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Scipion: a workflow manager

Project
PROJECT

scipion - import movies scipion - import movies
PROJECT

mot ioncorr - motioncorr alignment
. . Save
puem - import movies

saved

Motioncorr
xmippd - manual-picking {(step 1
=saved

mot ioncorr - movie alignment
aved
®mipp3 - auto-piﬁring {step 22
Ctffind gctf - CTF estimation on GPU save
cistem - ctffindd goctf - ctf estimation wmipp3 - mowvie gain relion - particles extraction
saved zaved saved saved

relion - 2D classif ication

Summary Monitor (copy) xnipp3 - ctf consensus emfacilities - monmitor summsry =ave
save saved
Yavgs
saved
“mipp3 - manual-picking (step 1}
emanz - initial model gautomatch - auto-picking
save saved
xnipp3 - aUtiéfiCking istep 23 relion - 20 auto-refine
saved

relion - particles extraction relion - post;frocessing

save save
cryosparc? - 2d classification relion - 3D 2;;&;;3Fine feapyd
zaved *mipp3 - loc?} MonoRes
zave

relion - post-processing focopyl
G v

xmipp3 - localdeblur sharpening
save

xmipp3 - local MonoRes {(copyl
save

o
instruct
Integrating
ESi()l()g;)/ xmipp3 - localdeblur sharpening (copyl
saved




O scipion

Pull requests

Issues

Marketplace Explore

Large community

involvement

48 developers
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Repositories @ | 165 repository results Sort: Best match ¥
Code @
. [2PC/scipion | Public archive
Commits @ P . . .
Scipion is an image processing framework to obtain 3D models of macromolecular complexes using Electron
lesuas m Microscopy (3...
python  c-plus-plus  workflow  structural-biology  image-processing  reproducible-science  usability
Discussions g electron-microscopy  cryo-em  single-particle-analisys
Packages o Y771 @Python Updated on Jun 4, 2020
Marketplace o
_ o & scipion-em/scipion-pyworkflow
opics . -
P Underlying pyworkflow module for the Scipion framework
Wwikis [ 184 core
w4 @ Python  GPL-3.0license  Updated 8 days ago
Users 9
& 12PC/xmi
Languages . / ) pp_ ) ) o . . )
Xmipp is a suite of image processing programs, primarily aimed at single-particle 3D electron microscopy.
Python 112 cryo-em  cryoem  scipion
Dockerfile 10 Y715 @C++ GPL-30license Updated yesterday 1issue needs help
C++ 5
JavaScript 5 & 12PC/scipion-em-xmipp
Plugin to use Xmipp programs within the Scipion framework
p 1 3
Hppe Y55 @Python GPL-3.0license Updated yesterday
Shell 3
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Grid squares and holes detection and classification

-

SerialEM

Images data
CryoEM microscopy

@ @ =

ibi . Squares Network
Scipion Ptolemy- Scipion Ptolemy q
lugin plugin Ptolemy-
St Protocol

SerialEM-Protocol Detector Classification

Setup threshold streaming
View images and classifications Holes Network
Launch Ptolemy Neuronal Networks
Filter and selection of final squares and holes Detector Classification

e Manage microscope magnification
e Launch acquisitions
e Manage coordinates

Manage coordinates




JAFIS and minimal hysteresis

Each beam shift accumulate a hysteresis in the microscope lens, causing aberrations (AFIS).
Stopping the acquisition to calibrate the lens is the current solution.

JAFIS software, available for SerialEM, bring all the parameters involve in the aberrations issue
for each hole (h).

0,0 0,1 . 0,m
hiljlkll hi:jxkxl hiljlkll
1,0 1,1 . 1,m
hilj: knl hi: j: kal hirj: klI
n,0 n,1 . nm
hi, Jok, L h’i, IR i,j k1

Find a path that minimize the number of changes of sign in those parameters, is carried
out by a genetic algorithm. Results:
There are 479M possible paths for 12 holes

e The genetic algorithm found a path with only 4 sign changes:
[6,11,9,3,5,2,8,0,10,4,1, 7]

e Following a default spiral path would result in 9 sign changes:
[0,1,2,3,4,5,6,7,8,9, 10, 11]



Stream processing and monitoring
]

