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P(m/z) ‐H3PO4

879

A Challenging Problem

3/7 DSAIPVESDtDDEGAPR

14/21 said can identify peptide but can not localize site

4/7 DSAIPVEsDtDDEGAPR
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• Not fun to do by hand!

• Software available that evaluates ‘site‐
determining ions’
– Generate per residue localization scores

– Examples: Ascore, PTM Score (MaxQuant), pFind, 
PhosphoScore, etc.
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1. Evaluate the consistency of reporting 
phosphopeptide identifications and 
phosphosite localization across laboratories

2. Characterize the underlying reasons why 
result sets differ

3. Produce a benchmark phosphopeptide 
dataset, spectral library and analysis resource
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• Use a common dataset
• Use a common sequence database
• Allow participants to use the bioinformatic tools 
and methods of their choosing

• Use a common reporting template
• Fix the identification confidence (1% FDR)
• Require an indication of phosphosite ambiguity 
per spectrum

• Ignore protein inference – for now
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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’

2. Send official study letter 
with instructions

3. All further communication (e.g., 
questions, submission) through 

‘iPRGxxx.anonymous@gmail.com’

iPRG membersParticipant

Questions / Answers

“Anonymizer”
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Research Group Study Materials and Instructions to Participants

• 1 Orbitrap XL dataset (3 
files)
– RAW, mzML, mzXML, MGF, 

pkl or dta – conversions by 
ProteoWizard

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

• 1 template (Excel)

• 1 on‐line survey (Survey 
Monkey)

1. Analyze the dataset

2. Report the phosphopeptide
spectrum matches in the 
provided template

3. Complete an on‐line survey

4. Attach a 1‐2 page description 
of your methodology
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THE PARTICIPANTS
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55%

45%

Membership (n=33)

ABRF Member

Non‐member

73%

9%

6%
6% 6%

Type of Lab

Academic

Biotech/Pharma/Industry

Contract Research Org

Government

Other

9%
6%

15%

70%

Location
Asia

Australia/New 
Zealand

Europe

North Amercia

39%

15%

43%

3%

Resource Lab Status

Conduct both core 
functions and non‐
core lab research

Core only

Non‐core research lab

58%
9%

12%

18%

3%

Primary Job Function

Bioinformatician/Developer

Director/Manager

Lab Scientist

Mass Spectrometrist

Other
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1‐2 years 3‐4 years 5‐10 years >10 years Unanswered

Proteomics Experience

• 59 requests / 32 submissions (54% return)
2 retractions
+ 7 iPRG members and 1 guest
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Software Tools Used
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GENERATING A DATASET
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The SCX/IMAC Enrichment Approach 
for Phosphoproteomics

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 KCl , 30% Acn .
IMAC:  Sigma ‐ PhosSelect Fe IMAC beads, bind: 40% Acn, 0.1% formic acid, elute:  500 mM K2HPO4 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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14

Preliminary Analysis of SCX Fractions and Dataset Selection

Precursor z Fraction overlap

# phosphositesSolution charge
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15

Preliminary Analysis of SCX Fractions and Dataset Selection

Precursor z

# phosphositesSolution charge

Frxn 3: multi‐phosphosites
Frxn 4: single phospho, single basic
Frxn 12: multi‐basic residues (RHK)



A B
R F

Proteome Informatics
Research Group

PHOSPHOPEPTIDE IDENTIFICATION
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• Identification and localization were analyzed separately

• 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)

• 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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Pre masses 
adjusted n n y y y y y y y y n y n n n n y n n n n y n n n n n n n y n y n

N term 
acetyl y y y y y y y y y y

Used > 1 
search 
engine y y n n n n y n y n y n y y n n y n n n n y n y n y n y y n n n y

Pre mass 
filtering n y y n y y y y n y n y n n n n n n n n n n n n n n y n n n n y n
Solution 
charge 
filtering n n y n n n n n n y n y n n n n n n n n n n n n n n n n n n n n n

Localization
software

 
y y y n y y n y y y y y y y n n n y n y y y y y y n y n n n y y n

Peptide ID 
Software Mu*Mu*Se Pf Pf Se Mu*Om Ma Sm Mu Sm Mu Mu Xt Ma Mu Ma Ma In Ma Mu Se Mu Se Mu Ma Xt Mu Pv Ma Se Sc

