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1. Introduction

ProteinDelta is a web application that compares the structure of a wild-type protein (WT) with that of its
mutated version (MUT) and estimates whether the mutation is pathogenic. It combines AlphaFold2 per-
residue confidence (pLDDT), stability (AAG), evolutionary fitness, structural displacement (RMSD), change in
solvent-accessible surface area (ASASA) and fractal dimension (FD) into a single pathogenicity score
(PS_v4).

This manual walks through the application from start to finish, section by section, showing where to click
and what you get at each step. The tour starts with the application already open: the sign-in screen is not

covered because it will be removed in the next version.

1.1 Requirements
e An up-to-date browser (Chrome, Edge, Firefox or Safari) with WebGL enabled, which the 3D viewer
needs.

e An internet connection: the application loads its libraries (Chart.js, 3Dmol.js) from a CDN and
downloads structures from the Protein Data Bank (RCSB).

¢ For real-data analyses: a Google account to run the notebook in Google Colab with a GPU.

1.2 How to read the screenshots

All screenshots were taken automatically with Playwright on the real application, with the interface set to

English. Two kinds of marks were added on top of them:

¢ Numbered red box: points to an element on the screen. A legend below the figure explains each
number.

e Cursor with a yellow circle: shows the click made in that step.

Simulated data and real data

ProteinDelta works in two modes. Simulated mode (the ” Analyze WT vs Mutant button) generates
the profiles with a deterministic engine from the sequence; it is useful for exploring the interface and
the logic, but its values must not be cited as results. Real mode (the r Import ColabFold section) uses
the files produced by AlphaFold2/ColabFold and BioPython. The application always shows which mode
is active (the “simulated” tag in the context bar).
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2. General interface

When ProteinDelta opens, it shows the header with the application name, the navigation bar and, below it,

the active section. The first section displayed is “Oncology Proteins”.
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Figure 2. Navigation bar and language selector.
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Navigation bar. Eight buttons, one per section. The button of the active section is highlighted in
green. You can switch sections at any time; loaded data is kept.

E ES / EN language selector. Switches the whole interface between Spanish and English (see chapter
11).

Section What it is for

& Oncology Proteins Catalog of 22 cancer-associated proteins with their canonical mutations; the
starting point for an analysis.

= WT vs MUT Analysis Sets up the sequence and mutations, runs the analysis and shows metrics, charts
and a per-residue table.

£ 3D Molecular Viewer Displays WT and mutant PDB structures in 3D, with styles, colors and
microenvironment highlighting.

™ Import ColabFold Loads the real files generated in Google Colab and analyzes them as real data.

3 Fractal Dimension Explains and shows the global and local fractal dimension of the latest analysis.

& colab Notebook Downloads the ColabFold notebook, with instructions for running it.

# Validation Pipeline validation results: replicates, benign controls, 40-pair panel.

¥ Breast Validation v5.0 Breast-cancer module: 40 cases + 12 controls and the spherical fractality term.
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3. Oncology Proteins

This section presents a catalog of reference proteins organized in two phases: Phase 1 (5 proteins with
validated analyses: TP53, KRAS, BRCA1, EGFR and BCR-ABL) and Phase 2 (17 proteins of the validation
panel, Block B). Each card shows the gene, its full name, functional tags, its frequency in cancer and its

hotspot mutations.

3.1 Select a protein

Step 1. Click the card of the protein you are interested in (TP53 in the example).

e fractal dimension metrics (FD_bc and FD_mr) compu
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Figure 3. Clicking the TP53 card in the catalog.

Protein card. When clicked, it is highlighted and its detail panel opens below the catalog.

3.2 Detail panel and mutations

The detail panel shows the UniProt identifier, the PDB code, the associated cancers, the oncological

context, key references and a fragment of the sequence.

Step 1. Under “Canonical mutations”, click the mutation you want to study (for example R175H). You can
select several; clicking again deselects it.
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0 its c Fractal dimension of protein

SEQUENCE (REPRESENTATIVE FRAGMENT)

Figure 4. TP53 detail panel: selecting the R175H mutation.

Mutation chip. It changes color when selected.

3.3 Send the protein to the analysis or to the 3D viewer

Click “= Load into Analysis” to take the sequence and the selected mutations to the analysis
section.

Step 1.

Step 2.  Alternatively, “& View in 3D” opens the protein's PDB structure in the molecular viewer.
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Figure 5. Selected mutation and the buttons to continue.

Selected mutation (R175H).

E Load into Analysis: copies the sequence, the name and the mutations into the analysis form and
switches section.

B View in 3D: loads the reference PDB (20CJ for TP53) into the 3D viewer.

ProteinDelta — User Manual - 8



4. WT vs MUT Analysis

This is the core of the application. Here you define what is compared and obtain the global metrics, the

pathogenicity classification and the per-residue charts.

