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A Challenging Problem
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14/21 said can identify peptide but can not localize site
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Solution

 Not fun to do by hand!

e Software available that evaluates ‘site-
determining ions’

— Generate per residue localization scores

— Examples: Ascore, PTM Score (MaxQuant), pFind,
PhosphoScore, etc.



Study Goals

Evaluate the consistency of reporting
phosphopeptide identifications and
phosphosite localization across laboratories

Characterize the underlying reasons why
result sets differ

. Produce a benchmark phosphopeptide

dataset, spectral library and analysis resource
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Study Design

e Use a common dataset
e Use a common sequence database

e Allow participants to use the bioinformatic tools
and methods of their choosing

e Use a common reporting template
e Fix the identification confidence (1% FDR)

e Require an indication of phosphosite ambiguity
oer spectrum

* |gnore protein inference — for now




Soliciting Participants and Logistics

Study advertised on the ABRF website and listserv, Molecular and Cellular Proteomics blogsite,
GenomeWeb and by direct invitation from iPRG members

1. Email participation
request to
‘IPRGxxxx@gmail.com’

Participant 2. Send official study letter iPRG members
with instructions /

Questions / Answers
3. All further communication (e.g., /

questions, submission) through
‘iPRGxxx.anonymous@gmail.com’ s’

“Anonymizer”
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e 1 Orbitrap XL dataset (3
files)

— RAW, mzML, mzXML, MGF,
pkl or dta — conversions by
ProteoWizard

e 1 FASTA file (SwissProt
human seq’s. v57.1)

e 1 template (Excel)

e 1 on-line survey (Survey
Monkey)

Study Materials and Instructions to Participants

Analyze the dataset

Report the phosphopeptide
spectrum matches in the
provided template

Complete an on-line survey

Attach a 1-2 page description
of your methodology
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Reporting Template

ABRF iPRG 2010 Study Template: Phosphorylated Peptide Analysis

Instructlons: Please fill in all REQUIRED fields. After deleting the example rows, create a new row for each phosphopeptide spectrum match. Multiple rows MAY be used to
report ambiguous phosphosite localizations. Phosphorylated residues MUST be indicated in the 'Peptide Sequence' field, and results should be sorted by 'Peptide
Identification Score' from most to least confident. Additional instructions can be found above each field header. Results should be emalled to

‘anonymous.IPRG2010@gmall.com’ no later than Jan. 10, 2010. Please make sure to fill out the REQUIRED survey
REQUIRED FIELDS

Identifiers should be
unique scan numbers
from data file but
may also refer to a
Name of data file merged range of

leg, MS/MS scans (e.g,
D20090930_PM_ Scan:19,
K5b2_SCK- 2316.19.19.3.dta,
IMAC_fxn03] 2316.19.19.3.pkl).
File Spectrum klentifier

D20090930_PM_K Scan:908
D20090930_PM_K Scan:2017
D20090930_PM_KScan:683
D20090930_PM_K Scan:4832

D20090930_PM_K Scan:641
D20090930_PM_K Scan:641

Precursor
m/z as
submited
to search
engine

Precursor
mfz

558.7576

710.82233

692.28891

775.3548

590.2127
590.2127

Use lowercase s, tor y (e.g. SLsGSsPCPK] OR a

Protein identifier(s)

¥ indicates this match
is BETTER than the
confidence threshold.

trailing symbol (e.g SLS#GSHPCPK) OR a string  from Fasta file. Use Total number 'N' indicates the match

in parentheses {e.g. SLS{ph)GS{ph)PCPK)
immediately following each phosphorylated
Precursor  residue. Only phosphorylation of S, T and Y will

charge be compared; all other modifications (e.g.,
reported by oxidized M) will be ignored. 1t will be assumed
search that all modifications indicated on 5, Tor Y are
engine phosphorylations.

Precursor

Charge Peptide Sequence

2 qGsPVAAGAPAK
2 TsPDPSPVSAAPSK
2 _APQTS{ph)S{ph)SPPPVR_
2 SQtPPGVAPPIPK

2 SLsGSsPePK
2 sL5GSsPcPK

multiple values if
peptide is found in
multiple proteins,
e.g., OONZ18;
QoUQ35. Protein
inference will not
be scored.

Accessions)
Q9NZIZ
Q13469
Q8IYR3
Q15648

Qasuaas
Qasuaas

of

is WORSE. Please

phosphorylati report BOTH types of

Indicate "Y' if ALL
phosphorylations
have been
confidently
localized. 'N' if
one or more

identifications in your

ons as
evidenced by ranked list. Is this
the precur§or match above 1% FDR
m/z and ME2 identification threshold
spectrum. Y| N)?
Num. Peptide dentification
Phospho sites Certainty

1Y

1Y

2y

2y

2y

2y

have not. Are
ALL
phosphosites
unambiguously
localized (Y| N)?
Phasphosite
Localization
Certainty

Y

N

N

Peptide
identification
score reported
by search engine
{e.g., E-value, p-
value,
probability,
Mascot score,
etc.)
Peptide
kentification
Scare
0.0002097

45.41
30.09
3179

0.0112023
0.0915611
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THE PARTICIPANTS
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Membership (n=33)

Type of Lab

Location

6%

70%

i ABRF Member

L1 Non-member

& Academic

& Biotech/Pharma/Industry
& Contract Research Org

&4 Government

i Other

M Asia
H Australia/New
Zealand

i Europe

&4 North Amercia

20

15

10

« 59 requests / 32 submissions (54% return)

Proteome Informatics = 2 retractions
= + 7 iPRG members and 1 guest

Resource Lab Status

3% H Conduct both core
functions and non-
core lab research

H Core only

i Non-core research lab

Primary Job Function

3%

& Bioinformatician/Developer
H Director/Manager

& Lab Scientist

& Mass Spectrometrist

L Other

Proteomics Experience

1-2 years 3-4 years 5-10 years >10years Unanswered
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Software Tools Used
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GENERATING A DATASET
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The SCX/IMAC Enrichment Approach
for Phosphoproteomic%

q

Add solutions here

IMAC PhosSelect resin

__— C18 Empore disks

Sample:  7.5x10e7 human K562 human chronic myelogenous leukemia cells, 4mg lysate

Protocol: Villen, J, and Gygi, SP, Nat Prot, 2208, 3, 1630-1638.

