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1. ATLE
1.0 EL»ic

a=w v FANZTHEANE, “B"ClhEVET, AT 2013, “BIomEo“ J”
(Zvix—%—) FCichTI,

a3 2 W& 7 — £ 13, Thermoplasma acidophilum ® 20S protemasome T3 (5%
XHk2), https://www.ebi.ac.uk/pdbe/emdb/empiar/entry/10025/ (HA®D I 77—+ 4 b+
https://empiar.pdbj.org/entry/10025/) 2»b X vu—FCT&E 3, &7 —%219 6 KD
HRZHEHL £3,

Zalx, 7412 F Y /data/binds/Prot20S_Tacid TEE #{T\ 7,

ch /data/binds/Prot20S_Tacid <J

SUnix®a~vyY FC, 74 L7 P BET AL £, FlliEERD
Appendix I 22X, 2T 4 L7+ VICKBEKE D MTF(Modulation Transfer
Function) %5tk L 72 7 7 A v 23H % T L %R L £ 97, 5l Gatan #1 K2 CHI#E
300kV OB FIEMELZHEH L TWwa 728 K2summit_at 300kV.star ZHWTE 3,

FERRIC relion ZEEN T THEL & 9,

>relion <J

BRUNCEBI XS T TOA Yy =Y R TETDOT, YEEZLTLEI W,

Only run the relion GUI from your ProjectDirectory. Do you want to start a new project

here [y/n]?y
> TOMABEYy 77y 7L C&ET, (V4 v FyHOFHIZ Appendix A % &l &

a ) = RELION-3.1. it-3b3228: /datbol/tani 20S_Tacid (on bx00.cespi.nagoya-u.ac.jp) - x

File Jobs Schedules
Impc
oti ion

Scil.ifelab
), -
= l‘u
\4
N
MRC | vo i www-lmb::am.acukhelion
l /O view l[ Job acﬁunsl Curren(:[GiveJliasﬁhere ]Display:[ |=]
Finished jobs Running jobs Input to this job
( i ] [ 9i | [mp ] |
[Schedulediobs ]

[
[Output from this job

stdout will go here; double-click this window to open stdeut in a separate window

stderr will go here: doubleclick this window to open stderr in a separate window

1.0 : ECEhm
720 VRS B2 Tb RvEaicid, Tieo
“The relion GUI has been idle for more than 3600 seconds, exiting now...”
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https://www.ebi.ac.uk/pdbe/emdb/empiar/entry/10025/
https://empiar.pdbj.org/entry/10025/

CWnIH Ay —YRTTCECGU I HEIMWICHEINE T, FDOEIZ. FE relion & AT
LT 7ZET vy,

L1E&RD A4 vHR—*F

File Jobs Schedules ‘ Movies/mics‘ Others| Running |
—
T —— tab jtraw movies/micrographs?| Yes > |@
CTF estimation - o (— :
Peiiual pickiiig [Tr— Raw input files: |}M|crograph5/“.mrc |@[Bmwse]
Auto-picking Are these multi-frame movies? | Yes : |@
Particle extraction
gngFt g?lectplon Optics group name: |opticsGroupl |[i|
classification
3D initial model MTF of the detector: [K2summit_at_300kV.star _|(2][Browse]
3D classiﬁcfation Pixel size (Angstrom):(0.66 | { } |
3D auto-refine . ( = )
30 mukEbady Voltage (kV):[300 ) {[ |
CTF refinement Spherical aberration (mm):[2.7 | I |
Bayesian polishing . : ) e |
Mask:craation Amplitude contrast: [0.1 I [} :|
Join star files Beamtilt in X (mrad):|0 I {1} |
Particle subtraction e . I fra |
Post.processing Beamtilt in Y (mrad):|0 k {I} |
Local resolution

1.1 : Import [H[H

HEIRL7219 6 KOHE{RIZT T Micrographs 74 L7 F U ~EWTVETDT,
D job-type 77 v HF—(X 1)D Import # 7 Vv 755 &, K 1.1 ofm~ZL %
7, X 1.1 D 1/O 2 7T
- Raw input files: Micrographs/*.mrc

= h OIS 2 B BEMERERO AR A O T T 4 L 7+ Y AICE U TEHE,
- Are these multi-frame movies?: Yes

=SS 2 B FBHEHEERDO X 4 FIOUGCCEE, £E—vavalszyavida5a
X, Yes i b £97,
Z D, 253 2 fEAT I
« MTF of the detector: K2summit_at_300kV.star

= PSR R LR OISR - MRS ICKE L 72 MTF Z5dib L 72 7 7 14 2,

Gatan #£® K2(300kV) D#5&1cid, TRCURLZZML T T W
https://www3.mrc-lmb.cam.ac.uk/relion//index.php?title=K2-summit_at_300kV

Thermo Fisher #1:® Falcon ITII(300kV) D& iciz. TELURLAZSHEL T A X
https://www3.mrc-lmb.cam.ac.uk/relion//index.php?title=Falcon-III_in_electron-
counting_mode_at_300kV
+ Pixel size (Angstrom): 0.66

=>FE AT 2§ E. K2 (super resolution) & — N Calfk I T ¥,
- Voltage (kV): 300

SHREF L, EFEBERC L ICR R £,

- Spherical aberration (mm): 2.7



=SIREINGE X, EFIMEEC L Ic® 7% Y £9°, Titan Krios, CRYO-ARM %, 2.7 TA
Co

%\ T Running % 7% L C, 276 TO RunlF 2 v ## L £ 7,
PLET, BEi{ROA v R — MU T T3,

1.2 =—v a VH#IE

File Jobs Schedules ‘ IJO| Mutionl Running
E—

Import i Hzo ; f
ReGHiGnTCorTaction tab ; Input movies STAR flle,[ImporUjobODl/mowes.star ]@[Bmwse
CTF estimation . -
Manual picking job type First frame for corrected sum: [1 [[L}—]@
Auto-picking Last frame for corrected sum:|-1 [—————v3)
Particle extraction
s e e Dose per frame (e/A2}:[1.394 || jrmmmmmmmeeer 2]
2D classification Pre-exposure (e/A2):[0 r@—]@
3D initial model
3D classification Do dose-weighting?[‘fes = ]Eﬁ
gg f#ﬁﬁ:_rggg; Save non-dose weighted as well?[No = Hﬂ
CTF refinement Save sum of power spectra?[l\lo - ]Eﬁ
Bayesian polishin ! =
Ma{k creaFEion g Sum power spectra every e/A2:[4 2
Join star files

Particle subtraction
Post-processing
Local resolution

1.2 : Motion correction
LMD job-type 7 7 7 —d Motion correction % 7 UV v 73 % & X 1.2 OE|AI~ZAL
LET, 1.2D1/0 2 79RO X HICEHELET,
- Input movies STAR file: Import/job001/movies.star
=1.1TA vF— b+ LB FBEMBEEER7 741 Y 2+ (Gob+ 3 7 2 HFILHEEE)
HEE : BB ATIEA 15T job001 @ X 5 i job+ 3 7 ZEFHTTL 3R L T
X, THIPTHONBEFIHIC X o THFHIR LY £ 3., HEEY RS D2EAT
{7ZEN,
- First frame for corrected sum: 1
SHHT 2 24— —BEROMBNELZIEEL T, 1 GORUMPLEDR, ©—LT TV
XV ITDOREBRREND, 2 CEBETIGELH Y £3, wAXHIC Bayesian polishing
TIHHIOEHT 2L 2IEETE 20T, bEhXICL R THRLELKRTT,
- Last frame for corrected sum: -1
SHHT 2 L - —BHERORENELZIEEL 7, -1 2omHEE T, TH 0 b REMIC
Baysesian polishing TIAD 7L — L ZH|2 Z R TELDT, HEHRICTL R,
+ Dose per frame (e/A2):1.394
SWEIE T L ICRZ R Y 5,
* Pre-exposure (e/A2): 0
St S LICE R Y 925 SENEBREE TRl 2 AT BRI~ O IS 31T - T




FHADT, 01T ET,
+ Do dose-weighting ?: Yes
SHEREFHRBEICIKFEL T L —aICEARZD T E T, BZHS/NHIZELSRY 3
B, EOREEERS RIS NE T O T, RO TENRE HIFE T,
- Save no-dose weighted as well ?: No
= D dose-weight 23&R$ 2 &, XD AT v 7 CTF Ml & THEFEL RITT C
EHRHONTWE T, ZD7® Save:Yes % i#E~ (L dose-weight L T 7n W HI{R D fR1FE X
N, b I TEET, 720, BFEIRIFEAEEER TV LBSH -5
TWET L, E|EKICT 4 27 EHECHERRZIEP T 2 L Ic0o%0 %720, No 2iER
L9,
Motion % 7H % XD X HICEHL 7,
- Bfactor: 150
=& 7L —alRICERERYZEHALC7 L — oMo IVEZRELE ST, T 744
MED X £ CRHED Y £8A,
- Number of patches X, Y: 5
>—HE 7L —LAEBOTNELFRLAEZOL, 7L — AR IEE T 2 5 IC55E
LT, Ny FIROBEMERZIT o720 b, HICKHHEBTOTNIELFE T 2, 1054
IiZ, Yy FIRSEIFHREIX L £ A, Bayesian polishing Z $#UEFE U727 L F5ET 5 A b »
EIH, BB E3-5AELTHEL DB LWL TT,
- Group frames: 1
S% 7L — ABOTIIBE LT BEUC, 1 71— 4 Tld SN HAME < CTEELRS 52
FHLA W bbb 4, 2O BUEZHEC L TEEZ L — 2% R L Z A HREEG
FECetEFT 2 EeTHIEL W ERHVET, SHEbZD—fHlTT,
- Binning factor: 1
= HHIFFIC binning 32202892, 1 b2 DE %, BUEICHKA L 72 binning %179
Z DR, 7— ) =M IER % Y)Y 1972 ® (fourier cropping), FEZE[]C¢1T 5 binning ®
5%z V7YV 7I3EL R\, H & T Bayesian polishing #1795 FEARS 1123 %,
- Gain-reference image:
>XD4HHZ GO ZHE X, B LA Tbh TRz 285604 7> a
Vit Y 9, SROMRIT, Bt hnizmifie L<r—2EINRTHETOT, X
DAEHHZEO THED Y THA,
- Gain rotation: No rotation (0)
- Gain flip: No flipping (0)
+ Defect file:

+ Use RELION’s own implementation ? Yes
=UCSF ® MOTIONCOR2 Zffifl 3 2 54 1Ci, No itz Y £3, CPU DULHFES A3
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EWIGEICE RELION 132 X 1T 3 MOTIONCOR2 % f# - 7213 9 2806 4{k E v T
2 7- DM D FE L 2 ) BEIDTT, 7272L. UCSFD b D LD LFTRITIENEL 5 M
FTRELSEI N,
- MOTIONCOR? executable: /usr/local/bin/motioncor2
=MOTIONCOR2 ¥4 F Y — 7 7 4 L& & M~ R CHE L £ 97
+ Which GPUs to use:
=MOTIONCOR2 %559 % GPU HF5 2 &RV £, ZMoL ZFHBTTHA v Ih
9,
+ Other MOTIONCOR?2 arguments
=MOTIONCOR2 flD ¥ J A —2 % Ahiz\» & 2L £3
Running 2 7H%# XD L 5 ICEHL 9,
+ Number of MPI procs: 4
=>ffiHTsavva—%—o CPU/GPU )G U CEHE, CPU O num
CPUs=procs x threads % H%IZ,
+ Number of threads: 8
- Submit to queue?: Yes
CEZET,
T, 276G TDORun! R &2 v 2L CRHEZHIEL £ 7,

1.3 CTF o FHfi

- - hedules ] 110 : i
W iob type /O | CTFFIND-4.1| Getf | Running|
i \
| - ,
Mot crifraetian tab Input micrographs STAR file: | 2/corrected_micrographs star I@[Browse]
CTF estimation Use micrograph without dose-weighting? | No B [E]
Manual picking .
Auto-picking Estimate phase shifts? | No & [E]
PaEtizla axiractin Phase shift - Min, Max, Step (deg) [0 180 10 @

Subset selection

gg ﬁ:i;'i;‘,cgggln Amount of astigmatism (A): [4ho |-{D—]@
3D classification
3D auto-refine

3D multi-body

CTF refinement
Bayesian polishing
Mask creation

Join star files
Particle subtraction
Post-processing
Local resolution

1.3 : CTF estimation
KD job-type 77 v ¥ —d CTFE estimation % 7V v 73 2% &, X 1.3 OljE~Z{t L
¥9, M13DI/O 2 7HhERDOLIICEEL LT,
- Input micrographs STAR file: Import/job002/corrected_micrographs.star
=>1.2 CHAO I N B FHEMEER 7 7 A+ ) 2 b (Gob+3 7 A FITHEELE)




+ Use micrograph without dose-weighting?: No
=dose weight L 7z [HiffiZ Thon ring 2313 F %2 © T C T F i IC 1358 & 72\,
- Estimate phase shifts?: No
=Phase plate Z W CTHITE L 72FED &, Yes iIC72 0 £3,
- Amount of astigmatism (A): 400
= E MR OBOERIUAKA L TR Y 345, 100~500 FEE T,
CTFFIND-4.1 2 7th 2RO X 5 ICEREL £9, GCTF Z2flifl§ 35513, & ISRl
INTVRHEEITEAL 9,
+ Use CTFFIND-4.1: Yes
- CTFFIND-4.1 executable: /usr/local/bin/ctffind
- Use exhaustive search?: Yes
- Estimate CTF on window size (pix): -1
- FFT box size (pix): 512
+ Minimum resolution (A): 30
+ Maximum resolution (A): 5
+ Minimum defocus value (A): 5000
+ Maximum defocus value (A): 50000
- Defocus step size (A): 500
Sl oFEECiE. CTFFIND {3 2 DT, Getf X 7HIZRD T 7 # v b D F T THEW
¥ A, GCTF 2T 254ICIE. CCICEBRIN TV BHHOZEASE IR Y £
E
Running 2 7H1 % XD X 5 ICZEH L £ 7,
+ Number of MPI procs: 28
=T 2 a2 —%—0 core UL L CTEHE,
+ Submit to queue?: Yes
ICEZET,
W<, 27HTO RunlR % v M L CGHREZBBL 9,

R, X 1.4(A)D X 5 i 2 74 T @ Display: out:micrographs_ctf.star % ;&R 32 & |
Relion Display GUI i (X 1.4(B)) 3Ky 77 v 7L E4TDT, P& ELRIT->TL
7230y,

+ Scale: 0.3

SHHT 22y v — X —HHICE L TEHE,

* MSort images on : rlnCtfMaxResolution

+ M Reverse sort?

