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Introduction

This tutorial will take you through the analysis of some dynamics data in the
CcpNmr Analysis Version 3.5 pre-release. The functionality is still in the beta

testing phase, so do please let us know about any bugs at support@ccpn.ac.uk

or via our forum: https://forum.ccpn.ac.uk/.

We assume that you are already familiar with the basics of how the program
works, e.g. by doing our Beginner Tutorial.
You can download the example data to go with this tutorial from our website at

https://ccpn.ac.uk/support/tutorials-for-analysisdynamics—-pre-release/. We are

grateful to Dr Fred Muskett for making the spectra of GB1 available to us for use
in this tutorial. You will be analysing R1 and R2 relaxation rates and
heteronuclear NOE data on which reduced spectral density mapping has already
been performed. You will be checking the consistency of data across two fields,
calculating a molecular gyration tensor and conducting Model Free analysis on
the data.

The tutorial is divided into sections, each of them has a set of simple actions:
you will see a descriptive image on top and a full description below. (Note that
images are representative, and that there may be small differences between your

setup and that shown in the tutorial.)

Contents:
1. Consistency Tests

2. Gyration Tensor Analysis
3. Model Analysis
4. Model Analysis Results

Start CcpNmr Analysis V3

Apple/Linux users by using the terminal
command bin/assign in the ccpnmr
directory

Windows users by double-clicking on the
assign.bat file in the bin directory of the
ccpnmr directory
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Consistency Tests

O O Run ConsistencyTest (Alpha)

Consistency Test Input

Run Name ConsistencyTest

CcpNmr Data Tables
Rates Source e Tabulars (xlsx, xls, csv)

NMRB Exchange Earmat fila (NEE)
Rates Input File a/gb1/GB1_rates_600_800.xlsx &

— 5utput DataTables and Plots

JO DataTable Name JO_DataTable

PCA DataTable Name PCA_DataTable

PCA Q-score DataTable Name PCA_QSCORE_DataTable
Override Existing Data v

Result Plot Directory on5_completed.ccpn/data/plots = &

Close \Rﬂ\

].A Run Consistency Tests
This is a way to check that your R1, R2 and heteronuclear NOE data collected
at two different fields are consistent with one another. If they are not, it could
be that the data were not recorded at exactly the same temperature, for

example.

* Go to Main Menu — Dynamics — Consistency Tests ...
« As your Rates Input File select the GB1_rates_600_800.xIsx file from the
tutorial data folder. Either type/copy the full path, select the file via the

folder icon or drag the file into the box from a file browser.
e Click Run



Consistency Tests

AE>IPQEXDB

Figure 1
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1 B Consistency Test Results

A window with the results will open. The plots are also saved in pdf format in
the project’s data/plots folder.

We use Q-Q plots in the consistency test to assess whether J(0) values derived
from different spectrometer fields follow the same distribution. If the fields
are consistent, the quantiles should fall close to the diagonal; systematic
deviations from the diagonal indicate field-dependent differences in the

relaxation data.

When more than two spectrometer fields are available, PCA provides a
compact way to compare the multi-field J(0) profiles across residues. Instead
of inspecting each field pair separately, PCA represents the field-dependent
variation in a single multivariate space, helping to identify residues or

datasets that show inconsistent behaviour across fields.



AE>IPQEXDB

Figure 1
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1 B Consistency Test Results continued...

The Q-score measures how poorly each residue is reconstructed by the PCA

model; high Q-scores indicate residues with unusual multi-field J(0)

behaviour. The dashed threshold marks the 90th percentile of the

standardised Q-score distribution, highlighting residues that deviate most

strongly from the overall multi-field pattern.

