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Cryo-ET data processing in
nextPYP
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Tools for cryo-EM/ET data collection and analysis
nextPYP: cryo-EM/ET data

| processina

SmartScope: automated screening

BISECT: Beam-image shift
tomography

se844%
se844%
se844%
se844%
sAR20%
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nextPYP

A scalable, end-to-end platform for single-particle cryo-EM/ET image analysis

e Portable, fully-featured web-based GUI and CLI

e End-to-end single-particle cryo-EM/ET pipelines

e Small storage footprint

e Distributed processing for scalability to large datasets

o Free and open source:

o github.com/nextpyp

o BSD 3-Clause license

2025 NYSBC Tomography Course  |nextPyP


http://github.com/nextpyp

Portability,
web-based platf

(v D =)

« |nextpypP = @Help &Demo
V063
=00
All Projects - Showing 3 of 3 projects
P3-EMPIAR-10304 & User

P2-EMPIAR-10164 & User

C lnexteyp, o

P1-EMPIAR-10025 & User

2025 NYSBC Tomography Course



Integrated data visualization tools

n Iteration 11 of 11

Select an MRC file to download

Projections/Slices

[Defocus Di:

Ori
4,070 out of 28,489 projections
Particle Counts

600
400
200
ol
0
0 10 20

Defocus Group

Orientation Group

[ MapView  B3Class View @ 3D View

Watch cass (N2 @

Showing refinement Iteration 11, Class 3, completed on 3/17/2023, 11:29:53 PM

Resolution -

FSC between half-maps

Fourier Shell Correlation

Resolution (1/A)

—— Iteration 4
eration 5 —— Iteration 6  —— Iteration 7

—— Iteration 2

= Iteration 11

- Refinement Statistics -

28,489 projections
Mean Score
View (Azimuth) Defocus Score (cutoff=1.63)
| | | 0.1
15 0.05 0.05
U 5 10 15 20 U 5 10 15 20 uU 5 10 15 20

Occupancy (mean=" 14 ZglngP (mean=-2092.83) _ Sigma (mean=6.44)

5
T4 . 15
04 0.005
0 .02 053
g : 9 o

220, 220, g,

20 40 60 80 100

Defocus Group

CMapView @30 View
Map Display

ChooseMap1 Class 1, ler3

ChooseMap2 Class 1, fter2

[= ] v e

[

Gom oo

Tits | Alignment

D o o |2560MB:

‘Tomogram Slices

imege  640(128 B

cTF

545

8%

S61MB | 655MB
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From raw tilt-series to 3D structure

1. Frame/tilt-series
alignment

Patch-based
Aligned
tilt-series

Fiducial-based

2. CTF estimation and

reconstruction

Binned
tomogram

3. Particle
picking

Size-based

Geometry-based

Neural network-based

4, Constrained
refinement

Ab-initio

v

Particle and tilt-
geometry
refinement

v

Region-based
refinement

:

Particle-based
CTF refinement

6. Movie-frame
refinement

5. Constrained
classification

Particle
trajectories

Final
maps

Particle 3D
projections classes

2025 NYSBC Tomography Course
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Intuitive block-based user interface

@ ‘ nextPYP @ Dashboard 3" SPA Multiclass © Help & Jeff
v0.6.3
= Run Button
Johs
|lat. Pre-processing % = |© Particle refinement o= Q (T);g:;/ \

[2 single Particle (from Raw Data) % =
> @Run1lat11:46 AM

> @Run 12 at 11:47 AM
> @Run 13 at 11:59 AM
v ®Run 14 at 12:13 PM
v @ Particle refinement
@ Launch
: : ; @ lteration 2 (split)
2 micrograph(s) S 98 from 295 projections 92

/media/rawdatalold-pyp-tests/spr... 0 particle(s) Ité\ation 4 o Iteratfon 2 (mejge)

2ilets) 1 Movies Partic es .._———-. icles Particles (@] © iteration 3 (split) o
@ 2

k — J \ } @ Iteration 3 (classmerge)

93

Block Data i
. 92

Con neCtlon Prog ress @ Iteration 4 (classmerge) [E)
o3

an d R esu ItS \ @ Iteration 4 (merge)
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Scalability

Temporary scratch storage

Storage efficiency ;é;é ﬁ
><

Bundle 2

e Heavily binned tomograms e
><<

e No sub-volumes :

Bundle N

e No particle-stacks

Tilt-series E Particle Aligned pamcle Intermediate
projections projections reconstructions

