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Making 3D Models of SBFSEM / tomography data on 3dmod

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

Lo

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

. 3dmod Startup

Start program as

(% 3dmod - open Info and image windows

" 3dmodv - open Model View window only

(¢ Sections

[ Cache images as ties or strips

Use cache, set to:

I Image file(s): ‘\mageﬁle‘mrcl

[ Fill cache upon startup
Select...

™ Image files form a pyramid at multiple resolutions

[ Load single-image files as separate times, nat sections

- ]

" Megabytes

x

TIP:
If you have a large
data file, you can

Model fie: | Select... [ Flip Y and Z sizes by rotating around X S et t h e cac h e h ere
Piece file(s): ‘ Select... I Load non-byte data in as 16-bitintegers .

I Show RGE images as grayscale to 1 0 r 2 S eCt I O n S .
Angle file: ‘ Select...

This means that

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

even very large

Load image subset (numbered from 0) Open ™ Load model without scaling coordinates
X from: to: I~ xvz window I™ Load FFT without mirroring data on left side files will open
Y from: to: I Model view [ Show images as montage | 1 33 inX by 1 33 inY . .
quickly and easily
zfiom: | | || M Zapwindow ove sinx: [+ o inv: [4 =
™ Sicer w size in regular

Binby |1 3: inXfY, |1 3: inZ
Scale image intensities: o0, to 255

When files must be scanned to find scaling

computers, so you
can start modelling
straight away

(although scrolling
in z will be slower).

(¥ 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

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

[& 2dmod: Set preferences ? X

NLimits ] Scaling Snapshots Behavinr

B zdmod: nodules... — O >

File | Edit Image Special Help CONTINUOUSLY ACTIVE SLIDERS
Control key Active when
[ e s
Model n1_modelv 1#autosave #r & cul & KeyUp
=z I:Ih_lect b Show " shift " Key Down
Al " Mever
Surface »

ot x[1 =] j4s98
Contour
v 1 =] /5195

ASSIGMMENT OF MOUSE BUTTONS
(First = pan, set position, attach to point

F'l:l | nt [ Second = movie up, add peint
= Third = movie down, modify point)
F lm age b Z |51 - .'II 100 First, second, third buttons — Movie up Pan, mark
9 Mod " Left, Middle, Right = St Saipt
. . ode
Black  Fine Grain... [l 195 C widde, Right, Left
whit Anales ._J_ 295 * Movie {* Right, Left, Middle ==
9 ~ " Left, Right, Middle
[ F Scale Bar... &  Auto | Model " Middle, Left, Right
I Gptic-ns O S OO T, " Right, Middle, Left
Y
- * Default
3dmod 4.9.3 ':':'p'fl"nght 1594-2017 **May be better for new users Movie down
Regents of the Univ. of Colo, - Modify pt

I Swap left and middle in Model View

Done Defaults for Tab Cancel



https://bio3d.colorado.edu/imod/
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2. Your should now have a Zap window open with your data. Open a
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 - o X

A v o el e N2

v, ' :‘v./:’: T
N 4
\ N\
:

Zap window with data

. 3dmod: nodules.. — O X
File Edit Image Special Help
ﬂ - ZaP z
- Multi-Z
oieet | vz criex 7%
Contour | clicer \ 5195
Paint [ Linked Slicers 100
IR Model View Y 3
White —— Pixel View ovie
™ Float Graph Shift+G  Jodel
Trage 5" Lecator ﬂ
lsosurface Shift+U =
3dmod 4.5.
Regentsof  Tumbler ﬂ

I8 3dmod Model View: nodules3aflip_ali_trim1.mrc - 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).

& 3dmod: nodules... — O X
File Edit Image Special Help

ﬂgﬂ 0|V show

Object |1 EI: j1 X1 El: /4596
Contour | --x— 3: j0 Y |1 3: { 5195
Point :|: Z |51 :|: /100

Black ————— |— 195 [Mode

White — | 225 ekl

[ Float [ Subarea  Auto ' Model
3dmod 4.9.3 Copyright 1994-2017 ﬂ
Reaents of the Univ, of Calo,

Error: Can't open autosave file #autosave = 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

1| 2] 9| | show

Object [1 /1
Contour | --¢—- 3: j0
Point :|:

x [1 =] jase6
v 1 =] /5185
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
5. Define object name and type (for example, closed

for organelles, open for microtubules) > Done

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

S| Model " | show

Object 4 MNew
_| Surface ¥ Delete f=c
F

Point 4 Color... 100

Black Image > Move...

whip  Fine Grain.. Combine pvie
I E Angles... Info odel
Scale Bar... Clean
é‘i';; Options... Break by Z j
Error: Cantopen altosa il inZ j
" Flatten
Renumber...

