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Data processing for EM Single Particle Analysis

- :
'''''

] 3D reconstruction Atomic modeling .
2D images  —> 3Dimage —> Atomic model
EMPIAR-10291 180 x 180 x 180 voxels 20840 atoms
images emd_9973.map o PDB_ID: 6kfh
2(7)(1)0x3g838x1; 32 bit real 159GB 22.24 MB (3.6A) 1.7 MB
EMPIAR
EMPIAR-PDB; EMDB wwPDB
300 movies 478 GB

3710 x 3838 x 30; 32 bit real
(not registered in EMPIAR.

personal communication)



Summary of innexin-6 EM data

Batuujin Burendei, Ruriko Shinozaki, Masakatsu Watanabe, Tohru Terada, Kazutoshi Tani,*, Yoshinori Fujiyoshi and Atsunori Oshima.

Cryo-EM structures of undocked innexin-6 hemichannels in phospholipids. Science Advances 12 Feb 2020: Vol. 6, no. 7, eaax3157
DOI: 10.1126/sciadv.aax3157
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JEM-3000SFF(JEOL)

The data were collected using a JEM-3000SFF (JEOL) electron microscope at 300 kV
equipped with a K2 summit direct electron detector camera (Gatan).

Burendei, B.,Shinozaki, R.,Watanabe, M.,Terada, T.,Tani, K.,Fujiyoshi, Y.,Oshima, A. Sci Adv, 6:eaax3157-eaax3157, 2020

Gatantt & K2 SummitEERHEE HAS

Flagellar filament @9A (1995)
Flagellar filament @4.5A (2003)

" JEOL JEM-3000SFF (G3)
Lig-He cooled specimen stage

First FEG (Field Emission Gun)




Innexin-6 : docked and undocked states

Structural component of the gap junctions.

Docked innexin-6

Undocked innexin-6
hemichannel

a

EMD-9973/PDB_ID:6kfh EMD-9570/PDB_ID:5h1q EMD-9571/PDB_ID:5h1r

Burendei, B.,Shinozaki, R.,Watanabe, Oshima, A.,Tani, K.,Fujiyoshi, Y.Nat Commun, 7:13681-13681,
M.,Terada, T.,Tani, K.,Fujiyoshi, Y.,Oshima, A. 5

Sci Adv, 6:eaax3157-eaax3157, 2020



Xy THEE (gap junction)

Xy HEE (FryF+DIT5. &: Gapjunction) (X, Y ES L EMEEDHEE . KBHED/NSWNAF
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Gap junctions are a specialized intercellular connection between a multitude of animal cell-types. They directly
connect the cytoplasm of two cells, which allows various molecules, ions and electrical impulses to directly pass
through a regulated gate between cells. One gap junction channel is composed of two connexons (or
hemichannels), which connect across the intercellular space. Gap junctions are analogous to

the plasmodesmata that join plant cells.

Closed Open

Wikipedia V6 D 5/

Intercellular spacg

2-4 nm space Hydrophilic channel


https://ja.wikipedia.org/wiki/%E8%8B%B1%E8%AA%9E
https://ja.wikipedia.org/wiki/%E4%B8%8A%E7%9A%AE%E7%B4%B0%E8%83%9E
https://ja.wikipedia.org/wiki/%E3%82%A4%E3%82%AA%E3%83%B3
https://ja.wikipedia.org/wiki/%E5%88%86%E5%AD%90
https://ja.wikipedia.org/wiki/%E7%B4%B0%E8%83%9E%E9%96%93%E7%B5%90%E5%90%88
https://ja.wikipedia.org/wiki/%E7%B4%B0%E8%83%9E
https://ja.wikipedia.org/wiki/%E7%B4%B0%E8%83%9E%E8%86%9C
https://ja.wikipedia.org/wiki/%E3%82%B3%E3%83%8D%E3%82%AF%E3%82%BD%E3%83%B3
https://ja.wikipedia.org/w/index.php?title=%E3%82%BF%E3%83%B3%E3%83%91%E3%82%AF%E8%A4%87%E5%90%88%E4%BD%93&action=edit&redlink=1
https://ja.wikipedia.org/wiki/%E3%82%A4%E3%82%AA%E3%83%B3%E3%83%81%E3%83%A3%E3%83%8D%E3%83%AB
https://ja.wikipedia.org/wiki/%E7%B4%B0%E8%83%9E%E8%B3%AA
https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Cytoplasm
https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Ion
https://en.wikipedia.org/wiki/Connexon
https://en.wikipedia.org/wiki/Plasmodesmata

Undocked innexin-6 hemichannel
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nanodisc

Phospholipids
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Example of a Nanodisc containing a 7-transmembrane protein
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Protein Maps of Apolipoprotein A-1 and MSP2N2

To investigate the structure in a lipid bilayer,
we reconstituted undocked WT INX-6
hemichannels in nanodiscs using the
membrane scaffold protein 2N2 (MSP2N2)
and 1-palmitoyl-2-oleoyl-sn-glycero-3-
phosphocholine (POPC), as confirmed by
Coomassie brilliant blue—stained gel and
negatively stained electron micrographs (fig
S1A).

Burendei, B.,Shinozaki, R.,Watanabe, M.,Terada
T.,Tani, K.,Fujiyoshi, Y.,0shima, A. ¢

Sci Adv, 6:eaax3157-eaax3157, 2020



EMPIAR-10289
WT INX-6 in nanodisc

INX6hemiNano001

Pixel_width: 1.232 A

After CtfFind,
SigmaContrast:3

Lowpass filter 10 A

These long circles
are not proteins.
micelle ? Nanodiscs ?




EMPIAR-10290
WT INX-6 in detergent

INX6hemiDet002

Pixel_width: 1.232 A

After CtfFind,
SigmaContrast:3

Lowpass filter 10 A




EMPIAR-10291
WT INX-6AN in nanodisc

INX6hemiDet001

Pixel_width: 1.232 A

After CtfFind,
SigmaContrast:3

Lowpass filter 10 A




Download tutorial data

1) Googled by “EMPIAR PDBj” 2) Click [Workshop] at the header

G EMPIAR PDB] - Google 125 x |+ - o x ool EMPIAR-PDS;] - Electron Microsc X | +

L1/, : 9 @ 3 = e
< O a 2 https://www.google.cojp/.. ¥t Eh ~ : & O n & https://empiar.pdbj.org . Q ¥ fb 3= 4

Google | EMPIAR s

QAT QuE DgE B-2-2 DEER i52&83

Electron Microscopy Public

EMPIAR home | Deposition  RESTAPI FAQ About EMPIAR Workshop Feedback

#709,000 4 (0.31 %)

empiar.pdbj.org v ZON—IERT

EMPIAR-PDB;j - Electron Microscopy Public Image Archive EMPIAR, the Electron Microscopy Public Image Archive, is a public resource for Quick links

EMPIAR is an archive for 20 image dala related to EMDB._ It includes micrographs, p raw, 2D electron microscopy images. Here, you can browse, upload, and

and tilt-series. . download and reprocess the thousands of raw, 2D images used to build a 3D EMPIAR@EBI
d » https://empiar.pdbj.org/workshop EMDB@EBI

& O @ & httpsy/empiar.pdbj.org/workshop

% EMPIAR o

—— _ 3) Download “EMPIAR-10291_50mic.tar” (2.7 GB) =

“— (SR 4 https://empiar.pdbj.org/workshop oty 3= >
Mizzon G, Romero-Brey I,

Innexin-6 from EMPIAR-10291 T i STt

M, Boermel M, Mocaer K,

The images stored as EMPIAR-10291 collected on JEOL JEM-3000SFF(G3), provides a high Beckwith MS, Templin RM,
Electron M iCI"OSCO Pu bI iC Ima e Ar - resolution (3.6 angstrom) 3D density map for the membrane protein innexin-6. This data set Gross V, Pape C, Tischer C,
py g At contains 300 motion-correced still micrographs (15.9 GB). To reduce computation costs, we Frankish J, Horvat NK,

prepared 100 micrographs and 50 micrographs data set. Both datasets provides a map with a Laketa V, Stanifer M, Boulant
reasonablly high resolution (3.96 angstrom). We thank an original author,Prof. Atsund@Oshima S, Ruggieri A, Chatel-Chaix
to advice us to analyze their data. L, Schwab Y, Bartenschlager

Documents and data for EMPIAR Quick R. (2020)

EMPIAR home | Deposition | REST API | FAQ | About EMPIAR | Workshop

o ftp directory of EMPIAR-10291 tutorial See all citations
WOI’kShO EMPIAR o EMPIAR-10291_100mic.tar (5.4 GB)
p EMDB@ o EMPIAR-10291_50mic.tar (2.7 GB)
PDBe@ o EMPIAR-10291_100mic_precalculated_results.tar (14 GB)
Analyzing 2D image data stored in EMPIAR often requires large computational costs and detailed e o EMPIAR-10291_50mic_precalculated_results.tar (8.5 GB)
knowlege about single pariticle analysis. For beginners for single particle analysis, we open the il lila o+ Tutorial document for preprocessing (in Japanese) TH
tutorial documents and data used for workshops organized by PDBj. e o+ Tutorial document for 2D_3D_classification (in Japanese) T
EMDatg
' MDB,N( EMPIAR-10291 EMPIAR-10291_100mic [EMPIAR-10291_SOmic ]
Apo-ferritin from EMPIAR-10248
pene o= i====s stored as EMPIAR-10248 collected on JEOL CRYO ARM 300, provides a very high Filesize | 15.9GB 5468 2768
ttps://www.resb.org
Images 300 micrographs 100 micrographs 50 micrographs

3Dmap EMD-9973

Resolution 3.6 angstrom 3.96 angstrom 3.96 angstrom
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Structura Biotechnology Inc.

[ | %% Structura Biotechnology x IEE |

& C ® (3] https://structura.bio Q % f\a 0 u r Tea m

L
&

STRUCTURA
BIOTECHNOLOGY

We are unlocking the potential of cryo-electron
microscopy (cryo-EM) as a high-throughput structure
determination technique for life sciences and drug

discovery

https://structura.bio

Ali Punjani Saara Virani Suhail Dawood Stephan Arulthasan

CHIEF OPERATING OFFICER SENIOR SOFTWARE ENGINEER

CO-FOUNDER & CEO CHIEF PRODUCT OFFICER

Nick Frasser Harris Snyder Kelly Barber Michael McLean
SOFTWARE ENGINEER SCIENTIFIC COMPUTING FULL-STACK DEVELOPER SCIENTIFIC DEVELOPER
ENGINEER INTERN
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700+ citations since 2017

- - 500+ institutions

2017 2018 2019
v0.1 - v0.6 v2.0-v2.5 v2.6 - v2.9 + CryoSPARC Live

» Novel algorithms for ab-initio reconstruction « Fastest full pipeline for single particle EM * First real-time processing solution with
and high speed refinement * Non-uniform refinement methods, 3D streaming refinement during collection

» Fast 2D classification, 3D heterogeneity preprocessing, and postprocessing * New 3D Variability methods for discrete

» Fluid web-UI for particle datasets * Integrated complete web interface and continuous heterogeneity

© Structura Biotechnology Inc. 2020

https://www.youtube.com/watch?v=eRPue0-Pkw4&t=3152s 15




S2C2 CryoEM Image Processing Workshop: Day 1

CryoSPARC Team

LEMFPTERTIBICR | Esc | F-£MLTEEN

Ali Saara Suhail Stephan Nick Harris Jay Michael
Punjani Virani Dawood Arulthasan Frasser Snyder Yoo McLean
L3
Advisors
David Fleet John Rubinstein Marcus Brubaker
University of SickKids Hospital York University
Toronto University of
. Toronto
€«/00%

> »l o) 13:29/457:19

https://www.youtube.com/watch?v=eRPue0-Pkw4&t=3152s 16



Articles of cryoSPARC

Articles

Comment

Punjani A, Rubinstein JL, Fleet DJ, Brubaker MA.

cryoSPARC: algorithms for rapid unsupervised cryo-EM structure
determination. Nat Methods. 2017 Mar;14(3):290-296. doi:
10.1038/nmeth.4169.

Stochastic Gradient
Descent

Punjani A, Brubaker MA, Fleet DJ. Building Proteins in a Day:
Efficient 3D Molecular Structure Estimation with Electron
Cryomicroscopy. |IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2017, vol. 39, no. 4, 706-718, 1 April 2017, doi:
10.1109/TPAMI.2016.2627573.

Punjani A, Zhang H, Fleet DJ. Non-uniform refinement: adaptive
regularization improves single-particle cryo-EM reconstruction. Nat
Methods. 2020 Dec;17(12):1214-1221. doi: 10.1038/s41592-020-
00990-8.

Non-uniform refinement

Punjani A, Fleet DJ. 3D variability analysis: Resolving continuous
flexibility and discrete heterogeneity from single particle cryo-EM. J
Struct Biol. 2021 Feb 11;213(2):107702. doi:
10.1016/j.jsb.2021.107702

3D variability analysis

Punjani A, Fleet DJ. 3D Flexible Refinement: Structure and Motion of
Flexible Proteins from Cryo-EM. bioRxiv 2021 doi:
https://doi.org/10.1101/2021/04.22.440893

3D flexible refinement

17



https://doi.org/10.1101/2021/04.22.440893

Who are they ?

Ali Punjani received the BASc degree in aero-
space engineering from the University of Toronto,
Canada, in 2012 and the MS degree in computer
science from the University of California, Berke-
ley. He is working toward the PhD degree at the
University of Toronto, where he works on com-
puter vision and machine learning. His research
interests include deep learning, optimization
methods, and computational biology. He has also
worked on large-scale data visualization, robot-
ics, and autonomous control. He received the
NSERC Canada Graduate Scholarship. He is a
member of the |IEEE.

