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Getting Started

Software Requirements

To follow this tutorial you will need to have Scipion (de la Rosa-Trevin et al., 2016)
properly installed on your system. This should be the case for this course. If you
are following this practical on your own and Scipion is not installed, the following

page will provide detailed information about the installation:
https://github.com/12PC/scipion/wiki/How-to- Install

We are going to use some Xmipp3 (de la Rosa-Trevin et al., 2013) programs,
but they come installed with Scipion. Aditionally, we will need to install other EM
software packages such as: motioncor2 (Zheng et al., 2017), CTFFind4 (Rohou and
Grigorieff, 2015), Relion2 (Kimanius et al., 2016) and Eman2 (Tang et al., 2007).

Practical Summary

The main goal of this practical is to illustrate the combination of different EM soft-
ware packages in the same project. Here is a brief summary of the steps that will be

done:

Test Data

If you are following this tutorial in the EMBO 2017 course, the data folder should
be located in: /PATH/TO/DATA/FOLDER

If not, you can still download the test data from: download.data.uk It should
be a single tar file of about 6Gb. You need to uncompress it and you will have the
data folder.

Through this tutorial we will refer to the data folder as $DATA/


https://github.com/I2PC/scipion/wiki/How-to-Install
download.data.uk
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Day 1: Movies alignment, CTF estimation and Par-

ticles picking

0.1 Creating a New Project and Importing a Workflow

We need to start by creating a new Scipion project before any processing can be

done. For that, you should open Scipion from a terminal:
> scipion

After that, the window with all projects will be shown (it can have an empty list
if there is not previous project for this user). You can then click on
button and enter the project name, for example: embo2017_day (as shown in Fig.
1). After clicking on [Create], a new window will appear showing your new empty
project. Don’t worry, in the next step we will import a workflow template that will

guide you through the processing pipeline of this practical.

Create project

Project name  |embo2017 _dayl| |

Project location  [fhome/josem/ScipionUserData/projects [

@ coee

Figure 1: Create Project dialog.

TIP
Scipion projects are located by default $HOME/ScipionUserData/projects,
but this can be changed in a configuration file. Moreover, each

project can be located in a different location and a link is created in
$HOME/ScipionUserData/projects. Projects are self-contained folders that

can be moved from one computer to another.
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Figure 2: Project main GUI. Left panel displays a tree with processing tasks (pro-
tocols) that can be used. The top right panel displays the sequence of protocols
executed (runs) by user and their state: saved, running, finished or aborted. Bottom
right panel displays information for the selected run, such as inputs and outputs,

execution logs or documentation.

From the project GUI we can import a workflow template that will load all the
steps and parameters that will guide us through this practical. For doing that,

you must go to the main menu: [Project ) Import work ow| and use the browser dialog
to search for the workflow file. In our case, it should be $DATA/workflowl. json.
After selecting the file, click on the button and your project should have the

workflow loaded, as shown in Figure 2.
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The ability to export/import workflows in Scipion is a great way to reproduce
previous processing steps. It is particularly useful to repeat steps on similar

samples or to share knowledge between users.

0.2 Importing Movies

In Scipion the import is almost the only place where the user needs to deal directly
with files. In our model each protocol has very well defined inputs and outputs, which
are data objects. These objects (SetOfMovies, SetOfParticles, Volume, CTFModel,
etc.) encapsulate the underlying files and formats. When importing data like SetOf-
Movies, SetOfMicrographs or SetOfParticles, the user provides critical information
(such as the Pixel Size). This information will not be requested any more and should
be properly propagated.

