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Line measurements using 3dmod

Download IMOD (it’s free!) from: https://bio3d.colorado.edu/imod/

1. Open 3dmod, select your image (.mrc/.join/.rec) file and click OK.

B 3dmod Startup - O X

Start program as
Use cache, set to: {+ Sections " Megabytes
' ¥ 3dmod - open Info and image windows =5

" 3dmodv - open Model View window only I™ Cache images as tiles or strip:

™ Fill cache upon startup
Image file(s): |imageﬁ\e.mrc\ Select...

I™" Image files form a pyramid at multiflresclutions

Model fie: | Select... I”" Flip Y and Z sizes by rotating around

Piece file(s): | Select... I Load non-byte data in as 16-hit integel
Angle fil: | Select... I Show RGB images as grayscale

I Load single-image files as separate times, sections

[™ Piece file is a metadata autodoc (.mdoc) file
I Load montage as single frames

puadipades e e sl o) geen I™ Load model without scaling coordinates
X from: ’7 to: ’7 I xvz window I™ Load FFT without mirroring data on left side
¥ from: ’— to: ’— I™ Model view I™ show images as montage l—:| inX by
Z from: to: W' zap window Overl 4 3: _—
I™ Slicer Z
Bnby |1 = nxy, |1 = nz 512 x 512)

Scale image intensities: to 0, to 255

When files must be scanned to find scaling
' Do full scan for true min and max

" Scan subset to estimate min and max
" Scan subset to estimate mean and 5D

[ Modify MRC file header with values from scan

Tip:
If you have a large data file, you can set the cache here to only a few sections (1-10). This means that even
very large files will open quickly and easily in regular computers, so you can start modelling straight
away (although scrolling in z will be slower than when you open the entire file in one go).

For these instructions to work properly, set
the mouse button preferences to the ones

used here, by going to Edit > Options > Mouse - —
and choosing the option Right, Left, Middle T

CONTINUOUSLY ACTIVE SLIDERS

. Bdm I:Id' rll:llj L||E5 _ D X Control key Active when
= cul ' KeyUp
File | Edit Image Special Help € shift ®
At " MNever
Model b ni_modelviZautosaveF e
| i b ASSIGNMENT OF MOUSE BUTTONS
-m I:I L:I-I ect Sh':""\"l (First = pan, set position, attach to point

Second = movie up, add point

Surface L4 i Third = movie down, modify point)
Dt C # b X 1 - | 'III 4596 First, second, third buttons — Movie up Pan, mark
ontour  Left, Middle, Right = Add point Attach to pt
Con Y :|‘ 3195
Point 3 L ” / " Middle, Right, Left
F N Z |51 :|: J 100 I & Right, Left, Mddle == I
l (=3 " Left, Right, Middle
Black  Fine Grain.. I 195 [Mode C vidde, Left, Right
: f Movie T Right, Middle, Left
Whit  Angles - | 226 i
I_ g 'S M Ij | *Default
ode - -
F Scale Bar... = Auto T R R RIS Movie down

Modify pt
- - T OO T
Optlcms... Y I Swap left and middie in Model View

3dmod 4.9, 3 Copyright 1994-2017
Regents of the Univ. of Colo, -

Done Defaults for Tab Cancel



https://bio3d.colorado.edu/imod/

2. Your should now have a Zap window open with your data. Open a
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model window by going to Image > Model View (or just V). The model
window should be just black at the moment, as you have no model.

@ 3dmod ZaP Window: nodules34flip_ali_trim1.mrc

A v 0w w0l e Nz

1
\ S A } | [ AT
) r o/ N\ — 4
4 AR \ N R

N

Zap window with data

B 3dmod: nodules.. — O x
File Edit | Image Special Help
4 g ZaP z
- Multi-Z
s | vz Crlex | 458
Contour | cpicer \ 5195
Point | Linked Slicers 100
Lo NModel View V 3
White —  Pixel View ovie
™ Float Graph Shift+G  Bodel
Trage S Locator —:|
Isesurface Shift+U =
3dmod 4.9,
Regentsof  Tumbler ﬂ

(B 3dmod Model View: nodules34flip_ali_trim1.mre - o x

File Edit View Hotkeys Help

Empty Model View window

3. Change the mode to Model (3dmod always starts in Movie rather

than Model mode).

