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The logic of the tutorial and color coding of the information:

e The text you see in ifalics will generally refer to:
-labels in the GUI, such as buttons to press
-or commands to write in terminal

e Items coloring in red refer to the most common pitfalls or mistakes which may lead to problems with the

data processing pipeline.

e Crucial parameters that have to be changed/specified or selected in EMAN GUI in order to successfully
complete the tutorial run. Other parameters can be left as default!

e  Output file/files of the job

Main features and functionalities of EMAN GUI

e EMAN?2 will work best with a 3-button scroll mouse, though there are alternatives using keyboard

modifiers for one button mice or trackpads on Macs.

o In most EMAN2 windows (2D images, 3D volumes, plots, etc.), the middle mouse button will open
a control panel for the widget, which is different for each widget type

o The right mouse button is used for panning in 2D or 3D image windows, and can be used to zoom
(by shift+dragging), and to reset the zoom (clicking) in plot windows.
The scroll-wheel will generally act as a zoom. control-panel for more precise control
If you have a one-button mouse, holding down the alt/option key combined with a mouse click will

serve the same role as a middle-click.
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Tutorial DATA set (full dataset and reference):
EMPIAR 10025 20S proteasome
https://www.ebi.ac.uk/pdbe/emdb/empiar/entry/10025/

EMDataBank Validation Challenges
http://challenges.emdatabank.org/?q=map-challenge-targets

Online EMAN2.2 tutorial at EMAN Wiki and discussion:
http://blake.bcm.edu/emanwiki/EMAN2/Tutorials
https://groups.google.com/forum/#! forum/eman2

EMPIAR-10025

T20S Proteasome at 2.8 A Resolution

Publication: 2.8 Angstrom resolution reconstruction of the Contains:
Ther i 20S pr using
cryo-electron microscopy. EEI
Campbell MG, Veesler D, Cheng A, Potter CS,
e

Carragher B
Elife 4 €06380-e06380 (2015)
PMID: 25760083
DOI: 10.7554/eLife.06380
Related EMDB EMD-6287
entry:

Deposited: 2015-02-26

Released: 2015-03-06

Last modified: 2015-03-06

Dataset size: 2.0TB

Dataset DOI: 10.6019/EMPIAR-10025

Version history: 1 2015-07-01 Added Relion star file with

coordinates:
data/14sep05c_raw_196
/run1_shiny_mp007_data_dotstar.txt
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Data preprocessing

Dataset cleaning

Workflow overview:

Import micrographs & perform per micrograph CTF correction
(Raw Data — Import Micrographs & est Defocus)

!

Particle picking (define particle coordinates)
(Particles -> Old Particle Picker)

]

Extract particle images
(Particles — Generate Output)

!

Per particle CTF correction
(CTF —» CTF Autoprocess)

]

Inspect & fine-tune CTF
(CTF—interactive tuning)

.

Building initial model:

2D classification
(2D Analysis — Reference free class averages)

Extract best 2D class-average images

]

i

Clean dataset (identify bad 2D classes/particles)
(2D Analysis — Mark bad particles by class)

Build initial model
(Initial Model—Make Initial Model)

i

Build new clean dataset (excluding bad 2D classes/particles)
(2D Analysis — Mark bad particles by class)

!

Clean dataset (remove bad 2D classes/particles)
(Particle sets— Build particle sets)

i

3D structure reconstruction
(3D refinement — Single map refinement)

!

3D structure validation
(Validation and Analysis — Run e2eulerxplot)
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1. Right click on desktop & open terminal

2. Go to a clean project directory and load your raw data
Type: cd T20S_proteasome EMAN
This folder from now on will be called “project directory”

3. Type: e2projectmanager.py
This will open EMAN2.2 GUI window.

Bookmarks

@ Documents

Top menu

EMANZ2 Project Manager

Proquil Name WDekiawmn

T EMANG Frogeem imetace

m+— File browser

B Mo o . Nyl e =— Help
J’:ﬁl;.’?ﬁ"i"‘:lf.’ln‘.ﬁ"- o ¢+ «— Log-book
- # 8 Ritering spliens # o8
- =~ «— Job progress window

@ ot uin o o +— Opens EMAN2 Wiki
sisne - 4 «— Job setting Wizard
¢ (active only for some

Jobs panel —— jobs)

«———— Job parameters

Wek ome to the FMANZ Project Managers Status bar
— Qs
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4. From the top menu of the EMAN GUI window select:
Project — Edit Project
and set overall properties of the project:
Project name = T20S (can be anything whatever you want)
Particle Mass = 700 (molecular mass of the imaged particles in kDa)
Microscope Cs = 2.7 (depends on your microscope)
Microscope Voltage =300 (depends on your microscope stings)
Microscope apix = 0.6575 (depends on magnification used, specifies A/pixel ratio)
Confirm by OK
Output file: info/project.json