Marcus A. Brubaker received the PhD degree in
computer science from the University of Toronto,
in 2011. From 2011 to 2016 he was a postdoc-
toral fellow with TTI-Chicago and University of
Toronto. He is currently an assistant professor
with York University, Toronto, Canada, and con-
sults with Cadre Research Labs. His research
interests span statistics, machine learning, and
computer vision and includes applications in
computational biology, robotics and forensics. He
is a member of the IEEE.

David J. Fleet received the PhD degree in com-
puter science from the University of Toronto, in
1991. Following 8 years on faculty with Queen’s
University, and then 5 years with the Palo Alto
Research Center (PARC), he joined the Univer-
sity of Toronto as a professor of computer sci-
ence. He is senior fellow of the Canadian Institute
for Advanced Research. His research interests
include computer vision, image processing, visual
perception, and visual neuroscience. He has pub-
lished numerous research articles on a broad
range of topics, including optical flow, motion perception and human ste-
reopsis, image-based tracking, 3D hand and human pose tracking, latent
variable models, physics-based models for motion analysis, and large-
scale image retrieval. He received the Alfred P. Sloan Research Fellow-
ship in 1996. He has won several research awards, including the 2010
Koenderink Prize for his work with Michael Black and Hedvig Sidenbladh
on human pose tracking. He has served as area chair for numerous
computer vision and machine learning conference. He was program co-
chair for the CVPR 2003 and ECCV 2014. He has been an associate edi-
tor and associate editor-in-chief of the IEEE Transactions on Pattern
Analysis and Machine Intelligence, and currently serves on the TPAMI
Advisory Board. He is a member of the IEEE.

Punjani A, Brubaker MA, Fleet DJ. Building Proteins in a Day: Efficient 3D Molecular Structure
Estimation with Electron Cryomicroscopy. IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2017, vol. 39, no. 4, 706-718, 1 April 2017, doi: 10.1109/TPAMI.2016.26275Z;>.



Patent ?

Declaration of Competing Interest

A.P. is CEO of Stuctura Biotechnology Inc. which builds the cryoSPARC software package,
distributed freely for academic non-profit use with software licenses available for
commercial use. D.J.F. is an advisor to Stuctura Biotechnology Inc. The novel aspects of
the method presented are described in a provisional patent application.

Punjani A, Fleet DJ. 3D variability analysis: Resolving continuous flexibility and discrete heterogeneity from single
particle cryo-EM. J Struct Biol. 2021 Feb 11;213(2):107702. doi: 10.1016/j.jsb.2021.107702

Competing Interests
The novel aspects of the method presented are described in a provisional patent application.

Punjani A, Fleet DJ. 3D Flexible Refinement: Structure and Motion of Flexible Proteins from Cryo-EM. bioRxiv 2021
doi: https://doi.org/10.1101/2021/04.22.440893



Algorithm for 3D reconstruction

initial 3D map

Observed projection images

o= N
.
. )

E-step

L=

(1) 2D projections are

(2) Chose the closest prOJectlon

generated from 3D map. for each observed projection

to estimate its orientation

PDB ID:5uz7
Resolution: 6 A

(3) 3D reconstruction is performec
using estimated orientations



3D reconstruction of cryoSPARC

3D Refinement : based on Relion-like Bayes estimation framework

~

/Input : Prepare an initial 3D map
E-step: Estimate projection orientation for each 2D particle image

M-step : Reconstruct 3D map from 2D particles images
\_ using the estimated orientations, in Fourier space. Y

" E-step : Efficient search of projection orientations
using Branch and Bound

*M-step : the standard EM algorithm may be employed.

* Ab initio reconstruction:
M-step: gradient-based algorithm is employed, not EM algorithm.EM”
Furthermore, SGD(Stochastic Gradient Descent) has been introduced.

*SGD: gradient is obtained from a part of particle images, to avoid a trapping into local
optimum.



Stochastic Gradient Descent for M-ste

O

A

Probability of 3D map given images

Precise, expensive steps computed

Iterative refinement < 7 Soach
using all single-particle images

Arbitrary

St Accurate
o initialization
initialization A
e Optimization
£ objective
function

Incorrect
structure

Probability of 3D map given images

Space of all 3D structures

b

Optimization objective function: full likelihood using all images

pV|

Stochastic gradient descent (SGD) enables ab initio cryo-EM structure determination

Arbitra :
4 Intermediate Correct
random
Einine structure structure
initialization 5 54

£

® 9 b

y
L
\
Q2
7
\
\
\
)

Approximate
gradients computed
at each iteration

Optimization
objective
function

Noisy, inexpensive steps computed
using randomly selected subsets of
single-particle images (b)

Space of all 3D structures

Figure 1 | Stochastic gradient descent for cryo-EM map calculation. (a) Iterative refinement methods are sensitive to initialization. An arbitrary
initialization far from the correct 3D map will be refined into an incorrect structure that attains a locally optimal probability within the space of all 3D
maps. An accurate initialization will be refined to the correct structure. Iterative refinement uses all single-particle images in a data set to compute
each step. (b) Random selection of particle images in the SGD algorithm. At each iteration, a different small random selection of images is used to
approximate the true optimization objective. Each iteration may use a different number of images. (c) Stochastic gradient descent (SGD) algorithm
enables ab initio structure determination through insensitivity to initialization. An arbitrary computer-generated random initialization is incrementally
improved by many noisy steps. Each step is based on the gradient of the approximated objective function obtained by random selection in b. These

22



a

Image alignment error

Image alignment error

Branch-and-

Branch-and-bound iteration 1
True error

Optimal pose .-~ _.-==~._ (expensive)
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Branch-and-bound iteration 2
True error
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Optimal pose .-~ -«
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Azimuth angle

bound for E-step
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Particle image Filtered
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Figure 3 | The branch-and-bound approach to high-resolution cryo-EM map refinement. (a) Two iterations of a simplified 1D representation of the
branch-and-bound approach. Candidate poses are iteratively eliminated by evaluation of an inexpensive lower bound over all poses, and the true
error function at the minimum of the lower bound. (b) For cryo-EM images, the true error function over all poses (top left) for an individual particle
(top right) is never evaluated. Instead, the entire lower bound is computed (middle left), the true error is calculated at the minimum of the bound,
and all poses where the lower bound exceeds this calculated error are eliminated (middle right). A tighter lower bound is evaluated and the process
repeated until the optimum pose is identified (bottom left and right).




Hardware required for Relion/cryoSPARC

I am buying new GPUs, what do you recommend to run RELION on?

Our collaborator in Stockholm, Erik Lindahl, has made a useful blog with GPU hardware recommendations. Briefly, you'll need an NVIDIA
GPU with a CUDA compute ability of at least 3.5, but you don't need the expensive double-precision NVIDIA cards, i.e. the high-end gamer
cards will also do, but do see Erik's blog for details! Note that 3D auto-refine will benefit from 2 GPUs, while 2D and 3D classification can be
run just as well with 1 GPU. Apart from your GPUs you'll need a decent amount of RAM on the CPU (at least 64Gb), and you may also
benefit from a fast (e.g. a 400Gb SSD!) scratch disk, especially of your working directories will be mounted over the network connecting
multiple machines.

OS : Linux, GPUFID S A4 7 51 &L TCUDAL L E,

GPU DFE%E: NVIDIA#TEL, ¥ — LB O Z{EEH—RF THhHhEDHALY, GeForce 10807 E . S {Z 58
EDGPUBIZIX. Tesla)lXAHELILY,

GPUD ML : 2D £BIF 1M THENK, 3D auto-refinelX 28 LL EWHE

FAE): TESZ+ %L, XIETH64Gbyte,

T 4R :scratch$BIIZSSDABH D E LY,

CPU: CPUEIFL DB EWLNAIRIEHHD T, A7 HELZNEZSIM KLY,

BRIV RM—ILARELSATSY)
FRIY A RICEI D IEFEE @74-77--’/&7/“/ “CUDA (GPUETE D T=5HDS51T5))

c openmpi (P37 HFNIADS1T3Y)
Deeplearn/ng B O& .

LUTDSATISITEMFNIL. relionD A ISAIIMNA A N—)LEIZO—AHJL
[TAVRAM—)LT B,
FFTW (R 7—)IEBRDS4T3Y))
“FLTK (GUIDS AT SY))

NVIDIA ® DIGITS™ A2 X =)

NVIDIA GeForce 1080 Ti NVIDIA GeForce RTX™ 2080 Ti

This tutorial assumes 2 persons share 1 Linux machine with 4GPUs.



http://www.cryoem.se/relion-gpu
https://en.wikipedia.org/wiki/CUDA#GPUs_supported
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(1) non-profit academic usel ZfE L) #E ¥

Get the cryoSPARC™
System

CryoSPARC™ and cryoSPARC Live™ are
available free of charge for non-profit
academic use. Please fill out the form to
request a license.

Please allow up to 24 hours for us to
respond to your request. Instructions
for downloading and installing
cryoSPARC will be emailed to you. In the
meantime, please feel free to review our
extensive documentation available here.

Questions? Please contact us:
info@structura.bio.

Commercial/for-profit licensing
enquiries can be sent to
sales@structura.bio.

o I'm an academic user carrying out my own research at a public or private

| am downloading cryoSPARC™ for non-profit academic use

Request academic license |

First name |

(2) BBEFI D E24BFRI IR B Ex A — L

TPRLRIZSA O RIDDETEND
|

Institution name

e (3) Bk A—ILTFRLRELT,
- @gmail.com*®@yahoo.co.jpx AN b &

BIEE[ZPlease enter a valid

institution/company email address& LY
e e e i e operces. - T 5—"TEEH], @docomo.ne.jp TIEZZ 17
FHondNoA4 o RIDMEFEINT

sy AW

non-profit educational/research institution

I'm a Researcher at a for-profit educational/research institution

I'm a Researcher or Manager at a centralized cryo-EM microscope facility
providing data collection and/or processing services to academic or
industry users |

(8)—D2DZA4 2 RIDTIE, —D2D
s Reseancner o s a2 it cr sramscenca oy MNAStRI/ —R ULINA 2 AR— )L E{T TS
A AW

I'm a Researcher or Manager at a contract research organization

S)AEZELE T, ERDADLIEETHE
A9 5155 &, Master-workersh Cluster
DA TEINTYITTEHINE



Install: Single Workstation Setup

Simplest setup.

Single cryoSPARC Workstation

Master and worker can run on the same
machine.

CPU

Memory

SSD Storage

Bulk Storage

NVIDIA GPU (0) NVIDIA GPU (1)
NVIDIA GPU (2) NVIDIA GPU (3)
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Install: Master Workers Setur

Master-Worker cryoSPARC Setup

Worker Instance 1 Worker Instance 2

CPU CPU

Master Instance
Memory Memary

cpU SSD Storage SSD Storage

Memory
NVIDIA GPU (0) NVIDIA GPU (1) NVIDIA GPU (0) NVIDIA GPU (1)
SSD Storage
NVIDIA GPU (2) NVIDIA GPU (3) NVIDIA GPU (2) NVIDIA GPU (3)

Bulk Storage




Install: Cluster Setup

Cluster cryoSPARC Setup

Slurm Workload Manager

Cluster GPU Worker 1 Cluster GPU Worker 2 Cluster GPU Worker 3
Master Instance

CPU

Rleony Cluster GPU Worker 4 Cluster GPU Worker 5 Cluster GPU Worker 6

55D Storage

Cluster GPU Worker 7 Cluster GPU Worker 8 Cluster GPU Worker N

Bulk Storage
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Hardware Reguirements

-

Master node

~

~

Component Minimum Requirement Recommended
CPU 4+ cores 8+ cores at 2.8GHz+
RAM 16GB+ 32GB DDR4
Fast Local Storage Not Required Not Required
GPU Not Required Not Required
K Network Sl::/:;link to storage :;)S/ Zfss link to storage
Worker node
/ Component Minimum Requirement Recommended
CPU 2+ cores per GPU 4 cores per GPU

ICPU Memory Bandwidth
RAM

Fast Local Storage

GPU

Network

N

50+ GB/s
32GB+ per GPU
1TB SSD

1+ NVIDIA GPU with CC
3.5+, 11GB+ VRAM

1Gbps link to storage
servers

100+ GB/s
64GB DDR4 per GPU
2TB PCle SSD

1+ NVIDIA Tesla V100,
RTX2080Ti, RTX3090, etc

10Gbps link to storage
servers /



https://developer.nvidia.com/cuda-gpus#compute

Software Requirements

/ Component

Operating System
Shell

User Account

Software

K Filesystem

Requirement
Modern Linux OS (Ubuntu)
Bash

cryosparcuser

CUDA 210 (worker nodes only)

GCC

Shared file system across all
nodes

~

%

(1) OSIZUbuntuZ 58 <H#E%E , CentOS7 Tl
IS—DHELHHLLLY,

(2) Master/—F DAV A+—)L{FHT &
212D ANKBE,

Master-worker setupMDIZGE D ERTEIZDULNT

=JL ==

(1)Master, workersTHEBDF7HI b cryosparcuserz ik €

(2) cryosparcuser [EmasterDHworkers~N/S AT —R#EL TsshOQJ A R[EEE T 5

(3) IR—FFES-39000-39010M B SN TULND Z &(ubuntuld T 74 )L HSBRRUIK RE)

(4) master, workersfBl CERAEZDTEAIHEDI7AMILV AT LA


https://ubuntu.com/download/desktop
https://www.gnu.org/software/bash/
https://developer.nvidia.com/about-cuda
https://packages.ubuntu.com/bionic/build-essential

CryoSPARCD A—H—TFhHok

(1) EBATIZ[XcryoSPARCD T AIO U RHDMLE , Unix P AD REIE A,

(2) cryoSPARCD 7 A ME Email PR RE/NRT—F

(3) EDcryoSPARCD T AU TERIELTH. Unixh oAb,
cryosparcuser& L\ UNXx7 OV EMNEITL TS KIIZRZ S,

(4) T—AD 77T A—F[ZcryoSPARCIZUNiXxD T HIV R E, STEHEDS
DUA—RIEWebMHTESM, ANEBEBRD T YT A—RIEWebMS TELLD
T.Web<IUUnix7HOURTAT AV LTAAEHEEEBO7yITO—KFE
XTHOVENDHD,



SEOFEEERHATVVDERTE

(1) BT : Master + 2 Workers FﬁW?ﬁ\b http://192.168.39.72:39000
T ThoUk:

guestOl@master-workshop
guest02@master-workshop
guest03@master-workshop
guest04@master-workshop

guestlO@master-workshop

CHREFHDHBRNRNET

XKANDT D RZ D TFEEITIC
AﬁO—CL\T:T:\\%an—O

FTAM 5 http://ciclews.pdbj.org

Thovk:

guest0l@embox2 INATT—R(38E):
guest02@embox2 embox2remote
guest03@embox2

guestO04@embox2

guestlORembox2 €FHEADHBERMBENET
XBOANLLLED AL TIERTLHAREMLHDOID T, NS ?I’L’B/Elj’:é%ﬁb@b\'c<f'él,\
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W 0 N O oW N =

R el e
w N =

Job history

Project
P7
P7
P7
P7
P7
P7
P7
P7
P7
P7
P7
P7
P7

Job
J16
J1i5
J14
Ji3
Ji2
Ji1
Jie
J9
J8
J4
J3
J2
J1

Type
Sharpening Tools

Homogeneous Refinement

Elapsed

08 sec.