Scalability to large datasets

Scalable
architecture for pafinnes
° ngh_core CPU archltectu res SP-CET refg;:':’:m T
cycle

° Fa St I oca I I /O (S S D S) Merged reconstruction

2025 NYSBC Tomography Course
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Validation using tilt-series of apoferritin

0.00 0.10 0.30 0.50 0.68
Resolution (1/A)

1.8 A resolution map (32k particles, 100 tilt series, EMPIAR-11273)

2025 NYSBC Tomography Course  |nextPyP



https://www.ebi.ac.uk/pdbe/emdb/empiar/entry/11273

On-the-fly pre-p

rocessing

@ Help & admin

—
c |nextPVP @ Dashboard B Sessions 4 $20-Membrane-Protein-Copy
v0.6.2
Total: 1,307 tilt-series, 0 auto particle(s)
Voltage 300 kv, Pixel size 1.383 A, Dose rate 1 /A2, Particle radius 20 A
Z=Settings % Operation L Plots EBTable ®Gallery LI Tilt Series
CTF Fit Est. Resolution (A) Defocus 1 vs Defocus 2
3 40k
4
2 30k
20k
1
10k
9 0.15 0.2 0.25 —20k o 20k 40k 60k
g 40k|
g 30k|
&
]
2 204
8
= lﬂkl/ Name
Time 2/27/2024, 10:51:16 PM
z CTFFit 0.20
‘g' 6l Est. Resolution (A) 4.02
S Defocus 1(A) 29016.9
g N Defocus 2 (A) 28750.0
3 4‘ Angast 411
g Avgerage Motion (pixels) 603.35
@ 3[ Number Particles 0
a 1000
g
3
Z 500
s
g AR ERLN T WPV Y ¥R TV i IR
Pl
1
8
2 o
e
5 0
8
£ -0.5]
2
=t

.))

Total: 1,307 tilt-series, 0 auto particle(s)
Voltage 300 kV, Pixel size 1.383 A, Dose rate 1 e"/A?, Particle radius 20 A

& Operation EB Table

nEamno e el

Name: 1466_9, processed on 2/27/2024, 10:34:56 PM

Lt Plots

= Settings M Gallery LI Tilt Series

Watch

CTF Reconstruction

640f128 P

Image

No particles to show




Other notable features

e Easy toinstall and configure

Standalone or cluster mode (CPU or GPU)
e Provides easy access to a range of external tools:
o cryoCARE, IsoNet, tomoDRGN, Topaz, AreTomoZ2,

MotionCor3, membrain-seg, etc.

Interoperable with other tomography packages

2025 NYSBC Tomography Course  |nextPyP



Version history

Oct. 23’ Apr. 24’ Apr. 25’

v0.5.0 v0.6.5 v0.7.0

What’s new in 0.7.0
e New dedicated blocks for particle picking
e New blocks for ML-based operations (denosing, picking, heterogeneity)
o 2x faster refinement, 50% reduction in storage
e Easier to install, maintain, and configure (SLURM templates, OS users)
e Better compatibility with external packages

e Updated documentation and many other bug fixes and Ul improvements

2025 NYSBC Tomography Course  |nextPyP
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Setup

Web-access to instances running in the Bartesaghi Lab

° Compute resources

CPU RAM SSDs
cores (GB/core) (GB/core)
372 4 45

e We won’t run any operations requiring GPUs
e We will use pre-calculated initial alignments (time constraints)

e Access will remain active until Sunday 4/6 9PM EST

2025 NYSBC Tomography Course  |nextPyP



Datasets

Dataset 2 Dataset 3

Dataset 1

illed cells

m

FIB

ial cells

1 Gag Whole bacter

Immature HIV

EMPIAR-10499 EMPIAR-10987

EMPIAR-10164




Goal of practical: structure of HIV-1 CA-SP1

EMPIAR-10164 ot 3 snce 2016 oxtPYP B

Tilt-series 43 3
Particles 64,340 5,000

Resolution 394 ~394A

EMD-4015
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Agenda

Tuesday, April 1st, 2025 - day 1 Wednesday, April 2nd, 2025 - day 2

Time (Eastern Time) Session Time (Eastern Time) Practical Session

Introduction On-the-fly processing and Q&A

12:00PM -12:30 PM Overview of nextPYP
e Features, architecture, and Ul
e Goals and overview of the practical

9:00 AM - 9:45 AM Live processing
e Managing access to sessions (user groups)
e Converting raw tilt-series to particle coordinates on-the-fly

