
Scipion-EM-ProDy
Release

James Krieger, She Zhang

December 04, 2024





CONTENTS

1 Introduction 1
1.1 Required Programs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.3 Getting Started in Scipion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

2 Core calculations: select, ANM, deformation and comparison 3
2.1 Getting started . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.2 First workflow from 2 protocols: importing and selecting . . . . . . . . . . . . . . . . . . . . . . . . 3
2.3 Another way of parsing and selecting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.4 Step 2: dynamics calculations - NMA and deformation vector analysis . . . . . . . . . . . . . . . . 9
2.5 Step 3: analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

3 Ensemble analysis: dynamics from PCA of multiple structures. 17
3.1 Getting started . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.2 Simple case, steps 0 and 2-i: importing related structures and building an ensemble . . . . . . . . . . 17
3.3 Advanced case: many heterogeneous structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
3.4 Step 2-ii: PCA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.5 Step 3: analysis 1 - compare modes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.6 Step 3: analysis 2 - project ensembles on PCA landscapes . . . . . . . . . . . . . . . . . . . . . . . 24

Bibliography 27

i



ii



CHAPTER

ONE

INTRODUCTION

This tutorial shows how to use ProDy within Scipion including experimental ensemble analysis, NMA and Clus-
tENMD simulations (see Figure 3 of [KJ23]).

1.1 Required Programs

Scipion1 3 is required. How to install it can be found on its website.

1.2 Installation

To install the latest release version of the scipion-em-prody plugin (3.3.0), you can use the following command:

scipion3 installp -p scipion-em-prody

This will also install the latest release version (2.4.1) of ProDy into environments that Scipion can use along with
TEMPy and OpenMM.

The latest development version of the plugin can also be installed as follows:

git clone https://github.com/scipion-em/scipion-em-prody.git
scipion3 installp -p ./scipion-em-prody --devel

There is also the option to use the release or development version of ProDy with the plugin. This can be achieved by
using commands like the following:

scipion3 installb prody-2.4.1
scipion3 installb prody-github

Alternatively, you can activate the conda environments with one of these names and also the main scipion3 environment
and pip install your own ProDy there.

You can generate some example projects and test that everything is working by running the following:

scipion3 test prody2.tests

1.3 Getting Started in Scipion

You can start Scipion from the command line as follows:

scipion3

This will open the Projects window. From here, you can create a new project or open and existing one.

1https://scipion-em.github.io/docs/release-3.0.0/
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Once you create or select a project, you will get a new window for your project as you can see for TestProDyClustEN-
Msingle:

.. figure:: images/intro/2_scipion_TestProDyClustENMsingle.png

scale 80%

You can also open up the last project that was open or changed as follows:

scipion3 last

We will look at the interface more on the next pages but you can also find more information at https://scipion-
em.github.io/docs/release-3.0.0/docs/user/scipion-gui.html.

2 Chapter 1. Introduction
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CHAPTER

TWO

CORE CALCULATIONS: SELECT, ANM, DEFORMATION AND
COMPARISON

This example shows how to run a simple workflow in Scipion using core ProDy calculations: atom selection, ANM
NMA and deformation analysis, and analyse the results. We will use the open and closed states of adenylate kinase.

See [KJ23] for more information about the Scipion-EM-ProDy plugin and more examples.

2.1 Getting started

You can start Scipion from the command line as follows:

scipion3

This will open the Projects window. From here, you can create a new project or open and existing one. This time we
will create a new project. You can call it something like prody_tutorial_core.

What you will see will be an empty project window with 3 sections:

The left-most section is the protocols tree where you can see possible protocols to run for different types of tasks. The
default one is Cryo-EM single particle analysis (SPA), which was the original purpose of Scipion.

If you select the dropdown that says Protocols SPA then you can select other types of tasks and there is one that says
ProDy. Selecting this then gives you a protocols tree specific to ProDy like the following:

2.2 First workflow from 2 protocols: importing and selecting

As with any ProDy pipeline, we start by parsing an atomic structure and selecting some atoms of interest.

At the top of the tree, we have some optional protocols from the Scipion core for importing atomic structures (step 0).
The first of these can import a single atomic structure from the PDB or a file and we will use it for illustration.

3
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The second can do the same for multiple atomic structures as we will see in the Scipion ensemble analysis tutorial2.