= LRC 2 f#iffi 2 ON ¢392 &, CTFFIND i & L7z 50 fifREIE (Kb 22 5) ok
No



AJ1t%. Display #ff3-& . X 1.4 (C) @ & 5 ICKHi{RD FFT & CTFFIND CRE L 72
HHRICNIGT 2 CT FEERBAK O CGE2RB) BFERINE T,
(A)

Join star files
Particle subtracticn
Post-processing
Local resolution

External

[ I/O view I[job actionsl Current: |003: CtfFind/job003/ |Disp|ay:[out: micrographs_ctf.sta| ;]

[Finished jobs | [Running jobs | [input to this job \
(B) ©

Relion display GUI (on bx00.cespi.nagoya-u.ac.jp) = o CtfFind/jobo03/s

ographs_ctf.star (on bx00.cespl.nagoya-u.ac.jp)

| micrographs_ctf.star |

Sigma contrast: |0 | color:|greyscale [+]

‘ scale:(0.3 | Min:0 | Max[o |

Display: rinCtfimage

R 12

lv/Sortimages on: | rinCtfMaxResolution

[VIReverse sort?  [_JApply orientations? [_JRead whole stacks?

[ Nr. columns: |5 Oriscale:[1 | Max.nr.images:[1000 | I

1.4 : CTF estimation—i &

1.4(A) D X 5 12 % 74 T @ Display: logfile.pdf % %R 32 &, evince T logifle.pdf
(CTFFIND TiRE L 7= C T F OfF#H-CHEHE, CT F 0D o HEE & 5 70 HEESF)

BRRINET,

1.4 CTF #Ffifi 2 20 L 7= E{SER

Fi(_._Hb rores hedules I/ol Class options| Subsets| Duplicates| Running |
ItvpoTe —( J
e T tab | Select classes from model.star: | !@ Browse |
CTF estim}ati'cm OR select from micrographs.star: ]1/joboo3/micrographs_ct£star\Eﬂ Bm!sgl
rj{‘&“;!c‘rﬁ“;"g OR select from particles.star: | l@ Browse
Particle extraction OR select from picked coords: | '@ B[gwsel

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

1/0 view Current: Give_alias_here | Display: =

1.5 - HfgER (1)

KD job-type 77 7 — D Subsetselection %27 Vv 735 &, X 1.5 OjE~Z{L
¥9, M15DI/0 2 7HhERDOL I ICEELET,

- OR select from micrographs.star: CtfFind/job003/micrographs_ctf.star




=13 T &7 CT F el O 8 T BMEEEER Y 2+ (ob+ 3 77 2 MFILHEER
%)
Class options, Subsets, Duplicates 2 7H1i%, 3XT “No"TH 5 Z L 2B L £3, £D
#%. Running X 7H O Run! K &2 v 2 L C~v= 2 7 AL COEGERZHE L 7,

1.6(A) D X 9 7z Relion Display GUI B 23F v 77 v 7L £ 3D T, Tl DKEZIT-
TL7ZX 0y

- Scale: 0.3

ST 53 e e — X —MHHIC)S U TEH,

+ MSort images on : rInCtfMaxResolution

+ @ Reverse sort?

= L5 2 f&ifT% ON ¢ 5% &, CTFFIND Tl & 1L 7= /0 fEREIE (Kb o 6) Ik
No
AJ1#. Display %4 &, K 1.6 (B) @ X 9 Ic&KH{§d FFT & CTFFIND TiRiE L 72 %
E{RICHIGT 5 C T F HEGRAMOMIE B2 RF) AFRRINET, 27V v 7 TER,
7 U v 27 T"Clear selection”, “Invert selection” 7z EFfEA = o — RN EINT T,
REICBIL Cid. 2D A =2 —"FD“Show metadata” % E I~V ATHEZ YV v 7 LTW»
L HBRERO AR INE T,

(A)

Salact/job004/micrographs.star (on bx00.cespi.nagoya-u.ac.

Ll Relion display GUI (on bx00.cespi.nagoya-u.ac.jp)

[ micrographs.star

1 Scale:[E[ Min:E\ Max:[C

, |
Sigma contrast: ‘0 ] Color: [greyscale - I

Display: | rinCtfimage

oo

(vISort images on: \ rinCtfMaxResolution

(vJReverse sort?  [_JApply orientations? [_/Read whole stacks?

‘ Nr. columns:[5 | Oriscale:{li| Max. nr. images: 1000 |

1.6 : HBER  (2)

10



2. Fovry 27y

BFovy 7y 7 LT, reion FTIERXD3I>D DOvw==2T1, @LoG-based #F
ML7ZHE), @2D2 52 FY GHIck-TE3DEFL) 27 v FL—F e LTH
B, OFESEINTHET, AEFCTEA -V Fy2ic, F~=2T71T500~
1000KFEY 2T v 7 LT, Z0oDNTFHIRILLT V7L —FDDD2D7 7 A
FEEFHELET, T, 7Y 7L —trE2FHLAB TR oYy 7Ty 7ERAE
T, 20705 R@ICE L CIIEKL 3,

21 ==a2T7ATCONFYYITYT

File Jobs Schedules ] l/0| Display| Colors| Running|
( job type )n tab Input micrographs: [{/job003/micrographs_ctf.star IE][Bmwse]
estimation

Manual picking

Auto-picking
Particle 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

2.1 : Manual picking
MDD job-type 77 7 ¥ — D Manual picking %27V v 27325 ¢, X 2.1 OHE~Z{t
LIS, VO THERD XS ICKBELET,
- Input microgrpahs: CtfFind/job003/microgprahs_ctf.star
=13 CcCTFomiExaft5 LB HEMERmE&R 7 7 4 v ) 2 b (ob+ 3 7 ZEFI13#
HEH) H2\0id, 1.4 CERLAZBETFAMERR 7 7400 2 b,
Display % 7/ L XD X 5 ICAH L £ 3, Particle diameter L4477 + v b 3% EH,
- Particle diameter (A): 200
= HUCH I EcoMoEFERTRH L LToAfH,
+ Scale for micrographs: 0.2
S A4 X U TER,
+ Sigma contrast: 3
+ White value: 0
- Black value: 0
- Lowpass filter (A) 20
- Highpass filter (A) -1

11



- Pixel size (A): -1
SRFI A XDFHRC 7 4 V2 —IHET 5,
- Pick start-end coordinates helices? No
» Scale for CTF image: 1
Z Ofthi, Colors # 7Hiik, 774V D F F, #i\>T Running X 7% LT, 2 7HTD
Run! R % v ## L 3,
(A

=

RELION manual-picking GUI (on bx00.cespl.nagoya-u.ac.jp) e

)03gr_00014sq_00002hI_00005es_stmrc
| EE R e |
a

103gr_000145q_00005h|_00005es_st.mrc
J03gr_00D145q_00006hI_00U02es_st.mrc

303gr_00D145_00VD6NI_DVUD3ES Stmrc B

J03gr_00014sg_00006h1_00005es_st.mrc

na.]

<
N

I 67

Q)

1111

Q Qg

e e

i<

11T

<

J03gr_000145g_00007hI_00004es_st.mrc

J03gr_000145q_00007h]_00005es_stmrc

Q)

03gr_0001459_00008hI_00005es_sLmrc

EERER
HENE

kY

e | 162338

21 [203g1_0001459_00009H1_00C04es _si

v| [203gr_00014sq_00010hI_00002es_stmrc | |
1 203gr_00014sq_00011hI_00002es_stmrc

)

e

o

2.2 : Manual picking --- Display
T5e, K220 X5 REHAKY 77 v 7L TCEETOT, BT 7+ —Hh A&
(—FELAWICR R IN T LT PR 2B THEMERGRZESR LR TFEALTTE
Eho T, 2.2(A)% @ CTF ###3 & (B) D X 9 I Winodow 2% pop-up 3% ® ¢, Thon
ring DR AR TE T, X 2.2(A)D pick 3¢, X 2.2(C)D X 5 7 FAMBHIR D
TTEETOT, irzvy 27y 7LET,
ZOR, BEEEZ Vv 7T TOEy 2Ty 7FREoMTRR X 2.2(0)T,
TADKA NG T v 7 BRI T Oy 7Ty IR EInEd, 527U v
2712 X - T”Save STAR with coordinates (Ctrl-s)”, “Clear coordinates”, “Quit (Ctrl-q)” 7 &
DA=2—=BTETDT, TNETE Y 2T v T LN FOEBEORE R EATEET,
TRIF% 1T 5 & pick DB ICR TRBFRREINE T (K2.2(4)),

2.2 BorhFomt

12



File Jobs Schedules ] IIO| extract| Helix| Running
1 \
I'( job type ) . tab micrograph STAR file: \jjjobOO31micrographs_ctf.star|E][Browse]

Manual picking Input coordinates: jpords_suffix_manualpick.star |E][Browse]
Auto-picking
Particle extraction OR re-extract refined particles? | No = |E]

Subset selection Refined particles STAR file ?||Browse
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

to zero? | No

=

Q

Ak [[4r
[ =)

2.3 : Manual picking --- Extract
MWTv=aT7 Ty 77y 7 LIRFEROME Z{TWE S, 7D job-type 77
7 ¥ — @ Particle extraction 7 Vv 7325t 23 DHEAIPRRIINE T,
[/O 2 7% RD X5 ICERELET,
- microgrpah STAR file: CtfFind/job003/microgprahs_ctf.star
=12 cCTFo5iExft5 LB HEERmEER 7 7 4 v ) 2 b (Job+ 3 7 ZEFI3#
HEH), H50IE, 1.4 GERL B THEEEBER 7 7 4 1) 2 b,
- Input coordinates: ManualPick/job004/cords_suffix_manualpick.star
221 CEy 27y 7T LIRFERO 7 7 AL ) A (job+ 3 7 XA BFILEELE)
- OR re-extract refined particles? No
extract X 7z LT, RO LI ICEHL 7,
- Particle box size (pix): 360
VA4 XFHTHEBICT 2HERH Y T,
+ Invert contrast? Yes
SHKFPAICRZZBERH Y 7,

- Normalize particles? Yes

- Diameter background circle (pix): -1
=-1:HBENICEHE, #H1L, Particle box size @ 75%F2E, ZOM X Y A DHifHEZ N>
oIV NET S,
- Stddev for white dust removal: -1
- Stddev for black dust removal: -1
- Rescale particles?: Yes
SUPNI AT =N Xy v L7135 HEHEEE S #H D THEE,
- Rescaled size (pixels): 90
7V 7L—bFe LTUERT 272050 C, EORAEERD AT X w050 iR
binning 4 & L T Rescaled size 90 pix = Particle Box size 360 pix /4 TiXEL ¥ L7z, ¥4

13



I TEBUCT 2 0E R H Y T35,

B L o0 EBETEEY — V) A BEFD 2B VELAALTCHWET, 207094 L. KR
IIRELZBRIC, TE RTINS BFRE HEE) OBRFECKBTELZ LIS CTILMENILS BV ET, 2
DAL OFRORFELERT 2 L 13, BEICT 2720 2 0RFHMUERICT 22 L2 EnT I,
Helix # 73, ZH7 L,

Running % 7Hx, RO X 5icL ¥,

*+ Number of MPI procs: 1

+ Submit to queue: no

HWTX 744 TD Run!l R 2 v 25 e o2 hEy £4,

2.3 KAHEERDT v 7L — MMEK

File Jobs Schedules ‘ IIO| CTFI Optimisation Sampling[ Helix| Compute Running|
- z b
i job type lion tab Input images STAR file: [Extract/job009/particles.star |(2][Browse]

CTF estimation Continue from here |2/ Browse |
Manual picking
Auto-picking
Particle 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

2.4 : Manual picking --- making template
ZZTCik, 2D RFHEMMLCHBIY Yy 2 Ty THOT v 7L — P 2fEKL %
9, LMD job-type 7 7 v —d 2D classification % 7V v 7325 & [X 2.4 DEHH~
2L E T,
[/O 2 7H%RDEHICEELET,
- Input images STAR file: Extract/job009/particles.star
=22 THE#BO~=2T7 Ay 77 v T LENTRY 2 b (ob+ 3 7 2 HFIIHEEE
)
CTEF 2 7H % RO LS ICEHL T,
* Do CTF-correction?: Yes
=&tEHIC CTF flilE (G2 +RIE) 217 £ 97, @ I3, Yes.
+ Ignore CTFs until first peak?: No
>CTFOH—v—27 L TOHRELENT 20L 52 2@ I3, No, AL, CTF DiR
IEIEHROMIEIC X o T, (KD MERESEFH I N T ET2D 7 7 AGHN ) L whrne 2
Ild, Yes Zi#EIRT 5135 A X WwTL & 9,
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Optimization X 7tz XD X 5 ICEHL 7,
+ Number of classes: 16
SH oM TOBIC X o CEBET 24803 H Y 3, RFOBICHEL T, 7720
BE e 77 2 M K I RES, BEIER, 1001 LETH, Shlidey s
Ty ZHOT v 7L — e LTEHT 2720, fll2WEEE BT 205 2D ) T
ho ZDE, KITOEO PO TI6ICLTWET,
- Regularization parameter T: 1
=27 94 FEFHMBHE DT — 2 D4, 2D 7 9 A58l T=2-3, 3D 7 5 2%
FTIE T=3-4 TatHZITVE T, 72, TEI/NS IR EEDMRREOR AR A, @I T
EARE W EEDRREDRIEA R A TE LT, THEARZWEAICIE, A—"—T7 4y T
AV TR B b HEOMRICIIA[EMNT LEIH Y X5, FHEIET V7L — ME
WD720 T=1 L REDPBPETPNKRT 5 L5 LTVET,
+ Number of iterations: 25
=iEH X, 25 BHEAL 9,
- Use fast subsets for large data sets? No
SKFA 1 THEBRED & i, No 2L 3, 7 — XEBBATTU EOFRITIE, Yes
ICT 2 LEHHRBRIKDY £9,
-+ Mask diameter (A): 200
SRYANZHEDORE JWCGCTEE, BEHEEPHO N T2 ~A 2T 7 M5 LRT
2FET, JARXDLVHIRCK F ARG o TV BREAICIE, TEA/2ZF/NELFT5135
DN TT D, BT ORDEVHRBA NI NEZREIC L0 E—HRRITI7 TR
TR E B icho T LEVET,
- Mask individual particles with zeros? Yes
>R T b L7HEEEZ OfETHD 220089 5 ?
- Limit resolution E-step to (A): -1
SIEOBEEZ LY 328, ZOHENE TORBEIERZMEM L CHEGEOT 7 4 v X
VEEITOET, @I, -1 TR TERE, A" —=T4 v T4 v ITBRONBERICHE
322 LhRTd,
Sampling X 7HIZEHEL ETHADT, UTDT 74V b TH 2 Z & 2l
- Perform image alignment ? Yes
* In-plane angular sampling: 6
SIEZHAED Y 4 L 2D X ) IWHFMEREWEGEICIE, M WEZEHT22 L0 H
D E9,
- Offset search range (pix) : 5
- Offset search step (pix) : 1
Hexlix 2 7H3ZEH L € ADT, UTFTOT 741+ TH 2 & 2l
+ Classify 2D helical segments ? No
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Compute 2 7HTld, RDOXHICLKHEL X,
- Use parallel disc I/O: Yes
+ Number of pooled particles: 30
- Skip padding?: No
+ Pre-read all particles into RAM?: No
- Copy particles to scratch directory: /ssd
S>EHCHHAT25HEECE. FEARXZ2 7y F 74 A28 LC/ssd ZERAL TV E
T, AELCwZawEaIciE, C23EMcTse,
- Combine iterations through disk?: No
- Use GPU acceleration?: Yes
=Yes:GPU %fi - 725t H 21T 5 o No:CPU D A DFEIH Z1T 5 Bty
- Which GPU to use:
SZEMOLE, 7740 P LTEHTE2GPULHAEZ T A v LT LT T,
Running 2 7#C, RO X HICEHEL F3,
 Number of MPI procs: 5
+ Number of threads: 4
+ Submit to queue?: Yes
* Queue name: openmpi
* Queue submit command: qsub
- Standard submission script: /usr/local/relion/bin/gsub.csh
+ Minimum dedicated cores per node: 1
- Additional arguments:
= FRoZHiE, SEoEFRRICA > TwE T, SHREBRBEICOOC CEREL T2
(2
o<, 274 T D RunlFR % v 23 LEHEPHBE Y 5,

AR, 2D IRV RER T 27290 2.5(A) D X 5 ic £ 74 T @ Display:
out:run_it015 model.star #ER T 3 & . g 2.5(3)@@@27§ﬂ<° vy 7Ty 7 LET,
+ Scale: 0.5
ST 22y a2 — X —HHICIE L TEHE,
+ MSort images on : rIlnClassDistribution
+ WReverse sort?
2.5(B)~D AN1t%. Display Z##d4 &., X 25(C)D X 51227 7 ZFHMHRD, 7 7 R
GEINZRTHEOL VO FIcHN2 LI RREINET,
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(A) FUsL-processing
Local resolution

External
.
I 1/0 view " Job actions | Current: |010: Class2D/job010/ Display: [out: ruh_itozs_model.sti{:;]
[Finished jobs | [Running jobs ] [Input to this job ]
| | 010: Class2D/job010/ | | | [009: Extractjjob009/ ||

(B)

Class2D/job010/run_it025_model.star (on bx00.cespi.

