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Table S1  Complete feature list for all features investigated in this publication.

Name

I/o

CCip

RmergeI

Rlnerge(1+/ I')

RmeasI

Runeas(I+/1-)

I{p.tm.I

RpAiAmA(IJ'_/I')

Nobstotal

Nobsunique

M
T
dmax

dmin

manom

Ccanom

Manom

T anom

A l/ol

Explanation

<I/o>qps, Signal (intensity I) to noise (uncertainty or measurement error o)

ratio (Wilson, 1949; Srinivasan & Parthasarthy, 1976)!

CCy (Karplus & Diederichs, 2012; Diederichs & Karplus, 2013; Evans &
Murshudov, 2013)

Rgym Of Ryerge (Arndt et al., 1968; Wilson, 1950). Determined by treating

Friedel pair I+ and I- as equivalent measurements.

Ruerge determined by treating Friedel pair I+ and I- as independent

measurements.

Rieas Or Ry-im (Diederichs & Karplus, 1997; Weiss, 2001). Determined by

treating Friedel pair I+ and I- as equivalent measurements.

Rueas determined by treating Friedel pair I+ and I- as independent

measurements.

R,im (Weiss, 2001). Determined by treating Friedel pair I+ and I- as

equivalent measurements.

Ry.im. determined by treating Friedel pair I+ and I- as independent

measurements.

Total number of observations

Total number of unique observations

Multiplicity; Number of observations for each reflection
Completeness; Representation of missing data

Low resolution limit found by integration software
High resolution limit found by integration software
Wilson B-factor (Wilson, 1942)

Anomalous slope (Howell & Smith, 1992)

CClnom (Schneider & Sheldrick, 2002)

Anomalous multiplicity; Number of observations for each anomalous

reflection
Anomalous Completeness; Representation of missing anomalous data

Signal to noise ratio for the anomalous differences



IUCrJ (2020). 7, doi:10.1107/S2052252520000895 Supporting information, sup-2

AF/F
f’theor
Vcell

Neg

Vi
Vs
Ncell

Nimolasu

MW asu
Niitesasu
MW chain
Natomehain
MWSasu
MW Sasuvs
AV,

Tasu

diny

L

structure factors for the anomalous differences (Bijvoet et al., 1951)
Calculated with CROSSEC (Winn et al., 2011)

Unit cell volume

Space group number from data reduction

Unit cell parameter a

Unit cell parameter b

Unit cell parameter ¢

Unit cell parameter alpha

Unit cell parameter beta

Unit cell parameter gamma

Matthews coefficient

Expected solvent content determined using Matthews coefficient
Defined in (6)

Expected number of molecules in the asymmetric unit determined using

Matthews coefficient

Defined in (1)

Defined in (2)

Molecular weight of the protein based on its sequence
Number of atoms in the protein based on its sequence
Defined in (3)

Defined in (4)

Defined in (5)

Defined in (7)

Defined in (8)

Defined in (9)

! where I is the observed intensity and ¢ its associated uncertainty provided 42 ~ 1 for observed and estimated differences

between symmetry-related observations



Table S2  Hyperparameter settings for the best classifier, a decision tree with AdaBoost, based on
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performance statistics.

Supporting information, sup-3

Decision tree with

AdaBoost

Base estimator:
class_weight = balanced
criterion = entropy
max_depth =3
max_features = 2
max_leaf nodes =17
min_samples_leaf = §
min_samples split=18

random_state =0

AdaBoostClassifier:
n_estimators = 5694
learning_rate = 0.6355
algorithm = SAMME.R

random_state = 5

Table S3  Numerical results for Pearson’s correlation coefficient.

Feature Feature

Vo CCin

/o Rinergel

I/ Rumerge(I1/1-)
I/o Rineas]

I/o Runeas(I1/1-)
I/c Rpiml

I/o Rpim(I+/1-)
lo Nobstotal

Io Nobsunique
I/o M

I/o T

I/c Armax

r P 2
0.204099 0.000001 0.041657
-0.461005 0 0.212525
-0.406516 0 0.165255
-0.524406 0 0.275002
-0.51533 0 0.265565
-0.658338 0 0.433409
-0.684956 0 0.469164
0.05358 0.204695 0.002871
-0.215612 0 0.046489
0.327343 0 0.107153
-0.319765 0 0.10225
-0.004266 0.919627 0.000018
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dimin

