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Relion[ZIAEIIN—KHITF7-YITrHITF

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.
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http://www.cryoem.se/relion-gpu
https://en.wikipedia.org/wiki/CUDA#GPUs_supported

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
§3c1)0x3g838x1; 32 bit real 159 GB 2224 MB (3'6A) 17 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

detergent.

10291 (9973 | 3.6 | 6kfh | WTINX- Motion corrected 2D projection | 15,9 GB. 300 *.mrc files.
A 6AN in a images of N-terminal deleted Each mrc files has 3710 x
nanodisc innexin-6 gap junction )
hemichannels in nanodisc. 3838 x 1 pixels.
A

EMPIAR | EMDB | Resol | PDB molecules | Details of EMPIAR Data size of EMPIAR entry
ution
10289 |9971 | 3.8 | 6kff | WTINX-6 | Motion corrected 2D projection | 49,5 GB. 933 *.mrc files.
A ina images of innexin-6 gap Each mrc files has 3710 x
nanodisc junction hemichannels in )
10290 | 9972 | 3.8 |6kfg | WTINX-6 | Motion corrected 2D projection | 26.4 GB. 497 *.mrc files.
A ina images of innexin-6 gap Each mrc files has 3710 x
detergent junction hemichannels in

3838 x 1 pixels.

-EMPIARIZZ SN TULVA DL MotionCorrectioni® D & L E{E D &

-undocked hemichannell&EMPIAR, EMDB,PDB T/, Docked hemichannelld. EMDB (9570,
9571), PDB(5h1q, 5h1r) TN TULVAAY, EMPIARIZIZ T —2 ALY,



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

GatanfL & K2 SummitBEERHE 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

EMPIAR-10291

A i

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.,0Oshima, A. 6

Sci Adv, 6:eaax3157-eaax3157, 2020



F vy THEE (gap junction)

Xy HE (FryT1+D2I5., %: Gapjunction) (£, BEYES LEMiZEDLEE . KBMED /IS
WAF O FEBEESELMEREEED L,

it AT22 DDA O HIZIRIZIEOR IV EREN DI N\ VEERDOKinH BRI A TEY.
BELBEZRL TG, COARITYURTFrRILERY, CCEBOTEME AT OIMSIKE
S FOFEERAOMEENSHEENEEERBTHENTED, T, HIlEBRALTZES
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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

Undocked innexin-6 hemichannel

EMD-9971/PDB_ID:6kff 'EMD-9972/PDB_ID:6kfg EMD-9973/PDB_ID:6kfh
EMPIAR-10289 EMPIAR-10290 EMPIAR-10291
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WT INX-6 in a nanodisc WT INX-6 in a detergent WT INX-6AN in a nanodisc



nanodisc

Phospholipids

™

Membrane
Scaffold
Protein

Apolipoprotein A1
(Globutar Region| 1 ["HZ (W3] W4 | Hs [ we | W7 [THa |ue/ WO
1 44 66 B8 99 121 143 165 188 209 220 243

rggéﬁi%;grﬁm Sigma MSP12 = MSP2N2

RS Ter Hos| 2 ha] 4+ s [ e [ W7 [V LHoJ"WI0 ke M2 |z He | Hs [ He [ Wz e |o O
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PDB_ID: 1avl
Apolipoprotein A-1
(APOA1_HUMAN)

Example of a Nanodisc containing a 7-transmembrane protein

Target

/ Protein
i

45-56 nm
il

_ . _ —o ~9.7-129 nm ——]
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.,Oshima, A. 4

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 ?
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EMPIAR-10291
WT INX-6AN in nanodisc

INX6hemiDet001

Pixel_width: 1.232 A

After CtfFind,
SigmaContrast:3

Lowpass filter 10 A
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Basic SSH settings

r----------- _______-_-_-_-

‘ 11 .Spemfy username guest01|

r'l'eg‘.in_al )[SeSSIC)n]é ' \ ettings  Macros  Help
(Bl % o« 8 B Y = & £ @
|5ession lﬁervers Tools Games  Sessions View Split MultExec Tunneling Packages Settings Help
-Cfi-:-: connect... & &
F:_ User sessions
< (o |
] Session settings . s }a Xte rm
: __ 3)[SSHIZESR
1 B B X (= ®
- J SSH | Telnet Rsh  Xdmcp RDP WNC FTP SFTP | terminal
o au ==
Session settings *
- - n A1 [e=1 [\l "2} . & [ | "2
SSH Telnet Rsh

4) Remote hostIZIP7 KL X% . Specify username’é

B 102.168.39.120 (guest01)
Terminal  Sessions  Wiew  Xserver Tools Games Settings Macros Help
L o 0o N
L .

2R L s ) NRO—FEANTD E
Session Servers Tools Games Sessii ttings

Quick connect... - - e i e
& [ user sessions gLJE'E:‘tE.Illt_! 5 passh -1

192.168.39. 130 (guestol)

1
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MobaXterm[Z&KAAYT A 2 [H

B 192.168.39.130 (guesto1) - = X

Terminal  Sessions  View  Xserver Tools Games Settings  Macros  Help

® = & = x & B Y B & ¥ @ X ©

Session  Servers Tools Games  Sessions View Split MultiExec Tunneling Packages Settings Help ¥ zerver Exit
Quick connect... [%]3. 192.168.39.130 (guestd1)
& = L c L term 10.9 »
/home/guestols (S5H client, X-server and networking tools)
7]
s £| Name N\ SSH session to
%' 1 SSH compression
w | S5SH-browser '
.cache 3 ) ) )
I config 1 X11-forwarding : v (remote display is forwarded through SSH)
IS : v lautomatically set on remote server
: fitk 1 DISPLAY (automatically set + )
"] .
= - | oL . . .
=y | .mozilia 1 For more info, ctrl+click on help &r visit our website
N I I
| bash_history . . .
29 Jbash_logout : Last failed login: Thu Sep 2@ 14:12:35 JST 2048 from crambin on ssh:notty
Sl .bash_profile There was 1 failed login attempt since the lasy su sful login.
=1 bashrc : Last login: Wed Sep 19 16:17:55 2018 from 192.1%¢ :
“\ Xauthority " [guestol@embox ~135 |}
2| w | relion30_tutorial_data. tar
5\ ;
\ ] -----'

i

Rerffote monitoring

[1 Follow ferminal folder

UNREGISTERED VERSION - Flease support MobaXterm by subscribing to the professional edition here: https: /fmobaxterm. mobatek. net

|
BELEICAOTAEDIT7AILD) AR IRENET, \
BHOOTA EmLAT THITTRRTEET,

XK[Ctrl | F—+ X DRRA—IL T, TV PDRESHEERDHENTEET,




Basic Unix Commands (1)

A}

HIZfFEo-av RERT

Show the previous command

BICESFOTUNERT

Show the next command

[Tab] key 771 IV DFER Compensate file name

5) (example)

ls relion|[Tab] ls relion|[Tab]

ls relion30_tutorial ls relion30_tutorial
[Ctrl]+[C] OvURETOHIE Quit the command
[Ctrl]+[2Z] OTUREITO—HZFIE Pause the command
bg —EEIELI-a<e > RE/\wH4 S | Execute the paused command in

DR TRIT

background

N9 TSR TRITSEER
DT UKRDETEL

Stop executing the latest background
job

pwd

BEDTALINERT

Print the current directory

cd [directory]

[directory] | ZF5 &l

Go to [directory]

cd ..