Project -> Edit project IS

tilities Help

EMANZ2 Project Manager

e2projectmanagerpy

208

Welcome to the EMAN2 project manager. Please add project specific
paramters below. For Questions email: sludtke@bcm_edu

_ -
+ . Raw Data Project Name 208 —
+ Particles >
- 4@ CTF Project lcon Jopt/EMAN2/images/EMAN2Icon.png Mw — 700kDa ‘ !

a}- B particle Sets . - —
- & 20 Analysis Particle Mass (kDa) | 700 ¥ 4
- - —
- @) Wtisl Modet Microscope CS (mm) | 2.7 vwvcs - 2 . 7 m m =
+ 4 3D Refinement ‘ -

4N\ Validation and Analysis Microscope Voltage | 300.0 vo ltage = 3m
Wik

Microscope apix 0.6575 . - o 6575

-
apix = 0. =
[ Ok ] ‘ Cancel | l
EX
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Due to time limitation of this hands-on tutorial section, we only use in this demonstration instead of

196 micrographs| dataset in the publication.

From the left-side panel (Jobs panel) of the EMAN GUI select:

5. Raw Data — Import Micrographs & est Defocus.

a.

C.

Press the Browse button, then highlight all of the *.mre files in that ““../Micrographs” folder.
Confirm the selection by OK.

In the main GUI window select checkboxes:

edgenorm, xraypixel, invert and ctfest

The astigmatism parameter will try to cure CTF deformations (elongated, non-circular, oval Thon
rings instead of nice, even and circular CTF pattern) caused by imperfections of your microscope
alignment. Not necessary in case of the tutorial dataset.

Press Launch

This will import the micrographs and estimate per micrograph defocus (CTF correction)
Output file: micrographs/*.hdf

If you expect some degree of bad micrographs and your dataset is not too big (or you have time for visually

inspecting the whole dataset) it is possible to exclude the low-quality micrographs already at the level of data
import. This is done by choosing Raw Data — Evaluate & Import Micrographs instead of the procedure
described above. This will run program called e2evalimage.py. For details refer to EMAN2.2 tutorial at
EMAN Wiki.

POt Name
Project koo

MR d

W S s arrbers ke bow Quesiern ernad ypfibed

Pt Mais aDa)
Mcroncope €S lswnl 21

Mcroscops Woltage 00

ST

-
ey g e EMANZ2 Project Manager
Project Name: 205
o
I UTMANZ ATuges TMAN K on prog ® 0 Mode o 1 EMANZ Program interface
700 ° G | Comenans | Wep =
D = 1 ewDas -
& W Move dywmert maragraphn dhq 00008 0O00JWn ¢ Pt Srcwra ?
—= Nars rrages Nere
& — ’,
 — ar 000 Wiering optians 808
- v v edgeerm
@
@ N : ¥ e Wy FY
' [
L B vollage | 3000
v CRAE
100
Oute »
JOLRR2N 08 S 5N ! |
JOLAR2/0N 08 %4 %0 . v defocuumas | 40
J00002/00 08 5342
J00002/00 045350
J0LM02/00 08 S 358 [

JOLARTO0 06 S4 ¢
JOLME2/00 06 5433
JOLE2/00 06 $4:30
0100200 085427
20180200 08 $4:38
J0L00200 08 $4.4)
10160209 04 3450

Invert only once!!

EMAN2 micrographs

-

micrographs
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6. Particles -> Old Particle Picker

Select all micrographs with Browse

Boxsize = 450, Launch

Particle Diameter = 250

Arrange windows so micrograph fills most of display

In Selective mode left click to select a few 'good' particles, and the autoboxing will be started
spontaneously.

If you don't like the autoboxing result, press Clear Boxes.

When finished with an image, do NOT write output, just select the next image from the ‘ Thumbnails’
window

When all the images are done the particle picking, press Done

Output file: boxfiles/*.box files with particle coordinates

® 606 G000

Workflow Mode | SPR $ | EMAN2 Program Interface
SPR GUI | command | Help | l ] ‘
- [ Raw Data — [a] n
@ Movie alignment micrographs 05c_c_00003gr_00014sq_00006hl_00002es_c.hdf Browse | \ ? ‘

I & Mi h
B Evaluate & Import Micrographs TR

B Import Micrographs & est Defocus ’ y ‘
= Particles A
Interactive Particle Picking (e2boxer... #HH —
Old Particle Picker (e2boxer old.py) ’ - ‘
) —
a n boxsize 0 -
Method 1: Old Particle Picker - B ()
J

Selective e :

Main | Display

Main | Display Tools

mid-button click on micrograph ke — %0 :

Auto Box Metho

| Particle Window

Threshold ® Selective More Selective
| 2D Image Window
n\Aew Template Autobox
| Thumbnails Window
+ Refresh Template ¥ Auto Update
Displayed Boxes
Interactive Threshold —

[squere with mackes 2 Proximity Threshold
A
Step Back | Step Forward
Image Quality: 5
Write output Write output
Done Done
Autoboxed 344 Particles 390 Boxes
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Change contrast of selected micrograph by dragging the SIGMA bar.