Micro 1-200 kV FEI
TALOS Arctica

e

Micro 2 - 300 kV JEOL
CryoARM

—®

—0
—0

Processing server1

—fn

-0
— 0

Processing server n

Scipion
On-the-fly processing

PROJECT

pwem - manual check point (2Df  pwem - manual check point (30f®
finished running (done 0/1)

pwem - create stream dal’
running (done 25/100)

motioncor - movie ali
running (done )

xmipp3 - movie maxshil’
running (done 25/26)

cistem - ctffinds ®  getf - ctf estimation®
running (done 22/23)  running (done 22/23)

xmipp3 - ctf consensus.
running (done 22/23)

sphire - cryolo picking (correclod’
running (done 2/3)
lomatch - auto-picking (cormect relion - auto-picking LoG (cormect:
o ﬂcﬂ'imrmmg?(ﬂ = = running (donem 13’&0} odf

xmipp3 - picking consensus n=2 (corm.

running (done 16/17)



Stream processing and monitoring

EIREEEEE X
¥ Applications

TurboVNC: galileo.cnb.csic.es:1 (scipionuser) [Tight + JPEG 1X Q95 + CL 1]
X
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Stream processing and monitoring

TurboVNC: galileo.cnb.csic.es:1 (scipionuses

ight + JPEG 1X Q95 + CL 1]
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Automated sample evaluation

: : |:'> 1) Constant feedback on the quality of acquisition
ObjeCtlveS 2) Automated intelligent decisions to filter bad quality images

1) Quality of acquisition: protocols to monitor the acquisition by extracting quality measurements such as
gain, dose analysis or beam tilt analysis.

Movie gain protocol Poisson count protocol Tilt analysis protocol

Mean dose vs time
¥ Movie gain monitor 05375 | —— MEAN_DOSE_PER_FRAME

These protocols can be added
to your workflows for an extra
level of quality checks.

J i
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Y-axis (Corrx:0.984)

Automated sample evaluation

2) Automated intelligent decisions: Consensus protocols combine estimations where at least two different
algorithms agree from the same input data. Helps to make more robust estimations and discard bad quality

results.

Alighment consensus

Global Alignment Trajectories

15 4/ ! . T = reference shifts
—— target shifts

10

—5 4

=10

=20 =15 =10 -5 [} 5 10 15 20
X-axis (CorrX:0.997)

Shifts trajectory correlation
between two global
alignments

CTF consensus

Discarded micrographs

Particle picking consensus

Example

AND picking
s)

Cryalo picking Deep picking consensus.
(141) (28)

OR picking consensus.
(284)

Picking consensus options

These protocols can be added
to your workflows for more
robustness and to act as
quality filters.




Automation in facilities workflows

Topaz: 7486 particles

+Deep Consensus

: ReIon:2477 partiles __ +|\/|iCrograph Cleaner

Gautomatch: 3311 particles



Automation in facilities workflows

On-the-fly processing (streaming) with reduced or non-human interactions workflows:

PROUECT®

Manage labels [.ﬁ-@l-&'&:

-

— Stage 1:
©Add ¢ Edit [ Delete 1. From movies to micrographs
Fite ] - o Alignment options (motioncorr, flexAlign,
—— — — == relion, etc.)
- 2. CTF estimation
o  Different options (gctf, cistem, xmipp, etc)
@ Select the label o edit or delete - o  CTF consensus recommended
1.  Manual Checkpoint 1
o  Manually or time approved starts the
picking
ot spoufe st 2. Particle picking strategy .
Stage 2 and Stags 3. This i dane o  Different picking strategies based in normal
to allow the user to check the picking and consensus, using 2D
results of previous stages before .
advancing the next one. references or training new models.
3. Trigger data
o 2D Classification with eg: n=1,000,
K n=5,000, n=10,000 number of particles /
/" Stage 3:
1.  Manual Checkpoint 2
o Manually or time approved starts centering
particles for the initial volume
2. Initial volume estimation
o Initial volume (eman2, cryosparc, relion,

Xmipp3, etc)




