4 Devlswlm\ ﬁl?&lr\

"More Tools" menu (switch toolsets orfadd tools)

Note: it is a good idea to write
E— o down what was the maximum
256x256 pixels; 32 2 256 pixels; 32-bit; 768K Set Value for eaCh Of the
distribution map.

A i
Y ! —

Waximum

i

Brightness

i

Confrast

256x256 pixels; 32-hit, 256K
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I. Optimising visualisation of element distribution maps

When the combined image is of a good contrast, you can merge it
into a single image: Image > Type > RGB Color or Image > Color >
Stack to RGB.

T (Fiji Is Just) Image)
File Edit Process Analyze Plugins Window Help
Ojo/ (R -
rOval®, elliptiq Adjust L 16-bit
Show Info. . Ciriag |¥ 3201
286x256 pixe  roperties. Giteshinsp | 8-t Color
Color Bl RGB Color
Stacks r B
Hyperstacks HSB Stack
Crop Lab Stack
Duplicate. .. Ctrl+Shift+D
Rename .
Scale... Ctr+E

Transform

Zoom

Overlay

i 258023 -
256X256 pire
(S Annotate

$x256 pixels; 32-bit; 256K

Drawing

»
>

»

Lookup Tables 4
>

»

Video Editing r
>

When saving the final image (File > Save As) the name should
indicate which element is displayed in which colour. e.g.
CaR_KG_PB, where R stands for red, G for green and B for blue.

Note: in these images, co-localisation of a particular element in a
pixel results in colour mixing. This is why it is good to include the
triangle or the circle of co-localisation of colours on or next to the
image.

Ca
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II. Determining tissue-

To begin with tissue selec
Tools > ROI Manager (RO

specific concentration of elements

tion in the distribution maps: Analyze >
I = Region Of Interest).

[5° (Fiji Is Just) Image)

Iﬁgggﬁﬂﬂ lMeasure Ctri+M

and (tracing) tool Analyze Particles..

_! Summarize
[0% 252023 ige-Ca.cs — O | Detbition
256%256 pixels; 32-bit: 256K
L RE | Label

Clear Results

Set Measurements...

File Edit Image Process ﬂJ_gms Window Help

Hed ol dlal [»

Add [t]

Delete

Set Scale...
Calibrate...
Ctrl+H
Ctri+K

Histogram
Plot Profile
Surface Plot...
Gels

T Fractal Box Count... 3D Objects Cotinter

Analyze Line Graph 3D OC Opfions

P PG S Skeleton

iERMasancrs Colocalization

Scale Bar...

Color Histogram

Calibration Bar... et oty

Sy-nchromze Windows Shapc i Map
: God Optic Flow
Sync Windows Helmholtz Analysis

3D Surface Plot

Classification

Sync Measure 3D

Local Thickness
Multi Kymograph
QuickPALM
Sholl

Topod

FRename..

Measure
Deselect
Froperties. .
Flatten [F]

3

More =
™ Show All
[ Labels

* v v v v ¥

ROI Manager enables saving the selected tissue in the image and
calculating the average Gray values (in micro-PIXE this is the
average concentration in the selected tissue).
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II. Determining tissue-specific concentration of elements

The tool for tissue selection is ,Brush“ and it is found among
options of the second button of the’ main ImageJ window (the so
called , Oval®, elliptical or brush seléctions).

Right-click on this button to opén pop-up window (Selection Brush)
where the size of the brush can be selected.

Tick the box at Enable selection brush and sef the size of the
brush (units: pixels) and adjust it according t6 the size of the
tissue/ cells in the distribution map. When the¢ size is selected >

OK.
[ (FijiIs Jug
]Fire Egit

_ 20 Image Process Analyze FPlugins indow Help
and B 0] | 17|\ A | @] o] i) 9] 4| 8] |

f*O‘u'aI*_ elliptical or brush selections (right click to switch)

i-'::" FS6( : e L B = : [ / s |

256x256 pixels; 32-bit; 256K

nagel = | s

Measure
Deselect

Properties .
Flatten [F]
Mare =
I~ Show All
| Labels

wagng

14" Selection Brush

¥ Enable selection brush:

Size: |5 pixels
Ok Cancel




II. Determining tissue-specific concentration of elements

To use the selection tool, slide over the area of the image with
keeping the left mouse button pressed. When you are happy with
the selection, click Add in the ROI Manager window: a number will
be added to the left hand side of the ROI Manager windo

To change the name, click\on the number and then click Rename...
Write the name of the tissue:

& (Fi
File Edn: Image Process Analy:

Plugins Window Help
O] sy 0| 4] 8]

(Fiji Is Just} Imaged 2.0.0-rc-69/1.52p; Java 1.8.0_ [64-bit];

[ RO.. —

»

12070097 e

Rename...
Measure
Deselect
Properties. ..
Flatten [F]

™ Show All
¥ Labels

iFlFe Edrt Image Process Analyze Plugins Window Help
' Dw|sw|m|f|d’|&| |

Add ]
Update

Rename.. |

Measure

g
[ ROI Manager Deselect

Properies...
Flatten [F]

Rename As: IEpidermis|

OK | Cancell

™ Show All
¥ Labels

Note: to change the selection after it has been added, always click
Update to save changes.
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II. Determining tissue-specific concentration of elements

To continue with adding new selection, you need to double click the
box next to Show all.