References:

Morin and Gagné, JBiomoINMR (2009) DOI 10.1007/s10858-009-9381-4
Mureddu et a/., (2026) Pre-print
DOI https://doi.org/10.64898/2026.06.19.733360



Gyration Tensor

@ @ Run Gyration Tensor Analysis (Alpha)

Molecular Structural Input Data

Run Name GyrationTensorAnalysis
(e) Molecular structure file (pdb, mmci

IE () Structure Ensemble

Molecular Structure File JynamicsTutorialsData/gb1.pdb | &%
Ensemble Model ID 0 -
Result Directory 'Section5_completed.ccpn/data | &
— More

EigenData DataTable Name GvrationTensor EiaenData

NH Vectors DataTable Name GvrationTensor NH Vectors
Directional Cosines DataTable Name GvrationTensor DirectionalCosines
Theta Angles DataTable Name GvrationTensor Thetas

Result Note Name Gvration lensor Result

Override Existing Data v
| Open PyMOL v

2A Gyration Tensor Analysis
Using a pdb or mmCIF file of a protein structure file, you can calculate

its gyration tensor and determine whether the shape is isotropic, .

« Go to Main Menu — Dynamics — Gyration Tensor Analysis ...

« As your Molecular Structure File select the gb1l.pdb file from the
tutorial data folder. Either type/copy the full path, select the file via
the folder icon or drag the file into the box from a file browser.

« In the More section you can select whether or not to Open PyMOL
with the structure.

« Click Run



Gyration Tensor

g ) Section5_completed - AnalysisDynamics[3.5.0]

File Edit View Spectrum Molecules Assign Dynamics Macro Pluglns Help

SPT1 10 860ms Sl

»
: g;.{-g_;_g:gmg Note |NO: GyratlonTensor Result
b 2;;3—2—51 'g$: name |/rationTensor_Result
» % 4. -
» SP:T2_5_36ms | comment
: gg:g—g—gzmz || Gyration Tensor Analysis Results
» SP:T2_8_75-6ms ~mimme PDB/mMmMCIF Summary ~em~
» SP:T2_9 101ms
» SP:unsaturated_noe File Path: /Users/vad5/Documents/Tutorials/data/3.1onwards/Temp/CcpnDynamicsTutorialsData/gb1.pdb
» SP:saturated_nonoe Molecule ID: gb1
» SpectrumGroups e Chai
» ChemicalShiftLists Chain Sequences
» NmrChains Chain A sequence: MQYKLILNGKTLKGETTTEAVDAATAEKVFKQYANDNGVDGEWTYDDATKTFTVTE
» Samples
N Subsgances ~~nn Gyration Tensor Summary ~~n~~
» Chains Radius of Gyration (A): 10.553421974182129
» Complexes CentreofMasi (COM) (A): 0.4515 -0.3001 -0.1540
» StructureEnsembles Eigenvalues (A2): 18. 9977 26.4751 65.9019
b SiicneOgls Ei tors (unitless)
~ DataTables Kgenvec :
-0.0318 0.7144 -0.6990
<New DataTable> 0.9626 0.2101 0.1709
DT:T1Input 0.2689 -0.6675 -0.6944
DT:T1Results
DT:T2Input Gyration Tensor (A?):
DT-T2Results 45,7327 -4.4803 19.2013
; -4.4803 20.6973 -6.6138
DT:HetNOEInput 19.2013 -6.6138 44.9448

DT:HetNOEResults
DT:R2R1Results ~~n~n General Molecular Shape ~mm~~
DT:RSDMResults

DT:JO_DataTable Molecule (approximately) Isotropic: No
Molecule (approximately) Axially-Symmetric: Yes
DT.PCA DataTabIe ~ Molecule (approximately) Anisotropic: No

DT: GyratnonTensor EngenData --- Axially-Symmetric Summary ---
DT:GyrationTensor_NH_Vectors

DT:GyrationTensor_DirectionalCosines Overall Shape: Prolate
G rationTensor_Thetas R Perpendicular L (A‘): 22.736427307128906

R Parallel // (A2): 65.90187072753906

Ratio ///.L: 2 898514747619629
<New Note> Principal Ajis of Diffusion: -0.6990 0.1709 -0.6944}
]

rtad in: /11 had&/MNact te/Tutariale/data/? 1nnwarde/Tamn/ConnDinamiceTitarialeNatal

2 B Inspecting the Gyration Tensor analysis results
The results are written as four DataTables and one Note.
« Open the Note by dragging it into the Drop Area.
It provides you with a variety of information about your structure,

including information about the general molecular shape.