Lysis: 8M urea, 75mM NaCl, 50 mM Tris pH 8.2, phosphatase inhibitors

SCX: PolyLC - Polysulfoethyl A 9.4 mm X 200mm, elute: 0-105mM KCI, 30% Acn .

IMAC: Sigma - PhosSelect Fe IMAC beads, bind: 40% Acn, 0.1% formic acid, elute: 500 mM K,HPO, pH 7
MS/MS:  Thermo Fisher Orbitrap XL, high-res MS1 scans in the Orbitrap (60k), Top-8 fragmented in LTQ, exclude +1

and precursors w/ unassigned charges, 20s exclusion time, precursor mass error +/- 10 ppm
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Preliminary Analysis of SCX Fractions and Dataset Selection
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Preliminary Analysis of SCX Fractions and Dataset Selection
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% distinct peptides
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PHOSPHOPEPTIDE IDENTIFICATION
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Notes on Analysis

e |dentification and localization were analyzed separately
e All non-phosphopeptide IDs removed
* Reported confidence indicators were used as filters
— Id = Is peptide spectrum match above 1% FDR? (Y|N)
— Loc = Are ALL phosphosites unambiguously assigned? (Y |N)
e Mods indicated on S|T|Y are assumed phos, others ignored
— Unique peptide comparison
SLsm(ox)DSQVPVYSPSIDLK =» SLSMDSQVPVYSPSIDLK
SLSm(ox)DSQVPVYSPsIDLK ©

— Phosphopeptide comparison
SLsm(ox)DSQVPVYSPSIDLK=> SLsMDSQVPVYSPSIDLK
SLSm(ox)DSQVPVYSPsIDLK=» SLSMDSQVPVYSPsIDLK
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From 30,000 Ft.

8000

7000
6000
5000
4000 -
3000
2000 &
1000

0 4

Pre mass
filtering

Solution
charge
filtering

Localization
software

Peptide ID
Software

Mu™|

22730
86010

Se

H# spectra ld Yes
# spectra Loc Yes

# unique Peptides UC ID Yes

53706
92536i
870486i

Om

Ma

Sm

Mu

870484i

Sm

85246

13867
20441v

3,571

40816i

50308i

56365
66398

71263

63103
18621
74637
15769
77114

Mu

Xt

Ma

Mu

Ma

Ma

In

Ma

Mu

Se

Mu

Se

Mu Ma Xt Mu [Pv_[Ma

Se

=]

Sc

Localization
software

Ih

As

JAs

Ph

Mg

Sm

Ih

Sm

Ih

JAs

JAs

Pl

Mg

Ps

Pl

NN

As_[Ih Ih

As

Ma=Mascot, Ms=MslInspect, Mu=Multiple, Mu*=Multiple + Spec Lib, Om=0MSSA, Pf=pFind, Pv=Pview, Sc=Scaffold, Se=SEQUEST, Sm=Spectrum Mill, Xt=X!Tandem
As=Ascore, Ih=In-house, In=InsPecT, Mg=MaxQuant, Nn=NNScore, Ph=Phosphinator, PI=Phosphate Localization Score, Ps=PhosphoScore, Sm=Spectrum Mill




" researiGrup Quotes From Participants (grading?)

e “Itis hard to see how the results of this analysis will be assessed.
How will the accuracy of individual methods be determined? It is
always easy to find more matches but less easy to determine

whether they are credible.”

e “The most challenging part of this study is phosphate localization.
But, the data in this study is not a gold standard. So, it's hard to
judge which method works. ”

e “Well-designed study. | am looking forward to the results, and | am
honestly wondering how the study designer comes up with a
"model answer" (or maybe there won't be one?).”

e “How sure are the authors of phosphosite localisation? Have
synthetic peptides been made to validate many of the peptides?”
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Performance was

not equivalent

across the 3
fractions for all

participants.
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Num. of Spectra or Unique Peptides

How Much Did Phosphopeptide Identifications (Spectra and Unique

Peptides) Vary?
4000
o B Fr3
. Fr4
B Fr12
3000 -
2000 ~
([
1000 H~
(
[ 4
O -
T T T T T T
) o = = N N
— p. P — - —
LL L LL [T — —
Z e Ny e L €
3 < 4 < X g
[ 5 [ & S 5
= a s a g 2
5 5 3 e g g
++ g H* g (Q g
HH* HH* *

Unique Phosphopeptide CVs
Fr3=74%
Fr4=31%
Fr12=84%*



One Participant Wonders
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Frxn 4 — most phosphopeptides

Frxn 3 — most multiple phos per peptide
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SIMILARITY OF RESULT SETS
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Other

overlap

Participant

n=35

Median %

120

Identified Unique Peptides?