Now, select the second tissue, add it to the ROI Manager and
rename it (e.g. Crystals).

| [ (Fiji Is Just) Image! N ] .
_ File Edﬂ: Image Prucess Analyze FPlugins Window Help
it a|o0 &v\sm\w\ﬁlf\@a\ >

here fosearch

fFuu ls Just} Imaged 2.0.0-rc-69/1.52p; Javg 1.8.0 172 [64-bit];

—

[ 2580., — 1 < @\ﬂ B
256x256 pixels; 32-hit; 266K - -
AT TN Epid is -~

Measure

Deselect

Properties. ..
Flatten [F]

¥ Show Al
«I[ Labels

[5" ROI Manager

Rename As: |Crystals

0K l Cancell

In case you have discontinuous tissue, press and hold ,Shift“
when you begin sliding at different position. Repeat as needed.
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II. Determining tissue-specific concentration of elements

Continue with tissue selection and adding & renaming them in the
ROI Manager.

When the selection is completed, save the ROI Manager for later
use. Make sure you save all tissues (if a name is highlighted, which
you do by clicking on it, you will save only the selection). You do
this by selecting all or none of the names. The file is saved as
RoiSet (zip). Later you open it as File > Open. AL 634002-5iLi-m-S

B Results_634002_TA-a
! RoiSet

Note: during tissue selection you might want to check other
distribution maps. Some tissues are apparent only in some
distribution maps.

Note: the tissue added to ROI Manager will be displayed as the area
on any distribution maps you open (click on the name in the ROI
Manager window).

To get results, select the tissue of & wi - o

File Edit Image Process Analyze Plugins Window Help

interest (or all at once) and click df@ajo |« ala|ol] Dw|8m|m|&\1\&| K
Measure fji Is Just) ImageJ 2.0.0-rc-69/1.52p; Java 1.8.0_172 [64-bit]; ch

,Result window appears i socogons s

I3 RO = [m]

Epidermis - Addm
Chystels Update
Delete
Rename
Measure

o Label = sample n

Deselect

Properties..
Flatten [F]

o Area = number of the pi

selected. ™ srow
~ | Labels
o Mean = average value, i.e. T o x
concentration in the tissue e -
selected in mg kg! dry weight. s AT ORI (G Y A I ZanRe

o StdDev = standard deviation of
the mean (SD).

o Min and Max = minimum and
maximum values.

l
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II. Determining tissue-specific concentration of elements

At first, your ,Results window might not offer these parameters. To
remedy this: Analyze > Set Measurements and by ticking boxes in
front of names you select which parameté\rs you want calculated.

Note: once you

elect these parameters
them. Only manual unticking at Set Measurement changes this.

ImageJ will remember

[ (Fiji Is Just) Imagel
File !Edrt Image Process ﬂ.lgl'n
Y& a|o|~/4 )t

zxt tool (double-click to configure

Measure Ctrl+M
Analyze Particlef...
Summarnze
Distnbution...
Label

Clear Results

@50, — O
256x256 pixels; 32-hit; 256K

Set Measurements. .

Set Scale...

b Calibrate...

Ctr+H
Ctr+K

Histogram
Plot Profile
Surface Plot...

= Gels
Tools

3D Objects Counter

e pesuis 3D OC Options = O
File Edit Font Results
‘L“EDEH . zfit:; ation : L MEK =
1 256023 _ige-Ca.cawEp S6.120 0 §995.290
2 258023 ige-Ca.csvCry Golor Histogram 75866 0 26012.699
Directionality
Shape Index Map
Optic Flow 4
Helmholtz Analysis -—

3D Surface Plot
Classification
Local Thickness
Multi Kymograph
QuickPALM
Sholl

Topod

[ (Fiji ls Just)
File !Ed'rt mage Process Analyze Plugins Window Help
AR c|o| 2l N Al s o)) ofsju] o] 4]a] |-

olor picker (255,255 255/0.0\0)

(m]

[ 2380...

256%256 pixels; 32-bit; 256K

[07 Set Measurements

¥ irrea:
¥ Standard deviation

¥ WMean gray value

[ Modal gray value

™ Min & max grayvalue | Centroid

™ Centerof mass

I Perimeter

I~ Bounding rectangle [~ Fitellipse

I” Shape descriptors
I™ Integrated density
™ Skewness

I~ Area fraction

I Fersts diameter
™ Median

™ Kurtosis

[~ Stack position

I” Limittothreshold | Display label
I Invert Y coordinates [~ Scientific notation

I™ Add to overlay

[~ NaN empty cells

Redirect o ﬁone—ﬂ

Decimal places (0-9). |3

OK Cancel I Help I

| Labels

Add [
Update
Delete

Rename...
Measure
Deselect
Properties.