—DEDTALIMIIZFEE

Go to the upper directory

cd R—LT AL IR IZFEE) Go to your home directory

1ls TJ74ILDY)YARDERR Show a list of files

1ls -1 TJ74ILDYARDERTR, Bt | Show a list of files with their
WPI7AMIL A XEHERT, updated dates and file sizes.




Basic Unix Commands (2)

cat [filename]

[filename] DA B EFR R

Show the content of
[filename]

less [filename]

[filename] DA B E TR
B NTvT qikT

Show the content of
[filename]

J :page down. 1 :page up.
g:exit

vi [filename]

[filename]Z#REE
[Esc:aA<YRE—F [(:A A
E—F [x:HIBR [q:&FL
HULNTIRT [Shiftzz]  RTFL
THT

Edit [filename]
[Esc]:command mode,
[i]:insert, [x]:delete
[:q!]:quit without save
[Shift ZZ]:quit after save

top

ETHDIOITD)RAMER
& [q:¥ T [1]:threadsZ 3k
7~

Show a list of jobs. [qg]:exit,
[1]:show threads

nvidia-smi

GPUTETHNDIVITERT

Show a list of GPU jobs

kill [processID]

[processID]D T AL ADET

2l

Stop executing the process
[processiD]




/AEI-)?jj'j I‘d)ﬂ_\_

R—LT4LUK) /home/guestO1D TIZ, L FDTA4LIR)DBHYET,
BERODT—2DA>=T14LOK)

[guestO0l@embox?2

drwxrwxr—-x.

[guestOl@embox2 ~]1$

~]1$ 1s -1t
3 guest0l guestOl

18

TALIR)DRARE

[guestOl@Rembox2 ~]$ 1ls -1t EMPIAR-10291 100mic

a3t 16

8H 26 19:48 EMPIAR-10291 100mic

8H 29 15:57 10291.xml
8H 26 19:52 data

-rw—-rw-r—--. 1 guestO0l guest(01l 4501
drwxrwxr-x. 2 guest0l guest0l 4096
[guestOl@embox2 ~]$

T 4L 2K JEMPIAR-10291_100mic®D T DT 4L k) data/IZ100 D mrc 774 LD HBIET,

[guest0l@embox2 ~]$ 1ls -1t EMPIAR-10291 100Omic/data/

&empiarD A2 T—2T74 )L

&5t 5562400

—IrW-rw-r—-—. guest0l guest0l 56956944 8H 26 19:52 INX6Ndelnano206.mrc

—IrW-rw-r—-—. guest0l guest0l 56956944 8H 26 19:52 INX6Ndelnano234.mrc

—IrW-rw-r—-—. guest0l guest0l 56956944 8H 26 19:52 INX6Ndelnano275.mrc

3710 x 3838 x 1; 32 bit real

—IrW-rw-r—-—. guest0l guest0l 56956944 8H 26 19:52 INX6Ndelnano233.mrc

—IrW-rw-r—-—. guest0l guest0l 56956944 8H 26 19:52 INX6Ndelnano248.mrc

—IrW-rw-r—-—. guest0l guest0l 56956944 8H 26 19:52 INX6Ndelnano249.mrc

T 4L M) EMPIAR-10291_5movieD FTDT 4Lk ) movie/[ZSEDmrc 771 IL DB BT,
[guestOl@embox2 ~]$ 1ls -1t EMPIAR-10291 Smovie/movie/
A&t 8343160
-rwxrwxr-x. 1 guest0l guest0l 1708678624 9H 1 21:02 INX6Ndelnano020.mrc 3710 x 3838 x 30; 32 bit real
-rwxrwxr-x. 1 guest0l guest0l 1708678624 9H 1 21:02 INX6Ndelnano0l9.mrc
-rwxrwxr-x. 1 guest0l guest0l 1708678624 9H 1 21:01 INX6Ndelnano01l0.mrc 17
-rwxrwxr-x. 1 guest0l guest0l 1708678624 9H 1 21:01 INX6Ndelnano007.mrc
—rWXTWXTr-xX. 1 guest0l guest0l 1708678624 9H 1 21:01 INX6Ndelnano006.mrc



1.1 Launch Relion

Launch Relion from the “project directory”.
In this tutorial, the project directory is ~/EMPIAR-10291 100mic.

Type following commands to launch relion:

S cd h
$ cd EMPIAR-10291 tutorial
S relion
J
e e

Gilve
u

Scheduled jobs

Cutput from this job

[
[

|
[ €
[

Current:
open

e_alias_here
nning jobs
J
as

0 open stdlout in & separate window

stderr wil go here; double-click this window to open stderr in = separate windaw

*When you launch in the first time, you will be asked:
Only run the relion GUI from your ProjectDirectory. Do you
want to start a new project here [y/n]?

answer ‘y’.

* The file “default_pipeline.star” is generated, which
describes jobs you have done.

HRelionZFEEL-2—ZFILT. LTOF—%T L.
RelionM/\wo 45 SO RTiRREISh ., 2—2FJ)LéLTTav
RABRIESITENTES,

[Ctrl] + [z]F—%#T
$ bg

XRelionZ Z[E B UUEIZEEN T HI5E (L. AT FDHRE
(2&FDITHE. I\VITSOURTHDREEILTES,

[$ relion & ] 18




1.1 Imp

ort micrographs / movies

Select “Import” from Job type browser.

Job type browser
File Jobs Schedules

g---------A

]

Motion correction

[TF estimatio

Manual pickin Import
Auta-picking
Farticle extraction
Subset selection

2D classification

3D initial model

3D classification

3D auto-refine

3D multi-body

CTF refinement
Bayesian polishing
Mask creation

Join star files
Particle subtraction
Post-processing
Local resolution
External

V4
1/0 view | Job actions

----------

Movies/mics | Others | Running |

Import raw mnuiem’micrngraphﬁ?[\feg = Hﬂ

————————————— N k ”
Raw input filer.ruata,n‘*_mrc I data/*.mrc
Are these multi-frame movies?| No | No
X Pixel size 0.495 A -———. —————————— ’ B
is described in Optics gro /usr/local/relion-3.1/data/mtf_k2_300kV.star

EMPIAR header file: MTF of the detector: :0-3.1/data/mtf k2 300kV.skar . Browse

10291.xml.

pherica

: 1.
Amplitude contrast:[@.1 @ |=== .,

Beamtilt in X (mrad) [B I
(mrad) .[B I

A value of sphericaqeamtllt in ¥
aberration 1.6 was obtained

with Prof. Oshima.
Current: [Eiue_aliiﬁ_here l Display: [_ i]

Click [Run!]