4.1 Set up the sequences

If you arrived from “Load into Analysis”, the form is already filled in. You can also fill it in by hand:

ProteinDelta .

Undergraduate Thesis Project — Univalle EISC

@ WT VS MUT ANALYSIS

/ VALI ION ¥ BREA

» SEQUENCE SETUP

MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGPDEAPRMPEA
APPVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAKSVTCTYSPALNKMFCQLA
KTCPVQLWVDSTPPPGTRVRAMAIYKQSQHMTEVVRRCPHHERCSDSDGLAPPQHLIRVEGNLRVEYLD
DRNTFRHSVVVPYEPPEVGSDCTTIHYNYMCNSSCMGGMNRRPILTIITLEDSSGNLLGRNSFEVRVCA

Point mutation list

TP53-R175H loaded — press 4 Analyze to continue (simulated mode, no real PDB)

Figure 6. Setup form with TP53 R175H loaded.

WT (Wild-Type) sequence: amino-acid sequence of the wild-type protein (one-letter code). It is
auto-filled when a PDB is uploaded in “Import ColabFold”.

E Name / Protein: label for the analysis; it appears in the exported files.

B Mutation mode: “Point mutation list”, “Full MUT sequence” (paste the mutated sequence) or “No
mutation” (MUT = WT, useful as a control).

n Add mutation: type the mutation in standard notation (original residue + position + new residue,
e.g. D10L) and press “+ ADD” or Enter.

B Added mutations: each one appears as a pill; the X removes it.

E Context bar: shows what is loaded and in which mode it will be analyzed (here it warns that it will
be simulated mode because there is no real PDB).

4.2 Run the analysis

Step 1. Click “” Analyze WT vs Mutant”. A loading indicator appears while the profiles are computed.
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ProteinDelta ..

Fractal Dimension - 3D Molecular Visuvalizatio

® Undergraduate Thesis Project — Univalle EISC

£ ONCOLOGY PROTEINS @ WT VS MUT ANALYSIS

COLAB NOTEBOOK VALIDATION ¥ BREAST

> SEQUENCE SETUP

MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGPDEAPRMPEA
APPVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAKSVTCTYSPALNKMFCQLA
KTCPVQLWVDSTPPPGTRVRAMAIYKQSQHMTEVVRRCPHHERCSDSDGLAPPQHLIRVEGNLRVEYLD
DRNTFRHSVVVPY TTIHYNYI TLTIITLEDSSGNLL

ludes Fractal Dimension Box-Countir
NAM ocall

N MO

Point mutation list

A TP53-R175H loaded — press % Analyze fo continue (simulated mode, no real PDB)

Figure 7. Button that runs the analysis.

4.3 Global metrics and classification

DRNTFRHSVVVPYEPPEVGSDCTTIHYNYI ILTIITLEDSSGNLLI EVRVCA

Point mutation list

@ Analyzing: TP53-R175H @ simulated

6LOBAL METRICS

948 937 186 2100 2100  0.001

AFD_BC

PLDDT EVOFORMER AG STABILITY EVOLUTIONARY FITNESS AT MAP RMS @ FRACTAL DIMENSION

PER-RESIDUE PLDDT — WT (CYAN) VS MUTANT (RED) - EVOFORMER CONFIDENCE

Figure 8. Result: global metrics and pathogenicity classification.

Global metrics: mean WT and MUT pLDDT, mean AAG, mean evolutionary fitness, WT and MUT
FD_bc, mean AFD_bc and the number of pathogenic residues. Hover over the “?” icon of each metric to
see its explanation.
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E Pathogenicity classification: Pathogenic, Likely Pathogenic, Uncertain significance (VUS), Likely
Benign or Benign, with a sentence summarizing why.

B Context bar: confirms the analyzed variant and the mode (here “simulated”).

4.4 Result tabs

Below the metrics there are seven tabs. Click each one to change the view:

‘ PLDDT EUFﬂvHEF ‘

PER-RESIDUE PLDDT — WT (CYAN) VS MUTANT (RED) - EVOFORMER CONFIDENCE

Figure 9. pLDDT Evoformer tab: per-residue confidence, WT (cyan) vs mutant (red).

The local drop of the red curve around the mutated position indicates a loss of structural confidence in that

region.

PER-RESIDUE AAG

Figure 10. AAG Stability tab: per-residue change in free energy (kcal/mol); red destabilizes, green stabilizes.

EVOLUTIONARY FYTNESS ‘

EVOLUTIONARY FITNES PER POSITION [0-1

Figure 11. Evolutionary Fitness tab: 0—1 score per position; low values (amber/red) mark positions that tolerate change poorly.
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Figure 12. Heat Map tab: estimated AAG for all 20 possible amino acids (Y axis) at each residue (X axis).