Flatten [F]

I~ Show All

=2 O pod
an StdDev |Min [Max &
2B5.249 1236120 0 86895.290
D044 783 4275866 0 26012 699

|

Note: If you want create graphs showing e.g. different concentration
of elements in different tissues (from this one measurement), you
will need to calculate standard errors (SE) of means. Imaged
provides you with SD, which can be a very big number, because the
number of pixels (=n) used to calculate it is large (larger n leads to

larger SD).

To calculate SE: SE=SD/sqrt(n)
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II. Determining tissue-specific concentration of elements

To perform calculations for other element(s), simply click on the
image opened and then click Measure. Calculations for this
element will be added to the Results window. The Results can be
saved either by\File > Save As or by highlighting the results,
copying them and pasting them to Excel or other suitable data
management software.

Show all inf ROI Managsr > Flatten and then save the image: File >
Save As (as e.g. .jpeg or .png).

Note: To sgve an image with tg‘ssues selected displayed, click

rocess Analyze Plugins Window Help

AAlalo|O] wjsjulo| s 6] |=

L
P

g = 1 A ]

I File Edit Image Proces$ Analyze Plugins Window Help \ File Edit Image
OB o ~alitsala|o| ofsjurl 0] 4] a] | O (o]~
Measure: 0.0 seconds Click here fo searc Measure: 0.0 seconds

[ RO.. — a S g T RO.. —
Epidermis = g 256x256 pixels; 32-bit, 256K — 5
Crrstals Update CryStals
i
Delete

Rename

Properties. A
Flatten [F]
Wore » . -
‘ 4 ]
W Show All e
7; o ™ Show Al
- Label. =
= aﬂes = ™ Labels
| FF Results : ] | = -
U Res
‘ File  Edit Font |Results I Eile Edt Ee t\ it
[Label ] [Area [mean Stebev_ [win Max_| = 'e|L = IR L i _ - S
1 258023_gelCacsvEpiderms 1216 2265249 1256120 O 8095 S m— e a R Ve | e
2 258023 ige/CacsviCrystals 1481 5044783 4275866 O 2801: 1 2eA023geCataXEpldeimly 1218 (2285243 256120 [0 8835
3 258023 gelKcovEpidermis 1216 16873635 6474657 2893770 4172 2 258023 ige-Caroviyystals 1481 5044.783 4275866 0O 2601
4 oPAD2A gd KeovOrystls  i481 2339701 1996710 0.000 e 3 258023 ige-KcsvEpiermis 1216 16873635 6474657 2693770 4172
- 4 25B023_ige-KosviCrystyls 1481 2839.701 1996710 0000 1388:
5 258023 sdd-ScsvEpiderkis 1216 840318 1007875 0.000 5471
6 258023 sdd-ScsvCrystals\ 1481 136850 2856264 0.000 2458
3igeWes O % ‘ | D

256x256 pixels, 32-hit, 256K

256x256 pixels; 32-bit; 256K 256x256 pixels; 32-bit; 256K
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III. Identifying tissue-specific element profiles using

multivariate statistics

ining,

Before starting the multivariate analysis in Orange Data M

tial

format is 256 x 256 pixels, which needs to be transformed into a

1mi

c purpose. The

fi

is speci

your data needs to be formatted for th

is a leaf cross

1S

le column. The sample used to demonstrate th
section of Thlaspi praecox Wulf.

sing

m

v O
o e
e e

Editing

Paula Pongrac
z

Clear~

3 uosum - A
-

Good
input

353045 iGe-1m Zn - xcel

Formatting

youwant to do

Q Tell me what:

Genera
[ Y

Help

Adetins
2 Weop Text
2 Merge & Center ~

Review

Data

Formulas

Page Layout

Insert

 Format Painter

Clipboard

highlight it whole. Right click on the“mouse and in the pop-up

Open each matrix (here Zn is shown) in Excel and use Ctrl+a to
window select ,Define name®“. Name

Styes

Number

o B

1202
1512720

s
Y O

s st

Frers saects

Editing

z

)

3 Autosum + A,
Clear~

sum 328265119
-

Insert Delete Format

Count: 55536

Paste Options:

Insert

sert Comment

cel

Pick From Drop-down Lt

Define Narme..

335375

Conditionl Format as
Formatting +  Table-~

youwant to do

Q Tell me what:

[ Y

ins  Help
Merge 8 Center -

Add:

Review

Data

Formulas

Page Layout

353045
Insert

 Format Painter

%

1

[
Paste

cells

Number

Atignment

Font

Clipboard

°

°

°

°

°

New Name

matro

Name

Workbook

scope:

Comment:

= 353045 (Ge-m Zn1SASSIVS256

Refers to:

Cancel

ox

353045

&
£

H

Sum: 3128265119

Count: 65536

Average: 4773353758

Ready
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II1. Identifying tissue-specific element profiles using multivariate statistics

Open new sheet in the same file and paste (Ctrl+v) the following

formula to the cell Al:

=OFFSET(matrix, MOD(ROW()-
ROW($A$1),ROWS(matrix)),TRUNC((ROW()-
ROW($A$1))/ROWS(matrix)),1,1)