05 min. 20 sec.

Ab-Initio Reconstruction

05 min. 38 sec.

Select 2D classes

11 min. 35 sec.

2D Classification

06 min. 31 sec.

Extract from Micrographs

Inspect particle picks

01 min. 40 sec.

33 min. 52 sec.

Template picker

Select 2D classes

01 min. 06 sec.

08 min. 58 sec.

2D Classification

Manual picker

01 min. 03 sec.

33 min. 17 sec.

Patch CTF estimation (multi

Import Micrographs

02 min. 06 sec.

05 sec.

Day 2 ?

Day 17
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Comparison with

Relion 3.1

cryoSPARC v3.2.0 Comp. Time Relion 3.1 Comp.Time
J2:Patch CTF estimation 02 min 06 sec CTF estimation <1min
J4:2D classification 01 min 03 sec 2D classification 1 min
(100particles)[1GPU] (341 particles) [1GPU]
J9:Template picker 01 min 06 sec Auto-picking, reference- 2 min
based [1GPU]
J12:2D classification 06 min 31 sec 2D classification (38244 23 min
(27680 particles; 50 class) particles; 20 class)
[2 GPUs] [2GPUs]
J14: Ab-initio 05 min 38 sec 3D Initial model (643)] 10 min
reconstruction(1283)[1GPU] [1GPU]
J15: Homogeneous 05 min 20 sec 3D classification 12 min
Refinement (1803;1class) (643;4classes)
[1GPU] [2GPUs]
3D refinement (1803;1class) | 25 min

[2GPUs]
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Comp.Time by Single and Four users

Single user | Four users
cryoSPARC v3.2.0 guest10 guestO1 guest02 | guestO3 | guestO4
machines embox3 embox3 embox1
J2:Patch CTF estimation 02:06 02:08 02:07 02:21 02:20
J4:2D classification 01:03 01:06 01:15 01:03 01:18
(100particles)[1GPU]
J9:Template picker 01:06 01:03 02:30 02:25 01:54
J12:2D classification 06:31 11:26 11:33 14:56 14:34
(27680 particles; 50 class)
[2 GPUs]
J14: Ab-initio 05:38 09:30 09:34 04:48 04:54
reconstruction(1283)[1GPU]
J15: Homogeneous Refinement | 05:20 06:33 08:08 05:23 05:10

(1803;1class) [1GPU]

*2D class and Template picker job with 4 users takes ~2 times time than those with 1 user.

This may due to DISC I/O; 4 users access to one shared_disc in the master node.




Step O: Log-in

[0 % Dashboard | cryoSPARC x 4+ =
< C @ A vFUTRELL | 192168.184.143:61000 s -
”';2}4_/ cryoSPARC | @ Projects v Workspaces ¥ A Job Builder
DETAILS
Statistics Links 4 3 78
Projects Workspaces Jobs

. ) . CryoSPARC Guide
This week This month Total i=  Comprehensive, searchable guide to installing and using cryoSPARC - more RECENT PRO.

content coming scon!

ECTS

Projects 0 1 4
r\ Tutorials and Case Studies
2 5.
Workspaces 0 _ 0 %
M | # Login|eryoSPARC x 4+ s o)
Jobs 0

RC from
IAR dataset.

¢« C @ Al
http://192.168.39.72:39000

| 192.188.1...
Completed
Jobsp 0 Wies in electron-event

ploring discrete and continuous

Change Log Current versig

v3.20 Mar 29, 2

Added option for sorting jobs by date and title. Projects and workspa

can be sorted by title as well q guest()l @ maste r_WorkShOp operty that the cryoSPARC

Check Particles job for verifying data integrity of particle stacks [Pats
210511]

Computational batch size parameter in Heterogeneous Refinement jol
[Patch 210511]

cryosparem changeport  command and related utilities for changing the
base port [Patch 210601]

Substantially improved performance in iterative particle-processing

jobs (2D Classification, Refinement) when particles are stored on son
types of filesystems {including FSx for Lustre), resolving cases wherd 1: Mew account Log in

some users found that jobs run in v3.1 were slower than in v2.15

cryuSPARC be used to interpret

rdings.

H

Deep Particle Picking jobs (Deep Picker Train, Deep Picker Inference)
now require CUDA Toolkit 11+

The 'Metadata’ tab within the job preview dialog Is more performant

features expandable sections and colour highlighting based on data

type

Import Particles no longer Ignores the | ¢ InlusgePixe ISize | column while = EMPIAR

trying to import a particle | _star | file Electron Microscopy Public Image Archive

CryoSPARC processes are now less likely to become orphaned due to

more robust supervisor management configuration
. 9 N g Ewos

Removed unused cuBLAS dependency that caused multiple GPU Electron Microscopy Data Bank

contexts on all GPUs In a system to be created even when using only a
single GPU

GPU status info is now updated when a worker Is connected for the first
time, or when a worker connection is updated

New option to work around bug in CUDA on CentOS 7 that causes

bl bA L Lo £o 1od_|areare in miltinls ink tunae Ta annans thie sdd

@ Dashboard Projects Resource Manager ® guestos




Step 1: Create a Project

(1) Click [PI"OjECtS] icon ﬁ‘}g cryoSPARC | = |Projects v | E= Workspaces v
(2) C“Ck [+ Add] bUttOﬂ ﬁ‘}g cryoSPARC Projects - E88  Workspaces « + Add A, Import | oldestv

Mo Projects!

(3) Input “Title” and “Directory in which to create new project directory”
| (4)
New Project X

+ Title /%%g cryoSPARC Projects v | E5 Workspaces v 4+ Add || Y, Import | Oldest

cuPaizssone EVPIAR-10291_50mic
p7  EMPIAR-10291_50mic
# Directory in which to create new project directory:
Created in a few seconds

{shared_data_SSD4TB/cryosparc_projects/guest0s ]

" /shared_data_SSDA4TB/cryosparc_projects/guest10

Description

’ Project directory must exist.

Project directory must be in the shared directory.
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Step 2: Create a Workspace

(1) CIicl%éygygsrpAlggojgct number

Projects v 822 | Workspaces v & | + Add X, Import | oldest

P7 LMPIAR-‘IOZQLSOmiC

Created in a few seconds

(2) ClICk[+ Add] ’f?g—‘,/ cryoSPARC 22 Workspaces v E;}-_ + Add | Oidest~

(3) Input Title of a new Workspace

Mew Workspace in PS5 X

. (4) A new workspace is shown.
* Title

Test Workspace Test Workspace /Isgg cryoSPARC T E:s_: e
Description

p7-w1  Test Workspace
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Download Tutorial Data by Command
XCDEEIXSEIEIARETY , masterth—/\D

/shared data SD4TB/tutorial data/EMPAR-10291 50mic

~_:]t: 4;$5HUT:?T-

(1) Log-in to the “master” server.

(2) Change directory to your project directory

$ cd /shared data SSD4TB/cryosparc_projects/guest0l

(3) Change directory to your project directory

$ wget ftp://empiar.pdbj.org/pub/empiar/workshop/10291/00001/EMPIAR-
10291 50mic.tar

(4) Extract the tar file

$ tar xvf EMPIAR-10291 50mic.tar



Step 4: J1:Import Micrographs

(1)Click a Workspace

JUVD DUILULnR

BUILDING

lJ1 (Import Micrographs)

New Job J1

(4) Input “Micrographs data path”
and other parameters.

e

cryoSPARC X P7: EMPIAR-10291_50mic 222 Workspaces v E;} 4+ Add | Oidest

P7-W1

’Test Workspace

(2) Choose [Job Builder]

/shared_da

NOTE: file extension, such as *.mrc, *.tif,

PS5 = W1 DETAILS
Test Workspace

Mo description set

has to be added.

Queue P5 — J1 (import_micrographs)

(3) Select [Input Micrographs]

Y Details

Ao ol neEoD

Workflows (1)

Extensive Workflow for T20s (BENCH) (BET...

Imports (8)

Import Movies

Import Micrographs

Import Particle Stack
Import 30 Volumes
Import Templates

Import Result Group

Mation Correction (5)

A, Job Builder

* Lane
(®) | Lane default (node) (node)
embox2

CPUs: 24 RAM: 128 6B GPUs: 4

embox3 CPUs: 28 RAM: 128 6B GPUs: 4

Description
Enter a descriptior
/:;

* Run Job in

(®) Current Workspace (W1)

New Workspace

(5) Click [Create]

then click [Queue]

Micrograpns

‘ S | Microaraphs data path:

~SSDATB/tutorial_data/EMPIAR-10291 50mic/data/*.mrc

/15| Pixel size (A):

(221232 l\

| 5] Acceterating Vottage kv)

200300 | @

| 5| spherical Aberration (mm):

s 1.6 | @
D | Total exposure dose (e/a*2)

|35 35.0

UNegative Sttt oata

D | Phase Plate Data:

D | Override Exposure Group ID:

D | Skip Header Check :

D | Output Constant CTF:

Compute settings

D | Number of CPUSs to parallelize during header check

(x)

Cancel




Step 4: J1:Import Micrographs

o ‘ A 11 (PT:W1) | cryoSPARC x =

< C @A A tF¥UT(EELL | 192.168.39.72:39000/projects/P7/W1/)1

?&/ ACS M % P7: EMPIAR-10291.50mic +

Overview Inputs and Parameters Outputs Metadata

Show from top

: 242.3 MB]
1 242.3 MB]
: 242.3 MB]
1 242.3 MB]
: 242.3 MB]
1 242.3 MB]
t 242.3 MB]
1 242.3 MB]
1 242.3 MB]
: 242.3 MB]
1 242.3 MB]
: 242.3 MB]
1 242.3 MB]
: 242.3 MB]

Raw data J1/impo
i ¥

Follow latest

Loaded 50 micrographs.
Common fields:
mscope_params/accel_kv

mscope_params/cs_mm :
mscope_params/total_dose_e_per_A2 :
mscope_params/exp_group_id :
mscope_params/phase_plate :
mscope_params/neg_stain :
micrograph_blob/psize A :

micrograph_blob/shape

{300.0}
{1.6}
{35.0}

{6}

{e}

{e}

{1.232}
[3828 37161

Making example plots. Exposures will be displayed without defect correction.

Reading file...

rted/INX6Ndelnano810 [pngl

= g X

b @l - ® & -

&, Job Builder
JOB DETAILS
J1 (Import Micrographs) COMPLETED
New Job J1
Sutpits Enter a description.
guest10
guest10
Sat, Jun 18, 2021 4:00 PM
INTERACTIVE No
CREATED Sat, Jun 19 2021 3:58:43 PM
QUEUED Sat, Jun 19 2021 4:00:47 PM
LAUNCHED Sat, Jun 19 2021 4:00:47 PM
exposure || Count: 50 | STARTED Sat, Jun 19 2021 4:00:48 PM
COMPLETED Sat, Jun 19 2021 4:00:54 PM
failed_micrographs
- SIZE 191K
exposure | [count:0 | gy | s1Ke
ACTIONS
Clear Job
Clear Intermediate Results
Export Job
Clone Job
Delete Job
2 guestio
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Step 6: J2:CTF estimation (2.5 min with 1GPU)

[ 3% WI(PT)|cryoSPARC x |+ = =
& C @R A vFU72ELL | 192.168.39.72:39000/projects/P7/W1 £ Yo €yl 1= s
E N i 0291 somic - o7 [ S deee | [ Do
JOB BUILDER
Jie Import Micrographs d Searct X
Motion Correction (5) -
Full-frame motion correction (multi)
Patch motion correction (muilti)
Local motion correction
Local motion correction (multi)
MotionCor2
. . . . CTF Estimation (4)
(1) Select [Patch CTF estimation(multi)] job e
——
CTF Estimation (CTFFIND4)
CTF Estimation (Gctf) (BETA)
Dashboard Projects = i Resource Manager 2 guesti0
O 3% W1(P7)|cryoSPARC x [ = B =
& C QA A vFUTRELL | 192.168.39.72:39000/projects/P7/W1 2 18 = s
P P . vt - :
”;‘g‘é’ cryoSPARC ™A | Oidestv [ Details A, Job Builder
(2) Select previous [Import Micrographs] job e ——
Jie Import Micrographs J2e Patch CTF (M) [J2 (Patch CTF estimation {multi))
New Job J2
INPUTS S

Bullding exposures (exposure) 0




Step 6: J2:CTF estimation

/?Q%,/ cryoSPARC X P7: EMPIAR-10291_50mic ~ X W1 Test Workspace v e Jl E_-o-;

Overview

[cpu:
[cPu:
[cpPu:
[cPu:
[cpPu:
[cPu:
[cpu:
[cpu:
[cPu:
[cpPu:

Show from top

242.
242.
242.