The directory “Import/job001” is generat ed. The file “movies.star” has a list of

micrographs.

19

You can check it by the command: 1ess Import/job001/movies.star



1.3 CTF estimation (< 1min

[r—
File Jobs Schedules Lfn||CTFFIHn-4.1|ﬁ.:tf|Running\ MotionCorr/job001/micrographs.star

Import
Motion correction

Input micrographs STAR file [nrt!janBUmicrngrapha.s.tar][ Browse ]

CTF estimation Use micrograph without dnse—weighting?[l‘ln ¥ ]

Manual picking

Autnoniclion Estimate phase shifts?[Nn = ]
CTF estimation Phase shift - Min, Max, Step (deq)|@ 180 1] ?

10 classification .

D initial il 1/0 | [CTFFIND-4.1 | Getf | Running |
3D classification .
3 auto-refine Use CTFFIND-4.17 Yes

3D multi-body CTFFIND-4.1 executable: |/ctffind-4.1.5/bin/ctffind"

CTF refinement ) .
Bayesian polishing Use power spectra from MotionCorr ]Db?[Hn

Mask creation Use exhaustive SEEIrch?[HD
Join star files . . . -
Estimate CTF on window size (pix) [—'I I@

Ik

]

FeEzEeEr EEE=

[ Browse ]

AR

Particle subtraction
Post-processing

Local resolution FFT box size (pix): [511 I @ }

External Minimum resolution (A): [SE! I—[B }

- ; Maximum resolution (A): (5 | =} ]

1/0 view ” Job actions Cur . (h:| # — {
Minimum defocus value (A):[5anR ]

1/0| CTFFIND-4.1| Getf]| Running

Number of MPI procs: [gﬁ 6 _
Submit to gueue? | No = ]
7

Quewe name: |openmpi

Il

Queue submit command: |gsub ?

Standard submission script:|relion-3.1/scripts/qsub.csh |[#] | PEronse Click [Run ']
Minimum dedicated cores per node: |24 \ ?
Additional arguments: ]

20



#® RELION-32.0.5 fhome/guest0l/tmp/relion30_tut

Jobs

Autarun

Re-read pipeline

Alt+R

File Jobs 5

Check the results of CTF estimation

| ¥O| CTFFIND-4.1| Getf | Running|

chedules

Irnport
Maotion correction

CTF estimation
tanual picking
Auto-picking
Farticle extraction
Subset selection

Edit project note Alt+E
Print all notes ALt+P
Remake .Nodes/ ALt+N
Display ALt+D
Show initial screenAlt+?
Empty trash ALE+T
About

Quit Alt+Q

CTF estimation

S dUTO=TETINE
30 multi-body
LTF refinement

3D multi-body
CTF refinerment
Bayesian palishing
ask creation
Join star files

Farticle subtraction

Fost-processing
Local resolution
External

Use Getf instead ¥ | Wes

Gotf executable: |GkinfGeif-1 06_sm_30 cud. 0«86 64 ||

lgriore "Searches’ parameters? | Yes

Ferform equi-phase averaging ? | No

Other Getf options:

- | ]
-

Ak |[4F

Which GFUs to use: |0

Eroowse |

1O view ”

Job actions |

Current: {003 CtiFind/job003¢

ﬁ ﬁ !cm m""

Display: [ out: micrographs_ctf.star |

e
-

|

[ micrographs_ctf star

Scale:

Sigma contrast: D Color: [ greyscale

ns__|

Mlan [:%

Display: [ rinCtfimage

-
-

-
-

[ ]Sort images on:[rInOpticsGroup

[1Reverse sort?

[ 1Apply orientations?

[_IRead whole stacks?

Ori scale: |1

Mr. columns:

hlaw, nr. images: (1000

Display!

21







Check CTF-corrected micrographs

(1) Select [File] -> [Display] (2) Select one of the file in CtfFind/job002/data

Jobs  Schedules Choose file to display (embox2) - o x

Re-read pipeline At+R | Show: [.ﬁll recognised formats (*.{ :] [Favorites \—]
Edit project note Alt+E
Print all notes

Remake .Nodes/

INX6Nde LnanoBB6.mrc

INXBNdelnano@@?.mrc
INXBNdelnanoB18.mrc
INXBNdelnano@19.mrc
INXBNdelnano@28.mrc ?

Overwrite continue Alt+0 INXENdelnano®21.mrc =
INXBNdelnano®23.mrc

Show initial screenAlt+Z K6 de Lnanod 28 mrc

Empty trash Alt+T INXENde 1nano829.mrc
About INX6NdelnanoB33.mre

[v|Preview [ IShow hidden files
hlt"’ﬂ I I I I
Filename: |1291_100mic/CtfFind/job0a2/data/INXGNdeLnanodB6.mrc |

Alt+N

Quit

[ 0K /-"][ Cancel ]

(3) Input your favorite “scale” and “Low pass
filter” values. (4) You can see the CTF-corrected micrograph

[INKENdelnanuB%.mrc

‘ 5ca1e:|1 ] Min: |@ Max

Sigma tuntrast:|ﬂ ] Eulur:[gnﬂ_yscale 1

‘ Lowpass filter (A): ighpass:xel size (A):E]

Display!

23




INX6Ndelnano006.mrc

No filter 5 j L(ija'ss filter:10A

CTF estimatio 1 |

'LOWpaS‘S‘ﬁIter:zQéﬁt: R s filter:304




Picking by Relion

For a few c L i i
micrographs [ Manua plckmg] [Auto picking: LoG based]

/

[ Class2D ]

o oo oo
nﬂn [Select Good Classes for reference}

}

[ Auto-picking: reference-based ]

For many
micrographs
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Box size of particles

Pixel size: 1.232A

Diameter

A

A 4

160A

Box size

A 4

A

221.8A

180 pixel

To reduce
Computation costs

Just before
Refine3D

Pixel size: 3.465A

&

Diameter

160A

Box size

A 4

A 4

A

221.8A

64 pixel
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C 2D Class average images from the original article
FlgS3C 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

FHRD1387.44cm = 222.75A
TARAYIEE5.28cm = 158.08 A
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1.4 I\/Ianual Particle Picking

