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Introduction - Background

ID33 hard X-ray high energy A
resolution spectroscopy ID31 high-pressure

e X-ray crystallography : important technique for
revealing the structures of biological
macromolecules and understanding related NN Sz
biochemical processes. oSS

e Among the 14 beamlines of the High Energy Zern A\ 4
Photon Source (HEPS) Phase | under construction, s,

ID06 high-resolution nano e,
electronic structure spectrosoco

the BA beamline is specifically designed for P ~w—
biological macromolecule crystallography (BMX).

e Data Analysis is the key bridge between
"experiment" and "structure", especially for high-
precision and high-throughput data generated by
future advanced light sources.
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Introduction - Softwares

Given the many years of development in the
methodology, numerous software packages are
available for scaling, integration, indexing, model-

building, and refinement, each excelling in its own area.

e XDS. DIALS. HKL-2000/3000. AutoPX.
Phaser. Autobuild.
e Buccaneer. IPCAS. SHELX, etc.

e autoPROC.
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Design Goals

e Automation 0

s Modules parallel-running for each step ]

m Whole data processing as a pipeline

e Intelligence
s Automatic/Manual selection of the best

m Al: AlphaFold2 and Structure Refinement

e Modularity

Structure Library

m High Performance:. based on Daisy framework 5, Sy

— %A G
and Docker technology ; ,,f{;a*
s e i

' i oo
U _@ HELM Jupyter
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Potein Sequence

m Scalable: flexibly integrating new algo/sw

Daisy: check https://indico.jlab.org/event/459/contributions/11400/
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Project Architecture R
Main Project (Complete before HEPS Phase I) Long-Term Vision
h | FreeR_flag F SIGF Scenario | <
0 2 16 6 34483 270 ‘ Structure
0 2 18 7 31091 250 Phaser Refinement based
0 20 18 1348.69 9.25 on Machine
DIALS 0 22 10 241.74 258 Buccaneer ) Learning
0 2 24 15 54476 3.99 Phenix.autobuild
~ 7 autoPROC o 2 26 14 116375 8.00
0 2 & 5150 4 Scenario ll: IPCAS
Real-time diffraction data processing
AlphaFold 2.0 ' o predicting (¢
nature Science ; S ‘ ,‘
Structure Prediction from AlphaFold2 Phase Improving & Model Building
Based on direct-method, structure prediction, and Al, developing a softare system for data processing "
pipeline from exp. diffraction data to bio. macromolecule structures. ‘ .
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Project Architecture

|
Exp/User Input Pipeline processing

_______ M e e e e - —

I .. . 1 | . . I I I
; Diffraction Lo Data Reduction: : ] :
| images | 1 to get reflection data files (*.mtz) I I |
I 1 | I l
I [ I vt e ! ' |
' L P = Phase Refinement: ! I Valid & Reliable |
' T s B to get final structure ! ' Structure '
| LD 12504 (70169 | | I
| e o (.pdb) L .
I 1 | | | | |
I 1 | Structure Prediction. | I I
' protein I | to get preliminary ! : |
: Sequence : : structure/x(*.pdb) : ] :
B 1l ’ | ] ,
I 1 | I I
I 1| | I I
I 1| | I I
I 1 | I I
I 1| | | I
e e e e e — - T | b e e e e e - - J

7
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Current Status - Data Reduction

e For pipeline processing and GUI
integration, each module can now be
part of a shell script and/or run

automatically after lots of tests & mod. o
— reference
e Currently, several well-known " reflection files
packages, such as XDS, DIALS, and (mtz)
autoPROC, are integrated. more in the autoPROC
future

= key parameters extraction (space group,
resolution, etc.)

m error handling

m iteration improvements
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Current Status - Data Reduction

Diffraction Images & Parameters

1 Y
Round | xds dials xia2_xds xia2_dials autoPROC @

| N

Round II _ , — Space group

(keep xds dials xia2_xds xia2_dials autoPROC |«

.. lattice parameters
preliminary

results as many
as possible)
mtz mitz mtz mtz mtz

l

Comparison & Selection

l

final optimal reflection data file (.mtz)
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Data Reduction - Tests &
Real data tests for Data Reduction o J
X
Total data sets: 156 QS co
RN s
Passed successfully: 131 g e 63"2W
O °
Under most cases, the output space groups are e DAL auierrOc oeline
identical amont the three softwares Failed Success
Inde Space group Rmerge* Resolution (A)
X
XDS DIALS autoPROC XDS DIALS autoPROC XDS DIALS autoPROC
Casel | C121 Cl21 Cl21 0.051 0.051 0.038 1.54 1.69 1.93
Case2 |  pg 0.242 1.70
Case3| C121 Cl21 5.040 0.259 1.88 1.94
Case4 P4 P4l 0.581 0.080 2.01 1.78
Case5| P61l P61 0.036 0.040 1.47 1.42
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Current Status - Prediction

e Each data reduction module is
running in parallel, and all results
are kept.

e Considering resolution, Rmerge,
|/sigma, Completeness, etc. key
parameters, and provide rational
rec. for the optimal solution.
(GBDT, GA)

e When the sequence .fasta file is
available, performe the structure
prediction asynchronously

XDS

DIALS

autoPROC

reflection (.mtz)

v

sequence (.fasta)

prediction (.pdb)

MR
Refinement

i
Model

-Building
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Current Status - Prediction

Preliminary Structure Prediction

Introduce AlphaFold2 and/or .pdb database,
make prediction from sequence files.