B

diny
Manom
CCanom
Manom
Tanom
Al/ol
AF/F

f ,lheor

Vcell

Vi
MWSasuvs
MWchain
Natomchain
NmolA SU
MWasu
NsitesASU
MWSasu

Tasu

Supporting information, sup-4

-0.03209

0.088631

0.082296

0.317502

0.254705

0.340871

-0.161448

0.372491

-0.673614

-0.1989

-0.005937

0.389966

-0.021461

-0.043566

-0.006508

-0.164493

-0.151351

0.228871

-0.04504

-0.004917

0.028798

-0.016452

0.072105

-0.246298

-0.245889

-0.204453

-0.290423

-0.281477

0.044644

0.699194

0.447704

0.035677

0.051186

0

0

0

0.000121

0

0

0.000002

0.888309

0

0.611666

0.30254

0.877662

0.000089

0.000317

0

0.286468

0.907409

0.495661

0.697139

0.087679

0

0

0.000001

0

0

0.290734

0

0.00103

0.007855

0.006773

0.100807

0.064875

0.116193

0.026065

0.13875

0.453755

0.039561

0.000035

0.152073

0.000461

0.001898

0.000042

0.027058

0.022907

0.052382

0.002029

0.000024

0.000829

0.000271

0.005199

0.060663

0.060461

0.041801

0.084346

0.07923

0.001993

0.488872



I/o

CCip
CCip
CCip
CCip
CCin
CCin
CCin
CCin
CCip
CCip
CCip
CCip
CCin
CCin
CCin
CCin
CCip
CCip
CCip
CCin
CCin
CCin
CCin
CCip
CCip
CCip
CCip

CCip
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AV,

Rinergel
Rumerge(I+/1-)
Rineas]
Runeas(I+/1-)
Rpiml
Rpim(I+/1-)
Nobstotal

Nobsunique

M

T
dimax
dmin
B

diny
Manom
CCanom
Manom
Tanom
Al/ol
AF/F

f ’lheor

Vcell

Supporting information, sup-5

0.022952

-0.364135

-0.164214

-0.451295

-0.204826

-0.621068

-0.256568

0.069437

-0.02572

0.075758

0.138029

-0.037902

-0.216243

0.09398

0.140168

0.171091

0.133635

0.070818

0.204663

0.091764

-0.498313

-0.023131

-0.014342

0.104343

-0.011953

-0.041557

-0.046993

-0.275457

-0.038344

0.587147

0

0.000092

0

0.000001

0

0

0.100089

0.542869

0.072728

0.001036

0.369796

0

0.025886

0.000862

0.000046

0.001497

0.0935

0.000001

0.029618

0

0.584235

0.734414

0.013329

0.777372

0.325411

0.266058

0

0.36424

0.000527

0.132594

0.026966

0.203667

0.041954

0.385726

0.065827

0.004821

0.000662

0.005739

0.019052

0.001437

0.046761

0.008832

0.019647

0.029272

0.017858

0.005015

0.041887

0.008421

0.248316

0.000535

0.000206

0.010888

0.000143

0.001727

0.002208

0.075877

0.00147
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CCin
CCin
CCip
CCip
CCip
CCip
CCin
CCin
CCin
CCin
CCip
CCip
CCip

CCip

Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel

RmergeI

Vs

Neent

L

Vi

MW Sasuvs
MW chain
Natomehain
Ninolasu
MW asu
NiitesAsu
MWSasu

Iasu

AV,

Runerge(I+/1-)
Rimeas]
Rineas(I+/1-)
Rpiml
Rp.im.(I+/1-)
Nobstotal

Nobsunique

M
T

dmax

dmin

dinv
Manom

Ccanom

Supporting information, sup-6

0.059401

0.00842

-0.013873

-0.002407

0.016777

0.036719

-0.068916

-0.068311

-0.286824

-0.277251

-0.325971

0.035462

0.130181

0.002417

0.915797

0.986226

0.896073

0.697979

0.66775

0.231511

0.009718

0.321401

0.203856

0.233883

0.22442

-0.042683

-0.225517

-0.1013

-0.126364

0.159637

0.842123

0.742795

0.954594

0.691467

0.384942

0.102669

0.105729

0

0

0

0.401431

0.001985

0.954413

0

0

0.818191

0

0.000001

0

0

0.312457

0

0.016292

0.002691

0.003528

0.000071

0.000192

0.000006

0.000281

0.001348

0.004749

0.004666

0.082268

0.076868

0.106257

0.001258

0.016947

0.000006

0.838685

0.972642

0.802947

0.487175

0.445891

0.053597

0.000094

0.103299

0.041557

0.054701

0.050364

0.001822

0.050858

0.010262

0.015968
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Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel
Rinergel

