RELIONv3

Appion Part Il

tUtO rl aI VO : 1 September 19, 2019

Tutorial setup:

Requirements:
A terminal for ssh with X-display

* If you're using a Mac, download XQuartz for X11 forwarding to use the graphical interface. Download
link: https://dl.bintray.com/xquartz/downloads/XQuartz-2.7.11.dmg

* If you’re using windows, download third party tool ‘MobaXterm’ to remotely login to the linux server
Download link: https://mobaxterm.mobatek.net/download-home-edition.html .

Recommended:
UCSF Chimera (https://www.cgl.ucsf.edu/chimera/) for visualization.

Workflow goals:
Appion part I Appion part II

Frame alignment

CTF estimation

Particle picking

Micrograph/
Particle curating

1

Initial 2D classification [ 3D refinement }

Initial model
generation

This tutorial assumes that students have taken “Appion part I: Basics and 2D processing” where the pre-
processing pipeline has been covered and will focus “Appion part II: 3D reconstruction/refinement”.



Given standard SEMC pre-processing workflow within minutes of the last acquired image during data collection
the user should have: 1) curated aligned micrographs, 2) CTF estimation, and 3) particle picks. If the user has
also utilized skills learned in Appion part | they may also have: 4) initial particle curation and 5) an initial model.

RELION in the cloud:

Accessing RELION on the Cloud

1. What is RELION?

O

RELION (REgularised Llkelihood OptimisatioN) is a software package commonly used for
computing high-resolution Cryo-EM structures (http://www2.mrc-Imb.cam.ac.uk/relion).
We have installed it on the Amazon web services cloud for this practical.

To read more about running cryo-EM software on the cloud, go here: http://cryoem-
tools.cloud/

2. To access, download “Appion-2.pem” key.

3. Login using the following credentials in a terminal.

4. Once you sign in, you will be on the main page.

ssh -i "Appion-2.pem" ubuntu@[see sheet for ip address] -XY

Welcome to Ubuntu 16.84.6 LTS (GNU/Linux 4.4.0-1092-aws xB6_64)
* Documentation: https://help.ubuntu.com
* Management: https://landscape.canonical.com
* Support: https://ubuntu.com/advantage

Get cloud support with Ubuntu Advantage Cloud Guest:
http://www.ubuntu.com/business/services/cloud

69 packages can be updated.
@ updates are security updates.

New release '18.04.2 LTS' available.
Run 'do-release-upgrade' to upgrade to it.

Last login: Tue Sep 17 21:43:20 2019 from 38.96.169.131
232: -3 |}

The default path will be /home/ubuntu/

/home /ubuntu

default_pipeline.star

NVIDIA-Linux-x86_64—410.1084.run

o ¢ :$ i

o You will have several folders:

» appion1-T20S (data from Appion part 1)

» appion2-dataset (data for this tutorial)

= appion2-groupO0 (reference data with jobs already pre-run)

» appion2-movies (an advanced dataset with movies to test additional features)
» EMPIAR (T20S dataset EMPAIR-10025)



Making Your Project and Dataset

5.

Today, we will processing bovine GDH (a 334 kDa D3 symmetry protein). Our goal is to compute
a reconstruction of this protein while going over the basic workflow for single particle 3D
construction. Note, upon familiarization with this workflow time will be allotted to test different
workflows and/or the full single-particle pipeline.
From Leginon/Appion users have access to:

o frames folder with raw TIFF LZW images

o leginon folder with the data found on emgweb.nysbc.org

o appion folder with CTF estimation and object selection information.
In particular for this test example the aligned summed images were downloaded from the leginon
folder, through the web interface box-files were generated from stack creation and a star file with
micrograph list and CTF information was downloaded from the Leginon-Appion webtools.