Double clicking this entry in the tree brings up a form for this protocol:

We see that there are options to import from the PDB using an id or from a file. In this case, we enter the id 4ake (the
open state adenylate kinase).

Scipion can also associate the structure to a volume but we do not do this now.

Clicking Execute brings up a box in the main workflow panel, which is initially blue then turns orange while running
and green when done. When it is done, we also get an output and summary below:

The output is an AtomStruct object, registered in the Scipion sqlite database that stores the path to the associated PDB
or mmCIF file.

2http://prody.csb.pitt.edu/tutorials/scipion_tutorial/ensembles.html
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We can then use this AtomStruct in a following protocol as we show for ProDy atom selection (from step 1). When
we open up this protocol, we see that the default option is to import a structure into ProDy using a pointer and, below
that, the form has a grey box with a magnifying glass:

If you click on the magnifying glass, you get a new window with the list of AtomStruct objects to point to:

Upon selecting it, we then have it on our form and the red Execute button becomes available:

We can then change the selection string to include only chain A (and remove the nucleic part) and change the run name
to change the box label to be more informative.

We now get another box in the workflow connected to the first with another output AtomStruct for a new file from
running the prody select app, and information about the atoms selected.

6 Chapter 2. Core calculations: select, ANM, deformation and comparison
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2.3 Another way of parsing and selecting

Rather than using the Scipion core protocol for importing atomic structures, we can also provide an id or file straight
to any of the ProDy protocols related to atomic operations (excluding the alignment one, which takes two AtomStruct
pointers, see below).

We will do this now for PDB id 1ake (the closed adenylate kinase). To do this, we can either select the protocol from
the list again, or use ctrl + f to find it, or right-click it and click Duplicate, which has a shortcut ctrl + d.

We again select CA atoms from chain A and change the run name accordingly:

Executing this now connects it to the top of the tree again:

8 Chapter 2. Core calculations: select, ANM, deformation and comparison
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2.4 Step 2: dynamics calculations - NMA and deformation vector
analysis

We are now ready to perform standard ANM and deformation vector analyses to see how the intrinsic dynamics of the
open system drives transitions to the closed state as in the deformation analysis tutorial3.

The first step here is to align the two structures. We do this by providing the two pointers to the align protocol:

We see here that there are options for chain matching, which we will look at later in the ensemble analysis tutorial4 as
this is a trivial case.

There’s also an option of an advanced expert level. Selecting this brings up more options, which are again not useful
here:

Now, we can perform ANM NMA and deformation analysis as usual. The ANM NMA protocol (from protocol tree
option 2a) also has various advanced options (below) but, as in the ProDy API and apps, we are usually fine to leave
these alone.

It can be noted that explicit membrane ANM is also an option here if we provide a structure aligned to membrane like
that from opm/ppm.

There is also another tab that controls options for animations using traverseModel():

Similar options to the previous two protocol forms are available on that for deformation vector analysis (option 2c), so
go ahead and run that too. We now have a tree like the following:

We can make it nicer by dragging the boxes around or clicking the tree icon at the top right:

We can also colour our boxes to make the workflow easier to follow using labels, which are in the middle of the set of
icons at the top left of the workflow panel (the other icons are for run control, e.g. stopping and starting and copying
protocols):

We can add now labels with different colours for different steps. There is a default set of colours for each label in
order that usually works quite well. We can give the first (red) one a label “import”, for example:

3https://prody.csb.pitt.edu/tutorials/enm_analysis/deformation.html
4http://prody.csb.pitt.edu/tutorials/scipion_tutorial/ensembles.html

2.4. Step 2: dynamics calculations - NMA and deformation vector analysis 9
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We can then click our first box and select this label for it. At this stage, nothing happens except that the box gets a
shape on it. However, if we go to the menus at the top and toggle colour mode, then we get this box coloured red and
the rest white.

As in the Scipion-EM-ProDy paper, we can then make a blue label for dynamics and a yellow one (manually selecting
to change the colour) for atomic structure operations.

