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SEMC INSTRUMENTS
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Titan Krios# 1 Titan Krios#2 Titan Krios#3 FEI Helios 650
Falcon3d Falcon3d Falcond Quorum cryostage
K2 Energy Filter + K2 Energy Filter + K2

Cs-Corrector

FEI Tecnai F20 FEI Tecnai T12 JEOL 1230
DE20 + TVIPS CMOS TVIPS CMOS Gatan US4000 CCD



UPCOMING: NATIONAL CENTER FOR CRYOEM
ACCESS AND TRAINING (NCCAT)

[1 IN CONSTRUCTION NOW!

1 MISSION:
[1 PROVIDE NATIONWIDE ACCESS TO ADVANCED CRYOEM TECHNICAL CAPABILITIES
[ ASSIST USERS IN THE DEVELOPMENT OF CRYOEM SKILLS NEEDED FOR INDEPENDENT
RESEARCH.
] EXPANSION:
[J 5000 SQ FT CONSTRUCTION
[] 3 MORE TITAN KRIOS COMING FALL 2019!

[1 SCREENING TEMS TBD




BOTTOM LINE:

WE HAVE A LOT OF SCOPES AND A LARGE USER
BASE WITH A VARIETY OF RESEARCH NEEDS.

WE NEED TO PROVIDE USERS WITH A DATA
COLLECTION + ANALYSIS WORKFLOW THAT IS EASY
TO USE, EFFICIENT, AND GIVES THEM THE METADATA
THEY NEED TO COLLECT THE BEST DATA POSSIBLE!




OVERVIEW

1 HOW DO WE COLLECT CRYO-EM DATA AT THE SEMC?
(1 OVERVIEW OF LEGINON + APPION

[ HOW DO WE OPTIMIZE DATA COLLECTION?
1 TONS OF METADATA AND LIVE FEEDBACK

1 HARDWARE BEAM TILT CORRECTION FOR LARGE IMAGE SHIFT

[1 LEGINON-SLACK INTEGRATION



PIPELINES FOR DATA COLLECTION AND ON-THE-
FLY PROCESSING

1 AT THE NYSBC WE USE LEGINON FOR DATA COLLECTION AND APPION FOR ON-
THE-FLY PROCESSING

] OTHERS PIPELINES AVAILABLE FOR DATA COLLECTION:
1 SERIALEM (MASTRONARDE LAB, UNIVERSITY OF COLORADO)
1 EPU (THERMO FISHER SCIENTIFIC)
] OTHER PIPELINES AVAILABLE FOR ON-THE-FLY PROCESSING
1 ScIPION (CARAZO LAB, UNIVERSIDAD AUTONOMA DE MADRID)
1 WARP (CRAMER LAB, MAX PLANCK INSTITUTE)

1 SPHIRE (PENCZEK LAB, UTH AND RAUNSER LAB, MAX PLANCK INSTITUTE)



LEGINON o

Automated molecular microscopy: The new Leginon system

Christian Suloway, James Pulokas, Denis Fellmann, Anchi Cheng, Francison Guerra,
Joel Quaspe, Scott Stagg. Chinton 5, Potter, Brdget Carragher ®

] LEGINON - AUTOMATED DATA
COLLECTION ON TEM

1 DEVELOPED IN THE EARLY 2000’S AT
THE SCRIPPS RESEARCH INSTITUTE

1 BRIDGET CARRAGHER AND CLINT
POTTER

[1 LEGINON = NO NIGEL

Organized by nodes

Leginon MSI application - 4
nodes/magnifications where most

of the automation happens




File Application Launcher

@ Grid_Targeting |

& K1 Sgquare_Targeting
i K1_Square
@ K3_Hole_Targeting
Bl K1n_Hole
(3 K3_Exposure_Targeting
Bl K1n_Exposure
B K1n_Exposure FFT
B K1n_Preview
Bl K1n_Focus
B K1n_£_Focus
 K1n_Beam _Tilt
£} Dnift_Monitor
Kn_algn_ZLP

o Instrument

g kKZCamera

% Buffer_Cycling

o N2 Filling

8 FakeScreanCurrent
B K1_Correction
[0 Falc_Target_Adjustment
W Scope_Control

-l iceT
B BlackstripeDetector
+ Navigation
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LEGINON: TARGET YOUR SQUARE OF INTEREST

Square sequence:
1) Collect square targets 1 -
10 by stage movement



LEGINON: CONFIRM YOUR HOLES OF INTEREST

Hole sequence:
1) Eucentric height

2) Collect hole target 1 (square 1)
by stage movement
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v mawiaimgs

Exposure sequence:
1) Check Drift_Monitor

2) Check Focus

3) Collect exposure targets 1 — 14
(hole 1, square 1) by beam-image shift



LEGINON: THE WORKFLOW

File Application Launcher Nodg

N— Leginon has now finished collecting 14 exposures within hole 1 in
RIH_E;F_-.am.__TlIt._Im-aqe SCIUCII’e 'I .