RmergeI

Rumerge(I+/1-)
Rumerge(I+/1-)

Rlnerge(1+/ I')

Manom
Tanom
Al/ol
AF/F

f”theor

Vcell

Vs

Neent

L

Vi
MWSasuvs
MW chain
Natomehain
Nimolasu
MW asu
Niitesasu
MWSasu

Tasu

AV,

RmeasI
Rlneas(I+/I')

Rpj.mI

Supporting information, sup-7

0.317057

0.21886

-0.117

0.692511

0.042779

0.243134

0.06547

0.133692

0.195158

0.255679

0.191732

-0.017561

0.033298

0.045625

0.22952

-0.031771

0.045035

-0.010808

0.245374

0.248079

0.144846

0.258505

0.209098

0.005793

-0.360897

-0.048875

0.872964

0.977293

0.508323

0

0

0.005486

0

0.311371

0

0.121074

0.00149

0.000003

0

0.000005

0.67783

0.430792

0.280249

0

0.452241

0.286519

0.798219

0

0

0.000572

0

0.000001

0.891002

0

0.247363

0.100525

0.0479

0.013689

0.479571

0.00183

0.059114

0.004286

0.017874

0.038087

0.065372

0.036761

0.000308

0.001109

0.002082

0.052679

0.001009

0.002028

0.000117

0.060208

0.061543

0.02098

0.066825

0.043722

0.000034

0.130247

0.002389

0.762067

0.955101

0.258392
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Rnerge(1+/1-)
Rnerge(1+/1-)
Ruerge(I1/1-)
Ruerge(I1/1-)
Ruerge(I1/1-)
Ruerge(I1/1-)
Rnerge(1+/1-)
Rmerge(1+/1-)
Rnerge(1+/1-)
Rnerge(1+/1-)
Ruerge(I1/1-)
Ruerge(I1/1-)
Ruerge(I1/1-)
Ruerge(I1/1-)
Rmerge(1+/1-)
Rmerge(1+/1-)
Rnerge(1+/1-)
Rnerge(1+/1-)
Ruerge(I1/1-)
Ruerge(I1/1-)
Ruerge(I1/1-)
Rmerge(1+/1-)
Rmerge(1+/1-)
Rnerge(1+/1-)
Rnerge(1+/1-)
Ruerge(I1/1-)
Ruerge(I1/1-)
Ruerge(I1/1-)
Ruerge(I1/1-)

Rlnerge(1+/ I')

Rpim(I+/1-)
Nobstotal
Nobsunique
M

T

dmax

Aimin

B

diny
Manom
CCanom
Manom
Tanom
Al/ol
AF/F
theor

Vcell

Vs

Neen

L

Vi

MW Sasuvs

MWchain

Supporting information, sup-8

0.723511

0.271626

0.028581

0.386217

0.203553

0.287031

0.211205

0.016579

-0.221175

-0.200151

-0.232355

0.383715

0.184825

-0.211527

0.517815

0.001603

0.262157

0.107384

0.152656

0.170265

0.255633

0.068077

-0.070144

0.040317

0.071711

0.246402

-0.026914

0.072527

0.017661

0.227518

0

0

0.498925

0

0.000001

0

0

0.694915

0

0.000002

0

0

0.00001

0

0

0.969757

0

0.010853

0.000281

0.00005

0

0.106929

0.09667

0.34006

0.089429

0

0.524305

0.085833

0.6761

0

0.523468

0.073781

0.000817

0.149163

0.041434

0.082387

0.044608

0.000275

0.048918

0.04006

0.053989

0.147237

0.03416

0.044744

0.268132

0.000003

0.068726

0.011531

0.023304

0.02899

0.065348

0.004634

0.00492

0.001625

0.005142

0.060714

0.000724

0.00526

0.000312

0.051764
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Rnerge(1+/1-)
Rnerge(1+/1-)
Ruerge(I1/1-)
Ruerge(I1/1-)
Ruerge(I1/1-)
Ruerge(I1/1-)

Rlnerge(1+/ I')