Pairwise Comparisons of Unique Peptides - All Fractions

100
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I overlap

[ unique to participant
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On Average, How Similar Are the Sets of Confidently
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sorted by # spectra ld=Y



Proteome Informatics
Research Group

n

35

14941
87133,
22730,
86010,
13800
84940v
20899i
53706,
92536i
870486i
45682
870484i
85246,
13867
20441v
40816i
20109
50308i
29850v
56365
66398,
91943i
47587
71263
65211
63103
97219i
20814
61963v
18621
74637
15769,
77114,
66514,
77115

13867
50308i
20899i

87133

45682

66398,

63103
84940v
870484i
870486i

56365

14941
20441v
40816i

13800

53706,

86010,
29850v
92536i

20814,

22730

20109

71263

47587
61963v
91943i

74637

65211

18621
97219i

15769

77114,

66514,

77115

85246,

Unique Peptide %Overlap

14941 87133 22730 86010  1380084940v 20899i 53706925361 8704861 456828704841 85246
825 735 798 756 784 759 732 693 725 746 692 158
825 752 774 746 802 767 76 695 713 813 734 158
735 752 703 685 794 666 714 65 68 695 70 142
798 77.4 703 85.4 732 736 69.3 70 70 70.4 66.8 147
756 74.6 68.5 85.4 713 n7 67.6 69 69.4 69.7 66.3 143
784 802 794 732 713 707 751 673 675 736 695 147
759 767 666 736 717 707 695 679 708 732 689 146
732 76 714 693 676 751 695 64.6 66 712 681 15
693  69.5 65 70 69 673 679 646 671 635 642 127
725 713 68 70 694 675 708 66  67.1 664 909 137
746 813 695 704 697 736 732 712 635 664 68.7 16
692 734 70 668 663 695 689 681 642 909 687 139
158 158 142 147 143 147 146 15 127 137 16 139
715 79 689 687 692 742 729 738 677 684 738 71 142
617 611 549 592 591 582 635 555 559 60 602 581 124
57.2 64 579 56 572 611 622 577 57 592 618 606 114
551  60.6 51 527 523 538 576 53 503 528 565 54 14
654 717 632 617 631 67 703 667 614 669 694 697 133
524 587 526 509 523 562 584 542 531 546 573 568 109
592 655 565 573 575 613 644 589 577 591 631 615 124
702 706 647 696 694 679 722 652 817 69 65 661 129
455 47 408 444 457 441 507 434 458 477 466 467, 9.2
443 494 438 428 435 479 485 445 452 457 481 474 84
472 503 429 46 466 465 525 456 449 495 499 501 106
394 437 393 378 393 421 432 41 392 414 431 435 9.2
606 676 607 581  60.1 65 659 625 595 623 651 646 121
376 42 359 36 373 396 41 377 365 381 417 397 9
539 601 539 527 541 583 595 563 554 557 587 577 114
3.7 48 416 42 428 45 478 428 429 455 483 471 88
383 424 387 376 388 409 424 397 384 41 42 a7 9.3
448 496 449 439 454 474 484 478 463 484 495 507, 9.3
255 284 25 247 255 273 291 265 259 277 286 289 5.9
228 256 227 223 235 247 262 243 234 251 262 263 58
174 192 172 164 168 188 184 174 178 177 188 1838 4
114 128 114 111 118 124 13 122 118 127 133 133 39
1386750308  20899i 87133 45682 66398  6310384940v 870484 870486i 56365  1494120441v
735 729 79 738 699 713 742 71 684 673 715 621
735 703 717 694 671 759 67 697 669 688 654  63.6
729 703 767 732 722 659 707 689 708 644 759 635
79 717 767 813 706 676 82 734 713 655 825 611
738 694 732 813 65 651 736 687 664 631 746  60.2
699 671 722 706 65 65 679 661 69 616 702 599
713 759 659 676 651 65 65 646 623 688 606 626
742 67 707 802 736 679 65 695 675 613 784 582
71 697 689 734 687 661 646  69.5 909 615 692 581
684 669 708 713 664 69 623 675 909 591 725 60
673 688 644 655 631 616 688 613 615 501 592 581
715 654 759 85 746 702 606 784 692 725 592 617
621 636 635 611 602 599 626 582 581 60 581 617
641 702 622 64 618 617 719 611 606 592 647 572 581
692 631 717 746 697 694 601 713 663 694 575 756  59.1
738 667 695 76 712 652 625 751 681 66 589 732 555
687 617 736 774 704 696 581 732 668 70 573 798 592
613 702 584 587 573 58 704 562 568 546 646 524 59
677 614 679 695 635 8.7 595 673 642 671 577 693 559
64 703 595 601 587 594 675 583 577 557 662 539 585
689 632 666 752 69.5 647 607 794 70 68 565 735 549
605 603 576 606 565 536 566  53.8 54 528 594 551 555
527 587 525 503 499 499 579 465 501 495 686 472 525
52 539 485 494 481 487 561 479 474 457 568 443 479
507 557 478 48 483 474 573 45 471 455 555 437 572
498 597 507 47 466 508 581 441 467 477 567 455 537
532 536 484 496 495 494 541 474 507 484 568 448 45
464 526 432 437 431 435 523 421 435 414 514 394 458
445 507 424 424 42 415 517 409 427 a1 51 383 443
439 492 a1 42 417 402 492 396 397 381 476 376 442
306 361 291 284 286 287 365 273 289 277 373 255 315
285 337 262 256 262 263 355 247 263 251 357 228 30
20 206 184 192 188 188 214 188 188 177 215 174 185
144 169 13 128 133 133 177 124 133 127 181 114 155
142 133 146 158 16 129 121 147 139 137 124 158 124