Distributed processing

Micro 2 - 300 kV JEOL
CryoARM

—
11

& =

—_— 0 — 0
— O — 0
Processing Processing
server1 server 2

Movie alignment  All other steps

provECT®

+GPU Queues




Giving the data back to the user
el —®

—0
—0

Processing server1

Micro 1- 200 kV FEI

TALOS Arctica -
p— o] =
NFS shares = —
i =
—Olu 2%
' = fs20d =
NFS shares . NFS shares — O | sZo s
= =
Storage server —_=
CryoEM Workflow
Viewer
El
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n — O LIMS
e — ==
— O

Processing server n

Micro 2 - 300 kV JEOL
CryoARM



Giving the data back to the user

CFyOEM Workflow Viewer Public entries Sign up A Login

xmipp3 - ctf consensus GCTF+CTFFind4

_ =

-6819.outputMicrographsDiscarded:

29/29 CTF processed (28 accepted and 1 discarded).*General Criteria*: - _Defocus_. Range: 4000 - 40000 - _Astigmatism_. Threshold: 1000 - _Resolution_. Threshold: 4 (1 discard
Input: 6631.outputCTF (from cistem - ctffind4) - SetOfCTF (29 items)
Input: 6692.outputCTF (from gctf - ctf estimation) - SetOfCTF (29 items)
summary: Output: 6819.outputCTF - SetOfCTF (28 items)
Output: 6819.outputMicrographs - SetOfMicrographs (28 items, 3710 x 3838, 0.49 A/px)
Output: 6819.outputCTFDiscarded - SetOfCTF (1 items)
Output: 6819.outputMicrographsDiscarded - SetOfMicrographs (1 items, 3710 x 3838, 0.49 A/px)

log: Runs/014156_CryoEMWorkflowViewerDepositor/extra/images_representation/6819_XmippProtCTFConsensus.log
label: Micrographs
plugin: xmipp3

13

relion - auto-picking LoG  eman2 - sparx gaussian picker sphire - cryolo picking  xmipp3 - auto-picking (step 2) Poweredby’é SCIPION



Remote access: VPN+VNC

EIREECEE EXIERS

TurboVNC: galileo.cnb. 'sic.es:1 (scipionuser) [Tight + JPEG 1X Q95 + CL 1]

ik Applications | (@ Projects (scipionuser o... ||(® 2022_03_16_jaka-snoj_... | B Terminal - scipionuser... B € @ 17:28 | scipionuser
3 2022_03_16 jaka-snoj_000330 (sci ileo.cnb.csic.es) s
Project Help
'® SCIPION wos- cupois 5017 cor) 2022 03 16_jaka-snoj 000330 i [
Edit (\Copy [ Delete {ZSteps BpBrowse &Db [@Colapse WyLabels View[Tiee <l Relresh
Viow PRESBSPATy ¢ (o BDoke S8 Sacie. ‘ ek
PROVECT
< Protocols SPA
< im
import movies
3impot micrographs scipion - import movies
Flimport paricies fiished
3 import volumes
, more
it relion - motion corrction
< Micrographs -
b @CTF estimation finished
» @ Prep
< Paricies
» @Picking gotf - ctf stimation  sphir - ryolo picking
t xtract finished finished
b @ Filter
3 @ Mask
® xmipp3 -cif consensus  relon - prtcles extraction (copy 2)
» @ Align fiished finished
» @ Classity
<o
% el vohome) oryosparc2 - 2d classification (copy 3)
> fished
v
» @ Postprocess
b © Analysis 451786 388avgs
> finished  finished
» Tool
» Exports

cryosparc - iitial model
finished

77063 vols Vo5
finished finished

cryosparc2 - 3D non-uniform refinement  cryosparc2 - 2d classification (copy 4)  cryosparc2 - 5  cryosparc2- 6 oryosparc2- 7 oyosparc2-
finished finished finished finished finished
xmipp3 - deepEMhancer
finished
‘Summary | Methods | Output Log |
< Input
inputVolume - (from cryosparc2 - 3D non-uniform refinement -> outputVolume [outputVolumel) Volume (160 x 160 x 160, 1.71 A/px)

utput
@ xmipp3 - deepEMhancer -> Volume

SUMMARY
Input: raw data map
Normalization: auto

Volume (160 x 160 x 160, 1.71 Ajpx)




User machines
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ser machines

m TurboVNC: ip-172-31-43-17 %

= = QR 34.246.187.129/vnc.htmiPresize=remote &
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