The DataTables contain various vectors which you may want to use for
other calculations. Remember that DataTables can be opened as

modules and then exported (as .csv or .xls) by right-clicking on them.

(=] 2 I

DataTable |DT:GyrationTensor_EigenData -
comment ‘ > Optional <

4 Metadata

Eigenvalues ~ Eigenvector_X Eigenvector_Y
18.998 -0.032 0.714

26.475 0 Filter...

65.902 Copy clicked cell value

Clear Selection
Export Visible Table
Export All Columns




Model Free Analysis

Macro Plugins Help

Relaxation Analysis

Rates Report...

Compute HetNOE from Rates...
Compute 1...

Compute Rex from n...

Consistency Tests...

Gyration Tensor Analysis...

Run ModelAnalysis... M, A
Exchange Analysis E,A
Run ChemEx... C, X

@ ® CcpNmr Model Analysis

General

Rates !

Models y
Settings 0

Results

CcpNmr Lipari-Szabo Model Analysis

Version: 1.0.beta

Run Name ModA _run ?
Working Dir Path ¥/Section5_completed.ccpn/data/plugins/CcpNmr ModelAnalysis | &% ?
Results Dir Name ModA_results ?
Notes ?
Help Debug Close

3A Open Model Analysis Popup

« Open the RSDMCompleted.cppn project.

« Go to Main Menu — Dynamics — Run Model Analysis ...

In the General tab:

« Change the Run Name, Working Directory Path, Results Directory Name
and add any Notes if you wish.
By default the Working path is set to
YourProject.ccpn/data/plugins/CcpNmr ModelAnalysis



Model Free Analysis

[ ] ® CcpNmr Model Analysis
General
NMR Rates Input Data
Rates (o) CcpNmr Data Tables
Source () Tabulars (xlIsx, xIs, csv)
Models ) NMR Exchange Format file (NEF)
e DataTables > sglect-to-add < -
DT:RSDMResults
Results
]
| 600.05 }
Chain ~ Residue  R1 Ri_er R2 R2_err  He*
1 A 18 2.136 0.054 6.087 0.276 0.
2 A 19 2.178 0.060 5.881 0.271 0..
3 A 20 2170 0.052 5.726 0.286 0.
4 A 21 2.155 0.033 5.989 0.292 0.
5 A 22 2.032 0.043 5.680 0.293 0.¢
Jed Dt Prescieay 6 A 23 2.095 0.037 5.954 0.390 0.¢
7 A 24 2.070 0.030 6.069 0.237 0.¢
8 A 25 1.952 0.035 5.191 0.245 0.
9 A 26 1.716 0.047 4,493 0.211 0.
10 A 27 1.975 0.033 5.533 0.183 0.¢
1A 28 1.870 0.041 5.157 0.378 0.¢
12A 29 1.931 0.055 5.436 0.297 0.¢
13 A 30 2122 0.051 5.890 0.250 0.
4A A n4 N NN NNA4 EnNAC n4c0c I\"v,
4 »
- Inclusions/Exclusions
Rates by SF 600.05 (MHz) v R1 v R2 v HetNoe
' Help | Debug | ' Close | |E|

3 B Select Input Data
In the Rates tab:
« Select CcpNmr Data Tables as the Source
+ Select the DT:RSDMResults DataTable.
This contains the R1, R2 and heteronuclear NOE data for GB1.




3c

Model Free Analysis

G |
enera Molecular Structural Input Data

Rates Molacilar Coordinas Not Available
Sgu?gg R CcpNmr Ensembles
Models Molecular Eile lodh_oify
— File Path 1p/CcpnDynamicsTutorialsData/ModelAnalysisData/gb1/gb1.pdb | & (U
ettings
Ensemble Model ID 1 z
Results
: 4
Diffusion Model 4 & >
Isotropic Prolate Oblate Anisotropic
Spectral Density | Il ] v
Function Models
s S5 Te S% Rex S, Te, Rex
Selection Engine bic v
Help Debug Close | |Run |

Select Models

In the Models tab:

 If you wish, enter the path to the gbl.pdb file provided in the tutorial
data.