Grid_Targeting
K1 Grd
&8 K1 Square Targeting
(Kl square |

2 e Next it will take exposures from hole 2 of square 1, and so forth.
|© K3 _Exposure Targeting |

5 K1n_Exposure
K1ln_Exposure FFT
by ey This will continue unfil all 10 squares have been collected.
o :i:ﬁﬁ:ﬁnt
7 Dnft_Monitor
e Automation is setup to take 10 squares, 4 holes/square, ~16
Erﬁ:?uq exposures/hole. This is enough for up to 640 high magnification

B FakeScreenCurrent images, which only took ~30 minutes to queue up. These are

K1 _Correction

[ C gt Adustmiont enough targets to collect for the next 6 — 8 hours.
:':‘::IF.;It:Strjp&DEtectnr

4! Navigation
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Journal of Structural Biology

Appion: An integrated, database-driven pipeline to facilitate EM image processing

Gabwiel C, Lander®, Scoin M. Stage ™. Nedl B Veaa®, Anchi Cheng ®, Denis Fellbmans
James Palokas ®, Craig Yoahioka ®, Christopher Irvimg ©, Anle Mulder *, Pick-Wed Law®, Dmitry Lyumkes®
Chingon 5. Potter? et Carragher*

Pipeline for processing EM images
Wrapper for existing EM processing packages
Convenient web-based viewer
1 Emgweb.nysbc.org
Track and record pre-processing results
I Frame alignment (motioncorr2)
(1 CTF estimation (CTFFINDv4)
| Particle picking
Concurrent with data collection enabling quick
analysis of data quality
Used primarily for up to 2D analysis

- C & @ emgweb.nysbc.org v 0 :

[ Capture Refarence [Y sjors scheres EM

-

> Alushin lab .-'“; EMG- Redming

EMGWEB.NYSBC.ORG Appion and Leginon Tools




APPION FEATURES

(1 Multi-scale image viewer

1 Tons of metadata

1 Ice thickness
1 Comparison of electron scattering
intensity of sample versus
reference vacuum intensity

¥ Kin_Baam Tt
i Dt dderaton
i I ral-
Lsarm; lian @m0 0 a = kn_Algn_ZLP

|
Journal of Structural Biology 5 F
4 Buffer_ Cychng
st e = {9 N2_Fillrsg
B Faketoresns

Routine determination of ioe thickness for cryo-EM grids

e J, Wicw”, Anchi Chong', Alrx J. Nobils', Bdward T, Eng’, Laurs Y, Nis
i Carragher, Climinn

all e
Salan BEME - Hure

Mimages 1355
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APPION: FRAME ALIGNMENT
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APPION: CTF ESTIMATION
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APPION: PARTICLE PICKING
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POST PROCESSING ON-THE-FLY

1 After a few hours of data collection we can start 3D analysis

1 After ~4 hours of data collection, we can get a <3 & result within 12 hours
1 Using cryosparc and relion3

1 After the full data collection we can do a final pass at 3D analysis

SEMC Operations Session: ) FE| I = Gatan
Kriosd testing 17dec27a | Titan Krios . r_:_:: Summit

SEMC Operations Session - Gatan
@ Krios2 testing 17dec27a o uanon 2 Summit i ki

Joreck [ bor

) hosurface represerdation of the sldolise map. (B) An o-helical segment
from o | subanit (PDB ] is thown in riblboen representation docked
e the corfespoeding § of ihe reconstruction . (C] Represent ]
ks averages. Bo 1.9 nm. (D] 3D-FSC in grey with respect o
aldalaye orient )

FSC,,0=2.84 |\

Imaging parameters Imoging statistics:
Grid loaded: 17dec26 f‘:;:;:f:' E:ﬂ:' 1.2/,
Session: 17dec27a e

Magnification: 130,000X(EF-TEM) o
Pixel size: 0.854905 Afpx .
Camera: K2 super res (bin2)

30 frames .
Camera settings: 6,000 ms exp Sample: rabbit muscle aldolase

Deose: 63,60 e /A Reconstruction Program: Relion v2.1 feryoSPARC v 0.6.3

alave map., (B) An o-helical segpmet
ritiho v doched

CryoEM reconstruction of aldolase
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Imaging parameters Imoging statistics: 1.2/1.3 Au (ultriufoll)
17dec2Ta experiment nCor?

