
Develop an automated pipeline for 3D prediction of ssDNA probes targeting bacterial

& viral pathogens;

Predict stable secondary structures via RNAfold with DNA-specific Mathews 2004

parameters;

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

Apply conformational clustering & AMBER OL15 minimisation for refined, ranked 3D

models;

Run the same pipeline on the complement strand (A↔T, G↔C) for duplex

characterisation;

Perform HADDOCK3 ab initio docking between probe & complement — full DNA

duplex assembly.

Why Why Why StructuralStructuralStructural   Probe Modelling?Probe Modelling?Probe Modelling?Why Structural Probe Modelling?
B A C K G R O U N D  &  M O T I V A T I O N

I .  N U C L E O F O L D 3 D  —  3 D  P R E D I C T I O N  

Lowest E

Lowest-energy 3D model of the original strand

job_minenerg.pdbjob_minenerg.pdbjob_minenerg.pdb

Complement

Lowest-energy complement strand model

job_complement_minenerg.pdbjob_complement_minenerg.pdbjob_complement_minenerg.pdb

All Models

All five minimised conformations per strand

final_structures/[1–5].pdbfinal_structures/[1–5].pdbfinal_structures/[1–5].pdb

Metrics

MFE · Rg · clash · planarity · C2'-endo % · RMSD

quality_report.xlsxquality_report.xlsxquality_report.xlsx

I I . H A D D O C K 3  —  A B  I N I T I O  D N A : D N A  D O C K I N G  

HADDOCK score
Primary ranking — composite energy + restraints

lower = betterlower = betterlower = better

Eelec

Electrostatics — dominant for DNA phosphates
kcal/molkcal/molkcal/mol

Evdw

Van der Waals — stacking & backbone contacts
kcal/molkcal/molkcal/mol

BSA
Buried surface area — duplex interface size

600–1500 Å typical600–1500 Å typical600–1500 Å typical

iRMSD
Interface RMSD — cluster geometric consistency

< 2 Å excellent< 2 Å excellent< 2 Å excellent

lRMSD
Ligand RMSD — pose reproducibility

< 5 Å acceptable< 5 Å acceptable< 5 Å acceptable

Cluster size
Models per cluster — pose confidence

> 4 reproducible> 4 reproducible> 4 reproducible

N clusters
Total clusters — landscape diversity

1–3 convergent1–3 convergent1–3 convergent

We benchmarked 97 DNA probes spanning 14 species and 3 antimicrobial-resistance (AMR) gene targets

through the pipeline. The DockQ distribution is bimodal  (43% achieve DockQ > 0.8), while HADDOCK scores
cluster around −36 kcal/mol.

INPUT

Probe  Sequence 
Single probe, Excel batch or CSV.

Auto-detects DNA / RNA. Validates
ACGT / ACGU

--seq --xlsx --csv--seq --xlsx --csv  --seq --xlsx --csv (((...))) · kcal/mol(((...))) · kcal/mol(((...))) · kcal/mol

SECONDARY STRUCTURE

RNAfold + DNA params
Mathews 2004 for DNA, default for
RNA. Returns dot-bracket + MFE

ViennaRNA

Knowledge-based fragment
assembly. Quality check: perfect
→ direct ×5, else opt + cluster