Localization
software

 
Ih Ih As Ih As Ph Mq Sm Ih Sm Ih As As Pl Mq Ps Pl Nn As Ih Ih As

3,571

2,084

1,623

Ma=Mascot, Ms=MsInspect, Mu=Multiple, Mu*=Multiple + Spec Lib, Om=OMSSA, Pf=pFind, Pv=Pview, Sc=Scaffold, Se=SEQUEST, Sm=Spectrum Mill, Xt=X!Tandem
As=Ascore, Ih=In-house, In=InsPecT, Mq=MaxQuant, Nn=NNScore, Ph=Phosphinator, Pl=Phosphate Localization Score, Ps=PhosphoScore, Sm=Spectrum Mill
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• “It is 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.”

• “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. .”

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

• “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.

Some participants 
saw more unique 
peptides than 

others.
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How Much Did Phosphopeptide Identifications (Spectra and Unique 
Peptides) Vary?
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One Participant Wonders

ii

Frxn 3 – most multiple phos per peptide

ii

Frxn 12 – highest precursor charges

ii

Frxn 4 – most phosphopeptides

Gray means – Number of spectra where < 2 
people agreed on the Id

85246: 1205 spectra with 3‐15 
phosphosites, 624 spectra with 4‐15

20814: ?, Frxn 12 >> Frxn 3,4

77114, 77115: merged multiple scans, so 
can’t be compared with other 33



A B
R F

Proteome Informatics
Research Group

SIMILARITY OF RESULT SETS
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On Average, How Similar Are the Sets of Confidently 
Identified Unique Peptides?
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Unique Peptide %Overlap
14941 87133 22730 86010 1380084940v 20899i 5370692536i 870486i 45682870484i 85246 1386720441v 40816i 2010950308i 29850v 56365 6639891943i 47587 71263 65211 6310397219i 2081461963v 18621 74637 15769 77114 66514 77115

14941 82.5 73.5 79.8 75.6 78.4 75.9 73.2 69.3 72.5 74.6 69.2 15.8 71.5 61.7 57.2 55.1 65.4 52.4 59.2 70.2 45.5 44.3 47.2 39.4 60.6 37.6 53.9 43.7 38.3 44.8 25.5 22.8 17.4 11.4
87133 82.5 75.2 77.4 74.6 80.2 76.7 76 69.5 71.3 81.3 73.4 15.8 79 61.1 64 60.6 71.7 58.7 65.5 70.6 47 49.4 50.3 43.7 67.6 42 60.1 48 42.4 49.6 28.4 25.6 19.2 12.8
22730 73.5 75.2 70.3 68.5 79.4 66.6 71.4 65 68 69.5 70 14.2 68.9 54.9 57.9 51 63.2 52.6 56.5 64.7 40.8 43.8 42.9 39.3 60.7 35.9 53.9 41.6 38.7 44.9 25 22.7 17.2 11.4
86010 79.8 77.4 70.3 85.4 73.2 73.6 69.3 70 70 70.4 66.8 14.7 68.7 59.2 56 52.7 61.7 50.9 57.3 69.6 44.4 42.8 46 37.8 58.1 36 52.7 42 37.6 43.9 24.7 22.3 16.4 11.1
13800 75.6 74.6 68.5 85.4 71.3 71.7 67.6 69 69.4 69.7 66.3 14.3 69.2 59.1 57.2 52.3 63.1 52.3 57.5 69.4 45.7 43.5 46.6 39.3 60.1 37.3 54.1 42.8 38.8 45.4 25.5 23.5 16.8 11.8

84940v 78.4 80.2 79.4 73.2 71.3 70.7 75.1 67.3 67.5 73.6 69.5 14.7 74.2 58.2 61.1 53.8 67 56.2 61.3 67.9 44.1 47.9 46.5 42.1 65 39.6 58.3 45 40.9 47.4 27.3 24.7 18.8 12.4
20899i 75.9 76.7 66.6 73.6 71.7 70.7 69.5 67.9 70.8 73.2 68.9 14.6 72.9 63.5 62.2 57.6 70.3 58.4 64.4 72.2 50.7 48.5 52.5 43.2 65.9 41 59.5 47.8 42.4 48.4 29.1 26.2 18.4 13