_ . ) £1d e "
Grid loaded: 17dec6 1,214,511 Appion picks  |: 1,237 e<n-a-DW images used

Session: 17dec?7a :
497 869 aldol tiches : after lassifi n
Magnification: 130,000X(EF-TEM) AN POICLIEE - ML 2. G

5, iches ; C 5 = 2
Pixel size: 0,854905 Afpx 265,246 partiche after 20 classification [locse cut — 2,524 (bin2)]

205,260 perticles + after 3D classification |2 of 3 classes — 2.46A bin2)
Camera: K2 super res (bin2) 1 of 3 classes - 2.56A (b
30
i Sampie: robbit muscle aldolase

Camera settings: 6,000 ms exp
Dose: 63.60 e /A Reconstruction Progrom: Relion v2.1 / cryoSPARC v 0.6.3




HOW DO WE OPTIMIZE DATA COLLECTION?

' EMGWEB- Leginon + Appion are infegrated fo provide real-fime monitoring of
data quality in a webviewer format

1 Hardware beam ftilt correction for large image shift

1 Leginon-slack infegration



USING THE METADATA: "GOOD" VS "BAD"
DATASET OF APOFERRITIN

Main View : tldec e - Krias 3 - Dalamil 004
¢ - § graan | pice s ut || goamplar Krigs2-EF '
1 - 5 n
5t X4l ﬁ.:lipxr- 1.15 A pombefc -1.37 = dafls .10 j= B4 o 1AL Waw 1 CTERN
1.13 o Wagpigs -75.4" runname: ctffinddrusl iri w0 e ey : . —iar ¥
+71 A coafappiont 0.98 confpegi .98 csi 0.001 == raag, gt 0.01 K resgggt .06 A sombaf: =1.85 jm dsfly 1,40 = i il T doas: B TIAT
dofdr 1,52 pm BMagejgr -77.1° rennamer ctffinddrual Bodec 26 orl 0001 1gr 000 hin D000 Mererv-a-0W e
raig, gt 10,20 K confgppiont 0.3 conlfpyge 0.5 ead G.000 == ALS Thickness: 3% nm
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i it |
St
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(1 Better particle distribution & concentration
1 Thinnerice (56 nm vs 205 nm)
1 Beftter resolution measurement from CTF estimation (3.4 & vs 8.3 )



USING THE METADATA: "GOOD"” VS "BAD"
DATASET OF APOFERRITIN

Ice Thick i I e e gy lee Thickness using aparture |limited scattering

5 { I T L I T I R I TS
P - - " F - . = - o = -

i 4 # & H ¥ ] & &
] & o = W = &

1 Good dataset had narrow distribution of ice thickness in the ~30 nm range
1 Good dataset had better resolution estimates



USING THE METADATA: "GOOD"” VS "BAD"
DATASET OF APOFERRITIN

ell correlation curw

Imaging statistics: image shift, 20 eV slit Imaging statistics: image shift, 20 eV shit

19marlSh experiment  : 4828 enn-o-DW images by MotionCor2 18dec2ée experiment  : 3276 enn-a-DW images by MotionCor2
549,346 particles : Appson template picking esn-a-DW images 269,463 particles. : Appéon picking fram 1947 enn-a-DW images
316,980 particles : after 2D classification [2.1A4) 213,216 particles : after 20 classification [2.84)
313,744 particles : after 3D classification — 1 of 3 classes (1.94) - 163,143 particles : after 3D classification (2.74)

(A) Isosurface representation of the apoF map. (B) An a-helical segment from (A) Isosurface representation of the apoF map. (B) An a-helical segment from
one P subunit (PDB: 1FHA) is shown in ribbon ;epmsentatiun docked into the one B subunit (PDB: 1FHA) is shown in ribbon representation docked into the
corresponding regil;-m of the reconstruction. (€) Representative 2D class comespanding region of the reconstruction. (C) Representative 20 class

Box size 22 22 D} 3D-FSC i ith ctt ferriti averages. Box size 24x 24 nm. (D) 3D-FSC in grey with respect to apoferritin
av_erage?. " size : x 22 nm. (D) 3D-FSC in grey with respect to apoferritin orientation iownin (Al
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Membrane protein that is unstable
1 Falling apart at the air-water interface?