B 3dm.. — ] X

Object name: #1

IOrganeIIe 1I

W Draw

Copy from Object: | |1 3:

Object type Front face
(¢ Closed
© Ot

" QOpen

" Insid
(" Scattered nsie

Object name: £1

IMicrob.lbuIe 1 I

W Draw

Copy from Object: | |1 El:

COhbject type Front face
" Closed

" Scattered

(% Qutside

" Inside
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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.

. 3dmod ZaP Window: nodules34flip_ali_trim1.mrc - m} *

[Tos0 ssaxcx@Em O 1 1D P /'z—J—ITM

. 3dmod ZaP Window: nodules34flip_ali_trim1.mrc — O X

7. Start modelling an object by drawing a contour : :
In each contour (in Zap window):

around it with the left mouse button. - trailing point
. . = leading point
You cal-'I click around OR hold/drag a line Yellow circle = selected poi
the object around the object
8 3dmod ZaP Window: nadules34flip_ali_ trim1.mrc — O b e & 3dmod ZaP Window: nodules34flip_ali_trim1.mrc — O x

| & w[ 075 asnsdliflh . : i | a vl on 457%455@ z—

Add point Select point

Move selected point

TIP: to model MICROTUBULES, skip to PAGE 8!
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7. The Model window should now start to display the contours you are drawing.

3dmod Model View: nodules34flip_ali_trim1.mrc - 0 X

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

File Edit View HotKeys Help

started to build
) |
Turn wheel to zoom in/out a 3D model!
Contour
Hold wheel to rotate/pan
9 D ) f d I I I B 3dmod: nodules..  — O X
. Don’t forget to SAVE your model as you go along! e ——
Mew Maodel Row
Next time you open |~ o _ operModel =
e = ¥ [2520 =] /5195
3dm0d’ you Can Save Model As... z[e1 = [0
|Oad the mOdel On :;!:;IJ::L:;’ I ;2: l'rjmtovie
top of the data by sasmonr |l | =
1 1 v to TIF... file #autosave# -
selecting the model | [
. Process File...
flle here' Save Info Text...
Cuit

TIP: Modelling contours as shown above can be time consuming.
The 3dmod DRAWING TOOLS and INTERPOLATOR might save you time!
Watch these short videos on the drawing tools before you proceed:
https://www.youtube.com/watch?v=BsNSVLIQ-cE
https://www.youtube.com/watch?v=Pe5tenT-Fok

10. To open the drawing tools, go to Special > Drawing Tools.

Bo - O X
@ 3dmod: nodules... — O 4 I .
File Edit Image | Special Help :Norrf: . | With SCUlpt, for example,
| 20| o0 Ferd e - you can use a circle to sculpt
m,‘? Sl Besdtelper |0 Con 4 the object from the inside
Contour |13 =], [, TSNS S 5195 Livewire [5] .
iy — . 0 C e ﬁ and outside!
Black Interpolator p :‘Ir:::urre Eg
White MName Wizard lovie :
Mot s, Sereology e D | Mouse wheel = change the
- e _uuw_m Reduce [r] . . .
Error: Can't open autosave file #autosaves ﬂ Smooth [¢] | Size Of the C||"C|e N SCUlpt
Error: Can't open autosave file #autosave#
Error: Can't open autosave file #autosave# E‘
Mouse [ Keyboard |
actons | settngs | Numbers = move from one
ere| ™ drawing tool to another.



https://www.youtube.com/watch?v=BsNSVLIQ-cE
https://www.youtube.com/watch?v=Pe5tenT-Fok

11. The interpolator creates contours for you, between contours that Page 5
you drew by hand. For example, create a contour in one z section, the
skip a couple of z section, and draw a contour in the next z section.

