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Our Goals For Automated Data Analysis

* Help users collect better data faster
* Enable collaboration with off-site users
* Project started in 2009



Current Status -



Capabilities

Indexing & Strategy
Integration, Scaling & Analysis
Merging

SAD

MR



Capabilities

Indexing & Strategy — DISTL, Labelit, .. ==« o
BEST, Mosflm

Integration, Scaling & Analysis — XDS, =«
Aimless, Pointless, Phaser, Xtriage

Merging — Aimless, Pointless

SAD - SHELX, Phenix

000000

MR — Phaser
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Data collection strategy from BEST
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ANOMALOUS data collection strategy from BEST
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Integrate
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Controls

Rmerge v Batch for all runs

Rmerge
SmRmerge

Processing Results for NE38_1_1

Images 1-1800

Spacegroup: P 41 21 2
Unit Cell: 57.85 57.85 150.15 90.00 90.00 90.00
SIGMAR (Mosaicity): 0.09329°
Asymptotic limit of I/sigma (ISa) = 23.81

Overall | Inner Shell | Outer Shell e T

imaae number

High resolution limit 1.27 6.94 1.27

Low resolution limit 150.15 150.15 1.29

Completeness 99.9 100.0 98.6

Multiplicity 25.7 18.2 24.0

I/sigma 30.2 81.7 3.5

CC(1/2) 0.999 0.999 0.875 ESESE o
Rmerge 0.102 0.081 1.055 xRy Cell Summary | Xtriage [

SR WSO | wgzee

otatio

Rmerge (anomalous) 0.100 0.079 1.037 31 PRSENE 2 test | Ltest | cioo [ ciot |

Rmeas 0.104 0.083 1.078 Anomalous Measurability

Obs_anom_meas

Smoothed

Rmeas (anomalous) 0.104 0.082 1.080 = B8 min evel for anom signa

0.45

Rpim 0.020 0.018 0.215

0.40

Rpim (anomalous) 0.028 0.023 0.299 035

Anomalous completeness | 99.8 100.0 96.8

0.25

Anomalous multiplicity 13.7 12.1 12.7

0.20

Anomalous correlation -0.131 0.047 -0.089

0.10

Anomalous slope 1.060 -- -

0.05 KK OEC000000000000C

Total observations 1763371

0.00

20 175 15 g 5

Resolution(A)



SAD
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SAD ‘ e H G ‘ S ‘ . \ Aok | CCall vs. CCweak

NE38_7_1
NE38_1_1

SHELXC Results

SAD

| Resolution | 573 | 353 | 266 | 217 | 1.86 | 164 | 147 | 134 | 123 | 114 | 107
N(data) 906 2616 4392 6311 8030 9896 12142 13801 16625 18748 19463
Chi? 1.19 1.02 1.04 1.18 1.35 1.53 1.54 1.51 1.45 1.35 0.80

<l/sig> 162.3 182.0 154.5 135.7 107.4 67.3 443 26.5 16.7 11.5 5.2

% Complete 99.9 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 98.1
<d"/sig> 3.60 2.37 213 2.07 1.72 1.32 1.04 0.85 0.77 0.73 0.69
CC(1/2) 95.7 93.4 79.4 70.1 52.1 31.7 19.4 10.4 5.1 25 -3.0

SHELXD Results

Space Group Max CCall Max CCweak Max CFOM Max PATFOM

P41212 (P43212) 29.41 20.27 49.68 9.61 eoe M <
P4122 (P4322) 22.39 14.72 37.11 3.61

P4212 9.13 5.02 14.14 2.94 By s

P422 8.55 453 13.08 3.1 e | o | sunmary | s [

P42212 8.55 4.71 13.27 2.79

P4222 10.61 6.00 16.6 2.63 VST

Phenix AutoSol Results

Statistics

S H E LXE Res u |tS Space Group P41212

Bayesian CC 41.9

FOM 0.21

Number of starting sites 46

Number of refined sites 40

Number of residues built 135

. -
occ*Z density Number of side-chains bullt 0

340000 7078 Total number of chains 3
31.8478 63.24 modsl-map CC
22.9296 43.89 Refined RIR-free
19.9104 38.48

17.0748 29.60 RAPD Logfile

14.4772 30.83
11.0296 18.88
8.6598 15.94

H () R/




That’s All Great But...