Method 2: Old Particle Picker -
Threshold

Select few more 'model' partials
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Threshold = 0 (too low!)

Corrent Bourm) Toot
Particle Dumeter: | 200 Cear Boves
e Bae Methirs

* Thveshold Selectve More Selectve

[ o [T
< Pekesh Termgrate ¥ At Update

¥ Wateractive Theesholt [0 0!

Mosmity Thesneld

Threshold =2

4 W Raw Data | Tools
Maovie signe
= Evabiate L Current Boxing Took Swam s
B import Micro
Particles !
Interactve B Acto Box Method

Particle Diamater: | 280 Cloar Boxes

Generate OU
* Threshold Selective More Selectve
B Inkial Model
30 Refinement |
nvw Template
Vasdation and & mph
« Rafresh Termplate ¥ Ao Update
¥ Wteractive Thieshold (2 | e

Proximity Threshold

Step Back
image Quaity: 5 s
Write outpet
Done
209 Boxes
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Pick 4 more particles -> more good models
Threshold = 2

Tols

B Raw Data

TR

BB e eI Current Boxing Toot Swarm :
B import MICTO.  py ticle Dismeter: | 280 Clear Boxes
Interactve B Auto Box Method
Cenerate Ou 15
Tik Palr
& Import Tools * Thresheld Selective Mece Selective
- CTF
B particle Sets
& 20 Anadysis
® intul Model
Ao B view nmpiate Autobox
¥ Pafresh Template ¥ Auto Update
+ nteractive Threshold 2 —
Proximity Threshold
Step Back ward B
|
5 B
Write cutput
Done
Go through the other micrographs
.
EMANZ2 Project M
Project Name: Unkaown
s Man | Dwplay
Box Size: 420
Toors L
e
Evahate & Wnpont Mrographs
Import Micrographs & est Defocus
Partches
Interactive Particle Pcking (e2bose
e ate Ouput (e 2Dones gy)
Finally DONE
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7. Particles — Generate Qutput
a. Select checkboxes:
write ptcls and allmicrographs
By checking all micrographs box, you don’t need define which micrographs to process.
b. Set:
boxsize = 450
ptclsize = 250
apix = 0.6575
c. Press Launch.
This will extract individual particle images from the micrographs and save them.
Output file: particles/*.hdf

e2projeckmanagerpy

Hle Project Utilities Help

EMAN_Z2 Project Manager

Project Name: Unknown

EMAN

Workflow Mode [spn - ] EMAN2 Program Interface
SPR GUl [ © Help | ‘ ] ‘
= . Raw Data : (]
. Movie alignment micrographs ‘f micrographs/14sep05c_c_00003gr_00014sq_00006hI_00002es_c.hdf ‘ [ Browse ‘ (Tl ‘ ,?
. Evaluate & Import Micrographs Num Images: None :
o . Import Micregraphs & est Defocus
B Particles ‘ r 4
Interactive Particle Picking {e2boxer.py) boxsize ‘ 430 ptclsize | 250 | §
= Old Particle Picker (e2boxer_old.py) ‘ -
Generate Output (e2boxer.py)
& Tilt Pair write_dbbox v write_ptcls ‘ ik |
Impaort Toals —
- <@ CTF invert no_ctf ‘ A
G- B Particle Sets
[ £ 2D Analysis
- @8 Initial Model +| allmicrographs. unboxedonly ‘ EX
[+ & 3D Refinement
-7 Validation and Analysis T ID.6575 [ ||
-

l, Cancel J [ Launch

Welcome to the EMAN2 Project Manager
Program e2boxer_old.py Launched!!!!

Program e2boxer.py Launched!!
Program e2boxer_old.py Launche:

Project  Utilities Help

- - Path: Info
t U | Riter: v Sel All =
. [=3
Row Name Type Size Dim N Date —_—
EMEN2 0 BAD_JSON.hdf image 6k 28x28 1 2018/02/22 17:02:30 1y
+ 1 e2boxercache Folder 2018/02/22 17:02:30
SSH + 2 info Folder 2018/02/22 17:26:11 ’
+ 3 micrographs Folder 2018/02/22 17:14:44
4 particles Folder 2018/02/22 17:26:20
Root 1450p05¢c_000245q_00003hl_00002es_c. hdf Image Stack 40 m 128 x 128 568 2018/02/22 17:26:12 —
14sep05¢_00024sq_00003h!_00005es_c. hdf Image Stack 38m 128x 128 539 2018/02/22 17:26:13
Current 14sep05c_00024s5q_00004hI_00002es_c. hdf Image Stack 39m 128 x 128 548 2018/02/22 17:26:14 -
1450p05c_000245q_00006h|_00003es_c. hdf Image Stack 35m 128 x 128 496 2018/02/22 17:26:15
Home 1450p05¢_c_00003gr_000145q_00002h!_00005es_c.hdf Image Stack 37 m 128 x 128 531 2018/02/22 17:26:16
14sep05¢_c_00003gr_00014sq_00004hl_00004es_c.haf Image Stack 47m 128 x 128 660 2018/02/22 17:26:17 y. 4
14sep05¢c_c_00003gr_00014sq_00005hl_00002es_c. hdf Image Stack 29 m 128 x 128 415 2018/02/22 17:26:18
1430p05c_c_00003gr_00014sq_00005hl_00003es_c.hdf Image Stack 27m 128 x 128 388 2018/02/22 17:26:19
1450p05¢_c_00003gr_000145q_00005hl_00005es_c.haf Image Stack 30m 128 x 128 422 2018/02/22 17:26:20 EX
14sep05¢_c_00003gr_00014sq_00006hI_00002es_c.haf Image Stack 33m 128x 128 472 2018/02/22 17:26:21
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ffeed )

8. CTF — CTF Autoprocess
a. Select checkbox:
hires, highdensity

highdensity parameter is used because of high density of 20S particles in the micrographs.

b. Set:
Threads = 20

c. Press Launch

Output file: sets/all_ctf flip_fullres.Ist
all_ctf _flip_Ip14.Ist
all_ctf flip_Ip5.Ist

= W Raw Data
W Movie akgnment
W Evaluate & Import Micrographs
W 'mport Micrographs & est Defocus
Particles
Interactive Particle Picking (e2bo...
Old Particle Picker (e2boxer_old....
Generate Output (e2boxer py)
Tir Pair
import Tools

Import box or .star files (e2i..
Import Particle Stacks (e2wnp
Import EMAN] start. hed/img

. CTF Auto,
n

o

= & CTF
7 process (e2ctf auto)

EMANZ2 Project Manager

Project Name: Unknown

3  EMAN2 Program Interface

s

pce Free Class Averaging (

pd particles by class (e2e.
to Relion 20

ol

rtial Model (e2initialmodel)

ymmatry Initial Model (@21,

m Conical Tt Reconstructi.,
ap to Symmetry Axes (e2.

ment

map refinement (e2refine.

wp into two subgroups (e2
lerence data separation {

Hlerence refinement (e2refi.
jerogeneity Analysis (e2ev.

Refinement

N Refinement

o) —
& GUI | Command | Help | -
Select one of hires,midres or lores: ‘: 7
l ¥ hires midres lores ,
image Parameters =
apix  0.6575 1
A
voltage 300 cs |27
24
Additional Options
fi atch astigmatism extrapad
[ + highdensity ] [ nvert ] curdefocusfix
K
defocusmin 0.6 defocusmax
constbfactor | -1.0 ac |10
threads | 2 al | O

Cl Cancel

-11 -

DO NOT invert again

|| Launch |
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9. CTF — Visual CTF (not crucial for the 20S tutorial dataset)
Select checkboxes:

allparticles, sortdefocus and gui

You can leave the particles field empty

Press Launch

You will get 4 windows

a.

“CTF” window allows you to select which image to work on, and adjust the various parameters
for that image interactively

“Particles” window shows the average of the first 20 particles (without alignment) as well as
the first 20 particles individually (use up and down arrow in that window)

“2-D FFT” window shows the average 2-D power spectrum for the particles in the current
image

Plot window with several curves. In "Bgsub & Fit" mode,
o The black curve and dotted black curve are averaged power spectrums for the experimental

data provided (they differ only in a background subtraction scheme)

o The blue curve is the model fit based on the parameters shown in the control panel.

In the “CTF” window check the Show Zeroes box.

Using left side panel in the “CTF” window (with the list of micrographs) switch between
micrograms and evaluate correctness of the calculated CTF oscillations. Check the first dozen
closest to focus and last dozen far from focus images (top and bottom of the list). For each selected
micrograph:

"
e T

Oscillations in blue and black curves shown in Plot window should match. At this point we can
expect significant deviations at low resolution, this it is acceptable. There is no need for a
perfect fit in amplitudes as long as the zeroes are in the right places.

The zeroes are also depicted as Blue rings in “2-D FFT” window. They should match the black
rings visible of your CTF pattern.

