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ssDNA probe vs genomic target

[Future] HADDOCK3 DNA:DNA docking
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SOLUTION:

Target Pathogen MFE kcal/mol R. Gyration (Å) RMSD spread (Å) Clash score

S.aureus 0,0 21,56 43,868 0,696

HN1 -0,2 17,90 11,664 9,142

A. fumigatus -1,0 27,33 0,903 8,040

 H. Influenzae -0,3 13,11 3,391 38,606

P. aeruginosa -3,1 14,10 130,498 29,924

2D structure stability. 
more negative = more

stable

MFE (kcal/mol)

Mass-weighted RMSD of all atoms from the centre
of mass, measures compactness.

higher → extended; lower → compact

Radius Gyration (Å)

Max pairwise RMSD across 5 predictions. Measures sampling
convergence and prediction confidence. 

ideal: < 3 Å

RMSD spread (Å)

Clash Score
Steric overlaps per 1000 atoms. High values indicate

unresolved atomic conflicts in the model. 
ideal: < 20

Results - 3D Structure Predictions

> Develop an automated pipeline for 3D
structure prediction of ssDNA probes targeting
bacterial and viral pathogens;

> Predict stable secondary structures;

> Generate 3D conformations via knowledge-
based fragment assembly (NSP toolkit);

> Perform conformational clustering and energy
minimization to produce representative,
refined 3D models;

> Enable future DNA:DNA docking studies using
HADDOCK3 against genomic targets.
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Respiratory and systemic pathogens remain a major global health challenge. DNA
probes offer a rapid and sequence specific diagnostic alternative, but their
performance depends strongly on probe three-dimensional structure.

Stable stem-loop or hairpin conformations can hide the binding region and reduce
target accessibility. Accurate 3D modelling is therefore essential for rational
probe design and in silico optimization before experimental validation.
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Objectives

Methodology - Workflow

Conclusions

✓ The pipeline successfully
generates realistic, energy
minimized 3D conformations of
ssDNA probes from sequence input;

✓ Five independent predictions per
probe, followed by clustering and
energy ranking, ensure sampling of
the conformational diversity;

✓  The descriptors  (MFE, radius
gyration, RMSD spread, and clash
score) constitute a structured
feature set that reflects probe
foldability and reliability,
providing a foundation for probe
selection;

⟶ Final probe structures will be
used as input for ab initio
DNA:DNA docking against genomic
targets.

Background - Why Structural Probe Modelling?
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An Automated Pipeline for 3D

Structural Modelling of DNA Probes

for Pathogen Detection

A test sample consisting of five probes for five species was used, based on previous studies.

The variability observed in the higher RMSD values reflects the sampling of distinct yet energetically accessible
conformational states, rather than structural instability, as the molecule may adopt multiple stable folds in solution.
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