Formulas Data Review Views Add-ins Help

'5’/ - 2*3 Wrap Text General
Paste e = e=3= Merge & Center = =7 - 9 9
Alignment ] Mumber

You will see this formula also in the formula box > Enter.

| 00

(]

Q Tell me what you want to do

353045 iGe-m-Zn

Conditional Format as | [}

Formatting > Table -

Al =OFFSET(matrix, MOD(ROW()-ROW($AS1),ROWS(matrix)), TRUNC{(ROW()-ROW(3AS1))/ROWS{matrix)), 1,1}

A B 2 (] E F G H | ] K L M M (0]
1|0

L u
2 H ©- =
3 File Home Insert Page Layout Formu
a4
5 6 Cut Calibii Ju -
Ei Copy -
6- ~ Format Painter B u~|d-| &
£4 Clipboard ] Font
8
g' AB5500 = Je || =OFFSET|
10| A B ¢ D
65500

You need to copy this formula to the row 65536
(256x256=65536) by dragging the green box
positioned in the bottom right corner of the Al
cell.

Once you are finished, whole column will be
populated with values originating from the
matrix (the formula wused appends column
under column until all 256 columns from he
matrix are in a single column in this new sheet).

65501
65502
65503
65504
65505
65506
65507
65508
65509
65510)
65511
65512
65513
65514
65515
65516,
65517
65518
65519
63520
63521
63522
63523
65524
63525
65526
63527
65528
63529)
65530
65531
65532
65533
65534
65535
65536

D0 00 000000000000 00 o0 ool oo oo oo o

65537

=l

353045 iGe-m-Zn | Sheet1 |




II1. Identifying tissue-specific element profiles using multivariate statistics

The created column contains formula in each cell. This makes it
useful for copying and pasting it in files of all other elements: open
another matrix (here for P distribution), highlight the matrix and
define its name (matrix). In the new sheet in the P file, click on the
column A (to have it highlighted) and paste the column containing
formulas/(from the first attempt).

=
Insert Page Layout Fori Home . . 11
pie/ e i oh w  UPOR Pasting, you will be
Pa'stE ¥ Forrhat Painter R PE'ST:E ¥ Format Painter R nOtlfled that the name
Clipbogrd [F] Font Clipboard Fl Font matrlX already eXlStS and
= 2 Al = f | =OFFSE .
=5 . . T if you want to keep the
oy N name click YES and if you
3 3|0 : .
- als want to change it to click
9 5 |0
5 ¢ lo NO. Select Yes.
7 7|0
8 afo
9 3 |0
10 100
11 1140
12 1210 Microsoft Excel / X
13 i2lo
14 1410 o The name 'matrix’ already exists. Click Yes to use that version §Pthe name, or click No to rename the version of ‘matrix you're meving or copying,
15 1510
16 s Yes No
17 17 D
13 180
19 1910
20 200
21 2110
22 2210
23 2210
24 24 10
25 2510
26 260
27 27 |0
28 2810
29 2910
30 200
31 31|00
2 /o
33 3310
34 3410
2 3510
36 3610
37 37 |0
38 380
| 353045 Sili-m-P | Sheett | | 353045 Sili-m-P | Sheett |

Select destination and press ENTER or choose Paste
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II1. Identifying tissue-specific element profiles using multivariate statistics

All the columns should be saved: File > Save as. Use the .csv
format.

353045 iGe-m-Zn - Excel

Save As

L D: = PAULA > pedagosko_delo » 2028721 = FBC > Thlaspi > 353045_ascii

Ogen L) Recent

L 353045 Ge-m-Zn_column] / |
CSV (Comma delimited) (*.csv) v | Edsave |
-~ OneDrive - Personal Viia oate e o

s paula.pongrac@gmail.com

Print @ This PC Name T Date modified

e M| 353045 iGe-m-Cd.csv oyt [

4=  Adda Place
Export u'| 353045 iGe-m-Cd_column.csv 14/12/2020 14:38
_ Browse —

Publish h ,| 353045 iGe-m-Fe.csv 27/07/2011 13:57

Ciree ﬁ| 353045 iGe-m-Fe_column.csv 14/12/2020 14:37
[ .
.| 353045 iGe-m-Mn.csv 27/07/2011 13:57

Accaunt _El|
[

Feedback E,l 353045 iGe-m-Mn_column.csv 14/12/2020 14:36
[ 8

Options B 353045 iGe-m-PbLesv 27/07/2011 13:57
u] 353045 iGe-m-PbL_column.csv 14/12/2020 14:38
M 353045 iGe-m-Zn.csv 27/07/201113:57
u '_l 353045 iGe-m-Zn_column.csv 14/12/2020 14:37
h | 353045 SiLi-m-Alcsv 27/07/2011 13:57
ﬂ| 353045 SiLi-m-Ca.csv 27/07/2011 13:57
[ .
u | 353045 Sili-m-Ca_column.csv 14/12/2020 14:36
| g
E | 353045 SiLi-m-Cl.csv 27/07/2011 13:57
u | 353045 SiLi-m-Cl_column.csvy 14/12/2020 14:35
u] 353045 SiLi-m-K.csv 27/07/2011 13:57
E1:| 353045 Sili-m-K_column.csv 1471272020 1435

Note: .csv format can contain only one sheet. Therefore, when
saving you must save it under a different-from-matrix name (e.g.
add an extension _column) or save all files with columns into a
different folder. In case you fail to do this, you will overwrite the
matrix and thus loose it.
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II1. Identifying tissue-specific element profiles using multivariate statistics

Now combine all the columns into a single Excel file next to the first
two columns being filled in with coordinates (column x rows values).