File  Jobs  Schedules 0 | Display | Colars | Running | CtfFind/job003/micrographs_ctf.star
Irport ) - —
Mation correction It rickograghs: IEtfFmd.l]DbDDSIrnlcrngraphs_ctf.star la[ Browse ]
CTF estimation

flarnual picking : =
Auto-picking 1/0| Display Canrs‘ Runn1ng|
| F

Manual picking Particle diameter (Af:[160 = 160
Scale for micrographs

Sigma contrast: |3 -
White value: [E! I[B ]
Black value:|p (] ]
(CEite L filter (A)[10 [t 10 |2
- | data/INXGNde LnanoBe6 . mr c pick | 1o l l CTF l 93 Hi::E:zz filtz: [P-}{J } Q
| data/INXGNdeLnanod@7.mrc | pick []e H CTF l 192 Pixel size (A)[-1 @ ]
[data/lﬂxwdemamaw'm l l pick l [a l l Al l P Pick start-end coordinates helices?[hln = ]
| data/INX6Nde Lnanod19.mrc ] l pick l [a l l CTF l M1 . ) _
| data/INXGNdeLnanoB20. mr c ] l pick l [a l l CTF l 2 Sicale/ for CTF image: 1 g 0, ]
| data/INX6NdeLnanod21.mrc ] l pick l [a l l l 199
a - . J 202 Alias: S5mic
o EDGIEIZ[pick]ZED. i

*ﬁ?;&f‘yg?%}o _?rbxzm_llt;imiic**;j&gu gL
Vb5 DD EMRITE i ’
;%Ei/y?ﬁf' LT 50-10018 (E & 3# 4R
0 TI)RABRIVTRYT T vTA

—1—ERREE, et e
X[Shift] F—ZE LGNS [Save STAR with coordinates] lit, IR
H)uodBE, ONERS ! B0, Byl LA R TR, S

ManualPick/Many/Movies/*_manualpick.starl Z{RFSN B,




006 : 94 particles

0019 : 70 particles

Manual Particle Picking

007 : 87 particles

0020 : 80 particles

010 : 79 particles

[datafINxﬁNdelnanuEEﬁ.mrc
[datafINxﬁNdelnanuEE?.mrc
 data/INX6Ndelnano@18.mrc
[data/INIﬁNdelnanuH1§.mrc
[data/INIﬁNdelnanuH!H.mrc

ta/INX6Ndelnano®21.mrc

[data/INIﬁNdelnanuﬂ!B.mrc

[ Asts I TNYENAAT n2naBTR mer

(=]
-

o
-

= = = oo - -
= = F=1




Subset selection
9. BOOSHOEEEL (+58IR

Select "Subset selection”

Ifﬂ| Class nptmns| Subsets| Dup11cates| Running|

Manual picking
Auto-picking
Particle extraction

Subset selection
2D classification
3D initial model

:I:ETEE correction Select classes from mndel.star:[ ][ Browse ]
(TF estimation OR select from micrngraphf..star:[ ][ Browse ]

Subset selection

Mask
Join

CTF refinement
Bayesian polishing

Farticle subtraction
Fost-
Local resolution
External

creation
star files

processing

OR select from partic195.5tar:[ ] Browse

OR select from picked coords: [nrd_c.__c.uffix_manualpick.Star][3][ Brnlse]

[Or select from picked cords:]
ManualPick/5mic/coords_suffix_manualpick.star

Alias: 5mic

e ——

I/0 view || Job actions | IEurrEnt: [Smic I ][hs;:lay [

[File]=[Invert selection]

T u nCh eCkR%N manual-picking GUI (emM icrogra p hs

[ File

Check ¥ for the top 5

[File]H 5. [Save selection]Z & 5

Save selection

Recount picked particlesAlt+C
Quit Alt+Q

[ BT HEM ] [ [datar’INHGNdelnanu%G.mrc

RELION manual-picking GUI (embox2)
] pick J

ALt ] [ = l [w [ | data/INXGNdeLnanoBd7.mre

| [Fpick] |7 [ (] | data/INXGNdeLnanod10.mr ¢

][ ik [E Save selection ALt+S l pick ] [94

CTi

Invert selection Alt+I

z | data/INX6Nde Lnanog 19 .mr c

| [Fpick] | 70 [ (| | data/INXENde nanod19.mr c

a
11 | data/INK6Nde1nanoo 20 .mrc

| _ [5“ ] [ | data/INXGNdeLnanod20.mr¢

IM || Recount picked particles Alt+C —] l pick ] [B?

CTi

4 [data/INXENdElnannBZ'l nre

] pick o [ [ |data/INX6NdelnanoB21.mrc

k

n [data/INXﬁNdElnannEB -mrc
t

i ]
] ik [ [ |data/INX6Ndelnano@23.mre

]_ Quit ALt+Q ] l pick ] [?g

pick

CTi

pick | |% . L SeIect/Smlcs/mlcrographs selected starlZ ﬁ':ﬁé*b%)




1.6 Particle extraction

File Jobs Schedules IID| extract | Helix| Running Select/5mic/micrographs_selected.star

Impaort

Motion correction
CTF estimation
Manual picking

micrograph STAR file: [Mmicrngraphg_f.elected.5tar] E][ Browse ]

Input coordinates: [nrds_guffix_manualpick.5tar] B[ Browse ]

.ﬁ.IJtEI-FIiEkiI'Ig AR wn avbkenck cadlonnd moekdelac? | wi- ™ ”ﬂ

Farticle extraction . . . . 5

cubset Selection ManualPick/5mic/coords_suffix_autopick.star /s o

2D classification Reset the refined offsets to zero? [Ho =3
Partide eXtraCtion OR: re-center refined coordinates? |NHo - 8

OO OUCo TCT I F‘E':E|I.E on :'- .'II_. LI |_1" | |;',l E If: .}

3D multi-body

(TF refinement
Bayesian polishing
Mask creation

Join star files
Farticle subtraction
Post-processing

Local resolution ” . . 0
it Alias: “manupick_Smic_64pix |_sepesue | et comea ||t |

I1/0 view ” Job actions | [[url‘Ent! |manupick_5mic_54pix ] ] Display:[ |¢]
1;4 extractl Helix | Running o
|—: | | *Box size: 180 pixel x 1.232=221.7 A
Particle box size (pix): [188 [E 180 _
Invert contrast?|Yes ¥ ]
*Box size of the particle has to be even number.
Normalize partir.lES?['feS > ]
Diameter background circle (pix): [-1 |} ] *To reduce computational costs, we rescale 180
Stddev for white dust removal: [—'I I[B ] ixel into 64 pixel
Stddev for black dust removal: [-1 I[B ] pixetinto PIXEL.

Rescale particlesf Yes | Yes 1@ Click [Run |] _
Re-scaled size (pixels):f |64 __ 64 ] )
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1.6 Particle extraction

# RELION-3.0.5: /home/guest01/tmp/relic
Jobs

2 pipeline  Alt+R|]]
Edit project note Alt+E
Print all notes Alt+P

Do s o

Autorun

Mmoo

AT& M

tanuPick!