B 3dmod: nodules... — O x
File Edit Image Special Help

21| 2] 0] | shom

Object |1 3: f1 X1 3: | 4596
Contour --x--Elj jo Y |1 El: /5195
Point =] z[s1 =] /00

Black ————— |— 195 [Mode
White — |~ 276 gl

[ Float I~ Subarea Auto|f] ©* Model
3dmod 4.9.3 Copyright 1994-2017 ﬂ
Regents of the Univ, of Calo.

Error: Can't open autosave file #autosaves z‘

There will be a default Object 1 open. Each
3D object you create in 3dmod is made of

points.

contours (lines), which are defined by

| 2] 0] o 5or

Object [1 /1
Contour | --x— 3: jo
Paint :|:

x [t =] 4506
vt =] /5195
z[s1 =] /w0

There will be no contours or points defined for this object
yet, and you have not yet started to draw this object.

4. To change the settings for Object 1, go to Edit > Object > Type

@ 3dmod: nodules.. — [m| X
File | Edit Image Special Help

ﬂ Model * | show
o
o

Surface ¥ Delete

4596

F Point 4 Color... 100
Black |mage 4 Move...
Wwhit  Fine Grain... Combine Dvie
I E Angles... Info odel
Scale Bar... Clean

3dme g
Rege Options... Break by Z
Error: Can't open autosa FillinZ

i 1B

Flatten

Renumber...

5. Define object type as Open, then click Done

Object name:

| Microtubule 1

¥ Draw

Copy from Object: | | 1 3:

Object type
" Closed

" Scattered



6. In the Zap window, zoom in (zoom controls = up and down
arrowheads, and the box next to it) and then centre an object of
interest by holding (panning) with the right mouse button.

‘ 3dmed ZaP Window: nedules34flip_ali_trim1.mrc m} *
@ 3dmod ZaP Window: nodules34flip_ali_trim1.mrc m} X

[ a v/ on ko@D L o3P Se— |—|71|Hibj | & ‘m““"ﬁ“a@l”‘;’ﬂz_J—'Tﬂﬂl
I

7. Using the left mouse button, click on the

edges of the element you would like to In each contour (in Zap window):
measure, to make a line. = trailing point

= leading point

. 3dmod ZaP Window: nodules34flip_ali_trim1.mrc - ] X YeIIOW CirCIe = SeIeCted pOint

| & w[ 100 51748 A [ P/Z'J—I_SﬂHilpl 8

Add point Select point

Move selected point




8. The Model window should now start to display the contours Page 4
you are drawing.

[B 2dmod Model View: nodules34flip_ali_trim1.mrc - o x

File Edit View Hotkeys Help

Hold to 8. In the Zap window,

move scroll in Z using:
the model PAGE UP / DOWN
Then draw the next
contour of the same
object, and you have

started to build
|
Straight line Contour Turn wheel to zoom in/out a 3D model!
Hold wheel to rotate/pan
@ 3dmod: nodules.. — | x

9. Don’t forget to SAVE your model as you go along!

File Edit Image Special Help

New Model w
. @ 3dmod Starup o x Open Model "
Next time you open R  [iee7 =] /4506

3dmod, you can e Y
load the model on St v ] i
top of the data by o T
selecting the model e RS

file here.

Save Info Text...
Quit

10. To Draw a different contour for the same object, in the same Z slice,
Click outside the contour with the RIGHT mouse button. This will finish the
previous contour. Now you can repeat step 7 to create another contour.

@ 3dmod ZaP Window: nodules34flip_ali_trim1.mrc - [m| X
Av| 1o s e Az ———] 3 1jhep B 3dmod: nodules.. — O X

File Edit Image Special Help
'W| :| "j| (""|'7 Show

COhject |1 E|: fi X | 2274 E|: J 4596
Contour |2 El: 12 ¥ | 2915 El: /5195

pont [2 iz f|z[3 =] f1o0
Black 195 [ Mode
Vihite —————————— |~ 225 | & Movie

[~ Float [~ subarea Auto| | Model

T EYTOTe T ey
Regents of the Univ. of Colo, ﬂ
Error: Can't open autosave file #autosaves

Error: Can't open autosave file #autosaves z‘

The main samoa winaow will
show that Object 1 now has
2 contours, with
2 points in each contour.




Page 5

11. If 3dmod is joining the two lines, make sure you have followed
steps 4 and 10. Also, make sure the Drawing tools is set for Normal.
Go to Special > Drawing Tools.