If you find an image with a significantly incorrect defocus (i.e. blue line oscillations “CTF”
window do not match black lines and Blue rings in “2-D FFT” window do not match the black
rings visible of your CTF pattern), then adjust it (using the Defocus slider) so it’s
approximately correct, and hit the Refif button (you can use it several times if necessary). ## If
you correct any defocus values, before going to next step, rerun the automatic process in
step 8.

fhe Project uniities Help

EMAN_Z2 Project Manager

Project Nama; 205

B factor: | 94.283

DF Diff
3 EMAN2 Program Interface

of angle: (0.0 PR “GUI"_command | Help

© M Raw Data —
. Particles particles Browse
- Joi

® CTF Autoprocess (e2ctf auto)

essing  aliparticles chunk

%AC (100 —_—

Num Images: None
Phase(pi | 0.052 -

1]~ |m

Voltage (v): | 300.0

minptcl [0

s fmm); [2.7

Quality (0-9)

e2ctf - particles/14sep0Sc_000245q_00003h

=
o

Intensity (a.u)
< (3
o
o

=3 °
o N
S
3
£
]

Min Max
x: [-0.03273 069757

c:[o 075863
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10. 2D Analysis — Reference free class averages
a. Select checkbox:
fastseed (speed up calculations)
b. Uncheck:
normproj (unchecking normproj will tend to do a better job in separating junk from real particles,

whereas keeping normproj will tend to produce more different views (of lower quality).

[e)

Set:

input = sets/all__ctf flip_lp14.Ist (we will use downsampled data to speed up calculations)
iter =10
ncls =30 (number of classes)

naliref = 5 (number of references that will be used to classify particles)

parallel = thread:20 (or however many cores you have)
d. Press Launch
Output file: r2d_01/...

SPR

+ [l Raw
+ Parti
- @ CTF
#- ™. Parti
Y <F

2

Data
cles

cle Sets
s

B Mark bad particles by class (e2eval...
B Export to Relion 2D
+ @ Initial Model
@ & 3D Refinement
#-, Validation and Analysis

inputl] sets/all_ctf flip_Ip14.Ist | Browse ]ig
Num Images: None
~ & Reference Free Class Averaain (e2... | [rs 30 ] [T rormersi]
nbasisfp (12 automask
|na|iref 5 I center | xform.center $ | params: B
Iparallel [ thread:20| ]

GUI | Command | Help |

When checking the results, it is often better to look at the allrefs X.hdf file instead of classes X.hdf (where X is the
number of iteration). Both contain the same images, but allrefs contains sorted and aligned images to make it easier

to compare the different averages visually.

Stack - allrefs_01.hdf

\0) \\\_\t

\.\\,\ AN

- - Path: | ./r2d_01/allrefs_01.hdf

t ¢ | Filter:

Row Name

EMEN2 0 BAD_JSON.hdf
#-1 boxfiles

SSH 2 good_2Dclasses._for_initialmod

@ 3 info
4 initial_ models

Root %5 micrographs
% 6 particles

Current
= 8 r2d 01

aliref_01.hdf
aliref 02.hdf
aliref_03.hdf
aliref_04.hdf
aliref05.hdf
aliref_06.hdf
aliref_07.hdf
aliref_08.hdf
aliref_09.hdf

sorted and aligpiet! images

allrefs_05.hdf
allrefs_06.hdf
allrefs_07.hdf
allrefs_08.hdf
allrefs_09.hdf
allrefs_10.hdf
basis_01.hdf
L4 \ basis_02.hdf
Al ) A basis_03.hdf
.

Home s.json

basis_04.hdf
basis_05.hdf
basis_06.hdf
basis_07.hdf
basis_08.hdf
basis_09.hdf
\ . basis_10.hdf

15 \\ 1 classés_01.hdf

) ’ - classes_02.hdf

classes_03.hdf

classes_04.hdf

4 classes_05.hdf
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11. 2D Analysis — Mark bad particles by class

a.
b.

There are no options, just press Launch
From the window eZevalparticles that will appear select r2d_01/allrefs 10.hdf (i.e. aligned images
class averages from last iteration of 2D classification).
This will cause 3 additional windows to open:

e Included Particles

e Excluded Particles

e third will show the class-averages from the selected file (can be covered by the other two

windows)

Double-click on the class-averages that look obviously bad and do not resemble your target complex
(i.e. incomplete complexes, ice contamination etc.). This will put a blue square mark in the upper
right corner of the class-average image.
It is expected that 3-6 classes should look obviously wrong and therefore, be marked as bad. There
is a random element to the 2-D class-averaging process, so everyone will see a somewhat different
set of class-averages.
Single click on a class-average will display particles associated with the class (in Included and
Excluded Particles windows). This may help to decide whether mark this class as a “bad” and
exclude all the particles in this class from further calculations or not. The goal is to eliminate 80-
90% of the bad particles without removing too many good ones. The 2Dclassification & Mark bad
particles data-set cleaning procedure can be repeated so it is not necessary to try to remove all the
bad particles after a single round of 2D classification if some of the class-averages are doubtful.
Number of particles associated with each class-average can be directly displayed by middle-clicking
on the class-averages window and then selecting ptcl repr from the Values drop-down menu)
After marking all the “bad” classes press the Mark as Bad button in the eZevalparticles window and
confirm that you want to do this in the dialog that appears.
Exit the program (close the e2evalparticles window) when you’re done.
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#- [ Raw Data
& Particles

Interactive Particle Picking (e2boxer...