We can then select multiple boxes with ctrl + click and select labels for them to paint our workflow:

2.5 Step 3: analysis

Lastly, we can create a comparison protocol and paint it with a green label. This form has several options for compar-
isons as in the ProDy API:

Finally, this completes the workflow and we can analyse our results with the big red button, which opens up a viewer.
If we select “yes” to cumulative overlaps and click the eye, then we get a graph as in the ProDy API:

2.5. Step 3: analysis 13



Scipion-EM-ProDy, Release

14 Chapter 2. Core calculations: select, ANM, deformation and comparison



Scipion-EM-ProDy, Release

We can also click either of the (blue) two dynamics protocols and click the red button there to open up the NMWiz
viewer in VMD (see the NMWiz tutorial5). Note that this will lock up your Scipion window.

We can also right click any input or output object and get options for other viewers.

5https://prody.csb.pitt.edu/tutorials/nmwiz_tutorial/

2.5. Step 3: analysis 15
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CHAPTER

THREE

ENSEMBLE ANALYSIS: DYNAMICS FROM PCA OF MULTIPLE
STRUCTURES.

This example shows how to run an ensemble analysis workflow in Scipion by importing several structures and building
an ensemble, and analysing it via PCA. We will use the SARS-CoV-2 spike as in [KJ23].

See [KJ23] for more information about the Scipion-EM-ProDy plugin and more examples.

3.1 Getting started

You can open the Scipion Projects window from the command line as follows:

scipion3

From here, create a new project and call it prody_tutorial_ensemble. Then, select the ProDy protocols tree from the
dropdown on the left.

3.2 Simple case, steps 0 and 2-i: importing related structures and
building an ensemble

As with any ProDy pipeline, we start by parsing atomic structures. In this case, we use the second protocol from the
Scipion core to importing multiple atomic structures at once.

17
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For the simple case, we will just parse the structures of the D614G spike without ACE2 from Benton and Wrobel et
al. 2021 ([BW21]). Coming from the same paper, these have the same chain IDs and can be easily aligned into an
ensemble as in Figure 2 of [KJ23].

We just provide the 3 PDB IDs separated by commas: 7bnm, 7bnn, 7bno.

The output is a SetOfAtomStructs with 3 items and if we right-click it, then we get options of viewers:

The Xmipp metadata viewer is very useful for seeing the contents of sets and any associated metadata. At the moment,
we see that each item points to an mmCIF file containing the corresponding structures that we can pass on to ProDy:

In this case, we skip step 1 as atom selection and alignment happens when we build the ensemble in the first protocol
of step 2b. We provide the SetOfAtomStructs as a pointer in the list of input structures and keep the default options.
Alternatively, we could also provide multiple AtomStruct or SetOfAtomStructs pointers, e.g. structures after selecting
particular regions or sets from experiments and simulations.

In this case, the default chain matching function sameChid() works well as they all have the same chain nomencla-
ture, but there are many other options as shown in Figure 4 of [KJ23] below.

18 Chapter 3. Ensemble analysis: dynamics from PCA of multiple structures.
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../../_static/figures/scipion_figure4_ens_form.png

We will explore the custom chain matching in the next section.

By default, the protocol will trim away dummy atoms where there is no occupancy for some structures. We change
this in the advanced parameters, which then allows us to compare the PCs later. Likewise, we change unite_chains to

3.2. Simple case, steps 0 and 2-i: importing related structures and building an ensemble 19
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yes.

We will also change the reference to index 2, which corresponds to the 1-up structure to aid with alignment, especially
later.

The output is a ProDyNpzEnsemble object, which is also a type of set that can be opened with the metadata viewer.
Alternatively, this object and the ensemble building protocol also have a viewer in VMD for visualising the ensemble
via a DCD file. We also get a SetOfSequences, which we can use to check the alignment.

There is also an option on the form to write a set of atomic structures, which can be registered as an output. If you also
install Scipion-Chem then you also have an option to write out a trajectory and register it as an MDSystem for further
analyses.

3.3 Advanced case: many heterogeneous structures

If we import structures from another paper that uses a different nomenclature for chains, then it becomes more difficult
to align them. One good solution for this is to provide a custom chain matching dictionary as follows.

Let’s rename and duplicate the import protocol and import the structures from Zhang and Cai et al. 2021 ([ZC21]):
7krq, 7krr, 7krs.

When we select the custom match option on the form, then we get an extra section with a wizard for creating a
matching dictionary:

Initially, there is a big empty box, but when we click the magic wand underneath it, then it populates with the chain
orders in each of the structures.

