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Tools for cryo-EM/ET data collection and analysis

BISECT: Beam-image shift 

tomography

SmartScope: automated screening
nextPYP: cryo-EM/ET data 

processing

MiLoPYP: cellular pattern mining
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nextPYP

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

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

● Small storage footprint

● Distributed processing for scalability to large datasets

● Free and open source:

○ github.com/nextpyp

○ BSD 3-Clause license

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

http://github.com/nextpyp
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Portability, 
web-based platform
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Integrated data visualization tools
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From raw tilt-series to 3D structure

Geometry-based

Size-based

1. Frame/tilt-series 
alignment

2. CTF estimation and 
reconstruction

3. Particle
picking

Aligned
tilt-series

Binned 
tomogram

Patch-based

Fiducial-based Neural network-based

4. Constrained 
refinement

5. Constrained
classification

6. Movie-frame 
refinement

Particle-based 
CTF refinement

Region-based 
refinement

Particle and tilt-
geometry 

refinement

Ab-initio

•••••••

Final 
maps

3D 
classes

Particle 
projections

Particle 
trajectories
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Intuitive block-based user interface

Block Data 
Connection

Run Button

Progress 
and Results



2025 NYSBC Tomography Course

Scalability

Storage efficiency

● Heavily binned tomograms

● No sub-volumes

● No particle-stacks

Scalability to large datasets

● High-core CPU architectures

● Fast local I/O (SSDs)
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Validation using tilt-series of apoferritin

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

https://www.ebi.ac.uk/pdbe/emdb/empiar/entry/11273
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On-the-fly pre-processing
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Other notable features

● Easy to install and configure

● Standalone or cluster mode (CPU or GPU)

● Provides easy access to a range of external tools:

○ cryoCARE, IsoNet, tomoDRGN, Topaz, AreTomo2, 

MotionCor3, membrain-seg, etc.

● Interoperable with other tomography packages
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Version history
Oct. 23’

v0.5.0

Apr. 24’

v0.6.5

Apr. 25’

v0.7.0

…

…

What’s new in 0.7.0

● New dedicated blocks for particle picking

● New blocks for ML-based operations (denosing, picking, heterogeneity)

● 2x faster refinement, 50% reduction in storage

● Easier to install, maintain, and configure (SLURM templates, OS users)

● Better compatibility with external packages

● Updated documentation and many other bug fixes and UI improvements
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Introduction to practical
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The nextPYP team
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Setup

Web-access to instances running in the Bartesaghi Lab

● Compute resources

● We won’t run any operations requiring GPUs

● We will use pre-calculated initial alignments (time constraints)

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

CPU
cores

RAM
(GB/core)

SSDs
(GB/core)

372 4 45
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Datasets
Dataset 1

Immature HIV-1 Gag

EMPIAR-10164

Dataset 2

Whole bacterial cells

Dataset 3

FIB-milled cells

EMPIAR-10499 EMPIAR-10987
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Goal of practical: structure of HIV-1 CA-SP1

EMD-4015

EMPIAR-10164 Schur et al., Science, 2016

Tilt-series 43

Particles 64,340

Resolution 3.9 Å

nextPYP practical

3

5,000

~3.9 Å
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Agenda
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● Movie-frame alignment
○ Unblur
○ Motioncor3

● Tilt-series alignment
○ IMOD (fiducials, patch 

tracking)
○ AreTomo2

● CTF determination
○ Per-tilt estimation
○ Handedness determination

● Tomogram reconstruction
○ WBP, fakeSIRT (IMOD)
○ WBP/SART (AreTomo2)
○ Erase gold fiducials

Session 1 Pre-processing
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Session 1 Pre-processing
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● Geometry-based
○ Surface segmentation
○ Constrained picking

● Size-based
○ Suitable for globular 

proteins

● Neural network-based
○ Sparse labels
○ Training on GPU

● Manual
○ User-friendly
○ Scalable

● Import coordinates
○ From other programs
○ IMOD format

● Template-search
○ pytom-match-pick
○ Requires GPU to run

Session 1 Particle picking Size-based & NN-based
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Session 1 Particle picking Size-based & NN-based

Dataset 2 (EMPIAR-10499)
Dataset 3 (EMPIAR-10987)
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Step 1:
Detect virion centers