PER-RESIDUE ASASA (Y

Figure 13. RMSD + SASA tab: per-residue Ca displacement (A) and change in accessible surface (A?).

ProteinDelta — User Manual - 12



‘ [ FFACTALD'H}NCIU‘I ‘ FULL

BOX-COUNTING FD GLOBAL - WT VS HUT ] RADIUS FD GLOBAL - WT VS

2.100 2.100 1o0.001 not not
e cqmpui'able computable 2

T & invalid fit - slope 3.858
2=0.986,

Rough surface typical of a globular protein. FD in the expected range.

Slope=3.858)

The Mass-Radius fit did not converge (low R? or slope outside [1.8 - 3.2]). An FD_mr
saturated at the lower bound is NOT a result: it is the estimator failing.

)Bs (section [@ Import ColabFold

Figure 14. Fractal Dimension tab: global FD (Box-Counting and Mass-Radius), local spatial FD and the 21-residue window profile.
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Local spatial FD and Mass-Radius

The local FD in the sphere around the mutated residue requires real WT and mutant PDB files (Import
ColabFold section); in simulated mode it shows as “Not available”. When the Mass-Radius fit is not
valid, the application shows “not computable” instead of a number: this is a safeguard, not an error.

@ FRACTAL DIMENSION ‘ FULLT/‘B‘

Uncertain
significance

Uncertain

Figure 15. Full table tab: every metric per residue, sortable.

In the table, click a column header (those marked J) to sort by it; clicking again reverses the order. The “?”

icon on each header explains the metric.
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4.5 Export the results

0.0633 R pncentail
significance

0.0935
-0.002
0.0063
-0.1496
0.005
-0.0388
-0.1085
0.0981
-0.1091

0.0102

EXPORT V4 RESULTS

3 full_analysis.csv 4 results.json © all_outputs.zip

Figure 16. Export buttons at the end of the section.

full_analysis.csv: per-residue table, ready for Excel, R or Python.
E results.json: complete results in a structured format.
B all_outputs.zip: a bundle with every file of the analysis.
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5. 3D Molecular Viewer

The viewer shows the WT structure (left) and the mutant structure (right) side by side. Drag with the mouse

to rotate, use the wheel to zoom and right-click-drag to pan.

Step 1. Click “$ 3D Molecular Viewer” in the navigation bar.

ProteinDelta ..

Dimension

Undergraduate Thesis Project — Univalle EISC

ICK LOAD NCOLOGY T

Load WT Load MUT P53 2003 KRAS 40BE BRCAL 1JM7 EGFR 1IV0 BCR-ABL 2F08

Spectrum

o Reset © Center o Rotate “ PNG

GHT MIC

o Highlight

Wild-Type

Figure 17. Opening the 3D viewer from the navigation bar.

5.1 Load a structure

There are three ways to load a structure:
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& 3D MOLECULAR VIEWER ]

&% BREAST VALIDATION VS

B
Load WT Load MUT TP5® KRAS 40BE BRCAL 1JM7 EGFR 1IV0 BCR-ABL 2F08

® Center o Rotate = PNG

© Highlight

Figure 18. Viewer loading options.

PDB code: type a 4-character code (e.g. 20CJ) and click “Load WT” or “Load MUT” to download it
from RCSB into the corresponding panel.

E Quick load: buttons with the Phase 1 reference structures (TP53, KRAS, BRCA1, EGFR, BCR-ABL);
they load into the WT panel.

The third option is the “Wild-Type PDB” and “Mutant PDB — click or drag” areas, which accept a local .pdb
file (for example, the ColabFold rank_001 models).
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$ 3D MOLECULAR VIEWER

ALIDATION V5.0

PROTEINS

Load WT Load MUT KRAS 40BE BRCAL 1JM7 EGFR 1IV0 BCR-ABL 2F08

COLOR SCHEME
=

o Reset ® Center o Rotate = PNG

MICROENVIRONMENT (VS

Angstrém.

© Highlight x Clear

Wild-Type

Figure 19. Structure 20CJ (TP53) loaded in the WT panel with the Cartoon style and Spectrum colors.

5.2 Style and color

& 3D MOLECULAR VIEWER @ IMPOR

&4 BREAST VALIDATION V5.0

QUICK LOAD - ONCOLOGY PROTEINS

Load WT Load HUT TP53 20C) KRAS 40BE BRCAL 1JM7 EGFR 1IV0 BCR-ABL 2F08

REPRESENTATION STYLE

Cartoon Stick

: @ Eistrusturall]|[Bnssiave

o Reset ® Center o Rotate “ PNG

« Highlight x Clear

Wild-Type

Figure 20. Changing the color scheme to “Chain”.

Color scheme: Spectrum (rainbow from N- to C-terminus), Chain, 2° Structure (helices/sheets),
Residue (by amino acid) and B-factor/pLDDT (in AlphaFold models, red = low confidence, blue = high).
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E View controls: “Reset” and “Center” reframe the molecule, “Rotate” turns on automatic spinning
and “PNG” downloads an image of the view.