Rincasl
Rincasl
Rineasl
Rineasl
Rineasl
Rineasl
Rincasl
Rincasl
Rincas!
Rincasl
Rineasl
Rineasl
Rineasl
Rincas!
Rincasl
Rincasl
Rincasl
Rineasl
Rineasl
Rineasl
Rineasl

RmeasI

Natomchain
Ninolasu
MWasu
NsitesASU
MW Sasu

Iasu

AV,

Rineas(I+/1-)
Rpiml
Rp.im.(I+/1-)
Nobstotal
Nobsunique

M

T

dmax

dmin

diny
Manom
CCanom
Manom
Tanom
Al/ol
AF/F

f”theor

Vcell

Supporting information, sup-9

0.232133

0.10473

0.203019

0.133579

0.038638

-0.323916

-0.061284

0.88109

0.805114

0.72241

0.170748

0.025188

0.219009

0.167228

0.192321

0.238619

-0.083135

-0.237285

-0.128236

-0.15076

0.214824

0.156749

-0.144988

0.777715

0.056476

0.208189

-0.014872

0.109518

0.171806

0

0.012988

0.000001

0.001504

0.360577

0

0.14679

0

0

0

0.000047

0.551248

0

0.000068

0.000004

0

0.048855

0

0.00232

0.000335

0

0.000191

0.000565

0

0.181247

0.000001

0.724994

0.009368

0.000042

0.053886

0.010968

0.041217

0.017843

0.001493

0.104922

0.003756

0.77632

0.648208

0.521876

0.029155

0.000634

0.047965

0.027965

0.036987

0.056939

0.006911

0.056304

0.016444

0.022729

0.046149

0.02457

0.021021

0.60484

0.003189

0.043343

0.000221

0.011994

0.029517
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Rincasl
Rincasl
Rineasl
Rineasl
Rineasl
Rineasl
Rincasl
Rincasl
Rincasl
Rincas!
Rineasl
Rineasl
Rineasl
Rineasl
Rincasl
Rincasl

RmeasI

Rineas(I+/1-)
Rineas(I+/1-)
Rineas(I+/1-)
Rineas(I+/1-)
Rineas(I+/1-)
Rineas(I+/1-)
Rineas(I+/1-)
Rineas(I+/1-)
Rincas(I+/1-)
Rineas(I+/1-)
Rineas(I+/1-)

Rmeas(1+/ I')

Vi
MWSasuvs
MW chain
Natomehain
Ninolasu
MWasu
Niitesasu
MWSasu

Tasu

AV,

lzpimI
RpAiAmA(I+/I')
Nobstotal

Nobsunique

M
T

dmax

dmin

dinv
Manom

Ccanom

Supporting information, sup-10

0.224827

0.227705

0.00499

-0.023322

0.030983

0.196883

-0.029689

0.026196

-0.014152

0.251862

0.253493

0.187036

0.296993

0.258252

0.001005

-0.401506

-0.044427

0.622879

0.852228

0.188124

0.059154

0.23533

0.186294

0.22784

0.222298

-0.02576

-0.239272

-0.23946

-0.277271

0

0

0.906035

0.581135

0.463528

0.000003

0.482426

0.535429

0.7378

0

0

0.000008

0

0

0.981026

0

0.293085

0

0

0.000007

0.161384

0

0.000009

0

0

0.542244

0.050547

0.05185

0.000025

0.000544

0.00096

0.038763

0.000881

0.000686

0.0002

0.063435

0.064259

0.034983

0.088205

0.066694

0.000001

0.161207

0.001974

0.387978

0.726293

0.035391

0.003499

0.05538

0.034706

0.051911

0.049416

0.000664

0.057251

0.057341

0.076879
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Rineas(I+/1-)
Rineas(I+/1-)
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Rineas(I+/1-)
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Rineas(I+/1-)
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Rinas(I+/1-)
Rincas(I+/1-)
Rineas(I+/1-)
Rineas(I+/1-)
Rineas(I+/1-)
Rineas(I+/1-)
Rineas(I+/1-)
Rineas(I+/1-)
Rineas(I+/1-)
Rneas(I+/1-)
Rineas(I+/1-)
Rineas(I+/1-)
Rineas(I+/1-)
Rineas(I+/1-)

Rineas(I+/1-)

