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Example of the cryo-EM analysis:

use of the HPDP prototype

Cytochrome C nitrite reductase (TvNIR) from the bacterium
Thioalkalivibrio nitratireducens

Parameters:

Molecular weight 380 kDa
Dimensions 130-150 A
Symmetry D3 (hexamer)

Physiological role:
involved in the catalysis of nitride
reduction in bacterial cells.

Data acquisition:
Titan Krios with Falcon || DED
(NRC KI, Moscow)

Data processing:
By use of HPDP platform installed on
supercomputer resources at NRC Ki

T. Baymukhametov et al.
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EY-XFEL single particle experiment

EU-XFEL parameters: Hereitop

X-Ray A\ 0.5-47 A 2

Frequency 27000 Hz Bromonekyra S

Start Dec. 2017 =
v

Up to 2 millions images _

per hour (2020?) Resolution 224x224 px (3 A)

Image in inverse space To collect images with different orientations To get 3D structure
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Just a bit on Cryogenic Transmission

Electron Microscopy (CryoTEM)

Cryo-EM allows to restore the 3D structure of bio macromolecules - viruses in
(almost) native state (due to instant freezing) with near atomic resolution.
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Just a bit on Cryogenic Transmission

Electron Microscopy (CryoTEM)

Support grids

~10nm C film

HV | curr mag = \mode|tilt, WD HFW | det HV | curr /mag = |/mode|tilt|, WD HFW | det

2.00 kV|86 pA 3 500 x| SE |0 °4.0 mm|73.1 um TLD 12.00 kV/|86 pA 3450 x| SE 0°2.6 mm 74.2 ym TLD
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Just a bit on Cryogenic Transmission

Electron Microscopy (CryoTEM)

An example of cryo-EM image
4k x 4k, pix size: 0.859A
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Just a bit on Cryogenic Transmission

Electron Microscopy (CryoTEM)
Preprocessing / Auto picking

Gautomatch

references
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Just a bit on Cryogenic Transmission
Electron Microscopy (CryoTEM)

Relion / 2D classification: ru
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Just a bit on Cryogenic Transmission

Electron Microscopy (CryoTEM)

Relion / 3D classification (C4)
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Class 1 - #1 (36Kk)
Class 2 - #2,3 (161k)
Class 3 - #4,6,8 (85k)
Class 4 - #7 (1.8k)
Class 5 - #9(41k)



Just a bit on Cryogenic Transmission

Electron Microscopy (CryoTEM)

/ 3D classification (C4)
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Local resolution estimation

Hitogran of ResHap Resuts
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The project target

> to provide processing and analysis of the XFEL/cryo-EM
data flow to reconstruct 3D-structure in a quasi real-
time

~ corresponding high performance data processing
(HPDP) platform is under development in the frame of
this project

» the main experimental facilities are the European XFEL
and the cryogenic electron microscopy (cryo-EM)

> the main advantage of this platform will be complete
processing pipeline from the experiment to
reconstructed 3D structure of the biomolecule
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CryoEM current workflow (commonly used)

Cluster Image repository
Human
experts
Human A
experts .
Human
expers | (@)
—l
product
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CryoEM pipe-line workflow

under realization

Raw
Image

Pipe-line lteration Cycle

o
[V ]
)
(=

ROTEIN DATA BANK

Current EMDataBank
raw image Unified Data Resource for 3DEM
stack no Is resolution
ra%\/“{::;ée start next iteration good enough? 2
stack . yes, E
Iteration cash stop
iterations
Preprocessing
e el R
; Sorting dataset }
[ i ] all 2D
'LMOIIOI‘] correction classe
. CTF estimation partic|
“Resolution cut-""" st
o et 2D
: classses,
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Store iteration N: Particle — STHCRS >
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g particle selection I_ 2D classification_J 1 Initio 5 1
e - o —— —— —— — 1 classification 1
image 2D e I I and refinement 1
the good classes
Average image L ne good classes

local storage Current

avg. img.
9 stack
= or

all avg. imgs

yes,
next re-picking

D -picking?
o re-picking s

stop re-picking

J. Phys.: Conf. Ser. v.955, p. 012005, 2018
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Workflow example: Eu-XFEL
SPI data processing

Feature vector L Feature vector| _
calculaﬂon classification !

F'artlcle size Particle size |
estimation classification .

1
I e S i
Detector E Join
calibration ! Image assembly classification
— ! R ———————

A

——

.| Select non-empty Image center | ___
== images estimation :
S '
' ;

Photon conversion

lterative phase
Pattern batch lterative EMC retrieval and 3D
generator reconstruction density map (3D-DM)

A . reconstruction
. '

S. Bobkov et al. FEE S TS s

Lobachevskii Journal of Mathematics, v.39 o
) ’ Pipeline
N9, p.1170-1178, 2018. S i

: .8 User-defined
M. Rose et al. e
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Toward to quasi-on-line HPDP platform:

to base on containerised infrastructure, today status

AGIPD calibration

Detector Calibration .
Select non-empty images

Photon conversion
Selection of 2D images Detector assembly

Particle size classification

/\\/_H

2D classification Feature vector classification

Join classification
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Toward to quasi-on-line HPDP platform:

to base on containerised infrastructure

Key motivations:
e easy deployment on heterogeneous computing resources
» easy realization of different workflows
o parallelization

Stages of Analysis Software Services Services Deployment
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Computing Cluster
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Key parameter — resolution

in the 3D structure reconstructed

The most important parameter for structural biology is spatial
resolution — what details could be distinguishable in the 3D
structure of the biological objects.