B lessaich & laining @ Absulus  EMBLEBI

AlphaFold Protein Structure Database Home About FAQs Downloads

AlphaFold
Protein Structure Database

Developed by DeepMind and EMBL-EBI

coviD-189
CORONAVIRUS
Resources *

[0 Scenario B: predicted using AlphaFold2 workstation (high accuracy, but slow speed)
Y

sequence file local DB searching AlphaFold2 predicted .pdb
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Current Status - Prediction S
e Deploy AlphaFold2 docker, and keep - HEPS  Ref.
it running & updating v2.3.1 gg"t‘ggg's'zg 688.245 1875.35s

e Using localized NVMe SSD to speed Process 3.90s  8.28s
up the database-searching (bfd, uniref, Ppredict  413.45s 508.63 s
uniprot, etc.) stage, ~3TB Relax 60.92s  61.41s

e By setting the Unified Memory (TF, Total 44m /5m
JAX) mode to Support Iong sequence CPU(96) MEM(512G) 2xA100(80G) => 4 users

. . =AF_TEMPLATE="2020-05-14" .
prEdICtIOn ~2896, 25h E# [monomer, monomer_caspl4, monomer_ptm, multimer] ®
*AF_MODEL="multimer" .

«# [full_dbs, reduced_dbs] .

oWrapping them into easily-used shell *AF_DBPRESET="full_dbs"

. EqueryFile="/path/t0/fasta/file"
SCrl ptS ioutputDir="/path/to/output/folde ™
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Current Status - Prediction

Test Case: (PDB Code: 7U0M)

[ Scenario A: seaching PDB database [ Scenario B: predicted by AlphaFold2 server

Time cost: <10s Time cost: 3226s
Sequence identity: 100% Sequence identity: 100%
R.M.S.D: 0.4887 A R.M.S.D: 0.4672 A
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Current Status - Refinement

Scenario I: IPCAS3.0 Scenario ll: Traditional

Molecular Replacement
XDS reflection (.mtz) (phaser)

Cell Content Analysis
(Matthew’s coefficient)

| Direat-Method-Aided Pastial-Structure Extension ]

DIALS sequence (.fasta) i

I Partial Structure(s) ] I Initial Phases |
x 2

Maolecular Replacement

Preprocess

Rigid-Body Refinement

autoPROC prediction (.pdb) e Y
S Molecular

1 |
1 |
I 1
1 |
1 |
1 |
I 1
1 |
1 |
1 |
I 1
1 |
1 |
1 |
Set Cycle=1 I I
I ! Replacement !
1 |
1 |
I 1
1 |
1 |
1 |
I 1
1 |
1 |
1 |
I 1
1 |
1 |
1 |
l |

Initial Model Building

Phenix.Find NCS_From_Density
with Resolution Screcning

<> (phaser)

S o

‘ Density Modification

co © AlphaFold2.ipynb P o
b g NE A RENGEF I8 B

-~ ~gtructure prediction module: -~ -

1

~ ColabFold: AlphaFold2 using MMseqs2 % — [ 42PrwsrP Refinae || Resobve & ARPAARP + Refmac | y
A uilding

i \Ref = e

¥ Easy to use protein strusture and complex prediction using AlphaFold2 and Alphafold2-multimer. Sequence % and [ 2uceancer+Refmac | [ Resolve & Buccaner + Refinac | 1.l

o alignmentstemplates are generated through MMseqs2 and Hisearch. For more details, see bottom of the o E Refincrment [ #henis wosuita | [ Pheniz Ausotuita & ARPAARP = Refimac | .

notebook, checkout the ColabFold Gitriub and read our manuscript. OId versions: y1.0, v1.1,y1.2. v1.3 - —
Sequential Tteration or . -
srmrmenm| | Resolve || Prenix AuoBuiid & Buccancer ~ Reimac |

accessible to all. Nature Methods, 2022

LR X

© Input protein sequence(s), then hit Runtime -> Run all

Building
(phenix.autobuild)

query_sequence:  MKEGFYWIQHNGRVQVAYYTHGVTEDMETGQTMIGVWHLTQGDDICHNGEAEILAGPLEPPI

+ Use : to specify inter-protein chainbreaks for modeling complexes (supports homo- and hetro-oligomers). For example PI...SK:PI...SK for a homodimer

