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file: 02207a_BD2−TUM_mod_citrullination_s_2_01_01−DDA−1h−R1, scan: 11986
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file: 02207a_BD1−TUM_mod_citrullination_s_1_01_01−DDA−1h−R1, scan: 26464
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file: 02207a_BB6−TUM_mod_citrullination_l_18_01_01−DDA−1h−R1, scan: 11709
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file: 02207a_BD1−TUM_mod_citrullination_s_1_01_01−DDA−1h−R1, scan: 42781
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file: 02207a_BA9−TUM_mod_citrullination_l_9_01_01−DDA−1h−R1, scan: 34873
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file: 02207a_BB4−TUM_mod_citrullination_l_16_01_01−DDA−1h−R1, scan: 24935
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Ground truth: true, ionFinder classification: true
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Ground truth: true, ionFinder classification: true
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Figure S1. MS2 spectra from 77 PSMs of synthetic spectra which were identified as true by ionFinder and classified
as true in the ground truth dataset.
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Ground truth: true, ionFinder classification: likely
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Ground truth: true, ionFinder classification: likely
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Ground truth: true, ionFinder classification: likely
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Ground truth: true, ionFinder classification: likely
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Ground truth: true, ionFinder classification: likely
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Ground truth: true, ionFinder classification: likely
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Figure S2. MS2 spectra from 17 PSMs of synthetic spectra which were identified as likely by ionFinder and
classified as true in the ground truth dataset.
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Ground truth: true, ionFinder classification: ambiguous
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Ground truth: true, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb
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Figure S3. MS2 spectra from 6 PSMs of synthetic spectra which were identified as ambiguous by ionFinder and
classified as true in the ground truth dataset.
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Ground truth: false, ionFinder classification: true
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102.055

