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What is CCP-EM? (*)cCP-EM

: : CCP-EM & CCP4 | RCaH
Support users and developers in computational | RCa

aspects of biological EM
Based at STFC RAL national laboratory
CCP-EM software suite

e EM community (>3.5K subscribers)

e Software users (>1200 downloads, >30 industrial
licences)

e Support developers (>10 external groups)

Core funding from MRC since 2012
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CCP-EM software suite

30+ tasks in a common Python framework o
Q& Project: ~/IUCr_demo \ CCP-EM Doppio

Raw micrographs to validated atomic model

PROJECT JOBS NODES  NEWJOB RESULTS LOGS 1/0 PARAMS Job 30 - PostProcess

Uses some CCP4 programs

o

Filter jobs by type or alias

PostProcessed map info A
39 - Import - no alias I
Download from ccpem.ac.uk , 284
38 - Flip - nodlias Sharpening b-factor: -8.26995
Li n UX & M aC | o i e Masked map preview (downsampled) A
| 36 - Select - noalias
# Volume o

Free for academic use, fee for commercial Lo

PostProcess/job030/postprocess_masked...

34 - Molrep - no alias ®
| ) Isosurface 5450 ©
B u S & re u eStS . 33 - Fetch - noalias RN
g q ' Opacity .
32 - Fetch - noalias =
Iso Value [ ]

CCpem@Sth_aC_ UK 31 - LocalRes - no alias

[ 30 - PostProcess - no alias

Recommend using latest nightly | 29-Fenedo- rodie

28 - Polish - no alias

27 - Polish - no alias

26 - PostProcess - no alias

25 - Refine3D - noalias

QO 00 0 Q|00 000|000 0|0

24 - CtfRefine - no alias

Q

Science and 23 - CtfRefine - no alias
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CCP-EM workflow at Icknield

Map Model Model Automated  Interactive = Map/Model
Optimisation Building Docking Refinement Refinement  validation

Deposition

Home 0 Do Resources v

Single-particle
324 CryoEM structure of haemoglobin at 3.2 A

determined with the Volta phase plate

sition: 13/11/20
Map released: M Cryo-EM structure of haemoglobin at
EIREED 3.2 angstrom determined with the Volta
=
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CCP-EM workflow at Icknield

Map Model Model Automated Interactive Map/Model Deposition
Optimisation Building Docking Refinement Refinement  validation P
LocScale ModelCraft I O Coot Il EMDB
placement Servalvat Validation

Model ChimeraX/ Find/Check AF-DB &
Angelo ISODLE MySeq 3DBeacons

Privateer
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sharpen... build... refine... validate...
repeat...
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CCP-EM 2.0: pipeliner & Doppio

29 - Refine3D - no alias

28 - Polish - no alias

27 - Polish - no alias

26 - PostProcess - no alias

25 - Refine3D - no alias

o CCP-EM Doppio
£ Project: ~/IUCr_ demo '\ CCP-EM Doppio
PROJECT JOBS NODES  NEWJOB RESULTS LOGS 1/0 PARAMS Job 30 - PostProcess
Filter jobs by type or alias e PostProcessed map info A
39 - Import - noalias (V] Resollition: 2eiA
38 - Flip - no alias o Sharpening b-factor: -8.26995
37 - ReboxRescale - no alias Q: .
Masked map preview (downsampled) A
36 - Select - no alias (V]
# Volume
35 - Molrep - no alias (V] ©
PostProcess/job030/postprocess_masked...
34 - Molrep - no alias (V] ®
Isosurface 54506 ©
33 - Fetch - no alias (V] &
Opacity ® .
32 - Fetch - no alias (V] =
Iso Value [ ]
31 - LocalRes - no alias Q: A s
A seviy o SRR A,
30 - PostProcess - no alias Q: ] 'y o N e :
)
V]
V]
9
V]
V]

24 - CtfRefine - no alias

Q

Science and 23 - CtfRefine - no alias H
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CCP-EM version 1.x

—_— CCP-EM

@ PR — e Map post processing

= [ e Atomic modelling

o B ooona e PyQt5 GUI
—— g e No data model
=  ofh 8 B . E—f:mm:ﬂ e Basic project management
— s —
— e T — gy RELION

— e e Single particle reconstruction

r—— - FLTK GUI

o
e Data model
e DAG project management

Science and
Technology
Facilities Council




CCP-EM version 2.x

# » CCPEM-pipeliner Images to structures

e Python pipeliner python API
CCPEM-pipeliner e JSreact GUI

(Bccp-Em e Updated data model
e Project management

ey
. g 1 = ot
o, R, Rl \/
. K e 5 . .
= sl e Single particle

D — e Atomic modelling
e Tomography (coming soon)
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CCP-EM software plan