§ 3D MOLECUL

ALIDATION V5

ICK LOAD NCOLOGY PROTEIN

Load WT Load MUT P53 2003 KRAS 40BE BRCAL 1JM7 EGFR 1IV0 BCR-ABL 2F08

o Rotate “ PNG

o Highlight

Wild-Type

Figure 21. Changing the representation style to “Surface”.
Representation style: Cartoon (secondary-structure backbone), Stick (bonds), Sphere (atoms),

Surface (molecular surface) and Line (lines).

5.3 Highlight the mutation microenvironment

This tool marks the mutated residue and every residue within a given radius, so you can see which 3D

contacts the mutation might disturb.
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ICK LOAD NCOLOGY PROTEIN

Load WT Load HUT P53 2003 KRAS 40BE BRCA1 1JM7 EGFR 1IV0 BCR-ABL 2F08

® Center o Rotate “ PNG

o Hifhlight
@

Wild-Type

Figure 22. Highlighting residue 175 of chain A with a 10 A radius.

resi: position number of the mutation (175 for R175H, without the letters).

E chain: letter of the PDB chain that carries the mutation (almost always “A” for single-chain
proteins).

B radius A: size of the sphere around the residue, in angstrom.
n Highlight: applies the highlight; “X Clear” removes it.
When files are imported in “Import ColabFold”, these fields are filled in automatically from the detected

mutation.

ProteinDelta — User Manual - 20



6. Import ColabFold (real data)

This section turns ProteinDelta into a real-data analysis tool. It takes the files generated by the Google

Colab notebook (chapter 8), which come inside all_outputs.zip.

@ IMPORT COLABFOLD @ FRACTAL

» IMPORT REAL COLABFOLD DATA

Run ProteinDelta_ColabFold_WT_vs_MUT.ipynb i

FractEngine v2 mpL n real SASA sur

OPTIONAL

Figure 23. File upload areas and the real-data analysis button.

WT scores JSON (*_scores_rank_001* _WT.json): per-residue pLDDT of the wild-type model.
E MUT scores JSON (*_scores_rank_001*_MUT.json): per-residue pLDDT of the mutant model.
B Per-residue RMSD (rmsd_per_residue.csv): Ca displacement after Kabsch superposition.

n Delta SASA (delta_sasa.csv): per-residue change in accessible surface (Shrake-Rupley).

E Wild-Type PDB (rank_001_WT.pdb, optional): enables FD_bc v2 on the real surface and the local
spatial FD.

E Mutant PDB (rank_001_MUT.pdb, optional): the same for the mutant.
Analyze with real data: runs the analysis and shows the results in “WT vs MUT Analysis”.

6.1 Step by step

Step 1. Unzip all_outputs.zip on your computer.

Step 2. For each area, click it and choose the file, or drag the file onto it from your file browser. The area
turns green once it receives the file.

Step 3. Click “& Analyze with real data”.

Step 4. Review the results in the analysis section (chapter 4); the context bar will indicate that they are
real data. The PDB files also become available in the 3D viewer.
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Required files

rmsd_per_residue.csv and delta_sasa.csv are mandatory for a real-data analysis. If either is missing,
the application shows a warning and does not run the analysis: it does not compute RMSD or ASASA on
its own and does not fill in missing values. If no file is loaded at all, the button runs the analysis in
simulated mode.
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7. Fractal Dimension

The fractal dimension (FD) quantifies the geometric complexity of a protein's surface and backbone.
ProteinDelta computes two complementary estimators: Box-Counting (FD_bc), which captures surface

roughness, and Mass-Radius (FD_mr), which captures fold compactness.

The section shows the values of the latest analysis. If you have not analyzed anything yet, the cards read

“Run an analysis to see the fractal dimension”.

@ FRACTAL DIMENSION

DIUS FD (FD_MR

not computable

Regular secondary structure (a-helices / B-sheets). Moderate FD. Invalid fit — no value reported.

ApLDDT(i)| + ©.8-|AFD_bc(i)|

Figure 24. Global FD cards after analyzing TP53 R175H.

Global FD: FD_bc and FD_mr of the WT protein, with their typical range and a short interpretation.
“not computable” means the fit was not valid, so no number is reported.
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Enright & Leitner (2085) Phys Rev E 71:011912 - Dewey (1993) Biopolymers 33:1231-1245

BOX-COUNTING FD (FD_BC) M DIUS FD (FD_MR

2.100 not computable

Regular secondary structure (a-helices / B-sheets). Moderate FD. Invalid fit — no value reported.

not derived or calibrated

against the refere

Figure 25. Local FD_bc profile (21-residue window) and the PS_v4 score equation.