EEEED
ﬂ.

- Relion display GUI (on bx00.cespi.nagoya-u.ac.jp)

[run_ito25_model.star |

’ Scale:ll ‘ Min:lo 7\ Maleo J
|

Sigma contrast: [0 | color:|greyscale &

Display: [rlnReferencelmage

ELRIR 1

(vISort images on: [rlnclassDistribution
erse sort?  [_Apply orientations? (_JRead whole stacks?

[t ot o | nnnﬂ

-~

2.5 : Manual picking --- display template

2.4 PFHEBEDOT VY FL— FER

‘File Jobs Schedules J |/0|Classopﬁons} Subsets Duplicates| Runningl( tab )

:,l job type l . Select classes from model.star:|/job010/run_it025_model. star|®

Browse
CTF estimation OR select from micrographs. star'\ |@ Browse
Manual picking : -
Aiflir-ploking OR select from ;?artlcles.star.\ |@ Browse |
Particle extraction OR select from picked coords:[ ]E] Browse

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

2.6 : Subset selection

23 CEMHLLAB Yy 77y THOT v 7L — b T2, EBRICHEZL T 5 o728
DEkA T2 7 T AVFEEBERL > TnwE S, 22 TT v 7L —F & L CEYZ iR D HER
FTHRELRBLEICR Y £9, LD job-type 77 v # —dD Subset selection # 27 V v 7 F
&, HEAZL £ (M2.6),

I[/O 2 7% RD X HICEHEL T,
- Input images STAR file: Class2D/job010/run_it025_model.star

=23 CEtHL 722D 7 2R FHDET VY R+ 7 7 A4 (job+ 3 7 X EFIHHEEE
)
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Class options & 7H1 T, XD X HICZEHEL 3,
- Re-center the class averages?: Yes
=2D7 7 ATHEL ZEGROF L EELEE ~HTETIND,
* Regroup the particles: No
Subsets & 7H1 T, XD XHICEHLET,
+ Select based on metadata values?: No
- OR: select on image statistics?: No
- OR: split into subsets?: No
Duplicates % 7H T, XD X ICZHEL £,
-+ OR: remove duplicates?: No
=KV A+ 774\ paricles.star DAFHTE 3,

ft\>C Running # 7% L C, 274G TO Runl+H 2 v 2 #H L £ 3,
(A) (B)

.[j Relion display GUI (on bx00.cespi.nagoya-u.ac.jp) ) 0 Class2D/job010/run_it025_model.star (on bx00.cespi.

[run_itozs_model.star

scale:[1 | Mim:jo | Maxo |
Sigma contrast: [0 | Color: | greyscale — l

Display: ['rInReferenceImage

o | O

[v]Sortimages on: { rinClassDistribution

[VIReverse sort?  [_JApply orientations? [_IRead whole stacks?

Nr.columns:[5 | Oriscale: |1 Max. nr. images: 1000 |
Max nr selected parts per class: -1 \

2.7 : Subset selection —Running
T5e. M27(A)DHEBKY 7Ty T LET,

- Scale: 0.5

ST 2 3y v o — 2 —WlHIcn U TR,

- MSort images on : rInClassDistribution

+ WReverse sort?
2.7(A)~D AJ1t%. Display ##f3& . X 2.7(B)D X 517 7 A FHMWRHE, 7 7 R
GIENDRFBOL DD LICENS L FRINET, WA LTEZY v 295 &,
YURADRDLNMEBEICDH D7 T AEERT L LERTE, 7 7 AEUR D JEFIT TR P AR
RRINTT, ML IRMEREFELZ Y v 7358, EBRENT LB TE, R
AR ZE T, EICE N s Z AT E2ERL, 527U v 7 L, “Save
selected classes” Z1ESN LIBRINL 727 7 RAICE TN WREH L7 7 A VY R b L TRIFE
nEJ,

25 Fv7L—1r AL ZBERNTFRE
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File Jobs Schedules ] IlO| Laplacianl References autopicking| Helix| Runningl
: 1 \
Ii job type ! o tab | Input micrographs for autopick: {/job003/micrographs_ctf.star |E][Browserl
CTF estimation Pixel size in micrographs (A) -1 [@—]E]

Manual pickin

2D references: [t/job011/class_averages.star (7] [Browse|
OR: provide a 3D reference? | No > |E]

Particle extraction
Subset selection
2D classification 3D reference: ?||Browse |
3D initial model =
3D classification
3D auto-refine 3D angular sampling: | 30 degrees
3D multi-bedy

CTF refinement
Bayesian polishing
Mask creation

Join star files
Particle subtraction
Post-processing
Local resolution

2.8 : Auto-picking
TR LTy 7L — 2L T, ErEMEEER» > HEIChrzyy 77

v 7T LEMEEZITVWE T, LMD job-type 77 V¥ —D Auto-picking #7 V v 7T 5

&, X128 piEjI~ZLL 9,

[/O 2 7%ERD X5 ICERELET,

- Input micrographs for autopick: CtfFind/job003/microgprahs_ctf.star
=12 CCTF ki MG L EFHEMENER 7 7 A LV X+ (job+ 3 7 X EFI3E

HEH), »25\0ix, 1.4 TERL ZEFHEMEEER 7 7 4 L) X b,

- Pixel size in micrographs (A): -1
=>-1o& i3, EFLY X FhoE#D, ORFAIALET,

- 2D References: Select/job011/class_averages.star
=24 TERNL7Z2D 7 72D 7 7 A V) A b (job+ 3 7 A HFILHEALRE)

- OR: provide a 3D reference: No
=>4E 2D 7 7 2 eflio T b 720,

- OR: use a laplacian-of-Gaussian?: No
=>4E 2D 7 7 2 eflio T b 720,

Laplacian & 7Hid, SEEH L 7RO CTLEE XL L,

References % 7113,

- Lowpass filter references (A) 20

- Highpass filter (A) -1

- Pixel size in references (A) -1

- Mask diameter (A) 200
SHYITNTLIREBELTLZI N,

- In-plane angular sampling (deg) 5
SEEAEDT—RALBNT, 774N METH) FLEFHRTE T,

- References have inverted contrast ? Yes

Symmetry:|C1

OR: use Laplacian-of-Gaussian? | No

4| 40
EEE
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STCOBEMBIER T, RFAREIICAZETH, SRET57 v 7L — MR H
Bice 3 KOMIEIN TR 2720,
- Are references CTF corrected ? Yes
SSML 327V 7L — 2D 7 7 A PEEHERIC CTERIES LT W 5729
- Ignore CTFs until first peak? No
>7V7L—t02D 77 APEEIERICERN L7247 a v EACbOZEHAL £,
Autopicking % 7%
+ Picking threshold: 0.8
:ﬁOMm@¢T\C@FOM{%TE%%@iEyﬁ7773ﬂi%ho?7ﬁwF
0.05, Y 7N TLICEDY £, BTHB~ND L) ICKEEYVEL THROET,
» Minimum inter-particle distance (A): 100
Sy 77Ty 7INLRAETHE NS m/NERERRE, @ I R EED 50-60%712
J& A35EY)
- Maximum stddev noise: 1.1
:ﬁ~ﬁyiﬁﬁ%:yﬂ°%~v3y®%u\mwwﬁﬁ%wuk%ﬂﬁbft/ﬁ
Ty ZLrwEiicTcEE T, @ 1.0-1.2 2HT 5, -1 AT HIE. COBRE%R
OFF it thTEET,
* Minimum avg noise: -999
#ﬁ~ﬁyiﬁﬁ%sy¢°%~Vay@%m‘;@{%ﬂ%?%lk@EvﬁTVf
LanwkiicdaceRncEEd, #HF-05-00ZFHLET, -999 x AhThiE, 2o
Hhex OFF IcT 2 e 8 TEE T,
+ Write FOM maps? Yes
=M FOM maps Z5t BT 2 4821 H Y £3, 2HEHMUMIE Nolc LI,
+ Read FOM maps? No
=>—HEHE L7 FOM maps Z{io T v 77 v FROBEY) 28 % BRR T BRI L
¥, Sk, &PIO FOMitHEAD T, NoikZza b 9, 2EELKEE Yesic L 9,
- Shrink factor: 0
SHE/NE 0~1 oflE, 1056, 20T F, 0 DA, Reference HRICE D E THi/N
LT NFET, 5L, Reference MR ZHE/NL T\ T, 0TH 1 THIE CUHIC
Y ET,
+ Use GPU acceleration? Yes
=Yes:GPU % i o 7251R 21T 5 55, No:CPU D A DEtHEZ1T 5 6
+ Which GPU to use:
SZEMOG A, 774V P ELTHHTE2GPULE 2T 94 v LT T,
Helix # 7, SREHL 2O TEEL L,
Running % 7HC, XD X 5 ICZEHL 3,
+ Number of MPI procs: 4

20



- Submit to queue?: Yes

* Queue name: openmpi

* Queue submit command: gsub

- Standard submission script: /usr/local/relion/bin/qsub.csh

- Additional arguments: --no_fom_limit

= FREOZBUIL, SHOFEFBRFIC 2> TwuEd, SHREMEIICOS U TEABEL TS
W

5\ C Running % 7% L C, 2 74H FD RunlR % v # 3 L5’ HE Y 7,

(A)
o | _ schedule. | cnecs conmar
__ Current: [012: AutoPick/job012/ I Display:

[Finished jobs ] [Running jobs ] [Input to this job
(B) ©) =
= RELION picking GUI (on Bx00.cespi -u.ac.jp) Do
Fil
?%O39500014sq_OODDZhLDDDOSesAst_mr:3E 647 ﬁ 213163 i
v [10391_000145q_00004h_00004<s5_sLmic | ﬁ'm ﬁ [m}

v 4ib’agr_’édoii’sqjiiudiiﬂ_’iidui)ées_st.’mrc"’ﬁ 581 ﬁ 180353 |
o e ]| L]
] 1)osgr_ooousq_oooosm_ouuoses_sr.mrc; ﬁ ﬁ@
v 103gr_000145q_00006h!_00002es_stmrc | ﬁ@‘ﬁ 219239 ‘7
v |)03gr_00014sq_00006h|_00003es_st.mrc | ﬁ ﬁ 191148 |
v |203gr_000145q_00006hI_00005es_st.mrc| ﬁ ﬁ 174013

o] i)osgr_ooousq,oauwnl,cnumes,sr.mr: ﬁ ﬁ [Z)Fz-a.*z—}
e |
+ [03gr 0001459 00008hI 00005es stmrc | ﬁ ﬁ @
v |203gr_000145q_00009hI_0UD04¢s_st.mrc | i 684 ﬁ 184638 |
#0301 0003450 000101 0000zes strwe gk | {650 | | enm ] (1759 |
v 110391_000145q_00011h1_0000zc5_stmrc | [upigkl |577 | Innerenl | 162338 | |

2.9 : Auto-picking ---Display

SRR TR, X BRI TRy 2Ty 7L TCw a2 iERALET, K29(A)D X
51 2 745 T @ Display: out:cords_suffix_autopick.star % ;&R 3 % &, X 2.9(B) DE|H 2
Ry 77y 7LEd, WRALZVHERY 2+ oAHICH 3 pick 24 &, ¥2.9(C)D X
O RBEMEHEIRS T TE T, T CTRIERDZZDTTR, RIcv=aT ATy 27T
vy TEAEDITAE T, 2O, BIELE2Z YV v 235 LhTFoYy 2T v IO TR
R IK29(B))T, Y VADKA =TIV v 7T ERTOERPERINE T, £H7
Y v 2 ¢, "Save STAR with coordinates (Ctrl-s)”, “Clear coordinates”, “Quit (Ctrl-q)” 7z &
DAZa—BTETOT, BELLNTERORERENLTE T T, RIFEZITH & pick D
BRI FE R T I NnET (M2.9(B)).

BTSN D B D 5% WIRFIC 1L, Autopicking X 7H1d  Picking threshold: 0.8 % K % W i
~ HBATVBRFRP RGBT, Picking threshold: 0.8 Z/N X WHICEHE L 729 %
T,

Write FOM maps? No Read FOM maps? Yes IC L T, Running % 74 T ® Continue! 7~
2V EMLTHFRLTA TR I Y,
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2.6 HEBRH L =NTFomB
e 22 pfE L ERRICABIY Yy 2 7 v 7L 2R FEGR OB 2 TwE S,

File Jobs Schedules ‘ I[0‘| extract| Helix| Running |( tab )

I job type bn micrograph STAR file: \j/jobOOS/micrographs_ctf.star|E][Bmw%]
mjﬁ';}?ﬁlﬁg Input coordinates: \2/coords_suffix_autopick.star_|@[Browse]
Auto-picking < .
Particle extraction OR re-extract refined particles? | No > |E]
Subset selection Refined particles STAR file: ?||Browse |
2D classification T
3D initial model No + @
3D classification No |
3D auto-refine =

0 0 0 ?