175.119

201.123

243.134
303.179

330.166

417.221

443.249

531.3
556.334

574.305

608.341

660.345

703.347

773.423

816.43

886.512

929.517

1058.558

1102.585

1145.602

y1

b2

y2

b3

y3

b4

y4* − 43
b5

y4*
y5* − 43

y5*

y6* − 43

y6*

y7* − 43

y7*

y8*

y9* − 43

y9*

I

y9

S

b2

y8

E

b3

y7

L

b4

y6

I

b5

y5

E

y4

R*

y3

N

y2

Q

y1

R

0

25

50

75

100

300 600 900
m/z

R
el

at
iv

e 
in

te
ns

ity

file: 02207a_BA6−TUM_mod_citrullination_l_6_01_01−DDA−1h−R1, scan: 23976

136.076

147.112
234.145

235.108

362.203

382.175
476.284

497.204519.29

547.32

590.326

644.274

694.389

715.314

737.394

809.417

852.421

956.483

999.489

1027.518

1070.526

y1

y2

b2

y3

b3

y4* − 43

b4
y4*

y5* − 43

y5*

b5

y6* − 43

b6

y6*

y7* − 43

y7*

y8* − 43

y8*

y9* − 43

y9*

Y

y9

A

b2

y8

F

b3

y7

D

b4

y6

F

b5

y5

A

b6

y4

R*

y3

Q

y2

S

y1

K

0

25

50

75

100

300 600 900
m/z

R
el

at
iv

e 
in

te
ns

ity

file: 02207a_BA3−TUM_mod_citrullination_l_3_01_01−DDA−1h−R1, scan: 35297

147.113

209.103

276.155

280.14

351.177

439.218
464.263

538.29

578.341

621.346

635.34

707.389

728.383

749.385
750.385

821.425
864.43

878.426

992.506
1017.551

1035.506
1060.5531105.5841148.596

1176.62

1180.606

1219.629

1247.664
1290.671

1309.6411352.654

y1

b2

y2

b3

b4

y3
b5

y4

b6* − 43

b6*

y5

b7* − 43

y6

b7*

b8* − 43
b8*

y7

y8* − 43
b10* − 43

y8*
b10*

y9* − 43 y9*
y10* − 43

b11* − 43

y10*

y11* − 43
y11*

b12* − 43 b12*

A H

b2

y11

A

b3

y10

A

b4

y9

I

b5

y8

R*

b6

y7

E

b7

y6

N

b8

y5

P

y4

V

b10

y3

Y

b11

y2

E

b12

y1

K

0

25

50

75

100

500 1000
m/z

R
el

at
iv

e 
in

te
ns

ity

file: 02207a_BA7−TUM_mod_citrullination_l_7_01_01−DDA−1h−R1, scan: 18332

S36



Ground truth: false, ionFinder classification: true
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Ground truth: false, ionFinder classification: true
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Ground truth: false, ionFinder classification: true
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Figure S4. MS2 spectra from 11 PSMs of synthetic spectra which were identified as true by ionFinder and classified
as false in the ground truth dataset.
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Ground truth: false, ionFinder classification: likely
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Ground truth: false, ionFinder classification: likely
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Ground truth: false, ionFinder classification: likely
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Ground truth: false, ionFinder classification: likely

Ion type ArtNLDet DetNLAmb

294.161
408.231

536.262
664.322

714.247

796.504

913.99

999.415

1043.4

1156.474

1163.453

1284.565

1334.515 1462.581 1576.547 1723.621
b9* b10* − 43

b11* b12*

D Y S G Y Q R* D G

b9

Y

b10

Q

b11

Q

b12

N F K

0

25

50

75

100

500 1000 1500
m/z

R
el

at
iv

e 
in

te
ns

ity

file: 02207a_BA11−TUM_mod_citrullination_l_11_01_01−DDA−1h−R1, scan: 25947

218.15

229.117

304.114

330.168

331.235

418.264

531.351

532.223 633.271

644.435

715.476

829.514

877.456

986.597

991.507

1039.421
1133.655

1262.709
1305.726

1349.727

1392.746

1493.803
y2

b2

b3

y3

y4

y5

b5
b6

y6

y7

y8

y9*

b10

y12* − 43
y12*

y13*

y14*

D I

b2

T

b3

S D

b5

y14

T

b6

y13

S

y12

G D F

b10

y9

R*

y8

N

y7

A

y6

L

y5

L

y4

S

y3

L

y2

A K

0

25

50

75

100

400 800 1200
m/z

R
el

at
iv

e 
in

te
ns

ity

file: 02207a_BD2−TUM_mod_citrullination_s_2_01_01−DDA−1h−R1, scan: 56909

175.119 271.176288.201 435.271

523.329

611.388 758.456 871.539
y1 b2* y2 y3 b5* b6* b7*

L R*

b2

V L Q

b5

y3

F

b6

y2

I

b7

y1

R

0

25

50

75

100

250 500 750
m/z

R
el

at
iv

e 
in

te
ns

ity

file: 02207a_BA1−TUM_mod_citrullination_l_1_01_01−DDA−1h−R1, scan: 42374

S43



Ground truth: false, ionFinder classification: likely

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: likely
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Ground truth: false, ionFinder classification: likely

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: likely

Ion type ArtNLDet DetNLAmb
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Figure S5. MS2 spectra from 22 PSMs of synthetic spectra which were identified as likely by ionFinder and
classified as false in the ground truth dataset.
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Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb

147.113 227.175276.155 341.217 439.218470.26
607.261 663.803

720.345

839.389 970.4291001.473
1099.48

1164.537
1213.512 1293.578

1326.606

y1 b2 y2 b3
y3 b4 y6* y7*

b8* y8*
b9*

y9* b10*
y10*

I

y10

L

b2

y9

N

b3

y8

E

b4

y7

M

y6

R* D Q

b8

y3

Y

b9

y2

E

b10

y1

K

0

25

50

75

100

500 1000
m/z

R
el

at
iv

e 
in

te
ns

ity

file: 02207a_BA4−TUM_mod_citrullination_l_4_01_01−DDA−1h−R1, scan: 22741

115.05

132.077

147.113

243.108

278.153
391.236 492.288 605.367

642.67

734.413 805.447

842.451

843.448 968.516 1083.533 1405.738
b1

y1

b2

y2

y3
y4 y5

y6 y7 b7* y8

N

b1

Q

b2

P A R* F K

b7

N

y8

Y

y7

A

y6

E

y5

L

y4

T

y3

I

y2

M

y1

K

0

25

50

75

100

500 1000
m/z

R
el

at
iv

e 
in

te
ns

ity

file: 02207a_BB1−TUM_mod_citrullination_l_13_01_01−DDA−1h−R1, scan: 34336

147.113 251.102262.14 345.177 409.175 524.202

671.817

703.816

754.385 883.429
998.458

1145.494 1260.524

y1 b2
y2 y4 b7*

b8*
b9* b10*

S Y

b2

R* Y A L Q

b7

y4

D

b8

m

b9

y2

D

b10

y1

K

0

25

50

75

100

250 500 750 1000 1250
m/z

R
el

at
iv

e 
in

te
ns

ity

file: 02207a_BA3−TUM_mod_citrullination_l_3_01_01−DDA−1h−R1, scan: 20036

S51



Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb

175.118

215.139

272.16

385.255

469.282 597.338

665.859

750.912

801.436

946.459

1116.568

1217.617
y1

b2

b3

y3

y5

L T

b2

G

b3

I T Y Q A L R*

y5

P D

y3

P L

y1

R

0

25

50

75

100

500 1000 1500
m/z

R
el

at
iv

e 
in

te
ns

ity

file: 02207a_BA11−TUM_mod_citrullination_l_11_01_01−DDA−1h−R1, scan: 38941

175.119
304.161

433.207

596.783 740.345

760.351

778.687

895.432 958.436 1026.465
1141.499y1

y2
y3

y6 b9* b10*
b11*

D G P P L R* G S N

b9

M

b10

D

b11

F R E

y6

P T E

y3

E

y2

E

y1

R

0

25

50

75

100

500 1000
m/z

R
el

at
iv

e 
in

te
ns

ity

file: 02207a_BB7−TUM_mod_citrullination_l_19_01_01−DDA−1h−R1, scan: 27900

147.113 260.197 331.233 401.178402.274 522.314

586.834

771.4772.498 842.44
913.472

1026.561
y1 y2 y3 b3*y4 b7*y8

b8*
b9* b10*

E R* N

b3

y8

G L S L

b7

y4

A

b8

y3

A

b9

y2

L

b10

y1

K

0

25

50

75

100

250 500 750 1000
m/z

R
el

at
iv

e 
in

te
ns

ity

file: 02207a_BA4−TUM_mod_citrullination_l_4_01_01−DDA−1h−R1, scan: 34972

S63



Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb

147.113 260.197
359.265 416.285 571.32

579.35

632.848

686.346
694.378

906.431
1005.5

1118.584
y1

y2
y3 y4 b5*

y5
b6*

y6

b8*
b9*

b10*

R* T I A Q

b5

y6

D

b6

y5

Y

y4

G

b8

y3

V

b9

y2

L

b10

y1

K

0

25

50

75

100

250 500 750 1000 1250
m/z

R
el

at
iv

e 
in

te
ns

ity

file: 02207a_BA3−TUM_mod_citrullination_l_3_01_01−DDA−1h−R1, scan: 29418

147.113 227.175
425.203 512.32

635.34

748.431

916.506

1083.588

1196.665

1319.697 1407.805 1570.885 1684.909

y1 b2 b14*

L L

b2

E R* P P E F T L P L Y N

b14

y1

K

0

25

50

75

100

500 1000 1500
m/z

R
el

at
iv

e 
in

te
ns

ity

file: 02207a_BA11−TUM_mod_citrullination_l_11_01_01−DDA−1h−R1, scan: 46516

117.103
175.119

228.135

253.093 310.139 343.161

355.149

403.672

482.163

504.948

538.323

556.272

602.352

627.321

659.867
702.677

709.288

756.918

806.348
y1

b2

b3

b6

b7

V Q

b2

D

b3

N H D

b6

P

b7

P N Q S G L Q R* F V I

y1

R

0

25

50

75

100

200 400 600 800
m/z

R
el

at
iv

e 
in

te
ns

ity

file: 02207a_BB9−TUM_mod_citrullination_l_21_01_01−DDA−1h−R1, scan: 32907

S64



Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: ambiguous

Ion type ArtNLDet DetNLAmb
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Ground truth: false, ionFinder classification: ambiguous
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Ground truth: false, ionFinder classification: ambiguous
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Figure S6. MS2 spectra from 64 PSMs of synthetic spectra which were identified as ambiguous by ionFinder and
classified as false in the ground truth dataset.
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Ground truth: false, ionFinder classification: false
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Figure S7. MS2 spectra from 3 PSMs of synthetic spectra which were identified as false by ionFinder and classified
as false in the ground truth dataset.
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Figure S8. Number of overlapping citrulline containing (A) proteins and (B) peptides in this work, Lee et al.,1

and Chaerkady et al.2
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