53706 73.2 76 71.4 69.3 67.6 75.1 69.5 64.6 66 71.2 68.1 15 73.8 55.5 57.7 53 66.7 54.2 58.9 65.2 43.4 44.5 45.6 41 62.5 37.7 56.3 42.8 39.7 47.8 26.5 24.3 17.4 12.2
92536i 69.3 69.5 65 70 69 67.3 67.9 64.6 67.1 63.5 64.2 12.7 67.7 55.9 57 50.3 61.4 53.1 57.7 81.7 45.8 45.2 44.9 39.2 59.5 36.5 55.4 42.9 38.4 46.3 25.9 23.4 17.8 11.8
870486i 72.5 71.3 68 70 69.4 67.5 70.8 66 67.1 66.4 90.9 13.7 68.4 60 59.2 52.8 66.9 54.6 59.1 69 47.7 45.7 49.5 41.4 62.3 38.1 55.7 45.5 41 48.4 27.7 25.1 17.7 12.7

45682 74.6 81.3 69.5 70.4 69.7 73.6 73.2 71.2 63.5 66.4 68.7 16 73.8 60.2 61.8 56.5 69.4 57.3 63.1 65 46.6 48.1 49.9 43.1 65.1 41.7 58.7 48.3 42 49.5 28.6 26.2 18.8 13.3
870484i 69.2 73.4 70 66.8 66.3 69.5 68.9 68.1 64.2 90.9 68.7 13.9 71 58.1 60.6 54 69.7 56.8 61.5 66.1 46.7 47.4 50.1 43.5 64.6 39.7 57.7 47.1 42.7 50.7 28.9 26.3 18.8 13.3

85246 15.8 15.8 14.2 14.7 14.3 14.7 14.6 15 12.7 13.7 16 13.9 14.2 12.4 11.4 14 13.3 10.9 12.4 12.9 9.2 8.4 10.6 9.2 12.1 9 11.4 8.8 9.3 9.3 5.9 5.8 4 3.9
13867 71.5 79 68.9 68.7 69.2 74.2 72.9 73.8 67.7 68.4 73.8 71 14.2 62.1 64.1 60.5 73.5 61.3 67.3 69.9 49.8 52 52.7 46.4 71.3 43.9 64 50.7 44.5 53.2 30.6 28.5 20 14.4

20441v 61.7 61.1 54.9 59.2 59.1 58.2 63.5 55.5 55.9 60 60.2 58.1 12.4 62.1 58.1 55.5 63.6 59 58.1 59.9 53.7 47.9 52.5 45.8 62.6 44.2 58.5 57.2 44.3 45 31.5 30 18.5 15.5
40816i 57.2 64 57.9 56 57.2 61.1 62.2 57.7 57 59.2 61.8 60.6 11.4 64.1 58.1 55.5 70.2 74 64.7 61.7 57.4 57.1 56.5 49.7 71.9 46.4 67.7 58 55.1 51.1 36.3 35 19.6 17.8

20109 55.1 60.6 51 52.7 52.3 53.8 57.6 53 50.3 52.8 56.5 54 14 60.5 55.5 55.5 60.3 54 59.4 53.6 45.5 45 48.6 45.5 56.6 38.6 56.7 46.1 41.3 44 29.1 27.5 19.1 19.2
50308i 65.4 71.7 63.2 61.7 63.1 67 70.3 66.7 61.4 66.9 69.4 69.7 13.3 73.5 63.6 70.2 60.3 70.2 68.8 67.1 59.7 53.9 58.7 52.6 75.9 49.2 70.3 55.7 50.7 53.6 36.1 33.7 20.6 16.9
29850v 52.4 58.7 52.6 50.9 52.3 56.2 58.4 54.2 53.1 54.6 57.3 56.8 10.9 61.3 59 74 54 70.2 64.6 58 67.1 62.2 59.8 53.4 70.4 50.2 68.2 63.5 58.7 51.5 41.1 39.6 20.6 19.7

56365 59.2 65.5 56.5 57.3 57.5 61.3 64.4 58.9 57.7 59.1 63.1 61.5 12.4 67.3 58.1 64.7 59.4 68.8 64.6 61.6 56.7 56.8 68.6 51.4 68.8 47.6 66.2 55.5 51 56.8 37.3 35.7 21.5 18.1
66398 70.2 70.6 64.7 69.6 69.4 67.9 72.2 65.2 81.7 69 65 66.1 12.9 69.9 59.9 61.7 53.6 67.1 58 61.6 50.8 48.7 49.9 43.5 65 40.2 59.4 47.4 41.5 49.4 28.7 26.3 18.8 13.3