[particles.star

Scale: Min:D

Mees: E]

=igma cnntrast:D Cnlor:[greyscale

2]

Display: [ rinlmageMame

[ 1Sort images Dn:[rInCtmrdinateX

[ IReverse sort? [ lApply orientations? [ |Read whole stacks?

M. cclumns: Qi scale; Mas nr. images:
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1.7 2D Classification : to make templates for autopick

Particle extraction
Subset selection

2D classification
A0 initial model

2D classification

30 multi-body
CTF refinement
Bayesian polishing
Mask creation

Join star files
Particle subtraction
Post-processing

[1GPU, 1 min]

File Jobs Schedules | '1/0|CTF| Optimisal Extract/manupick_5mic_64pix/particles.star
Import . _— : .

Motion correction Input 1TagES STAR file: tractf]ubBBSHpartlclea.itar] [ Ernlse:

[TF estimation Continue from here: 7{| Browse

Manual picking

Auto-picking I/0| CTFQ Optimisation ampling| Helix| Cnmpute| Running|

Number of classes:f18 - 10 —— E]
—D 1]

Regularisation parameter T:|2

|

Humber of iterations: [15 |

i [0]

Use fast subsets (for large data setS)?[Hn

2@

Mask diameter (A)§|160 :E 160
Mask individual particles with zeros?|Yes B

—
_ [:@

Limit resolution E-step to (A): [—'I [[B

li]

Local resolution

|
External Alias:”manupick_5mic_64pix”
" I ) I

I/0 view ” Job actions | Current: manupick_Smic_B4pix

B

DiSplay:[

1/0| CTF | Optimisation| Sampling| Heli

| Eumpute| ijnning|

Ifﬂ| {TF| ﬂptimisatiun| Sampling| Helix| Compute

Running|

Use parallel disc Ifﬂ?['fES

Number of MPL procs: |1 [

Number of pooled particlES:[3

Pre-read all particles into RAH?[MD

L L

Copy particles to scratch directnry:[

Combine iterations through diSC?[ND

Yes PU acceleration?

Which GPUs to use: R

Xerelion_refineEWNS 0T S LD E TN b,

1MPI, 4 threads, 1GPUTAE!) VIRT 47.6GB RES 492MB{$ FH,

1/scripts/gsub.csh

: @
I_[B ] 4 ber of threads:J4 D@
- ] submit to queue?[r-.lo
] Queue name: |openmpi
=] (Queue submit command: |gsub
- o Standard submission script:|relion-3.
%"_XAE%%ODGPU%? Minimum dedicated cores per node: (24

(0,1,2,3END)EAN

Additional arguments: |
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1.7 2D Classification : to make templates for autopick

™ RELION-3.0.5: /home/guest0l/tmp/relic

lrun_itﬂ25_mudel.star ]

Jobs  Autorun

Re-read pipeline  Alt+R|) | Scale: Min: I\'Iax:

Edit project note Alt+E Sigma cuntrast: [Ulur:[gr9yscale :]
Print all notes Alt+P
Dammsle s Madas i K140 M .
Dlgnlav‘[rlnReferenceImaue S
[v]Sart images un:[rln[lassnistrihutim =

ﬁ i [ [v|Reverse sort? [CIApply orientations? [ JRead whole stacks?
Continue!

Nr. columns: : Ori scale: : Max. nr. images:-
LPicks [Display: | out: run_itDZ25_model.star =

[ Display! I ]

n
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1.8 Selecting templates for auto-picking

File Jobs Schedules

Import

Motion correction
(TF estimation
Manual picking
Auto-picking
Particle extraction

Subset selection

20 classification
Al initial model

Select classes from mndel.sfr: |job®@6/run_it#25 model.star ﬂ[ Browse |

OR select from micrographs. s s

1,

3][ Browse ]

OR select from particles.star:[

][ Browse ]

OR select from picked coords: [nrds_suffix_manua'l_p

ick.star ][ Browse ]

Subset selection

CTF refinement
Bayesian polishing
Mask creation

Join star files
Particle subtraction
Past-processing

Alias:”manupick_5mic_64pix”

1/0| fuass options| Subsets Class2D/manupick_5mic_64pix/run_it025_model.star

ASort images on: rInClassDistribution
Sorted by number of particles belong to the cl

[ run_it025_model.star

l

Scale:[1 l Min:[D l Ia [D l

Sigma contrast:[D l Color:[greyscale

Display: [ rinFeferencelmage

[ [v|Sort images  on: [ rinClassDistribution

LLEI R14

[_IReverse sort? [_Apply orientations?

|_|Read whole stacks?

[r. columns:

Ori scale: |1 MWexe. nr. images: | 1000

Local resolution
l 1/0 view " Job action{‘ Current: [manupick_Smic_deix l Display:[ |=l

MWex nr selected parts per class:|-1

Among the 10 classes, select a few nice-looking classes,
by the left button of the mouse.

Class2D/job006/run_it025_model.star (embox2) =

: C
e uelect [Save selected classes]

lick the right mouse button, and

Save backup selection
Load backup selection
Clear selection
Invert selection
Select all classes below
Select all classes above
Show metadata this class
Show original image

Save image as PNG

Show Fourier amplitudes (2x)

Show Fourier phase angles (2x)

Show helical layer line profile
Show particles from selected classes

Set selection ty




Auto-picking:reference-based: for 5mic

Four parameters have to be optimized : 1. Picking threshold, 2. Min.inter-particle dis, 3. Max. stddev
noise 4. Min. avg_noise. Repeating ref-based picking for the 5 micrographs help us to optimized them.

File Jobs Schedules

Im| |

aplacian| Ref Select/5mic/micrographs_selected.star

Import

Motion correction
(TF estimation
Manual picking

Auto-picking
Particle extraction
Subset selection

Auto-picking

iD auto-refine

3D multi-body

(TF refinement
Bayesian polishing
Mask creation

Join star files
Particle subtraction
Post-processing

Input micrographs for autopick:lrlfmicrog_raphs_selected.star][ Browse |
Pixel size in micrographs (A)[—1 I[Tj ]

20 references[[finbﬂﬂ?fclass averaqes.star]ﬁ]uﬂrnlsel
OR: provide a 30 reference?|No = |7l

Select/manu_5mic_64pix/class_averages.star =

3D angular sampling: |38 de

[
OR: use Laplacian-of-Gaussian? lNo No

LA 1

4

These four paramet

Local resalution Alias:”manu_5mic_64pix”
External — —
)
l 1/0 view “ Job actions l [“"E”t’ [manu_Smic_64pix ! |0 Ifﬂ| Laplacian| References“ autupicking” H lix| Running|
Picking threshold
Ifﬂ| Laplac13n| References| autup1ck1ng| Hel1x| Runn1ng‘ Minimum intdr-particle distance (A)
Lowpass filter references (A) |28 I—[B ] Maximum stddev noise

Highpass filter (A

Pixel size in references (A

3.465 A

(=1.232A* 180 pixel /64 pixel) 95 Input your GPU number (0,1,2,3)
References have inverted contrast?|Yes
Are References CTF cnrrected?[?es

Ignore CTFs until first peak?[Mu

-1 |0 @

Minimum avg noise

[1GPU, < 1min]

ers have to be optimized.

