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Protein structures are now being resolved at the atomic level, but deciphering their
molecular organization in the cell remains a challenge. SuperResNET 1is an
integrated machine learning-based analysis software for visualizing and quantifying
3D point cloud data acquired by single molecule localization microscopy (SMLM).
The computational modules of SuperResNET include correction for multiple
blinking of a single fluorophore, denoising, segmentation (clustering), and feature
extraction, which are then used for cluster group identification, modularity analysis,
blob retrieval and visualization in 2D and 3D. More recent updates to SuperResNET
allow two-channel interaction distance analysis to determine how two proteins
interact within macromolecular assemblies. SuperResNET can be effectively and
easily applied to any SMLM event list from which it rapidly learns macromolecular
architecture in the intact cell. SuperResNET makes super-resolution microscopy
accessible to biologists, with a GUI version for analysis of individual data sets and
a batch analysis version for statistical analysis of multiple replicates and conditions.
SuperResNET represents an analysis tool to discover protein architecture and
structural diversity in the cell.


Ghassan Hamarneh
Poster on next page


SuperResNET: Learning in-cell
macromolecular architecture from SMLM data

Ismail M. Khater', Y. Lydia Li¢, Timothy H. Wong?, Shane Eastwood®, Randy Panopio®, Ghassan Hamarneh®*, lvan R. Nabi**

*equal contribution; "Computer Engineering, Birzeit University, Ramallah, Palestine; “Life Sciences Institute, University of British Columbia, Vancouver, BC,

Canada; *School of Computing Science, Simon Fraser University, Vancouver, BC, Canada
| g

Protein structures are now being resolved at the atomic levelbut decipheriﬁ’g their'motecular orga)'ﬁization In the cell remains
a challenge. SuperResNET is an integrated machine learning-based analysis software for. visualizing and quantifying 3D
point cloud data acquired by single molecule localization microscopy (SMLM). The Computatlona'l modules of SuperResNET
include correction for multiple bllnklng of atsmgle fluorophore d’en0|smg segmentatlon (clustering),.and feature extraction,
which are then used for cluster group identificatian, modularlty aralysis; blob retrieval and visualization in.2D and 3D. More
recent updates to SuperReSNET’aIIow two- Channél mteractlon distance analysis to determirte_ how two proteins interact
within macromolecular assemblies, SuperResNET can be effectively and easily applled to any SMLM event list from which it
rapidly learns macromoIeCuIar architecture in the mtact’ceIL SuperResN ET makes super-resolution microscopy accessible to
biologists, with a GUI version for analysis of individual data’ sets and a batch analysis version fOr statlstlcal analysis of
multiple replicates and conditions. - i v
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SuperResNET is an a[ialysis tool to discover protein architecture and structural dive"r”_sify In the cell
SuperResNET Modules
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Filter Blob features

denoises data based on

Analysis

Merge & network analysis Segment Group

Load data

loads point cloud data and
provides histogram
visualization of localization
and the associated metadata

Ind|V|duaI blobs

visualizes individual blobs with
network connection at
user-defined proximity thresholds

Data Output
& Visualization

removes artifacts from multiple blinks
by iteratively merging localizations
within a merge threshold, and assesses
scale of clustering by Ripley’s
H-function

Blob modules

extracts and visualizes modules
of interacting molecules at
user-defined proximity thresholds

provides Mean-shift segmentation
for blob-like structures and
DBSCAN to segment structures
with other shapes

s
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comparison with degree
distribution of a random
network

extraction, quantification and
visualization of 30 features comprising
size, shape, topology/hollowness,
statistical and network features of
segmented blobs and reports
histograms of the features

assigns group to segmented blobs
based on selected features through
K-means clustering, reports
color-coded histograms of grouped
features, assesses grouping using
t-SNE or silhouette methods

Blob retrieval

retrieves representative blobs from
each group with visualization of
localization, network, and

Blob interaction

loads multiple data sets and
identifies localizations in close
proximity within interacting blobs