The standard test dataset will be located in “appion2-dataset”.
:$ 1s app10n2 dataset/

10 3 K2_308kV.star
o It contalns box files, GDH reference reconstructlons at 0. 835A/px at 288px box size and
1.67A/px at 144 px box size, K2 MTF file, micrographs folder and CTF star file.
Create a new directory to work in. In this instance you will have a little over 100 Gb of space to
work with.
o mkdir [your directory of choice] (in this case | named it appion2-test)
o cd [your directory of choice]
[ubuntu@Rip- $ mkdir appion2-test
[ubuntu@ip $ cd appion2-test/
ubuntu@ip-17 $
Create a folder for your mlcrographs and link your micrographs in that folder.
o mkdir micrographs
o c¢d micrographs
In -s /home/ubuntu/applon2 dataset/micrographs/*mrc .

buntuRip-172 $ mkdir micrographs

ntuRip-172 $ cd micrographs/
ubuntuRip-172 $ 1n -s /home/ubuntu/appion2- d
o ataset/micrographs/#mrc .JJ

o Now link your box files into a folder called micrographs

o In s/home/ubuntu/applonZ -dataset/boxfiles/ micrographs
$ 1n -s /home/ubuntu/appion2-d]

o ataset/boxes/ mlcrographs

10. Check to make sure flles are in the newl .ceated folders

ubuntu@ip-172-31 3
17febl4h_gdh_au eee1aq1 00005sq_v02_00002h1ln_00002e
17febl4h_gdh_au_0001@gr_00005sq_v02_00003hln_00002e
17febl4h_gdh_au_00016gr_00005sq_ve2_00004hln_00002e
17febl4h_gdh_au_00016gr_00005sq_ve2_00005hln_000
17febl4h_gdh_au_00016gr_00005sq_ve2_00006hln_00002e
17febl4h_gdh_au_00016gr_00005sq_ve2_00008hln_00002e
17febl4h_gdh_au_00016gr_00005sq_v02_00010hln_00002e
17febl4h_gdh_au_00016gr_00005sq_v02_00011hln_00002e
17febl4h_gdh_au_00016gr_00005sq_v02_00012hln_0006
o) 17feblé4h_ au_00010gr_00005sq_v02_00013hln_00002e
ibuntu@ip-172 - $ ls micrographs
17febl4h_gdh_au_00010gr_00005sq_v02_00083h1ln_000e2esn-a—-DW.box
17febl4h_gdh_au_00010gr_0000@5sq_ve2_00004hln_000E2esn-a-DW.box
17febl4h_gdh_au_00010gr_00005sq_v02_00085h1ln_000e2esn-a-DW.box
17febl4h_gdh_au_00018gr_00e85sq_ve2_0eeséhln_800e2esn-a—-DW.box
17teblsh_gdh_au_80010gr_0@eessq_vez_80ess8hln_seeezesn-a—DW.box

17febl4h_gdh_au_00010gr_00085sq_ve2_00811hln_0800e2esn-a-DW.box
17febl4h_gdh_au_00010gr_00885sq_ve2_00e815h1ln_0800e2esn-a-DW.box
17febl4h_gdh_au_00010gr_008085sq_ve2_000817h1ln_0800e2esn-a-DW.box

17febl4h_gdh_au_00010gr_00005sq_ve2_0080821h1n_000e2esn-a-DW.box
17febl4h_gdh_au_00010gr_000085sq_v02_000826h1n_000e2esn-a—-DW.box
17febl4h_gdh_au_00010gr_000085sq_v02_000831h1ln_000e2esn-a-DW.box

17febl4h_gdh_au_00@18gr_Peee5sq_ve2_00010hln_0@002esn-a—DW.box

11. Go back to the main directory, copy the micrographs_ctf-appion.star into that folder.



$cd ..
$ cp /home/ubuntu/appion2-dataset/microgra

phs_ctf-appion.star .