Old Particle Picker (e2boxer_old.py)
Generate Output (e2boxer.py)
Tilt Pair
Import Tools
-4 CTF
“ CTF Autoprocess (e2ctf_auto)
“ Visual CTF (e2ctf)
+- 4@ Manual CTF processing
+ Other Tools
= ™. Particle Sets
™. Build Particle Sets
4 2D Analysis
% Reference Free Class Averaging (e2
Mark bad particles by class (e2eva
xport to Re
@ @ Initial Model

#-#

ion 2D

MRC.nz

HostEndian minimum
ImageEndian npad

MRC.alpha nx

; MRC.beta ny
e2evalparticles.py MRC.gamma nz

MRC.ispg origin_x
MRC i

| Save MRC.mapc

MRC.mapr

MRC.maps —— -
MRC.mean sigma

MRC.minimum

sigma_nonzero

MRC.mx source_n
I App J I Del J { Drag J [ Sets. ] MRC.my source_path
1 MRC.mz square_sum
Values v font size: | 11 2 Animate MRC.nlabels
e l 5] | pcnaes
Main Sets MRC.nx
‘ MRC.nxstart
MRC.ny
MRC.nystart
File MRC.nzstart
Classes D
MRC.xlen
Class-average File: MRC.ylen
r2d_01/allrefs_07.hdf 79 [
r2d_01/allrefs_08.hdf o
~ - align_target
aligned
apix_x
r2d_01/classes_02.hdf I
r2d_01/classes_03.hdf apix_z
r2d_Ol/classes_04.hdf changecount
r2d_01/classes_05.hdf izl
r2d_01/classes_06.hdf class_ptcl_qual
r2d_01/classes_07.hdf [v] class_ptcl_qual_sigma
. . —t class_ptcl_src
Particle Data File: atf
- ctf_wiener_filtered
| sets/all__ctf flip_Ip14.Ist 2
5 data_source
Class Selection datatype
. eval_contrast_lowres
\ All || clear || Invert ] e
r— e hadzeroedge
| Range | | Fom3D | is_complex
- B G - is_complex_ri
is_complex_x
Process results is_fftodd
is_fftpad
Included Ptcls v Ty
Excluded Ptcls v e
\ I Mark as Bad I i)
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12. Particle sets— Build particle sets
a. Select checkboxes:
allparticles and excludebad
b. You can leave the stack_files field empty or select all the files in /particles directory.
c. Setname = all-bad
d. Press Launch
This will build data-sets (full resolution and low-pass filtered particle lists) excluding all the particles
associated with class-averages marked as “bad” in the previous step
Output file: sets/all-bad__ctf flip_fullres.lst
all-bad__ctf flip_Ip14.1Ist
all-bad__ctf flip_Ip5.Ist

J——

SPR GUI | Command | Help |

+ [ Raw Data -
. Particles stack files irticles/14sep05Sc_00024sq_00003hl_00002es _c.hdf Browse

Num Images: None

s Reference Free Class Averaging (e2...
@ Mark bad particles by class (e2eval...

W Export to Relion 20 setname | all-bad | ]
+ @ Initial Model
+ @ 30 Refinement

¥ allparticles

5 Webdaton sod by weiped
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13. Select good class-average images to build initial model.
The selected class-average will be saved as particle images and then, in the following step, used to estimate
the initial structure of the complex (the images of individual particles associated with the selected class-
averages will not be used which will minimize computational costs).

Open the file browser ( - top icon on the right side of the project manager window)

Browse to »2d_01, and double click on allrefs 10.hdf

Middle-click on the new window showing the class-averages to bring up the control panel.

In the control panel press the Sets button under the histogram plot, then also select the Sets tab (next
to Main).

e. Press the New button and type good in the box that appears. Click on the colored word good to
make it active.

/e o

f.  Now single-click on class-averages you think they are good. You will see a colored mark appear.
Click a second time if you change your mind and wish to exclude the average.

g. Mark 10-15 good averages representing different views of the complex.
(For the 20S data-set there will be only top- and side views, chose those with the highest quality),

h. With the set good highlighted, please press the Save button in the lower right corner of the control
panel (not the Save button in the upper right). This will save the class-average images to a
specified file. Name the file good_classes. hdf

i.  You can now close the browser.