91943i 45.5 47 40.8 44.4 45.7 44.1 50.7 43.4 45.8 47.7 46.6 46.7 9.2 49.8 53.7 57.4 45.5 59.7 67.1 56.7 50.8 56.5 61 50.6 58.1 46.2 57.3 60.6 51.8 45.6 42 45.5 19 22.6
47587 44.3 49.4 43.8 42.8 43.5 47.9 48.5 44.5 45.2 45.7 48.1 47.4 8.4 52 47.9 57.1 45 53.9 62.2 56.8 48.7 56.5 52.5 48.5 56.1 42.6 54.6 55.4 44.9 45.5 44.7 36.6 21.7 21.2
71263 47.2 50.3 42.9 46 46.6 46.5 52.5 45.6 44.9 49.5 49.9 50.1 10.6 52.7 52.5 56.5 48.6 58.7 59.8 68.6 49.9 61 52.5 49.1 57.9 44.8 59.2 56.1 53.1 52.6 41.2 42.4 20 21.7
65211 39.4 43.7 39.3 37.8 39.3 42.1 43.2 41 39.2 41.4 43.1 43.5 9.2 46.4 45.8 49.7 45.5 52.6 53.4 51.4 43.5 50.6 48.5 49.1 52.3 49.3 51.4 50.3 43.7 42.2 39.3 39.3 20.7 22.4
63103 60.6 67.6 60.7 58.1 60.1 65 65.9 62.5 59.5 62.3 65.1 64.6 12.1 71.3 62.6 71.9 56.6 75.9 70.4 68.8 65 58.1 56.1 57.9 52.3 49.2 67.5 57.3 51.7 54.1 36.5 35.5 21.4 17.7

97219i 37.6 42 35.9 36 37.3 39.6 41 37.7 36.5 38.1 41.7 39.7 9 43.9 44.2 46.4 38.6 49.2 50.2 47.6 40.2 46.2 42.6 44.8 49.3 49.2 47.5 49.7 37.7 38.5 31.3 33.6 18.6 17.3
20814 53.9 60.1 53.9 52.7 54.1 58.3 59.5 56.3 55.4 55.7 58.7 57.7 11.4 64 58.5 67.7 56.7 70.3 68.2 66.2 59.4 57.3 54.6 59.2 51.4 67.5 47.5 56.5 53.6 54.8 37.2 37.5 20.9 19.3

61963v 43.7 48 41.6 42 42.8 45 47.8 42.8 42.9 45.5 48.3 47.1 8.8 50.7 57.2 58 46.1 55.7 63.5 55.5 47.4 60.6 55.4 56.1 50.3 57.3 49.7 56.5 48 44.6 40.7 40.9 20.1 19.7
18621 38.3 42.4 38.7 37.6 38.8 40.9 42.4 39.7 38.4 41 42 42.7 9.3 44.5 44.3 55.1 41.3 50.7 58.7 51 41.5 51.8 44.9 53.1 43.7 51.7 37.7 53.6 48 43.3 36.8 42.5 18.2 21.7
74637 44.8 49.6 44.9 43.9 45.4 47.4 48.4 47.8 46.3 48.4 49.5 50.7 9.3 53.2 45 51.1 44 53.6 51.5 56.8 49.4 45.6 45.5 52.6 42.2 54.1 38.5 54.8 44.6 43.3 33.4 32 21 17.7
15769 25.5 28.4 25 24.7 25.5 27.3 29.1 26.5 25.9 27.7 28.6 28.9 5.9 30.6 31.5 36.3 29.1 36.1 41.1 37.3 28.7 42 44.7 41.2 39.3 36.5 31.3 37.2 40.7 36.8 33.4 41.4 17.1 24
77114 22.8 25.6 22.7 22.3 23.5 24.7 26.2 24.3 23.4 25.1 26.2 26.3 5.8 28.5 30 35 27.5 33.7 39.6 35.7 26.3 45.5 36.6 42.4 39.3 35.5 33.6 37.5 40.9 42.5 32 41.4 16.5 50
66514 17.4 19.2 17.2 16.4 16.8 18.8 18.4 17.4 17.8 17.7 18.8 18.8 4 20 18.5 19.6 19.1 20.6 20.6 21.5 18.8 19 21.7 20 20.7 21.4 18.6 20.9 20.1 18.2 21 17.1 16.5 10.1
77115 11.4 12.8 11.4 11.1 11.8 12.4 13 12.2 11.8 12.7 13.3 13.3 3.9 14.4 15.5 17.8 19.2 16.9 19.7 18.1 13.3 22.6 21.2 21.7 22.4 17.7 17.3 19.3 19.7 21.7 17.7 24 50 10.1