$ 1s

s Il
12. Look at the .star file using a text editor, e.g. vi.

rlnMicrographNane #1
rinCtfImage #2
rlnDefocusU #3
rlnDefocusV #4
rinDefocusAngle #5
rinveltage #6
_rinSphericalAberration #7
rinAmplit

rlnphate>11ft #12
nicrographs/17febl4h_gdh_au_80011gr_0e0A3sq_v02_00083h1n_00882esn-a-DW.mre micr
ographs/17febléh_gdh_au_@8011gr_66663sq_vB2_08003h1n_e0RR2esn-a-DW.ctf:mrc 1798
§.492188 18973.39256578 —66.831846 30€.000000 9.001066 €.070000 10006.000000 .88
4778 ©€.938309 0.00e6EeE
nicrographs/17febl4h_gdh_au_900ilgr €€003sq_v02_00664h1ln_00002esn-a-DW.mrc micr
ographs/17febish_gdh_au_00011gr 00083sq_v02_00004hln_00002esn-a-DW.ctf:mrc 1988
0.667969 21090.689844 -69.709248 30C.C00000 0.00100¢ ©.070000 10000.0C0CE0 9.88
4778 €.9198%4 0.00GECE

o nicrographs_ctf-appion.star" 4590, 115388C
o These particle stacks have a list file with CTF estimation (.star file). (Note, the pixel size
was calibrated subsequently by scalling the EM reconstruction to a pdb of the crystal
structure and it actually should be 1.71A/px at bin2.)
13. Copy the remaining flles in the dataset into the main directory.

1@1 $ cp /home/ubuntu/appion2-dataset/
boxes/ K2_30@kV.star

gdh_@835A_288px.mrc miczographs/

gdh_1670A_144px.mrc micrographs_ctf-appion.star

$ cp /home/ubuntu/appion2-dataset/#mrc .
$ cp /home/ubuntu/appion2-dataset/K2_300kV

O

[Example SPA workflow for this tutorial]

2D classification ) We are going to focus on this type of single particle analysis (SPA) workflow for the
(particle sorting) | tutorial. By making use of Appion we enter into the workflow from particle extraction.

l ~ In terms of RELION it would be roughly these tasks:
"”g‘;','{;;’m“.‘;;’:‘*' Particle curation
! 1) Particle extraction
- 2) 2D Classification
3D classification 3) Select 2D classes
Seiastion seetine) | 3D intial model/classification
p lv 4) Ab-Initio Reconstruction (optional)
ey | 5) 3D classification

3D refinement
6) 3D refinement

Your directory structure should look something like this:

$ 1s

K2_3068kV.star

$ relionf]

Start relion by typing “relion” in the terminal:

232: $ 1s
K2_300kV.star

$ relion

Only run the relion GUI from your ProjectDirectory. Do you want to start a new
project here [y/n]? vl




The main relion window should look like this:

000 [X] RELION-3.0.7: /nome/ubuntu/appion2-test
File Jobs Autorun ]

Impor

1Aotion correction
CTF estimztion
ranual picking
Auto-picking
Particle exlraction
Particle sotting
Subset selection
2D classification
3D initial model

30 classification
3D auto-refine

30 mult-body
CTF refinemert
Bayasian pollshing
Mask creaticn
Join star filgs
Particle subtracton G B 53
Postprocessing Laboratory of 1 .

k 3 - ~
Eagatrasoltiion [l pren 8 www.mrc-Imb.cam.ac.uk/relion

] | ]
lJob actions Current ob:| Give_alias_here | Display:| =
]

[Finishedjobs \ [Runningjobs ] anuttuthisjob

[Scheduledjnhs ] [ Output from this job

stdoutw/ll go here; double-click this window to 0pen stdout In 3 separale window

stderr will go here; doubla-click this window to open sidar in a separate window

Particle extraction

14. Create a particle stack.
N\ REUON-3.0.7: fhome/ubuntu/sppion2-group0

Fle Jobs Autorun 110 exract]| Helx| [Running|

ool omection mictogragh STAR fle: [micooraghs_cif spgion siar |7 Bi0MsE

CTF estimation

wanual picking Input coordingtes: |nicrogaphs/box @I Browse
OR re-atract refinad particles? [No :®

Subsat salechon F il |7 Browse

20 classincation s 7

30 iz mocal —

30 classincation OR: n <@

30 awm-refing 0 0 &

30 mult-bows )