242
242

242.

242
242

242.

WWWwWwWwWwwwww

MB]
MB]
MB]
MB]
MB]
MB]
MB]
MB]
MB]
MB]

rs Outputs Metadata

Follow latest

Loaded 50 micrographs.
Common fields:

mscope_params/accel_kv :
mscope_params/cs_mm :
mscope_params/total_dose_e_per_A2 :
mscope_params/exp_group_id :
mscope_params/phase_plate :
mscope_params/neg_stain :
micrograph_blob/psize A :

{300.0}
{1.6}
{35.0}
{6}

{6}

{6}
{1.232}

(1)

2.5 min with 1GPU

&, Job Builder

JOB BUILDER

[ Details

trrratiom-{rm it

/

Now_lnh 12
i} Imparted_micrographs

Outputs

n diagnostic plots :

Drag and drop !

[J2 (Patch CTF estimation (multi)) BUILDING

Queue P5 — J2 (patch_ctf_estimation_multi)

* Queue Type

1 (2)'Set Number of GPU |1

nd click [Queue]

exposures (expos:

Q)

Queue to Run on specific GP
* Lane
(® | Lane default (node) (node)
embox2
embox3

CPUs:

CPUs:

24 |RAM:

28 |RAM:

128 6B |[GPUs: &

128 6B |GPUs: &

{ w Group 1 = Jlimported_micrographs

CTF estimation

Description

(3) Click [Create] |

Cancel

D | Amplitude Contrast:

0.1 (x)

Compute settings

1 D | Number of GPUs to paralielize :

\Number of GPU:1

Cancel

Create




Step 6: J2:CTF estimati 2.5 min with 1GPU

[0 | A J2(PT:W1) | cryoSPARC x |+ - X
< C @ A tFaUTREGL | 192.168.39.72:39000/projects/P7/W1/12 s €| s -
A, 7 . .
/&ﬁ MR G{O X P7: EMPIAR-10291.50mic v | X W1: Test Workspace v ® J2 E;« [ Details &, Job Builder
JOB DETAILS
d Parameters Metadata
New Job J2
Outputs
Show from top Follow latest .
exposures Enter a description
[CPU: 241.5 MB] uest10
[CPU: 241.5 MB] Processed 0 of 50 micrographs in 5.45s 9
[CPU: 459.8 MB] — 0.8: processing 2 of 50: J1/imported/INX6Ndelnano@28.mrc guest10
loading /shared_data_SSD4TB/cryosparc_projects/guest10/P7/31/imported/INX6Ndelnano828.mrc AT Sat, Jun 19, 2021 4:11 PM
Loading raw mic data from J1/imported/INX6Ndelnano@28.mrc ... - No

Done in

6.086s

Processing ...
Done in 2.15s
Completed patch CTF estimation with (Y:4,X:4) knots

1D search for INX6Ndelnano621 [pngl [pdf]

exposure | | Count: 50 | | £y

exposures_incomplete

Sat, Jun 19 2021 4:06:16 PM
Sat, Jun 19 2021 4:09:41 PM
Sat, Jun 19 2021 4:09:42 PM
S Sat, Jun 19 2021 4:09:43 PM
COMPLETED Sat, Jun 19 2021 4:11:49 PM

0.6 exposure || Count: 0 | | £y n
SIZE 143.28 MB
0.4
0.2 1
0.01
Clear Job
—0.21 Clear Intermediate Results
T
5000 Export Job
1D search result for INX6Ndelnano®21 [png]
Clone Job
Delete Job

04

—100

—200 A

=300 1 T ; ; T . : T
000 002 004 006 008 010 012 014

2D patch result for INX6Ndelnano821 [pngl [pdfl

Dashboard = & Projects = 4§ Resource Manager

0.16

0.18

0.20

0.22

0.24

0.26

0.28

0.30

0.32

0.34

0.36 0.38 0.40

2 guest10



Step 7: J3 Manual Picker

JOB BUILDER

(1) éhoose [Manual Picker] Job

Particle Picking (8)
[ D Manual picker ]

Blob picker

Template picker

Filament tracer (BETA)

L] Inspect particle picks
Extract from Micrographs
Extract From Micrographs (CPU)

Downsample Particles

(2) Select CTF estimation Job

[ | #% W1(P7)|cryoSPARC x |+
< C QR A t¥2UT(RELL | 192.168.39.72:39000/projects/P7/W1

or?g;/ [aSI (Ol X P7: EMPIAR-10291.50mic v [l X W1: Test Workspace v E-« &, Import Job | Oidestv

= o X

5 @l @ @

[ Details A, Job Builder

JOB BUILDER

Patch CTF () (93 (Manual picken
New Job J3
INPUTS =
micrographs (exposure) 0

{ Min: 1, Max: Infinity, Repeats: no

particles (particle) 0

Jie mport Micrographs
J3e Manual picker

Min: 0, Max: Infinity, Repeats: no

Dashboard = [& Projects | i Resource Manager

¥ General settings

Bullding
| D | Run Extraction without CTF Values?:

Cancel

2 guesti0

| TR
% iexposures fcxer)

Queue P7 — J3 (manual_picker)

This interactive job will run on the master node

Description

nter a description

m

* Run Job In

outputs (3)Drag and drop !

&
lexposure) 1
. _ @
=~ pameen | 5
.'-"
% it exposures_incomplete General settings
x|
exposure | | Count: 0 | | £y
£ ‘ I \ D ‘ Run Extraction without CTF Values? :
x)

(5) Click [Create] (4) Cli

Cancel

ck [Queue]




Step 7: J3: Manual Picker

”?gﬁj cryoSPARC X P7: EMPIAR-10291_50mic ~ X W1 Test Workspace ~ ® J3 Erh

Overview nputs and Parameters Outputs Metadata

Show from top

(1) Choose [Interactive]

License is valia.

Running job on master node

[CPU: 86.3 MB] Project P7 Job J3 Started

[CPU: 86.3 MB] Master running v3.2.0, worker running v3.2.0

(2) Set Low pass fllter (A)=10, and Box 5|ze(px) 180

nnnerag 1=

mo 180 | @)
Override: Contrast Intensity Override:
Name Defocus CTF fit Picks
INX6Ndelnano2 18821 317 0

96.mrc

UvEiviey

HULlL gl rararliciei s

Picking! Extract Particles
Lc ; filter (A): Box size (px):

(3) Pick particles by clicking the
left button of your mouse. At
least 100 particles should be
picked from the first 4
micrographs. About 25 particles
per one micrograph.

NOTE: Click the right mouse
button un-pick a particle.



Box size of particles

Pixel size: 1.232A

A

A

Diameter

160A

Box size

\ 4

221.8A

180 pixel

\ 4

To reduce
Computation costs

Just before
Refine3D

Pixel size: 3.465A

A

A

Diameter

160A

Box size

\ 4

221.8A

64 pixel

\ 4

48



C 2D Class average images from the original article
F|g53C Burendei et al. Science Advances. 2020. DOI: 10.1126/sciadv.aax3157
Pixel size: 1.232A

Diameter
160A

Box size
221.8A

180 pixel

A
4

A
\ 4

FHReD1387.44cm = 222.75 A
TAOIERE5.28cm = 158.08 A

49




Step 7 J3:Manual Picker

‘ A% 13 (PT: W1) | cryoSPARC X = a X

1’?3;’ (SN Ol X  P7: EMPIAR-10291.50mic v | X W1: Test Workspace v ® J3 E ¢ &, Job Builder

<& C @A A tFUTRELEL | 192.168.39.72:39000/projects/PT/W1/J3 2

ar

JOB DETAILS
[ J3 iManual pic
Overview nputs and Parameters
New Job J3
Done Picking! Extract Particles R S\ e 3 y 3 . W 5 S O 2 Y 4 o et 3 Sy Enter a description
Lowpass filter (A) Box size (px):
180 guest10
Yes

erride: Contrast Intensity Override:
Sat, Jun 19 2021 4:53:10 PM

Sat, Jun 19 2021 5:08:41 PM
Sat, Jun 19 2021 5:08:41 PM
Sat, Jun 19 2021 5:08:47 PM

- ‘ )
INX6Ndelnano2 18821 ; . i . s . : e y STARTED Sat, Jun 19 2021 5:08:42 PM
96.mrc %3, 3

Name Defocus CTF

PARENTS J2
INXENdelnano2
6l.mrc

SIZE 0 Bytes
CTION

INX6Ndelnano2 ACTIONS

49.mrc

. 2 P - b5 y
5 il g 3 - bty Y - s TN M . ¥ &
INX6Ndelnano2 7 g A : 'YX v . : 2 £ Kill Job
48.mrc ] B k ? >

INXENdelnanc2
36.mrc

INX6Ndelnano2

33.mrc

Clone Job
INX6Ndelnano2

32.mrc

INX6Ndeinano2
22.mrc
INX&Ndelnano2
05.mrc
INX6Ndelnano2
0l.mrc

INX6Ndelnanol 21218
83.mrc

INXENdelnanol
80.mrc

Picked 0 particles

@ Dashboard | = Projects | iif Resource Manager 2 guestio



Step 7 J3:Manual Picker

‘ A% 13 (PT: W1) | cryoSPARC X = a X

1’?3;’ (SN Ol X  P7: EMPIAR-10291.50mic v | X W1: Test Workspace v ® J3 E ¢ &, Job Builder

<& C @A A tFUTRELEL | 192.168.39.72:39000/projects/PT/W1/J3 2

ar

JOB DETAILS
[ J3 iManual pic
Overview nputs and Parameters
New Job J3
Done Picking! Extract Particles R S\ e 3 y 3 . W 5 S O 2 Y 4 o et 3 Sy Enter a description
Lowpass filter (A) Box size (px):
180 guest10
Yes

erride: Contrast Intensity Override:
Sat, Jun 19 2021 4:53:10 PM

Sat, Jun 19 2021 5:08:41 PM
Sat, Jun 19 2021 5:08:41 PM
Sat, Jun 19 2021 5:08:47 PM

- ‘ )
INX6Ndelnano2 18821 ; . i e, o . e y STARTED Sat, Jun 19 2021 5:08:42 PM
96.mrc %3, A 3

Name Defocus CTF

PARENTS J2
INXENdelnano2
6l.mrc

SIZE 0 Bytes
CTION

INX6Ndelnano2 ACTIONS

49.mrc

A 2 N b S y
INX6Ndelnano2 7 §, AP - ; VX > " $ - Kill Job
4g.mrc g R ‘ : -

INXENdelnanc2
36.mrc

INX6Ndelnano2

33.mrc

Clone Job
INX6Ndelnano2

32.mrc

INX6Ndeinano2
22.mrc
INX&Ndelnano2
05.mrc
INX6Ndelnano2
0l.mrc

INX6Ndelnanol 21218
83.mrc

INXENdelnanol
80.mrc

Picked 25 particles

@ Dashboard | = Projects | iif Resource Manager 2 guestio



Step 7 J3:Manual Picker

J A% 13 (PT: W1) | cryoSPARC X = a X

’3%«_’ [SaNIZL{ON X  P7: EMPIAR-10291.50mic v | X W1: Test Workspace v ® J3 o ) Details Job Builder
S

<& C @A A tFUTRELEL | 192.168.39.72:39000/projects/PT/W1/J3 2 15

JOB DETAILS
(U3 (Manual picker)
Overview nputs and Parameters Outputs Metadata
New Job J3
Done Picking! Extract Particles : . V_ x 3 5 P 2! 8 % ; : ’ o * 3 Lk ., Enter a description.
Lowpass filter (A) Box size (px): & ¢ 2t
180 guest10
Override: Contrast Intensity Override: > . S5 o 1 e
N e o g - el i’ v e En : A CREATED Sat, Jun 19 2021 4:53:10 PM
hd Y ¥ . ) 1 g QUEUED Sat, Jun 18 2021 5:08:41 PM

Sat, Jun 19 2021 5:08:41 PM
Sat, Jun 19 2021 5:08:47 PM
Sat, Jun 19 2021 5:08:42 PM

J2

Name Defocus CTF fit Picks

INX6Ndelnano2 18821
96.mrc

INX&Ndelnano2
6l.mrc

SIZE 0 Bytes
CTION

INX6Ndelnano2 ACTIONS

49.mrc

INX6Ndelnano2 2117 J A o, R y ;. Kill Job
48.mrc

INXENdelnanc2
36.mrc

INX6Ndelnano2

33.mrc

Clone Job
INX6Ndelnano2

32.mrc

INX6Ndeinano2
22.mrc

INX6Ndelnano2
05.mrc
INX&Ndelnano2
0l.mrc

INX6Ndelnanol 21218
83.mrc

INXENdelnanol
80.mrc

Picked 0 particles

@ Dashboard | = Projects | iif Resource Manager 2 guestio



Step 7 Particle Picking

J A% 13 (PT: W1) | cryoSPARC X = a X
% e e -

’3%«_’ [SaNIZL{ON X  P7: EMPIAR-10291.50mic v | X W1: Test Workspace v ® J3 o ) Details Job Builder
S

< C @ A tFUTRELL | 192.168.39.72:39000/projects/P7/W1/13

JOB DETAILS
[J3 iMan WAITING
Overview nputs and Parameters Outputs Metadata
New Job J3
Done Picking! Extract Particles X V_'. v ; B T . z % oy, e p v % . A ¢ ¢ Enter a description
Lowpass filter (A) Box size (px): : :
e - » SN s e ~ . -
180 ! SEATNG '3 . d CREATED BY quest10
ride: Contrast ity Override: INTERACTIVE Yes
- CREATED Sat, Jun 19 2021 4:53:10 PM
(o)

