()ccP-EM

$2C2 CryoEM Map Modeling and
Validation Workshop

Haruspex

9 September 2021
Computing setup instructions

Normally at our CCP-EM training workshops, participants use computers that we
have set up in advance with the required software and tutorial data. Since we are
running this workshop remotely, all of you will need to install the software yourselves
on your own computers. Please do this well in advance so if there are any problems,
we can help you solve them in plenty of time before the workshop. If you do run into
any difficulties, please contact us at ccpem@stfc.ac.uk and we’ll help you sort things
out.

Note: The following instructions are compiled for users who wish to follow along
during the main demo. If you do not wish to follow along, you can save these
instructions for later use.

Required software

Linux or Mac operating system.

Note for Windows users: CCP-EM is not available for Windows. Please try to work
on a Linux or Mac computer if possible (can you connect remotely to a computer at
your lab?). If that’s not possible, you could consider running Linux inside a virtual
machine on Windows, for example by following these instructions:
https://itsfoss.com/install-linux-in-virtualbox/. Everything should still run correctly in a
virtual machine and you will be able to participate fully in the workshop, but programs
will be slower and this can make highly interactive software (such as Coot and
Chimera) harder to work with.

Please install the following software for the workshop:
e CCP-EM Jatest nightly (2 September 2021)
N.B. please use latest nightly not the stable release!
Installation instructions and downloads on


mailto:ccpem@stfc.ac.uk
https://itsfoss.com/install-linux-in-virtualbox/

https://www.ccpem.ac.uk/download.php

CCP4 v7.1.015
Download from https://www.ccp4.ac.uk/download/
You can choose to install SHELX, ARP/WARP and other optional
packages as part of the CCP4 installation. You won'’t need any of them
for this workshop, but you can install them anyway if you might want to
use them in future.

Haruspex and Tensorflow v1.8.0
Installation instructions and downloads on
https://www.ccpem.ac.uk/user_help/haruspex_instructions.php

UCSF Chimera v1.13 or later
Download from https://www.cgl.ucsf.edu/chimera/download.html. On
Linux, please allow the Chimera installation script to put a symbolic link
on your path, so CCP-EM can find it

Modeller
On Linux, Modeller is included in the CCP-EM package, but you will
still need to register for a license key (free for academic use) at
https://salilab.org/modeller/registration.html. After you have your
license key, go to your ccpem-20210709 directory and run
./install_modeller.sh
On Mac, you will need to install Modeller separately. Register and
download from https://salilab.org/modeller/. Please install it in the
default installation location so CCP-EM can find it.

On Mac only: you will need to install XQuartz 2.7.11 from

https://www.xquartz.org/

Required knowledge

For this workshop you'll need to be comfortable with simple operations on the Linux
or Mac command line (also sometimes called the shell, console or terminal). It will be
helpful if you are familiar with the following:

Navigating the file system (pwd, 1s and cd commands)

Moving / copying files (cp, mv and mkd-ir)

Extracting tar.gz files (tar -xf file.tar.gz)

Running scripts in the current directory (. /script.sh)

Getting help on commands (man command, or try command --help)
Viewing text files (cat or less)

Simple job control (bg, fg, jobs and ps commands, and launching
commands in the background with &)

There are various tutorials online where you can learn about these. These two are
useful for covering most of the commands above:

https://www.hostinger.com/tutorials/linux-commands



https://www.ccpem.ac.uk/download.php
https://www.ccp4.ac.uk/download/
https://www.ccpem.ac.uk/user_help/haruspex_instructions.php
https://www.cgl.ucsf.edu/chimera/download.html
https://salilab.org/modeller/registration.html
https://salilab.org/modeller/
https://www.xquartz.org/
https://www.hostinger.com/tutorials/linux-commands

e https://www.digitalocean.com/community/tutorials/how-to-use-bash-s-job-contr
ol-to-manage-foreground-and-background-processes

but do note that the second of those goes into a bit more detail than we need. Please
don’t be put off if this is new to you and it all seems too complicated! You won’t need
to do too much on the command line, but since the workshop is running remotely
and we have a large number of participants, we won'’t be able to provide much
individual help. It'll be very helpful if you're familiar with the basics so you can sort
out any simple problems yourself. It will be a useful skill for working with many other
scientific software packages, too.