3D multi-body Y, Z (pix)
CTF refinement
Bayesian polishing
Mask creation

Join star files
Particle subtraction
Post-processing
Local resolution

2.10 : Extract ----Auto picking

FEHD job-type 77 v ¥ — @ Particle extraction * 7 Vv 735 &, X 2.10 OH[EHA
FRINZET,
[/O 2 7HaERDLIICEHRLTT,
- microgrpah STAR file: CtfFind/job003/microgprahs_ctf.star

=12 cCTFo5iEx A5 LB HEERmEER 7 7 4 v ) 2 b (Job+ 3 7 ZEFI3#
HEH), H50IE, 1.4 GERL 2B TFHEEERR 7 7 4 1) 2 b,
- Input coordinates: AutoPick/job012/cords_suffix_autopick.star

=28 Tty Ty LN FHED 7 7 ALY 2 (Gob+ 3 7 A BFILHEELH)

- OR re-extract refined particles? No

- Manually set pixel size? No
extract X 7 LT, RO X I ICEHL 7,
- Particle box size (pix): 512
VA4 XFHTHEBICT 2HELRH Y 7,
+ Invert contrast? Yes
SHTFPAICRZ B ERD Y 9,
- Normalize particles? Yes
- Diameter background circle (pix): -1
=>-1:HEIMICEHE, Particle box size D 7T5WRRELRLE T L <, ZOoMX Yo%~
v 7o v PeLET,
- Stddev for white dust removal: -1
- Stddev for black dust removal: -1

- Rescale particles?: Yes
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SBUYNIRT =N X 7 v LT3 ) D3R S #H O THE o,
- Rescaled size (pixels): 128

=2D7 723D 7 AR ERAF O %Z T 5720 DT, K FREIRHR D
HT I W7D 5L 512/128=4x4 binning THE L £ L7z, ¥4 X3 3HEEICT 2 048
Y LI,
Helix 2 7, ZH7% L,
Running % 7H1ix, RO X 5IcL ¥,
* Number of MPI procs: 1

+ Submit to queue: no

HWTX 744 TD Run!l R 2 v 2 s e o2 hEy £4,
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3. 2D 7 7 RY¥H

L7 7LV REREL LW 2D 7 AP EZNMT 28T, /4 X K- kL
T Lo ZRHEY AR TEERZRS 22 A TEEd, 2oHER, 2.3 OB TR DL
ErBRHT oo T v 7L — MERKICOHERAL E Lz, 1207 7 RICETR T2 7
WEZITE, PRI X o TNy 2SI Y EREHIC AL Z L3R D, HwS TR
EEPEABINBHRICASTIROEE T, 2okl TRACBT IR FHEREETCTL
FiE, 7 AV T4 OFEWKFERT — 21T ERTEET,

3.1 2D 7 7 A DIERK
LMD job-type 7 7 7 — @ 2D classification = 7 V v 7 35 & [X 3.1 OE[H~Z1b
L9,

File Jobs Schedules l| l/0| CTF| Optimisation| Sampling| Helix| Compute | Running |
1 \
tab

Ii jobtype | Input images STAR file: |[Extract/job013/particles.star |[Browse]

CTF estimation Continue from here 7/ [Browse |
Manual picking
Auto-picking
Particle 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

3.1 : 2D Classification
[/O 2 7H%RD X ) ICEELET,
- Input images STAR file: Extract/job013/particles.star
=28 TV — MEERL MR Y 2 F 77 4L (job+ 3 7 2 FIZHEEELH)
CTF 27z, 774+ THEZROREEMET 2 Z &,
+ Do CTF-correction: Yes
* Do CTF-correction: No
Optimization % 7H3, RO XS ICEHT BT &,
- Number of classes: 100
=% DEE, 100 HwR@EYTYT, HL, P =X VDRFEA DRV E X,
b L7zIE 2 kv,
+ Regulation parameter T: 2
=27 7 A FWRDEGE, T=2~3 »EY], BEKEZWIZE, il 2 FEGEHRIC R Y £
ER

« Number of iterations: 25
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SR ZER VRS A 7 L
- Use fast subsets: Yes
SR A BHBBOIERED & &, SHROEEL1HiAD 5,
+ Mask diameter (A): 200
SHTORZEILILL T
+ Mask individual particles with zeros?: Yes
- Limit resolution E-step to (A): -1
SIEOHE%E €y P35 L. ZDEBIEN T CORIBEIEHREEH L CHEROT 74 v 2
YRETOET, BEIE, -1 TR0 TER, A= T4 v T4 VITBRONBERICE
M35 2 LhRTT,
Sampling 2 7HIIEH L EFHADT, UTDT 741+ TH D L ZifEd
* Perform image alignment ? Yes
+ In-plane angular sampling: 6
SIEZTHEED Y 4 V2D X5 ICHERE WG EICIE, NI WEZEHT 220 H
D E£9,
- Offset search range (pix) : 5
- Offset search step (pix) : 1
Hexlix X 7HIIZBHEL ELADT, UTOT 74+ TH D Z & %l
+ Classify 2D helical segments ? No
Compute % 7HClZ, RO X HIIKEHEL T T,
- Use parallel disc I/O: Yes
+ Number of pooled particles: 30
- Skip padding?: No
* Pre-read all particles into RAM?: No
- Copy particles to scratch directory: /ssd
SFEEHCHEH T 2EHEK T, SRR 7y 574 A7 & LC/ssd 2L T &
T, HELTCwAWEAIIE, 2CirEMcTs e,
- Combine iterations through disk?: No
+ Use GPU acceleration?: Yes
=Yes:GPU % i o 7251R 21T 5 55, No:CPU D A DEtHE %175 e
+ Which GPU to use:
SEMOLG, 774 L THTEZGPULREZT YA v LTS NE T,
Running % 7HC, XD X 5 ICZHL 3,
+ Number of MPI procs: 5
+ Number of threads: 4
+ Submit to queue?: Yes

* Queue name: openmpi
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* Queue submit command: gsub

- Standard submission script: /usr/local/relion/bin/gsub.csh

+ Minimum dedicated cores per node: 1

- Additional arguments:

= LROZHIT, SROREFFIC Ao TnE T, SHREBBRRICSC CEBEL TS
W
<, 27T Runl K& v 23 LRI HE Y 7,

A%, 2D 2R VEEERERET 27201, K3.2(A)D X 5 i X 74 T @ Display:
out:run_it025 model.star Z#ER T 5% & 32B)DMEELEFY 7Ty 7 LET,

+ Scale: 1

SEAT 23y v a— 2 —HlHICGC CAHE,

- MISort images on : rlnClassDistribution

+ MReverse sort?
3.2(B)~® AJit%. Display ##f3 L. X 3.2(C)D Xk 517 7 AR, 7 7RI
GENDIRTHDOL HOR LICHNE LHIRRINET,

(A)

External ‘

[ 1/O view " Job actinnsl Current: [014:

(B)

[ Relion display GUI (on bx00.cespi.nagoya-u.ac.jp)

run_it025_model.star

Scale: |1 Min: |0 Max: |0
Sigma contrast: }0 Color: | greyscale < \

Display: rinReferenceimage

(Y)Sortimage on: | rinClassDistribution

(VIReverse so _JApply orientations? (_JRead wh
Nr.columns:[5 | Oriscale:[1 Max. nr. images: 1000 | ‘
Display!

3.2 : 2D Classification --- Display
3.2 2D 7 7 2R FHDER

SR L7Z2D 72 7R FHOF LY R 2D 7 7 AP O R EERL £, £l job-
type @ Subsetselection 27V v 7325 &, [X3.3 DEjH~Z(LL ¥ 3,
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File Jobs Schedules IIO| Class options | Subsets Duplicates| Running
Il job type tab Select classes from model.star:|jjob014/run_it025_model.star |@[Browsel

on

CTF estimation OR select from micrographs.star:| |[7) [Browse]
Meriial plcking OR select from particles.star: | |[z)(Browse|
Auto-picking -

Particle extraction OR select from picked coords:[ |E][Browsel

[ 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

3.3 : Subset selection --- 2D Classification
[/O 2 7% RD X5 ICERELET,
- Input images STAR file: Class2D/job014/run_it025_model.star
231 THELZZ 7AFEHDETAY X7 744 (Job+3 7 2 FIZEHER)
Class options & 7H1 T, XD X HICZEHEL 3,

- Re-center the class averages?: No

- Regroup the particles: No
Subsets £ 7HIT, XD XHICEHLET,

- Select based on metadata values?: No

- OR: select on image statistics?: No

- OR: split into subsets?: No
Duplicates & 7H T, XD XS ICEHEL £,

+ OR: remove duplicates?: No

=KtV R+ 774\ particles.star DAfFHTE 5,

Running # 7%#IL T, 274 FD RunlK 2 v 2L 3,
2L, K34A)DHEIAKRY 7Ty 7LET,

+ Scale: 1

ST 22y a2 — X —HHICIE L TEHE,

- MSort images on : rInClassDistribution

+ WReverse sort?
3.4(A)~D AJit%. Display i3 &, X 3.4(B)D X 517 7 R VPR, 7 7RI
GENDIRFBOL LD LICHNSE X HOFRINES, WA LTHEZY v 7325 L,
YURADRDHLNMEBEICDH D7 T AEERT L ERTE, 7 7 ZAEUR D JEIFIC TR O P AR
RRINTT, ML IRMREFRELZ Y v 735 L, ERENT LB TE, R
BIRBHER E T AEICEN L7 TRPFEZ T 2@ERL, £i27 Y v 7 L, “Save
selected classes” Z &SR LIERL 727 7 RICE TN LR 7 7 ALY A b L TRES

27



nE v,
(A)

= Relion display GUI (on bx00.cespi.nagoya-u.ac.jp) - X

[run_ito25_model.star ]

scale:l1 | Min:o | Max[o

Sigma contrast: l() ‘ Color: greyscale S

Display: [ rinReferencelmage =

Isortimages on:| rinClassDistribution [i&

¥IReverse sort? [_Apply orientations? (_JRead whole stacks?

Nr. columns: |5 | Ori scale: |1 Max. nr. images: [1000 |

Max nr selected parts per class: |-1

[

3.4 : Subset selection ---GUI
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4. denovo3D EF VAR

Relion Tlt. fEREL)HECRE i (SGD: Stochastic Gradient Descent) D 74 = Y X L # £
3 22eT, 3DETARVIET VORE 7 LI ZRITHEFEBRIGHRZ T2 b AT %
TN TEET, ZO3DETAEMoT, 3DV 7 AL 3 DHIMERE LR ED B Z
EMTEET,

4.1 FHE 3 DETF A DIERL
LD job-type 77 v ¥ —® 3D initial model % 7 V v 73 % & X 4.1 OWE~Z1L
LT,

File Jobs Schedules ‘ I/O‘| CTF| Optimisation | SGD| Compute | Running||
Ig job type )on tab Input images STAR file:|Select/job015/particles.star |[§J[Bmwse]
CTF estimation Continue from here 7/ [Browse
Manual picking
Auto-picking

Particle 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

4.1 : 3D initial model
I[/JO 27 %ERD I HICEHELTT,
- Input images STAR file: Select/job015/particles.star
=3.2 CERLAZERY 2+ 77 41 (ob+ 37 2 BFITHEEEE)
CTF 27z, 774+ ThHEZROREEMET 2 Z &,
- Do CTF-correction: Yes

- Ignore CTFs until first peak?: No
Optimization X 7HZ, KDOIKFEICR 2 K HIZEHEFT 5 L,
+ Number of classes: 1
- Mask diameter (A): 200
S22 VN7 HDORE IIIGLTEE,
- Flatten and enforce no-negative solvent?: Yes
+ Symmetry: D7
SCLICT 2L 2TEAN-TELD, IEMHLENI L DBHEDT, 5T
W2 d 25AE I L THA DD Lv, Z DR Initial angular sampling 13/ X & ICERIE T
bo NIREZERT 2L, WHEICH 72~y T7ORMEEZRRIL TS NEDT, Z0F
FUHAE T L LTI % 3 2o fffl T3,
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H 5 ITFRE CL 2@ RGHRERIC, OFED7IC L2 nwe 2, XKoa~ v Fefiif
LEd, 2oa~wy Figroxitkiceb sl 4,
>relion_align_symmetry --i InitialModel/job016/run_it300_class001.mrc ¥
--0 InitialModel/job016/run_it300_class001_alignD7.mrc --sym D7<J
+ Initial angular sampling: 7.5 degrees
- Offset search range (pix): 6
- Offset search step (pix): 2
SGD % 7z, RORMEICHRD K5 HEHET 52 b, (FHEHED)
 Number of initial iterations: 50
+ Number of in-between iterations: 200
+ Number of final iterations: 50
- Write-out frequency (iter): 10
- Initial resolution (A): 35
- Final resolution (A): 10
+ Initial mini-batch size: 100
- Final mini-batch size: 500
-+ SGD increased noise variance half-life: -1
Compute % 7HClZ, RO X HIIKEHEL T T,
- Use parallel disc I/O: Yes
+ Number of pooled particles: 30
- Skip padding?: No
* Pre-read all particles into RAM?: No
- Copy particles to scratch directory: /ssd
SEECHATIEEECIE, SHREARZ 7y F 74 227 LT/ ssd L T &
T, HELTCwAWEAIIE, 22irEMcTs e,
+ Combine iterations through disk?: No
+ Use GPU acceleration?: Yes
=Yes:GPU % i o 7251R 21T 5 55, No:CPU © A DEtHEZ1T 5 e
+ Which GPU to use:
SEMOLG, 774 L THTEZGPULREZT YA v LTS NE T,
Running % 7H1C, XD X 5 ICZHL 3,
 Number of MPI procs: 5
+ Number of threads: 4
+ Submit to queue?: Yes
- Queue name: openmpi
* Queue submit command: gqsub

- Standard submission script: /usr/local/relion/bin/gsub.csh
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+ Minimum dedicated cores per node: 1
- Additional arguments:

= FERoZ8it, SHoEFREICA s TwE T, FHEBRBEIOOC CEBEL T X
[
RZICEZ7HTO Runl R &% v 2 L CEHREZBIBL £,

IELKEHERH T 35 &, top_directory/InitialModel/jobXXX (XXX ¥, ZNZ N HE7%
Y £ 9D T, Finished job ® & & AICH TV % InitialModel D &5 % S08) 1,

INER L Z=#Hl=7 A ¢ run_it300 _classO01l.mrc 234k 9,
< v 7 Wit Chimera CXTRCSH) THEREIL TA T I v, K420 X594 2
VBT 2L e bic, 3DETARICKRT 2T OMEZRCTEE T, Sl wnkne
2k, SGD 2 7THOEEZZZ THEFRE T 2 2L b RWTTh, KPFILEA R HIER
ICa vy IDKPT IR o T3 e FRTT, HE, 3.2 2D 7 7 2 DER
APOVELT, Ehna2D 27 7 AHKRORFETICRS K5I L TAHATL I,

cycle=0 cycle=50 cycle=100 cycle=150 cycle=200 cycle=250 cycle=300

X 4.2: SGDICX29HiET v & IR

¥ Chimera
B MERHR O RS -~y TR T 2RI ERN Yy 7y 2 T T, A VR
b= fFH T ER EIZRDO URL 2B L THTL F X0,

https://www.cgl.ucsf.edu/chimera/
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5. 3D 7 7 A9