QUEUED Sat, Jun 19 2021 5:08:41 PM

Sat, Jun 19 2021 5:08:41 PM
Sat, Jun 19 2021 5:08:47 PM
Sat, Jun 19 2021 5:08:42 PM

J2

Name Defocus

INX6Ndelnano2 18821
96.mrc

::XGIidelnanoZ ; - 9 Py By Yol + - b size 0Bytes
M v

CTIONS
INX6Ndelnano2 ACTIONS

Kill Job

INXENdelnanc2
36.mrc

INX6Ndelnano2

33.mrc

Clone Job
INX6Ndelnano2

32.mrc

INX6Ndeinano2
22.mrc

INX6Ndelnano2
05.mrc

INX&Ndelnano2
0l.mrc

INX6Ndelnanol 21218

Picked 50 particles

@ Dashboard = = Projects Resource Manager 2 guestio



Step 7 J3:Manual Picker

J A% 13 (PT: W1) | cryoSPARC X = a X

%cryoSPARC X P7:EMPIAR-10291 50mic v+ J| X W1: Test Workspace v [Nk} E 0 A Job Builder

<& C @A A tFUTRELEL | 192.168.39.72:39000/projects/PT/W1/J3

ar

JOB DETAILS
(43 (Manual picker)
Overview nputs and Parameters Outputs Metadata
New Job J3
Done Picking! Extract Particles - (~ : ¢ SR TR L T s 4T\ : : e -_ Enter a description
Lowpass fitter (A) Box size (px): s ’ ‘ . ‘ 5
180 guest10
Override: Contrast Intensity Override: Yes
/, CREATED Sat, Jun 19 2021 4:53:10 PM
d QUEUED Sat, Jun 19 2021 5:08:41 PM

Sat, Jun 19 2021 5:08:41 PM
Sat, Jun 19 2021 5:08:47 PM
Sat, Jun 19 2021 5:08:42 PM

J2

Name Defocus CTF fit Picks

INX6Ndelnano2 18821
96.mrc

INXENdelnano2
6l.mrc

SIZE 0 Bytes
INX6Ndelnano2 ACTIONS
49.mre

INX6Ndelnano2 2117 L y . SR Ry m . y Kill Job
48.mre . ; ' ’ ' 3

INXENdelnanc2
36.mrc

INX6Ndelnano2

33.mrc

Clone Job
INX6Ndelnano2

32.mrc

INX6Ndeinano2
22.mrc

INX6Ndelnano2
05.mrc
INX&Ndelnano2
0l.mrc

INX6Ndelnanol 21218
83.mrc

INXENdelnanol
80.mrc

Picked 0 particles

@ Dashboard | = Projects | iif Resource Manager 2 guestio



Step 7 J3:Manual Picker

J A% 13 (PT: W1) | cryoSPARC X = a X

’3%«_’ [SaNIZL{ON X  P7: EMPIAR-10291.50mic v | X W1: Test Workspace v ® J3 o ) Details Job Builder
S

<& C @A A tFUTRELEL | 192.168.39.72:39000/projects/PT/W1/J3

ar

JOB DETAILS
(43 (Manual picker)
Overview nputs and Parameters  Outputs  Metadata
New Job J3
Done Picking! Extract Particles 1 (~ : 4 AERR 4 ) e 4T\ : Y e -_ Enter a description
Lowpass fiter (A) Box size (px): ' & . : 8
180 guest10
Override: Contrast Intensity Override: € 0 y ] G Tk TR e
,, e A gl ; 5 O ’ F’ 5 g 80 CREATED Sat, Jun 19 2021 4:53:10 PM
- oy 1 : X ’ ‘ QUEUED Sat, Jun 19 2021 5:08:41 PM

Sat, Jun 19 2021 5:08:41 PM
Sat, Jun 19 2021 5:08:47 PM
Sat, Jun 19 2021 5:08:42 PM

J2

Name Defocus

INX6Ndelnano2 18821
96.mrc

INXENdelnano2
6l.mrc

SIZE 0 Bytes
INX6Ndelnano2 ACTIONS
49.mre

INX6Ndelnano2 2117 L y . P Ve s 1oy : . y Kill Job
48.mre . ; ' ’ ' 3

INXENdelnanc2
36.mrc

INX6Ndelnano2

33.mrc

Clone Job
INX6Ndelnano2

32.mrc

INX6Ndeinano2
22.mrc

INX6Ndelnano2
05.mrc
INX&Ndelnano2
0l.mrc

INX6Ndelnanol 21218
83.mrc

INXENdelnanol
80.mrc

Picked 75 particles

@ Dashboard | = Projects | iif Resource Manager 2 guestio



Step 7: J3:Manual Picker

SRS X P7: EMPIAR-10291_50mic ~ X W1 Test Workspace ~ ® J3 EF;

2
(s

Interactive Overview nputs and Parameters Outputs Metadata

Done Picking! Extract Particles ]

Lowpass Tilter (A Box e (px) Show:
180 «@©
Override: Contrast Intensity Override:
Name Defocus CTF fit Picks
INX6Ndelnano2 18821 3.17 25 =

(1) After finishing picking, click [Done Picking! Extract Particles]



Step 7 J3:Manual Picker

] A% 13 (PT: W1) | cryoSPARC X - X

< C @ A tFUTRELL | 192.168.39.72:39000/projects/P7/W1/13 L i

’3%«_' [SaNIZL (N X P7: EMPIAR-10291.50mic v | X W1: Test Workspace v ® J3 o Q) Details Job Builder
S

JOB DETAILS
J3 (M. er)
Overview Inputs and Parameters Outputs Metadata
New Job J3
Outputs
Show from top Follow latest S T Enter a description
[CPU: 246.2 MB] - CREATED BY guest10
[CPU: 346.2 MB] Processed @ of 4 micrographs in 0.81s INTERACTIVE Yes
[CPU: 346.2 MB] Eltracf:ng fron J1/imported/INX6Ndelnano296.mrc : 25 particles (@ rejected near edges) CREATED Sat, Jun 19 2021 4:53:10 PM
[CPU: 346.2 MB] Loading micrograph.. |
[CPU: 390.8 MB]  Computed scale constant of 1.00008 | QUEUED Sat, Jun 19 2021 5:08:41 PM
[cpPu: 390.8 MB] Computed overall normalizer of 4.42692 | o | LAUNCHED Sat, Jun 19 2021 5:08:41 PM
[CPU: 398.8 MB]  Writing out particles.. 3 WAITING Sat, Jun 19 2021 5:08:47 PM
Extracted coordinates on J1/imported/INX6Ndelnano296.mrc [png] | STARTED Sat, Jun 19 2021 5:08:42 PM
. : o : com Sat, Jun 19 2021 5:42:00 PM
PARENTS J2
SIZE 12.42 MB

ACTIONS

Clear Job
Clear Intermediate Results
Export Job

Clone Job

Delete Job

@ Dashboard | = Projects | iif Resource Manager 2 guestio



Step 8: Template Picking —J4:2D classification

[ Details

A, Job Builder

(1) Choose [2D Classification] Job

(2) Click [Manual Picker] Job

Sea X
Q Test Workspace v ® i3 E;ﬁ L, Import Job | Oidest

Particle Curation (5)

J2e

[ 2D Ciassification ]

L] Select 2D classes

Class Probability Filter

Rebalance 2D Classes (BETA)

Create Templates

(3) Drag “particles” of Manual Picker
and Drop

X ’ﬂ l J& \LU vigssincauon)
New Job J4

Outputs o

it micrographs

processing

- AN let {real-space) :
exposure | | Count a\ N

v 2D Classification

;3‘ Number of 2D classes :

50 ®
|2 : Maximum resolution (A) :

6 ®

| o s
| D | Initial classification uncertainty factor:

2 (x)

Queue P7 — J4 (class_2D)

* Queue Type

[ Queue to Lane Run on specific Gl

* Lane

PU

®

Lane default (node) (node)

embox3

CPUs: 28 |RAM: 128 6B |GPUs: 4

Description

Enter a description

* Run Job in

(® Current We

New Workspace

(5) Click [Create]

Cancel Create

[ 1A (9N Placeifinatinn

INPUTS

particles (particle)

(4) Setup parameters

= Group 1> J3.particles

PARAMETERS

Particle preprocessing

|D | Window dataset (real-space) :

@
~ 2D Classification

M Number of 2D classes :

[10 10

| D | Maximum reselution () :
6

|D ‘ Initial classification uncertainty factor:
2

!] D | Circular mask diameter (A):

o

| Re-center 2D classes:

"

|D ' Show plots from intermediate steps :

o

Random Seeds

Compute settings

} P | Cache particle images on SSD:

@

| D | Number of GPUS to paratieize :
1 1

Cancel



Step 8: Template Picking —J4:2D classification
[Imin with 1GPU

[ | 3% 4 (P7:W1)| cryoSPARC x =+ - e
< C R A t¥2UT2ELL | 192.168.39.72:39000/projects/PT/W1/J4 P s € = e -

/;?Q%j [NSZEI ol X P7: EMPIAR-10291.50mic v J| X W1: Test Workspace v (IR E &, Job Builder

JOB DETAILS

Overview Inputs and Parameters Qutputs

New Job J4

Outputs
Show from top Follow latest =
ii particles

Enter a description.

[CPU: 1.87 GB] Iteration 26
[CPU: 1.87 GBI — Effective number of classes per image: min 1.80 | 25-pct 1.60 | median 1.00 | 75-pct 1.60 | max 1.60
[CPU: 1.87 GBI — Probability of best class per image: min 1.80 | 25-pct 1.00 | median 1.88 | 75-pct 1.00 | max 1.00

guest]

N

Sat, Jun 19 2021 5:51:41 P!
Sat, Jun 19 2021 6:08:35 P!

Sat, Jun 19 2021 6:08:36 P!

Sat, Jun 19 2021 6:08:37 P

; g D Sat, Jun 19 2021 6:09:40 P
SIZE 1375 M

Noise Model for iteration 20 [pngl] [pdf]

2D classes for iteration 20 [png] [pdf]

3.0 — current sigma
- current noise
— initial sigma

2.5
204 | | I Clear Job

Clear Intermediate Results
1.5 1

Export Job
1.0 1 i i i

Clone Job
0.5

0.0

T J T J Delete Job
114 7.4A 5.54 4.4A 3.7A4

Effective number of assigned classes for iteration 20 [pngl [pdf]
60

v
o
L

B
o
L

N
o
L

"
[
i=]
©
E
s
S 30
Y
Qo
[
=
=z

=
o
L

T T
4 6
Effective number of classes

Probability of best class for iteration 20 [pngl [pdf]

Dashboard = & Projects | iii Resource Manager 2 guestio



Step 8: Template Picking — J8:Select 2D classes

[ Details

A, Job Builder

JOR RLIIDFR

(1) Choose [Select 2D classes] Job

IUpaL veEnuine \DC1A]

Particle Curation (5)
2D Classification

[ D Select 2D classes ]

Class Probability Filter

Rebalance 2D Classes (BETA)

Create Templates

JOB BUILDER

(2) Choose [Class 2D] Job —

(3) Drag “particles” of Class2D and drop to “particles”

Drag “class averages” of Class2D and drop to “templates”

INFUID

s particles

particles (particle)

FE Cldsf_averdges

nplate)

e |un s

particle | | Count: 100 | | £y

yols s
o 2l

161 g 1sholds

. y - tempiate

| D | Classes where resolution better than:

s § | D | Classes where particle count higher than:

INPUTS

particles (particle) 1

w Group 1 - J4.particles ’

templates (template) 1

w Group 1 J4.class_averages @ l

ARAMETERS

General Settings

v Auto Thresholds

D | Classes where resolution better than:

Click [Queue]

Queue P7 — J5 (select_2D) X

This interactive job will run on the master node

Description

Enter a description

* Run Job in
(® Current Workspace (W1)

New Workspace

Cancel

(5) Click [Create]



Step 8: Template Picking —J8:Select 2D classes
1) Clck linteractive]_ e FRTEe==gg - . -

Interactive Qverview nputs and Parameters Qutputs Metadata

Show from top Follow [atest

(2) Select 2-4 good averages for the templates
(3) Click [Done]

Interactive Qverview nputs and Parameters Outputs Metadata
# of particles ;= E Resolution .= | ,5 | ECA .= ,F Select Al Select None | Invert Selection Selected: 60  Total: 100
19 Particles o| | 19 Particles o| | 13 Particles o| 10 Particles 10 Particles

30A 10ECA| [24 A 10ECA| [35A 10ECA| 37A 10ECA| 33A 1.0 ECA

45 A 10ECA| 89 A 1.0ECA| 89A 10ECA| |89 A 10ECA| 0A 0.0ECA

>

9 Particles @ /| 9Particles 7 Particles 4 Particles 0 Particles

Class 8 Class 1 Class 7 Class 4 Class 3 Class 6

Class § Class 9 Class 2 Class 0




i
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Step 8: Template Picking —J9:Template Picker [1min]

(1) Choose [Template picker] Job

Blob picker

Template picker

Filament tracer (BETA)

D Inspec

(4) Input Particle diameter
and click [Queue] and [Create

(2) Drag “templates_selected” of
Select 2D and Drop to templates

[JQ (Template picker)

New Job J9
Qutputs ~

BUILDING

—
t fre J2e
t Fr¢
amj

(3) Drag “exposures” of Patch
CTF(M) and Drop to micrographs

oS

ii particles_selected

ﬁtpuls

(v Group 1 - J8.templates_selected 3] ‘

micrographs (exposure) 1

Template Picking

li] Particle diameter (A) :
160

| U | Lowpass filter to apply (A}:

[ 160

[ J9 (Template picker)

BUILDING L ‘
20 (x)

New Job J9

| D | Anguiar sampling (degrees) :