3D ASSEMBLY

NSP Fragment Build

pred1–5.pdbpred1–5.pdbpred1–5.pdbNSP RMSD

ENERGY MINIMISATION

Amber OL15
CG → all-atom (NSP fit), tleap

topology, sander minimisation. 5
parallel threads

salt 0.15 M · maxcyc 1000salt 0.15 M · maxcyc 1000salt 0.15 M · maxcyc 1000

PREP

Chain Assign
original → A 

complement → B

mol1_min · mol2_minmol1_min · mol2_minmol1_min · mol2_min

RESTRAINTS

act_pass
All residues active

— ab initio mode

act_pass_mol{1,2}.txtact_pass_mol{1,2}.txtact_pass_mol{1,2}.txt

AIRS

ambig.tbl
restraints active
passive to ambig

AIR restraintsAIR restraintsAIR restraints

TOPOLOGY

topoaa
All-atom AMBER

topology build

~ 1 s~ 1 s~ 1 s

RIGID BODY

rigidbody
400 models · ε=78 ·
w_desolv=0 · cdie

slowest ~9 minslowest ~9 minslowest ~9 min

FLEX REFINE

flexref
Semi-flexible SA in

torsion space

dnarest_on · T=300Kdnarest_on · T=300Kdnarest_on · T=300K

EM REFINE

emref
Final energy
minimisation

cartesian spacecartesian spacecartesian space

CLUSTER

clustfcc
FCC clustering ·
strictness 0.6

min_pop 2min_pop 2min_pop 2

CLUSTERING

Conformational Grouping
Trajectory clustered into k=5

representative centroids. Sequence
reapplied via NSP mutate

cluster.raw.1–5cluster.raw.1–5cluster.raw.1–5igb=5
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Best probe per target - quality, folding and binding metrics 

Score = weighted z-score of Haddock, DockQ. iRMSD, BSA and clash ( higher = better). MFE = secondary

structure stability; Rg = compactness of the 3D model.

ObjectivesObjectivesObjectivesObjectives

MethodologyMethodologyMethodology      3D Prediction3D Prediction3D Prediction   +++   HADDOCK3 DockingHADDOCK3 DockingHADDOCK3 DockingMethodology  3D Prediction + HADDOCK3 Docking

An Automated Pipeline for theAn Automated Pipeline for theAn Automated Pipeline for the   
3D Structural Modelling 3D Structural Modelling 3D Structural Modelling & & & DockingDockingDocking   
ofofof      ssDNA Probes for Pathogen DetectionssDNA Probes for Pathogen DetectionssDNA Probes for Pathogen Detection

An Automated Pipeline for the 
3D Structural Modelling & Docking 
of  ssDNA Probes for Pathogen Detection

Rapid pathogen identification is critical in clinical diagnostics, yet conventional

methods remain slow and resource demanding. ssDNA probes offer a sequence-

specific alternative, but hybridisation efficiency is governed by probe conformation.

Pathogen detection (virus & bacteria)

Diagnostic methods are slow

DNA Aptamers — rapid & specific molecular probesDNA Aptamers — rapid & specific molecular probesDNA Aptamers — rapid & specific molecular probesDNA Aptamers — rapid & specific molecular probes

Secondary structures such as stem-loops or hairpins can sequester the binding

region, compromising assay sensitivity. Accurate 3D structural modelling is therefore

essential prior to experimental validation.

P R O B L E M :P R O B L E M :P R O B L E M :    P R O B L E M :  

L I M I T A T I O N  :L I M I T A T I O N  :L I M I T A T I O N  :L I M I T A T I O N  :

R I S K :R I S K :R I S K :    R I S K :  Antimicrobial resistance

N E E D :N E E D :N E E D :N E E D : Rapid, specific diagnostics
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5  S T E P S  P E R  S T R A N D  ·  × 2  F O R  C O M P L E M E N T

make_complement(seq)  The complete five-step pipeline above repeats on the complementary strand, producing both strands ready for duplex docking. Outputs land alongside the original in the same results folder.
C O M P L E M E N T  R U N

A↔T G↔C

ε = 78.0    w_desolv = 0     dielec = cdie     dnarest_on = true     tadfactor = 4     temp_cool3_init = 300 K     sampling = 400    ncores = 10D N A - T U N E D  P A R A M E T E R S
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The pipeline generates realistic,

energy-minimised 3D conformations

of ssDNA probes from sequence

input;

Five independent predictions per

probe ensure sampling of the

conformational landscape;

The pipeline descriptors  form a

structured feature set for probe
selection;

Complement strand modelling

enables HADDOCK3 docking with

DNA-optimised parameters.

ResultsResultsResults   Results 
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A composite z-score identifies the best probe per species : 13/17 targets

yield an above-average candidate, 9 of them clearly high-quality. The 4

below-average picks had only 2 candidates each → more sequences are

needed.

>>>> >>>> >>>> >>>>

>>>> >>>> >>>> >>>> >>>> >>>> >>>>
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