12:30 PM-12:45PM Setup e Importing sessions as projects
Exporting sessions to external programs
Session 1 - Pre-processing and particle picking Q&A: Aportng : % Pros
12:45PM-2:15PM Pre-processing = End of nextPYP practical
nd of nex practical

e Frame and tilt-series alignment (fiducials and patch tracking)
e CTF estimation and handedness determination
e Filtering of tilt-series for downstream processing
Particle picking
e Geometry-based (EMPIAR-10164)
e Size-based (EMPIAR-10499)
e Neural network-based (EMPIAR-10987)
e Manual picking and editing

2:15PM-2:30 PM Break

Session 2 - 3D reconstruction and refinement

2:30 PM - 4:00 PM Reconstruction and particle filtering
e Reference-based refinement and data-driven dose weighting
e Score-based and duplicate particle removal
High-resolution refinement
e Tilt-geometry and particle orientation refinement
e Region-based refinement
e Movie frame refinement
e Post-processing

4:.00PM-4:15PM Break

Wrap-up

4:15PM-4:45PM Advanced topics and new features

e Administration, configuration, and command line interface
e Blocks to execute ML-based operations

e Cellular pattern mining and protein localization (MiLoPYP)
e Heterogeneity analysis

4:45 PM-5:30 PM Q&A -Endofday 1

20 SBC Tomography Course  |nextPyP




e Movie-frame alignment e CTF determination
o Unblur o Per-tilt estimation
o Motioncor3 o Handedness determination
e Tilt-series alignment e Tomogram reconstruction
o IMOD (fiducials, patch o WBP, fakeSIRT (IMOD)
tracking) o WBP/SART (AreTomo?2)
o AreTomo?2 o Erase gold fiducials

2025 NYSBC Tomography Course  |nextPyP



Session 1 Pre-processing

Y :
@ AeXtPYP @ Dashboard %" P46-10164-workflow B9-Pre-processing x
v0.7.0
' xs 3 =5 Show advanced options
B Import Data a Import Workflow = 4 My Selection v =
Frame alignment CTF determination Tilt-series alignment Tomogram reconstruction Resources
@ Min resolution (A) 50 Minimum resolution used for CTF estimation
ﬁ B17-Tomography (from Raw Data) =
e rﬁ B18-Pre-processing (s) Max resolution (A) 5 Maximum resolution used for CTF estimation

@ Rename D) Min defocus (A) 3500 Minimum allowable defocus

Copy

[ Edit (o) Max defocus (A) 50000 Maximum allowable defocus

£ Navigate t§) latest logs @ Tile size 512 H Tile size used for periodogram averaging

4 Show filesytem location
@ Defocus step size (A) 250 Step size used during defocus search

& Make runnab

@ Delete files andl data @ Estimate astigmatism Estimate astigmatism angle

/nfs/bartesaghilab/nextpyp/to & Delete (D) Astigmatism step size =~ 2500 Step size used during astigmatism search
205 file(s) 5 tilt-series (A)
Tilt-series -— Tilt-series Tomograms
\ -L- g @ Min tilt to detect tilt 10 Tilt angles with absolute values lower than this number will not
handedness be used for handedness estimation
@ Max tilt to detect tilt 50 Tilt angles with absolute values higher than this number will not
handedness be used for handedness estimation




4 )
e Geometry-based
o Surface segmentation
. Constrained picking y
(e Size-based h
o Suitable for globular
proteins
G J
(e Neural network-based
o Sparse labels
L o Training on GPU y

e Import coordinates
o From other programs
o IMOD format

2025 NYSBC Tomography Course  |nextPyP

\_

4 )
e Manual
o User-friendly
Scalable
. y
( )

J

e Template-search
o pytom-match-pick
o Requires GPU to run



Session 1

( |nextPVP @ Dashboard %" P1-10164
v0.7.0

3 Import Data 2" Import Workflow

Particle picking Size-based & NN-based

“ B7-Tomography (from Raw Data) =

; [
H B8-Pre-processing h B9-Particle-Picking

Infs/bartesaghilab/nextpyp/work... i ¥
123 file(s) 3 tilt-series

Tilt-series H Tilt-series

Delete files an{| data

Tomograms -—

Dataset 2 (EMPIAR-10499)
Dataset 3 (EMPIAR-10987)

B10-Particle-Picking

Filter tomograms

(None)

Show advanced options

Particle detection Particle extraction Resources

(D)Detection method = none - ‘ Strategy to use for

size-based
import
manual
virions

template-search (pytom)