CTF refinement _

Bayesian alishing Manually sat pixel size? No 2@

Mask crestion Pheel size [A) = =

Join st fles bal szs (3} g = g

Parlicle subtraction
Post-procassing
Local resolution

J (o] | “scnostio | ||t ]
Currentjob[Give._alias_here | Display:| 2]
o Select a particle extraction job.
o Find the micrograph STAR file and type the path of the input coordinates, in this case
micrographs/.box.
15. We will be binning the data for efficient use of time.
o Go to the Extract tab.
o The original box size was 288px and we will bin by 2 for a final box size of 144px.




o860
File Jobs Autorun

| RELION-3,

.0.7; fhome/ubuntu/appion2-group0

Import

Motien corection
CTF estimation
Manual picking
Avto-pickin

Fariicla soring
Subset selection
2D classification
A0 inifizl moda!

3D classMcation
3D auto-refine

a0 mulli-body
CTF refingment
Bayesian polishing

Inveri contrast? | Yes 2@

Normzlize pamcles? Yes s Iﬂ

Diamatar background circla [pi<) -1 [ — ]
Stdde for white dugt removal: |-1 [ —r ]

Stgay for black dust removal -1 )7

Palicle BOX $12€ (PU): 260 e e 7]

Rescale patticles? | Yes

<@

Re-scaled size (piuals). 140 fomm] e [7]

Mask creahon
Join star fles
Parlicle sublraction
Fosl-processing
Local resolution

| o] st | veimt ]

Displey: | s

| Job actions Current job:|Give_alias_here
O
16. Set up the job by going to the Running tab. We have 32 cpus in this instance.

N RELION-3.0.7: /home/ubuntu/appion2-groupQ

File Jobs Autorun l)olemam Helix Running

Import
Malion corection
CTF estimanan
Manual picking
Auto-plcking

NUMBET Of MP procs: (57 o e ]
swmitoqueverio  z[g

Fariicie somng
Subset selection
2D classificabon
30 Inthal model Minl mum d
9D classificabon
30 aute-refine

3D multi-body

CTF refinement
Bayesian polishing

Additional arqum ents:

Mask craztion
Join starfiles
Parlicle sublraction
Fost-procassing
Local resolution

Ee=s ]

Display: ¢

o | Job actions Current job: Give_alias_here
17. Run the job by clicking the “Run!” button.
18. When the job finishes in the log file you will see that it has extracted several particles.

Exiracting particles from the micrographs ...

2.02/2.02 min ol

Joining metadata of all particles from 443 micrographs in one STAR file...
Written out STAR file with 59683 particles in Extract/joh001/padicles.star
The new pixel size of the extracted particles are 1.76356 Angstrom/pixel.
Done praprocessing!

O

o For organizational purposes you can add an alias and notes to jobs.

2D classification

19. Select a 2D classification job in the gui.

\| RELION

3.0.7: /homejubuntu/appion2-groupd

Fic Jobs Autorun 110| &TF | Optimisation | Sampling Helix| Corpute| Running
Vibion corection Input mages STAR file: Exractiob001 /parhc ks ster [7) [Browse
CTF estimabon uB from here )| Browsa |

Manual picking
Auto-pickng
Particle axfraction

3D auto-refine

30 mull-tody

CTF refinemert
Bayesian polishing
Mask creation
Join star files
Particle subtraction
Post-pracassing
Local resalubon

|
o Display: B
o Find the previously run Particle extraction job as the input images STAR file.
20. Under the CTF tab do CTF correction. See what happens if you Ignore CTF’s until first peak Yes
or No.
@)

Current job: |vae_é:as_here

‘» Job actians J

Choose one:



® N\ RELION-3.0.7: homejubuntuysppion2-greup0 RELION. oMU AP on2 - Greup!
Fle Jobs Autorun 0| (CTF) | Optimisation | Samping | el Compute| Runring| Vo CTF Optimisetion Sergling Helte| Compute| Runving|

00 CTF-camctian? | Yes
Have dita baen phass-pgad 1
Wnees .:rr;mmmplw o

00 CTF-camecient | Vas :
Hira data baen phi

sfa=
S

e CTFs s Imyu\yn

= == = lmm-

Jub actions Cument job: Giue_alias_here Cisplary: 3] | [ Jobactions Current job:| Give_alias_here Display:
In the optimization tab we will be using certain parameters to ensure that the job completes
in a timely manner. In addition to binning, we will use 10-20 classes, no more than 25
iterations, and set use fast subsets as Yes.