51 3D 7 7 R4 ¥EHH

KD job-type 77 v — @ 3D classification % 7 V v 7325 & X 5.1 O ~ZAt
L,

File Jobs Schedules I/0‘| Reference] CTF| Optimisation| Samplingl Helixl Compute| Running
tab

I{ job type
- on

Input images STAR file: |Select/job015/particles.star |@[Browse]

CTF estimation Continue from here j Browsﬁer}
xs&u;:c‘fﬂ;ng Reference map: [b016/run_it300_class001.mrc | (7] [Browse)
Particle extraction Reference mask (optional):| |?)(Browse]

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

5.1 : 3D Classification
[/O 2 7HaERDLIICEHRLTT,
- Input images STAR file: Select/job015/particles.star

=32 CTERLAZEHRY X2+ 77 44 (job+ 3 7 ZEFILHEHEE)
- Reference map: InitialModel/job016/run_it300_class001.mrc

=41 CEMEALZ¥I#3D €7+ (job+ 3 7 A #FIZEEHZEHE ), Symmetry 235k % - T
WREAEICE, IELKEHLZ D ZMHEHT 2139 28X v, SR FEE TId InitialModel
HRIHCHE D7 2o T2 0T, #iREZZOLEMEMHL T T, ML Lo Cl
TEHE L 2%, 4.1 HOFHIC S 2 B CFE% 2= ~ 1 relion_align_symmetry i€ & 9
BH LR 2 BRI ORI Z D 6% SHH Z X wv,
Reference £ 792 RO L 5 ICEHL 9,
- Ref. map is on absolute greyscale? Yes

SHEUCT =2ty F2OEIRLZGAICE, Yess BRLET7T—%vy FRFETFET A2
LEMEL 72 0% HH T 2 5A 1Tt T3 relion D 722> T grey A7 — NV ZEHE T 2 LEH
» %729 No,
- Initial low-pass filter (A): 60

SEFNANA T ZARS T 729 40-60 AREDEA I L £ 3, Ribosome X 9 xEK
ST oBEE. T0A,
+ Symmetry: C1

S/HPID 3D 7 7 ANFTIE, symmetry ZHEH L 20 I 2RWES (Ehkzb /4
ZRTHEKD 7 T 2A%RT B) B34,
CTF 2 79 % RO LK S ICEHL F 9,
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* Do CTF-correction? Yes
- Has reference been CTF-corrected? Yes
=4.1SGD THEAL E T %2 5 56, Yes, £ Dfth, No,
- Ignore CTFs until first peak? No
=3.1 2D Classification T L7247 a v EFLICT B T &,
Optimization # 7Hx, RO XS ICEHEHT L &,
+ Number of classes: 4
SEPMZ 513, VS D3D 7 IFRAETADRTEE T, ZICHHIL CEHEED
W2 27-0EE 52T CORRIEZ T E TT,
- Regulation parameter T: 2
=7 74 FEBROG G, T=2~4 @Y T3, BARZF WL, FEllaEEFEHR oM
BrINET,
+ Number of iterations: 25
SEHREZBE VRSV A 7 A8
- Use fast subsets: Yes
SKFEPBOTREREO & %, SHREOEEE2HAD 2,
+ Mask diameter (A): 200
SFFOREIILIHL T
- Mask individual particles with zeros?: Yes
- Limit resolution E-step to (A): -1
SIEOHE%E Ly P35 L. ZDOEMENE CORIBEIEHRE ML CHEROT 74 v 2
VEEITOET, @I, -1 TR TERE, A= T 4 v T4 v ITBRONBERICHE
M2 2 LahRTT,
Sampling X 7HIZEHEL EFHADT, UTFTDT 74 b TH 2 Z & ZlfE,
+ Perform image alignment ? Yes
» Angular sampling interval: 7.5 degree
- Offset search range (pix) : 5
- Offset search step (pix) : 1
- Perform local angular searches ? No
Hexlix 2 7HHiZZHE L £ ADT, UTOT 741 FTH 5 T & 2R,
+ Classify 2D helical segments ? No
Compute X 7HTlI, ROXHICEHELET,
- Use parallel disc I/O: Yes
+ Number of pooled particles: 30
- Skip padding?: No
+ Pre-read all particles into RAM?: No

- Copy particles to scratch directory: /ssd
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SEECHEMTIEHEECIE, SRR 7y F 74 X278 LC/ssd 2L T &
T, ABLCwARLEAICE, 2 23ZERcTsoe,
- Combine iterations through disk?: No
- Use GPU acceleration?: Yes
=Yes:GPU %fi - 725t H 21T 5 o No:CPU D51 HE%Z1T 5 5&
+ Which GPU to use:
SEMOLG, T7 AP LTHATEZGPUREZTHA v LTS NE T,
Running % 7 <, RO LI ICEHL 3,
+ Number of MPI procs: 5
+ Number of threads: 4
- Submit to queue?: Yes
* Queue name: openmpi
* Queue submit command: gsub
- Standard submission script: /usr/local/relion/bin/gsub.csh
+ Minimum dedicated cores per node: 1
- Additional arguments:
= FRoZ8it, SHoEFREICA > TwE T, SHEBRBEIOOC CEREL T
(A%
<, Z27HTFD RunlFR % v 23 LEHEPHBE Y T,
(A)

Local resolution

External |
I —

] I/O view Hjob actions I Current: |017: Class3D/job017/ I Display:[nut: run_it025_model.stg :]
(B) (©)
= Ralion ciplay G on bxod:caspirgayeae.jp) ok = Class3D/job017/run_it025_model.star (on bx00.cespi.nagoya-

|run_ito25_model.star

’ Scale:ll Min: [0 ‘ Max:lo

Sigma contrast: |0 | Color: greyscale

4

_JSortimage on: \ rinClassDistribution 3

Display: [ rinReferencelmage s

_|Reverse sa (JApply orientations? [_JRead whole stacks?

‘ Nr. columns: }5 ] Ori scale: |1 ]Max.nnimages:looo\

Display!

5.2 : 3D Classification --- Display
MR, 3D 7 7 AP RERT 57201, K5.2(A)D X 5 ic % 74T © Display:
out:run_it025_model.star % ;&R 32 &, X 5.2(B)DHEAAFR Yy 77 v 7L T3,
+ Scale: 1
SfAT 23y e — XML TER,
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5.2(B)~D AJit%. Display Z#i3 &, X 5.2(C)D & 517 7 2 MR, v HIE
IZ Classl,2,- 270 EF (V= ta2BIhoTnRnzD),

FHREAERLIL, top_directory/Class3D/job017 (¥t FE 513, T2z B b 7,
Finished job @ & & A1 TW\» % Class3D O F 5 % &)1,

INR L7 4fED 3DETA ¢ run_it025 class001.mrc, .., run_it025 class004.mrc 23
ERENTE T, &7 74 1ED cass001 25HH EfH T o2 7 2F5TF,
Chimera(p 3 1 ) CHEGEL TATLZ& v, KW E N w2 3D 27 7 AFS2HEH
DTETROBIFICHATL I,

class=1 class=2 class=3 class=4
X 5.3 : 3D 7 7 R4 FE D& HLH

52 3D7 7 ZADFER
FAHL7Z3D 77 20Hp» bl 73D 7 7 A0 B ZERL 3, LMD job-type @
Subset selection 2 7 U v 7§35 &, 5.4 DHEE~ZLL 5,

IIO‘| Class opﬁons| Subselsl Duplicates| Running|

‘File Jobs Schedules

I job type " tab Select classes from model.star: |jjob017/run_it025_model.star |@ Browse |
CTF estimation OR select from micrographs.star:[ |[ﬂ Bmwsel
Manual picking : :

Airto-plckirig OR select from Partlcles.star. | |@ Bmwsel
Particle extraction OR select from picked coords:[ |E] Browsel

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

5.4 : Subset selection --- 3D Classification
I[/JO 2 7HERDIHICEHLTT,
- Input images STAR file: Class3D/job017/run_it025_model.star
=551 THELZ3ID 77 ADETAY R 7 740 (job+3 7 2 FITEHEH)
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Class options & 7H1 T, XD X HICZEHEL 3,

- Re-center the class averages? No

* Regroup the particles? No
Subsets & 7H1 T, XD XHICEHLET,

+ Select based on metadata values?: No

- OR: select on image statistics?: No

- OR: split into subsets?: No
Duplicates % 7H T, XD X ICZHEL £,

-+ OR: remove duplicates?: No

=KV A+ 7 7 A\ particles.star DAFHTE 5,

Running 2 7% L C, £ 74 FD RunlFK % v %2 L 9,
(A) (B)
= Relion display GUI (on bx00.cespi.nagoya-u.ac.jp) =X | Class3D/job017/run_it025_model.star (on bx00.cespi.nagoya-

‘ run_it025_model.star

Scale: |1 Min:0 | Maxfo |
Sigma contrast: ‘0 Color: greyscale $ |
Display: [ rinReferenceimage =

rinClassDistribution 2]

(Jsortimages on:

(JJReverse sort?  [_JApply orientations? (_JRead whole stacks?

Nr. columns:|5 Ori scale: Il Max. nr. images: 11000}

Max nr selected parts per class: |-1 ]

5.5 @ Subset selection ---GUI
$5L. M55A)DHEEDKRY 7Ty T LET,

- Scale: 1

ST 2 a2y v a— X —HHic)s CTEHE,
5.5(A)~D AJ1#%., Display 24 &, M 55B)D X 51c 7 7 ZEHERRE, 77 2D
FFMaic EAMIAOIHICRRINE S, B ELTEZ )y 2328, vUVRRDHLAEIC
H57TAERENT LN TE, 77 RAERDOEHICRGHABEAFRRINE T, FL
77 AMGREBEL Yy 7358, EREZNATENTE, ROHEARBHEZLE T, &
BN EN W 3D 7 72770 %ER L (G 3%, 5.1 Tb~7z X 9 1 Chimera T
LTI, 27U v 7 L. “Save selected classes” Z BN E IR L =27 T X ICE T
LGB 7 7 A 2P LCREINE T,
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6. 3D BEFHL

D 3D 7 7 AN X o CH—Hhav 7 A=y a VEBERHEZKIZ (B0iiz
2e=AF—ravrxA—=vave) 4 AHEROEREZRT 72854). Relion @ 3D
auto- refine BEAEIC X > CHEINICE N fERED ~ Y TR EIH T2 L3 CTE T, Z DR,
gold- standard Fourier Shell Correlation (FSC) & \» 9 3 fEREER ZFIHAL 3, COER
3. RO -DIB R LR T2 7 VAL 220D 7 A—FH LD LONT, ThE
ND TN —T TN VAREE Z T L £ 3, 150 o2 e iR EE 2 7 — U 245 A
L, StRA L T2 EEoNfREC L ic 2 oD 7 v — FOMBE%# 5 L £, Relion T
X, MHBEETH % FSC 23, 0.143 1)@ CTEE L 72 50 fRRENL B & FRENTAS R D 0 ffRE L L C
ERLTVET, TOXICHVICIHAEEZRET 22 L TEBDA — =T 4 v T 4
V7 EEET . SRBEOMBATHIIC O R b R I ICE B I N THE T,
6.0 E&RD R —LEH

2DRT Yy 7T v THRICE Y v 27—V L TWwaEAI12, 3D auto-refine BijiC A7 —
NEEET LT, BERNTFOMBEITVE T, HL, SHRAY v AT7r—r o T5HEH
LETOCT, COBERRF Yy 7L ET, 2.2 H50 T 2.6 DRFOMHEASEICL T
72X 0,
6.1 3D HEREF(LEHR

FEMD job-type 77 7 ¥ — D 3D auto-refine = 7 J v 735 L [X6.1 DHE[HI~ZLL
E

File Jobs Schedules j I/0‘| Reference| CTF| Optimisation| Auto-sampling | Helix| Compute | Running |
'i job type ) tab Input images STAR file: |Select/job018/particles.star |(2)[Browse]
CTF estimation Continue from here ?||Browse
Manual picking : .

Auto-picking Reference- map: |b016/run_it300_class001.mrc |@[Bmwse]
Particle extraction Reference mask (optional):| |[?][Browse |

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

6.1 : 3D auto-refine
[/O 2 7dERD L HIICEEL T,
- Input images STAR file: Select/job018/particles.star
=5.2 TERL 72 3D 7 7 AHKOKTHEIRY X+ 7 7 4 v (job+ 3 7 A FILHEEZE
)
- Reference map: InitialModel/job016/run_it300_class001.mrc
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=S4 CHEEKLZZWI3D ETvH 5wk, 5 Ciidnk3D 7 7 &,
- Reference mask (optional):
= IO £ %
Reference & 79T, XD X H ICEZHEL £ 3,
- Ref. map is on absolute greyscale? Yes
SELT =22y b2OERLEGAEICE, Yes, B2 27 —%%y P RFETET A2
LAE LD 0T 25461013, B relion D7d T grey A7 — AV ZEIE T 2 HE D
» 5 7-% No,
- Initial low-pass filter (A): 60
SETFTNAANA T RAEFS T729 40-60 AFEE D% L 3, Ribosome ® X 9 ZREX
ST OBEI. T0A,
+ Symmetry: D7
= f OXMEE AT,
CTF 2 7 aRD X I ICAEHRL T,
* Do CTF-correction? Yes
- Has reference been CTF-corrected? Yes
=4.1SGD Tl L7271 % 3D class D~ v 7%{# 5 &, Yes, £ Dfth, No,
- Ignore CTFs until first peak? No
=3.1 2D Classification T HL 724 7> a v ERILICT 5 Z &,
Optimization Z 7Hd, RO X HICLEL £,
+ Mask diameter (A): 200
SPFTFOREIIIHL T
- Mask individual particles with zeros? Yes
- Use solvent-flattened FSCs? No
=HHE X, No TX W\,
Auto-sampling & 7HIFEHL FHADT, UTDT 74V TH DI & %R,

- Initial angular sampling: 7.5 degree

I

- Initial offset range (pix) : 5
- Initial offset step (pix) : 1
- Local searches from auto-sampling: 1.8 degrees
Hexlix 2 7HHiZZHE L £ ADT, UTOT 741 FTH 5 T & 2R,
* Do helical reconstruction? No
Compute X 7HTld, RDOXHIICEHELET,
- Use parallel disc I/O: Yes
+ Number of pooled particles: 30
- Skip padding?: No
- Pre-read all particles into RAM?: No
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- Copy particles to scratch directory: /ssd
SEECHHT IR, SHEAX 2 7y F 74 22 LC/ssd 2L T %
T, ABRLCuARWEAICIE., 2CiREMicTsC e,
- Combine iterations through disk?: No
- Use GPU acceleration?: Yes
=Yes:GPU %fi - 725t H 21T 5 o No:CPU D51 HE%Z1T 5 5&
+ Which GPU to use:
>ZEMoLE, 774V LTEHTE3GPULHEZ T A v LT LT T,
Running %2 7H T, XD X HICEHEL ET,
+ Number of MPI procs: 5
+ Number of threads: 4
- Submit to queue?: Yes
* Queue name: openmpi
* Queue submit command: gsub
- Standard submission script: /usr/local/relion/bin/gsub.csh
+ Minimum dedicated cores per node: 1
- Additional arguments:
= FRoZHIE, SRIORFERIC Ao TwE T, SHRBEBREICJSC CEBEL TS
(A%
few<, 76T Runl K& v 23 LRI HE Y 7,

(A)i message /-‘ -

Auto-refine: Refinement has converged, stopping now...