* Very difficult to add new features
* NE-CAT specific code throughout
 PHP Ul was outdatec



An Interruption to Our Regularly
Scheduled Program
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INn Remote
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Image Data
Name: NE38_7_PAIR_0_000001.cbf
Q: 180.0°
AQ: 1.00°
Exposure: 1.0s
Transmission: 1.5%
Aperture: 70um
Distance: 150.0mm
Robot: M7
Energy: 13484.0eV
Timestamp: 2021-03-16T17:36:47.601537

NE38_7_1_#it#it.cof

NE38_7_PAIR_0_000002.cbf
NE38_7_PAIR_0_000001.cbf
NE38_6_PAIR_0_000002.cbf
NE38_6_PAIR_0_000001.cbf
NE38_5_1_#it#h.cof
NE38_5_PAIR_0_000002.cbf
NE38_5_PAIR_0_000001.cbf
NE38_4_1_ti#ith.cbf
NE38_4_PAIR_0_000002.cbf
NE38_4_PAIR_0_000001.cbf
NE38_3_1_#i#t#it#h.cof
NE38_3_PAIR_0_000002.cbf
NE38_3_PAIR_0_000001.cbf
NE38_2_0_000002.cbf
NE38_2_0_000001.cbf
NE38_1_1_#iti.cbf
NE38_1_PAIR_0_000002.cbf
NE38_1_PAIR_0_000001.cbf

Name: NE38_7_1_003600.cbf
Q: 792.8°

Distance: 150.0mm
Robot: M7
Energy: 13484.0eV
Timestamp: 2021-03-16T17:54:07.843368

Run Data

Name: NE38_7_1_###H#H#.cbf
#of Images: 3600
Starting Q: 73.00°
AQ: 0.20°
Exposure: 0.20s
Distance: 150.0mm

Images 1 to 3600
P 4121 2-57.8A 57.8A 150.0A 90.0° 90.0° 90.0°
All High Allanom  Highanom

75.0-1.1A 1.1-1.1A  Resolution 75.0-1.1A 1.1-1.1A

99.7 939 % Complete 99.6 91.4
214 Redundancy ) 1.2

3.10 lial . 3.10

X 1.05
0.22 X 0.31

Anom Corr . -0.019

Anom slope  1.153 1.153

Index Results

Pointgroup:
Unit cell:
Mosaicity:
Resolution:
Overloads:
Norm strat.:

Anom strat.:

P4

57.9A 57.9A 150.2A 90.0° 90.0° 90.0°

0.03°
1.3A
0

Qinit: 82.0° AQ:0.3° #lmages:232 ">
Qinit: 78.0° AQ:0.3° #Images:368 "=

Controls
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Select Tools

Line Grid Vertical
Secondary

Lights

On Off

Omega / Q & Zoom

a
v |\ 2)(=

360.0

-

-90° +90° 180°

Zoom |3 =

Select Data

NE_40 7 1(g... ~

Secondary Scans:

None

Scan Specification

# Points:

Grid Mode:
Aperture (um):
Zoom:

Q (°):

AQ (°):

Exp. Time (s):
Distance (mm):
Trans (%):
Analysis (A):
Timestamp:

Move To

1773
HYBRID
20

K}

45.0

0.2

0.2

200

10
3.6-30
13:03:52
2021-03-17

Move To Selection

100

Im;ge - g::; ;:::'s ~ Resolution ~ sl?;:rall
1389 34 44 5 3215 o
1390 28 37 5 234.6 g
1391 46 60 5 257.1 2 50
1392 4 5 0 116.3 S
1393 20 20 0 146.4 -
1394 36 43 5 239.9 .
1395 23 28 5 2594
1396 25 27 5 218.7 0
1397 11 11 0 117 RGN X @q’@&\\’\,@\:ﬁf’;ﬁ)DP;DP‘Q’\,&\\SO%"’