RpAiAmAI
RpAiAmAI

I{p.tm.I

Manom
Tanom
Al/ol
AF/F

f”theor

Vcell

Vs

Neent

L

Vi
MWSasuvs
MW chain
Natomehain
Nimolasu
MW asu
Niitesasu
MWSasu

Tasu

AV,

RpAiAmA(I+/I')
Nobstotal

Nobsunique

Supporting information, sup-11

0.23217

0.132299

-0.258223

0.622482

0.028456

0.215539

-0.011153

0.130941

0.135218

0.212645

0.077456

-0.026945

-0.041936

0.052772

0.202852

-0.023343

0.047229

0.019086

0.244632

0.247478

0.148335

0.243234

0.181835

0.039004

-0.398936

-0.053703

0.77852

-0.125573

0.079253

0

0.001671

0

0

0.500797

0

0.791926

0.001867

0.001313

0

0.066522

0.523824

0.321008

0.211621

0.000001

0.580798

0.263665

0.651631

0

0

0.000418

0

0.000014

0.356038

0

0.203656

0

0.002863

0.060437

0.053903

0.017503

0.066679

0.387484

0.00081

0.046457

0.000124

0.017146

0.018284

0.045218
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Ninolasu Iasu -0.395268 0 0.156237
Niolasu AV, -0.167278 0.000068 0.027982
MW asu NiitesASU 0.888157 0 0.788822
MW asu MWSasu 0.019884 0.638091 0.000395
MW asu Iasu -0.516341 0 0.266608
MW asu AV, -0.041099 0.330776 0.001689
NsitesAsu MWSasu -0.223483 0 0.049945
NisitesAsU Tasu -0.44862 0 0.20126

Niitesasu AV, -0.066459 0.115544 0.004417
MWSasu Iasu -0.025491 0.546472 0.00065

MWSasu AV, 0.021793 0.606167 0.000475
Tasu AV, 0.048071 0.255243 0.002311

Table S4 Highest scoring features found for different classifiers in the initial training step using the

full feature set.

Linear SVM Decision tree  Decision tree Decision tree Random forest =~ Extreme
with Bagging with AdaBoost randomized

forest

I/ CCanom Manom CCanom Manom CCanom

CCanom AF/F CCanom Manom CCanom Al/ol

Manom CCi AT/l Ainax Al/ol theor

CCip Aimax £theor £theor £’theor Manom

Al/cl Manom dimax CCiz dimax dimax

diax Rpim(I+/1-) AF/F Nie AF/F AF/F

P eor Nobstotal Tanom
Natomchain MWasu

T

A l/ol
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Table S5 Scores for the classification outcomes and performance metrics found for different

classifiers in the initial training step using the full feature set.

SVM SVMrbf  Decision  Decision  Decision  Random  Extreme

linear kernel tree tree with  tree with ~ forest randomiz

kernel Bagging AdaBoost ed forest
ACC (%) 95 96 88 94 98 94 94
Class Error (%) 5 4 12 6 2 6 6
Sensitivity (%) 94 96 88 96 97 96 90
Specificity (%) 98 96 87 91 100 91 100
FPR (%) 2 4 13 9 0 9 0
Precision (%) 99 98 93 96 100 96 100
F1 score (%) 96 97 91 96 98 96 95
ROC AUC (%) 97 99 89 99 99 99 98
TP 88 90 83 90 91 90 85
TN 46 45 41 43 47 43 47
FP 1 2 6 4 0 4 0

FN 6 4 11 4 3 4 9
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Table S6 Scores for the classification outcomes and performance metrics found for different

classifiers after retraining using the small feature set (CCanom, A1/G1, Manom, Amaxy AF/F, [ theor).

ACC (%)
Class Error (%)
Sensitivity (%)
Specificity (%)
FPR (%)
Precision (%)
F1 score (%)
ROC AUC (%)
TP

TN

FP

FN

SVM
linear

kernel

91

94

85

15

98

88

40

SVM rbf

kernel

92

96

85

15

93

94

98

90

40

Decision

tree

91

91

89

11

95

93

93

86

42

Decision

tree with
Bagging

94

6

95

91

9

96

95

99

89

43

Decision
tree with
AdaBoost

95

5

96

94

6

97

96

99

90

44

Random

forest

94

95

91

96

95

99

89

43

Extreme
randomiz

ed forest

89

11

95

79

21

90

92

97

89

37

10
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Figure 81 Schema of how to train and assess a set of classifiers.
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