[ ] N\ RELION-3.0.7: fnomefubuntu/appion2-groupO

File Jobs Autorun ‘ 10| eTF Sanpling| Helix  Campute Running|
Import Tl
Motion comscion Nurmbar of classas: (2] e e 2]
CTF estimation Regulasisabon parameter T. |2 il —"011
hanusl icking

Auto- P'°“"9|_ ’ Mumber of Itarations, 25 b o]
Use fast subsets (for large data satz)q Mo s j

200 —— ]
30 initial model Wask dlameter (4). 200 | 1, i

30 classdication task individual particles with zems? Ves — 7|
30 auto-refine
30 rult-bady Limit resolution E-step fo (3] -1 [ ——

CTF refinement

Job actions ’ Curent job: Give_allas_here Display: |4
Under the Compute tab we will be using GPU acceleration. This instance has access to 2
GPUs. In the Running tab select 3 MPI procs as 1 will be the master and the 2 available
cards will be the slave.

\ RELION-3.0.7- /nome/uduntu/appien2 -group0 RELON: 74 ubuntu/appion2 -groupd
Sile  Jobs  Autorun | VO | CTF| Qptirisation | Sampling n.ux| Campu_gj Running | Fie Jobs Autorun } ¥o| CTF Sumrlhn Heltx| Compute| Running
m 5
Use parstel dee 1 : oS conecton Nurrbar of WP procse (3 | ]
Hunter o pooled parc ——— CTF sstnaton Nursber of thrauc [1 [ — |
3 - Merwal picking
Pre-read all prticles i RAN?| Ho <@ Auto. Subritio queue? | ry :|1
Copy partcles fo scratch diectory: @ 168 nas T
Conting teradons iheough 0kc?| Mo 2 |
Usa GFU n(elnw{cn? = Al I '
Which GFUs to D™ u
Adotioral srguments 1L}
on
i Poskprocassing
Lanlrts(lvlcn Local resoltion
Job actions Currert jab: Give_slias_here | Dispiay 4| | | Jetestians Current job:|Give_sias_here Dispiay: 2|

Depending on if you ignored the first CTF peak you may see the following results. To view
the final 2D classmcatlon output. select the model. star flle in Display.

LU, | ILSIE SHLSHIGUS
35520/job 002 rur 5. madel star bO03/run_I1025_mode! at;




Select 2D classes

21. Select §ub§et selection to choose 2D classes from your previous 2D Classification run.

N RELION-3.0.7: /home/ubuntu/appion2-group0

Flle Jobs Autorun l I/O| Class nptlons| Sunbsets Dupllcates| Runnlng[
Ilulgiuign conaction Select classes from model.star. .ssZDfinbUUalrun_itDzs_model.siar|E_|l Browse
CTF ectimation OR select from micrographs.star: |[2/[ Browse |
nanual pieking - ) =
Aute-picking selact from particles.star: |[2] [ Browse |
Particle extaction OR select from pickad coords: |E| Browse

Fariche umni |

)

0
3D initial model
3D classification

3D auto-refine

3D multi-hody
CTF tefinement
Bayasian polishing
Mask creation
Join star files
Particle subtraction
Post-procassing
Local rasalutlon

o Job actions Current job: Give_alias_here Display: B
22. Run this job and a display window will open up.

|
fun_KRE_nadel 2tar

Scalke]. 75 Black vahee [0
Signa contract |0 Wit vake [0

Display| rivPeterence mage
3 | |¥Scrtinages  ore|riClessDistrbution 3
ZIPeverse sort? Appty criertations?  Readwhole stacks?