1386720441v 408161

715

79
689
68.7
69.2
742
729
738
67.7
68.4
738

71
142

62.1
64.1
60.5
735
613
67.3
69.9
49.8

52
527
26.4
73
439

64
50.7
245
532
306
285

20
144

40816
64.1
702
622

64
618
617
719
61.1
60.6
59.2
64.7
57.2
58.1

57.2
57.7

56,

74

57
67.7
57.9
55.5
565
57.1

58
57.4
511
497
55.1
6.4
36.3

35
19.6
178
114

617
611
54.9
59.2
59.1
58.2
635
55.5
55.9

60
60.2
58.1
124
62.1

58.1
55.5
63.6

59
58.1
59.9
53.7
479
525
458
626
442
58.5
57.2
443

45
315

30
185
155

13800
69.2
63.1
717
746
69.7
69.4
60.1
713
66.3
69.4
57.5
75.6
59.1
57.2

67.6
85.4
523

69
54.1
68.5
523
46,6
435
428
45.7
454
393
38.8
373
255
235
16.8
118
143

572

57.7

59.2
618
60.6
114
64.1
58.1

55.5
702

74
64.7
617
57.4
57.1
56.5
49.7
719
46.4
67.7

58
55.1
511
363

35
19.6
17.8

53706
738
66.7
69.5

76
712
65.2
625
75.1
68.1

66
58.9
732
555

676

693
542
64.6
563
714

53
456
445
428
434
478

a1
397
377
265
243
17.4
122

15

20109503081
551 654
606 717

51 632
527 617
523 631
53.8 67
576 703

53 667
503 614
528 669
565  69.4

54 697

14 133
605 735
555  63.6
555 702

60.3
603

54 702
59.4 688
536  67.1
455 597

45 539
486  58.7
455 526
566 759
386 492
567 703
461 55.7
43 507

4 536
291 361
275 337
191 206
192 169

29850v

524
58.7
526
50.9
523
56.2
58.4
542
53.1
54.6
573
56.8
109
613

59

74

54
702

64.6

58
67.1
622
59.8
53.4
704
502
68.2
63.5
587
515
411
396
206
19.7

8601029850v  92536i

68.7
617
736
774
704
69.6
58.1
732
66.8

70
57.3
79.8
59.2

85.4
69.3

223
16.4
111
147

613
70.2
58.4
58.7
573

58|
704
56.2
56.8

53.1
68.2
526

54
59.8
622
635
67.1
515
53.4
58.7
50.2
411
39.6
206
19.7
109

67.7
614
67.9
69.5
635
817
595
67.3
64.2
67.1
57.7
69.3
55.9

57

69
64.6

70
53.1

55.4

65
503
449
452
429
458
463
392
384
365
259
234
17.8
11.8
12.7

56365
59.2
655
56.5
57.3
57.5
61.3
64.4
58.9
57.7
59.1
63.1
615
124
67.3
58.1
64.7
59.4
68.8
64.6

616
56.7
56.8
68.6
514
68.8
47.6
66.2
555

51
56.8
37.3
357
215
181

Descending # of total

20814
64
703
59.5
60.1
587
59.4
67.5
583
57.7
55.7
662
539
58.5
67.7
54.1
563
527
68.2
55.4

539
56.7
59.2
54.6
56.5
57.3
54.8
514
53.6
47.5
372
37.5
209
193
114

6639891943
702 455
706 a7
647 4038
69.6 44.4
69.4 45.7
679 441
722 507
652 434
817 458

69 477
65 466
661 467
129 9.2
699 498
599 537
617 574
536 455
671  59.7
58 67.1
616 567
50.8

50.8
487 565
499 61
435 506
65 581
402 462
594 573
474 606
415 518
494 456
287 42
263 455
18.8 19
133 226

47587
443
49.4
4338
228
235
47.9
485
245
452
457
48.1
47.4

8.4
52
47.9
57.1
45
53.9
622
56.8
487
56.5

525
485
56.1
226
54.6
55.4
24.9
455
44.7
36.6
217
212

71263
472
503
229

46
466
46.5
525
456
449
495
499
50.1
106
527
525
56.5
4856
58.7
508
686
499

61
525

49.1
57.9
448
59.2
56.1
53.1
52.6
412
424

20
217

65211
394
437
393
378
393
421
432

41
392
414
431
435

92
6.4
4538
49.7
455
526
53.4
514
435
506
485
49.1

523
493
514
503
3.7
422
393
393
207
224

spectra Id=Y

22730
68.9
63.2
66.6
75.2
695
64.7

416
408
449
393
38.7
359

25
227
17.2
114
142

20109
605
603
576
60.6
565
53.6
56.6
53.8

54
528
59.4
55.1
555
55.5
523

503
56.7

4856

45
46.1
455

a4
455
413
386
29.1
275
191
192

14

71263
527
587
525
503
299
49.9
57.9
265
50.1
495
68.6
472
525
56.5
6.6
456

46
59.8
44.9
59.2
229
486

525
56.1

61
526
49.1
53.1
44.8
2.2
424

20
217
106

47587 61963v

52 507
539 557
485  47.8
49.4 48
481 483
487 474
561  57.3
47.9 a5
474 471
457 455
568  55.5
443 437
479 572
57.1 58
435 428
45 4238
428 42
62.2 63.5
452 429
546 565
438 416
45 461
525 561
55.4

55.4
565  60.6
455 446
485 503
449 a8
426 497
447 407
366 409
217 201
212 197
8.4 88

63103972191 20814 61963v 18621 74637 15769 77114 66514 77115
606 376 539 437 383 448 255 228 174 114
67.6 42 601 48 424 496 284 256 192 128
607 359 539 416 387 449 25 227 172 114
58.1 36 527 42 376 439 247 223 164 111
60.1 373 54.1 42.8 38.8 45.4 255 235 16.8 118