Auto-refine: + Final reconstruction from all particles is saved as: Refine3D/job019/run_class001.mrc
Auto-refine: 4+ Final model parameters are stored in: Refine3D/job019/run_model.star

Auto-refine: i in: Refine 30/job#18/run_ data.star

Auto-refine: 4 Fi i i i g

Antn.rafina-

el the unfil mre mane and ralrulatae 3 hinhar recalitinn FSC

stderr will go here; double-click this window to open stderr in a separate window

(B) Initial Model (C) Converged Model

6.2 : 3D auto-refine --display
ELLHESKT T2 L, message 7 4 ¥ Fvi(X 6.2(A))0C/\ﬁ At & L T Final
resolution (without masking) is: & R I N T T, T DfiEHE ~ A7 T T BEIDER
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A Z BEATIRETH 2720, BEEERSEEONS ZLICRYVETDOT, ROTETD
EFIC X o CHEY) R RERHE 2 1T 5 L2 H Y £ 9,

top_directory/Refine3D/job019  (job+ 3 7 2 #Fix., ZhZ 57 b £ 3, Finished
jobD & ZAICHTWBEE S EZS)IC

INER L7 3DE7 (3 6.2(C)) :  run_class001.mrc

angular distribution :  run_class001_angdist.bild
DEK T E . Chimera(p 3 1 ZH) cHliE 7 A (X6.2(B)) L ICR L 727 1 (K
6.2(0) % UBHERE L CHTL 723 v, F7, PURL 727 VB L Tl contour level %
EDEVITHELLT/AXBTRCEII BT VI TAERZEZHD TERTL LT 0,
ROV VTV T H A XD LD D ERELLEDLZEBHY £F DT, HEFERL TS
ZEw, ZORDT VT 4 fEIZ. RED 7.1 mask fERRFFICHET L 9,

BEROAT —AVEBICRE ST, vy 7OAT — LR EH L RECR oM %{Twv
iTo%@&\MﬁDﬁﬁﬁ%mﬁﬁ%ﬁmiTo%@%\X7~W§ECﬁW§%?&
Evy TORAT—ARELITE S, ZOFE ROXSha<wvy FALCRY 5, .
BtED~ v 712 1 pixel =2.64A C, 27 — VEEBK TR 79 4 X (Rescaled size =280)
el pixel = 1.2068A & L CEHET 384, ANFv T4 =y 7,
Refine3D/job019/run_class00l.mrc AT > > 74 < v 7
run_class001 job019 280pix.mrc &9 %,
>relion_image_handler --i Refine3D/job019/run_class001.mrc --angpix 2.64 ¥

--rescale_angpix 1.2068 --new_box 280 --o run_class001_job019_280pix.mrc<J

DA T —VAHIZ 2.2 H 513 2.6 DRNTOMEEZSZICL L3, AT HEIEROAH
& LT, LD job-type 7 7 7 # —d Particle extraction * 7V v 735 &, [X2.3 O]
HBRRINET, ZOFTEETRE L, RO#EY TF,
extract Z 7HEHL T, ROLHIICEHL ET,

- Particle box size (pix): 512

+ Rescale particles?: Yes

- Rescaled size (pixels): 280

=Bayesian Polishing ®H ¢, &3 JTHE{ER TDORLT-¥ 4 X (Particle box size =512), A7 —
NEFEH DR 1% 4 X (Rescaled size =280) % AJifE e LCHEHL £, 2nb 051,

OIEBOMEL D Y £, ANFRICIIRZ T T ZE 0,
=THij b > T Rescaled size DEY) % ke 2 7291, 1 pixel DK ECOREAFHE L
ThBEWVWRIEI BRI wTed, b AA Particle extraction HEZIC KRNI N T 3, JTHIRIC
F\C 1 pixel =0.66 AD 7=, A7 —AZEH#% Ipixel = 512/280 * 0.66 A = 1.12068 A ic
YL,
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7. SRA7ERE FR MOLE

AiEE o 3D HE# Lo~ v 7 (M6.2(C) 2 RT, 34ANfRIED~y 7THB L E
ONTH, ZNIEFEMP VDD 2 X5 ICIR A FTHA, 7 T4 A &E A O mER
X, TEIE LA OHER T OIRIELR D DN TWE T, ZD7-® 3D HEEHLD
%X, v v 7D B-factor ¥ ¥ — 7=V 7 %795 2 L TR LD TRTHEREDFHETH 2 ]
BHOMT AR ZTE E9, HIT, Refine3D THHE & 117z gold-standard FSC 1, AR
ZERL7ZDDTEDHY FHATLAEDT, ARONEREL Y ESEBD N T E
T, Z T THA ML LM TS B-factor ¥y —7=v b~ 7 %FEL - FSC 5t
ZITHOMELRDH Y £3,

7.1 <2 7R

R MU ZAT 9 ACEBE LISl 2 @YIc 2 -0 02 7 2ER L £ 3,
KD job-type 77 v — D Mask creation % 7V v 735 L X 7.1 OMf~Z L L %
E

File Jobs Schedules I10| Mask[ Helix' Running
' ‘ job type k tab Input 3D map: 23D/job039/run_class001.mrc |E][Browse]

CTF estimation
Manual picking
Auto-picking
Particle extraction
Subset selection
2D classification
3D initial model
3D classification
3D auto-refine
3D multi-body
CTF refinement

Baéesian Eolishini |

Join star files
Particle subtraction
Post-processing
Local resolution

7.1 : Mask creation
[/O 2 7HERD LI ICEEL T T,
- Input 3D map: Refine3D/job039/run_class001.mrc
=6.1 CHELEZNKED<Y 777 4L (job+ 3 7 2 FILHEELH)
Mask 2 7HC, XD X HICEHEL 9,
- Lowpass filter map (A) 20
SR = D~ 2 7 L LT 15-20 A 2352,
- Pixel size (A) -1
=SETHEEEO MG OmFE Y 4 X, -1:357E L 7z Input 3D map 7 S{E % FeiA A,
- Initial binarisation threshold: 0.0045
=6.2 D X 51T chimera Zffio TR L 72/ 4 AR E D Y T\ X S 7x threshold,

- Extend binary map this many pixels: 0
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=lowpass 7 4 M X2 —TRD =R VAT HFEMD < A7 %, Lilw 7 A5 72 1 271
ICHERL £ 9
- Add a soft-edge of this many pixels: 6
=lowpass 7 4 N X —TRD 7o 2 v 3 7 HFEIC L CRT YRR L 72~ X 71T L
T, cosine-shaped DV 7 b Ty V<R 7 %@L 7,
Helix # 73, WERDOATEET ZHEEIDHY 4 A,
+ Mask a 3D helix?: No
Running % 7H1(3, WERDOATEET EHEIIH Y A,
+ Number of threads: 1
- Submit to queue? No
RFZICX7HTO Runl R &2 v 24 LEHRMEE 0 9,

7.2 BA b LE

D job-type 77 v —® Post-processing % 7 V v 735 &, X 7.2 DHEE~E
ftLEd,

File Jobs Schedules J IIO| Sharpen‘ Filter] Running
5 1 \
'i job type !n tab | one of the 2 unfiltered half-maps: [run_half1_class001_unfil.mrc (2] (Browse|

CTF estimation Solvent mask: MaskCreate/job040/mask.mrc |E][Bmwse]
Manual picking : :
Auto-picking Calibrated pixel size (A) [1.2068 [mmm] p— (7]

Particle 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

7.2 : Post-processing
I[/JO 27RO I HICEHELTT,
- One of the 2 unfiltered half-maps: Refine3D/job039/run_halfl_class001_unfil.mrc

=6.1 TEHE L 2GR oM .7 — X 2y F THRE L 72 2 DD unfiltered D~ v 77 7 4
ADHH 1D (job+3 7 AHFILHEER)
- Solvent mask: MaskCreate/job040/mask.mrc

=7.1 CEE L 72~ R 7 58 (job+ 3 7 2 BFILHEEE)
- Calibrated pixel size: 1.2068

=unfiltered half-map OHEFEF 4 X, LIFLIE, T VHEEERICE% A 7 — L5357 5
clickfM zenH T, ZORIE, COREEZEE T 52 & T, IELWIRREDFE
flizfr> C eATEES, Mask sHHERFIZZOE AV VF A2 MFLCHED Y ¢
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Ao
Sharpen % 7H1C, XD X HICEHL 3,
- Estimate B-factor automatically? Yes

S10ANRREZ ATV 3 & &3, ARG CHIES O A, 2N RO NRIED 2
Wik, HERHEiC) ECRETE RV LB o7z Bk, No 2 E N =2T LT
ad-hoc B-factor Z k& T X 3,

- Lowest resolution for auto-B fit (A): 10

SHEEET 203D Y T4 A, ad-hoc B-factor DFRICIZ, AITERL R TT,
+ Use your own B-factor? No
« MTF of the detector (STAR file)

S L Tw A mHEE 2 L 1 MTF(Modulated Transfer Function) 1257z ) % 4,
MTF |k, EFIEMBEOMEETICHIKFEL 9, 7272 L. Relion-3.1 Z{HH L 7254 1.1
ERDA v H—F TBICMTF 7 7 A VB ZIFEL T LT OT, bIDIT AT 2 0H
HY EEA,

+ Original detector pixel size:

STEF— 2D 1pixel H72Y DH 42, SlalF 0.66A & 70 225, [ LAk 1.1 B 4
YHR—=PCTANFHAD DAL,

Filter 2 7Hl, TERDO AR TEET 208 T H Y THA
- Skip FSC-weighting? No

=HHF 1L, No TF, Yes i T35 &, 7'a— S0 fREE % M 2 72 B 0 R REIE IR & D D fEIK
DFFNT 2 AT 5 BT i e 3,

Running % 7H1i3, RO ATEHRT EHEIIH Y A,
+ Submit to queue? No
WREICAZ7ETO Runl AR 2 v 2 3 LEREBIRE Y £95

IELLEHERKT T 25 L, message 7 4 v F (X 7.3(A)) ICofiRRE & L T FINAL
RESOLUTION: ¢RI nE 3, 6F T L% Refine3D O3 REL 1X. A h Kx L
WEINTLELEVET (o7 XX MITIE, 2.99=2.64A~F 1), FHERICHAL
T RIBEA P4 X B L, +fraction f (solvent mask based): inf 12720 £5, % Dfth,
phase-randomized FSC ([X] 7.3(B)F D 7r%%) 2% FINAL RESOLUTION @4 fi#HEfHiE ©
0.1 X kELL 2D FET, To0vo=8A i, FINAL RESOLUTION ICiZEM2EH 0 F
Hh, ¥ A7 CHFT 3 - Initial binarisation threshold: D% FF T, 7.1,7.2 DIA{EAX 1T
ST T,

2 CORMRRR T,

top_directory/PostProcess/job041 (job+ 3 7 Z#F1¥x, ZNZNHE7 Y £9, Finished

jobDt ZAICHTWBEEFTEZR)IC,
FSC plot :  postprocess_fsc.eps
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Sharpening #& ®ULH L 72 map([X] 7.3(C)) :  postprocess.mrc
BERINE T, fEEEFSC o 7' v v M, X 7.3(A)® Display: logfile.pdf % 53 %
L. 73B)oMEEARYy 77y 7L ET, v 7B L TiZ., Chimera THER L TH
TL7FE vy,

( )[ 1/0 view ”jobacnans| Current: [041: PostProcess/job041/ Display: [o1

[Finished jobs l [Running jobs ] [Input to this job ]
041: PostProcess/job041/ [~] 040: MaskCreate/job040/
040: MaskCreate/job040/f 039: Refine3D/job039/

039: Refine3D/job039/
038: Extract/job038/
037: Refine3D/job037/
036: Extract/job036/ -

033: Refine3D/job033/ Scheduled jobs |
032: Extract/job032/

031: PostProcess/job031/

030: MaskCreate/job030/

029: Refine3D/job029/

028: Extract/job028/

019: Refine3N/ioh019/ =

+ correlation of fit: 0.975061 | message )
+ apply b-factor of: -92.557
= Writing output files ...
+ Processed map: PostProcess/]ob041/postprocess mrc

ed masked map: gcess/job041/postprocess_masked.mrc

+ Metadata file: PostProcess/Job D41/postprocess.star
< FINAI RECAI LITINM- 2 RANNT

B | = logfile.pdf (on bx00.cespi.nagoya-u.ac.jp) =EiR C
( ) bile Edit view Go Help ( )

& Next | [1 Jof2  s0% 3

S

[Output from this job

Fina resolaton= 26 Angsioms.