Path: | Jprecalaculated/r2d_01/allrefs_10.hdf
' o | Fter
row e 120_01
EMEN2 — ] —
Current Snap ‘ \
Home i
alire 1. hdf
alirefs_02.hdf Del e Sets 2
Srei-ga v L I )| I ‘
alirefs_04 hdf R ——— e (e p—
allrefs_05. hdf [ voes -] font size: | 11 (2] Animate | ,
all¥ets: 10.hdf '
Irige
rers: 10. -
basis_02.hdf =
basis_03 hdf WiKi
basis 05 hdf
::sws:gg et Enter a name for the new set 4
basis_08 haf .
basis_0 hdf good| delet
basis_10.hdf — EX
classés_0L hdf
classes_02.hdf | iox
classes_03.hdf x G e
classes_04.hdf 7 >
classes_05.hdf Save
classes_06.hdf
classes_07.hdf
classes 08 hdf
classes_09.hdf
classes_10.hdf =
classes_init.hdf fmage Stack D66 K 70X 70T T
classmx_00.hdf Image Stack 83k 1x246]51
classmy 01 hf ELAE
a e 5
Show Stack Show 2D FiterTool
Show Stack+ Show 2D+ savers |
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14. Initial Model—Make Initial Model

a. Set:
Input = good_classes.hdf
iter =24
tries =10
sym =d

Symmetry Number =7
random orientation = randorient checked
b. Press Launch
c. Evaluate results and identify best initial model

using file browser — go to /initial _models folder

check model_XX_YY.hdf (3D density) for each of the obtained models.

Single click on the file and then click Show 3D+ at the bottom of the file browser window.
Double-clicking the file will open the 3D map along with previously displayed one!
Middle-click in the 3D viewer window will show a histogram window. The density display
threshold can be changed by sliding the Threshold slider at the bottom of the window.

e  Good model should exhibit barrel shaped 3D density at low iso-surface display threshold
with four 3-4 rings/layers visible at high threshold setting.

e Check the model XX YY_aptcl.hdf file for each of the models. Selecting the file and
clicking Show Stack+ button will display used class-average images with it respective
model projection.

e For a good initial model, the class-average images and their model projection should agree
with each other very well (aside from noise).

Output file: initial_models/model XX YY.hdf
model XX _YY_aptcl.hdf
model_XX_YY_init.hdf
model_XX_ YY_proj.hdf
XX will be 00 when you first run the initial model job.
YY is the number of the initial model generated in this run of the job.

SPR GUI | Command | Help |
+ [ Raw Data — [
= Particles input || good classes.hdf Browse

Interactive Particle Picking (e2boxer...
Old Particle Picker (e2boxer_old.py)
Generate Output (e2boxer.py)

Num Images: None

+ Tilt Pair ### e2initialmodel options ###
+ Import Tools
= @ CTF - . A
“ CTF Autoprocess (e2ctf_auto) IM IMI shrink | 1

“ Visual CTF (e2ctf)
# ‘@ Manual CTF processing
2 Other Tools I sym|d % I Isymmetry Number |7 ] I v randorientl
= ™. Particle Sets
™. Build Particle Sets
= % 2D Analysis
& Reference Free Class Averaging (e2... parallel [thf@3d112| ] Class_ave rages model D ro'ection
B Mark bad particles by class (e2eval...
Ex|

e2display.py Browser
port to Relion 2D y-py

Mod Path: [ Jinitial_models/model_00_01.2
al Model (e2initialmodel) T 1[5 | Fke
St A =1
# Random Conical Tilt Reconstruction... EMEN2 ""; ::S‘SQN =
@ Align Map to Symmetry Axes (e2sy... s 1 boxfile
5 @ 3D Refinement theek * :aptelechdf
%/ Validation and Analysis Aot < 4 _initial modets

Current

Home

model_00_01.hdf

O/ {0} '{0} {0} {0}

- Puth: [ Aol modeiumodel 00 01 hat | Weeview | Ughts | Camera | Ut

) e adjustThreshold here

(ol iton ol

(00_03 ™
model 00_03_aptcLhdf
modei 00_03 init.hdf

700_03proj.hdf

model 00704
model 00704 proj.hdf
model 00705 Thdf
model 00705_aptcl.hdf
modei 00705 _init.hdf
model_00-05_proj,hdf
madel 00"06 hdf

<

init.hdf

Show Stack Show 20

{03 {0} "{0} "{03 | {0}

Show 20+
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15. 3D refinement — Single map refinement (e2refine_easy)
a. Set:

Input: sets/all-bad__ctf flip_lp5.1st (for a new data-set/refinement it is better to use first low-pass
filtered data or even a subset of the data to speed-up calculations and quickly assess the quality of

the data and identify potential problems)

model: initial_models/model_00_01.hdf (or the model that you identified as the best)

tragetres = 5 (target resolution 3D reconstruction)
sym = d7
inter =6

parallel = thread:20 (or how ever many cores you have)

threads: 20

--threads option - In addition to --parallel, some commands have a --threads option. There are a few

commands which cannot be run using the generic multi-computer parallelism provided by --parallel.
These commands may still be able to take advantage of multiple cores on a single machine. --threads
is the number of available processors on a single computer. It should be specified in addition to --

parallel when both are available.

b. Press Launch

c. The progress of the refinement and results from each interaction can be viewed while the job is

running by opening the refine_01/report/index.html file.

d.  Quickly evaluate final result by looking at the 3D map from the last iteration

(/refine_01/threed 06.hdf)

e. Comparing experimental data (/refine 01/classes 06 _odd.hdf or ...even.hdf) with projections of the
final 3D map (/refine_01/projections 06 odd.hdf or ...even.hdf) can be another good way to
evaluate how good the calculated density describes observed particle images and also identify some

of the missing views of the complex in your data-set.
Output file: refine 01/...