1 At ~30 nm ice thickness, good particle density,
morphology, and good resolution

1 At ~100 nm ice thickness, particle density and morphology
still good, but resolution decreases

1 At <25 nm ice thickness, parficle falls apart



USING THE METADATA: CHALLENGING SAMPLES

Ice Thickness using aperture limited scattering

Use ice thickness measurements in
combination with hole thickness
measurements from Leginon to conftrol the
exposures that you want o take!

0000
0000
© 000 O
— 0 0 0 0 O
00006

The sweet spot =
25-40 nmice
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INCREASING THROUGHPUT: MORE BEAM-IMAGE
SHIFT AND FEWER STAGE MOVEMENTS

1 It is known that beam-image shift up o 2 um is acceptable and +"  Journal of Structural Biclogy
will produce a high quality map ISVIER T -
1 Beam-image shift up to 10 um is also possible but requires
software correction (beam tilt refinement in relion)

High resolution single particle cryo-

electron microscopy using beam-

image shift

1 Beam-image shift induces beam tilt
1 Beam filt creates coma effects
1 Correction via an applied beam tilt creating equivalent coma in the opposite
direction
1 Implement hardware coma correction since Summer of 2018



INCREASING THROUGHPUT: MORE BEAM-IMAGE
SHIFT AND FEWER STAGE MOVEMENTS

80s/movie 45 s/movie
Up to 1000 /day Up to 2,000 /day

1 image per stage movement
No beam filt

Overhead 5 Images per stage movement
30s stage movement and sefttling Beam tilt 0.5 mrad

30s drift check and focus
20s K2 40-frame movie to save



INCREASING THROUGHPUT: MORE BEAM-IMAGE
SHIFT AND FEWER STAGE MOVEMENTS

30 images per stage movement
Beam tilt 2 mrad

35s/movie
Up to 2500/day




INCREASING THROUGHPUT: MORE BEAM-IMAGE
SHIFT AND FEWER STAGE MOVEMENTS

® v ©
80 images per stage movement . . . . . ‘
Beam filt 3 mrad ® o ® o
Ll
@

22s/movie
Up to 4000/day




OPTIMIZING DATA COLLECTION: SLACK-LEGINON
INTEGRATION



WARNING SYSTEM

| Leginon is connected to
the slack messaging
system

Alerts staff to errors
About 0% of problems
can be solved remotely

K]

L el el Rl ol G Saitae) nOE il i) A e AL

Lg:lnnn APP g0 AM

‘ Leginon Are o
" Krios2 Leginon has been idle for 30.0 minutes
" Krios2 K1 Presets Manager Error: Move to target failed: unable to set instrument

Krios2 K1 Presets Manager Error: COMError in _setStagePosibion: (-214 7024891, ‘Access is denied., (None, None,
MNone, 0, None))

r anchi2c € 7.25 am

B What is wrong?

ﬂ laura_yen 9.25 AM
28 not sure, i'm tro ubleshooting now

i think some sq or hl target is too close to edge of stage

' anchi2c % 927 Am

What is the value 7

Friday, April 26th

Leginon APP 12:12 AM
" Krios3 BlackStripeDetector Error: error: Black stripe detected on stripe 2

12:13AM Krios3 BlackStripeDetector Error: error: Black stripe detected on stripe 2



SUMMARY

0 AT THE NYSBC WE USE LEGINON AND APPION TO COLLECT AND PROCESS
DATA ON-THE-FLY

(1 INTEGRATION OF LEGINON + APPION HELPS US COLLECT MORE USEFUL DATA
1 DATA COLLECTION OPTIMIZATION
[1 TONS OF METADATA AND LIVE FEEDBACK

1 HARDWARE BEAM TILT CORRECTION FOR LARGE IMAGE SHIFT

(1 LEGINON-SLACK INTEGRATION
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