To import movie files, double-click the box in the workflow. The
protocol form with parameters will open as shown in Figure 3. In this case, the
proper values for all the acquisition parameters have been loaded from the template.
We only need to provide the path to the directory where the movies are. You can
either use the icon to select the path or type it directly in the entry field. For
this tutorial it should be $DATA/Movies.
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Protocol Run: ProtImportMovies

’é Protocol: scipion - import movies it @Help
Run name ‘impon movies 4 Comment ‘ s
Runmode = confinue  © Restart @ Host ’m

Use queue?  yae & No o
ExpertLevel & Nomal © Advanced

Import ] Streaming ] Frama}

Import

Files directory | =0
Pattern |F0|'\Hole'irames.mr’c.b22 | o

rAcquisition info
Have data been phase-flipped? © Yes * No e
Use the wizard button to import acquisition. /0
Microscope voltage (kV) 200.0 @
Spherical aberration (mm) 2.7 @
Amplitude Contrast 0.1 ©
Magnification rate ’W ©
Sampling rate mode |From image J L]
Pixel size ("sampling rate") (A/px) 1.1 @
Dose (e/A*2) Initial |0‘0 Per frame |2.26 @
Gain image | &0
Dark image | &0

x oo | B soe

Figure 3: Import Movies protocol. In this case, only the path needs to be filled.

After selecting the path, we can press the button and the box for this run
should become yellow (running state) and then green (finished). Then, the summary
tab should display some information such as the number of movies imported and the

number of frames.
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TIP

Since important information is provided during the import step, it is recom-

mended to take your time to check that all input parameters are correct. When
importing, the binary files are not copied to the project to avoid data dupli-
cation. Instead, soft links are created pointing to the files location. If you
move your project to another computer these links may be broken. There is
an advanced option where you can set Copy les? to Yes. In this case, the

project is more self-contained at the price of using more disk space.

0.3 Movies Alignment

Aligning the individual frames of movies is necessary to correct BIM-induced image
blurring and restore important high resolution information. In this practical we will
use motioncor2 (Zheng et al., 2017) for movie alignment. For that, we just need to

open the [motioncor2 alignment| box and executed it, since all the parameters have been

preloaded.

In general, one of the most important parameters at this step is to choose the
frame range to use for aligning the frames and producing the final average micro-
graph. Additionally, the motioncor2 protocol allows to apply a dose weight to each
frame taking into account the accumulated dose. Take you time in the protocol form
and click on the button of other parameters to know their usage.

After launching the movie alignment protocol, we can go further and start the
CTF estimation. Due to the stream processing capability in Scipion, we don’t need

to wait until the first protocol finish to start the second one in this case.

xmipp - Optical Flow alignment
grigorieff lab - Unblur + Summovie
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0.4 Estimating CTF

The next step is to estimate the CTFs (Contrast Transfer Functions) of the micro-
graphs using CTFFind4 (Rohou and Grigorieff, 2015). This protocol estimate the
PSD (Power Spectral Density) of the micrographs and the parameters of the CTF
(defocus U, defocus V, defocus angle, etc.).

To estimate the CTF you will need to select the frequency region to be analyzed
(Figure 4). The limiting frequencies must be such that all zeros of the CTF are
contained within those frequencies. There is a wizard, shown in Figure 5, that helps
in choosing those frequencies. To see all available options, choose the Advanced
expert level and click on the button for any specific parameter.

Protocol Run: ProtCTFFind

“ .

# Protocol: grigoriefflab - ctffind (Hcite @Help
Run name |gr|'gc»r\'eﬂ|ab - ctffind 4 Comment | 4
Runmode & continge © Restart @ Host |jgcalhost J

Parallel  Threads  MPI |{ (2] Usequeue? © yes & No [>)

ExpertLevel = nommal © Advanced

CTF Estimation ]

Input Micrographs |mot\'0mmrr2 alignment.outputMicrogra Que

CTF Downsampling factor ,1[)7 /7 @

Use ctffind4 to estimate the CTF?  * Yes © No e

Resolution Lowest |[m5 Highest |0‘35 P

X cse | B son |

Figure 4: CTFFind protocol.
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Figure 5: Wizard to help selecting the frequency region.

gCTF
xmipp - CTF estimation

0.5 Analyzing Results and CTF recalculation

The CTFs of good micrographs typically have multiple concentric rings, shown in
Figure 6 left, extending from the image center towards its edges. Bad micrographs
may lack rings or have very few rings that hardly extend from the image center.
A reason to discard micrographs may be the presence of strongly asymmetric rings
(astigmatism, Figure 6 center) or rings that fade in a particular direction (drift,
Figure 6 right).
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