The profile compares the local FD of WT (green) and mutant (magenta) along the sequence. Below it are
the PS_v4 pathogenicity score equation and a methodological note on the weight of the fractal term and
the ablation test results.
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8. Colab Notebook

This is where you download the notebook that builds the WT and mutant 3D models with ColabFold
(AlphaFold2) and computes per-residue RMSD and SASA. Its output is the input of “Import ColabFold”.

L NOTEBOOK

» NOTEBOOK COLABFOLD - GOOGLE COLAB

This note s of any protein in the oncol vanel (or of a custon r
UniProt; the WT structure c e en from AlphaFold DB (saves ~50

© ESTIMATED TIMES (TESLA T4 6PU)

accurate accurate + AFDB
A - 5 mode om AlphaFold DI
48 min - 2 h 20 min - 1 h

B NOTEBOOK INCLUDED @ NOTEBOOK CELLS

ProteinDelta_ColabFold_WT_vs_MUT.ipynb CELL @

12 ce 1 1 (micromant 2 T4 GPU CELL 1 - Configure protein and mutation « only edit here

’ CELL 2 - Download UniProt sequence - validate mutation
onal AlphaFold DB for WT - B on RMSD/SA

- CELL 3 -

CELL 4 - Insta

CELL 5
& Download Noteboo(.3pynb) ?
»> CELL 6 »

CELL
CELL 8
CELL 9 »

CELL 10 - C

- Change runtime type - GPU (T4)
CELL 1: choose the p f
4. Runtime - Run all — to touch

ELL 10 f load all_outputs.zi
IP in the @ Import ColabFold se

Figure 26. Notebook section: estimated times, download and cells.

Download Notebook (.ipynb): downloads ProteinDelta_ColabFold_WT_vs_MUT.ipynb.

8.1 How to run it

Step 1. Open colab.research.google.com - File - Upload notebook - select the downloaded .ipynb.
Step 2. Runtime = Change runtime type - GPU (T4).

Step 3. In CELL 1, pick the protein from the menu, type the mutation (e.g. R175H) and choose the profile.
It is the only cell you need to edit.

Step4. Runtime = Run all.
Step 5. When CELL 10 finishes, download all_outputs.zip from the Colab file panel (folder icon).
Step 6. Load the files in the “[= Import ColabFold” section (chapter 6).

Profile What it does Time (T4 GPU)

accurate Full MSA, 5 models. Recommended for results. 40min—-2h

accurate + AFDB Takes the WT from AlphaFold DB; only the mutant is 20min—=1h
predicted.

fast No MSA, 1 model. Only for checking that the pipeline runs. 15 -30 min
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The fast profile

It skips the multiple sequence alignment, AlphaFold2's main source of evolutionary information. Its
models have low pLDDT and must not be used to report results.
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9. Validation

This section gathers the pipeline's validation evidence. It is mostly for reading: tables and summary cards,

with “What this shows” notes that interpret each block. From top to bottom it contains:

e The score as a distribution: replicates with 3—4 seeds on 8 variants.

¢ Real benign controls: 11 benign variants.

e Real pipeline results: 22 variants of the oncology panel, and their replicate with a second seed.

e 40-pair panel with real data (39/40) and a replicate of 8 pairs.

¢ Validation panel with simulated data, validation criteria and the full panel of 40 WT/mutant pairs.

ProteinDelta..

Fractal Dimension - 3D Molect

® Undergraduate Thesis Project — Univalle EISC

/ VALIDATION %4 BREAS

Variant
EGFR L858R -6.889 - 31 397 -
BRAF V60OE +1.312 + +0.814 » -0.853 - -1.805

BRCA1 M1775R +5.041 = +4.918 « +4.812 - +4.742

TP53 Y107H (benign control) -0.210 ~ -0.237 » -0.226 ~ -0.241

PTEN R136Q -0.469 -+ -8.565 -+ -0.048 - +0.209
IDH2 R172K -0.498 + -0.584 + -0.481 -+ -0.615
PIK3CA H1847R +1.148 + -1.376 - -1.487

KRAS 612D -0.542 + +0.870 -+ -0.497 - -1.077

Figure 27. Top of the Validation section.

ProteinDelta — User Manual - 27



9.1 Filter the full panel and open a pair

Detectable structural impact 3 RMSD 91 A in the m € RMSD > 0.81 A in = 35/48 pairs

ASASA consistent with BSASA # 8 in > 35/40 pairs
exposure

Valid FD_mr range [1.0 - FD_mr € [1.6, 3.0] in 48/48 pairs
3.0]

Inter-protein variation in ) : Different FD_mr range in = 3
FD_nmr ¢ ¢ At comp y o gene protein classes

T comesETE Identical WT FD_mr for the 4
P Y hotspots of each Block A gene

Eness ?13551flﬁatluﬂ o = 30/40 correctly classified

pathogenic variants

in the table e of the 40 was labeled "Benign" or "Uncertain", so this 100% is

from benign.