Fouser Shel Correktion

resolaton (112)

7.3 : Post-processing --- Results

M)Ay =74 v Fv, (B)FSC7a vy b, f&: w270 RETO FSC, 7 ;

phase-randomized FSC, #iRMI&EHIZBLIE, (ARG D H—7E O orfiFae A b % GLECC i

2T % 720, FSC=0.143 I GS 5 5 RHE (S [Rl DRERIZ 2.64 A 53 fiRhe) ﬁiﬁ@ﬂﬁ&i
CEWZENREEL Y, 0.1 XYV REVEZER, vA7HAXCHED Y, H: v A7&

D FSC, £ : phase-randomized FSC ffiiE# D FSC, Zrfiffie z gl 9~ 2 B ic i 5 FSC ih

#to (C)chimera(p 3 1 ZM) TR L Z2HF R MO~ v 7,
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8. CTF LINERHOIEFL

TZTlk. CTF. IGEZRHT 2LKOHIZITVE T, B LT, firZéoD
77 4 —H AMH - IR — EFHCHE S St 5 D X v SRl L CIER IR R R
EOFHi T VWE T, T — X ONRREICIKIE L T, EEALPENRERIIEDY $30
T, [T TRENLZITo T 23w, BE LR 20MREICEL Tld, B2
TITWE 3728, FEMll 231 Relion BFHE 10 X 25/ CUik3) 2L T 3w,

8.1 v — AMEROKEE/LERE
el D job-type 7 7 7 % — D CTFE refinement % 7 V v 735 & [X 8.1 DH[H~Z1b
L9,

File Jobs Schedules I/O] Fit| Running |
I job type k. tab Particles (from Refine3D): [efine3D/job039/run_data.star | [7) [Browse)

CTF estimation Postprocess STAR filer\-cess/jobOdl/postprocess.starIE][Browse]
Manual picking
Auto-picking
Particle extraction
Subset selection
2D classification
3D initial model
3D classification
3D auto-refine

3D multi-bod

Bayesian polishing
Mask creation

Join star files
Particle subtraction
Post-processing
Local resolution

8.1 : CTF refinement
[/O 27 h%RD XS5 ICEHRL T,
- Particles (from Refine3D): Refine3D/job039/run_data.star
=6.1 @ Refine3D TR L 727 A =2 2GR T IV A7 740 (job+ 3 7 2EFIE
BHERE)
- Postprocess STAR file: PostProcess/job041/postprocess.star
=7.2 O Postprocess TRl L7z XT XA =2 % &L T — X2 7 741 (job+ 3 7 2 EBFIiHE
HEH)
Fit 2 7z, RO XS ICEHL £ T,
- Estimate (anisotropic) magnification? No
= el L IR PR R iRt 4 2 LT 2o T, No,
+ Perform CTF parameter fitting? No
=CTF HRD T 7 + — AW RMEDKEHAL 21T D%\ D T, No,,
- Estimate beamtilt? Yes
> — AMEROKHELT 2D T, Yes, a<wIET7 ) —DT 74V AV P 2{T>TT —
SMEET->TOTH CORBEIIEM, 7— 22 <45ANREED & EHK,

- Also estimate trefoil? Yes
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= =0 (trefoil) W OUGEREALELTS DT, Yes, 7— X 23<3.5 A fREETHI,
- Estimate 4" order aberrations? Yes
= 4 RECOERNEDIEFEEITS DT, Yes, T —Z03<3.0ANMRHED & X H,
3.0 AR TIRK & R I RF T & v,
+ Minimum resolution for fits (A): 30
=HlEIZ, XDOLET,
Running % 7Hd, RO X 5 ICZHL 3,
* Number of MPI procs: 4
+ Number of threads: 8
- Submit to queue?: Yes
+ Queue name: openmpi
* Queue submit command: gqsub
- Standard submission script: /usr/local/relion/bin/gsub.csh
+ Minimum dedicated cores per node: 1
- Additional arguments:
= FElOZBUL. SHOFEFBEEIC A > CeE T, SHEBREICOS U TABEL T LS
(A%
RIZICZ7EHTO Runl R 2 v 23 L5HRE2BE Y 9, 5HEKIZ. X 8.2(A) D Display:
logfile.pdf &R+ 2 2 &<, M82B,C)nr 77 (Gill: XHk3) 2R3z enTEE
E

i | I —

‘ I/O view “ Job actions ] Current: |042; CtfRefine/job042/ | Display:|out: logfile.pdf 1= ]l
| Finished jobs | |Running jobs | [Inputto this job
042: CtfRefine/job042/ & | | [039: Refine3D/job039/

(B) (©)

8.2 : CTF refinement --- Results after beam tilt refinement
2T OFMEMGRI,
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top_directory/CtfRefine/job042  (job+ 3 7 Z#F X, T ZN#E7 Y £ 3, Finished
job TRRINTWEHFEZSEZSHL T LI Wv,)

8.2 JeHhicN L TIENH RS ROBELFE
D job-type 77 v ¥ —d CTF refinement # 7 V v 732 & X 8.1 oEE~ZA(L
LEd,
[/O 2 7H%ERD X I ICEBELET,
- Particles (from Refine3D): CtfRefine/job042/particles_ctf_refine.star
=8.1 ® CtfRefine THIBAL 727 XA =22 ETK TV A b7 744 (Gob+ 3 7 ZEFI
HHEEHE)
- Postprocess STAR file: PostProcess/job041/postprocess.star
=7.2 O Postprocess Tl L7z XT XA =2 % &L T — X2 7 740 (job+ 3 7 2 EFI1iHE
HEH)
Fit Z 7k, KO X5 ICAHL F9,
- Estimate (anisotropic) magnification? Yes
= NN U CIENM R i RIS 3 2 FEAL D 21T 72 5 O T, No, ZDfthid ¥T X — X
DIEFBTE RS RD X512,
+ Minimum resolution for fits (A): 30
=S, DL ET,
Running % 7H1x, RO X5 ICZEHL 3,
 Number of MPI procs: 4
+ Number of threads: 8
+ Submit to queue?: Yes
+ Queue name: openmpi
* Queue submit command: gqsub
- Standard submission script: /usr/local/relion/bin/qsub.csh
+ Minimum dedicated cores per node: 1
- Additional arguments:
= FRRoZ8iz, SROEFREICR>TnE T, SHEEREICS U TABEL T FE
(A%
RIZICZ 74T O Runl R 2 v 23 LR IEE Y 3, FHRE%ZIE. X 8.3(A) D Display:
logfile.pdf % #R3 2 2 &<, M83B)»7 77 (FilH : (Wk3) #Rs e Tc& %
ER
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(A)

" External ‘

[ 1/0 view H Job actions ] Current: |043: CtfRefine/job043/ Display: [out: logfile.pdf 1= |
|Finished jobs | [Running jobs | [Input to this job |
[043: Ctfrefinefiob043/ [« | | | 042: CtfRefine/iob042/ |

(B)

8.3 : CTF refinement --- Results after anisotropic magnification refinement

ENGORUE LS EN

top_directory/CtfRefine/job043  (job+ 3 7 Z#F X, T XN E7 Y £ 3, Finished
JOb ICRREINTWEEFEFTEZSIL T2 0, )

83 CTF T 3EBOBHIIE
KD job-type 77 v ¥ — @ CTF refinement # 7 V v 7 32 & [X 8.1 O ~Z(
L9,
[/O 2 7H%RD X ) ICEELET,
- Particles (from Refine3D): CtfRefine/job043/particles_ctf_refine.star
=8.2 ® CtfRefine TEIME L 72 XF7 A =2 %&ETHR TV A7 74 (job+ 3 7 ZEFI1X
BHERE)
- Postprocess STAR file: PostProcess/job041/postprocess.star
=7.2 O Postprocess TRl L7z XT X =2 % &L T —X 7 7 40 (job+ 3 7 2 BFIiHE
HEH)
Fit 2 7diz, ROX S ICEHL 7,
- Estimate (anisotropic) magnification? No
= JEHNTN U CIENM R fE R Iicn 3 2 iE L 2 1TH 2D T, No,
+ Perform CTF parameter fitting? Yes
=CTF kD 7 7 + — W AMEDKEHAL 21T D%\ D T, No,
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- Fit defocus? Per-particle
=Per-particle:fi - Z & DT 7 + —h A% FEHEL T 2 B, Per-micrograph: & 1B
B L Iic T 7 4 —  AMEREELT 255,
- Fit astigmatism? Per-micrograph
= Per-micrograph: & FBEMBEEIR & & IC T 7 + —h AEZEE T 2556, Per-
particle i T & O T 7 + — H AMEEIEEN ST 2856,
- Fit B-factor? No
=HlEIZ, XDOLET,
- Fit phase-shift? No
=SHHIX, ZDF F T, Phaseplate ZfEH L 727 — 2 OGAICHHT 22 L b H 24,
RS EEICHETR &,
- Estimate beamtilt? No
= — AMERIOREEL I T RV DT, No,
- Also estimate trefoil? No
=Estimate beamtilt:N o Z#52 & HEIRYIC No IC72 D, BHETZ R\,
- Estimate 4" order aberrations? No
= 4 XINAZDKFEZTH DT, No,
+ Minimum resolution for fits (A): 30
=S, DL ET,
Running % 7H1x, RO X5 ICZEHL 3,
+ Number of MPI procs: 4
+ Number of threads: 8
+ Submit to queue?: Yes
+ Queue name: openmpi
* Queue submit command: gqsub
- Standard submission script: /usr/local/relion/bin/qsub.csh
* Minimum dedicated cores per node: 1
- Additional arguments:
= FRloZ8ut, SRIOEFERE ICRZ > i 3, FHEBRBREICS U CEBE L T2
(A%
RBIC2 74 T O Runl R % v 24 L HEAHE 0 £, §H5%IE. X 8.4(A) @ Display:
logfile.pdf #: &R T2 2L T, KI8AB) D /7 75 Rb L BTEET,
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(A)
LuLal 1 EsviuLIvig |
External

I —

L!olﬂiew " Job actions ﬂ current: [044: CtfRefine/job044/ IDispIay:[out: logfile.pdf = ||

+ Masking references ...
WARNING: You did not specify —angpix_ref. The pixel size in the image header of

8.4 : CTF refinement --- Results after defocus parameters refinement

T ORHEMIRIE,
top_directory/CtfRefine/job044  (job+ 3 7 Z#F X, T XN E7% Y £ 3, Finished
JObICRRENTWEHFEZTEZSIML T T, )
8.1~8.3 ¥ TIHICHRAE L 7=t DK FIH{RIGEER 7 7 4 v ¢+ particles_ctf_refine.star
ZfioT, 6D 3IDEF., TEYRAIZAEKL KA MUZIHICITo T ZE v, IEL
CEMEDM& T 3% &, Postprocess @ message 7 4 ¥ F 7 H (X 8.2(A)) I fiRRE L L C
FINAL RESOLUTION: ¢ RpREhEd, 6 7THTFHHELZOMAEL (X, B b KEL
WHEINTLEEHEVET (ZOFF X MITE, 27223 A0FHE~), 7. %L 7
Y AIBLXA T ED L, phase-randomized ~ v FHRKTEE L 72 FSC{E (X 8.2(B)H
DFRAR) A3 FINAL RESOLUTION @ & Z A5 TO#E IC722 Z L AL TS AT w0, B
L 01XV REVNEGEICIE, message V4V F VD TICHEZT—T 4V FTN
(Appendix A1) ICHRFTEERTET, ZOHEAICIE, vRAIZBX24 PFEETO
T, 7.1 ® Mask & 7't Initial binarization threshold Dfi% FiF T 77X vy,
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9. Bayesian Polishing i & % K T-[H/H &

FR AR OE RGNS T— v a YHIIEICBAL T, ~ A JHEEICHE O W5t R %
fTeEd, HECHHTIERIL. T3 2 o forvelocity oV (A /dose), o for
divergence o D (A), o for acceleration o A (A /dose)7Z 3 cd, $FFbL—=vrE—
FiC T, 4000~10000 fEFEEE DR TR % > TEEEZREL 5, Lt THY v v
EF—PFNICT, RE L 3ZBEMML CRAERI L DE—Y a VillEZTTWE T, &
oo PL—=v 27— FOHE o HIZHHRMESENENWI LS 4D Y £, HEMER
ZRIEEEL W) 2, HEEHDL 2200 DT, 7740 F o fli(oV=02; 0D=
5000; 0A=2) ZffioCHEHERY v v Z7E—FE2ETLTAHLZDL 120% Y TT,

9.1 FL—=vZ/E—FCTOiHE
D job-type 7 v ¥ — @ Bayesian polishing % 7 V v 7 3% & X 9.1 OHEE~%
ftLE3,

File Jobs Schedules
7 . ] T
I{ job type Al Micrographs (from MotionCorr): |2/corrected_micrographsAstar»|E][Browse]

CTF estimation Particles (from Refine3D or CtfRefine): |efine3D/job049/run_data.star |E][Browse]

Manual picking T :
St picking Postprocess STAR file: icess/job051/postprocess.star |[ﬂ [Bmwse]

IIO| Train | Polish | Running | tab

Particle extraction " . .

Subset selection First movie frame: [1 [®_|@
2D classification Last movie frame: |-1 [[D—”E]
3D initial model

3D classification Extraction size (pix in unbinned movie):(512 || 2]
3D auto-refine . . ;

3D multi-body Re-scaled size (pixels): [300 [|®

CTF refinement
Bayesian polishinc

Mask creation

Join star files
Particle subtraction
Post-processing
Local resolution

9.1 : Bayesian polishing
[/O 2 7HERD L HICEEL T T,
* Micrographs (from MotionCorr): MotionCorr/job002/corrected_micrographs.star
=212F—va VIECRIE LT A—2%2E50T -2 7 74V (job+ 37 2 FIT
HHZEE)
- Particles (from Refine3D): Refine3D/job049/run_data.star
=8.4 @ Refine3D TR L 727 A =2 2B TV A7 740 (job+ 3 7 2EFIE
HEEHE)
- Postprocess STAR file: PostProcess/job051/postprocess.star
=8.4 @ Postprocess TRl L7z XTF7 XA =2 % &L T — 2 7 7 4 (job+ 3 7 2 EF I3
HEE)
+ First movie frame: 1
SHIECHEMT 2 4 — v —WH{ROFRIEZIEE T 5, @HF 1 mPYNICEE L £ 325,
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MoLD I TNTE LT TV IOENRRKE AT, 2B EICEHETL L
b,
- Last frame for corrected sum: -1
=S{EHT 2 6 — v — RO REMEZIEET 5, -1 ZOREE T,
- Extraction size (pix in unbinned movie): 512
=+ VY FNrL—b -l ETOY LY 4 X, ERI TR L 7- Particle extraction
Cffi L 7z extract & 71 dD Particle box size (pix) # SR L T 72X v, BB TIEE,
- Rescaled size (pixels): 300
=Postprocess DFERICHER L 2H{RD v 7 w34 X, BRI T L 72 Particle
extraction T L 7z extract & 7H ® Rescaled size (pixels) Z ZHH L € 72X\, extract
£ 7'H1C Rescale particles? No %8 A 72841013, extract X 7 H1dD Particle box size (pix)
DEUEEZ AT LT 72 &\ (k7 Extraction size & —30), B{BECTIEE,
Train 2 7/iZ, RO XS ICEHEL 7,
+ Train optimal parameters? Yes
St —=VvIZE—FD=®, Yes,
- Fraction of Fourier pixels for testing: 0.5
=7 7 # v ME(=0.5) Z 5,
- Use this many particles: 8000
SBROHEE I T 2 K HHREL BB S g ERE R EBSY £923, A€ —
HEE L HEREIIEHL 3, 200X ) — AR CHESEFICKT Lane ¥
F BRI S L TA TSI w0, 4000 il & O 7wk CcotBE Iz BEIvTE 4
boo ZOMh, WHREFTICZ T —THRT T2 XL 2k, NTEGEREEZHECL CGGIHRELE
LTHZLIFL WL ZEHRE WIS TT,
Polish 2 793, XD XS5 ICEELE 3,
+ Perform particle polishing? No
St —=v7E—-FD7%D, No, XDMDOLBUIHETE LAY LT,
Running % 7H1d, XD X 5 ICZHL 73,
+ Number of MPI procs: 1
+ Number of threads: 28
+ Submit to queue?: Yes
* Queue name: openmpi
* Queue submit command: gqsub
- Standard submission script: /usr/local/relion/bin/qgsub.csh
+ Minimum dedicated cores per node: 1
- Additional arguments:
= FRLOZBIL, SHOEFBEEIC A>T E T, SHEBREICS U TABEL T LS
[
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RBICZ 7HTO RunlA 2 v 23T LEMREMEE Y 9, 2o, MPI{LxhTw
FHADT, MPIEIZ 1 ICT 20EXH Y 3, Thread DET core Bt 3 & 5HH D
WD Y 5, FHEAMRIZ. A v 2 — JHEIEIIC