65 396 583 45 409 474 273 247 188 124
659 41 595 478 424 484 291 262 184 13
625 377 563 428 397 478 265 243 174 122
595 365 554 429 384 463 259 234 178 118
623 381 557 455 41 484 277 251 177 127
651 417 587 483 42 495 286 262 188 133
646 397 577 471 427 507 289 263 188 133
12.1 9 114 88 93 9.3 5.9 5.8 4 39
713 439 64 507 445 532 306 285 20 144
626 442 585 572 443 45 315 30 185 155
71.9 46.4 67.7 58 55.1 511 36.3 35 196 17.8
566 386 567 461 413 44 291 275 191 192
759 492 703 557 507 536 361 337 206 169
704 502 682 635 587 515 411 396 206 197
688 476 662 555 51 568 373 357 215 181

65 402 594 474 415 494 287 263 188 133
581 462 573 606 518 456 42 455 19 226
561 426 546 554 449 455 447 366 217 212
579 448 592 561 531 526 412 424 20 217
523 493 514 503 437 422 393 393 207 224

492 675 573 517 541 365 355 214 177
492 475 497 377 385 313 336 186 173
675 475 565 536 548 372 375 209 193
573  49.7 565 48 446 407 409 201  19.7
517 377 536 48 433 368 425 182 217
541 385 548 446 433 334 32 21 177
365 313 372 407 368 334 414 171 2
355 336 375 409 425 32 414 165 50
214 186 209 201 182 21 171 165 101
177 173 193 197 217 177 24 50104
91943i 74637 65211 18621972190 15769 77114 66514 77115 85246
498 532 464 445 439 306 285 20 144 142
597 536 526 507 492 361 337 206 169 133
507 484 432 424 41 291 262 184 13 146

47 496 437 424 42 284 256 192 128 158
466 495 431 42 417 286 262 188 133 16
508 494 435 415 402 287 263 188 133 129
581 541 523 517 492 365 355 214 177 121
441 474 421 409 396 273 247 188 124 147
467 507 435 427 397 289 263 188 133 139
477 484 414 41 381 277 251 177 127 137
567 568 514 51 476 373 357 215 181 124
455 448 394 383 376 255 228 174 114 158
53.7 45 458 44.3 442 315 30 18.5 155 124
574 511 497 551 464 363 35 196 178 114
457 454 393 388 373 255 235 168 118 143
434 478 41 397 377 265 243 174 122 15
444 439 378 376 36 247 223 164 111 147
671 515 534 587 502 411 396 206 197 109
458 463 392 384 365 259 234 178 118 127
573 548 514 536 475 372 375 209 193 114
40.8 449 39.3 387 359 25 22.7 17.2 114 14.2
455 44 455 413 386 291 275 191 192 14

61 526 491 531 448 412 424 20 217 106
565 455 485 449 426 447 366 217 212 8.4
606 446 503 48 497 407 409 201  19.7 88

456 506 518 462 42 455 19 226 9.2
456 422 433 385 334 32 21 177 9.3
506 422 437 493 393 393 207 224 9.2
518 433 437 377 368 425 182 217 9.3
462 385 493 377 313 336 186 173 9

42 334 393 368 313 414 171 24 59
455 32 393 425 336 414 165 50| 5.8

19 21 207 182 186 171 165 101 4
226 177 224 217 173 24 so 101 39

9.2 9.3 9.2 9.3 9 59 5.8 4 39

Descending similarity (median % overlap)
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LOCALIZATION ANALYSIS



Subset of Participants Used for Localization Analysis

Proteome Informatics
Research Group

8000

W #spectrald Yes |
# spectra Loc Yes

Excluded

0 0% localization
TI8RS833888R83ISa82883830ex3d893sd533338 1 100% localization
35 2°R288383508383I N8I S8Ry dgN®ggeER8r .
mewﬂggmggwgwa8$N8&>moc“n‘w|\©©gmsa|\\—||\©|\ F FDR - very high?
\l/ R Replicate submission
22 RF 1 0 1 A0 F 1CMOM M Merged spectra
C Categorization Errors
8000 A Y Loconly when

W # spectrald Yes

# spectra Loc Yes | no possible ambiguity

14941
87133
22730
86010
13800
84940v
20899
53706
92536i
61963v
18621

2w w v & 8B © 8 oo 2
S 883z882 gy
E < - @ N B w5 < ~ 5



Wide Range in Willingness to be Certain of Localization

Proteome Informatics
Research Group

4000 m# spectra ld Yes Frxn 3
# spectraLoc Yes Fnn 3
W i# spectra Id Yes Frxn 4
3000 # spectra Loc Yes Fnm 4
m# spectra Id Yes Frxn 12
# spectra Loc Yes Fnm 12

] r,ll

-

e o

o o o
13800
84940v

20109

20899i |
53706
| ——
870486i
13867 e |
——
50308]
56365
C
-

925361

7 .
45682

47587
71263
07210 [—
91943
61963v
18621 |
65211 f—

14841
87133
22730
86010
20441v

Fraction of Confidently Identified Spectra (Id=Y) Marked Fully Localized (Loc=Y)

12

1o Median Fraction of Confident

: Spectra Marked Loc=Y
o6 ] Fr3 =48%
Frd =67%
. Fr12 = 65%

0.0 T
Fr3 Fr4 Fr12

Fraction of Spectra




—— On Average, How Similar Are the Sets of Confidently
Fesearch aroup |dentified and Localized Phosphopeptides (Id=Y, Loc=Y)?