Quantitative output for statistical analysis
quantification of cluster features, grouping based on cluster
features, network and modularity analysis of individual clusters

for individual blobs boundaries in 2D and 3D
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‘Modularity analysis resolves Nup96
“corners from dSTORM data o
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SuperResNET Examples

Identlflcatlon of novel subcellular structures

SuperResNet SMLM
analysis identifies 85
complexes and
caveolae matching
cryoEM structures as
as well as novel
higher order CAV1
oligomers

S1B scaffolds
= S1A dimers

S1A scaffolds (10-15 CAV1’s)
= 8S complexes (11 CAV1s)

Scaffold S1B

Scaffold S1A

ADVANCED INTELLIGENT SYSTEMS
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SuperResNET: Model-Free Single-Molecule Network Analysis "‘
Software Achieves Molecular Resolution of Nup96

S2 scaffolds
= hemispherical 8S oligomers

Caveolae = 6-7 S1B scaffolds (i.e. dimers) = “dodecahedrons

Caveolae

SuperResNET interaction analysis

e Processes two (or more) SMLM data sets and identifies
localizations from the two data sets in close proximity
~» ¢ Example shows cavin-1 (blue) interacting with a
% Cav1-labeled caveolae (yellow and red)

SuperResNET Features

W, e Den v1 points in proximity t vin-1 are inr
GUI and non-GUI batch analysis versions o S C E N T | F ‘ C R E PQRTS ense Ca po S ’p‘o nity'lo ca are in red

e Imports file formats: .bin;.ascii; .xyz; .txt; .mat; .csv gl e e ane Fon chemnmrnen e Ropen e 3

« E s high ution fi (iff Jf Super—resolutlon modularlty analy5|s shows polyhedral

XpOrs high-resoidtion Ngures (tiff, png, pdt, eps...) caveolin-1 oligomers combine toform scaffolds and caveolae
and quantitative data (for Excel, R, Matlab, Python...) . _
e Load and easily switch between multiple datasets ' _ 2 . o
Detection of changes to molecular structure due:

SuperResNET-specific analysis methods SRR , . s

e Alpha filtering of random network-like blinks to small molecule mhlbltOrS a.nd pOmt ”,“.Utat'O”S..

® Merge analysis to correct for multlple bllnklng M SuperResNET detects changes to membrane Wild type CAVA CAV1 CSD mutant

: | Cav1 domains structure due to the " Caveolin- | \ 3

e 30 features (Sl_ze, Shape, Topplo_gy, Network) FO2A VO4A mutation of the mm Caveoln ScaffodingDomain ‘ N

e Feature selection and normalization caveolin scaffolding domain (CSD)

e Convex hull analysis Q ’ '

MINFLUX nanometer-scale 3D imaging and 3D MINFLUX
P Modularlty anaIyS|S S C | E N T | |: | C R E PQ RT S N Con;/:;kl;:tjtllro microsecond- range tracking on a common
P Dual-channel interaction distance ana|ysis ¥ Single molecule network analysis identifies structural changes EOEnETgRA s
to caveolae and scaffolds due to mutation of the caveolin-1 scaffolding domain o Y
Established Analysis Methods el . . e N
i ’ i Ternary shape analysis R’
°
Rlpley s H fUﬂCtIOﬂ , shows inhibitors of clathrin
e K-means and DBSCAN Clusterlng endocytosis (Pitstop, B te R
® Mean Shlft Segmentation dynasore and latrunculin A) ‘
) differentially impact the
e Network anaIyS|s .. Shape of clathrin coated pits

Visualization
e 2D and 3D point clouds

N etWO I’kS SuperResNET — single-molecule network analysis detects
. . . . . changes to clathrin structure induced by small-molecule inhibitors
P a I rWI S e fe atu re VI S u a I I Zatl O n Timothy H. Wong"*, Ismail M. Khater?>*, Christian Hallgrimson?, Y. Lydia Li', Ghassan Hamarneh?+$ and
Ivan R. Nabi"*+
Convex hull -

Retrieval of most representative blobs

Idantificatinn aof hloh commiinitice (modiilarityv)
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