Following our previous studies ([KJ23] and [GT22]), we know that chain order BCA in the first structures matches
chain order ABC in the second set. Therefore, we can change the orders at position numbers 1,2,3 to BCA as follows:

When we then click the magic wand again, the match dictionary changes accordingly:

This applies when we use the unite_chains advanced option, so we set this to yes.

We can now execute the protocol and get the correct ensemble. The box gets the same name as the other one with
“(copy)” added on the end, which is good enough for now.

20 Chapter 3. Ensemble analysis: dynamics from PCA of multiple structures.
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When we click the red analyse button, we now see that all 1-up structures have the same RBD up and that RBD is also
up in the 2-up structure.

3.4 Step 2-ii: PCA

Now we are ready to analyse the ensembles by PCA, which is step 2-ii. We can do this with the default options for
each ensemble, copying the protocol again for the second one.

By default, it uses half the threads, so we can run both at the same time.

Scipion also has random failures sometimes, so if this happens, just right-click the protocol box and select restart.

The protocol and output SetOfPrincipalComponents, like the NMA protocol and SetOfNormalModes, can open the
NMWiz viewer or with the metadata viewer. In this case, the metadata viewer can be helpful for looking at the
fractional variance.

In the NMWiz viewer, we can see that the first mode features concerted opening and closing of two RBDs, while the
second features anti-correlated opening of these two RBDs.

For the PCA from the larger ensemble, we also have additional meaningful modes of variation, particular PC3 which
shows a locking and unlocking of the RBDs with respect to each other and the NTDs.

3.5 Step 3: analysis 1 - compare modes

The comparison between two sets of modes is slightly different to the comparison of a single vector against a set of
modes. In this case, we have an overlap matrix.

This gives us additional options of matching modes and slicing out the diagonal, but we will not pick these now.

In the end, the viewer gives us ways of interacting with this matrix. Either, we can plot the colour map like
showOverlapTable() or we can select rows to plot like showOverlap() as in the single deformation vec-
tor case. We then get the following outputs:

3.4. Step 2-ii: PCA 23
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3.6 Step 3: analysis 2 - project ensembles on PCA landscapes

Finally, we can run the projection protocol to project the members of the ensemble onto the PCA components, allowing
us to visualise the conformational landscapes. We have options of projecting onto 1, 2 or 3 modes.

If we project onto 1 mode, then the default option is to get a line graph with points for each structure with the
conformation number on the x-axis and the PC coordinate along the y-axis:

We can change this to a histogram by setting “Show density” to yes:

For the 2D case, the default plot is a scatter graph with each point being a structure and the axes being the two selected
PCs:

Unlike the 1D case, it’s not easy to know which point is which, so we have an option to label the points. As in the
ProDy API, we can adjust the labels if they are overlapping, but that’s not necessary here. We also have the option
of setting the axis ranges, which is useful for getting a more equal view, e.g. setting the x-axis from -7 to +7 and the
y-axis from -3.5 to +3.5 as we do here:

We see that the 2-up structure (PDB: 7bno) locates to the bottom left corner and the 3-down structures (PDB: 7bnm
and 7krq) are near the the bottom right corner, separated mostly by PC1.

24 Chapter 3. Ensemble analysis: dynamics from PCA of multiple structures.
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3.6. Step 3: analysis 2 - project ensembles on PCA landscapes 25
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The 1-up structures (PDB: 7bnn and 7krr) lie near the middle of the top, being separated from the 3-down structures
by a combination of PCs 1 and 2. The 1-up, 1-intermediate structure (PDB: 7krs) lies along the line between the two
end states as expected.

We also have the option of showing a kernel density estimate of the landscape, which requires a bigger plot space, so
we set the x and y limits back to -1 to allow them to take default values:

The 3D projection works in a similar way to the 2D with the absence of the density representation. It gives a 3D scatter
plot that can be rotated as in the ProDy API (not shown here), which shows that PC3 mostly separates the structures
from the two papers (excluding the 2-up), which may be due to differences in the constructs such as stabilising proline
mutations in [BW21] and absent in [ZC21].

There are also other options for calculating distances, angles and dihedrals from these ensembles and clustering them
by RMSD.

../template/acknowledgments.rst
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