/=1 Z=2

Z=3

@ 3dmod ZaP Window: nodules34flip_ali_trim1.mre -

[ 3dmod ZaP Window: nodules34flip_ali_trim1.mrc - o x

| & w[ 050 ssnaselfiml O

Ar— f—— 51 »

12. Open Interpolator

—Interpolation Type: ———
. 3dmod: nodules.. — O X None
File Edit Image | Special Help |
——— : Sohencal
_Wl :l K—Jlg Bead Fixer " Emoath
—————— Line Track " Smooth Pts
: | E=lREr e —Interpolation Options:
Contour |13 E: . Drawing Tools 5195 pe phons:
7 Bridge: IS[J 3:

Paint [134 =, Grab with Note | 100
piace ———— A |

Interpolate Contour [enter]

| & w[ om0 smaesEm O L9 S e— F— 52 »

White MName Wizard pvie

™ Float s Stereclogy bdel Clear All Interp
= = PO OOt = - Regenerate Interp
Error: Can't open autosave file #autosave® LI

Surface Settings:

Error; Can't open autosave file #autosaves
Error: Can't open autosave file #autosave# -

Keep the last contour selected

surface auto 2
tiling method: Iaum - l
branching Iof‘f - l

Select Linear
Press Enter

More Actions I More Settings I

Done | Help |

The Model View window shows hand
drawn and interpolated contours as
solid or dotted lines, respectively.

[ 3dmod ZaP Window: nodules34flip_ali_trim?.mre - [u} X

| a v 45ms|§ﬂ e ZlT

A dotted line has appeared
around the object in Z=2,
indicating that a contour was
interpolated by 3dmod.

You can edit interpolated contours
using Sculpt.
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12. Once you have created several contours for an object, go to Edit > Objects

Controls..
Rotation...
Object List...

This menu allows you to change
many properties on your object.

[® 3dmodv Obje.. — | X
Object |1 3: Edit |One *

0

|

|7 1

Draw Data Type |Contour =~
Drawing Style Lines hd

Ji
Line Co « | | Red 0
Fill Colc
Lines Ji
Values Blue 0
Clip
Move —|
iﬁefH 1|—— Chpange r:ulﬁple ohjects ’

Beware of the following: =7 =
B 2dmodv Obje.. — O X These two

The tick indicates
this objects is

7boxes
/ indicate the
\ Object [1 =

being displayed, | being edited
NOT edited!
\ v 1
B modvObe. — O X Meshed closed object
13. To “mesh” (put a skin) prr———— 5 B

on an object, scroll to the
bottom of the list on the
left of the Objects window
and select Meshing. Then
click

Mesh One.

Tick to put a cap on closed

objects before meshing.

Object ’EI Edit |One <

|

.|
v 1

Draw Data Type |Contour ~

Drawing Style Lines hd

I~ skip Passes |1 EI:
Materia « _ ) —
™ Tube Diam | 10.0 EI

File Edit View Hotkeys Help

Points =
Lines ™ Lowres Tol ’El
Values

Clip I surface  Zinc |1 EI:
t ¥ cap Flatcrit | 1.5 El:

I™ Dome cap .
e You have to mesh again
after adding contours to
Done | Help |

an object.
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14. Choose a colour for the meshed object in the Fill Colour menu.

@ 3dmod Model View: nodules34flip_ali_trim1.mrc SO c R ‘ @ 3dmodv Obje.. = - % &

File Edit View HotKeys Help -
object [T =] Edt [one  ~

[@ 1

Draw Data Type |Mesh x

Drawing Style ~ [Fill 2

Blue 255
V' Use fill color

TIP: Although you should draw individual objects of the same type as
separate objects (i.e., draw each mitochondrion in the same cell as a separate
object), you may want to match the fill colour of objects of the same type by
making them have the exact same RGB in the Fill Colour menu.

15. Change the appearance of the object surface using the Materials menu.

@ 3dmodv Obje..  — ] X B
@

| object [T = Edt Jone ]

[ 1

Draw Data Type |Mesh v
Drawing Style  |Fil v

16. You can also change object transparency in the Line Colour menu.
® o ®
J Object [T = Edit [one ¥

[@ 1

Draw Data Type |Mesh &
Drawing Style  |Fil -




17. To create another object, go to Edit > Object > New Page 8

then repeat steps 4-17.

B 3dmod: nodules.. — O *
File | Edit Image Special Help
(| Model v | Important TIP:
ﬂ : Show
“P -~ Define unconnected objects as separate objects.
o Comtour * Fpe.. 5199 For example, each mitochondrion in the same cell
F Poin » olar... 100 o o
— S should be defined as a separate object
wh ~FineGrain..  Combine e (NOT as a single object for mitochondria).
g Angles. Infa pdel
o Scale Bar... Clean . . . . .
= oo mewwz | ) THiS avoids confusion when “meshing” the objects.
Error: Can'topen autosa [l in Z -
Flatten
Renumber...

