
1IHEPCC & HEPSCC & NHEPSDC

An Intelligent Data Analysis System for 
Biological Macromolecule Crystallography

Hao-Kai Sun
Computing Center, IHEP, CAS

May 09, 2023

Thanks to Yu Hu, Zhi Geng, Zengqiang Gao(IHEP-CAS), Wei Ding, Xin Zhang, Zengru Li(IOP-CAS) 

CHEP 2023 - Norfok Waterside Marriott, VA, USA



2IHEPCC & HEPSCC & NHEPSDC

Outline

1 Introduction

2 Design Goals & Project Architecture

3 Current Project Status

4 Plans & Outlook



3IHEPCC & HEPSCC & NHEPSDC

BA

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

 Among the 14 beamlines of  the High Energy 
Photon Source (HEPS) Phase I under construction, 
the BA beamline is specifically designed for 
biological macromolecule crystallography (BMX).

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

Introduction - Background
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   XDS、DIALS、HKL-2000/3000、AutoPX、
   autoPROC、Phaser、Autobuild、
   Buccaneer、IPCAS、SHELX, etc.

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.
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Automation
 Modules parallel-running for each step

 Whole data processing as a pipeline

 Intelligence
 Automatic/Manual selection of the best

 AI: AlphaFold2 and Structure Refinement

Modularity
High Performance：based on Daisy framework 

and Docker technology

 Scalable: flexibly integrating new algo/sw

Design Goals

Daisy: check https://indico.jlab.org/event/459/contributions/11400/
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Project Architecture

Structure 
Refinement based 

on Machine 
Learning

Scenario II: IPCAS

XDS
DIALS

autoPROC

predicting

Phase Improving & Model Building

Real-time diffraction data processing

Structure Prediction from AlphaFold2

Scenario I

Phaser
Buccaneer

Phenix.autobuild

Based on direct-method, structure prediction, and AI, developing a softare system for data processing 
pipeline from exp. diffraction data to bio. macromolecule structures.

Main Project (Complete before HEPS Phase I) Long-Term Vision
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Project Architecture
Exp/User Input

Data Reduction：
to get reflection data files（*.mtz）

Structure Prediction：
to get preliminary 
structure（*.pdb）

Phase Refinement：
to get final structure
（.pdb）

Diffraction 
images

Protein 
Sequence

Pipeline processing Pipeline Output

Valid & Reliable 
Structure
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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.

Currently, several well-known 
packages, such as XDS, DIALS, and 
autoPROC, are integrated. more in the 
future
 key parameters extraction (space group, 

resolution, etc.)
 error handling
 iteration improvements

Current Status - Data Reduction

reference 
reflection files 

(.mtz)

XDS

DIALS

autoPROC

...
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Current Status - Data Reduction

Round I

Round II
(keep 

preliminary 
results as many 

as possible)

xia2_xds

Diffraction Images & Parameters

mtz

xia2_dials

mtz

autoPROC

mtz

Comparison & Selection

final optimal reflection data file (.mtz)

lattice parameters

Space group
N

Y
xds dials

xia2_xds xia2_dials autoPROCxds dials

mtzmtz

Out？
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Data Reduction - Tests

Real data tests for Data Reduction
Total data sets：                    156

Passed successfully：           131

Under most cases, the output space groups are 
identical amont the three softwares

Index
Space group Rmerge* Resolution (Å)

XDS DIALS autoPROC XDS DIALS autoPROC XDS DIALS autoPROC

Case 1 C 1 2 1 C 1 2 1 C 1 2 1 0.051 0.051 0.038 1.54 1.69 1.93 
Case 2 P 6 0.242 1.70 
Case 3 C 1 2 1 C 1 2 1 5.040 0.259 　 1.88 1.94 　
Case 4 P 4 P 41 0.581 0.080 2.01 1.78 
Case 5 P 61 P 61 0.036 0.040 1.47 1.42

0%

20%

40%

60%

80%

100%

XDS DIALS autoPROC pipeline

Failed Success

still needs much 

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

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

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

Current Status - Prediction

MR
Refinement
Model
-Building

XDS

DIALS

autoPROC

sequence (.fasta)

reflection (.mtz)

prediction (.pdb)

structure prediction module 
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Current Status - Prediction

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

Preliminary Structure Prediction

 Scenario A: searching predicted structure database (fast, but not  friendly to unconventional sequences)

 Scenario B: predicted using AlphaFold2 workstation (high accuracy, but slow speed)

local DB searchingsequence file AlphaFold2 predicted .pdbN

Y
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Deploy AlphaFold2 docker, and keep 
it running & updating v2.3.1

Using localized NVMe SSD to speed 
up the database-searching (bfd, uniref, 
uniprot, etc.) stage, ~3TB

By setting the Unified Memory (TF, 
JAX) mode to support long sequence 
prediction ~2800,25h

Wrapping them into easily-used shell 
scripts

Current Status - Prediction
steps HEPS Ref.

Searching 
Database  688.24 s 1825.35 s

Process 3.90 s 8.28 s
Predict 413.45 s 508.63 s
Relax   60.92 s 61.41 s

Total 44 m 75 m
CPU(96) MEM(512G) 2xA100(80G) => 4 users
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Current Status - Prediction

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

Time cost: <10s
Sequence identity: 100%
R.M.S.D: 0.4887 A

Time cost: 3226s
Sequence identity: 100%
R.M.S.D: 0.4672 A

Test Case: (PDB Code: 7U0M）
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Current Status - Refinement

Cell Content Analysis
(Matthew’s coefficient)

Molecular 
Replacement

(phaser)

Refinement and Model 
Building

(phenix.autobuild)

Scenario I: IPCAS3.0 Scenario II: Traditional

Higher Accuracy, 
lower speed

Molecular Replacement
(phaser)XDS

DIALS

autoPROC

sequence (.fasta)

reflection (.mtz)

prediction (.pdb)

structure prediction module 

Lower Accuracy, 
Higher speed
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Current Status - Refinement

Scenario II: Traditional

Time cost:   15m38s
R-work:        0.3390    
R-free:          0.3519
R.M.S.D:       0.2991 A

Standard StructureScenario I: IPCAS3.0

Time cost:  6h24m7s
R-work:       0.2360    
R-free :        0.2537
R.M.S.D:      0.2877 A

Test Case: (PDB Code: 7U0M）
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Best practices: KAMO, Aquarium
 Real operational experiences

 User preferences and interface desgin logic

Supporting platform/framework:
 container+Jupyterlab

 Daisy Computing, IO, Workflow modules

Technical solutions
 ipywidgets + 

 pandas,ipydatagrid, matplotlib

 in-house developed widgets

Current Status - GUI
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Current Status - GUI

Data Collection Tab

Data Processing Details Tab
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Modularity
 XDS、DIALS、autoPROC + autoPX，...

 AlphaFold2 + OpenFold，...

 Phaser、IPCAS + ...

Performance
 Parallelization, GPU acceleration for traditional algo/sw

 AlphaFold2 CPU/GPU heterogeneous acceleration 

 localize predicted structures (*.pdb)
 The ESM Metagenomic Atlas  ~600M

 AlphaFold Protein Structure Database(EMBL-EBI)  >200M

Plans & Outlook
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PDB China  & wwPDB
 Make contributions, Collaborate on division 

of labor, Promote PDB China jointly.

Lots of real exp. data tests

Data analysis pipeline customization 
& automation

User-friendly and details-improved 
GUI

Plans & Outlook
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Thanks !