Showing 1 to 1,773 of 1,773 entries i il

Take Control 102.1 12662.1 316531 0.240 0.060 00:09:38 0.51 y{\) B7 200.0 288d 19:03:25
Ring Current (mA) Energy (eV) Flux (arb. units) X beam pos. (pm) Y beam pos. (pm) Autoalign Timer % Transmission Aperture (um) Puck:NE_40 Detector Dist (mm) Session Timer



Development



Our Goals For

* Take the best of and throw out the rest
* Borrow knowledge from remote access program
* Flexible design

* Multiple modes of use
* Modern U









Plugin-based architecture
Python 2.7



Core Python code is beamline-agnostic

Where does specificity come from?
* Configuration file
o Site-specific plugins - detector, gatherers

Data processing plugins now run in CLI

What'’s a plugin?
* Connection to databases
 Data gatherers

Plugin-based architecture » Connection to cluster
Python 2.7 * Processing pipelines




Redis-based inter-process
communication



Design

Redis is an indispensable tool for us.

* Key-value store

* publication-subscribe interprocess
communication

e redis.lO

Redis-based inter-process
communication



Document-based database
\Vi[e]g[ee]B]="



Design

MongoDB much more flexible than SQL-based
solutions

e Stores documents & files

* More flexibility

 Meshes well with modern Ul design

e mongodb.com

Document-based database
MongoDB



NodedS
Application server



Design

NodedS offers a lot of power & flexibility
e Powerful, flexible & fast
e Tight integration with Ul
* Provides REST & Websocket access to

* nodejs.org

NodedS
Application server



Angular Ul



Design

Modern web development platform
* \ery powerful

o Steep learning curve

* Actively developed & large community

e angular.io

Angular Ul



Current Capabilities

Indexing & Strategy — DISTL, Labelit, BEST, Mosflm

Integration, Scaling & Analysis — XDS, Aimless, Pointless, Phaser, Xtriage
Merging — Aimless, Pointless

SAD - SHELX, Phenix

MR — Phaser
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RAPD @ NECAT

Snaps

NE38_7_PAIR_0_000001.cbf

NE38_6_PAIR_0_000002.cbf

NE38_5_PAIR_0_1+2.cbf

NE38_5_PAIR_0_000002.cbf

NE38_5_PAIR_0_000001.cbf

NE38_4_PAIR_0_1+2.cbf

NE38_4_PAIR_0_000002.cbf

NE38_4_PAIR_0_000001.cbf

NE38_3_PAIR_0_1+2.cbf

NE38_3_PAIR_0_000002.cbf

NE38_3_PAIR_0_000001.cbf

NE38_2_0_000002.cbf

NE38_2_0_000001.cbf

NE38_1_PAIR_0_000002.cbf

Indexing Results for NE38_7_PAIR_0_000001

Indexing Solution

Spacegroup Unit Cell

P4 57.86 57.86 150.21 90.00 90.00 90.00

Data Collection Strategies

Normal by Best

N QStart AQ #Images Exposuretime Distance

82 0.1 580 0.05 170
Anomalous by Best

N QStart AQ #Images Exposuretime Distance

78 0.1 920 0.05 170

 Reindex B Junk

-+ Project N Pin

cbf®

Transmission

3

Transmission

3

Phi Range (°)

Sessions Projects

Osc Range NORM ~

© h + ©

Dashboard Admin -

Summary
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RAPD @ NECAT

Snaps

NE38_7_PAIR_0_000001.cbf
NE38_6_PAIR_0_000002.cbf
NE38_5_PAIR_0_1+2.cbf
NE38_5_PAIR_0_000002.cbf
NE38_5_PAIR_0_000001.cbf
NE38_4_PAIR_0_1+2.cbf
NE38_4_PAIR_0_000002.cbf
NE38_4_PAIR_0_000001.cbf
NE38_3_PAIR_0_1+2.cbf
NE38_3_PAIR_0_000002.cbf
NE38_3_PAIR_0_000001.cbf
NE38_2_0_000002.cbf
NE38_2_0_000001.cbf