1 More:

jobame: ' test

use_amber: [

template_mode: none

- "none’ = no template information is used, 'pdb70" = detect templates in pdb70, "custom’ - upload and search own templates (PDB or mmCIF format, see notes below)

oF  FAUE: 1134 . -E

Higher Accuracy, Lower Accuracy,
lower speed Higher speed
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Current Status - Refinement

Test Case: (PDB Code: 7U0M)

OScenario Il: Traditional [dStandard Structure

\ s

~r

W3 o ; A @
- [ = J '\\ Ve
ad J / .
o - ?f\&;\‘ j/ S
A b : < UAVA%
- > I N e
b N ; j\\- N \\ - \I
’ gy

Ny NN W 7, \" @ |
<G 22 ) £ .
[ AN - )y (P <5 B,
e S\ Y [/ a K "_1 e _D7‘
N S ' | e &
g, A7 & g*?
(2N v ‘rw@w
- )
L

] A e e »
BERRY G

Time cost: 6h24m7s Time cost: 15m38s
R-work:  0.2360 R-work: 0.3390
R-free : 0.2537 R-free: 0.3519
RM.S.D: 0.2877 A RM.S.D: 0.2991 A
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Current Status - GUI

e0e N\ KAMO system started at 2017-12-06 16:39:12
o o Top Dir: [work/karmo-demo/
[} 60 datasets collected ( 60 processed, 0 failed, 0 undone) workdir: _kamoproc
. . Fitter: |Gl be implemented in future)| - | checkall | uncheck all| uti-merge strategy
’ Path

Wavelen | TotalPhi | DeltaPhi | Cstatus j
) lys-CPS1010-05/data/CPS1010-05-multi (0001..0100)  CPS1010(05) finished finished

0 lys-CPS1010-05/data/CPS1010-05-muilti (0101..0200) CPS1010(05) 1.0000 10.0 0.100 finished finished 30 P41212 18
0O lys-CPS1010-05/data/CPS1010-05-mullti (0201..0300) CPS1010(05) 1.0000 10.0 0.100 finished finished 34 P422

17
. . O lys-CPS1010-05/data/CPS1010-05-muli (0301.0400)  CPS1010(05) 1.0000 100 0100 finished finished 20 P4122 16
[} e a O e rat I O n a ex e rl e ' l C e S 0 lys-CPS1010-05/data/CPS1010-05-multi (0401..0500)  CPS1010(05) 1.0000 10.0 0100 finished finished 29 P422 17
O lys-CPS1010-05/data/CPS1010-05-muti (0501.0600)  CPS1010(05) 1.0000 100 0100 finished finished 28 P41212 18
M hre.CPR1NT1NNRIAata/fPE1N1N.NE.rmi ilti INANT  NT7NNY rPE1NININRY 1 NNNN ,1.0_,(\ ninn finichad finichad 2N PA22 1A ﬂ
Quick Summary Plots | Log fies |
Files lys-CPS1010-05/data/CPS1010-05-multi_?????2.h5 ( 1 .. 100) =~
] . . Conditions DelPhi= 0.100°, Exp= 0.020 s, Distance= 120.0 mm (nan A), Att= Al 450 um 250 m
—e— Spots
Excluded frames (none)
m User preferences and interface desgin logic =
1Sa 14.56
Symmetry P 422:79.07,79.07, 37.18, 90.00, 90.00, 90.00 |

a
2
a
3
5

i1 X #obs #uniq rmrg  r_meas |
27.08 4 434 365 1.19 34.24 4244.2 13.3 0.037 0.051 |
4.87 3.87 432 379 1.14 35.99 6504.3 13.0 0.040 0.055
) 3.87 3.38 443 390 1.14 37.57 5312.8 13.1 0.040 0.054
3.38 3.07 393 358 1.10 33.58 3627.9 12.5 0.047 0.066
[ ] 3.07 2.85 351 312 1.12 30.20 2122.0 11.7 0.060 0.084 |
. 2.85 2.68 356 323 1.10 30.41 1634.1 11.4 0.083 0.116 lJ
[ ] q I 2

Check images

Raw datat: frame [100  show 20 Py 50 80 100
prediction: frame [100 | show

= container+Jupyterlab

Structure view:

Sample: puck11-7 EXpOgHinatimsas.0.200.. e — S i e st

Barcode: NA Wavd
M M . Omega star: 0.000" Dista
= Daisy Computing, 10, Workflow modules g =25 - S
Omega range: 360.000° Flux: 1
No. of images: 1200 images Beant |
L] L]
Data reduction lois) sddy autoPROC(XDS) sdysly v
. ‘ ‘ I | I ( a S O u I O I l S e s _ SAD lois) sy autoPROCKXDS) sdysy ~
-:‘ Porpoise(XDS) Porpoise(DIALS)
P pa
. pacogroup @ b ¢ [R—
- P4122 4267 4267 136.02 T
. . 5
= ipywidgets + N