(s Particle 50 Size to use for particle

radius (A) detection

2025 NYSBC Tomography Course ( ‘nextPVP



Session 1 Particle picking Geometry-based

Step 1: Step 2: Step 3:
Detect virion centers Segment virions Pick particles

Template-based

Uniform-based

Dataset 1 (EMPIAR-10164)




Session 1 Particle picking Geometry-based

Step 1: Step 2: Step 3:
Detect virion Segment Pick
centers

virions particles

o
@ |nextPVP @ Dashboard 5" P46-10164-workflow
v0.7.0

8 Import Data 82" Import Workflow =

“ B17-Tomography (from Raw Data) =

© Help & user

\ 4

f - f - N
“ B19-Particle-Picking H -BZO-Segmentation (closed surfaces) =

\ 4

A 4 Jobs
\

(- - — =
iBm-Pamcle-Pn:kmg (closed surfaces) = > Older

> Today

205 file(s)

5 tilt-series

Titt-series (@I Tilt

41 particles 41 surfaces

grams @ L-. Tomograms Particles -J L. Particles

29,513 particles

J E (closed) ! Particles g II

(closed)

2025 NYSBC Tomography Course

| nextpyP



Session 2 3D refinement - Overview

=
c ‘neXtPVP @ Dashboard 5" P1-workshop
Vv07.0

8 Import Data 2" Import Workflow

E B8-Tomography (from Raw Data) =

© Help & Alberto

.))

Jobs

> Older
> Today

“ B9-Pre-processing

|© B10-Particle-Picking

B11-Particle refinement = © B13-Particle refinement

B14-Movie refinement

B15-Post-processing

Infs/bartesaghilab/nextpyp/work...
123 file(s)

597,413 from 602,883 projections 163,790 from 163,809 projections 1,496,542 from 1,496,732 projections

3 tilt-series

19,972 particles

Iteration 2 Iteration 3 Iteration 2 Sharpened map
Tilt-series -—. Tilt-series Tomograms .—. Tomograms. Particles Particles Particles Particles Frames Particles
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
Import Import Particle Region-based  Movie-frame Post-
coordinates alignments filtering refinement Refinement Processing

2025 NYSBC Tomography Course
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Import/export particle coordinates

e 19,972 particles exported in IMOD format (*.spk files)

e Import coordinates to ensure consistency during refinement

~6,500 particles
per tilt-series

TS_01 TS_43 TS_45

2025 NYSBC Tomography Course ( ’nextPVP



Import alignments from reference-based refinement

e Create 3D reconstruction from particle projections

e Data-driven dose-weighting

o o o =
> o © =)

Cumulative weights

Normalized mean score
°
9

=4
o

%%%%%%%%%% ,\0,\'\,,\1{5\,&{),@,@ x“’x‘”?&’ﬂf"ﬁ‘@"m"*ﬁ*&ﬂ&@’?ﬂ?
Order of acquisition

1/10 15
Frequency (1/A)

2025 NYSBC Tomography Course ( |nextPVP



Particle filtering

e Remove particles with low scores

e Remove duplicates

400 1

300 1

Population

200

100 1

Mean score

Zhou, Y.et al. (2019) Unsupervised particle sorting for high-resolution single-particle cryo-EM, /nverse Problems, 36, 044002.

2025 NYSBC Tomography Course ( |nextPVP



Constrained refinement

e Refine particle orientations e Region-based refinement

e Refine tilt-geometry using particle data

Py P, Py

I I I

i 2 3

I I Ig
6 —
Ir I I
= . : :

6

M,

2025 NYSBC Tomography Course ( ’nextPVP



Movie-frame refinement

/=
\

Cummulative weights

e 5,000 particles

e 41 tilts x 8 frames = 328 projections/particle 0 110 /5 va a7
. . . Frequency (1/A)
e ~1.5M particle projections Global frame number I

1 328

2025 NYSBC Tomography Course ( |nextPVP




Session 2 Post-processing

o~
@ lnextPYP @ Dashboard 5" P1-workshop #r B15-Post-processing © Help & Alberto
070

CJ Reconstruction © 3D View = Resolution =

. Masked FSC between half-maps

Choose Map 1 Choose Map 2 | contour vatue [N 057

Class 1, Iter2  ~ v Level of detail [N 1
2

- Advanced options

[ sharoness NN 5000
Brightness ] 058

Contrast 1

c
o
+J
L)
[]
_
_
Col 8
-olormap viridis v

Render style_[iso ) — 05
Map 2 color n
I Reset to default parameters :1-)

Close Controls ‘T 0.143
3

[ 0

0 01 0.2 0.3
Resolution (1/A)
Unmasked Masked

—— Phase randomized === Corrected

Model 1 loaded (12.9 MiB).