B Draving Toals ...  — O X
B 3dmod: nodules... — O x
File Edit Image | Special Help Drawing Mode: =
G|« e o Bead Fixer {* Mormal | [1]
———————  LineTack " Warp [2]
- -El Bead Helper HEE ‘i SL‘L.I||Jt [3]
Contour |13 3, ' Drawing Toals 5195 “ oin [4]
Point | 194 =, Grab with Mot 100
L - ra it THote " Livewire [5]
Interpolator —
Black P _ " The Wand 6]
s Mame Wizard ovie i
White ~
Stereol Eraser [
I™ Float [~ g Xereclogy odel
—— (" Measure [8]
= orCopCrTTTT R rer
Error: Can't open autosave file #autosaves ﬂ
Error: Can't open autosave file #autosave#
Error: Can't open autosave file #autosaves E'

12. Measuring option 1 - To measure the lengths of individual
contours, select a contour

To select a contour, RIGHT click in a point within the contour. The
selected contour should have circles in its leading and trailing ends.

Then go to Edit > Contour > Info.

@ 3dmod: nodules.. — O .y
@ 3dmod: nodules.. — o X File Edit Image Special Help
File | Edit Image Special Help Example model for measuring lenghts
Model *  lodel for measuring lenghts 'W| :| q| f”| v Shaw

= | Object ¥ |show

. Surface ¥ .—||“ 1 e - -;|- L |12?4 :l [ 4596
New N Contour [2 =72 ||v [2915 =] /5195

Con : :
Point ¢ Delete  Shift+D .
: X Point |2 :|, f2 Z |3 :|, /100

Image Mowve...

Bade  TineGrain. Copy.. Black _} 1g5 [Mode

whip  fngles-- sort White J_ 595 | © Movie
Scale Bar...

L F Break... | {+ Model
Options... rea | Float | Subarea  Auto

Running imodinto on curr Join... ] r et ﬂ

OBJECT 1 Break by Z jq?n 2E e

MAME: Eilin 7 Obj: 1, Cont 2

2 contours rn 30 scaled open length = 25338.85 nm -

object uses open contou

color (red, green, blue) - pupbas

R A L 2 The length of the selected contour will
Sotg go a0 2por appear in the main window of 3dmod.
Auto... =

Type...
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12. Measuring option 1 - To measure the lengths of individual
Contours, select the contour and go to Edit > Contour > Info.

3dmod: nodules... — O X
& 3dmod: nodules ‘Edmnd: nodules... — O X

File | Edit lmage Special Help

Model b odel for measuring lenghts File Edit Image Special Help

ﬂ Object * | show Example model for measuring lenghts
Surface N =r~ S 4| 4| 0| x| show

New N
CON Point  *  Delete  ShifteD NGhjeet AN N | % 2274 =] /4596

Foolmage  »  pove.. Contour [2 —=d/2 ¥ |2915 = (5195
Black | c O Copy. Paint [2 /2 ||z[3 = /100

whip  ngles- Sort |
- Scale Bar... Black | 135 Mode

F _ Break... ~ :

Options... o White 236 Movie

Running TR G Join- I =
OBJECT 1 Break by Z | Float | Subarea Auto * Model
NAME: N
2 contours Fillin Z r

L= IHI.II
J07E 80 o ﬂ
Obj: 1, Cont 2

3D scaled open length = 2538.85 nm

object uses open contou
color {red, green, blug) -
CONTOUR. #1,1,0 Zpoir  Inwvert
1184, 14 nm

Loopback

CONTOUR #2,1,0 zpnir .
2538,85 nm The length of the selected contour will
LI D'“ . . .

Tpe. appear in the main window of 3dmod.

13. Measuring option 2 - To measure the lengths of all individual
Contours in an object, select a contour in this object and go to
Edit > Object > Info.

. Idmod: nodules..  — ] % @ 3dmod: nodules...  — | >
File Edit lmage Special Help

File | Edit Image Special Help

Example model for measuring lenghts

Model , Fdel for measuring lenghts J
< gﬂ O | ¥ show

J —— = —1_= e
¥ |2126 = [4595
Surface r Delete =
e B o Contour |1 E|: /2 ¥ | 2785 E|: {5195
Con o195 ) - -
Paint 3 Color... Paint |1 E| /2 Z|3 E| [ 100
F 100 : ]
L Image » Maove... Black I 195 [Mode
. ) ) = ;
Black  Fine Grain... e White ——————————_|~ 226 2l
Whit  Angles... e [ Float [ Subarea Auto| | ¢ Model
| F ScaleBar.. Clean pdel OBJECT 1 -
) [ NAME:
Imag Options... Break by Z - 2 contours
. o object uses open contours,
;dMDdt:'.g# ;CDUpFrlghﬁ:: Fill in Z color {red, green, blue) = (0, 1, 0)
REQENTS oT the Jniv. o | CONTOLR #1,1,0 Zpoints  length =
Flatten 1184, 14 nm
COMTOUR %2,1,0 2 points length =
Renumber... 2533,85 nm =