1386750308i 20899i 87133 45682 66398 6310384940v 870484i 870486i 56365 1494120441v 40816i 13800 53706 8601029850v 92536i 20814 22730 20109 71263 4758761963v 91943i 74637 65211 1862197219i 15769 77114 66514 77115 85246
13867 73.5 72.9 79 73.8 69.9 71.3 74.2 71 68.4 67.3 71.5 62.1 64.1 69.2 73.8 68.7 61.3 67.7 64 68.9 60.5 52.7 52 50.7 49.8 53.2 46.4 44.5 43.9 30.6 28.5 20 14.4 14.2

50308i 73.5 70.3 71.7 69.4 67.1 75.9 67 69.7 66.9 68.8 65.4 63.6 70.2 63.1 66.7 61.7 70.2 61.4 70.3 63.2 60.3 58.7 53.9 55.7 59.7 53.6 52.6 50.7 49.2 36.1 33.7 20.6 16.9 13.3
20899i 72.9 70.3 76.7 73.2 72.2 65.9 70.7 68.9 70.8 64.4 75.9 63.5 62.2 71.7 69.5 73.6 58.4 67.9 59.5 66.6 57.6 52.5 48.5 47.8 50.7 48.4 43.2 42.4 41 29.1 26.2 18.4 13 14.6

87133 79 71.7 76.7 81.3 70.6 67.6 80.2 73.4 71.3 65.5 82.5 61.1 64 74.6 76 77.4 58.7 69.5 60.1 75.2 60.6 50.3 49.4 48 47 49.6 43.7 42.4 42 28.4 25.6 19.2 12.8 15.8
45682 73.8 69.4 73.2 81.3 65 65.1 73.6 68.7 66.4 63.1 74.6 60.2 61.8 69.7 71.2 70.4 57.3 63.5 58.7 69.5 56.5 49.9 48.1 48.3 46.6 49.5 43.1 42 41.7 28.6 26.2 18.8 13.3 16
66398 69.9 67.1 72.2 70.6 65 65 67.9 66.1 69 61.6 70.2 59.9 61.7 69.4 65.2 69.6 58 81.7 59.4 64.7 53.6 49.9 48.7 47.4 50.8 49.4 43.5 41.5 40.2 28.7 26.3 18.8 13.3 12.9
63103 71.3 75.9 65.9 67.6 65.1 65 65 64.6 62.3 68.8 60.6 62.6 71.9 60.1 62.5 58.1 70.4 59.5 67.5 60.7 56.6 57.9 56.1 57.3 58.1 54.1 52.3 51.7 49.2 36.5 35.5 21.4 17.7 12.1

84940v 74.2 67 70.7 80.2 73.6 67.9 65 69.5 67.5 61.3 78.4 58.2 61.1 71.3 75.1 73.2 56.2 67.3 58.3 79.4 53.8 46.5 47.9 45 44.1 47.4 42.1 40.9 39.6 27.3 24.7 18.8 12.4 14.7
870484i 71 69.7 68.9 73.4 68.7 66.1 64.6 69.5 90.9 61.5 69.2 58.1 60.6 66.3 68.1 66.8 56.8 64.2 57.7 70 54 50.1 47.4 47.1 46.7 50.7 43.5 42.7 39.7 28.9 26.3 18.8 13.3 13.9
870486i 68.4 66.9 70.8 71.3 66.4 69 62.3 67.5 90.9 59.1 72.5 60 59.2 69.4 66 70 54.6 67.1 55.7 68 52.8 49.5 45.7 45.5 47.7 48.4 41.4 41 38.1 27.7 25.1 17.7 12.7 13.7

56365 67.3 68.8 64.4 65.5 63.1 61.6 68.8 61.3 61.5 59.1 59.2 58.1 64.7 57.5 58.9 57.3 64.6 57.7 66.2 56.5 59.4 68.6 56.8 55.5 56.7 56.8 51.4 51 47.6 37.3 35.7 21.5 18.1 12.4
14941 71.5 65.4 75.9 82.5 74.6 70.2 60.6 78.4 69.2 72.5 59.2 61.7 57.2 75.6 73.2 79.8 52.4 69.3 53.9 73.5 55.1 47.2 44.3 43.7 45.5 44.8 39.4 38.3 37.6 25.5 22.8 17.4 11.4 15.8