The program will calculate this to be prolate and use that as the Diffusion

Model. But you can add additional models if you wish (though this will

make the calculation longer).

By default, all Spectral Density Function Models are selected. Click on any

to remove them as options.

The default Selection Engine is bic, the Bayesian Information Criterion.
This will give you a good indication whether a particular model is

sufficiently well supported by the data, given the known errors.



3p

Model Free Analysis

® ® CcpNmr Model Analysis

General :
ok Settings

Rates ilt-i
Preset Settings e E:jc;'rtnlrl‘:ile

Built-in Presets |Quick Run -

Models

Settings

Results General
Modelling

Minimiser Settings

Global Correlation Time (tc)
Effective Correlation Time (te)
Order Parameter (S?)

Rex

Error Estimation

Experimental Constants

Constants

+ + + + + + + + + + 4+

Reports

Help Debug Close | |Run |

Settings

In the Settings tab:

« From the Built-in Presets tab you can select Quick Run - this will do the
calculations in about 5-10 minutes. This will give you a quick view of
the data, but not be very accurate. Alternatively select Standard Run,

but be prepared for this to take an hour or more.

You will see that there are many settings that can be changed. Our
standard settings have been chosen to give good and reliable results
across a wide range of proteins and data sets. But obviously you can

change settings. Hovering over a variable will give you fairly detailed

NOE Threshold 0.65

= 4
Rate Deviation Std.*reshold 1.5 o ?
"] A cut-off value for filtering out residues where the R1-R2 filter is greater than x standard deviations.

sfimate From Rates|

10



Model Free Analysis

[ ] ® CcpNmr Model Analysis
General
CcpNmr DataTables from Results
Rates
Models On Results Available v Create CcpNmr Objects
Settings New from Existing Results
Resulb: Results DataTable Name | <
Result File =
Create New
Progress
Help Debug | Close

3 E Settings
In the Results tab:

« Click Run to start the calculation

In the Progress window you will see how the calculation progresses. Note

that there will be calculations for each residue, but not necessarily in

order (due to parallel processing).

11



3p

Model Free Analysis

® ® CcpNmr Model Analysis

General :
ok Settings

Rates ilt-i
Preset Settings e E:jc;'rtnlrl‘:ile

Built-in Presets |Quick Run -

Models

Settings

Results General
Modelling

Minimiser Settings

Global Correlation Time (tc)
Effective Correlation Time (te)
Order Parameter (S?)

Rex

Error Estimation

Experimental Constants

Constants

+ + + + + + + + + + 4+

Reports

Help Debug Close | |Run |

Settings

In the Settings tab:

« From the Built-in Presets tab you can select Quick Run - this will do the
calculations in about 5-10 minutes. This will give you a quick view of
the data, but not be very accurate. Alternatively select Standard Run,

but be prepared for this to take an hour or more.

You will see that there are many settings that can be changed. Our
standard settings have been chosen to give good and reliable results
across a wide range of proteins and data sets. But obviously you can

change settings. Hovering over a variable will give you fairly detailed

NOE Threshold 0.65

= 4
Rate Deviation Std.*reshold 1.5 o ?
"] A cut-off value for filtering out residues where the R1-R2 filter is greater than x standard deviations.

sfimate From Rates|

12



Model Free Analysis Results

Run finished

Inspect
Recaiilte

Show in Finder|{ Open in Terminal| | Close All | |Show in Relaxation Analysis |

4A View results
« After the run has finished, select Show in Finder
Your results folder will contain a folder for that run with subfolders for

each Diffusion Model:

™ ModA_results , = 1_ModA_run ; internal_log.txt
7 ModA_run_inputRatesData.csv ModA_run_inputs.json . log.txt
ModA_run_settings.json ™ Prolate
runModA.sh

Within that folder you will find several plots showing the confidence
scores for different models and the final selection based on the selection
engine, as well a comparison of back calculated and experimental rates.

internal_log.txt B plots >

log.txt = tables

Confidence_Scores_ModA_run_1806262051.pdf
Final_Results_ModA_run_1806262051.pdf
Theoretical_vs_Experimental_Rates.pdf