We will also be using UCSF Chimera in the workshop, but we will not have time to
teach you how to use it. Chimera is a powerful program with many capabilities and
features. We will only use it in a very basic way in this workshop, to view and
examine cryo-EM maps and models. There are many tutorials and a Getting Started
guide available on the Chimera website (https://www.cal.ucsf.edu/chimera/) but if
you’re not familiar with Chimera | suggest you just have a look at the GroEL tutorial
(https://www.rbvi.ucsf.edu/chimera/data/tutorials/groel/groel.html) to learn how to
open maps and models, move the view around and make simple changes to the way
objects are displayed.

Checking everything is working

Please run through these instructions to check your software is installed and working
correctly. (Lines written in source code font are commands to be typed into your
terminal window.)

1. Open a Terminal window
2. Go to your CCP-EM installation directory. For example, if you unpacked
CCP-EM in a directory called “software” in your user home directory:
cd ~/software/ccpem-20210709/
3. Activate CCP-EM:
source setup_ccpem.sh
4. Install Tensorflow:
ccpem-python -m pip install tensorflow==1.8.0
5. Download Haruspex neural network and save the output of pwd command for

later:
git clone https://github.com/thorn-lab/haruspex.git
cd haruspex
pwd
6. Run CCP-EM:
ccpem &

7. After a couple of seconds, the main CCP-EM window should appear:


https://www.digitalocean.com/community/tutorials/how-to-use-bash-s-job-control-to-manage-foreground-and-background-processes
https://www.digitalocean.com/community/tutorials/how-to-use-bash-s-job-control-to-manage-foreground-and-background-processes
https://www.cgl.ucsf.edu/chimera/
https://www.rbvi.ucsf.edu/chimera/data/tutorials/groel/groel.html

CCPEM | 1.5.0

=l Projects
No active project: please add a project
|User | Project | Path |
AceDRG
Buccaneer
Choyce e
Confidence Maps
Coot
CryoEF
DockEM
Flex-EM
LAFTER
LocScale
Map Process @ Open project Add project Remove project Remove user

CCP-EM uses projects to help you keep track of your work. All CCP-EM
programs must be run in the context of a project, so when you open it for the
first time, the task buttons on the left-hand side of the window are all greyed
out. A message at the top of the main panel asks you to “please add a
project”. Click the “Add project” button at the bottom and then choose a
project name, a directory where the project will be stored, and a user name.
For example:

Add project &

| CCP-EM project name must be unique with only one project per directory
|

| Name | 52C2 CCP-EM workshop

Path Select fhome/colin/s2c2_ccpem_workshop/ccpem_project

T

{ User | Colin| |

When you click OK, CCP-EM will create and open your new project and show
you the (empty) list of jobs. Notice that the task buttons on the left-hand side
are now active, and your current project details are shown at the bottom of the
window:
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= Jobs | Projects
Jobs
| Job | Program Title Status Start Finish Directory
AceDRG
Buccaneer
Choyce B
Confidence Maps
Coot
cryoEF
DockEM
Flex-EM
LAFTER
LocScale
Map Process @ 52C2 CCP-EM workshop | Colin | fhome/colin/s2c2_ccpem_workshop/ccpem_project

10. Scroll to the bottom of the list of tasks buttons and click “About”. At the bottom
of the About window click “Edit”.

rennde

CCP4 flags: CCP4 flags not set : CCP4 CCP4 MASTER CEIN

Model validation: Required commands not found for

Model validation task: molprobity pdbset reduce refmac cablam
TEMPy SMOC: Required commands not found for TEMPy-LocScore
task: pdbset refmac

TEMPy Diff Map: Required commands not found for
TEMPyDifferenceMap task: pdbset refmac

LocScale: Required commands not found for LocScale task: pdbset
refmac

Refmac: Required commands not found for Refmacs task: pdbset
sfcheck libg refmac

Shake: Required commands not found for Shake task: shake
Buccaneer: Required commands not found for Buccaneer task: libg
sftools freerflag refmac cbuccaneer

Molrep: Required commands not found for Molrep task: sfcheck
malrep

TEMPy GlobScore: Reguired commands not found for
TEMPyGlobScore task: pdbset refmac

Edit

11. A text editor should open up. Find the line that says "alpha": false, and
changeitto "alpha": true, (Make sure you keep the comma at the end!).
Find the line that says "haruspex_path": null, and replace null with the
path from pwd above, in quotes. Again, make sure you keep the comma at the
end! For example, if your HARUSPEX path is
/users/ccpem_user/software/ccpem/haruspex the line in the settings
file should be:

"haruspex_path":
"/users/ccpem_user/software/ccpem/haruspex",




Save the settings file and close the text editor. Restart ccpem so it reads the
new settings.
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Test mode

12.All CCP-EM jobs can be tested automatically to check they are working
properly. Scroll down the task list to the bottom, and click the “Test mode”

button:

CCPEM | 1.5.0 (]

o —— B Jobs Projects
Jobs

RELon | Job | Program Title Status Start Finish Directory |

Ribfind
Shake
SymmetryExpand
TEMPy: DiffMap
TEMPy: Local score
TEMPy: Scores

Validation: model

Images
MRC Header

relion_display

About

Test mode

: @ S2C2 CCP-EM workshop | Colin | fhome/colin/s2c2_ccpem_workshop/ccpem_project

13.Then, any job you click on will load with pre-populated options, ready to run
immediately. (If you forget about this later and you’re surprised to find new
jobs already have their options filled in, remember to check if you've left test
mode on by mistake!) To make sure everything’s working for this workshop,
check the “Test mode” button is selected, then scroll back up the task list and



click the Buccaneer button to open the Buccaneer task window:

CCP-EM | Buccaneer | Buccaneer test

’ y | >4 AN \._‘, > = @ e %
Run Clone | Coot Chimera CCP4mg | Terminal Output | Info Kill ®®
Setup
Job title Buccaneer test
Input map Select cpem-1.5.0/lib/py2/ccpem/srcjccpem_coreftest_data/map/mrc/5nil_B_31-39.mrc
Resolution 2.8 =
sharpen / blur 0.0 =
i Input sequence Select ccpem-1.5.0/lib/py2/ccpem)/srcjccpem_coreftest_data/seq/5nil_b_fragment.fasta
Extend model Select None
Build cycles 1 =

Advance pipeline controls

Extended options

14.Click the “Run” button at the top left to run the Buccaneer test job. The
window will switch to the Pipeline tab to show you the output from each stage
of the job as it runs. While the job is running, the hexagon at the top right will
spin around to show you it's working. This test job should only take a minute
or two. At the end the window will switch to the Launcher tab, showing you the
input and output files from the job:



CCP-EM | Buccaneer | Buccaneer test | Buccaneer_1 b

Y ) >-4 < >_ =

® o
L L
Run Clone | Coot Chimera CCP4mg | Terminal Output | Info Kill ®®
Setup Pipeline Launcher Results

Launcher

Open selected Coot -~

Name Description

[ Path

= Files

% 5nil_B_31-39.mrc Target input map (mrc format)

fhome/colin/software/ccpemy...

5nil_b_fragment.fasta Input sequence file in any common format (e.qg. pir, fasta) /home/colin/software/ccpemy...

starting_map.mtz
build1.pdb
% refinedl.pdb

Structure factors from input map
Model built from final Buccaneer cycle
Final Buccaneer built and refined model

fhome/colin/s2c2_ccpem_wor...
fhome/colin/s2c2_ccpem_wor...
fhome/colin/s2c2_ccpem_wor...

15.You'll see that the hexagon at the top right is green to show the job ran
successfully (unless there’s a problem and the job failed - then the hexagon
will be red.) Also notice there is now a Results tab, which shows a summary
and plots of some statistics from the job.

16.Finally, we’ll use the buttons at the top of the window to check that Coot and
Chimera are working properly. Click the “Coot” button and Coot should open
to show you the input map and the model that Buccaneer has built into it:We

will only use it in a very basic way in this workshop, to view and examine
cryo-EM maps and models.



Coot 0.9.2-pre EL(ccpem)

File Edit cCalculate Draw Measures Validate About Ligand Refine Morph

[=1 2% ResetView [ Display Manager =2 8. | & Sphere Refine+ Tandem Refine S

[..s2c2_ccpem_workshop/ccpem_project/Buccaneer_1/refined1.pdb. Molecule number 0 created.

(You might need to scroll down with your mouse or press “” a few times to be
able to see the map density)

17.Close Coot and then click the “Chimera” button in the Buccaneer window.
Chimera will open to show you the same map and model from the Buccaneer
job:

Model Panel om0
Eile Select Actions Presets Tools Favorites Help ID| |A|S|Name

g

o & refined1. pdb activate all
1 5nil_B_31-39.mrc

b

L
=\

w
r
* favorites all

Configure... | Close | Help

File Features Data Tools
‘
5nil B_3139.mic #1 161814 step 1| = -

\ b \wm“uﬂmmlwmm. o

Range -0.54 - 0.674 Level |0.263 Color r
Style * suface © mesh O solid

Center | Orient | Close | Help

18.That'’s it! If everything worked up to this point, you're all ready for the
workshop. If anything didn’t work as described here, do contact us at



ccpem@stfc.ac.uk and we'll help you get things working.
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