20441v 62.1 63.6 63.5 61.1 60.2 59.9 62.6 58.2 58.1 60 58.1 61.7 58.1 59.1 55.5 59.2 59 55.9 58.5 54.9 55.5 52.5 47.9 57.2 53.7 45 45.8 44.3 44.2 31.5 30 18.5 15.5 12.4
40816i 64.1 70.2 62.2 64 61.8 61.7 71.9 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 56.5 57.1 58 57.4 51.1 49.7 55.1 46.4 36.3 35 19.6 17.8 11.4

13800 69.2 63.1 71.7 74.6 69.7 69.4 60.1 71.3 66.3 69.4 57.5 75.6 59.1 57.2 67.6 85.4 52.3 69 54.1 68.5 52.3 46.6 43.5 42.8 45.7 45.4 39.3 38.8 37.3 25.5 23.5 16.8 11.8 14.3
53706 73.8 66.7 69.5 76 71.2 65.2 62.5 75.1 68.1 66 58.9 73.2 55.5 57.7 67.6 69.3 54.2 64.6 56.3 71.4 53 45.6 44.5 42.8 43.4 47.8 41 39.7 37.7 26.5 24.3 17.4 12.2 15
86010 68.7 61.7 73.6 77.4 70.4 69.6 58.1 73.2 66.8 70 57.3 79.8 59.2 56 85.4 69.3 50.9 70 52.7 70.3 52.7 46 42.8 42 44.4 43.9 37.8 37.6 36 24.7 22.3 16.4 11.1 14.7

29850v 61.3 70.2 58.4 58.7 57.3 58 70.4 56.2 56.8 54.6 64.6 52.4 59 74 52.3 54.2 50.9 53.1 68.2 52.6 54 59.8 62.2 63.5 67.1 51.5 53.4 58.7 50.2 41.1 39.6 20.6 19.7 10.9
92536i 67.7 61.4 67.9 69.5 63.5 81.7 59.5 67.3 64.2 67.1 57.7 69.3 55.9 57 69 64.6 70 53.1 55.4 65 50.3 44.9 45.2 42.9 45.8 46.3 39.2 38.4 36.5 25.9 23.4 17.8 11.8 12.7

20814 64 70.3 59.5 60.1 58.7 59.4 67.5 58.3 57.7 55.7 66.2 53.9 58.5 67.7 54.1 56.3 52.7 68.2 55.4 53.9 56.7 59.2 54.6 56.5 57.3 54.8 51.4 53.6 47.5 37.2 37.5 20.9 19.3 11.4
22730 68.9 63.2 66.6 75.2 69.5 64.7 60.7 79.4 70 68 56.5 73.5 54.9 57.9 68.5 71.4 70.3 52.6 65 53.9 51 42.9 43.8 41.6 40.8 44.9 39.3 38.7 35.9 25 22.7 17.2 11.4 14.2
20109 60.5 60.3 57.6 60.6 56.5 53.6 56.6 53.8 54 52.8 59.4 55.1 55.5 55.5 52.3 53 52.7 54 50.3 56.7 51 48.6 45 46.1 45.5 44 45.5 41.3 38.6 29.1 27.5 19.1 19.2 14
71263 52.7 58.7 52.5 50.3 49.9 49.9 57.9 46.5 50.1 49.5 68.6 47.2 52.5 56.5 46.6 45.6 46 59.8 44.9 59.2 42.9 48.6 52.5 56.1 61 52.6 49.1 53.1 44.8 41.2 42.4 20 21.7 10.6
47587 52 53.9 48.5 49.4 48.1 48.7 56.1 47.9 47.4 45.7 56.8 44.3 47.9 57.1 43.5 44.5 42.8 62.2 45.2 54.6 43.8 45 52.5 55.4 56.5 45.5 48.5 44.9 42.6 44.7 36.6 21.7 21.2 8.4