0.5 T 0.0 ——F
18 |= 100 ——
[ J= 11 =
1999 | 999

3.465 | E]
e 1D I

)
)
)
h)

Write FOM mapS?[Mn
Read FOM mapS?[Mn

Shrink factnr:[a

ELRIE] ]

0

Yes |

Use GPU acceleration?
‘\\\\\\\\\‘\{Hhich GPUs to use:

B

Yes

ol ofo
=2EE=E




Auto—picking;reference—based; for 5mic

# RELION-32.0.5: /home/guest0i/tmp/relio
Jobs  Autorun

Eth pro]ect note Alth
Print all notes ALt+P

Dam=lia  Madas LR

params/

File

[datafINKﬁNdelnanuBBﬁ.mrc

| data/INX6NdeLnanoB07 .mrc

1_[_!

192087.3

[datafINHBNdelnanuBm.mrt

18995.4

[datafINIﬁNdelnanqu.mrt

21145.6

[datafINKﬁNdelnanuMB.mrc

(Do o=
) (Do ||
) (e (|

20288.3

Total number of particles from 100 micrographs is 3253
i.e. on average there were 651 particles per micrograph.
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Auto Picking

006 : 674 particles 007 : 638 particles 010 : 686 particles

B8 elnanodoTnrc _| |i o8| 119207.3
- ildeLnanod18.mr ¢ ] |i 685 [ |:1aggs.4
i - o Ndelnano@19.mrc '| |i 655 [ [21145.5
£ Noelnanoozo e _| |i o0 | | 20288.3

019 : 655 particles 020 : 600 particles



Auto-picking:reference-based:; for 100mic

Four parameters have to be optimized : 1. Picking threshold, 2. Min.inter-particle dis, 3. Max. stddev
noise 4. Min. avg_noise. Repeating ref-based picking for the 5 micrographs help us to optimized them.

File Jobs Schedules Im|

aplacian| Ref CtfFind/job002/micrographs_ctf.star

Import

Input micrographs for autnpick:l[jnbaalfmicrngraphs_ctf.star][ Brnlise]

Motion correction
[(TF estimation

Pixel size in micrographs [A)[—'I

[, [

Manual picking

Auto-picking

20 references[: [finbaﬂ?fclass aueraqes.star”ﬂﬂﬂrnuse ]

Farticle extraction
Subset selection

OR: provide a 3D reference?|No

Auto-picking

3D auto-refine
3D multi-body OR:

30 angular sampling:

use Laplacian-of-Gaussian? [No

Select/manu_5mic_64pix/c|ass_averages.star =

38 de

< |2

FY
-

- '}

(TF refinement
Bayesian polishing
Mask creation

Join star files
Particle subtraction
Post-processing

Use the optimized four parameters.

Local resolution
External

Alias:"manu_100mic_64pix” | ﬁ'

A |
[ I/0 view " Job actions l [urrEnt: [manu_1ﬂﬂmic_64pix I
y |

ID Ifﬂ| Laplacian| References“ autupicking” H lix| Running|

Ifﬂ| Laplacian| References autupicking| Hel_ix| Running‘

Lowpass filter references (A) |28 ==} ]
Highpass filter [A}[ 1 [D ]

Pixel size in references [A}l[i 465 ([ ]
M6 [ 1B]

3.465 A

(=1.232A* 180 pixel /64 pixel) 95 Input your GPU number (0,1,2,3)

References have inverted contrast?|Yes

Are References CTF cnrrected?['fes

Ignore CTFs until first peak?[hlu

[1GPU, < 1min]

Picking threshold: [0.85 [« 0.0 ——)%

Minimum intgr-particle distance (A): —[ 100 =——
Maximum stddev noise: EE 1] —

=

Minimum avg noise: m -999

Write FOM mapS?[Mn

Read FOM mapS?[Mn

ELRIE] ]

Shrink factor: [E! I[B

Yes

Use GPU acceleration?[Yes )
'\lﬂhich EﬁUS to use: a l




Auto-picking;reference-based; for 100mic

1 RELION-3.0.5: /home/guest0l/tmp/relio [File
| data/INXGNdeLnanod@6 .mrc ] _ 674 _ 19895.3
| data/ INXGNdeLnanod@7 .mrc ] _ _ 19207.3
Edit project note Alt+E | data/INX6NdeLnano@10.mrc | _ _ 18995.4
Print all notes ALt+P
i | data/INX6NdeLnano@19.mrc | _ 55 _ 21145.6
| data/INX6NdeLnanod20 .mrc | _ 00 _ 20288.3
-- | data/INXGNde Lnanod21.mrc ] _ 11 _ 19941.8
| data/INXGNdeLnanod23 .mrc ] _ 55 _ 20295.9
params/  Display:
| data/INX6Ndelnano028.mrc | 18192.1
[File
Idata/‘INIENdelnanUZ:‘.B.mrc ‘ “
| data/INX6Ndelnano249.mrc ] _ 41 _ 20736.9
| data/INX6Ndelnano261 .mrc | _ 17 _ 21737.5
| data/INX6NdeLnano272.mrc | _ 87 _ 22592.9
| data/INX6NdeLnano275 .mrc ] _ 04 _ 23313.2
| data/INXGNdeLnano282 .mrc ] _ 12 _ 19622.1
| data/INXGNdeLnano283 .mrc 512 _ 20057
| data/INX6Ndelnano296.mrc 625 _ 18982

Total number of particles from 100 micrographs is 60292
i.e. on average there were 603 particles per micrograph.
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1.9 Particle extraction

File Jobs Schedules

1/0| ¢xtract | Helix Running|

CtfFind/job002/micrographs_ctf.star

b |
Import micrograph STAR file [jnbaal.fmicrngraphs_ctf.5tar][ Br_llrsel

Motion correction

(TF estimation

Manual picking

Input coordinates{ [coords_suffix_autopick.star [[2][[Brjuse |
J

Auto-plcking OR re-extract refined particles? |No

Particle extraction

Refined particles STAR file:

Subset selection
20 classification Reset th

Particle extraction

Recenter on - X, ¥, I (pix):|@ ) ]

30 multi-body
(TF refinement

Bayesian polishing
Mask creation I1/0) extract

=

o - Autopick/manu_100mic_64pix/coords_suffix_autopick.star

}'Ielix‘ Running|

Join star files
Farticle subtraction
Post-processing

Local resolution. c .
et Alias”refauto_manu_100mic_64pix’ [ S

I 1/0 view ” Job actioH Current: [refauto_manu_188mic_64pix [}isb' Stddev for white dust removal: [-1

Stddev for black dust removal: |-1 I

Display: | out: particles star

60292 particles are stored in:

Extract/template_based/particles.star| Z{RTF

Particle box size (pix)|{[180 [~ 180 =——

Invert contrast?|Yes =

Normalize particles?|Yes 3]
Diameter background circle (pix): [-1 HI]
D

Rescale particles[ Yes

— Yes

;

Re-scaled size {pixels):l B |-

FE @aEEE @

o W]
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Appendix:
Motion Correction



Import movie/*.mrc
Launch “relion” in the directory “EMPIAR-10291 5movie/”.