Pairwise Comparisons of Phosphopeptides - All Fractions

120

Other

100 - — = -

80 | — —

60

Median %

overlap

[ 38% 8

4 M Q00O >5 © e N> EWOWHEN®MES >
. . <m0 ®m a0 0 P08 L8 0w dO8 0w anw
PartICI ant O AN O O FI g O 0 IFdm My LN OO
S N0 MBI oot oB w3 ~xoaR o
N0 AYIVFRRTITAONIIODG IS A
0 5 ~ ©
I overlap

[ unique_to_participant
™ unique_to_other

n=22 sorted by # spectra Id=Y
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=Y

By num. spectra Id

By median %overlap

Phosphopeptide %Overlap

14941 87133 22730 86010 1380084940v 20899i 5370692536i 870486i 45682 1386720441v 2010950308i 5636591943i 47587 7126397219i 61963v 18621
14941 35.8 31.8 28.5 33.7 31 35.2 29.8 313 36.6 322 33.8 26.6 19.5 334 26.8 20.9 27.2 27.3 16.1 24 24
87133  35.8 377 335 394 325 359 367 354 381 395 394 348 252 416 281 308 384 38 133 36.2 305
22730 31.8 37.7 51 58.3 47.8 45.8 56.8 53.1 51.5 50.2 51.5 45.4 23.4 54.4 31.8 27.3 38.5 38.9 8.7 38 30.7
86010 285 335 51 66.4 33.1 44.1 52.6 51.6 45.5 47.9 40.2 46.6 18.2 39.2 24.7 22.6 30.4 34.9 6.4 31.8 24.7
13800 33.7 39.4 58.3 66.4 41.6 49.1 55.4 58.8 52.7 52.6 47.7 49.2 23.2 49.9 30.9 29.1 37.9 42.5 8.5 37.9 31
84940v 31 325 47.8 33.1 41.6 40.6 40.5 39.8 44.9 39.1 50.8 335 19.3 48.9 45.2 27.4 37.9 35.1 11.1 33.6 29.7
20899i 35.2 35.9 45.8 44.1 49.1 40.6 45.9 45.9 48.6 49.4 44.3 40.2 20.3 45.1 31.2 25.5 34 35.6 10.4 31.8 29.1
53706 298 36.7 568 526 554 405 459 50.8 46.2 50.2 481 459 223 484 299 254 368 381 8 36.6 2838
92536i 313 35.4 53.1 51.6 58.8 39.8 45.9 50.8 49 45.7 44.5 44.1 22.4 45 29.8 27.3 36.7 37.9 7.7 34.9 28.7
870486i 36.6 38.1 51.5 45.5 52.7 44.9 48.6 46.2 49 45.9 46.9 423 231 50.1 32 28.5 39.6 39.6 10.7 36.3 30.7
45682 32.2 39.5 50.2 47.9 52.6 39.1 49.4 50.2 45.7 45.9 44.8 42.5 20.4 45.4 294 254 36.6 37.6 8.9 37.1 32.8
13867 33.8 39.4 51.5 40.2 47.7 50.8 44.3 48.1 44.5 46.9 44.8 41.6 24.8 54.3 36.5 289 40.3 41.2 11.3 38.6 31.8
20441v 26.6 34.8 45.4 46.6 49.2 33.5 40.2 45.9 44.1 42.3 42.5 41.6 26.3 43.6 28 28.4 38.5 42.6 8.8 47.3 29.6
20109 19.5 25.2 23.4 18.2 23.2 19.3 20.3 223 224 231 204 24.8 26.3 28.6 22 25.1 30.9 31.8 14.2 32.6 20
50308i 334 41.6 54.4 39.2 49.9 48.9 45.1 48.4 45 50.1 45.4 54.3 43.6 28.6 38.6 37.5 46.1 48.4 13.4 44.2 36.8
56365 26.8 28.1 31.8 24.7 30.9 45.2 31.2 29.9 29.8 32 29.4 36.5 28 22 38.6 26 34 38.7 13.6 30.7 26.9
91943i 20.9 30.8 27.3 22.6 29.1 27.4 25.5 25.4 27.3 28.5 25.4 28.9 28.4 25.1 37.5 26 39.4 39.8 10.5 36.1 31.1
47587 27.2 38.4 38.5 30.4 37.9 37.9 34 36.8 36.7 39.6 36.6 40.3 38.5 30.9 46.1 34 39.4 46.7 12.7 47.3 35.4
71263 27.3 38 38.9 34.9 42.5 35.1 35.6 38.1 37.9 39.6 37.6 41.2 42.6 31.8 48.4 38.7 39.8 46.7 12.2 45.2 37.5
97219i 16.1 13.3 8.7 6.4 8.5 11.1 10.4 8 7.7 10.7 89 11.3 8.8 14.2 13.4 13.6 10.5 12.7 12.2 12.3 11.2
61963v 24 36.2 38 31.8 37.9 33.6 31.8 36.6 34.9 36.3 37.1 38.6 47.3 32.6 44.2 30.7 36.1 47.3 45.2 12.3 334
18621 24 30.5 30.7 24.7 31 29.7 29.1 28.8 28.7 30.7 32.8 31.8 29.6 20 36.8 26.9 311 354 37.5 11.2 334
Descending # of total spectra Id=Y- >
22730 1380050308i 870486i 5370692536i 20441v 13867 4568220899i 84940v 71263 47587 8601061963v 87133 18621 14941 5636591943i 2010997219i
22730 58.3 54.4 51.5 56.8 53.1 45.4 51.5 50.2 45.8 47.8 38.9 38.5 51 38 37.7 30.7 31.8 31.8 27.3 23.4 8.7
13800 58.3 49.9 52.7 55.4 58.8 49.2 47.7 52.6 49.1 41.6 42.5 37.9 66.4 379 39.4 31 33.7 30.9 29.1 23.2 8.5
50308i 54.4 49.9 50.1 48.4 45 43.6 54.3 45.4 45.1 48.9 48.4 46.1 39.2 44.2 41.6 36.8 334 38.6 37.5 28.6 13.4
870486i 51.5 52.7 50.1 46.2 49 423 46.9 45.9 48.6 44.9 39.6 39.6 45.5 36.3 38.1 30.7 36.6 32 28.5 23.1 10.7
53706 56.8 55.4 48.4 46.2 50.8 45.9 48.1 50.2 45.9 40.5 38.1 36.8 52.6 36.6 36.7 28.8 29.8 29.9 25.4 22.3 8
92536i 53.1 58.8 45 49 50.8 44.1 44.5 45.7 45.9 39.8 37.9 36.7 51.6 34.9 354 28.7 313 29.8 27.3 224 7.7
20441v 45.4 49.2 43.6 42.3 45.9 44.1 41.6 425 40.2 335 42.6 38.5 46.6 47.3 34.8 29.6 26.6 28 28.4 26.3 8.8
13867 51.5 47.7 54.3 46.9 48.1 445 41.6 44.8 44.3 50.8 41.2 40.3 40.2 38.6 39.4 31.8 33.8 36.5 28.9 24.8 11.3
45682 50.2 52.6 45.4 45.9 50.2 45.7 42.5 44.8 49.4 39.1 37.6 36.6 47.9 37.1 39.5 32.8 32.2 29.4 25.4 20.4 8.9
20899i 45.8 49.1 45.1 48.6 45.9 45.9 40.2 44.3 49.4 40.6 35.6 34 44.1 31.8 35.9 29.1 35.2 31.2 25.5 20.3 10.4
84940v 47.8 41.6 48.9 44.9 40.5 39.8 33.5 50.8 39.1 40.6 35.1 37.9 33.1 33.6 32,5 29.7 31 45.2 27.4 19.3 11.1
71263 38.9 42.5 48.4 39.6 38.1 37.9 42.6 41.2 37.6 35.6 35.1 46.7 34.9 45.2 38 37.5 27.3 38.7 39.8 31.8 12.2
47587 38.5 379 46.1 39.6 36.8 36.7 38.5 40.3 36.6 34 379 46.7 304 473 384 354 27.2 34 394 309 12.7
86010 51 66.4 39.2 45.5 52.6 51.6 46.6 40.2 47.9 44.1 331 34.9 30.4 31.8 335 24.7 28.5 24.7 22.6 18.2 6.4
61963v 38 37.9 44.2 36.3 36.6 34.9 47.3 38.6 37.1 31.8 33.6 45.2 47.3 31.8 36.2 334 24 30.7 36.1 32.6 12.3
87133 37.7 39.4 41.6 38.1 36.7 35.4 34.8 39.4 39.5 35.9 32.5 38 38.4 33.5 36.2 30.5 35.8 28.1 30.8 25.2 133
18621 30.7 31 36.8 30.7 28.8 28.7 29.6 31.8 32.8 29.1 29.7 37.5 35.4 24.7 334 30.5 24 26.9 31.1 20 11.2
14941 31.8 33.7 334 36.6 29.8 313 26.6 33.8 32.2 35.2 31 27.3 27.2 28.5 24 35.8 24 26.8 20.9 19.5 16.1
56365 31.8 30.9 38.6 32 29.9 29.8 28 36.5 29.4 31.2 45.2 38.7 34 24.7 30.7 28.1 26.9 26.8 26 22 13.6
91943i 27.3 29.1 37.5 28.5 254 27.3 284 28.9 254 255 27.4 39.8 39.4 22.6 36.1 30.8 31.1 20.9 26 25.1 10.5
20109 234 23.2 28.6 231 223 224 26.3 24.8 20.4 20.3 19.3 31.8 30.9 18.2 32.6 25.2 20 19.5 22 25.1 14.2
97219i 8.7 8.5 13.4 10.7 8 7.7 8.8 11.3 8.9 10.4 11.1 12.2 12.7 6.4 12.3 13.3 11.2 16.1 13.6 10.5 14.2
>