The highest SPI resolution by CryoEM today is  1.62 A

Today resolution in Eu-XFEL SPI experiments is two-order
worse. While starting the operation in the end of 2017 Eu-
XFEL will come to the designed parameters 2-3 years later.
The designed spacial resolution in SPI experiments would be

~1A.

1 A (0.1 nm) resolution corresponds to typical inter-atomic
distance
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Examples of ML use:

first stages of the analysis of SPI LCLS data (sept. 2018)

Motivation to use ML methods in HPDP platform in SPI experiment data analysis (as in cryo-EM):
great progress in image analysis by use of (deep) ML;
large number of poor understandable parameters (beam, detector, samples etc.);
high dimension data; ...
see, e.g., S. Bobkov, PhD dissertation (MEPhI, Moscow, oct. 2018)
S. Bobkov. Journal of Synchrotron Radiation, vol.22, Ne6, p. 1345-1352, 2015.

Background correction: Classification
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Pe3ynbTaTbl TOYHOCTU pa3paboTaHHbiX ML meToaoB Ha BaoKax
3KCNepuUMeEHTaNbHbIX AaHHbIX, Noay4YeHHbIX Ha LCLS

CXIDB
ID 13,14
Knaccndukaums xapakTtepucTtnyeckmnx
BEKTOPOB METOAOM OMOPHbIX BEKTOPOB C 94.1%
noporoMm 75%
80.8%
Knaccndukaumns
XapaKTEPUCTUYECKUX BEKTOPOB METOAOM 90.8%0
OMOpHbIX BEKTOpoB H6€e3 nopora
90.8%
Knaccndbukauuns
XapaKTEPUCTUYECKMX BEKTOPOB Ha OCHOBE 82.9%
MeToAa k-cpeaHunx
Knaccudukaums 78.2%
XapaKTEPUCTUYECKMX BEKTOPOB Ha OCHOBE 85.8%
MeToAa CNeKTpasibHOWM Knactepusaumm
Knaccudukaums n3obpaxxeHnin Ha OCHOBe 87 1§/3-4%
HENPOHHOW CETU TPEXC/IOMHOro nepcenTpoHa L 70
Knaccudukaumsa nsobpaxxeHmin Ha ocHoBe 88.5%%.9%
CBEPTOYHOMN HENPOHHOM CETH . ;
88.3
BobkoB Cepren Anekceesuny MockBa,

CXIDB
ID 10,11

99.8%
99.8%

99.8%

99.8%
71.2%

53.6%
79.0%

97.7% "

99.49.6%

CXIDB ID
20,25,37

99.9%
98.9%
99.6%

99.6%
86.1%

80.1%
84.1%

99.6% "

99.8%9 6%

ASSOCIATION

CXIDB
ID 25

95.0%
79.6%

90.7%
91.5%

64.4%

99.8%
68.6%

86.6%

85.8% 2%



OnTMmanbHbIN padmep obyyatollero Habopa

ana 6noka CXIDB

ID 13, 14) LCLS

OnTuManbHbIM pa3Mep obydaruwero Habopa — TOYHOCTb
Knaccudpukaumm gocturaet 99% oT MakcuMmyMma (Ha npaBow rpaHuue).

Bcero B 6510ke 958 n3o0bpaxeHunn.

MeToa onopHbIX
BEKTOPOB C
noporoM 75%

40
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CueHapun NOTOKOBOMU KnacCudUKALMM AaHHbIX B

SPI| akcnepmmeHTax Ha European XFEL

BO3MOXHbIM cUeHapui NMOTOKOBOW Knaccnpukaumm gaHHbiX Ha European XFEL:
(oueHKM BpeMeHn ansa knaccmdpukaumm Ha oCHoOBe MeToa OMOPHbIX BEKTOPOB C noporoM 75%
Ha NpuMBEAEHHbIX paHee annapaTHbIX pecypcax)

1. XapakTepuctnyeckume BekTopa n3obpaxxeHnn pacCUmnTbIBAOTCH B peXMUME OHJIANH.

2. [llocne Hauana paboTbl, HakanauBaeTcsa oby4datowmn Habop onTUManbHOro pasmepa. (< 1

MUHYTbI)

PyyHasa pa3meTka obyuatowiero Habopa. (= 10 MUHYT)

MawunHHoe obyyeHune. (< 5 cekyHA)

Nocne 3aBeplueHnsa 0byyeHus, HoBble AN PaAKLMOHHbIE N306paxeHns KnaccupuumpyroTcs B

peXxmnuMe OHNanH.

6. CoxpaHeHHble paHee n3obpaxeHuns MoryT 6bITb KnaccuduumpoBaHbl NOC/e 3aBepLUeHns
3KCMepuMeHTa 1AM napannenbHo, 3a cHeT M36bITOYHOW NPOMN3BOAUTENBHOCTM anmnapaTHbIX
pecypcoB.

nuhw

MoryT ucrnosib30Barbcsi BCe pa3paboTaHHble METOAbI KJiaCcugukaumu rno tmramM CTpyKTypbl,
O4HaKo ornTnMasibHO — Kjaccugpukauymss Ha OCHOBE METOAa OrNOPHbIX BEKTOPOB C MOPOromM
BEPOSITHOCTU KOPPEKTHOMN Kiaccugpukauymm B 75%, T.K.:

*  [OCTUraeTcsli BbICOKasi TO4HHOCTb,

s OMNTUMAaJIbHbIN oby4darolmnii Habop MMeeT MUHUMAsIbHbIN pa3Mep.
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