Job type browser

File  Johs  Schedules Mnuiesfmics‘ Others| F’{unning|
’---------\v

I_
Motion correction Import rasy moviesmicrooraphs? [‘-."es = (@l

CTF estimation [ | b} 000 i e e e e e == ———— “ . ”
Eﬂﬁ,ﬂmg I m pO rt Fiasw inpout files |r roie™ mrc \l mOVIe/ * -mrc
gzgs":f :;‘I‘:L?i:;f” Iy Are these multi-frame mnvies?l.L‘-f_es_ o _1‘ Yes _

§§ Ezazj::rlin:%gl: is described in Optics /usr/local/relion-3 1/data/mtf_k2_300kV.star

3D auto-refine EMPIAR header file: MTF of the detector driocalivelion-3 1 idataimtf k2 300k\istar . Bt owae

CTF refinement 10291.xml.

Eawesian polishing
Mazk creation

Join star files
Farticle subtraction
Fost-processing
Local resolution
External

Amplitude contrast: [III.1

Beamtilt in 3 (mrad): [0

Beamntilt in ¥ (mrad): |0

A value of spherical
aberration 1.6 was obtained

~ £ with Prof. Oshima.
O wiew Job actions | Current: |Give _alias_here ] Display:[ = ]

Click [Run!]

LT P P YT

’----------~
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File Jobs

Motion

schedules

OFFECtIOﬂ

[0 Mntmn| F’{unnmg

No GPU, 2min for 5 movies

Import/job001/movies.star

Motion correction
CTF estimation

1 Input rovies STAR file: [Impl:nrt.ljnbEIEILfrnn:uwes star

LN
L]

l[ Brovwse l

e T T T T T T T T L L L L

’-----------

S

Manual picking
Auto-picking
Farticle extraction

First frame for corrected sum: [1

1

Last frame for corrected sum:

Subset selection
20 clazsification
30 initial rrocel

Motion correction

P

I Dose per frame (efd2:

3D classification
3D auto-refine
30 multi-body
CTF refinement
Eayesian palishing
Mazk creation

Join star files
Farticle subtraction
Fost-processing
Local resalution
External

e

1O i ” Job at:tinnsA

5 L L L L L L
|a’O||M' | i

0t|0n| Runnlng|

1

[ilk

Do dose-weighting ¢ [ Yes

Save non-dose weidhted as well? [ Mo

Sawe sum of power spectra? [ Mo

LR LAIE ]S

aum power spectra every efdl: |4

A value of “Dose per frame
(e/A2)” 0.2 was obtained by

TEEE EBEE

personal communication with
Prof. Oshima.

Current|(3we alias_here=

IIO| kdotion F%unmng|

Micnlaye [

U IR NN B N N

-

Group frarmes: |1

Purnber of patches &, \-’E 5 :C 5 _].
Iz

~ —

Binning factar: [1 1[3 ].
Gain-reference image: [ l.[ Browese l

Gain rotation: [ Mo rotation {00 - l

Gain flip: | Mo flipping (0) s

Defect file: [

][ Bronsse ]

JUse RELION's own implementation? [\-’es

j Yes

T T Bt or T e a1 0-Cudagn | [

Utiel P e 0 n12at (01

Browese

-

Murnker aof MPI procs: |1 i
T T T 1T 1T 1 1T T
Mumber of threads: |6 6
o o e -

(= = = = St i = A 1] i

Standard submission script:

Mirnirmurm dedicated cores per node:

10

1]

Submit to gqueue? [ Mo

GQueue name: |openmpi

Oueue submit cormmand: |gsuk

Nusrlocalirelion-3 .1 fscriptsigsub csh

s
+ @
i

¥

¥

24

Additional arguments: [

@

Click [Run!]

et

Browse



Y (in pixels: tryjectory scaled by 400

MotonCom/job02/ movie/INXONde nuno06_shifts.eps

¢ € e v
500 -
1000 |
=% ® o #
1500 -
2000 =
2500 [
L L 3 y e
3000 [
‘ﬁl , # i A I |X I
3500
0 500 1000 15060 2000 2500 3000
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movie/INX6Ndelnano006.mrc

First two frames among 30 frames




MotionCorr/job002/movie/INX6Ndelnano006.mrc

Motion Corrected microraph 20 low pass filtered




Appendix:
LoG-based autopicking




“Blob” detection using LoG fi

LoG : Laplacian of Gaussian

=1,8/pi%{1=0, 5% (xsxwtyey) beexp{=0, 9% (xextysyd) ——

8.85

-0.05 |
g,y 21T

-0.15 |
—a.p
-8.25
8.3
-0.35 |

T. Lindeberg (1998). Feature detection with automatic scale
selection. Int. J. Computer Vision. 30 (2): 77-116

1
¢(7')=WGXP
2 2
LoG(r)=a ¢+6 ¢=—£ 1-—

0x? = dy? g2

ter

1"2

202
x? + y?
202

¢ ()

[Big Gauss] — [normal Gauss]

LoG(r) = DoG(r) = ¢(r|ko) — ¢p(r|0o)

. A oG can be approximated as DoG (Difference of Gaussians)



1.5 LoG-based auto

nicking (172 LLTF)

File Jobs Schedules r!ﬁ"lf*laciaﬂ Fteferences| autopicking

| Heliu| Running |

Import

Motion correction
[TF estimation
Manual picking

l lInput micrographs for autopick

Pixel size in mic -

[TF refinement
Bayesian polishing
Mask creation

Join star files
Particle subtraction
Post-processing

[Mmic rographs_selected.star ] Browse ]

L rRATTE

Select/5mic/micrographs_selected.star

."I.IJtEI-FIin:ZJ..fIg Uiatisii= ST o | J|F]| prumas |

Particle extraction OR: provide a 3D reference?|No - ]
Auto-picking 30 reference: 7|| Browse