5 (x)

templates (template) @ 1

@

Template Picking

2
-

o)

f | D | Particle diameter (A) :
x)
D | Lowpass fiiter to apply {A}:
20 (x)
Z D | Angular sampling {degrees) :

w Group 1> J8.templates_selected

0.5

graphs (exposure)

i i ETERS .
11 exposures_ind D | Number of mics to plot :
exposure || Count ! ‘emplate Picking 10

/

ol

-

posur mt: § £y rticle diameter (A):
— =

Cancel

D | Use CTFs to filter the templates:

|D | Min. separation dist (diameters) :

D | Number of mics to process:

(%)

(x)

(%)



Step 8: Template Picking —J9:Template Picker [I1min

O | 2% 1967w | cyosparc x [ = B
< C M A tFUTRELL | 192.168.39.72:39000/projects/P7/W1/19 Y] o= e -
0[?3‘;/ [CaTRINHONN X  P7: EMPIAR-10291 50mic v J| X W1 Test Workspace ~ ® J9 E + &, Job Builder
JOB DETAILS
Overview Inputs and Parameters Outputs Metadata
New Job J9
Show from top Follow latest Quiits Enter a description

WORKSPACES
[CPU: 764.7 MB] Completed @ of 50 : J1/imported/INX6Ndelnano810.mrc RKSPACES

Picked 1233 particles in 4.34s (5.04s total) ; 1 GotoJ9 In W2

Micrograph J1/imported/INX6Ndelnano@16.mrc [pngl

CREATED BY guest10

LAST ACCESSED BY quest10
LAST ACCESSED AT Sat, Jun 19, 2021 818 PM
— — INTERACTIVI No
particle | Count: 60528 |
e CREATED Sat, Jun 19 2021 7:42:27 PM
o
QUEUED Sat, Jun 19 2021 8:03:59 PM
it micrographs LAUNCHED Sat, Jun 19 2021 8:04:00 PM
— STARTED Sat, Jun 19 2021 8:04:01 PM
exposure || Count: 50 | | £y
— J Sat, Jun 19 2021 8:05:07 PM
32,38
Size 1.31M8

ACTIONS

Move Job v

Clear Job
Clear Intermediate Results
Export Job

Clone Job

Unlink Job from Workspace

[CPU: 801.0 MB] Completed 1 of 56 : J1/imported/INX6Ndelnano821.mrc Delete Job

Picked 1239 particles in 1.87s (6.29s total)

Micrograph J1/imported/INX6Ndelnano821.mrc [pngl

@ Dashboard Projects Resource Manager 2 guesti0



Step 9: J10:Inspect Picks

[ Details
JOB BUILDER
Q Searc
Particle Picking (8)
Q Manual picker
Blob picker
Template picker
Filament tracer (BETA)

[ L] Inspect particle picks ]

Extract from Micrographs
Extract From Micrographs (CPU)

Downsample Particles

&, Job Builder

Template picker

J2e Patch CTF (M)

(2) Drag “particles” of Template
_ picker and Drop to “particles”

%t 2 . | J10 (Inspect particle picks)
i particles

--10

PARAMETERS

~ Outputs

i micrographs [o ‘ Number of mics. to plot :

exposure ‘ Count: 50 | o) 10 (x)

(4) Click [Queue] and [Create] m

Hrmeen

(3) Drag “exposures” of Patch
CTF(M) and Drop to “micrographs

)

[J10 (Inspect particle picks)

X &
New Job J10
Outputs -
INPUTS
particles (particle) 1

ip1 > J9.particles ® |

e iphs (exposure) @

i exposures_incor "o ) J
‘exposule Count: 0 | | FAposure Count- 50 | £y outs




Step 9: J10:Inspect Picks
"',.32-\4_’ GO X P7: EMPIAR-10291_50mic ~ ® J10 E

Interactive Overview Inputs and Parameters QOutputs Metadata
Chumiss Frmmn b Calla labacns
o ] 110 (PT: W1) | cryoSPARC x |+
& C M A tF¥UFMRELL | 192.168.39.72:39000/projects/P7/W1/)10 s

B cryoseane [EE— S = |

npicking! Outpu) Locfions
i finer (AY: Box size lux‘i:| 180 '

Power Score

ACTI
Lin
0.25 030 035 040 045 0.50 0.55 "
NCC Score ¢
NCC threshold: Power threshold: Kil
e -
Name Defocus  CTFfit  Picks ‘
INXENdelnano2 18821 317 1197 =
96.mrc
Clc
INX6Ndelnano2 21545 416 1220
6l.mrc
INX6Ndelnano2 20600 3.24 1213
49.mrc

INXENdelnano2 21179 314 1227



Step 9: J10:Inspect Picks
o : |

Interactive QOverview nputs and Parameters QOutputs Metadata

NCC: Normalized Cross Correlation

Chumins Fram ban Callaw: latact
Sl % orrwniosme x| Power Score: indicating the presence of significant signal
& C QA A tF¥U72ELL | 192.168.39.72:39000/projects/PT/W1/110

B cryoseanc [EE— Sl =2

o

Use denois

M -

hreshold:

5

Power Score

Picks

INXENdelnano2 3 666
96.mrc

INXENdelnano2

61.mrc

INXENdelnano2
49.mrc

INXENdelnano2




Step 10: J11:Extract from Micrographs =

INPUTS

Particle Picking (8)
2 Manual picker (4) Input Extraction box size(pix)
(1) Choose [Extract from Micrographs] and click [Queue] and [Create]

Template picker

particles (particle) 1

Filament tracer (BETA)

Inspect particle picks
D g - v Group 1 - J10.particles 3] ‘

[ Extract from Micrographs ]
PARAMETERS

Extract From Micrographs (CPU)

Compute settings

| D | Number of GPUs to paralielize (0 for CPU-only) :

1 )

(3) Drag “particles” of Inspect / partil Exacton
Particles and Drop to “particles”

Outputs -

E] Extraction box size (pix) :

180 ®

j D | Fourier crop to box size (pix):

INPUTS

(2) Drag “exposures” of Patch
g CTF(M) and Drop to “micrographs”

ii micrographs

micrographs (exposure) 1

D, Recenter using aligned shifts:

act f icroor: <)
5 /7 l I J11 (Extract from Micrographs) BUILDING ‘ ~ Group 1 J2.exposures E3) | ~
() X
i exposures ;
] | (particle) @ | D | Number of mics to extract:
ﬂ)ulputs \
(x)

exposure | Count:

e |(exposure) @ [

besil
D | Flip mic. in x before extract?:

D | Flip mic. in y before extract?:

exgosure | Count: 50,| . @» particle

\l 2/

i exposures_incomplete

o

ADAMETED® ticle Extraction
PARAMETERS

| Cancel
D | Extraction box size (pix)

Compute settings

256 ®

exposure | Count: D} Q s i
— D | Number of GPUs to parallelize (0 for CPU-only):

Lt P Y Create




Step 10: J11:Extract from Micrographs

[ #% J11(°T: W1)| cryoSPARC x |+ = [a] X

£ C R A tF¥UFARELL | 192.168.39.72:39000/projects/PT/W1/J11 s @l s -

/r.@‘_’» [MaTRILUON X P7: EMPIAR-10291.50mic v | X W1: Test Workspace v [ I E [ Details A, Job Builder
JOB DETAILS

Overview Inputs and Parameters Outputs Metadata
New Job J11

Outputs
Show from top Follow latest B : Enter a description

[CPU: 446.6 MB] 2 2
[CPU: 446.6 MB] Processed 50 of 50 micrographs in 93.86s X 3% . Go

Lowpass Filtered Images: [png]l [pdf] A
gk S T ED BY
) X o ST ACCESSED AT

o+ = QUEUED
' : ‘ 4 { LAUNCHED
’ 3 STARTED

(50 of 50) Finished processing micrograph 49.
= Completed. Extracted 27680 particles in 94.85s.

Compiling job outputs ...

Passing through outputs for output group micrographs from input group micrographs

This job outputted results ['micrograph_blob’]
Loaded output dset with 50 items

Passthrough results [‘mscope_params', 'ctf’, 'ctf_stats’, 'micrograph_blob_non_dw'] o
Loaded passthrough dset with 50 items -
Intersection of output and passthrough has 50 items

Passing through outputs for output group particles from input group particles

This job outputted results ['blob']

Loaded output dset with 27680 items .

Passthrough results ['location’, 'pick_stats’, 'ctf'] 2 7 680 p a rt I C I eS Clear Job
Loaded passthrough dset with 29867 items
Intersection of output and passthrough has 27680 items

Checking outputs for output group micrographs

Checking outputs for output group particles

Updating job size...

Exporting job and creating csg files...

ACTIONS

particle || Count: 27680 |
Link Job v

Move Job v

Clear Intermediate
Export Job

Clone Job

Job complete. Total time 95.79s

Delete Job

i™ You are looking at the new notification system! To clear this notification, open the Notification Manager tab in the Resource Manager and click 'clear' next to this notification. X

@ Dashboard | | @ Projects i Resource Manager

J11 (Extract from ISN COMPLETED

to J11in W3
guest10
guest10
Sun, Jun 20, 2021 12:24 PM
No

Sun, Jun 20 2021 12:11:43 PM
Sun, Jun 20 2021 12:22:13 PM
Sun, Jun 20 2021 12:22:13 PM
Sun, Jun 20 2021 12:22:14 PM
Sun, Jun 20 2021 12:23:55 PM

J10, J2

335GB

Results

Unlink Job from Workspace

2 guestio



Step 11: J12:2D Classification [ 6.5 min with 2GPUs]

(1) Choose [2D CIassnflcatlon] job

Particle Curation (5)

[ 2D Classification ]

[; Select 2D classes

Class Probability Filter

(2) Click [ExtractFromMicrographs]

(3) Drag ‘particles” of[Extract From
Micrograph] and Drop to “particles”

= 912 (2D Ciassification)
«

INPUTS

and Number of GPUs

and click [Queue]

Particle preprocessing

3 | Window dataset (real-space) :

@

2D Classification

D | Number of 2D classes :

5 50

0 | Maximum resolution (A) :

6

D | Initial classification uncertainty factor:

2

New Job J12
Outputs

160

D | Re-center 2D classes :

[E] Circular mask diameter (A) :
[ 160

J

@

D | Show plots from intermediate steps :

(x)

«Q

exposure

|
o e
: g D Classification

particie | | C

mber of 2D classes:
)]

D | Maximum resolution (A)

6

2

Random Seeds

Compute settings

| D | Cache particle images on SSD:
: «©
o)

5] Number of GPUs to parallelize :

O |

2_1®

| D | Initial classification uncertainty factor :

Cancel

(>)

(4) Input Circular mask diameter(A)

(5) click [Run on

* Queue Type

* Lane

specific GPUs]

Lane default (node) (node)

embox3

CPUs: 28 RAM: 128 6B GPUs: 4

Description

Enter a

description

* Run Job in
(® Current Workspac

e (W1)

New Workspace

(6) Check two GPUs assigned for you

and click [Create]

Run job on 2 specific GPUs

enbox3 (Worker node embox3)

GPU-0 | NYIDIA GeForce RTX 2080 Ti |11 GB

GPU-1 [ NVIDIA GeForce RTX 2080 Ti |11 GB

CPUs: 28 |RAM: 128°\GB |GPUs: 4

Description

Enter a description.
* Run Job in
@® Current Workspace (W1)
New Workspace

v

Cancel




Step 11: J12:2D Classification [ 6.5 min with 2GPUs

= X

@ = @ & -

0 | # )12(P7:W1) | cryoSPARC x |+

< C nA A

[ Details A, Job Builder

JOB DETAILS

Outputs
Show from top Follow latest u o
ii particles
[CPU: 2.61 GB] Iteration 20 guest10
[CPU: 2.61 GBI — Effective number of classes per image: min 1.60 | 25-pct 1.60 | median 1.84 | 75-pct 1.65 | max 13.80 questlo
[CPU: 2.61 GB] — Probability of best class per image: min 6.86 | 25-pct .75 | median .98 | 75-pct 1.60 | max 1.80 T
No

2D classes for iteration 20 [pngl] [pdf] E E
CREAT Sun, Jun 20 2021 12:37:09 PM

Sun, Jun 20 2021 12:53:18 PM
D Sun, Jun 20 2021 12:53:18 PM

Paricie | [Eou Sun, Jun 20 2021 12:53:19 PM
o) ED Sun, Jun 20 2021 12:53:50 PM
— PARENTS am
ii class_averages
SIZE 197.02 MB
Link Job
Move Job
template | Count: 50
Clear Job
Clear Intermediate Results
Export Job
Clone Job
Delete Job
Noise Model for iteration 20 [png] [pdf]
—_— t
3.0 — Cumrent nose.
™ You are looking at the new notification system! To clear this notification, open the Notification Manager tab in the Resource Manager and click 'clear' next to this notification. X
= 2 questio

Dashboard | = Projects | 4§ Resource Manager



Step 12: J13:Select 2D classes

(1) Choose [Select 2D classes]

JOB BUILDER
Q b4

Particle Curation (5) %

(2) Choose [2D class] job

2D Classification

2D Class
v " A
[ Q —— ] .--...
b 2 o
Class Probability Filter

Create Templates

(3) Drag “particles” of [2D Class]  (4) Drag “class averages” of [2D
" and Drop to “particles” Class] and Drop to “templates”

B VEW YD UI1o
Outputs it particles

Qutputs B

ii particles NPUTS
particles (particle) 1 )
e T | (5) Click
.-. | w Group 1 - J12.particles ® ‘ [Qu e u e]
- e w Y
>’ . .

b Ell and [Create]

particle | Cour

i class_pverages

| Settings
u Queus

iresholds

o

v General Settings

Auto Thresholds

id
D | Classes where resolution better than:
D | Classes where resolution better than:

D | Classes where particle count higher than:

D | Classes where particle count higher than




Step 12: J13:Select 2D classes

e

cryoSPARC X P7: EMPIAR-10291_50mic ~ X W1 Test Workspace ~ @ J13 E

[ | A% )13 (P7: W1)| cryoSPARC el -

< (@]

CASE UGN %P7 EMpiAR-10291 50mic + || X Wi Test Workspace ~ RSERN 58 |

# of particles

2669 Particle
7A

852 Particles
10A

Class 43

373 Particles
9A

236 Particles
20A

Class 10

84 Particles
17A

Nachhnard

R A t¥74d

S 1850 Particles
11ECA 7A 1.2 ECA

Class 48

713 Particles
17ECA |7A 1.4 ECA

Class 26

343 Particles
20ECA| 21A 21ECA

235 Particles
18ECA| 19A 18ECA

68 Particles
18ECA |22A 26 ECA

Praiorte

HL | 192.168.39.72:39000/projects/P7

ECA .2

1532 Particles
7A 1.3 ECA

Class 17

672 Particles
12A 16 ECA

Class 20

311 Particles
20A 20ECA

220 Particles
17A 18 ECA

Class 3

67 Particles
21A 2.2ECA

Rocntirco Mananor

1502 Particles
7A 1.3 ECA

Class 45

611 Particles
20A

Class 12

310 Particles
20A 21ECA

210 Particles
19A 20ECA

Class 31

61 Particles
20A 3.0ECA

113

Select All || Select None

1458 Particles
6A 11ECA

539 Particles
8A

306 Particles
20A 22ECA

186 Particles
20A 20ECA

Class 39

53 Particles
23 A 20ECA

1416 Particles
7A 1.4 ECA

Class 35

533 Particles
9A 16 ECA

Class 14

296 Particles
20A 21ECA

184 Particles
20A 24 ECA

Class 41

29 Particles
25 A 1.9 ECA

Invert Selection

1384 Particles
7A 1.2 ECA

Class 46

431 Particles

13A

288 Particles
9A 20ECA

147 Particles
19A 18 ECA

-

Class 36

1187 Particles
8A 1.4 ECA

Class 19

415 Particles
A 21ECA

285 Particles
23ECA

141 Particles
20A 25ECA

Selected: 0 27680

1111 Particles
7A 14 ECA

»
N
Ciass 49

389 Particles
18 A 22ECA

Class 7

284 Particles
16A 21ECA

138 Particles
21A 21ECA

1096 Particles
7A 1.3 ECA

387 Particles
9A 19 ECA

Class 42

268 Particles
13A 21ECA

122 Particles
22A 22ECA

947 Particles
7A 14 ECA

Class 24

385 Particles

13A

256 Particles
13A 21ECA

Class 32

100 Particles
19A 17ECA

Class 27

= X
6 €yl 1= g
[ Details A, Job Builder
JOB DETAILS

New Job J13

Entera

Link Job

Move Job

Kill Job

Clone Job

guest10

Yes

Sun, Jun 20 2021 2:12:28 PM
Sun, Jun 20 2021 2:21:18 PM
Sun, Jun 20 2021 2:21:19 PM
Sun, Jun 20 2021 2:21:23 PM
Sun, Jun 20 2021 2:21:19 PM
52

0Bytes

® Aiioet1n



ep 12: J13:Select 2D classes

/&%g cryoSPARC X P7: EMPIAR-10291_50mic ~ X W1 Test Workspace v ® J13 E

[ | 3% )13 (PT: W1) | cryoSPARC

& C @ A t¥ali«

L | 192.168.39.72:3900

(1) Select “good” classes, considering
Nparticles and resolution.

fr;;’:‘-g LRI X  P7: EMPIAR-10291 50mic ~

Select All || Select None

E Resolution | 4=

©)| (1850 Particles
11ECA

# of particles Invert Selection

o ||ECA| 2 Selected: 16152 I: 27680

2669 Particles
7A

©| (1502 Particles @] [14

6A

©| (1416 Particles

©| (1384 Particles @] [1187 Particles @ 1111 Particles @] (1096 Particles @] (947 Particles

©| (1532 Particles

58 Particles
7A A

1.4 ECA

(]

Class 48 Class 45 Class 46 Class 19 Class 49

852 Particles
10A

713 Particles
7A

672 Particles
12A

539 Particles
8A

611 Particles
20A

533 Particles
9A

431 Particles

13A

415 Particles

A

389 Particles
18 A

387 Particles
9A

385 Particles

13A

1.7 ECA 1.4 ECA

16 ECA

1.9 ECA 15ECA

16 ECA

21ECA

21ECA

22ECA

19 ECA 22ECA

(2) Click

#.

Class 12 Class 14 Class 7 Class 42

373 Particles 343 Particles

21A

311 Particles
20A

310 Particles 306 Particles

20A

296 Particles
20A

288 Particles
9A

285 Particles 284 Particles

16A

268 Particles 256 Particles
13 21ECA | 13A 21ECA

.
cles.

122 Particles

9A

20ECA 21ECA 20ECA

20A

21ECA 22ECA 21ECA 20ECA 23ECA 21ECA

14A

In this case, | selected 11 classes.
It means 16152 particles among 27680 parti

186 Particles 184 Particles 147 Particles 141 Particles 138 Particles

236 Particles 235 Particles 220 Particles 210 Particles 100 Particles

20A 18ECA 19A 18ECA| [17A 18ECA 19A 20ECA 20A 20ECA 20A 24ECA| 19A 18ECA 20A 25ECA 21A 21ECA 22A 22ECA| 19A 1.7 ECA
. - »

Class 10 Class 3 Class 41 Class 36 Class 27

84 Particles 68 Particles 67 Particles 61 Particles 53 Particles 29 Particles

17A 18ECA |22A 26ECA | |21A 22ECA| 20A 30ECA 23A 20ECA 25A 1.9 ECA

Nachhnard Praiorte Rocntirco Mananor

= X
6 €yl 1= S
[ Details A, Job Builder
JOB DETAILS

| J13 (Selec

New Job J13

Enter

guest10
VE Yes
Sun, Jun 20 2021 2:12:28 PM

Sun, Jun 20 2021 2:21:18 PM

Sun, Jun 20 2021 2:21:19 PM

Sun, Jun 20 2021 2:21:23 PM

Sun, Jun 20 2021 2:21:19 PM

52

0Bytes

[Done]

Link Joo
Move Job

Kill Job

Clone Job
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Step 13:J14:Ab-initio Reconstructinn

JOB BUILDER

(1) Choose [Ab-initio Reconstruction]

[ Ab-Initio Reconstruction ]

3D Refinement (6)

Homogeneous Refinement (Legacy)

Homogeneous Refinement

Heterogeneous Refinemen
Non-uniform Refinement (Legacy)
Non-uniform Refinement (NEW!)

Homogeneous Reconstruction Only

(3) Drag “particles_selected” of

[Select 2D] and Drop to “particles’
2 I[J14 {Ab-Initio Reconstruction)

Now lnh J14
i particles_selected

)

Outputs

bw dataset (real-space) :

ii templates_selected Ab-Initio reconstruction

D | Number of Ab-Initio classes :
1

D | Num particles to use :

«

)
.- D | Maximum resolution (Angstroms) :
Count:11 | ( £y 12

template

= D | Initial resolution (Angstroms) :
it particles_excluded g

TN T = b

(2) Choose [Select 2D] job  ewee 1

..-.. A ‘/.‘\v’E‘h’pA

o [ (5) Click [Run on specific GPUs]

New Job J14
* Lane

Lane default (node) (node)

i min: 7, Max: Infinity, Re ts: no

embox3 CPUs: 28 RAM: 128 6B GPUs: 4

| w Group 1 - J13.particles_selected 3] |

Description
Particle preprocessing

D | window datasel (real-space) :

(\ x)
) X
Ab-Initio reconstruction

D | Number of Ab-Initio classes :

1 )

D | Num particles to use: L
| Queue P7 — J14 (homo_abinit)

D | Maximum resolution (Angstroms) :

12

N and click [Create]

embox3 {Worker node embox3)

GPU-0 |NYIDIA GeForce RTX 2080 Ti (11 GB

D | Class similarity

D | Show plots from intermediate steps :

«@©

Random Seeds
Description

Enter a description

Compute settings

(4) Click [Queue]

* Run Job in

Cancel - Cancel

=

(6) Check one GPU assigned for yot

CPUs2\28 |RAM: 128 GB |GPUs: 4

™

Create




Step 13: J14:Ab-initio Reconstruction [5.5 min with 1GPU]

0O | # 114 (P7: W) | cryoSPARC x = = >

& C @A A tFl7e L | 192.168.39.72:39000/pr e s -

/%gg cryoSPARC X P7:EMPIAR-10291_50mic v X W1 Test Workspace v ® J14 E [ Details A, Job Builder
JOB DETAILS

[ 914 (Ab-initio Reconstruction)

and Parameters
New Job J14
Outputs
Show from top Follow latest = Enter a de
it particles_all_classes

riptior

particle || Count: 16152 CREATED B guest
Structure for Class 000 Iteration 718 [pngl [pdf]

o guest
Sun, Jun 20, 2021 2:50 f
it particles_class_0 ‘
particle | | Count: 16152 Sun, Jun 20 2021 2:40:19 F
Sun, Jun 20 2021 2:51:04
Sun, Jun 20 2021 2:51:04 |
Sun, Jun 20 2021 2:51:05

Sun, Jun 20 2021 2:56:43 |

)

if volume_class_0

PARENT .
I1ZE 83891
0 12 25 37 50 63 0 12 .
Viewing Direction Distribution Class 000 Iteration 710 [pngl [pdf]
oy Link Job
Move Job
3
e, o
g ® Clear Job
T E
% ‘s Clear Intermediate Results
#
Export Job
Clone Job
-3n/4 -n/2 -n/4 0 n/4
Azimuth Delete Job
Noise Model Iteration 710 [pngl [pdf]
—— sigma —— error
™ You are looking at the new notification system! To clear this notification, open the Notification Manager tab in the Resource Manager and click 'clear' next to this notification. X
Dashboard | & Projects Resource Manager 2 questio




Step 13: J14:Ab-initio Reconstruction [5.5 min with 1GPU]

0O | # 114 (P7: W) | cryoSPARC x =

/|\

GROUP TYPE
particle

TOTAL ITEMS
16152

ACTIONS

2, Export

particles_class_0

No Image Available
GROUP TYPE
particle

TOTAL ITEMS
16152

ACTIONS
2, Export

volume_class_0

GROUP TYPE
volume

TOTAL ITEMS
1

ACTIONS
2, Export

@ Dashhoard | | i Proiects

C @ A t¥)7

”r?g‘i,’ [SaLRLAUONE X P7: EMPIAR-10291.50mic v | X W1: Test Workspace ~ ® Ji4 E &

L | 192.168.39.72:39000/proje

J14.particles_all_classes.blob
i alignments_class_0

J14.particles_all_classes alignments_class_0
¥ VERSIO

i location (passthrough)

J14.particles_all_classes.location

i blob

J14.particles_class_0.blob

i alignments3D

J14.particles_class_0.alignments3D

location (passthrough)

J14.particles_class_0.location

i map
J14.volume_class_0.map

(1) Download “J*.volume_class_0.map”

Resource Manager

192.168.39.72:39000/download_result file/P7/J14volume_class_0.map

particle.blob

3 & || J14particles_all_classes.ctf

particl

a J14.particles_all_classes.alignments2D

particle.location i plck_stats (passthrough)

@ (& | J4.particles_all_classes.pick_stats

particle.blob

3 & || N14.particles_class_0.ctf

particle.

a J14.particles_class_0.alignments2D

particle location plck_stats (passthrough)

3 & | N4.particles_class_0.pick_stats

Download output

D

particle.ctf

(s )

particle.alignments2D

a e

particle.pick_stats

a e

Group 2

particle.ctl

a e

particie. alignments2D

a e

particle.pick_stats

(=)

Group 3

% @l = @ @ -

[ Details A, Job Builder

JOB DETAILS

gues’

gues'

Sun, Jun 20, 2021 3:07 |

\

Sun, Jun 20 2021 2:40:19 F
Sun, Jun 20 2021 2:51:04
Sun, Jun 20 2021 2:51:04 |
Sun, Jun 20 2021 2:51:05 |
Sun, Jun 20 2021 2:56:43 |
NTS J

83891

Link Job ~

Move Job

Clear Job

Clear Intermediate Results
Export Job

Clone Job

Delete Job

2 guestio



Step 13: J14:Ab-initio Reconstruction [5.5 min with 1GPU]

[Tools]->[Volume Data]->[Volume Viewer]

1 @ s | 99vo-F = =y Volume Viewer

Change :step=1

fi-h  £& Ex (2]
P B % | g MV & [ File Features Data Tools P,
AR T LT LAl = e cryosparc_P7_J14_class_00_final_volume.mrc #0 128 |step _lJ @ -

DYy TR == i B CHImeratifisre

« v o~ &> pCH Fyyo-F vio O §oy0-FORE
#* 7497 PIHA i 1
w0 o] v 2RO [File]->[Open...] Change contour Level
3 900k # ~ cryosparc_P7_J14_class_00_final_volume [
B FEavh = v o
miry X Range -0.0842 - 0.976 Level [0.436 Color [T
Step10_Extractfr

Style & surface ¢ mesh ¢ solid
Step11_2DClassif

Step12_Select2D
v

-~ = e - S 2
1@0ES =

Centerl Orientl Close] HeIp]

S UCSF Chimera

- o X S UCSF Chimera - o X
Eile Select Actions Presets Jools Fayorites Help

Eile Select Actions Presets Jools Fayorites Help

Command:!