@ CCP-EM Pipeliner
’f

¢’f’/N

@O0 600

Relion Refine LocScale Flex-EM DockEM Refmac- Model
Servalcat Validation




ccpem-pipeliner

e Business logic layer decoupled from tasks and Ul
e Python 3 i, % N
e MPL 2.0 license (.’ @
e https://gitlab.com/ccpem/ccpem-pipeliner
e Directly Acyclic Graph dataflow
o Metadata tracking 77— Select
o Archiving N
o Jobs have input/output nodes , _'
— Y Rt
\ P
(30 - PostProcess pse— —— |
woPicd) (21—\P::tProcess] (;;:;’osltProcess]
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Job Nodes

Each job has input and output nodes & nodes are specific data types

DensityMap guu

RESULTS LOGS 1o PARAMS Job 25 - Refine3D

Open with: CHIMERA X PDF VIEWER RELION DISPLAY TEXT EDITOR UCSF CHI

ParticlesData
Inputs to this job:

[ CtfRefine/job024/particles_ctf_refine.star ((RUEISES = P
- - - '
(] Refine3D/job019/run_class001.mrc ((IEEDIENNY reiion  refinedd
Outputs from this job:
1 Refine3D/job025/! data.st ParticlesData i r:3 2

ProcessData DensityMap 3 sinesgeeina de st i BN (itwied 3 B

[ Refine3D/job025/run_optimiser.star (Rrariy) reton optimissr  refinedd el P

ParticlesData aaaw DensityMap | |
[[] Refine3D/job025/run_half1_class001_unfilmre ((ISEMEERY reicn  halfmap  refine3d

Refine3D/job025/run_class001.mrc (ENAEED relion  refinedd
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Job Nodes

Each job has input and output nodes & nodes are specific data types

DensityMap gum DensityMap m DensityMap
ParticlesData ‘ AtomCoords

ParticlesData e DensityMap
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ccpem-pipeliner

Business logic layer decoupled from tasks and Ul
Python 3
MPL 2.0 license
https://gitlab.com/ccpem/ccpem-pipeliner
Directly Acyclic Graph dataflow

o Metadata tracking

o Archiving

o Jobs have input/output nodes
e Plugin architecture

o 100-500 lines per app

o Open - supports external apps \

° . . \ o
CL / Ul / scripting APIs —\_ ~_-‘-_:t__ =
”‘4--.\\\ \ = 129~ |
(30 - PostProcess = I\h — J‘
.uxoPick] (21 - PostProcess] [26 = Pos!Procegs]
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Automating complex workflows

KL

CLI

Python API
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#!/user/bin/bash

pipeliner --start new project

pipeliner --schedule job Import job.star

pipeliner --schedule job MotionCorr job.star

pipeliner --schedule job CtfFind job.star

pipeliner --run_schedule --name Schedulel --jobs Import/job001/ job002 CtfFind/new alias --min between 15
--nr_repeats 3 --min_wait before 2 -sec_wait_after 15

pipeliner --metadata report job003

from pipeliner.api.manage project import PipelinerProject

my project
my project
my_ project

my project

my project

= PipelinerProject ()

.schedule_job (“Import job.star”)
.schedule_ job (”“MotionCorr_ job.star”)
.schedule job (”“CtfFind job.star”)

.run_schedule (

name="Schedulel”,

job _ids=[“Import/job001/”, “MotionCorr/job002/”, “CtfFind/job003/”],
nr_repeat=3,

minutes_wait=15,

minutes wait before=2,

seconds_wait_after=15,

)

my project.get network metadata (“CtfFind/job003/”, ”“my metadata.json”)




DLS/eBIC Processing

on-the-fly batched preprocessing and evaluation
motioncorr2 ISPyB

relioncorr

[ - ]
prrees oo oo
ctffind4 icebreaker micrograph
€3
Experiment Stop after CTF estimation -
4 Gain Reference File
crYoLO Gain Reference File Name 2D & 3D Classification Particle Picking Second Pass — S
. gain mrc e mber 1 Wovie Teme Sump 305346 3% onn
£ Do 2D Classification | Use rYOLO ) Do Second Pass e
autopl(:k L Votage (KV) £ Do 30 Classification N Koo £ eaushy waers ot Ut
ice 200 v ) Best initial model from FSC  pgnimum Diameter (A) s S
Sphencal Aberration (mm) o ton 1454 Neson Peama 5584 \
2 7 (Talos/Knos) v 0 13 Avecage’
Phase Plate Used Maximum Diameter (A) o
~
Pxel Size (Alpixel) 0 ————
08
extract Mask Diameter (A)
Motion Correction Binning 0 S Clasaificetion [7a]
1V Box Size (pixels) r—
Dose per frame (e/A%) Box size before binning 50 by | Pariioes Per Cines  ~ | Page 1 08 > '»
1 o 1.9 (8% 1420 027 1. 49 008 & 00 8 %) 1.2 @8 1. 29 (288 121 (208 1. 194278)
Downsample Box Size (pixels)
Box sze before tennng .' , ?
0 .
select .
19 Calculate For Me
(batch) — —
E—— - —— D
Symmetry : C1 Class Number - 5
mm: Particies Per Class - 350
class2D S A S
Estimated Resoamon Overall Fourier
2124 Completeness - © »
Reschuton Number of Partcles.