Element  HA) CFOM  CCall

Se 10 89.99 5493 o4 =
02 ..
& i
: 4« 6 8 w0
I I . t . l I I t I t I . =
. p a a S’ I py a a g r I ’ a p O I Phasing Density modification
PHASER SOLOMON Type:  Ball+Stick$ Color: By element 3 e
PHASER PARROT Download +

= in-house developed widgets
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Current Status - GUI ©.G < S

' ® . “";I[
® :
od Daisy-BMX &

HEPS-BA Home Data Collection Detail

Data Collection Tab fom [ midlym O~ Ta | m/d/ym O
Data name Spacegroup J a _‘ b J c J a J B J \ J OscWidth J Frames | Resolution J Inner RmeasJ Outer
98 8.2

pock9_14 P21212 121.3 | 214.87 | 33.93 | 99 98 1808 2.1 8.892 1.455
pock9_15 P21212 125.91 | 262.85 33.77 | 98 98 98 8.76 988 1.77 8.899 1.823

4

©) Copyright 2019-2023 IHEP-CC & HEPS-CC & IHEP-PAPS, CAS. All rights reserved.

HEPS-BA Home Data Collection Detail
pock9 14 @ [full/path/to/the/sample/file.h5 Collected at: 2023-04-02 20:30:33
Sample pockd_l14 Exposuretime 0.200s % _ Resouton ant 1pots agens! otaten
. . Barcode N/A Wavelength  0.979176 & Jdn
Data Processing Details Tab | o om |
Osc. width  0.200° Resolution 1.36A 1.13A
Omegarange  360.000° Flux N/A [
No.of images 1800 images Beamszie N/A 0o oW s ;:w oo
Toual spots. Good spots ——— Resoutoy

» Data reduction

© Copyright 2019-2023 IHEP-CC & HEPS-CC & IHEP-PAPS, CAS. All rights reserved.
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Plans & Outlook

e Modularity ®

STRUETURAL AutoPX: a new software package to process X-ray
BIOLOGY diffraction data from biomacromolecular crystals

I1SSN 2059-7983
. X D S D I A LS a u to P R O + a uto PX Lianyu Wang,* Yuehui Yun,# Zhongliang Zhu and Liwen Niu*
\ \ C 9 (XX
School of Life Sciences, Division of Life Sciences and Medicine, University of Science and Technolo

Received 15 April 2022

gy of China, Hefei,
Anhui 230026, People’s Republic of China. *Correspondence e-mail: lwniu@ustc.edu.cn
Accepted 27 May 2022 A new software package, autoPX, for processing X-ray diffraction data from
| AIpI 1aFold2 + OpenFoId 9 e

m Phaser. IPCAS + ...

Democratizing Al for Biotogy

e Performance

m Parallelization, GPU acceleration for traditional algo/sw

m AlphaFold2 CPU/GPU heterogeneous acceleration

lore Resources, Abou
e Llagenoiine

Atlas
An open atlas of 617 million predicted

= |ocalize predicted structures (*.pdb) I

o The ESM Metagenomic Atlas ~600M _ AlphaFold
Protein Structure Database
o AlphaFold Protein Structure Database(EMBL-EBI) >200M
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Plans & Outlook

e PDB China & wwPDB ZPDE

Since 1971, the Protein Data Bank archive (PDB) has
served as the single repository of information about

= Make contributions, Collaborate on division — [ESEEE—" Db

Deposit Structure

Validate Structure

The Worldwide PDB (wwPDB) organization manages
L] L] L]
the PDB archive and ensures that the PDB is freely All Deposition Resources
of labor, Promote PDB China jointly. e T
Celebrating 50 Years of the PDB Download Archive
Instructions

e Lots of real exp. data tests

Main Project (Complete before HEPS Phase 1) Long-Term Vision
[ (] ° ° (]
e Data ana ySIS pipeline customization - . B
sl 0218 6 3uB3 270 Structure
AL . 02z w1 7 swe 250 Phaser g Refinement based

i " XD 022 18 1MB83 9.25 [ Kaghl
# 02 2 10 24174 258 Buccaneer or[earalfinlne

. ; DIALS 02 15 sae7 398 Phenix.autobuild &

autoPROC o 2 = 14 nea7s 800
automation 3H ) N —

Real-time diffraction data processing

¥
e

e User-friendly and details-improved
G U I pipeling from exp. ifiaction data o b macromolecule structures. (Y

[ -
Structure Prediction from AlphaFold2 Phase Improving & Model Building
Based on direct-method, structure prediction, and Al, developing a softare system for data processing .'
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