2025 NYSBC Tomography Course ( ’nextPVP



Session 2 Overview

=
c ‘neXtPVP @ Dashboard 5" P1-workshop
Vv07.0

8 Import Data 2" Import Workflow

E B8-Tomography (from Raw Data) =

© Help & Alberto

.))

Jobs

> Older
> Today

|14 B9-Pre-processing

|© B10-Particle-Picking

B11-Particle refinement = © B13-Particle refinement

B14-Movie refinement

B15-Post-processing =

Infs/bartesaghilab/nextpyp/work... i E
123 file(s) 3 tilt-series

597,413 from 602,883 projections

163,790 from 163,809 projections 1,496,542 from 1,496,732 projections
Iteration 2

Iteration 3 Iteration 2

19,972 particles

Sharpened map
Tilt-series -—. Tilt-series Tomograms .—. Tomograms Particles

Particles Particles Particles Frames Particles.

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6

T Import Import Particle Region-based  Movie-frame Post-
oyt olscirottamotaphy ot imetirg HVAMAGANGVLPS coordinates alignments filtering refinement Refinement Processing

U1 min U3 min U5 min 20 min 20 min U1 min

Biggz

Science 359 506508 (2016)
PMD: 27417457
0011011285070 315620




Instructions for the practical

=
@ ‘ nextPYP @ Dashboard " P68-NYSBC practical © Help |& user
v0.7.0
3 Import Data S Import Workflow C |nextpvp 07.0 - e

Home Installation Tutorials User Guide Configuration CLI About

Tuterials NYSBC course: nextPYP practical (day 1) Table of contents

Single-particle Datasets

Tomography Session 1: Pre-processing and
Classification This session shows how to use nextPYP to convert raw tilt-series from EMPIAR-10764 into a particle picking
Single-particle session ~4A resolution structure of immature HIV-1 Gag protein. We will also cover pre-processing, Create a new project
Tomography session tomogram reconstruction, and particle-picking for two other datasets representative of datatypes :))rac:taesi:tf:c::r:nm\a/z”\iliasg
Import/export often processed in tomography.

Dataset 2: Ribosomes (whole
NYSBC course (day 1) Mycoplasma cells)

NYSBC course (day 2) Dataset 3: Ribosomes

Datasets (lamellae from mouse
epithelial cells)
1. Immature Gag protein from HIV-1 Virus-Like Particles (EMPIAR-10164) Session 2: 3D reconstruction

and refinement
= 2. Ribosomes from whole Mycoplasma pneumoniae cells (EMPIAR-10499)

Day 1 summary
3. Ribosomes from FIB-SEM milled mouse eplithelial cells (EMPIAR-10987)

Session 1: Pre-processing and particle picking

In this session we will import frames, perform pre-processing and tomogram reconstruction, and
pick particles for HIV VLPs together. We will also import workflows to pick ribosomes from
whole Mycoplasma cells and lamellae cut from mouse epithelial cells.
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Q&A

Bartesaghi Lab
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New features and advanced
topics

Bartesaghi Lab
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Recap

Ld
Session 1
C nextPYP @ Dashboard “* P46-10164-workflow © Help & user
@ | V070

Import Data 2" Import Workflow .

|& B17-Tomography (from Raw Data) =

.))

Jobs

> Older
> Today

\

(- )
B18-Pre-processing B20-Segmentation (closed surfaces) =

B21-Particle-Picking (closed surfaces) =

205 file(s) 5 tilt-series 41 particles 41 surfaces

29,513 particles
Tilt-series. Tomograms Particles Particles Segmentation (closed) Segmentation (closed) Particles
— = \= —

Session 2

~—
& ‘neXtPVP @ Dashboard 5" P1-workshop © Help & Alberto
v0.70

Import Data =" Import Workflow .

[& B8-Tomography (from Raw Data) = Jobs
A e 3R |14 B9-Pre-processing = | [© B10-Particle-Picking =

.))

> Older
> Today

'© B13-Particle refinement B14-Movie refinement

M= -

597,413 from 602,883 projections 163,790 from 163,809 projections 1,496,542 from 1,496,732 projections
Iteration 2 Iteration 3

Infs/bartesaghilabjnextpyp/work...
123 file(s)

3 tilt-series 19,972 particles Iteration 2 Sharpened map

Tilt-series (@) Titt-series Tomograms g—. Tomograms Particles. Particles. Particles. Particles.