'

™ Prolate

Model Selection: Confidence Scores
@1 m2 A3 &4

1.0
" 5550
0.8 ll.l... . ”l.l.lv_‘- [} gPisnes 0..... L. v, lll ..
o -
J [
0.6 *
0.4 4

52

0.2 4 Final Results Hades
* 4
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W06 *n *
04
41 0.2
N 00 T T T T T — [ os
20 30 a0 50 60 70
2
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anfum’ e l. ..- n, "
T T Te
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5
os g
. 2 H
* ® 200 R é
a e —m_ _ - - - am - R [ ] gy S
Theoretical vs Experi Rates -- Corr i 0.996 -- (Median) X2: 0.19 émmmn ! -m .QI [ ] T L os
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Model Free Analysis Results

Run finished |

> Inspect
Reaiilte

|Show in Finder| | Open in Terminal| | Close Al ’\I\Show in Relaxation Analysis |

[ ] [ ] ] ion5_ - i ics[3.5.0]
File Edit View Spectrum Molecules Assign Dynamics Macro Plugins Help
- Spectra <[] 2
> SP:GB1_HSQC %b =) e 9
» SP:T1_1_8ms o
» SP:T1_2_48ms nmrResidueCode TC TC err S2 S2 em |TE [*] % w» I f = / a
» SP:T1_3_120ms 118 4.815e... inf 0885 0000  5.1€
» SP:T1_4_120ms 2 19 4.815e... inf 0.946  0.027 nan [
» SP:T1_5_224ms 3 20 4.815e... inf 0935 0012  nan
: g;fﬂ—g—gggmg 4 21 4.815e.... inf 0942 0015 nan
, SPT178 528ms 5 |22 4.815e... inf 0915 0027  nan
3 SP;T1_9_728mS 6 23 4.815e... inf 0.887 0.011 nan 0.600
» SP:T1_10_960ms 7 24 4.815e... inf 0815 0016 427 § >
» SP:T2_1_3-6ms 8 25 4.815e... inf 0.854 0.006 nan 0.400
» SP:T2 2 7-2ms 9 26 4.815e... inf 0734 0031  46€
: gg;g—i—g}:gm: 10 27 4815e... inf 0794 0013 47z 0.200
» SPT2 5 36ms 11 28 4.815e.... inf 0.802 0005  54C
, SP-T2 6 _54ms 1229 4.815e... inf 0.862 0.000  7.87
» SP:T2_7_54ms 1330 4.815e... inf 0.906 0668 1.2 02:  0S 04 05 08 0z b8 09
» SP:T2_8_75-6ms et A e R T x
» SP:T2_9_101ms o000
» SP:unsaturated_noe [~k ik =l
» SP:saturated_nonoe
» SpectrumGn)ups DT:1_ModA_run2-Prolate-Summary_Results_ModA_run2_1806262103
» ChemicalShiftLists
» NmrChains
» Samples 16
» Substances
» Chains I
» Complexes ;
» StructureEnsembles =
» StructureData
~ DataTables .
<New DataTable> 2
DT:T1Input
DT:T1Results g3 . ° ° Py
DT:T2Input (X ° °
DT-T2Rosuits 09 ° *e 024 _ g %e° 2 " ¢ l' o %o Ce0o%
DT:HetNOEInput - o e%e e~ o Ve 0%
DT:HetNOEResults 08 L o
DT:R2R1Results ,‘ ® ®
DT:RSDMResults = - . . .
DTS Dot Table 20 30 40 50 60
Pid/String e.g Sp:H*qC nmrResidueCode
get('DT:1_ModA_run2-Prolate-Summary_Results_ModA_run2_1806262103') __META_I PACE') rL

4B View results in Relaxation Analysis module
« After the run has finished, select Show in Relaxation Analysis

The order parameters will be shown in the Relaxation Analysis

Unfortunately, This feature not yet fully functional, so at the moment the

data cannot be examined interactively yet.
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ccPN CcpNmr Analysis Version 3
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