SPR GUl | Command | Help |

# [l Raw Data

* Particles |input | sets/after_1st2Dclass__ctf flip_Ip5.Ist I Browse
#- @ CTF c

@ ™. Particle Sets Num Images: None

4 2D Analysis

& Reference Free Class Averaging (e2...
B Mark bad particles by class (e2eval...
B Export to Relion 2D

@ Initial Model

inputavg |

#

Num Images: None

Browse

= ¥ _3D Refinement

% Single map refinement (e2refine_e...

s | model | initial_models/model 00_01.hdf |

| Browse ]

¥ Split map into two subgroups (e2re...
¥ Multireference data separation (e2r...
¥ Multireference refinement (e2refine...

Num Images: None

B 2D Heterogeneity Analysis (e2evalp... | ~OR~
# Relion Refinement
#- ¥ FreAlign Refinement startfrom |
- ", Validation and Analysis
Num Images: None
Required:

[ Browse

|targetres | 5.0 |

fsym [a7 |

I iter | 6 l

| parallel | thread:20 I
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Row Name Type Size Dim N D[~|

EMEN2 0 BAD JSON.hdf Image 2m 834x832 1 2
+-1 boxfiles Folder 2(

SSH 2 good_2Dclasses_for_initialmodel.hdf Image Stack 411k 70 x 70 12 2(
+-3 info Folder 2(

+- 4 initial_models Folder 2(

Root +-5 micrographs Folder 2(
+ 6 particles Folder 2(

Current 7 pre Folder 2(
+-8 r2d_01 Folder 2(

Home 9 Folder 2(
Folder 2
O_Tefne_parms.json JSON 2k, - - 2(

e =D Ouu.nui Hnmndye sudik 4 1m 14U X 14V 7 £\

Q5G] 640 x 480

eSOIUTIoON.Pa - 21 k - = 2(
recalutinn nnn Imane ARQ k ARAN ¥ ARN 1 24
ulreeu_vo.nui Hnndaye om 14U X 14U X 14V 1 £\
threed_05_even.hdf Image 6m 120x120x120 1 2(

ead—0S—car 6m 120x120x 120 1 2(

6m 120x120x120 1
eed-o6_even.hdf Image 6m 120x120x120 1 2(
threed_06_odd.hdf Image 6m 120x120x120 1 2(
threed_even_unmasked.hdf Image 6m 120x120x120 1 2(
threed_odd_unmasked.hdf Image 6m 120x120x120 1 2(
+- 11 sets Folder 2(
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16. Validation and Analysis — Run e2eulerxplot
a. Press Launch
Middle-click somewhere on the plot background

oo o

Select result of your last refinement interaction (i.e. /refine_01/threed 06.hdf)
Good reconstruction should have all the views of the complex cowered i.e. your data-set contains

particle images representing views of the complex from all of the possible angles providing
unambiguous 3D reconstruction of the studied structure.

e. You can check which views of the complex are most- or less abundant in your data-set by double-

clicking on the tallest and shortest bars respectively.

]

symmetry.

For C1 symmetry the plot has a sphere-like shape. The plot observed for 208 is a result of used D7

e2eulerxplor.py X

Display Eulers | Display Triangles
Display Arcs | All syms
D 5 C/D sym 7 Mirror

“Refinement | Display | Transform

refine_01 s

refine_0l/classes_01_even.hdf
refine_01/classes_01_odd.hdf
refine_01/classes_02_even.hdf
refine_01/classes_02_odd.hdf
refine_01/classes_03_even.hdf

refine_01/classes_03_odd.hdf

refine_01/classes_04_even.hdf

refine_01/classes_04_odd.hdf

refine_01/classes_05_even.hdf
refine_01/classes_05_odd.hdf
afina 0 as_ 0 ovon hd

rene OIICBSSQS 06 @ E!

¥ Random Conical Tilt Reconstructi...

@ Align Map to Symmetry Axes (e2...
= @ 3D Refinement

@ Single map refinement (e2refine...

@ Split map into two subgroups (e2...

@ Multireference data separation (...

@ Multireference refinement (e2refi...

B 20 Heterogeneity Analysis (e2ev...

i Relion Refinement

2 P

o Ceoal

4
= Validation and Analysis
S LT
v Run ResMap

Run e2tiltvalidate

Plot Tilt validation =
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