Workflows

Pre-defined block sequences with pre-set parameters

P
@ ‘nextPVP @ Dashboard 5" P2-Project
v0.6.2

8 Import Data %" Import Workflow

o T

/

Import workflow

2025 NYSBC course: Pre-procesing (EMPIAR-10499) Import

Import and pre-process tilt-series from EMPIAR-10499.

2025 NYSBC course: Pre-procesing (EMPIAR-10987) Import

Import and pre-process tilt-series from EMPIAR-10987.

IIIX/

2025 NYSBC course: end-to-end processing (EMPIAR-10164) Import

Convert raw movies from EMPIAR-10164 (HIV-1 Gag) into a ~4A resolution structure.

2025 NYSBC Tomography Course  |nextPyP



PYP: command line interface (CLI)

. nextPYP
Q Q search ©065 %8 F0

« |nextPyP 0.7.0 ~

. Step 6: Fully constrained
# cd to a location in the shared file system and run: refinement
Step 7: Filter particles
wget h‘;tps 5 /inextzyp 5 appifli!.ei/dzta/nextpyp_tomo_tutor1a1 .tbz Step 8 (optional): Permanently
tar xvfz nextpyp_tomo_tutorial.tbz remove bad particles
Step 9: Region-based
refinement before masking
Step 1: Create a new project Step 10: Create shape mask
Step 11: Region-based
Next, we create an empty folder where all files for the tutorial will be saved: refinement after masking
Step 12: Particle-based CTF
mkdir EMPIAR-10164 refinement
cd EMPIAR-10164 Step 13: Movie frame
refinement
Step 14: Refinement after movie
2 H frame refinement
Step 2: Pre-processing
Step 15: Map sharpening
g
2025 SBC Tomography Course @ | nextPYP

Home Installation Tutorials User Guide Configuration CLI About

e

CLI

Installation

Single-particle tutorial
Tomography tutorial
Classification tutorial
Single-particle import/export

Tomography import/export

Tomography tutorial

This tutorial shows how to convert tilt-series from the HIV-1 Gag (EMPIAR-10164) dataset into a
~3A resolution structure.

We first download and decompress a .tbz file containing a subset of 5 tilt-series (down-
sampled 2x compared to the original data), and an initial model:

Table of contents
Step 1: Create a new project
Step 2: Pre-processing

Step 3 (optional): Virion
segmentation

Step 4: Particle detection

Step 5: Reference-based
refinement



Importing data into nextPYP

Import
Relion refinement star file ﬂ n (none) Star file from RELION refine3d job
Relion tomogram star file ﬂ n (none) Star from RELION ImportTomo job
& Tomography (from Star)
Relion project path ﬂ n (none) Path to the relion main project where all the jobs were running
Path to existing CLI project ﬂ n (none) Path to existing CLI project
& Tomography (from PYP)
Use metadata Retrieve existing metadata (if available)
Session
& Tomography (from Session) Select and begin typing

2025 NYSBC Tomography Course  |nextPyP



Exporting data to external programs

Reconstruction Classification Exposure weighting Denoising

Export metadata

Output format = Star

Input parfile ﬂ n (none)
Output folder ﬂ n (none)

nextPYP particle
refinement block

2025 NYSBC Tomography Course  |nextPyP

Export

Export

tomograms.star
particles.star
project folders/Movies




Blocks for ML-based operations

Training Evaluation

L Tomograms H Tomograms Trained Model H Trained Model Tomograms q

e Denoising (Topaz, IsoNet, cryoCARE)
e Particle picking
e Segmentation (membrain-seg, eval only)

e Continuous heterogeneity (tomoDRGN)

2025 NYSBC Tomography Course  |nextPyP



Example: NN-based tomogram denoising

cryoCARE

82 file(s)

ﬁ B1-Tomography (fro

1

Infs/bartesaghilab/nextpyp/tomo...

m Raw Data) = )

B2-Pre-processing

2 tilt-series

Tilt-series H Tilt-series

Tomograms -—

Trainin

(
(8 B6-cryoCARE (train)

CryoCARE training loss

55 —— Mean Squared Evor

o 2 50 s w0 s
Step

s us a0

L. Tomograms

Denoising Model -)

Evaluation

(ﬁ B7-cryoCARE (eval) =

2 tilt-series

Denoising Model
»

Tomograms -
'/

2025 NYSBC Tomography Course

| nextpyP



Setting training/evaluation parameters

B6-cryoCARE (train) x
Filter tomograms
Filtered i
(None)