61963v 50.7 55.7 47.8 48 48.3 47.4 57.3 45 47.1 45.5 55.5 43.7 57.2 58 42.8 42.8 42 63.5 42.9 56.5 41.6 46.1 56.1 55.4 60.6 44.6 50.3 48 49.7 40.7 40.9 20.1 19.7 8.8
91943i 49.8 59.7 50.7 47 46.6 50.8 58.1 44.1 46.7 47.7 56.7 45.5 53.7 57.4 45.7 43.4 44.4 67.1 45.8 57.3 40.8 45.5 61 56.5 60.6 45.6 50.6 51.8 46.2 42 45.5 19 22.6 9.2

74637 53.2 53.6 48.4 49.6 49.5 49.4 54.1 47.4 50.7 48.4 56.8 44.8 45 51.1 45.4 47.8 43.9 51.5 46.3 54.8 44.9 44 52.6 45.5 44.6 45.6 42.2 43.3 38.5 33.4 32 21 17.7 9.3
65211 46.4 52.6 43.2 43.7 43.1 43.5 52.3 42.1 43.5 41.4 51.4 39.4 45.8 49.7 39.3 41 37.8 53.4 39.2 51.4 39.3 45.5 49.1 48.5 50.3 50.6 42.2 43.7 49.3 39.3 39.3 20.7 22.4 9.2
18621 44.5 50.7 42.4 42.4 42 41.5 51.7 40.9 42.7 41 51 38.3 44.3 55.1 38.8 39.7 37.6 58.7 38.4 53.6 38.7 41.3 53.1 44.9 48 51.8 43.3 43.7 37.7 36.8 42.5 18.2 21.7 9.3

97219i 43.9 49.2 41 42 41.7 40.2 49.2 39.6 39.7 38.1 47.6 37.6 44.2 46.4 37.3 37.7 36 50.2 36.5 47.5 35.9 38.6 44.8 42.6 49.7 46.2 38.5 49.3 37.7 31.3 33.6 18.6 17.3 9
15769 30.6 36.1 29.1 28.4 28.6 28.7 36.5 27.3 28.9 27.7 37.3 25.5 31.5 36.3 25.5 26.5 24.7 41.1 25.9 37.2 25 29.1 41.2 44.7 40.7 42 33.4 39.3 36.8 31.3 41.4 17.1 24 5.9
77114 28.5 33.7 26.2 25.6 26.2 26.3 35.5 24.7 26.3 25.1 35.7 22.8 30 35 23.5 24.3 22.3 39.6 23.4 37.5 22.7 27.5 42.4 36.6 40.9 45.5 32 39.3 42.5 33.6 41.4 16.5 50 5.8
66514 20 20.6 18.4 19.2 18.8 18.8 21.4 18.8 18.8 17.7 21.5 17.4 18.5 19.6 16.8 17.4 16.4 20.6 17.8 20.9 17.2 19.1 20 21.7 20.1 19 21 20.7 18.2 18.6 17.1 16.5 10.1 4
77115 14.4 16.9 13 12.8 13.3 13.3 17.7 12.4 13.3 12.7 18.1 11.4 15.5 17.8 11.8 12.2 11.1 19.7 11.8 19.3 11.4 19.2 21.7 21.2 19.7 22.6 17.7 22.4 21.7 17.3 24 50 10.1 3.9
85246 14.2 13.3 14.6 15.8 16 12.9 12.1 14.7 13.9 13.7 12.4 15.8 12.4 11.4 14.3 15 14.7 10.9 12.7 11.4 14.2 14 10.6 8.4 8.8 9.2 9.3 9.2 9.3 9 5.9 5.8 4 3.9

Descending # of total spectra Id=Y

Descending similarity (median % overlap)

D
escending # of total spectra Id=Y

D
escending sim

ilarity (m
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 overlap)n=35



A B
R F

Proteome Informatics
Research Group

LOCALIZATION ANALYSIS



A B
R F

Proteome Informatics
Research Group

Subset of Participants Used for Localization Analysis

Excluded
0 0% localization
1 100% localization
F FDR ‐ very high?
R Replicate submission
M Merged spectra
C Categorization Errors
A Y Loc only when
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Fraction of Confidently Identified Spectra (Id=Y) Marked Fully Localized (Loc=Y)
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Spectra Marked Loc=Y
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Fr4 = 67%
Fr12 = 65%
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Pairwise Comparisons of Phosphopeptides - All Fractions
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n=22