Prioritized therapeutic arge stations o high simulated inde: ) Simulated index > 0.6 in = 5/6
targets cale, not th S_v4 : olds are 1.2 and 2 therapeutic targets

1 2 3

» FULL PANEL - 48 WT/MUTANT PAIRS ALL (40) Block A (20) ElﬂckB '.YJ

ns

BRAF Proto-o i ( thyre V608E S et ® mnatyze
BRAF Proto-oncogene Melanonm esistance V688K Const ive MAPK act i a ® Analyze
PIK3CA Jncogen 3rea netrium, ¢ H1847R Loty L ® anatyze
PIKSCA 1cogen 3rea E545K nsti act ® Anatyze
PTEN T A = ¢ R130Q 10 G U (eEvi) = B O e
PTEN v owden sy 1 e €124 ) ctiv ® pnatyze
APC cUppre olon (FAP, sporadic) R1450% f Wint atenin regulatiol @ Analyze
RB1 i e one R661W ¢ e re or ® Anatyze

CDKN2A :: a Melanom eas, lun R24P inhibi @ Analyze

Figure 28. Filters of the full 40-pair panel and per-row actions.

All (40): shows all 40 pairs.
E Block A (20): only the Block A pairs.
B Block B (20): only the Block B pairs (the active filter in the screenshot).

n Per-row actions: “== Analyze” loads that pair into the analysis section and «& 3p” opens its
structure in the viewer. For pairs without a preloaded protein, “=s Manual” takes the name and the
mutation to the analysis form so you can paste the WT sequence by hand.
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9.2 System results and export

v777L Lot =B T U ® anatyze
12350 stity on ® mnaryze
R132H Enzy omorp 2-HG producti ® natyze
R172K y omorp 5 produc @ anatyze
5249¢ S o ’ @ Anatyze
F1174L i o ® Analyze

Y98H - 7 [0 reae ® Analyze

SMADG O een colo 3/SHA & anayze

CTNNBL o-oncoge patic, endometriu stit nt/p-c y s ® matyze

TEINDELTA V4 E 4 Export CSV

A sinntatio not pi data. The values in this table come from the cation's deterministic sinulation engine t VAL_RESULTS), not from an
AlphaFold run. The classifications in the last column and-written and are not produced by classify ). They must not be cited as

the same scale as the r o ifyPath(), Anal ract: : this ale with placeholder values,
an unbounded s: a alues 0.6 ld not L i pathogenic if they were

Reproducibility:

1 TP53 R175H
TP53 R248W

TP53 R248Q

3 TP53 R273H

o1 ¢ 20

Figure 29. System results table and the export button.
Export CSV: downloads the results table.

Reading this table

The amber box above the table warns that these values come from the simulation engine and that the
PS_v4 column uses a different scale from the real engine. The “Source” column tells apart pairs with

real data (v/ REAL) from simulated ones (SIM).
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e does NOT use the same scale e real engine (classifyPath(), Anal c 8 1 scale with placeholder values,

whereas classifyPath() produces an unbounded score where Pathogenic requires > 2.5. The values 8.68-0.9 1 fied as pathogenic if they were

passed through classifyPath() — the classification in this column is not the result of applying any verifiable threshold; it is a manual label

Reproducibility

- MUT

TP53 R175H

TP53 R248W

TP53 R248Q

TP53 R273H

KRAS 612D

KRAS 612V

KRAS 612C

KRAS G12R

BRCA1 C616

BRCA1 R1699W

BRCA1 V1736A

BRCA1 61738E

EGFR L858R

EGFR T796M

EGFR C797S

BCR-ABL T315I

BCR-ABL E255K

BCR-ABL E255V

BCR-ABL Y253F

EGFR L747P

BRAF V60OE

Figure 30. Detail of the system results table.
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10. Breast Validation v5.0

A standalone module for human breast cancer (GRCh38/hg38). It reproduces the panel of 40 WT vs. mutant
pairs and adds 12 benign controls. The amber box at the top states which results are simulated and which

come from real runs.

nDelta ...

Fractal Dimensior D Molect

& 3D MOLECULAR VIEWER

& BREAST VALIDATION V5.0

» BREAST CANCER VALIDATION - V5.8 - STANDALONE MODULE

to human breast cancer (G6RCh38 / hg38) requested by the thesis advisor t reproduces the Table
the methodologic equirement of negative controls (benign variants) absent from Table 17 (v4.0)

Phased validation scheme: 1 - Pilot (CURRENT): N = 40 cases + 12 controls - Ph

Phase 3 - Clinical: N = 1 9 pairs

» The results and metrics on this screen come from a deterministic simulation with seed, not from a real run of the ColabFold + BioPython pipeline. They serve as
scaffolding to validate the module's logic. Each pair must be re-run in ColabFold (profile accurate) before being reported.