H®&-o: - :
Home 1 File Home Insert Page Layout Insert Page Layout Formulas Data

= ¥ Cut ¥ Cut = X Cut

D - D - Calibri D i Calibri -1 - A E=E
ER Copy ~ ER Copy - ER Copy -

Paste *r —— Paste e — B I U o= |0 Paste r - B I U=~ e &'A' === =

- orma ainter - orma a T - ormat ainter
Clipboard E] Paste ] Font Clipboard m For Calibri 1 <A ) 9%
oy e, o
AD22 - O Lk %% 15 £l p D1 ~ fo|| B T =&+ A~ o
iy R
A B L LR c D A B c D e " -

1lrow  column B Paste Values Na g o 1 |row column | Na Mg % Cut

2 | 1 1 OB 2 1 0 2 1 1 of " | Em Copy 1

% Paste Options:
— aeris i s YT YT
5 | 1 1 ! a1 |4 0 5 1 4 0| DD s Lix 148 =y
6 I 1 3 Pastepecial... 3 u & 1 S 0 il Pl : 3
7 | 1 6 . 6 [} 7 1 6 ol Insert Chpied Cells ]
8 | 1 7 8 1 7 0 8 1 7 0 Delete 0
2 | 1 8 2 1 8 0 2 1 8 0 Clear Coptents 2
10| 1 9 10 1 9 0 10 1 9 0 ]
1| 7 10 1 1 0 1 1 10 0| s i
12| 1 1 12 1 0 12 1 1 0 Column Width... ]
13| 1 12 13 1 0 13 1 12 0 Hide )
14| 1 13 14 1 13 ] 14 1 13 0 Unhide ]
15| 1 14 15 i 14 0 15 1 14 0 v v v 0
16| 1 15 16 1 15, ] 16 1 15 0 of i o o
17| 1 16 7 T 16 0 17 1 16 0 0 0 0 [}
18| 1 17 18 1 17 18 1 17 0 0 o 0 0
19 1 18 19 1 18 0 18 1 18 0 0 i 0 0
20| 1 19 20 1 19 ] 1 0 o [} [} 0
21| 1 20 21 1 20 0 1 0 0 0 0 0
22| 1 21 22 1 21 g 1 0 o i o 0
23| 1 2 23 1 22) 0 1 0 0 0 0 0
24| 1 23 24 1 23 ] 1 0 o 0 0 0
25 | 1 24 25 1 24 0 1 0 0 0 0 0
26| 1 25 26 1 25 ] 1 0 o 4 [} 0
27 | 1 26 27 1 25 0 1 0 0 0 0 [}
28 | 1 27 28 1 27 0 1 0 0 [} 0 0
20| 1 28 29 1 28 0 1 0 0 0 0 0
30| 1 2 30 1 29) ] 1 0 o 0 0 0
31| 1 30 31 1 30 0 1 0 0 0 0 0
3z | 1 31 32 1 31 ] 0 of o [ 0
33| 1 2 33 ki 32) 0 0 0 0 0 0
34| 1 33 34 1 33 0 0 0 0 0 0
35 | 1 34 35 1 34 0 0| 0 0 0 0
36 | 1 35 36 1 35, ] 0 o 1 [}
27 | 1 36 37 1 36 0 0 0 0 [}
38| 1 37 38 1 37 0 0 0 i 0
— o - ——— b - .
Sheet1 Sheetl | @ @
Select destination and press E Select destination and press ENTER or choose Past
m 5 M C = =

If you have xxx_column files closed, you need to\open them, click
on the column A (to highlight it) > Ctrl+c and in the
combined file to move the column.

If you have files with columns open, make sure you paste only the
values (and not the formulas) > Paste Special > Paste values (= the
button with 123).

Name the columns (element name) after inserting one row at the top
of the columns.
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II1. Identifying tissue-specific element profiles using multivariate statistics

When columns for all elements are copied, you need to calculate z-
normalised values (this value indicates how far from the average is
a value in a cell:

=(x-u)/ o

X, value in each cell/ pixel

u, average value in each column
our example, for Na in column C: =average(C1:C65536)

&)

Paula Pongrac

Inset  Pagelayout  Formulas  Data  Review & Add-ins  Help  Q Tell me what you want to do

o X Cut

= G n
Calibri . ‘N = 2 yop Text Geriecal Bad Good Neutral Sin T [ ZAuosum Ay p
P: E%COPY - . \EEI E‘ Fo FIHY SZ & Find &
s T P e B watory. i ote 21| st Dok vt o
- * Format Painter B.4L i &2 A Ead et i eige & Cercer % iy y B hd - #® - & Clear~ Filter ~ Select
Clipboard i Font T Number Styles Cells Editing
P2 - fo | =AVERAGE(C2:C65537)
A B G D E P s H | i a R s 5 v v w x Y Z A
;'DW column Na Mg P S a K Ca Mn Na Mg P S a K Ca Mn Fe Zn cd Pb