Descending similarity (median

% overlap)

n

22
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Relatedness of Participants by Overlap

Research Group

Clusters by Unique Peptide Overlap

Clusters by PhosphoPeptide Overlap
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Treenome | Participants Agree on the Identity, Do They Also Agree Site
Localization Can be Certain?

No possibility of ambiguity

10.0% ~\ Frxn 4

e [ T — Subset of
£ 472 spectra
S 6.0% 1Bl i )
2 for which
6 40% RN RN N ERNEgwgegwg K CTCTR 20/22 participants

o MBI RBRBRRERRER _REOR } all agree on

Identity
0.0% -
100% 85% 70% 55% 40% 25% 10% NPA

% participants indicating localization Yes
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rserchaowy  \N Nt Fraction of the Time Do They Agree On Localization(s)?

8050 spectra with > 2/22 1d Yes (Frxn 3, 4, 12) 5918/8050 spectra with > 2/22 Loc Yes
and Site Ambiguity Possible
# spectra 670, 11% W 100% partic agree

67-99% partic agree

0 1000 2000 3000 4000 5000 6000 7000
e e e ——— < 67% partic agree

963, 10%

#Y loc 2-22 partic
#Y loc 1 partic
# N loc all partic

55915j

5918

o Y loc
no ambiguity

4685, 79%

For all of the participants that agree on identity when
e site ambiguity is possible (#S,TY > # phos)
e >2 participants mark Loc=Y

» For 79% (4,685 of 5,918) of the spectra, all participants
who mark Loc=Y unanimously agree on the localization of
the phosphosites



Which Participants are More Likely to Disagree on

Localization?
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# Spectra with Loc Agreement 50.1-99.9%
Frxn 3: 154
Frxn 4: 498
Frxn 12: 227
to localize
are more likely to disagree with the
majority view.