NE38_1_PAIR_0_000002.cbf

b <

RAPD @ NECAT

Snaps

NE38_7_PAIR_0_000001.cbf

NE38_6_PAIR_0_000002.cbf

NE38_5_PAIR_0_1+2.cbf

NE38_5_PAIR_0_000002.cbf

NE38_5_PAIR_0_000001.cbf

NE38_4_PAIR_0_1+2.cbf

NE38_4_PAIR_0_000002.cbf

NE38_4_PAIR_0_000001.cbf

NE38_3_PAIR_0_1+2.cbf

NE38_3_PAIR_0_000002.cbf

NE38_3_PAIR_0_000001.cbf

NE38_2_0_000002.cbf

NE38_2_0_000001.cbf

NE38_1_PAIR_0_000002.cbf

Runs

Runs

rapd.nec.aps.anl.gov

Indexing Results for NE38_7_PAIR_0_000001 cbf® Details

Data Collection Strategy from Best Normal

N QStart AQ #Images Exposuretime Distance Transmission

1 82° 0.1° 580 0.05s 168mm 2.9%

Resolution Limit 1.22A
Qstart - Qfinish 82°-140°
Rotation Range 58.0°
Number of Images 580
Completeness (outer) 0.99 (1)
Redundancy (outer) 2.44 (2.36)
R factor (outer) 12.3(129.1)
I/ol (outer) 7.7(0.8)

Data Collection Strategy from Best ANOMALOUS

N QStart AQ #Images Exposuretime Distance Transmission

1 78.0° 0.1° 920 0.05s 168mm 3%

Resolution Limit 1.22A
Qstart - Qfinish 78°-170°
Rotation Range 92.0°

Number of Images 920

@ rapd.nec.aps.anl.gov

Indexing Results for NE38_7_PAIR_0_000001 cbf®

Best Strategy Normal

Program Best /A.Popov & G.Bourenkov/

Version 3.4.4 // 10.06.2011

Copyright 2004-11 by Alexander Popov and Gleb Bourenkov
<B><FONT COLOR="#FF0000"><!--SUMMARY BEGIN-->

Main Wedge

Resolution limit is set by the initial image resolution

Resolution limit =1.22 Angstrom Transmission = 2.9% Distance = 168.2mm

Best Strategy ANOMALOUS

Program Best /A.Popov & G.Bourenkov/

Version 3.4.4 // 10.06.2011

Copyright 2004-11 by Alexander Popov and Gleb Bourenkov
<B><FONT COLOR="#FF0000"><!--SUMMARY BEGIN-->

Main Wedge

Resolution limit is set by the initial image resolution

Resolution limit =1.22 Angstrom Transmission = 3.1% Distance = 168.2mm

Sessions Projects Dashboard Admin -

Sessions Projects Dashboard Admin -



Integrate

rapd.nec.aps.anl.gov @ d]

rapd.nec.aps.anl.gov

RAPD @ NECA I Sessions Projects Dashboard Admin -
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RAPD @ NECAT

Snaps

NE38_7_1_[1-3600].cbf

NE38_5_1_[1-3600].cbf

NE38_4_1_[1-3600].cbf
NE38_3_1_[1-3600].cbf
NE38_2_1_[1-3600].cbf

NE38_1_1_[1-1800].cbf

Runs

Integration Results for NE38_7_1_[1-3600].cbf ®

Indexing Solution

Spacegroup Unit Cell Mosaicity

P41212 57.77A57.77 A150.01 A 90.0° 90.0° 90.0° 0.06°

Table 1

Overall Inner Shell Outer Shell

Res Limits (A) 75.01-1.05 75.01-5.76  1.07-1.05
Completeness (%) 99.3 100 87.6
Multiplicity 45.8 40.4 17.6
1/o(1) 36.5 149.4 0.4
CC1y2 1 1 0.161
R merge 5.768
R merge Anomalous 5.661
R meas 5.936
R meas Anomalous 5.986
R pim 1.355
R pim Anomalous 1.894
Anomalous Completeness 83.9
| Anomalous Multiplicity 9.4