397.838] 2297.644 2865784 1749.337 1310.266 4335.532 11666.07 30.53935 67.05344 4773.35 962.2259 289.6904
1086.664 5200.527 675.846 3799.76 3294.251 1066119 27059.14 86.8331 375.7721 22528.91 2935.187 843.1662

l
2
3
a
5
6

353045 Orange_zscore - Ercel PoulaPongrac 5

Pagelayout  Formulas  Data  Review  View  Add-ins  Help  § Tell me what you want to do

25 Wrap Text General . 'E 7]

I el
: ER Copy ~

Calibri R

[T Fill-

Bad Good Neutral Calaulation |- = E}\ il 2 Autosum « oy O

Pa: B I U-~ o &= . = jerge & Center « 0+ 95 3 | 59 £8  Conditional i L = Note — lnsett Delete Format Sort & Find &
- ¥ Format Painter =il L & s s ¥ S - & Clear~ Filter - Select~
Clipboard 5 Font [ Alignment Number styles cells Editing
Insert Cells

P3 - Fe || =STDEV(C2:C65537)
Add cells, tows, columns or sheets

P a R s T u v | toyour workbook, 0y

A B = D E F Ll oaa |
1 lrow column  Na Mg P s * Na Mg P s a K ca Mn Fe n cd Pb
2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 397.838 2297.644 286.5784 1749.337 1310.266 4335.632 11666.07 30.53935 67.05344 4773.354 962.2259 289.6904
3 1] Z| 0 0 0 0 0 0 0 0 0 0 0 0 1086.664] 5200.527 675.846 37399.76 3294.251 10661.19 27059.14 86.8331 375.7721 22528.91 2935.187 843.1662
4 I 3 o 0 o 0 o 0 0 0 0 0 0 o T
5 1 4 0 0 0 0 0 0 0 0 0 0 0 0
6 1 5 0 0 0 0 0 0 0 0 0 0 0 0
7 1 6 0 0 0 0 0 0 0 0 0 0 0 0
8 1 7 0 0 0 0 0 0 0 0 0 0 0 0
9 1 8 0 0 0 0 0 0 0 0 0 0 0 0
1 1 9 [} 0 [} 0 [} 0 [} 0 [} 0 [} 0
1 1 10 0 0 0 0 0 0 0 0 0 0 0 0
12 1 11 0 0 0 0 0 0 0 0 0 0 0 0
3 1 n [} [ [} [ [} [ [} [ [} [ [} ]
14 1 13 0 0 0 0 0 0 0 0 0 0 0 0
15 1 14 0 0 0 0 0 0 0 0 0 0 0 0
16 1 15 3 3 3 3 3 3 3 3 3 3 3 [
17 1 16 0 0 0 0 0 0 0 0 0 0 0 0
18| 1 17 0 0 0 0 0 0 0 0 0 0 0 0
19 1 1 [} 3 [} 3 [} 3 o 3 o 3 o 0
ZQ‘ 1 19 0 0 0 0 0 0 0 0 0 0 0 0
| sheett | @ T

Ready i I
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II1. Identifying tissue-specific element profiles using multivariate statistics

Now calculate z-value for each cell in each column using the
formula =(x-u)/o0 by starting in a new column. The first data point
(in our example) is C2 (this is x), average is in P2 (this is u) and
standard deviation is in P3 (this is o).

cells used in the

P Q R s T u v w x Y z A A8 AC Al
a _ﬂ B s a K ca Mn Fe n cd Pb Na Mg
¥ 357.838] 2297.604 286.5784 1749.337 1310.266 4335.632 11666.07 30.53935 67.05344 4773.354 962.2259 189.6904 /ps3 | 0
| 1086.664] 5200.527 675.846 3799.76 3294.251 1066119 27059.14 86.8331 375.7721 22528.91 2935.187 843.1662 -0.36611 -0.4

036611 04

-0.36611 0.4
-0.36611 0.4

coooo
coooo

Note: values for u and\g are the same for a single element. To have
this memorised in the Yormula, add dollar sign $ in front of the
numbers 2 and 3: P$2 and P$3. Now values in these two cells will
always be used when calculating z-values.

Note: to avoid dragging the formula all the way to 65536 you can
use this trick:

paste a column which already
has the values all the way to
row 65536 next to the new
column (the Pb column for
example). By double clickin

N x z M| e
0 Na  wMg P s a 3 B Mo Fe ) R )

397838 2297.644 2865784 1749337 1310.266 4335.632 1166607 30.53935 67.05344 4773.354 9622259 289,604
1086.664 5200527 675.845 3799.76 3294251 1066119 27059.14 868331 375.7721 2252891 2935.18

on the green square on the
bottom right corner of the cell, | :
the formula will be copied as
far along the column as there | :

are values in the neighbouring | & : :
column.
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II1. Identifying tissue-specific element profiles using multivariate statistics

Now calculate all z-values for all elements and save the file in the
.xIxs or .csv.