» BREAST CANCER PANEL - SPHERICAL FRACTALITY TERM

urate) and BioPyth

Spherical FD: local fract

39/40 18/27

EVALUATED (27 PATH. + ] PATHOGENIC WITH A
NIGN) 6

Figure 31. Top of the Breast Validation module.

10.1 Spherical fractality term

This block holds real ColabFold/AlphaFold2 and BioPython data. The spherical FD is the local fractal
dimension in a 12 A sphere around the mutated residue. The cards summarize the pairs evaluated, the
mean AFD with its 95 % Cl, the pathogenic variants with AFD > 0 and the paired t-test; the table shows, for
each pair, the WT and mutant FD, AFD (with a bar on a +1 scale), the change in PS_v4 and the resulting

class.
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& The results and metrics on this screen come from a deterministic simulation with seed, not from a real run of the ColabFold + BioPython pipeline. They serve as
scaffolding to validate the module's logic. Each pair must be re-run in ColabFold (profile accurate) before being reported.

BREAST CANCER PANEL - SPHERICAL FRACTALITY TERM

2 (accu

39140 p=052

(27 PATH 2 HEA H ¢ P PAI

Pair L A AFD ale s . s c (spherical)

ATM V24246 - - - 44

BARD1 C557S - B - 02

BCL2 A1136 . . . 26 Uncertain significance
BRCA2 D2723A - - - 16 Uncertain significance
CCND1 P287T * . . 1 75

CDH1 E243K

CDK4 R24C - - - - .03

CDKé R31C . . N . .14

CHEK2 I157T - - - - .15

ESR1 Y537S " B - - .96

FGFR1 N546K . . . . .17

FOXA1 F266L

GATA3 R3306

JAK2 V617F

Figure 32. Spherical fractality term panel.

10.2 Cases: filters and actions

n AFD betwe
but the

(SIMULATED) - PS_V5 THRESHOLD = 0.50

12 900% 9L7%  97.3%  73.3%

BENIGN ITIVITY SPEC

CONTROLS

40 PATHOGENIC WT - MUTANT PALRS (BREAST)

ALL (40) Inherited from v4 (12) N Review with advisor

Change

ot  Source Type |
v (canonical)

Oncogenic mechanism

taration of the DNA-binding donain (0B - 5 6
p.D2723A (D2723A) S G D LLLHAA ¢ ctional studies e @ matyze | &

BRCA2
»
ESR1 PO3 " .Y537S (Y537S) ‘f s o sran s chré:152.1 Mb @ anatyze
MYC » 01106 .T58A (T58A) U O ' M cost ALY ® anatyze
E:“m .P287T (P287T) BRI GUaC) 8 G cosM 9 @ analyze
CDK4 2 " .R24C (R24C) O et binding bitio e o o @ inatyze
CDK6 qo0s3 " .R31C (R31C) oG o 7 derequtated € cosmrc 7:92.4 Mo & anatyze
ATH Q133 . V26246 (V24246) ostabilization of the /e on Clinvar (Pathe S @ anatyze
.I157T (1157T) » e e Liny chr22 ® fnalyze

.L939W (L939W) of the Wee ClinVar (Pathogenic c  natyze

Figure 33. Case table filters and per-row actions.

All (40)
E New (28): pairs added in v5 (the active filter in the screenshot).

B Inherited from v4 (12): pairs carried over from the previous validation.
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n M Review with advisor: pairs flagged for review.
E 7 Analyze: takes the pair to the analysis section.
E £ 3D: opens the structure in the viewer.
Clicking “e Analyze” switches to “WT vs MUT Analysis” with the sequence, the name and the mutation

already loaded; all that is left is to click “ 7 Analyze WT vs Mutant”.

» SEQUENCE SETUP

CEEEPLDLITSLQNARDIQDMRIKKKQRQRVFPQPGSLYLAKTSTLPRISLKAAVGGQVPSACSHKQLY
TYGVSKHCIKINSKNAESFQFHTEDYFGKESLWTGKGIQLADGGWLIPSNDGKAGKEEFYRALCDTPGV
DPKLISRIWVYNHYRWIIWKLAAMECAFPKEFANRCLSPERVLLQLKYRYDTEIDRSRRSAIKKIMERD
DTAAKTLVLCVSDIISLSANISETSSNKTSSADTQKVAIIELTDGWYAVKAQLDPPLLAVLKNGRLTVG

BRCA2_D2723A_mama

Point mutation list

Figure 34. Pair BRCA2 D2723A loaded into the analysis form from the breast module.