IO IMITIdT WMOOET 3y ""EL"':.-: C1 7

3D classification 3D angular sampling: [2@ dearees - |7

3D auto-refine _ o

3D multi-body OR: use Laplacian-of-Gaussian?| Yes Yes

Lo | T Tl

Local resolution
External

Alias : LoG_5mic

B

] Display: [

I/0 view ” Job actions | [[url‘Ent! [Luﬁ_ﬂmic ‘I
)

If0| laplacian| References autopicking| Helix IRunning| I

. L s . . Humber of MPI roc;l : !
I,-’CI| Laplaclan| R ferences| autup1ck1ng| Helnc| Runn1ng| P .
Submit to queue? No
——
Min. diameter for LoG filter (A){120 | 120 . Queue name: - [gpenmpi
Quewe submit command: |gsub ?
Max. diameter for LoG filter (A) IE- 160 ]. Standard submission script: [relion-3.1/scripts/qsub.csh ||2] fBrowse
Are the particles white?|No . Minimum dedicated cores per node: (24 ?
Additional arguments: ]

=0

Maximum resolution to consider [A)[IH

¥dmin,dmaxz 11— —HIEFE

L

4dmax, 5dmax

0 FNDOELEIZEE TA+3+4=11BY DdZEEH T,
dmin/5, dmin/4, dmin/3, dmin/2, dmin, (dmin+dmax)/2, dmax, 2dmax, 3dmax,

50




006 : 726 particles

0019 : 713 particles

LoGbased Auto Picking

007 : 726 particles

0020 : 708 particles

0010 : 733 particles

’ . tla/ INX6Ndelnanod@6.mrc
a/INKENdelnano@@7.mrc
B3 ~ila/INX6Nde nano@10.mrc

afINKﬁNdelnanuNB.mrc

e ‘l,j‘ a/INX6Ndelnanod2@.mrc

]|

]|iiiiiiii [?za
Lo |
| Toiek | 72
| (Cpick ) {72

[19395.3
[1925?.3
[13995.4
[21145.5
[zazas.;




1.6 Particle extraction

File Jobs Schedules

I.-"'ﬂ| eutract| Helix| Running

Select/5mic/micrographs_selected.star

Import

Motion correction
CTF estimation
Manual picking
Auto-picking

Farticle extraction
Subset selection
20 classification

Reset the

Particle extraction OR:

S dUTO-TETIME

3D multi-body

(TF refinement
Bayesian polishing
Mask creation

Join star files
Farticle subtraction
Post-processing

refined of

re-center

micrograph STAR file:

Input coordinates:

® AutoPick/LoG_ 5m|c/coords suffix_autopick.star

PR A R R e -w

fsets to zero?

refined coordinates?

Recenter on X, ¥, I (pix):

[EFDISE]

Browse

[4!micrngraph5_5&1&cted.5tarl

coords_suffix_autopick.star

\

we OWSE

LA L UM L L Ll LS L

No =il
No =3I

B 8 B ?

Local resolution

External Alias : LoG_5mic_64pix

I/0 view ” Job actions | [Eurrent:[Luﬁ_Emic_ﬁdpix

‘| ] Display: [ = ]

I,-‘(i| extract ||Heliu | Running|

Particle box size {pix}l 180

= 1E¥) —

Invert contrast?|Yes

==

L1

Normalize particles?[YES

L1

Diameter background circle (pix): [—1

Stddev for white dust removal: [—1

Stddev for black dust removal: [—1

===
R

Rescale particl a
Re-scaled size (pixels .

Yes : @
64 @

52



1.6 Particle extraction

# RELION-3.0.5: fhome/guestOl/tmp/relio

Re-read pipeline  Alt+R i

Print all notes Alt+P

Demalsm  Madda- AT &b

tanuPick/

. Display: | out: |

[particles.star

Scale: Min:D Max:D

Sigma contrast:D Color: [ greyscale b= l
Display:[rlnlmagewame s
[ 1Sort images Dn:[rInCDDrdinateK =

[ |Reverse sort? [ lApply orientations? [ |Read whole stacks?

[r, cnlumns: Jri scale; Mass images:




1.7 Making templates for autopicking (143

| '1/0]/CTF| Optimisation| Sa EXTract/LOG_omIC_b4pix/particies.star

File Jobs Schedules

Import

Motion correction
(TF estimation
Manual picking
Auto-picking
Particle extraction
Subset selection

20 classification

3D initial model

zn 3 P

2D classification

(TF refinement
Bayesian polishing
Mask creation

Join star files
Particle subtraction
Post-processing
Local resolution
External

Input images STAR file

Continue from here:

AN

- e

[2 GPU; ]

[tract!jnbﬂlifpartiCIES.Star]]ﬂ[Brnlse]

?|| Browse

Ifﬂ| cTF | Optimisation S]mpling| Helix‘ Cnmpute| Running|

Regularisation parameter T:

Number of classesf |18 D 10
2

Number of iterations: [15 I @

Use fast subsets (for large data sets}?[hlo

Mask diameter (A)J[160 |[= 160
Mask individual particles with zernseﬁ_

Limit resolution E-step to (A): [—1 I[D

Alias : LoG_5mic_64pix

I/0 view ” Job actions

| [Eurrent:[LuE_Emic_Edpix i

] Display: [ |4 ]

1/0| CTF | Optimisation | Sampling | Hel

x| Eumpute| RQining|

Number of pooled particle

Copy particles to scratch director

Combine iterations through dis

Use GPU acceleratio

Use parallel disc ]fﬁ?[?es ¥

|

l
Pre-read all particles into RAM?[NU ¥

|

Which GPUs to usd:

s: 3 |l —

EEE®E

y: [
c?|No

|
L
-

n? {Yes

Input your GPU numbers.
Let’s use 2 GPUs !

1/0| CTF | Optimisation | Sampling| Helix| Comput | Running|

Number of MPI procsd|3 ] 3 —]

Number of threads 7 l._l'ﬂ—]@

Submit to queue?TTo 2 ¥ ]E]

Queue name: |openmpi B

Queue submit command: |gsub ?

Standard submission script: [relion-3.1/scripts/qsub.csh @
Minimum dedicated cores per node: [24 ?
Additional arguments:[ ]

.



1.7 Making templates for autopicking

#® RELION-3.0.5: fhome/guest0l/tmp/relio

SN Jobs Autorun

run_it025_model.star ]

Re-read pipeline  Alt+R||]

Print all notes Alt+P

Sigma cuntrast: [ulur:[gre;«scale
[ P Madaes/ AT &kl

Display:[rlnReferenceImage =

dit project note ALtt Scale: Min: I\'Iax:
2

[v|Sort images un:[rln[lassnistrihutim =

[v|Reverse sort? [ |Apply orientations? [ |Read whole stacks?

Nr. culumns:E] Ori scale:D Max. nr. images:

LPick! Display: | out: run_it023_model.star

E No C8 top view....

55
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