Henceforth we will only need the z-values, thus copy the z-values
(next to the column and row columns) to a new Excel (make sure
you paste only values and not also formulas) and save it. Both .csv
and .xlxs can be imported into Orange Data Mining.

Open Orange Data Mining and close the first window appearing and
go to Options > Add-ons > Orange Spectroscopy > OK. Restart
Orange.
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II1. Identifying tissue-specific element profiles using multivariate statistics

Go to Data and click on File. This creates a widget File on canvas.
This will/be where you import your data (the z-values). Double click

D File M- o X

@i 353085 Ornce sy = = ;ﬂad

O

Info
65536 instancels)
14
D: et variable,
0 ()
t

@ | Spectroscopy

Row and Column to be ,target®, should be

To inspect the content of the data file ", 5 g
imported click on the Data Table-and-a E_A 3 )50
new Widget will appear.

By connecting (with the left button
the mouse pressed drag a line] the File
and the Data Table widgets they begin
communicating.
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III. Identifying tissue-specific element profiles using multivariate statistics

To inspect the content of the Data Table just double click the widget
and a pop-up window will appear displaying data. The first two
columns are highlighted (this indicates their role as ,targets®).

~ 7 Data Table - o x
M oata
1o =
Py 65536 instances (no missing data) = = e b ’ ° “ !
& 12features 1 1 1 036611 044181 0424029 0460381 0397743
2outcomes S =
o meta atrbutes 2 036611 04411 0424029 0460381 0387743
I IV e e :
e - kS 1 -0.36611 044181 0424029 -0.460381 0397743
@ @ m [} | Ve s i 3 oans osuds  osm omms
Show varable abels (Fpresent) |5 1 036611 044181 0424029 0460381 0397743
bk enoa Deme 2 Fie Data Table ] Viusize numeric vaues h B o FyRe i e Sy
Lo by esenc cases 7 1 036611 044181 0424029 0460381 0397743
o 1 036611 044181 0424029 0460381 0397743
e e D select flrons |
oz foue E 10 1 036611 044181 0424029 0460381 0357743
oo ==z u i " 036611 “0asst 0424029 0460381 0397743
@ [ /A b 2 | B omen oans osws  oam 0mmm
i s e S 13 1 B 036611 04411 0424029 0460381 0397743
1 5 " 036611 044181 0424029 0460381 0397743
@ >§ %, s 5 B omen  oww  omwm omom 0mme
2 16 1 1 036611 -oana1 0424029 0450381 0397743
Transpose  Randome  Praprocess  APBY 7 1 7 036611 04181 0424029 0460381 0307743
18 1 ) 036611 044181 -0.424029 0460381 039743
™ @ 9 0 B o o osuws  osm 0w
L 0 1 £ 036811 oassn 042409 0450381 0397743
Domsn  Seret 2 1 2 036611 044181 0424029 0460381 0397743
|I| 2 1 2 036611 044181 0424029 0460381 0397743
=l E 1 2B 036611 0am81 0424029 0460381 0307783
oo conte S % 1 x 036611 044181 0424029 0460381 0387743
2 1 E 036611 044181 0424029 0460381 0397743
o = =
i M1 % 1 2 036611 044181 0424029 0460381 0357743
b 7 0 2 osen ows s osm 0w
B e = B 2z 036611 o1l 0420029 0450381 0397743
2 1 2 036611 04411 0424029 0460381 0397743
Y 1 0 036611 044181 -0424029 0460381 0397743
Restore Orignal Order El 1 El 036611 044181 0424029 0460381 0397743
e v 2 1 2 036611 044181 0424029 0460381 0397743 v
Send Automatically < R
—— 28 [ HAsxb

Calling all Scholarst

Are you a student or  teacher? il out a shart questiomnaire to help
us improve Orange for educaton

-
5 m® oMo 0F » ® 7 @ vl F3 . A PR B L N O ® B Bea) w o OR R

You can perform initial visualisation of the data: Visualise >
Scatter Plot. Connect the File and the Scatter Plot wid and in a
pop-up window select an element to be dis
concentrations but z-scores for Zn.

s Visualze
ﬂ& i Nt @ >
T L 240
T oxpbt  Dsrbut. Scaierft 0 =
— e
= dr: n ~
Lih =- H: Fle £ EX—
; I stope: [Gomestopd) | aop
e See Mome
o o Size: (5ame size) ~
L&! N T
o3 B Labe o labels v
= & ] e ety et s
Label oy selecton and subset
P e
Scatter Plot
ﬁ; & @ smbolsze: ] i
Opacty z
venn Sihouette  Pythagor... Pythagor. I 2
| vagram R T o steroe: =
oom ’:t:
[ show color regians: 0
Q2R Nomogram 4 show legend
i [ show gridines 0
| odel [EET—
- ] Show regressonine o
i | evaate [ itk i
2 | Unsupervised s
@\ | Spectroscopy
Zoom/Select 2
Blo
o
Send Automatically column