Good parameters --s_vel 0.456 --s_div 2385 --s_acc 30.405

LERREIN, o fli(oV =0.456; 0D =2385 oA=30.405) 1% L 3,

92 KUYy v/ E—FCoEHE
%19 job-type 77 7 % —  Bayesian polishing % 7 V » 7 5 L. 9.1 OWfi~%

fEL £,

1/0 % 7k, 9.1 THE L = ROEMD % ¥ TALETT,

Train 2 7Hid, RO X HICEHEL ET,
+ Train optimal parameters? No
S>KY vy v I7E—FD7D, No, ZDMDELIIELETE R R ET,
Polish 2 7Hi3, XD X S ICEEL £ 3,
- Perform particle polishing? Yes
>K) vV IE—FDD, Yes, ZDMOELUIIHETE R Y £,
- Optimised parameter file: Polish/job052/opt_params_all_groups.txt
=91 PL—=V 7 E—FTCRIMELZNTA=Z%2E50LT —27 74 (job+ 37 2%
FIIEEEHE),
+ OR use your own parameters? No
=>450129.1 PL—=VvZE—FCiltE L 2HR 2T 27290, No, ZDfthDZEL

En==1

(Sigma for velocity, Sigma for divergence, Sigma for acceleration) (3% E T& & &2 ) %
ER

+ Minimum resolution for B-factor fit (A): 20

+ Maximum resolution for B-factor fit (A): -1

= L2 00BEET 7 4 v MEZFHAL T 723 0,

Running % 7H1d, XD X 5 ICZHL 73,

+ Number of MPI procs: 4

+ Number of threads: 28

+ Submit to queue?: Yes

* Queue name: openmpi

* Queue submit command: gqsub

- Standard submission script: /usr/local/relion/bin/qgsub.csh
+ Minimum dedicated cores per node: 1

- Additional arguments:

= FioZ it SHOEFRFE ICA>TnE T, fHEEREICOCCTEBREL T A
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W,

RBRICZ7ETO Runl R 2 v AT LEEPREY £9, Zo5MREIZ, MPI{fbEhTw
I, 2RV AE) —E2HBELITOCTIHE - V0o MPLERAZ [T 72139
2 &\ T3, Thread DL core FCF LR MAHCHKED Y 5, K9.2(A)D
Display: logfile.pdf # ;&R 32 & T, 92(B,C,D)p /7 7% H3 B TEET,
(B)ld. ZHERICNT 2% 7 L — L DERT, 7L —2o%F5 (Bl 282 21308
THIBESE 2 £ 0T, EoEEEflOFE#RAINH T T (B-factor D AfEHZ K %
V) ZEERLTVET, (C) SHERICHT 28 7L —LDRT —)b, 7L —LFS
Wz iz lEFREESE AT IO, KIHIL TSR 3, (D)EBRNOR T
W, EFHEMERR L ICGHRI T T, HO o x2— MiE, Bt k1o
i (x 3 0f5ictmdi). Cofilcld. [A CHEERAN TS E RIS IC X b k4 7 & <R 1
DBEEL T2 b T3,

(A)

Post-processing
Local resolution

External
I —

[ 1/0 view Hjoh actions)| Current:(053: Polish/job053/ |Display:|uut: logfile.pdf |2] |
Polishing B-factors
(B) (D)
sof Polishfjob053/Micrographs/ 14sep0se e 0DD0Tgr_ 0001 3sg 00019h1_00002es_st_tracks.cps
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9.2 : Bayesian polishing --- Results after polishing
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10, JARTZEREIC BT % S RREREE

R A NI X 3 ZER5ERE FSC ORIl 72 0 Tlk, S FEERE Vo2 TEDORKE X
EHEOLA, Mo AEL E2@EYIcRT LI TEEIHA, £ 2T, FurJL
ResMap % Relion 12> HCH) L, JFFTZERIC B 2 5 fERERHM % 17\ £ 37, Relion T,
Alp Kuculkelbir & Hemant Tagre D Bf¥ L 72 Resmap CCiik 4 ) # iE) < % £ 3723, HElfo
Tu s A EEINTHES, k4 DTk L ITEZR Y, Relion 125 X 7z Resmap
. V7 PR 7 BFH L CTEED & DIERE % postprocess [FIFRICFTRLT 5 LT
ER

File Jobs Schedules IIO‘ ResMap | Relion| Running | tab ’
|

job type - One of the 2 unfiltered half-maps: [frun_half1_class001_unfil.mrc \E][Browstﬂ_*]
CTF estimation User-provided solvent mask: \MaskCreate/jobOST/mask.mrc \E][Bmwse]
Manual picking
Auto-picking Calibrated pixel size (A) [11264]f=] i [7]

Particle 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
e ﬁ ﬁ ﬁ

l 1/O view " Job actionsl Current: |Give_alias_here | Display: | [2]

10.1 : Local resolution
KD job-type 77 v —d Local resolution % 27V v 732 &, X9 OMjm~%21{t L
¥9, K101 DI/O 2 7hzERD X HICEHELET,
- One of the two unfiltered half-maps: Refine3D/job059/run_halfl_class001_unfil.mrc
=7 THA%D Postprocess TRIAKHCHHL7Z3D ~ v 7 (job+ 3 7 2 FITHEEE
)
- User-provided solvent mask: MaskCreate/job057/mask.mrc
=7 T D Postprocess TIMARFICHH L7z~ 227 (job+ 3 7 2 FILHEELH)
- Calibrated pixel size (A) 1.1264
SLELEETABEL T o TCOBEICAT —ABB o TWARNI DY, Z D
Postprocess,Mask,LocalResolution ® 3 7T C— I+ CEEHT 2 0E LD 5, ST,
Relion ® Resmap % i3 % 729,
ResMap 2 7HTRD X 5 ICHFE L £ 3
- Use Resmap? No
#EW T, Rellion % 7HCRD X H ITHREL 9
Relion % 7HCRD L H ITHREL £9
- Use Rellion? Yes
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- User-provided B-factor: -60

=Postprocess THEHL 7z L & LFAIL < HWDfED X\,
« MTF of the detector (STAR file):

=Postprocess &[] Us Relion-3.1 THEAIA HFHR L TWIX 7 7 4 VAIEE DS s
Lo
Running % 7 %l L T,
* Number of MPI procs : 28
+ Number of threads : 1
+ Submit to queue : No
AR AN, 274 TO Runlh 2 v 23 LEHREMIRE Y £ 97, GHHEZIZ. X 10.2(A)
o Display: logfile.pdf Z:#{R3 2 £ & <, X 10.2(B) D&Y 7z 7 fEREFHIRICEE 3 2 & =
NI LERBZENTEE T, BBl ronEiEodHHzEE cCEEToT, 2X¥D
chimera HEZER; D surface color DH 77—~ v v v ZOE{EHIFH Z D 2RO HLIC L TL
723,

Chimera(p 3 1&M4) % {# > T, local resolution ZFRK /R 57201, T3
top_directory/PostProess/job059/postprocess.mrc  (job+ 3 7 2 ¥ FILEELHE) % it
ABFE T, Ht\ T, Chimera ® Tools->Volume data->Surface color &R L £3, 35
& surfacecolor 7 4 v F v (¥ 10.2(0)k) Ry 77y 7L Ed, V4V FouHhT, B
ICFK /RN E— F % by volume data value I L, ff]3 % volume 7 7 f L & L THED
top_directory/LocalRes/job050/relion_localres.mrc  (job+ 3 7 2 FIZEEELFE) % EWN
9, $2LK102000 %5 Az XRTEET, SMlE, 22 (F) ,24 (7)),
2.6 (%) ,2.8 (#) .3.0 () LwIrAn7—a—FicLTnET,

(A)

External

[“[u Current: |060: LocalRes/job060/

B ©)
ri :,l Vi o ik o Surface Color T o x e
[z e 5 Color surface _pw]
= by volume data value —
. b browse... [

L] Q J | |
2.2 2.4 2.6 2.8 3.0 :
]raveue RATTOOW |~ Reverse

Create color key

Set | full range of surface values

Color outside volume .

I Only color sliced surface face
" Report value at mouse position

I~ Per-pixel coloring

Color | Uncolor | Options | Close [ Help |/
- _ " — Zoyen

10.2 : Chimera-Local resolution
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11. FROHER

B IS O IERAR S T oML L 23D ET oA, ELWEZREZ KD 3 Z
ENTEERA, ZDD, TZETORETHRELZ3D ETADOFTRIF, AKE TN
WNTH LA LBV T, ZOHAE ARGEETHLIITDa~Y v 7 ABESE
XICHR 2356, L0, BEMAOFRER V7PETF — 7R3 GFETLICHBELL T, K
DT vy T Ay ZTICN LT, BAEERR 74 v P TE R RhETRDOL L
BTEET, ZOLIBFRVBINOBEICIE, UToavy FCFRERT I EHNTE
EQCRN

>relion_image_handler --i postprocess.mrc --o postprocess_inv.mrc --invert_hand<J

relion DFH A FETIRELLDFERTHWDL R WA T TR, VIHETADFERAIEL W
AHTH IDKBEEHEOREFICRNOFERICHZILBHVET, FELOFERII~Y 7%
RS 2 EocRbUIcd o, REEHERBEDOFTRICH L Tl I fEREEITI L oicLTX
72X\,

12. Relion-3.1 0 F ¥tk icBd5 2 EEEH

Relion-3.0 LART D 7’1 27 T L CHLER X 7= fiftr i S 2 FIFH L T, Relion-3.1 THI L <&
mEnzz@mRONGEMIER EZTH) LI TE T,

7272 L. Relion-3.1 231113 2 STAR 7 7 4 & (BRI AT OB 2 508) o AN
T, BRINGEDIEEAZ T %728 I1C optics groups 7R EFIL WElidZEA L E L2, ZD7
ODREFKDDH D TR Y T3 23, Relion-3.1 TO 7w 77 LETRHICHEIICEE L TL
nNEdoc, MufEIsH Y A, L 22EEHEHLEY GIEFhOTr ST A
BERPCTIEE ) CLiEH Y EIT. ZOGERBITORT Yy 7% 1 BIEE > IR LE
HIFIE L WETERERSBON X S TT,

—H. Relion-3.1 CALE%* 3T 5L, ZNUBEERINZSTAR 7 7 A viffioTz
Relion-3.0 AR COMTIZ TE RS AV 5, CoRIE, BEL T ZITo T 72
W,

57



Appendix A. BtEERETA LI MUBE

Relion TOEHEMNTETI DT &I, Fihished job J R bAEZTLWEET (KA 1), YR
b2 I3dE BAAYE—DDITHERDRTIINET, TOBE. 1/0 view #17
DAY E—COh o NAvE—DQICEESN., KYFHMLBERLERETEET,

tab |TRUSTIETEST
Conzinue frem her
Referance mi
Reference mask (optcnal) |(2] Browse|
——
1/O view ”ljobactbns Current: [029; Refine30/job029] Display: =)
e )
Finished jobs o M1Shed Job Y R Bg o iobs | input to <his job

| 029: Refine0jjoba25/ ~
b028)

0L9: ficfine30jjob 19/

013 Selectjiob018/

L7: Class 3DfjobOL T

023: EXTactjobozs/

Scheduled jabs | Qutput from this job

(A1) Relion™ 4 > FyMEHEA :
top ¥4 L& kY (relion £ L 1=

defaultpipeline. star

.relion_display_gui_settings

etc
l i r ]
AutoPick Class2D Class3D InitialModel Select
job009 job015 job019 job017 job011

job018 job016

(B A.2) Relion—x>5F 4L LY
Fh. BRHROBRT -2 TRTOIaTEAT®ANZEICLEBDESETa LY b
JAfkRYRIToNET (B A2, BIZ, >3 TR2A4TT4L% bV (AutoPick, Class2D,
Class3D etc. ) D TFIZIE, 23 TZEIZ372DELES (job001 etc.) MMt 5EEINf=T 4
LY FIDRAESH AHAWT— R L ENREIATLET, ThoD T4 LY MBE.
relion ® Window ZFIZ&% % Finished jobs J X k(R A. 1) LESEF TSN TLWET DT,
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ZRIDERICEY . CNETOFERRENBRICESNGCAELENY THEL, $EDITS
FELFRAREICLGEDEENHYET, —AT. WAWALEHZERITT 5-ODFTEOKEK
LEzPadiRllE. BLTEVWTHERR—XDOERIZHEY EFT DT, GUI LH S5 ROEHEIC
KO THET S LEHHAOHLET,

FT.BELIZWDaT%Finished jobs YR b TH 1wy LET, il T. Job actions
RE %L Delete #BIRLET, $HLELELCITOTaALY b Trash &LV5
TALY FUABEBILET, REZICMenudFh S File (ATEL) 2 LEITSEER
DERBEHMNTTL BANDT, ZOHEM S “Empty trash” ZBREN—FKTs R LIZHD
Trash L FDT—EMEHESNE T, —BHEHETDET—FERICRI CEELTEEEAD
T. [EMFTTIREL TS,

SR
1. Sjors H.W. Scheres f#i+” Single-particle processing in Relion-3.1”
(ftp://ftp. mrc—1lmb. cam. ac. uk/pub/scheres/relion31 tutorial. pdf)

Relion BHRSEIC L5 AV VT h~=a TV TT, SHEOTF A E, ZOv=aTLiC
HERPLL TER LT E T2, 3 RXTERIOIF-> T 2bIFTlEH Y A, HICFEMAE
WICT 7R INTWIHAHICIE, FOT-F T,

2. Campbell M.G. et al., Elife 4 e06380 (2015), “2.8 A resolution reconstruction of the
Thermoplasma acidophilum 20S proteasome using cryo-electron microscopy”
https://doi.org/10.7554/¢eLife.06380.001

SEEHA LT 2 b7 — 2 O T, LI relion-1.3 T2.8 A ICHEL T % ¥, #
L <BHFE & N7z relion-3.1 THL MR (FF 2 FNTIE 2.3A0MHE) LKL TD 5
S &, TEANOESZ KL CHT 2 L BnEd,

3. Zivanov J. et al., IUCr/7 253 (2020), “Estimation of high-order aberrations and
anisotropic magnification from cryo-EM data sets in RELION-3.1”
https://doi.org/10.1107/S2052252520000081
or https://www.biorxiv.org/content/10.1101/798066v1
ER DI IEIC B S 2530 T3, relion-3.1 DRHE D —> T, w0 EREMAT % AIREIC L 72
Bt
4. Kucukelbir F.J. et al., Nature meth. 11 63 (2014), “Quantifying the Local Resolution of
Cryo-EM Density Maps”
http://dx.doi.org/10.1038/nmeth.2727

RifE &3, AMED 8IS EMZE 77 v b 74— L (BINDS) D # K — b % Z1J T
Ffe L T ¥ 97, #EZE S JP20am0101118j,

59


ftp://ftp.mrc-lmb.cam.ac.uk/pub/scheres/relion31_tutorial.pdf