- class3D

Initial model

Dan Hatton Diamond Light Source dlamond




Metadata Collection and Analysis

(17 - Selec) e Every job records the complete history of
all operations
\ e Every job defines the metadata it returns
\\ \_\\\\
S N .
________—__>\\\ o Genk?clrate a metada]’ia report foL an entire
\ workflow upstream from any jo
. \ 2 B
(20 - MaskCreate}T_j_;_—___ S - —_— N
I e\ | ""““.t::i%;gﬁ e (Generate a reference report for whole
o g | - workflow - please cite all
- PostProcess p—- Y e ;
SN
.uloPick] (21 - PostProcess] (26 —‘stltprocess]
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CCP-EM Doppio

JavaScript Ul

React.js / FastAPI / Material Ul

Remote browser app or local Electron app

Task Uls auto generated from Python plugins

Full support for Image Processing through to Model
Validation

https://gitlab.com/ccpem/doppio

STFC dual license
e Funding: BEIS/STFC BID / CCP-EM

xxxxxxxxx
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Doppio demo ‘

(2] CCP-EM Doppio

£ Project: ~/IUCr demo * '\ CCP-EM Doppio

PROJECT JOBS NODES  NEWJOB RESULTS LOGS 1/0 PARAMS Job 30 - PostProcess

Filter jobs by type or alias ° PostProcessed map info A
39 - Import - nodlias Resolution: 284A
38 - Flip - no dlias Sharpening b-factor: -8.26995

37 - ReboxRescale - no alias

Masked map preview (downsampled) A
36 - Select - no alias
# Volume
35 - Molrep - no alias ©
PostProcess/job030/postprocess_masked...
34 - Molrep - no alias ®
. Isosurface 5450 ©
33 - Fetch - no alias 5 RN
Opacity ® —

32 - Fetch - no alias

Iso Value [ ] 5.4¢
31 - LocalRes - no alias

30 - PostProcess - no alias

29 - Refine3D - no alias

28 - Polish - no alias

27 - Polish - no alias

26 - PostProcess - no alias

25 - Refine3D - no alias

O 0 Q0 0 Q|0 Q0 000000l

24 - CtfRefine - no alias

23 - CtfRefine - no alias
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CCP-EM Doppio Beta Release

e Beta 5 - October:
o Linux and Mac
o Requires CCP-EM 1.x
o Optionally CCP4 8.x & Relion 4.0

e Future plans:

o Full release by end of 2023
Complete task support
Moorhen MG integration
Relion 5 integration
Full metadata deposition
JS 2D image viewer
Tomography pipeline
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£ Project: ~/IUCr_demo 4

PROJECT JOBS NODES NEW JOB

o

39 - Import - no alias

38 - Flip - no alias

37 - ReboxRescale - no alias
36 - Select - no alias

35 - Molrep - no alias

34 - Molrep - no alias

33 - Fetch - no alias

32 - Fetch - no alias

31 - LocalRes - no alias

CCP-EM Doppio

!\ CCP-EM Doppio

30 - PostProcess - no alias

29 - Refine3D - no alias

28 - Polish - no alias

27 - Polish - no alias

26 - PostProcess - no alias

25 - Refine3D - no alias

24 - CtfRefine - no alias

QO QO 00V Q|00 000000

23 - CtfRefine - no alias

Q

:

RESULTS LOGS 1/0 PARAMS Job 30 - PostProcess

PostProcessed map info A

Resolution: 2.84A

Sharpening b-factor: -8.26995

Masked map preview (downsampled) A

i Volume

# ul o

PostProcess/job030/postprocess_masked... ®
Isosurface 5450 © Q

Opacity @

Iso Value [ ] 5.4¢

www.ccpem.ac.uk/download.php



CCP-EM core team
CCP4 core team
STFC Business & Innovation

CCP-EM Commercial License Holders
CCP-EM Collaborators

Website: www.ccpem.ac.uk
Mailing list: www.jiscmail.ac.uk/ccpem
Twitter: @ccp_em

Email: ccpem@stfc.ac.uk
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