14. Measuring option 3 — Use the imodinfo command to obtain the

lengths of all contours in a model.
https://bio3d.colorado.edu/imod/doc/man/imodinfo.html

14.a Open the folder where your model file is, press SHIFT+CLICK with

RIGHT mouse button inside the folder and select

Open PowerShell window here.
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| [+ = | mrcfiles O *
Home WView o
Move to Delete 1
Pinto Quick Copy Paste Copy to Bename Mew
access folder
Clipboard Organise Mew Open
<« hA » ThisPC » Flavia-Drive 1 (E) » mrcfiles v Search mirc files
[ This PC Name Date modified Type h
§ 30 Objects J DOUNDINGOeK_TEST |, TXT 18/ U/ 2ULU 1 1123 IEXT LOCU
Deskt =| boundingbox_test2.tct 18/ Text Dacu
B Desktop | Example maodel for measuring lenghts 19/0 File
=| Documents View b B MRC File
4 Downleads Sort by ol £ File
B Music Group by S 18/ File
| Pictures Refresh je/ MRC File
Widane : : I o
7 itemns Customise this folder... z
Paste [
Paste chortcut

Open PowerShell window here I

Give access to >
New b
Properties

14.b In this window, type imodinfo —I ModelFileName (where | is the lower
caps letter L)

There should be a space between imodinfo and |, and also a space between
the —| option and the name of the model file. Do NOT add an extension to the
model file name. Use the original model file name as it appears in the folder
(i.e., use the model file as created by Save Model / Save Model As, in 3dmod).

EX Windows PowerShell
PS E:\mrc files> imodinfo

Example_model_wv1_




14.c Press ENTER, and the output should show the lengths of all

contours in the model.
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EX Windows PowerShell

PS E:\mrc files> imedinfo Example_model_vl

MODEL Example_model_wvl
NAME IMOD-NewModel
PIX SCALE: X 1

1

y i
z = 14.286

UNITS: nm
Model to Image index coords:

SCALE ( 70, 70, 1000)
OFFSET ( -98700, -85330, 0O

#
#
#
#
#
# PIX SIZE
#
#
#
#
#

ANGLES = ( 0, 0, 0)

# 0bj Cont Pnts Length (in nm)
2 5057.88
2 2362.72

PSs E:\mrc files>

14.d To print the output to a text file, use the —f option before the —| option.
Type imodinfo —f TextFileName.txt —| ModelFileName

When you press ENTER, imodinfo will create a nex text file with the lengths
of all contours in the model. The PowerShell window will look like this (no
output will appear in the PowerShell window)

EN Windows PowerShell

:\mrc files> imodinfo

\mrec files>

ModelInfo. txt Example_model_vl

1[4 [ = | mrcfiles
ca Move t Delet
= L . X
Pint k Copy Past Copyt =f Renam New
"""" folder
Clipboard Organise
« ™ < Flavia-Drive 1 (E) fil v

‘s Local Disk (C: Name

= samB40gh (D: = boundingbox_testl.txt

= Flavia-Drive 1 —| beundingbox_test2.txt
s Google Drive "] Example_contour_lenghts
=x CellBiology (\ ] Example_contour_lengh

<, Libraries ] Example_model 1

=| Modellnfo.txt

s Flavia-Drive 1 (
; 7 nodules34flip_
Bioimaging b 7| nodules34flip_ali_trim?_ah_model vi
mic files | nodules34flip_ali_trim1_ah_modzl_v2
= samf40gh (D:) ] Toxo_CatGut_OTO_2May19.mrc 18/09/2020 09:25
¥ Network

[ Control Panel
& Recycle Bin
Backgrounds v <

10iterns 1 item selected 395 bytes

% | Modellnfo.txt - Notepad - m] *
) . File Edit Format View Help
14.e Find the text # MODEL Exangle_nodelv1 .
. . # PIX SCALE: x =1
file in the folder : =™
zZ = .
where your model 05
1 . . y ﬁ ::ig tzmlmage index coords:
# SCALE = ( 7@, 78, 1080)
1 flle IS. # OFFSET = ( -9870@, -85330, @)
1 # ANGLES = ( @, @, 8)
!
’
"~ 14.f Open the text |7 %1 e s teneth dnm)
1 . . 1 1 2 5@57.88
- file to retrieve the L2 2 pe .
: Contour Iength Ln1, Col 100% ‘Windows (CRLF) UTF-8
data.
.