To make movies of your model, refer to the presentation/PDF below:
“Making Movies of 3D Model using IMOD”

Segmenting Microtubules

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 rbjectnamE: #1
File Edit | Image Special Help @ 3dmod: nodules.. — O * o] oy
| 4| P z File | Edit Image Special Help Copy framObject | [T
- Multi-Z i ]
Model 4 Object type Front face
Object | 4595 == Show
<z cri+X ] object > O et | @ outsce
Paint | inked Slicers { 100 urface " Delete (" Scattered L
oin Linked Slicers Con  contour ¥ — 5195
Black —— Model View ¥ 3 f Point » Color 100 [ Start new contour at new Z
White —— Pixel View lovie Points per contour | Mo limit 32
- Black ImMage b Move...
I Float GGraph Shift+G  fiodel . . ] ) Symbols
Locator 1 whiy ~ Fine Grain... Combine Pv= None ~| I Filed
Error: Can't lsosurface Shift«U - " F Angles... Info odel [~ Markends | Arrow atend
Error: Canlt I Scale Bar... Clean _}
Error: Can't  Tumbler - Error —LI gi
= ize 3
Error | OPHiONS... Break by 7
Error: Can'topen autosa  [||in 2 j Sphere radius for points |0 =
Flatten [ Show spheres on-section only
Using the Slicer, you can follow the path Renumber... Line width [1 =]
. ope 5 — I contours have time values
of microtubules, to facilitate modelling. I
i
Fill transparency 0
If the Drawing TOOlS . D. - d x I™ Draw contour outline alse
window is open, close it or Drawing Mode: -m| SetssDefas | Restore |
«u ” {* Mormal 1
make sure “Normal” is L1 — 1 [
| d " Warp [2]
selected. F saipt o
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20. Click with the right mouse button on a microtubule of interest, to bring
it to the centre, where the tiny red cross is.

T ——— 21. Hold Shift + left mouse button to

|a vmgamzzmizr:.cm@ rotate the microtubule of interest in X, Y, Z
|X rotation o oo; ey ——

¥ rotation 0.0| — ¥ /|

b=
Y w
v 8

Z rotation 0.0/

You can also use the controls at the top of
the Slicer window to select rotation steps:

1 View axis position
e vy

. 3dmod Slicer: Lmex_[FT140KD_cell2... — O -
| & w[ o7 #m[[]53 ./ FT =z Bl C Lo| ti|Heln)
|
X rotation
|
' rotation
|
Z rotation
A
1l View axis position
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 button tQﬁ@[{‘ﬁEfP?th-
Shift + left mouse button. oo :
. 3dmod Slicer: Lmex_IFT140KO_cell2... — O X
| & w[ o7 EEm]c

‘; X rotation i 0. 5
\ = [
| Y rotation

Z rotation
[
1| View axis position

23. Keep “straightening” the microtubule by
holding Shift + left mouse button as you
draw its path to the end with the left button.
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23. The Model view window will show the microtubule’s path as a line
(make sure you selected object type as open — step 18).

3dmed Model View: Lmex_IFT140KO_cell2_trim.join - [m} e
3dmod: Lmex_IF.. — | > File Edit View HotKeys Help
File Edit | Image Special Help
41 : ZaP Z

- Multi-Z
s ctlsx |27
Contour | glicer \ 2330
Point | Linked Slicers 207
Black —— Model View WV e
White —— Pixel View ovie
™ Float Graph Shift+G  Rodel
Locator
Error: Can:t Isosurface Shift+U :|
Error: Can't
Error: Can't  Tumbler Z'

23. Open the Object window and scroll down the options on the left to
find Meshing. Tick Tube, select tube diameter, and click on Mesh One.

@ qdmodvOble.. — O X Microtubule meshed
J Object ’EI Edit |One > as a tu be.

I B
Object List.. ift+ .
Background... |

Models...
Views.., + ||7 1

Draw Data Type |Mesh hd
Drawing Style  |Fil b

™ Skip  Passes

Points | I Tube Diam [10.0 =]
Lines I Lowres Tol |0.25 =
Values

Clip ™ surface  Zinc ’EI

™ cap Flatait m

[ Domecap _ Z l—
esh All

=] &

Done | Help |

You can choose to mesh the microtubule as an open or capped tube.

3dmod Mode... — [m] X

Open tube o' . Capped tube

Now go to page 7
Cap unticked Cap ticked

to change colour,
material and
transparency!

I_ |:a|:| v Cap