Step 2:
Segment virions

Step 3:
Pick particles

Template-based

Uniform-based

Session 1 Particle picking Geometry-based

Dataset 1 (EMPIAR-10164)
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Step 1:
Detect virion 

centers

Step 2:
Segment 

virions

Step 3:
Pick 

particles

Session 1 Particle picking Geometry-based
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Step 3

Particle
filtering

Step 5

Movie-frame
Refinement

Step 6

Post-
Processing

Step 4

Region-based 
refinement

Step 1

Import 
coordinates

Step 2

Import 
alignments

Session 2 3D refinement - Overview
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Import/export particle coordinates

Session 2 Step 1 Import particles

~6,500 particles
per tilt-series

TS_43TS_01 TS_45

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

● Import coordinates to ensure consistency during refinement
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Import alignments from reference-based refinement

Session 2 Step 2 Import alignments

● Create 3D reconstruction from particle projections

● Data-driven dose-weighting
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Zhou, Y.et al. (2019) Unsupervised particle sorting for high-resolution single-particle cryo-EM, Inverse Problems, 36, 044002.

Session 2 Step 3 Particle filtering

● Remove particles with low scores

● Remove duplicates

Low
High
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Session 2 Step 4 Constrained refinement

● Refine particle orientations

● Refine tilt-geometry using particle data

● Region-based refinement
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Session 2 Step 5 Movie-frame refinement

● 5,000 particles

● 41 tilts x 8 frames = 328 projections/particle

● ~1.5M particle projections
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Session 2 Step 6 Post-processing
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Step 3

Particle
filtering

🕑5 min

Step 5

Movie-frame
Refinement

🕑20 min

Step 6

Post-
Processing

🕑1 min

Step 4

Region-based 
refinement

🕑20 min

Step 1

Import 
coordinates

🕑1 min

Step 2

Import 
alignments

🕑3 min

Session 2 Overview

~3.9 Å
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Instructions for the practical
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Q&A
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New features and advanced 
topics
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Recap
Session 1

Session 2
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Pre-defined block sequences with pre-set parameters

Workflows
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PYP: command line interface (CLI)
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Importing data into nextPYP

Import
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Exporting data to external programs

tomograms.star
particles.star
project_folders/Movies

nextPYP particle 
refinement block

Export
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Blocks for ML-based operations

● Denoising (Topaz, IsoNet, cryoCARE)

● Particle picking

● Segmentation (membrain-seg, eval only)

● Continuous heterogeneity (tomoDRGN)

Training Evaluation



2025 NYSBC Tomography Course

Example: NN-based tomogram denoising
cryoCARE

Training

Evaluation
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Setting training/evaluation parameters
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MiLoPYP: cellular pattern mining

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
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70S M. pneumoniae cells (EMPIAR-10499)
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70S M. pneumoniae cells (EMPIAR-10499)
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Mouse epithelial cells (EMPIAR-10987)
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Detection and refinement of multiple species



2025 NYSBC Tomography Course

Blocks for running MiLoPYP

Step 1:
Train

Step 2:
Eval

Step 3:
Train

Exploration

Step 4:
Eval

Localization
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UI for cellular pattern mining
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Tools to study conformational heterogeneity

L1 stalk

P-tRNA

EF-Tu-tRNA

Class 2 (30%) 5,449 particles
A- and P-site tRNAs
L1 stalk open
Classical, non-rotated
(PDB ID 7PAL)

Class 1 (28%) 5,086 particles
EF-Tu-tRNA P-site tRNA
L1 stalk open
Decoding
(PDB ID 7PAK)

Class 3 (42%) 7,629 particles
A- and P-site tRNAs
L1 stalk intermediate
Classical, non-rotated
(PDB ID 7PAL)

A-tRNA

Class 3Class 2Class 1

50S

30S

Classification of 70S ribosomes from intact cells (EMPIAR-10499)
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Discrete heterogeneity (3D classification)

Constrained 
classification
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Continuous heterogeneity (tomoDRGN)
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On-the-fly pre-processing
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Administration Management

Admin Tabs



2025 NYSBC Tomography Course

Getting help

https://github.com/nextpyp

Announcements, new releases

Ask a question, report a new issue

See answers to previous questions, 
search for solutions

Github discussions
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Q&A