Activemodes: W0 M1 M2 M3 457677 8 9 Al Next|Previous

| =] Command:[set bgcolor white
Activemodels: W0 M1 M2 M3 4567 8 9 Al Next|Previous




. (15 (Homogeneous Refinement
Step 14:J15:Homogeneous Refinement =~ |

JOB BUILDER

particles (particle) 1

(1) Choose [Homogeneous Refinement] TR i ia i |
(5) Input Symmetry:C8 and click [Queue]

Ab-Initio Reconstruction

(2) Choose [Ab-initio] job

volume (volume) 1

3D Refinement (6)

Homogeneous Refinement (Legacy)

[ Homogeneous Refinement ]

Heterogeneous Refinement

Non-uniform Refinement (Legacy)

Non-uniform Refinement (NEW!)

Particle preprocessing

(3) Drag “particles_class0” (4) Drag “volume_class0” of [Ab- o
of [Ab-initio] and Drop to initio] and Drop to “volume” ol N 5
“particles”

2

Homogeneous Refinement

(Y12 (momogeneous Kennemeny m = =
5 n [J'IS (Homogeneous Refinement) BUILDING
v
New Job J15
New Job J15 i' Symmetry :
INDLITC ) Outputs - . ) . C8 C8 | (x

Outputs

ii particles_all_classes

=) ii particles_all_classes
particle | [ Count: 16152 particles (particle) 0] = —
2T particle | | Count: 16152 particles (particle) 1 D | Maximum align resolution (A):
L)
+ =
o (x)
3t | | S
ii particles_class 0. volime Bl:< 0 7 1= Jld.particles_class_0 ® ‘ D | Dynamic mask start resolution (A) :
particle | | Count: 16157
12 X
2 5
: volume_class_0 mask (mask) 0 D | Show plots from intermediate steps :

(:j. ( : )

Defocus Refinement

Particle preprocessing

D | Window dataset {real-space) : Pactich
Briicie preprucessing D | Num. particles to plot:

volume | Co

D | Window dataset (real-space) : )

D | Minimum Fit Res (A) :



Step 14: J15:Homogeneous Refinement (5.5 min with 16pU]

(1) click [Run on specific GPUs]

Queue P7 — J15 (homo_refine_new

* Queue Type

* Lane

® [ Lane default (node) (node)

embox3 CPUs: 28 |RAM: 128 6B |GPUs: 4

Cancel Create

(2) Check one GPU assigned for you
— and click [Create]

yueue ¥/ — JIO (nomo_rerine_new)

* Queue Type

Jueue to Lane Run on specific GPU |

Run job on a specific GPU

embox3 (Worker node embox3)

GPU-0 | NYIDIA GeForce RTX 2080 Ti |11 GB

N .

Cancel

CPUs: 28 RAM: 128 GB |GPUs: 4

Create




Step 14: J15:Homogeneous Refinement (5.5 min with 16pu]

[ | 3% )15 (P7: W1) | cryoSPARC x  +
S C QA A tFUFARERL | 192.16839.72:39000/projects/P7/W1/15

"':-’gi_/ cryoSPARC X P7: EMPIAR-10291_50mic v X W1 Test Workspace v ® J15 Ep’w

Overview Inputs and Parameters Outputs Metadata
Show from top Follow latest
[CPU: 2.40 GB] Plotting ..

Real Space Slices Iteration 806 [png] [pdf]

179 179

143 143 1

107 107
sk 71

35 35 4

0 35 71 107 143 179
Fourier Space Slices Iteration 006 [png] [pdf]
179 179

143 143

107 107
71 71

35 35

0 35 71 107 143 179

Real Space Mask Slices Iteration 006 [png] [pdf]

Dashboard

B Projects | | 4§ Resource Manager

FSC Iteration 006 [pngl

[pdf] [txt]
GSFSC Resolution: 3.76A

1.0 + ‘
—— No Mask (4.34)
| = Spherical {4.14)
0.8 1 ~ = Loose (44)
—— Tight (3.84)
— Corrected (3.84)
0.6 — 1 ~ Y ' -
0.4
0.2 - 1 B\ i i .
0.0 ! T : + 'M
DC 224 114 7.4A 554 4.4 3.7A 324 284
[ |
FSC Iteration 006, after FSC-mask auto-tightening [png]l [pdf] [txt]
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Resolution from Fourier Shell Correlation (FSC)

1)Divide 2D particle images into two sets, and reconstruct two 3D maps f,(x) and f, (x).
Their Fourier transferred maps are called F,(q) and F, ().

2)Calculate correlation FSC(r) on a spherical shell with spatial frequency r=|q|.

3) Plot FSC(r) versus spatial frequency r. Resolution is defined spatial frequency
with FSC(r) =0.143 (=1/7).

Gold Standard Resolution (tight mask)
10— I ' ] I l — maskédtight_04.txt' ? T
— maskedtight_03.txt | qy | qy
— maskedtight_02.txt
— maskedtight_01.txt[] :/ y
10 [0
0.75F .
2 os) F.(9) F,(q)
_[ B Re[Fl(CI)' Fz(q) ]dq
0.25} |gl=r
2 2
] IR ... \/J' | FR(9)] dq.j |F,(@) dg
lal=r la|=r
0 , , . . : .
1/100 1/20 1/12 1/8 16 1/5 1/4 1/3

Spatial Frequency (1/A)



FSC curves in cryoSPARC

'I\A‘/Izlrj,nllsm CryoSPARC Team https://discuss.cryosparc.com/t/tight-corrected-and-loose-gsfsc-curves/201/4

Here is a short explanation of the different FSC curves in cryoSPARC:

#FSC calculations in CryoSPARC

##No Mask:

This is the raw FSC calculated between two independent half-maps reconstructed from the data. There is no
masking applied, so both the structure and solvent are included in this FSC.

##Spherical:

This is the FSC calculated after applying a soft spherical mask to both half maps. The outer radius of the soft
sphere is equal to half the volume box-size (i.e. the sphere extends to the faces of the box in all directions). The
inner radius is 85 percent of the outer radius. Between inner and outer radii, a soft cosine edge transitions from a
mask value of one to a value of zero.

##Loose:

This is the FSC calculated after applying a soft solvent mask to both half maps. The loose mask is calculated as
follows. First, the density map is thresholded at 50% of the maximum density value. The resulting volume is
dilated to create a soft mask. Voxels in the mask that are within 25 angstroms of the thresholded region receive
a mask value of 1.0. Voxels between 25 and 40 angstroms fall off with a soft cosine edge, and voxels outside 40
angstroms receive a value of 0.0.

##Tight:

This is the same as the loose mask, except the dilation distances are 6 angstroms for the value 1.0 distance and
12 angstroms for the value 0.0 distance.

##Corrected:

This is the FSC curve calculated using the tight mask with correction by noise substitution [1]. The two half maps
have their phases randomized beyond a certain resolution, then the tight mask is applied to both, and an FSC is
calculated. This FSC is used along with the original FSC before phase randomization to compute the corrected
FSC as in [1]. This accounts for correlation effects induced by masking. The resolution at which phase
randomization begins is the resolution at which the no-mask FSC drops below the FSC = 0.143 criterion.

1.Chen, S. et al. High-resolution noise substitution to measure overfitting and validate resolution in 3D structure
determination by single particle electron cryomicroscopy. Ultramicroscopy 135, 24-35 (2013).



https://discuss.cryosparc.com/g/team
https://discuss.cryosparc.com/u/apunjani
https://discuss.cryosparc.com/g/team
https://discuss.cryosparc.com/t/tight-corrected-and-loose-gsfsc-curves/201/5

Mask maps

volume_mask_fsc volume_mask_fsc_auto



Step 14: J15:Homogeneous Refinement (5.5 min with 16pu]

”[?gﬁ,’ ARG X P7: EMPIAR-10291 50mic + | X W?1: Test Workspace v ® JI5 E

(1) select [Outputs] tab

GROUP TYPE
particle

TOTAL ITEMS
16152

ACTIONS
2, Export

i volume

GROUP TYPE
volume

TOTAL ITEMS
1

ACTIONS
2, Export

GROUP TYPE
mask

TOTAL ITEMS
1

Metadata

i alignments3D
J15.particles.alignments3D
v VERSIONS

it blob (passthrough)

J15.particles.blob

it location (passthrough)

J15.particles.location

i map

J15.volume.map

i map_half_A
J15.volume.map_half_A
v VERSIONS

i mask_refine
J15.volume.mask_refine
v VERSIONS

i mask_fsc_auto

J15.volume.mask_fsc_auto

¥ VERSIONS

it mask_refine

J15.mask.mask_refine

¥ VERSIONS

Metadate

particle.alignments3D

a e

particle.blob

a e

particle.location

a e

i ctf

J15.particles.ctf

v VERSIONS

it alignments2D (passthrough)

J15.particles.alignments2D

ii plck_stats (passthrough)

J15.particles.pick_stats

Download output

Bp_sharp

ojume.map_sharp

¥ VERSIONS

(2) Download “J*.volume_map”

volume.blob

a e

volume.blob

a e

volume.blob

al (&

v VERSIONS
it mask_fsc
J15.volume.mask_fsc
v VERSIONS
it precision

J15.volume.precision

v V ONS

Group 1

particle.ctf

g &

particle.alignments2D

a e

particle.pick_stats

a e

Group 2

volume.blob

av e

volume.blob

a e

volume.blob

a e

volume.blob

ale

Group 3



Step 14: Homogeneous Refinement [5.5 min with 1GPU]

N
9499 PIEA qE- BEURT W% - =hazpzs  HLL
EvEnss (= =EEEEE oy
gYyTi-F E=3= R
2+ & > pC > F9yo-F v
A Z5
@ Creative Cloud File &
A
@ OneDrive vSH @)
< cryosparc_P7_J15_006_volume_mask_refine
B pc < cryosparc_P7_J15_006_volume_map_sharp
#3D ATIIIh [ < cryosparc_P7_J15_006_volume_map
* 49y0-F = cryosparc_P7_J14_class_00_final_volume
! FAIT Il 7
SENEE 1EQEBZER 222MB

w |@ |

Tools]->[Volume Data]->[Volume Vlewer]

< Volume Viewer

File Features Data Tools

Change :step=1

cryosparc_P7_J15_006_volume_map.mrc #0 1803 lstep _l_JI = -

]
Range -0.349-1.1 Level |0.425 Color D

o 2
Style @ suiface © mes change contour Level

Centerl Orientl Closel Helpl

& UCSF Chimera
file Select Actions Presets Jools Fayorites Help

|Command: [set bgcolor white
Actvemodels: W0 W1 W2 M3 M4 P56l 789 Al Next|Previous

S UCSF Chimera
File Select Actions Presets Jools Fayorites Help

1803

ICommand: ftum x 90
Activemodels: W0 P 1 M2 34567 6ol Al Next|previous




Step 14: Homogeneous Refinement [5.5 min with 1GPU]

===} -
» i BE- XAk~
N
D497 770 JE- YR - W-% hE&snEsE
EvEnss (2] g
Yy Tm-F ZE
okl ey <o 2 UTFile]->[0
A o ae il .
B Creative Cloud File | 280 H2 &=
A
@ OneDrive vSH @
< cryosparc_P7_J15_006_volume_mask_refine 22,783KB  MRC 771l
E PC [ < cryosparc_P7_J15_006_volume_map_sharp MR 1)l l
33D ATIzIh § cryosparc_P7_J15_006_volume_map $"
‘v 490-F < cryosparc_P7_J14_class_00_final_volume 1l
! FAIT Il 7
SEDEE 1E0EEEZER 222MB

= UCSF Chimera

file Select Actions Presets Jools Fayorites Help

sharp L. S

|Command: [set bgcolor white
Actvemodels: W0 W1 W2 M3 M4 FsFe6l 789 Al Next|Previous

pen...]

EHE

[Tools]->[Volume Data]->[Volume Viewer]

< Volume Viewer

Change :step=1
File Features Data Tools

cryosparc_P7_J15_006_volume_map_sharp.mrc #0 1803 = -

ikl Wikin 1 111 n
Range -1.73-3.29 Level [0.684 Color EI

Style @ surface ¢ mesh

Change contour Level
Centerl Orientl Closel Helpl

= UCSF Chimera == o X
File Select Actions Presets Tools Fayorites Help
]
o
.
L")
@
ICommand: ftum x 90 |
Activemodels: W0 P 1 M2 34567 6ol Al Next|previous
|




Step 14: Homogeneous Refi

* U \1 .: #E

499 770X JE- E5Y

nement [5.5 min with 1GPU]

[Tools]->[Volume Data]->[Volume Viewer]

< Volume Viewer

Change: step =1

[CEVEHTS (& S ; File Features Data Tools
DYy T g CRImEratifisre
cryosparc_P7_J15_006_volume_mask_refine.mrc #0 180 step 1 =
» PC > ¥9y0-F o
r¥ ¥ TFﬂeT >[Open...]
3 CreativeCloud File . 280 T2 EHE
A
@ OneDrive v5H@) WM‘“WW
[ < cryosparc_P7_J15_006_volume_mask_refine 22,783KB  MRC 771l ] 202
i pc < cryosparc_P7_J15_006_volume_map_sharp KB Il 202 Range 0-1 Level |1 CO!OI'
B 3D ATIIIH = cryosparc_P7_J15_006_volume_map 1)l 202 Style  surface © mesh
‘ 49y0-F < cryosparc_P7_J14_class_00_final_volume 1)l 202 Cha nge (0] ntou r Level
B 7277 -
: v o< Center| Orlentl Closel Helpl
SEDEE 1E0EEEZER 222MB
= UCSF Chimera == o X = UCSF Chimera == o X
File Select Actions Presets Jools Fayorites Help Eile Select Actions Presets Jools Fayorites Help

mask

|Command: [set bgcolor white
Actvemodels: W0 W1 W2 M3 M4 FsFe6l 789 Al Next|Previous

ICommand: ftum x 90
Activemodels: W0 P 1 M2 34567 6ol Al Next|previous

1803
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