Anomalous Correlation

Anomalous Slope

ISA

28.83

Sessions Projects Dashboard Admin -

Rmerge vs Batch

v

Summary

| Rmerge
Smoothed

Snaps

NE38_7_1_[1-3600].cbf

NE38_5_1_[1-3600].cbf

NE38_4_1_[1-3600].cbf

NE38_3_1_[1-3600].cbf

NE38_2_1_[1-3600].cbf

NE38_1_1_[1-1800].cbf

Runs

Integration Results for NE38_7_1_[1-3600].cbf ®

Summary Self-Rotation

Unit Cell

Spacegroup Unit Cell
P41212(92) 57.77A57.77 A150.01 A 90.0° 90.0° 90.0°

Patterson Analysis

% Origin  p-value X Y Y4
5.94 0727 0.0 033 0.0
Twinning Analysis
No twinning suspected
Xtriage Summary
The largest off-origin peak in the Patterson function is 5.93% of the
height of the origin peak. No significant pseudotranslation is detected.
The results of the L-test indicate that the intensity statistics behave as

expected. No twinning is suspected.

¥ Download + Project ¥ Reintegrate Q MR

rapd.nec.aps.an

RAPD @ NECAT

Snaps

NE38_7_1_[1-3600].cbf

NE38_5_1_[1-3600].cbf

NE38_4_1_[1-3600].cbf

NE38_3_1_[1-3600].cbf

NE38_2_1_[1-3600].cbf

NE38_1_1_[1-1800].cbf

Runs

Integration Results for NE38_7_1_[1-3600].cbf ®

Cell Search Contaminants
Search Based On Unit Cell Similarity
D Description LL Gain J RF Z-scoreTF Z-score# ClashesActions

3ALD Thaumatin| 45,587.1 8.4 17.6 0
5YYR Thaumatin | 45,361.6 8.6 15.9
5X9L Thaumatin| 45,120.4 7.8 16.6
4BAL Thaumatin| 44,9959 95 19.8
3AL7 Thaumatin | 44,947.4 8.1 17.0
5YYQ Thaumatin | 44,812.0 8.0 17.6
4BAR Thaumatin | 44,663.6 9.7 20.5
2VHR Thaumatin | 44,512.8 9.4 19.6
TRQW Thaumatin | 44,175.4 9.8 20.4

2VHK Thaumatin | 44,032.5 9.7 21.2

Analysis ~

Intensity plots
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Our Goals For

Take the best of and throw out the rest
* Much of the data processing code was adapted

 Some Ul elements that we liked were kept



Our Goals For

Borrow knowledge from remote access program
* Use of Redis & MongoDB

* NodedS as application server



Our Goals For

Flexible design
» Core programs are not site-specific

» Config file determines variables and plugins that
define site



Our Goals For

Multiple modes of use
* CLI for data processing & development
 REST interface

e Websocket interface



Status

Now

. running as secondary

* Final steps of Ul implementation for SAD & MR
Mid 2021

* Replace as primary

* Built-out operations control
Late 2021

 Merging and Cluster Merging tools



an | Use

* |f you really like the bleeding
edge, have at It.

* Waiting until NE-CAT is using as
primary (mid-2021) is
recommended.

(] < 4 github.com

H RAPD /RAPD

<> Code Issues 34 Pull requests 3 Actions Projects 1 Security 1 Insights

We found potential security vulnerabilities in your dependencies.
See Dependabot alerts
You can see this message because you have been granted access to Dependabot alerts for this repository.

¥ master ~ ¥ 20 branches © 0tags Go to file Add file ¥

schuerjp1 Moved distl to subcontractor for use in other plugins. de60blb 21daysago <) 3,272 commits

install Add mysolr to install 2 years ago
src Moved distl to subcontractor for use in other plugins. 21 days ago
.gitignore Fixed MR.transfer_files. 5 months ago
.pylintrc Tweak the results from indexing 4 years ago
travis.yml Trying to test TravisCl 4 years ago
AUTHORS.txt Change authors file 5 years ago
CONTRIBUTING.md Update to the MongoDB tool, create a script for it, and add to contri... 3 years ago
LICENSE.txt Changing the license 5 years ago
README.md Fix conflicts in README.md 4 years ago

notes Need pkg_config for ubuntu 4 years ago

README.md V4

RAPD

A package for automated indexing, strategy, integration, analysis, & structure solution of macromolecular
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