Phosphopeptide %Overlap

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 37.9 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 33.4 38.6 37.5 28.6 13.4
870486i 51.5 52.7 50.1 46.2 49 42.3 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 35.4 28.7 31.3 29.8 27.3 22.4 7.7
20441v 45.4 49.2 43.6 42.3 45.9 44.1 41.6 42.5 40.2 33.5 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 44.5 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 37.9 46.1 39.6 36.8 36.7 38.5 40.3 36.6 34 37.9 46.7 30.4 47.3 38.4 35.4 27.2 34 39.4 30.9 12.7
86010 51 66.4 39.2 45.5 52.6 51.6 46.6 40.2 47.9 44.1 33.1 34.9 30.4 31.8 33.5 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 33.4 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 13.3
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 33.4 30.5 24 26.9 31.1 20 11.2
14941 31.8 33.7 33.4 36.6 29.8 31.3 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 25.4 27.3 28.4 28.9 25.4 25.5 27.4 39.8 39.4 22.6 36.1 30.8 31.1 20.9 26 25.1 10.5
20109 23.4 23.2 28.6 23.1 22.3 22.4 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

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 31.3 36.6 32.2 33.8 26.6 19.5 33.4 26.8 20.9 27.2 27.3 16.1 24 24
87133 35.8 37.7 33.5 39.4 32.5 35.9 36.7 35.4 38.1 39.5 39.4 34.8 25.2 41.6 28.1 30.8 38.4 38 13.3 36.2 30.5
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 28.5 33.5 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 32.5 47.8 33.1 41.6 40.6 40.5 39.8 44.9 39.1 50.8 33.5 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 29.8 36.7 56.8 52.6 55.4 40.5 45.9 50.8 46.2 50.2 48.1 45.9 22.3 48.4 29.9 25.4 36.8 38.1 8 36.6 28.8

92536i 31.3 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 42.3 23.1 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 29.4 25.4 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 28.9 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 22.3 22.4 23.1 20.4 24.8 26.3 28.6 22 25.1 30.9 31.8 14.2 32.6 20

50308i 33.4 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 8.9 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 33.4
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 31.1 35.4 37.5 11.2 33.4

Descending # of total spectra Id=Y

Descending similarity (median % overlap)
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Localization Can be Certain?

Frxn 4
Subset of
472 spectra
for which
20/22 participants
all agree on
Identity

No possibility of ambiguity
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5918
Y loc

5918/8050 spectra with > 2/22 Loc Yes
and Site Ambiguity Possible

8050 spectra with > 2/22 Id Yes (Frxn 3, 4, 12)

For all of the participants that agree on identity when
• site ambiguity is possible (#S,T,Y > # phos)
• >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
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Which Participants are More Likely to Disagree on 
Localization?

# Spectra with Loc Agreement 50.1-99.9%

Frxn  3: 154
Frxn  4: 498
Frxn 12: 227

The participants who are the most willing 
to localize

are more likely to disagree with the 
majority view.
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• “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.”

• “Great study choice! I learned a lot about 
available software, limitations, etc!”
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DATA RESOURCE
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Resource for Inspecting Peptide Id Certainty Overlaps ‐ Frxn 4

YY: Y – identification Y – localization
YN: Y – identification N – localization
NS: N – identification, but top sequence same as consensus
ND: N – identification, and top sequence different than consensus
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Room for Improvement in ID Certainty Thresholds

ii

Frxn 3 – most multiple phos per peptide

ii

Frxn 12 – highest precursor charges

ii

Frxn 4 – most phosphopeptides
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1. Wide range of spectra marked confidently identified
2. Wide range of spectra marked confidently localized
3. 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)
4. Some participants succeeded without localization software but most at least 

used some measure of ambiguity
5. Typically, very few identifications were unique to any one participant
6. Unique peptide assignments were roughly 57% identical (n=35)
7. Confidently localized phosphopeptides assignments were roughly 38% identical 

(n=22)
8. Participants that performed well often shared the highest similarity with other 

participants
9. Participants did not hesitate to mark peptides with ambiguous phosphosite 

localizations (57% of identified spectra on average)
10. 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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• Do you think this type of study is useful?  
– Yes 33 (100%)

• How difficult do you think this study was?
– Easy 4
– Challenging 17
– Just right 12

• 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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• Before this study, how confident were you of your ability to 
identify and rank phosphopeptides including assessing 
phosphorylation site localization?

• Now, after completing the study, how confident are you of 
your ability to identify and rank phosphopeptides including 
assessing specific phosphorylation sites?
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