10.3 Export

KMT2C S3662F
SF3B1 K760E
BCL2 A1136
RAD51D C119W
BARD1 C557S
STK11 T189M
JAK2 V617F
STAT3 D661Y
VEGFA P114L
TP53 P72R
BRCA1 S16136
BRCA1 P871L
BRCA2 N372H
BRCA2 V2466A
ATM D1853N
PALB2 Q559R
ERBB2 I655V
CDH1 A592T
BARD1 V507M
STK11 F354L

MET N375S

3 Export CSV (52 rows)

Figure 35. Results table (cases + controls) and the export button.

Export CSV (52 rows): downloads the 40 cases and the 12 controls.
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11. Changing the language

The ES / EN selector is fixed in the top-right corner and visible from every section. The choice is

remembered for your next visit. This manual uses the English interface.

Step 1. Click “ES” to switch the interface to Spanish (or “EN” to return to English).

Oncology Proteins

Figure 36. Clicking ES in the language selector.

Jncoldgicas

Figure 37. Selector with ES active: the header is now in Spanish.

ProteinDetlta .

Visualizacién 3D Molecular

® Proyecto de Grado - Univalle EISC

+ PROTEINAS ONCOLGGICAS @ ANALISI

B NOTEBOOK COLAB # VALIDACION

de dimensién fractal (FD_bc y FD_mr) calcul

» FASE 1 — MODULO PROTEINAS ONCOLOGICAS (5

BCR-ABL

BL1

~56% de todos Los canceres ~25% de todos los canceres Mutaciones germinales: 5-16% >95% de Leucenia Mieloide
hunanos humanos de cénceres mama/ovario T D (0 I Crénica

microcitico
fotspots: R175H - R248W - Hotspots: 612D - 612V - 612C Hotspots: €616 - R1699W - Hotspots: T315I - E255K -
R248Q - R273H - 612R V1736A - G1738E otspots: L858R - T796M - E255V - Y253F

exonl9del - C797S

» FASE 2 — PANEL DE VALIDACION (BLOQUE B) (17

Figure 38. The whole application in Spanish.
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The translation also applies to content the application generates later (tables, metrics, warnings). Numbers

and gene and mutation names do not change.

ProteinDelta — User Manual - 35



12. Recommended workflows

12.1 Quick exploration (simulated mode)

Step 1.
Step 2.
Step 3.

Q’Oncology Proteins - pick a protein = pick a mutation - “Load into Analysis”.
= WT vs MUT Analysis - “7° Analyze WT vs Mutant”.

Review metrics, classification and tabs; look at the structure in the £ 3D Molecular Viewer.

Useful for getting to know the tool and its logic. The values must not be cited as results.

12.2 Real-data analysis

Step 1.
Step 2.
Step 3.

Step 4.

Step 5.

& colab Notebook - download the notebook.
Run it in Google Colab with a GPU and the accurate profile; download all_outputs.zip.

- Import ColabFold = load the JSON files, both CSV files and, if possible, the PDB files -
“Analyze with real data”.

Review the results in =1 Analysis and & Fractal Dimension; look at the models in the £ 3D
viewer and highlight the microenvironment.

Export full_analysis.csv, results.json or all_outputs.zip.
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13. Troubleshooting

Situation

What to do

The 3D viewer stays empty.

Check your internet connection (structures are downloaded from RCSB)
and that WebGL is enabled in the browser. Try “Reset” or “Center”.

“Analyze with real data” shows a warning
and does not run.

rmsd_per_residue.csv or delta_sasa.csv is missing. Load them from
all_outputs.zip.

The local spatial FD shows “Not available”.

It needs the real WT and mutant PDB files in “Import ColabFold”. It does
not exist in simulated mode.

FD_mr shows “not computable”.

The Mass-Radius fit was not valid for that structure; the application does
not report an unreliable value.

The mutation is not accepted.

Use original residue + position + new residue with one-letter uppercase
codes (e.g. R175H).

The context bar says “simulated”.

The analysis was run without ColabFold files. For real data, follow workflow
12.2.
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14. Glossary

Term Meaning

WT / MUT Wild-type protein / protein carrying the mutation.

pLDDT AlphaFold2 per-residue confidence (0-100). Higher = more reliable.

AAG Change in folding free energy caused by the mutation (kcal/mol). Positive =

destabilizing.

Evolutionary fitness

How tolerant a position is to change, based on evolutionary conservation (0-1).

Ca RMSD Displacement of each residue's alpha carbon between WT and mutant after
superposition (A).

ASASA Change in solvent-accessible surface area (A2).

FD_bc/FD_mr Fractal dimension by Box-Counting / Mass-Radius.

Spherical FD Local FD in a 12 A sphere around the mutated residue.

PS_v4 Pathogenicity score combining AAG, fitness, ApLDDT and AFD_bc.

VUsS Variant of uncertain significance.

PDB File format and database of 3D protein structures (RCSB Protein Data Bank).

ColabFold An implementation of AlphaFold2 that runs in Google Colab.
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