N, columng |S Criscele:|1 M v inages 1000
M@z N S8R parts per clags:|-1

Displad

o Depending on your screen size you may want to scale the images. For ease of display
you may sort images by a particular criteria.

23. In a moment an interactive window will open to allow selection of classes.

52D/job003/run_it026_model.star

e
Save backup selection
Load backup selection
Clear selection
Inuer selection
Select all classes below
- Selectall classes above
Show metadata this class
Snow original image
~ Show Founer amplitudes (2x)
Show Fourier phase angles (2x)
Show helical layer line profile
Shaow particles frem selected classes

o Select desired classes, which will be highlighted, and right click to bring up a menu to save
selected classes.

Ab-initio reconstruction (optional)

24. Create an ab initio structure from the curated particle set with 3D initial model job.



X! RELION-3.0.7: fhome/ubuntu/appion2-groupd

qu Jobs Auarn | 10| (CTF| opurisation| SGD| Compute| Running|

Webon correcton Input imagas STAR fie: [Sekction0partclas star | 2] Biowsa |
CTF asbmabon Cortinue Trom here 7] Browse
4 | Manual picking < 4
auto-plcking
Particla asdracion
. Patics somng

Subsst selecton

D Clsimcanon

3D auto-refne

30 mulli-body
CTF refinement
Bayesian polishing
" Mask craabon
Join star files

2D,

Haan

Particla sublraction
Post-procassing
™ |Local resoluton

_ | Foconnana | | scrcite | -

Current job:|Give_silas_here Display:|

o Similar to before add the appropriate particle stack to your job.
o In the Optimisation tab you may choose to utilize symmetry.

N\ RELION-3.0.7: Iholmllhuntulwn‘onzfm

Fue dobs Auonn | [l (CTF|iOptimisation] SGD| Compute | Running|

(Import

il corecton Humber of classes:(1 ||| 1
CTF estimzton

Manual picking Mast diameter (A): 200 d:@
Auto-pleking -
Parlicle axtraction Flatien and enforca non-negativa solvent? | s B
Particle soting Symmetry: 03

Subset se]e:nan

W Inibal angular sampling: 15 degreas : 1@
0 classincanon Offset search range (pix): |6 [——
30 aun-retne . ——
30 mut-body Offsat saarch step pbs): [2 7@

CTF refinement
Bayesian polishig
Nask craation
Join star files
Particle subbacton
Fost-pracessing
Local resolution

T
Jab action: Current job:| Give_alias_here | Display| |2

26. For the tutorlal you d not have ftp access to download the models, but if you were display the
various iterations you would see the following assuming you chose D3 symmetry.

o 0 ® ¥ &

X

R



3D classification

27.This test dataset has primarily one conformation, but in most datasets of macromolecular
complexes there are multiple conformations, and/or varying state of completeness. One way to
sort out these differences is to use 3D classification, however initial models are required. Since
we have models via ab initio modelling we can potentially better curate the dataset with 3D

models. This tutorial also contains an initial model if you skipped the ab initio model step.
: $ 1s appion2-dataset/

O

K2_308kV.star
28. Choose a 3D classification job, select a STAR file and reference map.

\ RELION-30

Impon
wotion corection
CTF eslimalion
Manual picking
Auto-plcking

30 auto-remne

30 rult-hody

CTF refinemert
Bayesian polishing
Wask creation
Join siar files
Periclz subtraction
Post-procassing
Local racolution

mefubuntu/appion2-group0

File Jobs Autorun 10| Reference| CTF| OpUMIsaﬂun Sampling| Hellx Compute| Running|

Input images STAR file: Selectjob [ (d/parbcles star _?‘_ Browse
Cortinue from here 7| Brewse
Refzrznce map: gen_1 670A_144pxmrc E\ Browse
Rerarence mask (optional: ‘z‘ Browee

Job actions | Current job:|Give_alias_here

o You may choose to either run this job with C1, C3 or D3 symmetry, and also low pass

O
O

filter the rrrr]qqgl.