Read the imodinfo webpage for more information on other
guantification options using imodinfo:
https://bio3d.colorado.edu/imod/doc/man/imodinfo.html
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Measuring microtubule length

18. Segmenting microtubules (from tomography data) is easier with the
Slicer window, rather than the Zap window. In the main 3dmod window,
select Image > Slicer. Change the object type to Open.

B 3dm.. — O *
B zdmod: nodules.. — d x |Objectnam8: #1
File Edit | Image Special Help . 3dmod: nodules,., — O > ¥ Draw
ﬂg ZaP z File | Edit Image Special Help Copy from Object:| 1 —]
- Muli-Z = =
Cobgect [ o Cutex 145 | Model > g, e [
core | T -~ || |8
- |’ . . Surface r Delete r 4 " Inside
Paint Linked Slicers { 100 Con  contour =y 5195 Scattere
——  Model View ¥V e . [ Start new contour at new Z
Black . . F Point b Color 100
White —  Pixel View lovie | - Points per contour | Mo limit =]
mage Move,
G i Black Symbol
™ Hoat raph Shift+G  Jodel Fine Grai _ ] ymbols
Locator 1 Whit INE B Combine Fv= None  v| I Filled
Error: Can:t lsosurface Shifte L - g Angles. Info pdel I~ Markends | Arrowatend
Error: Can't Scale Bar... cl o
Error: Can't  Tumbler z‘ EI: - Edi - —
rror = Size 3
Error | OPiONs... Break by 7
Error: Can'topen autosa  F||in 2 ﬂ Sphere radius for points |0 =
Flatten [ Show spheres on-section only
Using the Slicer, you can follow the path Renumber... une width [1 =]
. oy a — ™ Contours have time values
of microtubules, to facilitate modelling. I
[
i
Fill transparency 0
If the Drawing TOOIS . b. - O x I™ Draw contour outline alse
window is open, close it or Drawing Mode: 4 setasDefaults | Restore |
17 ” {* Mormal 1
make sure “Normal” is L1 — 1 [
| d " Warp [
selected. e st 5

20. Click with the right mouse button on a microtubule of interest, to bring
it to the centre, where the tiny red cross is.

21. Hold Shift + left mouse button to

. 3dmod Slicer: Lmex_IFT140KO_cell2... — ] X
‘ 'Wﬁ‘ﬂDWFTﬁiM@ rotate the microtubule of interestin X, Y, Z
X rotation ) 0.0 ‘Sh»
¥ rotation 'J‘ oo — & &
foan mfm You can also use the controls at the top of
View axis position 104/ Img|1 4 Mod| 1.0 = . . .
o : A the Slicer window to select rotation steps:
. 3dmod Slicer: Lmex_IFT140KO _cell2... — O >
A v| 075 ]/ FT z Bl C Lo|Hifnep
_ A +4%
X rotation _} 0.0 * ch *
' rotation 0.0 = " i
] _I Step: 1
Z rotation _} 0.0 Thick:
View axis position 104 Imgli = Mod/10 =
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With the microtubule in the middle, 22. In model mode, click along the
you should be able to rotate it into microtubule with the left mouse
longitudinal view, by holding bUttO" to draw its path.
Shift + left mouse button. e o

@ 3dmod Slicer: Lmex_IFT140KO_cell2...  — O X

A V| 075 ﬁa (i3 2 FT z g6l C Lol HijHelp

X rotati _I 0.5 5 f ‘
X rotation
i e
¥ rotation 78 — ¥ o | A
_} Step: 1

Z rotation .8
Thick:

View axis position

23. Keep “straightening” the microtubule by
holding Shift + left mouse button as you
draw its path to the end W|th the Ieft button.

23. The Model view window will it et - %
show the microtubule’s path as a

continuous line (make sure you
selected object type as open).

& 3dmod: Lmex_F... — i ¥
File Edit Image Special Help
+| 2| z
Multi-Z
e N ca:x 2557

Contour | gjicer \ 2880

Paint [ Linked Slicers 207
MO 1 occ e
White ——  Poel Vi i .
white e o 24. Now use one of the length measuring
™ Float Graph Shift+G  Radel . -

: Locator — options (steps 12 to 14) to determine the
Errari Can:t Isosurface Shift+U = .
Error: Cont 4 length of the microtubule contour.