?BBe A6k

Interactve scatter plot visuslzation with nteligent
data visuaization enhancements,

§ Callingall Scholarst

are youa or a teacher? il out 3 short questonnaire to help
us improve for education.

o7 g
177127200 Y1
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II1. Identifying tissue-specific element profiles using multivariate statistics

In our data, we want to find tissues with specific elemental profiles
(taking all elements into account). You will be looking for clusters
using k-Means statistics. You can find the widget under
Unsupervised > k-Means. Link the File widget with the k-Means

widget. / \

@ -
File Edit View Widget Options
m. Data

Li l Visualize

® -

File Edt View Widget Options Help

Help

—
2| Model
.« % Fle Data Table
ﬂﬁl Evaluate \ B y z
ﬂ Unsupervised D J ‘, D
Fle |\ Data Tabl
. Scatter Plot
g 9
Distance & XS

oo (e

» e
 DEC5 S T |
Dean Scatter Plot i

-y
xS
Swe  seoms
S o e

k-Means

[ . Spectroscopy

Another way of finding widgets is to drag the line from the File
widget to an empty space on canvas and a list of recently used
widgets will appear along with a search box. Type first letters of the
widget you are looking for and you will be offered it.

Note: there is an exclamation mark above k-Means widget. This is a
warning for k-Means inability to calculate silhouette values (they
help us determining the number of clusters present) for n > 5000.
Remember we have n= 65536.
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II1. Identifying tissue-specific element profiles using multivariate statistics

Double clicking on the k-Means widget opens a pop-up window
where we can make selection for the parameters in the k-Means
statistics. \

Because we cannot calculate
silhouette values (our n>5000),

D8 -« we can use PCA do determine
£ 33755 the number of principal

components (PC) describing the
iability in our dataset.

(=} 2

28| 90x o s Connect the File and the PCA

widget and inspect the graph:
it indicates
describe >809
the k-Means statistics we
select 5 as Fixed number of
clusters.

M| pawm
st | visuaize
'_T'I Model
| i | evaluate e
I Unsupervised D ‘, D
i Data Table

0.508

PCA

Proportion of variance
%

— 0.061
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II1. Identifying tissue-specific element profiles using multivariate statistics

Results of k-Means statistics can be visualised through
Hyperspectral widiet, which you connect to the k-Means widget.

® -

File Edit View Widget Options Help

M oata

a2 | visuaize
pre

F | Mode

F#3 | Evaluate

Double click on the
Hyperspectral widget and
inspect the pop-up window.
In Menu (at the top): for x

and /y select ,row“ and
scolumn“ and in Menu (at

‘g ‘Show legend
\ Low limit: 00000
High limit: 40000
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II1. Identifying tissue-specific element profiles using multivariate statistics

One of the clusters shown is actually the background (the Cl1
cluster, in blue) and because this in not a meaningful cluster, we
can remove it through Select Rows, where you select: Cluster is
not C1. Tick the boxes in front the Remove unused features &
Remove unused ‘classes. Repeat the visualisationy” of the result
through the Hypergpectral widget, but with data” originating from
the Select Rowsyvid et.

? B | Hessk B 1sk

"7 Iglice_workflow.ows
File Edit View Widget Options Help

m Data

[i Visualize:

Tl o F

T peper Debun Serpl D — D
£ u =§ il File Data Table

. Seve  Mossic %
tnePot ekt e Mo

B,

Select Rows

S
g

P
o

£ Heans { P

HyperSpectra (1)

— b

LIV

¥
HyperSpectra
| model
Evaluate

Unsupervised

D @ 52 g

Spectroscopy
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II1. Identifying tissue-specific element profiles using multivariate statistics

The final result: there are 4 clusters of tissues with unique element
profiles: mesophyll (cluster in blue), vasculature (cluster in green),
epidermal cluster (cluster in yellow) and hot-spots in epidermis
(cluster in red). The colours on the ilmage at the top match those in
the g&ph at the bottom. \

#/ Hyperspectra (1) — o X
Image values
O From spectra S
Pesk from 0
(@ Use feature
Chuster &

[ R .
1 Leaming EE Analyss Tt
[] ey IE] %) B N e R R
HUH
o 22 9,253 3
b s s sekom [ &
e o i = o

| @ | Spectroscopy

N 30 30 3

malized dat

Cluster centroid v alue of z-norr

In the graph, x-axis only has numbers — their sequence represent

the order by which elements are organised in the initial file. In this
case: Mg, P, S, Cl, K, Ca, Mn, Fe, Zn, Cd, Pb. This graph indicates
which element profiles describe certain cluster (tissue).

Few examples:

Yellow cluster (epidermis) is characterised by more-than-average Zn
and Pb concentration.

Red cluster (the hotspots in epidermis) is characterised by more-
than-average Fe in Pb concentration.

When interpreting this graphs do not forget it operates on z-score
and not concentrations (thus: more-than-average or less-than-

average).
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Image analysis of element distribution maps

Have fun with the tissue-specific
distribution maps!
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