Flle Jobs  Auterun

[ ] B N\| RELION-3.0.7: /homo/ubuntu/appwnz—groupo

Import
Motian correcton
CTF estimaton
Manua picking
Auto-picking
Paricle extraction
Paricle sorting
Subset selecﬂon
i

30 auto-refine

30 rult-ody

CTF refinement
Bayesizn palishing
Wagk crealion
Join star files
Paricle subtraction
Post-proce ssing
Local rzsoluiion

Ref. map Is on absalute greyscala?| No
Inflial Iow-pass fiter (4). 20

<@
[~D———F

Symmelry: D3 z

Joh actions | Current job: Give_alias_here

| Display B

For efficiency do not use more than 3 classes and use fast

[ ] N RELION-3.0.7: Ihome/lmunlu/apptonz groupl
File Jobs Autorun I /0| Reference| CTF i€ on! Sampling| Hellx| Compute | Running|
Import
Molion comection NUMBEE 0 0135525 (5| e | 7]
CTF astmation Ragularisalion pa{amg[ng rl f_U_”J
Manual picking
Auto-picking S = (7]
Paricle extraction b W - il
Paricle sorting Use fasi subsets (for large data sets)? No s Hﬂ I
Subset selection

CTF refinement
Bayesian palishing
Wask creation

Join star files
Paricle subiracton
Post-pracessing
Local resolulion

Job actions Cument job: Give_alias_here

Z0cl Irrqt:hr Mask diameter (4): 200 |'_”_|E|
30 clagsimeatan Mask individuzl particles with zeros? ‘res s HJ
:-,D auto-refine
30 multi-body Liriit rasolution E-step 10 (A); 1 || e [

Display: |

subsets.

O
o You may see the various classes or particular model in dlsplay.

10



o &7 S L8 (o |
29. Start another subset selection job to select and save a particular class, or you may choose to
passthrough all the particles.

3D refinement

30. To create our final 3D reconstruction choose 3D refinement.
A | 10|k = CTF\F sl dr‘\::v o Helix| Campute| Punning|

Import ) -
Molion conection Input images STAR file: | Selectjobl0diaricles slar A
'CdTF 5;]“’“3:““" Cortinue from here. 3DVjob00S/un_n010_optimiser.star | &) [Brows
. [ Manual pickin —_ s
i Ammpxcglng ¢ Referanca map: gdh_1670A_144pemrc |7 Browse
Parficle exraction S — . =
Parlicla sorfing Raferanca mask (ogtional): ol
+ | Subsst selaction
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o Add a particle stack and volume for the refinement. Multiple particle stacks would have to
be combined to create 1 star file. Only 1 reference map may be used for 3D refinement.
Again you may choose to use symmetry.

o We will be using GPU acceleration and for efficiency you may skip padding.
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O
31. You may start the run and this will take a while.
32. Submit the job and monitor the run.
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o Analyse the feedback to ensure the quality of the reconstruction.

Auto-refine: Refinement has converged, stopping now...

Auto-refine: + Final reconstructon from all paticles is saved as: Refine3D/job011/run_class001.mrc

Auto-refine: + Final model parameters are storad in: Refine3D/job011/run_model star

Auto-refine: + Final data parameters are stored in: Refine3D/job011/run_data.star

Auto-refine: + Final resolution (without masking) is: 3.7473

Auto-refine: + But you may want to run relion_postprocess to mask the unfilmrc maps and calculate a higher resolution FSC

O
33. When the job finishes you may display the volume.

O
O

Additional tasks (if time allows)

34. Run postprocessing to sharpen your map.
35. Run any of the previous tasks with C1, C3 or D3 symmetry.

36. Try a different combination of particles or a different curation criteria to create a substack.

37. Try a different workflow.
38. Try additional tasks, such as ResLog Analysis, ThreeDFSC, etc...
39. Repeat the process with another dataset/movies.
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