Filtered

Show advanced options
Tomogram denoising Resources
@ Method  cryocare ~  Denoise tomograms with selected method
Mask shape = 0,0,0 Mask shape in x,y,z covering the center of tomogram

Patch shape 72 Per dimension size of the sub-volumes used for training (cubic shape >= 64x64x64)

Number of slices 500 Number of sub-voll per

Split ratio 0.9 Train/validation ratio

@ @ @ @ @

Sub-tomograms for statistics 400 Number of sub-volumes per tomogram used to compute mean and standard deviation for normalization (<number of slices)

[

Number of epochs 1 Number of epochs used to train the network

Gradient steps 200 Number of gradient steps performed per epoch
Batch size 16 Number of training samples to use before the model parameters are updated
Kernel size 3 Convolution kernel size of the U-Net. Has to be an odd number

Unet depth (train) 3 Depth of the U-Net

@ 8 @ @ @

Initial feature channels 16 Number of initial feature channels

)




MiLoPYP: cellular pattern mining

2D grid visualization 3D tomogram visualization

Self-supervised
— cellular content —
exploration

Tilt series

Huang, Q. et al. (2024) MiLoPYP: self-supervised molecular pattern mining and particle localization in situ. Nat Meth, 21:1863-1872.
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MiLoPYP: particle refinement module

Refinement module Particle mode detection

Labels for Particle-specific
ribosomes post-processing
Few shot
refinement
Microtubule/Fiber mode detection
Labels for Microtubule-specific
microtubules post-processing

2025 NYSBC Tomography Course



70S M. pneumoniae cells (EMPIAR-10499)

2D grid visualization 3D tomogram visualization

10
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06 i
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02

Ribosomes

i DR
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02 04 - 08 10
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70S M. pneumoniae cells (EMPIAR-10499)

ion

Output from particle mode detect

t tomogram

inpu

Partially annotated




Mouse epithelial cells (EMPIAR-10987)

a 2D grid visualization 3D tomogram visualization

Mlcrotubules Rlbosomes

RS %ﬁ%%%&ﬂ%[[ ﬁi%@ mm%}




Detection and refinement of multiple species

b Output from particle and microtubule mode detection Cc d

LTI » NG SN L S A ’
RN s ""‘"fsé"g;;f"""‘?'-' :
i LA 8 e al " ) ! - -

2025 NYSBC Tomography Course ( |nextPVP



Blocks for running MiLoPYP

Exploration Localization

& B187-Tomography (from Raw Data) = 7~ ~
: L4 B188-Pre-processing = [Q‘ B193-Particle-Picking (eval) & =
(- N
(@ B191-MiLOPYP (eval) =
T~ ) -\
@ B189-MiLoPYP (train) =) r[ﬁ B192-Particle-Picking (train) =
Infs/bartesaghilab/nextpyp/tomo _/,// i i ) N B
82 file(s) e nom oo : "l a0 ) R ’ Yoo : 0 particles
Tilt-series Tilt-series MiLoPYP Model m MiLoPYP Model  MiLoPYP particles ] Particles Particles Model Particles Model Particles
—m_ LA\ @ A\ L\ =)
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Ul for cellular pattern mining

P
@ |nextPVP @ Dashboard 5" P66-nysbc @ B32-MiLoPYP (eval) © Help & user
v0.7.0

MiloPYP Pattern Mining =
Voltage 300 kV, Pixel size 1.7 A, Dose rate 1 e"/A?

L Mapping M Gallery CJ Tomograms

Download:  (ERIIIELE) Upload: (EEEAiEE D)

Class labels UMAP embedding ﬂ

10

et

=
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Tools to study conformational heterogeneity

Class 1 Class 3

ls

50S
7 -
2
(W
o
>
30S
e )
Class 1 (28%) 5,086 particles Class 2 (30%) 5,449 particles Class 3 (42%) 7,629 particles
EF-Tu-tRNA P-site tRNA A- and P-site tRNAs A- and P-site tRNAs - P-tRNA
L1 stalk open L1 stalk open L1 stalk intermediate
Decoding Classical, non-rotated Classical, non-rotated - EF-Tu-tRNA -
(PDB ID 7PAK) (PDB ID 7PAL) (PDB ID 7PAL)

B AtRNA

2025 NYSBC Tomography Course Classification of 70S ribosomes from intact cells (EMPIAR-10499) C |nextpvp



Discrete heterogeneity (3D classification)