The participants who are the most willing
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i Quotes From Participants

e “This study has started a dialogue of accurate
phosphate identification and localization.
Perhaps, the results of this study will point out
the inadequacies of current informatics
methods in identification and localization of
phosphates.”

e “Great study choice! | learned a lot about
available software, limitations, etc!”
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Resource for Inspecting Peptide Id Certainty Overlaps - Frxn 4
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YY: Y -identification Y — localization
YN: Y -identification N - localization

ND: N -identification, and top sequence different than consensus

1 |spectrum bestSequence NTerm mfz z =ty 14949 87133 22730 56010 13500 834940 205899 | 53706 925360 87045861 456382 | 13867 20441 | 20109 50305

= 9510 &DEOLIFRLEGYDGGEESPR Acetyl 73267 3 1 K& Yy Wy Yy Ny
o2 4042 SOMGELECKPPAFPPYR Acetyl 921915 2 1
o3 9515 aDECLIFRLEGYDGEGEESPR Acetyl 10935005 2 1
04 5115 LASGSPGRREGSAGGERR Acetyl 500652 3 1R
o5 4571 ADHSFSOGYPSOSYEAAK Acetyl gr0.a9ss 2 1
1790 3055 AGDOLLEDSPE SE2749 20 A
1791 1539 AGSPYAAGAPAK g55.7596 2 1
1792 7355 *AGPLLNGARAGESPERK 10598584 3 2
1793 5754 MVOLSPPALAAPALPGR 728923 2 1
1754 4533 IFSPMILE 43126 2 1
17595 4559 LPLVFESFR S44.2805 2 A
1826 9516 WLMTGSOYEEAYADALK an59274 2 A
2251 F134 SLSAASCAPISLPALASR aos431 2 A
22572 5405 sSSPAPADIAATYOEDLR 95295 2 1
2253 £253 IGVESATEN BO43192 2 1
2254 42595 YLGETSPEAIDSAENR g205205 2 18
24905 7EEG SYVETPAYLAPEVLR G26.4246 2 1K
2906 7325 \PSETPFPPTIFPOETFGGR 957 4463 3 1
2907 S0E0 SILODSFE so2y2 o2
2903 g6 ATSPEAGGGGGEALK E257827 2 1
2909 704 LYGATATSSPRPE 533251 |2 1
2910 3640 QMSFOLTE 53393 2 1K
2911 Ealata] SITSPPSTSTTE B43.7967897 2 1
2912 6753 LSPPAGLFTSAR 458214 2 1K
3217 9532 IDSTGETVISOYEEDAGELSR ToOGA60G 3 1
B 7040 DVTNFTYGGFAPMSPR s97.8312 3 1
32149 2369 SESPPFPLSOFEK 617.2757 2 1
3220 3531 GEFSASPMLE s81.745 20 A
322 9569 s AGYRCPLLSDLTLSPYPR 8120866 3 1
3222 1931 LSPGESAYGK, 5802558 2 1
3223 5599 CRSPGMLEFPLGSSR g0ssdEs 2 1
3224 10271 ATEMOIYMFFSPLNPYER £92 9549667 3 1




inty Thresholds

ID Certa

Frxn 4 — most phosphopeptides

IN

Room for Improvement

Frxn 3 — most multiple phos per peptide
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10.

Preliminary Conclusions

Wide range of spectra marked confidently identified
Wide range of spectra marked confidently localized

Lack of a uniform method for calculating and reporting ambiguity made it hard
to compare results from some participants (13 of 35 were only partially included)

Some participants succeeded without localization software but most at least
used some measure of ambiguity

Typically, very few identifications were unique to any one participant

Unique peptide assignments were roughly 57% identical (n=35)

Confidently localized phosphopeptides assignments were roughly 38% identical
(n=22)

Participants that performed well often shared the highest similarity with other
participants

Participants did not hesitate to mark peptides with ambiguous phosphosite
localizations (57% of identified spectra on average)

If all of the participants agree on the identification, phosphosite ambiguity is
possible, and that localization is possible, for 79% of the spectra, participants
unanimously agree on the localization(s)
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Selected Survey Responses

Do you think this type of study is useful?
— Yes 33 (100%)

 How difficult do you think this study was?
— Easy 4
— Challenging 17
— Justright 12
e Based on this study, would you consider participating in
future ABRF studies?
— Yes 33 (100%)
 Have you participated in previous ABRF studies?
— No 14 (42%)
— Yes 19 (58%)
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Survey cont.

e Before this study, how confident were you of your ability to
identify and rank phosphopeptides including assessing

phosphorylation site localization? l

B Very Confident
B Not Confident
Confident

B No Experience

11

 Now, after completing the study, how confident are you of
your ability to identify and rank phosphopeptides including

assessing specific phosphorylation sites? .

23 Confident

B Very Confident
B Not Confident
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 Karen Meyer-Arendt (outgoing member) - University of Colorado
e *Brian C. Searle (outgoing member) - Proteome Software, Inc.
 *William S. Lane (outgoing member) - Harvard University
 *Jeffrey A Kowalak (EB Liaison) (outgoing) — NIMH

e Eric Deutsch (incoming member) — Institute for Systems Biology
 Nuno Bandiera (incoming member) — UCSD

 Robert Chalkley (incoming member) — UCSF

*Founding member
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Thank You, Participants!

66514
13800 71263
13867 24637
14941 27114
15769 77115
18621 84940
20109 85246
20441 36010
20814 37133
22730 66398
29850 66514
45682 71263
47587 24637
53706 27114
56365 77115
61963 84940
63103 85246
65211 36010
66398

87133
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