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CcpNmr Analysis Version 3

Analysis Structure

Structure Analysis Module

This is an ALPHA VERSION



Main Steps

• This tutorial uses the project validation_and_analysis.ccpn

• Open Structure Analysis Module in CcpNmr AnalysisStructure

• Main Menu > Structure > Structure Analysis Module …

• Inspect Ensemble:

• Optional: Align the models in the ensemble to one another

• Assess per residue RMSD to determine high variability regions of the 

structure

• Compare Per-model RMSD and Radius of Gyration to asses if the structures 

are consistently folded.

• Check Secondary structure. Determined Per model using DSSP

• Inspect Contact map to see which residues are close spatially to one 

another.

• Check for clustering in the ensemble:

• Run Principal component analysis (PCA) on the torsion angles of the models 

in the ensemble.

• Optional: Align models with one another

• Optional: generate tSNE plots 

• Generate and analyse the Ramachandran Plot for the ensemble :

• Plot the Ramachandran plot for the backbone dihedral angles (torsion angles 

φ and ψ) to evaluate protein models for structural validity.
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A Ramachandran plot is a vital visualization tool in structural biology that maps the energetically allowed regions for the b ackbone dihedral angles (torsion angles φ and ψ) of amino acid residues in protein structures. It is primarily used to evaluate protein models for structural validity.



Load Structure Data
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Structure Analysis Module helps you inspect a structure or an ensemble. Module aims to give fast visual 

summaries, residue-level views, and interactive plots that help you spot patterns or problems.

This module requires PDB or mmCIF structure file. Optionally restraint information is needed if you want 

to inspect distance restraints.

During running the module additional folder AnalysisStructure is created in project.ccpn/data to store 

related data. 

Load the structure into a module

• Go to Main Menu > Structure > Structure Analysis Module

• Click on Browse button, file browser opens in the project.ccpn/data. 

• Double click on file 2K3A.cif, this will load data into a module.

• Alternatively, copy the path to the file and paste it into file path or drag the file from 

file browser window into file path and click ‘Load’

Loading time will depend on the size of the protein and number of models.



Inspect Ensemble
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Align and assess the ensemble. 

Once the structure is loaded into a module, RMSD is calculated automatically based on 

original alignment. It can be adjusted through ‘Alignment controls’

• Click on Ensemble Tab

• In Alignment Atoms pull down and select ‘Heavy’

• In Selection choose ‘All residues’

• Click ‘Apply Alignment’, you can observe that graph changes substantially

• Try changing the settings to see the effect on RMSD vslues
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The Ensemble tab lets you superpose ensemble models and judge how well-defined the structure is —

where it's tight versus flexible — through RMSD, compactness, contacts, and secondary-structure 

consistency. Kabsch superposition is used to align to the first model.

From graph we can see that protein’s first 50 residues are disordered and protein is already aligned. 



Inspect Ensemble
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Assess the ensemble through Per-Model RMSD and Radius of Gyration graphs. 

• Click on the panels to access the graphs

• You can inspect the tables associated with the graphs by clicking on Numeric 

Summaries. Those can be saved as a Data table for further inspection by clicking 

Save Table button.
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Per-Model RMSD flags which models deviate most from the reference model — useful for spotting 

outlier conformers before averaging or picking a representative structure. Radius of Gyration tracks 

how compact or extended each model is — a quick check for collapsed, expanded, or inconsistent 

models across the ensemble.



Secondary structure
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Inspect secondary structure consistency across models

• Stacked bar chart per residue along the chain showing helix/strand/loop fraction 

across. The y-axis range 0–1 and represents the proportion of models assigned to 

each class at that residue

• Numeric summary table with the same per-residue helix/strand/loop fractions and 

consensus class, for export/inspection can be stored as Data Table.
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Looking at secondary-structure consistency across the ensemble helps distinguish genuinely well-

defined helices/strands from regions that only transiently adopt secondary structure. Per-model 

secondary structure is assigned with DSSP (via MDTraj) on each model's backbone.

• loop • helix • strand



PCA/tSNE
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Check for clustering

Under the PCA/t-SNE tab

• Select the Method from either Principal Component Analysis (PCA. Default) and t-

distributed Stochastic Neighbor Embedding  (tSNE)

• Select the feature space: Phi-Psi angles, or CA, Backbone or Backbone Heavy atom 

coordinates.

• The default method does no Alignment and uses the input ensemble as is but if you 

wish you can align the models with one another in the PullDown.

• Perplexity in t-SNE balances how heavily the algorithm focuses on local vs. global 

aspects of your data. It represents the effective number of nearest neighbors each 

point considers when grouping.

• Click Run Embedding to start the calculation

• Images and DataTables can be saved to your project data. 6
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Possible clustering of the models in an ensemble can be assessed with the PCA/t-SNE tab. Tight 

clusters indicate a converged ensemble or a stable sub-state; separate clusters suggest the ensemble 

contains distinct conformational sub-families (e.g. multiple valid solutions, a flexible domain swinging 

between states) rather than one consistent fold.



Ramachandran
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Generate Ramachandran Plot

The Ramachandran plot is generated automatically when a structure is initially loaded.

The default analysis plots the torsion angles for ALL residues except Gly/Pro/Ile/Val in 

ALL models in your 

The Ramachandran plot can be saved to the Project Plot folder and intermediate 

DataTables can be saved to your CCPN project. 
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A Ramachandran plot is a vital visualization tool in structural biology that maps the energetically 

allowed regions for the backbone dihedral angles (torsion angles φ and ψ) of amino acid residues in 

protein structures. It is primarily used to evaluate protein models for structural validity.
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