Constrained
classification

Particle Classified
projections particles

3D classes

( ‘ngxtpvp @ Dashboard %" P9-EMPIAR-10304 © B12-Particle refinement
wazo

© Help & user
DReconstruction B Class View i Classes Movie

15 Exposure Weights ~ @3D View & Metadata

n 21 of 21 Gwach  casses PO OOOOQO

Projections|Slices

Resolution Occupancy
FSC between half-maps Particle class assignments
p

Fourier Shell Correlation

i |
0.143| 2| “
|

Resolution (1/A) aicles (100X)

Class 1 Class2 —— Class 3 Class ¢

Class 5

Class 6 Class7 —— Class 8




Continuous heterogeneity (tomoDRGN)

C [nextPYP @ Dssrbosrd %7 Po-EMPIAR-10304 35 Bi6-tomaDRON (anslyze volumes) @ Help S user
! w00

IC [nextPYP @ ossnoxa ¥ po-auA10308 28 15-0mDRON arabze (e
e e e ST Y St e e ey (im0 i) 2 i 19 P S o
VENEEEEEOHODO0ODD
~ o EEIE -~ 0000000000 XX EX
Classes

[ ] - - [ - BB roreee BEE

D). fle TOMB!

¢ .
UMAP (labels) H UMAP (hexbin) ‘ PCA (labels) ‘ i i :

' o PoA subpiots) BB s s B ciess istrvution [

7 aa s

per tomogram

|

s, e S

et

M

s Koy

v M Tyl
s ]

s

vecrge,
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On-the-fly pre-p

rocessing

@ Help & admin

—
c |nextPVP @ Dashboard B Sessions 4 $20-Membrane-Protein-Copy
v0.6.2
Total: 1,307 tilt-series, 0 auto particle(s)
Voltage 300 kv, Pixel size 1.383 A, Dose rate 1 /A2, Particle radius 20 A
Z=Settings % Operation L Plots EBTable ®Gallery LI Tilt Series
CTF Fit Est. Resolution (A) Defocus 1 vs Defocus 2
3 40k
4
2 30k
20k
1
10k
9 0.15 0.2 0.25 —20k o 20k 40k 60k
g 40k|
g 30k|
&
]
2 204
8
= lﬂkl/ Name
Time 2/27/2024, 10:51:16 PM
z CTFFit 0.20
‘g' 6l Est. Resolution (A) 4.02
S Defocus 1(A) 29016.9
g N Defocus 2 (A) 28750.0
3 4‘ Angast 411
g Avgerage Motion (pixels) 603.35
@ 3[ Number Particles 0
a 1000
g
3
Z 500
s
g AR ERLN T WPV Y ¥R TV i IR
Pl
1
8
2 o
e
5 0
8
£ -0.5]
2
=t

.))

Total: 1,307 tilt-series, 0 auto particle(s)
Voltage 300 kV, Pixel size 1.383 A, Dose rate 1 e"/A?, Particle radius 20 A

& Operation EB Table

nEamno e el

Name: 1466_9, processed on 2/27/2024, 10:34:56 PM

Lt Plots

= Settings M Gallery LI Tilt Series

Watch

CTF Reconstruction

640f128 P

Image

No particles to show




Administration Management

C ‘nextP‘::gs = 9“‘{" & Jeff )  |nextpyp = @Help & Jef

( ‘& Users £ Groups HPrPyp &a Jobs @ Performance )

Search by user ID Adm|n Tabs
UserID Permissions Groups

L L 74 <) demo Demo Bartesaghi Lab
@ \nextPVP — @Help & Jeff . ﬂ .
v0.6.3
jeff Admin
Hello, Jeff

« Login/Logout 00 tester Bartesaghi Lab

¢ Change Password
o ADDS << < > >>

e Administration >
2025 NYSBC Tomography Course ( |nextP‘|’P




nextpyp - Discussions - GitHub — Mozilla Firefox - o0

B ) nextpyp - Discussions - Git' X =+ v

Getting hel
g p « > C O 8 https://github.com/orgs/ 133% ¥ Y & » =
[ ]
= O nextpyp Q& @

Github discussions , S
() Overview  [] Repositories  (J) Discussions

- U,
@ ()

2024 Virtual Workshop on v0.6.3 release

Announcements, new releases = Singlo-Particle CrYoET . | | s

# Announcements - abartesaghi

New discussion

Ask a question, report a new issue

\Al

Q is:open ©
See answers to previous questions, J | Discussions
search for solutions Viability for real-time SPA
ol o ccgauvin94 asked 5 hours ago in Q&A -
Unanswered
@ oo
O https://github.com/nextpyp > 2 Exporting to star produced no
- ** output

2025 NYSBC Tomography Course ( |nextP‘|’P
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